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p=““м%2!е…/ ,“C%л…,2ель…/е д",г=2ел, *!=…%"-ш2=Kел‘!%", *%2%!/е !=ƒделе…/ …= д"е 
г!3CC/: 3C!="л ем/е (…= %“…%"е 2!‘.-=ƒ…/. .ле*2!%д",г=2елеL) , !ег3л,!3ем/е (…= %“…%"е 
.ле*2!%д",г=2елеL C%“2% ……%г% 2%*=). o!,"еде…/ “.ем/ 3C!="ле…,  3*=ƒ=……/м, .ле*2!%-
д",г=2ел м,.

jлюче"/е “л%"=: *!=…/-ш2=Kел‘!/, ,“C%л…,2ель…/е д",г=2ел,, 2!‘.-=ƒ…/е .ле*2!%д",г=2е-
л,, “.ем/ 3C!="ле…, .

Actuating motors are considered, which have been divided between two group: controlled (from a 
three-phase electric motors) and adjusted (from a direct current electric motors). Mentioned motors 
control schemes are adduced.

Key words: stacker cranes, actuating motors, three-phase electric motors, control schemes.

n“…%"…/е д%“2%,…“2"= ="2%м=2,ƒ,!%"=……%г% 
.ле*2!%C!,"%д= (C!%“2%2= C%д"%д= .ле*2!,че“*%L 
.…е!г,,, "/“%*,L jod, .ле*2!,-,ц,!%"=……%е 
="2%м=2,че“*%е 3C!="ле…,е !=K%ч,м C!%це““%м) 
“дел=л, ег% …еƒ=ме…,м/м " “,“2ем=. ="2%м=2,че“-
*%г% 3C!="ле…,  (q`r) ш2=Kел‘!=м,. m= !,“. 1 
C!,"еде…= “.ем= ="2%м=2,ƒ,!%"=……%г% .ле*2!%-
C!,"%д= ш2=Kел‘!=. l%?…%“2ь, C%2!еKл ем=  ,ƒ 
.ле*2!,че“*%L “е2, (pq=UqIq), " “,л%"%L ч=“2, 
“,“2ем/ 3C!="ле…,  (qqr) C!е%K!=ƒ3е2“  " !ег3-
л,!3ем3ю .ле*2!,че“*3ю м%?…%“2ь (p}k=UI ), 
C%д"%д,м3ю * %Kм%2*=м .ле*2!%д",г=2ел  (}d). 
m= !,“. 1 }d C!ед“2="ле… д"3м  .леме…2=м, # 

p,“. 1. q.ем= ="2%м=2,ƒ,!%"=……%г% .ле*2!%C!,"%д= ш2=Kел‘!=

.ле*2!%ме.=…,че“*,м C!е%K!=ƒ%"=2елем (}lo), 
C!е%K!=ƒ3ю?,м .ле*2!,че“*3ю м%?…%“2ь p}k " 
ме.=…,че“*3ю, , м=““%L !%2%!= (pd), …= "=л3 *%-
2%!%г% %K!=ƒ3ю2“  C%леƒ…/L "!=?=ю?,L м%ме…2 
lbp , 3гл%"=  “*%!%“2ьp. lе.=…,че“*=  м%?…%“2ь 
%2 !%2%!= Cе!ед=‘2“  * Cе!ед=2%ч…%м3 ме.=…,ƒм3 
(ol) , д=лее # !=K%чем3 %!г=…3 (pn) ш2=Kел‘!=. 
q,“2ем= 3C!="ле…,  (qr) “%“2%,2 ,ƒ qqr , ,…-
-%!м=ц,%……%L ч=“2, [1] (hqr), *%2%!=  C%л3-
ч=е2 *%м=…д…/е “,г…=л/ %2 ƒ=д=ю?,. 3“2!%L“2" 
(gr), = 2=*›е ,…-%!м=ц,ю % “%“2% …,, }d , 
C!%це““е Cе!еме?е…,  %2 д=2ч,*%" %K!=2…%L 
“" ƒ, (dnq).
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m= %“…%"=…,, .2%L ,…-%!м=ц,, " “%%2"е2“2-
",, “ ƒ=л%›е……/м =лг%!,2м%м "/!=K=2/"=ю2“  
"%ƒдеL“2",  …= qqr, }lo, ol. }ле*2!%д",г=-
2ел, %C!едел ю2 .…е!ге2,че“*,е , д,…=м,че“*,е 
C=!=ме2!/ ш2=Kел‘!%". dл  !=K%2/ ш2=Kел‘!%" 
C!,ме… ю2 C!,"%д/: 3C!="л ем/е (…= %“…%"е 
2!‘.-=ƒ…/. }d “ Cе!е*люч=ем/м, C%лю“=м, , 
-=ƒ…/м !%2%!%м, = 2=*›е “ }d C%…,›е……%L “*%-
!%“2,, C!,“%ед,… ем/м %д…%L м3-2%L) , !ег3л,-
!3ем/е (…= %“…%"е }d C%“2% ……%г% 2%*=).

a%льш,…“2"% ƒ=!3Kе›…/. -,!м , %2ече“2"е…-
…/. C!едC!, 2,L C!,ме… ю2 " "е!2,*=ль…%м , 
C%Cе!еч…%м C!,"%д=. ш2=Kел‘!%" }d Cе!еме…-
…%г% 2%*=. m=C!,ме!, ,“C%льƒ3ю2 =“,….!%……/е 
.ле*2!%д",г=2ел, (`d) “ *%!%2*%ƒ=м*…32/м , 
-=ƒ…/м !%2%!%м, %2л,ч=ю?,е“  C!%“2%2%L, …=-
д‘›…%“2ью , …,ƒ*%L “2%,м%“2ью. )=“2%2= "!=?е-
…,  "=л= `d C!%C%!ц,%…=ль…= ч,“л3 C=! C%лю-
“%", 2. е.

60 (1 ),fn S
p

= −

 
где f # ч=“2%2= Cе!еме……%г% 2%*=; ! # ч,“л% C=! C%-
лю“%"; S # “*%ль›е…,е.

)=“2%2= "!=?е…,  !%2%!= }d ш2=Kел‘!%" !ег3-
л,!3е2“  “23Cе…ч=2% ,ƒме…е…,ем *%л,че“2"= C=! 
C%лю“%" `d. d=……%е !ег3л,!%"=…,е  "л е2“  
.*%…%м,ч…/м, 2=* *=* “…,›е…,е “*%!%“2, C!%,“-
.%д,2 " !еƒ3ль2=2е 3ме…ьше…,  “,….!%……%L ч=“-
2%2/ "!=?е…,  !%2%!= C!, …е,ƒме……%м “*%ль›е-
…,,.

),“л% C=! C%лю“%" ,ƒме… ю2 Cе!е*люче…,ем 
*=›д%L -=ƒ/ %Kм%2*, }d “ C%“лед%"=2ель…%г% 
“%ед,…е…,  …= C=!=ллель…%е. dл  "е!2,*=ль…%г% 
, C%Cе!еч…%г% }d ,“C%льƒ3ю2 “.ем3 Cе!е*люче-
…,  &ƒ"еƒд= # д"%L…=  ƒ"еƒд=[ (!,“. 2).

p=““м=2!,"=  ме.=…,че“*,е .=!=*2е!,“2,*, 
д=……%г% }d, %2ме2,м, ч2% C!, Cе!е*люче…,, “2=-
2%!…%L %Kм%2*, }d “% &ƒ"еƒд/[ …= &д"%L…3ю 
ƒ"еƒд3[ м%?…%“2ь P , ч=“2%2= "!=?е…,  "=л= n 
3"ел,ч,"=ю2“  " д"= !=ƒ=, = "!=?=ю?,L м%ме…2 
%“2=‘2“  …е,ƒме……/м. qлед%"=2ель…%, ме.=…,че-
“*,е .=!=*2е!,“2,*, .ле*2!%C!,"%д= %Kе“Cеч,-

p,“. 2. q.ем= , ме.=…,че“*,е .=!=*2е!,“2,*, =“,….!%……%г% .ле*2!%д",г=2ел 

"=ю2 !=K%23 " д",г=2ель…%м !е›,ме , !е›,ме 
!е*3Cе!=2,"…%г% 2%!м%›е…, .

q3?е“2"е……/м …ед%“2=2*%м *%!%2*%ƒ=м*…3-
2/. }d “ Cе!е*люче…,ем C%лю“%"  "л е2“  …=-
л,ч,е K%льш,. ,ƒK/2%ч…/. м%ме…2%" C!, 
C3“*е ,, %“%Kе……%, Cе!е.%де “ K%льшеL “*%-
!%“2, …= ме…ьш3ю. o!, C%“лед%"=2ель…%м "*лю-
че…,, %Kм%2%* K%льш%L , м=л%L “*%!%“2еL "% 
"!ем  C3“*= ,л, Cе!е.%д= “ K%льш%L “*%!%“2, 
…= ме…ьш3ю ƒ…=ч,2ель…% “…,›=ю2“  м=*“,м=ль-
…/L м%ме…2 " ге…е!=2%!…%м !е›,ме , C3“*%"%L 
" д",г=2ель…%м. dл  3“2!=…е…,  .2%г% " цеCь 
“2=2%!= "*люч=ю2 =*2,"…/е , !е=*2,"…/е !е-
ƒ,“2%!/. b C!%д%ль…/. , "е!2,*=ль…/. C!,"%-
д=. ш2=Kел‘!= C!,ме… е2“  !ег3л,!%"=…,е “*%-
!%“2, “ C%м%?ью д"3. `d, !=K%2=ю?,. …= 
%д,… "=л. q3?е“2"3е2 ! д “,“2ем !ег3л,!%"=…,  
“*%!%“2,: м,*!%C!,"%д, д"3.д",г=2ель…/L C!,-
"%д “ Cл=…е2=!…/м !ед3*2%!%м , д!. b “,“2еме 
“ м,*!%C!,"%д%м }d K%льш%L , м=л%L “*%!%-
“2еL "!=?=ю2 "=л …е %д…%"!еме……%. }2% 2!еK%-
"=…,е, %K3“л%"ле……%е K%льш,м д,=C=ƒ%…%м ч=“-
2%2/ "!=?е…, , C!,"ел% * …е%K.%д,м%“2, д,“-
2=…ц,%……%г% !=“цеCле…,  "=л%" }d , !=K%че-
г% "=л= “ C%м%?ью .ле*2!%м=г…,2…/. м3-2 
,л, д!3г,. “!ед“2". q,“2ем/ “ м,*!%C!,"%-
д%м, …е“м%2!  …= “л%›…%“2ь *%…“2!3*ц,, 
ме.=…,че“*%L ч=“2, C!,"%д=, " цел%м д%“2=-
2%ч…% C!%“2/.

b q`r “2елл=›…/м, *!=…=м,-ш2=Kел‘!=м, 
-,!м= &Demag[ (cе!м=…, ) ,“C%льƒ3е2 д"3.-
д",г=2ель…/е C!,"%д/ Kеƒ “цеC…%L м3-2/. 
bме“2% !=ƒ"е2"ле…,  C!,"%д м=л%L “*%!%“2, 
C%“лед%"=2ель…% “%ед,…‘… “ гл="…/м }d, ,мею-
?,м *%…,че“*,L 2%!м%ƒ. o!, "*люче…,, гл="-
…%г% }d *%…,че“*,L 2%!м%ƒ ,г!=е2 !%ль “%ед,…,-
2ель…%L м3-2/, C!ед%.!=… ю?еL C!,"%д %2 “л3-
ч=L…%г% "*люче…,  }d м=л%L “*%!%“2,. j%…“2-
!3*ц,  *%…3“…%г% 2%!м%ƒ=, "“2!%е……%г% " }d, 
C!ед“2="ле…= …= !,“. 3.

Š%!м%ƒ…%L *%…3“ 1 %Kш,2 -!,*ц,%……/м м=2е-
!,=л%м , ƒ=*!еCл‘… …= шл,ц=. "=л= 2 }d, ,мею-
?ег% *%…,че“*,L !%2%!, “ "%ƒм%›…%“2ью %“е"%г% 
Cе!еме?е…,  C% шл,ц=м, …% 3де!›,"=ю?ег%“  " 
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p,“. 3. j%…“2!3*ц,  *%…3“…%г% 2%!м%ƒ=, "“2!%е……%г% 
" .ле*2!%д",г=2ель

%C!едел‘……%м C%л%›е…,, %2…%“,2ель…% "=л= 
"23л*%L 7. n“е"%е 3“,л,е ƒ=м/*=…,  2%!м%ƒ=, 
“%ƒд="=ем%е “›=2%L C!3›,…%L 8, Cе!ед=‘2“  че-
!еƒ де2=ль 6 , C%дш,C…,* 5 …= "=л }d ,, “лед%-
"=2ель…%, …= 2%!м%ƒ…%L *%…3“.

o!, "*люче…,, 2%*= *%…,че“*,L !%2%! }d 
"ме“2е “ "=л%м , 2%!м%ƒ…/м *%…3“%м "2 г,-
"=ю2“  " “2=2%!, C!е%д%ле"=  3“,л,е C!3›,…/ , 
!=ƒм/*=  2%!м%ƒ…%е 3“2!%L“2"%. o!, "/*люче-
…,, 2%*= !%2%! }d "ме“2е “ "=л%м , *%…3“%м 
“д",г=ю2“  C%д деL“2",ем 3“,л,  C!3›,…/ 
"C!="%, ƒ=м/*=  2%!м%ƒ. )2%K/ 3ме…ьш,2ь 3д=! 
C!, ƒ=м/*=…,,, 2%!м%ƒ…%е 3“2!%L“2"% “…=K›е-
…% г,д!="л,че“*,м =м%!2,ƒ=2%!%м. bел,ч,…= 
3“2=…%"%ч…%L %“=д*, C!3›,…/ C!, C%л…%“2ью 
“%K!=……%м 2%!м%ƒе !ег3л,!3е2“  "!=?е…,ем 
ше“2е!…, 9, “%ед,…‘……%L “ ƒ3Kч=2/м *%ле“%м 
г=L*%L 4, …="‘!…32%L …= 3C%!…3ю "23л*3 3. 
b !еƒ3ль2=2е C!%,“.%д,2 %“е"%е Cе!еме?е…,е 
"23л*,, “%ед,…‘……%L “*%льƒ ?еL шC%…*%L “ 
*%!C3“%м 10.

b C!,"%д=. ш2=Kел‘!%"  C!,ме… е2“   `d  “  
д,--е!е…ц,=ль…/м !ед3*2%!%м (!,“. 4).

o!, “%гл=“%"=……%L !=K%2е }d ше“2е!…, 1 , 2 
"!=?=ю2“  " %д…3 “2%!%…3. b .2%м “л3ч=е ч=“2%2= 
"!=?е…,  "/.%д…%г% "=л=

p,“. 4. o!,"%д ш2=Kел‘!= “ д,--е!е…ц,=ль…/м 
!ед3*2%!%м

1 1 2
1 ( ),
2

n n nΒ = +

где n1 , n2 # ч=“2%2= "!=?е…,  "ед3?,. ше“2е!‘… 
д,--е!е…ц,=л=.

o!, Cе!е.%де …= м=л3ю “*%!%“2ь }d “ K%ль-
ш,м Cе!ед=2%ч…/м ч,“л%м ме›д3 "=л%м , д,--
-е!е…ц,=л%м !е"е!“,!3е2“ .

)=“2%2=  "!=?е…,  "/.%д…%г% "=л= 

2 1 2
1 ( )
2

n n nΒ = −
 
(Cе!ед=2%ч…%е ч,“л% i1 < i2).

mед%“2=2*%м д=……%г% C!,"%д=  "л е2“  “л%›-
…%“2ь д,--е!е…ц,=ль…%г% !ед3*2%!=.

a%льш%е !=“C!%“2!=…е…,е " C!,"%д=. ш2=Kе-
л‘!%" C%л3ч,л, }d C%“2% ……%г% 2%*=. }2% %KA “-
… е2“  %2…%“,2ель…% K%льш,м д,=C=ƒ%…%м !е-
г3л,!%"=…,  “*%!%“2,. l=*“,м=ль…=  “*%!%“2ь 
Cе!ед",›е…,  .%д%"%г% ме.=…,ƒм= ш2=Kел‘!= 
“%“2="л е2 2#3 м/“. &o%лƒ3ч= [ “*%!%“2ь д%л›-
…= K/2ь %*%л% 2O3 “м/“, 2=* *=* C!, ƒ=д=…-
…/. м=““е ш2=Kел‘!= , 2%!м%ƒ…%м м%ме…2е 
3“2=…%"%ч…%г% 2%!м%ƒ= ш2=Kел‘! д%л›е… %“2=-
…="л,"=2ь“  “ 2%ч…%“2ью д% 1 мм. Š=*,м %K!=-
ƒ%м, д,=C=ƒ%… !ег3л,!%"=…,  “*%!%“2, “%“2="-
л е2 1:100.

}d C%“2% ……%г% 2%*= ,мею2 “3?е“2"е……%е 
д%“2%,…“2"%: ,. д",›3?,е м%ме…2/ ƒ=",“ 2 …е 
%2 C%л%›е…,  !%2%!= , ч=“2%2/ "!=?е…, , = %2 
"ел,ч,…/ 2%*= " %Kм%2*=. "%ƒK3›де…,  ,  *%!е. 
e“л, %Kм%2*, "%ƒK3›де…,  ƒ=ме…,2ь C%“2% …-
…/м м=г…,2%м, 2% д",›3?,L м%ме…2 K3де2 C!%-
C%!ц,%…=ле… 2%*3 "  *%!е, = ч=“2%2= "!=?е…,  
ƒ=",“,2 2%ль*% %2 …=C! ›е…,  C,2=…, . }d C%-
“2% ……%г% 2%*= ,мею2 "/“%*%е K/“2!%деL“2",е 
, л,…еL…/е ме.=…,че“*,е .=!=*2е!,“2,*,, = 
2=*›е .%!%ш,е .…е!ге2,че“*,е C%*=ƒ=2ел,. o% 
“"%,м !ег3л,!%"%ч…/м “"%L“2"=м %…, C!е"%“.%-
д 2 д!3г,е .ле*2!,че“*,е м=ш,…/.

i2i1
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dл  3C!="ле…,  }d C%“2% ……%г% 2%*= 3“Cеш…% 
C!,ме… ю2“  2,!,“2%!…/е C!е%K!=ƒ%"=2ел,. t3…*-
ц,%…=ль…=  “.ем= 2,!,“2%!…%г% C!,"%д=, C!ед-
“2="ле……=  …= !,“. 5, "*люч=е2 2,!,“2%!…/L "/-
.%д…%L *=“*=д bj, Kл%* 3C!="ле…,  2,!,“2%!=м, 
ar, “,“2ем/ -%!м,!%"=…,  ,мC3ль“%" qt, !ег3-
л 2%! 2%*= pT, !ег3л 2%! “*%!%“2, PC, Kл%* л%-
г,*, ak , д=2ч,* 2%*= dŠ. q,г…=л !=““%гл=“%"=-
…,  C%“ле C!%.%›де…,  че!еƒ PC , pT C%“23C=е2 
" qt, где “,г…=л/ C%“2% ……%г% 2%*= C!е%K!=-
ƒ3ю2“  " м…%г%-=ƒ…3ю (C% *%л,че“2"3 “,л%"/. 
2,!,“2%!%") C%“лед%"=2ель…%“2ь ,мC3ль“%". )=“-
2%2= ,мC3ль“%" “%%2"е2“2"3е2 ч=“2%2е “е2, C,2=-
…, . o%л3че……/е ,мC3ль“/ C%“23C=ю2 " ar, " 
*%2%!%м %“3?е“2"л е2“  г=ль"=…,че“*=  !=ƒ" ƒ*= 
ме›д3 C!ед"=!,2ель…/м, цеC м, , цеC м, 
3C!="ле…,  2,!,“2%!%".

p,“. 5. t3…*ц,%…=ль…=  “.ем= 2,!,“2%!…%г% C!,"%д=

p,“. 6. o!,,…ц,C,=ль…=  “.ем= "/.%д…%г% *=“*=д= 
2,!,“2%!…%г% C!,"%д=

p,“. 7. q.ем= 3“2!%L“2"= 3C!="ле…,  .ле*2!%д",г=-
2елем C%“2% ……%г% 2%*=

o!,…ц,C,=ль…=  “.ем= bj (!,“. 6) “%“2%,2 ,ƒ 
“,л%"%г% 2!‘.-=ƒ…%г% 2!=…“-%!м=2%!= Š!, = 2=*-
›е д"3. г!3CC 2,!,“2%!%" (Š1#Šg , Š4#Š6).

ar C%д*люч=е2“  * %д…%L ,ƒ 2,!,“2%!…/. г!3CC, 
C!,ч‘м 3C!="ле…,е %“3?е“2"л е2“  “,г…=л%м !=“-
“%гл=“%"=…, , C%“23C=ю?,м че!еƒ PC " ak (“м. 
!,“. 5). q,г…=л %K!=2…%L “" ƒ, C% 2%*3, C%“23C=ю-
?,L …= ".%д/ pŠ , ak, %C!едел е2“  dŠ.

