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p=““м%2!е…/ …%"/е *%…“2!3*ц,, “,л%"/. г,д!%ц,л,…д!%" %KA‘м…%г% г,д!%C!,"%д= , “,“-
2ем г,д!%="2%м=2,*,, C!едл%›е……/е " …=3ч…%-2е.…,че“*%L , C=2е…2…%L л,2е!=23!е 
C!%м/шле……% !=ƒ",2/. “2!=…. o!,"еде…/ %2ече“2"е……/е , ƒ=!3Kе›…/е C!%,ƒ"%д,2ел, 
“,л%"/. г,д!%ц,л,…д!%", %2л,ч=ю?,.“  3л3чше……/м, .=!=*2е!,“2,*=м,.

jлюче"/е “л%"=: “,л%"%L г,д!%ц,л,…д!, %KA‘м…/L C!,"%д, г,д!%="2%м=2,*=, “,“2ем= 3C!="ле-
…, .

New designs of the force hydraulic cylinders for three-dimensional fluid drive and hydraulic 
automatic systems that are described in the scientific, technical and patent literature of the industrial 
developed countries are considered. Domestic and foreign manufacturers of the force hydraulic 
cylinders feature improved behaviors are given.

Key words: force hydraulic cylinder, three-dimensional fluid drive, hydraulic automatic, control 
system.

x,!%*%е C!,ме…е…,е %KA‘м…%г% г,д!%C!,"%-
д= (“,л%"/. г,д!="л,че“*,. “,“2ем) , “,“2ем 
г,д!%="2%м=2,*, (г,д!="л,че“*,. “,“2ем 3C!="-
ле…, ) " !=ƒл,ч…/. %2!=“л . C!%м/шле……%“2, 
%K3“л%"ле…% ,. %K?еC!,ƒ…=……/м, д%“2%,…“2"=-
м, [1], *%2%!/е м%г32 K/2ь !е=л,ƒ%"=…/ л,шь 
C!, C!=",ль…%м C!%е*2,!%"=…,, , .*“Cл3=2=ц,, 
г,д!%-,ц,!%"=……/. (%K%!3д%"=……/. %KA‘м…/м 
г,д!%C!,"%д%м , “!ед“2"=м, г,д!%="2%м=2,*,) 
м=ш,….

h“C%льƒ%"=…,е г,д!="л,че“*,. “,“2ем " м=-
ш,…=., ме.=…,ƒм=. , =г!ег=2=. %Kе“Cеч,"=е2 
3C!="ле…,е K%льш%L м%?…%“2ью …= "/.%де “ 
C%м%?ью м=л%м%?…%г% “,г…=л=. m=,K%лее !=“-
C!%“2!=…‘……/м .леме…2%м %KA‘м…%г% г,д!%C!,-
"%д= , “,“2ем г,д!%="2%м=2,*,  "л е2“  “,л%-
"%L г,д!%ц,л,…д! [2], *%…“2!3*ц,  *%2%!%г% 
%2л,ч=е2“  C!едель…%L *%мC=*2…%“2ью, ч2% %K-
легч=е2 ег% "“2!=,"=…,е " !=K%ч,е %!г=…/ м=-
ш,… , ме.=…,ƒм%".

mе“м%2!  …= %K,л,е 2,C%!=ƒме!%" , "=!,=…2%" 
*%…“2!3*2,"…%г% ,“C%л…е…,  “2=…д=!2,ƒ,!%"=…-
…/. , 3…,-,ц,!%"=……/. г,д!%ц,л,…д!%" , ,. 
3ƒл%", = 2=*›е 2е.…%л%г,че“*3ю “л%›…%“2ь ,. ,ƒ-
г%2%"ле…, , !=ƒ!=K%2ч,*, г,д!%C!,"%д%" м=ш,… 
, ме.=…,ƒм%" …е!ед*% ƒ=…,м=ю2“  C!%е*2,!%"=-
…,ем …%"/. *%…“2!3*ц,L г,д!%ц,л,…д!%" дл  
C%"/ше…,  2е.…,*%-.*%…%м,че“*,. C%*=ƒ=2елеL 

C!%д3*ц,,. }2% C!%,“.%д,2 C%2%м3, ч2% “2=…-
д=!2…/е г,д!%ц,л,…д!/ …е "“егд= “%%2"е2“2"3ю2 
2!еK%"=…, м C% C!,“%ед,…,2ель…/м !=ƒме!=м, 
!=ƒ","=ем/м 3“,л, м, “2еCе…, ге!ме2,ч…%“2, , 
“,л=м 2!е…,  " C%д",›…/. “%ед,…е…, ., = 2=*›е 
C% …=д‘›…%“2, , !е“3!“3 !=K%2/.

b C%“лед…,е г%д/ " p%““,L“*%L tеде!=ц,, , 
ƒ= !3Kе›%м C!%"еде…/ 2е%!е2,че“*,е , .*“Cе!,-
ме…2=ль…/е ,““лед%"=…, , …= %“…%"=…,, *%2%!/. 
!=ƒ!=K%2=…/ , "/C3“*=ю2“  …%"/е *%…“2!3*ц,, 
“,л%"/. г,д!%ц,л,…д!%", %2л,ч=ю?,е“  3л3ч-
ше……/м, .=!=*2е!,“2,*=м,.

j!3C…/м, %2ече“2"е……/м, C!%,ƒ"%д,2ел м, 
“,л%"/. г,д!%ц,л,…д!%"  "л ю2“  n`n &`г!е-
г=2…/L ƒ="%д[ (г. kюд,…%"% j=л3›“*%L %Kл.), 
g`n &c,д!%“,л=[ (г. kюKе!ц/ l%“*%"“*%L %Kл.), 
n`n &eлец*,L ƒ="%д 2!=*2%!…/. г,д!%=г!ег=2%"[ 
(г. eлец k,Cец*%L %Kл.), n`n &nм“*г,д!%C!,-
"%д[ (г. nм“*), `nnŠ &gе!…%г!=дг,д!%=г!ег=2[ 
(г. gе!…%г!=д) , д!.

n`n &nм“*г,д!%C!,"%д[ , `nnŠ &gе!…%г!=д-
г,д!%=г!ег=2[ "/C3“*=ю2 C!%“2/е C% *%…“2!3*-
ц,, , 2е.…%л%г,, ,ƒг%2%"ле…,  Cл3…›е!…/е 
г,д!%ц,л,…д!/ м=!%* fbq 6.04.160, c`-66010`, 
c`-660~`-01, 54-9-145, 34-9-5, c`-181000,  m20.25.000, 
m20.26.000, plq-10.09.02.100` , д!., !=““ч,2=…-
…/е …= !=K%чее д="ле…,е д% 16 lo= “ д,=ме2!%м 
Cл3…›е!= д% 50 мм , .%д%м Cл3…›е!= д% 360 мм. 
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c,д!%ц,л,…д! м=!*, 54-9-145 (!,“. 1) “%“2%,2 ,ƒ 
г,льƒ/ 3, “%ед,…‘……%L “ “е!ьг%L 1 “ C%м%?ью 
“"=!*, , *%!C3“%м 5 !еƒьK%"/м “%ед,…е…,ем. 
oл3…›е! 4 Cе!еме?=е2“  " г,льƒе. q2%C%!…%е 
*%льц% 2 %г!=…,ч,"=е2 Cе!еме?е…,е Cл3…›е!=. 
dл  3Cл%2…е…,  !еƒьK%"%г% “%ед,…е…,  ме›д3 
г,льƒ%L , *%!C3“%м 3“2=…%"ле…% !еƒ,…%"%е *%ль-
ц% 6. dл  ге!ме2,ƒ=ц,, C%д",›…%г% “%ед,…е…,  
Cл3…›е!= ,“C%льƒ3ю2“  !еƒ,…%"/е *%льц= 7. dл  
ƒ=?,2/ *%лец 7 %2 C%"!е›де…,L , !=K%чеL ›,д*%-
“2, %2 ƒ=г! ƒ…е…,  ч=“2,ц=м, C/л, ,ƒ %*!3›=ю-
?еL “!ед/ C!,ме…е…= г! ƒе“A‘м…=  м=…›е2= 8.

t,!м= &Hydrokomp[ GmbH (cе!м=…, ) "/C3“-
*=е2 “,л%"/е г,д!%ц,л,…д!/ %д…%“2%!%……ег% 
деL“2",  [3], %2л,ч=ю?,е“  K%льш,м !е“3!“%м 
!=K%2/. nK!=2…/L .%д " г,д!%ц,л,…д!е %Kе“Cе-
ч,"=е2“  C!3›,…%L “›=2, . p=K%ч=  C%"е!.…%“2ь 
*%!C3“= %*“,д,!%"=…=.

n!,г,…=ль…3ю *%…“2!3*ц,ю ,мее2 Kе“ш2%*%-
"/L г,д!%ц,л,…д! [4], !=ƒ!=K%2=……/L -,!м%L 
&Hygrama[ AG (`"“2!, ). b C%л%“2, *%!C3“= г,д-
!%ц,л,…д!= Cе!еме?=ю2“  д"= C%!ш… , *=›д/L 
,ƒ *%2%!/. “%ед,…‘… “ …=!3›…%L …=г!3ƒ*%L. x23-
це! дл  C%д"%д= ,л, %2"%д= !=K%чеL ›,д*%“2, 
!=“C%л%›е… " це…2!е *%!C3“= г,д!%ц,л,…д!= , 
“%ед,…‘… “ це…2!=ль…%L !=K%чеL *=ме!%L, …=.%-
д ?еL“  ме›д3 %K%,м, C%!ш… м,. o%!ш…, ме-
›д3 “%K%L “%ед,…е…/ “,….!%…,ƒ,!3ю?,м 3“2-
!%L“2"%м.

o!%“2%L *%…“2!3*ц,еL , 3ме…ьше……/м, г=K=-
!,2…/м, !=ƒме!=м, %2л,ч=е2“  “,л%"%L г,д!%-
ц,л,…д! д"3“2%!%……ег% деL“2",  (!,“. 2) [5], “%-
де!›=?,L *%!C3“ 2 “ C!,"=!е……%L Cе!ед…еL 

1 2 43 5 6 7 8

p,“. 1. oл3…›е!…/L г,д!%ц,л,…д! %д…%“2%!%……ег% 
деL“2",  м=!*, 54-9-145

*!/ш*%L 5, “A‘м…3ю “*"%ƒ…3ю ƒ=д…юю *!/ш*3 
3, %д…%“2%!%……,L C%л/L ш2%* 1 %!,г,…=ль…%L 
*%…“2!3*ц,, “ *=…=л=м, дл  C%д"%д= , %2"%д= !=-
K%чеL ›,д*%“2, (pf), C%!ше…ь 4 , 3Cл%2…,2ель-
…/е .леме…2/ дл  C%д",›…/. , …еC%д",›…/. 
“%ед,…е…,L. c,д!%ц,л,…д! 2е.…%л%г,че… " ,ƒг%-
2%"ле…,, , 3д%Kе… " .*“Cл3=2=ц,,.

mеK%льш,м, C%2е! м, …= 2!е…,е " C%д",›…/. 
“%ед,…е…, . C%!ш…  , ш2%*= %2л,ч=е2“  “,л%"%L 
г,д!%ц,л,…д! -,!м/ &Weber-Hydraulik GmbH[ 
(cе!м=…, ) [6]. }2% д%“2,г=е2“  C!,ме…е…,ем 
“Cец,=ль…/. 3Cл%2…е…,L, 3“2=…%"ле……/. " *%ль-
це"%L *=…="*е C%!ш…  ,л, *!/ш*е *%!C3“= г,д-
!%ц,л,…д!= “% “2%!%…/ ш2%*=. rCл%2…е…,е “%-
“2%,2 ,ƒ "…32!е……ег% *%льц= ,ƒ 3C!3г%г% .л=“2%-
ме!= , C!,›,м=ег% ,м * "…32!е……еL ц,л,…д!,че-
“*%L C%"е!.…%“2, *%!C3“= (,л, …=!3›…%L C%-
"е!.…%“2, ш2%*=) …=C!="л ю?е-3Cл%2…,2ель…%г% 
*%льц= “ “,мме2!,ч…% "/C3*л%L !=K%чеL C%"е!.-
…%“2ью, Kл=г%д=!  *%2%!%L C% е‘ %Kе,м “2%!%…=м 
%K!=ƒ3ю2“  ƒ=ƒ%!/ *л,…%"%г% “ече…, , *%2%!/е , 
C%ƒ"%л ю2 “…,›=2ь 2!е…,е " C%д",›…/. “%ед,…е-
…, . C%!ш…  , ш2%*= г,д!%ц,л,…д!=.

o%"/ше……%L C!%ч…%“2ью *%…“2!3*ц,, %2л,-
ч=е2“  “,л%"%L г,д!%ц,л,…д! д"3“2%!%……ег% деL-
“2",  (!,“. 3) [7], “%“2% ?,L ,ƒ ц,л,…д!,че“*%г% 
*%!C3“= 10 “ %2"е!“2, м, ` , a дл  C%д"%д= , 
%2"%д= pf, *!/ше* 8 , 11, C%!ш…  9, ш2%*= 1 , 
3ƒл= *!еCле…,  ш2%*= * ,“C%л…,2ель…%м3 ме.=-
…,ƒм3 (…= !,“. 3 …е C%*=ƒ=…).

n“…%"%L 3ƒл= *!еCле…,   "л е2“  C!%3ш,…=, 
"/C%л…е……=  ,ƒ д"3. ч=“2еL 5 , 7, C!,ч‘м " ч=“2, 
5 3“2=…%"ле…= ш=!%"=  %C%!= 4. nKе ч=“2, C!%3-
ш,…/ “%ед,…е…/ “2 ›…/м, K%л2=м, 2. oл%“-
*%“2ь !=ƒA‘м= C!%3ш,…/ Cе!Cе…д,*3л !…= * %“, 
ш2%*=. lе›д3 ч=“2 м, 5 , 7 , C%д г%л%"*=м, 
K%л2%" 2 !=ƒме?е…/ ›‘“2*,е 2еCл%,ƒ%л ц,%……/е 
ш=LK/ 3 , 6, 3“2=…%"ле……/е “ г=!=…2,!%"=……/м 
ƒ=ƒ%!%м %2…%“,2ель…% K%л2%".

lе›д3 г%л%"*=м, K%л2%" 2, ш=LK=м, 3 , 6 , 
ч=“2 м, C!%3ш,…/ !=“C%л%›е…/ ме2=лл,че“*,е 
Cл=“2,…/. m= *=›д%L Cл=“2,…е “% “2%!%…/ 2еC-
л%,ƒ%л ц,%……%L ш=LK/ "/C%л…е…/ ц,л,…д!,че-
“*,е K3!2/, …=.%д ?,е“  " ƒ=ƒ%!е ме›д3 2еC-
л%,ƒ%л ц,%……%L ш=LK%L , “2 ›…/м K%л2%м.

aл=г%д=!  3"ел,че…,ю Cл%?=д, *%…2=*2= 2еC-
л%,ƒ%л ц,%……/. ш=LK “ г%л%"*=м, “2 ›…/. K%л-
2%" , “%ƒд=…,ю ме›д3 …,м, !="…%ме!…%г% !=-
д,=ль…%г% ƒ=ƒ%!= 3"ел,ч,"=е2“  3“,л,е, Cе!ед=-
"=ем%е 3ƒл%м *!еCле…,  ш2%*= * ,“C%л…,2ель…%-
м3 ме.=…,ƒм3.

b/“%*,м, .*“Cл3=2=ц,%……/м, .=!=*2е!,“2,-
*=м, %2л,ч=е2“  “,л%"%L г,д!%ц,л,…д! -,!м/ 
&qC!32[ (p%““, ) [8], “%де!›=?,L *%!C3“ “ !=ƒ-
ме?‘……/м " …‘м C%л/м C%!ш…ем, “%“2% ?,м ,ƒ 
д"3. ч=“2еL !=ƒ…%г% д,=ме2!=, ме…ьш=  ,ƒ *%2%-
!/. "/C%л…е…= 3дл,…‘……%L , %K!=ƒ3е2 ш2%*, …=-

p,“. 2. q,л%"%L г,д!%ц,л,…д! д"3“2%!%……ег%
деL“2",  “ C!,"=!е……%L Cе!ед…еL *!/ш*%L

1 2

4 35
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p,“. 3. q,л%"%L г,д!%ц,л,…д! д"3“2%!%……ег% 
деL“2",  “% “Cец,=ль…/м 3ƒл%м *!еCле…,  ш2%*= 
* ,“C%л…,2ель…%м3 ме.=…,ƒм3

C%!…/L , “л,"…%L !3*="=, г,д!="л,че“*, “" ƒ=…-
…/е “ !=K%ч,м, C%л%“2 м, г,д!%ц,л,…д!= Kл%-
*%м 3C!="ле…, , !=K%ч,L %!г=…, ме.=…,че“*, 
“" ƒ=……/L “% ш2%*%м. p=K%ч,L %!г=… "/C%л…е… " 
",де д"3. !=K%ч,. .леме…2%", Cе!"/L ,ƒ *%2%!/. 
C%д",›е… , ƒ=*!еCл‘… …= 2%!це г,д!%ме.=…,ƒм= 
“ "%ƒм%›…%“2ью "%ƒ"!=2…%-C%“23C=2ель…%г% д",-
›е…, . b2%!%L !=K%ч,L .леме…2 !=“C%л%›е… “% 
“2%!%…/ "2%!%г% 2%!ц= г,д!%ме.=…,ƒм=.

h2=ль …“*=  -,!м= &Vega S.r.I[ "/C3“*=е2 
3д%K…/е " .*“Cл3=2=ц,, г,д!%ц,л,…д!/ “е!,, 
V210CS, C!ед…=ƒ…=че……/е дл  "/"‘!2/"=…,  
“2е!›…еL ,ƒ -%!м дл  ,…›е*ц,%……%г% -%!м%"=-
…,  Cл=“2,*%" [9]. c,д!%ц,л,…д!/ ,мею2 "…32-
!е……,е д,=ме2!/ 32, 40 , 50 мм , .%д C%!ш…  
300, 400 , 500 мм. l=*“,м=ль…%е !=K%чее д="ле-
…,е 20 lo=.

qд"%е……/L “,л%"%L г,д!%ц,л,…д! (!,“. 4) “ 
д"3.“23Cе…ч=2/м 3“,л,ем …= %д…%“2%!%……ем 
ш2%*е [10] “%де!›,2 %K?,L *%!C3“ 10, !=ƒдел‘…-
…/L C%Cе!еч…%L Cе!ег%!%д*%L 3 …= д"е !=K%ч,е 
*=ме!/: *=ме!3 h Cе!"%L “23Cе…,, " *%2%!%L !=ƒ-
ме?е… C%!ше…ь 2 “% ш2%*%м 1, , C%л%“2ь c "2%-
!%L “23Cе…,, где !=ƒме?‘… C%!ше…ь 6 “ 2!3Kч=-
2/м ш2%*%м-Cл3…›е!%м 5.

p=K%ч=  ›,д*%“2ь C%“23C=е2 C% %“е"%м3 *=…=л3 
a ц,л,…д!,че“*%г% ш23це!= 7, 3“2=…%"ле……%г% 
C% “*%льƒ ?еL C%“=д*е " це…2!=ль…%м %2"е!“2,, 
d C%!ш…  , ш2%*е-Cл3…›е!е. )е!еƒ “*"%ƒ…/е !=-
д,=ль…/е C=ƒ/ k …= "/.%д…%м *%…це ш23це!=, 
ƒ=ƒ%! f ме›д3 %K!=2…/м *л=C=…%м 9 , “едл%"%L 
C%"е!.…%“2ью e ш2%*=-ш23це!= , д=лее че!еƒ %2-
*!/2/L *%…ец ш2%*=-Cл3…›е!= pf C%C=д=е2 " 
C%л%“2ь h, где е‘ д="ле…,е 3"ел,ч,"=е2“  д% 2е. 
C%!, C%*= 3“,л,е …= ш2%*е …е “2=…е2 д%“2=2%ч…/м 
дл  "/C%л…е…,  !=K%чеL %Cе!=ц,,. o!, .2%м C%!-
ше…ь 2 Cе!еме?=е2“  "C!="%.

e“л, 3“,л,е Cе!"%L “23Cе…, г,д!%ц,л,…д!= 
%*=ƒ/"=е2“  …ед%“2=2%ч…/м, 2% "*люч=ю2 "2%-
!3ю “23Cе…ь. o!, .2%м pf C%“23C=е2 " C%л%“2ь c 
че!еƒ *=…=л b " *!/ш*е 8. b !еƒ3ль2=2е C%!ше…ь 
6, “*%льƒ  C% ш23це!3, Cе!еме?=е2“  " це…2!=ль-
…%м %2"е!“2,, Cе!ег%!%д*, , ".%д,2 " C%л%“2ь 
h. b …=ч=ле д",›е…,  ш2%*-Cл3…›е! %2%д",г=е2 
%K!=2…/L *л=C=… %2 2%!ц= ш23це!=. o%д деL“2-
",ем C!3›,…/ 4 %K!=2…/L *л=C=… Cл%2…% “=д,2-
“  …= C%"е!.…%“2ь e ,, ƒ=м/*=  C%л%“2ь h, “%-
.!=… е2 …е%K.%д,м%е !=K%чее д="ле…,е Cе!"%L 
“23Cе…,. o%“ле .2%г% C%д=ч3 pf че!еƒ ш23це! 
C!е*!=?=ю2.

d=ль…еLшее C!%д",›е…,е ш2%*=-Cл3…›е!= 
“%ƒд=‘2 " C%л%“2, h …е%K.%д,м%е C%"/ше…,е 
д="ле…, , C!%C%!ц,%…=ль…%е %2…%ше…,ю C%леƒ-
…/. Cл%?=деL C%Cе!еч…/. “ече…,L C%!ш…  2 , 
ш2%*=-ш23це!=.

o%“ле ƒ="е!ше…,  !=K%чеL %Cе!=ц,, г,д!%ц,-
л,…д! C!,"%д 2 " ,“.%д…%е C%л%›е…,е. dл  .2%г% 

C!е*!=?=ю2 C%д=ч3 pf че!еƒ *=…=л b  " C%л%“2ь c 
, …=ч,…=ю2 C%д="=2ь е‘ че!еƒ *=…=л j. o!, .2%м 
C%!ше…ь 2, Cе!еме?= “ь "ле"%, д=",2 …= pf " C%-
л%“2, h , …= ш2%*-Cл3…›е!. o%“лед…,L Cе!еме-
?=е2“  "ле"%, 2=* *=* %K!=2…/L *л=C=… C%д›=2 * 
C%"е!.…%“2, e , Cе!е*!/"=е2 %“е"%L *=…=л a ш23-
це!=. o!, Cе!еме?е…,, ш2%*=-Cл3…›е!= C%!ше…ь 
6 "/2е“… е2 pf ,ƒ C%л%“2, c че!еƒ *=…=л b.

j=* 2%ль*% %K!=2…/L *л=C=… …=ч,…=е2 *%…2=*-
2,!%"=2ь “ 2%!ц%м "/.%д…%г% *=…=л= ш23це!=, %2-
*!/"=ю2“  ƒ=ƒ%! f , *=…=л a, че!еƒ *%2%!/е pf 
"/2е“… е2“  ,ƒ C%л%“2, h. o%“ле .2%г% “,л%"%L 
г,д!%ц,л,…д! "%ƒ"!=?=е2“  " ,“.%д…%е C%л%-
›е…,е.

q,л%"%L г,д!%ц,л,…д! -,!м/ &Aerolas GmbH[ 
(cе!м=…, ) %2л,ч=е2“  "%ƒм%›…%“2ью *%мCе…“=-
ц,, !=д,=ль…/. , 3гл%"/. !=“.%›де…,L ме›д3 
%“ м, C%!ш…  , Cе!еме?=ем%г% ,м ме.=…,ƒм= 
[11], 2=* *=* …= ш2%*е C%!ш…  C!ед3“м%2!е…/ 
д"= %2…%“,2ель…% *%!%2*,. 3ч=“2*= ме…ьшег% 
д,=ме2!= (" “!="…е…,, “ %“2=ль…%L ч=“2ью), "/-
C%л… ю?,. !%ль ш=!…,!%".

m= ƒ="%де -,!м/ &j and D Manufacturing In-
dustries[ (qx`, ш2=2 tл%!,д=) "/C%л… е2“  %K-
!=K%2*= *%!C3“%" “,л%"/. г,д!%ц,л,…д!%" дл,-
…%L 1220 мм “ "…32!е……,м д,=ме2!%м 457 мм 
[12]. dл  %K!=K%2*, *%!C3“%" ,“C%льƒ3е2“  2%-
*=!…/L “2=…%* Puma 300L *%мC=…,, &Daewoo 
Machine Tool Divission[ (qx`). o!, %K!=K%2*е 
"…32!е……ег% д,=ме2!= *%!C3“= г,д!%ц,л,…д!= 
C!,ме… е2“  K%!ш2=…г= Silent Tools -,!м/ &Sand-
vik Coromant Co.[ (qx`) дл,…%L 610 мм; !=“2=-
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ч,"=…,е %“3?е“2"л е2“  C%“лед%"=2ель…% “ д"3. 
“2%!%…. o!,ме… е2“  “Cец,=ль…/L демC-е! дл  
C%д="ле…,  ",K!=ц,L.

t,!м= &TRElectronic GmbH[ (cе!м=…, ) !=ƒ-
!=K%2=л= 3“2!%L“2"% дл  …еC!е!/"…%г% *%…2!%л  
, !ег3л,!%"=…,  Cе!еме?е…,  C%!ш…  " *%!C3“е 
г,д!%ц,л,…д!= , !=K%чег% 3“,л,  [13]. r“2!%L“2-
"% “%де!›,2 3“2=…%"ле……/е …= *%!C3“е г,д!%ц,-
л,…д!= д=2ч,*,, "/!=K=2/"=ю?,е “,г…=л/ 2%*= 
, 3!%"…  …=C! ›е…,  , C%ƒ"%л ю?,е “ C%м%?ью 
*%мм32=ц,%……%г% Kл%*= , “Cец,=ль…%L “,“2ем/ 
="2%м=2,че“*, 3C!="л 2ь !=K%2%L “,л%"%г% г,д-
!%ц,л,…д!=.

q,л%"%L г,д!%ц,л,…д! -,!м/ &Bosch Rexroth 
Teknick AB[ (cе!м=…, ) ,мее2 C!%“2%е C% *%…“2-
!3*ц,, 3“2!%L“2"% дл  %C!еделе…,  C%л%›е…,  
C%!ш…  " *%!C3“е г,д!%ц,л,…д!= [14]. o%“2% …-
…/L м=г…,2, 3“2=…%"ле……/L " C%!ш…е г,д!%ц,-
л,…д!=, “%ƒд=‘2 м=г…,2…%е C%ле, *%2%!%е "ƒ=,м%-
деL“2"3е2 “ д=2ч,*%м C%л%›е…, , 3“2=…%"ле……/м 
…= *%!C3“е г,д!%ц,л,…д!=. d=2ч,* C%л%›е…,  
“" ƒ=… “ !ег,“2!,!3ю?,м 3“2!%L“2"%м, C%*=ƒ/-
"=ю?,м C%л%›е…,е C%!ш…  " *%!C3“е г,д!%ц,-
л,…д!=.

p=““м%2!е……/е *%…“2!3*ц,, “,л%"/. г,д!%-
ц,л,…д!%" , ,. .леме…2%" …е ,“че!C/"=ю2 "“ег% 
м…%г%%K!=ƒ,  *%…“2!3*2,"…/. !еше…,L. o!,ме-
…е…,е %KA‘м…/. г,д!%C!,"%д%" , “,“2ем г,д-
!%="2%м=2,*, " м=ш,…=., =г!ег=2=. , ме.=…,ƒм=. 
2!еK3е2 ,. C%“2% ……%г% 3“%"е!ше…“2"%"=…,  , 
“%ƒд=…,  …%"/. г,д!%=г!ег=2%" “ "/“%*,м, 2е.-
…,*%-.*%…%м,че“*,м, C%*=ƒ=2ел м,, " 2%м ч,“-
ле , “,л%"/. г,д!%ц,л,…д!%".         

a,Kл,%г!=-,че“*,е ““/л*,
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dh`cmnqŠhj` o`p`leŠpnb opn0eqq` }kejŠpnkhŠmn-ok`glemmni 
nap`anŠjh

o!едл%›е… ме2%д ,ƒме!е…,  *%мCле*“…/. ч=“2%2…/. .=!=*2е!,“2,* C!%це““= .ле*2!%-
л,2…%-Cл=ƒме……%L %K!=K%2*, *=* .ле*2!,че“*%L …=г!3ƒ*,, C%ƒ"%л ю?,L C%л3ч,2ь %це…*3 
Cе!ед=2%ч…%L -3…*ц,, C!%це““= " ",де л,…еL…%L м%дел, “ медле……% ,ƒме… ю?,м,“  C=!=-
ме2!=м,, ƒ=",“ ?,м, %2 3“л%",L %K!=K%2*,. p=ƒ!=K%2=……/L C%д.%д д=‘2 "%ƒм%›…%“2ь 
д,=г…%“2,!%"=2ь “"%L“2"= C%"е!.…%“2…%г% “л%  " .%де %K!=K%2*, , ""е“2, …%"/L *%…23! 
%K!=2…%L “" ƒ, " ="2%м=2,ƒ,!%"=……3ю “,“2ем3 3C!="ле…,  2е.…%л%г,че“*,м C!%це““%м 
.ле*2!%л,2…%-Cл=ƒме……%L %K!=K%2*,.

jлюче"/е “л%"=: .ле*2!%л,2…%-Cл=ƒме……=  %K!=K%2*=, Cл=ƒме……%-.ле*2!%л,2,че“*%е %*“,д,!%"=-
…,е, ="2%м=2,ƒ=ц,  C!%це““=, =*2,"…=  д,=г…%“2,*=, ч=“2%2…/е .=!=*2е!,“2,*,, Cе!ед=2%ч…=  -3…*-
ц, , “.ем= ƒ=ме?е…, .

Measuring method of the frequency behaviors for plasmic-electrolytic processing as an electrical 
load is proposed. This method permits to receive valuation of the process transfer function as a linear 
model with slowly changing parameters that depend on processing conditions. Developed approach 
gives facilities to diagnose of the surface layer characteristic during the processing and to introduce 
a new feedback loop in the control automatic system of the process technology for plasmic-electrolytic 
processing.

