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(2#*%7%& 1&18.- $#*2%9%&&:; <#$,712$6*%&&:; )2#<2199 21-*.6.= '#$9.>%$'.; $.$6%9 .&?#291@.#&&#<# 

#5%$)%>%&.=, $#-71*1%9:; +A «B&?#291@.#&&:% $),6&.'#*:% $.$6%9:» .9%&. 1'17%9.'1 C. D. E%F%6&G*1». A)-

2%7%8%&: 6%&7%&@.. .$)#83-#*1&.= '#$9.>%$'.; $.$6%9 .&?#291@.#&&#<# #5%$)%>%&.= * )2#9:F8%&&#H . $#@.-

183&#H $?%21;. (2%7$61*8%&1 .&?#291@.= # -171>1;, 2%F1%9:; * <#$,712$6*%&&:; '#$9.>%$'.; )2#<21991; * #5-

81$6. .&?#291@.#&&#-&1*.<1@.#&&#<# #5%$)%>%&.=.  

 

,3454674 
B&?#291@.#&&:% '#$9.>%$'.% $.$6%9: $ 9#9%&61 $*#%<# )#=*8%&.= =*8=I6$= 

*1J&:9 K8%9%&6#9 #5%$)%>%&.= &1@.#&183&#H 5%-#)1$&#$6., 21-*.6.= 2=71 *:$#'#-

6%;&#8#<.>&:; #621$8%H . $%'6#2#* K'#&#9.'. <#$,712$6*1, K??%'6.*&#<# ,)21*8%&.= 

21-*.6.%9 2%<.#&#* <#$,712$6*1. "#$9.>%$'1= $*=-3, &1*.<1@.= . 9#&.6#2.&< =*8=%6$= 

$6216%<.>%$'.9 -*%&#9 <%#)#8.6.'. 8I5#<# '2,)&#<# <#$,712$6*1, $61*=L%<# @%83 $#-

;21&%&.= $,*%2%&.6%61, 6%;&#8#<.>%$'#H &%-1*.$.9#$6. . .&&#*1@.#&&#<# 21-*.6.=.  

  &1$6#=L%% *2%9= )#$6#=&&# .-9%&=I6$= -171>. . *#-&.'1I6 &#*:% $?%2: )2.-

9%&%&.= .&?#291@.#&&:; '#$9.>%$'.; $.$6%9. (2%J7% *$%<#, * &1)21*8%&.=;, <7% 

'#$9.>%$'.% $2%7$6*1 .9%I6 =*&:% )2%.9,L%$6*1 )%2%7 &1-%9&:9..  

 %7,L.9 #6%>%$6*%&&:9 )2%7)2.=6.%9 )# $#-71&.I &1@.#&183&:; #25.6183&:; 

<2,)).2#*#' '#$9.>%$'.; .&?#291@.#&&:; $.$6%9 &1 51-% $#*2%9%&&:; '#&',2%&6#-

$)#$#5&:; '#$9.>%$'.; 1))1216#* ("+), 1 61'J% )# 2%F%&.I *1J&%HF.; -171> )# #5%$-

)%>%&.I #5#2#&#$)#$#5&#$6. . &1@.#&183&#H 5%-#)1$&#$6. E#$$.H$'#H D%7%21@.. 

=*8=%6$= +A «B&?#291@.#&&:% $),6&.'#*:% $.$6%9:» .9%&. 1'17%9.'1 C. D. E%F%6-

&G*1» (+A «BMM») [1]. 

M ,>1$6.%9 $)%@.18.$6#* +A «B&?#291@.#&&:% $),6&.'#*:% $.$6%9:» .9%&. 

1'17%9.'1 C. D. E%F%6&G*1» 5:8. $#-71&: #6%>%$6*%&&:% '#$9.>%$'.% .&?#291@.#&-

&:% $.$6%9:: 

– $.$6%9: ?.'$.2#*1&&#H $),6&.'#*#H $*=-. * 7.1)1-#&1; >1$6#6 6/4 NN@,  

14/11 NN@; 

– $.$6%9: )#7*.J&#H $),6&.'#*#H $*=-. * 7.1)1-#&1; 1,6/1,5 NN@ . 6/4 NN@; 

– $.$6%9: $),6&.'#*#<# 6%8%*%L1&.= * 7.1)1-#&1; 14/11 NN@, 6/4 NN@, 6/0,7 NN@ 

. &%)#$2%7$6*%&&#<# 6%8%*%L1&.= * 7.1)1-#&1; 18/12 NN@; 

– $.$6%9: )%2$#&183&#H $),6&.'#*#H $*=-. * 7.1)1-#&% 0,3/0,4 NN@; 

– <8#5183&:% &1*.<1@.#&&:% $.$6%9: )%2*#<# (7#)8%2#*$'.%) . *6#2#<# (7183&#-

9%2&:%) )#'#8%&.=; 

– '#$9.>%$'.% <%#7%-.>%$'.% '#9)8%'$:.  

  #$&#*% K6.; $.$6%9 .$)#83-,I6$= #25.6183&:% <2,)).2#*'. $ "+ &1 21-8.>&:; 

6.)1; #25.6: &.-'.% '2,<#*:%, *:$#'#K88.)6.>%$'.%, <%#$61@.#&12&:%, $2%7&.% '2,<#*:%. 

  )2#@%$$% $#-71&.= '#$9.>%$'.; .&?#291@.#&&:; $.$6%9 . .; #$&#*&#<# K8%-

9%&61 – '#$9.>%$'#<# 1))12161 ("+) $#-71*181$3 . $#*%2F%&$6*#*181$3 6%;&.>%$'1= . 

6%;&#8#<.>%$'1= 51-1 )2%7)2.=6.=, ?#29.2#*181$3 9%6#7#8#<.= )2#%'6.2#*1&.= "+, 

#$&#*1&&1= &1 .$)#83-#*1&.. ,&.?.@.2#*1&&#<# 2=71 '#$9.>%$'.; )816?#29 $ 78.-

6%83&:9 2%$,2$#9. " &1$6#=L%9, *2%9%&. $?#29.2#*18.$3 7*1 ,&.?.@.2#*1&&:; 2=71 
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'#$9.>%$'.; )816?#29: 9#&#58#>&#<# .  9#7,83&#<# '#&$62,'6.*&#<# .$)#8&%&.= $ 

<%29%6.>&:9 .8. &%<%29%6.>&:9 )2.5#2&:9 #6$%'#9. (2. K6#9, "+ 171)6.2#*1&: $ 

21-8.>&:9. $2%7$6*19. *:*%7%&.= %<# &1 #25.6,, #5%$)%>.*1I6 78.6%83&#% ?,&'@.#-

&.2#*1&.% &1 *$%; 6.)1; #'#8#-%9&:; #25.6 . #58171I6 5#83F#H 1*6#&#9&#$63I . &1-

7%J&#$63I ?,&'@.#&.2#*1&.= -1 $>%6 )2.9%&%&.= 5#26#*#H O C &1 "+ $ )%2%&1-

$621.*1%9:9 )2#<2199&:9 #5%$)%>%&.%9 [2]. 

 $% K6# #5%$)%>.*1%6 '#&',2%&6#$)#$#5&#$63 '#$9.>%$'.; $.$6%9 .&?#291@.#&-

&#<# #5%$)%>%&.= &1 2:&'% .&?#291@.#&&:; ,$8,< . $#-71%6 )%2$)%'6.*, 21$F.2%&.= 

#581$6. .$)#83-#*1&.= '#$9.>%$'.; 6%;&#8#<.H * J.-&. #5L%$6*1. 

 

1.  89:7;49<=> 93>?@ 

  219'1; D%7%2183&#H '#$9.>%$'#H )2#<2199: &1 2006–2015 <#7: ()#7)2#<219-

9: «"#$9.>%$'.% $2%7$6*1 $*=-., *%L1&.= . 2%621&$8=@..») )2%7,$9162.*1%6$= )2#*%-

7%&.% 9%2#)2.=6.H )# $#-71&.I: 

– '#$9.>%$'.; '#9)8%'$#* $.$6%9: ?.'$.2#*1&&#H $*=-., )#7*.J&#H )2%-.7%&6-

$'#H $*=-. . 6%8%217.#*%L1&.=; 

– 9&#<#?,&'@.#&183&#H '#$9.>%$'#H $.$6%9: 2%621&$8=@..; 

– 9&#<#?,&'@.#&183&#H '#$9.>%$'#H $.$6%9: )%2$#&183&#H $),6&.'#*#H $*=-. . 

)%2%71>. 71&&:;; 

– '#9)8%'$1 6%;&.>%$'.; $2%7$6* 78= K'$)%2.9%&6183&#H #6215#6'. &#*:; 6%;&#-

8#<.H $),6&.'#*#H $*=-. . *%L1&.=; 

– '#$9.>%$'#<# '#9)8%'$1 @.?2#*#<# 217.#- . 6%8%*%L1&.= $ '#$9.>%$'.; 1))1-

216#* &1 *:$#'#K88.)6.>%$'#H #25.6%. 

(2. 2%18.-1@.. (2#<2199: 5,7,6 -1*%2F%&: 21-215#6'1, 9#7%2&.-1@.= . **#7 * 

K'$)8,161@.I '#$9.>%$'.; $.$6%9 . '#9)8%'$#* &#*#<# )#'#8%&.=, * 6#9 >.$8% ,*%8.-

>%&1 )2#),$'&1= $)#$#5&#$63 91<.$62183&:;, *&,62.-#&#*:;, 9%$6&:;, '#2)#216.*-

&:;, *%7#9$6*%&&:; $%6%H $*=-. . ,*%8.>%&: %9'#$6. $%6%H 21$)2%7%8.6%83&#<# 6%8%-

217.#*%L1&.=, >6# #5%$)%>.6 * &%#5;#7.9:; #5P%91; . $ -171&&:9 '1>%$6*#9: 

– <8#5183&,I, * 2%183&#9 91$F615% *2%9%&., ,$6#H>.*,I . 15$#8I6&# -1L.L%&-

&,I )2%-.7%&6$',I . )21*.6%83$6*%&&,I $*=-3; 

– )#62%5&#$6. ?%7%2183&:; #2<1&#* .$)#8&.6%83&#H *81$6., #2<1&#* .$)#8&.-

6%83&#H *81$6. $,5P%'6#* E#$$.H$'#H D%7%21@.. . #2<1&#* 9%$6&#<# $19#,)21*8%&.= * 

$#*2%9%&&:; $2%7$6*1; 6%8%'#99,&.'1@.H, *'8I>1= '#&?.7%&@.183&,I $*=-3; 

– )#62%5&#$6. J.6%8%H *$%; 2%<.#&#* E#$$.., * 6#9 >.$8% 918#&1$%8%&&:; . ,71-

8%&&:; * $#*2%9%&&:; *.71; $*=-.; 

– )#62%5&#$6. $,;#),6&:;, 9#2$'.; . *#-7,F&:; 15#&%&6#* * <8#5183&#H $*=-. $ 

.$)#83-#*1&.%9 918#91$$#<1512.6&:; 6%29.&18#* 91$$#*:; )#62%5.6%8%H, #6*%>1I-

L.; $#*2%9%&&:9 62%5#*1&.=9 )# *.719, '1>%$6*, . #5P%9, ,$8,< $ ,>%6#9 62%5#*1-

&.H 9%J7,&12#7&:; $61&7126#*. 

(2#%'6:, *:)#8&=%9:% +A «BMM» )# -1'1-, <#$,712$6*%&&:; ,>2%J7%&.H (E#$-

'#$9#$) . )2%7)2.=6.H (DNQ( «"#$9.>%$'1= $*=-3», A+A «N1-)2#9-"#$9.>%$'.% $.$-

6%9:») &1)21*8%&: &1 ,7#*8%6*#2%&.% )#62%5&#$6%H * '#$9.>%$'#H $*=-. (?.'$.2#-

*1&&1= . )#7*.J&1=), *%L1&.., 2%621&$8=@... 

+A «BMM» .9%%6 #<2#9&:H )21'6.>%$'.H #):6 .9%&&# * #581$6. $#-71&.= '#$-

9.>%$'.; 1))1216#* 78= ?.'$.2#*1&&#H $),6&.'#*#H $*=-. [1]. R1 71&&:H 9#9%&6 * 

+A «BMM» )# -1'1-, DNQ( «"#$9.>%$'1= $*=-3» $#-71I6$= '#$9.>%$'.% 1))1216: 

«S'$)2%$$-+C5», «S'$)2%$$-+C6», «S'$)2%$$-+T1», «S'$)2%$$-+T2». /1&&:% "+ 

*#H7,6 * $#$61* #25.6183&#H <2,)).2#*'. 1))1216#* ?.'$.2#*1&&#H $*=-. . *%L1&.= 

DNQ( «"#$9.>%$'1= $*=-3», '#6#2#% =*8=%6$= &1@.#&183&:9 #)%216#2#9 $),6&.'#*#H 
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$*=-..   $#$61* )#8%-&#H &1<2,-'. *:F%)%2%>.$8%&&:; "+ *;#7=6 2%621&$8=6#2: M-, 

Ku-, Ka-7.1)1-#&1;. /1&&:% 2%621&$8=6#2: 5,7,6 .$)#83-#*163$= 78= #2<1&.-1@.. $%-

6%H $),6&.'#*#H $*=-. )# 6%;&#8#<.. DVB-S2/DVB-RCS, 1 61'J% 78= 2%-%2*.2#*1&.= 

91<.$62183&:; 8.&.H $*=-.. 

M8%7,%6 #$#5# #69%6.63, >6# #7&#H .- <81*&:; 6%&7%&@.H 21-*.6.= #6%>%$6*%&-

&:; . -12,5%J&:; $),6&.'#* ?.'$.2#*1&&#H $),6&.'#*#H $*=-. =*8=%6$= #$*#%&.% "1-

7.1)1-#&1 >1$6#6. B$)#83-#*1&.% "1-7.1)1-#&1 &%$%6 &%$'#83'# )2%.9,L%$6*: $*#5#7-

&:H >1$6#6&#-#25.6183&:H 2%$,2$, *#-9#J&#$63 #2<1&.-1@.. F.2#'#)#8#$&#<# 7#$6,-

)1 [3]. 

M2%7. $.$6%9 )%2$#&183&#H $),6&.'#*#H $*=-. *:7%8=I6 $.$6%9: &1 51-% &.-'#-

#25.6183&:; "+ . &1 51-% <%#$61@.#&12&:; "+. +A «BMM» $#-71%6 $.$6%9: '1' )%2-

*#<#, 61' . *6#2#<# 6.)1. R1 51-% <2,)).2#*'. "+ &1 &.-'.; '2,<#*:; #25.61; *:$#6#H 

1500 '9 $#-71%6$= 9&#<#?,&'@.#&183&1= $.$6%91 )%2$#&183&#H )#7*.J&#H $),6&.'#-

*#H $*=-. «N#&%@-/1C». A&1 #5%$)%>.*1%6 )%2%71>, 71&&:; #6 15#&%&6$'.; 6%29.&1-

8#* &1 2%<.#&183&:% $61&@.., 1 61'J% $*=-3 9%J7, 15#&%&6$'.9. 6%29.&1819. * )2%-

7%81; -#&, 217.#*.7.9#$6.. R1 71&&:H 9#9%&6 &1 #25.6% ?,&'@.#&.2,%6 12 '#$9.>%-

$'.; 1))1216#* «N#&%@-C», * 21-*.6.% $.$6%9: &1 71&&:H 9#9%&6 )2#.$;#7.6 #)2%7%-

8%&.% #58.'1 )%2$)%'6.*&#<# '#$9.>%$'#<# 1))12161 «N#&%@ C1». 

(#62%5&#$6. * #581$6. 2%621&$8=@.. .&?#291@.. ()%2%71>. 71&&:;) #6 #5P%'6#* 

21'%6&#-'#$9.>%$'#H 6%;&.'. &1 &1-%9&:% ),&'6: ,7#*8%6*#2=I6$= #6%>%$6*%&&#H 

9&#<#?,&'@.#&183&#H '#$9.>%$'#H $.$6%9#H 2%621&$8=@.. (C"ME) «U,>» (<#8#*&#H 

21-215#6>.' – +A «BMM»). A$&#*&#H -171>%H C"ME «U,>» =*8=%6$= 2%621&$8=@.= .&-

?#291@.. $ #5P%'6#* 21'%6&#-'#$9.>%$'#H 6%;&.'., * 6#9 >.$8% $ 1*6#916.>%$'.; "+, 

).8#6.2,%9:; '#$9.>%$'.; '#2158%H . $61&@.H, 21'%6-&#$.6%8%H . 21-<#&&:; 58#'#*. 

"2#9% 6#<# #5%$)%>.*1%6$= 2%621&$8=@.= $.<&18#* 1*12.H&:; 217.#5,%* $.$6%9: &1 

$61&@.. )2.%91 . #5215#6'. .&?#291@.. '#$9.>%$'#H $.$6%9: )#.$'1 . $)1$1&.= 

«"AM(+M-M+EM+T», 1 61'J% 2%621&$8=@.= .&?#291@.. #6 )816?#29 $5#21 71&&:; &1 

$61&@.. )2.%91 71&&:; $ )816?#29 '#$9.>%$'#H $.$6%9: E#$<.72#9%61. 

R1 71&&:H 9#9%&6 -1),L%&: . )2#;#7=6 8%6&:% .$):61&.= 62. "+ C"ME – 

«U,>-5+» (6#>'1 $6#=&.= 168° *.7.) . «U,>-5V» (6#>'1 $6#=&.= 16° -.7.), «U,>-5 » (6#>-

'1 $6#=&.= 95° *.7.). 

 

2.  89:7;49<=> 6=37A=B7> 

A6%>%$6*%&&1= '#$9.>%$'1= &1*.<1@.= $#-71*181$3 )#K61)&# ()%2*#% . *6#2#% )#-

'#8%&.%), ,$.8.=9. *#%&&:; . <21J71&$'.; $)%@.18.$6#* .- 21-8.>&:; #2<1&.-1@.H . 

)2%7)2.=6.H &1F%H $621&: [4].  

  )2#@%$$% 2%18.-1@.. 61'#<# '2,)&#91$F615&#<# )2#%'61 5:8# )2%#7#8%&# 

9&#J%$6*# &1,>&# – 6%;&.>%$'.; )2#58%9 . )#8,>%&# 9&#J%$6*# 6%;&.>%$'.; 2%F%-

&.H, -1L.L%&&:; 1*6#2$'.9. $*.7%6%83$6*19. . )16%&619.. "#$9.>%$'1= &1*.<1@.#&-

&1= $.$6%91 *6#2#<# )#'#8%&.= ($.$6%91 NUAR+MM) =*8=%6$= &1@.#&183&:9 7#$6#=-

&.%9 E#$$.. . ?,&'@.#&.2,%6 * F616&#9 $#$61*% (24 "+), )2%7#$61*8== ,$8,<. #6%>%-

$6*%&&:9 . -12,5%J&:9 9#5.83&:9 )#62%5.6%8=9 &1 5%$)816&#H #$&#*%. V,7,L%% $.$-

6%9: NUAR+MM $*=-1&# $ )#*:F%&.%9 &17%J&#$6. . '1>%$6*1 &1*.<1@.#&&:; ,$8,<, 

21$F.2%&.%9 &#9%&'816,2: 2%F1%9:; -171>, $ K??%'6.*&#H .&6%<21@.%H $ -12,5%J-

&:9. &1*.<1@.#&&:9. $.$6%919..  

  &1$6#=L%% *2%9= 215#6: )# $.$6%9% NUAR+MM )2#*#7=6$= * 219'1; D%7%2183-

&#H @%8%*#H )2#<2199: «(#77%2J1&.%, 21-*.6.% . .$)#83-#*1&.% $.$6%9: NUAR+MM 

&1 2012–2020 <#7:» ((#$61&#*8%&.% (21*.6%83$6*1 ED #6 03.03.12 <. W 189). 
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  219'1; 215#6 )# K6#H (2#<2199% * >1$6. '#$9.>%$'#<# '#9)8%'$1 &%#5;#7.9#: 

1. E1-215#6163 . )2#*%$6.  8%6&:% .$):61&.= '#$9.>%$'#<# 1))12161 &#*#<# )#-

'#8%&.= «NUAR+MM-"2» $ ,8,>F%&&:9. 61'6.'#-6%;&.>%$'.9. ;121'6%2.$6.'19. . 

21$F.2%&&:9. ?,&'@.#&183&:9. *#-9#J&#$6=9.. 

2. (2#*%$6. #5&#*8%&.% $#$61*1 #25.6183&#H <2,)).2#*'. $.$6%9: NUAR+MM 

'#$9.>%$'.9. 1))121619. «NUAR+MM-"2». 

3. 01*%2F.63 9#7%2&.-1@.I &1-%9&#<# '#9)8%'$1 ,)21*8%&.=, '#9)8%'$#* 

$2%7$6* ?#29.2#*1&.= K?%9%2.7&#H .&?#291@..  . $.&;2#&.-1@.. F'18 *2%9%&. . 

?,&719%&6183&#<# $%<9%&61 $.$6%9: NUAR+MM. 

R1 '#$9.>%$'#9 1))1216% &#*#<# )#'#8%&.= «NUAR+MM-"2» )2#*#7.6$= 9#7%2-

&.-1@.= .-8,>1%9:; "+ 217.#&1*.<1@.#&&:; $.<&18#* * &1)21*8%&.. 21$F.2%&.= &#-

9%&'816,2: . )#*:F%&.= .; ;121'6%2.$6.' (.-8,>%&.% $.<&18#* $ '#7#*:9 . >1$6#6-

&:9 21-7%8%&.%9 * 62%; 7.1)1-#&1; L1 (1,6 NN@), L2 (1,25 NN@) . L3 (1,2 N<@), '1' * .&-

6%2%$1; $1&'@.#&.2#*1&&:; ($)%@.183&:;), 61' . <21J71&$'.; )#83-#*16%8%H), 1 61'J% 

#5%$)%>%&.= $#*9%$6.9#$6. $.$6%9 NUAR+MM, GPS, GALILEO: )# $.$6%919 '##27.-

&16 . %7.&#9, *2%9%&..  

B&6%&$.*&#% 21-*.6.% 21-8.>&:; $?%2 >%8#*%>%$'#H 7%=6%83&#$6., $*=-1&&:; $ 

2%F%&.%9 )2#$621&$6*%&&#-*2%9%&&:; -171>, 7.'6,%6 &%#5;#7.9#$63 )#77%2J1&.= . 

21-*.6.= * E#$$.H$'#H D%7%21@.. $#5$6*%&&:; $2%7$6* '##27.&16&#-*2%9%&&#<# . &1-

*.<1@.#&&#<# #5%$)%>%&.= &1 *:$#'#9 '#&',2%&6#$)#$#5&#9 ,2#*&%. 

  &1$6#=L%% *2%9= 5#83F#% *&.91&.% ,7%8=%6$= *12.1&619 21-*.6.= *:$#'##25.-

6183&#<# &1*.<1@.#&&#<# '#$9.>%$'#<# $%<9%&61 NUAR+MM, '#6#2:H &%#5;#7.9 78= 

$,L%$6*%&&#<# ,8,>F%&.= ;121'6%2.$6.' &1*.<1@.. (6#>&#$6. . 7#$6,)&#$6.) )#62%-

5.6%8=, *'8I>1= ,$8#*.= *:$#'#<# -16%&%&.= &1*.<1@.#&&:; $),6&.'#*, '#6#2:% .9%-

I6 9%$6# * <#2#7$'.; . <#2&:; ,$8#*.=;. 

 :$#'##25.6183&:H $%<9%&6 9#J%6 5:63 $#-71& &1 #$&#*% <%#$.&;2#&&:; #25.6, 

* 6#9 >.$8% <%#$61@.#&12&#H #25.6: (NMA), <%#$.&;2#&&:; &1'8#&&:; #25.6 (NMRA) 

. *:$#'#K88.)6.>%$'.; #25.6 ( SA). /#$6#.&$6*#9 #25.6 K6.; 6.)#* =*8=I6$= )#*:-

F%&.% &1*.<1@.#&&:; ;121'6%2.$6.' &1 6%22.6#2.. E#$$.H$'#H D%7%21@.. (*'8I>1= 

$%*%2&:% 6%22.6#2..) . +2'6.'., 1 61'J% *#-9#J&#$63 &1 #$&#*% "+ K6#<# 6.)1 7#)#8-

&.6%83&# #$,L%$6*8=63 2%18.-1@.I &1*.<1@.#&&:; . $*=-&:; ,$8,< 21-8.>&#<# 6.)1.  

(2. K6#9 &1*.<1@.#&&1= $.$6%91 $ *:$#'##25.6183&:9 $%<9%&6#9 7#8J&1 #5%$-

)%>.*163, '1' 9.&.9,9, 7*,'216&#% )#'2:6.% 6%22.6#2.. E#$$.. . +2'6.'., 6. %. #5%$-

)%>.*163 &1 K6#H 6%22.6#2.. *.7.9#$63 &% 9%&%% 2-; "+ *:$#'##25.6183&#<# $%<9%&61. 

  '1>%$6*% 1836%2&16.*: .$$8%7,I6$= 21$F.2%&&:% AN (5#8%% 24 "+) &1 $,L%$6-

*,IL.; 6.)1; #25.6 ),6%9 *$621.*1&.= 7#)#8&.6%83&:; "+ 9%J7, $.$6%9&:9. 6#>-

'19. * '1J7#H .- 62%; )8#$'#$6%H .8. #2<1&.-1@.%H 7#)#8&.6%83&# 62%;)8#$'#$6&#H 

$62,'6,2:, 21-9%L1%9#H 9%J7, $,L%$6*,IL.9. )8#$'#$6=9..  

M8%7,%6 #69%6.63, >6# 2%18.-1@.= #25.6183&#H $62,'6,2: $  *:$#'##25.6183&:9 

7#)#8&%&.%9 &1 <%#$.&;2#&&:; .8. K88.)6.>%$'.; #25.61; )#62%5,%6 $%23%-&#H 9#-

7%2&.-1@.. &1-%9&#<# '#9)8%'$1 ,)21*8%&.= ($61&@.H 9#&.6#2.&<1 . -1'817'.), )2#-

<2199: -1),$'#* . )#62%5,%6 $#-71&.= "+ &#*#<# 6.)1. 

 

3. $6C4AD7D83=66E4 <89:7;49<74 979C4:E 6=FGH5467> 

M2%7. )%2$)%'6.*&:; )2#%'6#*, 21-21516:*1%9:; +A «BMM», $6#.6 #$#5# #69%-

6.63 )2#%'6 9&#<#?,&'@.#&183&#H '#$9.>%$'#H $.$6%9: «+2'6.'1», *'8I>1IL1= * 

$%5= #25.6183&,I <2,)).2#*', "+ &1 *:$#'#K88.)6.>%$'.; #25.61; 6.)1 «C#8&.=». 

M.$6%91 )2%7&1-&1>%&1 78= #5$8,J.*1&.= 2%<.#&#* "21H&%<# M%*%21 . 7#8J&1 #5%$)%-

>.*163: ,)21*8%&.% *#-7,F&:9 7*.J%&.%9 (Air Traffic Management); )#7*.J&,I $),6-
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&.'#*,I $*=-3 $ $19#8%619., ?.'$.2#*1&&,I $),6&.'#*,I $*=-3 9%J7, &1-%9&:9. 

$61&@.=9.. (2. K6#9 *$% )#7*.J&:% )#62%5.6%8. 7#8J&: 5:63 #$&1L%&: 1))1216,2#H 

$),6&.'#*#H &1*.<1@.., 215#61IL%H )# $.<&1819 $.$6%9 NUAR+MM . GPS. 

E%<,8=2&#% )#$6,)8%&.% #6 $),6&.'#*:; $.$6%9 '#9)8%'$&#H .&?#291@.. )# $%-

*%2&:9 2%<.#&19 &1F%H $621&: =*8=%6$= &%#5;#7.9:9 ,$8#*.%9 78= K??%'6.*&#<# 

2%F%&.= <.72#9%6%#2#8#<.>%$'.;, <%#?.-.>%$'.;, <%#8#<.>%$'.;, K'#8#<.>%$'.; . 

72,<.; 1'6,183&:; 78= 12'6.>%$'#H -#&: -171>, 61'.; '1' '#&62#83 7%=6%83&#$6. >%8#-

*%'1, 9#&.6#2.&< >2%-*:>1H&:; $.6,1@.H, 21-*.6.% .&?#291@.#&&#H .&?21$62,'6,2:. 

C&#<#@%8%*1= '#$9.>%$'1= $.$6%91 7#8J&1 #5%$)%>.*163: 

– )#8,>%&.% #)%216.*&:; <.72#9%6%#2#8#<.>%$'.; . <%8.#<%#?.-.>%$'.; $),6-

&.'#*:; 71&&:; )# $%*%2&:9 6%22.6#2.=9 . «)#8=2&:9 F1)'19» 0%98.; 

– )#8,>%&.% 71&&:; #6 *:$#'#F.2#6&:; 72%H?,IL.; )816?#29 1*6#916.>%$'.; 

<.72#9%6%#$61&@.H . 1*12.H&:; 5,%* $.$6%9: )#.$'1 . $)1$%&.= 9#2$'.; . *#-7,F-

&:; $,7#* "AM(+M-SARSAT )# $),6&.'#*:9 '1&1819 $*=-. * '2,<8#$,6#>&#9 2%J.-

9% 6%8%7#$6,)1; 

– #)%216.*&#% 7#*%7%&.% 7# )#62%5.6%8= '216'#$2#>&:; <.72#9%6%#2#8#<.>%$'.; 

)2#<&#-#* . 71&&:; # 8%7#*#H #5$61&#*'% )# $),6&.'#*:9 '1&1819 $*=-.. 

C"M «+2'6.'1» $#$6#.6 .- 62%; $)%@.18.-.2#*1&&:; '#$9.>%$'.; )#7$.$6%9: 

1) )#7$.$6%91 «+2'6.'1-C» 78= &%)2%2:*&#<# <.72#9%6%#2#8#<.>%$'#<# 9#&.-

6#2.&<1 12'6.>%$'#<# 2%<.#&1 . $%*%2&:; 6%22.6#2.H, 1*12.H&#H . $8,J%5&#H $*=-. $ 

.$)#83-#*1&.%9 '#$9.>%$'.; 1))1216#* «+2'6.'1-C» &1 *:$#'#K88.)6.>%$'.; #25.61;; 

2) )#7$.$6%91 «+2'6.'1-E» 78= *$%)#<#7&#<# 9#&.6#2.&<1 8%7#*#H #5$61&#*'. . 

'#&62#8= 7*.J%&.= $,7#* )# 621$$% M%*9#2),6., 9#2$'.; <21&.@, '2,)&#91$F615&:; 

>2%-*:>1H&:; $.6,1@.H 6%;&#<%&&#<# . )2.2#7&#<# ;121'6%21 * 21H#&1; 7#5:>. &%?6. 

. <1-1 (* 6#9 >.$8%, &1 F%83?%) $ .$)#83-#*1&.%9 '#$9.>%$'.; 1))1216#* «+2'6.'1-E» 

&1 &.-'.; #25.61; $ 9&#<#?,&'@.#&183&:9. 9&#<#2%J.9&:9. 217.#8#'16#219. 5#-

'#*#<# #5-#21 X-7.1)1-#&1 *:$#'#<# 21-2%F%&.= $ 217.#9%6219.; 

3) )#7$.$6%91 «+2'6.'1-CM» 78= @.?2#*#<# 6%8% . 217.#*%L1&.=, &1*.<1@.#&-

&#H . 9,836.$%2*.$&#H $*=-. * 12'6.>%$'#9 2%<.#&% . &1 $%*%2&:; 6%22.6#2.=; $ .$-

)#83-#*1&.%9 '#$9.>%$'.; 1))1216#* $*=-. «+2'6.'1-CM» &1 *:$#'#K88.)6.>%$'.; 

#25.61;. 

 

4. *I66=> 76J8D:=B78668-6=37A=B7866=> 8F49K4;73=HL=> 979C4:= 

  219'1; $#*%2F%&$6*#*1&.= '#$9.>%$'.; .&?#291@.#&&:; $.$6%9: 7# 2030 <#71 

)2#*#7=6$= .$$8%7#*1&.= )2.&@.)#* .&?#291@.#&&#<# #5%$)%>%&.= )#62%5.6%8%H * 

-#&% U,&: . 7183&%<# '#$9#$1 $ @%83I $#-71&.= &%#5;#7.9:; ,$8#*.H K??%'6.*&#<# 

.-,>%&.= . #$*#%&.= U,&:, 72,<.; 6%8 $#8&%>&#H $.$6%9:, 6%8%'#99,&.'1@.#&&#<# . 

&1*.<1@.#&&#<# #5%$)%>%&.= )2#@%$$#* ,)21*8%&.= )#8%6#9 8,&&:; . 9%J)81&%6&:; 

1*6#916.>%$'.; 1))1216#* . ).8#6.2,%9:; K'$)%7.@.#&&:; '#9)8%'$#*, '##27.&16&#-

*2%9%&&#H )2.*=-'. 2%-,83616#* '#$9.>%$'.; .$$8%7#*1&.H . K'$)%2.9%&6#*, '##27.-

&16&#-*2%9%&&#<# . .&?#291@.#&&#<# #5%$)%>%&.= ?,&'@.#&.2#*1&.= >8%&#* K'$)%-

7.@.H . )%2$#&181 )#$6#=&&# 7%H$6*,IL.; 51- &1 )#*%2;&#$6. U,&: . )81&%6. 

E1$$9#62%&: 21-8.>&:% 9%6#7: <8#5183&#H, &%)2%2:*&#H &1*.<1@.. . #5%$)%>.-

*1IL.% .; #'#8#8,&&:% #25.6183&:% <2,)).2#*'., 1 61'J% *#-9#J&#$63 *#-8#J%&.= 

&1 &.; 61'J% -171> .&?#291@.#&&#<# #5%$)%>%&.=, 6. %. $#-71&.% &1*.<1@.#&&#-

$*=-&#<# $),6&.'1, .$',$$6*%&&#<# $),6&.'1 U,&: (BMU). /8= 2%F%&.= -171>. 5188.-

$6.'#-&1*.<1@.#&&#<# . *2%9%&&#<# #5%$)%>%&.= BMU )2%781<1%6$= 21-9%$6.63 &1 )#-

*%2;&#$6. U,&: $2%7$6*1 '#&6,21 ,)21*8%&.= . 62.1&<,8=@.#&&#H $%8%&#7%-.>%$'#H 

$%6. ),&'6#*. 
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(# 2%-,8361619 )2#*%7%&&:; .$$8%7#*1&.H $?#29,8.2#*1&: $8%7,IL.% *:*#7::  

1. N8#5183&1= #)%216.*&1= &1*.<1@.= -1)2#$&:9 7183&#9%2&:9 9%6#7#9 (#)2%-

7%8%&.% )81&#*:; '##27.&16) . 7,)8%'$&1= $*=-3 9#5.83&:; )#62%5.6%8%H &1 )#*%2;-

&#$6. U,&: #5%$)%>.*1%6$= 9&#<#$),6&.'#*#H AN (8–10 R"+ * 7*,; )8#$'#$6=;), .$-

)#83-,IL%H '2,<#*:% #25.6: *:$#6#H #'#8# 4260 '9 . &1'8#&%&.%9 58 .  

2. M615.83&#$63 #'#8#8,&&:; AN )#77%2J.*1%6$= )%2.#7.>%$'#H '#22%'@.%H 

#25.6 $ %J%<#7&:9. -1621619. ;121'6%2.$6.>%$'#H $'#2#$6. 3 9/$. 

3. A)%216.*&1= $),6&.'#*1= &1*.<1@.= . $*=-3 #'#8#8,&&:; '#$9.>%$'.; )#62%-

5.6%8%H $ )#9#L3I #'#8#8,&&#H AN #5%$)%>.*1%6$= )2. 2%18.-1@.. 217.#'#&61'61 

78= 8I5#<# *-1.9&#<# )#8#J%&.= )#62%5.6%8= . R"+ (* *%2;&%H . &.J&%H )#8,$?%-

21;), >6# $*=-1&# $ &%#5;#7.9#$63I )2.9%&%&.= $8%7=L.; 8,>%*:; 1&6%&&:; $.$6%9 

&1 R"+ . , )#62%5.6%8=, .8. #2<1&.-1@.= .-#62#)&#<# .-8,>%&.=. 

4. (2%78#J%&# 78= @%8%H &1*.<1@.. . $*=-. .$)#83-#*163 %7.&:H - 217.#'1&18 &1 

>1$6#61; «)#62%5.6%83 - "+» – 11 NN@, «"+-)#62%5.6%83» – 14 NN@. 

5. E1$$9162.*1%6$= <2,))#*1= $;%91 *:*%7%&.= 58#'1 "+ &1 215#>.% #'#8#8,&-

&:% #25.6: $ )#9#L3I ER «M#I- 2.15» *:*#7.6 <#8#*&#H 58#', $#$6#=L.H .- 58#'1 

"+ . 9%J#25.6183&#<# 621&$)#26&#<# 5,'$.21, *:)#8&%&&#<# &1 #$&#*% 21-<#&&#<# 

58#'1 «D2%<16».  

(# 2%-,8361619 5188.$6.>%$'#<# 1&18.-1 #)2%7%8%&1 91$$1 *:*#7.9#<# 58#'1 "+, 

78.6%83&#$63 2%J.91 *:*%7%&.= '1J7#<# "+ &1 215#>.% #'#8#8,&&:% #25.6:. R1 #$&#-

*1&.. )2#*%7%&&:; .$$8%7#*1&.H 21-215#61&1 '#&@%)@.= $#-71&.= 8,&&#H .&?#291@.-

#&&#-&1*.<1@.#&&#H #5%$)%>.*1IL%H $.$6%9: (UBRAM) . $?#29,8.2#*1&: 62%5#*1&.= 

' %% $#$61*&:9 >1$6=9, * 6. >. ' &1*.<1@.#&&#-$*=-&#9, "+ &1 #'#8#8,&&:; #25.61;. 
 

,E385E 

1. M#*2%9%&&:% <#$,712$6*%&&:% )2#<2199: 21-*.6.= '#$9.>%$'.; $.$6%9 $*=-., 

&1*.<1@.. . &158I7%&.=, 2%18.-,%9:% +A «B&?#291@.#&&:% $),6&.'#*:% $.$6%9:» 

.9%&. 1'17%9.'1 C. D. E%F%6&G*1» $#*9%$6&# $ '##)%21@.%H, #5%$)%>.*1I6 &1@.#-

&183&,I 5%-#)1$&#$63 . K'#&#9.>%$',I &%-1*.$.9#$63 E#$$... 

2. A6%>%$6*%&&:% '#$9.>%$'.% $.$6%9: .&?#291@.#&&#<# #5%$)%>%&.= 21-*.*1-

I6$= * &1)21*8%&.. #$*#%&.= *:$#'#>1$6#6&#<# 7.1)1-#&#* $*=-., .&6%<21@.. #25.-

6183&:; <2,)).2#*#', '#9)8%'$.2#*1&.% #6%>%$6*%&&:; . -12,5%J&:; &1*.<1@.#&&:; 

$.$6%9. 

3. A7&.9 . *1J&%HF.; ),6%H '#9)8%'$&#<# .$)#83-#*1&.= '#$9.>%$'.; $.$6%9 

$*=-. . &1*.<1@.. =*8=%6$= 2%F%&.% -171> &158I7%&.= -1 )%2%9%L%&.%9 621&$)#26&:; 

$2%7$6* 7.$)%6>%2$'.9. $8,J519. * #5F.2&:; 21H#&1; $%*%2&:; . *#$6#>&:; 2%<.#-

&1; E#$$.., <7% )21'6.>%$'. #6$,6$6*,I6 &1-%9&:% $2%7$6*1 $*=-.. 

4. /8= #5$8,J.*1&.= #'#8#8,&&:; )#62%5.6%8%H )#62%5,%6$= $#-71&.% 8,&&#H 

.&?#291@.#&&#-&1*.<1@.#&&#H #5%$)%>.*1IL%H $.$6%9:.  

 
M).$#' 8.6%216,2: 

 

1. "#-8#* +. N. +'17%9.' C.;1.8 D%7#2#*.> E%F%6&G* / R1,>.-)2#.-*. #5-&.% )2.'8. 9%;1&.'.. – 

Y%8%-&#<#2$', 2006. – 334 $. 

2. 4%5#612%*,  . !. A$&#*: )2#%'6.2#*1&.= '#$9.>%$'.; 1))1216#* .&?#291@.#&&#<# #5%$)%>%-

&.=: ,>%5. )#$#5.% /  . !. 4%5#612%*,  . !. "#$%&'#; M.5. <#$. 1K2#'#$9.>. ,&-6. – "21$&#=2$', 2011. – 

488 $., 24 $.  .8.  

3. Z.2#'#)#8#$&:% 5%$)2#*#7&:% $%6. )%2%71>. .&?#291@.. /  . C.  .F&%*$'.H, +. B. U=;#*, 

M. U. (#26&#H, B.  . Z1;&#*.>. – C.: T%;&#$?%21, 2005. – 592 $. 

4. NUAR+MM. (2.&@.): )#$62#%&.= . ?,&'@.#&.2#*1&.= / (#7 2%7. +. B. (%2#*1,  . R. X12.$#-

*1. – B-7. 4-%, )%2%215. . 7#). – C.: E17.#6%;&.'1, 2010. – 800 $., .8. 
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!MN'  "!,#&"')!O  /-P/-1!' $  #!/" !O  "$"'&#N   

1*$Q)&O  /-R$!)-,$+-0$$ 

 

+. C. +8%F%>'.&
1
,  . N. "#&&#*

2
 

 
1"#-0*0/0 *#A,#,&#%; $*?*1* * &(3*%B>,10&%#*1* 5C !D EF! G5D 

660074, <. :&(-#%9&-1, />. :*&,#-1%<%, 28 

E-mail: AAleshechkin@sfu-kras.ru 
2 ! «HFF «6(3*%-29?I» 

660021, <. :&(-#%9&-1, />. J,1(K&*-0%2, 19 

E-mail: valkon25@mail.ru 

 
(2.*%7%&: $*%7%&.= #5 K61)1; 21-215#6'. 9#2$'#H 217.#&1*.<1@.#&&#H $.$6%9: (ERM) «"215.'-VC». E1--

215#6'1 ERM 5:81 &1>161 R(A «M.5@*%69%61*6#916.'1» * 1981 <. 78= &,J7 <%#8#<.., -16%9 5:8. )2#*%7%&: .$):-

61&.= $.$6%9: 78= %% .$)#83-#*1&.= ,)21*8%&.%9 &1*.<1@.. . #'%1&#<21?.. CA ED.   &1>18% 2000-; <<. 21-215#6'1 

ERM «"215.'-VC» 5:81 )%2%71&1 * +A «R(( «E17.#$*=-3» <. "21$&#=2$'1. E%-,83616: $#*9%$6&#H 21-215#6'. ERM 

$.819. +A «R(( «E17.#$*=-3» . M.5.2$'#<# ?%7%2183&#<# ,&.*%2$.6%61 )2.*%8. ' 6#9,, >6# 71&&1= ERM * &1-

$6#=L%% *2%9= $6181 *%$391 *#$62%5#*1&&#H 78= 2%F%&.= -171> 9#2$'#H &1*.<1@.. . #)2%7%8%&.= )1219%62#* 7*.-

J%&.= #5P%'6#*, # >%9 $*.7%6%83$6*,I6 )81&: )# %% #>%2%7&#H 9#7%2&.-1@...  

 

E15#6: )# $#-71&.I *:$#'#6#>&#H 217.#&1*.<1@.#&&#H $.$6%9: (ERM) «"215.'-V» 

7.1)1-#&1 ,83621'#2#6'.; *#8& 5:8. &1>16: * R(A «M.5@*%69%61*6#916.'1» 

(<. "21$&#=2$') * 1981 <. [1, 2]. M8%7,%6 #69%6.63, >6# *:$#'.% 6%;&.>%$'.% )1219%62: 

ERM 5:8. -18#J%&: %L% * 1982 <. &1 K61)% K$'.-&#<# )2#%'61, '#<71 5:8# )2.&=6# 2%-

F%&.% # *:5#2% $.<&18#* . )2.&@.)1 .-9%2%&.= -17%2J%' $.<&18#* ERM.  

M.$6%91 «"215.'-V» 5:81 )2%7&1-&1>%&1 78= 6#>&#<# #)2%7%8%&.= '##27.&16 

9%$61 &1 )#*%2;&#$6. 9#2= )2. *:)#8&%&.. 21-8.>&#<# 2#71 215#6. (2.9%219. 61'#<# 

2#71 215#6 =*8=I6$=: .-,>%&.% )#7*#7&:; 9%$6#2#J7%&.H <%#?.-.>%$'.9. 9%6#719.; 

)#7<#6#*'1 )8#L17%H )#7 5,2%&.%; *:*#7 )81*,>.; 5,2#*:; ,$61&#*#' * 6#>', 5,2%-

&.=; )2#'817'1 )#7*#7&:; 62,5#)2#*#7#* . '15%8%H; ,$61&#*'1 &1*.<1@.#&&:; -&1'#*; 

7#5:>1 6*%27:; )#8%-&:; .$'#)1%9:; $ )#9#L3I -%9$&12=7#*, 7&#,<8,5.6%83&:% 21-

5#6: . 72.  

(#$8% 1987 <. -1*#7 R(A «M.5@*%69%61*6#916.'1» *:),$6.8 $%2.I, '#6#21= $#-

$6#=81 .- F%$6. ERM «"215.'-V» (2.$. 1).   $#$61* '1J7#H ERM *;#7.8. 62. 5#26#*:; 

$61&@.. (VM) . 62. #)#2&:; $61&@.. (AM) [2]. 

  1989 <. )# .&.@.16.*% '1).61&#* )%2*#<# 21&<1 ,)21*8%&.= &1*.<1@.. . #'%1&#-

<21?.. (QR.A) CA ED  . R. "181F&.'#*1 . R. R. M61*@%*1 5:8. )2#*%7%&: .$):61-

&.= $%2.H&#<# #521-@1 ERM «"215.'-V», * 2%-,83616% '#6#2:; 5:8# ,$61&#*8%&#, >6# 

)# #$&#*&:9 ;121'6%2.$6.'19 ERM )2%*#$;#7.6 #6%>%$6*%&&:% 1&18#<. . $21*&.91 $ 

1&18#<.>&#H 9#7.?.'1@.%H ERM «Syledis» (D21&@.=) [1, 3].  

M 1989 )# 1991 <. * R(A «M.5@*%69%61*6#916.'1» 5:81 )2#*%7%&1 %L% #7&1 

#):6&#-'#&$62,'6#2$'1= 215#61 (A"E) «E1-215#6'1 ERM «"215.'-VC» 78= #5%$)%>%&.= 

9#2$'.; $%H$9#21-*%7#>&:; 215#6».   2%-,83616% K6#H A"E )#=*.8$= &#*:H 2%J.9 21-

5#6: ERM – 7.$61&@.#&&:H, #5%$)%>.*1IL.H #)2%7%8%&.% 9%$6#)#8#J%&.= $61&@.., 

,$61&#*8%&&#H * '#&@% $%H$9#1',$6.>%$'#H '#$: [2]. 

M.819. M.5.2$'#<# ?%7%2183&#<# ,&.*%2$.6%61 (MDQ) . +A «R(( «E17.#$*=-3» 

* 2000–2002 <<. ERM 5:81 )%2%*%7%&1 &1 &#*,I K8%9%&6&,I 51-,, 581<#712= >%9, -&1-

>.6%83&# ,9%&3F.8.$3 21-9%2: . *%$ .-7%8.=.   6#6 J% )%2.#7 5:8# 21-215#61&# )2#-

<2199&#% #5%$)%>%&.% *6#2.>&#H #5215#6'. 2%-,83616#* .-9%2%&.H '#215%83&#H $61&-

@.. $ .$)#83-#*1&.%9 =-:'1 *:$#'#<# ,2#*&= C++, 61'J% $,L%$6*%&&#H 7#215#6'% 5:-

8# )#7*%2J%&# )2#<2199&#% #5%$)%>%&.% )%2*.>&#H #5215#6'. )2.%9#)%2%716>.'#*, 

'#6#2#% 61'J% 5:8# 21-215#61&# &1 =-:'% *:$#'#<# ,2#*&= M++. 
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(2#*%7%&&:% 215#6: )2.*%8. ' *:),$', * 2002 <. #):6&#<# #521-@1 71&&#H ERM, 

*.7 5#26#*#H $61&@.. (VM) '#6#2#H )2.*%7%& &1 2.$. 2.  

 

 
E.$. 1.  &%F&.H *.7 5#26#*#H $61&@.. $%2.H&#<# 217.#<%#7%-.>%$'#<# '#9)8%'$1 «"215.'-V» 

 

 

( K 

 

E.$. 2.  &%F&.H *.7 #):6&#<# #521-@1 5#26#*#H $61&@.. ERM «"215.'-VC», .-<#6#*8%&&#<# * 2002 <.:  

( – )2.%9#)%2%716>.'; K – ),836 ,)21*8%&.= . .&7.'1@.. 
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R1 2.$. 2 )2.*%7%& *.7 VM $.$6%9:, * $#$61* '#6#2#H *;#7.6 58#' )2.%9#)%2%-

716>.'1 (((E/) . ),836 ,)21*8%&.= . .&7.'1@.. ((QB). M8%7,%6 #69%6.63, )2. $#-71-

&.. #):6&#<# #521-@1 5:8# 21-215#61&# 7*% *%2$.. )2#<2199: *6#2.>&#H #5215#6'. 

.&?#291@.. VM: )%2*1= *%2$.= )2%7&1-&1>181$3 78= 215#6: * $#$61*% ),8361 ,)21*8%-

&.= . .&7.'1@.., *6#21= *%2$.= 5:81 )2%7&1-&1>%&1 78= 215#6: * $#$61*% (" 6.)1 

NoteBook )#7 ,)21*8%&.%9 #)%21@.#&&#H $.$6%9: DOS .8. Windows 95/98.  

  2002 <. )2. ,>1$6.. )2%7$61*.6%8%H QR.A CA ED, +A «R(( «E17.#$*=-3» . 

MDQ 5:8. )2#*%7%&: N#$,712$6*%&&:% .$):61&.= #):6&#<# #521-@1 ERM «"215.'-

VC», *:),L%&&#<# +A «R(( «E17.#$*=-3» )2. 1'6.*&#9 ,>1$6.. $)%@.18.$6#* MDQ.  

N81*&:9 '#&$62,'6#2#9 21-215#6'. 5:8 )2#?%$$#2 MDQ, $.&.$., )2#?.  . B. "#'#-

2.&. B$):61&.= )2#;#7.8. * V%2.&<#*#9 9#2% * $%&6=52% 2002 <.  

(# 2%-,8361619 )2#*%7%&&:; .$):61&.H ERM 5:81 2%'#9%&7#*1&1 ' $%2.H&#9, 

*:),$', &1 )2%7)2.=6.. «E17.#$*=-3». M21-, )#$8% #'#&>1&.= .$):61&.H &1 )2%7)2.-

=6.. 5:81 &1>161 )#7<#6#*'1 ' $%2.H&#9, *:),$',, )2. K6#9 )2. 21-215#6'% '#&$62,'-

6#2$'#H 7#',9%&61@.. . )#7<#6#*'% )2#.-*#7$6*1 5:8. ,>6%&: -19%>1&.= . 2%'#9%&-

71@.., )#8,>%&&:% * ;#7% .$):61&.H ERM.  

 :),$' ERM 5:8 &1>16 * 2003 <.   $%2.H&:; #521-@1;, )# $21*&%&.I $ #):6&:9 

#521-@#9, 5:81 $,L%$6*%&&# .-9%&%&1 $;%91 . '#&$62,'@.= )2.5#21 ((E/, * 2%-,83-

616% >%<# )2. -1),$'% $.$6%9: * $%2.I )#=*.8$= 2=7 )2#58%9 . #$#5%&&#$6%H, '#6#2:% 

&% *#-&.'18. )2. .-<#6#*8%&.. #):6&#<# #521-@1. A7&1'# *#-&.'F.% 62,7&#$6. 5:8. 

,$)%F&# )2%#7#8%&: . * #'6=52% 2003 <. )%2*:H $%2.H&:H #521-%@ ERM «"215.'-VC» 

5:8 #6)21*8%& -1'1->.',.  

A5L.H *.7 )%2*#<# $%2.H&#<# #521-@1 ERM )2.*%7%& &1 2.$. 3.  

 

 

K

a 2

 

E.$. 3. A5L.H *.7 )%2*#<# $%2.H&#<# #521-@1 5#26#*#H $61&@.. ERM «"215.'-VC»:  

( – )2.%9#)%2%716>.'; K – 1&6%&&1; 2 – ),836 ,)21*8%&.= . .&7.'1@.. 

 

  .-<#6#*8%&&#9 $%2.H&#9 #521-@% 5:81 )2#*%7%&1 -19%&1 ),8361 ,)21*8%&.= . 

.&7.'1@.., >6# )2.*%8# ' &%#5;#7.9#$6. 7#215#6'. %<# )2#<2199&#<# #5%$)%>%&.=. 

"2#9% 6#<#, $,L%$6*%&&#H 7#215#6'% . $#*%2F%&$6*#*1&.I )#7*%2<8#$3 . )2#<2199-
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&#% #5%$)%>%&.% )2.%9#)%2%716>.'#*.   >1$6&#$6., 5:8. )2.&=6: 2%F%&.=, )#-*#-

8=IL.% )2#<2199&:9 $)#$#5#9 $&.-.63 -&1>%&.% )#62%58=%9#H VM . AM 9#L&#$6. #6 

.$6#>&.'#* ).61&.=. "2#9% 6#<#, * $#$61* EN" 5:8 **%7%& )2#<219916#2 78= )2#<219-

9.2#*1&.= $9%&&:; '1262.7J%H, )2%7&1-&1>%&&:; 78= )%2%&#$1 )2#<2199 . 2%-,8361-

6#* .-9%2%&.H $ ),8361 ,)21*8%&.= . .&7.'1@.. &1 )%2$#&183&:H '#9)3I6%2 . #5216-

&#. S6# )#-*#8=8# #$,L%$6*8=63 **#7 .$;#7&:; 71&&:;, 62%5,%9:; 78= 215#6: VM, 7# 

*:;#71 * 9#2%. "2#9% 6#<#, )#$8% *:)#8&%&.= 215#6, K6# )#-*#8=8# )%2%&#$.63 -1).-

$1&&:% 2%-,83616: .-9%2%&.H &1 )%2$#&183&:H '#9)3I6%2 78= )#$8%7,IL%H 7183-

&%HF%H #5215#6'. . .&6%2)2%61@...  

  61'#9 *.7% $%2.H&:% #521-@: *:),$'18.$3 * )%2.#7 2003–2007 <<. . 5:8. )#-

$61*8%&: )#721-7%8%&.=9 <.72#<21?.>%$'#H $8,J5: T.;#<# #'%1&1 . "1$).H$'#<# 9#2=.  

  2007 <. «R(( «E17.#$*=-3» 5:81 &1>161 9#7%2&.-1@.= ERM «"215.'-VC», #5,-

$8#*8%&&1= &%#5;#7.9#$63I )%2%;#71 ' &#*:9 -&1>%&.=9 215#>.; >1$6#6. (2. K6#9 

5:81 #$,L%$6*8%&1 7#215#6'1 '#&$62,'@.. '#9)8%'$1 $ @%83I ,)2#L%&.= .-*8%>%&.= 

. ,$61&#*'. 58#'#* ,$62#H$6*1 @.?2#*#H #5215#6'. (QOA), )2.%9&.'1 ((EC) . )%2%-

716>.'1 ((E/) * #5L,I )1&%83 )2.5#21 ((E/ )2. )2#*%7%&.. 2%9#&61. T1'J% 5:81 

)2#*%7%&1 7#215#6'1 )2#<2199&#<# #5%$)%>%&.= (QB 78= #5%$)%>%&.= *:71>. .&?#2-

91@.. &1 @.?2#*,I '126, . * 72,<.% *&%F&.% 5#26#*:% ,$62#H$6*1 . )#77%2J'. &#*:; 

9.'2#$;%9 7.$'2%6&#H 1*6#916.>%$'#H 2%<,8.2#*'. ,$.8%&.=, ,$61&1*8.*1%9:; * 58#-

'. (EC.  

A$%&3I 2007 <. * D.&$'#9 -18.*% V186.H$'#<# 9#2= 5:8. )2#*%7%&: 9%J*%7#9-

$6*%&&:% .$):61&.= ERM «"215.'-VC», * 2%-,83616% '#6#2:; 5:8. )#76*%2J7%&: -1-

=*8%&&:% 6%;&.>%$'.% ;121'6%2.$6.'. $.$6%9:, . 9#7%2&.-.2#*1&&1= ERM 5:81 2%'#-

9%&7#*1&1 ' 7183&%HF%9, $%2.H&#9, *:),$',.  

(#$8% K6#<#, * )%2.#7 2008–2014 <<. )2#*#7.8.$3 7183&%HF.% 215#6: )# $#*%2-

F%&$6*#*1&.I ERM. T1', * $#$61* 5#26#*#H $61&@.. (VM) 5:81 **%7%&1 9%6%#$61&@.=, 

2%-,83616: .-9%2%&.H '#6#2#H .$)#83-,I6$= 78= )#*:F%&.= 6#>&#$6. 217.#7183&#-

9%2&:; .-9%2%&.H. B-9%&.81$3 61'J% '#9)8%'6&#$63 )#$61*'. ERM $ @%83I )#*:F%-

&.= ,7#5$6*1 .$)#83-#*1&.= $.$6%9: )2. K'$)8,161@.. . 21$F.2%&.= $%2*.$&:; . 

?,&'@.#&183&:; *#-9#J&#$6%H.  

R#*:% $%2.H&:% #521-@: ERM K'$)8,16.2,I6$= * &1$6#=L%% *2%9= &1 V%8#9 9#-

2%. M)%@.18.$6: +A «R(( «E17.#$*=-3» . MDQ 7*1J7: )2.&.918. ,>1$6.% * #)81*:-

*1&.. ERM &1 V%8#9 9#2%, >6# )#-*#8.8# ,$621&.63 2=7 &%7#$616'#*, *:=*8%&&:; * 

)2#@%$$% K'$)8,161@.. ERM.  

R1 $%<#7&=F&.H 7%&3 * @%8=; )#*:F%&.= '#&',2%&6#$)#$#5&#$6. )#$61*8%&1 -1-

71>1 )# #>%2%7&#H 9#7%2&.-1@.. 1))1216&#<# . )2#<2199&#<# #5%$)%>%&.= ERM «"21-

5.'-VC» [2]. R%#5;#7.9#$63 #$,L%$6*8%&.= 9#7%2&.-1@.. =*8=%6$= $8%7$6*.%9 2=71 

)2.>.&: 

! .$)#83-#*1&.% ,$612%*F.; 6%;&#8#<.H . K8%9%&6&#H 51-:, '#6#2,I $618#  

&%*#-9#J&# )2.#52%6163 *$8%7$6*.% )2%'21L%&.= *:),$'1; 

! &%#5;#7.9#$63 $#)2=J%&.= $ $#*2%9%&&:9. *&%F&.9. ,$62#H$6*19., .$)#83-

-,%9:9. 78= *:*#71 &1*.<1@.#&&#H .&?#291@.. . )#*:F%&.= 6#>&#$6. #)2%7%8%&.= 

9%$61 #5P%'6#*; 

! &%#5;#7.9#$63 .$)#83-#*1&.= *#-2#$F.; *#-9#J&#$6%H $#*2%9%&&:; #)%21-

@.#&&:; $.$6%9 . *:>.$8.6%83&#H 6%;&.'. 78= )#*:F%&.= ,7#5$6*1 21-215#6'. . .$-

)#83-#*1&.= )2#<2199&#<# #5%$)%>%&.=, 21$F.2%&.= $%2*.$&:; . ?,&'@.#&183&:; 

*#-9#J&#$6%H 1))1216,2:.  

C#7%2&.-1@.= 1))1216&#H >1$6. )81&.2,%6$= ),6%9 -19%&: &%$'#83'.; ,$612%*-

F.; (UBM 58#'#* QOA, (E/ . (EC &1 %7.&,I $.$6%9, &1 '2.$6188% (MR") Zynq-
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7000, >6# )2.*%7%6 ' )#*:F%&.I &17%J&#$6. *$%<# )2.5#21 ((E/ * @%8#9. (2. K6#9 

MR" Zynq-7000 &1 %7.&#9 $ (UBM '2.$6188% .9%%6 *:$#'#)2#.-*#7.6%83&:H 9.'2#-

)2#@%$$#2 ARM Cortex A9, >6# )#-*#8=%6 .$)#83-#*163 %<# 78= *:)#8&%&.= )2#<2199 

)%2*.>&#H #5215#6'. .-9%2%&&#H .&?#291@.. . ,)21*8%&.= 58#'19. ((E/.  

/2,<.9 &1)21*8%&.%9 9#7%2&.-1@.. ERM =*8=%6$= -19%&1 .$)#83-,%9#<# * 5#2-

6#*#H $61&@.. (VM) 71&&#H $.$6%9: ),8361 ,)21*8%&.= . .&7.'1@.. &1 9#5.83&:H 

)%2$#&183&:H '#9)3I6%2 6.)1 NoteBook. (2. K6#9 $61*.6$= -171>1 21-215#6'. &#*#H 

*%2$.. )2#<2199&#<# #5%$)%>%&.= *6#2.>&#H #5215#6'. .&?#291@.. VM, .$)#83-,I-

L%H *#-2#$F.% ?,&'@.#&183&:% *#-9#J&#$6. *:>.$8.6%83&#H 6%;&.'. . #)%21@.#&-

&:; $.$6%9.  

M8%7,%6 #69%6.63, >6# *:)#8&%&.% 9#7%2&.-1@.. ERM * $##6*%6$6*.. $ 21$$9#6-

2%&&:9. *:F% &1)21*8%&.=9. 71%6 #$&#*1&.= #J.7163 &% 6#83'# )#*:F%&.= &17%J&#-

$6. . $&.J%&.= 91$$#<1512.6&:; )#'1-16%8%H ((E/ ERM, &# . )#=*8%&.= &#*:; *#--

9#J&#$6%H 78= 7183&%HF%<# $#*%2F%&$6*#*1&.= 18<#2.69#* #5215#6'. .&?#291@.., 

.-9%2%&.= )1219%62#* $.<&18#* . 21$F.2%&.= ?,&'@.#&183&:; *#-9#J&#$6%H ERM, 

)#=*8=IL.;$= -1 $>%6 $,L%$6*%&&#<# *#-21$61&.= .$)#83-,%9:; *:>.$8.6%83&:; 

9#L&#$6%H . %9'#$6. K8%9%&6&#H 51-:.  

  >1$6&#$6., * )%2$)%'6.*% )81&.2,%6$= *:)#8&.63 $8%7,IL.% 215#6: )# 9#7%2-

&.-1@.. ERM:  

! $#*%2F%&$6*#*1&.% 6%$6#*:; )2#<2199 78= '#&62#8= 9%62#8#<.>%$'.; ;121'-

6%2.$6.' '#9)8%'$1 &% 6#83'# &1 K61)% %<# )2#.-*#7$6*1, &# . )2. K'$)8,161@..; 

! 21-215#6'1 .9.616#21 $.<&18#* ERM; 

! .$$8%7#*1&.% *#-9#J&#$6%H .$)#83-#*1&.= &#*:; $.<&18#*, #5%$)%>.*1IL.; 

,$6#H>.*#$63 ' *#-7%H$6*.I 9&#<#8,>%*#$6.; 

! 2%18.-1@.= &#*:; 18<#2.69#* 21-2%F%&.= &%#7&#-&1>&#$6. ?1-#*:; .-9%2%&.H; 

! .$)#83-#*1&.% &#*#H K8%9%&6&#H 51-: 78= )#$62#%&.= 217.#)%2%71IL%<# 

621'61 . ?.8362#* $ )#*:F%&&#H .-5.216%83&#$63I.  

 $% K6# )#-*#8.6 . 718%% ,$)%F&# .$)#83-#*163 ERM «"215.'-VC» 78= 2%F%&.= 

*#-8#J%&&:; &1 &%% -171>, 6%9 5#8%%, >6# 9&#<#8%6&.H #):6 $%2.H&#<# *:),$'1 . K'$-

)8,161@.. $.$6%9: )#'1-:*1%6, >6# #&1 =*8=%6$= *%$391 *#$62%5#*1&&#H 78= 2%F%&.= 

-171> #)2%7%8%&.= '##27.&16 . )1219%62#* 7*.J%&.= #5P%'6#* * 9#2$'.; ,$8#*.=;. 

 
M).$#' 8.6%216,2: 

  

1. "#'#2.&,  . B. E17.#&1*.<1@.#&&:% $.$6%9: . ,$62#H$6*1 : ,>%5. )#$#5.% /  . B. "#'#2.&. – 

"21$&#=2$': B(O "NTQ, 2006. – 175 $.  

2. R1)21*8%&.= 9#7%2&.-1@.. 217.#<%#7%-.>%$'#<# '#9)8%'$1 «"215.'-VC» / (. +. U#)127.&, 

+. C. +8%F%>'.&,  . N. "#&&#* . 72. // M5. 62.  $%2#$. RT" «M.$6%9: $*=-. . 217.#&1*.<1@..». – "21$-

&#=2$': A+A «R(( «E17.#$*=-3», 2014. – M. 114–115.  

3. "#'#2.&,  . B. A$&#*&:% &1)21*8%&.= 21-215#6'. 217.#&1*.<1@.#&&#H 1))1216,2: * "21$&#-

=2$'#9 <#$,712$6*%&&#9 6%;&.>%$'#9 ,&.*%2$.6%6% / +. C. +8%F%>'.&,  . R. V#&712%&'#,  . B. "#'#2.& 

// B-*%$6.=  Q0#*. E17.#K8%'62#&.'1. – 2007. – W 5. – M. 62–73. 

4. +8%F%>'.&, +. C. E17.#&1*.<1@.#&&1= $.$6%91 78= #)2%7%8%&.= 6#>&:; '##27.&16 1'*16#2.-

183&:; <%#8#<#21-*%7#>&:; . <#2&:; *:215#6#' / +. C. +8%F%>'.&,  . B. "#'#2.& // C12'F%H7%2$'.H 

*%$6&.'. – 2003. – W 2. – M. 54–57.  

5.  :$#'#6#>&1= 217.#&1*.<1@.#&&1= $.$6%91 78= 9#2$'.; )#62%5.6%8%H / +. C. +8%F%>'.&, 

(. R. B*1&#*,  . B. "#'#2.& . 72. // R1,>&#-6%;&.>%$'.H J,2&18 «N.2#$'#).= . &1*.<1@.=». – 2004. – 

W 2(45). – M. 5–12.  
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 !"#$%  «&'()*+,-.)/, 0),   ) +,12» 

 

 

+&,3*4'.)5,  6&,(75485,12,  0  3, 6)8*+.21   

8,+'+,89.21  '66'&'+'1  ('89.,:*  &'(); '  (,< +4)5 
 

 . !. !"#$%&'(, ). *.+%,-'.'(, /. /. !-01%%(  
 

 !"#   $ « %&''%-(%)*+,'-. -/-*&01. 10&'1 23%4&55%3- ". 6. 7+/%(5/%8% 1 9. :. ;-8-31'-» (8.  %3%'&<) 

394064, 8.  %3%'&<, +=. $>-3?@ A%=B,&(1/%(, 54- 

 
23,,$'&1%-4 ',-'(-4% &1%5'(3-#6, 71%086("6%$4% . 5%,7#"'&-4$ "%&3&%"9-4$ 377313&3$ 03"9-%:' 130#;,3 

0%<,&(#6 71# 1%=%-## >303? 7' 7'13@%-#A 13>-'&#7-4B -3>%$-4B # ('>0;=-4B '58%.&'( -3 03"9-',&6B ,&13&%:#-

?%,.':' ;03"%-#6. 

 

C'('16 ' ,;D%,&(;AD#B ,'(1%$%--4B 5%,7#"'&-4B "%&3&%"9-4B 377313&3B 

5'"9=':' 130#;,3 0%<,&(#6, $'@-' , ;(%1%--',&9A >36("6&9, ?&' '-# 6("6A&,6 -3#5'-

"%% .1;7-4$ 0',&#@%-#%$ ( ('%--'< 3(#3E## >3 7',"%0-%% 0%,6&#"%&#%, # 71'0'"@3A& 

,'(%1=%-,&('(3&9,6 ( ,('%$ 13>(#&##, .3. -'(4< (#0 FGG%.&#(-':' '1;@#6. H-# .'-

1%--4$ '513>'$ $%-6A& 71%0,&3("%-#% ' (%0%-## 5'%(4B '7%13E#<, 3 &3.@% 71#(4?-

-4< '5D%?%"'(%?%,.#< (>:"60 -3 '.1;@3AD%% 71',&13-,&(', F-%1:%&#?%,.#% # #-G'1-

$3E#'--4% ('>$'@-',&#. 

I%,7#"'&-4% "%&3&%"9-4% 377313&4 (I !) 03"9-%:' 130#;,3 0%<,&(#6 13,,$3&1#-

(3A&,6 ('%--4$ 1;.'('0,&('$ (%0;D#B #-',&13--4B :',;031,&( ( .3?%,&(% '0-':' #> 

(3@-%<=#B ,1%0,&( 7'(4=%-#6 5'%(4B ('>$'@-',&%< *''1;@%--4B ,#". 

!-3"#> &%-0%-E#< ,'(%1=%-,&('(3-#6 ,7','5'( ( ,G%1% (%0%-#6 5'%(4B 0%<,&(#< 

7'.3>4(3%&, ?&' I ! 03"9-%:' 130#;,3 0%<,&(#6 7"3-#1;%&,6 #,7'"9>'(3&9 -% &'"9.' 0"6 

(%0%-#6 ('>0;=-'< 13>(%0.#, -' # 71# 1%=%-## -3#5'"%% ,"'@-4B >303? 7' 7'13@%-#A 

13>-'&#7-4B -3>%$-4B # ('>0;=-4B '58%.&'( -3 03"9-',&6B ,&13&%:#?%,.':' ;03"%-#6 

[1]. 

J"6 (47'"-%-#6 F&#B >303? I ! 03"9-%:' 130#;,3 0%<,&(#6 0'"@-4 54&9 '5%,7%-

?%-4 ,'(1%$%--4$# ,1%0,&(3$# 13>(%0.#, ,(6>#, "'.3E##, -3(#:3E##, 2KI, ',-3D%-4 

;713("6%$4$# !LM, ,7','5-4$# ;-#?&'@3&9, .3. &'?%?-4%, &3. # 7"'D30-4% E%"#, 3 

&3.@% #$%&9 -#>.;A 130#'"'.3E#'--;A >3$%&-',&9. )D% '0-'< '&"#?#&%"9-'< ','5%--

-',&9A 377313&'( F&':' &#73 6("6%&,6 0"#&%"9-'% (1%$6 71%54(3-#6 ( ('>0;B%  

('& 8 0' 20 ?3,'(). J"6 0',&#@%-#6 &3.':' 0'":':' (1%$%-# 7'"%&3 -%'5B'0#$' (4,'.'% 

3F1'0#-3$#?%,.'% .3?%,&(' 7"3-%13, 5'"9='% ;0"#-%-#% .14"3 # >-3?#&%"9-4< >373, 

&'7"#(3. 

),"# 13,,$3&1#(3&9 '5D;A &%-0%-E#A 13>(#&#6 I ! 03"9-%:' 130#;,3 0%<,&(#6, 

&' $'@-' (40%"#&9 0(% (%&(# – 377313&4-3-3"':# 7#"'&#1;%$4B ,3$'"%&'( (;031-4% 

I !) # ,(%1B03"9-#% ,&13&%:#?%,.#% 13>(%0?#.# (I ! 5'"9='< 71'0'"@#&%"9-',&#  

7'"%&3). 

/3#5'"9=#< #-&%1%, (4>4(3A& ,%:'0-6 F.,7%1#$%-&3"9-4% 377313&4  

«X-47 Pegasus» (LN!) # «L.3&» (2',,#6), .'&'14% 7' ,('%$; ,&1'%-#A ,'#>$%1#$4  

, 13>$%13$# ,'(1%$%--4B "%&3&%"9-4B 377313&'(. H53 71'&'&#73 I ! 7',&1'%-4 7' 

71#-E#7; "%&3AD%:' .14"3, ?&' ( ,('A '?%1%09 7'>('"6%& 0',&#?9 (4,'.':' 3F1'0#-

-3$#?%,.':' .3?%,&(3 7"3-%13 # ,-#>#&9 #B >3$%&-',&9 ( 130#'"'.3E#'--'$ 0#373>'-% 

0"#- ('"-. /3 1#,. 1 # 2 71%0,&3("%-4 G'&':13G## F.,7%1#$%-&3"9-4B 71'&'&#7'( 

I ! «X-47 Pegasus» # «L.3&». 
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2#,. 1. I ! «L.3&» 

 

 
 

2#,. 2. I ! «X-47 Pegasus» 

 

* &35". 1 71%0,&3("%-4 ',-'(-4% "%&-'-&%B-#?%,.#% B313.&%1#,&#.# I !  

«X-47 Pegasus» # «L.3&». 

 
O35"#E3 1 

 %&-'-&%B-#?%,.#% B313.&%1#,&#.# I ! 

 

/3#$%-'(3-#% 7313$%&13 X-47 Pegasus L.3& 

J"#-3, $ 11,64 10,25 

23>$3B .14"3, $ 11,50 18,93 

*4,'&3, $ 2,7 3,17 

P1%<,%1,.36 ,.'1',&9 0,9 Q 0,8 Q 

J3"9-',&9 7'"R&3, .$ - 4000 

I'%('< 130#;,, .$ - 2000 

M13.&#?%,.#< 7'&'"'., $ 12 190 12000 

I'%(36 -3:1;>.3, .: - 2000 

Q3.,#$3"9-36 (>"%&-36 $3,,3, .: 20 215 - 

Q3.,. 71'0'"@#&%"9-',&9 7'"%&3, ? 6 - 

 

M'$#$' .'$7"%.,-'< ,#,&%$4 ;713("%-#6 # ,#,&%$4 -3(#:3E## 03--4% I ! 5;-

0;& ',-3D3&9,6 3(&'-'$-4$# 71#E%"9-4$# ,#,&%$3$# 0"6 '5-31;@%-#6 # 13,7'>-3(3-

-#6 E%"%< # 71#$%-%-#6 7' -#$ '1;@#6, 3 &3.@% ,1%0,&(3$# 13>(%0.# # 130#'F"%.-

&1'--':' 71'&#('0%<,&(#6 0"6 '5%,7%?%-#6 ,'5,&(%--'< (4@#(3%$',&# ( 5'A. 

S?#&4(36 "%&-'-&%B-#?%,.#% B313.&%1#,&#.# I ! 03"9-%:' 130#;,3 0%<,&(#6, 

('>$'@-',&# # >303?#, ('>"3:3%$4% -3 -#B, ,"%0;%&, ?&' &1%5'(3-#6, 71%086("6%$4% . 

03--4$ I !, 0'"@-4 ,''&(%&,&('(3&9 &1%5'(3-#6$, .'&'14% 71%086("6A&,6 . "%&3-

&%"9-4$ 377313&3$ 76&':' 7'.'"%-#6.  
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O3.#$ '513>'$, ( ,''&(%&,&(## , (4=%#>"'@%--4$ $'@-' ,G'1$;"#1'(3&9 ,"%-

0;AD#% &1%5'(3-#6 . I ! 03"9-%:' 130#;,3 0%<,&(#6:  

-#>.36 >3$%&-',&9 I ! ( 130#'"'.3E#'--'$ # #-G13.13,-'$ 0#373>'-3B ( ,'?%-

&3-## , 7%1%B'0'$ 5'1&'(4B 03&?#.'( -3 73,,#(-4% $%&'04 7'";?%-#6 #-G'1$3E##, 3 

&3.@% -3 1%@#$4 7'(4=%--'< ,.14&-',&#; 

(4,'.36 5'%(36 FGG%.&#(-',&9 ($-':'G;-.E#'-3"9-',&9) 7'13@%-#6 ('>0;=-4B, 

-3>%$-4B # -30('0-4B E%"%<; 

-3"#?#% .1;:'('< #-G'1$3E#'--'< ,#,&%$4; 

,7','5-',&9 ',;D%,&("6&9 (,%13.;1,-4< '5,&1%" E%"%< ( 5"#@-%$ ('>0;=-'$ 

5'A, 3 &3.@% (%,&# $-':'.3-3"9-;A 13.%&-;A ,&1%"95; 71# (%0%-## 5'6 -3 5'"9='< 

03"9-',&#; 

3(&'$3&#>3E#6 ;713("%-#6 5'1&'(4$# #-G'1$3E#'--4$# ,#,&%$3$# # ,#,&%$3$# 

7',&3-'(.# 7'$%B; 

#,7'"9>'(3-#% ,#,&%$ &%"%.'0'(':' '5$%-3 #-G'1$3E#%< , (-%=-#$# #,&'?-#-

.3$#; 

I ! 0'"@%- 54&9 71',& ( ;713("%-## 1;?-':' 7#"'&#1'(3-#6 ( =#1'.'$ 0#373-

>'-% ;,"'(#< 7'"%&3; 

I ! 0'"@%- 54&9 ',-3DR- 3(&'$3&#>#1'(3--'< ,#,&%$'< ;713("%-#6 -3 ;1'(-% 

1%=%-#6 &3.&#?%,.#B >303?, #$%AD%< F.,7%1&-4< 1%@#$ «( 7'$'D9 '7%13&'1;». 

 
L7#,'. "#&%13&;14 

 

1. T%0','(3, ). !. L'(1%$%--'% ,',&'6-#% # 7%1,7%.&#(4 13>(#&#6 IM!L XXI (%.3 / ). !. T%0'-

,'(3. – Q.: /UV CHL /U!L, 2012. –195 ,. 

2. U"9#-, *. I'%(4% 5%,7#"'&-4% "%&3&%"9-4% 377313&4 / *. U"9#- // !F1'.',$#?%,.'% '5'>1%-#%: 

!-3"#&#.3, .'$$%-&31##, '5>'14. – 2008. – W 1. – L. 54–57. 
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&'=&'3*+0'  :,*>)=)/, 0*:*  (4;-()'6'=*..*:*  6&),1.)0'   

(85  42(,8,.)5  ).>*&1'?))  )=  .)=0*/' +*+.2-   

 ,< 1)/, 0)-  )  @8,0+&*1':.)+.2-  4*8. 
 

P. !. !1&%$9%(
1
, *. L. M'&4"#E4-

2
, J. L. P;0#-'(

2
 (-3;?-4< 1;.'('0#&%"9) 

 
1
C'5>1>+> 1'<&'&3'%D 41)1/1 1 3-*1%E=&/>3%'1/1 F;:G!  HG $F!  

660074, 8. I3-5'%.35/, +=. I13&'5/%8%, 28 

E-mail: KArtemevSFU@gmail.com 
2
 %&''%-1'<&'&3'?D 1'5>1>+> F;:G!  HG $F!, "CJ K-*1%41)1/1  

660036, 8. I3-5'%.35/, +=. :/-*&08%3%*%/, 13-  

E-mail: kudinovdanil@yandex.ru 

 
H7#,4(3%&,6 ;,&1'<,&(' 0(;B0#373>'--':' 0#GG%1%-E#3"9-':' 71#%$-#.3 -3 ',-'(% #-,&1;$%-&3"9-':' 

;,#"#&%"6 INA128 # F""#7&#?%,.#B G#"9&1'( -3 7%1%."A?3%$4B .'-0%-,3&'13B MAX293 # MAX7490. M1#(%0%-3 

,&1;.&;1-36 ,B%$3 # (-%=-#< (#0 ;,&1'<,&(3. M1%0"3:3%$4< 71#%$-#. $'@%& 54&9 #,7'"9>'(3- ( ,#,&%$3B F"%.-

&1'13>(%0.# # ,%<,$#?%,.'< ,(6>#. 

 

* -3,&'6D%% (1%$6 ( :%'G#>#.% 3.&#(-' #,7'"9>;A&,6 -#>.'?3,&'&-4% ,%<,$#?%-

,.#% # F"%.&1'$3:-#&-4% ,#:-3"4. H-# #,7'"9>;A&,6 71# 13>(%0.% 7'"%>-4B #,.'73%-

$4B # 71# #,,"%0'(3-## ,&1'%-#6 >%$"#.  

U>(%,&-4 ,7','54 F"%.&1'13>(%0.# 7'"#$%&3""#?%,.#B $%,&'1'@0%-#<, ',-'-

(3--4% -3 $%&'0% (4>(3--'< 7'"61#>3E## (*M), .'&'14% >3."A?3A&,6 ( ('>5;@0%-## 

:%'"':#?%,.':' 13>1%>3 #$7;"9,-4$# #"# :31$'-#?%,.#$# &'.3$# -#>.#B ?3,&'& ( 

0#373>'-% '& 0-20 CE # 1%:#,&13E## 7%1%B'0-'< B313.&%1#,&#.# F"%.&1#?%,.':' 7'"6. 

J3"9-%<=#$ 13>(#&#%$ 03--':' $%&'03 $'@-' -3>(3&9 $%&'0 #>("%?%-#6 #-G'1$3E## 

*M #> %,&%,&(%--':' F"%.&1'$3:-#&-':' 7'"6 X%$"#, .'&'14< ',-'(3- -3 &'$, ?&' 71'-

#>('0#&,6 (4?#,"%-#% (>3#$-'.'11%"6E#'--'< G;-.E## (*PT) =;$'(4B ,#:-3"'( 

G";.&;3E#< &%"";1#?%,.#B &'.'( X%$"# , #,7'"9>'(3-#%$ 0#GG%1%-E#3"9-':' .3-3"3 

( 0#373>'-% ?3,&'& 0–20 CE [1–3]. 

/3 ',-'(3-## ,;D%,&(;AD#B FGG%.&'( (>3#$'0%<,&(#6 3.;,&#?%,.#B # F"%.&1'-

$3:-#&-4B .'"%53-#< [4], 13>1353&4(3%&,6 0#GG%1%-E#3"9-4< $%&'0 #>("%?%-#6 #--

G'1$3E## #> *PT %,&%,&(%--':' F"%.&1'$3:-#&-':' # ,%<,$#?%,.':' =;$'(. 

M1#$%-%-#% ,%<,$#?%,.#B ('"- -% ':13-#?#(3%&,6 ,%<,$'13>(%0.'< # #,,"%0'(3-

-#6$# ,&1'%-#6 >%$"#. *%0;&,6 7'#,.# ,7','5'( 7%1%03?# #-G'1$3E## , 7'$'D9A 

,%<,$#?%,.#B ,#:-3"'(. 23>1353&4(3%&,6 ,7','5 3(31#<-'< =3B&-'< ,(6>#, ',-'(3--4< 

-3 7%1%03?% ,''5D%-#< , 7'$'D9A ,%<,$#?%,.#B .'"%53-#< ( 0#373>'-% 60–200 CE. 

O3.#$ '513>'$ '5;,"3("#(3%&,6 -%'5B'0#$',&9 ,'>03-#6 -#>.'?3,&'&-':' 71#-

%$-#.3 0"6 #,,"%0'(3-#< 7%1,7%.&#(-4B &%B-'"':#<, 3 &3.@% 713.&#?%,.':' 71#$%-%-

-#6 ( F"%.&1'13>(%0.% # ,%<,$#?%,.'< ,(6>#. 

M1#(%0%--4% (4=% &%B-'"':## &1%5;A& -#>.'?3,&'&-4< 71#%$-#., '5%,7%?#-

(3AD#< ,"%0;AD#% &%B-#?%,.#% 7313$%&14: 

?;(,&(#&%"9-',&9: 1 $.*; 

0#373>'- ?3,&'&: 0–20 CE, 60–200 CE; 

0#-3$#?%,.#< 0#373>'-: 120 0I; 

7'03("%-#% 71'$4="%--4B 7'$%B: 40 0I; 

&#7 71#%$-#.3: 0#GG%1%-E#3"9-4<. 

U>$%1%-#% F"%.&1'$3:-#&-':' 7'"6 ',;D%,&("6%&,6 ,#$$%&1#?-'< &1RBF"%.&1'0-

-'< F"%.&1#?%,.'< "#-#%< MON, 7%1%$%D3%$'< (0'"9 71'G#"6 -35"A0%-#<. U-G'1-

$3E#6 ' *M ,'0%1@#&,6 ( (%"#?#-% '&-'=%-#6 .'11%"6E#'--'< G;-.E## ,#:-3"3 13>-

-',&# 71'E%,,'(, -35"A03%$4B 7' '&0%"9-',&# ( "#-#6B OM # ON . .'11%"6E#'--'< 

G;-.E## '0-':' #> 71'E%,,'( (1#,. 1). 
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2#,. 1. J#GG%1%-E#3"9-36 #>$%1#&%"9-36 ;,&3-'(.3 (1 – -%7'"61#>;AD#%,6 F"%.&1'04;  

2 – 1;0-'% &%"'; 3 – #>$%1#&%"9-4< 71#5'1) 
 

M1#%$ ,%<,$#?%,.#B ,#:-3"'( 71'#>('0#&,6 , 7'$'D9A ,%<,$'71#%$-#.3 (:%'-

G'-3). * >3(#,#$',&# '& 13,,&'6-#6 $%@0; 71#%$-#.'$ # 7%1%03&?#.'$ 5;0%& #>$%-

-6&9,6 ;1'(%-9 71#-#$3%$':' ,#:-3"3, ,"%0'(3&%"9-', -%'5B'0#$3 ('>$'@-',&9 #>$%-

-%-#6 .'FGG#E#%-&3 ;,#"%-#6. 

* .3?%,&(% ;,#"#&%"%< 71#$%-6%&,6 #-,&1;$%-&3"9-4< '7%13E#'--4< ;,#"#&%"9 

INA128, ','5%--',&9A .'&'1':' 6("6%&,6 7'03("%-#% ,#-G3>-':' ,#:-3"3 120 0I, 

;713("%-#% .'FGG#E#%-&'$ ;,#"%-#6 '0-#$ (-%=-#$ ,'71'&#("%-#%$, ?&' 7'>('"6%& 

#>$%-6&9 .'FGG#E#%-& ;,#"%-#6 '& 1 0' 10000. S713("%-#% ;,#"%-#%$ ',;D%,&("6%&,6 

E#G1'(4$ 7'&%-E#'$%&1'$, 71':13$$#1;%$4$ $#.1'.'-&1'""%1'$ (QP). Q%@0; .3,-

.303$# ;,#"#&%"%< ;,&3-'("%- 1%@%.&'1-4< G#"9&1 , ?3,&'&'< >30%1@#(3-#6 50 CE 

0"6 7'03("%-#6 71'$4="%--4B 7'$%B, ?&'54 -% 7%1%:1;@3&9 (&'1'< .3,.30 [5].  

J"6 (40%"%-#6 0#373>'-3 0–20 CE 71#$%-6%&,6 T/+ 1%3"#>'(3--4< -3 $#.1'-

,B%$% MAX293. K&3 $#.1',B%$3 71%0,&3("6%& ,'5'< F""#7&#?%,.#< G#"9&1 8-:' 7'-

160.3 -3 7%1%."A?3%$4B .'-0%-,3&'13B. H- '5%,7%?#(3%& >3&;B3-#% 82 0I 71# ?3,&'&% 

( 7'"&'13 13>3 5'"9=% ?3,&'&4 ,1%>3. M'0,&1'<.3 ?3,&'&4 ,1%>3 ',;D%,&("6%&,6 #>$%-

-%-#%$ &3.&'('< ?3,&'&4 , 7'$'D9A $#.1'.'-&1'""%13. M'"','('< G#"9&1 0"6 (40%-

"%-#6 0#373>'-3 60–200 CE 7',&1'%- -3 $#.1',B%$3B MAX7490. H,'5%--',&9A F&'< 

$#.1',B%$4 6("6%&,6 &', ?&' %R $'@-' #,7'"9>'(3&9 -% &'"9.' .3. T/+, -' # .3. 

G#"9&1 (%1B-#B ?3,&'&. K&' 7'>('"6%& 7',&1'#&9 7'"','('< G#"9&1 4-:' 7'160.3 71# 

7'$'D# 0(;B $#.1',B%$ [6, 7]. 

V#G1'(36 ?3,&9 71#%$-#.3 71%0,&3("%-3 $#.1'.'-&1'""%1'$ STM32F103 -3 53>% 

6013 Cortex-M3. QP 71%0,&3("6%& ,'5'< 32 5#&-4< $#.1'.'-&1'""%1 ,' (,&1'%--4$#: 

3-3"':'-E#G1'(4$ 71%'513>'(3&%"%$; 32 13>160-4$# ,?%&?#.3$#; (,&1'%--4$# #--

&%1G%<,3$#: UART/USART, CAN, USB, SPI. QP ',;D%,&("6%& 3-3"':'-E#G1'('% 71%-

'513>'(3-#% ,#:-3"'(, ;713("%-#% ;,#"%-#%$, 3 &3.@% '- G'1$#1;%& &3.&'(4% ,#:-3"4 

0"6 G#"9&1'(. M',"% 3-3"':'-E#G1'(':' 71%'513>'(3-#6 ,#:-3" 7%1%03%&,6 ?%1%> #--

&%1G%<, USB -3 7%1,'-3"9-4< .'$79A&%1 0"6 03"9-%<=%< '5135'&.#. /3 1#,. 2 71%0-

,&3("%-3 ,&1;.&;1-36 ,B%$3 71#%$-#.3. 
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2#,. 2. L&1;.&;1-36 ,B%$3 71#%$-#.3 

 

M#&3-#% 3-3"':'('< ?3,&# 71#%$-#.3 0(;B7'"61-'% ±3 *. Q#.1'.'-&1'""%1 7#-

&3%&,6 '& =#-4 USB. /3 1#,. 3 71#(%0%- (-%=-#< (#0 7"3&4 71#%$-#.3.  

 

 
 

2#,. 3. *-%=-#< (#0 71#%$-#.3 

 

 
L7#,'. "#&%13&;14 

 

1. M'&4"#E4-, *. L. M1#5'1 0"6 7'#,.3 7'"#$%&3""#?%,.#B -3 ',-'(% *M )KQMX / *. L. M'&4-

"#E4-, C. Y. N3<0;1'( // L'(1%$%--4% 71'5"%$4 130#'F"%.&1'-#.#. – 2009. – L. 29Z32. 

2. M'&4"#E4-, *. L. Q%&'0 0#GG%1%-E#3"9-'< #0%-&#G#.3E## #-%1E#3"9-4B '58%.&'( ( ,";?3<-

-4B 7'"6B / *. L. M'&4"#E4- // Journal of Siberian Federal University. Engineering & Technologies. –2013. – 

O 6. – W 2. – L. 178–182. 

3. M3&%-& 2T W2479858, QMP G01V 3/08. K"%.&1'13>(%0'?-'% ;,&1'<,&(' / M'&4"#E4- *.L., 

N3<0;1'( C.Y. – H7;5".: 20.04.2013. 

4. N3<0;1'(, C.Y. Y("%-#6 (>3#$'0%<,&(#6 F"%.&1'$3:-#&-4B # 3.;,&#?%,.#B ('"- -3 :13-#E3B 

13>0%"3 ,1%0 # 71#."30-4% >303?# ,'>03-#6 7313$%&1#?%,.#B 130#'&%B-#?%,.#B ,#,&%$ / C.Y. N3<0;1'(, 

J. L. P;0#-'(, *.*. L;B'&#- // S,7%B# ,'(1%$%--'< 130#'F"%.&1'-#.#. – 2012. – W 12. – L. 89–95. 

5. INA128 // Texas Instruments. URL: http://www.ti.com/lit/ds/symlink/ina128.pdf 

6. MAX293 // Maxim Integrated. URL: http://datasheets.maximintegrated.com/en/ds/ MAX293-

MAX297.pdf 

7. MAX7490 // Maxim Integrated. URL: http://datasheets.maximintegrated.com/en/ds/ MAX7490-

MAX7491.pdf 
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()&)A'389  &'()*8*0'?)*..*:*  *3.'&;A,.)5 

 

!. L. !1&AB, P. !. Q3";:#-, 2. [. *3B&#-, *. H. M'-'$31%( 

 
 !"#   $ « %&''%-(%)*+,'-. -/-*&01. 10&'1 23%4&55%3- ". 6. 7+/%(5/%8% 1 9. :. ;-8-31'-» (8.  %3%'&<) 

394064, 8.  %3%'&<, +=. $>-3?@ L%=B,&(1/%(, 54-  

E-mail: artyukh@list.ru 

 
M1#('0#&,6 '7#,3-#% 0#1#@35"6 130#'"'.3E#'--':' '5-31;@%-#6, ',-3D%--':' 130#'"'.3E#'--'< ,&3-E#-

%< (2 L) P-0#373>'-3 , .1;7-'37%1&;1-'< .'-G'1$-'< -%@%,&.'< 3.&#(-'< G3>#1'(3--'< 3-&%--'< 1%=%&.'< 

(!T!2) , -%"#-%<-'-0#G13.E#'--4$ ,7','5'$ G3>#1'(3-#6 (/JLT).  

 

!-3"#> ,'(1%$%--':' ,',&'6-#6 #-G'1$3E#'--'-;713("6AD#B ,#,&%$ ('%--':' 

-3>-3?%-#6 7'.3>4(3%& &3.#% -%0',&3&.#, .3. '&,;&,&(#% ,7"'=-':' #-G'1$3E#'--':' 

(130#'"'.3E#'--':') 7'"6 -30 &%11#&'1#%< 2T; -#>.;A FGG%.&#(-',&9 -3>%$-4B ,#,-

&%$ 71'&#('('>0;=-'< '5'1'-4 (M*H) 71# '5,";@#(3-## $3"'>3$%&-4B, -#>.'"%&6-

D#B # >3:'1#>'-&-4B E%"%< [1]. 

M%1,7%.&#(-4$ -3713("%-#%$ ;,&13-%-#6 '&$%?%--4B -%0',&3&.'( 6("6%&,6 #,-

7'"9>'(3-#% 3(#3E#'--4B .'$7"%.,'( 03"9-%:' 130#'"'.3E#'--':' '5-31;@%-#6 (!P 

J2 H), ',-3D%--4B 2 L , !T!2, 6("6AD#B,6 '0-#$ #> -3#5'"%% FGG%.&#(-4B 

,1%0,&( 13>(%0.# ('>0;=-4B # -3>%$-4B E%"%<. M1#-#$36 (' (-#$3-#% &3.#% -%0',-

&3&.# !P J2 H, .3. (4,'.36 ,&'#$',&9 71'#>('0,&(3 # F.,7";3&3E## ,3$'"%&3-

-',#&%"6; 5'"9=36 FGG%.&#(-36 7"'D309 '&13@%-#6 130#'('"-; '&-',#&%"9-' -%71'-

0'"@#&%"9-'% (1%$6 73&1;"#1'(3-#6 ('>0;=-':' 71',&13-,&(3, &1%5'(3&%"9-',&9 . B3-

13.&%1#,&#.3$ (>"%&-'-7',30'?-'< 7'"',4, E%"%,''513>-' 13,,$'&1%&9 ( .3?%,&(% -'-

,#&%"6 377313&;14 J2 H 3F1',&3&4 # 0#1#@35"#.  

H,-'(-4$# 71%#$;D%,&(3$# 130#'"'.3E#'--':' .'$7"%.,3 -3 ',-'(% 0#1#@35"6 

6("6A&,6: 713.&#?%,.# -%':13-#?%--4< 7' 0"#&%"9-',&# .'-&1'"9 ('>0;=-':' 71'-

,&13-,&(3 71# $#-#$3"9-'< ,&'#$',&# @#>-%--':' E#."3 (,'>03-#6, 71#$%-%-#6 # 

&%B-#?%,.'< F.,7";3&3E##); 13>$%1 '5'"'?.# 0'7;,.3%& 13>$%D%-#% 3-&%--'< 1%=%&.# 

5'"9=#B 13>$%1'(; $3"36 >3$%&-',&9 ( #-G13.13,-'$ # 130#'"'.3E#'--'$ 0#373>'-3B 

('"-; 5'"9=36 :1;>'7'08%$-',&9; ('>$'@-',&9 7',30.# -3 -%'5'1;0'(3--4% 7"'D30-

.#; (4,'.36 F.'"':#?-',&9; '&-',#&%"9-36 71',&'&3 # 54,&1'&3 7'0:'&'(.# "%&?#.'(. 

/371#$%1, 7' 'E%-.3$ F.,7%1&'( [2], ,&'#$',&9 F.,7";3&3E## 3F1',&3&-':' .'$7"%.,3 

( &%?%-#% :'03 $'@%& 54&9 -3 7'160'. $%-9=% F.,7";3&3E## .'$7"%.,3 &#73 AWACS, 3 

,&'#$',&9 '5%,7%?%-#6 >'-4 '5>'13 71'&6@%--',&9A 1000 .$ – ( &1# 13>3 $%-9=%.  

U>(%,&-', ?&' &#7'(4% ('>0;=-4% E%"# (,3$'"%&4, 5%,7#"'&-4% "%&3&%"9-4% 37-

7313&4 (I !), .14"3&4% 13.%&4) #$%A& FGG%.&#(-;A 7"'D309 13,,%#(3-#6 (KM2)   

'& 0.1 0' 125 $
2
 ( \-0#373>'-%. L ;(%"#?%-#%$ 0"#-4 ('"-4 2 L KM2 ('>0;=-4B ,;-

0'( 5'"9=':' 13>$%13 ;$%-9=3%&,6, ,1%0-%:' – 713.&#?%,.# -% #>$%-6%&,6, 3 0"6 $3"'-

13>$%1-4B E%"%< KM2 ;(%"#?#(3%&,6. M1# '5";?%-## I ! # .14"3&4B 13.%& ( 7%1%0-

-%$ ,%.&'1% # #>$%-%-## 0"#-4 ('"-4 2 L '& 1!  . 2!  KM2 ('>13,&3%& 7' >3.'-; 
 

 
1

2

1

2

!
!

 
 

" ,  (1) 

 

&. %. 71# ;(%"#?%-## 0"#-4 ('"-4 2 L '& 1!  = 3 ,$ (M-0#373>'-) 0' 2!  = 70 ,$ (K-

0#373>'-) KM2 $3"'13>$%1-'< E%"# ;(%"#?#(3%&,6 5'"%% ?%$ ( 4 13>3.  

P1'$% &':', ( 0"#--'('"-'(4B L-, P-0#373>'-3B 1%>.' ,-#@3%&,6 FGG%.&#(-',&9 

130#'7':"'D3AD#B 7'.14&#<, (47'"-%--4B 7' &%B-'"':## LOK L. !.&;3"9-' #,-
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7'"9>'(3-#% K-0#373>'-3 0"#- ('"- # 0"6 130#'"'.3E#'--':' -35"A0%-#6 -3>%$-4B 

E%"%<, &3. .3. KM2 -3>%$-4B $3"'13>$%1-4B E%"%< ( K-0#373>'-% ('>13,&3%& ( 0(3-&1# 

13>3 7' ,13(-%-#A , M-0#373>'-'$ [2]. 

H5%,7%?%-#% (4,'.'< 13>1%=3AD%< ,7','5-',&# 3-&%--'< ,#,&%$4 7' ;:"'(4$ 

.''10#-3&3$ ( L- #"# K- 0#373>'-% &1%5;%& ,;D%,&(%--':' ;(%"#?%-#6 :%'$%&1#?%,.#B 

13>$%1'( 37%1&;14 !T!2. 23>$%14 0#1#@35"6 7'>('"6A& 13>$%,&#&9 #>";?3AD%% 7'-

"'&-' !T!2 0',&3&'?-' 5'"9=#B 13>$%1'(, -' 71# F&'$ ('>-#.3A& 71'5"%$3 '5%,7%-

?%-#6 @%,&.',&# .'-,&1;.E## #, .3. ,"%0,&(#%, ,"'@-',&9 G'1$#1'(3-#6 ;>.':' ";?3 

0#3:13$$4 -3713("%--',&# (J/). S(%"#?%-#% 37%1&;14 !T!2 71#('0#& . ,;D%,&(%--

-'$; 7'(4=%-#A %% $3,,4, &3. .3. $3,,3 .'-,&1;.&#(-4B F"%$%-&'( @%,&.',&# 71'-

7'1E#'-3"9-3 &1%&9%< ,&%7%-# "#-%<-4B 13>$%1'( 13,.14(3 1%=%&.#, &':03 .3. $3,,3 

71#%$'7%1%03AD#B $'0;"%< (MMQ) 71'7'1E#'-3"9-3 .(3013&; %% "#-%<-4B 13>$%1'( 

[3]. L"%0'(3&%"9-', ,;D%,&(%--'% ,-#@%-#% $3,,4 .1;7-'37%1&;1-'< 3-&%--4 $'@%& 

54&9 0',&#:-;&' &'"9.' >3 ,?%& '5"%:?%-#6 .'-,&1;.&#(-4B F"%$%-&'( @%,&.',&#, &' 

%,&9 >3 ,?%& ;(%"#?%-#6 0'7;,&#$4B 0%G'1$3E#< 7'"'&-3 !T!2.  

),"# 7'"'@%-#% (,%B MMQ !T!2 >303-', &' >303?3 ' &1%5;%$4B ;713("6%$4B 

G3>3B, '5%,7%?#(3AD#B '1#%-&3E#A J/ 3-&%--4, #$%%& '0-'>-3?-'% 1%=%-#%. H0-3.' 

"A5'% #>$%-%-#% (>3#$-':' 7'"'@%-#6 MMQ !T!2 (%0%& . #,.3@%-#A J/, 71#?%$ 

F&# #>$%-%-#6 ,;D%,&(%--4 ;@% 71# '&."'-%-#6B MMQ -3 13,,&'6-#% 5'"%% ?%&(%1&# 

0"#-4 ('"-4. U,.3@%-#% J/ !T!2 71# ,$%D%-## B'&6 54 '0-':' #> %R MMQ '586,-

-6%&,6 &%$, ?&' G3>3 731E#3"9-'< ('"-4, ,''&(%&,&(;AD%< 7%1%$%,&#(=%$;,6 #>";?3-

&%"A, 71#'51%&3%& ( 03"9-%< >'-% -35"A0%-#6 0'7'"-#&%"9-4< G3>'(4< ,0(#:, '71%-

0%"6%$4< #>$%-%-#%$ 13,,&'6-#6 '& #>";?3&%"6 0' &'?.# -35"A0%-#6. * ,";?3% .1;7-

-'37%1&;1-'< -%@%,&.'< !T!2, .':03 '5%,7%?#&9 7',&'6-,&(' (>3#$-':' 7'"'@%-#6 

MMQ , &'?-',&9A 0' 0'"%< 0"#-4 ('"-4 -%('>$'@-', 0"6 .3@0':' -'(':' 7'"'@%-#6 

MMQ -%'5B'0#$' G'1$#1'(3&9 -'('% G3>'('% 13,71%0%"%-#%, '5%,7%?#(3AD%% &1%-

5;%$;A '1#%-&3E#A J/.  

M1# &130#E#'--'$ ,7','5% ;713("%-#6 J/ -%@%,&.'< !T!2 , #,7'"9>'(3-#%$ 

G3>'(13D3&%"%< 0"6 ;713("%-#6 G3>3$# ,#:-3"'( ( '&0%"9-4B MMQ -%'5B'0#$' ( .3-

@04< $'$%-& (1%$%-# #"# 0',&3&'?-' ?3,&' #>$%16&9 , &'?-',&9A 0' 0'"%< 0"#-4 

('"-4 .''10#-3&4 .3@0':' #>";?3&%"6, (4?#,"6&9 -'(4% ;713("6%$4% G3>4 # (4,&3(-

"6&9 #B , &'?-',&9A 0' 0'"%< # . * 1%>;"9&3&% -3>(3--4B '7%13E#< 7':1%=-',&9 G3>4 

0'"@-3 54&9 ,.'$7%-,#1'(3-3 #>$%-%-#%$ ;713("6%$'< G3>4 ( ,#:-3"%, #>";?3%$4$ 

7%1%$%,&#(=#$,6 MMQ. 

U>(%,&%- /JLT, -% ,(6>3--4< , #>$%1%-#%$ .''10#-3& MMQ # 71#$%-%-#%$ G3-

>'(13D3&%"%< [3]. L;D-',&9 03--':' ,7','53 >3."A?3%&,6 ( #,7'"9>'(3-## ,7%E#3"9-

-4$ '513>'$ ,G'1$#1'(3--':' (,7'$':3&%"9-':' 3$7"#&;0-'-$'0;"#1'(3--':' #>";-

?%-#6, >3(#,#$',&9 #-&%-,#(-',&# .'&'1':' '& 71',&13-,&(%--4B .''10#-3& # (1%$%-# 

,'(7303%& , >3(#,#$',&9A '& &%B @% 31:;$%-&'( 7"',.'('"-'(':' F"%.&1'$3:-#&-':' 

7'"6, 13,71',&13-6AD%:',6 ( -3713("%-## G3>#1'(3-#6 ,' ,.'1',&9A ,(%&3. *,7'$':3-

&%"9-'% #>";?%-#% -',#& -3>(3-#% 3-3"':3 7"',.'< ('"-4. \313.&%1#,&#.3$ 7"',.'< 

F"%.&1'$3:-#&-'< ('"-4 ,''&(%&,&(;A& 5#%-#6, ('>-#.3AD#% ( 1%>;"9&3&% ,;7%17'>#-

E## 0(;B # 5'"%% 5"#>.#B 7' ?3,&'&% $'-'B1'$3&#?%,.#B ('"- -3 (4B'0% -%"#-%<-':' 

F"%$%-&3. L E%"9A G'1$#1'(3-#6 5#%-#< #,7'"9>;%&,6 (-%=-#< '5";?3&%"9, ,',&'6-

D#< #> 0(;B ,"35'-3713("%--4B 3-&%--. P3@04< MMQ 0"6 71#%$3 3-3"':3 7"',.'< 

('"-4 0'"@%- ,'0%1@3&9 (,7'$':3&%"9-;A 71#%$-;A 3-&%--; # 3$7"#&;0-4< 0%&%.-

&'1 , .(3013&#?-'< B313.&%1#,&#.'<.  

U,B'06 #> (4=%,.3>3--':', 71%0"3:3%&,6 13>$%,&#&9 .1;7-'37%1&;1-;A -%@%,&-

.;A !T!2 K-0#373>'-3 -3 '0-'< #> 5'.'(4B 7'(%1B-',&%< '5'"'?.# 0#1#@35"6 # 0"6 
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;713("%-#6 J/ !T!2 #,7'"9>'(3&9 /JLT. J',&'#-,&(3 -%@%,&.'< (47;."'< .'--

G'1$-'< !T!2 , /JLT >3."A?3A&,6 ( ,"%0;AD%$. 

1. S-#(%1,3"9-',&9 ,#,&%$4 G3>#1'(3-#6 !T!2 . G'1$% #>";?3AD%< 7'(%1B-'-

,&#, ( ,(6># , ?%$ MMQ !T!2 $'@-' 13>$%D3&9 -%F.(#0#,&3-&-' -3 '5'"'?.% 0#1#-

@35"6 71'#>('"9-4B 13>$%1'(, .1#(#>-4 # G'1$4. 

2. O3. .3. 0"#-3 ,;D%,&(;AD#B 0#1#@35"%< 0',&#:3%& 260 $, 7"'D309 '5'"'?.# 

7'>('"#& 13>$%,&#&9 &1%5;%$'% .'"#?%,&(' MMQ K-0#373>'-3 , =3:'$, '5%,7%?#(3A-

D#$ G'1$#1'(3-#% '0-':' :"3(-':' $3.,#$;$3 J/ &1%5;%$'< $'D-',&#. 

3. I"3:'0316 ('>$'@-',&# G'1$#1'(3-#6 (47;."':' .'-G'1$-':' #>";?3AD%:' 

13,.14(3 1%3"#>;%&,6 5'"9='< ,%.&'1 ,.3-#1'(3-#6 – 0' ± 90
0
 ( "A5'< 7"',.',&#. 

4. L;D%,&(%--'% ,-#@%-#% $3,,4 # ,&'#$',&# !T!2 ( ,(6># , ;$%-9=%-#%$ ?#,-

"3 .'-,&1;.&#(-4B F"%$%-&'( @%,&.',&# 3-&%--':' 7'"'&-3 # '&,;&,&(#%$ #>$%1#-

&%"9-4B 03&?#.'( ,$%D%-#6, ,7%E(4?#,"#&%"%< # G3>'(13D3&%"%< ( MMQ. 

/3 1#,. 1 # 2 71%0,&3("%-4 (#04 ,5'.; # ,7%1%0# 0#1#@35"6 130#'"'.3E#'--':' 

'5-31;@%-#6 , -%@%,&.'< .'-G'1$-'< !T!2, :0% E#G13$# '5'>-3?%-4: 1 – '5'"'?.3 

0#1#@35"6--',#&%"6 !T!2, >37'"-%--36 #-%1&-4$ -%:'1A?#$ :3>'$ (-371#$%1, :%"#-

%$); 2 – :'-0'"3 0#1#@35"6; 3 – 0(#@#&%"9; 4 – (#-&; 5 – MMQ !T!2; 6 – 7"'D30.3 0"6 

I !; 7 – 5"'.# 2 L; 8 – .3-3" 130#';713("%-#6 (P2S); 9 –I ! (%1&'"%&-':' &#73; 10 – 

(#513&'1-4% 3-&%--4 (-%=-%:' '5";?3&%"6. 

 

 
 

2#,. 1. J#1#@35"9 130#'"'.3E#'--':' '5-31;@%-#6 ((#0 ,5'.;) 

 

 
 

2#,. 2. J#1#@35"9 130#'"'.3E#'--':' '5-31;@%-#6 ((#0 ,7%1%0#) 

 

P'-,&1;.&#(-' -%@%,&.36 .'-G'1$-36 !T!2 , /JLT 7'0'5-3 3-&%--'< 1%=%&.% 

,' ,B%$'< 7#&3-#6 71'B'0-':' &#73. MMQ !T!2 .1%76&,6 -3 5'.'('< 7'(%1B-',&# 

'5'"'?.# 0#1#@35"6 7',1%0,&('$ :#5.'< ,%&?3&'< .'-,&1;.E##. *-%=-#< '5";?3&%"9 

13>$%D3%&,6 -3 I ! (%1&'"%&-':' &#73 , ,'',-4$ -%,;D#$ (#-&'$. *45'1 &#73 I ! 

'71%0%"6%&,6 &3.#$# %:' .3?%,&(3$#, .3. ,7','5-',&9A (>"%&3&9 # ,30#&9,6 , ':13-#?%--

-'< 7"'D30.# ( :'-0'"% 0#1#@35"6, (4,'.'< $3-%(1%--',&9A (-%5'"9='< #-%1E#'--'-

,&9A) 71# #>$%-%-#6 7'"'@%-#6 (-%=-%:' '5";?3&%"6 ( 71',&13-,&(%.  
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*-%=-#< '5";?3&%"9 71%0,&3("6%& ,'5'< 0(3 -%,,#$%&1#?-4B (#513&'13 10, (4-

7'"-%--4B 7' ,&3-031&-'< ,B%$% [4], @%,&.' >3.1%7"%--4B -3 ,&1'#&%"9-'< ',# I !, 

13>-%,%--4B -3 13,,&'6-#% $ . *#513&'14 #>";?3A& ,#:-3"4 , 13>-4$#, -' 5"#>.#$# 

7' >-3?%-#A ?3,&'&3$# 1%  # 2% , 13>-',&9 .'&'14B 13(-3 135'?%< ?3,&'&% !T!2 

21 %% &"' 3 . L.3-#1'(3-#% J/ -%@%,&.'< !T!2 ',;D%,&("6%&,6 7;&%$ 7%1%03?# 

;713("6AD#B ,#:-3"'( -3 I ! 7' P2S , 5'1&3 0#1#@35"6, ( 1%>;"9&3&% ?%:' I ! 7%1%-

$%D3%&,6 7' >303--'$; 3":'1#&$; ( 3>#$;&3"9-'< # ;:"'$%,&-'< 7"',.',&6B -3 13,,&'6-

-## R  '& '5'"'?.# 0#1#@35"6, 0',&3&'?-'$ 0"6 ('>5;@0%-#6 7'"'&-3 3-&%--'< 1%=%&-

.#. 23,,&'6-#% R , '71%0%"6AD%% E%-&1 '5"3,&# G'1$#1'(3-#6 3-3"':3 7"',.'< ('"-4, 

$'@-' '71%0%"#&9 #> (413@%-#6: 
 

 
3

R
'

" 1$%
.  (2) 

 

L#:-3" (-%=-%:' '5";?3&%"6 71'B'0#& ?%1%> 130#'71'>13?-;A '5'"'?.; 0#1#-

@35"6 1 # 7',&;73%& -3 (B'0 MMQ !T!2 5, :0% , 7'$'D9A .(3013&#?-':' 3$7"#&;0-'-

:' 0%&%.&'13 # G#"9&13 (40%"6%&,6 ,#:-3" 5#%-#< , ?3,&'&'< 3' , #,7'"9>;%$4< 03"%% 

.3. ,#:-3" ('>5;@0%-#6 ( 1%@#$% 7%1%03?# #"# .3. :%&%1'0#--4< ,#:-3" ( 1%@#$% 

71#%$3. L.3-#1'(3-#% ";?'$ J/ ',;D%,&("6%&,6 7' >303--'< 71':13$$%, >3"'@%--'< 

( E#G1'('< (4?#,"#&%"9-'< $3=#-% (V*Q) I !, 7;&%$ %:' .3?3-#6 7' 3>#$;&; # ;:"; 

$%,&3, 71# F&'$ $3.,#$;$ #>";?%-#6 G'1$#1;%&,6 ( -3713("%-## ',#, 71'B'06D%< ?%-

1%> 3-&%--4 (-%=-%:' '5";?3&%"6, ( ,&'1'-; (#513&'13 , $%-9=%< ?3,&'&'< 2% . 23,-

,&'6-#% $%@0; 7'"'&-'$ -%@%,&.'< !T!2 # (-%=-#$ '5";?3&%"%$ (G'.;,-'% 13,-

,&'6-#%) 0'"@-' ,''&(%&,&('(3&9 130#;,; .1#(#>-4 5'.'('< 7'(%1B-',&# '5'"'?.# 

0#1#@35"6, 7',.'"9.; 71# &3.#B ;,"'(#6B 71'G#"9 7'"'&-3 !T!2 5;0%& ,'(7303&9 , 

7'(%1B-',&9A -;"%('< G3>'('< 7':1%=-',&# '5"3,&# G'1$#1'(3-#6 3-3"':3 7"',.'< 

('"-4, ?&' '5%,7%?#(3%& $3.,#$3"9-;A 7"'D309 ,#-G3>-':' ('>5;@0%-#6 MMQ [5]. 

/3 1#,. 3 71%0,&3("%-3 ,&1;.&;1-36 ,B%$3 .3-3"3 130#';713("%-#6, 7'6,-6AD36 

71#-E#7 ;713("%-#6 I ! , (-%=-#$ '5";?3&%"%$. H7%13&'1 2 L , 7'$'D9A 7;"9&3 

;713("%-#6 # #-0#.3E## (MSU) >303%& -%'5B'0#$4< 1%@#$ 135'&4 2 L, 71# F&'$ V*Q 

5'1&'('< 2 L G'1$#1;%& .'$3-04 >37;,.3 # ;713("%-#6 I ! +23I , 7%1%03(3%$4% 7%1%-

03&?#.'$ P2S (M2J P2S) 7' 130#'.3-3"; -3 5'1& I !. J3--4% .'$3-04 ?%1%> 71#%$-

-#. P2S (M2Q P2S) 7',&;73A& ( V*Q I !, :0% 7' #B 301%,-'$; .'0; 71'#,B'0#& (4-

5'1 71':13$$4 135'&4 (-%=-%:' '5";?3&%"6 (0(#@%-#6 I !), ,''&(%&,&(;AD#% (4-

513--'$; 1%@#$; 2 L. 

L13(-#(36 &%.;D#% ;:"'(4% .''10#-3&4 I ! N&; O&, 7',&;73AD#% ( V*Q '& 

#-%1E#3"9-'< -3(#:3E#'--'< ,#,&%$4 (U/L), , ;:"'(4$# .''10#-3&3$#, >303--4$# 

71':13$$'< 7'"%&3, V*Q G'1$#1;%& ,#:-3"4 13,,':"3,'(3-#6 ], 7',&;73AD#% ( ,#,-

&%$; 3(&'$3&#?%,.':' ;713("%-#6 (L!S) 3(&'$3&'$ 7%1%.',3 -%,;D%:' (#-&3 (!M*) 

I !. P1'$% &':', &%.;D#% ;:"'(4% .''10#-3&4 N&; O& I !, -%,;D#% #-G'1$3E#A ' -3-

713("%-## #>";?%-#6 !T!2, , U/L 7' '&0%"9-'$; 130#'.3-3"; 7%1%03A&,6 ( V*Q 

5'1&'('< 2 L 0#1#@35"6 0"6 G'1$#1'(3-#6 130#'"'.3E#'--':' #>'513@%-#6 -3 #--

0#.3&'1% 2 L (MSU). J"6 ',;D%,&("%-#6 7%1%03?# .''10#-3& N&; O& ( ,',&3( 5'1&'('< 

2 L (."A?%-3 ,#,&%$3 7%1%03?# .''10#-3& (LMP), ,',&'6D36 #> 7%1%03&?#.3 (M2J 

LMP) # 71#%$-#.3 (M2Q LMP), 13,7'"'@%--4B -3 5'1&; I ! # 0#1#@35"6 ,''&(%&,&-

(%--'.  

H5%,7%?%-#% 1%@#$3 «(#,%-#6» I ! ( &'?.% G'.;,3 3-&%--'< 1%=%&.# ',;D%,&(-

"6%&,6 , 7'$'D9A "3>%1-'-&%"%(#>#'--'< ,#,&%$4 ( OL) ,"%@%-#6, ,',&'6D%< #> 
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.1;:"',;&'?-'< '7&#.'-F"%.&1'--'< ,#,&%$4 (HKL) # "3>%1-':' 03"9-'$%13 ( J). M1# 

-3B'@0%-## I ! ( &'?.% G'.;,3 3-&%--'< 1%=%&.# (."A?3%&,6 HKL, G'1$#1;AD36 

&%.;D%% #>'513@%-#% .'-&1'"9-'< 13>$%&.#, -3-%,%--'< -3 '5'"'?.% 0#1#@35"6. J3--

-'% #>'513@%-#% 7',&;73%& ( V*Q I !, :0% ,13(-#(3%&,6 , F&3"'--4$ #>'513@%-#%$ 

.'-&1'"9-'< 13>$%&.#, B13-6D#$,6 ( 7',&'6--'$ >37'$#-3AD%$ ;,&1'<,&(% V*Q.  

* 1%>;"9&3&% ,13(-%-#6 G'1$#1;%&,6 0(;$%1-36 .'11%"6E#'--36 G;-.E#6 F&3"'--':' # 

&%.;D%:' #>'513@%-#6, '71%0%"6AD36 13,,':"3,'(3-#% &%.;D%:' $%,&'7'"'@%-#6 I ! 

# &'?.'< G'.;,3 3-&%--'< 1%=%&.#. L"%@%-#% >3 G'.;,-4$ 13,,&'6-#%$ R ',;D%,&(-
"6%&,6 ( V*Q 7;&%$ ,13(-%-#6 >-3?%-#6 R  , &%.;D#$ 13,,&'6-#%$ I ! '&-',#&%"9-' 

'5'"'?.# 0#1#@35"6, #>$%16%$4$  J. 

 

 
 

2#,. 3. L&1;.&;1-36 ,B%$3 .3-3"3 130#';713("%-#6 

 

O3.#$ '513>'$, 0"6 7'(4=%-#6 FGG%.&#(-',&# '5-31;@%-#6 $3"'>3$%&-4B ('>-

0;=-4B # -3>%$-4B E%"%< 3.&;3"9-' #,7'"9>'(3-#% 0#1#@35"6 130#'"'.3E#'--':' 

'5-31;@%-#6, ',-3D%--':' 2 L P-0#373>'-3 , .1;7-'37%1&;1-'< -%@%,&.'< !T!2, 

13>$%D%--'< -3 7'(%1B-',&# '5'"'?.#. S713("%-#% #>";?%-#%$ ( &3.'< 3-&%--'< ,#,-

&%$% ',;D%,&("6%&,6 , 7'$'D9A /JLT. 

 
L7#,'. "#&%13&;14 

 

1. *%153 *. L. !(#3E#'--4% .'$7"%.,4 130#'"'.3E#'--':' 0'>'13 # -3(%0%-#6. 2'"9 # $%,&' ( 

,',&3(% '5D%:',;031,&(%--'< %0#-'< #-G'1$3E#'--'-;713("6AD%< ,#,&%$4 ('%--':' -3>-3?%-#6 // 

230#'&%B-#.3. – 2010. – W 8. – L. 6–8. 

2. *%153 *. L. !(#3E#'--4% .'$7"%.,4 130#'"'.3E#'--':' 0'>'13 # -3(%0%-#6. L',&'6-#% # &%--

0%-E## 13>(#&#6. – Q.: 230#'&%B-#.3, 2008. – 432 ,. 

3. L&%73-%-.' L. /. /%"#-%<-36 0#G13.E#6 # -%"#-%<-'-0#G13.E#'--'% G3>#1'(3-#% .1;7-'-

37%1&;1-4B 3-&%--4B 1%=%&'. // !-&%--4. – 2009. – W 7. – L. 55–59. 

4.  *#513&'1-4% 3-&%--4 ,#,&%$ -3(#:3E## # 130#',(6># ('%--4B ,3$'"%&'( # (%1&'"%&'( /  

C. *. X#51'(, !. *.  %-9=#-, !. L. !1&AB, !. !. /%;03.#- // !-&%--4. – 2012. – W 4. – L. 4–10. 

5. /%;03.#- !. !., Q3";:#- P. !. P'-G'1$-36 G3>#1'(3--36 3-&%--36 1%=%&.3 , -%"#-%<-'-

0#G13.E#'--4$ ,7','5'$ G3>#1'(3-#6 // !-&%--4. – W 5. – 2012. – Q.: 230#'&%B-#.3. – L. 3–10. 
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6&)1,.,.),  ' )16+*+)/, 0)  &*3' +.2-  ).4'&)'.+.2-   

'8:*&)+1*4  (85  3*&932     )16;89 .21)  6*1,-'1) 

 

*. !. I':03-'(#?
1
, !. C. *',&1%E'(

2
, /. L. \3<"'

2 

 
1G:G « "CCK:» 

199106, 8. $-'/>-H&>&3L+38, P/12&35/1D 23%>%/, 19 
2"%(%51L135/1D 8%5+*-35>(&''?D >&@'1Q&5/1D +'1(&351>&> 

630073, 8. "%(%51L135/, 23. I. R-3/5-, 20 

Email: xfront17@bk.ru 

 
23,,$3&1#(3%&,6 71#$%-%-#% 3,#$7&'&#?%,.# 1'53,&-4B #-(31#3-&-4B (!2U) 3":'1#&$'( 0"6 '5-31;@%-#6 

=#1'.'7'"',-':' ,#:-3"3 ( ;,"'(#6B 0%<,&(#6 ,'5,&(%--4B =;$'( 71#%$-#.3 # #$7;"9,-4B 7'$%B, ,'>03(3%$4B 

'58%0#-%--'< ,#,&%$'< 13,71%0%"%-#6 &3.&#?%,.'< #-G'1$3E## (JTIDS). * 135'&% 7'.3>3-', ?&' ( ,";?3%, .':03 

'&-'=%-#% 7'$%B3/=;$ 71%(4=3%& 30 0I !2U-3":'1#&$, 13>135'&3--4< , #,7'"9>'(3-#%$ q-&'?%?-'< $'0%"# '5%,-

7%?#(3%& >-3?#&%"9-4< F-%1:%&#?%,.#< (4#:14= 7' ,13(-%-#A #-(31#3-&-4$ "#-%<-4$ .'11%"6E#'--4$ 3":'-

1#&$'$. 

 

4B!C!D$! 
H0-#$ #> -%5"3:'71#6&-4B G3.&'1'(, '.3>4(3AD#B ("#6-#% -3 -30%@-',&9 

71#%$3 #-G'1$3E## ( ,#,&%$3B 130#',(6>#, 6("6%&,6 ('>0%<,&(#% #$7;"9,-4B 7'$%B, 

(4>(3--4B :1'>'(4$# 13>1603$#, ,#,&%$3$# >3@#:3-#6 3(&'$'5#"%< # =;$3$# .3. 3&-

$',G%1-':', &3. # 71'$4="%--':' B313.&%13 [1]. O3.@% #,&'?-#.'$ #$7;"9,-4B 7'-

$%B $':;& 54&9 ,&'1'--#% ,#,&%$4 ,(6>#, 135'&3AD#% ( F&'$ @% ?3,&'&-'$ 0#373>'-%. 

* ',-'(% &130#E#'--4B $%&'0'( 5'1954 , #$7;"9,-4$# 7'$%B3$# (UM) "%@#& 

>3D#&3 (B'03 0%$'0;"6&'13 '& #B ('>0%<,&(#6 7;&%$ ':13-#?%-#6 3$7"#&;04 ,#:-3"3 

#"# >37#13-#% (B'03 ,B%$4 71#-6&#6 1%=%-#< -3 #-&%1(3"% 0%<,&(#6 UM. M1# F&'$ 

0"6 '5-31;@%-#6 #$7;"9,-':' =;$3 (%.&'1 '&,?%&'( ,#:-3"3 ,13(-#(3%&,6 , 7'1':'$ 

0' 0%$'0;"6E##. M1# '5-31;@%-## 7'$%B# ,''&(%&,&(;AD#% '&,?%&4 "#5' ':13-#?#-

(3A&,6 7' 3$7"#&;0%, "#5' '5-;"6A&,6 [2, 3]. 

O3.@% #>(%,&%- $%&'0 .'$7%-,3E## #$7;"9,-4B 7'$%B. L;D-',&9 03--':' 7'0-

B'03 >3."A?3%&,6 ( &'$, ?&' ( .'$7%-,3E#'--'$ &13.&% G'1$#1;%&,6 .'7#6 7'$%B#, .'-

&'136 >3&%$ (4?#&3%&,6 #> 71#-6&':' ,#:-3"3 [4]. /%0',&3&.3$# ,7','53 6("6%&,6 

,"'@-',&9 G'1$#1'(3-#6 .'7## UM ( .'$7%-,3E#'--'$ &13.&% # 'E%-.# %% 7313$%&-

1'(, ?&' ,;D%,&(%--' ,-#@3%& FGG%.&#(-',&9 .'$7%-,3E##. 

* 03--'< 135'&% 0"6 5'1954 , #$7;"9,-4$# 7'$%B3$# 71%0"3:3%&,6 #,7'"9>'(3&9 

3,#$7&'&#?%,.# 1'53,&-4% #-(31#3-&-4% (!2U) 3":'1#&$4 [5]. 23,,$3&1#(3%&,6 '5-3-

1;@%-#% =#1'.'7'"',-':' ,#:-3"3 ( .3-3"% , 300#&#(-4$ :3;,,'(4$ =;$'$ -%#>(%,&-

-'< $'D-',&# # #-&%-,#(-'< .(3>#0%&%1$#-#1'(3--'< #$7;"9,-'< 7'$%B'<. * .3?%-

,&(% 7'$%B# #,7'"9>;%&,6 ,#:-3" '58%0#-%--'< ,#,&%$4 13,71%0%"%-#6 &3.&#?%,.'< 

#-G'1$3E## JTIDS [6]. O3.@% ( 135'&% 71'('0#&,6 ,13(-#&%"9-4< 3-3"#> FGG%.&#(-'-

,&# !2U-3":'1#&$3, ,#-&%>#1'(3--':' , #,7'"9>'(3-#%$ q-&'?%?-'< $'0%"# 13,71%0%-

"%-#< # #-(31#3-&-':' "#-%<-':' .'11%"6E#'--':' 3":'1#&$3 [7]. 

 

1EC!FG H$IDJFJ DJ BKEC! LM$!ND$"J 

/35"A03%$4< 71'E%,, 71%0,&3("6%& ,'5'< .'$7"%.,-;A ':#53AD;A 71'E%,,3 -3 

(4B'0% "#-%<-':' &13.&3 71#%$-#.3 , 7'"','< 71'7;,.3-#6 F( , # 6("6%&,6 300#&#(-

-'< ,$%,9A "#5' 7'"%>-':' ,#:-3"3, :3;,,'(3 =;$3 # .(3>#0%&%1$#-#1'(3--'< #$-

7;"9,-'< 7'$%B#, "#5' &'"9.' :3;,,'(3 =;$3 # #$7;"9,-'< 7'$%B#. M'$%B3 '5;,"'(-

"%-3 (-%7'"',-'< ,',&3("6AD%< ,#:-3"3, #>";?3%$':' ,#,&%$'< JTIDS, ;1'(%-9 .'&'-

1'< $'@%& 54&9 ,'#>$%1#$4$ #"# 71%(',B'0#&9 ;1'(%-9 7'"%>-':' ,#:-3"3.  
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N#1'.'7'"',-',&9 ,#:-3"3 '5%,7%?#(3%&,6 $%&'0'$ 716$':' 13,=#1%-#6 ,7%.-

&13 , 7'$'D9A 7,%(0',";?3<-4B 7',"%0'(3&%"9-',&%< (MLM) 0',&3&'?-' 5'"9='< 

0"#-4. * .3?%,&(% 13,=#16AD%< ,7%.&1 MLM 71#-6&3 5#-31-36 R-7',"%0'(3&%"9-',&9 

) *7,7,  =0, , 1jM j L & , jM  – F"%$%-&4 R-7',"%0'(3&%"9-',&#, 71#-#$3AD#% >-3?%-#6 

{ 1}+ , 7,7L  – 0"#-3 MLM. P'$7"%.,-36 ':#53AD36 7'"%>-':' ,#:-3"3 , ;?%&'$ -3?3"9-

-'< G3>4 ,  #$%%& (#0: 
 

 

- . / 0
7,7 1

c c F F s
0

e ( ),  0,
L

i
j

j

S t M s t j t T,! 1
&

"
" & 23 , (1) 

 

:0% c 55 252E L! "  – F-%1:%&#?%,.#< 7313$%&1; ,cE  – F-%1:#6 ,#:-3"3; F ( )s t  – ,#:-3", 

>303AD#< G'1$; ?#73, 
2

F ( ) 1s t " ; sT  – 0"#&%"9-',&9 ,#:-3"3; E1  – 0"#&%"9-',&9 ?#73. 

*%"#?#-4 c!  # ,  7'"3:3A&,6 371#'1-' -%'71%0%"%--4$# ,''&(%&,&(%--' -3 $-'@%,&-

(3B - .0,4  # / .0,2# .  

* .3?%,&(% .(3>#0%&%1$#-#1'(3--'< #$7;"9,-'< 7'$%B# 13,,$3&1#(3%&,6 ,#:-3" 

'58%0#-%--'< ,#,&%$4 13,71%0%"%-#6 &3.&#?%,.'< #-G'1$3E## (JTIDS) -3 (4B'0% "#-

-%<-':' &13.&3 71#%$-#.3. * ,#,&%$% JTIDS #,7'"9>;%&,6 ?3,&'&-36 $3-#7;"6E#6 , 

$#-#$3"9-4$ ,0(#:'$ (+QQL). L"'@-4< +QQL ,#:-3" G'1$#1;%&,6 -3 ',-'(% E#.-

"#?%,.#B ,0(#:'( 32-,#$('"9-'< -%"#-%<-'< 7,%(0',";?3<-'< 7',"%0'(3&%"9-',&# 

) *,  =0, ,31jd j  , :0% jd  71#-#$3A& >-3?%-#6 #> $-'@%,&(3 { 1}+ . *%"#?#-3 E#."#?%,.'-

:' ,0(#:3 MLM -%,%& 5 5#& #-G'1$3E##, &. %. '5%,7%?#(3%&,6 7%1%03?3 76&# 0('#?-4B 

,#$('"'( #-G'1$3E## -3 '0#- 53>'(4< #$7;"9,. 

I3>'(4% #$7;"9,4 0"#&%"9-',&9A 6.4 $., 13>0%"6A&,6 73;>3$# 0"#&%"9-',&9A 

6.6 $.,. O3.#$ '513>'$, .3@0'$; F"%$%-&; MLM ,''&(%&,&(;%& 7%1%03?3 ?3,&'&-'< 7'-

,4".# 0"#&%"9-',&9A 200ET "  -,. +3,&'&3 >37'"-%-#6 &3.':' #$7;"9,3 #>$%-6%&,6 $%-

&'0'$ 7,%(0',";?3<-'< 7%1%,&1'<.# 135'?%< ?3,&'&4 ( >303--'< 7'"',% ?3,&'& W , 

=3:'$ 3 QCE [6]. 

* '5D%$ ,";?3% ,#:-3" +QQL $'@-' 71%0,&3(#&9 ,"%0;AD#$ '513>'$: 
 

0( ) cos 2 ,  ( 1)
4

k
MSK p k p E E

E

d
S t f t t kT t k T

T
# 5 6

7 8
" 9 9 9 : : 9; <

= >
 

 

X0%,9 0 0p pf f F" 9  – -%,;D36 ?3,&'&3 ,#:-3"3 7'$%B#; pF  – ,0(#: -%,;D%< ?3,&'&4 

7'$%B# '&-',#&%"9-' -%,;D%< ?3,&'&4 7'"%>-':' ,#:-3"3 0f ; p6  – -%#>(%,&-36 -3-

?3"9-36 G3>3 7'$%B#; 1kd " +  – F"%$%-&4 MLM 0"6 03--':' E#."#?%,.':' ,0(#:3; k5  – 

G3>'(36 7',&'6--36. X-3?%-#% k5  ( &%?%-#% .3@0':' #-&%1(3"3 7%1%03?# F"%$%-&3 MLM 

0"#&%"9-',&9A ET  7',&'6--', &. %. 0k5 "  #"# # , ?&' 0#.&;%&,6 &1%5'(3-#%$ -%71%14(-

-',&# G3>4 ,#:-3"3 ( $'$%-&4 (1%$%-# Et kT" . K&' &1%5'(3-#% -3."304(3%& ':13-#?%-

-#% -3 G3>;, .'&'1'% $'@-' 71%0,&3(#&9 ,"%0;AD#$ ,''&-'=%-#%$ 0"6 k5 : 
 

- .1 1 ,  7' $'0;"A 2 , 0;
2

0, 0.

k k k
k

k
d d k

k

#
5 #

5 & &
?@ A9 & BCD E" F GH
C "I
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* "#-%<-'$ &13.&% 71#%$-#.3 0"6 (40%"%-#6 7'"%>-':' ,#:-3"3 71#$%-6%&,6 7'-

"','('< G#"9&1 5-:' 7'160.3 , 3771'.,#$3E#%< ?3,&'&-'< B313.&%1#,&#.# F""#7&#?%-

,.#$ 7'"#-'$'$ # 7'"','< 71'7;,.3-#6 00.02F f( "  ( 71%0%"3B 0 00.99 ..1.01F f f( "  ( 0f  – 

-%,;D36 ?3,&'&3 7'"%>-':' ,#:-3"3). 

/3 1#,. 1 71%0,&3("%-4 1%3"#>3E## ,#:-3"3 ,#,&%$4 JTIDS ( %% 135'?%< 7'"',% 

?3,&'& # -3 (4B'0% "#-%<-':' &13.&3 71#%$-#.3 7',"% G#"9&13E##. 
 

 
a                                                                                     b 

 

2#,. 1. 2%3"#>3E#6 '0-'< .(3013&;14 ,#:-3"3 7'$%B# ( 135'?%< 7'"',% ,#,&%$4 JTIDS (3)  

# -3 (4B'0% "#-%<-':' &13.&3 71#%$-#.3 (b) 

 

L':"3,-' 1#,. 1 7'$%B; $'@-' 13,,$3&1#(3&9 .3. ,";?3<-4< 71'E%,, , 371#'1-' 

-%#>(%,&-4$ 13,71%0%"%-#%$, .'&'1'% ,;D%,&(%--' '&"#?3%&,6 '& :3;,,'(,.':'. M'-

F&'$; 71# 13>135'&.% 3":'1#&$3 '5-31;@%-#6 ,$%,9 :3;,,'(3 =;$3 # #$7;"9,-'< 7'-

$%B# -3 (4B'0% 71#%$-#.3 13,,$3&1#(3"3,9 .3. =;$  , -%7313$%&1#?%,.'< 371#'1-'< 

-%'71%0%"%--',&9A – -%'71%0%"%--',&9A G'1$4 13,71%0%"%-#6. 

 

'FIEM$ON EPDJMQR!D$% 

U,B'0-4$# 03--4$# 0"6 ,#-&%>3 3":'1#&$ 6("6%&,6 (45'1.3 - .0 1,...,
T

nx x x &"
!

, ,'-

,&'6D36 #> '&,?%&'( .'$7"%.,-'< ':#53AD%< -35"A03%$':' 71'E%,,3, (>6&4B ( $'$%--

&4 (1%$%-# i
d

i
t

f
" , :0% df  – ?3,&'&3 0#,.1%&#>3E##.  

* 135'&% [5] 7'.3>3-', ?&' 1%=3AD36 G;-.E#6 3,#$7&'&#?%,.# 1'53,&-':' #-(3-

1#3-&-' 3":'1#&$3 '5-31;@%-#6 ,#:-3"3, 13>135'&3--':' , #,7'"9>'(3-#%$ q-&'?%?-'< 

$'0%"#, #$%%& (#0:  
 

 

" - . " - .
1,   , ( ) ;

( )

0,  ( 71'&#(-'$ ,";?3%.

n n

n n

x x
S C

x x x
J K J

6   

? 7 8 7 8
C ; < ; <LC ; < ; <" H = > = >
C
CI

! !
!

! ! !  (2) 

 

:0% ,M M  – ,.3"61-'% 71'#>(%0%-#% (%.&'1'(; - .0 1 1, , ,
T

NS S S S &"
!

  – '7'1-4< (%.&'1 .'1-

1%"6&'13, '513>'(3--4< #> '&,?%&'( #,B'0-':' ,#:-3"3 (1) , 7313$%&13$# , 1! " , 0, " ; 

- .C K  – 1%:;"#1;%$4< 7313$%&1, , 7'$'D9A .'&'1':' ;,&3-3("#(3%&,6 >303--4< ;1'-

(%-9 K  (%1'6&-',&# "'@-'< &1%(':#;  " - . - . - . - . - .1
Re Im

2
n n np px z x z x @ A" 9F G
! ! !

 – .(3-&#"9-

-36 'E%-.3 7313$%&13 $3,=&353; - . - .Re npz x
!

 # - . - .Im npz x
!

 – p-4% 7'160.'(4% ,&3&#,&#-
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.# (%.&'1'( - . - .1Re Re , , Re
T

n nz x x x"
!!

  # - . - .1Im Im , , Im
T

n nz x x x"
!!

 , 

int{ } 1p nq" 9 , int{ }t  – E%"36 ?3,&9 ?#,"3 t ; q  – 7313$%&1 q-&'?%?-'< $'0%"#. 
 

" - . " - . " - .0 0
Re Imi i i

n n n

x x x
j

x x x
J J J

   

7 8 7 8 7 8
; < ; < ; <" 9
; < ; < ; <
= > = > = >
! ! ! , 

 

:0% 
 

 

- . / 00

,                   1,      

tan , 1

,                 1. 

B t

t A At t

B t

J

N?
C

" :H
C& O &I

 (3) 

 

* (413@%-## (3) 7313$%&14 A  # B  >3(#,6& '& 7313$%&13 $'0%"# q  [5]. T;-.E#6 

- .0 tJ  71%0,&3("6%& ,'5'< G;-.E#A -%"#-%<-':' 71%'513>'(3-#6 -35"A03%$':' (%.&'-

13 '&,?%&'(.  

O3.#$ '513>'$, '5135'&.3 ,#:-3"'( c 7'$'D9A 3":'1#&$3 (2) ',-'(3-3 -3 -%"#-

-%<-'$ 71%'513>'(3-## 71#-#$3%$':' ,#:-3"3 ( ,''&(%&,&(## , G;-.E#%< (3) # (4?#,-

"%-## (>3#$-'< .'11%"6E## '&,?%&'( 71%'513>'(3--':' # '7'1-':' ,#:-3"'(. K&' 

'5%,7%?#(3%& 1'53,&-',&9 3":'1#&$3 71# -%7313$%&1#?%,.'< 371#'1-'< -%'71%0%"%--

-',&# =;$'('< ,',&3("6AD%< -35"A03%$'< (45'1.#. 

 

&!SQFGOJOT  !"#$%&!'()%* 

  !"#$%& '!$(&)&*$ +!"(*&*,& -..&/%,(*$+%, 012-"34$!,%5" , ,*("!,"*%*$4$ 

3,*&6*$4$ /$!!&378,$**$4$ "34$!,%5", ( /$%$!$5 +,4*"3 *" (9:$)& /$!!&37%$!" *$!-

5,!;&%+7 / $8&*/& +!&)*&/(")!"%,<&+/$4$ $%/3$*&*,7 *"#3=)"&5$6 (9#$!/, [7]. >37 

-%$4$ 5&%$)$5 '$3;*"%;!*$4$ 5$)&3,!$("*,7 $8&*,("3,+? @"(,+,5$+%, (&!$7%*$+%, 

'!$';+/" +,4*"3" $% $%*$A&*,7 +,4*"3/A;5, '!, !"@3,<*9: @*"<&*,7: $%*$A&*,7 '$-

5&:" A;5.   :$)& 5$)&3,!$("*,7 +)(,4 *&+;B&6 <"+%$%9 '$5&:, $%*$+,%&3?*$ *&+;-

B&6 <"+%$%9 +,4*"3" ,@5&*73+7 +3;<"6*95 $#!"@$5 *" ,*%&!("3& $% 12 CD8 )$ 30 CD8 

+ A"4$5 3 CD8. 1&@;3?%"%9 5$)&3,!$("*,7 '$/"@"*9 *" !,+. 2. 

 

 
1,+. 2. E"(,+,5$+%, (&!$7%*$+%, '!$';+/" +,4*"3" $% $%*$A&*,7 +,4*"3/A;5 
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F" !,+. 2 /!,(9& 1 , 2 +$$%(&%+%(;=% +3;<"=, /$4)" $%*$A&*,& '$5&:"/A;5 !"(-

*$ 30 )G, /!,(9& 3 , 4 +$$%(&%+%(;=% +3;<"=, /$4)" 40 !q   )G , /!,(9& 5, 6 – /$4)" 

50 !q   )G. 

2@ !,+. 2 (,)*$, <%$ 012-"34$!,%5 $#&+'&<,("&% @*"<,%&3?*96 -*&!4&%,<&+/,6 

(9,4!9A '$ +!"(*&*,= + ,*("!,"*%*95 3,*&6*95 /$!!&378,$**95 "34$!,%5$5 ( 

+3;<"&, /$4)" 5$B*$+%? '$5&:, )$+%"%$<*$ (&3,/". 0 ( +3;<"&, /$4)" $%*$A&*,& '$5&-

:"/A;5 *& '!&(9A"&% 30 )G, $* ,5&&% -*&!4&%,<&+/,& '$%&!,, *& '!&(9A"=B,& 1 )G. 

 
H',+$/ 3,%&!"%;!9 

 

1. I$5&:$@"B,B&**$+%? +,+%&5 !"),$+(7@, + !"+A,!&*,&5 +'&/%!" +,4*"3$( 5$);378,&6 *&+;B&6 

'+&()$+3;<"6*$6 '$+3&)$("%&3?*$+%?= /  . 2. G$!,+$(,  . C. E,*<;/, 0. J. K,5"!&(, F. I. C;:,*,  

D. H. F":5"*+$*; '$) !&).  . 2. G$!,+$(". – C.: 1"),$ , +(7@?, 2003. – 640 +. 

2. Zhidkov S. V. Performance analysis and optimization of OFDM receiver with blanking nonlinearity in 

impulsive noise environment // IEEE Transactions on Vehicular Technology. – Vol. 55, no. 1, pp. 234–242, Jan. 

2006. 

3. Analysis of impulse noise mitigation techniques for digital television systems / H. A. Suraweera, 

C. Chai, J. Shentu, and J. Armstrong // in Proceedings the 8th international OFDM Workshop, Hamburg, Ger-

many, Sept. 2003, pp. 172–176. 

4. Haring J. and Vinck A. J. H. OFDM transmission corrupted by impulsive noise // in Proceedings of the 

2000 International Symposium on Power-Line Communications and its Applications, Limerick, Ireland, Apr. 5–

7, 2000, pp. 5–7. 

5. Bogdanovich V. A., Vostretsov A. G. Application of the Invariance and Robustness Principles in the 

Development of Demodulation Algorithms for Wideband Communications Systems // Journal of Communica-

tions Technology and Electronics. – 2009. – Vol. 54. – No. 11, pp. 1283–1291. 

6. Northrop Grumman Corporation, Understanding Voice and Data Link Networking, San Diego, CA, 

December 2013. 

7. >&5$);378,7 A,!$/$'$3$+*9: >LC-+,4*"3$( '!, ($@)&6+%(,, /$5'3&/+" '$5&: + "'!,$!*$ 

*&$'!&)&3&**95, :"!"/%&!,+%,/"5, /  . 0. G$4)"*$(,<, 0. D. D&!<,/$(, G.  . I$*$5"!&*/$, 0. D.  $+-

%!&8$( // 2@(&+%,7 (;@$( 1$++,,. 1"),$-3&/%!$*,/". – 2010. –  9'. 3. – H. 26–37. 
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+,-./0  1,23456  37893:   

4  +,-:+54;  3<=3>34;+6=3-0=3?3  @8=2343?3  :3@@8A,03+, 

 

M. H.  $!$#?N(", C. 0. H%&'"*$( (*";<*96 !;/$($),%&3?) 

 
"#$#%&'&(%)&* +#%,-.(%/$0112* /031&40%)&* ,1&$0(%&/0/ 

630073, +. "#$#%&'&(%),  (-/ 5. 6.()%., 20 
E-mail: vorobeva-nstu@yandex.ru 

 
I!,(&)&*9 ."@$(9& $A,#/, )37 $)*$'$(&!:*$+%*$4$ 3,*@$($4$ /$33,5"%$!". 1"+<&% $A,#$/ (9'$3*&* 5&-

%$)"5, 4&$5&%!,<&+/$6 $'%,/,, $',+"*" 5&%$),/". 1"++5$%!&* %"/ O& (9*$+ $#3;<"%&37 ,@ .$/;+". PA,#/, !"++<,-

%"*9 )37 !"@3,<*9: .$/;+*9: !"++%$7*,6. 

 

Q$33,5,!;=B,& ;+%!$6+%(" '!&)*"@*"<&*9 )37 +*,O&*,7 !"@5&!$( #&@-:$(9: 

/"5&! '$+!&)+%($5 '!,#3,O&*,7 4!"*,89 )"3?*&6 @$*9. R%$ )&6+%(,& $+*$("*$ *" 

'!&$#!"@$("*,, +.&!,<&+/$4$ ."@$($4$ .!$*%" (.$!5,!;&5$4$ $#3;<"%&3&5) ( '3$-

+/,6, +$$%(&%+%(;=B,6 )"3?*&6 @$*&. 2+'$3?@$("*,& /$33,5"%$!$( 7(37&%+7 (&+?5" 

'!$);/%,(*95 *"'!"(3&*,&5, %. /. '$@($37&% +$/!"%,%? (!&5&**9& , 5"%&!,"3?*9& @"-

%!"%9 *" ,@5&!&*,& "*%&**. 

E"<"+%;= ( /"<&+%(& /$33,5"%$!$( '!,5&*7=% ),-3&/%!,<&+/,& 3,*@9. K,*@" 

'!&)+%"(37&% +$#$6 '!$@!"<*$& )37 !"),$($3* %&3$, /$-..,8,&*% '!&3$53&*,7  /$%$-

!$4$ n , $%3,<&* $% /$-..,8,&*%" '!&3$53&*,7 $/!;O"=B&6 +!&)9 0n . P#9<*$ !"@3,-

<"=% @"5&)37=B,& ( 0n n! ) , ;+/$!7=B,& ( 0n n" ) 3,*@9 [1].   @"(,+,5$+%, $% <,+3" 

'$(&!:*$+%&6, *" /$%$!9: '!$,+:$),% '!&3$53&*,&, (9)&37=% $)*$- , )(;:'$(&!:*$-

+%*9& [1].   )"**$6 !"#$%& !"++5$%!,5 $)*$'$(&!:*$+%*96 3,*@$(96 /$33,5"%$! ,@ 

'&*$'3&/+", )37 /$%$!$4$ 1.023n  .  9#$! ,5&**$ -%$4$ 5"%&!,"3" $#$+*$("* ( !"*&& 

$';#3,/$("**$6 !"#$%& [2]. 

S&3? !"#$%9 – $8&*/" ."@$($4$ .!$*%" 5&%$)"5, 4&$5&%!,<&+/$6 $'%,/, ( !"+-

/!9(& $)*$'$(&!:*$+%*$6 @"5&)37=B&6 3,*@9 ,@ '&*$'3&/+". 

D&$5&%!,7 3,*@9 '$/"@"*" *" !,+. 1. E)&+? $#3;<"%&3? P .$!5,!;&% -3&/%!$5"4-

*,%*;= ($3*; +$ +.&!,<&+/,5 ."@$(95 .!$*%$5, *" ';%, /$%$!$6 +%$,% ),-3&/%!,<&-

+/"7 $)*$'$(&!:*$+%*"7 3,*@" 0 (%$3B,*" t , ),"5&%! D ). 1"++%$7*,& 5&O); $#3;<"-

%&3&5 , 3,*@$6 *"@9("&%+7 .$/;+*95 !"++%$7*,&5 , $#$@*"<"&%+7 /"/ f .   !&@;3?%"%& 

'!&3$53&*,7 '!$,+:$),% %!"*+.$!5"8,7 .!$*%" '&!(,<*$4$ ,+%$<*,/" ( '3$+/,6 ."-

@$(96 .!$*%. E" 3,*@$6 *" !"++%$7*,, .1/l  +%$,% '!,&5*"7 "*%&**"   , + '$5$B?= /$-

%$!$6 , '!$($)7%+7 ,@5&!&*,7. K,*@" !"++<,%9("&%+7 ( )&/"!%$($6 +,+%&5& /$$!),*"%, 

&& '!$.,3? $',+9("&%+7 @"(,+,5$+%?= ( )y z , 4)& z – /$$!),*"%" '$ %$3B,*& 3,*@9. P+-

(&B&**"7 '$(&!:*$+%? 3,*@9 – -%$ %", /$%$!"7 $#!"B&*" / $#3;<"%&3=, '!$%,($'$3$O-

*"7 – %&*&("7. 

I!$.,3? '$(&!:*$+%, 3,*@9 $'!&)&37&%+7 (9!"O&*,&5 [1]:  
 

 
2 2( 1) 2 ( 1) .y n z n fz # $ % #     (1) 

 

T$3B,*" 3,*@9 [1]:  
 

 

2 2

2 2
.

(n 1) 4 ( 1) ( 1)

f D f
t

n n
 $ #

$ % # $
   (2) 

 



 !"#$%&«'()$*+!,-$.!/"$!&/$/+!01»&

31 

 
 

1,+. 1. D&$5&%!,7 $)*$'$(&!:*$+%*$6 3,*@9 

 

 9'$3*,5 !"+<N% ."@$(9: $A,#$/ ( !"+/!9(& 3,*@9 )37 )3,*9 ($3*9 3 c7&  . 

>37 -%$4$ ($+'$3?@;&5+7 @"/$*"5, 4&$5&%!,<&+/$6 $'%,/, (%"/ /"/ t& ) [2].   

1"+<N% '!$,@($),5 )37 %$6 <"+%, 3,*@9, /$%$!"7 (9A& $+, "#+8,++. >37 )!;4$6 

<"+%, 3,*@9 !&@;3?%"% 5$O*$ @&!/"3?*$ $%!"@,%?.  

2@(&+%*$ (9!"O&*,&, /$%$!$& '$@($37&% !"++<,%"%? ."@$(96 *"#&4 ( !"+/!9(& 

3,*@9 [3]: 
 

 1 1 2 2 1 3,8 l l l' ( ( ( $ $   (3) 

 

4)& 1 2 3, ,l l l  –  !"++%$7*,7, /$%$!9& '!$:$),% -3&/%!$5"4*,%*"7 ($3*" $% $#3;<"%&37 )$ 

'$(&!:*$+%, 3,*@9, (*;%!, 3,*@9 , $% 3,*@9 )$ "'&!%;!9 '!,&5*$6 "*%&**9 (!,+. 1) 

+$$%(&%+%(&**$; 1 2,( (  – ($3*$(9& <,+3" )37 ($@);:" , 5"%&!,"3" 3,*@9 +$$%(&%+%(&**$. 

>37 %$4$ <%$#9 !"#$%"%? + (9!"O&*,&5 (3), *&$#:$),5$ *"6%, 1 2 3, , .l l l
 
R%" @")"<" 

!&A"&%+7 '!, '$5$B, 4&$5&%!,<&+/,: 5&%$)$( , @"/$*" H*&33,;+":  
 

 0 sin sin .n n) *    (4) 

 

E)&+? )  – ;4$3 '")&*,7 -3&/%!$5"4*,%*$6 ($3*9, ;4$3 5&O); '")"=B,5 *" '$(&!:-

*$+%? 3;<$5 , *$!5"3?= / '$(&!:*$+%,; *  – ;4$3 '!&3$53&*,7 -3&/%!$5"4*,%*$6 ($3-

*9 – ;4$3 5&O); '!$A&)A,5 <&!&@ '$(&!:*$+%? 3;<$5 , *$!5"3?= / '$(&!:*$+%,. 

I!$,33=+%!,!;&5 )"**9& (&3,<,*9 !,+;*/$5 (!,+. 2). K,*@" '$5&B"&%+7 ( *"-

<"3$ /$$!),*"%. E)&+? 0  – /"+"%&3?*"7 / '!$.,3= 3,*@9, HD , EF – *$!5"3, / $+(&-

B&**$6 , / %&*&($6 '$(&!:*$+%, +$$%(&%+%(&**$. P#3;<"%&3? P ,5&&% /$$!),*"%9 

( ;0)f# .  

1"++5$%!,5 '!&3$53&*,& 3;<" 1l , ,+:$)7B&4$ ,@ .$/;+". T"/,: 3;<&6 !"++5"%!,-

("&%+7 ( /$3,<&+%(& !"(*$5 N . 

T"/ /"/ ,@(&+%*$ ;!"(*&*,& '!$.,37 3,*@9 (1), %$ 5$O*$ @"',+"%? ;!"(*&*,& 

*$!5"3, CD )37 /"O)$6 i -6 %$</, (%"/,: %$<&/ N ):  
 

 

+ ,
1

( ) ,
( )

i i i

i

y z z z y
y z

 # # $
-

    (5) 
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4)& ( ; )i iz y – /$$!),*"%9 %$</, *" $+(&B&**$6 '$(&!:*$+%,, /$%$!$6 /"+"&%+7 3;<, (9-

:$)7B,6 ,@ .$/;+"; ( )iy z-  – '!$,@($)*"7 /!,($6 (1), $',+9("=B&6 '!$.,3? 3,*@9, ( 

%$</& iz . 

U4$3 
1)  (5&O); *$!5"3?= , 3;<$5 1l , ,+:$)7B,5 ,@ .$/;+") $'!&)&3,5, '$3?@;-

7+? ;43$(95, /$-..,8,&*%"5, )37 -%,: )(;: '!759: (!,+. 2). 
 

 2 1
1

1 2

,
1

k k
arctg

k k
)

#
 

$
   (6) 

 

1 2,k k  – ;43$(9& /$-..,8,&*%9 )37 *$!5"3, HD , )37 3;<" 1l . 

U4$3 1* $'!&)&37&5 +$43"+*$ (4). 

 

 
 

1,+. 2. I!&3$53&*,& 3;<&6 ( 3,*@& (4&$5&%!,7 @"(&)$5$ ,+/"O&*",  

)37 #$3&& *"437)*$4$ '!&)+%"(3&*,7) 

 

0*"3$4,<*$ !"++5"%!,("&5 '!&3$53&*,& 3;<" 2l . 

H<,%"&5 ."@$(96 *"#&4 ( 3,*@& 8' , ,+'$3?@;7 (9!"O&*,& (3).  G&@ 3,*@9 3;< '!$-

:$),% ';%?, !"(*96:  
 

 

,
cos( )

.1/f t l
L

.

$ $
    (7) 

 

.  – -%$ ;4$3, /$%$!96 $#!"@;&% 3;<, (9:$)7B,6 ,@ .$/;+" , $+? "#+8,++. 

L"@$(96 *"#&4 #&@ 3,*@9: 
 

 1 .' 8 L' (   (8) 
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V&5 5&*?A& !"@*,8" 5&O); 5"/+,5"3?*95 max'  , 5,*,5"3?*95 min'  @*"<&*,&5 

."@$($4$ *"#&4", %&5 #3,O& ."@$(96 .!$*% / '3$+/$5;.   ,)&"3& max min 0' '# / . 

L"@$("7 $A,#/" – -%$ !"@*,8" 5&O); 5"/+,5"3?*95 , 5,*,5"3?*95 @*"<&*,&5 

."@$($4$ *"#&4", $*" '$/"@9("&% *"+/$3?/$ ."@$(96 .!$*% $%3,<"&%+7 $% '3$+/$4$. 

1"++<,%"&5 (&3,<,*; ."@$(9: $A,#$/ *" '$3$%*& "*%&**9 )37 !"@3,<*9: .$/;+*9: 

!"++%$7*,6, + 3,*@$6 , #&@: 
 

 max min ;8 8 8' '0  #
       max min' 8 ' 8 ' 8' '0  # . (9) 

 
 

T"#3,8" 1 

L"@$("7 $A,#/" ( !"+/!9(& 3,*@$($4$ /$33,5"%$!" 

 

L$/;+*$&  

!"++%$7*,& f 

D = 100 c5 D = 150 c5 

L"@$("7 $A,#/" 

G&@ ,+'$3?@$("*,7 

3,*@9, ,' 80 !

 
H 3,*@$6, ,80

!

 
G&@ ,+'$3?@$("*,7 

3,*@9, ,' 80 !

 
H 3,*@$6, ,80

!

 

6 5 216.5 2.6%10–11 436.3 1.5%10–4 

9 5 153.4 2.6%10–11 324.4 5.2%10–11 

12 5 117.9 5.2%10–11 255.4 5.2%10–11 

15 5 95.4 7.8%10–11 209.3 5.2%10–11 

 

J+3, $#3;<"%&3? *":$),%+7 ( .$/;+&, ."@$("7 $A,#/" '$ !"+/!9(; $)*$'$(&!:*$-

+%*$6 3,*@9 $<&*? 5"3", 5$O*$ +<,%"%?, <%$ $*" !"(*" *;3=.  

I!, '!$(&)&*,, ,@5&!&*,6 "*%&** $#3;<"%&3? 5$O&% ,@5&*7%? +($N '$3$O&*,&, 

$%/3$*77+? '!, -%$5 /"/ (&!%,/"3?*$ (()$3? $+, y), %"/ , 4$!,@$*%"3?*$ (()$3? $+, z). 

 +3&)+%(,& -%$4$, ($@*,/"=% ."@$(9& $A,#/,. I!$(&)N5 ,: !"+<&% )37 /$33,5"%$!" 

'!, (9*$+& $#3;<"%&37 ,@ .$/;+" ()$3? $+, z (#3,O&-)"3?A&). P#$@*"<,5 (&3,<,*; 

$%/3$*&*,7 $#3;<"%&37 11 . I!, -%$5 #;)&5 +<,%"%?, <%$ '!, 
1 01 "

 
'!$,+:$),% '&!&-

5&B&*,& $#3;<"%&37 / 3,*@&, 
1 01 !  – $% 3,*@9. 

V,+3&**96 !&@;3?%"% )37 3,*@9 D = 1 5$O*$ $8&*,%? '$ %"#3. 2.  

 
T"#3,8" 3 

L"@$("7 $A,#/" ( !"+/!9(& 3,*@9 '!, (9*&+&**$5 $#3;<"%&3& ,@ .$/;+" 

 

f 
P%*$+,%&3?*"7 (&3,<,*" (9*$+" $#3;<"%&37 ,@ .$/;+", 

1 f

f

1 $
 

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 

6 5 279.8 173.7 103.2 55.5 22.8 2.6%10–11 16.0 27.3 35.4 41.1 45.3 

9 5 183.2 114.8 69.8 38.8 16.5 2.6%10–11 12.6 22.5 30.4 36.8 42.0 

12 5 129.2 82.8 51.6 29.4 12.8 5.2%10–11 10.1 18.3 25.1 30.8 35.6 

15 5 99.6 64.9 41.0 23.6 10.4 7.8%10–11 8.4 15.2 21.0 25.8 30.0 

 

Q"/ , $O,)"3$+?, (9*$+ $#3;<"%&37 '!,($),% / ($@!"+%"*,= ."@$(9: $A,#$/ ( 

!"+/!9(& 3,*@$($4$ /$33,5"%$!". I!,(&)&**9& %"#3,89 '$@($37=% +)&3"%? +3&);=-

B,& (9($)9.  

1. I!, $%)"3&*,, $#3;<"%&37 $% !"+<&%*$4$ .$/;+*$4$ !"++%$7*,7 3,*@9, ."@$("7 

$A,#/" !"+%&% @*"<,%&3?*$ 5&)3&**&&, <&5 '!, '!,#3,O&*,, $#3;<"%&37 / 3,*@&. 
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2. K,*@9 + #$3?A,5 .$/;+*95 !"++%$7*,&5 5&*&& <;(+%(,%&3?*9 / (9*$+; $#3;-

<"%&37 ,@ .$/;+". F"'!,5&!, )37 3,*@9 + .$/;+*95 !"++%$7*,&5 15 5 '!, )$';+%,5$6 

."@$($6 $A,#/& ( !"+/!9(& ,++3&);&5$6 "*%&**9 / 82 30 4 , $A,#/, '$@,8,$*,!$("-

*,7 $#3;<"%&37 5$4;% )$+%,4"%? 35  5. I!, .$/;+*$5 !"++%$7*,, 6 5 , %$6 O& (&3,<,*& 

."@$($6 $A,#/,, )$';+%,5 (9*$+ $#3;<"%&37 ,@ .$/;+" 3,A? *" 0.64  5. 

3. >"O& '!, (9*$+& $#3;<"%&37 ,@ .$/;+" 3,*@9, ."@$("7 $A,#/" ( !"+/!9(& ,+-

+3&);&5$6 "*%&**9 $+%"&%+7 5&*?A&, <&5 #&@ ,+'$3?@$("*,7 3,*@9. F"'!,5&!, )37 .$-

/;+*$4$ !"++%$7*,7 9f   5 , $A,#/, '$@,8,$*,!$("*,7 $#3;<"%&37 31  #  5 '$3;<"-

&5 ."@$(;= $A,#/; 8380  6 . I!, ;+%"*$(/& $#3;<"%&37 ( %; O& %$</;, *$ #&@ ,+'$3?@$-

("*,7 3,*@9, '$3;<"&5 ."@$(;= $A,#/; 216' 80  6 . 

 
H',+$/ 3,%&!"%;!9 

 

1. W;/ C. H., C$3$</$( M. G. I!$&/%,!$("*,& 3,*@$(9:, +/"*,!;=B,:, A,!$/$),"'"@$**9: 

"*%&** , .,)&!*9: ;+%!$6+%(. – C.: R*&!4,7, 1973. – 440 +. 

2. Q ($'!$+; $ (9#$!& 5"%&!,"3" )37 ,@4$%$(3&*,7 3,*@$($4$ /$33,5"%$!" / Q,+&3&( 0.  .,  $-

!$#?N(" M. H. // H$(!&5&**9& '!$#3&59 !"),$-3&/%!$*,/, [R3&/%!$**96 !&+;!+] : +#. *";<. %!.  +&!$+. 

*";<.-%&:*. /$*.., Q!"+*$7!+/, 6–8 5"7 2014 4. – Q!"+*$7!+/ : HLU, 2014. – C. 31–35. 

3. H"@$*$( >. C. 0*%&**9 , ;+%!$6+%(" H V. – C.:  9+A. A/., 1988. – 434 c. 

4. C"6@&3?+ J. F., T$!4$("*$(  . 0. 2@5&!&*,& :"!"/%&!,+%,/ !"),$3$/"8,$**9: 8&3&6. – C.: 

H$(&%+/$& !"),$, 1972. – 232 + 
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>+8A;=;=8;  <3>@;+34-:3?3  82A;+80;@B  <@B  3>+;<;@;=8B  

-:3+3-08  >3<48C=56  C;@;2=3<3+3C=56  ;<8=8D 
 

C. 0. D;!;3N(",  . H. C"!=:*&*/$ (*";<*96 !;/$($),%&3?) 
 

9(),/%)&* +#%,-.(%/$0112* ,1&$0(%&/0/  ,/0* %##':01&; 

664074, +. 9(),/%), ,8. <0(12!0$%)#+#, 15 
E-mail: Marina_Spiridono@mail.ru 

 
I!$"*"3,@,!$("*9 $+$#&**$+%, !"#$%9 !"),$3$/"8,$**9: )$'3&!$(+/,: ,@5&!,%&3&6 +/$!$+%,. 1"++5$%!&-

*" ($@5$O*$+%? , $#3"+%, ,: '!,5&*&*,7 *" O&3&@*$)$!$O*$5 %!"*+'$!%&.  97(3&*9 '!,<,*9 !"+A,!&*,7 +'&/%!" 

)$'3&!$(+/$4$ +,4*"3", (3,7=B&4$ *" (&3,<,*; '$%&*8,"3?*$6  +!&)*&/(")!"%,<&+/$6  '$4!&A*$+%,  ,@5&!&*,7  

!"),"3?*$6 +/$!$+%, $#X&/%". 

 

4'#"#)%#.   ;+3$(,7: ($@!"+%"=B&6 ,*%&*+,(*$+%, '&!&($@$/ , ;(&3,<&*,7 +/$-

!$+%&6 +3&)$("*,7 '$&@)$( $#&+'&<&*,& #&@$'"+*$+%, )(,O&*,7, " %"/O& '!$,@($)+%(" 

!"#$% '$ $#+3;O,("*,= ';%, , *"'$3?*$4$ $#$!;)$("*,7 – ("O*&6A&& ;+3$(,& )$+%,-

O&*,7 (9+$/$6 -..&/%,(*$+%, O&3&@*$)$!$O*$4$ %!"*+'$!%" [1]. 

 "O*;= !$3? ( +($&(!&5&**$5 +!"#"%9("*,, ;+%!$6+%( #&@$'"+*$+%, ,4!"&% %$<-

*$+%? ,@5&!&*,7 '"!"5&%!$( )(,O&*,7 [2], ( <"+%*$+%,, +/$!$+%, O&3&@*$)$!$O*$6 

&),*,89 [3]. C&O); %&5, $)$5&%!,<&+/,& ,@5&!,%&3, +/$!$+%,, '!,5&*7&59& *" +$-

(!&5&**9: 3$/$5$%,(": O&3&@*9: )$!$4 1L, ,5&=% #$3?A;= '$4!&A*$+%? ,@5&!&*,7, 

<%$ '!&'7%+%(;&% , '$(9A&*,= %$<*$+%, +$#3=)&*,7 (!&5&**ó4$ 4!".,/" )(,O&*,7, , 

+$/!"B&*,= )$';+/$( *" +!"#"%9("*,& ;+%!$6+%( #&@$'"+*$+%, (%"#3. 1) [4, 5]. 
 

T"#3,8" 1 

H!&)*&/(")!"%,<*9& '$4!&A*$+%, ,@5&!,%&3&6 +/$!$+%, 
 

 

2@5&!,%&3? 

C&:"*,<&+/,6 

+/$!$+%&5&! 

EHK2CI 

R3&/%!$**96 +/$!$+%&5&! ( +$+%"(& 

QKUG-U 

V= 0 … 80 /5/< V > 80 /5/< 

I$4!&A*$+%? ,@5&!&*,7 1, /5/< 0,08%V 1 2 

=(&704.1&0: V – +/$!$+%? $#X&/%" 

 

Q!$5& *&)$+%"%$<*$ (9+$/$6 %$<*$+%, ,@5&!&*,6 ;/"@"**9& +/$!$+%&5&!9 ,5&-

=%: ") )$'$3*,%&3?*9& +$+%"(37=B,& '$4!&A*$+%, ,@5&!&*,6 '!, *&'$3*$5 +8&'3&-

*,, /$3&+" + !&3?+$5 (=@, #;/+$("*,& /$3&+); #) @"(,+,5$+%? '$4!&A*$+%, ,@5&!&*,7 

$% ,@*$+" #"*)"O&6 /$3&+ [6]. 

H$/!"B&*,= )$';+/$( *" +!"#"%9("*,& '&A&:$)*$6 , '&!&&@)*$6 +,4*"3,@"8,, 

*" '&!&4$*": '!&'7%+%(;&% !"+<&% ,: '"!"5&%!$( *" $+*$("*,, 5"/+,5"3?*$ )$';+%,-

5$6 +/$!$+%, '$&@)$( *" ;<"+%/& '!,#3,O&*,7, #&@ ;<&%" ."/%,<&+/$6 +/$!$+%,.   !&-

"3?*$+%,, )$';+%,5"7 +/$!$+%? )37 !"@*9: %,'$( '$&@)$( $%3,<"&%+7 [7]. G$3?A$6 

'!$5&O;%$/ (!&5&*, $% +!"#"%9("*,7 +,4*"3,@"8,, )$ ."/%,<&+/$4$ '$):$)" '$)(,O-

*$4$ +$+%"(" '!,($),% / +3;<"75 *"!;A&*,7 '!"(,3 )$!$O*$4$ )(,O&*,7 ($),%&375, 

%!"*+'$!%*9: +!&)+%( ('&A&:$)"5,) , '&!&+&<&*,= '&!&&@)" ('&A&:$)*$4$ '&!&:$)") 

*" /!"+*96 +,4*"3 +(&%$.$!". T"/, ( 2014 4$); *" '&!&&@)": #93$ +$(&!A&*$ 263 )$-

!$O*$-%!"*+'$!%*9: '!$,+A&+%(,7, '$+%!")"3$ 222 <&3$(&/", ,@ /$%$!9: 57 '$4,#3,. 

UB&!# P0P «1W>» +$+%"(,3 #$3&& 66 53*. !;#3&6 [8].  

 !"# $%&"'$': $#$+*$("%? '!,5&*&*,& )37 ,@5&!&*,7 +/$!$+%, O&3&@*$)$!$O*9: 

'$)(,O*9: $#X&/%$( "3?%&!*"%,(*$4$, !"),$3$/"8,$**$4$ )$'3&!$(+/$4$ ,@5&!,%&37 

+/$!$+%, (>2H) [9].  

1"),"3?*;= +/$!$+%? $#X&/%" 5$O*$ $'!&)&3,%?, ),..&!&*8,!;7 @*"<&*,7 )"3?-

*$+%, ('$ '$/"@"*,75 !"),$)"3?*$5&!" [10]), ,3,, $8&*,("7 /$*&<*;= !"@*$+%? )"3?-

*$+%&6 *" 4!"*,8": .,/+,!$("**$4$ ,*%&!("3" (!&5&*,, $)*"/$ )$+%,<? 4$!"@)$ #$3?-
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A&6 %$<*$+%, ,@5&!&*,6 '$@($37&% ,+'$3?@$("*,& )$'3&!$(+/$4$ -..&/%" [9, 10]. I!, 

-%$5, +'$+$#9 !"),$3$/"8,$**$4$ ,@5&!&*,7 $%3,<"=%+7 (,)$5 ,@3;<"&59: (*&'!&!9(-

*9& ,3, ,5';3?+*9&) , :"!"/%&!$5 '!,*,5"&59: +,4*"3$( ('!759& ,3, $%!"O&**9&). 

 9+$/,& %!&#$("*,7 / %$<*$+%, ,@5&!&*,6 +/$!$+%, O&3&@*$)$!$O*$4$ %!"*+-

'$!%" $#;+3"(3,("=% (9#$! 5&O); >2H ,5';3?+*$4$ , *&'!&!9(*$4$ ,@3;<&*,7 ( 

'$3?@; '$+3&)*&4$ [10]. I!, -%$5 8&3&+$$#!"@*$ ,+'$3?@$("*,& ),"'"@$*" +"*%,5&%!$-

(9: ($3* (H V <"+%$%9) ((,); (9+$/$6 +%$,5$+%, >2H, !"#$%"=B,: ( 5,33,5&%!$-

($5 ),"'"@$*&.  

I!, *&'!&!9(*$5 ,@3;<&*,, -3&/%!$5"4*,%*9: /$3&#"*,6 (RCQ) (@",5*$& )(,-

O&*,& '&!&)"%<,/" I!) , '!,&5*,/" I!5 + $%*$+,%&3?*$6 +/$!$+%?= Vr '!,($),% / 

+5&B&*,= <"+%$%9 '!,*,5"&59: +,4*"3$(  
 

 7 8)(10>0'!5 ckVfFff r5 5 ,   (1) 

 

4)& 00 1 >f  – <"+%$%" ,@3;<&*,7; F> – )$'3&!$(+/,6 +)(,4 <"+%$%9; % – +/$!$+%? +(&%"; 

k=1  '!, !"@*&+&**$5 '!,&5&, , k=2  '!, 3$/"8,$**$5 '!,&5&; @*"/, «+» , «–»  +$$%-

(&%+%(;=% +#3,O&*,= , ;)"3&*,= $#X&/%$(. 
 

 + ,+ , + , kfffffkcVr 0'!5000'!5 Y # # ,  (2) 

 

4)& Vr – !"),"3?*"7 +/$!$+%? $#X&/%"; 00Y fc – )3,*" ($3*9 ,@3;<"&59: /$3&#"*,6. 

P#3"+%, '!,5&*&*,7 >2H ( @"(,+,5$+%, $% !"+'$3$O&*,7 '$+3&)*&4$: 

") ?9@ ,%/.1#$801 1. 8#)#7#/&$0  #0A-., @*"<&*,7 *&'!&!9(*$ ,@5&!7&5$6 ."/-

%,<&+/$6 +/$!$+%, *&$#:$),59 )37 +!"#"%9("*,7 ;+%!$6+%( #&@$'"+*$+%, (QKUG-U, 

H0UT), +$#3=)&*,7 +/$!$+%*$4$ !&O,5" 5"A,*,+%$5; 

#) ?9@ %/.B&#1.(1# ,%/.1#$801 $ )#800 &8& $'8&A& C080A1#-#(#C1#+#  ,/&, 

@*"<&*,7 ,@5&!7&5$6 +/$!$+%, *&$#:$),59 )37 !"#$%9: 

- +,+%&59 "(%$5"%,<&+/$4$ !&4;3,!$("*,7 +/$!$+%, !$+';+/" +$+%"($( *" +$!%,-

!$($<*9: 4$!/": – )37 ,+/3=<&*,7 *"4$*$( , )$+%,O&*,7 %!&#;&5$6 )"3?*$+%, '!$#&-

4" $%8&'$(. I!, -%$5 RCQ ,@3;<"=%+7 ( *"'!"(3&*,, )(,O;B&4$+7 $%8&'", $%!"O&*-

*96 $% '$(&!:*$+%, ("4$*" +,4*"3 ( >2H '!&$#!"@;&%+7 ( (9:$)*$6 +,4*"3 ( (,)& *"-

'!7O&*,7, '!$'$!8,$*"3?*$4$ ."/%,<&+/$6 +/$!$+%, $%8&'", , '$)"&%+7 ( ;+%!$6+%($ 

;'!"(3&*,7 @"5&)3,%&3&5 , ( +,4*"3?*$& ;+%!$6+%($. I!, +$('")&*,, @")"**$6 , ."/-

%,<&+/$6 +/$!$+%&6, @"5&)3,%&3? !"+%$!5"O,("&%+7; 

- '&!&&@)*$6 , '&A&:$)*$6 +,4*"3,@"8,,. U+%"*$(/" >2H *" @")"**$5 !"++%$7-

*,, )$ '&!&&@)" ('&A&:$)*$4$ '&!&:$)") (#3,@, /"O)$4$ ,@ ';%&6 ( '!"(,3?*$5 , ( *&-

'!"(,3?*$5 *"'!"(3&*,, )(,O&*,7, '$@($3,% *&'!&!9(*$, $% *"<"3" , )$ /$*8" '$&@)", 

,@5&!7%? ."/%,<&+/;= +/$!$+%? )(,O&*,7. I$+%$7**"7 '&!&)"<" ,*.$!5"8,, $ ."/%,-

<&+/$6 +/$!$+%, '$&@)" ( '!$4!"55*96 5$);3? '&!&&@)" ('&A&:$)*$4$ '&!&:$)"), && 

$#!"#$%/" , !"+<&% (!&5&*, '!,#3,O&*,7 / '&!&&@); ('&!&:$);) )"=% ($@5$O*$+%? 

(/3=<,%? +,4*"3,@"8,= +($&(!&5&**$; 

() ?9@  0(01#%1#*, )$'$3*&* (,@;"3?*$6 , @(;/$($6 ,*),/"8,&6. E*"<&*,7 *&-

'!&!9(*$ ,@5&!7&5$6 +/$!$+%, *&$#:$),59 )37 +($&(!&5&**$4$ $'$(&B&*,7 !"#$%*,-

/$( $ +/$!$+%, '!,#3,O"=B&4$+7 '$&@)" , 5,*,5"3?*$5 (!&5&*, '!,#3,O&*,7 / 5&+-

%; '!$,@($)+%(" !"#$% '$ $#+3;O,("*,= ';%, , *"'$3?*9: ;+%!$6+%(, <%$ $+$#&**$ 

("O*$ '!, '3$:$6 (,),5$+%, ( ;+3$(,7: %;5"*", '!, $+")/":. 

>37 '$7+*&*,7 ';*/%" ") *" !,+. 1, " '$/"@"*$ $#3;<&*,& -3&/%!$5"4*,%*95, /$-

3&#"*,75, *&'$)(,O*$6 8&3, (#"33"+%" O&3&@*$)$!$O*$4$ ';%,). 1"),"3?*;= +/$-

!$+%? 3$/$5$%,(" Vr 5$O*$ @"',+"%? /"/ Vr = V cosZ, 4)& V  – +/$!$+%? )(,O&*,7 '$&@)", 
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Z – 43"(*96 ;4$3 ,@3;<&*,7 "*%&**9 '$ $%*$A&*,= / *"'!"(3&*,= )(,O&*,7. I!,   

V = const )$'3&!$(+/,6 +)(,4  *&+;B&6 <"+%$%9 +,4*"3", $%!"O&**$4$ $% %$</,   8&3, 
 

 0> YZcos2VF  ,     (3) 
 

,5&&% 5"/+,5"3?*$& @*"<&*,& '!, 4$!,@$*%"3?*$5 ,@3;<&*,, (cosZ [1).   %$ O& (!&-

57, 5$B*$+%? $%!"O&**$4$ +,4*"3" ; '!,*,5"=B&6 "*%&**9 (#&@ ;<&%" '$%&!? '!, 

!"+'!$+%!"*&*,,, '!,&5& , $#!"#$%/& +,4*"3") @")"&%+7 ;!"(*&*,&5 [11]:  
 

 + , + ,42\16] RAGPP rttr  ,   (4) 
 

4)& Pr – 5$B*$+%? +,4*"3", '!,*,5"&5"7 "*%&**$6; Pt – 5$B*$+%? '&!&)"%<,/"; Gt – 

/$-..,8,&*% ;+,3&*,7 '&!&)"=B&6 "*%&**9; Ar – -..&/%,(*"7 '3$B")? '!,&5*$6 "*-

%&**9; ] – -..&/%,(*"7 '3$B")? !"++&7*,7 8&3, ( )"**$5 !"/;!+&; R – !"++%$7*,& $% 

>2H )$ 8&3, '!, +$(5&B&**$5 '!,&5&.  
 

 
 

1,+. 1. .) 1"@3,<,& 3;<&(9: $%*$+,%&3?*9: +/$!$+%&6 – '!,<,*" ;A,!&*,7 +'&/%!"   

$%!"O&**$4$ +,4*"3"; ') P4,#"=B"7 )$'3&!$(+/$4$ +'&/%!" 
 

I$+/$3?/; 5$B*$+%? ;5&*?A"&%+7 '!$'$!8,$*"3?*$ 4-6 +%&'&*, !"++%$7*,7 )$ 

8&3,, %$ )37 '$3;<&*,7 +,4*"3" )$+%"%$<*$4$ ;!$(*7 !"++%$7*,& R )$3O*$ #9%? ( )$-

';+%,59: '!&)&3":, )37 <&4$ *;O*$ ;(&3,<,%? ;4$3 ,@3;<&*,7 Z '$ $%*$A&*,= / 4$!,-

@$*%"3,. I!, Z = 35…70° )$'3&!$(+/$& +5&B&*,& +$+%"(37&% 35…80 % [12]. 

2@ (9!"O&*,7 (3) (,)*$, <%$ '!, ;(&3,<&*,, ;43" ,@3;<&*,7 $%*$+,%&3?*$ &4$ 

$+*$(*$4$ @*"<&*,7 '$7(37&%+7 5*$O&+%($ <"+%$%, !"+A,!7=B,: '$3$+; )$'3&!$(+/$-

4$ ,@3;<&*,7.  

+ , 0> 1 Y2^Zcos2 $ VF – )$'3&!$(+/,6 +)(,4  *&+;B&6 <"+%$%9 +,4*"3", $%!"-

O&**$4$ $% %$</,  1 8&3,; + , 0> 2 Y2^Zcos2 # VF – )$'3&!$(+/,6 +)(,4  *&+;B&6 

<"+%$%9 +,4*"3", $%!"O&**$4$ $% %$</,  2 8&3, (!,+. 1, .). J+3, $%!"O"=B,& +($6+%(" 

'$(&!:*$+%, ( '!&)&3": $#3;<"&5$6 '3$B"), $),*"/$(9, %$ .$!5" $4,#"=B&6 +'&/%!" 

@"(,+,% $% ;43" ^ (!,+. 1, '). _,!,*" +'&/%!" $%!"O&**$4$ +,4*"3" 
 

+ , + ,+ , + , 00> 1> 2 Y2^sinZsin4Y2^Zcos2^Zcos2 VVFFF  $## # 0 .  (5) 
 

U5&*?A&*,& ;43" ,@3;<&*,7 ^ "*%&**9 '!,(&)&% / ($@5$O*$+%, ,+<&@*$(&*,7 

+,4*"3" (+3&)+%(,& &4$ @&!/"3?*$4$ $%!"O&*,7, *"'!,5&!, $% '$(&!:*$+%, /"%"*,7 

!&3?+" ( 5$5&*% '!$+3&)$("*,7 '$&@)$5 +%!&3/,.  

Q"<&+%($ +,4*"3", '$'")"=B&4$ *" '!,&5*;= "*%&**;, @"(,+,% $% *&!$(*$+%, $+*$-

("*,7, $%!"O"=B&4$ +,4*"3. 2+:$)7 ,@ /!,%&!,7 1&3&7 [13], <%$#9 <"+%? '&!&)"**$4$ +,4*"-

3", $%!"@,(A,+? $% '$(&!:*$+%,, (&!*;3"+? / '!,&5*,/; )$3O*$ (9'$3*7%?+7 *&!"(&*+%($  
 

 )Zsin8(Y9h ,  (6) 
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 !" h – #$%&'#$()*+, -$.#"- *"/!*/-/!*/&0' /&*/1$*'2; 3 – 4 /( 5$!"*'2 '.(46$"#+7 

1/(*; 8 – !('*$ '.(46$"#+7 1/(*. 

9(2 !'$5$./*$ &$*0'#"0-/1+7 1/(*, 5-' !('*" 1/(*+ 8 = 1,25 &#, ' 3 = 45°,  

h !/(:"* ;+0) *" #"*"" 2 ##, 60/ 1+5/(*2"0&2 !(2 /!*/-/!*/ / <";"*/6*/ / ;$(($&0$. 

9(2 54*%0$ ;) 4&(/1'" (6) 11'!4 /&/;"**/&0", %/*&0-4%=', 1$ /*/1, '7  ($!%/, 

5/1"-7*/&0', &(/:*/ 1+5/(*'#/. >/?0/#4 !(2 5/(46"*'2 &%/-/&0"#"-/# &' *$($, /0-

-$:"**/ / /0 1$ /*$, '.#"-'0"() !/(:"* /;(46$0) " / 5/ 1&", !('*" (-'&. 2). >-/02-

:@**/&0) ' *"-$1*/#"-*/&0) /;(46$"#/, 5/1"-7*/&0' 1$ /*$ 5-'1/!'0 % A(4%04$0$='' 

/0-$:@**/ / &' *$($, 4#"*)B'0) 1('2*'" %/0/-/, #/:*/  5-$1'()*/, 4&0$*/1%/, ' 

*$&0-/,%/, &%/-/&0"#"-$. 
 

 
 

C'&. 2. D7"#$ &0$='/*$-*/ / -$.#"<"*'2 9ED 

 

>-' 4&0$*/1%" '.#"-'0"(2 1 %/("" :"(".*/!/-/:*/ / 540' 1 4-$1*"*'' (3)  

cos3 F1, !/5("-/1&%', &!1'  6$&0/0+ #$%&'#$("*. G!*$%/ 1 ?0/# &(46$" &4<"&01"**/ 

4&(/:*2H0&2 4&(/1'2 ?%&5(4$0$='' 9ED. 9(2 /;"&5"6"*'2 !('*+ 46$&0%$ '.#"-"*'2 L'4 

1 5-"!"($7 25…30 # *"/;7/!'#/ '#"0) 4 /( I = 6…10°, 5-' ?0/#  ($1*+, 4 /( '.(46"-

*'2 $*0"**+ 5/ /0*/B"*'H % *$5-$1("*'H !1':"*'2 3 = 5…8°, $ -$&&0/2*'" #":!4 #"-

&0/# 4&0$*/1%' '.#"-'0"(2 ' /&)H :"(".*/!/-/:*/ / 540' L= 2,2…2,4 # [14]. J ?0/# 

&(46$" -$&&0/2*'" /0*/&$ '.#"-'0"(2 /0 ;(':*",  -$*'=+ '.#"-'0"()*/ / 46$&0%$ ("-

:'0 1 5-"!"($7 10 # < L#'*< 16 #. K"/;7/!'#/ &/;(H!$0) 4&(/1'" #'*'49 LLL  ! ,  !" L9 – 

#$%&'#$()*$2 !$()*/&0) -$;/0+ &%/-/&0"#"-$, L'4 – !('*$ '.#"-'0"()*/ / 46$&0%$. 

 !"#$!. J$:*",B", &0$0'&0'6"&%/, 7$-$%0"-'&0'%/, /0-$:"**/ / &' *$($ 21-

(2"0&2 &5"%0- !/5("-/1&%/ / &' *$($. >/ /="*%" 02:"&0' !/5("-/1&%/ / &5"%0-$ 1 0"#-

5" 5/&045("*'2 &' *$($ !$"0&2 /="*%$ &-"!*", 6$&0/0+ -$!'/&' *$($.  

L'-'*$ &5"%0-$ !/5("-/1&%'7 6$&0/0 .$1'&'0 *" 0/()%/ /0 '.#"*"*'2 4 ($ '.(4-

6"*'2 $*0"**+ /0*/&'0"()*/ " / /&*/1*/ / .*$6"*'2, */ ' /0 '*0"-1$($ %/--"(2='' M%, 

7$-$%0"-'.4H<" / &%/-/&0) '.#"*"*'2 &(46$,*/ / 5-/="&&$ 1/ 1-"#"*' [15],  
 

 %M1"#F ,    (7) 
 

' /0 4&%/-"*'2 !1':"*'2 5/!1':*/ / /;N"%0$  
 

 8M2 '.#raF "# ,  (8) 
 

 !"  r – -$!'$()*/" 4&%/-"*'" /;N"%0$; M'.# – '*0"-1$( '.#"-"*'2; 8 – !('*$ 1/(*+.  

C$&B'-"*'" &5"%0-$ !/5("-/1&%/ / &' *$($ 1('2"0 *$ 1"('6'*4 5/0"*='$()*/, 

&-"!*"%1$!-$0'6"&%/, 5/ -"B*/&0' '.#"-"*'2  -$!'$()*/,  &%/-/&0' /;N"%0$ [15]: 
 

 )/22/(8)(O 0>GP NEFV cr #" ,   (9) 
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 !" QF – B'-'*$ &5"%0-$ &' *$($ !/5("-/1&%/, 6$&0/0+; 0/2 NEc  – /0*/B"*'" &' -

*$(-B4# 5/ *$5-2:"*'H. 

J$-'$*0/# -"B"*'2 5-/;("#+ &0$;'()*/&0' &' *$($, &12.$**/, & '.#"*"*'"# /0-

-$:$0"()*/, &5/&/;*/&0' -$.('6*+7 /&*/1$*',, 21(2"0&2 &5/&/; /="*%' &' *$($ 5/ 

0/6%$# 5"-"&"6"*'2. P$%, 0/6*/&0) '.#"-"*'2 &%/-/&0' -$!$-*+#' !/5("-/1&%'#' 4&0-

-/,&01$#' DRS05 (DEUTA, R"-#$*'2) &/&0$1(2"0 0,5 %, 5-' *$('6'' 4&%/-"*'2 1#/&
2
 

5/ -"B*/&0) '.#"-"*'2 &%/-/&0' &/&0$1(2"0 0,65 %#/6 [12]. 

P$%'# /;-$./#, !/5("-/1&%'" '.#"-'0"(' &%/-/&0' 5/.1/(2H0, 5/ &-$1*"*'H & 

/!/#"0-'6"&%'#' &%/-/&0"#"-$#', /&4<"&01(20) ;"&%/*0$%0*/" '.#"-"*'" &%/-/&0' 

!1':"*'2 5/".!$  /-$.!/ & ;/("" 1+&/%/, 0/6*/&0)H ' '#"H0 '*/, &5"%0- /B';/% '.-

#"-"*',. >/&("!*"" 5/.1/(2"0 1+5/(*'0) %/#5("%&'-/1$*'" -".4()0$0/1 '.#"-"*', 

!/5("-/1&%'7, /!/#"0-'6"&%'7, $?-/!'*$#'6"&%'7 ' '*"-='$()*+7  '.#"-'0"(",, ', 

0"# &$#+#, 5/1+&'0) 0/6*/&0), *"5-"-+1*/&0) ' 4&0/,6'1/&0) &' *$($ &%/-/&0' 1 &'&-

0"#" 45-$1("*'2 (/%/#/0'1/#. 
 

D5'&/% ('0"-$04-+ 
 

1. S$-H7*"*%/ J. D. D'&0"#*+, $*$('. *$1' $='/**/ / /;"&5"6"*'2 5/!1':*+7 0-$*&-

5/-0*+7 /;N"%0/1: #/*/ -$A'2; 5/! -"!. !--$ 0"7*. *$4%, 5-/A. T. U. S47/5$!$ – E-%40&%: 

E.!-1/ E-RPV, 2008. – 80 &. 

2. S$-H7*"*%/ J. D. E*A/-#$='/**+, $*$('. *$1' $='/**/ / /;"&5"6"*'2 45-$1(2H<'7 

&'&0"# 5/!1':*+7 0-$*&5/-0*+7 /;N"%0/1: #/*/ -$A'2; – E-%40&%: E.!-1/ E-RV>D, 2009. – 112 &. 

3. E*A/-#$='/**/" /;"&5"6"*'" 5/!1':*+7 0-$*&5/-0*+7 &-"!&01 *$ /&*/1" '*0" -'-

-/1$**+7 *$1' $='/**+7 &'&0"#: #/*/ -$A'2 / J. D. S$-H7*"*%/, T.U. S47/5$!, J. J. 9"#)-

2*/1, W. S. S'-/*/1; 5/! -"!. !--$ 0"7*. *$4%, 5-/A. J. D. S$-H7*"*%/. – K/1/&';'-&%: K$4%$, 

2014. – 256 &. 

4. X/.H%/1 Y. E. Z/%/#/0'1*+, &%/-/&0"#"-. E*A/-#$='/**$2 &'&0"#$ [[("%0-/**+, 

-"&4-&]. – C":'# !/&045$: www.ielectro.ru. 

5. V&0-/,&01/ XZVW-V. C4%/1/!&01/ 5/ ?%&5(4$0$=''. \$&0) 5"-1$2. 36991-00-00 C[. – 

E:"1&%: E.!-1/ EC], 2014. – 264 &. 

6. >-$1'($ 0"7*'6"&%/, ?%&5(4$0$='' :"(".*+7 !/-/  C/&&',&%/, U"!"-$='': 401. >-'-

%$./# S'*0-$*&$ C/&&'' /0 21.12.2010  . N 286. – S.: GGG «P-$*&'*A/ ZP9», 2011. – 256 &. 

7. >-'%$. /; 4&0$*/1("*'' *$';/()B'7 !/54&%$"#+7 &%/-/&0", !1':"*'2 5/".!/1 ' 

/!'*/6*+7 (/%/#/0'1/1 5/  ($1*+# ' 5-'"#//05-$1/6*+# 5402#. >-'%$. /0 30.09.2014  . 

N ]$;9E-310/(. – \'0$, 2014. 

8. http://setinf.kirov.ru/news/2015/02/12/27891 

9. U-$*%A4-0 V. K., U-"*% Y. S. G50'%$ !1':4<'7&2 0"(. – S.: K$4%$, 1972. – 212 &. 

10. L'-/%/1 T. U. G&*/1+ 0"/-'' -$!'/(/%$='/**+7 &'&0"#: ?("%0-/*. 46e;. 5/&/;'" / 

T. U. L'-/%/1 ; S'*/;-*$4%' C/&&'' ; D$#$-.  /&. $?-/%/&#. 4*-0 '#. D. >. X/-/("1$ (*$=. 

'&&("!. 4*-0). – [("%0-/*. 0"%&0/1+" '  -$A. !$*. – D$#$-$, 2012. 

11. C$!'/0"7*'6"&%'" &'&0"#+: 46";. !(2 14./1 5/ &5"=. «C$!'/0"7*'%$» / T. >. R-'-

B'*, J. >. E5$0/1, T. S. X$.$-'*/1, T. Y. X/(/#"*&%',, T. 9. V()2*'=%', ; 5/! -"!. T. S. X$-

.$-'*/1$. – S.: J+&B. B%., 1990. – 496 &. 

12. Hilger G. Glasers Annalen. – 1998. – N 9/10. – S. 533–541. 

13. R$1-'("*%/ J. R., ^B*/1 J. Y. >"-"!$6$ '*A/-#$='' 5/ ;"&5-/1/!*+# &"02# 1 4&-

(/1'27 5"-"&"6"**/, #"&0*/&0': 46";.-#"0/!. #$0"-'$( 5/ 5-/ -$##" 5/1+B"*'2 %1$('A'%$-

='' «K/1+" 5/!7/!+ % 5-/;("#$#  "*"-$='', /;-$;/0%', 5"-"!$6', 7-$*"*'2, .$<'0+ '*A/--

#$='' ' '7 5-'#"*"*'2». – K':*', K/1 /-/!, 2007. – 112 &.  

14. L"(47'* J. E. Y10/#$0'.$='2 ' #"7$*'.$='2 &/-0'-/1/6*+7  /-/%: 46";*'% !(2 

0"7*'%4#/1 ' %/(("!:", :.-!. 0-$*&5/-0$. – S.: S$-B-40, 2005. – 240 &. 

15. U'*%"()B0",* S. E. G&*/1+ -$!'/(/%$='': 46";. 5/&/;'" !(2 14./1. – S: C$!'/ ' 

&12.), 1983. – 536 &.  
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%&'()*+,  (-.%)/01.*2     /3&( *24  5(,14  «%.'1&-64(» 

 

X. Y. _($ '*$ 
 

!"! «#$! #%%%$-#&'(» 

630015, ). #*+*,'-'.,/, 01. $1 2342 5, 32 
E-mail: ksenia_elagina@mail.ru 

 
S"0/!$#' #$0"#$0'6"&%/ / #/!"('-/1$*'2 &-$1*'1$"0&2 ?AA"%0'1*/&0) $( /-'0#/1 /;*$-4:"*'2 1 4&(/1'-

27 5/#"7 «$* "(-?7/». >-"!($ $"0&2 $( /-'0# *"%/ "-"*0*/ / *$%/5("*'2 & 6$&0/0*+# 5/-/ /# 5-' /;-$;/0%" &' -

*$(/1 1 2-7 (46$7 ' 1 3-7 (46$7. >/%$.$*/, 60/ 5-' ?0/#  #/:*/ -$&B'-'0) 1"-/20*/&0*/-6$&0/0*4H 7$-$%0"-'&0'%4, 

5-' ?0/# 5/0"-' /;*$-4:"*'2 1+&/%/&%/-/&0*+7 ="(", /0&40&014H0, &/7-$*2"0&2 6'&(/ (/:*+7 0-"1/  1 ./*" /;./-$. 

 

 !"#"$%" 

CZD /;./-$ -$;/0$H0 1 4&(/1'27 -$.*/ / 0'5$ 5/#"7. G!*'# '. 0$%'7 0'5/1 21-

(2H0&2 /0-$:"*'2 /0 /50'6"&%' *"*$;(H!$"#+7 /;N"%0/1 – «$* "(/1». J ('0"-$04-" 

[1] % *'# /0*/&20 /0-$:"*'2 /0 /;N@#*/--$&5-"!"(@**+7 /;N"%0/1: !'?("%0-'6"&%'7 

*"/!*/-/!*/&0", ' 04-;4("*0*/&0", $0#/&A"-+, &0$, 50'= ' !-. [7/-&' *$(+ /0 0$%'7 

/;N"%0/1 21(2H0&2 5/#"7$#' 5/ /0*/B"*'H % CZD, 5-' ?0/#  5-' '7 ;/()B/# %/('6"-

&01"  '#""0 #"&0/ 5/(*$2 5/0"-2 -$;/0/&5/&/;*/&0' CZD '.-.$ 5-"1+B"*'2 6'&($ /0-

#"0/% 5-/54&%*/, &5/&/;*/&0' (/%$0/-$, 60/ *"-"!%/ 1/.*'%$"0 1 4&(/1'27 5(/7/, 5/-

 /!+. G!*$%/ «$* "(-?7/» #/ 40 *$;(H!$0)&2 ' 1 4&(/1'27 «2&*/ / *";$». J *$&0/2<"" 

1-"#2 5-'#"*2"0&2 -2! $( /-'0#/1 /;*$-4:"*'2 1 4&(/1'27 5/#"7 0$%/ / 0'5$, *$5-'-

#"-, -$.*/&0*/-1-"#"**+" $( /-'0#+ (CJ \>X), *"%/ "-"*0*/" *$%/5("*'" 5$6%' '#-

54()&/1 & 6$&0/0*+# 5/-/ /# (KK-\>) [2, 3]. G!*$%/ /*' '#"H0 *"!/&0$0%', .$%(H-

6$H<'"&2 1 &*':"*'' 7$-$%0"-'&0'% /;*$-4:"*'2 #$(/&%/-/&0*+7 ="(",. 9$**+" 

5-'#"-+ 5/!01"-:!$H0 -$.*4H 5-'-/!4 /0-$:"*', 0$%/ / 0'5$, '7 &(/:*/&0), *"-

5-"!&%$.4"#/&0), $ 0$%:" 1$:*/&0) '7 &1/"1-"#"**/, &"("%=''. >/?0/#4 .$!$6$ -$.-$-

;/0%' $( /-'0#/1 /;*$-4:"*'2 *$ A/*" 5/#"7 0'5$ «$* "(-?7/» 1 *$&0/2<"" 1-"#2 1&@ 

"<@ $%04$()*$. 

63178 -$;/0+ 21(2"0&2 -$.-$;/0%$ $( /-'0#$ /;*$-4:"*'2 -$!'/&' *$(/1, 5/-

.1/(2H<" / -$&B'-'0) !'$5$./* &%/-/&0", /;*$-4:"**+7 ="(", 1 4&(/1'27 5/#"7 0'-

5$ «$* "(-?7/». 

&'$(!$() *"+,-./0/ 

E. ('0"-$04-+ '.1"&0*+ &("!4H<'" $( /-'0#+ .$<'0+ /0 «$* "(/1»: *"%/ "-

-"*0*+, *$%/5'0"() & 6$&0/0*+# 5/-/ /# (KK-\>), -$.*/&0*/-1-"#"**+" $( /-'0#+ 

(CJ \>X). >-' '7 5-'#"*"*'' /;"&5"6'1$"0&2 /;*$-4:"*'" ="(", 1  !'$5$./*" '*0"-

-"&4H<'7 6$&0/0 9/5("-$ !/ 
dT

1
R= 5-' 1/;4(2='' ('.#"*"*'') 5"-'/!$ 5/10/-"*'2 

'#54()&/1 dT . K"!/&0$0%' !$**+7 $( /-'0#/1 .$%(H6$H0&2 1 &("!4H<"#. [AA"%0'1-

*/&0) $( /-'0#$ KK-\> /6"*) &'()*/ .$1'&'0 /0 1"('6'*+ 1+;-$**/ / 6$&0/0*/ / 5/-

-/ $. Y( /-'0# CJ \>X &/%-$<$"0 !'$5$./* &%/-/&0", ="(",, 60/ *":"($0"()*/. >/-

?0/#4 5-"!($ $"0&2 $( /-'0# *"%/ "-"*0*/ / *$%/5("*'2 5$6"% '#54()&/1 & 6$&0/0*+# 

5/-/ /# 1 2-7 (46$7 ('(' *$%/5("*'2 5$6"% '#54()&/1, '.(46@**+7 1 /!*/# *$5-$1("-

*'' !1$ -$.$), /&*/1$**+, *$ 5-"!5/(/:"*'' /0*/&'0"()*/ / 5/&0/2*&01$ #/!4(2  

(' .*$%$) !/5("-/1&%/, 6$&0/0+ ?7/-&' *$(/1  ="(", 1 &#":*+7 (46$7 (1 /!*/# *$5-$1-

("*''). 

11-23 

J ('0"-$04-" [2, 3] /!*'# '. 1/.#/:*+7 &5/&/;/1 ;/-);+ & «$* "(-?7/» 21(2"0&2 

5-'#"*"*'" $( /-'0#$ KK-\>. >-'*='5 -$;/0+ !$**/ / $( /-'0#$ /&*/1+1$"0&2 *$ 

1$:*/# /0('6'0"()*/# 5-'.*$%" ?7/-&' *$(/1 /0 /50'6"&%' *"*$;(H!$"#+7 /;N"%0/1 



 $02.3(«4,-.!1$5&.6$70.$(7.71$%'»(

41 

' #"&0*+7 5-"!#"0/1 (S>) – 1"('6'*" &%/-/&0' !1':"*'2. X$% 5-$1'(/, &%/-/&0) !1'-

:"*'2 0$%'7 /;N"%0/1 *" 5-"1+B$"0 #$%&'#$()*4H &%/-/&0) 1"0-$. J &//01"0&01'' & 

5-'1/!'#+# $( /-'0#/# /;*$-4:"*'2 % &%/-/&0*+# /;N"%0$# /0*/&20 ?7/-&' *$(+, 

"&(' -".4()0$0 *"%/ "-"*0*/ / *$%/5("*'2 5$6%' '#54()&/1 5-"1+B$"0 5/-/  /;*$-4-

:"*'2, $ 0$%:" #/!4() /="*%' 6$&0/0+ 9/5("-$ 5-"1+B$"0 6$&0/0*+, 5/-/ : 
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 – /="*%' -$.*/&0", A$. ?7/-&' *$(/1 1/ 2-# ' 1-# 5"-'/!$7 

' 1 3-# ' 2-# 5"-'/!$7; 
* +* +

dT

e
F

j
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-2

arg 12
  

 
 – /="*%$ 6$&0/0+ 9/5("-$; fCC,  – $#5('-

04!*+, ' 6$&0/0*+, 5/-/ '. 

9(2 /;"&5"6"*'2 5/&0/2*&01$ 6'&($ (/:*+7 /;*$-4:"*', 6$&0/0*+, 5/-/  1+;'-

-$"0&2 !/&0$0/6*/ 1+&/%'#, 60/ 5/.1/(2"0 $( /-'0#4 /;*$-4:"*'2 (1) ?AA"%0'1*/ ;/-

-/0)&2 & 5/#"7$#', */ 5-' ?0/# '#"H0 #"&0/ 5/0"-' /;*$-4:"*'2 #$(/&%/-/&0*+7 ="-

(",. 9-4 '# /;&0/20"()&01/#, &*':$H<'# ?AA"%0'1*/&0) -$;/0+ (1), 21(2"0&2 0/0 

A$%0, 60/ 1+;/- 6$&0/0*/ / 5/-/ $ .$1'&'0 /0 B'-'*+ ' A/-#+ &5"%0-$ #":!45"-'/!-

*+7 A(4%04$=', 5/#"7. J -".4()0$0" /0 1"('6'*+ 6$&0/0*/ / 5/-/ $ .$1'&'0 A/-#$ ' 

B'-'*$ 1"-/20*/&0*/-6$&0/0*/, 7$-$%0"-'&0'%' (J\`) 1 ./*" &%/-/&0*+7 /;N"%0/1. J 

[2] 5-"!($ $"0&2 #"7$*'.# $!$50$='' 1"('6'*+ 6$&0/0*/ / 5/-/ $ /0 5/ /!*+7 4&(/-

1', 5/ 6'&(4 /0#"0/% 1 ./*" /;./-$. 9(2 ?0/ / '&5/().4H0 *"&%/()%/ /;./-/1, 5-' ?0/# 

#'*'#$()*/ 1/.#/:*/" .*$6"*'" 6$&0/0*/ / 5/-/ $, &//01"0&014H<"" 5/ /!*/, /;-

&0$*/1%",  $-$*0'-4"0 #$%&'#$()*/ B'-/%4H J\`. 

11 ' 23 ! #!,4 -,504 

9(2 5/1+B"*'2 ?AA"%0'1*/&0' (1) 5-"!($ $"0&2 $( /-'0# *"%/ "-"*0*/ / *$%/5-

("*'2 5$6"% '#54()&/1 & 6$&0/0*+# 5/-/ /# 1 2-7 (46$7: 
 

 

0

11
,1 ***

1

2

*

1

1 21 fdfd

n

i

i

n

i

i

out

CFCFCU
n

CU
nZ

$$$%$%
& ''

&&

 
!

 
!!

,   (2) 

 

 !" iU1 , iU2  – /0&6@0+ 5'%$ / ';$H<", /0%('%$ DU 1 i-# 5"-'/!" 5$6%' 1 1-# ' 2-# 

(46$7, ni ...1& . 

J &//01"0&01'' & 5-"!($ $"#+# $( /-'0#/# 5$6%4 '. n  '#54()&/1 (1 !$**/# 

&(46$" '. 3-7) & /!*'# 5$-$#"0-/# 1/;4(2='', '.(46@**4H 1 m &#":*+7 (46$7 (1 2-7), 

/;-$;$0+1$H0 5/ $( /-'0#4 KK-\>, 1 &//01"0&01'' & %/0/-+# /;N"!'*2H0 5/ (/ '6"-

&%/#4 «E» 1+7/!+ 5/-/ /1+7 4&0-/,&01 *"%/ "-"*0*+7 *$%/5'0"(", 5$6"% '#54()&/1 

1 %$:!/# (46", $ 0$%:" 1+7/!+ 5/-/ /1+7 4&0-/,&01 1 6$&0/0*+7 %$*$($7. [0/ !/(:*/ 

5/.1/('0) 5/*'.'0) 6$&0/0*+, 5/-/  
*

fC , 0"# &$#+# -$&B'-'0) J\`. J &//01"0&01'' 

& 5-"!($ $"#+# $( /-'0#/# &' *$( !/(:"* /;*$-4:'1$0)&2 1 &#":*+7 (46$7 CZD.  

J /&*/14 (2) 5/(/:"* 0/0 A$%0, 60/ 1 &(46$" 5-'*$!(":*/&0' /;N"%0$ % %($&&4 !1':4-

<'7&2 &%/-/&0*+7 ="(", A(4%04$='' ?7/-&' *$($ 1 &#":*+7 (46$7 ('(' 1 /!*/# *$-



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

42 

5-$1("*'' 6"-". 1-"#"**/, '*0"-1$() *".*$6'0"()*+, 60/ *"().2 &%$.$0) / 7$-$%0"-'-

&0'%$7 «$* "(-?7/» 1 &#":*+7 (46$7 CZD '.-.$ '7 &0$0'&0'6"&%/, 5-'-/!+ 1/.*'%*/-

1"*'2.  

6(#"-. '%7$0-(! 

9(2 #/!"('-/1$*'2 ;+(' &/&0$1("*+ &0$0'&0'6"&%'" #/!"(' &' *$(/1 ' 5/#"7. 

>-' ?0/# 46'0+1$(/&) *$('6'" #":!45"-'/!*+7 A(4%04$=', ?7/-&' *$(/1. >-'#"-+ 

5-'1"!@# !(2 &(46$2 '.(46"*'2 1 2-7 &#":*+7 4 (/1+7 *$5-$1("*'27 5$6%' '. 3-7 '#-

54()&/1 & '*0"-1$(/# #":!4 ./*!'-/1$*'2#', -$1*+# 3-# !('0"()*/&02# 5$6%', 0. ". 

)3(3 T%%  (T – /&*/1*/, 5"-'/! 5/10/-"*'2 '#54()&/1 CZD). 

D' *$(+ «$* "(-?7/» ' ="(", *$ 1+7/!" DU #/!"('-/1$('&)  $4&&/1&%'# 1"%0/-

-/# 9kX  & *4("1+# &-"!*'# .*$6"*'"# ( )( 9kXM =0) ' %/--"(2='/**/, #$0-'=", ) , 1 

k-# 5"-'/!" 5$6%' ' m-(46" ?7/-&' *$(+ '#"(' 1'!: 
 

* +

* + ,...1,...1,,),(

,...1,,

,...1,...1,

55

*

55

*

)1(3

nRtnRkWWXXM

nRkWPXXX

RmnkXX

nnxRR99t9k

kk9kkk9

mk9km

%&%&)&%) )&)%&)

%&%%& &

&&&

%%

,% 

..  

 

-$&&0$*/1%$ '#54()&/1 !(2 A/-#'-/1$*'2 XS & 46@0/# 1-"#"**+7 .$!"-:"% 5-'#"*2-

($&) &("!4H<$2: 
 

/
/
0

1

2
2
3

4
 %% & dTTTTdTTTTp )3(3 , 

 

9k. , k.  – *".$1'&'#+"  $4&&/1&%'" 1"%0/-+ &/;&01"**+7 B4#/1 %$*$(/1 5-'@#$ ' 

«1/.;4:!"*'2» & *4("1+# &-"!*'# .*$6"*'"# ' "!'*'6*/, %/--"(2='/**/, #$0-'=", 

MI ; n = 3 – 6'&(/ '#54()&/1 1 5$6%"; R = 2 – 6'&(/ &#":*+7 (46",; 55) , 9) – %/--"-

(2='/**+" #$0-'=+ 5$&&'1*/, 5/#"7' ' B4#$; (  – .*$% ?-#'0/1$ &/5-2:"*'2 (%/#-

5("%&*/ / &/5-2:"*'2 ' 0-$*&5/*'-/1$*'2); : – /5"-$='2 &0$0'&0'6"&%/ / 4&-"!*"*'2. 

8"+,-./0/9 :(#"-%*(!0$%; 

9(2 -$&6@0$ 6$&0/0*+7 5/-/ /1 5-'#"*2('&) !1" #/!"('. J 5"-1/# &(46$" 6$&-

0/0*+" 5/-/ ' f;  ' 
*
f; ;+(' 5/(46"*+ 1 5-"!5/(/:"*'' / 0/#, 60/ 1"-/20*/&0) /;*$-

-4:"*'2 «$* "($» 1 $( /-'0#$7 (1) ' (2) *" 5-"1+B$"0 10
–2

 5-' #/<*/&0' 5/#"7' !/ 30 

!W *$ A/*" B4#$. J/ 10/-/# &(46$" 6$&0/0*+, 5/-/  .$1'&"( /0 #/<*/&0' &' *$($. 

>/-/ ' /;*$-4:"*'2 C  ' 
*;  /="*'1$('&) *$ #/!"(' 1 7/!" &0$0'&0'6"&%/ / ?%&5"-'-

#"*0$ !(2 1"-/20*/&0' (/:*/, 0-"1/ ' 5/ B4#$#, -$1*/, 10
–6

. G&*/1*/, 5"-'/! 5/-

10/-"*'2 '#54()&/1 CZD -$1*2(&2 1 #&, #$%&'#$()*$2 6$&0/0$ 9/5("-$ «$* "(-?7/» 

-$1*2($&) 1000 R= (!(2 *"&4<", 6$&0/0+ CZD 9103 %  R=) 

K$ -'&. 1 !(2 10/-/, #/!"(' 5/%$.$*+ .$1'&'#/&0' 1"('6'*+ \> ( dT = 40 #%&) 

$( /-'0#/1 (1) (LCM) ' (2) (LCM 2rayon) /0 #/<*/&0' «$* "($» !(2 !-/;*/-

-$='/*$()*/ / &5"%0-$ #":!45"-'/!*+7 A(4%04$=', & B'-'*/, 10, 40, 90 R=, $ 0$%:" 

!(2 KK & \> 1 3-7 (46$7 (LCM 3rayon): 
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C'&. 1. \$&0/0*+, 5/-/  

 

E. -'&. 1 1'!*/, 60/ 1"('6'*$ \> 1 (2) #"*"" .$1'&'0 /0 B'-'*+ &5"%0-$ #":!4-

5"-'/!*+7 A(4%04$=',, 6"# \> 1 (1). \> KK Z\S &' *$($ 1 /!*/# (46" /6"*) &'()*/ 

.$1'&'0 /0 5$-$#"0-/1 «$* "(/1». V1"('6"*'" 6'&($ /;-$;$0+1$"#+7 (46", 1 (2) !/ 3-7 

5/.1/(2"0 !/;'0)&2 5-$%0'6"&%/, *".$1'&'#/&0' \> /0 B'-'*+ &5"%0-$, 60/ 1'!*/ '. 

-'&. 1.  

>-"!($ $"0&2 &("!4H<$2 #"0/!'%$ $!$50$='' \>. C$&&6'0$**+" !(2 #$%&'#$()*/ 

1/.#/:*/, B'-'*+ &5"%0-$ «$* "($» ' -$.*+7 .*$6"*', #/<*/&0' &' *$($ \> & B$-

 /# 1 !W .$5'&+1$H0&2 1 >]V. J /6"-"!*/# /5+0" 5-' -$;/0" #/!"(' /="*'1$"0&2 

#/<*/&0) &' *$($, !(2 !$**/ / .*$6"*'2 #/<*/&0' '. >]V '.1("%$"0&2 \>. S/<*/&0) 

B4#$ 5-'*'#$"0&2 -$1*/, 1. 

K$ -'&. 2 5/%$.$*+ 1"-/20*/&0*/-6$&0/0*+" 7$-$%0"-'&0'%' (J\`) $( /-'0#/1 

(1) (NN + Cf Const) ' (2) (NN 2rayon+ Cf  Const) !(2 &(46$2 *"$!$50'1*/ / \> ( f; =  

= 6162, 
*
f;  = 4311 R=) ' $!$50'1*/ / /0 #/<*/&0' \> ( f; = 4619, 

*
f;  = 1973 R=)  

(NN + Cf, NN 2rayon + Cf) !(2 &' *$(/1 #/<*/&0)H 30 !W, dT = 40 #%&, B'-'*$ !-/;-

*/--$='/*$()*/ / &5"%0-$ #":!45"-'/!*+7 A(4%04$=', 05f  «$* "($» – &(46$,*$2 1"-

('6'*$ & -$1*/#"-*+# -$&5-"!"("*'"# 1 '*0"-1$(" 0…40 R=, ="(' – 2 R=. L'-'*$ 

&5"%0-$ «$* "($» 40 R= 1+;-$*$ %$% *$';/("" 7$-$%0"-*$2 !(2 5-$%0'%'. 9(2 ;/("" B'-

-/%/ / &5"%0-$ 90 R= (-"!%$2 !(2 5-$%0'%' &'04$='2) !(2 &0$;'('.$='' 6'&($ (/:*+7 

0-"1/  0-";4"0&2 '&5/()./1$*'" /;-$;/0%' 5/ 3-# (46$#, $ !(2 /!*/(46"1/, /;-$;/0%' – 

5/1+B"*'" \>. 

C$&B'-"*'" J\` $( /-'0#$ (2) ' (3) .$ &6@0 5/*':"*'2 6$&0/0*+7 5/-/ /1 /="-

*'1$(/&) /0*/&'0"()*/ J\` $( /-'0#$ (1) 5/ 4-/1*H 0,5. E. -'&. 2 1'!*/, 60/ 4 $( /-

-'0#$ (2) ' (3) 5-' 0/, :" &0"5"*' .$<'0+ /0 «$* "(/1» /;"&5"6'1$"0&2 ;/()B$2 1'!'-

#/&0) #$(/&%/-/&0*+7 ="(",, 0.%. J\` $( /-'0#$ (2) /0*/&'0"()*/ J\` $( /-'0#$ (1) 

!(2 *"$!$50'1*/ / \> -$&B'-"*$ 1 /;($&0) #$(/&%/-/&0*+7 ="(", *$ 1487 R=, J\` 

$( /-'0#$ (3) -$&B'-"*$ *$ 2352 R=, !(2 $!$50'1*/ / /0 #/<*/&0' \> -$&B'-"*'" 

J\` (2) ' (3) /0*/&'0"()*/ J\` (1) &/&0$1'(/ 2518 R=. J/ 1&"7 &(46$27 /0&40&014H0 
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 !"#$% !&'($)*#'%+ ,-!$!,"'./ 0#1#2. 3 /!4# 5!4#1%$!6('%+ &.1! 6.+,'#'!, 7"!, 

 $%5#'++ (4( "(0%8 9: !" 5!;'!,"%, 5!*'! $(,<%$%"= 39> (1) !"'!,%"#1='! 39> 

(1) &#? (4( "(0%% 9: '( 700…1400 @0, 39> (2) '( 1000…2500 @0, 39> (3) '( 

800…1600 @0  $% %?5#'#'%% 5!;'!,"% !" 10 4! 30 4A. 

 

 
B%,. 2. 3#$!+"'!,"'!-7(,"!"'.# /($(-"#$%,"%-% 

 

 !"#$! 

1. :$#41(C(#5.2 (1C!$%"5 DD-9: 6 2-/ 1)7(/  !?6!1+#" !&'($)*%6("= $(?'!,-!-

$!,"'.# 46%*);%#,+ !&E#-". ?( ,7F" &!1## '%?-!C! 9:  ! ,$(6'#'%8 , (1C!$%"5!5 

DD-9: 6 !4'!5 1)7#,  $% G"!5  !"#$% !&'($)*#'%+ 6.,!-!,-!$!,"'./ !&E#-"!6 !"-

,)","6)8", ( "(-*# ,!/$('+#",+ 6#$!+"'!,"= 1!*'./ "$#6!C !" «('C#1!6» 6 ?!'# !&?!$( 

 $% <%$%'# , #-"$( «('C#1(» 4! 40 @0. 

2. :$%5#'#'%# DD 6 3-/ 1)7(/  !?6!1+#" 4! !1'%"#1='!  !'%?%"= 9: % 4!&%"=,+ 

#C!  $(-"%7#,-!2 '#?(6%,%5!,"% !" <%$%'. , #-"$( 5#*4) #$%!4'./ H1)-")(0%2. 

3. :$#41!*#''.2 5#"!4 (4( "(0%% 9: !" 5!;'!,"% ,%C'(1(  $%6!4%" - 4! !1'%-

"#1='!5) $(,<%$#'%8 39> % &!1=<#2 6%4%5!,"% 5(1!,-!$!,"'./ 0#1#2. 

 
I %,!- 1%"#$(")$. 

 

1. I $(6!7'%-  ! $(4%!1!-(0%% /  !4 $#4. J. I-!1'%-(. K.1. – J.: I!6#",-!# $(4%!, 1979. – 

I. 256–259. 

2. L!?!6,-%2 M. N. O(;%"( BLI !&?!$( !" "!7#7'./  !5#/: 5!'!C$(H%+. – D!6!,%&%$,-: M?4-6! 

D@KP, 2014. – I.10. 
3. Q1(C%'( R. S., L!?!6,-%2 M. N. T&'($)*#'%# '#-!C#$#'"'!2  (7-% %5 )1=,!6 6 ),1!6%+/ 6!?-

4#2,"6%+ !"$(*#'%+ !" «('C#1!6» % '#,%'/$!''./ ,%C'(1!6 // VII 3,#$!,. '()7.- $(-". -!'H. «I!6$#5#'-

'.#  $!&1#5. ,!?4('%+ % G-, 1)("(0%% $(4%!"#/'%7#,-%/ ,%,"#5». – P1=+'!6,-, 2011. – I. 46–49. 
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 !"#$%$%"$  &"'%()*+  &   ")**,!(-%*.  /#  
 

@. O. S-,#1=$!4, R. S. Q1(C%'( 
 

 !  «"#  "$$$#-"%&'» 
630015,  (. ")*)+&,&-+., /0. #01234215, 32 

E-mail: ksenia_elagina@mail.ru 

 
:$#41(C(#",+  $%5#'#'%#  %1!!&$(?'!2 7(,"!"'!2 5!4)1+0%% 41+  !4(61#'%+ «('C#1!6» , !0#'-!2 7(,"!". 

U! 1#$( 6 !4'!%5 )1=,'!2  $!0#4)$#. J#"!4(5% 5("#5("%7#,-!C! 5!4#1%$!6('%+ ,$(6'%6(#",+ GHH#-"%6'!,"= 

'#-!C#$#'"'!C! '(-! %"#1+ ,%C'(1( ,  %1!!&$(?'!2 7(,"!"'!2 5!4)1+0%#2 % , 7(,"!"'.5  !$!C!5  % '#-!C#$#'"'!-

C! '(-! %"#1+ L9J ,%C'(1( , 7(,"!"'.5  !$!C!5. U('. $#-!5#'4(0%%  !  $%5#'#'%8 ,%C'(1!6  $#41(C(#5!C! 

"% (. 

 

 "%$%&'% 

3 $(4%!1!-(0%% 41+ ! $#4#1#'%+ ,-!$!,"% !&E#-"!6 !0#'%6(8" 7(,"!") U! 1#$(. 

T4'%5 %?  $%5#'+#5./ "% !6 ,%C'(1!6 +61+8",+ ,%C'(1. , !4'!?'(7'! ! $#4#1+#5!2 

4(1='!,"=8, ,1#4!6("#1='!, !4'!?'(7')8 !0#'-) 7(,"!". U! 1#$( 5!*'!  !1)7%"= '# 

5#'##, 7#5  ! "$F5 %5 )1=,(5, 7"! "$#&)#" 6$#5#''./ ?("$(". :!G"!5) (-")(1='!2 +6-

1+#",+ ?(4(7(  !1)7#'%+ %'H!$5(0%% ! ,-!$!,"% 46%*#'%+ ?( 5#'=<## 6$#5+. K(-)8 

6!?5!*'!,"= 4(F"  $%5#'#'%# ,%C'(1!6 ,  %1!!&$(?'!2 7(,"!"'!2 5!4)1+0%#2 (:9J) 

 $% !&$(&!"-#  !,1#4'%/ ,  !5!;=8 ! "%5(1='./ H%1="$!6 [1]. T4'%5 %? "% !6  !-

5#/, 6 ),1!6%+/ -!"!$./ H)'-0%!'%$)8" BLI, +61+8",+ !"$(*#'%+ !" ! "%7#,-% '#-

'(&184(#5./ !&E#-"!6 – «('C#1!6». 3 1%"#$(")$# [2] - '%5 !"'!,+" !"$(*#'%+ !" !&E-

F5'!-$(, $#4#1F''./ !&E#-"!6. :$%$!4( !"$(*#'%2 "(-!C! "% ( ,1!*'(. 3 '(,"!+;## 

6$#5+  $%5#'+#",+ $+4 (1C!$%"5!6 !&'($)*#'%+ 6 ),1!6%+/  !5#/ "(-!C! "% (, '( $%-

5#$, $(?'!,"'!-6$#5#''.# (1C!$%"5. (B3 9:R), '#-!C#$#'"'!# '(-! 1#'%#  (7-% %5-

 )1=,!6 , 7(,"!"'.5  !$!C!5 (DD-9:) [3,4]. VHH#-"%6'!,"= (1C!$%"5( DD-9: !7#'= 

,%1='! ?(6%,%" !" 6#1%7%'. 6.&$(''!C! 7(,"!"'!C!  !$!C(. S1C!$%"5 B3 9:R ,!-$(;(-

#" 4%( (?!' ,-!$!,"#2 0#1#2, 7"! '#*#1("#1='!. :!G"!5) ?(4(7( $(?$(&!"-% (1C!$%"5!6 

!&'($)*#'%+ '( H!'#  !5#/ "% ( «('C#1-G/!» 6 '(,"!+;## 6$#5+ 6,F #;F (-")(1='(. 

63078 $(&!". +61+#",+ %,,1#4!6('%# 6!?5!*'!,"%  !4(61#'%+ «('C#1!6» ,  !-

5!;=8 :9J ,%C'(1!6 6 !4'!%5 )1=,'!2  $!0#4)$#. 

()&#"&*+ ,*)-. 

O(-!' %?5#'#'%+ H(?. 41+ L9J ,%C'(1(: 
 

2( ) 2 ,d

pi W
F t t F t 

!
"

# " $ " " "  !%t , 

 

?(-!' %?5#'#'%+ H(?. :9J ,%C'(1(: 
 

2

2

2 , ;
/ 2 2

( )

2 2 , ,
/ 2 2 2 2 2

d

d d

pi W
t F t t

F t
pi W

t F t F t

" !
" $ " " " %

!
#

" ! ! ! !& ' & '" ( $ " " " ( $ " " " ) % !* + * +! , - , -

 

 

C4# W – 4#6%(0%+ 7(,"!".; !  – 41%"#1='!,"= ,%C'(1(; dF  – 7(,"!"( U! 1#$(. 

T4%' %? 6($%('"!6  !1)7#'%+ !4'!?'(7'!2 !0#'-% 7(,"!". U! 1#$( – !0#'-( 4!-

 1#$!6,-!2 7(,"!".  ! 5#*4) #$%!4'!2 $(?'!,"% H(?  ! (1C!$%"5) $(?'!,"'!-

6$#5#''!2 !0#'-% [3] dF
 

 41+  (7-% %? 3 %5 )1=,!6 , 6!&)1+0%#2 dT   #$%!4(  !6"!-

$#'%+ T : 
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C4# ),...,,( 321 xxx – -!5 1#-,'.# !",7F". !"-1%-( IN 6 3-/  #$%!4(/, $(,,"('!6-(  #-

$%!4!6 , )7F"!5 6!&)1+0%% ,1#4)8;(+: ),( dTTT 2 ; 1/"
 

je , 2/"
 

je – !0#'-% $(?'!,"#2 H(? 

G/!-,%C'(1!6 6! 2-5 % 1-5 % 3-5 % 2-5  #$%!4(/ ,!!"6#","6#''!; arg– ! #$(0%+  !1)7#-

'%+ H(?. -!5 1#-,'!C! 7%,1(. 

:$%5#'#'%# ,%C'(1!6 , :9J  !?6!1+#" ,4#1("= !0#'-) 4! 1#$!6,-!2 7(,"!". 41+ 

"!7#7'./ !&E#-"!6 6 !4'!%5 )1=,'!2  $!0#4)$#: 
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C4# ),( 12 pcmpcm xx – -!5 1#-,'.# !",7F"., !","!+;%# '( 2/!  % ,!!"6#","6)8;%#  %-(5 

!C%&(8;#2 !"-1%-( IN (7%,1! !"6!4!6 H%1="$( ,!!"6#","6)#" 41%"#1='!,"% 2/! ) '( 

:9J ,%C'(1; !  – 41%"#1='!,"= :9J ,%C'(1(. 

K(-%5 !&$(?!5, :9J ,%C'(1 5!*'! ,7%"("=  (7-!2 41%"#1='!,"=8 !  %? 2-/ 

«,1% <%/,+» L9J ,%C'(1!6 41%"#1='!,"=8 2/! . :$% !&$(&!"-# ,%C'(1( , :9J 6 IN, 

$(,,7%"(''!5 '( ,*("%# ,%C'(1( 41%"#1='!,"=8 2/!  % , 4#6%(0%#2 W , '( 6./!4# IN 

 !+61+#",+  ($( -!C#$#'"'./ ,*("./ %5 )1=,!6, $(?'#,F''./ '( 2/! , 7"!  !?6!1+#" 

!0#'%"= 7(,"!") U! 1#$( 6 !4'!%5 )1=,'!2  $!0#4)$#. 

:#$#24F5 -  !,"$!#'%8 !&'($)*%"#1#2 L9J % :9J ,%C'(1!6. 

/01#2'-3 44-56 $0+ 758 )'1&*0* 

A)4#5 %, !1=?!6("= '#-!C#$#'"'!# '(-! 1#'%#  (7-% [3, 4] %? 3-/ %5 )1=,!6 , 

!4'%5  ($(5#"$!5 6!&)1+0%%. B#<#'%# ! "!5, 7"! ,%C'(1  $%,)","6)#" 6 "#-);#2 4%,-

-$#"# 4(1='!,"% 6.'!,%",+ 6 "!5 ,1)7(#, #,1% $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+ 

 (7-% %? 3-/ %5 )1=,!6  $#6.<(#"  !$!C !&'($)*#'%+, 5!4)1= !0#'-% 7(,"!". U! 1#-

$(  $#6.<(#" 7(,"!"'.2  !$!C, ( "(-*# $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+ 6 "#-)-

;#2 4%,-$#"#  $#6.<(#" $#?)1="(". '#-!C#$#'"'!C! '(-! 1#'%+ 6 ,5#*'./ 4%,-$#"(/: 
 

 

0

),/1()()/1()(,1
)(

ddfd

out

ftZtZftZCFCtZ
tZ

25)(55
#

!
 

!
 (1) 

 

6
#

#

"#
3

1

)(
3

1
)(

n

i

itxtZ  – $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+  (7-% %? 3-/ %5 )1=,!6; 

fCC, – (5 1%")4'.2 % 7(,"!"'.2  !$!C%; df  – 7(,"!"( 4%,-$#"%?(0%%. 

/01#2'-3 44-56 $0+ 658 )'1&*0* 

S1C!$%"5 DD-9: :9J ,%C'(1( , )7F"!5  ! $#4#1#'%+ 6$#5#'%  $%/!4( ,%C'(1( 

 $%6#4F' '%*#. B#<#'%# ! "!5, 7"! ,%C'(1  $%,)","6)#" 6 "#-);#2 4%,-$#"# 4(1='!,"% 

6.'!,%",+ 6 "!5 ,1)7(#, #,1% $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+ :9J ,%C'(1(  $#-

6.<(#"  !$!C !&'($)*#'%+, 5!4)1= !0#'-% 7(,"!". U! 1#$(  $#6.<(#" 7(,"!"'.2  !-

$!C, ( "(-*# $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+ 6 "#-);#2 4%,-$#"#  $#6.<(#" $#-

?)1="(". '#-!C#$#'"'!C! '(-! 1#'%+ 6 4%,-$#"(/, $(?'#,F''./ '( %'"#$6(1 2/! : 
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)2/()()2/()(,1
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!! 25)(55
#

tZtZtZCFCtZ
tZ

fpcmdpcmpcm

out

!
 

!
,  (2) 

 

)()2/()( txtxtZ pcmpcm 2(# !  – $#?)1="(" '#-!C#$#'"'!C! '(-! 1#'%+ :9J ,%C'(1(; 

fpcmpcm CC ,  – (5 1%")4'.2 % 7(,"!"'.2  !$!C% :9J ,%C'(1(. 

U1+ :9J ,%C'(1( 6 !4'!%5 )1=,'!2  $!0#4)$# '#-!C#$#'"'!# '(-! 1#'%# G-6%-

6(1#'"'! (4( "%6'!5) -!C#$#'"'!5) '(-! 1#'%8 , !0#'-!2 7(,"!". U! 1#$( ,%C'(1(. 

9%:;0.-*-! 3#$%0'2#"*&'+ 
U1+ $(,7F"( 7(,"!"'!C!  !$!C(  $%5#'+1%,= 46# 5!4#1%. 3  #$6!5 ,1)7(# 7(,"!"-

'.#  !$!C% 41+ !&'($)*%"#1+ L9J ,%C'(1( fC
 
% !&'($)*%"#1+ :9J ,%C'(1( fpcmC  

&.1%  !1)7#'. 6  $#4 !1!*#'%% ! "!5, 7"! 6#$!+"'!,"= !&'($)*#'%+ «('C#1(» 6 (1C!-

$%"5# DD-9: L9J ,%C'(1( (1) % 6 (1C!$%"5# DD-9: :9J ,%C'(1( (2) '#  $#6.<(#" 
210(  5!;'!,"%  !5#/% 4! 30 4A '( H!'# <)5(. 3! 6"!$!5 ,1)7(# 7(,"!"'.2  !$!C ?(-

6%,#1 !" 5!;'!,"% ,%C'(1(. :!$!C% !&'($)*#'%+ C  % pcm9  !0#'%6(1%,= '( 5!4#1% 6 

/!4# ,"("%,"%7#,-!C! G-, #$%5#'"( 41+ 6#$!+"'!,"% 1!*'!2 "$#6!C%  ! <)5(5, $(6'!2 
610( . T,'!6'!2  #$%!4  !6"!$#'%+ %5 )1=,!6 BLI $(6'+1,+ 1 5,, 5(-,%5(1='(+ 7(,"!"( 

U! 1#$( «('C#1-G/!» $(6'+1(,= 1000 @0 (41+ '#,);#2 7(,"!". BLI 9103 "  @0). :$%5#-

'+1,+ 1%'#2'.2 4#"#-"!$ !C%&(8;#2. D( $%,. 1 41+ 6"!$!2 5!4#1%  !-(?('. ?(6%,%5!-

,"% 6#1%7%'. 9: ( dT = 40 5-,) !" 5!;'!,"% «('C#1(» 41+ 4$!&'!-$(0%!'(1='!C! , #--

"$( 5#*4) #$%!4'./ H1)-")(0%2 , <%$%'!2 10, 40, 90 @0 41+ L9J (LCM) % :9J 

(PCM) ,%C'(1!6. 
 

 
B%,. 1. 9(,"!"'.2  !$!C 

 

M? $%,. 1 6%4'!, 7"! 6#1%7%'( 9: 41+ :9J ,%C'(1( '# ?(6%,%" !" <%$%'. , #--

"$( 5#*4) #$%!4'./ H1)-")(0%2, 7"! +61+#",+  $#%5);#,"6!5 %, !1=?!6('%+ :9J 

,%C'(1!6. :! $#?)1="("(5 $(,7F"!6 &.1! 6.+,'#'!, 7"! ,$#4'#-6(4$("%7#,-!# !"-1!'#-

'%# !0#'-% 7(,"!". U! 1#$( 41+ :9J ,%C'(1( '# ?(6%,%" !" <%$%'. , #-"$( 5#*4)-
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 #$%!4'./ H1)-")(0%2 % '%*# IRT !0#'-% 7(,"!". U! 1#$( L9J ,%C'(1(. :!G"!5)  

%?-?( &!1=<#2 -!$$#1+0%% 5#*4) %5 )1=,(5%  $% "!5 *# ?'(7#'%% 6#$!+"'!,"% !&'(-

$)*#'%+ «('C#1-G/!» 9: !&'($)*%"#1+ :9J ,%C'(1( '%*#, 7#5 9: !&'($)*%"#1+ 

L9J ,%C'(1(. 

:$#41(C(#",+ ,1#4)8;(+ 5#"!4%-( (4( "(0%% 9:. B(,,7%"(''.# 41+ 5(-,%5(1='! 

6!?5!*'!2 <%$%'. , #-"$( «('C#1(» % $(?'./ ?'(7#'%2 5!;'!,"% ,%C'(1( 9: , <(-

C!5 1 4A ?( %,.6(8",+ 6 :OP. 3 !7#$#4'!5 ! ."#  $% $(&!"# 5!4#1% !0#'%6(#",+ 

5!;'!,"= ,%C'(1(, 41+ 4(''!C! ?'(7#'%+ 5!;'!,"% %? :OP %?61#-(#",+ 9:. J!;'!,"= 

<)5(  $%'%5(#",+ $(6'!2 1. 

A.1%  !,"$!#'. /($(-"#$%,"%-( !&'($)*#'%+ L9J ,%C'(1( 6 !4'!%5 )1=,'!2 

 $!0#4)$# % /($(-"#$%,"%-( !&'($)*#'%+ '#-!C#$#'"'!C! '(-! %"#1+ :9J ,%C'(1( (2) 

&#?  $!6#$-% 7(,"!"'!C!  !$!C(. :($(5#"$. ,%C'(1!6: ! = 80 5-,, W = 2,5 M@0,  

df = 3 J@0, dF  = 7 -@0. A.1! 6.+,'#'!, 7"!  ! 6#1%7%'#  !$!C!6!C! ,%C'(1( (2)  $!-

%C$.6(#" '( 0,4 4A. 

D( $%,. 2  !-(?('. 6#$!+"'!,"'!-7(,"!"'.# /($(-"#$%,"%-% (39>) (1C!$%"5!6 

(1)  ! 3-5  #$%!4(5 (NN + Cf Const) % (2) (NN pcm+ Cf  Const) 41+ ,1)7(+ '#(4( "%6'!-

C! 9: ( f9 = 6162, fpcm9  = 3361 @0) % (4( "%6'!C! !" 5!;'!,"% 9: ( f9 = 4619,  

fpcm9  = 2020 @0) (NN + Cf, NN pcm+ Cf) 41+ ,%C'(1!6 5!;'!,"=8 30 4A, ! = 80 5-,, 

dT = 40 5-,, <%$%'( 4$!&'!-$(0%!'(1='!C! , #-"$( 5#*4) #$%!4'./ H1)-")(0%2 05f  

«('C#1(» – ,1)7(2'(+ 6#1%7%'( , $(6'!5#$'.5 $(, $#4#1#'%#5 6 %'"#$6(1# 0…40 @0, 

0#1% – 2 @0. W%$%'( , #-"$( «('C#1(» 40 @0 6.&$('( -(- '(%&!1## /($(-"#$'(+ 41+ 

 $(-"%-%. U1+ &!1## <%$!-!C! , #-"$( 90 @0 ($#4-(+ 41+  $(-"%-% ,%")(0%+,  !G"!5) 6 

,"("=# C$(H%-% '#  $%6!4+",+) 41+ ,"(&%1%?(0%% 7%,1( 1!*'./ "$#6!C 41+ DD-9: 

L9J ,%C'(1( "$#&)#",+  !6.<#'%# 9:. 

 

 
 

B%,. 2. 3#$!+"'!,"'!-7(,"!"'.# /($(-"#$%,"%-% 

 

M? $%,. 2 6%4'!, 7"! ) (1C!$%"5( DD-9: :9J ,%C'(1( GHH#-"%6'!,"= ?(;%". !" 

«('C#1!6» 6.<#, ".-. 39> (1C!$%"5( (2) !"'!,%"#1='! 39> (1C!$%"5( (1) 41+ '#(4( -

"%6'!C! 9: $(,<%$#'( 6 !&1(,"= 5(1!,-!$!,"'./ 0#1#2  ! )$!6'8 0,5 '( 2809 @0, 41+ 

(4( "%6'!C! !" 5!;'!,"% 9: $(,<%$#'%# 39> (2) !"'!,%"#1='! 39> (1) ,!,"(6%1! 
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2483 @0. D( $%,. 3  !-(?('! $(,<%$#'%# 39> dFd  (1) (Cf Const -> Cf) % 39> (2) 

(Cfpcm Const -> Cfpcm) ?( ,7F" (4( "(0%% 9: !" 5!;'!,"% ,%C'(1( Ps  !"'!,%"#1='! 

,!!"6#","6)8;%/ 39> &#? (4( "(0%% 9:. 
 

 
B%,. 3. B(,<%$#'%# 39> ?( ,7F" (4( "(0%% 9: !" 5!;'!,"% 

 

M? $%,. 3 6%4'!, 7"!,  $%5#'++ (4( "(0%8 9: !" 5!;'!,"%, 5!*'! $(,<%$%"= 

39> (1) '( 700…1400 @0 % 39> (2) 4! 1100 @0  $% %?5#'#'%% 5!;'!,"% !" 15 4! 30 4A. 

 !"#$! 

1. :$#41!*#' (1C!$%"5 DD-9:, 6 -!"!$!5 41+ "!7#7'./ !&E#-"!6 !0#'-(  4! 1#-

$!6,-!2 7(,"!". :9J ,%C'(1(  $!%?6!4%",+ 6 !4'!%5 )1=,'!2  $!0#4)$#. 

2. U1+ ,%C'(1!6 , :9J 5!*'!  !1)7%"= $(,<%$#'%# 39> DD-9: 6 ?!') 5(1!-

,-!$!,"'./ 0#1#2 '( 2200…2800 @0  $% %?5#'#'%% 5!;'!,"% ,%C'(1( !" 15 4! 30 4A % 

<%$%'# , #-"$( «('C#1(» 4! 40 @0 ?( ,7F" &!1## '%?-!C! 9:  ! ,$(6'#'%8 , (1C!$%"-

5!5 DD-9: L9J ,%C'(1(  $%  !,"!+',"6# 7%,1( 1!*'./ "$#6!C 6 ?!'# !&?!$(.  

3. 9: DD :9J ,%C'(1(  $(-"%7#,-% '# ?(6%,%" !" <%$%'. , #-"$( 5#*4) #$%-

!4'./ H1)-")(0%2. 

4. S4( "(0%+ 9: !" 5!;'!,"% ,%C'(1(  $%6!4%" - $(,<%$#'%8 39> DD-9: 

:9J ,%C'(1( !"'!,%"#1='! DD-9: L9J ,%C'(1( '( 1700…2400 @0  $% %?5#'#'%% 

5!;'!,"% ,%C'(1( !" 15 4! 30 4A % <%$%'# , #-"$( «('C#1(» 4! 40 @0,  $% G"!5 !&#,-

 #7%6(#",+ &!1=<(+ 6%4%5!,"= 5(1!,-!$!,"'./ 0#1#2  ! ,$(6'#'%8 , !",)","6%#5 

(4( "(0%% 9:. 

 
I %,!- 1%"#$(")$. 

 

1. K#!$#"%7#,-%# !,'!6. $(4%!1!-(0%% /  !4 $#4. X. J. W%$5('(. – L#'%'C$(4: I!6#",-!# $(4%!, 

1970. – I. 365–371. 

2. I $(6!7'%-  ! $(4%!1!-(0%% /  !4 $#4. J. I-!1'%-(. K. 1. – J.: I!6#",-!# $(4%!, 1979. – 

I. 256–259. 

3. L!?!6,-%2 M. N. O(;%"( BLI !&?!$( !" "!7#7'./  !5#/, 5!'!C$(H%+. – D!6!,%&%$,-: M?4-6! 

D@KP, 2014. – I. 10. 

4. Q1(C%'( R. S., L!?!6,-%2 M. N. T&'($)*#'%# '#-!C#$#'"'!2  (7-% %5 )1=,!6 6 ),1!6%+/ 6!?-

4#2,"6%+ !"$(*#'%+ !" «('C#1!6» % '#,%'/$!''./ ,%C'(1!6 // VII 3,#$!,. '()7.- $(-". -!'H. «I!6$#5#'-

'.#  $!&1#5. ,!?4('%+ % G-, 1)("(0%% $(4%!"#/'%7#,-%/ ,%,"#5». - P1=+'!6,-, 2011. – I. 46–49. 
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(# )"012%*-/(&0*0%3$  4)1501(6""  +  (+0*'$%$!(0*!$   

&  2!*,%*.  *,!(0%*.  &+7-89 
 

S$. 3. R($1!6, S. D. Y4%', 3. 3. O(20#6 ('()7'.2 $)-!6!4%"#1=) 
 

91:1-+.&; ()+/<1-+4*322=; /2&*3-+&434 
443011, (. 91:1-1, /0. 1.1<3:&.1 #1*0)*1, 1 

E-mail: zaitsev@samsu.ru 

 
:$#4,"(61#'( 5("#5("%7#,-(+ 5!4#1= (6"!-!1#&("#1='!2 ,%,"#5. , 4%HH#$#'0%(1='.5 )$(6'#'%#5 46%*#-

'%+ 4$!&'!C!  !$+4-(, '(/!4+;#2,+  !4 4#2,"6%#5 <%$!-! !1!,'!C! <)5(. S'(1%? 5!4#1%  $!6#4#' 5#"!4!5 5#4-

1#''! 5#'+8;%/,+ (5 1%")4. D( !,'!6# 1%'#($%?!6(''./ H1)-")(0%!''./ )$(6'#'%2 ! $#4#1#'. , #-"$(1='.# 

/($(-"#$%,"%-% H1)-")(0%2 (5 1%")4. % 7(,"!". (6"!-!1#&('%2. :!-(?('!, 7"! 66#4#'%# 6 (6"!-!1#&("#1=')8 ,%,-

"#5) 4$!&'./ ,6+?#2 )/)4<(#" ## <)5!6.# /($(-"#$%,"%-%. 

 

+:;<;=>; 
3  !,1#4'%# C!4.  !4 61%+'%#5 6!?$!,<#C! %'"#$#,( - #,"#,"6#''!'()7'.5  $%-

1!*#'%+5 [1] "#!$%% 4$!&'!C! %'"#C$!-4%HH#$#'0%$!6('%+ [2] H!$5%$)#",+ '!6.2 

$(?4#1 4%'(5%-% – 4$!&'(+ 4%'(5%-( %1% 6 ('C1!+?.7'!5 6($%('"# – H$(-"(1='(+ 4%-

'(5%-( (fractional dynamics). T' !/6(".6(#" %,,1#4!6('%+ ,%,"#5 , %'"#C$!-4%HH#-

$#'0%(1='.5% )$(6'#'%+5% 46%*#'%+ 4$!&'!C!  !$+4-(. I$#4% '%/ !4'! %? 0#'"$(1=-

'./ 5#,", -(- % 6 -1(,,%7#,-!2 4%'(5%-#,  $%'(41#*%" (6"!-!1#&("#1='.5 ,%,"#5(5 

"!5,!'!6,-!C! "% ( , 4$!&'.5% 0# +5% !&$("'!2 ,6+?% (4$!&'!2 !&$("'!2 ,6+?=8, 

UTI). B+4 6! $!,!6 ('(1%?( 4%'(5%7#,-%/ /($(-"#$%,"%- (6"!C#'#$("!$!6 , UTI $(,-

,5!"$#' 6 $(&!"(/ [3–5]. 3 '(,"!+;#2 ,"("=#  $!6!4%",+ ('(1%? (5 1%")4'!-7(,"!"'./ 

H1)-")(0%2 (6"!-!1#&('%2  $% '(1%7%% 6 ,%,"#5# %,"!7'%-( <%$!-! !1!,'!C! <)5(. 
 

1. ?@:>:AB;=C=AD EF;GA > HIA:=;=>; <:>J;=>D A:CKL;=;IACKIA 
D( $%,. 1  !-(?('( G-6%6(1#'"'(+ ,/#5( (6"!C#'#$("!$( , -!'")$!5, 6!?&)*4(#-

5.5 "!-!5 aJ  (-"%6'!C! "$#/ !18,'%-(, '( 6/!4 -!"!$!C!  !4(#",+ '( $+*#'%# !&-

$("'!2 ,6+?% )(tuc  ,! 6"!$%7'!2 !&5!"-% H$(-"(1='!C! "$(',H!$5("!$(. :#$6%7'(+ 

!&5!"-( "$(',H!$5("!$( ,!,"(61+#" %'4)-"%6'!,"= -!1#&("#1='!C! -!'")$(. T,0%11+-

0%%  $!"#-(8;#C!  ! '#2 "!-( )(tJ   $#!&$(?)8",+ 6 !,0%11+0%% '( $+*#'%+ )(tuc , 

'!, 6 !"1%7%# !" -1(,,%7#,-!C! "$(',H!$5("!$(,  $#4 !1(C(#",+ ,1#4)8;##  $#!&$(?!-

6('%# , #-"$!6 !,0%11+0%2  
 

 0 1 )()( 7877 9
Jjuc # , (1) 

 

C4# 20 )) 9  – 4$!&'.2  !-(?("#1= ,"# #'%. :!,"!+''.2 -!GHH%0%#'" 8  6 4$!&'!5 

, #-"$(1='!5  $#!&$(?!6('%% (1) ?(5#;(#" -!GHH%0%#'" 6?(%5!%'4)-0%% M    !"#$-

%#&"$'( )'%*+, "&#$!-'&)#"'&# 
 

1 
!" #$% M , 

 

.%* !$  – /#&#)*"&, ,)*01,( &#2)*&$'!"3  &*)*$,. 4&,)*$,  5  6&#7*$,0 (1) '8&#"-

$'* /&*'8&#2' #$,* 9:&3*, /'+:;,)  &*)*$$'( 2#5'$ /&*'8&#2' #$,< !,.$#+# -&#5-
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"#), /&, *%*$,< ;#!"'"6, '/,!#$$6(   /#"*$"* US7701299. V5&:/$*$$#< -:$5?,'-

$#+3$#< !B*)# G"'.' EU /&*%!"# +*$# $# &,!. 1, $# 5'"'&') .&://# !)*!,"*+*( 2#)*$*$# 

'%$,) !)*!,"*+*) 8*2 $#&:I*$,< -:$5?,'$#+3$'!",. M# &,!. 1   *%*$6 !+*%:01,* 
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'8'2$#;*$,<: ;#!"'"$'--#2' 6( %*"*5"'& (U9C); -,+3"& $,7$,B ;#!"'" (9MU); .*$*&#-

"'&, :/&# +<*)6( $#/&<7*$,*) (QVM); %*+,"*+3 )'1$'!", (CJ); %*+,"*+3 ;#!"'"6 

(CU); !)*!,"*+3; -'&),&' #"*+3 '/'&$6B ;#!"'" (9DU);  6!'5';#!"'"$6( 5')):"#"'& 

(FH). 

 

 
 

@,!. 1. V5&:/$*$$#< -:$5?,'$#+3$#< !B*)# 5')8,$,&' #$$'.' EU 

 

E,.$#+ '/'&$'.' .*$*&#"'&# (DQ) /'%#*"!< $#  B'% 9DU,   5'"'&') -'&),&:0"!< 

($#/&,)*&, ! /')'130 $#8'&# :)$'7,"*+*( , %*+,"*+*( ;#!"'"6) $# '8',B  6B'%#B 

!,.$#+6 ! $*'8B'%,)6), ;#!"'"#),. E'  "'&'.'  6B'%# 9DU !,.$#+ ! ;#!"'"'( DQ
f  

/'%#*"!< $# /*& 6(  B'% U9C, $#  "'&'(  B'% 5'"'&'.' ;*&*2 8+'5, FH, CU , CJ /'-

!":/#*" !,.$#+ QVM. F CU ;#!"'"# FYZ
f   6B'%$'.' !,.$#+# QVM %*+,"!<   N  &#2 ! ?*-

+30 /&, *%*$,< ** 2$#;*$,< 5 ;#!"'"* DQ DQ
f . E,.$#+ 'I,85, !  6B'%# U9C ;*&*2 

9MU /'%#*"!< $# :/&# +<01,(  B'% QVM, ;#!"'"#  6B'%$'.' !,.$#+# 5'"'&'.' FYZ
f  

)*$<*"!< %' "*B /'&, /'5#, /'%*+*$$#<   N  &#2 ( N    '81*) !+:;#* )'7*" 86"3 5#5 ?*-

+'*, "#5 , %&'8$'*)   8+'5* CU, '$# $* 8:%*" &# $'( ;#!"'"* !,.$#+# DQ DQ
f . F G"') 

!+:;#*,  6B'%$'* $#/&<7*$,* $#  6B'%* U9C /*&*!"#*" )*$<"3!<, # ;#!"'"#  6B'%$'.' 

!,.$#+# 8+'5# QVM FYZ
f  !"#$' ,"!< &# $'( ;#!"'"* DQ DQ

f , :)$'7*$$'(   N  &#2. 

L#5'* !'!"'<$,* !,!"*)6 -#2' '( # "'/'%!"&'(5, $#26 #*"!< !,$B&'$,2)') [2]. 

F6B'%$'( !,.$#+ QVM ! 2#%#$$'( ;#!"'"'( /'%#*"!< $#  B'% CJ, ! /*& '.'  6B'%# 5'-

"'&'.' /'%#*"!< $#  $*I$00 $#.&:25:. L#5,) '8&#2'), ;#!"'"#  6B'%$'.' !,.$#+# 

:!"&'(!" # '/&*%*+<*"!<  6&#7*$,*) FYZ DQ
f Nf" . =# !;*" :)$'7*$,< ;#!"'"6  6B'%-

$'.' !,.$#+# QVM -#2' 6* I:)6  6B'%$'.' !,.$#+# :!"&'(!" #   /'+'!* /&'/:!5#$,< 

!,!"*)6 9K4U /&*%!"# +<0" !'8'( :)$'7*$$6* -#2' 6* I:)6 '/'&$'.' !,.$#+# !' 

 "'&'.'  6B'%# 9DU (!:)),&' #$$6* ! I:)#), U9C , ".%.) [2], 5'"'&6* '/&*%*+<0"-

!< -#2' 6), I:)#), !,.$#+# '/'&$'.' .*$*&#"'&#. 4'!+* $#!":/+*$,< !,$B&'$,2)# 

/&',!B'%," 5')):"#?,< !,.$#+# $#  "'&')  B'%* U9C, $# 5'"'&6( ;*&*2 !)*!,"*+3 , 

CJ /'%#*"!<  6B'%$'( !,.$#+ QVM. M#  "'&'(  B'% !)*!,"*+< /'%#*"!<  6B'%$'( 

!,.$#+ ! /*& '.'  6B'%# 9DU, ;#!"'"# G"'.' !,.$#+#  68,&#*"!< &# $'( 

9DU FYZ DQ
f f f"  . F !)*!,"*+* /&',!B'%," :)$'7*$,*  6B'%$'.' !,.$#+# QVM ! !,.$#-

+') /*& '.'  6B'%# 9DU, 2# !;*" ;*.' $#  6B'%* !)*!,"*+< -'&),&:*"!< !,.$#+ ! ;#!-

"'"'(, &# $'( &#2$,?* ;#!"'"  6B'%$'.' !,.$#+# QVM , 9DU FYZ 9DU
f f  (+,8' 

9DU FYZ
f f ,   2# ,!,)'!", '"  68&#$$'.' ;#!"'"$'.' /&*'8&#2' #$,<). F %#+3$*(I*) 

%+< /&'!"'"6 '/,!#$,< 8:%*) /'+#.#"3 "&*8:*)6)  6B'%$'( !,.$#+ !)*!,"*+< ! ;#!"'-

"'( FYZ 9DU
f f . L#5 '!:1*!" +<*"!< /&, *%*$,* ;#!"'"6  6B'%$'.' !,.$#+# 8+'5# QVM 

5 ;#!"'"* DQ
f . =# !;*"  6/'+$*$,< &# *$!" # DQ FYZ 9DU

f f f"   ,!5+0;#*"!< :)$'7*$,* 

;#!"'"6 DQ ,, !+*%' #"*+3$', :)$'7*$,* -#2' 6B I:)'   6B'%$'.' !,.$#+#   /'+'!* 

/&'/:!5#$,< !,!"*)6 -#2' '( # "'/'%!"&'(5,, 5'"'&6*   %#$$') !+:;#* '/&*%*+<0"!< 
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!:))'( -#2' 6B I:)'  '/'&$'.' !,.$#+# !'  "'&'.'  6B'%# 9DU , -#2' 6B I:)'  

 6B'%$'.' !,.$#+# 9DU. =# !;*"  '2)'7$'!", ,!/'+32' #$,< 9MU ! I,&'5'( /'+'!'( 

/&'/:!5#$,< &*#+,2:*"!< "&*8:*)'* «)#+'*»  &*)< /*&*!"&'(5, /' ;#!"'"*. 

V;,"6 #<  6I*!5#2#$$'*, $*%'!"#"5') %#$$'( !B*)6 < +<*"!< $*'8B'%,)'!"3 

5')):"#?,, /'+'!6 /&'/:!5#$,< 9MU   ,%: ,2)*$*$,< 5'G--,?,*$"# :)$'7*$,< H, 

;"'   !+:;#* 8'+3I,B 2$#;*$,( N  /&*%!"# +<*" !'8'( "&:%$'&#2&*I,):0 /&'8+*):. 

=#%#;#, $# &*I*$,* 5'"'&'( $#/&# +*$# %#$$#< &#8'"#, 2#5+0;#*"!<   !$,7*$,, 

:&' $< -#2' 6B I:)'   6B'%$'.' !,.$#+# !,$"*2#"'&# ;#!"'",  &*)*$, /*&*!"&'(5, /' 

;#!"'"*, # "#57* :&' $< /#&#2,"$6B !/*5"&#+3$6B !'!"# +<01,B. 4&, G"') 7*+#*)6( 

"*B$,;*!5,( &*2:+3"#" – '8W*%,$*$,*   '%$') :!"&'(!" * /&*,):1*!"  !,$"*2#"'&'  

;#!"'" ! I,&'5'/'+'!$'( N9K4U ! %*+,"*+*)   ?*/, '8&#"$'( ! <2,   ;#!", 86!"&'-

%*(!" ,<, ! /&*,):1*!" #), !,$"*2#"'&# ;#!"'" !' !)*!,"*+*) , #$#+'.' 6) "&#5"') 

/&, *%*$,< ;#!"'"6   ?*/, '8&#"$'( ! <2,   ;#!", :&' $< -#2' 6B I:)'   6B'%$'.' 

!,.$#+#. 4&, G"') 7*+#"*+3$' &*#+,2' #"3  '2)'7$'!"3 # "'$')$'( &#8'"6 EU-

N9K4U ! %*+,"*+*)   !+:;#*  6B'%# ,2 !"&'< #$#+'.' '.' "&#5"# /&, *%*$,< ;#!"'"6. 

C+< &*#+,2#?,, !B*)6 EU ! /*&*5+0;#*)6), "&#5"#), /&, *%*$,< ;#!"'"6   

/&*%!"# +*$$:0 $# &,!. 1 !B*): %'/'+$,"*+3$'   *%*$6 $,25';#!"'"$6( 5')):"#"'& 

(MH), 8+'5 :/&# +*$,< (TV) , /'!+*%' #"*+3$' !'*%,$*$$6*  "'&'( ;#!"'"$'--#2' 6( 

%*"*5"'& (U9C2) ,  "'&'( -,+3"& $,7$,B ;#!"'" (9MU2); /&, G"')  6B'% CU !'*%,-

$*$ !'  "'&6)  B'%') U9C1,  "'&'(  6B'% 5'"'&'.' !'*%,$*$ ! '%,$';$6)  B'%') 

TV, .&://#  B'%'  5'"'&'.' I,$'( !'*%,$*$# !  $*I$,) :/&# +<01,) :!"&'(!" '), # 

.&://#  6B'%'  TV /'!&*%!" ') I,$6 :/&# +*$,< !'*%,$*$# ! .&://#), :/&# +<0-

1,B  B'%'  9DU, CU , MH, /*& 6( ,  "'&'(  B'%6 5'"'&'.' !'*%,$*$6 !''" *"!" *$-

$' !  6B'%#), 9MU1 , 9MU2, #  6B'% MH !'*%,$*$ !  B'%') QVM;  6B'% !)*!,"*+< 

!'*%,$*$ !'  "'&6)  B'%') U9C2, /*& 6(  B'% 5'"'&'.' !'*%,$*$ ! "&*"3,)  6B'%') 

9DU. A"# !B*)# /&, *%*$# $# &,!. 2.  

 

 
 

@,!. 2. EB*)# EU ! /*&*5+0;#*)6), "&#5"#), /&, *%*$,< ;#!"'"6 

 

F ,!B'%$') !'!"'<$,, TV $#B'%,"!<   &*7,)* '7,%#$,< 5')#$%6 '" FVV. 4'!+* 

/'!":/+*$,<   TV '" FVV (8+'5 1 $# &,!. 3) /'!&*%!" ') !"#$%#&"$'.' /&'"'5'+# '8-

)*$# ($#/&,)*&, Serial Peripheral Interface – SPI, +,8' Universal Serial Bus – USB) 5'-

)#$%6 2#/,!, ;#!"'"6  6B'%$'.' !,.$#+# !,$"*2#"'&# ;#!"'",   8+'5* 2 -'&),&:*"!< 

!,.$#+ 5')):"#?,,, 5'"'&6( /' OV /'%#*"!<   MH, 5'"'&6( 5')):",&:*"  6B'% 

9MU1 !  B'%') QVM.  
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@,!. 3. K+.'&,") -:$5?,'$,&' #$,< 8+'5# :/&# +*$,< 

 

H')):"#"'&')   %#$$') !+:;#* )'7*"  6!":/#"3 G+*5"&'$$6( 5+0;, $#/&,)*& 

),5&'!B*)# ADG713 Analog Devices,   5'"'&'( /*&*5+0;*$,* '!:1*!" +<*"!< +'.,;*-

!5,) !,.$#+') «0» ,+, «1» $# !''" *"!" :01*) :/&# +<01*)  6 '%*. C#+**   8+'5* 3 

/&',!B'%," &#!;*" 5'G--,?,*$"# %*+*$,< N  !'.+#!$' !''"$'I*$,0: FYZ DQ1/N f f" , 

.%* FYZf  – ;#!"'"#  6B'%$'.' !,.$#+# :!"&'(!" #; DQ1f  – ;#!"'"# !,.$#+# $#  "'&') 

 6B'%* 9DU. 4'+:;*$$'* 2$#;*$,* N  /'!&*%!" ') OV ;*&*2 8+'5 4 2#/,!6 #*"!<   

8+'5 CU. 

M# /*& 6(  B'% U9C1 /'!":/#*" !,.$#+ !'  "'&'.'  6B'%# 9DU (  '81*) !+:;#*, 

$# /*& 6(  B'% U9C1 )'7*" /'!":/#"3 !,.$#+ '/'&$'.' .*$*&#"'&# 8*2 /&*'8&#2' #-

$,< *.' ;#!"'"6   9DU. L#5,) '8&#2'), 2%*!3 , %#+** %+< /&'!"'"6 '/,!#$,< 8:%*) 

/'+#.#"3, ;"' !,.$#+ '/'&$'.' .*$*&#"'&# /&'B'%," ;*&*2 9DU ! /&*'8&#2' #$,*) ;#!-

"'"6   R  &#2, .%* R , /'),)' ?*+6B , %&'8$6B 2$#;*$,(, )'7*" /&,$,)#"3 2$#;*$,* 

«1»), # $#  "'&'(  B'% U9C1 ;*&*2 CJ /'!":/#*" !,.$#+ !  6B'%# QVM, ;#!"'"# 5'"'-

&'.' %*+,"!<   N  &#2   8+'5* CU. E,.$#+ &#!!'.+#!' #$,< ;#!"'" !,.$#+' , /'!":/#0-

1,B $# /*& 6( ,  "'&'(  B'%6 U9C1, !  6B'%# U9C1 /'%#*"!< $#  B'% 9MU1, .%*  6-

%*+<*"!< *.' /'!"'<$$#< !'!"# +<01#<, 5'"'&#< ;*&*2 MH /'%#*"!< $# :/&# +<01,( 

 B'% QVM, ;#!"'"#  6B'%$'.' !,.$#+# 5'"'&'.' FYZf  )*$<*"!< %' "*B /'&, /'5#, /'%*-

+*$$#<   N  &#2 ( N    '81*) !+:;#* )'7*" 86"3 5#5 ?*+'*, "#5 , %&'8$'*)   CU, '$# $* 

8:%*" &# $'( ;#!"'"* DQf  !,.$#+# !'  "'&'.'  6B'%# 9DU. F G"') !+:;#*,  6B'%$'* 

$#/&<7*$,* $#  6B'%* U9C1 /*&*!"#*" )*$<"3!<, # ;#!"'"#  6B'%$'.' !,.$#+# QVM 

FYZf  !"#$' ,"!< &# $'( ;#!"'"* DQ DQ1f , :)$'7*$$'(   N  &#2, "' *!"3 !,!"*)# -#2'-

 '( # "'/'%!"&'(5,  B'%,"   !'!"'<$,* !,$B&'$,2)# (8+'5 5). F6B'%$'( !,.$#+ QVM ! 

2#%#$$'( ;#!"'"'( /'%#*"!< $#  B'% CJ, ! /*& '.'  6B'%# 5'"'&'.' /'%#*"!< $#  $*I-

$00 $#.&:25:. L#5,) '8&#2'), ;#!"'"#  6B'%$'.' !,.$#+# :!"&'(!" # '/&*%*+<*"!< 

 6&#7*$,*) FYZ DQ1= ·f N f . K$#+'.,;$' ! :!"&'(!" ')-/&'"'",/'), -#2' 6* I:)6  6-

B'%$'.' !,.$#+# :!"&'(!" # /&*%!"# +<0" !'8'( :)$'7*$$6* -#2' 6* I:)6 !,.$#+# 

!'  "'&'.'  6B'%# 9DU, 5'"'&6* '/&*%*+<0"!< I:)#), '/'&$'.' .*$*&#"'&#. 
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4'!+* $#!":/+*$,< !,$B&'$,2)#, $#  "'&')  6B'%* U9C1 -'&),&:*"!< !,.$#+ 

!,$B&'$,2)#. F' )$'.,B !' &*)*$$6B ),5&'!B*)#B ($#/&,)*&, ADF4158 Analog 

Devices, HMC704LP4E Hittite , ". %.) !:1*!" :*" ?,-&' '(  6B'% «LockDetect», /'5#-

26 #01,( +'.,;*!5,) !,.$#+') («0» ,+, «1»   2# ,!,)'!", '" ),5&'!B*)6) $#+,;,* 

!,$B&'$,2)#   !,$"*2#"'&* ;#!"'". 4'!+* /'!":/+*$,< !,.$#+# !,$B&'$,2)# $# '%,-

$';$6(  B'% TV   8+'5* 6 /&',!B'%," &#!;*" ;#!"'" , $*'8B'%,)6B %+< ,B -'&),&'-

 #$,< 5'%'.&#))  6B'%$6B !,.$#+'  /*& '.' DQ2f  , "&*"3*.' 9DU FYZ DQ2f f f"    6B'-

%'  9DU (!,.$#+ $# /*& ')  6B'%* 9DU )'7*" 86"3 !-'&),&' #$ ! /')'130 $#8'&# 

:)$'7,"*+*( , %*+,"*+*( ;#!"'"6, .*$*&#"'&# .#&)'$,5, ?,-&' 6B  6;,!+,"*+3$6B 

!,$"*2#"'&'  , ". %.) , 2#/,!3 $*'8B'%,)6B 5')#$% /'!&*%!" ') OV   9DU. =#"*)   

8+'5* 7 -'&),&:*"!< !,.$#+ 5')):"#?,,, 5'"'&6( /' OV /'%#*"!<   MH, /'!&*%!" ') 

;*.' !,.$#+ !  6B'%# 9MU2 /'!":/#*" $# :/&# +<01,(  B'% QVM. 4&, G"') $# /*& 6( 

 B'% 8+'5# U9C2 /'!":/#*" !,.$#+ ! "&*"3*.'  6B'%# 9DU, # $#  "'&'(  B'% 8+'5# 

U9C2 /'!":/#*"  6B'%$'( !,.$#+ !)*!,"*+< (E)),   5'"'&') /&',!B'%," /&, *%*$,* 

;#!"'"6  6B'%$'.' !,.$#+# QVM FYZf , /'!":/#01*.' $#  B'% !)*!,"*+<  ;*&*2 8+'5 

CJ, 2# !;*" !)*I*$,< *.' !  6B'%$6) !,.$#+') 8+'5# 9DU 9DU FYZ DQ2f f f"  , 5 ;#!-

"'"* !,.$#+# ! "&*"3*.'  6B'%# 9DU DQ2f . E,.$#+ &#!!'.+#!' #$,< ;#!"'", /'!":/#0-

1,B $# '8#  B'%# U9C2 !,.$#+' , /'%#*"!< $#  B'% 9MU2, .%*  6%*+<*"!< *.' /'!"'<$-

$#< !'!"# +<01#<, 5'"'&#< /'%#*"!< $# :/&# +<01,(  B'% QVM. U#!"'"#  6B'%$'.' 

!,.$#+# )*$<*"!< %' "*B /'&, /'5# $*  6/'+$<*"!< &# *$!" ' DQ2 FYZ 9DUf f f"   ,+, 

6 7DQ2 FYZ FYZ DQ2  .=f f f f  4'!+* $#!":/+*$,< &# *$!" # DQ2 FYZ 9DUf f f"   $#/&<7*$,* 

$#  6B'%* U9C2 /*&*!"#*" )*$<"3!<, , ;#!"'"#  6B'%$'.' !,.$#+# :!"&'(!" # !"#$'-

 ,"!< &# $'( FYZ DQ2 9DUf f f" * . 

L#5,) '8&#2'), 2# !;*" ,!/'+32' #$,< % :B U9C ,, !+*%' #"*+3$', 2# !;*"  68'&# 

 6!'5'( ;#!"'"6 DQf   '2)'7$' :)*$3I,"3 2$#;*$,* 5'G--,?,*$"# N , # 2# !;*"  68'-

&# 8'+** $,25'( ;#!"'"6 DQ1f   '2)'7$'  68&#"3 ,!"';$,5 '/'&$'.' !,.$#+# ! 8'+** 

$,25,), -#2' 6), I:)#),  6B'%$'.' !,.$#+#. 4&, G"') 2# !;*" !$,7*$,< N  :/&'-

1#*"!< 2#%#;# 5')):"#?,, 9MU   5#$#+* :/&# +*$,< !,!"*)6 -#2' '( # "'/'%!"&'(5,. 

L#5,) '8&#2'), &*#+,2#?,< ,2'8&*"*$,< %#*"  '2)'7$'!"3 '8W*%,$*$,<   '%$') 

:!"&'(!" * /&*,):1*!"  EU-N9K4U ! %*+,"*+*)   ?*/, '8&#"$'( ! <2,   ;#!", 86!"-

&'%*(!" ,<, ! /&*,):1*!" #), EU !' !)*!,"*+*) , #$#+'.' 6) "&#5"') /&, *%*$,< 

;#!"'"6   ?*/, '8&#"$'( ! <2,   ;#!", :&' $< -#2' 6B I:)'   6B'%$'.' !,.$#+#. 4&, 

G"')  '2)'7$' &*#+,2' #"3 # "'$')$:0 &#8'": EU-N9K4U ! $*2$#;,"*+3$6) :B:%-

I*$,*) !/*5"&#+3$6B B#&#5"*&,!",5   !+:;#*  6B'%# ,2 !"&'< #$#+'.' '.' "&#5"# /&,-

 *%*$,< ;#!"'"6, ;"' /' 6I#*" $#%*7$'!"3 , /&,)*$,)'!"3 :!"&'(!" #. 
 

E/,!'5 +,"*&#":&6  
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E#7'1? 4$#76 - 4+1&+#<<2 Altium Designer. (+%-2=2'6 @171&+#@%% 51:+#''1&1 >57+1?57-#. ) '#5718F22 -+2<8 >57-

+1?57-1 51:+#'1, 17$#G2'1 % @>';D%1'%+>27 - 5157#-2 141+'1-41-1+17'1&1 >57+1?57-# ;1<4$2;5# >4+#-$2'%8 0(HI. 

 

 $8 >4+#-$2'%8 :254%$17'6< $27#72$B'6< #44#+#71< (0(HI), 41$>E2'%8 72;>-

F2? %'@1+<#D%%, ;1'7+1$8 515718'%8 2&1 >9$1- % 4+%2<# =#''6A 41$29'1? '#&+>9;% 

'21:A1=%<# 415718''#8 % '#=2G'#8 5-89B 0(HI 5 '#92<'6< ;1<4$2;51< >4+#-$2'%8 

(."J) [1]. (15;1$B;> 0(HI, 9#E#57>K, =1$G2' +#:17#7B '# :1$B,1< >=#$2'%% 17 '#-

92<'1&1 4157#, '21:A1=%< ;#'#$ 5-89% 5 41-6,2''6<% L'2+&27%E25;%<% A#+#;72+%57%-

;#<%. (1-6,2'%2 L'2+&27%E25;%A A#+#;72+%57%; ;#'#$# 5-89% 5 41<1FBK ><2'B,2'%8 

5;1+157% 42+2=#E% '2 -52&=# -19<1G'1, '#4+%<2+, - 5$>E#2 42+2=#E% 41 +#=%1;#'#$> 

:1$B,%A 1:M2<1- %'@1+<#D%% - 9#=#E#A -%=21'#:$K=2'%8. (1-6,2'%2 <1F'157% 42-

+2=#7E%;1- 7#; G2 '2 8-$82758 14+#-=#''6<, 4171<> ;#; L71 -$2E27 9# 51:1? 41-6,2-

'%2 +#9<2+1- % 5117-2757-2''1 <#556 :1+71-1&1 42+2=#7E%;#. (1-6,2''12 417+2:$2-

'%2 >5%$%72$8 <1F'157% -$2E27 9# 51:1? 51;+#F2'%2 -+2<2'% 41$27# 0(HI, # 7#;G2 

5$1G'157% 5 17-2=2'%2< :1$B,1&1 ;1$%E257-# 724$#. N541$B91-#'%2 '#4+#-$2''1? #'-

72''6 '# :1+7> 0(HI 7#; G2 9#7+>='2'1 - 5%$> >-2$%E2'%8 <#551&#:#+%7'6A 4#+#<27-

+1- 0(HI. (1L71<> '#%:1$22 L@@2;7%-'6< 54151:1< 41-6,2'%8 L'2+&27%E25;%A A#-

+#;72+%57%; ;#'#$# 5-89% 8-$82758 4+%<2'2'%2 >9;1'#4+#-$2''1? #'72''6 - 5157#-2 

."J [2]. 3='#;1, -5$2=57-%2 #;7%-'1&1 <#'2-+%+1-#'%8 0(HI - 4+1D2552 41$27#, =#'-

'12 +2,2'%2 514+8G2'1 5 '21:A1=%<157BK 4157+12'%8 5%572<6 5$2G2'%8 9# '#4+#-$2-

'%2< #'72''6 ."J '# 0(HI [3]. O#9+#:#76-#2<6? '#-%&#D%1''6? <1=>$B #'72''1&1 

4157# (./I() 8-$82758 E#57BK =#''1? 5%572<6.  

C%572<# 5$2G2'%8 9# '#4+#-$2'%2< '# 0(HI 4+2=57#-$2'# '# +%5. 1, % <1G27 +#-

:17#7B - =->A +2G%<#A. ) 42+-1< +2G%<2 0(HI 5 41<1FBK -57+12''1&1 4+%2<'%;# 

&$1:#$B'1? '#-%&#D%1''1? 54>7'%;1-1? 5%572<6 (P.CC) 14+2=2$827 5-1% 72;>F%2 ;1-

1+=%'#76 % 42+2=#27 %A -<2572 5 =+>&%<% =#''6<% 41 +#=%1;#'#$> '# ."J. ./I(, 5 

41<1FBK 4+%2<'%;# P.CC, 7#;G2 14+2=2$827 ;11+=%'#76 <257# >57#'1-;% #'72''6 % 

42+2=#27 =#''62 '# ."J. ."J, - 5-1K 1E2+2=B, 41 L7%< =#''6< -6E%5$827 7+2:>2<6? 

#9%<>7 D2$% % 42+2=#27 2&1 - ./I(. ./I( -6=#27 >4+#-$8KF%2 5%&'#$6 '# 41-1-

+17'12 >57+1?57-1, ;1'7+1$%+>8 72;>F%? #9%<>7 41 =#''6< <#&'%7'1&1 ;1<4#5#. .1 

7#;1? +2G%< '2 8-$82758 147%<#$B'6< 4+% 5-89% '# :1$B,%2 +#55718'%8 - 5%$> :1$B-

,1? E>-57-%72$B'157% 5%572<6 ; 41&+2,'157% >57#'1-;% #9%<>7#. (1L71<> 4+2=>-

5<17+2' -71+1? +2G%<, - ;171+1< 4+1%9-1=%758 41%5; % 5$2G2'%2 9# '#4+#-$2'%2< '# 

0(HI 41 <#;5%<#$B'1<> >+1-'K <1F'157% 4+%'%<#2<1&1 5%&'#$#. 

C7+>;7>+'#8 5A2<# +#9+#:17#''1&1 <1=>$8 ./I(-02 4+2=57#-$2'# '# +%5. 2. 

 #''6? <1=>$B -641$'827 5$2=>KF%2 @>';D%%: 14+2=2$2'%2 ;11+=%'#7 >57#'1-;% #'-

72''6, 14+2=2$2'%2 72;>F2&1 #9%<>7# #'72''6, 5-89B 5 '#92<'6< ;1<4$2;51< >4+#--

$2'%8 (."J) 415+2=57-1< %'72+@2?5# RS485, -19<1G'157B >4+#-$2'%8 52+-14+%-1=#-

<% #'72''6 % -19<1G'157B >4+#-$2'%8 -'2,'%<% >57+1?57-#<% 41 %'72+@2?5> RS485, 

RS232 %$% ,%+17'1-%<4>$B5'1? <1=>$8D%2? (*N/). Q#; G2 4+2=>5<17+2'6 =141$'%-

72$B'62 -6A1=6 5 &#$B-#'%E25;1? +#9-89;1?, ;171+62 <1&>7 %541$B91-#7B58 4+% '21:-

A1=%<157%, ;#; =$8 >4+#-$2'%8, 7#; % =$8 %'=%;#D%% 72;>F2&1 515718'%8 <1=>$8. 
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O%5. 1. C%572<# 5$2G2'%8 9# '#4+#-$2'%2< '# 0(HI 

 

 
 

O%5. 2. C7+>;7>+'#8 5A2<# ./I(-02 

 

Q2A'%E25;%2 A#+#;72+%57%;% ./I(-02: 

- 71E'157B 14+2=2$2'%8 <257141$1G2'%8 <2 <; 

- 71E'157B 14+2=2$2'%8 #9%<>7# < 3 &+#=>51-; 

- '#4+8G2'%2 4%7#'%8 9-36 ); 
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- &#$B-#'%E25;#8 +#9-89;# >4+#-$8KF%A 5%&'#$1- =$8 52+-14+%-1=1-; 

- =%#4#91' +#:1E%A 72<42+#7>+ 17 -40 =1 +85  C; 

- <#;5%<#$B'#8 -$#G'157B 98% 4+% +40°C. 

35'1-1? <1=>$8 8-$82758 <%;+1;1'7+1$$2+ STM32L151CBU6 '# :#92 8=+# 

Cortex-M3 5 '%9;%< L'2+&1417+2:$2'%2<. /" 4+1%9-1=%7 14+15 =#7E%;1-, 1:+#:17;> 

41$>E2''1? %'@1+<#D%%, >4+#-$2'%2 -'2,'%<% >57+1?57-#<% ('#4+%<2+, 141+'1-

41-1+17'12 >57+1?57-1 (3(J)). 

 $8 14+2=2$2'%8 ;11+=%'#7 +#541$1G2'%8 #'72''6 %541$B9>2758 <1=>$B 4+%2<-

'%;# '#-%&#D%1''6A 5%&'#$1- GPS, PH3.ICC, GALILEO NV08C-CSM 172E257-2''1-

&1 4+1%9-1=57-# @%+<6 «333 «.)C .#-%&#D%1''62 Q2A'1$1&%%». 

Q2;>F%? #9%<>7 #'72''6 14+2=2$82758 5 41<1FBK <#&'%7'1&1 ;1<4#5#, - ;#E257-

-2 ;171+1&1 4+%<2'2'# <%;+15A2<# FXOS8700CQ @%+<6 Freescale Semiconductor. 

 $8 ;1<42'5#D%% 72<42+#7>+'1? '257#:%$B'157% %9<2+2'%? #9%<>7# 41 <#&'%7-

'1<> 41$K R2<$%, '21:A1=%<# 4+1&+#<<'#8 ;#$%:+1-;# =#''6A. )5$2=57-%2 '%9;1? 

+#9+2,#KF2? 54151:'157% -57+12''1&1 - <#&'%7'6? ;1<4#5 =#7E%;# 72<42+#7>+6, 

4+%<2'2' -'2,'%? D%@+1-1? =#7E%; MAX6629MTT+ @%+<6 Maxim Integrated. 

 $8 1:2542E2'%8 ,%+1;1&1 =%#4#91'# 4%7#KF%A '#4+8G2'%? <1=>$8 5%572<# 4%-

7#'%8 ;1<41'2'71- <1=>$8 4+2=>5<#7+%-#27 ;1<:%'%+1-#''>K 5%572<> 57#:%$%9#71-

+1- '#4+8G2'%8. .# -A1=2, 5 D2$BK 41-6,2'%8 "( , 4+%<2'2' %<4>$B5'6? 4+21:+#-

91-#72$B '#4+8G2'%8, ;171+6? 41'%G#27 -A1='12 '#4+8G2'%2 =1 4.5 ).  #$22 '#4+8G2-

'%2 41'%G#2758 =1 3.3 ) $%'2?'6< 57#:%$%9#71+1< '#4+8G2'%8, E71 1:2542E%-#27 =1-

41$'%72$B'>K @%$B7+#D%K 4%7#KF2&1 '#4+8G2'%8. (+%2<'%; CO.C 1E2'B E>-57-%72-

$2' ; 41<2A#< 41 4%7#'%K, 41L71<> 1' 4%7#2758 17 5-12&1 17=2$B'1&1 $%'2?'1&1 57#-

:%$%9#71+#.  

S$2;7+%E25;#8 4+%'D%4%#$B'#8 5A2<# % 42E#7'#8 4$#7# >57+1?57-# +#9+#:#76-#-

$%5B - 5%572<2 #-71<#7%9%+1-#''1&1 4+12;7%+1-#'%8 Altium Designer. )'2,'%? -%= 3D 

<1=2$% >57+1?57-# 4+2=57#-$2' '# +%5. 3. O#9<2+ 4$#76 5 >57#'1-$2''6<% ;1<41'2'-

7#<% 80A30A11 <<. 

 

 
O%5. 3. )'2,'%? -%= 3D <1=2$% <1=>$8 
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)'2,'%? -%= 51:+#''1&1 >57+1?57-# 4+2=57#-$2' '# +%5. 4. 

 

 
 

O%5. 4. )'2,'%? -%= &171-1&1 >57+1?57-# 

 

.# +%5. 5 41;#9#'# 5%572<# ;1<#'= >4+#-$2'%8 ;1'7+1$$2+1< 41-1+17'1? 4$#7-

@1+<6. N9<2'2'%2 '#57+12; 4+171;1$# 1:<2'# =#''6<% 15>F257-$82758 5 41<1FBK 

=->A ;1<#'=. (2+-#8 4+1%9-1=%7 '#57+1?;> 5;1+157% 1:<2'# =#''6<%, # -71+#8 419-1-

$827 -6:+#7B '21:A1=%<12 >57+1?57-1. "1<#'=6 >4+#-$2'%8 -;$KE#K7 - 52:8 ;1<#'=6 

-;$KE2'%8 >57#'1-;% #9%<>7#, ;1<#'=6 >4+#-$2'%8 -'2,'%<% >57+1?57-#<%, # 7#;G2 

;1<#'=> 5:+15# '#57+12; '# 42+-1'#E#$B'62. 

 

 
 

O%5. 5 – C%572<# ;1<#'= ./I(-02 

 

N9<2+2'%2 4%7#KF%A '#4+8G2'%? <1=>$8 15>F257-$82758 5 41<1FBK =2$%72$2? 

'#4+8G2'%8. Q#; ;#; 514+17%-$2'%8 %<2K7 '2;171+6? +#9:+15 4#+#<27+1-, 71 %9<2+2-
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'%2 '#4+8G2'%? 15>F257-$82758 5 41&+2,'1578<%, 4+141+D%1'#$B'6<% =#''1<> +#9-

:+15>.  $8 ;1<42'5#D%% =#''6A 41&+2,'1572? '21:A1=%<1 4+2=>5<17+27B 4+1&+#<<-

'>K ;#$%:+1-;>.  $8 1:2542E2'%8 ;1++2;7'1? +#:176 <#&'%7'1&1 ;1<4#5# 7+2:>2758 

2&1 ;#$%:+1-;#.  $8 L71&1 4+2='#9'#E2'6 ;1<#'=6 ;#$%:+1-;% <#&'%7'1&1 ;1<4#5#. 

Q#; G2 4+2=>5<17+2'6 ;1<#'=6 =$8 9#4+15# 72;>F2&1 57#7>5# <1=>$8: ;1<#'=# 

9#4+15# 72;>F2&1 #9%<>7# #'72''6, ;1<#'=# 9#4+15# '#4+8G2'%?, ;1<#'=# 9#4+15# 

72<42+#7>+6. 

 #''12 >57+1?57-1 '# =#''6? <1<2'7 51:+#'1, 17$#G2'1 % +#:17#27 - 5157#-2 

3(J ."J 0(HI. 

 
C4%51; $%72+#7>+6 

 

1. Sharshavin P. V. UAV Ground Control Unit Design and implementation // 2013 International Siberian 

Conference on Control and Communications (SIBCON). Proceedings. – Krasnoyarsk: Siberian Federal Univer-

sity. Russia, Krasnoyarsk, September 12T13, 2013. IEEE Catalog Number: CFP13794-CDR. ISBN: 978-1-4799-

1060-1 

2. 012- .. /. I'#$%9 ;1<#'='1-72$2<27+%E25;1? +#=%1$%'%% 5-89% 5 :254%$17'6<% $27#72$B'6<% 

#44#+#7#<% // )257'%; C%:PIJ. – U 42. – C. 86–91. 

3. *#+,#-%' (. )., /#;#+1- N. )., .%&+>D# N. ). 351:2''157% 4157+12'%8 '#92<'1&1 ;1<4$2;5# 

>4+#-$2'%8 :254%$17'6<% $27#72$B'6<% #44#+#7#<% <#$1? % 5+2='2? -9$27'1? <#556 // O2,27'2-5;%2 

E72'%8 : <#72+%#$6 XVII /2G=>'#+. '#>E. ;1'@., 415-8F. 4#<87% &2'2+. ;1'57+>;71+# +#;27.-;15<%E. 

5%572< #;#=. /. V. O2,27'2-# (12–14 '18:. 2013 &., "+#5'18+5;) : - 2 E. / 41= 1:F. +2=. !. !. H1&%'1-# ; 

C%:. &15. #L+1;15<%E. >'-7. – "+#5'18+5;, 2013. – W. 1. – 522 5. 
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21 321&%)(4  2 ),1'1')0  ,1%$-$(  3$(,13%'$5  $# !#$%&)  

 !-)$/$&!+)$''$5  )'6$ ,!+))  '!  #!"1  3.713%(.87)9  

 !-)$/$&!+)$''49  3)3%1, 
 

.. (. 01&1<1$1-, N. .. "1+G, ). I. )8A%+2-, P. X. *#?=>+1- ('#>E'6? +>;1-1=%72$B) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 
7)'!!)-$!&'!'(!=* $!"#$#%# 23456 785 926 

660036, :. ;(."!)<("-, %1. 4-./'>:)()/)-, 13. 
E-mail: ka4ok373@mail.ru 

 

(+1%9-1=%758 %55$2=1-#'%2 -19<1G'1572? 41-6,2'%8 ;#E257-2''6A 41;#9#72$2? %9<2+2'%? ;11+=%'#7 D2$% 

% 4#+#<27+1- 2Y 7+#2;71+%% =$8 1:2542E2'%8 -651;1? 71E'157% D2$2>;#9#'%8 57#'D%% '#-2=2'%8 +#;27 <'1&1419%-

D%1''1? +#=%1$1;#D%1''1? 5%572<6. 

 

O#9-%7%2 +#=%1$1;#D%% - 415$2='22 =2587%$27%2 ,$1 41= 9'#;1< +29;1&1 41-6-

,2'%8 7+2:1-#'%? ; 15'1-'6< A#+#;72+%57%;#< +#=%1$1;#D%1''6A 57#'D%? (OHC). 

S71 % >-2$%E2'%2 =#$B'157% =2?57-%8 (4+% 1='1-+2<2''1< 5'%G2'%% +#=%1$1;#D%1'-

'1? «-%=%<157%» D2$2?), % 9'#E%72$B'12 >-2$%E2'%2 71E'157%, 4+14>5;'1? 54151:'1-

57% (4+% 1:5$>G%-#'%% <'1&%A D2$2?), L@@2;7%-'157% 9#F%76 17 +#9'1&1 +1=# 41<2A. 

)19+15$% 7+2:1-#'%8 ; 7#; '#96-#2<1? «5%&'#$B'1?» %'@1+<#D%%, %541$B9>2<1? =$8 

+#5419'#-#'%8 D2$2?. 

.25<17+8 '# 9'#E%72$B'6? 4+1&+255 - 72A'%;2 15'1-'6A L$2<2'71- % >57+1?57- 

OHC (#'72'', 42+2=#7E%;1-, 4+%Y<'%;1-, >57+1?57- 1:+#:17;% %'@1+<#D%%), -19+15-

,%2 7+2:1-#'%8 -1 <'1&%A 5$>E#8A '2 >=#Y758 >=1-$27-1+%7B - +#<;#A 7+#=%D%1''1&1 

4157+12'%8 1='1419%D%1''6A OHC.  

3='%< %9 42+542;7%-'6A '#4+#-$2'%? 8-$82758 42+2A1= 17 17=2$B'6A OHC 5 1=-

'1? 42+2=#KF2? % 1='1? 4+%Y<'1? 419%D%8<% (1:6E'1 51-<2F2''6<%) ; <'1&1419%-

D%1''6< 57#'D%8< % 5%572<#<, 515718F%< %9 +#9'25Y''6A - 4+157+#'57-2 42+2=#KF%A 

% 4+%Y<'6A 419%D%? (%$% 1='1419%D%1''6A OHC), 51-<257'1 -2=>F%A +#=%1$1;#D%-

1''12 '#:$K=2'%2 D2$2?.  

O#9-%7%2 <'1&1419%D%1''1? +#=%1$1;#D%% 5117-2757->27 1:F2? 72'=2'D%% - 

72A'%;2 – 1:M2=%'2'%K 17=2$B'6A 72A'%E25;%A 5+2=57- - 5%572<6, - ;171+6A :$#&1=#-

+8 51-<257'1<> @>';D%1'%+1-#'%K % -9#%<1=2?57-%K L$2<2'71- -19<1G'1 9'#E%72$B-

'12 >$>E,2'%2 15'1-'6A A#+#;72+%57%; % 418-$2'%2 '1-6A -19<1G'1572? [1]. 

(1 L71? 4+%E%'2 -19'%;#27 '21:A1=%<157B - 51-2+,2'57-1-#'%% 4+%'D%41- 41-

57+12'%8 +#=%1$1;#D%1''6A 57#'D%? % 5%572<, %541$B9>KF%A 1='1419%D%1''62 OHC 

;#; 17=2$B'62, 5$#:15-89#''62 <2G=> 51:1? L$2<2'76 5%572<6, 7#; % ;#; L$2<2'76 

<'1&1419%D%1''1? OHC. 

O#55<17+%< <'1&1419%D%1''>K +#=%1$1;#D%1''>K 5%572<> (/(OHC), 4+2='#-

9'#E2''>K =$8 +2,2'%8 9#=#E, 4+2=M8-$82<6A ; +#=%1$1;#D%1''6< 5%572<#< ()3: 

1:'#+>G2'%2 +#=%1$1;#D%1''6A D2$2?, +#9+2,2'%2 +#=%1$1;#D%1''6A D2$2?, 14+2=2-

$2'%2 ;11+=%'#7 +#=%1$1;#D%1''6A D2$2? 5 9#=#''1? 71E'157BK. 

 $8 4+%<2+# +#55<17+%< /(OHC, 1:2542E%-#KF2? 57#'D%K '#-2=2'%8 +#;27 - 

5157#-2: =2D%<27+1-#8 OHC 4871&1 41;1$2'%8 «(+17%-'%; – PZ», OHC ;+>&1-1&1 1:91-

+# «3:91+–3», OHC 4+1&+#<<'1&1 1:91+# «N<:%+B». ) 7#:$. 1 >;#9#'6 5+2='2;-#=+#7%-

E25;%2 1,%:;% (C"3) %9<2+2'%? OHC -A1=8F%A - 5157#- =#''1? /(OHC [2, 3]. 

"#; -%='1 %9 7#:$. 1, '% 1='# %9 OHC 1:'#+>G2'%8 % 514+1-1G=2'%8 =#''1? 

/(OHC '2 54151:'# 1:2542E%7B %9<2+2'%8 ;11+=%'#7 +#=%1$1;#D%1''6A D2$2? 5 71E-

'157BK, '21:A1=%<1? =$8 -6=#E% +#=%1$1;#D%1''1? %'@1+<#D%% 5 71E'157BK, 1:25-

42E%-#KF2? '#-2=2'%2 +#;27 - 5$>E#2 -6-2=2'%8 %9 57+18 57#'D%% '#-2=2'%8 +#;27 
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(C.O). C D2$BK 41-6,2'%8 4172'D%#$B'1? 71E'157% +#=%1$1;#D%1''1? 5%572<6 

/(OHC, 1:2542E%-#KF2? C.O :6$# 519=#'# <#72<#7%E25;#8 <1=2$B, ;171+#8 +#55<#7-

+%-#27 5$>E#? +2&>$8+'1&1 %9<2+2'%8. N9-257'1, E71 4+% +2&>$8+'1< %9<2+2'%% 41-

&+2,'157% %9<2+2'%? ;1$%E257-2''1 A#+#;72+%9>K758 +#9<2+#<% L$$%451%=# 1,%:1; 

%9<2+2'%? [4]. O#9<2+6 L$$%451%=# 1,%:1; %9<2+2'%? % 2&1 1+%2'7#D%8 9#-%587 17 41-

72'D%#$B'6A 5+2='2;-#=+#7%E25;%A 41&+2,'1572? %9<2+2'%? -2;71+# '#:$K=2'%? % 

&21<27+%% <'1&1419%D%1''1? +#=%1$1;#D%1''1? 5%572<6. 
 

Q#:$%D# 1 

C+2='2;-#=+#7%E25;%2 1,%:;% %9<2+2'%? OHC -A1=8F%A - 5157#- ROC C-300) 
 

(1&+2,'157% %9<2+2'%?, C"3 «(+17%-'%;-PZ» «3:91+-3» «N<:%+B» C.O 

 #$B'157B, < 50 250 70 5-25 

I9%<>7, <%' 10 30 15 0,2-2 

J&1$ <257#, <%' 8 35 12 0,2-2 

 

) +#:172 4+%'871, E71 25$% -2$%E%'6 &$#-'6A 41$>152? L$$%451%=# 1,%:1; %9-

<2+2'%? /(OHC :>=>7 <2'B,2 %$% +#-'6 5117-2757->KF%A -2$%E%' C.O, 71 9#=#E# 

41 1:2542E2'%K C.O 7#;%<% 71E'157'6<% A#+#;72+%57%;#<%, E71:6 1'# 4+1%9-2$# 

:2541%5;1-12 1:'#+>G2'%2 D2$%, :>=27 +2,2'#. 

(+% +#5E272 4172'D%#$B'1? 71E'157% %9<2+2'%8 ;11+=%'#7 $1D%+>2<1? D2$% :6-

$% 4+%'876 5$2=>KF%2 >5$1-%8: 2=%'%E'157% 4+1-2=2'%8 ;11+=%'#7'6A %9<2+2'%?; 

'2%'@1+<#7%-'157% 4+2=6=>F%A %9<2+2'%?; '29#-%5%<157% % <#$157% 41&+2,'1572? 

-2;71+# '#:$K=2'%?, +#54+2=2$2''6A 41 '1+<#$B'1<> 9#;1'> 5 '>$2-6< 5+2='%< [4]. 

)6+#G2'%2 ;1++2$8D%1''1? <#7+%D6 71E'157% %9<2+2'%? - =2;#+71-1? 5%572<2 

;11+=%'#7 C[ 14+2=2$82758 5117'1,2'%2< [4] 
 

 
TC H C H! ! " !# ,  (1) 

 

&=2 C\ – ;1++2$8D%1''#8 <#7+%D# 71E'157% %9<2+2'%? - 5@2+%E25;1? 5%572<2 ;11+=%-

'#7; ( ) ( )

ˆ( )( )i jH ## $ $! ! !" !  – 4+8<1>&1$B'#8 <#7+%D# 57#7%E25;1&1 42+25E27# %9<2'2'%? 

-2;71+# 515718'%8 - %9<2'2'%8 -2;71+# '#:$K=#2<6A 4#+#<27+1-. 

(+% '29#-%5%<6A %9<2+2'%8A 1D2'1; %'@1+<#7%-'6A 4#+#<27+1-, 41$>E2''6A - 

%9<2+%72$B'6A 4>';7#A, 1D2';# +29>$B7%+>KF2&1 -2;71+# 515718'%8 @1+<%+>2758 - 

4>';72 1:+#:17;% %'@1+<#D%% ((3N) 4>72<, ;1<4$2;5%+1-#'%8 42+25E%7#''6A 1D2'1; 

-2;71+# '#:$K=2'%8 - 2=%'>K 5%572<> ;11+=%'#7 [5]: 
 

 

,ˆˆ
1

1

i

L

i

iPp CC !! %# &
#

'  (2) 

 

,

1

1

1

'

#

'
(
)
*

+
,
-# &

L

i
ip

CC   (3) 

 
),ˆ(ˆ

iii h "! #   (4) 

 
,, ii

T

ii HCHC %%# "   (5) 
 

&=2 'p!̂  1D2';# +29>$B7%+>KF2&1 -2;71+# 515718'%?; i – '1<2+ ,#&# %72+#D%%; ''1

pC  

+29>$B7%+>KF#8 ;1++2$8D%1''#8 <#7+%D# 41&+2,'1572? %9<2+2'%?; 'i!̂  1D2';# -2;-

71+# '#:$K=#2<6A 4#+#<27+1- 7+#2;71+%% D2$% - =2;#+71-1? 5%572<2 ;11+=%'#7; 'iC  

;1++2$8D%1''#8 <#7+%D# 71E'157% %9<2+2'%? - 4+%2<'6A 4>';7#A - =2;#+71-1? 5%572-
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<2 ;11+=%'#7;
 

'i"̂  1D2';# -2;71+# '#:$K=#2<6A 4#+#<27+1- 7+#2;71+%% D2$% - 5@2+%-

E25;1? 5%572<2 ;11+=%'#7; ')ˆ( iih "  '2$%'2?'#8 -2;71+'#8 @>';D%8 42+25E27# 1D2'1; 

-2;71+# '#:$K=#2<6A 4#+#<27+1- %9 5@2+%E25;1? - =2;#+71-> 5%572<> ;11+=%'#7; 

,iC" '  ;1++2$8D%1''#8 <#7+%D# 71E'157% %9<2+2'%? 1D2'1; -2;71+# '#:$K=#2<6A 4#-

+#<27+1- - 5@2+%E25;1? 5%572<2 ;11+=%'#7. 

.# 42+-1< L7#42 <1=2$%+1-#'%8 14+2=2$%< 1'
pC  =$8 OHC «N<:%+B», «(+17%-'%;-

PZ», «3:91+-3» % C.O =$8 -#+%#'7# @1+<%+1-#'%8 4+% ;1<4$2;5%+1-#'%% 1D2'1; -2;-

71+1- %9<2+82<6A 4#+#<27+1- 17 OHC «N<:%+B» % «(+17%-'%;-PZ».  #''62 5+2='2-

;-#=+#7%E'6A 41&+2,'1572? %9<2+2'%? (C"3) OHC % C.O - 5@2+%E25;1? 5%572<2 ;1-

1+=%'#7 4+%-2=2'6 - 7#:$. 1. J5$1-%8 +#5E27# ,1

,

'
iC"  ,1'

iC  1'
pC  4+1%9-1=%$%5B 4+% 5$2-

=>KF%A =14>F2'%8A: 

#) +#55<#7+%-#2758 5$>E#? +2&>$8+'1&1 %9<2+2'%8 4+% 175>757-%% -'2,'%A 41<2A; 

:) <1=2$B =-%G2'%8 D2$% 5117-2757->27 +#-'1<2+'1<> 4+8<1$%'2?'1<> =-%G2-

'%K '# 415718''1? -65172 ZD = 15 000 <., 51 5;1+157BK V = 1000 ;</E - '#4+#-$2'%% '# 

(3N; 1:'#+>G2'%2 D2$% % 5$2G2'%2 9# '2? '#E#$15B OHC «(+17%-'%;-PZ», «3:91+-3» 

'# =#$B'157% 300 ;<, «N<:%+B» – 170 ;<, 42+%1= 1:'1-$2'%8 %'@1+<#D%% 5157#-$827 

T = 10 5. 

.# +%5. 1 4+2=57#-$2'6 9#-%5%<157% 4172'D%#$B'6A C"3 %9<2+2'%8 ;11+=%'#76 

x (- ;<) 17 E%5$# ,#&1- 4157>4$2'%8 %'@1+<#D%% k ( )x f K. # . (1$>E2''62 +29>$B7#76 

41;#9#$%, E71 A#+#;72+ %9<2'2'%8 4172'D%#$B'6A C"3 %9<2+2'%8 41 ;11+=%'#7#< y, z 

#'#$1&%E2' A#+#;72+> %9<2'2'%8 41 ;11+=%'#72 ?. 
 

 
 

O%5. 1. R#-%5%<157B C"3 ;11+=%'#76 A 17 '1<2+# ,#&# @%$B7+#D%% 

 

"+%-62 1, 2, 3 41;#96-#K7 5117-2757-2''1 9#-%5%<157% 4172'D%#$B'6A C"3 %9-

<2+2'%? =$8 OHC «N<:%+B», «(+17%-'%;-PZ» % C.O. "+%-#8 4 – 4+% ;1<4$2;5%+1-#-

'%% 4172'D%#$B'6A C"3 %9<2+2'%? OHC «N<:%+B» % «(+17%-'%;-PZ». 

N9 #'#$%9# 41$>E2''6A +29>$B7#71- 5$2=>27, E71 1:'#+>G%7B D2$B «5 -657+2$#» 

-19<1G'1 - 5$>E#2 51-<257'1? 1:+#:17;% %'@1+<#D%% 5 ;1<4$2;5%+1-#'%2< 4172'D%-

#$B'6A C"3 %9<2+2'%? - (3N, 4157>4#KF2? 17 OHC «N<:%+B» % «(+17%-'%;-PZ». 

(+% L71< '21:A1=%<1 >E%76-#7B 71, E71 OHC «N<:%+B» 4+1%9-1=%7 1:'#+>G2'%2 D2$% 

% 14+2=2$827 22 ;11+=%'#76 71$B;1 - 14+2=2$2''1< 52;71+2 % '# =#$B'157% =1 175 ;< 

[3]. (1L71<> =$8 :1$22 ;#E257-2''1&1 +2,2'%8 4157#-$2''1? 9#=#E%, :29 ;#;%A $%:1 

1&+#'%E2'%?, 4+2=$#&#2758 - (3N 4+%<2'%7B #$&1+%7< @%$B7+#D%% "#$<#'#. 
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/1=2$B =-%G2'%8 41=+1:'1 14%5#'# - [4], 41L71<> 157#'1-%<58 '# #$&1+%7<2 

@%$B7+#D%% "#$<#'#, ;#; '# 15'1-'1< <#72<#7%E25;1< #44#+#72, %541$B91-#''1< 4+% 

<1=2$%+1-#'%%. 

O2;>++2'7'6? #$&1+%7< @%$B7+#D%% "#$<#'# =$8 41$>E2'%8 1D2';% -2;71+# 51-

5718'%8 k!̂  -;$KE#27 - 52:8: 

#$&1+%7< 1D2'%-#'%8 -2;71+# 515718'%8 
 

 
/ 01 211
ˆˆˆˆ '' '3# kkkkkkkk hK !"!! ;  (6) 

 

+#5E27 4+1&'19%+1-#''1? 1D2';% -2;71+# 515718'%8 
 

 111
ˆˆ ''' # kkkk B !! ;  (7) 

 

-6E%5$2'%2 <#7+%E'1&1 ;1L@@%D%2'7# >5%$2'%8 
 

 k

T

kkk CHCK "
1'# ,  (8) 

 

#$&1+%7< -6E%5$2'%8 #41572+%1+'1? <#7+%D6 1,%:1; %9<2+2'%? -2;71+# 515718'%8 
 

 
4 5 1

1

1 '

'
' 3# kk

T

kkkk HCHCC " .  (9) 
 

(+% -6E%5$2'%% #41572+%1+'1? <#7+%D6 1,%:1; %9<2+2'%? -2;71+# 515718'%8 

>E%76-#K758: 4172'D%#$B'62 41&+2,'157% %9<2+2'%? OHC, 5+2='2;-#=+#7%E25;#8 41-

&+2,'157B >E%76-#KF#8 +#54+157+#'2'%2 +#=%1-1$', %'57+><2'7#$B'#8 41&+2,'157B, 

5+2='2;-#=+#7%E25;#8 41&+2,'157B, -69-#''>K @$K;7>#D%8<% ;#G>F2&158 D2'7+# 17-

+#G2'%8 1:M2;7#. 

34+2=2$2'%2 #4+%1+'1? <#7+%D6 1,%:1; %9<2+2'%? -2;71+# 515718'%8 
 

 11

1

11

1

1 ''
'
''

'
' 3# k

T

kkkkk QBCBC ,  (10) 

 

&=2 / 01/
ˆ 'kkkh ! – 42+25E27 4+1&'19%+1-#''1? 1D2';% -2;71+# 515718'%8, - 5@2+%E25;>K 

5%572<> ;11+=%'#7;
 1/

ˆ 'kk! – 4+1&'19%+1-#''#8 1D2';# -2;71+# 515718'%8;
 k"̂ – -2;71+ 

%9<2+2'%8; kK  – ;1L@@%D%2'7 >5%$2'%8; k – '1<2+ 7#;7# @%$B7+#D%%. 

O29>$B7#76 %<%7#D%1''1&1 <#72<#7%E25;1&1 <1=2$%+1-#'%8 @>';D%1'%+1-#'%8 

#$&1+%7<1- @%$B7+#D%% "#$<#'# (6-10) <271=1< 57#7%57%E25;%A %5467#'%? 4+2=57#--

$2'6 '# (+%5. 1) ;+%-6<% 5 % 6. "+%-#8 5 5117-2757->27 A#+#;72+> %9<2+2'%8 C"3 %9-

<2+2'%8 ;11+=%'#76 ? 17 k +29>$B7#71- ;#$<#'1-5;1? @%$B7+#D%% 4172'D%#$B'6A C"3 

%9<2+2'%? OHC «N<:%+B», ;+%-#8 6 – OHC «(+17%-'%;-PZ». 

.# 15'1-#'%% +29>$B7#71- 4+1-2=2''1&1 <1=2$%+1-#'%8 (+%5. 1) <1G'1 5=2$#7B 

5$2=>KF%2 -6-1=6: 

1. (+%<2'2'%2 #$&1+%7<1- @%$B7+#D%% "#$<#'# - (3N 1D2'1; -2;71+# 515718-

'%8 OHN «(+17%-'%;-PZ» % «N<:%+B» 41;#96-#27, E71 :2541%5;1-12 1:'#+>G2'%2 D2-

$% 1:2542E%-#2758 4+#;7%E25;% '2415+2=57-2''1 5 <1<2'7# '#E#$# @%$B7+#D%%. N5-

41$B91-#'%2 4+% L71< D2$2>;#9#'%8 17 OHC «3:91+-3» '2D2$2511:+#9'1, - -%=> :1$B-

,1? +#9'%D6 5117-2757->KF%A C"3 %9<2+2'%?, # -71+%E'#8 1:+#:17;# - (3N 9'#E%-

72$B'1 >5$1G'82758. 

2. (+2=$1G2''62 <271=6 % #$&1+%7<6 4+% +#9+#:17;2 % <1=2+'%9#D%% #$&1+%7-

<1- 1D2'%-#'%8 ;11+=%'#7 % 4#+#<27+1- =-%G2'%8 D2$% - / OHC 419-1$%7 41-65%7B 

L@@2;7%-'157B &+>44%+1-;% ()3. 
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C4%51; $%72+#7>+6 

 

1. W2+'8; ). C. /'1&1419%D%1''#8 +#=%1$1;#D%8 / ). C. W2+'8;. – /.: O#=%1 % 5-89B, 1993. – 416 5. 

2. 3+>G%2 % 72A'1$1&%8 O155%%. S'D%;$142=%8 XXI -2; / (1= 1:F2? +2=. /3 OV C2+&28 N-#'1-# 

// (+17%-1-19=>,'#8 % 4+17%-1+#;27'#8 1:1+1'#. Q. 9. – N9=. =1< 3+>G%2 % 72A'1$1&%8. – /., 2004. –  

C. 154–156. 

3. )#5%$%' .. X., P>+%'1-%E I. H. R2'%7'62 +#;27'62 ;1<4$2;56. – /'.: 333 «(14>++%», 2002. – 

464 5. 

4. *%+<#' X.  .; /#'G15 ). .. Q21+%8 % 72A'%;# 1:+#:17;% +#=%1$1;#D%1''1? %'@1+<#D%% '# 

@1'2 41<2A. – /.: O#=%1 % 5-89B, 1981. – 416 5. 

5. (27+1- I. ). I'#$%9 % 5%'729 +#=%172A'%E25;%A ;1<4$2;51- / I. ). (27+1-, I. I. X;1-$2-. – 

/.: O#=%1 % 5-89B, 1984. – 248 5. 

 

  



 *23!0!--1!&43*56!01&3()$*76!"+3*-$"$.&2015&

70 

&!'!/:'45  6)/:%   -/0  %1/1()")$''$*$  ,$-./0%$ !  DVB-T2 
 

I. !. "1+1$Y-#, ). (. O#9%';%' ('#>E'6? +>;1-1=%72$B) 
 

@)A)"$B$("-$* :)"%/.("#A'!!=* #'?!$C'"-$* %!$A'("$#'# 
630073, :. @)A)"$B$("-, D(-# ;. E.(-"., 20 

E-mail: alena1040@gmail.com 

 

 #''#8 +#:17# 415-8F2'# +#9+#:17;2 % %55$2=1-#'%K @%$B7+1-6A 57+>;7>+ =2D%<27+1-1&1 =%#4#91'#, 4+%-

<2'82<6A - 5%572<#A D%@+1-1&1 72$2-%=2'%8. (+2=$1G2'6 57+>;7>+# % <271=%;# +#5E27# <1=%@%D%+1-#''1&1 L$-

$%47%E25;1&1 ;#'#$B'1&1 @%$B7+# - 515+2=171E2''1< L$2<2'7'1< :#9%52. C2$2;7%-'62 5-1?57-# +#9+#:17#''1&1 

@%$B7+# 5117-2757->K7 7+2:1-#'%8< ;+%7%E25;1? <#5;% '# #<4$%7>='1-E#5717'>K A#+#;72+%57%;> ;#'#$B'1&1 72$2-

-%9%1''1&1 @%$B7+#. 

 

W#5717'1-52$2;7%-'62 >57+1?57-#, - E#57'157% 41$151-62 @%$B7+6, 8-$8K758 

&$#-'6<% ;1<41'2'7#<% - +#=%172A'%;2, 72$2;1<<>'%;#D%8A, 5%572<#A 5-89% % 72$2-

-%=2'%%. " @%$B7+#< 4+2=M8-$8K758 -5Y :1$22 G257;%2 7+2:1-#'%8 41 5'%G2'%K <#5-

51&#:#+%7'6A 4#+#<27+1-, >-2$%E2'%K 52$2;7%-'6A 5-1?57- % ><2'B,2'%K 4+8<6A 

4172+B - 41$152 4+14>5;#'%8.  

S$$%47%E25;%2 @%$B7+6 1:$#=#K7 41-6,2''6<% 52$2;7%-'6<% 5-1?57-#<%, 9# 

5EY7 '#$%E%8 '>$2? ;1L@@%D%2'7# 42+2=#E% - 41$152 9#&+#G=2'%8, -5$2=57-%2 E2&1 

1:2542E%-#2758 :1$B,#8 ;+>7%9'# 5;#71- IW] 41 5+#-'2'%K 5 ;$#55%E25;%<% 41$%'1-

<%#$B'6<% @%$B7+#<% (0#772+-1+7#, W2:6,Y-#). ) 5-1K 1E2+2=B %9-257'62 <271=6 

5%'729# L$$%47%E25;%A @%$B7+1- '2 >E%76-#K7 7+2:1-#'%8 ; @%9%E25;1? +2#$%9>2<1-

57% L$2<2'71- ;1$2:#72$B'6A 5%572< % %5A1=87 %9 1:2542E2'%8 71$B;1 9#=#''1&1 >+1--

'8 9#7>A#'%8 - 41$152 9#&+#G=2'%8. ) %9-257'6A <271=%;#A 7#;G2 '2 9#157+8K7 -'%<#-

'%2 '# 9'#E2'%8A E#5717 +2G2;D%% - 41$152 9#&+#G=2'%8, &=2 ;1L@@%D%2'7 42+2=#E% 

@%$B7+# 57+2<%758 ; '>$K. R# 5E27 L71&1 '2 >=#2758 - 41$'1? <2+2 -641$'%7B '21:A1-

=%<62 7+2:1-#'%8 41 52$2;7%-'6< %$% %9:%+#72$B'6< 5-1?57-#< @%$B7+1-, ;171+62 

9#=#K758 D%@+1-6<% <271=#<% <1=>$8D%% - 5-89%, 72$2-%=2'%%, %9<2+%72$B'1? 72A-

'%;2 % +#=%1$1;#D%%.  

C 71E;% 9+2'%8 41$>E2'%8 <#$6A 4+8<6A 4172+B 4+8<1>&1$B'#8 @1+<# IW] 

@%$B7+# 5 9#=#''6< >+1-'2< 41=#-$2'%8 - =#$B'2? 91'2 9#&+#G=2'%8 '2 -52&=# 8-$827-

58 147%<#$B'1?. S71 5-89#'1 5 72<, E71 E2< :1$B,2 9#7>A#'%2 - =#$B'2? 91'2 41$156 

9#&+#G=2'%8, 72< :1$22 -6+#G2''1? 57#'1-%758 4+1:$2<# @%9%E25;1? +2#$%9>2<157% 

L$2<2'71-, ;171+#8 4+%-1=%7 ; -19+#57#'%K 4+8<6A 4172+B. (1L71<> - '#5718F22 -+2-

<8 #;7>#$B'1? 9#=#E2? 8-$82758 +#9+#:17;# '1-6A 5A2<172A'%E25;%A +2,2'%?, 1:2542-

E%-#KF%A 41-6,2'%2 52$2;7%-'6A 5-1?57- 9# 5E27 >-2$%E2'%8 =1:+17'157% ;1$2:#-

72$B'6A 5%572<, -A1=8F%A - 5157#- L$$%47%E25;%A @%$B7+1-, % 4+%:$%G2'%8 E#5717 

+2G2;D%% ; 41$152 4+14>5;#'%8. 35'1-1? 4+2=$1G2''1? <271=%;% 5%'729# L$$%47%E2-

5;%A @%$B7+1- 5 9#=#''6<% E#5717#<% +2G2;D%% - 41$152 9#&+#G=2'%8 8-$82758 %5-

41$B91-#'%2 +#54+2=2$2''1&1 L;-%-#$2'7# % 415$2=>KF%? 42+2A1= ; 515+2=171E2''1-

<> L$2<2'7'1<> :#9%5>. O#9+#:17#''#8 <271=%;# 5%'729# L$$%47%E25;%A @%$B7+1- 

1:2542E%-#27 5>F257-2''12 >$>E,2'%2 52$2;7%-'6A 5-1?57- % @%9%E25;1? +2#$%9>2-

<157% -651;1=1:+17'6A L$2<2'71- ;1$2:#72$B'6A 5%572< @%$B7+1-. 

R#=#E% 4+12;7#: 

1. O#9+#:17#7B '1-62 57+>;7>+6 L$$%47%E25;%A @%$B7+1- - 515+2=171E2''1< L$2-

<2'7'1< :#9%52, >=1-$27-1+8KF%2 7+2:1-#'%8< A1+1,2? @%9%E25;1? +2#$%9>2<157% 

L$2<2'71-; 

2. O#9+#:17#7B <271=%;> +#5E27# #;7%-'1&1 ;#'#$B'1&1 @%$B7+#. 

W#5717'1-52$2;7%-'62 >57+1?57-#, 15'1-'6<% -%=#<% ;171+6A 8-$8K758 41$151-

-62 @%$B7+6, ,%+1;1 4+%<2'8K758 - +#=%172A'%;2, 72$2;1<<>'%;#D%8A, 5%572<#A 
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41=-%G'1? 5-89% % 72$2-%=2'%%. ) '#5718F22 -+2<8 :1$B,>K #;7>#$B'157B %<227  9#-

=#E# 41=#-$2'%8 542;7+#$B'6A 5157#-$8KF%A -'2 41$156 4+14>5;#'%8 - 5%572<#A 

L@%+'1&1 '#92<'1&1 D%@+1-1&1 72$2-%=2'%8 57#'=#+7# DVB-T2, 4+%'871&1 - O155%% 

2010 &1=>. ) 5-89% 5 41-6,2'%2< 542;7+#$B'1? L@@2;7%-'157% D%@+1-6A 5%572< '# 

42+2=#KF2? % 4+%2<'1? 571+1'2 7+2:>2758 >-2$%E2'%2 >+1-'8 @%$B7+#D%% - 5152='2< 

;#'#$2 - 5+2='2< '# 10–15 =0 41 5+#-'2'%K 5 #'#$1&1-6< 72$2-%9%1''6< -2F#'%2<. 

Q#;G2 ; 41$151-6< ;#'#$B'6< @%$B7+#< D%@+1-1&1 72$2-%=2'%8 4+2=M8-$8K758 41-

-6,2''62 7+2:1-#'%8 41 ><2'B,2'%K 4+8<6A 4172+B - 41$152 4+14>5;#'%8, >-2$%E2-

'%K 52$2;7%-'6A 5-1?57- % 5'%G2'%K <#551&#:#+%7'6A 4#+#<27+1- [1]. I'#$%7%E2-

5;%? 1:91+ $%72+#7>+6 41;#9#$, E71 1='%< %9 42+542;7%-'6A 4>72? +2,2'%8 =#''1? 

9#=#E%, 8-$82758 +#9+#:17;# 4+%'D%41- 4157+12'%8 % 5A2<172A'%E25;%A +2,2'%? L$-

$%47%E25;%A @%$B7+1- 5 9#=#''6<% E#5717#<% +2G2;D%% - :$%G'2? 91'2 41$156 9#-

&+#G=2'%8. Q#;%2 @%$B7+6 1:$#=#K7 9'#E%72$B'1 :1$B,2? ;+>7%9'1? 5;#7# #<4$%7>=-

'1-E#5717'1? A#+#;72+%57%;% 41 5+#-'2'%K 5 ;$#55%E25;%<% 41$%'1<%#$B'6<% 

@%$B7+#<%.  (+% L71< '21:A1=%<1 >E%76-#7B 151:2''157% 515+2=171E2''1&1 % +#54+2-

=2$2''1&1 L$2<2'7'1&1 :#9%5# L$$%47%E25;%A @%$B7+1- =2D%<27+1-1&1 % 5#'7%<27+1-

-1&1 =%#4#91'#.  

C7#'=#+7 D%@+1-1&1 L@%+'1&1 -2F#'%8 DVB-T2 8-$82758 >$>E,2''6< % @>';-

D%1'#$B'1 +#5,%+2''6< 5$2=>KF%< 41;1$2'%2< 57#'=#+7# DVB-T. ) 5%572<2 -2F#-

'%8 DVB-T2 =$8 42+2=#E% %'@1+<#D%% %541$B9>2758 COFDM <1=>$8D%8 (Coded 

Orthogonal Frequency Division Multiplexing – 1+71&1'#$B'12 E#5717'12 +#9=2$2'%2 ;#'#-

$1- 5 ;1=%+1-#'%2<). ) 542;7+2 5%&'#$# %<22758 6800 1+71&1'#$B'6A '25>F%A, ;#G=#8 

%9 ;171+6A <1=>$%+1-#'# 41 #<4$%7>=2 % @#92. S71 419-1$827 - 41$152 E#5717 1='1&1 

72$2-%9%1''1&1 ;#'#$# 42+2=#7B =1 10 4+1&+#<<. 
 

 
 

O%5. 1. C42;7+ 5%&'#$# DVB-T2 

 

(+%<2'2'%2 57#'=#+7# DVB-T2 419-1$827 >-2$%E%7B 4+14>5;'>K 54151:'157B 

5%572<6 '# 30 %. S71 =157%&'>71 9# 5E27 --2=2'%8 +2G%<# <1=>$8D%% 256-QAM % +#9-

<2+'157% :657+1&1 4+21:+#91-#'%8 V>+B2 (0(V) 16k % 32k, # 7#;G2 =1:#-$2'6 '1-62 

9'#E2'%8 9#F%7'6A %'72+-#$1-: 1/128, 19/128, 19/256. C;1+157B 4171;# D%@+1-6A =#'-

'6A =157%&#27 35 /:%7/5. R# 5E27 <2'B,2&1 9'#E2'%8 17'1,2'%8 5%&'#$/,>< (3C*) '# 
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5–6 =0, - 57#'=#+72 DVB-T2 57#$1 -19<1G'6< 5'%G2'%2 <1F'157% 42+2=#7E%;1-  

- 3–4 +#9# 4+% 71< G2 +#=%>52 1:5$>G%-#'%8. 

O#5,%+2'%2 542;7+# 5%&'#$# 4+1%5A1=%7 9# 5E27 '2$%'2?'6A %5;#G2'%? - >5%$%-

72$B'6A L$2<2'7#A 72$2-%9%1''1&1 7+#;7#. S71 4+%-1=%7 ; 418-$2'%K '1-6A 542;-

7+#$B'6A 5157#-$8KF%A. (1L71<> ;#'#$B'62 72$2-%9%1''62 @%$B7+6 =1$G'6 >=1-$2-

7-1+87B 7+2:1-#'%8< ;+%7%E25;1? <#5;% '# #<4$%7>='1-E#5717'>K A#+#;72+%57%;> 

(IW]), E71 1:2542E%-#27 >57+#'2'%2 +#541$9#'%8 542;7+# '# 5152='%2 ;#'#$6 [2]. 

 

 
 

O%5. 2. ]#+#;72+%57%;# :1;1-6A 41$15 =$8 #'#$1&1-1&1 % D%@+1-1&1 72$2-%=2'%8 

 

.# +%5. 3 41;#9#'# 57+>;7>+'#8 5A2<# 4+2=$#&#2<1&1 ;#'#$B'1&1 @%$B7+#.  #''6? 

@%$B7+ 51571%7 %9 ;-#9%L$$%47%E25;1&1 @%$B7+# % ,%+1;141$15'1&1 @%$B7+# W2:6,Y-

-#, <2G=> ;171+6<% -;$KE2' :>@2+'6? >5%$%72$B. 

 

 
 

O%5. 3. C7+>;7>+'#8 5A2<# ;#'#$B'1&1 @%$B7+# 

 

R# 15'1-> ;-#9%L$$%47%E25;1&1 @%$B7+# -987 41$151-1? @%$B7+ -71+1&1 41+8=;# 5 

E27-2+7B-1$'1-1? 5-89BK. .# +%5. 4 4+2=57#-$2'1 L;-%-#$2'7'12 9#<2F2'%2 E27-2+7B-

-1$'1-6A ;1+17;19#<;'>76A +291'#71+1- '# ;1$2:#72$B'62 5%572<6 5 7+2<8 +291'#'5-

'6<% E#5717#<%, -641$'2''62 '# 515+2=171E2''6A L$2<2'7#A.  

 

 
O%5. 4. S;-%-#$2'7'12 9#<2F2'%2 E27-2+7B-1$'1-6A ;1+17;19#<;'>76A +291'#71+1-  

;1$2:#72$B'6<% ;1'7>+#<% 
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 #''#8 9#<2'# '21:A1=%<# =$8 ><2'B,2'%8 <#551&#:#+%7'6A 4#+#<27+1- @%$B7-

+#.  #$22 9#4%56-#2< >5$1-%2 L;-%-#$2'7'157% %5A1='1&1 E27-2+7B-1$'1-1&1 +291'#-

71+# % 5$1G'1? ;1$2:#72$B'1? 5%572<6: 

 

                                                                        !"
!#$%&%'

( !")!# $%&%'
 *                                               +,- 

 

&=2 B( ./01/2 3 -A1='#8 4+1-1=%<157B +291'#71+#; ") – 4+1-1=%<157B ;1$2:#72$B'1? 

5%572<6 '# 515+2=171E2''6A L$2<2'7#A; #4 ( 5#678#69: – +291'#'5'#8 E#5717# ;1$2-

:#72$B'1? 5%572<6 [3]. 

O#55<#7+%-#2<6? ;-#9%L$$%47%E25;%? @%$B7+ 1:$#=#27 -651;%<% 52$2;7%-'6<% 

5-1?57-#<%, 9# 5EY7 '#$%E%8 '>$2? ;1L@@%D%2'7# 42+2=#E% - 41$152 9#&+#G=2'%8, 

-5$2=57-%2 E2&1 1:2542E%-#2758 :1$B,#8 ;+>7%9'# 5;#71- IW] 41 5+#-'2'%K 5 =+>&%<% 

-%=#<% @%$B7+1- (0#772+-1+7#, W2:6,Y-#). S;-%-#$2'7'#8 9#<2'# 5 =157#71E'1? 71E-

'157BK 15>F257-$82758 71$B;1 - 41$152 4+14>5;#'%8, '1 - =#$B'2? 91'2 41$156 9#&+#-

G=2'%8 @%$B7+#D%8 >A>=,#2758.  $8 >57+#'2'%8 L71&1 '2=157#7;# '# -6A1=2 :>@2+'1&1 

>5%$%72$8 %541$B91-#' ;$#55%E25;%? @%$B7+ W2:6,Y-#. O29>$B7#76 ;1<4BK72+'1&1 

<1=2$%+1-#'%8 E#5717'6A 5-1?57- ;#'#$B'1&1 @%$B7+# 4+%-2=2'6 '# +%5. 5. 