)=“2%2= "!=?е…,  !%2%!= }d C%“2% ……%г% 2%*= 
!ег3л,!3е2“  “!="…е…,ем "ел,ч,… ƒ=д=……%г% …=-
C! ›е…,  , …=C! ›е…,  %K!=2…%L “" ƒ,. r!%"е…ь 
"ел,ч,…/ …=C! ›е…,  !=““%гл=“%"=…,  %C!еде-
л е2 3г%л %2*!/2,  2,!,“2%!%".

p=ƒ!=K%2=…% 3“2!%L“2"% [2] дл  3C!="ле…,  }d 
C%“2% ……%г% 2%*=, " *%2%!%м %“3?е“2"л е2“  
ч=“2%2…%-ш,!%2…=  м%д3л ц, . q.ем= 3“2!%L“2-
"= (!,“. 7) “%де!›,2 “,л%"%L 2,!,“2%! 1, %2*!/-

T1

T2

T3

T5

T6
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p,“. 8. b!еме……/е д,=г!=мм/ 3“2!%L“2"= 3C!="ле-
…,  .ле*2!%д",г=2елем C%“2% ……%г% 2%*=

2,е , ƒ=*!/2,е *%2%!%г% %“3?е“2"л ю2“  “ C%м%-
?ью %2*!/"=ю?ег% 2 , ƒ=*!/"=ю?ег% 3 д,…,“2%-
!%", *%мм32,!3ю?ег% *%…де…“=2%!= , д!3г,. .ле-
ме…2%".

o!, C%д=че …=C! ›е…,  C,2=…,  ƒ=! ›=ю2“  
*%…де…“=2%!/ 4 , 7 C% цеC м: +En # &Cлю“[ ,“-
2%ч…,*= C,2=…, , 10 # %Kм%2*= }d, 9 # }d, 8 # 
д,%д, 4 # *%…де…“=2%!, 3 # д,…,“2%!; #En  # &м,-
…3“[ ,“2%ч…,*= C,2=…, , 10 # %Kм%2*= }d, 6 # 
!еƒ,“2%!, 7 # *%…де…“=2%!. o%“2% ……3ю ƒ=! д*3 
*%…де…“=2%!= 7 м%›…% !ег3л,!%"=2ь Cе!еме……/м 
!еƒ,“2%!%м 6. o!, д%“2,›е…,, …= *%…де…“=2%!е 7 
…=C! ›е…, , !="…%г% …=C! ›е…,ю "*люче…,  д,-
…,“2%!= 2, C%“лед…,L "*люч=е2“  , %2*!/"=е2 “,-
л%"%L 2,!,“2%!. j%…де…“=2%! 7 !=ƒ! ›=е2“  C% Cе-
!е.%д3 &3C!="л ю?,L .ле*2!%д – *=2%д[ C!=*2,-
че“*, д% …3л , = д,…,“2%! 2 "/*люч=е2“ . n2*!/-
2/L “,л%"%L 2,!,“2%! 1 %Kе“Cеч,"=е2 C%д=ч3 …=-

C! ›е…,  …= %Kм%2*3 10 }d 9 C%“2% ……%г% 2%*=, 
*%2%!/L …=ч,…=е2 "!=?=2ь“ . nд…%"!еме……% *%…-
де…“=2%! 4 Cе!еƒ=! ›=е2“  C% цеC,: +En, 5 # Cе!е-
ме……/L !еƒ,“2%!, 4 # *%…де…“=2%!, 1 # “,л%"%L 
2,!,“2%!, #En. o%“2% ……3ю "!еме…, Cе!еƒ=! д*, 
*%…де…“=2%!= м%›…% !ег3л,!%"=2ь Cе!еме……/м 
!еƒ,“2%!%м 5. o!, д%“2,›е…,, …= *%…де…“=2%!е 4 
…=C! ›е…, , !="…%г% …=C! ›е…,ю "*люче…,  д,-
…,“2%!= 3, C%“лед…,L "*люч=е2“  , C!%,“.%д,2 
Cе!еƒ=! д*= *%…де…“=2%!= 4 C% цеC,: (+) # C!="=  
%K*л=д*= *%…де…“=2%!= 4, 3 # д,…,“2%!, 11 # 
д,%д, (#) # ле"=  %K*л=д*= *%…де…“=2%!= 4. q,л%-
"%L 2,!,“2%! 1 ƒ=*!/"=е2“ . j%…де…“=2%! 4 "%ƒ-
"!=?=е2“  " ,“.%д…%е C%л%›е…,е, = д,…,“2%! 3 
"/*люч=е2“ . d,%д 8 …е C%ƒ"%л е2 ƒ=! ›=2ь“  
*%…де…“=2%!3 4 д% }dq "!=?е…,  }d C!, "/*лю-
че……%м “,л%"%м 2,!,“2%!е 1.

hƒме…   C%“2% ……3ю "!еме…, ƒ=! д*, *%…де…“=-
2%!= 7  , %“2="л   C%“2% ……3ю "!еме…, Cе!еƒ=! д-
*, *%…де…“=2%!= 4 …е,ƒме……%L, м%›…% ,ƒме…,2ь 
ч=“2%23 "*люче…,  }d (%“3?е“2"л е2“  ч=“2%2…=  
м%д3л ц, ) (!,“. 8, =, K). e“л, C%“2% ……3ю "!еме…, 
ƒ=! д*, *%…де…“=2%!= 7 %“2=",2ь …е,ƒме……%L, = ,ƒ-
ме… 2ь C%“2% ……3ю "!еме…, Cе!еƒ=! д*, *%…де…“=-
2%!= 4, 2% K3де2 ,ƒме… 2ь“  %2…%“,2ель…=  C!%д%л›,-
2ель…%“2ь "*люче…,  }d (%“3?е“2"л е2“  ш,!%2…=  
м%д3л ц, ) (!,“. 8, ").

e“л, %д…%"!еме……% ,ƒме… 2ь C%“2% ……3ю "!е-
ме…, ƒ=! д*, *%…де…“=2%!= 7 , C%“2% ……3ю 
"!еме…, Cе!еƒ=! д*, *%…де…“=2%!= 4, 2% K3де2 
%“3?е“2"л 2ь“  ч=“2%2…%-ш,!%2…=  м%д3л ц, . 
b/K%! “%%2"е2“2"3ю?ег% =лг%!,2м= ,ƒме…е…,  
C%“2% ……/. "!еме…, ƒ=! д*, (Cе!еƒ=! д*,) 
*%…де…“=2%!%" 7 , 4 (2. е. “%C!%2,"ле…,L !еƒ,-
“2%!%" 5 , 6) C%ƒ"%л е2 C%л3ч,2ь м,…,м3м C%-
2е!ь, “" ƒ=……/. “ д,“*!е2…%“2ью “,“2ем. d%-
“2%,…“2"%м !=ƒ!=K%2=……%г% 3“2!%L“2"=  "л ю2-
“  ›‘“2*,е ме.=…,че“*,е .=!=*2е!,“2,*, “,“2е-
м/ 3C!="ле…, , %Kе“Cеч,"=ю?,е“  %2!,ц=2ель-
…%L %K!=2…%L “" ƒью C% }dq, *%2%!=  %“3?е“2-
"л е2“  Kеƒ ,“C%льƒ%"=…,  д%C%л…,2ель…/. 
д=2ч,*%".

m=C! ›е…,е …= *%…де…“=2%!е 7 %C!едел е2“  
C% -%!м3ле

          ∫= idt
C

U 1
C ,

где q # ‘м*%“2ь *%…де…“=2%!=; i # 2%* ƒ=! д*, *%…-
де…“=2%!=, %C!едел ю?,L“  деL“2",ем д"3. ,“2%ч-
…,*%" …=C! ›е…,  (,“2%ч…,*%м C,2=…,  eC , }dq 
"!=?е…,  д",г=2ел ), …=C!="ле……/. …="“2!еч3 д!3г 
д!3г3.

o!, ,ƒме…е…,, ч=“2%2/ "!=?е…,  !%2%!= C%д 
деL“2",ем …=г!3ƒ*, }dq "!=?е…,  ,ƒме…,2“ , 
ч2% C!,"ед‘2 * ,ƒме…е…,ю м%ме…2= %2*!/2,  “,-
л%"%г% 2,!,“2%!=. r"ел,че…,е …=г!3ƒ*, 3ме…ь-
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ш=е2 ч=“2%23 "!=?е…,  ,, “лед%"=2ель…%, }dq 
"!=?е…, . j%…де…“=2%! 7 K3де2 ƒ=! ›=2ь“  C%д 
деL“2",ем Kóльшег% …=C! ›е…, . q,л%"%L 2,!,-
“2%! %2*!%е2“  !=…ьше, ч2% 3"ел,ч,2 ч=“2%23 C%-
д=ч, ,мC3ль“%" 2%*= , "%““2=…%"ле…,е 2!еK3ем%L 
ч=“2%2/ "!=?е…, .

}d C%“2% ……%г% 2%*= ,мею2 K%льш3ю м=““3, 
%д…=*% C!%“2%2= !ег3л,!%"=…,  ч=“2%2/ "!=?е-
…,  !%2%!=, = 2=*›е "%ƒм%›…%“2ь *%…2!%л  д",-
›3?ег% м%ме…2= C%ƒ"%л,л, ,“C%льƒ%"=2ь ,. " 
C!,"%д=. Cе!еме?е…,  , C%дA‘м= ш2=Kел‘!%".

dл  "/“%*%L 2%ч…%“2, !=K%2/ q`r , %г!=…,че-
…,  "ел,ч,…/ 3“*%!е…,  ,“C%льƒ3ю2 ƒ=д=2ч,*, 
,…2е…“,"…%“2, (gh), " *=че“2"е *%2%!/. м%г32 
K/2ь C!,ме…е…/ д,“*!е2…/е , =…=л%г%"/е 3“2-
!%L“2"=. `…=л%г%"/е 3“2!%L“2"= ме…ее 2%ч…/, чем 
д,“*!е2…/е, …% ƒ…=ч,2ель…% C!%?е. n“…%"…/м, 
.леме…2=м, “2!3*23!…%L “.ем/ =…=л%г%"%г% gh 
(!,“. 9)  "л ю2“  %г!=…,ч,"=ю?,е , ,…2ег!,-
!3ю?,е ƒ"е…ь .

o!,…ц,C деL“2",  =…=л%г%"%г% gh %“…%"=… …= 
,“C%льƒ%"=…,, ,…2ег!=2%!= " *=че“2"е 3“2!%L“2-
"=, %C!едел ю?ег% "!еме……3ю -3…*ц,ю.

oе!ед=2%ч…=  -3…*ц,  ƒ=д=2ч,*= %C!едел е2“  
“лед3ю?,м !е›,м%м !=K%2/:

U"/. = U0 max C!, ΔUy = (Uƒ # U"/.) > ΔUo; 

з з
вых ' 11

U U
U T pTp

k

= =
++

 

C!, ΔUy < ΔUo ,

      

где ΔUy # C!,!=?е…,е 3C!="л ю?ег% …=C! ›е…, ; 
Uƒ # ƒ=д=ю?ее …=C! ›е…,е, C%д="=ем%е “*=ч*%м …= 
".%д gh; U"/. # …=C! ›е…,е …= "/.%де gh; ΔUo  # 
%2…%“,2ель…=  "ел,ч,…= C%!%г%"%г% …=C! ›е…,  …= 
"/.%де; U0 max# C!едель…%е ƒ…=че…,е …=C! ›е…,  
%г!=…,че…, ; Š # C%“2% ……=  "!еме…, ,…2ег!,!%"=-

…, ; 
П

max0

U
Uk
Δ

=
 

# *%.--,ц,е…2 Cе!ед=ч, ƒ"е…= %г!=-

…,че…, ; ! # %Cе!=2%! д,--е!е…ц,=ль…%г% 3!="…е-
…, .

q,г…=л …= ".%д gh C%д=‘2“  “*=ч*%м C% *%-
м=…де %Cе!=2%!= ,л, ="2%м=2,че“*%L “,“2ем%L. 
gh C!е%K!=ƒ3е2 ед,…,ч…/L ".%д…%L ,мC3ль“ " 
,ƒме… ю?ее“  " -3…*ц,, "!еме…, …=C! ›е…,е , 

p,“. 9. q2!3*23!…=  “.ем= =…=л%г%"%г% ƒ=д=ю?ег% 3“2!%L“2"=

%Kе“Cеч,"=е2 C!%г!=мм,!%"=…,е “*%!%“2, C!,-
"%д=:

kUkU 201з == v ,

где v # л,…еL…=  “*%!%“2ь д",›е…,  ш2=Kел‘!=; k1 , 
k2 # *%.--,ц,е…2/ C!%C%!ц,%…=ль…%“2,.

b/K,!=  , ,ƒме…   …=C! ›е…,  U3, Uo м%›…% 
%Kе“Cеч,2ь люK%L !е›,м ,ƒме…е…,  “*%!%“2,. 
dл  2%ч…%г% %“2=…%"= ш2=Kел‘!= 2%!м%›е…,е }d 
2%ль*% .ле*2!,че“*,м, ме2%д=м, …ед%“2=2%ч…% 
.--е*2,"…%, C%.2%м3 …е%K.%д,м% ,“C%льƒ%"=2ь 
ме.=…,че“*,L 2%!м%ƒ “ д%“2=2%ч…/м K/“2!%деL-
“2",ем , …е%K.%д,м%L "ел,ч,…%L 2%!м%ƒ…%г% 
м%ме…2=.

p=““м%2!,м C!,"%д Cе!ед",›е…,  *!=…=-ш2=-
Kел‘!= (!,“. 10, =), *%2%!/L "*люч=е2 }d C%-
“2% ……%г% 2%*= 3 (,л, м…%г%“*%!%“2…%L =“,….!%…-
…/L .ле*2!%д",г=2ель) “ д,“*%"/м 2%!м%ƒ%м 2 , 
2=.%ге…е!=2%!%м 1, “%ед,…‘……/L ƒ3Kч=2%L м3--
2%L 4 “ !ед3*2%!%м 5. b/.%д…%L "=л !ед3*2%!= 
“%ед,…‘… “ "=л%м C!,"%д…%г% *%ле“= 9. l%2%!-
!ед3*2%! *!еC,2“  K%л2=м, * C%д",›…%L Cл,2е 7, 
*%2%!=  че!еƒ =м%!2,ƒ,!3ю?,е "23л*, 10 “%ед,-
…е…= “ K=ƒ%"%L !=м%L. b=л 6 }d "!=?=е2“  " !=-
д,=ль…%-3C%!…/. C%дш,C…,*=. 8. o!,"%д C%дA‘-
м= ш2=Kел‘!= (!,“. 10, K) "*люч=е2 м%2%!-!ед3*-
2%! 1 (*=* C!=",л%, …= %“…%"е м…%г%“*%!%“2…%г% 
`d), Cе!ед=ю?ег% д",›е…,е "/.%д…%м3 "=л3 4 
че!еƒ ƒ3Kч=23ю м3-23 2. b=л ,мее2 ше“2е!…ю 3 “ 
C!,"%д…%L цеCью. b/.%д…%L "=л 3“2=…%"ле… " !=-
д,=ль…%-3C%!…/. C%дш,C…,*=. 5.

o%Cе!еч…/L C!,"%д ƒ=."=2…%г% 3“2!%L“2"= ш2=-
Kел‘!= “%де!›,2 д"3.“*%!%“2…%L `d, C!ед%.!=…,-
2ель…3ю м3-23 , !ед3*2%!, *%2%!/е ƒ=*!еCле…/ 
…= !=ме. b/.%д…%L "=л !ед3*2%!= “%ед,… е2“  “ 
C%д",›…/м .леме…2%м ƒ=."=2…%г% 3“2!%L“2"=.

q,“2ем= C%д"%д= .ле*2!%.…е!г,, * *!=…3-ш2=-
Kел‘!3 д%л›…= ƒ=…,м=2ь м=л% ме“2=, = C!%"%д= це-
CеL 3C!="ле…,  ,ме2ь =K“%лю2…3ю ƒ=?,23 %2 
.ле*2!%C%ме. , ",K!=ц,L; *=Kель, ,д3?,L %2 
ме“2= C%д*люче…,  * *!=…3-ш2=Kел‘!3, д%л›е… 
K/2ь г,K*,м , ƒ=?,?‘……/м %2 !=ƒ!/"=. ŠемCе-
!=23!= %*!3›=ю?ег% "%ƒд3.=, C!, *%2%!%L ,“-
C%льƒ3е2“  *=Kель, м%›е2 *%леK=2ь“  %2 #30 °q 
(“*л=д/-.%л%д,ль…,*,) д% +60 °q (“*л=д/-…="е“/ 
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p,“. 10. o!,"%д Cе!ед",›е…,  (=) , C%дA‘м= (K) ш2=Kел‘!=

" ю›…/. !=L%…=. pt). m= q`r ш2=Kел‘!= …е д%л›-
…/ "%ƒдеL“2"%"=2ь "л=›…%“2ь , "/“%*%е “%де!›=-
…,е C/л, " "%ƒд3.е. b“е .2, 2!еK%"=…,  …е%K.%д,-
м% “%Kлюд=2ь C!, C!%е*2,!%"=…,, C%д",›…/. .ле-
ме…2%" .ле*2!%C!,"%д=.

o!, *%…“2!3,!%"=…,, “,“2ем/ C%д"%д*, .ле*-
2!%.…е!г,, * *!=…3-ш2=Kел‘!3 “лед3е2 2=*›е 3ч,-
2/"=2ь:

“*%!%“2ь Cе!еме?е…,  *!=…=-ш2=Kел‘!= , м=*-
“,м=ль…%е 3“*%!е…,е C!, ег% 2!%г=…,, “ ме“2= , 
%“2=…%"е;

Cл%?=дь " ме“2е C%д"%д= 2%*=, C!ед3“м%2!е…-
…3ю дл  C%д"е“*, *=!е2%* “ *=Kелем, , м=*“,-
м=ль…% д%C3“2,м%е C!%",“=…,е шлеL-=;

2!=е*2%!,ю д",›е…,  *!=…=-ш2=Kел‘!= “ 3ч‘2%м 
е‘ "%ƒм%›…%г% 3дл,…е…,  " K3д3?ем;
м%?…%“2ь , …=C! ›е…,е }d *!=…=-ш2=Kел‘!= 

дл  Cе!ед",›е…,  C% г%!,ƒ%…2=л, , C%дA‘м= 
*=!е2*,, 2!еK3ем%е *%л,че“2"% ›,л *=Kел  дл  
C,2=…,  }d, “ече…,е *=Kел , !%д 2%*= (Cе!е-
ме……/L ,л, C%“2% ……/L); …е%K.%д,м%е ч,“-
л% ›,л " *=Kеле дл  3C!="ле…, , ",д C!%*л=д*, 
*=Kел .

Š=*,м %K!=ƒ%м, C!%"ед‘……/L =…=л,ƒ “,“2ем 
C!,"%д= C%дA‘м…%-2!=…“C%!2…/м, ме.=…,ƒм=м,, 
" ч=“2…%“2, *!=…=м,-ш2=Kел‘!=м,, C%ƒ"%л е2 
%K%“…%"=……% "/K!=2ь д",г=2ель , “,“2ем3 !ег3-
л,!%"=…,  дл  *%…*!е2…%г% C%дA‘м…%-2!=…“C%!2-
…%г% ме.=…,ƒм=. p=ƒ!=K%2=……=  “.ем= ,мC3ль“-
…%г% !ег3л,!%"=…,  ч=“2%2/ "!=?е…,  !%2%!= 
}d, ,“C%льƒ3ю?=  ч=“2%2…%-ш,!%2…3ю м%д3л -
ц,ю, %Kл=д=е2 ! д%м д%“2%,…“2" C% “!="…е…,ю “ 
,ƒ"е“2…/м, =…=л%г=м,.

p=ƒ!=K%2=……/е C!,"%д/ "…ед!е…/ …= ,ƒг%-
2%"ле……/. *!=…=.-ш2=Kел‘!=. !=ƒл,ч…%L г!3ƒ%-
C%дA‘м…%“2,. 

a,Kл,%г!=-,че“*,е ““/л*,

1. `…2%…ец h.b. nC2,м=ль…%е 3C!="ле…,е *!=…%м-
ш2=Kел‘!%м C% *!,2е!,ю м=*“,м=ль…%L C!%,ƒ"%д,-
2ель…%“2, // `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%-
г,,. 2008. 1 10. q. 12#16.

2. `…2%…ец h.b., o%л …“*%" ~.b., Š=K=*%" b.o. n“-
…%"/ C!%е*2,!%"=…,  2е.…,че“*,. “!ед“2" ="2%м=2,ƒ=-
ц,, C%2%ч…%г% , ц,*л,че“*%г% "…32!,ƒ="%д“*%г% 
2!=…“C%!2=. rль …%"“*: rлcŠr, 2007. 341 “.
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p=““м%2!е… ме2%д ,ƒме!е…,  2еCл%"/. .=!=*2е!,“2,* *!,“2=лл= “"е2%д,%д=, %“…%"=…-
…/L …= ƒ=",“,м%“2, .ле*2!,че“*,. C=!=ме2!%" %2 2емCе!=23!/. nC,“=…= 3“2=…%"*= дл  
C!%"еде…,  ="2%м=2,че“*,. ,ƒме!е…,L 2емCе!=23!/ *!,“2=лл= !=K%2=ю?,. “"е2%д,%д%". 
o!,"еде…/ !еƒ3ль2=2/ ,ƒме!е…,L д,…=м,*, !=ƒ%г!е"= , %“2/"=…,  *!,“2=лл%" C!, !=ƒл,ч-
…/. 2%*=..

jлюче"/е “л%"=: “"е2%д,%д, 2емCе!=23!= *!,“2=лл=, 2емCе!=23!…/L *%.--,ц,е…2 …=C! ›е-
…, , д,…=м,*= !=ƒ%г!е"=, 2еCл%"%е “%C!%2,"ле…,е.

Measuring method of the light-emitting diode (LED) crystal thermal behavior based on the 
electrical characteristic dependence from temperature is considered. Facility for automatic measuring 
accomplishment of the working LED crystal is described. Measuring results of the crystals reheating 
and cooling-down by different current are adduced.

Key words: LED, crystal temperature, temperature tension coefficient, reheating dynamics, thermal 
resistance.

b/“%*,е 2емC/ !=ƒ",2,  “"е2%д,%д%" (qd) 
C!,"ел, * “%ƒд=…,ю ,ƒдел,L, C!ед…=ƒ…=че……/. 
дл  %“"е?е…, . m% д=ль…еLшее 3"ел,че…,е “"е-
2%"%г% C%2%*= %г!=…,ч,"=е2“  …,ƒ*%L м%?…%-
“2ью ,ƒл3ч=ю?ег% *!,“2=лл=, *%2%!/L !=K%2=е2 
…= %C!едел‘……%м …=C! ›е…,, 2O3 b. eд,…“2-
"е……%L "%ƒм%›…%“2ью C%"/ше…,  м%?…%“2, 
%д,…%ч…%г% *!,“2=лл=  "л е2“  3"ел,че…,е C!%-
.%д ?ег% че!еƒ …ег% 2%*=, ч2% м%›е2 K/2ь д%“-
2,г…32% д"3м  “C%“%K=м, # л,K% 3"ел,че…,ем 
!=ƒме!%" *!,“2=лл= л,K% 3"ел,че…,ем Cл%2…%-
“2, 2%*= C!, C!%.%›де…,, че!еƒ *!,“2=лл. o!, 
K%льш,. !=ƒме!=. *!,“2=лл= “…,›=е2“  ег% .--
-е*2,"…%“2ь ƒ= “ч‘2 C%"/ше…,  C%гл%?е…,  ,ƒ-
л3че…,  " *!,“2=лле, = 2=*›е !=“2‘2 “2%,м%“2ь 
,ƒдел, . o%"/ше…,е Cл%2…%“2, 2%*= 2=*›е C!,-
"%д,2 * “…,›е…,ю .--е*2,"…%“2, ƒ= “ч‘2 …=г!е-
"= *!,“2=лл=. l=*“,м=ль…%е ƒ…=че…,е Cл%2…%-
“2, 2%*= %г!=…,ч,"=е2“  C!едель…%L 2емCе!=23-
!%L *!,“2=лл=, C!, *%2%!%L …=ч,…=е2“  ег% ƒ…=-
ч,2ель…=  дег!=д=ц, , C!, K%льш,. 2емCе!=23-
!=. м%›е2 C!%,ƒ%L2, !=ƒ!3ше…,е *%!C3“= “"е2%-
д,%д=.

b “"е2%д,%д=. ,“2%ч…,*=м, 2еCл=  "л ю2“  =*-
2,"…=  %Kл=“2ь *!,“2=лл=, 2%*%C!%"%д ?,е “л%, 
“2!3*23!/, %м,че“*,е *%…2=*2/ * *!,“2=лл3. o!, 
м=л/. ƒ…=че…, . 2%*= %“…%"…/м ,“2%ч…,*%м 2е-
Cл=  "л е2“  =*2,"…=  %Kл=“2ь, *%2%!=  …=г!е-
"=е2“  ƒ= “ч‘2 Kеƒ/ƒл3ч=2ель…%L !е*%мK,…=ц,,. 
o!, "/“%*,. ƒ…=че…, . 2%*= д%л  2еCл=, "/де-
л ю?ег%“  …= *%…2=*2=. , "% "…еш…,. “л% . *!,-
“2=лл=, ƒ…=ч,2ель…% 3"ел,ч,"=е2“ .