Key words: plasmic-electrolytic processing, plasmic-electrolytic oxidation, process automation, active 
diagnostics, frequency behaviors, transfer function, substitution scheme.

b"еде…,е. b …=“2% ?ее "!ем  дл  -,…,ш…%L 
%K!=K%2*, ме2=лл,че“*,. C%"е!.…%“2еL, " 2%м 
ч,“ле дл  C%л3че…,  ƒ=?,2…/. %*“,д…/. C%*!/-
2,L …= л‘г*,. ме2=лл=. (=люм,…,L, 2,2=… , ,. 
“Cл="/), ш,!%*% C!,ме… е2“  .ле*2!%л,2…%-
Cл=ƒме……/L ме2%д [1]. n“…%"…/м %2л,ч,ем .ле*-
2!%л,2…%-Cл=ƒме……%L %K!=K%2*, (}on) %2 *л=“-
“,че“*%L .ле*2!%.,м,че“*%L  "л е2“  C!,ме…е-
…,е "/“%*,. …=C! ›е…,L, Kл=г%д=!  *%2%!/м " 
%*“,д…%м C%*!/2,, !=ƒ","=ю2“  м,*!%!=ƒ! д/, 
,…2е…“,-,ц,!3ю?,е C!%це““ ег% !%“2= , C!,-
д=ю?,е ем3 3л3чше……/е -3…*ц,%…=ль…/е .=-
!=*2е!,“2,*, [2]. o!%м/шле……%е "…ед!е…,е 2е.-
…%л%г,L …= %“…%"е }on ƒ=де!›,"=е2“  ,ƒ-ƒ= %2-
“32“2",  …=д‘›…/. “,“2ем д,=г…%“2,*, C=!=ме2-
!%" C!%це““=, C%ƒ"%л ю?,. %це…,"=2ь “%“2% …,е 
C%"е!.…%“2, " .%де %K!=K%2*, дл  C!,… 2,  !е-
ше…,L " *%…23!е 3C!="ле…,  C!%це““%м. m= C!,-
ме!е Cл=ƒме……%-.ле*2!%л,2,че“*%г% %*“,д,!%-
"=…,  (o}n) =люм,…,  K/л C!едл%›е… ме2%д 
,мCед=…“…%L “Cе*2!%“*%C,,, %“…%"=……/L …= 
%це…*е .ле*2!,че“*,. *%мCле*“…/. ч=“2%2…/. 
.=!=*2е!,“2,* (j)u) C!%це““= }on , %2…%“ -
?,L“  * *л=““3 =*2,"…/. ме2%д%" ,де…2,-,*=-
ц,, [3]. b д=……%L “2=2ье !=““м%2!е… %д,… ,ƒ C%д-
.%д%" * д,=г…%“2,*е C!%це““= }on *=* %KAе*2= 
3C!="ле…,  …= %“…%"е =…=л,ƒ= , ,…2е!C!е2=ц,, 
д=……/. ,мCед=…“…%L “Cе*2!%“*%C,, C!%це““=.

d,=г…%“2,*= C=!=ме2!%" C!%це““= .ле*2!%л,2-
…%-Cл=ƒме……%L %K!=K%2*,. }*“Cе!,ме…2/ C!%"%-
д,л,“ь C% ме2%д,*е [3] …= =люм,…,е"/. %K!=ƒц=. 
Cл%?=дью 15,5 “м2 " K,C%л !…%м ,мC3ль“…%м !е-
›,ме C!, …=C! ›е…,, +400...+600 / #5...#120 b 
“ !=ƒ"‘!2*%L ч=“2%2/ ,мC3ль“…%г% …=C! ›е…,  " 
д,=C=ƒ%…е 20#20 000 cц. nд…%"!еме……/е %2!еƒ*, 
,ƒме!е…,L 2%*= , …=C! ›е…,  дл,2ель…%“2ью 
0,48 “ !ег,“2!,!%"=л,“ь ц,-!%"/м %“ц,лл%г!=-
-%м Tektronix TDS430A , Cе!ед="=л,“ь …= oj 
*=›д/е 10 “. d=лее ме2%д%м г=!м%…,че“*%г% =…=-
л,ƒ= [4] "/дел л,“ь “,…3“%,д/ 2%*= , …=C! ›е-
…,  , C% ,. “%%2…%ше…,ю %C!едел л“  *%мCле*-
“%ƒ…=ч…/L ,мCед=…“ C!%це““= }on *=* .ле*2!,-
че“*%L …=г!3ƒ*,:

( , , , ) ( , , , )p n p nZ U U t j Z U U tω = ω  ×

× exp( ( , , , ))p nj U U tϕ ω , (1)

где Z # м%д3ль ,мCед=…“= (%це…*= =мCл,23д…%-ч=“-
2%2…%L .=!=*2е!,“2,*, (`)u)); ϕ # -=ƒ= ,мCед=…“= 
(%це…*= -=ƒ%-ч=“2%2…%L .=!=*2е!,“2,*, (t)u)); 
Up # =мCл,23д= C%л%›,2ель…%г% ,мC3ль“=; Un # =м-
Cл,23д= %2!,ц=2ель…%г% ,мC3ль“=; t # дл,2ель…%“2ь 
%K!=K%2*,; ω # *!3г%"=  ч=“2%2=; j # м…,м=  ед,-
…,ц=.
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o!, ,де…2,-,*=ц,, C!,де!›,"=л,“ь г,C%2е-
ƒ/ % 2%м, ч2% C!%це““ }on м%›е2 K/2ь C!ед“2="-
ле… " ",де л,…еL…%L “,“2ем/ “ медле……% ,ƒме-
… ю?,м,“  C=!=ме2!=м,, ƒ=",“ ?,м, %2 …=C! -
›е…, . Š=*%е д%C3?е…,е “C!="едл,"%, 2=* *=* 
“*=…,!%"=…,е ,““лед3ем%г% ч=“2%2…%г% д,=C=ƒ%-
…= C!%,“.%д,2 “% “*%!%“2ью, “3?е“2"е……% C!е-
"/ш=ю?еL “*%!%“2ь ,ƒме…е…,  ,…2ег!=ль…/. 
“"%L“2" C%"е!.…%“2…%г% “л%  (…=C!,ме!, ƒ…=че-
…,е “*%!%“2, !%“2= C%*!/2,  “%“2="л е2 C%! д*= 
1 м*м/м,…).

dл  "/K%!= ",д= м%дел, л,…еL…%L “,“2ем/ 
C!%"%д,л“  “!="…,2ель…/L =…=л,ƒ !=ƒл,ч…/. 
“C%“%K%" =CC!%*“,м=ц,, .*“Cе!,ме…2=ль…% C%-
л3че……/. ч=“2%2…/. .=!=*2е!,“2,*. b/K%! 2=-
*%г% ",д= м%делеL “" ƒ=… “ 2ем, ч2% %…, C!ед-
“2="л ю2 “%K%L *=…%…,че“*,е "/!=›е…,  дл  
Cе!ед=2%ч…/. -3…*ц,L, !=““м=2!,"=ем/. " 
2е%!,, ="2%м=2,че“*%г% 3C!="ле…,  [5]. b *=че-
“2"е л,…еL…%L м%дел, K/л, "/K!=…/ C%л,…%-
м,=ль…/е д!%K, Cе!"%г%, "2%!%г% , 2!е2ьег% C%-
! д*=:

3
3( , , , ) [ ( , , )( )p n p nZ U U t j b U U t jω = ω + 

2
2 1( , , )( ) ( , , )p n p nb U U t j b U U t j+ ω + ω +  

3
0 3( , , )] [ ( , , )( )p n p nb U U t a U U t j+ ω +

2
2 1( , , )( ) ( , , )p n p na U U t j a U U t j+ ω + ω +

   0 ( , , )]p na U U t+ , (2)

где b0#b3, a0#a3 # *%.--,ц,е…2/ C%л,…%м%".

d=……=  м%дель *%мCле*“…%L ч=“2%2…%L .=!=*-
2е!,“2,*, C%ƒ"%л е2 C%л3ч,2ь Cе!ед=2%ч…3ю 
-3…*ц,ю “,“2ем/ W(Up, Un, t, s) C32‘м -%!м=ль-
…%L ƒ=ме…/ %Cе!=2%!= jaω, “%%2"е2“2"3ю?ег% C!е-
%K!=ƒ%"=…,ю t3!ье, …= %Cе!=2%! s, “%%2"е2“2"3ю-
?,L C!е%K!=ƒ%"=…,ю k=Cл=“=:

3
3( , , , ) [ ( , , )p n p nW U U t s b U U t s= +

2
2 1( , , ) ( , , )p n p nb U U t s b U U t s+ + +

3
0 3( , , )] [ ( , , )p n p nb U U t a U U t s+ +

2
2 1( , , ) ( , , )p n p na U U t s a U U t s+ + +

0 ( , , )]p na U U t+ . (3)

j%.--,ц,е…2/ C%л,…%м%" (2) , (3) C!ед“2="-
л ю2 “%K%L -3…*ц,, -=*2%!%" =мCл,23д…/. 
ƒ…=че…,L …=C! ›е…,L , дл,2ель…%“2, %K!=K%2-
*,. l%дель (3) C%ƒ"%л е2 C!%"%д,2ь =…=л,ƒ C!%-
це““= }on “ C!,ме…е…,ем *л=““,че“*%г% =CC=-
!=2= 2е%!,, ="2%м=2,че“*%г% 3C!="ле…, . 

hде…2,-,*=ц,  C!%це““= }on *=* %KAе*2= 
3C!="ле…,  C% м%дел, (3) "%ƒм%›…= " д"3. м=“-
ш2=K=. "!еме…, # м=л%м , K%льш%м. h“C%льƒ%-
"=…,е м=л%г% м=“ш2=K= "!еме…, 2π/ω (C%! д*= 
м,лл,“е*3…д) C%ƒ"%л е2 %це…,"=2ь Cе!е.%д…/е 
C!%це““/ " “,“2еме &,“2%ч…,* C,2=…,  # C!%-
це““ }on[ “ ,“C%льƒ%"=…,ем 3!="…е…,  (3), “.е-
м/ ƒ=ме?е…,  , ,…2ег!=л= dю=мел  , %C2,м,ƒ,-
!%"=2ь “.ем/ 2е.…%л%г,че“*,. 3“2=…%"%* C% C=-
!=ме2!=м .…е!г%C%2!еKле…, . nце…*= " K%льш%м 
м=“ш2=Kе "!еме…, t (C%! д*= м,…32) C%ƒ"%л е2 
%2“ле›,"=2ь ,ƒме…е…,  *%.--,ц,е…2%" " 3!="-
…е…,, (3), “%C%“2="л 2ь ,. д,…=м,*3 “ д,…=м,-
*%L “%“2% …,  C%"е!.…%“2, , C!%"%д,2ь *%“"е…-
…3ю ,де…2,-,*=ц,ю “%“2% …,  C%"е!.…%“2, " 
.%де %K!=K%2*,.

b 2=Kл,це C!,"ед‘… C!,ме! !=“ч‘2= *%.--,-
ц,е…2%" C%л,…%м%" дл  =CC!%*“,м=ц,, !=ƒл,ч-
…/. C%! д*%" %д…%L , 2%L ›е j)u, C%л3че……%L 
дл  Up = 570 b, Un = 120 b, t = 40 “. c!=-,че“*%е 
C!ед“2="ле…,е !еƒ3ль2=2%" =CC!%*“,м=ц,, C!,-
"еде…% …= !,“. 1#3.

`…=л,ƒ д=……/., C!ед“2="ле……/. " 2=Kл,це, C%-
*=ƒ=л, ч2% =CC!%*“,м=ц,  C%л,…%м=м, "2%!%г% 
C%! д*= , "/ше C!,"%д,2 * C% "ле…,ю %2!,ц=-

j%.--,ц,е…2/ C%л,…%м%" !=ƒ…%г% C%! д*= C!, =CC!%*“,м=ц,, *%мCле*“…/. ч=“2%2…/. .=!=*2е!,“2,*

h…де*“
*%.--, ц,е…2=

o%л,…%м
Cе!"%г% C%! д*=

o%л,…%м
"2%!%г% C%! д*=

o%л,…%м
2!е2ьег% C%! д*=

a b a b a b

0 1,17.a105 4,21.a106 #3,07a.107 #7,24a.109 #2,49a.1011 #4,53a.1013

1 1 11,05 9,24a.103 5,02a.106 #3,39a.107 #4,74a.109

2 # # 1 13,57 8,51a.103 5,00a.106

3 # # # # 1 14,32

j%.--,ц,е…2 де2е!м,…=ц,,

R2 0,82 0,85 0,85
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p,“. 1. pеƒ3ль2=2/ =CC!%*“,м=ц,, *%мCле*“…%L ч=“2%2…%L .=!=*2е!,“2,*,
C%л,…%м,=ль…%L д!%Kью Cе!"%г% C%! д*=

p,“. 2. pеƒ3ль2=2/ =CC!%*“,м=ц,, *%мCле*“…%L ч=“2%2…%L .=!=*2е!,“2,*,
C%л,…%м,=ль…%L д!%Kью "2%!%г% C%! д*=

ω, /

33

Z
 ,

 , 
.

ω, /

ω, /

33

Z
,

,
.

ω, /
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ω, /

33

Z
 , 

,
.

ω, /

p,“. 3. pеƒ3ль2=2/ =CC!%*“,м=ц,, *%мCле*“…%L ч=“2%2…%L .=!=*2е!,“2,*,
C%л,…%м,=ль…%L д!%Kью 2!е2ьег% C%! д*=

2ель…/. *%.--,ц,е…2%" a , b, = 2=*›е * "%ƒ…,*-
…%"е…,ю *%!…еL “ C%л%›,2ель…%L деL“2",2ель-
…%L ч=“2ью *=* 3 ч,“л,2ел , 2=* , 3 ƒ…=ме…=2ел . 
d=……/L -=*2 “",де2ель“2"3е2 % 2%м, ч2% “,“2ем= 
…е3“2%Lч,"=  ,, *!%ме 2%г%, …е м,…,м=ль…%--=-
ƒ%"= . nд…=*% C%л3че……/L !еƒ3ль2=2 …е C!%2,"%-
!еч,2 -,ƒ,че“*,м C!ед“2="ле…, м % C!%це““е 
}on, %“…%"…%L %“%Kе……%“2ью *%2%!%г%  "л е2“  
…=л,ч,е .ле*2!,че“*,. м,*!%!=ƒ! д%", ,мею?,. 
%2!,ц=2ель…/L …=*л%… "%ль2-=мCе!…%L .=!=*2е-
!,“2,*,, C!,"%д ?,L * C% "ле…,ю %2!,ц=2ель-
…/. д,…=м,че“*,. “%C!%2,"ле…,L " “.еме ƒ=ме-
?е…,  [6]. j!%ме 2%г%, д=……/L !еƒ3ль2=2 C%*=ƒ/-
"=е2, ч2% 2=*=  “,“2ем= -,ƒ,че“*, …е!е=л,ƒ3ем= 
“ C%м%?ью C=““,"…/. .ле*2!%2е.…,че“*,. .ле-
ме…2%" “.ем/ ƒ=ме?е…, , ч2% “",де2ель“2"3е2 %K 
,…-%!м=2,"…%“2, C!едл%›е……%г% ме2%д= =*2,"-
…%L ,де…2,-,*=ц,,, % “л%›…%“2, C!%це““= }on 
, …е%K.%д,м%“2, де2=ль…%г% ,““лед%"=…,  C%л3-
че……/. %це…%* `)u , t)u ме2%д=м, ,мCед=…“-
…%L “Cе*2!%“*%C,, дл  ,ƒ3че…,  ме.=…,ƒм=  "-
ле…, . dл  ,де…2,-,*=ц,, “,“2ем/ *=* %KAе*2= 
3C!="ле…,  " Cе!"%м C!,Kл,›е…,, д%“2=2%ч…% 
%г!=…,ч,2ь“  м%делью Cе!"%г% C%! д*=, %2!=-
›=ю?еL …=,K%лее “,ль…/е ƒ=*%…%ме!…%“2, " 
“,“2еме.

`CC!%*“,м=ц,  j)u (1) C%л,…%м,=ль…%L д!%-
Kью Cе!"%г% C%! д*= (2) !="…%“,ль…= ƒ=ме…е 
.ле*2!%л,ƒ‘!=, " *%2%!%м C!%"%д,2“  C!%це““ 

}on, .*","=ле…2…%L C%“лед%"=2ель…%-C=!=ллель-
…%L “.ем%L (!,“. 4, =). dл  !=““м%2!е……/. " 2=K-
л,це ƒ…=че…,L *%.--,ц,е…2%" C%л,…%м%" C%л3-
че…/ “лед3ю?,е …%м,…=л/ .леме…2%" “.ем/ ƒ=-
ме?е…, :

R1 = b1 = 11,05 nм, R2 = 
0

1
a C

 35,61 nм,

q = 
0

1
b  =0,236 м*t.

}леме…2=м д=……%L “.ем/ ƒ=ме?е…,  м%›…% 
C!,д=2ь %C!едел‘……/L -,ƒ,че“*,L “м/“л: R1 # 
“%C!%2,"ле…,е .ле*2!%л,2=; R2 # =*2,"…%е “%-
C!%2,"ле…,е %*“,д…%г% C%*!/2,  " .%де o}n, 
“" ƒ=……%е *=* “ C!%2е*=…,ем 2%*= че!еƒ *=…=л/ 
м,*!%!=ƒ! д%", 2=* , “ 2%*%м C!%"%д,м%“2, C%-
*!/2, ; q # ‘м*%“2ь %*“,д…%г% C%*!/2, .  

d,…=м,*= C=!=ме2!%" “.ем/ ƒ=ме?е…,  " ƒ=",-
“,м%“2, %2 …=C! ›е…,L Up , Un C!ед“2="ле…= …= 
!,“. 5#7. dл  3“2=…%"ле…,  ƒ=*%…%ме!…%“2еL ,де…-
2,-,*=ц,, …= !,“. 8 C!,"еде…/ *!,"/е дл  2%л-
?,…/ C%*!/2,  h, C%л3че……/е C32‘м =CC!%*“,м=-
ц,, .*“Cе!,ме…2=ль…/. д=……/. "/!=›е…,ем

(1 exp( ))s
th H= − −
τ ,

где Hs # C!едель…% д%“2,›,м=  " !=““м=2!,"=ем/. 3“-
л%", . 2%л?,…= C%*!/2, ; τ # C%“2% ……=  "!еме…,.
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R1

R2

C

R1 R22

C

R21

p,“. 4. }*","=ле…2…=  C%“лед%"=2ель…%-C=!=ллель…=  “.ем= ƒ=ме?е…,  .ле*2!%л,ƒ‘!=
C!, C!%"еде…,, C!%це““= .ле*2!%л,2…%-Cл=ƒме……%L %K!=K%2*,: 

a # !=“ч‘2…= ; K # “ !=ƒделе…,ем C!%"%д,м%“2, м,*!%!=ƒ! д%" (R21) , 32еч*, (R22) 

tt,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

t,

)

R
1 

, 

p,“. 5. d,…=м,*= “%C!%2,"ле…,  R1 C!, Cл=ƒме……%-.ле*2!%л,2,че“*%м %*“,д,!%"=…,, =люм,…,  " ƒ=",“,м%“2, 
%2 …=C! ›е…,L C%л%›,2ель…%г% , %2!,ц=2ель…%г% ,мC3ль“%":

a # Up = 550 b, Un = 90 b;  K # Up = 570 b, Un = 120 b;  " # Up = 590 b, Un = 60 b;

г # Up = 485 b, Un = 5 b;  д # Up = 505 b, Un = 5 b;  е # Up = 525 b, Un = 5 b;

› # Up = 420 b, Un = 5 b;  ƒ # Up = 440 b, Un = 5 b;  , # Up = 460 b, Un = 5 b

=)                                                            K)
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g…=че…,е C=!=ме2!= R1 (“м. !,“. 5) C!е2е!Cе"=е2 
,ƒме…е…,  " C!едел=. 10#20 nм. Š=*%е ›е ƒ…=че-
…,е (C% C%! д*3 "ел,ч,…/) д=‘2 %це…*= “%C!%2,"-
ле…,  .ле*2!%л,2= R

∧

1 C% ,де=л,ƒ,!%"=……%L -%!-
м3ле дл  “%C!%2,"ле…,  C% 2%*3 32еч*, " *%=*“,-
=ль…%L “,“2еме, …=.%д ?еL“  C%д C%“2% ……/м 
…=C! ›е…,ем [7]: 

R
∧

1 = 

2

1

ln

2

r
r
lπγ
 = 7,57 nм,

где r1 = 0,5 “м # !=д,3“ =…%д=; r2 = 10 “м # !=д,3“ 
*=2%д=; l = 15 “м # "/“%2= *=2%д=; γ = 4,2 мq,м/“м 
# 3дель…=  .ле*2!%C!%"%д…%“2ь .ле*2!%л,2=, ,ƒме-
!е……=  .*“Cе!,ме…2=ль…%.

b Cе!"/е 5#10 м,… …=Kлюд=е2“  “…,›е…,е 
ƒ…=че…,  “%C!%2,"ле…,  R1 , ƒ=2ем ег% 3"ел,че-
…,е C% %*%…ч=…,, -=ƒ/ =*2,"…%г% !%“2= C%*!/-

tt,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

t,

)

C
 , 

p,“. 6. d,…=м,*= ‘м*%“2, q C!, Cл=ƒме……%-.ле*2!%л,2,че“*%м %*“,д,!%"=…,, =люм,…,  " ƒ=",“,м%“2,
%2 …=C! ›е…,L C%л%›,2ель…%г% , %2!,ц=2ель…%г% ,мC3ль“%":

a # Up = 550 b, Un = 90 b; K # Up = 570 b, Un = 120 b; " # Up = 590 b, Un = 60 b;

г # Up = 485 b, Un = 5 b;  д # Up = 505 b, Un = 5 b;  е # Up = 525 b, Un = 5 b;

› # Up = 420 b, Un = 5 b;  ƒ # Up = 440 b, Un = 5 b;  , # Up = 460 b, Un = 5 b

2, . d=……/е ,ƒме…е…,  м%›…% %KA “…,2ь *=* 
C!%г!е"%м .ле*2!%л,2= д% ƒ…=че…,L "/ше 40 %q 
ƒ= “ч‘2 ƒ…=ч,2ель…%г% 2еCл%"/деле…,  " !е›,ме 
,…2е…“,"…%г% !%“2= C%*!/2,  " C!,“32“2",, 
м,*!%!=ƒ! д%", 2=* , "л, …,ем д!3г,. C!%це“-
“%", "%шедш,. " %це…*3 3*=ƒ=……%г% C=!=ме2!=. 

`…=л,ƒ д,…=м,*, ‘м*%“2, q (“м. !,“. 6) C%*=-
ƒ=л, ч2% д=……/L C=!=ме2! “л=K% ,ƒме… е2“  " ƒ=",-
“,м%“2, %2 …=C! ›е…,  , “%“2="л е2 0,2#0,4 м*t. 
Š=*%е …е%›,д=……%е C%"еде…,е 3*=ƒ=……%г% C=!=-
ме2!= м%›е2 K/2ь “" ƒ=…% “ 2ем, ч2% ‘м*%“2ь C%-
*!/2,  -%!м,!3е2“  " %“…%"…%м 2%…*,м K=!ье!-
…/м “л%ем …= д…е C%!, C!, .2%м 2%л?,…= “л%  
%“2=‘2“  C%“2% ……%L. b 3“л%", ., Kл=г%C!, 2…/. 
дл  !%“2= C%*!/2,  (“м. !,“. 6, K, " , 8, K, "), ‘м-
*%“2ь q “…,›=е2“  " .%де %K!=K%2*,.

g…=че…,е C=!=ме2!= R2 л,…еL…% "%ƒ!=“2=е2 " 
C!едел=. 0#500 nм C!, ,…2е…“,"…%м C!%2е*=-
…,, C!%це““= o}n (“м. !,“. 7, =#" , 8, =#"). 
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p,“. 7. d,…=м,*= “%C!%2,"ле…,  R2 C!, Cл=ƒме……%-.ле*2!%л,2,че“*%м %*“,д,!%"=…,, =люм,…, 
" ƒ=",“,м%“2, %2 …=C! ›е…,  C%л%›,2ель…%г% , %2!,ц=2ель…%г% ,мC3ль“%":

a # Up = 550 b, Un = 90 b;  K # Up = 570 b, Un = 120 b;  " # Up = 590 b, Un = 60 b;

г # Up = 485 b, Un = 5 b;  д # Up = 505 b, Un = 5 b;  е # Up = 525 b, Un = 5 b;

› # Up = 420 b, Un = 5 b;  ƒ # Up = 440 b, Un = 5 b;  , # Up = 460 b, Un = 5 b

o!, ƒ…=ч,2ель…%м “…,›е…,, Cл%2…%“2, м,*!%-
!=ƒ! д%" ,л, C% %*%…ч=…,, =*2,"…%L -=ƒ/ C!%-
це““= , д%“2,›е…,, м=*“,м=ль…% "%ƒм%›…%L 
2%л?,…/ C%*!/2,  " ƒ=д=……/. 3“л%", ., C=!=-
ме2! R2 !еƒ*% "%ƒ!=“2=е2 д% 103#104 nм , C!%д%л-
›=е2 3"ел,ч,"=2ь“  " .%де %K!=K%2*,. r*=ƒ=……/L 
.--е*2 …=,K%лее ƒ=ме2е… C!, “%C%“2="ле…,, д=…-
…/., C!ед“2="ле……/. …= !,“. 7, г #е , 8, г #е дл  
дл,2ель…%“2, %K!=K%2*, 20 #30 м,…. j!%ме 2%г%, 
" 3“л%", ., …е “C%“%K“2"3ю?,. ,…2е…“,"…%м3 
!%“23 C%*!/2, , “%C!%2,"ле…,е R2 д%.%д,2 д% 
ƒ…=че…,  104#105 nм " …=ч=ль…%L “2=д,, %K!=K%2-
*, , C!%д%л›=е2 !=“2, “% "!еме…ем (“м. !,“. 7, 
› # , , 8, › # ,). p=ƒK!%“ ƒ…=че…,L R2 “" ƒ=… “ м=-
л%L "ел,ч,…%L !ег,“2!,!3ем%г% 2%*= " 3*=ƒ=……/. 
3“л%", .. l%›…% C!едC%л%›,2ь, ч2% ƒ…=че…,  “%-
C!%2,"ле…,  R2 " д,=C=ƒ%…е 1#1000 nм (3дель…=  
C!%"%д,м%“2ь g2 = 6450 # 64,5 мq,м/“м2) “%%2"е2-
“2"3е2 C!%2е*=…,ю 2%*= C!%"%д,м%“2, м,*!%-

!=ƒ! д%", = " д,=C=ƒ%…е 103#105 nм (g2 = 64,5 # 
# 0,65 мq,м/“м2) # 2%*= 32еч*, че!еƒ %*“,д…/L 
“л%L. p=““м%2!е……%е C%"еде…,е C=!=ме2!= R2 C%д-
2"е!›д=е2 -,ƒ,че“*,L “м/“л, C!,“"=,"=ем/L 
д=……%м3 “%C!%2,"ле…,ю.

q!="…е…,е C=!=ме2!%" “.ем/ ƒ=ме?е…, , C%-
л3че……/. "/ше, “ C=!=ме2!=м, “.ем/ ƒ=ме?е-
…,  C%"е!.…%“2…%г% “л%  C%“ле o}n, ,ƒме!е…-
…/. ме2%д%м .ле*2!%.,м,че“*%L ,мCед=…“…%L 
“Cе*2!%“*%C,, [8], д=‘2 "%ƒм%›…%“2ь 3“2=…%",2ь 
“лед3ю?,е ƒ=*%…%ме!…%“2,. b%-Cе!"/., 3дель-
…/е ‘м*%“2, C%"е!.…%“2…%г% “л% , C%л3че……/е 
д"3м  3*=ƒ=……/м, ме2%д=м,, “%"C=д=ю2 “ 2%ч-
…%“2ью …е ме…ее 90 %, ч2% C%ƒ"%л е2 ,де…2,-,-
ц,!%"=2ь ‘м*%“2ь C%"е!.…%“2…%г% “л% , …=C!,-
ме!, C!, ,ƒг%2%"ле…,, .ле*2!%л,2,че“*,. *%…-
де…“=2%!%". b%-"2%!/., " 3“л%", . ,…2е…“,"…%г% 
!%“2= C%*!/2,  , " C!,“32“2",, м,*!%!=ƒ! д%" 
3дель…=  C!%"%д,м%“2ь g2, “%%2"е2“2"3ю?=  “%-
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p,“. 8. d,…=м,*= 2%л?,…/ C%*!/2,  h C!, Cл=ƒме……%-.ле*2!%л,2,че“*%м %*“,д,!%"=…,, =люм,…, 
" ƒ=",“,м%“2, %2 …=C! ›е…,  C%л%›,2ель…%г% , %2!,ц=2ель…%г% ,мC3ль“%":

a # Up = 550 b, Un = 90 b;  K # Up = 570 b, Un = 120 b;  " # Up = 590 b, Un = 60 b;

г # Up = 485 b, Un = 5 b;  д # Up = 505 b, Un = 5 b;  е # Up = 525 b, Un = 5 b;

› # Up = 420 b, Un = 5 b;  ƒ # Up = 440 b, Un = 5 b;  , # Up = 460 b, Un = 5 b

C!%2,"ле…,ю R2, дл  %K%,. ме2%д%" %2л,ч=е2“  
K%лее чем " 20 !=ƒ. b-2!е2ь,., дл  %K!=K%2*, 
C!, %2“32“2",, м,*!%!=ƒ! д%", C!,…,м=  “!ед-
…ее ƒ…=че…,е R2 = 10 *nм "% "!ем  t = 60 м,… 
(“м. !,“. 7, ,), м%›…% C%л3ч,2ь ƒ…=че…,е g2 = 
= 6,5 мq,м/“м2, ч2% “ 2%ч…%“2ью K%лее 90 % “%%2-
"е2“2"3е2 ƒ…=че…,ю, C!,"ед‘……%м3 " !=K%2е [8]. 
Š=*,м %K!=ƒ%м, C!едл=г=ем/L ме2%д д,=г…%“2,*, 
д%“2=2%ч…% ч3"“2",2еле…, ч2%K/ ,ƒме! 2ь C!%"%-
д,м%“2ь 32еч*, че!еƒ %*“,д…/L “л%L. j!,"/е “%-
C!%2,"ле…,  R2 C%ƒ"%л ю2 "/ ",2ь деL“2"3ю?,е 
%д…%"!еме……% C!%"%д,м%“2, м,*!%!=ƒ! д%" , 
32еч*,. o%.2%м3 " “.ем3 ƒ=ме?е…,  "ме“2% %д…%-
г% “%C!%2,"ле…,  R2 “лед3е2 ""е“2, !еƒ,“2%!/ R21 
, R22 (“м. !,“. 4, K).

qлед%"=2ель…%, ,“C%льƒ%"=…,е “.ем/ ƒ=ме?е-
…,  C%ƒ"%л е2 %2дел,2ь “%C!%2,"ле…,е .ле*2!%-
л,2= %2 “%C!%2,"ле…,  -%!м,!3ю?ег%“  C%*!/-

2, , = 2=*›е "/дел,2ь ‘м*%“2ь C%*!/2, . `…=л,ƒ 
д,…=м,*, “%C!%2,"ле…,  -%!м,!3ю?ег%“  C%-
*!/2,  C%ƒ"%л е2 "/ ",2ь  …=л,ч,е д"3. C=!=л-
лель…/. *=…=л%" C!%2е*=…,  2%*= # че!еƒ C!%"%-
д,м%“2ь м,*!%!=ƒ! д%" ,  C!%"%д,м%“2ь 32еч*, 
C%*!/2,  , “",де2ель“2"3е2 % 2%м, ч2% м,*!%!=ƒ-
! д/ " .ле*2!%л,2…%L Cл=ƒме %Kл=д=ю2 =*2,"…/м 
2,C%м C!%"%д,м%“2,. p%“2 “%C!%2,"ле…,  -%!-
м,!3ю?ег%“  C%*!/2,  " .%де %K!=K%2*, “,ль…% 
*%!!ел,!%"=… “ !%“2%м 2%л?,…/ C%*!/2, , ч2% 
C%ƒ"%л е2 ,де…2,-,ц,!%"=2ь “%“2% …,е C%"е!.-
…%“2, " .%де %K!=K%2*,. j!%ме 2%г%, ƒ=ме2…/L 
Cе!е.%д “%C!%2,"ле…,  -%!м,!3ю?ег%“  C%*!/-
2,  %2 C!%"%д,м%“2, м,*!%!=ƒ! д%" * C!%"%д,-
м%“2, 32еч*, C%ƒ"%л е2 %C!едел,2ь м%ме…2 %*%…-
ч=…,  C!%це““= o}n, “%%2"е2“2"3ю?,L д%“2,›е-
…,ю м=*“,м=ль…% "%ƒм%›…%L 2%л?,…/ C%*!/2,  
" д=……/. 3“л%", . %K!=K%2*,.
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Š=*,м %K!=ƒ%м, C!едл%›е… ме2%д д,=г…%“2,*, 
C=!=ме2!%" C!%це““= }on, %“…%"=……/L …= ,ƒме-
!е…,, *%мCле*“…/. ч=“2%2…/. .=!=*2е!,“2,* 
.ле*2!%л,ƒ‘!= , C%ƒ"%л ю?,L C%л3ч,2ь %це…*3 
Cе!ед=2%ч…%L -3…*ц,, C!%це““= " ",де л,…еL-
…%L м%дел, “ медле……% ,ƒме… ю?,м,“  C=!=-
ме2!=м,, ƒ=",“ ?,м, %2 3“л%",L %K!=K%2*,. o% 
д=……%L м%дел, "%ƒм%›…= д,=г…%“2,*= C=!=ме2-
!%" C!%це““= }on *=* .ле*2!,че“*%L …=г!3ƒ*,, 
C%ƒ"%л ю?=  ="2%м=2,ƒ,!%"=2ь 2е.…%л%г,че“*,L 
C!%це““ , 3л3чш,2ь C%…,м=…,е ме.=…,ƒм=  "ле-
…,L C!, }on.

`"2%!/ "/!=›=ю2 Kл=г%д=!…%“2ь tеде!=ль…%м3 
=ге…2“2"3 C% …=3*е , ,……%"=ц, м, C!, -,…=…“%-
"%L C%дде!›*е *%2%!%г% K/л= "/C%л…е…= !=K%2= 
C% г%“3д=!“2"е……%м3 *%…2!=*23 1 02.444.11.7245 
" .%де “%"ме“2…/. ,““лед%"=…,L " r…,"е!“,2е2е 
xе--,лд= (bел,*%K!,2=…, ). 

a,Kл,%г!=-,че“*,е ““/л*,
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p`q)HŠ noŠhl`k|mni }kejŠpnopnbndmnqŠh pe`jŠnpnb q opnŠn)m{lh 
ŠpHulepm{lh }kejŠpnd`lh

o!,"ед‘… =лг%!,2м !=“ч‘2= .ле*2!%C!%"%д…%“2, 2"‘!д%L -=ƒ/ “,“2ем/ *=* -3…*ц,, 
*%%!д,…=2/ C% 2%л?,…е .ле*2!%д= дл  %Kе“Cече…,  !="…%ме!…%г% !=“C!еделе…,  .ле*2!%-
.,м,че“*%г% C!%це““= C% 2%л?,…е 2!‘.ме!…%г% C%!,“2%г% .ле*2!%д= (Šo}). o!%"еде…% 
ч,“ле……%е ,““лед%"=…,е ƒ=*%…%ме!…%“2еL !=K%2/ Šo} C!, !=ƒл,ч…%м !=“C!еделе…,, .ле*-
2!%C!%"%д…%“2, C% 2%л?,…е C!%2%ч…%г% .ле*2!%д=.

jлюче"/е “л%"=: .ле*2!%.,м,че“*=  “,“2ем=, C%!,“2/L .ле*2!%д, м=2ем=2,че“*=  м%дель, %C2,-
м,ƒ=ц, , =лг%!,2м !=“ч‘2=.

Electroconductivity calculation algorithm of the hard phase system as coordinate function along 
thickness of the three-dimensional porous electrode (TDPE) is adduced. Numerical research of the 
TDPE work appropriateness with electroconductivity different distribution along thickness of the 
porous electrode is accomplished.

Key words: electrochemical system, porous electrode, mathematical model, optimization, calculation 
algorithm.

}ле*2!%.,м,че“*,е !е=*2%!/ “ 2!‘.ме!…/м 
C%!,“2/м .ле*2!%д%м (Šo}) …= %“…%"е 3гле!%д-
…/. "%л%*…,“2/. м=2е!,=л%" (rbl) ,“C%льƒ3ю2-
“  дл  ,…2е…“,-,*=ц,, !=ƒл,ч…/. %*,“л,2ель-
…%-"%““2=…%",2ель…/. C!%це““%", " 2%м ч,“ле 
дл  ,ƒ"лече…,  ме2=лл%" ,ƒ !=“2"%!%" .ле*2!%л,-
2%" [1#3]. nд…%L ,ƒ %“…%"…/. ƒ=д=ч %C2,м,ƒ=ц,, 
!=K%2/ 2=*%г% !%д= !е=*2%!%"  "л е2“  %Kе“Cече-
…,е "/“%*%L .--е*2,"…%“2, .ле*2!%.,м,че“*%г% 
C!%це““=, ч2% C%д!=ƒ3ме"=е2 !="…%ме!…%е %“=›-
де…,е ме2=лл= …= !е=*ц,%……%L C%"е!.…%“2, “ "/-
“%*%L “*%!%“2ью.

dл  …=.%›де…,  %C2,м=ль…/. 3“л%",L .ле*-
2!%л,ƒ= 2!еK3е2“  ,ƒ3че…,е -,ƒ,*%-.,м,че“*,. 
ƒ=*%…%ме!…%“2еL C!%це““= "%““2=…%"ле…,  .ле*-
2!%=*2,"…/. *%мC%…е…2%" …= Šo}. o!, .2%м 
K%льш%е ƒ…=че…,е ,мее2 3ч‘2 ,ƒме…е…,  C=!=ме2-
!%", .=!=*2е!,ƒ3ю?,. “,“2ем3 &.ле*2!%д # !=“-
2"%![, " 2ече…,е C!%2е*=…,  C!%це““= (…=C!,ме!, 
.ле*2!%C!%"%д…%“2, 2"‘!д%L , ›,д*%L -=ƒ, *%.--
-,ц,е…2= м=““%Cе!е…%“=, C%!,“2%“2,, !е=*ц,%…-
…%L C%"е!.…%“2,, л,…еL…%L “*%!%“2, C!%2%*= 
.ле*2!%л,2=, = 2=*›е *,…е2,че“*,. C=!=ме2!%" 
C!%це““=). b“е .2, C=!=ме2!/ ,мею2 !=“C!еде-
л‘……/L .=!=*2е! C% 2%л?,…е .ле*2!%д= [1, 4, 5].

nд…,м ,ƒ .--е*2,"…/. 3C!="л ю?,. C=!=-
ме2!%" !=K%2/ .ле*2!%.,м,че“*%L “,“2ем/ “ 
Šo}  "л е2“  .ле*2!%C!%"%д…%“2ь м=2е!,=л=, ,ƒ 
*%2%!%г% ,ƒг%2%"ле… .ле*2!%д. m=,K%льш,L ,…-
2е!е“ C!ед“2="л е2 “л3ч=L, *%гд= " *=че“2"е м=2е-
!,=л= *=2%д= ,“C%льƒ3е2“  rbl “ …е%д,…=*%"/-
м, .ле*2!%C!%"%д ?,м, “"%L“2"=м, " !=ƒл,ч…/. 
2%ч*=. C% 2%л?,…е Šo}.