 

. 
O%5. 5. IW] ;-#9%L$$%47%E25;1&1 ;#'#$B'1&1 @%$B7+# 

 

 #$B'2?,%2 %55$2=1-#'%8 '#4+#-$2'6 '# ><2'B,2'%2  '2+#-'1<2+'157% &+>441-

-1&1 -+2<2'% 9#4#9=6-#'%8 (P)R) ;#'#$B'1&1 @%$B7+#, # 7#;G2 '# 41-6,2'%2 52$2;-

7%-'6A 5-1?57- - =#$B'2? 91'2 41$156 9#&+#G=2'%8.  $8 +2,2'%8 =#''6A 9#=#E 5$2=>-

27 4+1-257% '2 71$B;1 57+>;7>+'6? 5%'729, '1 % 4#+#<27+%E25;>K 147%<%9#D%K =$8 

+2#;7%-'6A L$2<2'71- ;1$2:#72$B'6A 5%572< % +2G2;71+1- '# 9#=#''62 E#57176. )#G-

'1? 9#=#E2? 7#;G2 8-$82758 5%'729 E#5717'1-%9:%+#72$B'6A 57+>;7>+, 1:2542E%-#KF%A 

7+2:>2<>K @%$B7+#D%K - =#$B'2? 91'2 41$156 9#&+#G=2'%8. Q#;%< 1:+#91<, 5 41<1-

FBK -;$KE2''6A ;#5;#='1 E#5717'1-%9:%+#72$B'6A 57+>;7>+, ;171+62 -641$'8K7 

+#9$%E'>K @>';D%K - @1+<%+1-#'%% 9#=#''1? @1+<6 IW], 4+2=41$#&#2758 1:2542-

E%7B <#$62 4+8<62 4172+%. ) +29>$B7#72 -641$'2''6A %55$2=1-#'%? :>=>7  519=#'6 

;#'#$B'62 72$2-%9%1''62 @%$B7+6 '1-1&1 41;1$2'%8 =$8 $K:1&1 E#5717'1&1 ;#'#$# 

=2D%<27+1-1&1 =%#4#91'#. O#9+#:17#''62 <271=%;% 5%'729# @%$B7+1- :>=>7 #=#47%+1-

-#'6 % =$8 ;#'#$B'6A @%$B7+1- =2D%<27+1-1&1 =%#4#91'#, 4+2='#9'#E2''6A =$8 +#:1-

76 '# -651;1< >+1-'2 <1F'157%.   
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(+2=$1G2''#8 57+>;7>+# % <271=%;# +#5E27# 419-1$%$% 519=#7B '1-12 5A2<172A-

'%E25;12 +2,2'%2 #;7%-'1&1 ;#'#$B'1&1 @%$B7+# =$8 DVB-T2 <1=>$871+#, ;171+6? - 

5+2='2< '# 10 =0 419-1$827 >$>E,%7B @%$B7+#D%K 41 17'1,2'%K ; 5$>E#K %541$B91-

-#'%8 ;$#55%E25;%A 41$%'1<%#$B'6A @%$B7+1-. (+% 5%'7292 57+>;7>+6 ;-#9%L$$%47%-

E25;1&1 @%$B7+# :6$ %541$B91-#' +#54+2=2$2''6? L;-%-#$2'7 =$8 415$2=>KF2&1 42+2-

A1=# ; 515+2=171E2''1<> :#9%5>. S71 1:2542E%$1 >$>E,2'%2 @%9%E25;1? +2#$%9>2<1-

57% +2#;7%-'6A L$2<2'71- 9# 5E27 41-6,2'%8 %A =1:+17'157%.  (+2=$1G2''#8 57+>;7>-

+# ;#'#$B'1&1 72$2-%9%1''1&1 @%$B7+# :>=27 %541$B91-#'# - #44#+#7>+2, 4+1%9-1=%-

<1? - 333 ".(( Q+%#=#-Q)". O#9+#:17#''62 @%$B7+6 <1&>7 '#?7% 4+%<2'2'%2 - 5%5-

72<#A 5-89% % 72$2;1<<>'%;#D%1''6A +#=%1;#'#$#A 42+2=#E% =#''6A - =%#4#91'2 E#5-

717 17 0,05 PPD =1 2,4 PPD. 

 
C4%51; $%72+#7>+6 

 

1. I:+15%<1- I. I. S$$%47%E25;%2 @%$B7+6 5 9#=#''6<% E#5717#<% +2G2;D%% - 41$152 9#&+#G-

=2'%8: #-71+2@2+#7. – .1-15%:%+5;: .PQJ, 2013. – 23 5. 

2. Q+%#=#-Q). 35'1-6 D%@+1-1&1 72$2-%=2'%8 - 57#'=#+72 DVB-T/H: <271=. 4151:%2 ; >E2:'1<> 

;>+5>. – .1-15%:%+5;, 2009. – 55 5. 

3. O#9%';%' ). (. *%+1;141$15'62 >4+#-$82<62 C)W >57+1?57-# -651;1&1 >+1-'8 <1F'157%: 

<1'1&+#@%8 / ). (. O#9%';%', ). I. ]+>57#$2-, C. !. /#7-22-. – .1-15%:%+5;: N9=--1 .PQJ, 2008. – 

316 5. (52+. «/1'1&+#@%8 .PQJ»). 

4. O#9%';%' ). (. (#7. U 2414024 OV, /"N  H 01 P 1/00. J9;141$15'6? @%$B7+ / ). (. O#9%';%', 

). .. J=#$1-,  . C. /#7-22- // N91:+272'%8. – 2011. – U 7. 

5. O#9%';%' ). (. 35'1-6 D%@+1-1? #>=%1- % -%=2172A'%;%. W. 2: >E2:. 4151:%2 / ). (. O#9%';%', 

I. I. I:+15%<1-. – .1-15%:%+5;: N9=--1 .PQJ, 2011. – 84 5. 
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2 ),1'1')1  ,1%$-$(  &/!3%1 '$*$  !'!/)"!   

(  "!-!;1  $#'! .<1')0  ,$,1'%$(  3,1'4   

3+1'4  ()-1$2$3/1-$(!%1/:'$3%) 

 

I. C. "1572';1-#, N. C. P+>9<#' ('#>E'6? +>;1-1=%72$B) 
 

@)A)"$B$("-$* :)"%/.("#A'!!=* #'?!$C'"-$* %!$A'("$#'# 

630073, :. @)A)"$B$("-, D(-# ;. E.(-"., 20 
E-mail: askostenkova@yandex.ru 

 
O#55<17+2' <271= 52&<2'7#D%% -%=21415$2=1-#72$B'157% '# 15'1-2 ;$#572+'1&1 #'#$%9#, 14%5#' #$&1+%7< 

52&<2'7#D%% '# 15'1-2 ;1'7>+'1&1 4+%9'#;#. (1;#9#'1, E71 =$8 '#=2G'1&1 1:'#+>G2'%8 <1<2'7# 5<2'6 5D2'6 '2-

1:A1=%<1 %541$B91-#7B =-# 4+%9'#;#. C=2$#'6 -6-1=6 1: 147%<#$B'6A 4#+#<27+#A #$&1+%7<1- 1:'#+>G2'%8 <1-

<2'7# 5<2'6 5D2'6 '# 15'1-2 D-271-1&1 % ;1'7>+'1&1 4+%9'#;#. (+1=2<1'57+%+1-#'# +#:17154151:'157B #$&1+%7<#.  

 

37 51-+2<2''6A 5%572< '#:$K=2'%8 7+2:>2758 9#4%5B <#72+%#$#, -6=2$2'%2 % 

#'#$%9 =-%G>F%A 1:M2;71-: +#5419'#-#'%2 G2571- E2$1-2;#, 4157+12'%2 7+2A<2+'1? 

4#'1+#<6 <257'157%, 519=#'%2 4+2=>4+2=%72$B'6A 5%572< [1]. (1L71<> '21:A1=%<1 

519=#7B '#=2G'6? #$&1+%7< 1:+#:17;% -%=21415$2=1-#72$B'157% =$8 +2,2'%8 L7%A 9#-

=#E. (2+-6< L7#41< '21:A1=%<# 4+2=-#+%72$B'#8 52&<2'7#D%8 -%=21415$2=1-#72$B'1-

57% '# 1='1+1='62 >E#57;% =$8 >4+1F2'%8 =#$B'2?,2? 1:+#:17;%. 35'1-'6< ;+%72+%-

2< 52&<2'7#D%% 8-$82758 1:'#+>G2'%2 <#;5%<#$B'1 =$%''6A 1='1+1='6A >E#57;1-. 

375>757-%2 7+2:1-#'%8 ; 1:+#:17;2 -%=21415$2=1-#72$B'157% - +2#$B'1< -+2<2'% 41-

9-1$827 >5$1G'%7B #$&1+%7< =$8 >-2$%E2'%8 -2+187'157% 4+#-%$B'1&1 1:'#+>G2'%8 

<1<2'71- 5<2'6 5D2'6.  

^2$B 4+1-2=2''6A %55$2=1-#'%? – +#9+#:17;# #$&1+%7<# 1:'#+>G2'%8 <1<2'71- 

5<2'6 5D2'6, 1:$#=#KF2&1 41-6,2''1? '#=2G'157% 9# 5E27 %541$B91-#'%8 <271=1- 

;$#572+'1&1 #'#$%9#.  

 $8 52&<2'7#D%% -%=21415$2=1-#72$B'157% '# 1='1+1='62 >E#57;% '21:A1=%<1 

-6=2$%7B '25;1$B;1 4+%9'#;1- 5<2'6 5D2'6. ) =#''1? +#:172 +#55<#7+%-#K758 =-# 

4+%9'#;#: +29;12 D-271-12 % 8+;157'12 +#9$%E%8 % 5;#E;11:+#9'12  %9<2'2'%2 41$1G2-

'%8 ;1'7>+'6A $%'%? '# 5152='%A ;#=+#A -%=21415$2=1-#72$B'157%. C2&<2'7#D%8 -%-

=21415$2=1-#72$B'157% '# 1='1+1='62 >E#57;% -641$'82758 4+% 41<1F% <271=# ;-

5+2='%A. 

35'1-'6<% 9#=#E#<% =#''1&1 %55$2=1-#'%8 8-$82758 519=#'%2 #$&1+%7<# 1:'#-

+>G2'%8 <1<2'7# 5<2'6 5D2'6 4+% 51-<257'1< %541$B91-#'%% =->A 4+%9'#;1-. 

) 4+2=6=>F%A +#:17#A :6$ 41=+1:'1 +#55<17+2' #$&1+%7< 1:'#+>G2'%8 <1<2'7# 

5<2'6 5D2'6 '# 15'1-2 8+;157'1&1 4+%9'#;# [2].  $8 519=#'%8 #$&1+%7<# 1:'#+>G2'%8 

<1<2'71- 5<2'6 5D2'6 '# 15'1-2 ;1'7>+'6A 4+%9'#;1- 4>72< -6E%5$2'%8 <2+6 5+#--

'2'%8 %9<2'2'%8 17'1,2'%8 ;1'7>+1- 5152='%A ;#=+1- '21:A1=%<1 -6:+#7B =272;71+ 

1:'#+>G2'%8 ;1'7>+'6A $%'%? '# %91:+#G2'%%. 3='%< %9 5#<6A 42+-6A % :657+6A 

=272;71+1- 8-$82758 =272;71+ O1:2+75# [3]. 3E2'B E#571 =$8 1:+#:17;% %91:+#G2'%8 

4+%<2'8K758 =272;71+6 C1:2$# % (+2-%77# [3]. S7% =272;71+6 :1$22 41<2A1>571?E%-

-62, E2< =272;71+ O1:2+75#. C#<6< <1F'6< =272;71+1< =$8 1:'#+>G2'%8 ;1'7>+1- - 

'#5718F22 -+2<8 8-$82758 =272;71+ "#''% [3]. 

I$&1+%7< 1:+#:17;% %91:+#G2'%8 -;$KE#27 '25;1$B;1 L7#41-, E71 9'#E%72$B'1 

>-2$%E%-#27 1:M2< -6E%5$2'%?. 

CA2<# -6E%5$2'%8 <2+6 5+#-'2'%8 %9<2'2'%8 41$1G2'%8 ;1'7>+1- 51571%7 %9 

5$2=>KF%A L7#41- [4]. 

1. 3:'#+>G2'%2 ;1'7>+1- '# 5152='%A ;#=+#A. 

2. (1=5E27 ;1$%E257-# ;1'7>+'6A 4%;52$1- ;< % ;<=> =$8 5152='%A ;#=+1-. 
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3. 34+2=2$2'%2 ;1$%E257-# 4%;52$2? 415$2 -541<1&#72$B'1? 1:+#:17;% ?<@AB % ?<=>9:  =$8 5152='%A ;#=+1-. 

4. )6E%5$2'%2 <2+6 5+#-'2'%8 %9<2'2'%8 41$1G2'%8 ;1'7>+1- 5152='%A ;#=+1-: 
 

?CD+E* E F ,- ( GHI J?<=>9:
;<=> * ?<@AB

;< K * ?CD+E* E F ,- L MN*,OP 
 

CA2<# #$&1+%7<# -6E%5$2'%8 <2+6 5+#-'2'%8 17'1,2'%8 ;1'7>+1- 5152='%A ;#=-

+1- 4+%-2=2' '# +%5. 1. R'#E2'%2 <2+6 57+2<%7B58 ; 2=%'%D2, 25$% 4+1%91,2$ <1<2'7 

5<2'6 5D2'6, % +#-'# '>$K, 25$% 5152='%2 %91:+#G2'%8 %=2'7%E'6 [4]. 

(1$1G2'%2 ;1'7>+1- - 4+2=2$#A 1='1+1='1&1 >E#57;# -%=21415$2=1-#72$B'157% 

<1G27 4$#-'1 <2'87B58, 41L71<> - 9#-%5%<1578A <2+ 5+#-'2'%8 =$8 ;1'7>+'1&1 4+%-

9'#;#, 7#; G2 ;#; % - 9#-%5%<1578A <2+ 5+#-'2'%8 =$8 D-271-1&1 4+%9'#;#, <1G27 '#-

:$K=#7B58 7+2'=. 3' 4+248757->27 4+#-%$B'1<> 1:'#+>G2'%K <1<2'71- 5<2'6 5D2'6. 

 $8 :1+B:6 5 7+2'=1< - 1:1%A 5$>E#8A 4+%<2'82758 <2=%#''6? @%$B7+. I$&1+%7< 

;1<42'5#D%% 7+2'=# '# 15'1-2 <2=%#''1&1 @%$B7+# 51571%7 %9 =->A L7#41-. 

1. (+% 41<1F% <2=%#''1&1 @%$B7+# 41=#-$8K758 %<4>$B5'62 -6:+156 – <1<2'7 

5<2'6 5D2'6. 

2. N9 %5A1='1? 9#-%5%<157% <2+6 5+#-'2'%8 4+1%9-1=%758 -6E%7#'%2 9#-%5%<1-

57% 5 -6A1=# @%$B7+#. 

.# +%5. 2. 4+%-2=2'# 9#-%5%<157B <2+6 ?CD 17 '1<2+# ;#=+# 415$2 ;1<42'5#D%% 

7+2'=# <2=%#''6< @%$B7+1<. 

(15$2 41=#-$2'%8 7+2'=# '21:A1=%<1 1D2'%7B '#=2G'157B +#:176 #$&1+%7<# 1:-

'#+>G2'%8 <1<2'7# 5<2'6 5D2'6 '# 15'1-2 ;1'7>+'6A 4+%9'#;1-.  $8 L71&1 '21:A1-

=%<1 -6:+#7B #$&1+%7<, 41 ;171+1<> :>=27 >57#'1-$2'1 41+1&1-12 9'#E2'%8.  $8 -6-

E%5$2'%8 41+1&# 4+%<2'82758 #$&1+%7< 3D> [5]. I$&1+%7< +#9=2$827 %5A1='62 =#''62 

'# =-# ;$#55#: <1<2'7 5<2'6 5D2'6 % 1='1+1='#8 5157#-$8KF#8. 

35'1-'1? D2$BK %55$2=1-#'%8 8-$82758 519=#'%2 #$&1+%7<# 52&<2'7#D%% '# 15-

'1-2 ;$#572+'1? 1:+#:17;%. (+%<2'2'%2 #$&1+%7<1- 52&<2'7#D%% '# 15'1-2 71$B;1 

D-271-1&1 %$% ;1'7>+'1&1 4+%9'#;# '2 =#27 G2$#2<1? -2+187'157% 4+#-%$B'1&1 1:'#-

+>G2'%8 <1<2'7# 5<2'6 5D2'6. (1L71<> '21:A1=%<# =141$'%72$B'#8 1:+#:17;# =#'-

'6A. (+2=57#-$2''6? - +#:172 <271= ;-5+2='%A +#9=2$827 =#''62 '# =-# ;$#55#: <1-

<2'7 5<2'6 5D2'6 % 1='1+1='#8 5157#-$8KF#8; 4>72< <%'%<%9#D%% 5><<#+'1&1 ;-#=-

+#7%E'1&1 17;$1'2'%8 71E2; 17 D2'7+# ;$#572+#. 

 $8 L;542+%<2'7#$B'6A %55$2=1-#'%? 41$>E2''1&1 #$&1+%7<# :6$% 5@1+<%+1-#-

'6 72571-62 415$2=1-#72$B'157%, 5+#-'2'%2 4+1-1=%$15B 5 L7#$1''1? 415$2=1-#72$B-

'157BK, - ;171+1? <1<2'76 5<2'6 5D2'6 %9-257'6. (1 +29>$B7#7#< 4+2=6=>F2&1 %5-

5$2=1-#'%8 #$&1+%7<# 1:'#+>G2'%8 <1<2'7# 5<2'6 5D2'6 5 41<1FBK D-271-6A 4+%-

9'#;1- [2] '#%<2'B,22 9'#E2'%8 -2+187'157% 4+14>5;# <1<2'7# 5<2'6 5D2'6 =#27 1:-

+#:17;# %91:+#G2'%? - 4+157+#'57-2 HSV 4+% =157#71E'1< +#9<2+2 &%571&+#<< - 4096 

8E22;. )2+187'157B 4+14>5;# <1<2'7# 5<2'6 5D2'6 5 41<1FBK D-271-6A 4+%9'#;1- 

=$8 72571-1? 415$2=1-#72$B'157% 5157#-%$# 0.209. O29>$B7#76 %55$2=1-#'%8 #$&1+%7<# 

1:'#+>G2'%8 <1<2'7# 5<2'6 5D2'6 5 41<1FBK ;1'7>+'1&1 4+%9'#;# 4+%-2=2'6 - 7#:$. 1. 

 $8 41-6,2'%8 '#=2G'157% 1:'#+>G2'%8 <1<2'7# 5<2'6 5D2'6 '21:A1=%<1 >E%-

76-#7B 1:# 4+%9'#;# 5<2'6 5D2'6. (+%<2'2'%2 <271=# ;-5+2='%A 419-1$827 9'#E%72$B-

'1 5'%9%7B >+1-2'B 1,%:;%. .# +%5. 3 4+%-2=2'6 +29>$B7#76 4+%<2'2'%8 <271=# ;-

5+2='%A =$8 52&<2'7#D%% -%=21415$2=1-#72$B'157%, &=2 41 158< 17;$#=6-#K758 <2+# 

5+#-'2'%8 &%571&+#<< % <2+# 5+#-'2'%8 %9<2'2'%8 17'1,2'%8 ;1'7>+1-. )2+187'157B 

4+14>5;# 5<2'6 5D2'6 4+% %541$B91-#'%% <271=# ;-5+2='%A =$8 72571-1? -%=21415$2-

=1-#72$B'157% +#-'# 0. 
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O%5 1. CA2<# #$&1+%7<# -6E%5$2'%8 <2+6 5+#-'2'%8 %9<2'2'%8 17'1,2'%8  

;1'7>+1- 5152='%A ;#=+1- 

3:'#+>G2'%2 ;1'7>+1-

 %$#7#D%8 % %'-2+7%+1-#'%2 %91:+#G2'%? 

?CD
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O%5 2. (+%<2+ 9#-%5%<157% <2+6 5+#-'2'%8 %9<2'2'%8 41$1G2'%8 ;1'7>+1- 17 '1<2+# ;#=+#  

415$2 41=#-$2'%8 7+2'=# 

 

Q#:$%D# 1 

R'#E2'%2 -2+187'157% 4+14>5;# <1<2'7# 5D2'6 =$8 #$&1+%7<# 1:'#+>G2'%8  

'# 15'1-2 ;1'7>+'1&1 4+%9'#;# 
 

             O#9<2+ 57+>;7>+'1&1 

                                 L$2<2'7# 

 272;71+ 

3×3 5×5 7×7 11×11 13×13 

O1:2+75# 0.1015 0.03 0.0078 0.005 0.0045 

(+2-%77# 0.123 0.0223 0.0075 0.004 0.0038 

C1:2$# 0.1209 0.0231 0.0072 0.0053 0.005 

"#''% 0.0736 0.0591 0.0463 0.066 0.053 

 

 
O%5. 3. (+%<2+ 4+%<2'2'%8 <271=# ;-5+2='%A =$8 52&<2'7#D%% 72571-1? -%=21415$2=1-#72$B'157% '# 

1='1+1='62 1:$#57%: $ – <1<2'7 5<2'6 5D2'6; o – <1<2'7 5<2'6 5D2'6 L7#$1''1? 415$2=1-#72$B'157%;  

• – 1='1+1='#8 1:$#57B 
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(1 +29>$B7#7#< %55$2=1-#'%? <1G'1 5=2$#7B -6-1=6 1 '#=2G'157% % L@@2;7%--

'157% 4+2=$1G2''1&1 #$&1+%7<#:  

–  $8 <%'%<%9#D%% 1,%:;% 1:'#+>G2'%8 5;#E;11:+#9'1&1 %9<2'2'%8 8+;157% 

D2$2511:+#9'1 '21:A1=%<1 4+1%9-1=%7B 1:+#:17;> - HSV D-271-1< 4+157+#'57-2 % %5-

41$B91-#7B =$8 5+#-'2'%8 <271= 42+252E2'%8 &%571&+#<<.  $8 L@@2;7%-'1? 1:+#:17;% 

=157#71E'#8 =$%'# &%571&+#<<6 4096 8E22; [2]. 

– (+% %541$B91-#'%% #$&1+%7<# (+2-%77# =$8 1:'#+>G2'%8 ;1'7>+'6A $%'%? 4+% 

+#9<2+2 ;-#=+#7'1&1 57+>;7>+'1&1 L$2<2'7# <1+@1$1&%E25;1? 1:+#:17;% 11×11 1,%:-

;# 52&<2'7#D%% <%'%<#$B'#. 

– (+%<2'2'%2 ;$#572+'1? 1:+#:17;% 419-1$827 5'%9%7B 1,%:;> 4+% 52&<2'7#D%% 

-%=21415$2=1-#72$B'157%. 

 

F.B)#. A=D)1!'!. D($ D)//'(&-' E$!$"#'("#A. )B(.,)A.!$< $ !.%-$ F2 (:)"%-

/.("#A'!!)' ,./.!$' G 2014/138, D()'-# G 1176). 
 

 
C4%51; $%72+#7>+6 

 

1. )#A%71- I. Q., (#-$2';1  . ). I$&1+%7< 5$>E#?'1? -6:1+;% - 9#=#E2 41%5;# 1:+#9D# - %91:+#-

G2'%% // Q+. C(NNOI.. – 2009. – )64. 9. 

2. P+>9<#' N. C., "1572';1-# I. C. I$&1+%7< 1:'#+>G2'%8 <1<2'71- 5<2'6 5D2'6 - -%=21415$2-

=1-#72$B'157% '# 15'1-2 7+2A<2+'6A &%571&+#<< D-27'6A %91:+#G2'%? // Q+. XII <2G=>'#+. ;1'@. «I;-

7>#$B'62 4+1:$2<6 L$2;7+1''1&1 4+%:1+157+12'%8». – 2014. – Q. 4. – C. 60–62. 

3. P1'5#$25 O., )>=5 O. ^%@+1-#8 1:+#:17;# %91:+#G2'%? - 5+2=2 MATLAB. – /.: Q2A'15@2+#, 

2006. – 616 5. 

4. Haian Xie Key frame segmentation in video sequences // Department of technology university of 

Kalmar. 2008. 

5.  K+#' 0. 3=2$$ (. "$#572+'6? #'#$%9 / (1= +2=. I.X.018+5;1&1. – /.: «C7#7%57%;#», 1977. – 

128 5. 
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 !" !#$%&!  !/*$ )%,!  $# !#$%&)   !-)$3)*'!/!   

'!  $3'$(1  ,$-1/)  ($32 )0%)0  )'6$ ,!+))  ;1/$(1&$, 

 

Z. N. "+171-# 

 
H()"1.A"-$* :)"%/.("#A'!!=* %!$A'("$#'# $>. 8. 3. I'>$/)A. 

150000, :. H()"1.A1J, 9)A'#"-.<, 14 
E-mail: ken@uniya.ac.ru 

 
O#55<#7+%-#2758 4157+12'%2 #$&1+%7<# -6=2$2'%8 %'@1+<#D%1''1&1 5%&'#$# %9 5<25% 5 ,><1< '# 15'1-2 

<1=2$2? -154+%87%8 %'@1+<#D%% E2$1-2;1<. 

 

) '#5718F22 -+2<8 4+2=$#&#K758 +#9$%E'62 <1=2$% 1:+#:17;% %'@1+<#D%% E2$1-

-2;1<, 15'1-#''62 '# 5#<1#'#$%92, '#:$K=2'%8A % L;542+%<2'7#A. .1 %A @%9%E25;#8 

+2#$%9#D%8 71E'1 '2 14+2=2$2'#. (1L71<> - 5@2+2 1:+#:17;% 5%&'#$1- %A 4+%<2'2'%2 

'2 =#Y7 =1$G'6A +29>$B7#71-. .#4+%<2+, =$8 +2#$%9#D%% >G2 +#9+#:17#''6A <1=2$2? 

#551D%#7%-'1&1 <6,$2'%8, '21:A1=%<6 5$%,;1< :1$B,%2 1:MY<6 <#,%''1? 4#<87% 

[1]. 

)19<1G'1, 7#; 4+1%5A1=%7 %9-9# 5%$B'1? =%@@2+2'D%#D%% 5@2+ '#>;%, - +29>$B-

7#72 ;171+1? 5$1G'1 >-%=27B 2=%'>K ;#+7%'>. 

.25<17+8 '# 71, E71 E2$1-2; -52&=# E2+4#$ 5-1% 17;+67%8, %91:+272'%8 % '1-1-

--2=2'%8 %9 1;+>G#KF2? 2&1 4+%+1=6, 5#< @2'1<2' -154+%87%8 <#$1 %541$B9>2758 - 

'#>;2, % 72A'%;2.  

^2$B %55$2=1-#'%8 51571%7 - +#9+#:17;2 #$&1+%7<# 1:+#:17;% %'@1+<#D%1''1&1 

5%&'#$# - 5%572<2 5-89% '# 15'1-2 721+%% -154+%87%8 %'@1+<#D%% E2$1-2;1<. 

 

!==>?@AB@CD>E FGHIED@E 
I551D%#D%8 – 5-89B, -19'%;#KF#8 - 4+1D2552 <6,$2'%8, <2G=> L$2<2'7#<% 45%-

A%;%, - +29>$B7#72 ;171+1? 418-$2'%2 1='1&1 L$2<2'7#, - 14+2=2$2''6A >5$1-%8A, -6-

96-#27 1:+#9 =+>&1&1, 5-89#''1&1 5 '%<; 5>:M2;7%-'6? 1:+#9 1:M2;7%-'1? 5-89% <2G=> 

L$2<2'7#<%, 4+2=<27#<% %$% 8-$2'%8<%» [2]. 

N7#;, '#, +#9>< 14%+#2758 '# 4+#;7%;>, ;171+#8 41+1G=#27 1467. ) +29>$B7#72 

'#;14$2''1&1 1467# 418-$8K758 #551D%#D%%. (+%-2=Y< '#&$8='6? 4+%<2+: 

/6 ,$% 41 4#+;> - C%<@2+141$2 % >-%=2$% 7#< 1+%&%'#$B'>K 7#:$%E;>. (19G2 

<6 412A#$% - P2+<#'%K, &=2 41527%$% +15;1,'6? 4#+; 5 =+2-'2? #+A%72;7>+1? - 

/K'A2'2. N 7#< > '#5 - 4#<87% -54$6$# L7# 7#:$%E;#. 

 

     +         =      

 
O%5. 1. I551D%#7%-'157B 4#<87% 

 

/1G'1 4+%-257% <'1&1 4+%<2+1-. "#; 41 '25;1$B;%< '17#< <>96;% <6 <1G2< 

-541<'%7B 1:57#'1-;>, &=2 5$6,#$%  2Y 42+-6? +#9 % -5Y <2$1=%K - D2$1< % 7. =.  
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(+%<2'2'%2 7#;1&1 #$&1+%7<# - 72A'%;2, <1G27 +#5;+67B :1$B,12 41$2 -19<1G-

'1572? =$8 519=#'%8 '1-1&1 1:1+>=1-#'%8. 

O#9:2+Y< <1=2$B, 5 41<1FBK ;171+1? -19<1G'1 L<%7%+1-#7B #551D%#7%-'>K  

4#<87B. 

 

*>I>JKAL@ME=NAO F>PEIQ RAFOB@ 

 . P#:1+ -42+-62 4+%,2$ ; %=22 &1$1&+#@%%, '1 1' '2 =><#$ 1 $#92+#A. Z&1 D2$BK 

:6$1 >$>E,%7B L$2;7+1''6? <%;+15;14, '# 71 -+2<8 =1-1$B'1 4+15712 % '251-2+,2'-

'12 >57+1?57-1. 3' %541$B91-#$ %5;$KE%72$B'1 <#72<#7%E25;%? 41=A1=, 15'1-#''6? 

'# %5E%5$2'%%, %91:+272''1< - XVIII -2;2 @+#'D>95;%< <#72<#7%;1< _#'1< V>+B2 

[3]. 

 $8 %<%7#D%% &1$1&+#@%E25;1? <1=2$% 4#<87% E2$1-2;# - <#72<#7%E25;1< -%=2 

-1541$B9>2<58 721+%2?  . P#:1+# [4]:  

3' 4+2=41$1G%$, E71 E2$1-2; 4+% 9#41<%'#'%% %541$B9>27 '2 5#< 1:+#9, # 2&1 

5-2+7;>, 72< 5#<6< 5>F257-2''1 51;+#F#8 '21:A1=%<12 E%5$1 8E22; 4#<87%, '2 1:A1-

=%<6A =$8 9#41<%'#'%8 1:+#9#. (>57B 9#41<%'#2758 5%&'#$ I(t), '#E%'#KF%?58 4+% 

t = 0. )1 -+2<8 t1 <6 9#4%56-#2< %'72&+#$ 5-2+7;%, ;171+6? % 9#41<%'#2758 - =1$&1-

-+2<2''1? 4#<87%: 
 

 , 0 < t1 <T,  (1) 

 

&=2 Q – 41$'#8 4+1=1$G%72$B'157B 5%&'#$#. )1541<%'#'%2 15>F257-$82758 41 E#57% 

415$2=1-#72$B'157% – @+#&<2'7> A'(t1 – t). V>';D%8 -1541<%'#'%8 R(t) 57+1%758 ;#; 

;1++2$8D%8 I' 5 `: 
 

 .  (2) 

 

/2'88 41+8=1; %'72&+%+1-#'%8, <1G'1 -6=2$%7B E#57B, =#KF>K @>';D%K -15-

41<%'#'%8 
 

  . (3) 

 

)71+1? %'72&+#$, 25$% @>';D%8 I 157+1 ;1++2$%+>27 5#<# 5 51:1?, =#57 d (t – t) % 

@>';D%8 -1541<%'#'%8 R(t) = A(t). 

3='#;1 L7# <1=2$B 4#<87% 1:$#=#27 72< '2=157#7;1<, E71 1'# <1G27 -541<%'#7B 

;#; -42+2= 41 -+2<2'% t, 7#; % '#9#=. (1L71<>  . P#:1+ +#9+#:17#$ -71+>K <1=2$B 4#-

<87%, 15'1-#''>K '# 4+%'D%42 &1$1&+#@%%, ;171+#8 <1G27 -541<%'#7B 71$B;1 -42+2=, 

;#; L71 % =2$#27 E2$1-2;, ;171+1<> 17 -541<'2''1&1 @+#&<2'7# (; 4+%<2+>, 57%A17-1-

+2'%8) -154+1%9-1=%7B '#9#= '#<'1&1 7+>='22, E2< -42+2=. ) '1-1? <1=2$% 5-2+7;# 

15>F257-$82758 '2 41 17=2$B'6< E#578< 415$2=1-#72$B'157%, ;#; - 42+-1< 5$>E#2, # 

9#41<%'#2758 -58 415$2=1-#72$B'157B - '2;1? 142+#7%-'1? 4#<87%, 1+&#'%9>2758 

5-2+7;#, ;171+#8 8 9#'15%758 - =1$&1-+2<2''>K 4#<87B. N - L71< 5$>E#2 '2 :>=27 %'-#-

+%#'7'157% -1541<%'#'%8 41 ;11+=%'#72 -+2<2'% t [5]. 

V>+B2 +#9+#:17#$ <#72<#7%E25;%? <271= 42+2-1=# 4#772+'# (5%572<6) $K:1? 

5$1G'157% '# 896; 4+1576A -1$'. 3' 7#;G2 41;#9#$, ;#; L7% -1$'1-62 @1+<6 <1&>7 

:67B 4+21:+#91-#'6 - 42+-1'#E#$B'6? 4#772+' (5%572<>).  +>&%<% 5$1-#<%, 41=1:'1 

71<>, ;#; 72$2-%9%1''#8 ;#<2+# 42+2-1=%7 -%9>#$B'6? 1:+#9 - L$2;7+1<#&'%7'62 E#5-

7176, # 72$2-%91+ -1557#'#-$%-#27 41 '%< 42+-1'#E#$B'6? 1:+#9, <#72<#7%E25;%? #4-

4#+#7, +#9+#:17#''6? V>+B2, 4+21:+#9>27 4#772+'6 (5%572<6). J+#-'2'%8, %541$B9>2-
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<62 =$8 42+2-1=# 1:+#91- - -1$'1->K @1+<> % 1:+#7'1, %9-257'6 ;#; 4+21:+#91-#'%8 

V>+B2. N<2''1 1'% 419-1$%$%  . P#:1+> 42+2-257% %91:+#G2'%2 1:M2;7# - %'72+@2-

+2'D%1''12 «487'1» '# &1$1&+#@%E25;1? 4$2';2, # 7#;G2 %91:+257% 54151: 1:+#7'1&1 

4+21:+#91-#'%8 %'72+@2+2'D%1''6A 4#772+'1- - 42+-1'#E#$B'12 %91:+#G2'%2. 

 2?57-%72$B'1, 151:12 5-1?57-1 ;#G=1? E#57% &1$1&+#<<6 17+#G#7B D2$12 1:>-

5$1-$2'1 E#57'1578<% <#72<#7%E25;1&1 4+21:+#91-#'%8 ;#+7%'6, %$% 4#772+'#, '# 896; 

-1$'1-6A @1+<. 

N55$2=1-#'%8, 4+1-2=2''62 - 1960-A &1=#A, 41;#9#$%, E71 ;#G=#8 ;$27;# ;1+6 &1-

$1-'1&1 <19&#, '2415+2=57-2''1 5-89#''#8 51 9+2'%2<, '#57+12'# '# 14+2=2$2''6? 4#7-

72+' (5%572<>): '2;171+62 ;$27;% #;7%-%9%+>K758, ;1&=# &$#9 -%=%7 &1+%91'7#$B'>K 

$%'%K, =+>&%2 – ;1&=# &$#9 -154+%'%<#27 -2+7%;#$B'>K $%'%K % 7. 4. ) %71&2 <'1&%2 

%55$2=1-#72$% 9#;$KE%$%, E71 <19& 4+%'%<#27 5%&'#$6 17 -651;1542D%#$%9%+1-#''6A 

;$271;, '#96-#2<6A =272;71+#<% 5-1?57-, % ;#;%<-71 1:+#91< 512=%'827 %A =$8 41$>-

E2'%8 -%9>#$B'1? ;#+7%'6 <%+#. 

 .25<17+8 '# ,%+1;>K 414>$8+'157B 7#;1? 71E;% 9+2'%8, O. % ".  2-#$># 41E>--

57-1-#$%, E71 L71 $%,B E#57B 4+#-=6.  $8 4+1-2+;% 5-12&1 4+2=41$1G2'%8 1'% 4+%<2-

'%$% 4+21:+#91-#'%8 V>+B2 =$8 4+2=57#-$2'%8 E2+'1-:2$6A ;$271; - 4+15762 -1$'1-

-62 @1+<6. R#72< 1'% 4+1-2$% L;542+%<2'76 =$8 -685'2'%8 71&1, ;#; ;$27;% <19&# - 

9+%72$B'1? E#57% ;1+6 &1$1-'1&1 <19&# +2#&%+>K7 '# L7% '1-62 -1$'1-62 @1+<6. 3'% 

1:'#+>G%$%, E71 ;$27;% <19&# +2#&%+1-#$% '2 '# 42+-1'#E#$B'62 1:+#96, # '# 71, ;#;1? 

-%= %< 4+%=#-#$% 4+21:+#91-#'%8 V>+B2. N9 L71&1 5$2=1-#$ 71$B;1 1=%' -6-1=: <19& 

%541$B91-#$ <#72<#7%E25;%? <271= V>+B2 – 717 G2 <271=, E71 %541$B9>2758 - &1$1&+#-

@%%, # %<2''1, 4+21:+#91-#'%2 -%=%<6A 1:+#91- - -1$'1-62 @1+<6. 

.# 15'1-2 #'#$%9# L7%A <#72+%#$1- <6 <1G2< +#9+#:17#7B  <#72<#7%E25;>K <1-

=2$B #551D%#7%-'1? 4#<87%, 4+%<2'%<1? ; '#,2<> 5$>E#K: 

3:+#:17;# 5%&'#$# - 4#<87% E2$1-2;# 4+1%5A1=%7 9# 5E27 4+21:+#91-#'%8 V>+B2. 

W2$1-2; 9#41<%'#27 -25B 5%&'#$ D2$%;1<, ;#; ,><1-1?, 7#; % %'@1+<#D%1''6? (41-

$29'6?). R#41<%'#'%2 4+1%5A1=%7 5 41<1FBK ;1++2$8D%1''1? @>';D%%. Q#;%< 1:+#-

91<, 5 41<1FBK ;1++2$8D%1''1? @>';D%% % ,><1-1&1 5%&'#$# <6 <1G2< -1557#'1-%7B 

41$29'6? 5%&'#$.  
 

 , (4) 

 

&=2 r(t) – @>';D%8 9#41<%'#'%8; si(t) – 41$29'6? 5%&'#$; sf (t) – ,><1-1? 5%&'#$. 

)1541$B9>2<58 %'72&+#$B'6<% 4+21:+#91-#'%8<% % 4+21:+#91-#'%2< V>+B2 =$8 

'#A1G=2'%8 41$29'1&1 5%&'#$# 9'#8 71$B;1 @>';D%K 9#41<%'#'%8 % ,><1-1? 5%&'#$: 
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. (5) 

 

) +29>$B7#72 %'72&+#$B'6A 4+21:+#91-#'%? -6=2$82758 41$29'6? 5%&'#$.  $8 41-

57+12'%8 %<%7#D%1''1? <1=2$% #$&1+%7<#, 14%56-#KF2&1 4+1D255 -154+%87%8, <1G'1 

-1541$B91-#7B58 4+1&+#<<'1? 5+2=1? MatLab Simulink.  

JE7Y<, E71 - 4+1&+#<<'1? 5+2=2 :>=27 4+1%5A1=%7B 1D%@+1-;# 5%&'#$#, 7. 2. =%5-

;+27%9#D%8 2&1 '# 175E276. Q1&=# @1+<>$# (4) 4+%<27 -%=: 
 

 

, (6) 

 

&=2 j –  5=-%& <2G=> 415$2=1-#72$B'1578<% 17'15%72$B'1 =+>& =+>&#; N – <#;5%<#$B'12 

;1$%E257-1 175E271- - 5%&'#$#A.  

C 41<1FBK #'#$1&%E'6A %'72&+#$B'6< 4+21:+#91-#'%? 41$>E%< =%5;+27'6? 

#'#$1& @1+<>$6 (5): 
 

 

, (7) 

 

&=2 . 

 $8 +#9+#:17;% <#72<#7%E25;1? <1=2$%, 41 -6,2%9$1G2''1<> #$&1+%7<> 1:+#-

:17;% %'@1+<#D%% E2$1-2;1<, +#55<17+%< 5%7>#D%K 5 -1557#'1-$2'%2< 41$29'1&1 

5%&'#$# 41 514+1-1G=#2<1<> 2&1 ,><1-1<> 5%&'#$>. 

(+1D255 <1=2$%+1-#'%8 +#9=2$%< '# '25;1$B;1 9#=#E: 

P2'2+%+1-#7B -A1='1? 5%&'#$; 

)6=2$%7B ,>< (4+2=-#+%72$B'#8 1:+#:17;# 41 7+#=%D%1''1? 5A2<2); 

O#9=2$%7B 5%&'#$ '# ,><1-1? % 41$29'6?; 

R#41<'%7B 5%&'#$; 

)1557#'1-%7B 5%&'#$ 41 @>';D%% 9#41<%'#'%8 41 ,><1-1<> 5%&'#$>. 

 
C4%51; $%72+#7>+6 

 

1. (141-.  . .. O#9+#:17;# <1=2$% 1:+#:17;% 5%&'#$# '# 15'1-2 721+%% -154+%87%8 E2$1-2;# // 

(>7B - '#>;>: 5:. 729%51- <2G=>'#+. 57>=. '#>E. ;1'@. (52;D%8 «Z57257-2''62 '#>;%. V%9%E25;%? V#-

;>$B727»). 21 #4+2$8 2012 &.: 729. =1;$#=1-. – X+15$#-$B: X+PJ, 2012. – 90 5.  

2. Q>+>A#'1 0. P. /#72+%#$6 III )5251K9'1? ;1'@2+2'D%% 41 &1$1&+#@%%. – H., 1978. – C. 243. 

3. )#5%' ). I., )$#51- N. 0., Z&1+1- !. /. % =+. N'@1+<#D%1''62 72A'1$1&%% - +#=%172A'%E2-

5;%A 5%572<#A: >E2:. 4151:%2 / (1= +2=. N.0. V2=1+1-#. – /.: N9=--1 /PQJ %<. .. S. 0#><#'#, 2003. – 

672 5. 

4. Q1<51' O%E#+= H.. /2A#'%57%E25;#8 % '2<2A#'%57%E25;#8 '#>;# / (2+. 5 #'&$. O. )1$1,%'. – 

/.: «V%$151@5;#8 ;'%&#», 1998. – 302 5. 

5.  %7;%' ). I., (+>='%;1- I. (. N'72&+#$B'62 4+21:+#91-#'%8 % 142+#D%1''12 %5E%5$2'%2. – 

/.: P15. %9=--1 @%9.-<#7. $%7-+6, 1961. – C. 25–27. 

 

  



 *23!0!--1!&43*56!01&3()$*76!"+3*-$"$.&2015&

84 

2 ),1'1')1  S.,$2$-$#'49  3)*'!/$(  -/0  &$'% $/0   

3$2 $%)(/1')0  #!//!3%!  <1/1"'$-$ $<'49  2.%15 

 

.. P. />=+#8, ). C. /#+KA'2';1 ('#>E'6? +>;1-1=%72$B) 

 
 (-%#"-$* :)"%/.("#A'!!=* %!$A'("$#'# D%#'* "))BK'!$< 

664074, :.  (-%#"-, %1. L'(!=M'A"-):), 15 
E-mail: viktor.maryuhnenko@yandex.ru 

 

C7#7B8 415-8F2'# +#9+#:17;2 15'1- 4+%<2'2'%8 ,%+1;141$157'6A 5%&'#$1- =$8 5%'729# >57+1?-

57-# ;1'7+1$8 514+17%-$2'%8 :#$$#57# G2$29'1=1+1G'1? $%'%% % D2$157'157% +2$B5. O#55<17+2'# 4+1-

:$2<# 41-6,2'%8 ;#E257-2''6A 41;#9#72$2? ;1'7+1$8 4#+#<27+1- :2914#5'157% G2$29'1=1+1G'6A 42-

+2-191;. (1;#9#'# -19<1G'157B % '21:A1=%<157B 4+%<2'2'%8 ,%+1;141$15'6A 5%&'#$1- - #-71<#7%9%-

+1-#''6A 5%572<#A ;1'7+1$8 5%572< 5%&'#$%9#D%%, D2'7+#$%9#D%% % :$1;%+1-;%. (+2=$1G2'# 57+>;7>+# 

5%572<6 ;1'7+1$8 5 4+%<2'2'%2< ,%+1;141$15'6A 5%&'#$1-. N9$1G2'6 -19<1G'157% ;1'7+1$8 514+1-

7%-$2'%8 :#$$#57# 5 %541$B91-#'%2< (;-#9%)147%<#$B'1? 1:+#:17;% ,%+1;141$15'6A 5%&'#$1-.  

 

(CEPED@E 
"1'7+1$B 5-1:1='157% >E#57;# % D2$157'157% +2$B5 G2$29'1=1+1G'1? $%'%% 1:>-

5$1-$2' '21:A1=%<157BK 41==2+G#'%8 -651;1&1 >+1-'8 L@@2;7%-'157% G2$29'1=1-

+1G'6A 42+2-191;, - E#57'157% :2914#5'157% % '24+2+6-'157% =-%G2'%8 4129=1- [1]. 

C>F257->KF%2 #-71<#7%E25;%2 % #-71<#7%9%+1-#''62 5%572<6 ;1'7+1$8 +2,#K7 L7% 

9#=#E% :2914#5'157% +#9=2$B'1 % 5 '%9;1? 71E'157BK $1;#$%9#D%% 4+1:$2<'6A >E#57-

;1-. ) 15'1-2 %A 4+%'D%4# =2?57-%8 $2G#7 5-1?57-# +2$B51-6A D242? (O^), =$8 @>';-

D%1'%+1-#'%8 ;171+6A 7+2:>K758 :1$B,%2 71;% - +2$B51-6A 4$278A – 2=%'%D6 % =2-

587;% #<42+ [2]. "+1<2 71&1, '# '#=2G'157B %A @>';D%1'%+1-#'%8 1;#96-#27 5>F257-

-2''12 -$%8'%2 41&1='12 % 5291''12 %9<2'2'%2 514+17%-$2'%8 :#$$#57# [5]. J:67;%, 

5-89#''62 5 9#=2+G;#<% 4129=1- =$8 >57+#'2'%8 '2%54+#-'1572? 5%572< ;1'7+1$8 51-

5718'%8 +2$B51-1? $%'%%, - 5–8 +#9 4+2-6,#K7 5><<#+'62 4172+% 17 41-+2G=2'%? 15-

7#$B'6A >57+1?57- G2$29'1=1+1G'1? #-71<#7%;% [3].  

N'1J  !"!#$:  !"#!$%&'! %()%* +#,-.).),/ 0,#%'%+%1%()23 (,4)!1%* 51/ (,)-

&."! 6(&#%7(&*! '%)&#%1/ (%+#%&,*1.),/ $!11!(&! 8.1.")%5%#%8)%7 1,),, , 9.1%(&)%-

(&, #.1:(, +#,-.).),. '%&%#%4% +%"*%1,& (6;.(&*.))% +%*2(,&: '!<.(&*.))2. +%'!"!-

&.1, '%)&#%1/ +!#!-.&#%* $."%+!()%(&, 8.1.")%5%#%8)23 +.#.*%"%'. 

 

1.  !"#$ %#&#'()&*+(*'# ,*&-'-.-/-+01% +*20#/-3 

=,#%'%+%1%()27 (,4)!1 =>? u0+((t) '%).<)%7 51,&.1:)%(&, T (% (#.5),- ")!-

<.),.- !-+1,&652 0+(U  65%*1.&*%#/.& ).#!*.)(&*6:  
 

 FT >>1,  (1) 
 

45. F – 0,#,)! .4% @).#4.&,<.('%4% (+.'&#!.   

A*&%'%##.1/9,%))!/ B6)'9,/ =>? (,4)!1! u0+((t) 
 

 

 
!

"#$"
0

(8(8(8 )()()( dttutuu    (2) 

 

,-..& 6"',7 %()%*)%7 -!'(,-6- 51,&.1:)%(&:C "*23<<T, #!"-!3%- U(8>>U
*
0+(, , $%'%-

*2. 1.+.(&', ).$%1:0%4% #!"-!3!. >%16<.),. B6)'9,, u(8(") @'*,*!1.)&)% (8!&,C 

(,4)!1! u0+((t) *% *#.-.),, – @).#4,/ ). ,"-.)/.&(/, ! 51,&.1:)%(&: (6;.(&*.))% (%-

'#!;!.&(/. ?8!&,. +%"*%1/.& +#, ).$%1:0%7 (#.5).7 !-+1,&65. =>? 0+(U  +%16<,&: 
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(6;.(&*.))% $ó1:0,7 #!"-!3 U(8 %()%*)%4% 1.+.(&'! '%##.1/9,%))%7 B6)'9,,, &!' 

<&% (#,(. 1)  
 

 0+((8(8(8 )}(max{ UkUu $$" ,   (3) 

 

45. k(8 >>1 – '%@BB,9,.)& (8!&,/, '%&%#27 "!*,(,& %& (*%7(&* =>?. 

?8!&,. +#%,(3%5,& +#, 1C-

$%- (+%(%$. ('*!",)%+&,-!1:)%7 

%$#!$%&', =>?. D1!4%5!#/ @&%-6, 

=>? -%8)% ,(+%1:"%*!&: * (,(-

&.-. '%)&#%1/ (%+#%&,*1.),/ $!1-

1!(&! , 9.1%(&)%(&, #.1:(. =>?, 

#!(+#%(&#!)//(: *5%1: #.1:(%*%7 

1,),, ,(+2&2*!.& "!&63!),. * "!-

*,(,-%(&, %& #!((&%/),/ , (%+#%-

&,*1.),/ $!11!(&!. E '%)&#%1:)23 

&%<'!3 =>? +%5*.#4!.&(/ %+&,-

-!1:)%7 %$#!$%&'. – '%##.1/9,%)-

)%7, ,1, ('*!",)(%41!(%*!))%7 

B,1:&#!9,, [4, 6].  

?1.5%*!&.1:)%, +%(#.5(&*%- (,(&.-2 '%)&#%1/, +%(&#%.))%7 ( ,(+%1:"%*!),.- 

('*!",)%+&,-!1:)%7 %$#!$%&', =>?, *%"-%8)% %(6;.(&*1/&: -%),&%#,)4 (%(&%/),/ 

(%+#%&,*1.),/ $!11!(&! * #.!1:)%- -!(0&!$. *#.-.),, ( )!+.#.5 ,"*.(&)%7 &%<)%(&:C 

1%'!1,"!9,, ,"1%-! #.1:(!, (%'#!&,&: @).#4%"!&#!&2, 6-.):0,&: *#.5)%. *%"5.7(&*,. 

@1.'&#%-!4),&)%4% +%1/ )! <.1%*.'! [3]. 

 

2. 4(&5'(5&# +*+()61 '-0(&-/$ + 784 

F%)&#%1,#6.-!/ #.1:(%*!/ 9.+: ( G) (#,(. 2) 51,)%7 L#9 #!"$,*!.&(/ )! 2K 6<!(&-

'%* '%)&#%1/ 51,)%7 l6'.i. H.%$3%5,-% 6<.(&:, <&% )! +#!'&,'. &%<', %1, %2, %3, …, %K 

%+#.5.1/.&(/ * (%%&*.&(&*,, ( %(%$.))%(&/-, #.1:(%*%4% +6&, , ( '%).<)%7 &%<)%(&:C. 

>%@&%-6 6<!(&', '%)&#%1/ 5%18)2 +.#.'#2*!&:(/, &!' <&%  
 

 L#9 < &
'$

K

Ki
i%&

l
.

;   min{l6'.i} > L#9 /2K;    (li = l6'.i – L#9 /2K  > 0;   i= %1, %2, %3, …, %K.  (4) 

 

 
 ,(. 1. ?8!&,. 0,#%'%+%1%()23 (,4)!1%* 

 
 ,(. 2. ?&#6'&6#! (,(&.-2 '%)&#%1/ 9.1%(&)%(&, #.1:( , (%+#%&,*1.),/ $!11!(&! 
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E &%<'. 0 ' #.1:(%*2- 1,),/- +%5'1C<!.&(/ 4.).#!&%# (I), ! * &%<'!3 %1, %2, %3, 

…, %K  – +#,.-),', (>i) =>?. I.).#!&%# , +#,.-),', =>? (,)3#%))% 6+#!*1/C&(/ 

-,'#%+#%9.((%#%- (J>). J,'#%+#%9.((%# 6+#!*1/.& ,"-.).),/-, 06-%+%5%$)23 

(,4)!1%*: 9,'1,<.(', -.)/C&(/ +!#!-.&#2 =>?, *2#!$!&2*!.-%4% 4.).#!&%#%-, , %5-

)%*#.-.))% ,"-.)/.&(/ *2$%# 1,$% '%+,, (,4)!1!, 1,$% '*!",%+&,-!1:)%4% B,1:&#! 

+#,.-),'!. K&,- 5%(&,4!.&(/ +%*20.),. +%-.3%6(&%7<,*%(&,.   

I.).#!&%# B%#-,#6.& 06-%+%5%$)2. (,4)!12:  
 

 
]}L,[)(Lcos{]L,[4)(4 0+( lttlgUtu )#***$ ;   (5) 

 

45. U4 – !-+1,&65! =>?; ]L,[lg  – '%@BB,9,.)& !-+1,&65)23 +#.52('!8.),7 – 
 

 
]L,[

1
]L,[

lZ
lg $ ;    (6) 

 

]L,[l) – B!"%*2. +#.52('!8.),/ – 
 

 
)L,(]}L,[arg{]L,[ l

z
lZl +'$'$) ;  (7) 

 

]L),([ tlZ ,  l,L#9 – !+#,%#)% ,"*.(&)%. +%1)%. #!(+#.5.1.))%. (%+#%&,*1.),. #.1:(%-

*%7 1,),, '!' B6)'9,/ &.'6;.7 <!(&%&2 , '%%#5,)!&2.  

>#,.-),', =>? %(6;.(&*1/C& +#,.- , (%41!(%*!))6C ('*!",%+&,-!1:)6C) 

B,1:&#!9,C =>?, +#%0.50,3 <.#." '%)&#%1,#6.-2. 6<!(&', #.1:(%*23 1,),7. >#, 

)%-,)!1:)23 6(1%*,/3 6#%*), (,4)!1%* * &%<'!3 %K #!*)2 <6*(&*,&.1:)%(&, +#,.--

),'%*. M&(6&(&*,. +#,.-! 3%&/ $2 %5),- ," (2K –1) +#,.-),'%* (*,5.&.1:(&*6.& 1,$% 

% )!#60.),, #!(+#%(&#!).),/ (,4)!1! *5%1:  G. E -,'#%+#%9.((%#. +% !)!1,"6 *2-

3%5)23 (,4)!1%* (%*%'6+)%(&, +#,.-),'%* +#,),-!.&(/ #.0.),. 1,$% %$ ,"1%-. 

#.1:(!, 1,$% % '#,&,<.('%- ")!<.),, (%+#%&,*1.),/ $!11!(&!. A)!1," (,4)!1%*, +#,-

),-!.-23 *(.-, +#,.-),'!-,, +%"*%1/.& * &.'6;.- *#.-.), %+#.5.1,&: #!(+#.5.1.-

),. (%+#%&,*1.),/ $!11!(&! *5%1: '%)&#%1,#6.-%7  G , (%%&*.&(&*,. .4% #!(+#.5.1.-

),C, 6(&!)%*1.))%-6 )%#-!&,*)%-&.3),<.('%7 5%'6-.)&!9,.7.  
 

3. 90#/*: .&*0*6#)61% +*20#/-3  

>#,.-),', =>? (>i)  +#,),-!C& (,4)!12: 
 

 
)]},([(exp{]L,[

)]},([(exp{),(
)( 4*3.

-+#-

-)#--**
$

nnn

nnnnnn
n

ltjlZ

ltjUlgR
t

k
u ,   (8) 

 

45. n= 1, 2, 3, …, K – )%-.# +#,.-),'!; ln – #!((&%/),. %& 4.).#!&%#! 5% +#,.-),'! +%5 

)%-.#%- n; 0<kn <1, gn(ln, -) , )n(ln, -) – (%%&*.&(&*.))% '%@BB,9,.)& !'&,*)23 +%&.#: 

(,4)!1! 4.).#!&%#!, !-+1,&65)2. +#.52('!8.),/ (,4)!1! 4.).#!&%#! , B!"%*2. +#.-

52('!8.),/ (,4)!1! 4.).#!&%#! * &%<'. +#,.-! +#,.-),'%- +%5 )%-.#%- n; .Zn(ln, -)/ 

, +n(ln, -) – (%%&*.&(&*.))% -%561: , !#46-.)& '%-+1.'()%4% (%+#%&,*1.),/ #.1:(%*%7 

1,),, )! #!((&%/),, ln; R*3.n  – *3%5)%. (%+#%&,*1.),. +#,.-),'! +%5 )%-.#%- n. 

>%(1. +#.%$#!"%*!),7 B%#-61! (8) +#,),-!.& *,5: 
 

 )]},(),([exp{
]L,[

),(
)( 4*3. -+'-)

-
**$ nnnn

n

nn
nnn llj

lZ

lg
URt ku .   (9) 
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N" (9) (1.56.&:  

1) )!,16<0,-, 6(1%*,/-,, +#, '%&%#23 #!"-!3 '%##.1/9,%))%7 B6)'9,, (3) $6-

5.& -!'(,-!1:)2-, $656& 6(1%*,/ +%1)%7 '%-+.)(!9,, * &%<'. +#,.-!: 

!) !-+1,&65)23 ,('!8.),7 
 

 

1
]L,[

),(
$

-

n

nn

lZ

lg
,   (10) 

 

$) B!"%*23 ,('!8.),7  
 

 
,...3,2,1,0,2)],(),([ %%%$0$-+'-) mmll nnnn ,  (11)  

 

! &!' '!' * +#,.-),'. +#%,"*%5,&(/ '%##.1/9,%))27 !)!1," =>?, +#,)/&23 )! 4#!),-

9!3 6<!(&'%* '%)&#%1/ l6'.i, , #."61:&!&2 !)!1,"! (3) (#!*),*!C&(/ ( +%#%4%*2- 6#%*-

).-, &% %&'1%).),/ %& &#.$%*!),7 (10) , (11) -%46& (168,&: '#,&.#,/-, +%,('! &.'6-

;.4% +%#%4!; 

2) 51/ '!85%4% +#,.-),'! ).%$3%5,-% 4.).#,#%*!&: (*%, !-+1,&65)2. , B!"%*2. 

+#.52('!8.),/ (,4)!1!.  

>#.*20.),. 6&.<', &%'! <.#." $!11!(& 5%+6(&,-%7 *.1,<,)2 %+#.5.1/.&(/ +6&.- 

(#!*).),/ %&'1,'! ( +%#%4%*2- ")!<.),.-, '%&%#%. 6(&!)!*1,*!.&(/ )! "!5!))%- 6<!-

(&'. '%)&#%1/.  

;13-<1 

>#,-.).),. 06-%+%5%$)23 (,4)!1%* 51/ '%)&#%1/ (%+#%&,*1.),/ $!11!(&! 8.-

1.")%5%#%8)%7 +6&.7 +%"*%1/.&: 

1. M(6;.(&*1/&: ).+#.#2*)27, %5)%*#.-.))27 , * #.!1:)%- -!(0&!$. *#.-.), 

'%)&#%1: (%+#%&,*1.),/ $!11!(&! , 9.1%(&)%(&, #.1:(%*%4% +6&,, $1!4%5!#/ <.-6 (6-

;.(&*.))% +%*2(,&: +%'!"!&.1, $."%+!()%(&, 8.1.")%5%#%8)23 +.#.*%"%'. 

2. O%'!1,"%*!&: ).,(+#!*)%(&: #.1:(%*%4% +6&, ,1, ).(%%&*.&(&*,. &.3),<.(',- 

&#.$%*!),/- (%+#%&,*1.),/ $!11!(&! ( &%<)%(&:C 5% '%)&#%1,#6.-%4% 6<!(&'!.  

3. >#,-.),&: -.).. @).#4%"!&#!&)6C, +% (#!*).),C ( (6;.(&*6C;.7, &.3)%1%-

4,C '%)&#%1/. 

4. A*&%-!&,",#%*!&: +%5(&#%7', +!#!-.&#%* (,4)!1%* 6(&#%7(&* (,4)!1,"!9,,, 

9.)&#!1,"!9,, , $1%',#%*', * "!*,(,-%(&, %& @1.'&#,<.(',3 (*%7(&* $!11!(&!. 

5. ?6;.(&*.))% (%'#!&,&: *#.-/ "!5.#8', +%."5%*. 

 
?+,(%' 1,&.#!&6#2 

 

1. J!#C3).)'% E. ?. ?,(&.-)27 !)!1," )!*,4!9,%))%4% %$.(+.<.),/ +%5*,8)23 &#!)(+%#&)23 
%$P.'&%*: -%)%4#!B,/ / E. ?. J!#C3).)'%; +%5 #.5. 5-#! &.3). )!6', +#%B. Q. R. J63%+!5!. – N#'6&(': 

N"5-*% N#IST, 2008. – 80 (.  

2. ?*%$%5)27 5%(&6+ ' +!&.)&!- [K1.'&#%))27 #.(6#(]. –  .8,- 5%(&6+! 
http://freepatent.ru/patens/2424936 – +!&.)&  R U 2424936, B61L 23/16, +#,%#,&.& 04.02.2010 4.; %+6$1,-

'%*!)% 27.07.2011. 

3. V5,)27 #.B.#!&-9.)&# *  %((,, , ?HI – [K1.'&#%))27 #.(6#(]. –  .8,- 5%(&6+! 
http://referatwork.ru/refs/source/ref-17068.html - W.1.")%5%#%8)2. (,(&.-2. 

4. I%#.1%* I. E., E%1'%* A. A., =.163,) E. N. F!)!1%%$#!"6C;,. 6(&#%7(&*! 8.1.")%5%#%8)%7 

&.1.-.3!),', , (*/",: 6<.$),' 51/ *6"%* 8.-5. &#!)(+%#&!. – J.: IMT «T<.$)%--.&%5,<.(',7 9.)&# +% 
%$#!"%*!),C )! 8.1.")%5%#%8)%- &#!)(+%#&.», 2007. – 403 (. 

5. F,#,1.)'% A. I. K1.'&#,<.(',. #.1:(%*2. 9.+,: 6<.$. +%(%$,.. – X!$!#%*(': N"5-*% YEIT>?, 2006. 
6. D!('!'%* ?. N.  !5,%&.3),<.(',. 9.+, , (,4)!12: 6<.$),' 51/ *6"%* +% (+.9. « !5,%&.3),'!». – 

4-. ,"5. – J.: E2(0. 0'., 2003. – 462 (.: ,1. 
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9=9>?@  9>A B?CD9  D= A A?8 CE@= A   4 8B ; FGE=?H   

D9=E;B?BIJK?L  ME>EN 

 

E. H. H!5&%<,7 
 

'()* ''+ «',-..,-/,01%2."3 "&"1-4$3 $4-.$ 56,7-  ,6" ). 8. 9%&,/ &,:, $ ;. <. =":"6$."» (:. ',6,.->) 

E-mail: nadtochiy_90@mail.ru 

 

?%+#%*%85.),. 9.1.7 /*1/.&(/ (1%8).70.7 &.%#.&,<.('%7 , +#!'&,<.('%7 "!5!-

<.7. E )!(&%/;.. *#.-/ !'&6!1:)2-, /*1/C&(/ *%+#%(2 %$.(+.<.),/ (%+#%*%85.),/ 

*2(%'%-!).*#.))23 *%"560)23 9.1.7 [1]. >#, @&%- * $%1:0,)(&*. (16<!.* !+#,%#)2. 

")!),/ % -!).*#.))23 *%"-%8)%(&/3 (%*#.-.))23 , +.#(+.'&,*)23 1.&!&.1:)23 !++!-

#!&%* (OA), ).%$3%5,-2. 51/ %+&,-!1:)%4% B6)'9,%),#%*!),/ *,",#)23 (,(&.-, ).-

5%(&!&%<)% ,1, (%*(.- %&(6&(&*6C&. F#%-. &%4%, !'&,*)%. +#,-.).),. (#.5(&* #!5,%-

@1.'&#%))%7 $%#:$2 &!'8. %'!"2*!.& ).4!&,*)%. *1,/),. )! +#%9.((2 %$)!#68.),/ , 

(%+#%*%85.),/ -!).*#.))23 , (*.#3-!).*#.))23 9.1.7. 

Y1/ #.0.),/ @&,3 !'&6!1:)23 *%+#%(%* ,(+%1:"6C&(/ (1.56C;,. !14%#,&-2 (%-

+#%*%85.),/ 9.1.7 )! B%). +%-.3: 

1) B,1:&#2 «$1,8!70.4% (%(.5!» , «(,1:).70.4% (%(.5!» [2]; 

2) B,1:&# *.#%/&)%(&)%7 !((%9,!9,, 5!))23 [2]; 

3) B,1:&# -)%4%4,+%&.")%4% (%+#%*%85.),/ [3]; 

4) B,1:&# *.#%/&)%(&)%4% -)%4%4,+%&.")%4% (%+#%*%85.),/ [4]; 

5) B,1:&# !((%9,!9,, 5!))23 * «('%1:"/;.- %').» [4]. 

M$P.5,)/C;,- @1.-.)&%- 51/ 5!))23 !14%#,&-%* /*1/.&(/ &%, <&% +#, +%(&#%.-

),, +.#.<,(1.))23 !14%#,&-%* ,(+%1:"6.&(/ -)%4%-%5.1:)2. B,1:&#2 (%+#%*%85.-

),/. 

?1.56.& "!-.&,&:, <&% %5),- ," )!,$%1.. @BB.'&,*)23 !14%#,&-%* /*1/.&(/ 

B,1:&# -)%4%4,+%&.")%4% (%+#%*%85.),/. 

J)%4%4,+%&.")27 !14%#,&- %()%*!) ). )! $!7.(%*('%- -.&%5., ! )! -.&%5. -!'-

(,-!1:)%4% +#!*5%+%5%$,/ [4]. S!',- %$#!"%-, +#, +%+!5!),, * (&#%$ (.1.'9,, )%*%7 

%&-.&', &#!.'&%#,, * !14%#,&-. #!((-!&#,*!C&(/ (1.56C;,. 4,+%&."2: 

1) %&-.&'!, '!' %$)!#68.),. )%*%7 9.1,; 

2) %&-.&'!, '!' ,"*.(&)!/ 9.1:; 

3) %&-.&'!, '!' 1%8)!/ 9.1:. 

Y1/ *(.3 *!#,!)&%* &#!.'&%#,,  ! +#,(*!,*!.&(/ *.(, #!*)27 (%%&*.&(&*6C;.7 

B6)'9,, +#!*5%+%5%$,/: 
 

 
1 2 11

exp
2

T

k i k k kp z c S3 3'4 5) $ * '6 7
8 9

,  (1) 

 

45. kz  – &.'6;.. )!$1C5.),. +#, ).'%&%#%- *!#,!)&. &#!.'&%#,,;   – )%#-,#6C;,7 

'%@BB,9,.)&; k3  – %$)%*1/C;!/ +%(1.5%*!&.1:)%(&:, *2<,(1/.-!/ +% #!((%41!(%*!-

),C &.'6;.4% )!$1C5.),/ ( +#.5('!"!))2-; kS  – '%*!#,!9,%))!/ -!&#,9! %$)%*1/C-

;.7 +%(1.5%*!&.1:)%(&,. 

A14%#,&- -)%4%4,+%&.")%4% (%+#%*%85.),/ -%8)% +#.5(&!*,&: * *,5. (&#6'&6#-

)%7 (3.-2, +#.5(&!*1.))%7 )! #,(. 1. 

Z!5!<,, #.0!.-2. * $1%'!3 5!))%4% !14%#,&-!, (1.56C;,.: 

1) * $1%'. «?&#%$,#%*!),.» *2+%1)/.&(/ %+.#!9,/ *#.-.))%4%, <!(&%&)%4%, +#%-

(&#!)(&*.))%4% (&#%$,#%*!),/ %&-.&%' [2]; 
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 ,(. 1. ?&#6'&6#)!/ (3.-! !14%#,&-! -)%4%4,+%&.")%4% (%+#%*%85.),/ 

 

2) * $1%'. «R%#-,#%*!),. )%*23 &#!.'&%#,7 , 4,+%&."» +#%,(3%5,& B%#-,#%*!-

),. 4,+%&.")23 &#!.'&%#,7, ! +#, +#.*20.),, +%#%4! %$)!#68.),/ %$#!"6.&(/ )%*!/ 

&#!.'&%#,/ ," 4,+%&.")%7; 

3) * $1%'. «K*%1C9,//65!1.),. 4,+%&."» *2+%1)/.& B,1:&#!9,C +!#!-.&#%* &#!-

.'&%#,7 '!' "!3*!<.))23, &!' , "!3*!&2*!.-23 )! (%+#%*%85.),.. F#%-. &%4%, *2+%1-

)/C&(/ %+.#!9,, 6(.<.),/ , '%-$,),#%*!),/ 4,+%&.", (6&: '%&%#23 "!'1C<!.&(/ * &%-, 

<&% .(1, 5*. 4,+%&.")2. &#!.'&%#,, +%16<!1, %5), , &. 8. %&-.&', * &.<.),. 5%14%4% 

*#.-.),, &% (<,&!.&(/, <&% @&% %5)! &#!.'&%#,/. 

M$;.. <,(1% 4,+%&." )! k-- 0!4.: 
 

 

1 2min ,

!2
k tgt

k dt

dt

M N

k tgt M Nk

g dt

N dt dt

M N
N N

N N

 ! "! "
# $ %$ %

& '& '
( , (2) 

 

 !" kM  – #$%&' '()"('*, +'%(,+$-.$/ 01 k-) .1 "; tgtN  – #$%&' «$2-"%(03/» (41"*('-

4$5; dtN  – #$%&' «0"$2-"%(03/» (41"*('4$5. 

64$ %'+4'-'7!"0$$ )10"-4$4,89"5 :"&$ 01 ;'0" +')"/ +4$)"0<8(%< 0"%*'&=*' 

+'!/'!'-: 

1) +4'$2-'!$(%< --'! !'+'&0$("&=03/  $+'("2 ' ('), #(' :"&= %'-"4.1"( )10"-4; 

2) $%+'&=2'-10$" )0' ')'!"&=0' ' ;$&=(41 !&< ;$&=(41:$$ +141)"(4'- (41"*('-

4$$, - #1%(0'%($, )0' ')'!"&=03/ ;$&=(4'- >1&)101. 

? )0' ')'!"&=0') ;$&=(4" -3+'&0<"(%< +141&&"&=01< 41@'(1 A ;$&=(4'-, *17-

!35 $2 *'('43/ 01%(4'"0 01 '+4"!"&"00'" 201#"0$" ,%*'4"0$< [5]. 
 

) *;x V  # , max mina

i

a a
i

M
+

 
#  ! "#$ %&' ()

* !
*+,-.*+/0

1
2, 

 

 !" maxa , mina  – )1*%$)1&=0'" $ )$0$)1&=0'" 201#"0$< ,%*'4"0$5; V – %*'4'%(=. 

B"2,&=($4,891< ':"0*1 (41"*('4$$ $)""( -$!: 
 

 

 , - , -  , -
1

0

M j

j

j

x k k k x k k.
 

#

#( ,   (3) 

 

 !"  , -
j

x k k  – ':"0*1 (41"*('4$$ 01 -3/'!" j- ' +14:$1&=0' ' ;$&=(41; M – #$%&' +14-

:$1&=03/ ;$&=(4'-; , -j k.  – -"4'<(0'%(= )'!"&$ !-$7"0$<, 21&'7"00'5 - j-5 +14:$-
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1&=035 ;$&=(4, - *1#"%(-" *'('4' ' $%+'&=2,"(%< ;$&=(4 >1&)101 % 01%(4'5*'5 01 1+-

4$'40' '+4"!"&"003" 201#"0$< ,%*'4"0$< [2]. 

? 01%('<9"" -4")< ("'4$$ %'+4'-'7!"0$< )10"-4$4,89$/ :"&"5 !'%(1('#0' 412-

-$(3, -3@'4 (' ' $&$ $0' ' 1& '4$()1 01+4<),8 21-$%$( '( 41!$'&'*1:$'00'5 '@%(1-

0'-*$, ('#0'%(03) /141*("4$%($*1) $ -4")"0$ 01 -3#$%&"0$". C"'@/'!$)' +'!#"4*-

0,(=, #(' @'&=.1< #1%(= 1& '4$()'- %'+4'-'7!"0$< %$0("2$4'-103 !&< 41@'(3 % -'2-

!,.03)$ '@D"*(1)$, '!01*', -%" @'&=."" -0$)10$" ,!"&<"(%< )"('!1) ':"0*$ *''4-

!$01( 012")03/ :"&"5, #(' - 4123 ,%&'70<"( 21!1#, ;,0*:$'0$4'-10$< %$%("), (.*. 0"-

'@/'!$)' 4".1(= 21!1#$ '+4"!"&"0$< :"&"5 - %&'70'5 +')"/'-'5 '@%(10'-*", @'&=.'-

 ' *'&$#"%(-1 :"&"5 $ -3%'*'5 )10"-4"00'%($ +'!-$703/ '@D"*('-. 

 
E+$%'* &$("41(,43 

 
1. ?"4@1 ?. E. F-$1:$'003" *')+&"*%3 41!$'&'*1:$'00' ' !'2'41 $ 01-"!"0$<. 64$0:$+3 +'-

%(4'"0$<, +4'@&")3 41241@'(*$ $ '%'@"00'%($ ;,0*:$'0$4'-10$<: )'0' 41;$<. – A.: B1!$'("/0$*1, 

2014. – 528 %. 
2. G10$&'- E. C. F& '4$() %'+4'-'7!"0$< -'2!,.03/ '@D"*('- %&"!<9$) ,%(4'5%(-') - 4"7$)" 

'@2'41 01 '%0'-" 1++4'*%$)1:$$ '@&1%($ 0"'+4"!"&"00'%($ ':"0$-1")3/ +141)"(4'- H&&$+%'$!') 01$-

)"0=." ' 412)"41 / E.C. G10$&'- // B1!$'%$%(")3. – 2006. – ?3+. I 97. – I 9. – E. 77–81.  
3. >'."&"- ?. J., E'+4'-'7!"0$" )10"-4$4,89"5 :"&$ 01 ;'0" +')"/ / ?. J. >'."&"-, ?. F. K"-

&'*,4'- // ?"%(0$* BLBMN. – I 1 (-3+. 31). – B<210=, 2010. – E. 89–91. 

4. ?'4'.$&$01 O. 6. F& '4$()3 %'+4'-'7!"0$< +'!-$703/ '@D"*('- / O. 6. ?'4'.$&$01,  
O. 6. ?'4'.$&$0, ?. J. M$%&"0*' // P&"*(4'0$*1, $2)"4$("&=01< ("/0$*1, 41!$'("/0$*1 $ %-<2=. – 

I 2(20), !"*1@4= 2009. – E. 53–58. 

5. K1*,&"- 6. F. A"('!3 $ ,%(4'5%(-1 %"&"*:$$ !-$7,9$/%< :"&"5 / 6. F. K1*,&"-, ?. A. E("+$0. – 
A.: B1!$' $ %-<2=, 1986. – 286 %. 
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 !"#$%&'$()*+,(-$  &""+$./0*(&1   

2&%/!/.&*#*3/((-4  "&()$3*)/%/0  5*")/) 
 

F. 6. C$*'&1"-, ?. ?. Q"@"!"-, F. ?. Q"0=.$0 (01,#035 4,*'-'!$("&=) 
 

!"#$ !!% «!&'((&-)&*+,-( .  / +'01. 10'(1 23&4'55&3  #. 6. 7,/&)5/&8& 1 9. :. ; 8 31( » (8. !&3&('<) 

394052, 8. !&3&('<, ,=. >3 5(&*( 0'(( ., +. 153 

E-mail: harn.art@yandex.ru, vic078@yandex.ru 

 

P*%+"4$)"0(1&=0' $%%&"!'-103 -'+4'%3 ,&,#."0$< .,)'-3/ /141*("4$%($* .$4'*'!$1+12'003/ '!0'-

*'&=:"-' ' $ !-,/*'&=:"-' ' %$0("21('4'- #1%('(. ?3+'&0"01 41241@'(*1 $)+,&=%0'5 %$%(")3 ;12'-'5 1-('+'!-

%(4'5*$ #1%('(3  "0"41('4'-, ,+41-&<")3/ 01+4<7"0$"), 01 H&"*(4'00'5 *')+'0"0(0'5 @12" -3%'*'5 %("+"0$ $0-

(" 41:$$, *'('41< +'2-'&$&1 4"1&$2'-1(= (4"@,")3" +141)"(43. 

 

R!0'5 $2 '%0'-03/ 21!1# +4$ 41241@'(*" $ %'2!10$$ %$0("21('4'- #1%('( (ES) <--

&<"(%< %0$7"0$" ,4'-0< ;12'-3/ .,)'- +4$ %'/410"0$$ .$4'*' ' !$1+12'01 +"4"-

%(4'5*$ 41@'#$/ #1%('(. ?3@'4 %(4,*(,43 ES '+4"!"&<"(%< 0"'@/'!$)'5 %("+"0=8 

+'!1-&"0$< +'@'#03/ %'%(1-&<89$/ $ ;12'-3/ .,)'- - -3/'!03/ *'&"@10$</, 1 (1*-

7" -4")"0") +"4"%(4'5*$. ? 01%('<9"" -4")< +4$ +4'"*($4'-10$$ %$%(") %$0("21 !$%-

*4"(0' ' )0'7"%(-1 #1%('( +4"!+'#("0$" '(!1"(%< ES 01 '%0'-" %$%(") $)+,&=%0'-

;12'-'5 1-('+'!%(4'5*$ #1%('(3 JTF6S [1]. U$4'*' $2-"%(03" %/")3 '!0'*'&=:"-

-3/ ES (ES1) /141*("4$2,"(%< +4'%('('5 4"1&$21:$$, 0' 0" '@"%+"#$-18( 0"'@/'!$-

)35 ,4'-"0= +'@'#03/ %+"*(41&=03/ %'%(1-&<89$/ +4$ %'/410"0$$ .$4'*' ' !$1+1-

2'01 +"4"%(4'5*$ 41@'#$/ #1%('( [2].  

E(4,*(,403" %/")3 ES, +'2-'&<89$" %0$2$(= ,4'-"0= ;12'-3/ .,)'- - ES +4$ 

%'/410"0$$ .$4'*' ' !$1+12'01 +"4"%(4'5*$, +4"!%(1-&"03 01 4$%. 1 $ 2. ? %/")" 01 

4$%. 1 %0$7"0$" ,4'-0< ;12'-3/ .,)'- ES (ES2) !'%($ 1"(%< 21 %#"( ,)"0=."0$< *4,-

($203 /141*("4$%($*$ ,+41-&"0$<  "0"41('41, ,+41-&<")' ' 01+4<7"0$") (LNC) +4$ 

%'/410"0$$ .$4'*' ' !$1+12'01 +"4"%(4'5*$ #1%('( -3@'4') *')),($4,")3/ *'0!"0-

%1('4'- % +')'9=8 !'+'&0$("&=0' ' *101&1 ,+41-&"0$< [3].  
 

 
 

B$%. 1. E$0("21('4 #1%('( % !'+'&0$("&=03) *101&') ,+41-&"0$< (ES2) 

 

C1 4$%. 2 0$2*$5 ,4'-"0= ;12'-3/ .,)'- ES (ES3) 4"1&$2,"(%< +4$ )1&3/ 201#"-

0$</ +'*121("&< *'&"@1("&=0'%($ 1,1 ... 1,3M #  [1] !-,/*'&=:"-'5 %(4,*(,43 +4$ '@"%-

+"#"0$$ 21!1003/ +141)"(4'- *'&=:1 1-('+'!%(4'5*$ - .$4'*'5 +'&'%" 21 %#"( %(1@$-

&$21:$$ '@'@9"00' ' *'H;;$:$"0(1 ,%$&"0$< +"(&$, 4"1&$2,")'5 *')),(1:$"5 ('*'- 

214<!1 $ 4124<!1 #1%('(0'-;12'-' ' !"("*('41 (STG) - 21-$%$)'%($ '( 201#"0$< ;'4-

)$4,")'5 #1%('(3 [4, 5]. 

? %(4,*(,40'5 %/")" ES --"!"03 %&"!,89$" '@'201#"0$<: RL – '+'4035  "0"41-

('4; GT>G – !"&$("&= #1%('(3 % ;$*%$4'-1003) *'H;;$:$"0(') !"&"0$<; STG – #1%-



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

92 

('(0'-;12'-35 !"("*('4; STG-G – !'+'&0$("&=035 STG; VC-G – !'+'&0$("&=01< %/")1 

214<!'-'5 01*1#*$; G6>G – !"&$("&= #1%('(3 % +"4")"003) *'H;;$:$"0(') !"&"0$<; 

TCS – ;$&=(4 0$70$/ #1%('(; TCS-G – !'+'&0$("&=035 TCS; VC – %/")1 214<!'-'5 

01*1#*$; EN – %/")1 ,+41-&"0$< *&8#1)$; >& – *&8#$ *')),(1:$$ *'0(,403/ *'0!"0-

%1('4'- >1, >2, …, >n; K>> – @10* *'0(,403/ *'0!"0%1('4'- E1, E2, …, En; NL – 

,+41-&<")35  "0"41('4; >1 – +"4-35 *')+141('4; >2 – -('4'5 *')+141('4; EN – %/")1 

,+41-&"0$< (*')),(1:$$) *&8#1)$. 

 

 
 

B$%. 2. G-,/*'&=:"-'5 %$0("21('4 #1%('( (ES3) 

 

C1201#"0$" H&")"0('- %(4,*(,403/ %/") ES2, ES3 $ %/")3 ,+41-&"0$< *&8#1)$ 

<%03 $2 $/ 012-10$<. K>> )'7"( @3(= '(!"&=03) @&'*') $&$ -/'!$(= - %'%(1- %/")3 

LNC. ? +4':"%%" %(14"0$< H&")"0('- %/")3 LNC (*'0!"0%1('4'-, $0!,*($-0'%("5, 4"-

2$%('4'-, -14$*1+'-, (4102$%('4'-), (")+"41(,403/ $ !4, $/ !"%(1@$&$2$4,89$/ ;1*-

('4'- +4'$%/'!$( $2)"0"0$" #1%('(3 -3/'!0' ' %$ 01&1 LNC.  

? ES2 !&< '@"%+"#"0$< 41@'(3 - .$4'*') !$1+12'0" #1%('( +4$ )1&'5 *4,($20" 

/141*("4$%($*$ ,+41-&"0$< LNC $ ;$*%$4'-100') !$1+12'0" ,+41-&<89" ' 01+4<7"-

0$<, (4"@,"(%< $2)"0"0$" -"&$#$03 ")*'%("5 *'0(,403/ *'0!"0%1('4'- LNC. G&< H('-

 ' '%,9"%(-&<"(%< *')),(1:$< (+'!*&8#"0$" $&$ '(*&8#"0$") *'0(,403/ *'0!"0%1('-

4'- +' )"4" !'%($7"0$< %''(-"(%(-,89$/  410$: H&"*(4'00'5 +"4"%(4'5*$ #1%('(3 

%$ 01&1 LNC. ?"&$#$03 ")*'%("5 *'0!"0%1('4'- -3@$418(%< $%/'!< $2 -'2)'70' ' 

,/'!1 #1%('(3 %$ 01&1 LNC 21 (4"@,")'" -4")< 41@'(3 $ '@"%+"#"0$< 0"'@/'!$)' ' 

*'H;;$:$"0(1 '@41(0'5 %-<2$  "0"41('40'5 %/")3 LNC.  

? ES3 %(1@$&$21:$< '@'@9"00' ' *'H;;$:$"0(1 ,%$&"0$< +"(&$ -3/'!0' ' 

*'&=:1 '@"%+"#$-1"(%< +'!@'4') H&")"0('- TCS1 $ TCS2. S$%('(1 -3/'!0' ' %+"*-

(41  "0"4$4,")' ' %$ 01&1 '+4"!"&<"(%< +"(&"-3) ;$&=(4') TCS1 -3/'!0' ' *'&=:1. 

?*&8#"0$" - %'%(1- ES !'+'&0$("&=0' ' '+'40' ' *'&=:1 %  4,@'5 %"(*'5 #1%('( +'-

2-'&<"( ,)"0=.$(= -4")< +"4"/'!03/ +4':"%%'- - -3/'!0') 21 %#"( ;'4%$4'-10$< 

-/'!1 - %$0/4'0$2). 

R%(10'-$)%< 01 '+$%10$$ (4"@,")3/ ("/0$#"%*$/ /141*("4$%($* %$0("21('41 

#1%('(: 41@'#$5 !$1+12'0 #1%('( '( 900 !' 1300 ML:; .1  +"4"%(4'5*$ #1%('(3 1 AL:; 

%(1@$&=0'%(= ()a*%.) #1%('(3 0" /,7" 710 ; ,/'! #1%('(3 0" /,7" 710 / '! ('(0'%$-

("&=0' ,%(10'-&"00'5 #1%('(3 #"4"2 30 !0"5); ,4'-"0= '(0'%$("&=0'5 %+"*(41&=0'5 

+&'(0'%($ )'90'%($ ;12'-3/ .,)'- (!K0/L:), +4$ '(%(4'5*" '( 0"%,9"5 10 *L: 0" 

/,7" )$0,% 115, 100 *L: 0" /,7" )$0,% 120, 1000 *L: 0" /,7" )$0,% 140; -3/'!01< 

)'90'%(= (01 01 4,2*" 50 R)) 3 !K) ± 1 !K). 
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64"!%(1-&<"( +41*($#"%*$5 $0("4"% H*%+"4$)"0(1&=0' $%%&"!'-1(= ,4'-0$ +'-
@'#03/ %+"*(41&=03/ %'%(1-&<89$/ ES @"2 !'+'&0$("&=0' ' *101&1 ,+41-&"0$< (*'0-
%(4,*($-035 )1*"( ES1), % !'+'&0$("&=03) *101&') ,+41-&"0$< (*'0%(4,*($-035 )1-
*"( ES2 +' %/")" 01 4$%. 1) $ !-,/*'&=:"-' ' ES (*'0%(4,*($-035 )1*"( ES3 +' %/")" 
01 4$%. 2) !&< -3<%0"0$< -'+4'%1 ' +4$)"0$)'%($ +4$-"!"003/ %/")0'-("/0$#"%*$/ 
4"."0$5 $ ':"0*" %0$7"0$< ,4'-0< ;12'-3/ .,)'-.  

>'0%(4,*($-03" )1*"(3 ES1, ES2, ES3 -3+'&0"03 01 @12" !-,/ '(&1!'#03/ +&1( 
!&< '("#"%(-"00'5 )$*4'%/")3 15086Q9M. M$+'-3" /141*("4$%($*$ )$*4'%/")3 
15086Q9M: )1*%$)1&=01< 41@'#1< #1%('(1 4,3 LL:; 0'4)$4'-10035 ,4'-"0= %'@%(-"0-
03/ .,)'- )$0,% 230 !K0/L:; 0'4)$4'-10035 ,4'-"0= ;&$**"4 .,)'- )$0,% 122 !K0/L:; 
01+4<7"0$" +$(10$< 1,8/3,3 ?; ('* +'(4"@&"0$< 77 )F.  

? *1#"%(-" LNC - )1*"(" ES1 $ LNC1, LNC2 - )1*"(" ES3 +4$)"0"03 CVCO55BE-
0800-1600 ;$4)3 Crystek Microwave %' %4"!0$) 201#"0$") *4,($203 /141*("4$%($*$ 
,+41-&"0$< '*'&' 60 AL:/?. G'+'&0$("&=035 *101& ,+41-&"0$< - )1*"(" ES2 -3+'&-
0"0 01 !$%*4"(03/ H&")"0(1/ % 412@$"0$") 41@'#" ' !$1+12'01 01 16 +'!!$1+12'0'-, 
#(' +'2-'&$&' %0$2$(= *4,($20, /141*("4$%($*$ ,+41-&"0$< LNC +' '%0'-0'), *101&, 
!' 10 AL:/?. B1%#"( +141)"(4'- H&")"0('- TCS :"+$ ,+41-&"0$< 41%%#$(3-1&%< !&< 
'!$01*'-' ' 201#"0$< #1%('(3 %4"21 %$%(")3 JTF6S ES1, ES2 +'4<!*1 80 *L:. ? ES3 
4120'%(= #1%('( LNC1 $ LNC2 0" +4"-3.1&1 30 AL:, +141)"(43 H&")"0('- TCS1 -3-
/'!0' ' *'&=:1 JTF6S 41%%#$(3-1&$%= !&< 201#"0$< #1%('(3 %4"21 +'4<!*1 80 *L:, 
TCS3 – 160 *L:. 

J2)"4"0$" %+"*(41&=0'5 +&'(0'%($ )'90'%($ ;12'-' ' .,)1 $ !&$("&=0'%($ +"4"-
/'!03/ +4':"%%'- ES1, ES2, ES3 +4'-'!$&'%= 01 101&$21('4" $%('#0$*'- %$ 01&'- 
E5052B *')+10$$ Agilent Technologies. E/")1 &1@'41('40'5 ,%(10'-*$ +4$@'4'- +4$-"!"-
01 01 4$%. 3,  !" A> – )$*4'*'0(4'&&"4, J6 – $%('#0$* +$(10$<, FE – 101&$21('4 %+"*(41, 
JAS – $2)"4$("&= )'!,&<:$$ #1%('(3, >JSE – *'44"&<:$'0035 $2)"4$("&= #$%('(3 
%+"*(41 %$ 01&1. >'0(4'&= 0')$01&1 #1%('(3 '%,9"%(-&<&%< #1%('(')"4') S3-74. 
 

 
 

B$%. 3. E/")1 &1@'41('40'5 ,%(10'-*$ +4$@'4'- !&< $2)"4"0$< %+"*(41&=03/ /141*("4$%($*  

$ @3%(4'!"5%(-$< ES 

 

? (1@&. 1, 2 +4$-"!"03 4"2,&=(1(3 H*%+"4$)"0(1&=0' ' $%%&"!'-10$< *'0%(4,*-
($-03/ )1*"('- (41!$:$'00' ' ES1 $ )1&'.,)<9$/ ES2 $ ES3, -3+'&0"00' ' - %''(-
-"(%(-$$ % 41%%)'(4"003)$ %(4,*(,403)$ %/")1)$. 

J2)"4"00'" 201#"0$" ;12'-' ' .,)1 W117 !K0/L: +4$ '(%(4'5*" 10 *L: 01 #1%('-
(" 1000 AL: - ES2 % !'+'&0$("&=03) *101&') ,+41-&"0$< <-&<"(%< !'%(1('#0' /'4'-
.$) +'*121("&") !&< %$0("21('4'- #1%('(. G'+'&0$("&=0' %0$2$(= ,4'-"0= ;12'-3/ 
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.,)'- )'70' 21 %#"( +4$)"0"0$< ("4)'%(1($4'-100' ' *-14:"-' '  "0"41('41. >4')" 
H(' ', +4$)"0"0$" (1*' ' RL +'2-'&<"( ,&,#.$(= ('#0'%(= ,%(10'-*$ #1%('(3, 1 (1*7" 
!'& '-4")"00,8 $ *41(*'-4")"00,8 0"%(1@$&=0'%(= #1%('(3. ?-"!"0$" !'+'&0$("&=-
0' ' *'&=:1 - ES3 +'2-'&<"( %0$2$(= ,4'-"0= ;12'-3/ .,)'- +' %41-0"0$8 % ES1. 

 

M1@&$:1 1  

B"2,&=(1(3 $2)"4"0$5 ,4'-0< .,)'- 01 -3/'!" ES 
 

N4'-"0= .,)'-  
'(0'%$("&=0' ,4'-0< 

%$ 01&1 0"%,9"5, !K0/L: 

S1%('(3 '(%(4'5*$ '( %$0("2$4,")'5 #1%('(3 f0, *L: 

f0 = 1000 AL: f0 = 1100 AL: f0 = 1200 AL: 

10  100  1000 10  100  1000 10 100 1000 

ES1 – 93 – 111 – 140 – 92 – 112 – 140 – 91 – 112 – 140 

ES2 % !'+. 

*101&') ,+41-&"0$< 
– 117 – 122 – 142 – 116 – 123 – 142 – 116 – 124 – 142 

ES3 % !'+. 
'+'403) *'&=:') 

– 101 – 114 – 140 – 100 – 112 – 140 – 100 – 113 – 142 

 

M1@&$:1 2 

B"2,&=(1(3 $2)"4"0$5 !&$("&=0'%($ +"4"/'!03/ +4':"%%'-  
 

6"4"*&8#"0$" -3/'!03/ 
#1%('(, LL: 

1,0/ 1,1 1,0/ 1,1 1,0/ 1,2 1,2/ 1,0 1,1/ 1,2 1,2/ 1,1 

ES1, )*% 320 320 330 330 320 320 

ES2, )*% 335 335 340 340 330 330 

ES3, )*% 285 285 295 300 285 290 

 

J2 (1@&. 2 -$!0', #(' !&$("&=0'%(= +"4"/'!03/ +4':"%%'- , '@'$/ *'0%(4,*($--

03/ )1*"('- ES1 $ ES2 +41*($#"%*$ %'-+1!1"(. P(' '@D<%0<"(%< ("), #(' #1%('(3 %4"-

21 *'&": JTF6S %41-0$-1")3/ %$0("21('4'- '!$01*'-3. C"*'('435 -3$ 43. - @3%(-

4'!"5%(-$$ ES3 '+4"!"&<"(%< +'&'%'5 TCS3 '+'40' ' *'&=:1.  

? 41@'(" +'*1210', #(' +4$ +4'"*($4'-10$$ ES )'70' !'@$(=%< %0$7"0$< ,4'-0< 

;12'-3/ .,)'- +4$ 412&$#03/ %/")03/ 4"."0$</. M1*, - ES2 21 %#"( !'+'&0$("&=0' ' 

*101&1 ,+41-&"0$< - *'&=:" JTF6S %,9"%(-"00' %0$71"(%< ,4'-"0= ;12'-3/ .,)'- 

+4$ %'/410"0$$ .$4'*' ' !$1+12'01 +"4"%(4'5*$ #1%('( +4$ 0"@'&=.$/ +'("4</ - @3-

%(4'!"5%(-$$. ?*&8#"0$" !'+'&0$("&=0' ' '+'40' ' *'&=:1 - ES3 %  4,@'5 %"(*'5 

#1%('( +'2-'&<"( %'/410$(= .$4'*$5 !$1+12'0 +"4"%(4'5*$ +4$ ,!'-&"(-'4$("&=03/ 

.,)'-3/ /141*("4$%($*1/ -3/'!0' ' *'&=:1 JTF6S, '@"%+"#$-1")3/ +"(&"-3) 

;$&=(4'). 6'!@'4') H&")"0(0'5 @123 )'70' !'@$(=%< ,!'-&"(-'4<89$/ ("/0$#"%*'-

), 21!10$8 /141*("4$%($* ES2 $ ES3. 
 

E+$%'* &$("41(,43 

 

1. M$/')$4'- C. A., B')10'- E. >., Q"0=.$0 F. ?. T'4)$4'-10$" SA %$ 01&'- - %$0("21('41/ % 
1-('+'!%(4'5*'5. – A.: B1!$' $ %-<2=, 2004. – 210 %. 

2. Q"0=.$0 F. ?., Q"@"!"- ?. ?., C$*'&1"- F. 6. 6141)"(4$#"%*$5 %$0("2 %$%(")3 ;12'-'5 1-('-

+'!%(4'5*$ % ;$&=(41)$ -3%'*$/ +'4<!*'- // R/4101, @"2'+1%0'%(=, %-<2= – 2013: )1("4$1&3 A"7!,014. 
C6>. S. 2. – ?'4'0"7: ?'4'0"7%*$5 $0%($(,( A?G B'%%$$, 2013. – E. 109–114. 

3. Q"0=.$0 F. ?., Q"@"!"- ?. ?., M$/')$4'- ?. C. A1&'.,)<9$5 .$4'*'!$1+12'0035 %$0("21('4 

#1%('( / 21<-*1 01 $2'@4"("0$" I 2014138711 '( 24.09.2014  . 
4. Q"0=.$0 F. ?., Q"@"!"- ?. ?., C$*'&1"- F. 6. R%'@"00'%($ +4'"*($4'-10$< %$0("21('4'- #1%-

('( !&< @'4('-3/ %$%(") 41!$'%-<2$ // F*1!")$#"%*$" X,*'-%*$" #("0$<. E'-4")"00'" %'%('<0$" $ +"4-
%+"*($-3 412-$($< 1-$1:$'00' ' 41!$'H&"*(4'00' ' '@'4,!'-10$<: %@. 01,#. %(. +' )1("4$1&1) ?%"4'%. 

C6>. – ?'4'0"7: ?NCY ??E «??F», 2014. – E. 161–164. 

5. Q"0=.$0 F. ?., Q"@"!"- ?. ?., C$*'&1"- F. 6. F01&$2 )'!,&<:$'003/ /141*("4$%($* !-,/*'&=-
:"-3/ %$0("21('4'- #1%('( // F-$1:$'00'" BPR: %@. %(. +' )1("4$1&1) A"7-,2. C6> *,4%10('- $ %&,.1-

("&"5 «A'&'!"703" #("0$< +1)<($ Z. F. L1 14$01». – ?'4'0"7: ?NCY ??E «??F», 2014. – E. 155–160. 
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"&()$3*)/%  "0$%40-"/!/5*")/)(/6/   

.&*#*3/(*  5*")/) 

 

F. 6. C$*'&1"-
1
, ?. C. M$/')$4'-

2
, F. ?. Q"0=.$0

1
 (01,#035 4,*'-'!$("&=) 

 
1!"#$ !!% «!&'((&-)&*+,-( .  / +'01. 10'(1 23&4'55&3  #. 6. 7,/&)5/&8& 1 9. :. ; 8 31( » (8. !&3&('<) 

394052, 8. !&3&('<, ,=. >3 5(&*( 0'(( ., +. 153 
2:/?1&('3(&' &@A'5B)& «>&(?'3( «%&*)'*+1'» 

394018, 8. !&3&('<, ,=. C='D (&)5/ ., 14 

E-mail: harn.art@yandex.ru 

 
B1%%)'(4"03 !-" %/")3 *1%*1!03/ %$0("21('4'- #1%('( 01 '%0'-" *'&": $)+,&=%0'5 ;12'-'5 1-('+'!%(4'5-

*$ #1%('(3, *'('43" )' ,( @3(= $%+'&=2'-103 !&< ;'4)$4'-10$< %"(*$ %(1@$&=03/ #1%('( % 41-0')"403) .1 ') - 

41!$'+4$")03/ $ 41!$'+"4"!189$/ ,%(4'5%(-1/ %-"4/-3%'*'#1%('(0' ' !$1+12'01. 6'*1210 +,(= ,)"0=."0$< 

,4'-0< ;12'-3/ .,)'- - -3/'!0') %$ 01&" %$0("21('41 #1%('( %-"4/-3%'*'#1%('(0' ' !$1+12'01 % )1&3) .1 ') 

%"(*$ #1%('( $ % ,2*$) !$1+12'0') 41@'#$/ #1%('(. 

 

? -'2@,!$("&</ 41!$'+"4"!1(#$*'- $  "("4'!$01/ 41!$'+4$")0$*'- %-"4/-3%'-

*'#1%('(0' ' (E?S) !$1+12'01 $%+'&=2,8(%< %$0("21('43 #1%('( (ES) 01 @12" %$%(")3 

;12'-'5 1-('+'!%(4'5*$ #1%('(3 (TF6S). R%0'-03" (4"@'-10$< * (1*$) ,%(4'5%(-1) 

%'%('<( - ,&,#."0$$ .,)'-3/ /141*("4$%($*, ,)"0=."0$$ +'@'#03/  14)'0$#"%*$/ 

%'%(1-&<89$/ $ %'*419"0$$ -4")"0$ +"4"%(4'5*$. 

E$0("21('43 #1%('( % TF6S .$4'*' $2-"%(03 - ("/0$#"%*'5 &$("41(,4" [1, 2] $ 

!4. P($ ,%(4'5%(-1 +'2-'&<8( +'&,#$(= *'&"@10$< % 21!1003) .1 ') $2)"0"0$< #1%('-

(3, +4$ H(') %(1@$&=0'%(= #1%('(3 -3/'!0' ' %$ 01&1 '+4"!"&<"(%< +4":$2$'003) 

'+'403) *-14:"-3)  "0"41('4'). ? ES #1%('(1 -3/'!0' ' %$ 01&1 '+4"!"&<"(%< #1%-

('('5 %$ 01&1 '+'40' '  "0"41('41 (RL), ,)0'7"00'5 01 :"&'#$%&"0035 &$@' !4'@035 

*'H;;$:$"0( ,)0'7"0$< %$%(")3 TF6S. >'H;;$:$"0( ,)0'7"0$< %$%(")3 '+4"!"&<-

"(%< *'H;;$:$"0(') +4$-"!"0$< #1%('(3 -3/'!0' ' %$ 01&1 ES * #1%('(" %41-0"0$< 

#1%('(0'-;12'-' ' !"("*('41 (STG) [2], '(0"%"003) * *'H;;$:$"0(, !"&"0$< #1%('(3 

%$ 01&1 RL. V01#"0$") *'H;;$:$"0(1 !"&"0$< #1%('(0' ' !"&$("&< %$ 01&1 RL $ -"&$-

#$0'5 #1%('(3 %$ 01&1 RL, ;1*($#"%*$, '+4"!"&<"(%< #1%('(1 %41-0"0$< STG. 64$ 

H(') ,4'-"0= ;12'-3/ .,)'- -3/'!0' ' %$ 01&1 ES - +4"!"&1/ +'&'%3 +4'+,%*10$< 

%$%(")3 TF6S '+4"!"&<"(%< %,))'5 .,)'- %$%(")3 TF6S (.,)3 STG $ !"&$("&"5 

#1%('(3) $ ;12'-3/ .,)'- %$ 01&1 RL, ,)0'7"003/ 01 *'H;;$:$"0( ,)0'7"0$< %$%-

(")3 TF6S [2, 3]. F 21 +4"!"&1)$ +'&'%3 +4'+,%*10$< %$%(")3 TF6S ,4'-"0= ;12'-

-3/ .,)'- '+4"!"&<"(%< ,4'-0") ;12'-3/ .,)'- %$ 01&1  "0"41('41, ,+41-&<")' ' 

01+4<7"0$") (LNC), *'('435 -/'!$( - %'%(1- ES [2] $ <-&<"(%< '@D"*(') ,+41-&"0$< 

%$%(")3 TF6S. E$%(")1 TF6S <-&<"(%< ;$&=(4') 0$70$/ #1%('( !&< ;12'-3/ .,)'- 

%$ 01&1 RL $ ;$&=(4') -"4/0$/ #1%('( !&< ;12'-3/ .,)'- %$ 01&1 LNC. 

R#"-$!0', #") )"0=." ,4'-"0= ;12'-3/ .,)'- %$ 01&1 RL, (") )"0=." ,4'-"0= 

;12'-3/ .,)'- -3/'!0' ' %$ 01&1 ES. (V!"%= $ !1&"" 4"#= $!"( '@ ,4'-0" ;12'-3/ 

.,)'- - +4"!"&1/ +'&'%3 +4'+,%*10$< %$%(")3 TF6S). C' - ('7" -4")<, #") )"0=." 

*'H;;$:$"0( ,)0'7"0$< %$%(")3 TF6S, (") )"0=." ,4'-"0= ;12'-3/ .,)'- -3/'!-

0' ' %$ 01&1 ES, +4$ ,%&'-$$ 41-"0%(-1 ,4'-0< ;12'-3/ .,)'- '+'403/  "0"41('4'- - 

'@'$/ %&,#1</. M1*$) '@412'), !&< ,)"0=."0$< ,4'-0< ;12'-3/ .,)'- -3/'!0' ' 

%$ 01&1 ES 0"'@/'!$)' $%+'&=2'-1(= *-14:"-35 RL, % #1%('('5 -3/'!0' ' %$ 01&1, 

!'%(1('#0'5, #('@3 4"1&$2'-1(= %$%("), TF6S % 0"@'&=.$) *'H;;$:$"0(') ,)0'7"-

0$<. 6'%*'&=*, ;12'-3" .,)3 %$ 01&1 LNC - E?S !$1+12'0" !'%(1('#0' -"&$*$ [3] $ 

0" ,!'-&"(-'4<8( ,%&'-$<) 4<!1 +4$&'7"0$5, (', $%/'!< $2 -3."%*12100' ', :"&"%'-

'@4120' $%+'&=2'-1(= %$%("), TF6S % .$4'*'5 +'&'%'5 +4'+,%*10$<. J03)$ %&'-1-

)$, 0"'@/'!$)' )1*%$)1&=0' -'2)'70' '(;$&=(4'-1(= ;12'-3" .,)3 %$ 01&1 LNC. 
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64$ H(') 0"'@/'!$)' ,#$(3-1(=, #(' +'&'%1 +4'+,%*10$< %$%(")3 TF6S 0" !'&701 

+4"-3.1(= #1%('(, %41-0"0$< STG [2]. 

U$4'*' $2-"%(0', #(' !&< '@"%+"#"0$< 0"'@/'!$)' ' ,4'-0< ;12'-3/ .,)'- - 

-3/'!0') %$ 01&" % %'/410"0$") )1&' ' .1 1 %"(*$ #1%('(, +4$)"0<8(%< 412&$#03" 

-14$10(3 *1%*1!03/ ((10!")03/) %/") %$0("21('4'- (01+4$)"4, +1("0(3 US 5128623, 

US 5656976, US 5859570, US 6483388, US 7084709, US 7250823). ? (1*$/ *1%*1!03/ 

%/")1/ ,%(4'5%(- E?S !$1+12'01 - +"4-') *1%*1!" - *1#"%(-" $%('#0$*1 '+'40' ' %$ -

01&1, *1* +41-$&', $%+'&=2,8(%< &$@' +"4"%(41$-1")35 +' #1%('(" ES % TF6S, &$@' 

:$;4'-'5 -3#$%&$("&=035 %$0("21('4 (Y?E). ? H(') %&,#1" #1%('(1 -3/'!0' ' %$ 01-

&1 +"4-' ' *1%*1!1 ('+'40' ' ES) -3@$41"(%< 0$7" #1%('(3 -3/'!0' ' %$ 01&1 -%" ' 

,%(4'5%(-1. V1 %#"( (' ', #(' '+'4035 ES )'7"( +"4"%(41$-1(=%< +' #1%('(", 4"1&$2,-

"(%< (4"@,")35 .1  +"4"%(4'5*$ +' #1%('(" -%" ' ,%(4'5%(-1. J%+'&=2'-10$" - %'%(1-" 

+"4-' ' *1%*1!1 ES % TF6S (41!$:$'003/ ,+41-&<")3/ 01+4<7"0$") LC- "0"41('4'- 

-&"#"( 21 %'@'5 (1*'5 ,4'-"0= ;12'-3/ .,)'- - -3/'!0') %$ 01&", *'('435 21#1%(,8 

+4"-3.1"( !'+,%($)3" 201#"0$<. 64$ $%+'&=2'-10$$ - *1#"%(-" +"4-' ' *1%*1!1 Y?E 

- -3/'!0') %$ 01&" ,%(4'5%(-1 -'20$*18( &'703" %$ 01&3, '@412,89$"%< - 4"2,&=(1-

(" $%+'&=2'-10$< !4'@03/ *'H;;$:$"0('- !"&"0$<, 4"1&$2,")3/ 01 '%0'-" !"&=(1-

%$ )1 )'!,&<('4'-. 

C1 4$%. 1 +4"!%(1-&"01 %/")1 *1%*1!0' ' ES [4],  !" '@1 «;12'-3/ !"("*('41» 

'@'201#"03 *1* +"4-35 $ -('4'5 #1%('(0'-;12'-35 !"("*('4 (STG1 $ STG2), @&'* RL 

%'"!$0"0 % @&'*') !"&$("&< % ;$*%$4'-1003) *'H;;$:$"0(') !"&"0$< (GT>G) (#(' 

<-&<"(%< (41!$:$'003) 4"."0$") +4$-"!"0$< #1%('(3 -3/'!0' ' %$ 01&1 @&'*1 RL * 

(4"@,")'5 #1%('(" %41-0"0$< [2]). M1*7" --"!"01 .$01 ,+41-&"0$< (UN), +' *'('4'5 

'( -0".0" ' ,+41-&<89" ' ,%(4'5%(-1 +'%(,+18( *')10!3 21+$%$ *'H;;$:$"0('- !"-

&"0$< 01 -%" !"&$("&$ #1%('(3 *1%*1!0' ' ES. C1 4$%. 1 --"!"03 %&"!,89$" '@'201#"-

0$<: ?NN – -0".0"" ,+41-&<89"" ,%(4'5%(-'; +"4-35 $ -('4'5 ;$&=(43 0$70$/ #1%-

('( (TCS1 $ TCS2); +"4-35 $ -('4'5 !"&$("&$ % +"4")"003) *'H;;$:$"0(') !"&"0$< 

(G6>G1 $ G6>G2); +"4-35 $ -('4'5  "0"41('4, ,+41-&<")35 01+4<7"0$") (LNC1 $ 

LNC2). 

 

 
 

B$%. 1. E/")1 (41!$:$'00' ' *1%*1!0' ' ES 

 

? )')"0( -*&8#"0$< +$(10$< *1%*1!0' ' ES +' UN '( ?NN - @&'*$ GT>G, 

G6>G1 $ G6>G2 +'%(,+18( *'!' 41))3 21+$%$ *'H;;$:$"0('- !"&"0$< %''(-"(%(-

-"00' R , 1N   $ 2N . S1%('(1 RLf  -3/'!0' ' %$ 01&1 RL !"&$(%< 01 *'H;;$:$"0( !"&"-



 $02.3(«4,-.!1$5&.6$70.$(7.71$%'»(

97 

0$< R  - GT>G, !1&"" %$ 01& % #1%('('5 RLf R  +'!1"(%< 01 +"4-35 -/'! STG1, 21!1-

-1< +4$ H(') #1%('(, %41-0"0$< STG1 $, %''(-"(%(-"00', .1  %"(*$ #1%('( +"4-' ' 

*1%*1!1 ES RLf f R0 # . C1 -('4'5 -/'! STG1 +'!1"(%< %$ 01& % G6>G1, #1%('(1 *'('-

4' ' '+4"!"&<"(%< #1%('('5 1f  -3/'!0' ' %$ 01&1 LNC1, +'!"&"00'5 01 1N  - G6>G1, 

(' "%(= 1 1f N . G1&"" - STG1 +4'$%/'!$( %41-0"0$" #1%('( RLf R  $ 1 1f N  $ -341@1(3-

-1"(%< %$ 01& '.$@*$, *'('435 #"4"2 TCS1 +'%(,+1"( 01 ,+41-&<89$5 -/'! LNH1, 

$2)"0<< #1%('(, 1f  %$ 01&1 LNH1 !' ("/ +'4, +'*1 0" -3+'&0$(%< ,%&'-$" 

RL 1 1=f R f N . 6'%&" -3+'&0"0$< !100' ' ,%&'-$< -3/'!0'5 %$ 01& % STG1 +"4"%(1"( 

)"0<(=%<, $ 01+4<7"0$" ,+41-&"0$< 01 ,+41-&<89") -/'!" LNC1 '%(1"(%< +'%('<0-

03), ;$*%$4,< #1%('(, -3/'!0' ' %$ 01&1 LNC1. 

M1*$) '@412'), -3/'!01< #1%('(1 %$ 01&1 LNC1 '+4"!"&<"(%< -3417"0$"): 

 1 RL 1f f N R# . J2)"0<< *'H;;$:$"0( !"&"0$< 1N  )'70' $2)"0<(= #1%('(, -3/'!0' ' 

%$ 01&1 LNC1 % .1 ') .f0  

G1&"", 01 +"4-35 -/'! @&'*1 STG2 +'!1"(%< %$ 01& % #1%('('5 1f  '( LNC1, 1 01 

-('4'5 -/'! STG2 +'%(,+1"( %$ 01& '( LNC2, #1%('(1 *'('4' ' !"&$(%< 01 *'H;;$:$-

"0( 2N  - G6>G2. F01&' $#0' % +"4-3) *1%*1!'), +4'$%/'!$( %41-0"0$" #1%('( 1f  $ 

?[\ 2f N  $ -341@1(3-1"(%< %$ 01& '.$@*$, *'('435 #"4"2 TCS2 +'%(,+1"( 01 ,+41--

&<89$5 -/'! LNC2, $2)"0<< #1%('(, " ' -3/'!0' ' %$ 01&1 !' ("/ +'4, +'*1 0" -3-

+'&0$(%< ,%&'-$" ?1 [\ 2= ff N . ?3/'!0'5 %$ 01& LNC2 <-&<"(%< -3/'!03) %$ 01&') 

-%" ' ,%(4'5%(-1.  

6'&'%1 +4'+,%*10$< TCS1 '+4"!"&<"( +'&'%, +4'+,%*10$< +"4-' ' *1%*1!1 ES, 1 

+'&'%1 +4'+,%*10$< TCS2 '+4"!"&<"( +'&'%, +4'+,%*10$< -('4' ' *1%*1!1 ES. 64$ 

H(') +'&'%1 +4'+,%*10$< TCS1 -3@$41"(%< (1*'5, #('@3 ,4'-"0= ;12'-3/ .,)'- -3-

/'!0' ' %$ 01&1 LNC1 - +4"!"&1/ +'&'%3 +4'+,%*10$< '+4"!"&<&%< ;12'-3)$ .,)1)$ 

RL, 1 21 +4"!"&1)$ +'&'%3 +4'+,%*10$< ,4'-"0= ;12'-3/ .,)'- 0" ,-"&$#$-1&%< @3 21 

%#"( ;12'-3/ .,)'- STG1. 6'&'%1 +4'+,%*10$< TCS2 -3@$41"(%< )1*%$)1&=0' -'2-

)'70'5, #('@3 '(;$&=(4'-1(= ;12'-3" .,)3 -3%'*'#1%('(0' ' %$ 01&1 @&'*1 LNC2. 

M1*$) '@412'), 21 %#"( $2)"0"0$< #1%('(3 1f  -3/'!0' ' %$ 01&1 +"4-' ' *1%*1!1 

ES 4"1&$2,"(%< 0"'@/'!$)35 .1  %"(*$ #1%('( +4$ %'/410"0$$ .$4'*'5 +'&'%3 +4'-

+,%*10$< -('4' ' *1%*1!1 ES. 

? H('5 %/")" *1%*1!0' ' ES ,4'-"0= ;12'-3/ .,)'- %$ 01&1 +"4-' ' *1%*1!1 '+-

4"!"&<"( ,4'-"0= ;12'-3/ .,)'- - -3/'!0') %$ 01&" -%" ' ,%(4'5%(-1. 64$)"0"0$" - 

+"4-') *1%*1!" ES  "0"41('41, ,+41-&<")' ' 01+4<7"0$"), 01 0$2*'!'@4'(03/ +"4"-

%(41$-1")3/ LC-*'0(,41/ -&"#"( 21 %'@'5 ,-"&$#"0$" ,4'-0< ;12'-3/ .,)'- - -3/'!-

0') %$ 01&" +"4-' ' *1%*1!1 ES [3] $, %&"!'-1("&=0', - -3/'!0') %$ 01&" -%" ' ,%(-

4'5%(-1. P(' <-&<"(%< %,9"%(-"003) 0"!'%(1(*') 41%%)'(4"00'5 %/")3 *1%*1!0' ' 

ES. 

V1!1#1, 01 4"."0$" *'('4'5 01+41-&"01 !1001< 41@'(1, 21*&8#1"(%< - ,&,#."0$$ 

%+"*(41&=03/ /141*("4$%($* *1%*1!0' ' %$0("21('41 #1%('( E?S !$1+12'01. 64$ H(') 

'7$!1")35 ("/0$#"%*$5 4"2,&=(1( !'&7"0 %'%('<(= - ,)"0=."0$$ ,4'-0< ;12'-3/ 

.,)'- - -3/'!0') %$ 01&" %$0("21('41 #1%('( E?S !$1+12'01 % )1&3) .1 ') %"(*$ 

#1%('( $ % ,2*$) !$1+12'0') 41@'#$/ #1%('(. 6'H('), !&< 4"."0$< +'%(1-&"00'5 21!1-

#$ - %/"), *1%*1!0' ' ES --"!"03: @,;"4035 ,%$&$("&= (KN), -/'! *'('4' ' %'"!$0"0 

% -3/'!') LNC2, 1 -3/'! <-&<"(%< -3/'!') ,%(4'5%(-1; @&'* *')),(1('41 (K>), -3/'! 
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*'('4' ' %'"!$0"0 % %$ 01&=03) -/'!') G6>G1 $ % +"4-3) -/'!') STG2; A ,+41--

&<")3/ *-14:"-3/  "0"41('4'- (N>L), -/'!3 *'('43/ '@D"!$0"03 )"7!, %'@'5 $ %'-

"!$0"03 % -3/'!') TCS1, 1 -3/'!3 %'"!$0"03 % %''(-"(%(-,89$)$ %$ 01&=03)$ 

-/'!1)$ K>, ,+41-&<89$" -/'!3 *'('4' ' +'%4"!%(-') UN %'"!$0"03 % ?NN. 64$ 

H(') ,+41-&<")3" *-14:"-3"  "0"41('43 -3+'&0"03 % -'2)'70'%(=8 +'!%(4'5*$ #1%-

('(3 -3/'!0' ' %$ 01&1 - ,2*') 41@'#") !$1+12'0". P(1 %/")1 *1%*1!0' ' ES +4$-"-

!"01 01 4$%. 2. 

 

 
 

B$%. 2. E/")1 *1%*1!0' ' ES % ,)"0=."003) ,4'-0") ;12'-3/ .,)'- 

 

E/")1 ,%(4'5%(-1 41@'(1"( %&"!,89$) '@412'). ? )')"0( -*&8#"0$< +' UN '( 

?NN - @&'*$ GT>G, G6>G1 $ G6>G2 +'%(,+18( *'!' 41))3 21+$%$ *'H;;$:$"0('- 

!"&"0$< %''(-"(%(-"00' R , 1N  $ 2N . 6'%&" #" ' #1%('(1 RLf  -3/'!0' ' %$ 01&1 RL 

!"&$(%< 01 *'H;;$:$"0( !"&"0$< R  - GT>G $ !1&"" %$ 01& % #1%('('5 RLf R  +'!1"(%< 

01 +"4-35 -/'! STG1, 21!1-1< +4$ H(') #1%('(, %41-0"0$< STG1. C1 -('4'5 -/'! 

STG1 +'!1"(%< %$ 01& % G6>G1, #1%('(1 *'('4' ' '+4"!"&<"(%< +'!"&"00'5 01 1N  - 

G6>G1 #1%('('5 -3/'!0' ' %$ 01&1 n - ' @&'*1 N>Ln  ( !" =1, ,n E1 ), -3@4100' ' 

+'%4"!%(-') *')),(1:$$ - K>. 64$ H('), #1%('(1 -3/'!0' ' %$ 01&1 @&'*1 N>Ln '+4"-

!"&<"(%< -3417"0$"): 
 

1 1( 1)f f n f# 2  0 , 
 

 !" f – 0$70<< #1%('(1 !$1+12'01 41@'#$/ #1%('( +"4-' ' *1%*1!1 ,%(4'5%(-1; 1f0 – .1  

%"(*$ #1%('( +"4-' ' *1%*1!1 ,%(4'5%(-1. 

G1&"" - STG1 +4'$%/'!$( %41-0"0$" #1%('( RLf R  $  1 1/f N , +' 4"2,&=(1(, *'('-

4' ' -341@1(3-1"(%< %$ 01& '.$@*$, *'('435 #"4"2 TCS1 +'%(,+1"( 01 ,+41-&<89$5 

-/'! N>Ln, +'!%(41$-1< #1%('(, " ' %$ 01&1  1f  !' ("/ +'4, +'*1 0" -3+'&0$(%< ,%&'-$" 

RL  1 1= /f R f N . 6'%&" -3+'&0"0$< !100' ' ,%&'-$< -3/'!0'5 %$ 01& % STG1 +"4"%(1"( 

)"0<(=%<, $ 01+4<7"0$" ,+41-&"0$< 01 ,+41-&<89") -/'!" N>Ln '%(1"(%< +'%('<003), 

;$*%$4,< #1%('(, -3/'!0' ' %$ 01&1 N>Ln. 

G1&"" %$ 01& % #1%('('5  1f  % -3/'!1 K> +'!1"(%< 01 +"4-35 -/'! STG2, 01 -('-

4'5 -/'! *'('4' ' +'%(,+1"( %$ 01& '( LNC2, #1%('(1 *'('4' ' !"&$(%< 01 *'H;;$:$-
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"0( 2N  - G6>G2. F01&' $#0' % +"4-3) *1%*1!'), +4'$%/'!$( %41-0"0$" #1%('( 1f  $ 

?[\ 2f N  -341@1(3-1"(%< %$ 01& '.$@*$, *'('435 #"4"2 TCS2 +'%(,+1"( 01 ,+41--

&<89$5 -/'! LNC2, $2)"0<< #1%('(, " ' -3/'!0' ' %$ 01&1 !' ("/ +'4, +'*1 0" -3-

+'&0$(%< ,%&'-$" 1 ?[\ 2f f N# . E -3/'!1 LNC2 -3%'*'#1%('(035 %$ 01& +'%(,+1"( 01 

-/'! KN,  !" '0 ,%$&$-1"(%<, 1 21(") +'!1"(%< 01 -3/'! ,%(4'5%(-1. M1* *1* 

1 1( 1)f f n f# 2  0 , -3/'!01< #1%('(1 '+4"!"&<"(%< -3417"0$<)$ 

, -?[\ 1 21[ ] ·f f n f N0# 2  3  $&$ , -?[\  2 1 2= 1f f N n f N3 2 3 0 3 . 

J2 +'%&"!0" ' -3417"0$< -$!0', #(' $2)"0<(= -3/'!0,8 #1%('(, )'70' 0" )"0<< 

*'H;;$:$"0( 2N , 1 $2)"0<< 201#"0$" n . 

J(1*, "%&$ (4"@,")35 .1  +"4"%(4'5*$ +' #1%('(" ,%(4'5%(-1 '@'201#"0 0f0  (' 

-3@41- 1f0  (1*$), #(' 1 0  2/f f N0 # 0  )'70' 4"1&$2'-1(= %*'&= , '!0' )1&35 .1  +"4"-

%(4'5*$ +' #1%('(", $2)"0<< n  (' "%(= -3@$41< %''(-"(%(-,89$5 N>Ln +'%4"!%(-') 

*')),(1:$$ - K> +' %$ 01&, ,+41-&"0$< '( ?NN. 64$ H(') ,4'-"0= ;12'-3/ .,)'- 

-3/'!0' ' %$ 01&1 +"4-' ' *1%*1!1 @,!"( %,9"%(-"00' 0$7", +' %41-0"0$8 %' %/")'5 

01 4$%. 1, --$!, $%+'&=2'-10$< -3%'*'!'@4'(03/ ,+41-&<")3/ *-14:"-3/  "0"41('4'- 

% )1&'5 +"4"%(4'5*'5 +' #1%('(". E&"!'-1("&=0', ,4'-"0= ;12'-3/ .,)'- -3/'!0' ' 

%$ 01&1 -%" ' ,%(4'5%(-1 @,!"( 0$7", #") , %/")3 ES 01 4$%. 1. 

M1*$) '@412'), )'70' 4"1&$2'-1(= %$0("21('4 #1%('( E?S !$1+12'01 % ,)"0=-

."003) ,4'-0") ;12'-3/ .,)'- - -3/'!0') %$ 01&" % )1&3) .1 ') %"(*$ #1%('( $ % 

,2*$) !$1+12'0') 41@'#$/ #1%('(. 

 
E+$%'* &$("41(,43 
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&""+$./0*(&$  '$)/./0  "(&7$(&1  #&!-8*!)/%*   

"&6(*+/0  "  OFDM 

 

F. R. 6,*%1, G. F. >'40""- (01,#035 4,*'-'!$("&=) 

 
F05/1G 8&5,+ 35B)'((HG B'D(1I'5/1G ,(1)'351B'B 

644050, 8. F05/, 23. E13  11  
E-Mail: puxartem@gmail.com 

 
B1%%)1(4$-18(%< %+'%'@3 +'0$7"0$< %$ 01&'- % OFDM (),&=($+&"*%$4'-10$" % '4(' '01&=03) #1%('(03) 

412!"&"0$") *101&'-). B1%%)'(4"03 %+'%'@3 % ,+41-&"0$") %$ 01&1 % )< *$) $ 7]%(*$) *&$++$4'-10$"), % *')+"0-

%1:$"5 +$*'- ' $@189"5 21 %#]( 4"2"4-$4'-10$< #1%($ +'!0"%,9$/ #1%('(, % 1!1+($-03) ,+41-&"0$") %$ 01&1, 1&-

 '4$() Peak Reduction by Tone Reservation, (1*7" %+'%'@ % $%+'&=2'-10$") *'!'-. 

 

V1<-*1 01 -3!1#, +1("0(1 01 $2'@4"("0$" +"4-' ' )"('!1 4"1&$21:$$ OFDM ("/-

0'&' $$, @3&1 +'!101 - 0'<@4" 1966  '!1 B'@"4(') SH0 '). ? 1970  '!, $) @3& +'&,#"0 

+1("0(. C' .$4'*'" 41%+4'%(410"0$" !1001< ("/0'&' $< +'&,#$&1 '(0'%$("&=0' 0"!1-0'. 

C"%)'(4< 01 -%" 0"!'%(1(*$, !1001< ("/0'&' $< OFDM <-&<"(%< '(&$#03) 4"."-

0$") !&< 14/$("*(,4 %'-4")"003/ %"("5, 41@'(189$/ - ,%&'-$</ )" 1+'&$%1. 

? 01%('<9$" -4")< ("/0'&' $< OFDM $%+'&=2,"(%< - %&"!,89$/ %(10!14(1/ %-<-

2$ [2]: 

1. ADSL (+4'-'!01< +"4"!1#1 !1003/); 

2. DVB-C2, ,&,#."001< -"4%$< :$;4'-' ' *1@"&=0' ' ("&"-$!"0$< %(10!14(1 

DVB-C; 

3. K"%+4'-'!03" %$%(")3 %-<2$ %(10!14(3 IEEE 802.11 $ HIPERLAN/2; 

4. C12")03" %$%(")3 :$;4'-' ' ("&"-$!"0$< DVB-T, DVB-T2 $ ISDB-T; 

5. C12")03" %$%(")3 )'@$&=0' ' ("&"-$!"0$< DVB-H, DVB-T2, T-DMB, ISDB-T 

$ MediaFLO; 

6. E$%(")1 :$;4'-' ' 41!$'-"910$< DRM; 

7. K"%+4'-'!03" %$%(")3 %-<2$ %(10!14(1 Flash-OFDM, LTE, IEEE 802.16 (WiMAX), 

IEEE 802.20, IEEE 802.16e (Mobile WiMAX) and WiBro; 

R!0$) $2  &1-03/ 0"!'%(1(*'- OFDM %$%(") <-&<"(%< -3%'*$5 +$*-;1*('4 +"4"-

!1-1")3/ %$ 01&'-. R0 -'20$*1"( $2-21 (' ', #(' OFDM %$ 01& %'%('$( $2 @'&=.' ' 

#$%&1 0"21-$%$)' )'!,&$4'-1003/ +' 1)+&$(,!" $ ;12"  14)'0$*. 64$ $/ *' "4"0(0') 

($&$ *-12$*' "4"0(0')) %&'7"0$$ -'20$*18( "+$*$" ' $@189"5, *'('43" /141*("4$2,-

8(%< -"&$#$0'5 PAPR (Peak-to-Average Power Ratio), (.". '(0'."0$< +$*'-'5 )'90'%($ 

%$ 01&1 * " ' %4"!0"5 )'90'%($. G10035 H;;"*(, "%&$ % 0$) 0" @'4'(=%<, (4"@,"( ,-"-

&$#"0$< !$01)$#"%*' ' !$1+12'01 ,%(4'5%(- FY6, YF6 $ -3/'!0' ' ,%$&$("&< )'9-

0'%($. P(' +4$-'!$( * $/ 0"'+41-!100'), ,%&'70"0$8, 1 201#$(, ,-"&$#"0$8 %('$)'-

%($ 1++141(,43 - :"&'). PAPR <-&<"(%< '%0'-03) +141)"(4'), '+4"!"&<89$) ,4'-"0= 

)"7*101&=03/ +')"/. G&< %$%(") OFDM H(' %1)35 ,<2-$)35 +'*121("&=. 6'H('), H;-

;"*($-0'" 4"."0$" +4'@&")3 ,)"0=."0$< PAPR +'2-'&$( 201#$("&=0' 41%.$4$(= '@-

&1%(= +41*($#"%*' ' +4$)"0"0$< OFDM ("/0'&' $$ - %'('-3/ %$%(")1/ %-<2$ $ '@&" -

#$(= $/ %'%,9"%(-'-10$" % !4, $)$ ("/0'&' $<)$. 

G&< %0$7"0$< +$*-;1*('41 %$ 01&'- % OFDM +4"!&'7"0' )0'7"%(-' )"('!'-, *'-

('43" )'70' ,%&'-0' 412!"&$(= 01 (4$ *&1%%1: )"('!3, '%0'-1003" 01 @&'#0') *'!$4'-

-10$$, )"('!3, '%0'-1003" 01 1)+&$(,!0') ' 410$#"0$$ (*&$++$4'-10$", *')+10!$-

4'-10$") %$ 01&'-, $ -"4'<(0'%(03" )"('!3. 

– R+$%10$" *'!'- !&< %0$7"0$< +$*-;1*('41 %$ 01&'- % OFDM. 

C1 H(1+" 101&$21 %$ 01&'- % OFDM '+4"!"&<8(%< -'2)'703" 201#"0$< +$*-

;1*('41 $ *'&$#"%(-' %$ 01&'- % +$*-;1*('4'), 0" +4"-3.189$) 21!10035, $ 01 '%-
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0'-" H($/ !1003/ ;'4),&$4,8(%< (4"@'-10$< * *'!, +' --'!$)'5 $2@3('#0'%($. C1-

+4$)"4, "%&$ ('&=*' #"(-"4(= -%"/ *'!'-3/ %&'- '@&1!1"( +$*-;1*('4'), 0" +4"-3-

.189$) 21!10035, (' !&< +'%(4'"0$< *'!1 +'(4"@,"(%< $2@3('#0'%(= - !-1 @$(1. 

 

 
 

B$%. 1. E(4,*(,401< %/")1 %$%(")3 % %$ 01&1)$ OFDM $ *'!"4') !&< %0$7"0$< +$*-;1*('41 

 

– N+41-&"0$< -3/'!03) %$ 01&'), +4"!,%)1(4$-189$5 +4$)"0"0$" )< *' ' $&$ 

7"%(*' ' *&$+$4'-10$< (Clipping). 

E,(= H(' ' %+'%'@1 21*&8#1"(%< - 0"&$0"50') ' 410$#"0$$ -"9"%(-"00' ' 

OFDM %$ 01&1 01 0"*'('4') 21!100') ,4'-0" % +')'9=8 %+":$1&=0' ' ' 410$#$("&< 

$&$ ,%$&$("&< )'90'%($ % /141*("4$%($*'5 01%39"0$<. E(4,*(,401< %/")1 !&< !100'-

 ' )"('!1 +4"!%(1-&"01 01 4$%. 2. 
 

 
 

B$%. 2. E/")1 !&< ,+41-&"0$< -3/'!03) %$ 01&'), +4"!,%)1(4$-189$5 +4$)"0"0$" )< *' '  

$&$ 7"%(*' ' *&$+$4'-10$< 

 

R!01*' +4$ H(') -'20$*1"( 014,."0$" '4(' '01&=0'%($ )"7!, %$ 01&1)$ +'!0"-

%,9$/ (-21$)01< $0("4;"4"0:$< *101&'-). P(' +4$-'!$( * H0"4 "($#"%*$) +'("4<) +'-

4<!*1 0,25 dB (+4$ %0$7"0$$ PAPR !' 6 dB). M1* 7" +'-3.1"(%< ,4'-"0= -0"+'&'%0' ' 

$2&,#"0$< 01 8...10 dB. ? 4"2,&=(1(" #" ' (4"@,8(%< !'+'&0$("&=03" )"43 +' ;$&=(41:$$ %$ -

01&1. 
– >')+"0%1:$< +$*'- ' $@189"5 21 %#"( 4"2"4-$4'-10$< #1%($ +'!0"%,9$/ #1%('(. 

E$ 01& % -3/'!1 @&'*1 IFTT +'!-"4 18( %+":$1&=0'5 $("41($-0'5 '@41@'(*". J2 

%$ 01&1 - )')"0(3, %''(-"(%(-,89$" @'&=.$) 201#"0$<) PARP, -3#$(18( ,)"0=."0-
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03" (+4')1%.(1@$4'-1003") *'+$$ +$*'-, *'('43" ;'4)$4,8(%< $2 (' ' 7" OFDM 

%$ 01&1 %+":$1&=0'5 ;$&=(4'-'5 %/")'5. >')+"0%1:$< +4'$2-'!$(%< !' (4"@,")' ' 

,4'-0< PARP. \141*("40', #(' +4$ ('#0'5 4"1&$21:$$ H('( %+'%'@ 0" +4$-'!$( * 41%-

.$4"0$8 %+"*(41 %$ 01&1 $ 0"&$0"503) $%*17"0$<) %$ 01&1 (014,."0$8 '4(' '01&=-

0'%($ +'!0"%,9$/). P(' '*123-1"(%< -'2)'703) @&1 '!14< ('),, #(' *')+"0%$4,8-

9$5 %$ 01& ;'4)$4,8( $2 ('5 #1%($ '4(' '01&=03/ +'!0"%,9$/, *'('43" 0" ,#1%(-,-

8( - +"4"!1#" $0;'4)1:$$. J/ %+":$1&=0' 4"2"4-$4,8( !&< ,+41-&"0$< +$*-;1*('4'). 

– F& '4$() Peak Reduction by Tone Reservation !&< %4"!0"*-1!41($#"%*' ' *4$("-

4$< *1#"%(-1 $ ;$*%$4'-100' ' 01@'41 4"2"4-$4,")3/ +'!0"%,9$/. 

F& '4$(), '%0'-10035 01 *')+"0%1:$$ +$*'-, $%+'&=2,"(%<  - +4'"*(" )"7!,01-

4'!0' ' %(10!14(1 OFDMA PHY Proposal for the 802.16.3 PRY Layer, 2001/01/18. E(4,*-

(,401< %/")1 1& '4$()1 (1*' ' ($+1 +4$-"!"01 01 4$%,0*" 3. 

G10035 %+'%'@, $%+'&=2,"( $!"$ *&$+$4'-10$< $ '+($)1&=0' ' ,+41-&"0$< +$*'-

-'5 )'90'%(=8 #"4"2 +'!0"%,9$", '!01*', -)"%(' 4"2"4-$4'-10$< $ ,+41-&"0$< '(-

!"&=03)$ +'!0"%,9$)$, *1* +4"!,%)'(4"0' - [8], - 21<-&<")') %+'%'@" ;'4)$4,8( $ 

+'!18( '+($)1&=0'" ,+41-&"0$" 01 -%" $0;'4)1:$'003" $ -0"+'&'%03" +'!0"%,9$", 

21 %#"( #" ' !'%($ 1"(%< -3%'*1< %("+"0= H;;"*($-0'%($ ,+41-&"0$< +' -%") +"4"#$%-

&"003) -3." +'*121("&<) *1#"%(-1 $ '!0'-4")"00' +'<-&<"(%< -'2)'70'%(= ,#$(3-

-1(= 0" 1($-0'" -&$<0$" $0("4+'&<:$$ 01 +$*-;1*('4 -3/'!0' ' %$ 01&1. S('@3 !'-

@$(=%< 7"&1")' ' 4"2,&=(1(1, - *17!35 )'!,&$4,89$5 %$)-'& %$ 01&1 1!!$($-0' 21-

)".$-18( ,+41-&"0$", *'('4'" )$0$)$2$4,"( PAPR %$ 01&1, 0' +4$ H(') +4$-'!$( 

&$.= * 0"201#$("&=0'), *'0(4'&$4,")'), $%*17"0$8 +"4"!1-1")'5 $0;'4)1:$$. R+-

($)$21:$< ,+41-&"0$< +4'$2-'!$(%< +' %)".100'), %4"!0"*-1!41($#"*'), *4$("4$8, 

+4$ *'('4') '!0'-4")"00' )$0$)$2$4,8(%< PAPR $ -"&$#$01 -0'%$)3/ $%*17"0$5. 

 

 
 

B$%. 3. E(4,*(,401< %/")1 1& '4$()1 Peak Reduction by Tone Reservation 

 

N+41-&"0$" %$ 01&') +' ,*12100'), *4$("4$8 '%,9"%(-&<"(%< - 41%.$4"00'5 

%+"*(41&=0'5 '@&1%($ [0, F0], *'('41< -*&8#1"( - %"@< @12'-,8 +'&'%, #1%('( OFDM 

%$ 01&1 [0, Fmax) $ '@&1%(= -0"+'&'%0' ' $2&,#"0$< OBR [Fmax, F0],  !" F0 = kintFmax. >'-

H;;$:$"0( *int = 3...4 ,#$(3-1"( -&$<0$" $0("4+'&<:$$ %$ 01&1 - YF6 01 ,-"&$#"0$" 

PAPR. M1*'5 %+'%'@ ,+41-&"0$< $)""( %(4,*(,4, '+($)1&=0' ' 4" ,&<('41, - *'('4') - 

*1#"%(-" '+'403/ %$ 01&'- $%+'&=2,8(%< *&$+$4'-1003" (- -"9"%(-"00'5 '@&1%($) 

%$ 01&3 +'!0"%,9$/. 

– E+'%'@ 1!1+($-0' ' ,+41-&"0$< +$*-;1*('4') %$ 01&1. 

? *17!35 )'!,&$4,89$5 %$)-'& %$ 01&1 1!!$($-0' 21)".$-18( ,+41-&"0$", *'-

('4'" )$0$)$2$4,"( +$*$ ' $@189"5 (PAPR), -341@1(3-18( '+'403" %$ 01&3 $ '+($-

)1&=0' ,+41-&<8( +$*'-'5 )'90'%(=8 #"4"2 +'!0"%,9$", -3+'&0<8( $0("4+'&<:$8 

-3/'!0' ' OFDM %$)-'&1 21 +4"!"&3 @12'-'5 +'&'%3, +'%&" #" ' '+($)1&=03" ,+41--

&"0$< +'!18( %412, 01 -%" $0;'4)1:$'003" $ -0"+'&'%03" +'!0"%,9$", *'('43" 21(") 

+'!-"4 18( :$;4'-'5 ;$&=(41:$$ - #1%('(0'5 '@&1%($, +4"'@412,8( % +')'9=8 '@-
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41(0' ' !$%*4"(0' ' +4"'@412'-10$< T,4=" -' -4")"003" '(%#"(3, *'('43" $%+'&=2,8( 

!&< -341@'(*$ '+'403/ %$ 01&'- $ '+($)1&=03/ ,+41-&"0$5 +' %)".100'), %4"!0"-

*-1!41($#"%*'), *4$("4$8, )$0$)$2$4,< '!0'-4")"00' +$*-;1*('4 %$ 01&1 $ $%*17"-

0$< )'!,&$4,89$/ %$)-'&'-. E(4,*(,401< %/")1 '('@417"01 01 4$%. 4. 

 

 
 

B$%. 4. E(4,*(,401< %/")1 
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*(*+&3  *+6/%&)'/0  /9$(!&  0%$'$(&  3*#*3.-0*(&1   

#%&  (*+&5&&  :0/.1;$<  #/'$4& 

 

?. ?. E")]0'-, ?. F. B,@&"0*', ?. F. ?</$4"- (01,#035 4,*'-'!$("&=) 

 
J(5B1B,B 1(<'('3(&G 41*1/1 1 3 +1&K='/B3&(1/1 L;:F" !CF %L" 

660074, 8. >3 5(&.35/, ,=. >13'(5/&8&, 28 
E-mail: semenov_vetal_1992@mail.ru 

 
64$-'!$(%< 101&$2 %,9"%(-,89$/ 1& '4$()'- 1!1+(1:$$ * ,-'!<9$) +' !1&=0'%($ +')"/1) +' -'2)'70'-

%($ $/ ("/0$#"%*'5 4"1&$21:$$. 

 

C1 %" '!0<.0$5 !"0= - %'-4")"003/ 41!$'&'*1:$'003/ %(10:$</ 01$@'&=."" 

41%+4'%(410"0$" +'&,#$&$ .$4'*'+'&'%03" %$ 01&3 (UE). C' 0" %)'(4< 01 @'&=.'5 

$0("4"%, 1!"*-1(03/, 1 %1)'"  &1-0'" ("/0$#"%*$ 4"1&$2,")3/ 1& '4$()'- +' '@41@'(-

*" .$4'*'+'&'%03/ %$ 01&'- +4$ 01&$#$$ %(4,*(,4'+'!'@03/ +')"/ +41*($#"%*$ 0"(. 

? @'&=.$0%(-" $)"89$/%< )1("4$1&'- '@41@'(*1 UE %-'!<(%< * +4"'@412'-10$8 

%&'70' ' %$ 01&1 - +4'%('5 [1]. M1*7" 0" 01.&$ !'&70' ' '(417"0$< - &$("41(,4" 1&-

 '4$()3 $2)"4"0$< -4")"0$ 21+12!3-10$< .$4'*'+'&'%0' ' %$ 01&1 +4$ 01&$#$$ (1-

*'5 7" +')"/$, $)"89"5 412&$#$< ('&=*' -' -4")"00') %!-$ " )"0=." !&$("&=0'%($ 

H&")"0(1 4"&""-%*' ' 4124"."0$< +' !1&=0'%($, (. ". ,-'!<9"5 +' !1&=0'%($ +')"/$. 

?'2!"5%(-$" ,-'!<9$/ +')"/ +' !1&=0'%($ (N6), +4"!%(1-&<89$/ %'@'5 '(-"(03" 1*-

($-03" +')"/$, +4$)"0"0$" *'('43/ +4$-'!$( * +"4" 4,2*" ,%(4'5%(- '@41@'(*$ $0-

;'4)1:$$ BQE $ %43-, %'+4'-'7!"0$< :"&"5 [2]. 

6' H($) +4$#$01) -'20$*1"( 21!1#$ $%%&"!'-10$< %,9"%(-,89$/ 1& '4$()'- +' 

*4$("4$8 )$0$),)1 %4"!0"*-1!41($#"%*'5 '.$@*$ $2)"4"0$< -4")"0$ 21+12!3-10$< 

.$4'*'+'&'%0' ' %$ 01&1 +4$ -'2!"5%(-$$ ,-'!<9"5 +' !1&=0'%($ +')"/$. 

64'-"!< +1("0(035 +'$%*, @3&' -3<%0"0', #(' 01$@'&=."" 41%+4'%(410"0$" +'-

&,#$&$ !-1 1& '4$()1 1!1+($-0'5 '@41@'(*$ !&< 4"."0$< -3@4100'5 21!1#$. 6"4-3) 

)"('!') <-&<"(%< (1* 0123-1")35 LMS-1& '4$() [3] 1!1+($-0'5 ;$&=(41:$$ 
 

 

, - , - , -4
5

5 

66# dtttttZ 2

1-

+

M

2 ,X=Y ,   (1) 

 

 !" , -tM
Y  – -"*('4-%('&@": 1!!$($-0'5 %)"%$ -/'!03/ %$ 01&'-, +4"'@412,89$5 '!0'-

*101&=0,8 '@41@'(*, - )0' '*101&=0,8; M – 201* +'*123-189$5 (410%+'0$4'-10$" 

-"*('41 %('&@:1; 
6-1

+=  – '@41(01< *'44"&<:$'001< )1(4$:1 +')"/; , -2, tt6
X  – -"*('4-

%('&@": '7$!1")' ' 41%+4"!"&"0$< %$ 01&1. 

C"%)'(4< 01 +'("0:$1&=03" +4"$),9"%(-1 !100' ' 1& '4$()1 [3] '%0'-01< %&'7-

0'%(= " ' 4"."0$< 21*&8#1"(%< - -3#$%&"0$" '@41(0'5 *'44"&<:$'00'5 )1(4$:3 %$ -

01&'-, #(' +4"!%(1-&<"( %'@'5 (4,!'")*,8 21!1#, +4$ %,9"%(-"00') +"4"*43($$ +'-

&"20' ' $ +')"/'-' ' %$ 01&'- [4]. 6'H('), 01$@'&=."" 41%+4'%(410"0$" - &$("41(,4" 

+'&,#$& ("/0$#"%*$ 4"1&$2,")35 1& '4$() ':"0'#0'-*'44"&<:$'00'-*')+"0%1:$'0-

0'5 '@41@'(*$ %$ 01&'- [5]: 
 

 1 0
ˆ ˆ ˆ

t t t t ty S V V# 2  2 7!! ,  (2) 
 

 !" ˆ
tS  – ':"0*1 %$ 01&1 01 -3/'!" %' &1%'-100' ' ;$&=(41 %$ 01&1 +4$ ,%&'-$$ '(%,(-

%(-$< +')"/$; 
1
ˆ

tV , 
0
ˆ

tV  – ':"0*$ +')"/$ 01 -3/'!" %' &1%'-100' ' ;$&=(41 +')"/$ +4$ 
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01&$#$$ $ '(%,(%(-$$ %$ 01&1; 
t7

~
 – '@0'-&<89$5 +4':"%%, %(1($%($#"%*$ 0" '(&$#$-

)35 '(  1,%%'-%*' ' .,)1; ty~  – +4':"%% 01 -3/'!" '@"&<89" ' ;$&=(41 (RKT), ;1*($-

#"%*$ '%,9"%(-&<89" ' 1!1+($-0,8 * +')"/" '@41@'(*, %$ 01&'-. 

? 41@'(" [6] +4$-'!$(%< %(4,*(,401< %/")1 4"1&$21:$$ !100' ' 1& '4$()1 - '@-

014,7$("&" %$ 01&'-. 

 

 
 

B$%. 1. E(4,*(,401< %/")1 '+($)1&=0' ' ':"0'#0'-*'44"&<:$'00' '-*')+"0%1:$'00' ' '@014,7$("&<  
% '@"&<89$) ;$&=(4') 

 

V!"%= RTE, RT61, RT60 – '+($)1&=03" ;$&=(43 %$ 01&1 $ +')"/$ +4$ 01&$#$$ 

$ '(%,(%(-$$ %$ 01&1, EN – %,))$4,89"" ,%(4'5%(-', ?N – -3#$(189"" ,%(4'5%(-', 

>- – ,%(4'5%(-' -'2-"!"0$< - *-1!41(, 6N – +'4' '-'" ,%(4'5%(-', d0 $ d1 – +4$0$)1"-

)3" 4"."0$< +' '@014,7"0$8 %$ 01&1. 

? (1@&. 1 +4$-"!]0 %41-0$("&=035 101&$2 ':"0*$ -4")"0$ 21+12!3-10$< 1& '4$(-

)1 2,  !" 6 – +')"/1 (2,5; 25; -"&$#$03 1)+&$(,!), CT – %' &1%'-10035 ;$&=(4 ':"-

0'#0'-*'44"&<:$'00'-*')+"0%1:$'00' ' 1& '4$()1. 
 

M1@&$:1 1 
E41-0$("&=035 101&$2 ':"0'* -4")"0$ 21+12!3-10$< 

 

6141)"(4 

E$ 01& 01 

-3/'!" ET 
@"2 +')"/ 

E$ 01&+.,) 
01 -3/'!" ET 

E$ 01&+6(2,5)+.,) 
01 -3/'!" ET 

E$ 01&+6 (25)+.,) 
01 -3/'!" ET 

E4"!0"" 201#"0$" 

'(%#](1, +'*123-18-

9" ' )1*%$)1&=0'" 
201#"0$" 

1012 1012,1 1012,2 1012 

R(0'."0$" %$ -

01&/.,) 01 -3/'!" 

'@"&<89" ' ;$&=(41 

12,008 12,008 12,008 12,008 

 

?3#$%&"0$" q 
2
 ('(0'."0$< %$ 01&/.,)): 

 

 q 
2
=

, -
, -

, -
008,12

73,0

54,2
2

2

2

2

##
2U

cU
,  (3) 
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 !" , -cU 2
 – %4"!0"" 201#"0$" )'90'%($ +'&"20' ' %$ 01&1; , -2U2

 – %4"!0"" 201#"0$" 

)'90'%($ +')"/$ 01 -3/'!" '@"&<89" ' ;$&=(41. 

M1*$) '@412') +' 4"2,&=(1(1) )'!"&$4'-10$< 1& '4$() 2 ;1*($#"%*$ <-&<"(%< 0" 

%)"9"003) 1& '4$()') ':"0*$ -4")"0$ 21+12!3-10$< +4$ 01&$#$$ ,-'!<9"5 +' !1&=-

0'%($ +')"/$. 

 
E+$%'* &$("41(,43 

 

1. E&'*1, ?. >. ?'+4'%3 '@41@'(*$ 41!$'&'*1:$'003/ %$ 01&'- / ?. >. E&'*1. – A.: E'-. 41!$', 

1970. – 256 %.  
2. V19$(1 '( 41!$'+')"/ / 6'! 4"!. A. ?. A1*%$)'-1. – A.: E'-. 41!$', 1976. – 496 %. 

3. G7$ 10, ?. J. F!1+($-01< ;$&=(41:$< %$ 01&'-: ("'4$< $ 1& '4$()3 / ?. J. G7$ 10. - A.: M"/-

0'%;"41, 2013. – 528 %. 
4. L"4.)10, F. K. B'@1%(03" 1!1+($-03" 10("003" 4".](*$ / F. K. L"4.)10 // F0("003. – 2000. – 

I 2. – E. 5–16. 
5. E'%,&$0, Z. L. R:"0'#0'-*'44"&<:$'001< '@41@'(*1 %$ 01&'- $ *')+"0%1:$< +')"/ / Z. L. E'-

%,&$0, ?. ?. >'%(4'-, Z. C. 614.$0. – A.: B1!$'("/0$*1, 2014. – 632 %. 

6. >'%(4'-, ?. ?. >')+"0%1:$< +')"/ - 41!$'("/0$#"%*$/ %$%(")1/: ':"0'#0'-*'44"&<:$'0035 
+'!/'! / ?. ?. >'%(4'- // B1!$'("/0$#"%*$" $ ("&"*')),0$*1:$'003" %$%(")3. – 2014. – I 1. – E. 21–34. 
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 !"#$%"&$'  (")*  +#'  WI-FI 802.11B  ,"  )#$- 

 

 . !. "#$%$&'(, ). *. +,&$-./ (($01(23 -0&,/,4'5.67), 8. 8. 90-$&,/ 
 

 !"!#$%&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

394026, *.  !"!#$%, 3!&'!/&'() 4"!&4$'., 14 

E-mail: spazhakinmi@rambler.ru 

 
:$;;<,5-.($ -.$6'=$>'? ;';5.<2 @$=,/,3 $/5,#,4;5-,3&' 1$;5,52 ($ 8A!". 8-'/.4.($ ;5-0&50-($? ;B.<$ 

;';5.<2 / >.6,<, $ 5$& %. .. ,;(,/(2B C6,&,/. D$(, ,#';$('. -$C,52 ;';5.<2 @$=,/,3 $/5,#,4;5-,3&' 1$;5,52. 

8-.4;5$/6.( ($C,- B$-$&5.-(2B #$-$<.5-,/ ;';5.<2.  

 

:$=-$C,5$(($? ;';5.<$ @$=,/,3 $/5,#,4;5-,3&' 1$;5,52 (E)89) #-.4($=($1.($ 
46? #,4;5-,3&' 1$;5,52 #-' #-'.<. F'-,&,#,6,;(2B ;'G($6,/ ; 4'@@.-.(>'$67(,3 
@$=,/,3 <,406?>'.3. "B.<$ ,;0H.;5/6?.5 1$;5,5(0I &,--.&>'I #-' #-'.<. >'@-,/,-
G, ;5$(4$-5$ ;/?=' 802.11b #, N-;'</,6$< #-.$<C062 ; DBPSK <,406?>'.3. 

:$=-$C,5$(($? E)89 ,C6$4$.5 ;6.40IH'<' ,56'1'5.67(2<' ,;,C.((,;5?<': 
 #-'('<$.5 ,4(, -.F.('. , 1$;5,5(,< -$;;,G6$;,/$('' ($ #$&.5 [1] C.= ';#,67-

=,/$('? #,;5,?((,G, ;6.%.('? [2], 15, #,/2F$.5 0;5,31'/,;57 -$C,52 ;B.<2; 

 (. 5-.C0.5 ;&,-,;5' ;6.4,/$('? 4$((2B, &-$5(,3 ;'</,67(,3 ;&,-,;5', #-' 

J5,< ,;0H.;5/6?.5;? G-0C$? #,4;5-,3&$ 1$;5,52 ; 5,1(,;57I (. B0%. 20 &K>, 15, ?/6?-
.5;? 4,#0;5'<2< 46? #-'.<$ ;'</,6,/ ; C,6.. ;6,%(2<' /'4$<' <,406?>'', 5$&'<' 
&$& DQPSK, CCK [1, 3, 4]; 

 (. 5-.C0.5 //.4.('? /21';6'5.67(2B C6,&,/ ($ 5$&5,/,3 1$;5,5., -$/(,3 ;&,-
-,;5' -$;F'-?IH.3 #,;6.4,/$5.67(,;5', 15, ,C.;#.1'/$.5 #-,;5,50 &,(;5-0&>'' 
E)89 – ,;(,/(2. /21';6'5.67(2. C6,&' -$C,5$I5 ($ ;('%.((,3 1$;5,5., ;,,5/.5;5-
/0IH.3 ;&,-,;5' ;6.4,/$('? ;'</,6,/; 

 #,=/,6?.5 =($1'5.67(, ;('='57 #,5-.C6?.<0I 0;5-,3;5/,< <,H(,;57 #-' -.$-
6'=$>'' ($ 8A!" =$ ;1.5 -$;1.5$ ,F'C&' ($ ;('%.((,3 5$&5,/,3 1$;5,5.. 

L$ -';. 1 #-.4;5$/6.($ ;5-0&50-($? ;B.<$ #.56' @$=,/,3 $/5,#,4;5-,3&' 1$;5,-
52, &,5,-$? -$C,5$.5 ;6.40IH'< ,C-$=,<: ($ /B,4 ;,G6$;,/$((,G, ; #,;6.4,/$5.67(,-
;57I *$-&.-$ @'675-$ ("E) #,4$I5;? &,<#6.&;(2. 4$((2. – #-'(?523 ;'G($6 Wi-Fi 

802.11b #,;6. #.-.(,;$ ($ (06./0I 1$;5,50. D6? &,--.&5(,G, ;-$C$52/$('? "E (.,C-
B,4'<,, 15,C2 1$;5,5$ 4';&-.5'=$>'' /B,4(2B &,<#6.&;(2B 4$((2B #-./2F$6$ ;'<-

/,67(0I ;&,-,;57 / 2 ' C,6.. -$= (-.17 (. '4.5 , &-$5(,;5'), 5. .. 46? 802.11b ;,;5$/6?-
6$ (. <.(.. 22  K>. M 5.&0H.3 -$=-$C,5&., / ;'60 &,(;5-0&5'/(2B ,;,C.((,;5.3, 5$&-
5,/$? 1$;5,5$, ($ &,5,-,3 -$C,5$I5 ;,G6$;,/$((2. ; #,;6.4,/$5.67(,;57I *$-&.-$ 
@'675-2, ;,;5$/6?.5 25.6  K>. 

"'G($6 ; /2B,4$ "E #,4$.5;? ($ C6,& /21';6.('? <,406? ' @$=2 &,<#6.&;(,3 
,G'C$IH.3 Cordic.  ,4067 &,<#6.&;(,3 ,G'C$IH.3 ; /2B,4$ Cordic #,4$.5;? ($ C6,& 
;'(B-,('=$>'', &,5,-23 #-.4;5$/6?.5 ;,C,3 #'&,/23 4.5.&5,- ' #,-,G,/0I ;B.<0 
0#-$/6.('?. "5-0&50-($? ;B.<$ 5$&,G, 0;5-,3;5/$ #-.4;5$/6.($ ($ -';. 2; .G, C6,&' 
-$C,5$I5 ($ /2;,&,3 5$&5,/,3 1$;5,5. – (. <.(.. 22  K> (F1 ($ -';. 1). " #,<,H7I 

0<(,%.('? ($ &,(;5$(52 (xC1, xC2) #,4C'-$.5;? /-.<? ($-$;5$('? @-,(5$ ' ;#$4$.  
L$ /2B,4. C6,&$ ;'(B-,('=$>'' #-';05;5/0I5 5$&5,/2. '<#067;2, ;,,5/.5;5-

/0IH'. <,<.(5$< /-.<.(', / &,5,-2. (.,CB,4'<, #-,'=/,4'57 ,>.(&0 @$=2 46? 4.-
<,406?>'' ;'G($6$. N>.(&$ @$=2 #,4$.5;? ($ 4.&,4.- DBPSK, ($ /2B,4. &,5,-,G, 
#-';05;5/0I5 4/,'1(2. 4.<,406'-,/$((2. 4$((2. – ;'</,62 #-.$<C062. D.<,406'-
-,/$((2. 4$((2. #,;50#$I5 ($ ;B.<0 0#-$/6.('?, &,5,-$? /&6I1$.5 &,--.6?5,- ($ N 

#.-/2B ;'</,6,/ #-.$<C062. 
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:';. 1. "5-0&50-($? ;B.<$ E)89 

 

 

 
 

:';. 2. "5-0&50-($? ;B.<$ #'&,/,G, 4.5.&5,-$ 

 

 

O,--.6?5,- -$C,5$.5 ($ 5$&5,/,3 1$;5,5., ;,,5/.5;5/0IH.3 ;'</,67(,3 ;&,-,-
;5', $ (. ($ /2;,&,3 1$;5,5.. "B.<$ 0#-$/6.('? @,-<'-0.5 0#-$/6?IH'. ;'G($62 46? 
;';5.<2 0;-.4(.('?. D6? @,-<'-,/$('? ;'G($6$ ,F'C&' ';#,67=0.5;? 4.5.&5,- ,F'C-
&'. "5-0&50-($? ;B.<$ 4.5.&5,-$ ,F'C&' #-.4;5$/6.($ ($ -';. 3. L$ /B,4 4.5.&5,-$ 
#,4$I5;? &$& 4.<,406'-,/$((2. 4$((2., 5$& ' ;,,5/.5;5/0IH'. '< ,>.(&' @$=2. L$ 
/2B,4. 4.5.&5,-$ #-';05;5/0.5 ,>.(&$ 1$;5,5(,G, -$;;,G6$;,/$('? / /'4. 1';6$ ;, 
=($&,<. L$ /B,4 ;';5.<2 0;-.4(.('? #,4$.5;? ,>.(&$ 1$;5,5(,G, -$;;,G6$;,/$('?, ;';-
5.<$ 0#-$/6.('? @,-<'-0.5 0#-$/6?IH'3 ;'G($6, #, &,5,-,<0 #-'('<$.5;? -.F.('. , 
&,--.&>'' 1$;5,5(,G, ;4/'G$. N#';$((2. /2F. C6,&' -$C,5$I5 ($ ;('%.((,3 5$&5,-
/,3 1$;5,5., ;,,5/.5;5/0IH.3 ;'</,67(,3 ;&,-,;5' #-.$<C062. 
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:';. 3. D.5.&5,- ,F'C&' 

 

:$=-$C,5$(($? ;';5.<$ E)89 #-' /2C,-. /-.<.(' 0;-.4(.('? #,-?4&$ 40 ;'</,-
6,/ #-.$<C062 ,C.;#.1'/$.5 #,6,;0 =$B/$5$ ,&,6, 500 &K> (±250 &K>) ' 5,1(,;57 ($-
;5-,3&' ,&,6, 20 &K>, 15, 4,;5$5,1(, 46? 0/.-.((,G, #-'.<$ CCK [3, 4]. "';5.<$ &,--
-.&>'' 1$;5,52 ,C.;#.1'/$.5 &,<#-,<';;(,. -.F.('. <.%40 5,1(,;57I ,>.(&' 1$;-
5,5(,G, -$;;,G6$;,/$('? (,&,6, 20 &K>), #-,;5,50 -.$6'=$>'' (-$C,5$ C6,&,/ ,>.(&' 

1$;5,5(,G, ;4/'G$ ($ ;('%.((,3 5$&5,/,3 1$;5,5.) $ 5$& %. ;#,;,C(,;57 -$C,52 ;';5.-
<2 ($ 1$;5,5. 4';&-.5'=$>'' (. &-$5(,3 ;'</,67(,3 ;&,-,;5' ;5$(4$-5$.   
 

"#';,& 6'5.-$50-2 
 

1. 8$5.(5 "P). US Q 7889782 B2. JOINT DE-SPREADING AND FREQUENCY CORRECTION 

USING A CORRELATOR/ R.M. Gorday, J.Ivonnet; 15.02.2011.  
2. Kaiyu Wang, Zhiming Song, Xianwei Qi, Qingxin Yan, Zhenan Tang. FPGA-Based Implementation of 

All-Digital QPSK Carrier Recovery Loop Combining Costas Loop and Maximum Likelihood Frequency Estima-

tor // Hindawi Publishing Corporation International Journal of ReconÞgurable Computing Volume 2014, Article 
ID 502942, 15 pages.  

3. IEEE Std. 802.11b, Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifi-

cations, 2007. 
4. M,-,C7./ O. ). N;,C.((,;5' 4.&,4'-,/$('? &,<#6.<.(5$-(2B &,4,/ // +.6.&,<<0('&$>'? ' 

5-$(;#,-5. – 2011. – Q 11. – ". 11–12.  
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%".$-$/0-12  3-.  /04,05  .0#,0.0+,05  ,"6 7%3$   

-  8$+30-1,9/  %")0#,!,$!/   

01  1!/)! "17 9  )06#01$1!#' 

 

O. R. R;$06.(&,, ). M. 9.C$(,/,  . ). "5.#$(,/ (($01(23 -0&,/,4'5.67) 
 

5!/!&(6("&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

630073, *. 5!/!&(6("&', 4"-. 7. 3-"'&-, 20 

e-mail: kira13104@mail.ru 

 

!;;6.4,/$($ =$/';'<,;57 O"M <,H(,3 /,6(,/,4(,3 ($G-0=&' ; %'4&,;5(2< =$#,6(.('.< ,5 5.<#.-$50-2 

#,G6,5'5.6?. 8-,/.4.(, <,4.6'-,/$('. ($G-0=&' / ;-.4. CST Microwave studio. 8,&$=$(,, 15, ; -,;5,< 5.<#.-$50-2 

#,G6,5'5.6?, O"M ($G-0=&' /,=-$;5$.5. 

 

L$G-0=&' ; %'4&,;5(2< =$#,6(.('.< ?/6?I5;? #-,;52< ' J@@.&5'/(2< ;-.4;5-
/,< 46? #,G6,H.('? ' '=<.-.('? C,67F'B 0-,/(.3 <,H(,;5' G.(.-$5,-,/ "M9. N(' 

#-.4;5$/6?I5 ;,C,3 ,5-.=,& /,6(,/,4$, / &,5,-23 #,<.H.( &,('1.;&'3 ;,;04 '= 4'-
J6.&5-'&$ ; <$62<' #,5.-?<'. S5,5 ;,;04 =$#,6(?.5;? %'4&,;57I. S(.-G'? "M9 #,-
G6,H$.5;? %'4&,;57I ' /2=2/$.5 #,/2F.('. .T 5.<#.-$50-2. M &$1.;5/. %'4&,;5', 

1$H. /;.G,, ';#,67=0.5;? /,4$, &,5,-$? ;,/<.;5(, ; ;,;04,< ' ,C-$=0.5 #,G6,5'5.67. 
",;042 %., &$& #-$/'6,, '=G,5$/6'/$I5 '= ;5.&6$ '6' @5,-,#6$;5$. 

N4('< '= /$%(.3F'B J6.&5-'1.;&'B #$-$<.5-,/ ($G-0=&' ?/6?.5;? &,J@@'>'-

.(5 ;5,?1.3 /,6(2 (O"M) ' 4'$#$=,( 1$;5,5, #-' &,5,-,< =$4$.5;? 5-.C0.<,. =($1.('. 
O"M. D-0G'< /$%(2< #$-$<.5-,< ?/6?.5;? <$&;'<$67($? -$;;.'/$.<$? <,H(,;57 / 
J5,3 ($G-0=&.. D6? ($G-0=,& C,67F,3 <,H(,;5' (.,CB,4'<, =$4$/$57 &$& ;-.4(.., 5$& 
' '<#067;(,. =($1.('. <,H(,;5'.  

U($1.('. O"M ,#-.4.6?.5;? /2-$%.('.<: 
 

1

8.68

KCB
A

th

!
" #
$ %
& '

, 

 

G4. 
 

( )8.68 tg
A

* + ,
-

. . .
! , (4*/<), 

 

) – =$50B$('. / %'4&,;5'; +  – 4'J6.&5-'1.;&$? #-,('>$.<,;57 %'4&,;5'; ( )tg ,  – 5$(-

G.(; 0G6$ 4'J6.&5-'1.;&'B #,5.-7; -  – 46'($ /,6(2.  

D6? B,-,F.G, ;,G6$;,/$('? ($G-0=&' (.,CB,4'<,, 15,C2 / J5,3 ($G-0=&. (. ,C-
-$=,/2/$6$;7 ;5,?1$? /,6($. D6? J5,G, "M9 <,H(,;57 4,6%($ #,G6,H$57;? #,;5.#.((, 
' #,6(,;57I.  

L$ -';. 1 #,&$=$( J;&'= %'4&,;5(,3 ($G-0=&', -$;;<$5-'/$.<,3 / J5,3 -$C,5.. 
O$& /'4(,, ;,;04 ; %'4&,;57I #-,6.G$.5 #-$&5'1.;&' 1.-.= /.;7 ,5-.=,& /,6(,-

/,4$, 15, ,C.;#.1'/$.5 B,-,F.. #,G6,H.('. <,H(,;5'. N#5'<$67(23 0G,6 ($&6,($ 
J5,G, ;,;04$ ,#-.4.6?6;? J&;#.-'<.(5$67(,.  

M -$C,5. [1] #-'/.4.(2 5$C6'>2, G4. #,&$=$(2 =$/';'<,;5' 4'J6.&5-'1.;&,3 

#-,('>$.<,;5' ' 5$(G.(;$ 0G6$ 4'J6.&5-'1.;&'B #,5.-7 /,42 ' J5'6.(G6'&,6? ,5 1$;-
5,52 ' 5.<#.-$50-2. 
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:';. 1. S;&'= %'4&,;5(,3 ($G-0=&' 
 

+$C6'>$ 1 

 

M,4$ 
T, °C f, K> 1*105

 1*106
 1*107

 1*108
 3*108

 3*109
 1*1010

 2.5*1010

1.5 Vr 
tg W 

87 

0.19 

87 

0.019 

87 

0.002 

87 

0.007 

86.5 

0.032 

80.5 

0.31 

38 

1.03 

15 

0.425 

5 Vr 
tg W 

- 

- 

85.5 

0.022 

- 

- 

- 

- 

85.2 

0.0273 

80.2 

0.275 

41 

0.95 

17.5 

0.395 

15 Vr 
tg W 

- 

- 

81.7 

0.031 

- 

- 

- 

- 

81 

0.021 

78.8 

0.205 

49 

0.7 

25 

0.33 

25 Vr 
tg W 

78.2 

0.4 

78.2 

0.04 

78.2 

0.0046 

78 

0.005 

77.5 

0.016 

76.7 

0.15 

55 

0.54 

34 

0.26 

35 Vr 
tg W 

- 

- 

74.8 

0.0485 

- 

- 

- 

- 

74 

0.0125 

74 

0.127 

58 

0.44 

41 

0.215 

45 Vr 
tg W 

- 
- 

71.5 

0.059 

- 
- 

- 
- 

71 

0.0105 

70.7 

0.106 

59 

0.4 

46 

0.275 

55 Vr 
tg W 

- 

- 

68.2 

0.072 

- 

- 

- 

- 

68 

0.0092 

67.5 

0.089 

60 

0.36 

49 

0.245 

65 Vr 
tg W 

- 

- 

64.8 

0.0865 

- 

- 

- 

- 

64.5 

0.0084 

64 

0.0765 

59 

0.32 

50.5 

0.125 

75 Vr 
tg W 

- 
- 

61.5 

0.103 

- 
- 

- 
- 

61 

0.0077 

60.5 

0.066 

57 

0.28 

51.5 

0.105 

85 Vr 
tg W 

58 

1.24 

58 

0.124 

58 

0.0125 

58 

0.003 

57 

0.0073 

56.5 

0.0547 

54 

0.26 

 

95 Vr 
tg W 

- 

- 

55 

0.143 

- 

- 

- 

- 

52 

0.007 

52 

0.047 

  

S5'6.(G6'&,67 
T, °C f, K> 1*104

 1*105
 1*106

 1*107
 1*108

 3*108
 3*109

 1*1010

25 Vr 
tg W 

42 

3 

41 

0.3 

41 

0.03 

41 

0.008 

41 

0.045 

39 

0.16 

12 

1 

7 

0.78 

 

.:;<= > =?@ABC D?=?ECB=>@C>E F<GH<F<I? 

M,6(,/,4, #, &,5,-,<0 -$;#-,;5-$(?.5;? J6.&5-,<$G('5($? /,6($, #-.4;5$/6?.5 
;,C,3 <.5$66'1.;&0I 5-0C0 #-?<,0G,67(,G, '6' &-0G6,G, ;.1.('?. M,6(,/,42 B$-$&-
5.-'=0I5;? #,#.-.1(2<' -$=<.-$<' ($ – F'-'($, b – /2;,5$ 46? #-?<,0G,67(,G, /,6-
(,/,4$).  

M 4$((,3 -$C,5. #-,/.4.< ';;6.4,/$('? / 4'$#$=,(. 1$;5,5 ,5 2.5 KK> 4, 
3.5 KK>. D$((23 4'$#$=,( 1$;5,5 /2C-$( ; >.67I ($G6?4(, #,&$=$57 '=<.(.('. =$/'-
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;'<,;5' O"M ($G-0=&' ,5 5.<#.-$50-2 #,G6,5'5.6?, #-' '=<.(.('' J5,3 5.<#.-$50-2 

/ F'-,&'B #-.4.6$B (,5 1,5 4, 95 G-$40;,/). :$=<.-2 /,6(,/,4$ ,#-.4.6?I5;? '= (.-$-
/.(;5/$: 

 

max
min

2
a

-
-/ / ,  min

2
b

-
/ , 

 

G4. max-  – <$&;'<$67($? 46'($ /,6(2; min-  – <'('<$67($? 46'($ /,6(2. 
 

8

max 9

min

3 10
0.12

2.5 10

c

f
-

.
! ! !

.
(<); 

8

min 9

max

3 10
0.085

3.5 10

c

f
-

.
! ! !

.
(<); 

0.06 0.085a/ /    0.0425b / . 
 

!= ;5$(4$-5(,G, -?4$ #-?<,0G,67(2B /,6(,/,4,/ [2], C6'%$3F'3 #, -$=<.-$< 

?/6?.5;? /,6(,/,4 ;.1.('.< 72*34 <<.  

 

 
 

:';. 2. 9$;5,5($? =$/';'<,;57 O"M #-' -$=(2B 5.<#.-$50-$B %'4&,;5' 

 

:$;;<,5-'< =$/';'<,;57 O"M <,H(,3 /,6(,/,4(,3 ($G-0=&' ; %'4&,;5(2< =$-
#,6(.('.< ,5 5.<#.-$50-2 ($ #-'<.-. <,4.6'-,/$('? / #-,G-$<<. CST Microwave 

studio. 

M &$1.;5/. #-'<.-$ C04.5 ';#,67=,/$($ ($G-0=&$, #,&$=$(($? ($ -';. 1. U4.;7 / 
-,6' #,G6,5'5.6? ';#,67=0.5;? /,4$. O,('1.;&'3 ;,;04 /2#,6(.( '= ;5.&6$ ; Vr = 3.7, 

tg W = 0.00001.  

:.=0675$52 <,4.6'-,/$('? #-'/.4.(2 ($ -';. 2. 
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%?EGJABH>B 
8-' 5.<#.-$50-. ,B6$%4$IH.3 %'4&,;5' -$/(,3 1.5  G-$40;$ X.67;'? ($G-0=&$ 

<,%.5 ;1'5$57;? ;,G6$;,/$((,3. O"M (. #-./2F$.5 /.6'1'(2 1.1. 

" -,;5,< 5.<#.-$50-2 ,B6$%4$IH.3 %'4&,;5' /,=-$;5$.5 O"M ($G-0=&'. 8-' 

5.<#.-$50-. 95 G-$40;,/ X.67;'? O"M ;,;5$/6?.5 #,-?4&$ 1.4 ' <,%.5 4,;5'G$57 2.4. 

L$G-0=&$ ; 5$&'< O"M 0%. (. <,%.5 ;1'5$57;? ;,G6$;,/$((,3. 

8, <.-. #,/2F.('? 5.<#.-$50-2 ,B6$%4$IH.3 %'4&,;5' '=<.(?.5;? B$-$&5.- 
1$;5,5(,3 =$/';'<,;5' O"M. 9$;5,5($? B$-$&5.-';5'&$ ;5$(,/'5;? C,6.. '=-.=$((,3 ' 
(.-$/(,<.-(,3. 

 
"#';,& 6'5.-$50-2 

 
1. D'J6.&5-'1.;&'. ;/,3;5/$ /,42 ' .. ;<.;.3 ; J5'6.(G6'&,6.<, ';#,67=0.<2B / <,H(2B '<-

#067;(2B ;';5.<$B /  . U$(, Y. N&'; D.*. E.((.<J(; :. D%. K-'#F,/.-; M. Z. K.<J(-<6. // +!!S:. – 
+. 74. – Q 79. – ".(5?C-7 1986 G. – ". 16–62. 

2. KN"+ 20900-75. 
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$--#!+0.",$!  30  !31$ 7K4!5  -)0-0L,0-1$   

30+0.  L*M 

 

 . M. Z,-,F$36,/$, ). M. *$F&'-,/ 
 

 !"!#$%&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

394026, *.  !"!#$%, 3!&'!/&'() 4"!&4$'., ,. 8 14 
E-mail:pmv2205@mail.ru 

E-mail: fabi7@mail.ru 

 
8-,/.4.(, ';;6.4,/$('. ;';5.<2 #.-.4$1' 4$((2B ; 4/,'1(2< ;'<<.5-'1(2< &$($6,< ' &,4$<' *9Z ; 

@'&;'-,/$((,3 46'(,3 &,4,/,3 &,<C'($>'' / ;';5.<. Matlab.  

 

.FBIBH>B. 8-' ,C-$C,5&., #.-.4$1. ' #-'.<. >'@-,/,3 '(@,-<$>'' /$%(,. =($-
1.('. '<..5 ,#-.4.6.('. (4.5.&5'-,/$('.) ,F'C,& ' 'B &,--.&>'?. 

8-' /2C,-. ;#,;,C$ &,4'-,/$('? (0%(, ,4(,/-.<.((, ;5-.<'57;? & 4,;5'%.('I 

(.;&,67&'B >.6.3: 

- <'('<'='-,/$57 F'-'(0 ;#.&5-$ ;'G($6$, #,601.((,G, / -.=0675$5. &,4'-,/$-
('?; 

- ,C.;#.1'/$57 ;'(B-,('=$>'I <.%40 #.-.4$51'&,< ' #-'.<('&,<; 

- ,C.;#.1'/$57 0;5,31'/,;57 & F0<$<; 

- ,C($-0%'/$57 ' #, /,=<,%(,;5' ';#-$/6?57 C'5,/2. ,F'C&'; 

- <'('<'='-,/$57 <,H(,;57 #.-.4$51'&$. 
O,4 *,0=$-9,04B0-'-Z,&/'(G.<$ (*9Z) ,5(,;?5;? & >'&6'1.;&'< #,<.B,0;5,3-

1'/2< &,4$<. X'&6'1.;&'. &,42 F'-,&, #-'<.(?I5;? #-' #,;5-,.('' 0;5-,3;5/ /2-

1';6'5.67(,3 5.B('&' ' /21';6'5.67(2B ;.5.3. 
+.,-.5'1.;&' &,42 *9Z <,G05 ';#-$/6?57 #-,'=/,67(,. &,6'1.;5/, ,F'C,&, (, 

#-' J5,< ;0H.;5/.((, 0/.6'1'/$.5;? 46'5.67(,;57 &,4,/,3 &,<C'($>'', 15, #-'/,4'5 
& 0<.(7F.('I ;&,-,;5' #.-.4$1' 4$((2B ' 0;6,%(.('I #-'.<,-#.-.4$IH.3 $##$-$-
50-2 (;B.< &,4.-,/ ' 4.&,4.-,/). 

 .5,4'&$ #,;5-,.('? &,4,/ *9Z ,56'1$.5;? ,5 ,C21(2B >'&6'1.;&'B, / ,;(,/-
(,<, /2C,-,< ,#-.4.6?IH.G, #,6'(,<$ P(B). O,42 *9Z ;5-,?5;? #, =$4$((,3 46'(. 
&,4,/,G, ;6,/$ n ' 1';6$ ';#-$/6?.<2B ,F'C,& S, #-' J5,< &,6'1.;5/, '(@,-<$>',(-

(2B -$=-?4,/ k (. '=/.;5(, #,&$ (. /2C-$( ,#-.4.6?IH'3 #,6'(,< [1].  

/<IBG>=<F?H>B E<IBE? BCH. D6? ';;6.4,/$('? &,4.&$ BCH (5,15), /2#,6('< 

.G, <,4.6'-,/$('. / ;';5.<$ Matlab C.= ,F'C,& ' ; ,F'C&$<' ; &-$5(,;57I T1 = 4, 

T2 = 5. 

 

 
 

:';. 1. !<'5$>',(($? <,4.67 &,4.&$ BCH 
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M <,4.67 /&6I1$.<: 

- !;5,1('& 4$((2B, G.(.-$5,- ;601$3(2B 4/,'1(2B 1';.6 – Bernoulli Binary-

Integer, /2-$C$52/$IH'3 ;601$3(2. C'52. M2B,4 G.(.-$5,-$ (0%(, ;4.6$57 / /'4. 
&$4-$ '= K = 5 ,5;1.5,/. M ,&(. #$-$<.5-,/ C6,&$ (-';. 2) =$4$4'< ' /.-,?5(,;57 (06.3. 

 

 
 

:';. 2. 8$-$<.5-2 C6,&$ ';5,1('&$ 
 

- O,4.- BCH encoder. N( #, ;,,CH.('I K @,-<'-0.5 #.-.4$/$.<23 &,4 V. M ,&-
(. #$-$<.5-,/ C6,&$ (-';. 3) =$4$.< N = 15, K = 5. 

- [<(,%'5.67 Gain. N( 0<(,%$.5 /2B,4 &,4.-$ ($ /.&5,- ,F'C&' E  '= 0 ' 1, 

'<'5'-0IH'3 ,F'C&' / &$($6. ;/?=' (,F'C&$ <,%.5 #,601'57;? #-' &,<#,(.(5. E, 

-$/(,< 0). M.&5,- E 4,6%.( ;,4.-%$57 N &,<#,(.(5, &,5,-2. /21';6'< @0(&>'.3 
rot90(randerr(N,1,N-ER)). 8,601'< /.&5,--;5-,&0 '= N -$/(,/.-,?5(2B (06.3 ' .4'('>, 

'= &,5,-2B N-ER -$/(2 1. 
 

 
 

:';. 3. 8$-$<.5-2 C6,&$ Gain 

 

- D.&,4.- BCH – BCH decoder. D6? (.G, (0%(, =$4$57 #$-$<.5-2, $($6,G'1(2. 
&,4.-0. D.&,4.- '<..5 4/$ /2B,4$: /.-B('3 4.&,4'-,/$((,. ;,,CH.('., ('%('3 – 

&-$5(,;57 ';#-$/6.((2B ,F'C,&. 
- *6,& Sum, / &,5,-,< #05.< /21'5$('? ;-$/('/$I5;? ';B,4(,. ' 4.&,4'-,/$(-

(,. ;,,CH.('.. M ,&(. #$-$<.5-,/ C6,&$ (0%(, =$4$57 =($&' ,#.-$(4,/ <'(0; ' #6I;. 
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- *6,&' Unbuffer #-.,C-$=0I5 &$4-2 / 6'(.3(2. #,;6.4,/$5.67(,;5', ($#-$/6?.-
<2. & /'-50$67(,<0 2-/B,4,/,<0 ($C6I4$5.6I Scope [2]. 

- L$C6I4$5.67 Scope #,=/,6?.5 / ,CH.< <$;F5$C. /-.<.(' ($C6I4$57 ;'G($62 ,5 
C6,&,/ Buffer. 95,C2 / G-$@'&$B ($C6I4$5.6? C26' =$G,6,/&', ;4.6$.< /B,4$< '<.($. 
D6? J5,G, 4/,3(2< H.61&,< #, 6'('' /B,4$ /2=,/.< ,&(, //,4$ '<.(', / &,5,-,. =$-
(.;.< '<?. U$4$4'< '<.($: 46? ;'G($6$ ;-$/(.('? – Compare, 46? &-$5(,;5' ';#-$/-
6.((2B ,F'C,& – Error. 

 

    
-                                                                                    6 

 
/ 
 

:';. 4. :.=0675$52 <,4.6'-,/$('?: - – ,F'C,&  (.5, ER = 0;  

6 – ,F'C&$ &-$5(,;5' ER = 4. M;. ,F'C&' ';#-$/6.(2;  
/ – ,F'C&$ &-$5(,;5' ER = 5. 9$;57 ,F'C,& ,;5$6$;7 

 

8,;6. #-,/.4.('? ';;6.4,/$('3 (.,CB,4'<, #,;5-,'57 G-$@'&', #,?;(?IH'. 
J@@.&5'/(,;57 #-'<.(.('? &,4,/ *9Z / 4/,'1(,< ;'<<.5-'1(,< &$($6. ; @'&;'-,-
/$((,3 /.-,?5(,;57I ,F'C&'.  

8,;5-,'< G-$@'& =$/';'<,;5', #-'('<$? =($1.('. + =$ $-G0<.(5, $ #,601.((2. 
;5$5';5'1.;&'. 4$((2. #, /.-,?5(,;5' ,F'C&' ($ ;'</,6 =$ @0(&>'I.  

8-'<.- #-,G-$<<2 46? /2/,4$ G-$@'&,/ #-'/.4.(2 ('%.:  
 

>> x = [4  11  26  59];  

>> y = [0.01   0.02   0.06   0.1];  

 >> x1 = [4  11  26  59];  

>> y1 = [0.001   0.01   0.012  0.1];  

>>semilogy(x,y,x1,y1),  grid 

>> xlabel('E'&;'-,/$((,. =($1.('. /.-,?5(,;5' ,F'C&', +'); 

>> ylabel ('8,601.((2. ;5$5';5'1.;&'. 4$((2.'); 
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:.=0675$52 <,4.6'-,/$('? #-'/.4.(2 ($ -';. 5. 

 

 
 

:';. 5. :.=0675$52 <,4.6'-,/$('? 

 

%?EGJABH>B. M 4$((,3 -$C,5. #-,/.4.(, ';;6.4,/$('? &,4.&$ BCH (5,15), /2-

#,6(.(, .G, <,4.6'-,/$('. / ;';5.<$ Matlab C.= ,F'C,& ' ; ,F'C&$<' ; &-$5(,;57I 

T1 = 4, T2 = 5. 

 
"#';,& 6'5.-$50-2 

 

1. *6.3B05 :. +.,-'? ' #-$&5'&$ &,4,/, &,(5-,6'-0IH'B ,F'C&' = Theory and practice of error 

control codes. –  .:  '-, 1986. – ". 576. 

7. A$=$-./ \. E. L$1$6$ #-,G-$<<'-,/$('? / ;-.4. MatLAB: 01.C. #,;,C'.. – O.: L+[[ "O8!", 

2003. 
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0-,0.,9!  )0+M0+9  3  0) !+!#!,$K  %"4$1,9M  01,0N!,$5  

+#'  -$-1!/  -.'%$  -  ("%0-  $  *"-101,0-/",$)7#$ 0.",,9/$  

-$6,"#"/$ 
 

!. M. N;5-,0<,/,  . ). :,<$H.(&, (($01(23 -0&,/,4'5.67) 
 

 !"!#$%&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

394026, *.  !"!#$%, 3!&'!/&'() 4"-., 14 
E-mail: kipr@vorstu.ru 

 
8-.4;5$/6.( ,C=,- -$=-$C,5$((,3 <.5,4'&' -$;1.5$ =$H'5(,G, ,5(,F.('? ;'G($6/#,<.B$ 46? ;';5.<2 #.-.-

4$1' 4';&-.5(,3 '(@,-<$>'', ';#,67=0IH.3 #-,;52. ' ;6,%(2. @$=,- '  1$;5,5(, - <$('#06'-,/$((2. ;'G($62. M 

&$1.;5/. ,;(,/2 ';#,67=0.5;? '<'5$>',(($? <,4.67, ,#';2/$IH$? -$C,50 J6.<.(5,/ #-'.<(,G, 5-$&5$ -$4',J6.&-
5-,((2B 0;5-,3;5/. 

 

U($1.('. =$H'5(,G, ,5(,F.('? ;'G($6/#,<.B$ (UN) ';#,67=0.5;? /, /;.B =$4$1$B, 
;/?=$((2B ; ,>.(&,3 ' -$=-$C,5&,3 ,-G$('=$>',((2B <.-,#-'?5'3 #, ,C.;#.1.('I 

J6.&5-,<$G('5(,3 ;,/<.;5'<,;5' (S "). [1'52/$? #.-;#.&5'/2 ';#,67=,/$('? #-,-
;52B ' ;6,%(2B @$=,<$('#06'-,/$((2B ;'G($6,/ / :S", C26$ -$=-$C,5$($ <.5,4'&$ 
-$;1.5$ UN #, /2;,&,1$;5,5(,<0 5-$&50 (UN M9), $ 5$&%. ($ #-,<.%05,1(,3 1$;5,5. 
(UN 89) #-'.<('&,/ @$=,<$('#06'-,/$((2B ;'G($6,/.  

N56'1'5.67(,3 ,;,C.((,;57I #,601.((,3 <.5,4'&' ?/6?.5;? ';#,67=,/$('. 
;/.-5&' ' #,F$G,/,G, ;4/'G$ @,-<'-0.<2B G';5,G-$<< 0-,/(.3 ,5&6'&,/ ;';5.<2 ($ 
<.F$IH'3 ' #,6.=(23 ;'G($62, 15, #,=/,6?.5 ,#-.4.6'57 UN ; =$4$((,3 5,1(,;57I ' 

C.= #-,/.4.('? -$;1.5,/ #, <,4.6'-,/$('I #-,B,%4.('? ,4(,5'#(2B -$4',#,<.B ; 
-$=6'1(2<' =($1.('?<' 0-,/(? <,H(,;5'. M #,601.((,3 <.5,4'&. #,4 =($1.('.< UN 

#,('<$.5;? <'('<$67(23 0-,/.(7 ;'G($6$ #, ,5(,F.('I & 0-,/(I #,<.B', #-' &,5,-
-,< /.-,?5(,;57 ;C,? '=-=$ /,=4.3;5/'? (.#-.4($<.-.((2B #,<.B (L:8) (. #-./2F$.5 
=$4$((,G, =($1.('? [1]. 

L$ -';. 1 #-.4;5$/6.($ ;B.<$ #-,>.40-2 ,#-.4.6.('? =($1.('? UN ;,G6$;(, 
#-.46,%.((,3 <.5,4'&.. 

 

 
:';. 1. "5-0&50-($? ;B.<$ <.5,4'&' ,#-.4.6.('? =($1.('? UN 
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M C6,&. 1 0;5$($/6'/$I5;? #$-$<.5-2 J6.<.(5,/ #.-.4$IH.G, ' #-'.<(,G, 5-$&-
5,/, 5$&%. #-';/$'/$I5;? ($1$67(2. =($1.('? ;'G($6$. 

M C6,&. 2 #-,';B,4'5 #-,/.-&$ ($6'1'? G';5,G-$<<2 ,5&6'&,/ 46? #,6.=(,G, 
;'G($6$ ' .;6' ,($ C26$ 0%. ;,=4$($, 5, #-,';B,4'5 #.-.B,4 & C6,&0 5, .;6' (.5, 5, #.-
-.B,4 & C6,&0 3. 

M C6,&. 3 G.(.-'-0.5;? $<#6'504(,-1$;5,5($? B$-$&5.-';5'&$ ()9Z) @'675-$ ($ 
/2B,4. <,406?5,-$ 46? #,6.=(,G, ;'G($6$ ' @'675-$ ,;(,/(,3 ;.6.&>'' #-'.<('&$. 
D$6..  &,<#,(0I5;? 4/$ @'675-$, #.-/23 '= &,5,-2B 0;5$($/6'/$.5;? ($ /2B,4. <,40-
6?5,-$, $ /5,-,3 ;,G6$;,/$((23 @'675- 4.<,406?5,-$. 

M C6,&. 4 #-' #,<,H' #-,>.40-2 «<,4.6'-,/$('? #-,B,%4.('? ;'G($6$ #, &$($-
60 #.-.4$1' '(@,-<$>''» @,-<'-0.5;? G';5,G-$<<$ 0-,/(.3 ,5&6'&,/ ($ ;'G($6. 

M C6,&. 5 #-,';B,4'5 #-,/.-&$ ($6'1'? G';5,G-$<<2 ,5&6'&,/ 46? #,6.=(,G, 
;'G($6$ ' .;6' ,($ C26$ 0%. ;,=4$($, 5, #-,';B,4'5 #.-.B,4 & C6,&0 8, .;6' (.5, 5, #.-
-.B,4 & C6,&0 6. 

M C6,&. 6 #, $($6,G'' ; C6,&,< 3, G.(.-'-0.5;? $<#6'504(,-1$;5,5($? B$-$&5.-'-
;5'&$ ()9Z) @'675-$ ($ /2B,4. <,406?5,-$ 46? #,6.=(,G, ;'G($6$ ' @'675-$ ,;(,/(,3 

;.6.&>'' #-'.<('&$.  
M C6,&. 7 G';5,G-$<<$ ,5&6'&$ ($ L:8 @,-<'-0.5;? ; 01.5,< #,6.=(,G, ' <.-

F$IH.G, ;'G($6$ #, /-.<.('.  

M C6,&. 8 46? =$4$((,3 /.-,?5(,;5' ;C,? ,#-.4.6?I5;? =($1.('? UN M9 ' UN 89 

' ,;0H.;5/6?.5;? /2/,4 -.=0675$5,/ ' G-$@'&,/ G';5,G-$<<. 

U$H'5(,. ,5(,F.('. q&4 ,#-.4.6?.5;? ;6.40IH'< ,C-$=,<: /21';6?.5;? &,J@@'-
>'.(5 (.,CB,4'<,G, 0-,/(? #,<.B' ($ ,;(,/. #,601.((2B G';5,G-$<< #&p0  ' #,#-$/-

&$ ($ -$=('>0 79 <.%40 <,H(,;57I #,<.B' ' <,H(,;57I #,6.=(,G, ;'G($6$, #,601.(-
(,G, / C6,&. 4 [4]. D$6.. J5' 4/$ 6,G$-'@<'1.;&'B &,J@@'>'.(5$ ;&6$42/$I5;?: 

 

 9#&&4 7pq 10! .  (1) 
 

"/.-5&,3 #,601.((2B G';5,G-$<< (C6,& 7) ,#-.4.6?.5;? ,>.(&$ /.-,?5(,;5' #-.-
/2F.('? 0-,/(? #,<.B' ($4 0-,/(.< #,6.=(,G, ;'G($6$ ($ /B,4. -.F$IH.G, 0;5-,3-
;5/$ p4": 

 

 

2 2
! !

%
%
'

#
$
$
&

"
!

g gN

i

N

ij

4
j

&
i4" ggp

1

,  (2) 

 

G4. Ng – &,6'1.;5/, ,5&6'&,/ ($ #,6.=(23 ' <.F$IH'3 ;'G($62; &
ig  – =($1.('. i-3 

5,1&' G';5,G-$<<2 ,5&6'&,/ ($ #,6.=(23 ;'G($6; 4
jg  – =($1.('. j-3 5,1&' G';5,G-$<-

<2 ,5&6'&,/ ($ #,<.B'.  

8,#-$/&$ ($ -$=('>0 <.%40 <,H(,;57I #,<.B' ' <,H(,;57I #,6.=(,G, ;'G($6$ 
7# /21';6?.5;? #, @,-<06.: 

 

 7# = 20 lg(Q# /Q; ),  (3) 
 

G4. Q#  – ;-.4(.&/$4-$5'1(,. =($1.('. $<#6'5042 #,<.B', ,#-.4.6?.<,. / C6,&. 7 

;5-0&50-(,3 ;B.<2, #-.4;5$/6.((,3 ($ -';. 1; Q;  – ;-.4(.&/$4-$5'1(,. =($1.('. $<-

#6'5042 #,6.=(,G, ;'G($6$, ,#-.4.6?.<,. / C6,&. 4 ;B.<2, #-.4;5$/6.((,3 ($ -'; 1. 

8-.4;5$/6.(($? <.5,4'&$ /21';6.('? =($1.('? UN C26$ -.$6'=,/$($ ($ ,;(,/. 
<.5,4'&' ,#-.4.6.('? (.,CB,4'<,3 F'-'(2 #,6,;2 1$;5,5 (LP89), 46? ;';5.< #.-.-
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4$1' 4';&-.5(,3 '(@,-<$>'' [1], #05.< 4,#,6(.('? ;,,5/.5;5/0IH'B #-,>.40- ' 

@0(&>'3. 

L$ -';. 2 #,&$=$(2 #,601.((2. ; #,<,H7I -$=-$C,5$((,3 <.5,4'&' -.=0675$52 

,#-.4.6.('? =($1.('? UN ; ';#,67=,/$('.< ;'G($6$ BPSK (Binary Phase Shift Keying – 

C'($-($? @$=,/$? <$('#06?>'?), ,#-.4.6?.<,G, ;#.>'@'&$>'?<' ;5$(4$-5$ 802.11. 

S5' ;'G($62 #-'<.(?I5;? / F'-,&, -$;#-,;5-$(.((2B ;';5.<$B C.;#-,/,4(,G, 4,;-
50#$. 8,601.((,. =($1.('. <'(0; 3 4* ,56'1$.5;? ,5 =($1.('3, ;,#,;5$/6?.<2B ; 4$(-

(2< &6$;;$< -$4',J6.&5-,((2B ;-.4;5/ #, 5$C6'>. =$H'5(2B ,5(,F.('3 [2]. R;6' %. 
01.;57, 15, &$4- ;5$(4$-5$ 802.11 ?/6?.5;? ,54.67(2< '<#067;,< ;, ;&/$%(,;57I 

C6'=&,3 & 1, 5, =($1.('. UN 0<.(7F$.5;? ($ 10 4* [3]. +$&,3 -$=C-,; G,/,-'5 , (.,CB,-
4'<,;5' «#.-.;1.5$» =($1.('3 UN 46? -$;;<$5-'/$.<2B :S". 

 

   
-       6 

 

:';. 2. :.=0675$5 ,#-.4.6.('? UN 46? ;6,%(,G, C'($-(,G, @$=,<$('#06'-,/$((,G, ;'G($6$ ' L:8: 

- – -.=0675$5 ,#-.4.6.('? UN #-' =$4$((2B #$-$<.5-$B; 
6 – -.=0675$5 ,#-.4.6.('? UN 46? ($C,-$ '= 4/$4>$5' =($1.('3 ,5;5-,3&' #, 1$;5,5. 

 

M <.5,4'&. ,#-.4.6.('? LP89 #-.40;<,5-.( '(5.-$&5'/(23 #-,>.;;. R;6' 
,#.-$5,- 4,/,67(, 1$;5, ';#,67=0.5 #-,>.40-0 /21';6.('? &,J@@'>'.(5$ J(.-G.5'1.-
;&'B #,5.-7, 5, 46? <.5,4'&' ,#-.4.6.('? UN #-.40;<,5-.($ #-,>.40-$, /2/,4?H$? 
-.=0675$5 46? ,4(,G, (-';. 2, -) '6' <(,%.;5/$ =($1.('3 ,5;5-,3&' (-';. 2, 6). 

 
"#';,& 6'5.-$50-2 

 

1. N;5-,0<,/ !. M. :$=-$C,5&$ '<'5$>',((2B <,4.6.3 ;';5.< #.-.4$1' 4';&-.5(,3 '(@,-<$>'' 
; ';#,67=,/$('.< #-,;52B ' ;6,%(2B @$=,- ' 1$;5,5(,-<$('#06'-,/$((2B ;'G($6,/ // M.;5('& M,-,-
(.%;&,G, G,;04$-;5/.((,G, 5.B('1.;&,G, 0('/.-;'5.5$. – 2014. – +. 6. – Q 3. – ". 142–144. 

2. N;(,/2 >'@-,/,3 ,C-$C,5&' ;'G($6,/: &0-; 6.&>'3 / ). !.",6,('($, D. ). [6$B,/'1,  
".  . )-C0=,/, R. *. ",6,/7./$ ; '=4. 2-. ';#-. ' #.-.-$C. – "8C.: *ZM-8.5.-C0-G, 2005. – 768 ;. 

3.  $&$-,/ N. \., :,<$H.(&,  . ). N;(,/(2. #-'(>'#2 #-'<.(.('? #-,G-$<<(2B ;-.4;5/ #-' 

-.F.('' =$4$1 ,C.;#.1.('? S " ' #,<.B,0;5,31'/,;5' // !=4-/, «:$4',5.B('&$». –  ,;&/$. – 2013. – 

Q 3. – ". 98–102. 

4. http://www.emc-problem.net 
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) $/!,!,$!  /!10+0.  0L "L013$  -$6,"#0.   

+#'  $,1! ) !1"&$$   !%7#21"10.  O#!31 0 "%.!+3$   

)0#!%,9M  $-30)"!/9M 

 

 . M. O,;<'($, \. M.  ,-,=,/ (($01(23 -0&,/,4'5.67) 
 

5!/!&(6("&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

630073, *. 5!/!&(6("&', 4"-. 7. 3-"'&-, 20 

E-mail: kosmina3110@gmail.com 

 

:$;;<,5-.($ ,C-$C,5&$ #-,;5-$(;5/.((2B ;'G($6,/ #-' '(5.-#-.5$>'' G.,J6.&5-'1.;&,G, -$=-.=$. D$(, ,#'-
;$('. &,<#7I5.-(,3 <,4.6', &,5,-$? #,=/,6?.5 ,#-.4.6?57 G-$('>2 <.%40 ,C6$;5?<' -$=-.=$ ; ';#,67=,/$('.< 

6,&$67(2B J&;5-.<0<,/ #-,'=/,4(2B 04.67(,G, J6.&5-'1.;&,G, ;,#-,5'/6.('? #, G60C'(..  

 

M #-,>.;;. #-'<.(.('? -$=6'1(2B <.5,4,/ -$=/.4&' #,6.=(2B ';&,#$.<2B @,--
<'-0I5;? J6.&5-'1.;&'. ;'G($62, &,5,-2. #,4/.-G$I5;? ,>'@-,/&. ' &,<#7I5.-(,3 
,C-$C,5&., #, -.=0675$5$< &,5,-,3 ;5-,?5;? G.,@'='1.;&'. -$=-.=2 (;.3;<'1.;&'., 
G.,J6.&5-'1.;&'. ' 4-.). D6? 'B ,C-$C,5&' #-'<.(?I5;? <.5,42, #-'<.(?.<2. / -$-
4',5.B('&. ' 5.B('&. ;/?='. O ('< ,5(,;?5;? #-.,C-$=,/$('. E0-7., ;/.-5&$ (&,(/,-
6I>'?), &,--.6?>'? ' 4-. [1]. 

M ($;5,?H.3 -$C,5. -$;;<$5-'/$.5;? ,C-$C,5&$ G60C'((2B #-,@'6.3 G.,J6.&5-'-
1.;&,G, -$=-.=$ 46? -$=(2B #,6,%.('3 #, G,-'=,(5$6' &$& #-,;5-$(;5/.((2B G.,'(-

@,-<$>',((2B ;'G($6,/ (K!"). O$& #-$/'6,, -$;;<$5-'/$I5;? G60C'(2 4, 20 &<. O$-
%423 #-,@'67 =$('<$.5 4,;5$5,1(, C,67F,3 ,C].< #$<?5', #,;&,67&0 F$G <.%40 ,5-
;1.5$<' #-,@'6? #, G60C'(., &$& #-$/'6,, ;,;5$/6?.5 25 <. M J5,< ;601$. G60C'(. 
20 &< ;,,5/.5;5/0I5 800 ,5;1.5,/ #, G60C'(.. R;6' F$G #, G,-'=,(5$6' ;,;5$/6?.5 
100 <, $ G,-'=,(5$67(23 -$=<.- -$=-.=$ – 170 &<, 5, -$=-.=0 / >.6,< ;,,5/.5;5/0I5 
800 B 170 000 < / 100 < = 1360000 ,5;1.5,/. NC-$C,5&$ 5$&,G, ,C].<$ '(@,-<$>'' 5-.-
C0.5 C,67F'B /-.<.((2B =$5-$5, 15, 5-.C0.5 F'-,&,G, #-'<.(.('? /21';6'5.67(,3 
5.B('&'. 

O,<#7I5.-'=$>'? '(5.-#-.5$>'' -$=-.=,/ #,/2F$.5 ,#.-$5'/(,;57, ($4.%(,;57 
,C-$C,5&' -.=0675$5,/ G.,@'='1.;&,G, '=01.('? -$=-.=,/, ;&/$%'( #,=/,6?.5 ';#,67-
=,/$57 /.;7<$ ;6,%(2. <.5,42 ,C-$C,5&' K!" #-' #,6(,< 01.5. /,=-$;5$IH.G, &,6'-
1.;5/$ G.,@'='1.;&,3 '(@,-<$>''. +$& %. #-.'<0H.;5/, '(5.-#-.5$>'' #.-.4 -01(,3 
;,;5,'5 / .. ;-$/('5.67(,3 4.F./'=(.. L$'C,67F.. =($1.('. $/5,<$5'='-,/$(($? ,C-
-$C,5&$ 4$((2B K!" #-',C-.6$ #-' #,4;1.5. =$#$;,/ (.@5' ' G$=$ ' 46? ,#.-$5'/(,3 

/24$1' -.=0675$5,/ '(5.-#-.5$>'' / #-,>.;;. -$=-$C,5&' (.@5?(2B <.;5,-,%4.('3. 

!(5.-#-.5$>'? K!" ;/,4'5;? & -.F.('I =$4$1' -$;#,=($/$('? ,C-$=,/. 
NCH'3 ;<2;6 -$;#,=($/$('? ,C-$=,/ =$&6I1$.5;? / ,C].4'(.('' (.&,5,-2B 

;B,4(2B ; 4-0G 4-0G,< ,C].&5,/ / ,4(0 G-0##0, ($=2/$.<0I ,C-$=,<. U$4$1$ -$;#,=($-
/$('? ,C-$=,/ 1$H. /;.G, -.F$.5;? ($ &,<#7I5.-. ; #,<,H7I $6G,-'5<,/, #,=/,6?I-

H'B ,;0H.;5/'57 5$& ($=2/$.<,. ,C01.('. -$;#,=($/$('I ,C-$=,/. 8,4 ,C-$=,< #,-
('<$.5;? &6$;; ,C].&5,/. ) #,4 #-,>.;;,< -$;#,=($/$('? ,C-$=,/ – ,5(.;.('. -$;-
;<$5-'/$.<,G, ,C].&5$ & ,4(,<0 '= &6$;;,/ [2]. 

M ;-.4. Matlab C26$ -$=-$C,5$($ <,4.67 G.,J6.&5-'1.;&,G, -$=-.=$. K.,J6.&5-'-
1.;&'3 -$=-.= #-.4;5$/6?.5 ;,C,3 #,605,(,/,. '=,C-$%.('.. X/.5$ '=,C-$%.('? #,&$-
=2/$I5 =($1.('? 04.67(,G, J6.&5-'1.;&,G, ;,#-,5'/6.('? (.&,5,-,3 5,1&' =.<(,3 
&,-2 (-';. 1). M -$=-.=. 04.67(,. ;,#-,5'/6.('. /2-$%$.5;? ,5(,;'5.67(2< =($1.('-

.<, (,<.-,< #,605,($ (>/.5,/,G, ,55.(&$). 8-'(?5$ '(4.&;'-,/$(($? #$6'5-$ >/.5,/. 
8$6'5-$ ;,;5,'5 '= 78 >/.5,/. 
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:';. 1. K.,J6.&5-'1.;&'3 -$=-.= #, <.5,40 J6.&5-,-$=/.4&' 

 

8-,@'67 #-.4;5$/6?.5 ;,C,3 =$/';'<,;57 04.67(,G, ;,#-,5'/6.('?, /2-$%.((,-
G, ,55.(&,< >/.5$, ,5 G60C'(2 46? (.&,5,-,G, #,6,%.('? #, G,-'=,(5$6'.  

L$ -';. 2 #-'/.4.(2 #-,@'6' 46? (.;&,67&'B #,6,%.('3 #, G,-'=,(5$6'. 

D6? ,54.67(2B #-,@'6.3 C26' ($34.(2 #.-/2. #-,'=/,4(2. #, G60C'(., &,5,-
-2. #,=/,6?I5 ,C($-0%'57 G-$('>2 <.%40 ;6,?<' =.<(,3 &,-2 [3], [4]. L$ -';. 3 

#-'/.4.($ =$/';'<,;57 #.-/,3 #-,'=/,4(,3 #, G60C'(. ,5 ;$<,3 G60C'(2 46? 
,4(,G, '= #,6,%.('3 #, G,-'=,(5$6'. 

 

 
 

:';. 2. U$/';'<,;57 04.67(,G, ;,#-,5'/6.('? ,5 /2;,52 46? -$=(2B #,6,%.('3 #, G,-'=,(5$6' 

 

N1./'4(,, 15, ($'C,67F'3 '(5.-.; 46? ($; #-.4;5$/6?I5 6,&$67(2. J&;-
5-.<0<2 #-,'=/,4(,3 (-';. 3). 
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:';. 3. 8-,'=/,4($? #, G60C'(. 46? #-,@'6.3 

 

D6? #-,'=/,4(,3 G.,J6.&5-'1.;&,G, #-,@'6? B$-$&5.-(, C6'=&,. -$;#,6,%.('. 
(.;&,67&'B J&;5-.<0<,/, 15, ,C0;6,/6.(, ,;,C.((,;5?<' ;5-,.('? =.<(,3 &,-2. "6.-
4,/$5.67(,, 5-.C0.5;? /2C,- / (.&,5,-,3 ,&-.;5(,;5' ($'C,6.. #-',-'5.5(,G, J&;5-.-
<0<$, &,5,-23 C04.5 #-'(?5 / &$1.;5/. G-$('1(,G, <.%40 ;6,?<' =.<(,3 &,-2 [3]. 

"6.40.5 ,5<.5'57, 15, 6,&$67(2. J&;5-.<0<2 #-,'=/,4(,3 / ,;(,/(,< /;5-.1$-
I5;? #-' <$62B G60C'($B. "6.4,/$5.67(,, <.5,4 J6.&5-,-$=/.4&' J@@.&5'/.( #-' ,5-
(,;'5.67(, (.C,67F'B G60C'($B 4, 3–5 &<. D6? G60C'( 4, 10–20 &< C,6.. #-.4#,15'-

5.67(2< ?/6?.5;? <.5,4 ;.3;<,-$=/.4&'. O-,<. 5,G,, 6,&$67(2. J&;5-.<0<2 #,=/,6?-
I5 ,;0H.;5/6?57 J@@.&5'/(,. ;%$5'. G.,@'='1.;&'B 4$((2B 46? 'B B-$(.('? / #$<?5' 

&,<#7I5.-$. N(' 4,;5$5,1(, '(@,-<$5'/(2 46? #-'(?5'? -.F.('? , ($6'1'' '6' ,5-
;05;5/'' '(5.-.;0IH.G, <'(.-$6$. 

 
"#';,& 6'5.-$50-2 

 

1. *,(4$-.(&, M.  . NCH'3 &0-; -$=/.4,1(,3 G.,@'='&': 01.C. 46? /0=,/. –  .: Norma, 1998. – 

304 ;.  
2. ".6'/.-;5,/ L. !. [1.C(,. #,;,C'. 46? G.,6,G'1.;&'B ;#.>'$67(,;5.3 /0=,/. – 8.5-,#$/-

6,/;&-O$<1$5;&'3: !=4-/, OK8[, 2004. – 232 ;. 
3.  ,-,=,/ \. M.  .5,4 &,<#6.&;'-,/$('? ;';5.< -$=/.4&' #,6.=(2B ';&,#$.<2B ($ ,;(,/. 

&,(50-(2B $(5.(( / \. M.  ,-,=,/ // M,#-,;2 -$4',J6.&5-,('&'. ".-. :$4',6,&$>',(($? 5.B('&$. – 

2014. – M2#. 2. – ". 148–152. 

4.  ,-,=,/ \. M. ",/<.;5(,. <,4.6'-,/$('. ;'G($6,/ #-' '(5.-#-.5$>'' G.,J6.&5-'1.;&'B ' 
;.3;<'1.;&'B -$=-.=,/ / \. M.  ,-,=,/ // :.F.5(./;&'. 15.('?: <$5.-'$62 27 <.%40($-. ($01. &,(@., 

#,;/?H. #$<?5' G.(.-$6$ &,(;5-0&5,-$ -$&.5.-&,;<'1. ;';5.< $&$4.  . E. :.F.5(./$ : / 2 1. – O-$;(,-
?-;&, 12–14 (,?C. 2013 G. – O-$;(,?-;&, 2013. – 9. 2. – ". 64–66. 
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O((!31$.,0-12  $,.! -,05  ($#21 "&$$  +#'  0-#"L#!,$'   

)0/!M  .  -$-1!/!  O#!31 0 "%.!+3$  )0#!%,9M  $-30)"!/9M,  

$-)0#2%7K4!5  +"1*$3$  )! !/!4!,$' 

 

\. ". 8.5-,/$, ). ).  0-$;./, ). ). "#.&5,- (($01(23 -0&,/,4'5.67) 
 

5!/!&(6("&'() *!&+,-"&./$##0) .$1#(2$&'() +#(/$"&(.$. 

630073, *. 5!/!&(6("&', 4"-. 7. 3-"'&-, 20 

E-mail: juliapetrova92@bk.ru 

 

M ;';5.<$B J6.&5-,-$=/.4&' /, /-.<? #-,/.4.('? -$C,5 / #-'.<(,< 0;5-,3;5/. /,=('&$I5 ;'67(2. #,<.B', 
&,5,-2. /(,;?5 ';&$%.('? / #,6.=(23 ;'G($6. 9$;5, 46? ,;6$C6.('? #,<.B #-'<.(?I5;? <(,G,&$($67(2. ;5-0&50-2 

; ';#,67=,/$('.< 4,#,6('5.67(2B 4$51'&,/. M ;5$57. -$;;<$5-'/$.5;? 4/0B&$($67($? ;';5.<$ ($ ,;(,/. '(/.-;(,3 

@'675-$>'' ; ';#,67=,/$('.< 4$51'&,/ #.-.<.H.('?. :$;;<$5-'/$.5;? #,<.B,0;5,31'/,;57 ;';5.<2 #-'<.('5.67-
(, & ;601$I, &,G4$ / -,6' 4$51'&$ #.-.<.H.('? ';#,67=0.5;? G'-,;&,#.  

 

S6.&5-,-$=/.4&$ ?/6?.5;? ,4('< '= J@@.&5'/(2B <.5,4,/ #,';&$ #,6.=(2B ';&,-
#$.<2B. M 5$&'B ;';5.<$B ,;(,/(,3 =$4$1.3 ?/6?.5;? <$&;'<$67(, 5,1(,. /,;#-,'=/.-
4.('. ;'G($6$. O$& #,C,1(23 #-,40&5 @0(&>',('-,/$('? ;';5.<2 J6.&5-,-$=/.4&' ' 

4-0G'B 5.B('1.;&'B ;';5.< /, /-.<? #-,/.4.('? -$C,5 / #-'.<(,< 0;5-,3;5/. /,=('-

&$I5 ;'67(2. #,<.B', &,5,-2. /(,;?5 ';&$%.('? / #,6.=(23 ;'G($6. [-,/.(7 #,<.B 
<,%.5 <(,G,&-$5(, #-./2F$57 #,6.=(23 J@@.&5.  

Z$-$&5.-(23 /'4 #-'(?5,G, ;'G($6$ #-.4;5$/6.( ($ -';. 1 (>.62<' 1';6$<' 1, 2, 

3, … ,C,=($1.(2 (,<.-$ -$C,1'B >'&6,/ #-'.<$), $ .G, ;'G($67($? ' #,<.B,/$? ;,-
;5$/6?IH'. – ($ -';. 2. M ;';5.<. ,C21(, ';#,67=0.5;? 1.-.4,/$('. #,6?-(,;5' '<-

#067;,/ #.-/'1(,G, 5,&$, 15, #-'/,4'5 & 1.-.4,/$('I #,6?-(,;5' ' #-'(?5,G, ;'G($6$.  
 

 
 

:';. 1. Z$-$&5.-(23 /'4 #-'(?5,G, ;'G($6$ 
 

 
 

:';. 2. 8,6.=(23 ;'G($6 ' #,<.B$ 
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M/'40 /2;,&,3 '(5.(;'/(,;5' (.&,5,-,G, /'4$ #,<.B /,=('&$I5 ;0H.;5/.((2. 
';&$%.('? #,6.=(,G, '<#067;(,G, ;'G($6$. M 4$((,3 ;5$57. -$;;<$5-'/$.5;? =$4$1$ 
,;6$C6.('? #,<.B', &,5,-$? ,C0;6,/6.($ -$;&$1'/$('.< $(5.(( #-' #,6.5.. 9$;5, 46? 
,;6$C6.('? #,<.B #-'<.(?I5;? <(,G,&$($67(2. ;5-0&50-2 ; ';#,67=,/$('.< 4,#,6-
('5.67(2B 4$51'&,/. 8,J5,<0 -$;;<,5-'< ';#,67=,/$('. 4,#,6('5.67(,G, 4$51'&$, 
&,5,-23 5,%. 10/;5/'5.6.( & -$;&$1'/$('?<, (, &,5,-23 ;,/;.< (. '<..5 J6.&5-,<$G-
('5(,3 10/;5/'5.67(,;5', 5, .;57 .G, ;'G($6 (. ;<,%.5 #,4$/'57 #,6.=(23 ;'G($6, #,-
601$.<23 / #-'.<(,3 $(5.((.. 

L$ -';. 3 #-.4;5$/6.($ ;5-0&50-($? ;B.<$ $4$#5'/(,G, #-.,C-$=,/$5.6? ($ ,;(,/. 
$($6'=$ ;'G($6,/ ,;(,/(,G, ' 4,#,6('5.67(,G, &$($6,/. 

NCH'< 46? ,C,'B &$($6,/ ';5,1('&,< #,<.B' ?/6?.5;? '(@,-<$>',((23 C.623 

G$0;;,/;&'3 F0< i: , '= &,5,-,G, '=<.-'5.67(2. ;';5.<2 @,-<'-0I5 ($C6I4$.<2.  

/ &$($6$B #,<.B' ix  ' iy . M;. #-,>.;;2 #-,';B,4?5 / 4';&-.5(,< /-.<.(' i34/ /4 .  

M ,C,'B &$($6$B #-';05;5/0I5 C.62. G$0;;,/;&'. F0<2 -.G';5-'-0IH'B 0;5-,3;5/ i,  

' i5 , $ / ,;(,/(,< &$($6. – ' #,6.=(23 ;'G($6 is , ,>.('/$('. &,5,-,G, ?/6?.5;? &,-

(.1(,3 =$4$1.3 '=<.-'5.67(,3 ;';5.<2. )4$#5'/(23 #-.,C-$=,/$5.67 ($ ,;(,/. $($-

6'=$ ;'G($6,/ i i iy y 5! 1
 

 ' i i i ix x s,! 1 1
 

 #-.,C-$=0.5 #.-/23 '= ('B 5$&'< ,C-$=,<, 

15,C2 B$-$&5.-';5'&' ;'G($6$ ix6  ($ .G, /2B,4. ;,/#$4$6' ; $($6,G'1(2<' B$-$&5.-'-

;5'&$<' ix . 8-' J5,< / /2B,4(,< #-,40&5. ,C-$C,5&' i i ix x+ 6! 3
 

 4,;5'G$.5;? ,;6$C6.-

('. #,<.B' ix . 

 

 
 

:';. 3. E,-<'-,/$('. ' &,<#.(;$>'? #,<.B' / 4/0B&$($67(,3 '=<.-'5.67(,3 ;';5.<. 

 

N4'( '= &$($6,/ (,;(,/(,3) ?/6?.5;? @,-<'-,/$5.6.< #,6.=(,G, J@@.&5$. N;-
5$67(2. &$($62 – 4,#,6('5.67(2., ;60%$5 46? ,;6$C6.('? #,<.B / ,;(,/(,< &$($6.. 
!;#,67=,/$('. 4$51'&,/ / ,;(,/(,< ' 4,#,6('5.67(2B &$($6$B, #-'/,4'5 & 5,<0, 15, 
#,6.=(23 J@@.&5, 46? -.G';5-$>'' &,5,-,G, #-.4($=($1.( ,;(,/(,3 &$($6, / 4,#,6('-

5.67(2B &$($6$B ,5;05;5/0.5, $ (.&,5,-2. /'42 #,<.B / ,;(,/(,< ' 4,#,6('5.67(,< 

&$($6. ?/6?I5;? &,--.6'-,/$((2<'. 8,J5,<0 ';#,67=,/$('. 4,#,6('5.67(2B 4$51'-
&,/ #,<,G$.5 ,>.('57 #,<.B0 / 4,#,6('5.67(,< &$($6. C.= #,6.=(,G, J@@.&5$, ($C6I-

4$.<,G, / ,;(,/(,< &$($6. ' <,4'@'>'-,/$57 ;'G($6 4,#,6('5.67(,G, &$($6$, #-'/.4? 
.G, & /'40 ;'G($6$ ,;(,/(,G, &$($6$ ' /2#,6('57 /21'5$('. ;'G($6,/, 5$&'< ,C-$=,< 

,;6$C'57 4.3;5/'. #,<.B' / ,;(,/(,< &$($6.. M2#,6(?? 4$((2. #-.,C-$=,/$('?, #-.4-

_

+ 

i
7 (

i
5

6
i

x (

i
+

i
s

i
1, (

iy (

ix (

i
y
 
(

i
x
 

;!"<("!/-.$=>  
4!<$1( / !&#!/#!< 

'-#-=$ 

;!"<("!/-.$=>  
4!<$1(  

/ ,!4!=#(.$=>#!< 

'-#-=$ 

?,-4.(/#0)  
4"$!6"-@!/-.$=> 



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

126 

#,6$G$.5;?, 15, =$#';7 #,6.=(,G, ;'G($6$ ' 4$((2B ; 4$51'&,/ #-,'=/,4'6$;7 ,4(,/-.-
<.((, ' /;. J5' ;'G($62 (.;05 ,CH.. #-.4;5$/6.('. , #,<.B.. 

S&;#.-'<.(52 #-,/,4'6';7 46? 4/0B&$($67(,3 '=<.-'5.67(,3 ;';5.<2. 8-' $($-
6'=. ';#,67=,/$6';7 4/$ ;'G($6$ 5-.B&,,-4'($5(,G, G'-,;&,#$. N4'( '= &,,-4'($5(2B 
;'G($6,/ -$;;<$5-'/$6;? &$& ;'G($6 ,;(,/(,G, &$($6$ -$C,1.3 ;5$(>'', $ 4-0G,3 – &$& 
;'G($6 4,#,6('5.67(,G, &$($6$. M &$1.;5/. #-'<.-$ ($ -';. 4 ' 5 #-'/.4.(2 =$#';' 

J5'B ;'G($6,/.  
 

 
:';. 4. "'G($6 ,;(,/(,G, &$($6$ 

ix  

 
:';. 5. "'G($6 4,#,6('5.67(,G, &$($6$ 

iy  

 

M -.=0675$5. /;.B #-.,C-$=,/$('3 #,601$.< ;,/<.;5(23 G-$@'& ;'G($6,/ x
i
 

 ' 6
i

x

($ -';. 6 ' ,F'C&0 #-.,C-$=,/$('3 (-';. 7). D$((2. -.=0675$52 #,601.(2 #-' (06./2B 
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F0<$B -.G';5-'-0IH'B 0;5-,3;5/ 
i

, ' 
i

5  / &$($6$B. != -';. 7 /'4(,, 15, #,601.(($? 

,F'C&$ &-$3(. <$6$ ' '<..5 #,-?4,& 10
-14

. 

 

 

:';. 6. ",/<.;5(23 G-$@'& ;'G($6,/ x
i
 

 ' 6
i

x  

 
:';. 7. NF'C&$ #-.,C-$=,/$('3 

 

M ;'60 #-,;5,52 -.$6'=$>'' C26 ';#,67=,/$( '(/.-;(23 #-.,C-$=,/$5.67 4,#,6-
('5.67(,G, &$($6$. 8,J5,<0 #-' #,?/6.('' 4$%. (.C,67F'B F0<,/ 0-,/.(7 ,F'C&' 

=($1'5.67(, 0/.6'1'/$.5;?. L$ -';. 8 #-.4;5$/6.( G-$@'& =$/';'<,;5' ,5(,F.('? 4';-

#.-;'' ,F'C&' #-.,C-$=,/$('3 & 4';#.-;'' ;'G($6$ / ,;(,/(,< &$($6. 2 2
i ix+ , ,5 ,5-

(,F.('? 4';#.-;'' ,F'C&' / 4,#,6('5.67(,< &$($6. & 4';#.-;'' ;'G($6$ 4,#,6('-

5.67(,G, &$($6$ 2 2
i iy5 . 
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:';. 8. K-$@'& ,5(,F.('? 2 2
i ix+ ,5 2 2y5  

 

!= #,601.((2B G-$@'&,/ /'4(,, 15, '(/.-;($? @'675-$>'? J@@.&5'/($ 5,67&, 
#-' #,6(,< ,5;05;5/'' F0<,/ / &$($6$B ;/?=', 6'C, #-' (.C,67F'B F0<$B, #-' #,?/-
6.('' C,67F'B F0<,/ ;';5.<$ ;5$(,/'5;? (.J@@.&5'/(,3. 
 

 

  



 $02.3(«4,-.!1$5&.6$70.$(7.71$%'»(

129 

 "% "L013"  &$( 0.05  *"-1$  ) $L0 "  +#'  )0$-3"   

)0#$/!1"##$*!-3$M   7+  ,"  0-,0.!  O((!31"   

.9%.",,05  )0#' $%"&$$  -  $-)0#2%0.",$!/  !-1!-1.!,,9M  

O#!31 0/"6,$1,9M  )0#!5  %!/#$ 
 

). ). )6';5-$5, M. ". 8,526'>2( (($01(23 -0&,/,4'5.67) 
 

A#&.(.+. (#%$#$"#!) B(@('( ( "-,(!C=$'."!#('( ;D?EF  9E G;F 

660074, *. 7"-&#!H"&', +=. 7("$#&'!*!, 28 

E-mail: markuss86@mail.ru 

 
N#';2/$.5;? <.5,4 #,';&$ #,6'<.5$66'1.;&'B -04 ($ ,;(,/. J@@.&5$ /2=/$((,3 #,6?-'=$>'' ; ';#,67=,/$-

('.< RS 8U, #-.46$G$.5;? .G, 5.B('1.;&$? -.$6'=$>'? ($ ,;(,/. ;,/-.<.((,3 J6.<.(5(,3 C$=2. 

 

M ($;5,?H.. /-.<? #-' G.,6,G'1.;&,3 -$=/.4&. /;. C,67F.. -$;#-,;5-$(.('. #,-
601$I5 (.-$=-0F$IH'. G.,@'='1.;&'. <.5,42 #,';&$ #,6.=(2B ';&,#$.<2B. N4('< 

'= 5$&'B <.5,4,/ ?/6?.5;?, #,601'/F'3 F'-,&,. -$;#-,;5-$(.('., J6.&5-,-$=/.4,1-
(23 <.5,4 /2=/$((,3 #,6?-'=$>'' (M8) [1–3].  

 .5,4 /2=/$((,3 #,6?-'=$>'' (M8) ,;(,/$( ($ '=01.('' #,6.3, ;,=4$/$.<2B 
/5,-'1(2<' J6.&5-'1.;&'<' =$-?4$<'. S5' =$-?42 /,=('&$I5 / =.<6. #-' #-,#0;&$-
('' 1.-.= (.. #,;5,?((,G, '6' ('=&,1$;5,5(,G, (4, 100 K>) J6.&5-'1.;&,G, 5,&$. 

M2=/$(($? #,6?-'=$>'? #-,5.&$.5 ($'C,6.. '(5.(;'/(, #-' ($6'1'' / ;-.4. 
J6.&5-,(,#-,/,4?H'B <'(.-$6,/. 8,J5,<0 <.5,4 M8 ?/6?.5;? ,4('< '= ,;(,/(2B <.-
5,4,/ -04(,3 G.,@'='&'. 8-'1.<, #,;&,67&0 '(5.(;'/(,;57 $(,<$6'3 M8 #-,#,->',-
($67($ #6,H$4' #,/.-B(,;5' J6.&5-,((2B #-,/,4('&,/, <.5,4 #,=/,6?.5 4'$G(,;5'-,-
/$57 (. 5,67&, <$;;'/(2., (, ' /&-$#6.((2. -042 [3]. 

N4($&, #-'<.(.('. <.5,4$ M8 / G,-(,-5$.%(,3 <.;5(,;5' ,;6,%(?.5;? (.,CB,-
4'<,;57I ';#,67=,/$('? 4,;5$5,1(, <,H(2B ';5,1('&,/ /,=C0%4$IH.G, 5,&$ (,5 
100–10000 M5), -$;&6$4&' #, #-,@'6I ($C6I4.('3 46'((,3 #'5$IH.3 6'('' (1–3 &<), 

15, ,C0;6$/6'/$.5 C,67F'. 5-04,=$5-$52 ' ;5,'<,;57 -$C,5 [4]. 

+$&'< ,C-$=,<, /,=('&$.5 (.,CB,4'<,;57 / 0;,/.-F.(;5/,/$('' ;,/-.<.((,G, 
<.5,4$ /2=/$((,3 #,6?-'=$>'' ', ;,,5/.5;5/.((,, 5.B('1.;&,3 -.$6'=$>'' (,/,G, <.-
5,4$ M8. 

L$ <,<.(5 ($#';$('? ;5$57' / :,;;'' =$#$5.(5,/$(, J6.&5-,-$=/.4,1(,. 0;5-,3-

;5/, (-';. 1) [5], -.$6'=0IH.. <.5,4 '=/6.1.('? '(@,-<$>'' , /2=/$((,3 #,6?-'=$>'' 

' 04.67(,< ;,#-,5'/6.('' ';;6.40.<,3 =,(2 '= .;5.;5/.((,G, J6.&5-,<$G('5(,G, #,-
6? U.<6' (<.5,4 M8 RS 8U). D$((23 <.5,4 #-.4;5$/6?.5 ;,C,3 0;,/.-F.(;5/,/$((23 
<.5,4 M8 ' #,=/,6?.5 ';&6I1'57 '= ;,;5$/$ -$=/.4,1(,3 $##$-$50-2 #'5$IH0I 6'-

('I ' /,=C0%4$IH'3 G.(.-$5,- 5,&$, #05.< ,C-$C,5&' ;'G($6,/ 5.660-'1.;&'B 5,&,/, 
#-,5.&$IH'B / =.<6. / 4'$#$=,(. 1$;5,5 0–20 K>. 

S6.&5-,-$=/.4,1(,. 0;5-,3;5/, ;,4.-%'5 4'@@.-.(>'$67(23 '=<.-'5.67 ; 5-.<? 
'=<.-'5.67(2<'  , N ' N (.#,6?-'=0IH'<';? 5,1.1(2<' J6.&5-,4$<'. 

D'@@.-.(>'$67(23 '=<.-'5.67 ;,4.-%'5: 
11, 12 – #.-/23 ' /5,-,3 0;'6'5.6' ('=&,3 1$;5,52 ([L9); 

2 – &,<<05$5,-; 
3 – $($6,G,->'@-,/,3 #-.,C-$=,/$5.67 ()X8); 

41, 42 – #.-/,. ' /5,-,. ,#.-$5'/(, =$#,<'($IH'. 0;5-,3;5/$ (NU[); 

5 – C6,& /21';6.('? 4';#.-;'' J6.&5-'1.;&,G, #,5.(>'$6$ ^UM%O; 

6 – /21'5$IH.. 0;5-,3;5/,; 
7 – 0#-$/6?.<23 $55.(I$5,-; 
8 – C6,& /21';6.('? 4';#.-;'' -$=(,;5' J6.&5-'1.;&'B #,5.(>'$6,/; 
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9 – 4.6'5.67; 
10 – C6,& '(4'&$>''; 

11 – C6,& 0#-$/6.('?. 
 

 
:';. 1. *6,&-;B.<$ =$#$5.(5,/$((,G, J6.&5-,-$=/.4,1(,G, 0;5-,3;5/$ 

 

:.$6'=,/$((23 4$((2< 0;5-,3;5/,< $6G,-'5< /21';6.('? =($1.('? &,J@@'>'-
.(5$ M8 ,#';2/$.5;? ;6.40IH.3 @,-<06,3: 

 

  !  
! "#$%&' ( ) * #$&+',

-.
'/0

! #$%&'
-.

'/0

122222222222222222222222222222222222222222222222"3, 

 

 !" 4 – #$%&'"()*$ $)('")$* (& +,%,; #$%&', #$&+' – $)('")- .(&%"++-/ (& +,%- ( %&-

+&0 MO & ON ($$)*")()*"++$; K – .12,*%3"4-0 #$566&7&"+), 1$!8&2,"4-0 &9 .(%$*&3 

4&+&4.4, !&(1"2(&& 2,9+$()& 5%"#)2&'"(#&/ 1$)"+7&,%$* %&+&0 MO & ON. 

:$566&7&"+) K +"$8/$!&4 !%3 4&+&4&9,7&& 2,9+$()& ,41%&).! (& +,%$* * %&-

+&3/ MO & ON, #$)$2,3 $8.(%$*%"+, +"(),7&$+,2+$();< =>?@A. B,#C" #$566&7&"+) 

K 4$C+$ &+)"212")&2$*,); #,# .!"%;+$" ($12$)&*%"+&" &((%"!."4$0 $8%,()&. 

@2& ($*2"4"++$4 .2$*+" 2,9*&)&3 5%"#)2$+&#& *$94$C+$ 2",%&9$*,); 8%$# #$4-

4.),)$2,, DE@, FAG, 8%$#& *-'&(%"+&3 !&(1"2(&0, *-'&),<H"" .()2$0()*$, .12,*-

%3"4-0 ,))"+<,)$2 & !"%&)"%; +, 8,9" $!+$ $ 4&#2$#$+)2$%%"2,. B,#&4 $82,9$4 ()2.#-

).2+,3 (/"4, +$*$ $ .()2$0()*, 4$C") 8-); 12"!(),*%"+, ,+,%$ $*$0 & 7&62$*$0 ',(-

)34&,  !" ,+,%$ $*,3 ',(); ($()$&) &9 12&"4+-/ )2,#)$* (& +,%$* ( %&+&0 MO & ON, , 

7&62$*,3 ',(); 4$C") 8-); 2",%&9$*,+, 12$&9*$!&)"%;+-4 4&#2$#$+)2$%%"2$4 (2&(. 2). 

G12,*%"+&" &94"2"+&"4 12$&9*$!&);(3 ( #%,*&,).2-, , " $ 2"9.%;),)- *-*$!3)(3 

+, !&(1%"0. B,#C" * 2,92,8,)-*,"4$4 .()2$0()*" 12"!.(4$)2"+ (I"4+-0 +$(&)"%;, +, 

#$)$2-0 !,++-" $ &((%"!."4-/ 12$6&%3/, 1$%.'"++-" * 2"9.%;),)" 1$&(#$*-/ 2,8$), 

8.!.) ($/2,+3);(3 * 6$24" )"#()$*-/ ),8%&7 &  2,6&#$*.  

@2& 2",%&9,7&& .()2$0()*, * ($$)*")()*&& ( 12"!(),*%"++$0 ()2.#).2+$0 (/"4$0 

(2&(. 2) # 4&#2$#$+)2$%%"2. 12"!I3*%3<)(3 (%"!.<H&" )2"8$*,+&3: 

1) !*./#,+,%;+-0 DE@ 2,923!+$();< +" 4"+"" 12 8&); 

2) +,%&'&" #,# 4&+&4.4 !*./ 12$ 2,44&2."4-/ ),04"2$* $8H" $ +,9+,'"+&3 !%3 

*$94$C+$()& 12&4"+"+&3 1"2"()2,&*,"4-/ 6&%;)2$*, .12,*%3"4-/ ),#)$*$0 ',()$)$0, 

* 12&"4+-/ )2,#),/; 
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3) $8"(1"'"+&" 2,8$)- ( SD #,2),4& 1,43)& & USB !%3 *$94$C+$()& 1"2"!,'& 

!,++-/ 12$*"!"++-/ &94"2"+&0 ( 2,9*"!$'+$ $ .()2$0()*, +, #$41;<)"2; 

4) +,%&'&" #$+)2$%%"2, UART, !%3 1$%.'"+&3 #$4,+! .12,*%"+&3 $) 1%,+J")+$-

 $ #$41;<)"2, & 1"2"!,'& +, +" $ 7&62$*-/ 2",%&9,7&0 (& +,%$* (+"$8/$!&4$ !%3 )$-

 $, ')$8- +, +,',%;+$0 (),!&& 2",%&9,7&& .()2$0()*, 12$&9*$!&); *-'&(%"+&3 (2"!()-

*,4& 12$ 2,44+$ $ $8"(1"'"+&3 2,92,8$),++$ $ 12& 4,#")&2$*,+&&). 

5) $8"(1"'"+&" 2,8$)- ( !&(1%""4. 

 

 
 

K&(. 2. L)2.#).2+,3 (/"4, 5%"#)2$2,9*"!$'+$ $ .()2$0()*, ( 7&62$*$0 ',();<  

+, 8,9" 4&#2$#$+)2$%%"2, 

 

M, ($*2"4"++$4 2-+#" 12"!(),*%"+$ 4+$C"()*$ 4&#2$#$+)2$%%"2$* .!$*%")*$-

23<H&/ !,++-4 .(%$*&34 ( !$()$0+-4& 1$#,9,)"%34& 7"+-, #,'"()*, & 12$&9*$!&-

)"%;+$()&. F!+&4 &9 ),#&/ #$+)2$%%"2$* 3*%3")(3 STM32F103RG – 32-2,923!+-0 4&#-

)2$#$+)2$%%"2 12$&9*$!()*, ST Microelectronics [6]. :2,)#,3 /,2,#)"2&()&#, #$+)2$%-

%"2, 12&*"!"+, * ),8%. 1. 
 

B,8%&7, 1 

N,2,#)"2&()&#& STM32F103RG 
 

O!2$ ARM Cortex-M3 

?,#(&4,%;+,3 ),#)$*,3 ',()$),, ?P7 72 

F8I"4 1,43)& 12$ 2,44, #8,0) 1024 

F8I"4 $1"2,)&*+$0 1,43)&, #8,0) 96 

M,123C"+&" 1&),+&3, Q 3,6 

12-2,923!+-0 DE@, J). 3 

12-2,923!+-0 ED@, J). 2 

16-2,923!+-0 ),04"2, J). 12 

:$%&'"()*$ *-*$!$* 1$%;9$*,)"%;(#$0 J&+-, J). 51 

R+)"26"0(- !%3 1"2"!,'& !,++-/ 

I2C (!$ 2 J).), USART (!$ 5 J).), SPI (!$ 3 J).), CAN, USB 2.0 

 

K,8$). #$+)2$%%"2, 4$C+$ .(%$*+$ 2,98&); +, )2& 5),1,: 

- ,+,%$ $-7&62$*$" 12"$82,9$*,+&" (& +,%$* ( %&+&0 MO & ON & ($/2,+"+&" 1$-

%.'"++-/ 7&62$*-/ (& +,%$* (2&(. 3); 

- $82,8$)#, 7&62$*-/ (& +,%$* * ($$)*")()*&& ( ,% $2&)4$4 *-'&(%"+&3 1,2,-

4")2, Q@ (2&(. 4); 

- *-*$! +, !&(1%"0 &+6$24,7&& $ 12$*"!"++$4 &94"2"+&&. 

Q 8%$#-(/"4" +, 2&(. 3: Fd – ',()$), !&(#2")&9,7&&, Tz – *2"43 9,4"2,, n – +$4"2 

9,4"2,, start – 6%,  (),2), 9,4"2,, resrdy – 6%,   $)$*+$()& 2"9.%;),), DE@, i – +$4"2 
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1,2- !&(#2")$* (& +,%$* ( %&+&0 MO & ON, x1,2i – #*,+)$*,++-" 9+,'"+&3 (& +,%$* ( 

%&+&0 MO & ON, t – 1"2"4"++,3 /,2,#)"2&9.<H,3 *2"43 ( +,',%, 12$&9*$!()*, 9,4"2,. 

 

 
 

K&(. 3. S%$#-(/"4, *-1$%+"+&3 ,+,%$ $-7&62$*$ $ 12"$82,9$*,+&3 (& +,%$* ( %&+&0 MO & ON  

& ($/2,+"+&3 1$%.'"++-/ 7&62$*-/ (& +,%$* 

 

S%$#-(/"4,, 12"!(),*%"++,3 +, 2&(. 3, $1&(-*,") 2,8$). #$+)2$%%"2, 1$(%" *#%<-

'"+&3 &%& (82$(,. K,8$), #$+)2$%%"2, +,'&+,")(3 ( +,()2$0#& 1$2), UART, 1$ #$)$2$-

4. 12&+&4,<)(3 #$4,+!- .(),+$*#& ',()$)- !&(#2")&9,7&& Fd & *2"4"+& 9,4"2, Tz, 

!,%"" ($$)*")()*"++$ 5)&4 1,2,4")2,4 12$&9*$!&)(3 +,()2$0#, DE@, 1$(%" 5)$ $ +$-

4"2 9,4"2, n .(),+,*%&*,")(3 2,*+-4 1, 6%, & +,',%, 9,4"2, start &  $)$*+$()& 2"9.%;-

),), resrdy .(),+,*%&*,<)(3 2,*+-4& 0 & #$+)2$%%"2 +,/$!&)(3 * $C&!,+&& +,',%, 9,-

4"2, (1"2"#%<'"+&" 6%, , +,',%, 9,4"2, 12$&9*$!&)(3 #+$1#$0), !,%"" 12$&9*$!&)(3 

1$(%"!$*,)"%;+$" ')"+&" $)('")$* (& +,%, ( ($/2,+"+&"4 #$%&'"()*, 12&+3)-/ $)('"-

)$* i & +$4"2, 9,4"2, n. 

L%"!.") $)4")&);, ')$ !,++,3 8%$#-(/"4, $1&(-*,") 2,8$). #$+)2$%%"2, ( &(-

1$%;9$*,+&"4 &+)"26"0(, UART !%3 (*39& ( *+"J+&4 .12,*%3<H&4 .()2$0()*$4 

(1%,+J")+-0 @: +, 8,9" FL Android &%& Windows), $(.H"()*%3<H&4 !,%;+"0J.< $8-

2,8$)#. !,++-/ & *-*$! &+6$24,7&& +, 5#2,+. F!+,#$ * #$+"'+$4 &)$ " 6.+#7&& 

!,%;+"0J"0 $82,8$)#& & $)$82,C"+&3 &+6$24,7&& 8.!.) &(1$%+3);(3 4&#2$#$+)2$%-

%"2$4 (,4$()$3)"%;+$, , !%3 /2,+"+&3 & 1"2"+$(, !,++-/ +, (),7&$+,2+-0 #$41;<)"2 

8.!") &(1$%;9$*,);(3 *+"J+33 #,2), 1,43)& 6$24,), SD &%& microSD. 
 

L1&($# %&)"2,).2- 

 
1. A%$8&+(#&0 D. Q., ?$ &%,)$* Q. L., S,%,J$* S. @. R(1$%;9$*,+&" #$41%"#(, 5%"#)2$2,9*"!$'-

+-/ 4")$!$* !%3 $#$+).2&*,+&3 +"6)3+-/ 4"()$2$C!"+&0 // R+)"25#(1$ P"$-L&8&2;. – Q-1. 2. – M$*$-
(&8&2(#, 2014. – L. 91–96. 

2. P"$2 &"* Q. Q. K"9.%;),)-  "$6&9&'"(#&/ 2,8$) +, .',()#" B-#$)%$*(#$ $ 2.!$12$3*%"+&3 

(@2&1$%32+-0 G2,%) // P"$%$ &3 & 1$%"9+-" &(#$1,"4-" A,1,!+$ $ G2,%,. – Q-1. 10. – @"24;, 2010– 
L. 201–-205. 



 !"#$%&«'()$*+!,-$.!/"$!&/$/+!01»&

133 

3. T,2,6.)!&+$* Q. ?., N,(,+$* R. ?. @")2$5%"#)2&'"(#&" 1,2,4")2- 23!, 9$%$)$2.!+-/ 4"()$-

2$C!"+&0 O+$-:$%-4(#$ $ 4"),%%$ "+&'"(#$ $ 1$3(, // Q"()+&# L"*"2$-Q$()$'+$ $ +,.'+$ $ 7"+)2, 

UQF KDM. – Q-1. 1. – ?, ,!,+, 2010. – L. 46–56. 
4. D%&()2,) D. D., @$)-%&7-+ Q. L. L2,*+&)"%;+-0 ,+,%&9 2,9%&'+-/ ,% $2&)4$* $82,8$)#& !%3 
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1 !"#$%&' !"()&*'#*&' &+,'-%.& «/!0"!1.'-%"&2» 

664005, 3. 4#"5%-", 51. 2-!6 7'1'8*&9&#&:*!6, 68  
E-mail: slepchenkoap@mail.ru  

24#"5%-")0  ;)1)!1 <=/>? @A> «B=C? =D» 
664047, 3. 4#"5%-", 51. E&225*!#&., 3 

E-mail: Ww_erohin@mail.ru 

 
!,$3#)4$'0 5$1)3.(0 )6$'(. 2#.7'.7 %$,$5$''8- 9:#)2.; '02.<06.)'')<) :$0':0 2 :$1. :.'-,)''); :.:-

1$58 )=5$'0 30''85. %,. 2)>39?'8- :93)2. "@),5.,)20'8 (,.1$,.. )%1.5.>06.. 9:#)2.; '02.<06.)'')<) :$0':0 – 
5$,0 '0=#A30$5):1. . ()B@@.6.$'1 <$)5$1,... C::#$3)20'8 1)&'):1'8$ -0,0(1$,.:1.(. '02.<06.)'')<) :$0':0 
%,. 2>0.5')5 50'$2,.,)20'.. 2)>39?'8- :93)2. 

 

*)>39?'8$ :930 (*"), 2>0.5)3$;:129AD.$ 2 :$1. :.:1$58 )=5$'0 30''85. 

("/E), 72#77:F .:1)&'.(05. '02.<06.)''); .'@),506.., )=,0>9A1 5')<)%)>.6.)'-

'9A ,03.)'02.<06.)''9A :.:1$59, 1)&'):1F )%,$3$#$'.7 '02.<06.)'')-2,$5$''8- 

%0,05$1,)2 2 ()1),); >02.:.1 )1 9:#)2.; '02.<06.)'')<) :$0':0. !)3 9:#)2.75. '02.-

<06.)'')<) :$0':0 2 ?.,)()5 :58:#$ :#$39$1 %)'.501F <$)5$1,.&$:(.; @0(1),, >02.-

:7D.; )1 2>0.5')<) %)#)4$'.7 )=G$(1)2 2 #)(0#F'); :.:1$5$ ()),3.'01 ("H), 1$5% 

28%)#'$'.7 .>5$,$'.; 2>0.5'8- 30#F'):1$; . )=5$'0 30''85., %)<,$?'):1. >'0'.7 

()),3.'01 )=G$(1)2-.:1)&'.()2 '02.<06.)''); .'@),506.., ()#.&$:12) 3):19%'8- 

3#7 28%)#'$'.7 .>5$,$'.; %:$23)30#F'):1$; 3) '02.<06.)''8- )%),'8- 1)&$( (I/J). 

/1#.&.1$#F'); ):)=$''):1FA 2>0.5)3$;:12.7 *" 2 :$1. "/E 72#7$1:7 2)>5)4-

'):1F .>5$'$'.7 .- 2>0.5')<) %)#)4$'.7, %):()#F(9 *", .:%)#F>9$58$ 2 (0&$:12$ .:-

1)&'.()2 .'@),506.., 72#7A1:7 %)32.4'85. I/J. !)B1)59, 9%,02#77 2>0.5'85 %)-

#)4$'.$5 )=G$(1)2 :$1. "/E 5)4') 9%,02#71F 9:#)2.75. '02.<06.)'')<) :$0':0. !,. 

B1)5 2)>'.(0$1 >030&0 )6$'(. 2#.7'.7 %$,$5$''8- 9:#)2.; '02.<06.)'')<) :$0':0 '0 

1)&'):1F )%,$3$#$'.7 ()),3.'01 2)>39?'8- :93)2 2 28=,0''); :.:1$5$ ()),3.'01. 

K$1)3.(0 )6$'(. 2#.7'.7 %$,$5$''8- 9:#)2.; '02.<06.)'')<) :$0':0 '0 1)&-

'):1F )%,$3$#$'.7 ()),3.'01 )=G$(1)2 ):')20'0 '0 .>2$:1'); >02.:.5):1. 1)&'):1. 

)%,$3$#$'.7 5$:1)%)#)4$'.7 )=G$(10 30#F')5$,'85 (%:$23)30#F')5$,'85) 5$1)3)5 

)1 $<) %)#)4$'.7 )1'):.1$#F') I/J, 2 '0?$5 :#9&0$ – %)32.4'8- 0=)'$'1)2 "/E 

(.:1)&'.()2 .'@),506..). E#7 )6$'(. 2#.7'.7 2>0.5')<) %)#)4$'.7 I/J . )%,$3$-

#7AD$<):7 0=)'$'10 "/E '0 1)&'):1F '02.<06.)'')-2,$5$''8- )%,$3$#$'.; (I*/) 

?.,)() .:%)#F>9$1:7 ()B@@.6.$'1 <$)5$1,.. H – <$)5$1,.&$:(.; @0(1), (LM), 9&.-

1820AD.; 2>0.5')$ %)#)4$'.$ .:1)&'.()2 . %)1,$=.1$#$; '02.<06.)''); .'@),50-

6... !,. ,02')1)&'8- .>5$,$'.7- %:$23)30#F'):1$; >'0&$'.$ LM 28&.:#7$1:7 '0 ):-

')2$ 28,04$'.7 [1, 2]: 
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3)$#%)*'#%&"''+, /$011-2-"'%  "$."%)--, & #&$4 $5")"!6, .$7'$ )*8!"9-%6 '* 

!&" #$#%*&9:4;-", <*)*/%")-8=4;-" %$5'$#%6 $()"!"9"'-: ($9$7"'-: >? &  $)-8$'-

%*96'$, - &")%-/*96'$, (9$#/$#%:< 
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 !" " # Dyxxy $$$ /
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 $)-8$'%*96'$, - &")%-/*96'$, (9$#/$#%:<. 
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J"(")6 ()$&"!". -##9"!$&*'-" !-'*.-/- &"9-5-'+ det( )*T *
H H  /*/ .")+ '*B94-

!*".$#%- ()- .*'"&)" >?. K* )-#. 1 ()"!#%*&9"'* 8*&-#-.$#%6 8'*5"'-: det( )*T *
H H  $% 

#/$)$#%- .*'"&)* ( 1t% ! ). 

 

   
 

L*##.$%)-. ()-."'"'-" ()"!9$7"''$, ."%$!-/- !9: #9=5*: &8*-.$!",#%&-: >? 

()- -8."'"'-- #/$)$#%- &8*-.'$ $ (")".";"'-: >? - >?-KGJ &  $)-8$'%*96'$, 

(9$#/$#%-. 

M##9"!$&*'-" &9-:'-: #/$)$#%- &8*-.'$ $ (")".";"'-: >? - >?-KGJ &  $)--

8$'%*96'$, (9$#/$#%- '* %$5'$#%6 $()"!"9"'-: /$$)!-'*% >? )*##.$%)-. '* ()-.")" 

#9"!=4;-< #-%=*2-,: 1) &8*-.$!",#%&=4;-" >? !&-7=%#: B"8 -8."'"'-: &8*-.'$ $ 

()$#%)*'#%&"''$ $ ($9$7"'-: # %"5"'-". &)"."'- '* $!'$, &+#$%"; 2) >?-KGJ N 2 

#$&")A*"% .*'"&) (=."'6A"'-" #/$)$#%- !&-7"'-: '* 25 %); 3) >?-KGJ N 2 #$&")A*-

"% .*'"&) (=&"9-5"'-" #/$)$#%- !&-7"'-: '* 25 %). 

K* )-#. 2, #, $ ($/*8*'+ !-'*.-/* .*/#-.*96'$, $A-B/- ( $2 ) $()"!"9:4;" $#: 

>? ($ /$$)!-'*%*. x - y #$$%&"%#%&"''$ !9: #9=5*"& N 1 (/)-&*: 1), N 2 (/)-&*: 2) - 

N 3 (/)-&*: 3). 
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L-#. 2. 3$ )"A'$#%- $2"'/- ."#%$($9$7"'-: >? &  $)-8$'%*96'$, (9$#/$#%- ()- -8."'"'--  

&8*-.'$ $ ($9$7"'-: KGJ - $()"!"9:4;" $#: >? 

 

K* )-#. 3, #, $ ()"!#%*&9"'+ -8."'"'-" «.")+ '*B94!*".$#%-» - /$011-2-"'%* 

 "$."%)-- &  $)-8$'%*96'$, (9$#/$#%- !9: )*##.$%)"''+< #-%=*2-,.  

M8 *'*9-8* )"8=96%*%$&, ()"!#%*&9"''+< '* )-#. 2 - )-#. 3 #9"!="%, 5%$ #9=5*, N 1 

<*)*/%")-8="%#: '"-8."''+. 8'*5"'-". /$011-2-"'%*  "$."%)-- - .")+ '*B94!*".$-

#%-. H%$ $BO:#':"%#: ($#%$:'#%&$. &8*-.'$ $ ($9$7"'-: &8*-.$!",#%&=4;-< >?. 

J$5'$#%6 $()"!"9"'-: /$$)!-'*% >? #$#%*&9:"% 2P< = 44 . (/)-&*: 1 )-#. 1, #), 2P= = 79 . 

(/)-&*: 1 )-#. 1, $). 3$9=5"''+" 8'*5"'-: %$5'$#%- $2"'/-, .")+ '*B94!*".$#%- - /$-

011-2-"'%*  "$."%)-- ()-.". & /*5"#%&" $%#5"%'+< ()- !*96'",A". *'*9-8". 

D9: #9=5*: N 2 <*)*/%")'$ =."'6A"'-" 8'*5"'-: /$011-2-"'%*  "$."%)-- - =9=5-

A"'-" .")+ '*B94!*".$#%- & '*5*96'+, .$."'% &)"."'-, 5%$ ()-&$!-% / =9=5A"'-4 =#-

L-#. 1. Q*&-#-.$#%6 «.")+ '*B94!*".$#%-»  

$% #/$)$#%- .*'"&)* >? 
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9$&-, '*&- *2-$''$ $ #"*'#*, - #$$%&"%#%&"''$ ($&+A"'-4 %$5'$#%- $2"'/- /$$)!-'*% 

$()"!"9:4;" $#: >?. > ($#9"!=4;". -8."'"'-" &8*-.'$ $ ($9$7"'-: >? ()-&$!-% / 

=<=!A"'-4 «.")+ '*B94!*".$#%-», =&"9-5"'-4 8'*5"'-: ER - /*/ #9"!#%&-" =<=!A"'-4 

=#9$&-, '*&- *2-$''$ $ #"*'#*. 3$ )"A'$#%6 $()"!"9"'-: /$$)!-'*% >? & $%#5"%'+, 

.$."'% #$#%*&9:"% 2P< = 31 . (/)-&*: 2 )-#. 2, #), 2P= = 25 . (/)-&*: 2 )-#. 2, $). 
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L-#. 3. M8."'"'-" .")+ '*B94!*".$#%- - /$011-2-"'%*  "$."%)-- &  $)-8$'%*96'$, (9$#/$#%-  

()- -8."'"'-- &8*-.'$ $ ($9$7"'-: KGJ - $()"!"9:4;" $#: >? 

 

?9=5*, N3 <*)*/%")-8="%#: =&"9-5"'-". 8'*5"'-: /$011-2-"'%*  "$."%)--, 

=."'6A"'-". «.")+ '*B94!*".$#%-» - ($'-7"'-". %$5'$#%- $2"'/- (9*'$&+< /$$)-

!-'*% $()"!"9:4;" $#: >? ($ #)*&'"'-4 #$ #9=5*". N 1, %. ". .*'"&)-)$&*'-" >?-

KGJ2 & !*''$. #9=5*" ()-&"9$ / =<=!A"'-4 =#9$&-, '*&- *2-$''$ $ #"*'#* '* -##9"-

!=".$. -'%")&*9" $2"'-&*'-:. I-'-.*96'*: ($ )"A'$#%6 $()"!"9"'-: /$$)!-'*% >? 

#$#%*&9:"% 2P< = 63 . (/)-&*: 3 )-#. 2, #), 2P= = 100 . (/)-&*: 3 )-#. 2, $). 

S'*9-8 ($9=5"''+< )"8=96%*%$& ($!%&")7!*"% ()"!($9$7"'-" $ '"$!'$8'*5'$#%- 

&9-:'-: -8."'"'-: =#9$&-, '*&- *2-$''$ $ #"*'#* ()- &8*-.$!",#%&-- &$8!=A'+< 

#=!$& '* %$5'$#%6 '*&- *2-$''+< $()"!"9"'-,.  

K* )-#. 4 ($/*8*'* !-'*.-/* )*!-*96'$, $A-B/- $()"!"9"'-: /$$)!-'*% $()"!"-

9:4;" $#: >? - *B$'"'%* ?GD & =#9$&-:< -8."':4;",#:  "$."%)-- '*&- *2-$''$ $ 

#"*'#* !9: )*##.*%)-&*".+< #-%=*2-,.  
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L-#. 4. L*!-*96'*: ($ )"A'$#%6 $2"'/- ."#%$($9$7"'-: *B$'"'%* ?GD ()- -8."'"'--  "$."%)--  

'*&- *2-$''$ $ #"*'#* 

 

L*!-*96'*: #)"!'"/&*!)*%-5'*: $A-B/* $()"!"9"'-: /$$)!-'*% !9: #-%=*2-- N 1 

(/)-&*: 1) & ()$2"##" -##9"!$&*'-: #$#%*&9:"% ($):!/* 88 ., !9: #-%=*2-- N 2 (/)--
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&*: 2) 42 ., %. ". & !*''$. #9=5*" %$5'$#%6 ($&+#-9*#6 & 2 )*8*, !9: #-%=*2-- N 3 (/)--

&*: 3) 114 ., %. ". & !*''$. #9=5*" .*'"&)-)$&*'-" ()-&"9$ / =."'6A"'-4 %$5'$#%- & 

1,3 )*8*. 

3)"!9$7"''*: ."%$!-/* $2"'/- &9-:'-: (")"."''+< =#9$&-, '*&- *2-$''$ $ 

#"*'#* '* %$5'$#%6 $()"!"9"'-: /$$)!-'*% ()- &8*-.$!",#%&-- >?, $#'$&*''*: '* -#-

($968$&*'-- «.")+ '*B94!*".$#%-» - ER, ($8&$9:"% ()$&$!-%6 -'1$).*2-$''+, *'*-

9-8 '*&- *2-$''$ $ $B"#("5"'-:. 3)- 0%$. -8."'"'-" «.")+ '*B94!*".$#%-» - ER & 

()$2"##" $) *'-8*2-- =()*&9"'-: =#9$&-:.- '*&- *2-$''$ $ #"*'#* .$ =% )*##.*%)--

&*%6#: /*/ ($/*8*%"9- 011"/%-&'$#%- =()*&9"'-: - &+#%=(*%6 & /*5"#%&" /)-%")-"& $(-

%-.-8*2-- =#9$&-, '*&- *2-$''$ $ #"*'#*.  
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1. ETGKS??. 3)-'2-(+ ($#%)$"'-: - 1='/2-$'-)$&*'-: / 3$! )"!. S. M. 3")$&*, >. K. C*)-#$-

&*; -8!. 3-" (")")*B. – I.: L*!-$%"<'-/*, 2005. – 688 #. 

2. ?/)+('-/, G. K. 3)-'2-(+ =()*&9"'-: =#9$&-:.- '*&- *2-$''$ $ #"*'#* ()- &8*-.$!",#%&-- 

$BO"/%$& & #"%- #-'<)$''$, #-#%".+ $B."'* !*''+.- / G. K. ?/)+('-/, >. >. U)$<-', S. 3. ?9"(5"'/$ 

// K*=5'+, &"#%'-/ IEJV ES. – I$#/&*, 2010. – N 159(9). – ?. 55–62. 

3. @*)*("%:', L. I. S9 $)-%.+ $2"'/- /*5"#%&* - #-'%"8* 9-'",'+< #-#%". =()*&9"'-: / L. I. @*-

)*("%:'. – L- *: TL3 >K.GI, 1989.  
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"#$%&'()!'*  "+,!-'  ./("0  12(,3'  #"  4%/!'('&  /("!'44 
 

I. W. @*8*'2"&, V. S. 3$ )"B'*: 
 

&'()*)+) *',-'-.'/0 1*2*3* * .#4*/56-3)./'*3* 7!89: ;<9 =7: 

660074,  .#('/>.(3, +6.  *.-'(3/?/, 28 

E-mail: kazantsev_m@mail.ru 

 

L*##.*%)-&*"%#: 8*!*5* $(%-.*96'$, $2"'/- = 9$& H,9")* ($ #- '*9*. ETGKS??. 3)-&"!"'+ )"8=96%*%+ 

5-#9"''$ $ .$!"9-)$&*'-:. 3$/*8*'+ ()"-.=;"#%&* ."%$!*, -#($968=4;-" -8B+%$5'$#%6 -8.")"'-,. 

 

? ($.$;64 = 9$& H,9")* .$7'$ $!'$8'*5'$ 8*!*%6 $)-"'%*2-4 $BO"/%* & ()$-

#%)*'#%&". V 9+ H,9")* ($ #- '*9*. ETGKS?? .$7'$ $()"!"9-%6 ($ -8.")"'-:. & 

= 9$.")'$. ()-".'-/" )*8'$#%- 1*8 ."7!= )*8'"#"''+.- & ()$#%)*'#%&" *'%"''*.-. 

>8*-.$#&:86 ."7!= )*8'$#%64 1*8 i0%  - &8*-.'$, $)-"'%*2-", *'%"'' .$7'$ &+)*-

8-%6 #9"!=4;-. $B)*8$. 
 

kikk

T

iki Nrs 120 3 !% , 
 

 !" is  – &"/%$) '*()*&9:4;-< /$#-'=#$& '* i -, '*&- *2-$''+, /$#.-5"#/-, *((*)*% 

(K@S), & &+B)*''$, #-#%"." /$$)!-'*%; kr  – &"/%$), $()"!"9:4;-, ($9$7"'-" k -, 

*'%"''+ $%'$#-%"96'$ $($)'$, %$5/-; k2  – #-#%".*%-5"#/*: ($ )"A'$#%6, &+8&*''*: 

8*!")7/$, #- '*9* & ()-".'-/". 3)$2"## $()"!"9"'-: (*)*."%)$& $)-"'%*2-- ($ #- -

'*9*. ETGKS?? #$#%$-% -8 '"#/$96/-< ($#9"!$&*%"96'+< 0%*($&: 

4 )*8)"A"'-" '"$!'$8'*5'$#%- -8.")"'-, ($ 1*8" '"#=;", 5*#%$%+ #- '*9* kiN ; 

4 $()"!"9"'-" &"/%$)$& kr , /$$)!-'*%+ /$%$)+< 8*&-#:% $% )*#($9$7"'-: & ()$-

#%)*'#%&" *'%"'' $%'$#-%"96'$ $($)'$, %$5/-; 

4 $()"!"9"'-" = 9$& H,9")*. 

M#<$!'+.- (*)*."%)*.- !9: )"A"'-: 8*!*5- $()"!"9"'-: = 9$& H,9")* :&9:4%-

#: &"/%$)+ kr , # ($.$;64 /$%$)+< &+5-#9:"%#: .*%)-2* &)*;"'-: A, /$%$)*:, & #&$4 

$5")"!6 8*&-#-% $% 8'*5"'-, = 9$& H,9")*. I-'-.*96'$" 5-#9$ &"/%$)$& kr , '"$B<$-

!-.+< !9: &+5-#9"'-: .*%)-2+ &)*;"'-: A )*&'$ !&=.. D*''*: .*%)-2* $()"!"9:"% 

()"$B)*8$&*'-" ."7!= #&:8*''$, # $BO"/%$. #-#%".+ /$$)!-'*% - &+B)*''$, #-#%"-

.$, /$$)!-'*% kk Arb ! . 

D9: &+5-#9"'-: .*%)-2+ A '"$B<$!-.$ #1$).-)$&*%6 -8 1r  - 2r  $)%$ $'*96'=4 

%)$,/= &"/%$)$&. D*''+, #($#$B <$)$A$ -8&"#%"' /*/ TRIAD ."%$! (TRIaxial Attitude 

Determination). 

D)= -. #($#$B$. &+5-#9"'-: .*%)-2+ &)*;"'-: A :&9:"%#: .-'-.-8*2-: 2"9"-

&$, 1='/2-- #9"!=4;" $ &-!* 
 

 
5 6 7 3!

m

k

kkk ArbaAJ
2

,   (1) 

 

 !" ib  – &"/%$) /$$)!-'*% *'%"'' ()-".'-/* $%'$#-%"96'$ $($)'$, *'%"''+ & #&:8*'-

'$, # $BO"/%$. #-#%"." /$$)!-'*%; ia  – &"# /*7!$ $ &"/%$)*; m  – 5-#9$ &"/%$)$&. 

X"9"&=4 1='/2-4 5 6AJ  .$7'$ ()"$B)*8$&*%6 / #9"!=4;".= &-!= [1] 
 

5 6 5 6TABtrAJ 3! 01 , 
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 !" 

7!
m

k

ka01 ,       7!
m

k

T

kkk rbaB . 

 

L"A"'-". 8*!*5- (1) :&9:"%#: $(%-.*96'*: $2"'/* .*%)-2+ &)*;"'-: -, /*/ #9"!-

#%&-", $(%-.*96'*: $2"'/* = 9$& H,9")*. G!'-. -8 #($#$B$& )"A"'-: !*''$, 8*!*5- 

:&9:"%#: #-' =9:)'$" )*89$7"'-" .*%)-2+ 
TVUB 8! . 

L"8=96%*%+ 5-#9"''$ $ .$!"9-)$&*'-: ()"!#%*&9"'+ & %*B9. - '* )-#. L*##.$%-

)"''+, ."%$! ($8&$9:"% ($&+#-% %$5'$#%6 $2"'/- = 9* H,9")* & 1.4 )*8*, ()- =#9$&-- 

-8B+%$5'$#%- 5-#9* *'%"'' = 9$.")'$ $ ()-".'-/*.  
 

J*B9-2*  

3$ )"A'$#%- )"A"'-: $()"!"9"'-: = 9$& H,9")* 
 

F-#9$ &"/%$)$&  ?@G /=)#*, = 9. .-'. ?@G /)"'*, = 9. .-'. ?@G %*' *7*, = 9. .-'. 

2 (TRIAD) 12.08 12.07 11.88 

3 (L1) 6.56 10.08 8.61 

4 (L1) 6.13 8.51 8.47 

5 (L1) 5.38 7.76 8.64 

 

 
 

L-#. 3$ )"A'$#%- )"A"'-: = 9$.")'$, 8*!*5-  

 
?(-#$/ 9-%")*%=)+ 

 

1. Clark Cohen. Attitude determination using GPS: Development of all solid-state guidance, navigation, 

and control sensor for air and space vehicles based on the global positioning system, Ph.D. dissertation, Stanford 

University, December 1992. 
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0'3%'+%%  #'3'&,$3"0  5'67  $3'!4%"!"45,3!"/"  4%/!'('  

-'-  %!8%-'$"3  4('97:  %"!"45,3!7:  0"6&.;,!%2 
 

J. >. @*A/-'*
1
, W. >. Y#4/"&-5

2
, >. >. D".6:'$&

1
 ('*=5'+, )=/$&$!-%"96) 

 
1&.3+)(3*0 ?/(+4#.()@-''A0 +'*@-.(*)-) B+)-0 (//$C-'*> 78 DE 

664074, ?. &.3+)(3, +6. F-.'AG-@(3/?/, 15 

E-mail: tanchik72007@yandex.ru 
2&'()*)+) (/6'-H'/-2-%'/0 1*2*3* =9 I8J 

664033, ?. &.3+)(3, +6. K-.%/')/@#, 126# 

E-mail: yasukevich@mail.iszf.irk.ru 

 
>+($9'"' #)*&'-%"96'+, *'*9-8 /*5"#%&* $!'$&)"."''+< -8.")"'-, 1*8+ '"#=;", 5*#%$%+ #- '*9$& '*&--

 *2-$''+< #(=%'-/$& GPS & %)"< (='/%*<: I$#/&* (55ºN, 37ºE), M)/=%#/ (52ºN, 104ºE) - K$)-96#/ (69ºN, 88ºE). >+-

:&9"' 011"/% '"#%*2-$'*)'+< -8."'"'-, =#/$)"'-: 1*8+ '"#=;",, /$%$)+, ($/* '" =5-%+&*"%#: & ()-':%$, '* 

#" $!':A'", !"'6 .$!"9- ($&"!"'-: 1*8+ (!-#/)"%'$, 2"(- I*)/$&*). L"8=96%*%+ #)*&'-%"96'$ $ *'*9-8* -8.")"-

'-, 1*8+ '"#=;", #- '*9$& '*&- *2-$''+< #(=%'-/$& ($!%&")7!*4% ()"!($9$7"'-" $ %$., 5%$ &+:&9"''+, 01-

1"/% $B=#9$&9"' &9-:'-". ."9/$.*#A%*B'+< '"$!'$)$!'$#%", 09"/%)$''$, /$'2"'%)*2-- & -$'$#1")". >+!&-'=%$ 

()"!9$7"'-" $ &$8.$7'$#%- -#($968$&*'-: =#/$)"'-: 1*8+ '"#=;", %)*'#-$'$#1")'+< #- '*9$& /*/ &+#$/$5=&#%-

&-%"96'$ $ (*)*."%)* !9: !"%"/%-)$&*'-: #9*B+< ."9/$.*#A%*B'+< &$8.=;"'-, -$'$#1")+. 

 

G#'$&'+. $ )*'-5"'-". ($%"'2-*96'$ !$#%-7-.+< <*)*/%")-#%-/ 1='/2-$'--

)$&*'-: *((*)*%=)+ GPS/ETGKS?? #9=7-% &9-:'-" '"$!'$)$!'$, - '"#%*2-$'*)'$, 

-$'$#1")+ '* %$5'$#%6 -8.")"'-, )*!-$'*&- *2-$''+< (*)*."%)$&. Y&9"'-: & -$'$-

#1")", & $#$B"''$#%- ($9:)'$, -9- 0/&*%$)-*96'$,, !*7" ()- $%#=%#%&--  "$.* '-%-

'+< &*)-*2-, - B=)6 5*#%$ &9"/=% #=;"#%&"''+, *.(9-%=!'+, 1"!-'  #- '*9$& '*&--

 *2-$''+< #(=%'-/$& & %$5/" ()-".*, * %*/7" B+#%)+" )"1)*/2-$''+" &*)-*2-- 1*8+ 

#- '*9*. 3)"7!" &#" $, / &$8!",#%&-4 !*''+< :&9"'-, $/*8+&*"%#: =:8&-.+. /$'%=) 

#9"7"'-: 8* 1*8$, '"#=;",, #B$, )*B$%+ /$%$)$ $ ()-&$!-% / )"8/$.= =<=!A"'-4 

%$5'$#%- -8.")"'-, )*!-$'*&- *2-$''+< (*)*."%)$& & 2"9$..  

? !)= $, #%$)$'+, 1-/#*2-: %"/=;-< -8."'"'-, (*)*."%)$& #9"7"'-: 8* 1*8$, 

.$7"% !*%6 &$8.$7'$#%6 &+#$/$5=&#%&-%"96'$ $ .$'-%$)-' * %$'/$, #%)=/%=)+ -$'$-

#1")+ Q".9-. H%* &$8.$7'$#%6, & #&$4 $5")"!6 .$7"% $/*8*%6#: &"#6.* ($9"8'$, !9: 

($#%)$"'-: #-#%". )*''" $ $($&";"'-: $B $(*#'+< ()-)$!'+< - %"<'$ "''+< :&9"'--

:< ($ -< -$'$#1")'$.= $%/9-/= '* #%*'2-:< .$'-%$)-' * - /$'%)$9:, =!*9"''+< $% 

0(-2"'%)* :&9"'-:.  

M8&"#%'$, 5%$ 1-96%)*2-: 1*8+ '"#=;", #- '*9$& ETGKS?? - GPS $#=;"#%&9:-

"%#: & $(%-.*96'$. 1-96%)" %)"%6" $ ($):!/* [3] '* $#'$&" -#($968$&*'-: .$!"9- 

I*)/$&#/$, !-#/)"%'$, ($#9"!$&*%"96'$#%- #9"!=4;" $ &-!* 
 

 1,11111 ; 333333  !9 !9 ! kkkkCORkkkCORkk aaaTvvvT 0:00 ,  (1) 

 

 !" TCOR – &)".: -'%" )-)$&*'-:; kk av ,  – #/$)$#%6 - =#/$)"'-" -8."'"'-: 1*8+ & .$-

."'% &)"."'- k, #$$%&"%#%&"''$; LM,k – 1$).-)=4;-, B"9+,  *=##$&#/-, A=. (ZE[) # 

!-#(")#-", DL. 

3$ #$&)"."''+. ()"!#%*&9"'-:., 1$).-)=4;-, ZE[ - LM,k #$#%$-% -8 %"(9$&$ $ 

A=.*, &*)-*2-, $%'$#-%"96'$, '"#%*B-96'$#%- 5*#%$%+ $($)'$ $  "'")*%$)*, * %*/7" 

&*)-*2-,, &+8&*''+< !-'*.-/$, $BO"/%*, '* /$%$)$. =#%*'$&9"' ()-".'-/. ?=..*)-

'$" #)"!'"/&*!)*%-5'$" $%/9$'"'-" (?@G) !*''$ $ A=.* $()"!"9:"%#: #9"!=4;-. 

$B)*8$. [14]: 
 

 

2 2

3

S
T F

N
N = N +N +0 ,  (2) 
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 !" T$ , F$ , - S$  – 0%$ ?@G A=.$& 1*8+ '"#=;", (&  )*!=#*<), /$%$)+" &+8&*'+ !",-

#%&-". %"(9$&+< A=.$&, &*)-*2-:.- S9*'*, - ."<*'-5"#/-.- &-B)*2-:.- ()-".'-/*, 

#$$%&"%#%&"''$.  

>"9-5-'* ?@G /*7!$, -8 (")"5-#9"''+< /$.($'"'% A=.* & &+)*7"'-- (2) !9: 

#9=5*: -#($968$&*'-: 1-96%)* %)"%6" $ ($):!/* .$7"% B+%6 ($!#5-%*'* '* $#'$&*'-- 

#9"!=4;-< &+)*7"'-, [14]: 
 

 
5 6

0 0

360 1
2 / 2 /

1nB

T c n T c n;$ 9 9! 9  ,  (3) 

 n

cF

B

F

F

99! )(
160

2$$ ,  (4) 

 
3

33

)(

/4828.0
nB

dtdR
S  !" ,  (5) 

 

 !" 0/c n  – #$%#&"%'" (' %)*/&+, %) -.#!" '/,"0'$"*1 (/!"(2 30' 0)(4"$). 30'%1$# 

0)-%5, 30 !67$); # $F" %  – #$%#('$"*2%)1 80)$8#-0","%%)1 %"($)9'*2%#($2 4)($#$5 

#3#0%# #  "%"0)$#0); cF  – 4)($#$) %"(+:";; 
3 3/dR dt  – ,)8(',)*2%)1 -"*'4'%) 05-8) 

-!#*2 *'%'' -'/'0#-)%'1 (3+$%'8).  

<)8 ,#=%# -'!"$2, -"*'4'%) ><? @)/#-# # &+,) (2) 301,# /)-'('$ #$ #(%#-%5. 

%)($0#"8 (*"!1:" # '/,"0'$"*1 –   ' Bn, ) $)8=" #$ #$%#&"%'1 (' %)*/&+, %) -.#!" 

'/,"0'$"*1 ' ($)9'*2%#($' 4)($#$5 #3#0%# #  "%"0)$#0). A# %)&",+ ,%"%'B, #!%)8#, 

C$#$ &+, !#*="% 95$2 !#3#*%"% )!!'$'-%#; 8#,3#%"%$#;, 8#$#0)1 #3'(5-)"$ (*+4);-

%5" 95($05" -)0')D'' @)/5, -5/-)%%5" -*'1%'", %"#!%#0#!%#; ' %"($)D'#%)0%#; 

(0"!5 0)(30#($0)%"%'1 0)!'#-#*% (30"=!" -(" #, '#%#(@"05). E) 0'(. 1 30"!($)-*"%5 

0"/+*2$)$5 0)(4"$#- /)-'(',#($' +(8#0"%'1 @)/5 %"(+:"; (' %)*) %)-' )D'#%%# # 

(3+$%'8) #$ 3)0),"$0#- %)($0#;8' (*"!1:" # '/,"0'$"*1 ' ($0+8$+05 (0"!5 0)(30#-

($0)%"%'1 (0"!5 0)!'#-#*%.  

 

 
F'(. 1. G)-'(',#($' +(8#0"%'1 @)/5 %"(+:"; #$ 3)0),"$0#- %)($0#;8' (*"!1:" # '/,"0'$"*1  

' ($0+8$+05 (0"!5 0)(30#($0)%"%'1 (0"!5 0)!'#-#*% 

 

H/ 30'-"!"%%5. 0'(+%8#- ,#=%# -'!"$2 (*"!+B:"". A0"=!" -(" #, #4"-'!%# 

30"#9*)!)B:"" -*'1%'" ,"*8#,)(&$)9%5. %"#!%#0#!%#($"; I< ( 0)/,"0),' il  = 0.1 -

 1 8, %) @#0,'0#-)%'" '#%#(@"0%5. ,"0D)%'; @)/5. A0' C$#, C@@"8$ -50)="% $", 

('*2%"", 4", 9#*2&" '%$"%('-%#($2 %"#!%#0#!%#($"; I< - !" . J.". ,#=%# #='!)$2, 4$# 

3#1-*"%'" - '#%#(@"0%#, (*#" ,"*8#,)(&$)9%5. %"#!%#0#!%#($"; I< -5/#-"$ (+:"-

($-"%%5; 0#($ +(8#0"%'1 @)/5 %"(+:";, 4$# !#*=%# %);$' #$0)="%'" - -"*'4'%" 3#*-

%#; !'(3"0('' @#0,'0+B:" # &+,) 
,k&'  - -50)="%'' (1).  
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> !0+ #; ($#0#%5, - 0)9#$" [16] +8)/)%#, 4$# 3#!#9%5" 1-*"%'1 ,# +$ %)9*B!)$2-

(1 ' 9"/ #4"-'!%#; (-1/' ( ,"*8#,)(&$)9%5,' -#/,+:"%'1,' C*"8$0#%%#; 8#%D"%$0)-

D'' - '#%#(@"0". A#.#='" %) '#%#(@"0%5" ,"0D)%'1 -)0')D'' @)/5 %"(+:"; $0)%-

('#%#(@"0%# # (' %)*) ,# +$ 95$2 -5/-)%5 80)$8#-0","%%5, !0";@#, 4)($#$5 #3#0-

%# #  "%"0)$#0) %) (3+$%'8".  

K$#95 0)/!"*'$2 +8)/)%%5" %)9*B!"%'1 3# @'/'4"(8#; 30'0#!" '. -#/%'8%#-"-

%'1 ,5 30#-"*' '/,"0'$"*2%+B 8#,3)%'B #!%#-0","%%5. '/,"0"%'; @)/5 (' %)*#- 

GPS ' LM?EN>> - $0". 3+%8$).: O#(8-) (55ºN, 37ºE), H08+$(8 (52ºN, 104ºE) ' E#-

0'*2(8 (69ºN, 88ºE). 7 3"0'#! (# 26 3# 27 %#1901 2014  . ( '(3#*2/#-)%'", ,+*2$'('-

($",%# # %)-' )D'#%%# # 30'",%'8) Javad DELTA-3 ( -5%#(%#; )%$"%%#; G3T [7] %)-

,' 30#-"!"%5 /)3'(' 01!#- @)/5 %"(+:"; (' %)*#- (3+$%'8#- GPS ' LM?EN>> %) 

!-+. 0)9#4'. 4)($#$). ( 4)($#$#; 0" '($0)D'' !)%%5. 50 LD. P*1 '(8*B4"%'1 -*'1%'1 

&+,#- ,%# #*+4"-#($' ' -*'1%'1 ,"($%5. #9Q"8$#- %) 0"/+*2$)$5 %)9*B!"%';, )%)*'/ 

!)%%5. 30#-#!'*(1 $#*28# !*1 (3+$%'8#- ( + *),' -#/-5&"%'1 (  R 20º. F"/+*2$)$5 

%)9*B!"%'; 30"!($)-*"%5 %) 0'(. 2 ' 3. 26 %#1901 2014  . !*1 (3+$%'8#- 19 ' 30 GPS, 

(##$-"$($-"%%# (*"-)1 8#*#%8) – E#0'*2(8, 30)-)1 8#*#%8) – O#(8-), - D"%$0" – H0-

8+$(8). E) -"0.%'. 3)%"*1. 30"!($)-*"%5 01!5 +(8#0"%'; @)/5, ) %) %'=%'. – /%)4"-

%'1 + *#- -#/-5&"%'1 (3+$%'8#- ((  

). P*1 @#%#-5. /%)4"%'; +(8#0"%'1 @)/5 (("05; 

301,#+ #*2%'8, (3*#&%)1 *'%'1) ' !*1 -#/,+:"%'; !)%%# # 3)0),"$0) (4"0%5; 301-

,#+ #*2%'8, 3+%8$'0%)1 *'%'1) %) 0'(. 2 ' 3 -5!"*"%5 8#0#$8'" +4)($8' %)9*B!"%'; 

30#!#*='$"*2%#($2B 6 ,'%+$. 

S(*' 95 %)9*B!)",5" %),' (*+4)' %"($)D'#%)0%5. -)0')D'; +(8#0"%'1 @)/5 

95*' #9+(*#-*"%5 !0";@#, 4)($#$5 #3#0%# #  "%"0)$#0) (3+$%'8), $# #%' %)9*B!)-

*'(2 95 #!%#-0","%%# %) -(". $0". +!)*"%%5. !0+  #$ !0+ ) 3+%8$)..  

 

 
 

F'(. 2. E)9*B!"%'1 +(8#0"%'1 @)/5 26 %#1901 2014  . !*1 (3+$%'8) 19 GPS  
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F'(. 3. E)9*B!"%'1 +(8#0"%'1 @)/5 26 %#1901 2014  . !*1 (3+$%'8) 30 GPS 

 

?!%)8#, ,5 -'!',, 4$# 0#($ +(8#0"%'1 @)/5 %"(+:"; 4)($#$5 (3+$%'8#- GPS !*1 

#!%# # ' $# # =" (3+$%'8) %" %)9*B!)"$(1 #!%#-0","%%# ', (*"!#-)$"*2%#, C$# 1-*"%'" 

%" (-1/)%# ( 80)$8#-0","%%5, !0";@#, 4)($#$5 #3#0%# #  "%"0)$#0). A#C$#,+, - ('*+ 

(8)/)%%# # -5&", ) $)8=" '(.#!1 '/ 0"/+*2$)$#- 0)9#$, -53#*%"%%5. %),' - C$#, =" 

%)30)-*"%'' 0)%"" [5, 6], ,#=%# 30"!3#*#='$2 %)*'4'" (-1/' ,"=!+ %"($)D'#%)0%5,' 

'/,"%"%'1,' @)/5 %"(+:"; ' ,"*8#,)(&$)9%5,' %"#!%#0#!%#($1,' I< - '#%#(@"0". 

7)=%# #$,"$'$2 $)8=", 4$# 3#*+4"%%5" /!"(2 0"/+*2$)$5 C8(3"0',"%$)*2%5. %)-

9*B!"%'; 30#-"!"%5 - +(*#-'1. %"-#/,+:"%%#; (0"!5 0)(30#($0)%"%'1 0)!'#-#*%. 

?!%)8# !)=" - C$#, (*+4)" ,#=%# %)9*B!)$2 %"($)D'#%)0%5" '/,"%"%'1 +(8#0"%'1 

@)/5 %"(+:"; (' %)*#- (3+$%'8#- GPS. I$#  #-#0'$ # -5(#8#; 4+-($-'$"*2%#($' !)%-

%# # 3)0),"$0) 8 '/,"%"%'1, - ,"*8#,)(&$)9%#; ($0+8$+0" '#%#(@"05. A#C$#,+ +(-

8#0"%'" @)/5 %"(+:"; $0)%('#%#(@"0%5. (' %)*#-, '/,"01",#" %) %)/",%#; ("$' 

3+%8$#- ,#%'$#0'% ), ,#=%# 0"8#,"%!#-)$2 8)8 '%!'8)$#0 (*)95. '#%#(@"0%5. -#/-

,+:"%';.  

7 $# =" -0",1, %), 30"!($)-*1"$(1 #4"-'!%#; %"#9.#!',#($2 !)*2%";&'. '((*"!#-

-)%'; 3# +$#4%"%'B #9:"30'%1$#; ,#!"*' '/,"%"%'1 @)/5 %"(+:"; (' %)*#- %)-' )D'-

#%%5. (3+$%'8#- ( #91/)$"*2%5, +4"$#, -*'1%'1 (0"!5 0)(30#($0)%"%'1 0)!'#-#*%. 

 
>3'(#8 *'$"0)$+05 

 

1. N@0);,#-'4 I. M., A"0"-)*#-) E. A. GPS-,#%'$#0'%  -"0.%"; )$,#(@"05 G",*'. – H08+$(8: 

LT EU F7V 7>EU >? FNOE, 2006. – 480 (. 

2. 6)9'4 ?. N. ?90)9#$8) '%@#0,)D'' - %)-' )D'#%%5. 8#,3*"8().. – O.: O)&'%#($0#"%'". 

1991. – 491 c. 

3. LM?EN>>: 30'%D'35 3#($0#"%'1 ' @+%8D'#%'0#-)%'1 / 3#! 0"!. N. H. A"0#-), 7. E. V)0'(#-

-). – O.: F)!'#$".%'8), 2005. – 687 (. 
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4. <0)-D#- N. W. A0#.#=!"%'" 0)!'#-#*% 4"0"/ '#%#(@"0+ G",*'. – O.: F)!'# ' (-1/2, 1983. – 

224 (. 

5. E)9*B!"%'1 %"($)D'#%)0%5. -)0')D'; +(8#0"%'1 @)/5 %"(+:"; $0)%('#%#(@"0%5. (' %)*#- 

%)-' )D'#%%5. (3+$%'8#- / 7. 7. P",21%#-, W. 7. X(B8"-'4, J. 7. <)&8'%), H. Y. L),)B%#- // J"#0'1 ' 

$".%'8) 0)!'#(-1/'. – 2015.– Z 1. –>. 28–37. 
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E-mail: EKuzmin@sfu-kras.ru 

 
A0"!($)-*"%5 0"/+*2$)$5 ','$)D'#%%# # ,#!"*'0#-)%'1 )* #0'$,#- (-"0.0)/0"&)B:"; 3"*"% )D'' ,%# #-

*+4"-5. (D"%, -#/%'8)B:'. 30' 30'[," (' %)*#- 8#(,'4"(8'. %)-' )D'#%%5. ('($",. A0"!($)-*"%5 ,"$#!'8) ' 

0"/+*2$)$5 ','$)D'#%%# # ,#!"*'0#-)%'1 )* #0'$,#- <";3#%) ' «$"3*#-# # &+,)».  

 

?!%', '/ #(%#-%5. @)8$#0#- # 0)%'4'-)B:'. $#4%#($2 ,"($##30"!"*"%'1 3# 

(' %)*),  *#9)*2%5. 8#(,'4"(8'. %)-' )D'#%%5. ('($", 2- # 3#8#*"%'1 LM?-

EN>>/GPS, ) $)8=" )%)*# '4%5. -%#-2 0)/0)9)$5-)",5. ('($",, 1-*1"$(1 ,%# #*+4"-

-#" 0)(30#($0)%"%'" (' %)*#-. A0'4'%#; ,%# #*+4"-# # 0)(30#($0)%"%'1 (' %)*#- 

1-*1"$(1 #$0)="%'" () $)8=" 3"0"#$0)="%'") (' %)*#- %)-' )D'#%%5. 8#(,'4"(8'. )3-

3)0)$#- - #8#*#/",%#, 30#($0)%($-" #$ 0)/*'4%5. #9Q"8$#-, %).#!1:'.(1 - /#%" 0)9#-

$5 )%$"%%# # C*","%$) 30'[,#'%!'8)$#0). 7 %"8#$#05. (*+4)1., C*","%$5 (),# # #9Q-

"8$), %"(+:" # %)-' )D'#%%#" #9#0+!#-)%'" ' )%$"%%+B ('($",+ ,# +$ 1-*1$2(1 '(-

$#4%'8),' 3"0"#$0)="%';, (#/!)B:',' ,%# #*+4"-+B 3#,".+. 7#/!";($-'" ,%# #*+-

4"-#; 3#,".' 30'-#!'$ 8 !"@#0,)D'' @#0,5 ' (,":"%'B -0","%%# # 3#*#="%'1 -5-

.#!%# # C@@"8$) )* #0'$,) #3$',)*2%#; 3"0-'4%#; #90)9#$8' %)-' )D'#%%5. (' %)-

*#- ((+:"($-"%%#" '(8)="%'" @#0,5 8#00"*1D'#%%#; @+%8D''), $", (),5, -5/5-)1 

!" 0)!)D'B $#4%#($' %)-' )D'#%%5. #9("0-)D';, @#0,'0+",5. %) #(%#-" 0"/+*2$)$#- 

3"0-'4%#; #90)9#$8' (#D"%#8 0)!'#%)-' )D'#%%5. 3)0),"$0#-) [1].  

H/-"($%5" (3#(#95 %";$0)*'/)D'' ,%# #*+4"-5. 3#,". !#($)$#4%# 3#*%# 3"0"-

4'(*"%5 - 0)9#$" [1], - 8#$#0#;, $)8=", +8)/5-)"$(1, 4$# 30#9*",) ,%# #*+4"-# # 0)(-

30#($0)%"%'1 0)((,#$0"%) #$"4"($-"%%5, %)+4%5, (##9:"($-#, %" %) !#*=%#, +0#--

%". <0#," $# #, (0)-%'$"*2%# %"!)-%# 3#1-'*)(2 !'(("0$)D'#%%)1 0)9#$) [2], - 8#$#0#; 

30"!($)-*"%5 '%$"0"(%5" %)+4%5" 0"/+*2$)$5, %#, 8 !)%%#,+ ,#,"%$+ *'&[%%5" -#/-

,#=%#($' '(3#*2/#-)%'1. N-$#0 0)9#$5 [2] (!"*)* -59#0 - 3#*2/+ MSK-,#!+*1D'', - 

$# -0",1 8)8 %) !)%%5; ,#,"%$ - ('($"," LM?EN>> '(3#*2/+B$(1 $0)!'D'#%%)1 

BPSK-,#!+*1D'1 ' 3"0(3"8$'-%)1 BOC-,#!+*1D'1, ) '(3#*2/#-)%'" '%5. -'!#- ,#!+-

*1D'' (' %)*#- - 9*'=);&", 9+!+:", %" 30"!3#*) )"$(1. J)8=", '/-"($%5 #0 )%'/)-

D'#%%#-$".%'4"(8'" (3#(#95 (%'="%'1 -*'1%'1 ,%# #*+4"-5. 3#,"., 8 8#$#05, - 

3"0-+B #4"0"!2 (*"!+"$ #$%"($' 8#%($0+8$'-%#" +(*#=%"%'" )%$"%%#; ('($",5 - 4)($' 

%)%"("%'1 (3"D')*2%5. ,"$)**'4"(8'. 8#*"D (8#*2D"-# # /):'$%# # C80)%)), 8#,3"%-

('0+B:'. («%" 30#3+(8)B:'.») #$0)=[%%5" (' %)*5 [3]. T8)/)%%#" 0"&"%'", '/-"($-

%#" 8)8 «GNSS Choke Ring Antenna», #9*)!)"$ 3#%1$%5,' %"+!#9($-),', )  *)-%#" – 

!)%%#" 0"&"%'" $"01"$ C@@"8$'-%#($2 30' %)8*#%"%'' )%$"%%#; ('($",5. <0#," $# #, 

,#=%# -5!"*'$2 (3#(#9, #(%#-)%%5; %) #30"!"*"%'' $)8 %)/5-)",# # «3#0$0"$)» ,%#-

 #*+4[-#($', +,"($%5; *'&2 !*1 ($)D'#%)0%5. #9Q"8$#-. 

P";($-"%%5, =" '%($0+,"%$#, -51-*"%'1 ,%# #*+4"-5. 3#,"., 3# ,%"%'B )--

$#0#-, 1-*1"$(1 )33)0)$ (-"0.0"*""-(8# # 0)/0"&"%'1 ((-"0.0)/0"&"%'1) [4–6]. A0',"-

%"%'" )* #0'$,#- (-"0.0)/0"&)B:"; 3"*"% )D'' 3#/-#*'$ 30#'/-"($' -51-*"%'" #(-

%#-%5. ,'%',)*2%# 0)/%"([%%5. -# -0","%' (%) '%$"0-)* ,"%2&'; 4'3) 3("-!#(*+-

4);%#; 3#(*"!#-)$"*2%#($') 8#,3#%"%$#- -5.#!%# # C@@"8$), 3#0#=!)",5. 8)8 (),', 

(' %)*#,, $)8 ' " # ,%# #*+4"-5,' 8#3'1,'. J)8', #90)/#,, 30"!($)-*1"$(1 -#/,#=-
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%5, -5!"*"%'" %)'9#*"" ,#:%#; 8#,3#%"%$5 - %)9*B!)",#; 0")*'/)D'' ' #D"%8) "[ 

-0","%%# # 3#*#="%'1 ((##$-"$($-+B:" # '($'%%#,+ -0","%%#,+ 3#*#="%'B 8#00"-

*1D'#%%# # 3'8), 3#0#=!)",# #, 8)8 30)-'*#, «301,5,» (' %)*#,). 

H/ ,%# #4'(*"%%5. *'$"0)$+0%5. '($#4%'8#- '/-"($%# (0)-%'$"*2%# 9#*2&#" 

8#*'4"($-# )* #0'$,#- (-"0.0)/0"&)B:"; 3"*"% )D''. 7 '($#4%'8). +8)/5-)"$(1, 4$# 

C@@"8$'-%#($2 )* #0'$,#- $0"9+"$(1 #D"%'-)$2 !*1 8)=!# # 8#%80"$%# # (*+4)1. 7 8)-

4"($-" 0")*'/+",5. )* #0'$,#- (-"0.0)/0"&)B:"; 3"*"% )D'' ,%# #*+4"-5. (D"% 

!*1 $'3#-5. (*+4)"- 30'[,) (' %)*#- 8#(,'4"(8'. %)-' )D'#%%5. ('($", 

LM?EN>>/GPS 30"!($)-*1B$(1 )8$+)*2%5,' (*"!+B:'" )* #0'$,5: ,'%',)*2%#; 

!'(3"0('' <";3#%); «$"3*#-# # &+,)»; 6#0!=#$$'-M) +%)(); ,)8(',)*2%#; C%$0#3'' 

()* #0'$, 6"0 )); MUSIC ' " # ,#!'@'8)D'' (Multiple signal classification); ESPRIT ' 

!0. P)*"", # 0)%'4',(1 0)((,#$0"%'", 3"0-5. !-+. )* #0'$,#-. 

P*1 30#-"!"%'1 ','$)D'#%%# # ,#!"*'0#-)%'1 )* #0'$,#- (-"0.0)/0"&)B:"; 

3"*"% )D'' '(3#*2/#-)%) ,"$#!'8): 

1. Y#0,'0+"$(1 '/,"0'$"*2%5; (' %)*: 0( ) ( )sin( )s t a t t! ) , 

1

0
( ) rect( )

N

ii
a t a t iT

*

!
! *+  – 3("-!#(*+4);%)1 3#(*"!#-)$"*2%#($2 (A>A) !*'%5 N , T – 

!*'$"*2%#($2 C*","%$) (!'(80"$), 4'3)) A>A , -ia , rect( )t  – 301,#+ #*2%5; ',3+*2( 

"!'%'4%#; ),3*'$+!5 ' !*'$"*2%#($' T . 

2. Y#0,'0+"$(1 )!!'$'-%)1 (,"(2 '/,"0'$"*2%# # (' %)*), " # /)!"0=)%%#; 8#-

3'' ' &+,): ( ) ( ) ( ) \( )y t s t s t t t! . * / . ,  !" -"*'4'%) t/  .)0)8$"0'/+"$ /)3)/!5-)%'" 

8#3'' #$%#('$"*2%# #(%#-%# # (' %)*). P*1 0)((,)$0'-)",#; /)!)4' (,%# #*+4"-)1 

3#,".)) t T/ 0 ; \( )t  – D"%$0'0#-)%%5;  )+((#-(8'; &+, ( !'(3"0('"; 2] ' . 

3. 754'(*1B$(1 -5.#!%5" C@@"8$5 )* #0'$,#- ,'%',)*2%#; !'(3"0('' <";3#-

%): 1

1 [ ]HZ *! X X1
 
' «$"3*#-# # &+,)»: 2 1

2 [ ]HZ *! X X1 . G!"(2 X – -"8$#0- '3#$"/) 

#='!)",# # (' %)*); 1  – #90)$%)1 8#00"*1D'#%%)1 ,)$0'D), @#0,'0+",)1 %) #(%#-" 

%)9*B!"%'; ( )y t ; H  – (',-#* C0,'$#-# # (#301="%'1 [7, 8].  

E) 0'(. 1 3#8)/)%5 %#0,'0#-)%%5" 8 (-#', ,)8(',)*2%5, /%)4"%'1, -5.#!%5" 

C@@"8$5 )* #0'$,#- 1Z  ' 2Z 30' '($'%%#, /%)4"%'' /)!"0=8' #(%#-%# # (' %)*) 0)--

%#, ' 5T% ! ' 0.25t T/ ! . 

 

1Z

'% ' 0.25T% .
0.7

1

t

 

2Z

'% ' 0.25T% .

1

0.2 t

 
F'(. 1. 75.#!%5" C@@"8$5 )* #0'$,#- 

 

<)8 -'!%# '/ 0'(. 1, )* #0'$,5 <";3#%) ' «$"3*#-# # &+,)» #9"(3"4'-)B$ 

(-"0.0)/0"&)B:+B 3"*"% )D'B ,%# #*+4"-#; (D"%5, #90)/+",#; #(%#-%5, (' %)*#, 

' " # 8#3'";, /)!"0=)%%#; %) t T/ 0 . 
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E) 0'(. 2 3#8)/)%5 %#0,'0#-)%%5" 8 (-#', ,)8(',)*2%5, /%)4"%'1, -5.#!%5" 

C@@"8$5 )* #0'$,#- 1Z  ' 2Z  30' '($'%%#, /%)4"%'' /)!"0=8' #(%#-%# # (' %)*) 0)--

%#, ' 5T% ! ' 0.5t T/ ! .  

 

1Z

'%
0.9

1

t

 

2Z

'%

1

0.75 t

 
F'(. 2. 75.#!%5" C@@"8$5 )* #0'$,#- 

 

H/ 0'(. 2 -'!%#, 4$# -5.#!%5" C@@"8$5 0)((,#$0"%%5. )* #0'$,#-, 30' +8)/)%-

%5. +(*#-'1., ,# +$ (#!"0=)$2 *#=%5" 3'8', 30'4[, '%$"%('-%#($2 3#(*"!%'., #8)-

/5-)"$(1 (#'/,"0',#; ( '%$"%('-%#($2B 3'8), 3#0#=!)",# # #(%#-%5, (' %)*#,.  

75-#!5. F"/+*2$)$5 ,#!"*'0#-)%'1 (-'!"$"*2($-+B$ # -#/,#=%#($' #9"(3"4"%'1 

(-"0.0)/0"&)B:"; 3"*"% )D'' ,%# #*+4"-#; (D"%5, #90)/+",#; 3("-!#(*+4);%5, 

(' %)*#, ' " # /)!"0=)%%#; 8#3'";. 7#30#( +($0)%"%'1 *#=%5. 3'8#- - -5.#!%#, 

C@@"8$" )* #0'$,#- $0"9+"$ !#3#*%'$"*2%# # 0)((,#$0"%'1. 

 

A4,>;4 :8B>57274 B-+ B>332-C/2 D+7+.;2-.;:4 >,-4E>:47+? + 749/+ A>..+0-

./>0 #232-4F++ : ,4E>:>0 G4.;+ HIA, :8B>57?2@8J B> <>.934-.;:277>@9 E4347+K : 

#$%&' ()& «*+,+-./+0 1232-456780 97+:2-.+;2;». 
 

>3'(#8 *'$"0)$+05 

 

1. LM?EN>>. A0'%D'35 3#($0#"%'1 ' @+%8D'#%'0#-)%'1 / A#! 0"!. N. H. A"0#-), 7. E. V)0'(#-

-). – O.: F)!'#$".%'8), 2010. 

2. >#8#*#- N. N. E";$0)*'/)D'1 ,%# #*+4"-5. 3#,". - FE> 8#(,'4"(8# # 9)/'0#-)%'1: )-$#0"@. 

!'(. … 8)%!. $".%. %)+8. – >A9LJT «MIJH», 2012. 

3. GNSS Choke Ring Antenna. [I*"8$0#%%5; 0"(+0(] – F"=', !#($+3): 

http://www.trimble.com/infrastructure/gnss-choke-ring-antenna.aspx?dtID=support. 

4. N*,)/#- 7. 6., O)%=#( 7. E. A#*+4"%'" ' #90)9#$8) 0)!'#*#8)D'#%%#; '%@#0,)D''. – 7HFJN 

A7?, 1985. 

5. >$)$'($'4"(8'; )%)*'/ (-"0.0)/0"&)B:'. ,"$#!#- 3"*"% )D'' '($#4%'8#- &+,#-5. '/*+4"-

%'; - NF 30' 8#%"4%#, #9Q"," #9+4)B:"; -59#08' / P. H. M".#-'D8';, A. O. Y*"8("0, P. 7. N$),)%-

(8';, H. L. <'0'**#- // N%$"%%5. – 2000. – Z 2 (45).  

6. F)$5%(8'; O. 7. N!)3$)D'1 ' (-"0.0)/0"&"%'" - )%$"%%5. 0"&"$8).. – O.: F)!'# ' (-1/2, 

2003. 

7. <+/2,'% S. 7., 6#$#- O. H., 71.'0"- 7. N. ?(#9"%%#($' #9%)0+="%'1 ' '/,"0"%'1 3)0),"$0#- 

0)!'#(' %)*#- %) @#%" '%$"%('-%5. -%"&%'. 3#,".. E)+4%#-$".%'4"(8'" ("0''. >"0. «F)!'#(-1/2 ' 

0)!'#%)-' )D'1». 753. 3. F)!'#%)-' )D'#%%5" $".%#*# '' / <#**"8$'-%)1 ,#%# 0)@'1 // 3#! 0"!. N. H. 

A"0#-), H.6. 7*)(#-). – O.: F)!'#$".%'8), 2013. – 162 (.: '*. >. 55–59. 

8. <+/2,'% S. 7. >0)-%'$"*2%5; )%)*'/ 3#,".#+($#;4'-#($' 3#(*"!#-)$"*2%5. 30#D"!+0 3#'(8) 

&+,#3#!#9%# # (' %)*) / S. 7. <+/2,'%, 7. N. 71.'0"- // >#-0","%%5" 30#9*",5 0)!'#C*"8$0#%'8': (9. 

%)+4. $0. [I*"8$0#%%5; 0"(+0(] – <0)(%#10(8: >'9. @"!"0. +%-$, 2014. – 606 (. >. 121–124. – F"=', !#(-

$+3): http://efir.sfu-kras.ru/sites/efir.institute.sfu-kras.ru/files/SPR-2014.pdf. 
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I7.;+;9; +7C272-7>0 1+E+/+ + -43+>L52/;->7+/+ #$%&' ()& *#' 
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F)((,)$0'-)"$(1 @)/#-)1 0)!'#%)-' )D'#%%)1 ('($",), - 8#$#0#; '(3#*2/+",)1 %)',"%2&)1 ,"$0'4"(8)1 

4)($#$) %" #9"(3"4'-)"$ #!%#/%)4%#" #30"!"*"%'" %)-' )D'#%%# # 3)0),"$0) -# -("; 0)9#4"; /#%" ('($",5. P*1 

#30"!"*"%'1 #!%#/%)4%#; #9*)($' - ('($"," '(3#*2/+"$(1 '%$"0@"0#,"$0'4"(8'; ,"$#! #30"!"*"%'1 8##0!'%)$.  

7 ($)$2" 30'-#!'$(1 #D"%8) 3# 0"&%#($"; #30"!"*"%'1 !)%%#; #!%#/%)4%#; #9*)($' ,"$#!#, ($)$'($'4"(8# # ,#-

!"*'0#-)%'1. 

 

7 %)($#1:"" -0",1, (# *)(%# 3#(*"!%"; 0"!)8D'' F)!'#%)-' )D'#%%# # 3*)%) 

FY, !*1 #9"(3"4"%'1 %)-' )D'' 3#!-'=%5. #9Q"8$#-, 30"D'/'#%%5. '/,"0"%'; - '%-

$"0"().  '!0# 0)@'' ' 0"&"%'1 (3"D')*2%5. /)!)4 3#-30"=%",+ )8$+)*2%# '(3#*2/#-

-)%'" ' 0)/-'$'" ,#0(8'. 0)!'#%)-' )D'#%%5. ('($", 9*'=%"; %)-' )D''. 

7 [1] 30"!*#="%) 0)!'#%)-' )D'#%%)1 ('($",), 30"!%)/%)4"%%)1 !*1 %)-' )D'' 

,#0(8'. #9Q"8$#-, 30#-"!"%'1  '!0# 0)@'4"(8'. 0)9#$ ' #9"(3"4'-)B:)1 $#4%#($2 

#30"!"*"%'1 8##0!'%)$ %) +0#-%" !"(1$5. !#*"; ,"$0). H/,"01",5,' 0)!'#%)-' )D'-

#%%5,' 3)0),"$0),' - ('($"," 1-*1B$(1 @)/5 30'%1$5. #$ %)/",%5. ($)%D'; (' %)-

*#- %) 31$' ,"$0'4"(8'. 4)($#$).. F)9#4)1 /#%) 0)((,)$0'-)",#; 0)!'#%)-' )D'#%%#; 

('($",5 !#($' )"$ 60–120 8,, - $# -0",1 8)8 #!%#/%)4%)1 #9*)($2 #30"!"*"%'1 %)-' )-

D'#%%# # 3)0),"$0) 30' !)*2%#,"0%#, 0"='," 0)9#$5 0)-%) ± 7,5 8, 30' '/,"0"%'1. 

@)/5 %) (),#; %'/8#; ,"$0'4"(8#; 4)($#$" ('($",5 (10 8LD). ?!%#/%)4%)1 #9*)($2 #3-

0"!"*"%'1 - ('($"," %).#!'$(1 3+$",  0+9# # #30"!"*"%'1 8##0!'%)$ #9Q"8$)-

%#('$"*1 9#0$#-#; ($)%D'' (6>) '%$"0@"0#,"$0'4"(8', ,"$#!#,, #3'()%%5, - [2].  

U"*2B !)%%#; 0)9#$5 1-*1"$(1 #D"%8) 3# 0"&%#($"; #30"!"*"%'1 30'9*'="%%5. 

8##0!'%)$ 6> (#!%#/%)4%#; #9*)($'), 8#$#05" - !)*2%";&", '(3#*2/+B$(1 !*1 -54'(-

*"%'1 D"*#4'(*"%%5. /%)4"%'; @)/ 30'%1$5. (' %)*#- ' #30"!"*"%'1 -5(#8#$#4%5. 

8##0!'%)$ #9Q"8$).  

754'(*"%'" 3# 0"&%#($"; #30"!"*"%'1 #!%#/%)4%#; #9*)($' 30#'/-#!'*#(2 ,"-

$#!#, ($)$'($'4"(8# # ,#!"*'0#-)%'1 - (0"!" MathCad. ># *)(%# !)%%#,+ ,"$#!+, %) 

'/,"01",5" '(.#!%5" 3)0),"$05 %)8*)!5-)B$(1 3# 0"&%#($' - -'!" (*+4);%5. -"*'-

4'% ( /)!)%%5,' /%)4"%'1,' (0"!%"8-)!0)$'4"(8# # #$8*#%"%'1 (><?) ' %+*"-5,' 

,)$",)$'4"(8',' #='!)%'1,'. P)*"" 30#-#!'$(1 /)!)%%#" 4'(*# ($)$'($'4"(8'. #30"-

!"*"%';, - 0"/+*2$)$" 8#$#05. 0)((4'$5-)B$(1 ($)$'($'4"(8'" #D"%8' ><? #30"!"-

*1",5. 3)0),"$0#-. H(.#!%5" !)%%5" !*1 ,#!"*'0#-)%'1 +8)/)%5 - $)9*. 1.  

A0' #30"!"*"%'' #!%#/%)4%#; #9*)($' '/,"01",5,' 3)0),"$0),' 1-*1B$(1 @)/5 

(' %)*#-, 30'%1$5. #$ %)/",%5. ($)%D'; (E>) 0)/%"("%%5,' - 30#($0)%($-" )%$"%%)-

,' 9#0$#-#; ($)%D'', ' + #* 8+0() #9Q"8$)-%#('$"*1 9#0$#-#; ($)%D'', #30"!"*1",5; 

9#0$#-5, 8+0(#+8)/)$"*",. 
 

J)9*'D) 1 

H(.#!%5" !)%%5" !*1 ,#!"*'0#-)%'1 
 

H4+@27>:47+2 M74G27+2 

><? '/,"0"%%#; @)/5 (' %)*) 0,01 @.D.; 0,15 @.D.; 0,02 @.D 

><? '/,"0"%%# # 8+0( 1,2°; 3°; 5° 

P*'%) )%$"%%#; 9)/5 6> 14 ,; 7 , 

T #* 8+0() 9)/5 6> 0…360° (( &) #, 1°) 

K'(*# ($)$'($'4"(8'. #30"!"*"%';, k  200 
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A0' 0)(4"$). 95*) -51-*"%) /)-'(',#($2 ><? #30"!"*"%'1 #!%#/%)4%#; #9*)($' 
#$ + *) 8+0() #9Q"8$)-%#('$"*1 6> ($# "($2 #$ 8+0() )%$"%%#; 9)/5 6>) - /)!)%%#; $#4-
8" 0)9#4"; /#%5 0)!'#%)-' )D'#%%#; ('($",5 30' 0)/*'4%#, 8#*'4"($-" %)/",%5. 
($)%D'; - ('($"," (0'(. 1). <)8 -'!%#, ><? #30"!"*"%'1 #!%#/%)4%#; #9*)($' - /%)4'-
$"*2%#; ($"3"%' /)-'('$ #$ 8+0() #9Q"8$) (0)/90#( /%)4"%'; !# 3,5 0)/), 4$# (-1/)%# ( 
0)(($)%#-8#; %)/",%5. ($)%D';, ) $)8=" %"3#(0"!($-"%%# ( )%)*'$'4"(8',' -50)="-
%'1,', 30"!($)-*1B:'" (#9#; $0' #%#,"$0'4"(8'" /)-'(',#($' [2], 3# 8#$#05, #30"-
!"*1"$(1 #!%#/%)4%)1 #9*)($2. 7 $# =" -0",1, ,#=%# #$,"$'$2, 4$# 8#*'4"($-# E> - 
('($"," %"/%)4'$"*2%# -*'1"$ %) 0"/+*2$'0+B:+B 3# 0"&%#($2, 3#C$#,+ - ('($"," 
!#($)$#4%# '(3#*2/#-)$2 ,'%',)*2%# $0"9+",#" 8#*'4"($-# %)/",%5. ($)%D'; – 2. 

 

 
F'(. 1. G)-'(',#($2 ><? 3# 0"&%#($' #30"!"*"%'1 #!%#/%)4%#; #9*)($' #$ 8+0() 

 

J)8=" 95*) '((*"!#-)%) /)-'(',#($2 ><? #30"!"*"%'1 #!%#/%)4%#; /#%5 #$ 
!*'%5 )%$"%%#; 9)/5 6> – 0'(. 2 ' 3. P*1 8#00"8$%# # #30"!"*"%'1 #!%#/%)4%#; #9-
*)($' !*'%) )%$"%%#; 9)/5 6> !#*=%) 95$2 %" 9#*"" 3#*#-'%5 !*'%5 -#*%5 (),#; 
-5(#8#; ,"$0'4"(8#; 4)($#$5 (10 OLD) - ('($",". 

 

 
F'(. 2. <)0$) 3# 0"&%#($"; #30"!"*"%'1 #!%#/%)4%#; #9*)($' (- ,"$0).) - 0)9#4"; /#%" FE>  

(!*'%) )%$"%%#; 9)/5 6>– 14 ,) 
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F'(. 3. <)0$) 3# 0"&%#($"; #30"!"*"%'1 #!%#/%)4%#; #9*)($' (- ,"$0).) - 0)9#4"; /#%" FE>  

(!*'%) )%$"%%#; 9)/5 6> – 7 ,) 
 

A#,',# C$# #, 95* 30#-"!"% )%)*'/ -*'1%'1 #&'98' '/,"0"%'1 8+0() #9Q"8$) ' 

#&'98' '/,"0"%'1 @)/5 (' %)*) %) 0"/+*2$'0+B:+B ><? #30"!"*"%'1 #!%#/%)4%#; 

#9*)($', '/ 8#$#0# # (*"!+"$, 4$# #&'98) '/,"0"%'1 + *) 8+0() 30)8$'4"(8' %" -*'1"$ 

%) '$# #-+B 3# 0"&%#($2. 7 $# =" -0",1, 30' ><? '/,"0"%%#; @)/5 9#*"" 0,3 @.D. %) 

80)1. 0)9#4"; /#%5 0)((,)$0'-)",#; ('($",5 ',"B$(1 +4)($8', - 8#$#05. ><? #30"-

!"*"%'1 #!%#/%)4%#; #9*)($' 30"-5&)"$ # 0)%'4"%'" 3# 3# 0"&%#($' 0)-%#" 15 8,, 

$)8', #90)/#,, %) !)%%5. +4)($8). D"*#4'(*"%%#" /%)4"%'" '/,"0"%%5. @)/ ,#="$ 

95$2 #30"!"*"%# #&'9#4%#.  

P*1 +($0)%"%'1 #&'9#4%5. #30"!"*"%'; ' 30' 9#*"" -5(#8'. /%)4"%'1. ><? 

'/,"0"%%#; @)/5 $0"9+"$(1 +-"*'4"%'" 4'(*) -'!',5. E> !# 3 ' '. #3$',)*2%)1 0)(-

($)%#-8), $. ". +*+4&"%'"  "#,"$0'4"(8# # @)8$#0). P)*2%";&"" 3#-5&"%'" $#4%#($' 

#30"!"*"%'1 #!%#/%)4%#; #9*)($' - 0)((,)$0'-)",#; 0)!'#%)-' )D'#%%#; ('($"," 

-#/,#=%# /) (4"$ 0")*'/)D'' '/,"0"%'; @)/ (' %)*#- %) %"(+:'. 4)($#$). ('($",5, ) 

$)8=" 0")*'/)D'1 - -54'(*'$"*" 9#0$#-#; ($)%D'' )* #0'$,#- @'*2$0)D'' 0)!'#%)-'-

 )D'#%%5. 3)0),"$0#-. 

J)8', #90)/#,, 3# 0"/+*2$)$), 30"!($)-*"%%#; 0)9#$5 30#-"!"%) #D"%8) 3#-

 0"&%#($"; #30"!"*"%'1 #!%#/%)4%#; #9*)($' - @)/#-#; 0)!'#%)-' )D'#%%#; ('($"," 

' #30"!"*"%5 /)-'(',#($' '/,"%"%'1 3# 0"&%#($"; #$ 0)/*'4%5. +(*#-'; ' 3)0),"$-

0#-. F"/+*2$)$5 !)%%#; 0)9#$5 %"#9.#!',5 !*1 #D"%8' 30)8$'4"(8#; 0")*'/)D'' 0)-

!'#%)-' )D'#%%#; ('($",5 ( +4"$#, +(*#-'; '(3#*2/#-)%'1 %) 9#0$+  '!0# 0)@'4"-

(8'. (+!#- FY !*1 -53#*%"%'1 0)/*'4%# # 0#!) %)-' )D'#%%5. /)!)4. 

 
>3'(#8 *'$"0)$+05 

 

1. A)$. 2457629, F#((';(8)1 Y"!"0)D'1, OA< H 04 L 29/02, G 01S 3/46. Y)/#-)1 0)!'#%)-' )D'#%-

%)1 ('($",) / N*"&"48'% N. O.; /)1-'$"*2 ' 3)$"%$##9*)!)$"*2 YLN?T 7A? >YT. – Z 2011128914/08; 

/)1-*. 12.07.2011; #3+9*. 27.07.2012, 9B*. Z 21. – 24 (. 

2. N*"&"48'% N. O., <+0#3$"- N. P. ?!%#/%)4%#" #30"!"*"%'" 8##0!'%)$ %)!-#!%5. #9Q"8$#- 3# 

(' %)*), @)/#-#; 0)!'#%)-' )D'#%%#; ('($",5 // >9. ,)$"0')*#-. VVI >)%8$-A"$"09+0 (8)1 ,"=!+%)0. 

8#%@. 3# '%$" 0'0#-)%%5, %)-' )D'#%%5, ('($",),, 26–28 ,)1 2014  . – >A9.: H/!--# A#*'$".%'4"(8#-

 # +%-$), 2014. – >. 110–113. 
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2$#7 :$&: 54&  !*,)&- "  "  4 +2-#4!*$ "&))0%   

*)9 $+&1* ))0%  !*!5#+&%  

 
>. >. M)0'#%#-), N. N. >3"8$#0 (%)+4%5; 0+8#-#!'$"*2) 

 
H>:>.+,+-./+0 <>.934-.;:27780 ;2J7+G2./+0 97+:2-.+;2; 

630073, <. H>:>.+,+-./, B--; =. D4-/.4, 20 
E-mail: Larionovasvetka1@mail.ru 

 
E) 30',"0" '/,"0'$"*2%#; ('($",5, (#!"0=):"; 3)0+ !)$4'8#-, 0)((,)$0'-)"$(1 C@@"8$'-%#($2 -59"*'-)-

%'1 (' %)*) #!%# # '/ %'. (#(%#-%# #) 30' '(3#*2/#-)%'1 (-1/)%%# # ( %', (' %)*) !0+ # # (-(3#,# )$"*2%# #) 

!)$4'8). 

 

?!%', '/ ,"$#!#- 30"!#90)9#$8', 4)($# 30',"%1",5. 30' D'@0#-#; #90)9#$8" 

(' %)*#-, 1-*1"$(1 '. !"8#00"*1D'1 (-59"*'-)%'"). S" #(%#-#; #954%# (*+=)$ ,)$",)-

$'4"(8'" ,#!"*' 30"!(8)/)%'1 [1, 2], ) C@@"8$'-%#($2 #D"%'-)"$(1 3# -"*'4'%" !'(-

3"0('' -59"*"%%# # 30#!+8$): 4", $#4%"" 30"!(8)/)%'", $", !'(3"0('1 ,"%2&". A0'-

,"%"%'" 8#,3*"8('0#-)%%5. '%@#0,)D'#%%#-'/,"0'$"*2%5. ('($",, - 8#$#05. ',"-

B$(1 !)$4'8', 0)9#$)B:'" %) 0)/*'4%5. @'/'4"(8'. 30'%D'3)., (#!"0='$ 3#$"%D'-

)*2%+B -#/,#=%#($2 +*+4&'$2 8)4"($-# 30"!(8)/)%'1 %) #(%#-%#, !)$4'8", "(*' 30' 

C$#, '(3#*2/#-)$2 (' %)*5 -(". !)$4'8#-. 7 !)%%#, (##9:"%'' 0)((,)$0'-)"$(1 4)($-

%)1 /)!)4), 8# !) '/,"0'$"*2%)1 ('($",) (#($#'$ '/ !-+. !)$4'8#-, #3'(5-)",5. 0)/-

%#($%5,' +0)-%"%'1,' 3"0-# # ' 9#*"" -5(#8'. 3#01!8#-.  

G)!)4"; 8#,3*"8('0#-)%'1 '/,"0'$"*2%5. (0"!($- [3] 1-*1"$(1 3#-5&"%'" C@-

@"8$'-%#($' #90)9#$8' (' %)*#- /) (4"$ #9Q"!'%"%'1 0"(+0(#-, #90)/+",5. 0)/*'4%5-

,' '/,"0'$"*2%5,' 8)%)*),' (H<). H< ,# +$ '(3#*2/#-)$2 !)$4'8', 0)9#$)B:'" %) 

0)/*'4)B:'.(1 @'/'4"(8'. 30'%D'3).. A0',"0#, ,#="$ (*+='$2  "#@'/'4"(8)1 ('(-

$",) 0)/-"!8' 3#*"/%5. '(8#3)",5., - 8#$#0#; #(%#-%#" '/,"0"%'" #(+:"($-*1"$ 8)-

%)* C*"8$0#0)/-"!8', ) -(3#,# )$"*2%5" 8)%)*5 ,# +$ 95$2 #90)/#-)%5 !)$4'8),' 3"-

0",":"%'1 ()8("*"0#,"$0),',  '0#(8#3),', 8#,3)(),'). >+:"($-+B$ '%@#0,)D'#%%#-

'/,"0'$"*2%5" ('($",5 (HH>), - 8#$#05. '(3#*2/+"$(1 H<, '(3#*2/+B:'" #!'%)8#-

-5" !)$4'8' ' ',"B:'" #!'%)8#-+B ($0+8$+0+, %# @+%8D'#%'0+B:'" - %"#!'%)8#-5. 

+(*#-'1., %)30',"0, 0)/%"("%%5" - 30#($0)%($-". A0',"0#, 1-*1"$(1 (";(,'4"(8)1 

('($",), - 8#$#0#; '(3#*2/+"$(1 (";(,'4"(8)1 )%$"%%) ((";(,#8#()), (#-#8+3%#($2 

!)$4'8#- 8#$#0#; #9"(3"4'-)"$ %"#9.#!',+B /#%+ !";($-'1 ('($",5. 

H(3#*2/#-)%'" -59"*'-)%'1 3#,".', 1-*11(2, - 30'%D'3", #90)$',#; 30#D"!+-

0#;, 30"#90)/+"$ "" - 9"*5; &+, ' (%'=)"$ ,#:%#($2. >%'="%'" ,#:%#($' 9"*# # 

&+,) ,#="$ 95$2 9 *2&',, "(*' 30' -59"*'-)%'' +4"($2 -/)',%+B /)-'(',#($2 3#-

,"., %)9*B!)",5. %) 0)/*'4%5. !)$4'8).. 

O)$",)$'4"(8#; #(%#-#; ,#!"*' /)-'(',5. (' %)*#- ,#="$ (*+='$2 $"#0'1 

,%# #,"0%5. (' %)*#-, 8#$#0)1, - (-#B #4"0"!2, 1-*1"$(1 9)/#; D'@0#-#; #90)9#$8' 

'/#90)="%'; [4]. E) *1!%5" 30"',+:"($-) (#-,"($%#; 30"!#90)9#$8' (' %)*#- !-+. 

!)$4'8#- -'!%5 '/ (*"!+B:" # 30',"0), #(%#-)%%# # %) ,#!"*' ,)08#-(8# #  )+((#--

(8# # 3#*1 (OLA) ( 9'C8(3#%"%D')*2%#; 8#00"*1D'#%%#; @+%8D'"; [5]. 

F)((,#$0', (' %)*5 -(3#,# )$"*2%# # )( j:2  ' #(%#-%# # )( j>2  !)$4'8#- 8)8 

3"0-+B ' -$#0+B ($0#8' OLA. J# !) (' %)* #(%#-%# # !)$4'8) #3'(5-)"$(1 !-+,"0-

%5, 0)/%#($%5, +0)-%"%'",:  
 

1 1
1 2 1 2

N (j) O N (j ) O N (j) O O N (j ) " n(j),
> > : : />5

! * . * * .  
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- 8#$#0#, 21 ,  33  – 8#C@@'D'"%$5 #!%#&) #-#; )-$#- ' -/)',%#; 8#00"*1D'' (' %)*#- 

(##$-"$($-"%%#, ) />5"  – (0"!%"8-)!0)$'4%#" /%)4"%'" %#-#; '%@#0,)D'', 3#0#=!)"-

,#; '%@#0,)D'#%%5, %#0,'0#-)%%5, 9"*5,  )+((#-(8', &+,#, )( jn .  

N%)*# '4%)1 4:;>7>@74? ,#!"*2 (' %)*) #(%#-%# # !)$4'8) ',""$ -'!: 
 

,1
1

n(j)
4:;
")(j

>
NO(j)

>
N  .*!  

 

 !" 4:;"  – (0"!%"8-)!0)$'4%#" /%)4"%'" %#-#; '%@#0,)D'' 30' '(3#*2/#-)%'' )-$#-

%#,%#; ,#!"*'.  

759"*'-)%'" (' %)*) #(%#-%# # !)$4'8) #(+:"($-*1"$(1 %) #(%#-" )* #0'$,#-: 
 

1 1
1 2 1 2

P (j) N (j) O N (j ) O N (j) O O N (j )
/>5 > > : :

! * * * . *  

 

- (*+4)" '(3#*2/#-)%'1 -(3#,# )$"*2%# # !)$4'8) (8#**"8$'-%)1 30"!#90)9#$8)), ' 
 

( ) 1
1

j N (j) O N (j )
4:; > >

' ! * *  

 

30' )-$#%#,%#; 30"!#90)9#$8". >0"!%"8-)!0)$'4%5" /%)4"%'1 -59"*"%%5. (' %)*#- 

!*1 C$'. (*+4)"- #30"!"*1B$(1 -50)="%'1,' [5]  
 

2 21 1
1 2

" " ( O )( O )
/>5 N

! * * ; 

21
1

" " O
4:; N

! * , 

) '. #$%#&"%'": 

2
2

1 O

4:;
"

/>5
"

*!  

 

.)0)8$"0'/+"$ +,"%2&"%'" #&'98' 30"!(8)/)%'1 (' %)*) #(%#-%# # !)$4'8) 30' 8#*-

*"8$'-%#; 30"!#90)9#$8" 3# (0)-%"%'B ( )-$#%#,%#;. L0)@'8 /)-'(',#($' C$#; -"*'-

4'%5 #$ 3)0),"$0) 23 , .)0)8$"0'/+B:" # ($"3"%2 /)-'(',#($' (' %)*#-, 30'-"!"% %) 

0'(. 1. H/ %" # (*"!+"$, 4$# ( 0#($#, /)-'(',#($' 30#'(.#!'$ ('*2%#" +,"%2&"%'" 

#&'9#8 30"!(8)/)%'1. 

A0'-"!"%%5; 30',"0 (*+='$ *'&2 '**B($0)D'"; $# #, 4$# 8#**"8$'-%)1 #90)-

9#$8) (' %)*#- ,#="$ 95$2 !#($)$#4%# C@@"8$'-%5, '%($0+,"%$#,, 8# !) '(3#*2/+-

B$(1 '/,"0"%'1 30' 3#,#:' 8#,3*"8('0#-)%%5. '/,"0'$"*2%5. (0"!($-. 7 0")*2%5. 

('($",). ,)$",)$'4"(8'" ,#!"*' ',"B$ 9#*"" (*#=%5; .)0)8$"0, - $#, 4'(*" ' ,#!"-

*' -/)',%# # -*'1%'1 (' %)*#-. 

7 0"/+*2$)$" '((*"!#-)%'1 95*' ( "%"0'0#-)%5 (' %)*5 #(%#-%# # ' -(3#,# )-

$"*2%# # !)$4'8#- !*1 8#**"8$'-%# # ' )-$#%#,%# # (*+4)"-. 65*' 30#-"!"%5 30#D"-

!+05 #9+4"%'" ' -59"*'-)%'1 ( '(3#*2/#-)%'", %);!"%%5. #D"%#8 8#C@@'D'"%$#- 

(-1/'. A#*+4"%) /)-'(',#($2, 30"!($)-*"%%)1 %) 0'(. 2, 8#$#0)1 (#-3)!)"$ ( $"#0"$'4"-

(8#;. 