ŠемCе!=23!= *!,“2=лл= "л, е2 C!=*2,че“*, …= 
"“е .=!=*2е!,“2,*, “"е2%д,%д%": “!%* “л3›K/, 
“"е2%2е.…,че“*,е, .ле*2!,че“*,е .=!=*2е!,“2,-
*,, .=!=*2е!,“2,*, “"е2%"%L , .…е!ге2,че“*%L 
.--е*2,"…%“2,. o!,ч,…=м, ,ƒме…е…,  2емCе!=-
23!/ м%г32 "/“23C=2ь *=* "…32!е……,е, 2=* , 
"…еш…,е -=*2%!/. j "…32!е……,м -=*2%!=м м%›-
…% %2…е“2, …=г!е" *!,“2=лл%" C!%2е*=ю?,м 2%-
*%м, C%гл%?е…,е ,ƒл3че…,  " *!,“2=лле; * "…еш-
…,м O ,ƒме…е…,е %*!3›=ю?еL 2емCе!=23!/, 2е-
Cл%"/. 3“л%",L !=K%2/ “"е2%д,%д=. h“.%д  ,ƒ 
K%льш%г% "л, …,  2емCе!=23!/ …= !=K%23 “"е2%-
д,%д= "%ƒ…,*=е2 …е%K.%д,м%“2ь *%…2!%л,!%"=2ь 
,ƒме…е…,е 2емCе!=23!/ C!, !=ƒл,ч…/. !е›,м=. 
!=K%2/.

dл  м=л%м%?…/. “"е2%д,%д%" ,ƒме!е…,е 2ем-
Cе!=23!/ *!,“2=лл=  "л е2“  “л%›…%L ƒ=д=чеL 
"“лед“2",е …еK%льш,. !=ƒме!%" , …е"/“%*%L 
2емCе!=23!/ *!,“2=лл=. j%…2=*2…/е ме2%д/ ƒде“ь 
…еC!,ме…,м/, C%.2%м3 целе“%%K!=ƒ…/ *%“"е…-
…/е ме2%д/ ,ƒме!е…, . m,›е C!,"ед‘… ,. *!=2-
*,L %Kƒ%!.

lе2%д C! м/. …=C! ›е…,L %“…%"=… …= ƒ=",“,-
м%“2, .ле*2!,че“*,. C=!=ме2!%" “"е2%д,%д= %2 
2емCе!=23!/ =*2,"…%L %Kл=“2, *!,“2=лл= , C%-
ƒ"%л е2 …= %“…%"е ,ƒме!е……%г% 2емCе!=23!…%г% 
*%.--,ц,е…2= …=C! ›е…,  (Šjm) %C!едел,2ь 
2емCе!=23!3 *!,“2=лл= “ C%г!еш…%“2ью @3 0q [1, 
2]. o% д!3г%м3 ме2%д3, 2емCе!=23!= pOn-Cе!е.%д= 
%C!едел е2“  C% ,ƒме…е…,ю “Cе*2!= “"ече…,  
“"е2%д,%д=, = ,ме……% C% “ме?е…,ю “Cе*2!=ль…%-
г% м=*“,м3м= ,ƒл3че…,  " %Kл=“2ь *%!%2*,. дл,… 
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"%л… C!, C%"/ше…,, 2емCе!=23!/. m% д=……/L 
ме2%д ме…ее 2%че…, , ,ƒме!е…,е “" ƒ=…% “ 3“л%›-
…е…,ем .*“Cе!,ме…2= [3]. 

e?‘ %д,… ме2%д %“…%"=… …= C!,ме…е…,, !=м=-
…%"“*%L “Cе*2!%“*%C,,, “ C%м%?ью *%2%!%L м%-
›е2 K/2ь %C!еделе…= 2емCе!=23!= !=ƒл,ч…/. “л%‘" 
“2!3*23!/. Š%ч…%“2ь …е"/“%*=  , “%“2="л е2 C%-
! д*= @10 °q [4]. dл  “"е2%д,%д%", 3 *%2%!/. " 
*=че“2"е C%дл%›*, ,“C%льƒ3е2“  “=C-,!, 2емCе!=-
23!= м%›е2 K/2ь %C!еделе…= “ C%м%?ью %C2,че-
“*%г% ,ƒме!е…,  дл,… "%л… л,…,L, ,ƒл3ч=ем/. 
.!%м%м Cr3+, *%2%!/L …=.%д,2“  " C%дл%›*е " 
",де C!,ме“,. dл  ,ƒме!е…,L ,“C%льƒ3ю2 д"е 
*!=“…/е л,…,,, *%2%!/е “ме?=ю2“  " дл,……%"%л-
…%"3ю %Kл=“2ь C!, C%"/ше…,, 2емCе!=23!/ [5]. 
hƒ C!,"ед‘……/. ме2%д,* %C!еделе…,  2емCе!=23-
!/ *!,“2=лл= “"е2%д,%д= %C2,м=ль…/м  "л е2“  
ме2%д C! м/. …=C! ›е…,L, *%2%!/L C%ƒ"%л е2 
C!%"%д,2ь “е!,, .*“Cе!,ме…2%" …= C!%“2%м %K%-
!3д%"=…,, , “ д%“2=2%ч…% "/“%*%L 2%ч…%“2ью.

lе2%д C! м/. …=C! ›е…,L %“…%"=… …= ,ƒме-
…е…,, .ле*2!,че“*,. C=!=ме2!%" C%л3C!%"%д…,-
*%"/. “2!3*23! C!, ,ƒме…е…,, 2емCе!=23!/. q32ь 
ег% ƒ=*люч=е2“  " 2%м, ч2% Cе!"%…=ч=ль…% C!%,ƒ-
"%д,2“  *=л,K!%"*= # ,ƒме! ю2“  ,мC3ль“…/е 
"%ль2-=мCе!…/е .=!=*2е!,“2,*, “"е2%д,%д=, C%-
ме?‘……%г% " Cечь “ ƒ=д=……%L 2емCе!=23!%L. o!, 
.2%м ƒ= "!ем  *%!%2*%г% ,мC3ль“= …е C!%,“.%д,2 
!=ƒ%г!е" *!,“2=лл= C!%2е*=ю?,м 2%*%м, “%%2"е2-
“2"е……% 2емCе!=23!= *!,“2=лл= %C!едел е2“  2ем-
Cе!=23!%L Cеч,. 

m= %“…%"е ,ƒме!е……/. ƒ…=че…,L …=C! ›е…,  
, 2%*= C!, !=ƒл,ч…/. 2емCе!=23!=. Cеч, K/л= 
3“2=…%"ле…= ƒ=",“,м%“2ь .ле*2!,че“*,. C=!=-
ме2!%" %2 2емCе!=23!/, *%2%!=  ,“C%льƒ3е2“  
дл  !=“ч‘2= 2емCе!=23!/ *!,“2=лл= !=K%2=ю?ег% 
“"е2%д,%д=. b *=че“2"е ,ƒме!,2ель…%г% C!,K%!= 
C!,ме…е…= 3…,"е!“=ль…=  Cл=2= !=“ш,!е…,  дл  
Cе!“%…=ль…%г% *%мCью2е!= NI PCI-6251 (`0oO
0`o), “ C%м%?ью *%2%!%L ƒ=д="=л,“ь 2%*, C,-
2=…,  “"е2%д,%д= , C!%"%д,л,“ь ,ƒме!е…,  ,. 
.=!=*2е!,“2,*. oл=2= C%д*люч=е2“  * *%мCью2е-
!3 че!еƒ “л%2 PCI, " …еL ,мею2“  "%“емь д,--е-
!е…ц,=ль…/. *=…=л%" дл  ,ƒме!е…,  …=C! ›е-
…,  “ м=*“,м=ль…%L ч=“2%2%L %ц,-!%"*, 1,25 lcц, 
2%ч…%“2ью 16 K,2, д,=C=ƒ%…%м ,ƒме! ем/. …=-
C! ›е…,L #10 ... 10 b; д"= *=…=л= =…=л%г%"%г% "/-
"%д= “ м=*“,м=ль…%L ч=“2%2%L 2,86 lcц, !=ƒ!е-
ше…,ем 16 K,2, ,…2е!"=л%м …=C! ›е…,L 
#10 ... 10 b; 24 *=…=л= ц,-!%"%г% ""%д=/"/"%д= “ 
ч=“2%2%L д% 10 lcц; д"= “ч‘2ч,*= ,мC3ль“%" “ 
ч=“2%2%L д% 80 lcц. o=!=ме2!/ Cл=2/ C%ƒ"%-
л ю2 ƒ=д="=2ь …=C! ›е…,е C,2=…,  “"е2%д,%д%" 
, ,ƒме! 2ь ег% “ "/“%*%L 2%ч…%“2ью, …% е‘ …е-
д%“2=2*%м  "л е2“  …е"%ƒм%›…%“2ь C! м%г% ,ƒ-
ме!е…,  2%*=. Š%* м%›…% %C!едел,2ь 2%ль*% “ 
C%м%?ью C!ец,ƒ,%……%г% Kеƒ/…д3*ц,%……%г% !е-
ƒ,“2%!= C% ƒ=*%…3 nм=, "*люч‘……%г% C%“лед%"=-

2ель…% “% “"е2%д,%д%м. m%м,…=л !еƒ,“2%!= д%л-
›е… K/2ь "/K!=… ,“.%д  ,ƒ м=*“,м=ль…%г% …=-
C! ›е…,  C,2=…,  Us, !=K%чег% 2%*= “"е2%д,%д= 
I, …=C! ›е…,  …= “"е2%д,%де U“д. b !=““м=2!,-
"=ем%м “л3ч=е дл  !=K%чег% 2%*= “"е2%д,%д= 
I = 20 м` , …=C! ›е…,  …= “"е2%д,%де U“д = 3 b 
C%л3ч,м C!,Kл,ƒ,2ель…%е ƒ…=че…,е “%C!%2,"ле-
…,  !еƒ,“2%!=: 

R = U/I = (Us # U“д)/I = (10 # 3)/0,020 = 350 nм.

q2=K,л,ƒ=ц,  2%*= "/C%л… е2“  C!%г!=мм…% 
C32‘м ,ƒме!е…,  2%*= цеC, “ C%“лед3ю?еL *%!-
!е*2,!%"*%L …=C! ›е…,  C,2=…, . aл=г%д=!  "/-
“%*%м3 K/“2!%деL“2",ю “2=K,л,ƒ=ц,  C%л3ч=е2“  
3д%"ле2"%!,2ель…%L.

hƒме!е…,е 2емCе!=23!/ "…32!, Cеч, C!%,ƒ"%-
д,2“  %2г!=д3,!%"=……%L 2е!м%C=!%L &медьO*%…-
“2=…2=…[. m=г!е" %“3?е“2"л е2“  C%“!ед“2"%м 
C!%C3“*=…,  2%*=, !ег3л,!3ем%г% …= %“…%"е ,ƒ-
ме!е……/. ƒ…=че…,L 2емCе!=23!/. n“е"=  “,л= 
“"е2= “"е2%д,%д= ,ƒме! е2“  “ C%м%?ью -%2%-
д,%д=. 

b !=K%2е ,“C%льƒ%"=л“  C!%г!=мм…/L *%м-
Cле*“ LabView, *%2%!/L K/л !=ƒ!=K%2=… дл  ,“-
“лед%"=2ель“*,. целеL. o% "…еш…ем3 ",д3 C!,-
л%›е…,  "% м…%г%м “.%д…/ “ %K/ч…/м, ,ƒме!,-
2ель…/м, C!,K%!=м,, C%.2%м3 C!%г!=мм/ , C%д-
C!%г!=мм/ " д=……%м *%мCле*“е …=ƒ/"=ю2 ",!-
23=ль…/м, C!,K%!=м, (bo). dл  C!%"еде…,  ,“-
“лед%"=…,L 2емCе!=23!/ *!,“2=лл= “"е2%д,%д= 
K/л= !=ƒ!=K%2=…= C!%г!=мм=, “%“2% ?=  ,ƒ …е-
“*%ль*,. "ƒ=,м%“" ƒ=……/. bo. aл%*-“.ем= C!%-
г!=мм/ C!,"еде…= …= !,“3…*е.

bo "/K%!= 2,C= ,ƒме!е…,  %C!едел е2 C!%,ƒ-
"%д,2“  *=л,K!%"*= “"е2%д,%д= ,л, ,ƒме!е…,е 
ег% 2емCе!=23!/, ƒ=д=‘2 %“…%"…/е C=!=ме2!/ , 
ч,“л% ,ƒме!е…,L *=›д%г% 2,C=. bo 2емCе!=23!-
…%L *=л,K!%"*, “"е2%д,%д= !ег3л,!3е2 2емCе!=-
23!3 Cеч, , ,ƒме! е2 ,мC3ль“…/е b`u “"е2%д,%-
д=. ŠемCе!=23!= Cеч, ,ƒме… е2“  %2 20 д% 120 °q 
“ ш=г%м 10 °q. o!ед"=!,2ель…/е ,““лед%"=…,  
C%*=ƒ=л,, ч2% “2=K,л,ƒ=ц,  2емCе!=23!/ C!, ,ƒ-
ме…е…,, е‘ …= 10  °q C!%,“.%д,2 " 2ече…,е 15 м,…. 
dл  3ме…ьше…,  C%г!еш…%“2, ,ƒме!е…,  C!%,ƒ-
"%д 2 C!, 3"ел,че…,, , “…,›е…,, 2емCе!=23!/ “ 
C%“лед3ю?,м 3“!ед…е…,ем !еƒ3ль2=2%", *%2%!/е 
ƒ=C,“/"=ю2“  " -=Lл дл  C%“лед3ю?еL %K!=K%2-
*,. o% C%л3че……/м !еƒ3ль2=2=м “2!%,2“  *=л,K-
!%"%ч…/L г!=-,* ƒ=",“,м%“2, …=C! ›е…,  …= 
“"е2%д,%де U %2 2емCе!=23!/ *!,“2=лл= Š C!, 
C%“2% ……%м 2%*е, *%2%!/L %C,“/"=е2“  3!="…е-
…,ем C! м%L ",д= 

T = kU+b, 

где k, b # *%.--,ц,е…2/ !=ƒл,ч…/е дл  *=›д%г% 
“"е2%д,%д=, C!,ч‘м k < 0. 
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 aл%*-“.ем= C!%г!=мм/ дл  ,ƒме!е…,  2емCе!=23!/ “"е2%д,%д=

}2, *%.--,ц,е…2/ ,“C%льƒ3ю2 дл  !=“ч‘2= 
2емCе!=23!/ *!,“2=лл= C% ,ƒме!е……%м3 ƒ…=че-
…,ю …=C! ›е…,  “"е2%д,%д= C!, ƒ=д=……%м 2%*е.

bo “2=K,л,ƒ=ц,, 2емCе!=23!/ !ег3л,!3е2 2%* 
…=г!е"= Cеч, " ƒ=",“,м%“2, %2 2емCе!=23!/, ,ƒ-
ме!е……%L “ C%м%?ью 2е!м%C=!/. bo ,ƒме!е…,  
b`u ƒ= "!ем  *%!%2*%г% ,мC3ль“= 3“2=…="л,"=е2 
ƒ=д=……3ю "ел,ч,…3 2%*= “"е2%д,%д= , C!%,ƒ"%д,2 
,ƒме!е…,е …=C! ›е…,  …= “"е2%д,%де , “,л/ 
“"е2= “"е2%д,%д= C32‘м ,ƒме!е…,  -%2%2%*= -%-
2%д,%д=. n2дель…% д=……/L C!,K%! …е ,“C%льƒ3е2-
“ , %…  "л е2“  .леме…2%м д!3г,. bo. dл  C,2=-
…,  “"е2%д,%д= “,г…=л=м, “ !=ƒл,ч…%L -%!м%L 
*!,"/. 2%*= C!,ме… е2“  bo ге…е!=ц,, ,мC3ль“-
…%г% 2%*=, дл  *%2%!%г% ƒ=д=ю2“  C=!=ме2!/ “,г-
…=л= (ч=“2%2=, “*"=›…%“2ь, 2,C *!,"%L, =мCл,-
23д…%е ƒ…=че…,е 2%*=, дл,2ель…%“2ь). d=……/L bo 
“=м%“2% 2ель…% …е ,“C%льƒ3е2“ , = “л3›,2 дл  
,““лед%"=…,L д,…=м,*, !=ƒ%г!е"= *!,“2=лл= “"е-
2%д,%д=, *%2%!/L " 2ече…,е ƒ=д=……%г% "!еме…, 
C,2=е2“  2%*%м “ "/K!=……/м, C=!=ме2!=м,. dл  
%C!еделе…,  ,ƒме…е…,  2емCе!=23!/ *!,“2=лл= " 
C!%це““е !=K%2/ “"е2%д,%д= ,“C%льƒ3е2“  bo ,ƒ-
ме!е…,  -%2%.ле*2!,че“*,. .=!=*2е!,“2,*, ".%д-
…/м, д=……/м, дл  *%2%!%г%  "л ю2“  C=!=ме2!/ 
“,г…=л=, ч,“л% ц,*л%" ,ƒме!е…,L, ,…2е!"=л ме›-
д3 ,ƒме!е…, м,. 

b …=ч=ле !=K%2/ C!,K%!= “%ƒд=‘2“  -=Lл “ 
%C,“=…,ем ,ƒме!е…, , "“лед ƒ= .2,м C!%"%д,2“  
,ƒме!е…,е -%2%.ле*2!,че“*,. .=!=*2е!,“2,* 
&.%л%д…%г%[ “"е2%д,%д=, ƒ=2ем C!%,ƒ"%д,2“  ег% 
“=м%!=ƒ%г!е" C!%2е*=ю?,м 2%*%м (ƒ=д=‘2“  “ C%-
м%?ью bo ге…е!=ц,, ,мC3ль“…%г% 2%*=) “ Cе-
!,%д,че“*,м ,ƒме!е…,ем -%2%.ле*2!,че“*,. .=-
!=*2е!,“2,*. l=““," !еƒ3ль2=2%" ,ƒме!е…,L ƒ=-

C,“/"=е2“  " -=Lл. m= %“…%"е д=……/. *=л,K!%"-
*, C!%,ƒ"%д,2“  Cе!е.%д %2 .ле*2!,че“*,. .=!=*-
2е!,“2,* * 2емCе!=23!е. Š=*,м %K!=ƒ%м, C%л3ч=ем 
ƒ=",“,м%“2ь 2емCе!=23!/ *!,“2=лл= %2 "!еме…, 
“=м%!=ƒ%г!е"=. 

h“C%льƒ3  %C,“=……3ю 3“2=…%"*3, K/л, C!%"е-
де…/ *%“"е……/е ,ƒме!е…,  д,…=м,*, “=м%!=ƒ%-
г!е"= , %“2/"=…,  *!,“2=лл= C!, C!%C3“*=…,, 
че!еƒ …ег% C%“2% ……%г% , ,мC3ль“…%г% 2%*= !=ƒ-
л,ч…/. “*"=›…%“2еL q “ ч=“2%2%L f = 1*cц. b ,“-
“лед%"=…, . C!,ме… л,“ь “"е2%д,%д/ “,…ег% 
ц"е2= " “2=…д=!2…%м Cл=“2,*%"%м *%!C3“е д,=-
ме2!%м 10 мм.

dл  “!="…е…,  C!%це““%" !=ƒ%г!е"= , C%“ле-
д3ю?ег% %“2/"=…,  *!,“2=лл= ,ƒме! л“  ег% “=-
м%!=ƒ%г!е" 2%*%м 30 м` “ C%“лед3ю?,м %C!еде-
ле…,ем д,…=м,*, %“2/"=…, . dл,2ель…%“2ь C!%-
це““%" !=ƒ%г!е"= , %“2/"=…,  “%“2=",л= %д…3 
м,…323, ,…2е!"=л ме›д3 ,ƒме!е…, м, # 2!, “е-
*3…д/. 

}ле*2!,че“*=  м%?…%“2ь, C%д"%д,м=  * *!,-
“2=лл3, !=““е,"=е2“  " !еƒ3ль2=2е ,ƒл3че…,  , 
2еCл%C!%"%д…%“2,. o!=*2,че“*, "“‘ ,ƒл3че…,е 
“"е2%д,%д= “%“!ед%2%че…% " ",д,м%L %Kл=“2, 
“Cе*2!=. j%л,че“2"е……%L .=!=*2е!,“2,*%L ч=“2, 
2еCл=, %2"%д,м%L %2 “"е2%д,%д= C!, ,ƒл3че…,,, 
 "л е2“  *%.--,ц,е…2 C%леƒ…%г% деL“2",  “"е-
2%д,%д= η, *%2%!/L !="е… %2…%ше…,ю .…е!г,, 
,ƒл3че…,  “"е2%д,%д= * C%д"%д,м%L .ле*2!,че“-
*%L .…е!г,,. dл  “"е2%д,%д%" ,““лед3ем%г% 2,C= 
η = 0,05.

ŠеCл%Cе!ед=ч= " “"е2%д,%д=. д=……%г% 2,C= 
C!%,“.%д,2 C!е,м3?е“2"е……% че!еƒ 2%*%"/L 
""%д, * *%2%!%м3 *!еC,2“  *!,“2=лл, C%“*%ль*3 
Cл=“2,*%"/L *%!C3“ Cл%.% %2"%д,2 2еCл%. rч,-
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2/"= , ч2% .…е!г, , C%д"%д,м=  * *!,“2=лл3 “ C%-
м%?ью 2%*=, %2"%д,2“  2%ль*% ƒ= “ч‘2 ,ƒл3че…,  
, 2еCл%C!%"%д…%“2,, м%›…% ƒ=C,“=2ь, ч2% м%?-
…%“2ь, !=““е,"=ем=  " ",де 2еCл=, “%“2="л е2

p = (1# η)W, 

где W O .ле*2!,че“*=  м%?…%“2ь, C%д"%д,м=  * 
*!,“2=лл3, W = I U.

ŠеCл%"%е “%C!%2,"ле…,е Θj # a ме›д3 =*2,"…%L 
%Kл=“2ью , %*!3›=ю?еL “!ед%L %C!едел е2“  
!=ƒ…%“2ью ,. 2емCе!=23! ΔTj # a , 2еCл%"/м C%2%-
*%м p # 2еCл%"%L м%?…%“2ью, %2"%д,м%L %2 *!,-
“2=лл=:

.
(1 )

j a j a
j a

T T
P W

− −
−

Δ Δ
Θ = =

− η
 
                           

p=ƒ…%“2ь 2емCе!=23!/ *!,“2=лл= , 2емCе!=23-
!/ %*!3›=ю?еL “!ед/ “%“2=",л= ΔTj – a = 24,9 °q; 
C%д"%д,м=  м%?…%“2ь W = IU = 0,03·3,28 = 0,098 b2. 
h“.%д  ,ƒ .2,. ƒ…=че…,L м%›…% %C!едел,2ь 2еC-
л%"%е “%C!%2,"ле…,е ме›д3 =*2,"…%L %Kл=“2ью 
*!,“2=лл= , %*!3›=ю?еL “!ед%L:

24,9
(1 ) (1 0,05)0,098

j a j a
j a

T T
P W

− −
−

Δ Δ
Θ = = = =

− η −

267,5К/Вт.=

 
   

bел,ч,…= 2еCл%"%г% “%C!%2,"ле…,  Rj – a = 
= 267,5 j/b2  "л е2“  2,C,ч…%L дл  “"е2%д,%д%" 
д=……%г% 2,C=, ч2% “",де2ель“2"3е2 % *%!!е*2…%L 
!=K%2е 3“2=…%"*,. 

o%л3че…/ ƒ=",“,м%“2, 2емCе!=23!/ *!,“2=лл= 
%2 "!еме…, C!, C!%2е*=…,, че!еƒ *!,“2=лл C%“-
2% ……/. , ,мC3ль“…/. 2%*%" ч=“2%2%L f = 1 *cц 
C!, !=ƒл,ч…/. “*"=›…%“2 . q. o!, C,2=…,, C%-
“2% ……/м 2%*%м 22 м` , ,мC3ль“…/м, 2%*=м, 
=мCл,23д%L 22 м` ч=“2%2%L 1 *cц 3“2=…="л,"=ю2“  
ƒ…=че…,  2емCе!=23!/, C!,"ед‘……/е " 2=Kл,це. 

dл  “!="…е…,  " 2=Kл,це C!,"еде…/ ƒ…=че…,  
2емCе!=23!/ *!,“2=лл=, .ле*2!,че“*%L м%?…%-

“2,, C%д"%д,м%L * *!,“2=лл3, , !=ƒ…%“2ь 2емCе-
!=23!/ *!,“2=лл= , 2емCе!=23!/ %*!3›=ю?еL 
“!ед/ (T%*!.“!. = 29,5 

%q). 
o!%=…=л,ƒ,!%"=" ƒ…=че…,  2емCе!=23!/ , 

“!="…," ,. “ "ел,ч,…%L "л%›е……%L м%?…%“2,, 
м%›…% “дел=2ь "/"%д, ч2% дл  ,мC3ль“…%г% 2%*= 
ч=“2%2%L 1 *cц …=Kлюд=е2“  C! м=  ƒ=",“,м%“2ь 
ме›д3 м%?…%“2ью, C%д"%д,м%L * *!,“2=лл3, , 
2емCе!=23!%L *!,“2=лл=, ч2% “%%2"е2“2"3е2 3!="-
…е…,ю 2еCл%"%г% K=л=…“=.

m=,K%лее C!%“2/м , д%“2=2%ч…% 2%ч…/м ме-
2%д%м ,ƒме!е…,  2емCе!=23!/ *!,“2=лл=  "л е2-
“  ме2%д C! м/. …=C! ›е…,L. dл  м=““%"/. 
,ƒме!е…,L " C!%,ƒ"%д“2"е “"е2%2е.…,че“*%L 
C!%д3*ц,, м%›е2 K/2ь ,“C%льƒ%"=…% 2,C,ч…%е 
ƒ…=че…,е 2емCе!=23!…%г% *%.--,ц,е…2= …=C! -
›е…,  “"е2%д,%д=, *%2%!/L "=!ь,!3е2“ , …% C%-
г!еш…%“2ь, "…%“,м=  2е.…%л%г,че“*,м !=ƒK!%-
“%м C=!=ме2!%", м%›…% C!,… 2ь д%C3“2,м%L. 
dл  K%лее 2%ч…/. ,ƒме!е…,L …е%K.%д,м% %“3-
?е“2"л 2ь *=л,K!%"*3 *=›д%г% “"е2%д,%д=. o%-
л3че……/е ,ƒме!е…,  C%*=ƒ=л, “%%2"е2“2",е 
.*“Cе!,ме…2=ль…/. , 2е%!е2,че“*,. д=……/., 
ч2% C%ƒ"%л е2 C!,ме… 2ь д=……/L ме2%д дл  ,ƒ-
ме!е…,  2емCе!=23!…/. , .ле*2!,че“*,. .=!=*-
2е!,“2,* “"е2%д,%д%" …= %C,“=……%м %K%!3д%"=-
…,, , “ ,“C%льƒ%"=…,ем !=ƒ!=K%2=……%L C!%-
г!=мм/.
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g=",“,м%“2ь C=!=ме2!%" *!,“2=лл= %2 2,C= 2%*= , “*"=›…%“2,

o%*=ƒ=2ель o%“2% ……/L
2%* 

q*"=›…%“2ь, q

1,5 2 2,5 3

ŠемCе!=23!= *!,“2=лл=, %q 51,0 43,2 39,5 37,8 36,5

p=ƒ…%“2ь 2емCе!=23!/ *!,“2=лл= , 2емCе!=23!/ 
%*!3›=ю?еL “!ед/, %q

21,5 13,7 10,0 8,3 7,0

}ле*2!,че“*=  м%?…%“2ь P = IU, b2 0,070 0,047 0,035 0,028 0,023
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Šeumnknch“ tnplnbjh lmncn}kelemŠmncn g`ljmrŠncn opnthk“ 
q }kelemŠ`lh dbnimni Šnkyhm{ 

p=““м%2!е…/ %“…%"…/е .2=C/ !=ƒ!=K%2*, -%!м%"*, ме2%д%м ,…2е…“,"…%г% де-%!м,!%-
"=…,  м…%г%.леме…2…%г% ƒ=м*…32%г% C!%-,л  “ .леме…2=м, д"%L…%L 2%л?,…/, C!,"еде…= 
“.ем= -%!м%%K!=ƒ%"=…,  , *%…“2!3*ц,  -%!м3ю?еL %“…=“2*,.

jлюче"/е “л%"=: ƒ=м*…32/L C!%-,ль, C!%-,л,!%"=…,е, .леме…2 д"%L…%L 2%л?,…/, -%!м%"-
*=, 2еCл,ц=.