Š=*%г% !%д= .ле*2!%д/ м%г32 K/2ь ,ƒ rbl “ 
!=ƒ…/м ,“.%д…/м “%C!%2,"ле…,ем. n“…%"…/м 
…ед%“2=2*%м .2,. .ле*2!%д%"  "л е2“  …=л,ч,е 
Cе!е.%д…/. г!=…,ц, ч2% C!ед%C!едел е2 “*=ч%* 
.ле*2!%C!%"%д…%“2, " %Kл=“2, *%…2=*2= “л%е" 
rbl. b …=“2% ?ее "!ем  "%ƒм%›…% ,“C%льƒ%"=2ь 
3гле!%д…/е "%л%*…,“2/е .ле*2!%д/ “ …еC!е!/"-
…% ,ƒме… ю?еL“  C% 2%л?,…е .ле*2!%д= .ле*-
2!%C!%"%д…%“2ью. }ле*2!%д/ 2=*%г% ",д= м%›…% 
C%л3ч,2ь *=2%д…%L ,л, =…%д…%L %K!=K%2*%L ,“-
.%д…%г% м=2е!,=л= " !=“2"%!=. *,“л%2/, ?‘л%ч, 
,л, “%л,. o!%-,ль .ле*2!%C!%"%д…%“2, C% 2%л-
?,…е .ле*2!%д= %Kе“Cеч,"=е2“  !е›,м%м .ле*-
2!%л,ƒ=, C!,!%д%L , “%“2="%м .ле*2!%л,2= , ",-
д%м ,“.%д…%г% rbl [6, 7].

 m=,K%лее .--е*2,"…/м =CC=!=2%м ,““лед%"=-
…,  , C%дK%!= %C2,м=ль…/. 3“л%",L -3…*ц,%…,-
!%"=…,  Šo}  "л е2“  м=2ем=2,че“*%е м%дел,-
!%"=…,е. b !=K%2е [5] ,ƒл%›е…/ %“…%"…/е C%д.%-
д/ , C!%г!=мм= ,““лед%"=…,L ƒ=*%…%ме!…%“2еL 
-3…*ц,%…,!%"=…,  Šo} ,ƒ rbl ме2%д=м, м=2е-
м=2,че“*%г% м%дел,!%"=…,  , .*“Cе!,ме…2=ль-
…/м, ме2%д=м, дл  !=ƒл,ч…/. %*,“л,2ель…%-
"%““2=…%",2ель…/. C!%це““%", " 2%м ч,“ле дл  
.ле*2!%%“=›де…,  ме2=лл%". b !=K%2е [8] %C,“=…= 
C%“2=…%"*= ƒ=д=ч, %C2,м=ль…%г% 3C!="ле…, , где 
" *=че“2"е 3C!="л ю?ег% "%ƒдеL“2",  "/K!=…= 
ƒ=",“,м%“2ь .ле*2!%C!%"%д…%“2, 3глег!=-,2%"%L 
%“…%"/ C!%2%ч…%г% .ле*2!%д= , …=мече…/ C32, 
!еше…,  ƒ=д=ч,.

nд…=*% C!, !е=л,ƒ=ц,, !=ƒ!=K%2=……/. ме2%-
д%" …=.%›де…,  %C2,м=ль…%г% !=“C!еделе…,  
.ле*2!%C!%"%д…%“2, rbl "%ƒ…,*=ю2 2!3д…%“2,. 
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b%-Cе!"/., !=“ч‘2 %C2,м=ль…%г% м=2ем=2,че“*%-
г% 3C!="ле…,   "л е2“  “л%›…%L ƒ=д=чеL "/ч,“-
л,2ель…%L м=2ем=2,*,. o!, ,“C%льƒ%"=…,, C!ед-
л%›е……%г% C%д.%д= …е%K.%д,м% 3ч,2/"=2ь “Cе-
ц,-,*3 *=›д%L *%…*!е2…%L ,““лед3ем%L “,“2ем/ 
C!, C!%"еде…,, !=“ч‘2%", 2. е. 2=*%L ме2%д …=,-
K%лее .--е*2,"е… C!, !еше…,, *%…*!е2…%L ƒ=-
д=ч, %C2,м,ƒ=ц,, .ле*2!%C!%"%д…%“2, .ле*2!%-
д=. b%-"2%!/., дл  %C!еделе…,  .ле*2!%C!%"%д-
…%“2, Šo} *=* !еше…,  ƒ=д=ч, %C2,м=ль…%г% 
м=2ем=2,че“*%г% 3C!="ле…,  …е%K.%д,м% …=ч=ль-
…%е C!,Kл,›е…,е * !еше…,ю, д%“2=2%ч…% Kл,ƒ-
*%е * %C2,м=ль…%м3. b C!%2,"…%м “л3ч=е ,2е!=-
ц,%……/L C!%це““ %C2,м,ƒ=ц,, м%›е2 …е C!,"е“-
2, * %C2,м=ль…%м3 !еƒ3ль2=23.

0ель д=……%L !=K%2/ # C%“2!%е…,е =лг%!,2м= 
!=“ч‘2= .ле*2!%C!%"%д…%“2, 2"‘!д%L -=ƒ/ “,“2е-
м/ *=* -3…*ц,, *%%!д,…=2/ C% 2%л?,…е .ле*-
2!%д= дл  %Kе“Cече…,  !="…%ме!…%г% !=“C!еделе-
…,  .ле*2!%.,м,че“*%г% C!%це““= C% 2%л?,…е 
Šo}. o!, .2%м C!едл=г=е2“  !еш=2ь ƒ=д=ч3 *=* 
ƒ=д=ч3 м=2ем=2,че“*%г% C!%г!=мм,!%"=…, , = …е 
*=* %C2,м=ль…%г% 3C!="ле…, . 

j!%ме 2%г%, ч,“ле……% ,““лед%"=л,“ь ƒ=*%…%-
ме!…%“2, !=K%2/ Šo} C!, !=ƒ…%м !=“C!еделе…,, 
.ле*2!%C!%"%д…%“2, C% 2%л?,…е C!%2%ч…%г% 
.ле*2!%д=. p="…%ме!…%е !=“C!еделе…,е .ле*2!%-
.,м,че“*%г% C!%це““= C% 2%л?,…е .ле*2!%д= 
%“%Kе……% "=›…% C!, .ле*2!%%“=›де…,, ме2=лл%" 
…= rb}, 2=* *=* %…% %C!едел е2 м=*“,м=ль…% 
"%ƒм%›…%е *%л,че“2"% ме2=л=, %“=›д=ем%г% …= 
ед,…,ц3 м=““/ .ле*2!%д=.

m,›е C!,"ед‘… "/"%д д,--е!е…ц,=ль…%г% 
3!="…е…, , “" ƒ/"=ю?ег% -3…*ц,, Cл%2…%“2, 
2%*= J(x) , C%2е…ц,=л= E(x) " *=›д%L 2%ч*е x 
Šo}, *%гд= 3дель…=  .ле*2!%C!%"%д…%“2ь 2"‘!-
д%L -=ƒ/ χŠ е“2ь -3…*ц,  %2 *%%!д,…=2/ χŠ(x).

b"ед‘м %K%ƒ…=че…, :
JŠ(x) # Cл%2…%“2ь 2%*= " 2"‘!д%L -=ƒе C%!,“-

2%L “,“2ем/ " 2%ч*е .ле*2!%д= x;
J›(x) # Cл%2…%“2ь 2%*= " ›,д*%L -=ƒе C%!,“2%L 

“,“2ем/ " 2%ч*е .ле*2!%д= x;
J(x) # %K?=  Cл%2…%“2ь 2%*= " 2%ч*е .ле*-

2!%д= x;
aχŠ(x), aχ›(x) # 3дель…/е “%C!%2,"ле…,  2"‘!д%L 

, ›,д*%L -=ƒ;
E(x) # C%2е…ц,=л " 2%ч*е .ле*2!%д= “ *%%!д,-

…=2%L x;
Sv # 3дель…=  !е=*ц,%……=  C%"е!.…%“2ь;
E ′(x) # C!%,ƒ"%д…=  %2 C%2е…ц,=л= C% Cе!е-

ме……%L x;
E ″(x) # "2%!=  C!%,ƒ"%д…=  %2 C%2е…ц,=л= C% 

Cе!еме……%L x;
χ ′Š(x), aχ ′›(x) # C!%,ƒ"%д…/е C% x %2 3дель…/. 

“%C!%2,"ле…,L 2"‘!д%L , ›,д*%L -=ƒ;
Ja ′Š(x), aJ ′›(x) # C!%,ƒ"%д…/е %2 Cл%2…%“2еL 

2%*=.

b “%%2"е2“2",, “ ,ƒ"е“2…/м, C%л%›е…, м, 
[11], е“л, χŠ(x), χa›(x) *%…“2=…2/, 2%

JŠ(x) + J›(x) = 0; (1)

( ) ( )x x
−

χ χ
Š ›

Š ›

J J
 = E ′(x); (2)

J a ′Š(x) = Sv Js(x); (3)

# aJ  ′›(x) = Sv Js(x). (4)

o!едC%л%›,м, ч2%  T
T

1( )
( )

x
x

ρ =
χ

;  ж
ж

1( )
( )

x
x

ρ =
χ

,

2%гд= "/!=›е…,е (2) ƒ=C,ше2“  " ",де

JT(x) ρT(x) # J›(x) ρ›(x) = E ′(x). (5)

o!, д,--е!е…ц,!%"=…,, .2%г% "/!=›е…,  C%-
л3ч,м

E ″(x)=(JT(x) ρT(x)#J›(x) ρ›(x))′ ⇔

E ″(x)=J a ′Š(x) ρT(x)+JT(x) ρ ′T(x) #

# J  ′›(x) ρ›(x)# J›(x) ρ ′a›(      x).

qлед%"=2ель…%, ,ƒ "/!=›е…,L (3) , (4) C%л3-
ч,м

E ″(x)=SvJs(x)(ρT(x)+ ρ›(x))+ JT(x) ρ′T(x)#

#J  ′›(x)ρ ′⎛›(x). (6)

o!едC%л%›,м, ч2% ρ› # *%…“2=…2= ,, “лед%"=-
2ель…%, ρ ′a›(x) = 0.

pеш=  3!="…е…,  (1) , (5) *=* “,“2ем3 3!="…е-
…,L %2…%“,2ель…% "ел,ч,… JT(x), J›(x) , C%д“2="-
л   !еше…,  " "/!=›е…,е (6), C%л3ч,м

E ″(x)=SvJs(x)(ρT(x)+ ρ›(x))+

+ 
 ж  T

1
( ) ( )x xρ +ρ  × E ′(x)ρ ′T(x). (7)

oе!е.%д  * 3дель…/м “%C!%2,"ле…, м, %*%…-
ч=2ель…% ,меем

2
T

2
T T

( )
( ) ( ( ) )

xd E dE
x x dxdx

T

1 1 ( )
( )v sS J x
x

. (8)
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hƒме…е…,е C!%-,л  .ле*2!%C!%"%д…%“2, .ле*-
2!%д= 3ч,2/"=л%“ь C% “C%“%K3, %C,“=……%м3 " !=-
K%2е [10].

t3…*ц,  J(x) " %K?ем “л3ч=е м%›е2 K/2ь C!ед-
“2="ле…= *=* -3…*ц,  C%2е…ц,=л= .ле*2!%д= , 
*%…це…2!=ц,, .ле*2!%=*2,"…%г% *%мC%…е…2= 
C(x):

0( ) [exp( ( ) / ) exp(( 1) ( ) /J x j ZFE x RT ZFE x= α − α −

0/ )] [1 exp( ( ) / ) / ( )]mRT j ZFE x RT ZFK C x+ α . (9)

j!%ме 2%г%, Cл%2…%“2ь 2%*= J(x) , *%…це…2!=-
ц,  .ле*2!%=*2,"…%г% *%мC%…е…2= C(x) “" ƒ=…/ 
3!="…е…,ем

( )vSdC J x
dx wZF

= − . (10)

b 3!="…е…, . (9) , (10) j0 # Cл%2…%“2ь 2%*= %K-
ме…=; Km # *%.--,ц,е…2 м=““%Cе!е…%“= 

(Km=1,9.10-2w0,35) [9]; w # л,…еL…=  “*%!%“2ь C!%-
2%*= .ле*2!%л,2=.

m=ч=ль…/е , г!=…,ч…/е 3“л%",  ƒ=C,шем " 
",де

T
(0)

(0)
JdE

dx
; ( )

JdE L
dx

; C(0)=C0. (11)

r!="…е…,  (8) # (11) C%л…%“2ью %C,“/"=ю2 
!=“C!еделе…,е C%2е…ц,=л= , 2%*= " C%!=. Šo} 
C!, .ле*2!%%“=›де…,, %д…%г% *%мC%…е…2=, е“л, 
C!е…еK!ечь C!%це““%м "/деле…,  "%д%!%д=, *%-
2%!/L C!, …е%K.%д,м%“2, м%›е2 K/2ь 3ч2‘….

Š=*,м %K!=ƒ%м, ƒ=д=ч= ƒ=*люч=е2“  " %C!еде-
ле…,, -3…*ц,, χT(x), ч2%K/ !еше…,е 3!="…е…,L 
(8) # (11) 3д%"ле2"%! л% *!,2е!,ю …=,л3чшеL 
!="…%ме!…%“2, !=“C!еделе…,  2%*=:

0

0

( )

( ) min

L

L E x dx

E x dx
L

− →
∫

∫ . (12)

t3…*ц,ю !=“C!еделе…,  .ле*2!%C!%"%д…%“2, 
rbl C% 2%л?,…е C%!,“2%г% .ле*2!%д=, ",д *%2%-
!%L …е%K.%д,м дл  C!%"еде…,  ч,“ле……/. .*“Cе-
!,ме…2%", C!,…,м=л, *=* C%“2% ……%L, 2=* , " 
",де л,…еL…%L , *"=д!=2,ч…%L ƒ=",“,м%“2, χT  
%2 *%%!д,…=2/ .. 

e“л, ƒ=",“,м%“2ь .ле*2!%C!%"%д…%“2, 2"‘!д%L 
-=ƒ/ χT %2 *%%!д,…=2/ C% 2%л?,…е .ле*2!%д= x 
C!ед“2=",2ь " ",де C=!=K%л/ χT(x)=Ax2+Bx+C, 
2%, "/K!=" %C2,м=ль…/м %K!=ƒ%м *%.--,ц,е…2/ 
`, b , q, м%›…% 3л3чш,2ь !="…%ме!…%“2ь !=“C!е-

деле…,  .ле*2!%.,м,че“*%г% C!%це““= C% %KA‘м3 
.ле*2!%д=. 

g=ме2,м, ч2% е“л, C!,…3д,2ель…% C!,… 2ь ` = 0, 
b = 0, 2% C%“ле %C2,м,ƒ=ц,, C%л3ч,м ƒ…=че…,е 
χT(x) " ",де C%“2% ……%L "ел,ч,…/, = е“л, 2%ль*% 
` = 0, 2% " ",де л,…еL…%L -%!м/.

Š=*,м %K!=ƒ%м, " м=2ем=2,че“*%L C%“2=…%"*е 
C%л3ч=ем ƒ=д=ч3 м…%г%ме!…%L %C2,м,ƒ=ц,, “ …е-
л,…еL…/м *!,2е!,ем (12). b *=че“2"е %г!=…,че-
…,L …= C=!=ме2!/ %C2,м,ƒ=ц,, , !еше…,е C!,-
…,м=л,“ь е“2е“2"е……/е %г!=…,че…,  …= ƒ…=че…,  
C%2е…ц,=л= .ле*2!%д= , ег% .ле*2!%C!%"%д…%“2ь.

g=д=ч= %C2,м,ƒ=ц,, !еш=л=“ь " д"= .2=C=. q…=-
ч=л= …=.%д,л, C!,Kл,›е…,е * %C2,м=ль…/м ƒ…=-
че…, м *%.--,ц,е…2%" -3…*ц,, aχT(x) ме2%д%м 
Cе!еK%!= “лед3ю?,м %K!=ƒ%м. q2!%,л, г!=-,*, 
где %“ь x “%%2"е2“2"3е2 2%л?,…е .ле*2!%д=, = %“ь y 
# ƒ…=че…, м .ле*2!%C!%"%д…%“2, .ле*2!%д=. o%-
%че!ед…% "е!ш,…3 C=!=K%л/ C%ме?=л, " *=›д/L 
3ƒел “е2*,, " ƒ=",“,м%“2, %2 ƒ…=че…,  *%.--,ц,-
е…2= C, = ƒ=2ем "/ч,“л л,“ь ƒ…=че…,  *%.--,ц,-
е…2%" A , B. d=лее !еш=л, “,“2ем3 д,--е!е…ц,-
=ль…/. 3!="…е…,L , "/ч,“л л, *!,2е!,L %C2,-
м,ƒ=ц,,. o% %*%…ч=…,, Cе!"%г% .2=C= K/л, …=L-
де…/ ƒ…=че…,  *%.--,ц,е…2%" A, B , C, C!, *%-
2%!/. *!,2е!,L %C2,м,ƒ=ц,, ,мее2 м,…,м=ль…% 
"%ƒм%›…%е ƒ…=че…,е C% C!,… 2%м3 =лг%!,2м3. 
}2, ƒ…=че…,  C!ед“2="л ю2 “%K%L …е*%2%!%е C!,-
Kл,›е…,е * %C2,м3м3, C%.2%м3 д=лее ,. 32%ч… л, 
ме2%д%м C%*%%!д,…=2…%г% C%,“*=. j!%ме 2%г%, 
C!, !еше…,, ƒ=д=ч, %C2,м,ƒ=ц,, …= *=›д%м ш=ге 
“лед,л,, ч2%K/ ƒ…=че…,  .ле*2!%C!%"%д…%“2, …=-
.%д,л,“ь " ƒ=д=……/. д%C3“2,м/. г!=…,ц=..

nC,“=……/L =лг%!,2м !еше…,  ƒ=д=ч, C%ƒ"%-
л е2, "%-Cе!"/., “"е“2, %C2,м,ƒ=ц,ю * …=,ме…ь-
шем3 ч,“л3 ш=г%" ,, "%-"2%!/., %2“ле›,"=2ь "“е 
л%*=ль…/е м,…,м3м/ целе"%L -3…*ц,,. 

m= *=›д%м ш=ге ,2е!=ц,%……%г% C!%це““= C%,“-
*= %C2,м3м= !еш=л=“ь ƒ=д=ч= j%ш, дл  “,“2ем/ 
д,--е!е…ц,=ль…/. 3!="…е…,L (8) # (11). o!,-
ч‘м, дл  е‘ !еше…,  *=›д/L !=ƒ …е%K.%д,м% …=-
.%д,2ь …ед%“2=ю?ее …=ч=ль…%е 3“л%",е e(0). 
q,“2ем= д,--е!е…ц,=ль…/. 3!="…е…,L !еш=л=“ь 
ме2%д%м p3…ге#j322=. mед%“2=ю?ее …=ч=ль…%е 
3“л%",е …=.%д,л, ,ƒ"е“2…/м " "/ч,“л,2ель…%L 
м=2ем=2,*е &ме2%д%м “2!ельK/[. 

o!%г!=мм= "/ч,“ле…,L "/C%л…е…= " ,…2ег!,-
!%"=……%L "/ч,“л,2ель…%L “!еде MathCad. Š=м 
›е C%“2!%е…/ "“е г!=-,че“*,е ƒ=",“,м%“2,.

o=!=ме2!/ .ле*2!%д= , .ле*2!%л,2=, ,“C%ль-
ƒ3ем/е C!, C!%"еде…,, !=“ч‘2%", “%%2"е2“2"%"=-
л, “,“2еме дл  ,ƒ"лече…,  “е!еK!= ,ƒ 2,%м%че-
",……/. !=“2"%!%" …= .ле*2!%д ,ƒ rbl (2=Kл. 1).

o!, !=“ч‘2=. ,“C%льƒ%"=л“  .ле*2!%д “ 2/ль-
…/м 2%*%C%д"%д%м , 2/ль…%L C%д=чеL !=“2"%!= " 
.ле*2!%д, 2. е. …=,K%лее !=“C!%“2!=…‘……=  " C!=*-
2,*е *%…“2!3*ц,  .ле*2!%.,м,че“*,. !е=*2%!%" “ 
3гле!%д…%-"%л%*…,“2/м, .ле*2!%д=м, (rb}) [2].
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m=,л3чш,е !еƒ3ль2=2/ !=“ч‘2%" %C2,м=ль…%г% 
!=“C!еделе…,  .ле*2!%C!%"%д…%“2, C% 2%л?,…е 
%KA‘м…%-C%!,“2%г% .ле*2!%д=, .=!=*2е!,ƒ3ем/е 
!="…%ме!…%“2ью !=“C!еделе…,  “е!еK!= C% 2%л-
?,…е .ле*2!%д= , “2еCе…ью ег% ,ƒ"лече…, , C!,-
"еде…/ " 2=Kл. 2.

g=ме2,м, ч2% дл  "“е. C!,"ед‘……/. C=!=ме2!%" 
C!%це““= “2еCе…ь ,ƒ"лече…,  “е!еK!= ,ƒ !=“2"%!= 

"/ч,“л л=“ь C% -%!м3ле R = 1# 

0C
CL  C!, %д…%-

*!=2…%м C!%.%›де…,, !=“2"%!= “*"%ƒь %KA‘м 
.ле*2!%д=.

m= !,“. 1 , 2 C!,"еде…/ *!,"/е !=“C!еделе…,  
.ле*2!%C!%"%д…%“2,, ,ллю“2!,!3ю?,е !=“ч‘2/, 
C!,"ед‘……/е " 2=Kл. 2, , “%%2"е2“2"3ю?,е ,м 
*!,"/е !=“C!еделе…,  C%2е…ц,=л=.

b “2!%*=. 1#3 2=Kл. 2 C!,"еде…/ .=!=*2е!,“2,-
*, л,…еL…%г% !=“C!еделе…,  .ле*2!%C!%"%д…%-
“2, %“…%"/ Šo}, = …= !,“. 1 # “%%2"е2“2"3ю?,е 
,м !еƒ3ль2=2/ !=“ч‘2%" !=“C!еделе…,  C%2е…ц,=-

Š=Kл,ц =  1

o=!=ме2!/ .ле*2!%д= , .ле*2!%л,2=, ,“C%льƒ3ем/е C!, C!%"еде…,, !=“ч‘2%"

o=!=ме2! nK%ƒ…=че…,е g…=че…,е p=ƒме!…%“2ь

}ле*2!%C!%"%д…%“2ь .ле*2!%л,2= χ› 0,1 qм.a“м#1

q*%!%“2ь C!%2%*= !=“2"%!= w 0,5 “м/“

rдель…=  !е=*ц,%……=  C%"е!.…%“2ь Sv 300 “м2/“м3

Š%* %Kме…= j0 10#5 `/“м2

c=K=!,2…=  Cл%2…%“2ь 2%*= J“! 0,2 `/“м2

j%…це…2!=ц, C0 10#5 м%ль/“м3

j%.--,ц,е…2 Cе!е…%“= α 0,5 #

g=! д ,%…= Z 1 #

Š%л?,…= .ле*2!%д= L 0,4 “м

p="…%"е“…/L C%2е…ц,=л “е!еK!= e! #0,07 b

Š=Kл,ц =  2

m=,л3чш,е !еƒ3ль2=2/ !=“ч‘2%" %C2,м=ль…%г% !=“C!еделе…,  .ле*2!%C!%"%д…%“2, 
C% 2%л?,…е %KA‘м…%-C%!,“2%г% .ле*2!%д=

1 
C/C

χT(x)=Ax2+Bx+C o%*=ƒ=2ель
!="…%ме!…%“2,, 

j!

q2еCе…ь
,ƒ"лече-
…, , R

o!,меч=…,е

A B C

b,д -3…*ц,, p=“C%-
л%›е…,е 
"е!ш,-

…/

m=C!="ле…,е 
"е2"еL

min 
-3…*-
ц,,

max 
-3…*-
ц,,

1 0,2 0,011304 0,424 o! м= 0,2 0,2

2 0,25 0,1 0,012850 0,465
b%ƒ!=“2=ю-
?=  C! м= 

0,1 0,2

3 #1 0,5 0,009508 0,284
rK/"=ю?=  
C! м= 

0,1 0,5

4 #22,5 9 0,1 0,008740 0,419 o=!=K%л= b це…2!е b…,ƒ 0,1 1

5 10 # 4 0,7 0,015652 0,431 o=!=K%л= b це…2!е b"е!. 0,3 0,7

6 #1,315 0,026 0,3 0,0090009 0,317 o=!=K%л=
qле"=

. = 0,01
b…,ƒ 0,1 0,3

7 2,63 #0,053 0,3 0,0135555 0,483 o=!=K%л=
qле"=

. = 0,01
b"е!. 0,3 0,7

8 #0,625 0,5 0,1 0,0125456 0,495 o=!=K%л= qC!="= b…,ƒ 0,1 0,2

9 5,625 -4,5 1 0,0115009 0,254 o=!=K%л= qC!="= b"е!. 0,1 1
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л= , 2%*= C% 2%л?,…е .ле*2!%д=. hƒ !=““м%2!е…-
…/. "=!,=…2%" л3чш,м “ 2%ч*, ƒ!е…,  !="…%ме!-
…%“2, !=“C!еделе…,  2%*= C% 2%л?,…е .ле*2!%д= 
 "л е2“  !=“C!еделе…,е aχT(x) " ",де 3K/"=ю?еL 
л,…еL…%L -%!м/. u=!=*2е! !=“C!еделе…,  C%-
2е…ц,=л= C% 2%л?,…е .ле*2!%д= дл  л,…еL…/. 
C!%-,леL .ле*2!%C!%"%д…%“2, C% 2%л?,…е .ле*-
2!%д= л%г,че… , “%гл=“3е2“  “ ,ƒ"е“2…/м, 2е%!е-
2,че“*,м, C!ед“2="ле…, м, % !=K%2е Šo}. b 
!=““м=2!,"=ем/. “л3ч= . …=,K%льшее ƒ…=че…,е 
C%2е…ц,=л= …=Kлюд=е2“  …= -!%…2=ль…%L “2%!%…е 
.ле*2!%д=.

b “2!%*=. 4#8 2=Kл. 2 C!,"еде…/ C=!=ме2!/ 
C=!=K%л,че“*,. !=“C!еделе…,L .ле*2!%C!%"%д-
…%“2, Šo} C% 2%л?,…е .ле*2!%д=. o!, .2%м "е!-
ш,…/ C=!=K%л -,*“,!%"=л,“ь " !=ƒ…/. 2%ч*=. 
C% 2%л?,…е .ле*2!%д=. bе2", C=!=K%л/ м%гл, 
K/2ь …=C!="ле…/ *=* ""е!., 2=* , "…,ƒ %2…%“,-
2ель…% *%%!д,…=2…%L %“,. k3чш,L !еƒ3ль2=2 д%“-
2,г…32, *%гд= C=!=K%л= %!,е…2,!%"=…= "/C3*л%-
“2ью ""е!.. 

)2%K/ 3Kед,2ь“ , ч2% д=……=  2е…де…ц,  “%.!=-
… е2“  …еƒ=",“,м% %2 ,“.%д…/. д=……/., K/л, 
C!%"еде…/ !=“ч‘2/ “ д!3г,м ƒ…=че…,ем .ле*2!%-

p,“. 1. p=“C!еделе…,е .ле*2!%.,м,че“*,. -3…*ц,L C!, л,…еL…%L -%!ме
!=“C!еделе…,  .ле*2!%C!%"%д…%“2, 2!‘.ме!…%г% C%!,“2%г% .ле*2!%д=:

= #.ле*2!%C!%"%д…%“2,; K #C%2е…ц,=л=; " # 2%*=;
1#3 # !=“C!еделе…, , “%%2"е2“2"3ю?,е “2!%*=м 1# 3 2=Kл. 2.

3

2

1

0 0,1 0,2 0,3 0,4

0,1 

0,2 

0,3 

0,4 

0,5 

1),( −⋅x

)

3

2

1

0 0,1 0,2 0,3 0,4

0,2

0,25

0,3

0,35 

0,4

(x), 

)

3

2

1

0 0,1 0,2 0,3 0,4

0,002 

0,004 

J(x), /

0,006 

)

L, “м L, “м

L, “м

0,5

0,4

0,3

0,2

0,1

0,4

0,35

0,3

0,25

0,2

1

3

2

1

2

3

1

2

3

=)                                                                         K)

 ")
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p,“. 2. p=“C!еделе…,е .ле*2!%.,м,че“*,. -3…*ц,L C!, C=!=K%л,че“*%L -%!ме
!=“C!еделе…,  .ле*2!%C!%"%д…%“2, 2!‘.ме!…%г% C%!,“2%г% .ле*2!%д=:

= # .ле*2!%C!%"%д…%“2,; K # C%2е…ц,=л=; " # 2%*=;
1#6 # !=“C!еделе…, , “%%2"е2“2"3ю?,е “2!%*=м 4#9 (“м. 2=Kл. 2).

C!%"%д…%“2, ›,д*%L -=ƒ/ (χ›=0,2 qм.“м-1). pе-
ƒ3ль2=2/ C%*=ƒ=…/ " 2=Kл. 3.

pеƒ3ль2=2/ !=“ч‘2%" C%ƒ"%л ю2 “дел=2ь "/"%д 
% 2%м, ч2% л3чш,м, ,ƒ !=““м%2!е……/. -%!м *!,-
"/. !=“C!еделе…,  .ле*2!%C!%"%д…%“2,  "л ю2“  
3K/"=ю?=  л,…еL…=  (“2!%*= 3 2=Kл. 2 , 3) , "/-
C3*л=  ""е!. C=!=K%л,че“*=  (“2!%*= 4 2=Kл. 2 , 
3) ƒ=",“,м%“2, χŠ(x). bме“2е “ 2ем “лед3е2 %2ме-
2,2ь, ч2% !="…%ме!…%е !=“C!еделе…,е .ле*2!%.,-
м,че“*%г% C!%це““= C% 2%л?,…е .ле*2!%д= …е 
%K3“л%"л,"=е2 "/“%*3ю “2еCе…ь ,ƒ"лече…,  ме-
2=лл= (R). m=,K%лее !="…%ме!…%е !=“C!еделе…,е 

.ле*2!%.,м,че“*%г% C!%це““= дл  "/K!=……%L 
“,“2ем/ (.ле*2!%%“=›де…,е “е!еK!= ,ƒ “е!…%*,“-
л%г% 2,%м%че",……%г% !=“2"%!=) “%%2"е2“2"3е2 C=-
!=K%л,че“*%м3 ,ƒме…е…,ю 3дель…%L .ле*2!%C!%-
"%д…%“2, C% 2%л?,…е .ле*2!%д=. nKе“Cече…,е 
д%“2=2%ч…% !="…%ме!…%г% !=“C!еделе…,  C!%це“-
“= %“=›де…,  “е!еK!= C% 2%л?,…е .ле*2!%д= , ег% 
"/“%*%L “2еCе…, ,ƒ"лече…,  (> 0,4) C!, %д…%-
*!=2…%м C!%.%›де…,, !=“2"%!= “*"%ƒь %KA‘м 
.ле*2!%д= 2=*›е .=!=*2е!…% дл  C=!=K%л,че“*%г% 
C!%-,л  .ле*2!%C!%"%д…%“2, “% “ме?‘……%L %2 
це…2!= "е!ш,…%L C=!=K%л/.

3

2

1

0 0,1 0,2 0,3 0,4

0,5

1,0 

1),( −⋅x

4

5

6

)

3
2

1

0 0,1 0,2 0,3 0,4 

0,2

0,25

0,3

0,35

0,4

(x), 

0,15

4

5

6

)

3

2

1

0 0,1 0,2 0,3 0,4

0,002 

0,004 

J(x), /

0,006 

4

5

6

)

L, “м L, “м

L, “м

0,4

0,35

0,3

0,25

0,2

0,15

1,0

0,5

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

=)                                                                         K)

 ")
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Š=Kл,ц =  3

m=,л3чш,е !еƒ3ль2=2/ !=“ч‘2%" %C2,м=ль…%г% !=“C!еделе…,  .ле*2!%C!%"%д…%“2, C% 2%л?,…е %KA‘м…%-C%!,“2%г% 
.ле*2!%д= (χ›=0,2 qм.“м$1)

1 
C/C

χT(x)=Ax2+Bx+C o%*=ƒ=2ель
!="…%ме!…%“2,, 

j!

q2еCе…ь
,ƒ"лече-
…, , R

o!,меч=…,е

A B C

b,д 
-3…*ц,,

p=“C%-
л%›е…,е 
"е!ш,-

…/

m=C!="ле…,е 
"е2"еL

min 
-3…*-
ц,,

max 
-3…*-
ц,,

1 0,3 0,007569 0,438 o! м= 0,3 0,3

2 0,25 0,3 0,007921 0,467
b%ƒ!=“-
2=ю?=  
C! м= 

0,2 0,3

3 #0,75 0,5 0,006556 0,345
rK/"=ю-
?=  C! м= 

0,2 0,5

4 #20 8 0,2 0,005846 0,435 o=!=K%л= b це…2!е b…,ƒ 0,2 1

5 10 #4 0,7 0,010417 0,447 o=!=K%л= b це…2!е b"е!. 0,3 0,7

6 #1,972 0,039 0,5 0,006277 0,344 o=!=K%л=
qле"=

. = 0,01
b…,ƒ 0,2 0,5

7 2,63 #0,053 0,3 0,008852 0,521 o=!=K%л=
qле"=

. = 0,01
b"е!. 0,3 0,7

8 #0,625 0,5 0,2 0,00799 0,478 o=!=K%л= qC!="= b…,ƒ 0,2 0,3

9 5 #4 1 0,007795 0,295 o=!=K%л= qC!="= b"е!. 0,2 1

Š=Kл,ц =  4

p=“ч‘2/ !=“C!еделе…,  .ле*2!%C!%"%д…%“2, “ …=,K%льшеL “2еCе…ью ,ƒ"лече…,  ме2=лл=

1
C/C

χT(x)=Ax2+Bx+C o%*=ƒ=-
2ель !="…%-
ме!…%“2, 

j!
(C% C%2е…-
ц,=л3)

o%*=ƒ=-
2ель !="…%-
ме!…%“2, 

j!
(C% 2%*3)

q2е-
Cе…ь

,ƒ"ле-
че…,  R

o!,меч=…,е

A B C

b,д 
-3…*-ц,,

p=“C%л%-
›е…,е 

"е!ш,…/

m=C-
!="-
ле…,е 
"е2"еL

min 
-3…*-
ц,,

max 
-3…*-
ц,,

1 1 0,015899 0,000487 0,431 o! м= 1 1

2 1,75 0,1 0,014047 0,000441 0,5949
b%ƒ!=“-
2=ю?=  
C! м= 

0,1 0,2

3 #0,5 0,6 0,013800 0,000422 0,406
rK/-
"=ю?=  
C! м= 

0,1 0,5

4 #10 4 0,3 0,011317 0,000355 0,428 o=!=K%л= b це…2!е b…,ƒ 0,3 0,7

5 22,5 #9 1 0,179936 0,000533 0,4336 o=!=K%л= b це…2!е b"е!. 0,1 1

6
#2,63 0,053 0,7 0,013365 0,000394 0,376 o=!=K%л=

qле"=
. = 0,01

b…,ƒ 0,3 0,7

7
5,917 #0,118 0,101 0,014881 0,000068 0,601 o=!=K%л=

qле"=
. = 0,01

b"е!. 0,1 1

8 #5,63 4,5 0,1 0,013642 0,000067 0,601 o=!=K%л= qC!="= b…,ƒ 0,1 1

9 3,125 #2,5 1 0,015195 0,000085 0,399 o=!=K%л= qC!="= b"е!. 0,5 1
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d=……/е, C!,"ед‘……/е " 2=Kл. 4, C%*=ƒ/"=ю2, 
ч2% "/“%*=  “2еCе…ь ,ƒ"лече…,  “е!еK!= %Kе“Cе-
ч,"=е2“  " 3“л%", . …е%C2,м=ль…/. “ 2%ч*, ƒ!е-
…,  !="…%ме!…%г% !=“C!еделе…,  целе"%г% .ле*-
2!%.,м,че“*%г% C!%це““= C% 2%л?,…е .ле*2!%д=, 
ч2% 2=*›е “%гл=“3е2“  “ 2е%!е2,че“*,м, C!ед“2="-
ле…, м, % -3…*ц,%…,!%"=…,, .ле*2!%д%" ,ƒ 
rbl. hƒ"е“2…%, ч2% "/“%*=  “2еCе…ь ,ƒ"лече…,  
ме2=лл= …= rb} д%“2,г=е2“  " 3“л%", . !=K%2/ 
"“ег% ,л, ƒ…=ч,2ель…%г% %KA‘м= .ле*2!%д= …= C!е-
дель…%м д,--3ƒ,%……%м 2%*е. b .2%м “л3ч=е !=“-
C!еделе…,е C!%це““= C% 2%л?,…е .ле*2!%д=  "л -
е2“  …е!="…%ме!…/м, 2=* *=* C%дч,… е2“  .*“C%-
…е…ц,=ль…%L ƒ=",“,м%“2,.

b 2=Kл. 4 C!ед“2="ле…/ !=“ч‘2/ !=“C!еделе…,  
.ле*2!%C!%"%д…%“2, “ …=,K%льшеL “2еCе…ью ,ƒ-
"лече…,  ме2=лл=. hƒ 2=Kл,ц/ ",д…%, ч2% K%льше 
"“ег% ме2=лл= ,ƒ"ле*=е2“ , *%гд= -3…*ц,  !=“C!е-
деле…,  .ле*2!%C!%"%д…%“2, "%ƒ!=“2=е2 (K3дь 2% 
C! м=  ,л, *!,"=  C=!=K%л/).

nче",д…%, ч2% %C2,м=ль…%е !=“C!еделе…,е 
.ле*2!%C!%"%д…%“2, C% 2%л?,…е .ле*2!%д= K3де2 
%C!едел 2ь“  ,…д,",д3=ль…/м, “"%L“2"=м, “,“-
2ем/ &.ле*2!%д # !=“2"%![ (3дель…%L .ле*2!%C!%-
"%д…%“2ью !=“2"%!= , .ле*2!%д…%г% м=2е!,=л=, 
*,…е2,*%L .ле*2!%д…%г% C!%це““=), 2%л?,…%L 
.ле*2!%д=, !е›,м%м 2%*= , г,д!%д,…=м,*,, …=л,-
ч,ем C=!=ллель…% C!%2е*=ю?,. .ле*2!%д…/. !е-
=*ц,L , д!.

o=!=ме2!/ `, b, q ƒ=",“,м%“2, aχT(x) д%л›…/ 
%C!едел 2ь“  %C2,м,ƒ=ц,еL дл  *=›д%г% *%…*!е2-
…%г% .ле*2!%.,м,че“*%г% C!%це““= .ле*2!%%“=›-
де…,  …= C!%2%ч…/L %KA‘м…%-C%!,“2/L .ле*2!%д.

o!,"ед‘……/е !еƒ3ль2=2/ “",де2ель“2"3ю2 % *%!-
!е*2…%“2, C!едл%›е……%г% C%д.%д= дл  !еше…,  
C%“2="ле……%L ƒ=д=ч, , C%ƒ"%л ю2 " д=ль…еLшем 
!=““м%2!е2ь "л, …,е C=!=ме2!%" .ле*2!%д=, .ле*-
2!%л,2= , C!%це““= .ле*2!%л,ƒ= …= %C2,м=ль…%е 
!=“C!еделе…,е .ле*2!%C!%"%д…%“2, Šo} " C!%це“-
“=., “" ƒ=……/. “ %“=›де…,ем ме2=лл%", “ 3ч‘2%м 
%“…%"…/. C%л%›е…,L C!%"еде…,  ,““лед%"=…,L " 
.2%м …=C!="ле…,,, ,ƒл%›е……/. " !=K%2=. [5, 8].

a,Kл,%г!=-,че“*,е ““/л*,

1. b=!е…ц%" b.j. h…2е…“,-,*=ц,  .ле*2!%.,м,че-
“*,. C!%це““%" / o%д !ед. `.o. Š%м,л%"=. M.: m=3*=, 
1988. q. 94#118. 