>' %)*5 0")*2%5. !)$4'8#- +!#-*"$-#0'$"*2%# #3'(5-)B$(1 ,#!"*1,' 30"!(8)-

/)%'1 9#*"" -5(#8'. 3#01!8#-. N%)*'/'0+1 /)3'(' (' %)*#- $0".8##0!'%)$%5. )8("*"-

0#,"$0),  '0#(8#3) ' 8#,3)(), 3#*+4"%%5" 30' 3"0",":"%'1. C$'. !)$4'8#-, -51-'*' 

%"(8#*28# 3)0%5. 8#,9'%)D';, #9*)!)B:'. /),"$%#; -/)',%#; 8#00"*1D'";. F"/+*2-

$)$5 -59"*'-)%'1 30"!($)-*"%5 %) 0'(. 3–5. 
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F'(. 1. I@@"8$'-%#($2 8#**"8$'-%# #  

-59"*'-)%'1 30' '(3#*2/#-)%''  

,#!"*' ,)08#-(8# # 3#*1 

F'(. 2. I@@"8$'-%#($2 8#**"8$'-%# #  

-59"*'-)%'1 30' '(3#*2/#-)%'' ,#!"*'  

,)08#-(8# # 3#*1 
 

  

F'(. 3. I@@"8$'-%#($2 8#**"8$'-%# # -59"*'-)%'1 

30' '(3#*2/#-)%'' ,#!"*' ,)08#-(8# # 3#*1 !*1 

0")*2%5. (' %)*#- #$ 3#01!8) ('($",5 ((3*#&%)1 

*'%'1 – 3)05 Z 1, &$0'.#-)1 *'%'1 – 3)0) Z 2, 

3+%8$'0%)1 *'%'1 – 3)0) Z 3) 

F'(. 4. G)-'(',#($2 )9(#*B$%# # /%)4"%'1 ><? 

#($)$8) #$ 8#**"8$'-%# # -59"*'-)%'1 #$ 3#01!8) 

('($",5 ((3*#&%)1 *'%'1 – 3)05 Z 1, &$0'.#-)1 

*'%'1 – 3)0) Z 2, 3+%8$'0%)1 *'%'1 – 3)0) Z 3) 

 

 
 

F'(. 5. G)-'(',#($2 )9(#*B$%# # /%)4"%'1 ><? #($)$8) #$ )-$#%#,%# # -59"*'-)%'1 #$ 3#01!8)  

('($",5 ((3*#&%)1 *'%'1 – 3)05 Z 1, &$0'.#-)1 *'%'1 – 3)0) Z 2, 3+%8$'0%)1 *'%'1 – 3)0) Z 3) 
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J"3"02, 3#-5&)1 3#01!#8 ('($",5, 9+!", %)9*B!)$2 /) #$%#&"%'", 
"
/>5

"
4:;

. 

H/ 0'(. 3 -'!%#, 4$# 30' +-"*'4"%'' 3#01!8) ('($",5 #$%#&"%'" 
"
/>5

"
4:;

 30)8$'-

4"(8' %" ,"%1"$(1, %# %) 0'(. 4 ' 0'(. 5, -'!%#, 4$# 30' +-"*'4"%'' 3#01!8) ('($",5 

)9(#*B$%#" /%)4"%'" ><? +,"%2&)"$(1, ) 3#(*" 5 3#01!8) #($)"$(1 30)8$'4"(8' %"'/-

,"%%5,. >*"!#-)$"*2%#, #3$',)*2%5, 3#01!8#, !*1 8#**"8$'-%# # -59"*'-)%'1 1--

*1"$(1 31$5; 3#01!#8 ('($",5. A0' C$#, -5' 05& 3# ,#:%#($' (#($)-*1"$ 3#01!8) 

30...44 %. 

7 0"/+*2$)$" 30#-"!"%%5. '((*"!#-)%'; 95*# -51-*"%#, 4$# 30' 8#**"8$'-%#, 

-59"*'-)%'' $#4%#($2 30"!(8)/)%'1 -5&", 4", 30' )-$#%#,%#,. I$# (30)-"!*'-# 

$#*28# !*1 $". (*+4)"-, 8# !) ',""$(1 (+:"($-"%%)1 8#00"*1D'1 (' %)*#- #(%#-%# # ' 

-(3#,# )$"*2%# # !)$4'8#-. 

 
>3'(#8 *'$"0)$+05 

 

1. F)9'%"0 M., L#+*! 6. J"#0'1 ' 30',"%"%'" D'@0#-#; #90)9#$8' (' %)*#-: 3"0. ( )% *. – O.: 

O'0, 1978. – 848 (. 

2. O)08"* P=. P., L0"; N. V. M'%";%#" 30"!(8)/)%'" 0"4': 3"0. ( )% *. – O.: >-1/2, 1980. – 308 (. 

3. L0'&'% W. A., H3)$#- 7. A., <)/)0'%#- W. O. F)!'#$".%'4"(8'" ('($",5: +4"9%'8 !*1 -+/#- 

3# (3"D. "F)!'#$".%'8)". – O.: 75(&. &8., 1990. 

4. P)!='#% P., O"0("0# F. U'@0#-)1 #90)9#$8) ,%# #,"0%5. (' %)*#- / 3"0.( )% *. – O.: O'0, 

1988. – 488 (. 

5. A0'8*)!%)1 $"#0'1 (*+4);%5. 30#D"((#- ' 3#*"; / <. <. 7)('*2"-, X. A. P0) )%, 7. N. <)/)8#- 

' !0.; 3#! 0"!. <. <. 7)('*2"-), 7. N. ?,"*24"%8#. – T*21%#-(8: T*LJT, 1995. – 256 (. 
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2 *!4  *   :)&$.;#)*#  BOC  !*,)&- "   

"  .!- "*8%  .'4 2 - !) 6  2 +#%*  

 

7. N. O'0#%#-, 7. 7. E"0#-%5;, A. P. <#0)$)"-, N. >. Y"!#0#- 

 
('HQ ((* «(>277>-:>E39R74? 4/432@+? +@27+ B->1. H. S. T9/>:./><> + U. %. $4<4-+74» (<. (>->72C) 

394064, <. (>->72C, 95. =-4.7>E74@2774?, 153 

E-mail:korataev2015@mail.ru 

 

A0'-"!"% )* #0'$, 3#'(8) ' #9%)0+="%'1 %)-' )D'#%%# # (' %)*) - +(*#-'1. +/8#3#*#(%#; 3#,".'. A0"!-

($)-*"%5 /)-'(',#($' -"0#1$%#($%5. .)0)8$"0'($'8 )* #0'$,) 3#'(8) ' #9%)0+="%'1 %)-' )D'#%%# # (' %)*) #$ 

3)0),"$0#- +/8#3#*#(%#; 3#,".'. 

 

?!%#; '/ /)!)4 3"0-'4%#; #90)9#$8', 0"&)",#; - )33)0)$+05 3#$0"9'$"*";  *#-

9)*2%5. %)-' )D'#%%5. (3+$%'8#-5. ('($", (NA LE>>) 1-*1"$(1 3#'(8 (' %)*#- %)-

-' )D'#%%5. (' %)*#- 3# /)!"0=8" ' 4)($#$" - +(*#-'1. 3#,"..  

E)'9#*"" 4)($# - NA LE>> '(3#*2/+B$(1 D'8*'4"(8'" )* #0'$,5 3#'(8). Y'/'-

4"(8)1 (+:%#($2 D'8*'4"(8# # 3#'(8) /)8*B4)"$(1 - 0)/9'"%'' #9*)($' %"#30"!"*[%-

%#($' (' %)*) 3# /)!"0=8" ' 4)($#$" %) 14";8' 0)/0"&"%'1 ( /)!)%%5, &) #,. G)$", 

14";8' 0)/0"&"%'1 3##4"0[!%# 30#(,)$0'-)B$(1 ()%)*'/'0+B$(1) - #30"!"*[%%#, 3#-

01!8". A0' 30#(,#$0" 8)=!#; 14";8' 0"&)"$(1 8*)(('4"(8)1 /)!)4) #9%)0+="%'1 (' -

%)*) ( '/-"($%#; ),3*'$+!#; ' (*+4);%#; %)4)*2%#; @)/#; [1].  

7 8)4"($-" 80'$"0'1 #9%)0+="%'1 4):" -(" # '(3#*2/+"$(1 80'$"0'; E";,)%)-

A'0(#%)[1]. ?(%#-%5" ,)$",)$'4"(8'" (##$%#&"%'1, #3'(5-)B:'" @+%8D'#%'0#-)%'" 

#9%)0+='$"*1, 0")*'/+B:" # 80'$"0'; E";,)%)-A'0(#%), '/-"($%5 ' !#($)$#4%# 3#!-

0#9%# 30'-"!"%5 - 01!" 0)9#$ [1, 2]. V)0)8$"0'($'8' #9%)0+='$"*1, 0")*'/+B:" # 

80'$"0'; E";,)%)-A'0(#%), 95*' 3#*+4"%5 !*1 (*+4)1  )+((#-(8#; &+,#-#; 3#,".' 

(L^A). ?!%)8# 3#'(8 ' #9%)0+="%'" %)-' )D'#%%# # (' %)*) - 0")*2%5. +(*#-'1. 

,#="$ 30#'(.#!'$2 30' -#/!";($-'' ' !0+ '. -'!#- 3#,"., %)30',"0 (' %)*#3#!#9%#; 

3#,".' (>A). J)8', #90)/#,, ,#=%# (!"*)$2 -5-#! # %"#9.#!',#($' !#0)9#$8' ,#!"-

*"; ' ,"$#!'8 #D"%8' C@@"8$'-%#($' @+%8D'#%'0#-)%'1 3#'(8) ' #9%)0+="%'1 %)-'-

 )D'#%%5. (' %)*#- - NA LE>> - +(*#-'1. +/8#3#*#(%5. 3#,".. 

U"*2 0)9#$5 – !#0)9#$8) %)+4%#-,"$#!'4"(8# # )33)0)$) #D"%8) C@@"8$'-%#($' 

3#'(8) ' #9%)0+="%'1 %)-' )D'#%%# # (' %)*) ( ,")%!0#-#; ,#!+*1D'"; %) 3#!%"(+-

:'. 4)($#$). - +(*#-'1. +/8#3#*#(%#; 3#,".'. 

7 #9:", -'!" %)-' )D'#%%5; (' %)*, !";($-+B:'; %) -.#! ('($",5 3#'(8) NA 

LE>> ,#=%# 30"!($)-'$2 8)8 [1]: 
 

 )()_(`_)a(_)()( 00 tJcosttgAty .&. * * ! , (1) 
 

 )](2[_)a( 0 %*4!* tfsingsint , (2) 
 

 !" 0A  – ),3*'$+!) (' %)*); _)( *tg  – ,#!+*'0+B:)1 A>A; 0`  – %"(+:)1 4)($#$); &  – 

(*+4);%)1 %)4)*2%)1 @)/); _)a( *t  – ,")%!0; )(tJ  – 3#,".). 

T/8#3#*#(%+B 3#,".+, !";($-+B:+B %) -.#! ('($",5 3#'(8) ' #9%)0+="%'1 NA 

LE>> ,#=%# 30"!($)-'$2 8)8: 
 

 1101 )`(`)( &..! tcosAtJ , (3) 
 

 !" 1A – ),3*'$+!) 3#,".'; 1` – /%)4"%'" #$($0#;8' %"(+:"; 4)($#$5 3#,".' #$ %"(+-

:"; 4)($#$5 %)-' )D'#%%# # (' %)*); 1&  – (*+4);%)1 %)4)*2%)1 @)/). 
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A0' 3#'(8" (' %)*) -'!) BOC -#/%'8)"$ (*#=%#($2. <#00"*1D'#%%)1 @+%8D'1 

,#!+*'0+B:"; 3#(*"!#-)$"*2%#($' $)8# # (' %)*) 1-*1"$(1 ,%# #,#!)*2%#; '/-/) %)-

*'4'1 3#!%"(+:";. O%# #,#!)*2%#($2 8#00"*1D'#%%#; @+%8D'' %" 3#/-#*1"$ '(3#*2-

/#-)$2 8*)(('4"(8'; 8)%)* 3#'(8) ' #9%)0+="%'1 %)-' )D'#%%# # (' %)*). A0"!*) )"$-

(1 '(3#*2/#-)$2 8)%)* 3#'(8) ' #9%)0+="%'1 BOC  (' %)*#- )33)0)$+05 3#$0"9'$"*"; 

LE>> ($0+8$+0%)1 (.",) 8#$#0# # 30"!($)-*"%) %) 0'(. 1. 

E) 0'(. 1 30"!($)-*"%) ($0+8$+0%)1 (.",) ('($",5 3#'(8) ' #9%)0+="%'1 BOC 

(' %)*#- )33)0)$+05 3#$0"9'$"*"; LE>> 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

F'(. 1. >$0+8$+0%)1 (.",) ('($",5 3#'(8) ' #9%)0+="%'1 B?> (' %)*#-  

)33)0)$+05 3#$0"9'$"*"; LE>> 

 

E) -5.#!" 8#00"*1$#0#- NA LE>> @#0,'0+B$(1 ('%@)/%)1 ' 8-)!0)$+0%)1 8#,-

3#%"%$5 [1]: 
 

 tdtcostgtty
T

U c

T

cosc 0/

0

)()()(
1

)%*5! 65 ,  (4) 

 tdtsintgtty
T

U c

T

sinc 0/

0

)()()(
1

)%*5! 65 ,  (5) 

 tdtcostgtty
T

U S

T

cosS 0/

0

)()()(
1

)%*5! 65 ,  (6) 

 tdtsintgtty
T

U S

T

sinS 0/

0

)()()(
1

)%*5! 65 ,  (7) 

 

 !" /%  – /)!"0=8) #3#0%5. (' %)*#-; T  – '%$"0-)* %)8#3*"%'1, - #9:", (*+4)" 0)--

%5; !*'$"*2%#($' %)-' )D'#%%# # (' %)*). 

E)301="%'" %) -5.#!" 8)%)*) 3#'(8) %)-' )D'#%%# # (' %)*) #30"!"*1"$(1 8)8 [1]: 
 

 
2222

sincossincos SSCC
UUUUU 5555 ...! ,  (8) 

 

A

8)%)* #D"%8' 

!'(3"0('' 3#,".' 

AT 
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A# 80'$"0'B E";,)%)-A'0(#%) +0#-"%2 3#0# ) #30"!"*1"$(1 8)8 [1]: 
 

 )
F

ln(U
1

2A0 "! , (9) 

 

 !" 0U  –  3#0# #-5; +0#-"%2; A"  – /%)4"%'" %)301="%'1 3#,".'; F  – -"0#1$%#($2 

*#=%#; $0"-# '. 

F"&"%'" # %)*'4'' %)-' )D'#%%# # (' %)*) 30'%',)"$(1 30' -53#*%"%'' +(*#-'1: 
 

 0UU 7  – 30'%',)"$(1  '3#$"/) E1 

 (10) 

 0UU 0 – 30'%',)"$(1  '3#$"/) E0 

 

 !" E1 –  '3#$"/) # %)*'4'' (' %)*); E0 –  '3#$"/) #9 #$(+$($-'' (' %)*). 

7 8)4"($-" 3#8)/)$"*1 C@@"8$'-%#($' 3#'(8) %)-' )D'#%%# # (' %)*) -59"0", 

-"0#1$%#($2 #8#%4)%'1 3#'(8) 30)-'*2%5, #9%)0+="%'", /) $0' D'8*) P  [3]: 
 

 +
!

**!
3

1

1

DD30 )1(
j

jPPP ,  (11) 

 

 !" 
D30P  – -"0#1$%#($2 #8#%4)%'1 3#'(8) %) #!%#, D'8*" 30)-'*2%5, #9%)0+="%'",; 

DP  – -"0#1$%#($2 #8#%4)%'1 3#'(8) %) #!%#, D'8*". 

7"0#1$%#($2 #8#%4)%'1 3#'(8) %) #!%#, D'8*" 30)-'*2%5, #9%)0+="%'", #30"-

!"*1"$(1 3# @#0,+*": 
 

 1

D30 )1( ** ! LFDP ,  (12) 
 

 !" L – 4'(*# 14""8 %"#30"!"*[%%#($' 3# /)!"0=8" ' 4)($#$". 

7"0#1$%#($2 #8#%4)%'1 3#'(8) %) #!%#, D'8*" #30"!"*1"$(1 3# @#0,+*": 
 

 1

D )1()(11 ** **! LFDP ,  (13) 
 

 !" D  – -"0#1$%#($2 30)-'*2%# # #9%)0+="%'1 %)-' )D'#%%# # (' %)*). 

A#! #!%', D'8*#, 3#'(8) 9+!", (4'$)$2 #!'% 30#(,#$0 -(". 14""8 %"#30"!"*[%%#-

($' 3# /)!"0=8" ' 4)($#$". P*1 #30"!"*"%'1 -"0#1$%#($' -"0#1$%#($2 30)-'*2%# # #9%)-

0+="%'1 %)-' )D'#%%# # (' %)*) '(3#*2/+", ,"$#! ($)$'($'4"(8'. '(35$)%';. J# !) -"-

0#1$%#($2 30)-'*2%# # #9%)0+="%'1 %)-' )D'#%%# # (' %)*) #30"!"*1"$(1 3# @#0,+*" 

[4]: 
 

 
M

N
D ! ,  (14) 

 

 !" N  – 8#*'4"($-# '(35$)%';, - 8#$#05. 30#'/#&*# 30)-'*2%#" #9%)0+="%'" %)-'-

 )D'#%%# # (' %)*); M  – #9:"" 8#*'4"($-# '(35$)%';. 

A#$0"9%#" 4'(*# '(35$)%'; #30"!"*1"$(1 /)!)%%#; $#4%#($2B ,#!"*'0#-)%'1 [4]. 

A0' $#4%#($' ,#!"*'0#-)%'1 050,!8  ' !#-"0'$"*2%#; -"0#1$%#($' 0,9 3#$0"9%#" 8#-

*'4"($-# '(35$)%'; !*1 -"0#1$%#($"; #9%)0+="%'1 0,9 (#($)-*1"$ 190. P*1 #30"!"*"-

%'1 -"0#1$%#($' #8#%4)%'1 3#'(8) 30)-'*2%5, #9%)0+="%'", /) $0' D'8*) - (0"!" 

Simulink 0)/0)9#$)%) ,#!"*2 #9%)0+='$"*1 %)-' )D'#%%# # (' %)*). 

P*1 #30"!"*"%'1 -"0#1$%#($' P 95*# 30#-"!"%# ,#!"*'0#-)%'". 
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A0' 30#-"!"%'' 0)(4[$#- 0)((,#$0"%5 %)-' )D'#%%5" (' %)*5 L1OCp  LE>> 

LM?EN>>. P*'$"*2%#($2 (' %)*) L1OCp (#($)-*1"$ 4092 (',-#*#-. A0' 3#'(8" '(-

(*"!+",5. %)-' )D'#%%5. (' %)*#- %) )33)0)$+0+ 3#$0"9'$"*"; LE>> LM?EN>> 

-#/!";($-+"$ +/8#3#*#(%)1 3#,".). 

E) 0'(. 2 30'-"!"%5 /)-'(',#($' -"0#1$%#($' P  #$ /%)4"%'; %#0,'0#-)%%#; 

4)($#$%#; #$($0#;8' 3#,".' !*1 0)/*'4%5. /%)4"%'; #$%#&"%'1 (' %)*/3#,".) 30' 

-"0#1$%#($' *#=%5. $0"-#  F = 10
-5 

 !*1 (' %)*) L1OCp.  

 

 
 

F'(. 2. G)-'(',#($' -"0#1$%#($' A #$ /%)4"%'; %#0,'0#-)%%#; 4)($#$%#; #$($0#;8'  

!*1 0)/*'4%5. /%)4"%'; #$%#&"%'1 (' %)*/3#,".) 30' F = 10-5 !*1 (' %)*) L1OCp 

 

A# 0"/+*2$)$), )%)*'/)  0)@'8#-, 30'-"!"%%5. %) 0'(. 2, ,#=%# (!"*)$2 -5-#! # 

$#,, 4$# (+:"($-+"$ $)8#" /%)4"%'" %#0,'0#-)%%#; 4)($#$%#; #$($0#;8' %"(+:"; 3#,"-

.', 40,f 9  ((##$-"$($-+"$ 800 8LD), 30' 8#$#0#, -"0#1$%#($2 P  30'%',)"$ %)',"%2&"" 

/%)4"%'". 

E) 0'(. 3 30'-"!"%5 /)-'(',#($' -"0#1$%#($' P !*1 (' %)*) L1OCp #$ #$%#&"-

%'1 (' %)*/3#,".) !*1 L^A '  30' /%)4"%'' %#0,'0#-)%%#; 4)($#$%#; #$($0#;8' %"(+-

:"; 40,f 9 .  

 

 
 

F'(. 3. G)-'(',#($2 P #$ #$%#&"%'1 (' %)*/3#,".) (L1OCp (' %)* LM?EN>>) 

!*1 L^A ' >A 30' #3$',)*2%#, /%)4"%'1 4)($#$%#; #$($0#;8' 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

-20 

 !
-24 

 !

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

L1OCp 

"#
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 !"#$% &'"($)*+,$- %".$+$/0+1*2, 3'$.*4*!!5- !" '$+. 3, 30,"%5."*1, )10 6%,0-

30#0+!"7 30/*-" 3'$ .0%4*2+1.$$ !" +$&!"#5 L1OCp, +!$8"*1 30/*-06+102)$.0+19 ,"-

!"#" 30$+," $ 0:!"'68*!$7 !".$&";$0!!0&0 +$&!"#"  < =>?? =@A> ?? !" 8…10 4B, 

3'$ +'".!*!$$ + &"6++0.+,02 C6/0.02 30/*-02. 

D",$/ 0:'"%0/, + $+30#9%0."!$*/ '"%'":01"!!0&0 304-04" /08!0 0;*!$19 E((*,-

1$.!0+19 (6!,;$0!$'0."!$7 ,"!"#" 30$+," $ 0:!"'68*!$7 !".$&";$0!!5- +$&!"#0. 

L1OCp . 6+#0.$7- 6%,030#0+!02 30/*-$. <0#6)*!!5* '*%6#91"15 30%.0#7F1 +4*#"19 

.5.04 0 +!$8*!$$ 30/*-0%"G$GH!!0+1$ ,"!"#" 30$+," $ 0:!"'68*!$7 . 6+#0.$7- 6%,0-

30#0+!5- 30/*- . +'".!*!$$ + 6+#0.$7/$ =I<. 

 
?3$+0, #$1*'"16'5 

 

1. B0#4$!,0. J. >. ?'".!$1*#9!52 "!"#$% "#&0'$1/0. 0:!"'68*!$7 '"4$0!".$&";$0!!5- +$&!"-

#0. + /046#7;$*2 1$3" BOC(n,m) / J. >. B0#4$!,0. // K"4$01*-!$,". – 2008. – L 7. – ?. 34–37. 

2. =@A> ??. <'$!;$35 30+1'0*!$7 $ (6!,;$0!$'0."!$7 / 304 '*4.  . M. <*'0.", N. >. O"'$+0.". – 

P.: K"4$01*-!$,", 2010. – 800 +. 

3. <0/*-0%"G$GH!!0+19 +$+1*/ '"4$0+.7%$ + '"+C$'*!$*/ +3*,1'" +$&!"#0. /046#7;$*2 !*+6G*2 

3+*.40+#6)"2!02 30+#*40."1*#9!0+19F / 304 '*4. N. M. B0'$+0.". – P.: K"4$0 $ +.7%9, 2003. – 640 +. 

4. <0$+,, 0:!"'68*!$* $ $%/*'*!$* 3"'"/*1'0. +$&!"#0. . '"4$0!".$&";$0!!5- +$+1*/"- / 304 

'*4. Q. P. R"%"'$!0.". – P.: ?0.. '"4$0, 1975. – 296 +. 

5. N*!1;*#9 J. ?. D*0'$7 .*'071!0+1*2 / J. ?. N*!;*#9. – P.: N5+C. C,., 2001. – 315 +. 
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$%$&'(($%)*  +')$,$-  .$/+*/$-0(*1  2*./$-34  %*5(06$-   

%  +*(*+067($8  90%)$)($8  +$,"612*'8   
%  ('#/'/3-($8  .0:$8 

 

@. N. <'0+.$'7,0.", N. J. S"+*!,0 (!"6)!52 '6,0.04$1*#9) 
 

 !"#$%!&'%() #**&+,$-!.+&'*/#) 01/2.*/#) 3$*2,!1*.-+%%() .+4%#5+*/#) 2%#-+1*#.+.,  0 01678 
664074, 3. 01/2.*/, 2&. 9+1:$%.$-!, 83 

E-mail: vezas@yandex.ru 

 
>*3'*'5.!0+19 ("%5, 3'$ 3*'*4")* 4.0$)!5- +$/.0#0. $!(0'/";$$ 361*/ /$!$/"#9!02 )"+101!02 /"!$36-

#7;$$ !*+6G*2, 7.#7*1+7 3'$%!",0/ +$&!"#" 0:#"4"FG*&0 3"/719F. <"/719 . +$&!"# ..04$1+7 $+,6++1.*!!0 $ 40+-
1$&"*1+7 3*'*,04$'0."!$*/ .-04!0&0 3010," +$/.0#0., 304#*8"G$- 3*'*4")*, + ;*#9F +0%4"!$7 6+#0.$2 4#7 '".*!-
+1." ("% !" +15,* .5+0,0)"+101!5- $/36#9+!5- ,0#*:"!$2, 010:'"8"FG$- :$15 $!(0'/";$$. K"++/01'*!5 0+0-
:*!!0+1$ 30+1'0*!$7 /046#710'" 0:#"4"FG*&0 3"/719F.   

 

A+!0.!0* !"%!")*!$* /046#710'" . 6+1'02+1."- ;$('0.02 +.7%$ $ 3*'*4")$ $!-

(0'/";$$ +0+10$1 . 3'*0:'"%0."!$$ $!(0'/";$$, +04*'8"G*2+7 . ;$('0.02 30+#*40-

."1*#9!0+1$, . '"4$0+$&!"#, +0&#"+0."!!52 + ,"!"#0/ $ 3'$&04!52 4#7 3*'*4")$ 30 

,"!"#6 +.7%$. <*'*!0+ 3*'*4"."*/02 $!(0'/";$$ !" .5+0,0)"+101!52 !0+$1*#9 /08*1 

.530#!719+7 '"%#$)!5/$ +30+0:"/$ $ . %".$+$/0+1$ 01 .$4" 3'$/*!7*/02 /046#7;$$.  

A+!0.!02 0+0:*!!0+19F +30+0:" 3*'*4")$ ;$('0.02 $!(0'/";$$ 361*/ /$!$-

/"#9!02 )"+101!02 /"!$36#7;$$ !*+6G*2 )"+1015 + !*3'*'5.!02 ("%02 7.#7*1+7 30-

+107!+1.0 "/3#$1645 $%#6)"*/0&0 +$&!"#". D",, 3'$ ("%0.02 /"!$36#7;$$ +/*!" 3*'*-

4"."*/0&0 :$1" !" 3'01$.030#08!52 .+*&4" +03'0.084"*1+7 +,"),0/ ("%5. ?/*!" 04-

!02 )"+101!02 30+5#,$ !" 4'6&6F, 3'$ /$!$/"#9!02 )"+101!02 /"!$36#7;$$, 3'0$+-

-04$1 :*% '"%'5." ("%5. M%-%" $!*';$0!!0+1$ '*"#9!5- ;*3*2 ("%0.52 '"%'5. .5%5."-

*1 3"'"%$1!6F "/3#$164!6F /046#7;$F, +0%4"FG6F 4030#!$1*#9!5* 1'64!0+1$ . 

3'0;*++* 4"#9!*2C*2 0:'":01,$ +$&!"#". T10&0 !*40+1"1," #$C*!5 +$&!"#5 + /$!$-

/"#9!02 )"+101!02 /"!$36#7;$*2 :*% '"%'5." ("%5. 

?$&!"#5 + ("%0.02 /"!$36#7;$*2 01!0+71+7 , ,#"++6 +$&!"#0. :*% 3"/71$. U$(-

'0.5* $!(0'/";$0!!5* 30+#*40."1*#9!0+1$ $/36#9+0., 30+163"FG$* !" .-04 /046#7-

10'", 3'*4+1".#7F1 +0:02 +#6)"2!52 3'0;*++ $ .+7,$2 30+#*46FG$2 E#*/*!1"'!52 

+$&!"#, 010:'"8"FG$2 :$1 $!(0'/";$$, !* %".$+$1 01 10&0 ,",$/ :5# 3'*4546G$2 

:$1 $ ,",$/ :64*1 30+#*46FG$2. >*%".$+$/0+19 +$&!"#0., 3*'*4"."*/5- !" +0+*4!$- 

1",10.5- $!1*'."#"-, 7.#7*1+7 0+!0.!5/ 3'$%!",0/ +$&!"#0. :*% 3"/71$. P046#710', 

!" .5-04* ,010'0&0 30#6)"*1+7 +$&!"# :*% 3"/71$, $+30#9%6*1 ,"8452, 30+163"FG$2 

!" 1*,6G*/ 1",10.0/ $!1*'."#*, E#*/*!1"'!52 +$&!"# ;$('0.02 30+#*40."1*#9!0+1$ 

4#7 !*30+'*4+1.*!!0&0 6)"+1$7 . 3'0;*++* /046#7;$$.  

?6G*+1.6F1 +$&!"#5, 6 ,010'5- $/**1+7 03'*4*#*!!"7 %".$+$/0+19 /*846 3"'"-

/*1'"/$ +$/.0#0., 3*'*4"."*/5- !" +0+*4!$- +$/.0#9!5- $!1*'."#"-, E16 %".$+$-

/0+19 3'$!710 !"%5."19 3"/719F, " +$&!"#5 + 1",02 %".$+$/0+19F 3'$!710 !"%5."19 

+$&!"#"/$ + 3"/719F. J+#$ /046#710' (0'/$'6*1 +$&!"#, 6 ,010'0&0 +$/.0#, 3*'*4"-

."*/52 !" 1*,6G*/ .'*/*!!0/ $!1*'."#*, %".$+$1 01 04!0&0 $#$ !*+,0#9,$-, 3*'*4"!-

!5- '"!** +$/.0#0., 10 1",02 /046#710' ,#"++$($;$'6*1+7 ,", /046#710' + 3"/719F. 

U*#9F 4"!!02 '":015 7.#7*1+7 '"++/01'*!$* 3'$!;$30. (0'/$'0."!$7 +$&!"#0. 

+ 3"/719F – . )"+1!0+1$, +$&!"#0. + /$!$/"#9!02 )"+101!02 /"!$36#7;$*2 :*% '"%'5-

." ("%5. 

N 3'0;*++* 3*'*4")$ 4.0$)!0&0 +$&!"#" /*1040/ /$!$/"#9!02 )"+101!02 /"!$-

36#7;$$ +"/" !*+6G"7 )"+101" !* $%#6)"*1+7, " $%#6)"F1+7 )"+1015, 01#$)"FG$*+7 01 

!*+6G*2 !" .*#$)$!6 Vf 4*.$";$$ )"+1015, (f! ± Vf). <'$ E10/ '"%!0+19 /*846 )"+10-

1"/$ 3*'*4")$ !6#*.0&0 $ *4$!$)!0&0 :$1" $!(0'/";$$ +0+1".#7*1 .*#$)$!6 2Vf, ,0-
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10'"7 7.#7*1+7 /$!$/"#9!02 .*#$)$!02, 3'$ ,010'02 +$&!"#5 !6#*.0&0 $ *4$!$)!0&0 

:$1", 0+1"F1+7 0'10&0!"#9!5/$, )10 30+#68$#0 0+!0."!$*/ 4#7 .5:0'" !"%."!$7 E10&0 

.$4" /046#7;$$. 
W#7 +$&!"#0. + $!4*,+0/ /"!$36#7;$$ D = 0,5, !"24*/, )10 *+#$ D = 2VfX = 0,5, 10 

)"+101" 4*.$";$$ 03'*4*#7*1+7 ,",, Vf = 1/4X, " 3*'$04 )"+1015 4*.$";$$ '".*! )*15-
'*-,'"1!02 4#$1*#9!0+1$ $/36#9+" T4 = 1/Vf = 4X, &4* X – 4#$1*#9!0+19 E#*/*!1"'!0&0 
$/36#9+" 3*'*4"."*/02 30+#*40."1*#9!0+1$.  

S"/*!" +$&!"#" /"!$36#7;$$, 3'*4+1".#*!!0&0 30+#*40."1*#9!0+19F $/36#9+0. 
3'7/06&0#9!02 (0'/5 4#$1*#9!0+19F X, +$&!"#0/, +0+1".#*!!5/ $% $/36#9+0. . (0'-
/* 30#6.0#!5 +$!6+0$45 4#$1*#9!0+19F 2X, 30%.0#7*1 $%:*8"19 '*%,$- +,"),0. ("%5, 
-"'",1*'!5- 4#7 +$&!"#0. + ("%0.02 /"!$36#7;$*2. 

?$&!"#, /"!$36#$'0."!!52 30 )"+101* . +001.*1+1.$$ + /$!$/"#9!02 )"+101!02 
/"!$36#7;$*2 ;$('0.02 30+#*40."1*#9!0+19F ak, /08!0 .5'"%$19 ,", 

 

 !"# $ %&' ()*" + ,-.
/0 "1, (1)

 

&4* Y! = 2Zf! – !*+6G"7 )"+101"; ak = ±1 – 30+#*40."1*#9!0+19 $!(0'/";$0!!5- +$/.0-
#0., 304#*8"G$- 3*'*4")*, .5'"8*!!5- . ,04* BN>.  

M% (1) +#*46*1, )10 0:" +#"&"*/5- ("%5 #$!*2!0 %".$+71 01 .'*/*!$, 3'$)*/, 
.10'0* +#"&"*/0* 3'$ t = X, , ,0!;6 4#$1*#9!0+1$ E#*/*!1"'!0&0 $/36#9+", 3'$'"+1"*1 
. %".$+$/0+1$ 01 %!"," ak !" ± Z/2, 30 +'".!*!$F +0 %!")*!$*/ ("%5 . !")"#* $/36#9+". 
N '*%6#91"1* $%/*!*!$7 ("%5, /*!7*1+7 /&!0.*!!"7 )"+101" +$&!"#", 03'*4*#7*/"7 ,", 
+,0'0+19 $%/*!*!$7 ("%5. 

N5'"8*!$* (1) /08!0 3'*4+1".$19 ,", 
 

2!3# $ %&'![,45"# %&'Y%" 6 '78![,45"# '78Y%" . (2)
 

N5'"8*!$* (2) 7.#7*1+7 "#&0'$1/0/ '":015 ,."4'"16'!0&0 /046#710'". W#7 +0-
:#F4*!$7 1'*:0."!$7 !*3'*'5.!0+1$ ("%5 !*0:-04$/0, )10:5 ("%5 '"4$0$/36#9+!5- 
+$&!"#0., 010:'"8"FG$* $!(0'/";$0!!5* :$15, +0.3"4"#$ . 1",10.5- 10),"-. T10 
%!")$1, )10 ("%" .5+0,0)"+101!0&0 ,0#*:"!$7 . /0/*!1 0,0!)"!$7 '"4$0$/36#9+", 3*-
'*4"."*/0&0 !" 1*,6G*/ 1",10.0/ $!1*'."#*, 40#8!" :519 '".!" ("%* .5+0,0)"+101!0-
&0 ,0#*:"!$7 . !")"#* '"4$0$/36#9+", 3*'*4"."*/0&0 !" +#*46FG*/ 1",10.0/ $!1*'."-
#*. <'$ E10/ !* $/**1 %!")*!$7, ,","7 )"+101" %"30#!*!$7 '"4$0$/36#9+" :64*1 3*'*-
4"."19+7 !" +#*46FG*/ 1",10.0/ $!1*'."#*, ("%5 3'*4546G*&0 $ 30+#*46FG*&0 '"-
4$0)"+101!5- $/36#9+0. . 1",10.02 10),* 40#8!5 +0.3"4"19. 

>$%,0)"+101!5* ,."4'"16'!5* ,0/30!*!15 .5'"8*!$7 (2) /08!0 3'*4+1".$19 . 
.$4* 

 

9!3# $ %&'![,45"# $ :;<%&'![,"#, (3)

=!"# $ '78![,45"# $ :;>'78![,"#, (4)
 

&4* :;< $ :;> – +$!("%!"7 $ ,."4'"16'!"7 +0+1".#7FG$* .-04!02 30+#*40."1*#9!0+1$, 

,010'5* 40#8!5 :519 +(0'/$'0."!5 /046#710'0/. <0+#*40."1*#9!0+1$ :;< $ :;> 

3'*4+1".#7F1 +0:02 /046#7;$0!!5* ,045, ,010'5* 3'$/*!7F1+7 4#7 ("%0.02 /"!$36-
#7;$$ ,."4'"16'!5- +0+1".#7FG$- 4*.$";$$ )"+1015. W#7 3044*'8"!$7 !*3'*'5.!0-

+1$ ("%5 $/36#9+5 30+#*40."1*#9!0+1*2 :;< $ :;> 40#8!5 $/*19 4#$1*#9!0+19 2X, " 

+"/$ 30+#*40."1*#9!0+1$ 40#8!5 $/*19 30+107!!52 .'*/*!!02 +4.$& X, '".!52 )*1-
.*'1$ 3*'$04" )"+1015 4*.$";$$. \0'/$'0."!$* /046#7;$0!!5- ,040. ,."4'"16'!5- 
+0+1".#7FG$- )"+1015 4*.$";$$ 7.#7*1+7 04!02 $% 0+!0.!5- %"4") /046#710'", 0:#"-
4"FG*&0 3"/719F. R /046#710'"/ + 3"/719F 01!0+$1+7 /046#710' 4#7 30#6)*!$7 +$&-
!"#0. + /$!$/"#9!02 )"+101!02 /046#7;$*2 :*% '"%'5." ("%5 + $!4*,+0/ 0,5. M% (3) $ 
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(4) +#*46*1, )10 4#7 3044*'8"!$7 !*3'*'5.!0+1$ ("%5 4#$1*#9!0+19 1",10.0&0 $!1*'-
."#" 30+#*40."1*#9!0+1*2 /046#7;$0!!5- ,040. 40#8!" :519 '".!" 30#0.$!* 3*'$04" 
)"+1015 4*.$";$$ 
 

?@AB $ ?@AC $ D? $ E,
/ , (5) 

 

&4* ?@AB $ ?@AC 4#$1*#9!0+1$ 1",10.5- $!1*'."#0. +$!("%!02 $ ,."4'"16'!02 +0+1".-

#7FG$- /046#7;$0!!5- ,040.5- 30+#*40."1*#9!0+1*2, (0'/$'6*/5- !" 0+!0.* .-04-
!02 ;$('0.02 30+#*40."1*#9!0+1$, 304#*8"G*2 3*'*4")* 30 ,"!"#6 +.7%$.  
 

 
 

K$+. 1. N'*/*!!5* +001!0C*!$7 +$&!"#0. /046#710'" 

 

>" '$+. 1 30,"%"!" ,0+$!6+!"7 +0+1".#7FG"7 )"+1015 4*.$";$$ $ 01/*)*!5 4#$-
1*#9!0+1$ $/36#9+" .-04!02 ;$('0.02 30+#*40."1*#9!0+1$ X, E#*/*!1"'!0&0 $/36#9+" 
/046#7;$0!!0&0 ,04" 2X, $ 3*'$04" )"+1015 4*.$";$$ 4X, 01.*)"FG$- 1'*:0."!$F 30-
#6)*!$7 /$!$/"#9!02 )"+101!02 /"!$36#7;$$ :*% '"%'5." ("%5. ]$'!5/$ 10),"/$ 
01/*)*!5 /0/*!15 .'*/*!$ . ,010'5* /08!0 0+6G*+1.#719 ,0//61";$F ("%5, 4#7 $%-
/*!*!$7 )"+1015 %"30#!*!$7 $/36#9+". <*'*-04 01 04!02 )"+1015 , 4'6&02 0+6G*+1.-
#7*1+7 361*/ $%/*!*!$7 30#7'!0+1$ 3'7/06&0#9!0&0 $/36#9+" 04!02 $% ,."4'"16'!5- 
+0+1".#7FG$- /046#7;$0!!02 30+#*40."1*#9!0+1$. R."4'"16'!"7 0:'":01," 30%.0#7*1 
3'0$%.04$19 ,0//61";$F )"+101 !" ,"8402 )*1.*'1$ 3*'$04" )"+1015 4*.$";$$, +0 
+,0'0+19F 30+163#*!$7 $!(0'/";$$ !" .-04 /046#710'". 

K"++/01'$/ 04$! $% ."'$"!10. 30+1'0*!$7 /046#710'". N-04!"7 30+#*40."1*#9-

!0+19 :$!"'!5- +$/.0#0. :;, 30+163"FG"7 !" .-04 /046#710'", 304.*'&"*1+7 3*'*,0-
4$'0.,*, 3'0$%.04$/02 30 3'".$#"/ 01!0+$1*#9!02 1*#*&'"($$. N '*%6#91"1* 10&0, )10 
3'$ 3*'*,04$'0.,* ,"8452 *4$!$)!52 :$1 .-04!02 30+#*40."1*#9!0+1$ .5%5."*1 3*-
'*-04 1*,6G*&0 %!")*!$7 :$1" , :$16 3'01$.030#08!0&0 %!")*!$7,  $%/*!7*1+7 +1'6,-
16'" $ 30'740, +#*40."!$7 :$1. W'6&$/$ +#0."/$, .-04!"7 30+#*40."1*#9!0+19 30+#* 
3*'*,04$'0.,$ 3'$0:'*1"*1 3"/719. 

<0+#* )*&0, 3*'*,04$'0."!!"7 30+#*40."1*#9!0+19  '"%4*#7*1+7 4*/6#91$3#*,+0-
'0/ !" 4.* .*1.$. N 04!6 $% !$-, !"%5."*/6F ,."4'"16'!02 .*1.9F Q, 01!0+71+7 :$15, 
+107G$* !" !*)*1!5- 1",10.5- $!1*'."#"-, " .0 .10'6F – +$!("%!6F, I, .,#F)"F1+7 
:$15, +107G$* !" )*1!5- 1",10.5- $!1*'."#"-. P08!0 30,"%"19, )10 30+#*40."1*#9!0-
+1$ $/36#9+0. . 30#6)*!!5- .*1.7- :6461 0'10&0!"#9!5 4'6& 4'6&6.  

<0+#* E10&0 3'0$%.04$1+7 64.0*!$* 4#$1*#9!0+1$ *4$!$)!5- $/36#9+0. ,"840&0 
,"!"#", . '*%6#91"1* )*&0 30#6)"F1+7 30+#*40."1*#9!0+1$ +$!("%!02 $ ,."4'"16'!02 

+0+1".#7FG$- /046#7;$0!!5- ,040. :;< $ :;>, +0+107G$* $% E#*/*!1"'!5- $/36#9+0. 

4#$1*#9!0+19F 2X + .'*/*!!5/ '"%!0+0/ X.  
?(0'/$'0."!!5* . 4.0$)!0/ 3'*4+1".#*!$$ /046#7;$0!!5* ,045 3'*0:'"%6F1-

+7 . :$30#7'!52 ,04 BN>, 30+#* )*&0 3*'*/!08"F1+7 + 04!0$/*!!5/$ ,."4'"16'!5/$ 
,0/30!*!1"/$ )"+1015 4*.$";$$. ?(0'/$'0."!!5* !$%,0)"+101!5/ /046#710'0/ 
,0/30!*!15 I(t) $ Q(t) 30+163"F1 !" ,."4'"16'!52 /046#710' !*+6G*2 )"+1015. 
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-6*1(*'  +0('-/'(($%)*  0-*02*$(($5$  #$)/'&*)'61  5(%%  

(0  )$9($%)7  %*5+0-)$9'9($5$  .*67)/0  ;06+0(0   

%  ('6*('8($8  +$,'67<  ,*(0+*;*  $&=';)0 

 

N. ?. K"49,0, O. P.  :4"##", N. N. R$'FC,$! (!"6)!52 '6,0.04$1*#9) 

 
;8 < ;;= «;$+%%$--$>,2?%!@ !/!,+:#@ #:+%# A1$B.  . C. D2/$-*/$3$ # E. F. 6!3!1#%!» (3. ;$1$%+G) 

3. ;$1$%+G, 2&. H1!*%$>%!:+%%!@, ,. 153 

 

M++#*40."!" 0;*!," .*,10'" +0+107!$7 '"%#$)!5- 30 +1*3*!$ /"!*.'*!!0+1$ ".$";$0!!5- 301'*:$1*#*2 

=>??, 30#6)"*/"7 !" .5-04* ,0/3#*,+!0&0 4"#9!0/*'!0-403#*'0.+,0&0 +$&/"-10)*)!0&0 ($#91'" R"#/"!" + !*#$-

!*2!02 /04*#9F 4$!"/$,$ 0:^*,1". 

 

?0.'*/*!!52 E1"3 '"%.$1$7 ".$";$0!!02 1*-!$,$ -"'",1*'$%6*1+7 %".*'C*!$*/ 

&0+64"'+1.*!!5- $+351"!$2 $ 3'$!71$*/ !" .00'68*!$* /!0&0(6!,;$0!"#9!5- +"/0-

#*10. 3710&0 30,0#*!$7. A4!$/ $% &#".!5- 1'*:0."!$2 , 1",$/ +"/0#*1"/ 7.#7*1+7 .5-

+0,"7 /"!*.'*!!0+19 (+.*'-/"!*.'*!!0+19), ,010'"7 /08*1 :519 +03'78*!" + %"3'*-

4*#9!5/$ 4#7 3$#01" 3*'*&'6%,"/$ $, ,", +#*4+1.$*, + !*0:-04$/0+19F ".10/"1$%";$$ 

3'0;*++" '"+)*1" $ .530#!*!$7 %"G$1!0&0 /"!*.'" $ 4'6&$- !"$:0#** 01.*1+1.*!!5- 

E1"30. 30#*1", &4* ($%$)*+,$* .0%/08!0+1$ )*#0.*," /0&61 +1"19 +#":5/ %.*!0/ . 

+#08!02 )*#0.*,0-/"C$!!02 +$+1*/* ".$";$0!!0&0 ,0/3#*,+". T10 . +.0F 0)*'*49 

3'*4^7.#7*1 8*+1,$* 1'*:0."!$7 , 10)!0+1$ !".$&";$0!!0&0 0:*+3*)*!$7 .5+0,0/"-

!*.'*!!5- .0%46C!5- +640. (N?). 

 !"#$% !".$&";$0!!0&0 0:0'640."!$7 +0.'*/*!!5- N? 30,"%5."*1, )10 !"$:0#** 

10)!5/ $!+1'6/*!10/ !".$&";$0!!5- $%/*'*!$2 !" :0'16 N? 7.#7*1+7 ".$";$0!!"7 

"33"'"16'" 301'*:$1*#*2 ( <) &#0:"#9!02 !".$&";$0!!02 +361!$,0.02 +$+1*/5 

(=>??). A4!",0 '"+C$'*!!52 ($#91' R"#/"!" (K\R), $+30#9%6*/52 !" E1"3* .10'$)-

!02 0:'":01,$ .  < =>??, 3'$ $!1*!+$.!0/ /"!*.'$'0."!$$ N? -"'",1*'$%6*1+7 

6-64C*!$*/ 10)!0+1$ 30#6)"*/02 0;*!,$ .*,10'" +0+107!$7 [1, 2]. T10 +.7%"!0, . 3*'-

.6F 0)*'*49, + 1*/, )10 K\R $+30#9%6*1 #$!*"'$%";$F !*#$!*2!5- (6!,;$$ !":#F4*-

!$7 $ (6!,;$$ 4$!"/$,$ 0:^*,1" .:#$%$ 0;*!0, *&0 .*,10'" +0+107!$7. <0E10/6 3'$ 

$!1*!+$.!0/ /"!*.'$'0."!$$, ,0&4" . !"$:0#9C*2 +1*3*!$ 3'07.#7*1+7 !*#$!*2!0+19 

(6!,;$$ 4$!"/$,$, 0C$:,$ 03'*4*#*!$7 .*,10'" +0+107!$7 N? '*%,0 .0%'"+1"F1. 

?"2/0! W86#$*' $ W8*(('$ _#9/"!! [3, 4] 3'*4#08$#$ !0.52 "#&0'$1/ ($#91-

'";$$ !" 0+!0.* 1*-!$,$ 4*1*'/$!$+1+,02 .5:0',$ «unscented transform» (UT). T10 4"-

*1 .0%/08!0+19 01,"%"19+7 01 #$!*"'$%";$$ !*#$!*2!0+1*2 /04*#$ 4$!"/$,$ $ 6#6)-

C$19 ,")*+1.0 ($#91'";$$, 0+1"."7+9 3'$ "33'0,+$/";$$ '"+3'*4*#*!$7 . '"/,"- 4.6- 

3*'.5- /0/*!10.. A!$ 3'*4#08$#$ 3'$/*!$19 10)!6F !*#$!*2!6F (6!,;$F , 3'$-

:#$8*!!0/6 '"+3'*4*#*!$F .*'071!0+1*2. <'*$/6G*+1." "#&0'$1/0. + UT %",#F)"*1-

+7 . 10/, )10 !* !68!0 '*C"19 6'".!*!$7 K$,,"1$, " !*#$!*2!5* (6!,;$$ /0&61 $+-

30#9%0."19+7 30#!0+19F. `"G* .+*&0 4#7 0:'":01,$ +$&!"#0. 3'$/*!7*1+7 ,0/:$!";$7 

K\R $ UT, ,010'"7 30#6)$#" !"%."!$* «Unscented Kalman Filter» (UKF) $#$ «+$&/"-

10)*)!52» ($#91' R"#/"!". 

N [5] :5#0 30,"%"!0, )10 3'$/*!*!$* +$&/"-10)*)!0&0 ($#91'" R"#/"!" +0./*+1-

!0 + #$!*2!5/$ /04*#7/$ 4$!"/$,$ 0:^*,1" !" 0+!0.* /04*#$ S$!&*'" 1'*19*&0 30-

'74," [6, 7] !* 4"*1 !$,",0&0 .5$&'5C" . 10)!0+1$ 0;*!,$ .*,10'" +0+107!$7 . +'".!*-

!$$ + '"+C$'*!!5/ ($#91'0/ R"#/"!" + 102 8* /04*#9F 4$!"/$,$, 30+,0#9,6 3'$ 

E10/ !$.*#$'6*1+7 0+!0.!0* 40+10$!+1.0 UKF, +.7%"!!0* + $+30#9%0."!$*/ !*#$!*2-

!5- /04*#*2.  

N [8, 9] :5#" 3'*4#08*!" !*#$!*2!"7 /04*#9 4$!"/$,$ 0:^*,1" . 0+!0.* ,010'02 

#*8$1 3'*430#08*!$*, )10 /046#9 .*,10'" /&!0.*!!02 +,0'0+1$ N? !*30+107!*! $ %"-
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.$+$1 01 1"!&*!;$"#9!0&0 6+,0'*!$7 N?. ?"/0 1"!&*!;$"#9!0* 6+,0'*!$* . +001.*1+1-

.$$ + /04*#9F S$!&*'" [7] 3'*4+1".#7*1+7 P"',0.+,$/ +#6)"2!5/ 3'0;*++0/ + ,0''*-

#7;$0!!02 (6!,;$*2, %".$+7G*2 01 /"!*.'*!!5- +.02+1. N?, $ 30 !"3'".#*!$F +0.-

3"4"*1 + .*,10'0/ +,0'0+1$. R00'4$!"15 N? %".$+71 01 /046#7 .*,10'" /&!0.*!!02 

+,0'0+1$ $ *&0 0'$*!1";$$.  

<'0.*4*!!5* $++#*40."!$7 [8, 9] 30,"%"#$, )10 3'$/*!*!$* 1",02 !*#$!*2!02 

/04*#$ 4$!"/$,$ N? $ !*#$!*2!02 /04*#$ $%/*'*!$2 +0./*+1!0 + ,0/3#*,+!5/ 4"#9-

!0/*'!0-403#*'0.+,$/ UKF-($#91'0/ 0:*+3*)$."*1 30.5C*!$* 10)!0+1$ 30#6)"*/02 

0;*!,$ .*,10'" +0+107!$7 30)1$ . 2 '"%" 30 01!0C*!$F , ($#91'6 + #$!*2!02 /04*#9F 

4$!"/$,$ N? [5]. A4!",0 :5#0 30#6)*!0, )10 (0'/$'6*/"7 3'$ E10/ 0;*!," .*,10'" 

+0+107!$7 1",8* %".$+$1 01 $!1*!+$.!0+1$ /"!*.'" .0%46C!0&0 +64!" [8, 9]. 

U*#9F !"+107G*2 '":015 7.#7*1+7 $++#*40."!$* 0;*!,$ .*,10'" +0+107!$7 '"%-

#$)!5- 30 +1*3*!$ /"!*.'*!!0+1$ ".$";$0!!5- 301'*:$1*#*2 =>??, 30#6)"*/"7 !" 

.5-04* ,0/3#*,+!0&0 4"#9!0/*'!0-403#*'0.+,0&0 +$&/"-10)*)!0&0 ($#91'" R"#/"!" + 

!*#$!*2!02 /04*#9F 4$!"/$,$ 0:^*,1", 3'*4#08*!!02 . [8, 9]. 

W#7 1",02 /04*#$ .*,10' +0+107!$7 3'*4+1".#7*1 +0:02  !,  y, z, , , V ,  
T

r tx a" # $q  

+0.0,63!0+19 1'*- +0+1".#7FG$- ,00'4$!"1 ,  y, zx , 4.6- 6&#0. 0'$*!1";$$ .*,10'" 

/&!0.*!!02 +,0'0+1$ , # $ , /046#7 /&!0.*!!02 +,0'0+1$ Vr  $ /046#7 1"!&*!;$"#9!0&0 

6+,0'*!$7 ta , " .*,10'-(6!,;$7 4$!"/$,$ +0+107!$7 N? :64*1 $/*19 .$4: 
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&4* a – .*#$)$!", 0:'"1!"7 30+107!!02 .'*/*!$ /"!*.'" (C$'$!" +3*,1'" 1'"*,10'!5- 

(#6,16";$2) [7].  

_'".!*!$* 4.$8*!$7 N? . 4$+,'*1!0/ .$4* + C"&0/ 4$+,'*1$%";$$ 7 4#7 j-&0 /0-

/*!1" .'*/*!$ :64*1 $/*19 .$4 % &, ,   1T jj j
" , '-q > q u , &4* 1 2 3 4 5 6 7[ , , , , , , ]Tj u u u u u u u"u  – 

!*6)$15."*/5* .0%4*2+1.$7 (.0%/6G*!$7 1'"*,10'$$ N?), 3'*4+1".#7FG$* +0:02 "4-

4$1$.!52 4$+,'*1!52 :*#52 &"6++0.+,$2 C6/ .*,10'" +0+107!$7 + ,0."'$";$0!!02 

/"1'$;*2 
T

j j jE ( )" . /U u u . 

N '"/,"- ..*4*!!0&0 0&'"!$)*!$7 0 +$!-'0!!0+1$ C,"#5 .'*/*!$ 3'$*/!$," $ 

+361!$,0. 0:0:G*!!0* 6'".!*!$* !":#F4*!$7 4#7 .+*- N +361!$,0., !"-047G$-+7 . 

%0!* '"4$0.$4$/0+1$ > <, 3'*4+1".#7*1+7 . .$4* !*#$!*2!0&0 6'".!*!$7 

% & ,j j j j" 'R ? q Q w , &4* 
jR  – 2N-/*'!52 4"#9!0/*'!0-403#*'0.+,$2 .*,10' $%/*'*-

!$7; 
jw b 2N-/*'!52 .*,10' C6/0. $%/*'*!$7 + ,0."'$";$0!!02 /"1'$;*2 

T
j j jE ( )" . /W w w ; 

jQ  – .*,10' +0+107!$7 >? . j-2 /0/*!1 .'*/*!$. 

W#7 ,0/3#*,+!0&0 4"#9!0/*'!0-403#*'0.+,0&0 +$&/"-10)*)!0&0 ($#91'" R"#/"!" 

0;*!," .*,10'" +0+107!$7 $ *&0 ,0."'$";$0!!02 /"1'$;5 03'*4*#7*1+7 /"1*/"1$)*-

+,$/ 08$4"!$*/ $ ,0."'$";$*2 +"/0&0 .*,10'" +0+107!$7 $ 3"'"/*1'$)*+,$- C6/0. 
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 #&0'$1/ (0'/$'0."!$7 0;*!,$ .*,10'" +0+107!$7 $ *&0 ,0."'$";$0!!02 /"1'$-

;5 . 4"#9!0/*'!0-403#*'0.+,0/ +$&/"-10)*)!0/ ($#91'* R"#/"!" 304'0:!0 03$+"! . 

[8, 9]. 

M++#*40."!$* 0;*!,$ .*,10'" +0+107!$7 :5#0 3'0.*4*!0 !" 0+!0.* 0:'":01,$ 

4"!!5- 1'"*,10'$2 $ 3"'"/*1'0. 30#*1" N?, +(0'/$'0."!!5- . '*%6#91"1* /04*#$'0-

."!$7 . +'*4* ".$"+$/6#710'" FlightGear. P04*#$'0."!$* 3'0.04$#0+9 4#7 1'*- '"%!5- 

30 +1*3*!$ /"!*.'*!!0+1$ +"/0#*10.: +.*'-/"!*.'*!!0&0 ?6-35?, .5+0,0/"!*.'*!!0&0 

P$=-29 $ 0&'"!$)*!!0 /"!*.'*!!0&0 ?6-24. \0'/$'0."!$* .*,10'" $%/*'*!$2 0+6G*-

+1.#7#0+9 !" 0+!0."!$$ $+1$!!5- 3"'"/*1'0. 4.$8*!$7 .0%46C!0&0 +64!" $ .*,10'" 

+0+107!$7 !".$&";$0!!5- +361!$,0. + 6)*10/ C6/0. $%/*'*!$2. <'$ E10/ E1"35 30#*-

1" + !"$:0#9C*2 $!1*!+$.!0+19F /"!*.'" ($%/*!*!$* !"3'".#*!$7 30#*1", '5.,$ $ ,0-

#*:"!$7 6+,0'*!$7) 3'$-0471+7 !" $!1*'."# .'*/*!$ 160–170 +, 320–340 + (4#7 ?6-35?), 

100–110 + (4#7 P$=-29) $ 125-135 + (4#7 ?6-24).  

<'$ /04*#$'0."!$$ $%/*'*!$2 4#7 +$&!"#" =>?? +1"!4"'1!02 10)!0+1$ +'*4!*-

,."4'"1$)*+,0* 01,#0!*!$* (?RA) 0C$:,$ $%/*'*!$2 3+*.404"#9!0+1$ 30 ,"840/6 ,"-

!"#6 :5#0 .5:'"!0 wr 10 0 "  / $ 3+*.40+,0'0+1$ wr 0.10 "
  //+. W#7 0;*!,$ .*,10'" +0-

+107!$7 N? $+30#9%0."#+7 03$+"!!52 . [8, 9] "#&0'$1/ 4"#9!0/*'!0-403#*'0.+,0&0 

+$&/"-10)*)!0&0 ($#91'" R"#/"!". 

?'".!*!$* 0;*!0, .*,10'" +0+107!$7 N? + $+1$!02 1'"*,10'$*2 30,"%5."*1 .5+0-

,6F +1*3*!9 10)!0+1$ (0'/$'6*/5- 0;*!0,. N'*/*!!5* %".$+$/0+1$ ":+0#F1!02 '"-

4$"#9!02 30&'*C!0+1$ (0'/$'6*/5- 0;*!0, ,00'4$!"1 

% & % & % &
1/2

2 2 2
* * *R x x y y z z( )1 " - ' - ' -* +. /

, &4* , , x y z  
– $+1$!!5* ,00'4$!"15 N?, 

* * *, , x y z – 

0;*!,$ ,00'4$!"1, 30,"%"!5 !" '$+. 1 (3"!*#$ !–-) +001.*1+1.*!!0 4#7 +"/0#*10.  

?6-35?, P$=-29 $ ?6-24. >" E1$- 8* '$+6!,"- 36!,1$'!02 #$!$*2 30,"%"!" 4$!"/$," 

$%/*!*!$7 ?RA (0'/$'6*/02 0;*!,$ 2 R0 , &4* 
1/2

2 2 2
R x y z

( )0 " 0 ' 0 ' 0. / , 2 2 2, , x y z0 0 0  – E#*-

/*!15 (0'/$'6*/02 ,0."'$";$0!!02 /"1'$;5 
*
|j jK   !"#$%&!'($). 

*+ #,'. 1,   -,.&!, /(! (!/&!'(0 1!#2,#3$2!) !4$&5, 2$'(! !6!7$&,8 '+2!6$(+ 

93-359 2 R  &$  #$-:%+$( 4 2. ;-$6,/$&,$ #+.,+60&!)  !"#$%&!'(, .! 6 2 &+ ,&($#-

-+6$ 250–270 ' '-8<+&!,  #$7.$ -'$"!, ' ,&($&',-&:2 2+&$-#!2 =9  ! '5!#!'(,, 5!(!-

#:) 2!7&!  #!'6$.,(0 &+ #,'. 2,  , ".$  !5+<+&+ .,&+2,5+ ,'(,&&!"! <&+/$&,8 2!.368 

2"&!-$&&!) '5!#!'(, =9. 

>&+6,< #,'. 1, !  !5+<:-+$(, /(! (!/&!'(0 1!#2,#3$2!) !4$&5, 2$'(! !6!7$&,8 

'+2!6$(+ ?,@-29 - !'&!-&!2 (+57$ '!!(-$('(-3$( #+'/$(&!23 3#!-&A 2 RR! "  , , &$ 

 #$-:%+$( 3.5 2. *$!BC!.,2! !(2$(,(0, /(! 3-$6,/$&,$ #+.,+60&!)  !"#$%&!'(, .! 

5 2 &+ ,&($#-+6$ 100–110 ' , .! 6 2 &+ ,&($#-+6$ 190–200 ' '-8<+&: ' 2+&$-#!2 =9 

 #$7.$ -'$"!  ! 2!.36A 2"&!-$&&!) '5!#!'(,. D,&+2,5+ ,'(,&&!"! <&+/$&,8 2!.368 

2"&!-$&&!) '5!#!'(, , $$ !4$&5, .68 '+2!6$(+ ?,@-29,  #,-$.$&&+8 &+ #,'. 2, !,  !5+-

<:-+$(, /(! ,2$&&! &+ E(, 3/+'(5, -#$2$&,  #,C!.,('8 #$<5,$ ,<2$&$&,8 '5!#!'(,, 

 #,/$2 5+5 '  !6!7,($60&:2, (+5 , ' !(#,4+($60&:2 3'5!#$&,$2. 

 



 !"#$%&«'()*+,()-.&+/*./+)"$&($01.2+-&$&1.-$0.#$+113!&($()!43»&

167 

 

 

 

 

D68 2$&$$ 2+&$-#$&&!"! '+2!6$(+ 93-24 +B'!6A(&+8 #+.,+60&+8  !"#$%&!'(0 

!4$&5, 2$'(! !6!7$&,8 &$  #$-:',6+ 0.6 2 (#,'. 1, "), !.&+5! &+ E(+ $ 2+&$-#+ -!<-

.3%&!"! '3.&+  ! '5!#!'(, ( $#,!.: 130 ' , 200 ' &+ #,'. 2, ")  !"#$%&!'(0 (+57$ -!<-

#!'6+ &$<&+/,($60&! .! 1 2. 

D68 '(+(,'(,/$'5!"! 3'#$.&$&,8  +#+2$(#!- B:6!  #!-$.$&! ,2,(+4,!&&!$ 2!-

.$6,#!-+&,$ .68 5+7.!"! '+2!6$(+ ' .6,&!) -:B!#5, - 100 E5' $#,2$&(!-. F#, E(!2 

!4$&,-+6,'0 '6$.3AG,$ (!/&!'(&:$  +#+2$(#: 1,60(#+4,,: 
x  – 9HI  ! 5!!#.,&+($ 

x; 
y  – 9HI  ! 5!!#.,&+($ y; 

z  – 9HI  ! 5!!#.,&+($ z; 
R  – #+.,+60&!$ 9HI !4$&5, 

2$'(! !6!7$&,8; 
V  – 9HI !4$&5, #+.,+60&!) '5!#!'(,; 

mR!  – 2+5',2+60&!$ <&+/$-

&,$ #+.,+60&!) !%,B5, 2$'(! !6!7$&,8 - 2!2$&( 2+&$-#+. J$<360(+(: 2!.$6,#!-+&,8 

 #,-$.$&: - (+B6. 
 

K+B6,4+  

J$<360(+(: ,2,(+4,!&&!"! 2!.$6,#!-+&,8 
 

9+2!6$( Lx Ly  Lz  LR  MRm 

93-359 1.2344 1.3264 1.1436 2.3361 6.8280 

?,@-29 1.0310 0.9860 0.8431 1.8823 4.0513 

93-24 0.5651 0.4108 0.6642 0.8947 1.6147 

" 

! 

J,'. 1. J+.,+60&!$ !(56!&$&,$ (!/5, !4$&5, 

2$'(! !6!7$&,8 !( $"! ,'(,&&!"!  !6!7$&,8 

.68 '+2!6$(+ 93-359 ( ), ?,@-29 (!) , 93-24 (") 

J,'. 2. D,&+2,5+ ,'(,&&!"! <&+/$&,8  

2!.368 2"&!-$&&!) '5!#!'(, '+2!6$(+  

93-359 ( ), ?,@-29 (!) , 93-24 (") 

  

! 

" 
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K+5,2 !B#+<!2,  #!-$.$&&:$ ,''6$.!-+&,8  !5+<+6,, /(!  #,2$&$&,$ #+<#+B!-

(+&&!) - [8, 9] &$6,&$)&!) 2!.$6, .,&+2,5, =9 '!-2$'(&! ' &$6,&$)&:2, 2!.$682, 

,<2$#$&,) .68 .+60&!2$#&!-.! 6$#!-'5!"! UKF-1,60(#+ !5+<+6!'0 -$'02+ E11$5(,--

&:2. K$2 &$ 2$&$$, #+<#+B!(+&&:) +6"!#,(2 (!7$ /3-'(-,($6$& 5 2+&$-#3 =9, !.&+5! 

&+,B!6$$ 5#,(,/&:2 .68 &$"! !5+<+6'8 2+&$-# &$  ! &+ #+-6$&,A, + 2+&$-#  ! '5!#!-

'(,. F#, E(!2  !-:%$&,$ '($ $&, 2+&$-#$&&!'(, +-,+4,!&&!"!  !(#$B,($68 @*99 

 #,-!.,( 5 3C3.%$&,A (!/&!'(, !4$&5, $"! -$5(!#+ '!'(!8&,8. 

 
9 ,'!5 6,($#+(3#: 
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','($2+2, &+-,"+4,, @UI*>99, GPS , '!-2$G$&&!) ','($2!),  !63/$&&:$  3($2  !63&+(3#&!"! 2!.$6,#!-+&,8  
' ,' !60<!-+&,$2  #!"#+22&!-+  +#+(&!"! 5!2 6$5'+ - '!'(+-$ ,2,(+(!#+ 9*-3803? , +-,+4,!&&!"!  #,$2&,5+ 
9*-4312. F!5+<+&+ 2$(!.,5+ , #$<360(+(: !4$&5, +.$5-+(&!'(,  !63&+(3#&!"! 2!.$6,#!-+&,8. 

 

*+ C+#+5($#,'(,5, &+-,"+4,!&&!--#$2$&&!"!  !68 (*=F), '!<.+-+$2!"! ' 3(&,-

5!-:2, ','($2+2, &+-,"+4,, (99*) !5+<:-+$( -6,8&,$ -$'02+ %,#!5,) ' $5(# 1+5(!-

#!-, ! #$.$68AG,C'8 (!/&!'(0A E1$2$#,.&!"! !B$' $/$&,8, 3'6!-,82, #+' #!'(#+&$-

&,8 #+.,!',"&+6!-, 5!&1,"3#+4,$) &+B6A.+$2!) "#3  ,#!-5, &+-,"+4,!&&:C ' 3(&,-

5!- (*9). I.&,2 ,< !'&!-&:C 8-68$('8 (+5 &+<:-+$2:) "$!2$(#,/$'5,) 1+5(!# (GDOP – 

Geometrical Dilution Of Precision) [1], 5!(!#:) <+-,',( !( /,'6+ , #+' !6!7$&,8 !(&!-

',($60&!  !(#$B,($68 -:B#+&&:C .68 #$%$&,8 &+-,"+4,!&&!) <+.+/, ' 3(&,5!-, ,<2$-

&8$('8 ' ($/$&,$2 -#$2$&, , #+<6,/$& .68 #+<6,/&:C <!& -!<.3%&!"!  #!'(#+&'(-+.  

F#, +&+6,<$ *=F, '!<.+-+$2!"! 99* - ,''6$.3$2:C #+)!&+C,  #$.6+"+$('8 ,'-

 !60<!-+(0 <&+/$&,8 "!#,<!&(+60&!"! (HDOP) , -$#(,5+60&!"! (VDOP) "$!2$(#,/$'5!-

"! 1+5(!#+ (@S) - -:B#+&&:C (!/5+C -!<.3%&!"!  #!'(#+&'(-+, + (+57$ !4$&5, (!/&!-

'(, ! #$.$6$&,8  #!'(#+&'(-$&&:C 5!!#.,&+( (%,#!(:, -:'!(: , .!6"!(:).  

F!63/$&,$ , ,''6$.!-+&,$ C+#+5($#,'(,5 *=F - <+.+&&!) !B6+'(, -!<.3%&!"! 

 #!'(#+&'(-+ - .+&&!) #+B!($ !'&!-:-+$('8 &+  #,2$&$&,, 2$(!.!-  !63&+(3#&!"! 

2!.$6,#!-+&,8 ' ,' !60<!-+&,$2  #!"#+22&!-+  +#+(&!"! 5!2 6$5'+, '!<.+&&!"! &+ 

B+<$ ,2,(+(!#+ ',"&+6!- ' 3(&,5!-:C ','($2 &+-,"+4,,  9*-3803?  #!,<-!.'(-+ HV 

«*+-,'», +-,+4,!&&!"!  #,$2&,5+ 9*-4312 , ' $4,+60&! #+<#+B!(+&&!"! ,&($#1$)'+ 

'! #87$&,8 (+  +#+(&+8 ,  #!"#+22&+8 /+'(0) -:C!.+  #,$2&,5+ (%,&+ '(+&.+#(+ 

ARINC-429) ' FW=? .68 +-(!2+(,<+4,,  #!4$''+ .!532$&(,#!-+&,8 ,  !'6$.3AG$) 

!B#+B!(5, #$<360(+(!- E5' $#,2$&(!-.  

P2,(+(!# 9*-3803? - ,2$AG$2'8 -+#,+&($ 5!2 6$5(+4,,  !<-!68$( ,2,(,#!-

-+(0 ',"&+6: @UI*>99, GPS, !B$,C ','($2 '!-2$'(&!, + (+57$ ,2,(,#!-+(0 #+<6,/-

&:$ '4$&+#,, ((,  !BT$5(+, (#+$5(!#,, .-,7$&,8, -!<.$)'(-,$ ,!&!'1$#&:C , (#! !-

'1$#&:C  !"#$%&!'($), ,<2$&$&,$ 3#!-&$) ',"&+6!- ' 3(&,5!- ,  #.). F#, E(!2 -:C!. 

 #,$2&,5+ 9*-4312  ! ,<2$#8$2:2  +#+2$(#+2 '! #87$& ' ,2,(+(!#!2  ! %,&$ 1!#-

2+(+ NMEA-0183.  

F#,$2&,5 9*-4312 !B$' $/,-+$( ,<2$#$&,$ , ,&.,5+4,A "!#,<!&(+60&:C 5!!#-

.,&+( (%,#!(: , .!6"!(:) , -:'!(:  !(#$B,($68 &+.  !-$#C&!'(0A <$2&!"! E66, '!,-

.+, #+'/$( , ,&.,5+4,A "!#,<!&(+60&!"! , -$#(,5+60&!"! @S, + (+57$ ,&.,5+4,A &!-

2$#!- &+B6A.+$2:C *9, ,C #+' !6!7$&,8 &+ &$B$'&!) '1$#$ , 3#!-&8 ',"&+6!- - (!/-

5$  #,$2+ (13&54,8 RAIM [2]). F#,$2&,5 2!7$( #+B!(+(0  ! ',"&+6+2 ','($2 @UI-

*>99, GPS , - '!-2$G$&&!2 #$7,2$. =  #,$2&,5$  #$.3'2!(#$&+ -!<2!7&!'(0 ,'-

56A/$&,8 ,< !B#+B!(5, .+&&:C !( &+-,"+4,!&&:C ' 3(&,5!-, -:B,#+$2:C -#3/&3A 

! $#+(!#!2.  

F#,$2&,5 -:-!.,( &+ ,&.,5+4,A ,&1!#2+4,A ! %,#!($, .!6"!($ , -:'!($ ' &$-

.!'(+(!/&!) .68 ,''6$.!-+&,) (!/&!'(0A. F!E(!23 .68 +&+6,<+ ,' !60<!-+6+'0 ,&-
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1!#2+4,8, -:.+-+$2+8 ,2 -! -&$%&,$ 3'(#!)'(-+  ! %,&+2 NMEA , ARINC, , <+ ,-

':-+$2+8 -! -&$%&AA FW=? .68 .+60&$)%$) !B#+B!(5,, .68 /$"! , B:6 #+<#+B!(+& 

,&($#1$)' '! #87$&,8. 

P&1!#2+4,8 ! %,#!($ , .!6"!($ -:.+$('8  !(#$B,($682 - "#+.3'&!) 2$#$. D68 

!4$&5, (!/&!'(, , +&+6,<+ !%,B!5 ,C ,<2$#$&,8 B!6$$ 3.!B&:2 8-68$('8  #$.'(+-6$-

&,$ - 2$(#,/$'5!) ','($2$ $.,&,4. 9 E(!) 4$60A &+ E(+ $  !'(!B#+B!(5, .+&&:$ !B 

!%,B5+C ,<2$#$&,8 5!!#.,&+(  #$!B#+<!-:-+6,'0 - 2$(#,/$'53A ','($23 - '!!(-$('(-

-,, '! '6$.3AG,2, -:#+7$&,82,: 
 

XBi = (Bi – B0)·(a + h), 

XLi = (Li – L0)·(a + h)·cosB0, 
 

".$ XBi, XLi –  !"#$%&!'(, ,<2$#$&,8 '!!(-$('(-$&&! %,#!(: , .!6"!(: &+ i-2 %+"$ 

,<2$#$&,), -:#+7$&&:$ - [2]; Bi, Li – ,<2$#$&&:$ &+ i-2 %+"$; B0, L0 – ,'(,&&:$ <&+-

/$&,8 %,#!(: , .!6"!(:; a = 6378245 2 – B!60%+8  !63!'0 <$2&!"! E66, '!,.+; h – 

-:'!(+  #,$2&,5+ &+.  !-$#C&!'(0A E66, '!,.+. 

I.&,2 ,< -+7&:C 2!2$&(!-  #, ,' !60<!-+&,,  !63&+(3#&!"! 2!.$6,#!-+&,8 

.68 !4$&5, C+#+5($#,'(,5 *=F 8-68$('8 !4$&5+ $"! +.$5-+(&!'(,, (. $. '($ $&, '!!(-

-$('(-,8  !63/+$2:C #$<360(+(!- #$+60&:2 .+&&:2. 

9 4$60A !4$&5, +.$5-+(&!'(, B:6  #!-$.$& #8. &+(3#&:C ,  !63&+(3#&:C E5' $-

#,2$&(!-, '! !'(+-6$&,$ #$<360(+(!- 5!(!#:C  !<-!6,6! -:8-,(0 &$5!(!#:$ !'!B$&-

&!'(, , !"#+&,/$&,8  #,2$&$&,8 ,2,(+(!#+ 9*-3803? ,  #,$2&,5+ 9*-4312.  

D68 !4$&5, +.$5-+(&!'(,  !63&+(3#&!"! 2!.$6,#!-+&,8 ,' !60<!-+6,'0 (+5,$ 

.+&&:$, 5+5 &!2$#+ , 5!6,/$'(-! *9, &+C!.8G,C'8 - <!&$ -,.,2!'(, &+ ,''6$.3$2!2 

,&($#-+6$ -#$2$&,, <&+/$&,$ HDOP , VDOP - 2!2$&(: !('/$(!-,  !"#$%&!'(, ! #$-

.$6$&,8 5!!#.,&+( , -:'!(: [3]. 

*+(3#&:$ E5' $#,2$&(:  #!-!.,6,'0 05.11.2014 ". &+ ,&($#-+6$ -#$2$&, 2 /+' (' 

02:55 .! 4:55 UTC) .68 (!/5, ' 5!!#.,&+(+2, * = 503,18 2, = = 52°15´25,8´´, 

L=104°21´22,1´´ (". P#53('5). F#,  !63&+(3#&!2 E5' $#,2$&($ &+ E(3 7$ .+(3 , -#$28 

<+.+-+6,'0 +602+&+C , E1$2$#,.: *9. = C!.$ E5' $#,2$&(!- .+&&:$ '&,2+6,'0 ' .,'-

5#$(&!'(0A 10 '. 

*+ #,'. 1  !5+<+&: #$<360(+(: ,''6$.!-+&,8 ,<2$&$&,8 @S (VDOP – #,'. 1,  , 

HDOP – #,'. 1, !)  ! -:C!.&:2 .+&&:2  #,$2&,5+ 9*-4312  #, &+(3#&!2 E5' $#,-

2$&($ (5#,-:$ 1) ,  !63&+(3#&!2 2!.$6,#!-+&,, (5#,-:$ 2).  

 

 
 

J,'. 1. @$!2$(#,/$'5,) 1+5(!#:   – -$#(,5+60&:); ! – "!#,<!&(+60&:) 
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9#$.&,$ <&+/$&,8 VDOP .68 .+&&!"! ,&($#-+6+ -#$2$&, '!'(+-,6, 1,529 .68 &+-

(3#&!"! , 1,509 .68  !63&+(3#&!"! E5' $#,2$&(+. 9#$.&$5-+.#+(,/$'5+8  !"#$%&!'(0 

(9HF) -:/,'6$&,8 -$#(,5+60&!"! @S  #,  !63&+(3#&!2 E5' $#,2$&($  ! '#+-&$&,A ' 

&+(3#&:2  ! -'$23 !BT$23 -:B!#5, '!'(+-,6+ 2,87467E-05. 

9#$.&,$ <&+/$&,8 *DOP .68 .+&&!"! ,&($#-+6+ -#$2$&, '!'(+-,6, 0,9399 .68 &+-

(3#&!"! , 0,9295 .68  !63&+(3#&!"! E5' $#,2$&(+. 9HF -:/,'6$&,8 "!#,<!&(+60&!"! 

@S  #,  !63&+(3#&!2 E5' $#,2$&($,  ! '#+-&$&,A ' &+(3#&:2,  ! -'$23 !BT$23 -:-

B!#5, '!'(+-,6+ 0,0018. 

F!63/$&&:$ #$<360(+(:  !5+<:-+A( +.$5-+(&!'(0  !63&+(3#&!"! 2!.$6,#!-+&,8 

-  6+&$ '!!(-$('(-,8 1!#2,#3$2:C ,2,(+(!#!2 9*-3803? 3'6!-,) &+-,"+4,!&&!"! 

'$+&'+ (<&+/$&,) @S, '!'(+-+ *9, &+C!.8G,C'8 - <!&$ #+.,!-,.,2!'(,) .+&&:2 &+(3#-

&:C E5' $#,2$&(!-. 

*+ #,'. 2  !5+<+&: #$<360(+(: &+(3#&!"! (5#,-+8 1) ,  !63&+(3#&!"! (5#,-+8 2) 

E5' $#,2$&(!-  ! !4$&5$  !"#$%&!'(, ,<2$#$&,8 -:'!(: Mh  #,$2&,5!2 9*-4312. 

F#, E(!2 - '#$.$ '!<.+&,8 '4$&+#,$- ,2,(+(!#+ 9*-3803? <+.+-+6,'0 (#! !'1$#&+8 , 

,!&!'1$#&+8 (.68 '$<!&+ «<,2+»)  !"#$%&!'(,.  

 

 
 

J,'. 2. F!"#$%&!'(0 ,<2$#$&,8 -:'!(: 
 

I%,B5, ,<2$#$&,8 -:'!(:  #, &+(3#&!2 ,  !63&+(3#&!2 E5' $#,2$&(+C ,<2$-

&8A('8 &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&,  #,2$#&! - !.,&+5!-:C  #$.$6+C (± 9 2), 

!.&+5! '($ $&0 '63/+)&!'(, !%,B5, ,<2$#$&,8 -:'!(:  #, &+(3#&!2 E5' $#,2$&($ 

'3G$'(-$&&! -:%$. W(! 2!7$( B:(0 !BT8'&$&! &$ !6&:2 3/$(!2  #,  !63&+(3#&!2 

2!.$6,#!-+&,, -'$C 1+5(!#!-, !5+<:-+AG,C -6,8&,$ &+ #$+60&3A  !"#$%&!'(0 (B:'(-

#:$ 1635(3+4,,  !6&!"! E6$5(#!&&!"! '!.$#7+&,8 ,!&!'1$#:, (#! !'1$#&:$ 1635-

(3+4,,, 2&!"!63/$-!'(0). I.&+5! 2!7&! <+56A/,(0, /(! ,2,(+(!#   9*-3803? !B$' $-

/,-+$( .!'(+(!/&3A +.$5-+(&!'(0  !63&+(3#&!"! 2!.$6,#!-+&,8 -  6+&$ '!!(-$('(-,8 

&+(3#&!23 E5' $#,2$&(3  ! 2+5',2+60&:2 <&+/$&,82  !"#$%&!'(, ! #$.$6$&,8 -:'!-

(: #$+60&:2  #,$2&,5!2 99* &+  #!.!67,($60&!2 ,&($#-+6$ &+B6A.$&,8. F#, E(!2 

!(6,/,8 - 2"&!-$&&:C <&+/$&,8C  !"#$%&!'(, ,<2$#$&,8 -:'!(: 2!"3( B:(0 .!'(+-

(!/&! '3G$'(-$&&:2,. 

D68 ,''6$.!-+&,8 C+#+5($#,'(,5 *=F , !4$&5, !7,.+$2:C C+#+5($#,'(,5 (!/&!-

'(, ! #$.$6$&,8 5!!#.,&+(  !(#$B,($6$) B:6 -:B#+& #+)!& +E#!.#!2+ P"+#5+. P''6$-

.!-+&,8  #!-!.,6,'0  3($2  !63&+(3#&!"! 2!.$6,#!-+&,8 ' ,' !60<!-+&,$2  #!-

"#+22&!-+  +#+(&!"! 5!2 6$5'+, ! ,'+&&!"! -:%$.  
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9 4$60A  !63/$&,8 B!6$$  !6&!"! +&+6,<+ !7,.+$2:C C+#+5($#,'(,5 99* , 

'#+-&$&,8 -!<2!7&!'($) '3G$'(-3AG,C 99*,  #!-!.,6,'0 ,''6$.!-+&,8 .68 @UI-

*>99, GPS , '!-2$G$&&!) "#3  ,#!-5, @UI*>99/GPS. W5' $#,2$&(:  #!-!.,6,'0 

&+ .+(3 05.11.2014 ". &+ ,&($#-+6$ -#$2$&, 5 /+'!- ' 04:00 .! 09:00 UTC. 

*+ #,'. 3  #$.'(+-6$&: "#+1,5, ,<2$&$&,8 "!#,<!&(+60&!"! @S (HDOP - #,'.3,+) 

, -$#(,5+60&!"! @S (VDOP – #,'. 3, !)  #, #+B!($  #,$2&,5+ 9*-3412  ! @UI*>99 

(5#,-:$ 1), GPS (5#,-:$ 2) , - '!-2$G$&&!2 #$7,2$ @UI*>99/GPS (5#,-:$ 3). 

 

 
 

J,'. 3. @$!2$(#,/$'5,) 1+5(!#:   – "!#,<!&(+60&:); ! – -$#(,5+60&:) 

 

P<  !63/$&&:C #$<360(+(!- '6$.3$(, /(! HDOP, C+#+5($#,<3AG,) 3'6!-,8 &+-,-

"+4,!&&!"! '$+&'+  #, #+B!($  ! GPS, &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&, ,<2$&8$('8 - 

 #$.$6+C !( 0,75 .! 1,5,  #, E(!2 '#$.&$$ <&+/$&,$ '!'(+-68$( 0,978. D68 @UI*>99 

"!#,<!&(+60&:) @S ,<2$&8$('8 - 2$&0%$2 .,+ +<!&$ – !( 0,75 .! 1,1, '#$.&$$ <&+/$&,$ 

'!'(+-68$( 0,906, /(! 63/%$, /$2 3 GPS. 

F#, E(!2 &+,B!6$$ &$B6+"! #,8(&:)  ! 3'6!-,82 #+B!(: GPS ,&($#-+6 -#$2$&, 

&+B6A.+6'8 ' 5:20 .! 6:40 UTC, - (! -#$28, 5+5 .68 @UI*>99 (+5,C <&+/,($60&:C 

3C3.%$&,) HDOP &$ &+B6A.+$('8. 

Y&+/,($60&! 63/%,$ 3'6!-,8 &+-,"+4,!&&!"! '$+&'+ &+B6A.+A('8  #, #+B!($  ! 

!BT$.,&$&&!) "#3  ,#!-5$ *9. K+5,  #, E(!2 <&+/$&,8 "!#,<!&(+60&!"! @S 6$7+( - 

 #$.$6+C 0,5–0,75,  #, '#$.&$2 <&+/$&,, 0,621 &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&,. 

P<  !63/$&&:C #$<360(+(!- '6$.3$(, /(! VDOP, C+#+5($#,<3AG,) 3'6!-,8 &+-,-

"+4,!&&!"! '$+&'+  #, #+B!($  ! GPS, &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&, ,<2$&8$('8 - 

 #$.$6+C !( 1,0 .! 3,7,  #, E(!2 '#$.&$$ <&+/$&,$ '!'(+-68$( 1,793. D68 @UI*>99 

-$#(,5+60&:) @S ,<2$&8$('8 - 2$&0%$2 .,+ +<!&$ – !( 1,0 .! 2,0, '#$.&$$ <&+/$&,$ 

'!'(+-68$( 1,512, /(! 63/%$, /$2 3 GPS. 

F#, E(!2 &+,B!6$$ &$B6+"! #,8(&:2,  ! 3'6!-,82 #+B!(: GPS 8-68A('8 ,&($#-

-+6: -#$2$&, ' 2:30 .! 2:50 , ' 5:20 .! 6:30 UTC. D68 @UI*>99 (+5,C <&+/,($60&:C 

3C3.%$&,) VDOP &$ &+B6A.+$('8.  

F!63/$&&:$ #$<360(+(:  !.(-$#7.+A( ,<-$'(&!$  !6!7$&,$, /(! @UI*>99 

!B$' $/,-+$( 63/%,$, /$2 GPS, 3'6!-,8 &+-,"+4,!&&!"! '$+&'+ - -:'!5,C %,#!(+C. 

F#, #+B!($  #,$2&,5+ - '!-2$G$&&!2 #$7,2$  ! GPS/@UI*>99 <&+/$&,8 -$#-

(,5+60&!"! @S 6$7+( -  #$.$6+C 0,7–1,5  #, '#$.&$2 <&+/$&,, 1,052 &+ ,''6$.3$2!2 

,&($#-+6$ -#$2$&,. 

*+ #,'. 4  #$.'(+-6$&: #$<360(+(: ,''6$.!-+&,8 !%,B5, ! #$.$6$&,8 -:'!(: 

 #,$2&,5!2 9*-4312  #, #+B!($  ! @UI*>99 (5#,-+8 1),  ! GPS (5#,-+8 2) ,  ! '!-

-2$G$&&!) "#3  ,#!-5$ @UI*>99/GPS. 
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J,'. 4. F!"#$%&!'(0 ,<2$#$&,8 -:'!(: 

 

P<  !63/$&&:C #$<360(+(!- '6$.3$(, /(!, &$'2!(#8 &+ 2$&0%$$ <&+/$&,$ "$!2$(-

#,/$'5!"! 1+5(!#+  ! 3'6!-,82 &+-,"+4,!&&!"! '$+&'+, (!/&!'(0 ,<2$#$&,8 -:'!(: 

 #,$2&,5!2 9*-4312  ! @UI*>99 C37$, /$2  ! GPS. ?"&!-$&&:$ <&+/$&,8  !"#$%-

&!'(, ,<2$#$&,8 -:'!(:  #,$2&,5!2 9*-4312  #, #+B!($  ! @UI*>99 .!'(,"+A(  

7,5 2 ( #, #+B!($  ! GPS – .! 2 2). F#, #+B!($ - '!-2$G$&&!2 #$7,2$ @UI*>99/GPS 

2"&!-$&&:$  !"#$%&!'(, ,<2$#$&,8 -:'!(: .!'(,"+A( 3 2. 

J+''/,(+&&+8  ! -'$) -:B!#5$ ,<2$#$&,) &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&, 

(!/&!'(0 ,<2$#$&,8 -:'!(:, C+#+5($#,<3$2+8 9HF, '!'(+-,6+ 0,68 2 (GPS), 3,89 2 

(@UI*>99) , 1,41 2 (#+B!(+  ! @UI*>99/GPS). F#, E(!2 #+B!(+  ! '!-2$G$&&!) 

"#3  ,#!-5$ !B$' $/,-+$( (!/&!'(0 ,<2$#$&,8 -:'!(:, B6,<53A 5 (!/&!'(, GPS. 

J$<360(+(:  #!-$.$&&:C E5' $#,2$&(!-  !<-!68A( '.$6+(0 '6$.3AG,$ -:-!.:: 

1. D68 +&+6,<,#3$2!"! ,&($#-+6+ -#$2$&, (02:00 – 07:00  ! %5+6$ UTC) 3'6!-,8 

&+-,"+4,!&&!"! '$+&'+, ! #$.$68$2:$ <&+/$&,82, "!#,<!&(+60&!"! , -$#(,5+60&!"! 

@S, - #+''2+(#,-+$2!2 #+)!&$ (P"+#5+) B3.3( &+,63/%,2,  #, #+B!($  ! '!-2$G$&-

&!) "#3  ,#!-5$ @UI*>99/GPS. F#, E(!2 @UI*>99 !B$' $/,-+$( 63/%,$, /$2 GPS, 

3'6!-,8 &+-,"+4,!&&!"! '$+&'+.  

2. *$'2!(#8 &+ 363/%$&,$ 3'6!-,) &+-,"+4,!&&!"! '$+&'+  #, #+B!($  ! '!-2$-

G$&&!) "#3  ,#!-5$ @UI*>99/GPS, (!/&!'(0 &+-,"+4,!&&:C ! #$.$6$&,)  #,$2&,-

5!2 9*-4312  #, #+B!($ (!605!  ! GPS B3.$( -:%$. W(! 2!7$( B:(0 '-8<+&! ' !'!B$&-

&!'(82, 'C$2&!) #$+6,<+4,, #+.,!/+'(!(&!"! (#+5(+  #,$2&,5+.  

 

 
9 ,'!5 6,($#+(3#:  

 
1. @UI*>99. F#,&4, :  !'(#!$&,8 , 13&54,!&,#!-+&,8 / F!. #$.. >. P. F$#!-+, =. *. O+#,'!-

-+. – P<.. 4-$,  $#$#+B. , .! . – ?.: J+.,!($C&,5+, 2010. – 796 '. 
2. 95#: &,5 I. *. J+.,!&+-,"+4,!&&:$ ','($2: -!<.3%&:C '3.!-: 3/$B&,5. – ?.: P&1#+-?, 

2014. – 348 '. 
3. 95#: &,5 I. *., Z#!C,& =. =. P''6$.!-+&,$  +#+2$(#!- #+B!/$"! '!<-$<.,8 @UI*>99 &+  

!'&!-$ 2!.$6,#!-+&,8 !#B,(+60&!) "#3  ,#!-5, // *+3/&:) -$'(&,5 ?@K; @>. – 2012. – N 180. – 
9. 70–77. 
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/)(.43  0.*(&.)!#1  #   ! "#$  0.")5  (.6!.*(#  ,".! **   

4"1   7&.! +#, -#.!!.,.  .8)*0)6)!#1  +.$429!3%  *24.+ 

 

J. I. >#$10$-, *. @. >'(#+C+&4$-+, I. *. 95#: &,5 (&+3/&:) #35!-!.,($60) 

 
#$%&'(%)* +),) , -.(%."(%./. /.(&0 $('"122./. '132)41(%./. &2)"1$()'1'  /$ 50 2(%.*  ") 6)) (-789 7:)  

664047, /. #$%&'(%, &,. ;.<<&2 $.", 3  

E-mail: skripnikon@yandex.ru 

 
*+ !'&!-$  #,2$&$&,8 #+<#+B!(+&&!) - '#$.$ LabVieW  #!"#+22:   #$.6!7$&+ 2$(!.,5+ #+'/$(+ "$!2$(#,/$-

'5,C 1+5(!#!- ,  !'(#!$&,8  !6$) (!/&!'(, @UI*>99 F3($2 '#+-&$&,8 ' .+&&:2, &+(3#&:C E5' $#,2$&(!- !4$&$&+ 

.!'(!-$#&!'(0  !63/$&&:C #$<360(+(!-.  = 5+/$'(-$  #,2$#+  !'(#!$&:  !68 (!/&!'(, @UI*>99 - "!#,<!&(+60&!) , 

-$#(,5+60&!)  6!'5!'(8C .68 <!&: -!<.3%&!"!  #!'(#+&'(-+ 2$7.3 P#53('5!2 , H#+'&!8#'5!2. 

 

9!"6+'&!  #,&8(!) 5!&4$ 4,, #+<-,(,8 ','($2: !#"+&,<+4,, -!<.3%&!"! .-,-

7$&,8  !'&!-&:2 '#$.'(-!2 &+-,"+4,!&&!"! !B$' $/$&,8 -'$C E(+ !-  !6$(+ -!<.3%-

&:C '3.!- (=9), -56A/+8 <+C!. &+  !'+.53 ,  !'+.53, .!67&: '(+(0 ' 3(&,5!-:$ ','-

($2: &+-,"+4,, (99*). 

9!-#$2$&&:$ 99*, (+5,$ 5+5 GPS , @UI*>99,  !<-!68A( ! #$.$68(0 5!!#.,&+-

(: =9 ' (!/&!'(0A, 3.!-6$(-!#8AG$) (#$B!-+&,82 <!&+60&!) &+-,"+4,,, +  #, ! #$-

.$6$&&:C 3'6!-,8C , (#$B!-+&,82 (!/&!"! <+C!.+ &+  !'+.53.  

D68 #$%$&,8 <+.+/ +E#!&+-,"+4,!&&!"! !B$' $/$&,8 =9,  #$7.$ -'$"! - #+25+C 

($C&!6!",) <!&+60&!) &+-,"+4,, RNAV (Arial Navigation), ! #$.$6$&&:)  #+5(,/$'5,) 

,&($#$' 2!7$(  #$.'(+-68(0  !'(#!$&,$ #+B!/,C <!& 99* – !B6+'($) -!<.3%&!"!  #!-

'(#+&'(-+, -&3(#, 5!(!#:C  !"#$%&!'(0 ! #$.$6$&,8 &+-,"+4,!&&:C  +#+2$(#!- (2$-

'(! !6!7$&,8, -:'!(:  !6$(+), &$ -:C!.,( <+ <+.+&&:$ <&+/$&,8. I.&+5!  !'(#!$&,$ 

#+B!/,C <!& 99*  #$.'(+-68$( '!B!) .!'(+(!/&! '6!7&3A <+.+/3,  !'5!6053 ' 3(&,5, 

 $#$2$G+A('8 !(&!',($60&!  !(#$B,($6$), + <&+/,(, "#+&,4: #+B!/,C <!& B3.3( .,&+-

2,/&:2,. H#!2$ (!"!, &+ (!/&!'(0 &+-,"+4,!&&:C ! #$.$6$&,) - 99* !5+<:-+$( 

-6,8&,$ -$'02+ %,#!5,) ' $5(# 1+5(!#!-, - (!2 /,'6$ ,<2$&8AG,C'8 '63/+)&:2 !B-

#+<!2, /(!  #,-!.,(  #+5(,/$'5, 5 &$#$+6,<3$2!'(, <+.+/,  !'(#!$&,8 #+B!/,C <!& - 

$$ 56+'',/$'5!)  !'(+&!-5$. 

I.&,2 ,< !'&!-&:C 1+5(!#!-, !5+<:-+AG,2 ! #$.$68AG$$ -6,8&,$ &+ (!/&!'(0 

&+-,"+4,!&&:C ! #$.$6$&,) - 99* (,'56A/+8 ,!&!'1$#&3A <+.$#753), 8-68$('8 (+5 

&+<:-+$2:)  #!'(#+&'(-$&&:) "$!2$(#,/$'5,) 1+5(!# (@S) PDOP (Position Dilution of 

Precision), 5!(!#:) <+-,',( !( -<+,2&!"!  !6!7$&,8 =9 , &+-,"+4,!&&:C ' 3(&,5!- 

(*9), ',"&+6: !( 5!(!#:C  !'(3 +A( .68 !B#+B!(5, -  #,$2&,5$ 99*. F#, E(!2  
 

PDOP
2 
= HDOP

2 
+ VDOP

2
, 

 

".$ HDOP (Horizontal Dilution of Precision) – "!#,<!&(+60&:), VDOP (Vertical Dilution 

of Precision) – -$#(,5+60&:) @S, C+#+5($#,<3AG,$, '!!(-$('(-$&&!, (!/&!'(0 ! #$.$-

6$&,8 2$'(! !6!7$&,8 ("!#,<!&(+60&:C 5!!#.,&+() , -:'!(: =9 - 2$'(&!) "!#,<!&-

(+60&!) ','($2$ 5!!#.,&+( IX0Y0Z0 (#,'. 1). 

Y+5!&!2$#&!$ .-,7$&,$ *9  ! !#B,(+2 ' ,<-$'(&:2  $#,!.!2 !B#+G$&,8  !<-!-

68$( #+''/,(:-+(0 <&+/$&,$ @S .68 6AB!"! 2!2$&(+ -#$2$&, , .68 6AB!) (!/5, -!<-

.3%&!"!  #!'(#+&'(-+, ,' !60<38 .68 E(!"! <&+/$&,8 E1$2$#,.,  !63/+$2:$ ,< +602+-

&+C+ ','($2:. I #$.$6$&,$ '!-!53 &!'(, (!/$5 -  #!'(#+&'(-$, - 5!(!#:C <&+/$&,$ 

@S 8-68$('8  !'(!8&&:2 ,6, 6$7,( - <+.+&&:C  #$.$6+C,  !<-!6,(  !'(#!,(0  !68 

(!/&!'(, (#+B!/,$ <!&:) 99* - "!#,<!&(+60&!) ( ! HDOP) , -$#(,5+60&!) ( ! VDOP) 

 6!'5!'(8C - <+.+&&:C !B6+'(8C -!<.3%&!"!  #!'(#+&'(-+. 
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J,'. 1. @!#,<!&(+60&+8 ','($2+ 5!!#.,&+( 

 

D68  !63/$&,8 <&+/$&,) @S - <+.+&&!) !B6+'(, -!<.3%&!"!  #!'(#+&'(-! 2!7&! 

,' !60<!-+(0 ,&1!#2+4,A !( '$(, &+<$2&:C '(+&4,) 2!&,(!#,&"+ 99*,  !63&+(3#&!$ 

2!.$6,#!-+&,$, &+ #,2$# ' ,' !60<!-+&,$2 '!-#$2$&&:C  #!"#+22&!-+  +#+(&:C 5!2-

 6$5'!- [1], + (+57$ 2$(!.:, !'&!-+&&:$ &+ 2+($2+(,/$'5!2 2!.$6,#!-+&,, !#B,(+60-

&!) "#3  ,#!-5, @UI*>99. 

=  !'6$.&,C .-3C '63/+8C &$!BC!.,2! !B$' $/,(0 +.$5-+(&!'(0 2!.$6,#!-+&,8. 

Y+.+/+  !'(#!$&,8  !6$) (!/&!'(, @UI*>99 B:6+ #$%$&+  3($2 #+<#+B!(5, - 

'#$.$ LabView  #!"#+22: 2!.$6,#!-+&,8 !#B,(+60&!) "#3  ,#!-5, @UI*>99, -:B!#+ 

*9, &+C!.8G,C'8 - <!&$ -,.,2!'(,, #+'/$(+ <&+/$&,) @S - (!/5+C,  #,&+.6$7+G,C ,'-

'6$.3$2!) !B6+'(, -!<.3%&!"!  #!'(#+&'(-+, -:.$6$&,8 '!-!53 &!'(, (!/$5, - 5!(!#:C 

<&+/$&,8 @S 6$7+( - <+.+-+$2:C .,+ +<!&+C. 

?+($2+(,/$'5+8 2!.$60 !#B,(+60&!) "#3  ,#!-5,  !'(#!$&+ &+ !'&!-$ .+&&:C, 

! 3B6,5!-+&&:C - [2]. P'C!.&:2, .+&&:2, .68 <+ 3'5+ 2!.$6, !#B,(+60&!"! .-,7$&,8 

8-68$('8 +602+&+C @UI*>99,  !63/+$2:) ' -$B-'+)(+ P&1!#2+4,!&&!-+&+6,(,/$'5!"! 

4$&(#+ @UI*>99 [3], ,  #$!B#+<3$2:) - &37&:) .68 #+B!(: 2!.$6, 1!#2+(. 

>.$5-+(&!'(0 #+<#+B!(+&&!) 2!.$6, B:6+  #!-$#$&+  3($2 '! !'(+-6$&,8 $$ -:-

C!.&:C .+&&:C (&!2$#+ *9, &+C!.8G,C'8 - <!&$ -,.,2!'(,, "#+&,4: ,  #!.!67,($60-

&!'(0 ,&($#-+6!- -#$2$&, &+C!7.$&,8 *9 - <!&$ -,.,2!'(,, <&+/$&,8  #!'(#+&'(-$&&!-

"!, "!#,<!&(+60&!"! , -$#(,5+60&!"! @S) ' .+&&:2,,  !63/$&&:2,  #, &+(3#&!2 E5' $-

#,2$&($ '  #,$2&,5!2 9*-4312, #+' !6!7$&&:2 - (!/5$ ' 5!!#.,&+(+2, OOO, ' .+&-

&:2,, 1!#2,#3$2:2, '#$.!) '!<.+&,8 '4$&+#,$- ,2,(+(!#+ ' 3(&,5!-:C ','($2 &+-,-

"+4,, 9*-3803?, + (+57$ ' .+&&:2, P&1!#2+4,!&&!-+&+6,(,/$'5!"! 4$&(#+ (P>[) 

@UI*>99. 

*+ #,'. 2  !5+<+&: "#+1,5, ,<2$&$&,8 "!#,<!&(+60&!"! HDOP (#,'. 2,  ) , -$#(,-

5+60&!"! VDOP (#,'. 2, !) @S,  !63/$&&:$  #,  #!-$.$&,, &+(3#&!"! E5' $#,2$&(+ 

(5#,-:$ 1) ,  3($2 2+($2+(,/$'5!"! 2!.$6,#!-+&,8 (5#,-:$ 2).  

*+(3#&:) E5' $#,2$&(  #!-!.,6'8 26.02.2015 ' ,' !60<!-+&,$2 +-,+4,!&&!"! 

 #,$2&,5+ 9*-4312, +&($&&+ 5!(!#!"! #+' !6!7$&+ - (!/5$ ' 5!!#.,&+(+2, = = 503,18 2, 

>=52°15´25,8´´, L=104°21´22,1´´ (". P#53('5) &+ ,&($#-+6$ -#$2$&, ' 05:00 .! 11:00 UTC. 

D68 E(,C 7$ 3'6!-,)  #!-!.,6!'0 2+($2+(,/$'5!$ 2!.$6,#!-+&,$. 

F#!-$.$&&:$ E5' $#,2$&(:  !5+<+6, C!#!%$$ '!!(-$('(-,$ #$<360(+(!- &+(3#&!-

"! E5' $#,2$&(+ , ,2,(+4,!&&!"! 2+($2+(,/$'5!"! 2!.$6,#!-+&,8, /(! "!-!#,( !B 

+.$5-+(&!'(, #+<#+B!(+&&!) 2!.$6, !#B,(+60&!) "#3  ,#!-5, @UI*>99. *$5!(!#:$ 

&$'!- +.$&,8 <&+/$&,) @S '-8<+&: ' &$3'(!)/,-:2 '6$7$&,$2  #,$2&,5+ 9*-4312 <+ 

',"&+6+2, *9 - !(.$60&:$ ,&($#-+6: -#$2$&,. K+57$ !B$' $/,-+6!'0  !6&!$ '!!(-$(-

'(-,$ -:C!.&:C .+&&:C #+<#+B!(+&&!) 2!.$6, ' .+&&:2,, 1!#2,#3$2:2, 9*-3803? 

, .+&&:2, P>[ @UI*>99. 
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J,'. 2. P<2$&$&,$ @S &+ ,''6$.3$2!2 ,&($#-+6$ -#$2$&,: 

+ – "!#,<!&(+60&:) @S; B – -$#(,5+60&:) @S 
 

= #8.$ '63/+$- &+ ,&($#-+6$ &+B6A.$&,8 ,2$A( 2$'(! <&+/,($60&:$ -+#,+4,, 

<&+/$&,) "$!2$(#,/$'5,C 1+5(!#!-, - B!60%$) '($ $&, – -$#(,5+60&!"! VDOP.  

96$.!-+($60&!, (!/&!'(0 #$%$&,8 &+-,"+4,!&&!) <+.+/,  ! .+&&:2 99* B3.$( 

(+57$ ,<2$&8(0'8 - ($/$&,$ -#$2$&, , - #+<&:C (!/5+C 2+#%#3(+  !6$(+ =9, /(! 35+-

<:-+$( &+ +5(3+60&!'(0  #!B6$2:  #!"&!<,#!-+&,8 ,  !'(#!$&,8  !6$) (!/&!'(, 

@UI*>99 .68 <+.+&&:C 2!2$&(!- ,6, ,&($#-+6!- -#$2$&, .68 <+.+&&:C !B6+'($) 

-!<.3%&!"!  #!'(#+&'(-+.  

W(+ 7$  #!B6$2+ +5(3+60&+ .68  #!"&!<,#!-+&,8 !7,.+$2!) (!/&!'(, ! #$.$6$-

&,8 5!!#.,&+( =9  #,  !6$($  ! <+.+&&!23 ,6, -:B,#+$2!23 (5!&4$ 4,8 RNAV) 

2+#%#3(3. 

;/,(:-+8 56,2+(,/$'5,$ , "$!"#+1,/$'5,$ !'!B$&&!'(, !(.$60&:C ($##,(!#,) 

J!'',,,  #$7.$ -'$"! (#3.&!.!'(3 &:C , 2+6!!'-!$&&:C #$",!&!- H#+)&$"! 9$-$#+, 

9,B,#, , D+60&$"! =!'(!5+, ,' !60<!-+&,$ (#+.,4,!&&:C ($C&!6!",) !#"+&,<+4,, , 

3 #+-6$&,8 -!<.3%&:2 .-,7$&,$2 (I#=D), + (+57$ ($C&,/$'5,C '#$.'(- I#=D &+<$2-

&!"! B+<,#!-+&,8 2!7$( B:(0 6,B! 2+6!E11$5(,-&:2, 6,B! &$-!<2!7&:2. = /+'(&!-

'(,, B!#(!-:$ , &+<$2&:$ '#$.'(-+ &+-,"+4,, , I#=D, !'&!-+&&:$ &+ (#+.,4,!&&:C 

 #,&4, +C, ,2$A( #8. '3G$'(-$&&:C !"#+&,/$&,) , &$ -  !6&!) 2$#$ 3.!-6$(-!#8A( 

'!-#$2$&&:2 (#$B!-+&,82  ! (!/&!'(,, &+.$7&!'(,, .+60&!'(, .$)'(-,8 , <!&+2  !-

5#:(,8 '!<.+-+$2!"! ,2, &+-,"+4,!&&!--#$2$&&!"!  !68.  

F#,2$&$&,$ 99* .68 '!<.+&,8 &+-,"+4,!&&!--#$2$&&!"!  !68 - <&+/,($60&!) 

'($ $&, ,<B+-68$( !(  $#$/,'6$&&:C -:%$ (#3.&!'($) ,  !<-!68$( '!<.+(0  !6$ 

&+B6A.$&,8 - <+.+&&!2 #$",!&$, -:B#+(0 '(#35(3#3 I#=D, ! (,2+60&3A  ! <+.+&&:2 

5#,($#,82 .68 -: !6&$&,8 4$6$-:C <+.+/. 

*+ #,'. 3, 4  !5+<+&:  !68 (!/&!'(, @UI*>99 '!!(-$('(-$&&! .68 "!#,<!&(+60-

&!"! , -$#(,5+60&!"! "$!2$(#,/$'5,C 1+5(!#!-,  !'(#!$&&:$ &+ !'&!-$ 2+($2+(,/$-

'5!"! 2!.$6,#!-+&,8 ' ,' !60<!-+&,$2 #+<#+B!(+&&!) 2!.$6,, .68 <!&: -!<.3%&!"! 

 #!'(#+&'(-+ 2$7.3 +E#!.#!2+2, P#53('5 , H#+'&!8#'5. W5' $#,2$&(:  #!-!.,6,'0 

 ! .+&&:2 +602+&+C+ , E1$2$#,. @UI*>99  ! '!'(!8&,A &+ 21.09.2014 ". .68 2!2$&-

(!- -#$2$&, 23:40 (#,'. 3,   , 4,  ) – -<6$( =9 ,< +E#! !#(+ P#53('5 , 01:30 UTC 

(22.09.2014 ".) (#,'. 3, ! , 4, !) –  !'+.5+ =9 - +E#! !#(3 H#+'&!8#'5. 
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J,'. 3. F!68 (!/&!'(, @UI*>99 - "!#,<!&(+60&!)  6!'5!'(, 

 

H+5 '6$.3$( ,<  !63/$&&:C #$<360(+(!-, -.!60 2+#%#3(+  !6$(+ P#53('5-

H#+'&!8#'5 &+ +&+6,<,#3$2!2 ,&($#-+6$ -#$2$&, &+B6A.+$('8 &$5!(!#!$ 3C3.%$&,8 

"!#,<!&(+60&!"! @S ' 0,6–0,9 &+ &+/+60&!2 E(+ $  !6$(+ =9 .! 0,9–1,0 &+ <+-$#%+A-

G$2 E(+ $. F#, E(!2 - 4$6!2  ! 2+#%#3(3 "!#,<!&(+60&:) @S B6,<!5 5 &+,63/%$23.  

F!6$ (!/&!'(, @UI*>99 - -$#(,5+60&!)  6!'5!'(,, 5+5 -,.&! ,< #,'. 4, 8-68$(-

'8 2$&$$ !.&!#!.&:2, , -  #!4$''$  !6$(+ ,< P#53('5+ - H#+'&!8#'5 VDOP ,<2$&8$('8 

!( 1,6–1,7 .! 1,4–1,5. 
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J,'. 4. F!68 (!/&!'(, @UI*>99 - -$#(,5+60&!)  6!'5!'(, 

 

F#$.6!7$&&+8 2$(!.,5+ 2!7$( B:(0 ,' !60<!-+&+  #,  6+&,#!-+&,,  !6$(!-, + 

(+57$ - B!#(!-:C ','($2+C '+2!6$(!-!7.$&,8 .68 363/%$&,8 ',(3+4,!&&!) !'-$.!2-

6$&&!'(, E5, +7$) =9  #, -: !6&$&,,  !6$(!-  ! ($C&!6!",82 RNAV. 

 
9 ,'!5 6,($#+(3#:  

 

1. 95#: &,5 I. *., *$/+$- Z. Z., >#$10$- J. I. F!'(#!$&,$ , +&+6,<  !6$) (!/&!'(, GPS &+ !'&!-

-$  #!"#+22&!-+  +#+(&:C '#$.'(- NI GPS SIMULATION TOOLKIT // *+3/&:) -$'(&,5 ?@K; @>. – 

2014. – N 209.– 9. 5–12. 

2. @UI*>99. P&($#1$)'&:) 5!&(#!60&:) .!532$&( (#$.. 5.1). – ?.: J*PPHF, 2008. 

3. http://glonass-iac.ru/ 
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/.4)&!#$ -#1  & 4#.! +#, -#.!!.5  *#*()/3  «'& 8#'-8/»   

*  #*0.":$.+ !#)/  *#*()/3  !   '&#*( "")  XILINX  ZYNQ-7000 

 

D. 9. S$!5(,'(!-, >. ?. >6$%$/5,& (&+3/&:) #35!-!.,($60) 

 
#2(')'&' )25121$2.* +)?)%) ) $ 0).@,1%'$.2)%) A7:B9 >CB DA9 

660074, /. ;$ (2.E$(%, &,. ;)$12(%./., 28 

E-mail: feoktistov-d-s@mail.ru 

 
F#$.'(+-6$& -+#,+&( !'3G$'(-6$&,8 2!.$#&,<+4,, J*9 «H#+B,5-V?», '$#,)&! -: 3'5+$2!) >I «*FF 

«J+.,!'-8<0» (". H#+'&!8#'5) .68 !B$' $/$&,8 2!#'5,C !BT$5(!-. J+''2!(#$&: !'!B$&&!'(, , -!<2!7&!'(,  6+(-

1!#2: Zynq-7000.  F#$.'(+-6$&+ '(#35(3#&+8 'C$2+ &!-!"! +  +#+(&!"! #$%$&,8 .68 .+&&!) J*9 &+ B+<$ ','($2 &+ 

5#,'(+66$ '$2$)'(-+ Zynq-7000. 

 

= &+'(!8G$$ -#$28 ' 3(&,5!-:$ #+.,!&+-,"+4,!&&:$ ','($2: (9J*9) !B$' $/,-

-+A( -:'!53A (!/&!'(0 ! #$.$6$&,8 5!!#.,&+( ,  #$.!'(+-68A( -!<2!7&!'(0 -: !6-

&$&,8 &+-,"+4,!&&:C ,<2$#$&,) - 6AB!) (!/5$ Y$26,. =2$'($ ' ($2 9J*9  #,'3G, 

-:'!5+8 '(!,2!'(0 , '6!7&!'(0 #+<-$#(:-+&,8, /(!  #$7.$ -'$"! '-8<+&! ' <+(#+(+2, 

 ! #+<-$#(:-+&,A , -!' !6&$&,A !#B,(+60&!) "#3  ,#!-5, &+-,"+4,!&&:C 5!'2,/$-

'5,C +  +#+(!-. H#!2$ (!"!,  #, ,' !60<!-+&,, 9J*9 - '(+&.+#(&!2 #$7,2$ ! #$.$-

6$&,8 5!!#.,&+( (!/&!'(0 ! #$.$6$&,8 5!!#.,&+( !BT$5(!- 3C3.%+$('8 -  $#-3A !/$-

#$.0 <+ '/$( -6,8&,8 ,!&!'1$#&!)  !"#$%&!'(,, 5!(!#+8 3'(#+&8$('8 &$  !6&!'(0A  #, 

,' !60<!-+&,, !.&!/+'(!(&:C ,<2$#$&,) , 2!.$6$) $$  #$.'5+<+&,8. D-3C/+'(!(&:$ 

,<2$#$&,8  !<-!68A(  !-:',(0 (!/&!'(0 ,!&!'1$#&:C  ! #+-!5 5 ,<2$#$&&:2 5-+<,-

.+60&!'(82, !.&+5! !'(+(!/&+8  !"#$%&!'(0 ,<2$#$&,8 2$'(+ !BT$5(!- !'(+$('8 -  #$-

.$6+C 1–10 2$(#!-. F#, E(!2 ,' !60<!-+&,$ .-3C/+'(!(&:C ,<2$#$&,)  #,-!.,( 3.!-

#!7+&,A +  +#+(3#:,  !-:%$&,A $$ 2+'': , "+B+#,(!-. F!-:',(0 (!/&!'(0 ! #$.$6$-

&,8 2$'(+ !BT$5(!-  ! ',"&+6+2 9J*9 2!7&! <+ '/$( #$+6,<+4,, .,11$#$&4,+60&:C 

2$(!.!- ,<2$#$&,), /(! (#$B3$( #+<-$#(:-+&,8 .! !6&,($60&:C 5!&(#!60&!-

5!##$5(,#3AG,C '(+&4,), #+' !6!7$&&:C - (!/5+C ' ,<-$'(&:2, 5!!#.,&+(+2,. D#3-

",2 &$.!'(+(5!2 9J*9 8-68$('8 &,<5+8  !2$C!<+G,G$&&!'(0 -'6$.'(-,$ '6+B!"! E&$#-

"$(,/$'5!"!  !($&4,+6+ #+.,!6,&,, ' 3(&,5- !(#$B,($60.  

= '-8<, ' 35+<+&&:2, &$.!'(+(5+2, &+<$2&:$ #+.,!&+-,"+4,!&&:$ ','($2: 

(J*9)  !- #$7&$23 <+&,2+A( -+7&!$ 2$'(! '#$., '#$.'(- &+-,"+4,!&&!"! !B$' $/$-

&,8,  !'5!6053 &$  !.-$#7$&: -6,8&,A ,!&!'1$#:, !B$' $/,-+A( -:'!5,) E&$#"$(,-

/$'5,)  !($&4,+6 - ',63 2$&0%$"! #+''(!8&,8 2$7.3 ! !#&:2, &+-,"+4,!&&:2, (!/-

5+2, , !BT$5(!2. F#, E(!2 '+2+ ','($2+ 4$6,5!2 &+C!.,('8 - #35+C  !60<!-+($68, - 

!(6,/,$ !( 9J*9, ".$ #8.!-!)  !60<!-+($60 ,2$$( (!605! +  +#+(3#3  !(#$B,($6$) , 

&,5+5 &$ 2!7$(  !-6,8(0 &+ 5+/$'(-! #+B!(: 5!'2,/$'5!"! '$"2$&(+ 9J*9.  

D!6"!'#!/&!$ '!(#3.&,/$'(-! PPS , JW 9S; , >I «*FF «J+.,!'-8<0»  #,-$6! 

5 #+<#+B!(5$ , #$+6,<+4,, 2&!7$'(-+ ($C&,/$'5,C #$%$&,) - !B6+'(, &+<$2&:C J*9. 

I.&!) ,< (+5,C ','($2 8-68$('8 J*9 «H#+B,5-V?», '$#,)&!$  #!,<-!.'(-! 5!(!#!) 

B:6! &+/+(! - 2003 "!.3. D+&&+8 J*9 8-68$('8 2!#'5!) 1+<!-!) #+.,!&+-,"+4,!&&!) 

','($2!) ;=\-.,+ +<!&+,  #$.&+<&+/$&&!) .68 -:'!5!(!/&!) "$!.$<,/$'5!) 5!!#.,-

&+(&!)  #,-8<5,  !.-,7&:C , '(+4,!&+#&:C &+.-!.&:C !BT$5(!-. 

*+ '$"!.&8%&,) .$&0 - 4$68C  !-:%$&,8 5!&53#$&(!' !'!B&!'(,  !'(+-6$&+ <+-

.+/+  ! 2!.$#&,<+4,, +  +#+(&!"! !B$' $/$&,8 J*9 «H#+B,5-V?». *$!BC!.,2!'(0 

!'3G$'(-6$&,8 2!.$#&,<+4,, 8-68$('8 '6$.'(-,$2 #8.+  #,/,&: 

- ,' !60<!-+&,$ 3'(+#$-%,C ($C&!6!",) , E6$2$&(&!) B+<:, 5!(!#3A '(+6!  #+5-

(,/$'5, &$-!<2!7&!  #,!B#$(+(0 -'6$.'(-,$  #$5#+G$&,8 -: 3'5+; 
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- '6+B:$ -!<2!7&!'(, !BT$.,&$&,8 ' '!-#$2$&&:2, -&$%&,2, 3'(#!)'(-+2,, ,'-

 !60<3$2:2, .68 -:-!.+ &+-,"+4,!&&!) ,&1!#2+4,, ,  !-:%$&,8 (!/&!'(, ! #$.$-

6$&,8 2$'(+ !BT$5(!-; 

- -:'!5+8 '$B$'(!,2!'(0 5!2 6$5(3AG,C ,<.$6,8. 

I'3G$'(-6$&,$ 2!.$#&,<+4,, J*9 «H#+B,5-V?» ,2$$( &$'5!605! -!<2!7&:C 

&+ #+-6$&,), &+,B!6$$  $#' $5(,-&:2 '#$., 5!(!#:C 2!7&! '/,(+(0 ,' !60<!-+&,$ 

','($2 &+ 5#,'(+66$ (9&H), &+ #,2$#, Zynq-7000 1,#2: Xilinx. 

;'(#!)'(-+ '$2$)'(-+ Zynq-7000 '!/$(+A(  #!"#+22&:$ -!<2!7&!'(, -:'!5!-

 #!,<-!.,($60&!"!  #!4$''!#+ ARM Cortex-A9 ' .-328 -:/,'6,($60&:2, 8.#+2, , 

 #!"#+22,#3$2!) 6!",5, Artix/Kintex-7, /(! !B$' $/,-+$( -:'!5,) 3#!-$&0  #!,<-!-

.,($60&!'(,, ",B5!'(, , 2+'%(+B,#3$2!'(,. F#, E(!2  #!"#+22,#3$2+8 6!",5+ Zynq-

7000  !<-!68$( 6$"5! ,<2$&8(0 +#C,($5(3#3 ','($2:,  #,' !'+B6,-+8 $]  !. #$%$&,$ 

! #$.$6$&&!) <+.+/,  #,  !2!G, ' $4,+6,<,#!-+&&:C  $#,1$#,)&:C 3'(#!)'(- ,6, 

2!.36$) #+'%,#$&,8. P&($"#+4,8 &+ !.&!2 5#,'(+66$  #!4$''!#&!) ','($2: ,  #!-

"#+22,#3$2!) 6!",5, .+]( B!60%,)  #,#!'(  #!,<-!.,($60&!'(, <+ '/$( 3'5!#$&&!"! 

!B2$&+ .+&&:2, 2$7.3 &,2,. =$'0  #!4$'' ,&,4,+6,<+4,,  6+(1!#2: Zynq-7000 5!&-

(#!6,#3$('8  #!4$''!#!2. W(! !<&+/+$(, /(!  #!4$''!#&+8 ','($2+ 2!7$( !'3G$'(--

68(0 '-!A #+B!(3 &$<+-,',2! !(  #!"#+22,#3$2!) 6!",5,. H!&1,"3#+4,8  #!"#+22,-

#3$2!) 6!",5, 2!7$( B:(0 !'3G$'(-6$&+ 5+5  #, ,&,4,+6,<+4,, ','($2:, (+5 , - .#3-

",$,  #!,<-!60&! -:B#+&&:$ 2!2$&(: -#$2$&,. 

*+ #,'. 1  #$.'(+-6$&+ '(#35(3#&+8 'C$2+ .$)'(-3AG,C  #,$2! $#$.+(/,5!- 

(FFJD) J*9 «H#+B,5-V?». H!&'(#35(,-&!$ ,' !6&$&,$ !.&!) '(+&4,,  #$.'(+-68$( 

'!B!) '!-!53 &!'(0 'T$2&:C B6!5!-: B6!5  #,$2&,5+ (FJ?), B6!5 3'(#!)'(-+ 4,1#!-

-!) !B#+B!(5, (;[I), B6!5  $#$.+(/,5+ (FJD), + (+57$ B6!5+  ,(+&,8, -56A/+AG$"! - 

'$B8 3',6,($60 2!G&!'(, , +&($&&:) 5!223(+(!#. H+7.:) ,< B6!5!- -: !6&$& &+ !(-

.$60&!)  6+($, /(! - <&+/,($60&!) '($ $&, '5+<:-+$('8 &+ <&+/$&,8C 2+''!"+B+#,(&:C 

 !5+<+($6$) FFJD.  
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;',6,($60 

2!G&!'(,
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J,'. 1. 9(#35(3#&+8 'C$2+ ,<"!(+-6,-+$2!"!  #,$2! $#$.+(/,5+ J*9 «H#+B,5-V?» 
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=<+,2!.$)'(-,$ B6!5!- !'3G$'(-68$('8 /$#$< "#3  3 1,<,/$'5,C ,&($#1$)'!- 

!B2$&+, 5!(!#:$ - &+'(!8G$$ -#$28 8-68A('8 3'(+#$-%,2, , - '5!#!2 -#$2$&, 2!"3( 

 $#$'(+(0 3.!-6$(-!#8(0 (#$B!-+&,82  !  #!,<-!.,($60&!'(,.  

9(#35(3#&+8 'C$2+ FFJD  !'6$ '!!(-$('(-3AG$) 2!.$#&,<+4,, ' ,' !60<!-+&,-

$2  6+(1!#2: Xilinx Zynq-7000  #,-$.$&+ &+ #,'. 2. H!&'(#35(,-&!$ ,' !6&$&,$ 

FFJD B3.$(  #$.'(+-68(0 '!B!) !.,& B6!5, 4$&(#!2 5!(!#!"! B3.$( ','($2+ &+ 5#,-

'(+66$ Zynq-7000. S3&54,, -:/,'6,($68 B3.3( -: !6&8(0'8  #!4$''!#&!) /+'(0A ','-

($2:, + -'8  #!"#+22&+8 6!",5+ B6!5!- FJ?, ;[I, FJD B3.$(  $#$&$'$&+ , .!#+B!(+-

&+  !. 5!&5#$(&3A 6!",53 Zynq-7000.  

 

>&($&&:) 

5!223(+(!#

;',6,($60 

2!G&!'(,

ZYNQ-7000

;'(#!)'(-! 

'!"6+'!-+&,8

9C$2+ 

1!#2,#!-+&,8 

',"&+6+

9C$2+ 

 $#$&!'+ 

',"&+6+ &+ F\

FFJD

 
 

J,'. 2. 9(#35(3#&+8 'C$2+ 2!.$#&,<,#!-+&&!"!  #,$2! $#$.+(/,5+ J*9 «H#+B,5-V?»  

 

V$'' !#&!, !(5+< !( 5!2B,&,#!-+&&!"! #$%$&,8 ,< &$'5!605,C 3'(+#$-%,C FUP9 

, -:/,'6,($68 , ,C <+2$&+  #$.'(+-,($6$2 '$2$)'(-+ Zynq-7000, '!.$#7+G$"! E5!&!-

2,/&3A 6!",53 FPGA Artix-7, &+ #,2$#, '$#,, Z-7020,  #,-$.$( 5 '3G$'(-$&&!23 

'&,7$&,A '$B$'(!,2!'(, J*9. =!<2!7&!'($) 9&H .+&&!) '$#,, ' ,<B:(5!2 C-+(,( 

.68 !'3G$'(-6$&,8 -'$C 13&54,) 3 #+-6$&,8 , !B#+B!(5, ',"&+6!-, -!<6!7$&&:C &+ 

3&,1,4,#!-+&&:$ FFJD .+&&!) J*9. 

P' !60<!-+&,$ '!-#$2$&&:C ! $#+4,!&&:C ','($2 , ,C  #!"#+22&:C -!<2!7&!-

'($), +.+ (,#!-+&&:C  !. 9&H Zynq-7000, !(5#:-+$( B!60%,$ -!<2!7&!'(,  ! '! #8-

7$&,A , -:'!5!'5!#!'(&!23 !B2$&3 .+&&:2, ' -&$%&,2, 3'(#!)'(-+2,. K+57$ '(!,( 

!(2$(,(0 , (!, /(! -!<2!7&!'(,  6+(1!#2: Zynq-7000 ! #$.$68A('8 &$ (!605! -:'!-

5,2, ($C&,/$'5,2, C+#+5($#,'(,5+2,, &! , #+<-,(!) '#$.!) #+<#+B!(5,, 5!(!#3A 5!2-

 +&,8 Xilinx  #$.6+"+$( .68 +  +#+(&!) 5!&1,"3#+4,, , !(6+.5,  #!"#+22&!"! !B$'-

 $/$&,8 '-!,C 3'(#!)'(-. 

F#$.6+"+$2+8  $#$'(#!)5+ +#C,($5(3#: FFJD J*9 «H#+B,5-V?» , ,' !60<!-+-

&,$  !6$<&:C ,&'(#32$&(!- #+<#+B!(5, !( Xilinx  !<-!68$( #$%,(0 -! #!':, '-8<+&&:$ 

' &$!BC!.,2!'(0A 2!.$#&,<+4,, .+&&!) ','($2:.  

 
9 ,'!5 6,($#+(3#: 

 

1. >6$%$/5,&, >. ?. P' !60<!-+&,$ 2!#'5!) #+.,!&+-,"+4,!&&!) ','($2: «H#+B,5» .68 5!!#.,-

&+(&!"! !B$' $/$&,8 &+<$2&:C !BT$5(!- / >. ?. >6$%$/5,&, D. 9. S$!5(,'(!- // ?+($#,+6: XVII ?$7-

.3&+#. &+3/. 5!&1.,  !'-8G.  +28(, "$&$#. 5!&'(#35(!#+ #+5$(.-5!'2,/. ','($2 +5+.. ?.S. J$%$(&$-+ : - 2 /. 

/  !. !BG. #$.. ^. ^. U!",&!-+ ; 9,B. "!'. +E#!5!'2,/. 3&-(. – H#+'&!8#'5. – 2013. – \. 1. – 9. 157 – 159. 

2. U! +#.,&, F. >. *+ #+-6$&,8 2!.$#&,<+4,, #+.,!"$!.$<,/$'5!"! 5!2 6$5'+ «H#+B,5-V?» / 

F. >. U! +#.,&, >. ?. >6$%$/5,&, ?. ?. =+6,C+&!-, =. @. H!&&!- // 9B. ='$#!'. 5!&1. «9,'($2: '-8<, , 

#+.,!&+-,"+4,,». – H#+'&!8#'5: I>I «*FF «J+.,!'-8<0», 2014. – 9. 114–115. 
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'./0)!* -#1  +"#1!#1  /!.,."26)+.5  #!()&;)&)!-##,   

.82*".+")!!.5  7")/)!( /#  '.!*(&2'-##   

.8<)'(   & $/)=)!#1  2,"./)&!.5   

! +#, -#.!!.5   00 & (2&3  0.(&)8#()"1  

 

>. =. Q/,&, 9. =. 9,<+'!-, >. F. H3.#$-,/,  

>. =. @#$B$&&,5!- (&+3/&:) #35!-!.,($60) 
 

#2(')'&' )25121$2.* +)?)%) ) $ 0).@,1%'$.2)%) A7:B9 >CB DA9  

660074, /. ;$ (2.E$(%, &,. ;)$12(%./., 28  

E-mail: yachin_aleksandr@mail.ru, E-mail: sizasov@mail.ru  

E-mail: kudry@inbox.ru, E-mail: berg24@mail.ru 

 
F#$.'(+-6$&: ! ,'+&,$ , #$<360(+(: E5' $#,2$&(+, 4$60A 5!(!#!"! B:6!  #!-$#,(0 E11$5(,-&!'(0  #,2$-

&$&,8 2$(!.+ 5!2 $&'+4,, 2&!"!63/$-!) ,&($#1$#$&4,,, (.&. « !#(#$(+ 2&!"!63/$-!'(,». D+&&:) 2$(!. !'&!-+& 

&+ 1!#2,#!-+&,, &+ E(+ $  !."!(!-,($60&:C #+B!( , ,' !60<!-+&,A  #,  !'6$.3AG$) E5' 63+(+4,, <+-,',2!'(, 

 !"#$%&!'(, ,<2$#$&,8 #+<&!'(, 1+< 2$7.3 +&($&&:2, E6$2$&(+2, !( &+ #+-6$&,8  #,C!.+ ',"&+6+ &+-,"+4,!&&!-

"! 5!'2,/$'5!"! +  +#+(+. 

 

*+6,/,$ ,&($&',-&:C  $#$ !(#+7$&,) !( .$(+6$) 5!&'(#354,, !BT$5(+ #+<2$G$-

&,8 +&($&&!) ','($2: (>9) 3"6!2$#&!) &+-,"+4,!&&!) +  +#+(3#: (;*>F) , !(#+-

7+AG,C E6$2$&(!- !5#37+AG$) '#$.:  #,-!.,( 5 <&+/,($60&!23 3-$6,/$&,A  !-

"#$%&!'(, 1+<!-:C ,<2$#$&,). F!"#$%&!'(, 1+<!-:C ,<2$#$&,) &+ #823A (#+&'1!#-

2,#3A('8 -  !"#$%&!'(0 ! #$.$6$&,8  #!'(#+&'(-$&&!) !#,$&(+4,, (F#I). 93G$'(-

-3A( !BT$5(: .68 5!(!#:C  $#$!(#+7$&,8 ',"&+6!- *H> - !'&!-&!2 !B3'6!-6$&: 

(!605! E6$2$&(+2, 5!&'(#354,, '+2!"! !BT$5(+, &+ #,2$# B$' ,6!(&:) 6$(+($60&:) 

+  +#+( (VU>) -! -#$28  !6$(+. «F!#(#$( 2&!"!63/$-!'(,» (F?) – E(! 2$(!. 5!2 $&-

'+4,,  !"#$%&!'(, 2&!"!63/$-!'(,, !'&!-+&&:) &+ 1!#2,#!-+&,, &+ E(+ $  !."!(!-

-,($60&:C #+B!( , ,' !60<!-+&,A  #,  !'6$.3AG$) E5' 63+(+4,, <+-,',2!'(,  !-

"#$%&!'(, ,<2$#$&,8 #+<&!'(, 1+< 2$7.3 +&($&&:2, E6$2$&(+2, !( &+ #+-6$&,8  #,-

C!.+ ',"&+6+ *H> [1]. [$60A .+&&!) #+B!(:, 8-68$('8 !4$&5+ E11$5(,-&!'(,  #,2$-

&$&,8  !#(#$(+ 2&!"!63/$-!'(, .68 ;*>F, #+<2$G$&&!) &+ VU>.  

F#!-$#5+ E11$5(,-&!'(, F?  #!-!.,6+'0 &+ ($C&!6!",/$'5!) +&($&&!)  6!G+.-

5$, #+' !6!7$&&!) &+ 5#:%$ !.&!"! ,< <.+&,) >I «*FF «J+.,!'-8<0». V:6 ,<"!(!--

6$& 2+5$(, '!'(!8G,) ,< 3"6!2$#&!) >9 ' <+5#$ 6$&&:2, &+ &$) E6$2$&(+2,, E2,(,-

#3AG,2, C-!'( , 1A<$687 VU> (#,'. 1). *37&! !(2$(,(0, /(! 3'6!-,8  #!-$.$&,8 

E5' $#,2$&(+ ' (!/5, <#$&,8 «-$6,/,&:» 2&!"!63/$-!'(, C37$, /$2 3'6!-,8 #$+60&!"! 

 !6$(+ VU>, (.5.  #,'3('(-3$( 2&!7$'(-!  !'(!#!&&,C !(#+7+AG,C !BT$5(!- !5#3-

7+AG$) '#$.: (<.+&,8 , (.  .). 

W11$5(,-&!'(0  #,2$&$&,8 F?  #!,66A'(#,#!-+&: &+ #,'. 2, ".$  #$.'(+-6$&:, 

&+  #,2$#$ 53#'+, #$<360(+(: ,<2$#$&,8 F#I .! ,  !'6$ 5!##$54,,. O!#!%! -,.&!, 

/(!  #,2$&$&,$ F? .+$( '3G$'(-$&&!$ 32$&0%$&,$  !"#$%&!'(,. J+''2+(#,-+8 #$-

<360(+(: 2!7&! <+2$(,(0 &$ (!605! 5!6,/$'(-$&&:$, &! , 5+/$'(-$&&:$ ,<2$&$&,8  

 !"#$%&!'(, F#I, + ,2$&&! '3G$'(-$&&!$ 32$&0%$&,$ .!6, &,<5!/+'(!(&:C '!'(+--

68AG,C $] ' $5(#+. 9 $5(#:  !"#$%&!'(, F#I .! ,  !'6$  #,2$&$&,8 F?,  !<-!-

68AG,$ 3B$.,('8 - E(!2,  #$.'(+-6$&: &+ #,'. 3 , #,'. 4 '!!(-$('(-$&&!. W(! !B'(!8-

($60'(-! !'!B$&&! -+7&!, (.5.  !<-!68$( .!B,(0'8 .! !6&,($60&!"! 32$&0%$&,8  

 !"#$%&!'(, ,<2$#$&,8 F#I <+ '/$( 1,60(#+4,, ,<2$#$&,) (#,'. 6). S,60(#+4,8 7$ 

,<2$#$&,) B$<  #,2$&$&,8 F? '!-$#%$&&! &$ E11$5(,-&+ (#,'. 5). = (+B6. 1  #$.'(+--

6$&: /,'6!-:$ <&+/$&,8  !"#$%&!'($) ,<2$#$&,8 F#I  !63/$&&:$ - C!.$ E5' $#,-

2$&(!-.  



 !"#$%&«'()*+,()-.&+/*./+)"$&($01.2+-&$&1.-$0.#$+113!&($()!43»&

183 

 
 

J,'. 1. ?+5$( VU> -! -#$28  #!-$.$&,8 E5' $#,2$&(+ 

 

 
 

J,'. 2. H3#' .! ,  !'6$  #,2$&$&,8 F? 
 

 
 

J,'. 3. F#$.'(+-6$&,$ ,<2$#$&,) 53#'+ .!  #,2$&$&,8 F? - /+'(!(&!) !B6+'(, 
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J,'. 4. F#$.'(+-6$&,$ ,<2$#$&,) 53#'+  !'6$  #,2$&$&,8 F? - /+'(!(&!) !B6+'(, 
 

 
 

J,'. 5. W11$5(,-&!'(0 1,60(#+4,, .!  #,2$&$&,8 F?  
 

 
 

J,'. 6. W11$5(,-&!'(0 1,60(#+4,,  !'6$  #,2$&$&,8 F? 
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K+B6,4+ 1 
9-!.&:$ .+&&:$ !  !63/$&&:C  !"#$%&!'(8C F#I  

 

 9HI, 3"6!-:$ 2,&3(:  

 H3#' H#$& K+&"+7 P&($#-+6 3'#$.&$&,8, ' 

F!"#$%&!'(0  
B$<  #,2$&$&,8 F? 

10,8 54,6 23,7 *$( 

10,7 50,1 23,6 10 

10,5 48,4 23,3 20 

F!"#$%&!'(0  
 !'6$  #,2$&$&,8 F? 

2,9 5,7 5 *$( 

1,75 3,8 3,8 10 

1,3 3 3,1 20 

 
F#!-$.$&&:$ E5' $#,2$&(:  !.(-$#7.+A( -:'!53A E11$5(,-&!'(0 F?, !'!B$&-

&! - '!/$(+&,, ' 1,60(#+4,$). = .+60&$)%,C ,''6$.!-+&,8C &$!BC!.,2! !B#+(,(0 
-&,2+&,$ &+ #+<#+B!(53 B!6$$ '!-$#%$&&:C 2$(!.!- '!<.+&,8 2+'',-!- .+&&:C &$!B-
C!.,2:C &+ E(+ $  #,2$&$&,8 F?. 

 
9 ,'!5 6,($#+(3#: 

 
1. @#$B$&&,5!- >. =., 9,<+'!- 9. =., Q/,& >. =. =+#,+&(:  #,2$&$&,8 3"6!2$#&!) +  +#+(3#: 

@*99 .68 32$&0%$&,8  !"#$%&!'(, 2&!"!63/$-!'(, // J+.,!'-8<0 , #+.,!&+-,"+4,8. – 2013. – N 3. 
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0&#)/  *#,! ".+  *4'/  #  4)'.4#&.+ !#)   

-#;&.+.5  #!;.&/ -##  +  *&)4)  MATLAB 

 

9. =. R3(,5!-, W. P. ?$60&,5,  

?. ?. =+6,C+&!- (&+3/&:) #35!-!.,($60), >. ^. K+#+&$&5! (&+3/&:) #35!-!.,($60) 

 
#2(')'&' )25121$2.* +)?)%) ) $ 0).@,1%'$.2)%) A7:B9 >CB DA9  

660074, /. ;$ (2.E$(%, &,. ;)$12(%./., 28 

E-mail: deathhumann@yandex.ru 

 

F#,-$.$&! 5#+(5!$ ! ,'+&,$ ','($2: 9DH? @UI*>99. F#!-$.$&+ .$2!.3684,8 !4,1#!-+& 4,1#!-!) ,&-

1!#2+4,, 9DH? @UI*>99 - '#$.$ - '#$.$ Matlab. = 5!&4$ '.$6+&! <+56A/$&,$ ! -!<2!7&!'(8C ,' !60<!-+&,8  

 !63/$&&:C #$<360(+(!- .68 .+60&$)%,C ,''6$.!-+&,).   

 

9,'($2+ .,11$#$&4,+60&!) 5!##$54,, , 2!&,(!#,&"+ 8-68$('8 13&54,!&+60&:2 

.! !6&$&,$2 "6!B+60&!) &+-,"+4,!&&!) ','($2: @UI*>99 ,  #$.&+<&+/$&+ .68  !-

-:%$&,8 (!/&!'(, , !B$' $/$&,8 4$6!'(&!'(, ! #$.$6$&,8 2$'(! !6!7$&,8 2!#'5,C, 

-!<.3%&:C, '3C! 3(&:C , 5!'2,/$'5,C  !(#$B,($6$) &+-,"+4,!&&:C #+.,!',"&+6!- 

!(5#:(!"! .!'(3 + @UI*>99 , GPS.  

9DH? '!'(!,( ,< .-3C  !.','($2:  !.','($2: 5!'2,/$'5,C +  +#+(!- (FH>) , 

&+<$2&!)  !.','($2: 5!&(#!68 , 3 #+-6$&,8 (FH;). 

FH> 9DH? -56A/+$( - '$B8 3 %(+(&:C 5!'2,/$'5,C +  +#+(+ (H>) 2&!"!13&5-

4,!&+60&!) 5!'2,/$'5!) ','($2: #$(#+&'684,, (?H9J) «U3/», &+C!.8G,C'8 &+ "$!-

'(+4,!&+#&!) !#B,($ (@9I), 5!(!#:$ !B$' $/,-+A(  $#$.+/3 ,&1!#2+4,, 9DH?  !-

(#$B,($682  !'#$.'(-!2 ,<63/$&,8 #+.,!',"&+6!- - '(#35(3#$ SBAS. *!2,&+60&:$ 

 +#+2$(#: FH>  #$.'(+-6$&: - (+B6. 1. 

 
K+B6,4+ 1 

*!2,&+60&:$  +#+2$(#: FH> 9DH? 

 

F!6!7$&,$ H> &+ @9I 
U3/-5> U3/-5V U3/-5= 

167o =.D. 16o Y.D. 95o =.D. 

PRN 141 125 140 

W5'4$&(#,',($( 0 0 0 

*+56!&$&,$ (o) 0 0 0 

J+.,3' (km) @9I 42164 42164 42164 

 

FH; 9DH? '!'(!,( ,< 4$&(#+ .,11$#$&4,+60&!) 5!##$54,, , 2!&,(!#,&"+ 

([DH?), &+<$2&:C '#$.'(-  $#$.+/, ,&1!#2+4,, 9DH?  !(#$B,($682, 5!2 6$5'+ <+-

56+.5, , 5!&(#!68 (HY,H) , '$(, '(+&4,) 'B!#+ ,<2$#$&,) (99P), #+''#$.!(!/$&&:C 

 ! ($##,(!#,, <$2&!"! %+#+. 

D68  #,$2+ ',"&+6!- 9DH? #+<#+B!(+&+ '(#35(3#&+8 'C$2+ 2+5$(+ &+-,"+4,!&-

&!"!  #,$2&,5+,  #$.'(+-6$&&+8 &+ #,'. 1. 

[,1#!-+8 !B#+B!(5+ ',"&+6+ 9DH? B3.$(  #!C!.,(0 &+ FUP9 '$2$)'(-+ Zyng 

7000, 5!(!#+8 8-68$('8 -'(#+,-+$2!)  #!4$''!#&!) ','($2!), /(!  !<-!6,( '!-2$'(,(0 

",B5!'(0  #!"#+22,#!-+&,8 8.$# FPGA , -:'!53A  #!,<-!.,($60&!'(0  #!4$''!#&!) 

','($2:.  

*+-,"+4,!&&+8 ,&1!#2+4,8  $#$.+-+8 H> «U;\» #+<.$6$&: &+ '!!BG$&,8 (B6!-

5,). H+7.:) B6!5 ,2$$( .6,($60&!'(0 250 B,( (#,'. 2) , -56A/+$( - '$B8: 8 B,( –  #$-

+2B36+, 6 B,( – ,.$&(,1,5+(!# (, + '!!BG$&,8, 212 B,( –  !6$ .+&&:C, 24 B,(+ –  #!-

-$#!/&:$ ',2-!6: 4,56,/$'5!"! ,<B:(!/&!"! 5!.+ (CRC) .68 !B&+#37$&,8 !%,B!5 - 

B6!5$ [P. K, : '!!BG$&,8  #$.'(+-6$&: - (+B6. 2.  
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J,'. 1. 9(#35(3#+ 2+5$(+ &+-,"+4,!&&!"!  #,$2&,5+ 

 

 
 

J,'. 2. 9(#35(3#+ '!!BG$&,) 9DH? @UI*>99 

 
K+B6,4+ 2 

9(#35(3#+ '!!BG$&,) 9DH? @UI*>99 

 

K,  9!.$#7+&,$ 

0 "[P ' .+&&!"! "$!' 3(&,5+ &$ ,' !60<!-+(0" (--$.$&! .68 #$7,2+ ($'(,#!-+&,8 9DH?) 

1 PRNMask – ' ,'!5 ' 3(&,5!-, .68 5!(!#:C  $#$.+$('8 [P 

2–5 V:'(#:$  ! #+-5, 9DH? 

6 D+&&:$ ! 4$6!'(&!'(, @*99/9DH? 

7 F+#+2$(#: .$"#+.+4,, B:'(#:C  ! #+-!5 

8 *$ <+&8(! 

9 *+-,"+4,!&&!$ '!!BG$&,$ ' 3(&,5+ 9DH? 

10 F+#+2$(#: .$"#+.+4,, (B:'(#:C , .!6"!'#!/&:C  ! #+-!5, <+.$#7$5 - ,!&!'1$#$) 

11 *$ <+&8(! 

12 F+#+2$(#: '.-,"+ "'$($-!$ -#$28 9DH?/UTC" 

13–16 *$ <+&8(! 

17 >602+&+C ' 3(&,5!- 9DH? 

18 K!/$/&!-'$(!/&+8 2+'5+ ,!&!'1$#: 

19–23 *$ <+&8(! 

24 92$%+&&:$ B:'(#:$/.!6"!'#!/&:$  ! #+-5, 5  !"#$%&!'(82 ' 3(&,5!- 

25 D!6"!'#!/&:$  ! #+-5, 5  !"#$%&!'(82 ' 3(&,5!- 

26 F! #+-5, &+ <+.$#753 - ,!&!'1$#$ 

27 9637$B&!$ '!!BG$&,$ 9DH? 

28 ?+(#,4+ 5!-+#,+4,, -#$2$&, , E1$2$#,. 

29–61 *$ <+&8(! 

62 =&3(#$&&$$ '!!BG$&,$ 

63 *36$-!$ '!!BG$&,$ 

 

*+-,"+4,!&&!$ '!!BG$&,$ 9, .$2!.36,#!-+&&!$ - .+&&!) #+B!($, '!.$#7,( .+&-

&:$ !B E1$2$#,.+C , /+'(!(&!--#$2$&&:C  ! #+-5+C ' 3(&,5+ 9DH?. D+&&!$ '!!BG$-

&,$ ','($2!) 9DH?  $#$.+$('8 .68 !B$' $/$&,8 '!-2$'(,2!'(, ' #+&$$ -: 3G$&&:2 

&+-,"+4,!&&:2 !B!#3.!-+&,$2 .68 ','($2: WAAS, '637,( .68  !,'5+ ',"&+6+ ' 3(-
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&,5+ , &$  #$.&+<&+/$&! .68 &+-,"+4,!&&:C ,<2$#$&,), '(#35(3#+ .+&&!"! '!!BG$&,8  

 #$.'(+-6$&+ &+ #,'. 3 , - (+B6. 3 [1]. 

 

 
 

J,'. 3. 9(#35(3#+ '!!BG$&,8 9 9DH? @UI*>99 

 
K+B6,4+ 3 

9(#35(3#+ '!!BG$&,8 9 9DH? @UI*>99 

 

t0,GEO =#$28  #,-8<5, .+&&:C .68 .+60&!2$#&!) 13&54,, "$!'(+4,!&+#&!"! ' 3(&,5+,  

-:#+7$&&!$ 5+5 -#$28 !(  !63&!/, ($53G,C '3(!5. 

 G, YG, ZG H!!#.,&+(: "$!'(+4,!&+#&!"! ' 3(&,5+ &+ 2!2$&( t0,GEO 

 !"# $! "# %!" 95!#!'(0 "$!'(+4,!&+#&!"! ' 3(&,5+ &+ 2!2$&( t0,GEO 

 &", $& "# %&" ;'5!#$&,$ "$!'(+4,!&+#&!"! ' 3(&,5+ &+ 2!2$&( t0,GEO 

URA F!5+<+($60 '#$.&$5-+.#+(,/$'5!)  !"#$%&!'(, ,<2$#$&,8 .+60&!'(,  !(#$B,($6$2 

B$< 3/$(+ -6,8&,8 +(2!'1$#: 

aGf0 9.-," B!#(!-!) %5+6: -#$2$&, "$!'(+4,!&+#&!"! ' 3(&,5+ !(&!',($60&! '$($-!"! 

-#$2$&, 9DH? (SNT), ! #$.$6$&&:) &+ 2!2$&( t0,GEO 

aGf1 95!#!'(0 .#$)1+ B!#(!-!) %5+6: -#$2$&, "$!'(+4,!&+#&!"! ' 3(&,5+ !(&!',($60&! 

SNT 

 

J+<#+B!(+&&:) +6"!#,(2 .$2!.3684,, ',"&+6+ 9 (, +  !<-!68$(  !63/,(0 .+&&:$ 

!B E1$2$#,.+C , /+'(!(&! -#$2$&&:C  ! #+-5+C ' 3(&,5!- 9DH? @UI*>99, +6"!-

#,(2 2!7$( B:(0 #+'%,#$& .68 .#3",C (, !- '!!BG$&,) 9DH?. *+ !'&!-$ .+&&!"! 

+6"!#,(2+ ,.$( #$+6,<+4,8 2+5$(+ &+-,"+4,!&&!"!  #,$2&,5+ .68 ',"&+6!- 9DH? 

@UI*>99, '(#35(3#&+8 'C$2+ 5!(!#!"!  #$.'(+-6$&+ &+ #,'. 1, (+57$ -!<2!7&+ #$+6,-

<+4,8  #!"#+22&!"!  #,$2&,5+ - '#$.$ Matlab .68 ',"&+6!- 9DH?. 

 
9 ,'!5 6,($#+(3#: 

 

1. P&($#1$)'&:) 5!&(#!60&:) .!532$&(. J+.,!',"&+6: , '!'(+- 4,1#!-!) ,&1!#2+4,, 13&5-

4,!&+60&!"! .! !6&$&,8 ','($2: @UI*>99 ','($2: .,11$#$&4,+60&!) 5!##$54,, , 2!&,(!#,&"+ 

(#$.+54,8 1), 2012. 
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*(&2'(2&.0.4.8!3)  0./)%#  +  9#&.'.0.".*!3%  

& 4#.! +#, -#.!!3%  *#*()/ %   
*.  *0)'(& ":!.-7;;)'(#+!3/#   
92/.0.4.8!3/#  *#,! " /# 

 

K. =. H#+'&!-, =. S. @+#,1366,&, =. *. V!&.+#$&5! (&+3/&:) #35!-!.,($60) 
 

#2(')'&' )25121$2.* +)?)%) ) $ 0).@,1%'$.2)%) A7:B9 >CB DA9  
660074, /. ;$ (2.E$(%, &,. ;)$12(%./., 28  

E-mail: krasnovtv@ya.ru 

 
= '!-#$2$&&:C %,#!5! !6!'&:C #+.,!&+-,"+4,!&&:C ','($2+C &+,B!6$$ #+' #!'(#+&$&&:2 ' !'!B!2 "$-

&$#,#!-+&,8 %32! !.!B&:C ',"&+6!- 8-68$('8 1+<!-+8 2+&, 3684,8 &$'3G$"! 5!6$B+&,8 .-!,/&!) 5!.!-!)  !'6$-
.!-+($60&!'(0A, /(! !BT8'&8$('8, -  $#-3A !/$#$.0, '(#$26$&,$2 2+5',2+60&! 3 #!'(,(0 1!#2,#!-+&,$ , !B#+B!(-
53 ',"&+6!-. I.&+5! ' (!/5, <#$&,8 ' $5(#+60&!) E11$5(,-&!'(, B!6$$  $#' $5(,-&!) 8-68$('8 2,&,2+60&+8 /+'-
(!(&+8 2!.3684,8. 

 

= %,#!5! !6!'&:C ','($2+C '  5!.!-:2 #+<.$6$&,$2 ',"&+6!-, <+&,2+AG,C !B-

G3A  !6!'3 /+'(!(,  !2$C, <2.51('"122./. 0.('&F  (F?D), &+<:-+$2:$ (+57$ 

('$&%'&$2G<) (()/2 ,.F.0.!2G<)), !B#+<3A('8 - #$<360(+($ &$,.$+60&!) !#(!"!&+60-

&!'(, ',"&+6!-. = %,#!5! !6!'&:C ','($2+C '  /+'(!(&:2 #+<.$6$&,$2 ',"&+6!- F?D 

!B3'6!-6$&: /+'(,/&:2  $#$5#:(,$2 ' $5(#!- ',"&+6!-. 

D68 &+.]7&!"! -:.$6$&,8 ',"&+6!- &+ 1!&$ '!-!53 &:C  !2$C 2&!7$'(-$&&!"! 

.!'(3 + &$!BC!.,2!, /(!B: 2!.360 &!#2,#!-+&&!) 0"&<1$2.* "? )<2.* %.$$1,E6).2-

2.* +&2%6)) (D=HS) 
 

 # $ # $ # $ # $
 

0

1
, exp 2 , , 1, 2

2

T

kl k lR F S t S t j Ft dt k l M
E

% & & %'   !( ( )   (1) 

 

,2$6 2+6:) 3#!-$&0  #, 6AB:C -<+,2&:C '.-,"+C  ! <+ +<.:-+&,A , /+'(!($ , 6AB:C 

k _ l, - – !BT$2 +&'+2B68  '$-.!'63/+)&:C  !'6$.!-+($60&!'($) (F9F);  # $kS t  , 

# $lS t & (  – 5!2 6$5'&:$ !",B+AG,$  k-"!  , l-"! ',"&+6!-, `
 
, F – -#$2$&&!) , /+'(!(-

&:) '.-,", ',"&+6!-.  

D68 !'6+B6$&,8 -6,8&,8  !2$C ,<-<+ 2&!"!63/$-!'(, , '&,7$&,8 #,'5+ 6!7&!) 

5!.!-!) ',&C#!&,<+4,,  #,  !,'5$ (#$B!-+&,$ 2+6!"! 3#!-&8 D=HS &$!BC!.,2! .!-

 !6&,(0 (#$B!-+&,$2 2+6!"! 3#!-&8 B!5!-:C 6$ $'(5!- 0"&<1$2.*  "'.%.$$1,E6).2-

2.* +&2%6)) (D>HS) 5+7.!"! ,< ',"&+6!-, ! #$.$68$2!) 1!#236!) (1)  #, # $kS t  =  

= # $ # $lS t S t%  . F#, E(!2 '!-!53 &!$ (#$B!-+&,$ 5 5!##$684,!&&:2 '-!)'(-+2 +&'+2B68 

5!.!-:C  !'6$.!-+($60&!'($) -:#+7+$('8 2,&,2+5'&:2 5#,($#,$2 5+/$'(-+ [3] 
 

 # $max
,

max ,kl
F

R R F%
(

( ,    (2) 

 

- '!!(-$('(-,, ' 5!(!#:2 2+5',232 ! #$.$68$('8  ! -'$2 ` * [0, 8 ], $'6, k _ l, , |`| > 

8, $'6, k = l , |F| < Fmax (Fmax – 2+5',2+60&!$ +B'!6A(&!$ <&+/$&,$ .! 6$#!-'5!"! /+'-

(!(&!"! '.-,"+). H!.!-:$  !'6$.!-+($60&!'(,, !B6+.+AG,$ 2,&,2+60&:2 <&+/$&,$2 

 !5+<+($68 Rmax .68 D=HS, 8-68A('8 ! (,2+60&:2,. 9#$., .-!,/&:C 5!.!- (+5,2, 

'-!)'(-+2, !B6+.+A(  !'6$.!-+($60&!'(, ; ( <) , #8. .#3",C 5!.!-, .68 5!(!#:C 

max 1/R N+ [3]. 

;#!-$&0 F?D, C+#+5($#,<3$2:) 2+5',2+60&:2 Rmax , E11$5(,-&:2 RE <&+/$-

&,82, D=HS +&'+2B68 ',"&+6!-, ! #$.$68$('8,  #$7.$ -'$"!, .6,&!) N  '$-.!'63/+)-
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&:C 2!.36,#3AG,C  !'6$.!-+($60&!'($), ,' !60<3$2:C  #, 1!#2,#!-+&,, RF9. 

9(#35(3#+ 5!.+  #, N >> 1 '6+B! -6,8$( &+ 35+<+&&:$  !5+<+($6, 3#!-&8 F?D (!'!-

B$&&! - .! 6$#!-'5!)  !6!'$ /+'(!(&:C '.-,"!-). ZG] - 2$&0%$) '($ $&, &+ 3#!-$&0 

F?D -6,8$( -,. 2!.3684,, RF9 (1!#2+ /, +).  

= (+B6. 1  #,-$.$&: #$<360(+(: #+'/](+ ' ,' !60<!-+&,$2 1!#236 (1), (2) .68 ',"&+-

6!- MSK (1), MSK- BOC (1, 1) , MSK- BOC (5, 2.5) ' ! !#&!) /+'(!(!) ! 1.023f %
 
MHz. = 

5+/$'(-$  '$-.!'63/+)&:C  !'6$.!-+($60&!'($)  #, #+'/](+C D>HS , D=HS ,' !60-

<!-+6,'0 5!.: 7.,0  .6,&: N = 1023. 96$.38 !BG$ #,&8(:2 !B!<&+/$&,82, .68 5!2-

B,&,#!-+&&!"! ' !'!B+ 2!.3684,,, !'&!-+&&!"! &+  #,2$&$&,, .! !6&,($60&!)  BOC 

2!.3684,, (binary offset carrier) - '!/$(+&,, ' (#+.,4,!&&:2 -,.!2 %,#!5! !6!'&!) 

5!.!-!) 2!.3684,, MSK, ,' !60<!-+&+ +BB#$-,+(3#+ MSK-BOC(m, n), ".$  m , n – 4$-

6:$ /,'6+, ! #$.$68AG,$ 5#+(&!'(0 /+'(!(: 2$+&.#!-!)  !'6$.!-+($60&!'(, , (+5(!-

-!) /+'(!(: .+60&!2$#&!"! 5!.+ &$5!(!#!) ! !#&!) /+'(!($: 2 ! /m f f% , ( ! /n f f% .  

H+5 -,.&! ,< (+B6,4:, 3#!-$&0 F?D 35+<+&&:C ',"&+6!-  #,2$#&! !.,&+5!- , 

'!'(+-68$( !5!6! –27 dB , –39 dB  ! <&+/$&,82 Rmax , RE - .! 6$#!-'5!)  !6!'$ ±5 kHz.  
 

K+B6,4+ 1  
 

=,. 2!.3684,, 

D>HS D=HS 

Rmax, dB RE, dB Rmax, dB RE, dB 

0 ±5 kHz 0 ±5 kHz 0 ±5 kHz 0 ±5 kHz 

MSK (1) -27.1 -27.2 -31.9 -31.9 -27.3 -27.2 -30.2 -30.1 

MSK-BOC(1,1) -26.5 -26.5 -38.4 -38.4 -27.2 -27.3 -35.2 -35.3 

MSK-BOC(5,2.5) -27.2 -26.5 -42.6 -42.6 -27.5 -27.5 -39.5 -39.6 
 

= %,#!5! !6!'&:C J*9 '#$.&$-!6&!-!"! .,+ +<!&+ 2+5',2+60&!$ +B'!6A(&!$ 

<&+/$&,$ .! 6$#!-'5!"! /+'(!(&!"! '.-,"+ Fmax = 0.2 Hz [1]. = '-8<, ' E(,2 3#!-$&0 

F?D .!'(+(!/&! C+#+5($#,<!-+(0 2+5',2+60&:2 Rmax , E11$5(,-&:2 RE <&+/$&,82, 

F>HS , F=HS +&'+2B68 ',"&+6!- (1!#236: (1), (2)  #, k = l).   

H!##$684,!&&:$ '-!)'(-+ RF9 (-,. F>HS , F=HS +&'+2B68 ',"&+6!-) -! 2&!-

"!2 ! #$.$68A( !'&!-&:$  !5+<+($6, 5+/$'(-+ %,#!5! !6!'&!) J*9 ((!/&!'(0, #+<-

#$%+AG3A ' !'!B&!'(0,  !2$C!<+G,G]&&!'(0 ,  #.). F#, -:B#+&&!2 ' !'!B$ %,#!-

5! !6!'&!) 2!.3684,, (MSK) 1!#2+ !'&!-&!"! 6$ $'(5+ F>HS ! #$.$68$('8 ,'56A-

/,($60&! (+5(!-!) /+'(!(!) f(, + 3#!-$&0 B!5!-:C 6$ $'(5!- 2!.368 &!#2,#!-+&&!) 

F>HS - !('3('(-,$ .! !6&,($60&!) 4,1#!-!) 2!.3684,, #+-$& 1/N ( #, ,' !60<!-+-

&,, -- !'6$.!-+($60&!'($) , .#3",C ! (,2+60&:C 5!.!-).  

I4$&,2 -6,8&,$ 2!.3684,, .+&&:2, &+ 5!##$684,!&&:$ '-!)'(-+ MSK ',"&+6!-, 

,' !60<38 &!#2,#!-+&&3A -<+,2&3A 5!##$684,!&&3A 13&54,A (1). 

*+ #,'. 1  #$.'(+-6$&: "#+1,5, 2!.368 &!#2,#!-+&&!) F>HS 5!.!-:C  !'6$.!-

-+($60&!'($) (-- !'6$.!-+($60&!'(, .6,&:  N = 16383) .68 '63/+8 D2 = D1 (#,'. 1,  ) , 

D2 = – D1 (#,'. 1, !), #+''/,(+&&:$  ! 1!#236+2[2]  
 

 

# $ # $ # $ # $ # $

# $ # $

1 1 2 2

1 1

1 2

0

, ,

1 1
,

a a a a

N m N

a k k m a k k m

k k N m

R mT R m R m D R m D R m

R m a a R m a a
N N

& & &

, ,
% % &

% % ,

% %- -
 (3)  

 

H+5 -,.&! ,< #,'3&5+,  #, 2!.3684,, .+&&:2, <&+/$&,$ 2+5',2+60&!"! B!5!-!"! 

6$ $'(5+ F>HS max 3 / 0.024R N" " ( 32.2)&
 

dB. F#, E(!2 E11$5(,-&!$ <&+/$&,$ 
 

E 42.1 dB,R &"  !.&! #!4$&(&:) 5-+&(,60 #+' #$.$6$&,8 ( !#!", -$#!8(&!'(0  #$-:%$-

&,8 5!(!#!"! -:B#!'!2 =HS #+-&+ 0.01) 0.01 35.6 dBR &"
 
(#,'. 3,  ).  
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&
   ! 

 

J,'. 1. ?!.360 F>HS:   –  #, '!- +.$&,, ,&1!#2+4,!&&:C ',2-!6!-;  

! –  #,  #!(,-! !6!7&:C ',2-!6+C 

 

*+ #,'. 2  #$.'(+-6$&: "#+1,5, 2!.368 &!#2,#!-+&&!) F=HS -- !'6$.!-+-

($60&!'($) '(#35(3#: . /14,  13,  12,  2  , . /14,  10,  6,  1   .6,&: N = 16383  .68 '63/+8 D2 = 

D1 (#,'. 2,  ) , D2 = – D1 (#,'. 2, !). H+5 -,.&! ,< #,'3&5!-, 3#!-$&0 F=HS  #+5(,/$'5, 

!.,&+5!- 5+5  #, #+-&:C, (+5 ,  #,  #!(,-! !6!7&:C ',2-!6+C 1D
 
, 2D : 2+5',2+60-

&!$ <&+/$&,$ =HS max 29.8 dBR &" , E11$5(,-&!$ <&+/$&,$ E 40.4 dB,R &"  !.&! #!-

4$&(&:) 5-+&(,60 #+' #$.$6$&,8 0.01 33.6 dBR &"
 
(#,'. 3, !). 

 

 
   ! 

 

J,'. 2. ?!.360 F=HS:   –  #, '!- +.$&,, ,&1!#2+4,!&&:C ',2-!6!-; 

! –  #,  #!(,-! !6!7&:C ',2-!6+C 

 

= (+B6. 2  #,-$.$&: #$<360(+(: #+'/](+ &!#2,#!-+&&!) F=HS %32! !.!B&:C   

MSK ',"&+6!-  #, 2!.3684,, .+&&:2, ' ,' !60<!-+&,$2 1!#236 (1), (2) .68 5!.!- 

.6,&: N = 16383: 1) 4,56,/$'5,$ '.-,", !BG$) -- !'6$.!-+($60&!'(, (#+''2+(#,-+6'8 

-+#,+&( '.-,"+ &+ m = 4096 E6$2$&(!-); 2) !BG+8 -- !'6$.!-+($60&!'(0 ' /+'(!(&:2, 

'.-,"+2,, 5#+(&:2, E6$2$&(3 #+<#$%$&,8  ! /+'(!($ (#+''2+(#,-+6'8 -+#,+&( '.-,"+ 

&+ 40 E6$2$&(!- #+<#$%$&,8  ! /+'(!($  1/F T! % ); 3) #+<&:$ -- !'6$.!-+($60&!'(,;  

4)  !'6$.!-+($60&!'(, ; ( <).  
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   ! 

J,'. 3. @,'(!"#+22: <&+/$&,) F=HS 

 
K+B6,4+ 2  

 

>&'+2B60 5!.!-:C  

 !'6$.!-+($60&!'($) 

F=HS (B$< 2!.3684,,) F=HS (' 2!.3684,$)) 

Rmax, dB RE, dB Rmax, dB RE, dB 

[,56,/$'5,$ '.-,",  

-- !'6$.!-+($60&!'(, 
–84,28 –84,28 –34,37 –43,93 

-- !'6$.!-+($60&!'(0  

' /+'(!(&:2, '.-,"+2, 
–42,14 –42,14 –34,66 –42,11 

-- !'6$.!-+($60&!'(, –29,81 –40,43 –29,81 –40,43 

F!'6$.!-+($60&!'(,  

; ( <) 
–42,07 –42,17 –31,72 –42,23 

 

H+5 '-,.$($60'(-3A( #$<360(+(: +&+6,<+, &$"+(,-&!$ -6,8&,$ 2!.3684,, .+&&:-

2, &+ 5!##$684,!&&:$ '-!)'(-+ %32! !.!B&!"! MSK ',"&+6+ - 2+5',2+60&!) '($ $&, 

'5+<:-+$('8 .68 +&'+2B68 ,< 4,56,/$'5,C '.-,"!- !BG$) -- !'6$.!-+($60&!'(, (- !(-

'3('(-,$ 2!.3684,, <&+/$&,$ –84.3 dB ! #$.$68$( 3#!-$&0 B!5!-:C 6$ $'(5!- F>HS). 

*+,2$&0%,) 3#!-$&0 F?D !B$' $/,-+$( +&'+2B60 ,< 4,56,/$'5,C '.-,"!- !BG$)  --

 !'6$.!-+($60&!'(,: –34.4 dB , –43.9 dB  ! <&+/$&,82 maxR  , ER  '!!(-$('(-$&&!. *+,-

B!60%,) 3#!-$&0 F?D !B$' $/,-+$( +&'+2B60 ,< #+<&:C -- !'6$.!-+($60&!'($): –

29.8 dB , –40.4 dB  ! <&+/$&,82 maxR  , ER  '!!(-$('(-$&&!. D-+  .#3",C +&'+2B68 (--

 !"#$%!&'($#)*!"(+ " ,'"(!(*-.+ "%&+/'.+ +  !"#$%!&'($#)*!"(+  !"!#$)  0'1(+,$-

"1+ 0'&*!2$**-  !  !1'3'($#4 5R : !1!#! –42 dB. 6(! !789"*9$("9 ($., ,(! :0!&$*) 

;<=> ?:.! !%!7*-@ "+/*'#!& ! 0$%$#9$("9, /#'&*-. !70'3!., 1!00$#92+!**-.+ 

"&!A"(&'.+ +" !#)3:$.-@ 1!%!& (1!(!0-$  0+ 0'&*!A %#+*$ N .'#! !(#+,'4("9).  

 

%!&'(! )*+',-.-! +/$ 0$-!-"')'1 +'22./34. 5$-'&/-!64$ %'""$$ ) 7$&$/"4'# 
0.2./!,8-'# 6-$)./"$(.(. (9':')'/ ; 02.G25.31.0041). 

 
B +"!1 #+($0'(:0-  

 
1. C!*%'0$*1! <. D., =!1!0+* <. E. F+0!1! !#!"*-$ 0'%+!*'&+/'2+!**-$ "+"($.- " ?:.! !-

%!7*-.+ ,'"(!(*!-.'*+ :#+0!&'**-.+ "+/*'#'.+. – D!&!"+7+0"1: D':1', 2011. – 260 ". 
2. C!*%'0$*1! <. D., =#$&#+* G. H. =!00$#92+!**-$ "&!A"(&' ?:.! !%!7*-@ "+/*'#!& " .+*+-

.'#)*!A ,'"(!(*!A .'*+ :#92+$A  0+ %! !#*+($#)*!A 2+I0!&!A .!%:#92++ // E3&. &:3!& J!""++. J'-
%+!5#$1(0!*+1'. – 2008. – <- . 2. – B. 10. 

3. E '(!& <. ;. ;$0+!%+,$"1+$ %+"10$(*-$ "+/*'#- " ! (+.'#)*-.+ 1!00$#92+!**-.+ "&!A"(&'-
.+. – K.: J'%+! + "&93), 1992. – 152 ". 
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 ! "#$%!&  '()!*!+!,%-&  MSK- ./%#0   

   *.0!"%!&  .  .%1!2)#3.!%%!&  4!)*!%5%"#).  

 

<. D. C!*%'0$*1!, <. >. H'0+I:##+*, L. <. =0'"*!& 

 
<-"($(6( $-3.-./-'1 0$=$4$ $ /!2$'>,.4(/'-$4$ ?@ABC DEB 7?C 

660074, :.  /!"-'F/"4, 6,.  $/.-"4':', 26 

E-mail: vadimgar@mail.ru 

 

='1  !1'3'*! & [1], .!%:#92+9 ?:.! !%!7*!/! "+/*'#' (F;B) %'**-.+  0+&!%+( 

1 3*',+($#)*!.: :@:%?$*+4 1!00$#92+!**-@ "&!A"(& "+/*'#' + 1'1 "#$%"(&+$ – 1 

"*+M$*+4 1',$"(&$**-@ @'0'1($0+"(+1  !+"1' "+/*'#', "*+M$*+4 (!,*!"(+ + :"(!A-

,+&!"(+ "#$M$*+9 3' I'3!A + 3' '3%-&'*+$.. N(0+2'($#)*!$ &#+9*+$ .!%:#92++ "+/-

*'#' %'**-.+  0!9&#9$("9, &  $0&:4 !,$0$%), & "*+M$*++  !0!/' "#$M$*+9 3' I'3!A. 

;!($0+ .!O*!"(+, !7:"#!&#$**-$ +*I!0.'2+!**!A .!%:#92+$A,  ! 5(!.:  !1'3'($#4 

:"(!A,+&!"(+ "#$M$*+9 3' I'3!A "!"('&#94( 7!#$$ 6 %C [1].  

G1(:'#)*!"() %'**!A  0!7#$.- *'?#' !(0'M$*+$ & (!., ,(! &'M*!$ .$"(! &  0!-

/0'..$ .!%$0*+3'2++ HDBB HPNDGBB 3'*+.'4( &! 0!"- &-%$#$*+9 '&(!*!.*!/! 

 +#!(*!/! 1'*'#'. 6(!  !3&!#9$(  !&-"+() (!,*!"() + :"(!A,+&!"() "#$M$*+9 3' I'3!A 

+ 3' '3%-&'*+$. 1!%', :#:,?+() @'0'1($0+"(+1+  !+"1' "+/*'#', ' ('1M$ %!"(!&$0-

*!"()  0+Q.' %'**-@. 

B!"('&*!A ?:.! !%!7*-A "+/*'#  0$%"('&+. & &+%$ ":..- %&:@ 1&'%0'(:0*-@ 

1!. !*$*( ( +#!(*!A + +*I!0.'2+!**!A):  
 

 
 !  !  !  !  !1 " 0 " 2 " 0cos ( ) sin ,s t S t t D t S t t" # $ % & % # $ # $ % &' '

 
(1) 

 

/%$ 
0'  – *$":O'9 ,'"(!('; &  – *','#)*'9 I'3'; 

"$  – &0$.9 3' '3%-&'*+9; 

 !  !
1

1 0

0

,
N

k

k

S t a S t kT
#

"

" #(
 

 !  !
1

2 0

0

N

k

k

S t b S t kT
#

"

" # # )(  – 1&'3+!0(!/!*'#)*-$  $0+!%+,$-

"1+$  "$&%!"#:,'A*-$  !"#$%!&'($#)*!"(+ (;B;) %#+*- N " ,'"(!(!A "#$%!&'*+9 "+.-

&!#!& 
( 1f T" ;  !0S t – I:*12+9, ! +"-&'4O'9 I!0.: !%+*!,*!/! 5#$.$*('0*!/! +.-

 :#)"' (,+ ') %#+($#)*!"(+ T (%#9 "+/*'#!& " .+*+.'#)*!A ,'"(!(*!A .!%:#92+$A – 5(! 

+. :#)" & &+%$  !#:&!#*- 1!"+*:"'); ( )D t – %&!+,*-A +*I!0.'2+!**-A "+/*'# (%'*-

*-$). <-0'M$*+$ (1) 3' +"'*! &  0$% !#!M$*++, ,(! '. #+(:%' "+/*'#' 0'&*' $%+*+2$.  

< 1',$"(&$  0+.$0' !0/'*+3'2++ '&(!*!.*!/!  +#!(*!/! 1'*'#' 0'"".!(0+.  0+-

.$*$*+$  $0" $1(+&*-@ " $1(0'#)*!-5II$1(+&*-@ I!0.'(!& .!%:#92++ & ?+0!1! !-

#!"*!A 0'%+!*'&+/'2+!**!A "+"($.$ " &-"!1!A :"(!A,+&!"()4 & !(*!?$*++ &*:(0+-

"+"($.*-@  !.$@[2].  

='M%'9 ! !0*'9 "('*2+9 (NB) +3#:,'$( %&:@1!. !*$*(*-A "+/*'# " *$":O$A ,'"-

(!(!A f0 = 1.9 KH2 + ('1(!&!A ,'"(!(!A 1&'%0'(:0*-@ ;B;  f( = 125 1H2:  +#!(-"+/*'# P 

+ +*I!0.'2+!**-A D-"+/*'# (I + Q 1!. !*$*(- "!!(&$("(&$**!). B+/*'# P  0$%"('&-

#9$( "!7!A F;B " .!%:#92+$A MSK-BOC(2). E*I!0.'2+!**'9 1!. !*$*(' D – F;B " 

.!%:#92+$A MSK(2), !(#+,'4O+A"9 !( "+/*'#' MSK-BOC(2) ($., ,(! $/! «1!"+*:"*-$» 

,+ - 3*'1! !"(!9**-$ (0+". 1). R'"(!(' "#$%!&'*+9 «1!"+*:"*-@» ,+ !& "+/*'#' 

MSK(2) & 2 0'3' 7!#)?$, ,$. f( (*' %#+($#)*!"(+ T 5#$.$*(' 1&'%0'(:0*-@ ;B; :1#'-

%-&'$("9 2 ,+ '). B%&+/ ,+ !& 1&'%0'(:0*-@ "+/*'#!& I(t) + Q(t) "!"('&#9$( T/4. 

L'1!A &-7!0 I!0.- "!"('&*-@ ,+ !& %&:@1!. !*$*(*!/! "+/*'#' !7:"#!&#$* 

! 0'&%'**-. "(0$.#$*+$. !7$" $,+()  !"(!9*"(&! '. #+(:%-  !#*!/! "+/*'#'. E3-

&$"(*!, ,(!  !#$3*'9 .!O*!"() :"+#+($#9  $0$%'(,+1' 0$31!  '%'$(  0+ *'#+,++ : "+/-
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*'#' '. #+(:%*!A .!%:#92++. B%&+/ ,+ !& 1&'%0'(:0*-@ "+/*'#!& I(t) + Q(t) *' T/4 

 0+ 0'&*!A +@ %#+($#)*!"(+ T  !3&!#9$( "!@0'*+() "&!A"(&$**!$ .!%:#92++ MSK  !-

"(!9*"(&! '. #+(:%-  !#*!/! "+/*'#'.  

K!%:#92+9 ,+ !& "+/*'#!& P + D !":O$"(&#9$("9 1!%'.+ {ak} + {bk} "!!(&$("(&$**!. 

S#9 0'3*-@ NB +" !#)3:4("9 1! ++ !7O$A M- !"#$%!&'($#)*!"(+ %#+*- N = 16383, 

"%&+*:(-$ *' m  !3+2+A, /%$ m – ,+"#!, 10'(*!$ 4100 ( 0+ ,+"#$ NB 0'&*!. 4). 

 

 
 

J+". 1. >!0.' ,+ !& "!"('&*!/! MSK "+/*'#' (1 –  +#!(-"+/*'#; 2 – +*I!0.'2+!**-A "+/*'#) 

 

6*$0/$(+,$"1+A " $1(0 "+/*'#' MSK-BOC(2) .!O*!"()4 Pc = 1 <( ! 0$%$#9$("9 

&-0'M$*+$. [2]: 
 

 

2

1 22

sin
2

( )
T

1

T

T

T

f

f
G f

f f

f

* +, -.
/ 01 2
/ 03 4" / 0, -/ 0# 1 2/ 03 45 6

.  (2) 

 

S#9 5*$0/$(+,$"1!/! " $1(0' "+/*'#' MSK (2) 3' +?$.:  
 

 

2
2

0 2

2 0

( )
( ) 1 4 ( )cos .

2

j fT
g f fT

G f e G f
T

# . ., -" % " 1 2
3 4

 
 (3) 

 

;!%"('&+& & (3) I!0.:#: %#9 5*$0/$(+,$"1!/! " $1(0' 0( )G f "+/*'#' MSK " ('1-

(!&!A ,'"(!(!A 2 f( [1], *'@!%+.  
 

 

4

(
2 2 2

2
(

(

cos
28

( ) .
T

1

f

f
G f

f
f

f

, -.
1 2
3 4"

* +, -#/ 01 2
/ 03 45 6

  (4) 
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H0'I+1+ *!0.+0!&'**-@ " $1(0!& .!O*!"(+ (( )G f f  & %$2+7$#'@ %#9 "+/*'#!& 

MSK-BOC(2) + MSK(2)  0$%"('&#$*- *' 0+". 2 (10+&-$ 1 + 2 "!!(&$("(&$**!). L'. M$ 

 0$%"('&#$* " $1(0  !#*!/! "+/*'#' (10+&'9 3). 

J$'#)*!A (99  0!2$*(*!A) ?+0+*!A " $1(0' "+/*'#!& MSK-BOC(2) + MSK(2) 

.!M*! ",+('()  !#!": 1 (4W f7  + 2 (4.8W f7 , ,(! "!"('&#9$( 0.5 + 0.55 KH2 "!!(&$("(-

&$**!. ;0+ !/0'*+,$*++ " $1(0' "+/*'#' MSK(2)  !#!"!A  2 (4W f7  (0.5 KH2) &*:(0+-

 !#!"*'9 .!O*!"() "!"('&#9$( 95 %.  

 

 
 

J+". 2. 6*$0/$(+,$"1+$ " $1(0- "+/*'#!&  

 

='1 &+%*! +3 0+". 2, " $1(0 "+/*'#' MSK-BOC(2) +.$$( @'0'1($0*-$  0!&'#- & 

!7#'"(+ #!1'#+3'2++ !"*!&*!/! + 7!1!&-@ #$ $"(1!& " $1(0' "+/*'#' MSK(2). 6(!  !-

3&!#9$( :.$*)?+() :0!&$*) &3'+.*-@  !.$@ 3' ",Q( ,'"(+,*!/! " $1(0'#)*!/! 0'3%$-

#$*+9  +#!(*!/! + +*I!0.'2+!**!/! "+/*'#!&. 

D!0.+0!&'**'9 G=> 5#$.$*('  !0S t 1!. #$1"*!A !/+7'4O$A "+/*'#' MSK-

BOC(2) ! 0$%$#9$("9 I!0.:#!A [2] 
 

  !1

U 2T 1 2T
1 cos U sin U , U ,

2TU

0, U .

T
T T TR

T

8* +, - , - , -# % 9:/ 01 2 1 2 1 2
" 3 4 3 4/ 0; 3 45 6

:
<=

  (5) 

 

S#9 G=> 5#$.$*('  !0S t 1!. #$1"*!A !/+7'4O$A "+/*'#' MSK(2) 3' +?$. 
 

 

 !  !  !
 !

 !

0 0

2 0 0

0 0

2 U , 0 ,
21

U

2 U , 0,
2

T
R R T

R S t S t dt
T T

R R T

>

#>

8 , -% $# 9 $ 91 2:: 3 4
" # $ " ;

, -: % $% # 9 $ 91 2: 3 4=

?

     

(6)

 
 

/%$  !0 UR  – G=> !%+*!,*!/! 1!"+*:"*!/! ,+ ' %#+($#)*!"(+ T/2, ! 0$%$#9$.'9 &--

0'M$*+$. [1]  
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 !0

2 U1 2T 1 2T
1 cos U sin U , U / 2,

2 TU

0, U / 2.

T
T T TR

T

8 * +, - , - , -# % 9: / 01 2 1 2 1 2
" 3 4 3 4/ 0; 3 45 6

:
<=

  

(7)

  

;!%"('&+& (7) & (6), *'@!%+.: 
 

 

 !2

3 U1 2T 3 2T
1 cos U sin U , U / 2,

2 2T
U

U1 2T 1 2T
1 cos U sin U , U / 2.

2 2T

T
T T T

R

T
T T T

8 * +, - , - , -# % 9: / 01 2 1 2 1 2
3 4 3 4/ 0: 3 45 6

" ;
* +, -: , - , -# # # </ 01 2 1 2 1 2: 3 4 3 4/ 03 45 6=

  (8) 

 

D' 0+". 3  0+&$%$*- /0'I+1+ G=> "+/*'#!& MSK-BOC(2) + MSK (2), 0'"",+('*-

*-@  ! I!0.:#'. (5) + (8) (10+&-$ 1 + 2 "!!(&$("(&$**!). L'. M$  0$%"('&#$* /0'I+1 

*!0.+0!&'**!A G=>  !#*!/! "+/*'#',  !#:,$**!A "#!M$*+$. G=> 1!. !*$*( MSK-

BOC(2) + MSK (2) " &$"!. 1/2 (10+&'9 3). ='1 &+%*! +3 0+":*1', G=>  !#*!/! "+/*'#' 

!%*! +1!&'9, ,(!  !3&!#9$( !":O$"(&#9()  !+"1 " ?'/!. T/4 7$3 0+"1'  ! '%'*+9 *' 

 0!&'#- G=> (10+&'9 1). 
 

 
 

J+". 3. D!0.+0!&'**-$ G=> "+/*'#!& 

 
B +"!1 #+($0'(:0- 

 

1. C!*%'0$*1! <. D., =!1!0+* <. E. F+0!1! !#!"*-$ 0'%+!*'&+/'2+!**-$ "+"($.- " ?:.! !-

%!7*-.+ ,'"(!(*!-.'*+ :#+0!&'**-.+ "+/*'#'.+. – D!&!"+7+0"1: «D':1'», 2011. – 263 ". 

2. C!*%'0$*1! <. D. ;!.$@!:"(!A,+&!"()  0+$.' " $1(0'#)*!-5II$1(+&*-@ ?:.! !%!7*-@ "+/-

*'#!&. – =0'"*!90"1: B+7. I$%$0. :*-(, 2015. – 160 ". 

 

%!&'(! )*+',-.-! +/$ 0$-!-"')'1 +'22./34. 5$-'&/-!64$ %'""$$ ) 7$&$/"4'# 

0.2./!,8-'# 6-$)./"$(.(. (9':')'/ ; 02.G25.31.0041). 
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#0/!2.")-  *!. 4#  '()!*!+!,%-6  )5#%+2!$-6   ./%#0!$   

*!  7#+52845 

 

;. <. F(0!, <. D. C!*%'0$*1! (*':,*-A 0:1!&!%+($#)) 

 
<-"($(6( $-3.-./-'1 0$=$4$ $ /!2$'>,.4(/'-$4$ ?@ABC DEB 7?C  

660074, :.  /!"-'F/"4, 6,.  $/.-"4':', 28  

E-mail: faust_256@mail.ru 

 

D' ($1:O+A .!.$*( BOC-.!%:#92+9 (binary offset carrie rmodulated signals) 9&#9-

$("9 *$!(8$.#$.!A ,'"()4 *'&+/'2+!**-@ "+/*'#!& /#!7'#)*-@ *'&+/'2+!**-@ " :(-

*+1!&-@ "+"($. GPS, Galileo. L'1M$ BOC-.!%:#92+9 *'?#' "&!Q  0+.$*$*+$ & "+/*'-

#'@ HPNDGBB " 1!%!&-. 0'3%$#$*+$. & ,'"(!(*!. %+' '3!*$ L1 + L2 [1]. 

BOC-.!%:#92+9 I!0.+0:$("9  0+ *'#!M$*++ .$'*%0' *' %'#)*!.$0*-A 1!% *'-

&+/'2+!**!/! "+/*'#', ,(! & "&!4 !,$0$%) 0'"?+09$( " $1(0 "+/*'#' !(*!"+($#)*! *$-

":O$A ,'"(!(- [2]. 
 

 !"#$% & '#$% ( )*+,#- ( .#/$%01 2 3 $ 3 41 
 

/%$ '#$% – %'#)*!.$0*-A 1!%" ,'"(!(!A "#$%!&'*+9 "+.&!#!& .(; )*+,#- ( .#/$% – 0'"-

?+094O+A .$'*%0; .# – ,'"(!(' .$'*%0', 10'(*'9 .' & 512-60KH2. S#9 !7!3*',$*+9 

BOC-.!%:#92++ +" !#)3:$("9 3' +") 789#,:1 ,;%, /%$ ,:+ ,; – %&' +*%$1"', !(&$,'4-

O+$ !(*!?$*+9. ,:= .#<.', ,;= .(<.'. 
< 3'0:7$M*!A #+($0'(:0$ ?+0!1! !7":M%'4("9 0'3#+,*-$ "(0:1(:0- 1!00$#9(!-

0!& *$!7@!%+.-$ %#9 0$'#+3'2++  0!2$%:0-  !+"1' *'&+/'2+!**-@ "+/*'#!& " BOC-

.!%:#92+$A.  

L'1 !%*+. +@  $0&-@  !%@!%!& 1 0$'#+3'2++  0!2$%:0-  !+"1' BOC-"+/*'#!& 

"('# "bump-jumping '#/!0+(.",  0+*2+  0'7!(- 1!(!0!/! 3'1#4,'#"9 & !%*!&0$.$**!A 

!2$*1$ &"$@  +1!& G=> BOC-"+/*'#' [3, 4]. L'1 %#9 0$'#+3'2++  !+"1' "+/*'#!& " .!-

%:#92+$A BOC(1, 1) *$!7@!%+.! 3 1!00$#9(!0' (0+". 1),  0+,$.  $0&-A 1!00$#9(!0 

"#$%+( 3' #$&-.  +1!. (P=), &(!0!A 1!00$#9(!0 3' 2$*(0'#)*-.  +1!. (V=), (0$(+A 

1!00$#9(!0 3'  0'&-.  +1!. (;=) G=>,  0+ 5(!. 0'"10-&  ! 3'%$0M1$ .$M%: 1!00$#9-

(!0'.+ 0'&$* 4= 6>  (4= ? +./$'20"$#)',!02!,8-'#./-':'04'2!). 

 

  J+". 1. ;!9"*$*+$ 1 bump-jumping"'#/!0+(.'.   

 

"Bump-jump" '#/!0+(.- & 3'0:7$M*!A #+($0'(:0$ ",+('4("9 0$":0"!3'(0'(*-.+, 

('1 1'1 :&$#+,$*+$ ,'"(!(- .$'*%0' ( !09%1' BOC-.!%:#92++) !(*!"+($#)*! ,'"(!(- 

%'#)*!.$0*!/! 1!%'  0+&!%+( 1 :&$#+,$*+4 ,+"#'  +1!& G=> + "#$%!&'($#)*! 1 1!#+-

,$"(&: 1!00$#9(!0!& *$!7@!%+.-@ %#9 0$?$*+9 3'%',+  !+"1'. D' 0+.$0 %#9  !+"1' 

"+/*'#!& " .!%:#92+$A BOC(2, 1) *$!7@!%+.! 7 1!00$#9(!0!&, %#9 "+/*'#!& BOC(3, 1) –

11 1!00$#9(!0!& + (. %.  
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D' 0+". 2  0$%"('&#$*' 7#!1-"@$.' 1!00$#9(!0!&,  0+.$*9$.-@ %#9 0$'#+3'2++ 

"Bump-jump" '#/!0+(.' &! &0$.9  0!2$%:0-  !+"1' BOC-"+/*'#!& c .!%:#92+$A 

BOC(1, 1). < %'**!A "@$.$ X(t) – &@!%*!A "+/*'#, Fc + $c – *$":O'9 ,'"(!(' + 3'%$0M1' 

! !0*!/! "+/*'#', y(t) – ! !0*-A "+/*'#. <"$ "+/*'#- *' 0+". 2  0$%"('&#$*- & 1!.-

 #$1"*!A I!0.$.  

 

 
 

J+". 2. C#!1-"@$.' 1!00$#9(!0!& %#9 0$'#+3'2++ "Bump-jump" '#/!0+(.' 

 

B#$%:4O+. 5(' !. 0'3&+(+9 "(0:1(:0- 1!00$#9(!0!& %#9  !+"1' BOC-"+/*'#!& 

"('#! "$.$A"(&! BPSK-like '#/!0+(.!&, ' ('1M$ "$.$A"(&! SubCarrier Phase Cancellation 

'#/!0+(.!& (SCPC) [4, 5].  

E%$9 BPSK-like '#/!0+(.!& 3'1#4,'$("9 & !70'7!(1$ BOC-"+/*'#' 1'1 ":..- 

%&:@ BPSK-"+/*'#!& (binary haseshift keying signals), "%&+*:(-@ !(*!"+($#)*! 2$*-

(0'#)*!A ,'"(!(-  0+*+.'$.!/! "+/*'#' *' ,'"(!(:, 0'&*!A ,'"(!($ .$'*%0' F# (0+". 3). 

 

 
 

J+". 3. ;!9"*$*+$ 1 0'7!($ BPSK-like'#/!0+(.' 

 

BPSK-like '#/!0+(.-  !3&!#94(  0+&$"(+ G=> BOC-"+/*'#!& 1 &+%: G=> 

BPSK-"+/*'#!& (0+". 4), ($. "'.-. +"1#4,+() .*!/! +1!&:4 *$!%*!3*',*!"() G=> 

BOC-"+/*'#!&. 

J'",$( .!%:#9 G=> & BPSK-like '#/!0+(.$ &! &0$.9  0!2$%:0-  !+"1'  0!+"@!-

%+( "#$%:4O+. !70'3!.: 
 

 !2 2 2 2 2

1 1 2 2

1

ˆˆ/ 2, ,
N

c 2'+ i i i i

i

R T f I Q I Q
"

$ " % % %( , 

/%$ 
 

 !  !
/2

1
ˆˆ cos 2 ( ))(

i c

i

t T

i 2'+ #
t

I X t D t f F t
%

" # $ . %? , 
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 !  !
/2

1
ˆˆ sin 2 ( ))(

i c

i

t T

i 2'+ #
t

Q X t D t f F t
%

" # $ . %? , 

 !  !
/2

2
ˆˆ cos 2 ( ))(

i c

i

t T

i 2'+ #
t

I X t D t f F t
%

" # $ . #? , 

 !  !
/2

2
ˆˆ sin 2 ( ))(

i c

i

t T

i 2'+ #
t

Q X t D t f F t
%

" # $ . #? , 

 

/%$ D(t – $̂ ) – %'#)*!.$0*-A 1!% ! !0*!/! "+/*'#'. 

 

 
 

J+". 4. =&'%0'( .!%:#9 G=> BOC-"+/*'#'  0+  0+.$*$*++ BPSK-like '#/!0+(.' 

 

S#9 BPSK-like '#/!0+(.!& 1!#+,$"(&! 1!00$#9(!0!& *$!7@!%+.-@ %#9  0!2$%:0- 

 !+"1' BOC-"+/*'#!& *$ 3'&+"+( !(  !09%1' BOC-.!%:#92++  0+*+.'$.-@ "+/*'#!&. 

C#!1-"@$.' 1!00$#9(!0!& BPSK-like '#/!0+(.!&  0$%"('&#$*' *' 0+". 5. 

 

 
 

J+". 5. C#!1-"@$.' 1!00$#9(!0!&  BPSK-like'#/!0+(.!& 

 

< !(#+,+$ !( BPSK-like '#/!0+(.!& SCPC '#/!0+(.- !"*!&'*- *' (!., ,(!  !+"1 

%'#)*!.$0*!/! 1!%' + I'3- .$'*%0' ( !%*$":O$A) 0'3%$#$*- [4]. <@!%*!A "+/*'# & 

1!00$#9(!0$ :.*!M'$("9 *' ! !0*-A %'#)*!.$0*-A 1!% + *' %&$ 1! ++  !%*$":O+@, 

"%&+*:(-$ !(*!"+($#)*! %0:/ %0:/' (0+". 6) + +/0'4O+$ 0!#) "+*I'3*!A + 1&'%0'(:0-

*!A ! !0*-@  !%*$":O+@, 1!(!0-$ .!M*! 3' +"'() & &+%$: 
 

 !  ! !cos 2c #M t sign F t" . ,         !  ! !sin 2s #M t sign F t" . . 

 

SCPC '#/!0+(.- ('1M$ 1'1 BPSK-like '#/!0+(.-  !3&!#94( :"(0'*+() .*!/! +-

1!&:4 *$!%*!3*',*!"()  G=> BOC-"+/*'#!& ,(! + &+%*! *' 0+". 8. 
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J+". 6. ;!9"*$*+$ 1 SCPC '#/!0+(.:: @A ? 0"+*I'3*'9 + @B ? 01&'%0'(:0*'9  !%*$":O+$;  

S=? %'#)*!.$0*-A 1!%  

 

 
 

J+". 8. =&'%0'( .!%:#9 G=> "+/*'#' " .!%:#92+$A BOC(1, 1) & SCPC '#/!0+(.$  

 

;! '  '0'(*-. 3'(0'('. SCPC '#/!0+(.- *$3*',+($#)*! &-+/0-&'$( : BPSK-like 

'#/!0+(.!&, ('1 1'1 %#9 0$'#+3'2++ SCPC '#/!0+(.!& (0$7:$("9 & %&' 0'3' .$*)?$ /$-

*$0'(!0!& "+*:"'/1!"+*:"'.  

C#!1-"@$.' 1!00$#9(!0!& SCPC '#/!0+(.'  0$%"('&#$*' *' 0+" 7. 

 

 
 

J+". 7 7#!1-"@$.' 1!00$#9(!0!&  SCPC'#/!0+(.' 

 

S#9 !7$" $,$*+9  0+$.#$.-@ :"#!&+A !7*'0:M$*+9 BOC-"+/*'#!& &! &0$.9  !-

+"1'  0+ %! :O$*++ %&:10'(*!/! :.$*)?$*+9 .!O*!"(+ 1&'%0'(' !/+7'4O$A, ?'/  !-

+"1' %#9 "Bump-jump" '#/!0+(.!& 0'&$* 4= 6> , %#9 SCPC + BPSK-like '#/!0+(.!& 4= -> . 

B!!(&$("(&$**! &0$.9  !+"1' "+/*'#!&  ! 3'%$0M1$ : SCPC + BPSK-like '#/!0+(.!& *' 

(0$() .$*)?$ ,$. : "Bump-jump" '#/!0+(.!&, ,(! ":O$"(&$**! "!10'O'$( !7O$$ &0$.9 

 !+"1' BOC-"+/*'#!&. C!#$$  $0" $1(+&*-. "0$%+ 0'"".!(0$**-@ '#/!0+(.!& 9&#9$(-

"9 SCPC '#/!0+(.- ('1 1'1 %#9 +@ 0$'#+3'2++ *$!7@!%+.! .$*)?$ '  '0'(*-@ 3'(0'( 

,$. %#9 BPSK-like '#/!0+(.!&. 
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B +"!1 #+($0'(:0- 

 

1. =!*2$ 2+9 0'3&+(+9 *'&+/'2+!**-@ "+/*'#!& /#!7'#)*!A *'&+/'2+!**!A "+"($.- HPNDGBB. – 

K., 2009. 

2. <$A2$#) G. <. D!&-A 1#'"" .$'*%0!&-@ ?:.! !%!7*-@ 0'%+!"+/*'#!& %#9 0'%+!*'&+/'2+!*-

*-@ "+"($. // <$"(*+1 K!"1. '&+'2. +*-('. – 2009. – W 7. – L. 16. – K.: E3%-&! KGE. 

3. Vincent Heiries, Daniel Roviras, Lionel Riesand, Vincent Calmettes. Analysis of NonAmbiguous BOC 

Signal Acquisition Perfomance // Proceedings of the 17th International Technical Meeting of the Satellite Divi-

sion of The Institute of Navigation (ION GNSS 2004). – September 24, 2004. 

4. Salim Attia, Khaled Rouabah, Djamel Chikouche and Mustapha Flissi. Side peak cancellation method 

for sine-BOC(m,n)-modulated GNSS signals // EURASIP Journal on Wireless Communications and Network-

ing. – 2014. 
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4!)*9:"52%-&  "25%#852%-&  4!)*054    

*!  +. 3.*0.%5  «! %!$-  "5!2..  35*5&» 
 

=. <. K!#,'*!&, G. G. K$M!&, X. D. Y'"'*!&, Z. S. P$A,$*1! (*':,*-A 0:1!&!%+($#)) 
 

<-"($(6( $-3.-./-'1 0$=$4$ $ /!2$'>,.4(/'-$4$ ?@ABC DEB 7?C 
660074, :.  /!"-'F/"4, 6,.  $/.-"4':', 28 

E-mail: y.leychenko@yandex.ru   

 
N +"'* 1!. )4($0*-A (0$*'MQ0*-A 1!. #$1", & 1!(!0!. .!%$#+0:4("9 !"*!&*-$ ($!0$(+,$"1+$ .'($0+'#- 

%+"2+ #+*- «N"*!&- ($!0++ 2$ $A», :"&!$*+$ 1!(!0-@ &-3-&'$( ! 0$%$#Q**-$ (0:%*!"(+ : "(:%$*(!&. =!. )4-
($0*-A (0$*'MQ0*-A 1!. #$1"  0$%*'3*',$* %#9  0$!%!#$*+9 !7:,'$.-.+ 5(+@ (0:%*!"($A. < 0'7!($ "I!0.:#+0!-
&'*- !"*!&*-$ '#/!0+(.- 7#!1!&,  !#!M$*+9 .!%+I+1'2++ + 0'3&+(+9 %'**!/! 1!. #$1"'. 

 
N%*!A +3  0+!0+($(*-@ 3'%', =!*2$ 2++ >$%$0'#)*!A 2$#$&!A  0!/0'..- 0'3-

&+(+9 !70'3!&'*+9 2013–2020 /. 9&#9$("9 &*$%0$*+$ *!&-@ !70'3!&'($#)*-@ ($@*!#!-
/+A, !7$" $,+&'4O+@ 5II$1(+&*:4 0$'#+3'2+4 *!&-@ .!%$#$A + "!%$0M'*+9  0!I$"-
"+!*'#)*!/! !70'3!&'*+9, & (!. ,+"#$ " +" !#)3!&'*+$. "!&0$.$**-@ +*I!0.'2+!*-
*-@ + 1!..:*+1'2+!**-@ ($@*!#!/+A. J$?$*+4 %'**!A 3'%',+ " !"!7"(&:$( &*$%0$-
*+$ & !70'3!&'($#)*-A  0!2$"" 5#$1(0!**-@ !70'3!&'($#)*-@ 0$":0"!&, & (!. ,+"#$ + 
(0$*'MQ0*-@ 1!. #$1"!&.  

D'%! !(.$(+(), ,(! %! "+@  !0 1!. )4($0*-$ ($@*!#!/++ 1'1 "0$%"(&' !0/'*+3'2++ 
: 0'&#$*+9 :,$7*-.  0!2$""!. +" !#)3:4("9 & !"*!&*!. %#9 0$?$*+9 !7O+@ 3'%', 
: 0'&#$*+9 "+"($.'.+ !70'3!&'*+9. 6(! "!3%'*+$ 7'3 %'**-@, "!%$0M'O+@ "'.:4 0'3*!-
!70'3*:4 +*I!0.'2+4 ! "(:%$*('@ &:3'. L'1+$ 7'3- %'**-@  !3&!#94(  0+*+.'() '%-
.+*+"(0'(+&*-$ : 0'&#$*,$"1+$ 0$?$*+9, 1!(!0-$, *$"!.*$**!, &#+94( *' :,$7*!-
!70'3!&'($#)*-A  0!2$"" 1'M%!/! :,'O$/!"9. N%*'1! !,$*) &'M*! +.$() 1!. )4($0*-$ 
"0$%"(&' !0/'*+3'2++ : 0'&#$*+9  0!2$""!. !7:,$*+9 1!*10$(*!A #+,*!"(+. 

V$#)4 %'**!A 0'7!(- 9&#9$("9 0'30'7!(1' (0$*'M$0*!/! 1!. #$1"' *' !"*!&$ "!-
&0$.$**-@ WEB-($@*!#!/+A. ;$0$% *','#!. 0'7!(- 7-#  0!&$%$* "0'&*+($#)*-A '*'-
#+3 +3&$"(*-@ (0$*'M$0!& [1, 2], 1!(!0-A &-9&+# & *+@ ('1!A *$%!"('(!1 1'1 !(":("(-
&+$ &!3.!M*!"(+ %+"('*2+!**!/! !7:,$*+9 +  !%%$0M1+ 0'" 0!"(0'*$**-.+ NB 
(Windows 8.1, Mac OS X, Android, iOS). 

N +"'**-A & *'"(!9O$A 0'7!($ (0$*'MQ0 9&#9$("9 ,'"()4 +*I!0.'2+!**!/! 0$-
":0"' EE> + J6 B>[, 0'30'7!('* *' 93-1$  0!/0'..+0!&'*+9 PHP [3] " !(10-(-. 1!-
%!. " 2$#)4  !"#$%:4O$A .!%+I+1'2++ + %! !#*$*+9 *!&-.+ 7#!1'.+. N"*!&*-. 
 0$+.:O$"(&!. 5(!/! (0$*'M$0' 9&#9$("9 "!&.$"(+.!"() " 7!#)?+*"(&!. NB, !* *$ 
(0$7:$( "(!0!**$/!  0!/0'..*!/! !7$" $,$*+9 + 9&#9$("9 !*#'A* 0$":0"!..  

B$0&$0*!$ !7!0:%!&'*+$ & "!!(&$("(&++ "  0!/0'..!A *' PHP /$*$0+0:$( WEB-
"(0'*+2- & "('*%'0($ HTML5 [4]. BI!0.+0!&'**'9 "$0&$0!. WEB-"(0'*+2' %#9 ;= 
 !#)3!&'($#9  0$!70'3!&-&'$("9 & 93-1 0'3.$(1+ HTML " +" !#)3!&'*+$. 1'"1'%*-@ 
"(+#$A CSS + "10+ (' JavaScript [5]. 

='M%-A ($.'(+,$"1+A 0'3%$# (0$*'MQ0' &1#4,'$( & "$79 %'**-$ 7#!1+ (0+". 1): 

@ L$!0+9; 

@ S+*'.+,$"1'9 %$.!*"(0'2+9; 

@ E($0'2+!**!$ !7:,$*+$; 

@ B'.! 0!&$01'. 
< 7#!1$ «L$!0+9» +3#'/'$("9 ($!0$(+,$"1+A .'($0+'# %'**!/! :,$7*!/! 0'3%$#'. 

< 7#!1$ «S+*'.+,$"1'9 %$.!*"(0'2+9» & %+*'.+1$  !1'3-&'4("9 &!3.!M*!"(+ 7#!1' 
«E($0'(+&*!/! !7:,$*+9». C#!1 «E($0'(+&*!/! !7:,$*+9» "(0!+( /0'I+1+ /'0.!*+,$-
"1+@ 1!#$7'*+A & 3'&+"+.!"(+ !( &&$%Q**-@ "(:%$*(!.  '0'.$(0!&: ,'"(!(', '. #+(:-
%', I'3' + %0. (0+". 2). 
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J+". 1. ;0+.$0 "(0:1(:0- ($.'(+,$"1!/! 0'3%$#' 

 

 
 

J+". 2. G#/!0+(. 7#!1' «E($0'2+!**!/! !7:,$*+9» 
 

< 7#!1$ «B'.! 0!&$01'» 1!. )4($0 %'Q( 3'%'*+$ ! 0$%$#+()  '0'.$(0- +"@!%-

*!/! /0'I+1'. < 0'"".'(0+&'$.!. & 1',$"(&$  0+.$0' ($.'(+,$"1!. 0'3%$#$: «\*'1!.-

"(&! " /'0.!*+,$"1+.+ 1!#$7'*+9.+» "(:%$*( +3.$*9$(  '0'.$(0- /'0.!*+,$"1!/! 1!-

#$7'*+9, +  !%(&$0M%'$( &&!%  '0'.$(0!& %! ($@  !0,  !1' $/! *$ :"(0!+( 0$3:#)('(. 

J$?$*+$ ! &-@!%$ +3 %'**!/! 7#!1'  0+*+.'$("9 "(:%$*(!..  

;0+ !70'O$*++ ;=  !#)3!&'($#9 1 %'**!.: 7#!1:  0!+"@!%+( /$*$0'2+9 "#:,'A-

*!/! ,+"#' *' "$0&$0$, "#$%:4O+. ?'/!. "$0&$0 %$#'$( 3' 0!" & 7'3: %'**-@  '0'.$(-

0!&, *' !"*!&'*++ %'**-@ "(0!+("9 /0'I+1. H0'I+1 &"('&#9$("9 "$0&$0!. & WEB-
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"(0'*+2: 1'1 1'0(+*1'. B#$%:4O+A 5('  – !M+%'*+$ &&!%' %'**-@ "(:%$*(!., !( 0'&-

1' %'**-@ *' "$0&$0, I!0.+0!&'*+$ "!&.$OQ**!/! /0'I+1' + I!0.+0!&'*+$ WEB-

"(0'*+2- " "!&.$OQ**-. /0'I+1!. [6].  

 

 
 

J+". 3. G#/!0+(. 7#!1' «B'.! 0!&$01'» 

 

< !"*!&: (0$*'MQ0*!/! 1!. #$1"'  !#!M$* +($0'(+&*-A .$(!% !7:,$*+9 (.$(!% 

 0!7), %'4O+A "(:%$*(: 5&!#42+4 "!3*'*+9  !"0$%"(&!. .*!/!10'(*!/! +3.$*$*+9 

3'%'**-@  '0'.$(0!& + *'#+,+$. !70'(*!A "&93+ .$M%: 1!. )4($0!. + "(:%$*(!.. 

<-"?$A "('%+$A  0!2$""' !7:,$*+9 & %'**!. .$(!%$ 9&#9$("9  0$%"1'3'*+$ "(:%$*(!. 

 !&$%$*+9 +3:,'$.!/! !78$1('.  

J$'#+3!&'**-A (0$*'M$0 *' JavaScript &.$"($ " Canvas  !3&!#9$(  !#:,'() %+*'-

.+,$"1+$ 1'0(+*1+, ".$*94O+$"9 " 3'%'**-. 2+1#!., ' ('1M$ 3'/0:M'() %'**-$ 7$3 

 $0$3'/0:31+ "(0'*+2-. L'1!A "!&!1: *!"(+  0$+.:O$"(& *$ !7#'%'$( *+ !%*' +3 %0:-

/+@ ($@*!#!/+A  0!/0'..+0!&'*+9. ;0+.$*$*+$ & :,$7*!.  0!2$""$ 0'30'7!('**!/! 

(0$*'M$0*!/! 1!. #$1"'  !3&!#9$(  !&-"+() 1',$"(&! : 0'&#$*+9  0!2$""!.  !3*'*+9 

"(:%$*(!. :,$7*!/! .'($0+'#'. 

 
B +"!1 #+($0'(:0- 

 

1. C'1'#!& <. ;., =0:1 C. E., ]:0'&#Q&' N. C. N"*!&- ($!0++ 2$ $A. =!. )4($0*-A (0$*'MQ0*-A 

1!. #$1": :,$7.  !"!7+$ %#9 &:3!&. – K.: J'%+! + "&93), 2002. – 200 ". 

2. K'0,$*1! G. P. G1(:'#)*-$ &! 0!"- 0'30'7!(1+ + +" !#)3!&'*+9 5#$1(0!**-@ +3%'*+A + 0$-

":0"!& & !7:,$*++ 5#$1(0!($@*+1$ + 5#$1(0!*+1$ & &:3$: .!*!/0'I+9. – K., 2010. – 263 ". 

3. B!!7O$"(&! PHP-;0!/0'..+"(!& [6#$1(0!**-A 0$":0"]. – J$M+. %!"(: ': http://php.ru/, "&!-

7!%*-A (%'(' !70'O$*+9: 05.10.2014). 

4. Y!#)2*$0 B(+&$*. HTML5 3' 10 .+*:(. – 5-$ +3%. – E3%-&! «<+#)9.», 2011. – 238 ". 

5. B($I'*!& B(!9*. JavaSkript. F'7#!*-. – B;7.: E3%-&! «B+.&!#- #4"», 2011. – 265 ". 

6. <"Q ! WEB- 0!/0'..+0!&'*++ [6#$1(0!**-A 0$":0"]. – J$M+. %!"(: ': http://wseweb.ru/, "&!-

7!%*-A (%'(' !70'O$*+9: 10.10.2014).  
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 . "5)#   !"#$%&'()!*!  &'+&,(!-.),/  «&'+&+ 2.0» 
 

 . !. "#$%&'()*, +. ,. -(&.*'(), /. ". 01'234*, ,. ". 5%1#('(%), 6. 7. 8%9(),  
:. /. 0%;<%4'( (4*1<4=; $1'()(93>%&?) 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 234  

660074, 5. 6(."!)7("-, %1. 6$('!"-)5), 28  
E-mail: y.leychenko@yandex.ru 

 
8-  « !8 +» – @>( '(.#&%'A4(% #$(B$*..4(% $%2%43% 9&C #$()%9%43C '(.#?D>%$4(B( >%A>3$()*43C A E%-

&?D (E%4'3 F4*43;, 1.%43; 3 4*)='() A>19%4>(). 83A>%.* #(F)(&C%>: A(F9*)*>? 4%(B$*43<%44(% '(&3<%A>)( G*4'() 
>%A>()=H F*9*43;; I($.3$()*>? #$(3F)(&?4=; 4*G($ F*9*43; 9&C >%A>3$()*43C; )3F1*&3F3$()*>? $%F1&?>*>= >%A>3-
$()*43C; @'A#($>3$()*>? '*' A*.3 >%'A>()=% F*9*43C, >*' 3 $%F1&?>*>= >%A>3$()*43C ) >%'A>()=; )*$3*4>. 8-  3.%-
%> '*>%B($33 #(&?F()*>%&C: «"9.343A>$*>($» 3 «8>19%4>». /&C '*>%B($33 «8>19%4>» #$%91A.(>$%4( >$3 )*$3*4>* 
#$(H(J9%43C >%A>3$()*43C: '(4>$(&?4(% >%A>3$()*43%, A*.('(4>$(&? 3 )H(94(% >%A>3$()*43%. « !8 +» #(99%$J3-
)*%> 2%A>? >3#() >%A>()=H F*9*43; 3 #(F)(&C%> (A1K%A>)&C>? )%9%43% )3$>1*&?4(B( 1<%G4(B( J1$4*&*. 6 9*44(; 
A>*>?% (#3A=)*%>AC '(.#&%'A #$()%9%44=H $*G(> #( 1&1<2%43D I14'E3(4*&* 3 $*A23$%43D G*F 9*44=H >%A>()=H 
F*9*43; 8-  « !8 +». 

 

5* A()$%.%44(. @>*#% $*F)3>3C (G$*F()*43C )A% G(&?2% )43.*43C 19%&C%>AC )4%-

9$%43D @II%'>3)4=H I($. '(4>$(&C F4*43;. 7943. 3F 4*3G(&%% @II%'>3)4=H 3 A>*4-

9*$>3F()*44=H .%>(9() '(4>$(&C F4*43; C)&C%>AC >%A>3$()*43%. /&C #()=2%43C (GL-

%'>3)4(A>3 #$()%9%43C >%A>3$()*43C 3 1#$(K%43C #$()%$'3 $%F1&?>*>() 4%(GH(93.( 

#$3.%43>? '(.#?D>%$4=% >%H4(&(B33. M$%3.1K%A>)* 3A#(&?F()*43C '(.#?D>%$4(B( 

>%A>3$()*43C – @>( (GL%'>3)4(A>?, 4*9%J4(A>?, #$(A>(>* $%*&3F*E33, A43J%43% F*B$1F-

'3 #$%#(9*)*>%&C, (A1K%A>)&%43% .B4()%44(B( (E%43)*43C $%F1&?>*>(), *)>(.*>3<%-

A'(% 3H I3'A3$()*43% 3 A(H$*4%43% 4* 9&3>%&?4(% )$%.C. /&C #$()%9%43C >*'(B( >%A-

>3$()*43C $*4%% 3A#(&?F()*&*A? #$(B$*..* « !8 +» [1].  

794*'( #$3 $*G(>% A 9*44(; #$(B$*..(; .(J4( G=&( (G4*$1J3>? $C9 A1K%A>-

)%44=H 4%9(A>*>'(): (>A1>A>)3% %934(; G*F= 4* A%$)%$% 3 >$%G()*43% G(&?23H 93A'(-

)=H (GLN.(), (>4(A3>%&?4( 4%G(&?2(% '(&3<%A>)( )(#$(A() 9&C >%A>3$()*43C, %934*C 

G*F* A*.('(4>$(&C 3 '(4>$(&?4(B( >%A>3$()*43C 9&C )A%H A#%E3*&?4(A>%;, (>A1>A>)3% 

#(9A'*F(' ' )(#$(A*. A*.('(4>$(&C, )(F.(J4(A>? (94()$%.%44( (>'$=)*>? 4%A'(&?'( 

'(#3; #$(B$*..= #$3 #$(H(J9%433 >%A>3$()*43C. 

/&C 3A#$*)&%43C @>3H 4%9(A>*>'() #$(B$*..= 4%(GH(93.( G=&( #$()%A>3 $C9 

1&1<2%43;, 3A#$*)3>? 4%'(>($=% F*9*43C ) >%'1K%; )%$A33 G*F= 9*44=H, 9(#(&43>? 

G*F1 4()=.3 )(#$(A*.3 3 $%*&3F()*>? 4%9(A>*DK3% I14'E33. M(@>(.1 #$()%9%44=% 

3F.%4%43C 8-  « !8 +» .(J4( 1A&()4( $*F9%&3>? 4* 9)% <*A>3: #( #$(B$*..4(; <*A-

>3 3 4*9 G*F(; 9*44=H >%A>()=H F*9*43;. 

O>( '*A*%>AC #$(B$*..4(; <*A>3, >( ) 4%; A&%91%> (>.%>3>? 3F.%4%43% $*G(<%; 

*$H3>%'>1$= #$(B$*..= 4* G(&%% A>*G3&?41D, 1&1<2%43% .%H*43F.* #(9G($* )(#$(A() 

3 F*#3A3 $%F1&?>*>() ) J1$4*&. 6 #$(B$*..% *9.343A>$*>($* 1A>*4()&%4* 4()*C .(9%&? 

$*G(>= A ('4*.3 ) )39% )'&*9(', (>(G$*J*%.=H 4* )%A? @'$*4. M$3 (>'$=>33 ('4* 4% 

A(F9*D>AC #()>($4(, * #%$%'&D<*D>AC .%J91 A(G(;. /(G*)&%4* '4(#'* )(AA>*4()&%43C 

)'&*9(' #$3 A&1<*;4(. F*'$=>33. 6(F.(J4(A>3 A(F9*43C 3 $%9*'>3$()*43C 9%$%)* >%. 

1<%G4(; 93AE3#&34= G=&3 )(AA>*4()&%4= ) #(&4(; .%$%. 

6 8-  G=&3 9(#(&43>%&?4( $%*&3F()*4= 4%'(>($=% I14'E33, 4%(GH(93.=% 9&C 

#(&4(E%44(;, 1A#%24(; $*G(>=: *)>(.*>3<%A'*C $%B1&3$()'* $*F.%$() (G&*A>%; A )(-

#$(A*.3 3 (>)%>*.3, * >*'J% )(F.(J4(A>? )=G($* $*F&3<4=H G*F 9*44=H 9&C )A%H A#%-

E3*&?4(A>%; ,,P 3 +Q 8PR 3 $%J3.() $*G(>= #$(B$*..=. 

+%J3. «8*.('(4>$(&?» #(F)(&C%> A>19%4>1 A*.(A>(C>%&?4( #$()%$C>? 1$()%4? 

A)(3H F4*43;. 794*'( A>19%4> $*4%% >%$C& .4(B( )$%.%43 4* #(3A' #$*)3&?4(B( (>)%>* 

) 1<%G4(; &3>%$*>1$%. /&C G(&%% @II%'>3)4(B( #$()%9%43C A*.('(4>$(&C G=&* 9(G*)-
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&%4* I14'E3C «M(9A'*F'*». M(9A'*F'3 #(F)(&CD>, 4% (>$=)*CA? (> #$(H(J9%43C A*.(-

'(4>$(&C, #$343.*>? .%$= #( &3')39*E33 #$(G%&() ) A>$1'>1$% F4*43;.  %. 4% .%4%%, 

#(9A'*F'3 4% #$%9A>*)&CD> A(G(; (>)%> ) C)4(. )39%, (43 &32? 1'*F=)*D> #$*)3&?4(% 

4*#$*)&%43% $%2%43C. 

6 4*A>(CK%; $*G(>% G*F* 9*44=H >%A>()=H F*9*43; G=&* #(9B(>()&%4* ' F*#3A3 

#(9A'*F(', 3F.%4%4 >3# 9*44=H 4* G(&%% ).%A>3>%&?4=;, A(F9*4* 9(#(&43>%&?4*C I($-

.* 9&C (>(G$*J%43C #(9A'*F(' #( 4*J*>3D '4(#'3, 9(G*)&%4( 9(#(&43>%&?4(% #(9-

'&D<%43% ' G*F% 9*44=H. 6 #$(B$*..1 *9.343A>$*>($* G=&* 9(G*)&%4* )(F.(J4(A>? 

#$3'$%#&%43C #(9A'*F(' ' )(#$(A*.. 

5* 9*44=; .(.%4> ) A3A>%.% >%A>3$()*43C $%*&3F()*4= #(9A'*F'3 9)1H )39(): 

>%'A>()=% 3 I($.1&?4=%.  %'A>()=% #(9A'*F'3 A(9%$J*> 34I($.*E3D ( >(., ) '*'(. 

&3>%$*>1$4(. 3A>(<43'% .(J4( (F4*'(.3>?AC A 9*44=. )(#$(A(.. /*44=; )39 #(9A'*-

F(' #$3.%43. ) G(&?2%; A>%#%43 ' F*9*43C., ) '(>($=H 4%(GH(93.( 1'*F*>? #$*)3&?-

4=; (>)%> 3F #%$%<4C #$%9&*B*%.=H, 1A>*4()3>? A((>)%>A>)3% 3&3 #$*)3&?41D #(A&%-

9()*>%&?4(A>?. P($.1&?4=% #(9A'*F'3 A(9%$J*> I($.1&= 3 #(CA4%43C, '(>($=% 4%(G-

H(93.= 9&C $%2%43C F*9*43C. /*44=% #(9A'*F'3 #$3.%4CD>AC ' F*9*43C., ) '(>($=H 

41J4( )=G$*>? #$*)3&?4=; (>)%>, $%23) F*9*<1 ) 9)*->$3 9%;A>)3C. 

6*J4( (>.%>3>?, <>( #(9A'*F'3 A((>)%>A>)1D> (#$%9%&%44=. >$%G()*43C.: .*'-

A3.*&?4*C '(4'$%>3'* 3 CA4(A>?, (>A1>A>)3% #$C.(B( (>)%>* 4* F*9*43%, 3A#(&?F()*43% 

(G(F4*<%43; ) A((>)%>A>)33 A 3F1<*%.(; 93AE3#&34(;. S&*)4*C E%&? #(9A'*F(' – @>( 4% 

>(&?'( (G&%B<3>? #$(E%AA A*.((G1<%43C A>19%4>*, 4( 3 A9%&*>? @>(> #$(E%AA .*'A3-

.*&?4( @II%'>3)4=.. 

6 #$(B$*..1 *9.343A>$*>($* 9(G*)&%4= 9(#(&43>%&?4=% )(F.(J4(A>3 $*G(>= A 

J1$4*&(. >%A>3$1%.=H: #$(A.(>$ J1$4*&* >%A>3$()*43C (>9%&?4(B( A>19%4>*, (G4()-

&%43% $%F1&?>*>() >%A>3$()*43C ) $%J3.% $%*&?4(B( )$%.%43, (<3A>'* 3A>($33 #$(H(-

J9%43C >%A>(). 

M(.3.( 4%(GH(93.=H, A E%&?D #()=2%43C 19(GA>)* 3A#(&?F()*43C 3 9(A>()%$-

4(A>3 #(&1<%44=H $%F1&?>*>(), ) 8-  G=&3 9(G*)&%4= A()%$2%44( 4()=% I14'E33: 

)(F.(J4(A>? A*.(A>(C>%&?4( F*9*)*>? E)%>()1D AH%.1 (I($.&%43C #$(B$*..=; (#>3-

.3F*E3C $*F.%$() ('(4 3 (GL%'>() () E%&CH $*E3(4*&?4(B( 3A#(&?F()*43C A)(G(94(B( 

#$(A>$*4A>)* 3 (GK%; A3..%>$33); #(99%$J'* B($C<3H '&*)32 (G&(' 4*)3B*E3(44=H 

'&*)32-A>$%&('), #(F)(&CDK3H #$(3F)(93>? #%$%'&D<%43% .%J91 )(#$(A*.3 4*J*>3%. 

'&*)32.  *'3. (G$*F(., ) #$(E%AA% >%A>3$()*43C F*9%;A>)()*4= (G% $1'3 #(&?F()*>%&C.  

6 « !8 +2.0» >*'J% 9(G*)&%4* )(F.(J4(A>? #(9'&D<%43C G*F 9*44=H A A%>%)(B( 

93A'*, <>( #(F)(&C%> @'(4(.3>? A)(G(94(% #$(A>$*4A>)( 4* '*J9(. (>9%&?4(. '(.#?-

D>%$% 3 3.%>? )(F.(J4(A>? .%4C>? ($%9*'>3$()*>?, 9(#(&4C>?) (941 G*F1 9*44=H 9&C 

)A%H '(.#?D>%$() ) &('*&?4(; A%>3; )%A>3 (934 J1$4*&, A(9%$J*K3; 3A>($3D )A%H 

'(4>$(&?4=H >%A>3$()*43; A>19%4>(), * >*'J% #$()(93>? .(43>($34B $%F1&?>*>() (9-

4()$%.%44(B( >%A>3$()*43C 4%A'(&?'3H #(&?F()*>%&%; ) $%J3.% $%*&?4(B( )$%.%43 A 

'(.#?D>%$* *9.343A>$*>($*. 

6 >%'1K%. )*$3*4>% #$(B$*..= #$3 )=G($% $%J3.* A*.('(4>$(&C E)%>()*C AH%.* 

#$(B$*..= (.(43>($*) .%4C%>AC *)>(.*>3<%A'3, 9(G*)&CC )(F.(J4(A>? )3F1*&?4(B( 

(#$%9%&%43C $%J3.* $*G(>= 4* 9*&?4%. $*AA>(C433. 6 4()1D )%$A3D #$(B$*..= 9(-

G*)&%4 F*#$%> 4* F*#1A' 9(#(&43>%&?4=H 34A>*4E3; ('(#3;) #$(B$*..=, <>( 9%&*%> 4%-

)(F.(J4=. F*#1A' $%J3.() '(4>$(&?4(B( >%A>3$()*43C 3 A*.('(4>$(&C (94()$%.%44(. 

+*A23$%43% (GL%.* >%A>()=H F*9*43; #(F)(&C%> #()=A3>? '*<%A>)( #$()%$'3 1$()4C 

F4*43; A>19%4>().  

/(G*)&%44=% >%A>()=% F*9*43C A((>)%>A>)1D> A(9%$J*43D B(A19*$A>)%44(B( (G-

$*F()*>%&?4(B( A>*49*$>* 3 (G&*9*D> (94(F4*<4(A>?D (>%A>3$1%.=; 4% 9(&J%4 F*91-
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.=)*>?AC, ) '*'(. A.=A&% >$*'>()*>? F*9*43%); CA4(A>?D (A>19%4> 9(&(J%4 #(43.*>?, 

<>( (> 4%B( >$%G1%>AC); '$*>'(A>?D (4% G(&%% 12->3 A&()). 

5()=% >%A>()=% F*9*43C A(A>*)&%4= #( (94(; 3F A&%91DK3H I($.: 

• )=G($ (94(B( )%$4(B( (>)%>* 3F #$%9&(J%44=H; 

• )=G($ 9)1H 3 G(&%% )%$4=H (>)%>() 3F #$%9&(J%44=H; 

• 4* 1A>*4()&%43% #$*)3&?4(; #(A&%9()*>%&?4(A>3; 

• 4* 1A>*4()&%43% A((>)%>A>)3C; 

• 4* 9(#(&4%43%. 

6A% >%A>()=% F*9*43C $*A#(&(J%4= ) A((>)%>A>)33 A( A>$1'>1$(; .*>%$3*&* 3F1-

<*%.(; 1<%G4(; 93AE3#&34=. - #$(B$*..*. 8-  A(A>*)&%4= $1'()(9A>)* 9&C #(&?F(-

)*>%&%; (#$(B$*..* >%A>3$()*43C) 3 *9.343A>$*>($* (#$(B$*..* *9.343A>$*>($*).  

 *'3. (G$*F(., ) 4()(; )%$A33 8-  G=&3 3A#$*)&%4= A1K%A>)%44=% 4%9(A>*>'3, 

G&*B(9*$C <%.1 #()=A3&(A? '*<%A>)( >%A>()=H F*9*43;, 1)%&3<3&*A? 3H @II%'>3)4(A>?. 

M(C)3&*A? )(F.(J4(A>? 9(G*)&C>? ) #$(B$*..1 4()=% A#%E3*&?4(A>3, $*F9%&= 3 )(-

#$(A=. +%*&3F()*44*C I14'E3C #(9A'*F(' A#(A(GA>)1%> G=A>$(.1 3 >(<4(.1 )(A#(&4%-

43D #$(G%&() ) F4*43CH A>19%4>(). ,A#(&?F()*43% (94(; G*F= 9*44=H 9&C )A%H '(.-

#?D>%$() &('*&?4(; A%>3 A@'(4(.3&( 93A'()(% #$(A>$*4A>)(, (G&%B<3&( )4%A%43% 3F-

.%4%43; ) A>$1'>1$1 #$()%$C%.(B( .*>%$3*&*, * >*'J% 1#$(A>3&( )%9%43% J1$4*&* 

#$(;9%44=H 3A#=>*43; (>%A>3$()*43;). M$(B$*..* A>*&* 19(G4%% ) 3A#(&?F()*433 

G&*B(9*$C *)>(.*>3<%A'(.1 $%B1&3$()*43D $*F.%$() ('(4, A*.(A>(C>%&?4(.1 )=G($1 

E)%>()(; AH%.= 3 3A#(&?F()*43D B($C<3H '&*)32. T(&?234A>)( 4()())%9%43; A1K%A>-

)%44( @'(4(.3> )$%.C A>19%4>(), A43J*%> 4*B$1F'1 4* #$%#(9*)*>%&C.  

6*J4( #(9<%$'41>? >(> I*'>, <>( 8-  « !8 +2.0» .(J%> G=>? 3A#(&?F()*4* 9&C 

#()=2%43C @II%'>3)4(A>3 1<%G4(B( #$(E%AA* 9&C G(&?234A>)* 93AE3#&34, #$%#(9*-

)*%.=H ) A$%943H 3 )=A23H 1<%G4=H F*)%9%43CH. R43)%$A*&?4(A>? #$(B$*..= #(F)(-

&C%> #(9A>$(3>? #$(E%AA '(4>$(&C F4*43; A>19%4>() #(9 &DG(; #$%9.%>, * 43F'3% A3A-

>%.4=% >$%G()*43C 9*D> )(F.(J4(A>? $*G(>*>? 4* *##*$*>4(-#$(B$*..4(; '(4I3B1$*-

E33 (G($19()*43C, 3.%DK%;AC ) &DG(. 1<%G4(. F*)%9%433. 6 E%&(., 8-  « !8 +» 

)=2&* 4* #$34E3#3*&?4( 4()=; 1$()%4? I14'E3(4*&?4(A>3, 4*9%J4(A>3 3 19(GA>)*, 

<>( #(F)(&C%> %; 4*F=)*>?AC 8-  « !8 + 2.0». 

 
8#3A(' &3>%$*>1$= 

 
1. 83A>%.* '(.#?D>%$4(B( >%A>3$()*43C #( 93AE3#&34% «7A4()= >%($33 E%#%;» / :. /. 0%;<%4-

'(, ". 6. T1$.3>A'3H, /. 6.  1B(&1'(), ". 6. ,B4*>%4'( // ,F). )1F(). P3F3'*. – 2010. – U 9/3. –  (.A'. – 
8. 296–297. 

2. -(&CA43'()* 0. 6. /3*B4(A>3<%A'(% (G%A#%<%43% (G$*F()*>%&?4(B( #$(E%AA*: 1<%G. #(A(G3%. – 
!'*>%$34G1$B: ,F9-)( +(A. B(A.-#%9 14->*, 2003. – 152 A. 

3. 0%;<%4'( :. /.  %($%>3<%A'3% (A4()= @&%'>$(>%H43'3: AG. >%A>()=H F*9*43;. – -$*A4(C$A': 
,M- 8PR, 2009. – 236 A. 
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&  2/5')6)7&&» 

 

 

 0) )8  3)+0/' ,-&&  +')7)619/4) 2&   

 2,-&)',*')7)  ',4&7,-&)'')7)  0*&/+'&3,  7'    76)',   

 
 .  .  !"#$%&'(), *. *. +&$,%&-(),  . .. +/0/1&2,-, 3. 4. 3&-&5,",- 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 786 925  

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28  

E-mail: AAbdulhakov@sfu-kras.ru 

E-mail: marat_valihanov@mail.ru 

E-mail: AntonVereshagin@mail.ru 

E-mail: semenpanafidin@gmail.com 

 
677$/"#/879 7:(7(! '(;:/-7&<,, )$,9-,9 ;-(2($#=/)(78, "$9 78&<,(-&0->% -&),2&<,(-->% :0,/;-,'&%. 

4:(7(! ?&'$@=&/879 ) ,7:($A?()&-,, :(%(B,% 80&77 "),B/-,9 -&),2&<,(-->% '(7;,=/7',% &::&0&8() CDE. 44. 

 

30(!$/;& ;-(2($#=/)(2( :0,/;& 7,2-&$() (7(!( (780( 78(,8 :0, :0,;/-/-,, -&-

),2&<,(--(F &::&0&8#0> :(80/!,8/$9 (. 3) ) #7$(),9% 2(0("7'(F ?&780(F',, 7(78&)/ 

)(/-->% '(;:$/'7() , :0, )>7('(8(=->% 5&?()>% ,?;/0/-,9% [1]. .( /7$, &-8/--&9 

7,78/;& 78(,8 -/:("),B-( G8( :(?)($,8 )>"/$,8A -/7'($A'( 7:(7(!() !(0A!> 7 ;-(2(-

$#=/)(78A@: 

– :0(/'8,0()&-,/ &-8/--> 8&', =8(!> "$9 #2$(), ;/-AH,; #2$&; ;&7',, '(G55,-

<,/-8 #7,$/-,9 &-8/--> !>$ ;/-AH/, =/; "$9 (78&$A->% 7/'8(0(); 

– :("-98,/ &-8/--> :0,/;-,'& -& ;&'7,;&$A-( )(?;(B-#@ )>7(8#, :( '0&F-/F 

;/0/ (8-(7,8/$A-( -&,!($// 7#1/78)/-->% (80&B&@1,% (!I/'8(); 

– ,7:($A?()&-,/ ",7'0,;,-&8(0() ?&"/0B', 7 #?'(F &:/08#0(F ",7'0,;,-&<,(--

-(F %&0&'8/0,78,',; 

– "$9 -/:("),B->% (!I/'8() – 72$&B,)&-,/ '("()>% ,?;/0/-,F 5&?()>;, ,?;/-

0/-,9;, [2]; 

– ,7:($A?()&-,/ ;("/$, :(;/% [3]. 

J&77;(80,; :("0(!-// ,7:($A?()&-,/ ;("/$, :(;/%. 

K&-->F 7:(7(! ,7:($A?#/8 ?& (7-()# 2 :0/":(7>$',, G8( -/:("),B-(78A &-8/--

-(F 7,78/;>, '(8(0&9 -&%(",879 ) 8(=', 7 ,?)/78->;, '((0",-&8&;, , :()8(09/;(78A 

80&77 "),B/-,9 7:#8-,'() CDE. 44 , ?(- 0&",(),",;(78, "$9 -&?/;->% 70/"78), 

,-8/0)&$ '(8(0(F 7(78&)$9/8 17 ),8'() ,$, 7 7#8(' 23 =&7& 27 ;,-#8 28 7/'#-" [4]. 

*("/$A :(;/% 780(,879 ) 2 G8&:&:  

– -&'(:$/-,/ "&-->% -& «1» ),8'/. 

– :($#=/-->/ "&-->/ ,7:($A?#@879 "$9 '(;:/-7&<,, -& «18» ),8'/. 

+ '&=/78)/ '0,8/0,9 (</-', :(20/H-(78, )>?)&--(F ;-(2($#=/)(78A@ ,7:($A?#-

/;79 )/$,=,-(F 0&?-(78, ;/B"# '("()(F , 5&?()(F :7/)"("&$A-(78, 7 #=/8(; ?&"/0B-

', ) ,(-(75/0/, (!(?-&=,; =/0/? Z. K$9 ,?;/0/-,F :0()(",;>% &::&0&8#0(F :( '("# 

78&-"&08-(F 8(=-(78,, G8# 0&?-(78A ;(B-( ?&:,7&8A[5]: 
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+ )>0&B/-,, (1): 
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41 , 42 – '("()>/ :7/)"("&$A-(78,, ,?;/0/-->/ -& =&78(8&% f1 , f2 :( '("# 78&--

"&08-(F 8(=-(78,, /",-,<> ,?;/0/-,9 ;/80>; 

L1 , L2 – 5&?()>/ :7/)"("&$A-(78,, ,?;/0/-->/ -& =&78(8&% f1 , f2, /",-,<> ,?-

;/0/-,9 ;/80>. 

K&--(F 0&?-(78A@ ;(B-( %&0&'8/0,?()&8A 7#;;&0-#@ :(20/H-(78A, )>?)&--#@ 

;-(2($#=/)(78A@ ) ",&:&?(-&% L1 , L2. 

E7-()->; -/"(78&8'(; :0, ,7:($A?()&-,, ;("/$, :(;/% G8( "$,8/$A->F ,-8/0-

)&$ -&'(:$/-,/ "&-->% "$9 :0,;/-/-,9 ;/8("&. .&'(:$/-,/ "&-->% "$9 17 ),8'() 

.L  CDE. 44 7(78&)$9/8 ('($( 8 7#8('. 

*(B-( ;("/0-,?,0()&8A "&-->F 7:(7(! , #;/-AH,8A ,-8/0)&$ -&'(:$/-,9 "( 

8 =&7(). M8( )(?;(B-(, /7$, ,7:($A?()&8A -/ ("-# , 8# B/ 80&77# :0(%(B"/-,9 7:#8-,-

'() CDE. 44 -& 1-; , 18-; ),8'/, & ,7:($A?()&8A :(%(B,/ 80&77> "$9 0&?->% 7:#8-,-

'() CDE. 44. 

.& 0,7. 1 :0/"78&)$/-> 80&77> :0(%(B"/-,9 7:#8-,'() CDE. 44 "$9 ,?;/0/-

-,F, '(8(0>/ :0()(",$,7A 12–13 -(9!09 2012 2("& -& G'7:/0,;/-8&$A-(; 78/-"/ ) 7,-

!,07'(; 5/"/0&$A-(; #-,)/07,8/8/.  

 

 
 

J,7 1. N0&77> :0(%(B"/-,9 .L  CDE. 44 ?& 12-13.11.2012 

 

O&78A 78/-"& "$9 :0()/"/-,9 0/?#$A8&8() :0/"78&)$/-& -& 0,7. 2. 

 

 

 

 

 

 
 

J,7. 2. 48/-" "$9 :0()/"/-,9 ,77$/"()&-,F ;-(2($#=/)(78, 

 

J&?!/0/; !($// :("0(!-( 7#8A ;/8("& -& :0,;/0/ 2% .L  CDE. 44. .& 0,7. 3 

:0/"78&)$/- 20&5,' &?,;#8 – #2($ ;/78& "$9 .L  CDE. 44 -(;/0 7,78/;-(F 8(=', 

10 , 24. 30($/8 "$9 .L  CDE. 44 P10 -&=,-&/879 7 00:42 13.11.2012 (*K+), ) G8( 

*JL-33

« !"#!!$»

«Ethernet»

M+*
«Ethernet»

 -8/--&9 

7,78/;&
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)0/;9 #2($ ;/78& 0&)/- 5°. 30($/8 "$9 .L  CDE. 44 P24 -&=,-&/879 7 16:42 

12.11.2012 (*K+), ) G8( )0/;9 #2($ ;/78& 0&)/- 5°. + '&=/78)/ «:(080/8&» ;-(2($#=/-

)(78, ,7:($A?#/879 :0($/8 "$9 .L  CDE. 44 P 10 , :0,;/-9879 ) '(;:/-7&<,, "$9 

.L  CDE. 44 P24. .& 0,7. 4 :0/"78&)$/- 20&5,' )/$,=,-> Z "$9 .L  CDE. 44 

P 10 , P 24. 

 

 
 

J,7. 3. N0&77> :0(%(B"/-,9 7:#8-,'() CDE. 44 P10 , P24 

 

 
 

J,7. 4. C0&5,' )/$,=,-> Z "$9 7:#8-,'() CDE. 44 P 10 , P 24 
 

L(G55,<,/-8> '(00/$9<,, "$9 )/$,=,-> Z ),8'() 7:#8-,'() )?98(2( ?& «:(08-

0/8» ;-(2($#=/)(78, , ),8'() 7:#8-,'&, "$9 '(8(0(2( !#"/8 '(;:/-7&<,9 :0/"78&)$/- 

-& 0,7. 5.  
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J,7. 5.  !"##$%$&'() *!++&,-%$$ .,- /&,$0$') Z '1 $'(&+/1,& 12-13.11.2012 

 

2(,$0$- «3!+(+&(1» 4'!5!,60&/!7($ .,- 3!8!9$8 3+!,&(!/ 736('$*!/ :;2<=>> 

4!56( ?)(@ !?67,!/,&') 7,&.6AB$4$ #1*(!+14$: 

– !(,$0$& / (+1&*(!+$$ 3+!,&(!/ 736('$*!/, .,- '&*!(!+)8 !(,$0$& 4!9&( .!7($-

51(@ 15° .,- 1C$46(1 – 65,1 4&7(1; 

– '& !3($41,@')D 73!7!? 3+$4&'&'$- *!43&'71%$$, / 3+&.,151&4!4 73!7!?& 3+!-

,&() 7!3!7(1/,-A(7- 3! C&'$(6; 

– $C4&'$/E&D7- 3!4&8!/!D !?7(1'!/*!D / !*+&7('!7(-8 1'(&''!D 7$7(&4). 

F73!,@C!/1'$& 3+&.,!9&''!5! 4&(!.1 3!C/!,$,! 7*!43&'7$+!/1(@ /,$-'$& 4'!-

5!,60&/!7($ '1 9–32 %. 27'!/')4 .!7(!$'7(/!4 $73!,@C!/1'$& 3!8!9$8 (+177 3! 

7+1/'&'$A 7 4!.&,@A 3!4&8 [3] -/,-&(7- 7+1/'$(&,@'! *!+!(*$D $'(&+/1, 3!.5!(!/*$ 

.1'')8 .,- *!43&'71%$$ /,$-'$- 4'!5!,60&/!7($ (3+$?,$C$(&,@'! 8 017!/), '! .1&( 

4&'@E$D /)$5+)E / *!43&'71%$$. 

 
>3$7!* ,$(&+1(6+) 

 

1. G&+!/ =. F., H1+$7!/ I. <. :;2<=>>. G+$'%$3) 3!7(+!&'$- $ #6'*%$!'$+!/1'$-. – J.: K1-

.$!(&8'$*1, 2010. – >. 287–288. 

2. G+$?!+ JK -33 G+J. K6*!/!.7(/! 3! "*73,61(1%$$ LM2.029.038 KM. 2(+17,&/!D .!*64&'(. – 

2007. – 57 7. 

3. I&+&B15$' =. <., N1(&&/ O. ;. F77,&.!/1'$& *!43&'71%$$ 4'!5!,60&/!7($ 7(1%$!'1+'!5! '1-

/$51%$!''!5! 3+$&4'$*1 // L73&8$ 7!/+&4&''!D +1.$!",&*(+!'$*$. – 2012. – P 9. – J., 2012.  

4. :,!?1,@'1- '1/$51%$!''1- 736('$*!/1- 7$7(&41 :;2<=>>. F'(&+#&D7')D *!'(+!,@')D .!-

*64&'(. K&.1*%$- 5.0. – J.:  <FQ I >, 2002. 

5. Estey L. and Meerterns C. (1999). TEQC: The Multi-purpose Toolkit for GPS/GLONASS Data // GPS 

Solutions. – Vol. 3. – No. 1. – P. 42–49. 
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 !"#$%#$&'(($#)$'  *(+#$,(+-$  *%#.-/')!0   

).)$(%*+)!"$  

 

=. >. R1/).!/  

 
 !"#$%&'(#)&*+#, -!+./0%&% 1234 

443123,  $**#5, 6. 1!7!8!, 9$*+$:*+$& ;$**&, 34 

E-mail: rfiz@rambler.ru 

 

Q&,@A +1?!() -/,-&(7- 3+!&*($+!/1'$& !.'!D $C 3!.7$7(&4 '1'!736('$*1 – ?!+(!/!5! *!43@A(&+1, 5,1/'!D 

C1.10&D *!(!+!5! -/,-&(7- 7?!+ $ 3&+&.101 '1 S&4,A $'#!+41%$$ !? !*!,!C&4'!4 3+!7(+1'7(/&. 

 

FC5!(!/,&'$& $ C1367* 41,)8 $ 7/&+841,)8 *!74$0&7*$8 1331+1(!/ / 3!7,&.'&& 

.&7-($,&($& 7(1,! .!7(1(!0'! +173+!7(+1'&'')4 -/,&'$&4 ?,15!.1+- .!7($9&'$-4 

4$*+!",&*(+!'$*$, $'#!+41($*$, 4177!/!46 3+!$C/!.7(/6 $ .!7(63'!7($ ",&4&'(!/ 

*!74$0&7*$8 7$7(&4. I '17(!-B&& /+&4- 76B&7(/6A( '&7*!,@*! /&.6B$8 #$+4-

3+!$C/!.$(&,&D, 3+&.,151AB$8 *1* !(.&,@'!& !?!+6.!/1'$& .,- 7/&+841,)8 736('$-

*!/ #!+41(1 “CubeSat”, (1* $ 5!(!/)& +&E&'$- .,- ?!+(!/)8 7$7(&4 $ 736('$*1 / %&-

,!4. T1C!/1- 3,1(#!+41 #!+41(1 CubeSat .,- 7/&+841,)8 736('$*!/ / C1/$7$4!7($ !( 

($31 $73!,'&'$- 3+&.,151&(7- 3! 7,&.6AB$4 %&'14: 3+$ +1C+1?!(*& 714!7(!-(&,@'!: 

€50000; $'(&5+$+!/1'')D 4!.6,@ $ 3+!5+144'!& !?&73&0&'$& (G2): €75000, C1*!'0&'-

'!& +&E&'$& 4!.6,-: €150000.  +!4& (!5!, 76B&7(/6&( +-. !5+1'$0&'$D 3+$ 3+!.19& 

!?!+6.!/1'$-, *!(!+)& '1*,1.)/1&( :!7.&31+(14&'( >U=. G!*63*1 5!(!/!5! +&E&'$- 

$,$ $'(&5+$+!/1''!5! 4!.6,- 7 G2 – "(! 3+$!?+&(&'$& «0V+'!5! -B$*1» 7 !5+1'$0&'-

')4$ /!C4!9'!7(-4$. G!"(!46 7+&.$ +1C+1?!(0$*!/ 7/&+841,)8 *!74$0&7*$8 1331+1-

(!/ 7(1,1 !?)0'!D 3+1*($*1 3+!&*($+!/1(@ 4!.6,$ '1 !7'!/& 3!*63')8 *!44&+0&7*$8 

",&4&'(!/ [1]. 

2.'$4 $C 5,1/')8 3+&$46B&7(/ '1'!736('$*1 -/,-&(7- '$C*1- 7(!$4!7(@ 3+!&*-

($+!/1'$- &5! 3!.7$7(&4. I 017('!7($, 7'$9&'$& 7(!$4!7($ 3+!&*($+!/1'$- ?!+(!/!5! 

*!43@A(&+1, 4!9'! .!?$(@7- $73!,@C!/1'$&4 7(1'.1+('!D ",&4&'('!D ?1C) $ !3&+1-

%$!''!D 7$7(&4) 7 !(*+)()4 $78!.')4 *!.!4. 

<1$?!,&& 3!.8!.-B&D * "($4 31+14&(+14 -/,-&(7- !3&+1%$!''1- 7$7(&41 

Android, +1C+1?!(1''1- .,- 741+(#!'!/ $ 3,1'E&(')8 G . 2(*+)()D .!7(63 * -.+6 

!3&+1%$!''!D 7$7(&4) – "(! !.$' $C #1*(!+!/, *!(!+)D 73!7!?7(/6&( +1C/$($A 3+!-

5+144'!5! !?&73&0&'$-. H!(- 3,1(#!+41 Android $ 3+&.'1C'10&'1 .,- +1C+1?!(*$ 3!. 

4!?$,@')& 67(+!D7(/1, !'1 !?,1.1&( *10&7(/14$ 3!,'!%&''!D !3&+1%$!''!D 7$7(&4) 

.,- ,!*1,@'!5! *!43@A(&+1, ?6.@ (! !.'!3,1(')D *!43@A(&+ $,$ ?!+(!/!D *!43@A(&+ 

'1'!736('$*1. 

>36('$* 7!7(!$( $C 4'!5$8 3!.7$7(&4, *19.1- $C *!(!+)8 /)3!,'-&( 7/!A 7!?7(-

/&''6A 73&%$1,$C$+!/1''6A C1.106. G&+/$0'1- #6'*%$- ?!+(!/!5! *!43@A(&+1, "(! 

!?,&50$(@ 7/-C@ 4&9.6 "($4$ +1C,$0')4$ 3!.7$7(&414$. G!.7$7(&4) !?)0'! #$C$0&-

7*$ 3!4&B1A(7- / +1C,$0')& 4!.6,$ $ .!,9') ?)(@ 7/-C1') '1.&9'!D E$'!D .1'')8, 

'! 3!7*!,@*6 / '1'!736('$*& 3+!7(+1'7(/! 017(! !5+1'$0$/1AB$D #1*(!+, (! '&*!(!-

+)& $C 3!.7$7(&4 !?W&.$'&') '&3!7+&.7(/&''! / ?!+(!/!D *!43@A(&+. I "(!4 7,601&, 

7/-C$ 3+!5+144'!5! !?&73&0&'$- 4&9.6 3!.7$7(&414$ C14&'-A( #$C$0&7*$& 7/-C$, '! 

3!.7$7(&4) /7& &B& !?-C1') '&C1/$7$4! #6'*%$!'$+!/1(@ .+65 !( .+651. 

X(!?) 6.!/,&(/!+$(@ "(! (+&?!/1'$&, '&!?8!.$4 4!B')D 4$*+!3+!%&77!+, 73!-

7!?')D * 63+1/,&'$A 4'!5!*+1(')4$ 3+!%&7714$ !.'!/+&4&''!. L3+1/,&'$& 3+!%&7-

714$ .!,9'! ?)(@ (1*9& $C!,$+!/1'! .+65 !( .+651 (1*, 0(!?) !.'1 3!.7$7(&41 .1/E1- 

7?!D, '& /)C/1,1 *+$($0&7*6A !E$?*6 .+65$8 7$7(&4. 
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FC-C1 #$C$0&7*$ '&?!,@E!5! +1C4&+1 '1'!736('$*1 (10 74 8 10 74 8 10 74) 4'!-

5$& $C C1.10, *!(!+)& !?)0'! /)3!,'-A(7- .+65$4$ 3!.7$7(&414$, .!,9') ?)(@ !?+1-

?!(1') ?!+(!/)4 *!43@A(&+!4. L "($8 3!.7$7(&4 '1$?!,&& /&+!-('! &7(@ 7/!$ 7!?7(-

/&'')& 1331+1(')& 7+&.7(/1 ('13+$4&+ 7$7(&41 !+$&'(1%$$), '! !7'!/'1- !?+1?!(*1 

?6.&( 7.&,1'1 / ?!+(!/!4 *!43@A(&+&.  

G+&9.&, 0&4 /)?+1(@ 1331+1(')& 7+&.7(/1 ?!+(!/!5! *!43@A(&+1 '1'!736('$*1 

'&!?8!.$4! 7#!+4$+!/1(@ 7,&.6AB$& (+&?!/1'$-.  

1) I)0$7,$(&,@'1- 4!B'!7(@: 

<1 ?!+(!/!4 *!43@A(&+& .!,9&' 7(!-(@ !.$' 4$*+!3+!%&77!+ 7 (1*(!/!D 017(!-

(!D '& 4&'&& 900 J:% $ 3+!$C/!.$(&,@'!7(@A '& 4&'&& 30 4$,,$!'!/ !3&+1%$D / 7&-

*6'.6, 73!7!?')D /)3!,'-(@ 7,!9')& C1.10$. 

2) <$C*$D +178!. "'&+5$$: 

<&!?8!.$4! /)?$+1(@ *!43!'&'(), *!(!+)& $73!,@C6A(7- / +1C,$0')8 3&+&'!7-

')8 67(+!D7(/18 7 ?1(1+&D')4 3$(1'$&4 (7!(!/)& (&,&#!')). 

3)  !43!'&'() 7 '$C*$4 3$(1AB$4 '13+-9&'$&4  

X(!?) 3!'$C$(@ +178!. "'&+5$$, '&!?8!.$4! /)?$+1(@ *!43!'&'() 7 '$C*$4 3$-

(1AB$4 '13+-9&'$&4 3,3 I, 3+!($/ (+1.$%$!'')8 5 I *!43!'&'(!/. 

4) R!7(63'!7(@ *!43!'&'(!/: 

 !43!'&'(), $73!,@C6&4)& / ?!+(!/!4 *!43@A(&+&, .!,9') ?)(@ *!44&+0&7*$ 

.!7(63')4$ / (&0&'$&, 3! *+1D'&D 4&+&, 7,&.6AB$8 (+&8 ,&( [1]. 

I)/&7($ $C 7(+!- 4$*+!3+!%&77!+ 4!9&( /7&5! ,$E@ !.'1 017($%1 +1.$1%$$. G!-

"(!46 / ?!+(!/!4 *!43@A(&+& 7,&.6&( $73!,@C!/1(@ (!,@*! 3+!/&+&'')& 1+8$(&*(6+). 

<& *19.!& '!/E&7(/! 4!9'! C1367($(@ / !(*+)()D *!74!7.   (!46 9& (14 !7!?&''! 

1*(61,@'1 3+!?,&41 "'&+5!3!(+&?,&'$- – 1 0&4 /)E& ?)7(+!.&D7(/$&, (&4 ?!,@E& 

",&*(+$0&7(/1 '69'! 3+!%&77!+6. 

FC-C1 .!*1C1''!D '1.V9'!7($ $ 4'!5!#6'*%$!'1,@'!7($, /)?&+&4 3+!%&77!+ 7 

-.+!4 ARM7, .1/'! C1+&*!4&'.!/1/E$D 7&?- / *!74!7&.  G+$ !?C!+& '&7*!,@*$8 /1+$-

1'(!/ 3+!%&77!+!/ 7 -.+!4 ARM, ?), /)?+1' 3+!%&77!+ AT91SAM7A2, '1$?!,&& 3!.-

8!.-B$D 3! (+&?!/1'$-4, 7*1C1'')4 /)E&. R1'')D 3+!%&77!+ 81+1*(&+$C6&(7- /)7!-

*!3+!$C/!.$(&,@'!D 32-+1C+-.'!D RISC-1+8$(&*(6+!D $ !0&'@ 41,)4 "'&+5!3!(+&?,&-

'$&4.  +!4& (!5!, 7/-C1''!7(@ 4'!5!0$7,&'')8 /'6(+&''$8 +&5$7(+!/ / ?1'*$ / +&-

C6,@(1(& 3!C/!,-&( 67*!+$(@ !?+1?!(*6 $'#!+41%$$, 0(! .&,1&( 3+$4&'&'$& .1''!5! 

3+!%&77!+1 $.&1,@')4 / C1.1018 63+1/,&'$- / +&1,@'!4 417E(1?& /+&4&'$. 

AT91SAM7A2 3!C/!,-&( '&3!7+&.7(/&''! 3!.*,A0$(@7- * /'&E'&D 314-($, / (. 0. 

#,"E-314-(@, 0&+&C 3+!5+144$+6&4)D $'(&+#&D7 /'&E'&D E$'). I&*(!+$C!/1'')D 

*!'(+!,,&+ 3+&+)/1'$D 7 8 6+!/'-4$ 3+$!+$(&(!/ 7!/4&7('! 7 *!'(+!,,&+!4 !?4&'1 

.1'')4$ 7 3&+$#&+$D')4$ 67(+!D7(/14$ 3!C/!,-A( 76B&7(/&''! 3!/)7$(@ +&1,@'!-

/+&4&''6A 3+!$C/!.$(&,@'!7(@ 67(+!D7(/1. G+!%&77!+ /)367*1&(7- 3! /)7!*!3,!('!D 

(&8'!,!5$$  J2G [2].  

I !?B&4, ?!+(!/!D *!43@A(&+ .!,9&' /)3!,'-(@ 7,&.6AB$& C1.10$: 

  2?&73&0$/1(@ $'#!+41%$!'')D !?4&' 4&9.6 3&+$#&+$D')4$ 67(+!D7(/14$ 

3! '$C*!7*!+!7('!D *!446'$*1%$!''!D E$'&. 

  2?&73&0$/1(@ 3&+&.106 .1'')8 * 3!,&C'!D '15+6C*& 3! /)7!*!7*!+!7('!46 

*!446'$*1%$!''!46 $'(&+#&D76. 

  2?&73&0$/1(@ /)3!,'&'$& !?B$8 C1.10 !?7,69$/1'$-. 

  2?&73&0$(@ /!C4!9'!7(@ /)3!,'&'$- 3!,@C!/1(&,@7*$8 3+!%&77!/ (/)0$7,&-

'$& 67*!+&'$-, 65,!/ 3!/!+!(1 $ (. ..). 

N6'*%$$ !7'!/')8 3!.7$7(&4 '1'!736('$*1 C1*,A01A(7- / 7,&.6AB&4: 

1) <$"*#*%&7! =$/&>($, (!68.>+# 
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1) I*,A0&'$& 3!,&C'!D '15+6C*$, *!5.1 736('$* /8!.$( / +1.$!-!*'! $ &V /)*,A-

0&'$&, *!5.1 736('$* /)8!.$( $C +1.$!-!*'1. 

?) G!,60&'$& .1'')8 !( 3!,&C'!D '15+6C*$, $73!,@C6- $'(&+#&D7 RS232 $ 8+1'&-

'$& $8 / ?!+(!/!D 314-($ '1'!736('$*1. 

/) 2?+1?!(*1 $ 3&+&.101 .1'')8 '1 S&4,A 0&+&C 3!.7$7(&46 3&+&.10$ .1'')8. 

R$7(1'%$!''!& (7 '1C&4'!D 7(1'%$$) !?'!/,&'$& ?!+(!/!D 314-($ '1'!736('$*1. 

2) ?$77.(#+!@#$((!5 =$"*#*%&7! 
1) I*,A0&'$& 3&+&.1(0$*1, *!5.1 736('$* /8!.$( / +1.$!-!*'! $ /)*,A0&'$&, *!-

5.1 736('$* 3&+&4&B1&(7- $C +1.$!-!*'1. 

?) G!..&+9*1 3+$&4!3&+&.1(0$*1 / +&9$4& 3+$V41, *!5.1 3+!$78!.$( 3+$V4 *!-

41'. 7 '1C&4'!D 7(1'%$$. 

/) 2(3+1/*1 $ 3!,60&'$& *!41'. 4&9.6 '1C&4'!D 7(1'%$&D $ ?!+(!/)4 *!43@A-

(&+!4 0&+&C *!446'$*1%$!''6A 3!.7$7(&46. 

3) 1#*%&7! $8#&(%!@## # *%!A#/#>!@## 
1) I)+1?!(*1 !('!E&'$- +177!5,17!/1'$- (&*6B&D 3!C$%$$ '1'!736('$*1 7 (+&-

?6&4!D.  

?) 2(#$,@(+!/1'')D 7$5'1, +177!5,17!/1'$- 3!.1V(7- '1 415'$(')& *1(6E*$ .,- 

7(1?$,$C1%$$ '1'!736('$*1. 

4) <$"*#*%&7! =$"!)# B/&+%8$B(&86## 

1) Y!*, '13+-9&'$& $ +178!. "'&+5$$ *19.!D 3!.7$7(&4) $C/&7(') $ *!'(+!,$-

+6A(7- ",&*(+!''!D 7$7(&4!D 3$(1'$-. 

?) G!..&+91'$& 7!7(!-'$- '1'!736('$*1 / +&9$4& 7'1 $,$ +&9$4& 3$(1'$-, / C1-

/$7$4!7($ !( 6+!/'- 4!B'!7($ ?1(1+&D. 

/) L3+1/,&'$& ",&*(+!''!D 7$7(&4!D 3$(1'$- 7 ?!+(!/!5! *!43@A(&+1 [2]. 

I *10&7(/& 3+!5+144'!5! !?&73&0&'$- ?!+(!/!5! *!43@A(&+1, ?),! 7!C.1'! An-

droid-3+$,!9&'$& .,- 3!,60&'$-, '1*!3,&'$- $ !(3+1/*$ '1 G  $'#!+41%$$ 7 .1(0$-

*!/ ./$9&'$- '13$71'! '1 -C)*& Java / 7+&.& Eclipse c ADT 3,15$'!4. I +1?!(& C1.&D-

7(/!/1,$7@ .1(0$*$, 1*7&,&+!4&(+ $ 415'$(')D *!4317 – !' /)0$7,-&( 65!, 3!/!+!(1 

7$7(&4) *!!+.$'1( 67(+!D7(/1 (7/-C1''!D 7 67(+!D7(/!4) !('!7$(&,@'! 5,!?1,@'!D 

7$7(&4) *!!+.$'1( (7/-C1''!D 7 S&4,VD). 

G+$,!9&'$& 3!C/!,-&( !3+&.&,-(@ !+$&'(1%$A 67(+!D7(/1 / 3+!7(+1'7(/&, &5! 

67*!+&'$&, $ C13$7)/1(@ /7& 3!,60&'')& .1'')& / *.csv #1D, '1 SD *1+(6, C1(&4 !(-

3+1/,-- $8 '1 /).&,&'')D 7&+/&+ 3! 3+!(!*!,6 Wi-Fi. R,- *.csv #1D,1 '1 SD *1+(& '&-

!?8!.$4! !*!,! 100 T 7/!?!.'!5! 4&7(1. Y1*9& +&C6,@(1() 4!9'! 3&+&.1/1(@ 7 3!-

4!B@A Bluetooth. R1,&& 3!,60&'')& .1'')& 4!9'! !?+1?!(1(@: !3+&.&,$(@ 3&+&4&B&-

'$&, 7*!+!7(@ $ 65,) 3!/!+!(1 67(+!D7(/1 

 !5.1 3+$,!9&'$& C1367*1&(7-, !'! C13!,'-&( "*+1' *'!3*!D 7 '1.3$7@A «S1-

367*», 3!7,& "(!5! 4!9'! 3+!/!.$(@ "*73&+$4&'() 7 67(+!D7(/!4, 3! !*!'01'$$ '1-

91(@ '1 *'!3*6 «>(!3». G!7,& "(!5!, / 73&%$1,@'6A 7(+!*6 //!.$(7- E-mail 1.+&7, '1 

*!(!+)D 7,&.6&( !(3+1/$(@ #1D, CSV 7 .1'')4$. 

 
>3$7!* ,$(&+1(6+) 

 

1. Teney D. Design and implementation of on-board processor and software of student nanosatellite 

OUFTI-1. – University of Liege: Belgium, 2009. 

2. Botma P. J. Tne design and Developments of an ADCS OBC for a CubeSat. – University of Stellen-

bosch: Stellenbosch, 2011. 
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.)./!1  %$(+#$')!0  .)+'))$,  (!(+' 2  

"$ .)3)$-!1 '#!+'/4)$,  (!(+' 2  ).1' )$5$  "$ %/'"(. 

*%#.-/')!0  ).  6.1'  &!7#$-28  .)+'))28  #'9'+$" 

 

=. O. Z+E!/, =. >.  !06+1, I. <. T1?6E*$' 
 

3C «D(-$87!@#$((E& *=.%(#+$:E& *#*%&7E» #7. !+!"&7#+! 9. F.  &;&%(G:!» (3C «D11» #7. 9. F.  &;&%(G:!»)  
662972, 6. H&/&>($6$8*+, ./. I&(#(!, 52 

E-mail: alexeyworking@mail.ru 
 

G+$/&.&' 1'1,$C /!C4!9'!7($ 7!C.1'$- 1'(&''!D 7$7(&4) '1C&4'!5! *!43,&*71 63+1/,&'$- '1 ?1C& %$#+!-
/)8 1'(&'')8 +&E&(!* .,- !?&73&0&'$- 7/-C$ 7 *!74$0&7*$4$ 1331+1(14$, '18!.-B$4$7- '1 '$C*!D *+65!/!D !+?$-
(&. G+$/&.&' 3+$4&+ +170&(1 4$'$41,@'!5! +170&(1 13&+(6+) ?&C 60&(1 ",&*(+!''!5! 7*1'$+!/1'$-. G+!/&.&'! 3+!-
/&+!0'!& 4!.&,$+!/1'$& 7&54&'(1 Q=K. 

 

I '17(!-B&& /+&4- .,- 63+1/,&'$- $ 3+$&41/3&+&.10$ +1C,$0')8 /$.!/ $'#!+-
41%$$ 7 *!74$0&7*$4$ 1331+1(14$ ( =), / *10&7(/& 1'(&''!D 7$7(&4) (=>) *!41'.'!-
$C4&+$(&,@')8 7$7(&4 ( F>) '1C&4')8 *!43,&*7!/ 63+1/,&'$- (< L), / !7'!/'!4 $7-
3!,@C6A(7- C&+*1,@')& 3!/!+!(')& 1'(&''). 

I => '1 ?1C& C&+*1,@')8 1'(&'' 76B&7(/6&( '&7*!,@*! 3+!?,&4, *!(!+)& 7/-C1') 
7 $8 $73!,@C!/1'$&4 .,- 7/-C$ 7  = '1 '$C*!D *+65!/!D !+?$(&: 

- !(76(7(/$& /!C4!9'!7($ .!,5!7+!0'!5! $73!,@C!/1'$- C&+*1,@')8 1'(&'' / 7!-
7(1/&  F> $C-C1 '$C*!5! +&76+71 +1?!(!73!7!?'!7($ ",&*(+!4&81'$0&7*$8 *!43!'&'( 
1'(&''!D 7$7(&4), (1*9& $4&&( 4&7(! !5+1'$0&'$& 41*7$41,@'!D 7*!+!7($ ./$9&'$- 
,601 / 3+!7(+1'7(/&, 0(! !?67,1/,$/1&( '&/!C4!9'!7(@ !.'!/+&4&''!5! $73!,@C!/1'$- 
C&+*1,@'!D 1'(&'') .,- '&7*!,@*$8  = '1 '$C*!D !3!+'!D !+?$(&; 

- C'10$(&,@')& #$'1'7!/)& C1(+1() '1 3+!$C/!.7(/!, 67(1'!/*6 $ !?7,69$/1'$& 
3!/!+!('!D 1'(&''); 

- (-9&,!-+&1,$C6&41- !?,601AB1- 7$7(&41 / ./68 .$131C!'18. 
Y1*9& / .1'')8 => '& +&1,$C!/1'1 3!,'!%&''1- +1?!(1 3+$ .&D7(/$$ '&7*!,@*$8 

4!B')8 E$+!*!3!,!7')8 3!4&8 / 67,!/$-8 '&C1/$7$4!5! 3&+&4&B&'$- $7(!0'$*!/ 
3!4&8. 

R,- +&E&'$- .1'')8 3+!?,&4 3+!/&.&' 1'1,$C 3!7(+!&'$- => '1 ?1C& 4!.6,@')8 
%$#+!/)8 1'(&'')8 +&E&(!* (Q=K). 

I 4!.6,& Q=K ?6.&( $73!,@C!/1' %$#+!/!D GGJ, / *!(!+!4 1'1,!5!/1- 7$7(&41 
63+1/,&'$- #1C!D $ 143,$(6.!D C14&'&'1 7$7(&4!D 1.13($/'!5! %$#+!/!5! .$15+14-
4!!?+1C!/1'$- 7!/4&7('! 7 31+1,,&,@'!D 3+!7(+1'7(/&''!-/+&4&''!D !?+1?!(*!D 7$5-
'1,!/. R1''1- !?+1?!(*1 / Q=K 3!C/!,$( 6/&,$0$(@ !?W&4 !.'!/+&4&''! 3!7(631AB&D 
$'#!+41%$$ !( ./68 .! 0&()+&8  = '1 '$C*!D !3!+'!D !+?$(& (< 2) !.'!/+&4&''!, 
78&41($0'! .1''1- !?+1?!(*1 7$5'1,1 3!*1C1'1 '1 (+$7. 1) [1]. 

Y1*9& / .1''!D => ?6.&( +&1,$C!/1'! ",&*(+!''!& 7*1'$+!/1'$& 3+!7(+1'7(/1 
.,- 1/(!41($0&7*!5! 3!$7*1  = '1. Q=K. 

#:;;<=>?@< ;>?AB>A?CAD ;EF<A .( C: G:HF &.#. 

27'!/'!D 7&54&'( +173!,!9&' 5!+$C!'(1,@'! !('!7$(&,@'! 3!/&+8'!7($ C&4,$, 
3,!7*!7(@ &5! 13&+(6+) 5!+$C!'(1,@'1, (.&. '!+41,@ * 13&+(6+& '13+1/,&'1 / C&'$(. 

R1''1- *!'#$56+1%$- !?&73&0$( 3!,'!%&'')D !?4&' .1'')4$ 7 4$'$41,@')4$ 
7,&3)4$ C!'14$ – '& ?!,&& ±10° !( 6+!/'&D 0° $ 180° 3,!7*!7($ 13&+(6+). 

2?B&& !?!+6.!/1'$& => /*,A01&( / 7&?- (+$7. 2): 
- *!446(1(!+ ,!*1,@'!D /)0$7,$(&,@'!D 7&($ 63+1/,&'$- =>, !76B&7(/,-AB$D 

7/-C@ 1331+1(6+) /7&8 E&7($ 7&54&'(!/ Q=K 7 63+1/,-AB&D MIJ;  
- !*!'&0'!& !?!+6.!/1'$& 4'!5!*1'1,@'!D I2;> =>, 7 /)8!.1 *!(!+!5! /)-

8!.')& 3!(!*$ !(.&,@')8 ,60&D 3+$ 3+$V4& 7$5'1,!/ 3!7(631A( / 4'!5!*1'1,@')D 
17$'8+!'')D 4!.&4 +&1,@'!5! /+&4&'$ ?,!*1 Q2>;  
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- 5&'&+1(!+'!& !?!+6.!/1'$& =>, *!(!+!& #!+4$+6&( /7& 7$'8+!7$5'1,), '&!?-

8!.$4)& .,- +1?!() => $C 7$5'1,!/ E*1,) /+&4&'$: !3!+'!5! 7$5'1, 017(!(!D 

10 J:% $ 7&*6'.')8 4&(!* /+&4&'$;  

- +173+&.&,$(&,@ 7$'8+!7$5'1,!/ =>, *!(!+)D +1C.1V( 7&54&'(6 7$5'1,) E*1,) 

/+&4&'$;  

- *!'(+!,,&+ => .,- 3+!/&.&'$- /73!4!51(&,@')8 /)0$7,&'$D / 8!.& +1?!(), 

3+!/&.&'$- +&5,14&'(')8 +1?!( 3! 3!/&+*& $ *1,$?+!/*& =>;  

- 7$7(&41 3$(1'$- 7&54&'(!/ $ !?B&5! !?!+6.!/1'$- =>, *!(!+1-, / 7/!A !0&-

+&.@, 3$(1&(7- !( 3+!4)E,&''!D 7&($ (3 #1C) 380I 50 :%).  

 

 
 

K$7. 1. >(+6*(6+'1- 78&41 1'(&''!D 7$7(&4) '1 ?1C& Q=K 

 

 
 

K$7. 2. >(+6*(6+'1- 78&41 1'(&''!D 7$7(&4) '1 ?1C& Q=K 
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 !'7(+6*($/'! /7& ",&4&'() +1C4&B&') '1 4177$/'!D +14&, 7/1+&''!D $C 7(1,@-

')8 (+6? 3+-4!65!,@'!5! 7&0&'$-. > ,$%&/!D 7(!+!') 3!,!('1 +1C4&B1A(7- 4'!5!*1-

'1,@')& 3+$V4'!-3&+&.1AB$& 4!.6,$. J!.6,$ !?+1C6A( 7&54&'( Q=K. >'-(@ $8 4!9-

'! (!,@*! / '13+1/,&'$$ $C,60&'$-, (.&. /3&+V., 3!7*!,@*6 C1.'-- 3!/&+8'!7(@ '&76B&D 

+14) C1'-(1 *1?&,@'!D 7$7(&4!D 3$(1'$- $ 63+1/,&'$-, 956(14$ !3($0&7*$8 *1?&,&D.  

<1 C1.'&D 3!/&+8'!7($ 3!,!('1 74!'($+!/1') !?B$& 6C,) ($3!/!5! #+154&'(1: 

*!'(+!,,&+ 63+1/,&'$-, *!446(1(!+ !3($0&7*!5! 1 :?$( Ethernet ;I>, 7&($ 63+1/,&'$- 

GGJ ;I>-L, 1331+1(6+1 ./68,60&/!D %$#+!/!D .$15+1441-!?+1C6AB&D 78&4). 

R1''1- 1'(&''1- 7$7(&41 3! 76B&7(/6 3+&.7(1/,-&( 7!?!D #6'*%$!'1,@'! C1*!'-

0&''6A 3+$V4!-3&+&.1AB6A Q=K $ 4!9&( +1?!(1(@ 714!7(!-(&,@'! [1]. 

"?:>B@I ?:;JF> K:?:<F>?=L :C>FCC=I ;@;>F<M. 

F78!.- $C '&!?8!.$4!D E$+$') R< [ =3,5 5+1.., !3+&.&,$4 4$'$41,@')D +1C-

4&+ 13&+(6+) ?&C 60V(1 ",&*(+!''!5! 7*1'$+!/1'$-, '&+1/'!4&+'!5! +173+&.&,&'$- 

3!,- 3! 13&+(6+& $ '13+1/,&''!7($ ",&4&'(1+'!5! $C,601(&,-. 

R,- "(!5! $C #!+46,) 
 

! "
#$$$$

[% & [ 
'( 

 

C1.1/E$7@ +170V(')4 *!"##$%$&'(!4 67$,&'$- 1'(&'') G  = 35 .T, 67$,&'$& 1'(&'') 

7!7(1/$( 
 

! "
#$$$$

)'**+
" ),-* " )*'.#("J/ 

 

G!"(!46 +170V( +1C4&+1 13&+(6+) 3+!/&.V4 .,- [%' (= 3,5°. 

J$'$41,@')D .$14&(+ 13&+(6+) (.,- +1/'!4&+'!5! +173+&.&,&'$- 3!,- / 13&+-

(6+& 1'(&''), 3+$ "(!4 +170V(')D 6+!/&'@ ?!*!/)8 ,&3&7(*!/ 4$'67 17 .T):  
 

0123 "
4156

[78!"8
"
4156 & *9')

[78!"8
"
$'$#:778 & *9')

)'*78!"8
" ,',))(778/ 

 

G+$ ",&*(+!''!4 7*1'$+!/1'$$ ?6.&( 3+!$78!.$(@ 7'$9&'$& 67$,&'$-, 7!3+!/!-

9.1AB&&7- +17E$+&'$&4 ,601. R,- *!43&'71%$$ "(!5! "##&*(1 3+$.V(7- 6/&,$0$(@ 

+1C4&+ 13&+(6+) 7 0123((.!((0123
K " 0123; <=>\[156, 5.& \[156 – 41*7$41,@'!& 65,!-

/!& !(*,!'&'$& ,601 !( '!+41,$. FC 41*7$41,@'!5! 65,1 7*1'$+!/1'$- .,- 7&54&'(1 

\[156 " ,?(68!"/ G!,601&4 4$'$41,@')D .$14&(+ 13&+(6+) 7&54&'(1 0123@
K "

,',)); <=> ,?° =2,533 4 [1, 2]. 

G+$ +170V(& 1'(&'') 3!4$4! /,$-'$- 13&+(6+), '&!?8!.$4! 60&7(@ /,$-'$& .$1-

5+144) '13+1/,&''!7($ !(.&,@'!5! ",&4&'(1. G+$ 41*7$41,@'!4 !(/!+!(& ,601 Q=K 

3+$ ",&*(+!''!4 7*1'$+!/1'$$ ?6.&( '1?,A.1(@7- 731. 4!B'!7($ C1 70V( '13+1/,&'-

'!7($ ",&4&'(1+'!5! !?,601(&,-. 

R,- C13!,'&'$- 7&54&'(1 %&,&7!!?+1C'! $73!,@C!/1(@ */1C$5&*7!5!'1,@'!& C1-

3!,'&'$&, .1AB&& ?,$C*!& * 5&*715!'1,@'!46 +173+&.&,&'$A ",&4&'(!/ '$C*$D 6+!-

/&'@ ?!*!/)8 $ 3!?!0')8 ,&3&7(*!/, '! ?!,&& 6.!?'!& .,- *!'7(+6$+!/1'$- $ 3+!-

5+144$+!/1'$-. FC,601(&,$ $ 3+$V4'!-3&+&.1AB$& (+1*() 6.!?'! !?W&.$'$(@ / 4'!-

5!*1'1,@')& 3+$V4'!-3&+&.1AB$& 4!.6,$. R,- */1C$5&*715!'1,@'!5! C13!,'&'$- 

6.!?'! $73!,@C!/1(@ 16-*1'1,@')& GGJ.  

Y1*9& / .1''!D => $4&&(7- /!C4!9'!7(@ $73!,@C!/1'$- /7&5! 7&54&'(1 Q=K .,- 

./68 .$131C!'!/ 017(!(:  
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– 3+$&4 7$5'1,1 7  = – X .$131C!' 017(!(;  

– 63+1/,&'$&  = – S .$131C!' 017(!(.  

R1''!& +&E&'$& ?6.&( +&1,$C!/1'! 7,&.6AB$4 +1C.&,&'$&4 GGJ 3!,!('1 Q=K: 

50 % GGJ .,- S .$131C!'1, 50% GGJ .,- X .$131C!'1. R1'')& C'10&'$- 3+&./1+$-

(&,@')&, .1,@'&DE&& $C4&'&'$& /!C4!9'! / 3+!%&77& 1.13($/'!5! %$#+!/!5! .$1-

5+144!!?+1C!/1'$-. 

I'&E'$D /$. 16-*1'1,@'!5! GGJ, C13!,'&'$& 7&54&'(1 Q=K $ +1C.&,&'$& '1 

.$131C!') 017(!( 3!*1C1') '1 (+$7. 3). K170V('!& *!,$0&7(/! GGJ – 132 E(., *1'1,!/ – 

2102 E(.  

 

 
 

K$7. 3.  /1C$5&*7!5!'1,@'!& C13!,'&'$& GGJ Q=K $ +173+&.&,&'$& .$131C!'!/ 017(!( 

 

G+!/&.&4 3+!/&+!0'!& 4!.&,$+!/1'$& 7&54&'(1 Q=K, 3!*1C1''!5! '1 (+$7. 3), $7-

3!,@C6- .$15+1446 '13+1/,&''!7($ ",&4&'(1+'!5! $C,601(&,- $ 143,$(6.'!& +173+&-

.&,&'$& «*!7$'67 '1 3@&.&7(1,&». 

2?&73&0$4 7$5'1,, '13+1/,&'')D 3! '!+41,$ * 13&+(6+&, .,- !3+&.&,&'$- 7!!(-

/&(7(/$- '&!?8!.$4)4 31+14&(+14 =>. 

K&C6,@(1() 4!.&,$+!/1'$- 3+&.7(1/,&') '1 (+$7. 4). I)-/,&'!, 0(! E$+$'1 5,1/-

'!5! ,&3&7(*1 .$15+144) '13+1/,&''!7($ 7!7(1/,-&( 2,24°, 0(! 7!!(/&(7(/6&( C1.1''!-

46 (+&?!/1'$A.  

I +&C6,@(1(& 4!.&,$+!/1'$- /)-/,&'!, 0(! => '1 ?1C& Q=K 73!7!?'1 /)3!,'-(@ 

3!7(1/,&'')& C1.10$ 3! !?&73&0&'$A 7/-C$ 7  = '1 '$C*!D *+65!/!D !+?$(&.  

<1$?!,&& 6'$/&+71,@')4 3!*1C1(&,&4 ",&*(+!415'$('!D 7!/4&7($4!7($ -/,-&(7- 

!('!E&'$& 4!B'!7(&D 7$5'1,-(3!4&81 3,A7 E64), 3!,60&''!& / !3+&.&,&''!4 6017(*& 

(+1*(1 +1.$!3+$&4'$*1 [3]. R1'')D 3!*1C1(&,@ ?6.&( +1770$(1' / 3!7,&.6AB&4 1'1,$-

C& Q=K. 

<1 !7'!/& +&C6,@(1(!/ 4!.&,$+!/1'$- $ 3+$'%$3!/ 7!C.1'$- => /)-/,&') 3+&-

$46B&7(/1 => '1 ?1C& Q=K 3! 7+1/'&'$A 7 C&+*1,@')4$ 1'(&''14$: 

- ?)7(+1- /C1$4!C14&'-&4!7(@ 3+$&4!-3&+&.1AB$8 4!.6,&D, / 7,601& /)8!.1 $C 

7(+!- !.'!5! $C 4!.6,&D, !?B1- +1?!(1 7$7(&4) '& '1+6E1&(7-;  

- $7*,A0&'$& 4&81'$0&7*$8 3!/!+!(')8 7+&.7(/ 1'(&''; 

- 3+!/&.&'$& !?4&'1 .1'')4$ !.'!/+&4&''! 7 '&7*!,@*$4$  = $ / '&7*!,@*$8 

.$131C!'18 017(!(; 
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- 6/&,$0&'$& 7*!+!7($ 3&+&.10$ 3!,&C'!D $'#!+41%$$ 7  = .! 1 :?$(/7; 

- 3!,60&'$& / 1/(!41($0&7*!4 +&9$4& ?1,,$7($0&7*$8 .1'')8 $ 6/&,$0&'$& 

7*!+!7($ 3&+&'1%&,$/1'$-, 36(&4 '&3+&+)/'!5! ",&*(+!''!5! 7*1'$+!/1'$- 3+!7(+1'-

7(/1; 

- 6/&,$0&'$& 7*!+!7($ 3!$7*1 $ C18/1(1 7$5'1,1, 7'$9&'$& /+&4&'$ !?+1?!(*$ 

7$5'1,1; 

- 64&'@E&'$& #$'1'7!/)8 C1(+1( '1 !?7,69$/1'$& => / 3+!%&77& "*73,61(1%$$; 

- 6/&,$0&'$& 7+!*1 1*($/'!5! 76B&7(/!/1'$- .! 10–15 ,&(. 

 

 

 
K$7. 4. K&C6,@(1( 4!.&,$+!/1'$- .$15+144) '13+1/,&''!7($ 7&54&'(1 Q=K .,- 65,1 4&7(1 0°.  

>&0&'$& R< (7,&/1), !?B$D /$. (73+1/1). >&0&'$& 3,!7*!7(@A Z0Y 

 

R,- +&1,$C1%$$ /7&8 3!7(1/,&'')8 C1.10 '&!?8!.$4 .1,@'&DE$D (B1(&,@')D 

1'1,$C $C4&'&'$D 81+1*(&+$7($* Q=K 3+$ $C4&'&'$$ 67,!/$D +1?!() 7 60&(!4 /7&8 

!7!?&''!7(&D ",&*(+!.$'14$0&7*$8 3+!%&77!/. 

 
>3$7!* ,$(&+1(6+) 

 

1. =*($/')& #1C$+!/1'')& 1'(&'')& +&E&(*$ / G!. +&.. I. ;. :!7(A8$'1. – FC.. 3-&, 3&+&+1?. $ 

.!3. – J.: K1.$!(&8'$*1, 2011. – 304 7.: $,. 

2. T18+18 ;. R., :1,$4!/ :.  . S&+*1,@')& 7*1'$+6AB$& 1'(&'') : Y&!+$- $ 4&(!.) +170&(1. – 

J.: <16*1, 1981. – 302 7.: $,. 

3. M,&*(+!415'$('1- 7!/4&7($4!7(@ +1.$!",&*(+!'')8 7+&.7(/ $ 7$7(&4: 60&?. 3!7!?$&. – Y!47*: 

Y!47*$D 5!7. 6'-( 7$7(&4 63+1/,&'$- $ +1.$!",&*(+!'$*$, 2012. – 228 7. 
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#'./!1.&!0   '+$3$-  $%#'3'/')!0  $+)$9')!0  (!5).//9*   

%$  !1-'(+)2   !  )'!1-'(+)2   3.))2  

 

=. =.  !41+!/, =. I. ;&!'!/1, =. >. ='.+&&/ 
 

C3C «?J «D*+8!»  

660028, 6. ?8!*($58*+, ./. L&/&:#>$8(!5, 1 

E-mail: komarovalal@gmail.com, ann3leo@gmail.com, mail.4o@yandex.ru 

 
K1774!(+&') 76B&7(/6AB$& 4&(!.) !3+&.&,&'$- !('!E&'$- 7$5'1,/E64 (>/U), !3$71') !7!?&''!7($ +&1-

,$C1%$$ '1 G;F>, 3+!/&.&'! 4!.&,$+!/1'$& $ $73)(1'$& '1 +&1,@'!4 7$5'1,& 7! 736('$*1. >.&,1') /)/!.) ! %&-

,&7!!?+1C'!7($ $73!,@C!/1'$- .1'')8 1,5!+$(4!/, ! 5+1'$%18 3+$4&'$4!7($, /)-/,&') !7'!/')& '&.!7(1(*$ $ 

.!7(!$'7(/1 1,5!+$(4!/.  

 

=*(61,@'!7(@ +1C+1?!(*$ 7$7(&4 7/-C$ E$+!*!3!,!7'!5! /&B1'$- 0&+&C 736('$-

*!/)& *1'1,) 7/-C$ !?67,!/,&'1 +17(6B$4$ 3!(+&?'!7(-4$ 3!,@C!/1(&,&D. 23+&.&,&-

'$& !('!E&'$- >/U '&!?8!.$4! .,- '1/&.&'$- 714!'1/!.-B&D7- 1'(&''!D 7$7(&4). 

I)0$7,&'$& !('!E&'$& 7$5'1, E64 /!C4!9'! *1* 3! $C/&7('!46 7$5'1,6 (3+&14?6,) 

31*&(!/), (1* $ 3! '&$C/&7('!46 7$5'1,6. 27'!/')4 '&.!7(1(*!4 /)0$7,&'$- >/U 3! 

'&$C/&7('!46 7$5'1,6 -/,-&(7- '&/!C4!9'!7(@ +1?!() '1 /)7!*$8 4!.6,-%$-8.  

I7(1/*1 $C/&7('!5! 7$5'1,1 3!/)E1&( $C?)(!0'!7(@ $'#!+41%$$, 0(! 3+$/!.$( * 7'$-

9&'$A "##&*($/'!7($ $73!,@C!/1'$- 3!,!7), '! 3!C/!,-&( (!0'&& !3+&.&,-(@ !('!-

E&'$& >/U. R,- 3+$4&'&'$- / 714!'1/!.-B&D7- 1'(&''!D 7$7(&4& +&1,$C!/1') $ 3+!-

(&7($+!/1') '1 +&1,@'!4 7$5'1,& 4&(!.) !7'!/1'')& '1 !3+&.&,&'$$ >/U *1* 3! '&-

$C/&7('!46, (1* $ 3! $C/&7('!46. R,- +1?!() !?!$8 4&(!.!/ $73!,@C6&(7- !.$' !(70V( 

'1 7$4/!,. T),1 3+!/&.&'! 7+1/'&'$& 7 76B&7(/6AB$4$ 7$7(&414$ $C4&+&'$- >/U.  

I *10&7(/& "(1,!''!5! $C4&+$(&,- $73!,@C!/1,7- /&*(!+')D 1'1,$C1(!+ R&S FSW.  

>!5,17'! 7(1'.1+(6 DVB-S2 / '101,& *19.!5! *1.+1 7,&.6&( 3+&14?6,1 [4]. 

>(+6*(6+1 3+&14?6,) 3+&.7(1/,-&( PLSCODE 64 7$4/!,1 $ SOF(start of frame), 7!-

7(!-B$D $C 26 7$4/!,!/ !.$'1*!/)8 .,- ,A?!5! ($31 31*&(!/ +$7. 1. 
 

 
 

K$7. 1. >(+6*(6+1 *1.+1 DVB-S2 

 

>,&.!/1(&,@'! /!C4!9'! $73!,@C!/1(@ 1,5!+$(4) !3+&.&,&'$- >/U, !7'!/1'')& 

'1 $C/&7(')8 3!7,&.!/1(&,@'!7(-8 .1'')8 SOF. T), +&1,$C!/1' 4&(!., /)0$7,-AB$D 

!('!E&'$& >/U 7!5,17'! (1)  
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5.& Rk – /8!.-B$& !(70&() 3+&14?6,); Dk – "(1,!'')& !(70&() 3+&14?6,). 

K&1,$C!/1'')D 4&(!. 3+&.3!,151&(, 0(! 69& 3+!$C!E,! /).&,&'$& 3+&14?6,) $C 

3+$'-(!5! 7$5'1,1, $ / *10&7(/& $78!.')8 .1'')8 3!7(631&( *1* 3+$'-(1- 3+&14?6,1 

(1* $ "(1,!''1-.  

I 7,601& $.&1,@'!5! 7$5'1,1 (Rk = Dk) 64'!9&'$& '1 7!3+-9&''!& 3+$/&.V( * 

(!46, 0(! /7- "'&+5$- 7$5'1,1 3&+&D.V( / 7$'#1C'6A 7!7(1/,-AB6A. >!!(/&(7(/&''!, 

0&4 7$,@'&& 7$5'1, !(,$01&(7- !( "(1,!''!5!, (&4 4&'@E& ?6.&( 7$'#1C'1- 7!7(1/-

,-AB1-. I 7,601& $.&1,@'!5! 7$5'1,1 C'14&'1(&,@ ?6.&( 7(+&4$(@7- * '6,A, 1 /)+19&-

'$& %&,$*!4 * ?&7*!'&0'!7($. 

Y1* 9& ?), +&1,$C!/1' 4&(!. !3+&.&,&'$- !('!E&'$- >/U 3! #1C!4!.6,$+!/1'-

'!46 7$5'1,6. 

J&(!. '& 06/7(/$(&,&' * '1,$0$A 017(!('!D $ #1C!/!D !E$?*$, 0(! 3!C/!,-&( 

!3+&.&,-(@ >/U ?&C #1C!/!D 7$'8+!'$C1%$$. K1774!(+$4 3!.+!?'! 3!7,&.!/1(&,@-

'!7(@ .&D7(/$D, 7!7(1/,-AB$8 1,5!+$(4. 

1) <!+4$+!/1'$& !(70V(!/. 

2) I)0$7,&'$& 3+!$C/&.&'$- (&*6B&5! $ 3+&.).6B&5! !(70V(1. I 7,601& $.&1,@-

'!5! 7$5'1,1 .,- QPSK 1+564&'( 3+!$C/&.&'$- 4!9&( 7!7(1/,-(@ 0, 90, 180, 270 5+1.6-

7!/, .,- 8PSK 0, 45, 90, 135, 180, 225, 270, 315.  

3) I!C/&.&'$& /7&8 3+!$C/&.&'$D / 7(&3&'@ +1/'6A 3!+-.*6 4!.6,-%$$, 0(! 3!-

C/!,-&(, / 7,601& $.&1,@'!5! 7$5'1,1, 7/&7($ /7V 4'!9&7(/! (!0&* * (!0*& 7 '6,&/!D 

*/1.+1(6+'!D 7!7(1/,-AB&D. R1,@'&DE&& /!C/&.&'$& / 7(&3&'@ 3+$/!.$( * 6/&,$0&-

'$A .$73&+7$$ E64!/, 0(! 73!7!?7(/6&( ?!,&& 0&(*!D 5+1.1%$$ (!0&* / C1/$7$4!7($ !( 

6+!/'- C1E64,V''!7($. 

R,- 7+1/'&'$- !3$71'')8 1,5!+$(4!/ ?), 7!?+1' $73)(1(&,@')D 7(&'. (+$7. 2). 

 

 
K$7. 2. >8&41 $73)(1(&,@'!5! 7(&'.1 

 

FC4&'&'$& !('!E&'$- >/U !76B&7(/,-,!7@ 3+$ 3!4!B$ $C4&'&'$- 6+!/'- 7$5-

'1,1 '1 /)8!.& 4!.&41 EASTAR.   .1''!46 7$5'1,6 .!?1/,-,$7@ E64) 7! 736('$*1, 

6+!/&'@ *!(!+)8 !7(1/1,7- '&$C4&'')4. >4&E1'')D 7$5'1, 3!.1/1,7- !.'!/+&4&''! 

'1 /&*(!+')D 1'1,$C1(!+, DVB 3+$V4'$* $ !?+1('! '1 4!.&4. K&56,$+6- 4!B'!7(@ 

7$5'1,1 7 E15!4 / 1 .T ?),$ 7'-() 3!*1C1'$- >/U 7 4!.&41 $ DVB 3+$V4'$*1. 

FC 5+1#$*!/ (+$7. 3, 4) /$.'!, 0(! '$ !.$' $C 3+&.7(1/,&'')8 73!7!?!/ $C4&+&-

'$- '& !?&73&0$/1&( ,$'&D'!7(@ !('!7$(&,@'! $C4&+&'$D 3+$ 3!4!B$ /&*(!+'!5! 1'1-

,$C1(!+1. 

G+$ +&1,$C1%$$ 714!'1/!.-B&D7- 7$7(&4) '& (1* /19'1 '&(!0'!7(@ $C4&+&'$D, 

*1* /)-/,&'$& !?B&D (&'.&'%$$ '1 6/&,$0&'$&/64&'@E&'$& >U. >!!(/&(7(/&''! ,A-

?!D $C 3+&.7(1/,&'')8 73!7!?!/ 3!.8!.$( .,- !?&73&0&'$- +1?!() 7$7(&4). 

:,1/'!& +1C,$0$& C1*,A01&(7- / (!4, 0(! 4&(!. 3! '&$C/&7('!46 7$5'1,6 '& 73!-

7!?&' +1?!(1(@ 3! 7$5'1,6 7 143,$(6.'!-#1C!/!D 4!.6,-%$&D (3+&14?6,1 /7&8 31*&(!/ 

3&+&.1&(7- 7 4!.6,-%$&D QPSK). <! 7 .+65!D 7(!+!'), '1 7$5'1,& 8PSK 4&(!. 3! '&$C-

/&7('!46 7$5'1,6 3+$ 4&'@E$8 C'10&'$-8 >/U '10$'1&( 3!*1C)/1(@ C'10&'$- '1 *!(!-
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+)8 /!C4!9'1 +1?!(1 1,5!+$(41 '1/&.&'$-. Y1* 9& .,- !?&73&0&'$- +1?!() 1,5!+$(41 

3! $C/&7('!46 7$5'1,6 '&!?8!.$4! /).&,$(@ 3+&14?6,6, 0(! 7/-C1''! 7 .!3!,'$(&,@-

')4$ +&76+7')4$ C1(+1(14$. FC /7&5! /)E&7*1C1''!5! 7,&.6&(, 0(! 4&(!., +1?!(1A-

B$D 3! $C/&7('!46 7$5'1,6, 3+&.!7(1/,-&( ?!,@E& /!C4!9'!7(&D, '! (+&?6&( ?!,@E$8 

+&76+7!/ .,- +1?!().  

 

 
 

K$7. 3. >+1/'&'$& +1C,$0')8 73!7!?!/ !3+&.&,&'$- >/U 3+$ 4!.6,-%$$ QPSK 

 

 
 

K$7. 4. >+1/'&'$& +1C,$0')8 73!7!?!/ !3+&.&,&'$- >/U 3+$ 4!.6,-%$$ 8PSK 
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Y1*$4 !?+1C!4, /)?!+ .!,9&' / 3&+/6A !0&+&.@ !7'!/)/1(@7- '1 (+&?!/1'$-8 * 

7$7(&4&. 23($41,@')4 +&E&'$&4 -/,-&(7- $73!,@C!/1'$& .,- 4!.6,-%$$ 8PSK 4&(!.1 

3! '&$C/&7('!46 7$5'1,6, 1 / 7,601-8 QPSK, 16APSK, 32APSK 4&(!.1 3! $C/&7('!46 

7$5'1,6.  

 
>3$7!* ,$(&+1(6+) 

 

1. Yair Linn. A Carrier-Indipendent Non-Data-Aided Real-Time SNR Estimator for M-PSK and D-

MPSK Suitable for FPGAs and ASICs // IEEE Transactions on Circuit and Systems-I: Regular Papers. – 2009. – 

Vol. 56. – No. 7.  

2.  !41+!/ =. K&1,$C1%$- 4&(!.1 !3+&.&,&'$- !('!E&'$- 7$5'1,/E64 3! '&$C/&7('!46 #1C!4!-

.6,$+!/1''!46 7$5'1,6 // I7&+!7. '160.-(&8'. *!'#. 7(6.&'(!/, 173$+1'(!/ $ 4!,!.)8 60&')8 «>!/+&-

4&'')& 3+!?,&4) +1.$!",&*(+!'$*$»: 7?. '160. (+.. –  +17'!-+7*: >NL, 2014. 

3. U. Mengali and M. Morelli. Data-Aided Frequency Estimation for Burst Digital Transmission // IEEE 

Trans. Commun. – Jan. 1997. – Vol. 45. – P. 23–25. 

4. ETSI EN 302-307. Digital Video Broadcasting (DVB) - Second generation framing structure, channel 

coding and modulation systems for Broadcasting, Interactive Services, News Gathering and other broadband 

satellite applications. – Jan. 2004. – V1.1.1. 

  



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

224 

!((/'3$-.)!'  ./5$#!+ $-  #.(N'+$-  O7' '#!3   

).-!5.&!$))28  "$( !N'("!8  .%%.#.+$-  5/$).(( 

 

>. >. G1'1#$.$', J. J. I1,$81'!/, =. <. I&+&B15$' 

 
D(*%#%.% #(M&(&8($, -#>#+# # 8!"#$B/&+%8$(#+# F234C N<C 1F4  

660074, 6. ?8!*($58*+, ./. ?#8&(*+$6$, 28  

E-mail: semenpanafidin@gmail.com 

E-mail: marat_valihanov@mail.ru 

E-mail: antonvereshagin@mail.ru 

 

F77,&.6A(7- $ 7+1/'$/1A(7- 76B&7(/6AB$& 1,5!+$(4) 3&+&70&(1 "#&4&+$. < = :;2<=>> $73!,@C6&4)8 

/ 1331+1(6+& 3!(+&?$(&,&D. 2%&'$/1A(7- +&C6,@(1() +1?!() 1,5!+$(4!/ $ $8 (!0'!7(')& 81+1*(&+$7($*$ '1 !7'!/& 

7+1/'&'$- 7 (!0')4$ C'10&'$-4$ "#&4&+$., 3!,60&'')4$ $C %$#+!/!D $'#!+41%$$ < =. 

 

H1+1*(&+'!D 0&+(!D 5,!?1,@')8 '1/$51%$!'')8 736('$*!/)8 7$7(&4 (:<>>) -/-

,-&(7- (!( #1*(, 0(! *!!+.$'1() 736('$*!/ '& 3!7(!-'') /! /+&4&'$, 1 '&3+&+)/'! 

$C4&'-A(7-. R,- !3+&.&,&'$- *!!+.$'1( '1/$51%$!''!5! 3+$&4'$*1 ,A?)4 $C 76B&-

7(/6AB$8 4&(!.!/ '&!?8!.$4! $4&(@ .1'')& ! 3!,!9&'$$ '1/$51%$!'')8 *!74$0&-

7*$8 1331+1(!/ (< =) / 3+!7(+1'7(/& / 4!4&'( /)3!,'&'$- $C4&+&'$D. Y1*$4 !?+1-

C!4, /!C'$*1&( C1.101 !?&73&0&'$- 3!,@C!/1(&,- 736('$*!/!D '1/$51%$$ $'#!+41%$&D 

! *!!+.$'1(18 < = $73!,@C6&4!D 7$7(&4). 

G+$ 76B&7(/6AB&4 3!.8!.& * 3!7(+!&'$A :<>> 41*7$41,@'! /!C4!9')D !?W&4 

+170&(!/ +1C+1?!(0$*$ 7(1+1A(7- 3&+&'&7($ '1 '1C&4')D *!43,&*7 63+1/,&'$-. M#&-

4&+$.'!& !?&73&0&'$& 3!..&+9$/1&(7- *!43,&*7!4 (&8'$0&7*$8 $ 3+!5+144')8 

7+&.7(/, /)3!,'-AB$8 +1.$!*!'(+!,@ !+?$( 736('$*!/ 7 '&7*!,@*$8 '1C&4')8 7(1'-

%$D *!'(+!,-, !?+1?!(*6 +&C6,@(1(!/ (+1&*(!+')8 $C4&+&'$D $ +170&( "#&4&+$.'!D 

$'#!+41%$$, 3&+&.1/1&4!D .1,&& 7 3!4!B@A C15+6C!0')8 7(1'%$D '1 736('$*. Y1*$4 

!?+1C!4, 3! +&C6,@(1(14 .!7(63')8 '1?,A.&'$D 7&($ 7(1'%$D *!'(+!,- $ / /)0$7,$-

(&,@'!4 %&'(+& 5,1/'!D *!41'.'!D 7(1'%$$ +1770$()/1A(7- 31+14&(+) !+?$( < =, 

*!(!+)& / .1,@'&DE&4 C15+691A(7- '1 736('$*$, !(*6.1 (+1'7,$+6A(7- / 7!7(1/& %$#-

+!/!D $'#!+41%$$ (QF) / /$.& "#&4&+$.. 

M#&4&+$.) < = !('!7-(7- * 7&+&.$'& /+&4&'')8 $'(&+/1,!/ /'6(+$ (&*6B$8 

76(!*. R,$(&,@'!7(@ .1'')8 $'(&+/1,!/ 7!7(1/,-&( !( 30 .! 60 4$'6(. G!+-.*!/)D '!-

4&+ $'(&+/1,1 /'6(+$ (&*6B$8 76(!* (1*9& 3&+&.1&(7- / 7!7(1/& QF. 

R,- 3!,60&'$- .1'')8 ! (&*6B&4 3!,!9&'$$ < = / 3+!7(+1'7(/& 3+!5+144'!& 

!?&73&0&'$& '1/$51%$!''!D 1331+1(6+) 3!(+&?$(&,- $73!,@C6&( 3+!%&.6+6 +1C4'!9&-

'$- "#&4&+$.. Y1*$4 !?+1C!4 3!,@C!/1(&,@ :<>> !?&73&0$/1&(7- 41(&41($0&7*!D 4!-

.&,@A ./$9&'$- < = 3! !+?$(&. 

>6B&7(/6AB$& 1,5!+$(4) +1C4'!9&'$- "#&4&+$. !?&73&0$/1A( (!0'!7(@ +170&-

(1 *!!+.$'1( '& ?!,&& 1 4&(+1, / C1/$7$4!7($ !( $'(&+/1,1 $8 1*(61,@'!7($. G+&.7(1/-

,&'')& / ,$(&+1(6+& 1,5!+$(4) +1C+1?!(1') / 80-8 – 90-8 5!.18 ./1.%1(!5! /&*1, .,- 

$8 $73!,@C!/1'$- / 1331+1(6+& 7! 7,1?!D /)0$7,$(&,@'!D 4!B'!7(@A. >!/+&4&''1- 

'1/$51%$!''1- 1331+1(6+1 !?,1.1&( 5!+1C.! ?!,@E&D /)0$7,$(&,@'!D 4!B'!7(@A, 0(! 

3!C/!,-&( 6,60E$(@ 76B&7(/6AB$& $ +1C+1?!(1(@ '!/)& 1,5!+$(4) +1C4'!9&'$- "#&-

4&+$. < = :<>> 7 4&'@E&D 3!5+&E'!7(@A. <1+-.6 7 64&'@E&'$&4 3!5+&E'!7($ '!-

/)& $ 6,60E&'')& 1,5!+$(4) 3!C/!,-( 6/&,$0$(@ /+&4&''!D $'(&+/1, +1C4'!9&'$- 

"#&4&+$.. R,- "(!5! '&!?8!.$4! 3+!$C/&7($ 1'1,$C +1?!() .&D7(/6AB$8 1,5!+$(4!/ 

3&+&70&(1 "#&4&+$. < = :;2<=>>. 

R,- !%&'*$ +1?!() 76B&7(/6AB$8 1,5!+$(4!/, !3$71'')8 / F R :;2<=>>, 

3+&.,151&(7-: 
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' 74!.&,$+!/1(@ +1?!(6 76B&7(/6AB$8 1,5!+$(4!/ (.,- '101,@')8 67,!/$D 

/C-(@ (!0')& C'10&'$- "#&4&+$. < =); 

' 7+1/'$(@ +&C6,@(1() +1?!() 1,5!+$(4!/ 7 (!0')4$ C'10&'$-4$ "#&4&+$.; 

' !%&'$(@ +&C6,@(1() 7+1/'&'$-. 

1. 23$71'$& 1,5!+$(4!/ F R :;2<=>>. 

I 7$7(&4& :;2<=>> $73!,@C6&(7- .$##&+&'%$1,@'1- 4!.&,@ ./$9&'$- < = [1, 

2]. M(! !C'101&(, 0(! .,- !3+&.&,&'$- *!!+.$'1( 736('$*1 '1 C1.1'')D 4!4&'( /+&4&-

'$ (+&?6&(7- +&E$(@ 7$7(&46 .$##&+&'%$1,@')8 6+1/'&'$D. R,- +&E&'$- "(!D 7$7(&-

4) '69') '101,@')& C'10&'$-. I 7,601& :;2<=>>, .1'')& .,- /)0$7,&'$- "($8 C'1-

0&'$D 3&+&.1A(7- 7! 736('$*1 / 7!7(1/& '1/$51%$!''!D $'#!+41%$$. < = :;2<=>> 

3&+&.1A( '1/$51%$!'')& 7!!?B&'$-, 7!.&+91B$& *!!+.$'1(), 7!7(1/,-AB$& *!43!-

'&'() 7*!+!7($ $ 67*!+&'$- 736('$*1 / 5&!%&'(+$0&7*!D 3!./$9'!D (5+$'/$0&7*!D) 

7$7(&4& *!!+.$'1( GS-90 [1]. M($ .1'')& !?'!/,-A(7- *19.)& 30–60 4$'6(. 

I F R :;2<=>> 3+&.7(1/,&'! ./1 1,5!+$(41 3&+&70&(1 "#&4&+$. '1 C1.1'')D 

4!4&'( /+&4&'$, 3&+/)D !3$71' '1 [3, 7. 57–62], /(!+!D 70$(1&(7- ?!,&& 63+!E&'')4 $ 

!3$71' '1 [3, 7. 63]. I !?!$8 1,5!+$(418 3&+&70&( "#&4&+$. !76B&7(/,-&(7- 4&(!.!4 

0$7,&''!5! $'(&5+$+!/1'$- .$##&+&'%$1,@')8 6+1/'&'$D ./$9&'$- < =. I !?!$8 

1,5!+$(418 / 6+1/'&'$-8 *+!4& %&'(+1,@'!D 7$,) 3+$(-9&'$- S&4,$ 60$()/1A(7- .!-

3!,'$(&,@'1- 7$,1, !?67,!/,&''1- 3!,-+')4 791($&4 $ 81+1*(&+$C6&41- 51+4!'$*!D 

>20, 1 (1*9& ,6''!-7!,'&0')& 5+1/$(1%$!'')& /!C46B&'$-.  

2. K1C,$0$& 7(1'.1+('!5! $ 63+!B&''!5! 1,5!+$(4!/ 3&+&70&(1 "#&4&+$. < = 

:;2<=>>. 

I 7(1'.1+('!4 1,5!+$(4& 3&+&70&(1 "#&4&+$. < = :;2<=>> '1 (&*6B$D 4!-

4&'( /+&4&'$ 6+1/'&'$- $'(&5+$+6A(7- / 3+-4!65!,@'!D 1?7!,A('!D 5&!%&'(+$0&7*!D 

7$7(&4& *!!+.$'1( 7/-C1''!D 7 (&*6B$4 "*/1(!+!4 $ (!0*!D /&7&''&5! +1/'!.&'7(/$- 

[1]. Y.*. *!!+.$'1() $ 7!7(1/,-AB$& /&*(!+1 7*!+!7($ < =, 3&+&.1/1&4)& / 7!7(1/& 

QF, !('!7-(7- * 7$7(&4& GS-90, !'$ 3&+&/!.-(7- / 1?7!,A('6A 7$7(&46 *!!+.$'1(, 3! 

#!+46,14 3+&.7(1/,&'')4 / [3]. G!7,& /)0$7,&'$- "#&4&+$. '1 (&*6B$D 4!4&'( /+&-

4&'$, 7 3!4!B@A !?+1(')8 3+&!?+1C!/1'$D, *!!+.$'1() 3&+&/!.-(7- $C 1?7!,A('!D 

7$7(&4) *!!+.$'1( / 7$7(&46 GS-90. 

I 63+!B&''!4 1,5!+$(4& 3&+&70&(1 "#&4&+$. < = :;2<=>> '1 (&*6B$D 4!-

4&'( /+&4&'$ .$##&+&'%$1,@')& 6+1/'&'$- ./$9&'$- < = $'(&5+$+6A(7- / 7$7(&4& 

*!!+.$'1( GS-90, $ 3+&!?+1C!/1'$& '101,@')8 67,!/$D '& (+&?6&(7-, 0(! -/,-&(7- 

5,1/')4 !(,$0$&4 !( 7(1'.1+('!5! 1,5!+$(41. Y1*9& 63+!B&'')D 1,5!+$(4 (+&?6&(, 

5!+1C.! 4&'@E& 41(&41($0&7*$8 /)0$7,&'$D. 

3. J!.&,$+!/1'$& 1,5!+$(4!/. 

R,- 4!.&,$+!/1'$- 1,5!+$(4!/, / *10&7(/& '101,@')8 67,!/$D, $73!,@C!/1,$7@ 

.1'')& "#&4&+$. 7 71'($4&(+!/!D (!0'!7(@A, 3!,60&'')& $C QF 3&+&.1/1&4!D 7 ?!+(1 

< = :;2<=>> 7 '!4&+!4 7$7(&4'!D (!0*$ 18. <101,@')& 67,!/$- !('!7-(7- * 4!-

4&'(6 /+&4&'$ t" – 7&+&.$'1 3&+/!5! 3!,6017!/!5! $'(&+/1,1 5 .&*1?+- 2014 5!.1 3! 

4!7*!/7*!46 .&*+&('!46 /+&4&'$ (JRI). G&+&70&( *!!+.$'1( $ *!43!'&'( 7*!+!7($ 

!?!$4$ 1,5!+$(414$ 3+!/&.&' '1 3-(@ 7,&.6AB$8 4!4&'(!/ /+&4&'$ 7 E15!4 30 4$-

'6(. R1,&& 3+!/&.&'! 7+1/'&'$& "#&4&+$., 3&+&70$(1'')8 1,5!+$(414$ F R :;2-

<=>> 7 (!0')4$ C'10&'$-4$, 3!,60&'')4$ $C QF '1 (& 9& 4!4&'() /+&4&'$, 0(! $ 

3&+&70$(1'')&. K&C6,@(1() !%&'*$ 4!.6,&D +1C'!7($ C'10&'$D *!!+.$'1(, 3!,60&'')8 

7 3!4!B@A !?)0'!5! $ 63+!B&''!5! 1,5!+$(4!/, 3+&.7(1/,&') / (1?,. 1. 
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Y1?,$%1 1 

J!.6,$ +1C'!7($ (!0')8 C'10&'$D 7! C'10&'$-4$ 3!,60&'')4$ 1,5!+$(414$ 

 

I+&4- (JRI) 

J!.6,$ +1C'!7($ *!!+.$'1(  

7 !?)0')4 1,5!+$(4!4 (4) 

J!.6,$ +1C'!7($ *!!+.$'1(  

7 63+!B&'')4 1,5!+$(4!4 (4) 

X Y Z X Y Z 

00:45:00 

05.12.2014 
5,16 2,19 1,53 0,42 0,21 0,42 

01:15:00 

05.12.2014 
17,93 5,01 5,04 4,94 0,54 0,82 

01:45:00 

05.12.2014 
34,09 7,70 7,93 17,95 0,71 0,04 

02:15:00 

05.12.2014 
49,36 10,19 6,37 44,45 7,27 2,11 

02:45:00 

05.12.2014 
2231191,63 602289,35 5865110,83 2230954,88 602319,73 5865129,27 

 

4. I)/!.. 

G! +&C6,@(1(14 !%&'*$ 4!.6,&D +1C'!7($ (!0')8 C'10&'$D 7 *!!+.$'1(14$ 3!,6-

0&'')4$ 7 3!4!B@A 3&+&70&(1 1,5!+$(414$, 4!9'! 7*1C1(@, 0(! 63+!B&'')D 1,5!-

+$(4 3!C/!,-&( +1770$(1(@ *!!+.$'1() < = 7 4&'@E&D 3!5+&E'!7(@A, 0&4 !?)0')D. 

R,- !?!$8 1,5!+$(4!/ 81+1*(&+'!, 0(! 3+$ 3&+&70&(& '1 $'(&+/1, ?!,&& 0&4 ./1 0171 !( 

'101,@')8 67,!/$D, *!!+.$'1() C'10$(&,@'! !(,$01A(7- !( (!0')8 C'10&'$D. R1'')D 

#1*( .&,1&( $8 7!/&+E&''! '&3+$5!.')4$, .19& .,- !%&'*$ 4&7(!3!,!9&'$- < =. 

L3+!B&'')D 1,5!+$(4 (+&?6&( 4&'@E&5! *!,$0&7(/1 41(&41($0&7*$8 /)0$7,&-

'$D, 63+!B1&(7- &5! 3+!5+144'1- +&1,$C1%$- / '1/$51%$!''!D 1331+1(6+& 3!(+&?$(&,&D.  

 
>3$7!* ,$(&+1(6+) 

 

1. G&+!/ =. F., H1+$7!/ I. <. :;2<=>>. G+$'%$3) 3!7(+!&'$- $ #6'*%$!'$+!/1'$-. – J.: K1-

.$!(&8'$*1, 2010. – 800 7. 

2. R6?!E$' :. <. <&?&7'1- 4&81'$*1. – J.: <16*1, 1968. – 800 7. 

3. F'(&+#&D7')D *!'(+!,@')D .!*64&'(. – J.: <FF  G, 2008. – 74 7. 

4. >36('$*!/)& '1/$51%$!'')& 7$7(&4): 60&?. – J.: J=F-3+$'(, 2014. – 337 7.  
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%$-29')!'  +$N)$(+!  !  %$ '8$*(+$,N!-$(+!   

"$( !N'("!8  (!(+'   (-01! 

 

I. :. G1(A*!/
1
, =. I. ;&36'!/

1,2
, =. =. >$,1'(@&/

1,2
, I. =. U1(+!/

1,2
 

 
1D(*%#%.% #(M&(&8($, -#>#+# # 8!"#$B/&+%8$(#+# F234C N<C 1F4  

660074, 6. ?8!*($58*+, ./. ?#8&(*+$6$, 28 
2C3C «D(-$87!@#$((E& *=.%(#+$:E& *#*%&7E» #7&(# !+!"&7#+! 9. F.  &;&%(&:!» 

662972, 6. H&/&>($6$8*+, ./. I&(#(!, 13! 

E-mail: vitalys@iss-reshetnev.ru 

 

K1774!(+&') /!3+!7) 3!/)E&'$- (!0'!7($ $ 3!4&8!67(!D0$/!7($ *!74$0&7*$8 7$7(&4 7/-C$, !7'!/1'')8 '1 

$73!,@C!/1'$$ 67,!/')8 /&+!-('!7(')8 81+1*(&+$7($* $ /C1$4!7/-C&D !5$?1AB&D $ #1C) 1..$($/'!D 74&7$ 7$5'1-

,!/, $73!,@C6&4)8 .,- !?4&'1 $'#!+41%$&D / 7$7(&418 7/-C$. 

 

-LFPFC@F 
G+1*($0&7*1- +1?!(1 *!74$0&7*$8 7$7(&4 7/-C$ /)3!,'-&(7- / 67,!/$-8 13+$!+-

'!D '&!3+&.&,&''!7($ ! 81+1*(&+& /!C.&D7(/6AB$8 3!4&8 $ 7,!9$/E&5!7- !('!E&'$- 

7$5'1,/3!4&81. 2?4&' $'#!+41%$&D 4&9.6 *!74$0&7*$4 1331+1(!4 $ '1C&4'!D 7(1'-

%$&D !?&73&0$/1&( *!41'.'!-$C4&+$(&,@'1- 7$7(&41, $73!,@C6- *!41'.'6A +1.$!,$-

'$A. R,- 3!/)E&'$- (!0'!7($ $ 3!4&8!67(!D0$/!D !?+1?!(*$ +&C6,@(1(!/ !?4&'1 $'-

#!+41%$&D, 1 (1*9& 3+$ !%&'*& 81+1*(&+$7($* 7$5'1,!/ 7,&.6&( .!3!,'$(&,@'! $7-

3!,@C!/1(@ +1C,$0')& /&+!-('!7(')& /C1$4!7/-C$ 31+14&(+!/ 1..$($/'!D 74&7$.  

I "(!D +1?!(& $77,&.6A(7- /&+!-('!7(')& 81+1*(&+$7($*$ 017(!('!-/+&4&'')8 31+1-

4&(+!/ 1..$($/'!D 74&7$ 51+4!'$0&7*!5! 7$5'1,1 $ 6C*!3!,!7'!5! 7,601D'!5! 3+!%&7-

71. M(1 017(@ (&!+$$ 7,601D')8 3+!%&77!/ -/,-&(7- '1$4&'&& $C60&''!D, (1* *1* .,- 

!3$71'$- 81+1*(&+1 3!/&.&'$- 7,601D'!D #1C) $ 7,601D'!D 017(!() 1..$($/'!D 74&7$, 

'18!9.&'$-, / 017('!7($, 73&*(+1,@'!-*!++&,-%$!'')8 81+1*(&+$7($* 3+!$C/!.'!D 

7,601D'!D #1C) '69'! !3&+$+!/1(@ 7 /!7@4$4&+'!D '!+41,@'!D 3,!('!7(@A /&+!-(-

'!7(&D */1.+1(6+')8 7!7(1/,-AB$8 */1C$51+4!'$0&7*!5! 7,601D'!5! 3+!%&771 $ $8 

3&+/)8 3+!$C/!.')8. G+1*($*1 /)3!,'&'$- 3!.!?')8 /)0$7,&'$D [1] 3!*1C)/1&(, 0(! 

.19& / 017(')8 7,601-8 !'$ !*1C)/1A(7- (+6.!&4*$4$, 7,!9')4$ $ '& 3!C/!,-A( +17-

*+)(@ #$C$0&7*6A 76B'!7(@ +1C,$0')8 /C1$4!7/-C&D. 

$GQ:R E:?:B>F?@;>@B: @;;SFPAF<ME <=PFSFI ;SAJ:ICME K?=TF;;=L @ ;>:>@-

;>@JF;B@F E:?:B>F?@;>@B@ ;SAJ:IC=I U:HM 

F78!.'!D 4!.&,@A $77,&.6&4)8 7,601D')8 3+!%&77!/ -/,-&(7- 1..$($/'1- 74&7@ 

51+4!'$0&7*!5! 7$5'1,1 $ 6C*!3!,!7'!5! 7,601D'!5! 3+!%&771, %&'(+1,@'1- 017(!(1 

"'&+5&($0&7*!5! 73&*(+1 *!(!+!5! / 017('!4, '! E$+!*! +173+!7(+1'&''!4 '1 3+1*($-

*&, 7,601& 7!/31.1&( 7 017(!(!D 51+4!'$0&7*!5! 7$5'1,1: 
 

* + * + * + * + * + * +, - * + * +, - * + * +,coscoscoscos 0000 ttUtttUtttAtUttstx m .)/)///)/) 0121013   (1) 
 

5.& mU , 01  $ 00  ' 143,$(6.1, 65,!/1- 017(!(1 $ '101,@'1- #1C1 7$5'1,1, *!(!+)& / 

!?B&4 7,601& 4!56( ?)(@ 4!.6,$+!/1') 3!,&C')4 7!!?B&'$&4, 1 * +tA $ * +t2  ' !5$-

?1AB1- $ #1C1 7,601D'!5! 3+!%&771 * +t3 , * + * +ttU 0,  $ * +t.  ' !5$?1AB1-, 7,601D'1- #1-

C1 $ 3!,'1- #1C1 1..$($/'!D 74&7$. X1B& /7&5! / +1.$!(&8'$0&7*!D 3+1*($*& 7,601D-

')D 3+!%&77 * +t3  ' "(! 51677!/7*$D 7(1%$!'1+')D 3+!%&77 7 '6,&/)4 41(&41($0&7*$4 

!9$.1'$&4. 2?!7'!/1'$&4 "(!46 -/,-&(7- (!( #1*(, 0(! 67(+!D7(/1 !?+1?!(*$ 1..$($/-

'!D 74&7$ !?)0'! ?!,&& 6C*!3!,!7')&, '17(+1$/1A(7- 3!. 81+1*(&+$7($*$ 7$5'1,1 * +ts  

$ 3! 7+1/'&'$A 7 E$+!*!3!,!7')4$ /!C.&D7(/6AB$4$ 7,601D')4$ 7$5'1,14$ / 7$,6 

$C/&7(')8 -/,&'$D '!+41,$C1%$$ -/,-A(7- 6C*!3!,!7')4$ 51677!/7*$4$ 3+!%&7714$.  
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K17741(+$/1&41- 4!.&,@ 1..$($/'!D 74&7$ .!7(1(!0'! 8!+!E! $77,&.!/1'1 [1], 1 

!7'!/'!D 7,601D'!D #6'*%$&D, 7!7(1/,-AB&D 3+&.4&( $77,&.!/1'$- 3+$ 3&+&.10& $'-

#!+41%$$ / *!74$0&7*$8 7$7(&418 7/-C$, -/,-&(7- #1C1 $ 45'!/&''1- 017(!(1, 7/-C1'-

'1- 7 3!,'!D #1C!D 1..$($/'!D 74&7$ $C/&7(')4 7!!('!E&'$&4 

)()()( 0 tdttdt 4/).) 11 , 5.& )()( tt 0 5)4  ' 7,601D'1- 017(!(1, !3+&.&,-&41- 0&+&C 

3+!$C/!.'6A #1C) 1..$($/'!D 74&7$ $ 81+1*(&+$C6AB1- 7*!+!7(@ &V $C4&'&'$-. >,6-

01D')D 81+1*(&+ 3!/&.&'$- #1C) )(t0  3+$/!.$( * (!46, 0(! 4!4&'() 3&+&8!.1 )(tx  0&-

+&C '6,&/!D 6+!/&'@ #,6*(6$+6A(, !3+&.&,-- (&4 714)4 7!7(1/,-AB6A 3!5+&E'!7($ 

3+$ !%&'*& 31+14&(+!/, !?67,!/,&''6A E64!4. 

I !?B&4 7,601& 1'1,$C1  1..$($/'!D 74&7$ (1) .!7(1(!0'! 3!,'!& /&+!-('!7('!& 

!3$71'$& 81+1*(&+1 $C4&'&'$- 7,601D'!D #1C) $ 017(!() 4!9&( ?)(@ 3!,60&'! '1 !7-

'!/& $C/&7('!D $'#!+41%$$ ! 7!/4&7('!D 4'!5!4&+'!D 3,!('!7($ +173+&.&,&'$- !5$-

?1AB&D 1..$($/'!D 74&7$, #1C) $ $8 3+!$C/!.')8. I 017(! /7(+&01AB&47- 7,601& !(-

76(7(/$- +177(+!D*$ 4&9.6 017(!(!D 7$5'1,1 * +ts  $ %&'(+1,@'!D 017(!(!D "'&+5&($0&-

7*!5! 73&*(+1 */1C$51+4!'$0&7*!5! .$##&+&'%$+6&4!5! 51677!/7*!5! E641 )(t3  (1*1- 

3,!('!7(@ +173+&.&,&'$- 3+$/&.&'1 / [1] $ 7 60V(!4 '!+4$+!/!*, $4&&( /$.:  
 

 

* +, - * +, -!"
#

$%

& 4/5'''/')45 222

0

22

2

2

2

1
cos2

2

1
exp

4
),,,( KKmm VVVVVV
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*&:(.!, &# "(. $ #%&'$!-%/ (-,$., 9 *('   #%  %("#%$!$1$..&8 .(5$:.&8 " ",$:$ -#%(+1$. 2, &>4(2 "0$:( :&-

!-12 (-,$., 9 *('     ,%$>&+(. 2 * %$(1 5('   :&!-12 (-,$., 9 *('  . 

 

O&:(.!/ -#%(+1$. 2 *&": <$"* : (##(%(,&: (OR) &>1(!(3, +/"&*&8 ",$#$.=3 

*% , <.&", , + "+25  " 7, : #&!,+$%;!$. $ #&!1 ..&",   ",&<. *( *&:(.! -#%(+1$. 2 

2+12$,"2 +(;.&8 5(!(<$8, !12 %$C$. 2 *&,&%&8 .( #&:&4= #% 0&!2, (1)&% ,:/ (-,$.-

, 9 *('  . R-,$., 9 *(' 2 – #%&+$%*( #% .(!1$;.&",  "->S$*,- !&",-#( #%$!S2+-

1$..&)&  :  !$., 9 *(,&%(; #&!,+$%;!$. $ #&!1 ..&",  [1]. 

F(5%(>&,*( *&:(.!.&- 5:$% ,$1=.&8 " ",$:/ (O6D) >&%,&+&)& *&:#1$*"( -#%(+-

1$. 2 (GOL), +*13<(34(2 :&!-1= (-,$., 9 *('  , .( &".&+$ %$*&:$.!(' 8 ",(.!(%-
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-%&+.3. 

A "&&,+$,",+   "& ",(.!(%,(:  ESA [2, 3] #%&'$"" (-,$., 9 *('   2+12$,"2 !&-
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:$.,- #% "&$! .2$,"2  : ,&+",(+*(. 

2. T$.,% -#%(+1$. 2 "&> %($, "$):$.,/ + .&+/8 :&! 9 ' %&+(../8 #(*$,   #$-

%$!($, + "$,= .(5$:./0 ",(.' 8 *&.,%&12   -#%(+1$. 2. 

3. H(5$:.(2 ",(.' 2 *&.,%&12   -#%(+1$. 2 #%&+$%2$, *&%%$*,.&",= #% $:( (" 

#&:&4=3 #&12 *&.,%&1=.&8 "-::/), %(5> +($, #(*$, !(../0 .( "$):$.,/, ( "$):$.,/ 

.( *(!%/, *&,&%/$ 5(,$: #$%$!(3,"2 .( >&%, OR. 
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5. H( >&%,- OR *(!%/ "&> %(3,"2 + "$):$.,, +/< "12$,"2 5.(<$. $  : ,&+",(+*  
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%(>&,*   : ,&+",(+* , .(#% :$%, MBD? F 28147-89 [4] +  .,$%$"(0 &,$<$",+$../0 &%-

)(. 5(' 8, #%&+&!24 0  ""1$!&+(. 2   +$!-4 0 %(5%(>&,*- + &>1(",  "#-,. *&+/0 

" ",$:. 

?(* : &>%(5&:, (1)&% ,: (-,$., 9 *('   *(.(1( #$%$!(<  ,$1$*&:(.! .( &".&+$ 

%$*&:$.!(' 8 ",(.!(%,&+ ESA %$C($, #%&>1$:- #&!,+$%;!$. $ #&!1 ..&",   ",&<. -

*( *&:(.! -#%(+1$. 2 OR. 