Basic development phases of the molding by intensive deform of the multiple-unit enclosed shape 
with double thickness components are considered; shaping scheme and mold fittings construction are 
adduced.

Key words: enclosed shape, shaping, double thickness component, molding, greenhouse.

b C%“лед…,е г%д/ !=ƒ",2,е C!%,ƒ"%д“2"= г…3-
2/. C!%-,леL ,мее2 2е…де…ц,ю * “2!ем,2ель…%-
м3 !%“23 " “" ƒ, “ !=ƒ!=K%2*%L …%"/. м=2е!,=л%" 
“ C%*!/2,ем , ш,!%*,м C!,ме…е…,ем г…32/. 
C!%-,леL " “2!%,2ель“2"е , м=ш,…%“2!%е…,,.

l…%г%.леме…2…/е г…32/е C!%-,л, ,ƒг%2="л,-
"=ю2 …= C!%-,л,!%"%ч…/. “2=…*=. 2!=д,ц,%…-
…/м м…%г%Cе!е.%д…/м C!%-,л,!%"=…,ем ле…2/, 
,“C%льƒ3  ме2%д ,…2е…“,"…%г% де-%!м,!%"=…,  
(lhd) , " !ед*,. “л3ч= . # ме2%д “2е“…е……%г% 
,ƒг,K=. lhd K=ƒ,!3е2“  …= !ег3л,!3ем%L ƒ…=*%-
Cе!еме……%L C!%д%ль…%L де-%!м=ц,, C%дг,K=е-
м/. .леме…2%" C!%-,л  "% ,ƒKе›=…,е C%2е!, ,. 
3“2%Lч,"%“2,, !е=л,ƒ3е2“  " ƒ=*!/2/. !%л,*%"/. 
*=л,K!=. , 2!еK3е2 " 1,5 # 2 !=ƒ= ме…ьше Cе!е.%-
д%", чем 2!=д,ц,%……%е C!%-,л,!%"=…,е [1]. q%-
*!=?е…,е ч,“л= Cе!е.%д%"  "л е2“  “3?е“2"е…-
…/м C!е,м3?е“2"%м дл  3“л%",L мел*%“е!,L…%-
г% ,л, !=ƒ%"%г% "/C3“*= C=!2,, C!%-,леL. bме-
“2е “ 2ем !=ƒ!=K%2*= 2е.…%л%г,, C!%,ƒ"%д“2"= 
“Cец,=ль…/., " ч=“2…%“2,, ƒ=*!/2/. C!%-,леL “ 
.леме…2=м, д"%L…%L 2%л?,…/, C!ед“2="л е2 “%-
K%L д=ле*% …е 2!,",=ль…3ю ƒ=д=ч3.

b “2=2ье !=““м%2!е…/ %“%Kе……%“2, !=ƒ!=K%2*, 
2е.…%л%г,, C!%,ƒ"%д“2"= ƒ=*!/2/. C!%-,леL …= 
C!,ме!е ƒ=м*…32%г% C!%-,л  дл  2еCл,ц “% “2е…-
*=м, д"%L…%L 2%л?,…/, ,ƒг%2="л,"=ем%г% C% C%-
л3ƒ=*!/2%L “.еме. o!%-,ль, ,“C%льƒ3ем/L " *=-
че“2"е д3г 2еCл,ц, ,мее2 “ече…,е, C%*=ƒ=……%е …= 
!,“. 1.

p=ƒ!=K%2*= 2е.…%л%г,, C!едC%л=г=е2 !еше…,е 
“лед3ю?,. ƒ=д=ч: C!ед"=!,2ель…%е %C!еделе…,е 
ч,“л= Cе!е.%д%", "/K%! K=ƒ%"%г% .леме…2= C!%-
-,л  (,л, %“, C!%-,л,!%"=…, ) , !=“C%л%›е…,е 
%*%…ч=2ель…%г% “ече…,  C!%-,л  " !%л,*=. C%-

“лед…еL C=!/, %C!еделе…,е C!,…ц,C= -%!м%"*,, 
!=ƒ!=K%2*= “.ем/ -%!м%%K!=ƒ%"=…, , !=“ч‘2 C!%-
2 ›‘……%“2, ƒ%…/ Cл="…%г% Cе!е.%д=, %C!еделе-
…,е ме! C!ед%2"!=?е…,  C%2е!, 3“2%Lч,"%“2, 
.леме…2%" C!%-,л , 32%ч…е…,е ч,“л= Cе!е.%д%" , 
"/K%! C!%-,л,!%"%ч…%г% %K%!3д%"=…, , %C!еде-
ле…,е ",д%" ƒ=м/*=…,  *=л,K!%", C!%е*2,!%"=-
…,е , ,ƒг%2%"ле…,е 2е.…%л%г,че“*%г% %“…=?е…, , 
%2!=K%2*= 2е.…%л%г,, , %C!еделе…,е !е›,м%" 
-%!м%%K!=ƒ%"=…,  C!%-,л . 

),“л% Cе!е.%д%". dл  ƒ=м*…32/. м…%г%.ле-
ме…2…/. C!%-,леL C!%,ƒ"%ль…%г% 2,C%!=ƒме!= 
м%дел, ч,“л= Cе!е.%д%" %2“32“2"3ю2. qлед3е2 %2-
ме2,2ь, ч2% " 2е.…%л%г,, 2!=д,ц,%……%г% C!%-,-
л,!%"=…,  дл  ,ƒг%2%"ле…,  C%л3ƒ=*!/2%г% C!%-
-,л  %*=…2%"*, г=!=›…/. д"е!еL "/“%2%L %*%л% 
20 мм ,ƒ ле…2/ 2%л?,…%L 0,5 мм ,“C%льƒ3ю2 %2 
30 д% 33 2е.…%л%г,че“*,. Cе!е.%д%" [2], C!,ч‘м 
3!%"е…ь “л%›…%“2, .2%г% C!%-,л  …е“*%ль*% 
…,›е, чем 3!%"е…ь “л%›…%“2, C!%-,л , C!,"е-
д‘……%г% …= !,“. 1. d=›е дл  “!="…,2ель…% C!%“2%-
г% C%л3ƒ=*!/2%г% C!%-,л  дл  ="2%м%K,ле“2!%е-
…,  "/“%2%L 20 мм , 2%л?,…%L “2е…%* 0,5 мм “ 

p,“. 1. j%…-,г3!=ц,  ƒ=м*…32%г% м…%г%.леме…2…%г% 
C!%-,л  “ .леме…2=м, д"%L…%L 2%л?,…/ ,ƒ “2=л, 
08*C 2%л?,…%L 0,5 мм
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%д…,м .леме…2%м д"%L…%L 2%л?,…/, ,ƒг%2="л,-
"=ем%г% 2!=д,ц,%……/м C!%-,л,!%"=…,ем, 2!е-
K3е2“  18 2е.…%л%г,че“*,. Cе!е.%д%" [2]. 

o!ед"=!,2ель…/L "/K%! ч,“л= Cе!е.%д%" дл  
,ƒг%2%"ле…,  !=““м=2!,"=ем%г% C!%-,л  %“…%-
"=… …= =…=л,ƒе .*","=ле…2…%L *%…-,г3!=ц,, 
q-%K!=ƒ…%г% C!%-,л  “ л%*=ль…/м, .леме…2=м, 
›‘“2*%“2,, дл  -%!м%"*, *%2%!%г% 2!еK3е2“  
“емь-"%“емь Cе!е.%д%" [1]. o%“лед3ю?,е че2/-
!е-C 2ь Cе!е.%д%" …е%K.%д,м/ дл  ƒ=м/*=…,  
.*","=ле…2…%L *%…-,г3!=ц,, , C!,"еде…,  е‘ * 
m-%K!=ƒ…%L -%!ме. o%“лед…,е 2!,-че2/!е  Cе!е-
.%д= 2!еK3ю2“  дл  -%!м%"*, ƒ=м*%"%г% .леме…-
2=. o% C!ед"=!,2ель…%L %це…*е, K=ƒ%"%е ч,“л% 
д%л›…% “%“2="л 2ь 16 Cе!е.%д%", ч2% 2=*›е “%%2-
"е2“2"3е2 ,мею?ем3“  %K%!3д%"=…,ю # 3…,"е!-
“=ль…%м3 C!%-,л,!%"%ч…%м3 м%д3ль…%м3 “2=…*3 
qor-400j16×50 !=ƒ!=K%2*, nnn &qCец2е.…%л%-
г, [ (г. rль …%"“*).

b/K%! %“, C!%-,л,!%"=…,  , !=“C%л%›е…,е 
%*%…ч=2ель…%г% “ече…,  C!%-,л  " !%л,*=.. b %2-
л,ч,е %2 2!=д,ц,%……%г% C!%-,л,!%"=…, , где 
%“ь C!%-,л,!%"=…,  !=“C%л=г=ю2 %K/ч…% C% 
це…2!3 2 ›е“2, “ече…,  C!%-,л  " *=›д%м ,ƒ Cе-
!е.%д%" C!, ,“C%льƒ%"=…,, lhd, %“ь C!%-,л,-
!%"=…,  ,мее2 C!," ƒ*3 * 2%ч*е, C%д"е!›е……%L 
…=,ме…ьшем3 Cе!еме?е…,ю. m= !,“. 2 ",д…%, 
ч2% “!ед,……/L .леме…2 C!%-,л  (.леме…2 K3д3-
?еL г%!,ƒ%…2=ль…%L “2е…*,) …е C%д"е!г=е2“  
-%!м%"*е …, " %д…%м ,ƒ Cе!е.%д%". qлед%"=2ель-
…%, д=……/L .леме…2 C!,…,м=е2“  " *=че“2"е K=-
ƒ%"%г% " “.еме -%!м%%K!=ƒ%"=…,  (“м. !,“. 2). 
o!, .2%м %“ь C!%-,л,!%"=…,  д%л›…= C!%.%д,2ь 
че!еƒ “!ед,……3ю C%"е!.…%“2ь ƒ=г%2%"*, , ле›=2ь 
" "е!2,*=ль…%L Cл%“*%“2,, C!%.%д ?еL че!еƒ “е-
!ед,…3 3*=ƒ=……%г% .леме…2=. d=……/L "/K%! %“, 
C!%-,л,!%"=…,  , K=ƒ%"%г% .леме…2= C%ƒ"%л е2 
"е“2, -%!м%"*3 C% %2*!/2%L “.еме …= Cе!"/. че-
2/!‘. Cе!е.%д=., = …= C%“лед3ю?,. Cе!е.%д=. # 
м,…,м,ƒ,!%"=2ь “3мм=!…/е 3гл/ C%дг,K*, .ле-
ме…2%". mеK%льш=  =“,мме2!,  “ече…,L *=л,K-
!%" м%›е2 K/2ь “*%!!е*2,!%"=…= 3гл=м, C%дг,K-

p,“. 2. q.ем= -%!м%%K!=ƒ%"=…,  C!%-,л :

1 # 15 # *%…-,г3!=ц,  “ече…,  ƒ=г%2%"*, …= 
C 2…=дц=2, 2е.…%л%г,че“*,. Cе!е.%д=.

*, .леме…2%" “C!="= , “ле"= %2 K=ƒ%"%г% .леме…-
2=. qCец,=ль…/е ме!/ C!ед%2"!=?е…,  “*!32*, 
C!%-,л  …е 2!еK3ю2“ .

o!,…ц,C -%!м%"*,. b ме2%де ,…2е…“,"…%г% 
де-%!м,!%"=…,  C!,…,м=е2“  C!,…ц,C C=!=л-
лель…%L -%!м%"*, .леме…2%" C!%-,л  " %2л,-
ч,е %2 2!=д,ц,%……%г% C!%-,л,!%"=…, , где 
"е“ьм= ч=“2% C!,ме… е2“  C!,…ц,C C%“лед%"=-
2ель…%L -%!м%"*,, C!,"%д ?,L * ƒ="/ше……%м3 
ч,“л3 Cе!е.%д%" [2]. qлед3е2 ,ме2ь " ",д3, ч2% " 
lhd *%…еч…/е !=д,3“/ ,ƒг,K= ƒ=д=ю2“  C!=*-
2,че“*, " Cе!"%м Cе!е.%де. b !ед*,. “л3ч= . 
(…=C!,ме!, C!, -%!м%"*е !,-2%" " д%……%L ч=“-
2, C!%-,л ) %*%…ч=2ель…%е ƒ=д=…,е !=д,3“%" 
ƒ%… ,ƒг,K= %2*л=д/"=е2“  …= C%“лед3ю?,е Cе!е-
.%д/. j=* ",д…% …= !,“. 2, ƒ%…/ ,ƒг,K= C!%-,л  
-%!м3ю2“  “ Cе!"%г% Cе!е.%д=, = …= C%“лед3ю-
?,. Cе!е.%д=. л,шь ,ƒме… ю2“  3гл/ C%дг,K*, 
.леме…2%". 

p=ƒ!=K%2*= “.ем/ -%!м%%K!=ƒ%"=…, . p=ƒ!=K%-
2=……=  , C!,"ед‘……=  …= !,“. 2 “.ем= -%!м%%K-
!=ƒ%"=…,  %2л,ч=е2“  2ем, ч2% %“ь C!%-,л,!%"=-
…,  дел,2 ƒ=г%2%"*3 C!,ме!…% C%C%л=м, = м%…%-
2%……=  C%дг,K*= C% 3гл3 *!=L…,. C%л%* “ .ле-
ме…2=м, ›‘“2*%“2, д=‘2 ,м C!,ме!…% !="…3ю 
C!%д%ль…3ю де-%!м=ц,ю " *=›д%м ,ƒ Cе!е.%д%". 
r*=ƒ=……/е C!%д%ль…/е де-%!м=ц,, …е“*%ль*% 
3ме…ьш=ю2“  ƒ= %“е"%L Cл%“*%“2ью !%л,*%" 
"“лед“2",е .--е*2= &›‘“2*%г% *%…ц=[, !ег3л,-
!3ем%г% “%%2…%ше…,ем д,=ме2!%" !%л,*%" “%“ед-
…,. Cе!е.%д%" [1].

mеK%льш=  гл3K,…= -%!м%"*, (м=*“,м=ль…/е 
ƒ…=че…,  д%“2,г=ю2“  …= ше“2%м , “едьм%м Cе-
!е.%д=.) C%ƒ"%л е2 C!,ме… 2ь -%!м3ю?,е !%л,-
*, …еK%льш,. д,=ме2!%", " %“…%"…%м " C!едел=. 
100 мм. q.ем= м=*“,м=ль…% C!,Kл,›е…= * “.еме 
%2*!/2%L -%!м%"*,, = 3гл/ C%дг,K*, %C!еделе-
…/ “ 2ем !=“ч‘2%м, ч2%K/ %Kе“Cеч,"=л=“ь д%“2=-
2%ч…=  ›‘“2*%“2ь C%дг,K=ем/. C%л%* "% ,ƒKе›=-
…,е ,. ,ƒл%м= ,ƒ-ƒ= &…=Kег=…, [ C!%д%ль…/. 
де-%!м=ц,L. p=“ч‘2/ 3гл%" C%дг,K*, C!%"еде…/ 
…= %“…%"е ме2%д= л%*=ль…/. ›‘“2*%“2еL [1], = ,. 
!=“C!еделе…,е C% Cе!е.%д=м C!ед“2="ле…% …= 
!,“. 3. q C!,…ц,C%м -%!м%"*, , “.ем%L -%!м%-
%K!=ƒ%"=…,  2е“…% “" ƒ=…= C!%цед3!= !=“ч‘2= 
ш,!,…/ ƒ=г%2%"*,, 3ч,2/"=ю?=  32%…е…,е ƒ=г%-
2%"*,.

x,!,…= ƒ=г%2%"*,. Šе%!е2,че“*=  дл,…= !=ƒ-
"‘!2*, C%Cе!еч…%г% “ече…,  г%2%"%г% C!%-,л  
C% “!ед…еL л,…,, %C!едел е2“  ,ƒ "/!=›е…, 

∑∑
=

+

=

+=
n

j

C
j

n

i

R
iT BBB

1

1

1
, (1)

где C
j

R
i BB   ,  # дл,…= C! м%л,…еL…%г% , *!,"%л,-

…еL…%г% 3ч=“2*%" “%%2"е2“2"е……%, мм; n # ч,“л% ƒ%… 
,ƒг,K= C!%-,л .
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p,“. 3. p=“C!еделе…,е 3гл%" C%дг,K*, .леме…2%" C% Cе!е.%д=м " “.еме -%!м%%K!=ƒ%"=…,  C!%-,л :

1 # 6 # …%ме!= .леме…2%" C!%-,л 

dл,…= j-г% *!,"%л,…еL…%г% 3ч=“2*= %C!еде-
л е2“  ƒ=",“,м%“2ью

( / 2)
180

C
j jB r sπα= +

°
. (2)

q ,“C%льƒ%"=…,ем -%!м3л (1) , (2) ш,!,…3 ƒ=-
г%2%"*, дл  C!%-,л,!%"=…,  %C!едел ю2 C% 
-%!м3ле

в тB B B= + Δ ,

где qB # C!,!=?е…,е ƒ=г%2%"*,, *%2%!%е !=“ч,2/-
"=е2“  =лгеK!=,че“*, " ƒ=",“,м%“2, %2 “.ем/ -%!-
м%%K!=ƒ%"=…, .

e“л, …= ! де Cе!е.%д%" C!,ме… е2“  C%д“=д*= 
ƒ=г%2%"*, (2%!це"%е “›=2,е), 2% “л=г=ем/е, ".%-
д ?,е " !=“ч‘2…3ю -%!м3л3 дл  %C!еделе…,  pB, 
Kе!32 “% ƒ…=*%м &Cлю“[. e“л, ›е -%!м%%K!=ƒ%"=-
…,е %“3?е“2"л е2“  " 3“л%", . !=“2 ›е…, , 2% 
“%%2"е2“2"3ю?,е “л=г=ем/е Kе!32“  “% ƒ…=*%м 
&м,…3“[. b !=““м=2!,"=ем%L “.еме -%!м%%K!=ƒ%-
"=…,  д%м,…,!3е2 “.ем= “ !=“2 ›е…,ем, = !=“ч‘2 
3*=ƒ=……%г% C!,!=?е…,  %“…%"/"=е2“  …= ƒ=",“,-
м%“2, 

2
т

2в 1

1/ 2
2 2 2 1

n
i

i
i i i

rSB
r r

σ
σ =

⎛ ⎞⎛ ⎞ +⎜ ⎟Δ = − α⎜ ⎟ ⎜ ⎟π ⎝ ⎠ + +⎝ ⎠
∑ , (3)

где σ2, σ" # C!едел 2е*3че“2, , C!едел C!%ч…%“2, 
м=2е!,=л= ƒ=г%2%"*, “%%2"е2“2"е……%; αi # “3мм=!-
…/L 3г%л C%дг,K*, i-L 3гл%"%L ƒ%…/; ri # %2…%“,-
2ель…/L !=д,3“ ,ƒг,K= i-L 3гл%"%L ƒ%…/.

p=“ч‘2 C% -%!м3ле (3) д=‘2 ƒ…=че…,е C!,!=?е-
…,  ш,!,…/ ƒ=г%2%"*, 1,8 мм. o!, …е*%!!е*2-
…%м !=“ч‘2е ш,!,…/ ƒ=г%2%"*, …е"%ƒм%›…% C%-
л3ч,2ь *%…д,ц,%……/L C!%-,ль, д=›е е“л, "“е 
д!3г,е “%“2="л ю?,е 2е.…%л%г,, "/C%л…е…/ 
Kеƒ3*%!,ƒ…е……%.

p=“ч‘2 C!%2 ›‘……%“2, ƒ%…/ Cл="…%г% Cе!е.%д=. 
p=“ч‘2 "/C%л…е… дл  Cе!,-е!,L…/. C%дг,K=е-
м/. .леме…2%" *=›д%г% ,ƒ Cе!е.%д%" " “%%2"е2“2-
",, “ м%делью ƒ%…/ Cл="…%г% Cе!е.%д= !=K%2/ “ 
C!,ме…е…,ем ме2%д= л%*=ль…/. ›‘“2*%“2еL [3]. 
o%л3че……/L !еƒ3ль2=2 дл  *=›д%г% ,ƒ Cе!е.%д%" 
“!="…,"=л, “ ме›*ле2ье"/м !=““2% …,ем C!%-,-
л,!%"%ч…%г% %K%!3д%"=…, . o!%2 ›‘……%“2ь ƒ%…/ 
Cл="…%г% Cе!е.%д= …е д%л›…= C!е"/ш=2ь ƒ…=че-
…,е ме›*ле2ье"%г% !=““2% …,  “2=…*= "% ,ƒKе›=-
…,е Cе!е-%!м%"*, .леме…2%" C!%-,л . o% д=…-
…/м !=“ч‘2%", C!%2 ›‘……%“2ь ƒ%… Cл="…%г% Cе!е-
.%д= "“е. Cе!е.%д%" …е C!е"/ш=л= ме›*ле2ье"%г% 
!=““2% …,  C!%-,л,!%"%ч…%г% “2=…*=.

lе!/ C!ед%2"!=?е…,  C%2е!, 3“2%Lч,"%“2, 
.леме…2%" C!%-,л . qCец,=ль…/. , "“е%KAемлю-
?,. *!,2е!,е" C%2е!, 3“2%Lч,"%“2, .леме…2%" 
C!, C!%-,л,!%"=…,, C%*= …е “3?е“2"3е2. b %K-
?ем “л3ч=е дл  %це…*, C%2е!, 3“2%Lч,"%“2, 
м%›…% ,“C%льƒ%"=2ь м%дель, " *%2%!%L C%2е!  
3“2%Lч,"%“2, C!%г…%ƒ,!3е2“  ,…д,*=2%!…%L -3…*-
ц,еL [3]. b д=……%м “л3ч=е ме2%д%м л%*=ль…/. 
›‘“2*%“2еL м…%г%.леме…2…/е C%дг,K=ем/е C%л-
*, !ед3ц,!3ю2“  * гл=д*,м C%л*=м .*","=ле…2-
…%L 2%л?,…/, * *%2%!/м м%›…% C!,ме… 2ь 3*=-
ƒ=……/L "/ше *!,2е!,L. nд…=*% дл  !=““м=2!,-
"=ем%г% C!%-,л  ›‘“2*%“2ь C%дг,K=ем/. м…%г%-
.леме…2…/. C%л%* %*=ƒ/"=е2“  д%“2=2%ч…%L дл  
%Kе“Cече…,  3“2%Lч,"%“2, де-%!м,!%"=…, . m= 
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Cе!,-е!,L…/. 3ч=“2*=. ƒ=г%2%"*, ,мею2“  .ле-
ме…2/ ›‘“2*%“2, " ",де %2K%!2%"%*, г=!=…2,!3ю-
?,е %2“32“2",е *!%м*%"%L "%л…,“2%“2,.