2. b=!е…ц%" b.j. }ле*2!%.,м,че“*,е !е=*2%!/ “ 
rb}: !=ƒ!=K%2*= , ,“C%льƒ%"=…,е // u,м,  " ,…2е!е“=. 
3“2%Lч,"%г% !=ƒ",2, . 1997. b/C. 5. q. 147#156.

3. b=!е…ц%" b.j. }ле*2!%л,ƒ “ 2!‘.ме!…/м, .ле*2!%-
д=м, " C!%це““=. !еге…е!=ц,, ме2=лл%" ,ƒ C!%м/"…/. 
!=“2"%!%" г=ль"=…,че“*,. C!%,ƒ"%д“2" // hƒ"е“2,  qn 
`m qqqp. qе!. .,м. …=3*. 1988. b/C. 3. q. 124#131.

4. j%ше" `.m., b=!е…ц%" b.j., j=мK3!г b.c. l=2е-
м=2,че“*%е м%дел,!%"=…,е C!%це““= .ле*2!%%“=›де…,  
ме2=лл%" ,ƒ м…%г%*%мC%…е…2…/. “,“2ем …= C!%2%ч…/е 
%KA‘м…%-C%!,“2/е .ле*2!%д/ // hƒ"е“2,  qn `m 
qqqp. qе!,  .,м. …=3*. 1984. b/C. 17. q. 24#27.

5. b=!е…ц%" b.j., j%ше" `.m. l=2ем=2,че“*%е м%-
дел,!%"=…,е .ле*2!%.,м,че“*,. C!%це““%" " C!%2%ч-
…/. 2!‘.ме!…/. .ле*2!%д=. // hƒ"е“2,  qn ̀ m qqqp. 
qе!,  .,м. …=3*. 1988. 1 17. q. 117#125.

6. b=!е…ц%" b.j., b=!е…ц%"= b.h. hƒме…е…,е 
“"%L“2" 3гле!%д…/. "%л%*…,“2/. м=2е!,=л%" C!, *=-
2%д…%L %K!=K%2*е " *,“л/. , ?ел%ч…/. !=“2"%!=. //  
o!,*л=д…=  .,м, . 1999. 1 4. q. 605#609.

7. b=!е…ц%" b.j., b=!е…ц%"= b.h. l%д,-,*=ц,  
.ле*2!%д…/. “"%L“2" 3гле!%д…/. "%л%*…,“2/. м=2е-
!,=л%" .ле*2!%л,ƒ%м " "%д…/. !=“2"%!=. // }ле*2!%-
.,м, . 2001. Š. 37. q. 811#820. 

8. j%ше" `.m., b=!е…ц%" b.j., cлеLƒе! c.m. j ƒ=д=-
че %C2,м=ль…%г% 3C!="ле…,  C!%це““=м, .ле*2!%л,ƒ= 
" C!%2%ч…/. %KA‘м…%-C%!,“2/. .ле*2!%д=. // }ле*-
2!%.,м, . 1992. Š. 28. q. 1265#1270.

9. aе* p.~., g=м 2,… `.o. j%.--,ц,е…2 м=““%Cе-
!ед=ч, , д%“23C…=  .ле*2!%л,ƒ3 C%"е!.…%“2ь C!%2%ч…/. 
"%л%*…,“2/. 3глег!=-,2%"/. .ле*2!%д%" // }ле*2!%.,-
м, . 1978. Š. 14. q. 1196#1201.

10.  j%ше" `.m., b=!е…ц%" b.j., cлеLƒе! c.m. bл, -
…,е ƒ=C%л…е…,  C!%2%ч…%г% %KA‘м…%-C%!,“2%г% *=2%д= 
%“=›д=ю?,м“  ме2=лл%м …= .ле*2!%C!%"%д…%“2ь 2"‘!-
д%L -=ƒ/ “,“2ем/ &.ле*2!%д#.ле*2!%л,2[ // }ле*2!%-
.,м, . 1992. 1 8. q. 1270#1274.

11.  d=…,ель-aе* b.q. j "%C!%“3 % C%л !,ƒ=ц,, C%-
!,“2/. .ле*2!%д%" // ftu. Š. 22. b/C. 6.

r"=›=ем/е ч,2=2ел,!

oе!еCеч=2*= м=2е!,=л%" ,ƒ ›3!…=л= &`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,[ "%ƒ-

м%›…= C!, %K ƒ=2ель…%м C,“ьме……%м “%гл=“,, !ед=*ц,, ›3!…=л=. o!, .2%м ““/л*= …= 

›3!…=л %K ƒ=2ель…=.
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h.`. e"“ее…*%, *=…д. 2е.…. …=3*, д%ц. (aел%!3““*%-p%““,L“*,L 3…,"е!“,2е2, г. l%г,ле")

327igor@rambler.ru)

dhqoepqhnmm`“ n0emj` `dejb`ŠmnqŠh dhm`lh)eqjhu lndekei 
Šeumh)eqjhu qhqŠel

p=““м%2!е… “C%“%K %це…*, =де*"=2…%“2, д,…=м,че“*,. м%делеL 2е.…,че“*,. “,“2ем. b 
*=че“2"е C!,ме!= C!,"еде…= %це…*= =де*"=2…%“2, д,…=м,че“*%L м%дел, г,д!%ме.=…,че-
“*%L 2!=…“м,““,, *=!ье!…%г% “=м%“"=л= aел`g-7516, “-%!м,!%"=……%L " C!,*л=д…%м C!%-
г!=мм…%м %Kе“Cече…,, &SMM_Model[. o!%"е!*= =де*"=2…%“2, !=ƒ!=K%2=……%L м=2ем=2,-
че“*%L м%дел, %“3?е“2"л л=“ь “!="…е…,ем !еƒ3ль2=2%" ,“C/2=…,L !е=ль…%г% ="2%м%K,л  , 
!еƒ3ль2=2%", C%л3че……/. “ C%м%?ью м=2ем=2,че“*%L м%дел,.

jлюче"/е “л%"=: *%мCью2е!…%е м%дел,!%"=…,е, =де*"=2…%“2ь м%дел,, д,“Cе!“,%……=  %це…*=, д,-
…=м,че“*=  м%дель, Cе!е.%д…/L C!%це““, г,д!%ме.=…,че“*=  2!=…“м,““, , Cл=…е2=!…=  *%!%K*= Cе-
!ед=ч, *=!ье!…/L “=м%“"=л, ,“C/2=…, , -,ƒ,че“*,L .*“Cе!,ме…2, SMM_Model.

Adequacy valuation method of the technical systems dynamic models is considered. Dynamic 
models adequacy valuation of the pit-run dump truck BelAZ-7516 hydromechanical transmission 
generated in application software &SMM_Model[ is cited as an example. Developed mathematical 
model adequacy was realized by actual truck test results comparison and the results received by 
means of mathematical model. 

Key words: computer modeling, model adequacy, dispersion valuation, dynamic model, transition 
process, hydromechanical transmission, planetary gear set, pit-run dump truck, tests, physical experiment, 
SMM_Model.

b"еде…,е. b …=“2% ?ее "!ем  *%мCью2е!…%е 
м%дел,!%"=…,е  "л е2“  %д…,м ,ƒ %“…%"…/. “C%-
“%K%" ,““лед%"=…,  д,…=м,*, 2е.…,че“*,. “,“-
2ем , …е%2Aемлем/м .2=C%м C!%е*2,!%"=…,  
*%…“2!3*ц,L. o!, .2%м "=›…% %це…,2ь =де*"=2-
…%“2ь !=ƒ!=K=2/"=ем/. м=2ем=2,че“*,. м%делеL. 
g=ме…= -,ƒ,че“*%г% .*“Cе!,ме…2= …= 2е%!е2,-
че“*%е м%дел,!%"=…,е "%ƒм%›…= C!, …=л,ч,, 
=де*"=2…%L м%дел,. }--е*2 %2 C!,ме…е…,  2е%-
!е2,че“*,. м%делеL ƒ=*люч=е2“  " “…,›е…,, ƒ=-
2!=2 …= C!%"еде…,е …=23!…/. .*“Cе!,ме…2%" , 
“%*!=?е…,, "!еме…, ""%д= " .*“Cл3=2=ц,ю C!%-
е*2,!3ем/. ,ƒдел,L.

m,›е !=““м%2!е… C!,ме! %це…*, =де*"=2…%“2, 
д,…=м,че“*%L м%дел, г,д!%ме.=…,че“*%L 2!=…“-
м,““,, (clŠ) *=!ье!…%г% “=м%“"=л= aел`g-
7516.

o!%"еде…,е д,“Cе!“,%……%L %це…*, =де*"=2…%-
“2, м%дел,. l%дель “ч,2=е2“  =де*"=2…%L, е“л, 
%…= %2!=›=е2 ƒ=д=……/е “"%L“2"= %KAе*2= “ C!,ем-
лем%L 2%ч…%“2ью, *%2%!=  %C!едел е2“  *=* “2е-
Cе…ь “%"C=де…,  C%л3че……/. “ C%м%?ью м%дел, 
ƒ…=че…,L "/.%д…/. C=!=ме2!%" м%дел,!3ем%г% 
%KAе*2= Y “ ,“2,……/м, ƒ…=че…, м, .2,. C=!=-
ме2!%" Y 

*, C%л3че……/. …= !е=ль…%м %KAе*2е. b 
“2=2ье ,ƒл%›е…= д,“Cе!“,%……=  %це…*= [1], *%2%-
!=  “2!%,2“  “лед3ю?,м %K!=ƒ%м.

q…=ч=л= -%!м,!3е2“  м=2!,ц= “Cе*2!= Cл=…=, 
"*люч=ю?=  N 2%че*. dл  *=›д%L 2%ч*, C!%"%-
д,2“  m C=!=ллель…/. %C/2%", C% !еƒ3ль2=2=м 

*%2%!/. …= !е=ль…%м %KAе*2е дл  *=›д%L i-L *%м-

C%…е…2/ Y 
* "/ч,“л е2“  “!ед…ее ƒ…=че…,е 

*
ikY ,  

=1, k N . g=2ем "/C%л… е2“  !=“ч‘2 …= м%дел, 
дл  C%л3че…,  ч,“ле……/. ƒ…=че…,L i-. *%мC%-
…е…2 "е*2%!= Yik , C!%"е! е2“  г,C%2еƒ= % ƒ…=ч,-
м%“2, !=ƒл,ч,L д"3. д,“Cе!“,L 2

3S  , 2
=дS . oе!-

"=   "л е2“  %K?еL д,“Cе!“,еL "%“C!%,ƒ"%д,м%-
“2, .*“Cе!,ме…2= i-г% "/.%д…%г% C=!=ме2!= 
!е=ль…%г% %KAе*2=. b2%!=  C!ед“2="л е2 “%K%L 
д,“Cе!“,ю =де*"=2…%“2, i-г% "/.%д…%г% C=!=ме2-
!= !е=ль…%г% %KAе*2= %2 “%%2"е2“2"3ю?ег% ƒ…=че-
…,  C=!=ме2!=, C%л3че……%г% м%дел,!%"=…,ем. 
dл  “!="…е…,  …=Lде……/. д,“Cе!“,L ,“C%льƒ3е2-
“  *!,2е!,L t,ше!= F!. e“л, …=Lде……%е !=“ч‘2-
…%е ƒ…=че…,е *!,2е!,  t,ше!= F! дл  C!,… 2%г% 
3!%"…  ƒ…=ч,м%“2, (q = 0,05) , ч,“л= “2еCе…еL 
“"%K%д/ (" ч,“л,2еле k1 = m # 1, " ƒ…=ме…=2еле 
k2 = N) [1] ме…ьше 2=Kл,ч…%г% ƒ…=че…,  *!,2е-
!,  F2, 2% г,C%2еƒ= % ƒ…=ч,м%“2, !=ƒл,ч,L %це-
…%* д,“Cе!“,L 2

3S  , 2
=дS  %2"е!г=е2“ , = ме›д3 i-, 

*%мC%…е…2=м, "е*2%!= "/.%д…/. C=!=ме2!%" 
!е=ль…%г% %KAе*2= , ег% м%дел, “3?е“2"3е2 =де*-
"=2…%“2ь. b C!%2,"…%м “л3ч=е =де*"=2…%“2ь м%де-
л, !е=ль…%м3 C!%це““3 C% i-м3 "/.%д…%м3 C=!=-
ме2!3 %2“32“2"3е2.

o!%"еде…,е …=23!…/. , "/ч,“л,2ель…/. .*“-
Cе!,ме…2%". o!%"е!*= =де*"=2…%“2, !=ƒ!=K%-
2=……%L м=2ем=2,че“*%L м%дел, clŠ *=!ье!…%-
г% “=м%“"=л= aел`g-7516 (!,“.1), “-%!м,!%"=…-
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…%L " “!еде &SMM_Model[ [2], %“3?е“2"л л=“ь 
“!="…е…,ем !еƒ3ль2=2%" ,“C/2=…,L !е=ль…%г% 
="2%м%K,л  , !еƒ3ль2=2%", C%л3че……/. “ C%м%-
?ью м=2ем=2,че“*%L м%дел,. h“C/2=…,  *=!ь-
е!…%г% “=м%“"=л= aел`g-7516 C!%"%д,л,“ь …= 
proo &aел`g[. o!%г!=мм= "*люч=л= %C!еде-
ле…,е д,…=м,че“*,. “"%L“2" ="2%м%K,л  C!, 
!=ƒл,ч…/. !е›,м=. !=ƒг%…=. b% "!ем  ,“C/2=-
…,L %“3?е“2"л л, Cе!е*люче…,е Cе!ед=ч , 
"*люче…,е Kл%*,!%"*, г,д!%2!=…“-%!м=2%!= 
(cdŠ). m= Cе!ед=ч=. Cе!ед…ег% .%д= !=ƒг%… %“3-
?е“2"л л“  C!, C%л…%м …=›=2,, …= Cед=ль =*-
“еле!=2%!=, = …= Cе!ед=че ƒ=д…ег% .%д= м=*“,-
м=ль…%е ƒ…=че…,е C%л%›е…,  Cед=л, C%д=ч, 
2%Cл,"= д%“2,г=л% 40 % (C%л…%е …=›=2,е Cед=-
л, C!,…,м=л%“ь ƒ= 100 %). j=›д/L ƒ=ме! C%-
"2%! л“  2!, !=ƒ= (*%л,че“2"% C=!=ллель…/. 
%C/2%" m = 3).

pе›,м д",›е…,  ="2%м%K,л  .=!=*2е!,ƒ%"=л-
“  “лед3ю?,м, C=!=ме2!=м,: h # C!%д%ль…/L 
3*л%… д%!%г,; ma # C%л…=  м=““= ="2%м%K,л ;
γ # C%л%›е…,е Cед=л, =*“еле!=2%!=. b *=че“2"е 
!ег,“2!,!3ем/. C=!=ме2!%" C!,… 2/: 3гл%"=  
“*%!%“2ь *%ле…ч=2%г% "=л= д",г=2ел ; ω4 # 3гл%-
"=  “*%!%“2ь ".%д…%г% "=л= Cл=…е2=!…%L *%!%K*, 
Cе!ед=ч (ojo); 3гл%"=  “*%!%“2ь "/.%д…%г% "=л= 
ojo; м%ме…2 …= ".%д…%м "=л3 ojo; l34 # м%-
ме…2 …= "/.%д…%м "=л3 ojo; д="ле…,е "% "*лю-

ч=ем/. -!,*ц,%……/. .леме…2=. 3C!="ле…,  
clŠ; “,г…=л/ дл  "*люче…,  ("/*люче…, ) 
“23Cе…еL ojo , Kл%*,!%"=…,  (!=ƒKл%*,!%"=-
…, ) cdŠ.

pег,“2!=ц,  C=!=ме2!%" C!%"%д,л=“ь C!, д",-
›е…,, г!3›‘…%г% ="2%м%K,л  C%д 3*л%… “ C%л…%-
“2ью …=›=2%L Cед=лью =*“еле!=2%!= …= Cе!ед=ч=. 
Cе!ед…ег% .%д=; C%!%›…ег% ="2%м%K,л  …= г%!,-
ƒ%…2=ль…%м 3ч=“2*е д%!%г, “ C%л…%“2ью …=›=2%L 
Cед=лью =*“еле!=2%!= …= Cе!ед=ч=. Cе!ед…ег% 
.%д=; г!3›‘…%г% ="2%м%K,л  …= г%!,ƒ%…2=ль…%м 
3ч=“2*е д%!%г, “ C%л…%“2ью …=›=2%L Cед=лью =*-
“еле!=2%!= …= Cе!ед=ч=. Cе!ед…ег% .%д=; г!3›‘-
…%г% ="2%м%K,л  …= г%!,ƒ%…2=ль…%м 3ч=“2*е д%-
!%г, “ …=›=2,ем (40 %) Cед=л, =*“еле!=2%!= …= 
Cе!ед=че ƒ=д…ег% .%д=.

Š=*,м %K!=ƒ%м, м=2!,ц= “Cе*2!= Cл=…= "*лю-
ч=е2 че2/!е 2%ч*, (*=›д=  2%ч*= “%%2"е2“2"3е2 
*%…2!%ль…%м3 ƒ=еƒд3).

g=C,“, !ег,“2!,!3ем/. C=!=ме2!%" %2-,ль-
2!%"=…/ , ""еде…/ " }bl.

m= !,“. 2 # 6 " *=че“2"е C!,ме!= C%*=ƒ=…/ 
-!=гме…2/ г!=-,*%" "*люче…,  Cе!ед=ч, ƒ=д-
…ег% .%д= , Cе!"%L “23Cе…, Cе!ед…ег% .%д=. Š=*-
›е C!,"еде…/ г!=-,*,, C%л3че……/е м=2ем=2,-
че“*,м м%дел,!%"=…,ем C!, 3“л%", ., “%%2"е2-
“2"3ю?,. 3“л%", м д",›е…,  !е=ль…%г% ="2%-
м%K,л .

J1 J2 J3 J4

J7

J5 J6

J8 J9 J10

J11 J12 J13

J14

J15

1 2

3

4
5

6

7

3

4

1

2

1 2 3 4

1

2

3

1
3

4
M1

M2

M3

M4

1 2 3 4

7

5 6

8 9 10

11 12 13

14

1 2

3

4
5

6

7

3

4

2

1 2 3 4

1

2

3

11

2

3

4

1

2

3

2i i
i

i

p,“. 1. d,…=м,че“*=  м%дель г,д!%ме.=…,че“*%L 2!=…“м,““,, ="2%м%K,л  aел`g-7516,
“-%!м,!%"=……=  " C!,*л=д…%м C!%г!=мм…%м %Kе“Cече…,, &SMM_Model[:

J1#J15 # м%ме…2/ ,…е!ц,, “%“!ед%2%че……/. м=““; “1#c7 # C=!=ме2!/ 3C!3г,. .леме…2%";
M1#M4 # "!=?=ю?,е м%ме…2/; t1#t4, Š1#Š4 # -!,*ц,%……/е м3-2/ , 2%!м%ƒ=;

i # *,…ем=2,че“*,е C=!=ме2!/ Cл=…е2=!…/. ! д%"; Š}1#Š}3 # 2!=…“-%!м=2%!…/е .леме…2/;
cdŠ # г,д!%2!=…“-%!м=2%!
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4, c-1

0 1 2 3 4 5 6 7 8
–25

–20

–15

–10

0

5

t,

6

– 5 

p,“. 2. c!=-,*, Cе!е.%д…/. C!%це““%" 3гл%"%L “*%!%“2, ".%д…%г% "=л= 
*%!%K*, Cе!ед=ч C!, "*люче…,, Cе!ед=ч, ƒ=д…ег% .%д=, C%л3че……/е:

aaaaaaa # м%дел,!%"=…,ем;  # . # . # .*“Cе!,ме…2=ль…%

M 4,

0 1 2 3 4 5 6 7 8
–6

–4

0

2 10 . 4

10 . 4

10 . 4

t,
6

·

–2 10 . 4

p,“. 3. c!=-,*, Cе!е.%д…/. C!%це““%" "!=?=ю?ег% м%ме…2= "/.%д…%г% "=л=
*%!%K*, Cе!ед=ч C!, "*люче…,, Cе!ед=ч, ƒ=д…ег% .%д=, C%л3че……/е:

  # м%дел,!%"=…,ем;   # . # . # .*“Cе!,ме…2=ль…%
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4,5 5,5 7,5 

1

2

4 .10 4

.10 4

.10 4

0

t,

M 4,

6,5 2,5 3,5 

·

3 .10 4

p,“. 4. c!=-,*, Cе!е.%д…/. C!%це““%" "!=?=ю?ег% м%ме…2= "/.%д…%г% "=л=
*%!%K*, Cе!ед=ч C!, "*люче…,, Cе!"%L Cе!ед=ч, Cе!ед…ег% .%д=, C%л3че……/е:

#aaaaaaa м%дел,!%"=…,ем;  ..... # .*“Cе!,ме…2=ль…%

70 1 2 3 4 5 6 8
–0,05

0

0,05

0,1

0,15

0,2

0,25

t,

i

p,“. 5. hƒме…е…,е Cе!ед=2%ч…%г% %2…%ше…,  Cл=…е2=!…%L *%!%K*, Cе!ед=ч 
C!, 2!%г=…,, ="2%м%K,л  aел`g-7516 …= Cе!ед=че ƒ=д…ег% .%д=, C%л3че……/е: 

aaaaaaa # м%дел,!%"=…,ем;  # . # . # .*“Cе!,ме…2=ль…%
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nце…*= =де*"=2…%“2, м=2ем=2,че“*%L м%дел,. 
dл  *%л,че“2"е……%L %це…*, =де*"=2…%“2, м%де-
л, ,“C%льƒ%"=л,“ь м=*“,м=ль…=  =мCл,23д= 
l34max , *%.--,ц,е…2 д,…=м,ч…%“2, Kд4 "!=-
?=ю?ег% м%ме…2= …= "/.%д…%м "=л3 ojo. b/-
K%! .2,. *!,2е!,е" %K%“…%"=… 2ем, ч2% C!, д",-
›е…,, …= Cе!ед=ч=. C! м%г% .%д= Cед=ль =*“еле-
!=2%!= …=›,м=е2“  C%л…%“2ью, 2. е. "=›…3ю !%ль 
,г!=е2 д,…=м,*= ="2%м%K,л , " 2% "!ем  *=* C!, 
д",›е…,, …= Cе!ед=че ƒ=д…ег% .%д= %“…%"…%L
целью  "л е2“  "/C%л…е…,е 2!=…“C%!2…%L %Cе!=-
ц,, , ,ƒме…е…,е C%л%›е…,  Cед=л, =*“еле!=2%!= 
м%›е2 …%“,2ь *%леK=2ель…/L .=!=*2е!, …е д%“2,-
г=  C!едель…%г% ƒ…=че…, , “ "%ƒм%›…/м ,“C%ль-
ƒ%"=…,ем Cед=л, 2%!м%ƒ=.

j%.--,ц,е…2 д,…=м,ч…%“2, %C!едел л“  C% 
-%!м3ле [1]

Kд4 = 
у4 max

у4 уст

M
M

,

где l34 max # м=*“,м=ль…%е ƒ…=че…,е "!=?=ю?ег% 
м%ме…2= …= "/.%д…%м "=л3 *%!%K*, Cе!ед=ч; l34 3“2 
# ƒ…=че…,е м%ме…2= M34 C!, 3“2=…%","шем“  !е›,-
ме !=K%2/.

o!, д",›е…,, ="2%м%K,л  …= Cе!ед=ч=. Cе!ед-
…ег% .%д= *%.--,ц,е…2 д,…=м,ч…%“2, %C!еде-
л л“  дл  Cе!ед=ч,, C!, "*люче…,, *%2%!%L "%ƒ-
…,*=ю2 м=*“,м=ль…/е д,…=м,че“*,е …=г!3ƒ*, " 
.леме…2=. 2!=…“м,““,,.

9

t,

K

0 1 2 3 4 5 6 7 8 1015

10

5

0

5

10

15

20

p,“. 6. hƒме…е…,е *%.--,ц,е…2= 2!=…“-%!м=ц,, Cл=…е2=!…%L *%!%K*, Cе!ед=ч
C!, 2!%г=…,, ="2%м%K,л  aел`g-7516 …= Cе!ед=че ƒ=д…ег% .%д=, C%л3че……/е: 

 # м%дел,!%"=…,ем;  # . # . # .*“Cе!,ме…2=ль…%

c,C%2еƒ3 %K =де*"=2…%“2, м=2ем=2,че“*%L м%-
дел, C!%"е! ю2 C% *!,2е!,ю “%гл=“,  (F-*!,2е-
!,L t,ше!= [1]). b 2=Kл,це C!,"еде…/ !еƒ3ль2=-
2/ .*“Cе!,ме…2%" , !=“ч‘2…/е C%*=ƒ=2ел,.

nK?=  д,“Cе!“,  2
3S  "%“C!%,ƒ"%д,м%“2, .*“-

Cе!,ме…2= "/ч,“л л=“ь C% "/!=›е…,ю [1]

2

1

1 ,
N

i
i
S

N =
= ∑S 2

3
 

где 2
iS  # д,“Cе!“,  "%“C!%,ƒ"%д,м%“2, %C/2= C% 

д=……/м m C=!=ллель…/. %C/2%" " *=›д%L i-L 2%ч*е 
“Cе*2!= Cл=…=.

b “"%ю %че!едь,

*2 * 2

1

1 ( ) ,   1, ,
1

m
ii iu

u
S Y Y i N

m =
= − =

− ∑

где 
* *

1

1 .
m

i ik
k

Y Y
m =

= ∑
n“2=2%ч…=  д,“Cе!“, , ,л, д,“Cе!“,  =де*"=2-

…%“2,, %C!едел л=“ь "/!=›е…,ем

*2 2
ад

1

1 ( ) ,
1

N
i i

i
S Y Y

N =
= −

− ∑
 

где 
* *

1

1 .
N

i ik
k

Y Y
N =

= ∑  
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pеƒ3ль2=2/ !=“ч‘2= =де*"=2…%“2, м=2ем=2,че“*%L м%дел, г,д!%ме.=…,че“*%L 2!=…“м,““,,
="2%м%K,л  aел`g-7516

o=!=ме2!
!е›,м= д",›е…, m%ме! %C/2= …=

!е=ль…%м
="2%м%K,ле

*
iY

*
iY Yi

h, %
γa max,
%

m=, 2
M34max,

m.aм
l34 3“2,

ma.aм
Kд4

M34max,
m.aaм

Kд4
M34max,

m.aaм
Kд4

m= Cе!ед=че ƒ=д…ег% .%д=

1 40 235

1 #53 905

#5688

9,48

#55327 9,7 #56188 9,92 #57 067 10,04

3 #55 010 9,67

m= Cе!ед=ч=. Cе!ед…ег% .%д=

1 100 235

1 57 984

6536

8,87

56 089 8,58 59 339 9,082 50 028 7,65

3 60 256 9,22

1 100 100

1 42 614

2800

15,22

40 914 14,6 41 223 14,72 36 423 13

3 43 707 15,61

5 100 235

1 79 658

13 944

5,7

76 480 5,49 82 901 5,952 68 084 4,88

3 81 700 5,86

o%“лед…,м .2=C%м C!%"е!*, г,C%2еƒ/ =де*-
"=2…%“2, м=2ем=2,че“*%L м%дел,  "л е2“  “!="-
…е…,е !=“ч‘2…%г% *!,2е!,  t,ше!= F! “ 2=Kл,ч-
…/м F2 [1]:

2
ад

р 2
у

S
F

S
= . 

pеƒ3ль2=2/ !=“ч‘2= *!,2е!,  F! C!,"еде…/ " 
2=Kл,це. g…=че…,е *!,2е!,  F! ме…ьше ƒ…=че…,  
*!,2е!,  F2, ч2% C%ƒ"%л е2 “ч,2=2ь м=2ем=2,че-
“*3ю м%дель =де*"=2…%L.

qлед3е2 %2ме2,2ь, ч2% C!%це““ !=ƒг%…= ="2%м%-
K,л  “ Cе!е*люче…,ем Cе!ед=ч  "л е2“  %K?,м 
!е›,м%м д",›е…, , C!, м%дел,!%"=…,, *%2%!%-
г% " C!%г!=мме !=“ч‘2= ƒ=деL“2"%"=…/ м=2ем=-
2,че“*,е м%дел, "“е. %“…%"…/. 3ƒл%" , =г!е-
г=2%" м=ш,…/.

g=*люче…,е. Š=*,м %K!=ƒ%м, !=““м%2!е… “C%-
“%K д,“Cе!“,%……%L %це…*, =де*"=2…%“2, м=2е-
м=2,че“*%L м%дел, 2е.…,че“*%L “,“2ем/. b *=-
че“2"е C!,ме!= C!%"еде…= %це…*= =де*"=2…%“2, 
м=2ем=2,че“*%L м%дел, г,д!%ме.=…,че“*%L 
2!=…“м,““,, *=!ье!…%г% “=м%“"=л= aел`g-7516. 

j=че“2"е……%е , *%л,че“2"е……%е “!="…е…,е !=“-
ч‘2…/. , .*“Cе!,ме…2=ль…/. ,““лед%"=…,L C%-
*=ƒ=л%, ч2% м%дель г,д!%ме.=…,че“*%L 2!=…“-
м,““,, aел`g-7516 =де*"=2…% "%“C!%,ƒ"%д,2 …= 
}bl C!%це““/ -3…*ц,%…,!%"=…,  !е=ль…%г% 
="2%м%K,л  …= Cе!е.%д…/. !е›,м=. д",›е…, . 

hƒ !,“. 2 # 6 ",д…%, ч2% C%л…%г% “%"ме?е…,  
*!,"/. …е2, 2=* *=* “*л=д/"=ю2“  …е2%ч…%“2, ,“-
.%д…/. д=……/., !=ƒK!%“ .=!=*2е!,“2,* 3ƒл%" ="2%-
м%K,л , C%г!еш…%“2, ,ƒме!е…,L , ,де=л,ƒ=ц,  
м=2ем=2,че“*%L м%дел,, = 2=*›е "л, …,е “л3ч=L-
…/. C%ме.. nд…=*% *!,"/е Kл,ƒ*, * “%"C=де…,ю, 
= .=!=*2е! ,. ,ƒме…е…,  ,де…2,че…. p=ƒ…%“2ь " "е-
л,ч,…=. м=*“,м=ль…%г% м%ме…2= …= "/.%д…%м "=л3 
ojo C!, "*люче…,, Cе!ед=ч, ƒ=д…ег% .%д= C% …=-
23!…%м3 %K!=ƒц3 , м%дел, …е C!е"/ш=е2 5 %.

a,Kл,%г!=-,че“*,е ““/л*, 

1. Š=!=“,* b.o. l=2ем=2,че“*%е м%дел,!%"=…,е 
2е.…,че“*,. “,“2ем: 3чеK. дл  "3ƒ%". l,…“*: d,ƒ=L…-
opn, 2004. 640 “.

2. Š=!=“,* b.o., e"“ее…*% h.`. o!,*л=д…%е C!%-
г!=мм…%е %Kе“Cече…,е дл  м%дел,!%"=…,  %KAе*2%" 
м=*!%3!%"…  // `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%-
л%г,,. 2007. 1 4. q. 11#18.
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`.b. o!%ле2=!“*,L, *=…д. 2е.…. …=3*., д%ц.
(l%“*%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2 ,м. m.}. a=3м=…=)

pavmipk@mail.ru

hmŠekejŠr`khghpnb`mm`“ qhqŠel` rop`bkemh“ oepqoejŠhbm{u p`jeŠ 
jnqlh)eqjncn m`gm`)emh“

p=ƒ!=K%2=…= ,…2елле*23=л,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  *%“м,че“*,. !=*е2 …= %“…%-
"е *%…цеCц,, “,“2ем…%г% “,…2еƒ=. b ,…2елле*23=л,ƒ,!%"=……%L “,“2еме ,“C%льƒ%"=… д"3.-
*%…23!…/L =лг%!,2м 3C!="ле…,  C%л‘2%м.

jлюче"/е “л%"=: “,“2ем…/L “,…2еƒ, *!,2е!,L *=че“2"=, ле2=2ель…/L =CC=!=2.

Space rockets intellectual control system from a systemic synthesis conception is developed. Flight 
direction double-circuit algorithm is utilized in the intellectual control system.