 
D# "&* 1 ,$%(,-%/ 

 

1. FJ «V(4 ,( &, .$"(.*' &. %&+(..&)& !&",-#( *  .9&%:('  . ?$%: ./   &#%$!$1$. 2». L,-

+$%;!$.& %$C$. $: #%$!"$!(,$12 M&",$0*&: ""   F&""   &, 30.03.1992 ). 

2. ESA PSS-04-107 European Space Agency; Procedures, Specifications & Standards; Space Data 

Communication; Space Link Standards and Protocols; Packet Telecomand Standard. 

3. ESA PSS-04-151 «D#$' 9 *(' 2 !$*&!$%( ,$1$*&:(.!» European Space Agency; Procedures, 

Specifications & Standards; Space Data Communication; Space Link Standards and Protocols; Telecommand 

Decoder Specification. 

4. MBD? F 28147-89. D ",$:( &>%(>&,*   .9&%:('  . V(4 ,( *% #,&)%(9 <$"*(2. R1)&% ,: 

*% #,&)%(9 <$"*&)& #%$&>%(5&+(. 2. 
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6=D3?768  A@:3B  B  E2:73AA:2=F3  8;24  A6A<39  =4  ?26A<4553  

93<:;:9  B= <26?26A<45G=:C  :<54;?6  B  2345G=:9  B2393=6=
 

 

D. R. U$*:(%E+ 
 

C6+3(303 (6D/*923(,( ( 35E5,/9906(,2F(- '() G$ 

660014, </++(@, .. ?*2+6/@*+,, A*. (9. .2B537 «?*2+6/@*+,(- *2)/:(-», 31 

E-mail: khvkh@mail.ru 

 
F(>&,( #%$!",(+12$, .&+/8 "#&"&>  .S$*'   ">&$+ + #%&'$""&%./$ 2!%( " ",$: .( *% ",(11$ " #&:&4=3 :$-

,&!( +.-,% *% ",(1=.&8 &,1(!* . I%$!1()($:&$ %$C$. $ 5(*13<($,"2 + #$%$.&"$  .9%(",%-*,-%/ +.$"$. 2 &! .&<-

./0 ">&$+ + «" ",$:- .( *% ",(11$» + *(<$",+$ "#$' (1 5 %&+(..&)& "1&;.&-9-.*' &.(1=.&)& >1&*(. N,& #&5+&12$, 

-#%&", ,= &*%-;$. 2 ,$", %&+(. 2, #%&+&! ,=  .S$*'   + %$(1=.&: +%$:$. , ( ,(*;$, #%  "&&,+$,",+-34$: #&-

",%&$.   :&!-12  .S$*'   #%&+&! ,= !1 ,$1=./$ (+,&.&:./$  .S$*'   &! .&<./0 ">&$+. 

 

D>&$-",&8< +&",= 2+123,"2 +(;.$8C : ,%$>&+(. $: !12 ' 9%&+&8 (##(%(,-%/, 

%(>&,(34$8 + ,2;$1/0 -"1&+ 20 7*"#1-(,('  , .(#% :$%, + *&":&"$. A .(",&24$$ +%$-

:2 >&1=C .",+& ,(*&8 (##(%(,-%/ >(5 %-$,"2 .( : *%&#%&'$""&%(0. H( >&1=C-3 

&#(".&",= !12 : *%&#%&'$""&%&+, %(>&,(34 0 + "&",(+$ (##(%(,-%/ >&%,&+/0 " ",$: 

*&": <$"* 0 (##(%(,&+, "&",(+123, &! .&<./$ ">&  (Single Event Upset, SEU), +/5+(.-

./$ *&": <$"* :  &. 5 %-34 :  51-<$. $:. N,  "&>/, 2 :&)-,  5:$. ,= 1&) <$"* $ 

5.(<$. 2 + 71$:$.,(0 +.-,%$..$8 #(:2,  : *%&#%&'$""&%(, ,(* 0 *(* %$) ",%/   *7C-

#(:2,=. SEU "(:(2 <(",& +",%$<($:(2 #% < .( ">&$+, #&7,&:- -" 1 2 + &>1(",  #%&$*-

, %&+(. 2 ">&$-",&8< +/0 : *%&#%&'$""&%&+ + &".&+.&: *&.'$.,% %-3,"2 .( 5(4 ,$ 

&, 7, 0 "&>/, 8. 

6.S$*' 2 ">&$+ (fault injection, FI) C %&*& #% :$.2$,"2 !12 &#%$!$1$. 2 <-+",+ -

,$1=.&",  * SEU : *%&#%&'$""&%&+   !%-) 0 ' 9%&+/0 -",%&8",+. D-4$",+-3, .$-

"*&1=*& %(5./0 FI %$C$. 8, *&,&%/$  :$3, "+&  #%$ :-4$",+(, .&   "+&  .$!&",(,* . 

H$*&,&%/$ %$C$. 2 2+123,"2 -. +$%"(1=./: , !%-) $ 5(+ "2, &, +&5:&;.&",$8 ,$", -

%-$:&8 " ",$:/. G&1=C .",+& "&+%$:$../0 : *%&#%&'$""&%&+ +*13<(3, +.-,% *% -

",(1=./8 &,1(!< * (On-Chip Debbuger, OCD), *&,&%/8 #&5+&12$, #&1-< ,= !&",-# * 

+.-,%$.. : %$"-%"(:. N,( +&5:&;.&",= :&;$, >/,=  "#&1=5&+(.( !12 :&! 9 *('   

%$) ",%&+   #(:2, , &>$"#$< +(2 #&1$5./8 :$0(. 5: !12 FI.  

D-4$",+-34 $ #&!0&!/ * FI c  "#&1=5&+(. $: OCD [1–3] &>1(!(3, &!. : &)%(-

. <$. $:: +"$ &.  !12 #%&+$!$. 2 *&:#(.   #&  .S$*'   ">&$+  "#&1=5-3, -#%(+-

1234 8 *&:#=3,$%  1  +.$C. 8 * ,$", %-$:&8 " ",$:$ &,1(!< * "+25(../8 -#%(+-

1234 : *&:#=3,$%&:, ,. $.  .S$*' 2 ">&$+ #%& "0&! ,  5+.$ ,$", %-$:&8 " ",$:/. 

J(..&$ %$C$. $ -"1&;.2$, ,$", %-$:-3 " ",$:-, &)%(. < +($, #%& 5+&! ,$1=.&",= 

*(:#(. 8 #&  .S$*'   ">&$+   .$ #&5+&12$, #%&+&! ,=  .S$*'   + %$(1=.&: +%$:$. . 

V(!(<$8 %(>&,/ 2+12$,"2 %(5%(>&,*( #%&",&8   #%& 5+&! ,$1=.&8 " ",$:/  .S$*-

'   ">&$+, #&5+&1234$8 + %$; :$ %$(1=.&)& +%$:$.  #%&+&! ,= !1 ,$1=./$ (+,&.&:-

./$ &, -#%(+1234$)& *&:#=3,$%( 7*"#$% :$.,/ #& #%&+$%*$ 9-.*' &.(1( ">&$-",&8-

< +&",  : *%&#%&'$""&%&+ , #( «" ",$:( .( *% ",(11$» * &! .&<./: ">&2:, +/#&1-

.2$:/0 " #&:&4=3 :$,&!( +.-,% *% ",(1=.&8 &,1(!* . 

I&",(+1$..(2 5(!(<( !&", )($,"2 5( "<$,  .,$)% %&+(. 2  .9%(",%-*,-%/  .S$*-

' 8 + : *%&#%&'$""&%.-3 " ",$:- , #( «" ",$:( .( *% ",(11$» + *(<$",+$ "#$' (1 -

5 %&+(..&)& IP-core. N,(  .9%(",%-*,-%( "&",& ,  5  .S$*,&%( &! .&<./0 ">&$+, "&-

!$%;(4$)& *&.,%&11$%  .S$*,&%( ">&$+, )$.$%(,&% #1(. %-$:/0 ">&$+   .(*&# ,$1= 

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
=
 6""1$!&+(. $ >/1& +/#&1.$.& #%  #&!!$%;*$ P . ",$%",+( &>%(5&+(. 2   .(-*  F&""   + "&&,+$,",+   " "&)1(-

C$. $: W 14.574.21.0041; -. *(1=./8  !$., 9 *(,&% RFMEFI57414X0041. 
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%$5-1=,(,&+ +&5!$8",+ 2 ">&$+. I%$!",(+1$..(2 .( % ". (%0 ,$*,-%(, %(""< ,(.( + #$%-

+-3 &<$%$!= .( FPGA %$(1 5(' 3. 
 

 
 

F ". R%0 ,$*,-%( " ",$:/  .S$*'   ">&$+ 

 

I%&'$""  .S$*'   ">&$+ +& +.-,%$..33 #(:2,= : *%&#%&'$""&%.&)& 2!%( #%& "-

0&! , "1$!-34 : &>%(5&:. L#%(+1234 8 *&:#=3,$%  . ' (1 5 %-$, +%$:2 .(<(1( 

7*"#$% :$.,( #&  .S$*'   ">&$+ +& +.-,%$..33 #(:2,= : *%&#%&'$""&%.&)& 2!%(. M$-

.$%(,&% #1(. %-$:/0 ">&$+ !12 +.$"$. 2 &! .&<.&)& ">&2 &#%$!$12$, +%$:2, (!%$"   

#&5 ' 3 2<$8*  +.-,%$..$8 #(:2, . J(..&$ !$8",+ $ :&;$, #%& 5+&! ,="2 (+,&:(, -

<$"* , .(#% :$%, #& "1-<(8.&:- %(+.&:$%.&:- 5(*&.-  1  "< ,/+(,="2  5 1 ",( ">&$+, 

#%$!+(% ,$1=.& 5()%-;$..&)& +& +.-,%$..33 #(:2,= FPGA  5 -#%(+1234$)& *&:#=3-

,$%(. O&.,%&11$% ">&$+,  "#&1=5-2  .9&%:(' 3, #&1-<$..-3 &, )$.$%(,&%(, " #&:&-

4=3 OCD 5(.&" , &C >*- + ,%$>-$:/8 > , #& ,%$>-$:&:- (!%$"- +.-,%$..$8 #(:2,  

#-,$:  .+$%, %&+(. 2 $)& "&!$%;(. 2 .( #%&, +&#&1&;.&$. J12 +.$"$. 2 &C >*  

OCD &",(.(+1 +($, : *%&#%&'$""&%.&$ 2!%&, < ,($, ,%$>-$:-3 2<$8*- +.-,%$..$8 

#(:2, ,  .+$%, %-$, ,%$>-$:/8 > ,   &>%(,.& 5(# "/+($, #&1-<$../8 %$5-1=,(,. V(-

,$: *&.,%&11$% ">&$+   OCD, +5( :&!$8",+-34 $ #& +.-,% *% ",(1=.&8 C .$, (.(1&-

) <./: &>%(5&: #%  .(",-#1$.   +%$:$.  &<$%$!.&8  .S$*'  , &#%$!$12$:&: )$.$%(-

,&%&: ">&$+, #&+,&%23, &# "(../$ !$8",+ 2. K"1  #%  +/#&1.$.   #%&'$""&%./: 

2!%&: ,$*-4$8 +/#&1.2$:&8 #%&)%(::/ :$0(. 5: &>.(%-;$. 2    "#%(+1$. 2 &C -

>&* +.-,%$..$8 #(:2,   &>.(%-; +($, ">&8, ,& + 5(+ " :&",  &, %$5-1=,(,( ">&2 #% -

5.(*  %$5-1=,(, +.&",  ">&$+ «">&8 &>.(%-;$.    "#%(+1$.»   «">&8 &>.(%-;$.   .$ 

 "#%(+1$.» "&0%(.23,"2 %$) ",%$ "&",&2. 2 +.-,%$..$8 #(:2, . I(%(11$1=.& *&.-

,%&11$%  .S$*'   ">&$+ &#%(C +($,,  "#&1=5-2 OCD, %$) ",% "&",&2. 2 +.-,%$..$8 

#(:2,  !12 .(0&;!$. 2 9(*,&+ &>.(%-;$. 2 ">&$+. J12 7,&)& &. +/!($, "&&,+$,",-

+-34 $  .",%-*'   OCD, *&,&%/8 < ,($, %$) ",% "&",&2. 2 +.-,% *% ",(1=.&8 #(:2-

,    (.(1 5 %-$, #% 5.(*  %$5-1=,(, +.&",  ">&$+. K"1  #% 5.(*  %$5-1=,(, +.&",  

">&$+ -",(.&+1$./, ,& !(..(2  .9&%:(' 2 5(# "/+($,"2  .S$*,&%&: ">&$+ + .(*&# -
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,$1= %$5-1=,(,&+  .S$*'   ">&$+. I%&'$""  .S$*'   ">&$+ #%&!&1;($,"2 !& ,$0 #&%, 

#&*( .$ 5(*&.< ,"2 1 ", ">&$+, #%$!+(% ,$1=.& 5()%-;$../8 + )$.$%(,&% #1(. %-$:/0 

">&$+,  1  #&*( -#%(+1234 8 *&:#=3,$% #% .-! ,$1=.& .$ &",(.&+ , %(>&,- (+,&:(-

, <$"*&)& )$.$%(,&%( #1(. %-$:/0 ">&$+   ,$: "(:/: #%$*%(, , 7*"#$% :$., #&  .S-

$*'   ">&$+.  

I& &*&.<(. 3 7*"#$% :$.,( %$5-1=,(,/  .S$*'    5 .(*&# ,$12 #$%$!(3,"2 + 

-#%(+1234 8 *&:#=3,$%. K"1   .S$*' 2 #%& 5+&! 1("= (+,&:(, <$"*  " #&:&4=3 

)$.$%(,&%( ">&$+, ,&  .9&%:(' 2 & *&1 <$",+$ +.$"$../0 ">&$+ 5( +%$:2 7*"#$% :$.,( 

,(*;$ #$%$!($,"2  5  .S$*,&%( ">&$+ + -#%(+1234 8 *&:#=3,$%. I&1-<$../8 %$5-1=-

,(,/ &>%(>(,/+(3,"2 + -#%(+1234$: *&:#=3,$%$ !12 &'$.*  799$*, +.&",  :$0(-

. 5:( &>.(%-;$. 2    "#%(+1$. 2 &C >&* +.-,%$..$8 #(:2, . 

I%$!1()($:&$ %$C$. $ 5( "<$,  "#&1=5&+(. 2 )$.$%(,&%( ">&$+  #&5+&12$, #%&+&-

! ,= !1 ,$1=./$ 7*"#$% :$.,/ #&  .S$*'   ">&$+ #%(*, <$"*  13>&)& *&1 <$",+( 

("&,. , ,/"2< , !$"2,*  ,/"2<, "&,.  ,/"2< "&>/, 8). M$.$%(,&% ">&$+ #&5+&12$, %$(-

1 5&+/+(,= .$ ,&1=*& "1-<(8./8 %(+.&:$%./8 5(*&.  .S$*'   ">&$+, .&   13>&8 !%--

)&8, + ,&: < "1$  : , %-34 8 !$)%(!(' 3 ,$", %-$:&8 " ",$:/ + #%&'$""$ $$ 7*"-

#1-(,('   + "+25  " .(*&#1$. $: !&5/ %(! ('   &,  &. 5 %-34$)&  51-<$. 2 *&": -

<$"*&)& #%&",%(.",+(.  

6.S$*,&% ">&$+ 2+12$,"2 "(:&",&2,$1=./: IP-core, .$ +1 234 : .( %(>&,- &"-

,(1=./0 <(",$8 : *%&#%&'$""&%.&8 " ",$:/, #&7,&:- #&"1$ #%&+$!$. 2 +"$0 7*"#$% -

:$.,&+ #& +.$"$. 3 &! .&<./0 ">&$+ +& +.-,%$..33 #(:2,= : *%&#%&'$""&%.&)& 2!-

%(, #&!,+$%! +C 0 -!&+1$,+&% ,$1=.-3 ">&$-",&8< +&",=,  .S$*,&% ">&$+ :&;.& -!(-

1 ,=,   ,(* : &>%(5&: 5(*&.<$..(2 : *%&#%&'$""&%.(2 " ",$:( .$  :$$,  .S$*,&% ">&-

$+ + "+&$: "&",(+$. K"1   .S$*,&% ">&$+ &",(+ ,= + "&",(+$ : *%&#%&'$""&%.&8 " ",$-

:/, ,& &. :&;$,  "#&1=5&+(,="2 !12 ! ().&", %&+(. 2 9-.*' &.(1( ">&$-",&8< +&",  

+ -"1&+ 2 C,(,.&8 7*"#1-(,('   : *%&#%&'$""&%.&8 " ",$:/ + *(<$",+$, .(#% :$%, 

>&%,&+&)& *&:#=3,$%( *&": <$"*&)& (##(%(,(. 

F$(1 5-$:&",=   799$*, +.&",= #%$!1&;$..&)& #&!0&!( >/1  (#%&> %&+(./ .( 

&,*%/,&: #%&'$""&%$ LEON3, !&#&1. ,$1=.& &".(4$../: :$0(. 5:&: ">&$-",&8< -

+&",  .( >(5$ #&:$0&-",&8< +&)& *&!( Q"2&. [4]. B".&+./$ 7*"#$% :$.,(1=./$ %(>&,/ 

>/1  #%&+$!$./ .( #1(,$ #%&'$""&%.&)& :&!-12 [5], %(5%(>&,(..&)& !12 :(1&)& *&": -

<$"*&)& (##(%(, ?(>1$,D(,-R+%&%(. J(..(2 #1(,(  "#&1=5-$, FPGA A3PE3000 *&:#(-

.   MicroSemi [6]. 

N*"#$% :$.,/ #& FI #%&+&! 1 "= " #&:&4=3 (+,&:(, <$"*  )$.$% %-$:&8 "1--

<(8.&8 %(+.&:$%.&8 #&"1$!&+(,$1=.&",   .S$*' 8, ( ,(*;$  .S$*' 8  5 #%$!+(% -

,$1=.& "9&%: %&+(..&)& + -#%(+1234$: *&:#=3,$%$   5()%-;$..&)& +& +.-,%$..33 

#(:2,= FPGA 1 ",( ">&$+ &,!$1=.& !12 9(81&+&)& %$) ",%(   &,!$1=.& !12 *7C-#(:2,  

#%&'$""&%(. I%&+&! :/$ *&:#(.   &)%(. < +(1 "= &>4 : *&1 <$",+&: "&>/, 8 (100, 

500, 1000, 2000) #%  #%$!$1=.&8  .,$." +.&",  ">&$+ 10, 100   >&1$$ "&>/, 8 + : .--

,-. ?(* : &>%(5&:, !12 #&!,+$%;!$. 2 %$(1 5-$:&",    9-.*' &.(1=.&",  #%$!1&-

;$..&)& #&!0&!( >/1& #%&+$!$.& >&1=C&$ *&1 <$",+& 7*"#$% :$.,&+; + ",(,=$ #% +&-

! ,"2 1 C= <(",= %$5-1=,(,&+. 

A ,(>1. 1 #%$!",(+1$./ %$5-1=,(,/  .S$*' 8 + %$) ",%&+/8 9(81 RXL #%&'$""&-

%(. A& +%$:2  "#/,(. 8 #%&'$""&% +/#&1.21 ,$",&+-3 #%&)%(::-, *&,&%(2 + ' *1$ #&-

"1$!&+(,$1=.& &>%(4($,"2 * %$) ",%(: #%&'$""&%( " &#$%(' 2:  <,$. 2/5(# " . V.(<$-

. $ *(;!&)& #%&< ,(..&)& %$) ",%( + ,$",&+&8 #%&)%(::$ !&1;.& >/,= %(+.& 5.(<$-

. 3 #%$!/!-4$)& %$) ",%( #13" 5.(<$. $ 0x11111111. I%  .$"&+#(!$.   %$5-1=,(,&+ 

+/+&! ,"2  .9&%:(' 2 &> &C >*$. 
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?(>1 '( 1  

F$5-1=,(,/  .S$*' 8 + %$) ",%&+/8 9(81  

 

O&1 <$",+&  

 .S$*' 8 

D,(, ", *(  "#%(+1$../0 ">&$+ + %$) ",%&+&: 9(81$ RXL #%&'$""&%( 

1 "&>/, $ + : . 10 "&>/, 8 + : . 100 "&>/, 8 + : . 

100 45 (45 %) 51 (51 %) 58 (58 %) 

500 263 (52,6 %) 279 (55,8 %) 218 (43,6 %) 

1000 581 (58,1 %) 613 (61,3 %) 641 (64,1 %) 

2000 1118 (55,9 %) 1097 (54,8 %) 1358 (67,9 %) 

 

A #%$!",(+1$..&: "1-<($ +"$ &>.(%-;$../$ &! .&<./$ ">&  >/1   "#%(+1$./ 

#%&'$""&%&:. B!.(*& .$ +"$  .S$*'   >/1  &>.(%-;$./. N,& "+25(.& " ,$:, <,& <(",= 

 5 . 0 #% C1("= .( &>1(",  #(:2, , *&,&%/$ .$ "&!$%;(1  (*,-(1=./0 !(../0 .( :&-

:$., +.$"$. 2 ">&2, 1 >& !(../$ >/1  +#&"1$!",+   #$%$5(# "(./ #%&'$""&%&:, #%$-

;!$ <$: &. &>%(4(1"2 * 7, : -<(",*(: " &#$%(' $8 <,$. 2. ?(* : &>%(5&:, %$5-1=,(,/ 

7*"#$% :$.,( 5(+ "2, *(* &, )$.$% %-$:/0 ">&$+, ,(*   &, "#$' 9 *  %(>&,/ ,$", -

%-34$)& #%&)%(::.&)& &>$"#$<$. 2.  

B'$.*( #%& 5+&! ,$1=.&",  %(5%(>&,(..&8 (%0 ,$*,-%/ #%& 5+&! 1("= + "%(+.$-

.   " #&!0&!&:, #%$!",(+1$../: [7], *&)!( #%&+$!$. $  .S$*' 8 #&1.&",=3 &>$"#$< -

+($,"2 #%&)%(::./: &>$"#$<$. $: -#%(+1234$)& *&:#=3,$%(. J12 #%&+$!$. 2  .S$*-

'    "#&1=5&+(1("= &!.(   ,( ;$ *&.9 )-%(' 2 #%&'$""&%( LEON3 " &! .(*&+/: :$-

0(. 5:&: ">&$-",&8< +&",  .( &".&+$ *&!( Q"2&   &! .(*&+/:  -"1&+ 2:  #%&+$!$-

. 2 7*"#$% :$.,&+. 

A%$:$..&8 (.(1 5 #&*(5(1, <,& #%&'$!-%(  .S$*'   ">&2 +& +.-,% *% ",(1=.-3 

#(:2,= #%&'$""&%( "&",(+12$, #&%2!*( 54 ± 7 " ",$:./0 ,(*,&+. I%  " ",$:.&8 <(",&,$ 

+ 25 PM' 5(!$%;*( :&;$, >/,= 2160 ± 280 .". I1(+(34$$ 5.(<$. $ +%$:$..&8 5(!$%;-

*  "+25(.& " &"&>$..&",=3 %(>&,/ +.-,% *% ",(1=.&8 C ./ (+ :&:$., .(<(1( %(>&,/ 

 .S$*,&%( C .( :&;$, >/,= 5(.2,( !%-) : :(",$%&:, +0&!24 : + "&",(+ " ",$:/ .( 

*% ",(11$). B!.(*& :&;.& )(%(., %&+(,=, <,&  .S$*' 2 >-!$, +/#&1.$.( 5( 61 ,(*, %(-

>&,/ #%&'$""&%(, <,& #&5+&12$, ,&<.& #%&).&5 %&+(,= :&:$.,/ +/#&1.$. 2  .S$*'  . 

?(* : &>%(5&:, + "%(+.$.   " #&!0&!&:, #%$!",(+1$../: [7], *&)!( #%&+$!$. $  .S$*-

' 8 #&1.&",=3 &>$"#$< +($,"2 #%&)%(::./: &>$"#$<$. $: -#%(+1234$)& *&:#=3,$-

%(, #%$!1()($:/8 "#&"&>  .S$*'   ">&$+ #&5+&12$, " ,&<.&",=3 !& 280 ." -#%(+12,= 

0&!&: 7*"#$% :$.,( #&  .S$*'   ">&$+. N,& !&", )($,"2 5( "<E, &,"-,",+ 2 5(+ " :&-

",  &, #%&)%(::.&)& &>$"#$<$. 2 -#%(+1234$)& *&:#=3,$%(   .$&>0&! :&",  &>:$-

. +(,="2  .9&%:(' $8 #& +.$C. :  .9&%:(' &../: *(.(1(:, <,& #&5+&12$, *1("" -

9 ' %&+(,= #%$!1()($:/8 "#&"&>  .S$*'   ">&$+ *(* " ",$:- %$(1=.&)& +%$:$. .  

J12 &'$.*   5>/,&<.&",  %("":&,%$..(2 (%0 ,$*,-%( >/1( %$(1 5&+(.( !12 %(5-

.&)& *&1 <$",+( &C >&*   !12 .$"*&1=* 0 FPGA *&:#(. 8 Microsemi   ALTERA. F$-

5-1=,(,/, #%$!",(+1$../$ + ,(>1. 2, #&*(5/+(3,, <,& #%$!1&;$../8 #&!0&! .$ 2+12$,-

"2 %$"-%"&5(,%(,./:. D %&",&: %(5:$%( 1 ",( &C >&* *&1 <$",+& 1&) <$"* 0 >1&*&+, 

.$&>0&! :/0 !12 %$(1 5('   :$,&!(, &",($,"2 #%(*, <$"*  .$ 5:$../:. I&,%$>.&",= 

+& +.-,% *% ",(1=.&8 #(:2,  !12 :.&)&*%(,.&#%&)%(:: %-$:/0   &!.&*%(,.&#%&-

)%(:: %-$:/0 flash- FPGA *&:#(.   Microsemi + #%&'$.,.&: "&&,.&C$.   -+$1 < -

+($,"2 >/",%$$. A #$%+-3 &<$%$!= 7,& "+25(.& " &"&>$..&",2:  !(../0 FPGA. B!.(*& 

#% :$.$. $ + #%$!1&;$..&: :$,&!$ 9-.*'   (+,&:(, <$"*&8 )$.$%('   FI #&5+&12$, 

-:$.=C ,= &>S$: ,%$>-$:&8 +.-,% *% ",(1=.&8 #(:2,  FPGA. B. :&;$, >/,= (+,&:(-

, <$"*  #%& . ' (1 5 %&+(. !12 +.$"$. 2 .&+&8 #&%'    .S$*' 8. ?$: "(:/: 

-:$.=C ,"2 #&,%$>.&",= +  "#&1=5-$:/0 >1&*(0 #(:2, . 
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?(>1 '( 2 

F$5-1=,(,/ " .,$5(  .S$*,&%( &C >&* + FPGA  

 

O&1 <$",+& 

 .S$*' 8 

Microsemi A3PE3000L Microsemi RTAX 1000S ALTERACyclone IV 

X&). 71$:$.,&+ 
Y<$$*  

#(:2,  
X&). 71$:$.,&+

Y<$$*  

#(:2,  
X&). 71$:$.,&+ 

Y<$$*  

#(:2,  

100 1285 (1,7 %) 2 (1,7 %) 301 (1,5 %) 1 (2 %) 370 (<1 %) 2,17 (<1 %)

500 1301 (1,7 %) 3 (2,6 %) 386 (2,1 %) 3 (8 %) 369 (<1 %) 8 (<1 %) 

2000 1337 (1,7 %) 9 (8 %) 448 (2,4 %) 9 (25 %) 379 (<1 %) 34 (<1 %) 

 

?(* : &>%(5&:, + %(>&,$ #%$!",(+1$.( .&+/8 #&!0&! * #%&+$!$. 3  .S$*'   

&! .&<./0 ">&$+ + : *%&#%&'$""&% , #( «" ",$:( .( *% ",(11$». I%$!1()($:&$ %$C$-

. $ "&",& , +  .,$)% %&+(.    .9%(",%-*,-%/ FI + " ",$:- .( *% ",(11$ + *(<$",+$ 

"#$' (1 5 %&+(..&)& IP-core. N,& #&5+&12$, #%&+&! ,= #&1.&",=3 (+,&.&:./$ &, 

-#%(+1234$)& *&:#=3,$%( FI 7*"#$% :$.,/, !12 *&,&%/0 .$ .-;.& &,1(!&<.&$ IB, 

<,& !$1($, #%&'$""  .S$*'   >/",%$$. J(..&$ %$C$. $ #% )&!.& !12 : *%&#%&'$""&%-

./0 " ",$: .( *% ",(11$, - *&,&%/0 +.-,% *% ",(1=./8 &,1(!< *  :$$, "&>",+$../8 

#%2:&8  .,$%9$8" " +.-,% *% ",(1=.&8 C .&8. I& &*&.<(.   &,1(!&<./0 %(>&, IP-

core  .S$*,&%( ">&$+ -!(12$,"2  5 : *%&#%&'$""&%(. 

N*"#$% :$.,(1=./$ %(>&,/ >/1  #%&+$!$./ .( #%&'$""&%$ LEON3. B.   113",-

% %-3, +&5:&;.&",  #&!0&!(: !&1)&+%$:$..&",= #%&+&! :/0 7*"#$% :$.,&+ " 13>/: 

*&1 <$",+&: ">&$+, :(1&$ +%$:2  .S$*'  ,  .S$*, %&+(. $ + %$; :$ %$(1=.&)& +%$:$-

. , .$+/"&* $ 5(,%(,/ %$"-%"&+ ,$", %-$:&8 : *%&#%&'$""&%.&8 " ",$:/. 
 

D# "&* 1 ,$%(,-%/ 
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6=>:29476:==FC  ?4=45   

AE <=6?:BFH  24;6:=4B6I476:==FH  A6A<39   

?4?  J5393=<42=:3 @6A<4<6K3A?:3  /B3=:   

9=:I:E:/676:==:C  24;6:5:?476:==:C  A<4=766 

 

A. 6. O&",/1$+, J. R. U$%$#(.&+, A. A. O %3C* ., K. R. Y4$.*& 
 

%$HI   ! « "#$$"-%"&'()$*+ *,*'#-.+ .-#$. /0"1. 2. 3. 4(,"%5,"6" . 7. 8. 9*6*0.$*» (6.  "0"$#:) 

394064, 6.  "0"$#:, (;. !<*0=> ?";@)#%.,"%, 54 * 

E-mail: dencherep170982@yandex.ru 

 
 !""#$%&'() "%&*+%*&()' $"$,'(($"%- -(.$&#!/-$(($0$ +!(!1! "2*%(-+$3)4 &!5-$(!3-0!/-$(()4 "-"%'# 

2&- &'6'(-- 7!5!8- $,(!&*9'(-: 3$75*6($; /'1- (! $"($3' !(!1-7! 3$7#*<'(-; &!5-$(!3-0!/-$(($0$ 2$1:, ! 

%!+9' 2&$3'5'(! #!%'#!%-8'"+!: #$5'1= "-0(!1! "2*%(-+$3$; &!5-$(!3-0!/-$(($; "-"%'#) >?@ABCC, &!""':(($-

0$ 3$75*6($; /'1=D. 
 

E"' 7!5!8-, &'6!'#)' " 2$#$<=D &!5-$1$+!/-$(()4 "%!(/-; ( ?C), "3$5:%": + 

-7#'&'(-D ('+$%$&)4 4!&!+%'&-"%-+ F1'+%&$#!0(-%($0$ 2$1:, &!""':(($0$ &!5-$1$+!-

/-$(($; /'1=D. E "3:7- " F%-#, " -(.$&#!/-$(($; %$8+- 7&'(-:  ?C /'1'"$$,&!7($ 

&!""#!%&-3!%= +!+ #'%&-8'"+*D "-"%'#*, 51: -""1'5$3!(-: +$%$&$; #$0*% ,)%= F..'+-

%-3($ -"2$1=7$3!() #'%$5) "-"%'#($0$ !(!1-7!. 

G73'"%($, 8%$ "-"%'#(); 2$54$5 2&'52$1!0!'% "$75!(-' !5'+3!%($; #!%'#!%-8'-

"+$; #$5'1- -""1'5*'#$; "-"%'#), $%&!9!D<'; 37!-#$"3:7= "$"%!31:D<-4 'H F1'#'(-

%$3. I&- .$&#-&$3!(-- #!%'#!%-8'"+-4 #$5'1'; -(.$&#!/-$(()4 +!(!1$3 &!5-$%'4-

(-8'"+-4 "-"%'# -"4$5:% -7 "1'5*D<-4 2&'52$1$9'(-; [1, 2]: 

1. E'"= -(.$&#!/-$((); +!(!1 "$"%$-% -7 2$"1'5$3!%'1=($"%- F1'#'(%$3. E 2'&-

3$# 2&-,1-9'(-- "8-%!'%":, 8%$ $,&!%()' "3:7- #'95* F1'#'(%!#- -(.$&#!/-$(($0$ 

+!(!1! $%"*%"%3*D%. 

2. J1: $2-"!(-: 2&'$,&!7*D<-4 "3$;"%3 3"'0$ -(.$&#!/-$(($0$ +!(!1! -"2$1=-

7*'%": .'($#'($1$0-8'"+-; 2&-(/-2, 3 "$$%3'%"%3-- " +$%$&)# +!95); "%&*+%*&(); 

F1'#'(% :31:'%": ('+$%$&)# #($0$2$1D"(-+$# " -73'"%($; "3:7=D 34$5! - 3)4$5!. 

K-"1$ 34$5$3 - 3)4$5$3 #($0$2$1D"(-+! "$$%3'%"%3*'% &!7#'&($"%- 34$5()4 - 3)-

4$5()4 3'+%$&()4 "-0(!1$3. 

3. L!95$#* -7 F1'#'(%$3 -(.$&#!/-$(($0$ +!(!1! 3 3-5' #($0$2$1D"(-+! "%!-

3-%": 3 "$$%3'%"%3-' $2'&!%$& ("%$4!"%-8'"+-; -1- 5'%'&#-(-&$3!(();), 3-5 +$%$&$0$ 

$2&'5'1:'%": (! $"($3!(-- -7*8'(-: .-7-8'"+-4 $"$,'(($"%'; 5!(($0$ F1'#'(%!. 

@"($3)3!:"= (! -71$9'(()4 3)6' 2&'52$1$9'(-:4 2&-#'(-%'1=($ + "1*8!D 

!(!1-7! &!5-$1$+!/-$(($; "%!(/--, -"2$1=7*D<'; "-0(!1) "2*%(-+$3)4 &!5-$(!3--

0!/-$(()4 "-"%'# (C AC), $"($3$; 2$"%&$'(-: #$5'1- 5$19(! "1*9-%= #$5'1= -(-

.$&#!/-$(($0$ +!(!1! "2*%(-+$3)4 &!5-$(!3-0!/-$(()4 "-"%'#, $2-")3!D<!: " 7!-

5!(($; %$8($"%=D 2&$/'"" 2&'$,&!7$3!(-: 4!&!+%'&-"%-+ "-0(!1$3 3 F%$# +!(!1' (! 

2*%- $% "2*%(-+! C AC 5$ *"%&$;"%3! $,&!,$%+- 2&-H#($; 2$7-/--. M!%'#!%-8'"+*D 

#$5'1= -(.$&#!/-$(($0$ +!(!1! C AC #$9($ 2&'5"%!3-%= 3 3-5' "1'5*D<'0$ $2'&!-

%$&($-3'+%$&($0$ *&!3('(-:: 
 

prmRprdiprm ))t(S()t(S ANTA  ! ,    (1) 
 

05' )t(Si  – &!5-$(!3-0!/-$((); "-0(!1, ".$&#-&$3!((); 3 2'&'5!D<'; !22!&!%*&' 

"2*%(-+! C AC; prdA  – $2'&!%$& 2'&'5!D<'0$ %&!+%!, $2-")3!D<-; 2&'$,&!7$3!(-' 

"-0(!1! )t(Si  3 -71*8!'#*D F1'+%&$#!0(-%(*D 3$1(* " %&',*'#$; 2&$"%&!("%3'(($-

3&'#'(($; - 2$1:&-7!/-$(($; "%&*+%*&$;; RT  – $2'&!%$& 2&'$,&!7$3!(-: "-0(!1$3 (! 
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%&!""' «"2*%(-+ C AC – 2&-H#(-+»; N  – 3'+%$&, $2-")3!D<-; "*##!&()' 2$#'4$3)' 

3$75';"%3-:; prmA  – $2'&!%$&, 4!&!+%'&-7*D<-; "3$;"%3! 2&-H#($0$ %&!+%!; )t(S prm  – 

"-0(!1 (! 3)4$5' 2&-H#($0$ %&!+%! (!7'#($; !22!&!%*&) 2$%&',-%'1:. 

E $%1-8-' $% -(.$&#!/-$(()4 +!(!1$3 5&*0-4 &!5-$%'4(-8'"+-4 "-"%'# &!5-$-

1$+!/-$((); +!(!1 $,1!5!'% &:5$# $"$,'(($"%';, +$%$&)' ('$,4$5-#$ *8-%)3!%= 2&- 

"$75!(-- '0$ #!%'#!%-8'"+$; #$5'1-. @5($; -7 (-4 :31:'%": 2&$%'+!(-' 3 (H# 53*4 

3-5$3 2&$/'""$3: 3&'#'(()4, 2$5 +$%$&)#- 2$5&!7*#'3!'%": .$&#-&$3!(-', 2'&'5!8!, 

2&-H# - $,&!,$%+! "-0(!1$3 3 2&-H#($# - 2'&'5!D<'# %&!+%' "$$%3'%"%3'(($, ! %!+9' 

2&$"%&!("%3'(($-3&'#'(()4, 7!+1D8!D<-4": 3$ 37!-#$5';"%3-- F1'+%&$#!0(-%($0$ 

2$1: 2!5!D<'0$ -71*8'(-: " 3$75*6($; &!5-$1$+!/-$(($; /'1=D " 2$"1'5*D<-# $,-

&!7$3!(-'# F1'+%&$#!0(-%($0$ 2$1: &!""':(-:. J&*0!: 4!&!+%'&(!: $"$,'(($"%= &!-

5-$1$+!/-$(($0$ +!(!1! 7!+1D8!'%": 3 "1$9($; #($0$2!&!#'%&-8'"+$; "%&*+%*&' &!"-

2&$"%&!(:D<-4": 3 (H# 2&$"%&!("%3'(($-3&'#'(()4 2$1';, +$%$&)' 4!&!+%'&-7*D%": 

!#21-%*5$;, .!7$; - 2$1:&-7!/-';. J!(($' $,"%$:%'1="%3$ $,*"1!31-3!'% ('$,4$5--

#$"%= #($0$#'&($; $,&!,$%+- 2&-(-#!'#)4 "-0(!1$3. 

I&-#'(-%'1=($ + 7!5!8' $,(!&*9'(-: 3$75*6()4 /'1'; -(.$&#!/-$((); +!(!1 

C AC ,*5'% 2&'$,&!7$3!( + 3-5*, 2&'5"%!31'(($#* (! &-". 1. C *8H%$# 33'5H(()4 3 

"4'#* ($3)4 "%&*+%*&()4 ,1$+$3 7!2-6'# .$&#*1* (1) "1'5*D<-# $,&!7$# 
 

))C()t(S()t(S CPSCRprdiprmprm NTTTAA   ! ,   (2) 
 

05' SCT  – $2'&!%$& 2&'$,&!7$3!(-: "-0(!1! (! %&!""' «"2*%(-+ C AC-/'1=»; CPT  – 

$2'&!%$& 2&'$,&!7$3!(-: "-0(!1! (! %&!""' «/'1=-2&-H#(!: 2$7-/-:»; C  – $2'&!%$& 

2&'$,&!7$3!(-: "-0(!1! 2&- &!""':(-- (! 3$75*6($; /'1-. 
 

 
 

 -". 1. N$&#!1-7$3!((!: "4'#! #$5'1- &!5-$1$+!/-$(($0$ +!(!1! ,-"%!%-8'"+$; "-"%'#),  

-"2$1=7*D<'; "-0(!1) C AC 

 

@"($3)3!:"= (! 3)6'-71$9'(()4 2$1$9'(-:4, &!""#$%&-# 2&$/'"" &!"2&$"%&!-

('(-: "-0(!1! C AC 51: "-"%'#), 2&'5"%!31'(($; (! &-". 2, "$"%$:<'; -7 $5($0$ (!-

3-0!/-$(($0$ "2*%(-+! )z,y,x(S iii , 3$75*6($; /'1- )z,y,T(x ttt  - (!7'#($0$ 2&-H#(-+! 

)z,y,R(x 000 . I&- F%$# ,*5'# 2&'52$1!0!%=, 8%$ 3$75*6(!: /'1= 53-9'%": 3 7$(' 5';"%-
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3-: "-"%'#) 2&:#$1-(';($ - &!3($#'&($ "$ "+$&$"%=D V , %&!'+%$&-: 2'&2'(5-+*1:&-

(! 1-(-- ,!7), 8%$ "$$%3'%"%3*'% F%!2* #!&6&*%($0$ 2$1H%! 3$75*6($0$ "*5(!, ! 7$(! 

5';"%3-: "-"%'#) $0&!(-8'(! 5-!2!7$($# ,-"%!%-8'"+-4 *01$3, 3 2&'5'1!4 +$%$&$0$ 

(!,1D5!'%": %'('3$; F..'+% "" ## 130180 $ [3, 7, 8]. 

 

   -". 2. >'$#'%&-: ,-"%!%-8'"+$; "-"%'#) 
 

@"($3)3!:"= (! 2&-(/-2' O!,-(' - -"2$1=7*: #'%$5 L-&40$.! #$9($ 2$+!7!%= 

[4], 8%$ "-0(!1 )(tS R , .$&#-&*'#); 2&-H#($; !(%'(($; -7 2!5!D<'0$ (! ('H F1'+%&$-

#!0(-%($0$ 2$1:, ,*5'% 2&'5"%!31:%= "$,$; !55-%-3(*D "#'"= "-0(!1! 2&:#$0$ &!"-

2&$"%&!('(-: )(tS , "-0(!1!, &!""':(($0$ 3$75*6($; /'1=D )(tSSh  - 2$#'4- n(t) . 
 

   %!  ! )ttcos()t(AGn(t))t(S)t(S)t(S 'ABShR 00 &''(  

n(t))ttcos()t(GA Sh'ShShABSh    % 00 &''( ,       (3) 
 

05' 0&'( ,,,A '  – !#21-%*5!, 7!5'&9+!, 8!"%$%! J$21'&! - (!8!1=(!: .!7! (!3-0!/-$(($-

0$ "-0(!1! 2&:#$0$ &!"2&$"%&!('(-:; ShA , Sh( , 'Sh' , Sh0&  – !#21-%*5!, 7!5'&9+!, 5$21'-

&$3"+$' "#'<'(-' 8!"%$%), (!8!1=(!: .!7! "-0(!1! &!""':(($0$ /'1=D. 

@8'3-5($, 8%$ 3 +$(%'+"%' 5!(($; &!,$%) (!" ,*5'% -(%'&'"$3!%= 3 2'&3*D $8'-

&'5= "-0(!1 LCA, &!""':((); /'1=D 3 (!2&!31'(-- 2&-H#($; 2$7-/--, ! (!3-0!/-$(-

(); "-0(!1 2&:#$0$ &!"2&$"%&!('(-: 33-5* "2'/-.-+- "-(%'7-&*'#$0$ !10$&-%#!, $2-

&'5'1:'#$; 5$2*<'(-:#- - $0&!(-8'(-:#-, ,*5'% 3)"%*2!%= 3 +!8'"%3' 2$#'4$3$0$ 

3$75';"%3-:. 

E "3:7- " F%-# 2&$!(!1-7-&*'# "-0(!1 (!3-0!/-$(($0$ "2*%(-+! )t(SSh , &!""':(-

($0$ 3$75*6($; /'1=D 3 (!2&!31'(-- (!7'#($0$ 2&-H#(-+!. L!+ 2$+!7!($ 3 [5, 6] !#-

21-%*5! (!2&:9'(-: &!""':(($0$ /'1=D "-0(!1! ShA  (! "$01!"$3!(($; (!0&*7+' (! 

34$5' 2&-'#(-+! ,*5'% 2&$2$&/-$(!1=(! +3!5&!%($#* +$&(D #$<($"%- 2&-(-#!'#$0$ 

"-0(!1! RP : 
 

      $)eRSh kPA !* ,     (4) 
 

05' RP  – #$<($"%= &!""':(($0$ "-0(!1! (! "$01!"$3!(($; (!0&*7+' (! 34$5' 2&-'#(--

+!; $)  – ,-"%!%-8'"+!: F..'+%-3(!: 21$<!5= &!""':(-: /'1- (OPI ), 

22223

2

223

2 1
03590

1

44 TRSTTRST
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DD)(

GGP

DD)(

GGP
k !!!
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,

+

, ; SP  – #$<($"%= -71*8'(-: 2'&'5!%8--

+! "2*%(-+! LCA; SG  – +$F..-/-'(% (!2&!31'(($0$ 5';"%3-: 2'&'5!D<'; !(%'((); 
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RG  – +$F..-/-'(% (!2&!31'(($0$ 5';"%3-: 2&-H#($; !(%'((); ,  – 51-(! 3$1() ('-

"*<'; "-0(!1! LCA.  

E3-5* %$0$, 8%$ 3'1-8-() 3 8-"1-%'1' 7!5!() - .-+"-&$3!(), %$ #$9($ "8-%!%=, 

8%$ 3 +!95); #$#'(% 3&'#'(- 7(!8'(-' !#21-%*5) &!""':(($0$ 3$75*6($; /'1=D "-0-

(!1! LCA ,*5'% $2&'5'1:%=": 5!1=($"%:#- «"2*%(-+ LCA – 3$75*6(!: /'1=» - «3$7-

5*6(!: /'1= – 2&-H#(!: 2$7-/-:», ! %!+9' 3'1-8-($; ,-"%!%-8'"+$; PI  51: %'+*<'-

0$ &!+*&"! /'1-. Q!5'&9+! &!""':(($0$ "-0(!1! 51: ,-"%!%-8'"+$; "-"%'#) &!3(! $%-

($6'(-D "*##) 5!1=($"%'; STD  - TRD  + "+$&$"%- &!"2&$"%&!('(-: F1'+%&$#!0(-%($0$ 

+$1',!(-: 3 3!+**#'. @(! ('"*<'"%3'(($ 7!3-"-% $% 3)"$%) 2$1H%! /'1-, %!+ +!+ $%1--

8-: 7(!8'(-; (!,1D5!D%": 3 2:%$#-6'"%$# 7(!+' 2$"1' 7!2:%$;, - 8%$ 5$"%!%$8($ $8'-

3-5($, $2&'5'1:'%": ,-"%!%-8'"+-# *01$#, ! "$$%3'%"%3'(($ - 1-(';()# *5!1'(-'# $% 

1-(-- ,!7) "-"%'#). J$21'&$3"+-; "53-0 8!"%$%) ('"*<'0$ +$1',!(-: 'Shf  2&- 53--

9'(-- /'1- + 1-(-- ,!7) &!""#!%&-3!'#$; "-"%'#) ,*5'% $2&'5'1:%= 7(!8'(-'# &!5--

!1=($; "$"%!31:D<'; 3'+%$&! rV  2$1($; $%($"-%'1=($; "+$&$"%- 53-9'(-: 3$75*6-

($; /'1- W - 51: "1*8!: ,-"%!%-8'"+$; "-"%'#) #$9'% ,)%= 2&'5"%!31'( 3 3-5': 
 

,

-$-

,,

))-cos(-W(cos

dt

)DD(d

dt

dD
f TTTRST

dSh !
 

!! . 11 .      (5) 

 

05' W – 3'+%$& 2$1($; $%($"-%'1=($; "+$&$"%- 53-9'(-: 3$75*6($; /'1-; T-  – *0$1 

#'"%! /'1-; $  – ,-"%!%-8'"+-; *0$1. 

C *8H%$# 2&-3'5H(()4 3)6' 3)&!9'(-; "-0(!1 C AC, &!""':((); 3$75*6($; 

/'1=D 3 (!2&!31'(-- 2&-H#($; 2$7-/-- #$9($ 2&'5"%!3-%= 3 3-5': 
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DD
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)
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'
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?

 
% 

 
 -". 3. R'('3$; "-0(!1: * – 2$1*8'((); 3 &!,$%'; ? – "#$5'1-&$3!((); -7 [8]; 

% – 2$1*8'((); F+"2'&-#'(%!1=($ -7 [8]
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E "$$%3'%"%3-- " 3)&!9'(-'# (10) 3 &!,$%' 2&$3'5'($ #$5'1-&$3!(-' %'('3)4 

"-0(!1$3 51: "!#$1H%$3 F-117, B-2, F-35. S!&!+%'& -7#'('(-: &!""':(($0$ "-0(!1! 

C AC 3$ 3&'#'(- "$$%3'%"%3*'% 2$1*8'(()# 51: 5&*0-4 %-2$3 /'1';, &!+*&"$3 - 51-( 

3$1(, 2&'5"%!31'(()4 3 &!,$%!4 [7, 8]. >&!.-8'"+$' 2&'5"%!31'(-' "-0(!1! C AC, &!"-

"':(($0$ 3$75*6($; /'1=D, 2$1*8'(($' 3 &!,$%' - 0&!.-+- "#$5'1-&$3!(($0$ - F+"2'-

&-#'(%!1=($0$ "-0(!1$3 -7 [8], 2$+!7!() (! &-". 3, *, ? - % "$$%3'%"%3'(($. 

B(!1-7 2$1*8'(()4 &'7*1=%!%$3 2$+!7)3!'% (!1-8-' 3 %'('3$# "-0(!1' #'51'(($ 

#'(:D<';": $0-,!D<';, $2&'5'1:'#$; .$&#$; "-1*F%! /'1-. R!+9' (!,1D5!'%": 8!"-

%$%(!: #$5*1:/-: .!7$#!(-2*1-&$3!(($0$ "-0(!1! C AC (! ('"*<'; 8!"%$%' 3 &'7*1=-

%!%' 53-9'(-: /'1-, $,*"1$31'((!: -7#'('(-'# .!7) %&!'+%$&($0$ "-0(!1!. I&$3'5H(-

(!: -(%'&2$1:/-: #'51'(($ #'(:D<';": "$"%!31:D<'; 2$73$1-1! 3):3-%= $,<*D 7!-

+$($#'&($"%= -7#'('(-:, $2-")3!'#*D 7!+$($# xx) sin(  51: 3"'4 %-2$3 %'"%$3)4 /'-

1';. @%1-8-: 3 $0-,!D<'; 51: &!71-8()4 /'1'; 2&$:31:D%": 3 *&$3(:4 01!3($0$ - ,$-

+$3)4 1'2'"%+$3, ! %!+9' 3 6-&-(' 01!3($0$ 1'2'"%+!. L&$#' %$0$, (!,1D5!'%": "*<'-

"%3'(($' *3'1-8'(-' !#21-%*5) &!""':(($0$ "-0(!1! 2&- 2&-,1-9'(-- + 1-(-- ,!7) 

"-"%'#), 8%$ "$$%3'%"%3*'% %'$&-- - $,T:"(:'%": 3$7&!"%!(-'# OPI  3"1'5"%3-' 31-:-

(-: 2&$"3'%($0$ F..'+%!. @5(!+$ "&!3(-%'1=(); !(!1-7 &'7*1=%!%$3, 2$1*8'(()4 3 

&!,$%' - 2&'5"%!31'(()4 3 [7, 8] 2$+!7)3!'%, 8%$ 5!((!: 7!+$($#'&($"%= 2$73$1:'% !2-

2&$+"-#-&$3!%= %$1=+$ &!""':(()' "-0(!1) C AC 2&- $"'"-##'%&-8()4 (2'&'5(::, 

7!5(::, 3'&4(:: - (-9(:: 2$1*".'&)) &!+*&"!4 $,1*8'(-: 3$75*6()4 /'1';. 

 
C2-"$+ 1-%'&!%*&) 

 

1.  !5-$1$+!/-$(()' 4!&!+%'&-"%-+- 1'%!%'1=()4 !22!&!%$3 / I$5 &'5. ?. R. R*8+$3!. – M.:  !5-$ 

- "3:7=, 1985. – 236 ". 

2. M-551%$( J. M($0$#'&($' $,(!&*9'(-' - 3)5'1'(-' "-0(!1$3 3 "1*8!;()4 "&'5!4 // RGGP . – 

1970. – R. 58. – U 5. – C. 100–111. 

3. K'&(:+ E. C. M($0$2$7-/-$((!: 1$+!/-:. – M.:  !5-$ - "3:7=, 1993. – 416 ". 

4. L$"%)1'3 E. G., I$1$7$3! @. E., Q3:0-( J. E. B(!1-7 #$5'1- %'('3$0$ "-0(!1! // E'"%(-+ 

E$&$('9"+$0$ -("%-%*%! MEJ  $""--. – 2008. – U 4. – C. 64–73. 

5. O!+*1'3 I. B.  !5-$1$+!/-$(()' "-"%'#): *8',(-+ 51: 3*7$3. – M.:  !5-$%'4(-+!, 2004. – 320 ". 

6. R'$&'%-8'"+-' $"($3) &!5-$1$+!/--: *8',. 2$"$,-' 51: 3*7$3 / I$5 &'5. V. J. W-&#!(!. – M.: 

C$3'%"+$' &!5-$, 1970. – 560 ". 

7. O1:4#!( B. O.,  *($3! G. B. O-"%!%-8'"+!: F..'+%-3(!: 21$<!5= &!""':(-: - $,(!&*9'(-: 

$,T'+%$3 2&- &!5-$1$+!/-- (! 2&$"3'% //  !5-$%'4(-+! - F1'+%&$(-+!. – 2001. – R. 46. – U 4. – C. 424–

432. 

8. K!2*&"+-; E. E. C-(%'7-&$3!((!: %'('3!: &!5-$0$1$0&!.-: 3 ,-"%!%-8'"+$; &!5-$1$+!/-- // 

 !5-$%'4(-+!. – 2009. – U 3. – C. 52–69. 
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 !" "#  "$%&'()&*((  +'"%" ,&'*("''"%"  -" ,.!&   

/   !.,'(0"/"1   ( ,2+2   /3)( 

 

B. E. K'&($*"$3
1
, B. E. L*7$3(-+$3

1
, E. >. C$#$3

2
 ((!*8(); &*+$3$5-%'1=) 

 
18C «D$1"0-*E."$$=# 5/(<$.,"%=# 5.5<#-=» .-#$. *,*'#-.,* F. G. H#)#<$I%*» 

662972, 6. 4#;#&$"6"05, B0*5$"+05,"6" ,0*+, (;. J#$.$*, 52 

e-mail: chernousovalexey@gmail.com 
2D$5<.<(< .$1"0-*<.,. . <#;#,"--($.,*E.K !.?98L 

660014, B0*5$"+05,.K ,0*K, 6. B0*5$"+05,, /0. .-. 6*&#<= «B0*5$"+05,.K 0*?"M.K», 31 

 
I&'51$9'( "2$"$, $&0!(-7!/-- #($0$"%!(/-$(($0$ 5$"%*2! 3 "2*%(-+$3$; "-"%'#' "3:7- 2&- 2&-#'('(-- 

3';31'%-#$5*1-&$3!(($0$ 6-&$+$2$1$"($0$ "-0(!1!. I&$3'5'(! $/'(+! F..'+%-3($"%- &'!1-7!/-- "-"%'#) "3:7- " 

#($9'"%3'(()# 5$"%*2$# " 3&'#'(()# (TDMA) - +$5$3)# (CDMA) &!75'1'(-'# "-0(!1$3. B(!1-7-&*'%": 3$7#$9-

($"%= "$3#'"%($0$ 2&-#'('(-: TDMA - CDMA #'%$5$3. 

 

J1: $&0!(-7!/-- #($0$"%!(/-$(($0$ 5$"%*2! 3 "2*%(-+$3$; "-"%'#' "3:7- ,)1 

&!7&!,$%!( "2$"$, .$&#-&$3!(-: "-0(!1! (! $"($3' 3';31'%-.*(+/-;. J!((); "2$"$, 

[1] 2$73$1:'% *3'1-8-%= 2$#'4$*"%$;8-3$"%= -(.$&#!/-$(($0$ "-0(!1! - '0$ -#-%$-

"%$;+$"%=. J1: $/'(+- F..'+%-3($"%- 2&-#'('(-: 3';31'%-#$5*1-&$3!(()4 6-&$+$-

2$1$"()4 "-0(!1$3 2&- &'!1-7!/-- #($0$"%!(/-$(($0$ 5$"%*2! 3 "2*%(-+$3$; "-"%'#' 

"3:7- ,)1- 7!5!() "1'5*D<-' -"4$5()' 5!(()' + .$&#-&*'#$#* "-0(!1*: 

1. C+$&$"%= 2'&'5!8- -(.$&#!/-$(($0$ "-#3$1! V = 9,6 +,-%/". 

2. J1-(! ICI >$15! N = 31. 

3. I!&!#'%&) 3';31'%-.*(+/-- W'(($(! bF  = 1, cF = 1,5.  

A! $"($3!(-- -"4$5()4 5!(()4 - $2-"!(($0$ 3 "%!%=' [1] "2$"$,! .$&#-&$3!(-: 

3';31'%-#$5*1-&$3!(($0$ 6-&$+$2$1$"($0$ "-0(!1! ,)1$ 2&$3'5'($ #$5'1-&$3!(-', 3 

&'7*1=%!%' +$%$&$0$ ,)1 2$1*8'( "-0(!1 " 4!&!+%'&-"%-+!#-, 2&'5"%!31'() (-9' 

(%!,1. 1). 

 
R!,1-/! 1 

S!&!+%'&-"%-+- 3';31'%-#$5*1-&$3!(($0$ 6-&$+$2$1$"($0$ "-0(!1! 

 

I!&!#'%&) Q(!8'(-' 

R!+%$3!: 8!"%$%!, M>/ 0,298 

W-&-(! 2$1$"), M>/ 23,4 

@%($"-%'1=(!: 2$#'4$7!<-<'(($"%=, 5O 25,76 

 

@5-( -7 $"($3()4 3$2&$"$3 2$"%&$'(-: %'1'+$##*(-+!/-$(()4 "'%'; – 2$3)6'-

(-' F..'+%-3($"%- -"2$1=7$3!(-: &'"*&"! "3:7-, %. '. $2%-#-7!/-: -"2$1=7$3!(-: %!-

+-4 &'"*&"$3 +!+ 3&'#:/8!"%$%! #'95* !,$('(%!#-. C*<'"%3*'% ('"+$1=+$ #'%$5$3 

#*1=%-21'+"-&$3!(-: +!(!1$3. L (-# $%($":%": [2]:  

1. K!"%$%($' &!75'1'(-' +!(!1$3 (FDMA). 

2. M'%$5 #($9'"%3'(($0$ 5$"%*2! " &!75'1'(-'# +!(!1$3 2$ 3&'#'(- (TDMA). 

3. M'%$5$# #($9'"%3'(($0$ 5$"%*2! " +$5$3)# &!75'1'(-'# +!(!1$3 (CDMA). 

C %$8+- 7&'(-: F..'+%-3($"%- -"2$1=7$3!(-: &'"*&"! "3:7- [2] (!-,$1=6-; -(-

%'&'" 2&'5"%!31:D% "2$"$,) TDMA - CDMA. B10$&-%# $&0!(-7!/-- "3:7- " 2&-#'('-

(-'# 5!(()4 "2$"$,$3 2$5&$,($ $2-"!( 3 [3].  

O)1- &!""8-%!() $"($3()' 2$+!7!%'1- F..'+%-3($"%- $&0!(-7!/-- "2*%(-+$3$; 

"-"%'#) "3:7- " CDMA, TDMA 2&- -"2$1=7$3!(-- 3';31'%-#$5*1-&$3!(($0$ 6-&$+$-

2$1$"($0$ "-0(!1!. L %!+-# 2$+!7!%'1:# $%($":%"::  

- "*##!&(!: "+$&$"%= 2'&'5!8- 5!(()4; 
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- "&'5('' 3&'#: $9-5!(-:; 

- 8-"1$ $5($3&'#'(($ &!,$%!D<-4 "%!(/-;. 

J1: "2*%(-+$3$; "-"%'#) "3:7- " TDMA &'7*1=%!%) &!"8'%$3 2&-3'5'() (-9' 

(%!,1. 2).  

 
R!,1-/! 2 

 !"8'% 2!&!#'%&$3 "'%- " #($0$"%!(/-$(()# 5$"%*2$# " 3&'#'(()# &!75'1'(-'# +!(!1$3 

 

C+$&$"%=  

2'&'5!8- 5!(()4 

(51: +!95$0$ 

2$1=7$3!%'1:) 

(L,-%/") 

J1-%'1=($"%= 

/-+1! 

("'+) 

P..'+-

%-3($"%= 

(%) 

C&'5('' 

3&'#: 

$9-5!(-: 

("'+) 

K-"1$ 

,-% 3 

/-+1' 

K-"1$  

"%!(/-; 

(2&- 7!5!(-

($; F..'+-

%-3($"%-) 

C*##!&(!: 

"+$&$"%=  

2'&'5!8-  

-(.$&#!/-- 

(>,-%/") 

307.2 

0,0017 

90 

0,0009 512 79 0,024 

0,0034 0,0017 1024 113 0,034 

0,0068 0,0034 2048 162 0,049 

0,0136 0,0068 4096 230 0,069 

0,0272 0,0136 8192 327 0,098 

0,0544 0,0272 16384 463 0,139 

 

I&- 2&$3'5'(-- &!"8'%$3 ,)1- "5'1!() "1'5*D<-' 5$2*<'(-: - 2&'52$1$9'-

(-::  

- M!+"-#!1=(!: F..'+%-3($"%= 51: 3"'4 7'#()4 "%!(/-;, 2$1($"%=D 7!(-#!D-

<-4 /-+1, &!3(! 90 %. 

- C+$&$"%= 2'&'5!8- 5!(()4 (51: +!95$0$ 2$1=7$3!%'1:) &!3(! 307,2 L,-%/". 

J1: (!01:5($"%- (-9' (&-". 1, *, ?) $%$,&!9'(! 7!3-"-#$"%= 2$1*8'(()4 2!&!-

#'%&$3 $% 51-%'1=($"%- /-+1! NE.  

 

 
* ? 

 

 -". 1. Q!3-"-#$"%= $"($3()4 2!&!#'%&$3 "-"%'#) "3:7- " #($0$"%!(/-$(()# 5$"%*2$#  

" 3&'#'(()# &!75'1'(-'# +!(!1$3 

 

@/'(+! F..'+%-3($"%- 2&-#'('(-: #($0$"%!(/-$(($0$ 5$"%*2! " +$5$3)# &!7-

5'1'(-'# "-0(!1$3 (CDMA) [3] 2&$3$5-1!"= 2$ !(!1$0-- " $/'(+$; 51: TDMA.  

A-9' (%!,1. 3) 2&'5"%!31'( "&!3(-%'1=(); !(!1-7 &'!1-7!/-- "2*%(-+$3$; "-"-

%'#) "3:7- " TDMA - CDMA.  

R!+ +!+ 51: .$&#-&$3!(-: "-0(!1! 3 2&'51$9'(($; "-"%'#' "3:7- -"2$1=7*'%": 

"$8'%!(-' 2"'35$"1*8!;($; 2$"1'5$3!%'1=($"%- - #$5*1:/-- 3';31'%-.*(+/-';, %$ 

51: *3'1-8'(-: F..'+%-3($"%- -"2$1=7$3!(-: +!(!1! "3:7- 2&'51$9'( "2$"$, "$3#'-

"%($0$ 2&-#'('(-: #'%$5$3 3&'#'(($0$ - +$5$3$0$ &!75'1'(-: +!(!1$3. I&- F%$# -"-

2$1=7$3!(-' &'"*&"! "3:7- ,*5'% 2&$-"4$5-%= "$01!"($ &-"*(+* (-9' (&-". 2).  
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R!,1-/! 3 

C&!3(-%'1=(); !(!1-7 TDMA - CDMA 

 

I!&!#'%& TDMA CDMA 

K-"1$ $5($3&'#'(($ &!,$-

%!D<-4 "%!(/-; 

@% 79 33 

C&'5('' 3&'#: $9-5!(-: T/2 T 

L$(.-5'(/-!1=($"%= A' $,'"2'8-3!'%": @,'"2'8-3!'%": 

>-,+$"%= A'$,4$5-#$"%= "-(4&$(-7!/-- 

$5($3&'#'(($ 2'&'5!D<-4 *"%-

&$;"%3 

A'$,4$5-#$"%= "-(4&$(-7!/-- 

$5($3&'#'(($ 2'&'5!D<-4 *"%-

&$;"%3 $%"*%"%3*'%  

 

 
 

 -". 2. G"2$1=7$3!(-' &'"*&"! "3:7- 2&- "$3#'"%($# 2&-#'('(-- CDMA - TDMA 

 

I&'51$9'(($' "$8'%!(-' CDMA - TDMA $,1!5!'% &:5$# 5$"%$-("%3. C&'5- (-4:  

- X3'1-8'(-' F..'+%-3($"%- -"2$1=7$3!(-: &'"*&"! "3:7-. 

- @%"*%"%3-' ('$,4$5-#$"%- 5$2$1(-%'1=($; "-(4&$(-7!/--. 

@5(!+$ "$3#'"%($' 2&-#'('(-' TDMA - CDMA #'%$5$3 7(!8-%'1=($ *"1$9(:'% 

"-"%'#* "3:7-. 

A! $"($3' 3)6'"+!7!(($0$, #$9($ "5'1!%= 3)3$5, 8%$ +!95); -7 &!""#$%&'(()4 

#'%$5$3 $&0!(-7!/-- #($0$"%!(/-$(($0$ 5$"%*2! (TDMA, CDMA, TDMA+CDMA) 3 

"-"%'#!4 "3:7-, $"($3!(()4 (! 3';31'%-#$5*1-&$3!(($# 6-&$+$2$1$"($# "-0(!1', $,-

1!5!'% "3$-#- 5$"%$-("%3!#- - ('5$"%!%+!#-.  '6'(-' ('$,4$5-#$"%- 2&-#'('(-- 

%$0$ -1- -($0$ #'%$5! 7!3-"-% $% +$(.-0*&!/-- "-"%'#) - 2&-(-#!'%": (! F%!2' '' 

2&$'+%-&$3!(-:. 

 
C2-"$+ 1-%'&!%*&)  

 

1. K'&($*"$3 B. E., L*7$3(-+$3 B. E., C$#$3 E. >. G""1'5$3!(-' 3$75';"%3-: 2$#'4 (! 6-&$+$-

2$1$"()' "-0(!1) //  !5-$%'4(-+!. – 2013. – U 6. – C. 85–88. 

2. L!#('3 E. Y., K'&+!"$3 E. E., K'8-( >. E. C2*%(-+$3)' "'%- "3:7-: *8',. 2$"$,-'. – M.: «B1=-

2-(! I!,1-6'&», 2004. – 536 ". 

3. I&$+-" J. Z-.&$3!: "3:7= / 2'&. " !(01. ; 2$5 &'5. J. J. L1$3"+$0$. – M.:  !5-$ - "3:7=, 2000. – 

800 ".  
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0"'*2!,.&45'&3   ,$.0,.$&  #"$,"/"%"  0"+!420 &   

.!$&/42'(3   /2$6+&4"%"  0" +(72 0"%"  &!!&$&,&   

,(!&   ( ,2+&  '&  0$( ,&442/
 

 

E. S. S!($3, C. B. K'+#!&H3, B. E. W!4#!%$3 
 

D$5<.<(< .$1"0-*<.,. . <#;#,"--($.,*E.K !.?98L 
660014, H"55.+, 6. B0*5$"+05,, /0. .-. 6*&#<= «B0*5$"+05,.K 0*?"M.K», 31 

E-mail: khvkh@mail.ru 
 

 !,$%! 2&'5"%!31:'% +$(/'2%*!1=(*D "%&*+%*&* ,$&%$3$0$ +$#21'+"! *2&!31'(-: #!1)# +$"#-8'"+-# !22!-
&!%$# +1!""! CubeSat. C%&*+%*&! "$5'&9-% 53' "3:7!(()' -(%'&.';"$# SpaceWire 8!"%-: /-.&$3*D - !(!1$0$3*D, 
&!7&!,$%!(()' (! /-.&$3)4 - !(!1$0$-/-.&$3)4 2&$0&!##-&*'#)4 1$0-8'"+-4 -(%'0&!1=()4 "4'#!4. I&'51!0!'-
#$' &'6'(-' $%1-8!'%": 3)"$+$; -(%'0&!/-'; &!71-8()4 +$#2$('(% (! $5($; 2'8!%($; 21!%': ,$&%$3$0$ +$#2=D%'-
&!, "'%'3$0$ #!&6&*%-7!%$&!, /-.&$3$; - !(!1$0$3)4 "-"%'# ",$&! 5!(()4, +$(%&$11'&! "-"%'#) F1'+%&$2-%!(-:. 
P%$ 2$73$1:'% 4!&!+%'&-"%-+!# ,$&%$3$0$ +$#21'+"! *2&!31'(-: "$$%3'%"%3$3!%= %&',*'#)# #!""$-0!,!&-%()# - 
F('&0'%-8'"+-# 2!&!#'%&) "3'&4#!1$0$ +$"#-8'"+$0$ !22!&!%!. 

 

L$(/'2%*!1=(!: "%&*+%*&! $2&'5'1:'% $"($3()' !22!&!%()' ,1$+- ,$&%$3$0$ 
+$#21'+"! *2&!31'(-: %-2! "-"%'#! (! +&-"%!11' (OLX-C(L) - "2$"$,) -4 -(.$&#!-
/-$(($-1$0-8'"+$0$ 37!-#$5';"%3-:. C%&*+%*&! OLX-C(L "$5'&9-% !22!&!%()' 2$5-
"-"%'#) - *"%&$;"%3!, &!"2$1$9'(()' (! 2'8!%($; 21!%', ! %!+9' 3 2&$0&!##-&*'#)4 
1$0-8'"+-4 "4'#!4 (I?GC) %-2! flash-FPGA A3PE3000 - AFS1000 (&-". 1). A3PE3000 – 
/-.&$3!:, ! AFS1000 – !(!1$0$-/-.&$3!: I?GC) +$#2!(-- Microsemi. 

FPGA A3PE3000 :31:'%": $"($3$; 51: 2$"%&$'(-: C(L. @"($3* C(L "$"%!31:D% 
IP-,1$+- -7 $%+&)%$; ,-,1-$%'+- GRLIB +$#2!(-- Aeroflex Gaisler [1]. G7 "$"%!3! F%$; 
,-,1-$%'+- -"2$1=7*D%": ,1$+-: 2&$/'""$&! LEON3, +$(%&$11'&! 2!#:%- Controller 
Memory, 3(*%&-"4'#($0$ $%1!58-+! DSU (Debug Support Unit), 3(*%&-"-"%'#($; 6-() 
AMBA - 3('6(-4 /-.&$3)4 -(%'&.';"$3.  

I&$/'""$& LEON3 :31:'%": &'+$(.-0*&-&*'#)#. G"2$1=7*'#!: +$(.-0*&!/-: 
2&$/'""$&! (' -#''% FPU. FPU (' (*9'( 51: &'6'(-: 7!5!8 OLX-C(L, &!73' 1-6= 51: 
"-"%'#) $&-'(%-&$3!(-: (C@). A$ 51: 7!5!8 C@ #$9($ $,$;%-"= 2&$0&!##()#- "&'5-
"%3!#- #!%'#!%-+- " 21!3!D<'; %$8+$;. E+1D8'(-' 9' !22!&!%($0$ FPU, 3$-2'&3)4, 
3)7)3!'% "*<'"%3'(()' 7!%&!%) &'"*&"$3 FPGA, !, 3$-3%$&)4, "&!7* 3)7)3!'% *#'(=-
6'(-' %!+%$3$; 8!"%$%) 2&$/'""$&!. L %$#* 9' FPU -7 GRLIB :31:D%": +$##'&8'"+--
#-. I$F%$#* $% !22!&!%($0$ FPU &'6'($ $%+!7!%=":. 

@%+&)%); LEON3 (' :31:'%": RHBD-2&$/'""$&$#: 3$7#$9($"%- 2$ $%+!7$*"%$;-
8-3$"%- 3 ('# 2&$"%$ 7!01*6'() (-7T:%) -7 2&$'+%!) 2$ "&!3('(-D " LEON3 FT. J1: 
2&-5!(-: 2&$/'""$&* ('+$%$&)4 3$7#$9($"%';, 2&-"*<-4 $%+!7$*"%&$;8-3)# 2&$/'"-
"$&!#, 5$"%!%$8()4 51: "3'&4#!1$0$ +$"#-8'"+$0$ !22!&!%!, 2&-(:%$ &'6'(-' 7!<--
<!%= 3(*%&'((DD 2!#:%= 2&$/'""$&! (+F6 - .!;1 &'0-"%&$3) $% $6-,$+ SEU " 2$#$-
<=D $%+!7$*"%$;8-3$0$ +$5! SF##-(0!. J!((); +$5 2$73$1:D% $,(!&*9-3!%= 2 $5--
($8()' $6-,+- - -"2&!31:%= $5(*. @5($3&'#'(($ " 7!<-%$; 3(*%&'(('; 2!#:%- F%-# 
9' +$5$# ,*5'% 7!<-<!%=": 3": 3('6(:: $2'&!%-3(!: 2!#:%=. J1: F%$0$ Controller 
Memory -7 ,-,1-$%'+- GRLIB #$5-.-/-&$3!(, ! + 6-(' 5!(()4 2!#:%- 5$,!31'() 8 
,-% 51: Error-Correcting Code (YCC). E'&-.-+!/-: 3($"-#)4 -7#'('(-; 2&$-73$5-%": 
" 2$#$<=D 3(*%&-+&-"%!1=($0$ $%1!58-+! DSU #'%$5$# 3('"'(-: $5-($8()4 ",$'3, 
-#-%-&*D<-4 SEU [2]. E('6(-; *2&!31:D<-; +$#2=D%'& 2$5+1D8!'%": + DSU IP-
,1$+* RS232. E(*%&-"-"%'#(!: 6-(! AMBA 2.0 -#''% 53! 3-5!: AHB 51: 2$5+1D8'(-: 
3)"$+$"+$&$"%()4 *"%&$;"%3 - APB 51: 2$5+1D8'(-: *"%&$;"%3, &!,$%!D<-4 (' (! 
3)"$+$; "+$&$"%-. AHB - APB 6-() "3:7!() #'96-(()# #$"%$#.  

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
/
 G""1'5$3!(-' ,)1$ 3)2$1('($ 2&- 2$55'&9+' M-(-"%'&"%3! $,&!7$3!(-: - (!*+-  $""-- 3 "$$%3'%"%3-- " "$01!-

6'(-'# U 14.574.21.0041; *(-+!1=(); -5'(%-.-+!%$& RFMEFI57414X0041. 
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Y<' $5(-# $%+&)%)# IP-,1$+$# :31:'%": +$5'+ SpWLight [2]. J!((); +$5'+ 4$-

&$6$ 5$+*#'(%-&$3!(, 2'&-$5-8'"+- 2$:31:D%": '0$ $,($31'(-:, + %$#* 9' $( -#''% 

4$&$6*D 1'%(*D -"%$&-D. @"%!1=()' ,1$+- "2'/-!1=($ &!7&!,$%!(). 

IP-,1$+ #!&6&*%-7-&*D<'0$ +$##*%!%$&! SpaceWire (SpW) -"2$1=7*'%": +!+ 3 

FPGA A3PE3000, %!+ - 3 AFS1000. E 2'&3$# "1*8!' $( -#''% 3)4$5 (! 6-(* AMBA, ! 

3$ 3%$&$# ('%. G 4$%: +$1-8'"%3$ 3('6(-4 2$&%$3 * (-4 &!7($', F%$ $5-( - %$% 9' 2&$-

'+%, &'+$(.-0*&-&$3!((); 2$5 ('$,4$5-#$' -4 +$1-8'"%3$. M!&6&*%-7-&*D<-; +$#-

#*%!%$& -#''% 3 "3$'# "$"%!3' !22!&!%(); +$(%&$11'& RMAP Target, +$%$&); ('$,4$-

5-# 51: -7#'('(-: (!"%&$'+ +$##*%!%$&! 3 2&$/'""' '0$ .*(+/-$(-&$3!(-:.  

Boot ROM – !22!&!%(); 7!0&*78-+, +$%$&); 2'&'5 7!0&*7+$; $2'&!/-$(($; "-"-

%'#) 3)2$1(:'% ('+$%$&)' "1*9',()' 5';"%3-:, (!2&-#'& 2&$3'&+* $,$&*5$3!(-: C(L. 

O1$+ RealTimeClock 2&'5(!7(!8'( 51: 4&!('(-: ,$&%$3$0$ 3&'#'(-. E '0$ "$"%!3 

34$5:% +!1'(5!&=, 8!") - ,*5-1=(-+. 

O1$+ WathDogTimer – "%$&$9'3$; %!;#'&, 2&'5(!7(!8'((); 51: +$(%&$1: 7! «7!-

3-"!(-'#» 2&$0&!##($0$ $,'"2'8'(-: 2&$/'""$&! C(L.  

I?GC FPGA AFS1000 -#''% !(!1$0$3*D - /-.&$3*D 8!"%-. B(!1$0$3!: 2&'5(!-

7(!8'(! 51: $&0!(-7!/-- #($0$+!(!1=($; !(!1$0$3$; "-"%'#) ",$&! 5!(()4 (BCCJ). 

Z-.&$3!: 8!"%= :31:'%": 2'&'2&$0&!##-&*'#$; 1$0-8'"+$; #!%&-/'; %-2! flash. R!+ 

+!+ +$1-8'"%3$ !(!1$0$3)4 +!(!1$3 AFS1000 $%($"-%'1=($ (' 3'1-+$ (30), %$ 51: *3'-

1-8'(-: #($0$+!(!1=($"%- -"2$1=7*'%": 3('6(-; +$##*%!%$& +!(!1$3. C-0(!1 " 3)4$-

5! 3('6('0$ +$##*%!%$&! 2$"%*2!'% 3 !(!1$0$3); #$5*1= AFS1000, +$%$&); 3)2$1(:-

'% '0$ 2&'$,&!7$3!(-' + 3-5* *5$,($#* 51: 2$"1'5*D<-4 $2'&!/-;. C 3)4$5! !(!1$0$-

3$0$ #$5*1: 8'&'7 !(!1$0$3); #*1=%-21'+"$& "-0(!1 2$"%*2!'% (! BZI, +$%$&$' 2&'-

$,&!7*'% '0$ 3 /-.&$3$; 3-5.  

J!1'' "-0(!1 3 7!3-"-#$"%- $% 3),&!(($0$ #*1=%-21'+"$&$# !(!1$0$3$0$ +!(!1! 

2$"%*2!'% -1- 3 +$(%&$11'& "-"%'#) F1'+%&$2-%!(-: (CPI) -1- 3 +$(%&$11'& BCCJ. 

Y"1- "-0(!1 2&'5(!7(!8'( 51: BCCJ, %$ $( 3#'"%' " &!('' 2$1*8'(($; -(.$&#!/-'; 

*2!+$3)3!'%": 3 2!+'%) SpW - $%2&!31:'%": 8'&'7 ML 2$1*8!%'1D: -1- ,$&%$3$#* 

+$#2=D%'&* -1- +$#!(5($--7#'&-%'1=($; "-"%'#'. 

Y"1- "-0(!1 2&'5(!7(!8!1": 51: +$(%&$11'&! CPI, %$ $( '0$ 3$"2&-(-#!'% - 3 

"$$%3'%"%3-- "$ "3$-#- !10$&-%#!#- &!,$%) 3)5!'% *2&!31:D<-' 3$75';"%3-: 8'&'7 

3)4$5()' 2&'$,&!7$3!%'1- (! "$$%3'%"%3*D<-' *2&!31:D<-' 34$5) CPI.  

L$(%&$11'& CPI %!+9' #$9'% 2$1*8-%= +$#!(5) (! +$##*%!/-D %$; -1- -($; 

2$5"-"%'#) CMLB. I$1*8-3 %!+*D +$#!(5*, $( 2$5!'% "-0(!1 *2&!31'(-: (! +$##*-

%!/-$(($-&!"2&'5'1-%'1=($' *"%&$;"%3$, +$%$&$' $%+1D8!'% F1'+%&$2-%!(-' "$$%3'%-

"%3*D<'; 2$5"-"%'#). M$9($, 3 %$# 8-"1' "(:%= 2-%!(-' 5!9' " FPGA A3PE3000. 

I&'5"%!31'((!: +$(/'2%*!1=(!: "%&*+%*&! 2$73$1:'% $4!&!+%'&-7$3!%= OLX-C(L 

+!+ 3'"=#! "1$9(*D "-"%'#*. @5(!+$ %!+!: "1$9($"%= 2$73$1:'% *5$31'%3$&-%= 9'"%-

+-' %&',$3!(-: + #!""$-0!,!&-%()# - F('&0'%-8'"+-# 2!&!#'%&!# OLX-C(L, $2&'5'-

1:'#)#- 2!&!#'%&!#- "3'&4#!1$0$ +$"#-8'"+$0$ !22!&!%! +1!""! CubeCat. 

 
C2-"$+ 1-%'&!%*&) 

 

1. GRLIB IP Library User’s Manual [R'+"%]. – Aeroflex Gaisler, 2010. – 78 &. 

2. K'+#!&H3 C. B. C2$"$, - "-"%'#! %'"%-&$3!(-: ",$'*"%$;8-3)4 2&$/'""$&$3 ,$&%$3)4 "-"%'# 

+$"#-8'"+-4 !22!&!%$3 [R'+"%] // E'"%(-+ C-,>BX. – E)2. 4 (56). – L&!"($:&"+: C-,. 0$". !F&$+$"#-8. 

*(-%, 2014. – C. 132–139. 

3. Joris van Rantwijk, SpaceWire Light v20110709 [P1'+%&$((); &'"*&"]. –  '9-# 5$"%*2!: 

http://opencores.org/project,spacewire_light, 7!01. " F+&!(!. 
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'./'.)*+0.  0*-+'*11,'.  23(4.+,15  3-6+',--,4*   4*'.-(5  

215  ), &(1*+-78  1,+.+,19-78  .&&.'.+*3 

 

 .  . !"#$%&', (. ).  &*%$+", ,. ). -"%."/&' 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 786 925 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: Tima090793@mail.ru 

 

01&23/"4#25 6#"13 1%789#&%7/"'&5 97'#%7::8%" ;/&*"#8:5 /'$#%8''8*7 2*7%"'&5 ;:5 <821&:7#'3= :8#"-

#8:>'3= "11"%"#7/, 1%&/7;&#25 9%"#978 71&2"'&8 72'7/'3= ?$'9+&@ %"A%"<"#3/"8B7*7 $2#%7@2#/" & ":*7%&#B7/ 

$1%"/:8'&5 ;/&*"#8:8B /'$#%8''8*7 2*7%"'&5. C72#"/:8'" 2#%$9#$%'"5 2=8B", 18%8D&2:8'3 #%8<7/"'&5 9 $2#%7@2#/$, 

1%8;2#"/:8'" %8":&A"+&5 18D"#'7@ 1:"#3 $2#%7@2#/" / 1%7*%"BB8 Altium Designer. 

 

 " 28*7;'5.'&@ ;8'> <821&:7#'38 :8#"#8:>'38 "11"%"#3 (!,EF) 2%8;'8@ & 

<7:>.7@ /A:G#'7@ B"223 72'"H"4#25 ;/&*"#8:8B /'$#%8''8*7 2*7%"'&5 (I)C). J#7 17-

A/7:58# $/8:&D&#> 1%7;7:K&#8:>'72#> 17:G#" &, 2:8;7/"#8:>'7, 17/32&#> 6??89#&/-

'72#> #"9&= 1%&B8'8'&@ !,EF, 9"9 "6%7B"*'&#7%"A/8;9", "6%7?7#72LGB9" / .&%797B 

2189#%":>'7B ;&"1"A7'8, /&;87'"<:4;8'&8 & #. 1. [1]. ) 2/5A& 2 6#&B /7A'&9"8# A";"D" 

71#&B":>'7*7 $1%"/:8'&5 & 97'#%7:5 I)C. 

 " %3'98 97B1:89#$4H&= ;:5 !,EF 1%&2$#2#/$4# B7;8:& 97'#%7:8%7/ I)C 

(MI)C) ;:5 "/&"B7;8:&AB". N"9&8 97'#%7:8%3 &B84# '&A9$4 '";GK'72#>. ,%8&B$H8-

2#/7B %"A%"<"#3/"8B7*7 $2#%7@2#/" 18%8; "'":7*"B& 5/:58#25 /3279"5 '";GK'72#>, 97-

#7%"5 7<8218D&/"8#25 A" 2DG# 27/B82#'7@ %"<7#3 MI)C & 218+&":&A&%7/"''7*7 1%7-

*%"BB'7*7 7<8218D8'&5 "/#71&:7#" [2].  " %&2. 1 1%8;2#"/:8'" 2#%$9#$%'"5 2=8B" 97B-

1:892" $1%"/:8'&5 !,EF 2 I)C. 

 

 
 

O&2. 1. C#%$9#$%'"5 2=8B" 97B1:892" $1%"/:8'&5 !,EF 2 I)C 

 

O"A%"<"#3/"8B78 $2#%7@2#/7 1%8;'"A'"D8'7 ;:5 B7'&#7%&'*" & $1%"/:8'&5 I)C 

!,EF & ;7:K'7 %8."#> 2:8;$4H&8 A";"D&:  

  $1%"/:8'&8 A"K&*"'&8B I)C; 

  $1%"/:8'&8 A"1$297B I)C 2%8;2#/"B& 97BB$#"+&& 2#"%#8%", $1%"/:8'&5 17-

:7K8'&8B 1$297/7@ & ;%7228:>'7@ A"2:7'79 (,P, IP); 

   &AB8%8'&8 & 2#"<&:&A"+&5 D"2#7#3 /%"H8'&5 97:8'D"#7*7 /":"; 

   &AB8%8'&8 D"2#7#3 /%"H8'&5 /7A;$.'3= /&'#7/ !,EF; 
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   &AB8%8'&8 #8B18%"#$%3 +&:&';%7/ ;/&*"#8:5, #8B18%"#$%3 /3=:71'3= *"A7/ 

& $%7/'5 #71:&/" / <"9"=. 

I:5 7<8218D8'&5 /32797@ '";GK'72#& $1%"/:8'&5 !,EF 2 I)C 97B1:892 $1%"/-

:8'&5 ;7:K8' %"<7#"#> / 277#/8#2#/&& 27 2:8;$4H&B ":*7%&#B7B:  

  A"1%72 #89$H8*7 272#75'&5 /28= ;"#D&97/ MI)C; 

  ?7%B&%7/"'&8 '8/5A9& 179"A"'&@ ;$<:&%7/"''3= ;"#D&97/; 

  71%8;8:8'&8 #89$H8*7 %8K&B" %"<7#3 I)C; 

  / 277#/8#2#/&& 2 #89$H&B %8K&B7B %"<7#3 I)C 18%8;"D" $1%"/:54H8*7 /7A-

;8@2#/&5 '" IP, ,P, A"K&*"'&8 & 2#"%#8%. 

) 2:$D"8 /7A'&9'7/8'&5 "/"%&@'7@ 2&#$"+&&, 271%7/7K;"4H8@25 9%&#&D829&B 

2'&K8'&8B D"2#7#3 /%"H8'&5 %8;$9#7%" /7A;$.'7*7 /&'#", F, 7#1%"/:58# 97B"';$ '" 

"9#&/"+&4 %8K&B" «F/"%&5». I:5 !,EF 2"B7:G#'7*7 #&1" %8K&B «F/"%&5» 7A'"D"8# 

18%8/7; :8#"#8:>'7*7 "11"%"#" / 272#75'&8 1:"'&%7/"'&5, " ;:5 !,EF /8%#7:G#'7*7 

#&1" – 18%8=7; / 272#75'&8 "/#7%7#"+&&. 

I&"*%"BB" 272#75'&@ 97'#%7::8%" I)C 1%8;2#"/:8'" '" %&2. 2. 

 

 
 

O&2. 2. I&"*%"BB" 272#75'&@ 97'#%7::8%" I)C 

 

O8K&B %"<7#3 «/39:4D8'» 277#/8#2#/$8# A"9%3#7@ IP, 7#9%3#7@ ,P & /39:4-

D8''7B$ A"K&*"'&4. O8K&B «A"1$29» 277#/8#2#/$8# 17;"D8 97B"';3 '" A"1$29 2#"%#8%" 

'" 7*%"'&D8''3@ 1%7B8K$#79 /%8B8'&. ) 6#7B %8K&B8 1%7&A/7;&#25 97'#%7:> #8B18-

%"#$%3 2#"%#8%" & D"2#7#3 /%"H8'&5 97:8'D"#7*7 /":", '"1%5K8'&5 '" "99$B$:5#7%'7@ 

<"#"%88. ) %8K&B8 «1%7*%8/» MI)C 17;;8%K&/"8# D"2#7#$ /%"H8'&5 97:8'D"#7*7 /":" 

/ 277#/8#2#/&& 2 #8B18%"#$%7@ I)C. ,%& ;72#&K8'&& %"<7D8@ #8B18%"#$%3 %8K&B "/-

#7B"#&D829& B8'58#25 '" «1%7*%8#», 97#7%3@ 277#/8#2#/$8# 71#&B":>'7@ D"2#7#8 /%"-

H8'&5 97:8'D"#7*7 /":" '" =7:72#7B =7;$. ) ;"''7B %8K&B8 !,EF *7#7/ 9 /A:G#$. ,7 

1%&GB$ "/#71&:7#7B 97B"';3 718%"#7%" «/A:G#» F, 18%8/7;&# MI)C / %8K&B «%8*$-

:&%7/"'&8 D"2#7#3 /%"H8'&5 /&'#7/ !,EF». 

C#%$9#$%'"5 2=8B" MI)C 1%8;2#"/:8'" '" %&2. 3. 

Q1%"/:54H&B 6:8B8'#7B %"A%"<"#3/"8B7*7 $2#%7@2#/" 5/:58#25 B&9%797'#%7:-

:8% STM32F4 '" <"A8 5;%" Cortex-M4 [3]. RM 1%8;2#"/:58# 27<7@ 32 <&#'3@ B&9%797'-

#%7::8% 27 /2#%78''3B&: "'":7*7-+&?%7/3B 1%87<%"A7/"#8:8B; 32 %"A%5;'3B& 2DG#D&-

9"B&; #8B18%"#$%'3B ;"#D&97B; /2#%78''3B& &'#8%?8@2"B&: UART/USART, CAN, 

USB, SPI & ;%. C 17B7H>4 RM 72$H82#/:58#25 $1%"/:8'&8 #/8%;7#8:>'3B& %8:8 ;:5 

97BB$#"+&& B"*'8#7 A"K&*"'&5 & 6:89#%72#"%#8%", &AB8%8'&8 #8B18%"#$%3 +&:&';%7/ 

I)C & /3=:71'3= *"A7/, &AB8%8'&8 D"2#7#3 /%"H8'&5 97:8'D"#7*7 /":" & /&'#7/ 

!,EF. 0%*"'&A"+&5 2/5A& 97'#%7::8%" ;/&*"#8:5 & F, 72$H82#/:58#25 2 17B7H>4 

;/$= &'#8%?8@27/ RS-485 17 <"@#-7%&8'#&%7/"''7B$ 1%7#797:$ VIN. 
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I:5 1&#"'&5 /'8.'8*7 A"K&*"'&5 / $2#%7@2#/8 &217:>A$8#25 $1%"/:58B3@ B&9%7-

97'#%7::8%7B /#7%&D'3@ &2#7D'&9 1&#"'&5 ()(,) 2 *":>/"'&D8297@ &A7:5+&8@ & B7H-

'72#>4 20 )#. I:5 97'#%7:5 #79" 2&2#8B3 A"K&*"'&5 $2#"'7/:8' ;"#D&9 #79" '" 6??89-

#8 S7::". (AB8%8'&8 D"2#7#3 /%"H8'&5 97:8'D"#7*7 /":" & /7A;$.'3= /&'#7/ !,EF 

72$H82#/:58#25 2 17B7H>4 ;"#D&97/ S7::". I"#D&9& /317:'8'3 / /&;8 7#;8:>'3= 

$2#%7@2#/ & %"217:7K8'3 /<:&A& /%"H"4H&=25 ;8#":8@. 

Q1%"/:8'&8 IP & ,P 72$H82#/:58#25 2 17B7H>4 28%/71%&/7;7/. I:5 2#"<&:&A"-

+&& 17:7K8'&5 IP & ,P / MI)C &217:>A$8#25 ,(-%8*$:5#7%. ,%& /9:4D8'&& MI)C, 

A"2:7'9& $2#"'"/:&/"4#25 / 17:7K8'&5 17 $B7:D"'&4, 97#7%38 277#/8#2#/$4# %8K&B$ 

«)39:4D8'».  

 

 
 

O&2. 3. C#%$9#$%'"5 2=8B" 97'#%7::8%" ;/&*"#8:5 /'$#%8''8*7 2*7%"'&5  

;:5 <821&:7#'3= :8#"#8:>'3= "11"%"#7/ 
 

J:89#%&D829"5 1%&'+&1&":>'"5 2=8B" & 18D"#'"5 1:"#" $2#%7@2#/" %"A%"<"#3/"-

:&2> / 1%7*%"BB8 Altium Designer. I:5 7#/7;" #81:" '" 18D"#'7@ 1:"#8 1%8;$2B7#%8'3 

B8#"::&A&%7/"''38 1:7H";9&. )'8.'&@ /&; $2#%7@2#/" 1%8;2#"/:8' '" %&2. 4. 

 

 
 

O&2. 4. )'8.'&@ /&; $2#%7@2#/"  
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O"A%"<7#"''78 $2#%7@2#/7 1%7.:7 #82#&%7/"'&8 & / '"2#75H88 /%8B5 '"=7;&#25 

'" 6#"18 &'#8*%"+&& / <821&:7#'3@ :8#"#8:>'3@ "11"%"# /8%#7:G#'7*7 #&1" «R!,)-

37» [4]. 

 
C1&279 :&#8%"#$%3 

 

1. !"#$%&' N.  ., -"%."/&' ,. ). O"A%"<7#9" 2&2#8B3 $1%"/:8'&5 & 97'#%7:5 ?7#7"11"%"#7/ 

CANON EOS ;:5 <821&:7#'7*7 :8#"#8:>'7*7 "11"%"#" "11"%"#7/ // O8.8#'8/29&8 D#8'&5 : B"#8%&":3 

XVII R8K;$'"%. '"$D. 97'?., 172/5H. 1"B5#& *8'8%. 97'2#%$9#7%" %"98#.-972B&D. 2&2#8B "9";. R. T. O8-

.8#'8/" (7–9 '75<. 2013 *., M%"2'75%29) : / 2 D. / 17; 7<H. %8;. U. U. E7*&'7/" ; C&<. *72. "6%7972B&D. 

$'-#. – M%"2'75%29, 2013. – V. 1. – 458 2.2  

2. !"#$%&' N.  ., !78/  . R.,  &*%$+" (. ). O"A%"<7#9" 1%87<%"A7/"#8:5 &'#8%?8@27/ ;:5 &217:-

'&#8:>'3= $2#%7@2#/ B$:>#&%7#7%'7*7 #&1" // O8.8#'8/29&8 D#8'&5 : B"#8%&":3 XVII R8K;$'"%. '"$D. 

97'?., 172/5H. 1"B5#& *8'8%. 97'2#%$9#7%" %"98#.-972B&D. 2&2#8B "9";. R. T. O8.8#'8/" (7–9 '75<. 2013 *., 

M%"2'75%29) : / 2 D. / 17; 7<H. %8;. U. U. E7*&'7/" ; C&<. *72. "6%7972B&D. $'-#. – M%"2'75%29, 2013. – 

V. 1. – 458 2.2.  

3. STMicroelectronics 8/%718@29"5 B&9%76:89#%7''"5 97B1"'&5 [J:89#%7''3@ %82$%2]. – URL:  

http://www.st.com/web/en/catalog/mmc/FM141/ (;"#" 7<%"H8'&5 10.03.2015). 

4. M7'+8%' %";&72#%78'&5 «)8*"» // 0F0 «M7'+8%' «)8*"» [J:89#%7''3@ %82$%2]. – URL: 

http://vega.su/ (;"#" 7<%"H8'&5 15.03.2015). 
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 !"!##$#%&!'  ($)*+ *,-.-'  )!)  */&*0!  +-&-+-,!.--  

/-/1$+  2!/1-2&*  * "$($#$&&34  56#$034  76&).-8   

0  *"1*9*&!#%&*8  7*"+$   "$(/1!0#$&-' 
 

C. ). !$%B&2#%7/ 
 

='(-.""-$* :)"%/.("#>'!!?* #'@!)1):$A'"-$* %!$>'("$#'#, ='(-.""?, 5-(.$!. 

18021, 5-(.$!., :. ='(-.""?, %1. B!:'1C"., 243, -. 51 

e-mail: sergijburmistrov@yandex.ua 
 

0<72'7/"' '7/3@ B8#7; B&'&B&A"+&& D"2#&D'7 71%8;8:8''3= 2&2#8B <$:8/3= ?$'9+&@ – B8#7; 1"%"::8:>-

'7@ ;897B17A&+&&, A";"''3= / 7%#7*7'":>'7@ ?7%B8 1%8;2#"/:8'&5, 2$#> 97#7%7*7 A"9:4D"8#25 / '"1%"/:8''7B 

;771%8;8:8'&& D"2#&D'7 &:& 2:"<771%8;8:8''3= <$:8/3= ?$'9+&@ 2 +8:>4 17:$D8'&5 '"&B8'>.8*7 2$BB"%'7*7 

A'"D8'&5 976??&+&8'#" 2:7K'72#& %8":&A"+&& 2&2#8B3 / +8:7B. 

 

 "&<7:88 #%$;78B97@ D"2#>4 :7*&D8297*7 1%789#&%7/"'&5 +&?%7/3= <:797/ (W!) 

5/:58#25 B&'&B&A"+&5 <$:8/3= ?$'9+&@ (!T) 2 <7:>.&B D&2:7B 18%8B8''3=, 97#7%38 

272#"/:54# &= &'?7%B"+&7''38 5;%". Q9"A"''38 5;%" 1%7&A/7:>'7*7 W! 17 2#%78'&4 

5/:58#25 97B<&'"+&7''3B& 2=8B"B& (MC) 2 n /=7;'3B& "%*$B8'#"B& ix  & m /3=7;"B& 

!T iy .  

N%";&+&7''38 B8#7;3 B&'&B&A"+&&, 97#7%38 2 $218=7B &217:>A$4#25 ;:5 B&-

'&B&A"+&& !T 2 '8<7:>.&B D&2:7B 18%8B8''3=, 1%&:7K8''38 9 B&'&B&A"+&& !T 2 

<7:>.&B D&2:7B 18%8B8''3=, 179"A":& B":$4 6??89#&/'72#> 1%& $;7/:8#/7%8'&& 7*-

%"'&D8'&@ 17 D&2:$ 17:427/ ;:5 2:7K'3= <"A7/3= 6:8B8'#7/. 

I:5 %8.8'&5 ;"''7@ 1%7<:8B3 1%8;:"*"8#25 &217:>A7/"'&8 7%#7*7'":>'7@ ?7%-

B3 1%8;2#"/:8'&5 (0OT,) !T [1]. 0OT, !T 5/:58#25 6/7:4+&7''3B %"A/&#&8B #87-

%&& 7 ;897B17A&+&& !T. ,7; ;897B17A&+&8@ !T f(n) 2:8;$8# 17'&B"#> %"A:7K8'&8 <$-

:8/7@ ?$'9+&& '" D:8'3 %5;" 17 ?7%B$:8: 
 

),...,,,...,(),...,,,...,( 11111110 niiiiniiii xxxxQxxxxxQxy !"!" ##$   (1) 

 

),...,,,...,(),...,,,...,( 111111100 1 niiiniiii xxxxQxxxxQy
i !"!" ##$ %%  , 

 

*;8  0iQ , 1iQ  – &'?7%B"+&7''38 D"2#& D:8'7/ %5;"; 
0i% , 

1i
%  – <"A&2'38 D"2#& D:8'7/ 

%5;", 97#7%38 7<%"A$4#25 /7 /%8B5 %"A:7K8'&5 

) ;897B17A&+&& !T f(n) 17:$D"4# /#7%&D'38 '8A"/&2&B38 <$:8/3 ?$'9+&& fi0(n-

1) & fi1(n-1), 97#7%38 / ?7%B$:8 5/:54#25 &'?7%B"+&7''3B& D"2#5B& D:8'7/ %5;". 

I:5 17:$D8'&5 B&'&B":>'7@ T, '$K'7 2;8:"#> 71%8;8:8''78 D&2:7 %"A:7K8'&@, 

;%$*&B& 2:7/"B&, /3<%"#> ;:5 9"K;7*7 D:8'" %5;" #"978 A'"D8'&8 ; ('"A7/8B 6#7 A'"-

D8'&8 71#&B":>'3B ;:5 97'9%8#'7*7 D:8'" %5;" – )D#K , " ?7%B$ !T, / 97#7%7@ /28 

D:8'3 %5;" &B84# #"978 A'"D8'&8, 71#&B":>'7@ ?7%B7@ – )D#E2 ), 1%& 97#7%7B 2$B-

B"%'38 179"A"#8:& 2:7K'72#& %8":&A"+&& MC, 172#%78''7@ '" 72'7/8 ;"''7@ !T, <3:& 

<3 B&'&B":>'3B& [2]. 

(22:8;7/"'&5 17 71%8;8:8'&4 )D#K  179"A":&, D#7 1%8;17D#&#8:>'3B 5/:58#25 '8 

8;&'78 A'"D8'&8, 7<H88 ;:5 /28@ !T, " %"A'78 ;:5 9"K;7*7 D:8'" %5;" m)D#K _
.  

027<3@ &'#8%82 1%8;2#"/:58# 2:$D"@, 1%& 97#7%7B / %8A$:>#"#8 ;897B17A&+&& 

&'?7%B"+&7''"5 D"2#> D:8'" %5;" 1$iQ  &:& 0$iQ .   

X2:& 1$iQ , #7 iii 1 %$#%$#% iQ  – D:8' %5;" %"/8' A'"D8'&4 <"A&2'7@ D"2#& 

i% , " 82:& 0$iQ , #7 00ii $#%$#% iQ  – D:8' %5;" %"/8' '$:4.  
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M"9 2:8;2#/&8, <$:8/" ?$'9+&5, / 97#7%7@ 9"K;3@ D:8' %5;" (1) / %8A$:>#"#8 #7K-

;82#/8''3= 1%87<%"A7/"'&@ &B88# &'?7%B"+&7''$4 D"2#> 1$iQ  &:& 0$iQ , 5/:58#25 

)D#E2 . 

R&'&B&A"+&5 !T / 0OT, B7K8# <3#> %8":&A7/"'" 2 21727<"B&: 

1. ,$#8B &A<"/:8'&5 7# &'?7%B"+&7''3= D"2#8@ D:8'7/ %5;". ) 6#7B 2:$D"8 17-

:$D"4# 7;&' 9%"8/3= 2#"';"%#'3= ?7%B 1%8;2#"/:8'&5 (T,) !T:  

" M:"22&D829"5 T, (<"A&2 (, (E(,  XN)  

" ,7:&'7B&":>'"5 T, (<"A&2 (, &29:4D"4H88-(E(, :7*&D829"5 1,  XN) 

" F%&?B8#&D829"5 T, (<"A&2 (,  XN, "%&?B8#&D829"5 2$B")).  

2. ,$#8B B&'&B&A"+&& &'?7%B"+&7''3= D"2#8@ D:8'7/ %5;" 9"9 '8A"/&2&B3= 

/#7%&D'3= !T.  

,%8&B$H82#/7B 18%/7*7 21727<" 5/:58#25 #7, D#7 97'8D'3@ W! &B88# B"92&-

B":>'$4 ?$'9+&7'":>'$4 1%7&A/7;&#8:>'72#>, " 1%8&B$H82#/7B /#7%7*7 21727<" 5/-

:58#25 %"2.&%8''3@ <"A&2 & B8'>.&8 179"A"#8:& 2:7K'72#& %8":&A"+&& W!. 

 "; &'?7%B"+&7''3B& D"2#5B& B7*$# <3#> /317:'8'3 2:8;$4H&8 :7*&D829&8 ;8@-

2#/&5, 82:& / %8A$:>#"#8 #7K;82#/8''3= 1%87<%"A7/"'&@ 7'& B7*$# 17:$D&#> A'"D8'&5: 

1. ) %8A$:>#"#8 ;897B17A&+&& 7;'" &A &'?7%B"+&7''3= D"2#8@ !T fi0(n-1) &:& 

fi1(n-1) B7*$# 2#"#> 97'2#"'#"B& 0 (/ 6#7B 2:$D"8 27*:"2'7 "92&7B7@ x^0 = 0 /82> D:8' 

%5;" 2#"'7/&#25 %"/'3B '$:4) &:& 1 (/ 6#7B 2:$D"8 27*:"2'7 "92&7B8 x^1 = x /82> D:8' 

%5;" 2#"'7/&#25 %"/'3B <"A&2'7@ D"2#&). )8%75#'72#> #"97*7 5/:8'&5 / 17:'7B B'7K8-

2#/8 L(n) /28= !T f(n) 272#"/:58# 
n

n

21

2
2

2

2 "$ . ) 7<7&= 2:$D"5= 277#/8#2#/$4H&8 D:8'3 

%5;" !T f(n) 72/7<7K;"4#25 7# &'?7%B"+&7''3= D"2#8@.  

2. I:5 &'?7%B"+&7''3= D"2#8@ !T fi0(n-1) &:& fi1(n-1) '8 /317:'58#25 $2:7/&8 

1$'9#" 1. ) 6#7B 2:$D"8 $9"A"''38 /#7%&D'38 !T 2:8;$8# %"22B"#%&/"#> 9"9 '8A"/&2&-

B38 <$:8/3 ?$'9+&& f(n-1), 97#7%38 17;:8K"# 2:8;$4H8@ ;897B17A&+&&. 

X2:& 1%7/7;&#> ;897B17A&+&4 /#7%&D'3= !T ;7 #8= 17%, 179" 1$#8B 279%"H8'&5 

'" 2:8;$4H&= 6#"1"= '8 &2D8A'$# /#7%&D'38 !T fi0 & fi1, 17:$D"4# B&'&B":>'$4 ;&AL-

4'9#&/'$4 '7%B":>'$4 ?7%B$ (RI T) <$:8/7@ ?$'9+&&.  

M:4D8/3B 9%&#8%&8B / 1%7+8228 B&'&B&A"+&& 1$#8B 1"%"::8:>'7@ ;897B17A&-

+&& 5/:58#25 A'"D8'&8 <"A&2'7*7 976??&+&8'#" m)D#K _
. M76??&+&8'# m)D#K _

 /317:-

'58# %8*$:5#7%'$4 ?$'9+&4 %"21%8;8:8'&5 "%*$B8'#7/ / <"A&2'$4 & &'?7%B"+&7'-

'$4 D"2#& D:8'7/ %5;". 0' 179"A3/"8#, 297:>97 "%*$B8'#7/ / ;"''7B D:8'8 %5;" <$;8# 

1%&'";:8K"#> <"A&2'7@ D"2#& / B&'&B":>'7@ ?7%B8. I:5 !T f(n) A'"D8'&8 <"A&2'7*7 

976??&+&8'#" ; B7K8# '"=7;&#>25 / 1%8;8:"= 1, 2,...,K n$ . V8B '&K8 A'"D8'&5 <"A&2-

'7*7 976??&+&8'#" ; ;:5 B&'&B&A&%7/"''3= D:8'7/ %5;" !T, / 97#7%3= 7#2$#2#/$8# 

&'?7%B"+&7''"5 D"2#>, #8B :$D.&B& 5/:54#25 179"A"#8:& 2:7K'72#& %8":&A"+&& $2#-

%7@2#/". 

R&'&B&A"+&5 1$#8B 7<3D'7@ ;897B17A&+&& '8 71%8;8:58# /3<7% "%*$B8'#7/, 17 

97#7%3B 172:8;7/"#8:>'7 '$K'7 17/7;&#> ;897B17A&+&4, & '8 /28*;" 1%&/7;&# 9 

RI T <$:8/7@ ?$'9+&& 2 '"&B8'>.&B& 179"A"#8:5B& $%7/'5 2:7K'72#& %8":&A"+&&. 

I:5 $2#%"'8'&5 '8;72#"#97/ <3: %"A%"<7#"' B8#7; 1"%"::8:>'7@ ;897B17A&+&&, 2$#> 

97#7%7*7 272#7&# / #7B, D#7 %"A:7K8'&8 !T /317:'54# 1"%"::8:>'7 7;'7/%8B8''7 17 

/28B "%*$B8'#"B !T / 17%5;98 /7A%"2#"'&5 A'"D8'&5 <"A&2'7*7 976??&+&8'#" ;. 

02'7/'3B 7<L89#7B B&'&B&A"+&& !T 2:$K&# %"2.&%8''"5 B7;&?&+&%7/"''"5 

#"<:&+" &2#&''72#& !T (ORN( !T). O"2.&%8''"5 #"<:&+" 27;8%K&# / 2#7:<+"= "%*$-

B8'#7/ 1%& A'"D8'&& <"A&2'7*7 976??&+&8'#": 
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  ; = 1 & :&#8%":3 !T ("%*$B8'#3 & &= &'/8%2&&); 

  ; = 2 & 97'L4'9+&&, D#7 272#75# &A 2 :&#8%": !T; 

  …; 

  ; = n & 97'L4'9+&&, D#7 272#75# &A n :&#8%": !T 

T"9#&D829&, '"A/"'&5 2#7:<&97/ "%*$B8'#7/ ORN( !T 71%8;8:54# 17:'3@ '"<7% 

<"A&2'3= D"2#8@ 1%& 71%8;8:8''7B A'"D8'&& <"A&2'7*7 976??&+&8'#" ;, " 27;8%K"'&8 – 

277#/8#2#/$4H&@ 17:'3@ '"<7% &'?7%B"+&7''3= D"2#8@.  

,72:8;'&B 2#7:<&97B ORN( !T 5/:58#25 2#7:<8+ %8A$:>#"#". 

I:5 $297%8'&5 B&'&B&A"+&& 1%8;:"*"8#25 /317:'5#> 1%7+822 1%7/8%9& '8 /28@ 

ORN( !T, " :&.> 88 $%8A"''7@ D"2#&. ,8%8; '"D":7B 1%7/8%9& '$K'7 /3D&2:&#> 97-

:&D82#/7 '$:8@ & 97:&D82#/7 8;&'&+ / 2#7:<+8 %8A$:>#"#". X2:& 97:&D82#/7 '$:8@ 

<7:>.8, #7 / #"<:&+8 (;:5 71%8;8:8''72#& '"A7/8B 88 1%5B"5 $%8A"'" ORN( !T) /3-

D8%9'$#> /28 2#%79&, / 97#7%3= / 2#7:<+8 %8A$:>#"#" 2#7&# +&?%" 0. X2:& 97:&D82#/7 

8;&'&+ B8'>.8, #7 / #"<:&+8 (;:5 71%8;8:8''72#& '"A7/8B 88 &'/8%2'"5 $%8A"'" ORN( 

!T) /3D8%9'$#> /28 2#%79&, / 97#7%3= / 2#7:<+8 %8A$:>#"#" 2#7&# +&?%" 1. ) %8A$:>#"-

#8 / 7<%"A7/"''3= $%8A"''3= ORN( !T '$K'7 172D&#"#> 97:&D82#/7 8;&'&+ / 9"K;7B 

2#7:<+8 "%*$B8'#". ,7 9%&#8%&4, 1%&/8;8''7B$ / #"<:&+8 1, 71%8;8:&#> <"A&2'38 D"2-

#&, A'"D8'&5 277#/8#2#/$4H&= &'?7%B"+&7''3= D"2#8@ 97#7%3= %"/'" :&<7 '$:4 &:& 

8;&'&+8. 

 
N"<:&+" 1 

M%&#8%&@, 1%& 97#7%7B 279%"H"8#25  

277#/8#2#/$4H"5 &'?7%B"+&7''"5 D"2#> <$:8/7@ ?$'9+&& 
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976??&-

+&8'#" K 

M7:&D82#/7 8;&'&+ / 2#7:<+8 "%*$B8'#" 

/ 1%5B7@ $%8A"''7@ ORN( !T 
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nK  ' $
$ $0 02iQ

nK  

 

I"''3@ 9%&#8%&@ 17A/7:58# 2/82#& 1%7+822 B&'&B&A"+&& 9 /3D&2:8'&4 97:&D8-

2#/" 8;&'&+ / 9"K;7B 2#7:<+8 "%*$B8'#7/ $%8A"''7@ ORN( !T 

) 2:$D"8 B&'&B&A"+&& D"2#&D'7 71%8;8:8''3= <$:8/3= ?$'9+&@ 1"%"::8:>'7 2 

B&'&B&A"+&8@ [4] 1%7/7;&#25 ;771%8;8:8'&8 !T 2 +8:>4 17:$D8'&5 <$:8/7@ ?$'9+&& 

2 '"&B8'>.&B& 179"A"#8:5B& 2:7K'72#& %8":&A"+&& !T. ) 6#7B 2:$D"8 $%8A"''"5 

ORN( !T 7<5A"#8:>'7 ;7:K'" 27;8%K"#> 2#%79&, A'"D8'&5 97#7%3= / 2#7:<&98 %8A$:>-

#"#" '8 71%8;8:8'3. ) 1%7+8228 ;771%8;8:8'&5 7'" ;7:K'" 172:8;7/"#8:>'7 ;7$%8A"#>-

25. M%&#8%&@ B&'&B&A"+&& / 6#7B 2:$D"8 &B88# /&;:  
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! / 2:$D"8 1%5B7@ $%8A"''7@ ORN( !T: 

" ;:5 1$$iK

jQ  & 
in

iK

Q

iK

"
$

$
$ '' $! 2*1j ,  1%& $2:7/&& ' $

$ (1j 0Q

iK , i = 0, 1, ..., n; 

" ;:5 0$$iK

jQ  & ' $
$ $0j 0Q

iK ,   1%& $2:7/&& ' $ (* 0iK , i = 0, 1, ..., n; 

! / 2:$D"8 &'/8%2'7@ $%8A"''7@ ORN( !T: 

" ;:5 1$$iK

jQ  &, '
$
$ $0j 0Q

iK   1%& $2:7/&& ' $ (* 0iK , i = 0, 1, ..., n; 

" ;:5 0$$iK

jQ  &, 
in

iK

Q

iK

"
$

$
$ '' $! 2*1j

 1%& $2:7/&& '
$
$ (1j 0Q

iK , i = 0, 1, ..., n. 

P";"D" B&'&B&A"+&& 2&2#8B D"2#&D'7 71%8;8:8''3= <$:8/3= ?$'9+&@ (V0 C!T) 

5/:58#25 1%5B3B 2:8;2#/&8B & :7*&D829&B 1%7;7:K8'&8B %8.8'&5 A";"D B&'&B&A"+&& 

17:'72#>4 [3] & D"2#&D'7 71%8;8:8''3= !T [4], " #"9K8 2&2#8B 17:'72#>4 71%8;8:8'-

'3= !T [5].  82B7#%5 '" #7, D#7 $K8 %"A%"<7#"'3 1%&'+&13 & B8#7;3 %8.8'&5 $9"A"'-

'7@ A";"D&, %8.8'&8 A";"D& 72#"8#25 2:7K'3B / %8":&A"+&& & 1%7#5K'3B /7 /%8B8'&. 

,%& 6#7B '$K'7 $D&#3/"#> 727<8''72#& 17:$D"8B7*7 %8A$:>#"#": 

1. P";"D$ '8:>A5 2/82#& 9 B&'&B&A"+&& & 71%8;8:8'&4 9"K;7@ 1%&'";:8K"H8@ 

8@ 7#;8:>'7@ V0 !T '8A"/&2&B7 ;%$* 7# ;%$*" & 172#%78'&5 '"<7%" &A7:&%7/"''3= 

97B<&'"+&7''3= 17;2=8B / /&;8 8;&'7@ 7<H8@ 2=8B3. M"9 %8A$:>#"#, / 2=8B8 175/5#25 

1"%"::8:>'38 7;&'"97/38 $D"2#9&, 97#7%38 &217:>A$4#25 %"A:&D'3B& !T 2&2#8B3. 

P";"D" 7<%"<7#9& V0 C!T A"9:4D"8#25 / #"97B ;771%8;8:8'&& 2#%79 N( 9"K;7@ !T, 

1%& 97#7%7B 2&2#8B" !T / 1%7+8228 B&'&B&A"+&& ;7:K'" '"&B8'>.&8 179"A"#8:& 

2:7K'72#& %8":&A"+&& 7<7<H8''7*7 976??&+&8'#" 'S  [2]. 

2. ,7:'72#>4 71%8;8:8''"5 <$:8/" ?$'9+&5, 97#7%"5 &B88# '"&B8'>.&8 179"A"-

#8:& 2:7K'72#& %8":&A"+&& !T & 1%&'";:8K&# B'7K82#/$ V0 !T, '8 /28*;" #"9&8 K8 

179"A"#8:& 2:7K'72#&, D#7 & V0 !T. ,%& ?7%B&%7/"'&& 97'8D'7*7 7#/8#" V0 !T '8 

$D&#3/"4#25 ;771%8;8:8''38 8;&'&+3 97:7'9& %8A$:>#"#" ORN( !T. 

3. ,7&29 7;&'"97/3= 1"%"::8:>'3= $D"2#97/ '$K'7 /317:'5#> 2%8;& 17:'7-

2#>4 B&'&B&A&%7/"''3= D:8'7/ 9"K;7@ !T, 97#7%38 &B84# 7;&'"97/78 A'"D8'&8 <"-

A&2'7*7 976??&+&8'#" ;. ) 6#7B 2:$D"8 2=8B" &B88# <7:88 97B1"9#'3@ & 71#&B":>'3@ 

/&;. 

F:*7%&#B B&'&B&A"+&& 2&2#8B D"2#&D'7 71%8;8:8''3= <$:8/3= ?$'9+&@ &B88# 

/&; (2B. %&2. 1). 0' 272#7&# &A 6#"17/: 

1. P";"#> 2&2#8B$ V0 !T / /&;8 ORN( !T. 

2. 01%8;8:&#>, &A 297:>9&= !T (m) 272#7&# 2&2#8B" & 7# 297:>9&= "%*$B8'#7/ A"-

/&2&# 9"K;"5 V0 !T ( mnnn ,...,, 21 ). 

3.  " 72'7/8 7<H8@ ORN( !T 2&2#8B3 A";"#> ;:5 9"K;7@ V0 !T 2/74 ORN( !T 

& 2;8:"#> '" &= 72'7/8 $%8A"''38 ORN( !T.  

4. C?7%B&%7/"#> ;:5 9"K;7@ !T 17:'3@ 18%8D8'> <"A&2'3= D"2#8@ 1%& ;=1, 2%8-

;& 97#7%3= 72$H82#/:58#25 17&29 6:8B8'#7/ 97'8D'7*7 7#/8#" ;:5 $9"A"''7@ !T. 

5. ,%7/8%&#>, 82#> :& 2%8;& '"@;8''3= 6:8B8'#7/ 97'8D'7*7 7#/8#" 6:8B8'#3, 

97#7%38 7;'7/%8B8''7 1%&'";:8K"# '8297:>9&B !T, & 17B8#&#> &=. 

6. I771%8;8:&#> 9"K;$4 V0 !T & '"@#& 18%8D8'> ;771%8;8:8''3= <$:8/3= 

?$'9+&@ ;:5 9"K;7@ V0 !T & 277#/8#2#/$4H&@ 18%8D8'> 6:8B8'#7/ 97'8D'7*7 7#/8#". 

7. )317:'&#> 97%%89+&4 $%8A"''7@ %"2.&%8''7@ ORN( !T. 

8. ,72#%7&#> ;:5 9"K;7@ 71%8;8:8''7@ !T 17:'3@ 18%8D8'> <"A&2'3= D"2#8@ i%  

;:5 2:8;$4H8*7 A'"D8'&5 ;, 2%8;& 97#7%3= 72$H82#/:58#25 17&29 6:8B8'#7/ 97'8D'7-

*7 7#/8#" ;:5 $9"A"''7@ !T. 
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O&2. 1. !:79-2=8B" ;771%8;8:8'&5 & B&'&B&A"+&& 2&2#8B3 V0 !T 

 

9. I8@2#/&5 17/#7%5#>, 179" '8 <$;8# 17:$D8'7 A'"D8'&8 976??&+&8'#" nK $ . 

10.  " 72'7/8 6:8B8'#7/ 97'8D'7*7 7#/8#" 9"K;7@ !T 2?7%B&%7/"#> 797'D"#8:>-

'3@ 7#/8# / /&;8 RI T ;:5 9"K;7@ !T.  

 
C1&279 :&#8%"#$%3 

 

1. M7D9"%>7/ U. 0., C&'>97 Z. )., ,"'"297 0. R. 01#&B[A"+[5 2#%$9#$%& 97B<['"+[@'&= 2=8B .:5-

=7B /&97%&2#"''5 71#&B":>'7\ ?7%B& 1%8;2#"/:8''5 :7*[D'&= ?$'9+[@ // R"#8%[":& ZZ B[K'"%7;'7\ '"$-

97/7-#8='[D'7\ 97'?8%8'+[\ (ZRN-2009), V8%9"2&. – C. 38–39. 

2. M:"22&D829&8 & ":>#8%'"#&/'38 B&'&B":>'38 ?7%B3 :7*&D829&= ?$'9+&@. M"#":7*-

21%"/7D'&9 /U. F. M7D9"%8/,  .  . ,"'#8:88/",  . E. M"A"%&'7/", C. F. -"9$'. – V8%9"223: V8%9"229&@ 

&'2#&#$# $1%"/:8'&5, 1999. – 193 2. 

3. M7D9"%8/ U. F., !$%B&2#%7/ C. )., F928'7/ C. T. R&'&B&A"+&5 <$:8/3= ?$'9+&@ 17 D"2#5B // 

O";&76:89#%7''38 & 97B1>4#8%'38 2&2#8B3. – 2012. – Y 4. – C. 110–116. 

4. M7D9"%8/ U. F., !$%B&2#%7/ C. )., F928'7/ C. T. R&'&B&A"+&5 D"2#&D'7 71%8;8:8''3= <$:8-

/3= ?$'9+&@ / 7%#7*7'":>'7@ ?7%B8 1%8;2#"/:8'&5 // ,%&9:";'"5 %";&76:89#%7'&9". – 2013. – N. 12.–  

Y 3. – C. 413–420. 

5. M7D9"%8/ U. F., O$;'&+9&@ ).  ., !$%B&2#%7/ C. ). R&'&B&A"+&5 2&2#8B 17:'72#>4 71%8;8-

:8''3= <$:8/3= ?$'9+&@ / 7%#7*7'":>'7@ ?7%B8 1%8;2#"/:8'&5 // J/%&2#&D829&8 ":*7%&#B3 & %"21%8-

;8:8''38 /3D&2:8'&5 / 1%&9:";'3= A";"D"=. )31. 2: M7::89#&/'"5 B7'7*%"?&5 17; %8;. 1%7?. R8:>'&-

97/". – Q:>5'7/29, 2013. – C. 87–100. 
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-,+$"-1$#%  1$ #*0*9*  -+ $(!&/!   

+*:&34   *#$034  1"!&,-/1*"*0 

 

F. F. ]"/%&97/,  . F.  &9&#&', ). (. CB&%'7/ ('"$D'3@ %$97/7;&#8:>) 

 
51C<!)>"-$* +$1$.1  !"#$#%#. (./$)#'@!$-$ $ 01'-#()!$-$ $F. 7. 4. ;)#'1C!$-)>. G4H 

432017, :. 51C<!)>"-, %1. 3)!A.()>., 48/2 

E-mail: a.gavrikoff@gmail.com  
 

O"22B7#%8' '7/3@ 21727< &AB8%8'&5 97B17'8'# #81:7/7*7 &B18;"'2" B7H'3= 17:8/3= #%"'A&2#7%7/, / 97-

#7%7B &217:>A$8#25 /7A;8@2#/&8 '" 7<L89# &AB8%8'&5 *%84H8@ B7H'72#&, B7;$:&%7/"''7@ 17 *"%B7'&D8297B$ A"-

97'$. I:5 /35/:8'&5 97B17'8'# #81:7/7*7 &B18;"'2" 1%8;:7K8' 21727<, 72'7/"''3@ '" &AB8%8'&& A"/&2&B72#& 

B7;$:5 #81:7/7*7 &B18;"'2" ZT 7# D"2#7#3 B7;$:5+&& *%84H8@ B7H'72#& ^, ;&??8%8'+&%7/"'&& 2189#%" ZT(^)  17 

D"2#7#8 B7;$:5+&& & 172:8;$4H8*7 /3D&2:8'&5 A"/&2&B72#& [dZT/d^]-1 7# ZT. 

 

C7/%8B8''38 B7H'38 17:8/38 #%"'A&2#7%3 (MOSFET-#%"'A&2#7%3) 21727<'3 

97BB$#&%7/"#> #79& / '8297:>97 27#8' "B18%, /8:&D&'" %"228&/"8B7@ / '&= B7H'72#& 

B7K8# ;72#&*"#> '8297:>9&= 27#8' /"##. J#7 B7K8# /3A/"#> 2&:>'3@ 18%8*%8/ 9%&2#":-

:" #%"'A&2#7%" 2 172:8;$4H&B& '8*"#&/'3B& 172:8;2#/&5B&. ,76#7B$ 1%& %"A%"<7#98 

97'2#%$9+&& #%"'A&2#7%" '87<=7;&B7 7<8218D&/"#> =7%7.&@ 7#/7; #81:" 7# "9#&/'7@ 

7<:"2#& 9%&2#"::" (p-n-18%8=7;") 9 97%1$2$ #%"'A&2#7%" & ;":88 D8%8A %";&"#7% / 79-

%$K"4H$4 2%8;$.  

M"D82#/7 #81:77#/7;" :4<7*7 17:$1%7/7;'&97/7*7 1%&<7%" 71%8;8:58#25 #81:7-

/3B 271%7#&/:8'&8B «18%8=7; – 97%1$2» RT1-9 &:&
  
«18%8=7; – 2%8;"» RT1-2. ,7 71%8;8-

:8'&4 #81:7/78 271%7#&/:8'&8 RT %"/'7 1%&%"H8'&4 #8B18%"#$%3 _T p-n-18%8=7;" 

17:$1%7/7;'&97/7*7 1%&<7%" 7#'72&#8:>'7 97%1$2" &:& 79%$K"4H8@ 2%8;3 1%& %"2-

28&/"'&& / '8B 8;&'&D'7@ B7H'72#&: 
 

RT = _T/O, 
 

*;8 O – %"228&/"8B"5 / 1%&<7%8 B7H'72#>.  

C:8;$8# 7#B8#&#>, D#7 #81:7/78 271%7#&/:8'&8 «18%8=7; – 79%$K"4H"5 2%8;"» 

RT1-2 /9:4D"8# / 28<5 '8297:>97 97B17'8'#.  "1%&B8%, ;:5 17:$1%7/7;'&97/7*7 2/8#7-

;&7;", 2B7'#&%7/"''7*7 '" %";&"#7%8 (%&2. 1), 7'7 272#7&# &A #%8= 97B17'8'#: «18%8-

=7; – B7'#"K'"5 1:"2#&'"» RN1-1:, «B7'#"K'"5 1:"2#&'" – %";&"#7%» RN1:-% & «%";&"#7% – 

79%$K"4H"5 2%8;"» RN%-2%. V8%8A N1, N1:, N% & N2%  7<7A'"D8'3 277#/8#2#/8''7 #8B18%"-

#$%3 p-n 18%8=7;", 1:"2#&'3, %";&"#7%" & 79%$K"4H8@ 2%8;3. 

 

 
 

O&2. 1. Q1%7H8''"5 97'2#%$9+&5 17:$1%7/7;'&97/7*7 2/8#7;&7;" & 8*7 #81:7/"5 2=8B" 
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I:5 1%789#&%7/H&97/ 17:$1%7/7;'&97/3= 1%&<7%7/ (B7H'3= #%"'A&2#7%7/ & 

;&7;7/, 2/8#7;&7;7/ & #. ;.) /"K'7 &B8#> 2%8;2#/" &AB8%8'&5 /28= 97B17'8'# #81:7/7*7 

271%7#&/:8'&5, 17297:>9$ 6#7 17A/7:58# 71#&B&A&%7/"#> 97'2#%$9+&4 1%&<7%" 2 #7D9& 

A%8'&5 9"D82#/" #81:77#/7;". 01%8;8:8'&8 97B17'8'# #81:7/7*7 271%7#&/:8'&5 /7A-

B7K'7 ;/$B5 B8#7;"B&, 97#7%38 $2:7/'7 '"A3/"4# /%8B8''3B & D"2#7#'3B [1].  

)7 /%8B8''7B B8#7;8, 17:7K8''7B / 72'7/$ 2#"';"%#" JESD51-1 [2], '" 7<L89# 

/7A;8@2#/$4# 2#$18'D"#7 &AB8'54H8@25 B7H'72#>4 & &AB8%54# 7#9:&9 '" 6#7 /7A;8@-

2#/&8 – &AB8'8'&5 #8B18%"#$%3 18%8=7;" T(t) / 1%7+8228 '"*%8/". N8B18%"#$%" 18%8=7-

;" 71%8;8:58#25 972/8''3B 21727<7B '" 72'7/8 &AB8%8'&5 #8B18%"#$%7D$/2#/&#8:>'7-

*7 1"%"B8#%" (NV,), 97#7%3@ 7<3D'7 :&'8@'7 A"/&2&# 7# #8B18%"#$%3. I:5 ;&7;7/ & 

<&17:5%'3= #%"'A&2#7%7/ / 9"D82#/8 NV, &217:>A$4# 1%5B78 1";8'&8 '"1%5K8'&5 '" 

p-n-18%8=7;8 1%& B":7B &AB8%&#8:>'7B #798, ;:5 17:8/3= #%"'A&2#7%7/ – 271%7#&/:8-

'&8 7#9%3#7*7 9"'":" #%"'A&2#7%". ) 9"D82#/8 1%&B8%" '" %&2. 2 179"A"'" #"9"5 A"/&-

2&B72#>, 1%8;2#"/:8''"5 / :&'8@'7B B"2.#"<8 17 72& "<2+&22, & / :7*"%&?B&D8297B 

B"2.#"<8. ,7:7*&8 $D"2#9&, &B84H&825 '" 9%&/7@ '"*%8/", 277#/8#2#/$4# %"A:&D'3B 

97B17'8'#"B 17:'7*7 #81:7/7*7 271%7#&/:8'&5. F'":&A 9%&/7@ '"*%8/" 17A/7:58# 71-

%8;8:&#> 6#& 97B17'8'#3. I"''3@ B8#7; 17:7K8' / 72'7/$ %"<7#3 &A/82#'7*7 &AB8%&-

#8:>'7*7 97B1:892" T3Ster 1%7&A/7;2#/" ?&%B3 Mentor Graphics [3].  

 

 
O&2. 2. )%8B8''"5 A"/&2&B72#> #8B18%"#$%3 p-n-18%8=7;" 7<L89#" / 1%7+8228 '"*%8/" 2#$18'D"#7  

&AB8'54H8@25 B7H'72#>4: ") :&'8@'3@ B"2.#"< 17 72& "<2+&22; <) – :7*"%&?B&D829&@ B"2.#"< 

 

F:>#8%'"#&/7@ /%8B8''7B$ B8#7;$ 5/:58#25 2189#%":>'3@ B8#7; &AB8%8'&5 97B-

17'8'# #81:7/7*7 271%7#&/:8'&5, / 97#7%7B &217:>A$8#25 /7A;8@2#/&8 '" 7<L89# *%84-

H8@ B7H'72#&, B7;$:&%7/"''7@ 17 *"%B7'&D8297B$ A"97'$ [4]. I:5 6#7*7 D8%8A 7<L89# 

1%71$29"4# &B1$:>23 *%84H8*7 #79" 2 172#75''7@ "B1:&#$;7@ & 18%&7;7B 2:8;7/"-

'&5, ;:&#8:>'72#> 97#7%3= &AB8'58#25 17 *"%B7'&D8297B$ A"97'$. ) 1"$A"= B8K;$ 

*%84H&B& &B1$:>2"B& &AB8%54# NV, & 71%8;8:54# #8B18%"#$%$ 18%8=7;" T(t), 97#7-

%"5, #"9K8 9"9 & *%84H"5 B7H'72#> P(t), &AB8'58#25 17 *"%B7'&D8297B$ A"97'$, '7 

2;/&'$#" 7#'72&#8:>'7 B7H'72#& 17 ?"A8. ,72:8 6#7*7 /3D&2:54# T$%>8-

#%"'2?7%B"'#3 18%/3= *"%B7'&9 T1(^) & P1(^), D#7 17A/7:58# 71%8;8:&#> B7;$:> #81-

:7/7*7 &B18;"'2" ZT & 8*7 ?"A$ ` '" D"2#7#8 B7;$:5+&& ^.  

(AB8%8'&8 #81:7/7*7 &B18;"'2" B7H'3= MOSFET-#%"'A&2#7%7/ &B88# %5; 727-

<8''72#8@, 2/5A"''3= 2 &= 2#%$9#$%7@ (%&2. 3). ) 7<3D'7B %8K&B8 %"<7#3 '" A"#/7% 

7#'72&#8:>'7 &2#79" 17;"8#25 17:7K&#8:>'78 '"1%5K8'&8, / %8A$:>#"#8 D8*7 / #%"'A&-
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2#7%8 &';$+&%$8#25 9"'": n-#&1", 278;&'54H&@ 7<:"2#& &2#79" & 2#79". C71%7#&/:8-

'&8 9"'":" 7<3D'7 272#"/:58# 8;&'&+3 & ;825#9& B0B, D#7 17A/7:58# 97BB$#&%7/"#> 

D8%8A '8*7 <7:>.&8 #79&. ,7297:>9$ %"228&/"8B"5 / #%"'A&2#7%8 B7H'72#> B7K8# ;72-

#&*"#> '8297:>9&= 27#8' /"##, '87<=7;&B7, D#7<3 8*7 #81:7/78 271%7#&/:8'&8 «18%8=7; – 

97%1$2» <3:7 17%5;9" 1 M/)# & '&K8 (;:5 B'7*&= MOSFET-#%"'A&2#7%7/ RT1-9 &B84# 

A'"D8'&5 '" $%7/'8 0,5 M/)#). I:5 #7*7, D#7<3 / 1%7+8228 &AB8%8'&@ 8*7 #81:7/7*7 27-

1%7#&/:8'&5 %"A7*%8#> 18%8=7; =7#5 <3 '" 7;&' 1 M, '87<=7;&B" B7H'72#> 1%&B8%'7 

2 )#. ,%& 271%7#&/:8'&& 7#9%3#7*7 9"'":" 17:8/7*7 #%"'A&2#7%" 1 B0B D8%8A '8*7 / 

6#7B 2:$D"8 '87<=7;&B7 1%71$2#&#> *%84H&@ #79 797:7 45 F. ,%& &217:>A7/"'&& .&-

%7#'7-&B1$:>2'7@ B7;$:5+&& *%84H8@ B7H'72#& "B1:&#$;" &B1$:>27/ ;7:K'3 <3#> 

/ 2 %"A" /3.8 6#7*7 A'"D8'&5, #. 8. 17%5;9" 90 F. ,%7#89"'&8 #"9&= &B1$:>27/ #79" B7-

K8# /3A/"#> / <:798 &AB8%8'&5 NV, 2$H82#/8''38 6:89#%7B"*'&#'38 17B8=& 17 +815B 

1&#"'&5 & 7<H8@ .&'8.  

 

 

O&2. 3. C#%$9#$%" B7H'7*7 MOSFET- #%"'A&2#7%" (") & 8*7 $2:7/'78 7<7A'"D8'&8 (<)  

 

 "B& 1%8;:7K8' 21727< &AB8%8'&5 NV,, / 97#7%7B ;:5 %"A7*%8/" "9#&/'7@ 7<-

:"2#& 9%&2#"::" MOSFET-#%"'A&2#7%" &217:>A$4#25 A'"D&#8:>'7 B8'>.&8 *%84H&8 

#79&. ) 6#7B 21727<8 '"*%8/ #%"'A&2#7%" 72$H82#/:58#25 1%71$29"'&8B -(R-

&B1$:>27/ *%84H8*7 #79" '8 D8%8A &';$+&%7/"''3@ 9"'": #%"'A&2#7%", " D8%8A /'$#-

%8''&@ "'#&1"%"::8:>'3@ ;&7;, 278;&'54H&@ 7<:"2#& &2#79" & 2#79". ) 6#7B 2:$D"8 

%"228&/"8B"5 / #%"'A&2#7%8 B7H'72#> P <$;8# 71%8;8:5#>25  1%7&A/8;8'&8B I·UD (UD – 

'"1%5K8'&8 '" ;&7;8, %"/'78 1%&B8%'7 1 )). I:5 %"228&/"'&5 B7H'72#& / 2 )# #%8<$-

8#25 #79 /8:&D&'7@ 2 F. ,7297:>9$ '"*%8/ 1%7&A/7;&#25 '8 172#75''3B #797B, " 

-(R-&B1$:>2"B& 27 2%8;'8@ 29/"K'72#>4 2, "B1:&#$;" &B1$:>27/ ;7:K'" 272#"/-

:5#> /8:&D&'$ %"/'$4 /28*7 :&.> 4 F. J#7 A'"D&#8:>'7 $1%7H"8# %8":&A"+&4 B8#7;" 

&AB8%8'&5 #81:7/7*7 271%7#&/:8'&5 B7H'3= MOSFET-#%"'A&2#7%7/. 

I:5 71%8;8:8'&5 97B17'8'# #81:7/7*7 &B18;"'2" /28= A/8'>8/ #81:7/7*7 1$#& 

«18%8=7; – 9%&2#"::7;8%K"#8:> – 97%1$2 – %";&"#7% – 79%$K"4H"5 2%8;"» 1%7&A/7;&#-

25 &AB8%8'&8 A"/&2&B72#& B7;$:5 #81:7/7*7 &B18;"'2" ZT 7# D"2#7#3 B7;$:5+&& ^ 

*%84H8@ B7H'72#& (2189#%" #81:7/7*7 &B18;"'2"). M7B17'8'#3 #81:7/7*7 &B18;"'2" 

1%75/:54#25 / 2189#%8 ZT(^)  / /&;8 17:7*&= $D"2#97/ &:& #7D89 18%8*&<3. I:5 /35/-

:8'&5 6#&= $D"2#97/ 1%7&A/7;&#25 ;&??8%8'+&%7/"'&8 2189#%" ZT(^)  17 D"2#7#8 B7;$-

:5+&& ^ & /3D&2:8'&8 A"/&2&B72#& [dZT/d^]
-1

 7# ZT, D#7 17A/7:58# 17 17:7K8'&4 B"9-
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2&B$B7/ 71%8;8:&#> 97B17'8'#3 #81:7/7*7 &B18;"'2" 7<L89#" &AB8%8'&5. ) 9"D82#/8 

1%&B8%" '" %&2. 4 1%8;2#"/:8'3 %8A$:>#"#3 &AB8%8'&5 97B17'8'# #81:7/7*7 &B18;"'2" 

B7H'7*7 MOSFET-#%"'A&2#7%" IRF3206. ) /8%='8B *%"?&D8297B 79'8 1%8;2#"/:8' 

2189#% #81:7/7*7 &B18;"'2" ZT(^), / '&K'8B – A"/&2&B72#> [dZT/d^]
-1

 7# ZT. 

 

 
 

O&2. 4. O8A$:>#"#3 &AB8%8'&5 97B17'8'# #81:7/7*7 &B18;"'2" MOSFET-#%"'A&2#7%" IRF3206 

 

FB1:&#$;" -(R-&B1$:>27/ *%84H8*7 #79" 272#"/:5:" 4 F, 18%&7; 2:8;7/"'&5 – 

500 B92, 976??&+&8'# B7;$:5+&& – 0,5, ;&"1"A7' D"2#7# B7;$:5+&& – 7# 0,25 ;7 250 ]+. 

0<%"A8+ B7'#&%7/":25 '" %";&"#7% D8%8A #81:71%7/7;5H$4 1"2#$. P'"D8'&8 #81:7/7*7 

271%7#&/:8'&5 «18%8=7; – 97%1$2» 272#"/:58# 0,53 M/)#, D#7 27*:"2$8#25 27 A'"D8'&8B, 

1%&/8;8''3B / #8='&D8297@ ;79$B8'#"+&& #%"'A&2#7%" ;:5 IRF3206, 97#7%78 %"/'7 

0,54 (max) M/)#.  

 
C1&279 :&#8%"#$%3 

 

1. CB&%'7/ ). (., C8%*88/ ). F, ]"/%&97/ F. F. C189#%":>'3@ & /%8B8''7@ B8#7;3 &AB8%8'&5 #8-

1:7/7*7 271%7#&/:8'&5 17:$1%7/7;'&97/3= 1%&<7%7/ // ,%7B3.:8''38 FCQ & 97'#%7::8%3. – 2014. – 

Y 10. – C. 58–63. 

2. IC Thermal Measurement Method – Electrical Test Method (Single Semiconductor Device) EIA/JEDEC 

JESD51-1 standard // http://www.jedec.org/download/search/jesd51-1.pdf. 

3. T3Ster – Thermal Transient Tester http://  http://www.mentor.com/micred. 

4. CB&%'7/ ). (., C8%*88/ ). F, ]"/%&97/ F. F. F11"%"#'7-1%7*%"BB'3@ 97B1:892 ;:5 &AB8%8-

'&@ #81:7/3= ="%"9#8%&2#&9 17:$1%7/7;'&97/3= 1%&<7%7/ // ,%&<7%3 & #8='&9" 69218%&B8'#". – 2013. – 

Y 1. – C. 135–136. 
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!01*+!1-,-"*0!&&!'  1$/1*0!'  6/1!&*0)!   

 *#6 "*0*(&-)*034   "-5*"*0 
 

). ). M7';$27/, ). F. M7';$27/  
 

7)()!'&"-$* :)"%/.("#>'!!?* #'@!$A'"-$* %!$>'("$#'# 

394026, :. 7)()!'&, I)"-)>"-$* D(-#, 14 

E-mail: muratovav@kipr.vorstu.ru 

 

O"A%"<7#"''"5 $2#"'7/9" 5/:58#25 272#"/'7@ D"2#>4 1%7*%"BB'7-"11"%"#'7*7 97B1:892" ;:5 &AB8%8'&5 #81-

:7/3= 1"%"B8#%7/ 17:$1%7/7;'&97/3= 1%&<7%7/ / 97%1$2"= #&1" MN-99-1 & 4601.3-1. 

 

(AB8%8'&5 6:89#%&D829&= 1"%"B8#%7/ 17:$1%7/7;'&97/3= 1%&<7%7/ 1%& &= 1%7-

&A/7;2#/8 5/:58#25 /"K'8@.8@ D"2#>4 #8='7:7*&D8297*7 1%7+822". O8A$:>#"#3 #"9&= 

&AB8%8'&@ 2:$K"# ;:5 71%8;8:8'&5 &= 6921:$"#"+&7''3= /7AB7K'72#8@, 5/:54#25 &2-

=7;'3B B"#8%&":7B 1%& %"2D8#8 2=8B, " 2 ;%$*7@ 2#7%7'3, 17A/7:54# 972/8''3B 7<%"-

A7B 2$;&#> 7 /'$#%8''&= 2/7@2#/"= & 727<8''72#5= 1%&<7%7/ [1]. 

O"A%"<7#"''"5 $2#"'7/9" 5/:58#25 272#"/'7@ D"2#>4 1%7*%"BB'7-"11"%"#'7*7 

97B1:892" ;:5 &AB8%8'&5 #81:7/3= 1"%"B8#%7/ 17:$1%7/7;'&97/3= 1%&<7%7/ / 97%1$-

2"= #&1" MN-99-1 & 4601.3-1, 1%8;'"A'"D8'" ;:5 27/B82#'7*7 &217:>A7/"'&5 2 A";"#D&-

97B %8K&B7/ & 7<8218D&/"8# #82#&%7/"'&8 & 2'5#&8 ="%"9#8%&2#&9 17:$1%7/7;'&97/3= 

1%&<7%7/ 1%& #8B18%"#$%8 ;7 150 6C. M7:&D82#/7 7;'7/%8B8''7 #82#&%$8B3= 1%&<7%7/ – 

50 .#. J:89#%&D829"5 ?$'9+&7'":>'"5 2=8B" $2#"'7/9& 1%&/8;8'" '" %&2. 1. 
 

 
 

O&2. 1. T$'9+&7'":>'"5 2=8B" $2#"'7/9& 

 

02'7/7@ $2#"'7/9& 5/:58#25 97'#"9#&%$4H88 $2#%7@2#/7 (MQ), 1%8;'"A'"D8''78 

;:5 A"*%$A9& 50 17:$1%7/7;'&97/3= 1%&<7%7/ / 97%1$2"= MN-99-1 2 &*7:>D"#3B& 1%$-

K&''3B& /3/7;"B& 7# 9"K;7*7 1%&<7%" '" /'8.'44 1"'8:> %"ALGB7/ $2#"'7/9& ;:5 

172:8;$4H8*7 278;&'8'&5 2 A";"#D&97B %8K&B7/. M7'#"9#&%$4H88 $2#%7@2#/7 1%8;-

2#"/:58# 27<7@ 1"'8:> &A "B7%?'7*7 #8%B71:"2#&D8297*7 B"#8%&":" (17:&6?&%&B&; 

(OXI)), 7<:";"4H8*7 /32797@ 1%7D'72#>4 & #8%B72#7@972#>4, 27=%"'54H8*7 2/7& 

7D8'> =7%7.&8 6:89#%7&A7:5+&7''38 & ;&6:89#%&D829&8 2/7@2#/" / ;&"1"A7'8 #8B18-
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%"#$% 7# -50 ;7 + 170 6C. ) 1"'8:& ?%8A8%7/"'&8B 2;8:"'3 9"%B"'3 ;:5 $2#"'7/9& 17-

:$1%7/7;'&97/3= 1%&<7%7/. J:89#%&D829&@ & #81:7/7@ 97'#"9# 1%&<7%7/ 72$H82#/:5-

8#25 1%&K&B7B #8%B71:&#3 (B7;$:> '"*%8/"#8:5) D8%8A 6:89#%7&A7:5+&7''$4 #81:7-

1%7/7;5H$4 1"'8:>. ,%&K&B #8%B71:&#3 2 97'#"9#&%$4H&B $2#%7@2#/7B %8*$:&%$-

8#25 9'719"B& 1, 2, 3, %"217:7K8''3B& '" 18%8;'8@ 1"'8:& $2#"'7/9&. ,%$K&''38 

&*7:>D"#38 97'#"9#3 $9%81:8'3 1"@97@ '" 18D"#'7@ 1:"#8 A"9%81:G''7@ '" 1"'8:& MQ. 

C&2#8B" $1%"/:8'&5 $2#"'7/97@ 72'7/"'" '" 8-<&#'7B B&9%797'#%7::8%8 

ATmega8a & 1%8;2#"/:8'" B7;$:8B B&9%797'#%7::8%". Q1%"/:54H"5 1%7*%"BB" ;:5 

B&9%797'#%7::8%" %"A%"<"#3/":"2> 2 17B7H>4 &'#8*%&%7/"''7@ 1:"#?7%B3 %"A%"<7#-

9& (IDP) ;:5 1%789#&%7/"'&5 & 7#:";9& 1%&:7K8'&@ '" <"A8 B&9%797'#%7::8%7/ Atmel 

ARM
®

 Cortex™-M & AVR
®

 – Atmel Studio 6.2. (2=7;'3@ 97; 1%7*%"BB3 '"1&2"' '" 

5A398 1%7*%"BB&%7/"'&5 C++. 

R7;$:> B&9%797'#%7::8%" 27;8%K&# +81> 9/"%+8/7@ 2#"<&:&A"+&& #"9#7/7@ D"2-

#7#3, B&9%72=8B'3@ 2#"<&:&A"#7% '"1%5K8'&5 +5), B7;$:& ;%"@/8%7/ ."*7/3= ;/&*"-

#8:8@ R1 & R2, %"ALGB /'$#%&2=8B'7*7 1%7*%"BB&%7/"'&5. 

,"'8:> $1%"/:8'&5  $2#"'7/97@ 278;&'8'" 2 B7;$:8B B&9%797'#%7::8%", /3/8;8-

'" '" :&+8/$4 D"2#> $2#"'7/9& & 27;8%K&# 9'717D'38 18%89:4D"#8:&:  

«0» – $2#"'7/9" 97'#"9#&%$4H8*7 $2#%7@2#/" / &2=7;'78 17:7K8'&8 ;:5 A"*%$A9& &2-

2:8;$8B3= 17:$1%7/7;'&97/3= 1%&<7%7/, 72#"'7/9" & /7A/%"# / &2=7;'78 17:7K8'&8 

97'#"9#&%$4H8*7 $2#%7@2#/" , «1», «2», «3» – ?$'9+&5 «O"<7#"» 2 %"A:&D'3B& $2&-

:&5B& 1%&K&B" &22:8;$8B3= 17:$1%7/7;'&97/3= 1%&<7%7/ / 97'#"9#&%$4H8B $2#-

%7@2#/8, 277#/8#2#/8''7: «1» – B&'&B":>'78 $2&:&8 1%&K&B", «3» – B"92&B":>'78 

$2&:&8 1%&K&B". )'8.'&@ /&; 18%8;'8@ 1"'8:& $2#"'7/9& 1%8;2#"/:8' '" %&2. 2. 
 

 O&2. 2. ,8%8;'55 1"'8:> $2#"'7/9& 

 

I:5 A";"'&5 & #7D'7*7 17;;8%K"'&5 #8B18%"#$%3 %"<7D8@ A7'3 &217:>A7/":25 

,(I 97'#%7::8% #8B18%"#$%3 TCN4S 1%7&A/7;2#/" 97B1"'&& Autonics. I:5 &AB8%8'&5 

#8B18%"#$%3 B7;$:5 '"*%8/"#8:5 ('"*%8/"#8:>'7@ 1:&#3) &217:>A7/":25 1%87<%"A7/"-

#8:> #8%B76:89#%&D829&@ #&1" SF (M), /=7;5H&@ / 272#"/ 97'#%7::8%" #8B18%"#$%3. 

I:5 '"*%8/" & 17;;8%K"'&5 A";"''7@ #8B18%"#$%3 27/B82#'7 2 97'#%7::8%7B #8B18%"-

#$%3 &217:>A7/":72> #/G%;7#8:>'78 %8:8. 

R7;$:> <:79" 1&#"'&5 24 ) &217:>A7/":25  / 9"D82#/8 &2#7D'&9" 1&#"'&5 ."*7-

/3= ;/&*"#8:8@ R1 & R2, 17;9:4D"8B3= D8%8A ;%"@/8%", $1%"/:58B38 B&9%797'#%7:-

:8%7B " #"9K8 ;:5 17:$D8'&5 2#"<&:>'7*7 '"1%5K8'&5 +5 ), '87<=7;&B7*7 ;:5 1&#"'&5 

B7;$:5 B&9%797'#%7::8%". 

R7;$:> '"*%8/"#8:5 & 97'#"9#&%$4H88 $2#%7@2#/7 1%&/7;&:&2> / ;/&K8'&8 2 

17B7H>4 /&'#7/3= 18%8;"D ."*7/3B& ;/&*"#8:5B& R1 & R2 277#/8#2#/8''7, 2 #7D'7-

2#>4 17A&+&7'&%7/"'&5 27 B9B. 

0<H&@ /&; $2#"'7/9& 1%8;2#"/:8' '" %&2. 3. 

 " %&2. 4 1%8;2#"/:8'" A";'55 1"'8:> $2#"'7/9&. 
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O&2. 3. 0<H&@ /&; $2#"'7/9& 

 

 O&2. 4. P";'55 1"'8:> $2#"'7/9& 

 

,%789#&%7/"'&8 ."22&, 9&'8B"#&D829&= /A"&B72/5A8@ & &'K8'8%'38 %"2D8#3 

72$H82#/:5:72> / 2&2#8B8 Solidworks (C7:&;/7%92) – 1%7*%"BB'7B 97B1:8928 CF,O, 

7<8218D&/"4H8B %"A%"<7#9$ &A;8:&@ :4<7@ 2#818'& 2:7K'72#& & '"A'"D8'&5. 
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I:5 &22:8;7/"'&5 #8B18%"#$%'3= ="%"9#8%&2#&9 %"<7D8@ A7'3 $2#"'7/9& &217:>-

A7/":72> 15#> #8%B76:89#%&D829&= 1%87<%"A7/"#8:8@ NC, 9703 (1:"#&'7/38), 1%8;-

2#"/:54H&= 27<7@ *&<978 72'7/"'&8 2 A"9%81:G''3B '" 'GB D$/2#/&#8:>'3B 6:8B8'-

#7B, $2#"'7/:8''38 17 18%&B8#%$ %"<7D8@ A7'3 & 7;&' / +8'#%8. N8%B71%87<%"A7/"#8-

:& 17;9:4D":&2> 9 B'7*79"'":>'7B$ 1%8+&A&7''7B$ &AB8%&#8:4 #8B18%"#$%3 R(N-8 

2 ?$'9+&8@ 2"B71&2+" 2 /3=7;7B '" ,M. ,7 %8A$:>#"#"B &22:8;7/"'&@ #8B18%"#$%'3= 

="%"9#8%&2#&9 /35/:8'3 ;"''38 $9"A"''38 / #"<:. 1. 
 

N"<:&+" 1 

N8B18%"#$%'38 ="%"9#8%&2#&9& 
 

Y 1/1 S"%"9#8%&2#&9" X;. &AB. ,79"A"#8:> 

1 )%8B5 /3=7;" '" #8B18%"#$%'3@ %8K&B 100 C B&' 5 

2 )%8B5 2#"<&:&A"+&&  #8B18%"#$%'7*7 %8K&B" B&' 2 

3 R"92&B":>'78 7#9:7'8'&8 #8B18%"#$%3 / %"<7D8@ A7'8 7# A";"''7*7 

A'"D8'&5, 1%& N%"<.a100 C 
 C ±0,5 

4 R"92&B":>'78 7#9:7'8'&8 #8B18%"#$%3 / %"<7D8@ A7'8 7# A";"''7*7 

A'"D8'&5, 1%& N%"<.>100 C 
 C ±0,7 

5 ]%";&8'# %"21%8;8:8'&5 #8B18%"#$%3 %"<7D8@ A7'3  C 0,5 

 

,7:$D8''38 ;"''38 $9"A3/"4# '" 71#&B":>'3@ /3<7% B"#8%&":7/ & 97'2#%$9-

+&& %"<7D8@ A7'3. N8B18%"#$%'38 ="%"9#8%&2#&9& %"<7D8@ A7'3 / '8297:>97 %"A 1%8-

/72=7;5# #%8<7/"'&5, 1%8;L5/:58B38 9 $2#"'7/9"B #"97*7 #&1". 

,%& &22:8;7/"'&& #8B18%"#$%'3= ="%"9#8%&2#&9 %"<7D8@ A7'3 $2#"'7/9& &2-

17:>A7/":&2> 2:8;$4H&8 '"2#%7@9& #8B18%"#$%'7*7 97'#%7::8%": ;&"1"A7' 1%717%-

+&7'":>'7*7 %8*$:&%7/"'&5 (O) – 5.7, &'#8*%":>'"5 272#"/:54H"5 (I) – 100, ;&??8%8'-

+&":>'"5 272#"/:54H"5 (D) – 20, 97%%89#&%7/9" /=7;" (IN-B) – 2,0. 

) #"<:. 2 1%8;2#"/:8'3 #8='&D829&8 ="%"9#8%&2#&9& %"A%"<7#"''7@ $2#"'7/9&. 
 

N"<:&+" 2 

02'7/'38 #8='&D829&8 ="%"9#8%&2#&9& 
 

Y S"%"9#8%&2#&9" X;. &AB. P'"D8'&8 

6JK$' @.(.-#'($"#$-$   

1  "1%5K8'&8 1&#"'&5 ) 220 ± 10% 

2 V"2#7#" 1&#"4H8@ 28#& ]+ 50 ± 0,4 

3 ,7#%8<:58B"5 B7H'72#>, '8 <7:88 )# 700 

4 N8B18%"#$%" 6921:$"#"+&&  C 7# +10 ;7 +35  

5 O"AB8%3 (-=I=)) BB 270=410=360 

6 R"22", '8##7 9* 32,5 

L.(.-#'($"#$-$ (.J)A'* ,)!?   

7 ]"<"%&#3 %"<7D8@ A7'3 (-=I=)) BB 170=120=5 

8 I&"1"A7' %"<7D&= #8B18%"#$%  C 50-150 

9 )%8B5 /3=7;" '" #8B18%"#$%'3@ %8K&B, '8 <7:88 B&' 10 

10 )%8B5 2#"<&:&A"+&&  #8B18%"#$%'7*7 %8K&B", '8 <7:88 B&' 7 

11 
R"92&B":>'78 7#9:7'8'&8 #8B18%"#$%3 / %"<7D8@ A7'8 7# A"-

;"''7*7 A'"D8'&5, 1%& N%"< .a 100  C 
 C ± 0,7 

12 
R"92&B":>'78 7#9:7'8'&8 #8B18%"#$%3 / %"<7D8@ A7'8 7# A"-

;"''7*7 A'"D8'&5, 1%& N%"< .> 100  C 
 C ± 1 

13 ]%";&8'# %"21%8;8:8'&5 #8B18%"#$%3 %"<7D8@ A7'3, '8 <7:88  C 0,7 

14 N7D'72#> A";"'&5  #8B18%"#$%3  C 1 

 
C1&279 :&#8%"#$%3 

 

1. F%7'7/ ). E., T8;7#7/ b. F. (213#"'&8 & &22:8;7/"'&8 17:$1%7/7;'&97/3= 1%&<7%7/: $D8<. 

1727<&8 ;:5 218+&":>'72#8@ 17:$1%7/7;'&97/7@ #8='&9& /$A7/. – R.: )32.. .9., 1975. 
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)*+ %;1$"&38  !&!#-,   

7-,-*#*9-2$/)*9*  /*/1*'&-'  / *"1/+$&*0 

 

I.  . E87'D&97/, F. 0.  8;<"@:7,  

]. R. F:;7'&', ). ). V8%81"'7/ ('"$D'38 %$97/7;&#8:&) 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23465 786 925 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: GAldonin@sfu-krs.ru 

 
O"22B7#%8' 97B1>4#8%'3@ "'":&A ?&A&7:7*&D8297*7 272#75'&5 217%#2B8'7/ / =7;8 #%8'&%7/7D'7*7 1%7+822", 

D#7 '87<=7;&B7 ;:5 /3/7;" 217%#2B8'" '" 1&9 ?7%B3 9 B7B8'#$ 27%8/'7/"'&5 & &29:4D8'&5 18%8#%8'&%7/"''72#& 

217%#2B8'", &'/":&;'72#8@ & ;"K8 :8#":>'3= &2=7;7/. 

 

,%7?822&7'":>'3@ 217%# #%8<$8# A"1%8;8:>'3= ?&A&D829&= & 6B7+&7'":>'3= 

'"*%$A79 '" 7%*"'&AB 217%#2B8'". ,8%8#%8'&%7/"''72#> /8;G# 9 ;:&#8:>'3B 18%&7;"B 

/722#"'7/:8'&5 217%#&/'7@ ?7%B3, /7A'&9'7/8'&8 &'/":&;'72#8@ & ;"K8 :8#":>'3= 

&2=7;7/ '" 27%8/'7/"'&5= & '" #%8'&%7/9"=. I:5 #7*7 D#7<3 &29:4D&#>, 17;7<'38 

2:$D"& '87<=7;&B 172#75''3@ B7'&#7%&'* &= ?&A&7:7*&D8297*7 272#75'&5 2 17B7H>4 

9"%;&7B7'&#7%7/ =7:#8%7/297*7 #&1" [1].  "&<7:88 %"21%72#%"'8''3B& / 217%#8 5/-

:54#25 179"A"#8:& 28%;8D'7-272$;&2#7@ ;85#8:>'72#&. 

 "+&7'":>'38 %722&@29&8 %897B8';"+&& 17 1%&B8'8'&4 B8#7;&9& =7:#8%7/297-

*7 B7'&#7%&%7/"'&5 (SR) / 9:&'&D8297@ 1%"9#&98 (1%&'5#3 '" 1:8'"%'7B A"28;"'&& 

O722&@297*7  "+&7'":>'7*7 M7'*%822" M"%;&7:7*7/ (O MM) 27 28'#5<%5 2013, / 

*. C"'9#-,8#8%<$%*8) $9"A3/"4#, D#7 217%#2B8'3 5/:54#25 727<7@ 1%7?822&7'":>'7@ 

*%$117@ 2 %8*$:5%'3B& 17/3.8''3B '"*%$A9"B& '" 28%;8D'7-272$;&2#$4 2&2#8B$ & 

277#/8#2#/8''7 %&297B 9"%;&":>'3= 72:7K'8'&@, 2"B3B *%7A'3B &A 97#7%3= 5/:58#25 

/'8A"1'"5 28%;8D'"5 2B8%#> ()CC). V"2#7#" 2:$D"8/ )CC $ 217%#2B8'7/ /32797*7 

$%7/'5 272#"/:58# 0,35 '" 100000 217%#2B8'7/. V"2#7#" /'8A"1'7@ 2B8%#& ()C) 272#"-

/&:" 2,6 2:$D"5 $ B$KD&' & 1,1 2:$D"5 / *7; $ K8'H&' '" 100000 :&+, /7/:8D8''3= / 

"9#&/'3@ 27%8/'7/"#8:>'3@ 217%#. 

I:5 6??89#&/'7*7 97B1>4#8%'7*7 "'":&A" ?&A&7:7*&D8297*7 272#75'&5 (TC) 

217%#2B8'7/ '" #%8'&%7/9"= & 27%8/'7/"'&5= / :"<7%"#7%&& B8;&+&'297*7 1%&<7%7-

2#%78'&5 &'2#&#$#" &'K8'8%'7@ ?&A&9& & %";&76:89#%7'&9& C&<&%297*7 ?8;8%":>'7*7 

$'&/8%2&#8#" <3: %"A%"<7#"' "11"%"#'7-1%7*%"BB'3@ 97B1:892 (F,M) '" <"A8 B&9%7-

9"%;&7B7'&#7%" RMR-05C =7:#8%7/297*7 #&1" (%&2. 1) [2]. F,M 17A/7:58# 1%7&A/7-

;&#> ;&2#"'+&7''3@ B7'&#7%&'* ?$'9+&7'":>'7*7 272#75'&5 217%#2B8'" 17; 97'#%7-

:8B #%8'8%" / %8K&B8 on-line, '" 1:"'.8#'7B 97B1>4#8%8. 

 

 
 

O&2. 1. F,M RMR-05C 272#75H&@ &A %897%;8%", 18%27'":>'7*7 1:"'.8#" &:& 2B"%#?7'" #%8'8%" 
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 897#7%38 %8A$:>#"#3 #"9&= 69218%&B8'#7/ 1%&/8;8'3 / ;"''7@ 2#"#>8 [1]. 

 " %&2. 2 179"A"'7 &AB8'8'&8 6:89#%79"%;&7*%"BB3 (JM]) 217%#2B8'9&-

<&"#:7'&2#9& / 1%7+8228 #%8'&%7/9&. 

 

 
 "D":7 #%8'&%7/7D'7*7 1%7+822" 

 

C8%8;&'" #%8'&%7/7D'7*7 1%7+822" 

 

 
097'D"'&8 #%8'&%7/7D'7*7 1%7+822" 

 

O&2. 2. (AB8'8'&8 JM] 217%#2B8'9&-<&"#:7'&2#9& / 1%7+8228 #%8'&%7/9& 

 

) =7;8 #%8'&%7/7D'7*7 1%7+822" /&;'7 2&:>'78 &AB8'8'&8 VCC & ?7%B3 6:89-

#%79"%;&72&*'":" (JMC). R&'&B":>'"5 VCC $ 217%#2B8'7/ ;7=7;&:" ;7 35 $;/B&', D8-

*7 '8 7#B8D":72> / 97'#%7:>'7@ *%$118. Q 14 % 217%#2B8'7/ <3:& A"%8*&2#%&%7/"'3 

1"$A3 %&#B" <7:88 2000 B289. F) <:79";" 1 2#818'& /35/:5:"2> $ 23 % 217%#2B8'7/ 

(11 % / 97'#%7:8), /#7%7@ 2#818'& – $ 20 % 217%#2B8'7/ & $ 3 % / 97'#%7:8. V#7 9"2"-

8#25 D"2#7#3 #"=&"%&#B&@, #7 7'" 2$H82#/8''7 '8 %"A:&D":"2> $ 217%#2B8'7/ & A;7%7-

/3= 2/8%2#'&97/, '7 <3:" ;72#"#7D'7 /32797@ / 7<8&= *%$11"= (60 % $ 217%#2B8'7/ & 

57 % / 97'#%7:>'7@ *%$118). I:5 217%#2B8'7/ <7:88 2#"%.8*7 /7A%"2#" ="%"9#8%'7 

$2&:8'&8 /3%"K8''72#& '7D'7@ <%";&9"%;&&, /3279&8 A'"D8'&5 %"A'&+3 ;'8/'7@ & 

'7D'7@ VCC. 

N"9 K8 1%7&A/7;&:&2> &22:8;7/"'&5 /:&5'&5 '"*%$A9& '" TC0 / #%8'"K8%'7B A"-

:8. I:5 "'":&A" TC0 217%#2B8'7/ 1%7/7;&:"2> 7;'7/%8B8''"5 A"1&2> JM], ?7#71:8-

#&AB7*%"BB3 1$:>27/7@ /7:'3 (T,] ,)) (%&2. 3, .) & 7+8'&/":&2> /%8B5 %"21%72#%"-

'8'&5 1$:>27/7@ /7:'3 ()O,)) (%&2. 3, J), 7#%"K"4H88 &AB8'8'&8 "%#8%&":>'7*7 ;"/-

:8'&5 & 7<LGB'3@ /3<%72 9%7/& (0)M) (%&2. 3, >) & 272#"/:5:25 7#D8# ;&"*'72#&9& 17 

/"%&"<8:>'72#& 28%;8D'7*7 %&#B" (%&2. 3, >) [3]. 

J#& ;"''38 17A/7:54# 97%%89#&%7/"#> & 71#&B&A&%7/"#> 1%7+822 #%8'&%7/9&.  
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. 

 
J 

 
 

 

> 
 

                

O&2. 3. JMC & ,) (.),  7<LGB'3@ /3<%72 

9%7/& (J) & )O,) (>) $ 217%#2B8'" 

 / #%8'"K8%'7B A":8 

O&2. 4. 0#D8# ;&"*'72#&9& 17 /"%&"<8:>'72#& 

28%;8D'7*7 %&#B" ()CO) 

 

O"A:&D'38 /&;3 217%#" 27A;"4# ;:5 7%*"'&AB" $'&9":>'38 /"%&"'#3 2#%8227%-

'3= '"*%$A79, B7;8:&%7/"#> 97#7%38 / $2:7/&5= 2#"';"%#&A&%7/"''3= '"*%$A7D'3= 

1%7< D"2#7 <3/"8# 1%72#7 '8/7AB7K'7.  

QD&#3/"5 B"227/72#> A"'5#&@ 217%#7B 2%8;& '"28:8'&5, 2$H82#/8''3B 1%8;2#"/-

:58#25 7+8'9" /:&5'&5 $B8%8''3= ?&A&D829&= $1%"K'8'&@ '" %&#B 28%;+".  

,7 ;"''3B O MM 1%& B7'&#7%&%7/"'&& 80 A;7%7/3= :4;8@, / /7A%"2#8 ;7 40 :8#, 

'81%7?822&7'":>'7 A"'&B"4H&=25 <8*7B 71%8;8:8'7 $/8:&D8'&8 D"2#7#3 %8*&2#%"+&& 

"%&#B&@ 17 2%"/'8'&4 2 "'":7*&D'3B& /7A%"2#'3B& *%$11"B& A;7%7/3= :&+. C$1%"-

/8'#%&9$:5%'"5 692#%"2&2#7:&5 %8*&2#%&%7/":"2> / 41 % 2:$D"8/, K8:$;7D97/"5 – / 

50 %. ) #7 K8 /%8B5 $ <7:88 B7:7;3= B"%"?7'+8/ (/ *%$11$ /=7;&:& 217%#2B8'3 7# 19 

;7 28 :8#), &'#8'2&/'7 #%8'&%$4H&=25 / <8*8 '" 50 9&:7B8#%7/$4 ;&2#"'+&4, /35/:8-

'7 / 100 % 2:$D"8/ 2$1%"/8'#%&9$:5%'$4 & / 70 % – K8:$;7D97/$4 692#%"2&2#7:&4. 

J#7 2/&;8#8:>2#/$8# 7 ;72#"#7D'7 A'"D&#8:>'7B /:&5'&& &'#8'2&/'3= ?&A&D829&= '"-

*%$A79 '" /7A'&9'7/8'&5 28%;8D'3= "%&#B&@ & #%8<$8# 1%&2#":>'7*7 97'#%7:5 A" 27-

2#75'&8B 28%;8D'7-272$;&2#7@ 2&2#8B3 $ :&+ A"'&B"4H&=25 217%#7B. 

(217:>A7/"'&8 SR 1%& 7<2:8;7/"'&& 217%#2B8'7/, '827B'8''7, ;"8# 9:&'&+&2#$ 

'7/38 A'"'&5 7 /:&5'&& ?&A&D829&= '"*%$A79 '" 28%;8D'3@ %&#B, 17B7*"8# ;&"*'72#&-

%7/"#> A'"D&#8:>'3@ 2189#% 28%;8D'3= "%&#B&@, '8 /35/:58B3@ ;%$*&B& B8#7;"B&.  

,79"A"'&5 9 SR $ :&+, %8*$:5%'7 A"'&B"4H&=25 217%#7B %"A;8:8'3 '" 9:"223: 

M:"22 I: 

1. E&+" 2 2&'9718, 1%8;2&'9718, 28%;+8<&8'&5B&, <7:5B& / 7<:"2#& 28%;+", %8A-

9&B '8#&1&D'3B '"%$.8'&8B ;3="'&5 '" ?7'8 ?&A&D8297@ '"*%$A9&.  

2. E&+" 2 '"%$.8'&5B& %&#B" 28%;+" & 1%7/7;&B72#&, %8*&2#%&%$8B38 '" JM] 

17975 &:& /7A'&9"4H&8 '" ?7'8 ?&A&D8297@ '"*%$A9& & 2#%822 #82#"=.  
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3. E&+" 2 /35/:8''7@ B"9%7":>#8%'"+&8@ A$<+" N &:& &AB8'8'&5B& 28*B8'#" ST 

'" JM] 17975 &:& '" ?7'8 ?&A&D8297@ '"*%$A9& & 2#%822 #82#"=.  

4. F) <:79";" 2 2#818'& R7<&+ 2. 

5. F) <:79";" 3 2#818'&. 

6. T"2+&9$:5%'38 <:79";3. 

M:"22 IIF: 

1. E&+" 2 '"%$.8'&5B& %&#B" 28%;+" & 1%7/7;&B72#& &2D8A"4H&B& &:& $B8'>-

."4H&B&25 '" ?7'8 ?&A&D8297@ '"*%$A9& (2#%822 #82#"=). 

M:"22 II): 

1. )3K&/.&8 172:8 27#%528'&5 28%;+" /2:8;2#/&8 1%8;17:"*"8B7@ &:& A";79$-

B8'#&%7/"''7@ ?&<%&::5+&& K8:$;7D97/. 

2. F) <:79";" 2 2#818'& R7<&+ 1. 

3. F) <:79";" 1 2#818'&. 

4. 0+8'9" /"%&"<8:>'72#& %&#B" 28%;+" ()CO-;&"*'72#&9") ;:5 71%8;8:8'&5 

$%7/'5 ?$'9+&7'":>'7*7 272#75'&5 7%*"'&AB". 

M:"22 III: 

1. ,%8;27%8/'7/"#8:>'3@ 29%&'&'* 217%#2B8'7/. 

2. C'&K8'&8 "B1:&#$;3 A$<+" N '" JM] 17975 &/&:& 1%& 2#%822-#82#"=. 

,8%2189#&/'3B '"1%"/:8'&8B &22:8;7/"'&@ / ;"''7@ 7<:"2#& 5/:58#25 71%8;8-

:8'&8 9:&'&D8297@ & 1%7*'72#&D8297@ A'"D&B72#& /35/:58B3= &AB8'8'&@ %&#B" 28%;-

+" $ 217%#2B8'7/, 71%8;8:8'&5 &AB8'8'&@ 2/5A"''3= 2 ?&A&7:7*&D829&B& 727<8''7-

2#5B& «217%#&/'7*7» 28%;+". 027<8''7 2$H82#/8''3B 5/:58#25 71%8;8:8'&8 1"%"B8#-

%7/ /8*8#"#&/'7@ %8*$:5+&& 2$#7D'7*7 %&#B" 28%;+" 1%& SR $ 217%#2B8'7/ '" %"A'3= 

6#"1"= #%8'&%7/7D'7*7 1%7+822", D#7 / 27D8#"'&& 2 &AB8'8'&5B& JM] 17A/7:&# 7<L89-

#&/'7 ;&"*'72#&%7/"#> %"''&8 1%75/:8'&5 & ?"9#7%3 %&29" %"A/&#&5 28%;8D'3= "%&#-

B&@ & A"<7:8/"'&@ 28%;8D'7-272$;&2#7@ 2&2#8B3 / +8:7B  

 
C1&279 :&#8%"#$%3 

 

1. Aldonin G. M. Autonomous Monitoring of the Main Set of Parameners of the Cardiovascular Sistem  

// Biomedical Engeeniring. – 2013. – Vol. 46, issue 6. – P. 232–236. 

2. E87'D&97/ I.  ., F:;7'&' ]. R., )7:7.8'97 X. ). O"A%"<7#9" & &22:8;7/"'&8 B8#7;7/ & 

2%8;2#/ B7'&#7%&'*" ?$'9+&7'":>'7*7 272#75'&5 7%*"'&AB" 217%#2B8'7/ // C7/%8B8''38 1%7<:8B3 %"-

;&76:89#%7'&9&: 2<. '"$D. #%.; '"$D. %8;. ]. b. -"@;$%7/; 7#/. A" /31. F.F. E8/&+9&@. – M%"2'75%29 : C&<. 

?8;8%. $'-#, 2013. – C 251–253. 

3. S7:#8%7/29&@ B7'&#7% 97'#%7:5 1"%"B8#%7/ *8B7;&'"B&9& / ]. R. F:;7'&', C. ,. c8:$;>97, 

). !.  7/&97/, I. (.  7K8'97/ // !&7#8='72?8%". – 2010. – Y 1(7). – C,<.: ,7:&#8='&9", 2010. – C. 17–23. 
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 */1"*$&-$  /*#&$2&*8  6/1!&*0)-  /  -/ *#%,*0!&-$+   

*"-$&1-"6;:-4  -  )*&.$&1"-"6;:-4  /-/1$+ 
 

F. C. ,8#%$2G/ 
 

H.M$)!.1C!?* $""1'/)>.#'1C"-$* N)F"-$* D)1$#'@!$A'"-$* %!$>'("$#'# 

G)""$<, 634050, :. N)F"-, D(. O'!$!., 30 

E-mail: science-alex@mail.ru 

 
,%&/8;G' 1%&B8% 172#%78'&5 27:'8D'7@ $2#"'7/9& 2 &217:>A7/"'&8B 27:'8D'7*7 #%898%" & "9%&:7/7*7 97'-

+8'#%"#7%". ,%8;2#"/:8' 27<2#/8''3@ 27:'8D'3@ #%898%, 27<%"''3@ '" %"A%"<7#"''7@ 1:"#8 $1%"/:8'&5 17/7%7#7B. 

,79"A"'3 8*7 1%8&B$H82#/" / 2%"/'8'&& 2 "'":7*"B& & 7<72'7/"'" 8*7 "9#$":>'72#>. 01&2"' 1%&'+&1 ;8@2#/&5 

&217:>A$8B7*7 "9%&:7/7*7 97'+8'#%"#7%", 8*7 6??89#&/'72#> & 1%&B8'8'&8. 

 

) '"2#75H88 /%8B5 27:'8D'"5 6'8%*8#&9" %"2#G# 17 69217'8'+&":>'7@ A"/&2&B7-

2#& – '" 20–30 % 8K8*7;'7. P" 2014 *7; <3:7 //8;8'7 47 ])# 27:'8D'3= B7H'72#8@, 

#7*;" 9"9 / 2013 *7;$ 6#" +&?%" %"/'5:"2> 30 ])#. 

,7:'78 97:&D82#/7 27:'8D'7@ 6'8%*&&, ;72#&*"4H8@ 17/8%='72#& P8B:& A" *7;, 

272#"/:58# /8:&D&'$ 17%5;9" (7.5-10)·1017 9)#·D [1], #7*;" 9"9 '3'8.'88 17#%8<:8'&8 

6'8%*&& D8:7/8D82#/7B 797:7 0,0015·1017 9)#·D / *7;. ) O722&& 27:'8D'"5 6'8%*8#&9" 

#"9K8 /82>B" 6??89#&/'", D#7 17;#/8%K;"4# 179"A"#8:& 2%8;'8*7;7/3= 172#$1:8'&@ 

27:'8D'7@ 6'8%*&& '" #"9&8 7<:"2#& 9"9 F2#%"="'29"5, (/"'7/29"5, O72#7/29"5, / 97#7-

%3= 7'& /3.8, D8B / (#":&&, (21"'&&, ]8%B"'&& (:&;8%7/ 17 7<LGB$ $2#"'7/:8''3= 

27:'8D'3= B7H'72#8@) [1]. 

C7:'8D'38 $2#"'7/9& 727<8''7 "9#$":>'3 / %"@7'"= 2 ;8+8'#%":&A7/"''3B 6:89-

#%72'"<K8'&8B, / 97#7%3= 1%&B8'54#25 / 72'7/'7B ;&A8:>'38 $2#"'7/9&.  " ;"''3@ 

B7B8'# 6#7 70 % #8%%&#7%&& '".8@ 2#%"'3, '" 97#7%7@ 1%7K&/"8# 20 B:'. D8:7/89. 

C#7&B72#> /3%"<"#3/"8B7@ ;&A8:>'3B& 2#"'+&5B& 6:89#%76'8%*&& 9%"@'8 /3279" & 

;72#&*"8# 50 %$<. A" 9)#·D / 2/5A& 2 172#75''7@ 17#%8<'72#>4 / #71:&/8. N7:>97 / N7B-

297@ 7<:"2#& *7;7/78 17#%8<:8'&8 ;&A8:>'7*7 #71:&/" ;:5 ;&A8:>'3= 6:89#%72#"'+&@ 

272#"/:58# 25 #32. #7'' [2]. ,76#7B$ / ;"''3= %"@7'"= "9#$":>'7 &217:>A7/"#> "/#7-

'7B'38 27:'8D'38 6:89#%72#"'+&&, " #"9K8 *&<%&;'38 ;&A8:>'7-27:'8D'38 2#"'+&&, 

A'"D&#8:>'7 2'&K"4H&8 17#%8<'72#> / '87<=7;&B7B #71:&/8 & "99$B$:&%$4H&= 6:8-

B8'#"=. 

M '3'8.'8B$ B7B8'#$ 2#"';"%#'38 27:'8D'38 $2#"'7/9& &B84# '8297:>97 '8-

;72#"#97/. M 72'7/'3B B7K'7 7#'82#& ;7/7:>'7 /3279$4 2#7&B72#> 27:'8D'3= 1"'8-

:8@ & 7#'72&#8:>'7 '8/3279$4 6??89#&/'72#> 2<7%" 27:'8D'7@ 6'8%*&& / #8D8'&8 ;'5, 

727<8''7 / $#%8''&8 & /8D8%'&8 D"23. 

I:5 %8.8'&5 18%/7@ 1%7<:8B3 1%8;:7K8'7 &217:>A7/"#> "9%&:7/3@ 97'+8'#%"-

#7%, 97#7%3@ 71&2"' / [3]. 0' 1%8;2#"/:58# 27<7@ 71#&D829$4 2&2#8B$, /317:'8''$4 

1%8&B$H82#/8''7 &A "9%&:" (%&2. 1). 

0' 17A/7:&# 2'&A&#> 1%&<:&A&#8:>'7 / 5 %"A 7<LGB '87<=7;&B3= ?7#76:8B8'#7/ 

1%& #7@ K8 /3=7;'7@ B7H'72#&, D#7 A'"D&#8:>'7 2'&A&# 2#7&B72#> 2&2#8B3 / +8:7B. 

 7 ;:5 %"<7#3 ;"''7*7 97'+8'#%"#7%" '87<=7;&B 27:'8D'3@ #%898%. 

C7:'8D'3@ #%898% – $2#%7@2#/7, 18%&7;&D829& 7%&8'#&%$4H"5 27:'8D'38 1"'8:& 

&:& 97'+8'#%"#7% '" 27:'+8, / %8A$:>#"#8 D8*7 <7:>.88 97:&D82#/7 27:'8D'3= :$D8@ 

;72#&*"4# 17/8%='72#& & /3%"<"#3/"8#25 <7:>.8 6:89#%76'8%*&&.  

,%& &217:>A7/"'&& 27:'8D'7*7 #%898%" /3%"<"#3/"8B"5 / #8D8'&8 ;'5 27:'8D'3-

B& 1"'8:5B& B7H'72#> 17/3."8#25 1%&B8%'7 '" 30% [4]. 027<8''7 A"B8#8' 1%&%72# / 

$#%8''&8 & /8D8%'&8 D"23, 97#7%38 9"9 %"A 1%&=7;5#25 '" 1&9 6:89#%717#%8<:8'&5. ,7-

6#7B$ 27:'8D'3@ #%898% 6??89#&/8' '8 #7:>97 ;:5 97'+8'#%"#7%7/, '7 & ;:5 2#"';"%#-

'3= 27:'8D'3= 1"'8:8@. 
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O&2. 1. )'8.'&@ /&; "9%&:7/7*7 97'+8'#%"#7%" 

 

) %"<7#8 1%8;:7K8'" %8":&A"+&5 27:'8D'7*7 #%898%", &B84H8*7 1%8&B$H82#/" / 

2%"/'8'&& 27 2/7&B& "'":7*"B&. 02'7/7@ 5/:58#25 %"A%"<7#"''"5 1:"#" $1%"/:8'&5, 

1%8;2#"/:8''"5 '" %&2. 2. 

 

 
 

O&2. 2. ,%&'+&1&":>'"5 2=8B" 1:"#3 $1%"/:8'&5 

 

!:"*7;"%5 $1%"/:54H8@ 1:"#8 <8A &217:>A7/"'&5 B&9%797'#%7::8%7/ / 9"D82#/8 

6:89#%71%&/7;" B7K'7 &217:>A7/"#> 97::89#7%'3@ ;/&*"#8:> 172#75''7*7 #79", 17-

6#7B$ 1&#"'&8 6:89#%71%&/7;" 72$H82#/:58#25 '"1%5B$4 7# "99$B$:5#7%'7@ <"#"%8&, 

97#7%"5 A"%5K"8#25 7# 27:'8D'3= 1"'8:8@. 0#2$#2#/&8 &'/8%#7%" ;:5 1&#"'&5 #%898%" 

;8:"8# 2&2#8B$ 1%7H8 & ;8.8/:8.  " $1%"/:54H8@ 1:"#8 #"9K8 %8":&A7/"' 21727< %8-

*$:&%7/9& /%8B8'& B8K;$ /9:4D8'&5B& & %$D'7@ '"2#%7@9& 1"'8:8@ / 71%8;8:G''7B 

'"1%"/:8'&&. ,%8;:"*"8B38 ;:5 #%898%" 97'+8/38 /39:4D"#8:& 7<8218D&/"4# <7:>-

.7@ $*7: 17/7%7#", 17A/7:55 6??89#&/'88 %"<7#"#> / $#%8''&8 & /8D8%'&8 D"23. ,%& 

6#7B 1%72#7#" 97'2#%$9+&& & 7#2$#2#/&8 1%7*%"BB&%$8B3= D"2#8@ A";"8# /3279&@ 2%79 

2:$K<3 2 '&A97@ 2#7&B72#>4 28%/&2'7*7 7<2:$K&/"'&5.  

 " 72'7/"'&& %8A$:>#"#7/ #87%8#&D829&= & 69218%&B8'#":>'3= &22:8;7/"'&@ 2 

17B7H>4 ?&A&D8297@ B7;8:& 27:'8D'7@ 1"'8:& [4], /8;8#25 %"<7#" 17 27A;"'&4 17:-

'7%"AB8%'7@ $2#"'7/9& 2$BB"%'7@ B7H'72#>4 190 )#. 
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C7:'8D'"5 <"#"%85 1%8;2#"/:58# 27<7@  2 27:'8D'38 1"'8:&  $2#"'7/:8''7@ B7H-

'72#>4 95 )# 9"K;"5. I:5 1"'8:8@ 2/"%8'" 717%'"5 %"B" B"227@ 8 9* (%&2. 2). ,%7&A-

/7;2#/7 1"'8:8@ *. P8:8'7*%";, 1%&7<%8#8'3 / 97B1"'&& F6R62J'8%*7, *.  7/72&<&%29. 

 

 
 

O&2. 3. C7:'8D'38 1"'8:& '" 717%'7@ %"B8 

 

I:5 /3<7%" 6:89#%71%&/7;" 17/7%7#'7*7 B8="'&AB" 1%7&A/8;G' %"2DG# B"92&-

B":>'7*7 B7B8'#" /%"H8'&5 &217:>A$8B7@ 27:'8D'7@ <"#"%8&. ,7:$D8'7, D#7 /3=7;-

'7@ /": 6:89#%71%&/7;" ;7:K8' /3;8%K&/"#> B"92&B":>'3@ B7B8'# /%"H8'&5 '8 B8-

'88 14,56  ·B. 

(A-A" #%8<7/"'&@ 9 '&A97@ 297%72#& /%"H8'&5 & /32797@ 1%7D'72#& /3=7;'7*7 

/":" %8.8'7 &217:>A7/"#> B7#7%-%8;$9#7%, 278;&'54H&@25 2 /3=7;'3B /":7B D8%8A 

D8%/5D'3@ %8;$9#7%. )3<%"' B7#7%-%8;$9#7% IG-42GM 97B1"'&& 6:89#%71%&/7;, 

*. C"'9#-,8#8%<$%*. N"9K8 /7A'&9"8# '87<=7;&B72#> &217:>A7/"'&5 ;717:'&#8:>'7*7 

%8;$9#7%", ;:5 2'&K8'&5 297%72#& /%"H8'&5 /3=7;'7*7 /":" & 17/3.8'&5 9%$#5H8*7 

B7B8'#".  " 72'7/8 '87<=7;&B3= ="%"9#8%&2#&9 /3<%"' D8%/5D'3@ %8;$9#7% NMRV 

30, 97B1"'&& R8=,%&/7;, R729/". 

)3/7;3: 

N"9&B 7<%"A7B, ;:5 27:'8D'7@ 1"'8:&, 272#75H8@ &A ;/$= B7;$:8@, ;72#"#7D'7 

&217:>A7/"#> B7#7%-%8;$9#7% B"%9& IG-42GM, D8%/5D'3@ %8;$9#7% NMRV 30, 97#7%38 

17A/7:5# 72$H82#/:5#> 71#&B":>'78 %8*$:&%7/"'&8 17/7%7#" / #8D8'&8 2/8#7/7*7 ;'5 2 

A";"''7@ #7D'72#>4 $*:" 17/7%7#".  

O"A%"<7#"''38 #8='&D829&8 2%8;2#/" 7<8218D&/"4# #7D'72#> %8*$:&%7/"'&5 & A"-

1"2 1%7D'72#& 2 $D8#7B /7AB7K'7*7 9:&B"#&D8297*7 /:&5'&5. 
 

C1&279 :&#8%"#$%3 

 

1. )&22"%&7'7/ ). (., I8%4*&'" ]. )., M$A'8+7/" ). F. C7:'8D'"5 6'8%*8#&9". – R., 2008 – 317 2. 

2. C"/%"27/ T. ). J'8%*76??89#&/'38 "/#7'7B'38 2&2#8B3 6:89#%72'"<K8'&5 2 ?7#76:89#%7-

2#"'+&5B&. – N7B29, 2013. – 21 2. 

3. Petrusyov A. S., Sarsikeyev E. Z., Lyapunov D. Y. Energy-8fficient Photovoltaic Installation [Elec-

tronic resorces] // Journal of International Scientific Publications: Materials, Methods and Tehnologies. – 2014. – 

Y. 8. – O. 399–404. – Mode of access: http://www.scientific-publications.net/ru/article/1000188/ 

4. ,8#%$2G/ F. C. , U%D8'97 F. ). J??89#&/'3@ 21727< $/8:&D8'&5 B7H'72#& 27:'8D'3= $2#"'7-

/79 // T&A&9". – 2014. – Y. 2 (960). – C. 4–8. 
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6/1"*8/10*  -,+$"$&-'  6"*0&'  "!/ #!0!  !#;+-&-'   

0  <#$)1"*#-,&*8  0!&&$ 
 

F. F. C&#'&97/, F. (. ]%7B397 ('"$D'3@ %$97/7;&#8:>) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23465 786 925 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: a.a.sitnikov@mail.ru 
 

01#&B&A"+&5 #81:7/7*7 <":"'2" ":4B&'&8/7*7 6:89#%7:&A8%" / $2:7/&5= %8":>'7*7 1%7&A/7;2#/" 17A/7:58# 

17;;8%K&/"#> /3279&@ /3=7; ":4B&'&5 17 #79$, 2'&A&#> %"2=7; 6:89#%76'8%*&& & 1%7;:&#> 2%79 2:$K<3 6:89#%7-

:&A'7@ /"''3. M7'#%7:> #81:7/7*7 <":"'2"  72$H82#/:58#25 1$#8B %8*$:5%'3= A"B8%7/ ?7%B3 %"<7D8*7 1%72#%"'2#-

/" 6:89#%7:&A8%", 18%8*%8/" 6:89#%7:&#", $%7/'8@ B8#"::" & 6:89#%7:&#", "'":&A" 272#"/" 6:89#%7:&#".  
 

,7297:>9$, 1%7+822 1%7&A/7;2#/" 18%/&D'7*7 ":4B&'&5 6:89#%7:&A7B 9%&7:&#-

*:&'7A8B'3= %"21:"/7/ 271%7/7K;"8#25 &'#8'2&/'3B /3;8:8'&8B *"A7/ 27;8%K"H&= 

?#7% &A 6:89#%7:&#" & *"A7/, 27;8%K"H&= 9"'+8%7*8''38 2B7:&2#38 278;&'8'&5, /3;8-

:54H&=25 1%& 97927/"'&& 189" "'7;", 6#7 '8*"#&/'7 7#%"K"8#25 '" 697:7*&& 79%$-

K"4H8@ 2%8;3 & A;7%7/>8 7<2:$K&/"4H8*7 6:89#%7:&A8%3  18%27'":". ,7/32&#> 6?-

?89#&/'72#> %"<7#3 ":4B&'&8/3= A"/7;7/ & $:$D.&#> 697:7*&D829$4 7<2#"'7/9$ /7-

9%$* ":4B&'&8/3= A"/7;7/ B7K'7 A" 2D8# 71#&B&A"+&& #8='7:7*&D829&= 1"%"B8#%7/ 

%"<7#3 ":4B&'&8/3= 6:89#%7:&A8%7/, D#7 '8 ;72#&K&B7 <8A 6??89#&/'3= "/#7B"#&D8-

29&= 2%8;2#/ 97'#%7:5.  

C#%$9#$%'"5 2=8B" 1%8;:"*"8B7*7 $2#%7@2#/" <3:" 71&2"'" / 2#"#>8 [1].  " 72'7-

/8 ;"''7@ 2=8B3 <3:& %"A%"<7#"'3 2=8B3 6:89#%&D829&8 1%&'+&1&":>'38 &2#7D'&9" 

1&#"'&5 & <:79" &AB8%&#8:5. 

"=>?=@ABC= DEFGH IJFCB?KLFDCAM N?KOPKNK=JQOAM KDBALOKC= NKB=OKR 

,7:7K&#8:>'78 '"1%5K8'&8 2 "'7;'7@ .&'3 6:89#%7:&A8%" 172#$1"8# '" 1:"/9&@ 

1%8;7=%"'&#8:> FU1, '7B&'":7B 10 F. I":88 /9:4D8' LC ?&:>#% ;:5 17;"/:8'&5 17-

B8= &'/8%#7%" '" 97';8'2"#7%"= C1, C2, C3 & ;%7228:5= L1, L2. 0*%"'&D&#8:> 27<%"' 

'" #%"'A&2#7%"= VT1, VT2 17 2=8B8 272#"/'7*7 #%"'A&2#7%" 2 %"A'3B #&17B 1%7/7;&-

B72#&.  "1%5K8'&8 7*%"'&D8'&5 A";"8#25 17:$1%7/7;'&97/3B 2#"<&:&#%7'7B VD3. 

N79 D8%8A 2#"<&:&#%7' 7*%"'&D8' %8A&2#7%7B R2. M7';8'2"#7% C8 ;717:'&#8:>'7 

2*:"K&/"8# 1$:>2"+&& 1&#"4H8*7 '"1%5K8'&5. R&9%72=8B" DA1 /9:4D"8# / 28<5 

<7:>.&'2#/7 6:8B8'#7/ '87<=7;&B3= ;:5 172#%78'&5 -(R 97'#%7::8%". O8A&2#7%3 

R3, R4 7<%"A$4# ;8:&#8:> '"1%5K8'&5 ;:5 /3/7;" LBI 97'#%7:5 /=7;'7*7 '"1%5K8'&5. 

R3 %"22D&#3/"8B 17 ?7%B$:8: 
 

  7,52
31,1

43 $)
*

+
,
-

.
$ LBV

RR  !".  (1) 

 

#$%&'()" ')*&+,-' %.&/(01)2- +,(34(',3-2- 3-"&3(.( 52–23–0,25 51  !" ± 5 %. 

6.7 &34& (8&& 9-3&/)33-2- :;-43-2- 3(9'7/)3&7 3( :$;-4 LBO 9-4 .<=&" +:),-4&-

-4 VD4. >(4(4&" )2- '(%-=&0 ,-  10 "?. + 9-"-@A< ')*&+,-'( R6, '(++=&,()" )2- 3--

"&3(.:  
 

 330
01,0

7,15

4

4
6  

!
 

!
 

VD

VD !"

I

UU
R  !".  (3) 

 

B(++)&:()"C< "-@3-+,A ')*&+,-'( 9-+=&,()" 9- D-'"C.): 1,02
  RIP  #,. #$-

%&'()" ')*&+,-' %.&/(01)2- +,(34(',3-2- 3-"&3(.( 52–23–0,25 330 !" ± 5%. 6.7 
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+,(%&.&*(8&& :3C,')33)2- 3(9'7/)3&7 9&,(3&7 EFG  -3,'-..)'(, 9-4 .<=&"   :$-

:-4C VOUT +,(%&.&,'-3 + 3(9'7/)3&)" +,(%&.&*(8&& 12 #. & 3( -9&,).A3$0  -34)3+(-

,-' C9 H50–35–16#–47 " I+50-20 %, =,- 7:.7),+7 +,(34(',3-0 8)9-= -0 4.7 J,-0 

"& '-+;)"$. H :$:-4C LX,  -,-'$0 7:.7),+7 :$;-4-" :+,'-)33-2- +&.-:-2-  .<=(, 

9-4 .<=&" &"9C.A+3$0 ,'(3+D-'"(,-' K1, C9'(:.7<@&0 *(,:-'-" &3:)',-'( VT3, 

 -""C,&'C<@)2- 4'-++).A L3, 3( (9.&:(<@&0 J3)'2&<. H :$:-4C EXT EFG  -3-

,'-..)'( 9-4 .<=)3 +&.-:-0 &3:)',-' 9-:$1(<@)2- ,&9(. H-""C,&'C<@&) +&.-:-0 

4'-++).A L3, 4&-4$ VD2, VD6 &+9-.A*C)" ,&9( H62994 + %('A)'-" E-,, & 4.7 

C")3A1)3&7 9-,)'A. L( -9&,).A3$0  -34)3+(,-' D&.A,'( C11 :$%)')" ,&9( H50–35–

50#–2200 " I+50-20% &.& .C=1) +-+,(:&,A )2- &* 3  -34)3+(,-'-: ")3A1)0 )" -+,& 

4.7 C")3A1)3&7 J :&:(.)3,3-2- 9-+.)4-:(,).A3-2- +-9'-,&:.)3&7. 6-9-.3&,).A3$0 

LC D&.A,' 3( J.)")3,(; L4, C13 9-4(:.7), 9-");& 3( =(+,-,) 9')-%'(*-:(3&7. 6.7 

-%)+9)=)3&7 9-4*('74( ')*)':3-0 %(,(')& (  C"C.7,-'-: '(++=&,()" &+,-=3&  ,- ( 3( 

"& '-+;)") DA2. F3,)2'(.A3$0 +,(%&.&*(,-' 3(9'7/)3&7 LM317 "-/3- &+9-.A*-:(,A 

 (  &+,-=3&  ,- ( 9'& C+,(3-: ) ")/4C :$;-4-" & :;-4-" ')2C.&'-: & ')*&+,-'( 3--

"&3(.-":  
 

 

#$I
R

25,1
 . (3) 

 

B(++=&,()" +C""('3$) ,- & 9-,')%.)3&7 9- 8)97" 9&,(3&7. M- 8)9& 9&,(3&7 5 

# 1003512  """" VTDAWFDDDD%&' IIIIII  "?. M- 8)9& 9&,(3&7 48 # +')43&0 9-,')%-

.7)"$0 ,-  5 "?. M- 8)9& 9&,(3&7 ±15 # +')43&0 9-,')%.7)"$0 ,-  10 "?. 5C""('-

3$0 ,- , C=&,$:(7 HM6 9')-%'(*-:(,).)0, +-+,(:&, 9'&")'3- 200 "?. M-J,-"C ')-

*)':3C< (  C"C.7,-'3C< %(,(')< :$%)')" )" -+,A< 2 ?×=. >('743$0 ,-  4.7 3)) %C-

4), 0,1 )" -+,&, +--,:),+,:)33- 200 "?. M-4+,(:&" *3(=)3&) ,- ( : D-'"C.C (3), :$-

%&'()" ')*&+,-' %.&/(01)2- +,(34(',3-2- 3-"&3(.( 6,2 !". B(++=&,()" "-@3-+,A 

'(++)&:(3&7: 375,0  #$REF()# IUP #,. 6.7 C")3A1)3&7 3(2'):( ')*&+,-'( :$%)')" 

"-@3-+,A + *(9(+-" 52–23–1 6,2 !" ± 5 %. H-""C,&'C<@&0 4&-4 VD8 9'& 9&,(3&& -, 

')*)':3-0 %(,(')& 4-./)3 9'-9C+ (,A ,-  4- 1 ?. 9'& "&3&"(.A3-" 9(4)3&& 3(9'7/)-

3&7. #$%)')" 4&-4 + %('A)'-" E-,, & H62994.  

6.7 9&,(3&7 "& '- -3,'-..)'(, USB-&3,)'D)0+(, Wi-Fi-&3,)'D)0+(, /&4 - '&-

+,(..&=)+ -2- &34& (,-'( & :$;-43-2-  (+ (4( 9'&)"3& ( 3(" 3)-%;-4&"- 2(.A:(3&-

=)+ & '(*:7*(33-) -, 1&3 J.) ,'-.&*)'(, +,(%&.&*&'-:(33-) 9&,(3&) 5 #, 100 "?. M--

J,-"C 9'&")3&" DC-DC 9')-%'(*-:(,).A D&'"$ Traco Power TMA0505S. 6.7 :-*%C/-

4)3&7 9A)*-9')-%'(*-:(,).7 3(" 3)-%;-4&" &+,-=3&  9&,(3&7 48 #, 5 "?, 9'&")3&" 

Traco Power TMA4805S. 6.7 9&,(3&7 -9)'(8&-33$; C+&.&,).)0 9'&)"3& ( -,'(/)33--

2- +&23(.( 3(" 3)-%;-4&"- 9&,(3&) ±15 #, 10 "?, M'&")3&" Traco Power TMA1505B 

('&+. 1). 

 !"#!$%&'! ()*+, -.*'&#/0*('%1 2#/34/2/!.53%1 /"+*#/&*.6 

M'-2'(""3$) ,')%-:(3&7   3(1)0 +;)") :-*"-/3- 9-.3-+,A< ')(.&*-:(,A 3( 

"& '- -3:)',-') ADuC834. B(++"-,'&" ,);3&=)+ &) ;('( ,)'&+,& & 4(33-2- "& '--

 -3:)',-'( (,(%.. 1).  

ADuC834 – *( -3=)33$0 &3,)..) ,C(.A3$0 9')-%'(*-:(,).A, +-4)'/(@&0 4:( 

+&2"(-4).A,( ?NM + :$+- &" '(*')1)3&)", 8 %&,3$0 µ5 & FLASH/EEPROM 9("7,A 

9'-2'(""$/4(33$;.  

6:( 3)*(:&+&"$; ?NM 9'&%-'( (2.(:3$0 & :+9-"-2(,).A3$0) +-4)'/(, ,)"9)'(-

,C'3$0 4(,=&  & OMHO (9-*:-.7<@&0 3(9'7"C< 9'&3&"(,A 3&* - C'-:3):$) +&23(-

.$). ?NM +- :+,'-)33$"& 8&D'-:$"& D&.A,'("& & 9'-2'(""&'C)"-0 + -'-+,A< :$-
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;-43-2- 9-,- ( 4(33$; 9')43(*3(=)3$ 4.7 &*")')3&7 +&23(.-: + 1&'- &" 4&3("&=)-

+ &" 4&(9(*-3-" & 3&* -0 =(+,-,-0, ,( &;  (  +&23(.$ -, 4(,=& -: J.) ,'-33$; :)+-:, 

&*")'&,).)0 3(9'7/)33-+,&, 9')-%'(*-:(,).)0 4(:.)3&7 &.& ,)"9)'(,C'$.  
 

 
 

B&+. 1. 5;)"( J.) ,'&=)+ (7 9'&38&9&(.A3(7 &+,-=3& ( 9&,(3&7 

 

K(%.&8( 1 

K);3&=)+ &) 9('("),'$ "& '- -3:)',-'( ADuC834 
 

P4'- MCS-51 

F, GQ8 -, 0.032 4- 12.58 

M("7,A: Flash,  R 62 

M("7,A: RAM,  R 2.25 

M("7,A: EEPROM,  R 4 

I/O ("( +.),1,. 26 

K(0")'$: 16-%&,, 1, 3 

K(0")'$: H(3(.-: EFG,1, 2 

K(0")'$: RTC L), 

F3,)'D)0+$: UART,1, 1 

F3,)'D)0+$: SPI,1, 1 

?3(.-2-:$) :;-4$: B(*'74-: ?NM, %&, 24 

?3(.-2-:$) :;-4$: H(3(.-: ?NM,1, 4 

?3(.-2-:$) :;-4$: R$+,'-4)0+,:&) ?NM,kSPS 0.105 

?3(.-2-:$) :$;-4$: B(*'74-: N?M, %&, 12 

?3(.-2-:$) :$;-4$: H(3(.-: N?M, 1, 1 

VCC, # -, 2.7 4- 5.5 

ICC, "? 2.3 

TA, °C -, -40 4- 125 

H-'9C+ MQFP-52, LFCSP-56 

 

M'&%-' '(%-,(), -, :+,'-)33-2- 32  Q8 *(4(<@)2- 2)3)'(,-'( + :3)13&" ')*-3(-

,-'-", =(+,-,(  -,-'-2- 9'& 9-"-@& +&+,)"$ I?MS 9-:$1(),+7 4- 12,58 GQ8. T,( 

=(+,-,( 9-+,C9(), 3( 9'-2'(""&'C)"$0 4).&,).A 4.7 D-'"&'-:(3&7 +&3;'-+&23(.( 

:+,'-)33-2- "& '-9'-8)++-'(.  

B(*'(%-,()" +;)"C :3)13&; +-)4&3)3&0 "& '- -3:)',-'(. M&,(3&) 3( :$:-4 5 

9-4(),+7 =)')* 4'-++).A 6MG-01 &34C ,&:3-+,A< 100 " Q3,  -,-'(7 :")+,) + )" -+,7-

"& C1, C2 -%'(*C<, Q--%'(*3$0 D&.A,'. H:('8):$0 ')*-3(,-' ZQ1 =(+,-,-0 8 GQ8 

9-4 .<=)3   :$:-4(" "& '- -3:)',-'( XTAL1, XTAL2. M&,(3&) 3( :$:-4 20 "& '--

 -3:)',-'( 9-4(),+7 =)')* D&.A,' 3(  -34)3+(,-') C7.  



 
!
"
#
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%
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&
&
'
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()
#
!
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+
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(

2
7
8
 

 

B&+. 2. 5;)"( J.) ,'&=)+ (7 9'&38&9&(.A3(7 %.- ( &*")'&,).7 

(
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5&23(. :3)13)2- ,)'"-4(,=& ( C+&.&:(),+7 -9)'(8&-33$" C+&.&,).)" DA1 : 

+,(34(',3-0 +;)") : .<=)3&7 & 9-4(),+7 3( (3(.-2-:$0 :;-4 ?NM AIN3. 5&23(., '(+-

9-.-/)33-2- 3( 9.(,) &*")'&,).7, ,)'"-4(,=& ( 9-4(),+7 3( (3(.-2-:$0 :;-4 ?NM 

AIN1. H :$:-4(" 9-',( P3.0, P3.1 9-4 .<=)3( "& '-+;)"( 9')-%'(*-:(,).7 C3&:)'-

+(.A3-2- 9)')4(,=& ( "& '- -3:)',-'( : &3,)'D)0+ USB DD1. H '(*U)"C XS1 9-4-

 .<=(),+7 +,(34(',3$0  -3,'-..)' Wi-Fi. !9'-+  .(:&(,C'$ (16  3-9- ) -'2(3&*-:(3 

4 2-'&*-3,(.A3$"& & 4 :)',& (.A3$"& 1&3("&, 9-4 .<=)33$"&   9-',C P0.0–P0.7. 

V&4 - '&+,(..&=)+ &0 &34& (,-', '(+9-.-/)33$0 3( .&8):-0 9(3).&  -'9C+( 

&*")'&,).7, 9-4 .<=)3 =)')* '(*U)" XP1   9-',C P2.1–P2.7. W4&3&=3$0 +:),-:-0 &3-

4& (,-' HL3 «B(%-,(» 9-4 .<=)3 =)')* '(*U)" XP1   9-',C P2.0. !9,&=)+ &) 9('$ 

2(.A:(3&=)+ -0 '(*:7* & 9-4 .<=)3$   9-',C P1.0 – P1.3. 

5 9-',( P3.5 =)')*  -34)3+(,-' C10 3( :;-4 9)')4(,=& (, ')(.&*-:(33-2- 3( ,(0-

")') DA3, 9-4(),+7 +&23(. «5,(', &*")')3&7». K(0")' D-'"&'C), +&23(. 4.&,).A3--

+,A< 1 " + + 9-"-@A< :')"7*(4(<@&; 8)9)0 R15, R16, C11. #$;-43-0 +&23(. ,(0")'( 

=)')* ')*&+,-' R22 & +,(%&.&,'-3 VD4, -2'(3&=&:(<@&0 3(9'7/)3&) 3( *(,:-') ,'(3-

*&+,-'( VT1 %)*-9(+3-0 :).&=&3-0 12 #, -, '$:(), J,-, ,'(3*&+,-',  -,-'$0 '(*'7/(-

), 3( -9&,).A3C< )" -+,A C21 =)')* 9A)*-&*.C=(,).A, 9-4+-)4&3)33$0   '(*U)"C 

XW1. 5&23(. 3(=(.( -,+=),( :')")33-2- &3,)':(.( =)')* 8)9A R24, R25, VD5 9-+,C9(-

), 3( :;-4 9-',( "& '- -3:)',-'( P3.6. !,'(/)33$0 +&23(. 9-+,C9(), + 9A)*-9')-%'(-

*-:(,).7 3( -2'(3&=&,).A 3( J.)")3,(; R29, VT2, VD6, VD7. L( -9)'(8&-33$0 C+&.&-

,).A DA4.1 ')(.&*-:(3 ( ,&:3$0 9-.-+-:-0 D&.A,' 3( 8)3,'(.A3C< =(+,-,C 1 GQ8. 5 

:$;-4( J,-2- C+&.&,).7 =)')* D&.A,' 3( 9-:)';3-+,3$; ( C+,&=)+ &; :-.3(; Z1 J;--

+&23(. 9-+,C9(), 3( :;-4 9'-")/C,-=3-2- C+&.&,).7 DA4.2, :-++,(3(:.&:(<@&0 )2- 

4- 3)-%;-4&"-2- C'-:37. L( J.)")3,(; C24, R30, R31, VD8 & VT3 +-%'(3 C+&.&,).A-

-2'(3&=&,).A, D-'"&'C<@&0 +&23(. C9'(:.)3&7 9-',-" P3.7 "& '- -3:)',-'(. # 8)-

97; 9&,(3&7 -9)'(8&-33-2- C+&.&,).7 C+,(3-:.)3$ M--%'(*3$) D&.A,'$ 3( J.)")3,(; 

C18, C19, L2, L3, C22, C23 4.7 D&.A,'(8&& J,-2- 3(9'7/)3&7 + DC-DC 9')-%'(*-:(,)-

.)0. 

#3)4')3&) 9')4.(2()"-2- ,);3&=)+ -2- ')1)3&7 4(+, +C@)+,:)33$0 J -3-"&=)-

+ &0 JDD) ,, ,(   (  "),-4 9-*:-.7), 3) ,-.A - +3&*&,A 9-2')13-+,A &*")')3&7 C'-:-

37 '(+9.(:( (.<"&3&7, 3- & 9-*:-.7), (:,-"(,&*&'-:(,A J,-, 9'-8)++.  

 
59&+-  .&,)'(,C'$ 

 

1. 5&,3& -: ?. ?., Q'-"$ - ?. F. O+,'-0+,:- &*")')3&7 C'-:37 '(+9.(:( (.<"&3&7 : 

J.) ,'-.&*3-0 :(33) // 5%. 4- .. – H'(+3-7'+ : 5IO, 2014. – 5. 213–215. 

2. V4(3 &3  #. H. O.A,'(*:C -:$) 4(,=& & 4.7 +&+,)" C9'(:.)3&7 // 5-:')")33$) ,);3-.-2&& 

(:,-"(,&*(8&&. – 2003. – X 1. – 68 +. 

3. Q'-"$ - ?. F. ?:,-"(,&=)+ &0  -3,'-.A ,);3-.-2&=)+ &; 9('("),'-: (.<"&3&):$; 

J.) ,'-.&*)'-:. – H'(+3-7'+ : FMN HQKO, 1984. – 240 +. 

4.  Q'-"$ - ?. F. H-3,'-.A ,);3-.-2&=)+ &; 9('("),'-: 9'& J.) ,'-.&*) (.<"&3&7 // 5%. 4- .. – 

H'(+3-7'+ : H'(+3-7'. 2-+. C3-,, 1999. – 5. 265–267. 

5. H.<): #. #. L)'(*'C1(<@&0  -3,'-.A & 4&(23-+,& (. – G.: G(1&3-+,'-)3&), 2003. – 488 +. 

6. K'-&8 &0 F. ?., V).)*3-: #. ?. G),(..C'2&7 (.<"&3&7. – G.: G),(..C'2&7, 1984. – 398 +. 
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7897:8;-<;<= >?8@A8  :>;8@;@<9  B; CD;C E   

P-7<:@E  A  R-FC=G>  H:8D; <D> IA<BAJ@>:> 
 

?. #. 5-.4(,-:, ?. 5. M-9-:, #. #. S)')9(3-:, Q. G. ?.4-3&3 (3(C=3$0 'C -:-4&,).A) 
 

*+#$,$-$ ,+./+/(+%0 1,2,3, , ()4,%56/3$(%+,3, 789:;  <: =7;  

660074, >. ?()#+%@(#3, -6 ?,(/+#3%>%, 28 

E-mail: GAldonin@sfu-krs.ru 

 
# ,'(4&8&-33-0 J.) ,'- ('4&-2'("") 3) -,-%'(/(),+7 + '$,(7 &3D-'"(8&7 - '(%-,) 9'-:-47@)0 +),& 

+)'48( :- :+); )2- =),$');  (")'(;. # '(%-,) '(++"(,'&:(),+7 "),-4 -,-%'(/)3&7 .(,)3,3-0 +,'C ,C'$ P-:-.3$ & 

R-*C%8( J.) ,'- ('4&-+&23(.( 3( -+3-:) :)0:.),-9')-%'(*-:(3&7,  -,-'-) -,'(/(), ,-9-.-2&< J.) ,'-9'-:-47@)0 

+),& +)'48(. 

 

6.7 4&(23-+,& & &1)"&=)+ &; %-.)*3)0 +)'48( (FR5) %-.A1-) *3(=)3&) &")), 

*3(3&) 4),(.A3$; ");(3&*"-: J.) ,'&=)+ &; 9'-8)++-: : 9'-:-47@)0 3)':3-0 +),&. 

I&*&-.-2&=)+ &) 9'-8)++$ +:7*(3$ + "(+1,(%3-0 &3:('&(3,3-+,A< %&-+,'C ,C' & 

,)+3- +:7*(3$ + D&*&-.-2&=)+ &"& 9'-7:.)3&7"& [1]. L(&%-.)) 4),(.A3- &*C=)3( 

D'( ,(.A3(7 ,-9-.-2&7 +&+,)"$ Q&+(, 9'-:-47@)0 J.) ,'&=)+ &) +&23(.$ -, 9')4+)'-

4&0   /).C4-= (" [2]. !%.(4(7 (9'&-'3-0 &3D-'"(8&)0 - +,'-)3&& 9'-:-47@)0 3)':-

3-0 +),& +)'48( & )) ,-9-.-2&&, "-/3- :$7:.7,A + '$,$) 7:.)3&7 : 9'-:-47@)0 +),& 

+)'48(,  -,-'$) -,'(/(<, :')")33$) & D(*-:$) +--,3-1)3&7 9'-;-/4)3&7 :-*%C/4)-

3&7 : .):-" & 9'(:-" 9')4+)'4&7;, .):-" & 9'(:-" /).C4-= (; & : 4'C2&; D'(2")3,(; 

+),&, =,- 3) -,'(/(), ,'(4&8&-33(7 J.) ,'- ('4&-2'(""(, ( J,- 3)+), -=)3A %-.A1-) 

4&(23-+,&=)+ -) *3(=)3&).  

#-*3& (<@&) : B- .), (; ('(+)m( )r – :-4&,).A '&,"() &"9C.A+$ :-*%C/4)3&7 

'(+9'-+,'(37<,+7 9- K- .), (" (transitional – 9)');-43$0) +3(=(.( 9'(:-2- 9')4+)'-

4&7, *(,)" ::&4C %-.A1)2- 9C,& 9'-;-/4)3&7 +&23(.( + -9')4).)33-0 *(4)'/ -0 :-*-

%C/4)3&) 9)');-4&, : .):-) 9')4+)'4&) [3]. 
 

 
 

B&+. 1. 5;)"( 9'-:-47@)0 +),& +)'48(: 1. 5&3C+-:$0 C*). (+&3-(,'&(.A3$0, S-?-C*). Keith & 

Flack). 2. M)')43&0 ")/C*.-:-0 9C,A + 4:C"7 '(*:),:.)3&7"&: 2, ) – 9C=-    .):-"C 9')4+)'4&< (9C=-  

Bachmann); 2, & – 3&+;-47@&0 9C=-    ")/9')4+)'43-0 9)')2-'-4 ) & (,'&-:)3,'& C.7'3-"C C*.C. 

3. 5')43&0 ")/C*.-:-0 9C,A. 4. >(43&0 ")/C*.-:-0 9C,A. 5. ?,'&-:)3,'& C.7'3$0 (?-V) C*). ?1-DD(–

K(:('(. 6. MC=-  Q&+(. 7. M'(:(7 3-/ ( 9C= ( Q&+(. 8. Y):(7 3-/ ( 9C= ( Q&+(. 9. >(4377 :),:A .):-0 

3-/ &. 10. M)')4377 :),:A .):-0 3-/ &. 11. 5),A :-.- -3 MC' &3A) : /).C4-= -:-0 "C+ C.(,C'). 

12. 5),A :-.- -3 MC' &3A) : 9')4+)'43-0 "C+ C.(,C') 

 

T.) ,'&=)+ &0 9-,)38&(., :$047 *( 9')4).$ +&3C+-:-2- C*.(, -;:(,$:(), :-*%C-

/4)3&)" 9')/4) :+)2- 9'(:-) 9')4+)'4&), :  -,-'-" 3(;-4&,+7 +&3C+-:$0 C*).. K(  3( 

THQ *(9&+$:(),+7 9&  :-*%C/4)3&7 9'(:-2- 9')4+)'4&7 ('&+. 2) [4]. 
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)                                                           & 

 

B&+. 2. T,(9 :-*%C/4)3&7 9')4+)'4&0: ) – 9'(:-2-, & – .):-2- 

 

M- ")/9')4+)'43-"C 9C= C R(;"(3(, J.) ,'-&"9C.A+ 9)');-4&, 3( .):-) 9')4-

+)'4&) & :-*%C/4(), )2-. W2- :-*%C/4)3&) 3(=&3(),+7 : ,- :')"7,  -24( 9'(:-) 9')4-

+)'4&) C/) -;:(=)3- :-*%C/4)3&)". !,-%'(/(7 :-*%C/4)3&7 -%-&; 9')4+)'4&0, J.) -

,'- ('4&-2'(D&=)+ &0 (99('(, +C""&'C), -%( 9& ( :-*%C/4)3&7 & *(9&+$:(), 2'(D&-

=)+ & 3( .)3,) *C%)8 B. K( &" -%'(*-", *C%)8 B 3( ,'(4&8&-33-0 THQ 9')4+,(:.7), +--

%-0 +C""(8&-33-) -,-%'(/)3&) 9'-;-/4)3&7 +&3C+-:-2- &"9C.A+( 9- 9'-:-47@)0 

+&+,)") 9')4+)'4&0 & 9--=)')43-) :-*%C/4)3&) +3(=(.( 9'(:-2- (:-+;-47@))  -.)3- 

*C%8( B), ( *(,)" .):-2- (3&+;-47@))  -.)3- *C%8( B) 9')4+)'4&0 ('&+. 3) [4]. 

 

B&+. 3. !,-%'(/)3&) *C%8( P 

 

K'(4&8&-33(7 J.) ,'- ('4&-2'(""( 3) -,-%'(/(), D(*$ & :')"7 :-*%C/4)3&7 

-,4).A3$; :-.3 .):-2- & 9'(:-2- 9')4+)'4&0. 6.7 :$7:.)3&7 -%'(*-:(3&7 9& ( P-

:-.3$ + 9-"-@A< :)0:.), 9')-%'(*-:(3&7 : (,(%.. 1) 9'&:)4)3$ ,'(4&8&-33$) -8)3 & 

*3(=)3&0 ("9.&,C43--:')")33$; 9('("),'-: THQ, +--,:),+,:C<@&; 3-'"). 

 
K(%.&8( 1  

M('("),'$ J.)")3,-: 3-'"(.A3-0 THQ 

 

M('("),' >3(=)3&) 9('("),'( J.)")3,( THQ 

B PQ QRS QT ST T U 

?"9.&,C4(, "# 0–0,25 – 0,3–5 – – 0,4–1 0–0,1 

6.&,).A3-+,A, + 0,07–0,11 0,12–0,2 0,06–0, 1 0,35–0,44 0,06–0,15 0,1–0,2  

 

# ")4&8&3+ -0 9'( ,& ) : 3(+,-7@)) :')"7 &23-'&'C),+7 +.-/3$0 ;('( ,)' P-

:-.3$ : TH5. #)0:.), 9')-%'(*-:(3&) 4(Z, ;-'-1C< =(+,-,3C< & :')")33C< &3D-'-

"(8&< 9- THQ, 9-*:-.77 -%3('C/&:(,A *('-/4)3&) “9& -:” : +&23(.) THQ ('&+. 4). 

L( '&+. 5 "(' )'("& -%-*3(=)3$ :')")33$) '(" & -%'(*-:(3&7 P-:-.3$. >3(=)-

3&7 +-:9(4(<, + 4(33$"& (,(%.. 1), +.)4-:(,).A3- "-/3- 9'-3(%.<4(,A +,'C ,C'C 

D-'"&'-:(3&7 P-:-.3$  (  +C""C -,4).A3$; :-.3 .):-2- & 9'(:-2- 9')4+)'4&0. 
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B&+. 4. #)0:.), 9')-%'(*-:(3&) 3-'"(.A3-2- +&23(.( THQ 

 

 
 

B&+. 5. !%3('C/)3&) -%'(*-:(3&7 P-*C%8( 

 

 
 

B&+. 6. I-'"&'-:(3&) R-*C%8(  

 

QRS –  -"9.) + -,-%'(/(), :-.3C :-*%C/4)3&7, '(+9'-+,'(37<@C<+7 9- /).C-

4-= (" : '(*3$; 3(9'(:.)3&7; & : '(*3$) "-")3,$ :')")3&, 9'& J,-" 3( THQ D-'"&-

'C<,+7 *C%8$ Q, R & S. >C%8$ Q & S -,'(/(<, 3(=(.- &  -3)8 '(+9'-+,'(3)3&7 :-*%C/-

4)3&7 9- ")//).C4-= -:-0 9)')2-'-4 ), ( *C%)8 R — 9- "&- ('4C .):-2- & 9'(:-2- /)-

.C4-= -:. L- 9-+ -.A C .):$0 /).C4-=)  7:.7),+7 %-.)) "-@3$" -,4).-" +)'48(, "-/-

3- C9'-@)33- +=&,(,A, =,- *C%)8 R -,'(/(), : -+3-:3-" +&+,-.C .):-2- /).C4-= ( [4]. 
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G-/3- 9')49-.-/&,A, =,- 3( :)0:.),-4&(2'("") R-*C%8( 9'-7:.7),+7 +")3( 3(-

9'(:.)3&7 :-*%C/4)3&7 -, ")//).C4-= -:-0 9)')2-'-4 &, 3( -%'(,3-) 3(9'(:.)3&)   

:-.- 3(" MC' &3A), -;:(,$:(<@&; .):$0 & 9'(:$0 /).C4-=) . 

L( 9'-+,-" THQ 3):-*"-/3- -,'(*&,A  -3 '),3-) D-'"&'-:(3&) R-*C%8(, ( 

&")33- '(+9'-+,'(3)3&) :-*%C/4)3&7 9- "&- ('4C .):-2- & 9'(:-2- /).C4-= -:, -4-

3( - :)0:.),-9')-%'(*-:(3&) -,'(/(), D(*$ D-'"&'-:(3&7 R-*C%8(. 

6(33$0 "),-4 9')-%'(*-:(3&7 THQ +&23(.( -,'(/(), &+,&33-) '(+9'-+,'(3)3&) 

:-*%C/4)3&7 9- "&- ('4C .):-2- & 9'(:-2- /).C4-= -:. G(' )'("& -%-*3(=)3- :')"7 

:-*3& 3-:)3&7 QRS- -"9.) +( &  -3 '),3- R-*C%8( =,- +--,:),+,:C), THQ *4-'-:-2- 

=).-:) (. 

M'&:)4)33$0 "),-4 (3(.&*( 9- (*$:(), 3)-%;-4&"-+,A 3-:-2- 9-4;-4(   *(9&+& 

J.) ,'&=)+ &; 9'-8)++-: +)'48( 3( -+3-:) :)0:.),-9')-%'(*-:(3&7. 

 
59&+-  .&,)'(,C'$ 

 

1. ?.4-3&3 Q. G. 5-.&,-33$) "-4).& 9'-8)++-: : %&-+,'C ,C'(; // B(4&-J.) ,'-3& (. – 2006. – 

X 11. 

2. Journal of Siberian Federal University. Engineering & Technologies 7 (2014 7). – B. 853–856. 

3. Q&.7'-: G. [., 5C.&"-: #. ?. Y)=)3&) 3('C1)3&0 +)'4)=3-2- '&,"( C 9(8&)3,-: + 3)4-+,(-

,-=3-+,A<  '-:--%'(@)3&7 // BGV H('4&-.-2&7. – 2010. – X 22 (18). – C. 1298–1301. 

4. >C4%&3-: [. F. ?*%C ( THQ. – F*4. 3-). – B-+,-:-3(-6-3C: F*4-:- «I)3& +», 2003. – 160 +. 
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K <8D;A <7>@A8  A   >F >=<;D>   

D<L>@I@<-;8:8L8; AM8BD<9 BAB;8LE  B7NFA   

I:N  =8BKA:<;@EO  :8;>;8:P@EO  >KK> >;<7   

@>  IA>K>F<@  860–1020 LJ4 
 

?. ?. 5C1 -:, L. G. R-): 
 

*+#$,$-$ ,+./+/(+%0 1,2,3, , ()4,%56/3$(%+,3, 789;:  <: =7; 

660074, >. ?()#+%@(#3, -6. ?,(/+#3%>%, 28 

E-mail: Sushkov-artem@mail.ru 

 
M')4+,(:.)3$ J,(9$ 9'-) ,&'-:(3&7 "(.-2(%('&,3-2- 9'&)"-9)')4(<@)2- C+,'-0+,:( 4.7 9'&")3)3&7 : 

%)+9&.-,3-0 (:&(8&&. !,.&=&,).A3$"& -+-%)33-+,7"& '(*'(%(,$:()"-2- C+,'-0+,:( 7:.7<,+7: "(.$) 2(%('&,$, 

"(.(7 "(++(, &+9-.A*-:(3&) +-:')")33-0 J.)")3,3-0 %(*$, :-*"-/3-+,A &*")3)3&7 9('("),'-: +&+,)"$ +:7*&: 3)-

+C@(7 =(+,-,(, 9('("),'$  "-4C.78&&, + -'-+,A 9)')4(=&  -"(343--,).)"),'&=)+ &; 4(33$; & 4'. O3&:)'+(.A3-+,A 

C+,'-0+,:( 4-+,&2(),+7 *( +=), 9'&")3)3&7 '74( '(*.&=3$; &3,)'D)0+-:. # C+,'-0+,:) *(.-/)3$ DC3 8&& +("-4&-

(23-+,& &: &*")')3&7 3(9'7/)3&0, 9-,')%.7)"-2- ,- (,  -3,'-.A ,)"9)'(,C'$. 

 

B(*'(%(,$:()"-) C+,'-0+,:- 9')43(*3(=)3- 4.7 -'2(3&*(8&&  -"(343--

,).)"),'&=)+ -0 .&3&& +:7*&,  -,-'(7  3)-%;-4&"( 4.7 9)')4(=& ,).)"),'&=)+ &; 

4(33$; ")/4C %)+9&.-,3$" .),(,).A3$" (99('(,-" (RMY?) & 3(*)"3$"  -"9.) +-" 

C9'(:.)3&7 (LHO), ( ,( /) 4.7 9)')4(=&  -"(34 C9'(:.)3&7. L-:)01&) +&+,)"$ (:,--

"(,&=)+ -2- C9'(:.)3&7 9-.),-" RMY? 9-*:-.7<, -+C@)+,:.7,A +("-.),-:-/4)3&) 

%)* 3(.&=&7 9-+,-733-2-  (3(.( +:7*& + LHO, ,)" 3) ")3)), J,- 3) 4(), :-*"-/3-+,& 

9-.3-+,A< -, (*(,A+7 -,  -"(343--,).)"),'&=)+ -2-  (3(.( +:7*& &*-*( 3)-%;-4&"--

+,& 9-+,-733-2-  -3,'-.7 *( 9-.),-" .),(,).A3-2- (99('(,( & :3)+)3&7 9-9'(:-  :- 

:')"7 9-.),( [1].  

Y<%(7 J.) ,'-33(7 (99('(,C'( : RMY? ,')%C), "&3&"(.A3$; 2(%('&,3$; '(*")-

'-: & "(.-0 "(++$, 4(33-) ,')%-:(3&) -,3-+&,+7 &   +&+,)"(" +:7*&. G(.-) J3)'2-9--

,')%.)3&) – J,- )@Z -43- &* :(/3)01&; ,')%-:(3&0, 9')4U7:.7)"$;   C+,'-0+,:C. 

6(33-) ,')%-:(3&) +,(3-:&,+7 -+-%- ( ,C(.A3$" : +.C=() J +9.C(,(8&& -%-'C4-:(3&7 

3( RMY? + J.) ,'&=)+ -0 J3)'2-C+,(3-: -0 [2].  

5,'C ,C'3(7 +;)"( 9')4.(2()"-0 "(.-2(%('&,3-0 +&+,)"$ +:7*& 9')4+,(:.)3( 3( 

'&+. 1. 
 

 
 

B&+. 1. 5,'C ,C'3(7 +;)"( +&+,)"$ +:7*& 4.7 RMY? 

 

O9'(:.)3&) +&+,)"-0 -+C@)+,:.7),+7 + 9-"-@A< "(.-2(%('&,3-2- "& '- -3-

,'-..)'( +)'&& STM32, : -+3-:)  -,-'-2- .)/&, 74'- ARM Cortex-M4. G& '- -3,'-.-
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.)' C9'(:.7), 9'&)"-9)')4(,=& -", &3,)'D)0+("&, ( ,( /) 9'-&*:-4&,  -3,'-.A ,)"-

9)'(,C'$, 3(9'7/)3&0 & 9-,')%.7)"-2- ,- (. 5 9-"-@A< "& '- -3,'-..)'( -'2(3&-

*C<,+7 3(+,'-0 & 9('("),'-: +&+,)"$: :&4 "-4C.78&&, + -'-+,A 9)')4(=& 4(33$;, :$-

%-' 3)+C@)0 =(+,-,$ & 4'. 5&+,)"( 9&,(3&7 9-+,'-)3( 3( -+3-:) &3,)2'(.A3-2- &"-

9C.A+3-2- 9')-%'(*-:(,).7 3(9'7/)3&7  -"9(3&& Linear Technology, 9')-%'(*C<@)2- 

:;-43-) 3(9'7/)3&) 4- 5 # 4.7 9&,(3&7 C+&.&,).7 "-@3-+,& & "(.-1C"7@)2- C+&.&-

,).7, ( ,( /) &3,)2'(.A3-2- &"9C.A+3-2- 9-3&/(<@)2- 9')-%'(*-:(,).7 3(9'7/)3&7 

D&'"$ Altera 4.7 9&,(3&7 8&D'-:-0 =(+,& 3(9'7/)3&)" 3,3 #. 6(33-) ')1)3&) 9-*:--

.7), 4-+,&=A "(.$; 2(%('&,3$; '(*")'-: +&+,)"$ 9&,(3&7 *( +=), "&3&"(.A3-2-  --

.&=)+,:( :3)13&; J.)")3,-: "& '-+;)". 6&(9(*-3 9&,(<@&; 3(9'7/)3&0 C+,'-0+,:( 

+-+,(:.7), 9-36 #, 9')4C+"-,')3- 9&,(3&) -, USB. O+,'-0+,:- -+3(@)3- =),$'A"7 &3-

,)'D)0+("&: RS-232, RS-422, RS-485 & USB. F3,)'D)0+$ RS-232 & RS-422 &+9-.A*C<,-

+7 4.7 9)')4(=& 9-.)*3-0 &3D-'"(8&&, &3,)'D)0+ RS-485 &+9-.A*C),+7 4.7 C9'(:.)3&7 

C+,'-0+,:-" &  -3,'-.7 )2- +-+,-73&7. 

B(4&-=(+,-,3$0 ,'( , &")), +.)4C<@&) ;('( ,)'&+,& &: 

# 4&(9(*-3 '(%-=&; =(+,-, – -, 860 4- 1020 GQ8; 

# =C:+,:&,).A3-+,A 9'&)"3& ( – 4- -137 4R"; 

# + -'-+,A 9)')4(=& 4(33$; – -, 0,24 4- 37,5  %&,/+; 

# "( +&"(.A3(7 :$;-43(7 "-@3-+,A 9)')4(,=& ( – 4- 30 4R",  

# 9-.-+( 9'-9C+ (3&7 – 250  Q8; 

# :&4$ "-4C.78&& – FSK, GFSK, MSK, GMSK.  

M'-&*:)4)" (3(.&* %<4/),(  (3(.( +:7*&. >(,C;(3&) +&23(.( 3( ,'(++) "-/), 

%$,A 3(04)3- 9- D-'"C.) [3]:  
 

 ! "#$%&'( )*+,- . , 

 

24)    – *(,C;(3&) +&23(.( 3( ,'(++), 4R; / – '(++,-73&) ")/4C (3,)33("& 9)')4(,=& ( 

& 9'&)"3& (, "; 0 – 4.&3( :-.3$, ". 

L( '&+. 2 9'&:)4)3( *(:&+&"-+,A *(,C;(3&7 +&23(.( 3( ,'(++) -, '(++,-73&7 ")/-

4C RMY? & LHO. 

 

 
B&+. 2. >(:&+&"-+,A *(,C;(3&7 +&23(.( 3( ,'(++) -, '(++,-73&7 ")/4C RMY? & LHO 

4.7 =(+,-,$ 940 GQ8 

 

6.7 "-4C.78&& FSK :)'-7,3-+,A %&,-:-0 -1&% & 10
-6

 +--,:),+,:C), -,3-1)3&< 

+&23(./1C" 3( :;-4) 9'&)"3& ( 9-'74 ( 14 4R. 6.7 (3(.&*(  (3(.( +:7*& 3)-%;-4&"- 
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C=&,$:(,A *(,C;(3&7, +:7*(33$) + -+-%)33-+,7"& '(+9'-+,'(3)3&7 '(4&-:-.3 :$%'(3-

3-2- 4&(9(*-3(, ( ,( /) 4'C2&) 9-,)'&. 6.7 J,-2- *(4(4&"+7 -,3-1)3&)" +&23(./1C" 

20 4R. # 8).7; C3&D& (8&& J.)")3,3-0 %(*$, :  (=)+,:) (3,)33 9'&")37)"$; 3( RMY? 

& LHO %$.& :$%'(3$ +.(%-3(9'(:.)33$) (3,)33$ +  -JDD&8&)3,-" C+&.)3&7 3 4R.   

# ,(%.. 1 9'&:)4)3$ '(+=),$ %<4/),(  (3(.( +:7*& 4.7 2'(3&=3$; =(+,-, 9'& "( +&-

"(.A3- :-*"-/3-0 + -'-+,& 9)')4(=& 4(33$; (9-.-+( =(+,-, 250  Q8). 

 
K(%.&8( 1 

 

I
/
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, 
L
J
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 L
J
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!(
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/
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Q=
+

 

K
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#
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 Q
=

 

C
(/
.
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/
* 
2
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S
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 !
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3
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Q=
 

K
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! 

 

#
!(
2
#
%(
&#
!3
*3
/
*,

 Q
=

 

C
(/
.
*3
/
* 
S&
%#
%1

  

!3
&*
3
3
,

, 
Q=

 

K
%&
*#
/

 2
#
/

 2
#
/
*+
*,

 Q
=

 

C
#
%S
*3
5 
T
U+
!,

 Q
=
+

 

<
&3
%T

*3
/
* 
(/
V3
!.

/T
U+

, 
Q=

 

1 

1 860 0,25 10,0 13,0 3,0 3,0 111,1 3,0 3,0 -120,0 21,8 

2 860 0,25 30,0 23,0 3,0 3,0 120,7 3,0 3,0 -120,0 22,3 

3 860 0,25 50,0 23,0 3,0 3,0 125,1 8,0 3,0 -120,0 22,8 

4 860 0,25 70,0 23,0 3,0 8,0 128,0 8,0 3,0 -120,0 24,9 

5 860 0,25 100,0 27,0 3,0 8,0 131,1 8,0 3,0 -120,0 25,8 

2 

1 1020 0,25 10,0 13,0 3,0 3,0 112,6 3,0 3,0 -120,0 20,3 

2 1020 0,25 30,0 23,0 3,0 3,0 122,2 3,0 3,0 -120,0 20,8 

3 1020 0,25 50,0 23,0 3,0 3,0 126,6 8,0 3,0 -120,0 21,4 

4 1020 0,25 70,0 23,0 3,0 8,0 129,5 8,0 3,0 -120,0 23,4 

5 1020 0,25 100,0 27,0 3,0 8,0 132,6 8,0 3,0 -120,0 24,3 

 

F* ,(%.. 1 :&43-, =,-  9'& C:).&=)3&& '(++,-73&7 ")/4C RMY? & LHO  :-*'(+,(-

), *(,C;(3&) +&23(.( 3( ,'(++),  -,-'-) 3)-%;-4&"-  -"9)3+&'-:(,A 9-:$1)3&)" :$-

;-43-0 "-@3-+,& 9)')4(,=& (. H(  &*:)+,3-, "( +&"(.A3(7 4(.A3-+,A '(4&-+:7*& -9-

')4).7),+7 9'7"-0 :&4&"-+,A< & +:7*(3( + :$+-,-0 (3,)33$ 3( LHO & :$+-,-0 9-.),( 

RMY?. 6.7 '(+=),( :-+9-.A*C)"+7 +.)4C<@)0 D-'"C.-0 [4]: 
 

/ ! 1234567+3- 8 7&A6)9. 
 

L( '&+. 3 9')4+,(:.)3$ *(:&+&"-+,& "( +&"(.A3-0 4(.A3-+,& '(4&-+:7*& -, :$-

+-,$ 9-.),( RMY? 9'& :$+-,) 9-4U)"( (3,)33$ '(:3-0 1 & 10 "),'-:. F* '&+C3 ( :&4-

3-, =,- '(++,-73&) 9'7"-0 :&4&"-+,& : *(:&+&"-+,& -, 9-4U)"( (3,)33$ 3( LHO 3)-

*3(=&,).A3(. M-J,-"C 9'&")3)3&) "(=, 4.7 9-4UZ"( (3,)33$ 3) :+)24( -9'(:4(3-, ,(  

 (  J,- ,')%C), %-.A1&; *(,'(,. F 4(33(7  -3+,'C 8&7 3) %C4), -,:)=(,A ,')%-:(3&< 

"-%&.A3-+,&.  

# 9'-8)++) :$9-.3)3&7 '(%-,$ %$.& '(*'(%-,(3$: J.) ,'&=)+ (7 +,'C ,C'3(7 

+;)"(, J.) ,'&=)+ (7 DC3 8&-3(.A3(7 +;)"(, J.) ,'&=)+ (7 9'&38&9&(.A3(7 +;)"(, 

9)=(,3(7 9.(,(, +9)8&D& (8&7 & 4'C2(7 4- C")3,(8&7, 3)-%;-4&"(7 4.7 +)'&03-2- 

9'-&*:-4+,:( &*4).&7. M'-) ,&'-:(3&) J.) ,'&=)+ -0 9'&38&9&(.A3-0 +;)"$ & 9)=(,-

3-0 9.(,$ -+C@)+,:.7.-+A : 9'-2'(""3-" 9'-4C ,) Altium Designer. #3)13&0 :&4 

C+,'-0+,:( %)* J.)")3,-: J '(3&'-:(3&7 9')4+,(:.)3 3( '&+. 4. 
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B&+. 3. B(++,-73&) 9'7"-0 :&4&"-+,& : *(:&+&"-+,& -, 9-4U)"( (3,)33 RMY? & LHO 

 

 
 

B&+. 4. #3)13&0 :&4 +&+,)"$ +:7*& 

 

H &*2-,-:.)3&< 9)=(,3$; 9.(, 9')4U7:.7.&+A :$+- &) ,);3-.-2&=)+ &) ,')%-:(-

3&7, =,- 3)-%;-4&"- 4.7 C")3A1)3&7 2(%('&,-: '(*'(%(,$:()"-2- C+,'-0+,:(. F+9-.A-

*-:(3&) +-:')")33-0 "(.-2(%('&,3-0 J.)")3,3-0 %(*$ 9-*:-.&.- C")3A1&,A '(*")'$ 

C+,'-0+,:( 4- 45×30×8 "", =,- : 4:( '(*( ")3A1) 9- 9.-@(4& : +'(:3)3&& + 9'-1.$"& 
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-%'(*8("& +&+,)"  -"(343--,).)"),'&=)+ -0 +:7*& [5]. O+,'-0+,:- &")), 4:( J '(3( + 

4:C; +,-'-3,  -,-'$) :$9-.37<, DC3 8&< *(@&,$ -, J.) ,'-"(23&,3$; 9-"); '(4&--

=(+,-,3-0 =(+,&. K( /) J '(3$ +.C/(, 4.7 ");(3&=)+ -0 *(@&,$, =,- 9-*:-.7), -, (-

*(,A+7 -,  -'9C+( & C")3A1&,A "(++C. 

B(*'(%(,$:()"-) C+,'-0+,:- %C4), 9'&")37,A+7 : RMY? «6).A,(-G» & «Q(""(» 

 -"9(3&& «?#?H5-Q)-5)':&+» [6]. 

 
59&+-  .&,)'(,C'$ 

 

1. R-): L. G. ?3(.&*  -"(343--,).)"),'&=)+ -0 '(4&-.&3&& +:7*& + %)+9&.-,3$"& .),(,).A3$"& 

(99('(,("& // #)+,3&  5&%Q?O. – X 42. – 5. 86–91. 

2. G( ('-: F. #., H- -'&3 #. F. H-"9.) + C9'(:.)3&7 %)+9&.-,3$"& .),(,).A3$"& (99('(,("& 

4.7 4&+,(38&-33-2- *-34&'-:(3&7 *)".& // 5-:')")33$) 9'-%.)"$ '(4&-J.) ,'-3& &: +%. 3(C=. ,'. ; 

3(C=. ')4. : ?. F. Q'-"$ -, Q. 5. M(,'&3; -,:. *( :$9. ?. ?. Y):&8 &0. – H'(+3-7'+ : FMH 5IO, 2010. – 

424 +. – 5. 6–11. 

3. 5 .7' R. N&D'-:(7 +:7*A. – G.: F*4. 4-" «#&.A7"+», 2007. – 1104 +. 

4. 6-.C;(3-: G. M. B(+9'-+,'(3)3&) '(4&-:-.3. – G.: 5:7*A, 1972. – 336 c. 

5. Y)%)4): [. ?., R-): L.G. B(*'(%-, ( & 9'-) ,&'-:(3&) "(.-2(%-'&,3-0 +&+,)"$ +:7*& "(.$; 

%)+9&.-,3$; .),(,).A3$; (99('(,-: // B)1),3):+ &) =,)3&7 : "(,)'&(.$ XVI G)/4C3('. 3(C=.  -3D., 

9-+:7@. 9("7,& 2)3)'.  -3+,'C ,-'( '( ),.- -+"&=. +&+,)" ( (4. G. I. B)1),3):( (7–9 3-7%. 2012 2., 

H'(+3-7'+ ) : : 2 =. ; 9-4 -%@. ')4. [. [. Y-2&3-:( ; 5&%. 2-+. (J'- -+"&=. C3-,. – H'(+3-7'+ , 2012. – 

S. 1. – 458 +. 

6. ?:,-3-"3$) ?J'- -+"&=)+ &) 5&+,)"$ – Q)-5)':&+ // !!! LMM «?#?H5-Q)-5)':&+» [T.) -

,'-33$0 ')+C'+]. URL: http://uav-siberia.com/ (4(,( -%'(@)3&7 10.03.2015). 
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 >F >=<;D>  KC:PB<DBAL8; >  @>  <B@<78   

K <J >LLA C8L<9  BAB;8LE  @>  D AB;>::8  (PSOC 5) 
 

!. #. O'.(9-: (3(C=3$0 'C -:-4&,).A), ?. G. E-'&3 
 

;7B*CB ,D.  . 9. ?%$/6E+,3%F) C9G 

432071, >. ;6E@+%F#3, -6. 8%+H)(%F, 48/2 

E-mail: anshant@yandex.ru 

 
B)(.&*(8&7 9C.A+- +&"),'( 3( PSoC *(")37), -,4).A3$0 "-4C.A 9C.A+- +&"),'(, C")3A1(7  -.&=)+,:- 

 -"9-3)3,-: 9'& ')(.&*(8&& 9'-) ,-: *( +=), &+9-.A*-:(3&7 +&+,)"$ 3(  '&+,(..).. 

 
#Y!H (:3C,'&:)33-) .(*)'3-) -%.C=)3&)  '-:&) - &*:)+,3(7 & ;-'-1- -,'(%-,(3-

3(7 ")4&8&3+ (7 9'-8)4C'(, 1&'- - &+9-.A*C),+7 : +-:')")33-0 ")4&8&3). !+3-:3-0 
8).A< 3(1)0 '(%-,$ 7:.7),+7 '(*'(%-, ( C+,(3-: & .(*)'3-0 ,)'(9&& 4.7 :3C,'&:)3-
3-2- -%.C=)3&7  '-:& + &+9-.A*-:(3&)" 2-.C%-2- & *).)3-2- .(*)'3$; &*.C=(,).)0. 
F*.C=)3&7 4(33-0 4.&3$ :-.3$ 9')4+,(:.7<, %-.A1&0 &3,)')+ 4.7 ")4&8&3+ &; &+-
+.)4-:(3&0, =)" ;-'-1- *(') -")34-:(:1&0 &*.C=(,).A  '(+3-2- 8:),(. M'&38&9 '(-
%-,$ 9'&%-' *( .<=(),+7 : &*")')3&& 9C.A+( 9(8&)3,( + 9-"-@A< 9C.A+- +&"),'( + 
9-+.)4C<@&" 9')-%'(*-:(3&)" ,- ( &*")'&,).A3-2- D-,-4&-4( : 3(9'7/)3&) & 9)-
'&-4&=)+ &" &*.C=)3&)" 2-.C%-2- &.& *).)3-2- 8:),( +&3;'-33- 9C.A+C 9(8&)3,(. 5--
:')")33$0 &*")'&,).A3$0 9'&%-' 3) "$+.&" %)* 9'&")3)3&7 "& '- -3,'-..)'-:. 
5)'A)*3$0 :-9'-+ – &*")'&,).A3$) C*.$ (3(.-2-:-0 +;)"-,);3& &, ( ,( /) +3&/)3&7 
:.&73&7 :3)13&; 4)+,(%&.&*&'C<@&; D( ,-'-: 3( ')*C.A,(, &*")')3&7. N).)+--%'(*-
3)) &+9-.A*-:(,A "& '- -3,'-..)'$ + :+,'-)33-0 (3(.-2-:-0 9)'&D)'&)0 (!O,  -"9(-
'(,-'$). G-/3- &+9-.A*-:(,A DSP, 3- -3& 4-+,(,-=3$ 4-'-2&,  '-") ,-2- &; DC3 8&--
3(. 7:.7),+7 +.&1 -" &*%$,-=3$". # 3(1)0 '(%-,) &+9-.A*C<,+7 9'-2'(""&'C)"$) 
+&+,)"$ 3(  '&+,(..) PSOC, : +-+,(:  -,-'$; :;-4&, 1&'- &0 3(%-' (3(.-2-:-0 & 
8&D'-:-0 9)'&D)'&&. Y)2 -+,A 9'-2'(""&'-:(3&7, %-.A1-)  -.&=)+,:- &3D-'"(8&& & 
%)+9.(,3(7 +')4( -,.(4 &: :+) J,&  (=)+,:( 4).(<, 9'-2'(""&'C)"$) +&+,)"$ 3(  '&-
+,(..) C4-%3$" & "-@3$"  -"9.) +-" 9'-2'(""3- (99('(,3$; +')4+,: 4.7 1&'- -2- 
 'C2( 9'&")3)3&0. !+3-:C 9'&%-'( +-+,(:.7), "& '- -3,'-..)' PSOC5, 4&(.-2 + 
9-.A*-:(,).)" -'2(3&*-:(3 3( -+3-:) "3-2-+,'-=3-2- ")3< + 9-44)'/ -0 (32.&0+ -2- 
& 'C++ &; 7*$ -:. F3D-'"(8&7 -,'(/(),+7 3( 4&+9.)) + C9'(:.)3&)" -, 4-;  3-9-=3-0 
 .(:&(,C'$. M'-2'(""( 3(9&+(3( 3( 7*$ ) 5&, :  (=)+,:) +')4$ 9'-2'(""&'-:(3&7 &+-
9-.A*C),+7 GCC. ?.2-'&," 9'-2'(""$ '(*4).)3 3( 3)+ -.A - 9-49'-2'("". #3(=(.) 
3(" 3)-%;-4&"- 9'-&*:)+,& 3(+,'-0 & 9'&%-'( – C+,(3-:&,A 9'-4-./&,).A3- 9'-8)-
4C'$, :$%'(,A ,&9 .(*)'( & 9'-=)).  

 

 
 

B&+. 1. Q'(D&=)+ (7 +;)"( %.- ( 9C.A+- +&"),'( 
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6(.)) 3)-%;-4&"- &+9-.A*-:(,A "( +&"(.A3- &+9-.A*-:(,A "-@3-+,A .(*)'( 4.7 J,- 

"$ 4-./3$ C+,(3-:&,A &*.C=(,).A C+,(3-:&,A : &*")'&,).A3C< 2-.-:C + C+,(3-:.)3-

3$" D-,-4&-4-". >(,)" *(9C+,&,A 9'-8)4C'C &*")')3&7 9C,)" :$%-'( : ")3< 3(-

+,'-0 & – "F*")')3&7 "-@3-+,&" .(*)' 3(=3), ")4.)33- '(*2-'(,A+7, 9- ( 3) 4-+,&2-

3), *3(=)3&7  -3+,(3,$ :$%'(33-0 & *(9&+(33-0 : 9("7,A 9'&%-'( *('(3)). T,-, %.-  

+-+,-&, &* %.- ( 12 %&,3-2- ?NM & ,'(3+&"9)4(3+3-2- !O ('&+. 1). O+,(3(:.&:()" &*-

.C=(,).A + &2.-0 3( ,).) 9(8&)3,(, & *(9C+ ()" 9'-8)4C'C. 6.&,).A3-+,A 9'-8)4C'$ 

*(:&+&, -, 3(+,'-) . M- - -3=(3&< 9'-8)4C'$ 9'-*:C=&, *:C -:-0 +&23(. +:&4),).A-

+,:C<@&0 -% )Z *(:)'1)3&&. M'&38&9 '(%-,$ +.)4C<@&0 – +&23(. + ,'(3+&"9)4(3+-

3-2- C+&.&,).7 9-+,C9(), 3( !O 9')4:('&,).A3-2- C+&.)3&7 – *(,)" +&23(. -8&D'-:$-

:(),+7 + 9-"-@A< 8 %&,3-2- ?NM, 4(.)) &+9-.A*C7 DMA : :&4) -,+=),-: 9-+,C9(), 3( 

9-.-+-:-0 D&.A,' + =(+,-,-0 +')*( 8 Q8 ( =(+,-,( 9C.A+( =).-:) ( .)/&, : 9')4).(;  

1–2 Q8) L( '&+. 2 9')4+,(:.)3- - 3- 3(+,'-0 & 9-.-+-:-2- D&.A,'(. 

 

 
 

B&+. 2. ! 3- 3(+,'-0 & D&.A,'( 

 

H(  &*:)+,3-, 9C.A+- +&"),)' +-4)'/&, : +:-)" +-+,(:) 4:( +:),-4&-4(  '(+3-2- 

& &3D'( '(+3-2- &*.C=)3&7 -,4).77 ,-, &.& &3-0 +&23(., &*")'7<, 9- (*(,).A 3(+$-

@)33-+,&  '-:&  &+.-'-4-" &.& 9C.A+. # 3(1)" 9'&%-') &*")')3&) 3(+$@)3&7  '-:& 

 &+.-'-4-" -+C@)+,:.7,A+7 3) %C4),. L(" 3)-%;-4&"$ .&1A 9- (*(3&7 9C.A+( 9(8&-

)3,(. M-.C=&:1&0+7 +&23(. +&3;'-3&*&'C),+7 + EFG, :$;-4$  -,-'-2- 9-4 .<=)3$ 

  .(*)'(" +--,:),+,:C<@)0 4.&3$ :-.3$. 

?.2-'&," 9'-2'(""$ ')(.&*-:(3 3( -+3-:) ,)-'&&  -3)=3$; (:,-"(,-:, J,- 9--

*:-.7), .)2 - "-4&D&8&'-:(,A 9'-2'(""3-) -%)+9)=)3&). G3-2-C'-:3):-) ")3< 9--

*:-.7), -'2(3&*-:(,A 9-.3$0 4-+,C9   C9'(:.7<@&" DC3 8&7" 9'&%-'(, ')(.&*-:(3-

3-2- 3( -+3-:) "3-2-")'3-2- "(++&:(,  (/4$0 J.)")3,  -,-'-2- 7:.7),+7 9C3 ,-"  

")3<. F+9-.A*-:(3&7 +&+,)"$ 3(  '&+,(..) +C@)+,:)33- '(+1&'7), :-*"-/3-+,& '(*-

'(%-,=& (, &")),+7 :-*"-/3-+,A &+9-.A*-:(,A 9)'&D)'&< '(3)) 3)4-+,C93C< 3( "& -

'- -3,'-..)'(; 4'C2&; 9'-&*:-4&,).)0, :(/3$" +:-0+,:("& 7:.7),+7 – C4-%+,:- 9'--

) ,&'-:(3&7 & + -'-+,A '(*'(%-, &, :-*"-/3-+,A 9)') -3D&2C'&'-:(3&7. 
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59&+-  .&,)'(,C'$ 

 

1. L)"C4'-: #., G(',&3 Q. 5&+,)"$-3(- '&+,(..). M'-) ,&'-:(3&) & '(*:&,&). – G.: K);3-+D)'(, 

2004. – 5. 216. 

2. RC;,)): ?. G),-4$ & +')4+,:( 9'-) ,&'-:(3&7 +&+,)" 3(  '&+,(..) // Chip News. – 2003. – X 3. – 

5. 4–14. 

3. E)0 &3 G. 6:) "& '-+;)"$ – ;-'-1-, ( -43( .C=1). M'-2'(""&'C)"$) 8&D'-:$) "& '-+;)-

"$ + (3(.-2-:$" &3,)'D)0+-" // T.)")3,3(7 %(*( J.) ,'-3& &. – 2012. – X 1 – 5. 34–43. 

4. RC;,)): ?., L)"C4'-: #. 5&+,)"$ 3(  '&+,(..). L-:$) ,)34)38&& // T.) ,'-3& (. LKR. – 2004. – 

X 3. – 5. 52–56. 

5. Ahmad Athif bin Mohd Faudzi Programmable system on chip distributed communication and control 

approach for human adaptive mechanical system // Journal of Computer Science. – 2010. – August. 

6. PSoC® 5LP: CY8C58LP Family Datasheet [T.) ,'-33$0 ')+C'+] // Cypress Semiconductor 

[!D&8. +(0,]. B)/&" 4-+,C9(: http://www.cypress.com/?rID=72824, +:-%-43$0 (4(,( -%'(@)3&7: 

24.02.2015). 
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CB;>@<7D>   !"#$%&'!()&*%#%  $)+",+-."/0)#%  *%$'+%12  

!$')#+"13$45  &'"6!1!,"'%+%7 
 

 . !. "#$%&'(, ". ). *#+%&'( (&%,-&./ 0,1'('2#3456) 
 

 !"!#$%&' ()$*+!#$,-.//0' !1#)%)$"&2.$%&' */&-.#$&,., &"./& !%!+."&%!  . 3. 4)#)56-! 

(/!7&)/!58/0' &$$5.+)-!,.58$%&' */&-.#$&,.,) 

443086, (.  !"!#!, 9)$%)-$%). :)$$., 34 

E-mail: kipres@ssau.ru 

 
 %778%30#(%4379 :0';548% (.;'0% #&<'08%3#(&.= :%0%8430'( 259 2#%+&'73#-471'+' &40%>0,$%?@4+' 1'&-

30'59 (A)B) #&34+0%56&.= 73%;#5#>%3'0'(. *0#('29379 04>,563%3. 15%77#<#1%C## (.;'01# #&34+0%56&.= 73%;#5#-

>%3'0'( :' '2&'8, # 2(,8 10#340#98. !7';'4 (&#8%&#4 ,2454&' ':#7%&#? ;5'1-7=48. # :0#&C#:, 0%;'3. ,73%&'(-

1# A)B #&34+0%56&.= 73%;#5#>%3'0'(. 

 

D'(0484&&.4 0%2#'E54130'&&.4 ,730'/73(% :04273%(59?3 7';'/ 75'F&./ 1'8-

:5417 ;'56$'+' -#75% (>%#8'7(9>%&&.= ;5'1'(, E54130'&&.= ,>5'( # E54130'0%2#'-

E5484&3'( (G G).  %2#'E54130'&&%9 %::%0%3,0% ( GH) 7'73'#3 #> ;'56$'+' -#75% %1-

3#(&.= # :%77#(&.= 2#71043&.= E54130'&&.= 1'8:'&4&3'(, +#;0#2&.= # :'5,:0'('2-

&#1'(.= #&34+0%56&.= 8#10'7=48 (I"D), 8#10'7;'0'1, <,&1C#'&%56&.= E54130'&-

&.= ,730'/73( # 20,+#= #>245#/. J48 (%F&44 :'73%(54&&.4 :4042 %::%0%3,0'/ >%2%-#, 

348 '&% ;'544 ,75'F&94379 7 34=&#-471'/ 3'-1# >04&#9, 3. 4. 0%7343 4K 75'F&'736, 1'3'-

0%9 'C4&#(%4379 -#75'8 (='29@#= ( &4K E5484&3'(. L01#8 :0#840'8 3%1'+' ,75'F&4-

&#9 8'F43 75,F#36 ;'03'('4 ';'0,2'(%&#4, #7:'56>,48'4 &% 1'78#-471#= %::%0%3%= 

(BH). M4=&#-471%9 75'F&'736 E54130'&&'+' ';'0,2'(%&#9 7,@473(4&&' :'(.$%43 304-

;'(%&#9 1 &%2KF&'73# E5484&3'(. N4731#4 ,75'(#9 0%;'3. ';'0,2'(%&#9, ,73%&'(54&-

&'+' &% ;'03 BH, 304;,?3 #7:'56>'(%36 7%8.4 &%24F&.4 E5484&3., 3.1. (.='2 #> 730'9 

='39 ;. '2&'+' E5484&3% 8'F43 :'(54-6 >% 7';'/ :'340? 0%;'3'7:'7';&'73# (74/ 7#7-

348.. O'544 3'+', '31%>., :0'#>'$42$#4 ( E54130'&&.= ,730'/73(%=, 1'3'0.4 &%='293-

79 ( 1'78'74, :0#('293 1 ;'56$#8 <#&%&7'(.8 >%30%3%8 #>->% &4('>8'F&'73# #5# 2'-

0'+'(#>&. #= (.9(54&#9 # 048'&3%. 

P.;'0 (.7'1'&%2KF&.= E54130'0%2#'#>245#/ (G I) ';.-&' '7,@473(594379 84-

3'2%8# E54130'2#%+&'73#1# #5# 2#%+&'73#-471'+' &40%>0,$%?@4+' 1'&30'59 (A)B). 

!&# '7&'(%&. &% 7542,?@#= :0#&C#:%=: 

%) :0#&C#: ':042454&#9 E54130'<#>#-471#= :%0%8430'( (#&<'08%3#(&.= :%0%-

8430'(), =%0%1340#>,?@#= 7('/73(% G I; 

;) :0#&C#: ':042454&#9 7'73'9&#9 E54130'';'0,2'(%&#9 :' (.;0%&&.8 10#340#-

98, 70%(&#(%9 #>8404&&.4 #&<'08%3#(&.4 :%0%8430. 7 #= :'0'+%8#. P E3'8 75,-%4 

G I, '3&'79@#479 1 :'34&C#%56&' &4&%2KF&.8, '315'&9?379.  

!7&'(&.4 =%0%1340#73#1# G I 2'5F&. ,2'(543('0936 34=&#-471#8 304;'(%&#98. 

!2&%1' G I 3%1F4 8'+,3 #8436 710.3.4 24<413., 1'3'0.4, ( 1'&4-&'8 7-434, 8'+,3 

:0#(473# 1 (.='2, ';'0,2'(%&#9 #> 730'9. 

)% 2%&&'8 E3%:4 0%>5#-&.4 843'2. # 704273(% 259 A)B E5484&3&'/ ;%>., #7-

:'56>,48'/ ( '3(4373(4&&'8 ';'0,2'(%&##, :'5,-#5# 0%>(#3#4 ( 0%;'3%= [1–7]. !2&%1' 

,75'F&4&#4 G I, &%>&%-4&#4 0%>5#-&.= <,&1C##, #7:'56>'(%&#4 &'(.= 8%340#%5'(, 

730,13,0 # :0'#>('273(4&&.= :0'C477'( 304;,43 &'(.= #&<'08%3#(&.= :%0%8430'(, 

;'544 3'-&.= 10#340#4( '3;'0%, 0%>(#3#9 &'(.= 704273( 1'&30'59. G3% :0';548% #8443 

'7';,? >&%-#8'736 '3&'7#3456&' :0'C477% #>+'3'(54&#9 BH, #84?@#= 25#3456&./ 

:40#'2 <,&1C#'&#0'(%&#9. )%#;'544 730'+#4 304;'(%&#9 1 &%2KF&'73#, 3'-&'73# # 

E<<413#(&'73# A)B :'(.$%?3 75'F&'736 %(3'8%3#>%C## 2#%+&'73#-471#= 704273(, % 

3%1F4 :0'C477% '3;0%1'(1#. *'E3'8,, #= 0%>(#3#4 304;,43 :0#&93#9 2':'5&#3456&.= 

840 :'(.$4&#9 &%2KF&'73# :0# #= :0#84&4&##. 
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P.7'1,? 75'F&'736 #8443 2#%+&'73#-471#/ 1'&30'56 :'5,:0'('2&#1'(.= #&34-
+0%56&.= 8#10'7=48. 

!7&'(&.8 10#340#48 (.;'0% #&<'08%3#(&.= :%0%8430'( 259 A)B 8#10'7=48 
75,F#3 &%5#-#4 1'00459C#'&&'/ 7(9># :%0%8430'(, =%0%1340#>,?@#= &%2KF&'736 #>-
245#/, :'2(40+%?@#=79 1'&30'5? (3. 4. -,(73(#3456&'73# '3&'7#3456&' 24<413'(), # 
:0'730%&73(4&&'/ &4'2&'0'2&'73# <#>#-471#= 7('/73(. A59 8#10'7=48 142Q)5 (73%-
;#5#>%3'0 <#17#0'(%&&'+' &%:09F4&#9) $#0'1' 0%7:0'730%&4&. 843'2. ((754273(#4 
&42'73,:&'73# 2'73'(40&'+' #77542'(%&#9 p-n 730,13,0 20,+#8# 843'2%8#) m-
=%0%1340#73#1, PHR # #= :0'#>('2&.4, 2#%+&'73#1# E54130'1'54;%&#/, # 20., 1'3'0.4 
7(9>%&. 7' >&%-#3456&.8# 30,2&'7398#. 

P 0%;'34 ;.5# 0%778'304&. 304;'(%&#9 :0'73'3., E<<413#(&'73# # ('>8'F&'73# 
1'8;#&%C## A)B 7 :%0%8430#-471#8 1'&30'548, % 3%1F4 ('>8'F&'736 #7:'56>'(%&#9 ( 
1%-473(4 #&<'08%3#(&.= :%0%8430'( (.='2&'+' &%:09F4&#9 (U-0;), 1'E<<#C#4&3% &4-
73%;#56&'73# :' &%:09F4&#? (4u), 1'E<<#C#4&3% 73%;#5#>%C## :' &%:09F4&#? (4$,), 
3'1% :'304;54&#9 (I<),#). 

H&%5#> :0#-#& &#>1'/ &%2KF&'73# E5484&3'( 8#10'7=48. 142Q)5 :'1%>%5 &%5#-
-#4 ;'56$#&73(% 24<413'( ;#:'590&'/ 730,13,0. 7 #>84&4&#48 3'1% -404> p-n :404='2. 

A4/73(#3456&', :0'='F24&#4 &'7#3454/ >%092% ( 04%56&'8 p-n :404='24 ':0424-
594379 7('/73(%8# ';S48% :404='2% # :'(40=&'736? :'5,:0'('2&#1%. 

D,88%0&./ 3'1, :0'341%?@#/ -404> :404='2, 7'73'#3 #> 7542,?@#= 1'8:'&4&3'(: 
 

,4321 IIIII    !  
 

+24 I1 – (45#-#&% 3'1% +4&40%C##-041'8;#&%C## (2#<<,>#'&&./ 3'1); I2 – 3'1 +4&40%-
C##-041'8;#&%C## &% :'(40=&'73# 730,13,0. 8%340#%5%; I3 – 3'1 +4&40%C##-
041'8;#&%C## ( 730,13,04 8%340#%5%; I4 – 3'1 :'(40=&'73&.= 1%&%5'(. 

 %>840 7,88%0&'+' 3'1% -404> :404='2 ':0424594379 +4&40%C#4/ # 041'8;#&%C#4/ 
&'7#3454/ >%092%, >%(#79@#= '3 1'&C4&30%C## 24<413'( ( ';S484 # &% :'(40=&'73# 8%-
340#%5%. 

D 20,+'/ 73'0'&., (45#-#&% 3'1% :'304;54&#9 I<),# 8#10'7=48. 142Q)5 ':0424-
594379 3'1%8# 7''3(4373(,?@#= p-n :404='2'(, % 3%1F4 1%-473('8 1'&3%13'( # 348:4-
0%3,0&.8# ,75'(#98#, ( 7('? '-40426 >%(#79@#= '3 1%-473(% :'7%21# 10#73%55%. M%-
1#8 ';0%>'8, I<),# 8'F43 #7:'56>'(%3679 ( 1%-473(4 #&<'08%3#(&'+' :%0%8430% 259 
A)B 8#10'7=48. #&34+0%56&'+' 73%;#5#>%3'0%. 

*0#&#8%9 (' (&#8%&#4 :0'(424&&./ %&%5#>, :042(%0#3456&.4 #77542'(%&#9, 
(15?-%9 #>8404&#4 :%0%8430'( (I<),#, U-0;, 4u, K$,) # 04>,563%3. 3473'( ;4>'31%>&'+' 
<,&1C#'&#0'(%&#9 ( ,75'(#9= :'(.$4&&.= # :'&#F4&&.= 348:40%3,0, % 3%1F4 (5#9-
&#4 3408'C#15#0'(%&#9 (04>,563%3. :'5,-4&. &% :042.2,@#= E3%:%= 0%;'3.), ( 1%-4-
73(4 #&<'08%3#(&'+' :%0%8430% ;.5% :0425'F4&% (45#-#&% :%24&#9 &%:09F4&#9 Ur, 
:0':'0C#'&%56&'4 3'1, :'304;54&#9 I<),# &% 04>#73'04 Ro, 1'3'0./ (15?-4& ( 7=48, 
#73'-&#1% :#3%&#9 #77542,48'/ 8#10'7=48.. 

!3;'0 (.7'1'&%2KF&.= #&34+0#0'(%&&.= 73%;#5#>%3'0'( :0'('2#579 ( 2(,= 3473%=: 
:0# 8#&#8%56&'8 U<&, min # 8%17#8%56&'8 U<&, max 2':,73#8'8 &%:09F4&## :#3%&#9.  

 4>,563%3'8 #77542'(%&#/ #>8404&#9 :%0%8430% Ur 259 ,-4;&'/ (.;'01# 8#10'-
7=48 142Q)5 9(594379 15%77#<#1%C#9 #= :'34&C#%56&'/ &%24F&'73# :' ':042454&&'8, 
34=&'5'+#-471'8, 10#340#?, 7'+5%7&' 1'3'0'8, (45#-#&. :%0%8430'( #>245#/ :0# 73%-
;#56&'8 34=&'5'+#-471'8 :0'C4774 54F%3 ( 34=&'5'+#-471# :042':042454&&'/ ';5%73#: 

 

],[][][][ ririrkiriri USUMUUSUM  ""#  
 

+24 Urki – (45#-#&% Ur k-+' :%0%8430% 8#10'7=48. ( i-'8 34734 (i = 1, 2); Mi, Si – 7042&44 
>&%-4&#4 # 7042&44 1(%20%3#-&'4 '315'&4&#4 :%0%8430% Ur ( (.;'014 ( i-8 34734. 
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M4 8#10'7=48., >&%-4&#4 :%0%8430% Ur 1'3'0.= &4 :0#;5#F%?379 1 ,73%&'(54&-
&.8 +0%&#C%8 10#3#-471'/ >'&. :%0%8430'( Ur (U<&, min), (U<&, max), ;.5# ,2%54&. #> 
(.;'01#. M%1#8 ';0%>'8, ;.5' (.:'5&4&' &4';='2#8'4, &' &42'73%3'-&'4 ,75'(#4 (.-
;'0% 8#10'7=48. &% ,0'(&4 :'34&C#%56&'/ &%24F&'73#. T75'(#4 2'73%3'-&'73# ,2'(-
543('04&' :0# 2':'5&#3456&'8 '3;'04 8#10'7=48, 1'3'0./ 9(594379 :40(.8 E3%:'8 
(.;'0% :' 10#340#? 04+,590&'73# >%(#7#8'73# :%0%8430'( '3 3473'(.= 04F#8'( 259 
(74= E5484&3'( (.;'01#: 

 

,][][2 2121 rr$&rkrk UMUMUUU # $%#  
 

+24 Urk1, Urk2 – >&%-4&#9 Ur :%0%8430% k-'/ 8#10'7=48. 7''3(4373(4&&' ( 1 # 2 34734;  
M1 (Ur), M2 (Ur) – 7042&#4 >&%-4&#9 :%0%8430% Ur :0# '3;'04 ( 1 # 2 34734; =Ucu – '$#;-
1% ('5638430%. 

)% (3'0'8 E3%:4 '3;'0% #> :'34&C#%56&' &%2KF&.= #>245#/, ':042454&&.= :' 
:40('8, 10#340#?, ;.5# ,2%54&. E1>48:590., 0%>&#C% 84F2, 7042&#8 >&%-4&#48  
>M1 [Ur] – M2 [Ur]> # :%0%8430'8 Ur 1'3'0.= 84&94379 '3 >&%-4&#9 ( :40('8 34734 
(U<&, min) 2' >&%-4&#9 (' (3'0'8 34734 (U<&, max) # 9(594379 ;'56$4/, -48 >&%-4&#4 ,2('-
4&&'/ '$#;1# ('5638430%. 

 4>,563%3. 'C4&1# &%2KF&'73# :0# :0'(424&## A)B 8#10'7=48 142Q)5 :042-
73%(54&. ( 3%;5. 1 (t = 2500 -%7'(, T = 80 °C, I<),# = 150 8H), +24 R): – (40'93&'736 :0#-
&93#9 '$#;'-&'+' 04$4&#9, R&?( – 0#71 #>+'3'(#3459, R<),# – 0#71 :'304;#3459.  4>,56-
3%3. :'5,-4&. 259 (.;'01#, 7'73'9@4/ #> N = 50 E5484&3'(, 0%>2454&&.= &% 15%77 :'-
34&C#%56&' &%2KF&.= # :'34&C#%56&' &4&%2KF&.= 7''3(4373(4&&' :' '2&'8, # 2(,8 
10#340#98 :0# #7:'56>'(%&## 3473'( &% ;4>'31%>&,? 0%;'3, ( ,71'04&&'8 04F#84. 

I77542,48.4 #&34+0%56&.4 73%;#5#>%3'0. :'215?-4&. 1 ,73%&'(14 -404> %2%:-
340 H 7'+5%7&' 2#%+0%884 73.1'(1#. P&4$&#/ ,&#(407%56&./ ('5638430 B7-38 :'2-
15?-4& 1 7'42#&#34598 «P'5638430 (+)», «P'5638430 (-)» (0#7. 1). 

 

M%;5#C% 1 

 4>,563%3. 'C4&1# &%2KF&'73# 8#10'7=48 142Q)5 :0# A)B 
 

B'5#-473('  

# &'840 10#340#4( 

!C4&1% &%2KF&'73# 

P40'93&'736 :0#&93#9 

:0%(#56&'+' 04$4&#9, P<#

 #71 #>+'3'(#3459, P&?(  #71 :'304;#3459, P<),# 

1 

1 # 2 

0,88  

0,94  

0,06  

0,12  

0,18  

0,08  

 

 
 

 #7. 1. D=48% ,73%&'(1# A)B 8#10'7=48 142Q)5 

 

*0# &%F%3'/ 1&':14 SB2 &%F%3#4 1&':1# SB3 «M473» :0'('2#379 #>8404&#4 :%-
0%8430% Ur  :0# 8%17#8%56&'8 :#3%?@48 &%:09F4&## U<&, max :,3K8 7&93#9 #&2#1%C## 
7 ('5638430%. *0'C42,0% :'(3'094379 :0# &%F%3'/ 1&':14 SB2 # :#3%?@48 &%:09F4-
&## U<&, min. 
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U5%(&.8 <,&1C#'&%56&.8 ,>5'8 7=48. 9(594379 #73'-&#1 :#3%&#9, (15?-%?-

@#/ 2(,=:'5,:40#'2&./ (.:098#3456&./ 8'73 (VT1, VD1, …, VD4) # 73%;#5#>%3'0 

&%:09F4&#9 1'8:4&7%C#'&&'+' 3#:% (VT1, VT2, VT3, DA1). M04;,48'4 &%:09F4&#4 &% 

(.='24 ,73%&%(5#(%4379 :40415?-%34548 SB2. I&2#1%3'0'8 &%5#-#9 &%:09F4&#9 &% 

(.='24 73%;#5#>#0'(%&&'+' #73'-&#1% :#3%&#9 9(594379 7(43'2#'2 VD7, 1'3'0./ >%-

+'0%4379 :0# &%5#-## &% (.='24 &%:09F4&#9, 2'73%3'-&'+' 259 4+' 7(4-4&#9. !7&'(&'4 

&%:09F4&#4 7'>2%4379 73%;#5#30'&'8 VD6 # :'2%4379 &% (='2 «3» 8#10'7=48., +24 

:0'#7='2#3 70%(&4&#4 7 &%:09F4&#48, :'73,:%?@#8 &% (='2 «2» 8#10'7=48. '3 :'-

34&C#'8430% R8. M%1#8 ';0%>'8, 04>#73'0. R7 # R9 :042&%>&%-4&. 259 '+0%&#-4&#9 

2#%:%>'&% 04+,5#0'(%&#9 &%:09F4&#9. D#+&%5 70%(&4&#9 '3 8#10'7=48. :0#;.(%43 (' 

(='2 ,7#5#3459, 7';0%&&'+' &% 30%&>#73'0%= VT2, VT3, 1'3'0./, ( 7('? '-40426, (&'-

7#3 1'00413#0'(1, &%:09F4&#9.  4>#73'0. R3 # R4 ';47:4-#(%?3 &4';='2#8./ 259 

VT3 04F#8 0%;'3.. M0%&>#73'0 VT1 :042&%>&%-4& 259 >%@#3. '3 1'0'31'+' >%8.1%&#9 

&% (.='24 7=48. :0# (.:'5&4&## 3473#0'(%&#9. Q+' E8#3340 :'215?-4& -404> 8%5'4 

7':0'3#(54&#4 R11 1 1%3'2, 2#'2% VD5, # ( E3'8 75,-%4 VT1 '310.(%4379, >%8.1%9 

73%;#5#30'& VD6. C (.='2% 8#10'7=48. DA1 -404> 30%&>#73'0 VT3 >%:#0%?@44 &%-

:09F4&#4 :'2%4379 &% 04+,5#0,?@#/ 30%&>#73'0 VT2, 1'3'0./ '+0%&#-#(%43 3'1 1'-

0'31'+' >%8.1%&#9. M%1#8 ';0%>'8, 7(43'2#'2 VD7 +%7&43. *0# ,730%&4&## 1'0'31'+' 

>%8.1%&#9 30%&>#73'0 VT1 >%10.3, :0410%@%9 $,&3#0'(%&#4 73%;#5#30'&% VD6. M%-

1#8 ';0%>'8, 7 (.='2% ,7#5#3459 '$#;1# 8#10'7=48. DA1 -404> 30%&>#73'0 VT3 '3-

10.(%?@44 &%:09F4&#4 :0#;.(%43 &% ;%>, 04+,5#0,?@4+' 30%&>#73'0% VT2, ('773%-

&%(5#(%9 (45#-#&, (.='2&'+' &%:09F4&#9 73%;#5#>%3'0%.  4>#73'0 R10 '+0%&#-#(%43 

3'1, 341,@#/ -404> 7(43'2#'2 VD7.  4>#73'0 R6 ';47:4-#(%43 0%;'-#/ 04F#8 04+,5#-

0,?@4+' 30%&>#73'0% VT2. B'&24&7%3'0. C2, C4 75,F%3 259 7+5%F#(%&#9 :,567%C#/ 

(.='2&'+' &%:09F4&#9. B'&24&7%3'0 C5 :042&%>&%-4& 259 ,84&6$4&#9 $,8'( 73%;#-

5#30'&% VD6. I>840#3456&./ 1'&3,0 (15?-%43 ( 74;9 04>#73'0 R11 # %2%:340 X1 259 

:'215?-4&#9 8#10'7=48. -404> 1'&3%13. «87», «17» 1 (.='2, 73%;#5#>%3'0%, % 3%1F4 

1'&3%13. 259 :'215?-4&#9 (&4$&4+' ('5638430% X2. *'2%-% &%:09F4&#9 &% 8#10'7=4-

8, '7,@473(594379 &%F%3#48 1&':1# SB3 «M473». 

 
D:#7'1 5#340%3,0. 

 

1. T730'/73(' 259 1'&30'59 # '3;0%1'(1# 2(,=%&'2&.= 73%;#5#30'&'( / ". ). *#+%&'(, U. *. V'-

:#&, D. P. M?54(#&, I. ). B'>5'(% // D;. &%,-. 30. SWorld. – !2477%, 2013. – M. 10. – W 3. – D. 85–91. 

2. *%3. 2445640.  '77#/71%9 X4240%C#9, "*B G01R 31/26. T730'/73(' 259 '3;0%1'(1# 2(,=%&'2-

&.= 73%;#5#30'&'( [M4173] / ". ). *#+%&'(, U. *. V':#&, D. P. M?54(#&, I. ). B'>5'(%; >%9(#3456 # :%-

34&3'';5%2%3456: D%8%071#/ +'7. %E0'1'78#-471#/ ,&-3. – W 2010140421/28; >%9(5. 01.10.2010; ':,;5. 

20.03.012. O?55. W 8. – 8 7. 

3. M?54(#& D. P., *#+%&'( ". ). "43'2#1% # ,73%&'(1% 2#%+&'73#-471'+' 1'&30'59 :'5,:0'('2-

&#1'(.= 2#'2'( // D;. &%,-. 30. :' 8%340#%5%8 84F2,&%0. 1'&<. «D'(0484&&.4 &%:0%(54&#9 34'043#-4-

71#= # :0#15%2&.= #77542'(%&#/». – !2477%, 2008. – M. 4. – D. 62–67. 

4. *%3. 2154279,  '77#/71%9 X4240%C#9, "*B G01R 23/20. T730'/73(' 1'&30'59 &45#&4/&.= #7-

1%F4&#/ 0%2#'E5484&3'( / ". ). *#+%&'(, U. *. V':#&, P. *. H5417%&20'(, P. O. *5'3&#1'(; >%9(#3456 # 

:%34&3'';5%2%3456: D%8%071#/ +'7. %E0'1'78#-471#/ ,&-3. – W 99106323/09; >%9(5. 29.03.1999; ':,;5. 

10.08.2000. – O?5. W 22.  

5. T730'/73(' 1'&30'59 73%;#5#30'&'( / D. P. M?54(#&, I. ). B'>5'(%, U. *. V':#&, H. I. H0=#-

:'( // P473&#1 D%8%071'+' +'7. %E0'1'78#-471'+' ,&-3% #8. %1%248#1% D. *. B'0'5K(% (&%C#'&%56&'+' 

#77542'(%345671'+' ,&#(407#343%). – 2012. – W 7(38). – D. 156–159. 

6. D1('>&'/ 2#%+&'73#-471#/ :0'+&'>#0,48./ 1'&30'56 <'3'2#'2'( 259 1'78#-471'/ %::%0%3,0. 

/ D. P. M?54(#&, I. Y. V,871#=, ". ). *#+%&'(, H. P. M'1%04(% // XIX P740'7. )MB :' &40%>0,$%?@48, 

1'&30'5? # 34=&#-471'/ 2#%+&'73#14: 34>. 2'15., D%8%0%. – ".: «D:4130», 2011. – D.458–460. 

7. B(,03 H. L., "#&25#& ). Z. A#&%8#-471#/ &40%>0,$%?@#/ 1'&30'56 8'@&.= 8#10'7=48 // 

G54130'&&%9 34=&#1%. D40. 2. *'5,:0'('2&#1'(.4 :0#;'0.. – 1980. – P.:. 4. – D. 74–79. 
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*1"&&!8!*"9!2  !  &%&'"7  -+%7$):  ," "(  %6)&;)()$!2  <=& 

 

P. P. U5'3'(, ". H.  '8%@4&1' (&%,-&./ 0,1'('2#3456) 

 
@)#)/.A$%&' ()$*+!#$,-.//0' ,.;/&2.$%&' */&-.#$&,., 

394066, (. @)#)/.A, 9)$%)-$%&' <#)$<.%,, 179, *2.B/0' %)#<*$ @CDE N3 

E-mail: kipr@vorstu.ru 

 

 %778%30#(%?379 0'5# # >&%-4&#9 =%0%1340#73#1 E54130'8%+&#3&'/ 7'(8473#8'73# :0# 04$4&#4 >%2%- ';47-

:4-4&#9 E54130'8%+&#3&'/ 7'(8473#8'73#. A%& 10%31#/ ';>'0 ,0'(&4/ E54130'8%+&#3&'/ 7'(8473#8'73#. 

 

!;47:4-4&#4 E54130'8%+&#3&'/ 7'(8473#8'73# (G"C) ( 0%>5#-&.= E54130'&&.= 

704273( (GD) '3&'7#379 1 '2&'/ #> &%#;'544 %13,%56&.= &% 74+'2&9$&#= 2&4/ 348, :' 

:0#-#&%8 ('>0%73%&#9 ';@4+' -#75% GD # #= 8#&#%3?0#>%C##. 

*'2='2 1 ':042454&#? 0'5# # >&%-4&#9 1%1'/-5#;' =%0%1340#73#1# G"D :0# 04-

$4&## >%2%-# ';47:4-4&#9 G"D >%(#7#3 '3 ,0'(&9, &% 1'3'0'8 04$%4379 >%2%-%. M%1, ( 

#73'-&#14 [1] :0425%+%4379 0%778%30#(%36 -43.04 ,0'(&9: 84F7#7348&'/ G"D, (&,30#-

7#7348&'/ G"D, (&,30#%::%0%3,0&'/ G"D # (&,30#1'8:'&4&3&'/ G"D. 

1. "4F7#7348&%9 G"D. )% E3'8 ,0'(&4 :0'#7='2#3 ';47:4-4&#4 G"D 84F2, '3-

2456&.8# %(3'&'8&.8# 7#7348%8#, #73'-&#1 :'84= 1'3'0'/ &%='2#379 ( 7#73484, &4 

'3&'79@#/79 1 0%778%30#(%48'/, (15?-%?@#/ 04C4:3'0 (&%:0#840, :'84=#, 1'3'0.4 

8'+,3 ;.36 7'>2%&. 7#7348'/ 1'78#-471'/ 0%2#'7(9># 7#73484 &%>48&'/ 0%2#'0454/-

&'/ 7(9>#), :'71'561, ';4 7#7348. 0%;'3%?3 ( '2&'8 # 3'8 F4 2#%:%>'&4  &% '2#&%1'-

(.= -%73'3%=. B'8:5417 '0+%&#>%C#'&&.= # 34=&#-471#= 840':0#93#/ (.:'5&948.4 &% 

E3'8 ,0'(&4, >%15?-%4379 ( 0%C#'&%56&'8 (.;'04 (0%7:042454&##) -%73'3 0%2#'1%&%-

5'( 259 0%>5#-&.= 0%2#'75,F; # ,73%&'(54&## -%73'3&'-:0'730%&73(4&&'+' 0%>&474-

&#9 84F2, GD 7 1'&1043&.8# =%0%1340#73#1%8# G"D, ':042454&## 8473% 0%>84@4&#9 

704273( # 3. 2. *0# E3'8 (.:'5&9?379 7''3(4373(,?@#4 0%7-43. 7 ,-43'8 <,&1C#'-

&%56&.= =%0%1340#73#1 # =%0%1340#73#1 G"D :0#84&948.= GD, % 3%1F4 E54130'8%+-

&#3&'+' ';47:4-4&#9 [2, 3]. 

2. P&,30#7#7348&%9 G"D. )% 2%&&'8 ,0'(&4 :0'#7='2#3 ';47:4-4&#4 G"D (&,3-

0# 75'F&'+' 0%2#'E54130'&&'+' 1'8:5417%, #73'-&#1 :'84= 1'3'0'/ &%='2#379 (&,30# 

0%778%30#(%48'/ 7#7348., &' (&4 04C4:3'0% (&%:0#840 ;'03'('/ &%(#+%C#'&&./ :0#-

48&#1 – 04C4:3'0, ( 7#73484 E54130'0%2#'';'0,2'(%&#9 7%8'543%, 1'3'0'8, 8'+,3 7'>-

2%(%36 :'84=# 20,+#4 E5484&3. E3'/ F4 7#7348.). !7&'(&.4 >%2%-# 04$%48.4 &% 

(&,30#7#7348&'8 ,0'(&4 G"D:  

- %&%5#> #73'-&#1'( 8'@&.= E54130'8%+&#3&.= #>5,-4&#/, 7 C456? (.9(54&#9 

#&34&7#(&'734/ +4&40#0,48.= #8# :'54/;  

- 8'245#0'(%&#4 :0'C477'( # %::%0%3,0., ;'544 %241(%3&' '30%F%?@#= (.7'1'-

-%73'3&.4 :0'C477. # :0#+'2&.= 259 (40#<#1%C## :0'413&.= 04$4&#/; 

- 'C4&1% <%13'0'( &% '7&'(4 %::%0%3&.= 8'2454/, 3%1#4 1%1: C45'73&'736 7#+&%5%, 

E<<413#(&'736 E10%&#0'(%&#9 7 ,-43'8 04%56&.= &4'2&'0'2&'734/ ( E10%&%=, 'C4&1% 

,0'(&9 #>5,-4&#9 '3 %::%0%3,0. &% 73%2## :0'413#0'(%&#9, 0%>(#3#4 (#03,%56&.= 740-

3#<#1%C#'&&.= #7:.3%&#/ 259 '35%21# :0'413'(. [2,3] 

3. P&,30#%::%0%3,0&%9 G"D. )% E3'8 ,0'(&4 ';47:4-4&#4 G"D :0'#7='2#3 

(&,30# '32456&'+' :0#;'0%, ;5'1%, 8'2,59, 1'8:'&4&3. 1'3'0'+' (>%#8'24/73(,?3 

20,+ 7 20,+'8. )% '7&'(4 %&%5#>% E54130'8%+&#3&.= :0'C477'( # 7#&34>% ':3#8%56&.= 

34=&#-471#= 04$4&#/ &% (&,30#%::%0%3&'8 ,0'(&4 :0#84&9?379 7542,?@#4 843'2.: 

'0+%&#>%C#'&&'-34=&#-471#4, 7=48'34=&#-471#4, 3':'5'+#-471#4, 1'&730,13'071'-

34=&'5'+#-471#4 # :0'+0%88&.4.  

)% '0+%&#>%C#'&&'-34=&#-471'8 E3%:4 :0'('293 7542,?@#4 840':0#93#9: 
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- 04$4&#4 >%2%- C454&%:0%(54&&'+' :5%&#0'(%&#9 0%;'3; 

- 0%>0%;'31# &'08, 1''02#&%C#9 # 1'&30'56, 7;'0% # ';';@4&#94 ':.3% 0%;'3 :' 

';47:4-4&#? 304;'(%&#/ G"D; 

- 0%778%30#(%?379 (':0'7. &%>&%-4&#9 '3(4373(4&&.= 5#C # <'08,5#0'(1# #= 

2'5F&'73&.= ';9>%&&'734/. 

)% 7=48'34=&#-471'8 E3%:4 (.:'5&9?379 7542,?@#4 >%2%-#: 1'8:4&7#0'(%&#4 

:'84=, '+0%&#-4&#4 &%('2'1 :' 7:4130,, '+0%&#-4&#4 &%('2'1 :' %8:5#3,24, :0#84&4-

&#4 &4E54130#-471'/ 0%>(9>1# # E54130#-471'4 7#88430#0'(%&#4. 

B 3':'5'+#-471'8, E3%:, '3&'7#379 (.;'0 E5484&3&'/ ;%>., 7'03#0'(1% E54130'-

0%2#'E5484&3'( :' 0%;'-#8 -%73'3%8, +0,::#0'(1% ;.730'24/73(,?@#=, 1'8:'&4&3'(, 

8#&#8#>%C#9 #>5,-%?@#= :43456, 04>40(#0'(%&#4 8473% :'2 E10%&. # <#5630., 0%>-

84@4&#4 (&4$&#= 7'42#&4&#/, 0%>(9>1% C4:4/ :#3%&#9, 0%>2454&#4 %&%5'+'(.= # C#<-

0'(.= C4:4/, :0#84&4&#4 8&'+'75'/&.= :4-%3&.= :5%3, :0'C477 34=&'5'+## :'(40=&'-

73&'+' 8'&3%F%, 1'00413&'4 >%>4854&#4, :0#84&4&#4 2#<<404&C#%56&.= :%0. 

B'&730,13'071'-34=&'5'+#-471#4 843'2. ( 7('? '-40426 2459379 &% 1'&730,1-

3#(&.4 # 34=&'5'+#-471#4. B 1'&730,13#(&.8 '3&'7#379 7542,?@#4 843'2.: 

- E10%&#0'(%&#4 :4-%3&.= :5%3, :0'('2&#1'( # ;5'1'(; 

- >%>4854&#4 # >%&,54&#4; 

- 30%77#0'(1% :0'('2&#1'(; 

- :0'413#0'(%&#4 1'0:,7%, 7'42#&#3454/, <#5630'(; 

- 1'8:'&'(1% (&,304&&#= ;5'1'(. 

)% 34=&'5'+#-471'8 E3%:4 04$%?379 7542,?@#4 >%2%-#:  

- 34=&'5'+#9 7'>2%&#9 E54130#-471#= 1'&3%13'(; 

- 34=&'5'+#9 :0#84&4&#9 ,:5'3&#3456&.= E5484&3'(;  

- 34=&'5'+#9 #>+'3'(54&#9 E10%&'(;  

- 34=&'5'+#9 8'&3%F%, 104:54&#9, 7;'01#;  

- :0#84&948.4 8%340#%5. # :'10.3#9 [1, 4] . 

4. P&,30#1'8:'&4&3&%9 G"D. )% 2%&&'8 ,0'(&4 04$%?379 (':0'7. G"D (' 

(&,304&&4/ 1'8:'&'(1# 8#10'E54130'&&.= ,730'/73( ("GT), 3' 4736 259 ,730'/73( 

3#:% «7#7348% ( 1'0:,74» # «7#7348% &% 10#73%554». P :0'C4774 ,84&6$4&#9 34=&'5'-

+#-471#= &'08 # 0%>840'( E5484&3'( ,(45#-#(%4379 -#75' C4:4/, #&34+0#0,48.= ( 

42#&'8 1'&730,13#(4 "GT, ';0%>,9 3%1 &%>.(%48.4 «7#7348. ( 1'0:,74» (SiP) # 3D-

7;'01#, ( 04>,563%34 -4+' (&,30# 3%1'/ 730,13,0. <'08#0,4379 75'F&%9 # &%7.@4&&%9 

E54130'8%+&#3&%9 ';73%&'(1%. *0';548%3#1'/ E3'/ ,0'(&9 9(594379 0%7:042454&#4 :#-

3%&#9 1'&730,1C#/ "GT. D5'# :#3%&#9/>%>4854&#9 #7:'56>,?379 259 ';47:4-4&#9 :'-

73'9&&.8 &%:09F4&#48 :#3%&#9 C4:4/ "GT. D#+&%56&.4 :0'('2&#1# -%73' :0'15%2.-

(%?379 7 0%>&.= 73'0'& '3&'7#3456&' 75'4( :#3%&#9/>%>4854&#9, % #= ('>(0%3&./ 3'1 

:0'341%43 ( 7''3(4373(,?@48 75'4 :#3%&#9/>%>4854&#9 3'-&' :'2 7#+&%56&.8 :0'('2-

&#1'8. *0# :0'='F24&## :0'('2&#1% 71('>6 0%>5#-&.4 75'# ('>(0%3&./ 3'1 3%1F4 :4-

04='2#3 7 '2&'+' 75'9 &% 20,+'/ #, 1%1 754273(#4, 84F2, 0%>5#-&.8# 75'98# #&2,C#-

0,4379 (403#1%56&./ 3'1 784@4&#9, :'2240F#(%?@#/ &4:040.(&'736 ('>(0%3&'+' 3'-

1%. G3'3 3'1 784@4&#9 ;,243 ('>;,F2%36 :'84='('4 E54130'8%+&#3&'4 :'54, 0%7:0'-

730%&9?@4479 (&,30# 75'4( :#3%&#9/>%>4854&#9 # '1%>.(%?@44 (5#9&#4 &% 20,+#4 

7#+&%56&.4 :0'('2&#1#, :0'='29@#4 71('>6 E3'3 75'/, % -404> >%>'0. ( 75'9= :#3%-

&#9/>%>4854&#9 # :40#8430 1'&730,1C## "GT :0'&#1%36 # ( '10,F%?@44 :0'730%&73-

('. M%1#4 &%('21# 8'+,3 ;.36 2':'5&#3456&' ,7#54&. :0# :':%2%&## 7:4130% :'84=# ( 

7';73(4&&,? 04>'&%&7&,? -%73'3, 1%1'+'-5#;' 1'&730,13#(%, &%:0#840 ';S48&'+' 04-

>'&%3'0%, 7'>2%(%48'+' 7#7348'/ 75'4( :#3%&#9/>%>4854&#9 [5]. 
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M%1#8 ';0%>'8, &% 1%F2'8 ,0'(&4 G"D &4';='2#8. 7('# 843'2. # :'2='2. 1 

04$4&#? :'2';&.= >%2%-, 1%1 :0%(#5' :0#&C#:#%56&' '35#-%?@#479 20,+ '3 20,+%.  

M%1 &% (&,30#%::%0%3,0&'8 ,0'(&4 G"D 1'&730,1C#/ 0%2#'E54130'&&.= 704273( 

304;,4379 1'8:5417&%9 <'08%5#>%C#9 # 7#7348&%9 843'2'5'+#9 04$4&#9 >%2%-, -3' :'-

;,F2%43 1 %13#(&.8 :0#15%2&.8 # &%,-&.8 #77542'(%&#98. 

 
D:#7'1 5#340%3,0. 

 

1.  '8%@4&1' ". H "43'2. ':3#8%56&'+' :0'413#0'(%&#9 1'&730,1C#/ 0%2#'E54130'&&.= 

704273( 7 ,-43'8 E54130'8%+&#3&'/ 7'(8473#8'73# # :'84=',73'/-#('73#: %(3'04<. 2#7. … 2-0% 34=&. 

&%,1 /  '8%@4&1' "#=%#5 H5417%&20'(#-. – P'0'&4F, 2014. – 36 7. 

2. T%/3 A.  .N. G54130'8%+&#3&%9 7'(8473#8'736 0%2#'E54130'&&.= 704273( # &4:042&%8404&&.4 

:'84=#. – ". D'(4371'4 0%2#', 1977. – 352 7. 

3. B&9>4( H. A. G5484&3. 34'0## # :0%13#1# ';47:4-4&#9 E54130'8%+&#3&'/ 7'(8473#8'73# 0%-

2#'E54130'&&.= 704273(. – ".:  %2#' # 7(9>6, 1984. – 336 7. 

4. B&9>4( H. A., B4-#4( Z. )., *430'( O. P. B'&730,#0'(%&#4 0%2#'E54130'&&'/ # E54130'&&'-

(.-#75#3456&'/ %::%0%3,0. 7 ,-43'8 E54130'8%+&#3&'/ 7'(8473#8'73#. – ".:  %2#' # 7(9>6, 1989. – 

224 7. 

5.  '8%@4&1' ". H. !7&'(&.4 :'2='2. 1 04$4&#? >%2%- (&,30#1'8:'&4&3&'/ E54130'8%+&#3&'/ 

7'(8473#8'73# // P473&#1 P'0'&4F71'+' +'7. 34=&. ,&-3%. – 2014. – M. 10. – W 6. – D. 67–70. 

6. G54130'&&./ 1%3%5'+ Z%;'0%3'0#9 G"D. – G54130'&. 2%&. –  4F#8 2'73,:%: http://www.emc-

problem.net. 
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!&;%13,%7"$!)  61!>$)#%  <1)*'+%="#$!'$%#%  ;%12   

 12  +).)$!2  ," "(  %6)&;)()$!2  <=& 

 

H. H. *09=#&, ". H.  '8%@4&1' (&%,-&./ 0,1'('2#3456) 

 
@)#)/.A$%&' ()$*+!#$,-.//0' ,.;/&2.$%&' */&-.#$&,., 

394026, (. @)#)/.A, 9)$%)-$%&' <#-,, 14 

E-mail: kipr@vorstu.ru 

 
*04273%(54& '2#& #> :4042'(.= :'2='2'( 1 04$4&#? (':0'7'( ';47:4-4&#9 E54130'8%+&#3&'/ 7'(8473#8'-

73#, #7:'56>,?@#/ ;5#F&44 E54130'8%+&#3&'4 :'54.   

 

)48%5,? 0'56 :0# :0'413#0'(%&## E54130'&&'/ %::%0%3,0. #+0%43 :0';548% 

E54130'8%+&#3&'/ 7'(8473#8'73# (G"D).  %>0%;%3.(%48.4 ,730'/73(% 2'5F&. 7''3-

(4373('(%36 (748 7'(0484&&.8 304;'(%&#98 # 73%&2%03%8, (15?-%9 ';5%736 G"D. )% 

:40(.= ':.3&.= ';0%>C%= 8'F&' >%843#36 &4 7''3(4373(#4 E3#8 304;'(%&#98. G3' 8'-

F43 :0'#>'/3# :0# &43'-&'73# 0%7-43'( G"D #5# :' 20,+#8 :0#-#&%8. )' 1%1 0%>'-

;0%3679 #>->% -4+' ,730'/73(' &4 :0'='2#3 7403#<#1%C#?? A59 E3'+' &,F&' :0'#>('-

2#36 #>8404&#9 >&%-4&#/ 0%2#'34=&#-471#= # E54130'2#&%8#-471#= :%0%8430'(, ( 3'8 

-#754 :%0%8430'( E54130'8%+&#3&'+' :'59, (5#9?@4+' &% G"D. 

A59 0%>0%;'3-#1% 2'5F&% 7'>2%(%3679 :'5&%9 1%03#&% E54130'8%+&#3&'/ ';73%-

&'(1# ( ,730'/73(4, 48, &4';='2#8' >&%36 1%1#4 E5484&3. :0#84&936, 1%1 #= 0%7:'5'-

F#36 ( 7#73484, ('>8'F&' 5# E10%&#0'(%&#4 '32456&.= -%734/ #>245#9. *0# E3'8 &,F-

&' 1'&30'5#0'(%36 ';47:4-4&#4 G"D 34=&#-471#= 704273( 7 &%-%56&'+' E3%:% #= 0%>-

0%;'31#. "43'2#1% ':042454&#4 =%0%1340#73#1 :0# :0';5484 ';47:4-4&#9 G"D >%(#-

7#3 '3 ,0'(&9, &% 1'3'0'8 04$%4379 >%2%-%. D'+5%7&' [1] :0#&93' 0%778%30#(%36 30# 

,0'(&9: 

1. 84F7#7348&'/ G"D – ';47:4-4&#4 G"D 84F2, '32456&.8# %(3'&'8&.8# 

7#7348%8#; 

2. (&,30#7#7348&'/ G"D – ';47:4-4&#4 G"D (&,30# 75'F&'+' 0%2#'E54130'&-

&'+' 1'8:5417%; 

3. (&,30#%::%0%3,0&'/ G"D – ';47:4-4&#4 G"D (&,30# '32456&'+' :0#;'0%, 

84F2, 4+' <,&1C#'&%56&.8# ,>5%8# # 1'8:'&4&3%8#. 

P E3, 15%77#<#1%C#? 8'F&' (15?-#36 4@4 '2#& ,0'(4&6 – :407:413#(&./ ((&,3-

0#1'8:'&4&3&./) [2]. 

*0# %&%5#>4 E54130'8%+&#3&'+' #>5,-4&#9 ;'56$'4 >&%-4&#4 #84?3 :'&93#9 ' 

;5#F&4/ # 2%56&4/ >'&%= 0%7:0'730%&4&#9 E54130'8%+&#3&'/ ('5&.. P ;5#F&4/ >'&4, 

&% 0%773'9&#9= '3 #73'-&#1% r [ \/2] [ 1 :'54 4@4 &4 7<'08#0'(%5'76 ( :5'71,? ('5&, 

# 8'F43 :04273%(5936 7';'/ 1%1 :'54 8%+&#3&'/ #&2,1C## H, 3%1 # :'54 E54130#-471'/ 

#&2,1C## E. G54130'8%+&#3&'4 :'54 ( (#24 :5'71'/ ('5&. <'08#0,4379 &% 0%773'9&#-

9= r ^ \/2] ^ 2, :0# E3'8 ('5&'('4 7':0'3#(54&#4 Z = 377 !8 [3]. 

G54130'8%+&#3&'4 #>5,-4&#4 8'F43 ;.36 #>8404&' ( ;5#F&4/ #5# 2%56&4/ >'&4. 

I>8404&#4 ;5#F&4+' :'59 #8443 092 :04#8,@473( ( 3'-&'73#, 73'#8'73# ';'0,2'(%&#9 

# ,2456&'/ C4&4 #>8404&#9. M%1 F4 #>8404&#4 ;5#F&4+' :'59 84&6$4 >%(#7#3 '3 ,75'-

(#/ #7:.3%&#9, '&' 8'F43 ;.36 :0'(424&' ( &'08%56&.= 5%;'0%3'0&.= ,75'(#9=, % &4 

( ;4>E='('/ 1%8404, ( '35#-#4 '3 #>8404&#/ ( 2%56&4/ >'&4. I>8404&#9 ( ;5#F&4/ >'&4 

';47:4-#(%?3 2#%+&'73#1, #73'-&#1'( #>5,-4&#9 259 ';47:4-4&#9 G"D, 3%1F4 :'>('-

5943 ';&%0,F#36 # 5'1%5#>'(%36 &4#7:0%(&'736 ( %::%0%3,04 #5# ( 1'8:'&4&34. M%1#8 

';0%>'8 ;5#F&44 E54130'8%+&#3&'4 :'54 8'F&' #7:'56>'(%36 259 :'730'4&#9 1%03#&. 

%13#(&' #>5,-%?@#= E5484&3'(, % 3%1F4 &% 4+' '7&'(%&## 8'F&' :0'+&'>#0'(%36 2%56-

&44 :'54.  
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B%03#&, ;5#F&4+' E54130'8%+&#3&'+' :'59 8'F&' :'5,-#36 7 :'8'@6? %&%5#>%-

3'0% 7:4130%, :0# E3'8 ( 1%-473(4 -,(73(#3456&'+' E5484&3% #7:'56>,?379 :0';&#1# 

;5#F&4+' :'59 (E – :0';&#1, H – :0';&#1). D1%&#0'(%&#4 :'59 8'F&' :0'#>('2#36 

0,-&.8 #>8404&#48, 9(59?@#879 7%8.8 24$4(.8 7:'7';'8. !2&%1', 3%1'/ :'2='2 &4 

(74+2% :0#84&#8, E3' ';S97&94379 :5'='/ ('7:0'#>('2#8'736? 04>,563%3'(, % 3%1F4 

:'5'F4&#4 :0';&#1%, &%='29@4+'79 ( 0,14, '3&'7#3456&' #77542,48'+' ';S413% &4 :'-

73'9&&' (' (0484&#. T730%&#36 :'2';&.4 &42'73%31# 8'F&' :0# :'8'@# 71%&40'( 

;5#F&4+' E54130'8%+&#3&'+' :'59. D,@473(,?3 30# 3#:% 71%&40'(:  

- :5%&%0&./ – :40484@4&#4 :0';&#1% :0'#7='2#3 :' = # , 1''02#&%34, 348 7%8.8 

730'#379 1%03#&% 0%7:0'730%&4&#9 E54130'8%+&#3&'+' #>5,-4&#9 ( «:'5,:0'730%&73(4»; 

- C#5#&20#-471#/ – :0';&#1 :40484@%4379 3'561' :' z 1''02#&%34, % 7%8 #7754-

2,48./ ';S413 (0%@%4379 ( C4&304 ('10,+ 7('4/ '7#; 

- 7<40#-471#/ – 7'>2%43 ;'544 3'-&,? 1%03#&, 0%7:0'730%&4&#9 E54130'8%+&#3-

&'+' #>5,-4&#9 ( :0'730%&73(4, :04273%(5943 7';'/ 2(#F4&#4 2%3-#1% ('10,+ #7754-

2,48'+' ';S413% :0# (0%@4&## ';S413% ('10,+ 7('4/ '7#.  

 

 
 

 #7. 1. *0#&C#: 71%&#0'(%&#9 :5%&%0&'+' 71%&40% 

 

                   
 

 #7. 2. *0#&C#: 71%&#0'(%&#9  

C#5#&20#-471'+' 71%&40% 

 #7. 3. *0#&C#: 71%&#0'(%&#9  

7<40#-471'+' 71%&40% 
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)%#;'544 0%7:0'730%&4&&.8 9(594379 :5%&%0&./ 3#: 71%&40'(, '35#-%?@#/79 

:0'73'3'/ #7:'5&4&#9 # :'2='2'8 1 71%&#0'(%&#?. R'39 C#5#&20#-471#/ # 7<40#-4-

71#/ 71%&40. 'C4&#(%?3 #>5,-4&#4 '3 #7:.3,48'+' ';S413% ( ;'56$4/ :0'730%&73(4&-

&'/ ';5%73#, #= :0#84&4&#4 '-4&6 2'0'+'73'9@44 # 39F45' 04%5#>,48'4. *0#&C#:. 

71%&#0'(%&#9 #>';0%F4&. &% 0#7. 1–3. 

 
D:#7'1 5#340%3,0. 

 

1. B&9>4( H. A., B4-#4( Z. ). B'&730,#0'(%&#4 0%2#'E54130'&&'/ # E54130'&&'-(.-#75#3456&'/ 

%::%0%3,0. 7 ,-43'8 E54130'8%+&#3&'/ 7'(8473#8'73#. – ".:  %2#' # 7(9>6, 1989. – 224 7.  

2. "%1%0'( !. Y., ",0%3'( H. P.,  '8%@4&1' ". H. "43'2. ';47:4-4&#9 (&,30#%::%0%3,0&'/ 

E54130'8%+&#3&'/ 7'(8473#8'73# # :'84=',73'/-#('73# ( 1'&730,1C#9= E54130'&&.= 704273(: 8'&'-

+0%<#9. – P'0'&4F: XUO!T P*! «P'0'&4F71#/ +'7,2%073(4&&./ 34=&#-471#/ ,&#(407#343», 2013. – 

234 7. 

3. T%/3 A. G54130'8%+&#3&%9 7'(8473#8'736 0%2#'E54130'&&.= 704273( # &4:042&%8404&&.4 :'-

84=#. P.:. 3; :'2 042. H. A. B&9>4(%. – ".: D'(. 0%2#', 1979. – 464 7. 

4. http://emc-problem.net 
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E-mail: ya.f.balva@mail.ru 

 
9::%*;0'$3$ <232$8=13$> .03:81?./2> <2.10@0%0:.0'0A0 1*B03$801$, 2<*=C*A0 ':81*D30-E8F1*'?= 

:81?.8?1? @10'0;32.0'. +$ 0:30'* G%*.810;23$<2D*:.0A0 $3$%2B$ @0%?D*3F B$'2:2<0:82 ;0H10830:82 @*1'0I <0;F 

.0%*H$32I 1*B03$801$ 08 D2:%$ *A0 @10'0;32.0' @12 J2.:210'$330I E2123* :81?.8?1F. -0.$B$30, D80 :?C*:8'?*8 

0@82<$%&30* .0%2D*:8'0 @10'0;32.0', 0H*:@*D2'$=C** <$.:2<$%&3?= :0H:8'*33?= ;0H10830:8& 1*B03$801$. 9BA0-

80'%*3F <$.*8F 2::%*;?*<0A0 <2.10@0%0:.0'0A0 1*B03$801$ : 1$B%2D3F< D2:%0< @10'0;32.0', 2B<*1*33F* K$1$.-

8*12:82.2 .0801FK K010E0 :0A%$:?=8:> : 1*B?%&8$8$<2 8*01*82D*:.2K 2::%*;0'$32I. 

 

L;30I 2B :$<FK $.8?$%&3FK B$;$D, :80>C2K @*1*; 1$B1$H08D2.$<2 :0'1*<*33FK 

:2:8*< :'>B2, 1$;20%0.$/22, 1$;203$'2A$/22, 1$;20G%*.810330I H01&HF, >'%>*8:> @10-

H%*<$ ?<*3&E*32* 1$B<*10' D$:80830-:*%*.82'3FK 2%2 J2%&81?=C2K ?:810I:8', .080-

1F<2, .$. 2B'*:830, 3$:FC*3$ 1$;20$@@$1$8?1$. L;3$.0 .10<* :$<0I @10H%*<F <2-

32$8=12B$/22 J2%&810' '$730 ?D28F'$8& 2 3*@1*1F'30 @0'FE$=C2*:> 81*H0'$32> . 

2K $<@%28?;30-D$:8083F< K$1$.8*12:82.$<, 3$;*730:82, 8*K30%0A2D30:82 ' @102B'0;-

:8'* 2, .03*D30, :802<0:82. M210.0 1$:@10:81$3*33F* ' 3$:80>C** '1*<> 81$;2/203-

3F* .03:81?./22 <2.10@0%0:.0'FK J2%&810' 3$ @0;%07.$K : 'F:0.0I ;2G%*.812D*-

:.0I @1032/$*<0:8&= '0 <30A0< ?;0'%*8'01>=8 G82< 81*H0'$32><, 0;3$.0 032 2<*=8 

:%2E.0< H0%&E2* A$H$128F ' ;*/2<*810'0< 2 0:0H*330 ' <*810'0< ;2$@$B03* ;%23 

'0%3.  

N%> <232$8=12B$/22 <2.10@0%0:.0'FK .03:81?./2I J2%&810' 2:@0%&B?=8 3*-

:.0%&.0 2B'*:83FK @0;K0;0', 3$@12<*1, :'01$D2'$=8 1*A?%>13F* @0%0:.0'F* @10'0;-

32.2 1*B03$8010' ' J01<? E@2%&.2, ' J01<? H?.'F «,» 2%2 ' J01<? @1><0?A0%&30I 

:@21$%2. 6 G80I 7* /*%&= 2:@0%&B?=8 :.$D.2 E2123F @0%0:.0'FK @10'0;32.0' 1*B0-

3$8010', ?<*3&E$> 8*< :$<F< 2K ;%23?, $ :008'*8:8'*330 2 1$B<*1F J2%&81$. -12 :0-

D*8$322 G82K ;'?K @0;K0;0' A$H$128F <2.10@0%0:.0'FK J2%&810' :8$30'>8:> @12*<-

%*<F<2 ?7* ' ;*/2<*810'0< ;2$@$B03* ;%23 '0%3. +$2H0%** :?C*:8'*33$> <232$8=-

12B$/2> <2.10@0%0:.0'FK J2%&810' ;0:82A$*8:> @12 2:@0%&B0'$322 ' 32K G%*<*380', 

@1*;:8$'%>=C2K :0H0I @%$3$13F* .'$B2:0:1*;080D*33F* *<.0:82 2 23;?.82'30:82. 

L;3$.0 '$730 08<*828&, D80 @0D82 ':* @*1*D2:%*33F* 'FE* :@0:0HF <232$8=12B$/22 

@12'0;>8 . :?C*:8'*330<? ?<*3&E*32= :0H:8'*330I ;0H10830:82 1*B03$8010', 0H1$-

B?=C2K J2%&81F, $, B3$D28, 2 . ?K?;E*32= D$:80830-:*%*.82'3FK :'0I:8' @0:%*;32K. 

, 3$:80>C*I 1$H08* 2::%*;?*8:> 30'$> .03:81?./2> <2.10@0%0:.0'0A0 1*B03$80-

1$ [1], .0801$> @0 :0'0.?@30:82 8$.2K K$1$.8*12:82. .$. <232$8=130:8& 2 '*%2D23$ 

:0H:8'*330I ;0H10830:82 B3$D28*%&30 @1*'0:K0;28 2B'*:83F* $3$%0A2. +$ 12:. 1 @0.$-

B$3$ .03:81?./2> 2 80@0%0A2> @10'0;32.0' 2::%*;?*<0A0 <2.10@0%0:.0'0A0 1*B03$80-

1$. -10'0;32.2 1*B03$801$ 0H1$B?=8 ':81*D30-E8F1*'?= :81?.8?1?, 0:30'$32> .080-
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10I @0 ':*I E2123* B$<.3?8F 3$ G.1$3. -0%3$> E2123$ :81?.8?1F 1*B03$801$ W, E2-

123$ @0%0:.0'FK @10'0;32.0' w, B$B01F <*7;? 32<2 S.  

($3** [1] HF%2 @10'*;*3F 2::%*;0'$32> B$'2:2<0:82 327$IE*I 1*B03$3:30I D$:-

808F f0 1$::<$812'$*<0A0 <2.10@0%0:.0'0A0 1*B03$801$ 08 D2:%$ @10'0;32.0' N 

':81*D30-E8F1*'0I :81?.8?1F @12 J2.:210'$33FK 2K E2123* w 2 1$::80>322 <*7;? 

32<2 S. #F%0 @0.$B$30, D80 : ?'*%2D*32*< D2:%$ @10'0;32.0' ':81*D30-E8F1*'0I 

:81?.8?1F 1*B03$3:3$> D$:808$ @0327$*8:> @10@01/203$%&30 N
 –1/2

, $ :0H:8'*33$> ;0H-

10830:8& '0B1$:8$*8 @10@01/203$%&30 N
 1/2

. 
 

 

G.1$3

 lr

S

W 

w 

 
 

(2:. 1. O03:81?./2> 2 80@0%0A2> @10'0;32.0' 2::%*;?*<0A0 <2.10@0%0:.0'0A0 1*B03$801$ 

 

-1*;:8$'%>*8 238*1*: 2::%*;0'$8& $3$%0A2D3F* B$'2:2<0:82 ;%> :%?D$>, .0A;$ 

@0%3$> E2123$ :81?.8?1F W 0:8$*8:> 3*2B<*330I, $ .0%2D*:8'0 @10'0;32.0' ?'*%2D2-

'$*8:> B$ :D*8 ?<*3&E*32> 2K E2123F, 8$. .$. @10:80* ?'*%2D*32* .0%2D*:8'$ N J2.-

:210'$33FK @0 E2123* @10'0;32.0' @12'0;28 . 10:8? A$H$1280' ?:810I:8', 3$@12<*1, 

@0%0:30-@10@?:.$=C2K J2%&810' [2]. 

+$ 12:. 2 @1*;:8$'%*3F 1*B?%&8$8F 1$:D*8$ ' @10A1$<<* G%*.810;23$<2D*:.0A0 

<0;*%210'$32> B$'2:2<0:8*I :0H:8'*330I ;0H10830:82 Q0 2::%*;?*<0A0 1*B03$801$ 08 

D2:%$ @10'0;32.0' ':81*D30-E8F1*'0I :81?.8?1F N.  
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(2:. 2. P$'2:2<0:82 :0H:8'*330I ;0H10830:82 Q0 08 D2:%$ @10'0;32.0' ':81*D30-E8F1*'0I :81?.8?1F N 

;%> 3*:.0%&.2K B$B010' S <*7;? @0%0:.0'F<2 @10'0;32.$<2 
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-0%?D*30 3*:.0%&.0 B$'2:2<0:8*I @12 1$B%2D3FK 1$::80>32>K S <*7;? @10'0;-

32.$<2 :81?.8?1F: 5, 10, 20 2 40 <.<. ($:D*8 @102B'*;*3 ;%> J2.:210'$330I 1*B03$3:-

30I D$:808F 1 ))/, .0801$> @0;;*172'$%$:& @0:80>330I B$ :D*8 2B<*3*32> ;%23F 1*-

B03$801$. L:8$%&3F* .03:81?.82'3F* @$1$<*81F HF%2 :%*;?=C2<2: ;2G%*.812D*:.$> 

@1032/$*<0:8& @0;%07.2 Q = 9.8, ** 80%C23$ 1 <<, @0%3$> E2123$ :81?.8?1F W = 1 <<, 

<$8*12$% @10'0;32.0' – <*;&. 

9B @1*;:8$'%*33FK B$'2:2<0:8*I '2;30, D80 :0H:8'*33$> ;0H10830:8& 2::%*;?*-

<0A0 <2.10@0%0:.0'0A0 1*B03$801$ '*;*8 :*H> 3*<03080330 08 D2:%$ @10'0;32.0' 

':81*D30-E8F1*'0I :81?.8?1F 2 2<**8 <$.:2<?<, @0%07*32* .08010A0 B$'2:28 08 '*-

%2D23F B$B01$ S <*7;? @0%0:.0'F<2 @10'0;32.$<2. R$.0* @0'*;*32* :?C*:8'*330 08-

%2D$*8:> 08 <0308033FK B$'2:2<0:8*I Q0(N), @0:810*33FK 1$3** ' [1] @12 3*2B<*330I 

E2123* @10'0;32.0' w. 

+$ 12:. 3 @1*;:8$'%*3$ B$'2:2<0:8& 0@82<$%&30A0 .0%2D*:8'$ @10'0;32.0' Nopt 

':81*D30-E8F1*'0I :81?.8?1F, :008'*8:8'?=C*A0 3$2H0%&E*I :0H:8'*330I ;0H10830-

:82 Q0max 08 B$B01$ S <*7;? @10'0;32.$<2 (:@%0E3$> %232>). O$. @0.$B$%2 2::%*;0'$-

32>, G8$ B$'2:2<0:8& 0D*3& H%2B.$ . 0H1$830 @10@01/203$%&30I Nopt = k/S, @12D*< .0-

GJJ2/2*38 @10@01/203$%&30:82 k B$'2:28 08 0:8$%&3FK .03:81?.82'3FK @$1$<*810' 

:81?.8?1F. -12 G80< <$.:2<$%&3$> :0H:8'*33$> ;0H10830:8& Q0max 1$:8*8 : ?<*3&E*-

32*< 1$::80>32> S <*7;? @10'0;32.$<2 (E812K0'$> %232>). 
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(2:. 3. P$'2:2<0:8& 0@82<$%&30A0 .0%2D*:8'$ @10'0;32.0' N0@8  

2 <$.:2<$%&30I :0H:8'*330I ;0H10830:82 Q0max 08 1$::80>32> S <*7;? @10'0;32.$<2  

 

N%> @0;8'*17;*32> @0%?D*33FK 1*B?%&8$80' ' @10A1$<<* G%*.810;23$<2D*:.0A0 

<0;*%210'$32> HF%2 1$::D28$3F, $ B$8*< : @12<*3*32*< J080%280A1$J22 2BA080'%*3F 

D*8F1* <$.*8$ 2::%*;?*<0A0 1*B03$801$ : D2:%0< @10'0;32.0' N = 3, 5, 11, 23 @12 J2.-

:210'$33FK B$B01$K <*7;? 32<2 S = 25 <.<. , .$D*:8'* <$8*12$%$ @0;%07.2 2:@0%&B0-

'$%$:& .*1$<2.$ @0%2.01 80%C230I 1 << 2 ;2G%*.812D*:.0I @1032/$*<0:8&= @0;%07.2 

Q = 9.8. S$:808$ 327$IE*I <0;F .0%*H$32I ':*K 1*B03$8010' HF%$ 0;23$.0'0I f0 T 1 ))/. 

-12 G80< ;%23F 1*B03$8010' :0:8$'2%2 :008'*8:8'*330 14.3 <<, 11.3 <<, 8.4 << 2 6.6 <<. 

+$ 12:. 4 @1*;:8$'%*3F 1*B?%&8$8F 2B<*1*32I :0H:8'*330I ;0H10830:82 2BA080'-

%*33FK 1*B03$8010' 08 D2:%$ @10'0;32.0' ':81*D30-E8F1*'0I :81?.8?1F (80D.2) 2 2K 
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$@@10.:2<$/2> (:@%0E3$> %232>). -1*;:8$'%*33$> G.:@*12<*38$%&3$> B$'2:2<0:8& 

@0;8'*17;$*8 3*<0308033FI K$1$.8*1 2B<*3*32> ;0H10830:82 08 .0%2D*:8'$ @10'0;-

32.0', .0801FI HF% 0H3$1?7*3 ' K0;* 8*01*82D*:.2K 2::%*;0'$32I. 6@1$'$ 3$ 12:. 4 

@1*;:8$'%*3F J080A1$J22 2BA080'%*33FK <$.*80' 1*B03$8010'. P;*:& 7* ;%> :1$'3*32> 

@12'*;*3$ J080A1$J2> 81$;2/20330A0 <2.10@0%0:.0'0A0 1*A?%>130A0 D*8'*18&'0%30-

'0A0 1*B03$801$ : 1*B03$3:30I D$:8080I 327$IE*I <0;F .0%*H$32I 1 ))/. N%23$ *A0 

@0%0:.0'0A0 @10'0;32.$ 29 << @12 *A0 E2123* 1 <<. L:8$%&3F* .03:81?.82'3F* @$-

1$<*81F HF%2 8$.2<2 7*, .$. 2 ? 2BA080'%*33FK <$.*80' 3$ 0:30'* ':81*D30-E8F1*'0I 

:81?.8?1F. UA0 2B<*1*33$> :0H:8'*33$> ;0H10830:8& :0:8$'2%$ ~190. 

,2;30, D80 2::%*;?*<FI ' 1$H08* 1*B03$801 3$ 0:30'* ':81*D30-E8F1*'0I :81?.-

8?1F :?C*:8'*330 @1*'0:K0;28 @0 <232$8=130:82 81$;2/2033FI D*8'*18&'0%30'FI 

1*B03$801 @12 :0@0:8$'2<0I :0H:8'*330I ;0H10830:82. -12 G80< '$730 08<*828&, D80 : 

?<*3&E*32*< 1$::80>32> S <*7;? @10'0;32.$<2 G80 1$B%2D2* ' :0H:8'*330I ;0H108-

30:82 8$.7* HF:810 ?<*3&E$*8:>. 
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(2:. 4. 9B<*1*33$> B$'2:2<0:8& :0H:8'*330I ;0H10830:82 Q0 2BA080'%*33FK 1*B03$8010' 08 D2:%$  

@10'0;32.0' N ':81*D30-E8F1*'0I :81?.8?1F. +$ J080A1$J22 :%*'$ 3$@1$'0 @0.$B$3F <$.*8F  

D*8'*18&'0%30'0A0 1*B03$801$ 2 2::%*;?*<FK 1*B03$8010' : D2:%0< @10'0;32.0' 3, 5, 11 2 23 

 

R$.2< 0H1$B0<, ' 1$H08* 2::%*;0'$3$ <232$8=13$> .03:81?./2> <2.10@0%0:.0-

'0A0 1*B03$801$, @10'0;32.2 .08010A0 2<*=8 ':81*D30-E8F1*'?= :81?.8?1?. R*01*82-

D*:.2 0H3$1?7*3 2 G.:@*12<*38$%&30 @0;8'*17;*3 3*<0308033FI K$1$.8*1 @0'*;*32> 

:0H:8'*330I ;0H10830:82 08 D2:%$ @0%0:.0'FK @10'0;32.0' 1*B03$801$ @12 J2.:210-

'$330I E2123* ':81*D30-E8F1*'0I :81?.8?1F. V.:@*12<*38$%&30 @0.$B$30, D80 2:-

:%*;?*<FI 1*B03$801 0H%$;$*8 B3$D28*%&30I <232$8=130:8&= @0 :1$'3*32= : 81$;2-

/2033F<2 <2.10@0%0:.0'F<2 .03:81?./2><2 @12 :0@0:8$'2<0I : 32<2 '*%2D23* :0H-

:8'*330I ;0H10830:82.  
 

36A/#6 :CD/B!.!6 D-$ D/88.-E(. F$!$"#.-"#:6 /A-6'/:6!$7 $ !6%($ 3/""$<-

"(/< =.8.-6>$$, "/0B6G.!$. H 14.607.21.0039. 
 

6@2:0. %28*1$8?1F 

 

1. +0'$> .03:81?./2> <232$8=130A0 <2.10@0%0:.0'0A0 1*B03$801$ 3$ 0:30'* ':81*D30-E8F1*'0I 

:81?.8?1F / #. 4. #*%>*', 4. 5. 6*17$380', !. ". #$%&'$, 4. 4. W*.:2.0', (. ). )$%**' // -2:&<$ ' XR". – 

2014. – Y 22. – R. 40. – 6. 52–60. 