r2%ч…е…,е ч,“л= Cе!е.%д%" , "/K%! C!%-,л,!%-
"%ч…%г% %K%!3д%"=…, . h…%гд= !=ƒ!=K%2*= “.ем/ 
-%!м%%K!=ƒ%"=…,  "/ƒ/"=е2 …е%K.%д,м%“2ь 3"е-
л,че…,  ,л, “%*!=?е…,  Cе!"%…=ч=ль…% %C!еде-
л‘……%г% ч,“л= Cе!е.%д%". }2% м%›е2 "%ƒ…,*=2ь 
*=* ,ƒ-ƒ= C%г!еш…%“2еL м%дел, , C!%цед3!/ 
C!,"еде…,  “ече…,  C!%-,л  * 2,C%"%L *%…-,-
г3!=ц,,, 2=* , "“лед“2",е ,ƒде!›е* …= 3!%"…е %C-
!еделе…,  C%л%›е…,  “ече…,  C!%-,л  " !%л,-
*=., !=ƒ!=K%2*, “.ем/ -%!м%%K!=ƒ%"=…,  , C!ед-
"=!,2ель…%г% %C!еделе…,  !е›,м%" -%!м%%K!=-
ƒ%"=…, . b .2%L “" ƒ, Cе!ед "/K%!%м C!%-,л,-
!%"%ч…%г% %K%!3д%"=…,  32%ч… ю2 ч,“л% Cе!е.%-
д%", = C!, !=ƒ!=K%2*е “.ем/ -%!м%%K!=ƒ%"=…,  
C%д …=л,ч…%е %K%!3д%"=…,е “ %г!=…,че……/м, 
"%ƒм%›…%“2 м, C!ед3“м=2!,"=ю2 ! д д%C%л…,-
2ель…/. ме! [1].

o!,ме…,2ель…% * !=ƒ!=K%2=……%L “.еме -%!м%-
%K!=ƒ%"=…,  (“м. !,“. 2 , 3) м%›…% “ч,2=2ь C!,-
г%д…/м м%д3ль…/L “2=…%* &“!ед…ег% 2,C=[ [4], 
%Kл=д=ю?,L д%“2=2%ч…%L м%?…%“2ью, C!,емле-
м%L дл,…%L "=л%", C%д.%д ?,м ме›%“е"/м , 
ме›*ле2ье"/м !=““2% …,ем. 

nC!еделе…,е ",д= ƒ=м/*=…,  *=л,K!%". d=……/L 
"%C!%“ д%“2=2%ч…% C%д!%K…% ,ƒл%›е… " !=K%2е 
[5]. nг!=…,ч,м“  л,шь 3*=ƒ=…,ем …= 2%, ч2% дл  
!=““м=2!,"=ем%г% C!%-,л  C!,ме… е2“  ƒ=м/*=-
…,е C% г%!,ƒ%…2=ль…/м , "е!2,*=ль…/м л,…, м 
!=ƒA‘м= “ д"3“2%!%……,м &"!еƒ=…,ем[ , ге%ме2!,-
че“*,м ƒ=м/*=…,ем "=л%". 

o!%е*2,!%"=…,е , ,ƒг%2%"ле…,е 2е.…%л%г,че-
“*%г% %“…=?е…, . o!%е*2,!%"=…,е 2е.…%л%г,че-
“*%г% %“…=?е…,  …= %“…%"е !=ƒ!=K%2=……%L “.ем/ 
-%!м%%K!=ƒ%"=…,  2!еK3е2 “Cец,=ль…/. ƒ…=…,L 
" %Kл=“2, C!%-,л,!%"=…, , %2…%“ ?,.“  *=* * 
C!%це““3 -%!м%%K!=ƒ%"=…, , 2=* , * C!%це““=м 
,ƒг%2%"ле…,  -%!м3ю?,. !%л,*%". b ч=“2…%“2,, 
-%!м3ю?,е !%л,*, " ! де Cе!е.%д%" …е%K.%д,-

 3  10  14 8 

p,“. 4. j%…“2!3*ц,  "=л*%"%L =!м=23!/ дл  !=ƒл,ч…/. 2е.…%л%г,че“*,. Cе!е.%д%":

Cе!е.%д 3 # цель…=  *%…“2!3*ц,  -%!м3ю?,. !%л,*%"; Cе!е.%д 8 # цель…=  *%…“2!3*ц,  …,›…ег% !%л,*= , 
“K%!…=  *%…“2!3*ц,  "е!.…ег% !%л,*=; Cе!е.%д 10 # “K%!…=  *%…“2!3*ц,  %K%,. !%л,*%"; Cе!е.%д 14 # 

цель…=  *%…“2!3*ц,  "е!.…ег% !%л,*= , “K%!…=  *%…“2!3*ц,  …,›…ег% !%л,*=

м% "/C%л… 2ь “K%!…/м, (!,“. 4), ч2% “" ƒ=…% “ 
%Kе“Cече…,ем …=дле›=?,. 3“л%",L -%!м%"*, , “ 
"%ƒм%›…%“2ью ,“C%льƒ%"=…,  “2=…д=!2…%г% !е-
›3?ег% ,…“2!3ме…2=.

n2!=K%2*= 2е.…%л%г,, , %C!еделе…,е !е›,м%" 
-%!м%%K!=ƒ%"=…, . b !еƒ3ль2=2е %2!=K%2*, 2е.…%-
л%г,, K/л% 3“2=…%"ле…%, ч2% …=,л3чш,е !еƒ3ль-
2=2/ C!%-,л,!%"=…,  д%“2,г=ю2“  C!, %2*лю-
ч‘……/. "е!.…,. "=л=. *ле2еL …е*%2%!/. Cе!е.%-
д%", ч2% “" ƒ=…% “ 3“л%", м, ƒ=м/*=…,  !%л,*%-
"/. *=л,K!%". cе%ме2!,че“*,е .=!=*2е!,“2,*, 
“ече…,  K/л, "/де!›=…/ " C!едел=. ƒ=д=……/. 
д%C3“*%", %2*л%…е…,  3гл%" …е C!е"/ш=л, @1° 
(2!еK%"=…,  C% че!2е›3). qе!C%",д…%“2ь, C!%-
д%ль…=  *!,",ƒ…= , “*!32*= %2“32“2"%"=л, (д%-
C3“*, C% че!2е›3: 1 мм/м, 1 мм/м , 1°/м “%%2"е2-
“2"е……%). m= !,“. 5 C!ед“2="ле…/ %K!=ƒц/ C%л3-
че……%г% C!%-,л , C!,ч‘м …= !,“. 5, K C%*=ƒ=… 
C!%-,ль “ C%"/ше……%L ›‘“2*%“2ью “2е…*,, %Kе“-
Cеч,"=ем%L “Cец,=ль…/м 3“2!%L“2"%м, 3“2=…%"-
ле……/м " ше“2…=дц=2%L *ле2, “2=…*=.

Šе.…%л%г,  !е=л,ƒ%"=…= …= K=ƒе ="2%м=2,ƒ,!%-
"=……%L л,…,, &“!ед…ег% 2,C=[ C!%,ƒ"%д“2"= nnn 
&qCец2е.…%л%г, [, "*люч=ю?еL !3л%……,ц3, C!%-

p,“. 5. nK!=ƒц/ г%2%"/. C!%-,леL, ,ƒг%2%"ле……/. 
C% !=ƒ!=K%2=……%L 2е.…%л%г,,:

1 # ƒ=м*…32/L C!%-,ль “ гл=д*,м, C%л*=м,; 
2 # C!%-,ль “ C%"/ше……%L ›‘“2*%“2ью “2е…*,

2

1
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-,л,!%"%ч…/L “2=…%*, %2!еƒ…%е 3“2!%L“2"% , 
“,“2ем3 3C!="ле…, . Šе.…%л%г,  , %K%!3д%"=…,е 
"…ед!е…/ …= Cл%?=д . ƒ=*=ƒч,*= , 3“Cеш…% .*“-
Cл3=2,!3ю2“ .

b д=……%L !=K%2е %“%Kе……%“2, !=ƒ!=K%2*, 2е.-
…%л%г,, C!%,ƒ"%д“2"= м…%г%.леме…2…%г% C!%-,-
л  !=““м%2!е…/ " %“…%"…%м …= *=че“2"е……%м 
3!%"…е. mе*%2%!/е "%C!%“/ …е !=““м=2!,"=ю2“  
,ƒ-ƒ= ,. м=л%г% ƒ…=че…,  дл  д=……%г% C!%-,л  
(…=C!,ме! K%*%"%L 32 ›*,, 3ч‘2= C!3›,…е…,  , 
д!.). Šем …е ме…ее …е*%2%!/е "е“ьм= C%леƒ…/е 
"/"%д/ , !е*%ме…д=ц,, C%ƒ"%л 2 ,ƒKе›=2ь “е!ь‘ƒ-
…/. %ш,K%* " !=ƒ!=K%2*е 2е.…%л%г,, C!%-,л,-
!%"=…, , "ле*3?,. ƒ= “%K%L “3?е“2"е……/е -,-
…=…“%"/е C%2е!,.

b/"%д/. o!, !=ƒ!=K%2*е 2е.…%л%г,, C!%,ƒ"%д-
“2"= м…%г%.леме…2…/. C!%-,леL C!ед"=!,2ель-
…/L !=“ч‘2 ч,“л= Cе!е.%д%" “лед3е2 C!%,ƒ"%д,2ь 
C%“ле C!,"еде…,  *%…-,г3!=ц,, C!%-,л  * “ече-
…,ю C!%-,л  2,C%"%L …%ме…*л=23!/ …= %“…%"е 
м%дел, !=“ч‘2= ч,“л= Cе!е.%д%", !=ƒ!=K%2=……%L 
="2%!=м,. bе!2,*=ль…=  Cл%“*%“2ь, “%де!›=?=  
%“ь C!%-,л,!%"=…, , д%л›…= дел,2ь ƒ=г%2%"*3 
C!,ме!…% …= !="…/е ч=“2,. qлед3е2 %2д="=2ь 
C!едC%ч2е…,е C=!=ллель…%L “.еме -%!м%"*,.

q.ем= -%!м%%K!=ƒ%"=…,  д%л›…= г=!=…2,!%-
"=2ь !="е…“2"% C!%д%ль…/. де-%!м=ц,L C%дг,-
K=ем/. C%л%* , %Kе“Cеч,"=2ь д"3“2%!%……,L д%“-
23C ,…“2!3ме…2= * ƒ=г%2%"*е …= "%ƒм%›…% K%ль-
шем ч,“ле Cе!е.%д%", = 2=*›е 2%ч…%“2ь -%!м%"*, 
.леме…2%" C!%-,л . o!,г%д…%“2ь “.ем/ -%!м%-
%K!=ƒ%"=…,  “лед3е2 %“3?е“2"л 2ь !=“ч‘2%м C!%-
2 ›‘……%“2, ƒ%…/ Cл="…%г% Cе!е.%д= “ целью C!е-
д3C!е›де…,  Cе!е-%!м%"*, C!%-,л .

dл  C!ед%2"!=?е…,  C%2е!, 3“2%Lч,"%“2, .ле-
ме…2%" C!%-,л  …е%K.%д,м% %“3?е“2"л 2ь *%!-
!е*2,!%"*3 “.ем/ -%!м%%K!=ƒ%"=…,  " ч=“2, Cе-
!е“м%2!= 3гл%" C%дг,K*, …= %“…%"е “%%2"е2“2"3ю-
?,. !=“ч‘2%" , ,“C%льƒ%"=2ь C!, …е%K.%д,м%“2, 
…=2 г C!%-,л , ме›*ле2ье"/е C!%"%д*, , 2. д.

b/K%! ",д= ƒ=м/*=…,  *=л,K!%" “лед3е2 C!%-
,ƒ"%д,2ь …= %“…%"е !=ƒ!=K%2=……%г% ="2%!=м, 
*л=““,-,*=2%!= ƒ=м/*=…,L !%л,*%"%г% *=л,K!=, 
C!едC%ч,2=  ге%ме2!,че“*%е ƒ=м/*=…,е “,л%"%-
м3. b …е%K.%д,м/. “л3ч= . !е*%ме…д3е2“  ,“-
C%льƒ%"=2ь “K%!…3ю %“…=“2*3. pе›,м/ -%!м%%K-
!=ƒ%"=…,  (…=“2!%L*= *=л,K!%", C!=",ль…%г% 
3“2!%L“2"=, “.ем/ C!,"%д= *ле2еL) д%л›…/ "/-
K,!=2ь“  “ 3ч‘2%м “.ем -%!м%%K!=ƒ%"=…,  , C%-
л3ч=ем%г% *=че“2"= C!%-,л  C!, %2!=K%2*е.

a,Kл,%г!=-,че“*,е ““/л*,
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e.l. a=!=…%"=, *=…д. 2е.…. …=3*, д%ц., `.m. a=!=…%", *=…д. 2е.…. …=3*, д%ц.
(Š3ль“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2) 

stroymaster@tula.net

opnejŠhpnb`mhe noep`0hh b{Š“fjh-nafhl` nankn)ej 

p=““м%2!е…/ 2е%!е2,че“*,е %“…%"/ C!%г!е““,"…%г% C!%е*2,!%"=…,  2е.…%л%г,че“*%L %Cе-
!=ц,, "/2 ›*,-%K›,м= 2%…*%“2е……/. ƒ=м*…32/. “л%›…%C!%-,ль…/. %K%л%че*, ,ƒл%›е…/ 
ме2%д/ 3ч‘2= де-%!м=ц,%……%г% 3C!%ч…е…,  м=2е!,=л=, C!ед“2="ле…/ !еƒ3ль2=2/ .*“Cе!,-
ме…2=ль…%г% %C!еделе…,  *%.--,ц,е…2%" …=ч=ль…%L , де-%!м=ц,%……%L =…,ƒ%2!%C,,.

jлюче"/е “л%"=: "/2 ›*=, %K›,м, %K%л%ч*=, де-%!м=ц, , -%!м%,ƒме…е…,е, %›,"=ль…=  
ч=“2ь, 3C!%ч…е…,е, =…,ƒ%2!%C, , л=23…ь, K,ме2=лл.

Progressive designing theoretical principles of the draw-forming-wringing out technological 
operation for thin-walled enclosed complex shape shells are considered. Accounting methods of the 
material deformative hardening are stated. Experimental definition results of the initial and 
deformative anisotropy coefficients are introduced.

Key words: draw-forming, wringing out, shell, deformation, forming, ogival part, hardening, anisotropy, 
brass, bimetal.

`…=л,ƒ C!,ме… ем/. " …=“2% ?ее "!ем  ме-
2%д,* !=“ч‘2= %Cе!=ц,, %K›,м= 2%…*%“2е……/. 
ƒ=м*…32/. “л%›…%C!%-,ль…/. %K%л%че* "/ ",л, 
ч2% “3?е“2"3ю?,е ме2%д,*, %Kл=д=ю2 ! д%м …е-
д%“2=2*%", %“…%"…/м, ,ƒ *%2%!/.  "л ю2“  “ле-
д3ю?,е:

…е C!ед“2="л е2“  "%ƒм%›…/м "/C%л…,2ь %K%“-
…%"=……/L !=“ч‘2 %C2,м=ль…%г% *%л,че“2"= %Cе-
!=ц,L 2е.…%л%г,, %K›,м= “ "/ "ле…,ем C!едель-
…% д%C3“2,м/. “2еCе…еL де-%!м=ц,,;

C!, %K›,ме " *=че“2"е %“…%"…%г% C!,… 2 *!,-
2е!,L !=ƒ!3ше…, , = …е *!,2е!,L C!едель…%L 3“-
2%Lч,"%“2,, ч2% C!%2,"%!еч,2 2е.…%л%г,че“*,м 
3“л%", м C!%,ƒ"%д“2"=;

,мею?,е“  ме2%д,*, …е 3ч,2/"=ю2 “3?е“2-
"е……%е "л, …,е …= C!%це““/ %K›,м= %K%л%че* 
…=ч=ль…%L , де-%!м=ц,%……%L =…,ƒ%2!%C,, м=2е-
!,=л=, ч2% " …е*%2%!/. “л3ч= . !=“ч‘2= *!,2,че-
“*,. де-%!м=ц,L C!,"%д,2 * ƒ…=ч,2ель…/м (д% 
50 %) C%г!еш…%“2 м [1]. 

nCе!=ц,ю &%K›,м %K%л%че*[ C!=",ль…ее …=-
ƒ/"=2ь "/2 ›*%L-%K›,м%м, C%“*%ль*3 " .%де е‘ 
C!%,“.%д,2 %д…%"!еме……%е 3ме…ьше…,е д,=ме2-
!=ль…/. !=ƒме!%" , 3"ел,че…,е дл,…/ C%л3-=K-
!,*=2%" ƒ= “ч‘2 C!,ме…е…,  “л%›…%C!%-,ль…%г% 
,…“2!3ме…2=. d=лее " !=K%2е %Cе!=ц,  &%K›,м[ 
…=ƒ/"=е2“  "/2 ›*%L-%K›,м%м.

`…,ƒ%2!%C,  ме.=…,че“*,. “"%L“2" “3?е“2-
"е……% "л, е2 …= “,л%"/е !е›,м/, !=“C!еделе…,е 
де-%!м=ц,L , …=C! ›е…,L " ƒ=г%2%"*е, 2е.…%л%-
г,че“*,е C=!=ме2!/ C!%це““%" %K!=K%2*, ме2=л-
л%" д="ле…,ем (nld). rч‘2 =…,ƒ%2!%C,, ме.=…,-
че“*,. “"%L“2" " C!%це““е C!%е*2,!%"=…,  %Cе-
!=ц,L nld C%ƒ"%л е2 “C!%г…%ƒ,!%"=2ь %›,д=е-
м/е ме.=…,че“*,е “"%L“2"= м=2е!,=л= " !еƒ3ль-

2=2е -%!м%,ƒме…е…, , %це…,2ь …=C! ›‘……%е , 
де-%!м,!%"=……%е “%“2% …,е, 3“2=…%",2ь %C2,-
м=ль…/е !е›,м/ 2е.…%л%г,че“*%г% C!%це““= , 
C!едель…/е *%.--,ц,е…2/ де-%!м=ц,, [2]. 

b=›…%L C!%Kлем%L 2е%!,, nld  "л е2“  %Kе“-
Cече…,е 3“2%Lч,"%“2, C!%це““= де-%!м,!%"=…, . 
o!едель…3ю, *!,2,че“*3ю "ел,ч,…3 -%!м%%K!=-
ƒ%"=…,  3д%K…ее %C!едел 2ь ,“.%д  ,ƒ м%ме…2= 
"%ƒ…,*…%"е…,  “%“!ед%2%че……%г% 32%…е…, , 2=* 
*=* .2,м д%“2,г=е2“  %C!едел‘……=  г=!=…2,  “2=-
K,ль…%“2, C!%це““= , 3C!%?е…,е !=“ч‘2%" …= 3“-
2%Lч,"%“2ь .2=C= -%!м%%K!=ƒ%"=…, . 

b C!%це““е "/2 ›*,-%K›,м= %K%л%че* C%2е!  
3“2%Lч,"%“2, м=2е!,=л= C!% "л е2“  " ",де %K!=-
ƒ%"=…,  *%льце"%L *=…="*, " %C=“…%м “ече…,, 
C%л3-=K!,*=2%" # " ме“2е “%ед,…е…,  %›,"=ль-
…%L (C%*=2%L) , г%л%"…%L ч=“2еL %K%л%че*.

b “2=2ье ,ƒл%›е…% !еше…,е …=3ч…%-2е.…,че-
“*%L ƒ=д=ч, C!%е*2,!%"=…,  %Cе!=ц,, "/2 ›*,-
%K›,м= %K%л%че* “ 3ч‘2%м =…,ƒ%2!%C,, м=2е!,=-
л= , “ %Kе“Cече…,ем 3“2%Lч,"%“2, ƒ=г%2%"*, " 
C!%це““е е‘ де-%!м=ц,,.

m= !,“. 1 C!ед“2="ле…/ ƒ=г%2%"*= , г%2%"=  
%K%л%ч*= “ *%…еч…/м, !=ƒме!=м,. dл  %Cе!=ц,, 
"/2 ›*,-%K›,м= ,“.%д…%L ƒ=г%2%"*%L  "л е2“  
C%л3-=K!,*=2 C%“лед…еL "/2 ›*,.

r“2%Lч,"%“2ь !="…%"е“,  %K%л%ч*, .=!=*2е!,-
ƒ3е2“  “C%“%K…%“2ью м=2е!,=л= “%.!=… 2ь %C!еде-
л‘……3ю -%!м3 C!, деL“2",, ƒ=д=……%L …=г!3ƒ*,. 
l%ме…2 C%2е!, 3“2%Lч,"%“2, ƒ=г%2%"*, м%›е2 …=-
“23C,2ь " …=ч=ль…%L “2=д,, C!%це““=, *%гд= C3=…-
“%… 2%ль*% "“23C=е2 " *%…2=*2 “ ƒ=г%2%"*%L. Š!е-
…,е ме›д3 C%"е!.…%“2 м, ƒ=г%2%"*, , C3=…“%…= " 
.2%2 м%ме…2 %2“32“2"3е2. o% ме!е "…ед!е…,  ,…“2-
!3ме…2= " ме2=лл ƒ=г%2%"*= C%л…%“2ью %Kлег=е2 
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p,“ 1. g=г%2%"*= (=) , г%2%"=  %K%л%ч*= (K):

S0 # 2%л?,…= “2е…*, ц,л,…д!,че“*%L ч=“2,; 
= # “!ед,……/L !=д,3“ ц,л,…д!,че“*%L ч=“2,;  
L0 # дл,…= ƒ=г%2%"*,;  l0 # дл,…= ч=“2, ƒ=г%2%"-
*,, C%д"е!г=ю?еL“  -%!м%,ƒме…е…,ю; t0 # 2%л-
?,…= д…= ƒ=г%2%"*,; Lk # дл,…= г%2%"%L %K%л%ч-
*,; lk # дл,…= %›,"=ль…%L ч=“2, г%2%"%L %K%-
л%ч*,; tk # 2%л?,…= д…= г%2%"%L %K%л%ч*,; 
hk # 2%л?,…= “2е…*, " %C=“…%м “ече…,, г%2%"%L 
%K%л%ч*,; k

∗α # 3г%л ме›д3 “2 г,"=ю?еL .%!д%L 
, %“ью “,мме2!,, г%2%"%L %K%л%ч*,

p,“. 2. o%л3-=K!,*=2 %K%л%ч*,, C%д"е!г=ю?,L-
“  " 2е*3?еL “2=д,, "/2 ›*е-%K›,м3:

Li # дл,…= C%л3-=K!,*=2=; li # дл,…= %›,"=ль-
…%L ч=“2, C%л3-=K!,*=2=; ti # 2%л?,…= д…= C%-
л3-=K!,*=2=; hi # 2%л?,…= “2е…*, " %C=“…%м 
“ече…,, C%л3-=K!,*=2=; i

∗α # 3г%л ме›д3 “2 г,-
"=ю?еL .%!д%L , %“ью “,мме2!,, C%л3-=K!,-
*=2=; ρi # “!ед,……/L !=д,3“ “*!3гле…,  %›,-
"=ль…%L ч=“2, C%л3-=K!,*=2=; ri # “!ед,……/L !=-
д,3“ “*!3гле…,  г%л%"…%L ч=“2, C%л3-=K!,*=2=; 
Ri # !=д,3“ " %C=“…%м “ече…,, C%л3-=K!,*=2=

C3=…“%…, C%2е!, 3“2%Lч,"%“2, " .2%2 м%ме…2 C!%-
,ƒ%L2, …е м%›е2, C%“*%ль*3 ме›д3 C%"е!.…%“2 м, 
ƒ=г%2%"*, , ,…“2!3ме…2= "%ƒ…,*=е2 *%…2=*2…%е 
2!е…,е. 

m= !,“. 2 C!ед“2="ле… C%л3-=K!,*=2 %K%л%ч*,, 
C%д"е!г=ю?,L“  " 2е*3?еL “2=д,, "/2 ›*е-%K-
›,м3.

m= !,“. 3 C!ед“2="ле… .леме…2 ƒ=г%2%"*,, "/-
деле……/L " %ч=ге Cл=“2,че“*%L де-%!м=ц,, , 
C%д"е!›е……/L деL“2",ю …=C! ›е…,L "“лед“2",е 

…=г!3›е…, ; 3г%л 
i

dldϕ =
ρ

 (“ 3ч‘2%м …=,ме…ьш,. 