Key words: systemic synthesis, quality criterion, flying devices.

q%"!еме……/L .2=C !=ƒ",2,  “,“2ем 3C!="ле-
…,  !=*е2 *%“м,че“*%г% …=ƒ…=че…,  (pjm) .=-
!=*2е!,ƒ3е2“  “%ƒд=…,ем “,“2ем/ 3C!="ле…,  
…%"%г% C%*%ле…,  # ,…2елле*23=ль…%L “,“2ем/ 
(hq).  m=,K%лее Cе!“Cе*2,"…/м …=C!="ле…,ем 
“,…2еƒ= hq  "л е2“  “,мK,%ƒ .*“Cе!2…/. “,“-
2ем, ме2%д%" “=м%%!г=…,ƒ=ц,,, C!,… 2,  !еше-
…,L, =д=C2,"…%г% 3C!="ле…,  , %це…,"=…, , = 
2=*›е =лг%!,2м%" -%!м,!%"=…,  цел,. 

o!едл=г=е2“  *%…цеC23=ль…/L C%д.%д * ƒ=д=-
че “,…2еƒ= ,…2елле*23=ль…/. “,“2ем 3C!="ле-
…,  …= %“…%"е г%ме%*,…еƒ=, 2е%!,, -3…*ц,%-
…=ль…/. “,“2ем o.j. `…%.,…=, " *%2%!%L цель 
-3…*ц,%…,!%"=…,  “,“2ем/ ƒ=д=…= =C!,%!,. 
Š=*,е “,“2ем/ м%›…% …=ƒ"=2ь ,…2елле*23=л,ƒ,-
!%"=……/м, “,“2ем=м, 3C!="ле…,  (hqr) ле2=-
2ель…/. =CC=!=2%" (k`) , !е=л,ƒ%"=2ь …= K=ƒе 
“е!,L…/. "/ч,“л,2ель…/. “!ед“2" [1, 2]. o!, 
ш2=2…%L “,23=ц,, (xq) цель -3…*ц,%…,!%"=-
…,  д,…=м,че“*%г% %KAе*2= " !=м*=. д=……%L 
“2!3*23!/ hqr …е *%!!е*2,!3е2“ . b 2% ›е 
"!ем , C!, "%ƒ…,*…%"е…,, …еш2=2…%L “,23=-
ц,, (mxq) м%›е2 "%ƒ…,*…32ь …е%K.%д,м%“2ь 
,ƒме…е…,  цел, -3…*ц,%…,!%"=…, , ч2% C%-
2!еK3е2 …=л,ч,  " hqr 3“2!%L“2", "/C%л… ю-
?,. -3…*ц,, Kл%*= “,…2еƒ= цел, , Kл%*= м%2,-
"=ц,, [3]. 

o!%це““ “%ƒд=…,  hqr C!ед“2="л е2 “%K%L 
“л%›…3ю …=3ч…3ю C!%Kлем3, 2!еK3ю?3ю дл  
“"%ег% !еше…,  …%"%г% C%д.%д=, %KAед,… ю?ег% 
д"= C%… 2, : &“,…2еƒ[ # .2% “%ед,…е…,е K%лее 
C!%“2/. -3…*ц,%…=ль…/. “,“2ем !еше…,  ч=“2-
…/. ƒ=д=ч " ед,…3ю hqr , &“,“2ем=[ # цель 
“,…2еƒ=, *%2%!=  ƒ=*люч=е2“  " “%ƒд=…,, hqr “ 
2!еK3ем/м, 2=*2,*%- 2е.…,че“*,м, .=!=*2е!,-
“2,*=м, (ŠŠu) Cе!“Cе*2,"…/. pjm. nKAед,…е-
…,е C%… 2,L &“,…2еƒ[ , &“,“2ем=[ “%“2="л е2 
*%…цеCц,ю &“,“2ем…%г% “,…2еƒ=[ [1].

q ,“C%льƒ%"=…,ем *%…цеCц,, “,“2ем…%г% “,…-
2еƒ= ƒ=д=ч3 -%!м,!%"=…,  2е.…,че“*%г% %Kл,*= 
hqr pjm м%›…% “-%!м3л,!%"=2ь “лед3ю?,м 
%K!=ƒ%м. 

h“.%д…/е д=……/е:

1. o!%г!=мм= ƒ=C3“*%" 
1

П
m

k
k
N

=

= ∑ ,

где Nk # *%л,че“2"% ƒ=C3“*%" " k-м *л=““е C!%г!=м-
м/ C3“*%". 

2. d,…=м,че“*=  “,“2ем=, -%!м=л,ƒ3ю?=  
3C!="л ем/L C%л‘2 k`:

Σ = (T, X, U, P, Ω1, ϕ, η), (1)

где u # м…%›е“2"% ƒ…=че…,L "е*2%!= x(t), %C,“/"=ю-
?ег% “%“2% …,е k`; U # м…%›е“2"% ƒ…=че…,L "е*2%-
!= 3C!="ле…,L u(t); p # м…%›е“2"% ƒ…=че…,L C=!=-
ме2!%" p, .=!=*2е!,ƒ3ю?,. k` , 3“л%",  ег% C%л‘2=; 
R # м…%›е“2"% C=!=ме2!%" r, .=!=*2е!,ƒ3ю?,. C!,-
ƒ…=*, , .=!=*2е!,“2,*, !=““м=2!,"=ем/. “,“2ем , 
C!,K%!%" hqr; Š 

2 # м…%›е“2"% "“е. 3C%! д%че…-
…/. C=! (t, t ') м%ме…2%" "!еме…, t ∈T 2=*,., ч2%
Š 

2={(t, t '):t, t '∈T, t '≥t}. 

d",›е…,е k` , ƒ…=че…,  ег% .=!=*2е!,“2,* 
*%…2!%л,!3ю2“  , 3C!="л ю2“  “ C%м%?ью *%м-
Cле*“= K%!2%"/. C!,K%!%", *%2%!/L ,ƒме! е2 …е-
*%2%!/L "е*2%! y ,ƒ м…%›е“2"= Y ег% ƒ…=че…,L, 
%C!едел ем%г% %2%K!=›е…,ем

η 1:T X P Y×Ω × × ⎯⎯→ ;

где Ω1 # м…%›е“2"% ƒ…=че…,L "е*2%!= ωa1 ,…“2!3-
ме…2=ль…/. C%г!еш…%“2еL hqr k`.

rC!="л ем/L C%л‘2 k` C!ед“2="ле… *=* %2%-
K!=›е…,е ϕa: T 

2 × X × U × P → X.
0ель C%л‘2= %C!еделе…= м…%›е“2"%м 0⊂T  × Z ×Q, 

где Z # м…%›е“2"% *%…це"/. 3“л%",L; Q # м…%-
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›е“2"% ƒ…=че…,L "е*2%!= q C%*=ƒ=2елеL ŠŠu k`, 
%C!едел ем/е "/!=›е…, м,

g: Xa → Z, Z ∈ ZŠp; q : T × X × Y × P  ×

× R → Q, Q ∈ QŠp, (2)

где ZTP, QTP  # м…%›е“2"= 2!еK3ем/. *%…це"/. 3“-
л%",L , C%*=ƒ=2елеL ŠŠu k`.

q2!=2ег,  δ 3C!="ле…,  “,“2ем%L ∑ C!, д%“2,-
›е…,, м…%›е“2"= 0 %C!еделе…= *=* %2%K!=›е…,е

δ: T × Y × P × Ωa2 × 0 → cdno, (3)

где cdno ⊂ U # м…%›е“2"% д%C3“2,м/. 3C!="ле…,L, 
%Kе“Cеч,"=ю?,. д%“2,›е…,е целеL (ц) ,ƒ м…%›е“2-
"= 0; Ω2 - м…%›е“2"% ме2%д,че“*,. C%г!еш…%“2еL 
3C!="ле…, .

q2!=2ег,  δ C!ед“2="л е2 “%K%L *%мC%ƒ,ц,ю

δ = δ1 ∧ δ2  ∧ δ3 ∧ δ4 ∧ δ5,

где δ1: Y→X; δ2: Y→P; δ3: X→0; δ4: 0→c; δ5: X→T # 
=лг%!,2м/ !еше…,  ƒ=д=ч …=",г=ц,,, ,де…2,-,*=-
ц,,, C!%г…%ƒ,!%"=…, , 3C!="ле…,  , %C!еделе…,  
2е*3?ег% ƒ…=че…,  м%ме…2= "!еме…,.

3. j%мCле*“…/L C%*=ƒ=2ель .--е*2,"…%“2, 
hqr “2%,м%“2ью “" ƒ/"=е2 " ед,…/L C%*=ƒ=2ель 
%“…%"…/е ŠŠu pjm, 2е.…,че“*,е .=!=*2е!,“2,*, 
hqr , …е*%2%!/е ч=“2…/е C%*=ƒ=2ел, (Ci), *%2%-
!/е ,“C%льƒ3ю2“  дл  %це…*, целе"%L .--е*2,"-
…%“2, %2дель…/. =лг%!,2м%" , .леме…2%" hqr 
дл  j-г% 3ч=“2*= !=ƒ"е2"л ю?еL“  2!=е*2%!,, 
д",›е…,  k`:

J(Ci(t0j, x0j, t1j, x1j, δj, ω1j, ω2j, rj,

i = 1, 2,..., m, j = 1, 2,..., N)). (4)

Š!еK3е2“  %C!едел,2ь:

* * *

( , , )
( , , ) Arg min ( , , )k k k k

E
r J r

ε δ ω ∈ × ×Ω
ε δ = ε δ

c

, (5)

где E # м…%›е“2"% %2…%ше…,L .*","=ле…2…%“2, ε, 
.=!=*2е!,ƒ3ю?,. C!,ƒ…=*,, C% *%2%!/м м…%›е“2"% 
!=ƒK,"=е2“  …= *л=““/; c#, R# # м…%›е“2"= "%ƒм%›-
…/. …=K%!%" “2!=2ег,L δ , "е*2%!%" r дл  *=›д%L 
целе"%L ƒ=д=ч,; "е*2%! r# .=!=*2е!,ƒ3е2 "е“ь …=K%! 
,“C%льƒ3ем/. K%!2%"/. ,ƒме!,2ель…/. C!,K%!%".

dл  ƒ=д=……%L C!%г!=мм/ C3“*%" pjm Π=ΣNk 
%C,“/"=ю2“  “%%2"е2“2"3ю?,м, д,…=м,че“*,м, 
“,“2ем=м, Σj …= j-x 3ч=“2*=. 2!=е*2%!,, д",›е-
…,  C!, ш2=2…/. , …еш2=2…/. !е›,м=. C%л‘2=. 
nC!едел,м 2=*%е !=ƒK,е…,е м…%›е“2"= !еш=ем/. 
ƒ=д=ч …= *л=““/ Nk C% C!,ƒ…=*3 ε. b *=›д%м *л=“-
“е …=Lд‘м 2=*,е “2!=2ег,, 3C!="ле…,  δkj , "е*-
2%! rkj C!,ƒ…=*%", .=!=*2е!,ƒ3ю?,. C!,…ц,C/ 

C%“2!%е…,  “2!3*23!/, =CC=!=2…/L “%“2=" , C!%-
г!=мм…%-=лг%!,2м,че“*%е %Kе“Cече…,е hqr. 
m=Lде……/е “2!=2ег,, %Kе“Cеч,"=ю2 "/C%л…е…,е 
C%“2="ле……/. Cе!ед k` целе"/. ƒ=д=ч ц∈0 , 
д%“2,›е…,е ƒ=д=……/. ŠŠu pjm q ∈Qƒ=д C!, м=*-
“,м=ль…%L .--е*2,"…%“2, д,…=м,че“*%L “,“2е-
м/ Σ C% *%мCле*“…%м3 *!,2е!,ю J(ε, δ#, r#).

dл  !еше…,  C%“2="ле……%L ƒ=д=ч,, 2. е. “%ƒ-
д=…,  !=ц,%…=ль…%г% 2е.…,че“*%г% %Kл,*= hqr 
Cе!“Cе*2,"…/. pjm !=ƒ!=K%2=…= ме2%д,че“*=  
“.ем= (!,“. 1), C!ед3“м=2!,"=ю?=  де*%мC%ƒ,-
ц,ю …= 2!, ч=“2…/е ƒ=д=ч, %C2,м,ƒ=ц,, “,“2ем 
aΣ1, Σa2, Σa3 C% ч=“2…/м *!,2е!, м t1, t2, t3. 
dл  !еше…,  …=",г=ц,%……%L ƒ=д=ч, " *=че“-
2"е K=ƒ%"/. ,“C%льƒ3ю2“  ,…е!ц,=ль…/е …=",-
г=ц,%……/е “,“2ем/ (hmq). g=д=ч= %C2,м,ƒ=-
ц,, !еш=е2“  …= =2м%“-е!…%м , "…е=2м%“-е!-
…%м 3ч=“2*=. "/"еде…,  C%леƒ…%L …=г!3ƒ*, (om), 
= 2=*›е …= 3ч=“2*е 3"%д= k` " !=L%… C!,ƒемле-
…,  (po).

oе!"=  ƒ=д=ч= C!ед“2="л е2 “%K%L “,…2еƒ “2!=-
2ег,,:

12

*
12 12( ) Arg max ( , , )x

δ ∈
δ ⋅ = ϕ δ

12
1

c
t  (6)

C!, 3“л%", . Σ1 = (X, Y, P, c12, ϕ, η, δ12), η: T × Ω × 
× X × P → Y, Ω = Ω1 × Ω2, δ12 = δ1 ∧ δ2, δ12: Y → (X × 
P)/s ∈ S , ϕ: T 

2 × Xa × c × P → X дл  "/K!=……%L 
“.ем/ "/"еде…,  s ∈ S, 2. е. !еше…,е ƒ=д=ч …=",-
г=ц,, , ,де…2,-,*=ц,, C=!=ме2!%" м%дел, C!%-
г…%ƒ= д",›е…,  , 3“л%",L C%л‘2= k`, %C2,м=ль-
…/. C% ч=“2…%м3 *!,2е!,ю t1(.).

b2%!=  ƒ=д=ч= # ƒ=д=ч= “,…2еƒ= “2!=2ег,,:

34

*
34 34(.) Arg max ( , , )2

c
t x

δ ∈
δ = ϕ δ  (7)

C!, 3“л%", ., ч2% ϕ: T 
2 × Xa/ 12δ ∗  → X, g: X → Z, 2. е. 

!еше…,е ƒ=д=ч C!%г…%ƒ,!%"=…,  C=!=ме2!%" д",-
›е…,  , "/K%!= %C2,м=ль…/. C% ч=“2…%м3 *!,2е-
!,ю t2(.) 3C!="ле…,L …= !=ƒл,ч…/. 3ч=“2*=. C%-
л‘2= k` C!, 3“л%",, !е=л,ƒ=ц,, “2!=2ег,, δ12.

Š!е2ь  ƒ=д=ч= # ƒ=д=ч= C%,“*=:

* Arg max ( , , )3t
r

r x r
∈

= ϕ
R

 (8)

C!,  3“л%", . Σ3 = (X, Y, Ω , R, Q, q, Σ1, Σa2); ϕ: T 
2 × 

× Xa × P/δ* → X; g : x → Z, η: Ω × X → Y  , %г!=…,-
че…,, q : T × X × Y × P × R → Q ∈ QŠp, 2. е. ƒ=д=ч= 
“,…2еƒ= “2!3*23!/, "/K%!= C!,K%!…%г% “%“2="= , 
C!%г!=мм…%-=лг%!,2м,че“*%г% %Kе“Cече…,  hqr, 
!е=л,ƒ3ю?=  “2!=2ег,, 12δ ∗  , 34δ ∗ , %Kе“Cеч,"=ю-
?=  "/C%л…е…,е 2!еK3ем/. ŠŠu Cе!“Cе*2,"…/. 
“!ед“2" "/"еде…,  (q!b) , %C2,м=ль…=  C% ч=“2-
…%м3 *!,2е!,ю t3(.).
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, ,

p,“. 1. lе2%д,че“*=  “.ем= !=ƒ!=K%2*, 2е.…,че“*%г% %Kл,*= ,…2елле*23=л,ƒ,!%"=……%L “,“2ем/ 3C!="ле…, 

-

p,“. 2. q2!3*23!= ,…2елле*23=л,ƒ,!%"=……%L “,“2ем/ 3C!="ле…,  “ д"3.*%…23!…/м =лг%!,2м%м
3C!="ле…,  C%л‘2%м ле2=2ель…%г% =CC=!=2=
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b *=че“2"е K=ƒ%"%L “.ем/ 3C!="ле…,  !=““м=2-
!,"=е2“  д"3.*%…23!…=  “.ем= hqr “ *%…23!%м 
3C!="ле…,  %C%!…/м д",›е…,ем це…2!= м=““ , 
*%…23!%м 3C!="ле…,  %2…%“,2ель…% %C%!…%L 
2!=е*2%!,, (!,“. 2). 

lе2%д%л%г,  “,“2ем…%г% “,…2еƒ= hqr C%л‘-
2%м q!b C!ед3“м=2!,"=е2 “%"ме“2…%е !еше…,е 
ч=“2…/. ме2%д%л%г,че“*,. C!%Kлем , 2е.…,*%-
.*%…%м,че“*3ю %це…*3 "%ƒм%›…%“2еL =ль2е!…=-
2,"…/. "=!,=…2%" hqr C% %Kе“Cече…,ю , д=ль-
…еLшем3 C%"/ше…,ю ŠŠu pjm …= %“…%"е C!ед-
л%›е……/. *!,2е!,е" .--е*2,"…%“2,. q ,“C%ль-
ƒ%"=…,ем “-%!м,!%"=……%L ме2%д%л%г,, !=ƒ!=K%-
2=…= K=ƒ%"=  “2!3*23!…=  “.ем= hqr Cе!“Cе*2,"-
…/. pjm (!,“. 3).

Š=*,м %K!=ƒ%м, !еш‘… *%мCле*“ ƒ=д=ч C% !=ƒ!=-
K%2*е !=ц,%…=ль…%г% 2е.…,че“*%г% %Kл,*= hqr, 

C!%е*2,!%"=…,ю “,“2ем 3C!="ле…,  pjm. p=ƒ!=-
K%2=…/ =лг%!,2м,че“*%е %Kе“Cече…,е hqr дл  
"“е. .2=C%" C%л‘2= pjm, %C2,м=ль…/L C!,K%!…/L 
*%мCле*“, = 2=*›е *%мCле*“…/L C%*=ƒ=2ель .--
-е*2,"…%“2,, "*люч=ю?,L %“…%"…/е ŠŠu. pеше-
…,е "“ег% *%мCле*“= ƒ=д=ч C%л3че…% “ ,“C%льƒ%"=-
…,ем *%…цеCц,, “,“2ем…%г% “,…2еƒ=.

a,Kл,%г!=-,че“*,е ““/л*,

1. o!%ле2=!“*,L `.b. j%…цеCц,  “,“2ем…%г% “,…2е-
ƒ= д,…=м,че“*,. %KAе*2%" // `"2%м=2,ƒ=ц,  , “%"!е-
ме……/е 2е.…%л%г,,. 2007. 1 8. q. 14#17.

2. mе3“/C,… j.`. q%"!еме……/е “,“2ем/ , ме2%д/ 
…="еде…, , …=",г=ц,, , 3C!="ле…,  ле2=2ель…/м, =C-
C=!=2=м,. l.: lcnr, 2009. 500 “.

3. mе3“/C,… j.`., o!%ле2=!“*,L `.b., 0,K,ƒ%"= Š.~. 
q,“2ем/ 3C!="ле…,  ле2=2ель…/м, =CC=!=2=м, , =лг%-
!,2м/ %K!=K%2*, ,…-%!м=ц,,. l.: lcnr, 2006. 220 “.

p,“. 3. a=ƒ%"=  “2!3*23!…=  “.ем= ,…2елле*23=л,ƒ,!%"=……%L “,“2ем/ 3C!="ле…, 
Cе!“Cе*2,"…/. ле2=2ель…/. =CC=!=2%"

..

..
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qnbpelemm{e Šeumnknchh

rdj 539.376
h.t. dь *%", д-! 2е.…. …=3*, C!%-., `.b. o%C%",ч

(rль …%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2) 

i.dyakov@ ulstu.ru

ophlememhe meipnqeŠeb{u `kcnphŠlnb nap`anŠjh deŠ`kei
 b CAD/CAM-qhqŠel`u 

p=““м%2!е…/ %“…%"…/е "%C!%“/, “" ƒ=……/е “ %K!=K%2*%L 2,C%"/. .леме…2%" " “%"!еме…-
…/. CAD/CAM-“,“2ем=.. nC,“=…/ “C%“%K/ !е=л,ƒ=ц,, …еL!%“е2е"/. =лг%!,2м%" C!, “%ƒ-
д=…,, 3C!="л ю?еL C!%г!=мм/. o%*=ƒ=… …%"/L ме2%д -%!м,!%"=…,  " ="2%м=2,че“*%м 
!е›,ме "/K%!= !е›3?ег% ,…“2!3ме…2= , “2!=2ег,L %K!=K%2*,.

jлюче"/е “л%"=: 2,C%"/е .леме…2/ де2=л,, C!%е*2,!%"=…,е C!%це““= %K!=K%2*, де2=леL, 
CAD/CAM-“,“2ем=, …еL!%……=  “е2ь.

The main points related to the processing of feature elements in modern CAD/CAM-systems. 
We describe how to implement neural network algorithms to create the CNC program. Showed 
a new way of building in automatic selection of cutting tools and machining strategies.

Key words: features, machining, CAD/CAM-system, neural networks.

b"еде…,е. q%"!еме……/е “,“2ем/ 2"е!д%2ель-
…%г% м%дел,!%"=…,  , C%дг%2%"*, 3C!="л ю?,. 
C!%г!=мм дл  “2=…*%" “ )or C%ƒ"%л ю2 !еш=2ь 
ƒ=д=ч, !=ƒл,ч…%г% 3!%"…  “л%›…%“2,. q,….!%…-
…/е 2е.…%л%г,, C!, м%дел,!%"=…,,, = 2=*›е 2,-
C%"/е .леме…2/ " де2=л . , C%льƒ%"=2ель“*,е 
ш=Kл%…/ %K!=K%2*, д=ю2 "%ƒм%›…%“2ь 3“*%!,2ь 
C!%це““ “%ƒд=…,  м%делеL , -%!м,!%"=…,е .2=-
C%" ме.=…,че“*%L %K!=K%2*,. 

dл  "/ "ле…,  …ед%“2=2*%" , %це…*, K/“2!%-
деL“2",  -%!м,!%"=…,  .2=C%" %K!=K%2*, 2,C%-
"/. .леме…2%", …=ч,…=ю?,.“  “ C%дK%!= !е›3-
?ег% ,…“2!3ме…2= , ƒ=*=…ч,"=ю?,.“  %C,“=…,ем 
2!=е*2%!,, !еƒ=…, , K/л, "/K!=…/ CAD/CAM-
“,“2ем/ # Unigraphics NX 7.5 (*%мC=…,, &Sie-
mens[), TEBIS v.3.5 (*%мC=…,, &Tebis[) , Feature 
CAM (*%мC=…,, &Delcam[) [1, 2] 

b C!ед“2="ле……/. “,“2ем=. ,мее2“  %2дель…/L 
м%д3ль дл  !=K%2/ “ 2,C%"/м, .леме…2=м,, %д-
…=*% *=›д%L q`op C!,“3?, “"%, …ед%“2=2*, # 
%2 “л%›…%г% , д=ле*% …е C!%“2%г% ,…2е!-еL“= д% 
ƒ…=ч,2ель…%г% %KA‘м= !32,……%L !3ч…%L !=K%2/ 
C!%г!=мм,“2=.

hƒ"е“2…%, ч2% C!%г!=мм,“23 д%“23C…/ -3…*-
ц,, C%л3="2%м=2,че“*%L !=K%2/ “ 2,C%"/м, .ле-
ме…2=м,. b“е %…, …е ,“*люч=ю2 K%льш%L %KA‘м 
!3ч…%L !=K%2/; г,K*%г%, ,…23,2,"…%-,…2елле*23-
=ль…%г% ,…“2!3ме…2=!, , “%*!=?=ю?ег% "!ем  
…= !3ч…%L 2!3д C!, !=K%2е “ 3*=ƒ=……/м, .леме…-
2=м,, …= “ег%д… ш…,L де…ь …е2. 

j=›д/L .леме…2 лег*% !=“C%ƒ…=‘2“  “,“2ем%L, 
“ 3*=ƒ=…,ем "“е. ег% ге%ме2!,че“*,. , 2%ч…%“2-

…/. C=!=ме2!%", ƒ=2ем д=……/е % *=›д%м %KAе*-
2е -%!м,!3ю2“  " л%*=ль…3ю K=ƒ3 д=……/. .ле-
ме…2%" " м%дел, де2=л, [3]. oе!ед ,““лед%"=2е-
лем “2%,2 ƒ=д=ч= “-%!м,!%"=2ь %C2,м=ль…/L =л-
г%!,2м , %C!едел,2ь “C%“%K “%ƒд=…,  2е.…%л%г,-
че“*,. C!%це““%" %K!=K%2*, д=……/. .леме…2%", 
%Kл=д=ю?,L м=*“,м=ль…% ,…23,2,"…/м ,…2е!-
-еL“%м. 

bе“ьм= =*23=ль…% ,“C%льƒ%"=…,е “=м%%K3ч=ю-
?,.“  “,“2ем …= %“…%"е …еL!%“е2е"/. 2е.…%л%-
г,L, ч2% д=‘2 "%ƒм%›…%“2ь 3C!%“2,2ь ƒ=д=ч3, “"е-
д  е‘ * C!,… 2,ю !еше…,L q`op “ C!ед%“2="ле-
…,ем C%льƒ%"=2елю "/K%!= C% ,. 32"е!›де…,ю. 
Š=*›е …=л,ч,е K=ƒ/ ƒ…=…,L , ш,!%*%г% “Cе*2!= 
ме2%д%" %K3че…,  C%д%K…/. “е2еL C%ƒ"%л е2 “%-
*!=2,2ь "!ем  …= C%дг%2%"*3 3C!="л ю?еL C!%-
г!=мм/ , %г!=д,2ь C%льƒ%"=2ел  %2 !32,……%г% 
2!3д=.

n“…%"…=  ч=“2ь. h“*3““2"е……/е …еL!%……/е 
“е2, (hmq) “2!% 2“  C% C!,…ц,C=м %!г=…,ƒ=ц,, 
, -3…*ц,%…,!%"=…,  ,. K,%л%г,че“*,. =…=л%г%". 
n…, “C%“%K…/ !еш=2ь ш,!%*,L *!3г ƒ=д=ч !=“-
C%ƒ…="=…,  %K!=ƒ%", ,де…2,-,*=ц,,, C!%г…%ƒ,-
!%"=…, , %C2,м,ƒ=ц,,, 3C!="ле…,  “л%›…/м, 
%KAе*2=м,. d=ль…еLшее C%"/ше…,е C!%,ƒ"%д,-
2ель…%“2, *%мCью2е!%"  " K%льш%L ме!е “" ƒ/-
"=ю2 “ hmq, " ч=“2…%“2, “ …еL!%*%мCью2е!=м, 
(mj), %“…%"3 *%2%!/. “%“2="л е2 ,“*3““2"е……=  
…еL!%……=  “е2ь.

nче",д…%, ч2% C!%це““ -3…*ц,%…,!%"=…,  …еL-
!%……%L “е2, # “3?…%“2ь деL“2",L, *%2%!/е %…= 
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“C%“%K…= "/C%л… 2ь, # ƒ=",“,2 %2 "ел,ч,… “,…=C-
2,че“*,. “" ƒеL. o%.2%м3, ƒ=д=" “2!3*23!3 “е2,, 
“%%2"е2“2"3ю?3ю *=*%L-л,K% ƒ=д=че, …е%K.%д,м% 
…=L2, %C2,м=ль…/е ƒ…=че…,  "“е. Cе!еме……/. "е-
“%"/. *%.--,ц,е…2%" (…е*%2%!/е “,…=C2,че“*,е 
“" ƒ, м%г32 K/2ь C%“2% ……/м,). }2%2 .2=C …=ƒ/-
"=е2“  %K3че…,ем …еL!%……%L “е2,, , %2 2%г%, …=-
“*%ль*% *=че“2"е……% %… K3де2 "/C%л…е…, ƒ=",“,2 
“C%“%K…%“2ь “е2, !еш=2ь C%“2="ле……/е Cе!ед …еL 
ƒ=д=ч, "% "!ем  -3…*ц,%…,!%"=…, .

b C!%це““е -3…*ц,%…,!%"=…,  …еL!%……=  “е2ь 
-%!м,!3е2 "/.%д…%L “,г…=л Y " “%%2"е2“2",, “ 
".%д…/м “,г…=л%м X, !е=л,ƒ3  …е*%2%!3ю -3…*-
ц,ю g:

Y = g (X ). 

o!, ƒ=д=……%L =!.,2е*23!е “е2, ",д -3…*ц,, g 
%C!едел е2“  ƒ…=че…, м, “,…=C2,че“*,. "е“%" , 
“ме?е…,L “е2,. nK%ƒ…=ч,м че!еƒ G м…%›е“2"% 
"“е. "%ƒм%›…/. -3…*ц,L g, “%%2"е2“2"3ю?,. ƒ=-
д=……%L =!.,2е*23!е “е2,.

o3“2ь !еше…,е …е*%2%!%L ƒ=д=ч, е“2ь -3…*ц,  
Y  = r (X ), ƒ=д=……=  C=!=м, ".%д…/./"/.%д…/. 
д=……/. (D1, L1, d1, l1), ..., (D

K, LK, dK, lK)  (“м. 
2=K-л,ц3), дл  *%2%!/.

Y 
k

  = r (X 
k),

где k = 1,…, N.

b"ед‘м C%… 2,е &-3…*ц,  %ш,K*,[ e (-3…*-
ц,%…=л *=че“2"=), C%*=ƒ/"=ю?ее “2еCе…ь Kл,ƒ%-
“2, *=›д%L -3…*ц,L f * -3…*ц,, r. pеш,2ь C%-
“2="ле……3ю ƒ=д=ч3 “ C%м%?ью …еL!%……%L “е2, 
ƒ=д=……%L =!.,2е*23!/  # ƒ…=ч,2 C%“2!%,2ь (“,…-
2еƒ,!%"=2ь) -3…*ц,ю g ∈G, C%д%K!=" C=!=ме2!/ 
…еL!%…%" (“,…=C2,че“*,е "е“= , “ме?е…, ) 2=-
*,м %K!=ƒ%м, ч2%K/ -3…*ц,%…=л *=че“2"= %K!=-
?=л“  " %C2,м3м дл  "“е. C=! (D 

k, Lk, d 

k, l 

k).
Š=*,м %K!=ƒ%м, ƒ=д=ч= %K3че…,  …еL!%……%L 

“е2, %C!едел е2“  “%"%*3C…%“2ью *%мC%…е…2%"  
< X, Y, g, G, E >.

}“*,ƒ 2,C%"%г% .леме…2= де2=л,

b.%д…/е д=……/е }“*,ƒ 2,C%"%г% .леме…2=

d,=ме2! Cе!"%г% %2"е!“2,  D
cл3K,…= Cе!"%г% %2"е!“2,  L
d,=ме2! "2%!%г% %2"е!“2,  d
cл3K,…= "2%!%г% %2"е!“2,  l

nK3че…,е “е2, ƒ=*люч=е2“  " C%,“*е (“,…2еƒе) 
-3…*ц,, g, %C2,м=ль…%L C% E, 2!еK3е2 дл,2ель…/. 
"/ч,“ле…,L , C!ед“2="л е2 “%K%L ,2е!=ц,%……3ю 
C!%цед3!3. ),“л% ,2е!=ц,L м%›е2 “%“2="л 2ь %2 
103 д% 108. m= *=›д%L ,2е!=ц,, -3…*ц,  %ш,K*, 
3ме…ьш=е2“ .

d=лее …еL!%……=  “е2ь “2!%,2“  " д"= .2=C=: "/-
K%! 2,C= (=!.,2е*23!/) “е2, , C%дK%! "е“%" (%K3-
че…,е) “е2,.

m= Cе!"%м .2=Cе "/K,!=ем 2,C “е2, # м…%г%-
“л%L…/L Cе!“еC2!%…. m= "2%!%м .2=Cе C!%"%д,м 
%K3че…,е "/K!=……%L “е2, “ 3ч,2елем C% =лг%!,2-
м3 %K!=2…%г% !=“C!%“2!=…е…,  %ш,K*,. 

nK3че…,е …еL!%……%L “е2, “ C%м%?ью C!%цед3-
!/ %K!=2…%г% !=“C!%“2!=…е…,  “2!%,2“  “лед3ю-
?,м %K!=ƒ%м.

1. m= ".%д “е2, C%д=ю2 %д,… ,ƒ "%ƒм%›…/. %K-
!=ƒ%" (ш=Kл%… ме.=…,че“*%L %K!=K%2*, 2,C%"%г% 
,ƒдел, ) , " !е›,ме %K/ч…%г% -3…*ц,%…,!%"=-
…,  …еL!%……%L “е2,, *%гд= “,г…=л/ !=“C!%“2!=-
… ю2“  %2 ".%д%" * "/.%д=м, !=““ч,2/"=ю2 ƒ…=-
че…,  C%“лед…,.:

( ) ( ) ( )

0

L
q q l q
j ij

i
S y w−

=
= ∑ ,

где ( ) ( )q l q
ijy w−

 
#

 
i-L ".%д …еL!%…= j “л%  q; L # ч,“л% 

…еL!%…%" " “л%е (q#l) “ 3ч‘2%м …еL!%…= “ C%“2% …-
…/м "/.%д…/м “%“2% …,ем +1, ƒ=д=ю?ег% “ме?е-
…,е " ",де ( ) ( )( )q q

i jy f s= ; f (⋅) # “,гм%,д. 

b “"%ю %че!едь,  ".%д …еL!%…= xr # r-   *%мC%-
…е…2= "е*2%!= ".%д…%г% %K!=ƒ=

( )0
r ry x= .

2. m=.%д 2 ,ƒме …е…,  "е“%"  Δw(q) “л%  Q C% 
-%!м3ле 

( ) ( ) ( )Q q q l
ij j iw y −Δ = −ηδ , (1)

где η # *%.--,ц,е…2 “*%!%“2, %K3че…,  (0 < η <1); 
( )q
jδ "ел,ч,…= ".%д…%г% “л%  q.  
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3. b/ч,“л ю2 ƒ…=че…,  ( )q
jδ  , Δw(q) дл  "“е. 

%“2=ль…/. “л%‘" (q = (Q # l),..., l)) C% -%!м3л=м 

( ) ( ) ( ) ( )1 1 /q q q
j r jr i iw dy ds+ +⎡ ⎤δ = δ⎣ ⎦∑ ;

( ) ( )( ) ( )q q
ij ijw t w t lΔ = − η(μΔ − +

( ) ( )(1 ) q q l
j iy

−+ −μ δ ),

где μ # *%.--,ц,е…2 ,…е!2…%“2,; t # …%ме! 2е*3-
?еL ,2е!=ц,,.

4. j%!!е*2,!3ю2 "е“ …еL!%……%L “е2,:

( ) ( ) ( )( ) ( ) ( )q q q
ij ij ijw t w t l w t= − + Δ .