2. +0'$> .03:81?./2> <232$8=130A0 J2%&81$ 3$ <2.10@0%0:.0'FK 1*B03$801$K :0 ':81*D30-

E8F1*'0I :81?.8?10I @10'0;32.0' / #. 4. #*%>*', 4. 5. 6*17$380', !. ". #$%&'$, 43. 4. W*.:2.0', (. ). )$%*-

*' // -2:&<$ ' XR". – 2015. – Y 10. – R. 41. – 6. 89–96.  
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&#/&#6'$)#   !)&'*'+',)'-'('  5!*+.),.&#   

5+7  &#5!'"#-!(#8!'""29  ,!,$.   (+'"#,,/GPS 
 

4. L. 4J0323
1
, 9. ,. )0'01?3

2
, 4. 4. W*.:2.0'

1,2
 (3$?D3FI 1?.0'0;28*%&) 

 
11$A$-"($< 0/"%86-"#:.!!C< 6I-/(/")$J."($< %!$:.-"$#.# $). 6(68.)$(6 F. =. 3.G.#!K:6 

660014, 0. ,-6"!/7-"(, D-. $).!$ 06'.#C «,-6"!/7-"($< -6A/J$<», 31 

E-mail: nord2492@mail.ru 
2 !"#$#%# &$'$($ $).!$ *.+. ,$-.!"(/0/ 12 345 

660036, 0. ,-6"!/7-"(, 4(68.)0/-/8/(, 50, "#-. H 38 

E-mail: leksikov@iph.krasn.ru  
 

L@2:$3$ .03:81?./2> <2.10@0%0:.0'0A0 ;2@%*.:*1$, @0%0:F @10@?:.$32> 2 B$;*172'$32> .08010A0 HF%2 

'FH1$3F 8$., D80HF 0H*:@*D28& D$:80830* 1$B;*%*32* :2A3$%0' @0;;2$@$B030' L1 (1226-1254 5)/) 2 

L2 (1574-1640 5)/) ' @12*<32.$K 1$;203$'2A$/2033FK :2:8*< )WL+466/GPS. O$3$%F ;2@%*.:*1$ 'F@0%3*3F ' 

'2;* 81*KB'*33FK @0%0:30-@10@?:.$=C2K J2%&810' 3$ D*8'*18&'0%30'FK 1*B03$801$K. 5232<$%&3F* '30:2<F* 

@08*12 ' 32B.0D$:80830< .$3$%* 1.3 ;#, ' 'F:0.0D$:80830< – 1.0 ;#. ($B'>B.$ <*7;? .$3$%$<2 2 @0;$'%*32* 3$ D$:-

808$K :0:*;3*A0 .$3$%$ – 3* <*3** 50 ;#. ($B<*1F @0;%07.2 (  = 80) 80%C230I 1 << :0:8$'%>=8 35.8 << ! 10.0 <<. 

 

($B'282* :0'1*<*33FK :2:8*< :'>B2, 1$;20%0.$/22 2 1$;203$'2A$/22 3*'0B<07-

30 H*B :0B;$32> 30'FK 2 :0'*1E*3:8'0'$32> 2B'*:83FK 6,S ?:810I:8'. , <30A0.$-

3$%&3FK 1$;20:2:8*<$K ;%> 1$B;*%*32> :@*.81$ 3$ 3*:.0%&.0 ?B.0@0%0:3FK .$3$%0' : 

<232<$%&3F<2 @08*1><2 <0C30:82 (%2H0 ;%> :%07*32> 3*:.0%&.2K D$:8083FK ;2$@$-

B030' ' 0;23 .$3$%) @12<*3>=8:> <?%&82@%*.:*1F. N'?K.$3$%&3F* <?%&82@%*.:*1F 

3$BF'$=8:> ;2@%*.:*1$<2. N2@%*.:*1F 8$.7* >'%>=8:> '$73*IE2<2 ?:810I:8'$<2, 

:%?7$C2<2 ;%> :0A%$:0'$32> H%0.0' ' ;'?K@0%0:3FK :2:8*<$K, 3$@12<*1, 1$;20%0.$-

801$K 1$B%2D30A0 3$B3$D*32>. 

60'1*<*33F* :2:8*<F :'>B2 D$:80 >'%>=8:> <30A0;2$@$B033F<2, 3$@12<*1, A%0-

H$%&3F* :2:8*<F @0B2/203210'$32> )WL+466 2 GPS 1$H08$=8 ' ;'?K ;2$@$B03$K L1 

2 L2. R1*H0'$32> . $@@$1$8?1* :'>B2 8$.0'F, D80 03$ ;0%73$ 0H*:@*D2'$8& ?'*1*33?= 

1$H08? 0;30'1*<*330 :0 ':*<2 @0;;*172'$*<F<2 ;2$@$B03$<2, $ 8$.7*, @0<2<0 ':*A0 

@10D*A0, 2<*8& <232<$%&3F* <$::0A$H$1283F* @0.$B$8*%2 [1]. -0G80<? $.8?$%&30I B$-

;$D*I 3$ :*A0;3>E32I ;*3& >'%>*8:> 1$B1$H08.$ <2.10@0%0:.0'FK ;2@%*.:*10' (5-N) 

;%> :@?832.0'FK 1$;203$'2A$/2033FK :2:8*< (6(+6) )WL+466/GPS. 9B'*:830, D80 

8$.2* ;2@%*.:*1F >'%>=8:> 3$2H0%** <232$8=13F<2 2 @10:8F<2 ' 2BA080'%*322 2 3$-

:810I.*, 2, 3*:<081> 3$ :1$'328*%&30 3*'F:0.2* G%*.812D*:.2* K$1$.8*12:82.2, 3$K0;>8 

':* H0%** E210.0* @12<*3*32* ' 1$;208*K32.* ' ;*/2<*810'0< ;2$@$B03* ;%23 '0%3 [2]. 

S$C* ':*A0 <2.10@0%0:.0'F* ;2@%*.:*1F .03:81?21?=8 .$. ;'$ @0%0:30-

@10@?:.$=C2K J2%&81$, 2<*=C2K 0;23 0HC2I 'K0; (@018). L:30'30I @10H%*<0I @12 

.03:81?210'$322 5-N >'%>*8:> :0A%$:0'$32* @0 0HC*<? @018?. V8$ @10H%*<$ 1*E$*8:> 

1$B%2D3F<2 :@0:0H$<2. «-1><0%23*I3FI» :@0:0H B$.%=D$*8:> ' 80<, D80 %232=, 2;?-

C?= 08 0HC*A0 @018$, 1$:C*@%>=8 3$ ;'*, 2 .03/F ;'?K 0H1$B0'$'E2K:> 8$.2< 0H1$B0< 

%232I @10:80 @0;.%=D$=8 . .1$I32< 1*B03$801$< .$3$%0'. , G80< :%?D$* 'K0;3F* 1*B0-

3$801F .$3$%0' 0HZ*;23>=8:> ' *;23FI 1*B03$801, ' .08010< '0BH?7;$=8:> @$1$B283F* 

1*B03$3:F, D80 :2%&30 ?:%073>*8 3$:810I.? ;2@%*.:*1$. -12<*3*32* *<.0:830I :'>B2 

1$:C*@%*330I %2322 : .$3$%$<2 @0B'0%2%0 @0:81028& ;2@%*.:*1 : D*8F1*KB'*33F<2 .$-

3$%$<2 [3], 30 ;0H28&:> K010E*A0 :0A%$:0'$32> $'801$< G80I 1$H08F 8$. 2 3* ?;$%0:&. 

M210.0* 1$:@10:81$3*32* @0%?D2% :@0:0H, ' .08010< 0HC2I 'K0; @0;.%=D$*8:> 

. 0HC*<? ;%> 0H02K .$3$%0' 1*B03$801?, ;'* @*1'F* <0;F .0%*H$32I .08010A0 3$-

:810*3F 3$ D$:808F .$3$%0' [4, 5] 2 ?D$:8'?=8 ' J01<210'$322 @0%0: @10@?:.$32>. 

L;3$.0 ;$%*.0 3* ':*A;$ <0730 @0;0H1$8& 80D.? @0;.%=D*32> 0HC*A0 @018$ 8$., D80HF 

03$ HF%$ 0@82<$%&30I 3$ D$:808$K 0H*2K <0;. N%> B3$D28*%&30A0 ?<*3&E*32> @08*1& ' 

.$3$%$K, $ 8$.7* ?<*3&E*32> 1$B<*10' ?:810I:8'$, 2:@0%&B?=8 .03:81?./2= 5-N, @0-
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:810*33?= 3$ ;'?K<0;0'FK 1*B03$801$K [6]. L;3$.0 2K 3$:810I.$ 81*H?*8 0@1*;*%*3-

3FK 3$'F.0' 2 0@F8$. 
, 3$:80>C*I 1$H08* 0@2:$3 <2.10@0%0:.0'FI ;2@%*.:*1, @0%0:F @10@?:.$32> 2 

B$;*172'$32> .08010A0 HF%2 'FH1$3F 8$., D80HF 0H*:@*D28& D$:80830* 1$B;*%*32* 
:2A3$%0' @0;;2$@$B030' L1 2 L2 ' @12*<32.$K 6(+6 )WL+466 2 GPS. O$3$%F 5-N 
'F@0%3>=8:> ' '2;* 81*KB'*33FK @0%0:30-@10@?:.$=C2K J2%&810' (--"), 0HC2I 
@018 .0801FK @0;.%=D*3 . 3*1*B03$3:30<? 081*B.? <2.10@0%0:.0'0I %2322, 'F@0%-
3*330I ' J01<* «E@2%&.2», 0;23 .03*/ .08010I .0108.0B$<.3?8. ,:* 1*B03$801F – 
D*8'*18&'0%30'F*, 8. *. 0;32< .03/0< 8$.7* B$<.3?8F 3$ .01@?:, D80 :?C*:8'*330 
?<*3&E$*8 1$B<*1F ?:810I:8'$ @0 :1$'3*32= : 5-N 3$ @0%?'0%30'FK 1*B03$801$K. 
S$:8083F* ;2$@$B03F .$3$%0' 5-N 1226 5)/...1254 5)/ 1574 5)/...1610 5)/. [:8-
10I:8'0 @10*.8210'$%0:& ;%> 1$H08F : 50-0<3F< 81$.80<, : .0GJJ2/2*380< 081$7*32> 

08 @0180' ' @0%0:$K @10@?:.$32> .$3$%0' 3* H0%** –14 ;# (O6,+"1.5). -0;$'%*32* 3$ 
D$:808$K :0:*;3*A0 .$3$%$ ;0%730 HF8& 3* <*3** 50 ;#. 

($B1$H08.$ ;2@%*.:*1$ @102B'0;2%$:& : @0<0C&= .0<@&=8*130A0 G%*.810<$A-
32830A0 <0;*%210'$32> ' @10A1$<<30< @10;?.8* AWR DESIGN ENVIRONMENT 
2009. O$. @0.$B$30 1$3** [7], 2BA080'%*33F* @0 1*B?%&8$8$< @0;0H30A0 <0;*%210'$32> 
;2@%*.:*1F 2<*=8 K$1$.8*12:82.2, K010E0 :0A%$:?=C2*:> : 1$:D*83F<2. 

+$ 12:. 1 @12'*;*3$ 80@0%0A2> @0%0:.0'FK @10'0;32.0' ;2@%*.:*1$. LH$ .$3$%$ 'F-

@0%3*3F 3$ *;230I @0;%07.* :   = 80 80%C230I 1 <<, 8$3A*3: ?A%$ ;2G%*.812D*:.2K @0-

8*1& .08010I tg\ = 0.0003 (D80 :008'*8:8'?*8 .*1$<2.* ,80), 2 1$B<*1$<2 35.8 << ! 10.0 <<. 
61$'328*%&30 H0%&E$> ;2G%*.812D*:.$> @1032/$*<0:8& ;2G%*.812.$ 'FH1$3$ ;%> ?<*3&-
E*32> 1$B<*10' ?:810I:8'$. ($::80>32* 08 @0;%07.2 ;0 .1FE.2 .01@?:$ 8 <<. 

($B<*1F @0%0:.0'FK @10'0;32.0' 2 B$B01F <*7;? 32<2 HF%2 ' :008'*8:8'22 : 
0H0B3$D*32><2 3$ 12:. 1 :%*;?=C2<2 (<<): l:1 = 2.1, sh = 2.0, l1 = 7.7, s1 = 2.7, l2 = 7.6,  
s2 = 2.9, l3 = 7.8, wp = 1.8, lp = 7.3, sw = 0.6, l4 = 5.5, s3 = 2.9, l5 = 5.8, s4 = 3.1, l6 = 5.8, sh = 2.0, 
lc2 = 1.3. M2123$ @0%0:.0'FK @10'0;32.0' ':*K 1*B03$8010' w = 3.0 <<, '*%2D23$ B$B0-
10' <*7;? 'K0;3F<2 1*B03$801$<2 .$3$%0' 2 @0%0:.0'F< @10'0;32.0<, . .08010<? 
@0;.%=D*3 0HC2I @018, sp = 0.2 <<. 

 

 
 

(2:. 1. R0@0%0A2> @0%0:.0'FK @10'0;32.0' <2.10@0%0:.0'0A0 ;2@%*.:*1$  

: 0H0B3$D*32*< .03:81?.82'3FK @$1$<*810' 

 

($B1$H08.$ ;2@%*.:*1$ @10'0;2%$:& :%*;?=C2< 0H1$B0<. 63$D$%$ <0;*%210'$-
%2:& 1$B;*%&30 J2%&81F .$3$%0'. -*1'03$D$%&30 0H$ @018$ --" <0;*%21?*<0A0 .$3$-
%$ @0;.%=D$%2:& .03;?.82'30, 2 03 3$:81$2'$%:> 3$ :008'*8:8'?=C2* D$:808F 2 0@82-
<$%&3?= :'>B& : '3*E32<2 %232><2. P$8*< @10'0;32., 0H*:@*D2'$=C2I .03;?.82'-
3?= :'>B& : @0180< (: @1$'F< ' 32B.0D$:80830< --" 2 : %*'F< ' 'F:0.0D$:80830< 
--"), ?;$%>%:>, 2 @0;.%=D*32* :008'*8:8'?=C*A0 @018$ 0:?C*:8'%>%0:& @0:1*;:8'0< 
@0%0:.0'0A0 @10'0;32.$, 2<*=C*A0 J01<? E@2%&.2 (. 3*<? @0;.%=D*3 @018 Y 1 3$ 
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12:. 1). P$8*< 3$:81$2'$%$:& '*%2D23$ B$B01$ <*7;? G82< @10'0;32.0< 2 :0:*;:8'?=-
C2< : 32< 1*B03$8010< ;%> @0%?D*32> 0@82<$%&30I :'>B2 @0 G80<? @018? : '3*E3*I 
%232*I. -0:%* G80A0 0H$ --" 0HZ*;23>%2:& ' *;230* ?:810I:8'0 ' :008'*8:8'22 : 12:. 1, 
2 @102B'0;2%$:& 0.03D$8*%&3$> 3$:810I.$ ;2@%*.:*1$, .0801$> B$.%=D$%$:& ' 3*H0%&-
E0I @0;:810I.* D$:808 1*B03$8010'. 6%*;?*8 08<*828&, D80 @12 8$.0< :@0:0H* @0;.%=-
D*32> 0HC*A0 @018$ :'>B& <*7;? --" 32B.0D$:80830A0 .$3$%$ 2 '3*E3*I %232*I 30-
:28 @1*2<?C*:8'*330 23;?.82'3FI K$1$.8*1, $ <*7;? --" 'F:0.0D$:80830A0 .$3$%$ 2 
'3*E3*I %232*I – *<.0:830I. 

,FK0;3F* @018F .$3$%0' (Y 2 2 Y 3) ' <0;*%2 @0;.%=D$%2:& D*1*B @0%0:.0'F* 
@10'0;32.2 E21230I 0.4 <<. 

+$ 12:. 2 @12'*;*3F 4S] .$3$%0' ;2@%*.:*1$ #S21# 2 #S31#, 1$B'>B.$ <*7;? .$-

3$%$<2 #S23# 2 .0GJJ2/2*38 081$7*32> @0 'K0;? #S11#, @0%?D*33F* ' 1*B?%&8$8* <0-
;*%210'$32>. 

 

 
(2:. 2. 4<@%28?;30-D$:8083F* K$1$.8*12:82.2 .$3$%0' <2.10@0%0:.0'0A0 ;2@%*.:*1$ 

 

,2;30, D80 1$B'>B.$ <*7;? .$3$%$<2 2 @0;$'%*32* 3$ D$:808$K :0:*;3*A0 .$3$%$ 
@1*'FE$=8 55 ;#. 5232<$%&3F* @08*12 :0:8$'%>=8 1.3 ;# ' 32B.0D$:80830< .$3$%* 2 
1.0 ;# – ' 'F:0.0D$:80830<. 

 

36A/#6 :CD/B!.!6 D-$ D/88.-E(. ?-6!#6 F$!/A-!6%($ 3= 14-607-21-0039. 
 

6@2:0. %28*1$8?1F 
 

1. O*1E2:, 6. 4. "$B0'F* K$1$.8*12:82.2 <30A0@0%0:3FK J2%&810' 2 ;2@%*.:*10' :'D 2 @02:. 
@*1:@*.82'3FK :K*<30-.03:81?.82'3FK 1*E*32I 2K 1*$%2B$/22: ;2:. … .$3;. 8*K3. 3$?. / 6-H)VR[, 

6$3.8--*8*1H?1A. $ 2014. $ 141 :. 
2. #*%>*', #. 4. 6,S ;2@%*.:*1 3$ D*8'*18&'0%30'FK 1*B03$801$K / #. 4. #*%>*', 4. 4. W*.:2.0', 

,. ,. R=13*' 2 ;1. // -1*@1238 Y 774" 9" 6L (4+, O1$:30>1:.. $ 1997. $ 51 :. 
3. Zeng H. Y., et al. Planar diplexer using composite right-/ left-handed transmission line under balanced 

condition // El. Lett., 2012. V. 48 No. 2. 
4. Chen C.-F., Huang T.-Y., Chou C.-P., Wu R.-B. Microstrip Diplexers Design With Common Resona-

tor Sections for Compact Size But High Isolation // IEEE TMT & T. – 2006. – V. 54. – No. 5. – P. 1945–1952. 
5. Chuang M.-L., Wu M.-T. Microstrip Diplexer Design Using Common T-Shaped Resonator // IEEE 

Mic. and Wireless Comp. Lett. – 2011. – V. 21. – No. 11. – P. 583–585. 
6. #*%>*' #. 4., 6*17$380' 4. 5., R=13*' ,. ,. 52.10@0%0:.0'FI ;2@%*.:*1 3$ ;'?K<0;0'FK 1*-

B03$801$K // -2:&<$ ' XR". – 2012. – R. 38. – ,. 16. – 6. 25–33. 
#*%>*' #. 4., W*.:2.0' 4. 4., W*.:2.0' 43. 4. 2 ;1. 52.10@0%0:.0'FI ;2@%*.:*1 :0 :<*73F<2 .$3$%$<2 
// R1. XII 5*7;?3$1. .03J. «4.8?$%&3F* @10H%*<F G%*.810330A0 @12H010:810*32>» 4-V--2014. – R. 4. 
– 6. 220–223.  
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,$&4)$4&#  *'+7  "#*&#-+."!3  -.)$'&#  *'3"$!"(#   

-  6+!:".3  /'".  ".)'$'&29  ,!,$.   !/+40#$.+.3 
 

,. -. #*%2D*3.0, 4. 6. P$@$:30I, -. ,. M*:8$.0' 
 

56>$/!6B;!C< $""B.8/:6#.B;"($< L/)"($< 0/"%86-"#:.!!C< %!$:.-"$#.# 

634050, 0. L/)"(, D-. *.!$!6, 36 

E-mail: zas_rff@sibmail.com 

 
LH:?7;$=8:> 0:0H*330:82 :81?.8?1F @0%> 3$@1$'%*32I $.82'30I D$:82 238*1J*1*3/20330I :0:8$'%>=C*I 

'*.801$ -0I3823A$ ' @*1*.1F'$=C2K:> G'$3*:/*383FK @0%>K 3*:.0%&.2K :2:8*< 2B%?D$8*%*I. V82 :2:8*<F <0;*%2-

1?=8:> 1$B3*:*33F<2 ' @10:81$3:8'* %2H0 ;'?<> G%*.812D*:.2<2 ;2@0%><2, %2H0 G%*.812D*:.2< 2 <$A3283F< ;2-

@0%><2. -12 G80< 2::%*;0'$32*< 0K'$D*3F :%?D$2 1$B%2D30I 'B$2<30I @10:81$3:8'*330I 012*38$/22 ;2@0%*I. 

-0%?D*33F* 1*B?%&8$8F @1*;:8$'%>=8 238*1*: : 80D.2 B1*32> 2B?D*32> @10/*::0' J01<210'$32> @0%> 2B%?D*32>, 

0H*:@*D*32> <$%FK ?10'3*I G%*.810<$A32830A0 @0%> ' 0.1*:830:82 B$;$33FK 80D*. H%273*I B03F, $ 8$.7* ' :'>B2 : 

1$B1$H08.0I 30'FK <*80;0' H%273*@0%&30A0 1$;20'0%30'0A0 B03;210'$32> :1*; 2 0HZ*.80'. 

 

, 1$H08* [1] @10'*;*30 2::%*;0'$32* 0:0H*330:8*I :81?.8?1F 238*1J*1*3/203-

3FK @080.0' G3*1A22 ' G'$3*:/*383FK (B$8?K$=C2K) @0%>K :2:8*< 2B%?D$8*%*I : /*%&= 

'F>'%*32> 2K 10%2 ' @10/*::* J01<210'$32> @0%> 2B%?D*32>. +$1>;? : G82< ' %28*1$-

8?1*, :<. 3$@12<*1 [2], $.82'30 0H:?7;$*8:> @10H%*<$82.$ :0B;$32> 0H%$:8*I : <$%F< 

?10'3*< @0%> ' H%273*I B03* :2:8*< 2B%?D$8*%*I. V808 '0@10: @1*;:8$'%>*8 :$<FI 3*-

@0:1*;:8'*33FI 238*1*: .$. ;%> :080'0I :'>B2, : 80D.2 B1*32> 0H*:@*D*32> G%*.810-

<$A32830I :0'<*:82<0:82, 8$. 2 : 80D.2 B1*32> ?;0'%*8'01*32> :$328$13FK 81*H0'$-

32I 3$ @010A0'FI ?10'*3& :@*.81$%&30I @%0830:82 <0C30:82, ?:8$30'%*33FI :008'*8-

:8'?=C2<2 :8$3;$18$<2. 

9 ' 80< 2 ;1?A0< :%?D$>K @1*;:8$'%>*8:> @0%*B3F< @10'*;*32* ;0@0%328*%&30A0 

2::%*;0'$32>, .$:$=C*A0:> %2H0 :810*32> :2%0'FK %232I G%*.812D*:.0A0 @0%>, %2H0 

:81?.8?1F @0%> 3$@1$'%*32I '*.801$ -0I3823A$ ' H%273*I B03* :2:8*< 2B%?D$8*%*I. 

9<*330 8$.0* 2::%*;0'$32* @10'0;28:> ' ;$330I 1$H08* ' 0830E*322 @10:8*IE2K 

.0<H23210'$33FK 2B%?D$=C2K :2:8*<, :0;*17$C2K 1$B3*:*33F* ' @10:81$3:8'* %2H0 

;'$ G%*.812D*:.2K ;2@0%>, %2H0 G%*.812D*:.2I 2 <$A3283FI ;2@0%2. -12<*1 8$.0I 

:2:8*<F @1*;:8$'%*3 3$ 12:. 1. , ;$330< :%?D$* G%*.812D*:.2* <0<*38F 1p  2 2p  ;2@0-

%*I :03$@1$'%*3F. -12 G80< @1*;@0%$A$*8:>, D80 D$:808$ 80.0', '0BH?7;$=C2K ;2@0%2 

0;23$.0'$, $ 3$D$%&3F* J$BF 1$B%2D3F* 2 ;0@?:.$=C2* ?@1$'%*32* 2K 1$B30:8&=. 

X 

Y 

Z 

1p

2p

r 

R 

%  

b 

P(x, y, z) 

 
(2:. 1. O0<H23210'$33$> 2B%?D$=C$> :2:8*<$, :0;*17$C$> :03$@1$'%*33F* G%*.812D*:.2* ;2@0%2 

 

, 08%2D2* 08 [1], B;*:& 3* 2:@0%&B?=8:> <?%&82@0%&3F* 1$B%07*32> ;%> @0%*I 

2B%?D$8*%*I ' :J*12D*:.0I :2:8*<* .001;23$8, $ @12<*3>=8:> 238*A1$%&3F* @1*;:8$'-

%*32> ;%> .0<@03*38 @0%*I @102B'0%&30A0 1$:@1*;*%*32> 80.0' ' ;*.$180'0I :2:8*<* 
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.001;23$8 [3]. V80 0H:80>8*%&:8'0 @0B'0%2%0 3$< @0%?D28& ;0:8$80D30 @10:8F*, K08> 2 

A10<0B;.2*, 'F1$7*32> ;%> ;*.$180'FK :0:8$'%>=C2K .0<@%*.:30A0 '*.801$ -0I3-

823A$ S . 9B G82K 'F1$7*32I 'F;*%*3F 238*1J*1*3/2033F* :0:8$'%>=C2* 
int

xS , int

yS  2 

int

zS  ;$330A0 '*.801$. +$@12<*1, ' :%?D$* 2B%?D$=C*I :2:8*<F, @1*;:8$'%*330I 3$ 12:. 1, 

032 2<*=8 :%*;?=C2I '2; 
 

&
'

int

1 2 2 3 2 1 2 32

1 2 2 3 2 1 2 3

( ) ( ) ( ) ( )
32

( ) ( ) ( ) ( ) ,

x

w
S yx p p F R F r p p F r F R

ik

zx p p F R F r p p F r F R

(
) ) ) )

) ) ) )

* +, - -. /

* +- -. /

 

&

'

int 2

1 2 3 1 22

2

2 1 3 1 2

( )( ( ) ( ))
32

( )( ( ) ( )) ,

y

w
S p p F r F R x F R

ik

p p F R F r x F r

(
) )

) )

, $ - -

- -
 

&

'

int 2

1 2 3 1 22

2

2 1 3 1 2

( )( ( ) ( ))
32

( )( ( ) ( )) ,

z

w
S p p F r F R x F R

ik

p p F R F r x F r

(
) )

) )

, $ - -

- -
 

2

1 3

1 ( )
( ) ikaika ka

F a e
a

$$ $ -
, , 

2

2 5

3 3 ( )
( ) ikaika ka

F a e
a

$- $
, , 

3 2

1
( ) ikaika

F a e
a

$-
, , 

 

A;* B'^B;0D.$ 0B3$D$*8 .0<@%*.:30* :0@1>7*32* :008'*8:8'?=C*I '*%2D23F; a  – 1$:-

:80>32* 08 ;2@0%> ;0 80D.2 3$H%=;*32> P (x, y, z) (:008'*8:8'*330R  ;%> ;2@0%> : <0-

<*380< 1p  2 r  ;%> ;2@0%> : <0<*380< 2p ), 
 

2 2 2 cosR r b rb %, - $ , 2 2 2r x y z, - - . 
 

9::%*;0'$32* .$1823F @0%> 3$@1$'%*32I 2<*330 238*1J*1*3/2033FK :0:8$'-

%>=C2K $.82'30I D$:82 '*.801$ -0I3823A$ @1*;:8$'%>%0 ;%> 3$: @*1'00D*1*;30I 23-

8*1*:. U:%2 2B%?D$=C$> :2:8*<$ 3* 0H%$;$*8 0:*'0I :2<<*812*I, 80 ;*8$%&30* @1*;-

:8$'%*32* 8$.0I .$1823F 2 ** $3$%2B 81*H?=8 H0%&E0A0 0HZ*<$ 'FD2:%*32I. +$%2D2* 

0:*'0I :2<<*8122 :?C*:8'*330 :0.1$C$*8 'FD2:%28*%&3?= 1$H08?. 

, .$D*:8'* @12<*1$ 3$ 12:. 2 @0.$B$30 @0%* 3$@1$'%*32I $.82'30I (;*I:8'28*%&-

30I) D$:82 238*1J*1*3/20330I :0:8$'%>=C*I '*.801$ -0I382A$ ' H%273*I B03* 2B%?-

D$=C*I :2:8*<F ' '2;* ;'?K .0%%23*$13FK G%*.812D*:.2K ;2@0%*I ('F30:.$ 3$ 12:. 2, 6). 

 

 
6

 
A 

(2:. 2. 681?.8?1$ @0%> 3$@1$'%*32I $.82'30I D$:82 238*1J*1*3/20330I :0:8$'%>=C*I  

'*.801$ -0I3823A$ (0  – ;%23$ '0%3F, 1$B30:8& 3$D$%&3FK J$B 80.0' ' ;2@0%>K: $) / 2( , H) 0) 
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681?.8?1$ ?.$B$330A0 @0%> 3$@1$'%*32I ' B3$D28*%&30I :8*@*32 0@1*;*%>*8:> 

:00830E*32*< '*%2D23 3$D$%&3FK J$B 80.0' ' ;2@0%>K. , D$:830:82, @12 1$B30:82 3$-

D$%&3FK J$B, 1$'30I / 2(  08D*8%2'0 '2;30, D80 ' H%273*I B03* 2<**8 <*:80 'F1$7*3-

3FI @*1*30: <0C30:82 B$ :D*8 238*1J*1*3/20330I D$:82 '*.801$ -0I3823A$ 08 '*1K-

3*A0 ;2@0%> . 3273*<?. , ;$330< :%?D$* 2B%?D*32* 3273*A0 ;2@0%> 'F@0%3>*8 10%& 

:'0*0H1$B30I «@0;:'*8.2», @0B'0%>=C*I ' ;0:8$80D30 E210.2K @1*;*%$K 2B<*3>8& 1*-

72< 0H%?D*32> 81*H?*<0I 0H%$:82, %*7$C*I ' H%273*I B03* :2:8*<F 2B%?D$8*%*I. R$-

.2< 0H1$B0<, ' H%273*I B03* :2:8*< 2B%?D$8*%*I '0B<0730 GJJ*.82'30* ?@1$'%*32* 

;*I:8'28*%&30I D$:8&= 238*1J*1*3/20330I :0:8$'%>=C*I '*.801$ -0I3823A$ (12:. 2, A). 

L8<*D*33$> 0:0H*330:8& <07*8 @1*;:8$'%>8& 238*1*: 2 ' :'>B2 : 1$B1$H08.0I 30-

'FK <*80;0' H%273*@0%&30A0 1$;20'0%30'0A0 B03;210'$32> :1*; 2 0HZ*.80', K$1$.8*-

12B?*<FK :2%&3F< @0A%0C*32*< [4–6]. N%> 1*E*32> :?C*:8'?=C2K . 3$:80>C*<? 

'1*<*32 :*1&^B3FK B$;$D ' H%273*@0%&30I :.$321?=C*I 80<0A1$J22 :2%&30 @0A%0-

C$=C2K :1*; ' 1$H08* [4] @1*;%$A$*8:> :@*/2$%&3$> :K*<$ 2B<*1*32I. L3$ 2:@0%&B?*8 

'0B<0730:82 <30A0D$:80830I 6,S ;2$A30:82.2 ;2G%*.812D*:.2K 3*0;3010;30:8*I ' 

8$.2K :1*;$K. -12 G80< .%=D*'?= 10%& 2A1$*8 2:@0%&B0'$32* 7*:8.0 :'>B$330I :2:8*-

<F 2:80D32.-@12*<32.. 6?C*:8'*330 @0;D*1.3?8&, D80 A%?H233$> D?':8'28*%&30:8& 

0H*:@*D2'$*8:> @12 G80< B$ :D*8 @12'%*D*32> /*%0A0 1>;$ J$.8010': D$:808$ B03;2-

1?=C*A0 :2A3$%$, 1$B<*1 $@*18?1F @12*<30I $38*33F, 'F:08$ ?10'3> :.$3210'$32>. , 

[5] @0:810*3$ 8*012> H%273*@0%&30A0 B03;210'$32> E$100H1$B30A0 .0381$:830A0 0HZ-

*.8$, $ ' [6] @1*;%07*30 @10'0;28& H%273*@0%&3?= ;2$A30:82.? :1*; 2 0HZ*.80' :1*;-

3*A0 ?10'3> 1$B1*E*32> : 2:@0%&B0'$32*< @*1*.1F'$=C2K:> G'$3*:/*383FK @0%*I 

:2:8*< 2B%?D$8*%*I. 

 

36A/#6 :CD/B!.!6 D/ D-/0-6)). D/:CG.!$7 (/!(%-.!#/"D/"/A!/"#$ L/)"(/0/ 

0/"%86-"#:.!!/0/ %!$:.-"$#.#6 $ D-$ &$!6!"/:/< D/88.-E(. 0-6!#6 H 13-02-98025 

-.0$/!6B;!/0/ (/!(%-"6 3==  (-_"$A$-;_6). 
 

6@2:0. %28*1$8?1F 

 

1. #*%2D*3.0 ,. -., P$@$:30I 4. 6., M*:8$.0' -. ,. (0%& G'$3*:/*383FK @0%*I ' @10/*::* J01<2-

10'$32> 2B%?D*32> .0<H23210'$33FK 2B%?D$=C2K :2:8*< // L@82.$ 2 :@*.810:.0@2>. – 2015. – R. 118. – 

Y 4. – 6. 112–114. 

2.  L J01<210'$322 0H%$:8*I : <$%F< B3$D*32*< G%*.812D*:.0A0 @0%> 3$ .03*D30< 1$::80>322 08 

:2:8*<F 2B%?D$8*%*I / ,. 4. -*1<>.0', 4. +. O01=.23, 5. 6. 52K$I%0', N. ,. 6010.0'2. // X?13$% 1$-

;20G%*.81032.2 [G%*.81033FI 7?13$%]. – 2013. – Y 7. – http://jre.cplire.ru/jre/jul13/index.html. 

3. ,FD2:%28*%&3F* <*80;F ' G%*.810;23$<2.* / -0; 1*;. (. 5281F. – 5.: 521, 1977. – 487 :. 

4. )$I.0'2D O. -., 5$.:2<0'2D U. 6. L H%273*@0%&30I 6,S ;2$A30:82.* 3*0;3010;30:8*I ' 

:2%&30@0A%0C$=C2K :1*;$K // X?13$% 1$;20G%*.81032.2 [G%*.81033FI 7?13$%]. – 2015. – Y 1. – 

http://jre.cplire.ru/jre/jan15/index.html. 

5. )$%23 5. 4., (*B32. 4. +. N2J1$./2> .'$B2:8$82D*:.0A0 @0%> $38*33F 3$ E$1* ' B$;$D$K H%27-

3*@0%&30I :'*1K'F:0.0D$:80830I %0.$/22 // ($;208*K32.$ 2 G%*.81032.$. – 2010. – R. 55. – Y 7. – 

6. 785–796. 

6. #*%2D*3.0 ,. -., P$@$:30I 4. 6., M*:8$.0' -. ,. [@1$'%*32* '*%2D230I 2 @10:81$3:8'*33F< 

1$:@1*;*%*32*< 238*1J*1*3/2033FK @080.0' G3*1A22 ' H%2732K @0%>K :2:8*< 2;*382D3FK 2B%?D$8*%*I 

// L@82.$ 2 :@*.810:.0@2>. – 2015. – R. 118. – Y 4. – 6. 115–118. 
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#"#+!/  9#&#)$.&!,$!)  &#,,0!$#""'3   

 #$. #$!0.,)!   ,*','6'   -;#& X – 5!#*#/'"#   

*',&.5,$-'   #-$' #$!/!&'-#""'('   '5.+!&'-#"!7   

-  ,#*&  CST MWS 

 

4. 4. #F%0' 
 

42 « !&/-)6>$/!!C. "D%#!$(/:C. "$"#.)C» $).!$ 6(68.)$(6 F. =. 3.G.#!K:6»  

662972, 0. M.B.'!/0/-"( ,-6"!/7-"(/0/ (-67, %B. *.!$!6, 52 

E-mail: AlexeyBylov1986@ya.ru 

 
-10'*;*30 $'80<$82B210'$330* <0;*%210'$32* 3*1*B03$3:30I '0%30'0;30 – C*%*'0I $38*330I 1*E*8.2 X – 

;2$@$B03$, 1$::D28$330I <*80;0< 1*.?11*383FK :00830E*32I. -10$3$%2B210'$3F @0%?D*33F* K$1$.8*12:82.2 3$ 

@1*;<*8 :008'*8:8'2> B$;$33F< 8*K32D*:.2< @$1$<*81$< 3$ $38*33?, 'F@0%3*3$ 0@82<2B$/2> :81?.8?1F $38*330I 

1*E*8.2. 

 

,0%30'0;30-C*%*'F* $38*33F* 1*E*8.2 (,_4() E210.0 2:@0%&B?=8:> ' $38*3-

30I 8*K32.*. O 0:30'3F< ;0:8023:8'$< G82K $38*33 0830:>8 2K @%0:.?= J01<? 2 .0<-

@$.83F* 1$B<*1F, .0801F* @0B'0%>=8 2:@0%&B0'$8& ,_4( ' %*8$8*%&3FK $@@$1$8$K 

H*B ?K?;E*32> 2K $G10;23$<2D*:.2K K$1$.8*12:82.. ,_4( 2<*=8 8$.7* ;0:8$80D30 

'F:0.?= GJJ*.82'30:8&, :1$'328*%&30 E210.?= 1$H0D?= @0%0:? D$:808, 'F:0.?= <*-

K$32D*:.?= @10D30:8& 2 <0A?8 1$H08$8& : 'F:0.2<2 ?10'3><2 <0C30:82. 

,_4( 0830:28:> . ;2$A1$<<00H1$B?=C2< :K*<$< (NL6) @0:%*;0'$8*%&30A0 

@123?;28*%&30A0 82@$ : G%*.81033F< :@0:0H0< :.$3210'$32>, D80 @0B'0%>*8 0:?C*:8-

'%>8& HF:810* 2 H*BF3*1/20330* ?@1$'%*32* 3$@1$'%*33F<2 :'0I:8'$<2 $38*33F. 

L:30'3F* 8*K32D*:.2* @$1$<*81F, .0801F<2 ;0%73$ 0H%$;$8& 1$::<$812'$*<$> 

,_4( X-;2$@$B03$, 'FA%>;>8 :%*;?=C2< 0H1$B0<:  

- ;2$@$B03 1$H0D2K D$:808 7,174…8,09 ))/; 

- E2123$ %?D$ @0 ?10'3= @0%0'2330I <0C30:82 ' +-@%0:.0:82 6,5 A1$;?:0';  

- 3$@1$'%*32* A%$'30A0 <$.:2<?<$ N+ 3$ /*381$%&30I D$:808* $38*33F ' +-

@%0:.0:82 8.5 A1$;?:0'; 

- ?10'*3& H0.0'FK %*@*:8.0' 3* H0%** <23?: 13 ;#; 

- .0GJJ2/2*38 081$7*32> 3* H0%** <23?: 18 ;#; 

- @*1*<*330-J$B3$> :'>B& :%$H03$@1$'%*33FK 2B%?D$8*%*I : '0%30'0;0<.  

LHC2I '2; ,_4( : 1$B<*C*32*< C*%*I 2B0H1$7*3 3$ 12:. 1.  

 

 
(2:. 1. LHC2I '2; ,_4( 

 

(*B?%&8$8F 1$:D*8$ A*0<*812D*:.2K 1$B<*10' ,_4( <*80;0< 1*.?11*383FK :0-

0830E*32I [1] @*1*D2:%*3F ' 8$H%. 1, 2.  
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R$H%2/$ 1 

)*0<*812D*:.2* 1$B<*1F ,_4( X – ;2$@$B03$ 
 

6*D*32*  

'0%30'0;$, << 

N%23$ 

'0%30'0;$ 

(La), << 

O0%2D*:8'0 

C*%*I, E8. 

N%23$ C*%2, 

<< 

($::80>32*  

<*7;?  

C*%><2 (d), << 

M2123$  

C*%2, << 

a b 

12,6 28,5 356.4 14 18 22,6 3,7 

 
R$H%2/$ 2 

6<*C*32> C*%*I 0830:28*%&30 /*381$%&30I %2322 E210.0I :8*3.2 '0%30'0;$ 
 

 Y C*%2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Xn, << 2,21 2,56 2,46 2,43 2,62 3,08 3,6 3,69 3,56 3,76 4,73 7,85 6 7,5 

 

+$ 12:. 2 2B0H1$7*3$ <0;*%& ,_4(, 'F@0%3*33$> ' CST MWS ' :008'*8:8'22 : 

A*0<*812*I, 1$::D28$330I <*80;0< 1*.?11*383FK :00830E*32I. 

 

 
(2:. 2. 50;*%& ,_4(, 'F@0%3*33$> ' CST MWS 

 

]$1$.8*12:82.2 ,_4(, @0%?D*33F* ' 1*B?%&8$8* $'80<$82B210'$330A0 <0;*%2-

10'$32>, 2B0H1$7*3F 3$ 12:. 3, 4. +$ 12:. 3 @0.$B$3F .0GJJ2/2*38 081$7*32> (S1,1) 2 

.0GJJ2/2*38 @10K0;30A0 B$8?K$32> :2A3$%$ (S2,1) ' '0%30'0;* :0 C*%><2. N2$A1$<<$ 

3$@1$'%*330:82 ' @%0:.0:82 + 3$ /*381$%&30I D$:808* @0.$B$3$ 3$ 12:. 4.  

43$%2B21?> 1*B?%&8$8F <0;*%210'$32> $38*33F, <0730 B$<*828&, D80 3$@1$'%*-

32* 2B%?D*32> A%$'30A0 %*@*:8.$ $38*33F :0:8$'%>*8 8.9 A1$;?:0' 0830:28*%&30 301-

<$%2 . E210.0I :8*3.* '0%30'0;$ :0 C*%><2, E2123$ %*@*:8.$ @0 ?10'3= @0%0'2330I 

<0C30:82 :0:8$'%>*8 6.5 A1$;?:0'. ,0 ':*I @0%0:* 1$H0D*A0 ;2$@$B03$ D$:808 .0GJJ2-

/2*38 081$7*32> :0:8$'%>*8 3* H0%** <23?: 15 ;#, .0GJJ2/2*38 @10K0;30A0 B$8?K$32> 

' '0%30'0;* :0 C*%><2 3* <*3** <23?: 5 ;#, 0:%$H%*32* H0.0'FK %*@*:8.0' 3* K?7* 

<23?: 12 ;#.  
 

 
 

(2:. 3. ]$1$.8*12:82.2 S1,1 , S2,1 
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(2:. 4. N+ 3$ /*381$%&30I D$:808* 1$H0D*A0 ;2$@$B03$ ' @%0:.0:82 H 

 

LD*'2;30, D80: 

- ?10'*3& @0 H0.0'F< %*@*:8.$< 3* 'F@0%3>*8:> (:0A%$:30 8*K32D*:.0<? B$;$-

32= ;0%7*3 HF8& 3* K?7* <23?: 13 ;#); 

- C*%2 2B%?D$=8 3* GJJ*.82'30, 8$. .$. .0GJJ2/2*38 @10K0;30A0 B$8?K$32> 

:2A3$%$ H0%** -10 ;#, 80 *:8& 2B%?D$=C$> :2:8*<$ 2B C*%*I B$H21$*8 <0C30:8& 3$ 2B-

%?D*32* <*3** 10 ;# 08 0:30'30A0 :2A3$%$.  

N%> ;0:827*32> 81*H?*<FK K$1$.8*12:82. HF%$ @10'*;*3$ 0@82<2B$/2> :81?.8?-

1F ,_4(. (*B?%&8$8F 0@82<2B$/22 2B%07*3F ' 8$H%. 3, 4.  
 

R$H%2/$ 3 

)*0<*812D*:.2* 1$B<*1F ,_4( X – ;2$@$B03$ @0:%* 0@82<2B$/22 
 

6*D*32* 

'0%30'0;$, << 

N%23$ 

'0%30'0;$ 

(La), << 

O0%2D*:8'0 

C*%*I, E8. 

N%23$ 

C*%2, 

<< 

($::80>32* 

<*7;?  

C*%><2 (d), << 

M2123$ 

C*%2, << 

a b 

12,6 25 368,4 13 18,3 25,6 3,7 

 
R$H%2/$ 4 

6<*C*32> C*%*I 0830:28*%&30 /*381$%&30I %2322 E210.0I :8*3.2 '0%30'0;$ @0:%* 0@82<2B$/22 
 

 Y C*%2 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Xn, << 2,25 2,42 2,42 2,37 2,47 3,83 3,28 3,37 3,31 3,63 5 4,07 5,26 

 

]$1$.8*12:82.2 ,_4(, @0%?D*33F* @0:%* 0@82<2B$/22, 2B0H1$7*3F 3$ 12:. 5, 6. 

+$ 12:. 5 @0.$B$3F .0GJJ2/2*38 081$7*32> (S1,1) 2 .0GJJ2/2*38 @10K0;30A0 B$8?K$32> 

(S2,1) :2A3$%$ ' '0%30'0;* :0 C*%><2. N2$A1$<<$ 3$@1$'%*330:82 ' @%0:.0:82 + 3$ /*3-

81$%&30I D$:808* @0.$B$3$ 3$ 12:. 6. 9B<*3*32* 3$@1$'%*32> 2B%?D*32> A%$'30A0 <$.:2-

<?<$ ' B$'2:2<0:82 08 D$:808F (G%*.810330* :.$3210'$32* %?D0<) @0.$B$30 3$ 12:. 7. 

43$%2B21?> @0%?D*33F* 1*B?%&8$8F @0:%* 0@82<2B$/22 :81?.8?1F ,_4( <0730 

B$<*828& :%*;?=C**: 

- ?10'*3& H0.0'FK %*@*:8.0' 3$ /*381$%&30I D$:808* :0:8$'%>*8 3* H0%** <23?: 

13.5 ;#, D80 ?;0'%*8'01>*8 0:30'3F< 8*K32D*:.2< @$1$<*81$< (3* H0%** <23?: 13 ;#); 

- .0GJJ2/2*38 081$7*32> S1,1 ;$330I $38*330I 1*E*8.2 '0 ':*I 1$H0D*I @0%0:* 

D$:808 3* K?7* <23?: 18 ;#, D80 ?;0'%*8'01>*8 0:30'3F< 8*K32D*:.2< @$1$<*81$< (3* 

H0%** <23?: 18 ;#); 

- .0GJJ2/2*38 @10K0;30A0 B$8?K$32> S2,1 :0:8$'%>*8 <*3** <23?: 9.8 ;# '0 

':*< 1$H0D*< ;2$@$B03* D$:808, D80 A0'0128 0H GJJ*.82'30< 2B%?D*322 C*%*I. 
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(2:. 5. ]$1$.8*12:82.2 S1,1, S2,1 

 

 
 

(2:. 6. N+ 3$ /*381$%&30I D$:808* 1$H0D*A0 ;2$@$B03$ ' @%0:.0:82 H 

 

 
 

(2:. 7. N+ $38*33F 3$ <232<$%&30I, /*381$%&30I 2 <$.:2<$%&30I D$:808$K 1$H0D*A0 ;2$@$B03$  

' @%0:.0:82 H 

 

R$.2< 0H1$B0<, @10'*;*33$> 0@82<2B$/2> :81?.8?1F ,_4( @0B'0%2%$ <$.:2-

<$%&30 @0%30 ;0H28&:> B$;$33FK 8*K32D*:.2K @$1$<*810'. , ;$330< :%?D$* . %?DE2< 

1*B?%&8$8$< @12'*%0 ?<*3&E*32* E2123F '0%30'0;$ : 28,5 << ;0 25 <<, @12 G80< .0-

%2D*:8'0 C*%*I ?<*3&E2%0:& ;0 13 E8?..  
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43$%2B K$1$.8*12:82. 1$::D28$330I <$8*<$82D*:.2< :@0:0H0< ,_4( X – ;2$@$-

B03$ @0:1*;:8'0< $'80<$82B210'$330A0 <0;*%210'$32> ' 64-( CST MWS @0.$B$% 3*-

.08010* 3*:008'*8:8'2* B$;$33F< 8*K32D*:.2< K$1$.8*12:82.$<, ' D$:830:82, .0GJJ2-

/2*38? 081$7*32> (S1,1) 2 .0GJJ2/2*38? @10K0;30A0 B$8?K$32> :2A3$%$ ' '0%30'0;* 

(S2,1), 081$7$=C*A0 GJJ*.82'30:8& 2B%?D*32> $38*330I 1*E*8.2. V80 <0730 0HZ>:-

328& 8*<, D80 <*80; 1*.?11*383FK :00830E*32I 3* ?D28F'$*8 'B$2<0'%2>32> C*%*'FK 

2B%?D$8*%*I ;1?A 3$ ;1?A$. R*< 3* <*3**, 3*0HK0;2<0 B$<*828&, D80 <*80; 1*.?11*38-

3FK :00830E*32I ;$*8 '@0%3* @12*<%*<FI 1*B?%&8$8 3$ 3$D$%&30< G8$@* @10*.8210'$-

32> ,_4(. 

 
6@2:0. %28*1$8?1F 

 

1. 438*33F 2 ?:810I:8'$ 6,S (-10*.8210'$32* J$B210'$33FK $38*33FK 1*E*80.): ?D*H. @0:0H2* 

;%> '?B0' / N. 9. ,0:.1*:*3:.2I, (. 4. )1$30':.$>, +. 6. N$'F;0'$ 2 ;1. ; @0; 1*;. N. 9. ,0:.1*:*3:.0A0. – 

5.: ($;20 2 :'>B&, 1981. 
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&#/+':."!.  ,-.&9)'&'$)'('  ! *4+<,#   

-   '5#+<"29  =!+<$&#9  ,  +!8.-'3  !  $'&8.-'3  ,-7/<% 

 

4. R. )$B2B0'
1
, 4. 5. P$H0%0/.2I

2
 (3$?D3FI 1?.0'0;28*%&) 

 
1 56>$/!6B;!C< $""B.8/:6#.B;"($< L/)"($< D/B$#.N!$J."($< %!$:.-"$#.#  

634050, 0. L/)"(, D-. *.!$!6, 30 

E-mail: gazizov@tpu.ru 
2L/)"($< 0/"%86-"#:.!!C< %!$:.-"$#.# "$"#.) %D-6:B.!$7 $ -68$/IB.(#-/!$($  

634050, 0. L/)"(, D-. *.!$!6, 40 

E-mail: zabolotsky_am@mail.ru 

 
-12'*;*3F 1*B?%&8$8F <0;*%210'$32> 1$B%07*32> :'*1K.0108.0A0 2<@?%&:$ ' <0;$%&3FK J2%&81$K : 1$B-

%2D3F< 1$:@0%07*32*< @10'0;32.0' (: 801/*'0I 2 %2/*'0I :'>B&=) @12 @10D2K 1$'3FK @$1$<*81$K. -0.$B$30, D80 

2B<*3*32* 1$:@0%07*32> @10'0;32.0' <07*8 @12'*:82 . ?'*%2D*32= .0GJJ2/2*38$ 0:%$H%*32> ' 3,5 1$B$, $ ;%2-

8*%&30:82 1$B%$A$*<0A0 2<@?%&:$ – ' 10 1$B. 

 

, 3$:80>C** '1*<> $.8?$%&3F 1$B1$H08.$ 2 2::%*;0'$32* 30'FK ?:810I:8' B$C2-

8F 1$;20G%*.810330I $@@$1$8?1F 08 0@$:3FK G%*.810<$A3283FK '0B;*I:8'2I [1]. L;-

32<2 2B 8$.2K ?:810I:8' >'%>=8:> <0;$%&3F* J2%&81F (5") – @$::2'3F* :81?.8?1F, 

:@0:0H3F* B$C2C$8& 1$B%2D3F* G%*.81033F* @12H01F 08 :'*1K.0108.0A0 2<@?%&:$ 

(6O9) @?8*< *A0 1$B%07*32> 3$ 2<@?%&:F <*3&E*I $<@%28?;F B$ :D*8 1$B30I :.010:82 

1$:@10:81$3*32> <0; :2A3$%$ ' :'>B$330I %2322 : 3*0;3010;3F< ;2G%*.812D*:.2< B$-

@0%3*32*< [2]. 50;$%&30* 1$B%07*32* 6O9 HF%0 G.:@*12<*38$%&30 @0;8'*17;*30 ;%> 

@%0:.2K .$H*%*I :2%0'0A0 @28$32>, $ 8$.7* ;%> 08;*%&3FK <2.10@0%0:.0'FK :81?.8?1 

(@*D$83FK 5") [2]. -0 <*1* 1$B'282> 2::%*;0'$32I <0;$%&30A0 1$B%07*32> ' @*D$83FK 

5" @1*;%$A$%2:& 2K 1$B%2D3F* 2:@0%3*32>, 0H*:@*D2'$=C2* 3$2H0%&E?= 1$B30:8& 

@0A033FK B$;*17*. D*830I 2 3*D*830I <0; (A%$'3$> K$1$.8*12:82.$ 5"). R*< 3* <*-

3**, 3* HF%0 2::%*;0'$30 1$B%07*32* 6O9 ' @*D$830I :81?.8?1* ' B$'2:2<0:82 08 'B$-

2<30A0 1$:@0%07*32> @10'0;32.0' @12 @10D2K 1$'3FK @$1$<*81$K. `*%& ;$330I 1$H0-

8F - '0:@0%328& G808 @10H*%.  

9::%*;0'$32* 1$B%07*32> 6O9 ' ?:810I:8'* B$.%=D$*8:> ' @0%?D*322 2 $3$%2B* 

J01<F :2A3$%$ 3$ 'FK0;* 5" ('1*<*330A0 08.%2.$ 5") @12 :008'*8:8'?=C*< 'K0;-

30< '0B;*I:8'22. , ;$330I 1$H08* ;%> @0%?D*32> '1*<*330A0 08.%2.$ 2:@0%&B?*8:> 

.'$B2:8$82D*:.2I $3$%2B, 0:30'$33FI 3$ HF:81FK 2 80D3FK <$8*<$82D*:.2K <0;*%>K, 

'3*;1*33FK ' :2:8*<? TALGAT [3]. , 3*I %=H$> %232> @*1*;$D2 @0%$A$*8:> 1*A?%>1-

30I : @102B'0%&3F< @0@*1*D3F< :*D*32*<. L81*B0. %2322 @*1*;$D2, : N :2A3$%&3F<2 

@10'0;32.$<2 2 0;32< 0@013F<, 0@2:F'$*8:> :%*;?=C2<2 <$812/$<2 @0A033FK @$-

1$<*810': G%*.810<$A32830I 23;?./22 (L), G%*.810:8$82D*:.0I 23;?./22 (,), :0@10-

82'%*32> (R), @10'0;2<0:82 (G). P$;$*8:> @102B'0%&30* @*120;2D*:.0* '0B;*I:8'2* '0 

'1*<*330I 0H%$:82, 'F@0%3>*8:> *A0 HF:810* @1*0H1$B0'$32* "?1&*. N%> .$7;0I D$:-

808F 0@1*;*%>=8:> 3$@1>7*32> ' .$7;0< ?B%*. 5$812/F L 2 , 'FD2:%>=8:> <*80;0< 

<0<*380' [4]. +$@1>7*32> '0 '1*<*330I 0H%$:82 @0%?D$=8:> : @0<0C&= 0H1$830A0 

@1*0H1$B0'$32> "?1&*. 

, ;$330I 1$H08* 1$::<$812'$=8:> ;'* :81?.8?1F @*D$830A0 5": : 801/*'0I 2 : 

%2/*'0I G%*.810<$A32830I :'>B&=. -0@*1*D30* :*D*32* .$7;0I 2B :81?.8?1 (12:. 1) 

0@2:F'$*8:> 0;23$.0'0. +$ @0;%07.* 80%C230I h = 0,5 << 2 ;2G%*.812D*:.0I @1032-

/$*<0:8&= Or = 4 :@*/2$%&3F< 0H1$B0< 1$:@0%07*3F 812 @$1$%%*%&3FK @10'0;32.$ – 

$.82'3FI (4), 0@013FI (L) 2 @$::2'3FI (-). M2123$ @10'0;32.0' w = 15 <<, 80%C23$ 

t = 105 <.<, 1$::80>32* <*7;? @10'0;32.$<2 2 08 .1$> :81?.8?1F ;0 @10'0;32.$ 

s = d = 15 <<. 
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w w 

h 

s t d 

4 - Qr 

L 

w 

6 

 
w w 

h 

s t d 

4 L Qr 

- 

A 
 

(2:. 1. -0@*1*D30* :*D*32* 5" : 801/*'0I (6) 2 %2/*'0I (A) G%*.810<$A32830I :'>B&= 

 

6K*<$ '.%=D*32> 5" 0;23$.0'$ 2 @1*;:8$'%*3$ 3$ 12:. 2. 9:80D32. 81$@*/2*-

'2;3FK 2<@?%&:3FK :2A3$%0' @1*;:8$'%*3 2;*$%&3F< 2:80D32.0< VN6; U1–U4 – ?B%F; 

R – :0@1082'%*32>, 1$'3F* :1*;3*A*0<*812D*:.0<? B3$D*32= '0%30'FK :0@1082'%*32I 

D*830I 2 3*D*830I <0;; ;%23$ :81?.8?1 l = 0.5 < ;%> .$7;0A0 5". R$.7* 3$ :K*<* 0H0-

B3$D*3F H%2732I 2 ;$%&32I .03/F $.82'30A0 (4) 2 @$::2'30A0 (9) @10'0;32.0'.  

 

 
(2:. 2. 6K*<$ '.%=D*32> 5" 

 

"01<F :2A3$%$, 'FD2:%*33F* H*B ?D*8$ @08*1& @12 0;23$.0'FK A*0<*812D*:.2K 

@$1$<*81$K ;%> 5" : %2/*'0I 2 801/*'0I :'>B&= @12 '0B;*I:8'22 2<@?%&:30A0 :2A3$-

%$ : ;%28*%&30:8><2 J10380' 2 @%0:.0I '*1E23F @0 0,1 3: 2 $<@%28?;0I VN6 2 .,, 

@1*;:8$'%*3F :008'*8:8'*330 3$ (2:. 36, A. , 3$D$%* $.82'30A0 @10'0;32.$ %2322 $<-

@%28?;$ 3$@1>7*32> 1$'3$ @0%0'23* VN6 (1 .,). -12 1$B%07*322 2<@?%&:$ ' 5" : 

%2/*'0I :'>B&= (12:. 3, 6) $<@%28?;$ 3$@1>7*32> 3$ ;$%&3*< .03/* $.82'30A0 @10'0;-

32.$ 1$'3$ 150 , (.0GJJ2/2*38 0:%$H%*32> – 7), $ ' 5" ' 801/*'0I :'>B&= (12:. 3, A) – 

500 , (.0GJJ2/2*38 0:%$H%*32> – 2).  
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(2:. 3. "01<F 3$@1>7*32> 3$ H%273*< (–––) 2 ;$%&3*< (– –) .03/$K $.82'30A0 @10'0;32.$ 5"  

: %2/*'0I (6) 2 801/*'0I (A) :'>B&=. N%28*%&30:8& 6O9 – 0,3 3: 

R1 

R2 

R3 

R4 

. 
U1
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U4

5" 

(L, C, R, G, l) 
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"01<F :2A3$%$ @12 '0B;*I:8'22 2<@?%&:30A0 :2A3$%$ : ;%28*%&30:8><2 J10380' 

2 @%0:.0I '*1E23F @0 1 3: 2 $<@%28?;0I 2 ., @1*;:8$'%*3F 3$ 12:. 4. -12 1$B%07*322 

2<@?%&:$ ' 5" : %2/*'0I :'>B&= (12:. 4, 6) $<@%28?;$ 3$@1>7*32> 3$ ;$%&3*< .03/* 

$.82'30A0 @10'0;32.$ 1$'3$ 150 , (.0GJJ2/2*38 0:%$H%*32> – 7), $ ' 5" : 801/*'0I 

:'>B&= (12:. 4, A) – 1000 , (0:%$H%*32> 3*8). 
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(2:. 4. "01<F 3$@1>7*32> 3$ H%273*< (–––) 2 ;$%&3*< (– –) .03/$K $.82'30A0 @10'0;32.$ 5"  

: %2/*'0I (6) 2 801/*'0I (A) :'>B&=. N%28*%&30:8& 6O9 – 3 3: 

 

R$.2< 0H1$B0<, 2::%*;0'$30 1$B%07*32* 6O9 ' @*D$830< 5" ' B$'2:2<0:82 08 

'B$2<30A0 1$:@0%07*32> @10'0;32.0' @12 @10D2K 1$'3FK @$1$<*81$K 3$ @12<*1* 5" 

: 801/*'0I 2 %2/*'0I :'>B&=. -0.$B$30, D80 .0GJJ2/2*38 0:%$H%*32> 5" @12 G80< 

<07*8 08%2D$8&:> ' 3,5 1$B$. 6%*;?*8 08<*828&, D80 @12 1$::<081*322 5" : .$:.$;3F< 

:0*;23*32*< n @$::2'3FK @10'0;32.0', .0GJJ2/2*38 0:%$H%*32> 5" : 1$::<$812'$*-

<F< 1$:@0%07*32*< @10'0;32.0' H?;*8 08%2D$8&:> ' (3,5)
n 
1$B [2]. R$.7* 1*B?%&8$8F 

<0;*%210'$32> @0.$BF'$=8, D80 2B<*3*32* 'B$2<30A0 1$:@0%07*32> @10'0;32.0' @*-

D$830A0 5" <07*8 @0'F:28& ' 10 1$B <$.:2<$%&3?= ;%28*%&30:8& 1$B%$A$*<0A0 6O9. 

O10<* 0D*'2;30A0 @1*2<?C*:8'$, G80 <07*8 HF8& 2:@0%&B0'$30 ;%> ?<*3&E*32> ;%2-

3F 5".  

 

 ""B.8/:6!$. :CD/B!.!/ '6 "J.# 0-6!#6 3/""$<"(/0/ !6%J!/0/ &/!86 (D-/.(# 

H14-19-01232) : L@1@3.. 
 

6@2:0. %28*1$8?1F 

 

1. Genender, E., Garbe, H., Sabath F. Probabilistic Risk Analysis Technique of Intentional Electromag-

netic Interference at System Level // IEEE Trans. on Electromagn. Compat. – Vol. 56, no.1. – Pp. 200–207. – 

Feb. 2014. 

2. P$H0%0/.2I 4. 5. 50;$%&3F* J2%&81F ;%> B$C28F H0180'0I 1$;20G%*.810330I $@@$1$8?1F 

.0:<2D*:.0A0 $@@$1$8$: <030A1$J2> / 4. 5. P$H0%0/.2I, R. (. )$B2B0'. – R0<:.: 9B;-'0 R[6[($, 2013. – 

150 :. 

3. 6'2;*8*%&:8'0 0 A0:?;$1:8'*330I 1*A2:81$/22 @10A1$<<F ;%> V,5 Y2013619615. TALGAT 

2012 / )$B2B0' R. (., 5*%.0B*10' 4. L., )$B2B0' R. R. 2 ;1. P$>'.$ Y2013617773; ;$8$ @0:8?@%*32> 

29.08.2013; P$1*A2:81210'$30 ' (**:81* @10A1$<< ;%> V,5 11.10.2013. 

4. Gazizov, T. R. Analytic expressions for Mom calculation of capacitance matrix of two dimensional 

system of conductors and dielectrics having arbitrary oriented boundaries // Proc. of the 2001 IEEE EMC Symp., 

151–155 (2001).  
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&.#+!/#8!7  '*$! #+<"29  9#&#)$.&!,$!)  !/+40."!7   

!  &#,,.7"!7  #"$.""29  &.1.$')  )&4('-'3  *'+7&!/#8!! 

 

N. N. 6$''23, +. 9. )*1$:2<0' (3$?D3FI 1?.0'0;28*%&) 
 

+@5P   ! « "#$$"-%"&'()$*+ *,*'#-.+ .-#$. /0"1#22"0* 3. 4. 5(,"%2,"6" . 7. 8. 9*6*0.$*» (6.  "0"$#:) 

394064, 6.  "0"$#:, (;. !<*0=> ?";@)#%.,"%, 54* 

 

 !""#$%&'() *'&"*'+%,-()' !(%'(()' ","%'#), $"$.'(($"%, &!""'/(,/ *0$"+$1 20'+%&$#!3(,%($1 -$0() , 

#,(,#,4!5,, #$6($"%, &!""'/(($3$ *$0/ %&78*0'9'-)# 20'+%&,9'"+,# -,.&!%$&$#, - *0'9, +$%$&$3$ -+0:9'() 

"$"&';$%$9'(()' (!3&<4+,. =&,-';'(! #'%$;,+! &!"9'%! &!"*&';'0'(,/ %$+$- - *0'9!8 -,.&!%$&!, ! %!+>' *&,-';'-
() &'4<0?%!%) ,""0';$-!(,/ -).$&! *!&!#'%&$- (!3&<4$+, #,(,#,4,&<:6,8 &!""'/((<: !(%'(($1 #$6($"%?.  

 

@(%'(() /-0/:%"/ ('$%A'#0'#$1 9!"%?: 0:.$1 "$-&'#'(($1 %'8(,9'"+$1 ","%'-
#), &'B!:6'1 4!;!9, &!;,$0$+!5,,, &!;,$(!-,3!5,,, &!;,$"-/4, , %. ;. C$-&'#'(()' 
!(%'(()' ","%'#) $"($-!() (! ,"*$0?4$-!(,, D!4,&$-!(()8 !(%'(()8 &'B'%$+. E;-

(,# ,4 (!,.$0'' $.6,8 *$ +$(D,3<&!5,, %,*$- *&$-$0$9()8 ,40<9!:6,8 "%&<+%<& 

/-0/'%"/ 20'+%&,9'"+,1 -,.&!%$&. 

 !""#$%&,# ","%'#< ,4 %&78 -4!,#($ $&%$3$(!0?()8 %$(+,8 20'+%&,9'"+,8 -,.-

&!%$&$- " ;0,($1 *0'9! l, -$4.<>;!'#)8 *0$"+$1 20'+%&$#!3(,%($1 -$0($1, *&,8$;/-

6'1 " (!*&!-0'(,/, $*&';'0/'#$3$ <30!#, A , B. F &!4&)-) *0'9 -+0:9'() (!3&<4+, W. 

G!;!9! (!8$>;'(,/ %$+$- - *0'9!8 -,.&!%$&$- "-$;,%"/ + (!8$>;'(,: (',4-'"%-
()8 +$2DD,5,'(%$- &!40$>'(,/. H! $"($-' ;!(($3$ *&';"%!-0'(,/ %$+! (',4-'"%()' 
+$2DD,5,'(%) &!40$>'(,/ $*&';'0/:%"/ " ,"*$0?4$-!(,'# #'%$;! I<.($-!-J!0'&+,(! 
[1] ,4 &'B'(,/ ","%'#) 6M !03'.&!,9'"+,8 <&!-('(,1 " 6M (',4-'"%()#, (M - 9,"0$ 

<9,%)-!'#)8 3!&#$(,+ +!>;$3$ %,*!) - -,;': 
 

 
 ! UJT " .   (1) 

 

K!%&,5!  !T  , -'+%$&)-"%$0.5) J , U  ,#':% "%&<+%<&<: 
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.  (2) 

 

F'+%$&-"%$0.'5 J  "$;'&>,% ,"+$#)' +$2DD,5,'(%) &!40$>'(,/. F #!%&,5'  !T  

.0$+,  !0  "$$%-'%"%-<:% (<0'-)# .0$9()# 20'#'(%!#, .0$+,  !C ,  !G ,  !P , ,#':6,' 
&!4#'&($"%? MM ) , $*&';'0/:% -4!,#(<: "-/4? #'>;< 3!&#$(,+!#, -$ -"'8 %&78 

*0'9!8. L0'#'(%) 2%,8 #!%&,5 *$;&$.($ $*,"!() - [2]. H!0,9,' .0$+$-  !*+P  

),,( zyx"*  ),,( zyx"+  *&,-$;,% + ,4#'('(,: &!"*&';'0'(,/ %$+$- - *0'9!8 %&78*0'9'-
-$3$ 20'+%&,9'"+$3$ -,.&!%$&!. H!,.$0'' (!30/;($ 2%$% D!+% *&$/-0/'%"/ *&, -$4.<>-

;'(,, %&78*0'9'-$3$ 20'+%&,9'"+$3$ -,.&!%$&! *!;!:6'1 - *0$"+$"%, xOz  , -

*$0/&,4$-!(($1 -$0($1. F ;!(($# "0<9!', '"0, &!""#!%&,-!%? +!>;$' *0'9$ ,40<9!%'0/ 

- +!9'"%-' $%;'0?($3$ -,.&!%$&!, -$4.<>;'(,' y-*0'9! (' ;$0>($ *&$,"8$;,%?. E;(!+$ 

(!0,9,' 2DD'+%$- *'&'$%&!>'(,/ 20'+%&$#!3(,%($3$ *$0/ #'>;< *0'9!#, %&78*0'9'-
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-$3$ -,.&!%$&! *&,-$;,% + -$4(,+($-'(,: - y-*0'9' %$+$-, +$%$&)' - &/;' "0<9!'- #$-

3<% *&'-)B!%? *$ !#*0,%<;' %$+, - x- , z-*0'9'. M!(($' $."%$/%'0?"%-$ #$>'% *&,-$-

;,%? + "<6'"%-'(($#< ,4#'('(,: ;,!3&!##) &!""'/(,/. 

G!*,B'# %'$&'#< N#$-!-=$1(%,(3! - -,;' 
 

 

- ."/
RS

2< dsrP
  

),( 0,1 .  (3) 

 

F "$$%($B'(,, (3) 2<P  - #$6($"%? "%$&$(('3$ ,"%$9(,+! (*&,(,#!'#!/ !(%'(-

($1 #$6($"%?); ),( 0,1
 

 - *0$%($"%? *$%$+! #$6($"%, 9'&'4 *$-'&8($"%? RS , $8-!%)-

-!:6<: !(%'((<. 

N9,%)-!/ -4!,#$"-/4? #'>;< -'+%$&!#, (!*&/>'(($"%, 20'+%&,9'"+$3$ , #!3-
(,%($3$ *$0'1 - ;!0?('1 4$(', ! %!+>' (!*&!-0'(,'# &!"*&$"%&!('(,/ -$0() *&';"%!-
-,# 2<P  ,4 (3) - -,;' 
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3;' W - ;,!3$(!0?(!/ #!%&,5! -,;!: 
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O!>;)1 .0$+ ][ nW  2 3Nn !,1"  ;!(($1 #!%&,5) - "-$: $9'&';? /-0/'%"/ ;,!3$-

(!0?($1 +-!;&!%($1 #!%&,5'1 &!4#'&($"%, P, ! '3$ 20'#'(%) - 4(!9'(,/ (!3&<4$+, 

-+0:9'(()8 - ,40<9!%'0?. 

=&!-!/ 9!"%? <&!-('(,/ (3) $*&';'0/'%"/ +!+ 
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H!*&/>'(($"%? 20'+%&,9'"+$3$ *$0/, &!""'/(($3$ !(%'(($1 &'B'%+$1 " <97%$# 

*$0<9'(($3$ -)B' *&';"%!-0'(,/ %$+$- *&';"%!-,# "0';<:6,# $.&!4$# 
 

2 3  ! 2 3 7)"
/6 CC

%< XLZLXWEE 0000

1

00 ,),(),(, 0,0,0,0,, *,
*

  

 

 
2 3  ! 2 3 CC XLZLXWE 0000
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.   (6) 

 

F "$$%($B'(,, (7) 2 3 2 3 2 30,0,0, ,,, XyXxX " , 3;' 2 3 n

xm
n

xm SCXx "0, , , 

2 3 n

ym
n

ym SCXy "0, , , ! 20'#'(%) 
n

xmC , 
n

xmS  *&,-';'() - [2]. 
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N"0$-,' #,(,#,4!5,, #$6($"%, &!""'/(($3$ *$0/ *&, "$8&!('(,, <&$-(/ *&,-

(,#!'#$3$ ",3(!0! #$>'% .)%? *&';"%!-0'($ - -,;' ('+$%$&$3$ D<(+5,$(!0! "0';<:-

6,# $.&!4$#: 
 

 2 34 5,
2

)(
0

2

0 CC
xx QgR

WE
W 88889 66 /7." :
 

  (7) 

 

3;' -'+%$& 2 3  ! 1

00 ,
/" ZLX *0,8 , #!%&,5!  

 

2 3 2 34 5 2 3 2 34 5--
66

7"
;

00
;

,, 0,0,<0,0,
44

,,,, LXXLdLXXLR
CC

xx
, 

 

#!%&,5! 
0W

W
Q " . 

 'B'(,' 4!;!9, <"0$-($1 #,(,#,4!5,, #$6($"%, &!""'/(,/ !(%'(($1 &'B'%+, 

(7) <;$-0'%-$&/'% <"0$-,:: 
 

 88 11 // " :QR xx
.  (8) 

 

P4 *$0<9'(($3$ -)&!>'(,/ (8) -,;($, 9%$ 8  /-0/'%"/ "$."%-'(()# -'+%$&$# 

#!%&,5) QRxx
1/

, "$$%-'%"%-<:6,# "$."%-'(($#< 4(!9'(,: : . =&, 2%$# #,(,#,4!5,/ 

#$6($"%, &!""'/(,/ "$$%-'%"%-<'% -).$&< (!,#'(?B'3$ "$."%-'(($3$ 4(!9'(,/ 
min: . 

=$"0' $*&';'0'(,/ "$$%-'%"%-<:6'3$ "$."%-'(($3$ -'+%$&! 
min8  4(!9'(,/ (!3&<4$+, 

$.'"*'9,-!:6,8 #,(,#<# #$6($"%, &!""',-!'#$3$ *$0/, (!8$;/%"/ ,4 &'B'(,/ ","-
%'#) <&!-('(,1 

 

 
2 3  ! min

1

00 , 8"/
ZLX *0, .   (9) 

 

Q$&#<0! (9) *&';"%!-0/'% "$.$1 &'B'(,' 4!;!9, #,(,#,4!5,, #$6($"%, &!""'-
/(($3$ *$0/ *&, "$8&!('(,, <&$-(/ *&,(,#!'#$3$ (,40<9!'#$3$) ",3(!0!. H'$.8$;,#$ 

*$;9'&+(<%?, 9%$ &'B'(,' 4!;!9! <"0$-($3$ 2+"%&'#<#! (9) /-0/'%"/ $;($-&'#'(($ , 

&'B'(,'# 4!;!9, $ ;$"%,>'(,, #!+",#<#! 
0*22< PP / . 

=&, *&$-';'(,, ,""0';$-!(,1 &!""#!%&,-!0"/ %&78*0'9'-$1 20'+%&,9'"+,1 -,.-

&!%$&, " ;0,($1 *0'9! :"l , -$4.<>;!'#)1 *0$"+$1 20'+%&$#!3(,%($1 -$0($1.  !"-
*&';'0'(,' %$+$- - *0'9!8 -,.&!%$&! .'4 -+0:9'(()8 , -+0:9'(()8 (!3&<4+!8 - z-

*0'9, *&, *!;'(,, -$0() *$; <30$# "450 ",  *$+!4!($ (! &,". 1 , 2 "$$%-'%"%-'(($.  

 

 
 ,". 1 
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 ,". 2 

 

 
 ,". 3  

 

O&,-)' 1 , 2 "$$%-'%"%-<:% -+0:9'(,: (!3&<4$+ 1000i E# , –1000i E#. O!+ *$-

+!4!0, ,""0';$-!(,/, - 2%,8 "0<9!/8 - ('-$4.<>;!'#$# y-*0'9' #$3<% -$4(,+!%? %$+,, 

*&'-)B!:6,' *$ !#*0,%<;' %$+, - -$4.<>;!'#)8 x- , z-*0'9!8. 

H! &,". 3 &!""#$%&'( "0<9!1 *!;'(,/ -$0() *$; <30$# 
"300 ",  *&, -+0:9'(,, 

(!3&<4$+ - x- , z-*0'9!8. E.$4(!9'(,' +&,-)8 1 , 2 ,#''% %$% >' "#)"0, 9%$ , (! &,". 2. 

@(!0,4 *$0<9'(()8 &'4<0?%!%$- *$+!4)-!'%, 9%$ *!&!#'%&) -+0:9!'#)8 (!3&<-

4$+ ,4#'(/:% &!"*&';'0'(,' %$+$- - *0'9!8 -,.&!%$&! , "<6'"%-'(()# $.&!4$# -0,/-

:% (! 8!&!+%'& *'&'$%&!>'(,/ *$0'1. 

 
C*,"$+ 0,%'&!%<&) 

 

1. O$&$%+$-$0($-)' !(%'(() / =$; &';. J. G. @14'(.'&3!. – K.:  !;,$ , "-/4?, 1985. – 536 ". 
2. E"$.'(($"%, &!""'/(,/ 20'+%&$#!3(,%()8 -$0( +&'"%$$.&!4()# 20'+%&,9'"+,# -,.&!%$&$# / 

M. M. J!.&,20?/( , ;&. // L0'+%&$#!3(,%()' -$0() , 20'+%&$(()' ","%'#). – 2005. – R 5. – S. 10. – 

C. 14–16. 
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 !"#!$%&  '&  ($)*(+$! ",#!-,.!%/ )*  ! +&  )*  #&0&+1,  

2)#+)$)*  ("3+ ,1)$)*  #!.,)(+! 4,, 

 

P.P. M$(,+!, @.@. H'<;!+,( ((!<9()1 &<+$-$;,%'0?) 

 
 D3E   ! « "#$$"-%"&'()$*+ *,*'#-.+ .-#$. /0"1#22"0* 3. 4. 5(,"%2,"6" . 7. 8. 9*6*0.$*» (6.  "0"$#:) 

394064, 6.  "0"$#:, (;. !<*0=> F";@)#%.,"%, 54* 

E-mail: ircneuss@mail.ru 

 
 !""#$%&'(! #!%'#!%,9'"+!/ #$;'0? ,40<9!:6'3$ &!"+&)-! *,&!#,;!0?($1 !(%'(($1 &'B'%+, .$&%$-$1 

"*<%(,+$-$1 &!;,$"%!(5,, , *&';"%!-0'() &'4<0?%!%) ,""0';$-!(,1 8!&!+%'&,"%,+ (!*&!-0'(($"%, %!+$1 !(%'(($1 

","%'#) *&, ,4#'('(,, 3'$#'%&,, %&'<3$0?($3$ ,40<9!:6'3$ *$0$%(! " 3'+"!3$(!0?()# &!"*$0$>'(,'# ,40<9!%'0'1. 

 

E;(,# ,4 (!,.$0'' "%&'#,%'0?($ &!4-,-!:6,8"/ -,;$- ,(D$&#!5,$(()8 %'8($-

0$3,1 /-0/'%"/ "*<%(,+$-!/ "-/4?, *&';$"%!-0/:6!/ +$#*0'+" ,(D$&#!5,$(()8 <"0<3 
+!>;$#< *$0?4$-!%'0: -(' 4!-,",#$"%, $% '3$ #'"%$*$0$>'(,/ , *'&';-,>'(,/. O$-

#!(;$-!(,/ -$$&<>'(()8 ",0 -';<6,8 2+$($#,9'"+, &!4-,%)8 "%&!( &!""#!%&,-!:% 
"*<%(,+$-<: "-/4? +!+ (!,.$0'' 4(!9,#<: , *&,$&,%'%(<: ;0/ $.'"*'9'(,/ ,(D$&#!-
5,$(($3$ *&'-$"8$;"%-! (! %'!%&!8 -$'(()8 ;'1"%-,1 [1]. F!>('1B,#, +!9'"%-!#, 

"*<%(,+$-$1 "-/4,, +$%$&)#, (' $.0!;!:% ;&<3,' -,;) "-/4,, /-0/:%"/ 30$.!0?()1 

$8-!% , -)"$+,1 +$2DD,5,'(% 3$%$-($"%,T "*$"$.($"%? *&';$"%!-,%? +!(!0) "-/4, ,4 
0:.$1 %$9+, #,&! - $9'(? +$&$%+$' -&'#/. 

F F$'(($-F$4;<B()8 C,0!8 $;(,# ,4 $"($-()8 20'#'(%$- "*<%(,+$-$1 "-/4, 

/-0/'%"/ &!;,$"%!(5,/, <"%!($-0'((!/ (! -$4;<B($# "<;('. P4-'"%($, 9%$ $"($-()' 
%!+%,+$-%'8(,9'"+,' 8!&!+%'&,"%,+, 0:.$1 &!;,$%'8(,9'"+$1 ","%'#) $*&';'0/:%"/ 

'' !(%'(($1 ","%'#$1. C$-&'#'(()' %&'.$-!(,/, *&';A/-0/'#)' + !(%'(()# ","%'#!#, 

#$>($ &'!0,4$-!%? *<%'# ,"*$0?4$-!(,/ !+%,-()8 D!4,&$-!(()8 !(%'(()8 &'B'%$+ 

(@Q@ ). E;(,#, ,4 $"($-()8 8!&!+%'&,"%,+ @Q@  /-0/:%"/ 3'$#'%&,9'"+,' 8!&!+%'-
&,"%,+, ,40<9!:6'3$ &!"+&)-!, + +$%$&)# $%($",%"/ D$&#! , &!4#'&) &!"+&)-!, -4!-
,#($' &!4#'6'(,' ,40<9!%'0'1. 

F [2] *&';0$>'(! *,&!#,;!0?(!/ !(%'((!/ &'B'%+! ;0/ .$&%$-$1 "*<%(,+$-$1  

&!;,$"%!(5,, (&,". 1, *), *&, 2%$# *&';"%!-0'($ #!%'#!%,9'"+$' $*,"!(,' 3'$#'%&,, 

$;($3$ ,4 %&'<3$0?()8 *$0$%'( " 3'+"!3$(!0?()# &!"*$0$>'(,'# ,40<9!%'0'1, *$+!-
4!(($3$ (! &,". 1, F. 

 

   
*       F 

 

 ,". 1. @(%'((!/ &'B'%+!: * – *,&!#,;!; F – %&'<3$0?($' ,40<9!:6'' *$0$%($ 

 

H! $"($-' $%#'9'(($3$ #!%'#!%,9'"+$3$ $*,"!(,/ *&$-';'($ #$;'0,&$-!(,' 
3'$#'%&,, *,&!#,;!0?($1 !(%'(($1 &'B'%+, - #!%'#!%,9'"+$# *&$3&!##($# *!+'%' 
K!%+!;. @03$&,%# D$&#,&$-!(,/ #!"",-! +$$&;,(!% *,&!#,;!0?($1 !(%'(($1 &'B'%-
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+, 4!+0:9!'%"/ - "0';<:6'#. H! $"($-' ,4-'"%()8 +$$&;,(!% x, y, z ,40<9!%'0'1 %&'-
<3$0?($3$ *$0$%(!, *$+!4!(($3$ (! &,". 1, F, (!8$;/%"/ +$$&;,(!%) ;0/ %&'<3$0?()8 

*$0$%'( ASB, BSC, ASC (&,". 1, *). 

M0/ %&'<3$0?($3$ *$0$%(! ASB <9,%)-!'%"/ *$-$&$% ,"8$;($3$ *$0$%(! (&,". 1, F) 

(! <3$0 60
$ 
 *&$%,- 9!"$-$1 "%&'0+, $%($",%'0?($ %$9+, 8 , '3$ (!+0$( (! 45

$
, *&, 2%$# 

+$$&;,(!%) ,40<9!%'0'1 $*&';'0/:%"/ "$$%($B'(,/#,: 
 

2/30cos30sin1 oo zxx .7." ;  

2/30sin60sin1 oo zxy ./." ; 

2/1 zz " . 
 

M0/ %&'<3$0?($3$ *$0$%(!  BSC <9,%)-!'%"/ *$-$&$% ,"8$;($3$ *$0$%(! (! <3$0 

60
$ 
 *$ 9!"$-$1 "%&'0+' $%($",%'0?($ %$9+, ! , '3$ (!+0$( (! 45

$
, *&, 2%$# +$$&;,(!%) 

,40<9!%'0'1 $*&';'0/:%"/ "$$%($B'(,/#,: 
 

2/30cos)60cos1(10060cos2 ooo zxx .//.7." ; 

2/30sin60sin)100(2 oo zxy ././" ; 

2/2 zz " . 
 

M0/ %&'<3$0?($3$ *$0$%(!  ASC <9,%)-!'%"/ (!+0$( ,"8$;($3$ *$0$%(! (! <3$0 

45
$
, *&, 2%$# +$$&;,(!%) $*&';'0/:%"/ "$$%($B'(,/#,: 

 

xx "3 ; 
ozy 45sin3 ." ; 

ozz 45sin3 ." . 
 

H! $"($-' &!""#$%&'(()8 "$$%($B'(,1 " ,"*$0?4$-!(,'# #!%'#!%,9'"+$3$ *&$-

3&!##($3$ *!+'%! K!%+!; *$0<9'( -,; *,&!#,;!0?($1 !(%'(($1 &'B'%+,, *$+!4!(()1 

(! &,". 2. 

 

  
*             F 

 

 ,". 2. =,&!#,;!0?(!/ !(%'((!/ &'B'%+!: * – -,; "-'&8<; F – -,; ".$+< 

 

 !4&!.$%!(()' #!%'#!%,9'"+,' #$;'0, %&'<3$0?($1 , *,&!#,;!0?($1 !(%'(()8 

&'B'%$+ ,"*$0?4$-!() ;0/ ,""0';$-!(,/ ,8 (!*&!-0'(()8 "-$1"%-. =&, 2%$# .)0! ,"-
*$0?4$-!(! #$;'0? !#*0,%<;($1 MH, &!""#$%&'(($1 - [2]. 

M0/ %&'<3$0?($1 !(%'(($1 &'B'%+, *&$-';'() ,""0';$-!(,/ (!*&!-0'(()8 

"-$1"%- *&, ,4#'('(,, <30! "+!(,&$-!(,/ , 3'$#'%&,, !(%'(($1 &'B'%+,. =&, 2%$# 

*$"%&$'() 4!-,",#$"%, <&$-(/ .$+$-)8 0'*'"%+$- (NIU) , B,&,() ;,!3&!##) (!-
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*&!-0'(($"%, (VMH) $% <30! "+!(,&$-!(,/ *&, D,+",&$-!(($# &!""%$/(,, #'>;< ,4-
0<9!%'0/#,.  /; 4!-,",#$"%'1 *$+!4!( (! &,". 3, 4 (&!""%$/(,' #'>;< ,40<9!%'0/#,  d 

<+!4!($ - "!(%,#'%&!8, N – +$0,9'"%-$ ,40<9!%'0'1). C0';<'% $%#'%,%?, 9%$ &!.$9!/ 

;0,(! -$0() "$"%!-0/'% 4 "#. 

 

   
 

 ,". 3. G!-,",#$"%? NIU $% <30! "+!(,&$-!(,/ 

 

   
 

 ,". 4. G!-,",#$"%? VMH $% <30! "+!(,&$-!(,/ 

 

=$ &'4<0?%!%!# !(!0,4! *$0<9'(()8 ;!(()8 #$>($ ";'0!%? "0';<:6,' -)-$;): 

"+$&$"%? ,4#'('(,/ NIU , VMH ;$"%!%$9($ #!0! - *&';'0!8 0
0
…40

0 
 , *&, ,4#'('(,, 

&!""%$/(,/ #'>;< ,40<9!%'0/#, -;$0? "%$&$( %&'<3$0?($1 "'%+, $% 2,7 "# ;$ 4,5 "# 

4(!9'(,/ NIU , VMH #'(/:%"/ - "0';<:6,8 *&';'0!8 "$$%-'%"%-'(($ – (-28…-17) ;I 

, (2,9…3,8) 3&!;.; *&, &!""%$/(,, #'>;< ,40<9!%'0/#, -;$0? "%$&$( %&'<3$0?($1 "'%+, 

.$0?B' ;0,() -$0() (!*&!-0'(()' "-$1"%-! !(%'(($1 &'B'%+, ;$"%!%$9($ -)"$+,. 

M0/ *,&!#,;!0?($1 !(%'(($1 &'B'%+, *&$!(!0,4,&$-!() (!*&!-0'(()' "-$1"%-! 
*&, ,4#'('(,, <30! "+!(,&$-!(,/ - *&';'0!8 ±5

0
 (&,". 5). =&, 2%$#, - *&';'0!8 <30$- 

"+!(,&$-!(,/ VMH W 3
0
 , NIU X -26 ;I. 

F 4!+0:9'(,, #$>($ $%#'%,%?, 9%$ "*<%(,+$-<: &!;,$"%!(5,: " *&';0!3!'#$1 

@Q@  -$4#$>($ ,"*$0?4$-!%? - &!40,9()8 "*<%(,+$-)8 &!;,$0,(,/8, -+0:9!:6,8 

,0, 3'$"%!5,$(!&()', ,0, "&';('$&.,%!0?()', ,0, (,4+$$&.,%!0?()' ,"+<""%-'(()' 
"*<%(,+, 4'#0,. 

M0/ &!.$%) " 3'$"%!5,$(!&()#, "*<%(,+!#, ('$.8$;,#$ ,"*$0?4$-!%? *,&!#,-

;!0?(<: @Q@  - &'>,#' "+!(,&$-!(,/ ±5
0
 "$-#'"%($ %&'8 %&'<3$0?()8 *$0$%'(. M0/ 

&!.$%) "$ "&';('$&.,%!0?()#, , (,4+$$&.,%!0?()#, "*<%(,+!#, ('$.8$;,#$ ,"*$0?-

4$-!%? $%;'0?()' %&'<3$0?()' !(%'(()' &'B'%+, - 4!-,",#$"%, $% (!*&!-0'(,/ (!8$-

>;'(,/ "*<%(,+$-. 
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P"*$0?4$-!(,' %!+$1 !(%'(($1 ","%'#) - "*<%(,+$-$1 &!;,$"%!(5,, $.'"*'9,% 
%&'.<'#<: <*&!-0/'#$"%? 0<9$# @Q@  , -)"$+<: *$#'8$4!6,6'(($"%? &!;,$"%!(5,,. 

 
 ,". 5. MH *,&!#,;!0?($1 !(%'(($1 &'B'%+, 

 

 
C*,"$+ 0,%'&!%<&) 

 

1. V,(+!&'- F. P. C$4;!(,' "$-&'#'(($1 ","%'#) "*<%(,+$-$1 "-/4, – *&,$&,%'%($' (!*&!-0'-
(,' ,""0';$-!(,1 ,("%,%<%! // F$'((!/ #)"0?. F$'(($-*$0,%,9'"+,1 ><&(!0. – 2008. – R 9. – C. 12–19.  

2. H'<;!+,( @. @., M$(,+! P. P. @(%'((!/ &'B'%+! ;0/ .$&%$-$1 "*<%(,+$-$1 &!;,$"%!(5,, // C$-

-&'#'(()' *&$.0'#) &!;,$20'+%&$(,+, : ".. (!<9. %&. [L0'+%&$(()1 &'"<&"] ; (!<9. &';. C. =. =!(?+$. – 

O&!"($/&"+: C,.. D';'&. <(-%, 2014. – C. 415–419. 
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(+#31+3# '*  (, +&5  -03  .,!"!5) !  1–2 667   

 !  )( )$&  6& &+,8&(1)6)  !%6)#,+-!  (  "#,-& & ,&-   

-).&%&*  !1+,$ '9  ,  "!((,$ '9  :%&-& +)$   

$  $,.&   !2)#)$  S-"!#!-&+#)$ 

 

M. @. Y!.,(, @. @. O!0'(%?'-, P. K. M$.<B, M. F. J!&!1", U. P. I!.!+ 

 
G*F"0*<"0.+ .$<#;;#,<(*;@$=> ,"-/@H<#0$=> 2.2<#-, 

C"-2,.I 6"2('*02<%#$$=I ($.%#02.<#< 2.2<#- (/0*%;#$.+ . 0*'."J;#,<0"$.,. (CD!DK) 
E-mail: Zhabi91g@gmail.com, Alexey.Kalentyev@gmail.com, igadobush@gmail.com 

 
=&';"%!-0'() &'4<0?%!%) &!4&!.$%+, $;($+!"+!;($3$ #!0$B<#/6'3$ <",0,%'0/ (KVN) ;,!*!4$(! 9!"%$%  

1–2 JJ5 (! *'9!%($1 *0!%' " *$#$6?: *&$3&!##) ",(%'4! CFZ %&!(4,"%$&()8 <",0,%'0'1 (SN) Geneamp (! $"($-' 
3'('%,9'"+$3$ !03$&,%#!. =&$3&!##! *$4-$0/'% $"<6'"%-,%? !-%$#!%,4,&$-!(()1 "%&<+%<&($-*!&!#'%&,9'"+,1 

",(%'4 *&,(5,*,!0?($1 "8'#) CFZ SN " ,"*$0?4$-!(,'# #$;'0'1 *!"",-()8 , !+%,-()8 20'#'(%$- - -,;' (!.$&$- 

;!(()8 S-*!&!#'%&$-. =&$-';'($ "&!-('(,' &'4<0?%!%$- #$;'0,&$-!(,/ KVN " ,4#'&'(,/#,. 

 

$;<=<>?<. C$-&'#'(($' *&$3&!##($' $.'"*'9'(,' EDA (Electronic Design 

Automation – C@=  20'+%&$(()8 *&,.$&$-) ;0/ CFZ <"%&$1"%-, +!+ *&!-,0$, *$4-$0/'% 
$"<6'"%-0/%? %$0?+$ #$;'0,&$-!(,' (&!"97% 8!&!+%'&,"%,+ *&,(5,*,!0?($1 "8'#) 

<"%&$1"%-! " ,4-'"%()#, ($#,(!0!#, 20'#'(%$-) , (' *&';$"%!-0/'% ,("%&<#'(%$- ;0/ 

!-%$#!%,4,&$-!(($3$ ",(%'4! !+%,-()8 5'*'1. E;(,#, ,4 .!4$-)8 .0$+$- *&,'#$-

*'&';!:6,8 ","%'# /-0/:%"/ CFZ %&!(4,"%$&()' <",0,%'0, (SN). =&$'+%,&$-!(,' 
CFZ SN /-0/'%"/ "0$>()# , %&<;$'#+,# *&$5'""$#, +$%$&)1 ,($3;! $*,")-!'%"/ 

.$0?B' +!+ ,"+<""%-$, ('>'0, +!+ (!<+! [1]. 

='&"*'+%,-()# *$;8$;$# ;0/ !-%$#!%,4!5,, *&$'+%,&$-!(,/ 20'+%&$(()8 "8'# 

/-0/'%"/ ,"*$0?4$-!(,' 2-$0:5,$(()8 !03$&,%#$-, - %$# 9,"0' B,&$+$' *&,#'('(,' 
*$0<9,0, 3'('%,9'"+,' !03$&,%#) (J@). G(!9,%'0?($' +$0,9'"%-$ &!.$% *$"-/6'($ 

",(%'4< $*'&!5,$(()8 <",0,%'0'1 " ,"*$0?4$-!(,'# 2-$0:5,$(()8 *$;8$;$- [2–4], - 

%$>' -&'#/ &!.$%) *$ ",(%'4< "8'# CFZ ;,!*!4$(!, - 9!"%($"%, #!0$B<#/6,8 <",0,-

%'0'1 (KVN), #'('' &!"*&$"%&!('() [5]. 

C$30!"($ *&$-';'(()# ,""0';$-!(,/# $%+&)%)8 ,"%$9(,+$- [3, 4, 6, 7] #$>($ 

";'0!%? -)-$;, 9%$ ;0/ "%&<+%<&($3$ ",(%'4! "8'#) ,"*$0?4<'%"/ $;,( ,4 2-$0:5,$(-

()8 *$;8$;$-, ! ;0/ *!&!#'%&,9'"+$3$ *$,"+! ($#,(!0$- '7 20'#'(%$- *&,#'(/:%"/ 

#'%$;) $*%,#,4!5,,. H!*&,#'&, - &!.$%' [6] ,"*$0?4<'%"/ !03$&,%# ;,DD'&'(5,!0?-

($1 2-$0:5,, " *!&!#'%&!#, $%0,9()#, $% ,"*$0?4<'#)8 *&, "%&<+%<&($# ",(%'4', ! 
- &!.$%' [7] – +-!4,(?:%$($-"+,1 !03$&,%#, $"($-!(()1 (! #'%$;' M2-,;$(!-
Q0'%9'&!-=!<200!. C%$,% $%#'%,%?, 9%$ <+!4!(()' *$;8$;) /-0/:%"/ &'"<&"$'#+,#,, 

%!+ (!*&,#'& Liu B. , Deferm N. - 2012 3$;< ",(%'4,&$-!0, KVN ;,!*!4$(! 80–110 

JJ5 [6] - %'9'(,' 25 9!"$-. 

F &!.$%!8 [8, 9] *&';0$>'( , ,""0';$-!( *$;8$; + !-%$#!%,4,&$-!(($#< "%&<+-

%<&($-*!&!#'%&,9'"+$3$ ",(%'4! CFZ SN (! $"($-' J@, +$%$&)1 .)0 &'!0,4$-!( - *&$-

3&!##' Geneamp. =&, 2%$# - +!9'"%-' #$;'0'1 *!"",-()8 20'#'(%$- ,"*$0?4$-!0,"? 

,;'!0?()' #$;'0, , *!&!#'%&,9'"+,' #$;'0, - -,;' 2+-,-!0'(%()8 "8'#. F [10, 11] 

.)0 *&';0$>'( #$;,D,5,&$-!(()1 *$;8$;, - +$%$&$# - +!9'"%-' #$;'0'1 *!"",-()8 , 

!+%,-()8 20'#'(%$- #$3<% ,"*$0?4$-!%?"/ ('*$"&';"%-'(($ ,4#'&'(()' S-*!&!#'%&), 

*&';"%!-0'(()' - "%!(;!&%()8 D$&#!%!8 *.s2p ,0, *.mdif. 

F ;!(($1 "%!%?' *&';"%!-0'() &'4<0?%!%) &!4&!.$%+, $;($+!"+!;($3$ KVN ;,!-
*!4$(! 9!"%$% 1–2 JJ5, -)*$0('(($3$ *$ %'8($0$3,, *'9!%($3$ #$(%!>!, " *&,#'('(,-

'# #$;'0'1 *!"",-()8 , !+%,-()8 20'#'(%$- - -,;' (!.$&$- S-*!&!#'%&$- - *&$5'""' 
",(%'4!. 
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"@A<BC?@A;D>?< -03 =?DEDFA>D 1–2 667. LDD'+%,-($"%? *$;8$;! [10] *&$-

;'#$("%&,&$-!(! (! *&,#'&' *&$'+%,&$-!(,/ $;($+!"+!;($3$ KVN (! *'9!%($1 *0!%' 
(==). S&'.$-!(,/, *&';A/-0/'#)' + KVN *&,-';'() - %!.0. 1. F *&$5'""' ",(%'4! - 

+!9'"%-' !+%,-()8 20'#'(%$- .)0, ,"*$0?4$-!() B'"%? &!40,9()8 %,*$- #!0$B<#/-

6,8 %&!(4,"%$&$- +$#*!(,, Avago Technologies. F +!9'"%-' *!"",-()8 20'#'(%$- *&,-

#'(/0,"? SMD-+$#*$('(%) D,&# Coilcraft , Panasonic. M0/ +!>;$3$ ,4 20'#'(%$- .)-

0, "3'('&,&$-!() (!.$&) S-*!&!#'%&$-, *$0<9'(()' ,4 20'+%&$(()8 &'"<&"$- *&$,4-
-$;,%'0'1, - ;,!*!4$(' 9!"%$% 0,5–6 JJ5. 

 
S!.0,5! 1 

S&'.$-!(,/ + 8!&!+%'&,"%,+!# KVN 

 

 [f, JJ5 G, ;I NF, ;I |S11|, ;I |S22|, ;I k 

E;($+!"+!;()1 KVN 1-2 13±0,7 X0,8 X-10 X-10 >1 

 

H! "%&<+%<&< <",0,%'0/ .)0, (!0$>'() "0';<:6,' $3&!(,9'(,/: "$30!"<:6,' 
5'*, (C\) ;$0>() "$;'&>!%? 20'#'(%) *$;!9, (!*&/>'(,1 *,%!(,/ , "#'6'(,/ (! 
%&!(4,"%$&), ! %!+>' 20'#'(%) &!4-/4+, *$ *$"%$/(($#< %$+<; -8$;(!/ C\ ;$0>(! 
.)%? &'!+%,-($1 , "$;'&>!%? #,(,#!0?($' 9,"0$ 20'#'(%$-, -+0:9'(()8 *$"0';$-!-
%'0?($ $%($",%'0?($ ",3(!0?($3$ %&!+%!; - 5'*, ,"%$+! %&!(4,"%$&! &!4&'B'($ ,"*$0?-

4$-!(,' ,(;<+%,-($1 *$"0';$-!%'0?($1 $.&!%($1 "-/4, (EC); ;0/ <#'(?B'(,/ +$2D-

D,5,'(%! B<#! *!&!00'0?(!/ EC - <",0,%'0?($# +!"+!;' (' ,"*$0?4$-!0!"?. F *&$5'"-
"' ",(%'4! 8!&!+%'&,"%,+, <",0,%'0/ &!""9,%)-!0,"? - 11 9!"%$%()8 %$9+!8 (1–2 JJ5, 

B!3 0,1 JJ5), ! %&'.$-!(,' + +$2DD,5,'(%< <"%$19,-$"%, <"%!(!-0,-!0,"? -$ -"'# 9!"-
%$%($# ;,!*!4$(' 0,5–6 JJ5. 

F &'4<0?%!%' 10 4!*<"+$- *&$5';<&) ",(%'4!, *&$;$0>,%'0?($"%?: *$ 30 #,(<%, 
.)0 *$0<9'( &/; &'B'(,1, 8!&!+%'&,"%,+, +$%$&)8 *&';"%!-0'() - %!.0. 2. 

 
S!.0,5! 2 

]!&!+%'&,"%,+, ",(%'4,&$-!(()8 KVN 

 

L+"*'&,#'(% G±^G,  ! NF,  ! |S11|,  ! |S22|,  ! k 
"#$%&'()%*+ 

,- 

.#/01  

%1*(2&$%#1*

1 13,19±0,5 0,66 -2,67 -6,84 1,6 -62,66 4 

2 14±0,55 0,65 -3,7 -6,65 1,55 -58,12 4 

3 13,11±0,57 0,65 -3,18 -5,6 1,76 -48,95 4 

4 13,1±0,55 0,65 -3,11 -6,98 2,24 -37,5 4 

5 13±0,26 0,78 -11 -13,67 1,2 0 1 

6 12,84±0,15 0,71 -10,63 -10,72 1,2 0 1 

7 13,05±0,37 0,6 -2,82 -5,18 1,81 -79,28 4 

8 15,88±0,32 0,63 -7,4 -5,98 0,96 -687863 1 

9 13±0,5 0,7 -10,5 -10,5 1,3 0 1 

10 13,1±0,6 0,64 -3,7 -4,28 2 -55,73 4 

 

32 %*45. 2 6& (#, 7%# 810 9+65+0/:/ %104#6*(&+/ ) #650%6#1+;% 3 10<0(&+, 81& 

=%#/ #(& 4*2&1);%$+ (* # (#/ & %#/ >0 %1*(2&$%#10 $ 8#1+ ?#6:/ (#/01#/ 1. .* 

1&$. 1 8#?*2*(: $@0/: ABC, &/0;D&0 (*&5)7<&0 8*1*/0%1:, $%#&% #%/0%&%E, 7%#  5+ 

10<0(&F 5 & 6 4:5& 8#5)70(: # &(*?#6:0 81&(G&8&*5E(:0 $@0/: (1&$. 1,  ), #%5&-

7*;D&0$+ %#5E?# (#/&(*5*/& 8*$$&6(:@ =50/0(%#6. 

.* 2*?5;7&%05E(#/ =%*80 4:5# 6:41*(# 10<0(&0 9 (1&$. 1, !), %.?. #(# #45* *0% 

(*&5)7<&/& @*1*?%01&$%&?*/&. "5+ 6:41*((#'# 10<0(&+ 1*21*4#%*(* %#8#5#'&+ %0$-

%#6#F HH,  #4*650(: G08& 8&%*(&+ & $ &$8#5E2#6*(&0/ 81#'1*//: Microwave Office 
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6:8#5(0(# /# 05&1#6*(&0 @*1*?%01&$%&? ABC (1&$. 2, !). I*2/01: HH ABC 

35×25 //
2
. 

H#$50 &2'#%#650(&+ %0$%#6#F HH & /#(%*>* ABC (1&$. 2,  ) 4:5& 81#60 0(: &2-

/010(&+ JKL @*1*?%01&$%&? (1&$. 2, !). H1& (*81+>0(&& 8&%*(&+ 4 K %#? 8#%10450(&+ 

# (#?*$?* (#'# ABC $#$%*65+0% 60 /M. 

 

C1

L1

TL1
L2 L3 L4

R1 R2

C2 C3 C4

T1

 

C1

L1

TL3

R1 R2

C2 C4

T1

TL1

TL2

TL4 C3

 

!   
I&$. 1. J@0/: ABC, $&(%02&1#6*((:0 6 Geneamp: 10<0(&0 9 (!); 10<0(&+ 5 & 6 (4) 

 

!   

I&$. 2. I02)5E%*%: /# 05&1#6*(&+ & &2/010(&F (!), 

* %*?>0 N#%#'1*N&& =?$801&/0(%*5E(#'# #41*2G* ABC 1-2 OOG ( ) 

 

K %*45. 3 $60 0(: %104#6*(&+ ? #$(#6(:/ 8*1*/0%1*/ # (#?*$?* (#'# ABC, * 

%*?>0  *((:0 /# 05&1#6*(&+ & =?$801&/0(%*. P*? 6& (#, 102)5E%*%: /# 05&1#6*(&+ & 

=?$801&/0(%* &/0;% @#1#<00 $#68* 0(&0. 

 
Q*45&G* 3 

H*1*/0%1: ABC: %104#6*(&+, /# 05&1#6*(&0 & =?$801&/0(% 

 

R%*8: 1*21*4#%?& Sf, OOG G,  ! NF,  ! |S11|,  ! |S22|,  ! 
V8/I8#%1, 

K//M 

I*2/01: 

85*%:, //2 

Q104#6*(&+ 1-2 13±0,7 T0,8 T-10 T-10 4/60 – 

A# 05&1#6*(&0 1-2 13±0,5 T0,7 T-10,5 T-10,5 4/60 35×25 

R?$801&/0(% 1-2 13,6±0,3 T0,9 T-13 T-10,2 4/60 35×25 

 

 !"#$%&'(&. Q*?&/ #41*2#/, 10*5&2#6*((:F 6 81#'1*//0 Geneamp 8# @#  (* #$-

(#60 OM 8#26#5+0% $&(%02&1#6*%E 81&(G&8&*5E(:0 $@0/: JKL ABC $ &$8#5E2#6*(&-

0/ (*4#1#6 S-8*1*/0%1#6 8*$$&6(:@ & *?%&6(:@ =50/0(%#6. R%#  *0% 6#2/#>(#$%E 1*2-

1*4#%7&?) 8#5)7*%E 10*5&2)0/:0 $@0/#%0@(&70$?&0 10<0(&+ $ )70%#/ 10*5E(:@ @*1*?-

%01&$%&? =50?%1#((#F ?#/8#(0(%(#F 4*2: 6:41*((:@ 81#&26# &%050F. RNN0?%&6(#$%E 
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8# @# * 81# 0/#($%1&1#6*(* (* 81&/010 1*21*4#%?& ABC  &*8*2#(* 1–2 OOG (* 80-

7*%(#F 85*%0. 

 
J8&$#? 5&%01*%)1: 

 

1. Aaserud O. Trend in current analog design: a panel debate / O. Aaserud, I. Nielsen // Analog Integrated 

Circuits and Signal Processing. – 1995. – Vol. 7. – U 1. – P. 5–9. 

2. Koza J. Automated synthesis of analog electrical circuits by means of genetic programming / J. Koza, 

F. Bennett // IEEE Trans. on Evolutionary Computation. – 1997. – Vol. 1. – U 2. – P. 109–128. 

3. Sripramong T. The invention of CMOS amplifiers using genetic programming and current flow analy-

sis / T. Sripramong, T. Christofer // IEEE Trans. on CADS of Integrated Circuits and Systems. – 2002. – Vol. 11. 

– U 11. – P. 1237–1252. 

4. Van der Plas G. AMGIE – a synthesis environment for CMOS analog integrated circuits. / G. Van der 

Plas // IEEE Trans. on CAD. – 2001. – Vol. 20. – U 9. – P. 1037–1058. 

5. Potter A. HP RF compiler automates schematic capture and extends capabilities of circuit synthesis /  

A. Potter // Microwave & Wireless Magazine. – 1999. – U 6. – P. 109–117. 

6. Liu B. An efficient high-frequency linear RF amplifier synthesis method based on evolutionary compu-

tation and machine learning techniques / B. Liu, N. Deferm // Computer-Aided Design of Integrated Circuits and 

Systems, IEEE Transactions on. – 2012. – P. 981–993. 

7. Grimbleby, J. Automatic analogue circuit synthesis using genetic algorithms / J Grimbleby // Circuits, 

Devices and Systems, IEE Proceedings. – 2000. –P. 319–323.  

8. A New Genetic-Algorithm-Based Technique for Low Noise Amplifier Synthesis / L. I. Babak,  

A. A. Kokolov, A. A. Kalentyev, D. V Garays // 2012 7th Microwave Integrated Circuits Conference (EuMIC). 

Amsterdam. – 2012. – P. 381–384. 

9. J%1)?%)1(:F $&(%02 JKL %1*(2&$%#1(:@ )$&5&%050F (* #$(#60 '0(0%&70$?#'# *5'#1&%/* $ &$-

8#5E2#6*(&0/ 8*1*/0%1&70$?&@ /# 050F /#(#5&%(:@ =50/0(%#6 / M. M. P*50(%E06, ". K. O*1*F$,  

V. 3. !*4*?, M. M. P#?#5#6, 3. A. "#4)< // J4. %1. 22-F /0> )(*1. P1:/$?#F ?#(N. «JKL-%0@(&?* & %0-

50?#//)(&?*G&#((:0 %0@(#5#'&&». – 2012. – Q. 1. – J. 131–132. 

10. J%1)?%)1(:F $&(%02 JKL %1*(2&$%#1(:@ )$&5&%050F (* #$(#60 '0(0%&70$?#'# *5'#1&%/* $ 

81&/0(0(&0/ /# 050F 8*$$&6(:@ =50/0(%#6 6 6& 0 (*4#1#6 S-8*1*/0%1#6 / M. M. P*50(%E06, ". M. W*4&(, 

3. A. "#4)<, ". K. O*1*F$, V. 3. !*4*? // J4. %1. 24-F /0> )(*1. P1:/$?#F ?#(N. «JKL-%0@(&?* & %050-

?#//)(&?*G&#((:0 %0@(#5#'&&». – 2014. – Q. 1. – J. 117–118. 

11. Kalentyev, A. A. Genetic-Algorithm-Based Synthesis of Low-Noise AmpliÞers with Automatic Se-

lection of Active Elements and DC Biases / A. A. Kalentyev, L. I. Babak, D. V. Garays // The European Micro-

wave Integrated Circuits Conference. – 2014. – P. 520–523. 
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 !"!#$%&"'(   ")*)+&),)-"!.),'(   

+)/)0.),'(  &12)"#$)&  "#  +)-,131"")(  +)-/)4.1   

!  +)/)0")-+&)+50.#%6!(  7!/8$&  "#  1*)  )0"),1   

0  5&),"1   +)-#,/1"!9  +#&#2!$"':  0!*"#/),  ;)/11  200 <;  
 

X. -. !*5E6*
1
, K. K. 36*(&(

2
, A. Y. J*6&<(&?#6

3
,  

M. A. J01>*(%#6
3
 ((*)7(:F 1)?#6# &%05E) 

 
1"#$%&%'% (&)&*& &+. ,. -. .&/0#$*121 34 567 

660036, 2. ./!$#18/$*, 6*!90+21/191* 
23& &/$*&: 21$'9!/$%;0##<: !=/1*1$+&>0$*&: '#&;0/$&%0% &+. ?. @. 50A0%#B;!,  

660014, 2. ./!$#18/$*, C/. &+. 2!)0%< «./!$#18/$*&: /! 1>&:», 31 
3@D64E -F4 «3& &/$*&: (090/!GH#<: '#&;0/$&%0%»  

660074, 2. ./!$#18/$*, 'G. .&/0#$*121, 28 
E-mail: ya.f.balva@mail.ru 

 
3$$50 #6*(* /&(&*%;1(*+ ?#($%1)?G&+ /(#'#81#6# (&?#6#'# 8#5#$?#6#'# 102#(*%#1* (* #$(#60 /(#'#$5#F-

(#F /0%*55# &=50?%1&70$?#F $%1)?%)1:. I*$$/#%10(# 65&+(&0 ?#5&70$%6* 81#6# (&?#6 & %#5D&(:  &=50?%1&70$?&@ 

$5#06 (*  #41#%(#$%E & 102#(*($(:0 7*$%#%: 8016:@  6)@ /#  ?#504*(&F. H#?*2*(#, 7%# 810 5#>0((:F 102#(*%#1 

@*1*?%01&2)0%$+ 2(*7&%05E(#F /&(&*%;1(#$%E; & 4#500 6:$#?#F $#4$%60((#F  #41#%(#$%E; 8# $1*6(0(&; $ &260$%-

(:/& *(*5#'*/&. .* #$(#60 &$$50 )0/#'# 102#(*%#1* $81#0?%&1#6*(: /&(&*%;1(:0 8#5#$(#-81#8)$?*;D&0 N&5E%-

1: $# $601@'5)4#?&/ (–200  !) )1#6(0/ 8# *650(&+ 6 8#5#$0 2*'1*> 0(&+. 

 

P*? &260$%(#, # (&/& &2 6*>(0F<&@ =50/0(%#6 $#610/0((:@ 1* &#%0@(&70$?&@ 

$&$%0/ $6+2&, 1* &#5#?*G&&, 1* &#(*6&'*G&&, * %*?>0 &2/01&%05E(#F *88*1*%)1: +6-

5+;%$+ 7*$%#%(#-$050?%&6(:0 )$%1#F$%6*. Y$(#6(:/& %104#6*(&+/&, 810 9+65+0/:/& 

? %*?&/ )$%1#F$%6*/, +65+;%$+ %0@(#5#'&7(#$%E 6 &2'#%#650(&&, /&(&*%;1(#$%E & /*-

5#0 6(#$&/#0 2*%)@*(&0 $&'(*5* 6 8#5#$0 81#8)$?*(&+, ?#%#1#0 6 8016); #7010 E #8-

10 05+0%$+ $#4$%60((#F  #41#%(#$%E; &$8#5E2)0/:@ 102#(*%#1#6. H1&/0(0(&0 102#(*-

%#1#6 $ 6:$#?#F  #41#%(#$%E; 8#26#5+0% )/0(E<&%E 8#%01& $&'(*5* 6 8#5#$0 81#8)$-

?*(&+ &, $50 #6*%05E(#, )5)7<&%E #%(#<0(&0 $&'(*5/<)/ 6$0F $&$%0/: 6 G05#/. 32-

60$%(#, 7%# 8# $#6#?)8(#$%& %*?&@ @*1*?%01&$%&? ?*? /&(&*%;1(#$%E, (* 0>(#$%E, 

%0@(#5#'&7(#$%E & $%#&/#$%E 6 (*$%#+D00 610/+ # (&/& &2 (*&5)7<&@ +65+;%$+ )$%-

1#F$%6* (* #$(#60 8#5#$?#6:@ 102#(*%#1#6. Q*?>0 &260$%(#, 7%# 2(*70(&0 $#4$%60((#F 

 #41#%(#$%& 8#5#$?#6:@ 102#(*%#1#6 (* 81*?%&?0 6 /0%1#6#/  &*8*2#(0  5&( 6#5( 

#4:7(# (0 8106:<*0% (0$?#5E?&@ $#%0(, 81&70/ #(* )/0(E<*0%$+ $ 8#(&>0(&0/ 7*$%#-

%:. R%# #4)$5#650(# (0$?#5E?&/& N*?%#1*/&, '5*6(:/& &2 ?#%#1:@ +65+;%$+ /*5*+ 

%#5D&(* 81#6# (&?#6 8# $1*6(0(&; $ '5)4&(#F $?&(-$5#+, ?#(07(*+ 81#6# &/#$%E /0-

%*55*, &2 ?#%#1#'# &2'#%#65+;%$+ 8#5#$?#6:0 81#6# (&?&, & (01*6(#/01(#0 1*$810 0-

50(&0 %#?#6 6 8#80107(#/ $070(&& 81#6# (&?#6. H1& =%#/ 6 /0%1#6#/  &*8*2#(0  5&( 

6#5( 2*7*$%); #'1*(&70(&0/ $%*(#6&%$+ (0 %#5E?# (&2?*+  #41#%(#$%E, (# & (081&0/-

50/# 4#5E<&0 1*2/01: %1* &G&#((:@ 8#5#$?#6:@ 102#(*%#1#6. Q*?&/ #41*2#/, 1*21*-

4#%?* (#6:@ %&8#6 /&(&*%;1(:@ 8#5#$?#6:@ 102#(*%#1#6 $ 8#6:<0((#F  #41#%(#-

$%E; +65+0%$+ 6*>(#F 2* *70F, 10<0(&0 ?#%#1#F 8#26#5&% )5)7<&%E @*1*?%01&$%&?& 

$#610/0((:@ 1* &#%0@(&70$?&@ $&$%0/. 

K (*$%#+D0F 1*4#%0 &$$50 )0%$+ ?#($%1)?G&+ /(#'#81#6# (&?#6#'# 8#5#$?#6#'# 

102#(*%#1* [1], 8#26#5+;D*+ 2(*7&%05E(# )/0(E<&%E '*4*1&%: & )5)7<&%E @*1*?%01&-

$%&?& )$%1#F$%6 (* 0'# #$(#60. 

3$$50 )0/:F /(#'#81#6# (&?#6:F 102#(*%#1 (1&$. 1) $# 01>&% /(#'#$5#F(); 

/0%*55# &=50?%1&70$?); $%1)?%)1), 8# 60<0((); /0> )  6)/+ =?1*(*/& 6 /0%*55&-

70$?#/ ?#18)$0 1, & $#$%#+D); &2 8#5#$?#6:@ /0%*55&70$?&@ 81#6# (&?#6 2, =50?%1#-

/*'(&%(# $6+2*((:@ /0> ) $#4#F & 1*2 050((:@ %#(?&/&  &=50?%1&70$?&/& $5#+/& 3. 

H1#6# (&?& $ (070%(:/& (#/01*/& # (&/ ?#(G#/ 2*/?()%: (* =?1*( $ # (#F $%#1#(: 
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8# 5#>?&, * 81#6# (&?& $ 70%(:/& (#/01*/& 2*/?()%: # (&/ ?#(G#/ (* =?1*( $ 81#-

%&6#8#5#>(#F $%#1#(: 8# 5#>?&. H1#6# (&?& /#')% &/0%E, (*81&/01, N#1/) 81+/#-

)'#5E(&?*.  
 

 

2 3 
1 ha 

hd 

w 

lr 
I

 
 

I&$. 1. P#($%1)?G&+ /(#'#81#6# (&?#6#'# 8#5#$?#6#'# 102#(*%#1* (81# #5E(#0 & 8#80107(#0 $070(&0). 

1 – /0%*55&70$?&F ?#18)$; 2 – 8#5#$?#6:0 81#6# (&?&; 3 –  &=50?%1&70$?&0 $5#& 

 

I*(00 [2] 4:5& 81#60 0(: &$$50 #6*(&+ 2*6&$&/#$%& (&>*F<0F 102#(*($(#F 7*$-

%#%: f1 1*$$/*%1&6*0/#'# 8#5#$?#6#'# 102#(*%#1* #% 7&$5* 0'# 81#6# (&?#6 N 81& 

N&?$&1#6*((#F %#5D&(0  &=50?%1&70$?&@ $5#06 hd. !:5# 8#?*2*(#, 7%# $ )605&70(&0/ 

7&$5* 81#6# (&?#6 $%1)?%)1: $#4$%60((*+ 7*$%#%* 102#(*%#1* 8#(&>*0%$+, * $#4$%60(-

(*+  #41#%(#$%E 6#21*$%*0%. Y (*?# &$$50 #6*(&0 65&+(&+  1)'&@ ?#($%1)?%&6(:@ 8*-

1*/0%1#6 102#(*%#1* (* 0'# @*1*?%01&$%&?& (0 81#6# &5#$E. Q*?>0 810 $%*65+0% &(%0-

10$ 1*$$/#%10%E 6#2/#>(#$%E 10*5&2*G&& (* #$(#60 1*$$/*%1&6*0/#'# 102#(*%#1* 7*$-

%#%(#-$050?%&6(:@ )$%1#F$%6, (*81&/01, N&5E%1#6. 

.* 1&$. 2, ! 810 $%*650(: 102)5E%*%: 1*$70%* 6 81#'1*//0 =50?%1# &(*/&70$?#'# 

/# 05&1#6*(&+ 2*6&$&/#$%0F $#4$%60((#F  #41#%(#$%& Q1 &$$50 )0/#'# 102#(*%#1* (* 

7*$%#%0 (&>*F<0F /# : ?#504*(&F #% %#5D&(:  &=50?%1&70$?&@ $5#06 hd 81& (0$?#5E-

?&@ N&?$&1#6*((:@ 2(*70(&+@ 7&$5* 81#6# (&?#6 N = 3, 5 & 7. I*$70% 81#&260 0(  5+ 

N&?$&1#6*((#F 102#(*($(#F 7*$%#%: (&>*F<0F /# : ?#504*(&F f1 = 1 OOG, ?#%#1*+ 8# -

 01>&6*5*$E 8#$%#+((#F 2* $70% &2/0(0(&+  5&(: 102#(*%#1* lr, 81& =%#/ ?#=NN&G&0(% 

8010?1:%&+ 81#6# (&?#6 k = S / lr #$%*6*5$+ (0&2/0((:/ & 1*6(:/ 0.9. Y$%*5E(:0 ?#($%-

1)?%&6(:0 8*1*/0%1: 4:5& $50 );D&/&:  &=50?%1&70$?*+ 81#(&G*0/#$%E $5#06 Z = 2.2, 

<&1&(* 81#6# (&?#6 w = 2 //, 1*$$%#+(&0 #% 601@(0'# & (&>(0'# =?1*(#6  # 8#601@(#-

$%& /(#'#$5#F(#F $%1)?%)1: ha = 3 //, /*%01&*5 81#6# (&?#6 – /0 E. .* 1&$. 2,   810 -

$%*650(: '1*N&?& 2*6&$&/#$%&  5&(: 102#(*%#1*, $##%60%$%6);D&0 '1*N&?*/ 1&$. 2, !. 
 

0.0 0.2 0.4 0.6 0.8 1.0
400 

500 

600 

700 

800 

900 

1000 
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(!) 
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lr, //

N=3 

N=5 

N=7 

( )

 
 

I&$. 2. [*6&$&/#$%E $#4$%60((#F  #41#%(#$%& (!) 102#(*%#1* & 0'#  5&(: ( )  

#% %#5D&(:  &=50?%1&70$?&@ $5#06  5+ 1*2(#'# 7&$5* 81#6# (&?#6 N $%1)?%)1:  
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32 810 $%*650((:@ 2*6&$&/#$%0F 6& (#, 7%# $#4$%60((*+  #41#%(#$%E &$$50 )0-

/#'# 102#(*%#1* /#(#%#((# 6#21*$%*0% $ )/0(E<0(&0/ %#5D&(:  &=50?%1&70$?&@ $5#-

06, 81& =%#/ 1*2/01: 102#(*%#1* )/0(E<*;%$+, 81&70/ @*1*?%01 2*6&$&/#$%0F 6 #4#&@ 

'1*N&?*@ $#@1*(+0%$+ 81& )605&70(&& ?#5&70$%6* 81#6# (&?#6. 

J50 )0% #$#40((# #%/0%&%E, 7%# &$$50 )0/:F /(#'#81#6# (&?#6:F 102#(*%#1 

+65+0%$+ # (&/ &2 $*/:@ /&(&*%;1(:@ &  #41#%(:@ $10 & &260$%(:@ ?#($%1)?G&F 8#-

5#$?#6:@ 102#(*%#1#6. R50?%1# &(*/&70$?&F *(*5&2 8#?*2*5, 7%# %1* &G&#((:F # (#-

81#6# (&?#6:F 70%601%E6#5(#6:F 102#(*%#1 81& 81#7&@ 1*6(:@ )$5#6&+@ &/00%  5&() 

81&/01(# (*  6* 8#1+ ?* 4#5E<); & 6 (0$?#5E?# 1*2 /0(E<); $#4$%60(();  #41#%-

(#$%E. 

.*1*6(0 $  #41#%(#$%E; # (#F &2 6*>(0F<&@ @*1*?%01&$%&? 5;4#'# 102#(*%#1* 

+65+0%$+ #%(#<0(&0  6)@ 8016:@ 102#(*($(:@ 7*$%#% f2 / f1, ?#%#1#0, 6 7*$%(#$%&, #810-

 05+0% 81#%+>0((#$%E 8#5#$: 2*'1*> 0(&+ 6 N&5E%1*@ (* 0'# #$(#60. .* 1&$. 3, ! 810 -

$%*650(* 2*6&$&/#$%E 7*$%#%: (&>*F<0'# 102#(*($* #% %#5D&(:  &=50?%1&70$?&@ $5#-

06  5+ 3, 5 & 7-81#6# (&?#6:@ $%1)?%)1, * (* 1&$. 3,   – #%(#<0(&0  6)@ 8016:@ 102#-

(*($(:@ 7*$%#% f2 / f1. I*$70% 81#&260 0( 81& ?#($%1)?%&6(:@ 8*1*/0%1*@ 102#(*%#1* 

)?*2*((:@ 6:<0. "5&(* 102#(*%#1* 4:5* 2*N&?$&1#6*(* 2(*70(&0/ 30 //. K& (#, 7%# 

81& )/0(E<0(&& <&1&(:  &=50?%1&70$?&@ $5#06 $ 1  # 0.1 // 7*$%#%* 102#(*($* f1 8#-

(&>*0%$+ 4#500 70/ 6 3 1*2*, * #%(#<0(&0 f2 / f1 6#21*$%*0% 8#7%& 6 3 1*2*. 
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I&$. 3. [*6&$&/#$%E 7*$%#%: (&>*F<0'# 102#(*($* f1 (!) & #%(#<0(&+ 7*$%#% 6%#1#'#  

& 8016#'# 102#(*($#6 f2 / f1 ( ) 102#(*%#1* #% %#5D&(:  &=50?%1&70$?&@ $5#06  

81& 7&$50 81#6# (&?#6 $%1)?%)1:, 1*6(#/ 3, 5 & 7 

 

.* #$(#60 &$$50 )0/#'# 102#(*%#1* 6 81#'1*//0 =50?%1# &(*/&70$?#'# /# 05&-

1#6*(&+ 4:5 $81#0?%&1#6*( 8#5#$(#-81#8)$?*;D&F N&5E%1 <0$%#'# 8#1+ ?* $ 7&$5#/ 

81#6# (&?#6 102#(*%#1#6 N = 7. .* 1&$. 4 810 $%*650(: 1*$$7&%*((:0 7*$%#%(:0 @*-

1*?%01&$%&?& ?#=NN&G&0(%* 81#@#> 0(&+ =%#'# N&5E%1* 6 )2?#F & <&1#?#F 8#5#$0 

7*$%#%. ,0(%1*5E(*+ 7*$%#%* 8#5#$: 81#8)$?*(&+ N&5E%1* f1 = 1 OOG 81& 00 #%(#$&-

%05E(#F <&1&(0 \f / f1 = 10 %. "&=50?%1&70$?#+ 81#(&G*0/#$%E $5#06 Z = 2.2, <&1&(* 

81#6# (&?#6 w = 2 //, 1*$$%#+(&0 #% 601@(0'# & (&>(0'# =?1*(#6  # 8#601@(#$%& /(#-

'#$5#F(#F $%1)?%)1: ha = 4 //, %#5D&(*  &=50?%1&70$?&@ $5#06 hd = 125 /?/, /*%01&*5 

81#6# (&?#6 – /0 E. "5&(* 102#(*%#1#6 81& %*?&@ ?#($%1)?%&6(:@ 8*1*/0%1*@ $#$%*-

6&5* 6$0'# lr = 6.5 //. K()%10((&0 '*4*1&%: N&5E%1* 6.5@45@9 //
3
. 

32 810 $%*650((:@ 2*6&$&/#$%0F 6& (#, 7%# N&5E%1 #45* *0% 6:$#?#F ?1)%&2(#F 

$?5#(#6 645&2& 8#5#$: 81#8)$?*(&+ & 2(*7&%05E(:/ )1#6(0/ 2*%)@*(&+ 6 8#5#$*@ 8#-
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 *650(&+. Q*? 6:$#?#7*$%#%(*+ 8#5#$* 8# *650(&+ 81#$%&1*0%$+  # 7*$%#%: 5f1 81& 

)1#6(0 2*%)@*(&+ 6 =%#F 8#5#$0 4#500 200  ! (#$5*450(&0 6 10
20

 1*2 8# /#D(#$%&), * 8# 

)1#6(; 2*%)@*(&+ 140  ! #(* 81#$%&1*0%$+  # 7*$%#%: ~18 f1, 7%# +65+0%$+ 10?#1 (#F 

605&7&(#F  5+ ?#($%1)?G&F 8#5#$?#6:@ N&5E%1#6. H1& =%#/ N&5E%1 @*1*?%01&2)0%$+ 

2(*7&%05E(#F /&(&*%;1(#$%E; & /*5:/& 6(#$&/:/& 8#%01+/& 6 8#5#$0 81#8)$?*(&+.  
 

 

0 5 10 15  f, OOG 

-200

-150

-100

-50

0

0.8 0.9 1.0 1.1 1.2
-50

-30

-10

0 S21,  ! 

 
 

I&$. 4. I*$$7&%*((:0 2*6&$&/#$%& ?#=NN&G&0(%* 81#@#> 0(&+ N&5E%1* <0$%#'# 8#1+ ?*  

(* #$(#60 &$$50 )0/#'# /(#'#81#6# (&?#6#'# 102#(*%#1* 

 

Q*?&/ #41*2#/, 6 1*4#%0 &$$50 #6*(* ?#($%1)?G&+ /(#'#81#6# (&?#6#'# 8#5#$-

?#6#'# 102#(*%#1*. H#?*2*(#, 7%# 0'# 81&/0(0(&0  5+ ?#($%1)&1#6*(&+ 8#5#$(#-

81#8)$?*;D&@ N&5E%1#6 8#26#5+0%  #$%&7E 6:$#?#F /&(&*%;1(#$%& & $050?%&6(#$%&, 

81& =%#/ 6*>(:/ 810&/)D0$%6#/ +65+0%$+ & %#, 7%# %*?&0 )$%1#F$%6* /#')% &2'#%*65&-

6*%E$+ 8#5(#$%E; 8# &(%0'1*5E(#F %0@(#5#'&&. 

 

5! 1%! ;<C1G#0#! C/& C1990/J*0 ?&#&$%0/$%;! 1 /!)1;!#&8 & #!'*& 51$$&:-

$*1: @090/!K&&, $12G!A0#&0 L 14.607.21.0039. 
 

J8&$#? 5&%01*%)1: 

 

1. H*%0(% I- U 2470418. A&(&*%;1(:F 8#5#$?#6:F 102#(*%#1 / !. M. !05+06, X. -. !*5E6*,  

M. M. V0?$&?#6, M. A. J01>*(%#6; Y8)45. 20.12.2012. – !;5. U35. 

2. J01>*(%#6 M. A. 3$$50 #6*(&0 6:$#?# #41#%(#'# 8#5#$?#6#'# 102#(*%#1* (* #$(#60 /(#'#-

$5#F(#F /0%*55# &=50?%1&70$?#F $%1)?%)1: // 326. 6)2#6. -&2&?*. – 2012. – U 9/2. – J. 27–30. 
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5=1;")- 1$)-!=10.!(  .) +/1.0  /#;)&#$)&"':  0$1"-),  

-/9  +&1+)-#,#"!9  &#-!)$1:"!=10.)(  -!0>!+/!"'  

«50$&)(0$,#  0,=  !  #"$1""'» 

 

M. J. [60 0(;?, M. J. P&$5&G*, K. J. H*(E?# ((*)7(:F 1)?#6# &%05E) 

 
"#$%&%'% &#J0#0/#1: (&)&*& & /!9&1=G0*%/1#&*& @D64E -F4 3@E  

660074, 2. ./!$#18/$*, 'G. .&/0#$*121, 28  

E-mail: Jlifeunder@yandex.ru 

 
Y8&$:6*0%$+ )704(#-/0%# &70$?&F ?#/850?$, #40$807&6*;D&F 6$0$%#1#((00 2(*?#/$%6# $%) 0(%#6 $ 81&(-

G&8*/&  0F$%6&+ *(%0(( 1*25&7(#'# %&8*. H1& 1*4#%0 $ ?#/850?$#/ 6:8#5(+0%$+ %0#10%&70$?&F 1*$70% @*1*?%01&-

$%&? *(%0((, 7&$50((#0 /# 05&1#6*(&0 & =?$801&/0(%*5E(*+ 81#601?* 102)5E%*%#6. K $#$%*6 ?#/850?$* 6@# +% /*-

%0/*%&70$?&0 /# 05& *(%0(( 6 MathCAD, =50?%1# &(*/&70$?&0 /# 05& 6 CST Microwave Studio, 5*4#1*%#1(:0 /*?0-

%: *(%0((. A*?0%: &2'#%#650(: 81#$%:/ &  0<06:/ 807*%(:/ $8#$#4#/ $ &$8#5E2#6*(&0/ %0@(#5#'&& 6#5(#6# *, 

&(%0'1&1#6*((#'# 6 8# 5#>?), 7%# 8#26#5+0% &/0%E (0$?#5E?# =?20/85+1#6 *(%0((: # (#'# %&8* $ 1*2(:/& 8*1*-

/0%1*/&, & &$$50 #6*%E 65&+(&0 ?#($%1)?%&6(:@ 8*1*/0%1#6 *(%0((: (* 00 @*1*?%01&$%&?&. 

 

H1& 8# '#%#6?0 $%) 0(%#6 8# ?)1$*/ «R50?%1# &(*/&?* & 1*$81#$%1*(0(&0 1*-

 &#6#5(», «C$%1#F$%6* JKL & *(%0((:» 81#6# +%$+ 5*4#1*%#1(:0 2*(+%&+, 8#$6+D0(-

(:@ &2)70(&; 81&(G&8#6  0F$%6&+ &25)7*;D&@ )$%1#F$%6 1*25&7(#'# %&8*. H1#60 0-

(&0 %*?&@ 2*(+%&F %104)0% &$8#5E2#6*(&+ $80G&*5E(:@ $%0( #6, 810 $%*65+;D&@ $#-

4#F &2/01&%05E(:F 81&4#1 & (*4#1 /*?0%#6 &25)7*;D&@ )$%1#F$%6. P*? 81*6&5#, 6 

1*$8#1+>0(&& 6)2#6 &/00%$+ &2/01&%05E(*+ %0@(&?* 6  #$%*%#7(#/  5+ 6:8#5(0(&+ 

1*4#% #490/0. Y (*?#, /*?0%: &25)7*;D&@ )$%1#F$%6, #4:7(# 5&4# #%$)%$%6);%, 5&4# 

&/0;%$+ 6 ?1*F(0 #'1*(&70((#/ ?#5&70$%60, (0 8#26#5+;D0/ 6 8#5(#/ #490/0 81# 0-

/#($%1&1#6*%E 81&(G&8: &@  0F$%6&+. K $6+2& $ =%&/ *?%)*5E(#F 2* *70F +65+0%$+ 1*2-

1*4#%?* ?#/850?%* 5*4#1*%#1(:@ /*?0%#6, 5&?6& &1);D&@ =%#% 81#405. 

Y$#40((#$%E; 8108# *6*(&+  *((:@  &$G&85&(, &2)7*;D&@ =50?%1#/*'(&%(#0 

8#50 & &25)7*;D&0 )$%1#F$%6*, +65+0%$+ (06#2/#>(#$%E (*'5+ (#'# 810 $%*650(&+ 

81#%0?*;D&@ 81#G0$$#6. J%) 0(%: $ %1) #/ 6#$81&(&/*;% 81&(G&8  0F$%6&+ & #$#-

40((#$%& N)(?G&#(&1#6*(&+ *(%0((#-N& 01(:@ )$%1#F$%6. Y (*?# &$8#5E2#6*(&0 $#-

610/0((:@ 81#'1*//(:@ & *88*1*%(:@ $10 $%6 8#26#5+0% 6:8#5(&%E 6&2)*5&2*G&; 

=50?%1#/*'(&%(:@ 81#G0$$#6 (* ?#/8E;%010, * 2*%0/ 8# %601 &%E %0#10%&70$?&0 810 -

8#$:5?& 8)%0/ &2/010(&+ @*1*?%01&$%&? (* /*?0%*@ 10*5E(:@ *(%0((. 

K #8&$:6*0/#/ )704(#-/0%# &70$?#/ ?#/850?$0 &$8#5E2)0%$+ $?6#2(*+ /0%# #-

5#'&+ 8108# *6*(&+, $#70%*;D*+ 6 $040 %0#10%&70$?#0 1*$$/#%10(&0, 7&$50((#0 /# 0-

5&1#6*(&0 & =?$801&/0(%*5E(); 81#601?) 102)5E%*%#6. K $#$%*6 ?#/850?$* 6@# +%: /*-

%0/*%&70$?&0 /# 05&, =50?%1# &(*/&70$?&0 /# 05&, 5*4#1*%#1(:0 /*?0%:, /0%# &70-

$?#0 #40$8070(&0. "5+ &2)70(&+ &$8#5E2)0%$+ <&1#?&F 1+  *(%0((, 6 %#/ 7&$50:  

  6&41*%#1(:0 *(%0((: ($&//0%1&7(:F 6&41*%#1, *(%0((: %&8* «6#5(#6#F ?*-

(*5»); 

  <&1#?#8#5#$(:0 &25)7*%05& (*(%0((* K&6*5E &, 6&41*%#1(*+ 5#'#801&# &70-

$?*+ *(%0((*, <&1#?#8#5#$(:F $&//0%1&7(:F 6&41*%#1); 

  *(%0((:0 10<0%?& (5&(0F(*+ *(%0((*+ 10<0%?* (MI) $ 8*1*5505E(:/ 1*6(#*/-

85&%) (:/ 8&%*(&0/, 5&(0F(*+ MI $ (01*6(#/01(:/ N*2#6:/ & */85&%) (:/ 1*$810-

 050(&0/, 85#$?&0 MI $ ?6* 1*%(:/ & '0?$*'#(*5E(:/ 1*$8#5#>0(&0/ =50/0(%#6, 6#5-

(#6# (#-D0506:0 10<0%?&); 

  *801%)1(:0 *(%0((: (1)8#1(*+ $0?%#1&*5E(*+ *(%0((*, 201?*5E(*+ 8*1*4#5&-

70$?*+ $0?%#1(*+ *(%0((*);  
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  $?*(&1);D&0 *(%0((: (5&(0F(*+ MI $ 5&(0F(:/ N*2#6:/ 1*$810 050(&0/, 5&-

(0F(*+ MI $ 8#$50 #6*%05E(:/ 8&%*(&0/ & 7*$%#%(:/ $?*(&1#6*(&0/, /(#'#5)706*+ MI). 

K @# 0 6:8#5(0(&+ 5*4#1*%#1(:@ 1*4#% $%) 0(%#/ #$)D0$%65+;%$+ $50 );D&0 

 0F$%6&+:  

1. Y% 8108# *6*%05+ 8#$%)8*0% 2* *(&0 (* *(*5&2 *(%0((: #810 050((#'# %&8*.  

2. H# 2* *((:/ 1*2/01*/ & %&8) *(%0((: $ 8#/#DE; /*%0/*%&70$?#F /# 05& 6:-

8#5(+0%$+ 1*$70% #$(#6(:@ @*1*?%01&$%&?:  &*'1*//* (*81*650((#$%& (".), 6@# (#0 

$#81#%&650(&0, ?#=NN&G&0(% #%1*>0(&+ (* 6@# 0 *(%0((:, ?#=NN&G&0(% (*81*650((#-

'#  0F$%6&+. M(*5&2&1)0%$+ 2*6&$&/#$%E @*1*?%01&$%&? *(%0((: #% 00 8*1*/0%1#6.  

3. K:8#5(+0%$+ (*$%1#F?* =50?%1# &(*/&70$?#F /# 05&, 8# '#%#650((#F 6 JMHI 

JKL, 6 $##%60%$%6&& $ &$@# (:/&  *((:/&. I*$$7&%:6*;%$+ 1*$810 050(&0 =50?%1#-

/*'(&%(#'# 8#5+ &  1)'&0 @*1*?%01&$%&?& /# 05&. .* #$(#6*(&& 8#5)70((:@ 102)5E%*-

%#6 $%) 0(% 2(*?#/&%$+ $ 81&(G&8#/  0F$%6&+ )$%1#F$%6* 81& 8#/#D& 6&2)*5&2*G&& 

=50?%1#/*'(&%(:@ 81#G0$$#6 6 10>&/0 10*5E(#'# 610/0(&.  

4. .* 5*4#1*%#1(#/ $%0( 0 &2/01+;%$+ 1*$$7&%*((:0 1*(00 @*1*?%01&$%&?& /*?0-

%*. H1#&26# &%$+ $1*6(&%05E(:F *(*5&2. 

P*? 81*6&5#, &2'#%#650(&0 /*?0%#6 *(%0((, 6 #$#40((#$%& *801%)1(:@, $#81+>0(# 

$# 2(*7&%05E(:/&  0(0>(:/& 2*%1*%*/&, %*? ?*? %104)0% &$8#5E2#6*(&+ '1#/#2 ?&@ & 

 #1#'#$%#+D&@ 6#5(#6# #6, /0%*55&70$?&@ 10N50?%#1#6 & %.  . K #%5&7&0 #% #4D081&-

(+%#'# 8# @# *, 6$0 /*?0%:, 6@# +D&0 6 )704(:F ?#/850?$, &2'#%#650(: 8#  0<06#F & 

@#1#<# #%5*>0((#F 807*%(#F %0@(#5#'&&. H1& =%#/ /*?0%:, 810 $%*65+;D&0 $#4#F 

6#5(#6# (:0 &5& *801%)1(:0 &25)7*%05& (6#5#(#6# (#-D0506*+ *(%0((*+ 10<0%?*, 1)-

8#1(*+ *(%0((*) &2'#%*65&6*;%$+ 8# %0@(#5#'&& 6#5(#6# *, &(%0'1&1#6*((#'# 6 8# -

5#>?) – substrate integrated waveguide (SIW) [1]. Q*?#F 6#5(#6#  #41*2)0%$+  6)/+ 1+-

 */& /0%*55&2&1#6*((:@ #%601$%&F 6 807*%(#F 85*%0, ?#%#1:0 #40$807&6*;% =50?%1&-

70$?#0 $#0 &(0(&0  6)@ $%#1#( /0%*55&2*G&& 807*%(#F 85*%:, & N#1/&1);%, %*?&/ #4-

1*2#/, 2*/?()%); 8#5#$%E 6#5(#6# * 6  &=50?%1&?0 8# 5#>?& (1&$. 1). 3$8#5E2#6*(&0 

 *((:@ %0@(#5#'&F 8#26#5+0% 2*/0%(# $(&2&%E $040$%#&/#$%E /*?0%#6, $#@1*(++ 81& 

=%#/ @*1*?%01(:0 #$#40((#$%& &$$50 )0/:@ *(%0((. .&2?*+ $%#&/#$%E /*?0%#6 8#26#-

5+0% &2'#%#6&%E (0$?#5E?# =?20/85+1#6 *(%0((: # (#'# %&8* $ 1*2(:/& 8*1*/0%1*/& 

((*81&/01, K]MI 1*25&7(#F  5&(: [2], 5&4# 1)8#1(); *(%0(() $ 1*2(:/ 1*2/01#/ 

1*$?1:6*). R%#  *0% 6#2/#>(#$%E 81# 0/#($%1&1#6*%E $%) 0(%*/ #$#40((#$%& 1*4#%: 

*(%0(( & &$$50 #6*%E 65&+(&0 ?#($%1)?%&6(:@ 8*1*/0%1#6 *(%0((: (* 00 @*1*?%01&-

$%&?&. 

 

 
I&$. 1. K#5(#6# , &(%0'1&1#6*((:F 6 8# 5#>?) 

 

.* 1&$. 2–5 810 $%*650(: (0?#%#1:0 81&/01:,  0/#($%1&1);D&0 $#$%*6 =50?-

%1# &(*/&70$?&@ /# 050F & /*?0%#6, 6@# +D&@ 6 ?#/850?$. K$0 /*?0%: 1*4#%*;% 6 # -

(#/  6)@ #4D&@  &*8*2#(#6 7*$%#%: 2–4 OOG & 6–12 OOG, 7%# 8#26#5+0% &$8#5E2#6*%E &@ 

$#6/0$%(# $ <&1#?# 1*$81#$%1*(0((:/& &2/01&%05E(:/& 81&4#1*/& A&?1*( I2A-4, 

A&?1*( I2A-18. 
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I&$. 2. A# 05E 807*%(#'# $&//0%1&7(#'# 6&41*%#1* 

 

 
 

I&$. 3. A*?0% 6#5(#6# (#-D0506#F *(%0((#F 10<0%?& 

 

 
 

I&$. 4. A# 05E 7-$0?%#1&*5E(#F 1)8#1(#F *(%0((: 

 

  
I&$. 5. A# 05E /&?1#8#5#$?#6#F *(%0((: 81+/#)'#5E(#F N#1/: 

 

5! 1%! ;<C1G#0#! C/& C1990/J*0 ?&#&$%0/$%;! 1 /!)1;!#&8 & #!'*& 5@ ;  !-

)1;1: >!$%& 7"5, ;<C1G#80+<M C1 21$'9!/$%;0##1+' )!9!#&N ; @D64E -F4 «3& &/-

$*&: (090/!GH#<: '#&;0/$&%0%», .D6E «./!$#18/$*&: */!0;1: (1#9 C1990/J*& #!-

'>#1: & #!'>#1-%0M#&>0$*1: 908%0GH#1$%&». 
 

J8&$#? 5&%01*%)1:  
 

1. M. Bozzi, A. Georgiadis, and K. Wu, "Review of Substrate Integrated Waveguide (SIW) Circuits and 

Antennas," IET Microwaves, Antennas and Propagation, Vol. 5, No. 8, pp. 909–920, June 2011. 

2. K#5(#6# (#-D0506*+ *(%0((*+ 10<0%?* ^- &*8*2#(* (* #$(#60 &(%0'1&1#6*((:@ 6 8# 5#>?) 

6#5(#6# #6 / P. K. V0/401', Y. M. .*2*1#6, K. J. H*(E?#, _.H. J*5#/*%#6 // 326. 6)2#6. -&2&?*. – 2013. – 

U 8/2. – Q. 56. – J. 105–107.  
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+9$!2,1""'1  7!/8$&'   

"#  ,)/"),)-")-61/1,':   1 ;&#"#:   

0  &#2/!="' !  ,1/!=!"# !  3!&!"'  61/1( 
 

.. M. P#8:5#6*,  

M. -. P#8:5#6, .. M. M50?$006* ((*)7(:0 1)?#6# &%05&) 

 
"#$%&%'% &#J0#0/#1: (&)&*& & /!9&1=G0*%/1#&*& @D64E -F4 3@E  

660074, 2. ./!$#18/$*, 'G. .&/0#$*121, 28 
E-mail: kopaph@yandex.ru 

 
H10 $%*650(: 102)5E%*%: =?$801&/0(%*5E(#'# &$$50 #6*(&+ */85&%) (#-7*$%#%(:@ @*1*?%01&$%&? (ML^) 

8+%&260((:@ N&5E%1#6 (* 6#5(#6# (#-D0506:@ /0/41*(*@ (K]A) 6  &*8*2#(0 7*$%#% 5,4 OOG…8,5 OOG (6#5(#6#  

35@15 //). -&5E%1: 810 $%*65+;% $#4#F ?*$?* (# $#0 &(0((:0 K]A $# $50 );D0F $%1)?%)1#F: 8016*+ K]A 

%#5D&(#F 6 // $# D05E; 22 //; 6%#1*+ K]A %#5D&(#F 0,25 // $# D05E; 6*1E&1)0/#F <&1&(: «B»; %10%E+ K]A 

%#5D&(#F 10 // $# D05E; 15 //; 70%601%*+ K]A %#5D&(#F 0,25 // $# D05E; 6*1E&1)0/#F <&1&(: «B»; 8+%*+ 

K]A %#5D&(#F 6 // $# D05E; 22 //. ML^ N&5E%1#6 +65+;%$+ 8#5#$(#-81#8)$?*;D&/& <&1#?#8#5#$(:/&, & 81& 

)605&70(&& 605&7&(: D05& 6*1E&1)0/#F <&1&(: «B» 6%#1#'# & 70%601%#'# 260(E06 8#?*2:6*;% )@#  8#5#$: 81#-

8)$?*(&+ 6601@ 8# 7*$%#%0, )605&70(&0 <&1&(: 8#5#$: 81#8)$?*(&+ $ )/0(E<0(&0/ 6 (0F 8#%01E, )/0(E<0(&0 ?1)-

%&2(: $?*%#6 ML^. 

 

K (*$%#+D0F 1*4#%0 /: 810 $%*65+0/ 102)5E%*%: =?$801&/0(%*5E(#'# &$$50 #6*-

(&+ */85&%) (#-7*$%#%(:@ @*1*?%01&$%&? (ML^) 8+%&260((:@ N&5E%1#6 (* 6#5(#6# (#-

D0506:@ /0/41*(*@ (K]A) $ 1*25&7(#F <&1&(#F D050F 6  &*8*2#(0 7*$%#% #% 5,4 OOG 

 # 8,5 OOG. P#($%1)?G&+ &$$50 #6*((:@ N&5E%1#6 8# #41*(* (*/& =?$801&/0(%*5E(# 

%*?, 7%#4: */85&%) (#-7*$%#%(*+ @*1*?%01&$%&?* N&5E%1#6 &/05* 8#5#$) 81#8)$?*(&+, 

* 65&+(&0 K]A $ 1*25&7(#F <&1&(#F D05& 4:5# 4: 4#500 (*'5+ (#. .* 1&$. 1, !,   

$@0/*%&70$?& 8#?*2*(: 1&$)(?& ?#($%1)?G&F &$$50 #6*((:@ N&5E%1#6. 

 

B

2
2
 /
/

B

S2 S4
S1 S5S3  

!       

I&$. 1. P#($%1)?G&F &$$50 #6*((:@ N&5E%1#6: ! – #4#4D0((*+ %#8#5#'&+ K]A-$%1)?%)1:; 

  – #4#4D0((*+ ?#($%1)?G&+ &$$50 #6*((:@ N&5E%1#6, 6&  $4#?) 

 

P*? 6& (# &2 1&$. 1,  , &$$50 #6*((:0 (*/& N&5E%1: &/0;% $&//0%1&7(); $%1)?-

%)1) & $# 01>*% ?*$?* (# 6?5;70((:0 /0> ) $#4#F 8016); K]A %#5D&(#F S1 = 6 // 

$# D05E; 22 //, 6%#1); K]A %#5D&(#F S2 = 0,25 // $# D05E; 6*1E&1)0/#F <&1&(: 

«B», %10%E; K]A %#5D&(#F S3 = 10 // $# D05E; 15 //, 70%601%); K]A %#5D&(#F 

S4 = 0,25 // $# D05E; 6*1E&1)0/#F <&1&(: «B», 8+%); K]A %#5D&(#F S5 = 6 // $# 

D05E; 22 //. B&1&(* «B» 6*1E&1)0/#F D05& 6%#1#F & 70%601%#F K]A $#$%*65+0% 

1 // –  5+ 8016#'# &$$50 )0/#'# N&5E%1*, 2 // –  5+ 6%#1#'#, 3 // –  5+ %10%E0'#, 

4 // –  5+ 70%601%#'#, 5 // –  5+ 8+%#'# & 6 // –  5+ <0$%#'# &$$50 )0/#'# N&5E%1*. 
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K$0 K]A-$%1)?%)1: 1*$8#5#>0(: $ 6:1*6(&6*(&0/ #%(#$&%05E(# # (#F #4D0F (4*2#-

6#F) #41*2);D0F <&1#?#F $%0(?& 1*4#70'# #?(* 6#5(#6# *, ?#%#1*+ 8#?*2*(* 8016#F 

$(&2) >&1(#F <%1&@#6#F 5&(&0F (* 1&$. 1,  . 

.* 1&$. 2, !–0 8#?*2*(: ML^ 6$0@ <0$%& &$$50 #6*((:@ (*/& N&5E%1#6. 
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I&$. 2. M/85&%) (#-7*$%#%(:0 @*1*?%01&$%&?& &$$50 #6*((:@ N&5E%1#6:  

! – 8016#'# N&5E%1* $ B = 1 //;   – 6%#1#'# N&5E%1* $ B = 2 //; ; – %10%E0'# N&5E%1* $ B = 3 //;  

2 – 70%601%#'# N&5E%1* $ B = 4 //; 9 – 8+%#'# N&5E%1* $ B = 5 //; 0 – <0$%#'# N&5E%1* $ B = 6 // 
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P*> :F &2 1&$. 2, !–0 6:8#5(0( 6 6& 0  &*'1*//: $  0?*1%#6#F $&$%0/#F ?##1-
 &(*%. K ?*70$%60 '#1&2#(%*5E(#F #$& (* 6$0@  &*'1*//*@ =%&@ 1&$)(?#6 62+%* #$E 7*$-
%#% F #% 5  # 9 OOG, * 6 ?*70$%60 601%&?*5E(#F #$& – #$E */85&%)  81#@# +D0'# 70102 

&$$50 )0/:F N&5E%1 $&'(*5* |KP| 6  ! 6 810 05*@ #% 0  !  # -35  !. H# 8&$& (* #$+@ 
#%$)%$%6);%  5+ =?#(#/&& /0$%*  5+ 8#/0D0(&+ 1&$)(?#6. 32/010(&+ ML^ (*<&@ 
N&5E%1#6 /: 81#6# &5& 6  &*8*2#(0 7*$%#% 5,4…8,5 OOG, 8#$?#5E?) %*?#F  &*8*2#( 
$##%60%$%6)0% $10 (0F 7*$%& 1*4#70'#  &*8*2#(* 7*$%#%  5+ 6:41*((#'# (*/& 6#5(#6#-
 * $ 1*4#7&/ $070(&0/ 35@15 //. K:4#1 >0 6#5(#6# * $ 1*4#7&/ $070(&0/ 35@15 // 
#4)$5#650( %0/, 7%#  5+ %*?#'# $070(&+ (*/ (*&4#500 ) #4(# 4:5# 10*5&2#6:6*%E '0#-
/0%1&; K]A $ %#7?& 210(&+ %0@(#5#'&&, &/06<0F$+ 6 (*<0/ 1*$8#1+>0(&&. 

M(*5&2 8#5)70((:@ 102)5E%*%#6 (1&$. 2, !–0) 8#?*2:6*0% $50 );D&0 %0( 0(G&& 
&2/0(0(&+ ML^ N&5E%1#6 81& )605&70(&& <&1&(: D050F 6%#1#F & 70%601%#F K]A #% 
2(*70(&+ B = 1 // (8016:F N&5E%1)  # 2(*70(&+ B = 6 // (<0$%#F N&5E%1): 

– #4D&F 6&  ML^ N&5E%1#6 /0(+0%$+ $50 );D&/ #41*2#/: 81& B = 1 // (8016:F 
N&5E%1) ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$?*-
(&+ – 601@(&F (81*6:F) 8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+»; 81& B = 2 // (6%#1#F 
N&5E%1) ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «(&>(&F (506:F) 8#  &*8*2#( 7*$%#% 
8#5#$: 8# *650(&+ – 8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$?*(&+ – 601@(&F (81*6:F) 
8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+ – 8#  &*8*2#( 7*$%#%, 6 ?#%#1#/ 81#&$@# &% 
+6(#0 )/0(E<0(&0 6(#$&/:@ N&5E%1#/ 8#%01E, 6#2/#>(#, $##%60%$%6);D&F (*7*5) 
N#1/&1#6*(&+ 6%#1#'# 8#  &*8*2#(* 7*$%#% 8#5#$: 81#8)$?*(&+»; 81& B = 3 // (%10-
%&F N&5E%1) ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «(&>(&F (506:F) 8#  &*8*2#( 7*$-
%#% 8#5#$: 8# *650(&+ – 8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$?*(&+ – 601@(&F (81*6:F) 
8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+– 8#  &*8*2#( 7*$%#%, 6 ?#%#1#/ 81#&$@# &% 
+6(#0 )/0(E<0(&0 6(#$&/:@ N&5E%1#/ 8#%01E, 6#2/#>(#, $##%60%$%6);D&F (*7*5) 
N#1/&1#6*(&+ 6%#1#'# 8#  &*8*2#(* 7*$%#% 8#5#$: 81#8)$?*(&+», 8#5(#$%E; ?*70$%-
60((# $#68* *;D); $ ?1&6#F ML^ 6%#1#'# N&5E%1*; 81& B = 4 // (70%601%:F N&5E%1) 
ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «(&>(&F (506:F) 8#  &*8*2#( 7*$%#% 8#5#$: 
8# *650(&+ – 8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$?*(&+ – 601@(&F (81*6:F) 8#  &*8*-
2#( 7*$%#% 8#5#$: 8# *650(&+», ?*70$%60((# $#68* *;D); $ ?1&6#F ML^ 8016#'#, 
6%#1#'# & %10%E0'# N&5E%1#6, 8010/0D0((:@ 6601@ 8# #$& 7*$%#%; 81& B = 5 // (8+%:F 
N&5E%1) ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «(&>(&F (506:F) 8#  &*8*2#( 7*$%#% 
8#5#$: 8# *650(&+ – 8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$?*(&+ – 601@(&F (81*6:F) 
8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+», ?*70$%60((# $#68* *;D); $ ?1&6#F ML^ 
8016#'#, 6%#1#'#, %10%E0'# & 70%601%#'# N&5E%1#6, 8010/0D0((:@  *500 6601@ 8# #$& 
7*$%#%; 81& B = 6 // (<0$%#F N&5E%1) ML^ 810 $%*65+0% $#4#F ?1&6); 6& * «(&>(&F 
(506:F) 8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+ – 8#  &*8*2#( 7*$%#% 8#5#$: 81#8)$-
?*(&+», ?*70$%60((# $#68* *;D); $ ?1&6#F ML^ 8016#'#, 6%#1#'#, %10%E0'#, 70%601%#-
'# & 8+%#'# N&5E%1#6, 8010/0D0((:@ 0D0  *500 6601@ 8# #$& 7*$%#%; 

– 0 &($%60((:F 8#  &*8*2#( 7*$%#% 8#5#$: 8# *650(&+ 8016#'# N&5E%1* (B = 1 //) 
(*@# &%$+ 8# #$& 7*$%#% 6:<0 8#  &*8*2#(* 7*$%#% 8#5#$: 81#8)$?*(&+ (%. 0. =%#% 
N&5E%1 &/00% %#5E?# 81*6:F $?*% ML^), * 0 &($%60((:F 8#  &*8*2#( 7*$%#% 8#5#$: 
8# *650(&+ <0$%#'# N&5E%1* (B = 6 //) (*@# &%$+ 8# #$& 7*$%#% (&>0 8#  &*8*2#(* 
7*$%#% 8#5#$: 81#8)$?*(&+ (%. 0. =%#% N&5E%1 &/00% %#5E?# 506:F $?*% ML^); 

– <&1&(* 8#  &*8*2#(* 7*$%#% 8#5#$: 81#8)$?*(&+ $ )605&70(&0/ <&1&(: D0-

50F 6%#1#F & 70%601%#F K]A )605&7&6*0%$+ #% 500 AOG ) 6%#1#'# N&5E%1*  # 4#500, 
70/ 1150 AOG ) <0$%#'# N&5E%1*; 

– 8#%01& 6 8#  &*8*2#(0 7*$%#% 8#5#$: 81#8)$?*(&+ 8016#'# N&5E%1* & <0$%#'# 
N&5E%1* # &(*?#6: 6 810 05*@ %#7(#$%& 81#6# &/:@ &2/010(&F & $#$%*65+;% 1,1  ! & 
1,0  ! $##%60%$%60((#; 
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– 8#%01& 6 8#  &*8*2#(0 7*$%#% 8#5#$: 81#8)$?*(&+ 81& )605&70(&& <&1&(: 

D050F 6%#1#F & 70%601%#F K]A )/0(E<*;%$+ $ 605&7&(: 1,1  ! ) 8016#'# N&5E%1* $ 

B = 1 //  # 81*?%&70$?& ()506#F 605&7&(: (6 810 05*@ %#7(#$%& &2/010(&F 2*%)@*(&F 

0,1  !) ) 8+%#'# N&5E%1* $ B = 5 //; 

– 7&$50((:0 2(*70(&+ /*?$&/*5E(:@ 2*%)@*(&F, 6(#$&/:@ 8016:/, 6%#1:/, 

%10%E&/ & 70%601%:/ N&5E%1*/& (* 81*6#/ $?*%0 ML^ & /*?$&/*5E(:@ 2*%)@*(&F, 6(#-

$&/:@ 8+%:/ & <0$%:/ N&5E%1*/& (* 506#/ $?*%0 ML^, 45&2?& & $#$%*65+;% 605&7&-

(: 27…34  !; 

– $ )605&70(&0/ 605&7&(: <&1&(: 6%#1#F & 70%601%#F K]A #% B = 1 // (801-

6:F N&5E%1)  # B = 6 // (<0$%#F N&5E%1) )/0(E<*;%$+ 2(*70(&+ ?1)%&2(: $?*%#6 

ML^ (506#'# $?*%* – ) N&5E%1#6 $ 8016#'# 8# 8+%:F) $ 605&7&(: 0,05  ! / AOG ) 8016#-

'# N&5E%1*  # 605&7&(: 0,02  ! / AOG ) 8+%#'# N&5E%1*, * %*?>0 )/0(E<*;%$+ 2(*70-

(&+ ?1)%&2(: $?*%#6 ML^ (81*6#'# $?*%* – ) N&5E%1#6 $# 6%#1#'# 8# <0$%#F) $ 605&7&-

(: 0,038  ! / AOG ) 6%#1#'# N&5E%1*  # 605&7&(: 0,016  ! / AOG ) <0$%#'# N&5E%1*. 

"5+ 4#5E<0'# ) #4$%6* /: $605& 6$0 7&$50((:0 2(*70(&+ 6*>(0F<&@, (* (*< 

62'5+ , 8*1*/0%1#6 ML^ <0$%& &$$50 #6*((:@ N&5E%1#6 6 %*45. 1. 

 
Q*45&G* 1  

L&$50((:0 2(*70(&+ 6*>(0F<&@ 8*1*/0%1#6 ML^  

<0$%& &$$50 #6*((:@ N&5E%1#6 
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.*/ 810 $%*65+0%$+, 7%# #810 050((:0 6 (*$%#+D0F 1*4#%0 %0( 0(G&& 8#60 0(&+ 

ML^ &$$50 #6*((:@ 8+%&260((:@ N&5E%1#6 4) )% =NN0?%&6(# &$8#5E2#6*(:  5+ 81#-

0?%&1#6*(&+ & 10*5&2*G&& N&5E%1#6 (* K]A $ 2*1*(00 2* *((:/& 8*1*/0%1*/&. 
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 #/)*#;#&!$"#9  .)"7)& "#9  0+!&#/8"#9  #"$1""#   

-!#+#2)"#  5,= 

 

.. K. P#1#40F(&?#6 

 
464 «O.P6» 

2. 4+$*, .1$+&>0$*&: C/1$C0*%, 24! 
E-mail:ckba@omsknet.ru 

 
I*$$/*%1&6*0%$+ ?#($%1)?G&+ & 1* &#%0@(&70$?&0 @*1*?%01&$%&?& /*5#'*4*1&%(#F ?#(N#1/(#F $8&1*5E(#F 

*(%0((:  5+  &*8*2#(* CKL. H1&60 0( *(*5&2 81#G0$$* 81#0?%&1#6*(&+, /# 05&1#6*(&+  6#2/#>(:@ ?#($%1)?G&F $ 

1*25&7(:/& 6*1&*(%*/& &$8#5(0(&+. 

 

H10 5#>0((*+ ?#($%1)?G&+ #%(#$&%$+ ? *(%0((#-N& 01(:/ )$%1#F$%6*/ & /#>0% 

81&/0(+%E$+ 81& ?#($%1)&1#6*(&& ?#(N#1/(:@ ?#/8*?%(:@ <&1#?#8#5#$(:@ & 

$601@<&1#?#8#5#$(:@ *(%0((  &*8*2#(* CKL. ,05E 1*4#%: – 1*21*4#%?* $601@<&1#-

?#8#5#$(#F ?#/8*?%(#F $8&1*5E(#F *(%0((:  &*8*2#(* CKL, 8#%0(G&*5E(# '&4?*+ 

?#($%1)?G&+ ?#%#1#F 8#26#5+0% 8#6%#1&%E 8#601@(#$%(# $5#>(:0 ?#(%)1: /0$%*, ' 0 

#(* )$%*(*65&6*0%$+.  

H1& 81#0?%&1#6*(&& #$#4#0 6(&/*(&0 ) 05+5#$E $50 );D&/ %104#6*(&+/: 

1. K#2/#>(#$%E 1*2/0D0(&+ *(%0((: (* )$070((#/ ?#()$0, 6 #'1*(&70((#/ #490-

/0 #4%0?*%05+, 1+ #/ $  1)'&/& *(%0((*/&  &*8*2#(* CKL. 

2. P1)'#6*+ (=55&8%&70$?*+) 8#5+1&2*G&+ *(%0((:. 

3. B&1#?&F  &*8*2#( 7*$%#% (6  *((#F 1*4#%0 1*$$/*%1&6*0%$+ *(%0((* $ 8010-

?1:%&0/ 10:1). 

4. A&(&/*5E(:0 '*4*1&%: & /*$$*. 

5. Y (#(*81*650((:0  &*'1*//: (*81*650((#$%& $ /&(&/*5E(:/ )1#6(0/ 8#-

4#7(#'# &25)70(&+ 

H#$%*650((*+ G05E  #$%&'*0%$+ %0/, 7%# ?#/8*?%(*+ $8&1*5E(*+ *(%0((*, $# 01-

>*D*+ 85#$?); $8&1*5E, $&//0%1&1);D00 )$%1#F$%6#,  &=50?%1&70$?); #$(#6), 8#-

'5#%&%05E & =?1*(, 6:8#5(0(* $ 6#2/#>(#$%E; &2'&4*%E$+ 8# 8#601@(#$%(#/) 81#N&5; 

/0$%* 0` 1*2/0D0(&+ $ )70%#/ &2'#%#650(&+ 8#'5#%&%05+ (0#4@# &/#F ?1&6&2(:, '&4-

?#'# =?1*(* & '&4?#F  &=50?%1&70$?#F #$(#6:. K0%6& $8&1*5& *(%0((: 6:8#5(0(: &2 

$)4/&(&*%;1(#'# ?#*?$&*5E(#'# ?*405+ & 810 $%*65+;% $#4#F ?#*?$&*5E(:F $&//0%-

1&1);D&&F %1*($N#1/*%#1 [1], ' 0 6()%10((&F 81#6# (&? # (#F 60%6& $8&1*5& 2*/:-

?*0%$+ (* =?1*( 6%#1#F 60%6& $8&1*5&. Y40 60%6& $8&1*5& ?108+%$+ ? %#(?#F  &=50?%1&-

70$?#F #$(#60, )$%*(#650((#F 645&2& 8#'5#%&%05+, 810 $%*65+;D0'# $#4#F 85*$%&() $ 

(*1)>(:/& 1*2/01*/&, =?6&6*50(%(:/& 1*2/01*/ =?1*(* &  &=50?%1&70$?#F #$(#6: 

(6(0<(&F 6&  *(%0((: &2#41*>0( (* 1&$. 1, 2).  
 

 
 

I&$. 1. K(0<(&F 6&  *(%0((: 
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K:@# (:0 ?#(G: 60%60F ?#*?$&*5E(#F $8&1*5& ) 5&(+;%$+ $6#4# (:/& ?#(G*/& 

( 5+ )5)7<0(&+ $&//0%1&1#6*(&+ %1*($N#1/*%#1*), 6:@# +D&/& 2* '*4*1&%: *(%0((: 

81&/01(# (* 0,15 #% (&>(0F  5&(: 6#5(: 1*4#70'#  &*8*2#(*. P*> *+ ?#*?$&*5E(*+ 

60%6E $8&1*5& %*?>0 /#>0%  #8#5(+%E$+ /*5#1*2/01(#F $8&1*5E(#F $%1)?%)1#F &2 

%#(?#F /0%*55&70$?#F 81#6#5#?&, (* 0%#F (* (00 ( 5+ )5)7<0(&+ $#'5*$#6*(&+ & )60-

5&70(&+ ?#=NN&G&0(%* )$&50(&+) [2], 81& =%#/ 6@# (:0 ?#(G: $8&1*5E(:@ $%1)?%)1 

$#0 &(+;%$+ ?#(%*?%(# $ /0$%#/ 6@# * ?*> #F $6#0F 60%6& ?#*?$&*5E(#F $8&1*5&.  
 

 

 
 

 

 

 

 

 

 

 

I&$. 2. K(0<(&F 6&  *(%0((:: 1 – ?*405E (&25)7*;D*+ 

$%1)?%)1*; 2 – $%0?5#%0?$%#5&%); 3 – 8#'5#D*;D&F  

/*%01&*5; 4 – /0%*55&70$?#0 #$(#6*(&0 

 

Q*? ?*? ?#($%1)?G&+ *(%0((:  #6#5E(# 81#$%*, 10<*;D*+ 1#5E 6 81#0?%&1#6*(&& 

2*?5;7*5*$E 6 6:4#10 8# @# +D0'# 1* &#8#'5#D*;D0'# /*%01&*5*.  

.* 8016#/ =%*80 4:5 81#60 0( =50?%1# &(*/&70$?&F 1*$70% 6 81#'1*//0 %10@-

/01(#'# /# 05&1#6*(&+ «Ansoft HFSS»  6)@ 6*1&*(%#6 8#'5#%&%050F – /*%01&*5* 

Francosorb F006 N&1/: «Frankonia» (O01/*(&+) & 8#'5#%&%05+ 81#&26# $%6* YMY 

«,P!M» (MAMO). A*%01&*5: #%5&7*;%$+ /0> ) $#4#F  &=50?%1&70$?#F & /*'(&%(#F 

81#(&G*0/#$%E;, * %*?>0 %#5D&(#F $5#+. K 102)5E%*%0 4:5& 8#5)70(: 8#@#>&0  *(-

(:0: (0/0G?&F /*%01&*5 8#?*2*5 $04+ (0/(#'# 5)7<0 6 (&>(0F 7*$%& 1*4#70'#  &*8*-

2#(*, 1#$$&F$?&F – 6 601@(0F. J1*6(&%05E(:F '1*N&? 2*6&$&/#$%& ?#=NN&G&0(%* #%-

1*>0(&+ #% 7*$%#%:  81&60 0( (* 1&$. 3. 

 

 
 

I&$. 3. J1*6(&%05E(:F '1*N&? 2*6&$&/#$%& ?#=NN&G&0(%* #%1*>0(&+ #% 7*$%#%: 

 !"
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 ! " (#$%&' ($)*$+,+-*.)
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 !"#$%&'$ ()!*+!,,' &!-+!./$&&0"%) " ,!%$+)!/0, 1213 . .$+4&$5, "+$(&$5 ) 

&)6&$5 #!"%) +!70#$*0 ()!-!80&! -09!8!&' &! +)". 4. 

 

 
 

 )". 4.  !"#:%&'$ ()!*+!,,' &!-+!./$&&0"%) " ,!%$+)!/0, 1213 (f.$+4, f"+, f&)6& "00%.$%"%.$&&0) 

 

;8-8! 0%"<%"%.)= &! &!#!/>&0, ?%!-$ 0(&0*0 )8 "0"%!./=@A)4 -0*/0%)%$/= 1213 

7'/0 -+)&=%0 +$B$&)$ "($/!%> ,!9$% )8 -0*/0A!@A$*0 ,!%$+)!/! &$,$C905 D)+,'. 

3$0,$%+)#$"9!= D0+,! 1 ,!9$%! – -+=,0<*0/>&)9 ("/$(<$% 0%,$%)%>, #%0 D0+,! -+=,0-

<*0/>&)9! .'7+!&! )8-8! &$.08,06&0"%) 07+!70%!%> ,!%$+)!/ -0( )&<@ D0+,<, %+$-

7<$,!= D0+,! – %+!-$C)=), )8/<#!@A!= "%+<9%<+! .'-0/&$&! )8 9!7$/=  E 50-1,5-22. 

2!9$% 7'/ "07+!& "07"%.$&&0+<#&0, -+0.$($&' )8,$+$&)= 0"&0.&'4 +!()0%$4&)#$"9)4 

4!+!9%$+)"%)9 ( FG) !&%$&&' &! (.<4 +!70#)4 ,$"%!4: . 7$8?40.05 9!,$+$ ) &! 1;HE 

(!.%0,!%)8)+0.!&&'5 )8,$+)%$/>&0-.'#)"/)%$/>&'5 90,-/$9"). I!&&'$, -0/<#$&&'$ 

" -0,0A>@ 1;HE, -0/&0"%>@ "00%.$%"%.0.!/) 8!(!&&', %+$70.!&)=,: !&%$&&! ),$$% 

+0.&<@ ()!*+!,,< &!-+!./$&&0"%), 7$8 0%9/0&$&)5 ,!9"),<,!, " 8!(&), /$-$"%90, &$ 

70/$$ 10 %. J )8,$+$&)=,) &! +!70#$, ,$"%$, +!"-0/06$&&0, . 7$8?40.05 9!,$+$, .08-

&)9 +=( %+<(&0"%$5, ".=8!&&'4 " -$+$0%+!6$&)$, )8/<#!$,0*0 ?/$9%+0,!*&)%&0*0 -0/= 

&! &)6&)4 #!"%0%!4 +!70#$*0 ()!-!80&!, %!9 9!9 -0*/0A!@A)5 ,!%$+)!/ &! "%$&!4 8!/! 

+!""#)%!& &! +!70%< &! 70/$$ .'"09)4 #!"%0%!4. H +$8</>%!%$ (!&&'$, -0/<#$&&'$ " 

?%0*0 ,$"%!, &$ <(0./$%.0+)/) <"%!&0./$&&', %+$70.!&)=,, ! ),$&&0: &! &)6&)4 #!"-

%0%!4 +!70#$*0 ()!-!80&! 8!(&)5 /$-$"%09 !&%$&&' (0"%)*!/ 40 %. K0 ."$, (+<*), -!-

+!,$%+!, !&%$&&! "00%.$%"%.0.!/! 8!(!&&', %+$70.!&)=,, ) 7'/0 +$B$&0 "($/!%> ,!-

9$% " +$!/>&05 D0+,05 ) +!8,$+0,. F0/A)&! !&%$&&' -0/<#)/!"> -0+=(9! 10 ,,, #%0 

07$"-$#).!$% .08,06&0"%> +!8,$A$&)= $$ . 0*+!&)#$&&0, 07L$,$ 07%$9!%$/=. 

M! .%0+0, ?%!-$ 7'/ "($/!& $A$ 0()& ,!9$% . D0+,$ %+!-$C)) " -0*/0A!@A), 

,!%$+)!/0, 1213. ;8,$+$&)= -+0.0()/)"> &! (.<4 +!70#)4 ,$"%!4: !&%$&&! )8,$+=-

/!"> . #)"%0, .)($ ) &! <"$#$&&0, ,$%!//)#$"90, 90&<"$. I!&&'$, -0/<#$&&'$ &! +!-

70#$, ,$"%$ . 7$8?40.05 9!,$+$, "00%.$%"%.0.!/) 8!(!&&', %+$70.!&)=,, 8! )"9/@#$-

&)$, &$70/>B0*0 <#!"%9! . &)6&$5 #!"%) +!70#$*0 ()!-!80&!, *($ &!7/@(!/"= 8!(&)5 

/$-$"%09 -0+=(9! 30 %. K+) +!8,$A$&)) !&%$&&' &! 90&<"$ (!&&'$ &$,&0*0 <4<(B!-

/)">, #%0 ".=8!&0 " -0=./$&)$, ,$%!//)#$"90*0 ?9+!&! ) )8*)70, -0 -0.$+4&0"%) )8/<-

#!@A$5 "%+<9%<+'. I!&&'$, -0/<#$&&'$ &! 1;HE, ),$/) +!8/)#)= " (!&&',), -0/<-

#$&&',) &! +!70#$, ,$"%$, +!"-0/06$&&0, . 7$8?40.05 9!,$+$, &0 . C$/0, -09!8'.!-

/), #%0 &! &)6&)4 #!"%0%!4 +!70#$*0 ()!-!80&! !&%$&&! ),$$% )"9!6$&&<@ D0+,< ()!-

*+!,,' &!-+!./$&&0"%).  

K+)#)&05 ?%0*0 =./=@%"= %+) D!9%0+!:  

1.  !8,$+ !&%$&&', ! ),$&&0 -$+),$%+ )8/<#!@A$5 "%+<9%<+' ,$&>B$ &)6&$5 

(/)&' .0/&' +!70#$*0 ()!-!80&! [3]. 

2. K0*/0%)%$/> -+0)8.0("%.! 1213 ),$$% ."$-%!9) &$(0"%!%0#&'5 90?DD)C)$&% 

0"/!7/$&)= . &)6&$5 #!"%) +!70#$*0 ()!-!80&!. 
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3. M$90++$9%&'$ )8,$+$&)= . 07/!"%) &)6&)4 #!"%0% +!70#$*0 ()!-!80&! )8-8! 

-$+$0%+!6$&)= ?/$9%+0,!*&)%&0*0 -0/=. 

K0 +$8</>%!%!, -0/<#$&&'4 (!&&'4 7'/0 -+)&=%0 +$B$&)$ "09+!%)%> 90/)#$"%.0 

!&%$&& . -+0$9%)+<$,0, )8($/)) ) 8! "#$% ?%0*0 <.$/)#)%> /)&$5&'$ +!8,$+' !&%$&&'. 

I!/$$ 7'/) -+0.$($&' +!70%' -0 )8,$+$&)@ D!80.'4 4!+!9%$+)"%)9 !&%$&&05 ")"%$-

,' " C$/>@ -$+$(!#) )4 (/= -+0.$($&)= -0"/$(<@A)4 ,!%$,!%)#$"9)4 +!"#$%0.. 

M)6$ -+).$($&' ()!*+!,,' &!-+!./$&&0"%) ,!9$%! . D0+,$ %+!-$C)) " ,!%$+)!-

/0, 1213, -0/<#$&&'$ &! 1;HE. N&) -0/&0"%>@ "00%.$%"%.<@% 8!(!&&', %$4&)#$-

"9), %+$70.!&)=,, 8! )"9/@#$&)$, &$70/>B05 #!"%) +!70#$*0 ()!-!80&!, *($ &!7/@(!-

$%"= )"9!6$&)$ ()!*+!,,' &!-+!./$&&0"%) (IM) ) &!/)#)$ 8!(&$*0 /$-$"%9! -0+=(9! 

30 %. 

 

 
 

 

 )". 5. IM . .$+4&$5 #!"%) +!70#$*0 ()!-!80&! 

 

 
 

 

 )". 6. IM . &)6&$5 #!"%) +!70#$*0 ()!-!80&! 

 

 
 

 )". 7. EJHM ,!9$%! 

 

K0 -0/<#$&&', +$8</>%!%!, ,!%$,!%)#$"9)4 +!"#$%0. ,06&0 "($/!%> .'.0(, #%0 

!&%$&&! ) ."= !&%$&&!= ")"%$,! . C$/0, -0(%.$+()/) ".0@ +!70%0"-0"07&0"%>. H &!-

0,5 

    180 

1 

0 -180 

0 

 -180     180 0     180  -180 0     180 

1 

0,5 

 -180 0  -180 0     180  -180 0     180 
0 
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"%0=A$$ .+$,= -+0.0(=%"= +!70%' -0 "&=%)@ D!80.'4 4!+!9%$+)"%)9 !&%$&&05 ")"%$,' 

. 0*+!&)#$&&0, 07L$,$ +!()0-+08+!#&0*0 07%$9!%$/=. 

1.%0+ .'+!6!$% 7/!*0(!+&0"%> 8! <#!"%)$ . +!70%$ 90&"</>%!&%< -0 JHO E0+0-

7$5&)90.< 3. H. ) )&6$&$+<-%$4&0/0*< ;.!&0.05 P. M. 
 

J-)"09 /)%$+!%<+' 
 

1. J.$+4B)+090-0/0"&'$ !&%$&&' / -$+. " !&*/. -0( +$(. P. J. Q$&$&"0&!. – 2.: 2)+. – 371 ".  

2.  !,8$5 H. O!"%0%&0-&$8!.)"),'$ !&%$&&'. – 2.: 2)+, 1968. – 177 ". 

3. 30+0A$&= 1. Q. K+0$9%)+0.!&)$ B)+090-0/0"&'4 !&%$&&: <#$7. -0"07)$. – N,"9, 1989. – 79 ". 
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 !"#$ %&'(  )$*%!%&!-#!+,-./$0.!&&'(  *1+1 %!- 
 

R. H. E+'/0.  
 

 ! «"#$%&'()*%##+, -./0#*1%2+, -*-0,'+» *',#* (1(3,'*1( 4. 5. 6,7,0#82(»  
662972, 9. :,;,<#%9%&-1 =&(-#%>&-1%9% 1&(>, /;. ?,#*#(, 52 

E-mail: krylov_yuriy@inbox.ru 

 
K+$("%!./$& 90,-!9%&'5 #!"%0%&0--0/=+)8!C)0&&'5 "$/$9%0+, 90%0+'5 ,06$% )"-0/>80.!%>"= . 07/<#!@-

A$5 ")"%$,$ 0"$"),,$%+)#&'4 ) 0D"$%&'4 8$+9!/>&'4 !&%$&&, +!70%!@A)4 . B)+0905 -0/0"$ #!"%0%. N"07$&&0-

"%>@ <"%+05"%.! =./=$%"= .08,06&0"%> $*0 -+),$&$&)= (/= +!8($/$&)= #!"%0%&'4 ()!-!80&0. -+)$,! ) -$+$(!#), 

+!8&$"$&&'4 &! 09%!.<, 7$8 &$0740(),0"%) )"-0/>80.!&)= (0-0/&)%$/>&0*0 07/<#!%$/= 8! "#$% "-+0$9%)+0.!&&05 

90&"%+<9C)) "0$()&$&)= (.<4 9+$"%0.'4 +!8.$%.)%$/$5. 

 

H "0.+$,$&&'4 07/<#!@A)4 ")"%$,!4 8$+9!/>&'4 !&%$&& "-<%&)90.05 ".=8) 

70/>B0$ +!"-+0"%+!&$&)$ -0/<#)/) <"%+05"%.!, -08.0/=@A)$ .'-0/&=%> #!"%0%&<@ ) 

-0/=+)8!C)0&&<@ "$/$9C)@ -+)&),!$,'4 ) -$+$(!.!$,'4 ")*&!/0.. N(&), )8 07=8!-

%$/>&'4 <"/0.)5 +!8+!70%9) %!9)4 <"%+05"%. =./=$%"= )4 B)+090-0/0"&0"%> ) ,!/'$ 

,!""0*!7!+)%&'$ -09!8!%$/). I/= <.$/)#$&)= -+0-<"9&05 "-0"07&0"%) 9!&!/0. ".=8) 

&! "0.+$,$&&'4 "-<%&)9!4 %!96$ -+$(L=./=$%"= %+$70.!&)$ -0 )"-0/>80.!&)@ ")*&!-

/0. " 0+%0*0&!/>&05 -0/=+)8!C)$5 9!9 &! -+)$,, %!9 ) &! -$+$(!#<. F!96$ +!8+!7!%'-

.!$,'5 #!"%0%&0--0/=+)8!C)0&&'5 "$/$9%0+ (0/6$& .'-0/&=%> 8!(!#< +!8($/$&)= #!"-

%0%&'4 "0"%!./=@A)4 ")*&!/! -+)$,! ) -$+$(!#) 7$8 &$0740(),0"%) "08(!&)= (0-0/-

&)%$/>&0*0 07/<#!%$/= -0( 90&9+$%&'5 ()!-!80&  #!"%0% [1]. 

J<A$"%.<$% &$"90/>90 "-0"070. -+0$9%)+0.!&)= #!"%0%&0--0/=+)8!C)0&&0*0 "$-

/$9%0+! (/= +!8($/$&)= #!"%0% -+)$,! ) -$+$(!#) 7$8 &$0740(),0"%) )"-0/>80.!&)= 

(0-0/&)%$/>&0*0 07/<#!%$/= -0( 90&9+$%&'5 ()!-!80& #!"%0%.  

K$+.'5 "-0"07 +!8($/$&)= #!"%0% -+)$,! ) -$+$(!#) [2] -09!8!& &! +)". 1. K0 

"4$,$ .)(&0, #%0 -+)&=%'5 ")*&!/ " +<-0+! 1 -0-!(!$% &! %!9 &!8'.!$,'5 0+%0,0(0-

.'5 "$/$9%0+ 3, -+$("%!./=@A)5 "0705 9+$"%0.05 +!8.$%.)%$/>, 90%0+'5 +!8($/=$% (.$ 

0+%0*0&!/>&'$ ,0(' .'"090#!"%0%&0*0 ")*&!/!, .08&)9!@A)$ . .0/&0.0($ 9+<*/0*0 

"$#$&)=. H #$%'+$4 -/$#!4 0+%0,0(0.0*0 "$/$9%0+! <"%!&!./).!@%"= +$6$9%0+&'$ 

D)/>%+' 2 (/= -0(!./$&)= -$+$(!@A$*0 "-$9%+! #!"%0%. M! .'40($ "$/$9%0+! <"%!&!.-

/).!$%"= +$6$9%0+&'5 D)/>%+ 4 (/= -0(!./$&)= .'"090#!"%0%&0*0 ")*&!/!, (!/$$ 0& 

-0(9/@#!$%"= 9 -0/=+)8!%0+< 5, %!9), 07+!80,, 07$"-$#).!$%"= .08,06&0"%> -$+$(!#) 

")*&!/! " 9+<*0.05 -0/=+)8!C)$5 . &)890#!"%0%&0, ()!-!80&$.  $6$9%0+&'$ D)/>%+' 

2, +!"-0/06$&&'$ .(0/> 0(&05 0"), -0-!+&0 "0$()&=@%"= " (.05&',) F-,0"%!,) 6 ) 8, 

&! 0()& .'40( 90%0+'4 <"%!&!./).!$%"= &!*+<89), ! (+<*)$ -0(9/@#!$%"= 9 %+$%>$,< 

(.05&0,< F-,0"%< 7. S! "#$% ..$($&)= &$0(&0+0(&0"%$5 . -0"/$(&)5 (.05&05 F-,0"% 

,06&0 (07)%>"= +!8&0"%) D!8 90
0
 ,$6(< (.<,= ")*&!/!,) (.<4 0+%0*0&!/>&'4 ,0(, %$, 

"!,', -0/<#)%> &! -+)$,&'4 .'40(!4 ")*&!/ .'"090#!"%0%&0*0 +!70#$*0 ()!-!80&! " 

9+<*0.05 -0/=+)8!C)$5. 

H%0+05 "-0"07 +!8($/$&)= #!"%0% -+)$,! ) -$+$(!#) [3] -09!8!& &! +)". 2. S($">, 

%!96$ 9!9 ) . -$+.05 "4$,$, -+)&=%'5 ")*&!/ " +<-0+! 1 -0-!(!$% &! 0+%0,0(0.'5 "$-

/$9%0+ 2, 90%0+'5 -+$("%!./=$% "0705 9+$"%0.05 +!8.$%.)%$/>, +!8($/=@A)5 (.$ 0+%0-

*0&!/>&'$ ,0(' &)890#!"%0%&0*0 ")*&!/!. E .'40(< (!&&0*0 "$/$9%0+! -0(9/@#!$%"= 

-0/=+)8!%0+ 6. I/= .0""%!&0./$&)= ")*&!/! . -$+$(!@A$, #!"%0%&0, ()!-!80&$ 0+%0-

,0(0.'5 "$/$9%0+ "0$()&=$%"= "0 .%0+', 0+%0,0(0.', "$/$9%0+0, 4 -0"+$("%.0, #$-

%'+$4 --07+!8&'4 .0/&0.0(&'4 "$9C)5 3 +!.&05 (/)&'. 2$6(< -$+.', "$/$9%0+0, ) 

--07+!8&',) .0/&0.0(&',) "$9C)=,) <"%!&!./).!@%"= D)/>%+' &)6&)4 #!"%0% 5. M! 

0()& .'40( .%0+0*0 "$/$9%0+! 4 <"%!&!./).!$%"= &!*+<89!, 90 .%0+0,< .'40(< -0(9/@-

#!$%"= -0/=+)8!%0+ 7. 
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 )". 1. Q/09-"4$,! 07/<#!%$/= " )"-0/>80.!&)$, (.05&'4 F-,0"%0. 

 

 
 

 )". 2. Q/09-"4$,! 07/<#!%$/= " (.<,= 0+%0,0(0.',) "$/$9%0+!,) 

 

H (!&&05 "%!%>$ (/= +$B$&)= 8!(!#) +!8($/$&)= ")*&!/0. " 9+<*0.05 -0/=+)8!C)-

$5 (/= #!"%0% -+)$,! ) -$+$(!#), +!8&$"$&&'4 &! 09%!.< . Ea-Q ()!-!80&$, 7'/ +!8+!-

70%!& #!"%0%&0--0/=+)8!C)0&&'5 "$/$9%0+, +$!/)80.!&&'5 -0 "4$,$, -+$("%!./$&&05 

&! +)". 2. M! +)". 3 )807+!6$&! ?/$9%+0()&!,)#$"9!= ,0($/> +!8+!70%!&&0*0 "$/$9%0+!, 

90%0+!= "0"%0)% )8 0+%0,0(0.0*0 "$/$9%0+! 2, -+$("%!./=@A$*0 "0705 9+$"%0.05 +!8-

.$%.)%$/>, . -/$#!4 90%0+0*0 <"%!&0./$&' )80*&<%'$ $,90"%&'$ D)/>%+' &)6&)4 #!"-

%0% 1, +!70%!@A)$ . B)+0905 -0/0"$ #!"%0% (/= -0(!./$&)= -+)$,&'4 #!"%0%&'4 "0-

"%!./=@A)4. H .)(< "/06&0"%) "08(!&)= "$-%<,--0/=+)8!%0+! . Q-()!-!80&$ &! .'40-

($ 0+%0,0(0.0*0 "$/$9%0+! <"%!&!./).!$%"= -0/=+)8!%0+ 4, +$!/)80.!&&'5 &! 9+<*/0, 

.0/&0.0($ " -!80, ) -+$07+!80.!%$/> &! (.! 0+%0*0&!/>&'4 .'40(! 5. I/= .0""%!&0.-

/$&)= ")*&!/! . -$+$(!@A$, #!"%0%&0, ()!-!80&$ D)/>%+' 1 "0$()&=@%"= "0 .%0+', 

0+%0,0(0.', "$/$9%0+0, 6 -0"+$("%.0, #$%'+$4 .0/&0.0(&'4 "$9C)5 3 "/06&05 D0+-

,' ) +!.&05 (/)&', %$, "!,', .'-0/&=@%"= <"/0.)= ")&D!8&0"%) ) 0+%0*0&!/>&0"%) 
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(.<4 ,0(, +!"-+0"%+!&=$,'4 . 9+<*/0, .0/&0.0($, (/= .08,06&0"%) -$+$(!#) ")*&!/! 

" 9+<*0.05 -0/=+)8!C)$5 " -0,0A>@ -0(9/@#$&)= -0/=+)8<@A$*0 <"%+05"%.!. N()& 

.'40( .%0+0*0 "$/$9%0+! 90+0%908!,9&<%, 90 .%0+0,< -0(9/@#!$%"= "$-%<,-

-0/=+)8!%0+ 7.  
 

 
 

 )". 3. T/$9%+0()&!,)#$"9!= ,0($/> +!8+!70%!&&0*0 "$/$9%0+! 

 

M! +)". 4 -+).$($&! +!""#)%!&&!= 4!+!9%$+)"%)9! 90?DD)C)$&%! "%0=#$5 .0/&' 

(EJHM) 07/<#!%$/=. M! +)". 5 – *+!D)9 #!"%0%&05 8!.)"),0"%) 90?DD)C)$&%! ?//)--

%)#&0"%) (ET) "$/$9%0+! . +!70#)4 ()!-!80&!4 #!"%0%. 

 

 
 

 )". 4. EJHM +!8+!70%!&&0*0 <"%+05"%.! 

 

 
 

 )". 5. ET +!8+!70%!&&0*0 <"%+05"%.! 
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;8 +)". 4 ) +)". 5 ,06&0 "($/!%> .'.0( 0 %0,, #%0 +!8+!70%!&&'5 #!"%0%&0-

-0/=+)8!C)0&&'5 "$/$9%0+ -08.0/=$% 07$"-$#).!%> -+)$, ) -$+$(!#< ")*&!/0. " 9+<-

*0.05 -0/=+)8!C)$5, +!8&$"$&&'4 &! 09%!.<, ! ),$&&0 . Ka ) Q-()!-!80&!4 . "00%.$%-

"%.)) " "0.+$,$&&',) %+$70.!&)=,), -+$(L=./=$,',) 9 07/<#!@A), ")"%$,!, 8$+-

9!/>&'4 !&%$&&. K+0$9%)+0.!&)$ (!&&0*0 <"%+05"%.! -0 "4$,$ " (.<,= 0+%0,0(0.',) 

"$/$9%0+!,) -08.0/)/0 (0"%)#> 0-%),!/>&'4 8&!#$&)5 +!()0%$4&)#$"9)4 4!+!9%$+)-

"%)9 . +!"",!%+).!$,'4 ()!-!80&!4 #!"%0% ) )87!.)%>"= 0% &$0740(),0"%) )"-0/>80-

.!&)= (0-0/&)%$/>&0*0 07/<#!%$/= (/= +!8($/$&)= -+)$,&0--$+$(!@A)4 #!"%0%. J-+0-

$9%)+0.!&&'$ .0/&0.0(&'$ "$9C)) (/= 07L$()&$&)= ,$6(< "0705 9+$"%0.'4 +!8.$%.)-

%$/$5, -08.0/)/) "($/!%> 90&"%+<9C)@ 70/$$ 90,-!9%&05, #%0 =./=$%"= .!6&', <"/0-

.)$, -+) +!8+!70%9$ 07/<#!@A)4 ")"%$, "-<%&)90.05 ".=8). 

 
J-)"09 /)%$+!%<+' 

 

1. Ignacio Izquierdo Martinez, Jorge A. Ruiz Cruz. Design of wideband orthomode transducers based on 

the turnstile junction for satellite communications // Universidad Aut<noma de Madrid, Noviembre de 2008. 

2. Jaroslaw Uher. Orthomode junction assembly with associated filters for use in an antenna feed system 

/ US Patent, Pub. No.: US 2013/0342282 A1, Dec. 26, 2013. 

3. Joseph G. Di Tullio, Donald J. Sommers, Windsor D. Wright. Independently adjustable dual polarized 

diplexer / US Patent, Pub. No.: 3,731,236, May. 1, 1973. 
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.**+12!3$&.1  2345/1- $+6&!(  !7*1%&!(  $&%1&&'   

%.#$  8-18!-. 

 

1. M. E<()"0.
1
, 1. H. F!*!&0.

2
 

 
1"#-0*0/0 *#@,#,&#%A $*<*1* * &(3*%B;,10&%#*1* 5C !D EF! G5D  

660074, 9. =&(-#%>&-1, /;. =*&,#-1%9%, 28  
E-mail: kudisoff@mail.ru 
2 ! HFF «6(3*%-2><I»  

660021, 9. =&(-#%>&-1, /;. J,1(K&*-0%2, 19  

E-mail: avtaganov@yandex.ru 

 
K+$("%!./$&' +$8</>%!%' )""/$(0.!&)= 4!+!9%$+)"%)9 (.<48$+9!/>&05 0D"$%&05 !&%$&&' %)-! 3+$*0+). I/= 

+!"#$%! *$0,$%+)#$"90*0 -+0D)/= 07/<#!@A$5 ")"%$,' !&%$&&' . "+$($ ,!%$,!%)#$"90*0 ,0($/)+0.!&)= «Matlab» 

&!-)"!&! -+0*+!,,!. J C$/>@ 0C$&9) +!70%' ")"%$,' . J1K  «CST Microwave Studio» "08(!&! ,0($/> !&%$&&', 

-0/<#$&' #!"%0%&'$ 8!.)"),0"%) 90?DD)C)$&%! &!-+!./$&&0*0 ($5"%.)= -+) +!8/)#&'4 <*/0.'4 -!+!,$%+!4 07/<-

#!@A$5 ")"%$,'.  

 

H "0.+$,$&&'4 ")"%$,!4 ".=8), +!()0/09!C)) ) +!()0&!.)*!C)) 0D"$%&'$ !&%$&-

&' ),$@% -+$),<A$"%.0 &!( -+=,0D09<"&',), #%0, */!.&', 07+!80,, ".=8!&0 " 0%"<%-

"%.)$, 8!%$&$&)= !&%$&&', 0%"<%"%.)$, 8!%+<(&$&)5 -+) "0*/!"0.!&)) 07/<#!%$/= " 

D)($+!,), ! %!96$ %$4&0/0*)#&0"%>@ %!9)4 90&"%+<9C)5 [1–3]. J+$() &)4 0"070$ ,$-

"%0 8!&),!@% !&%$&&' %)-! 3+$*0+), . "0"%!.$ 07/<#!@A$5 ")"%$,' 90%0+'4 ),$$%"= 

(0-0/&)%$/>&0$ 8$+9!/0 – ?//)-%)#$"9)5 90&%++$D/$9%0+. Q/!*0(!+= *$0,$%+)#$"9), 

".05"%.!, ?//)-"0)(! @"%)+0.9! !&%$&& %)-! 3+$*0+) -+0)"40()% 70/$$ -/!.&0, #$, . 

0(&08$+9!/>&'4 !&%$&&!4 [4].  

F2 

B 

O 

F1
U 

V

x 

  

f 

z

() 

W 

 

K)
 

 

 )". 1. ;""/$(<$,!= 0D"$%&!= !&%$&&!: ( – "4$,!%)#$"9)5 #$+%$6 -+0D)/= !&%$&&';  

K – ,0($/> !&%$&&' . «CST Microwave Studio» " +!""#)%!&&05 ()!*+!,,05 &!-+!./$&&0"%) 

 

;""/$(<$,!= . +!70%$ 0D"$%&!= (.<48$+9!/>&!= !&%$&&!, +!""#)%!&&!= . J1K  

JHO «CST Microwave Studio», -+$("%!./$&! &! +)". 1. E!9 -09!8!&0 &! +)". 1, (, 90&%+-

+$D/$9%0+ D0+,)+<$%"= -<%$, .'+$89) )8 ?//)-"0)(!, +!"-0/06$&&0*0 . 07/!"%) D0-

9<"! -!+!70/0)(!, )8 90%0+0*0 "D0+,)+0.!&0 */!.&0$ 8$+9!/0 !&%$&&'. K+) D)9")+0-



 !"#$%&« '(&)!*+,-,.$$,&/+)!++0&$&12)3,42)5/»&

353 

.!&&'4 -!+!,$%+!4 8$+9!/!, <9!8!&&'4 &! +)"<&9$, @"%)+0.9! !&%$&&' -+0)8.0()/!"> 

-<%$, )8,$&$&)= <*/0.'4 -!+!,$%+0. W, V ) U, 4!+!9%$+)8<@A)4 -0/06$&)$ ?//)-"0)-

(! 90&%++$D/$9%0+!, -0.0+0% 07/<#!%$/= 0%&0")%$/>&0 D09!/>&05 0") */!.&0*0 8$+9!-

/!, ! %!96$ "$9%0+ 07/<#$&)= 90&%++$D/$9%0+! 07/<#!%$/$, "00%.$%"%.$&&0.  

 !"#$% ()!*+!,,' &!-+!./$&&0"%) !&%$&&', 90%0+'5 -+0)8.0()/"= &! #!"%0%$ 

f0 = 6 33C, -09!8!/, #%0 B)+)&! */!.&0*0 /$-$"%9! "0"%!.)/! 2X0.5 = 2.9°, <+0.$&> 7090-

.'4 /$-$"%90. F1 = -16.5 (Q, ! 90?DD)C)$&% &!-+!./$&&0*0 ($5"%.)= – D = 34.3 (Q.  

H 9!#$"%.$ 07/<#!%$/= !&%$&&' )"-0/>80.!/!"> +<-0+&!= !&%$&&! " (+0""$/>&',) 9!-

&!.9!,), )"-0/>8<$,!= (/= +!"B)+$&)= +!70#$*0 #!"%0%&0*0 ()!-!80&! !&%$&&'.  

H !&%$&&!4 %)-! 3+$*0+) 0"07'$ %+<(&0"%) -+$("%!./=$% +!"#$% *$0,$%+)#$"90*0 

-+0D)/= 07/<#!@A$5 ")"%$,'. H #!"%&0"%), (/= 0-%),!/>&0*0 -$+$0%+!6$&)= 90&%+-

+$D/$9%0+0, )8/<#!$,05 )8 +<-0+! ,0A&0"%) -+)40()%"= +!""#)%'.!%> 70/>B0$ #)"/0 

-!+!,$%+0. (+)". 1, (). I/= +$B$&)= ?%05 8!(!#) . "+$($ «Matlab» 7'/! &!-)"!&! -+0-

*+!,,!, -08.0/=@A!= +!""#)%!%> .$/)#)&< ?9"C$&%+)")%$%! ) D09<"&0$ +!""%0=&)$ ?/-

/)-"0)(! -+) )8.$"%&'4 <*/!4 V ) U. M! +)". 2 -+$("%!./$& -+0D)/> ?//)-"0)(! " <9!-

8!&)$, <*/0. ) ."$4 -$+$0%+!6$&&'4 /<#$5 "0*/!"&0 -+)&C)-!, *$0,$%+)#$"905 0-%)-

9). I/= -+0"%0%' D09!/>&!= 0"> !&%$&&' &! +)"<&9$ &$ -09!8!&!, -+) ?%0, */!.&!= 0"> 

?//)-"0)(! "0+)$&%)+0.!&! *0+)80&%!/>&0.  

 

 

F1 F2

U1

U2

N

M

P

O

 
 )". 2. O$+%$6 -+0D)/= ?//)-"0)(!, )8 90%0+0*0 D0+,)+<$%"= 90&%++$D/$9%0+ 

 

;8 +)". 2 .)(&0, -0"/$ -$+$0%+!6$&)= 0% 90&%++$D/$9%0+! ) -+0406($&)= #$+$8 

%0#9< D09<"! F2 <*0/ 07/<#$&)= 8$+9!/! +!"%$% (U2 > U1). T%0 /)B&)5 +!8 -0(%.$+6(!$% 

*/!.&0$ -+$),<A$"%.0 (.<48$+9!/>&'4 !&%$&& -$+$( 0(&08$+9!/>&',), 90%0+0$ 8!-

9/@#!$%"= . <,$&>B$&)) +!8,$+0. 07/<#!@A$5 ")"%$,', !, 8&!#)%, ) +!8,$+0. ."$5 

!&%$&&' . C$/0,. E!9 -09!8!/ +!"#$%, 0%&0B$&)$ <*/0. U1 ) U2 "%+0*0 8!.)")% 0% .$/)-

#)&' ?9"C$&%+)")%$%! ?//)-"!, .'#)"/$&)$ 90%0+0*0 0"<A$"%./=$%"= " -0,0A>@ -+0-

*+!,,'. I/= 4!+!9%$+)"%)9, -+$("%!./$&&'4 &! +)". 1, "00%&0B$&)$ U2/U1 = 1.5, -+) 

?%0, 70/>B!= 0"> ?//)-"! 7'/! +!.&! 600 ,,, ,!/!= – 550 ,,, ! .$/)#)&! ?9"C$&%+)")-

%$%! "0"%!.)/! 0.4.  

J+$() ."$4 -!+!,$%+0. 07/<#!@A$5 ")"%$,', 0-+$($/=@A), . D0+,)+0.!&)) 

*/!.&0*0 /$-$"%9! ()!*+!,,' &!-+!./$&&0"%) =./=$%"= <*0/ 07/<#$&)= 90&%++$D/$9-

%0+! (-!+!,$%+ U "0*/!"&0 +)". 1). H ".=8) " ?%), -+$("%!./=$% )&%$+$" #!"%0%&!= 8!.)-

"),0"%> 90?DD)C)$&%! <")/$&)= (EY) !&%$&&' -+) +!8/)#&'4 <*/!4 07/<#$&)= 90&%+-

+$D/$9%0+!. M! +)". 3 -+$("%!./$&' *+!D)9) #!"%0%&05 8!.)"),0"%) 90?DD)C)$&%! 

<")/$&)= !&%$&&' -+) +!8&'4 <*/!4 07/<#$&)= ."-0,0*!%$/>&0*0 8$+9!/! . ()!-!80&$ 

#!"%0% 0% 4.5 33C (0 8 33C.  !"#$%&!= .$/)#)&! <*/! U "0"%!.)/! 60°. T%0% +$8</>%!% 

7'/ -0/<#$& " -0,0A>@ &!-)"!&&05 . «Matlab» -+0*+!,,', -+) ?%0, 8&!#$&)) !&%$&-
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&< ,06&0 +!"",!%+).!%> 9!9 ")"%$,< " 0-%),!/>&',) -!+!,$%+!,). E!9 .)(&0, )8 *+!-

D)9!, -+) <.$/)#$&)) ?%0*0 <*/! &! 10° ) 20° .$/)#)&! 90?DD)C)$&%! <")/$&)= !&%$&-

&' -+!9%)#$"9) &$ )8,$&)/!">, -+) ?%0, 4!+!9%$+ )8,$&$&)= ?%0*0 90?DD)C)$&%! .0 

."$, )""/$(0.!&&0, #!"%0%&0, ()!-!80&$ 0"%!/"= -+$6&),, – " <.$/)#$&)$, #!"%0%' 

EY ,0&0%0&&0 .08+!"%!$%. T%0 -08.0/=$% "($/!%> .'.0( 0 %0,, #%0 0%9/0&$&)$ <*/! 07-

/<#$&)= 90&%++$D/$9%0+! 0% +!"#$%&0*0 (/= +$!/>&05 90&"%+<9C)) !&%$&&' &$ .'80.$% 

8!,$%&'4 <4<(B$&)5 $$ &!-+!./$&&'4 ".05"%.. K+) &!"%+059$ !&%$&&' 0%9/0&$&)$ 

<*/! 07/<#$&)= -+0"%0 &$)87$6&0 . .)(< @"%)+0.9) $$ 07/<#!%$/=. N#$.)(&0, %!905 

+$8</>%!% ,06&0 +!"",!%+).!%> 9!9 -0/06)%$/>&0$ 9!#$"%.0 )""/$(<$,05 90&"%+<9C)).  

 

 
 )". 3. S!.)"),0"%> 90?DD)C)$&%! <")/$&)= 0% #!"%0%' -+) +!8/)#&'4  

<*/!4 07/<#$&)= 90&%++$D/$9%0+! 

 

F!9), 07+!80,, . +!70%$ +!"",0%+$&! 90&"%+<9C)= (.<8$+9!/>&05 0D"$%&05 !&-

%$&&' %)-! 3+$*0+), "08(!&! ,0($/> . "+$($ «CST Microwave Studio», -0/<#$&! ()!-

*+!,,! &!-+!./$&&0"%) !&%$&&' . G-()!-!80&$. K+0.$($&0 )""/$(0.!&)$ #!"%0%&05 

8!.)"),0"%) 90?DD)C)$&%! <")/$&)= -+) +!8/)#&'4 <*/!4 07/<#$&)= 90&%++$D/$9%0-

+!, -09!8!&0, #%0 <.$/)#$&)$ ?%0*0 <*/! . 1.3 +!8! -0 0%&0B$&)@ 9 +!"#$%&0,< 8&!#$-

&)@ &$ <4<(B!$% &!-+!./$&&'4 ".05"%. !&%$&&' .0 ."$, )""/$(0.!&&0, #!"%0%&0, 

()!-!80&$.  

 
J-)"09 /)%$+!%<+'  

 

1. Q!4+!4 P. I., 3!/),0. 3. E. S$+9!/>&'$ "9!&)+<@A)$ !&%$&&'. – 2.: M!<9!, 1981.  

2. E!/0B)& H. 1., Z+0/0.! [. H. G!+!9%$+)"%)9) 0"$"),,$%+)#&'4 (.<48$+9!/>&'4 !-/!&!%)#$-

"9)4 !&%$&& // 1&%$&&'. – 2006. – \ 7.  

3. 1&%$&&' YEH: . 2-4 #. O. 1 / 3. S. 158$&7$+* ) (+. ; -0( +$(. 3. S. 158$&7$+*!. – 2.: «J.=8>», 

1977. – 384 ".  

4. Designing Classical Offset Cassegrain or Gregorian Dual-reflector Antennas from Combinations of 

Prescribed Geometric Parameters // IEEE Antennas & Propagation. – Vol. 44, \ 3. – June 2002 (ISSN 1045-

9243). – P. 114–123.  
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%15&!+!8.,  #!+4)1&.,  "1%$++!*%1 +,&&'5  *#$13   

3  81-"1%.)&'5  -$2.!)$*%!%&'5  *!12.&.%1+,5 
 

H. H. P*!/0.
1
, J. 1. S!5($"

2
 

 
1F ! «"&1/0-1*A &,;,A#+A <(2%3» 

664075, 9. "&1/0-1, /;. L(A1(;I-1(>, 239 

E-mail: lgalovvv@irzirk.ru 

2"&1/0-1*A #()*%#(;I#+A *--;,3%2(0,;I-1*A 0,M#*N,-1*A /#*2,&-*0,0 
664074, 9. "&1/0-1, /;. ?,&'%#0%2(, 83 

E-mail: zsa@istu.edu 
 

3$+,$%)#&'$ +!()0#!"%0%&'$ "0$()&)%$/) (J 3) -+),$&=@%"= . +!()0?/$9%+0&-

&05 !--!+!%<+$ JHO ( T1 JHO). N&) 07$"-$#).!@% ,$4!&)#$"90$ ) ?/$9%+)#$"90$ "0-

$()&$&)$ +!()0#!"%0%&'4 9!7$/$5 ,$6(< "0705 )/) " ,)9+0-0/0"90.05 /)&)$5, ! %!9-

6$ .&<%+)7/0#&0$ ) ,$67/0#&0$ "0$()&$&)$ #!"%$5 <"%+05"%.! [1].  

K0.'B$&&'$ %+$70.!&)= 9 *$+,$%)#&0"%)  T1 JHO -+$(L=./=@%"= . %$4 "/<#!-

=4, 90*(! -+)70+ (0/6$& 07$"-$#).!%> +!()0*$+,$%)#&0"%>, ! %!96$ 07/!(!%> <"%05#)-

.0"%>@ 9 9/),!%)#$"9), ) 7)0/0*)#$"9), .08($5"%.)=,. 3$+,$%)#&0"%> "<7,)&)!-

%@+&'4 +!()0#!"%0%&'4 "0$()&)%$/$5 J 3-50-751-;+ZH ) J 3-50-876-;+ZH 

(+)". 1, a), .'-<"9!$,'4 . <"/0.)=4 ;+9<%"90*0 +$/$5&0*0 8!.0(! (; S), 0-+$($/=$%"= 

"90+0"%>@ &!%$9!&)= *$/)= -+) )"-'%!&)) &! %$#$)"9!%$/$. J0*/!"&0 %$4&)#$"9), <"-

/0.)=, (FY) 0&! &$ (0/6&! -+$.'B!%> 1,3•10
-11

 ,
3
•K!•"

-1
. F!9!= "%$-$&> *$+,$%)#&0"%) 

(0"%)*!$%"= -<%$, -+),$&$&)= .!9<<,&0--/0%&0*0 ,$%!//0"%$9/=&&0*0 "0$()&$&)=. 
 

 

a b 

 

 )". 1. J0$()&)%$/> +!()0#!"%0%&'5 *$+,$%)#&'5 J 3-50-876-;+ZH (a) ) $*0 -!+!,$%+)#$"9!=  

,0($/> (b): 1 – .%</9!; 2 – .'.0(; 3 – "%$9/=&&'5 )80/=%0+; 4 – )80/=%0+; 5 – *&$8(0 

 

N(&), )8 -!+!,$%+0., -0 90%0+0,< .08,06&0 0C$&)%> 9!#$"%.0 )"-0/&$&)= J 3, 

=./=$%"= 90?DD)C)$&% "%0=#$5 .0/&' -0 &!-+=6$&)@ (EJHM), 0-+$($/=@A)5"= )8 .'-

+!6$&)=: 
 

 min

max

U

U
K U-0  ,  (1) 

 

*($ Umax ) Umin "00%.$%"%.$&&0 ,!9"),!/>&0$ ) ,)&),!/>&0$ &!-+=6$&)$ . /)&)) -$+$-

(!#). 

J0*/!"&0 FY &! J 3-50-751-;+ZH ) J 3-50-876-;+ZH 90?DD)C)$&% "%0=#$5 

.0/&' -0 &!-+=6$&)@ . +!70#$, ()!-!80&$ #!"%0% 0% 0 (0 18 33C &$ (0/6$& -+$.'B!%> 
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8&!#$&)= 1,35. M! ; S .$/)#)&! ="% U )8,$+=$%"= " -0,0A>@ "9!/=+&0*0 !&!/)8!%0+! 

C$-$5  22 -+0)8.0("%.! S1N «MKZ «2)9+!&» ) (/= !7"0/@%&0*0 70/>B)&"%.! "<7-

,)&)!%@+&'4 J 3 &$ -+$.'B!$% 1,25.  

E 0"&0.&', %$4&0/0*)#$"9), D!9%0+!,, 0-+$($/=@A), .$/)#)&< EJHM, -+) 

-+0)8.0("%.$ J 3 0%&0"=%"=: 

1. F0#&0"%> )8*0%0./$&)= .%</9), .'.0(!, )80/=%0+! ) *&$8(! (",. +)". 1, b); 

2. F0#&0"%> -08)C)0&)+0.!&)= .'.0(!, 0%&0")%$/>&0 .%</9); 

3. F0#&0"%> -08)C)0&)+0.!&)= "%$9/=&&0*0 )80/=%0+! -0"/$ "-!).!&)=; 

4. E!#$"%.0 ,$%!//0"%$9/=&&0*0 "0$()&$&)=; 

5. E!#$"%.0 &!&$"$&)= -09+'%)=; 

6. E!#$"%.0 "70+9) "0$()&)%$/=. 

N#$.)(&0, #%0 ,$%!//0"%$9/=&&'5 "0$()&$&)$ 09!8'.!$% +$B!@A$$ .08($5"%.)$ 

&! 9!#$"%.0 *0%0.0*0 )8($/)=. H [1] 0%,$#!$%"=, #%0 &! .'"09)4 +!70#)4 #!"%0%!4 "%$9-

/=&&'5 )80/=%0+ .&0")% &!)70/>B<@ (0/@ . .'"090#!"%0%&'$ -0%$+) 90!9")!/>&0-

,)9+0-0/0"90.'4 -$+$40(0., %.9. ()?/$9%+)#$"9)$ -0%$+) -+$07/!(!@% &!( -0%$+=,) 

-+0.0(),0"%). P@7'$ &$0(&0+0(&0"%) . "%$9/=&&0, )80/=%0+$ -0.'B!@% .$/)#)&' 

()?/$9%+)#$"905 -+0&)C!$,0"%) "+$(' ) %!&*$&"! <*/! ()?/$9%+)#$"9)4 -0%$+>, #%0 

.$($% 9 <.$/)#$&)@ -0%$+> JHO. 

K+) -+0)8.0("%.$ J 3 -+),$&=$%"= "0*/!"0.!&&'5 "-!5 "-/!.! 29ME (90.!+) 

3NJF 10994-74 ) 70+0")/)9!%&0*0 "%$9/! J52-1 NJF 11 027.010-75. Y8$/, -0/<#!$,'5 

-0"/$ "0$()&$&)= .%</9), .'.0(! ) "%$9/=&&0*0 )80/=%0+! (+)". 1, b) "0*/!"&0 3NJF 

21962-76 &!8'.!$%"= .)/905. 

H %!7/. 1 -+$("%!./$&' 0"&0.&'$ .)(' 7+!9! ,$%!//0"%$9/=&&'4 "0$()&$&)5, 

."%+$#!@A$*0"= -+) )8*0%0./$&)) J 3 ) $*0 ./)=&)$ &! 4!+!9%$+)"%)9) "0$()&)%$/=. 

 
F!7/)C! 1 

H)(' 7+!9! ,$%!//0"%$9/=&&'4 "-!$. ) $*0 ./)=&)$ &! 9!#$"%.0 J 3 

 

H)( 7+!9! H+$(&0$ .08($5"%.)$ 

M!-/'.' "%$9/! &! .'.0( ) .%</9< "0$()&)%$/= 
K0.'B$&)$ EJHM, <4<(B$&)$ <"/0.)5 "70+9) ) 

,0&%!6! "0$()&)%$/= 

3!80.'$ -<8'+) . "-!$ 
K0.'B$&)$ EJHM, &!+<B$&)$ *$+,$%)#&0"%) "-!=, 

<.$/)#$&)$ .$+0=%&0"%) -+070= )80/=C)) 

F+$A)&' ) "90/' "%$9/! 
M!+<B$&)$ *$+,$%)#&0"%) "-!=, <.$/)#$&)$ 

.$+0=%&0"%> -+070= )80/=C)) 

M$"-!=&&'$ <#!"%9) (0%.$+"%)= . "%$9/$) K0.'B$&)$ EJHM, &!+<B$&)$ *$+,$%)#&0"%) "-!= 

M!+<B$&)$ .8!),&0*0 +!"-0/06$&)= -0.$+4&0-

"%$5 

K0.'B$&)$ EJHM, <4<(B$&)$ <"/0.)5 "70+9) ) 

,0&%!6! "0$()&)%$/= 

 

H -+0D)/>&05 /)%$+!%<+$ [2–4] -+$(/06$&' ,$%0(' 70+>7' " -+$("%!./$&&',) . 

%!7/. 1 ($D$9%!,). N(&!90, %!9)$ +$90,$&(!C)) &0"=% 07A)5 4!+!9%$+ ) %+$7<@% !(!--

%!C)) -0( <"/0.)= 90&9+$%&0*0 -+0)8.0("%.!. E+0,$ %0*0, %$4&)#$"9)$ %+$70.!&)= 9 

,$%!//0"%$9/=&&', "0$()&$&)=, )8($/)5, +!70%!@A)4 . JHO ()!-!80&$, "<A$"%.$&&0 

0%/)#!@%"= 0% %!90.'4 (/= &)890#!"%0%&05 %$4&)9). M!-+),$+, (/= J 3-50-876-;+ZH 

(0-<"9 &! 8!80+ ,$6(< .%</905 ) "%$9/=&&', )80/=%0+0, "0"%!./=$% 0,06 ,,. F!9), 

07+!80, "<A$"%.$&&0 .08+!"%!$% +0/> 0+)$&%!C)) ) 8!9+$-/$&)= ($%!/$5 . -+)"-0"07-

/$&)) -$+$( "-!).!&)$,.  

M$0740(),0 "9!8!%>, #%0 9!#$"%.0 -0(*0%0.9) ($%!/$5 9 "-!).!&)@ .&0")% "<A$-

"%.$&&'5 .9/!( . 90&$#&'5 +$8</>%!%. N(&!90 +!"",0%+$&)$ ?%0*0 .0-+0"! .'40()% 8! 

+!,9) +!70%', 0*+!&)#),"= -$+$#)"/$&)$, &$0740(),'4 -0(*0%0.)%$/>&'4 0-$+!C)5. 
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I$%!/) )8 "-/!.! 29ME -0(.$+*!@%"= 07$86)+).!&)@, 09)"/$&)@, %+!./$&)@ ) 07$8-

*!6).!@A$,< 0%6)*<; ($%!/) )8 "%$9/! 0#)A!@%"= 0% 8!*+=8&$&)5 ) 07$86)+).!@%"=. 

N"%!&0.),"= -0(+07&$$ &! -+0C$""$ -0/<#$&)= .!9<<,&0--/0%&0*0 ,$%!//0"%$9-

/=&&0*0 "0$()&$&)=. J-!).!&)$ 0"<A$"%./=$%"= -+) "/$(<@A)4 &$)8,$&&'4 %$4&0/0-

*)#$"9)4 D!9%0+!4: ?/$9%+0-$#> 9!,$+&!= " 8!A)%&05 !%,0"D$+05 KES-1,0-7; !80% *!-

8007+!8&'5 0"0705 #)"%0%' 2-5 "0+% -0 3NJF 9293-74. K$+$( "-!).!&)$, .%</9!, .'-

.0( ) "%$9/=&&'5 )80/=%0+ "07)+!@%"= . "-$C)!/>&0, -+)"-0"07/$&)), 90%0+0$ 07$"-

-$#).!$% +$*/!,$&%)+<$,0$ 90&"%+<9%0+"905 (09<,$&%!C)$5 +!"-0/06$&)$ ($%!/$5. 

N%,$%),, #%0 #!"%) -+)"-0"07/$&)=, 90&%!9%)+<@A)$ "0 "%$9/0,, )8*0%!./).!@%"= )8 

"-$C)!/>&0*0 ,$/908$+&)"%0*0 *+!D)%!, -0/<#$&&0*0 ,$%0(0, )80"%!%)#$"90*0 -+$""0-

.!&)=. I.! -+)"-0"07/$&)= . "-$C)!/>&0, 90&%$5&$+$ -0,$A!@% . &!*+$%<@ 9!,$+<. 

K0"/$ .'($+69) . -$#) 90&%$5&$+ " <8/!,) <"%!&!./).!@% . "-$C)!/>&0$ -+)"-0"07-

/$&)$ (/= 04/!6($&)=, 9<(! -0 .&$B&$,< 90&%<+< -0(!$%"= !80%. N"<A$"%./=$%"= .'-

($+69! . %$#$&)$ 35 ,)&<%, 8!%$, 90&%$5&$+ -$+$,$A!@% . "/$(<@A)5 04/!6(!@A)5 

90&%<+ ) ?%0 -0.%0+=$%"= $A$ (.!6('. F!9 .)/9) 04/!6(!@%"= (0 90,&!%&05 %$,-$+!-

%<+' (]22 ºC). T%0 -08.0/=$% "&)8)%> .&<%+$&&)$ &!-+=6$&)= . "-!$ ), "/$(0.!%$/>&0, 

-0.'B!$% &!($6&0"%> "0$()&)%$/=.  

T/$,$&%!,) +$6),! "-!).!&)= =./=@%"= %$,-$+!%<+! (T), .+$,= .'($+69) (t) ) 

+!"40( !80%! (Q0). 3+!&)C', . 90%0+'4 (0-<"%),0 )4 .!+>)+0.!&)$, 0-+$($/=@%"= D)-

8)#$"905 -+)+0(05 !(*$8)) "%$9/! 9 ,$%!//<. J-!5 07+!8<$%"= . ()!-!80&$ +!8,=*#$&)= 

"%$9/! 0% 10
6
 K<!8 (0 10

4
 K<!8. I/= J52-1 ?%0 "00%.$%"%.<$% )&%$+.!/< %$,-$+!%<+ 

! "1130;825#T  ºC. H+$,= ,)&),!/>&0 &$0740(),0$ (/= 07+!80.!&)= "-!= +!.&=$%"= 

10 ,)&<%!,.  !"40( !80%! 8!.)")% 0% 07L$,! 9!,$+' -$#), ! ()!-!80& $*0 .!+>)+0.!&)= 

/),)%)+<$%"= &!"%+05905 *!80.0*0 A)%! -$#). 

I/= 90/)#$"%.$&&05 0C$&9) ./)=&)= ?/$,$&%! +$6),! "-!).!&)= &! 9!#$"%.0 "0-

$()&$&)= )"-0/>80.!&0 .'+!6$&)$ +!"#$%! (0/) 7+!9!: 
 

 I0/= 7+!9! = (Q. / V)•100 %, (2) 
 

*($ Q. – 90/)#$"%.0 8!7+!90.!&&'4 -0 (!&&0,< ($D$9%< .)/09; V – 07L$, 0-$+!C)0&&05 

-!+%)) .)/09. 

M! 0"&0.!&)) -+0.$($&&'4 &! ; S ?9"-$+),$&%0. <"%!&0./$&' "/$(<@A)$ )&-

%$+.!/' .!+>)+0.!&)= ?/$,$&%0. +$6),! "-!).!&)=: 

1. F$,-$+!%<+! ! "920;860#T  ºC; 

2. H+$,= .'($+69) ! "45;25#t  ,)&; 

3.  !"40( !80%! ! "32,3;98,00#Q  / / ,)&. 

K0="&), -+).$($&&'$ 8&!#$&)=. K+) "-!).!&)) J 3 . )&%$+.!/$ %$,-$+!%<+ 

! $860;825#T  ºC (0 90 % .)/09 &$ 0%.$#!@% %+$70.!&)@ 9 *$+,$%)#&0"%), #%0 07L="&=-

$%"= 8&!#)%$/>&05 .=890"%>@ "%$9/! ) $*0 -/0405 !(*$8)$5 9 90.!+<. K+) -0.'B$&)) 

%$,-$+!%<+' (0 % "1130;920#T  ºC "<A$"%.$&&0 .08+!"%!$% 90/)#$"%.0 *!80.'4 -<8'+$5 

. "-!$. E+0,$ %0*0, -0.'B$&)$ %$,-$+!%<+' <")/).!$% )8&0" &!*+$.!%$/>&'4 ?/$,$&-

%0. -$#), ! &! D0&$ )&%$&")D)9!C)) 09)"/)%$/>&'4 -+0C$""0. 8&!#)%$/>&0 "&)6!$%"= 

"%0590"%> *+!D)%0.'4 ?/$,$&%0. 0"&!"%9). N7+!%),"= 9 +)". 2, *($ -+$("%!./$&! 8!.)-

"),0"%> %$,-$+!%<+&0*0 +$6),! . 9!,$+$ -$#) 0% .+$,$&) .'($+69) 90&%$5&$+! " ($-

%!/=,). K0"/$ 8!*+<89) &0.0*0 90&%$5&$+! %$,-$+!%<+! . 9!,$+$ <7'.!$% . %$#$&)$ 

2 ,)&<%, (0"%)*!= ,)&),<,! T = 809 °C. K0"/$ ?%0*0 D<&9C)= ,0&0%0&&0 .08+!"%!$% (0 

%$,-$+!%<+' T = 899 °C ) 8!%$, .08.+!A!$%"= 9 <"%!&0./$&&0,< 0-$+!%0+0, 8&!#$&)@ 

T = 890 °C. K+$.'B$&)$ 8!(!&&05 %$,-$+!%<+' 07L="&=$%"= )&$+C)$5 -$#), %. $. -0"/$ 
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%0*0, 9!9 <"%+05"%.0 <-+!./$&)= 0%9/@#!$% -0(!#< %09! &! &!*+$.!%$/>&'$ ?/$,$&%', 

%$,-$+!%<+! &$90%0+0$ .+$,= -+0(0/6!$% +!"%). 1&!/)8)+<= *+!D)9, ,06&0 "9!8!%>, 

#%0 9!9 ,)&),<, . %$#$&)$ 7 ,)&<% ((0 (0"%)6$&)= T = 825 °C) -0"/$ 8!*+<89) ($%!/$5 

"-!5 &$ 07+!8<$%"=. J/$(<$% %!96$ <#)%'.!%>, #%0 ",!#).!&)$ ,$%!//! "%$9/0, &!#&$%-

"= -0"/$ +!80*+$.! "-!).!$,'4 ($%!/$5, ! &$ !%,0"D$+' . -$#). H ".=8) " ?%), ()!-!-

80& .!+>)+0.!&)= .+$,$&) "0"%!.)/ ! "45;25#t  ,)&. 

 

 
 

 )". 2. H/)=&)$ .+$,$&) .'($+69) ($%!/$5 &! %$,-$+!%<+< . 9!,$+$ -$#)  

-+) 8!(!&&0, 8&!#$&)) t = 890 °C  

 

 !"",0%+), ./)=&)$ +!"40(! !80%! &! (0/@ 7+!9! (2) -0 &!-/'.!, ) *!80.', -<-

8'+=, (+)". 3). H)(&0, #%0 (0/= 7+!9! -0 &!-/'.!, "&)6!$%"= " <.$/)#$&)$, 8&!#$&)= 

Q0. T%0 07<"/0./$&0 %$,, #%0 )&%$&").&!= 07(<.9! 90&%$5&$+! .$($% 9 "&)6$&)@ %$,-

-$+!%<+' .&<%+) &$*0 ), "00%.$%"%.$&&0, 9 -0.'B$&)@ .=890"%) "%$9/!.  

 

 
 

 )". 3. H/)=&)$ +!"40(! !80%! &! (0/@ 7+!9! . ,$%!//0"%$9/=&&0, "0$()&$&)) 

 

J (+<*05 "%0+0&' -0.'B$&)$ +!"40(! !80%! 0% 0,92 / / ,)& (0 3,32 / /,)& .$($% 9 

+0"%< (0/) 7+!9! -0 *!80.', -<8'+=, 0% 7,52 % (0 21,28 %. F!9), 07+!80,, 0-%),!/>-

&0$ -0 9+)%$+)@ ,)&),)8!C)) 7+!9! +$B$&)$ &!40()%"= . )&%$+.!/$ 8&!#$&)5 

! "54,2;9,10 #Q  / / ,)&. 
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F!7/)C! 2 

H/)=&)$ ?/$,$&%0. +$6),! "-!).!&)= &! 9!#$"%.0 ,$%!//0"%$9/=&&0*0 "0$()&$&)= 

 

H)( 7+!9! 
K!+!,$%+ 

T, ºC t, ,)& Q0, //,)& 

M!-/'.' "%$9/! &! .'.0( ) 90+-<" "0$()&)%$/= +* + - 

3!80.'$ -<8'+) . "-!$ + 0 +* 

M$"-!=&&'$ <#!"%9) (0%.$+"%)= . "%$9/$) -* - 0 
K+),$#!&)$. N708&!#$&)= «+» ) «-» -09!8'.!@%, #%0 <.$/)#$&)$ )/) <,$&>B$&)$ ?%)4 -!+!,$%+0. .'8'.!$% 

"00%.$%"%.$&&0 -0.'B$&)$ )/) "&)6$&)$ (0/) (!&&0*0 .)(! 7+!9! -0 (2); «*» – -!+!,$%+ 09!8'.!$% 0"&0.&0$ 

./)=&)$ &! (!&&'5 .)( 7+!9!; «0» – -!+!,$%+ &$ ./)=$% &! (!&&'5 .)( 7+!9!.

 

J C$/>@ 0707A$&)= +$90,$&(!C)5 -0 .'70+< +$6),! "-!).!&)= "D0+,)+0.!&! 

%!7/. 2. H)(&0, #%0 -0.'B$&)$ %$,-$+!%<+' . 9!,$+$ -$#) .$($% 9 <.$/)#$&)@ #)"/! 

&!-/'.0.. T%0 07L="&=$%"= "&)6$&)$, .=890"%) "%$9/! -+) $*0 &!*+$.$. J (+<*05 "%0-

+0&' +0"% %$,-$+!%<+' (0 920 ºC -0/06)%$/>&0 "9!8'.!$%"= &! !(*$8)) "%$9/! 9 90.!+< 

) -08.0/=$% "&)8)%> (0/@ 7+!9! -0 &$"-!=&&', <#!"%9!, 0% 5–8 % (0 2–3 %. 2)&),)-

8)+0.!%> ?%0% .)( 7+!9! %!96$ .08,06&0 -+) "%!7)/>&0, 07$"-$#$&)) 8!80+! ,$6(< 

"%$9/=&&', )80/=%0+0, ) .%</905 -+) "70+9$ – 0,02–0,06 ,,. N(&!90 ?%0 %+$7<$% )"-

-0/>80.!&)= "%$9/=&&'4 9!-)//=+0. -0.'B$&&05 %0#&0"%). H+$,= .'($+69) 09!8'.!-

$% %0 6$ ./)=&)$, #%0 ) %$,-$+!%<+!, &0 ),$$% &$"90/>90 ,$&>B<@ «")/< .08($5"%.)=». 

J/$(<$% "9!8!%>, #%0 -+).$($&&'$ . %!7/. 2 0C$&9) 8&!#),' (/= <9!8!&&05 .'B$ 07-

/!"%) .!+>)+0.!&)= ?/$,$&%0. +$6),! "-!).!&)=. M!-+),$+, .'($+69! &)6$ ,)&)-

,!/>&0 (0-<"%),0*0 8&!#$&)= .+$,$&) .&$ 8!.)"),0"%) 0% .$/)#)& 0"%!/>&'4 -!+!-

,$%+0. .$($% 9 ($D$9%!, -0 &$"-!=&&', <#!"%9!,. 

M! 0"&0.!&)) -+0.$($&&'4 ?9"-$+),$&%0. 7'/0 <"%!&0./$&0, #%0 . <"/0.)=4 ; S 

0-%),!/>&',) -0 9+)%$+)@ 9!#$"%.! ,$%!//0"%$9/=&&0*0 "0$()&$&)= =./=@%"= "/$-

(<@A)$ .$/)#)&' ?/$,$&%0. +$6),! "-!).!&)=: 

1. F$,-$+!%<+! ! "890;880#T  ºC; 

2. H+$,= .'($+69) ! "35;30#t  ,)&; 

3.  !"40( !80%! 54,20  Q  / / ,)&. 

 
J-)"09 /)%$+!%<+' 

 

1. I6<+)&"9)5, E. Q. J0.+$,$&&'$ +!()0#!"%0%&'$ 90,-0&$&%' ) -0,$40-0(!./=@A)$ D)/>%+' / 

E. Q. I6<+)&"9)5; -0( +$(. 1. 1. Q0+)"0.!. – JK7.: S1N «2$()! 3+<--! Z!5&"%+)%», 2014. – 428 ". 

2. NJF 107.460092.002-86. J0$()&$&)= ,$%!//0"%$9/=&&'$ .!9<<,&0--/0%&'$. F)-0.'$ %$4&0/0-

*)#$"9)$ -+0C$""'.  

3. P@7),0., 2. P. J-!) ,$%!//! "0 "%$9/0, / 2. P. P@7),0.. – 2.: T&$+*)=, 1968. – 280 ". 

4.  0<", Q. J%$9/0 . ?/$9%+0&)9$ / Q.  0<"; -$+. " #$B"9. M. 2. H!5"D$/>(; -0( +$(. 3. 1. J%$-!&0-

.!. – 2.: J0.$%"90$ +!()0, 1969. – 356 ".  
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.**+12!3$&.1   !977.0.1&%!3  *3,/.   

"&!8!#-!3!2&. !3'5  #!+!* !3'5  -1/!&$%!-!3  

 

E. I. M)8=$.!, 1. 2. J$+6!&%0. (&!<#&'5 +<90.0()%$/>) 

 
5C !D EF! «G*K*&-1*A $,3,&(;I#+A /#*2,&-*0,0» 

660074, 9. =&(-#%>&-1, /;. =*&,#-1%9% 28 
E-mail: cubicus@mail.ru 

 
;""/$(0.!&' 90?DD)C)$&%' ".=8) -!+' -0/0"90.'4 ,&0*0-+0.0(&)90.'4 +$80&!%0+0., .'-0/&$&'4 &! 0"-

&0.$ ,&0*0"/05&05 ,$%!//0()?/$9%+)#$"905 "%+<9%<+'. J )"-0/>80.!&)$, ?/$9%+0()&!,)#$"90*0 !&!/)8! -0/<#$-

&' 8!.)"),0"%) 90?DD)C)$&%! -0/&05 ".=8) +$80&!%0+0. 0% )4 90&"%+<9%).&'4 -!+!,$%+0.. 1&!/)8 -0/<#$&&'4 

8!.)"),0"%$5 -09!8!/, #%0 .$/)#)&! )&(<9%).&05 ".=8) )""/$(<$,'4 +$80&!%0+0. &! #!"%0%!4 &)6!5B$5 ,0(' 90-

/$7!&)5 "<A$"%.$&&0 -+$.'B!$% .$/)#)&< )4 $,90"%&05 ".=8). T%0 -+).0()% 9 %0,<, #%0 0%&0")%$/>&!= B)+)&! 

-0/0"' -+0-<"9!&)= D)/>%+0. &! 0"&0.$ %!9)4 +$80&!%0+0. -+!9%)#$"9) &$ 7<($% 8!.)"$%> 0% ()?/$9%+)#$"905 -+0-

&)C!$,0"%) ,!%$+)!/! "/0$., ! D0+,! !,-/)%<(&0-#!"%0%&05 4!+!9%$+)"%)9) 7<($% ),$%> .'"09<@ "),,$%+)@ 0%-

&0")%$/>&0 C$&%+!/>&05 #!"%0%' -0/0"' -+0-<"9!&)=. 

 

Z)/>%+' &! 0"&0.$ ,&0*0-+0.0(&)90.'4 -0/0"90.'4 +$80&!%0+0. [1,2] &!40(=% 

."$ 70/>B$$ -+),$&$&)$ . ()!-!80&$ ($C),$%+0.'4 ) ,$%+0.'4 (/)& .0/& 7/!*0(!+= 

".0$5 ,)&)!%@+&0"%) ) 70/$$ .'"09), #!"%0%&0-"$/$9%).&', ".05"%.!, -0 "+!.&$&)@ 

" %+!()C)0&&',), ,)9+0-0/0"90.',) <"%+05"%.!,). T%0 07<"/0./$&0 9!9 70/$$ .'"0-

905, #$, < ,)9+0-0/0"90.'4, "07"%.$&&05 (07+0%&0"%>@ %!9)4 +$80&!%0+0., %!9 ) %$,, 

#%0 . &)4 +$80&!&"' -$+.05 ) .%0+05 ,0( 90/$7!&)5 +!8(.)&<%' 70/$$ #$, &! 09%!.<, 

#%0 -08.0/=$% 07$"-$#).!%> B)+09)$ .'"090#!"%0%&'$ -0/0"' 8!*+!6($&)=. E+0,$ %0-

*0, %!9)$ <"%+05"%.! "04+!&=@% +=( -+$),<A$"%., -+)"<A)4 -/!&!+&', 90&"%+<9C)=,, 

) ),$&&0 %$4&0/0*)#&0"%> . )8*0%0./$&)) ) .)7+0<"%05#).0"%>, #%0 .'*0(&0 0%/)#!$% 

)4 0% D)/>%+0. &! LC-90&%<+!4. M$",0%+= &! ."$ -+$),<A$"%.! 90&"%+<9C)5 D)/>%+0. 

&! ,&0*0-+0.0(&)90.'4 +$80&!%0+!4, ")"%$,!%)#$"9)4 )""/$(0.!&)5 -0 )8<#$&)@ )4 

4!+!9%$+)"%)9 (0 ")4 -0+ &$ -+0.0()/0">. H #!"%&0"%), &$% ".$($&)5 0 ./)=&)) 90&"%-

+<9%).&'4 -!+!,$%+0. &! .8!),0($5"%.)$ %!9)4 +$80&!%0+0., 8&!&)$ 90%0+'4 ,06$% 

7'%> -0/$8&', 9!9 (/= -0.'B$&)= )87)+!%$/>&0"%) D)/>%+0., &!-+),$+, 8! "#$% C$/$-

&!-+!./$&&0*0 D0+,)+0.!&)= -0/@"0. 8!%<4!&)= .7/)8) -0/0"' -+0-<"9!&)=, %!9 ) 

(/= 07L="&$&)= +=(! 0"07$&&0"%$5 &!7/@(!$,'4 &! )4 !,-/)%<(&0-#!"%0%&'4 4!+!9%$-

+)"%)9!4. H &!"%0=A$5 +!70%$ )""/$(<$%"= .8!),0($5"%.)$ -!+' ,&0*0-+0.0(&)90.'4 

-0/0"90.'4 +$80&!%0+0., 90&"%+<9C)= 90%0+'4 7'/! -+$(/06$&! +!&$$ [1, 2].  

;""/$(<$,'5 ,&0*0-+0.0(&)90.'5 +$80&!%0+ (+)". 1) "0($+6)% ,&0*0"/05&<@ 

,$%!//0()?/$9%+)#$"9<@ "%+<9%<+<, -0(.$B$&&<@ ,$6(< (.<,= ?9+!&!,) . ,$%!//)-

#$"90, 90+-<"$ 1, ) "0"%0=A<@ )8 -0/0"90.'4 ,$%!//)#$"9)4 -+0.0(&)90. 2, ?/$9%+0-

,!*&)%&0 ".=8!&&'4 ,$6(< "0705 ) +!8($/$&&'4 %0&9),) ()?/$9%+)#$"9),) "/0=,) 3. 

K+0.0(&)9) " &$#$%&',) &0,$+!,) 0(&), 90&C0, 8!,9&<%' &! ?9+!& " 0(&05 "%0+0&' 

-0(/069), ! -+0.0(&)9) " #$%&',) &0,$+!,) 8!,9&<%' 0(&), 90&C0, &! ?9+!& " -+0-

%).0-0/06&05 "%0+0&' -0(/069). 

G0+0B0 )8.$"%&0, #%0 90/)#$"%.$&&0 "%$-$&> .8!),0($5"%.)= -!+' 90/$7!%$/>-

&'4 90&%<+0. )/) +$80&!%0+0. 4!+!9%$+)8<$%"= #!"%0%&0-&$8!.)"),', 90?DD)C)$&%0, 

".=8) k, 90%0+'5 ,06&0 .'#)"/)%>, 8&!= /)70 "07"%.$&&'$ #!"%0%' #$%&'4 ^e ) &$#$%-

&'4 ^o ".=8!&&'4 90/$7!&)5 . &)4, /)70 )4 90?DD)C)$&%' )&(<9%).&05 kL ) $,90"%-

&05 kC ".=8) 
 

2 2

2 2

^ ^

^ ^ 1

o e L C
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N#$.)(&0, #%0 ?%) 90?DD)C)$&%' 4!+!9%$+)8<@% .8!),0($5"%.)$ +$80&!%0+0. 

/)B> . 07/!"%) #!"%0% -0/0"' -+0-<"9!&)=, -0?%0,< )&0*(! )4 &!8'.!@% «+$80&!&"-

&',)». 

 

 

2 

3 

1 
ha 

hd 

S 

w 

 
 

 )". 1. E0&"%+<9C)= #$%'+$4-+0.0(&)90.0*0 (N = 4) -0/0"90.0*0 +$80&!%0+! (-+0(0/>&0$ "$#$&)$)  

) (.<4+$80&!%0+&'5 D)/>%+ $*0 0"&0.$ 
 

E!9 -09!8!/) )""/$(0.!&)= (/= B)+090*0 ()!-!80&! )8,$&$&)= 90&"%+<9%).&'4 

-!+!,$%+0. -0/&'5 90?DD)C)$&% ".=8) . "/<#!$ -!+' "0&!-+!./$&&'4 +$80&!%0+0. 

(+)". 1) &$,&0*0 ,$&>B$, #$, . "/<#!$ ."%+$#&0-&!-+!./$&&'4 (90*(! -+0.0(&)9) +!8-

&'4 +$80&!%0+0., /$6!A)$ . 0(&05 -/0"90"%), 8!,9&<%' &! ?9+!& -+0%).0-0/06&',) 

90&C!,)). T%0 *0.0+)% 0 %0,, #%0, .0--$+.'4, (/= "0&!-+!./$&&'4 +$80&!%0+0. 90?D-

D)C)$&% $,90"%&05 ".=8) .'#)%!$%"= )8 90?DD)C)$&%! )&(<9%).&05 ".=8) ("00%.$%"%-

.$&&0 . "/<#!$ ."%+$#&0-&!-+!./$&&'4 0&) "9/!('.!@%"=), ! .0-.%0+'4, .$/)#)&!  

90?DD)C)$&%! )&(<9%).&05 ".=8) 8&!#)%$/>&0 70/>B$ .$/)#)&' 90?DD)C)$&%! $,90-

"%&05 ".=8). I!/$$ 7<(<% )""/$(0.!%>"= 90&"%+<9C)) %0/>90 &! "0&!-+!./$&&'4 +$80-

&!%0+!4.  

M! +)". 2 -+$("%!./$&' +$8</>%!%' +!"#$%! 8!.)"),0"%$5 -0/&0*0 90?DD)C)$&%! 

".=8) k )""/$(<$,'4 +$80&!%0+0. 0% +!""%0=&)= S ,$6(< &),). E+).'$ -0"%+0$&' (/= 

+!8&0*0 90/)#$"%.! -+0.0(&)90. . +$80&!%0+!4 N = 2, 3 ) 5.  

 
 

0 1 2 3 S, ,, 
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 )". 2. S!.)"),0"%) -0/&0*0 90?DD)C)$&%! ".=8) +$80&!%0+0. 0% +!""%0=&)= ,$6(< &),)  

-+) +!8&0, #)"/$ -+0.0(&)90. . +$80&!%0+!4 
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 !"#$% 7'/ -+0)8.$($& . -+0*+!,,$ ?/$9%+0()&!,)#$"90*0 ,0($/)+0.!&)= (/= 

"/<#!= "/!705 ".=8) +$80&!%0+0. " .&$B&),) /)&)=,) -$+$(!#). E0&"%+<9%).&'$ -!-

+!,$%+' -0/0"90.05 "%+<9%<+' 7'/) "/$(<@A),): B)+)&! -+0.0(&)90. w = 1 ,,, +!"-

"%0=&)$ 0% .$+4&$*0 ) &)6&$*0 ?9+!&0. (0 -0.$+4&0"%) ,&0*0"/05&05 "%+<9%<+' 

ha = 5 ,,, %0/A)&! ()?/$9%+)#$"9)4 "/0$. hd = 0.25 ,,, ()?/$9%+)#$"905 -+0&)C!$-

,0"%> "/0$. _ = 2. 

;8 -+).$($&&'4 8!.)"),0"%$5 .)(&0, #%0 <.$/)#$&)$ #)"/! -+0.0(&)90. +$80&!-

%0+0. -+).0()% 9 &$70/>B0,< <.$/)#$&)@ 90?DD)C)$&%! -0/&05 ".=8), -+)#$,, #$, 

%0&>B$ ()?/$9%+)#$"9)$ "/0), %$, ,$&>B$ ?%0% ?DD$9%. T%0 07L="&=$%"= %$,, #%0 -+) 

<.$/)#$&)) 90/)#$"%.! "/0$. "%+<9%<+' ) &$)8,$&&0, +!""%0=&)) ha 0% ?9+!&0. (0 $$ 

-0.$+4&0"%$5 07L$, +$80&!%0+! .08+!"%!$%, !, "/$(0.!%$/>&0, .08+!"%!$% ) 90?DD)C)-

$&% )&(<9%).&05 ".=8) +$80&!%0+0.. [,90"%&0$ .8!),0($5"%.)$ +$80&!%0+0. -+) ?%0, 

-+!9%)#$"9) &$ )8,$&=$%"=. E !&!/0*)#&0,< +$8</>%!%< -+).0()% <.$/)#$&)$ +!""%0=-

&)= ha 0% .$+4&$*0 ) &)6&$*0 ?9+!&0. (0 -0.$+4&0"%$5 -0/0"90.05 "%+<9%<+' -+) D)9-

")+0.!&&'4 0"%!/>&'4 90&"%+<9%).&'4 -!+!,$%+!4. 

M! +)". 3 -+$("%!./$&! 8!.)"),0"%> -0/&0*0 90?DD)C)$&%! ".=8) k +$80&!%0+0. 

0% ()?/$9%+)#$"905 -+0&)C!$,0"%) "/0$. _. S!.)"),0"%> +!""#)%!&! (/= 90&"%+<9%).-

&'4 -!+!,$%+0. <9!8!&&'4 .'B$ ) +!""%0=&)= ,$6(< +$80&!%0+!,) S = 0.5 ,,.  

 
 

0 4 8 12 16 20 / 

0.580

0.581

0.582

0.583

0.584

0.585
k 

 
 )". 3. S!.)"),0"%> -0/&0*0 90?DD)C)$&%! ".=8) +$80&!%0+0. 0% ()?/$9%+)#$"905  

-+0&)C!$,0"%) "/0$.  

 

H)(&0, #%0 <.$/)#$&)$ ()?/$9%+)#$"905 -+0&)C!$,0"%) "/0$. -+).0()% 9 &$8&!-

#)%$/>&0,< +0"%< -0/&0*0 90?DD)C)$&%! ".=8) +$80&!%0+0.. T%0 07L="&=$%"= %$,, #%0 

<.$/)#$&)$ ()?/$9%+)#$"905 -+0&)C!$,0"%) "/0$. &$ )8,$&=$% )&(<9%).&0*0 .8!),0-

($5"%.)=, &0 "<A$"%.$&&0 <,$&>B!$% $,90"%&0$ .8!),0($5"%.)$, 90%0+0$ . "/<#!$ "0-

&!-+!./$&&'4 +$80&!%0+0. .'#)%!$%"= )8 )&(<9%).&0*0, 7<(<#) "<A$"%.$&&0 ,$&>B$ 

$*0 -0 .$/)#)&$. 

M! +)". 4 -+$("%!./$&! 8!.)"),0"%> -0/&0*0 90?DD)C)$&%! ".=8) k +$80&!%0+0. 

0% B)+)&' -0/0"90.'4 -+0.0(&)90. w (/= ()?/$9%+)#$"905 -+0&)C!$,0"%) "/0$. _ = 2 

) 0"%!/>&'4 90&"%+<9%).&'4 -!+!,$%+0. <9!8!&&'4 .'B$. H)(&0, #%0 <.$/)#$&)$ B)-

+)&' -0/0"90.'4 -+0.0(&)90. -+).0()% 9 ,0&0%0&&0,< <,$&>B$&)@ 90?DD)C)$&%! 
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-0/&05 ".=8) +$80&!%0+0., #%0 07<"/0./$&0 <,$&>B$&)$, )4 )&(<9%).&0*0 .8!),0($5-

"%.)=, 90%0+0$ 8!.)")% 0% +!""%0=&)= ,$6(< C$&%+!,) -0/0"90.'4 -+0.0(&)90. -+) 

D)9")+0.!&&0, 8!80+$ S ,$6(< &),). 

 
 

0 1 2 3 4 w, ,, 
0.48
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k 

 

 )". 4. S!.)"),0"%> -0/&0*0 90?DD)C)$&%! ".=8) +$80&!%0+0. 0% B)+)&'  

-0/0"90.'4 -+0.0(&)90. 

 

F!9), 07+!80,, . +!70%$ )""/$(0.!&' 90?DD)C)$&%' ".=8) -!+' -0/0"90.'4 

,&0*0-+0.0(&)90.'4 +$80&!%0+0., .'-0/&$&&'4 &! 0"&0.$ ,&0*0"/05&05 ,$%!//0()-

?/$9%+)#$"905 "%+<9%<+'. M! 0"&0.$ ?/$9%+0()&!,)#$"90*0 !&!/)8! -0/<#$&' 8!.)")-

,0"%) 90?DD)C)$&%! -0/&05 ".=8) +$80&!%0+0. 0% )4 90&"%+<9%).&'4 -!+!,$%+0.. 

1&!/)8 -0/<#$&&'4 8!.)"),0"%$5 -09!8!/, #%0 .$/)#)&! )&(<9%).&05 ".=8) )""/$(<$-

,'4 +$80&!%0+0. &! #!"%0%!4 &)6!5B$5 ,0(' 90/$7!&)5 "<A$"%.$&&0 -+$.'B!$% .$-

/)#)&< $,90"%&05 ".=8) .0 ."$, ),$@A$, -+!9%)#$"90$ 8&!#$&)$ ()!-!80&$ )8,$&$-

&)= 90&"%+<9%).&'4 -!+!,$%+0.. K+) ?%0, $"/) B)+)&! -+0.0(&)90. ,&0*0 70/>B$ 

%0/A)&' ()?/$9%+)#$"9)4 "/0$. ) _ >>1, %0 $,90"%&', .8!),0($5"%.)$, +$80&!%0+0. 

,06&0 -+$&$7+$#>. T%0 08&!#!$%, #%0 -+) %!9)4 <"/0.)=4 0%&0")%$/>&!= B)+)&! -0/0-

"' -+0-<"9!&)= D)/>%+0. &! 0"&0.$ ,&0*0-+0.0(&)90.'4 +$80&!%0+0. -+!9%)#$"9) &$ 

7<($% 8!.)"$%> 0% ()?/$9%+)#$"905 -+0&)C!$,0"%) ,!%$+)!/! "/0$., ! D0+,! !,-/)-

%<(&0-#!"%0%&05 4!+!9%$+)"%)9) 7<($% ),$%> .'"09<@ "),,$%+)@ 0%&0")%$/>&0 0") 

-+0.$($&&05 #$+$8 C$&%+!/>&<@ #!"%0%< -0/0"' -+0-<"9!&)=. 
 

6(K%0( 2+.%;#,#( .&* .%33,&@1, 4*#*-0,&-02( %K&(<%2(#*> * #(/1* 65 2 K(-

<%2%A N(-0* H"6, 2+.%;#>,'+M .% 9%-/3(&-02,##%'/ <(3(#*O 2 5C !D EF! «G*K*&-

-1*A $,3,&(;I#+A /#*2,&-*0,0». 
 

J-)"09 /)%$+!%<+' 

 

1. J$+6!&%0. 1. 2. ;""/$(0.!&)$ .'"090(07+0%&0*0 -0/0"90.0*0 +$80&!%0+! &! 0"&0.$ ,&0*0-

"/05&05 ,$%!//0()?/$9%+)#$"905 "%+<9%<+' // ;8.. .<80.. Z)8)9!. – 2012. – \ 9/2. – J. 27–30. 

2. K!%.  Z \2470418. 2)&)!%@+&'5 -0/0"90.'5 +$80&!%0+ / Q. 1. Q$/=$., `. Z. Q!/>.!, 1. 1. P$9-

")90., 1. 2. J$+6!&%0.. – N-<7/. 20.12.2012. – Q@/. \ 35. 
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$&$+./  3+.,&.,   !-#4*$  31-%!+1%$-&!*.%1+,   

&$  %!)&!*%6  !01& .  #1+1&8!3  .*%!)&. !3  -$2.!./+4)1&.,  

*  #!"!:6;  <!-%!3!(  $&%1&&!(  -1=1% . 

 

1. J. J!,0(<+0. (&!<#&'5 +<90.0()%$/>), P. 1. M0"0.! 

 
E%&%#,@-1*A 9%-/3(&-02,##+A 0,M#*N,-1*A /#*2,&-*0,0  

394026, 9. E%&%#,@, /;. 4%-1%2-1*A .&%-.,10, 14 
E-mail: unaxel2000@mail.ru 

 
 !"",0%+$&' <*/0#!"%0%&'$ 4!+!9%$+)"%)9) ,0($/) 90/>C$.05 !&%$&&05 +$B$%9), "0"%0=A$5 )8 "),,$%+)#-

&'4 ?/$9%+)#$"9)4 .)7+!%0+0. ,!/05 ?/$9%+)#$"905 (/)&', &!*+<6$&&'4 &! +$8)"%0+' &0,)&!/0, 1000 N,, <"%!-

&0./$&&05 -0( D@8$/=6$, .$+%0/$%! %)-! 2;-8. K+0.$($& !&!/)8 ./)=&)= 90+-<"! &0")%$/= &! %0#&0"%> 0C$&9) 

-$/$&*0. )"%0#&)90. +!()0)8/<#$&)= " -0,0A>@ .)7+!%0+&05 !&%$&&05 +$B$%9). 

 

Y"%!&0.9! +!()0-$/$&*!%0+&'4 90,-/$9"0. &! /$%!%$/>&'4 !--!+!%!4 [1], . #!"%-

&0"%) .$+%0/$%!4 (+)". 1), -08.0/=$%, 7/!*0(!+= -0(&=%)@ )4 &! .'"0%< (0 2000 ,, "<-

A$"%.$&&0 +!"B)+)%> 80&< ($5"%.)= -0 "+!.&$&)@ " .!+)!&%0, &!8$,&0*0 7!8)+0.!-

&)=. E+0,$ %0*0, "<A$"%.$&&0 <.$/)#).!$%"= "90+0"%> -0)"9! )"%0#&)90. +!()0)8/<-

#$&)=, -0.'B!$%"= )&%$*+!/>&!= ?DD$9%).&0"%> )"-0/>80.!&)= !--!+!%<+' +!()0-$-

/$&*!C)) ) +!()0,0&)%0+)&*!. 

H'70+ ,$"%! +!"-0/06$&)= !&%$&&05 ")"%$,' ) .!+)!C)= $$ +!8,$+0. -+) $$ 7!-

8)+0.!&)) &! /$%!%$/>&0, !--!+!%$ 6$"%90 0*+!&)#$&' "007+!6$&)=,) &$0740(),0"%) 

07$"-$#$&)= 40+0B)4 !?+0()&!,)#$"9)4 ) (+<*)4 ?9"-/<!%!C)0&&'4 4!+!9%$+)"%)9, 

.08,06&0"%) &!($6&0*0 9+$-/$&)=, .'-0/&$&)= %+$70.!&)5 ,!"9)+0.9), 07$"-$#$&)= 

?/$9%+0,!*&)%&05 "0.,$"%),0"%) " (+<*),) +!()0?/$9%+0&&',) ")"%$,!,), <"%!&0.-

/$&&',) &! .$+%0/$%$. K0?%0,< . 70/>B)&"%.$ "/<#!$. !&%$&&!= ")"%$,! ,06$% 7'%> 

<"%!&0./$&! %!9), 07+!80,, #%0 $$ ?/$9%+0()&!,)#$"9)$ 4!+!9%$+)"%)9) <#)%'.!@%"= 

. -0"/$(&@@ 0#$+$(>. S($"> 6$ "/$(<$% 0%,$%)%>, #%0 )"-0/>80.!&)$ &! "$+)5&0 .'-

-<"9!$,'4 /$%!%$/>&'4 !--!+!%!4 .'"090?DD$9%).&'4 -0*/0A!@A)4 -09+'%)5 "0-

-+=6$&0 " +=(0, 70/>B)4 %$4&0/0*)#$"9)4, ?9"-/<!%!C)0&&'4 ) ?90&0,)#$"9)4 %+<(-

&0"%$5. F!9), 07+!80,, !--!+!%&'$ "+$("%.! ) "-0"07' 90,-$&"!C)) -0*+$B&0"%$5 

-$/$&*0.!&)=, 07<"/0./$&&'4 &!/)#)$, +!""$=&&0*0 &0")%$/$, -0/=, 9 "06!/$&)@, 

=./=@%"= .$">,! 0*+!&)#$&&',). 

 

 
 )". 1. N7A)5 .)( ,0($/) 90+-<"! .$+%0/$%!-&0")%$/= 

 

H 9!#$"%.$ &0")%$/= -$/$&*!%0+&05 !&%$&&05 ")"%$,' . +!70%$ +!"",!%+).!/!"> 

<"%!+$.B!= ,0($/> .$+%0/$%! 0%$#$"%.$&&0*0 -+0)8.0("%.! 2;-8, -+).$($&&!= &! +)". 1. 

H ,0($/) D)*<+)+0.!/! 90/>C$.!= !&%$&&!= +$B$%9! ()!,$%+0, 1 ,, "0"%0=A!= )8 

9 "),,$%+)#&'4 %0&90-+0.0/0#&'4 .)7+!%0+0. " -0/&05 (/)&05 0.4 ,, +!"-0/06$&&!= 

&! +!""%0=&)) 0.25 , -0( (&)A$, D@8$/=6! "),,$%+)#&0 0%&0")%$/>&0 $*0 -+0(0/>-

&05 0"$.05 /)&)). a$&%+ !&%$&&05 +$B$%9) &!40()/"= &! /)&)), "0$()&=@A$5 -$+$(-
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&)$ B!"") ) 9+!5&)$ %0#9) 4.0"%0.0*0 0-$+$&)= /$%!%$/>&0*0 !--!+!%!. T/$,$&%' !&-

%$&&05 +$B$%9) 7'/) &!*+<6$&' &! +$8)"%0+' &0,)&!/0, 1000 N,, ),)%)+<@A)$ &!-

/)#)$ .'"0900,&'4 7<D$+&'4 9!"9!(0., ")*&!/' " .'40(! 90%0+'4 -0(!@%"= &! .40(' 

.'"090#!"%0%&0*0 90,,<%!%0+!. 

J/$(<$% 0%,$%)%>, #%0 (/= .'#)"/$&)= +!""$=&&0*0 90+-<"0, .$+%0/$%! ?/$9%+0-

,!*&)%&0*0 -0/= (/= D)9")+0.!&&0*0 &!-+!./$&)= -!($&)= ?/$9%+0,!*&)%&05 .0/&' 

(!6$ . (0"%!%0#&0 *+<70, -+)7/)6$&)) ) -+) )"-0/>80.!&)) ,0A&0*0 -$+"0&!/>&0*0 

90,->@%$+! &$0740(),0 &$"90/>90 #!"0. ,!B)&&0*0 .+$,$&).  

;8 -0"%+0$&&'4 #!"%0%&'4 8!.)"),0"%$5 8&!#$&)5 -$/$&*0. )"%0#&)90. +!()0)8-

/<#$&)= b(f) .)(&0, #%0 -+) !8),<%!/>&'4 <*/!4 -!($&)= ?/$9%+0,!*&)%&'4 .0/&, 

7/)89)4 9 0"$.0,< &!-+!./$&)@ (b = 20° ) b = 160°), . &)890#!"%0%&05 ) "+$(&$#!"%0%-

&05 07/!"%=4 +!"",!%+).!$,0*0 ()!-!80&! )8,$+$&&'$ -$/$&*) «-+)%=*).!@%"=» 9 0") 

.$+%0/$%! (+)". 2), 40%= (/= &!-+!./$&)= <*/! -+)40(! .0/&' b = 20° -+)%=6$&)$ ,$&$$ 

.'+!6$&0 ) "-+!.$(/).0 %0/>90, -0 "<%), (/= &)89)4 #!"%0%.  
 

 
 

 )". 2. O!"%0%&'$ 8!.)"),0"%) 8&!#$&)5 -$/$&*0. )"%0#&)90. +!()0)8/<#$&)= (/= !&%$&&'4 ?/$,$&%0. 

+!"-0/06$&&'4 . C$&%+$ .007+!6!$,0*0 %+$<*0/>&)9! ,$6(< B!"") .$+%0/$%!-&0")%$/=, .'#)"/$&&'$  

" <#$%0, ./)=&)= +!""$=&&0*0 &0")%$/$, -0/= (/= !8),<%!/>&'4 <*/0. -!($&)= .0/&' b = 20°, b = 40°, 

b = 60°, b = 80°, b = 100°, b = 120°, b = 140°, b = 160° 
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K+) «"90/>8=A)4» .(0/> 0") D@8$/=6! &!-+!./$&)=4 +!""$=&)= .0/& #!"%0%&!= 

8!.)"),0"%> -0*+$B&0"%) -$/$&*0.!&)= "%!&0.)%"= 8&!90-$+$,$&&05 &!#)&!= /)B> " 

(0"%!%0#&0 .'"09)4 #!"%0% (60(80 23C), *($ -+0(0/>&'5 ) -0-$+$#&'5 +!8,$+' .$+-

%0/$%! 8&!#)%$/>&0 70/>B$ (/)&' -!(!@A$5 .0/&'. K0?%0,< $"%> 0"&0.!&)= -+$(-0-

/!*!%>, #%0 &! (0"%!%0#&0 (/)&&'4 .0/&!4 . +$6),$ 9.!8)-0"$.05 ()D+!9C)) "<,,!+-

&0$ -0/$ . ,$"%$ +!"-0/06$&)= !&%$&&05 ")"%$,' . (0"%!%0#&0 *+<70, -+)7/)6$&)) 

,06&0 -+$("%!.)%> . .)($ "<-$+-08)C)) -/0"905 -!(!@A$5 .0/&' ) 9.!8)-C)/)&(+)-

#$"905 .0/&', +!""$=&&05 &! D@8$/=6$, -+)#$, ?9.).!/$&%&0$ &!-+!./$&)$ -+)40(! 

.0/&' (. ",'"/$ "<A$"%.0.!&)= &$90$*0 C$&%+! "<,,!+&0*0 )8/<#$&)= -!(!@A$5 ) 

+!""$=&&05 .0/&) 7<($% "%+$,)%>"= 9 0") .$+%0/$%!.  

H)(&0, #%0 (!6$ -+) <*/!4 -!($&)=, -+!9%)#$"9) 0()&!90.0 7/)89)4 9 D@8$/=6< 

(
040"6")   ) 

0140"6")  ), . &)890#!"%0%&05 07/!"%) (&! #!"%0%!4 &)6$ 32(35 23C) 

«-+)%=*).!@A$$» ./)=&)$ D@8$/=6! ) 4.0"%0.0*0 0-$+$&)= =./=$%"= (0,)&)+<@A),, 

40%= %09), &!.$($&&'$ &! 90+-<"$, ) D0+,)+<@A)$ .%0+)#&0$ ?/$9%+0,!*&)%&0$ -0/$ 

+!""$=&&05 .0/&', -+).0(=% 9 <")/$&)@ 90/$7!%$/>&05 "0"%!./=@A$5 #!"%0%&05 8!.)-

"),0"%) -$/$&*!. K+$(-0/06)%$/>&0, &!/)#)$ .$+%)9!/>&05 -/!"%)&' 4.0"%0.0*0 0-$-

+$&)=, 0+)$&%)+0.!&&05 .(0/> ")/0.'4 /)&)5 ?/$9%+)#$"905 90,-0&$&%' -!(!@A$5 

.0/&', -+).0()% 9 $$ )&%$&").&0,< +!""$=&)@ ) «&)890#!"%0%&05 D)/>%+!C))» -$/$&-

*!C)0&&'4 9+).'4 -+) <*/!4 -!($&)=, /$6!A)4 . 8!(&$5 («4.0"%0.05») 07/!"%), . #!-

"%&0"%), 
0140"6")   ) 

0160"6")  . K+) -!($&)) .0/&' . «&0"0.05» 07/!"%) <*/0. – 

-+) 
020"6")   ) 

040"6")   «8!%<B$.'.!@A$$» ($5"%.)$ .$+%)9!/>&05 -/!"%)&' 4.0-

"%0.0*0 0-$+$&)= "$7= &$ -+0=./=$%, -0?%0,< .0/&', +!""$=&&'$ 0% D@8$/=6! ) (+<*)4 

?/$,$&%0. 90&"%+<9C)), -+).0(=% 9 <")/$&)@ 90/$7!%$/>&05 "0"%!./=@A$5 #!"%0%&05 

8!.)"),0"%) -$/$&*! (!6$ &! &)89)4 #!"%0%!4. 

O!"%0%&'$ 8!.)"),0"%) 8&!#$&)5 -$/$&*0. )"%0#&)90. +!()0)8/<#$&)= (/= ,!-

/'4 <*/0. -!($&)= ?/$9%+0,!*&)%&05 .0/&' (b = 20°, b = 40°) . 07/!"%) &)89)4 #!"%0% 

(,$&$$ 40 23C) =./=@%"= . 0"&0.&0, */!(9),). M! 70/$$ .'"09)4 #!"%0%!4, (!6$ (/= 

<*/0. -!($&)= ?/$9%+0,!*&)%&05 .0/&' 7/)89)4 9 b = 90° (b = 80°, b = 100°, %. $. -+!9-

%)#$"9) -$+-$&()9</=+&'4 0") .$+%0/$%! &0")%$/=), 0B)79! -$/$&*! "0"%!./=$% &$ 70-

/$$ b = 10°, 40%= ) ?%0 (0"%!%0#&0 ,&0*0 . "+!.&$&)) " ,0($/>@ "!,0/$%! &0")%$/= [2]. 

H007A$ *0.0+=, +!8,$A$&)$ -$/$&*!C)0&&05 !&%$&&05 +$B$%9) -0( (&)A$, .$+-

%0/$%! &0")%$/= -+$("%!./=$% "0705 (0"%!%0#&0 "/06&<@ 8!(!#<, 0"07$&&0 -+) )"-0/>-

80.!&)) . 9!#$"%.$ %!90.0*0 2;-8 " &$<7)+!@A),)"= B!"") ) %0-/).&',) 7!9!,) -0 

709!,. H08,06&0, &$0740(),0 70/$$ %A!%$/>&0 .'7)+!%> ,$"%0 (/= <"%!&0.9) !&%$&-

&05 +$B$%9) )/) ($"/) ?%0 -+)$,/$,0) -0,$&=%> .$+%0/$% &0")%$/> &! ,0($/> " <7)-

+!@A),)"= B!""). 

 
 

J-)"09 /)%$+!%<+' 

 

1. 1B)4,)& 1. H.,  !8)&9)& E. 1., J!,0(<+0. 1. J. O)"/$&&'5 !&!/)8 -$/$&*!C)0&&'4 4!+!9%$-

+)"%)9 90/>C$.05 .)7+!%0+&05 !&%$&&05 +$B$%9), <"%!&0./$&&05 &! 70+%< "!,0/$%! // H$"%&)9 H0+0&$6-

"90*0 *0". %$4&. <&-%!. – 2005. – F. 1. – \ 11. – J. 154–159. 

2. 1B)4,)& 1. H.,  !8)&9)& E. 1., J!,0(<+0. 1. J. N70"&0.!&)$ .08,06&0"%) )"-0/>80.!&)= <--

+0A$&&05 ?/$9%+0()&!,)#$"905 ,0($/) "!,0/$%! . .)($ "0.09<-&0"%) 90&<"! ) C)/)&(+! // H$"%&)9 

H0+0&$6"90*0 *0". %$4&. <&-%!. – 2005. – F. 1. – \ 11. – J. 34–39. 
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)$*%!%&'1  5$-$ %1-.*%. .  "&!8!/31&&'5  7.+6%-!3   

&$  3!+&!3!2&!-:1+13'5  *%-4 %4-$5   

3  #-,"!48!+6&!"  3!+&!3!21 

 

I. [. K!%<+0.,  

1. Z. E0-'/0., M. 1. 1/$9"$$.! (&!<#&'$ +<90.0()%$/)) 

 
"#-0*0/0 *#@,#,&#%A $*<*1* * &(3*%B;,10&%#*1* 5C D! EF! G5D  

660074, 9. =&(-#%>&-1, /;. =*&,#-1%9%, 28 

E-mail: kopaph@yandex.ru 

 
K+0.$($&0 #)"/$&&0$ ,0($/)+0.!&)$ ) ?9"-$+),$&%!/>&0$ )""/$(0.!&)$ D)/>%+0. &! .0/&0.0(&0-A$/$.'4 

,$,7+!&!4 (Hc2) . ()!-!80&$ 5,3 33C…8,5 33C (.0/&0.0( 35415 ,,). Z)/>%+' -+$("%!./=@% "0705 9!"9!(&0 "0-

$()&$&&'$ Hc2 " +!8,$+0, A$/$5 7 ,, ) 22 ,,. O)"/0 9!"9!(0. D)/>%+0. .!+>)+<$%"= 0% 1 (0 8. K+).$($&' ) 

07"<6(!@%"= !,-/)%<(&0-#!"%0%&'$ 4!+!9%$+)"%)9) ) #!"%0%&'$ 4!+!9%$+)"%)9) EJHM .40(! 8-8.$&&0*0 D)/>%+!. 

Z)/>%+ =./=$%"= -0/0"&0-8!*+!6(!@A), ) 07$"-$#).!$% -0(!./$&)$ #!"%0% . ()!-!80&$ 6,3 33C…7,8 33C " 8!%<4!-

&)$, 70/$$ 30 (Q. 

 

H &!"%0=A$5 +!70%$ ,' -+0.$/) #)"/$&&0$ ,0($/)+0.!&)$ ) ?9"-$+),$&%!/>&0$ 

)""/$(0.!&)$ D)/>%+0. &! .0/&0.0(&0-A$/$.'4 ,$,7+!&!4 (Hc2) &! #!"%0%!4 . "$+$-

()&$ ()!-!80&! .0/&0.0(! "$#$&)$, 35415 ,,. F!905 ()!-!80& )""/$(0.!&)= 7'/ .'-

7+!& )8 "007+!6$&)5 &!)70/>B$*0 <(07"%.! +$!/)8!C)) .0/&0.0(&0-A$/$.'4 +$80-

&!&"&'4 ?/$,$&%0. -+) )"-0/>80.!&)) &!)70/$$ -+0"%05 %$4&0/0*)) ?%05 +$!/)8!C)). 

2' ?9"-$+),$&%!/>&0 )""/$(0.!/) ) ,0($/)+0.!/) (.$ 0"&0.&'$ #!"%0%&'$ 4!+!9%$+)-

"%)9) D)/>%+0. &! Hc2 – !,-/)%<(&0-#!"%0%&<@ 4!+!9%$+)"%)9< 90?DD)C)$&%! -$+$-

(!#) (1OG) |S21| ) #!"%0%&<@ 4!+!9%$+)"%)9< 90?DD)C)$&%! "%0=#$5 .0/&' &!-+=6$&)= 

(VSWR) "0 .40(!. ;8,$+$&)= -+0.0()/)"> &! -+)70+$  2-54 . ()!-!80&$ 5,3–8,5 33C. 

Q'/) )8,$+$&' 1OG ) EJHM .40(! "$+)) D)/>%+0., -+$("%!./=@A)4 "0705 90,7)&!-

C)) Hc2 " +!8/)#&',) .$/)#)&!,) B)+)& A$/$5, 8!9/@#$&&'$ ,$6(< (.<,= .0/&0-

.0(&0-90!9")!/>&',) -$+$40(!,) (HEK). Y-0,=&<%!= 90,7)&!C)= Hc2 =./=$%"= 

,&0*08.$&&', D)/>%+0, ), . 8!.)"),0"%) 0% #)"/! 8.$&>$. D)/>%+!, -08.0/=$% +$!/)-

80.'.!%> JHO D)/>%+<@A)$ ")"%$,' " +!8/)#&',) 1OG 9!9 -0 %)-< #!"%0%&'4 4!+!9-

%$+)"%)9, %!9 ) -0 8&!#$&)=, -!+!,$%+0. ?%)4 4!+!9%$+)"%)9. O)"/0 8.$&>$. )""/$(0-

.!&&'4 D)/>%+0. 90/$7!/0"> 0% 1 (0 8. I/= 0C$&9) .08,06&0"%) -+0$9%)+0.!&)= 

D)/>%+0. " 8!+!&$$ 8!(!&&',) -!+!,$%+!,), ,' %!96$ -+0.$/) ,0($/)+0.!&)$ 1OG ) 

EJHM .40(! D)/>%+0. . "+$($ CST-studio. E0&"%+<9%).&0 7!80.'5 ?/$,$&% "$+)) )"-

"/$(0.!&&'4 &!,) D)/>%+0. -+$("%!./=$% "0705 A$/>, .'-0/&$&&<@ . ,$%!//)#$"905 

,$,7+!&$ ) +!"-0/06$&&<@ .(0/> 0(&0*0 9+!= B)+0905 "%$&9) .0/&0.0(! (",. +)". 1  

. [1]). 

I/= +$!/)8!C)) ,&0*09!"9!(&'4 D)/>%+0. ,' )"-0/>80.!/) (.! ?/$,$&%!: ?/$-

,$&% "0 A$/>@ 7 ,, ) ?/$,$&% "0 A$/>@ 22 ,,. M! +)". 1, (, K -+).$($&' D0%0*+!D)) 

0()&0#&'4 Hc2, )"-0/>80.!&&'4 &!,) -+) -+0.$($&)) )""/$(0.!&)5: &! +)". 1, ( – 

Hc2 "0 A$/>@ B)+)&05 7 ,,, &! +)". 1, K – Hc2 "0 A$/>@ 22 ,,. N%($/>&0 (+<* 0% 

(+<*! ?%) ?/$,$&%' =./=@%"= 0(&08.$&&',) D)/>%+!,) ) ($,0&"%+)+<@% !,-/)%<(&0-

#!"%0%&'$ 4!+!9%$+)"%)9), 7/)89)$ 9 1OG D)/>%+0. &)6&)4 #!"%0% (ZMO) &$.'"090*0 

-0+=(9!. K+) ?%0, %0/A)&! ,$,7+!& "<A$"%.$&&0 +!8/)#!/!">: ,$,7+!&! "0 A$/>@ 7 

,, ),$/! %0/A)&< 2 ,,, ! ,$,7+!&! "0 A$/>@ 22 ,, – %0/A)&< 6 ,,. F0/A)&! -$+.05 

(7-,) ,)//),$%+0.05) ,$,7+!&' 7'/! .'7+!&! )8 "007+!6$&)5 07$"-$#$&)= 6$"%90-

"%) D0+,', ! %0/A)&! .%0+05 (22-4 ,)//),$%+0.05) – . -+$($/!4 0% 1/4 (0 1/8 (/)&' 

.0/&' &! #!"%0%$ 6 33C. 
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E0&%<+ +!70#$*0 "$#$&)= .0/&0.0(!

35 ,,

E0&%<+ +!70#$*0 "$#$&)= .0/&0.0(!

35 ,,

 
( K 

 

 )". 1. Z0%0*+!D)) 0()&0#&'4 Hc2, )"-0/>80.!&&'4 -+) -+0.$($&)) )""/$(0.!&)5:  

( – Hc2 "0 A$/>@ B)+)&05 7 ,,; K – Hc2 "0 A$/>@ 22 ,, 

 

J/$(<@A), D)/>%+0, )8 )""/$(0.!&&05 "$+)) 7'/ D)/>%+, "0($+6!A)5 9!"9!(-

&0 .9/@#$&&'$ ,$6(< "0705 7 ,, ) 22 ,, A$/). H ?%0, "/<#!$ 1OG ),$/! .)( +$80-

&!&"&05 9+).05 %)-! D)/>%+!--+079) &! #!"%0%$ 090/0 7,8 33C, -+)#$, 1OG -+=,0*0 ) 

07+!%&0*0 .9/@#$&)= "%+<9%<+' «A$/> 7 ,, -/@" A$/> 22 ,,» 9!#$"%.$&&0 "0.-!(!/) 

) 7'/) 7/)89) -0 .$/)#)&!, (07+0%&0"%$5 ) +$80&!&"&', #!"%0%!,. M!70+ "%+<9%<+ 

D)/>%+0. )8 ?/$,$&%0. «A$/> 7 ,, -/@" A$/> 22 ,,» ,' (0.$/) (0 8-,). K+) )4 -+=-

,0, ) 07+!%&0, .9/@#$&)) (-+=,0$ .9/@#$&)$: «A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + 

A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,,»; 07+!%&0$ .9/@#$-

&)$: «A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + 

A$/> 22 ,, + A$/> 7 ,,») &!7/@(!/)"> -+),$+&0 0()&!90.'$ %$&($&C)) . )8,$&$&)) 

1OG, ! ),$&&0: -+) <.$/)#$&)) #)"/! 8.$&>$. D)/>%+0. -0/0"! #!"%0% -0(!./$&)= 

+!"B)+=/!"> ) (040()/! (0 .$/)#)& 6,2–7,8 33C; .)( 1OG "%!&0.)/"= 70/$$ +!.&0,$+-

&', . -0/0"$ -0(!./$&)=. K+=,0$ .9/@#$&)$ 0-)"!&&05 "%+<9%<+' 09!8!/0"> 70/$$ 

<(!#&',, %.9. $: 1OG 7'/! "<A$"%.$&&0 70/$$ +!.&0,$+&05. M! +)". 2, (, K -09!8!&' 

1OG ) EJHM .40(! 8-8.$&&0*0 D)/>%+! "0 "%+<9%<+05 «A$/> 7 ,, + A$/> 22 ,, + 

A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,, + A$/> 7 ,, + A$/> 22 ,,» (-+=,0$ 

.9/@#$&)$ . "00%.$%"%.)) " -+).$($&&', .'B$ 0-)"!&)$,), "00%.$%"%.$&&0. E+).'$ " 

%0#9!,) ) 70/$$ <89), ()!-!80&0, #!"%0% (5,3-8,5 33C) "00%.$%"%.<@% ?9"-$+),$&-

%!/>&', (!&&',, 9+).'$ 7$8 %0#$9 . 70/$$ B)+090, ()!-!80&$ #!"%0% (4-10 33C) – +$-

8</>%!%' ,0($/)+0.!&)= . "+$($ CST-studio. 

E!9 .)(&0 )8 +)". 2, (, 1OG )""/$(0.!&&0*0 D)/>%+! 0%&0")%"= 9 -0/0"&0-8!*+!6-

(!@A), D)/>%+!, (KSZ), -+) ?%0, 0& +!70%!$% . 0%&0")%$/>&0 B)+090, ()!-!80&$ 

#!"%0%, ),$$% ,!/'$ -0%$+) . &)6&$5 #!"%) -0/0"' -+08+!#&0"%), .&0")% "<A$"%.$&-

&'$ -0%$+) . .$+4&$5 #!"%) -0/0"' -+08+!#&0"%), 07$"-$#).!= -+) ?%0, 8&!#)%$/>&0$ 

8!%<4!&)$ . -0/0"$ 8!*+!6($&)=. 20($/)+0.!&)$ -09!8'.!$% "<A$"%.$&&'$ 8&!#$&)= 

8!%<4!&)5, .&0"),'4 D)/>%+0, . -0/0"$ 8!($+6).!&)= ((0 60…70 (Q). E "06!/$&)@, 

-0(%.$+()%> ?9"-$+),$&%!/>&0 (0"%)6$&)$ %!9)4 .$/)#)& 8!%<4!&)5, 07$"-$#).!$,'4 

D)/>%+0, . -0/0"$ 8!*+!6($&)=, &!, &$ <(!/0">, %.9. ),$.B)5"= . &!B$, +!"-0+=6$-

&)) )8,$+)%$/>&'5 -+)70+ %)-!  2-54 ),$$% ,!9"),!/>&<@ #<."%.)%$/>&0"%> -0+=(9! 

-35…-40 (Q (7$8 -+),$&$&)= "-$C)!/>&'4 ,$+ 9 <.$/)#$&)@ $*0 #<."%.)%$/>&0"%)) ) 

&$ -08.0/=$% )8,$+=%> .$/)#)&', -+$.'B!@A)$ &!8.!&&'$. 
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( 

 
K 

 )". 2. O!"%0%&'$ 4!+!9%$+)"%)9) 8-8.$&&0*0 D)/>%+!: ( – 1OG; K – EJHM .40(! 

 

M!, -+$("%!./=$%"=, #%0 -+) "00%.$%"%.<@A$, ,0($/)+0.!&)) ) 0-%),)8!C)), 

)""/$(0.!&&'$ "%+<9%<+' ,0*<% &!5%) -+),$&$&)$ -+) "08(!&)) JHO D)/>%+0. (/= 

+!8/)#&'4 +!()0%$4&)#$"9)4 ")"%$,. 

 
J-)"09 /)%$+!%<+' 

 

1. E0-'/0., 1. Z. ;""/$(0.!&)$ +$80&!&"&0-A$/$.'4 %0-0/0*)#$"9)4 "%+<9%<+ (/= "08(!&)= .0/-

&0.0(&'4 D)/>%+0. JHO [T/$9%+0&&'5 +$"<+"] /  . J. 20"$5#<9, M. 1. E0-'/0.!, 1. Z. E0-'/0. // 2!-

%$+)!/' VII H"$+0". &!<#.-%$4&. 90&D. "%<($&%0., !"-)+!&%0. ) ,0/0('4 <#:&'4, -0".=A:&&05 50-/$%)@ 

-$+.0*0 -0/:%! #$/0.$9! . 90",0" ; 0%.. +$(. N. 1. E+!$.. – *. E+!"&0=+"9, 19–25 !-+. 2011 *. – E+!"&0-

=+"9: J)7. D$($+. <&-%, 2011.  
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%-15 $* $2&'(  4*.+.%1+6  "!:&!*%.  #!  *51"1  2!81-%. 

 

3. 3. J!.$&90., R. H. 20+080. (&!<#&'5 +<90.0()%$/>) 

 
H%2%-*K*&-1*A 9%-/3(&-02,##+A 0,M#*N,-1*A /#*2,&-*0,0 

630073, 9. H%2%-*K*&-1, .&. =. 4(&1-(, 20  
 

 !"",!%+).!$%"= +$!/)8!C)= %+$49!"9!(&0*0 <")/)%$/= ,0A&0"%) -0 "4$,$ I0*$+%). K+).$($&! $*0 "%+<9-

%<+&!= "4$,! ) +$8</>%!%' 90,->@%$+&0*0 ,0($/)+0.!&)=. K09!8!&0 #%0 %+$49!"9!(&!= "4$,! (!$% 70/$$ .'"09)5 

EKI . 70/$$ B)+090, ()!-!80&$ #!"%0% -0 "+!.&$&)@ " (.<49!"9!(&05 "4$,05. 

 

H -0"/$(&$$ .+$,= "+$() -+0)8.0()%$/$5 7$"-+0.0(&'4 ")"%$, ".=8) -0/<#)/) 

B)+090$ +!"-+0"%+!&$&)$ <")/)%$/) I0*$+%). K+)./$9!%$/>&0"%> %!9)4 <")/)%$/$5 

07<"/0./$&! ?DD$9%).&0"%>@ -+$07+!80.!&)= .40(&'4 ")*&!/0. " .'"09), 0%&0B$&)-

$, -)90.05 90 "+$(&$5 ,0A&0"%), 90%0+!= 4!+!9%$+&! (/= "0.+$,$&&'4 ")"%$, ".=8). 

H &!"%0=A$5 +!70%$ !&!/)8)+<@%"= -<%) <"0.$+B$&"%.0.!&)= 4!+!9%$+)"%)9 <")-

/)%$/= ,0A&0"%) -0 "4$,$ I0*$+%) -0 "+!.&$&)@ " 4!+!9%$+)"%)9!,) %+!()C)0&&0*0 

(.<49!"9!(&0*0 <")/)%$/= 8! "#$% )8,$&$&)= "%+<9%<+' <")/)%$/=. K+).$($&' +$8</>-

%!%' 90,->@%$+&0*0 ,0($/)+0.!&)=. 

F)-)#&!= +$!/)8!C)= <")/)%$/= I0*$+%) .9/@#!$% . "$7= 0()& «0"&0.&05» <")-

/)%$/>,  +!70%!@A)5 -0"%0=&&0, ) 0()&  «-)90.'5» <")/)%$/>, .9/@#!@A)5"= . +!70-

%< %0/>90 %0*(!, 90*(! %+$7<$%"= 0-+$($/$&&!= .$/)#)&! ,0A&0"%). E0*(! 0"&0.&05 ) 

-)90.'5 <")/)%$/)  .9/@#$&' ) 07$"-$#).!@% ,!9"),!/>&<@ .'40(&<@ ,0A&0"%> 

"4$,! ",$B$&)= ")*&!/0. +!70%!$% . +$6),$ "<,,)+0.!&)= 1:1. 

["/) . "4$,$ &$0740(),! -$+$(!#! ,!/0,0A&'4 ")*&!/0., %0 -)90.'5 <")/)%$/> 

.'9/@#$& ) )"-0/>8<$%"= (/= <.$/)#$&)= .'40(&0*0 ),-$(!&"!, 90%0+'5 .)()% 0"&0.-

&05 <")/)%$/>. Y 0"&0.&0*0 <")/)%$/= -+) ?%0, &! .'40($ 100 N, ) "4$,! ",$B$&)= 

")*&!/0. +!70%!$% . +$6),$ -+$07+!80.!&)= ),-$(!&"! 2:1. H +$8</>%!%$ (/= (!&&0*0 

-$+$-!(! &!-+=6$&)=, 7/)890*0 9 /)&)) -)%!&)=, %09, ), "/$(0.!%$/>&0, ,0A&0"%> 

<,$&>B!@%"=. 

F!9), 07+!80,, <")/)%$/>, -0"%+0$&&'5 -0 "4$,$ I0*$+%), ),$$% 70/$$ .'"09)5 

EKI -0 "+!.&$&)@ " !&!/0*!,) 8! "#$% 70/$$ +!C)0&!/>&0*0 )"-0/>80.!&)= %+!&8)"%0-

+0. -0 %09<. 

F+$49!"9!(&!= "4$,! " (.<,= -)90.',) <")/)%$/=,) -08.0/)% (07)%>"= $A$ 70-

/$$ .'"09)4 8&!#$&)5 EKI 8! "#$% "&)6$&)= -0%+$7/=$,05 ,0A&0"%). [$ "%+<9%<+&!= 

"4$,! -+$("%!./$&! &! +)". 1. 

 

 
 

 )". 1. J%+<9%<+&!= "4$,! %+$49!"9!(&0*0 <")/)%$/= I0*$+%) 
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H (!&&05 "4$,$ -)90.'$ <")/)%$/) .9/@#!@%"= . +!70%< -0"/$(0.!%$/>&0. H "4$,$ 

)"-0/>8<$%"= )($&%)#&'$ <")/)%$/) 0()&!90.05 ,0A&0"%). H'40(&0$ "0-+0%)./$&)$ 

0"&0.&0*0 <")/)%$/= )8,$&=$%"= 0% 3 R0 (-+) 0%9/@#$&&'4 -)90.'4) (0 R0. I/= %+!&"-

D0+,!C)) "0-+0%)./$&)5 -+),$&=@%"= 4 #$%.$+%>.0/&0.'4 %+!&"D0+,!%0+! [1]. 

J0.+$,$&&'$ %$4&0/0*)) -+0$9%)+0.!&)= +!()0%$4&)#$"9)4 <"%+05"%.0"&0.!&' 

&! B)+090, )"-0/>80.!&)) 90,->@%$+&0*0 ,0($/)+0.!&)=. K+) +!"#$%$ ,0($/) <")-

/)%$/= )"-0/>80.!/"= -!9$% -+0*+!,,  MicrowaveOffice. 

H 9!#$"%.$ )"40(&'4 (!&&'4 (/= -+0$9%)+0.!&)= <")/)%$/= ,0A&0"%) ,0*<% 

"/<6)%> D!5/' -!+!,$%+0. %+!&8)"%0+0., . "0-+0.0()%$/>&05 (09<,$&%!C)) 9 90%0-

+', -+0)8.0()%$/> -+).0()% $*0 %0#&0 )8,$+$&&'$ -!+!,$%+'. T%) -!+!,$%+' ,0*<% 

7'%> )"-0/>80.!&' 9!9 (/= -0"/$(<@A$*0 +!"#$%! 70/$$ "/06&05 "4$,', %!9 ) (/= 

"+!.&$&)= 4!+!9%$+)"%)9 +!""#)%!&&0*0 ) +$!/>&0*0 <"%+05"%.!. 

I/= (!/>&$5B$*0 ,0($/)+0.!&)= 7'/) .'7+!&' %+!&8)"%0+' )8.$"%&05 8!+<7$6-

&05 D)+,' NXP Philips. J "!5%! 90,-!&)) NXP 7'/! -0/<#$&! 7)7/)0%$9! " ?/$9%+0&-

&',) ,0($/=,) %+!&8)"%0+0., 4!+!9%$+)"%)9) 90%0+'4 "00%.$%"%.<@% +$!/>&', -+)-

70+!,. 

I/= -+0$9%)+0.!&)= &$0740(),0 .'7+!%> ,!%$+)!/ (/= -0(/069), ) -+0.0(&)9!. 

;8 ."$4 ),$@A)4"= ,!%$+)!/0., <(0./$%.0+=@A)4 %+$70.!&)=, 9 -+0$9%)+0.!&)@, 

7'/ .'7+!& 8!+<7$6&'5 ,!%$+)!/ Taconic RF-35. 

G!+!9%$+)"%)9) ,!%$+)!/!: 

5,3 9* – ()?/$9%+)#$"9!= -+0&)C!$,0"%>; 

762,0 H ,, – %0/A)&! -$#!%&05 -/!%'; 

35 T ,9, – %0/A)&! -+0.0(&)9!; 

003.0)(tan  +g –  !"#$"% &'()$* +',$%*'- ./ $+0; 

1 *!,$% 2$ .+/2/&"'*! 34)! 243+!"! 5$&0 % 6&$)0"/7 .+/2/&'5/% 08 88,5 ! %5/5. 

9): +$!)';!<'' 5/&$)'  +$-*!%*!&"/#/ 6%')' $): 34)/ "$/3-/&'5/ +!;+!3/ ! 0 

&$)' $)0 5/="/% ', /3$%.$,'2!8='7 &$)$"'$ 2-/&"/#/ %'#"!)! "! 3 +!2"4$ ,!% '.  

>"/#/*!"!)0"4$ %'% $54 &$)$"': ' %655'+/2!"': 5/="/% ' 5/#6  34 0 24./)-

"$"4 "! /%"/2$ &26-*!"!)0"4- 6% +/7% 2 &$)$"': 5/="/% ' )83/#/  '.!. ?%./)0;/2!-

"'$ &$)' $)$7 % */(@@'<'$" /5 &$)$"':, / )',"45 /  $&'"'<4, ./;2/):$  +$!)';/2! 0 

)83/7 ;!&!""47 ;!*/" +!%.+$&$)$"': 5/="/% ' 2 24-/&"4- .)$,!- %'% $54 % .+/';-

2/)0"45 ,'%)/5 .)$, [2]. 9): +$!)';!<''  +$-*!"!)0"/#/ &$)' $): 34)! 243+!"! ./-

%)$&/2! $)0"!: %-$5! %/$&'"$"': &26-*!"!)0"4- &$)' $)$7. 

A!;+!3! 42!$547 &$)' $)0 &/)B$" /3$%.$,'2! 0 +!2"/$ &$)$"'$ %'#"!)! "! 3 *!-

"!)! ' '5$ 0 %)$&68='$ -!+!* $+'% '*': 
 

 )(77,4
1/3P

2-
lg10

P

2-
lg10

2-/ 2

141312  !
PP

CCC      .  (1) 

 

C4) .+/2$&$" !"!)'; "$/3-/&'54- "!.+:B$"'7 %5$=$"': .'*/24- 6%')' $)$7 

./ *+' $+'8 "!'5$"0D$7 ./ +$3):$5/7 ' "!'3/)0D$7 24-/&"/7 5/="/% '.  

1 *!,$% 2$ /. '5!)0"4- 34)' 243+!"4 ;"!,$"'::  

Uc51 = -0,2 1 – "!.+:B$"'$ %5$=$"': 1 .'*/2/#/ 6%')' $):; 

Uc52 = -0,5 1 – "!.+:B$"'$ %5$=$"': 2 .'*/2/#/ 6%')' $):. 

E!+!* $+'% '*' ./)6,$""/7 5/&$)' 34)' %+!2"$"4 % -!+!* $+'% '*!5' &26-*!%-

*!&"/#/ 6%')' $): 9/#$+ '. F! +'%. 4 .+'2$&$"4 !5.)' 6&"/-,!% / "4$ -!+!* $+'% '-

*' 6%')' $)$7. 
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A'%. 2. S-.!+!5$ +4  +$-*!"!)0"/#/ &$)' $): 5/="/% ' 

 

 
 

A'%. 3. G-$5! 3-*!%*!&"/#/ 6%')' $): 9/#$+ ' 2 .+/#+!55$ Microwave Office 

 

 
 

A'%. 4. HIE &26-*!%*!&"/#/ '  +$-*!%*!&"/#/ 6%')' $)$7 9/#$+ ' 
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A'%. 5. H5.)' 6&"4$ -!+!* $+'% '*' &26-*!%*!&"/#/ '  +$-*!%*!&"/#/ 6%')' $)$7 9/#$+ ' 

 

?; +'%. 5 2'&"/, , /  +$-*!%*!&"!: %-$5! /3$%.$,'2!$   +$36$547 6+/2$"0 24-
-/&"/7 5/="/% ' .+' 3/)0D$5 ;"!,$"'' 2-/&"/7 5/="/% ', J&"!*/, ./ +$3):$547 
 /*, !, %)$&/2! $)0"/, ' 5/="/% 0, .+' ( /5 36&$  5$"0D$, *!* ./*!;42!$  +'%. 6. 

 

 
 

A'%. 6. K!2'%'5/% ' 24-/&"4-  /*/2 /  2-/&"/7 5/="/% ' 
 

 
 

A'%. 7. K!2'%'5/% ' LM9 &26-*!%*!&"/#/ '  +$-*!%*!&"/#/ 6%')' $)$7 9/#$+ ' /  ,!% / 4 
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F! +'%. 7 .+$&% !2)$"4 ;!2'%'5/% ' LM9 &26-*!%*!&"/#/ '  +$-*!%*!&"/#/ 6%'-

)' $)$7 9/#$+ ' /  ,!% / 4. 1'&"/, , /  +$-*!%*!&"!: %-$5! /3)!&!$  3/)$$ 24%/*'5 

LM9 2 3/)0D$5 &'!.!;/"$ ,!% /  (/  750 &/ 830 >N<). 

1 &!""/7 +!3/ $ 34)' %5/&$)'+/2!"4 &26-- '  +$-*!%*!&"47 6%')' $)' 5/="/-

% ' ./ %-$5$ 9/#$+ '. C4) .+/2$&$" '- %+!2"' $)0"47 !"!)';, */ /+47 24:2') )6,D'$ 

("$+#$ ',$%*'$ -!+!* $+'% '*'  +$-*!%*!&"/7 %-$54 2 3/)$$ D'+/*/5 &'!.!;/"$ ,!%-

 /  ./ %+!2"$"'8 % &26-*!%*!&"/7 %-$5/7. 

 
G.'%/* )' $+! 6+4 

 

1. Bumman Kim, Ildu Kim, Junghwan Moon. Advanced Doherty architecture // IEEE Microwave Maga-

zine. – August 2010. – 1527/3342. 

2. >'*+/()$* +/""4$ 6% +/7% 2! G1I: 6,$3. ./%/3'$ &): +!&'/ $-"',$%*'- %.$<'!)0"/% $7 26;/2 / 

N. ?. 1$%$)/2, O. F. O#/+/2, P. F. H)$-'" ' &+.; ./& +$&. N. ?. 1$%$)/2!. – >.: 14%D. D*.., 1988. – 280 %. 
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 !"#$#%#&#'()*  '+,'!-,&.  !  -"/('0#"+/-#")   

(/  #'(#1,  $",+(!,1#*  !(-,2"/&.(#*  -,3(#&#2!! 
 

H. G. G!)0"'*/2, H. H. L/*/)/2, A. P. >6%$"/2,  

Q. ?. R$$+5!" ("!6,"47 +6*/2/&' $)0) 
 

"#!$% &'$ ()*+,-. /)+0 12+345667. 06-452+-353 +-+35* 08214956-: - 21 -);95,32)6-,- ((%<%=) 

634050, /. ()*+,, 82. >56-61, 40  
E-mail: ansalnikov@gmail.com 

 

J.'%42!$ %: .+/$* '+/2!"'$ &2/7"/#/ 3!)!"%"/#/ %5$%' $):, +!3/ !8=$#/ 2 &'!.!;/"$ ,!% /  1-4,5 NN<. 

9): +!3/ 4 3!)!"%"/#/ %5$%' $): "$/3-/&'54  +!"%@/+5! /+4 "! ( /  &'!.!;/" ,!% / , */ /+4$  !*B$ 34)' +!;+!-

3/ !"4. >/&$)'+/2!"'$ +!;+!3/ !""4- 6% +/7% 2 .+/2/&')/%0 % '%./)0;/2!"'$5 3'3)'/ $* ()$5$" /2 ' .!+!5$ -

+/2 5! $+'!)/2 &): ()$* +/5!#"' "/#/ !"!)';! *+$5"'$2/7 '" $#+!)0"/7  $-"/)/#''. 

 

M+' +!;+!3/ *$ %/2+$5$""4- +!&'/()$* +/""4- 6% +/7% 2 "$/3-/&'5/ &/% ',0 

;!&!""4- -!+!* $+'% '* .+' %/3)8&$"'' (*/"/5',$%*'-  +$3/2!"'7. M+' ( /5 D'+/-

*!: ./)/%! +!3/,'- ,!% /  ./;2/):8  +!%D'+' 0 &'!.!;/" 2/;5/B"4- .+'5$"$"'7 

+!;+!3! 42!$5/#/ 6% +/7% 2!. 1 ./)/%$ ,!% /  1–4,5 NN< +!3/ !$  3/)0D/$ */)',$% 2/ 

.+/ /*/)/2 3$%.+/2/&"/7 %2:;' (5/3')0"!: %2:;0, 3$%.+/2/&"/7 '" $+"$ , %.6 "'*/-

2!: "!2'#!<': '  . ..). 9): .+/$* '+/2!"': 34)! 243+!"! *+$5"'$2!:  $-"/)/#':, ./-

%*/)0*6 /"! '5$8  "';*68 % /'5/% 0, .+/% / '" $#+'+6$ %: % <'@+/2/7 ,!% 08 ' 

/3$%.$,'2!$  5$"0D'$ #!3!+' 4 6% +/7% 2. 

G5$%' $)' :2):8 %: /%"/2"45 6% +/7% 2/5, 24./)":8='5 .+$/3+!;/2!"'$ ,!%-

 / 4 2 +!&'/ $-"',$%*'- %'% $5!- [1]. 143+!""47 2!+'!"  %5$%' $): '5$$  &'@@$-

+$"<'!)0"47 2-/&, ./( /56 2/;"'*!$  ./ +$3"/% 0 2 6% +/7% 2!- .+$/3+!;/2!"': "$-

%'55$ +',"/#/ %'#"!)!. 1 &!""/7 % ! 0$ +!%%5! +'2!$ %: +!;+!3/ *! D'+/*/./)/%"/#/ 

%5$%' $): 25$% $ % %'55$ +'+68='5'  +!"%@/+5! /+!5'. 
%45678945:;<96 =;>>9:<?@ 84;<>A54B;8545:. M+$/3+!;/2!"'$ "$%'55$ +',-

"/#/ %'#"!)! 2 &'@@$+$"<'!)0"47 24./)":$  6% +/7% 2/, "!;42!$5/$ %'55$ +'+68-

='5  +!"%@/+5! /+/5 (GS). GS :2):$ %: D$% './)8%"'*/5, .+' ( /5 "! 2-/&$ %'#"!) 

"$%'55$ +',"47, ! "! &26- $#/ 24-/&!- ./)6,!8  %'55$ +',"47 %'#"!). S!*'5 /3+!-

;/5, '&$!)0"47 GS '5$$  */(@@'<'$"  .$+$&!,' -3 &C ./ !5.)' 6&$ &): *!B&/#/ '; 

24-/&"4- ./+ /2 ( .$. %'#"!) &$)' %: 5$B&6 "'5' ./+/2"6) ' +!;"/% 0 @!; 24-/&"4- 

%'#"!)/2 180 #+!&6%/2 2/ 2%$7 ./)/%$ ,!% / . GS  !* B$ 5/B$  :2): 0%: ,!% 08 &+6#'- 

6% +/7% 2,  !*'- *!* "!.+!2)$""47 5/%  [2]. F! .+!* '*$ -!+!* $+'% '*' GS '5$8  

,!% / "68 ;!2'%'5/% 0, '  +!"%@/+5!<': /%6=$% 2):$ %: 2 "$*/ /+/5 &'!.!;/"$ ,!%-

 / . J%"/2"45' -!+!* $+'% '*!5' GS [3] :2):8 %: !5.)' 6&"47 (T) ' @!;/247 &'%3!-

)!"% (?), !  !*B$ 2"/%'54$ ./ $+' (IL), */ /+4$ 5/#6  34 0 "!7&$"4 '; S-.!+!5$ +/2: 
 

 "
"
#

$
%
%
&

'
 (

31

21log20
S

S
, (1) 

 ) * ) *3121180 SS ++, --. , (2) 

 ) *2

31

2

21log10 SSIL /- . (3) 
 

1 '" $#+!)0"/5 '%./)"$"''  +!"%@/+5! /+4 5/#6  34 0 ';#/ /2)$"4 2 2'&$ 

&26- %.'+!)0"4- *! 6D$* '"&6* '2"/% ', /3)!&!8='- 2;!'5/'"&6*<'$7. G6=$% 26$  

&2! /%"/2"4- 2!+'!" ! '%./)"$"': '" $#+!)0"4- GS (+'%. 1) – "! /%"/2$ *! 6D$* % )'-

<$2/7 ' 3/*/2/7 %2:;08 (>1 ' >2 – .$+247 ' 2 /+/7 %)/7 5$ !))';!<'') [4]. L+/5$ 

 /#/,  +!"%@/+5! /+ 5/B"/ ';#/ /2' 0 % ./5/=08 %2:;!""4- )'"'7 "! /%"/2$ &$)' $-

): >!+D!"&! [4, 5]. 
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1       @ 

 

A'%. 1. G +6* 6+! '" $#+!)0"4-  +!"%@/+5! /+/2: 1 –  +!"%@/+5! /+ % 3/*/2/7 %2:;08;  

@ –  +!"%@/+5! /+ % )'<$2/7 %2:;08 

 

1 -/&$ 24./)"$"': +!3/ 4 34)/ .+/2$&$"/ .+/$* '+/2!"'$ GS 2 '" $#+!)0"/5 

'%./)"$"'' &): ./)/%4 ,!% /  1–4,5 NN<. 9): +!%,U ! -!+!* $+'% '* GS '%./)0;/2!-

)!%0 .+/#+!55! Sonnet Lite [6], ./;2/):8=!: .+/2/&' 0 ()$* +/5!#"' "/$ 5/&$)'+/-

2!"'$ % '%./)0;/2!"'$5 5$ /&! 5/5$" /2. 143+!""!: &): .+/$* '+/2!"': *+$5"'$2!: 

 $-"/)/#': /3$%.$,'2!$  3/)0D68 #'3*/% 0 .+' .+/$* '+/2!"'' GS [7]. 143+!""!: 

 $-"/)/#': ';#/ /2)$"': GS ./;2/):$  '%./)0;/2! 0 .: 0 %)/$2 5$ !))';!<''. 

9): +$!)';!<'' GS 34)' '%./)0;/2!"4 "$%*/)0*/ 2!+'!" /2 "! /%"/2$ *! 6D$* 

'"&6* '2"/% ', !  !*B$ &$)' $)' >!+D!"&!. M$+247 2!+'!"  34) +$!)';/2!" "! /%"/-

2$ *! 6D$* % )'<$2/7 %2:;08 (+'%. 2, 1). 1 ( /5 2!+'!" $ &2$ '&$" ',"4$ *! 6D*' 34)' 

+!%./)/B$"4 &+6# ./& &+6#/5 2 +!;"4- %)/:- 5$ !))';!<''. 9): '- %/#)!%/2!"': 5/-

B$  '%./)0;/2! 0%: 5$ /&'*! [4]. 1 /+/7 2!+'!"  (+'%. 2, @) '5$$  %-/&"68 */"% +6*-

<'8, "/ 2 /+',"!: /35/ *! %5$=$"! "! /&'" %)/7 24D$, ! 2%$ .$+$-/&4 24"$%$"4 2 

"'B"'$ %)/'. V / +$D$"'$ ./;2/):$  ./24%' 0 */(@@'<'$"  2;!'5/'"&6*<'' ' "$-

%*/)0*/ 6)6,D' 0 -!+!* $+'% '*'. S!*B$ 34) +!;+!3/ !" GS "! /%"/2$ &$)' $): >!+-

D!"&! (+'%. 2, 4), &): %"'B$"': #!3!+' /2 */ /+/#/ )'"'' .$+$&!,' %2U+"6 4 2 %.'-

+!)0. F!*/"$<, 34) %.+/$* '+/2!"  +!"%@/+5! /+ % 3/*/2/7 %2:;08 (+'%. 2, /), 2 */ /+/5 

2' *' .$+2',"/7 ' 2 /+',"/7 *! 6D*' +!%./)!#!8 %: 2 /&"/5 %)/$ 5$ !))';!<'' [8]. 
 

1 @ 

4 / 
 

A'%. 2. G5/&$)'+/2!""4$ 2!+'!" 4 %'55$ +'+68=$#/  +!"%@/+5! /+!: 1 – *! 6D*' % )'<$2/7 %2:;08;  

@ – *! 6D*' % )'<$2/7 %2:;08 % .$+$"/%/5 2 /+',"/7 *! 6D*' 2/ 2 /+/7 %)/7;  

4 – "! /%"/2$ &$)' $)$7 >!+D!"&!; / – "! *! 6D*!- % 3/*/2/7 %2:;08 

P1

P2

P3

P4

P1

P2
P3

P4

M1

M2
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1%$ +!;+!3/ !""4$ 2!+'!" 4 34)' %5/&$)'+/2!"4 2 .+/#+!55$ Sonnet Lite, &): "'- 

34)' ./)6,$"4 S-.!+!5$ +4 ' ./ @/+56)!5 (1)–(3) +!%%,' !"4 -!+!* $+'% '*' GS (+'%. 3). 

G2/&"4$ -!+!* $+'% '*' 2%$- +!%%,' !""4- 2!+'!" /2 GS %2$&$"4 2 ' /#/2/7  !3). 1. 
 

 
1 @ 4 

 

A'%. 3. A$;6)0 ! 4 5/&$)'+/2!"': /&"/#/ '; 2!+'!" /2 %'55$ +'+68=$#/  +!"%@/+5! /+! (+'%. 2, 1) 

 

S!3)'<! 1 

E!+!* $+'% '*' +!;+!3/ !""4- GS 
 

WW 2!+. X, &C Y, #+!& IL, &C A!;5$+, 5*5 

+'%. 2, 1 <0.07 <0.5 1,7-3 392x392 

+'%. 2, @ <0.05 <0.8 1,1-2,3 720x720 

+'%. 2, 4 0.6-0.95 <15 1,9-3,2 1905x828 

+'%. 2, / <0.11 <0.45 1,1-3,5 1000x1000 

 

1%$ ./)6,$""4$ 2!+'!" 4 */"% +6*<'' '5$8  3)';*'$ ;"!,$"': -!+!* $+'% '* ' 
5/#6  34 0 '%./)0;/2!"4 2 */"% +6*<'' %5$%' $):. M/ %655$ -!+!* $+'% '*' &): '%-

./)0;/2!"': 2 */"% +6*<'' %5$%' $): 34) 243+!" 2 /+/7 2!+'!"  (+'%. 2, @). 
'B6>986CD. A!%%5/ +'5 .+/$* '+/2!"'$ &2/7"/#/ 3!)!"%"/#/ %5$%' $): &'!.!-

;/"! 1–4,5 NN< "! /%"/2$ SiGe nMOS  +!";'% /+/2. G5$%' $)', '%./)0;68='$  +!";'-
% /+4 2 *!,$% 2$ "$)'"$7"/#/ ()$5$" !, 5/B"/ +!;&$)' 0 2 ;!2'%'5/% ' /  ;"!,$"': 
*/(@@'<'$" ! .+$/3+!;/2!"': (LM) "! &2!  '.! – !* '2"4$ ' .!%%'2"4$ [9]. G5$%' $)0 
"! /%"/2$ :,$7*' N')3$+ ! :2):$ %: "!'3/)$$ ./.6):+"45 +$D$"'$5, */#&!  +$36$ %: 
&/./)"' $)0"/ 6%')' 0 ./)$;"47 %'#"!) ' %"';' 0  +$3/2!"': * 5/="/% ' #$ $+/&'"!. 
J&"!*/ "$&/% ! *'  !*/#/ %5$%' $): %)$&68='$: 1) */(@@'<'$"  D65! 24D$ ./ %+!2-
"$"'8 % .!%%'2"45' %5$%' $):5'; 2) "';*/$ ;"!,$"'$  /,*' .$+$%$,$"': 3-#/ ./+:&*! 
./ 2-/&6 (IIP3); 3)  /* ./ +$3)$"':. 1 &2/7"/7 3!)!"%"/7 %-$5$ .!%%'2"/#/ %5$%' $): 
"! /%"/2$ nMOS  +!";'% /+/2 (+'%. 4), !* '2"4$ ()$5$" 4 '%./)0;6$ %: 2 *!,$% 2$ .$-
+$*)8,!$54- %/.+/ '2)$"'7, 6.+!2)$"'$ %/% /:"':5' /%6=$% 2):$ %: ./%+$&% 2/5 
./&!,' %'#"!)! #$ $+/&'"! "! ;! 2/+4  +!";'% /+/2. S!*/7 %5$%' $)0 '5$$  3/)$$ 24-
%/*/$ ;"!,$"'$  /,*' IIP3 [10], $#/ */(@@'<'$"  D65! /.+$&$):$ %:  /)0*/ ./ $+:5' 
.+$/3+!;/2!"': (./+:&*! -7…-9 &C),  !*B$ /" "$ ./ +$3):$   /*. F$&/% ! */5 :2):$ %: 
"!)','$ ./ $+0 .+' .+$/3+!;/2!"'', 3/)0D/$ ;"!,$"'$ 5/="/% ' #$ $+/&'"! (./+:&*! 

13…16 &C5), !  !*B$ +!;5$+4, */ /+4$ 2 /%"/2"/5 /.+$&$):8 %: +!;5$+!5' GS 2 <$-
.:- 1I %'#"!)!, #$ $+/&'"! ' MI %'#"!)!.  

M+' .+/$* '+/2!"'' ;!*)!&42!)'%0 %)$&68='$ -!+!* $+'% '*' %5$%' $)::  
f&A = 1–4,5 NN<, P/53 < 16 &C5, f'A = 50–500 >N<, IIP3 > 15 &C5, .+$/3+!;/2!"'$ «2"';», 
+!;2:;*! 5$B&6 ./+ !5' "$ 5$"$$ 30 &C. 

M+' .+/$* '+/2!"'' %5$%' $): 34)' +!%%5/ +$"4 +!;)',"4$ 2!+'!" 4 GS 
(+'%. 2). 1 */"$,"/5 2!+'!" $ 34) '%./)0;/2!" GS % )'<$2/7 %2:;08 2 <$.:- #$ $+/&'-
"! ' 1I %'#"!)! (+'%. 2, @). 9): 24+!2"'2!"': LM ' */5.$"%!<'' +!;3!)!"%! GS 34)' 
'%./)0;/2!"4 %/#)!%68='$ <$.' 2 <$.' 1I %'#"!)! ' #$ $+/&'"!. 1 <$.' MI %'#"!)! 
34) '%./)0;/2!" 2"$D"'7 D'+/*/./)/%"47  +!"%@/+5! /+ &'!.!;/"! 50–500 >N<. 
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M/)/%! ,!% /   +!"%@/+5! /+! #$ $+/&'"! &/)B"! 34 0 0,5–4,5 NN<, )'3/ 1–5 NN< 

.+' «"'B"$7» ' «2$+-"$7» "!% +/7*$ #$ $+/&'"!, %// 2$ % 2$""/. S/ $% 0 +!;+!3/ !"-

"47  +!"%@/+5! /+ (+'%. 2, @) "$ .+'#/&$" &): '%./)0;/2!"': 2 <$.' #$ $+/&'"!. J&-

"!*/ $%)' .+'5$"' 0 «2$+-"88» "!% +/7*6 #$ $+/&'"! (+'%. 5, @) &): "';*/#/ &'!.!;/-

"! ,!% /  (1–3 NN<) ' «"'B"88» "!% +/7*6 #$ $+/&'"! (+'%. 5, 1) &): 24%/*/#/ &'!.!-

;/"! ,!% /  (3–4,5 NN<),  / &!""47  +!"%@/+5! /+ 5/B"/ '%./)0;/2! 0 2 %5$%' $)$. 

A!;2:;*! 5$B&6 ./+ !5' %// 2$ % 26$  ./% !2)$""45  +$3/2!"':5 (+'%. 6). K"!,$"'$ 

 /,*' IIP3 "$ -6B$ 15 &C5 2/ 2%$5 &'!.!;/"$ ,!% / . 

 

 

 

 

 

 

 

 

 

 
A'%. 4. 92/7"/7 3!)!"%"47 .!%%'2"47 %5$%' $)0  

"! nMOS  +!";'% /+!- 

 

1 @ 
 

A'%. 5. L/(@@'<'$"  .+$/3+!;/2!"': ' LG1F ./ 2-/&6 %5$%' $): (f'A = 50 >N<, P/53 = 15 &C5):  

1 – &): "'B"$7 "!% +/7*'; @ – &): 2$+-"$7 "!% +/7*' 

 

 
 

A'%. 6. A!;2:;*! 5$B&6 ./+ !5' &2/7"/#/ 3!)!"%"/#/ %5$%' $): "! nMOS  +!";'% /+!- 
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1?:5E?. A!%%5/ +$"/ .+/$* '+/2!"'$ &2/7"/#/ 3!)!"%"/#/ %5$%' $): %/25$% "/ 

% .!%%'2"45' %'55$ +'+68='5'  +!"%@/+5! /+!5' "! /%"/2$ *+$5"'$2/7 '" $#+!)0-

"/7  $-"/)/#''. M/)6,$"4 +$;6)0 ! 4 5/&$)'+/2!"': %5$%' $): % '%./)0;/2!"'$5 

3'3)'/ $* +$!)0"4- ()$5$" /2 ' .+'2)$,$"'$5 ()$* +/5!#"' "/#/ 5/&$)'+/2!"':. 

M/)6,$""4$ +$;6)0 ! 4 #/2/+:  / +!3/ /%./%/3"/% ' %-$5"/#/ +$D$"':. G)$&68='5' 

( !.!5' +!3/ 4 % !"6   /./)/#',$%*/$ .+/$* '+/2!"'$ ' ';#/ /2)$"'$ 6% +/7% 2!. 

 
G.'%/* )' $+! 6+4 

 

1. GaAs >?G D'+/*/./)/%"/#/ &2/7"/#/ 3!)!"%"/#/ %5$%' $): / 9. G. E/-/), O. 1. 95' +',$"*/, 

H. H. C!+/2 ' &+. // G3.  +. 1%$+/%. "!6,.- $-". */"@. «F!6,"!: %$%%': SZGZA-2011». – S/5%*: 1-G.$* +, 

2011. – I. 2. – G. 256–259. 

2. G2$+-D'+/*/./)/%"47 "!.+!2)$""47 5/%  &): 2$* /+"/#/ !"!)';! /+! <$.$7 &'!.!;/"! G1I / 

Q. H. >'-$$2, N. N. N/D'", H. 1. Q! $$2, >. G. A/7 5!" // 9/*)!&4 SZGZA!. – 2011.– W 2 (24). –  

G. 219–222. 

3. R. C. Li. RF circuit design [2nd ed.]. – Hoboken: Willey. – 860 c. 

4. Frye R. C. et al. A monolithic, compact balun/matching network for SiP applications // Electrical Per-

formance of Electronic Packaging, 2004. – IEEE, 2004. – G. 37–40. 

5. >/"/)' "4$ '" $#+!)0"4$ %-$54 .!%%'2"4- 6&2/' $)$7 ,!% / 4 S- ' C-&'!.!;/"/2 "! /%"/2$ 

GaAs pHEMT- $-"/)/#'' / 1. G. H+4*/2, H. H. C!+/2, H. 1. L/"&+! $"*/, H. H. Q/5'"4-, 9. G. E/-/) // 

>! $+'!)4 &/*). VII >$B&6"!+. "!6,.-.+!* . */"@. «V)$* +/""4$ %+$&% 2! ' %'% $54 6.+!2)$"':» (10-

11 "/:3+: 2011 #). – S/5%*: 1-G.$* +, 2011. – G. 49–53. 

6. J@'<'!)0"47 %!7  */5.!"'' Sonnet Software [V)$* +/""47 +$%6+%]. – URL: 

http://www.sonnetsoftware.com (&! ! /3+!=$"':: 03.02.2015). 

7. Burghartz J. N., Rejaei B. On the design of RF spiral inductors on silicon // Electron Devices, IEEE 

Transactions on. – 2003. – S. 50. – W. 3. – G. 718–729. 

8. G!)0"'*/2 H. G., >6%$"/2 A. P. ?%%)$&/2!"'$ .!%%'2"4- %'55$ +'+68='-  +!"%@/+5! /+/2 

"! /%"/2$ '" $#+!)0"/7 *+$5"'$2/7  $-"/)/#'' // F!6,"!: %$%%': SZGZA-2015, 2 .$,! '. 

9. Maas S.A. The RF and Microwave Circuit Design Cookbook. – Artech House: London. – 267 c. 

10. J@'<'!)0"47 %!7  */5.!"'' MiniCircuits [V)$* +/""47 +$%6+%]. – URL: 

http://194.75.38.69/app/AN00-003.pdf (&! ! /3+!=$"':: 03.02.2015). 
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FG,H(/I  F'-/(#1$/  J&I  $#+%&,$'(#2#  !''&,J#1/(!I   

K&,$-"!G,'$!3  %/"/+,-"#1  '1G  F'-"#*'-1/ 

 

N. 1. H"&+$$2, H. P. G6+'", F. V. Z"+6 ("!6,"47 +6*/2/&' $)0) 

 
B)4)+-@-2+,-. /)+0 12+345667. 35C6-D5+,-. 06-452+-353  

630073, /. B)4)+-@-2+,, 82. E. F12,+1, 20 

E-mail: antonio_de_syr@nm.ru, gleb_andreev_1992@mail.ru 

 
M+$&% !2)$"/ *+! */$ /.'%!"'$ 6% !"/2*' .+$&"!;"!,$""/7 &): '%./)0;/2!"': 2 6,$3"/5 .+/<$%%$ .+' ';6-

,$"'' 5!#'% +!" !5' "$)'"$7"4- :2)$"'7 2 5'*+/2/)"/24- 6% +/7% 2!-. 

 

R'+/*/$ .+'5$"$"'$ 5'*+/2/)"/24- 6% +/7% 2 2 %/2+$5$""4- +!&'/ $-"',$-

%*'- %'% $5!-  +$36$  %/2$+D$"% 2/2!"': ./&#/ /2*' %.$<'!)'% /2 %// 2$ % 268=$#/ 

.+/@'):. Z./5:"6 4$  +$3/2!"': % !2:  ;!&!,6 %/;&!"': 6% !"/2*', % ./5/=08 */ /-

+/7 5!#'% +!" 4 "! .+!* '*$ %5/#)' 34 ';6,! 0 /%/3$""/% ' .+/ $*!"': "$)'"$7"4- 

.+/<$%%/2 2 5'*+/2/)"/24- 6% +/7% 2!-. 

9): 6)6,D$"': %.$<'!)';'+/2!""/7 ./&#/ /2*' 24.6%*"'*/2 26;! 34)! %/;&!"! 

)!3/+! /+"!: 6% !"/2*! &): '%%)$&/2!"': "$)'"$7"4- :2)$"'7, %/% /:=!: '; .+'$5"/-

#/ ' .$+$&!8=$#/  +!* /2. M+'$5"47  +!*  2*)8,!$  2 %$3: ./%)$&/2! $)0"/ %/$&'-

"U""4$ %.6 "'*/247 S1-*/"2$+ $+ ' %.$* +/!"!)';! /+. M$+$&!8='7  +!* , 2 %2/8 

/,$+$&0, .+$&% !2)$" &265: G1I-#$"$+! /+!5' ' &265: 2/)"/2/&"45' ';)6,! $):5'. 

Q6"*<'/"!)0"!: %-$5! %/;&!""/7 6% !"/2*' ./*!;!"! "! +'%. 1. Z% !"/2*! %/% /-

'  '; &26- G1I-#$"$+! /+/2 R&S SMB100A ' N4-111/0, */"2$+ /+! ' &$ $* /+! 24-/&-

"/#/ %'#"!)!. 1 *!,$% 2$ &$ $* /+! 24-/&"/#/ %'#"!)! '%./)0;/2!" %.$* +/!"!)';! /+ 

R&S FSL18. 

1 *!,$% 2$ /3[$* ! &): '%%)$&/2!"': 34) 243+!" %.6 "'*/247 */"2$+ $+ GI 211. 

O#/ /%"/2"4$  $-"',$%*'$ -!+!* $+'% '*':  

1 &'!.!;/" 2-/&"4- ,!% /  10.7–11.7 NN< / 11.7–12.75 NN<; 

1 &'!.!;/" 24-/&"4- ,!% /  950–1950 >N< / 1100–2150 >N<; 

1 ,!% / ! #$ $+/&'"! 9.75 NN< / 10.60 NN<. 
 

 

A'%. 1. Q6"*<'/"!)0"!: %-$5! 6% !"/2*': 1 – .$+$&!8=!: ,!% 0; 2 – %.$* +/!"!)';! /+ 

 

Q/ / 6% !"/2*' .+$&% !2)$"/ "! +'%. 2, 1; "! +'%. 2, @ – @/ /#+!@': '%%)$&6$5/#/ 

"$)'"$7"/#/ /3[$* !, 25/" '+/2!""/#/ 2 */"% +6* '2"47 6;$). Z;$) ./;2/):$  24./)-

": 0 2+!=$"'$ */"2$+ /+! 2 &26- .)/%*/% :-.  
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1 @ 

 

A'%. 2. Q/ / 6,$3"/7 6% !"/2*' (1) ' '%%)$&6$5/#/ "$)'"$7"/#/ /3[$* ! (@) 

 

Z% !"/2*! ./;2/):$  .+/2/&' 0 '%%)$&/2!"': %)$&68='- .!+!5$ +/2. 

1. 9'!#+!554 "!.+!2)$""/% ' 2-/&"/#/ +6./+! ' ./):+';!<'/""4$ -!+!* $+'-

% '*' &'%*+$ "/ .$+$% +!'2!$5/#/ ./):+';! /+!. V ' .!+!5$ +4, 2 /3=$5- /, "$ / "/-

%: %: * "$)'"$7"45 -!+!* $+'% '*!5 6% +/7% 2!, "/ :2):8 %: 2!B"45' */5.)$*%"45' 

%/% !2):8='5' /3=$#/ "!3/+! .!+!5$ +/2. Z% !"/2*! &!$  2/;5/B"/% 0 %"'5! 0 .!-

+!5$ +4 2 &26- .)/%*/% :-. S!*B$ 5/B"/ %": 0 ./):+';!<'/""68 -!+!* $+'% '*6 &): 

&26- 2'&/2 ./):+';!<''. 

2. M+$/3+!;/2! $)0"68 -!+!* $+'% '*6 */"2$+ /+! (+'%. 3, 1), ./& */ /+/7 ./"'-

5!$ %: ;!2'%'5/% 0 6+/2": 24-/&"/#/ %'#"!)! */"2$+ /+! /  2-/&"/#/ %'#"!)!, 5/=-

"/% 0 */ /+/#/ 2 &'!.!;/"$ ,!% /  10.7–13.5 NN< /% !$ %: ./% /:""/7. M+' 24./)"$-

"'' ( '- '%%)$&/2!"'7 "$/3-/&'5/ /3$%.$,' 0 )'"$7"47 +$B'5 */"2$+ /+!. F$/3-/-

&'5/% 0 ( '- '%%)$&/2!"'7 )/#',$%*' %)$&6$  '; /3=$7 '&$' */"*+$ "/7 &'%<'.)'"4. 

3. ?;3'+! $)0"/% ' ./ 2"$./)/%"45 *!"!)!5 .+'$5! [2–4],  !*'5 *!* ;$+*!)0"47 

*!"!), ./3/,"4$ *!"!)4 .+'$5! "! */53'"!<'/""4- ,!% / !-. V ' -!+!* $+'% '*' / -

"/%: %: * %!545 .+/% 45 .!+!5$ +!5, ' .+$&% !2):$ %:, , / % "'- ' %)$&6$  "!,'"! 0 

.+/<$%% /;"!*/5)$"': % "$)'"$7"45' :2)$"':5' 2 +!&'/ $-"',$%*/5 6% +/7% 2$. 