C%! д*%" м=л%“2,).
g=C,шем %2…%“,2ель…% %“еL . , z (!=д,=ль…%е 

, ме!,д,%…=ль…%е …=C!="ле…,  -%!м%,ƒме…е-
…, ) 3!="…е…,  !="…%"е“, , C!,"%д  C%д%K…/е 
чле…/ , %2K!=“/"=  чле…/ "/“шег% C%! д*= м=-
л%“2,:

1
2

( )
0,

d Rh
h

dR
σ

− σ =
  

(1)

*1
2

( )
2 ctg 0,

d Rh
h

dR
τ

− σ α =
  

(2)

где σ1, σ2 # гл="…/е …=C! ›е…,  " ме!,д,%…=ль…%м 
, !=д,=ль…%м …=C!="ле…, . “%%2"е2“2"е……%; τ13 # 
*=“=2ель…%е …=C! ›е…,е, деL“2"3ю?ее “ Cл%?=д*, 
…=C! ›е…,  σ1 " …=C!="ле…,, гл="…%г% …=C! ›е…,  
" %“е"%м …=C!="ле…,, σ3. 

r“л%",е 2е*3че“2, l,ƒе“= дл  =…,ƒ%2!%C…%г% 
м=2е!,=л= “ 3ч‘2%м д%C3?е…,  !="е…“2"= C=!=-
ме2!%" =…,ƒ%2!%C,, (F = G ) , Cл%“*%…=C! ›‘…-
…%г% “%“2% …,  C!ед“2=",м " ",де 3!="…е…, 

2 2 2
1 2 1 2 13( )( ) 2 2 1,H F H H+ σ + σ − σ σ + τ =  (3)

где F, G, m # C=!=ме2!/ =…,ƒ%2!%C,, м=2е!,=л= C% 
2!‘м …=C!="ле…, м.

o!,"ед‘м =““%ц,,!%"=……/L ƒ=*%… Cл=“2,че-
“*%г% 2ече…, , “" ƒ/"=ю?,L C!,!=?е…,  де-%!-
м=ц,L , *%мC%…е…2/ …=C! ›е…,L:

1 1 2[( ) ];dldE d F H H
l

= = λ = σ − σ

 
2 2 1[( ) ];dRdE d F H H

R
= = λ = σ − σ   (4)

3 1 2( );dhdE d H
h

= = − λ σ − σ
 

(5)

13 13,d d Hγ = λ τ

где dE1, dE2, dE3 # C!,!=?е…,  де-%!м=ц,L " ме!,-
д,%…=ль…%м, !=д,=ль…%м , %“е"%м …=C!="ле…, . “%-
%2"е2“2"е……%; d γ13 # C!,!=?е…,е де-%!м=ц,, “д",г=; 
d λ # *%.--,ц,е…2 C!%C%!ц,%…=ль…%“2,; dl = ρi dϕ.

L
k

L
k hk

t k

k
∗α

L
0

L
0

t 0
=

=

 S0

 S0

L
i

L
i

Ri ri

b,д `

`

 =

hi

i
∗α

t i

ρi 

 S0
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p,“. 3.  m=C! ›‘……%е “%“2% …,е .леме…2= %K%л%ч*, " 2е*3?еL “2=д,,
"/2 ›*,-%K›,м=

b C!ед“2="ле……/е "/!=›е…,  ".%д 2 …е,ƒ"е“2-
…/е σ1, σ2, τ13, h, d λ. h“*люч," d λ , C!,ме…," 
C!,…ц,C qе…-bе…=…=, C%л3ч,м “,“2ем3 3!="…е-
…,L:

1 2

1 2

1
2

2 2
1 2 1 2

( )
;

( )
( )

0;

( )( ) 2 1

Fdh dR
h H F H R
d Rh

h
dR

F H H

σ + σ
=

σ − + σ
σ

− σ =

+ σ + σ − σ σ =
  
.

 (6) 

q,“2ем= 3!="…е…,L (6) C%ƒ"%л е2 C%л3ч,2ь 
2%ч…%е !еше…,е “ "/"%д%м C=!=ме2!,че“*,. "/-
!=›е…,L дл  σ1 , σ2, 3д%"ле2"%! ю?,. 3“л%",ю 
2е*3че“2,:

1 0 02 cos( );Kσ = ω −ω

2 0 02 cos( ),Kσ = ω −ω  

где 0 1
12 ;
1 2S

rK
r

+= σ
+

 0
1arctg ;

1 2r
ω =

+
 σ1S  # C!едел 

2е*3че“2, м=2е!,=л= " ме!,д,%…=ль…%м …=C!="ле…,,; 

F
Hr =  # *%.--,ц,е…2 =…,ƒ%2!%C,, ,“.%д…%г% м=-

2е!,=л=; ω # C=!=ме2!, .=!=*2е!,ƒ3ю?,L C%л%›е…,е 
2%ч*,, %C!едел ю?еL ƒ…=че…,е …=C! ›е…,L …= .л-
л,C“е 2е*3че“2,.

pеше…,е “,“2ем/ (6) %2…%“,2ель…% 
dR
R

 C%ƒ"%-

л е2 C%л3ч,2ь "/!=›е…,е, ,ƒ *%2%!%г% %C!еде-
л е2“  л%г=!,-м,че“*=  “2еCе…ь де-%!м=ц,,: 

00
02

0 0

tg( )1 ( )ln
2tg 4 1 tg ( )

a
R

ω + ψ⎡ ⎤ω + ψ + ω + ψ= + ×⎢ ⎥ω + ω + ψ⎣ ⎦

2
0

0 0 0

tg 1 1
tg 2[1+ tg2( ) 2tg
ω − ω× − − −
ω ω + ψ ω

2
0

2 2
0

tg 11 tg 1 ,
4 tg1 tg 2(1 tg )

ω −ω− −
ω+ ω + ω

где 
0

arcos( );
2K

1Δσ
ψ =

 
Δσ1 # д%C%л…,2ель…%е …=C! -

›е…,е …= "…еш…ем *%…23!е ƒ=г%2%"*, %2 3ч=“2*= 
“"%K%д…%г% ,ƒг,K=, %C!едел ем%е “%%2…%ше…,ем 

1 0

0

sin *
.

2
S h

h1
σ α

Δσ =
α  

b/2 ›*=-%K›,м “ %C!едел‘……/м %2…%ше…,ем 
a/R ƒ= %д,… Cе!е.%д "%ƒм%›…=, е“л, м=*“,м=ль-
…%е ме!,д,%…=ль…%е !=“2 г,"=ю?ее …=C! ›е…,е 
σ1max, деL“2"3ю?ее " %C=“…%м “ече…,, %K%л%ч*,, 
…е C!е"%“.%д,2 …=C! ›е…,  …=ч=л= %K!=ƒ%"=…,  
шеL*, σш, "/K!=……%г% " *=че“2"е *!,2е!,  Cл=-
“2,че“*%L 3“2%Lч,"%“2, м=2е!,=л=. Š%гд= ƒ= 3“-
л%",е 3“2%Lч,"%“2, C!%це““= "/2 ›*,-%K›,м= 
м%›е2 K/2ь C!,… 2% …е!="е…“2"%, …= %“…%"=…,, 
*%2%!%г% %C!едел е2“  C!едель…=  “2еCе…ь де-
-%!м=ц,,:

σ1max  ≤  σ1max.

l=*“,м=ль…%е !=“2 г,"=ю?ее ме!,д,%…=ль-
…%е …=C! ›е…,е σ1max, деL“2"3ю?ее " %C=“…%м 
“ече…,, %K%л%ч*,,  "л е2“  -3…*ц,еL л%г=!,--
м,че“*%L “2еCе…, де-%!м=ц,,, *%.--,ц,е…2= 
2!е…, , *%.--,ц,е…2= =…,ƒ%2!%C,, м=2е!,=л=, = 
2=*›е ге%ме2!,, ,…“2!3ме…2=:

⎫⎪
⎬
⎪⎭
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1 0
01max

0
2 0cos( )

2 sin *
S h

K
R h

σ⎡ ⎤ω −ω +σ = ×⎢ ⎥+ α⎣ ⎦

(1 *).× + μα  (7)

l=2е!,=л C%л3-=K!,*=2%" %K%л%че* %2 Cе!е.%-
д= * Cе!е.%д3 %Cе!=ц,, "/2 ›*,-%K›,м= ,мее2 
“C%“%K…%“2ь * 3C!%ч…е…,ю. q целью "/ "ле…,  
-3…*ц,%…=ль…%L ƒ=",“,м%“2, …=C! ›е…,  2е*3-
че“2, %2 “2еCе…, де-%!м=ц,, " C!%це““е "/2 ›-
*,-%K›,м= .*“Cе!,ме…2=ль…% ,““лед%"=…% ,ƒме-
…е…,е 2"‘!д%“2, "д%ль %K!=ƒ3ю?еL %›,"=ль…%L 
ч=“2, %K%л%че* C3ль * “C%!2,"…%-%.%2…,чьем3 
C=2!%…3 *=л,K!= 7,62 мм ,ƒ K,ме2=лл= 1 3 (cnqŠ 
807#78) , л=23…, k 90 (cnqŠ 15527#70). o%л3-
че……/е ƒ…=че…,  2"‘!д%“2, д=ю2 "%ƒм%›…%“2ь 
%C!едел,2ь ,ƒме…е…,е "!еме……%г% “%C!%2,"ле-
…,  !=ƒ!/"3 “ 3ч‘2%м 3C!%ч…е…, , ,“C%льƒ3  "/-
!=›е…,е

σB = CHV,

где q # *%.--,ц,е…2; HV # 2"‘!д%“2ь C% ш*=ле 
b,**е!“=. 

g…=  ƒ…=че…,е "!еме……%г% “%C!%2,"ле…,  !=ƒ-
!/"3, м%›…% %C!едел,2ь C!едел 2е*3че“2,:

1

В

σ
=

σ
S K

 

,
 

где j # *%.--,ц,е…2 C!%C%!ц,%…=ль…%“2,.

o% !еƒ3ль2=2=м C!%"ед‘……%г% ,““лед%"=…,  
C%“2!%е…/ г!=-,*, ƒ=",“,м%“2, C!едел= 2е*3че-

“2, %2 “2еCе…, де-%!м=ц,, C%л3-=K!,*=2%" Cе!-
"%г% , "2%!%г% Cе!е.%д%" %Cе!=ц,, "/2 ›*,-%K-
›,м= (!,“. 4).

`…=л,ƒ д=……/. ,““лед%"=…,  C%ƒ"%л,л C%л3-
ч,2ь ƒ=",“,м%“2ь C!едел= 2е*3че“2, %2 “2еCе…, 
де-%!м=ц,, м=2е!,=л= %K%л%че* " C!%це““е %Cе-
!=ц,, "/2 ›*,-%K›,м=:

исх
обж(1 ),S Sn K1 1σ = σ + ε  (8)

где n # *%.--,ц,е…2, 3ч,2/"=ю?,L 3C!%ч…е…,е 
м=2е!,=л=, C!%,ƒ%шедшее C!, Cе!"%м %K›,ме; 
исх
S1σ  # ,“.%д…/L C!едел 2е*3че“2, м=2е!,=л=; 

K1# *%.--,ц,е…2, ƒ=",“ ?,L %2 ",д= м=2е!,=л=.

h“C%льƒ3  ƒ=",“,м%“2ь (8) "/!=›е…,е (7) C!,-
ме2 ",д:

исх
1 1 обж 0

1max 0
0

(1 )
2 0cos( )

2 sin *
Sn K h

K
R h

⎡ ⎤σ + εσ = ×ω −ω +⎢ ⎥
+ α⎣ ⎦  

       (1 *).× + μα   (9)

q!="…," 3!="…е…,  (7) , (9), м%›…% 32%ч…,2ь 
!=“ч‘2…/е ƒ…=че…,  C!едель…/. “2еCе…еL де-%!-
м=ц,, "/2 ›*,-%K›,м= %K%л%че* C!, C!%е*2,-
!%"=…,, “%%2"е2“2"3ю?,. %Cе!=ц,L. 

dл  C%л3че…,  2%ч…/. !=“ч‘2…/. ƒ…=че…,L 
…=C! ›е…,L C!%"ед‘… .*“Cе!,ме…2 C% %C!еде-
ле…,ю *%.--,ц,е…2%" =…,ƒ%2!%C,, %K!=ƒц%", 
"/!еƒ=……/. ,ƒ %K%л%че* C3ль * “C%!2,"…%-%.%2-
…,чьем3 C=2!%…3 *=л,K!= 7,62 мм (K,ме2=лл 1 3 
(cnqŠ 807#78), л=23…ь k 90 (cnqŠ 15527#70)). 
o!, !=“ч‘2е %Cе!=ц,, "/2 ›*,-%K›,м= %K%л%-

p,“. 4. g=",“,м%“2, C!едел= 2е*3че“2, %2 “2еCе…, де-%!м=ц,, C%л3-=K!,*=2%" "/2 ›*,-%K›,м=: 

=  # Cе!"/L Cе!е.%д;  K # "2%!%L Cе!е.%д

a)

bе!.…   
л,…,  #
K,ме2=лл  
1 3

m,›…   
л,…,  #
л=23…ь 
k 90

  
  

 o
!е
де
л
 2
е*

3ч
е“

2,
, 

m
/м

2  

K)

  
  

 o
!е
де
л
 2
е*

3ч
е“

2,
, 

m
/м

2  

 k%г=!,-м,че“*=  “2еCе…ь де-%!м=ц,,    k%г=!,-м,че“*=  “2еCе…ь де-%!м=ц,, 
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че* C% …=“2% ?еL ме2%д,*е дл  Cе!"%г% Cе!е-
.%д= "/2 ›*,-%K›,м= ,“.%д…/м *%.--,ц,е…-
2%м =…,ƒ%2!%C,,  "л е2“  *%.--,ц,е…2 =…,-
ƒ%2!%C,, м=2е!,=л= " “%“2% …,, C%“2="*,, 2=* 
*=* 3C!%ч…‘……%е д…% " C!%це““е "/2 ›*, …е 
ƒ=2!=г,"=л%“ь. dл  "2%!%г% , 2!е2ьег% Cе!е.%-
д%", “%%2"е2“2"е……%, ,“.%д…/м, *%.--,ц,е…-
2=м, =…,ƒ%2!%C,,  "л ю2“  *%.--,ц,е…2/ 
=…,ƒ%2!%C,, м=2е!,=л= C%л3-=K!,*=2%" Cе!-
"%г% , "2%!%г% Cе!е.%д%" %Cе!=ц,, "/2 ›*,-
%K›,м=. 

j%.--,ц,е…2 =…,ƒ%2!%C,, %C!едел л“  C32‘м 
!=“2 ›е…,  C! м%3г%ль…/. %K!=ƒц%". o%дг%2%"-
*= , C!%"еде…,е .*“Cе!,ме…2= C!%"%д,л,“ь “ ,“-
C%льƒ%"=…,ем ме2%д= Cл=…,!%"=…,  .*“Cе!,ме…-
2= " “%%2"е2“2",, “ cnqŠ 1497#84 &lе2=лл/. 
lе2%д/ ,“C/2=…,L …= !=“2 ›е…,е[ , cnqŠ 
11701#84 &lе2%д/ ,“C/2=…,L …= !=“2 ›е…,е 
2%…*,. л,“2%" , ле…2[. 

m= .2=Cе C%дг%2%"*, .*“Cе!,ме…2= ,ƒ C%л3-
-=K!,*=2%" "/!еƒ=л,“ь C! м%3г%ль…/е %K!=ƒц/ 
C%д 3гл=м, 0 , 90 ° * %“, %K%л%ч*, “ целью %C!е-
деле…,  *%.--,ц,е…2%" =…,ƒ%2!%C,, " ме!,д,%-
…=ль…%м , %*!3›…%м …=C!="ле…, . [2, 3]. 

j%.--,ц,е…2 =…,ƒ%2!%C,, ra %C!едел л, C!, 
м=*“,м=ль…%м (*%…еч…%м) !="…%ме!…%м 3дл,…е-
…,, C% -%!м3ле

0

2

0 2

0

lg
,

lg
a

e

e

b
b

r b l
b l

=

где b0 # ш,!,…= %K!=ƒц= д% ,“C/2=…, ; b2 # ш,!,…= 
%K!=ƒц= C%“ле ,“C/2=…, ; le # …=ч=ль…=  !=“ч‘2…=  

p,“. 5.  g=",“,м%“2ь *%.--,ц,е…2%" =…,ƒ%2!%C,, %2 “2еCе…, де-%!м=ц,,:

= # K,ме2=лл 1 3; K # л=23…ь k 90

дл,…= %K!=ƒц= C% 2е…ƒ%ме2!3, !="…=  …=ч=ль…%L !=“-
ч‘2…%L дл,…е %K!=ƒц=; le2 # !=“ч‘2…=  дл,…= %K!=ƒц= 
C% 2е…ƒ%ме2!3 C!, %2…%“,2ель…%м *%…еч…%м !="…%-
ме!…%м 3дл,…е…,,.

m= !,“. 5 C!ед“2="ле…/ г!=-,*, ƒ=",“,м%“2, 
*%.--,ц,е…2%" =…,ƒ%2!%C,, ,““лед3ем/. м=2е-
!,=л%" %2 “2еCе…, де-%!м=ц,, (r0, r90# *%.--,-
ц,е…2 =…,ƒ%2!%C,, " ме!,д,%…=ль…%м , %*!3›-
…%м …=C!="ле…,, “%%2"е2“2"е……%; r“! # “!ед…,L 
*%.--,ц,е…2 =…,ƒ%2!%C,,) [4, 5].

o% !еƒ3ль2=2=м %C/2%" …= !=“2 ›е…,е Cл%“*,. 
C! м%3г%ль…/. %K!=ƒц%" C%“2!%е…/ *!,"/е 3C-
!%ч…е…,  дл  K,ме2=лл= 1 3 , л=23…, k 90, …е-
%K.%д,м/е дл  г!=-%=…=л,2,че“*%г% %C!еделе-
…,  …=C! ›е…,  …=ч=л= %K!=ƒ%"=…,  шеL*,, 
".%д ?ег% " “%“2=" 3“л%",  Cл=“2,че“*%L 3“2%L-
ч,"%“2,. 

m= !,“. 6 C!ед“2="ле…/ *!,"/е 3C!%ч…е…,  
дл  ,““лед3ем/. м=2е!,=л%".

o% .*“Cе!,ме…2=ль…/м д=……/м C%л3че…/ ƒ=-
",“,м%“2, "/.%д…/. C=!=ме2!%" .*“Cе!,ме…2=, 
2=*,. *=* !="…%ме!…%е *%…еч…%е 3дл,…е…,е l2 
, ш,!,…= %K!=ƒц= C%“ле ,“C/2=…,L b2 %2 “2еCе…, 
де-%!м=ц,, м=2е!,=л=, 2. е. …%ме!= Cе!е.%д= "/-
2 ›*,-%K›,м= q , …=C!="ле…,  "/!еƒ*, %K!=ƒ-
ц%" m: 

K,ме2=лл 1 3 # 
l2 = 1,703 + 0,752C # 0,0028H + 0,0023CH; 
b2 = 3,253 + 1,607C # 0,0005H + 0,0023CH;

л=23…ь k 90 #
l2 = 1,91 + 0,192C # 0,00367H + 0,0093CH; 
b2 = 3,2 + 1,25C # 0,00055H + 0,00584CH.

p=ƒ!=K%2=……=  ме2%д,*= C!%е*2,!%"=…,  %Cе-
!=ц,, "/2 ›*,-%K›,м= =C!%K,!%"=…= …= %K%-

K)a)

  
 j

%.
-

-
,
ц
,
е…

2 
=…

,
ƒ%

2!
%C

,
,

  
 j

%.
-

-
,
ц
,
е…

2 
=…

,
ƒ%

2!
%C

,
,

 q2еCе…ь де-%!м=ц,,     q2еCе…ь де-%!м=ц,,
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л%ч*=. * “C%!2,"…%-%.%2…,чьем3 C=2!%…3 *=л,K-
!= 7,62 мм (*%л,че“2"% Cе!е.%д%" “%*!=2,л=“ь 
“ 2!‘. д% д"3.). q%"!еме……=  ме2%д,*= C%ƒ"%л е2 
"/ ",2ь C!едель…%-д%C3“2,м/е “2еCе…, де-%!-
м=ц,,, ч2% C!,"%д,2 * “%*!=?е…,ю ч,“л= Cе!е-
.%д%" %Cе!=ц,, , C%"/ше…,ю .--е*2,"…%“-
2, 2е.…%л%г,че“*%г% C!%це““= C!%,ƒ"%д“2"= 2%…-
*%“2е……/. ƒ=м*…32/. “л%›…%C!%-,ль…/. %K%-
л%че*. 

a,Kл,%г!=-,че“*,е ““/л*,

1. a=!=…%"= e.l. b/!3K*= ƒ=г%2%"%* ,ƒ =…,ƒ%2!%C-
…/. м=2е!,=л%". hƒ". "3ƒ%". qе!, : м=ш,…%“2!%е…,е, 
“,“2ем/ C!,"%д%" , де2=леL м=ш,…. qK. м=2е!,=л%" 
lе›д3…=!%д…%L .ле*2!%……%L …=3ч.-2е.…. *%…-. &Š"%!-
че“*%е …=“лед,е o!еL“= b.t.[, Š3л=: Š3лc3, 2006. 
q. 291#297.

2. a=!=…%"= e.l. hƒме…е…,е *%.--,ц,е…2= =…,ƒ%-
2!%C,, , ме.=…,че“*,. “"%L“2" " C!%це““е "/2 ›*,-
%K›,м= 2%…*%“2е……/. %K%л%че*. qK. м=2е!,=л%" …=3ч.-
2е.…. *%…-. q=!%", 2005. q. 23#29.

3. a=!=…%"= e.l. o!%г!=мм…%е %Kе“Cече…,е дл  
!=“ч‘2= %Cе!=ц,, "/2 ›*,-%K›,м= %K%л%че*. hƒ"е“-
2,  "3ƒ%". qе!, : м=ш,…%“2!%е…,е, “,“2ем/ C!,"%д%" 
, де2=леL м=ш,…. qK. м=2е!,=л%" lе›д3…=!%д…%L 
.ле*2!%……%L …=3ч.-2е.…. *%…-. &Š"%!че“*%е …=“лед,е 
o!еL“= b. t.[, Š3л=: Š3лc3, 2006. q. 309#314.

4. k л,… b.l. `"2%м=2,ƒ,!%"=……%е C!%е*2,!%-
"=…,е 2е.…%л%г,, %K›,м= 2%…*%“2е……/. =…,ƒ%2!%C-
…/. ц,л,…д!,че“*,. ,ƒдел,L//h““лед%"=…,  " %K-
л=“2, 2е%!,,, 2е.…%л%г,, , %K%!3д%"=…,  ш2=мC%"%-
ч…%г% C!%,ƒ"%д“2"=: qK. …=3ч. 2!. Š3л=: Š3лcr, 1995. 
q. 123#129.