5. e“л, %ш,K*= “е2, “3?е“2"е……= # Cе!е.%д 2 
* ш=г3 1. b C!%2,"…%м “л3ч=е # %K3че…,е ƒ="е!-
ше…% 3“Cеш…%.

qе2, …= ш=ге 1 C%Cе!еме……% " “л3ч=L…%м C%-
! д*е C!едA "л ю2 "“е 2!е…,!%"%ч…/е %K!=ƒ/, 
ч2%K/ “е2ь  …е ƒ=K/"=л= %д…, %K!=ƒц/ C% ме!е 
ƒ=C%м,…=…,  д!3г,..

hƒ "/!=›е…,  (1) “лед3е2, ч2% *%гд= "/.%д…%е 

ƒ…=че…,е ( )q l
iy

−  “2!ем,2“  * …3лю, .--е*2,"…%“2ь 
%K3че…,  ƒ=ме2…% “…,›=е2“ . o!, д"%,ч…/. 
".%д…/. "е*2%!=. " “!ед…ем C%л%",…= "е“%"/. 
*%.--,ц,е…2%" …е K3де2 *%!!е*2,!%"=2ь“ , C%-
.2%м3 %Kл=“2ь "%ƒм%›…/. ƒ…=че…,L "/.%д%" …еL-
!%…%" (0, …, 1) ›ел=2ель…% “д",…32ь " C!едел/ 
%2 #0,5 д% +0,5, ч2% д%“2,г=е2“  C!%“2/м, м%д,-
-,*=ц, м, л%г,“2,че“*,. -3…*ц,L.

j%л,че“2"% "е“%" м%›е2 K/2ь "ел,*%, C%.2%м3 
%K3че…,е C!ед“2="л е2 “%K%L “л%›…/L , дл,2ель-
…/L C!%це““ (“м. !,“3…%*). o%“ле м…%г%*!=2…%г% 
C!едA "ле…,  C!,ме!%" "е“= “е2, “2=K,л,ƒ,!3-
ю2“ , C!,ч‘м “е2ь д=‘2 C!=",ль…/е %2"е2/ …= "“е 
(,л, C%ч2, "“е) C!,ме!/ ,ƒ K=ƒ/ д=……/.. b .2%м 
“л3ч=е г%"%! 2, ч2% “е2ь %K3че…=. b C!%г!=мм…/. 
!е=л,ƒ=ц, . м%›…% ",де2ь, ч2% " C!%це““е %K3че-

…,  ƒ…=че…,е %ш,K*, (“3мм= *"=д!=2%" %ш,K%* 
C% "“ем "/.%д=м) C%“2еCе……% 3ме…ьш=е2“ . j%гд= 
ƒ…=че…,е %ш,K*, д%“2,г=е2 …3л  ,л, %…% C!,ем-
лем% м=л%г% 3!%"… , %K3че…,е %“2=…="л,"=ю2, , 
“е2ь г%2%"= * !=“C%ƒ…="=…,ю.

b=›…% %2ме2,2ь, ч2% "“  ,…-%!м=ц, , *%2%!3ю 
“е2ь C%л3ч=е2 % ƒ=д=че, “%де!›,2“  " …=K%!е C!,-
ме!%". o%.2%м3 *=че“2"% %K3че…,  “е2, ƒ=",“,2 
%2 *%л,че“2"= C!,ме!%" " %K3ч=ю?еL "/K%!*е, = 
2=*›е %2 2%г%, …=“*%ль*% C%л…% .2, C!,ме!/ 
%C,“/"=ю2 ƒ=д=ч3. qч,2=е2“ , ч2% дл  C%л…%це…-
…%L 2!е…,!%"*, 2!еK3е2“  .%2  K/ …е“*%ль*% де-
“ 2*%" (= л3чше “%2е…) C!,ме!%".

g=*люче…,е. pеƒ3ль2=2 !=K%2/ …еL!%……%L “е2, 
C%“ле C!ед%“2="ле…,  еL …е%K.%д,м%г% ч,“л=  
C!,ме!%"  K3де2 “%.!=…‘… " …еL дл  д=ль…еLшег% 
,“C%льƒ%"=…, , ч2% C%ƒ"%л е2 %2*=ƒ=2ь“  %2 !3ч-
…%г% ""%д= C%“лед%"=2ель…%“2, %K!=K%2*, *=›д%-
г% *%…*!е2…%г% ,ƒдел, , дел=  .2%2 C!%це““ C%л-
…%“2ью ="2%м=2,че“*,м. q`op C!,…,м=е2 !еше-
…,  “=м%“2% 2ель…%; C!%г!=мм,“23 …е%K.%д,м% 
л,шь C!%"е!,2ь C!=",ль…%“2ь C!,… 2,  …еL!%…-
…%L “е2ью !еше…,  , "…е“2, *%!!е*2,"/ " !е›,-
м/ %K!=K%2*,. d=……=  !=ƒ!=K%2*= " …е“*%ль*% 
!=ƒ “…,›=е2 "!ем  …= C%дг%2%"*3 3C!="л ю?,. 
C!%г!=мм , “ 2ече…,ем "!еме…, C%ƒ"%л,2 …=*%-
C,2ь K,Kл,%2е*3  K=ƒ/ ƒ…=…,L дл  %C2,м,ƒ=ц,, 
2!3д= C!%г!=мм,“2= “2=…*= “ )or.

a,Kл,%г!=-,че“*,е ““/л*,

1. j!3гл%" b.b. a%!,“%" b.b. h“*3““2"е……/е …еL!%……/е 
“е2,. l.: c%! ч=  л,…, -Šеле*%м, 2002. q. 12#40.

2. Nagasaka Yoshiyuki, Shichino Hayato, Takahashi 
Tomoyuki. CAE Systems for Gear Design and Manufac-
turing as Concurrent Engineering Tool / Transactions of 
the Japan Society of Mechanical Engineers. 1 645. 2000. 
q. 98#104.

3. Jan H. Vandenbrande, Aristides A.G. Requicha. IEEE 
Pattern Analysis and Machine Intelligence, ч. 15, 1 12/ 
Computer Science Department and Institute for Robotics and 
Intelligent Systems.  University of Southern California, 1993. 
q. 1269#1285.

o!%це““ %K3че…,  …еL!%……%L “е2,
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b.t. x= *Kе!%", *=…д. 2е.…. …=3* (nnn &pm-r-=mhoh…е-2ь[, г. r-=),
t.q. cеCш2еL…, p.`. “…23!,…, *=…д. 2е.…. …=3* (g`n &p%“2…е-2е.,м[, г. r-=) 

ShayakberovVF@ufanipi.ru

mnb`“ Šeumnknch“ }jqokr`Š`0hh oncprfm{u }kejŠph)eqjhu 
0emŠpnaefm{u m`qnqnb 

o!едл%›е…= г,K*=  м3-2=, C!ед…=ƒ…=че……=  дл  %Kе“Cече…,  г,K*%“2, C%г!3›…/. .ле*-
2!,че“*,. це…2!%Kе›…/. …=“%“%" C!, “C3“*е , !=K%2е " “*"=›,…е. d%“2,г=е2“  3г%л ,ƒ-
г,K= ме›д3 "=л=м, д% 50 C!, %д…%"!еме……%м 3ме…ьше…,, ",K!=ц,, , 3"ел,че…,, C%д=ч,. 
pеƒ3ль2=2/ C%д2"е!›де…/ " .%де “2е…д%"/. , C!%м/“л%"/. ,“C/2=…,L.

jлюче"/е “л%"=: “*"=›,…=, *!,",ƒ…=, …=“%“, г,K*=  м3-2=, C%д=ч=, ",K!=ц, .

New exploitation technology of the submersible electric centrifugal pumps Flexible clutch intended 
for submersible electric centrifugal pumps flexibility guaranteeing during lowering and work in a 
well is proposed. Bend angle between shafts mounts to 50 by simultaneously vibration decrease and 
feed increase. Results were confirmed at the bench and field tests.

Key words: well, curvature, pump, flexible clutch, feed, vibration.

b"еде…,е. o!, *3“2%"%м K3!е…,, K%льш=  
ч=“2ь “*"=›,… ,мее2 “"е!.…%!м=2,"…3ю *!,",ƒ-
…3. b C%г!3›…/. 3“2=…%"*=. .ле*2!,че“*,. це…2-
!%Kе›…/. …=“%“%" (r}0m), !=K%2=ю?,. " -%…де 
,“*!,"л‘……/. “*"=›,…, "%ƒ…,*=ю2 K%*%"/е 3“,-
л, , "ед3?,е * C% "ле…,ю …е!=“ч‘2…/. …=C! ›е-
…,L " *%!C3“=. , "=л=.. o!%,“.%д,2 3“*%!е……/L 
,ƒ…%“ де2=леL , “%*!=?е…,е ме›!ем%…2…%г% Cе-
!,%д=. ̀ "=!,L…%“2ь r}0m 3"ел,ч,"=е2 …=C! ›е-
…,е *%!C3“%", "%ƒ…,*=ю?ее C!, “C3“*е C%г!3›-
…/. …=“%“%" " 2=*,е “*"=›,…/. 

o!едл%›е…= …%"=  2е.…%л%г,  .*“Cл3=2=ц,, 
r}0m " “*"=›,…=. …еƒ=",“,м% %2 *!,",ƒ…/ ,. 
“2"%л=. q32ь е‘ ƒ=*люче…= " C!,д=…,, г,K*%“2, 
C%г!3›…/м …=“%“=м. }2% д%“2,г…32% %“…=?е…,ем 
ш2=2…%L r}0m г,K*,м, м3-2=м, (cl) [1], %Kе“-
Cеч,"=ю?,м, "%ƒм%›…%“2ь “C3“*= , !=K%2/ …=-
“%“%" " “*"=›,…=. …еƒ=",“,м% %2 *!,",ƒ…/ “2"%-
л=. l3-2/ C!ед…=ƒ…=че…/ дл  “%ед,…е…,  C%-
г!3›…%г% .ле*2!%д",г=2ел  “ …=“%“%м ,л, ,. “е*-
ц,L [1, 2]. m= r}0m "%ƒм%›е… м%…2=› %д…%L 
,л, K%лее cl (*=›д=  %Kе“Cеч,"=е2 !=K%23 C!, 
3гле ,ƒг,K= *%!C3“%" , "=л%" д% 5% , ч=“2%2е "!=-
?е…,  "=л= 3000 м,…#1). cl "/C3“*=ю2 *=* " 
%K/ч…%м, 2=* , ,ƒ…%“%“2%L*%м ,“C%л…е…,,.  b 
.%де ,“C/2=…,L r}0m “ cl 3“2=…%"ле…/ [3]:

"%ƒм%›…%“2ь C%д"е“*, , .*“Cл3=2=ц,, …=“%“= 
…= люK%м 3ч=“2*е “2"%л= “*"=›,…/ …еƒ=",“,м% 
%2 ег% *!,",ƒ…/ дл  K%лее %C2,м=ль…%г% !е›,м= 
!=K%2/;

C%"/ше…,е д%K/ч, …е-2, ƒ= “ч‘2 3"ел,че…,  
гл3K,…/ “C3“*= …=“%“= K%льшег% 2,C%!=ƒме!= " 
“*"=›,…3 “% “"е!.…%!м=2,"…%L *!,",ƒ…%L 
“2"%л=;

3"ел,че…,е ме›!ем%…2…%г% Cе!,%д= …=“%“= ƒ= 
“ч‘2 C!ед%2"!=?е…,  !=K%2/ " …=C! ›‘……%-де-
-%!м,!%"=……%м “%“2% …,, " *!,"%м 3ч=“2*е 
“2"%л= “*"=›,…/;

“…,›е…,е "е!% 2…%“2, %2*=ƒ%" r}0m C!, 
“C3“*е,  "л ю?,.“  “лед“2",ем %“л=Kле…,  ƒ=-
2 ›*, ,ƒ-ƒ= =“,мме2!,, …=2 ›е…,  K%л2%" C!, 
C!%.%›де…,, 3ч=“2*%" “% “"е!.…%!м=2,"…%L *!,-
",ƒ…%L “2"%л=; 

3ме…ьше…,е !,“*= …еC!%.%›де…,  …=“%“= C% 
“2"%л3 ,“*!,"л‘……%L “*"=›,…/.

d%C%л…,2ель…% 3"ел,че…,е ме›!ем%…2…%г% Cе-
!,%д= “" ƒ=…% “% “…,›е…,ем ",K!=ц,, " 2#3,5 
!=ƒ= C%“ле %“…=?е…,  3“2=…%"*, cl. g=ме!/ 
",K!=ц,, C!%"еде…/ " .%де ƒ="%д“*,. “2е…д%"/. 
,“C/2=…,L. o%“ле м%…2=›= cl C%д=ч= …=“%“= 
3"ел,ч,л=“ь …= 6#10 % [3] C!, "“е. !е›,м=., ч2%, 
",д,м%, “" ƒ=…% “% “…,›е…,ем ",K!=ц,, 3“2=-
…%"*,. o%“2% ……/L 3г%л 1% 15a ме›д3 C%г!3›…/м 
.ле*2!%д",г=2елем , …=“%“%м C!, ,“C/2=…, . 
%C!едел‘… ,ƒ "%ƒм%›…%“2еL “2е…д=.

o!, %C/2…%-C!%м/“л%"%L .*“Cл3=2=ц,, " 
“*"=›,…е n`n &`mj œa=ш…е-2ьB[ r}0m-80 “ 
cl, !=“C%л%›е……%L ме›д3 C%г!3›…/м .ле*2!%-
д",г=2елем , …=“%“%м, …=!=K%2*= “%“2=",л= 1092 
“32. C!, “!ед…ем деK,2е ›,д*%“2, 91,2 м3/“32. 
o!,ч,…= %“2=…%"*, # %2“32“2",е ,ƒ%л ц,, " “,“-
2еме &*=Kель # д",г=2ель[. m= !,“. 1 C%*=ƒ=…% 
ш=!…,!…%е “%ед,…е…,е cl C%“ле C%дA‘м= …=“%-
“=. nK/ч…=  …=!=K%2*= r}0m " “*"=›,…=. “% 
“"е!.…%!м=2,"…%L *!,",ƒ…%L n`n &`mj œa=ш-
…е-2ьB[ # 150#250 “32.

dл  “*"=›,…/ nnn &pm-o3!…е-2ег=ƒ[ K/л 
C!%"ед‘… !=“ч‘2 “"%K%д…%L "C,“/"=ем%“2, r}0m 
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50-2200 (!,“. 2) [3]. o% ег% !еƒ3ль2=2=м %*=ƒ=л%“ь, 
ч2% д%“2=2%ч…% м%…2=›= %д…%L cl " ,ƒ…%“%“2%L-
*%м ,“C%л…е…,, ме›д3 C!%2е*2%!%м .ле*2!%д",-
г=2ел  , г=ƒ%"/м “еC=!=2%!%м. o%“ле …=!=K%2*, 
196 “32. " “" ƒ, “ Cл=…%"%-C!ед3C!ед,2ель…/м 
!ем%…2%м K/л= C!е*!=?е…= !=K%2= r}0m “ cl. 
o% !еƒ3ль2=2=м !=ƒK%!= K/л% 3“2=…%"ле…%, ч2% 
%2“32“2"3е2 ,ƒ…%“ " “%“2="…/. ч=“2 .. b …=“2% -
?ее "!ем  .*“Cл3=2=ц,  r}0m “ cl " n`n &mj 
œp%“…е-2ьB[ K/л= C!%д%л›е…=. o%д*%…2!%ль…=  
!=K%2= 2!‘. 2=*,. 3“2=…%"%* " nnn &pm-o3!…е--
2ег=ƒ[ C%*=ƒ=л=, ч2% “32%ч…/L C!,!%“2 д%K/ч, 
…е-2, “%“2=",л %2 10 д% 26 2.

 }*%…%м,че“*,L .--е*2 %2 C!,ме…е…,  cl " 
“%“2="е r}0m д%“2,г…32 ƒ= “ч‘2:

“%*!=?е…,  ч,“л= “C3“*%-C%дA‘м%" …=“%“= …= 
*%л%……е …=“%“…%-*%мC!е““%!…/. 2!3K , 3ме…ь-
ше…,  г%д%"%L “2%,м%“2, !ем%…2…/. !=K%2;
д%C%л…,2ель…%L д%K/ч, …е-2, ,ƒ-ƒ= 3"ел,че-

…,  !=K%чеL гл3K,…/ …=“%“= , “%*!=?е…,  C!%-
“2%е".

b !еƒ3ль2=2е %це…%ч…/. !=“ч‘2%", "/C%л…е…-
…/. дл  “*"=›,… nnn &pm-~г=…“*…е-2ег=ƒ[, 
C%л3че…%, ч2% дл  %*3C=ем%“2, cl д%“2=2%ч…% 
3"ел,че…,  ме›!ем%…2…%г% Cе!,%д= r}0m …е 
K%лее чем …= 10#15 %.

g=*люче…,е. p=ƒ!=K%2=…= …%"=  2е.…%л%г, , 
%Kе“Cеч,"=ю?=  г,K*%“2ь r}0m C32‘м %“…=?е-
…,  е‘ cl. b n`n &`mj œa=ш…е-2ьB[ , nnn 
&pm-o3!…е-2ег=ƒ[ C!%"еде…/ “2е…д%"/е ƒ="%-
д“*,е ,“C/2=…, , = 2=*›е %C/2…%-C!%м/“л%"=  
.*“Cл3=2=ц,  r}0m “ .2,м, м3-2=м,. b nnn 
&pm-o3!…е-2ег=ƒ[ C%д"е“*= …=“%“= C!%,ƒ"еде…= 
…= 3ч=“2*е “2"%л= “*"=›,…/, где !=K%2= ш2=2…%L 
r}0m …е"%ƒм%›…=. o!, .2%м C%*=ƒ=…%, ч2% ,“-
C%льƒ%"=…,е cl 3"ел,ч,"=е2 ме›!ем%…2…/L Cе-
!,%д r}0m …еƒ=",“,м% %2 *!,",ƒ…/ “2"%л= 
“*"=›,…/.

a,Kл,%г!=-,че“*,е ““/л*,

1. o=2е…2 …= ,ƒ%K!е2е…,е pt 1 2230233. c,K*=  
ш=!…,!…=  м3-2= / t.q. cеCш2еL…, h.`. dь ч3*, 
b.t. x= *Kе!%". g= "л. 11.09.2002. nC3Kл. 10.06.2004. 
aюл. 1 16.

2. Šе.…,че“*,е 3“л%", . l3-2/ г,K*,е * C%г!3›-
…/м …=“%“=м , .ле*2!%д",г=2ел м. Šr 3639-001-
80028030a2009. r-=: 2009. 17 “.

3. x= *Kе!%" b.t., “…23!,… p.`. n !=“ш,!е…,, 
"%ƒм%›…%“2еL r}0m // mе-2еC!%м/“л%"%е дел%. 2009. 
1 3. q. 27#28.

p,“. 1. c,K*=  м3-2= C%“ле 1092 “32 …=!=K%2*, 
" “*"=›,…е n`n &`mj œa=ш…е-2ьB[: 

= # %K?,L ",д; K # ш=!…,!…%е “%ед,…е…,е

=)

K)

p,“. 2. d%C3“2,м/е ƒ…=че…,  C!,!=?е…,  ƒе…,2…%г% 
3гл= α дл  r}0m 50-2200 

" “*"=›,…е nnn &pm-o3!…е-2ег=ƒ[: 

1 # Kеƒ г,K*%L м3-2/; 2 # “ %д…%L г,K*%L 
м3-2%L; 3 # “ 2!ем  г,K*,м, м3-2=м, 
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o.o. j3ць*%, *=…д. 2е.…. …=3*, e.m. nг%!%д…,Lч3* 
(b%!%…е›“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем, ) 

wkz@rambler.ru

l`Šel`Šh)eqjne naeqoe)emhe n0emjh peiŠhmc`, pe`khgrelnqŠh 
h dnqŠ`Šn)mnqŠh bnemmni lhjpn}kejŠpnmhjh oph tnplhpnb`mhh 

jnlokejqm{u 0ekeb{u opncp`ll 

p=““м%2!е…% м=2ем=2,че“*%е %Kе“Cече…,е %це…*, !еL2,…г= !е=л,ƒ3ем%“2, , д%“2=2%ч-
…%“2, "%е……%L м,*!%.ле*2!%…,*, C!, -%!м,!%"=…,, *%мCле*“…/. целе"/. C!%г!=мм.

jлюче"/е “л%"=: .ле*2!%……=  *%мC%…е…2…=  K=ƒ=, м=2ем=2,че“*%е %Kе“Cече…,е, C!,%!,2е2-
…%“2ь !=ƒ!=K%2%*, !еL2,…г%"/L =…=л,ƒ.

In article the software of an estimation of a rating a realizabilities and sufficiency of military 
microelectronics is considered at creation of complex target programs.

Key words: electronic component base, software, priority developments, the rating analysis.

b %“…%"3 %C!еделе…,  C!,%!,2е2…%“2, !=ƒ!=-
K%2%* ,ƒдел,L .ле*2!%……%L *%мC%…е…2…%L K=ƒ/ 
(}ja) C%л%›е… !еL2,…г%"/L =…=л,ƒ, *%2%!/L 
C%ƒ"%л е2 C!%"%д,2ь “!="…,2ель…3ю %це…*3 Cл=-
…,!3ем/. …=3ч…%-,““лед%"=2ель“*,. , %C/2…%-
*%…“2!3*2%!“*,. !=K%2 (mhnjp). b ег% %“…%"е 
ле›,2 %K%K?‘……=  .=!=*2е!,“2,*= C% %C!едел‘…-
…%м3 C!,ƒ…=*3 (C!,ƒ…=*=м), C%ƒ"%л ю?=  "/-
“2!=,"=2ь (г!3CC,!%"=2ь) !=K%2/ " %C!едел‘……%L 
C%“лед%"=2ель…%“2, C% “2еCе…, 3K/"=…,  ("%ƒ-
!=“2=…, ) д=……%г% C!,ƒ…=*=. o!,ƒ…=*, (*!,2е-
!,,) *л=““,-,*=ц,, …=3ч…%-,““лед%"=2ель“*,. 
!=K%2 %2!=›=ю2 “2еCе…ь ,. "=›…%“2, , Cе!"%%че-
!‘д…%“2, "/C%л…е…, .

`лг%!,2м %C!еделе…,  C!,%!,2е2…%“2, !=ƒ!=-
K%2%* ,ƒдел,L .ле*2!%……%L *%мC%…е…2…%L K=ƒ/ 
C!,"ед‘… …= !,“3…*е.

j=* ",д…% ,ƒ !,“3…*=, -%!м,!3е2“  м…%›е“2-
"% (pi) C%*=ƒ=2елеL (C=!=ме2!%") "=›…%“2, , Cе!-
"%%че!ед…%“2, mhnjp:

C!,%!,2е2…%“2ь (%Kе“Cече…,е !=ƒ!=K%2*, "=›-
…еLш,. %K!=ƒц%" "%%!3›е…,L , "%е……%L 2е.…,*, 
(b,bŠ)); 

…=л,ч,е " 32"е!›д‘……/. !еше…, . C% ƒ=ме?е-
…,ю м,*!%“.ем ,…%“2!=……%г% C!%,ƒ"%д“2"=; 

!=ƒ!=K%2*= %д,…%ч…%г% ,ƒдел,  ,л, “е!,,, 
3…,-,ц,!%"=……/. ! д%"; 

"=›…%“2ь !=ƒ!=K%2*, }ja “ 2%ч*, ƒ!е…,  д%“-
2,›е…,  %“…%"…/. 2=*2,*%-2е.…,че“*,. .=!=*2е-
!,“2,* (ŠŠu) %K!=ƒц%" b,bŠ (2!=д,ц,%……=  ,л, 
…е2!=д,ц,%……=  2е.…%л%г,  !=ƒ!=K%2*,); 

“2=д,  "/C%л…е…,  !=K%2/ (…%"/е, Cе!е.%д -
?,е, ƒ="е!ш=ю?,е“ ); 

…е%K.%д,м/е “!%*, C%“2="*, }ja " %K!=ƒц/ 
b,bŠ; 

%Kе“Cече…,е *%мCле*2%"=…,  %д…%г% ,л, …е-
“*%ль*,. 2,C%" %K!=ƒц%" b,bŠ.

b=›…%“2ь =…=л,ƒ,!3ем/. C%*=ƒ=2елеL %це…,-
"=ею2 " ƒ=",“,м%“2, %2 3?е!K=, …=…%“,м%г% "/-
C%л…е…,ю C!%г!=мм…/. д%*3ме…2%" " “л3ч=е …е-
“%%2"е2“2",  C=!=ме2!= (C%*=ƒ=2ел ) 3“2=…%"ле…-
…%м3 *!,2е!,ю.

b ƒ=",“,м%“2, %2 ƒ=д="=ем/. целе"/. 3“2=…%-
"%* "“е C%*=ƒ=2ел, C% “2еCе…, "=›…%“2, дел 2“ :

…= "=›…еLш,е C%*=ƒ=2ел, (Pv1), %2*л%…е…,е *%-
2%!/. %2 "/K!=……%г% *!,2е!,  м%›е2 C!,"е“2, * 
*=2=“2!%-,че“*,м C%“лед“2", м дл  C%“2="ле…-
…%L ƒ=д=ч,, (*%.--,ц,е…2 "=›…%“2, Kv1 = 1);

%C!едел ю?,е C%*=ƒ=2ел, (Pv2), %2*л%…е…,е 
*%2%!/. %2 "/K!=……%г% *!,2е!,  …е C!,"%д,2 * 
*=2=“2!%-,че“*,м C%“лед“2", м дл  "/C%л…е…,  
C%“2="ле……%L ƒ=д=ч, (*%.--,ц,е…2 "=›…%“2, 
Kv2 = 0,5).

b“е mhnjp *л=““,-,ц,!3ю2“  …= 2!, г!3C-
C/: …%"/е, Cе!е.%д ?,е , ƒ="е!ш=ю?,е“ .

o% .2,м г!3CC=м %C!едел ю2 !еL2,…г mhnjp 
C% *=›д%м3 ,ƒ "/K!=……/. C%*=ƒ=2елеL, %2…е“‘…-
…/. C% “2еCе…, "=›…%“2, * %д…%L ,ƒ г!3CC C%-
*=ƒ=2елеL Pv1, Pv2 C32‘м “!="…е…,  *%…*!е2…%-
г% C%*=ƒ=2ел  Pi “ 3“2=…%"ле……/м *!,2е!,ем Qi 
(2=Kл. 1).

o% !еƒ3ль2=2=м “!="…е…,  C%*=ƒ=2елеL “ "/-
K!=……/м, *!,2е!, м, C% *=›д%L ,ƒ N !=K%2 
-%!м,!3е2“  2=Kл. 2, " *%2%!%L " ƒ=",“,м%“2, %2 
!еƒ3ль2=2= =…=л,ƒ= C%*=ƒ=2елеL 3“2=…="л,"=е2“  
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-

-
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 (I  II) 

-
-

 I 

-
-

-
-

`лг%!,2м %C!еделе…,  C!,%!,2е2…%“2, !=ƒ!=K%2%* .ле*2!%……%L *%мC%…е…2…%L K=ƒ/

“%%2"е2“2"3ю?=  .2%м3 “%“2% …,ю !еL2,…г%"=  
г!3CC= (I ,л, II). o!едл=г=ем/е *!,2е!,, дл  
%це…*, "=›…%“2, mhnjp C!,"еде…/ " 2=Kл. 3.

d=лее %C!едел ю2 *!,2е!,L м=*“,м=ль…%L 
"=›…%“2, mhnjp, C!, *%2%!%м "“е =…=л,ƒ,!3е-
м/е C%*=ƒ=2ел, C%C=д=ю2 " Cе!"3ю !еL2,…г%"3ю 
г!3CC3:

1 2 2
1 1 1 1

, ,
a a d d

i i i
i i

P Q P Qν ν
ν ν= − = =

= =∑ ∑ ∑ ∑

где a, d # *%л,че“2"% =…=л,ƒ,!3ем/. C%*=ƒ=2елеL C% 
г!3CC=м "=›…%“2,, “%“2="л ю?,. " “3мме %K?ее 
ч,“л% =…=л,ƒ,!3ем/. C%*=ƒ=2елеL pi;; Qi1, Qi2 # 3“-
2=…%"ле……/L *!,2е!,L "=›…%“2,.

p=““ч,2/"=ю2“  "е“%"/е *%.--,ц,е…2/ Kr1, 
jr2 дл  *=›д%L ,ƒ =…=л,ƒ,!3ем/. mhnjp C% C%-
*=ƒ=2ел м !=ƒ…%г% 3!%"…  "=›…%“2,, C%C="ш,м " 
Cе!"3ю !еL2,…г%"3ю г!3CC3:

1 1 1
1 1

/ 1
m a

r r
r
P PK ν

ν= =
= ≤∑ ∑

 

,

2 2 2
1 1

/ 1
g d

r r
r
P PK ν

ν= =
= ≤∑ ∑

 

,
       

где pr1, pr2, # C%*=ƒ=2ел, 1-г% , 2-г% 3!%"…  "=›…%-
“2, “%%2"е2“2"е……%; 2, g ~ ч,“л% C%*=ƒ=2елеL mh-
njp (C% г!3CC=м "=›…%“2,), C%C="ш,. " I , II !еL-
2,…г%"/е г!3CC/.
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Š=Kл,ц =  1

pеL2,…г mhnjp 

u=!=*2е!,“2,*= mhnjp g…=че…,е C%*=ƒ=2ел pеL2,…г mhnjp

q%%2"е2“2"3е2 *!,2е!,ю Pi = Qi I

mе “%%2"е2“2"3е2 *!,2е!,ю Pi < Qi II

Š=Kл,ц =  2

pеL2,…г%"/е г!3CC/ …=3ч…%-,““лед%"=2ель“*,. , %C/2…%-*%…“2!3*2%!“*,. !=K%2 

`…=л,ƒ,!3ем/е C%*=ƒ=2ел,
pеL2,…г mhnjp C% =…=л,ƒ,!3ем/м C%*=ƒ=2ел м

I II

p1 + #

p2 #a +

p3 + #a

… #a #a

Pi + #a

Š=Kл,ц =  3

j!,2е!,, %це…*, "=›…%“2, …=3ч…%-,““лед%"=2ель“*,. , %C/2…%-*%…“2!3*2%!“*,. !=K%2 

j!,2е!,, "=›…%“2, mhnjp
pеL2,…г mhnjp C% C%*=ƒ=2елю Pi

I II

nKе“Cече…,е *%мCле*2%"=…,  
C!,%!,2е2…%г% %K!=ƒц= b,bŠ

dл  C!,%!,2е2…/. %K!=ƒц%" 
b,bŠ

mе дл  C!,%!,2е2…/. %K!=ƒц%" 
b,bŠ

b/C%л…е…,е 32"е!›д‘……/. !еше…,L 
C% ƒ=ме?е…,ю ,мC%!2=

b “%%2"е2“2",, “ 32"е!›д‘……/м, 
!еше…, м,

mе !еш=е2 ƒ=д=ч3 ƒ=ме?е…,  
,мC%!2= ƒ=ме?е…, 

pеше…,е ƒ=д=ч, 3…,-,*=ц,,
nKе“Cеч,"=е2 “е!,, 

3…,-,ц,!%"=……/. ! д%" }ja
nKе“Cеч,"=е2 !=ƒ!=K%2*3 
%д,…%ч…%г% %K!=ƒц= }ja

nKе“Cече…,е д%“2,›е…,  "=›…еLш,. 
.=!=*2е!,“2,* %K!=ƒц%" b,bŠ

nKе“Cеч,"=е2 д%“2,›е…,е 
"=›…еLш,. ŠŠu %K!=ƒц%" b,bŠ

mе %Kе“Cеч,"=е2 д%“2,›е…,е 
"=›…еLш,. ŠŠu %K!=ƒц%" b,bŠ

oе!“Cе*2,"…%“2ь …=C!="ле…, 
nKе“Cеч,"=е2 !=ƒ",2,е …%"%г% 

…=C!="ле…, 
nKе“Cеч,"=е2 "/C%л…е…,е !=K%2 

…= 2!=д,ц,%……/. C!,…ц,C=.

r"ел,че…,е “!%*= "/C%л…е…,  
mhnjp %Kе“Cеч,"=е2 “"%е"!еме……3ю 

C%“2="*3 }ja дл  b,bŠ
nKе“Cеч,"=е2 mе %Kе“Cеч,"=е2

pеше…,е ƒ=д=ч, %Kе“Cече……%“2, 
%K!=ƒц%" b,bŠ .леме…2…%L K=ƒ%L

dл  м…%г,. %K!=ƒц%" b,bŠ dл  %д…%г% %K!=ƒц= b,bŠ
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nC!едел ю2“  ,2%г%"/е !еL2,…г, *=›д%L 
mhnjp Wi C32‘м “3мм,!%"=…,  !=““ч,2=……/. 
"е“%"/. *%.--,ц,е…2%" jr1, jr2 “ 3ч‘2%м 3“2=-
…%"ле……/. *%.--,ц,е…2%" "=›…%“2, Kv1, Kv2:

Wi = Kr1Kv1+Kr2Kv2 .

nце…,"=е2“  "=›…%“2ь !=K%2 C% !еƒ3ль2=2=м 
=…=л,ƒ= C%*=ƒ=2елеL C32‘м “!="…е…,  ,. ,2%г%-
"/. !еL2,…г%" Wit “ м=*“,м=ль…% "%ƒм%›…/м 
Wmax, %C!едел ем/м ,ƒ !=““м%2!е……%г% "/ше 
"/!=›е…,  C!, 3“л%",, jr1 = jr2 = 1 , C!,… 2/м 
C%!%г%"/м ƒ…=че…,ем WC%! < Wit< Wmax.

b“е mhnjp "/“2!=,"=ю2“  " C%! д*е 3K/"=-
…,  ,. !еL2,…г= (%2дель…% …%"/е, Cе!е.%д ?,е , 
ƒ="е!ш=ю?,е“ ). b !еƒ3ль2=2е !еше…,  ƒ=д=ч, 
C%л3ч=ю2“  м=““,"/ ,…-%!м=ц,,, “%де!›=?,е 
Cе!еч…, mhnjp “ 3*=ƒ=…,ем !еL2,…г=.

o!, -%!м,!%"=…,, !=ц,%…=ль…%г% "=!,=…2= 
2!еK%"=…,L * }ja  C!%"%д,2“  =…=л,ƒ “%%2"е2“2-
",  “3?е“2"3ю?,м , C!%г…%ƒ,!3ем/м C%2!еK…%-
“2 м !=ƒ!=K%2ч,*%" b,bŠ , "%ƒм%›…%“2 м %2ече-
“2"е……%L C!%м/шле……%“2, C% !е=л,ƒ=ц,, .2,. 
2!еK%"=…,L " C!%г!=мм…/L Cе!,%д.

m= %“…%"е м%…,2%!,…г= C%2!еK…%“2еL !=ƒ!=-
K%2ч,*%" b,bŠ , =…=л,ƒ= 2е…де…ц,L !=ƒ",2,  
%2ече“2"е……%L .ле*2!%……%L *%мC%…е…2…%L K=ƒ/ 
-%!м,!3е2“  C!ед"=!,2ель…/L "=!,=…2 2!еK%"=-
…,L *  *%мC%…е…2…%L K=ƒе C% г!3CC=м , C%дг!3C-
C=м “ 3*=ƒ=…,ем !еле"=…2…/. C=!=ме2!%" , 3!%"-
…  ,. ƒ…=че…,L.