4. E!+!* $+'% '*' (@@$* '2"/7 ';3'+! $)0"/% ' [2]. G/;&!""!: ';5$+' $)0"!: 

6% !"/2*! ./;2/):$  &/% ! /,"/ .+/% / '  /,"/ '%%)$&/2! 0 % $.$"0 65$"0D$"': */-

(@@'<'$" ! .+$/3+!;/2!"': */"2$+ /+! *!* @6"*<'8 ,!% / 4 ' 5/="/% ' 3)/*'+68-

=$#/ %'#"!)!. Z% !"/2)$"/, , / .+' 24./)"$"'' ( '- ';5$+$"'7 .+$&./, ' $)0"$$ '%-

./)0;/2!"'$ &26- /3)6,! $)$7, – .+' ( /5 24./)":$ %: %)/B$"'$ &26- %'#"!)/2 2 .+/-

% +!"% 2$. J"/ &!$  3/)0D68 +!;2:;*6 5$B&6 #$"$+! /+!5' ./ %+!2"$"'8 %/ %)6,!$5, 

*/#&! '%./)0;6$ %: +$;'% '2"47 %655! /+ ' /&'" /3)6,! $)0. 1/;5/B"47 2'& -!+!*-

 $+'% '*' (@@$* '2"/7 ';3'+! $)0"/% ' .+$&% !2)$" "! +'%. 3, @. 

5. ?" $+5/&6):<'/""/#/ 2;!'5/&$7% 2': 2-/&"4- %'#"!)/2 [1] "! "$)'"$7"4- 

()$5$" !- */"2$+ /+! (2-/&"/7 6%')' $)0, %5$%' $)0, 6%')' $)0 MI). 1/;5/B"/ ';6-

,$"'$ .+/&6* /2 %/ %)$&68='5' %./%/3!5' /3+!;/2!"':: 1 3f f- , 1 3f f/
 
– 2 /+/7 ./-

+:&/*, 2 12 f f- , 1 22 f f-  –  +$ '7, '  . &. M+' ( /5 6% !"/2*! ./;2/):$  ';5$+' 0, *!* 

%// 2$ % 268='$  /,*' .$+$%$,$"':,  !* ' ;!2'%'5/% ' 6+/2": .+/&6* ! 2;!'5/&$7% -

2': /  ,!% / 4 ' !5.)' 6&4 2-/&"4- %'#"!)/2.  

1'&' %:, , / '%./)0;/2!"'$ .+$&)!#!$5/7 )!3/+! /+"/7 6% !"/2*', !  !*B$ +!;-

+!3/ !""/7 5$ /&'*' .+/2$&$"': (*%.$+'5$" !, ./;2/)'  ./24%' 0 6+/2$"0 %.$<'!)0-

"/7 ./&#/ /2*' 24.6%*"'*/2 26;/2. 
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                !            3 

 

A'%. 3. M+$/3+!;/2! $)0"!: -!+!* $+'% '*! S1-*/"2$+ /+! (1);  

;!2'%'5/% 0, -!+!* $+';68=!: .+$/3+!;/2! $)0"4$ %2/7% 2! .+' "!)','' (@@$* ! «;!3' ':» (@)

 

S!*'5 /3+!;/5, 2 /.'%!""/7 (*%.$+'5$" !)0"/7 6% !"/2*$ '5$$ %: 2/;5/B"/% 0 

.+/2$&$"': */5.)$*%"/#/ '%%)$&/2!"': ()$* +',$%*'- -!+!* $+'% '* G1I S1-

*/"2$+ $+!, , / ./;2/):$  "!#):&"/ .+/&$5/"% +'+/2! 0 5$-!"';5 /3+!;/2!"': "$*/-

 /+4- "$)'"$7"4- .+/&6* /2. 1 .$+%.$* '2$ 6% !"/2*6 5/B"/  !*B$ '%./)0;/2! 0 ' 

&): ';6,$"': &+6#'- "$)'"$7"4- :2)$"'7 5'*+/2/)"/2/#/  +!* ! ("!.+'5$+, .$+$*+$-

% "4- '%*!B$"'7). 

 
G.'%/* )' $+! 6+4 

 

1. C/#&!"/2', C. >. F$)'"$7"4$ '%*!B$"': 2 .+'$5"/-6%')' $)0"4- 6% +/7% 2!-. – >.: G2:;0, 

1980. – 280 %. 

2. N/)63$2 1. F. V@@$* '2"!: ';3'+! $)0"/% 0 +!&'/.+'$5"4- 6% +/7% 2. – >.: G2:;0, 1970. – 

199 %. 

3. JGS 78.01.0004-200. F!;$5"4$ +!&'/% !"<'' % 6#)/2/7 5/&6):<'$7 % !<'/"!+"4$, 2/;'54$ ' 

.$+$2/;'54$ !2 /5/ / +!"%./+ /5, "/%'54$ ' .$+$"/%"4$, .+$&"!;"!,$""4$ &): +!3/ 4 2 +!&'/%$ :- 

/+#!"/2 2"6 +$""'- &$) ' 2"6 +$""'- 2/7%* >19 A/%%''. 1'&4, /%"/2"4$ .!+!5$ +4,  $-"',$%*'$  +$-

3/2!"':. – >.: >19, 2002. – 55 %. 

4. NJGS 12252-86 (GS GV1 4280-83). A!&'/% !"<'' % 6#)/2/7 5/&6):<'$7 %6-/.6 "/7 ./&2'B"/7 

%)6B34. S'.4, /%"/2"4$ .!+!5$ +4,  $-"',$%*'$  +$3/2!"': ' 5$ /&4 ';5$+$"'7. – >.: N/%. */5' $  

GGGA ./ % !"&!+ !5, 1986. – 38 %. 
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%#&#'$#1)*  J!%&,$',"  (/  %#J1, ,((#*  %#J&#L$,   

J&I  "/J!#(/1!2/M!#(()3  '!'-,+  2&#(/''/GPS 

 

H. 1. Z#+85/2
1
, ?. 1. N/2/+6"

2
, H. H. \$*%'*/2

1,2
 ("!6,"47 +6*/2/&' $)0) 

 
1<-@-2+,-. /)+0 12+345667. 1;2),)+*-D5+,-. 06-452+-353 -*. 1,1 5*-,1 F. ". =5G536H41 

=)++-:, 660014, /. E21+6):2+,, 82. -*56- /1I537 «E21+6):2+,-. 21@)D-.», 31 
E-mail: dark24@bk.ru 

2J6+3-303 K-I-,- -*56- >.&. E-256+,)/) <$ =LB 
=)++-:, 660036, /. E21+6):2+,, L,1 5*/)2) ),, 50, +32. M 38 

E-mail: leksikov@iph.krasn.ru 
 

J.'%!"! */"% +6*<': ./)/%*/2/#/ &'.)$*%$+! "! ./&2$D$""/7 ./&)/B*$ &): +!&'/"!2'#!<'/""4- %'% $5 

N\JFHGG/GPS. A!;+!3/ *! /%6=$% 2):)!%0 % ./5/=08 ()$* +/5!#"' "/#/ 5/&$)'+/2!"': 2 .+/#+!55$ AWR 

DESIGN ENVIRONMENT 2009. A!;5$+4 ./&)/B*' '; *$+!5'*' SCFG (2 = 80)  /)='"/7 0.5 55 4.90 55 3 27.55 55. 

>'"'5!)0"4$ 2"/%'54$ ./ $+' 2 ./)/%!- .+/.6%*!"': *!"!)/2 – "';*/,!% / "/#/ 2.1 &C ' 24%/*/,!% / "/#/ 1.8 &C 

.+' '- / "/%' $)0"/7 D'+'"$ ~4 %. 

 

F$ +'2'!)0"/7 ;!&!,$7 2 5"/#/*!"!)0"4- %'% $5!- %2:;' :2):$ %: +!;&$)$"'$ 

'%./)0;6$5/7 ./)/%4 ,!% /  "! +:& 3/)$$ 6;*'- ./)/% (*!"!)/2) % 5'"'5!)0"45' ./-

 $+:5' 5/="/% '. 9): +$D$"': ( /7 ' /3+! "/7 ;!&!,' %)6B!  ,!% / "/-

+!;&$)' $)0"4$ 6% +/7% 2! – 56)0 '.)$*%$+4, ! */#&! *!"!)/2 &2! – &'.)$*%$+4. J"' 

:2):8 %: 2!B"$7D'5' 6% +/7% 2!5', %)6B!='5' &): %/#)!%/2!"': 3)/*/2 2 &26-./-

)/%"4- %'% $5!-, "!.+'5$+, +!&'/)/*! /+!- +!;)',"/#/ "!;"!,$"':. 1 %)6,!:-, */#&! 

5!%%! ' #!3!+' 4 6% +/7% 2! :2):8 %: /.+$&$):8='5 @!* /+/5, '%./)0;68 %: 5'*+/-

./)/%*/24$ &'.)$*%$+4. G+!2"' $)0"/ "$24%/*!: &/3+/ "/% 0 5'*+/./)/%*/24- +$-

;/"! /+/2 .+'2/&'  *  /56, , / 6+/2$"0 ./ $+0 5/="/% ' 2 *!"!)!-  !*/#/ &'.)$*%$+! 

5/B$  %6=$% 2$""/ .+$24%' 0 .+$&$), &/.6%*!$547  +$3/2!"':5' ./ ("$+#/;! +! !5. 

1 ( /7 %2:;' 2/;"'*!$  ;!&!,! +!;+!3/ *' &'.)$*%$+! "! &26-.+/2/&"4- +$;/"! /+!- 

"! ./&2$D$""/7 ./&)/B*$ (MAMM), */ /+4$ &/3+/ "$$ 5'*+/./)/%*/24- ' '5$8  

5$"0D'$ +!;5$+4 .+' .+/,'- +!2"4- 6%)/2':- [1]. Z% +/7% 2! "! /%"/2$ MAMM &$-

5/"% +'+68  .+!* ',$%*'  !*68 B$ 2'3+/- '  $+5/6% /7,'2/% 0, , / ' '- 5'*+/./-

)/%*/24$ !"!)/#', "$;"!,' $)0"/ .+' ( /5 6% 6.!: '5 2  $-"/)/#',"/% '. A!;+!3/ *! 

 !*'- 6% +/7% 2 2/;5/B"! % ./5/=08 +!;)',"4- .+/#+!55"4- .!*$ /2 &): ()$* +/-

5!#"' "/#/ 5/&$)'+/2!"':. 

1/;5/B"/% 0 +$!)';!<'' @')0 +/2 "'B"'- (QFI) ' 2$+-"'- ,!% /  (Q1I) "! 

./&2$D$""/7 ./&)/B*$ %./%/3% 26$  %+!2"' $)0"/ "$%)/B"/56 %/;&!"'8 "! '- /%"/2$ 

&'.)$*%$+/2 ./ %-$5$ QFI-Q1I ' 56)0 '.)$*%$+/2 "! /%"/2$ *!%*!&"/#/ %/$&'"$"': 

 !*'- &'.)$*%$+/2 [2–4]. I!% /, /&"!*/,  !*!: % +6* 6+! &'.)$*%$+! "$ :2):$ %: .+'-

$5)$5/7, "!.+'5$+, ./  /7 .+','"$, , / 6  !*'- @')0 +/2  /)0*/ /&'" %*)/" ./)/%4 

.+/.6%*!"': /3$%.$,'2!$   +$36$568 %$)$* '2"/% 0. 1 ( /5 %)6,!$ .+'5$":8  %-$56 

&'.)$*%$+! % %/$&'"$"'$5 ./)/%"/-.+/.6%*!8='- @')0 +/2 (MMQ) 2 /3='7 6;$).  

1 +!3/ $ [5] ./*!;!"! 2/;5/B"/% 0 %/;&!"': .+/% /#/ &'.)$*%$+! %/ %5$B"45' *!"!-

)!5' 2 2'&$ MMQ "! ./&2$D$""/7 ./&)/B*$, &$):=$#/ ./)/%6 ,!% /  10...18 NN< "! 

&2$. H2 /+4 .+'5$"')' .+/% $7D'7 %./%/3 ./&*)8,$"': 2%$-  +$- ./+ /2 * *!"!)!5 – 

,$+$; "$+$;/"!"%"4$ / +$;*' ./)/%*/24- )'"'7, ()$* +/5!#"' "/ %2:;!""4$ % *+!7-

"'5' +$;/"! /+!5' MMQ *!"!)/2 $5*/% "/7 %2:;08 ,$+$; ./&)/B*6. V / "$ %/% !2')/ 

 +6&!, ./%*/)0*6 +$;/"! /+4 34)' /&"/.+/2/&"45', ! $5*/% "/$ 2;!'5/&$7% 2'$ 5$-

B&6 "'5' "! % /)0 24%/*'- ,!% / !- 2$)'*/. ?%./)0;/2! 0 ./&/3"68 */"% +6*<'8 2 

&'.)$*%$+$ &): "'B"$7 ,!% ' #'#!#$+</2/#/ &'!.!;/"! "$)0;:,  !* *!* +!;5$+4 &'.)$*-

%$+! 2 ( /5 %)6,!$ 2/;+!% 6  .+'5$+"/ "! ./+:&/*. 1 "!% /:=$7 +!3/ $ ./*!;!"/, , / 

&/% ! /,"/ .+/% /7 ;!&!,$7 :2):$ %: +!;+!3/ *! &'.)$*%$+!, *!"!)4 */ /+/#/ .+$&-
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% !2):8  %/3/7 MMQ, /3+!;/2!""4$ %'% $5/7 &26-.+/2/&"4- +$;/"! /+/2 "! ./&2$-

D$""/7 ./&)/B*$. 

A!;+!3/ *! &'.)$*%$+! /%6=$% 2):)!%0 % ./5/=08 ()$* +/5!#"' "/#/ 5/&$)'+/2!-

"': 2 .+/#+!55"/5 .+/&6* $ &): .+/$* '+/2!"': +!&'/,!% / "4- 6% +/7% 2 ' 6% +/7% 2 

G1I – AWR DESIGN ENVIRONMENT 2009. 9'.)$*%$+ &/)B$" /3$%.$,'2! 0 ,!% / "/$ 

+!;&$)$"'$ %'#"!)/2 ./&&'!.!;/"/2 L1 (1226..1254 >N<) ' L2 (1574..1610 >N<) 2 .+'-

$5"'*!- %.6 "'*/24- +!&'/"!2'#!<'/""4- %'% $5 (GAFG) N\JFHGG/GPS % ./&!2)$-

"'$5 "! ,!% / !- %/%$&"$#/ *!"!)! "$ 5$"$$ 50 &C ' */(@@'<'$" /5 / +!B$"': /  ./+-

 /2 2 ./)/%!- .+/.6%*!"': "$ 3/)$$ –14 &C (LG1F41.5) .+' +!3/ $ % 50-/5"45  +!* /5. 

Z @')0 +/2 "! ./&2$D$""/7 ./&)/B*$ .+' /.+$&$)$""4- 6%)/2':- – 24%/ $ (*-

+!"'+68='- *+4D$*,  /)='"$ ' 2$)','"$ &'()$* +',$%*/7 .+/"'<!$5/% ' ./&)/B*' 

'  . &. – 5/B$  2/;"'*"6 0 !"/5!)0"/$ 2;!'5/&$7% 2'$ 5$B&6 +$;/"! /+!5', */#&! '- 

*/(@@'<'$"  %2:;' 6342!$  .+' 65$"0D$"'' +!%% /:"': 5$B&6 "'5' ' 5/B$  /3+!-

 ' 0%: 2 "/)0 2%)$&% 2'$ */5.$"%!<'' '"&6* '2"/#/ ' $5*/% "/#/ 2;!'5/&$7% 2'7 [6]. 

M/( /56 .+$&2!+' $)0"/ 34)' .+/2$&$"4 '%%)$&/2!"': % ./5/=08 5/&$)'+/2!"': "! 

&26-;2$""4- */"% +6*<':-, */ /+4$ ./*!;!)', , / /. '5!)0"45' .+' '%./)0;/2!"'' 

./&)/B' '; SCFG (2 = 80) :2):$ %: $$  /)='"! 0.5 55, ! +!%% /:"'$ /  $$ ./2$+-"/% $7 

&/ (*+!"'+68='- *+4D$* 3...4 55. 

A$D$"'$ .+'5$"' 0 ./&)/B*6 '; SCFG % 24%/*/7 &'()$* +',$%*/7 .+/"'<!$5/-

% 08 (&'()$* +',$%*!: .+/"'<!$5/% 0 ./&)/B*' ] = 80,  !"#$"% 6#)! &'()$* +',$%*'- 

./ $+0 tg^ = 0.0003),  /)='"/7 0.5 55 ' '%./)0;/2! 0 &26-.+/2/&"4$ +$;/"! /+4 2 

@')0 +!- *!"!)/2 34)/ .+'": / &): 5'"'5';!<'' #!3!+' /2 6% +/7% 2!.  

F! +'%. 1 .+'2$&$"!  /./)/#': ./)/%*/24- .+/2/&"'*/2 +!;+!3/ !""/#/ &'.)$*-

%$+! % /3/;"!,$"':5' */"% +6* '2"4- .!+!5$ +/2 5/&$)'.  

 

 
 

A'%. 1. S/./)/#': ./)/%*/24- .+/2/&"'*/2 &'.)$*%$+! "! ./&2$D$""/7 ./&)/B*$  

&): GAFG N\JFHGG/GPS % 2$+-"$7 (1) ' "'B"$7 (@) % /+/"4 ./&)/B*' 

 

K&$%0 "! +'%. 1, 1 .+'2$&$"!  /./)/#': ./)/%*/24- .+/2/&"'*/2, 24./)"$""4- "! 

2$+-"$7 % /+/"$ ./&)/B*', ! "! +'%. 1, @ – "! "'B"$7. M/)/%*/24$ .+/2/&"'*', /3/-

;"!,$""4$ l1 ' l11, l2 ' l22, l3 ' l33, ./.!+"/ /3+!;68  +$;/"! /+4 "';*/,!% / "/#/ *!"!-

)!, ! l4 ' l44, l5 ' l55, l6 ' l66 – 24%/*/,!% / "/#/. M/)/%*/24$ .+/2/&"'*' D'+'"/7 w2 2 

"';*/,!% / "/5 *!"!)$ ' w4 – 2 24%/*/,!% / "/5 %)6B!  &): 65$"0D$"': 2;!'5/&$7-

% 2': 5$B&6 +$;/"! /+!5', 3)!#/&!+: ,$56 %6=$% 2$""/ 65$"0D!$ %: +!%% /:"'$ 5$B-

a(

@(
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&6 +$;/"! /+!5' ', *!* %)$&% 2'$, +!;5$+ 6% +/7% 2! ./ &)'"$. L ./)/%*/2/56 .+/2/&-

"'*6 D'+'"/7 w3 ./&*)8,!$ %: /3='7 ./+  &'.)$*%$+!, ! * ./)/%*/245 .+/2/&"'*! 

D'+'"/7 w1 ./&*)8,!8 %: 24-/&"4$ ./+ 4 *!"!)/2. V ' .+/2/&"'*' */+/ */;!5*"6-

 4 "! */+.6%, ./( /56 %2:;0 ./+ /2 % @')0 +!5' *!"!)/2 – '"&6* '2"!:. K!;/+!5' s5 ' 

s6 /.+$&$):$ %: 2$)','"! %2:;' /3=$#/ ./+ ! % @')0 +!5' *!"!)/2, ! s2 ' s9 /.+$&$):-

$ %: 2$)','"! %2:;' @')0 +/2 *!"!)/2 % 24-/&"45' ./+ !5'.  

A!;5$+4 ./&)/B*' 4.90 55 3 27.55 55. A!%% /:"'$ /  ./&)/B*' &/ 2$+-"$7 

*+4D*' */+.6%! 4 55, &/ "'B"$7 3 55. A!;5$+4 ./)/%*/24- .+/2/&"'*/2 ' ;!;/+4 

5$B&6 "'5' 34)' 2 %// 2$ % 2'' % /3/;"!,$"':5' "! +'%. 1 %)$&68='5' (55): s1 = 1.00, 

w1 = 0.40, s2 = 0.75, l1 = 4.15, s3 = 0.50, w2 = 0.95, s4 = 0.70, l2 = 4.25, l3 = 4.00, s5 = 1.10, 

w3 = 1.00, s6 = 0.75, l4 = 3.25, s7 = 0.50, w4 = 0.85, s8 = 0.65, l5 = 3.40, l6 = 3.30, s9 = 0.85, 

w5 = 2.00, l11 = 4.05, l22 = 4.20, l33 = 3.95, l44 = 3.30, l55 = 3.35, l66 = 3.30. R'+'"! ./)/%*/-

24- .+/2/&"'*/2 +$;/"! /+/2 2 /3/'- *!"!)!- &'.)$*%$+!, "$ /3/;"!,$""!: "! +'%. 1, 

+!2"! 2.0 55. M/)/%*/24$ .+/2/&"'*', '&6='$ 2&/)0 &)'""4- % /+/" ./&)/B*', '5$-

8  D'+'"6 0.4 55 ' %)6B!  &): 5/" !B! ./&)/B*' 2 */+.6%$ .!7*/7, '  $5 %!545 

 !*B$ &): ;!;$5)$"': ./)/%*/24- .+/2/&"'*/2  !5, #&$ /"' &/)B"4 34 0 ;!;$5)$"4. 

M+' +!;+!3/ *$ &'.)$*%$+! %"!,!)! 5/&$)'+/2!)'%0 +!;&$)0"/ @')0 +4 *!"!)/2. 

M/%)$ ( /#/ @')0 +4 /3[$&'":)'%0 2 &'.)$*%$+ (2 5/&$)'), ' .+/';2/&')!%0 /*/",!-

 $)0"!: "!% +/7*!, "$/3-/&'5/% 0 */ /+/7 24;2!"! 2;!'5"45 2)':"'$5 *!"!)/2, */ /-

+/$, *!* /*!;!)/%0, "$2$)'*/: ./&% +/7*! )83/#/ '; *!"!)/2 .+!* ',$%*' "$ 2)':$  "! 

-!+!* $+'% '*' &+6#/#/. C)!#/&!+: / %6 % 2'8 #!)02!"',$%*/7 %2:;' 5$B&6 2-/&"45' 

+$;/"! /+!5' *!"!)/2 / %6 % 268  ' &/./)"' $)0"4$, .!+!;' "4$ +$;/"!"%4, */ /+4$, 

/34,"/, %6=$% 2$""/ 6%)/B":8  %/#)!%/2!"'$ ./ 2-/&6. 

 

 
 

A'%. 2. H5.)' 6&"/-,!% / "4$ -!+!* $+'% '*' (HIE) *!"!)/2 &'.)$*%$+! "! ./&2$D$""/7 ./&)/B*$ &): 

GAFG N\JFHGG/GPS. G.)/D"4$ )'"'' – */(@@'<'$" 4 .+/-/B&$"': 1-#/ ' 2-#/ *!"!)/2 %S21% ' 

%S31%, D +'-/2!""4$ – +!;2:;*! 5$B&6 *!"!)!5' %S23% ' */(@@'<'$"  / +!B$"': /  /3=$#/ 2-/&! %S11% 
 

F! +'%. 2 .+'2$&$"4 -!+!* $+'% '*' 6% +/7% 2!, ./)6,$""4$ ./ +$;6)0 ! !5 5/-

&$)'+/2!"':: HIE *!"!)/2 (%S21% ' %S31%), +!;2:;*! 5$B&6 *!"!)!5' (%S23%) ' */(@@'-

<'$"  / +!B$"': ./ /3=$56 2-/&6 (%S11%). 
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M/)6,$""4$ 2 +$;6)0 ! $ 5/&$)'+/2!"': .!+!5$ +4 %S22% ' %S33% "$ .+$24D!)' 

–14 &C 2 ./)/%!- .+/.6%*!"': &'.)$*%$+! – 54 "$ .+'2$)' ( ' -!+!* $+'% '*' "! #+!-

@'*!-, , /34 '- "$ ;!#+/5/B&! 0. ?; +'%. 2 2'&"/, , / .!+!5$ + %S11%  !*B$ "$ .+$-

24D!$  –14 &C 2 ./)/%!- .+/.6%*!"':. V ' +$;6)0 ! 4 %2'&$ $)0% 268  /  /5, , / 6% -

+/7% 2/ -/+/D/ %/#)!%/2!"/ ./ 2%$5 ./+ !5.  

>'"'5!)0"4$ 2"/%'54$ ./ $+' 2 ./)/%$ .+/.6%*!"': %/% !2')' 2.1 &C ' 1.8 &C 

%// 2$ % 2$""/ 2 "';*/,!% / "/5 ' 2 24%/*/,!% / "/5 *!"!)!- .+' / "/%' $)0"/7 '- 

D'+'"$ ~ 4 %. ?; +'%. 2 2'&"/, , / +!;2:;*! 5$B&6 *!"!)!5' .+$24D!$  50 &C, .+',$5 

.+/"'*"/2$"'$ '; "';*/,!% / "/#/ *!"!)! 2 24%/*/,!% / "47 "$ 3/)$$ –70 &C. V ' +$-

;6)0 ! 4 %2'&$ $)0% 26$  /  /5, , / &'.)$*%$+  !*/7 */"% +6*<'' ./ %2/'5 ()$* +',$-

%*'5 -!+!* $+'% '*!5 2./)"$ 6&/2)$ 2/+:$  %/2+$5$""45  +$3/2!"':5 * 6% +/7% 2!5 

./&/3"/#/ +/&! ' 5/B$  34 0 '%./)0;/2!" &): ,!% / "/#/ +!;&$)$"': %'#"!)/2 ./&-

&'!.!;/"/2 2 .+'$5"'*!- GAFG N\JFHGG/GPS.  

S!*'5 /3+!;/5, +!;+!3/ !"! .+/% !: */"% +6*<': ./)/%*/2/#/ &'.)$*%$+! "! 

./&2$D$""/7 ./&)/B*$ &): GAFG N\JFHGG/GPS (L1: 1226..1254 >N< ' L2: 

1574..1610 >N<), */ /+47 &/2/)0"/ .+/% / 5/&$)'+6$ %: % ./5/=08 .+/#+!554 ()$*-

 +/5!#"' "/#/ !"!)';! G1I 6% +/7% 2 AWR DESIGN ENVIRONMENT 2009. L!* 34)/ 

./*!;!"/ +!"$$ [7, 8], -!+!* $+'% '*' 6% +/7% 2, ';#/ /2)$""4- 2 %// 2$ % 2'' % +$-

;6)0 ! !5'  !*/#/ 5/&$)'+/2!"':, -/+/D/ %/#)!%68 %: % +!%,$ "45'. 

 

=1@)31 478)96561 82- 8)  52N,5 #21631 F-6)@2610,- =" 14-607-21-0039. 
 

G.'%/* )' $+! 6+4 
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%'3'+%* -2014. – S. 4. – G. 220–223. 

8. M/)/%*/247 &'.)$*%$+ "! ./&2$D$""/7 ./&)/B*$ / C. H. C$):$2, H. H. \$*%'*/2, H". H. \$*%'-

*/2 ' &+. // S+. XII >$B&6"!+. */"@. «H* 6!)0"4$ .+/3)$54 ()$* +/""/#/ .+'3/+/% +/$"':». – F/2/%'-

3'+%* -2014.  – S. 4. – G. 224–227. 
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/(/&!N  1&!I(!I  -,3(#&#2!G,'$#2#  ",+#(-/   

(/  "/J!#-,3(!G,'$!,  3/"/$-,"!'-!$!  /(-,(()   

!N  $#+%#N!-()3  +/-,"!/&#1  1  Q-J!/%/N#(, 

 

G. L. 9/5!"/2, H. 1. >6-'", ?. 1. L/"4D$2 

 
L$ «J6K)2*1O-)6675 +8036-,)475 +-+35*7» -*56- 1,1 5*-,1 F. ". =5G536541» 

662972, /. P595I6)/)2+,, 09. >56-61, 52 

E-mail: serzh.domanov@mail.ru 

 

M+/2$&$" %+!2"' $)0"47 !"!)'; +!&'/ $-"',$%*'- -!+!* $+'% '* (ASE) /@%$ "4- !" $"" Q-&'!.!;/"! % <$-

)08 /<$"*' 2)':"':  $-"/)/#',$%*/#/ +$5/" ! "! ./2$+-"/% ' +$@)$* /+!, 24./)"$""/#/ '; */5./;' "/#/ 5! $-

+'!)!, "! ASE !" $""4. 

 

1 HJ «?GG» 6%.$D"/ /%2/$"!  $-"/)/#': .+/';2/&% 2! !" $""4- +$@)$* /+/2 

'; */5./;' "4- 5! $+'!)/2 &): */%5',$%*'- !..!+! /2 (LH) +!;)',"/#/ "!;"!,$"':. 

J3[$* /5 &!""/7 % ! 0' :2):$ %: +$@)$* /+ /@%$ "/7 !" $""4 Q-&'!.!;/"!, ';#/ /2-

)$""47 '; .+$.+$#! M55J/EX1515 5$ /&/5 2!*665"/#/ @/+5/2!"':. 1"$D"'7 2'& 

+$@)$* /+! .+$&% !2)$" "! +'%. 1. F! .+'2$&$""/5 +'%6"*$ / ,$ )'2/ 2'&"4 "$/&"/-

+/&"/% ' ./2$+-"/% ', */ /+4$ .+$&% !2):8  '; %$3:  +$='"4 ' +!%%)/$"': % +6* 6-

+4 +$@)$* /+!, ;!./)"$""4$ *)$$5 1L-9 % 6#)$+/&/5  $-"',$%*'5 L359 &): 6% +!"$-

"': / *)/"$"'7 .+/@'): /   +$36$5/#/. 1 .+/<$%%$ .+/';2/&% 2! +$@)$* /+/2 ';  

*/5./;' "4- 5! $+'!)/2 ./&/3"4$ "$/&"/+/&"/% ' 5/#6  2/;"'*! 0 .+' / &$)$"'' 

+$@)$* /+! /  @/+568=$7 /.+!2*'. 

 

 
 

A'%. 1. 1"$D"'7 2'& +$@)$* /+! % "$/&"/+/&"/% :5' ./2$+-"/% ' 

 

F! +'%. 2 .+'2$&$"4 +$;6)0 ! 4 %*!"'+/2!"': ./2$+-"/% ' +!%%5! +'2!$5/#/ 

+$@)$* /+! "! *//+&'"! "/-';5$+' $)0"/7 5!D'"$ (L?>) 3$%*/" !* "45 5$ /&/5 

%3/+! &!""4- [1]. 

M/ +$;6)0 ! !5 %*!"'+/2!"': ./2$+-"/% ' +$@)$* /+! 2'&"/, , / 5!*%'5!)0"/$ 

/ *)/"$"'$ .+/@'): "$ .+$24D!$  0,0939 55 .+'  +$3/2!"':- – 0,1 55. 

9): !"!)';! ASE '%./)0;/2!)%: !2 /5! ';'+/2!""47 ';5$+' $)0"/-24,'%)'-

 $)0"47 */5.)$*% (H?1L) 3)'B"$#/ ./): [2, 3]. 9): /3[$* '2"/#/ !"!)';! ASE !" $"-
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"4 % +$@)$* /+/5, ./*!;!""/5 "! +'%. 1, 34)' .+/2$&$"4 ';5$+$"': !" $""4 % +$@)$*-

 /+/5, ./2$+-"/% 0 */ /+/#/ "$ '5$)! ./2+$B&$"'7, !, %)$&/2! $)0"/, "$ ./&2$+#!)!%0 

 $-"/)/#',$%*/56 +$5/" 6 (+'%. 3). F! +'%. 4 ' 5 .+'2$&$"4 %+!2"' $)0"4$ ASE /3/'- 

+$@)$* /+/2. 

 

 
 

A'%. 2. _2$ /#+!55! ./2$+-"/% ' +$@)$* /+! ./ +$;6)0 ! !5 %*!"'+/2!"': "! L?> 

 

 
 

A'%. 3. 1"$D"'7 2'& +$@)$* /+! 3$; ./2+$B&$"'7 
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A'%. 4. L/" 6+ +!2"/#/ 6%')$"': ./ */./):+"/7 ./):+';!<'' "! %+$&"$7 ,!% / $  

+!3/,$#/ &'!.!;/"! !" $""4: 1 –  $/+$ ',$%*'7; @ – +$@)$* /+ 3$; ./2+$B&$"'7;  

4 – +$@)$* /+ ./%)$  $-"/)/#',$%*/#/ +$5/" ! 

 

 
 

A'%. 5. G+!2"' $)0"4$ &'!#+!554 "!.+!2)$""/% ' (9F) 2 !;'56 !)0"/7 (*+!%"47)  

' 6#)/5$% "/7 (%'"'7) .)/%*/% :- !" $"" %: 1 – +$@)$* /+/5 ./%)$  $-"/)/#',$%*/#/ +$5/" !;  

@ – +$@)$* /+/5 3$; ./2+$B&$"'7 

 

S!3)'<! 1 

G+!2"$"'$ ;"!,$"'7 */(@@'<'$" /2 6%')$"': (LZ) ./ 6+/2"8 5/="/% ' -3,2 &C 

 

I!% / ! 

A$@)$* /+ 

./%)$  

+$5/" ! 

A$@)$* /+  

3$; ./2+$B&$"'7 

S+$36$54$ 

;"!,$"': 

Z5$"0D$"'$ LZ .+' '%./)0;/2!"'' 

+$@)$* /+! ./%)$ +$5/" !  

/ "/%' $)0"/ '%./)0;/2!"':  

+$@)$* /+! 3$; ./2+$B&$"'7, &C 

F1 39,97 42 41,8 2,03 

F2 39,94 42 41,8 2,06 

F3 39,91 41,99 41,8 2,08 

F4 39,87 41,97 41,8 2,1 

F5 39,9 42 41,8 2,1 

F6 39,9 41,99 41,8 2,09 

F7 39,88 41,97 41,8 2,09 

 

L!* 2'&"/ '; +'%. 4, 5 '  !3). 1, !" $""! % +$@)$* /+/5, .+/D$&D'5  $-"/)/#',$-

%*'7 +$5/"  '5$$  ;!5$ "/ -6&D'$ ASE, 2 %+!2"$"'' % !" $""/7, 2 */ /+/7 6% !"/2)$" 

+$@)$* /+ 3$; ./2+$B&$"'7 / +!B!8=$7 ./2$+-"/% '. S!*'5 /3+!;/5, 5/B"/ %&$)! 0 

%)$&68='7 242/&: %// 2$ % 2'$ @/+54 .+/@'): ./2$+-"/% ' +$@)$* /+!  +$36$545 

;"!,$"':5 "$ #!+!" '+6$  "$/3-/&'54- +!&'/ $-"',$%*'- ./*!;! $)$7 2 Q-&'!.!;/"$. 

1 *!,$% 2$ 2/;5/B"/#/ /3/%"/2!"': ./)6,$""4- +$;6)0 ! /2 5/B"/ / 5$ ' 0  /, , / 

.+' .$+$-/&$ 2/ 2%U 3/)$$ 24%/*'7 ,!% / "47 &'!.!;/", +!"$$ :2):8='$%: "$ %6=$% -

2$""45' &): ASE ./2+$B&$"':,  !*'$ *!*  +$='"4 ' +!%%)/$"': "! ./2$+-"/% ' !"-

@ 

1 
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 $""4- +$@)$* /+/2, 24./)"$""4- '; */5./;' "/#/ 5! $+'!)!, % !"/2: %: %6=$% 2$"-

"45 @!* /+/5, 2)':8='5 "! ASE 2%$7 !" $""4. V /, 2 %2/8 /,$+$&0, 5/B$  /36%)!2-

)'2! 0%:  $5, , / +!;5$+4 "$/&"/+/&"/% $7 % !"/2: %: %/./% !2'54 % &)'"/7 2/)"4, 

"! */ /+/7 +!3/ !$  !" $""!. 9): ./)6,$"': 3/)$$  /,"4- ' '%,$+.42!8='- %2$&$"'7 

"$/3-/&'5 &!)0"$7D'7 */5.)$*%"47 !"!)'; .+/3)$54. F$/3-/&'5/ .+/%)$&' 0 ,$ -

*68 ;!2'%'5/% 0 @/+54, ./)/B$"': ' +!;5$+! "$/&"/+/&"/% ' "! +$;6)0 '+68='$ 

ASE !" $""4 2 &!""/5 ,!% / "/5 &'!.!;/"$. 

 
G.'%/* )' $+! 6+4 

 

1. K63!+$2 P. >., L/%!+$2%*'7 G. 1., A$2'" F. F. H2 /5! ';!<': *//+&'"! "4- ';5$+$"'7: 6,$3. 

./%/3'$. – GM3.: M?>!D, 2011. – 160 c. 

2. >$ /&4 ';5$+$"': .!+!5$ +/2 ';)6,!8='- %'% $5 2 3)'B"$7 ;/"$ / \. 9. C!-+!-, G. 9. L+$5$-

"$<*'7, H. M. L6+/,*'", 1. H. Z%'", `. G. R'@+'". – \.: F!6*!, 1985. – 272 %. 

3. >6-'" H. 1., 9/5!"/2 G. L., L/"4D$2 ?. 1. J.+$&$)$"'$ 2/;5/B"/% ' ';5$+$"': +!&'/ $-"'-

,$%*'- -!+!* $+'% '* */" 6+"4- !" $"" 2 %/% !2$ */%5',$%*/#/ !..!+! ! 5$ /&/5 3)'B"$#/ ./): // G/-

2+$5$""4$ .+/3)$54 +!&'/()$* +/"'*'. – 2014. – G. 342–346. 
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 !"#$% « !"# $!%!&'()!%*+  ,"-).$!'()*   

(  '*'!,"-).$!'()*» 

 

 

 !"# $!%!&'()!%*+  '*'!)!/ !0(.'*+  1$-&*   

1  ,22-).(%'3/  2!.! $-!4$*0!%*'(-/ 

 

 . !. "#$%&#, '.  . ()%&#*+&#* (+*,-+./ 0,1&#&2$3)%4) 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail:laikypro@gmail.com 

 
5&%,-)+* +*+&1&67&8$3+*9 7&%,70&#&2+$1&#*9 :0)2* : ;<<)13$#+.6 <&3&70)&=0*8&#*+$)6 +* &:+&#) 7&-

0$:3&>& 10)6+$9 # >)3)0&:30,13,0) : &1:$2&6 &2+&#*%)+3+&/ 6)2$ Cu2O. ?::%)2&#*+. :30,13,0+.), ;%)130&<$8$-

-):1$) $ <&3&;%)130$-):1$) :#&/:3#* 2*++&>& +*+&1&67&8$3*. 50)2%&@)+* #&86&@+&:34 :&82*+$9 <&3&*13$#+&/ 

:0)2. 6)3&2*6$ 6*%&8*30*3+&/ 3)A+&%&>$$.  

 

B&%+)-+*9 ;+)0>)3$1* +*:-$3.#*)3 +):1&%41& 7&1&%)+$/ :30,13,0 2%9 ;<<)13$#-

+&>& <&3&70)&=0*8&#*+$9 70$ :&A0*+)+$$ ($%$ +)8+*-$3)%4+&6 7&#.C)+$$) :3&$6&:3$ 

70&$8#&2:3#* $ $82)0@)1 +* ,3$%$8*D$E $ ;1&%&>$-):1,E =)8&7*:+&:34. F* 2):93$%)3$9 

=.%$ 0*80*=&3*+. 3)A+&%&>$$, +*70*#%)++.) +* :+$@)+$) 7&3)04 10)6+$9 70$ 70&$8-

#&2:3#) 7%*:3$+ 10)6+$9 $8 :%$31&# $ :&82*+$) ,:30&/:3#, &=):7)-$#*EG$A #.:&1$/ 

1&;<<$D$)+3 <&3&70)&=0*8&#*+$9 70$ +)=&%4C&6 0*:A&2) 6*3)0$*%&#. H2+$6 $8 :,-

G):3#)++.A 6)A*+$86&#, 7&+$@*EG$A ;<<)13$#+&:34 <&3&70)&=0*8&#*+$9, 9#%9)3:9 

+)7&%+&) 7&>%&G)+$) :&%+)-+&>& :7)130* (#1%*2 # <&3&3&1 2*E3 3&%41& <&3&+. : 

;+)0>$)/, 70)#.C*EG)/ C$0$+, 8*70)G)++&/ 8&+.). I%9 ,:30*+)+$9 7&3)04 (7&-3$ 

50 % :&%+)-+&>& :7)130*) $:7&%48,E3 +):1&%41& >)3)0&7)0)A&2&# : 0*8+&/ C$0$+&/ 

8*70)G)++&/ 8&+., 6*1:$6*%4+& 7)0)10.#*EG$A :&%+)-+./ :7)130 (1*:1*2+.) :&%-

+)-+.) ;%)6)+3.). B)>&2+9 :&%+)-+.) ;%)6)+3. 7&-70)@+)6, 2&0&>$ $ +)2&:3*3&-+& 

;<<)13$#+., -3&=. 6&@+& =.%& 8*9#$34 & 0)C)+$$ 70&=%)6 *%43)0+*3$#+&/ ;+)0>)3$-

1$. 50&2&%@*E3:9 $::%)2&#*+$9 7& 7&$:1, +&#.A =&%)) 2)C)#.A $/$%$ =&%)) ;<<)1-

3$#+.A 6*3)0$*%&#. J 2*++&/ 0*=&3) 70)2:3*#%)+. ;1:7)0$6)+3*%4+.) 0)8,%43*3. 7&-

%,-)+$9 $ $::%)2&#*+$9 +*+&1&67&8$3+.A :30,13,0 +* &:+&#) +$81&0*86)0+&>& 10)6-

+$9 $ &1:$2* 6)2$ $ 7&1*8*+* #&86&@+&:34 70$6)+)+$9 $A 2%9 +,@2 :&%+)-+&/ ;+)0>)-

3$1$. 

 56789:;9 <=>?9@;A9:BC6D:EF 5G@CHI5J. H:+&#+.6 :7&:&=&6 <&06$0&#*+$9 

+$81&0*86)0+&/ :0)2. # 10)6+$$ # +*:3&9G)) #0)69 70$8+*+ 2&:3*3&-+& 70&:3&/ +$8-

1&3)67)0*3,0+./ :7&:&= *+&2+&>& 30*#%)+$9 6&+&10$:3*%%$-):1$A 7%*:3$+ 10)6+$9 # 

#&2+.A $%$ :7$03&#.A 0*:3#&0*A <3&0$:3&#&2&0&2+&/ 1$:%&3. HF [1].  

 ):6&309 +* &-)#$2+.) 2&:3&$+:3#*, *+&2+&) 30*#%)+$) $6))3 $ &30$D*3)%4+.) 

:3&0&+.: $:7&%48&#*+$) #0)2+.A : ;1&%&>$-):1&/ 3&-1$ 80)+$9 A$6$-):1$A 0)*13$#&#, 

+)2&:3*3&-+,E #&:70&$8#&2$6&:34 7*0*6)30&# 7&0$:3&/ 6*30$D. $ )) :3*0)+$).  

J 2*++&/ 0*=&3) 6. <&06$0,)6 +$81&0*86)0+,E :0)2, # 10)6+$$ +) 3&%41& ;%)1-

30&A$6$-):1$6 6)3&2&6, +& $ *%43)0+*3$#+.6 )6, :7&:&=&6 ;%)130&;0&8$&++&/ &=0*-

=&31$ 6&+&10$:3*%%$-):1&>& 10)6+$9 # $:10&#&6 0)@$6). ?6)EG$):9 # %$3)0*3,0) 

:#)2)+$9 7& <&06$0&#*+$E +$81&0*86)0+&/ :0)2. # 10)6+$$ 6)3&2&6 $:10&#&>& 0*8-

092* &3+&:93:9 1 «:,A&/» 3)A+&%&>$$. "#3&0. 0*=&3. [2] &=+*0,@$%$ <&3&%E6$+):-

D)+D$E 7&0$:3&/ 10)6+$)#&/ 6*30$D. # 10*:+&/ &=%*:3$ :7)130*. K&06$0&#*+$) 

&:,G):3#%9%&:4 70$ 1&6+*3+&/ 3)67)0*3,0) # :,A&/ #&82,C+&/ %$=& *8&3+&/ *36&:<)-
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0). J0)69 70&D)::* :&:3*#%9%& &3 8 2& 24 -*:&#.  F* ;3& #0)69 7&%,-*%$ 7&0$:3./ :%&/ 

# +):1&%41& 6$10&6)30&#. J 0*=&3) [3] :&&=G*)3:9 & <&3&%E6$+):D)+D$$ 7&0$:3&>& 

10)6+$9 # >&%,=&-8)%)+&/ &=%*:3$ :7)130* (450–500 +6), 70$-)6 70&D):: ;0&8$$ 2%$%-

:9 +) -*:., * 1–10 6$+,3, 70$ ;3&6 3&%G$+* 7&0$:3&>& :%&9 :&:3*#%9%* +):1&%41& 6$1-

0&6)30&#. L*1 $ # 70)2.2,G)6 :%,-*), ,+$7&%90+.) 0*8092. 7&%,-)+. : 7&6&G4E 

30*+:<&06*3&0* M):%*. 5& 6+)+$E *#3&0&#, «:,A*9» 3)A+&%&>$9 =&%)) :&#)0C)++*, 3*1 

1*1 +) 30)=,)3 @$21$A :&:3*#%9EG$A, 1*1 # :%,-*) *+&2+&>& 30*#%)+$9, $ 7&0$:3*9 

6*30$D* +) 8*>098+9)3:9 70&2,13*6$ ;%)130&A$6$-):1&>& 70&D)::*. 

50$ ;%)130&A$6$-):1&6 <&06$0&#*+$$ 7&0$:3&>& 7&%,70&#&2+$1* #*@+&) 8+*-

-)+$) $6))3 3$7 70&#&2$6&:3$ 7&2%&@1$. I%9 6)A*+$86* ;%)130$-):1&/ ;0&8$$ ;3&3 

<*13&0 8+*-)+$9 +) $6))3. 5*0*6)30. 7&0$:3&/ :30,13,0. 70$ ;3&6 8*#$:93 70*13$-)-

:1$ 3&%41& &3 ,2)%4+&>& :&70&3$#%)+$9 $:A&2+&>& 7&%,70&#&2+$1* $ 7*0*6)30&# 0*8-

092* (;+)0>$$ $ 2%$3)%4+&:3$). 50$ &:,G):3#%)+$$ ;%)130&$:10&#&/ &=0*=&31$ 6. 

70$6)+$%$ #8*6)+ &=.-+.A 0)%*1:*D$&++.A >)+)0*3&0&# :7)D$*%4+./ >)+)0*3&0 $6-

7,%4:&#, :&=0*++./ 7& &2+&/ $8 1%*::$-):1$A :A)6, 1&3&0./ 7&2*)3 +* 0*8092+./ 

70&6)@,3&1 $67,%4:. ;%)130$-):1&>& 3&1* : 8*2*++.6$ #0)6)++.6$ $ ;%)130$-):1$-

6$ A*0*13)0$:3$1*6$, -3&=. $8=)@*34 0*8#$3$9 # 6)@;%)130&2+&/ :0)2) 70&D)::&# 

;%)130&%$8*.  

N*0*13)0$:3$1$ $67,%4:*, 0)1&6)+2,)6.) 2%9 6)3*%%$-):1$A ;%)130&2&#, +) 

7&2A&293 2%9 7&%,70&#&2+$1&#&>& ;%)130&2*, ;%)130&70&#&2+&:34 1&3&0&>& +* 7&0921$ 

+$@), 7&;3&6, 7*0*6)30. 70&D)::* 70$A&2$%&:4 7&2=$0*34 ;1:7)0$6)+3*%4+&, ;3& @) 

1*:*%&:4 $ ;%)130&2*-$+:30,6)+3*. 5& 6)0) :=%$@)+$9 ;%)130&2&# #&80*:3*)3 +*709-

@)++&:34 7&%9 # 70&:30*+:3#) 6)@2, ;%)130&2&6-$+:30,6)+3&6 $ 7%*:3$+&/ 10)6+$9. 

5& 2&:3$@)+$$ &70)2)%)++&/ +*709@)++&:3$ 7&%9 +* ,-*:31) : 6$+$6*%4+.6 0*::3&9-

+$)6 6)@2, 7&#)0A+&:396$ ;%)130&2&# #&8+$1*)3 ;%)130$-):1$/ 0*8092, 7&2 2)/:3#$)6 

1&3&0&>& 70&$:A&2$3 0*80,C)+$) ,-*:31* 10)6+$)#&/ 7%*:3$+.. J 1*-):3#) 2$;%)1-

30$-):1&/ 6)@;%)130&2+&/ :0)2. 6. #.=0*%$ =$2$:3$%%$0&#*++,E (2#*@2. 2$:3$%-

%$0&#*++,E #&2,) #&2,, $ # ;3&6 &3+&C)+$$ +*C* 3)A+&%&>$9 +) 9#%9)3:9 «:,A&/».  

 * 7)0#&6 ;3*7) $::%)2&#*+$9 =.%* #.=0*+* #&%4<0*6&#*9 $>%*, 1&3&0,E -)0)8 

500 616 70$#&2$%$ # 1&+3*13 : 7&2%&@1&/ -)0)8 @$21,E :0)2,, 2)%*%$ ;3& 7&2 6$10&-

:1&7&6 OPB-10. F*3)6 70$6)+$%$ 6*30$D, $>%, -3&=. ,#)%$-$34 70&$8#&2$3)%4+&:34 

70&D)::*. B ,-)3&6 7%&G*2$ 7&#)0A+&:3$ 0)*%4+.A 7&2%&@)1 – ;3& 3*1@) +) %,-C)) 

0)C)+$). J 2*%4+)/C)6 &:3*+&#$%$:4 +* #*0$*+3) ;%)130&2* Q $+:30,6)+3* # #$2) 

2$:1*, 7&%,-)++&>& 6)3&2&6 7&0&C1&#&/ 6)3*%%,0>$$. J 3*1&6 ;%)130&2) 1*@2*9 -*:-

3$D* :70)::&#*++&>& 7&0&C1* 7&2&=+* $>%), 1&3&0*9 #.8.#*)3 0*8092 6)@2, +)/ $ 7&-

%,70&#&2+$1&6 -)0)8 2$;%)130$-):1,E :0)2,. H2+*1& 7&%,-)++*9 :30,13,0* +) =.%* + 

+*+&0*86)0+&/.  

B%)2,EG$6 C*>&6 :3*% #.=&0 # 1*-):3#) ;%)130&2* – $+:30,6)+3* 2$:1* $8 

10)6+$9 3&/ @) 6*01$, -3& $ , $:A&2+&/ 7&2%&@1$ (LIP-10). J 0)8,%43*3) #&82)/:3#$9 

,+$7&%90+.A $67,%4:&# 7&%,-)+* 7&0$:3*9 :30,13,0*, 1&3&0*9 :3*%* &:+&#&/ +*+&-

1&67&8$3+&/ :0)2..  

M*1$6 &=0*8&6, 7&%,-)+. &=0*8D. 2#,A #$2&#: : 7&0$:3.6 :%&)6 7& ;%)130&A$-

6$-):1&/ 3)A+&%&>$$ (RN) $ : 7&0$:3.6 :%&)6 7& ;%)130&$:10&#&/ 3)A+&%&>$$ (R?). 

J:%)2 8* <&06$0&#*+$)6 7&0$:3&>& :%&9 70&#&2$%$ 70&D):: #+)20)+$9 6)2$ # 7&0$:-

3,E 6*30$D, 6)3&2&6 ;%)130&A$6$-):1&>& &:*@2)+$9. 5&7)0)-+./ :1&% 70)2:3*#%)+ 

+* 0$:. 1. I*%)) 70&#&2$%$ ;%)130&A$6$-):1&) &1$:%)+$) 6)2$ # 3%-+&6 0*:3#&0) 

:,%4<*6$+&#&/ 1$:%&3. # 3)-)+$) 50 6$+,3 70$ 7%&3+&:3$ 3&1* 2 6"/:6
2 

[4]. 5&%,-)+-

+.) >)3)0&:30,13,0. Si/por-Si/Cu2O $::%)2&#*%$ +* #)%$-$+, <&3&&3#)3* : D)%4E 

&D)+1$ $A <&3&*13$#+&:3$. 
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S$:. 1. B1&% :30,13,0. : 7&0$:3.6 10)6+$)6 7&:%) +*+):)+$9 6)2$ ;%)130&A$6$-):1$6 6)3&2&6 

 

,=>?9@;A9:BC6D:E9 @9H76DBCBE ; ;F 5G>7KL9:;9. T2)%4+&) :&70&3$#%)+$) 
7&0$:3&>& :%&9 =.%& $86)0)+& : 7&6&G4E -)3.0)A8&+2&#&>& 6)3&2*. H1*8*%&:4, -3& 7& 

:0*#+)+$E : $:A&2+&/ 7&2%&@1&/ :&70&3$#%)+$) 7&0$:3&>& 10)6+$9 ,#)%$-$%&:4 7&--

3$ # 400 0*8 $ :&:3*#$%& # 0*8=0&:) &3 3860 H6·:6 2& 4170 H6·:6 70&3$# 10 H6·:6 # $:-

A&2+&/ 10)6+$)#&/ 7&2%&@1).  

 

 
 

S$:. 2. B7)130. 1&6=$+*D$&++&>& 0*::)9+$9 :#)3*: 

1 – 7&0$:3./ 10)6+$/, :<&06$0&#*++./ ;%)130&A$6$-):1$6 :7&:&=&6;  

2 – 7&0$:3./ 10)6+$/, :<&06$0&#*++./ ;%)130&;0&8$&++.6 :7&:&=&6 

 

 * 0$:. 2 70$#)2)+. :7)130. 1&6=$+*D$&++&>& 0*::)9+$9 :#)3* (LSB) 2%9 7&0$:-

3&>& 10)6+$9, :<&06$0&#*++&>& ;%)130&A$6$-):1$6 :7&:&=&6 (10$#*9 1) # ;%)130&%$3) 

HF:C2H5OH = 1:1 # 3)-)+$) 20 6$+,3 70$ 7%&3+&:3$ 3&1* 10 6"/:6
2
, $ 10)6+$9, :<&0-

6$0&#*++&>& ;%)130&$:10&#.6 6)3&2&6 (10$#*9 2). I%9 7&0$:3&>& 10)6+$9, :<&06$0&-

#*++&>& ;%)130&A$6$-):1$6 6)3&2&6, $+3)+:$#+&:34 %$+$$ 1&6=$+*D$&++&>& 0*::)9-

+$9 :#)3* &3 7&0$:3&>& :%&9 :,G):3#)++& (2& 10 0*8) 70)#.C*%* $+3)+:$#+&:34 %$+$$ 

&3 7&2%&@1$ 70$ :&#7*2)+$$ $A -*:3&3+&>& 7&%&@)+$9 $ <&06.. 5& +*C)6, 6+)+$E, 

&7$:*++./ ;<<)13 :#98*+ : 70$:,3:3#$)6 # :%&) 7&0$:3&>& 10)6+$9 8+*-$3)%4+&>& 1&-

%$-):3#* "1#*+3&#.A" 10$:3*%%$3&#, &0$)+3$0&#*++.A :30&>& 7)07)+2$1,%90+& 7&2-
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%&@1). 50$ ;3&6 #&80*:3*+$) $+3)+:$#+&:3$ :$>+*%* LSB &=,:%&#%)+& ,#)%$-)+$)6 

>%,=$+. 70&+$1+&#)+$9 :#)3* # 3*1$) 10$:3*%%$3. 7& :0*#+)+$E : &=U)6+.6 10)6+$-

)6 $ 70&9#%)+$)6 1#*+3&#&-0*86)0+&>& ;<<)13* # +*+&0*86)0+&/ :0)2). I%9 7&0$:3&>& 

10)6+$9, :<&06$0&#*++&>& ;%)130&;0&8$&++.6 6)3&2&6, +*=%E2*)3:9 7&A&@*9 1*03$-

+*, &2+*1& $+3)+:$#+&:34 %$+$$ 6)+4C), +& +*=%E2*)3:9 )G) &2$+ 7$1 $+3)+:$#+&:3$ 

# 2%$++&#&%+&#&/ &=%*:3$, -3& 6&@+& &=U9:+$34 #1%*2&6 # :$>+*% LSB =&%)) 10,7+.A 

10$:3*%%$3&#. 

S*8+$D, # :30,13,0) 7&0$:3&>& 10)6+$9 2%9 &=0*8D&# : ;%)130&A$6$-):1$6 $ 

;%)130&$:10&#.6 <&06$0&#*+$)6 +$81&0*86)0+&/ :0)2. 7&23#)0@2*)3 $ ;%)130&++*9 

6$10&:1&7$9.  * 0$:. 3 $ 4 70$#)2)+. "BO – $8&=0*@)+$9 &=0*8D&#. H3-)3%$#& #$2+* 

0*86)0+*9 +)&2$+*1&#&:34 10$:3*%%$3&# # 7&0$:3&6 :%&) 10)6+$9 (R?), &3:E2* $ 7&-

9#%)+$) # :7)130) 2%$++&#&%+&#&>& 7$1* $+3)+:$#+&:3$. 

 

 
 

S$:. 3. "BO – $8&=0*@)+$) :30,13,0. 7&0$:3&>& 10)6+$9 :<&06$0&#*++&/ RN 6)3&2&6 

 

 
 

S$:. 4. "BO – $8&=0*@)+$) :30,13,0. 7&0$:3&>& 10)6+$9 :<&06$0&#*++&/ R? 6)3&2&6 
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K&3&;%)130$-):1$) :#&/:3#* :30,13,0 Si/por-Si $::%)2&#*%$:4 6)3&2&6 0)>$:30*-

D$$ :#)3&#&>& 3&1* 1&0&31&>& 8*6.1*+$9 : 7&6&G4E >*%4#*+&6)30*. J& $8=)@*+$) +*-

>0)#* &=0*8D&# $ 7&%,-)+$9 +)2&:3&#)0+&/ $+<&06*D$$ 70$6)+9%&:4 $67,%4:+&) &:-

#)G)+$) : 7&6&G4E 6)A*+$-):1&>& 6&2,%93&0*. S)8,%43*3. $86)0)+$/ 70)2:3*#%)+. # 

3*=%. 1. 

 
M*=%$D* 1. 

K&3&;%)130$-):1$) 7&1*8*3)%$ :30,13,0 

 

5*0*6)30 
Si/por-Si 

(RN) 

Si/por-Si 

(R?) 

Si/por-Si/ Cu2O 

(RN) 

Si/por-Si /Cu2O 

(R?) 

B0)2+99 #)%$-$+* 7%&3+&:3$ :#)3&#&>& 

3&1* 1&0&31&>& 8*6.1*+$9, 61"/:62
 

50 43 122 95 

 

"+*%$8$0,9 7&1*8*3)%$ <&3&&3#)3* 2%9 7&%,-)++.A >)3)0&:30,13,0, :%)2,)3 &3-

6)3$34, -3& # :30,13,0) Si/por-Si (RN) #)%$-$+* :#)3&#&>& 3&1* 1&0&31&>& 8*6.1*+$9 

=&%4C), -)6 # :30,13,0) Si/por-Si (R?), -3& :#98*+& : =&%4C)/ 7%&G*24E 7&#)0A+&:3$, 

#&:70$+$6*EG)/ <&3&+. :#)3* # :%,-*) &=0*8D&# Si/por-Si (RN).  

S*8+$D* # #)%$-$+) <&3&&3#)3* :3*+&#$3:9 )G) 8+*-$3)%4+)/ 7&:%) <&06$0&#*-

+$9 :30,13,0. Si/por-Si/Cu2O. F+*-$3)%4+*9 (7&-3$ # 7&%3&0* 0*8*) 2&=*#1* 7& :#)3&-

#&6, 3&1, &=,:%&#%)+*, 7& +*C)6, 6+)+$E, <&3&*13$#+&:34E &1:$2* &2+&#*%)+3+&/ 

6)2$ $ +*%$-$)6 1*:1*2+&/ :30,13,0.: C$0$+* 8*70)G)++&/ 8&+. , &1:$2* 6)2$ 

=&%4C), -)6 , 7&0$:3&>& 10)6+$9, * , 7&:%)2+)>& =&%4C), -)6 , 10)6+$9. P%*>&2*09 

C$0&1&8&++&6, &1+, =&%4C)) -$:%& <&3&+&# 2&A&2$3 2& p-n 7)0)A&2*, >2) 70&$:A&2$3 

0*82)%)+$) >)+)0$0&#*++.A :#)3&6 +&:$3)%)/.  

0C=6M89:;9. B&82*+$) +*+&1&67&8$3+.A :0)2 : ;<<)13$#+.6 <&3&70)&=0*8&#*-

+$)6 &310.#*)3 #&86&@+&:34 :&82*+$9 1&66)0-):1$ 70$#%)1*3)%4+.A <&3&70)&=0*8&-

#*3)%)/ 2%9 +,@2 6*%&/ ;+)0>)3$1$. H:+&#+.6 0.+&-+.6 1&+1,0)+3&6 70)2%*>*)6.A 

# 2*++&/ 0*=&3) :30,13,0 9#%9E3:9 :&%+)-+.) ;%)6)+3. +* &:+&#) 6&+&10$:3*%%$-)-

:1&>&, 7&%$10$:3*%%$-):1&>&, >$20&>)+$8$0&#*++&>& $ *6&0<+&>& 10)6+$9. B,G):3-

#)++.6$ 70)$6,G):3#*6$ :&%+)-+.A ;%)6)+3&# +* &:+&#) +*+&1&67&8$3+&/ :0)2. 7)-

0)2 10)6+$)#.6$ <&3&;%)130$-):1$6$ ;%)6)+3*6$ 9#%9E3:9 70&:3&3* 7&%,-)+$9 

:30,13,0, $:7&%48&#*+$) :3*+2*03+&>& +)2&0&>&:3&9G)>& &=&0,2&#*+$9, =&%)) +$81*9 

3&1:$-+&:34 70&$8#&2:3#*. 5&1* 70)2%*>*)6.) # +*:3&9G)/ 0*=&3) :30,13,0. +) 6&>,3 

1&+1,0$0&#*34 7& #)%$-$+) 1&;<<$D$)+3* 7&%)8+&>& 2)/:3#$9 : :,G):3#,EG$6$ <&-

3&70)&=0*8&#*3)%96$, &2+*1& ):34 #&86&@+&:34 ,#)%$-)+$9 ;3&>& 7&1*8*3)%9 8* :-)3 

<&06$0&#*+$9 +* #&:70$+$6*EG)/ 7&#)0A+&:3$ 70&#&29G$A &1:$2&# : 70&:#)3%9E-

G$6$ :#&/:3#*6$ 6)3&2*6$ 6*%&8*30*3+&/ 3)A+&%&>$$. 

 
B7$:&1 %$3)0*3,0. 

 

1. F$6$+ B. 5. 5&0$:3./ 10)6+$/ – 6*3)0$*% : +&#.6$ :#&/:3#*6$ // B&0&:&#:1$/ &=0*8&#*3)%4-

+./ @,0+*%. – 2004. – M. 1. – B. 101–107. 

2. Novel technique for preparing porous silicon.Appl.Phis / R. E. Hummel, Sung-Sik Chang // Lett. 

61(16), 19 October 1992. 

3. Ruter D., Kunze T., Bauhoter W. Blue light emission from silicon surfaces preparated by spark erosion 

and related techniques // Appl.Phis. Lett. 64(22), 30 May 1994. 

4. T:3$+&# J. ?., ()%&#*+&#* '. . "+&2+./ &1:$2 6)2$ (I) - 7)0:7)13$#+./ 6*3)0$*% :&%+)-+&/ 

;+)0>)3$1$ // O&%&2)@4 $ +*,1*: :=. 6*3)0$*%&# IX J:)0&:. +*,-.-3)A+. 1&+<. K$8$1* 3#)02&>& 3)%*. B$=. 

<)2)0. ,+-3, 2013. – B. 120. 
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1.$#).#$*  IBIS-/!&-"-N  O(2$!%3P  ('.-Q$*"R'3P  /()$!1P-/ 

 

B.  . I6$30$)#
1
, J. P. '*02*+&#

2
, ". ". V)#$D1$/

1
 (+*,-+./ 0,1&#&2$3)%4) 

 
1 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 
E-mail: dmitriew64@mail.ru 

245 « !+)(=.>$)!!?' "@%#!$-)A?' "$"#'=?» $=. .-./'=$-. B. 2. C'D'#!'A.»  

662972, :. E'1',!):)("- ;(."!)<("-):) -(.<, %1. F'!$!., 52 

 
S*::6&30)+. #&70&:., :#98*++.) : 0*80*=&31&/ IBIS-6&2)%)/ D$<0&#.A $+3)>0*%4+.A 6$10&:A)6. H:+&#+&) 

#+$6*+$) ,2)%9)3:9 :30,13,0) 2*++.A IBIS-6&2)%$. 50)2:3*#%)+. 0)1&6)+2*D$$ 7& <&06$0&#*+$E <*/%* 6&2)%$.  

 

B 7&#.C)+$)6 0*=&-)/ -*:3&3. +* 8*6)3+&) #%$9+$) +* ;%)130$-):1$) A*0*13)-

0$:3$1$ :A)6. +*-$+*E3 &1*8.#*34 7*0*8$3+.) 7*0*6)30. 7)-*3+&>& 6&+3*@* $ :*6$A 

;%)130&++.A 1&67&+)+3&#. B,G):3#)++.6 ;3& #%$9+$) :3*+&#$3:9, +*-$+*9 : -*:3&3 

7&0921* 2):931&# 6)>*>)0D.  

I%9 &D)+1$ $:1*@)+$/ :$>+*%&# #:%)2:3#$) +):&>%*:&#*++&:3$ :$>+*%4+.A D)7)/ 

$ #A&2&# / #.A&2&# $+3)>0*%4+.A :A)6, 7)0)10):3+.A 7&6)A 7)-*3+&/ 7%*3) $ 20,>$A 

<*13&0&#, $:7&%48,E3:9 IBIS-6&2)%$ (Input/Output Buffer Information Specification) 

;%)130&++.A 1&67&+)+3&# [1]. 50$6)+)+$) IBIS-6&2)%)/ &=):7)-$#*)3 8+*-$3)%4+&) 

:&10*G)+$) &=U)6* 0*:-)3&# 7& :0*#+)+$E : $:7&%48&#*+$)6 7&%+.A ;1#$#*%)+3+.A 

SPICE-6&2)%)/ (Simulation Program with Integrated Circuit Emphasis) +* ,0&#+) &32)%4-

+&>& 30*+8$:3&0* 2%9 &7$:*+$9 7&#)2)+$9 #:)/ $+3)>0*%4+&/ :A)6..  

IBIS-6&2)%4 – ;3& #+)C+)) &7$:*+$) ;%)130$-):1&>& ,:30&/:3#* (&=.-+& D$<0&-

#&/ #.:&1&:1&0&:3+&/ 6$10&:A)6.), 1*1 «-)0+&>& 9G$1*», =)8 ,-W3* )>& #+,30)++)/ 

:30,13,0. $ &:&=)++&:3)/ <,+1D$&+$0&#*+$9. 5*0*6)30. IBIS-6&2)%)/ 7&%,-*E3 +* 

&:+&#) J"N 2%9 0*8%$-+.A %&>$-):1$A :&:3&9+$/ #.#&2&# 7& 7&:3&9++&6, 3&1,, 7*0*-

8$3+.A 7*0*6)30&# 1&07,:* $ 7)0)A&2+.A A*0*13)0$:3$1 +* 0)8$:3$#+&/ +*>0,81). 

O&2)%$0&#*+$) : 7&6&G4E IBIS-6&2)%)/ 7&8#&%9)3 70&#):3$ &D)+1, «D)%&:3+&-

:3$» :$>+*%&#, &70)2)%$34 0*=&3&:7&:&=+&:34 $82)%$9 +* ;3*7) 70&)13$0&#*+$9. 50)2-

3&7&%&>$-):1$/ $ 7&:33&7&%&>$-):1$/ *+*%$8 : $:7&%48&#*+$)6 IBIS-6&2)%)/ 0)*%$8&-

#*+ # 092) :$:3)6 70&)13$0&#*+$9 7)-*3+.A 7%*3, # -*:3+&:3$, # P-CAD 200X, Altium 

Designer, Mentor Graphics HyperLynx (LineSim, BoardSim). 

H2+*1&, +)0)21& IBIS-6&2)%4 +)2&:3,7+* 2%9 0*80*=&3-$1*, -3& A*0*13)0+&, # -*-

:3+&:3$, 2%9 ;%)6)+3+&/ =*8. &3)-):3#)++&>& 70&$8#&2:3#*. 5&;3&6, #&8+$1*)3 7&-

30)=+&:34 0*80*=&31$ 6)3&2$1$ :&82*+$9 IBIS-6&2)%$ $ 70&#)01$ )W +* *2)1#*3+&:34.  

J 70)2.2,G$A 0*=&3*A [2, 3] 0*::6*30$#*%$:4 ;3*7. :&82*+$9 IBIS-6&2)%$ $ =.%* 

70)2:3*#%)+* 6)3&2$1* ;1:7)0$6)+3*%4+&>& &70)2)%)+$9 #&%43-*67)0+.A A*0*13)0$-

:3$1 (J"N) $ 7)0)A&2+.A A*0*13)0$:3$1 D$<0&#.A $+3)>0*%4+.A 6$10&:A)6. J 2*++&/ 

0*=&3) 70)2:3*#%)+& <&06$0&#*+$) 0*82)%&# <*/%* IBIS-6&2)%$.  

K*/% IBIS-6&2)%$ $6))3 0*:C$0)+$) *.ibs $ 6&@)3 :&82*#*34:9 $ 0)2*13$0&#*34:9 

# &=.-+&6 3)1:3&#&6 0)2*13&0), +& =&%)) 70)27&-3$3)%4+& $:7&%48&#*34 :7)D$*%$8$-

0&#*++,E 70&>0*66, Visual IBIS Editor  1&67*+$$ Mentor Graphics.  

K*/% IBIS-6&2)%$ :&:3&$3 $8 30)A -*:3)/ : 2&7&%+$3)%4+.6, +& +) &=98*3)%4+.6 

«#+)C+$6» &7$:*+$)6 1&07,:*. R3$ 30$ -*:3$ #1%E-*E3: 

1. &=G,E $+<&06*D$E & :*6&6 <*/%) $ 6&2)%$0,)6&6 1&67&+)+3); 

2. $69 1&67&+)+3*, 0*:7&%&@)+$) #.#&2&# $ $A &7$:*+$); 

3. &7$:*+$9 1*@2&>& ,+$1*%4+&>& =,<)0*, $:7&%48,)6&>& # 1&67&+)+3). 

5)0#./ 0*82)% <*/%* 6&2)%$ :&2)0@$3 &:+&#+,E $+<&06*D$E & :*6&6 <*/%) $ 

2*++.A # +)6. R3&3 0*82)% 6&@)3 #1%E-*34 1%E-)#.) :%&#*, 70)2:3*#%)++.) # 3*=%. 1. 
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M*=%$D* 1 

H7$:*+$) :$+3*1:$:* 1-/ -*:3$ <*/%* IBIS-6&2)%$ 

 

L%E-)#&)  

:%&#& 

H=98*3)%4+./ 

7*0*6)30? 

(2* / +)3) 

H7$:*+$) 

[IBIS Ver] I* L*1*9 #)0:$9 :7)D$<$1*D$$ IBIS $:7&%48,)3:9 # ;3&6 <*/%) 

[Comment char]  )3 ?86)+)+$) :$6#&%* 1&66)+3*0$9. 5& ,6&%-*+$E $:7&%48,)3:9 :$6#&% 

1&66)+3*0$9 –« | » 

[File Name] I*  *8#*+$) ;3&>& <*/%*. J:) $6)+* <*/%&# 2&%@+. =.34 70)2:3*#%)+. # 

+$@+)6 0)>$:30) (:30&-+.6$ =,1#*6$). S*:C$0)+$) $6)+$ <*/%* –

«ibs» 

[File Rev] I* T0&#)+4 0)#$8$$ ;3&>& <*/%*. B7)D$<$1*D$9 :&2)0@$3 0,1&#&29G$) 

70$+D$7. 2%9 +*8+*-)+$9 ,0&#+)/ 0)#$8$/ 

[Date]  )3 I*3* :&82*+$9 <*/%* 

[Source]  )3 ?:3&-+$1 2*++.A # ;3&6 <*/%). I*++.) $8 :70*#&-+$1*? 

I*++.) $8 6&2)%$0&#*+$9? ?86)0)++.)? 

[Notes]  )3 B&:3*#%9EG$) $%$ &70)2)%)++.) 2%9 <*/%* 70$6)-*+$9 

(7&9:+9EG$) 8*7$:$) 

[Disclaimer]  )3 50*#&#*9 &>&#&01* (:#)2)+$9 E0$2$-):1&>& A*0*13)0*) 

[Copyright]  )3 T#)2&6%)+$) &= *#3&0:1&6 70*#) <*/%*. 

 

 $@) 70$#&2$3:9 <0*>6)+3 +*-*%* <*/%* IBIS-6&2)%$ 6$10&:A)6. SN74AHC125. 

L*1 #$2+&, # &2+&6 <*/%) IBIS-6&2)%$ 6&>,3 &2+&#0)6)++& :&2)0@*34:9 A*0*13)0$:3$-

1$ 2%9 0*8%$-+.A 3$7&# 1&07,:&#, # 1&3&0.A $8>&3*#%$#*)3:9 6$10&:A)6*. IBIS-6&2)%4 

SN74AHC125 :&2)0@$3 A*0*13)0$:3$1$ :0*8, 2%9 C):3$ 3$7&# 1&07,:&#. 

 

############################################################# 

| TEXAS INSTRUMENTS INCORPORATED 

| Standard Linear and Logic Group 

| IBIS Model of SN74AHC125 

| QUADRUPLE BUS BUFFER GATES WITH 3-STATE OUTPUTS 

| This file contains package information for the following: 

|  PDIP 14-pin (N) package as [Component] AHC125_N 

|  SOIC 14-pin (D) package as [Component] AHC125_D 

|  SSOP 14-pin (DB) package as [Component] AHC125_DB 

|  TVSOP 14-pin (DGV) package as [Component] AHC125_DGV 

|  SOP 14-pin (NS) package as [Component] AHC125_NS 

|  TSSOP 14-pin (PW) package as [Component] AHC125_PW 

| This device can be powered at the following Vccs: 

|  3.3 volt Vcc 

|  5 volt Vcc 

|  2.2 volt Vcc 

| This file provides unique models under the [Model Selector] for each Vcc. 

| For operation at a specific Vcc, select the appropriate model after each 

| [Model Selector] keyword. 

|############################################################# 

| 

[IBIS Ver]      3.2 

[Comment char]  |_char 

[File Name]     sn74ahc125.ibs 

[File Rev]      1.1 | a_die 
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[Date]          April 19, 2002  

[Source]        Data created from TI-SPICE simulations at TI-SLL. 

[Notes]         The following is an IBIS list for the SN74AHC125. 

                Please contact sllibis@ti.com with questions and 

                comments concerning SLL IBIS models. 

                -As there is no power clamp diode in the Input and OE 

                 Models, we removed the Pwr Clamp table data from those  

                 Models. 

                -C_comp values are taken at a different test condition 

                 than the data sheet. 

| 

| 

|************************************************************** 

[Disclaimer]    Property of Texas Instruments Incorporated.   

… 

Texas Instruments  Incorporated, All Rights Reserved 

| 

|**************************************************************** 

 

J3&0&/ 0*82)% <*/%* IBIS-6&2)%$ :&2)0@$3 $+<&06*D$E & #.#&2*A =,<)0&# $ 

1&07,:* 6$10&:A)6., * 3*1@) :&2)0@$3 ;%)130$-):1$) 7*0*6)30. 2%9 #.#&2&#. J3&0&/ 

0*82)% +*-$+*)3:9 : +*8#*+$9 1&67&+)+3* $ ,1*8*+$9 )>& 1&07,:* (2%9 ,2&=:3#*). R3&3 

0*82)% 6&@)3 #1%E-*34 1%E-)#.) :%&#*, 70$#)2)++.) # 3*=%. 2. 
 

M*=%$D* 2 

H7$:*+$) :$+3*1:$:* 2-/ -*:3$ <*/%* IBIS-6&2)%$ 
 

L%E-)#&)  

:%&#& 

H=98*3)%4+./ 

7*0*6)30? 

(2* / +)3) 

H7$:*+$) 

[Component] I*  *8#*+$) &7$:.#*)6&>& 6&2)%4E 1&67&+)+3*. H=G)70$+93*9 70*13$1* –

$:7&%48&#*34 # +*8#*+$$ -*:34 70&6.C%)++&>& &=&8+*-)+$9 1&67&-

+)+3*. K*/% 6&2)%$  6&@)3 :&2)0@*34 6+&>&10*3+.) [Component] &7$-

:*+$9 

[Manufacturer] I*  *8#*+$) 70&$8#&2$3)%9 1&67&+)+3&# 

[Package] I* R3& 1%E-)#&) :%&#& ,1*8.#*)3 2*++.) & 2$*7*8&+) (6$+$6*%4+.), 3$-

7$-+.) $ 6*1:$6*%4+.) 8+*-)+$9), # 70)2)%*A 1&3&0&>& 6&@)3 1&3&0&-

>& 6&@)3 $86)+934:9 :&70&3$#%)+$) #.#&2&# 1&07,:*, $+2,13$#+&:34 $ 

)61&:34 (7*0*6)30. R_pkg, L_pkg $ C_pkg) 

[Pin] I* I*++&) 1%E-)#&) :%&#& &310.#*)3 7&20*82)%, >2) 7&6)G)+* $+<&06*-

D$9 & #.#&2*A =,<)0&#. L0&6) 3&>&, :&82*3)%4 6&2)%$ 6&@)3 $:7&%4-

8&#*34 ;3& 1%E-)#&) :%&#& 2%9 7)0)-$:%)+$9 8+*-)+$/ R, L $ C 1*@2&>& 

&32)%4+&>& #.#&2* (7*0*6)30. R_pin, L_pin $ C_pin) 

[Package 

Model] 

 )3 !:%$ 6&2)%4 1&67&+)+3* #1%E-*)3 #+)C+EE 6&2)%4 1&07,:* ($%$ $:-

7&%48,)3:9 :%&#& [Define Package Model] # <*/%) IBIS) ;3& 1%E-)#&) 

:%&#& ,1*8.#*)3 $69 ;3&>& 1&07,:* 6&2)%$ 

[Pin Mapping]  )3 R3& 1%E-)#&) :%&#& $:7&%48,)3:9, ):%$ :&82*3)%4 6&2)%$ @)%*)3 

#1%E-$34 $+<&06*D$E & D)7$ «7$3*+$9» =,<)0* $ :&)2$+)+$9A «8)6-

%$». R3* $+<&06*D$9 6&@)3 =.34 $:7&%48&#*+* 2%9 6&2)%$0&#*+$9 : 

,-*:3$)6 7)0)1%E-)+$9 +):1&%41$A #.A&2&# 

[Diff Pin]  )3 R3& 1%E-)#&) :%&#& $:7&%48,)3:9 2%9 :#98.#*+$9 =,<)0&#, 1&3&0.) 

2&%@+. =.34 ,70*#%9)6. 2&7&%+$3)%4+.6 :7&:&=&6, 3*1$6, 1*1 2$<-

<)0)+D$*%4+*9 7*0* 
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B%)2,)3 &=0*3$34 #+$6*+$), -3& 2%9 +)1&3&0.A 1&67&+)+3&# +)&=A&2$6.) 1%E-

-)#.) :%&#* [Component], [Manufacturer], [Package] $ [Pin] ;3& #:), -3& +)&=A&2$6& 2%9 

7&:30&)+$9 6&2)%$.  

 $@) 70$#)2)+ <0*>6)+3 #3&0&/ -*:3$ <*/%* IBIS-6&2)%$ 6$10&:A)6. 

SN74AHC125. L*1 #$2+&, # +)/ $:7&%48,E3:9 #:)>& -)3.0) 1%E-)#.A :%&#*. 

 

| Component AHC125_N 14-pin PDIP 

|********************************************************** 

| 

[Component]     AHC125_N 

[Manufacturer]  Texas Instruments, Inc. 

[Package] 

|                       typ             min            max 

R_pkg       4.500e-02   3.700e-02   6.300e-02 

L_pkg       5.407e-09   3.922e-09   6.942e-09 

C_pkg       3.890e-13   2.050e-13   6.040e-13 

| 

|********************************************************** 

| 

[Pin]    signal_name   model_name           R_pin        L_pin         C_pin 

| 

1   1NOE      AHC125_OE     6.300e-02   6.942e-09   6.040e-13 

2  1A           AHC125_IN   3.700e-02   6.200e-09   4.060e-13 

3  1Y           AHC125_OUT    4.200e-02   4.389e-09   3.220e-13 

4  2NOE      AHC125_OE   3.800e-02   3.922e-09   2.050e-13 

5  2A           AHC125_IN    3.900e-02   4.301e-09   2.980e-13 

6   2Y           AHC125_OUT   3.800e-02   5.329e-09   3.560e-13 

7  GND        GND      5.300e-02   6.510e-09   5.440e-13 

8  3Y           AHC125_OUT   5.300e-02   6.437e-09   5.390e-13 

9  3A           AHC125_IN  3.900e-02   5.352e-09   3.470e-13 

10  3NOE      AHC125_OE  4.200e-02   4.473e-09   2.970e-13 

11  4Y           AHC125_OUT   4.400e-02   4.326e-09   2.250e-13 

12  4A           AHC125_IN   4.200e-02   4.295e-09   2.800e-13 

13  4NOE      AHC125_OE  4.200e-02   6.318e-09   4.180e-13 

14  VCC        POWER   6.100e-02   6.900e-09   6.030e-13 

| 

|************************************************************ 

 

I%9 $86)0)+$9 7*0*8$3+.A 7*0*6)30&# 1&07,:* 6$10&:A)6. +)&=A&2$6& 2&0&>&-

:3&9G)) &=&0,2&#*+$). J :%,-*) 8*30,2+)+$/ 70$ ;1:7)0$6)+3*%4+&6 &70)2)%)+$$ 7*-

0*6)30&# 1&07,:*, 6&@+& $:7&%48&#*34 8+*-)+$9 7*0*8$3+.A 7*0*6)30&# 1&07,:* 2%9 

*+*%&>$-+.A 6$10&:A)6 # 3*1&6 @) 1&07,:) $ : 7&2&=+&/ #+,30)++)/ :30,13,0&/.  
B&>%*:+& :$+3*1:$:, :3*+2*03* IBIS, 2*++.) $86)0)+$/ 6&>,3 =.34 70)2:3*#%)+. 

# 0*8+.A <&06*3*A. I&7,:1*)3:9, +*70$6)0, 8*7$:*34 7*0*6)30 R_pkg # #$2) 450.840m 

$%$ @) # #$2) 4.50e-02, $%$ @) 7*0*6)30 L_pkg 8*7$:*34 1*1 5.407nH $%$ 5.407e-09. 

!GW 70$6)0: #0)69, # 1&%&+1) «Time», 6&@+& ,1*8.#*34 # <&06*3) 1.042E-09s, %$=& 

1.042E-09 =)8 =,1#. s, +& 2%9 ,2&=:3#* #&:70$93$9 &=.-+& 7$C,3 0*86)0+&:34, 70$ 

;3&6 6&@+& 8*7$:*34 #0)6)++&/ 7*0*6)30 # #$2) 1.042nS $%$ 1042fS. B$+3*1:$: :3*+-
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2*03* IBIS 0*80)C*)3 $:7&%48&#*+$) 0*86)0+.A 70$:3*#&1 3*1$A 1*1: f (10
Q15

), p(10
Q12

), 

n(10
Q9

), u(10
Q6

), m(10
Q3

). 

M0)3$/ 0*82)% <*/%* IBIS-6&2)%$ :&2)0@$3 3*=%$D. 8+*-)+$/ J"N $ 7)0)A&2+.A 

(#&%43-:)1,+2+.A) A*0*13)0$:3$1 2%9 1*@2&>& +)8*#$:$6&>& =,<)0*. M0)3$/ 0*82)% +*-

-$+*)3:9 : 1%E-)#&>& :%&#* [Model] – &+& +*-$+*)3 &7$:*+$) 2*++.A 2%9 1&+10)3+&>& 

=,<)0*. J 3& #0)69 1*1 6&2)%4 :*6&>& =,<)0* 6&@)3 9#%934:9 2&#&%4+& :%&@+&/, 

&7$:*+$) 2%9 =&%4C$+:3#* =,<)0&# 6&@)3 #1%E-*34 #:)>& +):1&%41& 7*0*6)30&# $ 

1%E-)#.A :%&#. 

 

J.#&2. 

J 2*++&/ 0*=&3) 70)2:3*#%)+ *+*%$8 :30,13,0. $ :$+3*1:$:* <*/%* IBIS-6&2)%$, 

2*+. 10*31$) 7&9:+)+$9 2%9 1%E-)#.A :%&# $ 70$#)2W+ 70$6)0 $A $:7&%48&#*+$9 # 0)-

*%4+&6 <*/%) IBIS-6&2)%$. 50$#)2)+. 0)1&6)+2*D$9 7& 70)2:3*#%)+$E -$:%&#.A 2*+-

+.A # <*/%) IBIS-6&2)%$. 

 
B7$:&1 %$3)0*3,0. 

 

1. The IBIS Open Forum. (2005, Sept. 15). IBIS Modeling Cookbook for IBIS Version 4.0 [Online]. 

URL: www.eda.org/ibis/cookbook/cookbook-v4.pdf (2*3* &=0*G)+$9: 20.02.2015). 

2. I6$30$)# B.  ., V)#$D1$/ ". "., L%$61$+ H. ". B&82*+$) IBIS-6&2)%)/ D$<0&#.A $+3)>0*%4-

+.A 6$10&:A)6 +* &:+&#) ;1:7)0$6)+3*%4+.A 2*++.A // B&#0)6)++.) 70&=%)6. 0*2$&;%)130&+$1$: :=. 

+*,-. 30. – L0*:+&90:1: B$=. <)2)0. ,+-3, 2014. – B. 509–514. 

3. I6$30$)# B.  ., V)#$D1$/ ". ". R1:7)0$6)+3*%4+&) $::%)2&#*+$) 7)0)A&2+.A A*0*13)0$:3$1 

2%9 :&82*+$9 IBIS-6&2)%)/ D$<0&#.A $+3)>0*%4+.A 6$10&:A)6 // O&%&2W@4 $ +*,1*: :=. +*,-. 30. – 

L0*:+&90:1: B$=. <)2)0. ,+-3, 2014. 
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(11"-&!%*'(-  Q"#4!)(P  #$!%'-N  %   !"#(0!"($#ST-/   

*$1-'(&-  Q*""(+  /-.!&!/  ()-1 -).$!1)! (( 

 

?. H. L&@)#+$1&#, ". ?. O$A*/%&# 

 
9.(.#)A"-$* :)"%/.("#A'!!?* %!$A'("$#'# $='!$ G. 3. H'(!?D'A"-):) 

410012, :. 9.(.#)A, %1. 4"#(.I.!"-.<, 83 

E-mail: kozhevnikov_io@mail.ru 

 
50$#&293:9 0)8,%43*3. $::%)2&#*+$9 6)3&2&6 ?L-:7)130&:1&7$$ >%,=&1$A 70$6):+.A ,0&#+)/ # 7&%,$8&-

%$0,EG$A 7&2%&@1*A 6)8*7%*+*0+.A :30,13,0 n+ – n – n– – n – n+  +* &:+&#) 7%*:3$+ n-GaAs 6*01$ B"'-2PL, # 

1&3&0.A 0*+)) =.%$ &=+*0,@)+. 3&1&#.) +),:3&/-$#&:3$ # #$2) 7)0$&2$-):1$A 0)%*1:*D$&++.A 1&%)=*+$/, -*:3&-

3* 1&3&0.A #&80*:3*)3 : ,#)%$-)+$)6 $+3)+:$#+&:3$ 8*:#)31$ #.:&1&&6+&/ &=%*:3$ 6)@2, 1&+3*13*6$. B&>%*:+& 

7&%,-)++&/ :7)130*%4+&/ 8*#$:$6&:3$, # 7&2%&@1*A $::%)2,)6.A :30,13,0 70$:,3:3#,E3 8*9#%)++.) # %$3)0*3,0-

+.A $:3&-+$1*A >%,=&1$) D)+30., :&&3#)3:3#,EG$) 70$6):$ Cr $ :&=:3#)++&6, :30,13,0+&6, 2)<)13, EL2. M*1 @) 

8*<$1:$0&#*+. 7$1$, :&&3#)3:3#,EG$) :&=:3#)++.6 2)<)13*6 (HT0 $ HT1), 7)0)A&2+.6 6)3*%%*6 (Cu, Mn, Ni, V) $ 

1$:%&0&2,. 

 

J [1–3] =.%& ;1:7)0$6)+3*%4+& ,:3*+&#%)+&, -3& # 7&%,$8&%$0,EG$A 7&2%&@1*A 

6)8*7%*+*0+.A :30,13,0 n
+
 – n – n

–
 – n – n

+
  +* &:+&#) 7%*:3$+ n-GaAs 6*01$ B"'-2PL 

#&86&@+& +*=%E2)+$) &30$D*3)%4+&/ 2$<<)0)+D$*%4+&/ 70&#&2$6&:3$ # #$2) N-

&=0*8+&/ #&%43-*67)0+&/ A*0*13)0$:3$1$ $ :&&3#)3:3#,EG$A &:D$%%9D$/ 3&1*, -*:3&-

3*, *67%$3,2* $ <&06* 1&3&0.A 6&@)3 # :,G):3#)++&/ :3)7)+$ &70)2)%934:9 #)%$-$-

+&/ 70$%&@)++&>& +*709@)+$9, $+3)+:$#+&:34E $ %&1*%$8*D$)/ 8*:#)31$, * 3*1@) 09-

2&6 20,>$A <*13&0&#. O*3)6*3$-):1&) 6&2)%$0&#*+$) [1–3] 7&1*8*%&, -3& +*=%E2*)-

6.) 1&%)=*+$9 3&1* 6&>,3 =.34 &=,:%&#%)+. A*0*13)0+.6 2%9 0)1&6=$+*D$&++.A +)-

,:3&/-$#&:3)/ 3&1* 6)A*+$86&6 8*#$:9G)>& &3 7&%9 8*A#*3* :#&=&2+.A ;%)130&+&# +* 

>%,=&1$) *1D)73&0+.) ,0&#+$. H2+*1& 70&#)2)++.) ;1:7)0$6)+3*%4+.) $::%)2&#*+$9 

+) 7&8#&%$%$ ,:3*+&#$34 +*%$-$) $ 7*0*6)30. 70$6):+.A ,0&#+)/, ,-*:3#,EG$A # 

;%)130&++&6 8*A#*3) $ 70$#&29G$A 1 &=0*8&#*+$E 2$+*6$-):1&/ +)&2+&0&2+&:3$ 

;%)130$-):1&>& 7&%9 # &=U)6) 7&%,70&#&2+$1*. J 2*++&/ 0*=&3) 70$#&293:9 0)8,%43*-

3. &70)2)%)+$9 70$6):+&>& :&:3*#* 7&%,$8&%$0,EG)/ 7&2%&@1$ :30,13,0. B"'-2PL 

6)3&2&6 ?L-:7)130&:1&7$$. 

5*0*6)30. $:A&2+.A ;7$3*1:$*%4+.A 7%*:3$+ 6*01$ B"'-2PL, $:7&%48,)6.A 

2%9 $8>&3&#%)+$9 6)8*7%*+*0+.A :30,13,0, :%)2,EG$): 1&+D)+30*D$9 ;%)130&+&# # 7&-

%,$8&%$0,EG)6 :%&) n
–
 < 10

16
 :6

-3
, 3&%G$+* :%&9 – 350 ± 20 616, 1&+D)+30*D$9 ;%)1-

30&+&# # :%&) n = 1,5·10
17

 :6
-3

, 3&%G$+* :%&9 – 0,3 ± 0,01 616, 1&+D)+30*D$9 ;%)130&+&# 

# 1&+3*13+&6 :%&) – n
+
 = 2·10

18
 :6

-3
, )>& 3&%G$+* – 0,2 ± 0,01 616.  

5)0$&2$-):1$) 1&%)=*+$9 3&1* : *67%$3,2&/ > 10 6" $ -*:3&3&/ # 2$*7*8&+) 5–

100 1'D #& #+)C+)/ ;%)130$-):1&/ D)7$ #&8+$1*E3 70$ 70$%&@)+$$ 7&:3&9++&>& :6)-

G)+$9 : 7&6&G4E %*3,++.A 8&+2&# 1*1 1 6)3*%%$-):1$6 1&+3*13*6 6)8*7%*+*0+.A 

:30,13,0 3*1 $ +)7&:0)2:3#)++& 1 7&%,$8&%$0,EG)/ 7&2%&@1) [3], -3& :#$2)3)%4:3#,)3 

& <&06$0&#*+$$ 2$+*6$-):1&/ +)&2+&0&2+&:3$ ;%)130$-):1&>& 7&%9 # 7&2%&@1) # &=-

%*:3$ :$%4+&>& ;%)130$-):1&>& 7&%9, * $6)++& #=%$8$ 1&+3*13&# (8&+2&#).  

B&>%*:+& =&%4C&6, 1&%$-):3#, ;1:7)0$6)+3*%4+.A $ 3)&0)3$-):1$A 2*++.A (:6. 

+*70$6)0 [4–9]), # 7&%,$8&%$0,EG)6 GaAs 70$:,3:3#,E3 6)%1$) 2&+&0+.) $ *1D)7-

3&0+.) ,0&#+$. H:+&#+.6$ >%,=&1$6$ 2&+&0+.6$ ,0&#+96$ 9#%9E3:9 :30,13,0+.) 

2)<)13. 8*6)G)+$9 >*%%$9 6.C491&6 EL2, 8* >%,=&1$) *1D)73&0+.) ,0&#+$ # 8*70)-

G)++&/ 8&+) *0:)+$2* >*%%$9 &3#)3:3#)+)+ A0&6, ##&2$6./ # *0:)+$2 >*%%$9 # 70&D):-

:) 0&:3* 2%9 1&67)+:*D$$ :&=:3#)++.A 2)<)13&#. B&>%*:+& :,G):3#,EG$6 6&2)%96 

;%)130&70&#&2+&:3$ 7&%,$8&%$0,EG)>& GaAs, # :$%4+.A ;%)130$-):1$A 7&%9A 70&$:-

A&2$3 ,#)%$-)+$) :)-)+$9 8*A#*3* 70$6):+.A D)+30&#, -3& 70$#&2$3 1 ,#)%$-)+$E #)-
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0&93+&:3$ 8*A#*3* :#&=&2+.A +&:$3)%)/ 8*092* [5,6]. B$%4+&) ,#)%$-)+$) :)-)+$/ 8*-

A#*3* +*=%E2*)3:9 2%9 >%,=&1$A D)+30&# 0*8+&/ 70$0&2. (2&+&0, *1D)73&0, :&=:3#)+-

+./ 2)<)13 $%$ 70$6):+./ D)+30). H=G$6 2%9 #:)A $::%)2&#*++.A D)+30&# 9#%9)3:9 

&2+&#0)6)++&) #&80*:3*+$) :)-)+$/ 8*A#*3* ;%)130&+&# $ 2.0&1, #+) 8*#$:$6&:3$ &3 

8*092&#&>& :&:3&9+$9 D)+30* 8*A#*3*. T#)%$-)+$) #)0&93+&:3$ 8*A#*3* # ;%)130$-):1&6 

7&%), 9#%9)3:9 3$7$-+.6 2%9 =)8.8%,-*3)%4+.A >%,=&1$A D)+30&# # GaAs $ 6&@)3 

=.34 :#98*+& : &:&=)++&:396$ ;%)130&++&>& :30&)+$9 2)<)13&# # =$+*0+.A 7&%,70&-

#&2+$1*A. 

B D)%4E #.9#%)+$9 #&86&@+.A D)+30&# 8*A#*3* =.%$ $::%)2&#*+. ?L-:7)130. 

&30*@)+$9 7&2%&@)1 ;7$3*1:$*%4+.A 7%*:3$+ GaAs 6*01$ B"'-2PL : 7&6&G4E :7)1-

30&6)30* Brucker ALPHA. 5)0)2 70&#)2)+$)6 $86)0)+$/ 70&$8#&2$%*:4 70)2#*0$3)%4-

+*9 &-$:31* 7%*:3$+: 30*#%)+$) # NH4OH:H2O2:H2O (1:1:5), 70&6.#1* # H2O (3 0*8*), 

:,C1* (Ar).  

 

 
 

S$:. 1. B7)130*%4+*9 8*#$:$6&:34 (7&:%) &=0*=&31$ <,+1D$)/ :>%*@$#*+$9) 

 

 * 0$:. 1 70$#)2)+* 7&%,-)++*9 7&:%) &=0*=&31$ <,+1D$)/ :>%*@$#*+$9 :7)1-

30*%4+*9 8*#$:$6&:34 : :&&3#)3:3#,EG$6 ,1*8*+$)6 A*0*13)0+.A 6*1:$6,6&#. B&7&:-

3*#%)+$) A*0*13)0+.A :7)130*%4+.A 7$1&# 70&$8#&2$%&:4 7& 0)8,%43*3*6 *+*%$8* ;1:-

7)0$6)+3*%4+.A 2*++.A, 70$#)2)++.6 # 0*=&3*A [8–9].  

B&>%*:+& 7&%,-)++&/ :7)130*%4+&/ 8*#$:$6&:3$, # 7&2%&@1*A ;7$3*1:$*%4+.A 

:30,13,0 B"'-2PL 70$:,3:3#,E3 8*9#%)++.) #.C) >%,=&1$) D)+30., :&&3#)3:3#,EG$) 

70$6):$ A0&6* (EV+0,67 ;J) $ :&=:3#)++&6, :30,13,0+&6, 2)<)13, EL2 (E9–0,84 ;J). 

H2+*1& 2*++.) D)+30. +* 7&%,-)++&/ 8*#$:$6&:3$ 70&9#%9E3 :)=9 # 6)+4C)/ :3)7)+$, 

-)6 2)<)13 HT0 (EV+0,2 ;J) $ 6)24 (EV+0,45 ;J), -3& >&#&0$3 & $A &3+&:$3)%4+& 6)+4-

C)/ 1&+D)+30*D$$. L0&6) 3&>&, # 7&%,-)++&/ :7)130*%4+&/ 8*#$:$6&:3$ +) 70&9#$%:9 

A*0*13)0+./ 2%9 GaAs 7$1, :&&3#)3:3#,EG$/ 70$6):$ @)%)8* (EV+0,56 ;J) [8-9]. 5&-

6$6& ;3&>& =.%$ 8*<$1:$0&#*+. 7$1$ :&&3#)3:3#,EG$) 70$6):$ 6*>+$9 (EV+0,08 ;J), 

* 3*1@) +$1)%9 (EV+0,22 ;J) $/$%$ #*+*2$9 (E9–0,22 ;J) $ :%*=&#.0*@)++./ #&86&@-

+./ 7$1 :&&3#)3:3#,EG$/ 1$:%&0&2, (E9–0,76 ;J). 
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M*1$6 &=0*8&6, 7&%,-)++.) ;1:7)0$6)+3*%4+.) 2*++.) 7&8#&%9E3 :-$3*34, -3& 

+*%$-$) >%,=&1&>& ,0&#+9 EL2 $ ,0&#+9, :#98*++&>& : Cr, 6&@+& 0*::6*30$#*34 1*1 &2-

+, $8 #&86&@+.A 70$-$+ #&8+$1+&#)+$9 3&1&#&/ +),:3&/-$#&:3$ # 6)8*7%*+*0+.A 

:30,13,0*A GaAs +* &:+&#) 7%*:3$+ 6*01$ B"'-2PL. 

 
B7$:&1 %$3)0*3,0. 

 

1. O$A*/%&# ". ?., O$3$+ ". J. S)1&6=$+*D$&++*9 +),:3&/-$#&:34 3&1* # 2%$++.A #.:&1&&6+.A 

7%*+*0+.A :30,13,0*A *0:)+$2* >*%%$9 # ,:%&#$9A #&82)/:3#$9 &73$-):1&>& $8%,-)+$9 // K$8$1* $ 3)A-

+$-):1$) 70$%&@)+$9 #&%+&#.A 70&D)::&#: 3)8. 2&1%. VII O)@2,+*0. +*,-.-3)A+. 1&+<., 7&:#9G)++&/ 

150-%)3$E :& 2+9 0&@2)+$9 ". B. 5&7&#*: 50$%&@)+$) 1 @,0+*%, «K$8$1* #&%+&#.A 70&D)::&# $ 0*2$&-

3)A+$-):1$) :$:3)6.». – B*6*0*: B*6*0:1&) 1+$@+. $82-#&, 2008. – B. 232–233. 

2. O$A*/%&# ". ?., O$3$+ ". J., M)0)+34)#* ". ?. ?::%)2&#*+$) 0)1&6=$+*D$&++&/ +),:3&/-$#&-

:3$ 3&1* # 2%$++.A :30,13,0*A +* &:+&#) #.:&1&&6+&>& GaAs // K$8$1* $ 3)A+$-):1$) 70$%&@)+$9 #&%-

+&#.A 70&D)::&#: 6*3)0$*%. IX O)@2,+*0. +*,-.-3)A+. 1&+<. – X)%9=$+:1: ?82-#& X)%9=. >&:. ,+-3*, 

2010. – B. 84. 

3. O$A*/%&# ". ?., O$3$+ ". J., L&@)#+$1&# ?. H. H:&=)++&:3$ #&8+$1+&#)+$9 ,:3&/-$#.A 1&%)-

=*+$/ 3&1* =&%4C&/ *67%$3,2. # 2%$++.A #.:&1&&6+.A 7%*+*0+&-;7$3*1:$*%4+.A :30,13,0*A +* &:+&-

#) *0:)+$2* >*%%$9 // I J:)0&:. 1&+<. «O$10&;%)130&+$1* BJX»: :=. 30. 1&+<. – M. 1. – B5=.: B5='RMT, 

2012. – B. 49–53 (269 :.). 

4. O$%+: ". 50$6):$ : >%,=&1$6$ ,0&#+96$ # 7&%,70&#&2+$1*A. – O.: O$0, 1977. – 562 :.  

5. F*A#*3 >&09-$A ;%)130&+&# # :30,13,0*A ;7$3*1:$*%4+*9 7%)+1* n-GaAs – 7&%,$8&%$0,EG*9 

7&2%&@1* / Y. J. J&0&=4)#, B. ". L&:3.%)#, M. J. O*1*0&#*, !. K. 50&A&0&# // KM5. – 1984. – M. 18. – 

Z 10. – B. 1784–1787. 

6. Kiyama M., Tatsumi M., Yamada M. Electric-field-enhanced electron capture coefficient of EL2 level 

in semi-insulating GaAs // Appl. Phys. Lett. – 2005. – V. 86. – P. 012102-1–012102-3. 

7. ?::%)2&#*+$) 70$6):+&>& :&:3*#* 7&%,70&#&2+$1&#.A :30,13,0 +* &:+&#) *0:)+$2* >*%%$9 : 

$:7&%48&#*+$)6 +)/30&++&-*13$#*D$&++&>& *+*%$8* / ". '. I,3&#, J. ". L&6*0, B. J. ($09)#, V. ". B6*A-

3$+ // KM5. – 1997. – M. 31 (4). – B.488–491. 

8. 5&%)#.) 30*+8$:3&0. +* *0:)+$2) >*%%$9. 50$+D$7. 0*=&3. $ 3)A+&%&>$9 $8>&3&#%)+$9: 7)0. : 

*+>%. / 5&2 0)2. I. J. I$ V&0)+D&, I. I. L*+2)%,&%*. – O.: S*2$& $ :#984. 1988. – 496 :. 

9. S)-1,+&# B.  ., B*6&/%&# J. "., 50$+D J. [. ?::%)2&#*+$) >%,=&1$A ,0&#+)/ # =,<)0+.A :%&9A 

;7$3*1:$*%4+.A :30,13,0 *0:)+$2* >*%%$9, 70)2+*8+*-)++.A 2%9 $8>&3&#%)+$9 ?B $ 5M( // O$10&;%)1-

30&+$1*. – 1995. – M. 25. – J.7. 5. – B. 389–392. 
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1P-/'!-.! !"!Q(U-1)!-   $!-).($!%*'(-  O(2$!%3P   

('.-Q$*"R'3P  1P-/  %  1* $  MENTOR GRAPHICS 

 

!. !. V&:)#
1
, ?. ". L&#3,+

2
, S. !. X)0+.A

2
, 

I. J. L*7,%$+
1
, ". ". V)#$D1$/

2
 (+*,-+.) 0,1&#&2$3)%$) 

 
1 !"#$#%# -)"=$J'"-$I $ $!+)(=.>$)!!?I #'I!)1):$* 23456 785 926 

2 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 
E-mail: professional255@gmail.com, ivan_kov94@yahoo.com 

 
S*::6&30)+. #&70&:., :#98*++.) : 0*80*=&31&/ D$<0&#.A $+3)>0*%4+.A :A)6 # :$:3)6) *#3&6*3$8$0&#*++&-

>& 70&)13$0&#*+$9 Mentor Graphics. 50)2%&@)+ $+3)>0$0&#*++./ 6*0C0,3 70&)13$0&#*+$9, 8*30*>$#*EG$/ #:) 

&:+&#+.) 70&>0*66+.) 6&2,%$ B"5S, &0>*+$8,EG$/ 7&%+./ D$1% 70&)13$0&#*+$9 – &3 7&%,-)+$9 7&#)2)+-):1&>& 

&7$:*+$9 ,:30&/:3#* 2& )>& 3&7&%&>$-):1&>& 70)2:3*#%)+$9. 50&#)2)+* ,-)=+*9 *70&=*D$9 6*0C0,3* 70&)13$0&#*-

+$9 +* =*8) ;%)6)+3* 4-?. 

 

%J9L9:;9 
H2+$6 $8 *13$#+& 7&22)0@$#*)6.A +*70*#%)+$/ 7& :&82*+$E ;%)130&++&/ 1&6-

7&+)+3+&/ =*8. 9#%9)3:9 0*80*=&31* :$:3)6 +* 10$:3*%%), 7&2 1&3&0.6$ 7&+$6*E3 $+-

3)>0*%4+.) :A)6. :#)0A=&%4C&/ :3)7)+$ $+3)>0*D$$ (BP?B), &=U)2$+9EG$) +* )2$-

+&6 10$:3*%%) 0*8%$-+.) <,+1D$&+*%4+.) =%&1$, &=0*8,EG$) 8*1&+-)++&) $82)%$) 

2%9 *#3&+&6+&>& 70$6)+)+$9 # ;%)130&++&/ *77*0*3,0) [1]. M*1$) :$:3)6. 6&>,3 =.34 

0)*%$8&#*+. +* =*8) 70&>0*66$0,)6.A %&>$-):1$A $+3)>0*%4+.A :A)6 (5V?B), # #$2) 

:7)D$*%$8$0&#*++.A $+3)>0*%4+.A :A)6 $%$ 20,>$A :0)2:3#. ($0&1&) 70$6)+)+$) 

5V?B &=,:%&#%)+& #&86&@+&:34E :&82*+$9 +* $A &:+&#) 30)=,)6&/ :30,13,0. D$<0&-

#&>& ,:30&/:3#* # #$2) 70$+D$7$*%4+&/ ;%)130$-):1&/ :A)6. $%$ 70&>0*66. +* 98.-

1*A &7$:*+$9 *77*0*3,0.: Verilog, VHDL, AHDL $ 20. J6):3) : 3)6, 1 +)2&:3*31*6 :$:-

3)6 +* =*8) 5V?B 6&@+& &3+):3$ $8=.3&-+,E $ +)&73$6*%4+,E : 3&-1$ 80)+$9 =.:3-

0&2)/:3#$9 $ 092* 20,>$A 7&1*8*3)%)/ %&>$-):1,E :30,13,0,. L0&6) 3&>&, 70$ 10,7+&-

:)0$/+&6 70&$8#&2:3#), ,:30&/:3#*, :70&)13$0&#*++.) : $:7&%48&#*+$)6 5V?B, &=%*-

2*E3 =&%)) #.:&1&/ :3&$6&:34E, +)@)%$ *77*0*3,0*, #.7&%+)++*9 +* BP?B. 5&;3&6,, 

+*092, : 70$6)+)+$)6 5V?B, *13$#+& #)2,3:9 0*80*=&31$ $+3)>0*%4+.A :A)6 :7)D$-

*%4+&>& +*8+*-)+$9 $ 6*0C0,3&# 70&)13$0&#*+$9 ,:30&/:3# +* =*8) BP?B. 

 5>BC:5J=C HCLC8; 

 ):6&309 +* &-)#$2+,E 7)0:7)13$#, $:7&%48&#*+$9 BP?B 70$ &0>*+$8*D$$ 

10,7+&:)0$/+&>& 70&$8#&2:3#* ;%)130&++&/ 70&2,1D$$ 6*::&#&>& 7&30)=%)+$9, $A 

70$6)+)+$) :&709@)+& : 092&6 &:&=)++&:3)/, 1&3&0.) 70$+D$7$*%4+& &3:,3:3#,E3 

70$ $:7&%48&#*+$$ 5V?B: 

1. K.A$"$=)"#L )# +.M($-$-$,:)#)A$#'1< J$@)A. 50&)13$0,9 8*1*8+.) BP?B, 

+)&=A&2$6& &7$0*34:9 +* 30)=&#*+$9 <*=0$1$, 1&3&0*9 =,2)3 $A #.7,:1*34. L*@2*9 

<*=0$1* #.2*)3 1%$)+3, 1&+:30,13&0:1$/ +*=&0 (PDK – Process Design Kit), # 1&3&0&6 

+*A&2$3:9 7)0)-)+4 #:)A ;%)6)+3&#, 1&3&0.) 6&@+& #1%E-$34 # 70&)13. M*1&/ +*=&0 

0*80*=*3.#*)3:9 7&2 1&+10)3+./ 3)A+&%&>$-):1$/ 70&D):: 70&$8#&2:3#* -$7&# $ 2%9 

1*@2&>& 70&$8#&2$3)%9 9#%9)3:9 ,+$1*%4+.6. 

2. 7?")-.< "#)$=)"#L "('/"#A .A#)=.#$,$()A.!!):) @()'-#$()A.!$< (948C) 

,.-.,!?I 9N 9. 

3. 7('=< A?I)/. !. (?!)-. 50&D):: 70&)13$0&#*+$9 2& #.A&2* 3):3&#&>& &=0*8D* 

+)1&3&0.A 10,7+.A BP?B 6&@)3 8*+934 =&%4C) >&2*. I*++,E 70&=%)6, 6&@+& 0)-

C$34, 0)*%$8,9 3):3&#./ 70&)13 +* 5V?B, $ :&&3#)3:3#,EG$6 &=0*8&6 &0>*+$8,9 

6*0C0,3 70&)13$0&#*+$9. 
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5)0#*9 70&=%)6* 9#%9)3:9 +)$8=)@+&/ 70$ &0$)+3*D$$ +* 70&$8#&2:3#& *77*0*-

3,0., +) $6)9 :&=:3#)++&>& 70&$8#&2:3#* -$7&#. S)C*)3:9 70&=%)6* #.0*=&31&/ $ 

70$6)+)+$)6 6)0 &0>*+$8*D$&++&-3)A+$-):1&>& A*0*13)0*, :&>%*:&#*++.A : #.=0*+-

+.6$ <*=0$1*6$-70&$8#&2$3)%96$ -$7&#. J3&0*9 70&=%)6* 3*1@) $6))3 # =&%4C)/ 

:3)7)+$ &0>*+$8*D$&++.) 7,3$ 0)C)+$9, 8*1%E-*EG$):9 # 3*1&/ &0>*+$8*D$$ 70&)13-

+&/ 2)93)%4+&:3$, 1&>2* 8+*-$3)%4+.) <$+*+:&#.) 0):,0:. +) 0*:70)2)%9E3:9 7& 0*8-

%$-+.6 70&)13+.6 $%$ 70&$8#&2:3#)++.6 &0>*+$8*D$96, * 1&+:&%$2$0,E3:9 # $+@$-

+$0$+>&#.A $%$ 2$8*/+-D)+30*A, &1*8.#*EG$A ,:%,>$ # &=%*:3$ 70&)13$0&#*+$9 ;%)1-

30&++.A ,:30&/:3# 2%9 70&$8#&2:3#)++.A 70)270$93$/, # 3&6 -$:%) 6*%&>& $ :0)2+)>& 

=$8+):*. 50$ ;3&6 #.=&0 B"5S 8*-*:3,E $6))3 70$+D$7$*%4+&) 8+*-)+$) 7& 0*8%$--

+.6 70$-$+*6 1*1 3)A+$-):1&>&, 3*1 $ <$+*+:&#&>& A*0*13)0*. J 2*++&/ 0*=&3) 0*:-

:6*30$#*)3:9 $:7&%48&#*+$) 7%*3<&06. Mentor Graphics, $:7&%48,EG)/:9 1*1 2%9 

70&)13$0&#*+$9 BP?B, 3*1 $ 2%9 70&)13$0&#*+$9 7)-*3+.A ,8%&#. J.=&0 7%*3<&06. 

&=,:%&#%)+ )) C$0&1&/ *70&=*D$)/ # 6$0&#&6 6*:C3*=), #.:&1&/ :#98+&:34E 70&-

>0*66+.A 6&2,%)/, &0$)+3*D$)/ +* 0)C)+$) 10,7+.A 70&)13+.A 8*2*- $ ,2&=:3#&6 

$:7&%48&#*+$9 +* #:)6 6*0C0,3) 70&)13$0&#*+$9 – &3 70&)13$0&#*+$9 ;%)130$-):1&/ 

:A)6. 2& 3&7&%&>$-):1&/ #)0$<$1*D$$ [2]. 

S)C)+$) 30)34)/ &36)-)++&/ 70&=%)6. (#0)69 #.A&2* +* 0.+&1) 8*1%E-*)3:9 # 

&0>*+$8*D$$ 6*0C0,3* 70&)13$0&#*+$9, &0$)+3$0&#*++&>& +* $:7&%48&#*+$) :&&3#)3-

:3#,EG)/ B"5S, 7&8#&%9EG)>& 70&#&2$34 #.7,:1 «7$%&3+&/» 7*03$$ ,:30&/:3# +* 

5V?B, $A 3):3$0&#*+$9, * 8*3)6 7)0)A&2) +* BP?B. 50$ ;3&6 70&D):: 70&)13$0&#*+$9 

:%)2,)3 -)31& &0>*+$8&#*34 $ :30,13,0$0&#*34, # 3&6 -$:%) : D)%4E :&10*G)+$9 :0&1&# 

70&)13$0&#*+$9 70$ -*:3$-+&/ $%$ 7&%+&/ :6)+) 1&6*+2. 70&)13*.  

B&82*+$) $+3)>0$0&#*++&>&, :&>%*:&#*++&>& 6*0C0,3* 70&)13$0&#*+$9 – &2+* $8 

7)0#&&-)0)2+.A 8*2*-, 1&3&0,E +)&=A&2$6& 0)C$34 # 0*61*A ,1*8*++.A 70&=%)6. R3& 

=,2)3 :7&:&=:3#&#*34 :&10*G)+$E #0)6)+$ #.A&2* 1&+)-+&>& 70&2,13* +* 0.+&1 8* :-)3 

7&%+&>& $:7&%48&#*+$9 #&86&@+&:3)/ B"5S, 0*82)%)+$9 ;3*7&# 70&)13$0&#*+$9 1*1 #& 

#0)6)++&/, 3*1 $ <,+1D$&+*%4+&/ (: 70$#981&/ 1 1&+10)3+&6, 6&2,%9 B"5S) &=%*:39A. 

/C@V@7B ?@59=B;@5JC:;W ;:B9X@C6D:EF >F9A > ;>?56DH5JC:;9A 1* $ Men-

tor Graphics 

S*::6&30$6 6*0C0,3 70&)13$0&#*+$9 : $:7&%48&#*+$)6 B"5S Mentor Graphics. 

 *-*%4+./ ;3*7 :&82*+$9 30)=,)6&/ :30,13,0. D$<0&#&>& ,:30&/:3#* – 70&)13 +* :$:-

3)6+&6 ,0&#+) (ESL – Electronic System Level, *+*%$8 *0A$3)13,0., :$+3)8 9) – :A&2)+ : 

0*80*=&31&/, #.7&%+9)6&/ 2%9 5V?B. S)8,%43*3&6 ;3*7* 70&)13$0&#*+$9 +* :$:3)6-

+&6 ,0&#+) 9#%9E3:9 #.A&2+.) 2*++.) #$2) 1&2* +* 98.1*A VHDL, Verilog. B%)2,E-

G$/ ;3*7 #.7&%+9)3:9 +* &:+&#) ;3$A 2*++.A : 7&6&G4E $+:30,6)+3* HDL Designer, 

70)2+*8+*-)++&>& 2%9 :&82*+$9 HDL-70&)13* +* ,0&#+) RTL-&7$:*+$9. I%9 %&>$-):1&>& 

:$+3)8* $+3)>0*%4+.A :A)6 :%,@*3 $+:30,6)+3. Leonardo Spectrum $%$ Olimpus SoC. 

R3$ 6&2,%$ +* &:+&#) #.=0*++&/ =$=%$&3)1$ $:7&%48,)6.A %&>$-):1$A ;%)6)+3&# $%$ 

3$7* 5V?B <&06$0,E3 :A)6, 2%9 8*2*++&>& &7$:*+$9. 50&)13$0&#*+$) :A)6. $ 3&7&-

%&>$$ 0*80*=*3.#*)6&>& -$7* 6&@)3 =.34 #.7&%+)+& : 7&6&G4E $+:30,6)+3&# Pyxis 

Schematic $ Pyxis Layout. 5)0#./ $8 +$A 9#%9)3:9 :A)6&3)A+$-):1$6 0)2*13&0&6 # 

6*0C0,3) Pyxis, #3&0&/ 70)2:3*#%9)3 :&=&/ :0)2, 2%9 0*86)G)+$9 ;%)6)+3&# $ 30*::$-

0&#1$ :&)2$+)+$/ # $+3)>0*%4+&/ :A)6). T1*8*++.) 70&>0*66+.) :0)2:3#* 0*80*=&31$ 

$:7&%48,E3 PDK, 1&3&0.) :&2)0@*3 &7$:*+$) 1&67&+)+3&#, <,+1D$&+*%4+.A ,8%&# $ 

=%&1&#, #1%E-*9 30*+8$:3&0+.) 1%E-$, 30$>>)0., 0)>$:30. $ 3. 7. +* ,0&#+) :A)6+&>& $ 

3&7&%&>$-):1&>& &7$:*+$9, * 3*1@) ;%)130$-):1$A 7*0*6)30&#.  

H=&=G*9 70$#)2)++,E #.C) $+<&06*D$E, :<&06$0,)6 =%&1-:A)6, 70&)13$0&-

#*+$9 BP?B : $:7&%48&#*+$)6 7%*3<&06. Mentor Graphics (0$:. 1). 
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S$:. 1. H0>*+$8*D$9 70&)13$0&#*+$9 BP?B # B"5S Mentor Graphics 

 

50$ *+*%$8) =%&1-:A)6., 70$#)2)++&/ +* 0$:. 1, :3&$3 #.2)%$34 ,7&69+,3,E 0*-

+)) 7&2:$:3)6, Pyxis, 1&3&0*9 9#%9)3:9 :$:3)6&&=0*8,EG)/ 2%9 70&D)::* 70&)13$0&-

#*+$9 (&0>*+$8,EG)/ 70&D)::).  * 0$:. 2 70$#)2)+* =%&1-:A)6*, 7&9:+9EG*9 #8*$6&-

2)/:3#$) 6&2,%)/ Pyxis Schematic : 20,>$6$ 70$%&@)+$96$ 7%*3<&06. Pyxis Custom 

Design. B0)2:3#&6 2%9 0*=&3. : 70&)13&6 +* :A)6&3)A+$-):1&6 ,0&#+) 9#%9)3:9 0)2*1-

3&0 Pyxis Schematic, 1&3&0./ 70)2&:3*#%9)3 #&86&@+&:34 *+*%$8* $ 0)2*13$0&#*+$9 

:A)6. +* 0*8%$-+.A ,0&#+9A – &3 <,+1D$&+*%4+.A ,8%&# $ =%&1&#, 3$7&#.A %&>$-)-

:1$A ;%)6)+3&# 2& 30*+8$:3&0&#. I%9 70&#)01$ 0*=&3. :$+3)8$0&#*++&/ :A)6. 70)2+*-

8+*-)+* :$:3)6* Questa ADMS, &=):7)-$#*EG*9 #.7&%+)+$) *+*%&>&#&>& $ :6)C*++&-

>& 6&2)%$0&#*+$9 BP?B. B0)2* $:7&%48,)3 6&2,%$: Eldo – *+*%&>&#&) (SPICE) 6&2)%$-

0&#*+$); AdiT – Fast-SPICE 6&2)%$0&#*+$); Questa – #)0$<$1*D$9 D$<0&#.A 70&)13&#.  

B0)2* Pyxis Layout &=):7)-$#*)3 C$0&1$/ +*=&0 $+:30,6)+3&# 2%9 0*=&3. : 3&-

7&%&>$)/ 0*80*=*3.#*)6&/ 6$10&:A)6.. 50$ ;3&6 :&82*)3:9 «#$03,*%4+./» 70&)13, 

2&:3,7 # 0)@$6) 0)2*13$0&#*+$9 1 1&3&0&6, $6)E3 +):1&%41& -)%&#)1 &2+&#0)6)++& $ 

1*@2./ $8 7&%48&#*3)%)/ # 0)*%4+&6 6*:C3*=) #0)6)+$ #$2$3, -3& 2)%*E3 20,>$) :7)-

D$*%$:3.. Pyxis Layout 7&8#&%9)3 0)2*13$0&#*34 &2+, 9-)/1, +):1&%41$6 7&%48&#*3)-

%96 &2+&#0)6)++&, &2+*1& 0*80*=&3-$1 6&@)3 #.2)%$34 :)=) +)1&3&0,E &=%*:34, &>0*-

+$-$# 0*=&3, # ;3&/ &=%*:3$ 20,>$A 7&%48&#*3)%)/. J&86&@)+ 8*7,:1 # 0)@$6) 0)*%4-

+&>& #0)6)+$ $+:30,6)+3* Calibre DRC (Design Rule Check) 2%9 #.=0*++&/ &=%*:3$. 

L&+30&%4 70&)13$0&#*+$9 3&7&%&>$$ : ,-)3&6 ;%)130$-):1$A &>0*+$-)+$/ &=):-

7)-$#*)3 Pyxis Router. R3&3 $+:30,6)+3 70&$8#&2$3 70&#)01, #.7&%+)+$9 3*1$A &>0*-

+$-)+$/, 1*1 #)%$-$+* 6*1:$6*%4+&>& $ :0)2+)>& 3&1* 2%9 7&03&# 9-))1, 6*1:$6*%4+&) 

:&70&3$#%)+$) $ )61&:34 2%9 8*2*++&>& +*=&0* D)7)/, 30)=&#*+$9 1 7*0*6 D)7)/ 1&3&-

0.) 2&%@+. =.34 0*#+. 7& :&70&3$#%)+$E $ )61&:3$, * 3*1@) 092* 20,>$A 30)=&#*+$/. 

 * 8*1%E-$3)%4+.A ;3*7*A 70&)13$0&#*+$9 #.7&%+9E3:9 #)0$<$1*D$9 3&7&%&-

>$$, 7&2>&3&#1* <&3&C*=%&+&#, 7&2>&3&#1* 2*++.A 2%9 &=&0,2&#*+$9. H2+&/ $8 70$-

-$+ &0$)+3*D$$ 6*0C0,3* 70&)13$0&#*+$9 +* $:7&%48&#*+$) B"5S Mentor Graphics 

9#%9)3:9 3&, -3& 6+&>$) 7&%,70&#&2+$1&#.) <*=0$1$ $:7&%48,E3 7%*3<&06, Calibre # 

1*-):3#) :0)2:3#* <$8$-):1&/ #)0$<$1*D$$ 70&)13* 7)0)2 8*7,:1&6 )>& # 70&$8#&2:3-

#&, 7&:1&%41, &+* 0)*%$8,)3 1&67%)1:+./ 7&2A&2 1 8*2*-) 7&2>&3&#1$ 1 70&$8#&2:3#, 

$ 9#%9)3:9, <*13$-):1$, :3*+2*03&6 <$8$-):1&/ #)0$<$1*D$$. 
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S$:. 2. J8*$6&2)/:3#$) Pyxis Schematic : 20,>$6$ 70$%&@)+$96$ 

 

 
 

S$:. 3. O*0C0,3 70&)13$0&#*+$9 BP?B # B"5S Mentor Graphics 

 
S*80*=&3*++./ $+3)>0$0&#*++./ 6*0C0,3 70&)13$0&#*+$9 BP?B # B"5S Mentor 

Graphics 6&@)3 =.34 70)2:3*#%)+ 1*1 70&D):: +$:A&29G)>& 70&)13$0&#*+$9, &=0*8,E-

G)>& %&1*%4+.) $3)0*D$&++.) ,-*:31$, # 0*61*A &32)%4+.A ;3*7&#. J D)%&6 6*0C0,3 

70)2:3*#%9)3 :&=&/ %$+)/+,E 7&:%)2&#*3)%4+&:34 2)/:3#$/, 70$#)2)++,E +* 0$:. 3 # 

#$2) 6&2)%$ IDEF3. ?:7&%48,9 6*0C0,3 70&)13$0&#*+$9, * 3*1@) PDK 1&67*+$$ TSMC 

: 0*86)0&6 3&7&%&>$$ 0,13 616, &:,G):3#%)+ :$+3)8 3&7&%&>$$ %&>$-):1&>& ;%)6)+3* 

4-?. ?8+*-*%4+& =.%& 8*2*+& 7&#)2)+-):1&) &7$:*+$) %&>$-):1&>& ;%)6)+3* +* 98.1) 

VHDL (0$:. 4), 1&3&0&) =.%& 7&2#)0>+,3& 70&D)2,0*6 *+*%$8* $ :$+3)8* # :&&3#)3:3#$$ 

: 6*0C0,3&6 70&)13$0&#*+$9, $ # $3&>) 7&%,-)+* 3&7&%&>$9 ;%)6)+3* (0$:. 5). 
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 * 8*1%E-$3)%4+.A ;3*7*A 6*0C0,3* 70&)13$0&#*+$9 # :0)2) Calibre 70&#&293:9 

DRC- $ LVS-70&#)01$, * 3*1@) 7&$:1 7*0*8$3+.A 7*0*6)30&# 0*8#&21$. S)8,%43*3. 

DRC-70&#)01$ 7&1*8*%$ &3:,3:3#$) &C$=&1, #.9#%)+. +)8+*-$3)%4+.) #)%$-$+. 7*0*-

8$3+.A 7*0*6)30&# (-3& &=,:%&#%)+& 70&:3&3&/ :A)6.), LVS-70&#)01* 70&C%* ,:7)C+&. 

%EJ5LE 

?+:30,6)+3. 7%*3<&06. Mentor Graphics &=):7)-$#*E3 &=C$0+./ +*=&0 

:0)2:3# 0*80*=&31$ $ #)0$<$1*D$$ 70&)13* +* #:)A ;3*7*A 70&)13$0&#*+$9. 50)2%&-

@)++./ 6*0C0,3 70&)13$0&#*+$9 $+3)>0*%4+.A :A)6 # :0)2) Mentor Graphics &3+&:$3-

:9 1 3)A+&%&>$$ +$:A&29G)>& 70&)13$0&#*+$9, &7$0*EG)>&:9 +* $:7&%48&#*+$) 3)A+&-

%&>$-):1$A =$=%$&3)1 <$06-70&$8#&2$3)%)/ : $:7&%48&#*+$)6 0*8%$-+.A 3)A+&%&>$-

-):1$A +&06. 50)2%*>*)6./ 6*0C0,3 3*1@) #&86&@+& $:7&%48&#*34 2%9 70&)13$0&#*-

+$9 +) 3&%41& D$<0&#.A, +& $ *+*%&>&#.A $%$ :6)C*++.A ,:30&/:3#. 

 

C.M)#. A?@)1!'!. @($ +$!.!")A)* @)//'(&-' B$!)M(!.%-$ C)""$$ A 9$M$("-)= 
+'/'(.1L!)= %!$A'("$#'#' (O):)A)( P 02.G25.31.0041). 

 
B7$:&1 %$3)0*3,0. 

 

1. (,6*A)0 T. 5&%,70&#&2+$1&#*9 ;%)130&+$1*. – O.: ?82-#&: www.infineon.com, 2004. – 588 :. 

2. V&A&# ". '%*#+./ 1*%$=0 1&67*+$$ Mentor Graphics // RV!LMSH ?L":  *,1*, M)A+&%&>$9, 

P$8+):. – 2006. – Z 2. – B. 64–68. 

 

  

S$:. 4. 5&#)2)+-):1&) &7$:*+$)  

;%)6)+3* 4-? 

S$:. 5. M&7&%&>$-):1&) 70)2:3*#%)+$) 

;%)6)+3* 4-? 
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(11"-&!%*'(-  C-&(/-'.*O(!''!N  #1.!NU(%!1.(   

/!&(2(O($!%*''!Q!  '*'!*"/*0*  %  )(1"!N  1$-&- 

 

K. K. O)01,C)#, J. ". P,1&#)D, ?. ?. O*C,1&#, J. ". Y8&#* (+*,-+./ 0,1&#&2$3)%4) 

 
 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926  

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: Fedor-murkushev@mail.ru 

 
T:3*+&#%)+* 6*1:$6*%4+*9 1&+D)+30*D$9 7%*#$1&#&/ 1$:%&3. (HF), :&2)0@*#C)/:9 # 1 % :,:7)+8$$ 6&2$-

<$D$0&#*++&>& +*+&*%6*8* (O "), 70$ 1&3&0&/ :&A0*+9)3:9 :)2$6)+3*D$&++*9 ,:3&/-$#&:34 :,:7)+8$$, * *>0)>$-

0&#*+$) -*:3$D O " 70&$:A&2$3  -)0)8 70&:%&/1$ @$21&:3$. 5&1*8*+* #&86&@+&:34 $:7&%48&#*+$9 O " # 1$:%.A 

3)A+&%&>$-):1$A :0)2*A 70$ 70&$8#&2:3#) $82)%$/ 6$10&- $ +*+&;%)130&+$1$. 

 

M)A+&%&>$-):1$) @$21&:3$ : $:7&%48&#*+$)6 +*+&*%6*8* 2)3&+*D$&++&>& :$+3)8* 

( ") C$0&1& 70$6)+9E3:9 # 70&6.C%)++&:3$ # 1*-):3#) :6*8&-+&-&A%*@2*EG$A @$2-

1&:3)/ [1], 7&%$0&#&-+.A :&:3*#&# [2], ;%)130&%$3&# 2%9 7&%,-)+$9 *%6*8+.A 7&10.3$/ 

[3] $ 20. 5&2 3)A+&%&>$-):1&/ @$21&:34E # 2*++&6 :%,-*) 7&+$6*)3:9 :,:7)+8$9  " c 

+$81&/ 1&+D)+30*D$)/ (+) =&%)) 0,01 % 6*::.) *%6*8+&>& 7&0&C1*. 50$ ;3&6 :,:7)+8$$ 

6&>,3 70$>&3&#%934:9 1*1 +* &:+&#) 70&:3.A @$21$A :0)2, 3*1 $ +* &:+&#) 0*:3#&0&#. 

H=.-+& $:7&%48,E3 :,:7)+8$$  ", 70$>&3&#%)++.) # +)/30*%4+.A :0)2*A  

(pH = 7 ÷ 8). J ;3$A :0)2*A :,:7)+8$$  " *>0)>*3$#+& $ :)2$6)+3*D$&++& ,:3&/-$#., 

3. ). +) 70&$:A&2$3 ,10,7+)+$9 -*:3$D 7&0&C1* $ #.7*2)+$9 )>& # &:*2&1 (0*::%&)+$9 

:,:7)+8$$) [4]. I%9 ,#)%$-)+$9 70&D)+3+&>& :&2)0@*+$9 7&0&C1* +*+&*%6*8* =)8 7&-

3)0$ ,:3&/-$#&:3$ :,:7)+8$$ &:,G):3#%9E3 6&2$<$D$0&#*+$) 7&#)0A+&:3$  " [5]. 

O&2$<$D$0&#*++.) +*+&*%6*8. (O ") 6&>,3 # +)/30*%4+.A :0)2*A &=0*8&#.#*34 *>-

0)>*3$#+& $ :)2$6)+3*D$&++.) ,:3&/-$#.) :,:7)+8$$ : 1&+D)+30*D$)/ 3#)02&/ <*8., 

0*#+&/ 10 % 6*::. [6]. H2+*1& +)1&3&0.) 3)A+&%&>$-):1$) 70&D)::., &:&=)++& # 6$1-

0&- $ +*+&;%)130&+$1), 30)=,E3 70$6)+)+$9 1$:%.A :0)2, +*70$6)0 70$ $8&30&7+&6 $ 

:)%)13$#+&6 30*#%)+$$ 7&%,70&#&2+$1&#. 50$ ;3&6 &-)+4 -*:3& 70$6)+9E3 0*:3#&0. 

7%*#$1&#&/ 1$:%&3. ( F) [7]. 5%*#$1&#*9 1$:%&3* #A&2$3 3*1@) # :&:3*# ;%)130&%$3&# 

2%9 <&06$0&#*+$9 :%&)# 7&0$:3&>& 10)6+$9, $:7&%48,)6&>& # 1*-):3#) =,<)0+.A :%&)# 

2%9 7&:%)2,EG)/ >&6&;7$3*1:$$ 10)6+$9 $ >)3)0&;7$3*1:$$  1*0=$2* 10)6+$9, *0:)-

+$2* >*%%$9, :,%4<$2* :#$+D*, 3)%%,0$2* :#$+D*, :)%)+$2* D$+1*, +$30$2* >*%%$9 $ 20. 

6*3)0$*%&# [8], 2%9 :&82*+$9 &73&;%)130&++.A 70$=&0&# $ :#)0A-,#:3#$3)%4+.A :)+-

:&0&#, 6$10&3&7%$#+.A ;%)6)+3&# [9]. 

H2+$6 $8 :7&:&=&# :3*=$%$8*D$$ :#&/:3# 7&0$:3&>& 10)6+$9 9#%9)3:9 7&10.3$) 

7&0 +*+&*%6*8&6 [10]. 5&;3&6, D)%):&&=0*8+& ##&2$34 )>& # :&:3*# 1$:%&>& ;%)130&%$-

3* 70$ ;%)130&A$6$-):1&6 :7&:&=) <&06$0&#*+$9 :%&)# 7&0$:3&>& 10)6+$9. H2+*1& +) 

9:+&, 1*1 7&#)2)3 :)=9 O " # 1$:%.A :0)2*A, $ =,2,3 %$ :,:7)+8$$ :)2$6)+3*D$&++& 

,:3&/-$#.6$ # 3)-)+$) #:)>& #0)6)+$ $A ;1:7%,*3*D$$. 

\)%4E 2*++&/ 0*=&3. 9#%9)3:9 $::%)2&#*+$) :)2$6)+3*D$&++&/ ,:3&/-$#&:3$ 

:,:7)+8$$ O " 70$ 2&=*#%)+$$ # +)) 7%*#$1&#&/ 1$:%&3.. 

I%9 ;1:7)0$6)+3* $:7&%48&#*%*:4 1 % #&2+*9 :,:7)+8$9 O ", 70$>&3&#%)++*9 7& 

3)A+&%&>$$, &7$:*++&/ # [6]. J 1*-):3#) 1$:%&3+&/ 2&=*#1$ $:7&%48&#*%*:4 48% 7%*#$-

1&#*9 1$:%&3*. I&=*#%)+$) 1$:%&3. 1 :,:7)+8$$ 70&$8#&2$%&:4 2):93$10*3+.6$, 0*#-

+.6$ 7&0D$96$. H2+* 7&0D$9 :&:3*#%9%* 0,001 &3 &=U)6* :,:7)+8$$. 

B)2$6)+3*D$&++*9 ,:3&/-$#&:34 $::%)2&#*%*:4 7& 0*::%&)+$E :,:7)+8$$ +* 70&-

80*-+,E $ +)70&80*-+,E <*8.. T0&#)+4 0*::%&)+$9 (#.:&3* 70&80*-+&/ <*8.) 8*6)-

09%:9 -)0)8 15 $ 30 6$+,3. I*++.) 7)0$&2. $86)0)+$9 =.%$ #.=0*+. :&>%*:+& 3)A+&-

%&>$-):1&6, 0)@$6,, &7$:*++&6, # 0*=&3) [10]. 5&:%) $:3)-)+$9 1*@2&>& $8 7)0$&2&# 
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#0)6)+$, #.:&3* &=0*8&#*#C)/:9 70&80*-+&/ <*8. $86)09%*:4 : 7&6&G4E C1*%. +*+)-

:)++&/ +* 70&80*-+,E )61&:34 : :,:7)+8$)/. 5&>0)C+&:34 $86)0)+$9 :&:3*#%9%* 0,5 66.  

H3+&:$3)%4+*9 #)%$-$+* 0*::%&)+$9 :,:7)+8$$ # 70&D)+3+&6 :&&3+&C)+$$ 0*:-

:-$3.#*%*:4 7& <&06,%): 
 

 !
"#

"$

% &''()* 

 

>2) Hi – #.:&3* 70&80*-+&/ <*8., 66; G0 – #.:&3* :3&%=* :,:7)+8$$ : 2&=*#1&/  F, 66. 

L&+30&%4 0  :,:7)+8$/ 70&$8#&2$%:9 0 -6)30&6 6*01$ 0 -150-O? : ;%)130&2&6 

RBL-10603. ?86)0)+$9 70&$8#&2$%$:4 &3+&:$3)%4+& 8+*-)+$/ *13$#+&:3$ #&2&0&2*. 

S)8,%43*3. #.-$:%)+$/ 0*::%&)+$9 $ $86)0)+$9 0  :,:7)+8$/ 70$#)2)+. # 3*=%. 1. 
 

M*=%$D* 1 
 

B,:7)+8$9 O " (1 %), 

&=U)6+.) -*:3$ 

HF,  

&=U)6+.) 

-*:3$ 

pH,  

70$ 23ûB 

S*::%&)+$) :,:7)+8$$  

-)0)8 15 6$+,3, % 

S*::%&)+$) :,:7)+8$$ 

-)0)8 30 6$+,3, % 

1 

0,011 7,5 0 0 

0,012 7 0 0 

0,013 6,5 0 3 

0,014 5,8 0 5 

0,015 5,4 3 8 

0,016 4,8 7,5 12,5 

0,017 3,8 10 20 

0,018 3 15 23 

0,019 2,8 18 30 

0,02 2,6 20 35 

 

L*1 7&1*8*%$ ;1:7)0$6)+3*%4+.) 2*++.), 70$#)2)++.) # 3*=%. 1, 0  :,:7)+8$$ 

7&1*8.#*)3 1$:%,E 0)*1D$E 70$ &-)+4 +$81$A 1&+D)+30*D$9A HF. 50$ 2&=*#%)+$$ # 

1 &=U)6+,E -*:34 :,:7)+8$$ #:)>& %$C4 0,02 &=U)6+.A -*:3)/ 7%*#$1&#&/ 1$:%&3. 

#.#&2$3 0  :,:7)+8$$ +* ,0&#)+4 2,6 (3-9 1&%&+1* 3*=%. 1). J 3*1&/ :0)2) :,:7)+8$9 

0*::%*$#*)3:9 +* 2):931$ 70&D)+3&# # 3)-)+$) 15–30 6$+,3, -3& :3*+&#$3:9 70&=%)6&/ 

# $:7&%48&#*+$$ )) # 2%$3)%4+.A 3)A+&%&>$-):1$A 70&D)::*A. 

"+*%$8 1&+D)+30*D$&++.A 10$#.A 0*::%&)+$9 :,:7)+8$$, 70$#)2)++.A +* 0$:. 1, 

7&1*8*% 0*8%$-$) # *>0)>*3$0&#*+$$ (,10,7+)+$$) -*:3$D O " #  0*8+.) 70&6)@,31$ 

#0)6)+$. I%9 ,2&=:3#* :)2$6)+3*D$&++.) 10$#.) 0$:,+1* 1 =.%$ 70)2:3*#%)+. 709-

6.6$ %$+$96$. 5& ,>%, +*1%&+* 7096.A 6&@+& :,2$34 & :1&0&:3$ :)2$6)+3*D$$, * 

8+*-$3 $ :1&0&:3$ ,10,7+)+$9 -*:3$D 7&0&C1* # :,:7)+8$$. 5096.) %$+$$ A&0&C& %&-

@*3:9 +* :)2$6)+3*D$&++.) 10$#.) #7%&34 2& 1&+D)+30*D$$ HF, 0*#+&/ 0,016 &=U)6-

+.A -*:3)/. M*+>)+: ,>%* +*1%&+* &=)$A 7096.A  # 70)2)%*A 7&>0)C+&:3$ &2$+*1&#. 

5096.) %$+$$ # 2*++&6 1&+D)+30*D$&++&6 2$*7*8&+) :2#$+,3. 20,> &3+&:$3)%4+& 

20,>* +* 7&:3&9++,E #)%$-$+,, -3& #7&%+) ):3):3#)++& $8-8* 0*8+&>&, +& 7&:3&9++&>&, 

#0)6)+$ &:)2*+$9 :3&%=* :,:7)+8$$.  *-$+*9 : 1&+D)+30*D$$ HF, 70)#.C*EG)/ 

0,016 &=U)6+.A -*:3)/, :)2$6)+3*D$&++.) 10$#.) 0*:A&293:9 20,> &3 20,>*, :30)69:4 

1*@2*9 1 :#&)6, 70)2)%4+&6, 8+*-)+$E, +) 0*#+&6, 100 % (+* >0*<$1) +) 7&1*8*+&). 

M.). # 1$:%.A :0)2*A # &:*21) 7&9#%9E3:9 70&:30*+:3#)++.) :30,13,0. $8 7&0&C1*, +) 

7&8#&%9EG$) 7&0&C1, &=0*8&#.#*34 7%&3+.) &:*21$ $8 10,7+.A 70&-+.A -*:3$D. 

L0$#.) :)2$6)+3*D$$, :+93.) 7&:%) 6)A*+$-):1&/ &=0*=&31$ ($+3)+:$#+&) 

#:309A$#*+$) $%$ 7)0)6)C$#*+$)) $::%)2&#*++.A :,:7)+8$/, 7&1*8*%$ 70$6)0+& 7)0-

#&+*-*%4+./ $A A&2. R3& :#$2)3)%4:3#,)3, -3& ,10,7+)+$) -*:3$D O " # 1$:%.A :0)-

2*A 70&$:A&2$3 7&2 #&82)/:3#$)6 +)70&-+.A :#98)/ -)0)8 70&:%&/1$ @$21&:3$. 



 !"#$%&« !"#$%!&!'()*!&+,-."/*0%!()*+-)-(+(!."/*0%!()*+»-

411 

 
 

 !". 1. #$!%&' "'(!)'*+,+!%*-. /"+-.0!%-"+! "/"1'*2!! 345 " (-6,%7,)! 4F,  

"*8+&' 0'$'2 15 )!*/+ (7$!%,8 1) ! 0'$'2 30 )!*/+ (7$!%,8 2) 

 

9$-%'('**&' !"":'(-%,*!8 1-7,2,:! "'(!)'*+,;!-**/< *'/"+-.0!%-"+= 1-$->-

7, 345 % 7!":&? "$'(,?. @":! !"1-:=2-%,+= (,**&. 1-$->-7 % +'?*-:-A!0'"7!? 1$--

;'"",?, 7-+-$&' (:8+"8 *' 6-:'' 15 )!*/+, +- $4 "/"1'*2!! *' (-:B*, 1$'%&>,+= 5,4. 

9$! C+-) -6D')*,8 7-*;'*+$,;!8 1:,%!7-%-. 7!":-+& "-"+,%:8'+ %':!0!*/ *' 6-:'' 

0,015 -6D')*&? 0,"+'. 7 '(!*!;' -6D'), "/"1'*2!!. E:8 6-:'' (:!+':=*&? +'?*-:-A!-

0'"7!? 1$-;'""-%, *,1$!)'$ % 30 )!*, "'(!)'*+,;!-**,8 /"+-.0!%-"+= "/"1'*2!! 345 

-6'"1'0!%,'+"8 1$! 'F' 6-:'' *!27!? 7-*;'*+$,;!8? 1:,%!7-%-. 7!":-+& (0,012 -6D-

')*&? 0,"+'. 7 '(!*!;' -6D'), "/"1'*2!!). G(*,7-, %%'('*!' % +'?*-:-A!0'"7!. 1$--

;'"" C:')'*+-% )'?,*!0'"7-A-, /:=+$,2%/7-%-A- 1'$')'>!%,*!8 "/"1'*2!! 345 1--

2%-:!+ !"1-:=2-%,+= '' % 2*,0!+':=*- 6-:=>!' 1$-)'B/+7! %$')'*!. 

E,**&' !"":'(-%,*!8 )-B*- 1$!)'*!+= % C:'7+$-?!)!! (:8 !2A-+-%:'*!8 C:'7-

+$-:!+, " "-('$B,*!') 345.  
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 !"#$%&'  " !%(%$%)*+  ,!-)*.  /01"23*4"01*   

)%$*)%2)'5  *& /$60)'5  0*01%&  0*$"4"2  7$%81!")*8* 

 

 . !. "#$%&'()*+,, -.  . "#$%&'()*+,, .. -.  "/&#+,0 
 

 !"#$%& '!#()*+#,-.//0& (/%-.+#%,., #%#,." (1+*-2./%3 % +*)%!42.$,+!/%$% 

634050, '.  !"#$, 1+. 5./%/*, 40  

E-mail: kpe-tusur@yandex.ru 

 
123/45%6738 3,09):)**;) <9,2&):; ,<9)5)&)*#8 =9%*#> /37,?(#0,37# 9)4#:,0 @/*+>#,*#9,0%*#8 *)&#-

*)?*;$ #:</&'3*;$ 3#37): 3#&,0,? A&)+79,*#+#. B9#0)5)*% 39%0*#7)&'*%8 ,>)*+% %*%&#C% 5#*%:#+# *)&#*)?*;$ 

#:</&'3*;$ 3#37): 3 79%5#>#,**;:# :)7,5%:# #33&)5,0%*#?, ,<#3;0%):;$ &#*)?*;:# 5#@@)9)*>#%&'*;:# 

/9%0*)*#8:#. D%33:%79#0%6738 9)C/&'7%7; :%7):%7#()3+,=, :,5)&#9,0%*#8 C%:+*/7;$ 3#37): 9)=/&#9,0%*#8 *%-

<984)*#? # 7,+,0. 

 

E#*)?*;) 3#37):; %07,:%7#()3+,=, 9)=/&#9,0%*#8 (-FD), 0 ,3*,0) +,7,9;$ &)-

4#7 7),9#8 /37,?(#0,37# E8</*,0%, 3 7,(+# C9)*#8 5#*%:#+#, $%9%+7)9#C/6738: <,*8-

7#): 3#37):% /37,?(#0% #&# *)/37,?(#0%, % 7%+4) <)9)$,5*;:# <9,>)33%:# # #$ +%()-

370)**;:# (<)9#,5#()3+#? #&# +,&)2%7)&'*;? <9,>)33) # +,&#()370)**;:# $%9%+7)-

9#37#+%:# (2;379,5)?370#), <)9)9)=/&#9,0%*#), C%7/$%*#) # 59.).  

G ,3*,0) %*%&#C% /37,?(#0,37# <, E8</*,0/ # )=, <)90,=, :)7,5% 0 (%37*,37#, 

<,&,4)* 9%3()7 +,9*)? $%9%+7)9#37#()3+#$ /9%0*)*#? 0,C:/H)**,=, 50#4)*#8 # /3-

7%*,0&)*,, (7, )3&# +,9*# ,3*,0*,? :%79#>; 3#37):; *%$,58738 0*/79# )5#*#(*,=, 

+9/=%, 7, <,3&)5*88 /37,?(#0% # *%,2,9,7. - >)&'6 3*#4)*#8 79/5,):+,37# <9,)+7#-

9,0%*#8 C%:+*/7;$ -FD *% ,3*,0) :)7,5,0 E8</*,0% F. ". 9%C9%2,7%*; # /3<)I*, #3-

<,&'C/6738 5&8 %*%&#C% &#*)?*;$ 3#37): +,30)**;) ,>)*+# 5#*%:#+# 3#37):, 0 7,: 

(#3&) <, ,<9)5)&)*#6 /37,?(#0,37# – %&=)29%#()3+#) # (%37,7*;) +9#7)9##, +,7,9;) 

<,C0,&867 /3+,9)**, ,>)*#0%7' +,9*# $%9%+7)9#37#()3+#$ /9%0*)*#?, 379,#7' %:<&#-

7/5*,- # @%C,(%37,7*;) $%9%+7)9#37#+# (FJKL) # <, A7#: +,30)**;: +9#7)9#8: 9%3-

3(#7;0%7' =9%*#>; ,2&%37)? /37,?(#0,37# 3#37):; 0 9%33:%79#0%):,? ,2&%37# <%9%-

:)79,0. B9#:)*#7)&'*, + A7#: +9#7)9#8: A:<#9#()3+#: </7): /37%*,0&)*; *),2$,-

5#:;) C%<%3; /37,?(#0,37# <, %:<&#7/5) # @%C) (%37,7*;$ $%9%+7)9#37#+, ,<9)5)&)-

*; 7#<; 4)&%):;$ FJKL, <9# +,7,9;$ 5,37#=%)738 7,7 #&# 59/=,? 0#5 ,<7#:#C%>## 

<)9)$,5*;$ $%9%+7)9#37#+ (7)$*#()3+#?, 3#::)79#(*;? ,<7#:/: # 59.). B9#:)(%7)&'-

*,, (7, A7% #*@,9:%>#8 , 5#*%:#+) &#*)?*;$ 3#37): 80&8)738 *),2$,5#:,? # 5,37%-

7,(*,?, 7. ). <,&*,?.  

-,0)9I)**, #*%8 A0,&6>#8 9%C0#7#8 5#*%:#+# $%9%+7)9*% 5&8 #:</&'3*;$ -FD, 

,3,2)**, 2;379,5)?370/6H#$ #37,(*#+,0 <#7%*#8, +,7,9;) ,<#3;0%6738 *)&#*)?*;-

:# 3#37):%:# 5#@@)9)*>#%&'*;$ /9%0*)*#? 3 9%C9;0*;:# +,:<,*)*7%:#. M%2&65%)-

:;) <9# A7,: 5#*%:#()3+#) 9)4#:; 0 +,9*) ,7&#(%6738 ,7 <9,>)33,0 ,<#3;0%):;$ 

7),9#)? &#*)?*;$ 3#37):. G <9%+7#()3+,? 5)87)&'*,37#  3<)>#%&#37%:, +%+ <9%0#&,, 

<9#$,5#738 9%2,7%7' 3 *)&#*)?*;:# #:</&'3*;:# 3#37):%:# A&)+79,<#7%*#8, % 0,7 

C5)3' ,*# *)#C2)4*, 37%&+#0%6738 3 5#*%:#()3+#:# <9,>)33%:#, +,7,9;) *)0,C:,4*, 

%5)+0%7*, 79%+7,0%7' 0 9%:+%$ «&#*)?*,=, :;I&)*#8». N,&)) 7,=,, #C0)37*;) <%+)7; 

%07,:%7#C#9,0%**,=, <9,)+7#9,0%*#8 7%+ 4) #3<,&'C/67 (%37,7*;) +9#7)9## ,<9)5)-

&)*#8 /37,?(#0,37#, +,7,9;) :,=/7 5%0%7' <9%0#&'*/6 ,>)*+/ 5#*%:#()3+#: 30,?37-

0%: 0 «:%&,:» 7,&'+, 9,2%37*;: 3#37):%:.  

OC&,4)**;) 3,,29%4)*#8 5%0*, <9#0&)+%67 #33&)5,0%7)&)? 0 ,2&%37# @#C#+# 

*)&#*)?*;$ +,&)2%*#?. "%7):%7#()3+#? %<<%9%7, <9#:)*#7)&'*, + #:</&'3*;: 3#3-

7):%: A&)+79,<#7%*#8, 9%C9%2%7;0%)738 *%:# (3 1986 =,5%) # 59/=#:# ,7)()370)**;:# 

# C%9/2)4*;:# 0)5/H#:# I+,&%:# [1–3].  
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M%+,<&)**;? %07,9%:# ,<;7 %*%&#C% 5#*%:#()3+#$ 9)4#:,0 #37,(*#+,0 A&)+-

79,<#7%*#8 3 9%C&#(*;:# 0#5%:# :,5/&8>## :,4)7 2;7' <9)537%0&)* 3&)5/6H#: %&-

=,9#7:,: %*%&#C% 5#*%:#()3+#$ 9)4#:,0 *)&#*)?*;$ #:</&'3*;$ 3#37):. 

1. M),2$,5#:, ,7+%C%7'38 ,7 <,*87#8  !"#$%&'( &)& *+ !"#$%&'( !&!"+,(, % 

9/+,0,5370,0%7'38 <,*87#): /37,?(#0 #&# *)/37,?(#0 -+.&#/&%+!0&$ .+1&,, <,-

3+,&'+/ 0 *)&#*)?*;$ 3#37):%$ ,5*,09):)**, 3/H)370/67 # 80&86738 /37,?(#0;:# # 

*)/37,?(#0;:# 2,&'I,) (#3&, 9)4#:,0 – *,9:%&'*;? <9,)+7*;? # %*,:%&'*;) 9)-

4#:;: -+.&#/&%+!0&+ (! 23(.,#*&%+!0&+); 0'(4&-+.&#/&%+!0&+; 5(#"&%+!0&+. D%C:%$ 

+,&)2%*#? <,3&)5*#$ 03)=5% ,=9%*#()* =&,2%&'*;:# *)&#*)?*,378:# 7#<% «*%3;H)-

*#)». P7, /3&,0#) «,=9%*#()*#) 9%C:%$% +,&)2%*#?» 0;<,&*8)738 <,+% <9,(*,37' A&)+-

79,9%5#,A&):)*7,0 *) <,C0,&8)7 0;30,2,5#738 *%+,<&)**,? 0 9)%+7#0*;$ A&):)*7%$ 

A*)9=##. G <9,7#0*,: 3&/(%) %*,:%&'*%8 5#*%:#+% *)#C2)4*, 3,<9,0,45%)738 0;$,5,: 

%<<%9%7/9; #C 379,8 #&#, % <9# 2,&'I#$ C%<%3%$ A*)9=## - 7)$*,=)**;:# +%7%379,@%:#. 

2. G 9%2,7%$ E. -. B,*798=#*% /37%*,0&)*,, (7, ,3*,0*;)  <9,>)33; A0,&6>## 

5#*%:#()3+#$ 9)4#:,0 +/3,(*,-*)<9)9;0*;$ 5#@@)9)*>#%&'*;$ /9%0*)*#? (.Q) 

07,9,=, <,985+% ,<9)5)&867 ,3*,0*,? $%9%+7)9 5#*%:#+# 3&,4*,? 3#37):;, % *)&#-

*)?*,37# # <,37,8**;) 09):)*# /9%0*)*#? 2,&)) 0;3,+#$ <,985+,0 <9#0,587 &#I' + 

79%*3@,9:%>## ,3*,0*;$ «()97» 5#*%:#+#, *) ,+%C;0%8 C*%(#:,=, 0&#8*#8 *% 7,<,&,-

=#6 ,2H)? +%97#*;. P7, /*#+%&'*,) 30,?370, <,C0,&8)7 <9# @,9:#9,0%*## ,3*,0*;$ 

5,</H)*#?, 0 <9,>)33) <,379,)*#8 3$): C%:)H)*#8 *)&#*)?*;$ #:</&'3*;$ 3#37): 

A&)+79,<#7%*#8, /(#7;0%7', =&,2%&'*;) *)&#*)?*,37# # =&,2%&'*;) (5,:#*#9/6H#)) 

<,37,8**;) 09):)*# *) 0;I) 07,9,=, <,985+%.  

3. R,*+#) *)&#*)?*,37# #37,(*#+% <#7%*#8 3 #:</&'3*,? :,5/&8>#)? ,<9)5)&8-

67 #*5#0#5/%&'*;) 30,?370% 5#*%:#+# 9%C&#(*;$ 0#5,0 :,5/&8>## #, 3&)5,0%7)&'*,, 

,<9)5)&867 379/+7/9/ 9%3<9)5)&)*#8 ,2&%37)? 3/H)370,0%*#8 9%C&#(*;$ 5#*%:#()-

3+#$ 9)4#:,0. 

M%<9%0&)**,37' (#3&)**,-%*%&#7#()3+#$ # #:#7%>#,**;$ A+3<)9#:)*7,0 <, %*%-

&#C/ *)&#*)?*,? 5#*%:#+# #:</&'3*,-:,5/&8>#,**,=, #37,(*#+% <#7%*#8 5,&4*%, <, 

:*)*#6 %07,9,0, ,<9)5)&87'38 3&)5/6H#: <,A7%<*;: *%9%H#0%*#): %2379%+>##: 

%) <)9)$,5,: ,7 9%3()7,0 :=*,0)**;$ C*%()*#? /37%*,0#0I)=,38 9)4#:% + %*%&#-

C/ 7,()(*,=, ,7,29%4)*#8 (B/%*+%9)), +,7,9,) <,C0,&8)7 <,*87' *))5#*370)**,37' 3/-

H)370,0%*#8 9%C&#(*;$ /37,?(#0;$ <)9#,5#()3+#$ 9)4#:,0, 35)&%7' ,>)*+/ A0,&6-

>## 9%C0#7#8 /37,?(#0;$ # *)/37,?(#0;$ +,&)2%*#?. S9,:) 7,=,, %*%&#C 2#@/9+%>#-

,**;$ 5#%=9%:: (N.) <,C0,&8)7 ,>)*#7' 9%C:%$ A7#$ +,&)2%*#?, 0;80#7' 7#< # $%9%+-

7)9 2#@/9+%>#,**,? 3:)*; 9)4#:,0, 7, )37' <9,0)37# 2#@/9+%>#,**;? %*%&#C;  

2) <)9)$,5,: ,7 9%3()7,0 N. + 7,<,&,=#()3+,:/ %*%&#C/ ,2&%37)? 3/H)370,0%*#8 

<)9#,5#()3+#$ 9)4#:,0, #$ <)9)3)+%6H#$38 :*,4)370 # /37%*,0#7' 308C' 3:)*; 9)-

4#:,0 3 0)&#(#*,? 0,C:/H%6H#$ 0,C5)?370#?; 

0) 3,C5%*#): :)7,5#+# <,379,)*#8 %*%&#7#()3+#$ C%0#3#:,37)? ,<9)5)&)*#8 

+9#7#()3+#$ 0 2#@/9+%>#,**,: 3:;3&) C*%()*#? <%9%:)79,0, 3 >)&'6 <9)5,37%0&)*#8 

9%C9%2,7(#+/ <9,37;$ # <,*87*;$ +,30)**;$ ,>)*,+ =9%*#> /37,?(#0,37# <9,)+7*,=, 

9)4#:% *)&#*)?*,? 3#37):;, *, /4) 3 7,(+# C9)*#8 A0,&6>## 9)4#:,0 *)&#*)?*;$ 

#:</&'3*;$ 3#37):.  

13*,0*;) 0#5; I#9,7*,-#:</&'3*,? :,5/&8>##, #3<,&'C/):;) 0 3,09):)**;$ 

3#37):%$ %07,:%7#()3+,=, /<9%0&)*#8 9%C&#(*,=, *%C*%()*#8, <9#0)5)*; 0 7%2&. 1.  

.#*%:#()3+%8 :,5)&' *)<9)9;0*,? (%37# 3$):; C%:)H)*#8 2%C,0;$ 7#<,0 <9)-

,29%C,0%7)&)? ,<#3;0%)738 3#37):,? 5#@@)9)*>#%&'*;$ /9%0*)*#?: 

  !  !  !0 0, , ;   .F F
d

K K t
dt

" # $ % #&
'

X
A X X B X X X   (1) 
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G)+7,9 *)#C0)37*;$ 6 ,<#3;0%)7 ,3*,0*;) <)9):)**;) 3,37,8*#8 3#37):;. D)-

I)*#) 3#37):; (1) #H)738 0 0#5) <)9#,5#()3+,=, 50#4)*#8  !  !t t# % (X X . T5)3' 

7 - :%79#>% &#*)?*,? (%37#; B – *)&#*)?*;? 0)+7,9 0;*/45%6H#$ 0,C5)?370#?, *)&#-

*)?*,37' +,7,9,=, *,3#7 9%C9;0*;? $%9%+7)9, ,<9)5)&8):;? 0#5,: +,::/7%>#,**,? 

@/*+>## ( )FK ) , C%0#38H#: ,7 +,*+9)7*,=, 0#5% #:</&'3*,? :,5/&8>## # ,7 @/*+>## 

,29%7*,? 308C#  !t,X) , +,7,9%8, 0 30,6 ,()9)5', ,<9)5)&8)738 +%+ 9%C*,37*,) /9%0*)-

*#), 0 +,7,9,: 3#=*%& ,I#2+# 9)=/&#9,0%*#8 UER 39%0*#0%)738 3 9%C0)97;0%6H#: *%-

<984)*#): UP ,<9)5)&)**,=, 0#5%.  

 
R%2&#>% 1 

S,::/7%>#,**;) @/*+>## ,3*,0*;$ 7#<,0 UO" 07,9,=, 9,5% 

 

G9):)**;) 5#%=9%::; @,9:#9,0%*#8 

#:</&'3*,? <,3&)5,0%7)&'*,37# 

"%7):%7#()3+%8 :,5)&' +,::/7%>#,**,? @/*+>## 

 !FK ) , =5)  !  !  !,ER Pt U X t U t) # *  

8/*#-#)9.*(9 *+.+'+.!&'*(9 ,#/ )9:&9 (8;<-1)

 !

1
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F
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t t
U t U E

a a

) # % )

+ ,+ ,# *- .- .
/ 0/ 0

 

8/*#-#)9.*(9 *+.+'+.!&'*(9 ,#/ )9:&9 (8;<-2)

 !
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=' 5-#)9.*(9 .+'+.!&'*(9 ,#/ )9:&9 (=><-1)

1
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K Sign
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=' 5-#)9.*(9 .+'+.!&'*(9 ,#/ )9:&9 (=><-2)

 ! 1
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k
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K Sign
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8/*#-#)9.*(9 .+'+.!&'*(9 ,#/ )9:&9 (8><)

8!/* I 

8!/* II 

 

 !1 2 1 2

1
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1
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F
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K Sign Sign
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T%+,*; @,9:#9,0%*#8 #:</&'3,0 *%<984)*#8 *% 0$,5) @#&'79% #:</&'3*;: 

<9),29%C,0%7)&): 3 +,::/7%>#,**,? @/*+>#)? KF ,<#3;0%6738 /9%0*)*#8:# 0 2%C#3) 
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+,::/7%>#,**,-9%C9;0*;$ @/*+>#?. G 7%2&. 1 <9#0)5)*; :%7):%7#()3+#) :,5)&# 

+,::/7%>#,**;$ @/*+>#? 5&8 9%C&#(*;$ 0#5,0 UO". T5)3' 4) <9)537%0&)*; 09)-

:)**;) 5#%=9%::;, <,C0,&86H#) +%()370)**, ,>)*#7' 0#5 +,::/7%>#,**;$ @/*+>#?, 

9%C0)97;0%6H#$ *%<984)*#? # @,9:/ 0;$,5*,=, *%<984)*#8 #:</&'3*,=, 9)=/&87,9% 

5&8 +,*+9)7*,=, 0#5% #:</&'3*,? :,5/&8>##. 

"9:;< =><?<@;A B ?;@CD;E< @<F;@<G@HI ;DJKFL=@HI =;=M<D 

13*,0*,? ,3,2)**,37'6 :%7):%7#()3+#$ :,5)&)? +/3,(*,-*)<9)9;0*;$ *)&#-

*)?*;$ #:</&'3*;$ 3#37):, 0#5% (1), 80&8)738 *))5#*370)**,37' 9)I)*#8 3#37):; 

5#@@)9)*>#%&'*;$ /9%0*)*#? 3 9%C9;0*,? <9%0,? (%37'6, (7, *%$,5#7 30,) 0;9%4)-

*#) 0 ,3,2)**,378$ 9%C5)&)*#8 9%33:%79#0%):,=, @%C,0,=, <9,379%*370% *% ,2&%37# 

/37,?(#0,37# *,9:%&'*,=, (<9,)+7*,=,) 9)4#:% # ,2&%37# %*,:%&'*,? 5#*%:#+#. R9%-

5#>#,**, 7%+#) ,2&%37# #C,29%4%6738 0 <9,379%*370) <%9%:)79,0 0 0#5) 7%+ *%C;0%)-

:;$ :%;(+$*<%!//0= )%*'+*"" (9#3. 1). B9#*>#<#%&'*,? 80&8)738 C%5%(% ,<9)5)&#7' 

=9%*#> /37,?(#0,37# <9,)+7*,=, 9)4#:% @/*+>#,*#9,0%*#8, 03)$ 0,C:,4*;$ %*,-

:%&'*;$ 9)4#:,0 # ,2&%37)? #$ 0C%#:*,=, <)9)3)()*#8 [9–11, 16].  

G +%()370) <9#:)9% *% 9#3. 1 <9)537%0&)*; +%97; ,2&%37)? /37,?(#0,37# ,5*,-

7%+7*;$ <9),29%C,0%7)&)?: <,*#4%6H)=, 7#<% – 0 ,2&%37# <%9%:)79,0 [  !>U t , V] 

(9#3. 1, * – 1M"-1 # : – 1M"-2); <,0;I%6H)=, 7#<% – 1M"-1 0 ,2&%37# <%9%:)79,0      

[  !>U t ,  ], !"#. 1,   " [  !!"U t ,  2], !"#. 3, # – "$%&!'"!()*&+, '"-.. 

/0&#1 2'!"3,%4,5 " #"6%,7.6" Vm,j ,'6&8&$9 ,:7.#'" #(*&#'%,%.$"; !.<7"8$93 

0"$.6"8&#4"3 !&="6,% ("$0&4# m ,:,<$.8.&' m->"47 (m--&!",0"8&#4,& 0%"=&$"&), 3.-

!.4'&!$,& 07; 0.$$,5 ,:7.#'", j – $,6&! ,:7.#'" $. 4.!'& 0"$.6"8&#4"3 !&="6,%). ?,0 

m-$%&'() :(0&6 -,$"6.'1, 4.4 % [3], ,'$,2&$"& 8.#','9 4%.$',%.$"; f 2"!,'$,-

"6-(71#$,5 6,0(7;>"" 4 8.#','& #(:+.!6,$"8&#4,+, !&="6.. @ 8.#'$,#'", ,:7.#'1 V1,1 

-!&0#'.%7;&' #,:,5 ,:7.#'1 #(*&#'%,%.$"; ,#$,%$,+, (m = 1) -!,&4'$,+, !&="6.. A&-

<.2'!"3,%.$$9& ,:7.#'" VX – #,,'%&'#'%()' $&0&'&!6"$"!,%.$$96 !&="6.6 B($4-

>",$"!,%.$"; -!&,:!.<,%.'&7; – 4%.<"-&!",0"8&#4"6 " 3.,'"8&#4"6 (m C D). E#,-

:&$$,#'1) 0".+!.66 (!"#. 1, *, +) ;%7;&'#; -!&,:7.0.$"& -, %#&6( 0".-.<,$( !&+(7"!,-

%.$"; #>&$.!"; -,#7&0,%.'&71$93 6;+4"3 (0%,&$"5 -&!",0., -!&0#'.%7;)*&+, #,:,5 

4.#4.0 :"B(!4.>",$$93 -&!&3,0,% V1,1 – V2,1 – V4,1 – V8,1 – … – VX. ?,0 6;+4"6 (0%,&$"-

&6 <0&#1 -,$"6.&'#; %,<$"4$,%&$"& $,%,+, !&="6., .6-7"'(0. 4,7&:.$"5 4,',!,+, 

(%&7"8"%.&'#; -7.%$, -, 6&!& (%&7"8&$"; 4,FBB">"&$'. (#"7&$"; -!,-,!>",$.71$,+, 

!&+(7;',!. [3, 11]. 

?!" 6.793 <$.8&$";3 " -&!",0"8&#4,& !&2&$"&, #,,'%&'#'%()*&& ,:7.#'" V1,1 

(#',58"%, " &0"$#'%&$$,. E0$.4, # !,#',6 -.!.6&'!. " -,;%7;)'#; ,:7.#'", 3.!.4'&-

!"<()*"&#; =&#'4"6 %,<$"4$,%&$"&6 #,,'%&'#'%()*"3 -&!",0"8&#4"3 !&="6,% #, 

#4.84,,:!.<$96 (%&7"8&$"&6, -!"6&!$, $. -,!;0,4, !.<6.3. -&!&6&$$93 #,#'.%7;)-

*"3. A. !"#. 1, ,, + -!"%&0&$9 4.!'9 ,:7.#'&5 (#',58"%,#'" %,<6,=$93 !&="6,% 

B($4>",$"!,%.$"; 0%(34%.0!.$'$93 -!&,:!.<,%.'&7&5 # 0%(3#',!,$$"6 ,:6&$,6 

F$&!+"&5 EGH " IGH-2 % ,:7.#'" -.!.6&'!,% [  !-U t ,  ]. 

?!&0#'.%7&$$9& $. !"#. 1 !.<7"8$9& 0%"=&$"; ,'7"8.)'#; !.<$,,:!.<"&6 4.4 -, 

B,!6&, '.4 " -, !.<6.3( .6-7"'(09. ?, #%,"6 4.8&#'%&$$96 " 4,7"8&#'%&$$96 -,4.-

<.'&7;6 #"+$.79 6,+(' (0,%7&'%,!;'1 '!&:(&696 -,4.<.'&7;6 4.8&#'%. -!&,:!.<,%.$"; 

F7&4'!"8&#4,5 F$&!+"", . 0%"=&$"; .$,6.71$93 <,$ $&#6,'!; $. ',, 8', ;%7;)'#; -&-

!",0"8&#4"6", ,'$,#;'#; 4 4.'&+,!"" -&!&$.-!;=&$$93 " 6,+(' -!"%,0"'1 4 %93,0( 

(#'!,5#'%. "< #'!,;. 
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G"#. 1. I%(3-.!.6&'!"8&#4"& :"B(!4.>",$$9& 0".+!.669 

 

J!.0">",$$,, -, 6&!& !.#-!,#'!.$&$"; '&,!"" 4,#%&$$93 6&',0,% ,-!&0&7&$"; 

(#',58"%,#'", -!&"6(*&#'%&$$, 8.#','$93, !.<%"%.7"#1 " -!.4'"8&#4"& 6&',09 ,-!&-

0&7&$"; .6-7"'(0$,-8.#','$93 3.!.4'&!"#'"4 – 4.4 $.":,7&& $.+7;0$93 " -,$;'$93 

#-,#,:,% ,>&$4" 0"$.6"8&#4"3 #%,5#'% #"#'&69 .%',6.'"8&#4,+, !&+(7"!,%.$";. A&-
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#6,'!; $. ',, 8', 0"$.6"8&#4"& !&="69 % 4,!$& ,'7"8.)'#; ,' -!,>&##,% ,-"#9%.&-

693 '&,!"&5 7"$&5$93 #"#'&6, -!.4'"4. -!,%&!4" #-!,&4'"!,%.$$93 $&7"$&5$93 "6-

-(71#$93 #"#'&6 0, #"3 -,! '.4=& :.<"!(&'#; $. ,-!&0&7&$"" .6-7"'(0$,-8.#','$93 " 

B.<,-8.#','$93 3.!.4'&!"#'"4. K)0. ,'$,#;'#; 6&',09 !.<,64$(',+, 4,$'(!., :,7&& 

',8$9& 6&',09 <.64$(',+, 4,$'(!., 6&',09 6.+$"'$,5 "$=&4>"" " 0!. 

@ -!,>&##& "##7&0,%.$"; :"B(!4.>",$$93 0".+!.66 :97" ,:$.!(=&$9 ($"4.71-

$9& #%,5#'%. -,%&0&$"; $&7"$&5$93 "6-(71#$93 #"#'&6 $. +!.$">& -,'&!" (#',58"%,-

#'" -!,&4'$,+, !&="6.: 

- F', #%,5#'%, «>&7,8"#7&$$,5 #"$3!,$"<.>""» # -!,&4'$96 !&="6,6 <.!,=-

0.)*"3#; .$,6.71$93 !&="6,% (mi = N*m), +0& N = 2, 3, 4, 5… – $.'(!.71$95 !;0  

8"#&7; 

- F', #%,5#'%, -,'&!" (#',58"%,#'" -!,&4'$,+, !&="6. -!" %93,0& 6(71'"-7"4.-

',!,% ,#$,%$,5 6.'!">9 %,<6(*&$$,+, !&2&$"; <. +!.$">9 &0"$"8$,+, 4!(+., 8', 

!&.7"<(&'#; % "6-(71#$93 -!&,:!.<,%.'&7;3 +,!.<0, !.$12&, $&=&7" B.<. %93,0$,+, 

#"+$.7. 0,#'"+.&' 180 F7&4'!"8&#4"3 +!.0(#,%. 

L'" #%,5#'%. -,<%,7;)', -!" -!,%&0&$"" -!,%&!4" (#',58"%,#'", ,'4.<.'1#; ,' 

%6&2.'&71#'%. % #3&6( #-!,&4'"!,%.$$,+, " "<+,',%7&$$,+, (#'!,5#'%., ,'4.<.'1#; ,' 

#,<0.$"; 0,!,+,#',;*&+,, (<4,4,-,7,#$,+, "<6&!"'&71$,+, ,:,!(0,%.$"; 07; -,-

#'!,&$"; MNOP, . "#-,71<,%.'1 ',714, '!.0">",$$,& "<6&!"'&71$,& " ,#>"77,+!.B"-

8&#4,& ,:,!(0,%.$"&. 

 !"#$! 

I7; "#-,71<,%.$"; !&<(71'.',% :"B(!4.>",$$,+, .$.7"<. 0"$.6"8&#4"3 #%,5#'% 

$&7"$&5$93 "6-(71#$93 #"#'&6, 3.!.4'&!"<()*"3#; "$0"%"0(.71$96" 07; 4.=0,+, 

%"0. "6-(71#$,5 6,0(7;>"" 8&!'.6" !.<0&7&$"; B.<,%,+, -!,#'!.$#'%., $&,:3,0"6, 

!(4,%,0#'%,%.'1#; #7&0()*&5 -,#7&0,%.'&71$,#'1) 2.+,%. 

1. ?!" <.0.$$93 -.!.6&'!.3 $&-!&!9%$,5 8.#'" #"#'&69 (-.!.6&'!.3 "$0(4'"%-

$,#'&5 " &64,#'&5 %93,0$,+,, . -!" $.7"8"", " %3,0$,+, B"71'!.), . '.4=& #'!(4'(!9 

-!&,:!.<,%.'&7;, '!&:(&693 -.!.6&'!.3 ?QI-!&+(7;',!., !.##8"'9%.)'#; :"B(!4.>"-

,$$9& 0".+!.669 % -!,#'!.$#'%& -.!.6&'!,%: [U-,  i, /0, /1]; [U!",  i, /0, /1 ]; [U!2",  i, 

/0, /1], . '.4=& F'" <.%"#"6,#'" % 4,$>& #!,4. .4'"%$,+, #(*&#'%,%.$"; -!&,:!.<,%.-

'&7; # (8&',6 0&+!.0.>"" -.!.6&'!,% B"71'!,% " 4,!!&4'"!()*"3 (#'!,5#'%. 

2. ?, -,7(8&$$96 .$.7"'"8&#4"6 -('&6 :"B(!4.>",$$96 0".+!.66.6 !.##8"'9-

%.)'#; +!.$">9 ,:7.#'&5 (#',58"%,#'" -!,&4'$,+, !&="6. % B($4>"" -.!.6&'!,% [ &3i, 

/0&3, /1&3]. 

R8"'9%.;, 8', % -,#7&0$&& %!&6; #"#'&69 (-!.%7&$"; "6-(71#$96" -!&,:!.<,-

%.'&7;6" -&!&%&0&$9 $. -!;6,& >"B!,%,& (-!.%7&$"&, ', " <$.8&$"; -.!.6&'!,% ?QI-

!&+(7;',!,%  [ i, /0, /1] :(0(' ,#'.%.'1#; $&"<6&$$96" % '&8&$"& %#&+, #!,4. .4'"%$,+, 

#(*&#'%,%.$"; -!&,:!.<,%.'&7;. 

J.4.; 6&',0"4. ,-!&0&7&$"; <.-.#,% (#',58"%,#'" 0,#'.',8$, 7&+4, 6,=&' :9'1 

.%',6.'"<"!,%.$.. I7; F',+, $&,:3,0"6, .%',6.'"<"!,%.'1 -!,>&## "<6&!&$"; 8.#','9 

" !.<6.3. 4,7&:.$"5 -&!&6&$$,5 #,#'.%7;)*&5 %&4',!. -&!&6&$$93 #,#',;$";, "#-

-,71<(;, $.-!"6&!, -!,+!.66$,& ,:&#-&8&$"&, !.<!.:,'.$$,5 % JRKRG – KM?G 

«DynamicCad». 
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224 #. 
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',-,7,+"" ,:7.#'&5 #(*&#'%,%.$"; -&!",0"8&#4"3 !&="6,% // L7&4'!"8&#'%,. – 2004. – W 12. – K. 46–54. 

8. M$0!";$,% M. Q., H"3.718&$4, T. U. H.'&6.'"8&#4,& 6,0&7"!,%.$"& "6-(71#$93 -!&,:!.<,%.-

'&7&5 $.-!;=&$"; $. :.<& ,0$,-,7;!$,5 !&%&!#"%$,5 6,0(7;>"" // H&3.'!,$"4., .%',6.'"<.>"; " 
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11. Q##7&0,%.$"& 7,4.71$,5 (#',58"%,#'" -&!",0"8&#4"3 !&="6,% % $&7"$&5$93 "6-(71#$93 
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45678 !97 «:*$%(;*'<;=> %??'+,( *@+'<?&%> A;% +3?%@+@ B0C/» 

124498, #. -+'+;(#3*,, 4806-> D3., 5  
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K !.<%"'"&6 6&',0,% -!,&4'"!,%.$"; " %,<6,=$,#';6" -!,"<%,0#'%. KYQK, %#& :,7&& #7,=$96" #'.$,%;'#; 

-!,>&##9 '&#'"!,%.$"; " !&6,$'. %#'!,&$$93 (#'!,5#'%. @ !.:,'& -!&0#'.%7&$. FBB&4'"%$.; 6&',0,7,+"; -!,&4'"-

!,%.$"; "$B!.#'!(4'(!9, ,:&#-&8"%.)*&5 !&6,$' %#'!,&$$93 (#'!,5#'%.  

 

J!.0">",$$9& -,03,09 !&6,$'. %#'!,&$$93 (#'!,5#'% #"#'&6 $. 4!"#'.77& 

(K$S), "#-,71<()*"& %$&2$"& ,:,!(0,%.$"; '&#'"!,%.$"; " !&6,$'., $& 6,+(' FBB&4-

'"%$, !&2.'1 %,-!,#9 !&6,$'. [1]. I7; ,-'"6"<.>"" '&#'"!,%.$"; " !&6,$'. ,#(*&#'-

%7;&'#; %$&0!&$"& "$B!.#'!(4'(!, ,:&#-&8"%.)*"3 FBB&4'"%$,& '&#'"!,%.$"& " !&-

6,$' (Infrastructure IP, I-IP) [2]. E0$.4, 0".+$,#'"4. " !&6,$' %#'!,&$$93 (#'!,5#'% $. 

#"#'&6$,6 (!,%$& %9<9%.)' !;0 '!(0$,#'&5, 4.4,%96" ;%7;)'#;, $.-!"6&!, .%',6.'"-

<.>";, "$'&+!.>"; !.<$93 "$B!.#'!(4'(!, ,:&#-&8"%.)*"3 !&6,$' %#'!,&$$93 (#'-

!,5#'% K$S. @ $&0.7&4,6 -!,27,6 -,#'.%*"4" IP-:7,4,% (Intellectual property) !.<!.-

:.'9%.7" #-&>"B"8&#4"& "$B!.#'!(4'(!9 '&#'"!,%.$"; " !&6,$'. 07; 4.=0,+, ,-!&-

0&7&$$,+, (#'!,5#'%.. A, '.4,5 -,03,0 -!"6&$"6 ',714, ',+0., 4,+0. K$S -!,&4'"!(-

&'#; IP-:7,4.6" ,0$,+, -,#'.%*"4.. @ #7(8.;3, 4,+0. K$S !.<!.:.'9%.&'#; $. ,#$,%& 

IP-:7,4,% !.<$93 -,#'.%*"4,%, %,<$"4.)' %,-!,#9 "$'&+!"!,%.$"; !.<$93 "$B!.-

#'!(4'(!, ,:&#-&8"%.)*"3 0".+$,#'"4( " !&6,$' %#'!,&$$93 (#'!,5#'%. L', %9<%.7, 

$&,:3,0"6,#'1 -,"#4. #'.$0.!'"<.>"" %#'!,&$$,+, '&#'"!,%.$"; " !&6,$'.. E0"$ "< 

%9!.:,'.$$93 #'.$0.!',% – IEEE1500 – -!&0#'.%7;&' #,:,5 6.#2'.:"!(&6() #'.$-

0.!'$() .!3"'&4'(!( '&#'"!,%.$"; " !&6,$'. %#'!,&$$93 (#'!,5#'%, ,:&#-&8"%.)*() 

-,%',!$,& "#-,71<,%.$"& " "$'&+!.>") "$B!.#'!(4'(!9 [3]. @ $.#',;*&& %!&6;, % >&-

7;3 ,:&#-&8&$"; :,7&& +":4"3 " "$'&+!"!(&693 %#'!,&$$93 (#'!,5#'%, -,#'.%*"4" IP-

:7,4,%, 4.4 -!.%"7,, -,#'.%7;)' (#'!,5#'%., ,:&!$('9& "$'&!B&5#,6 '&#'"!,%.$";. 

@#'!,&$$9& % IP .--.!.'$9& #'!(4'(!9, ,3%.'9%.)*"& B($4>",$.71$9& (#'!,5#'%. " 

-!&0$.<$.8&$$9& 07; "#-,71<,%.$"; % 4.8&#'%& DFT-"$'&!B&5#., -!"$;', $.<9%.'1 

,:&!'4.6" "7" DFT-,:&!'4.6" (wrapper), . '.4"& (#'!,5#'%. – «,:&!$('96" (#'!,5#'-

%.6"». Q6&$$, F',' '&!6"$ 69 :(0&6 $&,0$,4!.'$, "#-,71<,%.'1 % 0.$$,5 !.:,'&, 

"6&; % %"0( B($4>",$.71$9& (#'!,5#'%. # IEEE1500-,:&!'4,5.  

A.2" -!&090(*"& !.:,'9 :97" -,#%;*&$9 "##7&0,%.$") " !.<!.:,'4& "$B!.-

#'!(4'(!, ,:&#-&8"%.)*"3 !&6,$' %#'!,&$$93 (#'!,5#'% -.6;'". R8"'9%.; F'( -!.4-

'"4(, 69 !.<!.:,'.7" ($"%&!#.71$() "$B!.#'!(4'(!(, ,:&#-&8"%.)*() !&6,$' 4.4 

(#'!,5#'% -.6;'", '.4 " 0!(+"3 %#'!,&$$93 ,:&!$('93 (#'!,5#'%. 

39:#;< "=<>#9;;!? #@9>;A<!? A=<>#B=<" 

I7; '&#'"!,%.$"; ,:&!$('93 >"B!,%93 " .$.7,+,%93 (#'!,5#'% 8.#', "#-,71<(-

)'#; 6&',09, .$.7,+"8$9& 6&',0.6 '&#'"!,%.$"; %#'!,&$$93 (#'!,5#'% -.6;'". J.4"-

6" -!"6&!.6" ;%7;)'#; #3&6. BIST 07; NM?O, O-BIST (oscillation-based built-in self-

test) 07; .$.7,+,%93 (#'!,5#'% " '. 0. ?,6"6, '&#'"!,%.$";, % #%;<" # $&"<:&=$96" 

"<6&$&$";6" '&3$,7,+"8&#4"3 -!,>&##,%, $.-!;=&$";, 8.#','9 " 0!(+"3 -.!.6&'!,%, % 

,:&!$('93 (#'!,5#'%.3 $&,:3,0"69 6&3.$"<69, -,<%,7;)*"& 4,6-&$#"!,%.'1 F'" "<-

6&$&$";. I7; F',5 >&7", -!"6&$;)'#; '.4 $.<9%.&69& #3&69 4.7":!,%4" (calibration 

circuit). @#'!,&$$9& #3&69 #.6,4.7":!,%4" (self-calibration circuit) #,#',;' "< %#'!,&$-

$,+, 6,0(7; "<6&!&$";, ,:!.:,'4" #"+$.7,% " !&+(7"!,%4" -.!.6&'!,% ($.-!;=&$"&, 

%!&6&$$9& -.!.6&'!9 " '. 0.).  
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?!,>&## 4.7":!,%4" ,:&!$('93 (#'!,5#'% $. #"#'&6$,6 (!,%$& -,3,= $. -!,>&## 

!&6,$'. (#'!,5#'% -.6;'". /0&#1 '.4 =& $. #"#'&6$,6 (!,%$& %,<$"4.&' -!,:7&6. 3!.-

$&$"; 4.7":!,%,8$,5 "$B,!6.>"", . %-,#7&0#'%"", $. F'.-& !&6,$'., " 0,#'.%4" F',5 

"$B,!6.>"" [4, 5]. S.4 " -!" !&6,$'& (#'!,5#'% -.6;'", <0&#1 '.4=& $(=$, 3!.$"'1 

"$B,!6.>") % F$&!+,$&<.%"#"6,6 (#'!,5#'%& -.6;'". @ 0.$$,6 #7(8.& 07; 3!.$&$"; 

"$B,!6.>"" :97 "#-,71<,%.$ 6.##"% -.6;'" F7&4'!,$$,+, -!&0,3!.$"'&7; (eFuse). 

A"=& -!"%&0&$. #3&6. FCU_WC # %92&,-"#.$$96" ,-&!.>";6".  
 

 
 

G"#. 1. H,0(71 FCU_WC, ,:&#-&8"%.)*"5 !&6,$' ,:&!$('93 (#'!,5#'% 

 

Ef_drv – 4,$'!,77&! -!,="+., 4,',!95 ,#(*&#'%7;&' ,-&!.>"" <.-"#" " 8'&$"; 

4.7":!,%,8$,5 "$B,!6.>"". H,0(71 1500_drv +&$&!"!(&' 4,$'!,7"!()*"& #"+$.79 

-, -!&0(#6,'!&$$,6( #'.$0.!'( IEEE1500. H,0(71 CD – (#7,%$95 6,0(71, 4,',!95 

6,=&' :9'1 -!"6&$&$ % ',6 #7(8.&, 4,+0. 4.7":!,%,8$.; "$B,!6.>"; 0,#'.',8$, ,:[-

&6$.. @ F',6 #7(8.&, -!&=0& 8&6 0.$$.; "$B,!6.>"; :(0&' <.-"#.$. % eFuse, ,$. #$.-

8.7. -,0%&!+.&'#; 4,6-!&##"". Q $.,:,!,', "$B,!6.>"; "< eFuse ,'-!.%7;&'#; % CD 

07; 0&4,6-!&##"", . <.'&6 % ,-!&0&7&$$9& !&+"#'!9 ,:&!$('93 (#'!,5#'%. H,0(71 

MUX ,#(*&#'%7;&' 6(71'"-7"4.>") %3,0$93 " %93,0$93 >&-&5. FSM ;%7;&'#; +7.%-

$96 (<7,6, !.:,'.)*"6 % 4.8&#'%& 4,$'!,77&!. " +&$&!"!()*"6 !(4,%,0;*"& #"+$.79.  

@ '&#',%,6 !&="6& F'" (#'!,5#'%. -,,8&!&0$, #,&0"$;)'#; 6&=0( #,:,5, " ,#(-

*&#'%7;&'#; #,,'%&'#'%()*&& 0&5#'%"& '&#'"!,%.$";/!&6,$'. (!"#. 1). K3&6. !.:,'.&' 

#,+7.#$, #'.$0.!'( IEEE1500. G.##6,'!"6 !.:,'( #3&69 07; #:,!. 4.7":!.>",$$,5 

"$B,!6.>"". E$. ,#(*&#'%7;&'#; % #7&0()*&5 ,8&!&0$,#'": 

$ @ !&+"#'!9 4,6.$0 1500-,:&!'4 <.+!(=.&'#; "$#'!(4>";, .4'"%"!()*"5 #,,'-

%&'#'%()*"5 !&+"#'! 0.$$93 1500-,:&!'4" (% 0.$$,6 #7(8.& .4'"%"!(&'#; !&+"#'! 

«RPR_chain, repair chain»), 3!.$;*"5 4.7":!.>",$$() "$B,!6.>"). 

$ ?,#7& F',+, ,#(*&#'%7;&'#; 8'&$"& 4.7":!.>",$$,5 "$B,!6.>"" "< ,:&!$(-

'93 (#'!,5#'%, ', &#'1 #4.$"!,%.$"& >&-,8&4 «RPR_chain», -,,8&!&0$, #,&0"$&$$93 

6&=0( #,:,5. 

$ @ 4,$>&, % !&+"#'!9 4,6.$0 <.+!(=.&'#; "$#'!(4>"; BYPASS, 4,',!95 %47)-

8.&'#; !&6,$'"!(&696 (#'!,5#'%,6 % B($4>",$.71$95 !&="6. 

7;C"9>=DEF;DG C;H>D=<>AI<A>D $EG >9:#;<a ;9#$;#>#$;!? "=<>#9;;!? A=<-

>#B=<" 

S.4 69 <.6&'"7", #3&6. FCU_WC, #-!,&4'"!,%.$$.; 07; !&.7"<.>"" 4.7":!,%4( 

,:&!$('93 (#'!,5#'%, "6&&' 6$,+, ,:*&+, # :7,4,6 FCU, ,#(*&#'%7;)*"6 !&6,$' 
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(#'!,5#'% -.6;'" [4, 5]. R8"'9%.; F'" #3,0#'%., 69 #,&0"$"7" ,:*"& :7,4" 0.$$93 

6,0(7&5. J.4"6 ,:!.<,6 :97 #-!,&4'"!,%.$ ,:*"5 FCU_SH 6,0(71 (shared FCU), ,!-

+.$"<()*"5 #"#'&6$9& ,-&!.>"" !&6,$'. 4.4 (#'!,5#'% -.6;'", '.4 " 0!(+"3 (#'-

!,5#'% (!"#. 2).  

 

 
 

G"#. 2. H,0(71 FCU_SH 
 

/0&#1 0,:.%7&$. 7,+"8&#4.; #3&6., 4,',!.; ,-!&0&7;&' !&6,$'"!(&6,& (#'!,5#'%, 

(select control). E$. -!&0#'.%7;&' !&+"#'! 0.$$93, 4,',!95 -,7(8.&' #%,& <$.8&$"& -,-

#7& <.+!(<4" % !&+"#'! "$#'!(4>"5 #,,'%&'#'%()*&5 4,6.$09. J.4"6 ,:!.<,6, &#7" % 

select_reg <$.8&$"& !.%$, 7,+"8&#4,6( $(7), %#& 0&5#'%";, ,#(*&#'%7;&69& # !&+"#'-

!.6" 4,6.$0 " 0.$$93, 4.#.)'#; +!(-- (#'!,5#'% -.6;'", . % #7(8.& <$.8&$"; 7,+"8&-

#4,+, 1 – +!(--.6 ,:&!$('93 (#'!,5#'%. /0&#1, % :7,4& FCU, 4 6,0(7;6 «NVM», «IEEE 

driver» «CD» 0,:.%7;&'#; 7,+"4., ,#(*&#'%7;)*.; 6(71'"-7&4#"$+, 4,',!.; '.4=& 

(-!.%7;&'#; #,0&!=.$"&6 !&+"#'!. select_reg. 

39JAEF<D<! :#$9EC>#"D;CG  

G&<(71'.'9 6,0&7"!,%.$"; -,4.<9%.)', 8', FCU_SH 6,0(71 FBB&4'"%$, ,#(*&-

#'%7;&' !&6,$' (#'!,5#'% -.6;'" " 0!(+"3 ,:&!$('93 (#'!,5#'%. S.4 %"0$, "< #"+$.7. 

shs_active, #$.8.7. ,#(*&#'%7;&'#; !&6,$' (#'!,5#'% -.6;'", . <.'&6 0!(+"3 ,:&!$('93 

(#'!,5#'% (!"#. 3). K"+$.79 «rdy» " «fail» -,4.<9%.)' #'.'(# #,,'%&'#'%()*&+, !&="-

6. " #'.'(# ,4,$8.$";. @ '.:7. 1 -,4.<.$9 !&<(71'.'9 #"$'&<. 07; '!&3 #3&6. ?!" -!,-

%&0&$"" #"$'&<. "#-,71<,%.7.#1 '&3$,7,+"8&#4.; :":7",'&4. SHE? ,:*&+, $.<$.8&-

$"; # $,!6.6" 60 $6. S.4 %"0$,, -7,*.01 #3&69 FCU_SH $. 17 % 6&$12&, 8&6  

#(66.!$.; -7,*.01 #3&69 FCU_WC (,:&!$('93 (#'!,5#'%) " FCU_HVH ((#'!,5#'% 

-.6;'").  

 
J.:7">. 1 

G&<(71'.'9 #"$'&<. 

 

Project type Gate count Area saving 

FCU_MEM 497 - 

FCU_WC 1015 - 

FCU_SH 987 17.7 % 
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G"#. 2. G&<(71'.'9 6,0&7"!,%.$"; 

 

KDIELM9;C9 
@ #'.'1& ,-"#.$ 6&3.$"<6 ,!+.$"<.>"" !&6,$'. $&,0$,!,0$93 %#'!,&$$93 (#'-

!,5#'% K$S. K-!,&4'"!,%.$. #3&6. FCU_SH, ,:&#-&8"%.)*.; !&6,$' !.<7"8$93 

%#'!,&$$93 (#'!,5#'% # IEEE1500-,:&!'4,5. A.2" 0.71$&52"& "##7&0,%.$"; :(0(' 

#,#!&0,',8&$9 $. !.<!.:,'4& 6&',0,7,+"" .%',6.'"<.>"" -!,&4'"!,%.$"; ($"%&!#.71-

$,5 #3&69, ,:&#-&8"%.)*&5 !&6,$' %#'!,&$$93 (#'!,5#'%. 

 
K-"#,4 7"'&!.'(!9  

 

1. 2003 technology roadmap for semiconductors / D. Edenfeld, A. B. Kahng, M. Rodgers, Y. Zorian // 

IEEE Computer. – Vol. 37, no. 1. – G. 47–56. – January 2004. 

2. Zorian Y., Shoukourian S. Embedded-Memory Test and Repair: Infrastructure IP for SoC Yield // 

IEEE Design and Test of Computers. – 2003. – G.. 58–66. 

3. IEEE1500 Web Site. http://grouper.ieee.org/groups/1500/ 

4. Vrezh Sargsyan. An Efficient Signature Loading Mechanism for Memory Repair // East-West Design 

& Test Symposium (EWDTS). – Kiev, 2014.  

5. K.!+#;$ @. S. // Q$'&!$&'-=(!$.7 «AMRSE@VIVAQV». – @9-. No2. – H.!'-.-!&71 2014. 
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/4+/ +5'  4N/4/O5  &/3.*3/ ,+*-  .'P41/8+56  4/'0*+'+*8  

   N/17N3/ /0+*(/ 56  3D-./071-6 
 

Q. K. J!(3"$., K. Q. J!&+(:,% 
 

0;?@%@A@ %;E+;+3;(> F%G%&% % 3*,%(H'+&@3(;%&% 45687 !97 I48  

660074, #. J3*?;(K3?&, A'. J%3+;?&(#(, 28  

E-mail: irina_truhina94@mail.ru 

 
I7; 0.71$&52&+, -,%92&$"; #'&-&$" "$'&+!.>"" 6"4!,#3&6 $&,:3,0"6, #,%&!2"'1 -&!&3,0 ,' '!.0">",$-

$,5 0%(6&!$,5 '&3$,7,+"" 4 '&3$,7,+";6 ,:[&6$,5 4,6-,$,%4". J!&36&!$9& "$'&+!.71$9& #3&69 ,:&#-&8"%.)' 

6"$"6.71$9& !.<6&!9 " 6.4#"6.71$,& :9#'!,0&5#'%"&, # ,0$,%!&6&$$96 -,%92&$"&6 (!,%$; B($4>",$.71$,#'". 

R%&7"8&$"& -7,'$,#'" 3D-6,0(7&5 %,<6,=$, <. #8&' %&!'"4.71$,+, !.#-,7,=&$"; F7&6&$',%, 6&=0( 4,',!96" 

B,!6"!()'#; 6&=#7,5$9& #,&0"$&$";. I.$$.; #'.'1; -,#%;*&$. ,:<,!( #,%!&6&$$93 6&',0,% #,<0.$"; #,&0"$&$"5 

6&=0( #7,;6" -,7(-!,%,0$"4,%93 6$,+,4!"#'.71$93 #"#'&6.  

 

3D-"$'&+!.>"; -!&0(#6.'!"%.&' #,<0.$"& $. 4!"#'.77& !.<7"8$93 B($4>",$.71-

$93 #7,&%. L', 0,#'.',8$, -!,#', !.##6,'!&'1 $. -!"6&!& -,#'!,&$"; #'!(4'(!9 L@H. 

A.-!"6&!, -&!%95 #7,5 #,#',"' "< :7,4,% %%,0.-%9%,0., M\?, 0.'8"4,%, %',!,5 – #3&-

69 -.6;'", '!&'"5 – #8"'9%.)*"& (#'!,5#'%., 7,+"8&#4"& #3&69, -!,>&##,! (!"#. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
G"#. 1. E:*.; #3&6. #,<0.$"; 3D-4!"#'.77. 

 

A. 0.$$95 6,6&$' #(*&#'%(&' $&#4,714, %,<6,=$93 '"-,% 3D-"$'&+!.>"", ,0"$ 

"< 4,',!93 "$'&+!.>"; 4!"#'.77,%. L',' '"- "$'&+!.>"" 6,=&' :9'1 ,#(*&#'%7&$ $&-

#4,714"6" #-,#,:.6": 

$ 6&',0 -&!&%&!$(',+, 4!"#'.77. (flip chip) # !.<%.!4,5 %9%,0,%; 

$ #4%,<$9& ,'%&!#'"; «8&!&< 4!&6$"5» (TSV – through-silicon-via); 

$ -!"#,&0"$&$"& 4!"#'.77,% 4 -7.#'"$& (D2W – die-to-wafer). 

J&3$,7,+"; flip chip -!&0#'.%7;&' #,:,5 -!"#,&0"$&$"& -,7(-!,%,0$"4,%,+, 4!"-

#'.77. $. -,07,=4( .4'"%$,5 #',!,$,5 %$"<, '. &. -&!&%&!$('96 (!"#. 2). @9%,09 %9-,7-

$;)'#; % %"0& 6&'.77"8&#4"3 2.!"4,% "7" #',7:"4,% 6&'.77. ($.-!"6&!, "< <,7,'. "7" 

6&0"), -!"-,; "7" 6&'.77"8&#4"3 4,$'.4'$93 -7,*.0,4. ?!"#,&0"$&$"& 4!"#'.77,% 

6,=&' ,#(*&#'%7;'1#; # -,6,*1) (71'!.<%(4,%,5 " '&!6,<%(4,%,5 #%.!4", -!,%,0;*"3 

@9-,7$&$"&  

,-&!.>"5 #,%6&-

*&$";, (',$&$";  

" B,!6"!,%.$"; 

6&=#7,5$93  

#,&0"$&$"5 

K8"'9%.)*"&  

(#'!,5#'%. 

?.6;'1 

R#'!,5#'%. 

,:!.:,'4" 

0.$$93 

TSV #,&0"$&$"; 
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47&&%, -.54" ,-7.%7&$"&6. A&0,#'.'4" 0.$$,5 '&3$,7,+"" <.47)8.)'#; % '!(0$,#'" 

+&!6&'"<.>"" 6.'!">9 4,$'.4'$93 -7,*.0,4 " % (3(02&$"" '&-7,%93 3.!.4'&!"#'"4, 

-, #!.%$&$") # 4!"#'.77,6 -!"#,&0"$&$$96 ,:98$96 6&',0,6. E#$,%$96" -!&"6(*&-

#'%.6" ;%7;)'#; %,<6,=$,#'1 6.'!"8$,+, !.#-,7,=&$"; 4,$'.4'$93 -7,*.0,4 " 6"$"-

6.71$.; %&7"8"$. "$0(4'"%$,#'" #,&0"$&$"5, <. #8&' (6&$12&$"; "3 -!,';=&$$,#'". 

I.$$.; '&3$,7,+"; "#-,71<(&'#; 07; #,<0.$"; '.4"3 #:,!,4 4.4 «#"#'&6. % 4,!-

-(#&» (System-in-Package) " «4,!-(# $. 4,!-(#&» (Package-on-Package). J!&36&!$9& 

#:,!4" '"-. SiP " PoP $.3,0;' -!"6&$&$"& % #6.!'B,$.3, -7.$2&'.3, %"0&,4.!'.3 " '. 0. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

G"#. 2. J!&36&!$.; #:,!4. «#"#'&6. % 4,!-(#&» SiP 

 

K7&0()*"5 #-,#,: ,:[&0"$&$"; 4!"#'.77,% <.47)8.&'#; % "#-,71<,%.$"" ,'%&!-

#'"5 «#4%,<1 4!&6$"5» (!"#. 3). ?!,>&## #,<0.$"; TSV-6&=#,&0"$&$"; 0,%,71$, #7,-

=&$. K.6.; -!,#'.; ,-&!.>"; F',+, -!,>&##. – #,<0.$"& #4%,<$,+, ,'%&!#'"; # -,6,-

*1) 7.<&!$,5 -!,2"%4" "7" +7(:,4,+, ",$$,+, '!.%7&$";. K4%,<$9& ,'%&!#'"; 6,+(' 

7":, <.-,7$;'1#; 6&'.77,6, 7":, 6&'.77 6,=&' ,#.=0.'1#; $. :,4,%9& -,%&!3$,#'" 

,'%&!#'";. I7; <.-,7$&$"; "7" ,#.=0&$"; ,'%&!#'"; 6,=&' '.4=& "#-,71<,%.'1#; 7&+"-

!,%.$$95 4!&6$"5. E0$.4, '&!6,,:!.:,'4. -!" ,#.=0&$"" 6&'.77. 6,=&' -!"%&#'" 4 

6&3.$"8&#4,6( $.-!;=&$") -,07,=4", "%#-79%.$")" #4%,<$,+, #,&0"$&$";, . "$,+0. 

" 4 &+, 0&B&4'(, 8', (#7,=$;&' #,<0.$"& 0.$$,+, '"-. 6&=#,&0"$&$"; -,7(-!,%,0$"-

4,%93 4!"#'.77,%. Q##7&0,%.$"; -,4.<.7", 8', %,71B!.6 "6&&' $."7(82&& #,+7.#,%.-

$"& # '&6-&!.'(!$96 4,FBB">"&$',6 !.#2"!&$"; 4!&6$";. /. #8&' F',+, %,71B!.6,-

%9& ,'%&!#'"; %9<9%.)' $."6&$12"& 6&3.$"8&#4"& $.-!;=&$";, 8', (6&$12.&' %&!,-

;'$,#'1 !.#'!&#4"%.$"; 4!&6$";. A, ',7*"$. %,71B!.6,%,5 -7&$4" $& 0,7=$. -!&%9-

2.'1 $&#4,714"3 6"4!,6&'!,%. ?!,>&## #,<0.$"; '.4"3 -7&$,4 0,%,71$, #7,=&$, -,-

F',6( "<+,',%"'&7" -!&0-,8"'.)' "#-,71<,%.'1 $"<4,,6$() 6&01. 

?7,'$,#'1 TSV-6&=#,&0"$&$"5 <.%"#"' ,' ',8$,#'" #,%6&*&$"; -7.#'"$, 4,',-

!.; #&58.# $& -!&%92.&' 1 646.  
 

?,7(-!,%,0$"4,%95 

4!"#'.77, 6"4!,#3&6. 

?!,6&=(',8$.;  

-7.#'"$. 

K,&0"$"'&71$95  

-!,%,0 

J,$4,-7&$,8$.;  

-,07,=4. 

X.!"4,%9&  

%9%,09 

S,$'.4'$9&  

-7,*.04" 
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G"#. 3. K4%,<$9& 6&=#7,5$9& #,&0"$&$"; 

 

V*& ,0"$ 6&',0 3D-"$'&+!.>"" 4!"#'.77,% – F', -!"#,&0"$&$"& 4!"#'.77,% 4 

-7.#'"$& (Die-to-Wafer, D2W). I7; -,7(8&$"; F7&4'!"8&#4"3 4,$'.4',% "#-,71<()'#; 

TSV-#,&0"$&$"; "7" !.<%.!4. %9%,0,%. ?('&6 !.<6&*&$"; $. -7.#'"$& $&#4,714"3 

4!"#'.77,% 6&$12"3 !.<6&!,% 6,=$, !&.7"<,%.'1 3D-#"#'&6( $. 4!"#'.77&.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
G"#. 4. H&',0 -!"#,&0"$&$"; 4!"#'.77,% 4 -7.#'"$& 

 

J.4"6 ,:!.<,6, ,:[&0"$&$"& #7,&% !.<7"8$93 4!"#'.77,% – F', %.=$95 F'.- -&-

!&3,0. 4 3D-"$'&+!.>"". A&0,#'.'4,6 6&=#7,5$93 #,&0"$&$"5 ;%7;&'#; #7,=$,#'1 

"#-,7$&$";, $, -!"6&$&$"& '.4"3 #,&0"$&$"5 -,<%,7"' #,<0.'1 (#'!,5#'%. # :,7&& %9-

#,4"6 (!,%$&6 :9#'!,0&5#'%"; " B($4>",$.71$,#'", . '.4=& -,<%,7"' (6&$12"'1 +.-

:.!"'9 " F$&!+,-,'!&:7&$"&. 
 

K-"#,4 7"'&!.'(!9 
 

1. M!.4&7;$ @. M. A.(4,%&0&$"& // J!&36&!$.; "$'&+!.>"; " <.0.8" 07; #"#'&6 .%',6.'"<"!,%.$-

$,+, -!,&4'"!,%.$";. – 2014. – W 2. – K. 2–6.  

2. K"7,%.; F7&4'!,$"4. / I. Y.!:.!8(4, K. @,74&$2'&5$, @. ].$"$, Q. ?&'(3,% // J&3$,7,+"8&-

#4"& ,#,:&$$,#'" 6,$'.=. Flip-Chip. – 2010. – W 4.  

3. ^0"$>&% @. A,%9& '&3$,7,+"" // J!&36&!$.; 4!&6$"&%.; '&3$,7,+";. – 2011. – W 4. – K. 70–75 ; 

W 5. – K. 96–103. 

TSV-6&=#,&0"$&$";

S!&6$"&%95 4!"#'.77 

R0.7&$"& %&!3$&+, 

#7,; -,07,=4", 

,:!.:,'4. 

N,!6"!,%.$"& 3–4-3  

B($4>",$.71$93 #7,&% 

S!&6$"5 $. 

"<,7;',!& 
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 !"#$%&'  ()%*!%)+,  CAM--+-.%&   

(   !"+/("*-.(%))01   !"2%-- 

 

 . !. "#$%&#', (. ). *+,-.&#' (/%.0/12 +.3#'#456,78) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: konstantin_pohabov@mail.ru 

 
!95:%/1 :9#:#&1 ';%5<#4,2:6'5= CAD-CAM 5 CAM-:6%/#3 : >"?, CAD-:6%/#3 >"?. "+5',4,/1 3+56,+55 

'1&#+% CAM-:5:6,<. @%::<#6+,/1 9+,5<.A,:6'% +%;750/1$ CAM-:5:6,<, 9+#',4,/# :+%'/,/5, 5$ +%&#61 : CAD-

9+57#B,/5=<5. "+,47#B,/% /%5&#7,, #965<%78/%= :6+.36.+% ';%5<#4,2:6'5=. 

 

C% :,-#4/=D/52 4,/8 /,'#;<#B/# 9+,4:6%'568 :#'+,<,//#, 9+#5;'#4:6'# &,; 5:-
9#78;#'%/5= CAD/CAM :5:6,<. E7= 5$ <%3:5<%78/# FGG,365'/#-# 9+5<,/,/5= /,#&-

$#45<#, 06#&1 4%//1, 9+#-+%<</1, 9%3,61 <#-75 &,:9+,9=6:6',//# «#&A%68:=» 4+.- 
: 4+.-#<. E7= 6%3#-# ';%5<#4,2:6'5, <#-7# #:.A,:6'7=68:= /,#&$#45<# -+%<#6/# 9#4-

$#4568 3 9+#&7,<1 '1&#+% 4%//1$ 9+#-+%<</1$ 9+#4.36#'. 
!:#&,//# #:6+# :6#56 9+#&7,<% 47= /,&#78D5$ 9+,49+5=652, 3#6#+1, /, <#-.6 

9#;'#7568 :,&, 9+5#&+,6,/5, #4/#'+,<,//# /,:3#7835$ 9+#-+%<</1$ 9+#4.36#'.  
H;%5<#4,2:6'5= <,B4. CAD – :6%/#3 : >"?, <#B,6 +%;'5'%68:= 9# 4'.< /%9+%'-

7,/5=< – F6# 9+,4:6%'7,/# /% +5:. 1.  

 

 

 

 

 

 

 

 

 
 

@5:. 1. (9#:#&1 ';%5<#4,2:6'5= CAD :5:6,< 5 :6%/3% : >"? 

 

E7= 3#++,36/#2 +%&#61 4#7B/# &168 -+%<#6/# /%:6+#,/% 9,+,4%0% 4%//1$ 5; #4-

/#2 :5:6,<1 ' 4+.-.I, ' 9+#65'/#< :7.0%, <#-.6 '#;/53/.68 :7,4.IA5, 9+#&7,<1: 

 #-+%/50,//1<5 '#;<#B/#:6=<5 (575 : #6:.6:6'5,<) 6+%/:7=6#+#', 3#6#+1, 
4#7B/1 #&,:9,05'%68 #&<,/ 4%//1<5; 

 9#6,+,2 5/G#+<%J55 9+5 9+,#&+%;#'%/55 ,K 5; #4/#-# <%6,<%650,:3#-# 9+,4-

:6%'7,/5= ' 4+.-#,; 
 +%;/#2 6+%36#'3#2 9+%'57 ;%95:5 5 06,/5= G#+<%6#' G%27#'; 
 +%;/1<5 ',+:5=<5 G#+<%6#' G%27#' 5 6+%/:7=6#+#'. 
",+,05:7,//1, 9+#&7,<1 9+5'#4=6 3 9#'1D,/5I 3#750,:6'% #D5&#3 9+5 9+#,3-

65+#'%/55, .',750,/5I :+#3#' 9#4-#6#'35 9+#5;'#4:6'% 5 6. 4., 06# '7,0,6 ;% :#&#2 ;%-
<,6/1, F3#/#<50,:35, 9#6,+5 5 :.A,:6',//1< #&+%;#< :3%;1'%,6:= /% :,&,:6#5<#:65 

9+#4.3J55. 

CAD CAM "! :6%/3% 

I

II
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"#:3#783. 3%B4#, "! 5<,,6 #9+,4,7,//1, G#+<%61 :#$+%/,/5= 4%//1$, /,#&$#-

45<# ;/%68, 3%35, '#;<#B/#:65 9+,4#:6%'7=,6 3%B412 G#+<%6, 3%35, G#+<%61 $+%/,-
/5= 4%//1$ «9#/5<%,6» 9%3,6, ' 3#6#+12 9,+,4%I6:= 4%//1,, 5 3%35, 9#6,+5 9#7.0%6:= 
9+5 9,+,4%0, 5/G#+<%J55 5; #4/#-# 9+#-+%<</#-# 9%3,6% ' 4+.-#2 9+5 9+5<,/,/55 

4%//#-# G#+<%6% $+%/,/5= 4%//1$.  

*%35< #&+%;#<, -7%'/1<5 G%36#+%<5 9+5 '1&#+, CAM :5:6,<1 ='7=I6:=: 
 659 9+#,365+.,<#2 #9,+%J55 (6#3%+/%=, G+,;,+/%= 5 6. 9.); 

 D5+#3%= &5&75#6,0/%= &%;%, '37I0%IA%= 5:9#78;.,<#, #&#+.4#'%/5, 5 5/:6-
+.<,/6; 

 :9#:#&/#:68 %'6#<%650,:35 +%::0561'%68 +,B5<1 +,;%/5= 5 9+59.:3% /% <,$%-
/50,:3.I #&+%&#63.; 

 :9#:#&/#:68 %'6#<%650,:35 9#4&5+%68 5/:6+.<,/6; 
 /%7505, </#-##:,'#2 #&+%&#635; 

 :#'<,:65<#:68 CAD 5 CAM–9+57#B,/5=; 
 /%7505, " , :9#:#&/#-# 9# :'#5< :5:6,</1< 9%+%<,6+%< +%::056%68 5 :#;4%68 

6+%,36#+55 4'5B,/5= 5/:6+.<,/6%, "! 47= :6%/3% : >"?. 

 /%7505, :5:6,<1 >"? 9#/5<%IA,2 G–3#4. 

*%3B, '#;<#B,/ '%+5%/6 9+=<#-# ';%5<#4,2:6'5= CAD-:5:6,<1 5 :6%/3%. L/#-

-5, :6%/35 :#4,+B%6 :'#, "!, 5 #/5 <#-.6 ;%<,/568 CAM-:5:6,<., /% +5:. 1 +5<:3%= 
J5G+% II. *+,&#'%/5= 3 9,+,4%0, 5/G#+<%J55 47= :9#:#&#' I 5 II :#'9%4%I6. 

(6%/35 : >"? <#B/# +%;4,7568 /% '541 ' ;%'5:5<#:65 #6 659% 9#:69+#J,::#+%, 
3#6#+1<5 #/5 #&7%4%I6. "#:69+#J,::#+ - F6# 9+#-+%<</12 <#4.78, 9+,4/%;/%0,//12 

47= 9+,#&+%;#'%/5= .9+%'7=IA,2 6+%,36#+55, :G#+<5+#'%//#2 CAM-:5:6,<#2 ' 
.9+%'7=IA.I 9+#-+%<<. 47= 3#/3+,6/#-# :6%/3% : >"? : .0,6#< #:#&,//#:6,2 ,-# 

35/,<%6535; #/ &1'%,6 '/,D/52 5 ':6+#,//12.  

H/,D/52 9#:69+#J,::#+ 9#;'#7=,6 9#7.0568 9+#<,B.6#0/12 G%27 CL-DATA 5 

+%&#6%,6 /,9#:+,4:6',//# 6#783# : /5<. M%27 CL-DATA '14%,6:= CAM-:5:6,<#2 0,+,; 
:9,J5%78/.I 3#<%/4. F3:9#+6% .9+%'7=IA,2 6+%,36#+55. (7,4#'%6,78/#, +%&#6% 
'/,D/,-# 9#:69+#J,::#+% %'6#/#</%, 5 /, 9+5'=;%/% 3 #9+,4,7,//#2 CAM-:5:6,<,. 

"+,5<.A,:6'#< '/,D/,-# 9#:69+#J,::#+% ='7=,6:= 6#, 06# #/ /%:6+%5'%,6:= 
6#783# #45/ +%; /% 3#/3+,6/12 :6%/#3. E%//12 659 9#:69+#J,::#+% /, 9+5'=;1'%,6:= 3 

3#/3+,6/#2 (AM-:5:6,<,. N6#6 G%36#+ 5<,,6 ;/%0,/5,, ,:75 9+5 :#;4%/55 9+#-+%<< 

47= #4/#-# 5 6#-# B, :6%/3% /% 9+,49+5=655 5:9#78;.I6:= +%;750/1, CAM-:5:6,<1. 

*%3%= :56.%J5= #0,/8 0%:6# ':6+,0%,6:= /% 3+.9/1$ 9+,49+5=65=$.  +#<, 6#-#, 9#-

:3#783. 9#:69+#J,::#+ /, :#;4%,6:= 5/45'54.%78/# 47= 3%B4#2 CAM-:5:6,<1, % /%-
:6+%5'%,6:= 6#783# /% 3#/3+,6/12 :6%/#3, 6# #/, 3%3 9+%'57#, ,:68 -#6#'12, ':7,4:6'5, 
0,-# :/5B%,6:= ,-# :6#5<#:68. 

H:6+#,//12 9#:69+#J,::#+ <#B,6 #&+%A%68:= 3 &%;%< 4%//1$ 9+#5;'#4:6'% 5 

PDM-:5:6,<, (PDM – Product Data Management), 06# 9#;'#7=,6 ;%7#B568 ' /,-# :7#B-

/.I 6,$/#7#-50,:3.I 7#-53. 5 &1:6+# -,/,+5+#'%68 :7#B/1, 9+#-+%<<1 #&+%&#635. 

H/,D/52 9#:69+#J,::#+ ' F6#< :<1:7, &#7,, #-+%/50,/, 0,< ':6+#,//12. "+5 :#;4%-
/55 9+#-+%<< #&+%&#635 : &#78D5< 3#750,:6'#< #9,+%J52 (20 5 &#7,,), 575 9+#-+%<< 

</#-##:,'#2 #&+%&#635 6%3%= 6,$/#7#-50,:3%= 7#-53% ' 9#:69+#J,::#+, :6%/#'56:= 9+#-

:6# /,#&$#45<#2, 5 '/,D/52 9#:69+#J,::#+ .B, /, <#B,6 :9+%'568:= : 4%//#2 ;%4%0,2. 

H1&#+ CAM 9+57#B,/5= &.4,6 ;%'5:,68 #6 CAD :5:6,<1. C%5&#7,, +%:9+#:6+%-
/K//1<5 CAD-9%3,6%<5, 9+5<,/=,<1<5 /% 9+,49+5=65=$ +%45#F7,36+#//#2 9+#<1D-

7,//#:65 47= 9+#',4,/5= +%&#6, :'=;%//1$ : 9+#,365+#'%/5,< 5 3#/:6+.5+#'%/5=,  
='7=I6:=: Unigraphics (NX); SolidWorks; Autodesk AutoCAD;  !L"O(3D; CATIA. ); 
4%//#-# :95:3% #:6%/#'5<:= /% SolidWorks 5  !L"O(3D, 4%//1, 9%3,61 ='7=I6:= 
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(O"@ :+,4/,-# .+#'/= 5 0%A, 4+.-5$ 5:9#78;.I6:= /% <%71$ 9+,49+5=65=$ +%45#9+5-

&#+#:6+#,/5=.  
H 3%0,:6', CAM-9+57#B,/52 9+,49#06,/5, &17# #64%/# MasterCam, Esprit, 

CamWorks. 

MasterCam #&7%4%,6 CAD/CAM-5/:6+.<,/6%<5 47= ':,$ '54#' 9+#-+%<<5+#'%-
/5=: #6 9+#:61$ 4# #0,/8 :7#B/1$. H :5:6,<, ,:68 ':K /,#&$#45<#, 47= 7I&#-# '54% 
9+#5;'#4:6'%: G+,;,+/%= #&+%&#63% #6 4'.$ 4# 9=65 #:,2, 6#3%+/%=, 6#3%+/#-G+,;,+/%= 
#&+%&#63%, 9+#'#7#0/%= F7,36+#F+#;5=, 4,+,'##&+%&#63%, $.4#B,:6',//#, <#4,75+#'%-
/5, 5 :7#B/%= 3D--+%'5+#'3%. Mastercam Design 9#;'#7=,6 5<9#+65+#'%68 4%//1, 5; 
':,$ 5;',:6/1$ CAD-:5:6,<, % 6%3B, 9+#,365+#'%68 :'#&#4/1, 9+#:6+%/:6',//1, 3D-

G#+<1, 5:9#78;.= ',:8 /,#&$#45<12 47= F6#-# /%&#+ 5/:6+.<,/6#', '37I0%= 3%+3%:-
/#, 5 9#',+$/#:6/#, <#4,75+#'%/5,, 6'K+4#6,78/#, <#4,75+#'%/5,, :'#&#4/#, -5&-

+54/#, <#4,75+#'%/5,, 0,+0,/5, 5 %'6#<%650,:3#, 9#7.0,/5, F:35;#' 5 0,+6,B,2. 

Mastercam 5<,,6 #-+#</#, 3#750,:6'# ':6+#,//1$ 6+%/:7=6#+#' 4%//1$ 5; 4+.-5$ 

CAD/CAM-:5:6,<. !/ <#B,6 #63+1'%68 G%271: IGES; DWG 5 DXF (AutoCAD); X_T X_B 

(Parasolid); SAT (ACIS); STEP; VDA 3DM (Rhino 3D), SLDPRT (SolidWorks)PAR, PSM 

(SolidEdge); IPT, IAM (AutodeskInventor); TXT, DOC (6,3:6#'1, G%271); STL 

(StereoLithography); EPS, PS (PostScript) 5 4+. M%271 5; AutoCAD #63+1'%I6:= ' Mastercam 

&,; 9#6,+5 5/G#+<%J55, 9,+,/#:=6:= ':, :7#5. *',+4#6,78/1, <#4,75 5; SolidWorks 9,+,-
4%I6:= '<,:6, : 4,+,'#< 9#:6+#,/5=, ':7,4:6'5, 0,-# #&7%4%I6 '#;<#B/#:68I 5$ 4%78-
/,2D,-# +,4%365+#'%/5=. *%3B, Mastercam <#B,6 :#$+%/=68 :'#5 "+#4/1," G%271 47= 9,-
+,4%05 -,#<,6+55 ' 4+.-5, CAD-:5:6,<1, ' +%;750/1$ G#+<%6%$. 

H :7.0%, '#;/53/#',/5= #D5&#3 9+5 3#/',+6%J55 G%27% 5; G#+<%6% ' G#+<%6 (% 
6%3B, 5;-;% +%;750%IA5$:= '/.6+,//5$ /%:6+#,3 +%;/1$ :5:6,< 9+#,365+#'%/5=) ' 9#-

',+$/#:6/1$ <#4,7=$ 9#='7=I6:= #D5&35, 9+,4.:<#6+,/1 :+,4:6'% 5$ 45%-/#:6535. 

P#78D5/:6'# '54#' #D5&#3 (:%<#9,+,:,0,/5, 9#',+$/#:6,2) .:6+%/=I6:= %'6#<%650,-
:35, 4+.-5, (A,75, 9#6,+=//1, 9#',+$/#:65 5 6. 4.) – '+.0/.I. 

(5:6,<% ESPRIT '37I0%,6 9+#-+%<<5+#'%/5, G+,;,+/#2 #&+%&#635 #6 2-$ 4# 5-65 

#:,2, 6#3%+/#2 #&+%&#635 #6 2-$ 4# 22-$ #:,2, F7,36+#F+#;5#//#2 #&+%&#635 #6 2-$ 4# 

5-65 #:,2, </#-#;%4%0/1$ 6#3%+/#-G+,;,+/1$ :6%/3#' : :5/$+#/5;%J5,2, :6%/3#' : 
#:8I B.ESPRIT #&7%4%,6 9+=<1< CAD–CAM 5/6,+G,2: 47= 5<9#+6% <#4,7,2 5; +%;-
750/1$ :5:6,< &,; /,#&$#45<#:65 9+%'35 575 9,+,:6+#,/5= -,#<,6+55. 

CAMWorks #4/% 5; /%5&#7,, :#',+D,//1$ 5 5/6,77,36.%78/1$ :5:6,< 47= :#;4%-
/5= .9+%'7=IA5$ 9+#-+%<< 47= :6%/3#' : >"?, 9#7/#:68I 5/6,-+5+#'%//%= ' 9#78;#-

'%6,78:352 5/6,+G,2: SolidWorks 5 #&,:9,05'%IA%= +%&#6. /% .+#'/, ,45/#2 -,#<,6-
+50,:3#2 <#4,75. "+,4#:6%'7== 5/6,-+5+#'%//.I :+,4. CAD/CAM, CAMWorks 9+,4#:-
6%'7=,6 9#78;#'%6,7I: 

 9#44,+B%/5, %::#J5%65'/#2 ';%5<#:'=;5 <,B4. +%:0,6/#2 <#4,78I 5 6+%,36#-

+5,2, 9#3%;1'%IA,2, 06# 9+5 5;<,/,/55 <#4,75 9.68 4'5B,/5= 5/:6+.<,/6% 6%3B, &.-

4,6 5;<,/,/; 

 '#;<#B/#, «#&A,/5,» <,B4. 9%3,6%<5 9.6,< 9,+,4%05 G%27#' : 5:9#78;#'%-
/5,< :6%/4%+6/1$ G#+<%6#', 6%35$ 3%3 IGES, STEP, 5 6. 4.; 

 5:9#78;#'%/5, #4/#-# G%27% 47= $+%/,/5= CAD 5 CAM 4%//1$, 06# :/5B%,6 
:7#B/#:68 ' .9+%'7,/5, 4%//1<5. 

MasterCam 5 Esprit ='7=I6:= :6#+#//5< "! 5 <#-.6 +%&#6%68 : 7I&1< CAD-

9+#4.36#< ' 6#2 575 5/#2 <,+,. CamWorks B, 9+,49#0656,78/,2 9+5<,/=68 : 
SolidWorks, 9#:3#783. 4%//12 9+#4.36 +%;+%&%61'%7:= 5<,//# 9#4 /,-#, 5 #/ /, 6+,&.-

,6 ' :'#,< ';%5<#4,2:6'55 9,+,3#45+#'35 5/G#+<%J55 ' 9#:6#+#//5, G#+<%61, 6%35, 
3%3 STEP5 IGES. *%3B, /,'#;<#B/# 5:9#78;#'%68 CamWorks, /, 5<,= SolidWorks. 
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*,$/#7#-5= ESPRIT Feature Exchange (FX) :'=;1'%,6 3#/:6+.365'/1, F7,<,/61 

CAD-<#4,75 : 6,$/#7#-50,:35<5 9%+%<,6+%<5 '/.6+5 CAM-:5:6,<1 ESPRIT. 

H #67505, #6 &#78D5/:6'% :.A,:6'.IA5$ CAM-:5:6,<, 6+%/:75+.IA5$ 9+#:6# 

-,#<,6+5I, ESPRIT #&,:9,05'%,6 9,+,4%0. 4,+,'% 9#:6+#,/5= : 9#7/1< /%&#+#< 4%/-

/1$, ;%7#B,//1$ 9+#,365+#'A53#< 5;4,75=: 6#0/#:68, :'#2:6'% <%6,+5%7%, %4<5/5:6-
+%65'/1, 4%//1, 5 6. 4. 

H1:#3%= :6,9,/8 :#'<,:65<#:65 ESPRIT : 9+#-+%<<%<5 3D-<#4,75+#'%/5= #&,:-
9,05'%,6 6#0/.I 5 .4#&/.I +%&#6. /% '%B/#2 :6%455 9+#J,::% 9#4-#6#'35 .9+%'7=I-

A,2 9+#-+%<<1. C% :,-#4/=D/52 4,/8 ESPRIT <#B,6 /%9+=<.I +%&#6%68 : G#+<%6%<5 

3%3  !L"O( 3D, 6%3 5 SolidWorks, 06# :/5B%,6 9#6,+5 5/G#+<%J55. H 3%0,:6', /,-
4#:6%63#' <#B/# /%;'%68 4#'#78/# :7%&12 CAD-5/6,+G,2:, #4/%3# #/ 3#<9,/:5+.,6:= 
/%7505,< %::#J5%65'/#:65. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

@5:. 2. ($,<% ';%5<#4,2:6'5=  !L"O( 3D : 9AM-:5:6,<%<5 

 

 
 

 
@5:. 3. ($,<% ';%5<#4,2:6'5= SolidWorks : 9AM-:5:6,<%<5 

 

"+,4:6%'7,//1, :$,<1 577I:6+5+.I6 9+#J,:: 9,+,4%05 5/G#+<%J55 <,B4. 9%-
3,6%<5. C% +5:. 3 '54/#, 06# 47= SolidWorks 9,+,4%0% 5/G#+<%J55 47= ':,$ 3-$ +%:-
:<#6+,//1$ CAM 9+57#B,/52 #:.A,:6'7=,6:= ' +#4/#< G#+<%6,. *%35< #&+%;#<, ':, 
6+5 9+#-+%<</1$ 9%3,6% #6',0%I6 3+56,+5I :#3+%A,/5= 9#6,+5 5/G#+<%J55, 5 47= 
4%78/,2D,-# :+%'/,/5= 5$ /,#&$#45<# #J,/5'%68 9# 4+.-5< G%36#+%<.  
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"%3,61 MasterCam 5 Esprit 9+,49#0656,78/,,, 6%3 3%3 <#-.6 +%&#6%68 %'6#/#</# 

#6 CAD 9+57#B,/5=, 06# 4%,6 &#78D.I -5&3#:68 9+5 5$ 5:9#78;#'%/55. 

C% +#::52:3#< :,-<,/6,  !L"O( 3D&#7,, '#:6+,&#'%/, 0,< SolidWorks. "%3,6 
Esprit 7.0D, :'#,-# #99#/,/6% ';%5<#4,2:6'.,6 :  !L"O(3D (+5:. 2) 5 /, .:6.9%,6 
,<. 9+5 5:9#78;#'%/55SolidWorks. N6# '%B/#, /%9+5<,+, 9+5 ';%5<#4,2:6'55 #64,7#', 
5:9#78;.IA5$ +%;/1, CAD-:5:6,<1, 575 9+5 9#:6.97,/55 ;%3%;% 5; :6#+#//5$ #+-%-
/5;%J52, 9+,4#:6%'7=IA5$ :'#5 9%3,61  E, 9# 3#6#+1< /,#&$#45<# 5;-#6#'568 9+#-

4.36. *%35< #&+%;#<, Esprit '15-+1'%,6 ' .:7#'5=$ #6,0,:6',//#-# +1/3%. 
 

=.>)#. ?@A)1!'!. A($ +$!.!")?)* A)//'(&-' B$!)>(!.%-$ =)""$$ ? 9$>$("-)C 

+'/'(.1D!)C %!$?'("$#'#' (E):)?)( F 02.G25.31.0041). 

 
(95:#3 756,+%6.+1 

 

1. (O"@ 5 -+%G53% [N7,36+#//12 +,:.+:] : Web-:,+',+ B.+/%7% (O"@ 5 -+%G53%. – N7,36+#/. 

B.+/. – @,B5< 4#:6.9%: http://www.sapr.ru/ 
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-+-.%&'  '(."&'.+/'2++   !"%3.+!"(')+,   

!'*+'."!"(  "4$'5*%)+,  6$%3.!"))04  3"& ")%)."(   

)'  "-)"(%  API-.%4)"$"7+1 
 

". ).  .05/:352, M. Q. R#-+%G (/%.0/12 +.3#'#456,78) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28  

E-mail: djagernaud@mail.ru 

 
M./3J5#/%78/#, /%;/%0,/5, :5:6,<1 :#:6#56 ' %'6#<%65;%J55 9+#J,4.+1 +%:0,6% 5 G#+<5+#'%/5= 3D-

<#4,75 +%45%6#+#' #$7%B4,/5= F7,36+#//1$ 3#<9#/,/6#'. C% #:/#', ''#45<1$ 9#78;#'%6,7,< 4%//1$, :5:6,<% 
9+#'#456 +%:0,6 3#/:6+.365'/1$ 9%+%<,6+#' +%45%6#+% ' <%6,<%650,:3#< =4+,, ;%6,<, 4%//1, 9#:6.9%I6 ' -,#<,6-
+50,:3#, =4+#, -4, 9+#5:$#456 9#:6+#,/5, 5 '5;.%75;%J5= 3D-<#4,75. (5:6,<% 9#;'#7=,6 '1&+%68 '54 +%::0561'%,-
<#-# +%45%6#+%, <,6#4 9# 3#6#+#<. &.4,6 9+#5:$#4568 +%:0,6, +%;<,+1 +%45%6#+%, :'#2:6'% <%6,+5%7%. @,;.786%6#< 

+%&#61 ='7=,6:= 3D-<#4,78 +%45%6#+% -#6#'%= 47= 4%78/,2D,-# 5:9#78;#'%/5= ' 9+#J,::%$ 9+#,365+#'%/5=. 

 

"+5 9+#,365+#'%/55 @NO, 9,+,4 5/B,/,+#< 3#/:6+.36#+#<, ':6%,6 ;%4%0% %/%75-

;% 5 +%:0,6% 6,97#'1$ +,B5<#' .:6+#2:6'. !4/#2 5; 6%35$ ;%4%0 ='7=,6:= ;%4%0% +%;+%-
&#635 3#/:6+.365'/1$ 9%+%<,6+#' +%45%6#+% F7,36+#//1$ .:6+#2:6'. 

*+%45J5#//12 9#4$#4 ;%37I0%,6:= ' 9+#',4,/55 6,97#'#-# +%:0,6% 9# #4/#2 5; 
5;',:6/1$ <,6#453, #95:%//1$ ' &#78D#< 05:7, 5:6#0/53#', /%9+5<,+, ' +%&#6%$ 

S. S. @#63#9%, T. U. (3+59/53#'%, ". H. "#D,$#/#'%, O. O. >,+/1D,'%, Q. C. E.78/,'% 
5 +=4% 4+.-5$ %'6#+#'. R%6,<, 9# +%::056%//1< -,#<,6+50,:35< 9%+%<,6+%< :6+#56:= 
3D-<#4,78 ' (O"@. C% :,-#4/=D/52 4,/8 9+#J,:: 9+#,365+#'%/5= %'6#<%65;5+#'%/ 

75D8 0%:650/#. H #:/#'/#< %'6#<%65;%J5= 3#:/.7%:8 +%:0,6% -,#<,6+50,:35$ 9%+%<,6-
+#' +%45%6#+%, 06# #6+%B,/#, /%9+5<,+, ' [1–3], % 9#:6+#,/5, 6',+4#6,78/#2 -,#<,6+5-

0,:3#2 <#4,75 9+#5:$#456 ' 9#7.-%'6#<%65;5+#'%//#< +,B5<,. 
O36.%78/#2 ='7=,6:= ;%4%0% :#3+%A,/5= ;%6+%6 /% 9+#,365+#'%/5, +%45%6#+#' ;% 

:0,6 %'6#<%65;%J55 9+#J,::% +%:0,6% 5 9#:6+#,/5= 3D-<#4,75. 

!:/#'/%= /#'5;/% +%;+%&#635 ;%37I0%,6:= ' 6#<, 06# 9+#J,4.+1 +%:0,6% 5 G#+-

<5+#'%/5= 3D-<#4,75 5/6,-+5+#'%/1 ' +%<3%$ #4/#2 :5:6,<1, 06# 9#;'#756 :/5;568 
;%6+%61 /% 9+#,365+#'%/5,. 

E7= +,%75;%J55 :5:6,<1 :.A,:6'.,6 +%;750/1, '%+5%/61, F6#: :#;4%/5, :5:6,<1 

«: /.7=», <%3+#:1 575 3#<&5/5+#'%/5, <#4.7,2 ' .B, :.A,:6'.IA5$ 9+#-+%<<%$ 

(O"@, 5 6. 4. L/#-5, 9+#5;'#456,75 9+,47%-%I6 -#6#'1, +,D,/5= 47= 9#:6+#,/5= 
9#78;#'%6,78:35$ 9+57#B,/52 5 +%:D5+,/5= '#;<#B/#:6,2 '19.:3%,<#-# 9+#-+%<<-

/#-# #&,:9,0,/5= (O"@. (+,45 9#4#&/1$ +,D,/52, /% :,-#4/=, /%5&#7,, +%:9+#:6+%-
/,/1 4'% 9#4$#4% – API 5 SDK.  

API (%/-7. application programming interface) – 5/6,+G,2: 9+#-+%<<5+#'%/5= 9+5-

7#B,/52 – /%&#+ -#6#'1$ 9+#-+%<</1$ 9+#J,4.+. 

SDK (%/-7. software development kit) – 3#<97,36 :+,4:6' +%;+%&#635,  

)<,//# :+,4:6'% API SolidWorks 5:9#78;#'%75:8 47= +%;+%&#635 :5:6,<1 %'6#<%-
65;%J55 9+#,365+#'%/5= +%45%6#+#' #$7%B4,/5= F7,36+#//1$ 3#<9#/,/6#'. !:/#'/1-

<5 3+56,+5=<5 47= '1&#+% API SolidWorks, 9#:7.B575: 9+#:6#6%, +%:9+#:6+%/K//#:68 
&%;#'#-# 9%3,6% ' @#::55, #6:.6:6'5, 4#9#7/56,78/#2 97%61. 

@%:0,6/%= 0%:68 :5:6,<1 &17% 9#:6+#,/% /% #:/#', 9+#:61$ 5 7,-3# %7-#+56<5;5-

+.,<1$ +%:0,6#' 5-#780%6#-# 5 +,&+5:6#-# +%45%6#+#', 9+5',4,//1$ ' [4].  

@%:0,61 &175 %7-#+56<5;5+#'%/1. P7#3-:$,<% 5 9#=:/,/5= %7-#+56<% 47= +,&+5-

:6#-# +%45%6#+% 9+5',4,/1 ' [5], 47= 5-#780%6#-# +%45%6#+%, ;%4%0% +,D%7%:8 %/%7#-

-50/#. 
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C% +5:. 1 9+5',4,/% :6+.36.+/%= :$,<% +%;+%&#6%//#2 :5:6,<1 %'6#<%65;%J55 

9+#,365+#'%/5= +%45%6#+#'. 
 

 
 

@5:. 1. (6+.36.+/%= :$,<% :5:6,<1 %'6#<%65;%J55 

 

C% +5:. 1: «"!» – 9+#-+%<</#, #&,:9,0,/5,, :#:6#=A,, 5; #&A,:5:6,</#-# 

(Windows, 4+%2',+%) 5 9+537%4/#-# 9+#-+%<</#-# #&,:9,0,/5= (+%;+%&#6%//12 9+#-

-+%<</12 <#4.78 «@%45%6#+-2000» 5 9+#-+%<<% SolidWorks); «*!» – 6,$/50,:3#, 
#&,:9,0,/5, – :+,4:6'% ''#4% 5 '1'#4% 5/G#+<%J55, '5;.%75;%J55, 9,+:#/%78/1, 3#<-

98I6,+; «L%6,<%650,:3#, =4+#» – 0%:68 :5:6,<1 +,%75;.IA%= +%:0,6 -,#<,6+50,:35$ 

9%+%<,6+#' +%45%6#+%; «Q,#<,6+50,:3#, =4+#» – 0%:68 :5:6,<1 #&,:9,05'%IA%= 9#-

:6+#,/5, 5 '5;.%75;%J5I 3D-<#4,75. 

"#78;#'%6,78 ';%5<#4,2:6'.,6 : 5/6,+G,2:#<, '1&5+%,6 '54 +%45%6#+%, <,6#4 

+%:0,6%, ''#456 4%//1,, ' <%6,<%650,:3#< =4+, 9+#5:$#456 +%:0,6 3#/:6+.365'/1$ 9%-
+%<,6+#' +%45%6#+%. R%6,< 4%//1, 9#:6.9%I6 ' -,#<,6+50,:3#, =4+#, -4, 9+#5:$#456 
9#:6+#,/5, 5 '5;.%75;%J5= 9%+%<,6+50,:3#2 3D-<#4,75. H#9+#:1 9#:6+#,/5= 9%+%-
<,6+50,:3#2 3D-<#4,75 +%45%6#+% #&:.B4%I6:= ' [5, 6]. 

@%&#6% : 9+#-+%<<#2 9+#5:$#456 3%3 : #&10/1< 9+57#B,/5,< Windows. R%9.:3%-
,6:= exe-G%27 9+#-+%<</#-# <#4.7= 5 #63+1'%,6:= :6%+6#'#, #3/# 9+#-+%<<1 «@%45%-
6#+-2000» (+5:. 2). 

 

 
 

@5:. 2. !3/# 9+#-+%<<1 «@%45%6#+-2000» 



 !"#$%&«'()*+,-$,(./)$!&$&+!0)(1(2$%&31!"+,())40&*,!5*+.»&

433 

E%7,, 9#78;#'%68 '1&5+%,6 659 +%45%6#+% 5 <,6#453% +%:0,6% (+5:. 3). 

 

 
 

@5:. 3. H1&#+ <,6#4535 +%:0,6% +%45%6#+% 
 

R%6,< ''#4=6:= '$#4/1, 9%+%<,6+1 5 ;%9.:3%,6:= +%:0,6, 9,+,4 9+#',4,/5,< +%:-
0,6% 9+#-+%<<% 5A,6 9.:61, 575 /,9+%'578/# ;%9#7/,//1, 9#7=. U:75 6%3#'1, ,:68, 6# 

'1'#456:= :##&A,/5, #& #D5&3, (+5:. 4). 

 

 
 

@5:. 4. H1'#4 :##&A,/5= #& #D5&3, 9+5 /,9+%'578/# ;%9#7/,//1$ 9#7=$ 

 

U:75 4#9.A,/1 :<1:7#'1, #D5&35, 4#9.:65< 6,<9,+%6.+% +%45%6#+% <,/8D, 
6,<9,+%6.+1 :+,41, 6# '1'#456:= :##&A,/5, #& #D5&3, «MO*OS U@!@». 

@,%75;#'%/% 3/#93% '1;#'% :9+%'#0/#2 5/G#+<%J55 # 3#FGG5J5,/6%$ 5 9+5&75-

B,/5=$, 9+5/=61$ ' '1&+%//#< <,6#4, +%:0,6%. 
@,;.786%6#< +%&#61 ='7=,6:= 3D-<#4,78, :G#+<5+#'%//%= ' SolidWorks (+5:. 5). 

 

 
 

@5:. 5. *',+4#6,78/%= -,#<,6+50,:3%= <#4,78 +,&+5:6#-# +%45%6#+% : +%::056%//1<5 9%+%<,6+%<5 
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E7= #J,/35 +%&#6#:9#:#&/#:65 '1&+%//1$ %7-#+56<#' +%:0,6%, &17# 9+#',4,/# 

6,97#'#, <#4,75+#'%/5, ' <#4.7, SolidWorks Flow Simulation. !:/#'/1, 9%+%<,6+1 5 

9+,49#:1735 47= 6,97#'#-# <#4,75+#'%/5= 9+5',4,/1 ' [6].  

C% +5:. 6. 9+5',4,/1 45%-+%<<1 +%:9+,4,7,/5= 6,<9,+%6.+ 9#7.0,//1, ' +,;.78-
6%6, 6,97#'#-# <#4,75+#'%/5= 5-#780%6#-# +%45%6#+%. H 56#-,, 6,97#'#, <#4,75+#'%-
/5, 9#46',+457# 9+%'578/#:68 '1&+%//1$ <,6#453 +%:0,6%. 

 

 
 

@5:. 6. @,;.786%61 6,97#'#-# <#4,75+#'%/5= 5-#780%6#-# +%45%6#+% 
 

!95:%//%= :5:6,<% %'6#<%65;%J55 9+#,365+#'%/5= +%45%6#+#' #$7%B4,/5= F7,3-
6+#//1$ 3#<9#/,/6#' /% #:/#', API-6,$/#7#-52 9#;'#7=,6 %'6#<%65;5+#'%68 /, 6#783# 

+%:0,6 -,#<,6+50,:35$ 9%+%<,6+#', /# 5 9#:6+#,/5, 3D-<#4,75. E7= F6#-# 3#/:6+.36#-

+. 4#:6%6#0/# '',:65 5:$#4/1, 4%//1, 47= +%:0,6% ' #3/# 9+#-+%<<1. 

H 4%78/,2D,< 97%/5+.,6:= .',750,/5, 05:7% 659#' 5 <,6#4#' +%:0,6#' +%45%6#+#', 
+%;+%&#63% 5 '/,4+,/5, 9+#J,4.+ #&+%6/#2 :'=;5 : 9#<#A8I 3#6#+1$ :5:6,<% 9#;'#756 #&-

7,-0568 9#78;#'%6,7I '1&#+ /%9+%'7,/5= #965<5;%J55 9%+%<,6+#' 9+#,365+.,<#-# +%45%-
6#+%. "7%/5+.,6:= .',750,/5, :6,9,/5 5/6,+%365'/#:65 5 /%-7=4/#:65 :5:6,<1. 

 
(95:#3 756,+%6.+1 

 

1. V57# Q. ). "+#,365+#'%/5, +%45%6#+#' : #965<%78/1<5 <%::#-%&%+56/1<5 9%+%<,6+%<5 // 

*,$/#7#-5= 5 3#/:6+.5+#'%/5, ' F7,36+#//#2 %99%+%6.+,. – 2011. – W 1–2. 

2.  %+8-5/ ). ". (#;4%/5, 3#<98I6,+/#2 <#4,75 +%:0,6% :5:6,<1 #$7%B4,/5= :',6#45#4% // (',-
6#6,$/53% 5 F7,36+#F/,+-,653%. – 2011. – W 1. 

3.  #79%3#' O. (. *,97#'#, <#4,75+#'%/5, 9+#:6# 5 4#:6.9/# // N7,36+#//1, 3#<9#/,/61. – 2008. 

– W 6. 

4. P#+#45/ (. L. !&,:9,0,/5, 6,97#'1$ +,B5<#' ' 3#/:6+.3J5=$ +%45#F7,36+#//1$ :+,4:6'. – 

?78=/#':3: ?7Q*?, 2008. – 52 :. 
5.  .05/:352 ". )., R#-+%G M. Q. "%+%<,6+50,:3%= <#4,78 +,&+5:6#-# +%45%6#+% // (#'+,<,//1, 

9+#&7,<1 +%45#F7,36+#/535: :&. /%.0. 6+. –  +%:/#=+:3: (5&. G,4,+. ./-6, 2013. – (. 399–402. 

6.  .05/:352 ". )., R#-+%G M. Q. "%+%<,6+50,:3#, <#4,75+#'%/5, +,&+5:6#-# +%45%6#+% // L754 

L#7#4,B8 5 /%.3%: ' 3 6.: <%6,+5%71 3#/G. *. 3 / #6'. ;% '19.:3 O. C. *%<%+#':3%=. –  +%:/#=+:3: (5&. 

G,4,+. ./-6, 2014. – 700 :. – (. 149–154. 
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&%."*+8%-3+%  '- %3.0  +/&%!%)+,   

7%"&%.!+8%-3+4   '!'&%.!"(   

.")3+4  9"$:7+!"('))04  *+6$%3.!+3"(  

 

T. O.  %7,/05J1
, H. ). >.9522

,  

(. ). *+,-.&#'1
 (/%.0/12 +.3#'#456,78), O. O. S,'5J3521 

(/%.0/12 +.3#'#456,78) 
 

1 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926  

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

e-mail: yura77707@mail.ru 
245 G88 «=./$)"?<,D» 

660021, :. ;(."!)<("-, %1. E'-.>($"#)?, 19 

 
@%::<%6+5'%I6:= <,6#450,:35, %:9,361 5;<,+,/5= 6#/35$ G#78-5+#'%//1$ 45F7,36+53#', 9+5<,/=,<1$ 9+5 

9+#5;'#4:6', </#-#:7#2/1$ 9,0%6/1$ 97%6 '1:#3#-# 37%::% 6#0/#:65.  

 

"+5 9+#5;'#4:6', </#-#:7#2/1$ 9,0%6/1$ 97%6 (L"") 5;',:6/#, 06# 0,< '1D, 
37%:: 6#0/#:65 97%61, 6,< '1D, '75=/5, /% 3%0,:6'# 5;4,752 9+5<,/=,<1$ <%6,+5%-
7#'. !4/5< 5; :.A,:6',//1$ /,4#:6%63#' <%6,+5%7#' : F9#3:54/1< 575 9#755<54/1< 

#:/#'%/5,<, 9+5<,/=,<1$ ' 9+#5;'#4:6', L"", ='7=,6:= /,:6%&578/#:68 -,#<,6+50,-
:35$ +%;<,+#'. 

"+5 9+#5;'#4:6', L"", :7#5 G#78-5+#'%//#-# 45F7,36+53%, :#:6%'7=IA5, #:-
/#'. 97%61, 9#4',+-%I6:= 4,:6%&575;5+.IA5< '#;4,2:6'5=<, 6%35$ 3%3 '1:#3%= 6,<-

9,+%6.+%, $5<50,:35, +,%-,/61 5 '#4% /% /,3#6#+1$ F6%9%$ 6,$/#7#-50,:3#-# 9+#J,::% 
5;-#6#'7,/5=. "#4 '75=/5,< 4%//1$ G%36#+#' <,/=I6:= -,#<,6+50,:35, 9%+%<,6+1 

F65$ :7#K', 06# ',4,6 3 +%::#'<,A,/5I 3##+45/%6 3#/6%36/1$ 97#A%4#3 5 #6',+:652 

(+5:. 1) 9+5 G#+<5+#'%/55 </#-#:7#2/#2 :6+.36.+1 9,0%6/#2 97%61 5 /, 9#;'#7=,6 
#&,:9,0568 '1:#3#, 3%0,:6'# L"" 5 :/5B%,6 '1$#4 -#4/1$ 5;4,752.  

 
 

 
 

@5:. 1. @%::#'<,A,/5, 3#/6%36/1$ 97#A%4#3 /% +%;/1$ :7#=$ L"" 

 

*%35< #&+%;#<, 3#/6+#78 -,#<,6+50,:35$ 9%+%<,6+#' 6#/35$ G#78-5+#'%//1$ 

45F7,36+53#' ' 9+#J,::, 9+#5;'#4:6'% L"" /,#&$#45< 47= #965<5;%J55 6,$/#7#-50,-
:3#-# 9+#J,::%. 

>%:6# 47= 3#/6+#7= -,#<,6+50,:35$ 9%+%<,6+#' <%6,+5%7% 4#:6%6#0/# 9+5<,/568 
<,6#453., .:6%/#'7,//.I ' :6%/4%+6, IPC–TM–650 9./36 2.2.4 «Dimensional stability». 

H%+5%/6 «H» 4%//#2 <,6#4535 9+,49#7%-%,6 5::7,4#'%/5, ;%-#6#'35 5; 6#/3#-# G#78-
-5+#'%//#-# 45F7,36+53% +%;<,+#< 255 $ 275 << : #6',+:65=<5 (+5:. 2). @%::6#=/5, 
<,B4. J,/6+%<5 #6',+:652 230 5 250 <<. H:, ;%<,+1 9+#'#4=6:= 9# J,/6+%< #6',+:652.  

(7#2 2&

(7#2 3&

(7#2 1&

!6',+:65,&

X,/6+ #6',+:65= 9#  

9+#-+%<<, :',+7,/5=&

X,/6+ +%::#'<,AK/-

/1$ :7#K'&

(7#2 4
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@5:. 2. !&+%;,J 47= 5:916%/5= /% +%;<,+/.I :6%&578/#:68 

 

",+'1< F6%9#< 5::7,4#'%/5= 9# 4%//#2 <,6#453, ='7=,6:= :6%&575;%J5= <%6,-
+5%7% ' 6,0,/5, :.6#3 9+5 6,<9,+%6.+, 23 

#( 5 #6/#:56,78/#2 '7%B/#:65 '#;4.$% 50 %.  

"#:7, 9,+'#-# 6+%'7,/5= <,45 : #4/#2 :6#+#/1 #&+%;J#' : :#9.6:6'.IA5<5 #9,-
+%J5=<5 #05:635 5 :.D35, :7,4.,6 :6%&575;%J5= +%;<,+#' #&+%;J#' 9+5 6,<9,+%6.+, 
23

#( 5 #6/#:56,78/#2 '7%B/#:65 '#;4.$% 50 % ' 6,0,/5, :.6#3. E%7,, :7,4.,6 9+#',4,-
/5, ;%<,+#' 9# #6',+:65=<. 

(7,4.IA5< F6%9#< 9+#5:$#456 .4%7,/5, <,4/#2 G#78-5 : 4+.-#2 :6#+#/1 45-

F7,36+53%. "#:7, #9,+%J52 #05:635 5 :.D35 4,7%I6:= 5;<,+,/5= +%;<,+#' <%6,+5%7%.  
H 4%//#2 <,6#453, #&+%&#63% 9#7.0,//1$ +,;.786%6#' 5;<,+,/52 (+%:0K61 -,#-

<,6+50,:35$ +%;<,+#') 9+#'#4=6:= 9# G#+<.7%<: 
 

 2 1 2 1

1 1

( ) ( )
50;

AB AB CD CD
MD

AB CD

! "# #
$ %& '
( )

   (1) 

 

 2 1 2 1

1 1

( ) ( )
= 50,

AC AC BD BD
TD

AC BD

! "# #
%& '

( )
   (2) 

 

-4, MD – 9+#J,/6/#, 5;<,/,/5, 75/,2/1$ +%;<,+#' 5::7,4.,<#-# <%6,+5%7% 9# 475/-

/#2 :6#+#/,; TD – 9+#J,/6/#, 5;<,/,/5, 5::7,4.,<#-# <%6,+5%7% '4#78 3#+#63#2 :6#-

+#/1; 1 – 5/4,3:, #&#;/%0%IA52 5:$#4/1, +%;<,+1; 2 – 5/4,3:, #&#;/%0%IA52 56#-#-

'1, +%;<,+1; AB – 5;<,+,//#, +%::6#=/5, <,B4. #6',+:65=<5 A 5 B; CD – 5;<,+,//#, 
+%::6#=/5, <,B4. #6',+:65=<5 C 5 D; BD – 5;<,+,//#, +%::6#=/5, <,B4. #6',+:65=<5 

B 5 D. 

!4/%3#, 5::7,4#'%/5=, 9+#',4K//1, 9# +%::<#6+,//#2 <,6#453,, /, <#-.6 #6#&+%-
;568 9#7/.I 3%+65/. 5;<,/,/5= -,#<,6+50,:35$ +%;<,+#' 6#/3#-# G#78-5+#'%//#-# 45-

F7,36+53% 9+5 5;-#6#'7,/55 L"" ':7,4:6'5, #4/#+%;#'#:65 9+#'#45<1$ 5;<,+,/52. 

"#F6#<., -7%'/#2 ;%4%0,2 5::7,4#'%/5=, /% /%D ';-7=4, ='7=,6:= '1='7,/5, 45-

/%<535 5;<,/,/5= -,#<,6+50,:35$ 9%+%<,6+#' <%6,+5%7% /% 3+5650/1$ F6%9%$ 6,$/#-

7#-50,:3#-# 9+#J,::%.   
  3+5650/1< F6%9%< 6,$/#7#-50,:3#-# 9+#J,::%, -4, /% ;%-#6#'3. 4,2:6'.I6 4,:-

6%&575;5+.IA5, G%36#+1, 5 -4, <#-.6 9+#5:$#4568 5;<,/,/5= -,#<,6+50,:35$ 9%+%-
<,6+#', #6/#:=6:=: 

1. 6,+<#:6%&575;%J5=; 
2. G#6#9,0%68; 

2
3
0

 <
<

 

250 << 

BA

CD
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3. G#+<5+#'%/5, 9+#'#4=A,-# +5:./3% /% :7#,; 
4. #3:545+#'%/5, <,45 /% 45F7,36+53,; 
5. 9+,::#'%/5, :7#K' 45F7,36+53% ' </#-#:7#2/.I :6+.36.+. 9,0%6/#2 97%61. 

(7,4.IA5< <#<,/6#<, 3#6#+12 /,#&$#45<# #6<,6568, ='7=,6:= '1&#+ -,#<,6+5-

0,:35$ +%;<,+#' 5::7,4.,<#2 ;%-#6#'35. "#/=6/#, 06# 0,< &#78D, ;/%0,/5, -,#<,6+5-

0,:3#-# +%;<,+% ;%-#6#'35, 6,< 4#7B/# &168 &#78D, ;/%0,/5, 5;<,/,/5= F6#-# +%;<,-
+%. (7,4#'%6,78/#, B,7%6,78/12 +%;<,+ ;%-#6#'#3, 9+5<,/=,<1$ 47= 5::7,4#'%/5=, 
'1&5+%,6:= /%5&#78D5< 659#'1<, 5:9#78;.,<1< /% 9+,49+5=65=$. H /%D,< :7.0%, 
+%;<,+ :#:6%'7=,6 457$305 <<.  

E# 6#-# 3%3 ;%-#6#'35 #9+%'7=I6:= /% G#6#9,0%68, 9+#'#456:= 6,+<#:6%&575;%-
J5= <%6,+5%7% 9+5 6,<9,+%6.+, 110 

#( ' 6,0,/5, 60 <5/.6.  
H #67505, #6 +%::<#6+,//#-# '1D, <,6#4% 9# :6%/4%+6. IPC–TM–650, 9+,4:6%'7=,6-

:= J,7,:##&+%;/1< 5;<,+,/5= 9+#'#4568 /, 9# #6',+:65=<, % 9# +,9,+/1< ;/%3%<, 06# 9#-

;'#7=,6 9#'1:568 6#0/#:68 5;<,+,/52. *,< /, <,/,,, 4# G#+<5+#'%/5= +,9,+/1$ ;/%3#' 
9#:+,4:6'#< G#6#9,0%65, 9#:7, 6,+<#:6%&575;%J55 <%6,+5%7% 5;<,+,/5= 9+#'#4=6:= 9# 

.-7%< ;%-#6#'35. !&+%&#63% 9#7.0,//1$ +,;.786%6#' 9+#$#456 9# G#+<.7%< (1) 5 (2).  

E7= 5;.0,/5= 45/%<535 5;<,/,/5= -,#<,6+50,:35$ 9%+%<,6+#' 45F7,36+53% &175 

+%;+%&#6%/1 5 '54#' G#6#D%&7#/#', +%;4,7K//1$ 47= 6+K$ -+.99 5::7,4.,<1$ ;%-#6#'#3. 
",+'%= -+.99% ;%-#6#'#3, 5;-#6%'75'%,6:= 9# G#6#D%&7#/., 9+,4:6%'7,//#<. /% 

+5:. 3. C% #4/#2 0%:65 ;%-#6#'#3, '$#4=A5$ ' F6. -+.99., G#78-% #:6%K6:= /% ':,2 97#-

A%45 45F7,36+53%, /% 4+.-#2 – 9#7/#:68I :6+%'75'%,6:=. *%35< #&+%;#< <#B/# 9+#-

%/%75;5+#'%68 :6%&578/#:68 G#78-5+#'%//#-# 45F7,36+53% 9+5 100 % 5 9+5 0% ;%9#7-

/,/55 9#',+$/#:65 <,48I.  

 

 
 

@5:. 3. M#6#D%&7#/ 47= 9,+'#2 -+.991 #&+%;J#' 

 

H6#+%= -+.99% ;%-#6#'#3 9+,49#7%-%,6 9,0%68 #4/#2 &#78D#2 97%61 6+,68,-# 

37%::% 6#0/#:65 /% ;%-#6#'3,, 9+50K< 47= 9,+'#2 0%:65 ;%-#6#'#3 9+,49#7%-%,6:= G#-

6#9,0%68 :7#=, :#4,+B%A,-# 6#783# 9+#'#4/535 (+5:. 4, .), % 47= '6#+#2 – 9,0%68 :7#=, 
:#4,+B%A,-# 6#783# <,48 (;%;,<7,/5, 575 956%/5, 97%61) (+5:. 4, >). H F6#< :7.0%, 
<#B/# 5;.0568 :6%&578/#:68 <%6,+5%7% 9+5 4%//1$ '54%$ G#6#9,0%65. 

E7= 6+,68,2 -+.991 ;%-#6#'#3  9+#'#456:= G#6#9,0%68 0,61+K$ /,&#78D5$ <.78-
65975J5+#'%//1$ 97%6 9=6#-# 37%::% 6#0/#:65. H 4%//#< :7.0%,  47= 9,+'#2 0%:65 ;%-#-

6#'#3 G#+<5+.I6:= :5-/%78/1, :7#5 (:#4,+B%A5, 9+#'#4/535) (+5:. 5, .), 47= 4+.-#2 

0%:65 ;%-#6#'#3 – :7#5 :#4,+B%A5, 9#75-#/1 <,45. *%35< #&+%;#< <#B/# 9+#%/%75;5-

+#'%68 -,#<,6+50,:35, 9%+%<,6+1 <%6,+5%7% 9+5 G#6#9,0%65 <.78659753%J5,2.  

 

A& B

C D 
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                                            .                                                                                         > 

 

@5:. 4. M#6#D%&7#/1 47= '6#+#2 -+.991 ;%-#6#'#3  

 

 

   
                                            .                                                                                         > 

 

@5:. 5. M#6#D%&7#/1 47= 6+,68,2 -+.991 ;%-#6#'#3 

 

C% /%D ';-7=4 6%3#, 9#:6+#,/5, <,6#4535 5::7,4#'%/5= 4%K6 '#;<#B/#:68 /%5&#-

7,, 6#0/# 5;.0568 45/%<53. 5;<,/,/5= -,#<,6+50,:35$ 9%+%<,6+#' 6#/3#-# G#78-5+#-

'%//#-# 45F7,36+53% /% 3+5650/1$ F6%9%$ 6,$/#7#-50,:3#-# 9+#J,::%, % 6%3 B, #9+,4,-
7568 ;%'5:5<#:68 -,#<,6+50,:35$ +%;<,+#' ;%-#6#'35 #6 97#A%45 ;%9#7/,/5= <,48I. 

"#<5<# F6#-#, +%;+%&#6%//%= <,6#453% 9#;'#7=,6 #965<5;5+#'%68 6,$/#7#-50,:352 

9+#J,::, 06# ',4K6 3 9#'1D,/5I 3%0,:6'% 5;-#6%'75'%,<1$ </#-#:7#2/1$ 9,0%6/1$ 

97%6 '1:#3#-# 37%::% 6#0/#:65 5 .',750,/5I '1$#4% -#4/1$ 5;4,752 /% 9+#5;'#4:6',, 
06# ' :'#I #0,+,48 :3%;1'%,6:= /% .<,/8D,/55 5$ :,&,:6#5<#:65.  

 

=.>)#. ?@A)1!'!. A($ +$!.!")?)* A)//'(&-' B$!)>(!.%-$ =)""$$ ? 9$>$("-)C 

+'/'(.1D!)C %!$?'("$#'#' (l):)?)( F 02.G25.31.0041). 

 
(95:#3 756,+%6.+1 

 

1.  .<&$;  . M., L,4',4,' O. L. ",0%6/1, 97%61: :9+%'#0/53. H 2-$ 3/.  /. 1. – L.: *,$/#:G,+%, 
2011. – 1016 :. 

2. IPC–TM–650 Test methods manual. Number 2.2.4 «Dimensional stability» [N7,36+#//12 +,:.+:]. – 

@,B5< 4#:6.9%: http://www.ipc.org/ContentPage.aspx?pageid=DIMENSIONAL-TEST-METHODS 
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9"!&'$+/'2+,  -.!;3.;!)"-$"7+8%-3"7"  " +-')+,  

-#"!"8)"1  3D-&"*%$+ 

 

O. ). (54#+10,', E. N. X1-%/3#', O. M. "#$5783# 
 

61D<!)?"-$* :)"%/.("#?'!!@* #'H!$I'"-$* %!$?'("$#'# 

432027, :. 61D<!)?"-, %1. 9'?'(!@* 7'!'J, 32 

E-mail: d.tsyg@mail.ru 

 

@%::<%6+5'%,6:= <,6#4 #95:%/5= :&#+#0/#2 3D-<#4,75, 9+,4:6%'7=IA52 :#&#2 :5:6,<. :'=;%//1$ G#+<%75-

;#'%//1$ <#4,7,2 '$#4=A5$ ' /,, 3#<9#/,/6. "+#-+%<</%= +,%75;%J5= 4%//#2 <#4,75 9#;'#756 +,D%68 6%35, ;%4%-
05, 3%3 %'6#<%650,:3#, G#+<5+#'%/5, :&#+35, % 6%3B, ,, <#45G5J5+.,<#:68 5 :#$+%/,/5,, 9+5 #&,:9,0,/55 :6+.3-

6.+/#2 5 7#-50,:3#2 J,7#:6/#:65 9+#,36/#-# +,D,/5=. 

 

"+#J,:: 9+#,365+#'%/5= 5;4,752, :#:6#=A5$ 5; /,:3#7835$ 3#<9#/,/6, '37I0%,6 
' :,&= F6%9 9#:6+#,/5= :&#+#0/#2 3D-<#4,75, :#4,+B%A,2 ' :,&, :%<5 3D-<#4,75 4,-
6%7,2, % 6%3B, ';%5<#:'=;5 <,B4. /5<5 – :#9+=B,/5=. 3D-<#4,78 3%B4#2 4,6%75, '$#-

4=A,2 ' :#:6%' .:6+#2:6'%, :6+#56:= 9# G53:5+#'%//#2 9#:7,4#'%6,78/#:65 9+#,36/1$ 

#9,+%J52, . 3%B4#2 5; 3#6#+1$ 5<,,6:= :'#2 +=4 9%+%<,6+#' [1]. *%3B, :'#5 9+#,36/1, 
#9,+%J55 5 9%+%<,6+1 5<,I6 5 :#9+=B,/5= 4,6%7,2. (#$+%/,/5, ':,-# '1D,9,+,05:-
7,//#-# ' &%;, 4%//1$ 9#;'#756 ;%4%'%68 ;/%0,/5= 9%+%<,6+#', 6,< :%<1< #9+,4,7== 
9+#,36/#, +,D,/5,. 

"+,4<,6/%= #&7%:68 4,3#<9#;5+.,6:= /% +=4 F7,<,/6%+/1$ #&Y,36#', 3%B412 5; 
3#6#+1$ #95:1'%,6:= :#'#3.9/#:68I %6+5&.6#'. N65 #&Y,361 ';%5<#:'=;%/1 #9+,4,-
7,//1<5 #6/#D,/5=<5, 3#6#+1, ' :#'#3.9/#:65 9+,4:6%'5<1 ' '54, ';',D,//#-# 9# 

+,&+%< 0%:650/# #+5,/65+#'%//#-# -+%G% [2]. (6+.36.+% -+%G% 9+,4:6%'7=,6 :6+.36.+. 

9+,4<,6/#2 #&7%:65, % 9#4-+%G1 -+%G% – :7#B/1, #&Y,361 575 9#4:5:6,<1. H<,:6# 

-+%G#' 47= 9+,4:6%'7,/5= :6+.36.+1 9+,4<,6/#2 #&7%:65 <#B/# 5:9#78;#'%68 =;13 

6,#+55 </#B,:6' 5 +,D,6#3 5$ +%;&5,/52 [3]. M#+<%75;#'%//%= <#4,78 #95:%/5= 
6+,$<,+/#2 :&#+#0/#2 <#4,75 FmAsMod 5<,,6 :7,4.IA52 '54: 

 

 { {...}, {...}},AsMod Det ConFm M M$    (1) 
 

-4, M
Det

 – </#B,:6'# 4,6%7,2, :#:6%'7=IA5$ :&#+3.; M
Con

 – </#B,:6'# :#9+=B,/5= 
<,B4. 4,6%7=<5 – F7,<,/6%<5 </#B,:6'% MDet

. 

 %B412 F7,<,/6 </#B,:6'% :#:6%'7=IA5$ :&#+3. 4,6%7,2 MDet G#+<%78/# #95-

:1'%,6:= :7,4.IA5< #&+%;#<: 
 

 { , , {...}, {...}, },Det Fm val val M M val

i id Name des obj spcM Det D D D D D$ * +  (2) 
 

-4, Did – ./53%78/#, 05:7#-54,/65G53%6#+ 4,6%75 – 05:7#'#, ;/%0,/5, ;%95:5 ' &%;, 
4%//1$; DName

 
– /%;'%/5, 4,6%75 ('37I0%= 4,J5<%78/12 /#<,+ 5 5:9#7/,/5,); Ddes – 

9#:7,4#'%6,78/#:68 9+#,36/1$ #9,+%J52, .0%:6'.IA5$ ' 9+#J,::, 9#:6+#,/5= 3D-

<#4,75 4,6%75, 5; </#B,:6'% M
Ds.op

; Dobj – 9,+,0,/8 #&Y,36#', :#:6%'7=IA5$ 3D-

<#4,78 (#&Y,36 – -+%/8, 3+#<3%, 9#',+$/#:68 5 6. 4.), #9+,4,7=,<1, </#B,:6'#< M
Obj

; 

Dspc – #95:%/5, 4,6%75. 

L/#B,:6'# 9+#,36/1$ #9,+%J52 M
Ds.op

, .0%:6'.IA5$ ' 9+#J,::, 9#:6+#,/55 4,-
6%75 5<,,6 :7,4.IA52 '54: 

 

 
.

det{ . , , , },Ds op Fm val ref ref val

i id tp spcM Ds op Do Do Do Do$ * +   (3) 
 



 (.,!6!))4!&7,(81!64&,/5$(31!"+,()$"$.&2015&

440 

-4, Doid – 54,/65G53%6#+ 9+#,36/#2 #9,+%J55; Dotp – 659 9+#,36/#2 #9,+%J55 Ds.opi 5; 
</#B,:6'% 659#' #9,+%J52 M

Tp.op
; Dodet – 54,/65G53%6#+ 4,6%75 Deti 5; </#B,:6'% 4,-

6%7,2 M
Det

; Dospc – #95:%/5, 9+#,36/#2 #9,+%J55. 

*59 9+#,36/#2 #9,+%J55 #9+,4,7=6:= </#B,:6'#< MTp.op, 5<,IA5< #95:%/5,: 
 

 
. { . , , {...}, },Tp op Fm val val M val

i id Name par spcM Tp op To To To To$ * +    (4) 
 

-4, To
id

 – 54,/65G53%6#+ 659% 9+#,36/#2 #9,+%J55; To
Name

 – 5<= 659% #9,+%J55; To
par

 – 

9,+,0,/8 9+#,36/1$ 9%+%<,6+#' 659% #9,+%J55; To
spc

 – #95:%/5, 659% #9,+%J55. 

"+#,36/1, #9,+%J55 ;%4%I6:= 9%+%<,6+%<5, </#B,:6'# 3#6#+1$ MDes.pr 5<,,6 '54: 
 

 
. . { . , , , , , },Des pr Fm val ref val ref val val

i id op Name tp sig spcM Des pr Dp Dp Dp Dp Dp Dp$ * +     (5) 
 

-4, Dpid – 54,/65G53%6#+ 9%+%<,6+% #9,+%J55; Dpop – 54,/65G53%6#+ #9,+%J55 Ds.op
i
 

5; </#B,:6'% MDs.op
; DpName – 5<= 9%+%<,6+% #9,+%J55 (#&#;/%0,/5, ' 3#4,), Dptp – 659 

9%+%<,6+%; Dpsig – ;/%0,/5, 9%+%<,6+%; Dpspc – #95:%/5, 9%+%<,6+% #9,+%J55. 

L/#B,:6'# 659#' 9+#,36/1$ 9%+%<,6+#' MTp.pr #95:1'%,6:= :7,4.IA5< #&+%;#<: 
 

 
. { . , , },Tp pr Fm val val val

i id Name spcM Tp pr Tp Tp Tp$ * +     (6) 
 

-4, Tpid – 54,/65G53%6#+ 659% 9+#,36/#-# 9%+%<,6+%; TpName – 5<= 659% 9+#,36/#-# 9%-
+%<,6+%; Tpspc – #95:%/5, 659% 9%+%<,6+%. 

R/%0,/5= 9+#,36/1$ 9%+%<,6+#' MVl.pr #95:1'%I6:= G#+<.7#2: 
 

 
. { . , , , , },Vl pr Fm val ref ref val val

i id pr do sig spcM Vl pr Vp Vp Vp Vp Vp$ * +    (7) 
 

-4, Vpid – F6# 54,/65G53%6#+ ;/%0,/5= 9%+%<,6+%; Vppr – 54,/65G53%6#+ 659% 9%+%<,6+% 
Tp.pri $, M

Tp.pr
; Vpdo – 54,/65G53%6#+ #9,+%J55 Tp.opi 5; </#B,:6'% M

Tp.op
; Vpsig – ;/%-

0,/5, 9%+%<,6+%; Vpspc – #95:%/5, #9,+%J55. 

L/#B,:6'# #&Y,36#', :#:6%'7=IA5$ 3D-<#4,78, Mobj
 #9+,4,7=,6:= 3%3 

 

 { , , , },Object val ref val val

i id op Name spcM Obj Ob Ob Ob Ob$ * +     (8) 
 

-4, Obid – 54,/65G53%6#+ #&Y,36%; Obop – 54,/65G53%6#+ #9,+%J55 Ds.opi 5; </#B,:6'% 
M

Ds.op
; ObName – 5<= #&Y,36%; Obspc – #95:%/5, #&Y,36%. 
N7,<,/61 </#B,:6'% :#9+=B,/52, .0%:6'.IA5$ ' :&#+3, MCon 5<,I6 #95:%/5,: 
 

 
.

1 2{ , , , , },Con Fm val ref ref ref val

i id tp obj obj spcM Con Cn Cn Cn Cn Cn$ * +      (9) 
 

-4, Cnid – 54,/65G53%6#+ :#9+=B,/5=; Cn
t
p – 54,/65G53%6#+ 659% :#9+=B,/5= Cn

i
 5; 

</#B,:6'% MTp.Cn
; Cnobj1 5 Cnobj2 – 54,/65G53%6#+1 9,+'#-# 5 '6#+#-# #&Y,36#', .0%:6-

'.IA5$ ' :#9+=B,/55, 5; </#B,:6'% M
Obj

 :##6',6:6',//#; Cnspc – #95:%/5, :#9+=-
B,/5=. 

L/#B,:6'# 659#' :#9+=B,/52 M
Tp.Cn

 '37I0%,6 ' :'#2 :#:6%' 6591 5:9#78;.,<1$ 

9+5 9#:6+#,/55 :&#+35 :#9+=B,/52 5 #95:1'%,6:= G#+<.7#2: 
 

 
. { . , , {...}, },Tp Cn Fm val val M val

i id Name par spcM Tp Cn Tc Tc Tc Tc$ * +     (10) 
 

-4, Tcid – 54,/65G53%6#+ 659% :#9+=B,/5=; TcName – 5<= 659% :#9+=B,/5=; Tcpar – 9,+,-
0,/8 9%+%<,6+#', #9+,4,7=IA5$ 659 :#9+=B,/5=; Tcspc – #95:%/5, 659% :#9+=B,/5=. 
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 %B4#, :#9+=B,/5, Coni #9+,4,7=,6:= 9%+%<,6+%<5, </#B,:6'# 3#6#+1$ M
Pr.Cn 

5<,,6 :7,4.IA52 '54: 
 

 
Pr {Pr . , , , , , },.Cn Fm val ref val ref val val

i id Cn Name tp sg spcM Cn Pc Pc Pc Pc Pc Pc$ * +    (11) 
 

-4, Pcid – 54,/65G53%6#+ 9%+%<,6+% :#9+=B,/5=; PcCn – 54,/65G53%6#+ :#9+=B,/5= 
Coni 5; </#B,:6'% M

Tp.cn
; PcName – 5<= 9%+%<,6+%; Pctp – 659 9%+%<,6+%; Pcsg – ;/%0,/5, 

9%+%<,6+%; Pcspc – #95:%/5, 9%+%<,6+%. 
H14,7,//1, '1D, G#+<%75;#'%//1, <#4,75 F7,<,/6#' 3D-:&#+35 #&,:9,05'%I6 

,, 9#7/#, #95:%/5, 5 9+,4:6%'7,/5, ' :6+.36.+/#-9%+%<,6+50,:3#< '54,. 
H 3%0,:6', 9+5<,+% #95:%/5= :&#+#0/#2 3D-<#4,75 +%::<%6+5'%,6:= '#7/#'#4/%= 

:,3J5=, :#:6#=A%= 5; G7%/J% !(*4 Q0.206.203 5 '#7/#'#4% :,0,/5,< 72$34 << 9# 

Q!(* 20900-75. C% +5:. 1 9+,4:6%'7,/1 4%//1, 3#<9#/,/61, % 6%3B, '14,7,/1 5$ 

:6+.36.+/1, F7,<,/61 – #&Y,361, .0%:6'.IA5, ' :#9+=B,/5=$, % 5<,//#: '/.6+,//5, 
9#',+$/#:65 H- 5 E-:6,/#3 G7%/J,'#-# #3/% Obj

S
5 5 Obj

S
7, 3+#<3% ',+D5/1 G7%/J% 

Obj
Face

3, 3+#<3% 6#+J% '#7/#'#4% Obj
Face

1,5 -+%/5 +%;4,735 '#7/#'#4% Obj
Edge

3 5 Obj
Edge

6.  

 

 
 

@5:. 1. (6+.36.+/1, F7,<,/61, .0%:6'.IA5, ' :#9+=B,/55 G7%/J% 5 '#7/#'#4% 

 

H14,7,//%= :#'#3.9/#:68 #&Y,36#' ='7=,6:= <5/5<%78/# /,#&$#45<#2 47= #9+,-
4,7,/5= 9#7#B,/5= #&#5$ 4,6%7,2. *%3, 47= :#9+=B,/5= 4%//1$ 3#<9#/,/6 6+,&.,6:= 
9# 4'% :#9+=B,/5= 659% «"%+%77,78/#:68» (Par) 5 «(#'9%4,/5,» (Math), % 6%3B, #4/# 

659% «C% +%::6#=/55» (Dist). H :##6',6:6'55 : (9), </#B,:6'# :#9+=B,/52 M
Con

, .0%:6-
'.IA5$ ' 9#:6+#,/55 3D-:&#+35 G7%/J% 5 '#7/#'#4% 5<,,6 :7,4.IA52 '54: 

 

 

. 1 2 1 2

1 3 5 2 3 5

1 2 1 2

3 6 7 4 6 7

1 2

5 3 1

{ 1, , , ,0 , 2, , , ,1

3, , , ,0 , 4, , , ,1 ,

5, , , , },

Con Fm Det Det Fm Det Det

Fm Det Det Fm Det Det

Fm Det Det

M Con Parall Edge S Con Match Edge S

Con Parall Edge S Con Match Edge S

Con Distan Face Face h

$ * + * +

* + * +

* +
  (12) 

 

-4, h – '1:#6% '#7/#'#4/#-# G7%/J% !(*4 Q0.206.203 (h = 26 <<). 

@,;.786%6 +,%75;%J55 :#9+=B,/52 5; </#B,:6'% M
Con

 (13) #6#&+%B,/ /% +5:. 2: 

9#7#B,/5, #&,5$ 3#<9#/,/6 #6/#:56,78/# 4+.- 4+.-% 9#7/#:68I ;%4%/# – :5:6,<% ='-
7=,6:= G53:5+#'%//#2 (/,'#;<#B/# 5;<,/,/5= 9#7#B,/5= /5 #4/#2 5; 3#<9#/,/6). 

H#7/#'#4/1, :,3J55 5<,I6 G7%/J1 : #&#5$ 3#/J#', :7,4#'%6,78/#, 47= :#9+=-
B,/5= '6#+#-# G7%/J%, 4#:6%6#0/# 9#'6#+568 :5:6,<. (12), 5;<,/5' #&Y,361 '#7/#'#-

4%, .0%:6'.IA5, ' :#9+=B,/55, /% %/%7#-50/1, #&Y,361 9+#65'#9#7#B/#-# 3#/J%. 
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(5:6,<% G#+<%75;#'%//1$ <#4,7,2 9+,4:6%'7,/5= 3D-:&#+35 ='7=,6:= #:/#'%/5-

,< 47= +%;+%&#635 5/G#7#-50,:3#2 <#4,75 &%;1 4%//1$, 9#;'#7=IA,2 :#$+%/=68 5/-

G#+<%J5I # :&#+3,, % 5<,//#: #& #9,+%J5=$ .:6%/#'35 :#9+=B,/52, 659%$ 5 ;/%0,/5=$ 

9+#,36/1$ 9%+%<,6+#', % 6%3 B, # 4,6%7=$ – 3#<9#/,/6%$ 5 5$ 9#+=43, ' :&#+3, 5 :#-

:6%'7=IA5$ 5$ #&Y,36#', % 6%3B, # ';%5<#+%:9#7#B,/55 #6/#:56,78/# 4+.- 4+.-%. 
 

 
@5:. 2. @,;.786%6 '19#7/,/5= :#'#3.9/#:65 :#9+=B,/52 G7%/J% 5 '#7/#'#4% 

 

)/G#7#-50,:3%= <#4,78 #95:%/5= 3D-:&#+35 :#:6#56 5; :.A/#:6,2 0,61+,$ 65-

9#': :6,+B/,'1$, 3 3#6#+1< #6/#:=6:= 4,6%75, #&Y,361, :#9+=B,/5= 5 #9,+%J55; %::#-

J5%65'/1$, 3 3#6#+1< #6/#:=6:= 9%+%<,6+1 #9,+%J52, ;/%0,/52 9%+%<,6+#', 6591 #9,-
+%J52 5 6591 :#9+=B,/52; % 6%3 B, #&#;/%0%IA%= – 9%+%<,6+1 :#9+=B,/52 5 $%+%36,-
+5:650,:3%= :.A/#:68 – 6591 9%+%<,6+#'. 

"+#-+%<</%= +,%75;%J5= 9+,4:6%'7,//#-# <,6#4% 9#;'#756, '/#:= 5;<,/,/5= 5 

+,4%365+.= :#$+%/,//.I ' &%;, 4%//1$ 5/G#+<%J5I # :&#+#0/#2 3D-<#4,75, G#+<5-

+#'%68, +,4%365+#'%68 5 9,+,:6+%5'%68 ,, [4], 9+5 F6#< :#$+%/== ':, ';%5<#:'=;5 <,B4. 

4,6%7=<5-3#<9#/,/6%<5 5 #&,:9,05'%= ,, :6+.36.+/#-7#-50,:3.I J,7#:6/#:68. 
 

(95:#3 756,+%6.+1 

 

1. A Model for Storing and Presenting Design Procedures in a Distributed Service-oriented Environment / 

O. Kozintsev, A. Pokhilko, L. Kamalov, I. Gorbachev, D. Tsygankov // Moving Integrated Product Development 

to Service Clouds in the Global Economy: Proceedings of the 21st ISPE Inc. International Conference on Con-

current Engineering. – 2014. – P. 84-91. 

2. "#$5783# O. M. "+#,365+#'%/5, :#:6%'/1$ +%45#6,$/50,:35$ .:6+#2:6' /% #:/#', 5/G#+<%J5-

#//#-7#-50,:35$ :'=;,2 3#<9#/,/6 / O. M. "#$5783#, E. N. X1-%/3#' // @%45#6,$/53%. – 2014. – W 7. – 

(. 130–132. 

3. O/6#/#' H. H. "#:6+#,/5, G#+<%78/#2 <#4,75 9+,4<,6/#2 #&7%:65 : 9+5<,/,/5,< /,0,63#2 

37%:6,+5;%J55 / H. H. O/6#/#', Q. Q.  .753#', E. H. O/6#/#' // (5:6,</12 %/%75;, .9+%'7,/5, 5 #&+%&#6-
3% 5/G#+<%J55. – ?G%: ?QO*?, 2011. – W 5 (45). – (. 3–11. 

4. "#$5783# O. M. M#+<5+#'%/5, G./3J5#/%78/# %4%965+.,<#-# 9+,4:6%'7,/5= 37%::% 6,$/50,-
:35$ #&Y,36#' / O. M. "#$5783#, ). H. Q#+&%0,', E. N. X1-%/3#' // (5:6,</12 %/%75; ' 9+#,365+#'%/55 5 

.9+%'7,/55: :&. /%.0. 6+. XVIII L,B4./%+. /%.0.-9+%36. 3#/G. – 2014. – (. 123–124. 
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.!%#"(')+,  3  (0#"!;   !"7!'&&  .!'--+!"(3+ 

 

(. O. O/65935/%, (. ). *+,-.&#' (/%.0/12 +.3#'#456,78) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: AIvav@mail.ru 

 

@%;+%&#63% /#'#2 +%45#F7,36+#//#2 %99%+%6.+1 6+,&.,6 %'6#<%65;%J5I 9+#J,::#' 9+#,365+#'%/5= 9,0%6-
/1$ 97%6. H 4%//#2 :6%68, +%::<%6+5'%,6:= 9+#,365+#'%/5, :6+.36.+1 9+#'#4/53#' : 5:9#78;#'%/5,< (O"@ 9,0%6-
/1$ 97%6, 9+5',4,/1 +%;750/1, 6+%::5+#'A535 5 5$ #95:%/5,. R%6+%-5'%,6:= '#9+#: # '1-#4/#:65 9+5<,/,/5= 3%-
3#-#-75&# 6+%::5+#'A53% 47= +%;750/1$ 9#:6%'7,//1$ ;%4%0, % 6%3B, 3+56,+55 '1&#+%. 

 

@%;+%&#63% 9,0%6/1$ 97%6 '37I0%,6 ' :,&= /,:3#783# F6%9#' – +%;<,A,/5, 3#<-

9#/,/6#' /% 97%6,, 6+%::5+#'3. (4# 35 % #&A,-# '+,<,/5 3#/:6+.5+#'%/5=), +%:0,61, 

6#9#7#-50,:352 %/%75;, G#+<5+#'%/5, 6+,$<,+/#2 <#4,75.  %3 9+%'57#, ;%4%0% 6+%:-
:5+#'35 G#+<.75+.,6:= :7,4.IA5< #&+%;#<: 9# ;%4%//#2 :$,<, :#,45/,/52 9+#7#-

B568 /,#&$#45<1, 9+#'#4/535 /% 97#:3#:65 (97%6,, 3+5:6%77, 5 6. 4.), 06#&1 +,%75;#-

'%68 ;%4%//1, F7,36+50,:35, :#,45/,/5= : .0,6#< ;%+%/,, ;%4%//1$ #-+%/50,/52: <5-

/5<%78/# 4#9.:65<%= D5+5/% 9+#'#4/53#', ;%;#+1 <,B4. 9+#'#4/53%<5, D%- 6+%::5-

+#'35, 659 9,+,$#4/1$ #6',+:652, 3#750,:6'# 56,+%J52 5 6. 9. E%//12 9+#J,:: 4#:6%-
6#0/# %'6#<%65;5+#'%/. H /%:6#=A,, '+,<= 5<,,6:= D5+#352 /%&#+ 9%3,6#' 9+#-+%<< 

47= %'6#<%65;5+#'%//#-# 9+#,365+#'%/5= F7,36+#//1$ .:6+#2:6'.  
*59#'%= :6+.36.+% :5:6,< %'6#<%650,:3#-# 9+#,365+#'%/5= ((O"@) 9,0%6/1$ 

97%6 #6#&+%B,/% /% +5:. 1.  
 

 

   

 

 

 

 

 

 

  

 

 

 

 

 
@5:. 1. *59#'%= :6+.36.+% 9%3,6% 9,0%6/1$ 97%6 

 

H 9+#J,::, 9+#,365+#'%/5= 9,0%6/1$ 97%6 #:/#'/#, '/5<%/5, /%9+%'7,//# /% 
6+%::5+#'A53 : 6#035 ;+,/5= %'6#<%65;%J55 9+#J,::% 5 3%0,:6'%. !J,/3% +%&#61 6+%:-
:5+#'A53% #:.A,:6'7=,6:= 9# 3+56,+5=< 6+%::5+#'35: 9+#J,/6 +,%75;#'%//1$ :#,45-

/,/52, :.<<%+/%= 475/% 9+#'#4/53#', 05:7# 9,+,:,0,/52 9+#'#4/53#', 05:7# <#/6%B-

/1$ :7#K', 05:7# <,B:7#2/1$ 9,+,$#4#', +%'/#<,+/#:68 +%:9+,4,7,/5= 9+#'#4/53#', 
<5/5<%78/%= #&7%:68 6+%::5+#'35. >%:6# 3+56,+55 ='7=I6:= ';%5<#5:37I0%IA5<5. 

H#;<#B/#:68 9+5<,/,/5= 9+#-+%<< 6+%::5+#'A53#' ' #:/#'/1$ 9%3,6%$ :5:6,< %'6#-

<%650,:3#-# 9+#,365+#'%/5= 9,0%6/1$ 97%6 ((O"@ "") 9+,4:6%'7,/% ' 6%&7. 1. 

@,4%36#+  

F7,36+50,:35$  

:$,< 

@,4%36#+  

+%;<,A,/5= 
*+%::5+#'A53 @,4%36#+  

-+%G50,:3#2  

3#/:6+.36#+:3#2 

4#3.<,/6%J55 

H/,D/52 

6+%::5+#'A53 

H1$#4  

/% '/,D/5, 
CAD/CAM/CAE :5:6,<1 

"#7.0,/5, 4%//1$  

5; '/,D/5$ 

CAD/CAE :5:6,< 

"#:66#9#7#-50,:352 %/%75; (',+5G53%J5=) 
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*%&75J% 1 

 

*+%::5+#'A53 "%3,61 (O"@ "" 

TopoR 

"%3,6 Kicad 

"%3,6 Altium Designer 

"%3,6 DipTrace 

"%3,6 Proteus ARES 

"%3,6 Eagle 

"%3,6 PCAD 2000-2006 

SPECCTRA 

"%3,6 PCB Design Studio 

"%3,6 OrCAD 

"%3,6 KDWinXP 

FreeRouting 
"%3,6 FreePCB 

"%3,6 Kicad 

PADS AutoRouter PADS 

PADS AutoRouter HSD PADS 

BlaseRouter (5:6,<% PADS PowerPCB 

Situs "%3,6 Protel DXP 

PCB Layout "%3,6 DipTrace 

MaxRoute "%3,6 KDWinXP 

Autorouter "%3,6 Eagle 

 

H :'#,2 :6%68, «"7%/%+/1, 5 3##+45/%6/1, 6+%::5+#'A535 /% 9+%3653,» H,+,-
/50 ). T. 5 S1:,/3# T. H. [1] +%::<#6+,75 4'% G./4%<,/6%78/1$ 9#4$#4% 3 +,D,/5I 

;%4%05 6+%::5+#'35 9,0%6/#-# <#/6%B% – 97%/%+/12 5 3##+45/%6/12. *#6 575 5/#2 

9#4$#4 #9+,4,7=,6:= /%&#+#< #9J52 6+%::5+#'A53%. @%;4,7,/5, 9+5',7# 3 6#<., 06# 5 

6+%::5+#'A535 :6%75 37%::5G5J5+#'%68 /% 97%/%+/1, 5 3##+45/%6/1,. H,+,/50 ). T. 

5 S1:,/3# T. H. 9+#',75 F3:9,+5<,/61, /% #:/#', 3#6#+1$ :4,7%75 '1'#41 # J,7,:#-

#&+%;/#:65 5:9#78;#'%/5= 6#-# 575 5/#-# 6+%::5+#'A53% ' ;%'5:5<#:65 #6 9%+%<,6+#' 
9,0%6/#2 97%61 – «..."+5 6+%::5+#'3, 9,0%6/1$ 97%6 &#78D#, ;/%0,/5, 5<,I6 3#750,-
:6'# :5-/%78/1$ :7#K', 97#6/#:68 <#/6%B%, #6/#:56,78/#, +%:9#7#B,/5, 3#/6%36/1$ 

97#A%4#3 /% 97%6,, /%7505, #-+%/50,/52 /% 475/1 J,9,2 (575 '+,<= ;%4,+B35 :5-/%-
7#') 5 6. 4. H ;%'5:5<#:65 #6 :##6/#D,/5= F65$ 9%+%<,6+#' 97%/%+/1, 75&# 3##+45-

/%6/1, 6+%::5+#'A535 4#:65-%I6 7.0D5$ +,;.786%6#', 9+50,< +%;/5J% ' 5$ +,;.786%-
6%$ <#B,6 &168 #0,/8 ;/%056,78/#2. "#F6#<. 47= +%;+%&#6053% '%B/# '1&+%68 "9+%-
'578/12" 9#4$#4...». «..."7%/%+/12 6+%::5+#'A53 916%,6:= 9+#',:65 /,:3#783# J,9,2 

J,753#< /% #4/#2 :7#,, 6. ,. &,; 5:9#78;#'%/5= 9,+,$#4/1$ #6',+:652. "7%/%+/1, <,-
6#41 /%5&#7,, FGG,365'/1 /% #4/#:7#2/1$ 5 4'.$:7#2/1$ 97%6%$. !/5, 3%3 9+%'57#, 

6+,&.I6 <,/8D,-# 05:7% 9,+,$#4/1$ #6',+:652, ' :'=;5 : #6:.6:6'5,< /,#&$#45<#:65 

0%:6#2 :<,/1 :7#,'. "7%/%+/1, 6+%::5+#'A535 9#3%;1'%I6 $.4D5, +,;.786%61 9+5 

'1:#3#2 97#6/#:65 9,0%6/#-# <#/6%B%.  ##+45/%6/1, 6+%::5+#'A535 +%J5#/%78/# 

5:9#78;#'%68, 3#-4% /% 97%6, 5<,I6:= $#6= &1 4'% :5-/%78/1$ :7#=. "+5 6%3#< 9#4$#4, 
;%4%I6:= 9+,5<.A,:6',//1, /%9+%'7,/5= 9+#'#4/53#' 9# :7#=<. E%//12 9#4$#4 5<,-
,6 9+,5<.A,:6'% 9+5 6+%::5+#'3, </#-#:7#2/1$ 97%6 : +,-.7=+/1< 5/575 97#6/1< 

+%:9#7#B,/5,< '1'#4#' 3#<9#/,/6#'. *%3B, 9+5 5:9#78;#'%/55 3##+45/%6/#-# 9#4-

$#4% 7,-0, #&,:9,0568 :#-7%:#'%/5, 475/ 9+#'#4/53#' 5 /,#&$#45<#, '+,<= ;%4,+B35 

:5-/%7#'.» 

"#F6#<. 47= 6#-# 06#&1 -+%<#6/# +,D568 3%3.I-75&# ;%4%0. 5 &1:6+,, 9#7.0568 
6+,&.,<1, +,;.786%61, /.B/# 9#4#&+%68 #965<%78/12 9%3,6 (O"@ 5 6+%::5+#'A53.  

H1&#+ 6+%::5+#'A53% ;%'5:56 #6 9#:6%'7,//1$ ;%4%0. 

@%::<#6+5< 9#4+#&/# :'#2:6'% /,3#6#+1$ 6+%::5+#'A53#'. 
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SPECCTRA. SPECCTRA .:9,D/# :9+%'7=,6:= : 97%6%<5 &#78D#2 :7#B/#:65, 5:-
9#78;.= /#'12 9+5/J59 9+,4:6%'7,/5= -+%G50,:35$ 4%//1$ – 6%3 /%;1'%,<#2 

ShapeBased-6,$/#7#-55. H 9+#-+%<<, 5:9#78;.I6:= &#7,, 3#<9%36/1, :9#:#&1 <%6,-
<%650,:3#-# #95:%/5= -+%G50,:35$ #&Y,36#', 06# 9#'1D%,6 FGG,365'/#:68 6+%::5+#'-
35 9,0%6/1$ 97%6 : '1:#3#2 97#6/#:68I +%:9#7#B,/5= 3#<9#/,/6#', #&,:9,05'%,6 %'-
6#<%650,:3.I 6+%::5+#'3. #4/#2 5 6#2 B, J,95 6+%::%<5 +%;/#2 D5+5/1 5 4+. 

E%//12 6+%::5+#'A53 5:9#78;.,6 %4%965'/1, %7-#+56<1, +,%75;.,<1, ;% /,-
:3#783# 9+#$#4#' 6+%::5+#'35. C% 9,+'#< 9+#$#4, '19#7/=,6:= :#,45/,/5, %&:#7I6/# 

':,$ 9+#'#4/53#' &,; #&+%A,/5= '/5<%/5= /% '#;<#B/1, 3#/G75361, ;%37I0%IA5,:= 
' 9,+,:,0,/55 9+#'#4/53#' /% #4/#< :7#, 5 /%+.D,/55 ;%;#+#'. C% 3%B4#< 9#:7,-
4.IA,< 9+#$#4, %'6#6+%::5+#'A53 916%,6:= .<,/8D568 3#750,:6'# 3#/G7536#', +%;-
+1'%= 5 '/#'8 9+#37%41'%= :'=;5 (<,6#4 rip-up-and-retry) 5 9+#6%735'%= 9+#'#4/535, 

+%;4'5-%= :#:,4/5, (<,6#4 push-and-shove). )/G#+<%J5= # 3#/G7536%$ /% 6,3.A,< 

9+#$#4, 6+%::5+#'35 5:9#78;.,6:= 47= .<,/8D,/5= 3#750,:6'% 3#/G7536#' /% :7,-
4.IA,< 9+#$#4,. 

H:,< #&Y,36%< 9,0%6/#2 97%61 9+5:'%5'%,6:= #9+,4,7,//12 .+#',/8 5,+%+$55, 5 

''#4=6:= 9+%'57% 6+%::5+#'35, :#:6%'7=IA5, :6+%6,-5I 6+%::5+#'35. L#B/# %'6#<%65-

0,:35 9+#7#B568 6+%::., :#:6#=A.I 5; :,-<,/6#' +%;/#2 D5+5/1. H :6+%6,-5I 6+%::5-

+#'35 <#B/# '37I0568 &#78D#, 3#750,:6'# 9#43#<%/4, ;%4%IA5$ :9#:#&1 5;-5&% 6+%::, 
J,/6+5+#'%/5, 9+#'#4/53#' 5 4+.-5, #:#&,//#:65 :657= +%;'#435 3#/3+,6/#2 97%61. 

H SPECCTRA 9+#'#456:= 3#/6+#78 :#&7I4,/5= 6,$/#7#-50,:35$ ;%;#+#' 659% 
9+#'#4/53-9+#'#4/53, 9+#'#4/53 9,+,$#4/#, #6',+:65,, 3#/6+#75+.,6:= <%3:5<%78/#, 
;%9%;41'%/5, :5-/%7% ' #64,78/1$ J,9=$ 5 6. 9., % 6%3B, '19#7/=,6:= 3#/6+#78 <%3:5-

<%78/#2 475/1 9%+%77,78/1$ 9+#'#4/53#', +%:9#7#B,//1$ /% #4/#< 575 4'.$ :<,B-

/1$ :7#=$, F6# 9#;'#7=,6 .<,/8D568 .+#',/8 9,+,3+,:6/1$ 5:3%B,/52 5 .+#',/8 D.<% 
9+#,365+.,<#-# .:6+#2:6'%. 

SPECCTRA '19#7/=,6 +%;<,A,/5, 3#<9#/,/6#' 5 6+%::5+#'3. 97%61, /% 3#6#+#2 

9+,4'%+56,78/# +%;<,A,/1 3#<9#/,/61 : 9#<#A8I #4/#-# 5; -+%G50,:35$ +,4%36#+#' 
9,0%6/1$ 97%6 PCBoards, P-CAD, TangoPRO, PADS, Protel, OrCAD. "7%6% : 9+,4'%+5-

6,78/# +%;<,A,//1<5 3#<9#/,/6%<5 6+%/:75+.,6:= ' G#+<%6 9%3,6% SPECCTRA. @%;-
',4,//%= ' 9+#-+%<<, SPECCTRA 9,0%6/%= 97%6% 6+%/:75+.,6:= #&+%6/#. "+#J,4.+% 
6+%/:7=J55 ':6+#,/% ' ACCEL P-CAD PCB 5 ' -+%G50,:352 +,4%36#+ PCBoards :5:6,-
<1 Design Center, 3 #:6%78/1< 9+#-+%<<%< 6+%/:7=6#+1 9#:6%'7=I6:= #64,78/#. 

  9+#-+%<<, SPECCTRA 4#9#7/56,78/# 9#:6%'7=I6:= /,:3#783# 9+57#B,/52, 

+%:D5+=IA5$ ,, G./3J5#/%78/1, '#;<#B/#:65: 

* ADV (Advanced) – +%:D5+,/5, '#;<#B/#:6,2 /%:6+#235 :6+%6,-55 6+%::5+#'35 

:7#B/1$ 97%6, ' 0%:6/#:65 +%;/1$ ;/%0,/52 D5+5/1 6+%::1 5 ;%;#+#' /% +%;/1$ :7#=$ 

6+%::5+#'35, /%;/%0,/5, 5/45'54.%78/1$ 9+%'57 6+%::5+#'35 #64,78/1< J,9=< 5 6. 9.; 

* DFM (Design for Manufacturability) – 9#'1D,/5, 6,$/#7#-50/#:65 9+#,36%, %'-
6#<%650,:3%= -,/,+%J5= 3#/6+#78/1$ 6#0,3 47= ':,$ 575 '14,7,//1$ J,9,2, :-7%B5'%-
/5, .-7#', .',750,/5, ;%;#+#' 9+5 /%75055 :'#&#4/#-# 9+#:6+%/:6'%; 

* HYB (Hybrid) – 9#44,+B3% 6,$/#7#-55 <,B:7#2/1$ 9,+,$#4/1$ #6',+:652, +%;-
<,A,/5= 9,+,$#4/1$ #6',+:652 +=4#< : '1'#4%<5 97%/%+/1$ 3#<9#/,/6#', 6,$/#7#-

-55 <#/6%B% -5&35<5 9+#'#4/53%<5; 

* FST (Fast Circuit) – .0,6 #:#&,//#:6,2 9+#,365+#'%/5= '1:#3#0%:6#6/1$ .:6-
+#2:6', 3#/6+#78 <%3:5<%78/#2 475/1 9%+%77,78/1$ 9+#'#4/53#' 47= .<,/8D,/5= 
9,+,3+,:6/1$ 5:3%B,/52, 3#/6+#78 ;%4,+B,3 +%:9+#:6+%/,/5= :5-/%7#', +%;'#43% 
45GG,+,/J5%78/1$ 3%:3%4#' : #&,:9,0,/5,< :5<<,6+55, :3+.-7,/5, .-7#', :9,J5%78-
/1, 9+%'57% 6+%::5+#'35 47= '14,7,//1$ #&7%:6,2, '',4,/5, F3+%/5+.IA5$ J,9,2 [2]. 
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TopoR. E%//12 6+%::5+#'A53 /, 5<,,6 9+,5<.A,:6',//1$ /%9+%'7,/52 6+%::5-

+#'35, 3+%6/1$ 45°. *+%::5+#'3% 9#4 9+#5;'#78/1<5 .-7%<5 #&,:9,05'%,6 &#7,, F3#-

/#<50/#, 5:9#78;#'%/5, 3#<<.6%J5#//#-# 9+#:6+%/:6'%. E#9#7/56,78/#, 9+,5<.A,-
:6'# #&,:9,05'%,6:= 5:9#78;#'%/5,< :-7%B5'%/5= 9+#'#4/53#' 4.-%<5 575 %99+#3:5-

<5+.IA5<5 4.-. 75/5=<5.  

H# '+,<= 6+%::5+#'35 TopoR :6%+%,6:= '14,+B5'%68 ;%4%//.I D5+5/. 9+#'#4/5-

3#' 5 /#<5/%78/1, ;%;#+1 <,B4. 9+#'#4/53%<5. U:75 /, .4%,6:= '14,+B%68 /#<5-

/%78/12 ;%;#+, TopoR .<,/8D%,6 ,-# '97#68 4# <5/5<%78/#-#. U:75 /, :.A,:6'.,6 
'#;<#B/#:65 9+#',:65 6+%::. .3%;%//#2 D5+5/1, TopoR .<,/8D56 D5+5/., ';=' 
<,/8D,, ;/%0,/5, 5; 6%&75J1 9+%'57 6+%::5+#'35. 

P7%-#4%+= FGG,365'/1< %7-#+56<%< <5/5<5;%J55 3#750,:6'% 5 475/1 9,+,<1-

0,3 #&,:9,05'%I6:= +,;.786%61, :+%'/5<1, : +.0/#2 6+%::5+#'3#2. ?<,/5, <5/5<5;5-

+#'%68 05:7# <,B:7#2/1$ 9,+,$#4#' 4,7%,6 TopoR 9+,49#0656,78/1< %'6#6+%::5+#'-
A53#< 9+5 3#/:6+.5+#'%/55 -5&35$ 9,0%6/1$ 97%6. );-;% #6:.6:6'5= 9+,49#0656,78-
/1$ /%9+%'7,/52 6+%::5+#'35 5 -7.&#3#2 #965<5;%J55 TopoR #&,:9,05'%,6 3%0,:6',/-

/.I 6+%::5+#'3. :#'+,<,//1$ BGA-3#<9#/,/6#'.  %3 +,;.786%6, TopoR 9#;'#7=,6 
:9+#,365+#'%68 6. B, :%<.I 9,0%6/.I 97%6. ' <,/8D,< 05:7, :7#,', 5/575  <,/8D,-# 

+%;<,+%, 5/575 &#7,, 4,D,'.I ' 9+#5;'#4:6',, 5/575 #&7%4%IA.I 7.0D5<5 9#3%;%6,-
7=<5 9# F7,36+#<%-/56/#2 :#'<,:65<#:65, ' 6#< 05:7, ;% :0,6 .',750,//1$ ;%;#+#' 
<,B4. 9+#'#4/53%<5.[3] 

FreeRouting. *+%::5+#'A53 FreeRoute ' /%:6#=A,, '+,<= /%$#456:= ' %365'/#2 

+%;+%&#63,. !4/%3# .B, ,:68 :6%&578/12 +,75;, 3#6#+12 :,20%: 9#3%;1'%,6 #6750/1, 
+,;.786%61 9+5 +%;'#43, : D%-#< .-7% 45 -+%4.:#'. (3#+#:68 6+%::5+#'35 ':, ,A, #:-
6%'7=,6 B,7%68 7.0D,-#, #4/%3# 3%0,:6'# 6+%::5+#'35 #0,/8 $#+#D,,. *+%::5+#'A53 

<#B/# 5:9#78;#'%68 : 6%35<5 9+#-+%<<%<5, 3%3 FreePCB, Kicad, gEDA, CadSoft-Eagle 

':,<5 :5:6,<%<5 +%;+%&#635 PCB, ' :#:6%', 3#6#+1$ ,:68 5/6,+G,2: ';%5<#4,2:6'5= : 
%'6#6+%::5+#'A53%<5 Specctra 575 Electra.  

"+#J,:: 6+%::5+#'35 :#:6#56 5; 4'.$ #:/#'/1$ :6%452 – :/%0%7% 6+%::1 9+#37%-
41'%I6:= 6%3, 06#&1 ':, :#,45/,/5= &175 +%;',4,/1 (routing). (6%45= +%;'#435 /, ;%-
3#/056:=, 9#3% /, #:6%/,6:= /,+%;',4,//1$ J,9,2. "#:7, F6#-# ;%9.:3%,6:= :6%45= #9-

65<5;%J55 +%;'#435 (Bath Optimizer) – ':, 6+%::1 #965<5;5+.I6:= /% 9+,4<,6 .<,/8-
D,/5= 475/1 5 3#750,:6'% 9,+,$#4/1$ #6',+:652. H6#+%= :6%45= #965<5;%J55 9+#-

4#7B%,6:= 4#'#78/# 4#7-#. "+,+'%68 #965<5;%J5I <#B/# ' 7I&#2 <#<,/6. 
E#+#B35, 3#6#+1, .B, &175 +%;',4,/1 9,+,4 ;%9.:3#< FreeRoute, /53%3 /, &.4.6 

;%6+#/.61 6+%::5+#'A53#<. "#F6#<. F6. '#;<#B/#:68 :7,4.,6 5:9#78;#'%68 47= 9+,4-

'%+56,78/#2 6+%::5+#'35 ;%+%/,, 5;',:6/1$ 5 3+5650/1$ J,9,2.  

"+#-+%<<% FreePCB /, 5<,,6 +.:5G53%6#+%. FreePCB +%&#6%,6 '# ':,$ #9,+%J5-

#//1$ :5:6,<%$ :,<,2:6'% Microsoft Windows, '37I0%= 9#:7,4/II – Windows 7. U, 
<#B/# ;%9.:6568 ' Linux 5 Macintosh : 9#<#A8I 9+#-+%<<1 Wine. 

PADS AutoRouter. P,::,6#0/12 6+%::5+#'A53, +%;+%&#6%//12 47= '1:#3#:3#+#-

:6/1$ 9+#,36#' : '1:#3#2 97#6/#:68I. Z#+#D# 9#4$#456 47= 3#<9#/,/6#' : <%71< 

D%-#< 5 97#6/1<5 #&7%:6=<5. !&,:9,05'%,6 D5//.I 6+%::5+#'3. 5 #965<5;%J5I 

<,B:7#2/1$ 9,+,$#4#', #4/#'+,<,//.I 6+%::5+#'3. 8 :7#,', .-71 6+%::5+#'35 – #+-

6#-#/%78/%=, 45%-#/%78/%=, 5 4%B, 6+%::5+#'3% 9#4 «7I&1< .-7#<». "#44,+B5'%,6 
:#;4%/5, 9+#'#4/53#' ' '54, <,%/4+% : /%:6+#23#2 %<9756.41 5 ;%;#+%. 

"+5 9+#37%43, 6+%:: '/%0%7, +%;+,D%I6 9+#'#4/53%< 9,+,:,3%68:= 5 9+#37%41-

'%I6 5$ : <%71<5 ;%;#+%<5, % ;%6,< 9+#5;'#4=6 /,:3#783# J537#' #965<5;%J55, 9,+,-
37%41'%= 9+#'#4/535 5 .',7505'%= ;%;#+1, -4, '#;<#B/#. *%3, 9+5 #965<5;%J55 .05-

61'%I6:= /.B41 ':,$ 9+#'#4/53#', % /, 6#783# .B, 9+#7#B,//1$. @,;.786%6 +%&#61 
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9#4#&/1$ 6+%::5+#'A53#' $%+%36,+5;.,6:= 05:7#< 6+%::, 9+#',4,//1$ &,; /%+.D,/52, 

9+50,< /%+.D,/5,< ='7=,6:= 3%3 9,+,:,0,/5, 6+%::, 6%3 5 /,:#&7I4,/5, ;%;#+#' [4]. 

Situs. Situs c#;4%'%7:= 3%3 5/:6+.<,/6, 9+,4/%;/%0,//12 47= 6+%::5+#'35 :7#B-

/1$ 6#9#7#-52 : '1:#3#97#6/#2 3#<9#/#'3#2 F7,<,/6#' .9%3#'%//1$ ' BGA-3#+9.:%, 
:#4,+B%A5$ +%:A,97,//1, F3+%//1, :7#5 5 9+,4Y='7=IA5$ '1:#35, 6+,&#'%/5= 3 

-,#<,6+55 9+#'#4/53#'. (#'+,<,//1, 6#9#7#-50,:35, %7-#+56<1 6+%::5+#'35 5 '#;-
<#B/#:65 6#/3#2 /%:6+#235 9#;'#7=I6 :',:65 3 <5/5<.<. F6%91 9#:66+%::5+#'35. 

E7= :#;4%/5= 6#9#7#-55 :/%0%7% 6+%::5+#'A53 #9+,4,7=,6 9.68 47= 6+%::5+#'35, 5 ;%-
6,< '1;1'%,6 +%;750/1, 5:916%//1, %7-#+56<1 47= 9+,#&+%;#'%/5= ' '1:#3#3%0,:6-
',//.I 6+%::.. O7-#+56<1 5<,I6 <#4,75 9#:%4#0/1$ <,:6, IBIS 5 SPICE-<#4,75, % 
6%3B, 3D-<#4,75.  %B4.I 5; /5$ <#B/# :#;4%68 ' 9+#-+%<<, :%<#:6#=6,78/# 9.6,< 

9#:7,4#'%6,78/#-# ''#4% :',4,/52 # 3#<9#/,/6,. Situs 5:9#78;.,6 9#7/#:68I /%:6+%5-

'%,<12 %7-#+56< 47= +,D,/5= ;%4%0 +%;'#435 9,0%6/1$ 97%6 : &#78D#2 97#6/#:68I 

.:6%/#'35 F7,<,/6#'. *+%::5+#'A53 <#B,6 +%&#6%68 9# /,#+6#-#/%78/1< /%9+%'7,/5-

=< 5 : :%<#:6#=6,78/1< '1&#+#< :7#,'.  
(<=>?<. (.A,:6'.I6 +%;750/1, '541 9,0%6/1$ 97%6 (9# 3#750,:6'. :7#K', 9# 

0%:6#6,, 9# 45%9%;#/. 6,<9,+%6.+ 5 6. 4.), 5 3%B4%= 5; /5$ #&7%4%,6 5/45'54.%78/1<5 

6+,&#'%/5=<5, ;%4%0%<5. *%3B, :,20%: 5<,I6:= +%;750/1, 6+%::5+#'A535. [,7%6,78-
/# 5:9#78;#'%68 6+%::5+#'A53, 9#;'#7=IA52 :4,7%68 <%3:5<%78/# #965<%78/12 +5-

:./#3 /% 9,0%6/#2 97%6,. "+,49+5=65= <#-.6 5<,68 /,:3#783# 6+%::5+#'A53#'. *,< /, 
<,/,,, 6%3#, 5:9#78;#'%/5, /, #9+%'4%/#. *.3. 9+5#&+,6,/5, 6+%::5+#'A53% #-+%/505-

'%,6:= :6#5<#:68I, '#;<#B/#:68I 9#7.0,/5= 75J,/;5#//#-# 9+#4.36%, % 6%3B, 9#4-

4,+B%/5,< =;13#' ' 9+#-+%<<,. (7,4#'%6,78/#, 47= '1&#+% 9+#-+%<</#-# 9+#4.36% 
/,#&$#45<# 9+#'#4568 5::7,4#'%/5= 9,0%6/#2 97%61 5 #:.A,:6'7=68 %/%75650,:352 

#&;#+ +1/3% 9+#4.3J55 (O"@.  

 
(95:#3 756,+%6.+1  
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"2%)3'  699%3.+()"-.+  /'@+.0  !'*+"6$%3.!"))"1   

'  '!'.;!0  ".  ()%A)+4  6$%3.!"&'7)+.)04  ("/*%1-.(+1 

 

O. O. !:6%9,/3#, ]. H. ]+#'%=, ). ). "#6%9#' (/%.0/12 +.3#'#456,78) 
 

545 «L;M «3')+$,$-.» 

660041, :. ;(."!)<("-, %1. 4-./'C$-. ;$('!"-):), /. 89  

E-mail: adm@geockb.ru 

 

@%::<#6+,/1 6+,&#'%/5= G./3J5#/%78/#2 .:6#205'#:65 +%45#F7,36+#//#2 %99%+%6.+1 3 '/,D/5< 9#<,$#-

'1< F7,36+#<%-/56/1< '#;4,2:6'5=<. "+#',4K/ %/%75; /#+<%65'/1$ 6+,&#'%/52 3 %99%+%6.+, +%45#6,$/50,:35$ 

:5:6,< 9+5 +%;750/1$ .:7#'5=$ F3:97.%6%J55. "+,47#B,/% <,6#453% 9#46',+B4,/5= 9#3%;%6,7,2 FGG,365'/#:65 

;%A56/1$ <,+ 47= 3+5650,:35$ 0.':6'56,78/1$ .;7#' %99%+%6.+1. "+5',4,/1 +,;.786%61 6,:6#'1$ 5:916%/52 

J5G+#'1$ +%45#F7,36+#//1$ .;7#' /% 9#<,$#'1, 5<9.78:/1, F7,36+#<%-/56/1, '#;4,2:6'5=. 

 

@%&#6#:9#:#&/#, :#:6#=/5, +%45#F7,36+#//#2 %99%+%6.+1 ;%'5:56 #6 .+#'/,2 

'/,D/5$ 3#/4.365'/1$ 5 5;7.0%,<1$ F7,36+#<%-/56/1$ 9#<,$#'1$ '#;4,2:6'52. *+,-
&#'%/5= F7,36+#<%-/56/#2 &,;#9%:/#:65 +%45#F7,36+#//#2 %99%+%6.+1 #9+,4,7,/1 

*,$/50,:35< +,-7%<,/6#< *%<#B,//#-# :#I;% *@ *( 020/2011, 3#6#+12 ;%4%,6 #&=;%-
6,78/#:68 9#46',+B4,/5= 9#3%;%6,7,2 G./3J5#/%78/#2 .:6#205'#:65. O/%75; 9+#'#-

457:= 47= E/E/PES :5:6,< (Q!(* @ LN  61508-1-2007), +%;<,AK//1$ ' F3+%/5+#'%/-

/1$ ;%A56/1$ #&#7#03%$. E7= #J,/35 FGG,365'/#:65 ;%A56/1$ <,+ +%;+%&#6%/ <%7#-

-%&%+56/12 5<56%6#+ 5<9.78:/1$ 9#7,2 ' '54, 9#7,#&+%;.IA5$ 97%:65/, '1:#3#-

'#786/#-# -,/,+%6#+% 5 5;<,+56,78/1$ :+,4:6'. "+,47#B,/% 5 9+#',+,/% <,6#453% 5:-
916%/52 #&#+.4#'%/5= /% 9#<,$#.:6#205'#:68 5 9#<,$#F<5::5I ' '54, 3#/4.365'/1$ 

5 5;7.0%,<1$ F7,36+#<%-/56/1$ 9#<,$. "+5',4,/1 +,;.786%61 5:916%/52 /#.6&.3% 5 

:$,<1 6%36#'#-# -,/,+%6#+% /% '#;4,2:6'5, :,+55 5<9.78:/1$ F7,36+#<%-/56/1$ 9#-

7,2 3#+#63#2 4756,78/#:65 '#;/53%IA5$ 9+5 F7,36+#:6%650,:35$ +%;+=4%$. C#.6&.3 

&17 9#437I0,/ 3 5:6#0/53. 956%/5= 5 '19#7/=7 9+#-+%<<. 6,:65+#'%/5=. ):916%/5= 
9#3%;%75, 06# 5<9.78:/1, F7,36+50,:35, 9#7= 3#+#63#2 4756,78/#:65 : 9%+%<,6+#< 5 

:6,9,/8I 5/6,/:5'/#:65 5;7.0%,<#2 5<9.78:/#2 (9,+,$#4/#2) F7,36+#<%-/56/#2 9#-

<,$5 9+5 .:6%/#'7,//#2 Q!(* @ 52863-2007 [1] :6,9,/5 B,:63#:65 /, '1;1'%75 %'%-
+52/1$ :#:6#=/52 :5:6,</#2 97%61 5 <#/56#+% /#.6&.3%. 

?',750,/5, 97#6/#:65 +%45#F7,36+#//1$ :+,4:6', 9#'1D,/5, 9+#9.:3/#2 :9#:#&-

/#:65 5 9+#5;'#456,78/#:65 3%/%7#' :'=;5, #:'#,/5, ',+$/5$ 0%:6#6 :9,36+% +%&#05$ 

:5-/%7#' .',7505'%,6 +5:35 /%+.D,/5= +%&#6#:9#:#&/#-# :#:6#=/5= %99%+%6.+1 [2]. 

(/5B,/5, 4,2:6'.IA5$ /%9+=B,/52 5 6#3#' ' 3#<9#/,/6%$ F7,36+#//#2 6,$/535 6+,&.-

,6 9+5<,/,/5= 4#9#7/56,78/1$ <,+ ;%A561 #6 '/,D/5$ 3#/4.365'/1$ 5 /%',4K//1$ 

9#<,$, 5<9.78:/1$ F7,36+#<%-/56/1$ 9#7,2. "#46',+B4,/5, :##6',6:6'5= %99%+%6.+1 

6+,&#'%/5=< F7,36+#<%-/56/#2 &,;#9%:/#:65 #9+,4,7,/1 *@ *( 020/2011 ' G#+<, :,+-

65G53%J55 5 4,37%+5+#'%/5=. @,-7%<,/6 +%:9+#:6+%/=,6:= /% ':, 5;4,75=, 3#6#+1, <#-

-.6 :#;4%'%68 F7,36+#<%-/56/1, 9#<,$5 575 3#++,36/#:68 +%&#61 3#6#+1$ ;%'5:56 #6 
'#;4,2:6'5= '/,D/5$ 9#<,$. E#3.<,/6 +,3#<,/4.,6 9,+,0,/8 /#+<%65'#', 4#&+#'#78/#, 
9+5<,/,/5, 3#6#+1$ #&,:9,05'%,6 :#&7I4,/5, +,-7%<,/6% «N7,36+#<%-/56/%= :#'<,:-
65<#:68», ' 3#6#+12 '$#456 #3#7# 4'.$:#6 :6%6,2 5 9#7#B,/52 -#:.4%+:6',//1$ :6%/-

4%+6#' @#::55, P,7#+.::55 5  %;%$:6%/%. H @#::55 %365'/# ''#4=6:= <,B-#:.4%+:6',/-

/1, :6%/4%+61 9+=<#-# 9+5<,/,/5= L,B4./%+#4/#2 F7,36+#6,$/50,:3#2 3#<5::55 

(LN ), +%;+%&%61'%I6:= 5 '/,4+=I6:= -%+<#/5;5+#'%//1, :6%/4%+61 [1, 3] 9# F7,36+#-

<%-/56/#2 &,;#9%:/#:65 +%45#F7,36+#//#2 %99%+%6.+1 5 6,$/50,:35$ :+,4:6'. 
N7,36+#<%-/56/%= G./3J5#/%78/%= &,;#9%:/#:68 +%::<%6+5'%,6:= 0%:68I #&A,2 

&,;#9%:/#:65, 3#6#+%= #6/#:56:= 3 :5:6,<%< EUC (#&#+.4#'%/5,, <%D5/1, %99%+%61 
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575 .:6%/#'35, 5:9#78;.,<1, 47= 9+#5;'#4:6'%, #&+%&#635, 6+%/:9#+65+#'35 5 ' 5/1$ 

9+#J,::%$), .9+%'7=,<#<. #&#+.4#'%/5I 5 :5:6,<%< .9+%'7,/5=. P,;#9%:/#:68 ;%'5:56 
#6 9+%'578/#:65 G./3J5#/5+#'%/5= E/E/PES :5:6,< (F7,36+50,:35$/F7,36+#/-

/1$/9+#-+%<<5+.,<1$ F7,36+#//1$ :5:6,<, :'=;%//1$ : &,;#9%:/#:68I 5 :5:6,< 

#&,:9,0,/5= &,;#9%:/#:65). "+5 #6:.6:6'55 :9,J5%78/1$ :+,4:6' ;%A561 '#;4,2:6'5= 
F7,36+#<%-/56/1$ 9#<,$ /% +%45#F7,36+#//1, :+,4:6'% 9#'1D%I6 +5:35 '#;/53/#',-
/5= #63%;#', :&#,', 3+%63#'+,<,//1$ 9#6,+8 +%&#6#:9#:#&/#-# :#:6#=/5=. O/%75; 
&,;#9%:/#:65 9+#'#457:= 47= E/E/PES :5:6,< +%;<,AK//1$ ' F3+%/5+#'%//1$ :6%J5#-

/%+/1$ :##+.B,/5=$ 5 9#4'5B/1$ #&Y,36%$ +%45#6,$/50,:35$ :5:6,< :'=;5, +%45#7#-

3%J55 5 +%45#/%'5-%J55 (+5:. 1). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 – 5<9.78:/#, 9#7,; 2 – :6,/3% F3+%/5+#'%//#-# #&Y,36%-/#:56,7= (9#<,A,/5=);  

3 – /,#4/#+#4/#:65 F3+%/%; 4 –%99%+%6.+% ' ;%A56/#< 5:9#7/,/55 

 

@5:. 1. H#;4,2:6'5, 9#7,2 /% %99%+%6.+. #&Y,36% 5 F3+%/5+#'%//#-# :##+.B,/5=  
: +%45#F7,36+#//#2 %99%+%6.+#2 

 

E7= F7,36+#//#2 %99%+%6.+1, +%;<,A%,<#2 /% 9#4'5B/1$ #&Y,36%$ 5 :6%J5#/%+-

/1$ .:7#'5=$ F7,36+#<%-/56/%= #&:6%/#'3% ;%4%/% 6+,&#'%/5=<5 Q!(* P 51317.2.5-

2000 [4]. "+#',4,/ %/%75; </#-##&+%;5= 5/4.J5+#'%//1$ 5 F7,36+#<%-/56/1$ '#;4,2-

:6'52 /% '/,D/5$ :5-/%78/1$ 9+#'#4/53%$, F/,+-#:/%&B,/5= 5 ;%;,<7,/5=. N7,36+5-

0,:35, 9,+,-+.;35 ' '54, /%',4,//1$ 5<9.78:#' <#-.6 '#;/53%68 '# '/,D/5$ 5 '/.6-
+,//5$ J,9=$ #&#+.4#'%/5=, 06# 9#'1D%,6 +5:35 /%+.D,/52 +%&#6#:9#:#&/#-#  

:#:6#=/5=. C,#&$#45<12 .+#',/8 F7,36+#<%-/56/#2 &,;#9%:/#:65 E/E/PES :5:6,<  

4#:65-%,6:= 9+#-/#;5+#'%/5,< 4,:6+.365'/1$ F7,36+#<%-/56/1$ '#;4,2:6'52 

(Q!(* @ LN  62305-1-2010 [3]). !&#:/#'%/5, 6+,&#'%/52 3 0.':6'56,78/1< .;7%< 

#&#+.4#'%/5= 5 F7,36+#//1< 3#<97,36.IA5< 9#;'#7=,6 /% F6%9, +%;+%&#635 '1='568 
9.65 9+#/53/#',/5= 9#<,$ 5 3+5650,:35, .;71. NGG,365'/#:68 ;%A561 %99%+%6.+1 

4#7B/% 9#46',+B4%68:= 3#<97,3:/1<5 5:916%/5=<5 ':,-# #&Y,36%, 06# +,%75;.,6:= 
9.6K< G#+<5+#'%/5= 6,:6#'1$ 5<9.78:/1$ '#;4,2:6'52 (6#3#', /%9+=B,/52, 9#7,2) : 
$%+%36,+5:653%<5, :##6',6:6'.IA5<5 ;%4%//1< 6+,&#'%/5=< B,:63#:65. *,:6#'1, 9#-

7= <#A/#-# F7,36+#<%-/56/#-# 5<9.78:% #&10/# 5<,I6 $%+%36,+5:653. '54% «4'#2-

/#2 F3:9#/,/61», 06# 9#;'#7=,6 5:9#78;#'%68 :.A,:6'.IA5, '1:#3#'#786/1, 5<-

9.78:/1, -,/,+%6#+1 : K<3#:6/1<5 /%3#956,7=<5. (9,J5%75;5+#'%//1, 5<56%6#+1 

5<9.78:/1$ 9#7,2 %33+,456#'%//1$ 7%&#+%6#+52 5:9#78;.I6 6#3#9+#'#4=A5, 97%-
:65/1, .9+%'7=,<1, #4/5< 575 &#7,, -,/,+%6#+%<5, : 9#9,+,0/# +%:9+#:6+%/=IA,2:= 
F7,36+#<%-/56/#2 '#7/#2 9# +%&#0,<. #&Y,<.. ?/53%78/#:68 5:916%6,78/#-# #&#+.-

4#'%/5= '75=,6 /% :+#35 5 <%6,+5%78/1, ;%6+%61 9+5 5;-#6#'7,/55 5;4,752. 