5. u,лл p. l=2ем=2,че“*=  2е%!,  Cл=“2,ч…%“2,. 
l.: chŠŠk, 1948. 407 “.

p,“. 6. j!,"/е 3C!%ч…е…, : 

= # дл  K,ме2=лл= 1 3; K  # дл  л=23…, k 90
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   k%г=!,-м,че“*=  “2еCе…ь де-%!м=ц,, 

   k%г=!,-м,че“*=  “2еCе…ь де-%!м=ц,, 

K)

“%“2% …,е
C%“2="*,

C%“лед…  
"/2 ›*=

1-  "/2 ›*=
-%K›,м

2-  "/2 ›*=
-%K›,м
3-  "/2 ›*=
-%K›,м

“%“2% …,е
C%“2="*,

C%“лед…  
"/2 ›*=

1-  "/2 ›*=
-%K›,м

2-  "/2 ›*=
-%K›,м
3-  "/2 ›*=
-%K›,м
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b.`. c%л%"еш*,…, д-! 2е.…. …=3*, C!%-., `.b. o%…%м=!‘", *=…д. -,ƒ.-м=2. …=3*
(l%“*%"“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2 C!,K%!%“2!%е…,  , ,…-%!м=2,*,)

l.b. rль …%", д-! 2е.…. …=3*, C!%-.
(c%“3д=!“2"е……/L 3…,"е!“,2е2 # b/“ш=  ш*%л= .*%…%м,*,, г. l%“*"=)

muljanov@mail.ru

`m`khŠh)eqjne pexemhe jk`qq` pejrppemŠm{u qnnŠmnxemhi
q `ddhŠhbmni trmj0hei qŠeoemmncn bhd` b 0ek“u `m`khg`

ŠprdnHljnqŠh pejrpqhbm{u `kcnphŠlnb 

o!едл%›е…% =…=л,2,че“*%е !еше…,е “Cец,=ль…%г% *л=““= …ел,…еL…/. !е*3!!е…2…/. “%%2…%-
ше…,L “% “2еCе……%L =дд,2,"…%L -3…*ц,еL. h““лед3ем/е !е*3!!е…2…/е “%%2…%ше…,  .=!=*-
2е!…/ дл  -3…*ц,L 2!3д%‘м*%“2, !е*3!“,"…/. =лг%!,2м%", !=ƒ!=K%2=……/. ме2%д%м де*%м-
C%ƒ,ц,, , %Kл=д=ю?,. “2еCе……%L 2!3д%‘м*%“2ью %KAед,…е…,  C%л3че……/. !еше…,L. `…=л,-
2,че“*,е !еше…,  C%л3че…/ дл  !е*3!!е…2…/. “%%2…%ше…,L “ =!г3ме…2=м, 2,C= &C%л[ , 
&C%2%л%*[, "%ƒ…,*=ю?,. C!, 2е%!е2,че“*%м !=““м%2!е…,, ,““лед3ем%г% *л=““=. pеƒ3ль2=2/ 
C%ƒ"%л ю2 =…=л,2,че“*, C%л3ч,2ь -3…*ц,, 2!3д%‘м*%“2, !е*3!“,"…/. =лг%!,2м%", де*%м-
C%ƒ,!3ю?,. !еш=ем3ю ƒ=д=ч3 “% “2еCе……%L 2!3д%‘м*%“2ью %KAед,…е…,  !еƒ3ль2=2%"

jлюче"/е “л%"=: !е*3!“,"…/е =лг%!,2м/, 2!3д%‘м*%“2ь, !е*3!!е…2…/е “%%2…%ше…, , =…=л,-
2,че“*%е !еше…,е.

Analytical decision of the nonlinear recurrent correlation special class with exponential additive 
function is proposed. Researched recurrent correlation are typical for recursive algorithms laborious 
function, which have been developed by decomposition method and possess exponential laborious 
of the received decisions consolidation. Analytical decisions for recurrent correlation with 
arguments type œfloorB and œceilingB arising for researched class theoretical consideration are 
derived. Results make it possible to analytically receive of the recursive algorithms laborious 
functions which decompose of the determined task with exponential laborious of the decisions 
consolidation.

Key words: recursive algorithms, laborious, recurrent correlation, analytical decision.

qnbpelemm{e Šeumnknchh

b"еде…,е. o!, ,““лед%"=…,, !е*3!“,"…/. =л-
г%!,2м%" %че",д…/L ,…2е!е“ C!ед“2="л е2 ƒ=д=ч= 
C%л3че…,  -3…*ц,, 2!3д%‘м*%“2, =лг%!,2м= " 
 "…%м ",де (=…=л,2,че“*%е !еше…,е) …= %“…%"е 
2е%!е2,че“*%г% =…=л,ƒ=. q%де!›=2ель…% 2!3д%‘м-
*%“2ь C%…,м=е2“  *=* ч,“л% ƒ=д=……/. =лг%!,2-
м%м K=ƒ%"/. %Cе!=ц,L C!,… 2%L м%дел, "/ч,“-
ле…,L, C!, .2%м =!г3ме…2%м -3…*ц,, 2!3д%‘м*%-
“2,  "л е2“  дл,…= ".%д= =лг%!,2м= [1]. o!=*2,-
че“*,L ,…2е!е“ * .2%L ƒ=д=че %K3“л%"ле… …е%K.%-
д,м%“2ью ,““лед%"=…,  *л=““= !е*3!“,"…/. =л-
г%!,2м%", !=ƒ!=K%2=……/. ме2%д%м де*%мC%ƒ,ц,,. 
0ель …=“2% ?еL “2=2ь, O C!едл%›,2ь =…=л,2,че-
“*%е !еше…,е д=……%L ƒ=д=ч, " *л=““е !е*3!“,"-
…/. де*%мC%ƒ,!3ю?,. =лг%!,2м%" “% “2еCе……%L 
=дд,2,"…%L -3…*ц,еL.

n“…%"…=  ,де  ме2%д= де*%мC%ƒ,ц,, “%“2%,2 " 
“"еде…,, ,“.%д…%L ƒ=д=ч, * !еше…,ю ! д= K%лее 
C!%“2/. ƒ=д=ч “ C%…,›е…,ем ,. !=ƒме!…%“2, [1, 2] 

, C%“лед3ю?,м %KAед,…е…,ем C%л3че……/. !е-
ше…,L. Š=*%L C%д.%д C%!%›д=е2, %че",д…%, !е-
*3!“,"…3ю “2!3*23!3 =лг%!,2м= , “%%2"е2“2"е……% 
%C,“=…,е -3…*ц,, 2!3д%‘м*%“2, " ",де !е*3!-
!е…2…%г% “%%2…%ше…,  [1]. o!, .2%м C%д !=ƒме!-
…%“2ью ƒ=д=ч, C%…,м=е2“  …е*%2%!=  ме!= дл,…/ 
".%д= =лг%!,2м=.

t%!м=ль…%: C3“2ь n O !=ƒме!…%“2ь !еш=ем%L 
ƒ=д=ч,, 2%гд= е“л, " !е*3!“,"…%м =лг%!,2ме C!, 
!еше…,, ƒ=д=ч, !=ƒме!…%“2, n C!%,“.%д,2 2=*%е 
е‘ !=ƒделе…,е, *%2%!%е C!,"%д,2 * …е%K.%д,м%“2, 
!еше…,  C C%дƒ=д=ч !=ƒме!…%“2ью n/k, , k  "л -
е2“  дел,2елем n, 2. е. n modk= 0, 2% -3…*ц,  2!3-
д%‘м*%“2, 2=*%г% =лг%!,2м= fA(n) ,мее2 ",д [1]:

( ) ( ) ( ) ( ),A Af n C f n k d n U n= ⋅ + +
  

(1)

где d(n) O 2!3д%‘м*%“2ь -!=гме…2= =лг%!,2м=, "/-
C%л… ю?ег% !=ƒделе…,е (де*%мC%ƒ,ц,ю) ƒ=д=ч, …= 
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C%дƒ=д=ч,; U(n) O 2!3д%‘м*%“2ь -!=гме…2= =лг%!,2-
м=, %KAед,… ю?ег% C%л3че……/е !еше…,  C C%дƒ=д=ч 
!=ƒме!…%“2ью n/k " !еше…,е ƒ=д=ч, !=ƒме!…%“2, n. 

o!, .2%м …= ш=ге %“2=…%"= !е*3!“,, дл  …е*%-
2%!%L м=л%L !=ƒме!…%“2, ƒ=д=ч,, 2. е. C!, 0 ≤ n ≤ n0, 
"%ƒм%›…% е‘ C! м%е (…е !е*3!“,"…%е) !еше…,е. 
nK%ƒ…=ч," 2!3д%‘м*%“2ь C%л3че…,  .2%г% C! -
м%г% !еше…,  че!еƒ N0(n), , ""%д  %K%ƒ…=че…,е 
g(n) = d(n) + U(n), “ 3ч‘2%м "/!=›е…,  (1) C%л3ч=-
ем ",д !е*3!!е…2…%г% “%%2…%ше…,  дл  -3…*ц,, 
2!3д%‘м*%“2, =лг%!,2м%", !=ƒ!=K%2=……/. ме2%-
д%м де*%мC%ƒ,ц,, " ч=“2…%м “л3ч=е, е“л, ƒ…=че-
…,е k  "л е2“  дел,2елем ч,“л= n [1]:

( ) ( )
( ) ( ) ( )⎩

⎨
⎧

>+⋅=
≤≤=

.,
;0,

0

00

nnngknfCnf
nnnNnf

AA

A

 
(2)

b %K?ем “л3ч=е !=ƒме!…%“2ь !еш=ем%L ƒ=д=ч, 
д%л›…=, %че",д…%, K/2ь цел%L, “лед%"=2ель…%, 
е“л, n mod k ≠ 0, 2% "ме“2% ƒ…=че…,  n/k " *=че“2"е 
=!г3ме…2= -3…*ц,, д%л›…= -,г3!,!%"=2ь цел=  
ч=“2ь ч=“2…%г% “ %*!3гле…,ем "…,ƒ ,л, ""е!., 2. е. 
⎣ ⎦kn  ,л, ⎡ ⎤kn , ч2% “3?е“2"е……% %“л%›… е2 C%-
л3че…,е =…=л,2,че“*%г% !еше…, . Š=*,м %K!=ƒ%м, 
C!,.%д,м * !е*3!!е…2…/м “%%2…%ше…, м ",д=

( ) ( )
( ) [ ]( ) ( )⎩

⎨
⎧

>+⋅=
≤≤=

,,
;0,

0

00

nnngknfCnf
nnnNnf

AA

A

 
(3)

где че!еƒ []⋅  м/ %K%ƒ…=ч=ем ⎣⎦⋅  ,л, ⎡⎤⋅ . t3…*ц,  g(n) 
" “%%2…%ше…,, (3) …=ƒ/"=е2“  =дд,2,"…%L -3…*-
ц,еL !е*3!!е…2…%г% “%%2…%ше…, .

hƒ3че…,е !=ƒл,ч…/. C%д*л=““%" !е*3!!е…2…/. 
“%%2…%ше…,L ",д= (3) C!,"ел% * C%л3че…,ю цел%-
г% ! д= !еƒ3ль2=2%" *=* =…=л,2,че“*,. !еше…,L 
дл  …е*%2%!/. ч=“2…/. “л3ч=е", …=C!,ме! дл  k = 2 
, -3…*ц,, g(n) л,…еL…%г% ",д= [3], 2=* , =“,м-
C2%2,че“*,. %це…%* -3…*ц,, fA(n) C!, n → ∞ . n“-
…%"…=  2е%!ем= % !е*3!!е…2…/. “%%2…%ше…, . [4] 
C%ƒ"%л е2 C%л3ч,2ь =“,мC2%2,че“*%е C%"еде…,е 
-3…*ц,, fA(n) C!, n → ∞ дл  д%“2=2%ч…% ш,!%*%г% 
*л=““= -3…*ц,L g(n) C!, C!%,ƒ"%ль…/. цел/. C , 
k. nче",д…%, ч2% дл  -3…*ц,L g(n) %C!едел‘……%г% 
",д= м%г32 K/2ь C%л3че…/ …е 2%ль*% =“,мC2%2,че-
“*,е %це…*,, …% , =…=л,2,че“*,е !еше…, . `"2%! 
д=……%L “2=2ь, C%л3ч,л …е*%2%!/е ч=“2…/е =…=л,-
2,че“*,е !еше…,  дл  !=““м=2!,"=ем/. !е*3!-
!е…2…/. “%%2…%ше…,L: дл  =!г3ме…2= 2,C= ⎣ ⎦kn  
, -3…*ц,L g(n) л,…еL…%г% ",д= [5], дл  =!г3ме…2= 
",д= ⎡ ⎤kn  , л,…еL…%L -3…*ц,, g(n) [6]. m=“2% -
?=  “2=2ь  “%де!›,2 !еƒ3ль2=2/ ,““лед%"=…,L ="-
2%!%" " ч=“2, K%лее ш,!%*%г% “Cец,=ль…%г% *л=“-
“= !е*3!!е…2…/. “%%2…%ше…,L (3) “ =!г3ме…2=м, 
",д= ⎣ ⎦kn  ,л, ⎡ ⎤kn , %K%K?=ю?,е !=…ее C%л3-
че……/е !еƒ3ль2=2/ …= -3…*ц,, g(n) “2еCе……%г% 
",д=.

o%“2=…%"*= ƒ=д=ч,. p=““м%2!,м “Cец,=ль…/L 
*л=““ !е*3!!е…2…/. “%%2…%ше…,L ",д= (3) “% “2е-
Cе……%L -3…*ц,еL g(n), “%%2"е2“2"3ю?,L -3…*-
ц, м 2!3д%‘м*%“2, =лг%!,2м%", !=ƒ!=K%2=……/. 
ме2%д%м де*%мC%ƒ,ц,, ƒ=д=ч, !=ƒме!…%“2, n …= 
C C%дƒ=д=ч !=ƒме!…%“2ью ⎣ ⎦kn  ,л, ⎡ ⎤kn , где C, 
k O цел/е C%л%›,2ель…/е ч,“л=: C ≥ 2, k ≥ 2. b 
д=ль…еLшем -3…*ц,ю 2!3д%‘м*%“2, =лг%!,2м= 
K3дем %K%ƒ…=ч=2ь че!еƒ f. o%“*%ль*3 м…%›е“2"% 
C%л,…%м%" ƒ=м*…32% %2…%“,2ель…% “л%›е…, , 2%, 
…е 2е!   %K?…%“2,, C!едC%л=г=ем, ч2% -3…*ц,  
g(n) ,мее2 “2еCе……%L ",д g(n) =Anp. Š%гд= ƒ=д=ч= 
“%“2%,2 " C%л3че…,, =…=л,2,че“*%г% !еше…,  
дл  *л=““= !е*3!!е…2…/. “%%2…%ше…,L ",д=

( )
[ ]( )⎩

⎨
⎧

>⋅+⋅=
==

.0,)(
;0,0

nnAknfCnf
ndf

p
 

(4)

где []⋅  C%…,м=е2“  *=* " (3), = =!г3ме…2 -3…*ц,, n 
“%де!›=2ель…% C!ед“2="л е2 “%K%L дл,…3 ".%д= ,“-
“лед3ем%г% =лг%!,2м=. 

n2ме2,м, ч2% “%%2…%ше…,  2,C= (4) .=!=*2е!-
…/ дл  -3…*ц,L 2!3д%‘м*%“2, =лг%!,2м%" !еше-
…,  ƒ=д=ч, “%!2,!%"*,, C%,“*= "/C3*л%г% %."=-
2/"=ю?ег% *%…23!=, 3м…%›е…,  м=2!,ц C% 
x2!=““е…3, 3м…%›е…,ю дл,……/. цел/. C% j=!=-
ц3Kе [1, 2]. m=C!,ме!, !е*3!!е…2…%е “%%2…%ше-
…,е, %C,“/"=ю?ее 2!3д%‘м*%“2ь =лг%!,2м= 3м-
…%›е…,  м=2!,ц C% x2!=““е…3, “ 2%ч…%“2ью д% 
гл="…%г% C%! д*= =дд,2,"…%L -3…*ц,,, ,мее2 
“лед3ю?,L ",д [2]:

[ ]( ) 227)( nAnfnf ⋅+⋅= .

p=““м%2!,м C%“лед%"=2ель…% д"= C%д*л=““= " 
“%%2…%ше…,, (4) O C%д*л=““ I “ =!г3ме…2%м ",д= 
&C%л[ O ⎣ ⎦kn  , C%д*л=““ II “ =!г3ме…2%м ",д= 

&C%2%л%*[ O ⎡ ⎤kn .
`…=л,2,че“*%е !еше…,е !е*3!!е…2…/. “%%2…%ше-

…,L " C%д*л=““е I. o%“*%ль*3 дл  .2%г% C%д*л=““= 
" C!="%L ч=“2, “%%2…%ше…,  (4) =!г3ме…2%м -3…-
*ц,,  "л е2“  цел=  ч=“2ь “ %*!3гле…,ем "…,ƒ %2 
деле…,  =!г3ме…2= n …= ƒ…=че…,е k O ⎣ ⎦kn , !=“-
“м%2!,м “Cец,=ль…%е C!ед“2="ле…,е ч,“л= n C% 
“2еCе… м k:

,
0

01
1

1 =++++= ∑
=

−
− kbbkbkbkbn

m

i

i
i

m
m

m
m �

⎣ ⎦ 1,log ≥= mnm k , (5)

где kbb mm <<0: , 1,1,0: −=<≤ mikbb ii  O 
цел/е ч,“л= (ц,-!/ " “,“2еме “ч,“ле…,  C% %“…%-
"=…,ю k). 
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p=““м%2!,м 2=*›е ч,“л= Ni, %C!едел ем/е *=* 

⎥⎦
⎥

⎢⎣
⎢= ii k

nN . 

q%гл=“…% "/!=›е…,ю (5) , " “%%2"е2“2",, “ 
%C!еделе…,ем ч,“ел Ni, C%л3ч=ем “лед3ю?,е 
-%!м3л/:

,,
0

0 ===
=

−

=
∑∑

m

ij

ij
ji

m

i

i
i kbNkbnN

0, 1 == +mmm NbN , (6)

p=““м%2!,м ƒ…=че…,  -3…*ц,, f (⋅) ,ƒ “%%2…%-
ше…,  (4) дл  !=““м=2!,"=ем%г% C%д*л=““= I “ 
=!г3ме…2%м Ni. b “,л3 %C!еделе…,  Ni деле…,е …= 
k , "ƒ 2,е цел%L ч=“2, C!,"%д,2 * “лед3ю?,м 
"/!=›е…, м:

0 1 0

1 2 1

1

1

( ) ( ) ,
( ) ( ) ,

( ) ( ) ,
...

( ) ( ) .

p

p

p
i i i

p
m m m

f N Cf N AN
f N Cf N AN

f N Cf N AN

f N Cf N AN

+

+

= +
= +

= +

= +

...

 

(7)

o%“*%ль*3 ч,“л% n C!ед“2="л е2“  " ",де "/!=-
›е…,  (5), , f  (N0) = n, f  (Nm + 1) = f (0) = d, 2% C%-
“лед%"=2ель…% C%д“2="л   ƒ…=че…,  ( ), 1,1if N i m= +   
" f (Ni # 1), 2ем “=м/м, !еш=  !е*3!!е…2…%е “%%2-
…%ше…,е ме2%д%м C%д“2=…%"*,, C%л3ч=ем =…=л,-
2,че“*%е !еше…,е дл  f (n):

1

0
( ) (0)

m
m i p

i
i

f n C f A C N+

=
= + =∑

1

0
,

m
m i p

i
i

C d A C N+

=
= + ∑

 
(8)

cл="…=  =“,мC2%2,*= (4) C!, n → ∞ %це…,"=е2-
“  “%%2…%ше…,ем

1
( )

0
( ) ~

m p
m i

ip
i

nf n C d A C
k

+

=
+ =∑

1

( 1)1
1

1

m

m pm p

p

C
kC d An C

k

+

++
−

= + =
−

( 1) 1
1 .

p m p m
m

mp p
n k CC d A
k k C

+ +
+ −= +

−  
(9)

p=““м%2!,м C%л3че……3ю гл="…3ю =“,мC2%2,*3 
-3…*ц,, f (n) дл  !=ƒ…/. “л3ч=е", C%!%›д=ем/. 
ƒ…=*%м ƒ…=ме…=2ел  " “%%2…%ше…,, (9):

1. o!, C < k 

p =“,мC2%2,*= -3…*ц,, f (n) ,мее2 
",д

1( ) ~
1

p
p p

p
p

kf n An AnC k C
k

=
−−

.

2. o!, C = kp =“,мC2%2,*= -3…*ц,, f (n) ,мее2 
",д

1( ) ~ ( 1),m pf n C d An m+ + +
 

…% 2=* *=* ƒ…=че…,е ⎣ ⎦nm klog= , 2%

1 log( ) ~ ( log 1)k n p
kf n C d An n+⎢ ⎥⎣ ⎦ + + =⎢ ⎥⎣ ⎦

log ( log 1).kp np p
kk dk An n⎢ ⎥⎣ ⎦= + +⎢ ⎥⎣ ⎦

3. o!, C > kp =“,мC2%2,*= -3…*ц,, f (n) ,мее2 
",д

log 1

1 log( ) ~
1

k

k

n

pn p

p

C
kf n C d An C

k

+⎢ ⎥⎣ ⎦

+ ⎢ ⎥⎣ ⎦

⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟⎝ ⎠⎜ ⎟+ ⎜ ⎟

−⎜ ⎟⎜ ⎟⎝ ⎠

.

g=ме2,м, ч2% " ч=“2…%м “л3ч=е C!, p = 2 " “%%2-
"е2“2",, “ "/!=›е…, м, (6) , (8), -3…*ц,  f (n)  
C!ед“2="л е2“  " ",де

( ) ∑ ∑
= =

−+
⎟⎟⎠

⎞
⎜⎜⎝

⎛
⋅+=

m

i

m

ij

ij
j

im kbCAdCnf
0

2
1 ,

 

(10)

2. е.  "л е2“  *"=д!=2,ч…%L -%!м%L %2…%“,2ель-
…% bj , м%›е2 K/2ь C!е%K!=ƒ%"=…= “лед3ю?,м %K-
!=ƒ%м:

1

0 0
( )

m i
m

i ij j
i j

f n C d b S b+

= =

⎛ ⎞
= + ⋅ ⋅⎜ ⎟

⎜ ⎟⎝ ⎠
∑ ∑ , (11)

где Sij O *%.--,ц,е…2/ *"=д!=2,ч…%L -%!м/. 

o%л3ч,м .2, *%.--,ц,е…2/ "  "…%м ",де C3-
2‘м д,--е!е…ц,!%"=…,  "/!=›е…,L (10) , (11) 
C% =!г3ме…23 mlbl ,0, = . d,--е!е…ц,!%"=…,е 
"/!=›е…,  (11) C%ƒ"%л е2 3“2=…%",2ь “" ƒь ме›-
д3 *%.--,ц,е…2=м, *"=д!=2,ч…%L -%!м/ , C!%-
,ƒ"%д…/м, -3…*ц,, f = f (n):

mbbSbS
b
f

l

m

li
iil

l

j
jlj

l

,0,
0

=+=
∂
∂ ∑∑

==
,
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ч2% C%ƒ"%л е2 "/!=ƒ,2ь *%.--,ц,е…2/ Sij че!еƒ 
"2%!/е C!%,ƒ"%д…/е:

2 2

2, ; 2 .lr ll
l r l

f fS r l S
b b b
∂ ∂= < =

∂ ∂ ∂  
(12)

d,--е!е…ц,!%"=…,е "/!=›е…,  (10) C%ƒ"%л -
е2 C%л3ч,2ь  "…/е "/!=›е…,  дл  Cе!"/. C!%,ƒ-
"%д…/.:

0
(2 ),

l m
i j i l i

j
l i j i

f A C b k k
b

− −

= =

⎛ ⎞∂ = ⋅ ⋅ ⋅⎜ ⎟
⎜ ⎟∂ ⎝ ⎠

∑ ∑  (13)

%2*3д= " “%%2"е2“2",, “ -%!м3л%L (12), "2%!/е 
ч=“2…/е C!%,ƒ"%д…/е (13) C%ƒ"%л ю2 %C!едел,2ь 
 "…/е "/!=›е…,  дл  *%.--,ц,е…2%" *"=д!=-
2,ч…%L -%!м/:

=) C!, r < l *%.--,ц,е…2/ Srl:

2

2
0 0

2 2 2
r r i

i r i l i r l
lr i

l r i i

f CS A C k k Ak
b b k

− − +

= =

∂= = ⋅ = =
∂ ∂ ∑ ∑

2( 1) 1

22 ,
r r

l r k CAk
k C

+ +
− −=

−  

(14)

K) C!, r = l O *%.--,ц,е…2/ Sll :

( )2 12 1

2 22
l l

ll
l

f k CS A
b k C

+ +∂ −= =
∂ −

. (15)

`…=л,2,че“*%е !еше…,е !е*3!!е…2…/. “%%2…%-
ше…,L " C%д*л=““е II.  dл  .2%г% C%д*л=““= " C!=-
"%L ч=“2, “%%2…%ше…,  (4) =!г3ме…2%м -3…*ц,, 
 "л е2“  &C%2%л%*[ O ⎡ ⎤kn . b цел . C%л3че…,  
=…=л,2,че“*%г% !еше…,  C!ед“2=",м ч,“л% n " 
“лед3ю?ем ",де:

1
1 1 0 ,m m

m mn b k b k L b k b−
−= − − − −

log , 1,km n m= ≥⎡ ⎤⎢ ⎥  (16)

где kbb mm <<0: , 1,1,0: −=<≤ mikbb ii  O 
цел/е ч,“л=. 

o% =…=л%г,, “ C%д*л=““%м I !=““м%2!,м ч,“л= 

Mi, %C!едел ем/е *=* ⎥⎥
⎤

⎢⎢
⎡= ii k

nM . q%гл=“…% "/!=-

›е…,ю (16) , %C!еделе…,ю ч,“ел Mi, C%л3ч=ем 
дл  …,. “лед3ю?,е -%!м3л/:

1

0 , ,
m

m m i j i
i j

j i
M n M b k b k

−
− −

=
= = − ∑

1, 0.m m mM b M += =  (17)

o!ед“2="ле…,е (17) C%ƒ"%л е2 C%л3ч,2ь “%%2-
…%ше…, , =…=л%г,ч…/е "/!=›е…,ю (7), = ,ме……% 
ƒ…=че…,  -3…*ц,, f (⋅) “ =!г3ме…2%м 2,C= &C%2%-
л%*[ ,ƒ (4), " “л3ч=е е“л, е‘ =!г3ме…2=м,  "л ю2-
“  ч,“л= Mi, ƒ=д=ю2“  -%!м3л=м,

0 1 0( ) ( ) ,pf M Cf M AM= +

1 2 1

1

1

( ) ( ) ,

( ) ( ) ,
...