qлед3ю?,м .2=C%м  "л е2“  =…=л,ƒ “%%2"е2-
“2",  “-%!м,!%"=……/. 2!еK%"=…,L  3“л%",ю 
д%“2=2%ч…%“2,. b “л3ч=е …е“%%2"е2“2",  !=““м=2-
!,"=ем%м3 3“л%",ю # 2!еK%"=…,  * }ja “2!е-
м 2“  C!,"е“2, * м=*“,м=ль…%м3 3д%"ле2"%!е-
…,ю C%2!еK…%“2еL !=ƒ!=K%2ч,*%" b,bŠ. q-%!-
м,!%"=……/L  "=!,=…2 2!еK%"=…,L * *%мC%…е…2-
…%L K=ƒе …= C!%г!=мм…/L Cе!,%д, м=*“,м=ль…% 
3д%"ле2"%! ю?,L C%2!еK…%“2 м !=ƒ!=K%2ч,*%", 
=…=л,ƒ,!3е2“  “ 2%ч*, ƒ!е…,  “%%2"е2“2",  3“-
л%",ю !е=л,ƒ3ем%“2, .2,. 2!еK%"=…,L. e“л, 3“-
л%",е !е=л,ƒ3ем%“2, …е "/C%л… е2“ , %C!едел -
ю2 ме!%C!, 2,  C% %Kе“Cече…,ю C%2!еK…%“2еL " 
}ja: ,“C%льƒ%"=…,е K=ƒ ,…%“2!=……%г% C!%,ƒ-
"%д“2"= “ C%“лед3ю?еL ƒ=ме…%L …= %2ече“2"е…-
…/е =…=л%г,; Cе!е…%“ “!%*%" “%ƒд=…,  %K!=ƒц%" 

b,bŠ …= Cе!,%д, …е%K.%д,м/L дл  “%ƒд=…,  
2!еK3ем%L }ja %2ече“2"е……%L C!%м/шле……%-
“2ью; !=ƒ!=K%2*= .ле*2!%……%L K=ƒ/ …= %2ече“2-
"е……/. C!едC!, 2, . , C!%,ƒ"%д“2"% ƒ= !3Kе-
›%м , д!.

dл  C%"/ше…,  %K%“…%"=……%“2, 2!еK%"=…,L 
…е%K.%д,м !=ƒ…%“2%!%……,L =…=л,ƒ “%“2% …,  , 
2е…де…ц,L !=ƒ",2,  .леме…2…%L K=ƒ/, %“…%"=…-
…/L *=* …= !=“ч‘2=., 2=* , …= =!г3ме…2,!%"=……/. 
“3›де…, . “Cец,=л,“2%"-.*“Cе!2%".

o!,ме…е…,е C!едл%›е……%г% .*“Cе!2…%г% ме-
2%д= " ƒ…=ч,2ель…%L ме!е C%ƒ"%л е2 %Kе“Cеч,2ь 
%KAе*2,"…%“2ь, м…%г%“2%!%……%“2ь, *%мCле*“-
…%“2ь , *%мCе2е…2…%“2ь C!,…,м=ем/. C!=*2,че-
“*,. !еше…,L. b д=……%м “л3ч=е …е%K.%д,м% C%-
л3че…,е *=че“2"е……/. г!3CC%"/. .*“Cе!2…/. 
%це…%* C% ч=“2…/м *!,2е!, м, C% *%2%!/м м%-
›е2 K/2ь C!,… 2% !еше…,е % д%“2=2%ч…%“2, , 
!е=л,ƒ3ем%“2, 2!еK%"=…,L * }ja …= C!%г!=мм-
…/L Cе!,%д. b *=че“2"е .*“Cе!2…%L ,…-%!м=ц,,  
!=““м=2!,"=ю2“  K=лль…/е %це…*, …= %“…%"е ч=-
“2…/. *!,2е!,е" C% цел%ч,“ле……%L C%! д*%"%L 
ш*=ле. j=че“2"е……/е %це…*, !=…›,!3ю2“  C% 
"%ƒ!=“2=…,ю C%ƒ,2,"…%“2, %2"е2=. dл  %C!еделе-
…,  г!3CC%"%L %це…*, ,“C%льƒ3е2“  мед,=…= "/-
K%!*, м…%›е“2"= .*“Cе!2…/. м…е…,L C% ч=“2…/м 
*!,2е!, м дл  *=›д%г% ,““лед3ем%г% %KAе*2= 
(г!3CC/, C%дг!3CC/ }ja, ƒ…=че…,L %“…%"…/. 
2е.…,че“*,. C=!=ме2!%"). 

m=.%›де…,е г!3CC%"%L %це…*, C!="%ме!…% 
C!, %2“32“2",, деле…,  м…%›е“2"= .*“Cе!2…/. 
м…е…,L дл  *%…*!е2…%г% ,““лед3ем%г% %KAе*2= 
C% *=›д%м3 ,ƒ !=““м=2!,"=ем/. ч=“2…/. *!,2е-
!,е" …= д"е г!3CC/ ,л, K%лее, ,мею?,е ед,…/е 
г!3CC%"/е 2%ч*, ƒ!е…, .

b !еƒ3ль2=2е C!%"еде…= -%!м=л,ƒ=ц,  ме2%д= 
%K!=K%2*, !еƒ3ль2=2%" .*“Cе!2…%г% %це…,"=…, . 
o!едл%›е……/L ме2%д =…=л,ƒ= .*“Cе!2…%L ,…-
-%!м=ц,,  C!,ме…,м *=* дл  =…=л,ƒ= д%“2=2%ч-
…%“2, 2!еK%"=…,L * }ja, 2=* , дл  =…=л,ƒ= ,. 
!е=л,ƒ3ем%“2,. m= %“…%"е д=……%г% м=2ем=2,че-
“*%г% %Kе“Cече…,  !=ƒ!=K%2=… C!%г!=мм…/L м%-
д3ль, *%2%!/L  "*люче… " ,…-%!м=ц,%……3ю “,“-
2ем3 *%%!д,…=ц,%……%г% 3C!="ле…,  , 3“Cеш…% 
,“C%льƒ3е2“  дл  .*“Cе!2,ƒ/ ƒ= "%* C!, -%!м,-
!%"=…,, *%мCле*“…/. целе"/. C!%г!=мм “%ƒд=-
…,  "%е……%L м,*!%.ле*2!%…,*,.

b…,м=…,ю ="2%!%"!

Š!еK%"=…,  * %-%!мле…,ю “2=2еL, C!,“/л=ем/. дл  C3Kл,*=ц,,,

м%›…% …=L2, …= “=L2е www.mashin.ru
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b{qŠ`bjh h opegemŠ`0hh

SYMANTEC: b 2010 г. jhaeprcpng{ qŠ`kh 
gm`)hŠek|mn ankee l`qxŠ`am{lh h 
hgnypHmm{lh

j%!C%!=ц,  Symantec (Nasdag: SYMC) # м,!%-
"%L л,де! " %Kл=“2, !еше…,L дл  %Kе“Cече…,  
Kеƒ%C=“…%“2,, .!=…е…,  д=……/. , 3C!="ле…,  “,“-
2ем=м, # %K…=!%д%"=л= 16-L е›ег%д…/L %2ч‘2 %K 
3г!%ƒ=. Kеƒ%C=“…%“2, " ,…2е!…е2е. n2ч‘2 “",де2ель-
“2"3е2 % "=›…/. ,ƒме…е…, . " л=…дш=-2е ,…2е!-
…е2-3г!%ƒ " 2010 г., = 2=*›е %K 3“л%›…е…,, .2,. 
3г!%ƒ , 3"ел,че…,, ,. м=“ш2=K%". 

g= 2010 г. Symantec %K…=!3›,л= K%лее 286 мл…. 
…%"/. 3г!%ƒ. Š=*%е %г!%м…%е *%л,че“2"% 3г!%ƒ “%-
C!%"%›,д=л%“ь C% "ле…,ем …е“*%ль*,. …%"/. "=›-
…/. 2е…де…ц,L. b%-Cе!"/., " 2010 г. …=Kлюд=л“  
!еƒ*,L !%“2 *=* ч=“2%2/, 2=* , ,ƒ%?!‘……%“2, …=-
C!="ле……/. =2=* …= C!едC!, 2, . b%- "2%!/., “%ц,-
=ль…/е “е2, “2=л, ,“C%льƒ%"=2ь“  ƒл%3м/шле……,-
*=м, *=* Cл=2-%!м/ дл  !=“C!%“2!=…е…,  =2=*. b-
2!е2ь,., …=C=д=ю?,е ,ƒме…,л, 2=*2,*3 # %…, "“‘ 
ч=?е “2=л, ,“C%льƒ%"=2ь 3 ƒ",м%“2, Java дл  "ƒл%-
м= 2!=д,ц,%……/. *%мCью2е!…/. “,“2ем. m=*%…ец, 
ƒ=мече… !еƒ*,L !%“2 ,…2е!е“= м%ше……,*%" * м%-
K,ль…/м 3“2!%L“2"=м. 

2010: c%д …=C!="ле……/. =2=*. m=C!="ле……/е =2=-
*,, 2=*,е *=* Hydraq , Stuxnet, C!ед“2="л л, !=“23-
?3ю 3г!%ƒ3 дл  C!едC!, 2,L " 2010 г. dл  3“Cеш-
…%г% , …еƒ=ме2…%г% C!%…,*…%"е…,  " *%мCью2е!-
…/е “е2, C!едC!, 2,L ƒл%3м/шле……,*, ,“C%льƒ%-
"=л, !=…ее …е,ƒ"е“2…/е 3 ƒ",м%“2, (2=* …=ƒ/"=е-
м/е 3 ƒ",м%“2, …3ле"%г% д… ). ̀ , …=C!,ме!, Stuxnet 
дл  %“3?е“2"ле…,  =2=* ,“C%льƒ%"=л “!=ƒ3 че2/!е 
2=*,. 3 ƒ",м%“2,.

b 2010 г. ƒл%3м/шле……,*, =2=*%"=л, цел/L ! д 
!=ƒ…%%K!=ƒ…/. *!3C…/. 2!=…“…=ц,%…=ль…/. *%!-
C%!=ц,L , C!=",2ель“2"е……/. 3ч!е›де…,L, = 2=*›е 
…= 3д,"ле…,е м…%г% …еK%льш,. *%мC=…,L. )=“2% 
ƒл%3м/шле……,*, “%K,!=л, ,…-%!м=ц,ю % *%…-
*!е2…/. “%2!3д…,*=. =2=*3ем%L *%!C%!=ц,,, = ƒ=-
2ем !=ƒ!=K=2/"=л, ,…д,",д3ль…/L C%д.%д * *%…-
*!е2…%L ›е!2"е (" %“…%"…%м “ ,“C%льƒ%"=…,ем ме-
2%д%" “%ц,=ль…%L ,…›е…е!,,) дл  C%л3че…,  д%“-
23C= " “е2ь *%мC=…,,-›е!2"/. aл=г%д=!  2=*%м3 
C!,цель…%м3 .=!=*2е!3, м…%г,е ,ƒ .2,. =2=* д%“-
2,гл, 3“Cе.= д=›е " %2…%ше…,, 2=*,. %!г=…,ƒ=ц,L, 
где “%Kлюд=л,“ь %“…%"…/е ме!/ Kеƒ%C=“…%“2,. 

&Stuxnet , Hydraq, д"= “=м/. ƒ=ме2…/. *,Kе!-“%-
K/2,  2010 г., “2=л, ƒC,ƒ%д=м, …=“2% ?еL *,Kе!-
"%L…/ # %…, *=!д,…=ль…/м %K!=ƒ%м ,ƒме…,л, 
л=…дш=-2 3г!%ƒ, # ƒ= ",л q2,"е… Š!,лл,…г (Ste-
phen Trilling), ",це-C!еƒ,де…2 Symantec C% 2е.…%л%-
г, м Kеƒ%C=“…%“2, , %2"е2…/. деL“2",L. # t%*3“ 
3г!%ƒ !=“ш,!,л“  %2 C%C/2%* "ƒл%м= ч=“2…/. K=…-

*%"“*,. “че2%" д% …=…е“е…,  3?е!K= ,…-%!м=ц,-
%……%L , -,ƒ,че“*%L ,…-!=“2!3*23!е цел/. г%“3-
д=!“2"[. 

o%л3ч,"ш,е ш,!%*3ю %гл=“*3 …=C!="ле……/е 
=2=*, 2010 г. ,мел, “"%еL целью .,?е…,е ,…2ел-
ле*23=ль…%L “%K“2"е……%“2, ,л, …=…е“е…,е -,ƒ,че-
“*%г% 3?е!K=. nд…=*% м…%г,е ме…ее ,ƒ"е“2…/е …=-
C!="ле……/е =2=*, K/л, …=целе…/ , …= ч=“2…/. 
л,ц дл  C%л3че…,  д%“23C= * ,. Cе!“%…=ль…%L ,…-
-%!м=ц,,. o% д=……/м %2ч‘2=, " 2010 г. " “!ед…ем 
%д,… 3“Cеш…/L "ƒл%м C!,"%д,л * C%C=д=…,ю 
" %2*!/2/L д%“23C Cе!“%…=ль…/. д=……/. 260 000 
чел%"е*. 

q%ц,=ль…/е “е2,: Cл%д%!%д…=  C%ч"= дл  *,Kе!-
C!е“23C…%“2,. o%C3л !…%“2ь “%ц,=ль…/. “е2еL C!%-
д%л›=е2 !=“2,, , “%ƒд=2ел, "!ед%…%“…/. C!%г!=мм 
…е м%гл, %“2=",2ь .2% Kеƒ "…,м=…, . )=?е "“ег% 
ƒл%3м/шле……,*, ,“C%льƒ3ю2 *%!%2*,е URL-=д!е-
“=, *%2%!/е %K/ч…% C!,ме… ю2“  дл  “%*!=?е…,  
ч,“л= “,м"%л%" " “%%K?е…,, …= 2%м ›е Š",22е!е, 
K%лее =**3!=2…%г% ",д= дл,……%L ““/л*, …= “=L2е 
,л, " C,“ьме. b 2010 г. м%ше……,*, !=“C!%“2!=…,л, 
м,лл,%…/ 2=*,. ““/л%* C% “%ц,=ль…/м “е2 м “ це-
лью ƒ=м=…,2ь C%льƒ%"=2елеL …= -,ш,…г%"/е “=L2/ 
,л, ƒ=!=ƒ,2ь ",!3“%м ,л, д!3г,м "!ед%…%“…/м on. 
}2% “C!%"%ц,!%"=л% !%“2 *%л,че“2"= “л3ч=е" 3“-
Cеш…%г% ,…-,ц,!%"=…, .

b %2ч‘2е %2меч=е2“ , ч2% ƒл%3м/шле……,*, C% 
м=*“,м3м3 ,“C%льƒ%"=л, "%ƒм%›…%“2, …%"%“2…/. 
ле…2 C%C3л !…/. “%ц“е2еL дл  м=““%"/. "!ед%…%“-
…/. =*2,"…%“2еL. Š,C,ч…/L “це…=!,L "/гл дел 
2=*: ƒл%3м/шле……,* ".%д,2 …= "ƒл%м=……/L =**=-
3…2 " “%ц,=ль…%L “е2, , "/"еш,"=е2 " “2=23“е *%-
!%2*3ю ““/л*3 …= "!ед%…%“…/L "еK-“=L2. g=2ем 
“=L2 “%ц,=ль…%L “е2, ="2%м=2,че“*, %2C!="л е2 
““/л*3 " …%"%“2…/е C%2%*, д!3ƒеL ›е!2"/, !=“C!%-
“2!=…   е‘ 2=*,м %K!=ƒ%м “%2… м ,л, 2/“ ч=м 
›е!2" " 2ече…,е …е“*%ль*,. м,…32. j%!C%!=ц,  
Symantec ƒ=-,*“,!%"=л=, ч2% " 2010 г. 65 % "!ед%-
…%“…/. ““/л%* " …%"%“2…/. C%2%*=. ,“C%льƒ%"=л, 
*%!%2*,е URL-=д!е“=. hƒ …,. …= 73 % &*л,*=л,[ 
K%лее 10 !=ƒ, = gg % # %2 11 д% 50 !=ƒ. 

c%2%"/е ,…“2!3ме…2/ дл  %“3?е“2"ле…,  =2=* 
“-%*3“,!%"=л,“ь …= Java. m=K%!/ .*“Cл%L2%" дл  
=2=* # .2% *%мCью2е!…/е C!%г!=мм/, *%2%!/е м%-
г32 ,“C%льƒ%"=2ь“  *=* C!%д",…32/м, .=*е!=м,, 
2=* , …%",ч*=м, дл  %Kлегче…,  ƒ=C3“*= ш,!%*%-
м=“ш2=K…/. =2=*. Š=*,е ,…“2!3ме…2/ C%"“еме“2…% 
C!,ме… л,“ь " 2010 г. , "“‘ ч=?е ,“C%льƒ%"=л, 3 ƒ-
",м%“2, Java, …= д%лю *%2%!%L C!,шл%“ь 17 % "“е. 
3 ƒ",м%“2еL Cл=г,…%" "еK-K!=3ƒе!%". “"л  “ь C%-
C3л !…%L м3ль2,-Cл=2-%!ме……%L 2е.…%л%г,еL, …е 
C!," ƒ=……%L * 2,C3 K!=3ƒе!=, Java %“2=‘2“  C!,"ле-
*=2ель…%L м,ше…ью дл  ƒл%3м/шле……,*%".
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m=K%! tе…,*“ (Phoenix) “2=л %“…%"%L дл  K%ль-
ш,…“2"= %“3?е“2"л‘……/. "еK-=2=* " 2010 г.. n…, *=* 
, м…%г,е д!3г,е …=K%!/, 2%›е “%де!›,2 .леме…2/, 
,“C%льƒ3ю?,е 3 ƒ",м%“2, Java. g= %2ч‘2…/L Cе!,%д 
2%C-6 "еK-=2=* ,“C%льƒ%"=л, .*“C%L2/ * 3 ƒ",м%-
“2 м Java.

),“л% "еK-=2=*, е›ед…е"…% -,*“,!%"=……/. " 
2010 г., "%ƒ!%“л% …= 93 % C% “!="…е…,ю “ 2009 г. 
h, 3ч,2/"=  2%, ч2% C% д=……/м Symantec д"е 2!е2, 
"“е. .2,. 3г!%ƒ K/л, “%ƒд=…/ “ C%м%?ью г%2%"/. 
…=K%!%" ,…“2!3ме…2%", ,ме……% %…, м%гл, “2=2ь 
C!,ч,…%L 2=*%г% !еƒ*%г% !%“2=.

o!% “… е2“  “.ем= деL“2",L .л%3м/шле……,*%" " 
м%K,ль…%м C!%“2!=…“2"е. o%"“еме“2…%е !=“C!%“2!=-
…е…,е м%K,ль…/. Cл=2-%!м д%“2,гл% 2%г% 3!%"… , 
*%гд= ƒл%3м/шле……,*, C!%“2% …е м%г32 …е %K!=?=2ь 
…= .2% "…,м=…, . b “" ƒ, “ .2,м Symantec %›,д=е2 
3"ел,че…,е ч,“л= =2=* …= .2, Cл=2-%!м/. b 2010 г. 
м%K,ль…/е 3“2!%L“2"= =2=*%"=л,“ь C!е,м3?е“2"е…-
…% 2!% …“*,м, C!%г!=мм=м,, м=“*,!%"="ш,м,“  
C%д лег,2,м…/е C!,л%›е…, . h .%2  …е*%2%!/е ,ƒ 
.2,. C!%г!=мм K/л, !=ƒ!=K%2=…/ ƒл%3м/шле……,*=-
м, &“ …3л [, "% м…%г,. “л3ч= . ,…-,ц,!%"=…,е 
C%льƒ%"=2елеL C!%,“.%д,л% C32‘м "C,“/"=…,  "!е-
д%…%“…/. =лг%!,2м%" " ,“.%д…/е %-,ц,=ль…/е C!,-
л%›е…, . g=2ем ƒл%3м/шле……,*, !=“C!%“2!=… л, 
.2, ƒ=!=›е……/е C!,л%›е…,  че!еƒ %K?ед%“23C…/е 
,…2е!…е2-м=г=ƒ,…/. j C!,ме!3, ,ме……% 2=*,м “C%-
“%K%м "%“C%льƒ%"=л,“ь ="2%!/ Pjapps Trojan.

mе“м%2!  …= 2%, ч2% …%"/е =!.,2е*23!/ “,“2ем 
Kеƒ%C=“…%“2,, ,“C%льƒ3ем/е " “%"!еме……/. м%-
K,ль…/. 3“2!%L“2"=., …е 3“23C=ю2 " .--е*2,"…%“2, 
…=“2%ль…/м *%мCью2е!=м , “е!"е!=м, ƒл%3м/шле…-
…,*=м ч=“2% 3д=‘2“  м,…%"=2ь .23 ƒ=?,23, ,“C%ль-
ƒ3  "…32!е……,е 3 ƒ",м%“2, м%K,ль…/. Cл=2-%!м. j 
“%›=ле…,ю, 2=*,е …ед%ч‘2/ "“2!еч=ю2“  д%"%ль…% 
ч=“2%: " 2ече…,е 2010 г. *%!C%!=ц,  Symantec %K…=-
!3›,л= 163 3 ƒ",м%“2,, *%2%!/е м%гл, K/ K/2ь ,“-
C%льƒ%"=…/ ƒл%3м/шле……,*=м, дл  C%л3че…,  ч=“-
2,ч…%г% ,л, C%л…%г% *%…2!%л  …=д 3“2!%L“2"=м,, 
,“C%льƒ3ю?,м, C%C3л !…/е м%K,ль…/е Cл=2-%!-
м/. b 2ече…,е Cе!"/. ме“ це" 2011 г., ƒл%3м/шле…-
…,*, 3›е "%“C%льƒ%"=л,“ь .2,м, …ед%ч‘2=м,, ч2%-
K/ ,…-,ц,!%"=2ь “%2…, 2/“ ч 3“2!%L“2". 

k=…дш=-2 3г!%ƒ $ %“…%"…/е ц,-!/ , -=*2/:
286 м,лл,%…%" …%"/. 3г!%ƒ # 2010 г. .=!=*2е!,ƒ%-

"=л“  м…%г%%%K!=ƒ,ем "!ед%…%“…%г% on, = 2=*›е 
C% "ле…,ем …%"/. ме.=…,ƒм%" ег% !=“C!%“2!=…е-
…, , ч2% C%“л3›,л% C!,ч,…%L д=ль…еLшег% !%“2= 
*%л,че“2"= "!ед%…%“…/. 2е.…%л%г,L. b 2010 г. 
Symantec “2%л*…3л“  “ K%лее чем 286 мл…. 3…,*=ль-
…/. "=!,=…2%" "!ед%…%“…%г% on;

*%л,че“2"% "еK-=2=* "/!%“л% …= 93 % # Kл=г%д=!  
г%2%"/м ,…“2!3ме…2=м дл  %“3?е“2"ле…,  "еK-=2=*, 
,. ч,“л% 3"ел,ч,л%“ь " 2010 г. …= 93 %. }2%м3 2=*›е 
“C%“%K“2"%"=л% ш,!%*%е ,“C%льƒ%"=…,е “е!",“%" 
*%!%2*,. URL;

260 000 &чел%"ече“*,. ›е!2"[ ƒ= %д…3 3“Cеш…3ю 
=2=*3 # Š=*%"% “!ед…ее *%л,че“2"% людеL, чь, Cе!-
“%…=ль…/е д=……/е %*=ƒ=л,“ь " %2*!/2%м д%“23Cе 
C%“ле "ƒл%м= " 2010 г.;

14 …%"/. 3 ƒ",м%“2еL …3ле"%г% д…  # r ƒ",м%“2, 
…3ле"%г% д…  “/г!=л, *люче"3ю !%ль " …=C!="ле…-
…/. =2=*=., 2=*,. *=* Hydraq , Stuxnet. Š%ль*% 
Stuxnet ,“C%льƒ%"=л че2/!е !=ƒл,ч…/е 3 ƒ",м%“2, 
…3ле"%г% д… ; 

6 253 …%"/е 3 ƒ",м%“2, # b 2010 г. Symantec ƒ=-
д%*3ме…2,!%"=л K%льше 3 ƒ",м%“2еL, чем " люK%L 
C!ед/д3?,L %2ч‘2…/L Cе!,%д;
ч,“л% %K…=!3›е……/. м%K,ль…/. 3 ƒ",м%“2еL "/-

!%“л% …= 42 % # o!,ƒ…=*%м 2%г%, ч2% *,Kе!C!е“23C-
…,*, …=ч,…=ю2 -%*3“,!%"=2ь“  …= м%K,ль…%м C!%-
“2!=…“2"е “2=л !%“2 ч,“л= ƒ=-,*“,!%"=……/. …%"/. 
3 ƒ",м%“2еL м%K,ль…/. %Cе!=ц,%……/. “,“2ем “% 
115 " 2009 д% 163 " 2010 г.;

%д,… K%2…е2 “ K%лее %д…%г% мл…. “C=м-K%2%" # 
b 2010 г. K/л Cе!,%д, *%гд= C%д *%…2!%лем Rustock, 
“=м%г% *!3C…%г% K%2…е2= ,ƒ …=Kлюд="ш,.“  " 2010 г., 
…=.%д,л%“ь K%лее %д…%г% мл…. K%2%". d!3г,е K%2…е2/ 
# 2=*,е *=* Grum , Cutwail # %2“2="=л, …е…=м…%г%, 
*%…2!%л,!3  м…%г,е “%2…, 2/“. K%2%" *=›д/L;

74% “C=м= %2…%“,л%“ь * -=!м=це"2,че“*%L C!%-
д3*ц,, # b 2010 г. C!,ме!…% 2!, че2"е!2, "“ег% 
“C=м= C!ед“2="л л, “%K%L !е*л=м3 -=!м=це"2,че-
“*,. C!еC=!=2%";

$15 ƒ= 10 000 K%2%" # o!%"%д  м%…,2%!,…г !е*-
л=м…/. %KA "ле…,L 2е…е"%г% !/…*= " 2010 г., 
Symantec %K…=!3›,л, ч2% 10 2/“. K%2%" C!%д="=л,“ь 
"“ею ƒ= 15 д%лл. qx`. nK/ч…% K%2/ ,“C%льƒ3ю2“  
дл  “C=м-!=““/л%* , !=“C!%“2!=…е…,  л%›…%г% 
on, %д…=*% " C%“лед…ее "!ем  ,. "“е ч=?е C!,ме-
… ю2 дл  DDOS-=2=*.;

%2 $0.07 д% $100 ƒ= *!ед,2…3ю *=!23 # b 2010 г. 
це…/ …= !е*",ƒ,2/ *!ед,2…/. *=!2 …= C%дC%ль…/. 
-%!3м=. "=!ь,!%"=л,“ь " ш,!%*%м д,=C=ƒ%…е. t=*-
2%!=м,, д,*2%"="ш,м, це…3, K/л, !ед*%“2ь *=!2/ 
, “*,д*, C!, %C2%"%L C%*3C*е.

o% ,2%г=м 2010 г%д= p%““,  ƒ=… л= Cе!"%е ме“2% 
" e"!%Cе C% 3!%"…ю %!г=…,ƒ%"=…-…%г% &“C=м-ƒ%мK,-
!%"=…, [. p%““,  "2%!%L г%д C%д! д ".%д,2 " 2%!-10 
“2!=… “ …=,K%лее "/“%*%L "!ед%…%“…%L =*2,"…%-
“2ью " h…2е!…е2е (%це…*= %“…%"=…= …= д=……/. %K 
,“2%ч…,*=. “е2е"/. , "еK-=2=*, K%2-,…-,ц,!%"=…-
…/. *%мCью2е!=., "!ед%…%“…%м *%де, “C=м-ƒ%мK, , 
-,ш,…г%"/. “е!"е!=.). o!, .2%м " 2010 г. p%““,  
ƒ=… л= Cе!"%е ме“2% " e"!%Cе , 2!е2ье ме“2% " м,!е 
C% *%л,че“2"3 %!г=…,ƒ%"=……/. “е2еL “C=м-ƒ%мK,.

n!г=…,ƒ%"=……/е “е2, “C=м-ƒ%мK, (2=*›е …=ƒ/-
"=ем/е “C=м-K%2…е2=м,) # “е2, ƒ=!=›е……/. *%м-
Cью2е!%", ƒ=C!%г!=мм,!%"=……/. !=““/л=2ь “C=м , 
3C!="л ем/. “ 3д=ле……/. “е!"е!%". Š=*,е “е2, %K-
л=д=ю2 &"…32!е……,м ,…2елле*2%м[, C%ƒ"%л ю?,м 
,м !=“C!едел 2ь м=““,!%"=……/е !=““/л*, “!ед, 
м…%›е“2"= .леме…2%" “е2, , C!, %2*люче…,, %д…%-
г% ,ƒ .леме…2%" %Cе!=2,"…% Cе!е*люч=2ь “%%2"е2-
“2"3ю?3ю !=K%23 …= д!3г,е *%мCью2е!/. o%“!ед-
“2"%м !=“C!%“2!=…е…,  "!ед%…%“…/. C!%г!=мм 
*%мCью2е!/ м%г32 K/2ь ƒ=C!%г!=мм,!%"=…/ !=“-
“/л=2ь “C=м C% “%K“2"е……%L =д!е“…%L *…,ге ,л, 
люK%м3 ƒ=д=……%м3 “C,“*3.

p%““,  3C!="л е2 д%леL " 7 % %2 %K?ем,!%"%г% 
ч,“л= “C=м-K%2…е2%",  "л  “ь ,“2%ч…,*%м “C=м-
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ƒ%мK, дл  2=*,. *!3C…/. %!г=…,ƒ%"=……/. “е2еL, 
*=* Grum, Cutwail, Maazben, Ozkok (Mega-D), Bo-
bax , д!.

g= 2010 г. д%л  p%““,, …= м,!%"%м !/…*е “C=м= 
"/!%“л= “ 2 % " …=ч=ле 2010 г. д% 4#5 % " …=ч=ле 
2011 г. Š=*%L !%“2 %K3“л%"ле… ""еде…,ем " .*“Cл3=-
2=ц,ю д%ме……%г% ,ме…, &.!-[, %K?е“2"е……=  !ег,-
“2!=ц,  …= *%2%!%е %2*!/л=“ь 11 …% K!  2010 г.

d%л  “C=м= ,ƒ p%““,, " 2010 г. “%“2=",л= C!,-
ме!…% 3 %, C!, е›ед…е"…%м C%2%*е “C=м= " 95,5 мл!д 
“%%K?е…,L, .2% C%ч2, 3 мл!д “%%K?е…,L " де…ь. 
e“л, 3че“2ь м=“ш2=K/ .2%L де 2ель…%“2, , “!ед-
…юю “2%,м%“2ь 3“л3г C% !=““/л*е “C=м-“%%K?е…,L 
# C!,ме!…% 2#3 *%CеL*, ƒ= “%%K?е…,е, # %K%!%2 
!/…*= “C=м= " p%““,, ƒ= 2010 г. “%“2=",л K%лее 
25 мл!д !3K. &qC=м # .2% …е 2%ль*% …ед%K!%“%"е“2-
…=  !е*л=м=. b% м…%г,. “л3ч= . .2% C,“ьм=, %2-
C!="л ем/е “ целью C%л3ч,2ь …еƒ=*%……/м C32ем 
*=*3ю-л,K% ,…-%!м=ц,ю “ *%мCью2е!= C%льƒ%"=-
2ел  ,л, ,…-,ц,!%"=…,  “,“2ем "!ед%…%“…/м on 
“ целью д=ль…еLшег% C!%…,*…%"е…,  " *%!C%!=-
2,"…3ю “е2ь. )=“2% ƒл%…=ме!е……/е .ле*2!%……/е 
“%%K?е…,   "л ю2“  Cе!"/м ш=г%м " %“3?е“2"ле-
…,, “Cл=…,!%"=……%L целе"%L =2=*,, # г%"%!,2 nлег 
x=K3!%", “2=!ш,L “,“2ем…/L ,…›е…е! Symantec " 
p%““,, , qmc. # o%C=д=…,е " “е2, K%2…е2%" м%›е2 
…=…е“2, “е!ьеƒ…/L 3д=! ,…д,",д3=ль…%м3 C%льƒ%-
"=2елю ,л, *%мC=…,,, " 2%м ч,“ле , “ 2%ч*, ƒ!е…,  
!еC32=ц,,[.

a%2…е2=м, !=““/л=е2“  %*%л% 90 % м,!%"%г% “C=-
м=. n м=“ш2=Kе де 2ель…%“2, K%2…е2%" 2=*›е м%›е2 
г%"%!,2ь 2%2 -=*2, ч2% C%“ле …ед="…ег% ƒ=*!/2,  
“е2, Rustock ƒ= …е“*%ль*% д…еL %KA‘м м,!%"%г% 
“C=м=, C% д=……/м Symantec, 3ме…ьш,л“  …= 40 %. 
&Šем …е ме…ее, %“"%K%д,"ш= “  …,ш= “ K%льш%L 
д%леL "е!% 2…%“2, “*%!% K3де2 ƒ=… 2= д!3г,м, K%2-
…е2=м,, , C% …=ш,м C!%г…%ƒ=м, p%““,, %2%Lде2 
%че…ь "е“%м=  д%л [, # C% “… е2 nлег x=K3!%".

qC=м ƒ%мK, ,ƒ"е“2…/ м…%г,м !%““,L“*,м C%ль-
ƒ%"=2ел м 2=*›е , " “%ц,=ль…/. “е2 .. mе!ед*, 
“л3ч=, *!=›, д=……/. 3че2…/. ƒ=C,“еL , C%“лед3ю-
?еL !=““/л*, “C=м= C% "“ем3 “C,“*3 д!3ƒеL " nд-
…%*л=““…,*=. ,л, b *%…2=*2е. h .2% "C%л…е ƒ=*%-
…%ме!…%, ме2%д/ “%ц,=ль…%L ,…›е…е!,, 3›е д="…% 
,“C%льƒ3ю2“  м%ше……,*=м, , " 2010 г. C!%д%л›,-
л, “"%‘ !=ƒ",2,е.

o%м,м% =*2,"…%“2,, “" ƒ=……%L “ !=“C!%“2!=…е-
…,ем “C=м=, C% д=……/м %2че2= Symantec %K 3г!%ƒ=. 
,…2е!…е2-Kеƒ%C=“…%“2, ƒ= 2010 г., ,ƒ p%““,, ,“.%д,-
л% 2 % "“ег% "!ед%…%“…%г% *%д= " м,!е, 3 % “е2е"/. 
=2=*. m= 2е!!,2%!,, p%““,, !=“C%л%›е…% 2 % -,-
ш,…г%"/. .%“2%" (C%ддель…/. “=L2%", "/м=…,"=ю-
?,. C%д ",д%м “=L2= …=“2% ?еL %!г=…,ƒ=ц,, де…ьг, 
3 …=“еле…, ). }2% д%"%ль…% "/“%*,е C%*=ƒ=2ел,, 
3ч,2/"=  2%2 -=*2, ч2% " p%““,, C!%›,"=е2 %*%л% 2 % 
%2 %K?ег% ч,“л= C%льƒ%"=2елеL ,…2е!…е2=. 

n2че2 %K 3г!%ƒ=. ,…2е!…е2-Kеƒ%C=“…%“2, %“…%"/-
"=е2“  …= !е=ль…/., .мC,!,че“*,. д=……/., “%K!=…-
…/. гл%K=ль…%L =…=л,2,че“*%L “е2ью Symantec 
Globel Intelligence Network, %!,г,…=ль…/. ,““лед%-
"=…, . , =*2,"…%м м%…,2%!,…ге *%мм3…,*=ц,L .=-

*е!%". n2ч‘2 C%ƒ"%л е2 гл%K=ль…% , %KAе*2,"…% 
"ƒгл …32ь …= “%“2% …,е h…2е!…е2-Kеƒ%C=“…%“2,. 
Š%м 16 %2че2= %."=2/"=е2 Cе!,%д “  …"=!  C% де-
*=K!ь 2010 г.