3 4 2 1 2 4 3 
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(,+65G53%J5= E/E/PES :5:6,< /% .:6#205'#:68 3 5<9.78:/1< 9#7=<, 6#3%< 5 /%-
9+=B,/5=< /% '/,D/5$ 9#+6%$ 9+#'#456:= ' :9,J5%75;5+#'%//1$ %33+,456#'%//1$ 

5:916%6,78/1$ 7%&#+%6#+5=$ (J,/6+%$). H541 6,:6#'1$ 5:916%6,78/1$ '#;4,2:6'52, 

;/%0,/5= 659#'1$ 9%+%<,6+#' 9+5 5:916%/5=$ F7,36+#//#2 %99%+%6.+#2 '/.6+5 #&Y,3-

6#' /% .:6#205'#:68 3 5<9.78:/1< 9#7=< 5 /%9+=B,/5= #9+,4,7=I6:= .:6%/#'7,//#2 

:6,9,/8I B,:63#:65 5:916%/52. E7= %99%+%6.+1 %'6#<%65;5+#'%//1$ :5:6,< ' ;%A56-
/#< 5:9#7/,/55 #:/#'/1, '#;4,2:6'5= 9+,4:6%'7,/1 ' 6%&7. 1. 
 

*%&75J% 1 

@,3#<,/4.,<1, '541 5:916%6,78/1$ '#;4,2:6'52 9# Q!(* @ 52863-2007 [2] 

 

H54 '#;4,2:6'52 

(I – 6#35, U – /%9+=B,/5=,  
@ – 9#7=, W - <#A/#:68) 

):916%6,78/1, '#;4,2:6'5= 9# 

:,65  

F7,36+#956%/5= 
9+#'#4/1<  

75/5=< :'=;5 

<,6%77#-

3#/:6+.3J5=< 

5<9.78:/1<  

9#7=< 

1 )<9.78:1 &#78D#2 4756,78/#-

:65 

U, W – I, W – 

2 C5;3#'#786/1, #4/#3+%6/1, 
<5775:,3./4/1, 5<9.78:1 

U, I U, I – – 

3 H1:#3#'#786/1, #4/#3+%6/1, 
<5775:,3./4/1, 5<9.78:1  

U, I U, I I – 

4  #<&5/5+#'%//1, #4/#3+%6/1, 
5<9.78:1 

U, I – – – 

5 H1:#3#'#786/1, 9,+5#450,-
:35, <53+#:,3./4/1, 5<9.78:1  

U, W – – – 

6 H1:#3#'#786/1, #4/#3+%6/1, 
/%/#:,3./4/1, 5<9.78:1  

U U U @ 

7 H1:#3#'#786/1, 9,+5#450,-
:35, /%/#:,3./4/1, 5<9.78:1  

U U – @ 

8 ",+5#450,:35, 5<9.78:1 3#-

+#63#-# ;%<13%/5= 
I – – – 

 

?+#'/5 '#;4,2:6'52 /% E/E/PES :5:6,<1 #&#:/#'%/1 : .0K6#< 3%0,:6',//1$ 9+5-

;/%3#' 37%::5G53%J55 5 G./3J5#/5+#'%/5= 9+5 G#+<5+#'%/55 5:916%6,78/1$ '#;4,2-

:6'52 /% 9#+61 F7,36+#956%/5=, ;%;,<7,/5= 5 .9+%'7,/5=, :5-/%78/1, 9#+61. H :#:6%' 
<%7#-%&%+56/#-# 5<56%6#+% 5<9.78:/1$ 9#7,2 '$#456: 5;<,+56,78/12 3#<97,3: (J5G-

+#'#2 #:J577#-+%G, '1:#3#'#786/1, 4,756,75, /#.6&.3 : 9+#-+%<</1< #&,:9,0,/5,< 

47= +,-5:6+%J55 5 $+%/,/55 4%//1$); 6,:6#'12 -,/,+%6#+ :,+52 /%/#:,3./4/1$ 5<9.78-
:#' ('1:#3#'#786/12 9+,#&+%;#'%6,78, 5:6#0/53 956%/5= : 9+5K</53#< 3#<%/4 .9+%'7,-
/5=, 9.786 &,:9+#'#4/#-# .9+%'7,/5=); 9#7,#&+%;.IA5, 97%:65/1, :#;4%IA5, 5:916%-
6,78/12 #&YK< 350×200×70 <<. L%71, +%;<,+1 '1:#3#'#786/#-# 9+,#&+%;#'%6,7= 9#-

;'#7=I6 9+5<,/=68 .:6+#2:6'# ' 6+.4/#4#:6.9/1$ <,:6%$ : 97#6/1< <#/6%B#< 5 ' .:-
7#'5=$ F3:97.%6%J55. )<56%6#+ 9#;'#7=,6 9+#'#4568 9+#',+35 +%&#6#:9#:#&/#-# :#-

:6#=/5= 5 FGG,365'/#:65 .;7#' ;%A561. C%9+=B,//#:68 6,:6#'1$ 5<9.78:/1$ 9#7,2 

'/.6+5 +%&#0,2 ;#/1 9#;'#7=,6 5<565+#'%68 ':, '541 '#;<#B/1$ '#;4,2:6'52. )<56%-
6#+ &17 5:9#78;#'%/ 9+5 9+#',+3%$ '75=/5= 5<9.78:/1$ 9#<,$ /% +%&#6#:9#:#&/#, 
:#:6#=/5, /#.6&.3%, .:6+#2:6' ;%A561 75/52, </#-#:7#2/#2 9,0%6/#2 97%61 <#4,<%, 
<%3,6% -,/,+%6#+% 6%36#'1$ 5<9.78:#' 5 +%;750/1$ 6,$/50,:35$ :+,4:6'.  #/6+#78 
+%&#6#:9#:#&/#:65 /#.6&.3% 9+#'#457:= 3#<97,3:/1< 6,:6#< 9%<=65 9+5 9+#',+3, 
&1:6+#4,2:6'5= &,; 9+5<,/,/5= ./5',+:%78/1$ #9,+%J5#//1$ :5:6,<. C%-+.B,/5, 
:,+5=<5 5<9.78:#' 9#'6#+=7#:8 /, <,/,, 9=65 +%;. ?+#'/5 '#;4,2:6'.IA5$ 5<9.78:-
/1$ F7,36+50,:35$ 9#7,2 % ;%4%'%75:8 +%::6#=/5,< <,B4. 97%:65/%<5 d (: .0K6#< '1-
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:#61 4#9#7/56,78/1$ 45F7,36+50,:35$ D%2& h). ?:7#'5= 5:916%/52 5 +%;<,A,/5, 9#-

7,#&+%;.IA5$ 97%:65/, 9+5 9+#',+3%$ :5:6,</#2 97%61, B543#3+5:6%7750,:3#-# <#-

/56#+% /#.6&.3% 5 -,/,+%6#+% 9+,4:6%'7,/1 /% +5:. 2. 
 

 

 
 

 
 

. – 5:916%/5= :5:6,</#2 ;#/1 /#.6&.3% 
 

> – 5:916%/5= <#/56#+% /#.6&.3% 

 

 

 

? – 5:916%/5= <%3,6% -,/,+%6#+% 
 

: – +,;.786%6 +,-5:6+%J55 '#;4,2:6'52 

 

1 – #&Y,36 5:916%/52; 2 – 5:916%6,78/%= ;#/%; 3 – 5;<,+56,78/12 3#<97,3: (/#.6&.3, #:J577#-+%G, 

4,756,78); 4 – -,/,+%6#+ :,+55 '1:#3#'#786/1$ 5<9.78:#'; 5 – +%45#.9+%'7=,<12 5:6#0/53 956%/5=;   

6 – 9#7,#&+%;.IA%= :5:6,<% : 5;#7=6#+%<5 

 
@5:. 2. ):916%/5= :5:6,</#2 97%61 5 <#/56#+% /#.6&.3% 

 

@,;.786%61 5:916%/52 /#.6&.3% /% '75=/5, 5<9.78:/1$ (9,+,$#4/1$) F7,36+#-

<%-/56/1$ 9#7,2 9+,4:6%'7,/1 ' 6%&7. 2. (6,9,/5 B,:63#:65 5:916%6,78/1$ '#;4,2:6-
'52 5 3+56,+55 #J,/35 3%0,:6'% G./3J5#/5+#'%/5= 6,$/50,:35$ :+,4:6' ;%4%'%75:8 ' 
:##6',6:6'55 : Q!(* @ 52863-2007 [1]. !J,/3% 9+#'#457%:8 9# :#:6#=/5I +%&#6#:9#-

:#&/#:65 :5:6,</#2 97%61 5 <#/56#+% /#.6&.3%. 
)<9.78:/1, F7,36+50,:35, 9#7= 3#+#63#2 4756,78/#:65 : 9%+%<,6+#< 5 :6,9,-

/8I 5/6,/:5'/#:65 5;7.0%,<#2 5<9.78:/#2 (9,+,$#4/#2) F7,36+#<%-/56/#2 9#<,$5 

9+5 :6,9,/5 B,:63#:65 .:6%/#'7,//#2 Q!(* @ 52863-2007 [1], /, '1;1'%75 %'%+52/1$ 

:#:6#=/52 :5:6,</#2 97%61 5 <#/56#+% /#.6&.3%. 
 

1 2 2 1 3 4 5 

1 2 4 6 
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*%&75J% 2 

@,;.786%61 5:916%/52 3+5650/1$ .;7#' J5G+#'#2 %99%+%6.+1 

 

!&Y,36 5::7,4#'%/5= 
Z%+%36,+5:653%  
'#;4,2:6'52 

H1='7,//1, 9+5;/%35 9#:7,4:6'52  

6,:6#'1$ '#;4,2:6'52 

1 C#.6&.3, ;#/% :5:-
6,</#2 97%61 9+5 '1-

9#7/,/55 6,:6#'1$ 

9+#',+#3 9%<=65 5 9+#-

J,::#+% 

h = 10 << /,;/%056,78/#, 9#4,+-5'%/5, 5;#&+%B,/5=, #63%;#', 
:&#,', #:6%/#'35 6,:6% /, '1='7,/# 

h = 5 << ;/%056,78/1, 5:3%B,/5= 5;#&+%B,/5=, :&#5 ' +%&#6, 
6%09%4% 

h = 3 << %'%+52/%= #:6%/#'3% 6,:6% : ;%9.:3#< 9,+,;%-+.;35, 

#63%;#' /, '1='7,/# 

2 LCD <#/56#+ /#.6&.-

3% 9+5 '19#7/,/55 6,:-
6#'1$ 9+#',+#3 

h = 3 << 5:3%B,/5, #64,78/1$ :6+#3 ' 9#7#:, 10 % '1:#61 F3-
+%/% 

h = 0 << (d = 11 <<) :578/1, 5:3%B,/5=, '/.6+,//5, +%;+=41 ;% ;%A56/1< 

:6,37#< <#/56#+%. !63%;#', :&#,' /,6 
3 P7#3 956%/5= /#.6&.-

3% : 3%&,7,< 

d = 25 << 9+5;/%3#' '75=/5= /% +%&#6. /#.6&.3% /, '1='7,/# 

4 "+#'#4/535 97%61 

3 COM <#4,<%  
7#3%78/12 +%;+=4/53 

/% .4%7,/55  10–40 :<
9+,4,78/1, .+#'/5 /%'#4#3 /, &#7,, 200 <H 9+5 ',+-

653%78/#< 5 -#+5;#/6%78/#< 9#7#B,/55, &,; <,+ F3+%-
/5+#'%/5= 

5 L%3,6 -,/,+%6#+% 6%3-
6#'1$ 5<9.78:#' 

d = 20 << 9#='7,/5, :&#,' ' +%&#6, (+5:. 2, :). "+5 +%;<,A,/55 ' 
;%<3/.6#< F3+%/, 5; <,4/#2 G#78-5 :&#,' /, '1='7,/#

 

@,;.786%61 5:916%/52 :'54,6,78:6'.I6 # '19#7/,/55 :#'+,<,//1$ 6+,&#'%/52 

9#<,$#.:6#205'#:65 /#.6&.3% 3 5;7.0%,<1< F7,36+#<%-/56/1< 9#<,$%< ;%4%//1< 

/#'1<5 /#+<%65'%<5. 

 
(95:#3 756,+%6.+1 

 

1. Q!(* @ 52863-2007. O'6#<%65;5+#'%//1, :5:6,<1 ' ;%A56/#< 5:9#7/,/55. ):916%/5= /% .:-
6#205'#:68 3 9+,4/%<,+,//1< :57#'1< NL '#;4,2:6'5=<. !&A5, 6+,&#'%/5=. – L.: (6%/4%+65/G#+<, 

2008. – 32 :. 
2. P%7I3 C. H.,  ,05,' S. C., (6,9%/#' ". H. L#A/12 F7,36+#<%-/56/12 5<9.78:: '#;4,2:6'5, 

/% F7,36+#//1, :+,4:6'% 5 <,6#41 ;%A561. – L.: !!! «Q+.99% )E*», 2009. – 478 :. 
3. Q!(* P LN  61508-1-2007. M./3J5#/%78/%= &,;#9%:/#:68 :5:6,< F7,36+50,:35$, F7,36+#/-

/1$, 9+#-+%<<5+.,<1$ F7,36+#//1$, :'=;%//1$ : &,;#9%:/#:68I. >. 1. !&A5, 6+,&#'%/5=. – L.: (6%/-

4%+65/G#+<, 2008. – 50 :. 
4. Q!(* P 51317.2.5-2000. (#'<,:65<#:68 6,$/50,:35$ :+,4:6' F7,36+#<%-/56/%=. N7,36+#<%--

/56/%= #&:6%/#'3%.  7%::5G53%J5= F7,36+#<%-/56/1$ 9#<,$ ' <,:6%$ +%;<,A,/5= 6,$/50,:35$ :+,4:6'. – 

L.: )"  );4-'# :6%/4%+6#', 2001. – 40 :. 
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"-"#%))"-.+   !+&%)%)+,  ($'7"/'@+.)"7"   "3!0.+,  

;$:.!'9+"$%."("7"  ".(%!5*%)+, 

 

L. Q.  #B.+5/%1
, C. C. L%$/#':3%=2

, (. ). *+,-.&#'1 
(/%.0/12 +.3#'#456,78) 

 
1 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926  

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28  

E-mail: Kozhurina.mariya@mail.ru 
2 45 G88 «=./$)"?<,D» 

660021, :. ;(."!)<("-, %1. E'-.>($"#)?, 19 

 
@%::<%6+5'%I6:= '#9+#:1, '#;/53%IA5, 9+5 9+5<,/,/55 /#'1$ '7%-#;%A56/1$ <%6,+5%7#' 47= 9,0%6/1$ 

.;7#'. @%::<#6+,/1 :'#2:6'% 9#75.+,6%/#'1$ 9#3+1652 ?M-#6',+B4,/5=, ' :+%'/,/55 : 6+%45J5#//1<5 '7%-#;%-
A56/1<5 9#3+165=<5. 

 

H7%-#;%A56/1, 9#3+165= /,#&$#45<1 47= ;%A561 F7,36+#//1$ 5;4,752, F3:-
97.%65+.,<1$ ' B,:635$ 375<%650,:35$ .:7#'5=$ 5 9#4',+-%,<1$ '#;4,2:6'5I '7%-5 

5 '1:#3#2 6,<9,+%6.+1, 9175 5 %-+,::5'/1$ $5<53%6#'. !/5 6%3B, 9+,4#6'+%A%I6 
+#:6 4,/4+56#' 5 #&+%;#'%/5, #3:54#' /% 9+#'#4=A5$ :7#=$ 9,0%6/1$ 97%6, 9+5'#4=-
A5$ 3 3#+#63#<. ;%<13%/5I 9+#'#4/53#' 5 '1$#4. 5; :6+#= 9,0%6/#-# .;7%. P#78D5/-

:6'# <%6,+5%7#' '7%-#;%A56/1$ 9#3+1652 #&7%4%I6 ',:8<% '1:#3#2 .:6#205'#:68I ' 
+%;750/1$ $5<50,:35 %-+,::5'/1$ :+,4%$. !4/%3#, ,:75 9,0%6/12 .;,7 &.4,6 9#4',+-

-%68:= 9+#4#7B56,78/#<. '#;4,2:6'5I %-+,::5'/1$ $5<50,:35$ :#,45/,/52, 6%35$ 3%3 

.-7,'#4#+#41, /,#&$#45<12 .+#',/8 ;%A561 <#-.6 #&,:9,0568 6#783# 9#3+165= /% 
#:/#', F9#3:54/1$ :<#7. 

"# <,+, +%;'565= /#'1$ <%6,+5%7#', /,#&$#45< 9#5:3 /#'1$ ;%A56/1$ 9#3+1-

652 47= #&,:9,0,/5= F3:97.%6%J55 9+#5;'#45<#-# .:6+#2:6'% ' B,:635$ .:7#'5=$. 

C,;%'5:5<# #6 6#-#, 3%3#2 '1&+%/ <%6,+5%7 575 9+#J,:: 9#3+165=, /,#&$#45<# 

.0561'%68 :7,4.IA5, '#9+#:1: <,6#4 /%/,:,/5= 9#3+165=, .:7#'5= F3:97.%6%J55 5;-
4,75=, +,<#/6#9+5-#4/#:68, .6575;%J5= #6$#4#', '#;4,2:6'5, /% #3+.B%IA.I :+,4., 

&,;#9%:/#:68 9,+:#/%7%, :5:6,</%= 9#44,+B3% 5 #&:7.B5'%/5,.  
E7= #&,:9,0,/5= /%4,B/#2 ;%A561 +%45#F7,36+#//#2 %99%+%6.+1, '7%-#;%A56-

/1, 9#3+165= 4#7B/1 #&7%4%68 :7,4.IA5<5 :'#2:6'%<5: 

- B5;/,:9#:#&/#:68 :<,:5 5 :+#3 $+%/,/5= – '%B/12 G%36#+ 9+5 97%/5+#'%/55 

#9,+%J55 9#3+165=, 6. 3. '75=,6 /% :6#5<#:68 5 /% #&Y,<1 /%/,:,/5=. "+5,<7,<#2 

:056%,6:= B5;/,:9#:#&/#:68 :<,:5 #6 30 <5/.6 4# 3 0%:#' 9+5 3#</%6/#2 6,<9,+%6.+,. 
C5;3%= B5;/,:9#:#&/#:68 /,5;&,B/# 9+5',4,6 3 5;75D/,2 9#6,+, <%6,+5%7% '# '+,<= 
/%/,:,/5= 5 <#B,6 9+5'#4568 3 /,#4/#+#4/#2 6#7A5/, 9#3+165= ':7,4:6'5, &1:6+#-# 

;%-.:6,'%/5= <%6,+5%7%; 
- '=;3#:68. C%5&#7,, 6,$/#7#-50/1 :#:6%'1 : /5;3#2 '=;3#:68I (<,/,, 3000 :%/-

659.%; (:";)), 9#;'#7=IA,2 B543#<. 9#3+165I 7,-3# +%:6,3%68:= '#3+.- 3#<9#/,/6#' 
'# '+,<= /%/,:,/5= 5 ;%9#7/=68 9+#:6+%/:6'% 9#4 3#<9#/,/6%<5. !4/%3#, 9+5 9#3+1-

655 3#<9#/,/6#' : #:6+1<5 .-7%<5 575 '1:6.9%IA5<5 '1'#4%<5 B,7%6,78/% '1:#3%= 
'=;3#:68 <%6,+5%7%. H=;3#:68 4#7B/% &168 4#:6%6#0/#2, 06#&1 #&,:9,0568 -%76,78 /% 
-+%/5J, 3#<9#/,/6% 5 97%61, -4, /, <#B,6 &168 #&,:9,0,/# 9#7/#, 9+#/53/#',/5, 9#-

3+165= 9#4 3#<9#/,/6; 
- #6',+B4,/5,. !6',+B4,/5,< /%;1'%I6 /,#&+%65<12 9,+,$#4 +,%3J5#//#:9#-

:#&/1$ #75-#<,+#' (9#75<,+#' :+%'/56,78/# /,&#78D#2 <#7,3.7=+/#2 <%::1) ' /,-
+%:6'#+5<1, 5 /,97%'35, (6%3 /%;1'%,<1, :D561,) 9#75<,+1. "+#J,:: 9+#5:$#456 : 
.0%:65,< :9,J5%78/1$ +,%-,/6#' (#6',+456,7,2) 575 9#4 4,2:6'5,< 4#9#7/56,78/1$ 
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F/,+-,650,:35$ 9+#J,::#'. *,<9,+%6.+% #6',+B4,/5= ='7=,6:= '%B/1< G%36#+#<. >,< 

'1D, 6,<9,+%6.+%, 6,< &1:6+,, 9+#5:$#456 #6',+B4,/5,. !&10/# 9+5 3#</%6/#2 6,<-

9,+%6.+, '7%-#;%A56/1< 9#3+165=< 4# 9#7/#2 9#75<,+5;%J55 6+,&.,6:= 4# 24 0%:#'. 
H 9,05 '7%-#;%A56/1, 9#3+165= <#-.6 9#75<,+5;#'%68:= ;% 3#+#6352 9+#<,B.6#3 

'+,<,/5, '97#68 4# 30 :,3./4. H1&#+ 6,<9,+%6.+1 5 '+,<,/5 #6',+B4,/5= #9+,4,7=,6-
:= 3#/3+,6/1< 6,$/#7#-50,:35< 9+#J,::#< 47= #9+,4,7,//#-# '54% <%6,+5%7%. E7= 
<%::#'#-# 9+#5;'#4:6'% B,7%6,78/# 9+5<,/,/5, :%<1$ &1:6+##6',+B4%IA5$:= 9#-

3+1652. !4/%3#, /%4# 5<,68 ' '54., 06# '1:#3%= 6,<9,+%6.+% #6',+B4,/5= <#B,6 9+5-

',:65 3 9#'+,B4,/5I 3#<9#/,/6#' /% 97%6, : /5;3#2 +%&#0,2 6,<9,+%6.+#2; 

- F7,36+50,:35, :'#2:6'%. H7%-#;%A56/#, 9#3+165, 4#7B/# #&7%4%68 $#+#D5<5 

F7,36+#5;#7=J5#//1<5 :'#2:6'%<5.  +#<, 6#-#, 9#3+165, /, 4#7B/# #6+5J%6,78/# 

'75=68 /% $%+%36,+5:6535 F7,36+50,:3#2 :$,<1, /%9+5<,+, /,3#6#+1, 9#3+165= 9+5 

/5;35$ 0%:6#6%$ /, '75=I6 /% +%&#6#:9#:#&/#:68 :$,<1, /# 9+5'#4=6 3 #63%;. :$,<1. 

E5F7,36+50,:3%= 9+#/5J%,<#:68 5 6%/-,/: .-7% 45F7,36+50,:352 9#6,+8 '#;+%:6%I6 : 
.',750,/5,< 0%:6#61, 6#-4% 3%3 :#9+#65'7,/5, 5 F7,36+50,:3%= 9+#0/#:68 45F7,36+53% 
.<,/8D%I6:=. "#'1D,/5, 6%/-,/:% .-7% 45F7,36+50,:35$ 9#6,+8 #;/%0%,6 .',750,/5, 
9#6,+8 9#7,;/#2 F/,+-55 5 :'=;%//12 : F65< /%-+,' %99%+%6.+1.  

- '7%-#9#-7#A,/5,. "#-7#A,/5, '7%-5 9#3+165,<, 3%3 5; '#;4.$%, 6%3 5; '#4=/#2 

9+#&35 /% 9#',+$/#:65 9,0%6/#-# .;7% '7,0,6 ;% :#&#2 .<,/8D,/5, .4,78/#-# #&Y,<-

/#-# 5 9#',+$/#:6/#-# :#9+#65'7,/52; 

- $5<50,:3%= :#'<,:65<#:68 5 $5<50,:3%= :6#23#:68. H7%-#;%A56/#, 9#3+165, 
4#7B/# &168 F7,36+#$5<50,:35 :#'<,:65<1< : <%6,+5%7#< 9,0%6/#-# .;7%, 3#<9#/,/-

6%<5 5 $5<50,:35<5 :#,45/,/5=<5, #:6%'D5<5:= /% 97%6, ' +,;.786%6, '19#7/,/5= 
9+,414.A5$ 6,$/#7#-50,:35$ #9,+%J52. !/5 /, 4#7B/1 +%;Y,4%68 3#+9.:% 3#<9#/,/-

6#' 5 .4%7=68 : /5$ <%+35+#'3.. C,3#6#+1, $5<50,:35, :#,45/,/5= <#-.6 '75=68 /% 
%4-,;5I '7%-#;%A56/#-# 9#3+165= : 97%6#2, 9+,9=6:6'#'%68 #6',+B4,/5I 9#3+165= 
575 ;%<,47=68 ,-#.  

- <,$%/50,:3%= :6#23#:68. H7%-#;%A56/#, 9#3+165, 4#7B/# #&,:9,05'%68 #9+,-
4,7,//.I .4%+/.I '=;3#:68 5 .:6#205'#:68 3 5:65+%/5I. "#3+165, 4#7B/# &168 <%3-

:5<%78/# F7%:650/1<, 6.3. ' :7.0%, 6,+<50,:3#-# :6+,::% (/%9+5<,+, 9,+,9%4% 6,<9,-
+%6.+) 6#7:61, :7#5 <#-.6 9#6+,:3%68:=. 

C,3#6#+1, 659#'1, 9#3+165= 9+5',4,/1 ' 6%&7. 1. 

 
*%&75J% 1  

"%+%<,6+1 9#3+1652 

 

"%+%<,6+1 (5753#/#'1, O3+57#'1, "#75.+,6%/#'1, 
"#75.+,6%/#'1, 
?M-#6',+B4,/5= 

?:7#'5= #6',+B4,/5= 24 0 ' /.., 30 <5/ 

9+5 80 °( 

24 0 ' /.., 30 <5/ 

9+5 80 °( 
20 0 9+5 90 °( 30 : 

@%&#05, 6,<9,+%6.+1 -65…200 -60...130 -70...120 -60…150 

 !"# ($%&'. ()*+,*%-% 

./01).+*)2) 
7,5x10-5 16310-5 15x10-5 

4)&(+$5.)6+0$/2  

7.%*)8/+9%05: 
2.5 2,5 3,6 2,5 

4)&(+$5.)6+0$/2  

7.%6*%05: $;/99 
17 58 60 60 

 /*-+*0 <-(/ 7%5+.: 0.01 0.01 0,03 0,01 

;(/-%05%,$%05: 5x1010 6x1010 1,5x1010 6x1010 

;2=$%05:, (0>=) 65…50000 200…1000 35…5000 250…700 
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>.)9+*2+9?+ 7%$.?5)2 %@(/A/B5 0(+A<BC)9) 0D%,05D/9): 
- E)()$%*%D%+ 7%$.?5)+: =/C)5/ %5 7%D?1+**%, D(/F*%05); @?05./2 7%()9+.)-

=/8)2 7.) $%9*/5*%, )() 7%D?1+**%, 5+97+./5<.+; */*+0+*)+ 5%(05?9 0(%+9 150–
300 9$9; */()6)+ 7%$.?5),, *+ 0%A+.F/C)3 ./05D%.)5+(+,, 65% %@+07+6)D/+5 05/@)(:-
*%05: D2=$%05) (/$/ D 5+6+*)+ A()5+(:*%-% D.+9+*) ) 7.%05%5/ .+9%*5/. 

- G$.)(%D%+: =/C)5/ %5 7%D?1+**%, D(/F*%05); @?05.%+ %5D+.FA+*)+ 7.) */-.+-
D+; 3%.%1/2 <05%,6)D%05: $ 7(+0*+D?9 -.)@$/9; */)(<61/2 /A-+=)2 $ 9/5+.)/(/9 7+-
6/5*%-% <=(/ ) D?0%$/2 .+9%*5%7.)-%A*%05:. 

- >%()<.+5/*%D%+: 3)9)6+0$/2 05%,$%05:; D?0%$/2 05%,$%05: $ 0%(+*%9< 5<9/*<; 
@?05.%+ %5D+.FA+*)+ 7.) */-.+D+; 3%.%1/2 <05%,6)D%05: $ 7(+0*+D?9 -.)@$/9 ) D?-
0%$)+ 5+3*%(%-)6*%05: ) .+9%*5%7.)-%A*%05:. 

- >%()<.+5/*%D%+ <(:5./')%(+5%D%-% %5D+.FA+*)2: 3)9)6+0$/2 05%,$%05: ) =/-
C)5/ %5 7%D?1+**%, D(/F*%05); *+ 0%A+.F)5 D 0D%+9 0%05/D+ ./05D%.)5+(+, (100 % 7%-
()9+./); %5D+.FA+*)+ =/ 10–60 0; */*+0+*)+ 0(%+9 %5 25 A% 500 9$9; 3%.%1/2 -)@$%05: 
D(/-%=/C)5*%, 7(+*$) D 1).%$%9 A)/7/=%*+ 5+97+./5<. ) A%05/5%6*/2 5%(C)*/ 7%-
$.?5)2 A/F+ */ %05.?3 $.%9$/3 $%97%*+*5%D, 3%.%1/2 .+9%*5%7.)-%A*%05:. 

;(/-%=/C)5*%+ 7%$.?5)+ <(:5./')%(+5%D%-% (HI) %5D+.FA+*)2 – %A)* )= 0/9?3 
@?05.%7%()9+.)=<BC)302 9/5+.)/(%D. J@(/A/+5 *+D?0%$%, D2=$%05:B, 65% 7%=D%(2+5 
@?05.% 7%$.?D/5: 7%D+.3*%05: $%97%*+*5%D ) -/./*5).<+5 ./D*%9+.*%+ ./07.+A+(+*)+ 
9/5+.)/(/ 7% D0+, 7%D+.3*%05) 7+6/5*%-% <=(/. K+ 0%A+.F)5 ./05D%.)5+(+,, D .+=<(:-
5/5+ 6+-% 7%$.?5)+ @%(++ <A%@*% D 7.)9+*+*)), @+=%7/0*% A(2 %$.<F/BC+, 0.+A?, 
)9++5 D?0%$<B 0$%.%05: %5D+.FA+*)2 ) 0%$./C/+5 5+3*%(%-)6+0$%+ D.+92 0 9%9+*5/ 
*/*+0+*)2 7%$.?5)2 A% %@.+5+*)2 7(+*$%, $%*+6*?3 0D%,05D. 

"/$) HI-%5D+.FA+*)2 9%F*% */*%0)5: 0 7%9%C:B /D5%9/5)6+0$%-% %@%.<A%D/-
*)2, $)05) )() A%=/5%./. 

 !"#$%"&'()*#( )(+(*"&!,#( ,%,()(,&( -%.&",#/# 0#*12"&3. E)05+9? /D5%-
9/5)6+0$%-% 0+(+$5)D*%-% */*+0+*)+ 7%=D%(2B5 ./D*%9+.*% */*%0)5: (/$ */ =/A/**?+ 
%@(/05) &(+$5.%**%-% 9%A<(2 0 7%D5%.2+9?9 .+=<(:5/5%9 @+= 7.+AD/.)5+(:*%, 9/0$)-
.%D$) )() -+.9+5)=/8)).  

4%,()(,&( 0#*12"&3 *&)"56/1%)"(*%,&($ 

K/*+0+*)+ 7%$.?5)2 $)05:B/./05+$/*)+9 7.)9+*2+502 A(2 7%$.?5)2 *+@%(:1)3 
7/.5), ) .+9%*5/, 5/$ $/$ (/$ 9%F*% */*%0)5: */ D?@./**?+ <6/05$). H &5%-% 07%0%@/ 
*)=$/2 7%D5%.2+9%05: */*+0+*)2 ./D*%9+.*%-% 7% 5%(C)*+ 0(%2 (/$/. 

4%,()(,&( ) 0#$#.56 0&)"#+("%-1%)02+&"(+3.  
"/$) HI %5D+.FA+*)2 7.)-%A*? A(2 */*+0+*)2 0 7%9%C:B ./07?()5+(2 (*/7.)-

9+., A(2 0+(+$5)D*%-% */*+0+*)2 9/5+.)/(%D */ D/F*?+ <6/05$)). L5%5 9+5%A */*+0+-
*)2 7.)9+*2+502 7.) 9/(?3 %@M+9/3 7.%)=D%A05D/. E<C*%05: 9+5%A/ =/$(B6/+502 D 
./07?(+*)) 9/5+.)/(/ 0F/5?9 D%=A<3%9 */ 7%D+.3*%05: )=A+()2. 

J5D+.FA+*)+ (/$%D 7.%)03%A)5 6+.+= AD/ @?05.% 7+.+$.+05*% 7.%5+$/BC)3 3)-
9)6+0$)3 7.%8+00/: HI-7%()9+.)=/8)2 ) 7%()9+.)=/8)2 =/ 06+5 3)9)6+0$%, .+/$8)) 
D(/-) )= D%=A<3/ (>H-0<1$/). >+6/5*?, <=+( 9%F*% */-.<F/5: <F+ 7%0(+ &5/7/ HI-
0<1$). N)$( >H-0<1$) 7.)D%A)5 $ 7%(*%, 7%()9+.)=/8)) (/$/ D 5+*+D?3 =%*/3, -A+ 
HI-)=(<6+*)+ *+ 9%F+5 =/7<05)5: 7.%8+00 %@./=%D/*)2 7%7+.+6*?3 0D2=+,. 

J6+*: D/F*% D?7%(*)5: HI-0<1$< A% 0/9%, 7%A(%F$) 7.)-%A*?9) A(2 &5%-% 
HI-(/97/9). K+D%=9%F*% A%05)-*<5: <$/=/**?3 D 5+3*)6+0$%9 %56+5+ 0D%,05D 5%(:$% 
0 7%9%C:B >H-0<1$). 4(2 %5D+.FA+*)2 D %0*%D*%9 )07%(:=<B502 (/97? 0% 07+$5.%9 
)=(<6+*)2 (350-390) *9 (A)/7/=%* UV-A). 

>%)0$ *%D%-% 9/5+.)/(/ D @%(:1)*05D+ 0(<6/+D 0D2=/* 0 *+0%%5D+505D)+9 05/.%-% 
0%D.+9+**?9 5.+@%D/*)29, 7.+AM2D(2+9?9 $ 9/5+.)/(/9, )07%(:=<+9?9 D D?0%$%7.%-
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)=D%A)5+(:*%9 7.%)=D%A05D+ ./A)%&(+$5.%**%, /77/./5<.? (#LG) 07+8)/(:*%-% 7.)-
9+*+*)2. G 5/$ F+ *+ 7.)07%0%@(+**%05: A(2 0+(+$5)D*%-% /D5%9/5)6+0$%-% 07%0%@/ 
*/*+0+*)2. 

K/)@%(++ 7+.07+$5)D*?9 2D(2+502 (/$ HI-%5D+.FA+*)2, 5.$. 7%=D%(2+5 7.%)=D%-
A)5: 7%$.?5)+ ./=*?9) 07%0%@/9), %@(/A/+5 @%(:1)9 0.%$%9 F)=*), 2D(2+502 %A*)9 
)= @?05.%%5D+.FA/+9?3 7%$.?5),.  /$ F+ 9%F*% D/.:).%D/5: D.+92 %5D+.FA+*)2 7%-
$.?5)2 (D 7+6) $%*D+,+.*%-% 5)7/ – 0$%.%05: 7.%3%FA+*)2 7%$.?5%-% >H D =%*+ %5-
D+.FA+*)2). JA*)9 )= *+A%05/5$%D A/**%-% 7%$.?5)2 2D(2+502 %@2=/5+(:*%+ HI )=(<-
6+*)+ A(2 7%()9+.)=/8)). 

 
 !"#$! %&'#()*)! '+, -,)!).#%#/ '#00*+12* 3,)#"+)!42,  #..,, % 5,",+.2#6 

-*0*+!(7)#6 4),%*+.,$*$*  (8#9#%#+ : 02.G25.31.0041). 
 

E7)0%$ ()5+./5<.? 
 

1 H./=/+D ;. O. ;(/-%=/C)5/ 7+6/5*?3 <=(%D. – P.:  +3*%0'+./, 2006. – 344 0.  
2 H./=/+D ;. O. E%D.+9+**?+ 5+3*%(%-)) D(/-%=/C)5? 7+6/5*?3 <=(%D // >+6/5*?, 9%*5/F. – 

2007. – Q 5. 
3 #%9/*%D/ R. ;(/-%=/C)5*?+ 7%$.?5)2. P/5+.)/(? ) %@%.<A%D/*)2 // >+6/5*?, 9%*5/F. –  

2010. – Q 4. 
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789:9;<=>?8<>   ?@>8AB,  ?CDE 44B>  ?  @F9<EC9G?AC9H  

<  IA<:<E J<>K  ?F>G?AC  7:>8AF94<8< 

 
S. T.  %.%$%D/, ;. G. U/./1$%D (*/<6*?, .<$%D%A)5+(:) 

 
;).$,$4$ ,)1*)*+)#/ -,<,2, , +!0,#=(*2$+#),2, >?@AB CDA 5>B 

660074, 9. E+!.)#F+.2, 4(. E,+*).2#9#, 28 

E-mail: bvlan@mail.ru 

 
#/009%5.+*? *+$%5%.?+ 7.%@(+9? &$%(%-)6+0$%, @+=%7/0*%05), 0D2=/**?+ 0 7.%)=D%A05D%9 ) A/(:*+,1)9 

)07%(:=%D/*)+9 &(+$5.%**%, 5+3*)$). J0%@%+ D*)9/*)+ <A+(+*% D%7.%0/9 <5)()=/8)) %5./@%5/D1)3 &(+$5.%**?3 
7.)@%.%D ) %@%.<A%D/*)2 D *+$%5%.?3 05./*/3 SD.%7? ) E+D+.*%, G9+.)$). 

 
E5.+9)5+(:*?, .%05 &(+$5.%**%, 7.%9?1(+**%05) D 7%0(+A*)+ -%A? 7.)D+( $ 

D+0:9/ *+%F)A/**?9 7%0(+A05D)29 D D)A+ */./05/*)2 &$%(%-)6+0$)3, &$%*%9)6+0$)3, 
*./D05D+**?3 ) 7.%6)3 7.%@(+9. K/6)*/2 0 0+.+A)*? 1990-3, &(+$5.%**?+ %53%A? 05/-
*%D2502 %@C+7.)=*/**?9 A%9)*).<BC)9 $%97%*+*5%9 D %@C+9 7%5%$+ 5D+.A?3 %53%-
A%D. L5% 0D2=/*% 0 5+9, 65% 7%5.+@(+*)+ *+@%(:1)3 &(+$5.%**?3 <05.%,05D 5)7/ 0%5%-
D?3 5+(+'%*%D 05/(% 7%D0+9+05*?9 D% D0+3 ./=D)5?3 ) ./=D)D/BC)302 05./*/3. ; %5-
0<505D)+ /A+$D/5*%, -%0<A/.05D+**%, 7%()5)$) 7% 7+.+./@%5$+ 5/$)3 %53%A%D, )=-=/ 
9/(%-% ./=9+./, $%.%5$%-% 0.%$/ F)=*) ) D?0%$%, 05%)9%05) )3 7+.+./@%5$), 5/$)+ 
)=A+()2 (BA) %@?6*% 7.%05% D?@./0?D/B5, *+ =/A<9?D/20: 7% 7%D%A< *+-/5)D*%-% 
D%=A+,05D)2 )3 */ %$.<F/BC<B 0.+A< ) =A%.%D:+ (BA+,.  

>.) 7.%)=D%A05D+ &(+$5.%**?3 7.%A<$5%D ) )3 $%97%*+*5%D (7%(<7.%D%A*)$%-
D?3 6)7%D, $%97:B5+.*?3 $(/D)/5<., 9%*)5%.%D, <05.%,05D 3./*+*)2 )*'%.9/8))) )0-
7%(:=<+502 0D?1+ 1000 ./=()6*?3 9/5+.)/(%D, D$(B6/2 ./05D%.? 3(%.).%D/**?3 D+-
C+05D, @.%9).%D/**?+ 7.+7/./5?--/0)5+() 7(/9+*), 7%()D)*)(3(%.)A?, 52F+(?+ 9+-
5/((?, 7(/05)$), -/=? ) 7.. 

JA*/ 5%(:$% &(+$5.%**%-(<6+D/2 5.<@$/ 9%F+5 0%A+.F/5: %5 %A*%-% A% 5.+3 $)(%-
-./99%D 0D)*8/. ; @%(:1%9 5+(+D)=)%**%9 9%*)5%.+ +-% %$/F+502 +C+ @%(:1+. >(%-
0$)+ 7/*+(:*?+ 5+(+D)=%.? ) 9%*)5%.? 0%A+.F/5 9+*:1+ 0D)*8/, *% @%(:1+ .5<5). 
>.)9+.*% 40% 52F+(?3 9+5/((%D, D$(B6/2 0D)*+8, .5<5: ) $/A9),, %@*/.<F)D/+9?3 D 
%$.<F/BC+, */0 0.+A+, %@2=/*% 0D%)9 7.)0<505D)+9 D?@./0?D/+9?9 ) 7%7/A/BC)9 
*/ 0D/($) &(+$5.%**?9 )=A+()29. ;0+ D%=./05/BC)9) 5+97/9) D 7%(<7.%D%A*)$%D%, 
7.%9?1(+**%05) )07%(:=<+502 )*A),. K/*%9/5+.)/(? 0+,6/0 1).%$% 7.)9+*2B502 D 
./=()6*?3 )=A+()23, D$(B6/2 7.%A<$5? &(+$5.%**%, 7.%9?1(+**%05), 3%52 D%=A+,05-
D)+ */*%9/5+.)/(%D */ =A%.%D:+ 6+(%D+$/ 7%$/ 7.%D+.2+502. 

J0*%D*?+ .)0$) 0D2=/*? 0 0%A+.F/C)9)02 D &(+$5.%**?3 )=A+()23 *+$%5%.?9) 
D+C+05D/9), 5/$)9) $/$, */7.)9+.: 0D)*+8, .5<5:, $/A9),, 7%()@.%9).%D/**?+ A)'+-
*)( &').?. 

J7/0*%05: 0D)*8/ A(2 6+(%D+$/ %7.+A+(2+502 +-% =*/6)5+(:*%, 5%$0)6*%05:B ) 
07%0%@*%05:B */$/7()D/5:02 D %.-/*)=9+. >% 05+7+*) D%=A+,05D)2 */ F)D?+ %.-/*)=-
9? 0D)*+8 %5*+0+* $ $(/00< D?0%$%%7/0*?3 D+C+05D */.2A< 0 9?1:2$%9, $/A9)+9, 
.5<5:B, 0+(+*%9, 8)*$%9, '5%.%9 ) @+*=(/)7).+*%9 (OJE  17.4.1.02-83). ED)*+8 D?=?-
D/+5 7%D.+FA+*)+ 9%=-/ < A+5+,, D 0D2=) 0 6+9 <7%5.+@(+*)+ 9*%-)3 7.%A<$5%D A(2 *)3 
%-./*)6+*%. 

#5<5: 5%$0)6*/ D %6+*: 9/(?3 A%=/3, %*/ D%=A+,05D<+5 */ 9%=- ) 7%D.+FA/+5 7%6-
$). J*/ 9%F+5 7%7/05: D %.-/*)=9 <F+ 0 -.<A*?9 9%(%$%9. ;0+-% 1/70 6/,*%, (%F$) 
.5<5) 9%F+5 D?=D/5: %5./D(+*)+ %$%(% 100 000 $D/A./5*?3 9+5.%D %=+.*%, 7%D+.3*%-
05), A+(/2 .?@< *+7.)-%A*%, $ <7%5.+@(+*)B D 7)C<. 

!/A9), /$$<9<().<+502 D 5+(+ 6+(%D+$/ ) 9%F+5 D?=D/5: 7%D.+FA+*)+ 7%6+$.  
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>%()@.%9).%D/**?+ A)'+*)( &').? (PBDE) 2D(2B502 %0%@?9 $(/00%9 3)9)6+-

0$)3 D+C+05D, )07%(:=<+9?3 D $/6+05D+ =/9+A()5+(+, -%.+*)2. L5) 0%+A)*+*)2 6/05% 

7.)9+*2B502 D $/6+05D+ A%@/D$) D 7(/05)6+0$)+ 9/5+.)/(?, )07%(:=<+9?+ A(2 )=-%-

5%D(+*)2 $%.7<0%D 5+(+D)=%.%D, 7%5.+@)5+(:0$%, &(+$5.%*)$), )=%(28)) 7.%D%A%D, 

7+.0%*/(:*?3 $%97:B5+.%D ) A.<-)3 *+@%(:1)3 &(+$5.%**?3 )=A+(),. 4%05%)*05D%9 

A/**?3 D+C+05D 2D(2+502 5%, 65% %*) 0*)F/B5 D+.%25*%05: D%=-%./*)2 ) )*5+*0)D*%05: 

-%.+*)2.; 7./$5)6+0$)3 8+(23 (PBDE)  )07%(:=<B502 D+0:9/ 1).%$%, ) )3 0%A+.F/*)+ 

D 7(/05)$+ 9%F+5 0%05/D(25: %5 5 A% 30% %5 +-% %@C+-% D+0/. L5) 0%+A)*+*)2, @<A<6) 

7%A9+1+**?9) $ 7(/05)$<, *+ D05<7/B5, 5+9 *+ 9+*++, 0 *)9 D 0%+A)*+*)+, 7%&5%9< 

%*) 5/$ (+-$% 7%$)A/B5 +-% ) %$/=?D/B502 D %$.<F/BC+, 0.+A+. !%()6+05D% /5%9%D 

@.%9/ ) )3 9+05%7%(%F+*)+ D 0%+A)*+*)) 9%F+5 D/.:).%D/5:02. L5% D+A+5 $ 5%9<, 65% 

%@*/.<F)D/+502 209 ./=()6*?3 '%.9 (PBDE). K/)@%(:1), D.+A %$/=?D/+5 7+*5/- 

@.%9A)'+*)( &')..  

L5) 0%+A)*+*)2 1).%$% ./07.%05./*+*? D %$.<F/BC+, 0.+A+, %*) 07%0%@*? ./0-

7.%05./*25:02 */ @%(:1)+ ./005%2*)2 ) %$/=?D/5: 3.%*)6+0$%+ D%=A+,05D)+ */ F)D?+ 

%.-/*)=9?. J*) %@*/.<F)D/B502 D 5$/*23 D0+3 9%.0$)3 %@)5/5+(+,. >%A%@*% 7%()-

3(%.).%D/**?9 @)'+*)(/9 (%0%@%, -.<77+ <-(+D%A%.%A%D, 1).%$% )07%(:=<+9?3 D 

./=()6*?3 7.%9?1(+**?3 7.%8+00/3), (PBDE) 2D(2B502 0)(:*% -)A.%'%@*?9) ) 7%-

&5%9< /A0%.@).<B502 */ ./=()6*?3 6/05)8/3 ) ()7)A/3, 65% 07%0%@05D<+5 )3 /$$<9<-

(28)) D 5$/*23 %.-/*)=9%D F)D%5*?3, 7%-(%C/BC)3 )3 0 7)C+,. K/)@%(:1/2 $%*8+*-

5./8)2 (PBDE) %59+6/+502 D 5$/*23 9%.0$)3 %@)5/5+(+,: F)D%5*?3, .?@ ) 75)8. S05: 

7%A%=.+*)+, 65% (PBDE) D?=?D/+5 */.<1+*)+ .+7.%A<$8)) F)D%5*?3, %5./D(+**?3 

&5)9) D+C+05D/9).  

H7%92*<5?+ 3)9)6+0$)+ D+C+05D/ ) 9/5+.)/(? 07%0%@*? %$/=?D/5: D.+A*%+ D%=-

A+,05D)+ */ =A%.%D:+ ./@%6)3 ) %@C+05D/ D 8+(%9 */ (B@%, 05/A)) F)=*+**%-% 8)$(/ 

7.%A<$5/.  

K/7.)9+., $/$%, D.+A 9%F+5 D%=*)$*<5: 7.) 7.%)=D%A05D+ $%97%*+*5%D &(+$-

5.%**%, 5+3*)$)? ; 7.%)=D%A05D+ 0.+A05D &(+$5.%*)$) )07%(:=<+502 1).%$), 07+$5. 

5%$0)6+0$)3 D+C+05D, D$(B6/2 3(%.).%D/**?+ ) @.%9).%D/**?+ $%97%*+*5?, '%5%/$-

5)D*?+ 3)9)6+0$)+ D+C+05D/, 5%$0)6*?+ -/=?, $)0(%5?, ./05D%.)5+(), 52F+(?+ 9+5/(-

(?, 7(/05)$) ) 7(/05)')$/5%.?, 9*%-)+ )= $%5%.?3 07%0%@*? %$/=?D/5: 52F+(?, D.+A 

%$.<F/BC+, 0.+A+ ) =A%.%D:B ./@%6)3. 

#/@%6)+, =/*25?+ D 7.%)=D%A05D+ &(+$5.%*)$), 9%-<5 7%AD+.-/5:02 D%=A+,05D)B 

0D?1+ 5?026) ./=()6*?3 3)9)6+0$)3 D+C+05D. P*%-)+ )= &5)3 D+C+05D <D+()6)D/B5 

.)0$ =/@%(+D/*)2 ./$%9, D?=?D/B5 7%D.+FA+*)+ .+7.%A<$5)D*%, '<*$8)), A+'+$5? 

A+50$%-% ./=D)5)2, ) 52F+(?+ =/@%(+D/*)2.  

V*/6)5+(:*?, D.+A ./@%6)9 D%=*)$/+5 */ 05/A)) 0@%.$) 7.%A<$5/. K/ 7.%52F+-

*)) A()5+(:*%-% D.+9+*) @%(:1)*05D% &(+$5.%**?3 -/AF+5%D )=-%5/D()D/(%0: D EWG. 

R 5%(:$% 0./D*)5+(:*% *+A/D*% 7.%)=D%A05D% 7+.+9+05)(%0: =/ .<@+F D ./=D)D/BC)+-

02 05./*?, 65% @?(% D?=D/*% F+(/*)+9 )07%(:=%D/5: D 0D%)3 )*5+.+0/3 A+1+D?, 5.<A ) 

0(/@%+ =/$%*%A/5+(:05D%. ;(/A+(:8? ').9+**%-% =*/$/ 7.+$./5)() =/*)9/5:02 7.%)=-

D%A05D%9 ) 7+.+A/() $%*5./$5? */ )=-%5%D(+*)+ &(+$5.%*)$) 0D%)9 *%D?9 7/.5*+./9. 

 +7+.: 9*%-)+ )= &(+$5.%**?3 )=A+(),, $%5%.?+ 9? 7%$<7/+9, 0%@)./B502 D <@%-

-)3 9/05+.0$)3, D.%A+ 5+3 D !)5/+, -A+ ./@%6)+ 7%AD+.-/B502 D%=A+,05D)B 2A%D)5?3 

D+C+05D, )3 =/05/D(2B5 ./@%5/5: 0D+.3<.%6*%, A(2 5%-%, 65%@? %@+07+6)5: D?0%$<B )*-

5+*0)D*%05: 7.%)=D%A05D/, / 7(/525 )9 *)F+ 7.%F)5%6*%-% 9)*)9<9/. #/@%6)9 5/$F+ 

*+ ./=.+1/B5 %.-/*)=%D/5: )() '%.9).%D/5: *+=/D)0)9?+ 7.%'+00)%*/(:*?+ 0%B=?, 
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65%@? =/C)5)5: 0+@2 ) 5.+@%D/5: (<61)+ <0(%D)2 5.<A/. #/@%6)+ 6/05% $/(+6/5 0+@2 */ 

./@%6)3 9+05/3, $%-A/ %*) 07+1/5 D?7%(*)5: <05/*%D(+**<B )9 *%.9<. 

K/)@%(:1)9 $%*5./$5%9 */ 7.%)=D%A05D% &(+$5.%*)$) D(/A++5 $%97/*)2 Hon Hai 
Precision Industry, Ltd T/,D/*2, %@?6*% )=D+05*/2 7%A )9+*+9 Foxconn. I%$0$%* %A*/ 
D(/A++5 13 7.+A7.)25)29) D !)5/+, < *++ =/*25% 7%65) 1 9)(()%* ./@%6)3 7% D0+9< 9)-
.<. K+A/D*% D *%D%0523 7.%=D<6/(%, D $/$)3 *+6+(%D+6+0$)3 <0(%D)23 ').9/ Apple 
7.%)=D%A)5 iPhones ) iPads. L5/ 7%5%-%**/2 0)05+9/ 7.)D+(/ $ 5%9<, 65% D 2010 -%A< 
18 ./@%6)3 7?5/()0: 7%$%*6)5: F)=*: 0/9%<@),05D%9.  

K% 7%A%@*?+ 7.%@(+9? *+ %-./*)6)D/B502 $%97/*)+, Foxconn. R00(+A%D/*)2 
!)5/,0$%, R*07+$8)) 5.<A/ 7%$/=/(), 65% %5D./5)5+(:*?+  <0(%D)2 5.<A/ D Foxconn 
2D(2B502 5)7)6*?9) A(2 D0+3 7.%)=D%A)5+(+, &(+$5.%*)$) D G=)). >.) %@0(+A%D/*)) 
10 '/@.)$ &(+$5.%*)$) !)5/2 D 7.%D)*8)23 O</*A<*+ ) N=2*0<, %*) */1() %@?6*?+ 
%5D./5)5+(:*?+ <0(%D)2 */ D0+3 7.+A7.)25)23, D%0+9: )= $%5%.?3 ./@%5/B5 7% $%*-
5./$5< 0 Dell, ) 0+9: 0 – K#.  

J59+6+*%, 65%: 

 */ D0+3 '/@.)$/3 ./@%6)+ ./@%5/() 0D+.3<.%6*% 7% 36–160 6/0%D D 9+028, 7.) 
=/$%**%9, <05/*%D(+**%9 7.+A+(+ D 36 6/0%D; 

 */ A+D25) )= &5)3 A+025) '/@.)$, 9)*)9/(:*/2 +F+9+026*/2 =/./@%5*/2 7(/5/ 
(138 $ */ %A*%, '/@.)$+) *+ %@+07+6)D/(/ 7.%F)5%6*?, 9)*)9<9 @%(:1)*05D/ ./@%-
6)3, 65% *+ %05/D(2+5 )9 A.<-%, D%=9%F*%05) $ D?F)D/*)B, $/$ @./5: 9*%-% 6/0%D 
0D+.3<.%6*%, ./@%5?; 

 <0(%D)2 5.<A/ */ 7%5%6*%, ()*)) %6+*: 52F+(?+, ./@%6), A+*: A()502 8–
10 6/0%D ) @%(++. >+.+.?D? 6/05% *+ A%7<0$/B502; 

 A)0$.)9)*/8)2. K/ D0+3 A+025) '/@.)$/3 @?() %@*/.<F+*? 0(<6/) A)0$.)9)-
*/8)) 7.) 7.)+9+ */ ./@%5<. P*%-)+ */*)9/5+() 7.+A7%6)5/B5 9%(%A?3 (BA+, (6/05% 
9%(%F+ 18 (+5), ) F+*C)*, $%5%.?3 (+-6+ $%*5.%().%D/5:. 

>+.+./@%5$/ &(+$5.%**?3 %53%A%D 2D(2+502 */)@%(++ 7.%@(+9*%, %7+./8)+,. ; 
EWG, 0%-(/0*% =/$(B6+*)B &$07+.5%D, D -%A %@./=<+502 7.)@()=)5+(:*% 400 9)(()%-
*%D +A)*)8 @?5%D%, &(+$5.%*)$). E5.+9)5+(:*%+ ./=D)5)+ 5+3*%(%-), 7.)D%A)5 $ 5%-
9<, 65% &(+$5.%**?+ )=A+()2 @?05.% <05/.+D/B5. E <6+5%9 /-.+00)D*%, 7%()5)$) 5%.-
-%D?3 ').9, &5% %=*/6/+5, 65% )=A+()2 @?5%D%, &(+$5.%*)$) D?@./0?D/B502, A/F+ +0() 
%*) +C+ 7.%A%(F/B5 ./@%5/5:. >+.+./@%5$/ &(+$5.%**?3 %53%A%D %0<C+05D(2+502 0 
@%(:1)9 5.<A%9. >%(*/2 ) @+=%7/0*/2 7+.+./@%5$/ 6/05% 05%25 A%.%F+, 6+9 )=D(+$/+-
9?+ 9/5+.)/(?. 4+(% D% 9*%-%9 %@M20*2+502 5+9, 65% D 0/9%, $%*05.<$8)) &(+$5.%*-
*%-% )=A+()2 *+ =/(%F+*/ D%=9%F*%05: ./=@%.$). >+.+./@%5$< &(+$5.%**?3 )=A+(), 
=/5.<A*2B5 )07%(:=<+9?+ 9/5+.)/(? ) )3 ')=)6+0$%+ <05.%,05D%. ; 5% D.+92 $/$ $%9-
7/*))-7.%)=D%A)5+() <5D+.FA/B5, 65% 7.+A(%F)() «=+(+*<B &(+$5.%*)$<», 9? */ 0/-
9%9 A+(+ %6+*: A/(+$) %5 A+,05D)5+(:*% =+(+*?3 )=A+(),. !/$ %59+6/(%0: D?1+, &(+$-
5.%**?+ -/AF+5? 0%A+.F/5 9*%-% 5%$0)6+0$)3 9/5+.)/(%D, 65% <A%.%F/+5 7.%8+00 7+-
.+./@%5$) 0 %A*%, 05%.%*?, / 0 A.<-%, – A+(/+5 +-% 7.%05% %7/0*?9. 

 +9 0/9?9, %0*%D*/2 6/05: D?@.%1+**%, &(+$5.%*)$) %$/=?D/+502 */ 0D/($/3. 
>% %8+*$/9 G-+*505D/ 7% =/C)5+ %$.<F/BC+, 0.+A? (EWG) D 2011 -%A< EWG 7.%)=-
D+() 7.)9+.*% 3,4 9)(()%*%D 5%** &(+$5.%**?3 %53%A%D. K% 5%(:$% 25 % )= &5%-% $%-
()6+05D/ 7%05<7)(% */ 7+.+./@%5$<. J05/(:*?+ 75 % %$/=/()0: ()@% */ %5$.?5?3 9<-
0%.*?3 0D/($/3, ()@% @?() 0%FF+*? D 07+8)/(:*?3 7+6/3 A(2 7+.+./@%5$) 9<0%.*?3 
%53%A%D. R &5% 7.) 5%9, 65% %7/0*?+ 3)9)6+0$)+ D+C+05D/ 0% 0D/(%$ %$/=?D/B502 D 
7%A=+9*?3 D%A/3, / 7.) -%.+*)) 7(/059/00 %@./=<B502 A)%$0)*? – %7/0*?+ 3)9)6+-
0$)+ 0%+A)*+*)2 (3(%.).%D/**?+ 7.%)=D%A*?+ @+*=%(/, %5*%02C)+02 $ $<9<(25)D*?9 
2A/9 ) $0+*%@)%5)$/9).   
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; 5% F+ D.+92, @%(:1)*05D% ').9, =/2D(2BC)3  % 0+@+, $/$ % 7+.+./@%56)$+ &(+$-
5.%**?3 %53%A%D, */ 0/9%9 A+(+ )3 *+ 7+.+./@/5?D/+5. J53%A? &$07%.5).<B5. J-.%9-
*%+ $%()6+05D% &(+$5.%**%-% 9<0%./ )= 5+3 25 %, =/2D(+**?3 */ 7+.+./@%5$<, -.<=)502 
*/ $%./@() ) %5D%=)502 5<A/, -A+ ) 7+.+./@/5?D/+502 D *+6+(%D+6+0$)3 <0(%D)23, %5-
./D(22 (BA+,, 7%6D< ) D%A< D !)5/+, A.<-)3 G=)/50$)3 05./*/3, / 5/$F+ D O/*+ ) K)-+-
.)) D V/7/A*%, G'.)$+. 

; 2001 -%A< D ./9$/3 U/=+(:0$%, $%*D+*8)) *+0$%(:$% -.<77 )00(+A%D/5+(+, 7%-
0+5)(% 9+05/ 7+.+./@%5$) &(+$5.%**?3 %53%A%D D !)5/+, R*A)) ) >/$)05/*+. X(+*? 
$%9)00)) %@*/.<F)() %-.%9*<B 5+..)5%.)B 7%A */=D/*)+9 O<,B D 7.%D)*8)) O</*-
A<* */ @+.+-/3 .+$) ":2*,2*- D0+-% D 4 6/0/3 +=A? $ 0+D+.< %5 O%*$%*-/, 0/9%, @%(:-
1%, D 9).+ 0D/($) &(+$5.%*)$), -A+ 7.)9+.*% 100 000 *)C)3 ./@%6)3 9)-./*5%D =/*2-
5? ./=@%.$%, 05/.?3 $%97:B5+.%D, )97%.5).<+9?3 0BA/ 7.+)9<C+05D+**% )= E+D+.-
*%, G9+.)$). L5) ./@%6)+ )07%(:=%D/() 5+3*%(%-)) 19--% 05%(+5)2 A(2 <*)65%F+*)2 
%53%A%D 21--% 05%(+5)2. 

>+.+./@%5$%, %53%A%D =A+0: =/*)9/B502 5/9 F+, -A+ F)D<5 (BA). >+.+./@%5$/ 
=/$(B6/+502 D 9+3/*)6+0$%9 ./=.<1+*)) $%*05.<$8)) ) <A/(+*)) 9+5/((/, $%5%.?, 
=/5+9 9%F*% =A+0: F+ 7+.+7(/D)5:. ; .+=<(:5/5+ <C+.@, 7%(<6/+9?, (BA:9), %$/=?D/-
+502 $%(%00/(:*?9.  

>.)9+.%D 9%F*% 7.)D+05) 9*%F+05D%. !)*+0$%7? 5+(+D)=%.%D )() $%97:B5+.%D 
7.%05% ./=@)D/B5 9%(%5$/9) 5/$, 65% */.<F< D?@./0?D/+502 %-.%9*%+ $%()6+05D% 5%$-
0)6*%-% '%0'%./. !%97:B5+.*?+ $(/D)/5<.? D?F)-/B5 D %5$.?5?3 7%0<A)*/3 */ %5-
$.?5%9 %-*+ A(2 )=D(+6+*)2 0D)*8/, 7.) &5%9 ./@%6)+ DA?3/B5 2A%D)5?+ 7/.? 0D)*8/. 
>.) -%.+*)) 7(/059/00, $/$ %59+6/(%0: D?1+, D?A+(2B502 6.+=D?6/,*% %7/0*?+ A)%$-
0)*? ) '<./*?. U?D1)+ )..)-/8)%**?+ 0)05+9? =/0%.2B502 9<0%.%9, D 5%9 6)0(+ @)-
5?9 05+$(%9. J5./@%5/**?+ $)0(%5? ) ./05D%.? 52F+(?3 9+5/((%D D?()D/B502 7.29% 
D .+$<. HF/0/BC)+ <0(%D)2 5.<A/ ) 6.+=D?6/,*% 0(/@%+ 5.<A%D%+ =/$%*%A/5+(:05D% D 
!)5/+ 7.)D%A25 $ 5%9<, 65% $ 5/$%, ./@%5+ %6+*: 1).%$% 7.)D(+$/+502 5.<A F+*C)* ) 
A+5+,. 

; $.%D) A+5+,, 7.%F)D/BC)3 D O<,B, 0%A+.F/*)+ 0D)*8/ */ 54 % D?1+, 6+9 D 
@()F/,1+9 -%.%A+ X+*A)/*. J5 %5./D(+*)2 &5)9 9+5/((%9 05./A/+5 66,6 % 9+05*?3 
A+5+,. H.%D+*: 0D)*8/ D A%**?3 %5(%F+*)23 9+05*%, .+$) D AD/ ./=/ 7.+D?1/+5 7.)-
*25?, D SD.%7+, D 0%%5D+505D)) 0 U/=+(:0$%, $%*D+*8)+,,  A%7<05)9?, <.%D+*:. J59+-
6/+502 $%()6+05D% D?$)A?1+, < @+.+9+**?3 F+*C)* 0 6/05%5%, D?1+ 0.+A*+, 7% 
05./*+. >%()@.%9).%D/**?+ A)'+*)(%D?+ &').?, )07%(:=<+9?+ D $/6+05D+ =/9+A()5+-
(+, -%.+*)2 D &(+$5.%*)$+, %@*/.<F+*? D %7/0*?3 $%()6+05D/3 (A% 4,1 7.%9)((+ %5 D+-
0/ F).%D%, 5$/*)) D 2,8/3 0/70/*%D, 65% <D+()6)D/+5 .)0$ )06+=*%D+*)2 &5%-% D)A/. 

4+5) 7%AD+.-/B502 D%=A+,05D)B A)%$0)*%D?3 7/.%D D9+05+ 0 $(<@/9) A?9/, 
7%A*)9/BC)9)02 */A O<,B ) D $%*8+ $%*8%D %0+A/BC)9) */ =+9(B. >%6D/ 7+.+*/-
0?C+*/ 0D)*8%9, 3.%9%9, %(%D%9 ) A.<-)9) 52F+(?9) 9+5/((/9). L(+$5.%**?+ %53%-
A? @<$D/(:*% 7(/D/B5 D (<F/3 5%$0)6+0$)3 D+C+05D, $%5%.?+ 7.%0/6)D/B502 D 7%6D<, 
A%05)-/B5 <.%D*2 -.<*5%D?3 D%A ) A+(/B5 7)5:+D<B D%A< *+7.)-%A*%, A(2 )07%(:=%-
D/*)2. !<6) =%(? ) 7(/05)$%D?3 %5@.%0%D D%=D?1/B502 .2A%9 0 .)0%D?9) 7%(29) ) 
7+.+-%./F)D/B5 5+6+*)+ .+$) ":2*,2*-. 

K+A/D*% @?(% 7.+A7.)*25% )00(+A%D/*)+ 7% %7.+A+(+*)B ./=9+.%D =/-.2=*+*)2 
9+05*%05) D O<,B 52F+(?9) 9+5/((/9). ; %@./=8/3 7?(), D=25?3 */ /*/()=, <6+*?+ 
%@*/.<F)() 0%A+.F/*)+ 0D)*8/ ) 9+A) D 371 ) 0%%5D+505D+**% D 115 ./= 7.+D?1/BC++ 
5+ F+ =*/6+*)2 */ ./005%2*)) 30 $9 %5 O<,B.  +9) F+ )00(+A%D/5+(29) <05/*%D(+*%, 
65% A%**?+ %0/A$) .+$) ":2*,2*- =/-.2=*+*? 7%()3(%.).%D/**?9) @)'+*)(/9) */ 
<.%D*+ D 5.) ./=/ 7.+D?1/BC+9 0.+A*)+ =*/6+*)2 DA/() %5 O<,B.  
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;?3%A 9%F+5 @?5: */,A+* D 0%=A/*)) 5/$ */=?D/+9%, «=+(+*%, &(+$5.%*)$)», D 
./9$/3 $%5%.%, 5%$0)6*?+ 9/5+.)/(? 7.) 7.%)=D%A05D+ 0.+A05D &(+$5.%*)$) =/9+*2-
B502 *+5%$0)6*?9) ) (+-$% ./=(/-/BC)9)02 D %$.<F/BC+, 0.+A+. ; 5% F+ D.+92 )0-
0(+A%D/*)2 7% %5?0$/*)B /(:5+.*/5)D 5%$0)6*?9 9/5+.)/(/9 ) )*D+05)8)) D 9+5/(-
(<.-)6+0$%+ %@%.<A%D/*)+ A(2 @+=%7/0*%, <5)()=/8)) &(+$5.%**?3 %53%A%D $/5/05.%-
')6+0$) %505/B5 %5 5+97%D 7%2D(+*)2 *%D?3 &(+$5.%**?3 <05.%,05D, D+A: 7.)D?6$/ 
7%$<7/5: D0+ *%D?+ -/AF+5? D=/9+* 05/.?3 < */0+(+*)2 ./@%5/+5 7%-7.+F*+9< @+=<-
7.+6*%. K+%@3%A)9? *%D?+ 05/*A/.5? 7% )07?5/*)B )07%(:=<+9?3 9/5+.)/(%D, %0%-
@+**% D %@(/0523 0D2=/**?3 0 9+A)8)*%,, /&.%$%09)6+0$)9) 5+3*%(%-)29). H(<61+*-
*%+ 5+05).%D/*)+ 9/5+.)/(%D ) 0%=A/*)+ */A+F*%, @/=? A/**?3 7% 5%$0)6*%05) 9/5+-
.)/(%D 9%F+5 05)9<().%D/5: 7.%)=D%A)5+(+, <6)5?D/5: %7/0*%05: 7.%A<$5/ */ ./**)3 
05/A)23 7.%+$5).%D/*)2, / *+ D A/(:*+,1+9, 7%0(+ 7.)*25)2 &$07(</5/8)%**?3 ) &$%-
*%9)6+0$)3 .+1+*),. 

 



 (.,!6!))4!&7,(81!64&,/5$(31!"+,()$"$.&2015&

462 

F ?=>A  A>@:9C9;9  F>L<H   ?C=-@F>9MF E9C A>:D   

C  @F9;F HH49H  89H@:>8?>  AF& 4  ( ?94<8 -A) 

 

P. O.  +7(?31, S. E. E/7%F*)$%D/2, E. R.  .+-<@%D1 (*/<6*?, .<$%D%A)5+(:) 

 
1;).$,$4$ ,)1*)*+)#/ -,<,2, , +!0,#=(*2$+#),2, >?@AB CDA 5>B 

660074, 9. E+!.)#F+.2, 4(. E,+*).2#9#, 28 

E-mail: marrr22@bk.ru 
2@A GDD « !0,#.%F<7» 

660021, 9. E+!.)#F+.2, 4(. 8*2!"+,.$#%, 19 

 

#/009/5.)D/+502 )07%(:=%D/*)+ 7.%-./99*%-% $%97(+$0/ G0%*)$/-  A(2 7.%D+A+*)2 5+7(%D%-% /*/()=/, 

$%5%.?, 7%=D%()5 */ &5/7+ 7.%+$5).%D/*)+ D?@./5: %75)9/(:*%+ $%*05.<$5%.0$%+ .+1+*)+ A(2 )=-%5%D(+*)2 @(%$/ 

E;X-7.+%@./=%D/5+(2. 

 

>.) 7.%+$5).%D/*)) ./A)%&(+$5.%**%, /77/./5<.? (#LG), *+%@3%A)9% <6)5?-

D/5: D()2*)+ 5+97+./5<.? */ ++ 3/./$5+.)05)$) ) 7/./9+5.?. S0() %*) D?3%A25 =/ 

7.+A+(?, A%7<05)9?+ A(2 ++ *%.9/(:*%-% '<*$8)%*).%D/*)2, ./=./@%56)$) #LG 7.)-

@+-/B5 $ ./=()6*?9 9+5%A/9 %3(/FA+*)2 ) 5+97+./5<.*%, 05/@)()=/8)). 

JA*%, )= -(/D*?3 =/A/6 ./@%5? 2D(2+502 7%)0$ 7<5+, 0%$./C+*)2 0.%$%D ./=./-

@%5$) /77/./5<.?, 7%0.+A05D%9 7.%D+A+*)2 5+7(%D%-% /*/()=/ $%*05.<$8))  #LE $%-A/ 

%*/ */3%A)502 D 05/A)) ./=./@%5$). HF+ */ &5)3 &5/7/3 *+%@3%A)9% 7.%-*%=).%D/5: 

7+.+-.+D?. L5% 7%=D%()5 0D%+D.+9+**% D?@./5: 03+9< 7%05.%+*)2 0)05+9? %@+07+6+-

*)2 5+7(%D%-% .+F)9/ (EJ #) ./=./@/5?D/+9%, $%*05.<$8)) 0 <6+5%9 5+3*)6+0$%-% 

=/A/*)2 ( V). 

 /$ $/$ 7.%)03%A)5 7%05%2**%+ <0%D+.1+*05D%D/*)+  #LG (<D+()6+*)+ 05+7+*) 

9)*)/5B.)=/8)) <=(%D ) @(%$%D, <F+05%6+*)+ D*+1*)3 '/$5%.%D) 0 8+(:B 7%D?1+*)2 

5.+@%D/*), $ */A+F*%05), ./06+5 5+7(%D%-% .+F)9/ 0%D.+9+**?3 ./A)%&(+$5.%**?3 

<05.%,05D 05/*%D)502 *+%@3%A)9%05:B, $%5%./2 *+ 9%F+5 @?5: .+1+*/ @+= 7.)9+*+*)2 

0)05+9 /D5%9/5)=).%D/**%-% 7.%+$5).%D/*)2 (EG>#). 

#/06+5 5+7(%D%-% .+F)9/ @<A+5 7.%D%A)5:02 */ E;X-7.+%@./=%D/5+(+ (.)0. 1). 

!%*05.<$5)D*% E;X-7.+%@./=%D/5+(: D?7%(*+* D D)A+ 5.+3 %50+$%D D %A*%9 <0-

5/*/D()D/+502 E;X-9%A<(:, D A.<-%9 – 8)'.%D%+ <05.%,05D%, D 5.+5:+9 %50+$+ )05%6-

*)$ D5%.)6*%-% &(+$5.%7)5/*)2 ) 9%A<(: 0%7.2F+*)2 0 0+5:B Ethernet. 

J50+$) ./=A+(+*? F+05$)9) 05+*$/9).  

!%*05.<$8)2 A%(F*/ 7.+A<09/5.)D/5: &''+$5)D*?, %5D%A 5+7(/, %0%@+**% %5 

E;X-9%A<(2, */ $%5%.%9 ./00+)D/+502 A% 40 ;5. E<99/.*/2 9%C*%05: 7%5.+@(+*)2 9%-

A<(2 *+ 7.+D?1/+5 80 ;5.  

 .+@%D/*)2 $ D*+1*)9 D%=A+,05D)29: 7%*)F+**/2 ./@%6/2 5+97+./5<./: 9)*<0 10 !E 

(9)*<0 40 !E A(2 /*5+**?3 9%A<(+,), ./@%6/2 7%D?1+**/2 5+97+./5<./:  50 !E (40 !E 

A(2 /*5+**?3 9%A<(+,). >.+A+(:*/2 7%*)F+**/2 5+97+./5<./ 0.+A?: 9)*<0 50 !E, 7.+-

A+(:*/2 7%D?1+**/2 5+97+./5<./ 0.+A?  65 !E. 

E%D.+9+**?, 7%A3%A $ )00(+A%D/*)B 5+7(%D?3 3/./$5+.)05)$ #LE %0*%D?D/+502 

*/ 9+5%A/3 9/5+9/5)6+0$%-% 9%A+().%D/*)2.  

E<C+05D<B5 07+8)/()=).%D/**?+ 7/$+5? 7.)$(/A*?3 7.%-./99, $%97(+$0%D ) 

7%A0)05+9 5+7(%D%-% 7.%+$5).%D/*)2 #LE (MENTOR GRAPHICS/9%A<() AutoTherm, 

AutoFlow, Beta Soft, TAS, Thermal Designer 98, FLOTHERM, COSMOS, PLAC, 

GEJKR!G- ,  #)GKG ) A..), $%5%.?+ @/=).<B502 */ ./=()6*?3 9+5%A/3 ) 7%A3%A/3 $ 

9%A+().%D/*)B 5+7(%D?3 .+F)9%D #LE [1]. 
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#)0. 1. 3D-9%A+(: )00(+A<+9%-% 9%A<(2 

 
4(2 ./06+5/ 5+7(%D%-% .+F)9/ D?@)./+9 7.%-./99*?, $%97(+$0  #R/KG 

(GEJKR!G- ) 5/$ $/$ %* 7%=D%(2+5 .+1)5: 0(+A<BC)+ =/A/6): 
- %7.+A+(+*)+ 5+7(%D?3 .+F)9%D ./@%5? D0+-% 9*%F+05D/ ./A)%$%97%*+*5%D ) 

*+0<C)3 $%*05.<$8), 0 <6+5%9 $%*05.<$5)D*%-5+3*%(%-)6+0$)3 ) &$07(</5/8)%**?3 
%0%@+**%05+, #LG ./=()6*%-% */=*/6+*)2 ) D*+0+*)+ )=9+*+*), D $%*05.<$8)B 0 8+-
(:B %@+07+6+*)2 *+%@3%A)9%-% 5+7(%D%-% .+F)9/ ./@%5? #LG; 

- D?@%. (<61+-% D/.)/*5/ $%*05.<$8)) )= *+0$%(:$% )9+BC)302 D/.)/*5%D 0 
5%6$) =.+*)2 5+7(%D?3 .+F)9%D ./@%5?; 

- %@%0*%D/*)+ *+%@3%A)9%05) ) %8+*$/ &''+$5)D*%05) A%7%(*)5+(:*%, =/C)5? 
#LE %5 5+7(%D?3 D%=A+,05D),; 

K/ */6/(:*%9 &5/7+ 05.%)502 -+%9+5.)6+0$/2 9%A+(: @(%$/ (.)0. 2). >.) 7%05.%+-
*)) 9%A+() <6)5?D/B502 ./=9+.? $/FA%-% &(+9+*5/, 0D%,05D/ 9/5+.)/(/, 5/$F+ ./0-
05%2*)+ %5 05+*%$ 9%A<(2 A% <05/*%D(+**?3 D*<5.) 7.)@%.. H05/*/D()D/+502 D=/)9%-
A+,05D)+ 7.)@%./ 0 D%=A<3%9 D*<5.) ) 0*/.<F). 

H=(/9) %@%=*/6/B502: 1 – (+D/2 05+*$/; 2 – D+.3*22 05+*$/; 3 – 7+.+A*22 05+*$/;  
4 – *)F*22 05+*$/; 5 – =/A*22 05+*$/; 6 – 7./D/2 05+*$/; 7 – 05+*$/ 1 D*<5.) 9%A<(2; 8 – 
05+*$/ 2 D*<5.) 9%A<(2; 9 – E;X-9%A<(:; 10 – 8)'.%D%+ <05.%,05D%; 11 – D%=A<3 
0*/.<F); 12 – D%=A<3 D*<5.). 

;%=A<3 0*/.<F) =/A/+502 $/$ 7.+A+(:*/2 7%D?1+**/2 5+97+./5<./ 0.+A?. 
;+5D) -./'/ %5%@./F/B5 5+7(%D?+ 7%5%$) 9+FA< <0(%D*% )=%5+.9)6+0$)9) %@M-

+9/9) $%*05.<$8), (.)0. 3). 
 /$F+ <05/*/D()D/+502 )05%6*)$ 5+7(%D%, 9%C*%05).  
>%0(+ 0%=A/*)2 9%A+() 5+7(%D?3 7.%8+00%D 7.%)=D%A)502 ./06+5. ; .+=<(:5/5+ 

D?A/+502 ./=*%%@./=*/2 5+$05%D/2 ) -./')6+0$/2 )*'%.9/8)2. 4/**?+ D?D%A2502 $/$ 
A(2 05/8)%*/.*%-% ./06+5/ D D)A+ 5/@()8? 5+97+./5<. D <=(/3 9%A+() (5/@(. 1), 5/$ ) 
A(2 *+05/8)%*/.*%-% D D)A+ -./')$/ =/D)0)9%05) 5+97+./5<.? D <=(/3 9%A+() %5 D.+-
9+*) ) 5/@()8? 5+97+./5<. D 7.%9+F<5$/3 D.+9+*) D <=(/3 9%A+(). 
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#)0. 2. O+%9+5.)6+0$/2 9%A+(: E;X-7.+%@./=%D/5+(2 

 

 
 

#)0. 3. J@%=*/6+*)+ D+5D+, D 9%A+() 

 
>%(<6+**?+ D .+=<(:5/5+ ./06+5/ 5+97+./5<.? )07%(:=<B502 D $/6+05D+ -./*)6*?3 

<0(%D), A(2 9%A+().%D/*)2 5+7(%D%-% .+F)9/ 0 7%9%C:B 7%A0)05+9? GEJKR!G- P, 
D .+=<(:5/5+ $%5%.%-% 9%-<5 @?5: 7%(<6+*? 5+97+./5<.? D0+3 &(+9+*5%D E;X-
7.+%@./=%D/5+(2. 
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 /@()8/ 1 
#+=<(:5/5? ./06+5/ 

 

Q <=(/ R92 <=(/  +97+./5<./, °C 

1 "+D/2 05+*$/ 83.9 

2 ;+.3*22 05+*$/ 83.1 

3 >+.+A*22 05+*$/ 85.9 

4 K)F*22 05+*$/ 83.5 

5 V/A*22 05+*$/ 83.5 

6 >./D/2 05+*$/ 84 

7 05+*$/ 1 D*<5. 84 

8 05+*$/ 2 D*<5. 84 

9 E;X-9%A<(: 86.8 

10 N)'.%D%+ <05.%,05D% 83.5 

11 D%=A<3 0*/.<F) 65 

12 D%=A<3 D*<5.) 84.4 

13 >(/5/ 84 

 
>%(<6+**?+ .+=<(:5/5? 7%$/=/(), 65% 5+97+./5<./ D 7.+%@./=%D/5+(+ D?0%$/2, 

7%&5%9< *+%@3%A)9/ A%./@%5$/ $%*05.<$8)) (A%@/D(+*)+ A%7%(*)5+(:*?3 D+*5)(25%-
.%D, )=9+*+*)+ ./07%(%F+*)2 &(+9+*5%D). >%0(+ )=9+*+*), *+%@3%A)9% 7%D5%.)5: 
./06+5 =/*%D%. 

 
E7)0%$ ()5+./5<.? 

 
1. R00(+A%D/*)+ 5+7(%D?3 3/./$5+.)05)$ #LE 9+5%A/9) 9/5+9/5)6+0$%-% 9%A+().%D/*)2 [ +$05] : 

9%*%-./')2 / ;. ;. O%(:A)*, ;. O. Y<./D0$),, ;. R. !%D/(+*%$ [) A..]; .+A. G. ;. E/./'/*%D. – P. : #/A)% 
) 0D2=:, 2003. – 456 0. 

2. http://triana.su/ – 0/,5 7.%-./99*%-% $%97(+$0/  #)GKG. 
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?9CF>H>44B>  H>A9GB,  ?F>G?AC    4 :<E   894?AFI8J<K  

F G<97:>8AF944BN  H9GI:>K  4   9?49C>  3D H9G>:>K 

 
>. ;. R+D(+D, G. ;. P<./5%D (*/<6*?, .<$%D%A)5+(:), G. ;.  <.+8$), 

 
C#+#)*1.2,/ 9#.40!+.$%*))&/ $*H),I*.2,/ 4),%*+.,$*$ 

9. C#+#)*1, 4(. 3#.2#%.2,/ '+#.'*2$, 14 

E-mail: Ievlev92@mail.ru 

 
#/009%5.+*? 7.%8+00? 9%A+().%D/*)2 9+3/*)6+0$)3 3/./$5+.)05)$ &(+$5.%**?3 9%A<(+, 5.+5:+-% <.%D*2 

(05%,$)) ) *+0$%(:$% D)A%D /*/()=/: 9%A/(:*?,, A)*/9)6+0$),, <A/.*?,, 05/5)6+0$),.  

 
;0+ 0%D.+9+**?+ 5+3*)6+0$)+ 0)05+9? ) %@M+$5? 3%=2,05D+**%-% ) %@%.%**%-% 

*/=*/6+*)2, %0<C+05D(2BC)+ '<*$8)) <7./D(+*)2, .+-<().%D/*)2, %@./@%5$) )*'%.-
9/8)), $%%.A)*/8)) ) 0D2=) (./$+5?, 0/9%(+5?, 5/*$), $%./@(), 07<5*)$), /D5%9%@)(), 
D0+ 7<(:5? <7./D(+*)2 ) 5. A.), 0%A+.F/5 0(%F*?+ ./A)%&(+$5.%**?+ 0.+A05D/ (#LE). 
>.) &5%9 0 $/FA?9 -%A%9 D%=./05/+5 0(%F*%05: =/A/6, .+1/+9?3 0 7%9%C:B #LE, 65% 
7.)D%A)5 $ .%05< %0*/C+**%05) D0+, 5+3*)$) ./A)%5+3*)6+0$)9) <05.%,05D/9).  

#/A)%/77/./5<./, <05/*/D()D/+9/2 */ 7%AD)F*?3 %@M+$5/3, 7%AD+.-/+502 )*5+*-
0)D*?9 9+3/*)6+0$)9 D%=A+,05D)29, $%5%.?+ D?=?D/B5 30–50 % D0+3 %5$/=%D [1, 2]. 
H3<A1+*)+ */A+F*%05) ) 05/@)(:*%05) ./@%5? /77/./5<.? D?=?D/+502 9+3/*)6+0$)9) 
D%=A+,05D)29), */)@%(++ %7/0*?9) )= $%5%.?3 2D(2B502 D)@./8)), <A/.? ) ()*+,*?+ 
7+.+-.<=$). R05%6*)$/9) &5)3 D%=A+,05D), 9%-<5 @?5: ./=()6*?+ AD)-/5+(), D 5%9 
6)0(+ ) .+/$5)D*?+, @?05.% D./C/BC)+02 *+0@/(/*0).%D/**?+ 9/00?, */()6)+ =/=%-
.%D, *+.%D*%05) A%.%- ) 05?$) .+(:0%D, /$<05)6+0$)+ 1<9?, <A/.*/2 D%(*/, 7+.+-.<=$) 
7.) 9/*+D.).%D/*)), D=.?D*?+ D%=A+,05D)2, *+@.+F*%05: )() *+%05%.%F*%05: %@0(<-
F)D/BC+-% 7+.0%*/(/ (7/A+*)+ #LE, <A/.? 7.) 7%-.<=%6*%-./=-.<=%6*?3 ./@%5/3). 
!.%9+ 5%-%, @(%$) #LE 7.+A05/D(2B5 0%@%, 0(%F*?+ 9+3/*)6+0$)+ $%*05.<$8)), D $%-
5%.?3 D%=*)$/B5 .+=%*/*0*?+ $%(+@/*)2, 9*%-%$./5*% <0)()D/BC)+ 9+3/*)6+0$)+ 
*/-.<=$). ;0+ &5% 9%F+5 7.)D%A)5: $ 7%9+3/9 D $/*/(/3 7+.+A/6) )*'%.9/8)), $ 0*)-
F+*)B 5%6*%05) ./@%5? /77/./5<.? ) $ 9+3/*)6+0$)9 ./=.<1+*)29 &(+9+*5%D $%*05-
.<$8),. 

>.)9+*+*)+ 9/5+9/5)6+0$%-% 9%A+().%D/*)2 9+3/*)6+0$)3 7.%8+00%D 7%=D%(2+5 
0%$./5)5: $%()6+05D% 7.%9+F<5%6*?3 D/.)/*5%D $%*05.<$8)) #LE, 0.%$) ) =/5./5? */ 
7.%+$5).%D/*)+, 7.%D+05) D).5</(:*?+ )07?5/*)2 <05.%,05D/ */ */6/(:*?3 05/A)23 
7.%+$5).%D/*)2. L5% 7.)D%A)5 $ =*/6)5+(:*%9< 0%$./C+*)B D.+9+**?3 ) 9/5+.)/(:-
*?3 =/5./5 */ .+/(:*?+ )07?5/*)2, 7.%D%A)9?+ D (/@%./5%.*?3 <0(%D)23. 

C)05+9? )*F+*+.*%-% /*/()=/, D05.%+**?+ D EG>#, /00%8)/5)D*? 0 -+%9+5.)+, 
7.%+$5).<+9?3 )=A+(),, 7%&5%9< %50(+F)D/B5 )=9+*+*)2 9%A+(). #/06+5*?+ A/**?+ 
05.<$5<.).%D/*? ) )*5+-.).%D/*? D %@C<B 0)05+9< 7.%+$5).%D/*)2 EG>#. 

H6)5?D/2 A%05%)*05D/ ) *+A%05/5$) 0%D.+9+**?3 EGS-0)05+9, D */05%2C+, ./@%-
5+ A(2 9%A+().%D/*)2 9+3/*)6+0$)3 D%=A+,05D), */ ./A)%&(+$5.%**?+ 9%A<() 5.+5:+-
-% <.%D*2 @?(/ D?@./*/ 0)05+9/ Creo 2.0 [1].  

>.%+$5).%D/*)+ ./A)%&(+$5.%**%-% 9%A<(2 5.+5:+-% <.%D*2 D?7%(*+*% D 0%%5-
D+505D)) 0 OJE  #51623-2000 «!%*05.<$8)) @/=%D?+ *+0<C)+ ./A)%&(+$5.%**?3 
0.+A05D.  

4(2 %7.+A+(+*)2 0%@05D+**?3 6/05%5 ) '%.9 $%(+@/*), 0$%*05.<).%D/**%-% 
1$/'/ @?( D?7%(*+* 9%A/(:*?, /*/()= 07.%+$5).%D/**%-% 9%A<(2, D .+=<(:5/5+ $%5%-
.%-% @?() <05/*%D(+*? 0(+A<BC)+ D%=9%F*?+ 0%@05D+**?+ 6/05%5? [3]: 6,4 O8 ($%(+-
@/*)2 05%,$) DA%(: ()8+D%, 05%.%*?), 10,62 O8 ($.<6+*)+ 05%,$)), 12,3 O8 ($%(+@/*)2 
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05%,$) DA%(: @%$%D%, 05%.%*?), 20,04 O8 (0%@05D+**/2 6/05%5/ D)@./8)) *+0<C)3 D+.-
5)$/(:*?3 $%(%** 05%,$)). 

E%7%05/D(+*)+ 7%(<6+**?3 6/05%5 0 7/./9+5./9) 9+3/*)6+0$)3 A)*/9)6+0$)3 
D%=A+,05D), */ #LE A(2 ./=()6*?3 <0(%D), &$07(</5/8)), 7%$/=?D/+5, 65% A/**?+ 6/0-
5%5? 9%-<5 @?5: D%=@<FA+*? 7.) D0+3 <0(%D)23 &$07(</5/8)) ./A)%&(+$5.%**?3 
0.+A05D: D 05/8)%*/.*?3 7%9+C+*)23 )=-=/ D()2*)2 0%0+A*+-% %@%.<A%D/*)2, 7.) =+9-
(+5.20+*)23, / 5/$F+ D 0(<6/+ ./=9+C+*)2 ./009/5.)D/+9%-% 9%A<(2 */ (B@%9 5./*0-
7%.5*%9 0.+A05D+. >%&5%9< )00(+A%D/*)+ 7%D+A+*)2 $%*05.<$8)) 7.) */()6)) D*+1-
*)3 D%=A+,05D), D &5%9 6/05%5*%9 A)/7/=%*+ 05/*%D)502 %0%@+**% /$5</(:*?9. 

4(2 D?2D(+*)2 .+/$8)) 05%,$) */ <A/.*?+ D%=A+,05D)2 @?( 7.%D+A+* A)*/9)6+-
0$), 07+$5./(:*?, /*/()=. >.) &5%9 @?() )07%(:=%D/*? .+=<(:5/5? 7.%D+A+**%-% 9%-
A/(:*%-% /*/()=/. >.) )00(+A%D/*)) @?( =/A/* 07+$5. D%=9<C/BC)3  D%=A+,05D),. 
X/05%5? D%=A+,05D), D?@./*? D )*5+.D/(+ 0 ÷ 25 O8, $%5%.?, D$(B6/+5 D 0+@2 6/05%5?  
0%@05D+**?3 0D%@%A*?3 $%(+@/*),, 5/$ $/$ 7.) 5/$)3 D%=A+,05D)23 9%-<5 %$/=/5:02 
%6+*: =*/6)9?9) 2D(+*)2 .+=%*/*0/. H05/*%D(+*%, 65% */)@%(:1)+ */7.2F+*)2 D%=*)-
$/B5 D 9+05/3 $%*5/$5/ D+.5)$/(:*?3 $%(%** ) *)F*+-% %0*%D/*)2 05%,$) (*%F$) =/-
')$0).%D/*?). ;@()=) D+.3*+-% %0*%D/*)2 =*/6+*)2 */7.2F+*), 9+*:1+.  

; 0(<6/+ D%=A+,05D)2 DA%(: 7.%05./*05D+**%, A)/-%*/() D%=*)$/B5 =*/6)5+(:*% 
@ó(:1)+ */7.2F+*)2 D $/.$/0*?3 &(+9+*5/3, $.%9+ 5%-% 7%2D(2B502 =*/6)5+(:*?+ */-

7.2F+*)2 D %7%./3 – 1,4"1010 
>/ [3, 4]. 

; 5/@(. 1 7.)D+A+*? =*/6+*)2 */7.2F+*), D 05%,$+ 7.) <A/.*%9 D%=A+,05D)). 
 

 /@()8/ 1  
K/7.2F+*)2 D 05%,$+ 7.) <A/.*%9 D%=A+,05D)) 

 

K/7./D(+*)+ <A/./ 
P/$0)9/(:*%+ */7.2F+*)+ 
D@()=) $%*5/$5/ $%(%**?  
0 *)F*)9 %0*%D/*)+9, >/ 

P/$0)9/(:*%+ */7.2F+*)+ 
D@()=) $%*5/$5/ $%(%**?  
0 D+.3*)9 %0*%D/*)+9, >/ 

;A%(: %0) Y  5,6"106 1,7"106 

;A%(: %0) Z 2,03"108 6"107 

;A%(: %0) X 2,07"108 6,3"107 

;A%(: 7.%05./*05D+**%, A)/-
-%*/() 

1,4"1011 8,4"1010 

 
H05/*%D(+*%, 65% */)@%(:1)+ */7.2F+*)2 D%=*)$/B5 D 9+05/3 $%*5/$5/ D+.5)-

$/(:*?3 $%(%** ) *)F*+-% %0*%D/*)2 05%,$) (*%F$) =/')$0).%D/*?). ;@()=) D+.3*+-% 
%0*%D/*)2 =*/6+*)2 */7.2F+*), 9+*:1+. 

 /$)9 %@./=%9, @?(/ <05/*%D(+*/ @ó(:1/2 <2=D)9%05: 0$%*05.<).%D/**%, 05%,$) 
$ <A/.*%9< D%=A+,05D)B D -%.)=%*5/(:*%, 7(%0$%05), 7% 0./D*+*)B 0 D%=A+,05D)+9 D 
D+.5)$/(:*%, 7(%0$%05). >.) &5%9 D%=*)$1)+ */7.2F+*)2 9+*:1+ 7.+A+(:*?3 A(2 
05/() ) $.)5)6+0$)9) *+ 2D(2B502. HA/. DA%(: 7.%05./*05D+**%, A)/-%*/() A(2 A/*-
*%, $%*05.<$8)) *+ A%7<05)9, 5/$ $/$ D%=*)$/BC)+ 7.) &5%9 */7.2F+*)2 @()=$) $ 
$.)5)6+0$)9. 

E5/5)6+0$/2 */-.<=$/ @?(/ 09%A+().%D/*/ */ -%.)=%*5/(:*?+ */7./D(2BC)+, 
0(<F/C)+  A(2 ./=9+C+*)2 D 05%+6*%, $%*05.<$8)) 9%A<(+, @%(++ *)=$%-% <.%D*2 
($%.7<0%D D05/D*?3 @(%$%D). >%0$%(:$< D 7.%+$5+ 7.+A<09%5.+*/ D%=9%F*%05: ./=9+-
C+*)2 @(%$%D ./=()6*?3 ./=9+.%D, 5% 9%A+().%D/*)+ @?(% 0A+(/*% A(2 ./=()6*?3 05/-
5)6+0$)3 */-.<=%$: 200K, 400K, 600K, 800K ) 1000K. 

; 5/@(. 2 7.)D+A+*? =*/6+*)2 */7.2F+*), ) 7+.+9+C+*), $%*+6*?3 &(+9+*5%D 
$%*05.<$8)) 7.) ./=()6*?3 */-.<=$/3. 
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 /@()8/ 2 
 

;+()6)*/ 
0)(?, K 

K/7.2F+*)2, >/ >+.+9+C+*)2, 99 

D */7./D(2BC)3 
D D+.5)$/(:*?3 

$%(%**/3 
D */7./D(2BC)3 

D D+.5)$/(:*?3 
$%(%**/3 

200 2,96"106…1,5"107 1,4"101 2,5"10-2…1,2"10-1 2,5"10-2…8,7"10-2 

400 2,96"106…2,6"107 1,4"101 3,7"10-2…1,5"10-1 2,5"10-2…8,7"10-2 

600 4,4"106…3,1"107 2,1"101 4"10-2…1,8"10-1 4"10-2…1,6"10-1 

800 5,9"106…5,3"107 2,8"101 5"10-2…2,5"10-1 5"10-2…1,8"10-1 

1000 7,4"106…7,4"107 3,5"101 9,4"10-2…3,1"10-1 9,4"10-2…2,1"10-1 

 
G*/()= &$07+.)9+*5/(:*?3 .+=<(:5/5%D 7%$/=/(, 65% A+'%.9/8)2 D */7./D(2B-

C)3 *%0)5 <7.<-), 3/./$5+. (7%$/=/*% D?7%(*+*)+ =/$%*/ O<$/) ) D%=*)$/BC)+ */-
7.2F+*)2 =*/6)5+(:*% 9+*:1+ 9%A<(2 <7.<-%05). 

 /$)9 %@./=%9, 7%$/=/*/ 7.)*8)7)/(:*/2 D%=9%F*%05: 7.)9+*+*)2 7.%-./99*%-
-% 7.%A<$5/ Creo 2.0.  

 
E7)0%$ ()5+./5<.? 

 
1. K+*/1+D G. >. !%*05.<).%D/*)+ ./A)%&(+$5.%**?3 0.+A05D. – P.: ;?01. 1$., 1996. – 432 0. 
2. P+5%A? ) 0.+A05D/ $%97(+$0*%-% /*/()=/ 9+3/*)6+0$)3 ) 5+7(%D?3 3/./$5+.)05)$ ./A)%&(+$-

5.%**?3 9%A<(+, / E. T. E)=%D, G. ;.  <.+8$),, J. T. P/$/.%D, R. G. "%=%D%, //  .. 10-, 9+FA<*/.. 
$%*'. – P.: R>H #GK, 2010. – Q 1. – E. 40–43. 

3. P%A+().%D/*)+ 9+3/*)6+0$)3 3/./$5+.)05)$ ./A)%&(+$5.%**?3 9%A<(+, 5.+5:+-% <.%D*2 / 
>. ;. R+D(+D, G. ;. P<./5%D, G. ;.  <.+8$),, T. ;.E)A%.%D, G. R. !()9%D // #/A)%5+3*)$/. – 2014.– 
Q 11. – E. 37–40. 

4. L5/7? 9%A+().%D/*)2 9+3/*)6+0$)3 3/./$5+.)05)$ ./A)%&(+$5.%**?3 9%A<(+, 5.+5:+-% <.%D-
*2 / >. ;. R+D(+D, G. ;. P<./5%D, G. ;.  <.+8$),, T. ;.E)A%.%D, G. R. !()9%D // #/A)%5+3*)$/. – 2014. – 
Q 11. – E. 41–43. 
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<??:>G9C 4<>  F>L<H9C  H94A L    

H49;9?:9K4BN  8>F H<=>?8<N  894G>4? A9F9C 
 

P. E. P%0$%D0$)31, G. G. "+D)8$),2 
 

1@A «;)-#+6!J,#))&* .'4$),2#%&* .,.$*6&» ,6. !2!0*6,2! 3. >.  *K*$)*%!»  

662972, 9. L*(*<)#9#+.2 E+!.)#F+.2#9# 2+!F, 4(. M*),)!, 52 
2;).$,$4$ ,)1*)*+)#/ -,<,2, , +!0,#=(*2$+#),2, >?@AB CDA 5>B 

660074, 9. E+!.)#F+.2, 4(. E,+*).2#9#, 28 
 

#/009%5.+*? D%7.%0?, 0D2=/**?+ 0 D?@%.%9 .+F)9/ 9%*5/F/ @+0$%.7<0*?3 9*%-%0(%,*?3 $+./9)6+0$)3 
$%*A+*0/5%.%D. J0*%D*%+ D*)9/*)+ <A+(2+502 /*/()=< 5+97+./5<.*?3 .+F)9%D 7/,$).  

 

C!(O(,&( 
; */05%2C++ D.+92 5./A)8)%**?, 9%*5/F &(+$5.%**?3 $%97%*+*5%D */ 7+6/5*?+ 

7(/5? D =*/6)5+(:*%, 05+7+*) D?5+0*+* 5+3*%(%-)+, 7%D+.3*%05*%-% 9%*5/F/ (/*-(. – 
Surface Mount Technology )() SMT), D $%5%.%, &(+$5.%**?+ $%97%*+*5?, )9+BC)+ 
07+8)/(:*<B $%*05.<$8)B $%.7<0/ (/*-(. – Surface Mounted Device )() SMD), <05/*/D-
()D/B502 ) 7.)7/)D/B502 *+7%0.+A05D+**% $ $%*5/$5*?9 7(%C/A$/9, 0'%.9).%D/*-
*?9 D 7.%D%A2C+9 0(%+ */ 7%D+.3*%05) 7(/5?. 

>.) 7.%)=D%A05D+ /77/./5<.? 1).%$%-% 7.)9+*+*)2, 0 )07%(:=%D/*)+9 7%D+.3-
*%05*%-% 9%*5/F/, $/$ 7./D)(%, )07%(:=<+502 /D5%9/5)=).%D/**/2 <05/*%D$/ SMD-
$%97%*+*5%D */ 7(/5< ) 5+3*%(%-)2 -.<77%D%, 7/,$). 4(2 /77/./5<.? 07+8)/(:*%-% 
*/=*/6+*)2 =/6/05<B )07%(:=<+502 .<6*/2 <05/*%D$/ ) 7/,$/ SMD-$%97%*+*5%D.  

JA*%, )= 7.%@(+9 5+3*%(%-)) 7%D+.3*%05*%-% 9%*5/F/ 2D(2+502 7%D.+FA+*)+ <0-
5/*/D()D/+9?3 */ 7(/5< $%97%*+*5%D, 65% 7.)D%A)5 $ 0%$./C+*)B D?3%A/ -%A*?3 )=-
A+(), 7.) 7.%)=D%A05D+ ) 0%$./C+*)B */A+F*%05) /77/./5<.? D 7.%8+00+ &$07(</5/-
8)). ! */)@%(++ «<2=D)9?9» $%97%*+*5/9 0 &5%, 5%6$) =.+*)2 %5*%02502 9*%-%0(%,-
*?+ $+./9)6+0$)+ $%*A+*0/5%.? [1, 2]. ; A/**%, ./@%5+ ./009%5.+*? 7.)6)*? 7%D.+-
FA+*)2 9*%-%0(%,*?3 $+./9)6+0$)3 $%*A+*0/5%.%D, <05/*/D()D/+9?3 */ 7+6/5*?+ 
7(/5? 0 )07%(:=%D/*)+9 5+3*%(%-)) 7+6/5*%-% 9%*5/F/. 

 

1. G(P(*"2 *#,O(,)%"#1#! & 01&'&,2 &Q !#-,&*,#!(,&3 

! 7%D.+FA+*)B 9*%-%0(%,*?3 $+./9)6+0$)3 $%*A+*0/5%.%D 9%F+5 7.)D%A)5: 
.2A ./=()6*?3 7.)6)* [3–7]. >.)6)*%, @./$/, *+ 0D2=/**%, */7.29<B 0 9%*5/F%9, 
9%F+5 @?5: */()6)+ D 0/9)3 $%*A+*0/5%./3 0$.?5?3 A+'+$5%D (.)0. 1), 07%0%@*?3 D 
A/(:*+,1+9 7.)D%A)5: $ %5$/=/9 [5]. 

 

! " % 
 

#)0. 1. E$.?5?+ A+'+$5? 9*%-%0(%,*?3 $+./9)6+0$)3 $%*A+*0/5%.%D [5]:  
! – D*<5.+**)+ 5.+C)*?; " –./00(/)D/*)+; % – 7<05%5? D 5+(+ $%*A+*0/5%./ 

 
; 7.%8+00+ 0@%.$) 7+6/5/*%, 7(/5? 7.)6)*/9) 7%D.+FA+*), $%*A+*0/5%.%D 9%-

-<5 @?5:: 9+3/*)6+0$)+ D%=A+,05D)2 7.) <05/*%D$+ (7%=)8)%*).%D/*))) &(+9+*5%D */ 
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7(/5+; 5+7(%D%, <A/.; )=-)@*?+ A+'%.9/8)); 9)-./8)2 9+5/((/ &(+$5.%A%D (0+.+@./ ) 
7/((/A)2); A+'+$5? 7/,$) (*/7.)9+., A+'+$5 «*/A-.%@*?, $/9+*:» )=-=/ )=@?5%6*%, 
5%(C)*? 0(%2 7.)7%2).  

! 7%2D(+*)B A+'+$5%D $%*A+*0/5%.%D 5/$F+ 9%-<5 7.)D%A)5: D?7%(*2+9?+ 7%0(+ 
=/D+.1+*)2 7/,$) %7+./8)): 5+05).%D/*)+, %5A+(+*)+ 7(/5? %5 -.<77%D%, =/-%5%D$), 
<05/*%D$/ 0%+A)*)5+(+,, =/$.+7(+*)+ */ 1/00). ;?7%(*+*)+ &5)3 %7+./8), %-%D/.)D/-
+502 D 07+8)/(:*?3 5+3*)6+0$)3 5.+@%D/*)23, %A*/$% */ 7./$5)$+ D 3%A+ )3 D?7%(*+-
*)2 6/05: $%*A+*0/5%.%D 7%D.+FA/+502.  )7)6*?+ 5.+C)*? D .+=<(:5/5+ A+'%.9/8)) 
7(/5? 7%$/=/*? */ .)0. 2. 

 

 

#)0. 2. R=9+*+*)+ 3/./$5+./ ./=.<1+*), $%*A+*0/5%./ 7.) )=9+*+*)) */7./D(+*)2 D*+1*+, 0)(? [4] 

 

4(2 0*)F+*)2 .)0$/ 7%D.+FA+*)2 $%97%*+*5? */ 7(/5+ A%(F*? @?5: )=%().%D/-
*? %5 0%+A)*)5+(+, ) A.<-)3 &(+9+*5%D, 65%@? 9)*)9)=).%D/5: 7%D.+FA+*)2 7.) A+-
'%.9/8), 7(/5? D% D.+92 ++ %@./@%5$). 

#/009%5.)9 '/$5%.?, %7.+A+(2BC)+ D%=9%F*%05: 7%D.+FA+*)2 $%*A+*0/5%.%D D 
7.%8+00+ 7/,$). 

 

2. @%R*% *#,O(,)%"#1#! 

 .+@%D/*)2 $ D?7%(*+*)B 7/,$) $%*A+*0/5%.%D %-%D/.)D/B502 D 0%%5D+505D<B-
C)3 A%$<9+*5/3, .+-(/9+*5).<BC)3 7.)9+*+*)+ &5)3 $%97%*+*5%D.  /$, */7.)9+., 
A(2 $%*A+*0/5%.%D 5)7/ !10-17 ) !10-47 A/**?+ 5.+@%D/*)2 7.)D+A+*? D 5+3*)6+0$)3 
<0(%D)23: JY0.460.107  H !%*A+*0/5%.? $+./9)6+0$)+ !10-17; JY0.460.174  H !%*-
A+*0/5%.? $+./9)6+0$)+ !10-47.  

;9+05+ 0 5+9, 7.%)=D%A05D+**/2 7./$5)$/ (D$(B6/2 =/.<@+F*?, %7?5) 7%$/=?D/-
+5, 65% D%=*)$*%D+*)+ A+'+$5%D 9*%-%0(%,*?3 $+./9)6+0$)3 $%*A+*0/5%.%D */ &5/7+ 
7/,$) %05/+502 D/F*%, 7.%@(+9%, 5+3*%(%-)) 7%D+.3*%05*%-% 9%*5/F/.  

JA*)9 )= 9+3/*)=9%D ./=.<1+*)2 $%*A+*0/5%.%D 2D(2+502 5+.9%<A/. (5+7(%D%, 
<A/.) – %A*%./=%D%+ ) *+%A*%.%A*%+ )=9+*+*)+ 5+97+./5<.? 5+(/ 0 D?0%$%, 0$%.%05:B 
*/./05/*)2 (0*)F+*)2). >.) @?05.%9 )=9+*+*)) 5+97+./5<.?, */7.)9+., 7.) 7%-.<F+-
*)) $%*A+*0/5%./ D D/**< 0 7.)7%+9, .+=<(:5/5%9 2D(2+502 9+3/*)6+0$%+ D%=A+,05D)+, 
7%0$%(:$< 5+97+./5<./ 7%D+.3*%05) &(+9+*5/ A%05)-/+5 5+97+./5<.? ./07(/D(+**%-% 
7.)7%2 7./$5)6+0$) 9-*%D+**%, / D*<5.+**22 6/05: $%*A+*0/5%./ %05/+502 7.) */6/(:-
*%, 5+97+./5<.+. ;0(+A05D)+ 5+97+./5<.*%-% -./A)+*5/ 5+7(%D%+ ./01).+*)+ $+./9)-
$) $%*A+*0/5%./ *+%A*%.%A*% ) 9%-<5 7%2D(25:02 5.+C)*?. 

>.) <05/*%D$+ */ 7(/5< 7%9)9% 5+7(%D%-% <A/./ D/F*?9 '/$5%.%9 2D(2+502 ./=-
()6)+ 5+97+./5<.*?3 $%&'')8)+*5%D ()*+,*%-% ./01).+*)2 ( !"#) 9/5+.)/(%D $%*-
A+*0/5%./ ) 7(/5?. P*%-%0(%,*?, $+./9)6+0$), $%*A+*0/5%. 0%05%)5 )= 0(%+D $+./-
9)$) */ %0*%D+ 5)5/*/5/ @/.)2 (BaTiO3) 0 6+.+A<BC)9)02 0(%29) 7/((/A)2 )() 7/((/-
A),-0+.+@.2*%-% 07(/D/ (Pd/Ag), / 5/$F+ D?D%A%D, 0%05%2C)3 )= 07(/D/ Pd/Ag )/)() 
*)$+(2 ) 7%$.?5)2 7.)7%+9. V*/6+*)2  !"# 9/5+.)/(%D D $%*A+*0/5%.+ ) D 7+6/5*%, 
7(/5+ 7.)D+A+*? D 5/@(. 1 [6]. 
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 /@()8/ 1 
 

P/5+.)/(  !"# × 106, 1/°C 

!+./9)$/ $%*A+*0/5%./ (BaTiO3) 9,5-11,5 

E7(/D? 7/((/A), / 0+.+@.% (Pd/Ag) 13-17 

E7(/D? */ %0*%D+ %(%D/ 27 

K)$+(: 13-14 

P+A: 17,6 

G(B9)*), 7 

E5+$(%5+$05%()5 FR-4/G-10 PCB (DA%(: 7(%0$%05) 7(/5?) 18 

L7%$0)A*?, $(++D%, $%97/<*A 20-100 

 

R= 5/@(. 1 D)A*%, 65%  !"# 05+$(%5+$05%()5/ 1).%$% )07%(:=<+9%, 9/.$) FR-4 
7.)9+.*% D AD/ ./=/ %5()6/+502 %5  !"# $+./9)$), =/*)9/BC+, %0*%D*%, %@M+9 $%*-
A+*0/5%./. L5% 7.)D%A)5 $ 5%9<, 65% )=9+*+*)2 ./=9+.%D $%*A+*0/5%./ ) <6/05$/ 7(/-
5?, */ $%5%.%9 %* <05/*%D(+*, 7.) */-.+D+ ) %05?D/*)) 7+6/5*%-% <=(/ 0<C+05D+**% 
./=()6*? ) D?=?D/B5 %05/5%6*?+ 9+3/*)6+0$)+ */7.2F+*)2 D $%*A+*0/5%.+ 7%0(+ =/-
D+.1+*)2 7/,$). K/ .)0. 3 7%$/=/*? 3/./$5+.*?+ D/.)/*5? 7%D.+FA+*),, D?2D(+**?3 
7%0(+ 7/,$). 

 

! " 
 

#)0. 3.  .+C)*? D $+./9)6+0$)3 $%*A+*0/5%./3 7%0(+ 7/,$):  
! – 5.+C)*/ 7%A <-(%9 45°; " – 5.+C)*/, D?=D/**/2 )=@?5$%9 7.)7%2 [6] 

 
#/009%5.)9 5+7(%D?+ .+F)9? A(2 ./=()6*?3 D/.)/*5%D 9%*5/F/ 9*%-%0(%,*?3 

$+./9)6+0$)3 $%*A+*0/5%.%D. 
 

3.  ,%+&- 1(S&$#! $#,"%S%  

; */05%2C++ D.+92 */ %5+6+05D+**?3 7.+A7.)25)23 )07%(:=<+502 *+0$%(:$% .+-
F)9%D 9%*5/F/ 9*%-%0(%,*?3 $+./9)6+0$)3 $%*A+*0/5%.%D ) *) %A)* )= *)3 *+ %@+0-
7+6)D/+5 7%(*%+ %50<505D)+ A+'+$5%D. ; 5/@(. 2 7.+A05/D(+*? .+F)9? 9%*5/F/ $%*-
A+*0/5%.%D.  

4(2 %7.+A+(+*)2 D%=9%F*%05) D%=*)$*%D+*)2 5+.9%<A/./ D 7.%8+00+ 7/,$) $%*-
A+*0/5%./ 7.) <$/=/**?3 D 5/@(. 2 9+5%A/3 9%*5/F/, D?7%(*+*% 6)0(+**%+ 9%A+().%-
D/*)+ *+05/8)%*/.*%-% 5+7(%D%-% 7.%8+00/ D 7.%-./99+ $%*+6*%-&(+9+*5*%-% /*/()=/ 
ANSYS. ;/.)/*5? 9%A+(+, A(2 *+$%5%.?3 .+F)9%D 9%*5/F/ 7%$/=/*? */ .)0. 4 ) 5.  

R= .)0. 4, " D)A*%, 65% D 7.%8+00+ 7/,$) 5+97+./5<./ D D+.3*+, 6/05) $%*A+*0/5%-
./ (D 5%6$/3 1-4 ) 8) 0*/6/(/ 0*)F/+502 %5*%0)5+(:*% )03%A*%-% =*/6+*)2 140 °E, / =/-
5+9 9%*%5%**% ./05+5. X+.+= *+$%5%.%+ D.+92 5+97+./5<./ */ @%(:1+, 6/05) $%*A+*0/-
5%./ 7./$5)6+0$) A%05)-/+5 5+97+./5<.? ./=%-.+5%-% 7/2(:*)$/ – 210 °E. G*/()= -./-
')$/ 7%$/=?D/+5, 65% */)@%(++ $.)5)6+* 7+.+7/A 5+97+./5<. 9+FA< *)F*+, 6/05:B 
$%*A+*0/5%./ (5%6$) 5 ) 9) ) D+.3*+, 6/05:B $%*A+*0/5%./.  
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 /@()8/ 2 
 

Q  )7 9%*5/F/ 
>.+AD/.)5+(:*?,  

7%A%-.+D $%*A+*0/5%.%D 
A% 5+97+./5<.? 140 °E 

>.+AD/.)5+(:*?, 
7%A%-.+D 7+6/5*%, 
7(/5? A% 60 °E 

1 >/2(:*)$%9 */ 7+6/5*<B 7(/5< ($%*5/$5*/2 7/,$/*) +05: *+5 

2 >/2(:*)$%9 */ 7+6/5*<B 7(/5< ($%*5/$5*/2 7/,$/*) +05: +05: 

3 >/2(:*)$%9 */ 7+6/5*<B 7(/5< +05: *+5 

4 >/2(:*)$%9 */ 7+6/5*<B 7(/5< +05: +05: 

5 
P%*5/F 7+.+9?6+$ (7.%D%A PP 0,2) $ $%*5/$5*?9 
7%D+.3*%0529 $%*A+*0/5%.%D, / =/5+9 9%*5/F 7+.+-
9?6+$ */ 7+6/5*<B 7(/5< 

+05: *+5 

6  +.9%7)*8+5%9 */ 7+6/5*<B 7(/5< +05: *+5 

7  +.9%7)*8+5%9 */ 7+6/5*<B 7(/5< +05: +05: 

8 >%D+.3*%05*?, 9%*5/F */ 7+6/5*<B 7(/5< *+5 *+5 
 
*>.)9+6/*)+: 7%A $%*5/$5*%, 7/,$%, 7%*)9/+502 9%*5/F &(+9+*5/ */ 7+6/5*<B 7(/5< 0 7.)9+*+*)+9 *+-

./07(/D(+**%-% 7.)7%2. 

 

! " 
 

#)0. 4. P%A+(: A(2 1 .+F)9/ 9%*5/F/ (!) ) =/D)0)9%05: 5+97+./5<.? D 5%6$/3 1-9 %5 D.+9+*) (") 

 

! " 
 

#)0. 5. P%A+() A(2 1 .+F)9/ 9%*5/F/ (!) ) A(2 .+F)9%D 6, 7 (")  
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G*/(%-)6*?9 %@./=%9 @?() D?7%(*+*? ./06+5? ) A(2 A.<-)3 .+F)9%D 9%*5/F/ 
(.)0. 5). 

G*/()= )=9+*+*)2 5+97+./5<.? 7% .+=<(:5/5/9 6)0(+**%-% 9%A+().%D/*)2 7%-
=D%()( 0A+(/5: 0(+A<BC)+ D?D%A?. 

 
C2!#O2 

1) >)$%D%+ 0*)F+*)+ 5+97+./5<.? < 9*%-%0(%,*%-% $+./9)6+0$%-% $%*A+*0/5%./ 
')$0).<+502 D *)F*+, 6/05): 5%6$/ 5 – *)F*22 -./*)8/ &(+$5.%A*?3 7(/05)* $%*A+*-
0/5%./, 0%7.)$/0/BC+,02 0 D*+1*)9 &(+$5.%A%9 $ $%5%.%9< @?( 7.)(%F+* *+./07(/D-
(+**?, 7.)7%,; 5%6$/ 9 – -./*)8/ D*+1*+-% &(+$5.%A/ $%*A+*0/5%./, 0%7.)$/0/BC+,02 
0 $%*5/$5*%, 7(%C/A$%, 7+6/5*%, 7(/5?, ) $+./9)$%,. 

2) J@(/05: %5 -./*)8? *)F*+-% D*<5.+**+-% &(+$5.%A/ $%*A+*0/5%./ A% -./*)8? 
D*+1*+-% &(+$5.%A/ $%*A+*0/5%./ (0% 05%.%*? 9%*5/F/) 2D(2+502 */)@%(++ $.)5)6*%, 
7.) 5+.9%<A/.+ DD)A< 5%-%, 65% 5+97+./5<./ &5%, %@(/05) D */6/(:*?, 9%9+*5 D.+9+*) 
(D 5+6+*)+ 0,001-0,01 0+$) %$/=?D/+502 *)F+ */ 10-20 °E, %5*%0)5+(:*% 5+97+./5<.? 
%05/(:*?3 %@(/05+, $%*A+*0/5%./, / D A/(:*+,1+9 5/$F+ 7./$5)6+0$) 9-*%D+**% D%=-
./05/+5 A% =*/6+*),, @()=$)3 $ 5+97+./5<.+ %05/(:*?3 %@(/05+,. 

3) 4+5/(:*?, /*/()= )=9+*+*)2 5+97+./5<.? D ./=()6*?3 %@(/0523 7%=D%(2+5 D?-
2D)5: */)@%(++ %7/0*?+ 0 5%6$) =.+*)2 5+.9%<A/./ %@(/05). ;%=9%F*%05: ./=.<1+*)2 
$%*A+*0/5%./ 9%F+5 @?5: %7.+A+(+*/ 0 7%9%C:B 9+FA)08)7()*/.*%-% /*/()=/, D$(B-
6/BC+-% */.2A< 0 5+7(%D?9 ./06+5%9, ./06+5 */7.2F+**%- A+'%.9).%D/**%-% 0%05%2-
*)2 05.<$5<.? $%*A+*0/5%./. 

 
 !"#$! %&'#()*)! '+, -,)!).#%#/ '#00*+12* 3,)#"+)!42,  #..,, % 5,",+.2#6 

-*0*+!(7)#6 4),%*+.,$*$* (8#9#%#+ : 02.G25.31.0041). 
 

E7)0%$ ()5+./5<.? 
 

1. Adams T. Preventing MLCC Failures. Understanding how mechanical anomalies can cause electrical 
failure in MLCCs // Circuits Assembly. – Aug. – 2009. P. 17-19. [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: 
http://circuitsassembly.com (A/5/ %@./C+*)2: 20.03.2015). 

2. Watkins J. R. Evaluating the Susceptibility of Electronic Components Assembled with Leaded Solder 
to Flexural Failures, with High Rate Considerations. Dissertation of the requirements for the degree of Doctor of 
Philosophy. University of Maryland. 2008.  

3. Stewart M. AVX MLCC FLEXITERMTM: Guarding Against Capacitor Crack. AVX Technical Infor-
mation Series, 2005 [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: http://www.avx.com (A/5/ %@./C+*)2: 
20.03.2015). 

4. Rawal B. S., Krishnamani K., Maxwell J. Parameters Important for Surface Mount Applications of 
Multilayer Ceramic Capacitors. AVX Technical Information Series, 1990 [L(+$5.%**?, .+0<.0]. – #+F)9 
A%05<7/: http://www.avx.com (A/5/ %@./C+*)2: 20.03.2015). 

5. Design and Process Guidelines for Use of Ceramic Chip Capacitors. CALCE Electronic Products and 
Systems Center University of Maryland, 1996 [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: 
http://www.calce.umd.edu (A/5/ %@./C+*)2: 20.03.2015). 

6. Rawal B., Ladew R., Garcia R. Factors Responsible for Thermal Shock Behavior of Chip Capacitors. 
AVX Technical Information Series, 1987 [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: http://www.avx.com (A/5/ 
%@./C+*)2: 20.03.2015). 

7. Davis Ch., Maloy S., Wegman J. Common Cracking Modes in Surface Mount Multilayer Ceramic Ca-
pacitors. MLCC Application Notes. TDK. 2000. [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: 
http://product.tdk.com/capacitor/mlcc/ja/applicationnote/pdf/04_common_cracking_modes_surface_mount.pdf 
(A/5/ %@./C+*)2: 20.03.2015). 
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@F<M9F49-A>N49:9;<=>?89>  H9G>:<F9C 4<>   

7:>H>4A9C  H<8F9?N>H 

 
R. K. O/D.)(B$, R. R. G*<'.)+D,  

J. ;. E+9+*%D/ (*/<6*?, .<$%D%A)5+(:) 
 

;).$,$4$ ,)1*)*+)#/ -,<,2, , +!0,#=(*2$+#),2, >?@AB CDA 5>B 

660074, 9. E+!.)#F+.2, 4(. E,+*).2#9#, 28 

E-mail: nordmarez@mail.ru 

 

E5.+9)5+(:*%+ ./=D)5)+ 7%(<7.%D%A*)$%D?3 5+3*%(%-), 05/D)5 .2A =/A/6 7+.+A 
07+8)/()05/9), ./@%5/BC)9) D %@(/05) 7.)@%.*%-5+3*%(%-)6+0$%-% 7.%+$5).%D/*)2. 
;/F*% *+ 5%(:$% 7.+A(%F)5: 7.)*8)7)/(:*% *%D%+ 5+3*%(%-)6+0$%+ .+1+*)+ )() <05-
.%,05D%, *% ) %0<C+05D)5: @?05.<B ./=./@%5$< ) D*+A.+*)+ 5+3*%(%-)) D 7.%)=D%A05D% 
0 9)*)9/(:*?9) =/5./5/9) D.+9+**?3 ) A+*+F*?3 .+0<.0%D. H07+1*%+ .+1+*)+ A/*-
*?3 =/A/6 D $%*+6*%9 )5%-+ %7.+A+(2+5 $%*$<.+*5%07%0%@*%05: 7.+A7.)25)2 D <0(%D)-
23 *+7.+.?D*% ./=D)D/BC+-%02 .?*$/ 5+3*%(%-),.  

; */05%2C++ D.+92 %A*)9 )= %0*%D*?3 07%0%@%D A(2 .+1+*)2 D?1+<$/=/**?3 
7.%@(+9 2D(2+502 )07%(:=%D/*)+ 7.%-./99*%-% %@+07+6+*)2 TCAD (Technology  

Computer – Aided Design – 5+3*%(%-)2 /D5%9/5)=).%D/**%-% 7.%+$5).%D/*)2). K/ 0+-%-
A*21*), A+*: &5% %0*%D*%, )*05.<9+*5, $%5%.?, )07%(:=<+502 D 0$D%=*%9 9%A+().%-
D/*)) ) ./=./@%5$+ 7%(<7.%D%A*)$%D?3 7.)@%.%D, <05.%,05D ) &(+9+*5%D )*5+-./(:-
*?3 9)$.%03+9 (RPE), <6)5?D/2 5+3*%(%-)6+0$)+ 7.%8+00? )3 7.%)=D%A05D/.  /$, )0-
7%(:=%D/*)+ TCAD 7%=D%(2+5 =/9+*)5: 5.<A%+9$)+ ) =/5./5*?+ )07?5/*)2 7%A(%F+$ 
7.) ./=./@%5$+ *%D%-% 7%(<7.%D%A*)$%D%-% <05.%,05D/ )() 5+3*%(%-)) [1, 2]. 

N+(:B A/**%, ./@%5? 2D(2+502 7./$5)6+0$%+ %=*/$%9(+*)+ 0 7.)*8)7/9) 7.)-
@%.*%-5+3*%(%-)6+0$%-% 9%A+().%D/*)2 5./*=)05%.*%, 05.<$5<.? A(2 ./=./@%5$) 9+-
5%A)6+0$%-% %@+07+6+*)2 7% 7.%+$5).%D/*)B 5+3*%(%-)6+0$)3 7.%8+00%D )=-%5%D(+*)2 
&(+9+*5%D 7%(<7.%D%A*)$%D?3 RE 0 )07%(:=%D/*)+9 0)05+9?  TCAD. 

>.%+$5).%D/*)+ (B@%, RE */6)*/+502 0 9%A+().%D/*)2 5./*=)05%.*%, 05.<$5<.?, 
$%5%./2 2D(2+502 @/=%, A(2 '%.9).%D/*)2 A.<-)3 &(+9+*5%D RE. P%A+().%D/*)+ 5+3*%-
(%-)6+0$%-% 9/.1.<5/ PJ> 5./*=)05%./ D 0)05+9+ TCAD */6)*/+502 0 %7.+A+(+*)2 
-+%9+5.)6+0$)3 7/./9+5.%D 5./*=)05%.*%, 05.<$5<.?. ;3%A*%, $%9/*A*?, '/,( 5+3*%-
(%-)6+0$%-% 9%A+().%D/*)2 D$(B6/+5 5+3*%(%-)6+0$), 9/.1.<5 */ /*-(),0$%9 2=?$+ [3].  

4(2 0%=A/*)2 5./*=)05%.*%, 05.<$5<.? *+%@3%A)9% %75)9)=).%D/5: 7/./9+5.? 
0+5$). #/=<9*?, 7%A@%. D?@%./ 7(%5*%05) 0+5$) %@+07+6)D/+5 $%97.%9)00 9+FA< *+-
%@3%A)9%, ) A%05<7*%, 5%6*%05:B ./06+5/ ) D.+9+*+9 9%A+().%D/*)2. ;?0%$/2 7(%5-
*%05: 0+5$) *+%@3%A)9/ D 5/$)3 %@(/0523, $/$ %@(/05: )%**%, )97(/*5/8)), '%.9).%-
D/*)2 p-n 7+.+3%A/, 05%$/, )05%$/ ) $/*/(/ PJ> 5./*=)05%./. L5% 7%D?1/+5 5%6*%05: 
9%A+().%D/*)2 7.%')(2 (+-).%D/*)2 %@(/05+, 5./*=)05%./, %5 $%5%.%-% =/D)025 +-% 
&(+$5.%')=)6+0$)+ 7/./9+5.?.  

E(+A<BC)9 1/-%9 A(2 7%05.%+*)2 5./*=)05%.*%, 05.<$5<.? 2D(2+502: )*)8)/-
()=/8)2 %@(/05) 7%A(%F$), %7.+A+(+*)+ +Z $%%.A)*/5, $%()6+05D/ <=(%D, $%*8+*5./8)) 
(+-).<BC+, 7.)9+0) D 7%A(%F$+ ) +Z %.)+*5/8)). ; %@C+9 0(<6/+ )03%A*/2 7%A(%F$/ 
=/A/+502 $%9/*A%,, 7%0(+ $%5%.%, <$/=?D/+502 9/5+.)/( 7%A(%F$), (+-).<BC/2 7.)-
9+0:, $%*8+*5./8)2 *%0)5+(+, ) %.)+*5/8)2. ; A/**%9 0(<6/+ )07%(:=<+502 7%A(%F$/ 
(+-).%D/**/2 @%.%9 0 $%*8+*5./8)+, 5*1016 

09
–3. 

>%0(+ %7.+A+(+*)2 7/./9+5.%D 7%A(%F$) *+%@3%A)9% 0'%.9).%D/5: =/C)5*<B 
9/0$< A(2 7%0(+A<BC+-% 7.%D+A+*)2 7.%8+00/ )%**%, )97(/*5/8)). 4(2 &5%-% 0(+A<+5 
7.)9+*)5: $%9/*A? 7% %7+./8)29 */*+0+*)2 ) (%$/(:*%-% 3)9)6+0$%-% 5./D(+*)2 %$-
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0)A*%, 7(+*$) D 9+05/3 '%.9).%D/*)2 05%$/ ) )05%$/ 5./*=)05%./.  %(C)*/ 7(+*$) 
A%(F*/ @?5: A%05/5%6*%, A(2 0%=A/*)2 9/0$).<BC+-% 0(%2 7.) 7.%D+A+*)) 7.%8+00%D 
A)''<=)) )() )%**%, )97(/*5/8)).  

4(2 7.%D+A+*)2 9%A+().%D/*)2 7.%8+00/ )%**%, )97(/*5/8)) *+%@3%A)9% <$/-
=/5: 9)*)9/(:*?, */@%. 7/./9+5.%D: */=D/*)+ DD%A)9%, 7.)9+0); A%=< DD%A)9%, 
7.)9+0) ) +Z 7%.2A%$; &*+.-)B )97(/*5/8)) D !&;; <-%( */$(%*/ D -./A<0/3; <-%( 7%-
D%.%5/ D -./A<0/3. ; A/**%9 0(<6/+ D $/6+05D+ 7.)9+0) )07%(:=<+502 '%0'%., / )%**/2 
)97(/*5/8)2 7.%D%A)502 0 A%=%, DD%A)9%, 7.)9+0) 1019 

09
–3 ) &*+.-)+, )97(/*5/8)) 

10 !&;. >%0(+ &5%-% <A/(2+502 %$0)A*/2 9/0$/, ) 7.%D%A)502 ./=-%*$/ 7.)9+0) D-(<@: 
7%A(%F$) 0 7%9%C:B 7.%8+00/ A)''<=)). P)*)9/(:*?9 */@%.%9 A)''<=)%**?3 7/-
./9+5.%D 2D(2+502: D.+92 A)''<=)); 5+97+./5<./ A)''<=)); A/D(+*)+ D 0)05+9+. ; .+-
=<(:5/5+ 7.%D+A+*)2 5+3*%(%-)6+0$%-% 9%A+().%D/*)2 A/**?3 %7+./8), 0%=A/B502 D?-
0%$%(+-).%D/**?+ %@(/05) n 5)7/ 7.%D%A)9%05) 0 %7.+A+(+**?9 7.%')(+9 ./07.+A+-
(+*)2 7.)9+0) D %@(/0523 05%$/ ) )05%$/ 5./*=)05%./. 

4/(++ *+%@3%A)9% 0'%.9).%D/5: =/5D%. PJ> 5./*=)05%./ 0 7%9%C:B DD+A+*)2 
$%9/*A 7% %7+./8)) %0/FA+*)2 7%A=/5D%.*%-% A)&(+$5.)$/ ) */*+0+*)2 7%()$.)05/(-
()6+0$%-% $.+9*)2 (>!!) 0 +-% 7%0(+A<BC)9 3)9)6+0$)9 5./D(+*)+9 A(2 0%=A/*)2 
$%*5/$5/ 7%A =/5D%..  /$)9 %@./=%9, $%*5/$5%9 7%A =/5D%. 0(<F)5 >!!. 

>%0(+ 0%=A/*)2 PJ> 05.<$5<.? 0(+A<+5 0'%.9).%D/5: %9)6+0$)+ $%*5/$5? ) =/-
A/5: )3 */=D/*)2 ) 9+05%7%(%F+*)2. 4(2 &5%-% DD%A2502 $%9/*A? 7% 7.%D+A+*)B %7+-
./8)) %0/FA+*)2 /(B9)*)+D%, 7(+*$) ) ++ 3)9)6+0$%-% 5./D(+*)2 A(2 '%.9).%D/*)2 
$%*5/$5%D 7%A &(+$5.%A? )05%$/ ) 05%$/ 5./*=)05%./. 4(2 %7.+A+(+*)2 9+05%7%(%F+-
*)2 $%*5/$5%D A%05/5%6*% =/A/5: 5%(:$% %A*< +-% $%%.A)*/5<. >.%-./99/ /D5%9/5)6+-
0$) 7.)0D/)D/+5 =*/6+*)+ $%*5/$5/ $ D?1+05%2C+9< 9+5/((< 7% =/A/**%, $%%.A)*/5+. 
; .+=<(:5/5+ 7.%D+A+**%-% 9%A+().%D/*)2 D 5+3*%(%-)6+0$%9 9%A<(+  '%.9).<+502 
-%5%D/2 05.<$5<./ PJ> 5./*=)05%./ (.)0. 7). 

 

 
 

#)0. 1. E9%A+().%D/**/2 05.<$5<./ PJ> 5./*=)05%./ 0 D)=</()=).%D/**%, 0+5$%, 

 
>%0(+A<BC)+ 7.)@%.*%-5+3*%(%-)6+0$%+ 9%A+().%D/*)+ 7%=D%(2+5 %7.+A+()5: 

++ &(+$5.)6+0$)+ 7/./9+5.? (.)0. 2, 3), 7% $%5%.?9 9%F*% 0<A)5: % 5%9, */0$%(:$% 
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7./D)(:*% ) 5%6*% 0'%.9).%D/*/ 5./*=)05%.*/2 05.<$5<./ ) ./=./@%5/* 5+3*%(%-)6+-
0$), 9/.1.<5.  

 

 
 

 
 

#)0. 2. ;?3%A*/2 3/./$5+.)05)$/ #)0. 3. >+.+A/5%6*/2 3/./$5+.)05)$/ 

 
K/ %0*%D/*)) 7.%D+A+**%, ./@%5? 0(+A<+5, 65% 9%A+().%D/*)+ 7%(<7.%D%A*)$%D?3 

<05.%,05D 5.+@<+5 <6+5/ 9*%F+05D/ 7/./9+5.%D. #/06+5 &5)3 7/./9+5.%D, A/F+ A(2 %A*%-% 
<05.%,05D/, 5.+@<+5 @%(:1%-% $%()6+05D/ D.+9+*) ) .+0<.0%D. JA*/$% 0 7%9%C:B 0)05+9? 
TCAD D%=9%F*% */ *+0$%(:$% 7%.2A$%D 0%$./5)5: ./03%A? D.+9+*) ) 0.+A05D, 65% <0$%.2-
+5 7.%)=D%A05D% 7%(<7.%D%A*)$%D?3 <05.%,05D. K/ 7.)9+.+ 9%A+().%D/*)2 PJ> 5./*=)-
05%./ D)A*%, */0$%(:$% <7.%C+* ./06+5 D0+3 *+%@3%A)9?3 7/./9+5.%D. 

H07+1*%+ %0D%+*)+ 7.)@%.*%-5+3*%(%-)6+0$%-% 9%A+().%D/*)2 5./*=)05%.*%, 
05.<$5<.? 7.+A7%(/-/+5 *+%@3%A)9%05: @/=%D?3 =*/*), ')=)$) 7%(<7.%D%A*)$%D ) 
&(+$5.)6+0$)3 7/./9+5.%D 5./*=)05%.%D A/**%-% 5)7/. V*/*)+ 03+9%5+3*)$) ) &(+$-
5.)6+0$)3 3/./$5+.)05)$ 5./*=)05%./, / 5/$F+ 7./D)(:*%05: 7.%D+A+*)2 %7+./8), 5+3-
*%(%-)6+0$%-% 7.%8+00/ +-% )=-%5%D(+*)2 7%=D%(2B5 A%05/5%6*% @?05.% ) 5%6*% 09%-
A+().%D/5: 5./*=)05%. 0 =/A/**?9) &(+$5.%')=)6+0$)9) 3/./$5+.)05)$/9).  

P/5+.)/(?, )07%(:=<+9?+ D A/**%, ./@%5+, 7%(%F+*? D %0*%D< ./=./@%5$) (/@%-
./5%.*%-% 7./$5)$<9/ 7% A)08)7()*+ «>.%+$5).%D/*)+ ) 5+3*%(%-)2 &(+$5.%**%, 
$%97%*+*5*%, @/=?» A(2 05<A+*5%D */7./D(+*)2 11.04.04 «L(+$5.%*)$/ ) */*%&(+$5.%-
*)$/» ) 9%-<5 @?5: )07%(:=%D/**? A(2 ./=./@%5$) 9+5%A)6+0$%-% %@+07+6+*)2 
7%A-%5%D$) ) 7+.+7%A-%5%D$) 07+8)/()05%D */ 7.%)=D%A05D+**?3 7.+A7.)25)23 7% 
)=-%5%D(+*)B #LG. 
 

E7)0%$ ()5+./5<.? 
 
1. O/D.)(B$ R. K., J$<*+D G. T. >.%-./99*?+ 0.+A05D/ TCAD: 9+5%A)6+0$)+ /07+$5? 7%A-%5%D-

$) 07+8)/()05%D D %@(/05) 7.)@%.*%-5+3*%(%-)6+0$%-% 7.%+$5).%D/*)2 &(+$5.%**%, $%97%*+*5*%, @/=? 
// E%D.+9+**?+ 7.%@(+9? ./A)%&(+$5.%*)$): 0@. */<6. 5.. – !./0*%2.0$: R>! EIH, 2014. – E. 446–452. 

2. E/,5 $%97/*)) Silvaco, Inc. [L(+$5.%**?, .+0<.0]. – #+F)9 A%05<7/: www.silvaco.com (A/5/ 
%@./C+*)2: 20.02.2015). 

3. "/@%./5%.*?, 7./$5)$<9 7% $<.0< «P%A+().%D/*)+ D 0.+A+ TCAD». X. 2: >.)@%.*%-
5+3*%(%-)6+0$%+ 9%A+().%D/*)+ &(+9+*5%D )*5+-./(:*?3 03+9 / S. G. G.5/9%*%D/, G. O. U/(/1%D ) A.. – 
P.: PRL , 2012. – 156 0. 
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 !"#$% «&'(')*++,-.)/0..,   

.-&'((')&,/(1-2'   '&.» 
 
 

3(')&4*+/5-.&-26  /-/(.7  .  829. ('-.'   

:/4/)&'4. &.9' ).:  ;/4/+'&4*8  <8,:;4*8*<-*6   

 .++'&4.9-*6  (.-..   8=7. 
 

 . !. "#$%&'(, ). *. +,&-.#/ (01,2034 5,/6(67#8%&-) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

E-mail: grobenkrieger@yandex.ru 

 
Well-known in the conformal mappings theory a proportion principle for electric and magnetic components of quasi-

stationary fields is extended to evaluate characteristic parameters of two-conductor balanced line approximately. 

 

9(,:;56(6703% $#<<%85#203% &#0## $(=># ?#56/6 51$;56$8510%03, ( 21$806$8#, 

( 8%:06&6@## $%<%4$8(1 ADSL (1$$#<%85#203: 1.60%08$/#: A#B56(3: &#0#4), /68653% 

65#%08#56(103, ;5%C7% ($%@6, 01 ?#56/6;6&6$034 76$8,; ( *08%50%8 ;5# @15108#56-

(1006< /12%$8(% 6.$&,C#(10#= $ (%56=806$8-D (6>0#/06(%0#= 6?#.6/ ( ;56A%$$% ;%-

5%712# 71003: 0% .6&%% 10
-7

. 9&= EBB%/8#(06@6 5%?%0#= ;56.&%<3 «;6$&%70%4 &#0##» 

6.3206 #$;6&->,D8 $#<<%85#203% /1.%&# # (#83% ;153. +&#>/6% 51$;6&6C%0#% ;56-

(670#/6( /5,@6(6@6 $%2%0#= ( /1C764 #: ;15% 6.%$;%2#(1%8 6;5%7%&%00,D ;6<%:6>1-

F#F%006$8- 68 (0%?0#: # (>1#<03: (&#=0#4 ( &#0## $(=>#.  <%$8% $ 8%<, #<%006 E81 

6$6.%006$8- $6>71%8 76;6&0#8%&-06% ;%5%51$;5%7%&%0#% ;&6806$8# 86/1 ;6 $%2%0#D 

;153 ;56(670#/6(, 6.,$&6(&%006% EBB%/86< .&#>6$8#.   #86@%, (38%$0%0#% 86/1 / ;6-

(%5:06$8# ;56(670#/6( ;5# ;6(3?%003: 21$8681: # %@6 76;6&0#8%&-06% ;%5%51$;5%-

7%&%0#% ($&%7$8(#% EBB%/81 .&#>6$8# ;5#(67#8 / ,(%&#2%0#D (06$#<6@6 /6EBB#A#%0-

81 >18,:10#=, 286 ;5#(67#8 / 6@510#2%0#D ;6&6$3 ;56;,$/10#= &#0## $(=># # / $0#-

C%0#D <1/$#<1&-06 76;,$8#<64 ;5# >171006< /12%$8(% 6.$&,C#(10#= 7&#003 &#0## 

$(=># 71C% ;5# #7%1&-03: ;562#: ,$&6(#=:. G5#<%0#8%&-06 / 5%1&#>1A## VDSL-8%:-

06&6@## (;6&6$1 21$868 68 1 HIA 76 10 HIA, $/656$8- ;%5%712# 71003: 76 20 H.#8/$ 

;5# 7&#0% «;6$&%70%4 &#0##» 1,2÷1,4 /<), 86C% 6806$=F%4$= / $%<%4$8(, ADSL-

8%:06&6@#4, (&#=0#% (3?%,/1>1003: $&%7$8(#4 $8106(#8$= %F% .6&%% $,F%$8(%003<. 

J.3203% ;56%/803% 6A%0/# :151/8%5#$8#/ VDSL-&#0#4 $(=># .1>#5,D8$= &#.6 01 1;-

;56/$#<1A#=: 6.F%8%65%8#2%$/#: 5%?%0#4 6;5%7%&%003: <67%&-03: >1712 #&# 01 <%-

867#/% E<;#5#2%$/# ,$8106(&%003: $66806?%0#4 # ;6;51(6203: /6EBB#A#%086( [1, 2]. 

K%&- 01$86=F%4 $818-# >1/&D21%8$= ( 76;6&0#8%&-06< ;5#(&%2%0## / <%867#/1< 

6A%0/# :151/8%5#$8#2%$/#: ;151<%856( 7(,:;56(6703: (3$6/621$86803: &#0#4, 5%1-

&#>,DF#: B,0/A#D «;6$&%70%4 &#0##», ,;56F%006@6 (32#$&#8%&-06@6 ;56A%$$1, ( 

/68656< ;5# 76;,$8#<6$8# ;5#.&#C%003: @510#203: ,$&6(#4 L%6086(#21
 
 $8106(#8$= 

(6><6C03< ;5#<%0%0#% ;5#0A#;1 ;56;65A#601&-06$8# <%C7, E&%/85#2%$/#<# # <1@-

0#803<# $6$81(&=DF#<# ;6&=, $&%7,DF%@6 #> /&1$$#2%$/#: ;6&6C%0#4 8%65## /60-

B65<03: 686.51C%0#4. 

M1 5#$. 1, . ;5%7$81(&%01 <67%&-01= $#$8%<1 $ /5,@6(3<# $%2%0#=<# ;56(670#-

/6( $#<<%85#2064 7(,:;56(67064 &#0## ( /6<;&%/$064 ;&6$/6$8# (z = x + jy) # B51@-

<%08 ;686/1 ;6&= ( ;56$8510$8(%, ;5#&%@1DF%< / ;56(67=F#< ;6(%5:06$8=<, 1 01  

5#$. 1, = – /60B65<06% 686.51C%0#% E86@6 B51@<%081 01 ;&6$/6$8- w(z) = u(x,y) + jv(x,y). 

                                                            
 
 L%6086(#2 H. !. (1903–1981), $6(%8$/#4 B#>#/-8%65%8#/ ( 6.&1$8# 517#6E&%/8560#/#, 1/17%<#/ !M NNNO (1946). 
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O#$. 1. H67%&-01= $#$8%<1 ;56(670#/6( $#<<%85#2064 7(,:;56(67064 &#0## 

 

P012%0#% ;686/1 E&%/85#2%$/6@6 ;6&= 2%5%> /5#(6&#0%4034 ;151&&%&%;#;%7 %7#-

0#2064 7&#003 &#0## (l = 1), $%2%0#% /68656@6 01 5#$. 1 6.6>012%06 862/1<# abce, 6;-

5%7%&%06 ;6(%5:06$8064 ;&6806$8-D E&%/85#2%$/6@6 >15=71 01 7,@% 6/5,C06$8# 517#,-

$1 r0. 
 

    !"Q#$%&Q ' (%()$%  *+"Q#&Q ' ",- . ,%#R%R)Q/
Q0

Q/
Q0 ,  (1) 

 

@7% En(Q) – 51$;5%7%&%0#% 517#1&-064 $6$81(&=DF%4 01;5=C%006$8# E&%/85#2%$/6@6 

;6&= 01 ;6(%5:06$8# ;56(670#/1 (*+"Q# ' 1
S2324)3 5

6
"789)3:;<Q# = > ? ' @7A

B . $%9); Rr – 6806-

$#8%&-01= 7#E&%/85#2%$/1= ;560#A1%<6$8- $5%73; (R0 = 8,855·10
-12
T/<); U – E/(#(1&%08-

01= $6$5%76862%001= &#0%401= ;&6806$8- E&%/85#2%$/6@6 >15=71, >1<%F1DF1= 51$;5%-

7%&%00,D ;&6806$8- V(Q) ;6(%5:06$803: >15=76( 01 ;6(%5:06$8# ;56(670#/1. 

M1;5=C%006$8# E&%/85#2%$/6@6 # <1@0#806@6 ;6&= ( 7#E&%/85#2%$/64 $5%7%, ;5#-

&%@1DF%4 / ;56(67=F#< ;6(%5:06$8=<, 6;5%7%&=D8$= 2%5%> @517#%08 $/1&=503: B,0/-

A#4 u(x,y) # v(x,y), 8. %. ;6 >1(#$#<6$8=<  
 

  E=.C-DE"F> G#; H=.C9D,"F> G#,   (2) 
 

@7% D – 6;%51865 01.&1 (D' HI J
JI K HL J

JM#; (c1, c2) – 51><%503% /6EBB#A#%083 ;56;65-

A#601&-06$8#. 

H67,&# @517#%086( ( $66806?%0#=: (2) >1(#$=8 68 (x,y) – /6657#018 862/# M , 06 

#<%D8 51(03% >012%0#=, 8. %. NDE"F> G#N ' ND,"F> G#N, 286 $&%7,%8 #> ,$&6(#4 "6?#-

O#<101 [3]. M1 6$06(% $66806?%0#= (1) 6;5%7%&#< @517#%08 D,, (:67=F#4 ( $66806?%-

0#% (2) 7&= <@06(%003: >012%0#4 H. G,$8- ;56#>(6&-01= 862/1 M ;%5%<%F%01 01 ;6-

(%5:06$8- ;56(670#/1, 86@71 D, :151/8%5#>,%8$= 86&-/6 67064 ,@&6(64 /6<;60%0864, 8. %. 
 

  D, ' HO -
)3 5

JP
JQ ;  ;5# 

JP
JQ ' -

S)3 5
Q

789)3:;<Q.     (3) 

 

*> B#>#/# #>(%$806, 286 A#5/,&=A#= 01;5=C%006$8# <1@0#806@6 ;6&= 01 6/5,C-

06$8# /5,@6(6@6 $%2%0#= ;56(670#/1 $ 86/6< 51(01 %@6 >012%0#D, 8. %.  
 

  RS"$%> Q#$%&Q ' T9S
% .     (4) 

. 
=
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N66806?%0#D (4) $6;6$81(#< #08%@51&-06% >012%0#%  
 

  ,"$%> Q#$%&U '9S
%

96
S)3  

)37Q
789)3:;<Q

V
% W X,    (5) 

 

#> /68656@6 $&%7,%8, 286 ,<06C%0#% E86@6 86C7%$8(1 01 /6<;&%/$06% >012%0#% 86/1 TY 
71%8 >1(#$#<6$8- 
 

  RYS"Q# ' ZY
S)3 5

Q
789)3:;<Q ,   (6) 

 

@7% RYS – /6<;&%/$06% >012%0#% 810@%0A#1&-064 01;5=C%006$8# <1@0#806@6 ;6&= 01 6/-

5,C06$8# /5,@6(6@6 $%2%0#= ;56(670#/1 $ 86/6<. 

N6@&1$06 @510#203< ,$&6(#=< L%6086(#21, /68653% ;5# 76$8186206 .6&-?64 

,7%&-064 E&%/856;56(6706$8# W <18%5#1&1 ;56(670#/1 (7&= <%7# [ ' \>]^_ 5 X\` 9$>
>

) # 

76$8186206 (3$6/64 21$868% 81/64, 286 @&,.#01 X ;560#/06(%0#= E&%/856<1@0#806@6 

;6&= ( ;56(670#/ 6/1>3(1%8$= <06@6 <%0-?%4 517#,$1 %@6 /5#(#>03, ;6 #>(%$803< 

>012%0#=< 01;5=C%006$8# <1@0#806@6 ;6&= 01 @510#A% 51>7%&1 7#E&%/85#/-<%81&& 6;-

5%7%&=%8$= $668(%8$8(,DF%% >012%0#% 01;5=C%006$8# E&%/85#2%$/6@6 ;6&= ( (#7% 
 

  *Ya"$%> Q# b c:RYS"$%> Q#,      (7) 
 

@7% c: – /6<;&%/$06% (6&06(6% $6;568#(&%0#% <18%5#1&1 ;56(670#/1 (c: ' @def3
g ) . 

Y1/#< 6.51>6<, 21$8- ;%5%71(1%<64 ;6 &#0## E&%/856<1@0#8064 E0%5@##, ;560#-

/1DF1= #> 7#E&%/85#2%$/64 $5%73 2%5%> ;6(%5:06$8- ;56(670#/1 # 51$$%#(1%<1= ( %@6 

6.Z%<% %7#0#2064 7&#003 >1 %7#0#A, (5%<%0#, 8. %. ;6@6003% ;68%5# <6F06$8# XP, $ 

,2%86< $66806?%0#4 (6), (7), <6@,8 .38- (32#$&%03 81/ 
 

 

 Xh ' -
9iH  j*Ya k Rlmn&o '<

-
9iH pq0Z

A6A
SA)3A  )37Q

"789)3:;<Q#A
9S
% r '

================================iHsq0ZA6A
SA)3  7Q

"789)3:;<Q#At '
S

%
ZAO
`S)36@

[\3
9W  .  (8) 

 

G6$/6&-/, $,<<1503% E&%/856<1@0#803% ;68%5# Xhu 01 %7#0#A, 7&#03 7(,:;56-

(67064 $#<<%85#2064 &#0## 51(03 ,7(6%006<, >012%0#D ;6 (351C%0#D (8), 86 ;6@60-

06% 1/8#(06% $6;568#(&%0#% R1 &#0## 51(06 
 

  i- ' Xvw
ZA ' 7

BS)36@
[\3
9W  .   (9) 

 

G6 1&@65#8<, (32#$&%0#4 (8) 101&6@#206 6;5%7%&=%8$= 21$8- 5%1/8#(064 E0%5@## 

E&%/856<1@0#806@6 ;6&=, 6.,$&6(&%001= %@6 ;560#/06(%0#%< ( ;56(670#/ 
 

 xy ' -
9 Tz  j*Ya k Rlmn&o '< Tz pq0ZA7`S)36r,  (10) 

 

286 ;6>(6&=%8 0148# ;6@600,D #07,/8#(06$8- L1(int) &#0## 6.,$&6(&%00,D (0,85%00#< 

E&%/856<1@0#803< ;6&%< ;56(670#/6( 
 

  {-"|+S# ' x}w
eZA ' 7

BS)36@
\3
9[W.    (11) 
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  A%&6<, ;6@6001= #07,/8#(06$8- 7(,:;56(67064 $#<<%85#2064 &#0## 6;5%7%-

&%01 >1(#$#<6$8-D 
 

   {- ' {-"|+S# K {-"2IS#,  (12)  
 

@7% {-"2IS# – (0%?0== #07,/8#(06$8- 01 %7#0#A, 7&#03 &#0## ({-"2IS# ' \3
9S ~� 7�)3

)3 ). 

G5#.&#C%003% (351C%0#= (9), (10) # (12) ;6>(6&=D8 ;6&,218- ;56%/803% 6A%0/# 

21$86803: :151/8%5#$8#/ 7(,:;56(6703: $#<<%85#203: &#0#4 $(=># .%> 6.51F%0#= / 

101&#>, <67%&-03: ,51(0%0#4 E&%/856<1@0#806@6 $6$86=0#=. 

 
N;#$6/ &#8%518,53 

 

1. !075%%(  . !., G65806( ]. L., "6@106($/#4 L. M. M1;51(&=DF#% $#$8%<3 E&%/856$(=>#. Y. 1. – 

Y%65#= ;%5%712# # (&#=0#= / G67 5%7.  . !. !075%%(1. – H.: I65=21= &#0#= – 8%&%/6<, 2011. – 424 $. 

2. "61/$#1&-03% # (3$6/621$86803% $#<<%85#203% /1.%&# $(=>#: $;51(620#/ / !. N.  6560A6(, 

!. G. H15/%&6( # 75. – H.: O17#6 # $(=>-, 1994. – 372 $. 

3. +#0$ "., L1,5%0$60 G. !01&#> # 51$2%8 E&%/85#2%$/#: # <1@0#803: ;6&%4: ;%5. $ 10@&., – H.: 

]0%5@#=, 1970. – 376 $. 
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/-/(.7  8*7+*>-* &.  ;4.+'-'-.=  SDN   

<(=  +*<'4-.7/0..   '&'8*6  /4:.&')&,42 
 

!. !. ",5/,$, ". ]. I1#;6( (01,2034 5,/6(67#8%&-) 
 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28 

 

J;#$3(1%8$= 15:#8%/8,51 $%8%4 SDN, /68651= ;5%7$81(&=%8 $6.64 51>7%&%0#% ,56(0%4 ,;51(&%0#= # ;%5%712# 

71003:, 687%&%0#% ;56@51<<06@6 $&6= 68 1;;151806@6, ,;56F%0#% ,$8564$8(, ;%5%71DF#: 851B#/. 91001= 8%:06&6-

@#= ;6>(6&=%8 ,;56$8#8- ,;51(&%0#% $%8-D, ;6>(6&=%8 01#.6&%% ;56$83< $;6$6.6< (0%75=8- 06(3% $%5(#$3 # ,$&,-

@#. J;#$3(1%8$= $,F%$8(,DF#4 01 $%@670=?0#4 7%0- $8107158#>6(10034 ;5686/6& OpenFlow, # 0%/68653% $,F%$8-

(,DF#% 5%?%0#= 7&= /60856&&%56( SDN. 

 

;?@AB!CD E@F?!C!GGDH E!I!J 

Y517#A#6001= $%8%(1= 15:#8%/8,51 0%;5#@6701 7&= 86@6, 286.3 68(%218- $%@6-

70=?0#< 85%.6(10#=< /65;651A#4, 6;%518656( $(=># # /60%203: ;6&->6(18%&%4. N,-

F%$8(,DF#% $%8# $&#?/6< $818#203, # ;686<, 0% $668(%8$8(,D8 7#01<#/%, $(64$8-

(%0064 $6(5%<%006<, .#>0%$,.  

O6$8 /6&#2%$8(1 # 51>0656706$8# /608%081, 51>(#8#% $%5(#$6( # <1$?81.6( #: 6:-

(181 ;5#(%&# / #><%0%0#D ;1517#@<3 65@10#>1A## (32#$&%0#4: 01 <%$86 /&#%08-

$%5(%5064 <67%&# ;5#?&# K%0853 J.51.68/# 91003: (KJ9) # 6.&1203% (32#$&%0#=, 

B14&6(3% $#$8%<3 # .1>3 71003: 8510$B65<#56(1&#$- ( N%8# ^510%0#= 91003: 

(N^9). N#&-06% ,(%&#2%0#% <6.#&-03: ,$8564$8(, $%5(%56( (#58,1&#>1A## $5%7# 

85%076(, 7(#C,F#: $%8%(64 #07,$85#%4, >1$81(#&6 >106(6 #$$&%76(18- 8517#A#6003% 

$%8%(3% 15:#8%/8,53.  

J@56<034 56$8 851B#/1 85%.,%8 ,(%&#2%0#= ;56;,$/064 $;6$6.06$8# /101&6(, 

/68651= ;5# $,F%$8(,DF#: <%8671: # $5%7$8(1: ,;51(&%0#= ( $%8=: .&#>/1 / #$2%5;1-

0#D. N,F%$8(,DF#% 8%<;3 56$81 ;56;,$/064 $;6$6.06$8# $%8# .,7,8 0% ( $6$86=0## 

,76(&%8(65=8- 51$8,F#% ;685%.06$8# ;6&->6(18%&%4. 

G6(3$#&1$- $&6C06$8- ,;51(&%0#= $%8-D, >012#8%&-06 51$?#5#&$= $;#$6/ 5%-

?1%<3: >1712. _$8564$8(1, 01 /68653: ;6$856%01 $%8- $81&# 25%>(321406 $&6C03<#, ( 

$(=># $ 8%<, 286 #< 0%6.:67#<6 ;677%5C#(18- .6&-?6% 2#$&6 $8107158#>6(1003: 51$-

;5%7%&%003: ;5686/6&6(, 2#$&6 /68653: ;5%(3$#&6 600. N6 ($%4 E864 $&6C06$8-D $,-

F%$8(,DF#% $%8# /5140% ;&6:6 <1$?81.#5,%<3, 81/64 #0B51$85,/8,564 $&6C06 

,;51(&=8-, ((67#8- 06(3% $%5(#$3 # ,$&,@#.  

N818#201= ;5#5671 $%8%4 ($8,;1%8 ( $#&-034 /60851$8 $ 7#01<#2%$/64 ;5#56764 

$%@670=?0#: 6/5,C%0#4 $%5(%56(, @7% (#58,1&#>1A#= $%5(%56( >012#8%&-06 ,(%&#2#(1-

%8 /6&#2%$8(6 :6$86(, 85%.,DF#: ;67/&D2%0#% / $%8#, # /65%003< 6.51>6< #><%0=%8 

;5%7;6&6C%0#= 6 B#>#2%$/6< 51$;6&6C%0## :6$86(. 9&= 6;8#<#>1A## >1@5,>/# $%5(%-

56( (#58,1&-03% <1?#03 21$86 <#@5#5,D8, 286 <%0=%8 862/# «;5#(=>/#» 851B#/1. 

Y517#A#6003% $:%<3 175%$1A##, &6@#2%$/6@6 7%&%0#= $%8%4 # $;6$6.3 01>012%0#= 

;51(#& 6.51.68/# 851B#/1 ( 81/#: 7#01<#203: $5%71: $8106(=8$= 0%EBB%/8#(03. 

`F% 67064 ;56.&%<64 $6(5%<%003: $%8%4 =(&=%8$= >1(#$#<6$8- 68 ;56#>(67#8%-

&=. 9&= (0%75%0#= 06(3: $%5(#$6( # ;5#&6C%0#4 51>51.183(1D8$= 06(3% 5%?%0#=, 06 

E86 85%.,%8 C718- 5%1&#>1A## 06(3: B,0/A#4 $%8%(6@6 6.65,76(10#= 68 ;56#>(67#8%-

&=. G6 <#<6 E86@6, 81/#% 5%?%0#= ;56;5#%81503, # >1/5383 7&= #><%0%0#4 # <67#B#-

/1A#4, 286 =(&=%8$= 6;5%7%&%003< .15-%56< ;5# (0%75%0## 06(3: $%5(#$6( ( $,F%$8-

(,DF#% $%8#. 

G&6:6% $62%810#% <%C7, 85%.6(10#=<# 530/1 # $%8%(3<# (6><6C06$8=<# ;5#(%-

&6 #07,$85#D / ;%5%&6<06<, <6<%08,.   5%>,&-818%, ;6=(#&#$- Software-Defined Net-

work (SDN), 1 81/C% .3&# 51>51.68103 $81071583, $(=>1003% $ SDN. 
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8F!K!G$! F SDN 

Software-Defined Network (G56@51<<06-/60B#@,5#5,%<3% $%8#) – E86 06(34 ;67-

:67 / ;6$856%0#D $%8%(64 15:#8%/8,53, ;5# /68656< ;&6$/6$8- ,;51(&%0#= # ;&6$-

/6$8- ;%5%712# 71003: 51>7%&=D8$= >1 $2%8 ;%5%06$1 B,0/A#4 ,;51(&%0#= $%8-D ( ;56-

@51<<03% ;5#&6C%0#=, /68653% 51.681D8 01 687%&-06< $%5(%5%, 01>3(1%<6< SDN-

/60856&&%56<. J$06(01= #7%= E86@6 ;67:671 .3&1 $B65<,&#56(101 $;%A#1&#$81<# 

N8E07B6571 # +%5/&# ( 2006 @67,. 

N%8%(6% ,;51(&%0#% A%0851&#>6(1006 ( SDN /60856&&%5%, /686534 ;677%5C#(1%8 

@&6.1&-0,D 86;6&6@#D ($%4 $%8#. N SDN, /6<;10## # 6;%518653, ;5#6.5%81D8 0%>1(#-

$#<6% 68 ;56#>(67#8%&= 5%?%0#% ;6 ,;51(&%0#D ($%4 $%8-D #> %7#0$8(%0064 &6@#2%-

$/64 862/#. 910034 ;67:67 81/C% $#&-06 ,;56F1%8 $1<# $%8%(3% ,$8564$8(1, ;6$/6&--

/, #< .6&-?% 0% 85%.,%8$= ;60#<18- # 6.51.183(18- $680# $810715803: ;5686/6&6(, 1 

85%.,%8$= 86&-/6 ;5#0#<18- #0$85,/A## 68 SDN /60856&&%56(.  

 6><6C06, 01#.6&%% >012#8%&-064 6$6.%006$8-D SDN =(&=%8$= (6><6C06$8- ;56-

@51<<#56(10#= /60B#@,51A## $%8#, /68651= ,;56F1%8 $%8%(3% 1.$851/A##. ]86 @651>76 

&,2?%, 2%< ((67 $68%0 $856/ /60B#@,51A#6006@6 /671 01 $680=: ,$8564$8(. K%0851&#-

>6(1001= $%8%(1= $85,/8,51 71%8 @#./6$8- ( /60B#@,51A##, ,;51(&%0##, >1F#8% # 6;8#-

<#>1A## $%8%(3: 5%$,5$6( 2%5%> 7#01<#2%$/#%, 1(86<18#>#56(1003% SDN ;56@51<<3. 

"56<% 86@6, SDN ;6>(6&=%8 ;#$18- $6.$8(%003% ;56@51<<3 ,;51(&%0#= $%8-D, # 0% 

6C#718- 5%?%0#4 68 ;56#>(67#8%&=. 

/?H$I!"IL?M E!I$ SDN 

M1 5#$. 1 ;5%7$81(&%01 &6@#2%$/1= 15:#8%/8,51 ;56@51<<06-/60B#@,5#5,%<3: 

$%8%4.  

  15:#8%/8,5% SDN <6C06 (37%&#8- 3 ,56(0=: 

- #0B51$85,/8,5034 ,56(%0-, (/&D21DF#4 ( $%.= 01.65 $%8%(3: ,$8564$8(; 

- ,56(%0- ,;51(&%0#=, (/&D21DF#4 ( $%.= $%8%(,D 6;%51A#600,D $#$8%<,, /686-

51= ;5%76$81(&=%8 ;5#&6C%0#=<, 01.65 $%8%(3: $%5(#$6(, # ;56@51<<034 #08%5B%4$ 

7&= ,;51(&%0#= $%8%(3<# ,$8564$8(1<#; 

- ,56(%0- $%8%(3: ;5#&6C%0#4, 7&= @#./6@6 # EBB%/8#(06@6 ,;51(&%0#= $%8-D. 
 

 
O#$. 1. !5:#8%/8,51 ;56@51<<06-/60B#@,5#5,%<3: $%8%4 

 

M1 $%@670=?0#4 7%0-, %7#0$8(%003< 51>51.681003< $8107158#>6(1003< ;5686/6-

&6< SDN-$%8%4 =(&=%8$= ;5686/6& OpenFlow. G5686/6& OpenFlow E86 #08%5B%4$ <%C7, 

;&6$/6$8=<# ,;51(&%0#= # ;%5%712# 71003: ( SDN 15:#8%/8,5%. OpenFlow ;5%76$81(&=-

%8 ;5=<64 76$8,; / ,;51(&%0#D ;&6$/6$8-D ;%5%712# $%8%(3: ,$8564$8(, 81/#: /1/ /6<-
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<,818653 #&# <15?5,8#>18653, /68653% <6@,8 .38- /1/ B#>#2%$/#<#, 81/ # (#58,1&--

03<#. N;%A#B#/1A#= 01 710034 ;5686/6& 6;#$3(1%8 85%.6(10#=, ;5%7Z=(&=%<3% / /6<-

<,81865,, %@6 .1>6(3% /6<;60%083, 1 81/C% (>1#<67%4$8(#% /60856&&%51 $ /6<<,818656<. 

OpenFlow #$;6&->,%8 /60A%;A#D ;686/1 7&= #7%08#B#/1A## $%8%(6@6 851B#/1, 6$-

06(10064 01 ;5%76;5%7%&%003: ;5#>01/1:. ]8# ;5#>01/# <6@,8 .38- >17103 7#01<#2%-

$/# #&# $818#2%$/#, ;56@51<<03< 6.%$;%2%0#%< SDN /60856&&%51. N6@&1$06 $;%A#B#-

/1A## 1.3.4 [1] ;5686/6&1 /1C734 /6<<,81865 $67%5C#8 670, #&# .6&%% 81.&#A ;686/6(, 

@5,;;6(,D 81.&#A,, # ;677%5C#(1%8 >1F#F%0034 /101& $ ,71&%003< /60856&&%56<. 

 >1#<67%4$8(#% /60856&&%51 $ /6<<,818656< ;56#$:67#8 ;6 ;5686/6&, OpenFlow. 

"1C71= 81.&#A1 ;686/6( $67%5C#8 01.65 >1;#$%4 6 ;686/1:, /1C71= #> /68653: 

$6$86#8 #> ;6&%4 ;5#>01/6(, $2%82#/6(, # 01.651 #0$85,/A#4. _ /1C76@6 ;5#?%7?%@6 

;1/%81 «(35%>1%8$=» >1@6&6(6/, # $51(0#(1%8$= $ >1;#$=<# ( 81.&#A1: ;686/6( /6<<,-

818651. 91&%% #F%8$= ;51(#&6, , /68656@6 ;6&% ;5#>01/6( 01#.6&%% $668(%8$8(,%8 >1@6-

&6(/, ;1/%81. G5# 01&#2## $6(;17%0#=, / ;1/%8, ;5#<%0=D8$= 7%4$8(#=, ,/1>1003% ( 

;6&% #0$85,/A#4 >1;#$# ;686/1. *0$85,/A##, 1$$6A##56(1003% $ /1C764 >1;#$-D 81.-

&#A3, 6;#$3(1D8 7%4$8(#=, $(=>1003% $ ;%5%$3&/64 ;1/%81, <67#B#/1A#%4 >1@6&6(/1 

;1/%81, 6.51.68/64 ( 81.&#A% @5,;;, 6.51.68/64 ( /60(%4%5%, ;%5%$3&/64 ;1/%81 01 6;-

5%7%&%0034 ;658 /6<<,818651.  

  $&,21%, %$&# $668(%8$8(#% ;1/%81 # >1;#$%4 ;686/6( 0% .3&6 ,$8106(&%06, 86 

;1/%8 68;51(#8$= /60856&&%5,, /686534 $B65<#5,%8 $668(%8$8(,DF%% ;51(#&6 7&= ;1-

/%86( 71006@6 8#;1, # ,$8106(#8 %@6 01 /6<<,81865%, &#.6 ;1/%8 <6C%8 .38- $.56?%0. 

P1;#$- ;686/1 <6C%8 ;5%7;#$3(18- ;%5%$&18- ;1/%8 ( 6;5%7%&%0034 ;658 /6<<,818651, 

E86 <6C%8 .38- /1/ B#>#2%$/#4, 81/ # (#58,1&-034 ;658, 1 81/C% ( /12%$8(% ;6581 <6-

@,8 (3$8,;18- >15%>%5(#56(1003% ;6583. P15%>%5(#56(1003% (#58,1&-03% ;6583 <6@,8 

6;5%7%&=8- 6.F#% 7%4$8(#= ;%5%$3&/#, 81/#% /1/ 68;51(/1 /60856&&%5,, ?#56/6(%F1-

8%&-01= 51$$3&/1, #&# ;%5%$3&/1, 0% #$;6&->,DF1= <%8673 OpenFlow, 86 %$8- $810-

715801= 6.51.68/1 ;1/%86(. 

P1;#$# 6 ;686/1: <6@,8 81/C% ,/1>3(18- 01 @5,;;3, ( /68653: ,/1>3(1%8$= 76-

;6&0#8%&-01= 6.51.68/1. I5,;;3 ;5%7$81(&=D8 $6.64 01.653 7%4$8(#4 7&= ?#56/6(%-

F18%&-064 51$$3&/#, 1 81/C% 01.653 7%4$8(#4 ;%5%$3&/# $ .6&%% $&6C064 $%<108#/64 

(01;5#<%5, .3$856% #><%0%0#% <15?5,81, 1@5%@#56(10#% /101&6(). 

Y1.&#A1 @5,;; $67%5C#8 >1;#$# 6 @5,;;1:, /1C71= #> /68653: $67%5C#8 $;#$6/ 

/608%40%56( 7%4$8(#4 $6 $;%A#1&-064 $%<108#/64 ( >1(#$#<6$8# 68 8#;1 @5,;;3. 9%4-

$8(#= ( 6706< #&# 0%$/6&-/#: /608%40%51: 7%4$8(#4 ;5#<%0=D8$= / ;1/%81<, 68;51(-

&=%<3< ( @5,;;,. 

_$8106(/1, 6.06(&%0#% # ,71&%0#% ;51(#& #> 81.&#A ;686/6( /6<<,818651 6$,F%-

$8(&=D8$= /60856&&%56<. G51(#&1 <6@,8 ,$8101(&#(18-$= 5%1/8#(06 (( 68(%8 01 ;5#-

?%7?#% ;1/%83) # ;561/8#(06 (>1510%%, 76 ;5#:671 ;1/%86(). _;51(&%0#% 71003< 6$,-

F%$8(&=%8$= 0% 01 ,56(0% 687%&-03: ;1/%86(, 1 01 ,56(0% ;686/6( ;1/%86(. ]86 >012#8, 

286 ;51(#&1 ,$8101(&#(1D8$= 86&-/6 7&= ;%5(6@6 ;5#?%7?%@6 ;1/%81, 6$81&-03% ;1/%-

83, 6806$=F#%$= / 71006<, ;686/,, #$;6&->,D8 ,C% $6>71003% ;51(#&1. 

Y1/ /1/ OpenFlow ;6>(6&=%8 ;56@51<<#56(18- $%8- 01 6$06(% ;686/1, 15:#8%/8,51  

SDN 01 .1>% OpenFlow 71%8 25%>(321406 860/6% ,;51(&%0#%, 51>5%?1DF%% $%8# 68(%-

218- #><%0=DF#<$= ( 5%1&-06< (5%<%0# 85%.6(10#=< .#>0%$1 # ;6&->6(18%&%4. N,F%-

$8(,DF1= IP-<15?5,8#>1A#= 0% 71%8 81/6@6 ,56(0= ,;51(&%0#= $%8-D.  

)@GI?@BB!? SDN 

P17121 6;5%7%&%0#= «6.F%4 /158#03» # /60B#@,5#56(10#% /6<<,818656( (6>&1-

@1%8$= 01 /60856&&%5. G5#&6C%0#=, >1;,F%003% 01 /60856&&%5% >171D8 86;6&6@#D $%8# 

# 51$$2#83(1D8 6;8#<1&-03% <15?5,83. N ;6<6F-D /60856&&%51 60# ,$8101(&#(1D8 
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0,C03% ;51(#&1, $&%7=8 >1 $6$86=0#%< ,$8564$8(, 6$,F%$8(&=D8 <60#865#0@ 851B#/1 # 

$.65 $818#$8#/#. 

"60856&&%5 =(&=%8$= «<6>@6<» $%8# SDN, $8518%@#2%$/64 862/64 ,;51(&%0#= $%-

8-D, 60 ,;51(&=%8 #0B65<1A#%4 6 ;%5%$3&/% ;1/%86( 7&= /6<<,818656( #&# <15?5,8#-

>18656(. 

M1 $%@670=?0#4 7%0- $,F%$8(,%8 28 5%1&#>1A#4 ;56@51<<06@6 /60856&&%51. "60-

856&&%5 ;5%7$81(&=%8 $6.64 $%8%(,D 6;%51A#600,D $#$8%<,, /68651= ;5%76$81(&=%8 

;5#&6C%0#=< 76$8,; / ,;51(&%0#D $%8-D, 6$,F%$8(&=%8 <60#865#0@ $6$86=0#= $%8#.  

G%5(64 5%1&#>1A#%4 /60856&&%51 $81& ;56@51<<034 ;567,/8 NOX, 60 51>51.6810 

/6<;10#%4 Nicira, /68651= ( 2012 @67, .3&1 /,;&%01 VMware. LD.1= 5%1&#>1A#= /60-

856&&%51 ;5%76$81(&=%8 $6.$8(%0034 API 7&= 51>51.68/# ;5#&6C%0#4 ,;51(&%0#= $%-

8-D. H#56(3% ;56#>(67#8%&# $%8%(6@6 6.65,76(10#= 0% 6$81D8$= ( $86560%, # $6>71D8 

$6.$8(%003% ;56@51<<03% #&# 1;;151803% ;&18B65<3 /60856&&%56( # /6<<,818656( 

SDN. M1;5#<%5, /6<;10#= Cisco ( &#0%4/% Catalyst #<%%8 0%$/6&-/6 <67%&%4 /6<<,81-

8656(, /68653% ;677%5C#(1D8 OpenFlow ;5686/6&, 1 81/C% 51>51.681&1 ;56@51<<0,D 

;&18B65<, Cisco Nexus 3000, /68651= <6C%8 (3$8,;18- ( /12%$8(% /60856&&%51 SDN. 

"6<;10#= HP >1=(&=%8 6 86<, 286 40 <67%&%4 #: /6<<,818656( ;6&06$8-D ;677%5C#-

(1D8 OpenFlow, 1 81/C% ;5%76$81(&=%8 $6.$8(%0034 /60856&&%5 HP Virtual Application 

Networks SDN Controller, ;5%76$81(&=DF1= API $ 68/5383< #$:6703< /676<.  

O6$$#4$/#4 K%085 G5#/&1703: *$$&%76(10#4 "6<;-D8%503: N%8%4 (KG*"N) 

51>51.681& $(6D (%5$#D /60856&&%51 SDN, 01>(100,D RUNOS. G6 >1=(&%0#=< 51>51-

.682#/6(, 01 $%@670=?0#4 7%0- E86 $1<34 .3$8534 /60856&&%5 SDN ( <#5%. RUNOS 

;5%76$81(&=%8 .6&-?64 01.65 $%8%(3: ;5#&6C%0#4, /1/ #> <#51 8517#A#6003: $%8%4, 

81/ # 06(3:: L2/L3 <15?5,8#>1A#= $ ,2%86< /12%$8(1 6.$&,C#(10#=, <06@6;686/6(1= 

<15?5,8#>1A#=, B#&-851A#= 851B#/1, 51.681 $ $,F%$8(,DF#<# $%8%(3<# ;5686/6&1<#, 

.1&10$#56(/1 01@5,>/#, (#58,1&#>1A#= $%8%4, #08%@51A#= $ $#$8%<1<# ,;51(&%0#= KJ9. 

7M"BNO!G$! 
N6(5%<%003% 8%07%0A##, 81/#% /1/ <6.#&-03% ;6&->6(18%&#, $%5(%51 (#58,1&#>1-

A##, IT-/1/ ,$&,@1, 85%.,D8 .3$856@6 5%1@#56(10#= / #><%0%0#=< .#>0%$1. N,F%$8-

(,DF#% $%8# $&#?/6< $818#203, # 0% <6@,8 68(%218- $%@670=?0#< 85%.6(10#=<.   

#86@%, 8517#A#6001= $%8%(1= 15:#8%/8,51 76&C01 .38- $,F%$8(%006 #><%0%01, # E86 

#><%0%0#% 01:67#8 $%.= ( /60A%;A## SDN. 

Software-Defined Network ;5%76$81(&=%8, 06(,D, @#./,D 8%$%(,D 15:#8%/8,5,, /6-

8651= 8510$B65<#5,%8 8517#A#6003% $%8%(3% <1@#$851&# ( ;&18B65<,, .6@18,D ;5%-

76$81(&%0#%< 51>&#203: ,$&,@.  

O1>7%&%0#% ;&6$/6$8# ,;51(&%0#= # ;&6$/6$8# ;%5%712# 71003:, ;6>(6&=%8 687%-

&#8- B#>#2%$/,D #0B51$85,/8,5, $%8# 68 ;5#&6C%0#4, /68653% #$;6&->,D8 %%. * E86 

7%&1%8 $%8- .6&%% <1$?81.#5,%<64, 1 81/C% 71%8 (6><6C06$8- ;56@51<<#5,%<6$8# $%8#.  

SDN $%8- ;5%76$81(&=%8: 

- ,76.034 A%0851&#>6(10034 #08%5B%4$ ,;51(&%0#= $%8-D; 

- $0#C%0#% $&6C06$8# ,;51(&%0#=; 

- (6><6C06$8- .3$856@6 (0%75%0#= #006(1A#4; 

- ,&,2?%0#% $%8%(64 .%>6;1$06$8# # 017%C06$8#; 

- ,&,2?%001= 171;81A#= / #><%0=DF#<$= 0,C71< ;6&->6(18%&%4. 

 
N;#$6/ &#8%518,53 

 

1 OpenFlow switch specification, version 1.3.4: 2014. URL: https://www.opennetworking.org/images/ 

stories/downloads/sdn-resources/onf specifications/openflow/openflow-switch-v1.3.4.pdf (7181 6.51F%0#=: 

19.03.2015).  
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. ;*(17*8/-.'  8*7+*>-* &'6  *   ANDROID   

<(=  ,;4/8('-.=  , &4*6 &8/+.  ;*  ;4*&*)*(,  BLUETOOTH 
 

`. !. T%76$%%(
1
, N. H. ",A%0/6

2
 (01,2034 5,/6(67#8%&-),  

N. M. "6&%$0#/
1
 (01,2034 5,/6(67#8%&-) 

 
1 (-%#"-$* :)"%/.("#?'!!@* %!$?'("$#'#  36 

664003, :.  (-%#"-, %1. ;.(1. A.(-"., 1 

E-mail: Evgeniy1294@yandex.ru 
2 (-%#"-$* :)"%/.("#?'!!@* %!$?'("$#'# B%#'* "))=C'!$<  (3689 

664074, :.  (-%#"-, %1. D'(!@E'?"-):), 15 

 

O1$$<685%06 ;5#<%0%0#% (6><6C06$8%4 6;%51A#60064 $#$8%<3 (JN) Android 7&= ,;51(&%0#= ,$8564$8(1<# 

;6 ;5686/6&, Bluetooth. G5#(%7'0 1&@65#8< $6>710#= Bluetooth $6/%81 # &#$8#0@# #$:6706@6 /671. G56(%7%01 7%<60-

$851A#= 51.683 ;5#&6C%0#=. 

 

  01$86=F%% (5%<= 01 ;6&#@60% Y,0/#0$/64 !$856B#>#2%$/64 J.$%5(1865## 51-

.681%8 $%8- 7%8%/8656( /6$<#2%$/#: 21$8#A, $:%<1 $6%7#0%0#= /68653: ;5%7$81(&%01 

01 5#$. 1.   :67% ;,$/601&176203: 51.68 .3& (3=(&%0 5=7 85,706$8%4, $(=>1003: $ 

.6&-?#<# 51$$86=0#=<# <%C7, 6.65,76(10#%<, 51$;5%7%&%003< 01 ;&6F17# 6/6&6 

1 /<
2 

(34 6.$&,C#(1%<3: 7%8%/8651 HiScore $ ;%5$;%/8#(64 51$?#5%0#= 76 100). 

 

K%085

91 92 93 9n
...

G

 
 

O#$. 1. J.6.F%001= $:%<1 Y,0/#0$/64 1$856B#>#2%$/64 6.$%5(1865##:  

91…9n – 7%8%/8653; G – ;5%6.51>6(18%&- 6;8#2%$/6@6 $#@01&1 ( E&%/85#2%$/#4 $83/ RS-485 

 

9&= 6.&%@2%0#= ;,$/601&176203:, 5%<60803: # 7#1@06$8#2%$/#: 51.68 0%6.:6-

7#<6 ( ;56A%$$% 5%<6081 # 01&17/# ,;51(&=8- /1C73< ,$8564$8(6< .%> ,21$8#= 7#$-

;%82%51 A%0851&-064 &1.651865##. +3&6 5%?%06 #$;6&->6(18- Bluetooth-<67,&- # 51>-

51.6818- ;5#&6C%0#% ;67 JN Android, /68656% ;6>(6&#8 6$,F%$8(&=8- 7#1@06$8#/,, 

,;51(&%0#% # ;56@51<<#56(10#% 7%8%/8656(. 91001= $:%<1 ;5%7$81(&%01 01 5#$. 2.  
 

9%8%/865 1
Bluetooth 

<67,&-

K%085

91 92 93 9n
...

G

RS-

485

N<158B60

 
 

O#$. 2. N:%<1 51.683 ;5#&6C%0#= 

 

G5%7&1@1%<6% 5%?%0#% ;6>(6&=%8 #$;6&->6(18- E/510 &D.6@6 $<158B601 #&# 

;&10?%81, 51.681DF%@6 ;67 ,;51(&%0#%< JN Android, ( /12%$8(% @51B#2%$/6@6 #08%5-
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B%4$1 7&= (>1#<67%4$8(#= $ &D.3< ,$8564$8(6< ;6$5%7$8(6< ;5686/6&1 Bluetooth. M1 

5#$. 3 ;5#(%7'0 /518/#4 1&@65#8< 51.683 ;5#&6C%0#=. 

 

M121&6

 3.65 Bluetooth-

;5#'<0#/1

_$8564$8(1 

Bluetooth $(=>103?

G6#$/ 76$8,;03: 

,$8564$8(

M%8

N6;5=C%0#%

91

G6&,2%0#% MAC-

175%$1 (3.51006@6 

,$8564$8(1

N6>710#% $%8%(6@6 

$6/%81 

M1;51(&%0#% 

;%5%712#

P1;#$- 71003: ( 

$6/%8
a8%0#% 71003: #> 

$6/%81

a8%0#%P1;#$-

G5676&C#8- 

;%5%712,?
P1/538- $6/%8

"60%A

M%8

A

A

91

L#$8#0@ 1

L#$8#0@ 5

L#$8#0@ 6

L#$8#0@ 4

L#$8#0@ 7

L#$8#0@ 8

G6&,2%0#% #> mListView # 

AdressArray <%8676<

AdressArray.getItem(mListV

iew.getCheckedItemPosition(

))

 
 

 !". 3. #$%&'()**+, '-.$&!/0 &'1$/+ 2&!-$3)*!4 

 

5 6'**$, "/'/7) 8 %'9)"/8) Bluetooth 0$6:-4 !"2$-7;:)/"4 Bluetooth Serial Adapter 

Parani-SD1100 [1]. Parani-SD1100 – </$ 1)"2&$8$6*$) /)&0!*'-7*$) :"/&$,"/8$, !"-

2$-7;:=()) /)>*$-$.!= Bluetooth 2.0 + EDR (Enhanced Data Rate), "2$"$1*$) $":()"/-

8-4/7 2&)$1&';$8'*!) 2&$/$%$-' Bluetooth 8 RS-422/485. ?'**$) &)@)*!) 2$;8$-4)/ $/-

%';'/7"4 $/ 8*)")*!4 !;0)*)*!, 8 %$*"/&:%A!= $1"-:3!8')0+> 6)/)%/$&$8. 

B-'/C$&0' Android 8%-=9')/ 8 ")14 2$66)&3%: "/)%' Bluetooth, 9/$ 2$;8$-4)/ 

$":()"/8-4/7 1)"2&$8$6*$, $10)* 6'**+0! " 6&:.!0! :"/&$,"/8'0! Bluetooth. #/&:%-

/:&' 2&!-$3)*!4 $1)"2)9!8')/ 6$"/:2 % C:*%A!$*'-: Bluetooth 9)&); Android Bluetooth 

API. ?'**$) API 2$;8$-4)/ 2&!-$3)*!40 "$;6'8'/7 1)"2&$8$6*+) 2$6%-=9)*!4 " /$-

2$-$.!), /$9%'-/$9%' ! 0*$.$/$9%' [2].  

B&$)%/ "$;6')/"4 8 -=1$, 2$6>$64(), "&)6) &';&'1$/%!, *'2&!0)&, Eclipse !-! 

Android SDK. 5 C',-) MainActivity.java, %$/$&+, '8/$0'/!9)"%! .)*)&!&:)/"4 2&! "$;-

6'*!! 2&$)%/', 2$6%-=9'=/"4 *)$1>$6!0+) 1!1-!$/)%! ! $1D48-4=/"4 2)&)0)**+). 5 

&);:-7/'/) C',- MainActivity.java 1:6)/ "$6)&3'/7 "-)6:=(!, %$6: 
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E!"/!*. 1. #$;6'*!) 2&$)%/'. 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

   package com.example.BTConnection;   

import android.os.Bundle;   

import android.app.Activity; 

import android.app.Activity; 

import android.bluetooth.*;   

import android.widget.*; 

public class MainActivity extends Activity {   

    /*BluetoothAdapter *'@).$ :"/&$,"/8'*/     

    public static BluetoothAdapter mBluetoothAdapter;   

    /*F-!)*/"%$) Bluetooth-:"/&$,"/8$*/ 

    public static BluetoothDevice mBluetoothDevice;     

    private ListView mListView; /* '"%&+8'=(!,"4 "2!"$%*/ 

    ArrayAdapter<String> AdressArray; /*G'""!8 6-4 GH#-'6&)"$8*/

    ArrayAdapter<CharSequence> NameArray; /*G'""!8 6-4 !0I**/ 

    @Override   
    protected void onCreate(Bundle savedInstanceState) {   

        super.onCreate(savedInstanceState);   

        setContentView(R.layout.activity_main); 

        mBluetoothAdapter = BluetoothAdapter.getDefaultAdapter(); 

        mListView = (ListView)findViewById(R.id.listView1); 

       /* J6) R.id.listView1 - id <-)0)*/' ListView ("2!"%') 

          !; xml &';0)/%!*/ 

    }   

}  

 

?-4 !"2$-7;$8'*!4 8$;0$3*$"/), Bluetooth 8 2&!-$3)*!! 8 2)&8:= $9)&)67 *)$1-

>$6!0$ 8+6'/7 "$$/8)/"/8:=(!)  !" #$#%&' 8 C',-) AndroidManifest.xml (-!"/!*. 2): 
 
E!"/!*. 2. 5+6'9' 2$-*$0$9!, 8 C',-) AndroidManifest.xml. 

1 

2 

3 

4 

  <manifest … > 

<uses-permission android:name="android.permission.BLUETOOTH"/> 

<uses-permission android:name="android.permission.BLUETOOTH_ADMIN"/>

</manifest> 

 

 ';&)@)*!) android.permission.BLUETOOTH *)$1>$6!0$ 6-4 2$-:9)*!4 6$"/:2' 

% %'%!0--!1$ "8$,"/8'0 -$%'-7*$.$ '6'2/)&', *'9'-' "%'*!&$8'*!4 !-! 2$!"%' 2&!84-

;'**+> :"/&$,"/8. B$-*$0$9!4 BLUETOOTH_ADMIN *)$1>$6!0+ 6-4 !;0)*)*!4 

"8$,"/8 -$%'-7*$.$ Bluetooth-'6'2/)&'. 

?-4 2&$8)&%! "$"/$4*!4 ! :2&'8-)*!4 -$%'-7*+0 Bluetooth-'6'2/)&$0 !; 2&!-$-

3)*!4 0$3*$ 8$"2$-7;$8'/7"4 "-)6:=(!0! 0)/$6'0! !; -!"/!*.' 3. 
 
E!"/!*. 3. G)/$6+ :2&'8-)*!4 Bluetooth-'6'2/)&$0. 

1 

2 

3 

4 

5 

   mBluetoothAdapter.enable();  // 5%-=9)*!) Bluetooth-'6'2/)&' 

mBluetoothAdapter.isEnabled(); // B&$8)&%' "$"/$4*!4 Bluetooth-'6'2/)&'

mBluetoothAdapter.disable(); // 5+%-=9)*!) Bluetooth-'6'2/)&' 

/* G)/$6+ enable() ! disable() &'1$/'=/ 

   /$-7%$ 2&! *'-!9!! 2$-*$0$9!, BLUETOOTH_ADMIN*/ 

 

?-4 8;'!0$6),"/8!4 :"/&$,"/8 -$%'-7*+, Bluetooth-'6'2/)& 6$-3)* "84;'/7"4 " :6'-

-)**+0 :"/&$,"/8$0. K$/4 2&$/$%$- Bluetooth 2$66)&3!8')/ 6!*'0!9)"%!) (ad-hoc) "$-

)6!*)*!4 6-4 2)&)6'9! 6'**+>, </$/ 0)>'*!;0 ;'1-$%!&$8'* 8 Android 2$ 8$2&$"'0! 1);$-

2'"*$"/! [3]. #-)6$8'/)-7*$, 6-4 2)&)6'9! 6'**+> *)$1>$6!0$, 9/$1+ :"/&$,"/8' Blue-

tooth 1+-! ()'"!%* ("2'&)*+) 6&:. " 6&:.$0. #2!"$% "84;'**+> :"/&$,"/8 ! !> MAC-

'6&)"', *)$1>$6!0+) 6-4 "$;6'*!4 "$%)/', 0$3*$ 2$-:9!/7, !"2$-7;:4 %$6 !; -!"/!*.' 4. 
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E!"/!*. 4. B$!"% "84;'**+> :"/&$,"/8. 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

  Set<BluetoothDevice> pairedDevices = 

mBluetoothAdapter.getBondedDevices(); 

// B&$8)&%' *' *'-!9!) "2'&)**+> :"/&$,"/8 

if (pairedDevices.size()>0) { 

    for (BluetoothDevice device : pairedDevices) { 

        // #$6)&3!/ "2!"$% !0)* ! '6&)"$8 :"/&$,"/8 

        NameArray.add(device.getName() + 

        "\n" + device.getAddress()); 

        AdressArray.add(device.getAddress()); 

    } 

} 

/* F'% 2&'8!-$, 6'**+, %$6 !"2$-7;:)/"4 

 8 0)/$6'> !-! $1&'1$/9!%'> %*$2$% */  

 

L"-! %-!)*/"%$) :"/&$,"/8$ *) 48-4)/"4 "2'&)**+0, *)$1>$6!0$ 2&$!;8)"/! 2$-

!"% 6$"/:2*+> :"/&$,"/8 (!"%$0$) :"/&$,"/8$ 6$-3*$ 1+/7 )&+&,*,). 5+2$-*!/7 

2&$A)6:&: 2$!"%' !; 2&!-$3)*!4 2$;8$-!/ !">$6*+, %$6 -!"/!*.' 5. ?-4 :2&$()*!4 

2&!-$3)*!4 0$3*$ 8$"2$-7;$8'/7"4 8"/&$)**+0! C:*%A!40! 2$!"%' Bluetooth-

:"/&$,"/8 8 M# Android. 
 

E!"/!*. 5. B$!"% 6$"/:2*+> :"/&$,"/8. 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

   /*?$ 8+2$-*)*!4 6'**$.$ '-.$&!/0' *)$1>$6!0$ 

  $9!"/!/7 0'""!8+ NameArray ! AdressArray, 

  9/$1+ !;1)3'/7 6:1-!&$8'*!4 :"/&$,"/8. 

  5+2$-*!/7 </$ 0$3*$ 0)/$6$0 .clear()*/ 

/*M":()"/8-4)/ 2$!"% 6$"/:2*+> :"/&$,"/8 bluetooth*/ 

private final BroadcastReceiver ActionFoundReceiver =  

                             new BroadcastReceiver(){ 

    public void onReceive(Context context,  

                          Intent intent) { 

        String action = intent.getAction(); 

        If (BluetoothDevice.ACTION_FOUND.equals(action)) { 

           BluetoothDevice device = 

           intent.getParcelableExtra(BluetoothDevice.EXTRA_DEVICE);

           NameArray.add(device.getName() + 

                 "\n" + device.getAddress()); 

           NameArray.notifyDataSetChanged(); 

           AdressArray.add(device.getAddress()); 

            } 

}}; 
 

 

 

5+2$-*!/7 "$2&43)*!) $1*'&:3)**$.$ %-!)*/"%$.$ :"/&$,"/8' " -$%'-7*+0 2$-

;8$-!/ %$6 !; -!"/!*.' 6. 
 

E!"/!*. 6. #84;+8'*!) :"/&$,"/8 (!"2$-7;:)/"4 $1&'1$/9!% %*$2$% onClick). 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

   public void onClick(View arg0){ 

 /*B&$8)&%' *' *'-!9!) 8+1$&' 2:*%/' 8 "2!"%)*/  

   if (mListView.getCheckedItemPosition() != -1) {  

   mBluetoothDevice = mBluetoothAdapter.getRemoteDevice 

   (AdressArray.getItem(mListView.getCheckedItemPosition())); 

      if    (!MainActivity.pairedDevices.contains(mBluetoothDevice)) { 

          mBluetoothDevice.createBond();   

      } 

          else Toast.makeText 
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10 

11 

12 

13 

14 

15 

16 

          (getApplicationContext(), "N"/&$,"/8' :3) "84;'*+", 

                            Toast.LENGTH_LONG).show(); 

   } 

      else Toast.makeText 

           (getApplicationContext(), "5+1)&!/) $6!* !; 2:*%/$8 "2!"%'",

                            Toast.LENGTH_LONG).show(); 

} 

     

 

B$6%-=9)*!) % %-!)*/"%$0: :"/&$,"/8: 8+2$-*4)/"4 " !"2$-7;$8'*!)0 MAC-

'6&)"' 6'**$.$ :"/&$,"/8'. ?-4 </$.$ *)$1>$6!0$ "$;6'/7 ")/)8$, (-.#/, C$&0!&:)-

0+, 8 0-%-)-, 1-/-.#. O"2$-7;$8'*!) C$*$8+> 2$/$%$8 2$;8$-4)/ 2&)6$/8&'/!/7 ;'-

8!"'*!) 2&!-$3)*!4 *' 8&)04 2&!I0' ! 2)&)6'9! !*C$&0'A!! 9)&); "$%)/, $1)"2)9!8'-

)/ %$&&)%/*+, 2&!I0 ! 2)&)6'9: [4]. 5").$ "$;6')/"4 68' C$*$8+> 2$/$%'. B)&8+, 

(ConnectThread) $&.'*!;:)/ 2$6%-=9)*!) 9)&); "$%)/, 8/$&$, (ConnectedThread) – 

:2&'8-4)/ "$)6!*)*!)0. B&!0)&+ %$6' 0$3*$ *',/! 2$ ""+-%) [2] 8 &';6)-'> “Connect-

ing as a client” ! “Managing a Connection”. 
 
E!"/!*. 7. #$;6'*!) C$*$8$.$ 2$/$%'  

1 

2 

3 

   mConnectThread = 

new ConnectThread(mBluetoothDevice);

                mConnectThread.start(); 

 

?-4 %$&&)%/*$.$ "$)6!*)*!4 2$/&)1:)/"4 !6)*/!C!%'/$& UUID. UUID – :*!8)&-

"'-7*+, :*!%'-7*+, 128-1!/*+, !6)*/!C!%'/$&, .'&'*/!&:=(!, $/":/"/8!) %$*-

C-!%/$8 2&! "$)6!*)*!!. ?-4 2$-:9)*!4 UUID 0$3*$ 8$"2$-7;$8'/7"4 .)*)&'/$&$0 8 

O*/)&*)/). P!2 2)&)0)**$, – string.  

?-4 %$&&)%/*$, 2)&)6'9! 6'**+> *)$1>$6!0$ 2&$2!"'/7 $1&'1$/9!% 2&!I0' 6'*-

*+> $/ Bluetooth-2$/$%' [4]: 
 
E!"/!*. 8. M1&'1$/9!% 2&!I0' 6'**+> $/ Bluetooth-2$/$%' 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

   private static BluetoothResponseHandler mHandler =  

new BluetoothResponseHandler(this); 

private static class BluetoothResponseHandler  
extends Handler { 

    private WeakReference<MainActivity> mActivity; 

    public BluetoothResponseHandler(MainActivity activity) {

       mActivity = new WeakReference<MainActivity>(activity);

    } 

    public void setTarget(MainActivity target) { 

       mActivity.clear(); 

       mActivity = 

       new WeakReference<MainActivity>(target); 

    } 

    @Override 
    public void handleMessage(Message msg) { 

       ConnectActivity activity = mActivity.get(); 

       if (activity != null) { 

           switch (msg.what) { 

           case MESSAGE_READ: 
           /*?),"/8!4 2&! 9/)*!!*/ 

           break; 

           case MESSAGE_WRITE: 
           /*?),"/8!4 2&! ;'2!"!*/ 

           break; 
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25 

26 

27 

28 

           } 

        } 

    }       

} 

     

 

?)0$*"/&'A!4 &'1$/+ !">$6*$.$ %$6' 8 /)"/$8$0 2&!-$3)*!! 2&$6)0$*"/&!&$-

8'*' *' &!". 4. 
 

 
 

 !". 4. B&!0)& &'1$/+ 2&!-$3)*!4 8 /)&0!*'-7*$0 &)3!0) 

 

B&! !"2$-7;$8'*!! 6'**$.$ 2&!-$3)*!4 : $1"-:3!8'=().$ 2)&"$*'-' $/2'-' 

*)$1>$6!0$"/7 !"2$-7;$8'/7 2&$8$6*+) -!*!! "84;! 6-4 2$-:9)*!4 %$0'*6 !; A)*/&'. 

B&)6-'.')0$) &)@)*!) 6)-')/ $1"-:3!8'*!) 6)/)%/$&$8 0$1!-7*+0.  
 

2* !3!#/(' 45!6-+! %-(/7 (-/ 8+%&.!, 9:; <99 = &.5!+%-> ?&"&.& "! 1 #-

+-(/!)5#%%-# -4- 8+-)!%&# & 1-,-@7 ) %!1&(!%&& (/!/7&. 
 

#2!"$% -!/)&'/:&+ 

 

1. M2!"'*!) :"/&$,"/8' Parani SD-1100 // MC!A!'-7*+, "',/ %$02'*!! Sena. – URL: 

http://www.senaindustrial.com/products/industrial_bluetooth/sd1100.php  (6'/' $1&'()*!4 13.03.15) 

2. MC!A!'-7*+, "',/ %$02'*!! Google 6-4 Android &';&'1$/9!%$8. – URL: 

http://developer.android.com/guide/topics/connectivity/bluetooth.html  (6'/' $1&'()*!4 13.03.15) 

3. Android 4. B&$.&'00!&$8'*!) 2&!-$3)*!, 6-4 2-'*@)/*+> %$027=/)&$8 ! "0'&/C$*$8 /  )/$ 

G',)&; [2)&. " '*.-. MMM «H,6!$*$0!%"»]. – G.: Q%"0$, 2013. – 816 ".  

4. R!-6/, J)&1)&/. Java. B$-*$) &:%$8$6"/8$, 8-) !;6.: 2)&. " '*.-. – G.: MMM “O. ?. 5!-740"”, 

2012. – 1104 ". 
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 !"#$"%&''(&  )*+",$&'"&  )-(!"+'*.   /!/0&-!()   

)*,(1(+/,-(-'(2  ,"00&-!"+'(2  $"'""  ,)34" 

 

F.  . G+-/+.'@)8', S. O. T:-71!% (*':9*+, &:%$8$6!/)-7) 

 
9%(/&/8/ &%3#%# %-> 0&"&.& &  !+&-A5#./ -%&.& ?:BC; 2=C D?; 

660074, 6. E !(%-' (., 85. E& #%(.-6-, 28 

E-mail: kristina-myl@mail.ru 

 
An approximative computation for secondary parameters of a balanced communication cable under near-located con-

ductors and strongly skin effects conditions is described. Some numerical results are also presented. 

 

B&! !;8)"/*+> 2$.$**+> (R1, L1, G1, D1) – 2'&'0)/&'> -!*!! "84;! "$$/8)/"/8:=-

(!) 8/$&!9*+) 2'&'0)/&+ $2&)6)-)*+ 8 %$02-)%"*$, C$&0) "$$/*$@)*!)0 
 

  !"# $ %&!"# ' (!)* $ %"+*#!,* $ %"-*#.., (1) 
 

.6) U(V), W(V) – %$<CC!A!)*/ ;'/:>'*!4 ! %$<CC!A!)*/ C';+ "$$/8)/"/8)**$. 

B&)$1&';$8'*!)0 2&'8$, 9'"/! "$$/*$@)*!) (1) 2&!8$6!/"4 % 8!6: 
 

   !"# $ %&!"# ' %"(+*-* /0 $ )* %"+*1 2
*34

/0 $ ,* %"-*1 2
*34

,  (2) 

 

8 %$/$&$0, 2&! 6$"/'/$9*$ 8+"$%$, 9'"/$/), 8+2$-*4=/"4 :"-$8!4 VL1 >> R1, VC1 >> G1 

/'%, 9/$ C:*%A!!-"$0*$3!/)-! 8 %&:.-+> "%$1%'> 0$.:/ 1+/7 2&)6"/'8-)*+ !> &';-$-

3)*!40! 8 &46+, /.). 2&!1-!3)**$ 2$-:9')0 "$$/*$@)*!4 
 

/0 $ )* %"+*1 2
*34

5 0 $ )* 6%"+*1 7../0 $ ,* %"-*1 2
*34

5 0 $ ,* 6%"-*1  , 

 

%$/$&+) 2$;8$-4=/ 8 !> 2&$!;8)6)*!! $2:"/!/7 "-'.')0$) 8 9:4;<=: > ?:4;<@:A 1$-)) 8+"$-

%$.$ 2$&46%' 0'-$"/! ! 2)&)2!"'/7 (2) 8 8!6) 
 

  !"# $ %&!"# 5 9:4BC $ ?:BC4 $ %"(+*-* ,  (3) 

 

.6) z5 – 8$-*$8$) "$2&$/!8-)*!) -!*!! "84;! (2&! 8+"$%!> 9'"/$/'> 
 

DE ' F=:@: ' *
GF HIJIJK LM NOPIPI  , 

 

d – &'""/$4*!) 0)36: A)*/&'0! 2&$8$6*!%$8, ' ro – &'6!:" 2&$8$6*!%'). 

B&!&'8*!8'4 8 "$$/*$@)*!! (3) 8)()"/8)**+) ! 0*!0+) 9'"/! ! !"2$-7;:4 &)-

;:-7/'/+ [1], "$.-'"*$ %$/$&+0 8+"$%$9'"/$/*+) ;*'9)*!4 2$.$**$.$ '%/!8*$.$ "$2&$-

/!8-)*!4 R1 &'8*$ 
 

 )* ' N
QGPIRF<HI4S 7 ..T ' F !" # $%& ,   (4) 

 

 !" # – $!"%&'() *%"+,-./-.0.!'.1,& 2(,"-3(%( /-.0.!'3+( (!%) 2"!3 ' ( )*+,- . /)0  !"
"

), 

/.%$4("2 5(03132.1,& 
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 1234 (  5678!90:8;5 78<8<=.>?@A=8=8 B CD8D= EFG& 5 H8D8D= ,  (5) 

 

0 +.,.-.6 /"-0." 1%( ("2." /-"!1,(0%)", 1.1,(0%)78$7 /. .''. . 5(,$9('3), .:$-

1%.0%"''$7 /.,"-)23 *%"+,-.2( '3,'.6 *'"- 33 0 /-.0.!'3+(9, ( 0,.-." – 1.1,(0-

%)78$7 /. .''. . 5(,$9('3), .:$1%.0%"''$7 /.,"-)23 0 !3*%"+,-3+", /-./.-;3.-

'(%&'<23 $ %.0.6 4(1,.," = 3 ,(' "'1$ $ %( tg > !3*%"+,-34"1+39 /.,"-&. ?,.-." 1%(-

 ("2." 0 5(03132.1,3 (5) /.%$4"'. 1 $4",.2 ,. ., 4,. IJ ( K3L%L: MN O PQ  R:8:8S T . 
@( -31. 1 /.+(5('< 431%"''<" 5'(4"'3) /"-0. . 1%( ("2. . /. 5(03132.1,3 (5) 

/-3 -(5%34'<9 5'(4"'3)9 /(-(2",-( U $%V  3 /-.0.!'3+.0 1 !3(2",-.2 -(0'<2 1 22, 

-(5!"%"''<9 !3*%"+,-34"1+.6 1-"!.6 (Ar = 2,0). 
 

 
B31. 1. ?'.132." 5(,$9('3" /-.0.!'3+(23 1322",-34'.6 %3'33 10)53 

 

C31%"''<" 5'(4"'3) 0,.-. . 1%( ("2. . /. 5(03132.1,3 (5) /.+(5('< '( -31. 2. 

 

 
B31. 2. ?'.132." 5(,$9('3" !3*%"+,-34"1+.6 1-"!.6 1322",-34'.6 %3'33 10)53 
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D-(0'"'3" 431%"''<9 5'(4"'36 /. -31. 1 3 -31. 2 /.+(5<0(",, 4,. 0'.132." 5(,$-

9('3" !3*%"+,-34"1+.6 1-"!.6 1322",-34'.6 %3'33 10)53 1.1,(0%)", /.-)!+( '"1+.%&-

+39 /-.;"',.0 ., 5(,$9('3) 0'.132. . /-.0.!'3+(23. 

E%) '(9.F!"'3) +.*GG3;3"',( H(#) /-3-(0'30("2 2'32<" 4(1,3 0 1..,'.I"'33 

(3), 4,. !(", 
 

 W234 ( 3XYJZJ ( C[D=\  ,  (6) 
 

 !" $4,"'., 4,. YJ ( H8] PQ  R:8:8 ^ TT TTZJ ( ]D8D=>?_A=8=8 , (  
JXD8H8  2Z ( ` . /)0 " $a 4. 

J-3:%3F"''<" 5(03132.1,3 0,.-34'<9 /(-(2",-.0 0<1.+.4(1,.,'.6 1322",-

-34'.6 %3'33 10)53 /.50.%)7, .,'.13,"%&'. /-.1,. $43,<0(,& *GG"+, *%"+,-.2( -

'3,'. . 0%3)'3) :%35+. . -(1/.%.F"'3) /-.0.!'3+.0, ( ,(+F" 0%3)'3" /.0"-9'.1,-

'. . *GG"+,(. 
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 !"#$%&!'()%#  !*#)!+  ,--#+.%')!/.%  DVB-T2  /.()"(&.( 

 

J. K. L$I"0, M. N. O$%&:3+ ('($4'<6 -$+.0.!3,"%&) 

 
%&$'!'(' !&)*&*+&,- .!/!0! ! +12!,34*0'+,&!0! 56789 :;8  59 

660074, <. =+1$&,>+$0, (4. =!+*&$0,<,, 28 

E-mail: dest_222@mail.ru 

 
Different physical obstacles can cause some interferences for DVB-receiving. To take into account those effects the 

common multipath signal models are used for a few modulation techniques. 

 

E(''() -(:.,( /-"!1,(0%)", -"5$%&,(,< 2(,"2(,34"1+. . 2.!"%3-.0('3), ./31<-

0(78" . /-.350.!3,"%&'.1,& DVB-T2 1,('!(-,( !%) -)!( 2.!"%"6 -(!3.+('(%(.  

@3F" /-"!1,(0%"'( 1%"!$78() 3'G.-2(;3): 

- ./31('3" 2.!"%"6 +('(%(, 31/.%&5$"2. . !%) 2.!"%3-.0('3); 

- -"5$%&,(,< 2.!"%3-.0('3) /-.350.!3,"%&'.1,3 !%) +(F!.6 2.!"%3 -(!3.+('(%(. 

D3 '(% 1,('!(-,( DVB-T2 2.F", ./31<0(,&1) -(5%34'<23 2.!"%)23 -(1/-.-

1,-('"'3), 0 5(03132.1,3 ., -(11,.)'3) ., /"-"!(,43+(, .+-$F"'3) -(!3.,"%"0353.'-

'.6 /"-"!(78"6 1,(';33 (BPJD), -"%&"G( 2"1,'.1,3 3 ,. /. Q('(%< :<%3 0<:-('<, 

4,.:< /-.0"-3,& /-.350.!3,"%&'.1,& 0 I3-.+.2 !3(/(5.'" $1%.036 /-3"2(. 

?  ($11.01+.6 2.!"%3 +('(%( + 13 '(%$ !.:(0%)7, ,.%&+. (!!3,30'<6 :"%<6 

 ($11.0c+36 I$2 (AWGN – Additive White Gaussian Noise) 3 -(112(,-30(7, .!3' /$,& 

-(1/-.1,-('"'3). 

Q('(% B(61( ./31<0(", -(1/-.1,-('"'3" 13 '(%( /-3 '(%3433 '"352"''<9 0. 

0-"2"'3 .,-(F"''<9 13 '(%.0, '(/-32"-, 0 1%$4(" /-3"2( '( '"/.!03F'$7 0'"I'77 

($%34'$7) (',"''$. 

R.!"%& ./31<0(",1) 1%"!$7832 1..,'.I"'3"2: 
 b2c4 ( d efg2c # cf4hfi% B j2c4 ( ;8k2l4md ;nk2lRon4pnqr5d sn!pnq8 , 

 

 !" g2c43 b2c4 – *,. 13 '(% '( 09.!" 3 0<9.!" +('(%(, 1..,0",1,0"''.; N – *,. 431%. 

*9.-13 '(%.0, (0 !(''.2 1%$4(", /-32"2 -(0'<2 20); ef (i = 0, 1, 2…N) – *,. +.*GG3;3-

"', .1%(:%"'3) !%) i-6 1.1,(0%)78"6 2'. .%$4"0. . -(1/-.1,-('"'3) 13 '(%(  

(ef ( tuf234vRwxnt) [1, 2]. 

Q.*GG3;3"', K !%) +('(%( B(61(, ./31<0(7836 .,'.I"'3" 2.8'.1,3 13 '(%( 

-(1/-.1,-(')78" .1) /. /-)2.2$ /$,3 + 2.8'.1,3 .,-(F"''<9 13 '(%.0 -(0"':  
 y ( u%&d uf&hfiJ z 
 

J-32"2 5'(4"'3" K -(0'<2 10, ,(+32 .:-(5.2: 
 

u% ( {/)|uf&h
fiJ z 

 

Q('(% B*%") ./31<0(", -(1/-.1,-('"'3" 13 '(%( /-3 '(%3433 '"352"''<9 3 35-

2"')78391) 0. 0-"2"'3 .,-(F"''<9 13 '(%.0, '(/-32"-, 0 1%$4(" /-3"2( '( /.!03F-

'$7 +.2'(,'$7 3%3 0'"I'77 ($%34'$7) (',"''$. 
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R.!"%& ./31<0(",1) 1%"!$7832 1..,'.I"'3"2: 
 b2c4 ( } d efg2c # ~f4hfiJ . 
 

Q.*GG3;3"', k !%) +('(%( B*%"), ./31<0(7836 .,'.I"'3" 2.8'.1,3 13 '(%( 

-(1/-.1,-(')78" .1) /. /-)2.2$ /$,3 + 2.8'.1,3 .,-(F"''<9 13 '(%.0 -(0"':  
 } ( /5d uf&hfiJ

z 
 

J-.1,.6 /-.G3%& -(1/-.1,-('"'3) (0 dB echo profile) 0+%74(", ,.%&+. !0( /$,3 

-(1/-.1,-('"'3) 13 '(%(. D3 '(% /. +(F!.2$ 35 /$,"6 ./-"!"%)",1) (2/%3,$!.6, 5(-

!"-F+.6 3 4(1,.,'<2 1!03 .2, .,'.13,"%&'. !-$  !-$ (. 

J-3 2.!"%3-.0('33 :<%3 0<:-('< 1%"!$783" $1%.03): 3!"(%&'() 13'9-.'35(-

;3), .,1$,1,03" G(5.0<9 I$2.0, -"F32 /"-"!(43 13 '(%( – MISO, !./$1,32<6 $-.0"'& 

+.*GG3;3"',( :3,.0<9 .I3:.+ – /)R�, /-3 31/.%&5.0('33 ,.%&+. LDPC-+.!"-( (Low-

Density Parity-Check – +.! 1 2(%.6 /%.,'.1,&7 /-.0"-.+ '( 4",'.1,&) 3 /)RJJ, /-3 31-

/.%&5.0('33 LDPC- 3 OCS-+.!"-(. P(+ F" 31/.%&5.0(%1) /.0.-., +.'1,"%%);3.''. . 

1.50"5!3). R.!"%3-.0('3" /-.0.!3%.1& !%) +('(%.0 T($11(, B*%"), B(61( 3 !%) /-.1,.-

 . /-.G3%) -(1/-.1,-('"'3). 

? -"F32" /"-"!(43 MISO (Multiple Input Single Output) 31/.%&5$7,1) '"1+.%&+. 

/"-"!(7839 (',"'' 3 .!'( /-3"2'(). R.!"%3-.0('3" !(''. . -"F32( ,-":$",, +(+ 

23'32$2 !0$9 '"5(03132<9 +('(%.0 1 5(,$9('3"2 !%) +(F!. . /"-"!(,43+( [3].  

@3F", 0 ,(:%. 1 3 2, /-"!1,(0%"'< 5'(4"'3) !.1,3F32<9 :3,-"6,.0 !%) -(5%34-

'<9 03!.0 2.!$%);33 [4] (QPSK, 16-QAM, 64-QAM3 256-QAM) 3 '".:9.!32<" 5'(4"-

'3) SNR (Signal-to-Noise Ratio – .,'.I"'3" 13 '(%\I$2), !%) !.1,3F"'3) +.*GG3;3"'-

,( :3,.0<9 .I3:.+ (BER – Bit Error Ratio), -(0'<2 /)R�. 

 
P(:%3;( 1  

E.1,3F32<6 :3,-"6, !%) -(5%34'<9 03!.0 2.!$%);33 

 

R.!$%);3) 
Q.!.0() 

1+.-.1,& 
O3,-"6,, R:3,\1 E%3'( +(!-(, +:3, 

Q.%34"1,0. FEC-

:%.+.0 0 +(!-" 

QPSK 3/5 9,003747 

62 52 
QPSK 2/3 10,01867 

QPSK 4/5 12,02614 

QPSK 5/6 12,53733 

16-QAM 3/5 18,07038 

60 101 

16-QAM 2/3 20,10732 

16-QAM 4/5 24,13628 

16-QAM 5/6 25,16224 

64-QAM 3/5 27,06206 

64-QAM 2/3 30,11257 

64-QAM 4/5 36,1463 

64-QAM 5/6 37,68277 

256-QAM 3/5 36,15568 

68 229 
256-QAM 2/3 40,23124 

256-QAM 4/5 48,29248 

256-QAM 5/6 50,34524 
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P(:%3;( 2  

@".:9.!32." 5'(4"'3" SNR, !%) -(5%34'<9 2.!"%"6 -(!3.+('(%( 

 

SNR, !O 

R.!$%);3) Q.!.0() 

1+.-.1,& 

D/"+,-(%&'()  

*GG"+,30'.1,&* 

Q('(% T($11( Q('(% 

B(61( 

Q('(% 

B*%") 

J-.1,.6 /-.G3%& 

-(1/-.1,-('"'3) 

QPSK 3/5 1,19 2,3 2,5 3,6 3,2 

QPSK 2/3 1,33 3,1 3,4 4,9 4,5 

QPSK 4/5 1,59 4,7 5,1 7,1 6,6 

QPSK 5/6 1,66 5,2 5,6 7,9 7,5 

16-QAM 3/5 2,39 7,6 7,8 9,3 9,0 

16-QAM 2/3 2,66 8,9 9,1 10,8 10,4 

16-QAM 4/5 3,19 10,8 11, 2 13,6 13,4 

16-QAM 5/6 3,32 11, 4 11,8 14,5 14,4 

64-QAM 3/5 3,58 12,0 12,3 14,0 13,9 

64-QAM 2/3 3,99 13,5 13,8 15,6 15,5 

64-QAM 4/5 4,78 16,1 16,6 19,2 19,2 

64-QAM 5/6 4,99 16,8 17,2 20,2 20,4 

256-QAM 3/5 4,78 16,1 16,3 18,3 18,4 

256-QAM 2/3 5,31 17,8 18,1 20,1 20,3 

256-QAM 4/5 6,38 21,3 21,7 24, 3 24,5 

256-QAM 5/6 6,65 22,0 22,4 25,4 25,8 
*D/"+,-(%&'() *GG"+,30'.1,& – .,'.I"'3" 1+.-.1,3 /"-"!(43 !(''<9 + 31/.%&5$"2.6 /.%.1" /-./$1+('3) 

-(!3.+('(%(. 

 

Q(+ 1%"!$", 35 /-30"!"''<9 431%.0<9 5'(4"'36, -"F32 2.!$%);33 256-QAM 

32"", '(3:.%&I$7 /-.350.!3,"%&'.1,& (:3,-"6,, 1/"+,-(%&'$7 *GG"+,30'.1,& 3 +.-

%34"1,0. FEC-:%.+.0 0 +(!-"), /. 1-(0'"'37 1 !-$ 323 -"F32(23, '. 0 ,. F" 0-"2), .' 

)0%)",1) '(3:.%"" ,-":.0(,"%&'<2 + $-.0'7 I$2.0 0 +('(%" (,-":$"2." SNR :.%"" 

20 !O), 4,. ,-":$", /-32"'"'3) !./.%'3,"%&'<9 *+1/"-32"',(%&'<9 311%"!.0('36 /"-

-"!(78" . .:.-$!.0('3) !.1,(,.4'. 0<1.+.6 2.8'.1,3. 

 
D/31.+ %3,"-(,$-< 

 

1. DVB Document A133. Implementation guidelines for a second generation digital terrestrial television 

broadcasting system. – 2010. – 213 1.  

2. Maravic I., Vetterli M. Sampling and reconstruction methods for signals of finite rate of innovation in 

the precence of noise // IEEE Trans. on Signal Processing. – 2005. – Vol. 53, N. 8. – P. 2788–2805.  

3. P"%"03!"'3" 0 1,('!(-," DVB-T2. – http://www.telesputnik.ru/archive/157/article/92.html 

4. P-3(!(-P?. K1'.0< ;3G-.0. . ,"%"03!"'3) 0 1,('!(-," DVB-T/T2. – @.0.13:3-1+: P-3(!(-P?, 

2011. – 61 1. 
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%/0!$12!'()%#  /3# 4   

0&!/.&()/.'#))!5!  &(26%#)%7  )(  /860!.!+%   

'  ($5!&%. (3   )!5!"#/+&%0.!&)!5!  +!"%&!'()%7   

"$7  /%/.#   '%"#!+!)-#&#)*/'72% 

 

K. @. T$83'(, L. @. P(-(+('.0 ('($4'<6 -$+.0.!3,"%&) 

 
?+,$41@$0!- <,$(21+$'@*&&A- (&!@*+$!'*' !". ;. 6. B*"!2,@1 

150000, <. ?+,$41@4C, (4.  ,@*'$01>, 14 

E-mail: olyagushchina@gmail.com, tano@uniyar.ac.ru 

 
J-30.!3,1) ('(%35 31/.%&5.0('3) (% .-3,2.0 2'. .!"1+-3/,.-'. . +.!3-.0('3) 03!". (RQ?) 1 /-.1,-('-

1,0"''<2 -(5:3"'3"2 '( 1$:/.,.+3. E%) .;"'+3 +(4"1,0( '( /-3"2'.6 1,.-.'" 31/.%&5$",1) !0( +-3,"-3) +(4"1,0( – 

JKDU 3 VQM, ( !%) 0.11,('.0%"'3) /.,"-)''.6 3'G.-2(;33 – %3'"6'() 3',"-/.%);3). J-30"!"''<" -"5$%&,(,< 

/.+(5<0(7, 0<1.+$7 *GG"+,30'.1,& 19"2< RQ? !(F" 0 1%$4(" /.,"-3 0 +('(%" 50 % 03!".3'G.-2(;33.   

 

? '(1,.)8"" 0-"2) 03!".+.'G"-"';10)5& /-"!1,(0%)", 1.:.6 .!3' 35 1(2<9 !3-

'(234'. -(5030(78391) 3'G.+.22$'3+(;3.''<9 1"-031.0. P(+, /. /-. '.5(2 +.2/(-

'33 Cisco, + 2018  . 431%. /.%&5.0(,"%"6 131,"2 03!".+.'G"-"';10)53 !.1,3 '",  

238,3 23%%3.'.0 4"%.0"+, /-3 *,.2 /.+(5(,"%& 1-"!'" .!.0. . ,"2/( -.1,( (CAGR – 

Compound Annual Growth Rate) 0 1..,0",1,033 1 /-. '.5.2 1.1,(03, 44,8 % [1].  

? ,. F" 0-"2), /-3 /"-"!(4" ,-(G3+( 0 IP-1",3 '"35:"F'. 0.5'3+(7, /.,"-3 /(+"-

,.0, +.,.-<" .+(5<0(7, 1$8"1,0"''." 0%3)'3" '( +(4"1,0. /-3'32("2. . 03!".13 '(-

%(. D-"!3 2",.!.0 5(83,< ., .I3:.+ '(3:.%"" I3-.+." -(1/-.1,-('"'3" /.%$43%3 

19"2< /-)2.6 +.--"+;33 (FEC – Forward Error Correction), ( ,(+F" 2"9('352< /.0,.--

'.6 /"-"!(43 !(''<9. K!'(+. 31/.%&5.0('3" $+(5(''<9 2",.!.0 /-30.!3, + -.1,$ 5(-

!"-F+3, 4,. )0%)",1) '"!./$1,32<2 !%)  .%.1.0. . 3%3 03!". ,-(G3+( -"(%&'. . 0-"-

2"'3 [2].  

D-"!3 !-$ 39 2",.!.0 5(83,< ,-(G3+( ., /.,"-& 2.F'. .,2",3,& (% .-3,2< 

2'. .!"1+-3/,.-'. . ($!3.- 3 03!".+.!3-.0('3). J-3';3/ -(:.,< (% .-3,2.0 2'. .-

!"1+-3/,.-'. . +.!3-.0('3) 5(+%74(",1) 0 -(5:3"'33 319.!'. . /.,.+( !(''<9 '( '"-

1+.%&+. 1$:/.,.+.0, +(F!<6 35 +.,.-<9 /"-"!(",1) ., 31,.4'3+( + /.%$4(,"%7 /. '"-

5(03132.2$ +('(%$ 10)53 [3].  

? 5(03132.1,3 ., 1.!"-F('3) 3'G.-2(;33 0 +(F!.2 35 1$:/.,.+.0 (% .-3,2< 

2'. .!"1+-3/,.-'. . +.!3-.0('3) 03!". (RQ?) /.!-(5!"%)7,1) '( -(0'.2"-'<" 3 

'"-(0'.2"-'<". J"-0<6 +%(11 (% .-3,2.0 9(-(+,"-35$",1) -(5:3"'3"2 319.!'. . 03-

!". '( 1$:/.,.+3 -(0'.6 5'(432.1,3, /.,"-) +(F!. . 35 +.,.-<9 /-30.!3, + .!3'(+.-

0.2$ $2"'&I"'37 +(4"1,0( 3,. .0. . !"+.!3-.0(''. . 13 '(%(. ? 1%$4(" 31/.%&5.0(-

'3) '"-(0'.2"-'<9 (% .-3,2.0 2'.F"1,0"''. . +.!3-.0('3), +(4"1,0. !"+.!3-.0('-

'.6 03!"./.1%"!.0(,"%&'.1,3 5(0313, +(+ ., 431%( /-3'),<9 /.,.+.0, ,(+ 3 ., ,. ., 

+(+3" 32"''. !"1+-3/,.-< :<%3 /-3'),< 3%3 /.,"-)'< [4].  

J-3 RQ? (+(+ -(0'.2"-'.2, ,(+ 3 '"-(0'.2"-'.2) 319.!'() 03!"./.1%"!.0(-

,"%&'.1,& !(''<9 2.F", -(5!"%),&1) '( 1$:/.,.+3 -(5%34'<23 1/.1.:(23. Q /-.1,"6-

I32 35 '39 .,'.13,1) /-.1,-('1,0"''." 3 0-"2"''." -(5!"%"'3" 03!".!(''<9, ( ,(+F" 

2(1I,(:3-.0('3" /. 0"%343'" /3+.0. . .,'.I"'3) 13 '(%/I$2 (JKDU). 

@"12.,-) '( ,., 4,. 311%"!.0('3), /.10)8"''<" RQ?, /-.0.!),1) !.1,(,.4'. 

!(0'., '" $!(%.1& .:'(-$F3,& !",(%&'. . ('(%35( 0%3)'3) +.%34"1,0( /-3'),<9 1$:/.-

,.+.0 '( +(4"1,0. /-3'32("2. . 03!".35.:-(F"'3) [3–5]. ? 10)53 1 *,32 /-"!1,(0%)",-

1) (+,$(%&'<2 -"(%35.0(,& 3 311%"!.0(,& 131,"2< RQ? 1 /-.1,-('1,0"''<2 -(5!"%"-

'3"2 '( 1$:/.,.+3 3 .;"'3,& 39 -(:.,$ /-3 352"'"'33 431%( /-3'),<9 1$:/.,.+.0. 
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? -(2+(9 311%"!.0('3) /-.0.!3%.1& ,"1,3-.0('3" -(0'.2"-'. . (% .-3,2( RQ? 
1 /-.1,-('1,0"''<2 -(5:3"'3"2 319.!'. . 03!". '( 1$:/.,.+3 :"5 /"-"+-<,3). P"1,3-
-.0('3" (% .-3,2( .1$8"1,0%)%.1& '( 1,('!(-,'<9 ,"1,.0<9 03!"./.1%"!.0(,"%&'.-
1,)9 «L+36.», «B(:.436» 3 «V$,:.%» [5]. ? +(4"1,0" +-3,"-3"0 .;"'+3 +(4"1,0( 0.1-
1,('.0%"''<9 03!".35.:-(F"'36 31/.%&5.0(%31& 2",-3+3 JKDU 3 VQM (Video 
Quality Metric) [6]. @".:9.!32. .,2",3,&, 4,. 1. %(1'. (% .-3,2$ -(14",(, :.%&I"2$ 
5'(4"'37 2",-3+3 VQM 1..,0",1,0$", 9$!I"" +(4"1,0. 03!".13 '(%(. J-3 *,.2 '( 
/-3"2'.6 1,.-.'" /-.350.!3%1) ,(+ '(5<0("2<6 +-(,+.0-"2"''<6 ('(%35 -"5$%&,(,.0 
('( +.-.,+39 0-"2"''<9 /-.2"F$,+(9), +. !( +('(% 10)53 2.F'. 143,(,& %3:. /.%'.-
1,&7 G$'+;3.'3-$7832 (:"5 /.,"-&), %3:. /.%'.1,&7 '" G$'+;3.'3-$7832. 

B(5:3"'3" 03!"./.1%"!.0(,"%&'.1,3 '( 1$:/.,.+3 0 -(2+(9 ,"1,3-.0('3) :<%. 
-"(%35.0('. 0 1..,0",1,033 1 :%.+-19"2.6, /-30"!"''.6 '( -31. 1, ( G.-23-.0('3" 
1$:/.,.+.0 .1$8"1,0%)%.1& 0 /-.1,-('1,0"''.6 .:%(1,3, ,.". '"/.1-"!1,0"''. 0 -(2+(9 
1,-.+ 3 1,.%:;.0 +(!-( 03!"./.1%"!.0(,"%&'.1,3. 

 

 
B31. 1. O%.+-19"2( (% .-3,2( RQ?  

 
? +(4"1,0" .1'.0'<9 1/.1.:.0 /-.1,-('1,0"''. . -(5:3"'3) 03!". '( 1$:/.,.+3 

31/.%&5$7,1) -(5!"%"'3) 4",'<9 3 '"4",'<9 1,-.+/1,.%:;.0 35.:-(F"'3) 3%3 ,(+ '(-
5<0("2." «I(92(,'."» !"%"'3". W+(5(''<" 1/.1.:< -(5:3"'3) 19"2(,34'. /-"!1,(0-
%"'< '( -31. 2 (!%) .!'. . +(!-() 3 /-32"')7,1) /.1%"!.0(,"%&'. + +(F!.2$ 35 +(!-.0 
03!"./.1%"!.0(,"%&'.1,3.  

 

 
1 D 

 
B31. 2. J-.1,-('1,0"''." -(5:3"'3" 03!"./.1%"!.0(,"%&'.1,3 /-3 RQ?:  
1 – 1 2 1$:/.,.+(23 – /. 1,.%:;(2 3 1,-.+(2 +(!-(; D – 1 4 1$:/.,.+(23 

 
O%( .!(-) 0<1.+.6 /-.1,-('1,0"''.6 +.--"%);33 03!".35.:-(F"'3) /.,"-)''() 

3'G.-2(;3) 0 1%$4(" .,+(5( .!'. . 35 +('(%.0 (3, 1..,0",1,0"''., /.,"-3 .!'. . 1$:-
/.,.+() 2.F", :<,& 0.11,('.0%"'( '( /-3"2'.6 1,.-.'", + /-32"-$, 2",.!.2 %3'"6'.6 
3',"-/.%);33.  
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? -(2+(9 311%"!.0('3) 0.11,('.0%"'3" /.,"-)''. . 1$:/.,.+( /-.350.!3%.1& /. 
1%"!$7832 G.-2$%(2: 

 

1 1
2

( 1, ) ( 1, )
( , ) ,

2

k i j k i j
k i j

 ! !
"  (1)

,
2

)1,()1,(
),( 11

2

!! 
"

jikjik
jik  (2)

,
4

)1,()1,(),1(),1(
),( 1144

2

!! !!! 
"

jikjikjikjik
jik  (3)

,
2

)1,1()1,1(
),( 33

2

!!!  
"

jikjik
jik  (4)

 

 !" ),( jik  ./-"!"%)", 5'(4"'3" /3+1"%) '( +(!-" 03!"./.1%"!.0(,"%&'.1,3 (0 /-.1,-('-

1,0" RGB) 1 +..-!3'(,(23 i 3 j, ( 3'!"+1 /-3 k 1..,0",1,0$", '.2"-$ 1$:/.,.+( '( 
-31. 2. J-3 *,.2 G.-2$%< (1) 3 (2) 31/.%&5.0(%31& !%) 3',"-/.%);33 /-3 2-!"1+-3/-
,.-'.2 RQ? (/-3 -(5:3"'33 /. 1,-.+(2 3 1,.%:;(2 1..,0",1,0"''.), ( 0<-(F"'3" (3) – 
/-3 4-!"1+-3/,.-'.2 RQ? 0 1%$4(" 0.11,('.0%"'3) /. 3 3 2 1$:/.,.+(2 («!3( .'(%&-
'<2», ,. ". 1 3 4 3%3 2 3 3 '( -31. 2). J-3 4-!"1+-3/,.-'.2 +.!3-.0('33 1 0.11,('.0%"-
'3"2 1 1$:/.,.+$ 31/.%&5.0(%31& G.-2$%< (1), (3) 3 (4): G.-2$%< (1) 3 (2) – !%) 3'-
,"-/.%);33 /.,"-)''<9 /3+1"%"6 0 ,.6 F" 1,-.+" 3%3 0 ,.2 F" 1,.%:;", 4,. 3 /.%$-
4"''<", G.-2$%( (4) – !%) 0.11,('.0%"'3) «!3( .'(%&'<9» *%"2"',.0 (/. .,'.I"'37 + 
/-3'),<2 /3+1"%)2). 

J.%$4"''<" -"5$%&,(,< !%) 03!"./.1%"!.0(,"%&'.1,3 «L+36.» /-30"!"'< '( 
-31. 3. B"5$%&,(,< !%) 19"2< :"5 RQ? 5!"1& 31/.%&5$7,1) 31+%743,"%&'. !%) .;"'+3 
31+(F"'36, 0'.132<9 +.!"-.2 1F(,3) H.264, 3 '" $43,<0(7, '(%343" /.,"-& 0 +('(%" 
/"-"!(43. ? -(2+(9 ,"1,3-.0('3) (% .-3,2( 4-!"1+-3/,.-'. . +.!3-.0('3) -(112(,-3-
0(%31& ,-3 1%$4(): /-3 /.,"-" .!'. . 1$:/.,.+(, /-3 /.,"-" !0$9 «!3( .'(%&'<9» 1$:-
/.,.+.0 3 /-3 /.,"-" ,-"9 1$:/.,.+.0. 

J-3 2-!"1+-3/,.-'.2 +.!3-.0('33 !%) 01"9 311%"!$"2<9 1,"/"'"6 1F(,3) %$4-
I3" -"5$%&,(,< 1 ,.4+3 5-"'3) +(4"1,0( 0.11,('.0%"''. . 03!". /.50.%)", /.%$43,& 
19"2( 1 -(5:3"'3"2 /. 1,-.+(2 +(!-(. E(''<6 G(+, .:X)1')",1) :.%&I"6 /-.1,-('1,-
0"''.6 +.--"%);3"6 2"F!$ 1,-.+(23 +(!-(, '"F"%3 2"F!$ " . 1,.%:;(23. J-3 31/.%&-
5.0('33 !(''.6 19"2< 5'(4"'3" JKDU $2"'&I(%.1& '( 1,8–10,9 !O 0 1-(0'"'33 1. 
19"2.6 :"5 RQ?. ?"%343'( VQM 0 *,.2 1%$4(" $0"%3430(%(1& '" :.%"", 4"2 '( 
0,67 "!3'3; /-3 01"9 311%"!$"2<9 1,"/"')9 1F(,3). 

? 1%$4(" 4-!"1+-3/,.-'. . +.!3-.0('3) /-3 /.,"-" .!'. . 1$:/.,.+( JKDU 
$2"'&I(",1) '( 0"%343'$ ., 2,9 !. 9,9 !O (/-3 Q = 50 3 Q = 15 1..,0",1,0"''.) /. 
1-(0'"'37 1. 1%$4("2 :"5 31/.%&5.0('3) RQ?. J-3 *,.2 0"%343'( VQM 0.5-(1,(%( 0 
!3(/(5.'" ., 0,66 !. 1,15 "!3'3;. E./.%'3,"%&'<2 /-"32$8"1,0.2 19"2< 4-!"1+-3/-
,.-'. . +.!3-.0('3) ,(+F" )0%)",1) '(%343" 0 +(F!.2 !"1+-3/,.-" $2"'&I"''.6 /. 
-(5-"I"'37 +./33 319.!'.6 03!"./.1%"!.0(,"%&'.1,3, 1..,0",1,0$78"6 G.-2(,$ 
QCIF (-(52"-.2 176×144 /3+1"%"6). ?03!$ *,. ., "1%3 !(''." -(5-"I"'3" )0%)",1) 
/-3"2%"2<2, 0.11,('.0%"'3" 03!". '( /-3"2'.6 1,.-.'" 2.F", .1$8"1,0%),&1) /. 
.!'.2$ /.%$4"''.2$ !"1+-3/,.-$ :"5 31/.%&5.0('3) 3',"-/.%);33, 4,. /.50.%)", 
1'353,& '( -$5+$ '( $1,-.61,0. !"+.!3-.0('3) 3 )0%)",1) .1.:"''. (+,$(%&'<2 0 $1-
%.03)9 2.:3%&'.6 03!".+.'G"-"';10)53. 

E%) !./.%'3,"%&'. . ('(%35( -"5$%&,(,.0 '( -31. 4 /-30"!"' G-( 2"', +(!-( 03-
!"./.1%"!.0(,"%&'.1,3 «L+36.» /-3 2- 3 4-!"1+-3/,.-'.2 RQ? 1 /-.1,-('1,0"''<2 
-(5:3"'3"2 '( 1$:/.,.+3 3 '35+.6 1,"/"'3 1F(,3) (Q = 15). 
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1 

 

D 
 

B31. 3. Y(03132.1,& 5'(4"'36 .:X"+,30'<9 2",-3+ !%) ,"1,.0.6 03!"./.1%"!.0(,"%&'.1,3 «L+36.» /-3 
2'. .!"1+-3/,.-'.2 +.!3-.0('33 1 /-.1,-('1,0"''<2 -(5:3"'3"2 '( 1$:/.,.+3: 1 – JKDU; D – VQM 

 
?35$(%&'<6 ('(%35 -"5$%&,(,.0 0.11,('.0%"'3) /.50.%3% $1,('.03,&, 4,. 0 -"-

5$%&,(," 3',"-/.%);33 .1'.0'<" 31+(F"'3) 0.5'3+(7, 0:%353  -('3; '( 35.:-(F"'33 
3 /-.)0%)7,1) 0 03!" (-,"G(+,.0 «50.'(». E%) 2-!"1+-3/,.-'. . RQ? 1 -(5:3"'3"2 /. 
1,-.+(2 +(!-( !(''<" 31+(F"'3) 0 '(3:.%&I"6 1,"/"'3 9(-(+,"-'< !%)  .-35.',(%&-
'<9  -('3; ($ /%"4( ,"%"0"!$8"6 '( -31. 4, D). J-3 G.-23-.0('33 1$:/.,.+.0 /. 
1,.%:;(2 35.:-(F"'3) (-,"G(+,< «50.'(» 0.5'3+(7,, 1..,0",1,0"''. 0!.%& 0"-,3-
+(%&'<9  -('3; '( 35.:-(F"'33 (+ /-32"-$, $ +.',$-( %3;( ,"%"0"!$8"6 '( -31. 4, @). 
K:X)1')",1) !(''<6 G(+,, /-"F!" 01" ., 31/.%&5$"2<2 ,3/.2 3',"-/.%);33, ,.+. 0.1-
1,('.0%"'3" /.,"-)''.6 1,-.+3 (1,.%:;() +(!-( .1$8"1,0%)",1) /$,"2 $1-"!'"'3) !0$9 
1.1"!'39 1 '"6 1,-.+ (1,.%:;.0), 4,. 3 /-30.!3, + 0.5'3+'.0"'37 (-,"G(+,.0 0 2"1,(9 
1$8"1,0"''. . /"-"/(!( )-+.1,3 '( 35.:-(F"'33 (,. ". 0!.%&  -('3;). ? ,. F" 0-"2), 4-
!"1+-3/,.-'." +.!3-.0('3" 0 1%$4(" 0.11,('.0%"'3) /. 3 3 2 1$:/.,.+(2 (-31. 4, < 3 2) 
/.50.%)", /-(+,34"1+3 /.%'.1,&7 $1,-('3,& $+(5(''." 0%3)'3" 3',"-/.%);33 5( 14", 
31/.%&5.0('3) :.%"" /.%'.6 3'G.-2(;33 . 1.1"!'39 1 /.,"-)''<2 /3+1"%)9. J-3 4-
!"1+-3/,.-'.2 +.!3-.0('33 0 1%$4(" 0.11,('.0%"'3) /. 1 1$:/.,.+$ (-31. 4, *) 03!3-
2<" (-,"G(+,< 0.5'3+(7, +(+ 0!.%&  .-35.',(%&'<9, ,(+ 3 0!.%& 0"-,3+(%&'<9  -(-
'3;, 4,. .:X)1')",1) '35+.6 -"5$%&,(,30'.1,&7 3',"-/.%);33 /. /-343'" /.,"-3 0 
+('(%" 75 % 3'G.-2(;33. 
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-#. /01

2-+#$ 234%5265# /01 $ 2!.-3#63#7 45 $%25 !7(&5$$%!65&8#63# 45 1 $9-45%5 9)

2-+#$ 234%5265# /01 $ 2!.-3#63#7 45 $%58-:!7 (&5$$%!65&8#63# 45 1 $9-45%5 9)

4-+#$ 234%5265# /01 (&5$$%!65&8#63# 45 3 $9-45%5 !7)

4-+#$ 234%5265# /01 (&5$$%!65&8#63# 45 2 $9-45%5 !7)

4-+#$ 234%5265# /01 (&5$$%!65&8#63# 45 1 $9-45%5 9)
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  ! " # $ % 

 
 !". 4. #$%&'()* +%,$% -!,(./."0(,.-%*(01)."*! «2+!3.»:   – !"4.,).( !5.6$%7()!(; !-$ – !)*($/.-
0!$.-%)).( !5.6$%7()!( (Q = 15): ! – /$! 2-,("+$!/*.$).' +.,!$.-%)!! " $%56!()!(' /. "*$.+%'
+%,$% " -.""*%).-0()!(' /. .,).'8 "86/.*.+8; " – /$! 2-,("+$!/*.$).' +.,!$.-%)!! " $%56!()!(' /.
"*.069%' +%,$% " -.""*%).-0()!(' /. .,).'8 "86/.*.+8; # – /$! 4-,("+$!/*.$).' +.,!$.-%)!! " -."-
"*%).-0()!(' /. *$(' "86/.*.+%'; $ – /$! 4-,("+$!/*.$).' +.,!$.-%)!! " -.""*%).-0()!(' /. ,-8'
"86/.*.+%'; % – /$! 4-,("+$!/*.$).' +.,!$.-%)!! " -.""*%).-0()!(' /. .,).'8 "86/.*.+8 

 
:.08;())<( $(5801*%*< "-!,(*(01"*-8=* . *.', ;*. /$! )!5+.3 "*(/()! "7%*!> 

(Q < 30) )%!08;?(3 " *.;+! 5$()!> :@AB >-0>(*"> "4('% 4-,("+$!/*.$).&. +.,!$.-%-
)!> - "08;%( -.""*%).-0()!> -!,(. /. *$(' "86/.*.+%'. :$! -.5$%"*%)!! "*(/()! "7%-
*!> (,0> Q C 30) )%!08;?!( $(5801*%*< /.5-.0>(* /.08;!*1 "4('% 2-,("+$!/*.$).&. 
+.,!$.-%)!> " $%56!()!(' /. "*$.+%' +%,$% (- "08;%( -.""*%).-0()!> -!,(. /. .,).'8 
"86/.*.+8). :. +$!*($!= VQM "4('% 2-,("+$!/*.$).&. +.,!$.-%)!> " $%56!()!(' /. 
"*$.+%' +%,$% (/$! -.""*%).-0()!! -!,(. /. .,).'8 "86/.*.+8) /$(-."4.,!* "4('8 4-
,("+$!/*.$).&. +.,!$.-%)!> (/$! -.""*%).-0()!! -!,(. /. *$(' "86./*.+%') !0! .6-
0%,%(* *.3 7( $(5801*%*!-)."*1= ,0> -"(4 !""0(,8('<4 - $%'+%4 *("*!$.-%)!> 5)%;(-
)!>4 D%+*.$% +%;("*-% Q. E *. 7( -$('>, "*.!* .*'(*!*1, ;*. "4('% 2-,("+$!/*.$).&. 
+.,!$.-%)!> - ,%)).' "08;%( *("*!$.-%0%"1 - 6.0(( 7("*+!4 8"0.-!>4 /($(,%;!: /$! 
/.*($( 50 % !)D.$'%9!!, *.&,% +%+ /$! 4-,("+$/!*.$).' +.,!$.-%)!! /.*($>))<'! 
.+%5%0!"1 *.01+. 25 % ,%))<4.  

 
A/!".+ 0!*($%*8$< 

 
1. Cisco VNI Service Adoption Forecast, 2013–2018 [F0(+*$.))<3 $("8$"] // Cisco Inc. 2014. URL: 

http://www.cisco.com/c/en/us/solutions/collateral/service-provider/vni-service-adoption-
forecast/Cisco_VNI_SA_Forecast_WP.pdf (,%*% .6$%G()!>: 01.03.2015). 

2.  ."" H., H8$.85 I. H.'/1=*($)<( "(*!. J).&.8$.-)(-%> %$4!*(+*8$% K)*($)(*%. – A:6.: :!-
*($, 2004. – 768 ". 

3. Bai H., Wang A., Zhao Y., Pan J., Abraham A. Distributed Multiple Description Coding // London: 
Springer. 2011. –185 $. 

4. Maza’ar H.H., Elmahdy H.N. Multiple Description Coding Based Network Coding // International 
Journal of Computer Applications. – 2010. – No. 9. – P. 35–40. 

5. Ou Y., Zhou Y., Wang Y. Perceptual quality of video with frame rate variation // IEEE Int. Conf. on 
Acoustic, Speech and Signal Proces. – 2010. – P. 2446–2449. 

6. Tarakanov A., Gushchina O. Analysis of Multiple Description Coding Algorithm with Time Division 
of Video Stream in Task of Multipoint Videoconferencing // First Int. Scientific-Practical Conf. Problems of 
Infocommunications Science and Technology. – 2014. – Kharkiv, Ukraine. – P. 85–87. 
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L. @. M.);%$.-%, 2. N. O!+!3 (y%8;)<3 $8+.-.,!*(01) 
 

&'()*)+) ,-./01)%2'34 )%4'-5-#*6 * *'7-2. 8*-''-6 !%9-/ ('-()*  

&':%'%2'--)%4'-5-#*;%(,-6  , $%.** (<=<&) >:'-#- 7%$%2 50'-#- +'*"%2(*)%) , #. < # '2-# 

E-mail: goncharova_14@bk.ru 

 
:$.-(,(). P+"/($!'()*%01).( !""0(,.-%)!( D.$'< ! "/(+*$% "!&)%0% )% -<4.,( *(0(&$%D).&. &(*($.,!)%, 

/."*$.()).&. )% '!+$."4('( H176Q27. K""0(,.-%)< -<6(& ;%"*.*<, 5%-!"!'."*1 ;%"*.*< .* )%/$>7()!> /!*%)!>. 
:$(,"*%-0()< D.*. " P+$%)% ."9!00.&$%D% ! %)%0!5%*.$% "/(+*$%. I%)% +.0!;("*-())%> .9()+% "*%6!01)."*! ;%"*.-
*< ! 8$.-)(3 *$(*1(3 ! />*.3 &%$'.)!+. 

 
I0> "!)4$.)).&. ,(*(+*!$.-%)!> *(0(&$%D)<4 /."<0.+ ?!$.+. !"/.0158=*"> 

"!)4$.))<( ,(*(+*.$< ! *(0(&$%D)<( &(*($.,!)< [1, 2]. L(0(&$%D)<3 &(*($.,!) '.7-
). /."*$.!*1 /. "4('( '801*!-!6$%*.$%, !"/.0158> - +%;("*-( %+*!-).&. P0('()*% 
'!+$."4('< !)-($*.$.- !0! 2K-NR, + +.*.$<' .*)."!*"> '!+$."4('% H176Q27 [1–5]. 
@,!) !5 -.5'.7)<4 -%$!%)*.- *(0(&$%D).&. &(*($.,!)% /$!-(,() )% $!". 1. @) /$(,-
)%5)%;() ,0> $%6.*< " *(0(&$%D)<'! "!&)%0%'! )% /$.'(78*.;).3 ;%"*.*( 455 +M9, 
+.*.$%> ?!$.+. !"/.0158(*"> - /$.D(""!.)%01).3 %//%$%*8$( "->5!. 

J%+(* &()($%*.$% ".6$%) )% /(;%*).3 /0%*( !5 D.01&!$.-%)).&. "*(+0.*(+"*.0!*% 

$%5'($.' 40 60 1,5 ''. N% .,).3 "*.$.)( /(;%*).3 /0%*< 8"*%).-0()< $%,!.,(*%0! 
($!". 2), )% ,$8&.3 "*.$.)( -</.0)() /$.-.,).3 '.)*%7. I0> /.,+0=;()!> -<4.,% &(-
)($%*.$% + !5'($!*(01)<' /$!6.$%' - (&. "."*%- -4.,!* +.%+"!%01)<3 +%6(01 " -!0+.3 
*!/% BNC CP50-74#E )% +.)9(. 

 

       
 

 !". 1. A4('% '%+(*%  !". 2. #.*. '%+(*% 
 
E /($-.' P+"/($!'()*( 6<0% ./$(,(0()% $%6.*."/.".6)."*1 &()($%*.$%, !5'($()% 

%'/0!*8,% -<4.,).&. "!&)%0% (.+.0. 9 E /$! /!*%)!! 9 E) ! ",(0%). D.*. " P+$%)% ."-
9!00.&$%D% ($!". 4). :$! P*.' ;%"*.*% "!&)%0% "."*%-!0% 455, 88 +M9, D.$'% "!&)%0% – 
'(%),$. 

E. -*.$.' P+"/($!'()*( -<4., &()($%*.$% 6<0 /.,+0=;() + ;%"*.*.'($8. K5'(-
$>0"> -<6(& ;%"*.*< - *(;()!( /.08;%"% /."0( -+0=;()!>, " ?%&.' ;($(5 +%7,<( ,-( 
'!)8*<.  (5801*%*< !5'($()!> 5%)("()< - *%60. 1 ! )% $!". 5. 
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 !". 3. A*$8+*8$)%> "4('% !5'($!*(01).3 8"*%).-+! 

 

 
 

 !". 4. #.*. " P+$%)% ."9!00.&$%D% 

 
L%60!9% 1  

E<6(& ;%"*.*< 
 

E$('>, '!) S%"*.*% E$('>, '!) S%"*.*% 

0 455,793 16 455,785 

1 455,789 18 455,785 

2 455,788 20 455,785 

4 455,787 22 455,784 

6 455,787 24 455,784 

8 455,786 26 455,783 

10 455,786 28 455,783 

12 455,785 30 455,782 

14 455,785 32 455,782 

 

 
 

 !". 5. E<6(& ;%"*.*< - *(;()!( /.08;%"% /."0( -+0=;()!> 

455,78

455,782
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455,788

455,79

455,792
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E *$(*1(' P+"/($!'()*( )% *.3 7( !5'($!*(01).3 8"*%).-+( !5'($>0%"1 5%-!"!-
'."*1 ;%"*.*< -<4.,).&. "!&)%0% .* )%/$>7()!> /!*%)!>. E<6$%) ?%& !5'($()!> $%--
)<3 1 E.  (5801*%*< !5'($()!> .*$%7()< - *%60. 2 ! )% $!". 6. 

 
L%60!9% 2 

O%-!"!'."*1 ;%"*.*< .* )%/$>7()!> /!*%)!> 
 

N%/$>7()!( /!*%)!>, E S%"*.*%, +M9 

4 455,422 

5 455,609 

6 455,631 

7 455,742 

8 455,771 

9 455,792 

10 455,806 

11 455,817 

12 455,824 

13 455,829 

14 455,833 

15 455,835 

16 455,835 

17 455,833 

18 455,832 

 

 
 !". 6. O%-!"!'."*1 ;%"*.*< .* )%/$>7()!> /!*%)!> 
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 !". 7. A/(+*$ -<4.,).&. "!&)%0%  
- .+$("*)."*>4 )("8G(3 ;%"*.*< 

&

&

&

&

&

&

 
 !". 8. A/(+*$ &%$'.)!+ -<4.,).&. "!&)%0% 

(/($-%>, *$(*1> ! />*%> &%$'.)!+!) 
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E ;(*-($*.' P+"/($!'()*( )% %)%0!5%*.$( "/(+*$% 6<0% 8"*%).-0()% 9()*$%01)%> 
;%"*.*% 455 +M9 ! /.0."% .65.$% 20 +M9. :$.-.,!0."1 D.*.&$%D!$.-%)!( "/(+*$% -<-
4.,).&. "!&)%0% -60!5! )("8G(3.  (5801*%* P+"/($!'()*% .*$%7() )% $!". 7. 

E />*.' P+"/($!'()*( )% %)%0!5%*.$( "/(+*$% 6<0% 8"*%).-0()% 9()*$%01)%> ;%"-
*.*% 1,36 JM9 ! /.0."% .65.$% 2 JM9. A/(+*$ &%$'.)!+ -<4.,).&. "!&)%0% /$(,"*%--
0() )% $!". 8. 

:. $(5801*%*%' !""0(,.-%)!> '.7). "D.$'80!$.-%*1 "0(,8=G!( -<-.,<: 
1. L('/($%*8$)<3 +.PDD!9!()* ;%"*.*< .*$!9%*(01)<3.  
2. E<6(& ;%"*.*< 5% 0,5 ;%"% $%6.*< "."*%-0>(*: 

- %6".0=*).( 5)%;()!( 11 M9; 

- .*)."!*(01).( 5)%;()!( 2,4! "#$%. 
3. 2'/0!*8,% -<4.,).&. "!&)%0% "."*%-0>(* 9E /$! /!*%)!! 9E. 
4. #.$'% -<4.,).&. "!&)%0% – '(%),$. 
5. J%+"!'%01)%> +$8*!5)% '.,80>9!.)).3 4%$%+*($!"*!+! /. 9(/! /!*%)!>  

187 M9/E. I0> /.-<?()!> "*%6!01)."*! ;%"*.*< 9(0("..6$%5). !"/.015.-%*1 )%/$>7(-

)!( /!*%)!> - ,!%/%5.)( 15 17 E. 
6. B!$!)% "/(+*$%01).3 0!)!! )% ;%"*.*( 455 +M9 '()(( 1 +M9 )% 8$.-)( '!)8" 

30 ,T .* '%+"!'8'%. 
7. L$(*1> &%$'.)!+% "0%6(( /($-.3 /$!'($). )% 5 ,T, % />*%> &%$'.)!+% "0%6(( 

/($-.3 /$!'($). )% 10 ,T. S(*)<( &%$'.)!+! - "/(+*$( "!&)%0% *!/% «'(%),$» .*"8*-
"*-8=*. 
 

A/!".+ 0!*($%*8$< 
 

1. N(;%(- K. 2. H.)"*$8+9!! )% 0.&!;("+!4 P0('()*%4 9!D$.-<4 '!+$."4('. – J.:  %,!. ! "->51, 
1992. – 120 ": !0. (J%"".-%> $%,!.6!60!.*(+%; E</. 1172). 

2. N(;%(- K. 2. L(0(&$%D)<3 &(*($.,!) //  %,!.. – 1989. – U 5. – A. 76. 
3. T!$=+.- A. 2. V!D$.-<( 8"*$.3"*-% )% J@:-!)*(&$%01)<4 '!+$."4('%4. – J.:  %,!. ! "->51, 

1996. – 192 ". (J%"".-%> $%,!.6!60!.*(+%; E</. 1220). 
4. #$.'6($& F. J. H.)"*$8+9!! )% P0('()*%4 9!D$.-.3 *(4)!+!. – J.:  %,!. ! "->51, 1991. – 

160 ". (J%"".-%> $%,!.6!60!.*(+%; E</. 1161). 
5. H.$)(3;8+ E. K., L%$%"()+. E. :. E<;!"0!*(01)<( 8"*$.3"*-% )% '!+$."4('%4. – H.: L(4)!+%, 

1988. 
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-$*!.   /*0+%',1  /*2$!3!''*#*  * $%/"!2*#*   

/! !2*#*  /$!+/ 2%  3%//*2*)  ,'&*$3%4,, 
 

K.  . M.0.-+!)1, W. E. J!4%30()+.
2 

 
1?!@%()"- ( -#2 '*;%''-6 -)"%)()"%''-()01 «A-5-$%:0 <B» 

(C2 ('-D2(,*6 ,2 %"-6 )%5%, ' 5 «8- E C2 ('-D2(,*6 ,2 6») 

660074, #. C2 ('-D2(,, +5. C /*) '(, D, 10, 205  

E-mail: i.golovkin@mail.ru 
2?!@%()"- ( -#2 '*;%''-6 -)"%)()"%''-()01 «FG)<%5%C-.» 

660041, #. C2 ('-D2(,, /2. H"-!-$'36, 66 , -7. 0-12  

E-mail: yvm@nettelecom.biz 

 
 %""'.*$() /$.(+* ".5,%)!> .*$%"0(-.&. "(*(-.&. "$(,"*-% '%"".-.3 !)D.$'%9!! (AAJK) )% /$!'($( /.$-

*%0% ,0> P)($&(*!;("+.3 .*$%"0!. @,)%+. ,%)).( $(?()!( /.5-.0>(* %,%/*!$.-%*1 "(6> /., 0=68= .*$%"01, )%/$!-
'($ *(0(+.''8)!+%9!.))8=, % *%+7( ."8G("*-0>*1 .$&%)!5%9!= "(*(-.&. -5%!'.,(3"*-!> '(7,8 $%50!;)<'! .*-
$%"0>'!. :.,$.6). ./!"%)< 9(0! ".5,%)!> ,%)).&. $(?()!> ! 9(0("..6$%5)."*1 !)-("*!9!3 - (&. ".5,%)!( (- *.' 
;!"0( " 8;(*.' *($$!*.$!%01).3 /$!)%,0(7)."*! AAJK), % *%+7( )(+.*.$<( *(4)!;("+!( %"/(+*< !)*(&$%9!! - 
"8G("*-8=G!( AJK )% /$!'($( IPTV.  

 
A(*! IP – ?!$.+. $%"/$."*$%)())<3 8)!-($"%01)<3 "/.".6 /($(,%;! 9!D$.-.3 

!)D.$'%9!!, +.*.$<( 5%-.(-%0! -("1 '!$ 60%&.,%$> "-.(3 /$."*.*(. X)!-($"%01)."*1 
IP-"(*(3, " *.;+! 5$()!> /($(,%;! !)D.$'%9!!, 5%+0=;%(*"> - *.', ;*. .)! /.5-.0>=* 
/($(,%-%*1 0=68= 9!D$.-8= !)D.$'%9!=.  

:.$*%0 (AAJK) – "(*(-.3 85(0 !0! +.'/0(+" 850.-, /.,+0=;())<4 + K)*($)(*8 
/. -<".+."+.$."*)<' +%)%0%' "->5!, .60%,%=G!3 $%5-!*<' /.015.-%*(01"+!' !)*($-
D(3".' ! /$(,."*%-0>=G!3 (,!)<3 " +.)9(/*8%01).3 ! ".,($7%*(01).3 *.;+! 5$()!> 
,."*8/ + ?!$.+.'8 "/(+*$8 !)D.$'%9!.))<4 $("8$".- ! 8"08&, .$!()*!$.-%))<4 )% 
./$(,(0())8= %8,!*.$!=. A *(4).0.&!;("+.3 *.;+! 5$()!> /.$*%0 – "!"*(').( ').&.-
8$.-)(-.( .6Y(,!)()!( $("8$".- ! "($-!".- - K)*($)(*(, !0! "!"*('% "%3*.-, $%6.-
*%=G!4 )% .").-( (,!).3 6%5< ,%))<4 ! (,!)<4 "*%),%$*.- .6'()% !)D.$'%9!(3.  

@").-)<( (6%5.-<() 9(0! !)D.$'%9!.)).&. /.$*%0%: 
- K)D.$'%9!.))%> /.,,($7+% /($"/(+*!-)<4 *(4).0.&!3 ! $%5$%6.*.+; 
- #8)+9!! /0.G%,+! ,0> +.''8)!+%9!! !)-("*.$.- ! «6!5)(" - %)&(0.-»; 
- K)D.$'%9!.))%> /.,,($7+% «"*%$*-%/.-»; 
- H.''8)!+%9!! ! $%5-!*!( .*$%"0(-.&. P+"/($*).&. "..6G("*-%; 
-  %5-!*!( !)-("*!9!.))<4 !)"*$8'()*.- " 9(01= /$.,-!7()!> /($"/(+*!-)<4 

*(4).0.&!3; 
- K)D.$'%9!.))%> ! $(+0%')%> /.,,($7+%; 
- K)D.$'%9!.))%> /.,,($7+% .*$%"0(-<4 8;(6)<4 5%-(,()!3;  
- K)*(&$%9!> " "8G("*-8=G!'! ".-$('())<'! "($-!"%'! .6'()% "..6G()!>'!, 

".9!%01)<'! "(*>'! ! SIP (IP-*(0(D.)!(3); 
- K)*(&$%9!> - "8G("*-8=G!(, «+0%""!;("+!(» AJK ()%/$. *(0(+%)%0<) ! !4 

«P-.0=9!.))<(» -%$!%9!! (*(0(+%)%0<, -(G%=G!( /. *(4).0.&!>' IPTV). 
V(0("..6$%5)."*1= !)-("*!9!3 - $%5-!*!( AAJK >-0>(*"> +%+ /.08;()!( - !*.&( 

8)!+%01).&. '%$+(*!)&.-.&. !)"*$8'()*%, *%+ ! 6<"*$<3 -.5-$%* !)-("*!9!.))<4 ! 
"$(,"*- ! -<4., - «./($%9!.))<3 ).01» ($!". 1). H$.'( P*.&., )('%0.-%7)% ! /.0!*!-
;("+%> "*.$.)% /.,,($7+! !)).-%9!.)).&. $%5-!*!> -<6$%)).3 .*$%"0!. 

 %""'.*$!' 9(0("..6$%5)."*1 ".5,%)!> ! $(%0!5%9!! .*$%"0(-.&. AAJK )% /$!-
'($( /.$*%0% ,0> P)($&(*!;("+.3 .*$%"0!.  

I0> )%?(&. /$!'($% *($$!*.$!%01).( $%"/.0.7()!( AAJK - &. H$%").>$"+( 68-
,(* >-0>*1"> ,./.0)!*(01)<' /0=".'. H$%").>$"+ >-0>(*"> &.$.,.'-'!00!.))!+.' ! 
)(D.$'%01).3 «"*.0!9(3» P0(+*$.P)($&(*!;("+.3 .*$%"0! A!6!$"+.&. D(,($%01).&. 
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.+$8&%, *%+ +%+ - )(' $%"/.0.7()< 9()*$%01)<( 8/$%-0()!> D!0!%0.- P)($&(*!;("+!4 
+.'/%)!3, % *%+7( )% *($$!*.$!! +$%>, +%+ ! - 9(0.' – )% *($$!*.$!! A#@, ,."*%*.;). 
$%5-!*. ! %+*!-). -(,(*"> P)($&(*!;("+.( "*$.!*(01"*-.. H$.'( P*.&. $%5-!*% ,.6<;% 
)(D*!, 5.0.*% ! $(%0!58=*"> $%50!;)<( /$.&$%''< 9(0(-.&. $%5-!*!> ($%5-!*!( N!7-
)(&. :$!%)&%$1> ! ,$.).  

N('%0.-%7). *%+7(, ;*. &. H$%").>$"+ – '("*. /$.-(,()!> (7(&.,).&. P+.).'!-
;("+.&. D.$8'% ! X)!-($"!%,<-2019 &. 

 

 
 

 !". 1. I.$.7)%> +%$*% $%5-!*!> AAJK 

 

Q=6.3 /.$*%0 .$!()*!$8(*">, /$(7,( -"(&., )% '%+"!'%01). ?!$.+!3 .4-%* !)-
*($(".- "-.(&. /.*$(6!*(0>. @*$%"0(-.3 7( /.$*%0 – P*. /.$*%0, .$!()*!$.-%))<3 )% 
/.0)<3 .4-%* ./$(,(0()).3 %8,!*.$!!, *('%*!+! !0! "D($< ,(>*(01)."*! ;(0.-(+% 
(.$&%)!5%9!!). @) ;%"*!;). )%"0(,8(* 6%5.-8= D8)+9!.)%01)."*1, ,.6%-0>> + )!' "($-
-!"<, "/(9!D!;)<( ,0> "-.(3 *('%*!+!.  

A0(,.-%*(01)., )(+.*.$<( 6%5.-<( 9(0! AAJK " 8;(*.' )%?(3 .*$%"0(-.3 «"/(-
9!D!+!» 68,8* -<&0>,(*1 "0(,8=G!' .6$%5.':  

- K)D.$'%9!.))%> /.,,($7+% «"*%$*-%/.-» - .60%"*! P)($&(*!+! ! !)7()($!!; 
- K)D.$'%9!.))%> /.,,($7+% ! /$.,-!7()!( «5(0()<4», P)($&.PDD(+*!-)<4 

*(4).0.&!3, %01*($)%*!-)<4 !"*.;)!+.- P)($&!!; 
- K)D.$'%9!.))%> /.,,($7+% /($"/(+*!-)<4 *(4).0.&!3 ! $%5$%6.*.+ - .60%"*! 

/$.(+*!$.-%)!> ! "*$.!*(01"*-% .6Y(+*.- P)($&(*!+! (-.5'.7).-,.$.7).3 !)D$%-
"*$8+*8$<, *(0(+.''8)!+%9!3, ,.6<;! "<$1> ! *. ,.); 

-  %5-!*!( !)-("*!9!.))<4 !)"*$8'()*.- - .60%"*! P)($&(*!+! " 9(01= /$.,-!-
7()!> /($"/(+*!-)<4 *(4).0.&!3, - *.' ;!"0( P)($&."($-!")<4 +.)*$%+*.- /. '.,(0! 
EPCM. 

@6G!3 D8)+9!.)%0 AAJK /$(,"*%-0() )% $!". 2. 
 %""'.*$!' /.,$.6)(( *(4)!;("+!( %"/(+*< $(?()!> 5%,%;! !)*(&$%9!! - "8G(-

"*-8=G!( AJK. 
K)*(&$%9!> AAJK " IPTV $(%0!5.-<-%(*"> ;($(5 *%+ )%5<-%('.( «Middleware» – 

/$.'(78*.;).( /$.&$%'').( .6("/(;()!( ,0> 8/$%-0()!> +.'/0(+".' IPTV. F*. ."-
).-).3 +.'/.)()* IPTV $(?()!>, *%+ +%+ .) D%+*!;("+! ./$(,(0>(* /.015.-%*(01"+!3 
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!)*($D(3" ! )%6.$ 8"08&, ,."*8/)<3 %6.)()*8. L(4)!;("+!, " !"/.015.-%)!(' ,0> .$-
&%)!5%9!! !)*($%+*!-)<4 "($-!".- (*%+!4 +%+ /.015.-%*(01"+!( '()=, 6(&8G!( "*$.+!, 
/($(,%;% -!,(. ! %8,!. ! /$.) "*%),%$*).&. /$.*.+.0% HTTP /$.!"4.,!* !)*(&$%9!> 
AAJK " :.015.-%*(01"+!' !)*($D(3".' %6.)()*% (Subscriber User Interface)- 0!9.' 
-"(&. +.'/0(+"%, !)*($D(3".', +.*.$<3 %6.)()* -!,!* )% "-.(' P+$%)( ! 60%&.,%$> +.-
*.$.'8 /.0158(*"> 8"08&%'! ! ,./.0)!*(01)<'! D8)+9!>'!. I%))<( *(4).0.&!;("+!( 
$(?()!> 6%5!$8=*"> )% .*+$<*<4 "*%),%$*%4, /.P*.'8 !)*(&$%9!> " ,$8&!'! +.'/.-
)()*%'! /$.4.,!* 0(&+. ! 5%)!'%(* +.$.*+.( -$('>. 

 

 
 

 !". 2. #8)+9!.)%0 AAJK 

 

@").-)<' /$(!'8G("*-.' IPTV /($(, ."*%01)<'! "!"*('%'! /($(,%;! -!,(. ! 
5-8+% ."*%(*"> (&. 8)!-($"%01)."*1. 26.)()* *(.$(*!;("+! '.7(* /.08;!*1 0=6.3 +.)-
*()*, +.*.$<3 5%4.;(*. H /$!'($8, /.'!'. $%50!;)<4  !)D.$'%9!.))<4 "..6G()!3 ().-
-."*!, /.&.,%, +8$"< -%0=*, /$.6+!), /.015.-%*(0! '.&8* /$."'%*$!-%*1 -!,(.$.0!+! ! 
/.08;!*1 ,."*8/ + "($-!"%' P0(+*$.)).3 /.;*< ! '&).-()).&. .6'()% "..6G()!>'!.  

@".6. )(.64.,!'. .*'(*!*1 *., ;*. Middleware /$(,."*%-0>(* /$.&$%'')<3 !)-
*($D(3" (API) ,0> 0=6<4 ,$8&!4 /$!0.7()!3. H /$!'($8, '.7). )%/!"%*1 '.6!01).( 
+0!()*"+.( /$!0.7()!( ,0> ./($%9!.))<4 "!"*(' Google Android/ Apple iOS, +.*.$.( 
)( 68,(* 5%&$87%*1 -(6-/.$*%0, % 68,(* 0!?1 -<-.,!*1 )(.64.,!'8= !)D.$'%9!= - 
*.). native-/$!0.7()!(, ;*. /.5-.0!* P+.).'!*1 *$%D!+ ! 8"+.$!* $%6.*8 !)*($D(3"%. 

E 5%+0=;()!!, "*.!* .*'(*!*1 ,."*%*.;). /$."*8= '%"?*%6!$8('."*1 $(?()!> 
/. .$&%)!5%9!! AAJK - -!,( :.$*%0% ! ?!$.+!( +.''8)!+%9!.))<( -.5'.7)."*!, 
*. (. /. "8*! '< /.08;%(' )(+.( 8)!-($"%01).( $(?()!(-+.)"*$8+*.$ ,0> -.5'.7).&. 
".5,%)!> )(+.3 «"(*!» "$(,"*- .6'()% !)D.$'%9!(3 '(7,8 $%50!;)<'! .*$%"0(-<'! 
/%$*)($%'!, " ,."*8/.' + P*.3 !)D.$'%9!! )( *.01+. ;($(5 K)*($)(*-6$%85($ +.'/1=-
*($%, ). ! " !"/.015.-%)!(' '.6!01)<4 8"*$.3"*-, *(0(-!,()!> ! /$. 

:.'!'. /0.*).&. -5%!'.,(3"*-!> " "8G("*-8=G!'! AJK, +0=;(-<'! !)D.$-
'%9!.))<'! ! !)-("*!9!.))<'! /%$*)($%'! AAJK '.&8* -<"*8/%*1 +%+ .*$%"0(-<( 
NKK, EXO< ! !""0(,.-%*(01"+!( 9()*$<, *%+ ! !)"*!*89!.)%01)<( !)-("*.$< ! ;%"*-
)<( D.),<, +$8/)<( .*$%"0(-<( +.'/%)!! – &()/.,$>,;!+!, % *%+7( )(/."$(,"*-()). 
-0%,(019< .*$%"0(-.3 !)D$%"*$8+*8$< (- )%?(' /$!'($( – -/0.*1 ,. *%+!4 +$8/)(3-
?!4, +%+ @2@ « .""(*!», @2@ «M%5/$.'», @2@ « 8"M!,$.», MH « ."%*.'» ! ,$.). 
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-$%. ,.%  ,/-*"50*2%',1  /,/ !3(   

/-6 ',.*2*)  /210,  «#*'!4»  2  0*'%7  '!#%$%' ,$*2%''*#*   

$%+,*-*.$( ,1  GSM  .$%/'*1$/.*#*  .$%1 
 

A. T. N(0!/%1, E. N. E.39(4.-"+!32, I. Z. S($)!+.-3 
 

1&'()*)+) *':%'%2'-6 7*9*,* * 2 $*-G5%,)2-'*,* IJK?L BM? HIL 

660074, #. C2 ('-D2(,, +5. C*2%'(,-#-, 28 

E-mail: kapralserg@mail.ru, 
2??? «C2 %"-6 8%')2 ,-..+'*, 8*6» 

660079, C2 ('-D2(,*6 ,2 6, #. C2 ('-D2(,, +5. M 2 N1)' D, $. 90 

E-mail: voitsehovskiy@list.ru, 
3K#%')()"- *'7-2. )*9 8** * ("D9* C2 ('-D2(,-#- ,2 D 

660009, C2 ('-D2(,*6 ,2 6, #. C2 ('-D2(,, +5. O%'*' , 123  

E-mail: dimcher@mail.ru 
 

:$!-(,()< ! /$.%)%0!5!$.-%)< .").-)<( /%$%'(*$< "!"*('< "/8*)!+.-.3 "->5! «M.)(9» " /.5!9!3 -.5-
'.7)."*! (( !"/.015.-%)!> - $%50!;)<4 "D($%4 ,(>*(01)."*! )% *($$!*.$!>4 " .&$%)!;())<' $%,!./.+$<*!(' 
"!"*(' ".*.-.3 "->5!. @&.-.$()< -.5'.7)<( .&$%)!;()!>, "->5%))<( " !"/.015.-%)!(' &$8//!$.-+! )!5+.0(*>G!4 
"/8*)!+.- "->5!. :$(,0.7()% ! $%""'.*$()% *(4).0.&!> ,8/0(+").3 /($(,%;! "..6G()!3 .&$%)!;()).3 ,0!))< " 
!"/.015.-%)!(' $(&!.)%01).3 "*%)9!! /$!5('0()!> *$%D!+% "!"*('< +."'!;("+.3 "->5! «M.)(9» ,0> "*%9!.)%$)<4 
! '.6!01)<4 /.015.-%*(0(3. 

 

A$(,! /$!;!), - ./$(,(0()).3 "*(/()! ",($7!-%=G!4 $%"/$."*$%)()!( ".-$(-
'())<4 *(4).0.&!3 "->5!, ,."*%*.;). .;(-!,).3 >-0>(*"> )(.64.,!'."*1 5)%;!*(01-
)<4 +%/!*%0.-0.7()!3 - !)D$%"*$8+*8$8 "(*(3, "->5%))8= " .6("/(;()!(' -.5'.7).-
"*! .6"087!-%)!> %6.)()*.- )% 5)%;!*(01)<4 *($$!*.$!>4, ".4$%)>> /$! P*.'  .").--
)<( P+"/08%*%9!.))<( ! *(4)!;("+!( 4%$%+*($!"*!+! $%5-($)8*<4 "!"*('. 

@/<* -)(,$()!> "(*(3 '.6!01).3 ! +."'!;("+.3 "->5! /.+%5%0, ;*. "(*! *%+.&. 
*!/% .60%,%=* )( *.01+. 5)%;!*(01)<' /.*()9!%0.' ! >-0>=*"> /$!-0(+%*(01)<' 
.6Y(+*.' ,0> !)-("*!$.-%)!>, ). "087%* «/($-./$.4.,9%'!» /$! ."-.()!! *($$!*.-
$!3, )%4.,>G!4"> - 5.)%4 *%+ )%5<-%('.&. «9!D$.-.&. )($%-()"*-%» [1]. :$!-(,())<( 
,.-.,< - 5)%;!*(01).3 "*(/()! 8"!0!-%=*"> - *(4 "08;%>4, +.&,% !"/.0158('%> *(4).-
0.&!> "->5! >-0>(*"> 6(5%01*($)%*!-).3. [.$.?!' /$!'($.' *%+.3 6(5%01*($)%*!-).3  
*(4).0.&!! '.7(* "087!*1 "!"*('% +."'!;("+.3 "->5! «M.)(9» ,0> $%3.).-, - +.*.$<4 
.*"8*"*-8(* ,$8&!( -%$!%)*< /($(,%;! !)D.$'%9!!, /$(,."*%-0>('<( .*(;("*-())<'! 
./($%*.$%'! "->5!.  

2+*8%01)."*1 !"/.015.-%)!> "!"*('< "/8*)!+.-.3 "->5! /$.,!+*.-%)% )(,."*%-
*.;)."*1= /.+$<*!> *($$!*.$!!  .""!! )%5(')<'! "(*>'! "->5!, "."*%-0>=G!'! - 
".-.+8/)."*! )( 6.0(( 20 % .* .6G(3 /0.G%,! "*$%)<. E .".6())."*! /$.60('% "*.!* 
."*$. - 8,%0())<4 )%"(0())<4 /8)+*%4, >-0>=G!4"> 5%;%"*8= «.*$(5%))<'!» .* 
«6.01?.3 5('0!», 8 +.*.$<4 !'((*"> *.01+. -.5,8?).( !0! -.,).( "..6G()!(. E ;%"*-
)."*! - H$%").>$"+.' +$%(, &,( 60%&.,%$> .6?!$).3 *($$!*.$!!, ("*1 $%3.)<, )( .4-%-
;())<( )%5(')<'! "(*>'! "->5!.  

K'()). - *%+!4 )%"(0())<4 /8)+*%4 .".6()). -."*$(6.-%). !"/.015.-%)!( "!"-
*('< )!5+.0(*>G!4 "/8*)!+.- "->5! «M.)(9-I1J» (,%0(( "!"*('% «M.)(9»).  

J).&.D8)+9!.)%01)%> "!"*('% /($".)%01).3 "/8*)!+.-.3 "->5! «M.)(9» ".5,%)% 
- "..*-(*"*-!! " #(,($%01).3 +."'!;("+.3 /$.&$%''.3, 8*-($7,()).3 /."*%).-0()!-
(' :$%-!*(01"*-%. A!"*('% /$(,)%5)%;()% ,0> .6("/(;()!> /.'(4.5%G!G()).3 +.)-
D!,()9!%01).3 "->5! ". "*%9!.)%$)<'! ! '.6!01)<'! %6.)()*%'! - 0=6.3 *.;+( 
O(').&. ?%$%. :($(,%;% !)D.$'%9!! ."8G("*-0>(*"> /."$(,"*-.' &$8//!$.-+! )!5+.-
.$6!*%01)<4 +."'!;("+!4 %//%$%*.-. :. "."*.>)!= )% 4 +-%$*%0 2014 &.,% - "."*%-( .$-
6!*%01).3 &$8//!$.-+! )%4.,!*"> 10 +."'!;("+!4 %//%$%*.- [2]. N% 1 +-%$*%0 2015 &.,% 
5%/0%)!$.-%) 5%/8"+ (G( 3 "($!3)<4 +."'!;("+!4 %//%$%*.- «M.)(9-J»[3, 4]. 
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 !". 1. A.-.+8/).( /.+$<*!( *($$!*.$!!  .""!! )%5(')<'! "(*>'! GSM "."*%-0>(* )( 6.0(( 20 % 

 
E !"/.0158('.' "!"*('.3 «M.)(9» ,0> $(%0!5%9!! +."'!;("+.3 $%,!.0!)!! ,!%-

/%5.)( ;%"*.* (312–315 JM9 – )% /($(,%;8 (O('0> – H2), 387–390 JM9 – )% /$!(' (H2 – 
O('0>)) '.7(* 6<*1 .6("/(;()% -<".+%> ,."*8/)."*1 )%5(').&. .6.$8,.-%)!> /.015.-
-%*(0(3, $%"/.0.7()).&. +%+ "*%9!.)%$)., *%+ ! )% /.,-!7)<4 .6Y(+*%4. 

:$! P*.' "/8*)!+.-<( %6.)()*"+!( *($'!)%0< P+"/08%*!$8('<( /.015.-%*(0>'! 
(/.*$(6!*(0>'!), +%+ /$%-!0., >-0>=*"> !4 ".6"*-())."*1=. :$(,/.0%&%(*">, ;*. - $>-
,( "08;%(- %6.)()*"+!( *($'!)%0< '.&8* /$!'()>*1"> ! - )(.6"087!-%('.'  -%$!%)*( 
(6(5 ./($%*.$%) - *$8,).,."*8/)<4 $(&!.)%4 !0! )% /.,-!7)<4 .6Y(+*%4 ,0> /($(,%;! 
,%))<4 '.)!*.$!)&% (,%))<( '("*./.0.7()!> ! *(0('(*$!;("+!( ,%))<( .6Y(+*.- 
/.015.-%*(0(3).  

E "..*-(*"*-!! " /$(,0.7()).3 ! $(%0!5.-%)).3 *(4).0.&!(3 .").-8 $(&!.)%01-
).&. "(&'()*% "(*! "/8*)!+.-.3 "->5! "."*%-0>(* "*%9!.)%$)%> /$!('.-/($(,%=G%> 
"*%)9!> ($!". 2), +.*.$8= ,%0(( 68,(' )%5<-%*1 "*%)9!(3 /$!5('0()!> *$%D!+%.  

 

  !". 2. A4('% .$&%)!5%9!! "->5! 
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A*%)9!> /$!5('0()!> /. -<".+."+.$."*).'8 +%)%08 "->5! !'((* ".(,!)()!( ". 
?0=5.' - "(*1 K)*($)(*, )% $("8$"%4 +.*.$.&. ".6"*-()). ! $%5-($)8* /.;*.-<3 "($-
-!". :.015.-%*(0! "!"*('<  '.&8* .*/$%-0>*1 "..6G()!> !"/.0158> +%+ 8,%0()).( +0!-
()*"+.( /$.&$%'').( .6("/(;()!( (+0!()*"+.( :@) *%+ ! $%6.*%> )(/."$(,"*-()). )% 
$("8$"%4 ?0=5%. E /."0(,)(' "08;%( ,0> $%6.*< +%7,.&. /.015.-%*(0> .$&%)!58(*"> 
"-.3 ?!D$.-%))<3 VPN*.))(01 ;($(5 "(*1 K)*($)(* [5]. 

E "..*-(*"*-!! " /$!-(,()).3 "4('.3 .$&%)!5%9!! "->5!, ,0> /($(,%;! "..6G(-
)!3 )% 8,%0())<( "/8*)!+.-<( *($'!)%0< - "."*%-( :@ ?0=5% 6<0% $%5-($)8*% /.0-
).D8)+9!.)%01)%> "!"*('% P0(+*$.)).3 /.;*<, $%6.*%=G%> - ,.'()).3 5.)( 
KRSKREG.RU. I0> .$&%)!5%9!! $%6.*< 8,%0())<4 *($'!)%0.- - ,.'()).3 5.)( 
KRSKREG.RU 6<0 ".5,%)  ,.'()  *$(*1(&. 8$.-)> – GONETS. L%+!' .6$%5.', +%7-
,<3 8,%0())<3 *($'!)%0 /.08;!0 ".6"*-())<3 /.;*.-<3 %,$(" -!,% – 
ID@GONETS.KRSKREG.RU – &,( ID – 8)!+%01)<3 !,()*!D!+%*.$ *($'!)%0%, /$!-
"-%!-%('<3 ,0> .6("/(;()!> -.5'.7)."*! $%6.*< ;($(5 "/8*)!+.-<3 $(*$%)"0>*.$. 

:$.&$%'').( .6("/(;()!( ?0=5% 4$%)!* *%60!98 "..*-(*"*-!> '(7,8 /.;*.-<'! 
%,$("%'! ! ID +%7,.&. *($'!)%0%. L%60!9% '.,!D!9!$8(*"> +%7,<3 $%5 /$! $(&!"*$%-
9!! ).-.&. 8,%0()).&. *($'!)%0%. :$! .*"8*"*-!! "/8*)!+% "->5! - 5.)( $%,!.-!,!-
'."*! "*%)9!! /$!5('0()!> "..6G()!>, /$(,)%5)%;())<( "/8*)!+.-<' *($'!)%0%' " 
5%$(&!"*$!$.-%))<'! ID 4$%)>*"> )% ,!"+.-.3 /%'>*! ?0=5%. :$! /.>-0()!! "/8*)!-
+% "->5! - 5.)( $%,!-!,!'."*!, ?0=5 /.08;%(* "/(9!%01).( "..6G()!( .* "*%)9!! 
/$!5('0()!> ! /$.!5-.,!*"> .6'() !)D.$'%9!(3 " +."'!;("+!' $(*$%)"0>*.$.'. N% 
?!$.*( &. H$%").>$"+% -$('> /$!"8*"*-!> +."'!;("+.&. %//%$%*% (H2) "/8*)!+%-
$(*$%)"0>*.$% - 5.)( $%,!.-!,!'."*! "."*%-0>(* - "$(,)(' 10–15 '!). A+.$."*1 .6'(-
)% !)D.$'%9!(3 ,0> H2 /($-.&. /.+.0()!> «M.)(9 I1» $%-)% 2.4 +6!*/"(+. :$!;(' 
/.,,($7!-%(*"> $%6.*% *.01+. - .,).' +%)%0(. I0> H2 «M.)(9-J» "+.$."*1 .6'()% 
!)D.$'%9!(3 )%4.,!*"> - ,!%/%5.)( 9.6–64 +6!*/"(+ - 5%-!"!'."*! .* )%/$%-0()!> /(-
$(,%;!  ! .6("/(;!-%(*"> .6'() !)D.$'%9!! - 14 +%)%0%4.  

:$! /.08;()!! "..6G()!> %,$(".-%)).( 8,%0()).'8 *($'!)%08 /$!+0%,).( :@ 
?0=5% .*"(+%(* /$!+$(/0())<( D%30< (("0! .)! !'(=*">) ! )%/$%-0>(* "/(9!%01).( 
8-(,.'0()!( .*/$%-!*(0=. I0> /($(,%;! /$!)!'%=*"> "..6G()!> $%5'($.' )( 6.0(( 
10 +6%3* 6(5 /$!+$(/0())<4 D%30.-. N% /$%+*!+( +$.'( /.;*.-<4 "..6G()!3 /$.-.-
,!0%"1 .*/$%-+% ! "..6G()!3 "/(9!%01).&. -!,% – /$.*.+.0.- &.0.".-%)!> ,0> /.,-
,($7+! *(4).0.&!! -<6.$.-, /$.4.,!-?!4 )% *($$!*.$!! H$%").>$"+.&. +$%> [6]. E. 
-"(4 "08;%>4 "!"*('% /$.,('.)"*$!$.-%0% -<".+8= PDD(+*!-)."*1 /($(,%;! ./($%-
*!-).3 !)D.$'%9!!. 

:$! $%6.*( "/8*)!+.-.&. *($'!)%0% - )(.6"087!-%('.' $(7!'(, .,)!' !5 -.5-
'.7)<4 -%$!%)*.- /($(,%-%('.3 !)D.$'%9!! >-0>=*"> )%-!&%9!.))<( ,%))<(, +.*.-
$<( /.+%5<-%=* '("*./.0.7()!( .6Y(+*% - +%7,<3 '.'()* -$('()!. :$!'($ .6$%6.*-
+! *%+.&. *!/% ,%))<4, /($(,%))<4 ;($(5 "!"*('8 «M.)(9», /$(,"*%-0() )% $!". 3. 

E +.)9( 2013 – )%;%0( 2014 &.,% ./($%*.$ "!"*('< «M.)(9» @2@ «A/8*)!+.-%> 
"!"*('% M.)(9» ".-'("*). " J!)!"*($"*-.' !)D.$'%*!5%9!! ! "->5! H$%").>$"+.&. 
+$%> /$.-(0! 8"/(?)<( !"/<*%)!> "!"*('< «M.)(9» - 8,%0())<4 $%3.)%4 +$%>. @*$%-
6%*<-%0%"1 /($(,%;% ,%))<4 $%50!;)<4 *!/.-: +..$,!)%*).3 !)D.$'%9!! " *$%)"-
/.$*)<4 "$(,"*-, "..6G()!3 ! 60.+.- ,%))<4. M(.&$%D!> P+"/($!'()*% .4-%*!0% 5.)8 
,!%'(*$.' .+.0. 600 +'. @").-)%> ;%"*1 !"/<*%)!3 6<0% "+.)9()*$!$.-%)% )% *($$!-
*.$!>4 -)( 5.)< ,."*8/)."*! )%5(')<4 "(*(3 GSM [7, 8].  

@6$%6.*+% /.08;())<4 ,%))<4 /.+%5%0% -.5'.7)."*1 !"/.015.-%)!> .*(;("*-()-
).3 "/8*)!+.-.3 "!"*('< "->5! ,0> '.)!*.$!)&% ,-!7()!> )%5(')<4 *$%)"/.$*)<4 
"$(,"*- - $(7!'( 60!5+.' + $(7!'8 $(%01).&. -$('()!, /$! )%0!;!! - ".5-(5,!! )!5-
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+.0(*>G!4 "/8*)!+.- 12-*! ! 6.0(( H2. :$! '()1?(' ;!"0( H2 /.08;%('%> !)D.$'%-
9!> *($>(* 5)%;!*(01)8= ;%"*1 %+*8%01)."*!.  

 

 
 

 !". 3. L$(+ ,-!7()!> *$%)"/.$*).&. "$(,"*-% 

 
L%+!' .6$%5.', /$.-(,())<( !"/<*%)!> /.+%5%0!, ;*. $(%0!5.-%))<( *(4).0.&!! 

.$&%)!5%9!! "/8*)!+.-<4 +%)%0.- "->5! )% .").-( «M.)(9-I1J» 8,.6)< ,."*%*.;). 
8,.6)< ! PDD(+*!-)< - "!*8%9!>4, - +.*.$<4 '.7). .$&%)!5.-%*1 ! /$.+.)*$.0!$.-
-%*1 /$%-!01)."*1 P+"/08%*%9!! )%5(').&. "/8*)!+.-.&. .6.$8,.-%)!>.  

 
A/!".+ 0!*($%*8$< 

 
1. S($)!+.- I. Z., N(0!/% A. T. E0!>)!( 9!D$.-.&. )($%-()"*-% )% 8$.-()1 /$.D(""!.)%01).3 

+.'/(*()*)."*! "/(9!%0!"*.- !)D.$'%9!.)).-+.''8)!+%9!.)).&. /$.D!0> // E("*)!+ E."*.;).-
A!6!$"+.3 .*+$<*.3 %+%,('!!. – 2013. – U 9. – URL www.es.rae.ru/vsoa/174-766/ 

2. L$! "/8*)!+% «M.)(9» 5%/8"*>* )% .$6!*8 3 '%$*%. – L2AA. – 24 D(-$%0> 2015 &. 
3. L$! "/8*)!+% ,0> "!"*('< /($".)%01).3 "/8*)!+.-.3 "->5! «M.)(9» 5%/8"*>* - )%;%0( !=0>. – 

K)*($D%+". – 28 '%$*% 2014 &. 
4. « .+.*» -<-(0 )% .$6!*8 *$.3+8 «M.)9.-». – Kommepcant.ru. – 3 !=0> 2014 &. 
5. H$%").>$"+.&. «M.)9%» /$(,"*%-!0! "*$%)%' T KHA. – K2 «1-LINE». – 6 !=)> 2014 &. 
6. N% -<6.$%4 M86($)%*.$% H$%").>$"+.&. +$%> 68,(* !"/.015.-%)% "/8*)!+.-%> "!"*('% "->5!. – 

TopNews24.ru. – 12 "()*>6$> 2014 &. 
7. A/8*)!+.-%> "!"*('% «M.)(9» - *("*.-.' $(7!'( )%;%0% !"/.015.-%*1"> )% *($$!*.$!! H$%"-

).>$"+.&. +$%>. – NKW-H$%").>$"+. – 3 '%$*% 2014 &. 
8. N% ?+.01)<( %-*.68"< - .*,%0())<4 *($$!*.$!>4 H$%").>$"+.&. +$%> 8"*%).->* "/8*)!+.-8= 

"!"*('8 «M.)(9». – Krskplus.ru. – 3 ,(+%6$> 2013 &. 
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-$,3!'!',!  -$*,02*+'(7  ,3-6"5/%  #%6//%  

+"1  3*+!",$*2%',1  /8-  #.$9  ,3-6"5/*2 

 
Q.  . T!+*!'!$.-%, F. K. 2+;8$!)%, M. K. 26,$%4'%).-% ()%8;)<3 $8+.-.,!*(01) 

 
L7*.(,*6 #-(+$ 2()"%''36  "* 8*-''36 )%4'*;%(,*6 +'*"%2(*)%) 

450000, =%(/. P N,-2)-() ', #. L7 , +5. C 25  A 2,( , 12 

E-mail: ikt14telecom@gmail.com 
 

I%))%> "*%*1> /."->G()% !""0(,.-%)!= M%8"".-"+!4 '.,(0(3 "-($4?!$.+./.0.")<4 "!&)%0.-. N% .").-( 
!5-("*)<4 /$.!5-.,)<4 !'/801"% M%8""% /."$(,"*-.' !4 "0.7()!> ! /.,6.$% "..*-(*"*-8=G!4 +.PDD!9!()*.- 
D.$'< ! -("% $%"";!*%)< ./*!'%01)<( !'/801"<, )%!6.0(( /.0). .4-%*<-%=G!( "/(+*$%01)8= '%"+8 MH S  #. 

 

E )%"*.>G(( -$('> "*$('!*(01).( $%5-!*!( *(4).0.&!3, !"/.0158=G!4 "-($4?!-
$.+./.0.")<( (AB:) "!&)%0<, -<5-%). /."*.>))<' 8-(0!;()!(' +.0!;("*-% /($(,%-
-%('.3 !)D.$'%9!! ! /.-<?()!(' *$(6.-%)!3 + $%,!.*(4)!;("+!' "!"*('%' " *.;+! 
5$()!> +%;("*-% /($(,%;!. I0> .6("/(;()!> P0(+*$.'%&)!*).3 ".-'("*!'."*! ,%))<4 
"!"*(' "->5! " "8G("*-8=G!'! 85+./.0.")<'! ! ?!$.+./.0.")<'! "!"*('%'! M."8-
,%$"*-())%> +.'!""!> /. $%,!.;%"*.*%'  # (MH S) $%5$%6.*%0% "/(+*$%01)<( '%"+! 
,0> 8"*$.3"*-, $%6.*%=G!4 -)8*$! ! -)( /.'(G()!3 [1]. 

AB: "!&)%0< /$(,"*%-0>=* ".6.3 /."0(,.-%*(01)."*! +.$.*+!4 !'/801".- ,0!-
*(01)."*1= .* 0,2 )" ,. 1 )", "0(,8=G!4 ,$8& 5% ,$8&.' " !)*($-%0.' .* 2 )" ,. 5000 )". 
I%))<( !'/801"< '.&8* !'(*1 $%50!;)<( %)%0!*!;("+!( D.$'< ./!"%)!> (!'/801"< 
M%8""%,  P0(>, !'/801"< )% .").-( -(3-0(*.-, /.0!).'.- F$'!*%, D8)+9!3 Q%&($$% ! 
,$., [2]).  %""'.*$!' M%8"".-"+!( '.,(0! AB: "!&)%0.-.  

A!&)%0<, .*).">G!("> + P*.3 &$8//( '.,(0(3, >-0>=*"> /$.!5-.,)<'! .* D8)+9!!: 
 

 

2

2
( ) exp

22

At t
s t

! "
# $ $% &

'(' ) *
,     (1) 

 

&,( A –  !"#$%&' , (; ) – *+,--$.$/0% -+1!2, 3. 
4"/*%1 #50 6 "#+%0+3%5 !+70+3%$ (489) ' 002: !+'/#/; $!//% +'$0 ! *3$-

!&!. <=+ "+#+>/0$/ ? @$3$% +% ?0 A/0$6 *+,--$.$/0%  ) $ "+16'*  "1+$?@+'0+; n. 
B 33! %1$@ 6 "1/$!&7/3%@+ C &33+@3*$: !+'/#/;, 3#/'&/% +%!/%$%5 "1+3%+%&, *+%+1 6 
"+?@+#6/% #/=*+ "1+@+'$%5  0 #$%$A/3*$/ 1 3A/%2,   % *>/ 0/"1/12@0+3%5 $ '$--/-
1/0.$1&/!+3%5. (1/!/002/ ? @$3$!+3%$ "/1@2: A/%21/: "1+$?@+'02: $!"&#53  C &3-
3  (C8) 0  +30+@/ (1) "1/'3% @#/02 0  1$3. 1, $: 489 – 0  1$3. 2. 

 

 
 

B$3. 1. (1/!/002/ ? @$3$!+3%$ C8 "1$ n = 1÷4 
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B$3. 2. 489 C8 "1$ n = 1÷4 
 

D/+E:+'$!+ +%!/%$%5, A%+ 489 C8 $!//% *+#+*+#++E1 ?02; : 1 *%/1, $ "+ !/1/ 
&@/#$A/0$6 "+16'*  "1+$?@+'0+;, ! *3$!&! -&0*.$$ 489 "/1/!/7 /%36 @ @23+*+-
A 3%+%0&F +E# 3%5. G *>/ "1$ &@/#$A/0$$ *+,--$.$/0%  -+1!2 ) 489 3&> /%36,   
"1$ $?!/0/0$$ !+70+3%$ "+' A$ $!"&#53  "1+$3:+'$% "/1/!/7/0$/ 489 @@/1: $#$ 
@0$?. H3:+'6 $? @2I/3* ? 00+=+, !+>0+ 3'/# %5 @2@+', A%+ @ 3"/*%1 #50&F ! 3*& 
!+>0+ @"$3 %5 #FE&F C8, !/06%536 E&'/% %+#5*+ ,--/*%$@0+3%5  /J ? "+#0/0$6. 

D $E+#// "+#0+ @ 3"/*%1 #50&F ! 3*& CKBL !+>0+ @"$3 %5 C8 3 %1/%5/=+ "+ "6-
%2; "+16'*$ [3, 4]. M#6 "+#&A/0$6 $!"&#53 , 0 $E+#// "+#0+ @"$32@ F7/=+36 @ ! 3*&, 
*1+!/ @2E+1  *+,--$.$/0%  -+1!2 !+>0+ % *>/ 3#+>$%5 0/3*+#5*+ C8 % *$! +E1 -
?+!, A%+E2 1/?&#5% % +EN/'$0$# +E# 3%$ "+*12%$6 +E+$: $3:+'02:. M+E$%536 ,%+=+ 
!+>0+ "+31/'3%@+! "+'E+1  @/3+@2: *+,--$.$/0%+@. 

B/?&#5% %2 !+'/#$1+@ 0$6 "+* ? #$, A%+ @ 3#&A / 3#+>/0$6 '@&: $!"&#53+@, *+-
='  "+16'+* +'0+; C8 +%#$A /%36 +% "+16'*  '1&=+; C8 0  '@ , @ !/3% : 3%2*  -&0*-
.$; +E1 ?&/%36 "1+@ # (1$3. 3). 

 

 
 

B$3. 3. 489: $!"&#53 1 (n = 1), $!"&#53 2 (n = 3) 

 
M 00+/ +E3%+6%/#53%@+ ?0 A$%/#50+ 30$> /% ,--/*%$@0+3%5 ? "+#0/0$6 ! 3*$ 

(1 33!+%1/02 3&!!2 C8 "/1@+=+ $ %1/%5/=+ "+16'*+@, @%+1+=+ $ A/%@/1%+=+, %1/%5/=+ $ 
"6%+=+). O&AI/ @3/=+ @ 3"/*%1 #50&F ! 3*& @"$32@ /%36 $!"&#53 3&!!2 C8 "/1@+=+ $ 
"6%+=+ "+16'*+@: C8 "/1@+=+ "+16'*  :+1+I+ ? *12@ /% A 3%+%0&F +E# 3%5 +% 0 CC. '+  
2,85 CC.,   C8 "6%+=+ "+16'*  – +% 2,85 CC. '+ 12 CC.. M#6 %+=+ A%+E2 0/ &3#+>06%5 
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$3"+#5?&/!+/ +E+1&'+@ 0$/ 0  "1 *%$*/ 3% 1 F%36 E1 %5 "1+$?@+'02/ +'0+=+ "+16'* , 
"+,%+!& ' #// E&'&% 1 33!+%1/02 $!"&#532, "+#&A/002/ "+31/'3%@+! 3&!!$1+@ 0$6 
'@&: C8 "/1@+=+, @%+1+=+, %1/%5/=+, A/%@/1%+=+ $ "6%+=+ "+16'*+@. 

P#=+1$%! !+'/#$1+@ 0$6 3#/'&F7$;:  
1) "+'E+1 " 1 !/%1+@ '#6 "/1@+; $? '@&: -&0*.$; %. +., A%+E2 /J 489 0 $E+#// 

3++%@/%3%@+@ #  A 3%+%0+; +E# 3%$ +% 2,85 CC. '+ 12 CC.;  
2)  "+'E+1 " 1 !/%1+@ '#6 @%+1+; -&0*.$$ 3 ./#5F, A%+E2 /J 489 ! *3$! #50+ 

@+?!+>0+ +:@ %$#  +E# 3%5 +% 0 CC. '+ 2,85 CC.. 
K * @$'0+ $? 1$3. 4, $!"&#53 3&!!2 '@&: C8 "6%+=+ "+16'*  0 !0+=+ #&AI/ +:-

@ %2@ F% A 3%+%0&F +E# 3%5 +% 2,85 CC. '+ 10,6 CC. "+ 31 @0/0$F 3 $!"&#53+! 3&!!2 
C8 "/1@+=+ $ "6%+=+ "+16'*+@. 
 

 
 

B$3. 4. 489: $!"&#53 1 (n = 5, )1 = 0,24 03, w1 = 1,95·102), $!"&#53 2 (n = 5, )2 = 0,0562 03, w2 = 1) 

 
B/?&#5% %+! ,%+=+ !+'/#$1+@ 0$6 6@#6/%36 %+, A%+ $? *# 33  -&0*.$;, +E1 ?+@ 0-

02: 0  +30+@/ "1+$?@+'02: $!"&#53  C &33 , 0 $E+#// :+1+I+ @ 3"/*%1 #50&F ! 3*& 
CKBL BQ @"$32@ /%36 $!"&#53 3&!!2 '@&: C8 "6%+=+ "+16'* , A&%5 :&>/ $!"&#53 
3&!!2 C8 "/1@+=+ $ "6%+=+ "+16'*+@. R'0 *+ 3 ,%$! /3%5 0/*+%+1 6 3#+>0+3%5: C8 
@2I/ %1/%5/=+ "+16'*  3#+>0// "+#&A$%5 "1 *%$A/3*$, 0  +30+@ 0$$ 0/'+1+=$: 3:/!. 
R30+@2@ 635 0  ,%+!, ' #50/;I$/ $33#/'+@ 0$6 E&'&% 0 "1 @#/02 0  "+$3* "&%/; 
30$>/0$6 "+16'*  $3"+#5?&/!2: -&0*.$;. 

 
 !!"#$%&'()# &*+%"(#(% +,) +%$$#,-.# /,'(0' 1)()!0#,!0&' %2,'3%&'()4 ) ('5-

.) 6%!!)7!.%7 8#$#,'9)), !%/"':#()# % +,#$%!0'&"#()) !52!)$)) ; 14.574.21.0058. 

<().'"=(*7 )$#(0)>).'0%, +,%#.0' – RFMEFI57414X0058.  
 

4"$3+* #$%/1 %&12 
 

1. C+3&' 13%@/00 6 *+!$33$6 "+ 1 '$+A 3%+% !. B/I/0$6 +% 15 '/* E16 2009 =. ("1+%+*+# S 09-05). 
2. O ?+1/0*+ R. (., L/10+=+1 O. Q. 4@/1:I$1+*+"+#+302/ 3$=0 #2 $ -$?$A/3*$/ "1+./332. 1. R3-

0+@02/ "+06%$6, !+'/#$ $ !/%+'2 +"$3 0$6 // B '$+-$?$*  $ 1 '$+ 3%1+0+!$6. 2008. – G. 13. – S 2. – 
4. 166–194. 

3. 9+'/#$1+@ 0$/ 4T8 1 '$+$!"&#53+@ 0  +30+@/ "1+$?@+'02: C &33  $ B,#/6 3 &A/%+! 3"/*-
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The paper concerns an integral equation for the current density distribution finding on two near located parallel cylin-

drical conductors that allows to define corresponding losses approximately. 

 

M@&:"1+@+'02/ 3$!!/%1$A02/ #$0$$ 3@6?$ I$1+*+ 1 3"1+3%1 0/02, @ A 3%0+3%$, 
@ %/:0+#+=$$ 3/!/;3%@  ADSL ( 3$!!/%1$A02:  E+0/0%3*$: .$-1+@2: #$0$;), *+%+-
12/ +1$/0%$1+@ 02, "1/>'/ @3/=+, 0  I$1+*+"+#+302; '+3%&" @ H0%/10/% "1$ = 1 0-
%$1+@ 00+! * A/3%@/ +E3#&>$@ 0$6 3 @/1+6%0+3%5F @+?0$*0+@/0$6 +I$E+* @ "1+./33/ 
"/1/' A$ ' 002: 0/ E+#// 10-7. M#6 ,--/*%$@0+=+ 1/I/0$6 "1+E#/! «"+3#/'0/; !$#$» 
+E2A0+ $3"+#5?&F% 3$!!/%1$A02/ * E/#$ $ @$%2/ " 12. V#$?*+/ 1 3"+#+>/0$/ "1+-
@+'0$*+@ *1&=+@+=+ 3/A/0$6 @ * >'+; $: " 1/ +E/3"/A$@ /% +"1/'/#/00&F "+!/:+? -
7$7/00+3%5 +% @0/I0$: $ @? $!02: @#$60$; @ #$0$$ 3@6?$. (!/3%/ 3 %/!, $!/00+ ,%  
+3+E/00+3%5 3+?' /% '+"+#0$%/#50+/ "/1/1 3"1/'/#/0$/ "#+%0+3%$ %+*  "+ 3/A/0$F 
"1+@+'0$*+@, +E&3#+@#/00+/ ,--/*%+! E#$?+3%$. ( $%+=/, @2%/30/0$/ %+*  * "+@/1:0+-
3%$ "1+@+'0$*+@ "1$ "+@2I/002: A 3%+% : $ /=+ '+"+#0$%/#50+/ "/1/1 3"1/'/#/0$/ 
@3#/'3%@$/  ,--/*%  E#$?+3%$ "1$@+'$% * &@/#$A/0$F @0+3$!+=+ #$0$/; *+,--$.$/0-
%  ? %&: 0$6, A%+ @/'/% * +=1 0$A/0$F "+#+32 "1+"&3* 0$6 #$0$; 3@6?$ $ * 30$>/0$F 
! *3$! #50+ '+"&3%$!+; "1$ ? ' 00+! * A/3%@/ +E3#&>$@ 0$6 '#$02 % *+; #$0$$ ' -
>/ "1$ $'/ #502: "1+A$: &3#+@$6:. 81$!/0$%/#50+ * 1/ #$? .$$ VDSL – G/:0+#+=$$ 
("+#+3  A 3%+% +% 1 9C. '+ 10 9C., 3*+1+3%5 "/1/' A$ ' 002: '+ 20 9E$%/3 "1$ '#$0/ 
«"+3#/'0/; !$#$» 1,2–1,4 *!), %+>/ +%0+367$;36 * 3/!/;3%@& ADSL, @#$60$/ @2I/-
&* ? 002: 3#/'3%@$; 3% 0+@$%36 /7/ E+#// 3&7/3%@/002!. RE2A02/ "1+/*%02/ +./0-
*$ : 1 *%/1$3%$* VDSL – #$0$; 3@6?$ E ?$1&F%36 #$E+ 0   ""1+*3$! .$6: +E7/%/+-
1/%$A/3*$: 1/I/0$; +"1/'/#/002: !+'/#502: ? ' A $#$ 0  !/%+'$* : ,!"$1$A/3*$ 
&3% 0+@#/002: 3++%0+I/0$; $ "+"1 @+A02: *+,--$.$/0%+@ [1]. 

Y/#5 0 3%+67/; 3% %5$ ? *#FA /%36 @ '+"+#0$%/#50+! "1$@#/A/0$$ * !/%+'$* ! 
+./0*$ *+,--$.$/0%  ? %&: 0$6 @ '@&:"1+@+'02: @23+*+A 3%+%02: #$0$6:, 1/ #$-
?&F7$: -&0*.$F «"+3#/'0/; !$#$», @2A$3#$%/#50+=+ !+'/#$1+@ 0$6, %+A0+3%5 *+%+-
1+=+ !+>/% @ 15$1+@ %536. G * 6 @+?!+>0+3%5 1/ #$?&/%36 A$3#/002!$ !/%+' !$ [2] 
"1$E#$>/00+=+ @2A$3#/0$6, @ ' 00+!  3"/*%/, 1 3"1/'/#/0$6 "#+%0+3%$ %+*  "+ 3/A/-
0$F "1+@+'0$*+@ 3 "+3#/'&F7$! +"1/'/#/0$/! ,#/*%1+! =0$%0+; ,0/1=$$ "+%/15 0  
/'$0$.& '#$02 #$0$$ @ /'$0$.& @1/!/0$ 
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'
); 

( , )z r (  – !+'&#5 *+!"#/*30+=+ ?0 A/0$6 "#+%0+3%$ %+*  @ *1&=+@+! 3/A/0$$ "1+@+'-

0$*  ( 00 ,0 2r r ( )* * * * ); dS  – ,#/!/0% "#+7 '$ 3/A/0$6 ( dS rdrd($ ).  

M#6 @2A$3#/0$6 *+,--$.$/0%  ? %&: 0$6 [ ./#/3++E1 ?0+ +E1 %$%536 * "1$E#$-
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='/ BZ – @+#0+@+/ 3+"1+%$@#/0$/ #$0$$ 0 0

0 0

1
B

r

d z
Z ln

z

,
) - -

.
$ ; d  – 1 33%+60$/ !/>'& 

./0%1 !$ "1+@+'0$*+@; 0z  – 1 '$&3 "1+@+'0$* ; r- – +%0+3$%/#50 6 '$,#/*%1$A/3* 6 

"1+0$. /!+3%5 31/'2, "1$#/= F7/; * "1+@+'0$* !); 1R  –  *%$@0+/ 3+"1+%$@#/0$/ #$-

0$$ 0  /'$0$.& // '#$02 ( 21 ;PR
I

#$ ( , )

D

z

S

I r dS ($ % ). 

G/+1/%$A/3*+; +30+@+; @2A$3#/0$6 *+!"#/*302: ?0 A/0$; ( , )z r (  6@#6/%36 

&1 @0/0$/ 9 *3@/##  
 

( 0rotE j H/,$ .  
, (3) 

 

='/ (E,H)  
 – *+!"#/*302/ ?0 A/0$6 0 "16>/00+3%/; ,#/*%1$A/3*+=+ $ ! =0$%0+=+ "+#6 

3++%@/%3%@/00+; /  – &=#+@ 6 A 3%+%  "/1/!/00+=+ %+*  @ "1+@+'0$* : ( 2 f/ )$ ).  

M/;3%@$%/#50+, &!0+> 6 &1 @0/0$/ (3) 0  Z $ &A$%2@ 6, A%+ 0H rotA, $   , "+#&A$! 
 

 
z zrot j rotA /"$ .  ,  (4) 

 

='/ ( )zA r,( 
– *+!"#/*3 +3/@+; 3+3% @#6F7/; @/*%+10+=+ "+%/0.$ #  ,#/*%1+! =0$%0+-

=+ "+#6. 
( 1 3A/%0+; 3:/!/ (1$3. 1), 3++%@/%3%@&F7/; =/+!/%1$$ *1&=+@2: 3/A/0$;, ,#/*-

%1+! =0$%0+/ "+#/ 6@#6/%36 "#+3*+" 1 ##/#502!, '#6 *+%+1+=+ 
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z z

S
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$ %  , (5) 

 

='/ K(Q,M) – -&0*.$6 @#$60$6 ,#/!/0%+@ 3 "#+%0+3%6!$ %+*  @ "/1/!/002: %+A*$

( , )Q r (  $0%/=1$1+@ 0$6 "+ +E# 3%$ 1 2S S S$ 0
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QMr – 0+1!$1+@ 00+/ 1 33%+60$/ !/>'& 

%+A* !$ Q $ M "+ +%0+I/0$F * ! *3$! #50+!&, *+%+1+/ @ 1 3A/%0+; 3:/!/ 1$3. 1 +"-

1/'/#/0+ +%1/?*+! 11 1 ). 

81$0$! 6 @+ @0$! 0$/ 3++%0+I/0$/ (5) @ '$--/1/0.$ #50+! &1 @0/0$$ (4), "/-
1/"$I/! "+3#/'0// @ @$'/ +'0+1+'0+=+ $0%/=1 #50+=+ &1 @0/0$6 Q1/'=+#5!  2-=+ 1+-

'  +%0+3$%/#50+=+ $3*+!+=+ 1 3"1/'/#/0$6 (r, )z (   
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M#6 0 :+>'/0$6 '$3*1/%0+=+ 1 3"1/'/#/0$6 ( , )z r (  ? !/0$! $0%/=1 #50+/ &1 @-

0/0$/ (6)  ""1+*3$!$1&F7/; 3$3%/!+; #$0/;02: &1 @0/0$; 3+=# 30+ 3/%+A0+; 1 3-
A/%0+; 3:/!/ 3 &A/%+!  "1$+10+; $0-+1! .$$. 8#+%0+3%$ %+*  $!/F% "+@2I/002/ 
?0 A/0$6 & "+@/1:0+3%$ "1+@+'0$*+@, A%+ &A$%2@ /%36 &!/05I/0$/! I$1$02 *+#5./-
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@2: +E# 3%/; 3 $: "1$E#$>/0$/! * "+@/1:0+3%$ "1+@+'0$*+@ (1$3. 1). K1+!/ ,%+=+, 
"#+7 '5 * >'+=+ *1$@+#$0/;0+=+ *@ '1 % , ? ' @ /! 6 1 '$ #502!$ #$0$6!$, 3#/'&/% 
&!/05I %5 3 "1$E#$>/0$/! * +*1/3%0+3%$ 3/A/0$; & %+A/* 2,2' 3 ! *3$! #50+; "#+%0+-
3%5F %+*  $ &@/#$A$@ %5 3 "1$E#$>/0$/! * +*1/3%0+3%$ 3/A/0$; & %+A/* 1,1', A%+ "+-
?@+#6/% &A/3%5 $ @#$60$/ ,--/*%  E#$?+3%$ "1+@+'0$*+@ 3 %+*+!. 4$!!/%1$6 1 3"1/-
'/#/0$6 1 @02: ?0 A/0$; "#+%0+3%$ %+*  +%0+3$%/#50+ #$0$$, "1+@/'/00+; A/1/? ./0-
%12 3/A/0$; "1+@+'0$*+@, &A$%2@ /%36 1 @/03%@ !$ "#+7 '/; 3++%@/%3%@&F7$:  *1$-

@+#$0/;02: *@ '1 %+@, ./0%12 *+%+12: +"1/'/#6F% *++1'$0 %2 %+A/* 1 1, , ,Q Q Q Q 22 , 

&* ? 002: 0  1$3. 1 3:/! %$A/3*$. 
 

 
B$3. 1. 4/%+A0 6 1 3A/%0 6 3:/!  

 
G *$! +E1 ?+!, /3#$ A$3#+ *1$@+#$0/;02: *@ '1 %+@ @ 3/A/0$$ "1+@+'0$*  1 @-

0+ N (N A/%0+/), %+ 3 &A/%+! $: 3$!!/%1$$ @ 3/A/0$$ A$3#+ $3*+!2: ?0 A/0$; 
z   1 @0+ 

2
N . \A$%2@ 6, A%+ +%0+3$%/#50+ #$0$$ 3$!!/%1$$ 002  ?0 A/0$6 

z   $!/F% "1+%$@+-

"+#+>02/ ?0 *$,  ""1+*3$!$1&F7 6 3$3%/!  #$0/;02: &1 @0/0$; $!//% @$' 
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L$3#/00+/ 1/I/0$/ @/7/3%@/00+; 3$3%/!2 &1 @0/0$; (8) "+#&A /%36 $%/1 .$+0-
02! !/%+'+! [2] "1$ &3#+@$$ 1 @0+!/10+=+ 1 3"1/'/#/0$6 $ 1 @/03%@  @/7/3%@/002: 

$ !0$!2: A 3%/; 
z  0  0 A #50+; 3% '$$ @2A$3#$%/#50+=+ "1+./33 . 4 &@/#$A/0$/! N 

%+A0+3%5 1/I/0$6 @+?1 3% /%. 
 

4"$3+* #$%/1 %&12 
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G/+1$6 "/1/' A$ $ @#$60$6 / 8+' 1/'. (. P. P0'1//@ . – 9.: C+16A 6 #$0$6 – G/#/*+!, 2011. – 424 3. 
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M+*# ' "+3@67/0 E/3"1+@+'02! 3/03+102! 3/%6!, $: "1+E#/! ! $ '+3%+$03%@ !. 8+'1+E0+ 1 33!+%1/0  

"1+E#/!  @2E+1  %+"+#+=$$ "1$ "+3%1+/0$$ 3/%$. G *>/ "+* ? 0+ 31 @0/0$/ +30+@02: %$"+@ %+"+#+=$;, $: 0/'+3-
% %*$ $ "1/$!&7/3%@ . 

 
V/3"1+@+'0 6 3/03+10 6 3/%5 – ,%+ 1 3"1/'/#J00 6, 3 !++1= 0$?&F7 636,  &3%+;-

A$@ 6 * +%* ?& +%'/#502: ,#/!/0%+@ 3/%5, 3+3%+67 6 $? !0+>/3%@  0/+E3#&>$@ /!2: $ 
0/ %1/E&F7$: 3"/.$ #50+; &3% 0+@*$ ' %A$*+@ $ $3"+#0$%/#502: &3%1+;3%@, +EN/'$-
0/002: "+31/'3%@+! 1 '$+* 0 #  [1]. 

RE# 3%5 "+*12%$6 3/03+10+; 3/%$ !+>/% 3+3% @#6%5 +% 0/3*+#5*$: *$#+!/%1+@ '+ 
0/3*+#5*$: !/%1+@ ?  3A/% "/1/' A$ 3++E7/0$; +% +'0+=+ ,#/!/0%  * '1&=+!&. 41/'$ 
$3"+#5?&/!2: 3/03+102: 3/%/;, @2'/#6/%36 0 $E+#// "1+'@$0&% 6 0 '3%1+;*  * 3% 0-
' 1%& IEEE 802.15.4 – 3"/.$-$* .$6 ZigBee.  

V/3"1+@+'02/ 3/03+102/ 3/%$ $!/F% !0+>/3%@+ '+3%+$03%@ "+ 31 @0/0$F 3 "1+-
@+'0+; 3/%5F. K % *$! '+3%+$03%@ ! +%0+36%36 [2]: 

@ @+?!+>0+3%5 1 3"+#+>/0$6 @ %1&'0+'+3%&"02: !/3% :; 

@ +"/1 %$@0+3%5 $ &'+E3%@+ 1 ?@/1%2@ 0$6 $ +E3#&>$@ 0$6 3$3%/!2; 

@ 0 '/>0+3%5 3/%$ – "1$ @2:+'/ $? 3%1+6 +'0+=+ $#$ 0/3*+#5*$: ,#/!/0%+@, $0-
-+1! .$6 "/1/' /%36 A/1/? 3+3/'0$/ ,#/!/0%2; 

@ @+?!+>0+3%5 '+E @#/0$6 $#$ $3*#FA/0$6 #FE+=+ *+#$A/3%@  &3%1+;3%@ $? 3/%$. 
4/03+10 6 3/%5 +E# ' /% 3"+3+E0+3%5F * "+@%+10+; "/1/' A/ (1/%1 03#6.$$) 3+-

+E7/0$; "+ ./"+A*/ +% +'0+=+ ,#/!/0%  * '1&=+!&, A%+ "+?@+#6/% @ 3#&A / @2:+'  $? 
3%1+6 +'0+=+ $? 0$: +1= 0$?+@ %5 "/1/' A& $0-+1! .$$ A/1/? 3+3/'0$/ &?#2 E/? "+%/-
1$ * A/3%@  [3]. 

G * * * 3/03+102/ E/3"1+@+'02/ 3/%$ $!/F% +%#$A$/ +% +E2A02: 3/%/;, %+ +0$ 
% *>/ $!/F% 3@+$ 3+E3%@/002/ +=1 0$A/0$6 $ "1+E#/!2. K +30+@02! "1+E#/! ! +%0+-
36%36: 

@ ,0/1=+"+%1/E#/0$/; 

@ E/3"1+@+'0+/ 3+/'$0/0$/; 

@ %+"+#+=$6; 

@ E/?+" 30+3%5. 
G+% - *%, A%+ &?#2 !+=&% 3% %5 0/'+3%&"02!$ $ "+'@/1>/002!$ A 3%2! 3E+6!, 

'/# F% +E3#&>$@ 0$/ 3/%$ 3#+>0+; $ %1&'0++3&7/3%@$!+; ? ' A/;. D  %/11$%+1$$ 
3/03+10+; 3/%$ !+=&% E2%5 1 ?!/7/02 +% '/36%*  '+ 0/3*+#5*$: %236A ,#/!/0%+@. (36 
3/%5 "1/'3% @#6/% 3+E+; +"1/'/#/00&F %+"+#+=$F &?#+@. 4% 0' 1% ZigBee !+>/%  '1/-
3+@ %5 '+ 65535 &?#+@ @ +'0+; 3/%$. D/ 3!+%16 0  +=1+!0+/ *+#$A/3%@+ ,#/!/0%+@ @ 3/-
%$, /3%5 %+#5*+ %1$ $: +30+@02: %$"  [4]: 

@ *++1'$0 %+1; 

@ ! 1I1&%$? %+1; 

@ *+0/A0+/ &3%1+;3%@+. 
(3/ ZigBee-3/%$ '+#>02 $!/%5 +'$0 ($ %+#5*+ +'$0) *++1'$0 %+1, 0/? @$3$!+ +% 

%+"+#+=$$ 3/%$. 
R30+@02!$ ? ' A !$ *++1'$0 %+1  6@#6F%36: 
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@ @2E+1 A 3%+%2 * 0 # , *+%+12; E&'/% $3"+#5?+@ %536 @ 3/%$; 

@ ? "&3* 3/%$; 

@ "+?@+#6/% '1&=$! &3%1+;3%@ ! "+'*#FA %536 * 0/!& (%+ /3%5, '#6 "+'*#FA/0$6 
* 3/%$). 

( %+"+#+=$$ ]@/?' , *++1'$0 %+1 6@#6/%36 ./0%1 #502! &?#+! @ 3/%$. ( %+"+#+-
=$$ M/1/@+ $ XA/$3%+; %+"+#+=$$, *++1'$0 %+1 6@#6/%36 =# @02! (*+10/@2!) &?#+! @ 
3/%$. 

R30+@02!$ ? ' A !$ ! 1I1&%$? %+1  6@#6F%36: 

@ "/1/' A  $0-+1! .$$ +% +'0+=+ &?#  * '1&=+!&; 

@ "+?@+#6/% '+A/10$! &?# ! (*+0/A02! &3%1+;3%@ !) "+'*#FA$%536 * 0$!.  
K+0/A02/ &3%1+;3%@  E&'&% @3/='  0 :+'$%536 0  *+0. : 3/%$. ( %+"+#+=$$ ]@/?-

'  +0$ 1 3"+#+>/02 "+ "/1$!/%1&, @ %+"+#+=$$ M/1/@+ $ @ XA/$3%+; %+"+#+=$$ +0$ 
1 3"+#+>/02 0  *+0. : @ @$'/ #$3%5/@. R30+@02!$ ? ' A !$ *+0/A0+=+ &3%1+;3%@  
6@#6F%36: 

@ +%"1 @*  $ "+#&A/0$/ 3++E7/0$; +% '1&=$: ,#/!/0%+@. 
K+0/A0+/ &3%1+;3%@+, * * "1 @$#+, 1 E+% /% 0  E % 1/;* :, $ *+='  "/1/' A$ $ 

"1$/!  3++E7/0$6 0/%, !+>/% 3" %5 @ ./#6: ,*+0+!$$ ,0/1=$$.  
 

     
 

B$3. 1. ]@/?'                                    B$3. 2. M/1/@+                                       B$3. 3. XA/$3% 6 

 
G+"+#+=$6 ]@/?'  0 $E+#// "1+3% 6 $ +=1 0$A/00 6 $? @+?!+>02: %+"+#+=$; 

ZigBee. R0  3+3%+$% $? *++1'$0 %+1  $ 0 E+1  *+0/A02: &3%1+;3%@. K >'+/ &3%1+;3%@+ 
!+>/% +E!/0$@ %536 ' 002!$ %+#5*+ 3 *++1'$0 %+1+!, "+,%+!&, A%+E2 +%"1 @$%5 3+-
+E7/0$/ 3 +'0+=+ &3%1+;3%@  0  '1&=+/, 3++E7/0$/ '+#>0+ E2%5 +%"1 @#/0+ 3 "+!+-
75F *++1'$0 %+1 , *+%+12; "/1/' /% 3++E7/0$/ "+ 0 ?0 A/0$F.  

D/'+3% %*+! ,%+; %+"+#+=$$ 6@#6/%36 %+, A%+ 0/%  #5%/10 %$@0+=+ ! 1I1&% , /3#$  
"1+$?+;'/% 3E+; !/>'& *++1'$0 %+1+! $ ./#/@2! &3%1+;3%@+!. K1+!/ %+=+, *++1'$0 -
%+1 !+>/% E2%5 &?*$! !/3%+! "1+:+>'/0$6 3$=0 #+@ $ "1$A$0+; “? %+1+@”,   3#/'+@ -

%/#50+ $ "1$A$0+; !/'#/00+; 1 E+%2 3/%$. 

G+"+#+=$6 M/1/@+ 3+3%+$% $? *++1'$0 %+1 , ! 1I1&%$? %+1+@ $ *+0/A02: &3%-

1+;3%@, @ *+%+1+; &?#2 3+/'$0/02 3#/'&F7$! +E1 ?+!: 

@ *++1'$0 %+1 3@6? 0 3 0 E+1+! ! 1I1&%$? %+1+@ $ *+0/A02: &3%1+;3%@ – /=+ 

'/%/;; 

@ ! 1I1&%$? %+1 !+>/% E2%5 3@6? 0 3 0/3*+#5*$!$ ! 1I1&%$? %+1 !$ $ *+0/A-

02!$ &3%1+;3%@ !$ – /=+ '/%5!$. W%+ !+>/% "1+'+#> %536 0  0/3*+#5*$: &1+@06:; 

W%  $/1 1:$6 !+>/% E2%5 "1/'3% @#/0  @ @$'/ '1/@+@$'0+; 3%1&*%&12 3 *++1'$-

0 %+1+! @ 0$>0/; A 3%$, * * "+* ? 0+ 0  1$3&0*/ @2I/. 