jnlo`mh“ MAKINO b{undhŠ m` 
pnqqhiqjhi p{mnj

b !=м*=. !=“ш,!е…,  %Cе!=ц,L " e"!%Cе гл%-
K=ль…/L л,де! " %Kл=“2, 2е.…%л%г,L “2!ем,2“  
C%дде!›=2ь C!%г!=мм3 м%де!…,ƒ=ц,, !%““,L“*%L 
C!%м/шле……%“2, “"%,м, !еше…, м, " %Kл=“2, 
Cе!ед%"/. 2е.…%л%г,L C!%,ƒ"%д“2"=. n-,“ C!ед-
“2=",2ель“2"= %2*!/л“  " l%“*"е " м=!2е .2%г% 
г%д=.l%де!…,ƒ=ц,  C!%,ƒ"%д“2"е……/. м%?…%-
“2еL, C!,ƒ"=……=  C%л%›,2ь *%…ец ƒ=",“,м%“2, 
p%““,, %2 .*“C%!2= …е-2, , г=ƒ= , “C%“%K“2"%"=2ь 
е‘ .*%…%м,че“*%L д,"е!“,-,*=ц,,, “2=л% %“…%"-
…/м “%%K!=›е…,ем C!, %2*!/2,, %-,“= Makino " 
l%“*"е. &rч,2/"=  %г!%м…/L C%2е…ц,=л, *%2%-
!/L м/ ",д,м …= !%““,L“*%м !/…*е,   “ч,2=ю, 
ч2% .2%2 ш=г “2=л дл  …=“ *!=L…е "=›…%L "е.%L " 
%“"%е…,, …%"/. !/…*%"[ - г%"%!,2 o. `…де!“ h…-
гем=!““%…, C!еƒ,де…2 , гл="…/L ,“C%л…,2ель…/L 
д,!е*2%! *%мC=…,, MAKINO e"!%C=. &m=ш, %K-
!=K=2/"=ю?,е це…2!/, "“ем,!…% ,ƒ"е“2…/е Kл=-
г%д=!  “"%,м .=!=*2е!,“2,*=м, м%г32 "…е“2, !е-
ш=ю?,L "*л=д " м%де!…,ƒ=ц,ю !%““,L“*%L C!%-
м/шле……%“2,[

j%мC=…,  Makino Milling Machine Co., Ltd. ,мее2 
!еC32=ц,ю л,де!= " %Kл=“2, 2е.…%л%г,L , “е!",“-
…%L C%дде!›*, " “2=…*%“2!%е…,,. j%!C%!=ц,  ƒ=-
!ег,“2!,!%"=…= …= 2%*,L“*%L -%…д%"%L K,!›е , 
,мее2 ч,“ле……%“2ь %*%л% 3700 “%2!3д…,*%" " qе"е!-
…%L , ~›…%L `ме!,*е, e"!%Cе , `ƒ,,. a%г=2/L 
“Cе*2! "/“%*%*л=““…%L C!%д3*ц,, Makino "*люч=-
е2 %K!=K=2/"=ю?,е це…2!/ дл  C!%,ƒ"%д“2"= де2=-
леL, ш2=мC%" , C!е““--%!м “ ш,!%*,м =““%!2,-
ме…2%м C!,ме…е…,  " 2=*,. %2!=“л ., *=* =",=*%“-
м,че“*= , ="2%м%K,ле“2!%,2ель…=  C!%м/шле…-
…%“2ь, .…е!ге2,*=, ›елеƒ…%д%!%›…=  %2!=“ль, C!%-
,ƒ"%д“2"% ="2%м%K,леL-"…ед%!%›…,*%", *%мC%…е…-
2%" дл  C!%м/шле……%“2, , м,*!%C!%це““%!…=  
2е.…,*=. b/“%*=  2%ч…%“2ь , %Cе!=2,"…=  г%2%"-
…%“2ь !еше…,L C%ƒ"%л,2 Makino "…е“2, “е!ь‘ƒ…/L 
"*л=д " C%"/ше…,е .--е*2,"…%“2, C!%,ƒ"%д“2"= , 
3!%"е…ь ="2%м=2,ƒ=ц,,. c!3CC= MAKINO e"!%C= 
%KAед,… е2 2е.…%л%г,че“*,е це…2!/ " c=мK3!ге, 
x232г=!2е, o=!,›=, l,л=…= , a!=2,“л="/ , “Cе-
ц,=л,ƒ,!3е2“  …= м=!*е2,…ге, C!%д=›=., C!%е*2,-
!%"=…,, …= 3“л%", . ƒ=*=ƒч,*= , “е!",“…%м %K“л3-
›,"=…,,.

c%“C%д,… c‘2ц }!,* }!е…C-%!д2, …ед="…% …=-
ƒ…=че……/L cл="%L C!ед“2=",2ель“2"= " p%““,,, K3-
де2 %-,ц,=ль…/м C!ед“2=",2елем, %2"е2“2"е……/м 
ƒ= !=ƒ",2,е K,ƒ…е“= " !ег,%…е. o!ед“2=",2ель“2"% 
…=.%д,2“  " це…2!е l%“*"/ (4-L d%K!/…,…“*,L 
Cе!е3л%*, 8) %*%л% “2=…ц,, ме2!% &d%K!/…,…“*= [ 
b Kл,›=Lш,е ме“ ц/ C!едC%л=г=е2“  !=“ш,!,2ь 
ш2=2 %-,“= Makino.
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

}!г=2,че“*,L ,…-%!м=ц,%……%-3C!="л ю?,L 
*%мCле*“ м…%г%целе"/. Kе“C,л%2…/. "е!2%л‘2%". 
o%л‘2. 2010. 1 10.

o!ед“2="ле…= 2е.…%л%г,  !=ƒ!=K%2*,, “%ƒд=…,  
, -3…*ц,%…,!%"=…,  .!г=2,че“*%г% ,…-%!м=ц,-
%……%-3C!="л ю?ег% *%мCле*“= м…%г%целе"/. 
Kе“C,л%2…/. "е!2%л‘2%" “!ед…еL д=ль…%“2, …=-
ƒем…%г% K=ƒ,!%"=…, . p=““м%2!е…= =!.,2е*23!=, 
*%…цеCц,  C%“2!%е…,  ,…-%!м=ц,%……%-3C!="-
л ю?ег% , K%!2%"%г% *%мCле*“%" 3C!="ле…,  
"е!2%л‘2=, ,…2ег!,!%"=……%г% …=ƒем…%г% C3…*2= 
3C!="ле…,  , ег% .!г=2,че“*%г% ,…2е!-еL“=. 

n "%“C!%,ƒ"%д,м%“2, , д%“2%"е!…%“2, !еƒ3ль-
2=2%" ="2%м=2,ƒ,!%"=……%г% 3ль2!=ƒ"3*%"%г% *%…-
2!%л  “Cл%ш…%“2, 2!3K. j%…2!%ль. d,=г…%“2,*=. 
2010. 1 10.

p=““м%2!е… ="2%м=2,ƒ,!%"=……/L 3ль2!=ƒ"3*%-
"%L *%…2!%ль 2!3K " ,мме!“,%……%м "=!,=…2е. 
o%*=ƒ=… ме.=…,ƒм -%!м,!%"=…,  "%“C!%,ƒ"%д,-
м%“2, , д%“2%"е!…%“2, !еƒ3ль2=2%" *%…2!%л . 
o!едл%›е…/ %C!еделе…,  "%“C!%,ƒ"%д,м%“2, , 
д%“2%"е!…%“2, !еƒ3ль2=2%" *%…2!%л  C!,ме…,-
2ель…% * ="2%м=2,ƒ,!%"=……/м “,“2ем=м 3ль2!=-
ƒ"3*%"%г% *%…2!%л  2!3K.

l%дель =лг%!,2м%" дл  3C!="л ю?,. деL“2",L 
" …еч‘2*,. “,“2ем=. ",K!%д,=г…%“2,*,. j%…2!%ль. 
d,=г…%“2,*=. 2010. 1 10.

b …=“2% ?ее "!ем  …е2 *=*,.-л,K% C!,емле-
м/. ме2%д%" , “!ед“2" C%,“*= ,…-%!м=2,"…/. 
д,=г…%“2,че“*,. C!,ƒ…=*%" , 2ем K%лее %це…*, 
2е.…,че“*%г% “%“2% …,  .леме…2%" , 3ƒл%" м=г,-
“2!=ль…/. …=“%“…/. =г!ег=2%" (lm`). n2ч=“2, 
ƒ=д=ч= C%"/ше…,  2%ч…%“2,, K/“2!%деL“2",  , 
…=д‘›…%“2, %це…*, 2е.…,че“*%г% “%“2% …,  lm` 
K/л= !еше…= ƒ= “ч‘2 C!,ме…е…,  ме2%д%" l=!-
*%"“*%L 2е%!,, %C2,м=ль…%L …ел,…еL…%L -,ль2-
!=ц,,. nд…=*% " !е=ль…/. 3“л%", . …е2 C%л…%L 
=C!,%!…%L ,…-%!м=ц,,, = ,ƒме…е…,е C=!=ме2!%" 
“,г…=л%" “л3ч=L…/м %K!=ƒ%м C!,"%д,2 * ,ƒме…е-
…,ю 3!="…е…,L “%“2% …,L , ,ƒме!е…,L. dл  .2%-
г% “л3ч=  =лг%!,2м 3C!="л ю?,. деL“2",L " д,-
=г…%“2,че“*,. “,“2ем=. м%›е2 K/2ь !е=л,ƒ%"=… " 
",де …еч‘2*,. (л%г,*%-л,…г",“2,че“*,.) м%де-
леL. o!,"еде…/ C!,ме!/ м%делеL.

n“%Kе……%“2, -!,*ц,%……/. ="2%*%леK=…,L " 
*%…2,…3=ль…%L “,“2еме. Š!е…,е , “м=ƒ*= " м=ш,-
…=. , ме.=…,ƒм=.. 2010. 1 11.

p=““м%2!е…/ %“%Kе……%“2, -!,*ц,%……/. ="2%-
*%леK=…,L " “,“2ем=. “ *%…2,…3=ль…/м, 3C!3-

г%,…е!ц,%……/м, “"%L“2"=м,. o!%"еде…% “%C%“-
2="ле…,е !еƒ3ль2=2%" дл  *%…2,…3=ль…/. , .*",-
"=ле…2…/. д,“*!е2…/. м%делеL C!%це““%". o!,-
"еде…/ =…=л,2,че“*,е ƒ=*%…/ д",›е…,  *%…2,-
…3=ль…/. “,“2ем (дл  *"=ƒ,г=!м%…,че“*,. ="2%-
*%леK=…,L) , ч,“ле……/е !=“ч‘2/ 3“2%Lч,"%“2, 
!ел=*“=ц,%……/. ="2%*%леK=…,L.

p=ƒ!3ше…,е C%"е!.…%“2, *=2=…,  ›елеƒ…%д%-
!%›…%г% *%ле“=, ,…,ц,,!%"=……%е 2!е…,ем , “,л%-
"/м, …=г!3ƒ*=м, Š!е…,е , “м=ƒ*= " м=ш,…=. , ме-
.=…,ƒм=.. 2010. 1 11.

lе2=лл,че“*=  C%"е!.…%“2ь *=2=…,  ›елеƒ…%-
д%!%›…%г% *%ле“= C%д"е!г=е2“  %че…ь K%льш,м 
2емCе!=23!…/м , “,л%"/м …=г!3ƒ*=м " C!%це““е 
.*“Cл3=2=ц,, 2!,K%“,“2ем/ &*%ле“%#!ель“#
2%!м%ƒ…=  *%л%д*=[. o%.2%м3 …= …еL C% "л ю2-
“  !=ƒл,ч…/е де-е*2/, 2=*,е *=* 2!е?,…/, "/-
?е!K,…/ , 2. д. lе2%д=м, %›е-.ле*2!%……%L , 
!е…2ге…%-.ле*2!%……%L “Cе*2!%“*%C,, !=…ее  3“-
2=…%"ле…%, ч2% лег,!3ю?,е , C!,ме“…/е =2%м/ 
*%…це…2!,!3ю2“  …= ƒе!…%г!=…,ч…/. C%"е!.…%-
“2 . "ƒ=,м%деL“2"3ю?,. м=2е!,=л%" 2!,K%л%г,-
че“*%L “,“2ем/. q!ед, …,. 2=*,е, *=* -%“-%!, 
“е!=, “2!%…ц,L, K=!,L, *=льц,L, *=л,L , д!3г,е, 
*%2%!/е %*=ƒ/"=ю2 …ег=2,"…%е "л, …,е …= “це-
Cле…,е ме›д3 ƒе!…=м,. m= C%"е!.…%“2 . г!=…,ц 
ме›д3 ƒе!…=м, "Kл,ƒ, C%"е!.…%“2, *=2=…,  
K/л, 2=*›е %K…=!3›е…/  м*, !=ƒме!%м %2 0,2 
м*м , K%льше. o!едл%›е…= м%дель %K!=ƒ%"=…,  
…=“/?е……%г% !=“2"%!= "=*=…“,L " 2"‘!д%м 2еле. 
q C%м%?ью .2%L м%дел, K/л %це…‘… .*“Cл3=2=-
ц,%……/L “!%* “л3›K/ м=2е!,=л= ›елеƒ…%д%!%›-
…%г% *%ле“=.

o=!=ме2!/ ше!%.%"=2%“2, "/гл=›е……/. C%-
"е!.…%“2еL. rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 
2010. 1 11.

p=““м%2!е…% -%!м,!%"=…,е C!%-,л  ше!%.%-
"=2%“2, C%"е!.…%“2еL де2=леL C!, "/гл=›,"=…,,. 
o!,"еде…= C=!…=  *%!!ел ц,  ме›д3 C=!=ме2!=-
м, ше!%.%"=2%“2, "/гл=›е……/. C%"е!.…%“2еL, 
C%*=ƒ/"=ю?=  "=›…%“2ь "/K%!= %C!едел‘……%г% 
д,=C=ƒ%…= !е›,м%" "/гл=›,"=…, . o!едл%›е…= 
-%!м3л= дл  %це…*, %C%!…%L “C%“%K…%“2, ше!%-
.%"=2%“2, C%"е!.…%“2,. o!ед“2="ле…/ !еƒ3ль2=2/ 
.*“Cе!,ме…2=ль…/. ,““лед%"=…,L …=“лед“2"е…-
…/. “" ƒеL ме›д3 C=!=ме2!=м, ше!%.%"=2%“2, 
,“.%д…%L , "/гл=›е……%L C%"е!.…%“2,. r“2=…%"-
ле…%, ч2% дл  г=!=…2,!%"=……%г% %Kе“Cече…,  ƒ=-
д=……%г% C!%-,л  ше!%.%"=2%“2, C%"е!.…%“2, 
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C!, "/гл=›,"=…,, …е%K.%д,м% "/ ",2ь ч,“ле…-
…/е ƒ…=че…,  …=“лед“2"е……/. “" ƒеL дл  *=›д%-
г% %K!=K=2/"=ем%г% м=2е!,=л= де2=л, , ƒ=2ем 
.*“Cе!,ме…2=ль…% C%д%K!=2ь !е›,м/ %K!=K%2*,, 
"=!ь,!3  C!е,м3?е“2"е……% “*%!%“2ью "/гл=›,-
"=…, .

lе2%д,*= "/K%!= !=ц,%…=ль…/. !е›,м%" 2е.-
…%л%г,че“*,. C!%це““%" це…2!%Kе›…%L %K!=K%2*,. 
rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 2010. 1 11.

o!едл%›е…= ме2%д,*= C!%е*2,!%"=…,  2е.…%-
л%г,че“*,. C!%це““%" це…2!%Kе›…%L %K!=K%2*,. 
o%л3че…/ ƒ=",“,м%“2, дл  %C!еделе…,  ше!%.%-
"=2%“2, %K!=K=2/"=ем%L C%"е!.…%“2,, “2еCе…, , 
гл3K,…/ 3C!%ч…е…, .

nK%!3д%"=…,е дл  Cл=ƒме……%г% …=…е“е…,  , 3C-
!%ч…е…,  C%*!/2,L “ м%д3л ц,еL .ле*2!,че“*,. 
C=!=ме2!%". rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 
2010. 1 11.

p=““м%2!е…/ “.ем/ 3“2=…%"*, Cл=ƒме……%г% 
…=…е“е…,  C%*!/2,L “ м%д3л 2%!=м, 2%*= д3г, 
Cл=ƒм%2!%…= C! м%L , %K!=2…%L C%л !…%“2,. 
o!ед“2="ле…/ 2е.…,че“*,е .=!=*2е!,“2,*, м%д3-
л 2%!%" , !е*%ме…д=ц,, C% !е›,м=м …=…е“е…,  
C%*!/2,L, Cе!“Cе*2,"…=  “.ем= д"3.C%л !…%L 
,мC3ль“…%L м%д3л ц,, 2%*= *%“"е……%L , C! м%L 
("/…%“…%L) д3г, Cл=ƒм=2!%…= дл  C!%це““%" …=-
C/ле…,  , г,K!,д…%г% C!%це““= …=C/ле…,  #…=-
Cл="*,. p=ƒ!=K%2=…% %K%!3д%"=…,е дл  "/“%*%-
.--е*2,"…/. !е“3!“%“Kе!ег=ю?,. 2е.…%л%г,L 
Cл=ƒме……%г% …=…е“е…,  , 3C!%ч…е…,  C%*!/2,L 
…= !=ƒл,ч…/е де2=л, м=ш,….

n“%Kе……%“2, -!,*ц,%……/. ="2%*%леK=…,L " 
*%…2,…3=ль…%L “,“2еме. Š!е…,е , “м=ƒ*= " м=ш,-
…=. , ме.=…,ƒм=.. 2010. 1 11.

p=““м%2!е…/ %“%Kе……%“2, -!,*ц,%……/. ="2%-
*%леK=…,L " “,“2ем=. “ *%…2,…3=ль…/м, 3C!3-
г%,…е!ц,%……/м, “"%L“2"=м,. o!%"еде…% “%C%“-
2="ле…,е !еƒ3ль2=2%" дл  *%…2,…3=ль…/. , .*",-
"=ле…2…/. д,“*!е2…/. м%делеL C!%це““%". o!,-
"еде…/ =…=л,2,че“*,е ƒ=*%…/ д",›е…,  *%…2,-
…3=ль…/. “,“2ем (дл  *"=ƒ,г=!м%…,че“*,. ="2%-
*%леK=…,L) , ч,“ле……/е !=“ч‘2/ 3“2%Lч,"%“2, 
!ел=*“=ц,%……/. ="2%*%леK=…,L.

o!%г…%ƒ,!%"=…,е Kеƒ%2*=ƒ…%“2, 2!,K%“%C! ›е-
…,L C% *!,2е!,ю ,ƒ…%“%“2%L*%“2, …= “2=д,, ,. 
C!%е*2,!%"=…, . Š!е…,е , “м=ƒ*= " м=ш,…=. , ме-
.=…,ƒм=.. 2010. 1 11.

o!едл%›е…= м%дель C!%це““= -%!м,!%"=…,  
C%“2еCе……/. %2*=ƒ%" 2!,K%“%C! ›е…,L C% *!,-
2е!,ю ,ƒ…%“%“2%L*%“2, " де2е!м,…,“2,че“*%м , 
"е!% 2…%“2…%м =“Cе*2е. n…= C%“2!%е…= …= %“…%-
"е 2е!м%д,…=м,че“*%г% =…=л,ƒ= C!%це““= 2!е-
…, , *=* C!%це““= д"%L“2"е……%L м%ле*3л !…%-
ме.=…,че“*%L C!,!%д/. Šе%!е2,че“*,е ƒ=",“,-
м%“2, дл  %C!еделе…,  “*%!%“2, ,ƒ…=ш,"=…,  
.леме…2%" 2!,K%“%C! ›е…,  C%л3че…/ “%"ме“2-
…/м !еше…,ем д"3чле……/. 3!="…е…,L .…е!ге2,-

че“*%г% K=л=…“= 3“2=…%","шег%“  C!%це““= 
-!,*ц,%……%г% "ƒ=,м%деL“2",  , 3!="…е…,L м%-
ле*3л !…%-ме.=…,че“*%L 2е%!,,, !еше……/. %2-
…%“,2ель…% *%.--,ц,е…2= 2!е…, . lе2%д,*= 
C%ƒ"%л е2 …= “2=д,, C!%е*2,!%"=…,  “%C! ›е-
…,L C!ед“*=ƒ=2ь 3!%"е…ь ƒ…=че…,L *%.--,ц,е…-
2= Kеƒ%C=“…%“2,, "е!% 2…%“2, Kеƒ%2*=ƒ…%L !=K%-
2/ , "!еме……/. .=!=*2е!,“2,* Kеƒ%2*=ƒ…%“2, 
2!,K%“%C! ›е…,L " C!едC%л=г=ем/. 3“л%", . 
.*“Cл3=2=ц,,. d%“2%"е!…%“2ь =…=л,2,че“*,. ƒ=-
",“,м%“2еL C%д2"е!›де…= “!="…,2ель…/м =…=-
л,ƒ%м .*“Cе!,ме…2=ль…/. , !=“ч‘2…/. д=……/. 
C% ,ƒ…=ш,"=…,ю %K!=ƒц%" ,ƒ !=ƒл,ч…/. м=2е-
!,=л%" …= м=ш,…е 2!е…, . 

bл, …,е ге%ме2!,че“*,. C=!=ме2!%" !%2%!…%L 
“23Cе…, “ !=ƒ"‘!…32/м, л%C=2*=м, …= %2*=ч…/е 
.=!=*2е!,“2,*, 23!K%м%ле*3л !…%г% …=“%“=. 
h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 2010. 1 11.

o!ед“2="ле…/ !еƒ3ль2=2/ м%дел,!%"=…,  ме-
2%д%м l%…2е-j=!л% C!%це““= C! м%г% , %K!=2-
…%г% Cе!е.%д= м%ле*3л г=ƒ= че!еƒ ме›л%C=2%ч-
…/е *=…=л/ !%2%!…%г% *%ле“= “ !=ƒ"е!…32/м, 
л%C=2*=м, 23!K%м%ле*3л !…%г% …=“%“=. p=ƒ!=-
K%2=…= C!%г!=мм= !=“ч‘2= м=*“,м=ль…%L K/“2-
!%2/ %2*=ч*, , м=*“,м=ль…%г% “›=2,  г=ƒ= “ 
3ч‘2%м 2%л?,…/ л%C=2%* дл  !=ƒл,ч…/. ƒ=*%-
…%" !=“C!еделе…,  “*%!%“2еL м%ле*3л г=ƒ=, ".%-
д ?,. " *=…=л/, , ƒ=*%…%" %2!=›е…,  м%ле-
*3л %2 “2е…%* л%C=2%*. o!,"еде…/ C!,ме!/ 
!=“ч‘2%". 

r“2!=…е…,е де-е*2%" C!, "/C%л…е…,, .ле*2!%-
м%…2=›= …=*!32*%L. qK%!*= " м=ш,…%“2!%е…,,, 
C!,K%!%“2!%е…,,. 2010. 1 11. 

p=““м%2!е…/ “C%“%K/ ,“*люче…,  де-е*2%" 
C!, .ле*2!%м%…2=›е “C%“%K%м …=*!32*, C% “C,-
!=л, C!, ="2%м=2,че“*%L …=*!32*е, C!, …=“2!%L-
*е ме.=…,ƒм= %“е"%L C%д=ч, …=*!3ч,"=ю?еL г%-
л%"*,, C!, C%д=че "!3ч…3ю. o!едл%›е…/ !е*%-
ме…д=ц,, дл  ,“*люче…,  де-е*2%" C!, !ег3л,-
!%"=…,, %“е"%г% Cе!еме?е…, , 3ме…ьше…,, “*%-
!%“2, Cе!еме?е…,  …=*!3ч,"=ю?еL г%л%"*,, 
!е*%ме…д=ц,, C% C!ед3C!е›де…,ю K!=*= C!, …=-
*!32*е, C% %Kе“Cече…,ю "/“%*%г% *=че“2"= .ле*-
2!%м%…2=›…/. !=K%2 “ C!,ме…е…,ем !=ƒл,ч…/. 
“C%“%K%" …=*!32*,.

bл, …,е 3ль2!=ƒ"3*%"/. !=д,=ль…/. *%леK=-
…,L …= C!%це““ !=ƒK%!*, гл=д*,. “%ед,…е…,L. 
qK%!*= " м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 
2010. 1 11. 

p=““м%2!е…= "%ƒм%›…%“2ь C!,ме…е…,  !=д,-
=ль…/. 3ль2!=ƒ"3*%"/. *%леK=…,L C!, !=ƒK%!*е 
гл=д*,. “%ед,…е…,L де2=леL м=ш,…. o!едл%›е…= 
*%…“2!3*ц,  3ль2!=ƒ"3*%"%L *%леK=2ель…%L “,“-
2ем/ дл  "%ƒK3›де…,  !=д,=ль…/. *%леK=…,L " 
“%ед,…е…,, "=л # "23л*=. o!,"ед‘… !=“ч‘2 %“-
…%"…/. =*3“2,че“*,. , 2е.…%л%г,че“*,. C=!=-
ме2!%" C!%це““=. 
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q%ƒд=…,е ="2%м=2,че“*,. *%“м,че“*,. *%м-
Cле*“%" дл  …=3ч…/. ,““лед%"=…,L k3…/: "че!=, 
“ег%д… , ƒ="2!=. o%л‘2. 2010. 1 11.

o!,"еде…% %C,“=…,е ="2%м=2,че“*,. *%“м,че-
“*,. *%мCле*“%", “%ƒд=……/. , C!%е*2,!3ем/. 
*%лле*2,"%м mon ,м. q.`. k="%ч*,…= дл  -3…д=-
ме…2=ль…/. , C!,*л=д…/. …=3ч…/. ,““лед%"=…,L 
k3…/. d=…% *!=2*%е %C,“=…,е !еш=ем/. ,м, …=-
3ч…/. ƒ=д=ч. o!ед“2="ле…/ C!едл%›е…,  C% д=ль-
…еLшеL C!%г!=мме …=3ч…/. ,““лед%"=…,L k3…/. 

h…-%!м=ц,%……/е 2е.…%л%г,, " …=3ч…/. .*“Cе-
!,ме…2=. " *%“м%“е. o%л‘2. 2010. 1 11.

o!едл=г=е2“  “2!3*23!= …=3ч…%-%K!=ƒ%"=2ель-
…%г% !е“3!“=, ,“C%льƒ3ю?ег% “%"!еме……/е ,…-
-%!м=ц,%……/е 2е.…%л%г,, дл  “%ƒд=…,  …= %“-
…%"е 2елеме2!,че“*,. д=……/. =д=C2,"…/. м%де-
леL , ",!23=ль…/. %K!=ƒ%", %2!=›=ю?,. -3…*-
ц,%…,!%"=…,е *%“м,че“*%г% =CC=!=2= , 3“л%",L, 
" *%2%!/. C!%"%д 2“  .*“Cе!,ме…2/ " *%“м%“е. 
nC,“=…/ C!,ме!/ ,“C%льƒ%"=…,  “%ƒд=……%г% 
C!%г!=мм…%г% *%мCле*“= дл  “%C!%"%›де…,  
м,““,L j` &t%2%…-l2/3[. 

r“2!%L“2"% дл  ,де…2,-,*=ц,, д,“*%м-%!2…/. 
!е›,м%" C%л‘2= , %це…*= 2%ч…%“2, ег% !=K%2/. 
o%л‘2. 2010. 1 11.

o!ед“2="ле…/ “%“2=" , …=ƒ…=че…,е Kл%*%" !=ƒ-
!=K%2=……%г% 3“2!%L“2"= дл  ,де…2,-,*=ц,, д,“-
*%м-%!2…/. !е›,м%" C%л‘2=. eг% Cе!"/L Kл%* 
# =…=л%г%-ц,-!%"%е "/ч,“л,2ель…%е 3“2!%L“2"% 
# д=‘2 м=*“,м=ль…3ю C%г!еш…%“2ь, 2=* *=* …= 
…ег% C%д=ю2“  =…=л%г%"/е “,г…=л/ “% ш2=2…/. 
д=2ч,*%" “=м%л‘2=. dл  .2%г% Kл%*= !=““ч,2=…/ 
ме2%д,че“*=  C%г!еш…%“2ь %це…*, "!еме……%г% 
,…2е!"=л= Š ме›д3 2%ч*=м, Cе!е“ече…,  л,…,, 
…3ле"%г% 3!%"…  "е!2,*=ль…/м, C%!/"=м, , C%-
г!еш…%“2ь %це…*, Š, "/ƒ"=……=  C%!%г%м “!=K=-
2/"=…,  *%мC=!=2%!=. nC!еделе…% м,…,м=ль…%е 
ƒ…=че…,е *!32,ƒ…/ -3…*ц,, F C!, Cе!е.%де че-
!еƒ …3ле"%L 3!%"е…ь, C!, *%2%!%м г=!=…2,!3е2“  
ƒ=д=……=  2%ч…%“2ь !=K%2/ 3“2!%L“2"=. 

m%"/е ме2%д/ -%2%ме2!,че“*,. ,ƒме!е…,L ,…-
2ег!,!%"=……%L “%л…еч…%L C%“2% ……%L. j%…2!%ль. 
d,=г…%“2,*=. 2010. 1 11.

o!едл%›е…/ …%"/е ме2%д/ ,ƒме!е…,  ,…2ег-
!,!%"=……%L “%л…еч…%L C%“2% ……%L “ C%м%?ью 
C,!=…%ме2!%". o%*=ƒ=…%, ч2% ,…2ег!,!%"=……=  
“%л…еч…=  C%“2% ……=  м%›е2 K/2ь "/ч,“ле…= …= 
%“…%"е !еƒ3ль2=2%" C,!=…%ме2!,че“*,. ,ƒме!е-
…,L C!, д"3. %C2,че“*,. "%ƒд3ш…/. м=““=.. o!, 
.2%м 3д=‘2“  3“2!=…,2ь "л, …,е …е%C!едел‘……%-
“2, ƒ…=че…,  *%.--,ц,е…2= м32…%“2, k,…*е …= 
!еƒ3ль2=2 ,ƒме!е…,L. 

j%…2=*2…/е де-%!м=ц,, “%ед,…е…,  "=л $ "23л*= 
C%д деL“2",ем !=д,=ль…%L “,л/ , %C!%*,д/"=ю?е-
г% м%ме…2=. bе“2…,* м=ш,…%“2!%е…, . 2010. 1 12.

dл  “%ед,…е…,L "=л # "23л*= “ ƒ=ƒ%!%м , …=2 -
г%м " C!едC%л%›е…,, =K“%лю2…%L ›‘“2*%“2, “%-

C! г=ем/. де2=леL , C%д=2л,"%“2, *%…2=*2…%г% 
“л%  C%л3че…/ ƒ=",“,м%“2, “Kл,›е…,  %2 !=д,-
=ль…%L “,л/ , 3гл= C%"%!%2= %2 %C!%*,д/"=юше-
г% м%ме…2=. q%C%“2="ле…/ !еƒ3ль2=2/ !=“ч‘2= , 
.*“Cе!,ме…2= дл  “%ед,…е…,  “ ƒ=ƒ%!%м, …=г!3-
›е……%г% !=д,=ль…%L “,л%L. 

 h2е!=2,"…/е !ег3л !,ƒ,!%"=……/е =лг%!,2м/ 
%K!=K%2*, ,ƒме!,2ель…%L ,…-%!м=ц,,. bе“2…,* 
*%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 
2010. 1 11.

o!%"ед‘… =…=л,ƒ -3…*ц,%…,!%"=…,  ,2е!=2,"-
…/. !ег3л !,ƒ,!%"=……/. =лг%!,2м%" %K!=K%2*, 
,…-%!м=ц,, …= %“…%"е !еше…,  ƒ=д=ч, %це…*, 
C=!=ме2!%" д,…=м,че“*,. “,“2ем. qдел=…/ "/-
"%д/ , "/!=K%2=…/ !е*%ме…д=ц,, дл  ,. C!=*2,-
че“*%г% C!,ме…е…, . 

b/деле…,е л,…,, г%!,ƒ%…2= …= 2еле",ƒ,%……/. , 
2еCл%",ƒ,%……/. ,ƒ%K!=›е…, .. bе“2…,* *%мCью-
2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 2010. 1 11.

o!едл%›е… …%"/L C%д.%д * ="2%м=2,че“*%м3 
"/деле…,ю л,…,, г%!,ƒ%…2= C!, *%мCле*“…%L 
%K!=K%2*е 2еле",ƒ,%……/. , 2еCл%",ƒ,%……/. C=-
…%!=м…/. ,ƒ%K!=›е…,L. p=ƒ!=K%2=…= ,2е!=ц,%…-
…=  C!%цед3!= *%мCью2е!…%L %K!=K%2*, ,ƒ%K!=-
›е…,L, %Kе“Cеч,"=ю?=  C%“2!%е…,е л,…,, г%!,-
ƒ%…2= " C!%“2/. , “л%›…/. ме2е%3“л%", .. o!,-
"еде…/ !еƒ3ль2=2/ %K!=K%2*, ,ƒ%K!=›е…,L !е=ль-
…/. “це…, “%де!›=?,. C!,г%!,ƒ%…2…/е %Kл=“2,.

nце…*= “%%2"е2“2",  “Cец,=л,“2= 2!еK%"=…, м 
!=K%2%д=2ел  …= %“…%"е …еч‘2*,. "/ч,“ле…,L. 
bе“2…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%-
л%г,L. 2010. 1 11.

p=““м%2!е… "%C!%“ *%л,че“2"е……%L %це…*, 
“2еCе…, “%%2"е2“2",  C!е2е…де…2= …= д%л›…%“2ь/
!=K%чее ме“2% 2!еK%"=…, м !=K%2%д=2ел  …= %“-
…%"е *%л,че“2"е……/. , *=че“2"е……/. %це…%* 
C!е2е…де…2= , …еч‘2*,. "/ч,“ле…,L.

o!,ме…е…,е %“…%"=……%г% …= *%г…,2,"…%м =…=-
л,ƒе ме2%д= %K!=K%2*, д%*3ме…2%" дл  C%"/ше…,  
.--е*2,"…%“2, ,. C%,“*= " “е2, ,…2е!…е2. bе“2-
…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 
2010. 1 11.

o!едл%›е… …%"/L ме2%д %K!=K%2*, 2е*“2%"/. 
д%*3ме…2%", %“…%"=……/L …= *%г…,2,"…%м =…=л,-
ƒе. o%*=ƒ=…= целе“%%K!=ƒ…%“2ь C!,ме…е…,  ме2%-
д= " “%“2="е !=“C!едел‘……%L м3ль2,=ге…2…%L C%-
,“*%"%L “,“2ем/. 

p=“ч‘2…%-.*“Cе!,ме…2=ль…/L ме2%д C!%г…%ƒ,-
!%"=…,  %“2=2%ч…%г% !е“3!“= ƒ3Kч=2/. Cе!ед=ч. 
`"2%м%K,ль…=  C!%м/шле……%“2ь. 2010. 1 11.

o!едл%›е…a ме2%д,*= -%!м,!%"=…,  Kл%*%" 
…=г!3›е…,  ƒ3Kье" ше“2е!…, C!, C!%"еде…,, !е-
“3!“…/. ,“C/2=…,L ƒ3Kч=2/. Cе!ед=ч, !=““м=2-
!,"=ю?=  *=›д/L ƒ3K *=* %2дель…/L %KAе*2 ,“-
C/2=…,L , C%ƒ"%л ю?=  C% !еƒ3ль2=2=м ",K!%-
м%…,2%!,…г= C!%г…%ƒ,!%"=2ь %“2=2%ч…/L !е“3!“ 
ƒ3Kч=2/. C=!. 
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