D/'+3% %*+! ,%+; %+"+#+=$$ 6@#6/%36 %+, A%+ 0/%  #5%/10 %$@0+=+ ! 1I1&% , /3#$ 

0/+E:+'$! 6 3@6?5 0/ &' /%36. 
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4%1&*%&1  XA/$3%+; %+"+#+=$$ "+:+>  0  %+"+#+=$F '/1/@ , 3 *++1'$0 %+1+! @ 

0$>0/; A 3%$ '1/@+@$'0+; 3%1&*%&12: 

@ *++1'$0 %+1 3@6? 0 3 0 E+1+! ! 1I1&%$? %+1+@ $ *+0/A02: &3%1+;3%@ – /=+ 

'/%/;; 

@ ! 1I1&%$? %+1 !+>/% E2%5 3@6? 0 3 0/3*+#5*$!$ ! 1I1&%$? %+1 !$ $ *+0/A-

02!$ &3%1+;3%@ !$ – /=+ '/%5!$. W%+ !+>/% "1+'+#> %536 0  0/3*+#5*$: &1+@06:.  

D+ @ 6A/$3%+; %+"+#+=$$ "1 @$#  "/1/' A$ 3++E7/0$6 6@#6F%36 E+#// =$E*$!$, 

A/! @ %+"+#+=$$ '/1/@+ @ %+!, A%+ ! 1I1&%$? %+12 @ ?+0/ '/;3%@$6 '1&= '1&= , !+=&% 

+E7 %536 0 "16!&F. 

XA/$3% 6 %+"+#+=$6 "1$@+'$% * E+#// ,--/*%$@0+!& 1 3"1+3%1 0/0$F 3++E7/-

0$;, $ "+?@+#6/% 0 :+'$%5  #5%/10 %$@02/ ! 1I1&%2, /3#$ 3+/'$0/0$/ ' /% 3E+; $#$ 

/3%5 "/1/=1&?* . "R%*12%$/ ! 1I1&% " – ,%+ -&0*.$6, "1/'0 ?0 A/0$/ *+%+1+; "+$3* 

0 $#&AI/=+ $!/F7/=+36 ! 1I1&%  '#6 3++E7/0$6[5].  

G *$! +E1 ?+!, !2 @$'$!, A%+ XA/$3% 6 %+"+#+=$6 6@#6/%36 0 $E+#// 1 .$+0 #5-

0+; '#6 $3"+#5?+@ 0$6 %+"+#+=$/; 3 0 $!/05I$! *+#$A/3%@+! 0/'+3% %*+@ 31/'$ %1/: 

3 !2: 1 3"1+3%1 0/002:. R'0 *+ ,%  %+"+#+=$6 !+>/% E2%5 0/ @3/='  &'+E0+; '#6 

1/I/0$6 "+3% @#/00+; ? ' A$,   ?0 A$%, A%+ "1 @$#50// $3"+#5?+@ %5 %+"+#+=$$ '1&-

=$: @$'+@. H#$ @+?!+>0  1 ?1 E+%*  0+@+=+, 0 $E+#// +"%$! #50+=+ '#6 1 E+%2 @$'  

%+"+#+=$$. 

 
4"$3+* #$%/1 %&12 

 

1. https://ru.wikipedia.org/wiki/ZigBee (' %  +E1 7/0$6: 14.12.2014). 

2. 4!&12=$0 H. 9. W#/*%1+002; >&10 # «K+0./".$6 +1= 0$? .$$ E/3"1+@+'02: 3/03+102: 3/-

%/; $ $: "1$!/0/0$/», 2012. – 9 3. 

3. http://www.russianelectronics.ru/leader-r/review/2187/doc/58627/ (' %  +E1 7/0$6: 21.01.2015). 

4. http://www.fulcrum.ru/LineCard/Wireless/PDF/Meshlogic.pdf (' %  +E1 7/0$6: 9.03.2015). 

5. http://www.jennic.com/elearning/zigbee/index.htm (' %  +E1 7/0$6: 15.02.2015). 
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&'5)*%*7#6  *8* ';')#6  ).$'%')#6  *  8-*7)*3'  #  $&.&4$'  

"-'3 !".9)!5  $#&4.2#9  $-',$& .+#  $*&* *9  $ 63# 

 

(. D. K+@ #/@
1
, 4. V. D/#$" 

2
, M. ^. L/10$*+@

3 

 
1BBB «D,%E%>0-!)!0#G*»  

660028, F,'!(%4,!.)7 .,'7, /. F,'!(%4,!., 5". 1#H().%&', 44 ' 

E-mail: v.kovalev@prosoft24.ru 
2 (!0)050 )(-#(#,(%7 >)3).) ) ,'$)%?"#.0,%().) 8@AB< CDB E8< 

660074, F,'!(%4,!.)7 .,'7, /. F,'!(%4,!., 5". F),#(!.%/%, 28 

E-mail: kapralserg@mail.ru 
3A/#(0!0&% )(>%,G'0)3'9)) ) !&43) F,'!(%4,!.%/% .,'4 

660009, F,'!(%4,!.)7 .,'7, /. F,'!(%4,!., 5". I#()(', 123' 

E-mail: dimcher@mail.ru 

 
81/'#+>/0 +'$0 $? @+?!+>02: @ 1$ 0%+@ "+3%1+/0$6 3$3%/!2 +"+@/7/0$6 0 3/#/0$6 + "1+=0+?/ $ 3% %&3/ 

A1/?@2A ;02: 3$%& .$; 3 $3"+#5?+@ 0$/! %/:0+#+=$; 3+%+@+; 1 '$+%/#/-+00+; 3@6?$. R"$3 0  E ?+@ 6 -&0*.$+-

0 #50+3%5 1/=$+0 #50+;  @%+! %$?$1+@ 00+; $0-+1! .$+00+; 3$3%/!2, "+?@+#6F7/; "/1/' @ %5 ,*3%1/002/ 3+-

+E7/0$6 @ &3#+@$6: >/3%*$: @1/!/002: +=1 0$A/0$; 0  ?0 A$%/#50+; %/11$%+1$$. 81$@/'/02 "+* ? %/#$ 1/?&#5% -

%$@0+3%$ ' 00+; 3$3%/!2 @ K1 30+613*+! *1 /.  
 

] ' A  +"+@/7/0$6 0 3/#/0$6 + "1+=0+?/ $ 3% %&3/ A1/?@2A ;02: 3$%& .$; (L4) 

"1$1+'0+=+ $ %/:0+=/00+=+ : 1 *%/1  '#6 % *+; +=1+!0+; %/11$%+1$$, * *+; 6@#6/%36 

K1 30+613*$; *1 ;, 0/ !+>/% E2%5 &3"/I0+ 1/I/0  E/? I$1+*+! 3I% E0+=+ $3"+#5?+-

@ 0$6 $0-+1! .$+002: %/:0+#+=$;. 81+0$*0+@/0$/ $0-+1! .$+002: %/:0+#+=$; @ 

"+@3/'0/@0&F >$?05 '+3%$=#+ E/3"1/./'/0%0+=+ &1+@06 $ '#6 0 $E+#// ,--/*%$@0+=+ 

$0-+1!$1+@ 0$6 !2 +3% 0+@$#$35 0  $3"+#5?+@ 0$$ "/13+0 #502: &3%1+;3%@, *+%+12/ 

E+#5I$03%@+ 0 3/#/0$6 $3"+#5?&/% 0 $E+#//  *%$@0+.  

D  %/11$%+1$$ K1 30+613*+=+ *1 6, @ 0 3%+67// @1/!6, $3"+#5?&/%36 E+#// 3 !#0. 

*+!"#/*%+@  E+0/0%3*+=+ +E+1&'+@ 0$6 3$3%/! 3+%+@+; 3@6?$. H &>/ ,%+% - *% 0/+3"+-

1$!+ 3@$'/%/#53%@&/% + 0/+E:+'$!+3%$ /=+ "1$!/0/0$6 '#6 "+3%1+/0$6 3$3%/! "/1/' -

A$ 3++E7/0$; @ 0/I% %02: $ *1$?$302: 3$%& .$6:, *+='  >$?0/00+ @ >0&F $0-+1! -

.$F 0/+E:+'$!+ "/1/' %5 E+#5I+!& *+#$A/3%@& #F'/;, 1 3"1/'/#/002: 0  ?0 A$%/#5-

0+; %/11$%+1$$ @ *1 %A ;I$/ 31+*$. 

( K1 30+613*+! *1 / +3&7/3%@#6F% '/6%/#50+3%5 4 +"/1 %+1  GSM, +E/3"/A$@ 6 

3@6?5F E+#// 3 !$##$+0+@  E+0/0%+@ – ' 002/ .$-12 "+?@+#6F% "+#&A$%5 "1/'3% @#/-

0$/ + ! 3I% E : 1/I /!+; ? ' A$. 

Y/#5F "+3%1+/0$6 3$3%/!2 +"+@/7/0$6 0 3/#/0$6, "+#&A$@I/; 0 ?@ 0$/ 81+-

=0+? $ 4% %&3 L1/?@2A ;02: 4$%& .$; (84L4) [1], 6@#6/%36 +E/3"/A/0$/ @+?!+>0+3%$  

+"+@/7/0$6 0 3/#/0$6 0  %/11$%+1$$ % *+=+ 1/=$+0  * * K1 30+613*$; *1 ; + "1+=0+-

?/ $ 3% %&3/ L4 "1$1+'0+=+ $ %/:0+=/00+=+ : 1 *%/1  31/'3%@ !$ 3+%+@+; 3@6?$ $ 3/%$ 

$0-+1! .$+002: %/1!$0 #+@ ,#/*%1+00+=+ "1 @$%/#53%@  ($0-+! %2). 

4$3%/!  +"+@/7/0$6 0 3/#/0$6 0/ !+>/% 3&7/3%@+@ %5 0/? @$3$!+ +% "+#0+-

-&0*.$+0 #50+; 3$3%/!2 "+ "1$/!& +E1 7/0$; 0 3/#/0$6 "+ /'$0+!& 0+!/1& 112, "+-

,%+!& !2 $?0 A #50+ "+?$.$+0$1+@ #$ $ "+?$.$+0$1&/! // * * +'0& $? "+'3$3%/! 

«112», 3"+3+E0&F +"+@/3%$%5 0 3/#/0$/ 1/=$+0  + L4, @+?0$*0+@/0$/ *+%+1+=+ '+3%+-

@/10+ "+'%@/1>'/0+ 3#+>$@I/;36 @ 1/=$+0/ 3%1&*%&1+; "+ !+0$%+1$0=& $ "1/+'+#/-

0$F "+3#/'3%@$; L4.  

R1= 0+!, *+%+12; "1$0$! /% 1/I/0$/ + @+?0$*0+@/0$$, 1/=$3%1 .$$ L4 $ 1 3-

32#*/ 3++E7/0$; 6@#6/%36 Y/0%1 \"1 @#/0$6 K1$?$302!$ 4$%& .$6!$ (Y\K4) 9L4 

3&EN/*%  BQ. R"/1 %$@02; '/>&102; Y\K4 "1$ 1/=$3%1 .$$ L4 '+#>/0 @+3"+#5?+-

@ %536 3"/.$ #502! $0%/1-/;3+! @ PH4 84L4, "+?@+#6F7$! +%"1 @$%5 3++%@/%3%-

@&F7$/ 3++E7/0$6 * * @ 0 "1 @#/0$$ @3/: +"/1 %+1+@ 3+%+@+; 3@6?$, 1 E+% F7$: @ 
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1/=$+0/, % * $ @ 3/%5 $0-+1! .$+002: %/1!$0 #+@ ,#/*%1+00+=+ "1 @$%/#53%@  ($0-+-

! %+@),   % *>/ "+!/3%$%5 $0-+1! .$F + L4 0  3"/.$ #$?$1+@ 00+! "+1% #/ @ 3/%$ 

H0%/10/% – www.112.krskstate.ru.  

H0-+1! .$6, "+3%&"$@I 6 +"/1 %+1 ! 3+%+@+; 3@6?$, +%+E1 > /%36 0  ,*1 0/ 3+-

%+@2: %/#/-+0+@  E+0/0%+@ @ @$'/ 494, USSD 3++E7/0$; $#$ 3++E7/0$; Cell broad-

cast @ ? @$3$!+3%$ +% : 1 *%/1  ? 1/=$3%1$1+@ 00+=+ L4 (1$3. 2). 

 

 
 

B$3. 2. 81$!/1 +%+E1 >/0$6 $0-+1! .$$ + @+?0$*0+@/0$$ L4 0  3+%+@+! %+#/-+0/ 

 

V+#// "+#0 6 $0-+1! .$6 "&E#$*&/%36 0  3"/.$ #$?$1+@ 00+! H0%/10/%–

"+1% #/ K1 30+613*+=+ *1 6, 1 ?!/7/00+! "+  '1/3& http://112.krskstate.ru. W%+% >/ 

"+1% # 1 3"+# = /% -&0*.$+0 #50+3%5F "+ 1/=$3%1 .$$  E+0/0%+@ 3+%+@+; 3@6?$ '#6 

"/1@++A/1/'0+=+ "+#&A/0$6 $0-+1! .$$ + L4 31/'3%@ !$ 494. V ?+@2; -&0*.$+0 # 

PH4 $ // "&E#$A0+; *+!"+0/0%2 – H0%/10/%-"+1% #  @*#FA /%: 

- $0-+1!$1+@ 0$/ $ +"+@/7/0$/ 0 3/#/0$6 + %/*&7/! 3% %&3/ L4 @ K1 30+613*+! 

*1 / 3 $3"+#5?+@ 0$/! +E+1&'+@ 0$6 +"/1 %+1+@ 3+%+@+; 3@6?$; 

- $0-+1!$1+@ 0$/ $ +"+@/7/0$/ "+ 31/'3%@ ! '+3%&"  * $0-+1! .$$ "+1% #  A/-

1/? 3/%5 $0%/10/% 0 3/#/0$6 $ 49H; 

- $0-+1!$1+@ 0$/ $ +"+@/7/0$/ A/1/? 3% .$+0 102/ $0-+1! .$+002/ %/1!$0 -

#2 «H0-+! %». 

D  %/11$%+1$$ K1 30+613*+=+ *1 6 +3% /%36 ?0 A$%/#50+/ *+#$A/3%@+ !/3%, ='/ 

* A/3%@+ 1 '$+"+*12%$6 GSM +3% @#6/% >/# %5 #&AI/=+. 8+,%+!& $0-+1! .$6  0 #+-

=$A0 6 @2@+'$!+; 0  !+E$#502/ &3%1+;3%@  @2@+'$%36 $ 0  ,*1 02 $0-+1! .$+002: 

%/1!$0 #+@ ,#/*%1+00+=+ "1 @$%/#53%@  – $0-+! %+@. ( K1 30+613*+! *1 / 0 3A$%2-

@ /%36 474 $0-+! %+@, *+%+12/ @ "/1@&F +A/1/'5 &3% 0+@#/02 @ &' #/002: $ %1&'0+-

'+3%&"02: %/11$%+1$6: 1/=$+0 , +%0+3$!2: * ?+0 ! 0/= 1 0%$1+@ 00+=+ 1 '$+"+*12-

%$6 GSM. M#6 "1$@#/A/0$6 @0$! 0$6 @2@+' $0-+1! .$$ + L4 0  ,*1 02 $0-+! %+@ 

3+"1+@+>' /%36 ?@&*+@2! 3$=0 #+! %1/@+=$, '#67$!36 "1$!/10+ 15 3/*. 4++E7/0$/ 

+*1 I/0+ *1 302! .@/%+! $ +3% /%36 0  ,*1 0/ $0-+! %  '+ %+=+ !+!/0% , *+='   0  

$0-+! %/ E&'/% 0 > %  *0+"*  + /=+ "1$06%$$. 

K1+!/ &>/ "/1/A$3#/002: %/:0+#+=$; +%"1 @*$ $0-+1! .$$ 0  "/13+0 #502/ $ 

"&E#$A02/  E+0/0%3*$/ &3%1+;3%@  "1$ 1/=$3%1 .$$ L4 "1+$?@+'$%36 1 332#*  3++E-

7/0$6 @ @$'/ ,#/*%1+002: 3++E7/0$; '#6 @3/: 49H, ? 1/=$3%1$1+@ 002: 0   "+1% #/ 

www.112.krskstate.ru, 3 ./#5F "1/'+3% @$%5 @ $:  '1/3 +EN/*%$@0&F +-$.$ #50&F $0-

-+1! .$F + @+?0$*0+@/0$$ L4. 

M#6 !$0$!$? .$$ @1/!/0$ 1 332#*$ +%"1 @*  3++E7/0$; "1+$?@+'$%36 " 1 #-

#/#50+ 0  494 ./0%12 @3/: +"/1 %+1+@ GSM. 81$ ,%+! * >'2; 494 ./0%1 1 332# /% 

3++E7/0$6 3@+$!  E+0/0% !.  
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R"$32@ /! 6 3$3%/!  "1/'&3! %1$@ /% *1&=#+3&%+A02; 1/>$! 1 E+%2 $ "+,%+!& 

0/! #+@ >02! - *%+1+! 6@#6/%36 !$0$!$? .$6 ? %1 % 0  // 3+'/1> 0$/. B ?!/12 ? -

%1 % 0  3+'/1> 0$/ 3$3%/!2 @ +30+@0+! +"1/'/#6F%36 *+#$A/3%@+! +%"1 @#/002: 3+-

+E7/0$; + L4 $ "1/+'+#/0$$ $: "+3#/'3%@$;. B/ #50&F $0%/03$@0+3%5 $3"+#5?+@ 0$6 

3$3%/!2 !+>0+ +./0$%5 "+ 3&!! 10+!& *+#$A/3%@& +%"1 @#/002: 3++E7/0$;. G * ?  

2014 =+' @3/!$ +"/1 %+1 !$ 3+%+@+; 3@6?$ K1 30+613*+=+ *1 6 E2#+ +%"1 @#/0+ "+-

16'*  500 %236A 3++E7/0$;.  

R"$32@ /! 6 $0-+1! .$+00 6 3$3%/!  "1/'N6@#6/% '+3% %+A0+ «3*1+!02/» %1/-

E+@ %/#50  * @2A$3#$%/#502! 1/3&13 !, 0/+E:+'$!2! '#6 // 1 ?@/1%2@ 0$6 $ "+3#/-

'&F7/; ,*3"#& % .$$. K $0-+1! .$$ + %/:0+#+=$A/3*+; "# %-+1!/, 0  +30+@/ *+%+-

1+; "+3%1+/0  3$3%/! , !+>0+ +%0/3%$ 3#/'&F7//: 

-  "" 1 %0 6 "# %-+1!  '#6 1 ?!/7/0$6 PH4 1 3"+#+>/0  @ 3+3% @/ YRM W8 

K1 30+613*+=+ *1 6 $ 3+3%+$% $?; 

- *# 3%/1  3/1@/1+@ 0  IBM xSystem; 

- 3$3%/!2 :1 0/0$6 ' 002: – EMC; 

- 3/%$ $0-+1! .$+002: %/1!$0 #+@ ,#/*%1+00+=+ "1 @$%/#53%@  K1 30+613*+=+ 

*1 6. 

R"/1 .$+00 6 3$3%/!  3/1@/102: *+!"+0/0%: - Linux 4.3; 

- 3$3%/!  @$1%& #$? .$$ – VmWere ver. 5.0, " 1 !/%12 @$1%& #50+; ! I$02: *+-

#$A/3%@+ "1+./33+1+@ – 2 (2 6'1  * >'2;), +EN/! +"/1 %$@0+; " !6%$ @$1%& #50+; 

! I$02 (RAM) – 4 Gb, /!*+3%5 '$3*+@+=+ "1+3%1 03%@  0  3$3%/!/ :1 0/0$6 120 Gb.  

B$3&0+* 3 $##F3%1$1&/% "+* ? %/#$ 1/?&#5% %$@0+3%$ "1+/*% . G *, ?  "/1$+' 

"1 *%$A/3*+; ,*3"#& % .$$ 3$3%/!2 (3 ! 1%  2012 =+' ) 1/ #502; @1/!/00+; $0%/1@ # 

+"+@/7/0$6 0 3/#/0$6 0  %/11$%+1$$ *1 6 &' #+35 '+@/3%$ '+ 20 !$0. H0%/03$@0+3%5 
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 !"#$% &'()"#*+,( -. "!!/0( -1 #(2 -3("4-5- "'()"#+*5- 6789:,  *2!).0-5-". + 

'(;-! (;  

- " &!"#'!( -(5 - -"&!,$<!+* -(5 ='*;5( #!+ "!/"#+(  !1 #(,(4!55> -4*?-! -

 !1 - ='*"#'>4#>'@ ( *&'-5(' "('+('!+ Cell Broadcast, 4!#!'@5- '*"&!,*;*%#  ( +"( 

!&('*#!'@ "!#!+!1 "+.<-   * #(''-#!'-- '(;-! *); 

- <*5( !1 *4#-+ @2 4!5&! ( # <+>4!+!1 "-"#(5@ !&!+(0( -.  * - #(,,(4#>*,$-

 >%, "&!"!/ >% &('()*#$ &!5-5! "-; *,* #'(+!;- - '(3(+!( "!!/0( -(; 

- '(*,-<*?-. #(2 !,!;-- !/'*# !1 "+.<- - !/("&(3( -( +!<5!A !"#- !#&'*+4- "!-

!/0( -. ! ,!4*,$ @2 B7 " - =!5*#!+ + CD67 EB7 ">/F(4#* GH.  
 

7&-"!4 ,-#('*#>'@ 
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-&.+&+/,-/0  '#-#* , !,12$   

,  2#)#%#0  !$-"&2#  !$!"&(  .&+&)#%$  $-3 +(#4$$ 

 

6. M. O*#( 4!+ 

 
 !"#$%&' ()* +,--&& 

302034, .. */01, 21. 3/&4,/,-5/,&5$167"', #. 35 

E-mail: pustur@yandex.ru 

 

G*""5!#'( @ !" !+ @( &'!/,(5@, +!< -4*%0-( &'- "#*#-"#-3("4!5 5!)(,-'!+* --  (&'('@+ @2 4* *,!+ 

"+.<- + <*)*3*2 "- #(<* "-"#(5 &('()*3- - =!'5*?--. 

 

9" !+ *. ?(,$, &'(",()>(5*. &'- &'!(4#-'!+* --, '*<'*/!#4( - '(*,-<*?-- "-"-

#(5 "+.<-, – P#! 5*4"-5*,$ ! P==(4#-+ !( -"&!,$<!+* -( )!"#>& !;! '(">'"* ),.  *-

)(A !1 &('()*3- - =!'5*?-- !# -"#!3 -4* 4 &!,>3*#(,%. J'-3(5 + &'*4#-3("4- '(*-

,-<!+*  @2 "'()"#+*2 "+.<- )!&>"#-5!  *,-3-(  (4!#!'!1  (!&'()(,(  !"#- + &'- --

5*(5@2 "!!/0( -.2 &'- <*)*  !5 4!,-3("#+( &!#'(/,.(5!;! '(">'"* 4* *,* "+.<- [1]. 

7!+'(5(  @( "-"#(5@ "+.<- !&('-'>%# 3(#@'$5. "!"#*+,.%0-5- '(">'"*: &'!"#'* -

"#+!, +'(5., 3*"#!#* - P (';-. (5!0 !"#$), &!"4!,$4> ! - .+,.%#". !&'()(,.%0-5- 

&*'*5(#'*5- -<,>3*(5@2 P,(4#'!5*; -# @2 "-; *,!+, -"&!,$<>%0-2". ),. &('()*3- 

- =!'5*?-- &! 4* *,*5 "+.<-. 7,()!+*#(,$ ! <*)*3* "-"#(5@ "+.<- <*4,%3*(#". + >"#-

'* ( --  (!&'()(,(  !"#- ! &('()*+*(5!1 - =!'5*?--, +@<+*  !1 ;,*+ @5 !/'*<!5 

+ >#'(  -5- !"!/(  !"#.5- "-"#(5@, + (L -5- +!<)(1"#+-.5- &!"#!'!  -2 "'()"#+, 

* #*4A( +,-. -(5 &*'*5(#'!+ !4'>A*%0(1 "'()@, &! "'()"#+!5 4!#!'!1 !">0("#+,.-

(#". &('()*3* "!!/0( -1, + '*54*2 &'()!"#*+,.(5!;! '(">'"* 4* *,* "+.<-. 

N"2!). -< &'() *< *3( -. 4* *,* "+.<- (;! 5!)(,$ ?(,("!!/'*< ! '*""5*#'-+*#$ 

4*4  *&'*+,(  >% "-"#(5>, &('()*%0>%  (4!#!'@( "-; *,@ "! +2!)*  * +@2!). I )* -

 !5 ",>3*( &!)'*<>5(+*(#"., 3#! )+>"#!'!  .. "+.<$ #*4A( +!<5!A *,  ! #!;)*  (!/2!-

)-5! '*""5*#'-+*#$ (0( !)-  +"#'(3 @1 4* *,, #! ("#$ "-"#(5* "+.<- />)(# +4,%3*#$ + 

"(/. 4*4 5- -5>5 )+* 4* *,* "+.<-. Q)("$ A( - + &!",()>%0(5 + '*/!#(, (",-  ( !;!+!-

'( ! )!&!, -#(,$ !, '*""5*#'-+*%#". !) ! *&'*+,(  @( 4* *,@ "+.<-. 

7 )'>;!1 "#!'! @, &'-5( ( -( #('5- * «'(">'"» 4*4  (4!#!'!1 "!+!4>& !"#- 

"+!1"#+ 4* *,* "+.<-, &!<+!,.%0(1 &('()*+*#$ - =!'5*?-% " +2!)*  * +@2!) " &!5!-

0$% P,(4#'!5*; -# @2 "-; *,!+, )(,*(# +!<5!A @5 '*""5!#'( -( 4* *,* + +-)( 3(-

#@'(2&*'*5(#'-3("4!1 "-"#(5@ (&'!"#'* "#+!, 3*"#!#*, +'(5., P (';-.). 

7,()>(# #*4A( >3("#$, 3#! ,%/!1 )-"4'(# @1 -,- ?-='!+!1 4* *, "!)('A-# + "(-

/(  (&'('@+ @1 4* *, "+.<-, &*'*5(#'@ 4!#!'!;!,  *'.)> " 2*'*4#('-"#-4*5- >"#-

'!1"#+ &'(!/'*<!+* -. )-"4'(# @2 "-; *,!+ +  (&'('@+ @( - !/'*# !, !) !< *3 ! !&-

'()(,.%# +"( "+!1"#+* ?-='!+!;! -,- )-"4'(# !;! 4* *,* [2, 3]. R*4-5 !/'*<!5, !" !-

+!&!,*;*%0-5 !/F(4#!5 &'- 5!)(,-'!+* -- 4* *,!+ "+.<- +@"#>&*(#  (&'('@+ @1 

4* *,, +2!) - +@2!) 4!#!'!;! 2*'*4#('-<>(#". &'!"#'* "#+*5- " 4! #- >*,$ @5 5 !-

A("#+!5 "!"#!. -1 (/("4! (3 @5  ("3(# @5 4!,-3("#+!5 >'!+ (1 "-; *,* ,-/! &!,.) 

- 4! #- >*,$ @5 3-",!5 -<5('( -1. I &!)!/ !5 ",>3*( ",()>(# "3-#*#$, 3#!  * +2!)( 

- +@2!)( 4* *,* )(1"#+>%# &'!"#'* "#+(  !-+'(5(  @( "-; *,@ (P,(4#'!5*; -# @( 

+!, @), <*+-".0-(  ( #!,$4! !# +'(5( -,  ! - !# &'!"#'* "#+(  @2 4!!')- *# #!3(4 

 */,%)( -. [4]. 

J'!"#'* "#+(  !-+'(5(  !1 "-; *, + !/0(5 +-)( &'()"#*+,.(# "!/!1 +(4#!' >% 

=> 4?-%. J'- P#!5 +(4#!' @1 2*'*4#(' 5!A(# /@#$ !/>",!+,(   ("4!,$4-5- &'-3--

 *5-. R*4, + ",>3*( P,(4#'!5*; -# @2 +!,  5*; -# *. - P,(4#'-3("4*. "!"#*+,.%0*. 

!/,*)*%# '*<,-3 @5- &!,.'-<*?-!  @5- "+!1"#+*5- [4]. J'- -"&!,$<!+* -- 5 !;!-
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5!)!+@2 !&#-3("4-2 +!,!4!  -,- +!, !+!)!+ +(4#!' !"#$ +@<@+*(#". '*<,-3-(5 + 

'*"&'!"#'* ( -- 5!) +!,  [5]. I ",>3*( A( &'-5( ( -.  ("4!,$4-2 =-<-3("4-2 ,- -1 

"+.<- ,-/! A( * #(  @2 '(L(#!4 + "!"#*+( !) !;! 4* *,* "-; *, 5!A ! '*""5*#'-+*#$ 

4*4 +(4#!', '*<5(' !"#$ 4!#!'!;! !&'()(,.(#". 3-",!5 ,- -1 -,- P,(5( #!+ '(L(#4-, 

-, 4'!5( #!;!, &!)!/ @1 "-; *, +!<5!A ! "3-#*#$ "4*,.'!5, <*+-".0-5 !# )-"4'(# !;! 

 */!'* 4!!')- *#. I*'-* # !) !1 ,- -- "+.<- !4*<@+*(#". +@'!A)(  @5 - "+!)-#". 4 

<*)* -% "-; *,* + +-)( "4*,.' !1 => 4?-- !# !) !;! *';>5( #* +'(5( -. 

R*4-5 !/'*<!5, &'- ,%/@2 >",!+-.2 +2!) - +@2!) 4* *,* "+.<- ?(,("!!/'*< ! 

*""!?--'!+*#$ "  (4!#!'@5- => 4?-.5-. N"2!). -< !&'()(,( -. => 4?-- [6] &'!-

"#'* "#+(  !-+'(5(  !1 "-; *, ?(,("!!/'*< ! '*""5*#'-+*#$ 4*4 !) !< *3 !( !#!-

/'*A( -( 5 !A("#+* &('(5(  @2 +'(5( - - &'!"#'* "#+(  @2 4!!')- *# +! 5 !A("#-

+! 5; !+(  @2 < *3( -1 (>'!+ (1) "-; *,*. 7,()!+*#(,$ !, 4* *, "+.<- !&-"@+*(#". 

P#-5- )+>5. 5 !A("#+*5-, 4*A)!( -< 4!#!'@2 <*)*(#". "+!-5- "!"#*+,.%0-5- '(">'-

"*: 5 !A("#+! 5; !+(  @2 < *3( -1 (>'!+ (1) "-; *,* "!!#+(#"#+>(# P (';(#-3("4!1 

"!"#*+,.%0(1, * 5 !A("#+! &('(5(  @2 +'(5( - - &'!"#'* "#+(  @2 4!!')- *# – 

&'!"#'* "#+(  !1, 3*"#!# !1 - +'(5(  !1.  

R*4 4*4 &'- 5!)(,-'!+* -- 4* *,!+ "+.<- &'-5( .(#". 5*#(5*#-3("4-1 *&&*'*# 

"#*#-"#-3("4!1 #(!'-- "+.<-, #! &'()&!,*;*(#". !&-"* -( +2!) @2 - +@2!) @2 "-; *-

,!+ 4* *,* + +-)( ",>3*1 @2 &'!?(""!+. 7!!#+(#"#+(  ! &!, !( <*)* -( &!)!/ @2 

&'!?(""!+ !" !+@+*(#".  * &,!# !"#.2 "!+5("# @2 '*"&'()(,( -1, 3#! )(,*(#  (!/2!-

)-5@5 -"&!,$<!+* -( + 4*3("#+( 5!)(,(1 "-; *,!+ +(4#!'!+ !&'()(,(  !1 '*<5(' !-

"#-. I !/0(5 ",>3*( '*<5(' !"#$ 5!A(# /@#$ /("4! (3 !1, !) *4! &'- &'*4#-3("4!1 

'(*,-<*?-- *,;!'-#5!+ #'(/>(#". !;'* -3-#$ 3-",! -<5('( -1 4! (3 !1 +(,-3- !1.  

R*4-5 !/'*<!5, &'!"#'* "#+(  *., 3*"#!# *. - +'(5(  *. "!"#*+,.%0-( '(">'"* 

4* *,* 4*4 *';>5( #@  (4!#!'!1 => 4?-- <*)*%# -<5('( -. &'!"#'* "#+ "-; *,!+  * 

+2!)( - +@2!)(, &'()"#*+,(  @2 + +-)( ",>3*1 @2 &'!?(""!+. J'-3(5 + !/0(5 ",>3*( 

'*<5(' !"#$ !/,*)*(# "+!1"#+!5 4! #- >*,$ !"#-. 8 (';(#-3("4*. A( 3*"#$ '(">'"* 

!#'*A*(# '*"&'()(,( -( (+ !/0(5 ",>3*( "!+5("# !() 5; !+(  @2 < *3( -1 "-; *,!+ 

 * P#-2 &'!"#'* "#+*2. 7,()!+*#(,$ !, =!'5*,$ ! '(">'" 4* *,* "+.<- *""!?--'>(#". " 

&'!"#'* "#+!5, -<5('( -. 4!#!'!;! =!'5-'>%#". -"2!). -< &'!"#'* "#+(  !1, 3*"-

#!# !1 - +'(5(  !1 "!"#*+,.%0-2, * (;!  *&!, ( -( (*,=*+-#) "- #(<-'>(#".  * /*<( 

P (';(#-3("4!1 3*"#-. J'- P#!5 &'- ?-&-*,$ ! +*A @5 5!5( #!5 !4*<@+*(#". /("4!-

 (3 !5(' !"#$ -  ("3(# !"#$ )*  !;! &'!"#'* "#+*, * #*4A(  (&'('@+ !"#$ (;! 4!!'-

)- *# (*,=*+-#). 

I '(<>,$#*#( 5!)(,-'!+* -( 4* *,!+ "+.<- ?(,("!!/'*< ! '*<)(,-#$  * )+* P#*-

&* – "!;,*"!+* -( -"#!3 -4* - =!'5*?-- " 4* *,!5 "+.<-  * &('()*3( - 4* *,* " &!,>-

3*#(,(5  * &'-(5( &! -"&!,$<>(5@5 -<5('( -.5 - &! *,=*+-#>. 

I ",>3*( * *,!;!+!;! -"#!3 -4* - &!,>3*#(,. "!!#+(#"#+(  ! &'!?()>'@ "!;,*-

"!+* -. &'()"#*+-#$ )!+!,$ ! &'!/,(5*#-3 !, &!"4!,$4> &'!"#'* "#+*  ( #!,$4! /("-

4! (3 !5(' @,  ! -  ("3(# @. S,.  *)(A !1 &('()*3- - =!'5*?--  (!/2!)-5! "=!'-

5-'!+*#$ &'!"#'* "#+(  !-+'(5(  !1 "-; *,, !/,*)*%0-1 /("4! (3 !5(' !1  ("3(#-

 !1 '*<5(' !"#$%, &'-3(5 " !&'()(,(  @5 '*"&'()(,( -(5 +('!.# !"#(1 5; !+(  @2 

< *3( -1  * P#!5 4! #- >*,$ !5 &'!"#'* "#+( ((",- +!!/0( + )*  !5 ",>3*( +!<5!A-

 ! &'-5( ( -( #('5- * «'*"&'()(,( -(»), *  * &'-(5 !1 "#!'! ( &!&@#*#$". (;! !/-

'*/!#*#$, +@)(,-+ &('()*  @( "!!/0( -.. T"#("#+(  !, 3#! &!)!/ @( &'!?()>'@, 

/,-<4-( 4 !&#-5*,$ @5, #'>) ! '(*,-<>(5@  * &'*4#-4(, &!"4!,$4> *,;!'-#5@ !/'*-

/!#4- "-; *,!+ )!,A @ '*/!#*#$  * 4! #- >*,$ @2 5 !A("#+*2. 

S,. ?-='!+@2 -"#!3 -4!+ "-#>*?-. !4*<@+*(#".  ("4!,$4! /!,(( /,*;!&'-.# !1, 

&!"4!,$4> #'(/>(#". =!'5-'!+*#$ - !/'*/*#@+*#$ "-; *,@  ( #!,$4! 4! (3 !1 '*<5('-
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 !"#-,  ! - 4! (3 !;! *,=*+-#*. S!&!, -#(,$ ! 4 P#!5> "-"#(5@ ?-='!+!1 "+.<- &!-

<+!,.%# #!3 ! +!"&'!-<+!)-#$ "-; *, &'- !&'()(,(  @2 >",!+-.2, 3(;! ,-L( @ * *-

,!;!+@( "-"#(5@, &!"4!,$4> + &'-">#"#+-- &!5(2 #!3 !;! +!""#* !+,( -. "-; *,* -< 

/("4! (3 !;! * "*5/,. )!/-#$".  ( +!<5!A ! [7]. 9) *4! <)("$ +!< -4*(# )'>;!1  (-

&'-.# @1 5!5( # – #'(/>(#". >"(3( -( 3-",* -"&!,$<>(5@2 -<5('( -1 - "!"#!. -1 

"-; *,!+  * +2!)( - +@2!)( 4* *,*, 3#! &'-+!)-# 4  (-</(A !1 &!#('( - =!'5*?-! -

 !1 (54!"#- -"2!) !;!  (&'('@+ !;! 4* *,* [8]. 7,()!+*#(,$ !, 5!)(,-'!+* -( 4* *-

,!+ "+.<- &'()&!,*;*(# &!P#*& !( +@&!, ( -( &'!?()>' "!;,*"!+* -. -<5('( -1 - *,-

=*+-#* + "!!#+(#"#+-- " 4'-#('-(5 5- -5-<*?-- &!#('- - =!'5*?-- !# !"-#(,$ ! 

 (&'('@+ !;! 4* *,* -,- 5*4"-5-<*?-- &('()*+*(5!1 - =!'5*?-- &! ?-='!+!5>. 

I "!+('L( "#+!+* -- "-"#(5 &('()*3- - =!'5*?-- 5!A ! +@)(,-#$ )+* !" !+!-

&!,*;*%0-2  *&'*+,( -.. J('+!( -<  -2 P#! &!"#'!( -( #(!'-- "+.<-, "&!"!/ !1 !&--

"*#$ &'!?(""@, &'!-"2!).0-( + ,%/!1 &'!-<+!,$ !1 "-"#(5( &('()*3-, * +#!'!(,  ( 

5( (( +*A !(, – '*<'*/!#4*  !+(1L-2 #(2 !,!;-1, !/("&(3-+*%0-2 +!<5!A !"#$ &'*4-

#-3("4!1 '(*,-<*?-- "- #(<-'!+*  @2  * !" !+( #(!'-- &'!?()>'. I )*  !1 '*/!#( 

!" !+ !( + -5* -( />)(# >)(,( ! -5(  ! &('+!5>  *&'*+,( -%, &!"4!,$4> ! ! &!<+!-

,.(# + !/0(5 +-)(  *2!)-#$ !&#-5*,$ @( + #!5 -,- - !5 "5@",( "-"#(5@, &'() *< *-

3(  @( ),. &('()*3- - =!'5*?-- + #'(/>(5!5 4!,-3("#+( - " <*)*  @5 4*3("#+!5. 

R(2 !,!;-3("4-( *"&(4#@ '(*,-<*?-- #(!'(#-3("4- !/!" !+*  @2 &'!?()>' * *,-<* - 

"- #(<* 5!A ! !# ("#- 4 '*<'.)> !;'* -3( -1 - !&-"@+*#$ &!",( &'!+()( -. !" !+ @2 

#(!'(#-3("4-2 -"",()!+* -1. 

7!+'(5(  *. #(!'-. "+.<- + !/0(5 ",>3*( !&('-'>(# "! ",>3*1 @5- &!,.5-, 

&'!?(""*5- - +(,-3- *5- [3]. J'- P#!5 )(#('5- -'!+*  @( +!<)(1"#+-. - &'(!/'*<!-

+* -. ?(,("!!/'*< ! '*""5*#'-+*#$ 4*4 3*"# @( ",>3*- "#!2*"#-3("4-2. I #*4!1 &!-

"#* !+4( + 4*3("#+( !" !+ !;! &!)2!)* &'- '(L( -- <*)*3, "+.<*  @2 " => 4?-! -'!-

+* -(5 "-"#(5 &('()*3- - =!'5*?--, '*<>5 ! '*""5*#'-+*#$ +('!.# !"# @1 [10–14]. 

9  &!<+!,.(#  ( #!,$4! "- #(<-'!+*#$ !&#-5*,$ @( &'-(5 !-&('()*%0-( >"#'!1"#+*, 

 ! - !&'()(,-#$ &'()(,$ @( &!4*<*#(,. 4*3("#+* + '*54*2 <*)*  !;! 4,*""*. 

6*4 2!'!L! -<+("# ! [15], 4 "-"#(5*5 &('()*3- - =!'5*?-- &'()F.+,.%#". '.) 

#'(/!+* -1, !" !+ @5- -< 4!#!'@2 .+,.(#". "+!(+'(5(  *. - )!"#!+(' *. &('()*3* 

- =!'5*?--. T;! ;,*+( "#+>%0*. '!,$ +@#(4*(# -< ?(,("!!/'*< !"#- -"&!,$<!+* -. 

&!)!/ @2 "-"#(5, &!"4!,$4> ?(  !"#$ &!,>3*(5@2 "+()( -1  *&'.5>% "+.<* * "! "#(-

&( $% -2 &!, !#@, &'*+-,$ !"#- - <*&!<)*,!"#-. 

I P#-2 >",!+-.2  (!/2!)-5! !#5(#-#$, 3#! 4*3("#+(  !1 &('()*3( - =!'5*?-- 

#'(/>(5!;! !/F(5* &'(&.#"#+>(#  ("4!,$4! !/"#!.#(,$"#+: 1.  *,-3-( -"4*A( -1 + "-"-

#(5( &('()*3-, !/>",!+,(  @( 4*4 ("#("#+(  @5-, #*4 - -"4>""#+(  @5- =*4#!'*5-; 

2. &'-">#"#+-( + "-"#(5( + (L -2 - + >#'(  -2 &!5(2, !4*<@+*%0-2  (!/'*#-5!( 

'*<'>L-#(,$ !( +!<)(1"#+-(  * - =!'5*?-!  !( "!)('A* -( &('()*+*(5@2 "!!/0(-

 -1; * #*4A( 3. #(!'(#-3("4!( - #(2 -3("4!(  ("!+('L( "#+! "*5!1 "-"#(5@. J'- P#!5 

&!",() (( !/"#!.#(,$"#+! .+,.(#". !# !"-#(,$ ! &'(!)!,-5@5, &!"4!,$4> &!"#!.  !( 

'*<+-#-( 4*4 #(!'(#-3("4!1, #*4 - #(2 !,!;-3("4!1 /*<@ &!<+!,.(# "3-#*#$  *  (4!#!-

'!5 &'!5(A>#4( +'(5( - "- #(<-'!+*  !( >"#'!1"#+! + #!1 -,- - !1 "#(&( - "!+('-

L(  @5 -,-, &! 4'*1 (1 5('(, "!+'(5(  @5. J('+@( A( )+( &'-3- @  !".# &'- ?-&--

*,$ @1 2*'*4#(', #*4 4*4 !/>",!+,( @ !"!/(  !"#.5- =-<-3("4-2 &'!?(""!+ - "-"#(5, 

-"&!,$<>(5@2 &'- &('()*3( "!!/0( -1. J'-3(5,  ("5!#'.  * 4*A>0>%". +!<5!A !"#$ 

"+()( -.  (;*#-+ !;! +,-. -. -"4*A( -1 4  >,% +",()"#+-( -2 )(#('5- -'!+*  !1 

">0 !"#-, &!)!/ @( &'(!/'*<!+* -. ">0("#+>%# ,-L$ + '.)( 3*"# @2 "-#>*?-1. I !/-

0(5 A( ",>3*( -2 "!3(#* -( " &!5(2*5-, -5(%0-5- "#!2*"#-3("4>% &'-'!)>,  ( &!<+!-

,.(# &!, !"#$% !;'*)-#$ &('()*+*(5>% - =!'5*?-% !# !#'-?*#(,$ @2 &!",()"#+-1. 
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7,()!+*#(,$ !, + ?(,!5 '*<'*/!#4> "-"#(5 &('()*3- - =!'5*?-- ?(,("!!/'*< ! 

=!'5>,-'!+*#$ 4*4 <*)*3> "- #(<* "-"#(5, !&#-5*,$ @2 (-,- 2!#. /@ '*?-! *,$ @2) " 

#!34- <'( -. 4*3("#+* - 4!,-3("#+* &('()*+*(5!1 - =!'5*?-- + >",!+-.2 )("#'>4#-+-

 @2 -"4*A*%0-2 ",>3*1 @2 +!<)(1"#+-1. I P#!1 "+.<-  (!/2!)-5! !#5(#-#$, 3#! '*"-

"5!#'( -( &!)!/ !;! #-&* <*)*3 /(< >3(#* "#!2*"#-3("4!1 &'-'!)@ 4*4 &('()*+*(5@2 

"!!/0( -1, #*4 -  (;*#-+ @2 =*4#!'!+ !4'>A*%0(1 "'()@ !4*<@+*(#".  ("4!,$4! !;-

'* -3(  @5, &!"4!,$4> &'-5( -5@ #!,$4! + '()4-2 3*"# @2 "-#>*?-.2 ( *&'-5(' + 

>",!+-.2  (!;'* -3(  !1 5!0 !"#- (P (';--) &!,(< !;! "-; *,*) 4!#!'@( 4 #!5> A( 

.+,.%#". 3'(<5(' !1 -)(*,-<*?-(1 '(*,$ !1 )(1"#+-#(,$ !"#-. 

J!)!/ @( &'!/,(5@ L-'!4! !"+(0( @ + '*54*2 #(!'-- "#*#-"#-3("4-2 '(L( -1, 

!)-  -< '*<)(,!+ 4!#!'!1 4!''(,-'!+*  " !/0(1 #(!'-- "+.<- - =!'5*,$ ! &'()"#*+,(  

+ +-)( #(!'-- "#*#-"#-3("4!1 "+.<- [16], -,- "#*#-"#-3("4!1 '*)-!#(2 -4- [17]. I '*5-

4*2 )*  !1 #(!'-- <*)*3- "- #(<* !&#-5*,$ @2 "-"#(5 &('()*3- !/@3 ! =!'5>,-'>%#-

". 4*4 <*)*3-  *2!A)( -. !&#-5*,$ !;! -,-  *-,>3L(;! &'-(5 !;! >"#'!1"#+* &'- 

<*)*  !1 "#'>4#>'( &('()*%0(;!, ,-/! A(  *!/!'!#, &@#*%#". '*<'*/!#*#$ &('()*%0>% 

"-"#(5> &'- !;'* -3( --  * '(*,-<*?-% &'-(5 !;! >"#'!1"#+*. Q*)*3*5 A( "!+5("# !1 

!&#-5-<*?-- &('()*%0(1 - &'-(5 !1 3*"#(1 "-"#(5 &('()*3- &!"+.0( ! +"(;!  ("4!,$-

4! '*/!#, &'-3(5 !&#-5-<*?-. !">0("#+,.(#". ,-L$ &!  (4!#!'@5 &*'*5(#'*5, !#'*-

A*%0-5 ,-L$ !/0-( >",!+-. => 4?-! -'!+* -. "-"#(5 &('()*3- - =!'5*?--. 
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Urban multistage buildings present themselves some artificial obstacles for high frequency electromagnetic signals 

due to reflection, diffraction and dissipation phenomenon. The paper concerns multipath signal fundamentals. 

 
9"!/(  !"#- '*"&'!"#'* ( -. P,(4#'!5*; -# @2 "-; *,!+ L-'!4!&!,!" !1 /("-

&'!+!) !1 "+.<-  ( &!<+!,.%# "!<)*#$ > -+('"*,$ >% #(,(4!55> -4*?-!  >% #(2 !-
,!;-%, 4!#!'*. >)!+,(#+!'.,* /@ 4!5&,(4"> "!+'(5(  @2 #'(/!+* -1. S,. "-"#(5 " 
L-'!4!&!,!" !1 5!)>,.?-(1 "#* )*'#* IEEE 802.11, + 3*"# !"#-, !&'()(,( @ - #('-
+*,@ 3*"#!# + )-*&*<! ( 2,4 UU? (&'- L-'- ( 4* *,* 85,5 EU?, * + )-*&*<! ( 5 UU? -
125 EU?). I 5!)-=-4*?-- IEEE 802.11g+ "4!'!"#$ &('()*3- )*  @2 5!A(# )!"#-;*#$ 
125 E/-#/",  ! '(*,$ *. "4!'!"#$  -A(, &!"4!,$4> ! * <*+-"-# !# '*""#!. -. 5(A)> 
#!34!1 )!"#>&* - 4,-( #"4-5 !/!'>)!+* -(5, !# P,(4#'!5*; -# @2 2*'*4#('-"#-4 
&'- -5*%0(1 - &('()*%0(1 * #(  , * #*4A( !#  *,-3-. =-<-3("4-2 !/F(4#!+ !#'*-
A*%0-2 - 3*"#-3 ! &!;,!0*%0-2 P (';-% P,(4#'!5*; -# @2 "-; *,!+ &'- -2 5 !;!-
,>3(+!5 '*"&'!"#'* ( --. 6!,-3("#+(  *. "+.<$ 5(A)> >"'() (  @5- &! +'(5( - 
5!0 !"#.5- &'-(5 !1 - &('()*%0(1 * #(  , &'- !#">#"#+-- &!/!3 @2 P==(4#!+ '*"-
&'!"#'* ( -. P,(4#'!5*; -# !1 P (';--, +@'*A*(#". =!'5>,!1 H'-<* (Friis) + +-)(:   

  !"#$ %"#$ & '"#$(!"#$(%"#$)*+%",$ - *+!"#$). / ,01234555555555555555555555555555555555"6$ 
 

;)(  !"#$ ,  %"#$  – >"'() (  @( &! +'(5( - 5!0 !"#- &'-(5 !1 - &('()*%0(1  

* #(   "!!#+(#"#+(  !; (!"#$4 (%"#$  – 4!P==-?-( #@ >"-,( -. * #(  ; )*+%"#$ 77 *+!"#$). – 4!P==-?-( # "!;,*"!+* -. &!,.'-<*?-- -<,>3( -., , – ),- * +!, @  * '*-

/!3(1 3*"#!#( #; 2 – '*""#!. -( 5(A)> * #(  *5-; '"#$ – 5 !A-#(,$, <*+-".0-1 !# 

4!5&,(4" @2 !#'*A( -1  * &('()*%0(1 - &'-(5 !1 * #(  *2 ( '"#$ & 86 99)X%"#$).: -& 86 9 )X!"#$).:. 
S,. >3(#* +,-. -. &!/!3 !;! P==(4#*, + !"-5!;! >",!+ ! &,!"4!1 ;'* -?(1 '*<-

)(,* "'() + &('()*#!3 >% => 4?-% (1), !/'*#-5". 4 '*"3(# !1 "2(5(, &'()"#*+,.%0(1 
",>3*1 &!,.'-<*?-- +!, @  !'5*,$ !1 4 &,!"4!"#- &*)( -., '-". 1. 

I "-,> #!;!, 3#! &,!"4!"#$ &*)( -., 4!#!'*. &'()"#*+,.(# "!/!1 &,!"4!"#$, &'!-

2!).0>% 3('(<  *&'*+,( -( '*"&'!"#'* ( -. &*'?-*,$ ! &,!"4!1 +!, @ (+(4#!'5Y;<B ) - 

 !'5*,$ => 4 &,!"4!"#- '*<)(,* "'(), #!  *&'.A(  !"#- P,(4#'-3("4!;! &!,. &*)*%0(1 ?><B  - !#'*A(  !1 ?><BB, '*+ ! 4*4 - &'!L()L(1 +!, @ ?>., !4*<@+*%#". &*'*,,(,$ @5- 
;'* -?( '*<)(,* "'(), #. (. #*4, 4*4 P#! "2(5*#-3("4- &'()"#*+,( !  * '-". 1. I &'!-<-

+!,$ !1 #!34( @ , &'- *),(A*0(1 ;'* -?( '*<)(,* "'(), 4*"*#(,$ @( "!"#*+,.%0-( 

(?A% 4 BA%) =*<!'!+ P,(4#'!5*; -# !;! &!,.  (&'('@+ @. N< >'*+ ( -. P,(4#'!5*; -# !-

;! "!"#!. -. &*'?-*,$ ! &,!"4!1 +!, @ ",()>(# '*+( "#+! >;,!+ C ),. +(4#!'!+ Y;<B  - 

Y;<BB  !# !"-#(,$ !  !'5*,- =>, * #*4A( "!!# !L( -( 5(A)> >;,*5- C - D + +-)(: 
 EFGD & H<H. EFG C 45555555555555555555555555555555555555555555555555555555555555"I$ 
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;)( H< - H. – 4!P==-?-( #@ '*"&'!"#'* ( -. +!,  + &('+!1 - +#!'!1 "'()*2 "!!#+(#"#-
+(  !. 

 

  G-". 1. G*"3(# *. "2(5* 

 
T",- >4*<*  @( "'()@ )!&>"#-5! !# ("#- 4 "!+('L(  @5 )-P,(4#'-4*5, #! 4!-

P==-?-( #@ H< - H. 5!;># /@#$ +@'*A( @ 3('(< "!!#+(#"#+>%0-( 4!P==-?-( #@ =*<@ J< - J. #*4: 
 H< & KJ< & K#LMNM<ON,         H. & KJ. & K#LMNM.ON, 

 

#. (. + P#!5 ",>3*(: 
 EFGD & M<M. EFG CP555555555555555555555555555555555555555555555555555555555"IZ$ 

 

7 >3(#!5  *&'*+,( -1 +(4#!'!+ &,!# !"#(1 &!#!4!+ Y;<B , Y;<BB 5&5Y;. P,(4#'!5*; -#-
 !;! &!,. ('-". 1), ;'* -3 @( >",!+-. +@'*A*%#". "-"#(5!1 >'*+ ( -1: 

 

Q ?AC"# R ?A,5/ & ?AC/4S?AC"#TN< 9 ?A,5/TN< U VWE C & ?AC/TN. VWED 455555555555555555555555555555555555555555"X$ 
 

;)( TN<, TN. – +!, !+@( "!&'!#-+,( -. &('+!1 - +#!'!1 "'() "!!#+(#"#+(  !. 
N< "-"#(5@ >'*+ ( -1 (3) " >3(#!5 "!!# !L( -. (2') !&'()(,.%#". 4!P==-?-( -

#@ !#'*A( -. - &'(,!5,( -. P,(4#'!5*; -# !1 +!, @, &!,.'-<!+*  !1  !'5*,$ ! 4 
&,!"4!"#- &*)( -.: 

 

Y,5/ & ?A,5/?AC"# &
ZM<M. VWE C 9 Z6 95M<M. 9 EFG. C
ZM<M. VWE C R Z6 95M<M. 9 EFG. C555455555555555555555555555555555555"0$ 

 

YC/ & ?A,5/?AC"# &
IZM<M. VWE CZM<M. VWE C R Z6 95M<M. 9 EFG. C555P555555555555555555555555555555555"[$ 
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M *,!;-3 @5 &>#(5 &!,>3*%# < *3( -. Y,5/  - YC/  + )'>;!5 3*"# !5 ",>3*( 

P,(4#'!5*; -# !1 +!, @, &!,.'-<!+*  !1 + &,!"4!"#- &*)( -.. I !/0(5 ",>3*( &'!-
-<+!,$ !1 &!,.'-<*?-- P,(4#'!5*; -# !1 +!, @, &'- .#! -"&!,$<!+*#$ ">&('&!<-?-% 
)+>2 >4*<*  @2 3*"# @2 #-&!+ &!,.'-<*?-- ),. +@3-",( -. "!!#+(#"#+>%0-2 < *3(-

 -1 4!P==-?-( #!+ Y,5/ - YC/. I /!,$L- "#+( &'*4#-3("4- +*A @2 ",>3*(+ P==(4#@ 

!#'*A( -. - &'(,!5,( -. !# !".# 4 ;'* -?( '*<)(,* "'(), &'()"#*+,(  !1  ("!+('-
L(  @5 )-P,(4#'-4!5, 4!#!'@1 2*'*4#('-<>(#". 4!5&,(4" @5 < *3( -(5 )-P,(4#'--
3("4!1 &'! -?*(5!"#-: 

 M\"K#$ & MN8M B"#$ 9 KM BB"#$:55455555555555555555555555555555555555555555555555555"]$ 
 

;)( M B"#$ – 3*"#!# !<*+-"-5*. !# !"-#(,$ *. &'! -?*(5!"#$ "M B"#$ ^ [2"#$$, a M BB"#$ – 
)-""-&*#-+ *. "!"#*+,.%0*., 2*'*4#('-<>%0*. )-P,(4#'-3("4-( &!#('-  

(M BB"#$ ^5 [2"#$ _` a "#$). 
8#* !"!/(  !"#$  ( 5( .(# !/0(;! *,;!'-#5* !&'()(,( -. 4!P==-?-( #!+ !#'*-

A( -. - &'(,!5,( -.,  ! -"4!5@( -2 < *3( -. !4*<@+*%#". 4!5&,(4" @5-, <*+-".0--

5- !# 3*"#!#@ # - >;,* C. J'- P#!5 #'(/>%#". )!"#!+(' @( -<5('( -. < *3( -1 M B"#$ 
- M BB"#$ ),. #-&!+@2 "#'!-#(,$ @2 - !/,-?!+!3 @2 5*#('-*,!+ 5 !;!P#*A @2 <)* -1 
 * 3*"#!#*2, 2*'*4#(' @2 ),. L-'!4!&!,!" !1 /("&'!+!) !1 "+.<-. 7!/"#+(  ! '*<'*-
/!#4* - P4"&,>*#*?-. "!+'(5(  @2 /("&'!+!) @2 "-"#(5 "+.<- /*<-'>(#".  * 5!)(,.2 
'(*,$ @2 '*)-!4* *,!+, >3-#@+*%0-2 !"!/(  !"#- 5 !;!,>3(+!;! '*"&'!"#'* ( -. 
P,(4#'!5*; -# @2 +!,  [2], 4!#!'@( !/>",!+,( @ -2 5 !;!4'*# @5- !#'*A( -.5- - 
&'(,!5,( -.5-. 
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R(5* )*  !1 "#*#$- – &!-"4 &>#(1 &!+@L( -. - =!'5*?-!  !1 /(<!&*" !"#-, >,>3L( -. "('+-"* >)*,^  @2 

#'* <*4?-1, "!+('L*(5@2 " -"&!,$<!+* -(5 &,*"#-4!+@2 /* 4!+"4-2 4*'#. 

 
6*'#!3 !( 5!L(  -3("#+! 3*"#!  *<@+*%# ='!)!5 (!# * ;,. Froud – 5!L(  -3(-

"#+!, !/5* ). 
J!) 4*'#!3 @5 ='!)!5 &! -5*%#". &'() *5('(  @( !/5*  @( )(1"#+-.  (4!-

#!'!1 "#!'! @, !" !+*  @(  * &'-5( ( -- #(2 !,!;-- /* 4!+"4-2 4*'# -  *&'*+,( -
 @(  *  ("* 4?-! -'!+*  !( !+,*)( -( =- * "!+@5- "'()"#+*5-, '*<5(0(  @5-  * 
4*'#!3 @2 "3(#*2 )('A*#(,(1 /* 4!+"4-2 4*'# -,- &'-3-#*%0-5-". #!';!+!5> &'()-
&'-.#-% <* !&('*?-- &! 4*'#!34*5. 

H'!) &'- .#! )(,-#$  * )+( ;'>&&@: "! "#!'! @ P5-""-- 4*'# - "! "#!'! @ -2 
!/",>A-+* -.. 6 &('+!1 ;'>&&( !# !".#"., "+.<*  @( "  ("* 4?-! -'!+*  @5 -"&!,$-
<!+* -(5 4*'# P5-#( #* (>4'*)(  @(/&!#('.  @( 4*'#@, &!))(,$ @( 4*'#@,  (&!,>-
3(  @( 4*'#@, 4*'#@ &!,>3(  @( + /* 4(  ( 3("# @5 &>#(5 + '(<>,$#*#( -"&!,$<!+*-
 -. >4'*)(  @2 -)( #-=-4*?-!  @2 )*  @2/)!4>5( #!+ « *)(A !1» &('"! @ - #. &.). 
6! +#!'!1 ;'>&&( !# !".#". 5!L(  -3("#+*, - -?-*#!'!5 4!#!'@2 "#*,! #!';!+!( 
&'()&'-.#-( (&!))(,$ @(/ -"4*A(  @( ",-&@, &!+#!' @1 ++!) !&('*?-- - #. &.). 

I &!",() -( 10 ,(# "'() -( &!#('- /* 4* !# !&('*?-1 &! &,*"#-4!+@5 4*'#*5 "!-
"#*+,.%# 7–12 ?( #!+  * $100 !/!'!#* &! 4*'#*5 (7–12 pb). 8#! ">0("#+(  ! 5( $L( 
&!#('$ /* 4!+, "+.<*  @2 " 4,-( #"4-5 4'()-#!+* -(5, "!"#*+,.%0-2 $3–4  * 4*A)@( 
$100 +@)*  @2 4'()-#!+. 9) *4! /* 4- - &,*#(A @( "-"#(5@ >)(,.%# &'!/,(5( /(<!-
&*" !"#- !&('*?-1 &! &,*"#-4!+@5 4*'#*5 &!+@L(  !( + -5* -(. 8#! "+.<* ! " #(5, 
3#! + '*""5*#'-+*(5@2 ",>3*.2 '*<,-3 @( =!'5@ '-"4!+. I ",>3*( 4*'#!3 !;! ='!)* 
"#'*)*(# 4,-( #, )*A( (",- &!#('-, /('(#  * "(/. P5-#( #, 5!'*,$ @1 >0('/, "+.<* -
 @1 " +!< -4*%0-5- ),. )('A*#(,. 4*'#@  (>)!/"#+*5-, !0>#-5.  

J!P#!5> /(<!&*" !"#$ !&('*?-1 &! &,*"#-4!+@5 4*'#*5 .+,.(#". 4'*(>;!,$ @5 
4*5 (5 '*<+-#-. 4*'#!3 !1 - )>"#'-- - P#!1 &'!/,(5( >)(,.(#". "('$(< (1L(( + --
5* -( "! "#!'! @ &,*#(A @2 "-"#(5 - /* 4!+. 

M/"!,%# @1 '*<5(' 4*'#!3 @2 !/5*  @2 )(1"#+-1 5!A ! !?( -#$ ",()>%0-5 
!/'*<!5. I 2013 ;.  * !" !+* -- !#3(#* Nilsonreport <* 2013 ;. !/!'!# &! !&('*?-.5 + 
+()>0-2 &,*#(A @2 "-"#(5*2 VISA, MasterCard, AmericanExpress, DinersClub, JCB, 
ChinaUnionPay "!"#*+,., &'-5(' ! $10 #', . ( * VISA - MasterCard &'-2!)-#". 65 % 
+"(;! 5-'!+!;! !/!'!#* &! /* 4!+"4-5 4*'#*5). 7 >3(#!5 >'!+ . !/5*  @2 )(1"#+-1 
(8–10 bp) ,(;4! &!,>3-#$, 3#! */"!,%# @1 '*<5(' &'() *5('(  @( !/5*  @2 )(1"#+-1 
+ 2013 ;. /@, !4!,! $8–10 5,'). [2]. 

6 2*'*4#(' @5 !"!/(  !"#.5 4*'#!3 !;! ='!)* ",()>(# !# ("#-: 
- 5-;'*?-. /* 4!+  * 5-4'!&'!?(""!' >% #(2 !,!;-%:  * 4! (? &('+!;! 4+*'#*,* 

2009 ;!)* + 5-'( &'-5(' ! 4*A)*. &.#*. 4*'#* (22 %) - 4*A)@1 #'(#-1 POS-#('5- *, 
(37 %) &!))('A-+*,- "#* )*'# EMV; + T+'!&( 4*A)*. +#!'*. 4*'#* (50 %) - &'-5(' ! 
2/3 POS-#('5- *,!+ (68 %) .+,.,-"$ ;-/'-) @5- (&!))('A-+*%# 4*'#@ " 5*; -# !1 
&!,!"!1 - 5-4'!&'!?(""!' @( 4*'#@). I 5-'( - T+'!&( "!!#+(#"#+(  ! 19 % - 54 % 
/* 4!5*#!+ .+,.%#". EMV-"!+5("#-5@5-; 
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- '!"# 5(A4* *,$ !;! &'() *5('(  @2 !/5*  @2 )(1"#+-1 CrossChannelFraud, 
4!;)* >#(34* )*  @2 -< !) !;! 4* *,* )!"#*+4- 4,-( #"4-2 >",>; -"&!,$<>(#". ),. +@-
&!, ( -. 5!L(  -3("#+* " -"&!,$<!+* -(5 )'>;!;! 4* *,*; 

- !4!,! 80 % +"(2 4*'#!3 @2 &'() *5('(  @( !/5*  @2 )(1"#+-1 &'-2!)-#".  * 
! ,*1 !+@( #'* <*4?--. 8#! !/F." .(#". A(,* -(5 <,!>5@L,(  -4!+ "4!'(( !&>"#!-
L-#$ "3(# )('A*#(,. 4*'#@ - !< *3*(#, 3#! ! ,*1 !+@1 2*'*4#(' !/'*/!#4- #'* <*4?-- 
 ( .+,.(#". P==(4#-+ @5 "'()"#+!5 /!'$/@ " ='!)!5 &'- -"&!,$<!+* -- #(2 !,!;-- 
4*'# " 5*; -# !1 &!,!"!1; 

- 4'()-# @1 4*'#@ – ;,*+ *. ?(,$ <,!>5@L,(  -4!+. 9"!/!( + -5* -( >)(,.(#". 
«<!,!#@5», «&,*#- !+@5», - )'>;-5 &'-+-,(;-'!+*  @5 4*'#*5. J'-+()(  @( + #*/-
,-?( )*  @( &!4*<@+*%#, 3#! >'!+( $ &'() *5('(  @2 !/5*  @2 )(1"#+-1 &! 4'()-#-
 @5 4*'#*5 &'-5(' ! + 3(#@'( '*<* +@L(, 3(5 )(/(#!+@5; 

- 4! ?( #'*?-. &'() *5('(  @2 !/5*  @2 )(1"#+-1  * #'(2 !" !+ @2 +-)*2: 
CNP-#'* <*4?-1, &!))(,$ @( 4*'#@, >4'*)(  @( /&!#('.  @( 4*'#@. :* !"#*,$ @( +--
)@ 4*'#!3 !;! ='!)* &'-2!)-#".  ( /!,(( 6–8 % &!#('$. 

- '!"# !/F(5* ='!)* - "4-55- ;* 3('(< /* 4!5*#@ (,!A @( /* 4!5*#@,  *4,*)-
 *. 4,*+-*#>'* /5-4'!4*5('* /)-"&( "('@, +'()! !" @( J9, ,-+* "4*. &(#,., -"&!,$-
<!+* -( #(2 -3("4-2 &'!/,(5  * "#!'! ( !/",>A-+*%0(;! /* 4*//* 4!5*#*, >#(34* 
- =!'5*?-- -< JC, - #. ).) J! )*  @5 EAST (EuropeanATMSecurityTeam) '*<5(' "4--
5- ;* 3('(< ATM + T+'!&( + 2013 ;. +@'!"  * 43 %. 

 

R*/,-?* 1  
7!!# !L( -( &'() *5('(  @2 !/5*  @2 )(1"#+-1 &! +-)*5 /* 4!+"4-2 4*'# [2] 

 

J'!)>4# H'!), % J'!)*A-, % F/S, % 

6'()-# @( 4*'#@ 85 58 0.12 

S(/(#!+@( 4*'#@ 15 48 0.03 
 

R(&('$ '*""5!#'-5 &!)'!/ (( 4*A)@1 +-) &'() *5('(  @2 !/5*  @2 )(1"#+-1 - 
+!<5!A @( +-)@ <*0-#@: 

- >4'*)(  @(/&!#('.  @( 4*'#@ (Lost/StolenCards -,- L/S); 
-  (&!,>3(  @( 4*'#@ (Not Received Items, NRI); 
- &!))(,$ @( 4*'#@ (Counterfeit); 
- Card Not Present-='!) (CNP-='!)); 
- 4*'#@, &!,>3(  @( <,!>5@L,(  -4*5- &! >4'*)(  @5 )!4>5( #*5 / &('"!-

 *,$ @5 )*  @5 (IDTheft). 
9<=>?@AAB@/CDE@=FAAB@ <>=EB  

7*5@1 "#*'@1 - ("#("#+(  @1 +-) ='!)* – ,%)- #('.,-, #('.%# - />)># #('.#$ 
4*'#@. N !;)* 4*'#@ 4'*)>#. I G!""-- &! )*  @5 :*?-! *,$ !;! *;( #"#+* =- . -"-
",()!+* -1 (:MHN), !4!,! 19,8 % )('A*#(,(1 4*'# 4!;)*- -/>)$ -2 #('.,-. S! 5!5( -
#* !/ *'>A( -. &'!&*A- - /,!4-'!+4- 4*'#@ + "-"#(5( &'!2!)-# +'(5., 3(5 - &!,$<>-
(#". <,!>5@L,(  -4-, + '>4*2 4!#!'@2 !4*<*,*"$ 4*'#*. 

-@ CDGHI@AAB@ <>=EB 

6*'#@, >4'*)(  @( +! +'(5. -2 &('("@,4- -< /* 4* 4,-( #>. I". !#+(#"#+(  !"#$ 
<* &'() *5('(  @( !/5*  @( )(1"#+-. + P#!5 ",>3*( ,(A-#  * P5-#( #(. J! )*  @5 
+()>0-2 &,*#(A @2 "-"#(5,  * P#!# +-) ='!)* &'-2!)-#". 1–3 % +"(;! !/F(5* ='!)*. 
I 3*"# !"#-, &! )*  @5 MasterCard <* +#!'!1 4+*'#*, 2013 ;.  *  (&!,>3(  @( 4*'#@ 
&'-2!)-,!"$ 1,1 % +"(;! 4*'#!3 !;! ='!)* + T+'!&( - 2,33 % – + 5-'(. 

.D??@GJAB@ <>=EB  

Q,!>5@L,(  -4- -<;!#*+,-+*%# &!))(,$ >% 4*'#>, &('"! *,-<-'!+*  >%  * !"-
 !+( &'()+*'-#(,$ ! >4'*)(  @2 '(4+-<-#!+ '(*,$ !1 4*'#@ (!/@3 ! 4'*)(#". "!)('-
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A-5!( 5*; -# !1 &!,!"@ 4*'#@) - "!+('L*%# " &!))(,$ !1 !&('*?--, +@)*+*. <* '(-
*,$ >% 4*'#>. 

J!))(,4* 4*'#  *3- *,*"$ " #(2 !,!;-- "'(<*  @2 ?-=' 4*'#@ - &('("#* !+4- -2 
5("#*5-  * &* (,- 4*'#@. J!.+,( -(5 - '*"&'!"#'* ( -(5 P,(4#'!  @2 #('5- *,!+ 
!" !+ @5 "&!"!/!5 &!))(,4- 4*'# "#*, "4-55- ; (skimming) – 4!&-'!+* -( )*  @2 
5*; -# !1 &!,!"@ '(*,$ !1 4*'#@. 74!&-'!+*  @( )*  @( &!<A( &('( !".#".  * )'>-
;>% 4*'#>, 4!#!'>% <,!>5@L,(  -4- -<;!#*+,-+*%#  * <*;!#!+4*2 4*'#, &'-!/'(#( -
 @2 '*< @5- "&!"!/*5- (-"&!,$<>%#". /! >" @( 4*'#@ '*<,-3 @2 #!';!+@2 "(#(1, 
'(*,$ @( /* 4!+"4-( 4*'#@ " &('(4!)-'!+*  !1 5*; -# !1 &!,!"!1, /(,@1 &,*"#-4, 
'*"4'*L(  @1  * &'- #('(, <*;!#!+4-, >4'*)(  @(  * =*/'-4*2 - + /* 4*2). 

S*  @( '(*,$ !1 4*'#@ <,!>5@L,(  -4- &!,>3*%# " &!5!0$%: 
-  ()!/'!"!+("# !;! &('"! *,* 5*;*<- *, 4!#!'@1  (<*5(# ! ),. )('A*#(,(1 4*'-

#@ 4!&-'>(# "!)('A-5!( 5*; -# !1 )!'!A4- 4*'#@ " -"&!,$<!+* -(5 "&(?-*,$ !;! 
>"#'!1"#+* ("4-55('*), -5(%0(;! "3-#@+*#(,$ - "&!"!/ !;! 2'* -#$ - =!'5*?-% ! 
 ("4!,$4-2 )(".#4*2 4*'#;  

- /* 4!5*# !;! "4-55- ;* (-"&!,$<>(#".  *4,*) *. 4,*+-*#>'*/5- -*#%' @( +--
)(!4*5('@ ,-/! >"#* !+,(  *. + &'!;'*55 !5 !/("&(3( -- /* 4!5*#* +'()! !" *. 
&'!;'*55*, "!2'* .%0*. )*  @( 5*; -# !1 &!,!"@ - < *3( -. PIN-4!)*); 

- "4-55- ;* + POS #('5- *,*2; 
- 4'*A- )*  @2 -< OS &'!?(""- ;!+@2 ?( #'!+ - #!';!+@2 &'()&'-.#-1; 
- &('(2+*#* )*  @2 &'- -2 &('()*3- &! 4* *,*5 "+.<-; 
- +-'>" @2 *#*4 " ?(,$% 4'*A- &('"! *,$ @2 )*  @2 (#'!. ?@, 3('+-);  
- =-L- ;* - +-L- ;*, -"&!,$<>(5@2 <,!>5@L,(  -4*5- ),. +@>A-+* -. > 4,--

( #!+ /* 4!+ -2 &('"! *,$ !1 - =!'5*?-- [1].  
CardNotPresent-K=D? 

7>0("#+>(# #'- !" !+ @2 +-)* CNP-#'* <*4?-1: MailOrder/TelephoneOrder 
(MO/TO)-#'* <*4?--, #'* <*4?-- P,(4#'!  !1 4!55('?-- (86) - '(4>''( # @( &,*#(-
A- ()('A*#(,$ 4*'#@ <*4,%3*(# " #!';!+!1 #!34- )!;!+!'  * '(;>,.' !( &('-!)-3("4!( 
/(<*4?(&# !( "&-"* -( "'()"#+ " (;! "3(#* <* &!,>3*(5@( !# #!';!+!1 #!34- >",>;- " 
-"&!,$<!+* -(5 &,*"#-4!+!1 4*'#@) [1]. 

S,. "!+('L( -. &'() *5('(  @2 !/5*  @2 )(1"#+-1 + ",>3*( CNP-#'* <*4?-1 
)!"#*#!3 ! < *#$ "*5@( &'!"#@( '(4+-<-#@ 4*'#@ –  !5(' 4*'#@, "'!4 (^ )(1"#+-. -, 
< *3( -( CVC2/CVV2. J!P#!5> +"( CNP-#'* <*4?-- !/.<*#(,$ ! +@&!, .%#". + '(-
A-5( '(*,$ !;! +'(5( -, * !#+(#"#+(  !"#$ <* ='!) &! #*4-5 #'* <*4?-.5 &,*#(A @( 
"-"#(5@ +!<,*;*%#  * !/",>A-+*%0-( /* 4-. N"4,%3( -(5 .+,.(#". ",>3*1, 4!;)* !/-
",>A-+*%0-( /* 4- - -2 ! ,*1 !+@( 5*;*<- @ &'-5( .%# /(<!&*" @1 &'!#!4!, 86, 
-<+("# @1 4*4 3DSecure - -"&!,$<>(5@1 + +()>0-2 &,*#(A @2 "-"#(5*2 &!) /'( )*5- 
MasterCardSecureCode - VerifiedbyVISA. 

'>=EB, CDGHI@AAB@ CD H<=>?@AABL ?D<HL@AE>L MGM C@=NDA>GJABL ?>AABL 

(IDTheft) 

S,. '(*,-<*?-- P#!;! +-)* !/5*  @2 )(1"#+-1 + !" !+ !5 -"&!,$<>%#". )+( 
"2(5@ 5!L(  -3("#+*: 5!L(  -3("4-( *&&,-4*?-- - &('(2+*# "3(#*. 

D,E$77&F$-!&$ "CC1&!"G&&: <,!>5@L,(  -4 -"&!,$<>(# 3>A!( >)!"#!+('( -( 
,-3 !"#- ( *1)(  !(/>4'*)(  !(/&!))(,*  !() ),. &!)*3- <*.+,( -.  * &!,>3( -( 
4'()-# !1 /* 4!+"4!1 4*'#@ " >4*<* -(5 *)'("*, &! 4!#!'!5> 4*'#* 5!A(# /@#$ ,(;4! 
- /(<!&*" ! &!,>3( *. 

3$/$HI"5 -F$5": <,!>5@L,(  -4 &!,>3*(# )*  @( ! '(4+-<-#*2 4*'#@/"3(#*,  *-
&'-5(', -< !4*<*+L-2". + (;! '*"&!'.A( -- /* 4!+"4-2 "#(1#5( #!+ )('A*#(,. 4*'#@, 
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)*,(( <+! -# + /* 4 - "!!/0*(# !/ -<5( ( -- "+!(;! *)'("*, * 3>#$ &!<A( <*&'*L-+*(# 
 !+>% 4*'#> " )!"#*+4!1 (( &! « !+!5>» *)'(">. 

5>A<DL>EAD@ LDO@AAMI@NEPD  
6 "!A*,( -%  ("5!#'.  * 5 !;!3-",(  @( '*<F." ( -., 5 !;-( )('A*#(,- 4*'# 

+"( (0( <*&-"@+*%# < *3( -( "+!(;! PIN-4!)*  * 4*'#(. 7!;,*" ! - =!'5*?--, !&>/-
,-4!+*  !1 * ;,-1"4!1 *""!?-*?-- APACS (Association for Payment Clearing Services) + 
2006 ;., 8 % )('A*#(,(1 4*'#  ( 5!;># <*&!5 -#$ < *3( -( "+!(;! PIN-4!)* - &!P#!5> 
<*&-"@+*%# (;!. J! )*  @5 "!?-!,!;-3("4!;! !&'!"* :MHN, 11,6 % '!""-.  2'* .# 
PIN-4!) +5("#( " 4*'#!1. 

S*  @1 #-& /* 4!5*# !;! 5!L(  -3("#+*, !3(+-) !, !# !"-#". 4 +-)> «>4'*)( -
 @( 4*'#@» [1]. 

(@ED?B Q>RMEB (C=D@<E 9AMP@=N>GJADS <>=EB) 

J'!#-+!)(1"#+-( 4*'#!3 !5> 5!L(  -3("#+> .+,.(#". &'()5(#!5 !#)(,$ !;! 
'*<;!+!'*. :! + )*  !1 "#*#$( ),. "!+('L( "#+!+* -. <*0-#@ - =!'5*?-- - >&'!0(-
 -. &!,$<!+* -. &'(),*;*(#". '*<'*/!#4* > -+('"*,$ !1 &,*"#-4!+!1 4*'#@, 4!#!'*. 
&!<+!,-,* /@ !/F()- -#$ +"( &,*"#-4!+@( /* 4!+"4-( 4*'#@, /! >" @(, )-"4! # @( 
4*'#@ + ()- >% > -+('"*,$ >% 4*'#>, 4!#!'*. /@,* /@ >)!/ * + -"&!,$<!+* -- - "!-
!#+(#"#+(  ! /!,(( <*0-0(  !1.  

S*,(( '*""5!#'-5 &'!(4# )*  !1 4*'#@: 
D"#'!1"#+! '*<5('!5 " 4'()-# >% 4*'#>, 4!#!'!( 2'* -# + "(/( )*  @( " +!"$5- 

4'()-# @2, )(/-#!+@2, &!)*'!3 @2 -,- 4,>/ @2 4*'#, - &!<+!,.(# +*5 &('(4,%3*#$". 
5(A)>  -5-,  *A-5*.  * 4 !&4>  * (;! &!+('2 !"#-. J!",( P#!;! +@ "5!A(#( -"&!,$-
<!+*#$ 4*'#> + ,%/!5 /* 4!5*#( -,- ),. !&,*#@  * 4*""(, 4*4 (",- /@ P#! /@,* "*5* 
+@/'*  *. 4*'#*.  

S*  *. 4*'#* />)(# -"&!,$<!+*#$ + '*/!#( <*&*#( #!+*  >% 5*; -# >% &!,!"> " 
-<5( .(5!1 - =!'5*?-(1. I5("#( " >"#'!1"#+!5 &!"#*+,.(#". 5*,( $4-1 '-)(', " &!-
5!0$% 4!#!'!;! 5!A ! "4!&-'!+*#$ )*  @( 4*'# + 5!/-,$ !( &'-,!A( -(, 4!#!'!( 
<*#(5 "- 2'! -<-'>(#". " «4*'#!34!1» 3('(< BluetoothLowEnergy (BLE) (P#!# &'!#!4!, 
#*4A( -"&!,$<>(#". +! 5 !;-2 >5 @2 3*"*2 - #'(4('*2 ),. =-# ("*). :* !) !1 /*#*'(( 
>"#'!1"#+! &'!'*/!#*(# )+* ;!)*, &'- P#!5 4'!5( BLE P (';-. />)(# '*"2!)!+*#$". 
"4'!5 @5 P4'* !5 (&'-5(' ! 4+*)'*# @1 )%15, – &'-5(3* -( &('(+!)3-4*),  * 4!#!-
'!5 />)># &!4*<@+*#$". &!",() -( 3(#@'( ?-='@, "'!4 )(1"#+-. - CVV +@/'*  !1 
4*'#@. R*4 4*4 )*  *. 4*'#* />)(# &!))('A-+*#$ "!()- ( -( "! "5*'#=! !5 " &!5!-
0$% +"( #!;! A( BLE, #! 5@ &!,>3-5 &'()>&'(A)( -(  * "5*'#=!  + ",>3*(, (",- ;)(-
 -/>)$ !"#*+-,- 4*'#>. 

7*5* -)(. )('A*#$ +"( "+!- 4'()-#4- + !) !5 !/F(4#( 5!A(# /@#$  (5 !;! &>-
;*%0(1,  !  ( "#!-# /("&!4!-#$". &! P#!5> &!+!)>: «9 ,*1 -4!L(,$4- #*4A( "!)('-
A*# +"% +*L> &,*#(A >% - =!'5*?-%, )*  *. 4*'#* #! A( "*5!(, #!,$4! + &,*"#-4(. N 
P#! #*4A( <*4!  ! (4!&-'!+*#$ )*  @( " +*L-2 4*'#), #*4 4*4 P#! +*L* - =!'5*?-.  * 
4*'#*2 – +*L* "!/"#+(  !"#$». S*  @( 2'* .#". + <*L-='!+*  !5 +-)( -  * "5*'#=!-
 (, -  * "*5!1 4*'#(. I ",>3*(, (",- +@ &!#('.(#( +*L> 4*'#>, #! ! * "#* (# /("&!,(<-
 !1 + #(3( --  ("4!,$4-2 5- ># – 4*4 #!,$4! !   ( "5!A(# "+.<*#$". "! "5*'#=! !5. 
9) *4! "4!,$4! -5(  ! 5- ># )!,A ! &'!1#-, (0(  ( >+('( @ – "4!'(( +"(;!, P#! />-
)(# 3-",! 5(A)> !) !1 - )(".#$% 5- >#*5-, * 5!A(#, P#! 3-",! "5!A(# >"#* *+,-+*#$ 
"*5 +,*)(,(? 4*'#@. 

T)- "#+(  !1 &'-3- !1, &!3(5>  -4#!  ( ")(,*, 3#!- -/>)$ &!)!/ !( )!, – !#-
">#"#+-(  (!/2!)-5@2 #(2 !,!;-1, 4*4 BLE, )! 2010-2. (BLE)  ( /@, 2!'!L! !#'*/!-
#*  !1 #(2 !,!;-(1 )!  ()*+ (;! +'(5( -, #*4 A( 4*4 - P4'* !+, 4!#!'@( 5@ -"&!,$<>-
(5 + )*  !1 4*'#(,  ( /@,! ('*<'*/!#* !) )! 2010 ;!)*.  
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:* "(;!) .L -1 )( $ ">0("#+>%# )+* &'!(4#* *,$#(' *#-+ @2 &'!(4#* -< 7_M 
4!#!'@( &'(<( #!+* @ + 4! ?( 2014 ;. - />)># ++()( @ + P4"&,>*#*?-%, "('-1 !( &'!-
-<+!)"#+! + ,(#!5 2015 ;., #*4-5- &'!(4#*5- .+,.%#". &'!(4#@ COIN 4!5&* -. Coin 
corp. LTD - STRATOS !# 4!5&* -- Stratos inc.  

T"#$  *&'-5(' *,$#(' *#-+ @( #(2 !,!;-- #*4-( 4*4 NFC. NFC, /(< "!5 ( -., 
!#,-3 *. -)(.,  ! ",-L4!5 ",!A ! !) !+'(5(  ! 5( .#$ &'-+@34- /-< ("* - &!#'(/--
#(,(1 – <*"#*+-#$ &('+@2 "#*+-#$ NFC '-)('@, * +#!'@2 – +@/'!"-#$ "+!- 4'()-#4- - 
 *3*#$ &'-4,*)@+*#$ "+!- "5*'#=! @ 4 4*""!+!5> *&&*'*#>.  

J'(-5>0("#+! ,(A-#  * &!+('2 !"#-: &'(+'*0*#$ 8 4>"4!+ &,*"#-4* + !)- . 6*-
A)!5> <*2!3(#". ")(,*#$ 4!L(,(4 #! $L(, - )*  *. 4*'#* &!<+!,-# ")(,*#$ P#!,  ( !#-
4*<@+*."$ !# &'-+@3 @2 "4-)!3 @2 4*'# - &'!3-2 &'(-5>0("#+. S*, !)-  '*< &'-)(#". 
"4!&-'!+*#$ +"( P#- 4*'#@  * "5*'#=! ,  ! <*#!  ( &'-)(#". =!#!;'*=-'!+*#$ QR-4!)@ 
-,- "4*3-+*#$ &'-,!A( -. ),. &'!;'*55. E !;!( (0(  ( )! 4! ?* &'!)>5* ! + &'()-
,!A( --,  ! )*  !( &'(),!A( -( &!<+!,-# !#4'@#$  !+!( &!,( )(1"#+-1 ),. 5 !;-2 
!#'*",(1 - #*4A( >&'!"#-# - &!+@"-# >'!+( $ <*0-#@ - =!'5*?-- )('A*#(,.5 &,*-
"#-4!+@2 4*'#. 

 
7&-"!4 ,-#('*#>'@ 

 
1.  U!,)!+"4-1 N. E. O* 4!+"4-( 5-4'!&'!?(""!' @( 4*'#@ «M,&- * &*/,-L('<». – 2010.  
2.  Nilson Report January 2015 // Issue 1055 HSN Consultants, Inc. 2015. The Nilsen Report. 
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6-&+7 . "+&5*&-$&  5&!.+ , )-/0  !&-! +-/0  !&"&8 

 
M. :. ]!5.4!+, S. 9. J*+,!+, I. U. 7-)!'!+ ( *>3 @1 '>4!+!)-#(,$) 

 
87-5&525 &7;,/%"5&!& & 5$1$!,%%27&!"G&: )&4> ? 

660014, .. A/"-7,'/-!, C/. &%. ."<. "A/"-7,'/-!&: /"4,F&:", 31 

E-mail: slam2202@gmail.com 

 
S!4,*) &!"+.0(  /("&'!+!) @5 "( "!' @5 "(#.5, -2 &'!/,(5*5 - )!"#!- "#+*5. J!)'!/ ! '*""5!#'( * 

&'!/,(5* P (';!&!#'(/,( -.. R*4A( &!4*<* ! "'*+ ( -( P (';!&!#'(/,( -. 5!#!+  * !" !+( '*< @2 &,*#=!'5. 

 
I  *"#!.0(( +'(5. /!,$L>% &!&>,.' !"#$ &'-!/'(#*%# /("&'!+!) @( "( "!'-

 @( "(#- (O77), #*4 4*4 ! - &'()!"#*+,.%# '.) &'(-5>0("#+ &!#'(/-#(,%,  ! &'- -2 
&'!(4#-'!+* -- +!< -4*%#  (4!#!'@( ",!A !"#- [1]. 

I!<5!A !"#- &'-5( ( -. O77 &'!"#-'*%#". &'*4#-3("4- +! 5 !;-( "=('@ )(.-
#(,$ !"#- 3(,!+(3("#+*. I 4*3("#+(  *-/!,(( !3(+-) @2 !/,*"#(1 -2 &'-5( ( -. P4"-
&('#@  *<@+*%# &'!5@L,(  @1 5! -#!'- ;, *+#!5*#-<*?-% "#'!( -1, ,!;-"#-4>, 
<)'*+!!2'* ( -(, "-"#(5@ /(<!&*" !"#- - #. ). 

O77 "#'!.#". -< ><,!+,  *<@+*(5@2 5!#!+, &!4*<*  @2  * '-". 1. E!# P#!  (-
/!,$L!( *+#! !5 !( >"#'!1"#+! " &-#* -(5 !# /*#*'((4 - 5-4'!3-&*5- " '*)-!"+.<$% 
 *  (4!#!'@2 3*"#!#*2. 7&(?-*,$ !( &'!;'*55 !( !/("&(3( -( &!<+!,.(# 5!#*5 "*5!-
!';* -<!+@+*#$". + '*"&'()(,(  @( "(#-, "+.<@+*#$". )'>; " )'>;!5, !&'*L-+*#$ - 
!/5( -+*#$". )*  @5- " /,-A*1L-5- ><,*5- [2]. 

 

 
 

G-". 1. E!# MIB510CA 

 
N"&!,$<!+* -( O77 +! 5 !;!5 <*+-"-# !# +'(5( - *+#! !5 !1 '*/!#@ (( ><,!+. 

9) *4! 3*"#*. <*5( * -"#!3 -4!+ &-#* -.  ( +"(;)* +!<5!A *. :*&'-5(', (",- )*#3-4 
 *2!)-#".  *  (4!#!'!1 ;,>/- ( !<('* - !&'()(,.(# 2-5-3("4-1 "!"#*+ +!)@. J!P#!5> 
!) !1 -< +*A @2 -"",()!+*#(,$"4-2 <*)*3 &'- &'!(4#-'!+* -- "( "!' @2 "(#(1 "#* !-
+-#". >5( $L( -( P (';!&!#'(/,( -. -, "!!#+(#"#+(  !, >+(,-3( -( "'!4* ",>A/@ 
>"#'!1"#+*. 7'() (( P (';!&!#'(/,( -( 5!)>,. + !" !+ !5 !&'()(,.(#". !/F(5!5 &(-
'()*+*(5!;! - &'- -5*(5!;! + ()- -?> +'(5( - #'*=-4*. 

T"#("#+(  !, &'- P#!5  (!/2!)-5! >3-#@+*#$ 4*4 &*4(#@ )*  @2, -"#!3 -4!5 4!-
#!'@2 .+,.(#".  (&!"'()"#+(  ! "*5 ><(,, #*4 - &*4(#@, 4!#!'@( !  &'- -5*(# - &('(-
)*(#, +@&!, .. => 4?-- '(#'* ",.#!'*, 3#! !&'()(,.(#". (;! &!,!A( -(5 + #!&!,!;-- 
"(#- -  *&'*+,( -.5- &'!2!A)( -. "(#(+!;! #'*=-4*. S,. 5- -5-<*?-- P (';!&!-
#'(/,( -. + /("&'!+!) @2 "( "!' @2 "(#.2 &'-5( .%#". 5*,!5!0 @( '*)-!3*"#!#-
 @( &'-(5!&('()*#3-4- - "&(?-*,-<-'!+*  @( "(#(+@( &'!#!4!,@ [3]. 
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R*/,-?* 1 
 

 MPR500CA MPR510CA 

74!'!"#$ &('()*3- )*  @2 38,4 Kbaud 38,4 Kbaud 

8 (';!&!#'(/,( -(: 
1) J('()*3* " 5*4"-5*,$ !1 5!0 !"#$% 
2) J!,>3( -( )*  @2 
3) G(A-5 «" *» 

 
1) 27 mA 
2) 10 mA 
3) <1 mA 

 
1) 25 mA 
2) 8 mA 
3) <1 mA 

C( #'*,$ *. 3*"#!#* 868/916 MHz 433 MHz 

B>+"#+-#(,$ !"#$  -98 dBm -101 dBm 

 
9# +@/!'* 5*'L'>#!+ - "!"#*+,( -. '*"&-"* -. &('()*3- )*  @2 + /!,$L!1 "#(-

&( - <*+-".# ),-#(,$ !"#$ => 4?-! -'!+* -. "(#- )! -"#!0( -. '(">'"* *+#! !5 @2 
-"#!3 -4* &-#* -. "( "!' !;! ><,*, * #*4A( !&('*#-+ !"#$ &!"#>&,( -. )*  @2 + ?( -
#'*,$ @1 ><(,. I@"!4!( P (';!&!#'(/,( -( "( "!' @2 ><,!+ (+@<+*  !( ",-L4!5 3*"-
#@5- &('()*3*5- )*  @2) +()(# 4 /@"#'!5> +@2!)> -2 -< "#'!. -, ",()!+*#(,$ !, 3*"-
#!1  (!/2!)-5!"#$% -2 !/",>A-+* -.. :()!"#*#!3 *. !&('*#-+ !"#$ &!"#>&,( -. 
)*  @2 +()(# 4 " -A( -% - =!'5*#-+ !"#- "(#-. I"( P#! ;!+!'-# !  (!/2!)-5!"#- 
!&#-5-<*?-- "/!'* )*  @2 + /("&'!+!) !1 "( "!' !1 "(#- &! &>#- " -A( -. P (';!-
&!#'(/,( -. - &!+@L( -. "4!'!"#- )!"#*+4- )*  @2 !# "( "!' !;! ><,* 4 ?( #'*,$-
 !5> ><,>. 

7*5@5 P==(4#-+ @5 "&!"!/!5 "!4'*0( -. P (';!&!#'(/,( -. .+,.(#". !&#-5--
<*?-. '*/!#@ #'* "-+('*, +'(5( -  (!/2!)-5!;! ),. !/ *'>A( -. «&!,(< !;!» "-; *-
,*. J!)"3-#* !, 3#! &'!?(""  *2!A)( -. '*)-!"-; *,* '*"2!)>(# &!3#- 99 % P (';--, 
&!#'(/,.(5!1 ?-='!+!1 3*"#$% )*#3-4*. 

G*/!#* ><,!+ #!,$4! +  (4!#!'@1 &'!5(A>#!4 +'(5( -,  (!/2!)-5@1 ),. &('()*-
3- - =!'5*?-- &!5!;*(# "P4! !5-#$ )! 70 % P (';--. 

84! !5-- P (';!&!#'(/,( -. #*4 A( "&!"!/"#+>%# &,*#=!'5@ )*#3-4!+. 7'()- 
5 !A("#+* &,*#=!'5 +@)(,.%# ZigBee – P#! #(2 !,!;-. &('()*3- )*  @2 + O77. 9 * 
!#,-3*(#".  -<4-5 P (';!&!#'(/,( -(5 - &'() *< *3( * ),. 5 !;!4* *,$ @2 "-"#(5 
>&'*+,( -. [4]. 

S,. &'-5('* '*"3(#* P (';!&!#'(/,( -. '*""5!#'-5, + 4*4!5 '(A-5( - " 4*4!1 
3*"#!#!1 *4#-+*?-- )!,A ! '*/!#*#$ >"#'!1"#+!, 3#!/@ P (';-- (;! -"#!3 -4* &-#* -. 
2+*#-,!  * 2 ;!)* P4"&,>*#*?-- " P,(5( #!5 &-#* -. *,4*,*1 !+*. /*#*'(14*, (54!-
"#$% 1,15 M3. 7'() (( P (';!&!#'(/,( -(, + #*4!5 ",>3*(, <* 2 ;!)* "!"#*+-# 65 54M 
(1,15 M3/((2*365 ) (1)*24 3*"!+)). 

I "+!(1 )!4>5( #*?-- '*<'*/!#3-4- ZigBee &'-+!).#  ("4!,$4! +*'-* #!+ '*"3(-
#* &!#'(/,( -. P,(4#'!P (';--. I"( '*"3(#@ -"2!).# -< ">;>/! #(!'(#-3("4-2 &'()&!-
"@,!4 - -)(*,$ @2 >",!+-1 '*/!#@. 

1. J! )*  @5 #*/,. 1, + '(A-5( " * P (';!&!#'(/,( -( >"#'!1"#+* MPR500CA 
"!"#*+,.(# 1 mA, *  * &'-(5/&('()*3> )*  @2 18 mA. 

2. 7'() (( P (';!&!#'(/,( -( )!,A ! "!"#*+,.#$ 65 54M + 3*". 

3. ((I"'().-I")/I&)*100%    (1) 

;)( I"'() – "'() (( P (';!&!#'(/,( -( + 3*"; I" – P (';!&!#'(/,( -( + '(A-5( «" *»;  
I& – "'() (( P (';!&!#'(/,( -(, #'(/>%0((".  * &'-(5 -,- &('()*3> )*  @2. 

J!)"#*+-+ + =!'5>,> (1) 2*'*4#('-"#-4- 5!#* MPR500CA, 5@ &!,>3-,- 5*4"--
5*,$ @1 '*/!3-1 ?-4, >"#'!1"#+* !# +'(5( - '*/!#@ + 0,36 %, #! ("#$ <* !)-  3*" '*-
/!#@ 5!# *4#-+(  13 "(4> ). D3-#@+*., 3#! "'() (( +'(5. !/5( * - =!'5*?-- "!"#*+-
,.(# &!'.)4* 3 5", +@2!)-#, 3#! <* 3*" '*/!#@ >"#'!1"#+! />)(# *4#-+-'!+* ! !4!,! 
4500 '*< [5]. 
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R*4-5 !/'*<!5, MPR500CA  * /*<( ZigBee " &-#* -(5 !# *,4*,*1 !+!1 /*#*'(1-
4-, &('()*+*. - =!'5*?-% 4500 '*< + 3*" "&!"!/ ! &'!'*/!#*#$ 2 ;!)*.  

S,. /("&'!+!) @2 ><,!+  * /*<( &,*#=!'5@ MeshLogic /@,* "!<)* * * *,-#-3(-
"4*. 5!)(,$ P (';!&!#'(/,( -., >3-#@+*%0*. !"!/(  !"#- -2 *&&*'*# !1 '(*,-<*?-- 
- 5(#!)* 5 !A("#+(  !;! )!"#>&* 4 "'()(. (MeshLogic – *&&*'*# !-&'!;'*55 *. &,*#-
=!'5*, "!<)*  *. ),. >&'*+,( -., 4! #'!,. - -<5('( -. + '*<,-3 @2 &'-4,*) @2 !/-
,*"#.2) [6]. 

G*""3-#*(5 P (';!&!#'(/,( -( #*4-5 A( 5(#!)!5: 
1. I "&.0(5 '(A-5( &!#'(/,( -( >"#'!1"#+* ML-MODULE-Z  * /*<( &,*#=!'5@ 

MeshLogic "!"#*+,.(# 9 54M, &!#'(/,( -(  * &'-(5\&('()*3> + "'() (5 22 5M [7]. 
2. G*"3(# &! =!'5>,( 1 )*(# '(<>,$#*# + 0,29 %, &'- #*4!5 5*4"-5*,$ !5 '*/!3(5 

?-4,( >"#'!1"#+* !# +'(5( - '*/!#@ 5!# *4#-+(  <* 3*" !4!,! 10 "(4> ). J'- !/5( ( 
- =!'5*?-- 3 5", <* 3*" >"#'!1"#+! />)(# *4#-+-'!+* ! !4!,! 3000 '*<. 

R*4-5 !/'*<!5, 5@ +-)-5, 3#! >"#'!1"#+!  * /*<( &,*#=!'5@ ZigBee, <*#'*3-+*. 
"#!,$4! A( P (';-- 4*4 /("&'!+!) !1 ><(,  * /*<( &,*#=!'5@ MeshLogic, &('()*(# - -
=!'5*?-% + &!,#!'* '*<* 3*0(. 9) *4! P#- < *3( -. '*""3-#* @ &'- -)(*,$ @2 >",!-
+-.2 '*/!#@, * < *3-# + '(*,$ !5 &'-5( ( --, +('!.# (( +"(;!, +'(5. P4"&,>*#*?-- 
>5( $L-#".. 

 
7&-"!4 ,-#('*#>'@ 

 
1. 75>'@;-  N. E. 8,(4#'!  @1 A>' *, «6! ?(&?-. !';* -<*?-- /("&'!+!) @2 "( "!' @2 "(#(1 

- -2 &'-5( ( -(», 2012. – 9 ". 
2. http://www.wiki.laser.ru/index.php/O("&'!+!) @(_'*"&'()(,^  @(_"( "!' @(_"(#- ()*#* !/'*-

0( -.: 10.10.2014). 
3. http://www.russianelectronics.ru/leader-r/review/2191/doc/47296/ ()*#* !/'*0( -.: 11.28.2014). 
4. http://www.chipdip.ru/video/id000282056/ ()*#* !/'*0( -.: 10.8.2014). 
5. http://www.kit-e.ru/articles/wireless/2005_3_176.php ()*#* !/'*0( -.: 11.25.2014). 
6. http://www.meshlogic.ru/ ()*#* !/'*0( -.: 1.27.2015). 
7. http://www.fulcrum.ru/LineCard/Wireless/ML_Module_Z.htm ()*#* !/'*0( -.: 3.1.2015). 
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' )$+ ,#-$&  !$7-#*#  !  $!. *;2 ,#-$&(   

(&" )#  .&+&(&:&-$1  )*1   4&-'$  '#%&!",#   

.&+&)#%$  )#--/0  ,  PLC-"&0- * 7$10 

 
M. I. O*L4-'!+, M. I. E>'*#!+ ( *>3 @1 '>4!+!)-#(,$), N. I. 7+-'-)!+* 

 
@,/,7$9-!&: .,-2#"/-5I$77J: 5$H7&F$-!&: 27&I$/-&5$5 

394026, .. @,/,7$9, D,-!,I-!&: C/-5, 14 

E-mail: kipr@vorstu.ru 

 
J'()"#*+,( @ 5(#!)@ &('(5(A( -.-)(&('(5(A( -., 4!#!'@( .+,.%#".  *-/!,(( P==(4#-+ @5- "&!"!/*5- 

!/("&(3( -. - &!+@L( -. )!"#!+(' !"#- &('()*3- )*  @2 &! 4* *,*5 "+.<-. J'-+()( ! !&-"* -( !"!/(  !"#(1 
)*  @2 5(#!)!+.  

 
J('()*3* )-"4'(# @2 "!!/0( -1 &'!-"2!)-# &! '(*,$ @5 4* *,*5 "+.<-, &!P#!-

5>, &!.+,.%#". '*<,-3 @( =!'5@ ",>3*1 @2 !L-/!4 - ;'>&&-'>%0-(". !L-/4- &'!-
-<+!,$ ! /!,$L!1 ),- @. 6 "!+'(5(  @5 "-"#(5*5 &('()*3- - =!'5*?-- +  *"#!.0(( 
+'(5. &'()F.+,.%#". +@"!4-( #'(/!+* -. &! !/("&(3( -% )!"#!+(' !"#-. I "+.<- " 
P#-5, 5!A ! +@)(,-#$ 5(#!) &('(5(A( -., 4!#!'@1 .+,.(#".  *-/!,(( P==(4#-+ @5 
"&!"!/!5 !/("&(3( -. - &!+@L( -. )!"#!+(' !"#- &('()*3- )-"4'(# @2 "!!/0( -1 
&! '(*,$ @5 4* *,*5 "+.<-. 

9/'*# >% &'!?()>'> &('(5(A( -. &'- .#!  *<@+*#$ )(&('(5(A( -(5, 4!#!'*. 
&! !&'()(,(  !5> &'*+-,> -<5( .(# &!'.)!4 ",()!+* -. "-5+!,!+ +  (4!#!'!1 4!)!-
+!1 &!",()!+*#(,$ !"#-. I -#!;( +@&!, ( -. P#!1 &'!?()>'@, +!<5!A !, +!""#* !+-#$ 
("#("#+(  @1 &!'.)!4 ",()!+* -. "-5+!,!+. E(#!)@ &('(5(A( -. – )(&('(5(A( -. 
4*4 &'*+-,! >&!#'(/,.%#". ),. '*<'>L( -. 5 !A("#+* !L-/!4, 4!#!'@( +@<+* @ <*-
5-'* -.5- >'!+ . &'- -5*(5!;! "-; *,*, -, + '(<>,$#*#(, &'!-"2!)-# >/*+,( -( "#(-
&( - ;'>&&-'!+* -. !L-/!4 + &!",()!+*#(,$ !"#- "-5+!,!+, &!"#>&*%0-2  * +2!) 
4* *,$ !;! )(4!)('*. 6!)!+!( ",!+!, 4!#!'!( &'()*(#". 5(#!)!5 &('(5(A( -. 5!A ! 
"=!'5-'!+*#$ -< "-5+!,!+ '*<,-3 @2 4!)!+@2 ",!+. N< P#!;! ",()>(#, 3#! &'- )(&('(-
5(A( -- &!.+,.%0((". 5 !A("#+! !L-/!4 '*</-+*(#".  * !#)(,$ @( !L-/4-, - ! - 
&'- *),(A*# '*<,-3 @5 4!)!+@5 ",!+*5. 8#! 5!A ! !/F." -#$ #(5, 3#! &'- )(&('(-
5(A( -- !L-/4- 5!)-=-?-'>%#". + &!",()!+*#(,$ !"#$  (<*+-"-5@2 !L-/!4, ),. 
4!''(4#-'!+4- 4!#!'@2  (!/2!)-5! -"&!,$<!+*#$  *-5( (( 5!0 @1 4!). 7 >+(,-3(-
 -(5 ;,>/- @ &('(5(A( -. 5!A ! !A-)*#$ >"!+('L( "#+!+* -. 2*'*4#('-"#-4 &!5(-
2!>"#!13-+!"#-, #*4 4*4 &'- P#!5 &'!-"2!)-# &!",*/,( -( 4!''(,.?-- !L-/!4. 9) *-
4! &'- P#!5 '*"#(# <*)('A4* + )!"#*+4( "!!/0( -., "+.<*  *. " -"&!, ( -(5 &'!?()>' 
&('(5(A( -. – )(&('(5(A( -.. I",()"#+-( P#!;! +!<5!A ! &'- .#$ 4!5&'!5-"" !( 
'(L( -( 5(A)> "#(&( $% >,>3L( -. 2*'*4#('-"#-4 &!5(2!>"#!13-+!"#- - +!<5!A !1 
<*)('A4!1 [1].  

N<+("# ! #'- 4*"4*)* &('(5(A( -.: 
- /-#!+@1 &('(5(A-#(,$ – ",>3*1 ! '*"&'()(,.(# /-#@ + &'()(,*2 FEC-/,!4*; 
- +'(5(  !1 &('(5(A-#(,$ – &('('*"&'()(,.(# )*  @( FEC-/,!4* &! "-5+!,*5. 

8#! &!+@L*(# "#*/-,$ !"#$ "-; *,* 4 -5&>,$" !5> L>5>; 
- 3*"#!# @1 &('(5(A-#(,$ – ",>3*1 ! '*"&'()(,.(# )*  @( + '*54*2 OFDM-

"-; *,* " ?(,$% "5.;3-#$ P==(4# "(,(4#-+ @2 3*"#!# @2 <*5-'* -1. 
J('(5(A( -( &'!-"2!)-# + ;'* -?*2 4*A)@2 4 ",!+, ! - &('()*%#". + ;'* -?*2 

!#'(<4* ?-='!+!;! "-; *,*, 4!#!'@1 + "+!% !3('()$ "!)('A-# 16 /-#. I )*  !5 !#'(<-
4( P#- 3-",* &!4*<@+*%#  !5('* /-#!+. I '(<>,$#*#( #*4!;! &('(5(A( -. /-#@ &('(-
"#*+,.%#". )'>; " )'>;!5. :* '-". 1 !#5(3( @ <+(<)!34!1 #( /-#@, 4!#!'@( -"4*A*%#". 
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&!) +,-. -(5 &*4(# !1 !L-/4-. N"2!) @1 &!'.)!4 /-#!+ +!""#* *+,-+*(#". + '(<>,$-
#*#( )(&('(5(A( -. - -"4*A(  @( /-#@ '*""'()!#!3-+*%#". [2]. 

R*4A( &('("#*+,.%#".  ( #!,$4!  (4!#!'@( /-#@,  ! - ;'>&&@ /-#!+, #*4-( 4*4, 
/*1#@. S,. #!;! 3#!/@ '*<5(' &*4(#!+ >+(,-3-+*,". "! 188 )! 204 /*1#!+ + "#* )*'#*2 
?-='!+!;! #(,(+-)( -. DVB &'-5( .(#". &('(5(A( -( + &'()(,*2 &*4(#!+ #'* "&!'#-
 !;! &!#!4* &!",( 4!)-'!+* -. G-)*-7!,!5! *. I '(<>,$#*#( 4*A)@1 &*4(#  (!/2!)--
5! '*</-#$  * 12 ;'>&& &! 17 /*1#!+. J'(A)( +"(;!, &('()*%#". &('+@( /*1#@ +"(2 
;'>&&, #. (. /*1#@ "  !5('*5- !# 1 )! 188, ",()!5 – +#!'@( /*1#@ ;'>&& "  !5('*5- !# 
2 )! 189 - #*4 )*,((. I &!",() %% !3('()$ &('()*%#". 4! (3 @( /*1#@ ;'>&& - -5(%# 
 !5('* 17, 34, ..., 187, 204. E!A ! ")(,*#$ +@+!) 3#!, + &'!?(""( &('(5(A( -. '*< @( 
/*1#@ ")+-;*%#".  * '*""#!. -. !# 0 )! 176 &!<-?-1 + &'()(,*2 &*4(#* #'* "&!'# !;! 
&!#!4*. M + &'-(5 !1 3*"#- +!""#* *+,-+*(#". -"2!) @1 &!'.)!4 ",()!+* -. /*1#!+. 

 

 
 

G-". 1. J('(5(A( -( - )(&('(5(A( -( 

 
E(#!) &('(5(A( -. +!<5!A ! &'-5( .#$ #!,$4! ),.  L-='!+* -. &('()*+*(5!;! 

"-; *,*, &!#!5> 3#! +!""#* !+,( -( )!"#!+(' !;! &!'.)4* "-5+!,!+ +!<5!A ! #!,$4! 
&'- < * -- <*4! * &('("#* !+4-. 

G*""5!#'-5  *-/!,(( )(1"#+(  @( 5(#!)@ &('(5(A( -.: 
- /,!3 !( 4!)-'!+* -(; 
- "+('#!3 !( 4!)-'!+* -(; 
- &('(5(A( -(; 
- "4'(5/,-'!+* -(. 
I !" !+ !5 /,!3 !( 4!)-'!+* -( &'() *< *3( ! ),. +@.+,( -. - ),. -"&'*+,(-

 -. !)- !3 @2 - ;'>&&!+@2 !L-/!4 + 4* *,( "+.<-. J'- ?-& )(1"#+-. /,!3 !;! 4!)--
'!+* -. <*4,%3*(#". + '*</-( -- +2!) !1 - =!'5*?-.  * /,!4- &! k "-5+!,!+, 4!#!-
'@( &'(!/'*<>%#". &! !&'()(,(  !5> <*4! > + n-"-5+!,$ @( /,!4-, ;)( n > k.  

J! "'*+ ( -% " /,!3 @5 4!)-'!+* -(5 "+('#!3 !( 4!)-'!+* -( &'(!/'*<>(# 4*-
A)@1 "-5+!, +2!) !1 - =!'5*?-!  !1 &!",()!+*#(,$ !"#-, "!"#!.0-1, -< k /-#, + n-
/-#!+@1 "-5+!, +@2!) !1 &!",()!+*#(,$ !"#-, &'-3(5 n > k. 7+('#!3 !( 4!)-'!+* -( 
2!#$ - .+,.(#". "-,$ @5 "&!"!/!5 /!'$/@ " !)- !3 @5- !L-/4*5-,  !  ( 5!A(# 
!/("&(3-+*#$ -2 !/ *'>A( -( [2]. 

J('(5(A( -( &'!-"2!)-# &!"'()"#+!5 -<5( ( -. &!",()!+*#(,$ !"#- ",()!+*-
 -. "-5+!,!+ #*4-5 !/'*<!5, 3#! "#!.0-( '.)!5 "-5+!,@ !4*<@+*%#". '*<)(,(  @5- 
 ("4!,$4-5- )'>;-5-. N< P#!;! ",()>(#, 3#! &'(!/'*<!+* -( + 4* *,*2 "+.<- ;'>&&!-
+@2 !L-/!4 + !)- !3 @( )!"#-;*(#". 5(#!)!5 &('(5(A( -.. 

I "+!% !3('()$ "4'(5/,-'!+* -( <*4,%3*(#". + -<5( ( -- +2!) !1 - =!'5*?--
!  !1 &!",()!+*#(,$ !"#- + +@2!) >% &>#(5 (( &!/-# !;! ",!A( -. "! "&(?-*,$ ! 
=!'5-'>(5!1 L-='!+*,$ !1 &!",()!+*#(,$ !"#$%. S,. !&'()(,(  !1 <*0-#@ &('()*-
+*(5!1 - =!'5*?-- - ),. -)( #-=-4*?-- */! ( #!+ -"&!,$<>%# "4'(5/,-'!+* -(. 

N<5( ( -( &*'*5(#'!+ &!#!4* )*  @2 " ?(,$% &'()>&'(A)( -. <*&'(0(  !;! 
&!,>3( -. - =!'5*?-- +  (-"4*A(  !5 +-)( &'- .#! !/!< *3*#$ #('5- !5 "4'(5/,--
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'!+* -( + "#* )*'#( MPEG-2. S("4'(5/,-'!+* -( – P#! !/'*# *. !&('*?-. "4'(5/,--
'!+* -., #. (. !/'*# !( -<5( ( -( &*'*5(#'!+ &!#!4* )*  @2. 

I ?-='!+@2 "-"#(5*2 &('()*3- - =!'5*?--, * -5(  !, + ?-='!+!5 #(,(+-)( --, 
),. "4'(5/,-'!+* -. 4 &('()*+*(5!5> ?-='!+!5> "-; *,> )!/*+,.%# 5(L*%0-1 "-;-
 *,, + 4*3("#+( 4!#!'!;! &'- .#! -"&!,$<!+*#$ &"(+)!",>3*1 @( &!",()!+*#(,$ !"#-. 
9 - &'()"#*+,.%# &!",()!+*#(,$ !"#$ 3-"(, (/-#!+), !/,*)*%0-( '*<,-3 @5- "+!1"#-
+*5- ",>3*1 @2 "-; *,!+. :>,- - ()- -?@ + #*4!1 &!",()!+*#(,$ !"#- '*"&!,!A( @ 
4*4 /@ 2*!#-3("4-,  !  * "*5!5 )(,( 4*A)*. #*4*. &!",()!+*#(,$ !"#$ =!'5-'>(#". 
"!;,*" ! " *,;!'-#5!5, 4!#!'@1 +!<5!A ! !&-"*#$  *-5( $L-5 4!,-3("#+!5 &*'*5(#-
'!+ [3]. 

74'(5/,-'!+* -( &'-5( .(#". + DVB, * #*4A( 4!;)* !;'* -3( -( )!"#>&*  ( #'(-
/>(#".. 74'(5/,-'!+* -( #*4A( &'-/,-A*(# "+!1"#+* &('()*+*(5!;! "-; *,* 4 "+!1"#-
+*5 L>5* - &'- P#!5 P (';-.  *-/!,(( '*+ !5(' ! "!"'()!#*3-+*(#". &! &!,!"( 3*"#!# 
&('()*+*(5!;! "-; *,*, 3#! !/("&(3-+*(# /!,(( '(<>,$#*#-+ !( -"&!,$<!+* -( 4* *,* 
"+.<- - + "+!% !3('()$ &!+@L*(# &!5(2!>"#!13-+!"#$. 

 
7&-"!4 ,-#('*#>'@ 

 

1. I-#('/- M. S. J'- ?-&@ ?-='!+!1 "+.<- - 4!)-'!+* -. [R(4"#]: &('. " * ;,. – E.: G*)-! - 
"+.<$, 1982. – 536 ". 

2. 7+-'-)!+* N. I., O*L4-'!+ M. I., 6!'!#4!+ K. :. N"&!,$<!+* -( LDPC-4!)!+ [R(4"#] // I("#-
 -4 I!'! (A"4!;! ;!". #(2 . > -#*. – 2013. – R. 9. – V 6. – 7. 41–44. 

3. E>'*#!+ M. I., 7-# -4!+ M. I., 7+-'-)!+* N. I. 7&!"!/@ =!'5-'!+* -. OFDM-"-; *,* 
[R(4"#] // G*)-!#(2 -4*. – 2014. – V 6. – 7. 67–69. 
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#-#*$2  #..#+#"-/0  #+0$"&'"9+  LDPC  )&' )&+#   

!"#-)#+"#  +#)$ !,12$  IEEE 802.11N 
 

E. I. ]!'!L*1,!+*, M. I. O*L4-'!+ 
 

@,/,7$9-!&:  !"#$%&"'()**+, ')-*./)"0., #*.()&".')', 

1!"".,"0%2 3)$)&%4.2, 394026,  . 5!&!*)6, 7!"0!("0., 8&!"8)0', $. 9 14 

E-mail:pmv2205@mail.ru 

E-mail: fabi7@mail.ru 

 
 !""#$%&'() "%&*+%*&(!, "-'#! .'+$.'&! "/"%'#!%/0'"+$1$ LDPC +$.!, ! %!+2' +3!"") !&-/%'+%*&, 4&/5'.'-

($ /- $4/"!(/' / "&!5('(/'. 6&!5('(/' &!73/0()- !&-/%'+%*& &!""#!%&/5!'%", (! 4&/#'&' LDPC +$.! "%!(.!&%! 

&!./$"5,7/ IEEE 802.11n 8'"4&$5$.()- 3$+!39()- "'%':. 

 

 !"#"$%". ;$.), +$(%&$3/&*<=/' $>/8+/ (;;?), $8(!&*2/5!<% / /"4&!53,<% 

5$7(/+!<=/' $>/8+/ 4&/ 4'&'.!0' /(@$&#!A// 0'&'7 +!(!3 " >*#$#. ;;? *3*0>!<% 

/"4&!53'(/' 8/%$5$: $>/8+/ 4*%'# .$8!53'(/, /78)%$0($"%/ 5 4'&'.!5!'#$' "$$8='-

(/', 4$75$3,, 4&/'#($#* *"%&$:"%5* $8(!&*2/5!%9 / /"4&!53,%9 8/%$5)' $>/8+/, %!-

+/# $8&!7$#, /"+3<0!, ('$8-$./#$"%9 4$5%$&($: 4'&'.!0/ "$$8='(/,. ;;? 4&/#'-

(,<%", 5#'"%' " $8=': #$.'39< "5,7/, +!+ 4$+!7!($ (! &/". 1. 
 

 
 

 /". 1. ?8=!, #$.'39 "5,7/ 

 

?83!"%9 4&/#'('(/, ;;? /7#'(,'%", $% +$"#/0'"+$: / "4*%(/+$5$: "5,7': 4'&'-

.!0/ "$$8='(/,, -&!('(/, /(@$&#!A//, .$ 8'"4&$5$.()- #$8/39()- "5,7': [1]. ?8&!-

7'A ;;? #$.'3/ "5,7/ 4&'."%!53'( (! &/". 2. 
 

 
 

 /". 2. B$.'39 "5,7/ " +$.$#, +$&&'+%/&*<=/# $>/8+/ 

 

C +!0'"%5' ;;? 5 "%!(.!&%' &!./$"5,7/ IEEE 802.11n /"4$397*<%", +$.) " #!3$: 

43$%($"%9< 4&$5'&$+ (! 0'%($"%9 (Low Density Parity Check – LDPC), >/&$+$ &!"4&$-
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"%&!('() 5 "$5&'#'(()- 8'"4&$5$.()- "/"%'#!- "5,7/ – IEEE 802.11ad, 2nd Gen. DVB, 

IEEE 802.3an. D&'/#*='"%5$ – 5)"$+!, +$&&'+%/&*<=!, "4$"$8($"%9 +$.! / .$"%*4-

($"%9 5)"$+$4&$/75$./%'39($: !44!&!%($: &'!3/7!A// " 4&$4*"+($: "4$"$8($"%9 ('-

"+$39+$ E8/%/". ?%($"/%'39(): ('.$"%!%$+ – 5 $8='# .3, +$.! 5 $8='# "3*0!' $1&!(/-

0'(($' 0/"3$ .$"%*4()- 5!&/!(%$5 !44!&!%()- !&-/%'+%*& .'+$.'&! 

F!+/# $8&!7$#, ('$8-$./#$ 4&$/75'"%/ !(!3/7 G@@'+%/5($"%/ 8!7$5)- !&-/%'+%*&, 

+$%$&)' 4$75$3,<% .$"%/1(*%9 &!73/0()- "$$%($>'(/: #'2.* 4&$4*"+($: "4$"$8($-

"%9< / 5'3/0/($: %&'8*'#)- !44!&!%()- &'"*&"$5 4&/ &'!3/7!A// .'+$.'&! (! DHI6. 

 !"#"$%" ! LDPC &'#(. LDPC +$. – 3/(':(): +$., /"4&!53,<=/: $>/8+/, 4$-

"%&$'((): (! $"($5' &!7&,2'(($: #!%&/A) 4&$5'&+/ (! 0'%($"%9. J3, .!(($: #!%&/A) 

4&$5'&+/ (! 0'%($"%9 HM×N, 1.' ($#'&! "%&$+ B 4&'."%!53'() 4&$5'&$0()#/ *73!#/ 

{"1, "2, …, "B} / ($#'&! "%$38A$5 N 4&'."%!53'() 4'&'#'(()#/ *73!#/ {v1, v2, …, vN}. 

D&$5'&$0(): *7'3 "m "$'./(,'%", " 4'&'#'(()# *73$# vn, %$39+$ '"3/ H(m,n) (' ($39. 
 

 
 

 /". 3. J5*"%$&$((/: 1&!@ F!(('&! .3, (3,6)-&'1*3,&($1$ LDPC +$.! 

 

LDPC &'# )*+$#+,*+ IEEE 802.11n % %)-'./01"2(" +.3',%*2( #"&'#%,'!+$%4 

6%!(.!&% IEEE 802.11n 4&'.(!7(!0'( .3, &!8$%) 5 ./!4!7$(' 5 EEA, $8'"4'0/5!, 

"$5#'"%/#$"%9 " $8$&*.$5!(/'# IEEE 802.11!. ?.(!+$ $( $%3/0!'%", $% 4&'.>'"%5'(-

(/+$5 +!+ (! @/7/0'"+$#, %!+ / (! BK6-*&$5('. D$.&$8($ G%/ $%3/0/, $4/"!() 5 $8-

7$&' [2]. ;!+ / 5"' "%!(.!&%) IEEE 802.11, $( 4&'.(!7(!0'( .3, "$7.!(/, 3$+!39()- 

8'"4&$5$.()- "'%':, .':"%5*<=/- 5 ('3/A'(7/&*'#)- ./!4!7$(!- 0!"%$%. 6%!(.!&% 

$4/")5!'% !31$&/%#) &!8$%) / %&'8$5!(/, + !44!&!%*&' (! @/7/0'"+$# *&$5(' (Phy) / 

(! *&$5(' *4&!53'(/, .$"%*4$# + +!(!3* (BK6) (Media access control – 4$.*&$5'(9 

*&$5(, "$'./('(/, 5 %'&#/($3$1// #$.'3/ 57!/#$.':"%5/, $%+&)%)- "/"%'#). L$5): 

"%!(.!&% 4&/75!( 4$5)"/%9 4&$4*"+(*< "4$"$8($"%9 3$+!39()- 8'"4&$5$.()- "'%': 

.$ ($#/(!39()- "+$&$"%': "5)>' 100 B8/%/".  

B!%&/A! 4&$5'&+/ (! 0'%($"%9 LDPC +$.! $4&'.'3,'% "$$%($>'(/' $>/8$+ 4$ 

8/%!# (BER – bit error ratio), 4&$4*"+(*< "4$"$8($"%9 / "3$2($"%9 .'+$.'&! LDPC. 

B!%&/A) +$(%&$3, 0'%($"%/, /"4$397*'#)' 5 "%!(.!&%' IEEE 802.11n, /#'<% #($1$-

*&$5('5)' "%&*+%*&) / "$"%$,% /7 ".5/(*%)- 5!&/!(%$5 #!%&/A, *.$53'%5$&,<=/- 

/.'(%/0($:, $8M'./('() .3, @$&#/&$5!(/, 12 &!73/0()- #!%&/A .3, 648, 1296 /  

1944 .3/( 83$+$5 / 1/2, 2/3, 3/4, 5/6 +$.$5)- "+$&$"%': [3]. D&$5'&$0(!, #!%&/A!  

324 × 648 0'%($"%/ /"4$397*'%", 5 "%!(.!&%' IEEE 802.11n .3, 83$+! .3/($: 648. J3/-

(! / "+$&$"%/ +$.! 1/2 4$+!7!($ (! &/". 3. 
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 /". 3. B!%&/A! +$(%&$3, 0'%($"%/ .3, 83$+! .3/($: 648 / +$.$5$: "+$&$"%9< 1/2 

 

C G%$: "%!%9' 4&'."%!53'( 1/8&/.(): LDPC .'+$.'&, !44!&!%(!, &'!3/7!A/, +$(%&$-

3, 4$ 0'%($"%/ #!%&/A +$%$&$1$ *+!7!((! 5 IEEE 802.11n "%!(.!&%', &!7#'&! 83$+! 648.  
 

 
 

 /". 4. K44!&!%(!, !&-/%'+%*&! LDPC .'+$.'&! 

 

;!+ 4$+!7!($ (! &/". 4, !44!&!%(!, !&-/%'+%*&! 4$-$2! (! !44!&!%(): LDPC-

.'+$.'&, 4&'.3$2'((): 5 [4]. F!+ &!7#'& "*8-#!%&/A! +$(%&$3, 4$ 0'%($"%/ #!%&/A 

27×27, /"4$397$5!3/ 27 +!(!3$5 4'&'.!0/ .!(()- 4&$5'&+/ *73$5 .3, &'!3/7!A// !31$-

&/%#! .'+$./&$5!(/, Min-sum .3, $.($1$ "3$, 4!&!33'39($. D$"3' $8($53'(/, 4'&'-

#'(($: *7'3 7!5'&>!'%", .3, $.($1$ "3$,, "3'.*<=/: "3$: /7 #!%&/A) 4&$5'&+/ (! 

0'%($"%9 $8&!8!%)5!'%", 5 &'7*39%!%' &'!3/7!A// 1/8&/.($1$ LDPC-.'+$.'&. 

K44!&!%(!, !&-/%'+%*&! "$"%$/% /7 24×162 4'&'#'(($1$ *73! 4!#,%/, 2 ".5/1!%'-

3': (83$+ 0%'(/,, 83$+ 7!4/"/), 27 4&$5'&$0()- *73$5 3/(/: .!(()- / 27 12×38 83$+$5 

4!#,%/ 4&$5'&$0()- *73$5 (CN). N/% 4!#,%/ 24×162 /"4$397*'%", .3, -&!('(/, 648 *7-

3$5 &!73/0()- "$$8='(/:, +!2.): /7 +$%$&)- 6-&!7&,.():, 5 %$# 0/"3' 1 8/% 7(!+!. 

 !73/0!<% .5' !&-/%'+%*&) LDPC .'+$.'&!: .5*-@!7(): .'+$.'& / #($1$*&$5('-

5): .'+$.'&. 6%&*+%*&) $8$/- !&-/%'+%*& 0!"%/0($ 4!&!33'39(!. K&-/%'+%*&) .5*- 

.'+$.'&$5 4&'."%!53'() (! &/". 5.  

C "3$/"%$: !&-/%'+%*&' +!2.): !44!&!%(): +$.$5): *7'3 !""$A//&$5!( %$39+$ " 

$.(/# !44!&!%()# 4&$5'&$0()# *73$#. O%$ "*='"%5'(($ *4&$=!'% !44!&!%(*< !&-/-

%'+%*&* +$.$5$1$ *73!. N3$+ +$##*%!A// +$.$5)- / 4&$5'&$0()- *73$5 ,53,'%", 4'&'-

+$(@/1*&/&*'#)#, %. '. /7#'(,<=/# "5,7/ #'2.* +$.$5)#/ / 4&$5'&$0()#/ *73!#/ 

+!2.): %!+% 5 7!5/"/#$"%/ $% ($#'&! $8&!8!%)5!'#$1$ "3$,.  
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J!((!, !&-/%'+%*&! .'+$.'&! /"4$397*'% !44!&!%()' 83$+/ 4&$5'&$0()- (Variable 

Node) / +$.$5)- *73$5 (Check Node), 4&,#$: / $8&!%(): +$##*%!%$&) (Interconnection 

/ Inverse Interconnection, "$$%5'%"%5'(($) #'2.* .5*#, %/4!#/ *73$5, ! %!+2' 3/(// 

7!.'&2+/ "$$8='(/: (FIFO) $% 4&$5'&$0()- + +$.$5)# *73!#. K(!3/7 "3$/"%$: !&-/-

%'+%*&) 4$+!7)5!'%, 0%$ ,53,,"9 +$(A'4%*!39($ 8$3'' "3$2($: 4$ "&!5('(/< "$ "3*0!-

'# 4$3($"%9< 4!&!33'39($1$ .'+$.'&! / %&'8*, 8$3'' "3$2($: 3$1/+/ *4&!53'(/,, 

.!((!, !&-/%'+%*&! 5"' 2' 4$75$3,'% .$8/%9", "*='"%5'(($1$ "$+&!='(/, $8='1$ 0/"-

3! /"4$397*'#)- &'"*&"$5 DHI6 7! "0'% *4&$='(/, !&-/%'+%*&) +$.$5)- *73$5 / 

*#'(9>'(/, +$3/0'"%5! !44!&!%()- 4&$5'&$0()- *73$5, 0%$ 8*.'% 4&$.'#$("%&/&$5!-

($ .!3'' [5]. 
 

 
%                                                                                         : 

 

 /". 5. % – .5*-@!7(!, !&-/%'+%*&! .'+$.'&!; : – "3$/"%!, !&-/%'+%*&! .'+$.'&! 
 

P"%9 ('+$%$&)' @*(.!#'(%!39()' &!73/0/, #'2.* .5*-@!7($: !&-/%'+%*&$: .'-

+$.'&! (&/". 5, %) / "3$/"%$: !&-/%'+%*&$: .'+$.'&! (&/". 5, :). J5*-@!7(): .'+$.'& 

"$.'&2/% .5! ?QR, +$%$&)' /"4$397*<%", .3, (!+$43'(/, 5"'- 5-$.,=/- "$$8='(/: 

/7 4'&'#'(($1$ *73!. C$ 5&'#, $.($: /%'&!A// $.(! "*##! ?QR /"4$397*'%", .3, 5)-

0/"3'(/, $8($3'(($1$ "$$8='(/,, 5)0/%!, "$$%5'%"%5*<='' "$$8='(/' /7 ?QR / .$-

8!53'(/, 7(!0'(/, +!(!3! ?QR. C%$&!, "*##! ?QR ('$8-$./#! .3, 4$"%&$'(/, ($5$: 

"*##) .3, "3'.*<=': /%'&!A//, "3'.$5!%'39($, $8! ?QR #'(,<%", #'"%!#/ 4$"3' +!-

2.$: /%'&!A// 4$ "&!5('(/< "$ "3$/"%$: !&-/%'+%*&$: .'+$.'&! "$-&!(,'% !4$"%'&/-

$&(*< /(@$&#!A/< 5 $4'&!%/5($: 4!#,%/ +!(!3!. 

5+&.67"$%". C .!(($: &!8$%' /""3'.$5!() &'!3/7!A// .'+$.'&! LDPC +$.! 8'"-

4&$5$.($1$ "%!(.!&%! IEEE 802.11n " /"4$397$5!(/'# !31$&/%#! Min-Sum. O@@'+%/5-

($"%9 &'!3/7!A// &!73/0()- !&-/%'+%*& $4&'.'3,3!"9 (! $"($5' +&/%'&/, $%($>'(/, 

4&$4*"+($: "4$"$8($"%/ + $8M'#* /"4$397*'#)- !44!&!%()- &'"*&"$5. 
 

64/"$+ 3/%'&!%*&) 
 

1. Smolyakov V. A Multi-Standard LDPC Decoder. – University of Toronto, 2010. 

2. S!-($5/0 I. 6%!(.!&% IEEE 802.11n – *2 "+$&$. D&/#/&'(/' ('4&/#/&/#)- // O3'+%&$(/+!: 

LFN. – 2006. – T 1. 

3. IEEE 802.11n Wireless LAN Medium Access Control MAC and Physical Layer PHY specifications // 

IEEE 802.11n-D2.0. – 2007. 

4. Dielissen J., Hekstra A., Berg V. Low cost LDPC decoder for DVB-S2 // Design, Automation & Test 

in Europe Conference. – March 2006. 
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 !"#$%  «&'()*+,(-./(01  2-314+-.0   

2+)4,-  +  (-(,5.1)34,(+)+» 

 
 

6.1()+  ,) +7-  )-72+8-,.,9-,  6,.':1((01  +)-6+4,.+;,2  

4- 39,4,9  5) 34-)3,9  7.8   ,.(1:(0<  8:11)  

 
 . !. "#$#%&', (. ). *#+$,-.'#, (%#,/%01 $,2&'&34+.56)  

 

 !"#$#%# $!&'!'(!)* +$,$-$ $ (./$)01'-#()!$-$ 23456 785 926 

660074, :. ;(."!)<("-, %1. ;$('!"-):), 28  

E-mail: fedyev@bk.ru 

 
7885.3&'#%49 :& 4;<&+&'5.%4= 4 :$4>.%.%4= -4$&2&;&%%0? &2843&' >.+#55&' - 

:&5,:$&'&3%42&' %#@4$#.+ &@&$&+0 ' :&85.3%4. 3'# 3.89+45.+49.  8%&'%0. %#:$#'5.-
%49 4? :$4>.%.%49 '25=/#=+ ' 8.@9 :$.&@$#;&'#%4. 8&5%./%&1 A%.$<44 /.$.; B&+&-
A5.2+$&?4>4/.8241 454 $-n :.$.?&3 ' 8&5%./%0? @#+#$.9? 454 ;# 8/.+ B&+&?4>4/.82&-
<& $#8C.:5.%49 '&30 %# )2 4  2, 4 <#;&'0. 8.%8&$0. TiO2 4 ZnO @054 %#4@&5.. -4$&2& 
4;,/#.>0>4 >#+.$4#5#>4 ' A+&1 2#+.<&$44 [1].  

*& 8$#'%.%4= 8 :$&8+0>4 @4%#$%0>4 &2843#>4, 85&D%0. &28430 >.+#55&' :$.3-
5#<#=+ @&5.. -4$&241 :$&8+&$ 359 '#$64$&'#%49 ?4>4/.824? 4 B4;4/.824? 8'&18+' 
>#+.$4#5&' :,+.> 4;>.%.%49 &+%&84+.56%0? 8&&+%&-.%41 2#+4&%&' ' A+4? >,56+42#-
+4&%%0? &2843#?. )#:$4>.$, 4;>.%.%4. ' &+%&84+.56%&> 8&8+#'. 2#+4&%&' >&D.+ 4;-
>.%4+6 A5.2+$&%%0. 8'&18+'# +$&1%&<& 454 @&5.. '08&2&<& :&$932# &2843# >.+#55#, 
%#:$4>.$, B,%2E49 $#@&+0 (F), -4$4%# ;#:$.C.%%&1 ;&%0 (Eg), A5.2+$&:$&'&3%&8+6 (G) 
4 +. 3. H$&>. +&<&, &+%&84+.56%&. :&5&D.%4. ;&%0 :$&'&34>&8+4 (CB) 4 '#5.%+%&1 ;&-
%0 (VB) '#D%0 359 ABB.2+4'%&<& :.$.%&8# A5.2+$&%&' 454 30$&2 /.$.; :&5,:$&'&3-
%42&'01 #38&$@.%+ [1].  

I4;&<,/4 4 J,3'&$3 :$4'.54 $#8/.+ A5.2+$&%%&1 ;&%%&1 8+$,2+,$0 456>.%4+# 
CdSnO3 8 48:&56;&'#%4.> 54%.1%&<& &$@4+#56%&<& 8:&8&@# 8 #+&>%0> :$4@54D.%4.> 
(LTMO-ASA), 4 A+& ,2#;0'#.+ %# +&, /+& >#+.$4#5 4>..+ %.:$9>,= ;#:$.C.%%,= ;&%, 
8 %.@&56-&1 $#;%4E.1 ' '&5%&'0? '.2+&$#?, >4%4>#56%&1 ' ;&%. :$&'&34>&8+4 4 >#2-
84>#56%&1 '#5.%+%&1 ;&%. '@54;4 +&/24 K. *&82&562, :$9>0. :.$.?&30, ;#:$.C.%%0. 
:& 84>>.+$44, 4>.=+ @&5.. %4;2,= '.$&9+%&8+6 :&9'5.%49, :$4%9+&, /+& =$>$?@ A@-

B>!C!??DE AD?F $GHI!?$J@ 3,07 ± 0,03 K9  [1]. 
*5.%24 CdSnO3 @054 48:&56;&'#%0 ' 2#/.8+'. B&+&#%&3# ' 2$#84+.5.> 8.%84@4-

54;4$&'#%%0? 8&5%./%0? A5.>.%+#? (DSSCs), 2&+&$0. :&2#;#54 ABB.2+4'%&8+6 1,42 %. 
L+# ABB.2+4'%&8+6 %.82&562& '0-., /.> 8&&@C#5&86 [2] 359 DSSCs %# &8%&'. SnO2 
(1,2 %) ' #%#5&<4/%0? ,85&'49?. I0 ;#>.+454, /+& CdSnO3 &/.%6 ,8+&1/4' ' 8456%& 
24850? 8$.3#? 4 >&D.+ '03.$D#+6 :$&?&D3.%4. A5.2+$&?4>4/.824? $.#2E41 ' 8$.3#? 8 
$) %4D. 0,68 [1].  

 3%#2&, :&82&562, 8&.34%.%49 Cd 9'59=+89 +&284/%0>4, 4? :&5,/.%4. +$#34E4-
&%%0>4 >.+&3#>4 '#2,,>%&<& $#8:05.%49 >4-.%.1 &<$#%4/.%& 4 +#24. :5.%24 >#5& 
4;,/.%0. *$4 A+&> A5.2+$4/.824. 8'&18+'# &2843&' 2#3>49, 5.<4$&'#%%0? &5&'&> 454 
E4%2&> 4%&<3# :$.'&8?&39+ :&2#;#+.54 3$,<4? (M . 

)#>4 359 :&5,/.%49 :5.%&2 Cd-Sn-O 48:&56;&'#% A28+$#2E4&%%&-:4$&54+4-
/.8241 >.+&3. J 2#/.8+'. A28+$#<.%+# 48:&56;&'#%0 2#$@&%&'0. 2485&+0, 2&+&$0. %. 
8>.-4'#=+89 8 '&3&1, 4 ' +& D. '$.>9 %#?&39+89 ' D432&> 8&8+&9%44. (#24>4 2485&-
+#>4 9'59=+89 2#:$&%&'#9, 2#:$45&'#9, A%#%+&'#9 4 :.5#$<&%&'#9. *&5,/.%%0. ' $.-
;,56+#+. A28+$#2E44 2#$@&2845#+0 2#3>49 4 &5&'# (RM  )2Cd, 454 >05#, %.+&284/%0. 
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N59 ,+&/%.%49 2&%E.%+$#E44 >.+#55&' ' A28+$#2+#? :&5,/.%0 $.A28+$#2+0, 2&+&-
$0. 4885.3&'#%0 >.+&3&> #+&>%&1 #@8&$@E44 %# :$4@&$. OOI-1M. P#@&/4. $#8+'&$0 
@054 :$4<&+&'5.%0 8>.-4'#%4.> A28+$#2+&' ' ;#3#%%&> 8&&+%&-.%44 1:1, 2:1, 4:1, 6:1, 
8:1. P#8/.+ :$&'&34589 :& :$&:&$E49>: c1V1S1 = c2V2S2. 

P#8+'&$0 8&5.1 2#$@&%&'0? 2485&+ &@5#3#=+ %4;24> :&'.$?%&8+%0> %#+9D.%4-
.>, # ;%#/4+ ?&$&-.1 8>#/4'#=C.1 8:&8&@%&8+6= 5=@0? :&35&D.2. )#%.8.%4. :5.%&2 
%# 8+.25& &8,C.8+'5954 >.+&3&> %#2#+0'#%49 $#8+'&$# 8 :&85.3,=C4> $#82$,/4'#%4-
.> %# '$#C#=C.>89 8+&542. (>.+&3 spin coating). *&5,/.%%0. +&%24. :5.%24 :&38,-4-
'#54 4 :&>.C#54 ' '.$+42#56%,= :./6 359 :4$&54;# :$4 +.>:.$#+,$. 450 °M %# 3 >4-
%,+0. N#5.. :&85. &?5#D3.%49 :5.%24 %#%&8454 85.3,=C41 85&1 4 +.3. ' E425..  

"054 :&5,/.%0 :$&;$#/%0. D.5+&<& E'.+# :5.%24, :&'.$?%&8+%&. 8&:$&+4'5.%4. 
2&+&$0? :$4'.3.%& ' +#@5. 1. 

H&54/.8+'& %#%&84>0? 85&.' 359 $#@&/4? $#8+'&$&' ' 8&&+%&-.%44 1:1 4 2:1 $#'-
%95&86 10, # 359 $#@&/4? $#8+'&$&' ' 8&&+%&-.%44 4:1, 6:1 4 8:1 2&54/.8+'& %#%&84>0? 
85&.' $#'%95&86 15. H&54/.8+'& %#%&84>0? 85&.' &:$.3.595&86 &:0+%0> :,+.> 48?&39 
4; 4;>.$.%%&<& %#>4 :&'.$?%&8+%&<& 8&:$&+4'5.%49 :&85. %#%.8.%49 2#D3&<& 85&9. 
N59 :$&'&39C4? :5.%&2 &%& 3&5D%& @05& 2#2 >&D%& >.%6-.. 

 
(#@54E# 1  

*&'.$?%&8+%&. 8&:$&+4'5.%4. :&5,/.%%0? :5.%&2 
 

H&54/.8+'& 
%#%.8.%%0? 
85&.' 

*&'.$?%&8+%&. 8&:$&+4'5.%4., 2 >/8>2 
:$4 8&&+%&-.%44 2&>:&%.%+&' Cd:Sn 

1:1 2:1 4:1 6:1 8:1 
4 150000 3000 5 4 4 
5 65000 300 3,5 1,8 1,6 
6 50000 300 2 0,95 1,3 
7 35000 150 1,5 0,755 1 
8 30000 40 1,1 0,66 0,75 
9 30000 40 0,8 0,5 0,64 
10 30000 30 0,6 0,435 0,455 
11   0,575 0,25 0,33 
12   0,525 0,22 0,31 
13   0,5 0,2 0,273 
14   0.45 0,235 0,245 
15   0,4 0,235 0,2 

 
*&'.$?%&8+%&. 8&:$&+4'5.%4. :&5,/.%%0? :5.%&2 4;>.$95&86 /.+0$.?;&%3&'0> 

>.+&3&> 4;>.$.%49 8&:$&+4'5.%49. *$.4>,C.8+'& A+&<& >.+&3# 8&8+&4+ ' +&>, /+& 359 
.<& :$4>.%.%49 %. +$.@,.+89 8&;3#%49 &>4/.824? 2&%+#2+&' 2 &@$#;E,, '&;>&D%& 4;>.-
$.%4. ,3.56%&<& 8&:$&+4'5.%49 &@$#;E&' 8#>&1 $#;%&&@$#;%&1 B&$>0 4 $#;>.$&'. Q8-
5&'4.> .<& :$4>.%.%49 8 +&/24 ;$.%49 B&$>0 &@$#;E# 9'59.+89 %#54/4. :5&82&1 :&-
'.$?%&8+4, 54%.1%0. $#;>.$0 2&+&$&1 :$.'&8?&39+ 54%.1%0. $#;>.$0 848+.>0 ;&%3&'.  

7;>.$.%49 :&'.$?%&8+%&<& 8&:$&+4'5.%49 :&5,/.%%0? %#>4 :5.%&2 %#/4%#5&86 
:&85. %#%.8.%49 4 85&9. L+& 8'9;#%& 8 +.>, /+& :5.%2# @05& &/.%6 +&%2&1 4 4;>.$9+6 
8&:$&+4'5.%4. @05& ;#+$,3%4+.56%&. 

7; :&5,/.%%0? 3#%%0? >&D%& 83.5#+6 '0'&3 & +&>, /+& :&'.$?%&8+%&. 8&:$&+4'-
5.%4. :5.%&2 Cd-Sn-O 8%4D#.+89 8 ,'.54/.%4.> +&5C4%0 :5.%&2 ($48. 1).  

*&'0-.%4. 8&3.$D#%49 2#3>49 ' 8&8+#'. &2843# Cd-Sn-O :$4'&34+ 2 8%4D.%4= 
:&'.$?%&8+%&<& 8&:$&+4'5.%49. )#45,/-4>4 :$&'&39C4>4 8'&18+'#>4 &@5#3#=+  
&2843%0. :5.%24 4; $#8+'&$&' A28+$#2+&' 2#3>49 4 &5&'# ' 8&&+%&-.%49? 4:1  
(R = 400  >/8>2), 6:1 (R = 235  >/8>2) 4 8:1 (R = 200  >/8>2).  
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P48. 1. R#'484>&8+6 :&'.$?%&8+%&<& 8&:$&+4'5%49 :5.%24  
&+ 2&54/.8+'# %#%.8.%%0? 85&.' :$4 8&&+%&-.%44 2&>:&%.%+&' 4:1 

 

N59 B&$>4$&'#%49 <.+.$&8+$,2+,$0 Si/CdSnO 48:&56;&'#589 >&%&2$48+#554/.-
8241 Si p-+4:#, %# 2&+&$01 %#2#+0'#%4.> %#%&845486 :$&;$#/%0. :$&'&39C4. :5.%24 
CdSnO (6:1). 

N59 4885.3&'#%49 B&+&&+2542# @054 :&3<&+&'5.% &@$#;.E Si/ CdSnO, %# 2&+&$01 

@05& %#%.8.%& 4 85&9 CdSnO. 
 @$#;.E &8'.C#589 5#>:&1 >42$&82&:#. (&2 (B&+&&+2542) $.<48+$4$&'#589 <#56-

'#%&>.+$&'. N& %#%.8.%49 :$&;$#/%0? :$&'&39C4? :5.%&2 @05 4885.3&'#% B&+&&+2542 
, Si. L+&+ &+2542 8&8+#'45 10 3.5 :& -2#5. 0,1 >2O, +. .. 4;>.$.%%01 +&2 8&8+#'45 
20 %O. 

*$4 4885.3&'#%44 B&+&&+2542# <.+.$&8+$,2+,$ @054 :&5,/.%0 85.3,=C4. $.-
;,56+#+0 (8>. +#@5. 2). 

 
(#@54E# 2 

R#'484>&8+6 4;>.$.%%&<& +&2# <.+.$&8+$,2+,$ Si/CdSnO &+ 2&54/.8+'# %#%.8.%%0?  
:$&;$#/%0? :$&'&39C4? :5.%&2 CdSnO 

 
H&54/.8+'& 85&.' 7;>.$.%%01 +&2, %O 

4 48 
5 64 
6 180 
7 100 
8 80 
9 40 

 

7; $48. 2 >&D%& 83.5#+6 '0'&3 & +&>, /+& B&+&&+2542 >#284>#5.% :$4 2&54/.8+'. 
85&.' $#'%&> -.8+6 4 ' 6 @&56-., /.> , Si. L+& >&D%& &@S98%4+6 +.>, /+& :$4 @&56-.> 
2&54/.8+'. 85&.' :$&;$#/%&8+6 :5.%24 ,>.%6-#.+89. L+& '.3.+ 2 +&>,, /+& >.%6-. 8'.-
+# 3&?&34+ 3& Si, 85.3&'#+.56%&, <.%.$4$,.+89 >.%6-. ;#$93&'.  
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 !". 2. #$%!"!&'"() !*&+,+--'.' ('/$ .+(+,'"(,0/(0, Si/CdSnO  
'( /'1!2+"(%$ -$-+"+--34 5,'*,$2-34 5,'%'678!4 51+-'/ CdSnO 

 
9'(''(/1!/ .+(+,'"(,0/(0,3 Si/CdSnO 0%+1!2!1"7 %"1+6"(%!+ p-n 5+,+4'6$, %'*-

-!/$:8+.' &+;60 Si ! CdSnO, $ ($/;+ (+&, 2(' CdSnO 7%17+("7 «"'<!,$:8!&» =1+/-
(,'6'&. 

 
>5!"'/ 1!(+,$(0,3 

 
1. Gayatri Natu. Design and Synthesis of Metal Oxide Nanomaterials and Study of Their Electronic Prop-

erties for Energy Conversion via Dye-sensitized Solar Cells // Dissertation Presented in Partial Fulfillment of the 
Requirements for the Degree Doctor of Philosophy in the Graduate School of The Ohio State University By 
Gayatri Natu Graduate Program in Chemistry The Ohio State University 2012. – >. 91–106. 

2. Kay A., Gratzel M. Chem. Mater. – 2002, 14, 2930-2935. 
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 !"#$#%&'(#')# #*+!&  ,-%&).-(!,   

'#(/0&++!&  ,&%#*#,  ')&""# -+.1 

 
?. ?. @'"'1$5'%, ?. ?. A!(B, C. D.  +%%$, E. F. G'.,+<+-/'%  

 
 !"#$%!&'%() #**&+,$-!.+&'*/#) 0$1*/#) 2$&#.+3%#4+*/#) 5%#-+6*#.+. 

634050, 7. 0$1*/, 5&. 8+%#%!, 30 

E-mail: ditts@tpu.ru 
 

G,+6"($%1+-3 ,+*01)($(3 !""1+6'%$-!7 5' 5'102+-!: %3"'/'(+51'5,'%'6-'H /+,$&!/! !* /'&-
&+,2+"/!4 5','I/'% -!(,!6$ $1:&!-!7 ! '/"!6$ !((,!7 &+('6'& '6-''"-'.' 5,+""'%$-!7 !* .,$-017($. 
G,+61';+-$ 5,!-B!5!$1)-$7 "4+&$ 5,!.'('%1+-!7 ! '5,+6+1+-3 (+4-'1'.!2+"/!+ "%'H"(%$ .,$-017($. 
G,'%+6+-3 !""1+6'%$-!7 (+51'J!*!2+"/!4 "%'H"(% 5'102+--'H /+,$&!/!, "(,0/(0,3 &+('6$&! XRD, 
SEM. E ,$<'(+ <31$ 5'102+-$ /+,$&!/$ " (+51'5,'%'6-'"(): '( 172 6' 174 E(/&·@. 

 
 2343563 
K<L+& &!,'%'.' ,3-/$ /+,$&!/! % 2013 .'60 "'"($%!1 – 46 &1,6. $. K<L+& ,'"-

"!H"/'.' ,3-/$ /+,$&!/! % 2013 .'60 "'"($%!1 – 0,5 &1,6. $. >,+6-+.'6'%3+ (+&53 
,'"($ &!,'%'.' ,3-/$ J0-/B!'-$1)-'H /+,$&!/!, "'"($%17:( 38 % % .'6, (+&53 ,'"($ 
,'""!H"/'.' ,3-/$ – 5',76/$ 20 % % .'6. K6-!& !* %'"(,+<'%$--34 "+.&+-('% ,3-/$ % 
"''(%+("(%!! " &!,'%3&! (+-6+-B!7&! ,$*%!(!7 7%17+("7 =1+/(,'-!/$ ! =1+/(,'(+4-!-
/$ (/+,$&!2+"/!+ =1+&+-(3 617 =1+/(,'--'H 5,'&3I1+--'"(!, % ('& 2!"1+ 617 (+51'-
-$.,0;+--34 =1+&+-('% 5'105,'%'6-!/'%34 5,!<','%, &'8-34 "%+('6!'6'%; !*'17('-
,3 ,$*1!2-'.' 5,!&+-+-!7 617 =1+/(,'(+4-!/! ! =-+,.+(!/!).  '"( 5,!&+-+-!7 /+,$-
&!2+"/!4 &$(+,!$1'% '<0"1'%1+- 5,+!&08+"(%'& % "%'H"(%$4 "'%,+&+--'H /+,$&!/! 
5' ",$%-+-!: " (,$6!B!'--3&! &$(+,!$1$&!. K/'1' 80% "'%'/05-'.' 5'(,+<1+-!7 
!*6+1!H !* (+4-!2+"/'H /+,$&!/! %  '""!! 5,!4'6!("7 -$ !&5',( 5' 6$--3& '<*',$ 
,3-/$, %35'1-+--'.' /'&5$-!+H Dedalus Consulting, '(2+( «Ceramics and Superabrasives 
Dominate the Global Market From 2008 to 2013».  

K6-!& !* 5+,"5+/(!%-34 -$5,$%1+-!H 7%17+("7 5,'!*%'6"(%' %3"'/'(+51'5,'-
%'6-34 &$(+,!$1'% ! !*6+1!H -$ '"-'%+ -!(,!6$ $1:&!-!7. M!(,!6 $1:&!-!7 '<1$6$-
+( ,76'& 0-!/$1)-34 "%'H"(% 5' ",$%-+-!: " 6,0.!&! &$(+,!$1$&!, 5,!&+-7+&3&! % 
&!/,'=1+/(,'-!/+.  

N+1) 6$--'H ,$<'(3: ,$*,$<'(/$ (+4-'1'.!! 5'102+-!7 .,$-017($ !* 5','I/$ 
-!(,!6$ $1:&!-!7 ! 5,+""'%$-!+ 5,'"(34 5' J',&+ !*6+1!H !* .,$-017($. 

789:3;6<35= 

E ,$<'(+ <31! !"5'1)*'%$-3 5,'&3I1+--3+ 5','I/! -!(,!6$ $1:&!-!7 5,'!*-
%'6"(%$ J!,&3 H.C. Starck grade B, 617 "-!;+-!7 (+&5+,$(0,3 "5+/$-!7 %%'6!1! 5'-
,'I'/ '/"!6$ !((,!7 5,'!*%'6"(%$ J!,&3 H.C. Starck grade >. 

G' 6$--3& ,+-(.+-'J$*'%'.' $-$1!*$, %35'1-+--'& -$ 6!J,$/('&+(,+ Shimadzu 
XRD-7000, 5','I'/ -!(,!6$ $1:&!-!7 5,+6"($%1+- +6!-"(%+--'H J$*'H (000-25-
1133). M$ ,+-(.+-'.,$&&+ 5','I/$ '/"!6$ !((,!7 5,!"0("(%0:( ('1)/' ,+J1+/"3 '/-
"!6$ !((,!7 (000-41-1105). 

 +*01)($(3 1$*+,-'H .,$-01'&+(,!! !"4'6-34 5','I/'% -!(,!6$ $1:&!-!7 ! 
'/"!6$ !((,!7, 5'102+--34 -$ 1$*+,-'& 6!J,$/B!'--'& $-$1!*$(',+ ,$*&+,'% 2$"(!B 
SALD 7101, 5,+6"($%1+-3 % (($<1. 1). 

G'102+--3+ ,+*01)($(3 1$*+,-'H .,$-01'&+(,!! 5'6(%+,;6$:("7 6$--3&! ,$"-
(,'%'H =1+/(,'--'H &!/,'"/'5!!, %35'1-+--'H -$ &!/,'"/'5+ JSM 7500FA, 617 !"-
"1+60+&34 5','I/'% -!(,!6$ $1:&!-!7 ! '/"!6$ !((,!7 (,!". 1, 2). 
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 !". 1. F!/,'J'('.,$J!! 5','I/$  
AlN H.C Starck ×20000 

 !". 2. F!/,'J'('.,$J!! 5','I/$  
Y2O3 H.C. Starck ×20000 

 
O$<1!B$ 1 

A$--3+ .,$-01'&+(,!! 5','I/'% 
 

C"4'6-3H  
5','I'/ 

 $*&+, 2$"(!B, &/& 
D10 D50 D90 

AlN 0,200 1,200 5,100 
Y2O3 0,641 1,455 2,926 

 
>'.1$"-' 6$--3& &!/,'"/'5!! 5','I'/ -!(,!6$ $1:&!-!7 5,+6"($%1+- /,05-

-3&! '<L+&-3&! 2$"(!B$&! '<1'&'2-'H J',&3 " ,$*&+,$&! 2$"(!B '( 2 6' 5 &/&.  
>'.1$"-' 6$--3& &!/,'"/'5!! 5','I'/ -!(,!6$ $1:&!-!7 5,+6"($%1+- /,05-

-3&! '<L+&-3&! 2$"(!B$&! '<1'&'2-'H J',&3 " ,$*&+,$&! 2$"(!B '( 2 6' 5 &/&.  
A17 !*.'('%1+-!7 5,+""'%'/ "&+") 5','I/$ -!(,!6$ $1:&!-!7 ! '/"!6$ !((,!7 

.,$-01!,'%$1!, 5'"/'1)/0 !"4'6-3+ 5','I/! ! !4 "&+") !&+1! -+06'%1+(%',!(+1)-3+ 
"%'H"(%$ (-$"35-0: 51'(-'"(): 0,63 ./"&3 ! 0,23 ./"&3 "''(%+("(%+--'). >3502+"() !"-
4'6-34 5','I/'% !*&+,!() -+ 06$1'"). P,$-01!,'%$-!+ "&+"! 5','I/'% 5,'%'6!1! 
&+('6'& «,$*1'&$ <,!/+($», "4+&$ 5,!.'('%1+-!7 .,$-017($ 5,+6"($%1+-$ -$ (,!". 3). 

 

 
 

 !". 3. O+4-'1'.!2+"/$7 "4+&$ 5'102+-!7 .,$-017($ 



 $02.3(«45&02.!&,+6&'$(%,1$#.,+'(%.0#!7(.(&,&!/+$01#!&.0.»(

555 

>'.1$"-' 5,+61';+--'H "4+&+, 5','I/! -!(,!6$ $1:&!-!7 ! '/"!6$ !((,!7 "&+-
I!%$1!"), % I$,'%'H &+1)-!B+ % (+2+-!+ 24 2$"'%. G'102+--$7 "&+") 5','I/'% "0I!-
1$") % %$/00&-'& "0I!1)-'& I/$J0. @ 5,!.'('%1+--'H "&+"! 5','I/'% 6'<$%171! ,$"-
(%', "%7*/! ! 5,+""'%$1! <,!/+( !* 51$"(!J!B!,'%$--'H &$""3. G'102+--3H <,!/+( 
,$*1$&3%$1! ! ,$""+!%$1! -$ %!<,'"!(+ 617 5'102+-!7 .,$-017($ *$6$--'H J,$/B!!. 

K<,$*B3 5,+""'%$1! % %!6+ 6!"/'% 6!$&+(,'& 30 && ! %3"'('H 6' 5 &&. >5,+""'-
%$--3+ '<,$*B3 "5+/$1! % %3"'/'(+&5+,$(0,-'H .,$J!('%'H 5+2! % ",+6+ $*'($ 5,! 
(+&5+,$(0,+ "5+/$-!7 1800–1850 °>. 

)3>?@A=B=C 

P,$-01!,'%$-!+ 5'*%'17+( 5'102!() .,$-017( " 102I!&! (+4-'1'.!2+"/!&! 
"%'H"(%$&! (($<1. 2).  

 
O$<1!B$ 2 

O+4-'1'.!2+"/!+ "%'H"(%$ 5','I/'% ! .,$-017($ 
 

O+4-'1'.!2+"/!+ "%'H"(%$ 
F$(+,!$1 

C"4'6-3+ 5','I/! >&+")  
5','I/'% 

P,$-017( 
AlN Y2O3 

M$"35-$7 51'(-'"(), ./"&3 0,63 0,23 0,43 0,88 
>3502+"(), ./" - - - 25 

 
E"+ 5,!.'('%1+--3+ .,$-017(3 !&+1! <1!*/!H .,$-01'&+(,!2+"/!H "'"($%, '5,+-

6+1+--3H &+('6'& ,$""+%$, 2(' "%7*$-' " '6!-$/'%3& &+('6'& 5'102+-!7 .,$-017('%. 
A$--3+ 5' .,$-01'&+(,!! 5,!.'('%1+--34 .,$-017('% 5,+6"($%1+-3 -$ (,!". 4).  

 

 
 

 !". 4. P,$-01'&+(,!2+"/!H "'"($% 5,!.'('%1+--34 .,$-017('% 

 
E"+ .,$-017(3 !&+1! <1!*/0: J',&0 .,$-01, % %!6+ '<L+&-34 2$"(!B '<1'&'2-

-'H J',&3 ,$*-'.' ,$*&+,$, 2(' "%7*$-' " '6!-$/'%3& "5'"'<'& !*.'('%1+-!7 .,$-0-
17($, &!/,'J'('.,$J!! .,$-01 5,+6"($%1+-3 -$ (,!" 5).  

E1!7-!+ ,$*-34 J$/(','% 'B+-!%$1! 5' "%'H"(%$& 5,+""'%'/, 5'102+--34 '6-'-
'"-3& 5,+""'%$-!+& % &+($11!2+"/!4 5,+""-J',&$4, 5' '(-'"!(+1)-'H 51'(-'"(! 
5,+""'%'/. @$;080:"7 51'(-'"() 5,+""'%'/ '5,+6+171! .+'&+(,!2+"/!. 

>5+/$-!+ -!(,!6$ $1:&!-!7 5,'%'6!1! % %3"'/'(+&5+,$(0,-'H 5+2!, " .,$J!('-
%3&! -$.,+%$(+17&!, % ",+6+ $*'($ 5,! (+&5+,$(0,+ '( 1800 6' 1850 °> ! !*'(+,&!2+-
"/'H %36+,;/+ 4–8 2$"'%. 
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 !". 5. F!/,'J'('.,$J!! .,$-01: a – ×25; b – ×10 

 

 
 

 !". 6. #$%!"!&'"() '(-'"!(+1)-'H 51'(-'"(! 5,+""'%'/ '( "'6+,;$-!7 %,+&+--'H "%7*/! 
 
A17 5'102+-!7 %3"'/'H (+51'5,'%'6-'"(! (,+<0+("7 '<+"5+2!() 5,7&'H /'-($/( 

&+;60 *+,-$&! -!(,!6$ $1:&!-!7, '<+"5+2+-!+ "51'I-'"(! – '("0("(%!7 5', % "5+-
2+--'& &$(+,!$1+.  

M$ 5,+6"($%1+--34 &!/,'"-!&/$4 (,!". 7) %!6-', 2(' "5+/$:8$7 6'<$%/$ ,$%-'-
&+,-' ,$"5,+6+1+-$ % "5+2R--'H /+,$&!/+.  

 

 
 !". 7. F!/,'J'('.,$J!! "5+2+--'H /+,$&!/! !* -!(,!6$ $1:&!-!7: a – ×2000; b – ×500 
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G'7%1+-!+ ,$"51$%$ %' %,+&7 "5+/$-!7 '<+"5+2!%$+( (,$-"5',(-3+ ,+$/B!!, "5+-
/$-!+ 5' ;!6/'J$*-'&0 &+4$-!*&0, 2(' *-$2!(+1)-' 0"/',7+( 5,'B+"".  $"51$% 5'"1+ 
=('.' %3(+"-7+("7 % (,'H-0: ('2/0, '<+"5+2!%$7 5,7&'H /'-($/( &+;60 *+,-$&! -!(-
,!6$ $1:&!-!7, .6+ /,!"($11!*0+("7.  $*&+, *+,-$ -!(,!6$ $1:&!-!7 5' 6$--3& =1+/-
(,'--'H &!/,'"/'5!! "'"($%17+( '( 2 6' 7 &/&. 

 C2D4C.  

E ,$<'(+ 5,+61';+-$ 5,!-B!5!$1)-$7 "4+&$ 5'102+-!7 .,$-017($ !* -!(,!6$ 
$1:&!-!7 ! '/"!6$ !((,!7, 5,'%+6+-' !""1+6'%$-!+ %1!7-!7 ,$*1!2-34 J$/(','% -$ 
"%'H"(%$ .,$-017($, 5,+""'%'/ ! "5+2+--'H /+,$&!/!. P,$-01!,'%$-!+ 0102I$+( (+4-
-'1'.!2+"/!+ "%'H"(%$ (-$"35-$7 51'(-'"(), "3502+"()) ! 5'%3I$+( /$2+"(%' 5,+""'-
%'/. M$ '(-'"!(+1)-0: 51'(-'"() 5,+""'%'/ % <'1)I+H "(+5+-! %1!7+( 06+1)-'+ 6$%-
1+-!+ 5,+""'%$-!7 ! .,$-01'&+(,!2+"/!H "'"($% .,$-017($. M$!<'1)I0: '(-'"!(+1)-
-0: 51'(-'"() 5,+""'%'/ 66.0 % 5'102!1! 5,! 06+1)-'& 6$%1+-!! 2.0 (/"&2 617 .,$-0-
17($ " "'6+,;$-!+& 5 &$". % "%7*/! ! "'"('78+& !* 6%04 J,$/B!H. >5+2+--$7 /+,$&!/$ 
'<1$6$+( '(-'"!(+1)-$7 51'(-'"() 617 %"+4 .,$-017('% <'1++ 99 %, '(/,3($7 5',!"-
('"() <1!*/$ / -01:. E$;-'H 4$,$/(+,!"(!/'H /+,$&!/! 7%17+("7 (+51'5,'%'6-'"(), 
/'(',$7 '5,+6+17+( %'*&';-'"() 5,!&+-+-!7 5'102+--34 &$(+,!$1'% % /$2+"(%+ (+5-
1''(%'6$. O+51'5,'%'6-'"() 5'102+--'H /+,$&!/! '( 172 6' 174 E(/&·K, 6$--$7 (+5-
1'5,'%'6-'"() '(%+2$+( *$5,'"$& 5'(,+<!(+1+H ! "''(%+("(%0+( &!,'%'&0 0,'%-:.  

 
9!:$.! -(2$&%+%! - 6!1/!3 6+!&#;!"## <6$76!11( 2$-(=+%#> /$%/56+%.$*2$-

*$:%$*.#  !"#$%!&'%$7$ #**&+,$-!.+&'*/$7$ 0$1*/$7$ 2$&#.+3%#4+*/$7$ 5%#-+6*#-

.+.! *6+,# -+,5?#3 1#6$-(3 %!54%$-$:6!;$-!.+&'%(3 "+%.6$-: «@!.+6#!&( ,&> A/*-

.6+1!&'%(3 5*&$-#)»  $1+6: BCD_CEB0_85_2014. 
 

>5!"'/ 1!(+,$(0,3 
 

1. Samsonov G. V. Nitrides. – Kiev: Naukova dumka, 1969. – 380 p. 
2. Obtaining heat-conducting materials from aluminum nitride / N. A. Mitina, A. A. Zemnickaya,  

S. A. Boriskin, K. V. Larina, A. A. Ditts // Proceedings - 2012 7th International Forum on Strategic Technology, 
IFOST 2012. 

3. Influence of the history of obtaining the materials of aluminum nitride on the properties of ceramics / 
A. A. Zemnickaya, K. V. Larina, S. A. Boriskin, I. B. Revva, A. A. Ditts // Proceedings – 2012 7th International 
Forum on Strategic Technology, IFOST 2012. 

4. Gromov A. A., Strokova Yu. I., Ditts A. A. Passivation films on particles of electroexplosion alumi-
num nanopowders: A review (Article) // Russian Journal of Physical Chemistry B. – Volume 4, Issue 1. – Febru-
ary 2010. – P. 156–169. 

5. Baking of oksinitridny ceramics from the fusion mixture received the self-extendingby high-
temperature synthesis / Chaplina Y., A. A. Gromov, A. A. Ditts, N. A. Mitina // News of higher education insti-
tutions. Physics. – 2011. – O. 54. – T. 11/3. – C. 283–287. 

6. Gromov A. A., Ditts A. A., Strokova U. I. Passivating coverings on particles of electroexplosive 
nanopowders of aluminum // Chemical physics. – 2010. – O. 29. – T 2. –  . 86–100. 

7. E1!7-!+ 5,+63"(',!! 5'102+-!7 &$(+,!$1'% -!(,!6$ $1:&!-!7 -$ "%'H"(%$ /+,$&!/! /  
A. A. Ditts, A. A. Zemnickaya, S. A. Boriskin, K. V. Larina // News of higher education institutions. Physics. – 
2012. – O. 55. – T 5–2. – C. 105–109. 

8. G'102+-!+ %3"'/'(+51'5,'%'6-34 &$(+,!$1'% !* -!(,!6$ $1:&!-!7 / A. A. Zemnickaya, 
K. V. Larina, N. A. Mitina, A. A. Ditts // News of higher education institutions. Physics. – 2012. – O. 55. – T 5–
2. – C. 110–113. 

9. Gromov A. A., Ditts A. A., Strokova U. I. Passivating coverings on particles of electroexplosive 
nanopowders of aluminum // Chemical physics. – 2010. – O. 29. – T 2. –  . 86–100. 
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".+%&E  +-+#')# #(#$  .  +-+#0-"%.F SiC   

   /G(&)#*+#-$)&,+.& #H  '(-E,&   !"#$#0-"%#%+#H  */G. 
 

?. C. A06-!/1,2, O. ?. U+'-'%$2, P. ?. P108+-/'1, ?. U. @'1'-+-/'1,2, >. F. V$,/'%
1,2 

 
1C%*.#.5. F#;#/# #1. 8. B. G#6+%*/$7$ HI 9J , 7. G6!*%$>6*/, 9$**#> 

2EKJID B<I «H#:#6*/#) F+,+6!&'%() 5%#-+6*#.+.», 7. G6!*%$>6*/, 9$**#> 

E-mail: runaround@mail.ru 
 
F+('6'& 5'1+%'H =1+/(,'--'H &!/,'"/'5!! % 0.1+,'6-'-/,+&-!+%'& /'-6+-"$(+ '<-$,0;+-3 -$-'2$"(!B3 

! -$-'5,'%'1'/! /$,<!6$ /,+&-!7 6H-SiC. G'/$*$-', 2(' -$-'5,'%'1'/! ,$"(0( !* 5$,$ 5' !*%+"(-'&0 &+4$-!*&0 
/'-6+-"$B!! 5$, – (%+,6'+ (+1' -$ 4'1'6-'H 5'%+,4-'"(!, 5'/,3('H *$,'63I$&! &'-'/,!"($11!2+"/'.' /$,<!6$ 
/,+&-!7. O$/;+ *$,+.!"(,!,'%$-' %1!7-!+ (+&5+,$(0,3 5'%+,4-'"(! -$ /'1!2+"(%' -$-'5,'%'1'/. >'6+,;$-!+ -$-
-'5,'%'1'/ /$,<!6$ /,+&-!7 % /'-6+-"$(+ 6'"(!.$+( 60 %+". %. G'102+--3+ &'-'/,!"($11!2+"/!+ -$-'5,'%'1'/! 
6H-SiC !&+1! 6!$&+(, 15–18 -& ! 61!-0 200–600 -&. 

 
 2343563 
@$,<!6 /,+&-!7 (SiC) '<1$6$+( 0-!/$1)-3& "'2+($-!+& "%'H"(%: &+4$-!2+"/$7 

5,'2-'"(), "('H/'"() / %'*6+H"(%!: /!"1'(, 0"('H2!%'"() / %3"'/!& (+&5+,$(0,$&.  
E -$"('78++ %,+&7 5,'%'67("7 $/(!%-3+ !""1+6'%$-!7 "%'H"(% ! %'*&';-'"(+H 5,!&+-
-+-!7 SiC % %!6+ -$-'2$"(!B, -$-'"(+,;-+H ! -$-'5,'%'1'/ [1–3]. M$-'"(+,;-! SiC 
'<1$6$:( <'1)I+H 51$"(!2-'"(): ! 5,'2-'"(): 5' ",$%-+-!: " '<L+&-3& %+8+"(%'& 
[4, 5]. A17 !*.'('%1+-!7 "('H/'.' / ,$6!$B!! '<',06'%$-!7 [6] ! 5'61';+/ 5,!&+-7:( 
.+/"$.'-$1)-3H SiC 5'1!(!5$ 6H. G'/,3(3+ &+($11'& -$-'2$"(!B3 ! -$-'5,'%'1'/! 
&';-' !"5'1)*'%$() /$/ /$($1!*$(',3. 

SiC "!-(+*!,0:( -+"/'1)/!&! '"-'%-3&! &+('6$&!: 1$*+,-$7 $<17B!7, %3"'/'-
2$"('(-3H !-60/B!'--3H -$.,+%, '"$;6+-!+ !* .$*'%'H J$*3, J!*!2+"/'+ !"5$,+-!+ ! 
.!6,'(+,&$1)-3H &+('6. W(! &+('63 5'*%'17:( 5'102$() -$-'5,'%'1'/! /0<!2+"/'.' 
SiC, 6!$&+(, /'(',34 "'"($%17+( 30–150 -&. 

@ '"-'%-3& &+4$-!*&$& ,'"($ -$-'5,'%'1'/ &';-' '(-+"(! &+4$-!*&3 5$, – 
;!6/'"() – (%+,6'+ (+1' (VLS) [7], 5$, – (%+,6'+ (+1' (VS) [8] ! (%+,6'+ (+1' – ;!6-
/'"() – (%+,6'+ (+1' (SLS) [9]. F+('63 5'102+-!7 -$-'5,'%'1'/ SiC 5' VLS-
&+4$-!*&0 (,+<0:( !"5'1)*'%$-!7 /$($1!*$(','%, ($/!4 /$/ Fe, Ni, NiO. G'102+--3+ " 
5'&'8): =('.' &+('6$ -$-'5,'%'1'/! *$.,7*-+-3 &$(+,!$1'& /$($1!*$(',$, 2(' '.,$-
-!2!%$+( !4 6$1)-+HI++ 5,!&+-+-!+. F+('6 "!-(+*$, !"5'1)*0:8!H VS &+4$-!*& '"-
-'%$- -$ %*$!&'6+H"(%!! 5$,'% SiO ! CO [10, 11].  

E -$"('78+H ,$<'(+ 5,!%'67("7 ,+*01)($(3 !""1+6'%$-!7 ! ,$""&$(,!%$+("7 &+-
4$-!*& '<,$*'%$-!7 -$-',$*&+,-34 2$"(!B ! 5,'%'1'/ SiC % 5,'B+""+ '"(3%$-!7 0.1+-
,'6-'-/,+&-!+%'H 51$*&3 %3"'/'2$"('(-'.' (EX) 60.'%'.' ,$*,76$ % $(&'"J+,+ .+1!7. 

2. %3I568B J89:3;6<35=B 

>!-(+* SiC 5,'%'6!1"7 % 60.'%'& EX ,$*,76+ % *$&/-0('& '<L+&+ &+;60 6%0&7 
.,$J!('%3&! =1+/(,'6$&! % $(&'"J+,+ .+1!7 -$ ,$*,$<'($--34 -$&! 0"($-'%/$4 [12, 
13]. A$%1+-!+ .$*$ % 5,'B+""+ "!-(+*$ %$,)!,'%$1'") '( 0,1 6' 0,6 FG$. >!-(+* 5,'%'-
6!1"7 6%0&7 "5'"'<$&!. E 5+,%'& "5'"'<+ (?) 60.0 *$;!.$1! &+;60 6%0&7 '6!-$/'%3-
&! .,$J!('%3&! "(+,;-7&! [12]. E "(+,;-74 <31' 5,'"%+,1+-' '"+%'+ '(%+,"(!+, /'-
(','+ *$5'1-!1! 5','I/'& /,+&-!7 (35-40 %+". %). E' %(','& "5'"'<+ (D) 60.0 *$;!.$-
1! &+;60 $-$1'.!2-3& "(+,;-+& ! &$""!%-3& -+,$"4'60+&3& .,$J!('%3& =1+/(,'-
6'& [13]. O+&5+,$(0,$ 51$*&3 0.1+,'6-'-/,+&-!+%'H 60.! 0 5'%+,4-'"(! .,$J!('%'.' 
"(+,;-7 "'"($%171$ 5000–5500 K [14]. M+,$"4'60+&3H =1+/(,'6 ((+&5+,$(0,$ 1800–
2000 K) ($/;+ %35'1-71 J0-/B!: 5'61';/!, -$ 5'%+,4-'"(! /'(','H '"08+"(%171"7 
,'"( -$-'5,'%'1'/. K"-'%-'+ '(1!2!+ =(!4 "5'"'<'% "'"('!( % ('&, 2(' % 5+,%'& "5'-
"'<+ 0.1+,'6-'-/,+&-!+%$7 51$*&$ '"(3%$+( % $(&'"J+,+ .+1!7, $ %' %(','& – +8+ ! *$ 
"2+( /'-($/($ " 5'%+,4-'"(): %-+I-+.' =1+/(,'6$. 
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>!-(+*'& 5' "5'"'<0 D 5,! 6$%1+-!! 0,4 FG$ <31' 5'102+-' &$/"!&$1)-'+ "'-
6+,;$-!+ SiC -$-'5,'%'1'/ % 0.1+,'6-'-/,+&-!+%'& /'-6+-"$(+ – 60 %+". % ('<,$*+B 
T 1). SiC -$-'5,'%'1'/! %36+171! !* 0.1+,'6-'-/,+&-!+%'.' /'-6+-"$($ &+('6'& /!-
572+-!7 % $*'(-'H /!"1'(+ " 6$1)-+HI!& '(&3%$-!+& % %'6+ ('<,$*+B T 2). A$1++ 5'-
102+--'+ %+8+"(%' '(;!.$1! 5,! (+&5+,$(0,+ 850 0C % (+2+-!+ 45 &!-0( % 5'('/+ %'*-
604$ ('<,$*+B T 3). 

C*'<,$;+-!7 5'%+,4-'"(! '<,$*B'% <31! 5'102+-3 5,! 5'&'8! ,$"(,'%'.' 
=1+/(,'--'.' &!/,'"/'5$ ( WF) Hitachi S5500.  +-(.+-'J$*'%3H $-$1!* ( 9?) 0.1+-
,'6-'-/,+&-!+%'.' /'-6+-"$($ 5,'%'6!1"7 -$ 5','I/'%'& 6!J,$/('&+(,+ A KM-4 " 
CuK-!*102+-!+&. K5,+6+1+-!+ =1+&+-(-'.' "'"($%$ '<,$*B'% %35'1-71'") &+('6'& 
,+-(.+-'"5+/(,$1)-'.' J10',+"B+-(-'.' $-$1!*$ ( >9?) -$ "5+/(,'&+(,+ Bruker 
Pioneer S4. >(,0/(0,$ 5'102+--34 5,'60/('% '5,+6+171$") &+('6'& 5,'"%+2!%$:8+H 
=1+/(,'--'H &!/,'"/'5!! (GWF) -$ %3"'/',$*,+I$:8+& 5,'"%+2!%$:8+& =1+/(,'--
-'& &!/,'"/'5+ JEOL JEM-2100. 

3. )3>?@A=B=C 6 6I DK9?L43563 
C""1+6'%$-!+ -$  WF 0.1+,'6-'-/,+&-!+%'.' /'-6+-"$($, "!-(+*!,'%$--'.' &+-

('6'& ? 5'/$*$1', 2(' 5,! =('& "5'"'<+ "!-(+*$ '<,$*0:("7 "J+,!2+"/!+ -$-'2$"(!B3  
SiC (,!" 1). S%+1!2+-!+ 6$%1+-!7 .+1!7 % /$&+,+ 5,!%'6!( 1!I) / 0%+1!2+-!: ",+6-+-
.' 6!$&+(,$ 2$"(!B, 5,! =('& -$-'5,'%'1'/! SiC -+ *$,+.!"(,!,'%$-3. 

 

 
 

 !". 1.  WF !*'<,$;+-!+ -$-'2$"(!B % 0.1+,'6-'-/,+&-!+%'& /'-6+-"$(+,  
5'102+--'& % 51$*&+ EX 60.! 

 

 +-(.+-'.,$&&$ 0.1+,'6-'-/,+&-!+%'.' /'-6+-"$($, 5'102+--'.' "5'"'<'& D, 
(,!". 2, a) 4$,$/(+,!*0+("7 5,!"0("(%!+& $&',J-'H /'&5'-+-(3 (2  = 5–25º) ! /,!-
"($11!2+"/!4 J$*: .,$J!($ (2!  = 26.4, 42.2, 44.4, 50.5, 54.6º ! 6,.), /,+&-!7 (2!  = 28.4, 
47.3, 56.1, 69.2, 76.4 ! 88.0º) ! /$,<!6$ /,+&-!7 (2!  = 34.1, 35.7, 38.2, 41.4, 45.3º ! 6,.). 
A!J,$/B!'--3+ 5!/!, 4$,$/(+,!*0:8!+ SiC, "''(%+("(%0:( ,'&<'=6,!2+"/'H "(,0/-
(0,+ 6H-SiC " 5$,$&+(,$&! /,!"($11!2+"/'H ,+I+(/!: 5,'"(,$-"(%+--$7 .,055$ P63mc, 
a = 3.0806 Å, c = 15.1174 Å, c/a = 4.9072, V = 124.25 Å3, Z = 6 (PDF Card No. 04-007-
1548). M$1!2!+ -+"/'1)/!4 /,!"($11!2+"/!4 J$* % 5'102+--'& /'-6+-"$(+, '<0"1'%1+-
-' ,$*-'H "/','"(): '41$;6+-!7 1'/$1)-34 '<1$"(+H 51$*&3. 

M$ !*'<,$;+-!! 0.1+,'6-'-/,+&-!+%'.' /'-6+-"$($ ('<,$*+B 1), 5'102+--'.' &+-
('6'&  WF, %!6-' 5,!"0("(%!+ /$/ -$-'2$"(!B (6!$&+(,'& 10–15 -&), ($/ ! -$-'5,'-
%'1'/ (6!$&+(,'& 15–18 -& ! 61!-'H 200–600 -&) /$,<!6$ /,+&-!7 (,!". 3, !). M$ 
,!". 3, : 5,+6"($%1+-' !*'<,$;+-!+ '(6+1)-'H -$-'5,'%'1'/! 6H-SiC, '<1$6$:8+H 
&'-'/,!"($11!2+"/'H "(,0/(0,'H. M$<1:6$+&'+ &+;51'"/'"(-'+ ,$""('7-!+ "'"($%17-
+(   2.5 Å ! "''(%+("(%0+( 6M-SiC (d102 = 2.52 Å). 
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 !". 2.  +-(.+-'.,$&&3 '<,$*B'% T 1 (a), T 2 (b), T 3 (c) 

 

     
!      : 

 

 !". 3. GWF !*'<,$;+-!7 '<,$*B$ T 1: ! – -$-'2$"(!B3 ! -$-'5,'%'1'/! SiC;  
: – -$-'5,'%'1'/! SiC " 0/$*$-!+& &+;51'"/'"(-'.' ,$""('7-!7 

 
@!572+-!+ % $*'(-'H /!"1'(+ 5'*%'1!1' 0&+-)I!() $&',J-0: /'&5'-+-(0 0.1+-

,'6-'-/,+&-!+%'.' /'-6+-"$($ ! 0%+1!2!() 6'1: /,!"($11!2+"/!4 J$*: 6H-SiC, .,$J!-
($ ! Si (,!". 2, b). G' 6$--3&  9? %3"'/'(+&5+,$(0,-3H '(;!. % 5'('/+ %'*604$ ('<-
,$*+B T 3) 5'*%'1!1 06$1!() .,$J!(, 5,!"0("(%'%$%I!H % '<,$*B+ T 2. M$ ,+-(.+-'-
.,$&&+ '<,$*B$ T 3 '("0("(%0:( ,+J1+/"3 .,$J!($ ! $&',J-'+ .$1' (,!". 2, c). 

C""1+6'%$-!+ -$-',$*&+,-34 "(,0/(0, SiC, 5'102+--34 "5'"'<'& A, 5'/$*$1', 
2(' '-! J',&!,0:("7 ('1)/' % %!6+ -$-'2$"(!B. F+4$-!*& '<,$*'%$-!7 -$-'2$"(!B % 
51$*&+--'H "(,0+ EX 60.! '<L7"-7+("7 5'",+6"(%'& -0/1+$B!! /,+&-!7 -$ *$,'63I$4 
0.1+,'6$ " '6-'%,+&+--3& 5,'B+""'& '<,$*'%$-!7 /$,<!6$ /,+&-!7. C""1+6'%$-!+ -$-
-',$*&+,-34 "(,0/(0, SiC, 5'102+--34 "5'"'<'& D, 5'/$*$1', 2(' '-! J',&!,0:("7 
/$/ % %!6+ -$-'2$"(!B, ($/ ! % %!6+ -$-'5,'%'1'/. O+&5+,$(0,$ -+,$"4'60+&'.' =1+/-
(,'6$ % 5,'B+""+ "!-(+*$ "08+"(%+--' &+-)I+ (+&5+,$(0,3 51$*&3. E ,+*01)($(+ /'--
($/($ 0.1+,'6-'-/,+&-!+%'H 51$*&3 " 5'%+,4-'"(): =1+/(,'6$ -$ -+H '<,$*0:("7 *$-
,'63I! &'-'/,!"($11!2+"/'.' SiC, -$ /'(',34 ! '"08+"(%17+("7 5,'B+"" ,'"($ -$-'-
5,'%'1'/. M+5,+,3%-'+ 5'"(051+-!+ 5$,'% /,+&-!7 ! 0.1+,'6$ / /'-B0 ,$"(08+H -$-
-'5,'%'1'/! "5'"'<"(%0+( 6$1)-+HI+&0 +R ,'"(0. A$1++ '<,$*'%$%I!+"7 -$-'5,'%'1'-
/! 5'('/'& .+1!7 %3-'"7("7 !* '<1$"(! &+;=1+/(,'6-'.' 5,'"(,$-"(%$ % /$&+,0. K5!-



 $02.3(«45&02.!&,+6&'$(%,1$#.,+'(%.0#!7(.(&,&!/+$01#!&.0.»(

561 

"$--3H %3I+ &+4$-!*& ,'"($ -$-'5,'%'1'/ SiC "''(%+("(%0+( !*%+"(-'&0 VS-
&+4$-!*&0 /'-6+-"$B!! -$ 4'1'6-'H 5'%+,4-'"(!, 5'/,3('H *$,'63I$&! &'-'/,!-
"($11!2+"/'.' /$,<!6$ /,+&-!7 [8]. 

O+&5+,$(0,$ -+,$"4'60+&'.' =1+/(,'6$ 6'1;-$ %1!7() -$ 5,'B+"" /'-6+-"$B!! 
2$"(!B !* 0.1+,'6-'-.+1!+%'H 51$*&3. A17 5,'%+,/! =('.' 5,+65'1';+-!7 <31! 5,'-
%+6+-3 "!-(+*3 5,! (+&5+,$(0,+ -+,$"4'60+&'.' =1+/(,'6$ 1300, 1600 ! 1800 0C 5,! 
6$%1+-!! .+1!7 % /$&+,+ 0,4 FG$. 

E 0.1+,'6-'-/,+&-!+%'& /'-6+-"$(+ 5,! (+&5+,$(0,+ -+,$"4'60+&'.' =1+/(,'6$ 
1300 0C -$<1:6$1!") % '"-'%-'& -$-'2$"(!B3 SiC, 5,! (+&5+,$(0,+ 1600 ! 1800 0C /'-
1!2+"(%' -$-'5,'%'1'/ *-$2!(+1)-' %'*,$"($1'. M$-'5,'%'1'/! !&+1! ,$*1!2-0: 
J',&0 ! 61!-0 -+ <'1++ 500 -& 5,! (+&5+,$(0,+ =1+/(,'6$ 1600 0C. M$.,+% =1+/(,'6$ 
6' 1800 0C 5,!%'6!1 / '<,$*'%$-!: -$-'5,'%'1'/ 61!-'H 6' 1000 -&, 5,!2+& !4 /'1!-
2+"(%' <31' &+-)I+, 2+& % 5,+63608+& "102$+. O$/!& '<,$*'&, 5'%3I+-!+ (+&5+,$-
(0,3 -+,$"4'60+&'.' =1+/(,'6$ 5'*%'17+( 5,!<1!*!()"7 / ,$%-'%+"!: &+;60 0.1+,'6-'-
/,+&-!+%3& 5$,'& ! /'-6+-"$('&. E =('& "102$+ 5,$/(!2+"/! %+") 5$, /'-6+-"!,0+("7 
% -$-'5,'%'1'/!, 5'/$ '-! -+ 5,+%3"7( /,!(!2+"/'.' ,$*&+,$ ! -+ <060( %3-+"+-3 !* 
*'-3 "!-(+*$ 5'('/'& .+1!+%'H 51$*&3. 

 C2D4C 

E ,$<'(+ 5'/$*$-', 2(' % 0.1+,'6-'-/,+&-!+%'H 51$*&+ %3"'/'2$"('(-'H 60.! % 
$(&'"J+,+ .+1!7 5,! 6$%1+-!! 0.1–0.6 FG$ '<,$*0:("7 /$/ -$-'2$"(!B3, ($/ ! -$-'-
5,'%'1'/! /$,<!6$ /,+&-!7 6H-SiC. G'/$*$-', 2(' 617 '<,$*'%$-!7 -$-'5,'%'1'/ SiC 
-+'<4'6!&' 5,!"0("(%!+ 5'%+,4-'"(! (% 6$--'& "102$+ -+,$"4'60+&3H =1+/(,'6) " 
(+&5+,$(0,'H -!;+, 2+& 0 51$*&3. O+&5+,$(0,$ =('H 5'%+,4-'"(! %1!7+( /$/ -$ /'1!-
2+"(%' -$-'5,'%'1'/, ($/ ! -$ !4 61!-0. 

>!-(+* 5,! 6$%1+-!! .+1!7 % /$&+,+ 0.4 FG$ 5'*%'17+( 5'102!() &$/"!&$1)-'+ 
"'6+,;$-!+ -$-'5,'%'1'/ % 0.1+,'6-'-/,+&-!+%'& /'-6+-"$(+ % 60 %+". %. G'102+--
-3+ 5,! 6$%1+-!! 0.4 FG$ &'-'/,!"($11!2+"/!+ -$-'5,'%'1'/! 6H-SiC !&+1! 6!$-
&+(, 15–18 -& ! 61!-0 200–600 -&.  

W/"5+,!&+-($1)-3+ ,+*01)($(3 5'/$*3%$:(, 2(' -$-'2$"(!B3 SiC '<,$*0:("7 5' 
&+4$-!*&0 -0/1+$B!!, $ -$-'5,'%'1'/! SiC – 5' !*%+"(-'&0 &+4$-!*&0 5$,-(%+,6'+ 
(+1', 5,! =('& !4 ,'"( 5,'!"4'6!( 50(+& /'-6+-"$B!! 5$,$ -$ 2$"(!B$4, -$4'678!4"7 
-$ 5'%+,4-'"(! -+ ,$"4'60+&'.' =1+/(,'6$. 

 
>5!"'/ 1!(+,$(0,3 
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%&,'&)-%/)+!&  E- .".,#"%.  "$#)#"%&H  /')/G.M   #(+   

   ,#+#$)."%-((-M  SrB4O7 

 

C. F.  32/'%1, E. C. O0,2!-1, C. E. D1!-'%1, ?. C. #$HB+%1,2, G. G. O0,2!-1,2 

 
1EKJID B<I «H#:#6*/#) F+,+6!&'%() 5%#-+6*#.+.», 7. G6!*%$>6*/, 9$**#> 

2C%*.#.5. F#;#/# #1. 8. B. G#6+%*/$7$ HI 9J , 7. G6!*%$>6*/, 9$**#> 

E-mail: Rim89@inbox.ru 
 

E35'1-+-3 !&501)"-3+ 01)(,$*%0/'%3+ !""1+6'%$-!7 (+&5+,$(0,-34 *$%!"!&'"(+H "/','"(+H K?E % &'-
-'/,!"($11$4 SrB4O7. K5,+6+1+-3 (+&5+,$(0,-3+ /'=JJ!B!+-(3 "/','"(+H K?E. G'102+-3 '(1!2-3+ '(  1!-+H-34 
(+&5+,$(0,-3+ *$%!"!&'"(! "/','"(+H K?E 617 '(6+1)-34 $/0"(!2+"/!4 &'6. 

 

 2343563 
G+,"5+/(!%-'"() 5,!&+-+-!H &'-'/,!"($11'% (+(,'<',$($ "(,'-B!7 % '5('- ! 

$/0"('=1+/(,'-!/+ ! -+1!-+H-'H $/0"(!/+ (,+<0+( <'1++ 5'1-'H !-J',&$B!! ' *-$2+-
-!74 !4 &$(+,!$1)-34 5'"('7--34. @,'&+ ('.', *-$-!+ ('2-34 *-$2+-!H &$(+,!$1)-34 
/'-"($-( 5'*%'17+( 'B+-!%$() ! &!/,'"(,0/(0,-3+ '"'<+--'"(! !*02$+&34 &'-'/,!-
"($11'%. 

C""1+60+&3+ &'-'/,!"($113 !&+:( ('2+2-0: .,0550 "!&&+(,!! mm2 ! 7%17:(-
"7 5)+*'=1+/(,!/$&! ,'&<!2+"/'.' /1$""$. C-%$,!$-(-3H %!6 (+-*','% 05,0.'"(! ! 
5)+*'=JJ+/($ 5,!%+6+-3 % [1]. W/"5+,!&+-($1)-3+ *-$2+-!7 /'-"($-( =(!4 (+-*','%, 
617 (+(,$<',$($ "(,'-B!7, 1!<' '("0("(%0:(, 1!<' %+")&$ 5,'(!%',+2!%3 ! '5,+6+1+-
-3 " <'1)I!&! 5'.,+I-'"(7&!. O$/ % [2] "/','"(! 05,0.!4 %'1- ! 05,0.!+ 5'"('7--3+ 
'5,+6+1+-3 " 5'.,+I-'"():, /'(',$7 -$ 5',76'/ 5,+%3I$+( 5,!-7(0: 617 ($/!4 !*&+-
,+-!H 'I!</0.  

N+1): -$"('78+H ,$<'(3 7%17+("7 =/"5+,!&+-($1)-'+ '5,+6+1+-!+ "/','"(+H ! 
(+&5+,$(0,-34 *$%!"!&'"(+H '<L+&-34 $/0"(!2+"/!4 %'1- (K?E) % &'-'/,!"($11$4 
SrB4O7. A$--3+ !""1+6'%$-!7 7%17:("7 5+,%3& =($5'& ,+I+-!7 '<,$(-'H *$6$2! /,!-
"($11'$/0"(!/! 5,! '5,+6+1+-!! &$(+,!$1)-34 5'"('7--34. 

789:3;6<35=B@A5BN <3=D468B 

A17 (+&5+,$(0,-34 !*&+,+-!H "/','"(+H "6%!.'%34 ! 5,'6'1)-34 '<L+&-34 
$/0"(!2+"/!4 %'1- !"5'1)*'%$-$ $%('&$(!*!,'%$--$7 !&501)"-$7 01)(,$*%0/'%$7 0"($-
-'%/$ -$ '"-'%+ '"B!11'.,$J$ DPO 72004, /'(',3H '<+"5+2!%$+( ,+.!"(,$B!: "!.-$1$ 
% ,+;!&+ ,+$1)-'.' %,+&+-! " &$/"!&$1)-'H 2$"('('H 6!"/,+(!*$B!! 50 PPB [3]. D1'/-
"4+&$ $%('&$(!*!,'%$--'.' 01)(,$*%0/'%'.' !&501)"-'.' &+('6$ 5,!%+6+-$ -$ ,!". 1. 
@','(/!H (30 -") !&501)" " .+-+,$(',$ 1 5'6$+("7 -$ 5)+*'5,+'<,$*'%$(+1) 3 ! 5'"1+ 
&-'.'/,$(-'.' '(,$;+-!7 % '<,$*B+ 4 "+,!7 '(,$;+--34 !&501)"'% ,+.!"(,!,0+("7 '"-
B!11'.,$J'& 6. E "4+&+ 5,!&+-+- I!,'/'5'1'"-3H '.,$-!2!(+1)-0"!1!(+1) "!.-$1$ 
2, !*.'('%1+--3H 5' 51$-$,-'H (+4-'1'.!! -$ '"-'%+ &$1'I0&78+.' %3"'/'"/','"(-
-'.' '5+,$B!'--'.' 0"!1!(+17 " -!*/!& /'=JJ!B!+-('& !"/$;+-!H AD8099. O+& "$-
&3& '.,$-!2!%$+("7 $&51!(06$ *'-6!,0:8+.' !&501)"$ 6' %4'6-'.' 0,'%-7 -$5,7;+-
-!7 '"B!11'.,$J$ 6 ! 5'%3I$+("7 20%"(%!(+1)-'"() &+('6$ 5,! ,+.!"(,$B!! "!.-$1'% 
&$1'H $&51!(063.  

 0<!6!+%3H "($-6$,( 2$"('(3 7 '<+"5+2!%$+( (+&5+,$(0,-0: "($<!1!*$B!: ($/-
('%'H 2$"('(3 '"B!11'.,$J$ 6. #$6$:8!H .+-+,$(', 5 *$50"/$+( .+-+,$(', 1, "!4,'-!-
*0+( ,$*%+,(/0 '"B!11'.,$J$ 6 ! 5'*%'17+( 05,$%17() %,+&+-+& *$50"/$ *'-6!,0:8!4 
!&501)"'%. W/"5+,!&+-($1)-'+ *-$2+-!+ "/','"(! K?E % ,+$1!*'%$--'H &+('6!/+ -$-
4'6!("7 5' !*%+"(-'H 61!-+ '<,$*B$  ! !*&+,+--'&0 %,+&+-! ,$"5,'"(,$-+-!7 !&-

501)"$ % '<,$*B+ ! : !
"  2# .  $*,+I+-!+ 5' %,+&+-! 5,! 2$"('(+ 6!"/,+(!*$B!! 

12,5 PPB "'"($%171' 0,1 -". 
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 !". 1. D1'/-"4+&$ $%('&$(!*!,'%$--'.' !&501)"-'.' &+('6$: 1 – .+-+,$(', !&501)"'% P5-66; 2 - '.,$-
-!2!(+1)-0"!1!(+1) "!.-$1$; 3 – 5)+*'5,+'<,$*'%$(+1) (f,+*. = 30 FPB); 4 – '<,$*+B; 5 - *$6$:8!H .+-+,$-
(', AFG 3252; 6 – '"B!11'.,$J DPO 72004; 7 – ,0<!6!+%3H "($-6$,( 2$"('(3 FS725; 8 – 5+,"'-$1)-3H 
/'&5):(+,; 9 – (+,&'"($( Optistat DNV; 10 – GCA-,+.017(', ITC503; 11 – -$.,+%$(+1)-3H =1+&+-( 

 
A17 '5,+6+1+-!7 (+&5+,$(0,-'H *$%!"!&'"(! "/','"(+H K?E % =/"5+,!&+-($1)-

-'H "4+&+ 5,!&+-+- %$/00&-3H (+,&'"($( Optistat DNV (6!$5$*'- (+&5+,$(0, 77–500 @, 
('2-'"() "($<!1!*$B!! 0,1 @) " 5,!&+-+-!+& &-'.'*'--'.' /'-(,'17 (+&5+,$(0,3 !"-
"1+60+&'.' '<,$*B$. 

C""1+6'%$-!7 "/','"(+H ,$"5,'"(,$-+-!7 K?E 5,'%'6!1!") -$ '<,$*B$4 % %!6+ 
5,7&'0.'1)-34 5$,$11+1+5!5+6'%, " 1!-+H-3&! ,$*&+,$&! 3,5–12 &&. F'-'/,!"($113 
<31! "!-(+*!,'%$-3 &+('6'& X'4,$1)"/'.' % 1$<',$(',!! /,!"($11'J!*!/! C9 >K 
 ?M. K,!+-($B!! '<,$*B'% <31! %3<,$-3 " 02+('& !4 6$1)-+HI+.' !"5'1)*'%$-!7 % 
,$"2+($4 &$(+,!$1)-34 5'"('7--34 ('<,$(-$7 *$6$2$ /,!"($11'$/0"(!/!), % "''(%+("(-
%!! " 0,$%-+-!7&! @,!"('JJ+17 [4]. 

789:3;6<35=B@A5C3 ;3>?@A=B=C 

S/$*$--3& =/"5+,!&+-($1)-3& &+('6'& % /,!"($11'J!*!2+"/!4 -$5,$%1+-!74, 
5,+6"($%1+--34 % ($<1. 1, <31! !*&+,+-3 *-$2+-!7 "/','"(+H K?E ,$*1!2-34 5'17,!-
*$B!H ! !4 (+&5+,$(0,-3+ *$%!"!&'"(!. 

E /$;6'& "102$+ ,$""2!($-3 /'=JJ!B!+-(3 "/','"(+H 05,0.!4 %'1- (TCV) 5,! 
/'&-$(-'H (+&5+,$(0,+. 
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0

00

0 40

040

)20(

1 VV

V
TCV

&
#

  (1) 
 

O$<1!B$ 1  
>/','"(! ! (+&5+,$(0,-3+ /'=JJ!B!+-(3 "/','"(+H K?E % &'-'/,!"($11$4 SrB4O7 

 

T  !", [hkl] O!5 %'1-3 #!!" 
G'17,!*$B!7 

Y, &/c TCV, 10-6 .,$6-1 

1 
[001] 

L [001] 9693±4 -44.73 
2 SF [010] 5839±3 -46.68 
3 SS [100] 5440±8 -30.59 
4 

[010] 
L [010] 8730±1 -37.94 

5 SF [001] 5872±5 -40.38 
6 SS [100] 5729±2 -61.70 
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K/'-2$-!+ ($<1. 1 
 

T  !", [hkl] O!5 %'1-3 #!!" 
G'17,!*$B!7 

Y, &/c TCV, 10-6 .,$6-1 

7 
[100] 

L [100] 9369±5 -46.29 
8 SF [010] 5723±1 -53.79 
9 SS [001] 5444±1 -16.58 

10 
[031] 

L [031] 9189±3 -44.92 
11 SF [100] 5818±4 -25.94 
12 SS [01$%] 5608±5 -54.62 
13 

[101] 
L [101] 9095±7 -41.70 

14 SF [&%01] 6208±2 -64.50 
15 SS [010] 5791±1 -36.75 
16 

[110] 
L [110] 9359±6 -49.32 

17 SF [001] 5630±5 -66.47 
18 SS [&%10] 5509±4 -59.88 

 

 
 

 !". 2. O+&5+,$(0,-$7 *$%!"!&'"() "/','"(+H K?E % &'-'/,!"($11$4 SrB4O7,  
-0&+,$B!7 "'.1$"-' ($<1. 1 

 
#-$2+-!7 "/','"(+H K?E 5,! ,$*1!2-34 (+&5+,$(0,$4 ! *-$2+-!7 TCV %32!"17-

1!") " 02+('& (+51'%'.' ,$"I!,+-!7 &'-'/,!"($11'% 5' !*%+"(-3& (+&5+,$(0,-3& 
*$%!"!&'"(7& 5$,$&+(,'% =1+&+-($,-34 72++/ [5].  

 +*01)($(3 !""1+6'%$-!H '<'<8+-3 -$ ,!". 2 ! ($<1. 1. M0&+,$B!7 (+&5+,$(0,-
-34 *$%!"!&'"(+H "/','"(+H K?E 617 ,$*1!2-34 -$5,$%1+-!H, "''(%+("(%0+( -0&+,$-
B!! 5,!%+6+--'H % ($<1. 1. 
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G'102+--3+ *-$2+-!7 "/','"(+H "6%!.'%34 K?E 1+;$( % 5,+6+1$4 5450÷6300 &/c, 
"/','"(+H 5,'6'1)-34 K?E % 5,+6+1$4 8700÷9750 &/c. >1+60+( '<,$(!() %-!&$-!+ -$ 
'(1!2-'+ '( 1!-+H-'.' !*&+-+-!+ "/','"(+H K?E % *$%!"!&'"(! '( (+&5+,$(0,3 617 
$/0"(!2+"/!4 &'6 4, 6, 9 ! 13 (($<1. 1). O$/'+ 5'%+6+-!+ (+&5+,$(0,-34 *$%!"!&'"(+H 
(,+<0+( 6'5'1-!(+1)-34 &!/,'"/'5!2+"/!4 !""1+6'%$-!H &'-'/,!"($11'%.  

 
>5!"'/ 1!(+,$(0,3 

 
1. >!,'(!- Z. C. K"-'%3 /,!"($11'J!*!/! / Z. C.>!,'(!-, F. G. Q$"/'1)"/$7. – F.: M$0/$, 

1979. – 640 ". 
2. Martynyuk-Lototska, Dudok T., Mys O., Vlokh R. Elastic, piezooptic and acoustooptic properties of 

SrB4O7 and PbB4O7 crystals // Optical Materials. – 31 (2009). –  . 660–667. 
3. C&501)"-3+ $%('&$(!*!,'%$--3+ !*&+,+-!7 "/','"(+H 05,0.!4 %'1- % /,!"($11$4 /  

G. G. O0,2!-, ?. ?. G$,J+-'%, M. ?. O'/$,+%, ?. [. M+"(+,'%, ?. Z. O$,$"'%$, @. >. ?1+/"$-6,'% // 
G'1*0-'%"/!H %+"(-!/. – 2011. – T 3/1. – >. 143–147. 

4. ?1+/"$-6,'% @. >. WJJ+/(!%-3+ 5)+*'=1+/(,!2+"/!+ /,!"($113 617 $/0"('=1+/(,'-!/!, 
5)+*'(+4-!/! ! "+-"','%. O.1 / @. >. ?1+/"$-6,'%, D. G. >','/!-, >. C. D0,/'%. – M'%'"!<!,"/: C*6-%' 
>K  ?M, 2007. – 501 ". 

5. Popov P. A. [et al.] Heat conductivity and thermal expansion of crystal strontium tetraborate SrB4O7 
// Doklady Physics: MAIK Nauka-Interperiodica. – Springer, 2012. – Vol. 57, N Is. 2. – >. 54–56. 

 
 
 

  



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

566 

-+-(.E  "%)/$%/)!  +-$(#++#  #"-O*&++!M  '(&+#$  

."'#(PE/1  ')&#Q)-E# -+.&  R/)P& 

 
G. M. >'1'%)+%1, D. ?. D+17+%1,2 

 
1
C%*.#.5. #%L+%+6%$) F#;#/# # 6!,#$A&+/.6$%#/# EKJID B<I HED  

660074, 7. G6!*%$>6*/, 5&. G#6+%*/$7$, 28  
2C%*.#.5. F#;#/# #1. G#6+%*/$7$ 

660036, 7. G6!*%$>6*/, 5&. J/!,+17$6$,$/, 21 

E-mail: plasol@ya.ru 
 

C*02+-3 "(,0/(0,-3+ '"'<+--'"(! -$/1'--' '"$;6+--34 51+-'/ " !"5'1)*'%$-!+& 6%0&+,-'.' 6!"/,+(-'.' 
5,+'<,$*'%$-!7 90,)+ -$ «<$11!"(!2+"/!4» &'6+174 "1'+%, J',&!,0+&34 -$ '"-'%+ &+('6$ F'-(+-@$,1'. G'/$*$-', 
2(' " 0%+1!2+-!+& 0.1$ 5$6+-!7 $('&'% ,$"(+( $-!*'(,'5!7 ,$"5,+6+1+-!7 J',&!,0+&34 2$"(!B. WJJ+/(!%-'"() 
5,+61';+--'.' 5'64'6$ 6'/$*3%$+( "'.1$"!+ ,+*01)($('% 2!"1+--'.' $-$1!*$ &'6+1+H " =/"5+,!&+-('&. 

 
E 5'"1+6-!+ .'63 -$-'"(,0/(0,!,'%$--3+ &$(+,!$13 -$4'67( %"+ <'1++ I!,'/'+ 

5,!&+-+-!+ % /$2+"(%+ J0-/B!'-$1)-34 ",+6 "%+,4%3"'/'2$"('(-34 (>EX) 0"(,'H"(%. 
G,!&+,'& &'.0( "10;!() ('-/!+ &$.-!(-3+ 51+-/! ! "1'!"(3+ "(,0/(0,3, >EX "%'H-
"(%$ /'(',34 *$%!"7( '( 5,!1';+--'.' %-+I-+.' &$.-!(-'.' 5'17. M$ '"-'%+ 51+-'/ " 
%3"'/'H &$.-!(-'H 5,'-!B$+&'"(): % >EX 6!$5$*'-+ /'-"(,0!,0:("7 =1+/(,!2+"/! 
05,$%17+&3+ J!1)(,3, J$*'%,$8$(+1!, ! 6,0.!+ >EX 0"(,'H"(%$ [1]. G,! =('& 5'"('-
7--' %+6+("7 5'!"/ (+4-'1'.!2+"/!4 0"1'%!H, 5'*%'17:8!4 5'102$() /$2+"(%+--3+ 
'<,$*B3 " (,+<0+&3&! %'"5,'!*%'6!&3&! 4$,$/(+,!"(!/$&!.  

C*%+"(-3& &+('6'& 5,'!*%'6"(%$ 51+-'/, 5,'7%17:8!4 -+'<32-3+ J!*!2+"/!+ 
"%'H"(%$, 7%17+("7 -$/1'--'+ '"$;6+-!+. K(/1'-+-!+ 102$ $('&'% '( -',&$1! / 51'"-
/'"(! 5'61';/! %' %,+&7 -$531+-!7 5,!%'6!( / %'*-!/-'%+-!: =JJ+/($ «"$&'*$(+-+-
-!7», (' +"() -+%'*&';-'"(! '"$;6$+&34 $('&'% 5'5$"() % '<1$"(), -$4'6780:"7 % 
«(+-!» ,$-++ '"$;6+--34 2$"(!B [2]. E ,+*01)($(+ -$/1'--'.' '"$;6+-!7 % 51+-/+, /$/ 
5,$%!1', J',&!,0+("7 "('1<2$($7 -+'6-','6-$7 &!/,'"(,0/(0,$. ?-!*'(,'5!7 -$ &!/-
,'"(,0/(0,-'& 0,'%-+ 5,!%'6!( / $-!*'(,'5!! &$/,'"/'5!2+"/!4 "%'H"(%: &$.-!(-34, 
=1+/(,!2+"/!4, '5(!2+"/!4 [2, 3]. W(! '"'<+--'"(! !"5'1)*0:("7 617 5'102+-!7 '<,$*-
B'%, '<1$6$:8!4 0-!/$1)-3&! /$2+"(%$&!. O$/, 51+-/! 5+,&$11'7, % *$%!"!&'"(! '( 
0.1$ -$531+-!7, &'.0( !&+() '2+-) %3"'/0: '6-''"-0: $-!*'(,'5!:, 2(' &';+( <3() 
5'1+*-' 617 -+/'(',34 >EX 5,!1';+-!H [4, 5]. E (';+ %,+&7, '5(!2+"/$7 $-!*'(,'5!7 
-$/1'--' '"$;6+--34 51+-'/ TiO2/SiO2 !"5'1)*0+("7 617 5'102+-!7 <,+..'%"/!4 '(-
,$;$(+1+H [6]. D'1++ ('.', " 5'&'8): -$/1'--'.' -$531+-!7 $('&'% -$ 5'61';/0 " !"-
/0""(%+--' "J',&!,'%$--'H (+/"(0,'H "'*6$:("7 '<,$*B3, "'"('78!+ !* 05',76'2+--
-34 -$-',$*&+,-34 =1+&+-('% [7]. O$/!+ '<L+/(3, % *$%!"!&'"(! '( '"$;6$+&'.' &$(+-
,!$1$, &';-' ,$""&$(,!%$() /$/ J'('--3+ !1! &$.-'--3+ 6%0&+,-3+ /,!"($113 – 
5+,"5+/(!%-3+ ",+63, 5,'7%17:8!+ -+1!-+H-3+ "%'H"(%$. 

A17 =JJ+/(!%-'.' !"5'1)*'%$-!7 -$/1'--' '"$;6+--34 51+-'/ % 0/$*$--34 5,!-
1';+-!74 %$;-' 5'-!&$-!+ 5,!,'63 '5,+6+17:8+H *$%!"!&'"(! !4 &!/,'"(,0/(0,3 
'( 0"1'%!H '"$;6+-!7. W/"5+,!&+-($1)-'+ '5,+6+1+-!+ ($/!4 *$/'-'&+,-'"(+H 7%17-
+("7 -+5,'"('H *$6$2+H, 5'"/'1)/0 &+('63 &!/,'"/'5!! (=1+/(,'--'H, $('&-'-"!1'-
%'H) 5'*%'17:( 5'102!() ('1)/' 6%0&+,-0: /$,(!-0 – " 5'%+,4-'"(! 51+-/! !1! ",+*$ 
%6'1) '5,+6+1+--'.' -$5,$%1+-!7. E&+"(+ " (+&, &-'.!+ -$/1'--' '"$;6+--3+ 51+-/! 
7%17:("7 "1$<' 05',76'2+--3&!, ! !""1+6'%$-!+ 6%0&+,-'H 5,'+/B!! (,+4&+,-'.' 
'<L+/($, /$/ =(' 6+1$+("7 5,! !*02+-!! /,!"($11!2+"/!4 '<,$*B'%, &';+( -+ 6$() 6'"-
('%+,-0: !-J',&$B!: ' +.' &',J'1'.!!.  
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G'102!() 6$--3+ ' (,+4&+,-'& "(,'+-!! 51+-'2-34 '<L+/('% 5'*%'17+( 2!"1+--
-'+ &'6+1!,'%$-!+ !4 ,'"($. M$ "+.'6-7I-!H 6+-) -$!<'1++ ('2-3&! 7%17:("7 &+('-
63 &'1+/017,-'H 6!-$&!/!, .6+ /'-6+-"$B!7 2$"(!B '"08+"(%17+("7 %32!"1+-!+& !4 
&+;$('&-34 %*$!&'6+H"(%!H [8]. @ "';$1+-!:, ($/!+ 5'64'63 (,+<0:( *-$2!(+1)-34 
%32!"1!(+1)-34 ,+"0,"'% ! -+ 5'*%'17:( 5'102$() '<L+/(3 <'1)I!4 ,$*&+,'%, (+& 
"$&3& 6+1$7 -+%'*&';-3& 5,!&+-+-!+ "($(!"(!2+"/'.' $-$1!*$ 617 'B+-/! !4 "(,0/-
(0,-34 5$,$&+(,'%. ?1)(+,-$(!%'H 7%17+("7 &+('6 «<$11!"(!2+"/'.' '"$;6+-!7 F'--
(+-@$,1'», " 5'&'8): /'(','.' &';-' 2!"1+--' !""1+6'%$() '(-'"!(+1)-' <'1)I!+ 
",+63 -$ 5+,"'-$1)-'& /'&5):(+,+ [9]. K6-$/' 617 5'102+-!7 '<L+/('%, '<1$6$:8!4 
"(,0/(0,$&! <1!*/!&! / "(,0/(0,$&, -$<1:6$+&3& -$ =/"5+,!&+-(+, -+'<4'6!&' (8$-
(+1)-' 5'6<!,$() -$2$1)-3+ 5$,$&+(,3 &'6+1!. 

E -$"('78+H ,$<'(+, !"5'1)*07 6%0&+,-'+ 6!"/,+(-'+ <3"(,'+ 5,+'<,$*'%$-!+ 
90,)+ (2D DG9), !""1+6'%$1!") '"'<+--'"(! &',J'1'.!! -$/1'--' '"$;6+--34 51+-
-'/, 5'102+--34 &+('6'& «<$11!"(!2+"/'.' &'6+1!,'%$-!7 F'-(+-@$,1'». M$ '"-'%+ 
5,!-B!5'%, !*1';+--34 % ,$<'($4 [9, 10], % 5$/+(+ MATLAB <31$ "'*6$-$ !&!($B!'--
-$7 &'6+1) ,'"($ ('-/!4 51+-'/. @,$(/' 5,'B+"" &'6+1!,'%$-!7 '"$;6+-!7 "'"('!( % 
"1+60:8+&. @0<!2+"/$7 2$"(!B$ " 5,'!*%'1)-3&! 51'"/'"(-3&! (x,y) -$2$1)-3&! /'-
',6!-$($&! '(5,$%17+("7 5'6 0.1'& / *$,$-++ ".+-+,!,'%$--'H 5'61';/+ 5' 5,7&'1!-
-+H-'H (,$+/(',!!. A%!;+-!+ 5,'6'1;$+("7 6' (+4 5',, 5'/$ 5$6$:8$7 2$"(!B$ -+ 
6'"(!.-+( 5'61';/! 1!<' ,$-++ '"$;6+--34 2$"(!B. G'"1+ "('1/-'%+-!7, / 2$"(!B+ 
5,!&+-7+("7 $1.',!(&, !&!(!,0:8!H '.,$-!2+--0: 6!JJ0*!:, "''(%+("(%0:80: 
5+,%'H *'-+ "(,0/(0,-'H *'--'H &'6+1! [2]. 

C"5'1)*07 ,$*,$<'($--0: &'6+1), <31! 5'102+-3 51+-/! " ,$*1!2-3&! 0.1$&! 
'"$;6+-!7 '( 0° 6' 85° ! ,$*&+,$&! 650×650×85 2$"(!B. E /$2+"(%+ 5,!&+,$, -$ ,!". 1 
5'/$*$-$ 51+-/$, '"$;6+--$7 5'6 0.1'& 79°. E"1+6"(%!+ =JJ+/($ «"$&'*$(+-+-!7» '<-
,$*+B "'"('!( !* 5'2(! -+ "%7*$--34 &+;60 "'<'H "('1<B'%, -$/1'-+--34 5' -$5,$%1+-
-!: / 5'('/0 $('&'%. G,! 0&+-)I+-!! 0.1$ '"$;6+-!7, (' +"() 5,! 5,!<1!;+-!! 5'-
('/$ 2$"(!B / -',&$1! 5'61';/!, "('1<B3, ",$"($7") &+;60 "'<'H, "($-'%7("7 &+-++ 
,$*1!2!&3&!. W(' 5'6(%+,;6$+( !*%+"(-3+ ,+*01)($(3 ! 4','I' "'.1$"0+("7 " !""1+-
6'%$-!7&! 6,0.!4 $%(','%. K6-$/' !* 5,'"('.' %!*0$1)-'.' '<*',$ 51+-'/, 5'6'<-34 
!*'<,$;+--3& -$ ,!". 1, "1';-' "6+1$() %3%'6 ' 4$,$/(+,+ -+'6-','6-'"(+H % ,$"5,+-
6+1+-!! 2$"(!B. A17 6+($1)-'.' $-$1!*$ "(,0/(0,3 '<,$*B'% -+'<4'6!&' %'"5'1)*'-
%$()"7 ,$*%!(3&! &+('6$&! '<,$<'(/! !*'<,$;+-!H. 

G'102+--$7 &'6+1!,'%$-!+& 51+-/$ 5,+6"($%17+( "'<'H (,+4&+,-0: &$(,!B0, 
"'"('780: !* -01+H ! +6!-!B – 50"(34 !1! *$-7(34 2$"(!B$&! 72++/. O$/!& '<,$*'&, 
",+* % 51'"/'"(! xy 7%17+("7 6%0&+,-'H &$(,!B+H, "'"('78+H !* M "('1<B'% ! N "(,'/. 
O'.6$ 5,7&'+ 6!"/,+(-'+ 6%0&+,-'+ 5,+'<,$*'%$-!+ 90,)+ !&++( %!6 [11]: 
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 !" #$%&'() fm,n *+,%+ %$-., "/-( )0"1&+ (m,n) %" 2+%)3+ 0+/3('"1 ( "!(%('", "/-( 2+%)-
3+; p ( q – 4*5/3*+%/3,"%%6" 0+/3536. 

7"45/*"!/3,"%%5" ,60(/-"%(" / (/45-825,+%("9 #5*9$-6 (1) !5,5-8%5 9"!-"%-
%5, 5/5:"%%5 5 !-) :5-8;5 5 &5-(0"/3,+ !(/&*"3%6< =-"9"%35,. >5=359$ 96 (/45-8-
25,+-( ,/3*5"%%$. , MATLAB #$%&'(. :6/3*5 5 4*"5:*+25,+%() ?$*8", 5/%5,+%%51 
%+ +- 5*(39" @8.&(-A$-(. >*( =359 /4"&3*6 ,60(/-)-(/8 !-) &+B!5 5 /-5) 4-"%&( , 
4-5/&5/3( xy, + 2+3"9 $/*"!%)-(/8. C35 452,5-(-5 4*5,"/3( +%+-(2 /3*$&3$*6 4-"%&( 
(%3" *+-8%5 45 "" 5:D"9$. 
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E(/. 1. F25:*+B"%(" 4-"%&(, 45-$0"%%51 95!"-(*5,+%("9 5/+B!"%() / $ -59 %+&-5%+ G = 79° (a)  
(  "59"3*() 0(/-"%%5 5 =&/4"*(9"%3+ (b) 

 

7+ *(/. 2, a 45&+2+%6 95!$-( /4"&3*+ ?$*8" !-) 4-"%5&, 5/+B!"%%6< 45! *+2-(0-
%69( $ -+9(. H-) ,6*+,%(,+%() (25:*+B"%() ( $/3*+%"%() ;$95,6< (94$-8/5, /4"&-
3*6 :6-( 5:*+:53+%6 %(2&50+/353%69 #(-83*59. >*( %5*9+-8%59 5/+B!"%(( 
(*(/. 2, a, G = 0°) 0+/3536 45!0(%).3/)  +$//5,59$ *+/4*"!"-"%(.. C35 52%+0+"3, 035 , 
4-5/&5/3( 4-"%&( &5% -59"*+36 0+/3(' *+2-(0%5 5 *+29"*+ *+/4*"!"-"%6 (253*54%5. 
I!%+&5 /(3$+'() 9"%)"3/), &5 !+ $ 5- 4+!"%() $,"-(0(,+"3/). 7+ &+*3(%" 0+/353%5 5 
4*5/3*+%/3,+, 45-$0"%%51 !-) $ -+ 5/+B!"%() 45° (*(/. 2, a), 2+9"3%5 *+2!"-"%(" '"%-
3*+-8%5 5 4(&+ %+ !,+, / 5/8., /5"!(%).J"1 9+&/(9$96 4(&5,, -"B+J"1 ,!5-8 4-5/-
&5/3( 5/+B!"%() 0+/3(' (*(/. 1, b). 7+:-.!+"9+) +%(253*54() , *+/4*"!"-"%(( (%3"%-
/(,%5/3( 45 0+/353+9 $/(-(,+"3/) / *5/359 $ -+ 5/+B!"%() (*(/. 2, a, G = 85°). @+&(9 
5:*+259, +%+-(2(*$) &+*3(%6 5:*+3%5 5 4*5/3*+%/3,+ 95B%5 /!"-+38 ,6,5!, 035 / *5/-
359 $ -+ 5/+B!"%() $/(-(,+"3/) +%(253*54() , *+/4*"!"-"%(( 0+/3(' , 4-5/&5/3( 
4-"%&(, 035 ,6*+B+"3/) , $,"-(0"%(( +94-(3$!6 ,5-% 54*"!"-"%%51 0+/3536, %+4*+,-
-"%%6< ,!5-8 4-5/&5/3( 4+!"%() 0+/3('. K-"!$"3 539"3(38 <5*5;"" /5,4+!"%(" /95!"-
-(*5,+%%6< 4-"%5& / =&/4"*(9"%3+-8%5 45-$0"%%69( 5:*+2'+9( [12]. A+& ,(!%5 (2 
*(/. 2, b, 5/+B!"%%+) 45! $ -59 87° 4-"%&+ Cr (9""3 %" 35-8&5 /35-:0+3$. /3*$&3$*$, 
:-(2&$. & 95!"-8%51, %5 ( 5:-+!+.J(1 /<5B(9( 5/5:"%%5/3)9( /4"&3* 4*"5:*+25,+-
%() ?$*8". 

F2 &+*3(% 2D L>? :6-+ (2,-"0"%+ (%#5*9+'() &+& 5 %+4*+,-"%((, 3+& ( 5: 53%5-
/(3"-8%51 ,"-(0(%" +%(253*54(( /3*$&3$*6 (//-"!$"96< 5:D"&35,. M!5-8 *+!($/5, 
5&*$B%5/3(, '"%3* &535*51 :6- /5,9"J"% / /"*"!(%51 0+/353%5 5 4*5/3*+%/3,+, 4*5-
(2,5!(-5/8 /$99(*5,+%(" 95!$-) /4"&3*+. >*5'"!$*+ ,645-%)-+/8 !-) ,/"< *+!($/5, / 
(%3"*,+-59 2° (*(/. 3, a). M *"2$-83+3" 3+&51 5:*+:53&( 45-$0+-(/8 2+,(/(95/3( (%-
3"%/(,%5/3( $/*"!%N%%5 5 /4"&3*+ 53 %+4*+,-"%(), (9".J(" ,(!, <+*+&3"*%61 !-) 5!-
%55/%51 +%(253*54(( (*(/. 3, b).  

H-) :5-"" 350%5 5 ,60(/-"%() 4+*+9"3*5, (2 45-$0"%%6< 2+,(/(95/3"1 5%( :6-
-( +44*5&/(9(*5,+%6 /$9951 /(%$/5(! ,35*5 5 ( 0"3,"*35 5 45*)!&+: 
asin(2O+P) + bsin(4O+Q) (*(/. 3, b). @+&(9 5:*+259, 2+9"0+) 45-5B"%() =&/3*"9$95, 
 +*95%(0"/&51 #$%&'(( 95B%5 %+13( %+4*+,-"%(" +%(253*54((, + 45 *+2%('" 9"B!$ 
9+&/(9+-8%69( ( 9(%(9+-8%69( 2%+0"%()9( 54*"!"-(38 "" ,"-(0(%$. 

>-5/&5/38  
5/+B!"%() 

z 

y 

x 
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E(/. 2. (a) – !,$9"*%6" ?$*8" (25:*+B"%(), 45-$0"%%6" $/*"!%"%("9 95!$-"1 /4"&3*5, !-) &+B!5 5 

/-5) , 4-5/&5/3( xy 4-"%5&, 45-$0"%%6< 95!"-(*5,+%("9 / *+2-(0%69( $ -+9( 5/+B!"%() G;  
(b) – (25:*+B"%(" 4-"%&( Cr 5/+B!"%%51 45! $ -59 87°, 45-$0"%%5" =-"&3*5%%51 9(&*5/&54("1 [12]  

( "" ?$*8" /4"&3* 

 

 
 

E(/. 3. R5!$-8 2D L>? /4"&3*+ !-) 4-5/&5/3( (xy) 4-"%&( / $ -59 5/+B!"%() 79° (a).  
S+,(/(95/38 /$99(*5,+%%51 ,!5-8 *+!($/+ (%3"%/(,%5/3( L>? /4"&3*+ 53 $ -+ (350&()  

( +4*5&/(9+'()  +*95%(0"/&51 #$%&'("1 (-(%()) (b) 

 
7+ *(/. 4. 4*"!/3+,-"%6 *"2$-83+36 +%+-(2+ +%(253*54(( 95*#5-5 (( 4-"%5&, 45-

-$0"%%6< , ;(*5&59 !(+4+25%" $ -5, 5/+B!"%(). >5 9"*" 53&-5%"%() 4535&+ 4+!+.-
J(< 0+/3(' 53 %5*9+-( +%(253*54() /-+:5 $,"-(0(,+"3/), 5!%+&5 45/-" G = 20° %+:-.-
!+"3/) *"2&(1 *5/3. H5/3( %$, 9+&/(9$9+ 4*( G = 79°, +%(253*54() 4+!+"3, ( 4*( $ -" 
G = 85° /3+%5,(3/) :-(2&51 & "" 2%+0"%(. !-) $ -+ 5/+B!"%() 64°. >*( =359 %+4*+,-"-
%(" +%(253*54(( / %":5-8;(9( 53&-5%"%()9( , %"/&5-8&5  *+!$/5, -"B(3 ,!5-8 4-5/-
&5/3( %+46-"%(). F%3"*"/%5 2+9"3(38, 035 5:%+*$B"%%6" 2+,(/(95/3( *+/<5!)3/) / 
=&/4"*(9"%3+-8%5 (29"*"%%69( 9+ %(3%51 ( 543(0"/&51 +%(253*54()9( %+&-5%%5 

  (a) G = 0° G = 45° G = 85° 

(b) 

-35 35

35 

-35 
p 

q 

-35 35p -35 35 p 

-35 35 p

35

-35

q

  

 !"# O, !$%&'() 

*
+
,-
+
(
.
/
+
"
(
,0

, 
A

.U
. 

0 120 240 360
0

2

4 

6

8
(b) 

180° 0° 

O 

90° 

270° 

(a) 



 !"#$%$&&'$()#!*+$%'(#,-.!/+$01#!&.0..(2015(

570 

5/+B!"%%6< 4-"%5& [2, 3]. H"1/3,(3"-8%5, #(2(0"/&(" <+*+&3"*(/3(&( 5:*+2'5, 2+,(-
/)3 %" 35-8&5 53 %+-(0() ,6!"-"%%5 5 %+4*+,-"%() , *+/4*"!"-"%(( &5% -59"*+35, 
0+/3(' , 4-5/&5/3( 4-"%&(, %5 ( 53 3+&(< 4+*+9"3*5, &+& %+&-5% /35-:'5, ( #5*9+ (< 
454"*"0%5 5 /"0"%(), ;"*5<5,+35/38 45,"*<%5/3( 4-"%&( ( 9%5 (< !*$ (<. 

 

 
 

E(/. 4. S+,(/(95/38 53%5/(3"-8%51 +%(253*54(( *+/4*"!"-"%() 0+/3(' , 4-5/&5/3( 4-"%&(  
53 $ -+ 5/+B!"%(), 54*"!"-"%%+) (2 /4"&3*5, L>? 

 
M 2+&-.0"%(" /-"!$"3 539"3(38, 035 , *"2$-83+3" 95!"-(*5,+%() 4*5'"//+ 5/+B-

!"%() 4-"%&( /52!+"3/) "" 45-%+) 3*"<9"*%+) /3*$&3$*+. F/45-82$) *+2,(36" , 45/-"!-
%("  5!6 9"35!6 0(/-"%%5 5 +%+-(2+ (9(&*59+ %(3%6", =-"&3*5!(%+9(0"/&("), 45),-
-)"3/) ,5295B%5/38 (//-"!5,+38 #(2(0"/&(" /,51/3,+ 5:D"&35,, $0(36,+) (< /-5B%5" 
/3*5"%(". K 4595J8. 4*"!-5B"%%5 5 , *+:53" 45!<5!+ 95B%5 (2$0+38 !(%+9(&$ #5*-
9(*5,+%() 4-"%&(, 4*5/-"B(,+) =,5-.'(. "" 95*#5-5 (( / $,"-(0"%("9 35-J(%6. 
K5,5&$4%5/38 9"35!5, 95!"-(*5,+%() /3*$&3$*%6< ( #(2(0"/&(< /,51/3, ),-)"3/) 
3"5*"3(0"/&(9 (%/3*$9"%359, 452,5-).J(9 (//-"!5,+38 2+,(/(95/3( 4+*+9"3*5, 4-"-
%5& 53 $/-5,(1 (< 5/+B!"%(), 035 50"%8 ,+B%5 4*( /52!+%(( 5:*+2'5, / 3*":$"969( 
<+*+&3"*(/3(&+9(. 

 
K4(/5& -(3"*+3$*6 

 
1. R.E. Camley, et al., J. Magn. Magn. Mater. 321 (2008) 2048.  
2. H. Kranenburg, et al., Materials Science and Engineering Rll (1994) 295. 
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4. Xiaoqiang Zhu, et al., J. Magn. Magn. Mater.  324 (2012) 2899. 
5. N. Phuoc, et al., J. Phys. D: Appl. Phys. 46 (2013) 485002.  
6. M. Oliva-Ramirez et al., ACS Appl. Mater. Interfaces 5 (2013) 6743. 
7. P. M. Martin, Handbook of Deposition Technologies for Films and Coatings, Elsevier (2010). 
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10. T. Smy et al., Journal of Vacuum Science & Technology A 18 (2000) 2507. 
11. T.F. A," -(/, M.L. A+;&(%, H(//(4+3(,%6" /3*$&3$*6 , 35%&(< %+%5&*(/3+--(0"/&(< 4-"%&+<: 

95%5 *+#(), K?U (2011).  
12. J. Cheung, Simulation of Engineered Nanostructured Thin Films, thesis, Queen’s University, Canada 

(2009). 
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 !"#$%&'(%  )#*&!)%"#   

*"+  ,%&$!-"%.,&#/%0.#1   &%!2&34!53,%"%6 

 
V. W. X&5,-",

1, 7. M. Y5*;&5,
2, H. K. Z+*695,, F. 7. L$*9(/3*5,1 (%+$0%61 *$&5,5!(3"-8) 

 
1 !"#$%&&'() *#+!,$,"(-#&'() (!&*(*.* (/($(0$) 1234 (5#!( 6. 7. 20"08(!0 

413100, 1080*,9&'0: ,;$0&*%, ".  !"#$%&, <$. 19,;,=>, 17 

e-mail: techn.sstu@techn.sstu.ru 
21080*,9&'() ",&.=08&*9#!!>) .!(9#8&(*#* (5#!( ?. 2. @#8!>A#9&',", 

410012, ". 1080*,9, .$. 7&*80+0!&'0:, 83 

 
>*5,"!"% /*+,%(3"-8%61 +%+-(2 3"*95=-"&3*(0"/&(< 9+3"*(+-5, %+ 5/%5," 45-(9"*%6< ( 9(%"*+-8%6< 

3,"*!6< =-"&3*5-(35,. K (/45-825,+%("9 =&/4"*(9"%3+-8%5 5 -+:5*+35*%5 5 /3"%!+ (//-"!5,+%6 2+,(/(96" ,"-(-
0(%6 3"*95-CHK 53 ,(!+ 95!(#(&+35*5, +&*(-+3%6<  (!*5 "-"1 ( 9(%"*+-8%6<  "-"1 %+ 5/%5," /(-(&+35, %+3*(). 
E+2*+:53+%6 %5,6" /5/3+,6 3"*95=-"&3*(0"/&(< 9+3"*(+-5,, 5/%5,+%%6" %+ =-"&3*5<(9(0"/&59 4*(%'(4"  "%"*+-
'(( =-"&3*5=%"* ((. 

 
>*)95" 4*"5:*+25,+%(" 3"4-5,51 =%"* (( , =-"&3*(0"/&$. ),-)"3/) 5!%(9 (2 

%+(:5-"" 4"*/4"&3(,%6< %+4*+,-"%(1 , /52!+%(( +-83"*%+3(,%6< (/350%(&5, =%"* ((. 
@"*95=-"&3*(0"/&(" (@C) 4*"5:*+25,+3"-( 5/%5,+%6 %+ !,$< =##"&3+<: =##"&3 >"-8-
38", &5 !+ =-"&3*5=%"* (. 4*"5:*+2$"3/) , %+ *", (-( 5<-+B!"%(( ( =##"&3 S"":"&+, 
&5 !+ *+2%('+ 3"94"*+3$* 4*"5:*+2$"3/) , =-"&3*(0"/3,5. @C $/3*51/3,, &+& 4*+,(-5, 
95B%5 54(/+38 &+& /:5*&$ ( n- ( 8-3(4+ 45-$4*5,5!%(&5,, &535*6" ,645-%).3 #$%&-
'(. !5%5*5, ( +&'"435*5, =-"&3*5%5,.  

@"*95=-"&3*(0"/&("  "%"*+35*6 (@CY) (9".3 :5-8;5" &5-(0"/3,5 !5/35(%/3,, 
3+&(< &+& !-(3"-8%61 /*5& /-$B:6, 53/$3/3,(" !,(B$J(</) 0+/3"1 ( ;$9+, 4*5/353+ , 
5:/-$B(,+%(( ( 50"%8 ,6/5&+) %+!"B%5/38 [1, 2]. 75, %"/953*) %+ =35, (< (/45-825,+-
%(" , %+/35)J"" ,*"9) /(-8%5 5 *+%(0"%5 (2-2+ %(2&51 =##"&3(,%5/3(, /-5B%51 ( !5-
*5 51 3"<%5-5 (( (2 535,-"%() [3, 4]. 

I!%(9 (2 %+(:5-"" 4"*/4"&3(,%6< %+4*+,-"%(1 *";"%() 4*5:-"96 45,6;"%() 
3"<%5-5 (0%5/3( 4*5(2,5!/3,+ ( /%(B"%() /35(95/3( @C 9+3"*(+-5, ),-)"3/) /52!+-
%(" 45-(9"*%6< 9+3"*(+-5, / 3"*95=-"&3*(0"/&(9( /,51/3,+9(. I!%+&5 , !+%%51 5:-
-+/3( 539"0"%6 /-"!$.J(" 4*5:-"9: %(2&(" 2%+0"%() &5=##('("%3+ S"":"&+ (, (2-
,"/3%6< & %+/35)J"9$ 959"%3$ 45-(9"*+< ( 45-(9"*%6< &59452('(5%%6< 9+3"*(+-+< 
(,&-.0+) 45-(9"*-45-(9"*%6" %+%5&59452(36) 2%+0"%(" &5=##('("%3+ S"":"&+ 5:60-
%5 %+<5!(38/) , !(+4+25%" 53 -4088 !5 1283 [V/K) [5], 3"94"*+3$*6 =&/4-$+3+'(( ( 
=-"&3*54*5,5!%5/3( :5-8;(%/3,+ 45-(9"*%6< 9+3"*(+-5,. T$0;(" 45-(9"*%6" 9+3"-
*(+-6 !5/3$4%6 /" 5!%) !-) @C $/3*51/3, ( *+:53+.J(" ,:-(2( &59%+3%51 3"94"*+-
3$*6, (9".3 ZT 5&5-5 1 [5]. 

W-83"*%+3(,%69 45!<5!59 &  "%"*+'(( =-"&3*5=%"* (( / (/45-825,+%("9 3"94"-
*+3$*%6<  *+!("%35, ),-)"3/) /52!+%(" 35%&5/-51%6< =-"&3*5<(9(0"/&(< )0""& / 4*5-
/-51&+9( (2 3,"*!6< 45-(9"*%6< (-( 9(%"*+-8%6< =-"&3*5-(35, ( *+:50(< =-"&3*5-
!5,, %+<5!)J(< 4*( *+2%6< 3"94"*+3$*+<. H+%%+) )0"1&+ 4*"!/3+,-)"3 /5:51 &5%'"%-
3*+'(5%%6< =-"9"%3, , &535*59 ,/-"!/3,(" *+2-(0() , 3"94"*+3$*+< =-"&3*5!5, #5*-
9(*$"3/) *+2-(0%61 <(9(0"/&(1 453"%'(+- , 5&5-5=-"&3*5!%59 4*5/3*+%/3,". @+&51 
=-"9"%3 *+:53+"3 54*"!"-"%%5" ,*"9) !5 !5/3(B"%() *+,%5,"/(), 45/-" 0" 5 95B%5 
(29"%(38 %+4*+,-"%("  *+!("%3+ 3"94"*+3$* ( =-"9"%3 :$!"3 *+:53+38 , 5:*+3%59 %+-
4*+,-"%((. \"-8. !+%%51 *+:536 :6-5 (//-"!5,+%(" ,5295B%5/3( (2 535,-"%() !+%-
%6< =-"9"%35, %+ 5/%5,"  (!*5 "-"1 45-(+&*(-5,51 &(/-536 ( 45-(/(-(&+35, %+3*() / 
*+2-(0%69( 95!(#('(*$.J(9( !5:+,&+9(. 

H-) 45-$0"%()  (!*5 "-"1 (/45-825,+-(: 45-(+&*(-5,$. &(/-53$ (>WA) 
(C2H3COOH)n 45-$0"%%$. #535(%('((*$"951 45-(9"*(2+'("1 +&*(-5,51 &(/-536 , 
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,5!%59 *+/35,*", ,5!$, #535(%('(+35* (?F, 2,2-!(9"35&/(-2-#"%(-+'"35#"%5% 
(CH3O)2CC6H5(COC6H5)), #5/#5*%+) &(/-53+ (?A, H3PO4), (  (!*5&/(! &+-() KOH. 

H-) (//-"!5,+%() 3"*95-CHK :6-( ,6:*+%6 /5/3+,6  (!*5 "-"1, 4*"!/3+,-"%-
%6" , 3+:-. 1. 

 
@+:-('+ 1 

K5/3+,6  (!*5 "-"1 %+ 5/%5," >WA ( 45-(/(-(&+35, %+3*() 
 

] A5945%"%36  (!*5 "-), % 9+//. @"*95 CHK 9+< 

(9M) 
@"94"*+3$*+ 

0K  >WA 72I ?A ^K >@A>+Fe2(SO4)3 
1 69,9 29,1 1   144 110 
2 64,3 26,8 8,9   31 99 
3    83 17 748 124 

 
F//-"!5,+%(" ,-()%() 3"94"*+3$*%5 5  *+!("%3+ %+ *+2%5/38 453"%'(+-5, 9"B!$ 

=-"&3*5!+9( 4*( 2+45-%"%(( 9"B=-"&3*5!%5 5 4*5/3*+%/3,+ +&*(-+3%69  (!*5 "-"9 
45&+2+-5, 035 4*( 45,6;"%(( 3"94"*+3$*6 4*5(/<5!(3 4*+&3(0"/&( -(%"1%5" $,"-(-
0"%(" 3"*95-CHK. >*( 5<-+B!"%(( 3"*95-CHK /%(B+"3/) /5 -+/%5 351 B" 2+,(/(95-
/3(. R+&/(9+-8%5" 2%+0"%(" 3"*95-CHK !5/3( +"3/) 4*( 3"94"*+3$*" 110 °K (*(/. 1).  

 

 
 

E(/. 1. S+,(/(95/38 3"*95-CHK 53 3"94"*+3$*%5 5  *+!("%3+ !-) /5/3+,+ ] 1 (3+:-. 1) 

 

 
 

E(/. 2. S+,(/(95/38 3"*95-CHK 53 3"94"*+3$*%5 5  *+!("%3+ !-) /5/3+,+ ] 2 (3+:-. 1) 
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M /5/3+,+< / :5-8;(9 /5!"*B+%("9 #5/#5*%51 &(/-536 4*( 45,6;"%(( 3"94"-
*+3$*6 %+:-.!+"3/) %"-(%"1%5" $,"-(0"%(" 3"*95-CHK (*(/. 2), 4*( =359 "N 9+&/(-
9+-8%5" 2%+0"%(" /%(B"3/). >*( 5<-+B!"%(( 3"*95-CHK 2+&5%59"*%5 /%(B+"3/). 
R+&/(9+-8%5" 2%+0"%(" 3"*95-CHK !5/3( +"3/) 4*( 3"94"*+3$*" 99 °K. 

M  (!*5 "-)< %+ 9(%"*+-8%51 5/%5," %+:-.!+.3/) 2+9"3%5 :5-8;(" 2%+0"%() 
3"*95-CHK, 5!%+&5 4*5'"// "N *5/3+ 50"%8 :6/3*5 (, 3"0"%(" 14 9(%.) !5/3( +"3 %+/6-
J"%() ( 3"*95-CHK /%(B+"3/) !5 %$-). >*( 5<-+B!"%(( 4*5(/<5!(3 (29"%"%(" 3"*95-
CHK +%+-5 (0%5 4*5'"//$ "N *5/3+ 4*( %+ *",". R+&/(9+-8%5" 2%+0"%(" 3"*95-CHK 
!5/3( +"3/) 4*( 3"94"*+3$*" 124 °K. 

 

 
 

E(/. 3. S+,(/(95/38 3"*95-CHK 53 3"94"*+3$*%5 5  *+!("%3+ !-) /5/3+,+ ] 3 (3+:-. 1) 

 
F2 45-$0"%%6< !+%%6< 95B%5 /!"-+38 ,6,5!, 035 %+(-$0;(9( <+*+&3"*(/3(&+9( 

5:-+!+.3 +&*(-+3%61  (!*5 "-8 / /5/3+,59 ] 1 (3+:-. 1). T(%"1%61 <+*+&3"* 2+,(/(-
95/3( 3"*95-CHK 53 3"94"*+3$*6 &+& %+ /3+!(( %+ *",+, 3+& ( 4*( 5<-+B!"%(( 452,5-
-)"3 *"&59"%!5,+38 !+%%6" 9+3"*(+-6 %" 35-8&5 !-)  "%"*+'(( 3"*95=-"&3*(0"/3,+, %5 
( !-) (/45-825,+%() , !+30(&+< 3"94"*+3$*6. Y(!*5 "-8 %+ 5/%5," B(!&5 5 /3"&-+ 45-
&+2+- %+(:5-"" ,6/5&(" *"2$-83+36 45 ,"-(0(%" 3"*95-CHK, %5 5% 5:-+!+"3 50"%8 &5-
*53&(9 4"*(5!59 *+:536 :"2 /9"%6 %+4*+,-"%()  *+!("%3+ 3"94"*+3$*6. 

 
K4(/5& -(3"*+3$*6 

 
1. Enhancement of thermoelectric efficiency in PbTe by distortion of the electronic density of states /  

J. P. Heremans, V. Jovovic, E. S. Toberer, A. Saramat, K. Kurosaki, A. Charoenphakdee, S. Yamanaka,  
G. J. Snyder // Science. – 2008. – V. 321. – P. 554–7. 

2. Quantum dot superlattice thermoelectric materials and devices / T. C. Harman, P. J. Taylor,  
M. P. Walsh, B. E. LaForge // Science. – 2002. – V. 297. – P. 2229–32. 

3. DiSalvo F. J. Thermoelectric cooling and power generation // Science. – 1999. – V. P. 285:703–6. 
4. Silicon nanowires as efficient thermoelectric materials / A. I. Boukai, Y. Bunimovich, J. Tahir-Kheli, 

J. K. Yu, W. A. Goddard, J. R. Heath // Nature. – 2008. – V. 451. – P. 168–71. 
5. Casey Research progress on polymer–inorganic thermoelectric nanocomposite materials / Yong Dua, 

Shirley Z. Shen, Caia Kefeng, S. Philip // Progress in Polymer Science. – 37 (2012). – E. 820–841. 
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This paper presents the main stages and the simulation results of a simple NMOS structure in the TCAD 

system. TCAD simulation solves the fundamental, physical differential equations in partial derivatives. Such a 
deep physical approach provides TCAD simulating with high prediction accuracy. Thus, it is possible to replace 
the TCAD simulation costly and time-consuming tests when developing a new semiconductor device. 

 
Semiconductor integrated circuits (IC) have greater density of elements compared to the 

film chips. This is achieved by using an active substrate, in a volume, which forms elements 
of IC, and the use of precision manufacturing operations to limit the contours of the regions, 
formed on the substrate plane and in the depth of it. The main and the most complex IC 
devices are MOS and bipolar transistors. The first step in designing of any IC is the 
simulation of the transistor structure, which is the basis for the other elements implementation 
into IC. MOS transistors are widely used in electronics nowadays.  

The aim of this work is the simulation of technological process of manufacturing 
NMOS structure in the TCAD system. 

Simulation of technological route is started with an analysis of a strip map or a 
description of a process. At this stage it is necessary to allocate the structure-forming 
operation, which will be investigated by means of TCAD. Additional operations, ensuring the 
quality of technological operations and machined surfaces, refer to the preparatory stages of 
basic technological processes and are not separately modeled.  

The first approximation model of the technological route is a model of technological 
operations, which are executed sequentially on the same original structure. In addition to the 
models of individual process steps, we should include the model of the processed wafer; the 
optimization of the grid; the information about the geometry of the masks; the models for the 
analysis of electro-physical parameters of the layers [1-2]. 

Simulation of the device structure is based on the construction of a grid (Fig. 1). The 
correct specification of the grid is critical in process simulation. The number of nodes in the 
grid has a direct influence on simulation accuracy and time. A finer grid should exist in those 
areas of the simulation structure where ion implantation will occur, where p-n junction will be 
formed, or where optical illumination will change photoactive component concentration [3].  

The next step in construction of the structure is the initialization area of the structure, 
defining its coordinates, the number of nodes, the substrate doping and its orientation. In 
general process, it is set by the command, and then followed the material of the substrate, 
doping of the impurity, the concentration of carriers and the orientation. In this case, the 
substrate is alloyed with boron with a concentration of 5*1015 cm-3. 

After the determination of the parameters of the substrate, it is necessary to form a mask 
for the ion implantation process. In order to realize it, we must deposit the oxide and its 
subsequent chemical etching for forming the oxide mask in the areas of the drain and the 
source.  
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The oxide is usually deposited with the thickness of 0.2  m (Fig. 2). This film thickness 
is sufficient to create a masking oxide layer for subsequent processes of diffusion or ion 
implantation. 

 

  
 

Fig. 1. Grid Fig. 2. Silicon substrate and the SiO2 mask 
 

Ion implantation is the main method, which is used to introduce doping impurities into 
semiconductor device structures. Adequate simulation of the ion implantation process is very 
important because modern technologies employ small critical dimensions (CDs) and shallow 
doping profiles, high doses, tilted implants and other advanced methods. 

For ion implantation, we should specify a minimum set of the following parameters: the 
name of the injected impurities; the dose of the impurity and its order; the implantation 
energy in keV; the angle in degrees; the angle of rotation in degrees. Phosphorus is used as an 
impurity, and ion implantation is carried out at a dose of 1016 cm-3 and energy of 10 keV is 
used to create high-doped n-type conductivity regions. After that, the mask oxide is removed, 
and the impurity is dispersed deep into the substrate by diffusion (Fig. 3). The minimum set of 
diffusion step parameters is the following: time (60 minutes), temperature (900° Celsius) and 
gas pressure (1 atmosphere is default). 

Then, in process of simulation we are to define the polysilicon gate. First, we need to 
deposit a dielectric gate with the thickness of 0.03  m. Then we should deposit 
polycrystalline silicon with the thickness of 0.3  m and, then, etching polycrystalline silicon 
and oxide to create gate contact. The result is a high-alloy n region of the gate. 

The ultimate goal of simulation is to create a device structure (material layers plus 
doping), which then can be used as a simulator for electrical characteristics. Software can 
attribute an electrode to any metal, silicide, or polysilicon area. A special case is the backside 
electrode, which can be placed at the bottom of the structure, without having a metal region 
there. To create ohmic contact we need to deposit the aluminum with the thickness of 0.1  m 
and etched it in a non-contact area. The polysilicon is used as a gate contact (Fig. 4). 

The calculation of the breakdown voltage is produced on the basis of calculation and 
analysis of I-V characteristics of the device. The current of the device increases significantly 
with relatively small changes in voltage when the avalanche breakdown occurs. This method 
is well suited for evaluation of the I-V curves type and for the current leakage in the case of 
breakdown; however, for its realization it is necessary to solve the full system of equations. 

To build I-V curves, we should apply the power supply voltage to the drain and gate 
contact (Fig. 5, 6). In transistors with a channel of the n-type, the drain should have the 
positive value potential regarding the gate. While the substrate and the channel form diode 
connection, the voltage should be lower than the voltage of conductivity. The substrate can be 
connected with the source or with the point of the circuit in which the voltage is lower than at 
the source of n - channel and higher than that of the p - channel MOS transistor. Generally, 
the terminal of the substrate is connected to the source. 
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Fig. 3. High-alloy drain and source regions Fig. 4. Completed NMOS structure 
 

  
 

Fig. 5. Output characteristic Fig. 6. Transfer characteristic 

 
Due to this findings, we can conclude, that, the simulation of semiconductor devices 

requires consideration on many parameters. The calculation of these parameters, even for a 
single device, requires a large amount of time and resources. However, using the TCAD 
system, we may greatly reduce time and resources that will help to accelerate the production 
of semiconductor devices. This example of simulation of NMOS structure demonstrates more 
simple way of calculation of all necessary parameters. 

The simulation of NMOS structures is required special knowledge of semiconductor 
physics, of safety, of electrical parameters of NMOS transistor, and knowledge about the 
proper operations during all the technological process of manufacturing, which allows the 
modeling of such transistor with desired characteristics, quickly and accurately. 

 
References 

 

1. Gavrilyuk I. N., Okunev A. Yu., TCAD Software tools: methodological aspects of training specialists 
in the field of device-technologies design of electronic components // Modern problems of radio electronics: 
proceedings of the researcher. Tr. / Krasnoyarsk: IPK SFU, 2014. pp. 446-452. 

2. Artamonova E. A., Balashov A. G., and others. Laboratory practical course on “Simulation in the 
TCAD environment”. Part 2: Device-technological simulation of integrated circuit elements. - M.: MIET, 2012. - 
156 p. 

3. The company's website at Silvaco, Inc. [Electronic resource]. - Access mode: www.silvaco.com (date 
accessed: 20.02.2015).  



 !"#$%&« '()!*!++,!&-)'./!*,&)01$'2/!"3)'+$"$&(0+4/$56"$5&%7,")»&

577 

THE  SIMULATION  IN  SILVACO  TCAD.  THE  METHODICAL  ASPECTS   

OF  TRAINING  OF  SPECIALISTS  IN  THE  FIELD   

OF  DEVICE-TECHNOLOGICAL  DESIGN 

 
I. I. Anufriev, I. N. Gavrilyuk, !. !. Levitsky, O. V. Semyonova (supervisors), 

V. G. Andyuseva (language advisor) 
 

School of Engineering Physics and Radio Electronics SibFU 

28 Kirensky st. Krasnoyarsk, Russia, 660074  

E-mail: igoryok5@gmail.com 

 
The analysis of general trends in the development of software for device-technological simulation of semiconductor 

devices and integrated circuit elements is reported. The problems associated with the use of these software tools in the 
process of training specialists in the field of microelectronics and semiconductor technologies are considered. 

 
Introduction 

Nowadays TCAD (Technology Computer Aided Design) is the main tool used in the 
development of semiconductor devices and elements of integrated circuits. [1-4]. TCAD 
greatly simplifies and accelerates the development of semiconductor devices and technologies 
that saves time and resources. 

One of the problems of the effective use of TCAD is the training specialists with the 
special competences. 

The purpose of this work is to analyze general trends in the development of software for 
device-technological simulation of semiconductor devices. Another goal is consideration of 
the methodical issues associated with the use of these programs in training specialists in the 
field of electronics and nanoelectronics. 

1. The general characteristic of TCAD Software 

Simulation in modern TCAD is based on the solution of the coupled system of 
differential equations in partial derivatives. This system describes a charge transfer in 
semiconductor structures. This allows getting a high accuracy prediction of characteristics for 
a wide range of devices and technologies. In addition to the basic drift-diffusion model, one 
can use the systems are based on thermodynamic and hydrodynamic description, as well as 
the quantum models. 

Software TCAD is intended for the mechanical, electrical, thermal and other properties 
of semiconductor structures, such as the degree of doping semiconductor, impurity profile in 
the depth of the substrate, the parasitic capacitance couplings and depth of transition deposits. 

Nowadays the leaders in the field of TCAD software are Synopsys (ISE) and Silvaco. 
These systems allow simulating and designing semiconductor device considering the 
production processes – ion implantation, diffusion, etching, deposition, lithography and 
oxidation of semiconductor materials. By means of built-in functions one can calculate static 
and transition characteristics of diodes, field-effect, bipolar transistors and optoelectronic 
devices. In addition, one can form SPICE-model for further schematic design. 

Synopsys and Silvaco TCAD are focused on design of discrete elements of the electronic 
base and LSI, VLSI elements. These systems allow realizing simulation of separate elements 
and integral semiconductor structures of low complexity in 2D and 3D. 

It should consider the main trends in the development of software TCAD by the 
example of Silvaco TCAD. 

2. Silvaco TCAD 

Silvaco TCAD allows simulating semiconductor structures and technological processes 
of their production. It can be used for development of separate semiconductor devices and IC 
elements. Silvaco TCAD works on Microsoft Windows and Linux (recommended RedHat 
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distribution) [7]. Silvaco TCAD includes modules of device-technological simulation and tools 
pr"viding interactive mode. 

VICTORY PROCESS and ATHENA are modules for processes simulation. They include 
the program means for simulation of processes with using the simulator SUPREM-4. 
ATHENA is a platform for simulation of technological processes in semiconductor industry: 
ion implantation, diffusion, oxidation, physical etching and deposition, lithography. The result 
of simulator’s work is the device structure, which includes an impurity profile (fig. 1) and 
other calculations. The device structure can be used in the module of device simulation (fig. 2). 

 

 

Fig. 1. Doping distribution and electrodes in a 
parasitic NPNP structure which can be used for Atlas 

transient simulation of CMOS latch-up [7] 

 

Fig. 2. The LDD MOSFET structure simulated in the 
process simulator Athena and the final structure 

imported directly into Atlas. The electric field contours 
superimposed on the plot [7] 

 

ATLAS program is a set of tools for simulation device. This set calculates the electrical, 
optical and thermal characteristics of semiconductor devices for a given external influences 
(voltage across the electrodes, etc.). ATLAS provides the means of analyzing the structures 
are based on the physical description on AC and DC, as well as transients in two- and three-
dimensional form (Fig. 3, 4). 

 

 

Fig. 3. 2D process simulation results after 20 process steps 
including etching, deposition, ion implantation and 

diffusion/oxidation [7] 

 

Fig. 4. EPROM electron concentration in 3D [7] 
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Sharing ATHENA, VICTORY PROCESS and ATLAS allows determining the influence of 
process parameters on the electrical characteristics of the device. Electrical characteristics 
were predicted in ATLAS may be used as input data in UTMOST (SPICE simulation program). 
Compact model based on the received characteristics can be provided to the developers for 
the preliminary design of a circuit using a semiconductor device. 

Interactive tools (DeckBuild, TonyPlot 2D and 3D, MaskViews and DevEdit, etc.) are 
integrated into Silvaco and provide the interface allows realizing the execution and 
visualization of all simulation’s processes (Fig. 5, 6). DeckBuild - is the main tool for 
executing commands and interaction of products Silvaco TCAD. This interactive environment 
includes an interface to automatically launch of other interactive tools (such as TonyPlot) 
from the input file or from the toolbar, and contains a library that covers a variety of 
technologies and materials. 

 

 

Fig. 5. Converted Atlas structure with gate spacer [7]
 

Fig 6. 3D TFT A-Si:H TFT structure [7]

 

Conclusion 

The successful studying TCAD by specialists which are involved in the development of 
electronic components requires basic knowledge in mathematics, physics, chemistry, physical 
fundamentals of electronics, electronic materials, semiconductor technology, circuit design 
fundamentals and numerical modeling, as well as a number of other disciplines. 

It seems reasonable to develop skills to use TCAD system in the development of a 
number of specialized disciplines. This allows you to improve expertise in solving applied 
problems. For example, one can study the issues related to the design and manufacturing 
technology of semiconductor devices 

Methodical training with using TCAD-systems can be represented as a series of 
interconnected blocks of special disciplines. In this case, the first block should be devoted to 
the physics of semiconductors and models used to describe the semiconductor structures. The 
second unit should provide the study of semiconductor devices. In the third unit, one should 
use material relating to the physical principles of the technology of discrete and integrated 
electronic components, including IC technology. 
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We report the results of investigations of the metal/insulator/semiconductor hybrid structure. In our experiments, an 

optically induced giant magnetoresistance of 104% was observed. Some assumptions concerning possible mechanisms of this 
phenomenon are made. The observed effect makes the investigated structure promising for application in high-sensitivity 
magnetic field detectors. The data obtained make it possible to build a theoretical model for describing the observed 
phenomenon. 

 

The hybrid nanostructures are combinations of nonmagnetic semiconductors and 
ferromagnetic elements. The response of such structures to the spin-polarized current makes it 
possible to use the electron spin as an active element for data storage and transfer. This gave 
rise to the new branch of condensed matter physics called spintronics. Along with the huge 
potential of semiconductor electronics, the hybrid structures will allow controlling the 
electron transport in a system via the electron spin state. However, to apply these structures in 
real spintronic devices, it is necessary to understand such fundamental phenomena as spin 
injection to the semiconductor, spin diffusion, spin accumulation, etc.  

Study of the magnetoresistance effect in hybrid structures gives a new insight in the 
nature of the fundamental phenomena that take place in such systems and seem extremely 
important. In addition, the giant magnetoresistace effect attracts attention of researches as a 
promising tool for creation of high-sensitivity magnetic field detectors.  

In this work, we report the results of investigations of the metal/insulator/semiconductor 
(MIS) structure using a dc current. The semiconductor was a boron-doped silicon substrate 
and the insulator was a SiO2 layer with a thickness of 2 nm. The sample geometry used in the 
experiments is illustrated in Fig. 1a. In addition, we fabricated a simple planar device based 
on this structure. On the structure’s surface, two iron-film electrodes separated with a 20- m 
gap were formed (Fig. 1b). 

 
Fig. 1. (a) Experimental geometry and (b) schematic of the structure 

 
Figure 2 shows temperature dependences of the resistance Rph(T) obtained under optical 

radiation in zero magnetic field and in the field H = 6 kOe and the corresponding temperature 
dependences of the photoinduced magnetoresistance. The results were obtained for the bias 
currents J = +20µA (Figs. 2$ and 2b) and J = P20 µA (Figs. 10c and 10d), because, in this 
case, the maximum influence of the magnetic field is observed. The first thing that attracts 
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attention is the huge value of photoinduced magnetoresistance QR/R, which can exceed many 
times the value of 104% in H = 6 kOe. Without optical radiation, no noticeable variation in the 
resistance of the device in magnetic field is observed. The other surprising result is the 
extremely high sensitivity of the photoinduced magnetoresistance to the magnetic field sign. 
Here, the magnetic field was applied in the plane of the device perpendicular to the J 
direction. 

 

 
Fig. 2. Temperature dependences Rph(T) and QR/R(T) obtained at (a, b) J = 20 µA   

and (c, d) J = P20µA.   

 
Asymmetry of the photoconductivity response with respect to the bias current and 

magnetic field signs can be clearly seen in the I V characteristics presented in Fig. 2a. 
Without optical radiation, the I V characteristics obtained at low temperatures are 
symmetrical and their shape is similar to the reverse branch of a tunnel MIS diode; i.e., the 
tunnel conductivity is implemented, probably, with the surface states involved [1]. Under 
irradiation of one of the MIS junctions in zero field, the conductivity increases due to the 
tunneling through the interface centers. An increase in voltage U at fixed J values is related to 
the current saturation determined by the concentration of nonequilibrium carriers, i.e., by the 
rate of generation and recombination of photoelectrons.  

Figures 3c and 3d show the magnetic-field dependences of (QR/R)ph for the high ( J = 
±50  A) and low (J = ±10  A) bias current values. For J = ±10  A, at the beginning of the 
magnetic field sweeping, the (QR/R)ph value increases insignificantly in weak fields and 
sharply grows in the fields above 3 kOe. For J = ±10  A and H =10 kOe, (QR/R)ph attains 1.5 
· 105% and the saturation is not observed. On the contrary, for J = ±50  A, the rapid growth of 
(QR/R)ph starts at H = 0 and slows down in the fields H = 5P7 kOe; with a further increase in 
the magnetic field, the magnetoresistive effect tends to saturation. However, in this case, the 
maximum (QR/R)ph  value is smaller than 4 · 104 %. 
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Fig. 3. (a) I V characteristics of the device under optical radiation measured in zero magnetic field and in 

magnetic fields of +9kOe and P9 kOe; (b) bias dependence of magnetoresistance (QR/R)ph in the positive and 
negative magnetic fields; and (QR/R)ph as a function of the magnetic field for bias currents of (c) +10 and P10 
 A and (d) +50 and P50  A.  
 

Having analyzed the photoconductivity response to the magnetic field, we suppose that 
the key role in the optically induced giant magnetoresistive effect is played by localized 
surface states and, perhaps, by the features in the behavior of nonequilibrium carriers in the 
device under study. In addition, we cannot exclude the contribution to the magnetoresistance 
made by possible spin-dependent tunneling of photoexited electrons through the SiO2 
potential barrier into the ferromagnetic electrode. 
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Electronic properties of novel metamaterials – hexagonal superlattices of silicon nanoparticles – were investigated by 

means of density functional theory (DFT). Dirac cones are found in the corners of Brillouin zone and the Fermi velocity is 
estimated for two types of superlattices composed of 71 or 114 silicon atoms. 

 

Graphene, since it was obtained in experiment, is subject to intense attention [1]. This 
material is of an interest not only because of its potential application in a wide variety of areas, 
but from a fundamental point of view as well, due to unique electronic properties it exhibits. 

The presence of so-called Dirac cones in electronic structure – regions with linear 
dispersion – leads to a new, relativistic dynamics with its own peculiarities, such as, for 
example, the Klein paradox. The obtaining of graphene gave an opportunity to use graphene 
as a basis for investigations of a new type of particles – massless charged fermions, which 
don't occur in nature. 

However, these particular properties can be reproduced not only in graphene itself, there 
are several ways to build up systems, which will be described by analogous mathematical 
apparatus. Such systems are based on creation of a potential with hexagonal symmetry and 
are often called “artificial graphene”. These structures have the advantage of a higher degree 
of control over different system parameters, depending on the implementation. A vivid 
example of that is strong spin-orbit coupling, which is not accessible in natural graphene. 

Current methods of building artificial grephene can be devided in 4 classes: honeycomb 
optic lattices with trapped ultracold atoms; photonic crystals with honeycomb-like symmetry; 
high mobility 2D electron gas under honeycomb external potential and honeycomb 
superlattices of molecules and nanoparticles. Here we suggest a new type of superlattices 
exhibiting graphene-like properties. 

All the calculations of geometrical and electronic structure of suggested nanoparticle 
superlattices were conducted with VASP 5.3 (Vienna Ab-initio Simulation Package) [2-4] 
quantum-chemical software package within the framework of DFT method [5, 6] in plane 
wave basis. The calculations were conducted with the help of (projector augmented wave) 
PAW method [7, 8] under general gradient approximation (GGA) in PBE form (Perdew-
Burke-Ernzerhof) [9]. 

In the first part of the work silicon nanoparticles in a 2D honeycomb superlattice were 
modeled. It is a common knowledge that in silicon crystal [111] crystallographic axis is of 
order 3. So, if a honeycomb-like lattice is build up from a crystal in a plane perpendicular to 
this axis, the atoms and bonds in the superlattice will be in a configuration close to that of an 
equilibrium crystal state. As the hexagonal (honeycomb) lattice unit cell contains two 
particles or atoms, the initial geometrical structures of nanoparticles in a superlattice were 
generated by cutting two touching spheres from a silicon crystal with centers of the spheres 
lying on lattice points. The surface atoms with only one bond were deleted. 

The structure with two spherical nanoparticles was placed in honeycomb unit cell with 
periodic boundary conditions, and then an optimisation of geomerty was conducted. Due to 
periodic boundary conditions, the nanoparticles interact with periodic replicas in all 3 dimensions, 
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unless they are separated by sufficiently wide vacuum gap. Thus, two-dimensionality of the 
superlattice was achieved by setting the height of the simulation cell (perpendicular to the 
honeycomb lattice plane) to 15 R. The geometrical optimisation was made with respect to 
atoms coordinates (until the maximal force acting on atoms was less than 0.1 eV/R) and with 
respect to cell parameters (until the pressure in the plane was less than 1 kbar). 

We have calculated two different variants of the described above structures with 
different sizes of the nanoparticles. In one case the diameter of the particles was 14.5 R and 
they contained 71 atoms; in another, the diameter of the particles was 18.3 R and they 
contained 114 atoms. As the sizes of the cell were different in these two cases, the 
Monkhorst-Pack scheme [10] k-point meshes used in integrations over Brillouin zone were 
different: for the case of 71 atom nanoparticles the mesh was of 9 × 9 × 1 points, in the case 
of 114 atoms – 3 × 3 × 1. The cut-off energy for the plane waves, Ecutoff was 245.3 eV. 

To determine, whether the aggregation of the nanoparticles into superlattice is 
energetically allowed, detached nanoparticles were calculated as well. Knowing the energy of 
free-standing particles, the superlattice binding energy can be estimated as: 

 !"#$ %  &'( ) * +"#,&-. 

where Ebind is a binding energy per particle; Elat – energy of single superlattice unit cell; Esingle – 
energy of free-standing nanoparticle. The value of Ebind <0 means that it is energetically 
favorable for particles to form the superlattice. The binding energies evidence that such 
structures are possible as the values are: for the superlattice containing 71 atom nanoparticles – 
7.39 eV; for 114 atom particles – 12.27 eV. 

After the geometrical structure of the superlattice was obtained, the density of states 
(DOS) and the dispersion, E(k) along  -K and K-M special directions were calculated. Basing 

on the resulting dispersion law, the derivative 
$/

$0
 was found in the vicinity of the K point, 

which is the base of the Dirac cone, to determine the Fermi velocity (group velocity of 
ultrarelativistic quasiparticles) according to the formula: 
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Fig. 1. Band structures of 71 atom silicon nanoparticles in honeycomb superlattice.  

0 corresponds to the Fermi level 
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The band structures of the superlattices (FIG 1 and 2) show series of the Dirac cones in 
the K point above and below the Fermi level. The calculated Fermi velocities were: for the 
superlattice of 71 atom nanoparticles – 1.05 ×105 m/s; for 114 atom particles – 0.53 ×105 m/s. 

 

 
Fig. 2. Band structures of 114 atom silicon nanoparticles in honeycomb superlattice.  

0 corresponds to the Fermi level 

 
References 

 
1. Polini M. et al. Artificial honeycomb lattices for electrons, atoms and photons // Nature 

nanotechnology. – 2013. – J. 8. – S 9. – B. 625–633. (and references therein) 
2. Kresse G., Hafner J. Ab initio molecular dynamics for liquid metals // Physical Review B. – 1993. – 

J. 47. – S 1. – B. 558. 
3. Kresse G., Hafner J. Ab initio molecular-dynamics simulation of the liquid-metal–amorphous-

semiconductor transition in germanium // Physical Review B. – 1994. – J. 49. – S 20. – B. 14251. 
4. Kresse G., Furthmüller J. Efficient iterative schemes for ab initio total-energy calculations using a 

plane-wave basis set // Physical Review B. – 1996. – J. 54. – S 16. – B. 11169. 
5. Hohenberg P., Kohn W. Inhomogeneous electron gas // Physical review. – 1964. – J. 136. – S 3B. – 

B. B864. 
6. Kohn W., Sham L. J. Self-consistent equations including exchange and correlation effects // Physical 

Review. – 1965. – J. 140. – S 4A. – B. A1133. 
7. Perdew J. P., Burke K., Ernzerhof M. Generalized gradient approximation made simple // Physical 

review letters. – 1996. – J. 77. – S 18. – B. 3865. 
8. Blöchl P. E. Projector augmented-wave method // Physical Review B. – 1994. – J. 50. – S 24. – 

B. 17953. 
9. Kresse G., Joubert D. From ultrasoftpseudopotentials to the projector augmented-wave method // 

Physical Review B. – 1999. – J. 59. – S. 3. – B. 1758. 
10. Monkhorst H. J., Pack J. D. Special points for Brillouin-zone integrations // Physical Review B. – 

1976. – J. 13. – S. 12. – B. 5188. 
 

  

-0,25

-0,2

-0,15

-0,1

-0,05

0

0,05

0,1

0,15

0,2

8 K M



 !"#$%&« '()!*!++,!&-)'./!*,&)01$'2/!"3)'+$"$&(0+4/$56"$5&%7,")»&

587 

APPLYING  SPACEWIRE  TECHNOLOGY  IN  SATELLITE  SYSTEMS 
 

T. A. Zubov1, V. V. Evstratko2, V. V. Sukhotin3 (scientific adviser),  
I. V. Alekseenko (language advisor) 

 

School of Engineering Physics and Radio Electronics SibFU 

28 Kirensky st. Krasnoyarsk, Russia, 660074  
1E-mail: timonische@bk.ru 
2E-mail: evstrafly@list.ru 

3E-mail: vsuhotin@sfu-kras.ru 

 
Article describes data exchange interfaces which are used in the satellite equipment. Here, we represent main 

characteristics for effective satellite management, using these interfaces. This paper demonstrates the analysis of these 
interfaces, due to which, a conclusion about its working effectiveness is drawn.  

 
Data exchange interfaces are very important element in the satellite equipment. To 

operate effectively these interfaces must have following characteristics: 
- High data signaling rate; 
- Ability to form a wide network; 
- High network throughput; 
- Unification of interfaces; 
- Noise immunity of external space influence. 
Leading space agencies such as NASA, ESA and JAXA use modern data exchange 

interface named SpaceWire. But, nowadays, Russian space companies use interfaces such as 
RS-232, RS-485, MIL-STD-1553 and others. In this paper, we make comparative analysis of 
the interfaces RS-232, RS-485, MIL-STD-1553, and SpaceWire.RS-232 is data exchange 
interface which can operate in full duplex manner. The maximum data signaling rate, at which 
a RS-232 operates, is 115 kb/s. RS-232 is not adapted to form a network. This interface uses a 
direct link between two nodes only. It increases the weight of satellite payload and enhances 
power of supply [1]. Unsuccessful example of RS-232 network is illustrated in fig. 1. 

 

 
Fig. 1. Example of RS-232 network 

 

RS-485 is a half-duplex interface which uses differential signaling. The maximum data 
signaling rate, at which a RS-422 operates, is 30 Mb/s. In contrast to RS-232, this interface 
can form a local network which is based on liner bus topologies that uses the time division 
multiplexing. RS-422 Network may consist of 32 nodes [2]. Example of this network is 
illustrated in fig. 2. 

 

 
 

Fig. 2. Example of RS-485 network  
 

RS-485 and MIL-STD-1553 are half-duplex interfaces but, in contrast to RS-485, MIL-
STD-1553 uses Manchester bi-phase signal. They both, RS-485 and MIL-STD-1553 can form 
a local network, which is based on liner bus topology with time division multiplexing. 
Primary bus of MIL-STD-1553 duplicates by secondary bus to increase network safety. Data 
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signaling rate at which this interface operates is 1 Mb/s. Like RS-485, MIL-STD-1553 
Network may consist of 32 nodes [3]. Example of this network is illustrated in fig. 3. 

 

 
Fig. 3. Example of MIL-STD-1553 Network 

 

SpaceWire protocol covers the physical level, the signal level the character level, the 
exchange level, the packet level and the network level. [4] 

The physical level provides the actual interface between nodes including both 
mechanical and electrical interface and covers cable construction, connectors, cable 
assemblies. 

The signal level covers signal voltage levels and signal encoding. SpaceWire uses low 
voltage differential signalling (LVDS). LVDS uses balanced signals to provide very 

high:speed interconnection using a low voltage swing (350 mV typical). The data signalling 
rate of the range, at which a SpaceWire link operates, is 2 to 400 Mb/s. SpaceWire uses 

Data:Strobe (DS) encoding. This is a bit coding scheme which encodes the transmission clock 
with the data into Data and Strobe so that the clock can be recovered by simply XORing the 
Data and Strobe lines together. 

The character level uses two types of characters: data characters and four possible 

control characters. Each data character contains a parity bit, a data:control flag and the eight 

bits of data. Each control character is formed from a parity bit, a data:control flag and two 
control bits. Two of the possible control characters is the normal end of packet (EOP) and the 
error end of packet (EEP).One of the possible control characters is the flow control token 
(FCT). Last of the possible control characters is the escape code (ESC) which can be used to 
form control codes (the NULL code and the Time-code).  

The exchange level state machine provides initialization of link, flow control, detection 
of disconnect errors, detection of parity errors, link error recovery. 

The data packet is formed at the packet level including “destination address”, “cargo” and 
“end of packer marker”. The “destination address” is a list of zero or more data characters that 
represent the destination identity. The “cargo” is the data to transfer from source to destination. 
The cargo may contain from one to infinite characters. The “end of packet marker” is used to 
indicate the end of a packet. Two end of packet markers are defined as EOP and EEP. 

A network is made up of a number of links, nodes and routing switches. The nodes are 
the sources and destinations of packets. Links provide the means for passing packets from one 
node to another. Nodes can be either directly connected by links or connected via routing 
switches that illustrated in Fig. 4. 

Typically SpaceWire node includes a few link ports for data exchange at network and 
an interface to the host system. That link ports is operated by the link controller which 
controls state machine and consist of the SpaceWire receiver, the SpaceWire transmitter, 
FIFO buffers that illustrated in Fig. 5. 

SpaceWire network uses wormhole routing which is a particular form of packet routing. 
Each packet contains a header which holds the destination node address either as the route 
through the network or as the identity of the destination node that illustrated in Fig. 6. 
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Fig. 4. Example of SpaceWire network Fig. 5. SpaceWire network controller 
 

 
 

Fig. 6. Wormhole routing is based on path addressing for example 
 

SpaceWire routing is based on three packet:addressing schemes such as path 
addressing, logical addressing and regional logical addressing. With path addressing the 
destination address is specified as a sequence of router output port numbers used to guide the 
packet across the network. In this case physical ports value each router is unlimited (1-31). In 
logical addressing each destination has a unique number or logical address associated with it. 
In logical addressing each destination has a unique number or logical address associated with 
it. These numbers can be assigned arbitrarily to nodes. To support logical addressing each 
routing switch is provided with a routing table. In this case Quantity of Nodes can be 224 (32-
255). The regional logical addressing is combines property of the path addressing and the 
logical addressing. The Application of the regional logical addressing provides formation of 
very big wide network of SpaceWire nodes. 

SpaceWire network can use the group adaptive routing which is an effective means of 
controlling allocation of link bandwidth, making sure that efficient use is made of the 
available network resources. Transport level is not defined the protocol of SpaceWire this 
provides to use typically net protocols such as TCP, UPD and other. 

After analyzing data exchange interfaces, used in satellite equipment, we can conclude 
that SpaceWire has larger maximum data signaling rate than other interfaces, which are 
described here. SpaceWire has better characteristics while making the wide network in 
satellite equipment then others. SpaceWire protects from external influences in cosmic space. 
SpaceWire does not use time division multiplexing; it means that SpaceWire nodes can 
exchange data independently to the nodes that increase ne twork throughput. SpaceWire can 
uniform data exchange interface in satellite equipment. In general, the application of 
SpaceWire in satellite equipment provides the increased efficiency of satellite operating. 

 

This work is completed with the support of Russian Federation Department of Defense and Science of the 
Siberian Federal University (Contract ! 02.G25.31.0041). 
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In this article, we have received and compared the conductive properties of composites based on ultrahigh molecular 
weight polyethylene (UHMWPE). The polymer is modified by multi-walled carbon nanotubes (MCNTs). Modification was 
carried out mechanical activation and impregnation of UHMWPE powder by suspension of carbon nanotubes. Considered 
promising areas of application of the nanocomposite. 

 
One of the most promising polymer structural materials is ultra-high molecular weight 

polyethylene (UHMWPE), which belongs to a new generation of polymers. Ultrahigh 
molecular weight polyethylene is polyethylene with a very long molecular chain. The chain is 
much longer than that of conventional polymer. Because of this UHMWPE has unique 
physical properties: high wear resistance, stability in aggressive environments, low coefficient 
of friction, high toughness, record low temperature brittleness (up to minus 200oB). 
UHMWPE is the most accessible and cheap material (~ 300 rub/kg). Initial UHMWPE 
powder looks like flour with the particle size of 200 microns. 

Due to the low coefficient of friction, high abrasion resistance, ability to absorb 
vibration UHMWPE is used as sliding bearings in many mechanisms. In particular, the 
UHMWPE used in the coal industry, rail transport is unacceptable appearance of static charge 
on the surface, which is being inevitably accumulated under the friction of the dielectrics. For 
this reason, all sliding elements must be electronically conductive. UHMWPE is an insulator, 
ie it does not conduct electricity. If UHMWPE is modified with nanoparticles, it will conduct 
electricity, for example, carbon nanotubes (CNTs). 

CNT is rolled into a tube layer graphene. Graphene is a monolayer of carbon atoms. 
CNTs are very small, 10000 thinner than a human hair. They have unique mechanical 
properties. Also, they conduct electricity almost without resistance. If you distribute the CNTs 
in volume material, they form a conductive network and the material begins to conduct 
electricity. 

The material will conduct electricity if its volume MWCNTs form a continuous chain 
(or percolation cluster), as shown in the figure 1 [1]. 

 

 
 

Fig. 1. Percolation cluster (red line - continuous chain of CNTs) 
 

The transition from a non-conducting electrical current to the conductive material is 
called percolation transition. Percolation transition is geometrical phase transition. Percolation 
threshold or critical concentration separates two phases: one phase exist finite clusters to 
another; there is one infinite cluster (as on the fig. 1) [2]. 
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Very important is the fact that the percolation threshold of CNTs is much lower than for 
spherical particles because the CNTs have a high aspect ratio (>100). Because of this 
potential must be much smaller amount of nanoparticles in the bulk material. 

The individual tubes must be located very close to each other, so that the electron could 
overcome the potential barrier and jump from one particle to another. Or tubes must be 
directly related to each other. 

In the present study, we used UHMWPE company Braskem (molecular weight of 
6,4*106 g / mol), multi-walled carbon nanotubes with an average diameter of 6 to 22 nm. 
MCNTs produced in the Boreskov Institute of Catalysis SB RAS, purity 99% [3]. 

The purpose of this work is to develop and study the conductivity of composite 
materials based on CNTs and UHMWPE. 

The content of CNT in the composite was 0.5, 1, 5, and 10 wt%. 
Composite materials based on UHMWPE were prepared in two ways: 
1) impregnation of UHMWPE powder by suspension CNTs (in toluene), followed by 

drying and hot pressing (samples called SUS); 
2) mechanoactivation dry mixture of UHMWPE and CNTs in a planetary mill AGO-

2, followed by preparation of samples by hot pressing. Mechanoactivation powders was 
performed at drum rotating speed 1290 rpm (samples M-1) and 2220 rpm (sample M-3). 

Composite samples were prepared with the following dimensions: diameter 45 mm, 
thickness 0.7 mm. 

Determination of the electrical resistivity was carried out four-probe method resistivity 
semiconductors. In the four-probe method uses four electrodes, which relate to the sample 
surface. Electric current flows through the two electrodes on the other two electrodes a 
potential difference is measured. 

The potential difference was recorded, and the resistivity   was calculated according to 
the equation 

 

 =2!SU/I,                                                                                                                      (1) 
 

where S – the distance between the probes; U – voltage; I – electrical current. 
Resistivity measurement results for all samples are shown in Table 1. 
 

Table 1 – Resistance of the nanocomposite samples 
 

The content of CNT, 
wt% 

 , "*cm 

M-1 M-3 SUS 

0.5 1755 1920 - 

1 433 311 - 

5 43 11 223 

10 11 7 309 

 
SUS samples containing MCNTs 0.5 and 1 wt% do not conduct electricity. 
The figure 2 shows the results of measurement of electrical resistance.  
The diagram shows that with increasing CNT content resistance decreases, ie the 

current flows with less resistance. We can conclude that the CNT formed continuous 
conductive network in the volume of polyethylene. 

For composites SUS, conductivity was a hundred times smaller than for similar samples 
M-1 and M-3. For samples SUS with a content CNT 0.5 and 1 wt% of the conductivity is not 
detected. Smaller values of conductivity for the samples SUS explained in more uniform 
distribution of the carbon nanoparticles in the polymer matrix and the lack of cross-bridges in 
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the conductivity of the composite by use ultrasonic dispersion for preparing a suspension of 
CNTs, which further impregnated UHMWPE powder. Thus mechanical activation is the 
preferred method of creating conductive composites. 

 

 
 

Fig. 2. Diagram lg  - content CNTs wt% 
 

There are many promising applications of composite materials based on ultrahigh 
molecular weight polyethylene with the addition of carbon nanotubes 

Modification of UHMWPE carbon nanotubes, depending on the distribution in the 
polymer matrix can yield a composite as a conductive material having mechanical properties 
of the original polymer and the non-conductive material with a high dielectric constant. With 
the help of non-conductive nanocomposites with high dielectric constant creation of 
capacitors of small size is possible. Such materials will be needed in the radio. 

In the coal industry conductive composite will be very promising: covering of truck 
bodies and industrial pipes by the composite can increase the outcome. The goods will not 
stick, because the material has a low coefficient of friction. It is also possible to prevent static 
charge. 

Application of the composite in the aircraft structure can improve its reliability as well 
as can make possible to avoid accumulation of static charge, which damages electrical 
equipment. 

The composite can be an excellent electromagnetic shield material. That is, the 
electromagnetic field reflected by the material protects the electrical equipment from external 
radiation [4]. 
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Cognitive radio used in satellite communication can substantially widen the dedicated frequency range thus 

increasing channel capacity. This paper studies recent developments in this area as well as possible challenges and future 
trends in cognitive radio applications related to satellite communication. 

 
Introduction 

One of the major modern challenges in satellite communication (SC) is the lack of 
frequency resources, especially on the geostationary orbit in L, S, and Ku frequency ranges. 
Development trends in this field include solutions of the following problems [1]:  

- available frequency range maximization; 
- capacity increasing through available orbital resource; 
- minimization of interference between signals of satellite systems. 
As promising ways for increasing the effectiveness of satellite communication the 

following areas can be outlined [1]: 
- using multiple in – multiple out technology; 
- advanced beam forming and power management; 
- full coding, modulation and filtration etc. on board a satellite; 
- Ka – frequency range transition as future-oriented technology; 
- using the technology of Cognitive Radio. 
Cognitive radio is an intelligent radio that can be programmed and configured 

dynamically. The main idea of cognitive radio is that transceiver is designed to use the best 
wireless channels in the available frequency range. Such radio automatically detects available 
frequency range in wireless spectrum, then change transmitting and receiving parameters for 
using the frequency range in most effective way. If primary user (user that has license for 
using particular frequency range) begins transmission in a frequency range occupied by 
cognitive radio, the cognitive radio automatically changes available frequency to a new one, 
automatically detected. That way of operation demands wide possibility of changing 
transceiver parameters from cognitive radio. These parameters are: modulation methods, 
coding, transmitting power etc. [2]. 

Cognitive radio is considered to make a great contribution into the solution of 
contemporary problems facing the SC by increasing its effectiveness.  

 
Methods\Experiment 

Research group Cognitive Radio for Satellite Communications (CoRaSat) outlines a 
number of scenarios applying cognitive radio in satellite communication and hybrid networks. 
The most promising of them from a commercial point of view are [3]: 

- Cognitive Radio GSO Satellite downlink in Ka-band [17.3 – 17.7 GHz];  
- Cognitive Radio GSO Satellite downlink in Ka-band [17.7 – 19.7 GHz];  
- Cognitive Radio GSO Satellite uplink in Ka-band [27.5 – 29.5 GHz]. 
In the Russian reality, first scenario may require additional approvals since this 

frequency range was not only for Satellite communications but also for radio-location service 
licensed.  
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The CR can be used in the SC in conjunction with standard 802.22, which works on the 
principles of the CR. This standard is used in the US for TV broadcasting. It should be noted 
that the use of  downlink in such hybrid networks can be limited. Satellite downlink can’t 
utilize the radio resources efficiently due to the large area of satellite’s coverage, which 
causes poor performance of dynamic spectrum sharing [4]. 

 

Implication 

Real-time intelligent changing of transmitter parameters has already been used in many 
satellite communication systems: technology of adaptive code modulation (ACM) in 
receivers; dynamical correction of Doppler’s effects; satellite network constellation 
knowledge; satellite services knowledge etc. [4]. 

Modern trends in the CR development in relation to the SC include the following 
promising areas [5]: 

- Dynamic power of signal control; 
- Management of beam forming in transmitter uplink and downlink; 
- Development and improvement of radio monitoring technology in the CR. 
- A combination of CR in SC with terrestrial communication systems.  
As the main difficulty in the use of cognitive radio in satellite communication the 

authors of this paper consider technological complexity of implementing CR in SC. And as a 
consequence the riskiness of investments in this area.  

 
Conclusion 

The trend toward complete signal processing on a board the satellite and fast growing 
demand for free frequencies and increased spectral efficiency of satellite communication 
allow us to attribute cognitive radio to one of the promising technology in the satellite 
communication and hybrid satellite-terrestrial networks. 
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This paper represents the development of high reliability servodrive for unmanned aerial vehicle (UAV) actuators 

application. The basic function of UAV servodrive construction principles are considered. The schematic and printed circuit 
board (PCB) are developed by the Altium Designer software. The servodrive has been assembled and tested. 

 

Servodrive as a part of the unmanned aerial vehicle (UAV) is one of the main devices, 
which affects the UAV reliability and performance [1]. The servodrive consists of following 
elements: the electric motor with a reducer; the feedback sensor, which measures the angular 
position of the output shaft; the control unit and power supply system. A lot of modern UAV 
servo drives have the reduced range of supply voltage, caused by the space absence of high-
voltage power supply system, and due to servo small size and weight. This disadvantage does 
not allow to apply these servos in the UAV with high-voltage on-board power supply. Unlike 
previous ones, the developed device has the extended supply of voltage range. High reliability 
is provided by the servo to autopilot feedback which allows the servodrive to realize 
monitoring and provide additional source for to the automatic saving system (ASS) activation. 
The developed servodrive block diagram is shown in fig. 1. 

 

 
 

Fig. 1. Block diagram servodrive 

 
This system is controlled by the STMicroelectronics STM32 microcontroller unit 

(MCU). MCU controls the motor driver, reads the gear output shaft angular position from the 
angular sensor, monitors the temperature, suppliy voltage and current, communicates with 
autopilot through the serial interface. The power supply system is based on integrated, small 
size, high efficiency, non-isolated buck DC-DC converter with wide range of input voltages 
and short-curcuit protection. The output shaft angular sensor is based on junctionless Hall-
effect magnetic sensor. To communicate with autopilot serial interface uses the twisted pair of 
wires and could comply both RS485 or CAN standards. This solution has great in-phase noise 
immunity [2]. 
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Fig. 2 shows the overall view of the electronic of servodrive. 
 

 
 

Fig. 2. Overall view of electronic of servodrive 
 

This device was successfully tested and applied in "Delta-M" and "Gamma" UAVs. 
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The paper shows the basic structure of software – defined networks  and outlines the main problems arising in the 

implementation under actual operating conditions. The aim of the research is to propose possible solutions to the Quality of 
Service problem and, therefore, to advance SDN technology. 

 

The modern network development shows that the potential increase in productivity 
seems to be limited when dealing with the parameters like quality of service, bandwidth, 
response time and network level loading. These problems arise due to the following reasons: 

- increase in routing time; 
- difficulties in network device configuration; 
- the growing need in network virtualization. 
One more factor affecting network effectiveness is the application of ‘clouds’, that 

require flexible, reliable and well-managed network ways. Thus, for coordination of work 
thousands of routers are required to apply more intellectual and effective systems.  

The solution of these problems is the issue of software-defined networks. This concept 
appeared in 2006 and has been rapidly developed in the last years. The main distinctive 
feature of this concept involves separating the control plane from the date plane unlike as in 
the existing networks. It allows to simplify network configuration and management as the 
control plane functions as the programmable controller and data plane presents the SDN 
Switch [1]. 

The general SDN architecture is shown on Figure 1.  
 

 
 

Fig. 1. The general SDN architecture 

 
One of the most important issues in all network cycles is how to support Quality of 

Service. In spite of rapid development in this field certain methods of supporting QoS in SDN 
do not still exist.  
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The main problem faced by researchers is Quality of Service in Software-defined 
networks. Despite the fact that SDN is rather actively studied there haven’t been any 
respectable results presented [2].  

The existing methods for providing QoS such as methods for organizing and 
manipulating a data buffer, different ways of allocating network resources, Round Robin 
algorithm, GPS and so one can’t be applied in SDN due to its absolutely new vision from 
mathematical foundation to practical implementation. Therefore, this field requires further 
investigation.  

The subject of our research is providing QoS in SDN. We are currently developing a 
software system for measuring QoS parameters at different networks stages from network 
modeling to physical network.  

The measuring and studying parameters of QoS are rather important, especially at the 
design stage when a network is presented as a mathematical model. It allows to avoid some 
errors subsequently.  

The mathematical model for the software program will develop bases on the tensor 
analysis or the fuzzy logic.  

Further studying of Software-defined networks seems to be a matter of great interest 
and importance. W0 hop0 that our research will shed light on the potential of SDN and its 
application in real life as well as will help to solve the existing network problems.  
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The article is written to disclose the types of frauds committed with plastic Bank cards and suggest the methods for 

issuers and holders of plastic Bank cards to protect the information stored in the cards. This work also describes new 
technologies allowing the owners to combine several cards like bank, discount and bonus cards in one. 

 

Fraud in the field of information technology is currently experiencing a boom. For anybody 
not a secret that theft of cash in the e-banking systems have become a serious and profitable 
source of income for criminals, generating large revenues. The second most profitable method of 
fraud in the it sector-Finance is the theft of cardholder data (ODCs, credit card numbers, PIN-
codes), which in Russia will soon approach the volumes of similar fraud in the United States. This 
issue is relevant both for clients of banks and for the banks themselves. 

A card fraud means someone’s intentional fraudulent actions, based on the use of 
banking cards technologies, and is usually aimed at an unauthorized acquisition of the funds 
placed on the cardholders’ card accounts or those belonging to commercial enterprises 
performing transactions on the cards. Card fraud is often refers to a word «fraud» which 
comes from English meaning cheating, deception. 

Fraud can be divided into two groups: frauds on the part of card issuance and frauds on 
the part of their service. The first group includes the fraud associated with an unauthorized 
use of the card issuer. The second group includes the fraud, the initiator of which is a 
commercial enterprise, for example: fake/ distorted slips, re-input operation, etc. During the 
last 10 years, the average losses of the Bank from operations on plastic cards are 7-12 cents 
per $100 of turnover on cards (7-12 pb). 

This is significantly less than the losses of the banks connected with customer’s loans 
that comprise $3-4 for every $100. However, banks and payment systems pay their attention 
to make operations on plastic cards more secure. This is due to the fact that in the considered 
cases the risk periods vary. A client suffers more in the case of a card fraud. Even if the losses 
caused by a fraud are assumed by the issuer, moral damages arising from inconvenience for 
the cardholder are felt. A fraud seriously undermines Bank customers’ trust in a card 
technology and cause moral damages. Therefore, the security of operations on plastic cards is 
the cornerstone of the development of the card industry and this problem is given serious 
attention to. The absolute size of a card fraud can be roughly estimated as follows: Nilson 
report for 2013, says that the turnover of transactions in the leading payment systems VISA, 
MasterCard, American Express, Diners Club, JCB, China Union Pay was approximately $10 
trillion. (VISA and MasterCard account for 65% of worldwide turnover on Bank 
cards).Taking into account the level of fraud (8-10 bp) it is easy to obtain that the absolute 
size of a card fraud in 2013 was about $8-10 billion. 

There are few characteristics features of a card fraud are as follows:  
-migration of banks to microprocessor technology 
At the end of the first quarter of 2009 in the world approximately every fifth card (22%) 

and every third POS terminal (37%) supported the EMV standard. Each second card (50%) 
and about 2/3 of POS-terminals (68%) in Europe were hybrid. The supported cards with 
magnetic stripe and chip cards in the world and Europe, respectively 19% and 54% of ATMs 
are EMV-compliant. 

-growth of interchannel fraud “Cross Channel Fraud” 
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It happens when data leakage from one channel of the delivery of client services is used 
to perform a fraud using another channel. About 80% of all card frauds make online 
transactions. This is explained by the desire of a deceiver/cheater to empty the account of a 
card holder, and means that the online nature of the transaction is not an effective way to fight 
with the fraud when using magnetic stripe cards/cards with magnetic stripe. 

 

Table 1 – The ratio of frauds for kinds of Bank cards 
 

Product Fraud, % Sales, % F/S, % 

Credit cards card  85 58 0.12% 

Debit 15 48 0.03% 
 

- a credit card is the main goal of a Scam 
Special attention is paid to the "gold", "platinum", and other privileged cards. Data 

presented in the table show that the level of the fraud on credit cards is about four times 
higher than debit. 

-concentration of a fraud on three main types: CNP transactions, fake cards, stolen /lost 
cards. Other types of a card fraud account for no more than 6-8% of losses. 

-the growth of a fraud and skimming through ATMs (false ATMs, false keypad /micro 
camera /dispensers, malware, Lebanese loop, the use of the technical problems on the side of 
the Bank/ATM, information leakage from the HRC, etc.) According to EAST (the European 
ATM Security Team) the amount of skimming over ATM in Europe in 2013 has 
grown/increased by 43%.  

The types of the frauds on the part of card issuance are different. 
The oldest and the most natural form of the fraud is a loss of cards by people. 

Sometimes cards are stolen. In Russia, according to the National Agency fin. studies (NAFI), 
approximately 19.8% of cardholders have ever lost their cards. The moment when the card is 
found and blocked in the system takes some time which is used by the attackers having got 
the card. Before informing the Bank about the loss of the card which is to block the card 
Issuer, the responsibility for this type of fraud is usually lies on the cardholder. 

Sometimes cards can be stolen during the transfer from the Bank to the client. All 
responsibility for the fraud in this case lies with the Issuer. According to the leading payment 
systems this type of fraud accounts for 1-3% of the total frauds. In particular, according to 
MasterCard for the second quarter of 2013 the lost cards accounted for 1.1% of all card frauds 
in Europe and of 2.33% in the world. 

Also the attackers make a fake card personalized on the basis of previously stolen 
details of the real card. Data are usually stolen from the magnetic stripe of the card and then 
cheaters do a fake card operation, posing it as a real card. 

Fake cards began with a technology of cut card numbers and in their shifted places on 
the panel of the card. Occurrence and distribution of electronic terminals has become the main 
method of counterfeit cards which is called skimming. It’s copying of the data from the 
magnetic strip of a real card. The copied data is later transferred to another card that criminals 
make on the blank cards acquired in different ways (use bonus cards of various retailers, real 
Bank card with encoded magnetic stripe, white plastic, painted with the printer, a blank, 
stolen from factories and banks. 

The real-card attackers get the card data with the help of: 
-unscrupulous shop staff, who quietly/secretly from a card holder copy the content of 

the magnetic stripe card using a special device (skimmer) reading magnetic stripe and being 
able to store information of several dozens of cards; 

-ATM skimming (use of false keyboard/miniature video camera or installed software 
ATM malicious program that saves data from the magnetic strip and values PIN ) 

-skimming at POS terminals; 
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-stealing data from the database processing centers and commercial enterprises; 
-interception of data during their transmission via the communication channels; 
-virus attacks in order to steal personal data (Trojans, worms)  
-phishing and vishing, which are used by hackers to collect personal information about 

the Bank’s customers. 
Due to migration to chip more rapid growth in the use of counterfeit cards is evident 

(especially European cards at ATMs in comparison with POS-terminals. Considering the fact 
that many countries migrate program Chip&PIN it has become easier to copy data and PIN 
from the magnetic stripe and then use these data to issue cards on the white plastic. 

There are three main types of “card not present fraud” (CNP) transactions: Mail 
Order/Telephone Order (MO/TO) transactions, transactions, e-Commerce (EC) and recurrent 
payments (cardholder concludes with a trade point an agreement on a regular periodic direct 
debit of funds from his/her account to receive from a trade point services using a plastic card). 

In the operation of the EC accounts for about 60% of the total CNP fraud, MO/to 
transaction - 30% on recurring payments remaining 10%. The growth of EC in the world at 
the beginning of the new Millennium was about 25% per year, in Europe -40% per year. It is 
expected that by 2015 the volume of B2C in the world will reach 450 billion euros. 

To commit a fraud in the case of CNP transactions it is enough to know the most simple 
card details-card number, expiration date, and the value of the CVC2/CVV2. Therefore, all 
CNP transactions must be done in real time, and the responsibility for the fraud on such 
transactions payment system lies on the banks. The exception is when banks and their online 
store use secure Protocol EC, known as 3D Secure and which is used in the leading payment 
systems of such brands as MasterCard Secure Code and Verified by VISA. 

To implement the type of fraud called “card received on stolen documents or personal 
data (ID Theft)” two schemes of fraud are mainly used: fraudulent applications and 
interception account. Fraudulent applications: the scammer is using someone else's ID 
(found/stolen/forged) for filing an application to obtain a credit card with indication of the 
address which the card can be easily and safely obtained to. 

Interception of an account: an attacker gets the information about the details of the 
card/account, for example, found in his Bank statements of the cardholder, then calls the Bank 
and reports the change of the address, and later requests a new card with its delivery to a 
"new" address. 

Transactions through ATMs have traditionally been characterized by increased security 
because of their authorization by the Issuer in line with the mandatory inspection of personal 
ID (PIN) of the cardholder. The fact that advanced security transactions at ATMs was 
confirmed and fraud statistics through ATMs was an order of magnitude less than the same 
indicator for trading. 

Unfortunately numerous explanations to a large number of card holders have no results. 
They still write their PIN on the card. According to information published by the English 
Association APACS (Association for Payment Clearing Services) in 2006, 8% of cardholders 
cannot remember their PIN code and therefore write it. According to a survey NAFI, 11.6% 
of Russians keep the PIN with the card. 

This type of ATM fraud, obviously, refers to a type of "stolen card". 
Combating card fraud is the subject of a separate discussion. The technology of 

magnetic stripe cards has largely exhausted its possibilities from the point of view of security 
of card transactions. Despite the diversity of methods used by banks to protect transactions by 
cards with a magnetic strip, an effective universal approach does not exist. 

Protection system of the Issuer magnetic stripe cards from a card fraud uses the 
following items: 

-approved by the Bank's management policy cards. Policy issue should be determined it 
also should define the proposed Bank card products to their consumers and acceptable risks, 
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procedures for processing applications for customers, delivery and issue cards to customers of 
the Bank, equipment software tools and systems to protect the Bank from a fraud, distribution 
of responsibility between departments of the Bank and actions of the staff and managers of 
the Bank in the case of the Bank. 

-approved procedures for receiving /processing applications for customers, delivery and 
issuance of cards and PIN-cover to clients reissue of cards, destruction of unclaimed cards. 

-secure personalization of cards. 
-programs which checks the card settings, its holder and operations systems to authorize 

transactions in the Bank. It locks and reissues compromised Bank cards. 
-the use of modern technological solutions to increase the reliability of the 

authentication procedure of card holder: microprocessor cards, 2-factor authentication of the 
cardholder (card and PIN) of the 3D Secure Protocol on the side of the card holder and the 
Issuer. The system monitors transactions, allowing you to identify suspicious from the point 
of view of card fraud operation. 

-SMS alerts card holder about the operations performed on the account. 
-using functionality of mobile banking that allows you to unlock the card before you 

perform card transactions and re-lock it after you use the card. This mechanism is extremely 
cost effective means of combating a card fraud but it has not been assessed by the banking 
community. 

At the same time it should be recognized that prior to the mass adoption of mobile 
banking is still far and it will take time before this protection mechanism will become popular. 

-Grant payment system for reporting cases of fraud by Bank cards. 
-Training of Bank staff on the topic of card security. 
A large value fraud also has the job of servicing banks with commercial enterprises. 
To improve information security and make using cards easier it is proposed to develop a 

universal plastic card which would unite all plastic Bank card, bonus, discount cards in a single 
universal card which would be convenient to use and therefore more secure. It looks like a 
device the size of a credit card that is able to hold up to eight credit, credit, gift or loyalty cards, 
and allows you to switch between them by pressing the button on its surface. You will then be 
able to use the card at any ATM or to pay at the cashier as if it was the card itself. 

This card will be used in the patented magnetic strip with variable information. This 
unit comes with a small reader, which you can copy the card data to the mobile application, 
which is then synchronized with the "card" via Bluetooth Low Energy (BLE) (this Protocol is 
also used in many smart watches and trackers for fitness). Using one battery, the device will 
be working for two years, besides BLE energy will be consumed by modest screen (about a 
square inch, - translator's note), which will show the last four digits, expiry date and CVV of 
the selected card. Since this card will be to maintain a connection with your smartphone using 
the same BLE, a person will receive an alert to your smartphone if the card has been left 
somewhere. Much is not yet fully developed in this proposal - for example, how often the 
card needs to communicate with a smartphone and how much "plastic" as it should fit. 

The advantage is obvious: to make 8 pieces of plastic in one. Everyone will want to 
make your wallet thinner, and this card will allow you to do this without abandoning the usual 
discount cards and other benefits. Yes, once you have to copy all these cards on a smartphone, 
but don't have to take pictures of QR codes or download apps for loyalty programs in 
restaurants. 

In any case, even with all of the required actions described including the security 
standards of the payment card industry, there are still residual risks, which can reduce either 
through the use of additional protective measures or above by insuring these risks. 
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The method of an electronic device that allows to increase the efficiency of resource management and 

control of the technical object, as well as increase of reserve performance is considered. 

 
The high sensitivity of electronic devices (ED) causes their chaotic behavior under the 

influence of external factors in the operation. For system of the ED serial totality stochastic 
interaction of its state parameters with the parameters of the phase space defined it as big 
chaotic system (BCS). BCS state model, which allows determining the structural stability, is 
based on the description of BCS characteristic potentials, determined by the parameters of the 
phase space. For the analysis of complex technical systems that represent elements structure 
of mutual relations, they apply the method of characteristic potentials. 

On-board computer (OBC) of a spacecraft is considered as a technical object (TO). This 
product has redundant core modules and additional information about the modification of the 
phase space parameters (PSP). This will reduce the uncertainty of the system, decrease the 
average risk through its energy. OBC has got the necessary computing resources to use the 
PSP control system, so the introduction of additional modules is required (except for 
additional sensor-transmitters controlled PSP). 

TO monitoring includes recording output characteristics of performance which are 
beyond the setting, influencing TO operability. This method is appeared to be vulnerable 
because of TO complexity and its increasing seriation. 

 

 
Fig. 1. The structure of the control system, allowing the use of information on the external parameters:  

TO – technical object; X – measure of performance characteristics; A – PSP measure; CU – control unit;  
CU1 – calculating unit f(xi); CU2 – calculating unit R(xi); CU3 – calculating unit U(xi); RAM – Random Access 

Memory; ROM – Read Only Memory 
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Additional information on changes in the PSP reduces the uncertainty of the system, 
decreases the average risk because of its free (according to relevant degrees of freedom) 
energy. Using the information about the state of the phase space of the environment in the 
information extraction system (IEC), the control system provides transformation of the free 
energy fluctuations into internal energy of ED based on average risk R minimum. 

The structure of the control system, allowing the use of information on the external 
parameters is shown in Fig. 1. 

In case when control points are in the critical areas of calculation shift unit U(xi) CU3 in 
accordance with the sensitivity matrix generates a command to change the controlled PSP 
(temperature, for example) in the control unit CU by: 
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where, ai – controled PSP, 1,i k! . 

The construction of an adequate model, linear in the parameter space with their 

considerable unsteadiness, provides effective control and TO management, realization on its 

robustness (immunity to PSP changes) and increases the efficiency up to 30%. 
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The paper considers research and development of a new method for evaluating the signal to noise ratio, based on 

statistical characteristics of stochastic processes emission used to assess the accuracy of the information obtained, improving 

noise immunity in satellite communication systems. 

 

Space communication systems operate in conditions of a priori uncertainty about the 

nature of interference and signal- to- noise ratio of spacecraft receiver. To evaluate the signal-

to-noise ratio we should study options of the signal and noise addition, for example, using its 

probabilistic characteristics.  

The time of emission is the period during which is the analyzed addition x(t) exceeds a 

predetermined threshold C. The emissions of N in the receiver of the spacecraft over a period 

T is changed in accordance with the law of Rayleigh-Rice, and is calculated by: 
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where,
 
"f  – noise power spectrum width equal to bandwidth filter of spacecraft receiver (in 

this case, 1.6 MHz), a – signal/noise ratio, !  – rms noise,
0
( )I /  – Bessel function. 

When we know the average number of emissions in accordance with the above 

equation, it is possible to calculate signal-to-noise ratio by means of hardware. A simplified 

block diagram of a unit for measuring the signal-to-noise based on the analysis of the 

statistical characteristics of random processes of emission is shown in Fig. 1. 

 

       x(t) 
 

 

 

Fig. 1. Unit for signal- to- noise ratio evaluation on the statistical characteristics of the emission 

 

Signal-to-noise addition x(t), which comes to an envelope detector is produced in 

accordance with the block diagram in the receiver of spacecraft. Amplitude analyzer shows 

the necessary threshold. Then it is converted into a sequence of rectangular pulses arriving at 

the counter. The result is the number, which is stored in the processing unit, where the 

required signal-to-noise ratio is defined, in accordance with the above equation.  

The obtained results can be used to increase the noise immunity of the spacecraft. 
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The interest to the transparent conductors can be traced back from 20th century, when 

the first reports about CdO films appeared. The first transparent conductive oxide (TCO) have 

found Badekeg (1907) and it was CdO in form of thin film [1]. 

The term "transparent electronics" appeared in 1997, when in the journal Nature 

published an article by Japanese researchers Kawazoe et al, which said about transparent and 

highly conductive oxide film CuAlO2 with the p-type conductivity preparation. In the same 

issue of Nature the work of Thomas was published, in which the prospect of a so-called 

invisible electronic circuits discussed, based on the results of Kawazoe [1, 2]. It is giving a 

new use of conductive oxide materials that have been used only as passive elements of 

electronic circuits. 

The concept of transparent electronics primarily based on the usage of transparent in the 

visible range of radiation substrates: glass, quartz and polymers.  

The most of widely studied and used in electronics transparent conductive oxide (TCO) 

are indium oxide, tin-doped indium oxide (ITO), zinc oxide and tin oxide. Electrical 

properties of these materials are given in Table 1 below. 

 
Table 1 – The electrical characteristics of transparent conductive oxides 

 

Material Band gap, eV Conductivity, S·cm-1 Electrons concentration, cm-3 Mobility, cm2B-1c-1

In2O3 3.75 10000 >1021 35 

ZnO 3.35 8000 >1021 20 

SnO2 3.6 5000 >1020 15 

 

It is noteworthy that all of three materials included in the table have n-type of 

conductivity and they are highly degenerate semiconductors, i.e. electron concentration 

therein substantially exceeds effectively the density of states in the conduction band [1]. 

Furthermore, all of well known and commercially used TCO have n-type of conductivity. 

Therefore, in terms of working structures (diodes, transistors) creating, it needs to learn the 

hrocesses of grow films with p-type of conductivity. TCO with p-type of conductivity are a 

relatively new phenomenon and their conductivity is much worse compared with the TCO 

with n-type conductivity. 

The most important is the usage of metal oxides in the design of liquid crystal displays 

(LCD). 

Figure 1 shows the layered structure of the LCD. Layer 1 – a vertical polarizer, layer 2 – 

the glass substrate with ITO electrode, layer 3 – the twisted nematic liquid crystal, layer 4 – 

the glass substrate with ITO electrodes, layer 5 – horizontal filter for blocking/transmittance 

of light, 6 – the reflecting surface. 

Oxide materials are also used in solar cell structures based on mono and polycrystalline 

silicon. Transparent conducting oxides are used as a top and front contacts and antireflection 

layers [3]. Figure 2 shows some of the solar cell structure in which a transparent oxide films 

are used. 

New electronic products based on polymer materials in combination with inorganic 

materials, which will appear in the next decade, revolutionized the operating conditions of 
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electronic equipment and enhance the ability of information technology. They will create new 

principles of the organization, training, lifestyle and entertainment. The task of science – "not 

to miss" this jerk and dignified manner involved themself in the development of transparent 

electronics. 

 

 
 

Fig. 1. The construction of liquid crystal display using twisted nematic 

 

 
 

Fig. 2. Schematic design of solar cells with transparent oxide materials 

 

For the development of a transparent electronics it is important to develop new methods 

of transparent conductors and optical films depositing, that meet the modern requirements, in 

particular the cost and the coating surfaces of various sizes and shapes. 

An example of the creation of such films is Cd-Sn-O films thechmology. 

For the Cd-Sn-O films preparation we used the extraction-pyrolytic method. The 

extractant – carboxylic acids – immiscible with water and at the same time is in a liquid state. 

These acids are caproic, caprylic, and pelargonic en# so on. Obtained by extraction the 

cadmium and tin carboxylates (RCOO)2Cd and  (RCOO)4Sn, or soap, are non-toxic. 

To adjust the concentration of metals in the extracts the reextracts of metals was 

obtained and investigated by atomic absorption instrument for AAC-1 M. Working solutions 

were prepared by mixing the extracts in a predetermined ratio of 1:1, 2:1, 4:1, 6:1 and 8:1. 

The calculation was made on the proportions: c1V1S1 = c2V2S2. 
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We obtained yellow transparent films of different composition 1:1, 2:1, 4:1, 6:1 and 8:1. 

Table 2 shows values of the surface resistance CdSnO films depending on their composition 

and thickness.  

 
Table 2 – Surface resistance of the obtained Cd-Sn-O films 

 

The number of 

layers applied 

Surface resistance, Ohm/cm2 with the ratio of components Cd:Sn 

1:1 2:1 4:1 6:1 8:1 

4 150000 3000 5 4 4 

5 65000 300 3,5 1,8 1,6 

6 50000 300 2 0,95 1,3 

7 35000 150 1,5 0,755 1 

8 30000 40 1,1 0,66 0,75 

9 30000 40 0,8 0,5 0,64 

10 30000 30 0,6 0,435 0,455 

11 - - 0,575 0,25 0,33 

12 - - 0,525 0,22 0,31 

13 - - 0,5 0,2 0,273 

14 - - 0.45 0,235 0,245 

15 - - 0,4 0,235 0,200 

 

From the table it follows that the surface resistance of the films Cd-Sn-O decreases with 

increasing film thickness. Increasing the content of cadmium oxide in the composition of Cd-

Sn-O leads to the decrease of surface resistance. The best properties has the conductive 

cadmium and tin oxide films in ratios of 4:1 (R = 400 ohm/cm
2
), 6:1 (R = 235 ohm/cm2) and 

8:1 (R = 200 ohm/cm
2
). The composition Cd4SnO can be used in transparent electronics, in 

particular in solar batteries. 

By extraction-pyrolytic method we obtained transparent dielectric SrTiO3 thin films on 

glass substrates to create an anti-reflection coatings. For this purpose, strontium and titanium 

extracts were mixed in a ratio of 1:1 and the resulting solution was diluted to a concentration 

of 2 %, which is optimal for the production of films with good adhesion. Uniformity of film 

thickness is achieved by using the rotation of the substrate with a wetting film at a speed of 

1500 rev/min (method of spin-coating). After drying the film was subjected to pyrolysis at 

600 °C to obtain SrTiO3 layer. 

According to XRD phase of a complex oxide formed after pyrolysis mixture of extracts 

in the crucible at 600-700 °C. In thin films, the phase formation occurs faster and at lower 

temperatures than in bulk materials. 
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Films with thickness of 90, 150 and 300 nm (3.5 and 10 layers) showed almost identical 

results of reflection on the level of 10 %, while the clean glass reflected at the level of 15 %. 

Thus, the antireflection effect is achieved. 

The astudy of the reflection spectra of SrTiO3 films with different thickness on glasses 

were performed on the instrument Specord M400 and shown in Fig. 3. 
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This article describes systems of device technological simulation for various technological processes. We 

present the ISE TCAD DIOS program, using for computer simulation. We will review an example of modeling 

and an opportunity for the elementary application. Using the simple example of simulation, we will draw a 

conclusion of the feasibility of this program in various fields of science and life. 

 

Modern level of development of microelectronic technology allows to create 

semiconductor devices (integrated circuit components) of such small sizes, that the analysis 

and the design of which are provided by the simplified analytical models, become difficult.&It 

occurs due to the traditional simplifying assumptions, which are the basis of the analytical 

models such as, one-dimensional characteristic of the currents, proceeding in a device; 

constant mobility of charge transfers, neglected effects of a strong dopain; splitting of all the 

structure into separate quasineutral areas and areas with a cubic density of a charge, can be 

significantly failed in modern components of integrated schemes. Having a package of the 

applied programs, realizing the numerical models, an engineer can carry out the design of a 

device directly on the computer, and can considerably reduce the number of long and 

expensive experiments.& 

Device-technological SAPR Synopsys (ISE) TCAD is focused on the design of the 

element base BIS and SBIS, it allows to carry out the simulation of integrated semiconductor 

structures of low complexity, and of discreted elements, to calculate a complete set of static, 

dynamic and frequency characteristics of active and passive elements SBI, in first, second and 

third - dimensional approach. In this paper we consider the simulation of a technological 

process in such software environment as DIOS.  

The program is a multi-dimensional process simulation DIOS for semiconductor 

devices simulates a complete set of technological operations in first, second -dimensional 

approximation. Separate operations, can be calculated third -dimensional structures. DIOS 

takes as its input a sequence of commands, which can be entered from standard input (that is, 

at the prompt in a command window) or composed in a command file. An optional additional 

input is a PROLYT mask file containing details of geometries for the various mask levels. 

The simulation of a process flow is achieved by issuing a sequence of commands 

corresponding to the individual process steps. In addition, a number of control commands are 

provided to allow users to select physical models and parameters, grid strategies, and 

graphical output preferences if required. 

We consider the main processes, which can be simulated in the program, such as – 

diffusion, implantation, oxidation, sedimentation, mask and etc. There are also some 

supported functions, such as grid, graphics in the second -dimensional format, possibility of a 

suspension of modeling in any opportunity.  

As an example, the command file was taken from the user's guide of DIOS, is then 

examined and applied to this program. It should be noted that this file is a simple example – 

without any difficult commands and non-standard tasks. At this stage are interesting only 

fundamental facilities of a software package in a basic view, and the development of this  

software package for more complex challenges is only planned in future. 
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Commands in DIOS 

There is a row of general commands which we consider in detail in this command file: 

Title - must be the first command in each DIOS input file.&During the input parsing, 

DIOS first checks for complete parameter names and then for abbreviations. In case of 

ambiguous input, DIOS displays warning messages and information about the selected 

parameter name. 

Grid - command can be used repeatedly during a simulation to define a different user 

grid if required.&DIOS uses a right-handed coordinate system. The x-axis points laterally to 

the right and the y-axis points vertically to the top. The y-axis is always perpendicular to the 

wafer surface.& The rectangular area, x - at coordinates defined mosaically, uses almost 

equilateral triangle. The initial interval of a triangle is defined by either duplex or nx. 

 

  Fig. 1. Example of the user grid 

 

Comment  - allows a text string to become the new (sub)title, typically at the start of a 

new process module. This string is adopted as the title in the DIOS graphic and is included in 

the dataset labels of any 1D profiles saved while it is current. 

Substrate - after defining a user grid, the extent and the properties of the substrate layer 

must be defined.&Has subcommands the defining substrate parameters, such as:&ELEMent  - 

the dopant species with which the substrate is doped. CONCentration  - the uniform 

background doping concentration in the substrate [cm 
–3

 ]. ysubs - the y-location of the top of 

the substrate (0.0 by default). ORIentation - the crystal orientation of the substrate surface: 

110, 111, or 100 (default). 

Control - the parameter record is used for general DIOS control purposes, in particular, 

for controlling grid adaptation and run-time output. 

Graphic  - the command starts and controls the DIOS graphics output. If there is no 

Graphic command, but Replace(Control(NGRA=1000), the DIOS graphics start automatically 

after the first process step is completed. The appearance of the DIOS graphical output can be 

controlled from the command line or console. 

Commands of technological processes: 

Implantation  - for modeling of ionic implantation have to be specified: types of 

implantation, energy of implantation ($%&) and doses (cm
2
). 

Diffusion - all high-temperature processes are controlled by means of the Diffusion 

command: installation for fail-safe tests, preliminary sedimentation, annealing in furnaces, 

oxidation, epitaxies and preliminary heat treatment. 

Deposit (sedimentation) – for imitation of processes of sedimentation, material and 

thickness of layers have to be specified surely. Besides have to be specified - time (in 

minutes) and the speed of sedimentation [nm/mines]. 
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Mask - Lithography simulation is replaced in DIOS by the definition of resist masks. A 

single mask can be defined by its left or right edge. If the mask extends over the left or right 

side of the simulation domain, the mask edge outside of the device can be specified, although 

this is not necessary (leave  it  undefined). It is not recommended to specify the left and right 

end of the simulation domain, since this may lead to round-off errors. 

Etching - etch simulation in DIOS is essentially geometric. Different degrees of 

anisotropy can be defined. In this case, perfectly anisotropic (perpendicular) etching of  the 

polysilicon and oxide layers is specified at rates of 100 nm/minute and 10 nm/minute, 

respectively. 

Polysilicon reoxidation - the polysilicon gate is reoxidized in a dry oxygen ambient with 

an O2 partial pressure of 0.5 atm.  

Also there is a row of separate commands for implantation: 

LDD implant (implantation of poorly alloyed areas) - Dopant profiles are computed 

using analytic functions for both the depth and lateral distributions combined with dose-

matching techniques and lateral integration. 

 

 
 

Fig. 2. Construction grid before implants Fig. 3. Plot of the damage profile used to evaluate 

amorphization 

 

Halo implants –&The tilted quad boron halo implants are performed in sequence. A quad 

implant is assumed in which the wafer is rotated 90
o
 for each quarter of the dose. 

RTA of LDD/HALO implants - in this example, the default condition SiDiff on is active 

and diffusion is only computed in the silicon. The doping profile in the polysilicon is reduced 

to a constant level with the same dose for each region. In addition, the default equilibrium 

diffusion model is used. Therefore, the point defects (vacancies and interstitials) are replaced 

by their equilibrium concentrations. In effect, the excess interstitials introduced by the 

LDD/HALO implant damage are assumed to have recombined infinitely and quickly. In 

general, this is unrealistic. In the advanced example, more complete diffusion models, 

including point-defect coupling effects, are introduced. 

Having loaded the command file into DIOS and having passed a stage of simulating it is 

possible to receive a set of four files, which are suitable for using in ISE MDRAW. They are 

saved with a name of a root file: simple_nmos. 

simple_nmos_mdr.bnd – Contains final descriptions of border of area. 

simple_nmos_mdr.cmd – Contains a row of commands for MDRAW. 

simple_nmos_dio.grd.gz – Contains DIOS grids. 

simple_nmos_dio.dat.gz – Contains data of DIOS. 
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Thus, we can conclude, that in general the DIOS program can successfully be used in 

simulating of various technological processes. This program can be affordable for the 

educational process and can help to safe working time at the laboratory, and, also, can give an 

opportunity to work outdoors. In my opinion, this program can also be used in automated 

design systems at the stage of development of electronic devices in engineering centers and 

laboratories. 
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The article considers the general structure of automated spacecraft control system and telemetry processing issues in 

an automated spacecraft control circuit. The article is centered on development and modernization of telemetry information 

processing in spacecraft control center. 

 

The spacecraft automated control system (SC ACS) is designed to provide nominal 

functionality of on-board systems of the spacecraft during the whole period of its active 

existence. SC ACS is a collection of board and ground management instruments with 

necessary mathematical software and includes board and ground control segments.  

Spacecraft control tasks are solved by means of spacecraft ground control segment 

hardware and software.  

Ground control segment (GCS) is intended for continuous tasks of spacecraft and 

orbital group (OG) control, including spacecraft flight control, and maintaining the specified 

technical and ballistic characteristics. 

Information of different structures and types circulates between GCS components. The 

main types are as follows: memory load telecommands, GCS monitoring results, ranging 

results and telemetry. In a complex spacecraft automated control system a great attention is 

paid to responses of a spacecraft to control actions – described by telemetry. Telemetry comes 

from spacecraft transmitting devices, goes over a radio link and contains the status of onboard 

equipment, mission program execution and responses of a spacecraft to control actions. 

In order to perform a complex analysis of telemetry information received the telemetry 

processing software (TMP) is implemented in the spacecraft control center (SCC). 

Real-time software for telemetry processing ensures reception, handling, archiving and 

displaying telemetry. It also prepares input data for automated telemetry processing. TMP 

provides the solution of the following tasks: 

0 preparing input data for telemetry processing. Preparing input data for telemetry 

processing  (PIDTM) software is intended to solve this task;  

0 carrying out a telemetry receipt session with the spacecraft. The following software 

is involved in solving this task: telemetry-processing server (TPS), review processed 

telemetry (RPTM), mnemocircuit telemetry review (MNTM);  

0 out-off session telemetry processing and analysis. This task is solved by RPTM and 

Out-of-session telemetry processing (OSTMP) software. 

The central element of the analysis system is telemetry-processing server. It receives 

telemetry flows from front-end server (FES), creates permanent telemetry archives in SCC 

database and distributes telemetry between clients. 

RPTM software receives telemetry from TPS and is involved in solving on-line 

telemetry analysis tasks, such as: primary and derived telemetry processing, on-board 

computer (OBC) reports decoding, analysis of telemetry frame bytes in raw, telemetry 

parameters plotting, results saving and printing. 

MNTM software also receives telemetry from TPS and provides the spacecraft 

functional model in a form of symbolic circuits. 
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The accumulated telemetry is analyzed by means of OSTMP software. Its main tasks 

are as follows: retrieval of any telemetry parameter group from the archive, over any time 

interval specified by user (within the retention cycle) with subsequent presentation in the 

specified form, telemetry parameters plotting over any time interval, OBC-reports decoding, 

results saving and printing. 

Each telemetry analysis software mentioned above uses telemetry input data during its 

functioning, which is stored in SCC database and generated by PIDTM. 

From the above it follows that TMP software systems provide spacecraft control 

instruments by displaying the values of primary and derived telemetry parameters, the 

parameters of generalized control, charts and mimics of on-board systems. Thus, TMP has not 

monitoring tools for mission profiles execution. That makes spacecraft control, which 

performed by mission profiles, more difficult. 

Thus, there is a need for dynamic monitoring instruments of mission profiles execution, 

which would allow real-time spacecraft administration processes control. At the same time, 

system of mission profiles editing is required. That system should allow to describe the logic 

of mission profile easier. 

Currently SCADA systems are used for monitoring states of some complex objects. 

Analysis of the most popular of them has shown that they don’t meet the requirements of 

spacecraft control monitoring system. 

In order to increase functionality of TMP we propose to introduce a software, which 

will contain tools for describing mission profiles with complex branched logic and tools for 

displaying their execution. 

To avoid extra time for describing of mission profiles, we suggest not to use the scripts 

for that and draw mission profiles by means of block-diagram. At the same time it necessary 

to match diagram blocks with the time of their execution 

Moreover, the spacecraft control monitoring system should provide the ability to 

monitor the execution of the active branches of the mission profiles algorithm in real time, 

showing the planned future work taking into account the state of telemetry parameters, which 

characterize the operation of the spacecraft on-board systems. 

 

Conclusions 

The proposed solutions to improve the telemetry processing software can simplify the 

spacecraft control process, and will make spacecraft control more transparent and user-

friendly. 

Currently, spacecraft control monitoring system is being developed to increase TMP 

functionality. 
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