( ) ( ) .

p

p
i i i

p
m m m

f M Cf M AM

f M Cf M AM

f M Cf M AM

+

+

= +

= +

= +

...

 

(18)

o%“*%ль*3 ч,“л% n C!ед“2="л е2“  " ",де (16) , 
f (M0) = n, f  (Mm+1) = f (0) = d, 2%, C%“лед%"=2ель…% 
C%д“2="л   ƒ…=че…,  ( ), 1,1if M i m= +  " f (Mi#1), 
2ем “=м/м !еш=  !е*3!!е…2…%е “%%2…%ше…,е (4) 
ме2%д%м C%д“2=…%"*,, C%л3ч=ем =…=л,2,че“*%е 
!еше…,е дл  f (n):

1

0
( ) (0)

m
m i p

i
i

f n C f A C M+

=
= + =∑

1

0
.

m
m i p

i
i

C d A C M+

=
= + ∑

 

(19)

cл="…=  =“,мC2%2,*= (19) C!, ∞→n  =…=л%-
г,ч…= “%%2…%ше…, м, C%л3че……/м дл  C%д*л=““= 
I, %д…=*%, %“…%"…%е %2л,ч,е “%“2%,2 " 2%м, ч2% 
дл  C%д*л=““= II ƒ…=че…,е ⎡ ⎤nm klog= , " 2% "!е-
м  *=* ƒ…=че…,е m дл  C%д*л=““= I ,мее2 ",д 

⎣ ⎦nm klog= . Š=*,м %K!=ƒ%м, " “л3ч=е, е“л, pkС =  
,меем

log( ) ~ ( log 1)kp np p
kf n k d k An n⎡ ⎤⎢ ⎥ + +⎡ ⎤⎢ ⎥ .

dл  ч=“2…%г% “л3ч=  (p = 2), =…=л%г,ч…% “,23=-
ц,, " C%д*л=““е I C!е%K!=ƒ3ем f (n), C%д“2="л   " 
!еше…,е (19) -%!м3л3 (17) дл  ч,“ел Mi:

( ) ∑ ∑
= =

−−+
⎟⎟⎠

⎞
⎜⎜⎝

⎛
−+=

m

i

m

ij

ij
j

immim kbkbCAdCnf
0

2
1 , (20)

, =…=л%г,ч…% C!ед“2=",м f (n) " ",де *"=д!=-
2,ч…%L -%!м/ %2…%“,2ель…% bj:

1

0 0
( )

m i
m

i j ij
i j

f n C d b b S+

= =

⎛ ⎞
= + ⎜ ⎟

⎜ ⎟⎝ ⎠
∑ ∑ , (21)

где Sij O *%.--,ц,е…2/ *"=д!=2,ч…%L -%!м/, *%-
2%!/е “" ƒ=…/ “ ч=“2…/м, C!%,ƒ"%д…/м, -3…*ц,, 
f  ,ƒ"е“2…/м, “%%2…%ше…, м, (12). 
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d,--е!е…ц,!%"=…,е -%!м3л/ (20) C%ƒ"%л е2 
C%л3ч,2ь  "…/е "/!=›е…,  дл  ч=“2…/. C!%,ƒ-
"%д…/.:

1

0
( 2 )

ml
i m m i j i l i

j
l i j i

f A C b k b k k
b

−
− − −

= =

⎛ ⎞∂ = − −⎜ ⎟
∂ ⎜ ⎟⎝ ⎠

∑ ∑
 

. (22)

n“%Kе……%“2ью -%!м3л/ (22) C% “!="…е…,ю “ 
=…=л%г,ч…/м !еƒ3ль2=2%м дл  C%д*л=““= I, *%2%-
!/L ƒ=д=‘2“  -%!м3л%L (13),  "л е2“  ,ƒме…е…,е 
ƒ…=*= 3 “%м…%›,2ел  k 

l-i, “" ƒ=……%е “ ",д%м -3…*-
ц,, f(n) (20). }2% C!,"%д,2 * 2%м3, ч2% C!, l < m  
, r < l "2%!/е ч=“2…/е C!%,ƒ"%д…/е (22) C%ƒ"%л -
ю2 %C!едел,2ь *%.--,ц,е…2/ Slr , *%2%!/е “%"-
C=д=ю2 “ "/!=›е…, м,, C%л3че……/м, дл  *%.--
-,ц,е…2%" *"=д!=2,ч…%L -%!м/ " C%д*л=““е I:

2 2( 1) 1

22
r r

l r
lr

l r

f k CS Ak
b b k C

+ +
−∂ −= =

∂ ∂ −
,
 

%д…=*% C!, l = m , r < m O *%.--,ц,е…2/ Smr 
,ƒме… ю2 ƒ…=*:

2 2( 1) 1

22
r r

m r
lr

m r

f k CS Ak
b b k C

+ +
−∂ −= = −

∂ ∂ −
,
 

" 2% "!ем  *=* C!, l = r , " 2%м ч,“ле , C!, l = m, 
*%.--,ц,е…2/ Sll  “%"C=д=ю2 “ -%!м3л%L (15), , 
ƒ=д=ю2“  "/!=›е…,ем

( )2 12 1

2 22
l l

ll
l

f k CS A
b k C

+ +∂ −= =
∂ −

.

g=*люче…,е. o%л3че…/ =…=л,2,че“*,е !еше-
…,  дл  …ел,…еL…/. !е*3!!е…2…/. “%%2…%ше…,L 

“ =!г3ме…2=м, 2,C= &C%л[ , &C%2%л%*[, %2…%“ -
?,.“  * “Cец,=ль…%м3 *л=““3 “ =дд,2,"…%L -3…*-
ц,еL “2еCе……%г% ",д=. dл  ч=“2…%г% “л3ч=  *"=д-
!=2,ч…%L -3…*ц,, C%л3че…% C!ед“2="ле…,е =…=-
л,2,че“*%г% !еше…,  " ",де *"=д!=2,ч…%L -%!-
м/ , %C!еделе…/ е‘ *%.--,ц,е…2/. pе*3!!е…2-
…/е “%%2…%ше…,  !=““м%2!е……%г% *л=““= "%ƒ…,-
*=ю2 C!, 2е%!е2,че“*%м =…=л,ƒе 2!3д%‘м*%“2, 
!е*3!“,"…/. =лг%!,2м%", !=ƒ!=K%2=……/. ме2%д%м 
де*%мC%ƒ,ц,,. o%л3че……/е !еƒ3ль2=2/ м%г32 
K/2ь ,“C%льƒ%"=…/ " цел . де2=ль…%г% 2е%!е2,-
че“*%г% =…=л,ƒ= !е*3!“,"…/. де*%мC%ƒ,!3ю?,. 
=лг%!,2м%", ,мею?,. “2еCе……3ю 2!3д%‘м*%“2ь 
!=ƒделе…,  ƒ=д=ч, , %KAед,…е…,  C%л3че……/. 
!еше…,L.

a,Kл,%г!=-,че“*,е  ““/л*,
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r"=›=ем/е ="2%!/ , ч,2=2ел, ›3!…=л=!

b “%%2"е2“2",, “ !еше…, м, C!еƒ,д,3м= b/“шеL =22е“2=ц,%……%L *%м,““,, l,…%K!…=3*, 

p%““,, ›3!…=л &`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,[ "*люч‘… " oе!ече…ь "ед3?,. !е-

це…ƒ,!3ем/. …=3ч…/. ›3!…=л%" , ,ƒд=…,L, " *%2%!/. д%л›…/ K/2ь %C3Kл,*%"=…/ %“…%"…/е 

…=3ч…/е !еƒ3ль2=2/ д,““е!2=ц,L …= “%,“*=…,е 3ч‘…/. “2еCе…еL  *=…д,д=2= , д%*2%!= …=3*.



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 330

rdj 515.171.23: 519.854
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ophlememhe lmnfeqŠb` noŠhl`k|mn p`qonknfemm{u }kelemŠnb b 
g`d`)`u khmeimni h lmncnjphŠeph`k|mni noŠhlhg`0hh `oo`p`Šmni 

)`qŠh `bŠnl`Šhghpnb`mm{u qpedqŠb jnmŠpnk“ 

o!едл%›е… …%"/L C%д.%д * C!е%K!=ƒ%"=…,ю м…%г%ме!…/. д=……/. ƒ= “ч‘2 C!,ме…е…,  
м…%›е“2"= %C2,м=ль…% !=“C%л%›е……/. .леме…2%". q-%!м3л,!%"=…% %C!еделе…,е м…%›е-
“2"= %C2,м=ль…% !=“C%л%›е……/. .леме…2%" , д%*=ƒ=…= 2е%!ем= % ег% “3?е“2"%"=…,, , 
ед,…“2"е……%“2,. o!,"еде…/ C!,ме!/ C%“2!%е…,  м…%›е“2"= , C!е%K!=ƒ%"=…,  м…%г%ме!-
…/. д=……/. дл  ƒ=д=ч л,…еL…%L , м…%г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, =CC=!=2…%L ч=“2, 
="2%м=2,ƒ,!%"=……/. “!ед“2" *%…2!%л   !=д,%.ле*2!%……%г% %K%!3д%"=…, .

jлюче"/е “л%"=: м…%›е“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…2%", C!е%K!=ƒ%"=…,е м…%г%-
ме!…/. д=……/.,   л,…еL…=  , м…%г%*!,2е!,=ль…=  %C2,м,ƒ=ц,  "=!,=…2%" “!ед“2" *%…2!%л .

New transformation approach of the many-dimensional, data through the use of a  optimally 
located components multitude is proposed. Definition of the optimally located components multitude 
is formulated and its existence and uniqueness theorem is proved. Examples are adduced for 
multitude construction and many-dimensional, data transformation for the linear and multi-objective 
optimization tasks for apparatus part of the automatic control means for radio-electronic 
equipment.

Key words: optimally located components multitude, many-dimensional, data transformation, linear 
and multi-objective optimization of the control means versions.

b"еде…,е. q%"е!ше…“2"%"=…,е !=д,%.ле*2!%…-
…%г% %K%!3д%"=…,  (p}n) , !=ƒ!=K=2/"=ем/. дл  
…ег% ="2%м=2,ƒ,!%"=……/. “!ед“2" *%…2!%л  (`qj) 
p}n "леч‘2 ƒ= “%K%L …е,ƒKе›…/L !%“2 *%л,че“2"= 
,““лед3ем/. , %це…,"=ем/. ,. 2е.…,че“*,. , 
.*%…%м,че“*,. .=!=*2е!,“2,* (Š}u). n…, %C,“/-
"=ю2“  ч,“ле……/м, ƒ…=че…, м,, *%2%!/м " “%%2-
"е2“2",е C%“2="ле…/ %C!едел‘……/е *%…*!е2…/е 
ед,…,ц/ ,ƒме!е…, . b *=че“2"е 2=*,. .=!=*2е!,-
“2,* м%г32 !=““м=2!,"=2ь“ , …=C!,ме!, ч=“2%2= 
C!,‘м= , Cе!ед=ч, !=д,%“2=…ц,, # " ге!ц=., м%?-
…%“2ь ,ƒл3че…,  " ч=“2%2…%м д,=C=ƒ%…е Cе!ед=2-
ч,*= # " "=22=., ч3"“2",2ель…%“2ь C!,‘м…,*= # " 
"%ль2=., “2%,м%“2ь # " !3Kл . , 2. д.

nче",д…% 2%, ч2% чем K%льшее *%л,че“2"% .=-
!=*2е!,“2,* p}n C!,…,м=е2“  "% "…,м=…,е C!, 
“%ƒд=…,, `qj, 2ем 2!3д…ее %K%“…%"=2ь ,. “2!3*-
23!3 , “%“2=" =CC=!=2…%L ч=“2, , %“3?е“2"л 2ь 
C%,“* C!,емлем%г% "=!,=…2= `qj. }2% “" ƒ=…% “ 
2ем, ч2% C!, м=2ем=2,че“*%м %C,“=…,, “л%›…/. 
2е.…,че“*,. %KAе*2%" , “,“2ем "%ƒ…,*=е2 ! д …=-
3ч…/. C!%Kлем, *%2%!/е %K3“л%"ле…/:

“л%›…%“2ью …%!м,!%"=…,  д=……/., C!ед“2="-
ле……/. !=ƒл,ч…/м, "е?е“2"е……/м, ƒ…=че…, м, 
, ед,…,ц=м, ,ƒме!е…,L (C!%Kлем= &%Kеƒ!=ƒме-
!,"=…, [ м…%г%ме!…/. д=……/.);

!%“2%м 2!3д%‘м*%“2, "/ч,“л,2ель…/. %Cе!=-
ц,L C!, 3"ел,че…,, *%л,че“2"= д=……/. (&C!%-
*л 2,е[ !=ƒме!…%“2,);

%Kе“Cече…,ем “%де!›=2ель…%L “%C%“2=",м%“2, 
ƒ…=че…,L !=ƒл,ч…/. целе"/. -3…*ц,L C!, м…%-
г%ме!…%L , м…%г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, 
,л, ,. &“"е!2*,[ " %д,… *%мCле*“…/L *!,2е!,L 
(C!%Kлем= -%!м,!%"=…,  &“"%д…%L[ целе"%L 
-3…*ц,,).

b …=“2% ?ее "!ем  3*=ƒ=……/е "/ше C!%Kлем/ 
,мею2 “"%, ч=“2…/е !еше…,  [1#12]. m=C!,ме!, 
C%…,›е…,е !=ƒме!…%“2, д=……/. м%›…% C!%"е“2, 
ƒ= “ч‘2 ,“C%льƒ%"=…,  ме2%д= гл="…/. *%мC%…е…2 
,л, …еƒ=",“,м/. *%мC%…е…2 “ …=,ме…ьшеL C%2е-
!еL ,…-%!м=ц,, [1#4] ,л, ƒ= “ч‘2 C!,ме…е…,  ге-
…е2,че“*,. =лг%!,2м%" [6#8]. dл  …%!м,!%"=…,  
м…%г%ме!…/. д=……/. ,“C%льƒ3ю2 ме2%д/ м…%г%-
ме!…%г% ш*=л,!%"=…,  [9], = C!, !еше…,, ƒ=д=ч 
м…%г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, C!,ме… ю2 
ме2%д &=!K,2!=›…/. !еше…,L[ , 2. C. [10#12]. 

nд…=*% "“е %…, ,мею2 “"%, …ед%“2=2*,, *%2%-
!/е C!% "л ю2“  " ",де:
ч=“2,ч…%L C%2е!, ,…-%!м=ц,, C!, C!,…,›е-

…,, !=ƒме!…%“2, ƒ=д=ч,;
%K%“…%"=…,  -3…*ц,, “2!е““=, %C!едел ю?еL 

“%%2"е2“2",е “2!3*23! м…%г%ме!…/. д=……/. д% , 
C%“ле C!е%K!=ƒ%"=…, ;

“%.!=…е…,  C%! д*= ƒ…=че…,L ч,“ел C!, …%!-
м,!%"=…,, м…%г%ме!…/. д=……/., 2. е. %че…ь м=-
ле…ь*,е ƒ…=че…,  ч,“ел %“2=ю2“  %че…ь &м=ле…ь-
*,м,[, = м=*“,м=ль…/е C% ƒ…=че…,ю ч,“л= K3д32 
!="…/ ед,…,це;
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"/K%!= , %K%“…%"=…,  %K%K?‘……/. ƒ…=че…,L 
*%.--,ц,е…2%" C%*=ƒ=2елеL " “"%д…%L целе"%L 
-3…*ц,, дл  ƒ=д=ч м…%г%*!,2е!,=ль…%L , м…%г%-
C=!=ме2!,че“*%L %C2,м,ƒ=ц,,.

qлед3е2 %2ме2,2ь, ч2% C!, .2%м "%ƒ…,*=е2 е?‘ 
%д…= C!%Kлем=, %K3“л%"ле……=  …ед%“2=2*%м "/-
ч,“л,2ель…%L м%?…%“2, Cе!“%…=ль…%L .ле*2!%…-
…%-"/ч,“л,2ель…%L м=ш,…/ C!, ,“C%льƒ%"=…,, 
=!,-ме2,че“*,. %Cе!=ц,L # “л%›е…, , 3м…%›е-
…, , деле…,  , "/ч,2=…, .

dл  C!е%д%ле…,  3*=ƒ=……/. C!%Kлем C!едл=-
г=е2“  …%"/L C%д.%д, *%2%!/L K=ƒ,!3е2“  …= ,“-
C%льƒ%"=…,, C%… 2,  м…%›е“2"= %C2,м=ль…% 
!=“C%л%›е……/. .леме…2%", д%*=ƒ=2ель“2"= ег% “3-
?е“2"%"=…,  , ед,…“2"е……%“2,. n“…%"%L ,деL 
.2%г% C%д.%д=  "л е2“  ƒ=ме…= "е?е“2"е……/. 
ƒ…=че…,L .леме…2%" ,“.%д…%г% м…%›е“2"= …= це-
л%ч,“ле……/е ƒ…=че…,  “ “%.!=…е…,ем “3?е“2-
"3ю?ег% %2…%ше…,  C%! д*= .леме…2%" " ,“.%д-
…%м м…%›е“2"е …= C!е%K!=ƒ%"=……%м м…%›е“2"е 
2=*, ч2%K/ !=ƒ…%“2ь ме›д3 д"3м  “%“ед…,м, .ле-
ме…2=м, C% м%д3лю " C!е%K!=ƒ%"=……%м м…%›е“2-
"е K/л= м,…,м=ль…=. b !еƒ3ль2=2е 2=*%г% C!е%K-
!=ƒ%"=…,  "/C%л… е2“  Cе!е.%д %2 ƒ=д=……%L ед,-
…,ц/ ,ƒме!е…,  .леме…2%" ,“.%д…%г% м…%›е“2"= 
(ƒ…=че…,L ч,“ел) * %д…%L 3“л%"…%L ед,…,це.

l…%›е“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…-
2%". n C ! е д е л е … , е : rC%! д%че……%е 
м…%›е“2"% .леме…2%" mi ∈M, где i = 1, 2,..., I # *%-
л,че“2"% .леме…2%" м…%›е“2"= M, .=!=*2е!,-
ƒ3ем%е C%! д*%м “лед%"=…,  .леме…2%" {m1α1,2, ... ,
αi-1,i mi, ..., αI-1,I mI}, %2…%ше…,ем C%! д*= α i-1,i ∈A  
…= M, где αi-1,i(′′≤′′ ∨ ′′<′′ ) # %2…%ше…,е C%! д*=, 
%C!едел ем%е дл  C=!/ .леме…2%" (mi-1, mi)∈M, 
C%“лед%"=2ель…%“2ью !=““2% …,L {d1,2, ..., di-1,i, 
..., dI-1,I}, di-1,i ∈D, "/ч,“л ем/. дл  (mi-1, mi)∈M, 
где di-1,i =⎟ mi-mi-1⎟, K3дем …=ƒ/"=2ь 3C%! д%че…-
…/м м…%›е“2"%м %C2,м=ль…% !=“C%л%›е……/. 
.леме…2%" MA,D, е“л, дл  "“е. C=! .леме…2%" 
(mi-1, mi) ∈M C% C%! д*3 ,. “лед%"=…,  αi-1,i ∈A 
"/C%л… е2“  3“л%",е di-1,i → γ, γ → min , γ = 0, 
1,..., N, где N # м%…%2%……% "%ƒ!=“2=ю?=  C%“ле-
д%"=2ель…%“2ь цел/. ч,“ел, "*люч=  …еL2!=ль-
…/L .леме…2 &…%ль[.

Šе%!ем=: dл  ,ƒ%м%!-…/. м…%›е“2" S 
k “3?е-

“2"3е2 2%ль*% %д…% 3C%! д%че……%е м…%›е“2"% %C-
2,м=ль…% !=“C%л%›е……/. .леме…2%" MA,D, где 

k=0, 1,..., K, K # *%л,че“2"% м…%›е“2" S 
k.

d%*=ƒ=2ель“2"%: o3“2ь “3?е“2"3е2 …е*%2%!%е 
м…%›е“2"% S 

k “ C%! д*%м “лед%"=…,  .леме…2%" 
1 1,2 1, 1,, , , ,k k k k k k

i i i I I Is s sα α α− −{ }… … , )(1 """"k
i,i <∨≤α − , 

kk
i,i A∈α −1  , ƒ=д=……/м, C!%,ƒ"%ль…/м %K!=ƒ%м 

!=““2% …, м, k
i

k
i

k
i,i ssd 11 −− −=  ме›д3 .леме…2=м, 

kk
i

k
i Ss,s ∈− )( 1  …е C!%2,"%!еч=?,. %K?ем3 %2…%ше-

…,ю C%! д*= A 

k. o!%"ед‘м C!%цед3!3 !=ƒK,е…,  
м…%›е“2"= S 

k …= C%дм…%›е“2"= k
iS  # *л=““/ .*",-

"=ле…2…%“2, C% м%д3лю ч,“ле……%г% ƒ…=че…,  k
is  

.леме…2%" kk
i Ss ∈ , i = 0, 1, ..., I, I # *%л,че“2"% 

*л=““%" .*","=ле…2…%“2, C% м%д3лю ч,“л=. dл  
.2%г% "%“C%льƒ3ем“  “"%L“2"=м, м=2ем=2,че“*%L 
,…д3*ц,,.

o!ед"=!,2ель…% "/C%л…,м д"е "“C%м%г=2ель…/е 
%Cе!=ц,,.

b%-Cе!"/., “-%!м,!3ем дл  "“е. .леме…2%" 
kk

i Ss ∈  м…%›е“2"% kS~  2=*, ч2%K/ ( )k k
i is sg s=� , 

kk
i S~s~ ∈ ,

где 

1, 0,

0, 0,

1, 0.

k
i

k k
i i

k
i

s

sg s s

s

⎧ >
⎪⎪= =⎨
⎪− <⎪⎩

( )

  

(1)

b%-"2%!/., C!%"е!,м м…%›е“2"% S 
k …= 3“л%",е 

…=.%›де…,  " …‘м …еL2!=ль…/. .леме…2%". e“л, 
%…, %C!еделе…/, 2% "/дел,м ,. "% "“C%м%г=2ель-
…%е м…%›е“2"% kS0 . o!, .2%м ,“*люч,м .леме…2/ 

kk
i Ss 0∈  ,ƒ ,“.%д…%г% м…%›е“2"= S 

k, е“л, …е2, 2% 
C%л=г=ем ∅=kS0 .

m= Cе!"%м ш=ге i = 1 , м…%›е“2"% ∅≠)( 0
kk S/S . 

nC!едел ем "“е .леме…2/, ч,“ле……%е ƒ…=че…,е *%-
2%!/. C% м%д3лю м,…,м=ль…%, , “-%!м,!3ем C%д-
м…%›е“2"% kS1 , ,“*люч=  .леме…2/ kk

i Ss 1∈  ,ƒ м…%-
›е“2"= S 

k.
m= “лед3ю?ем ш=ге i > 1 , м…%›е“2"% ∅≠kS . 

o%"2%! ем C!%цед3!3 …=.%›де…,  …=,ме…ьш,. 
.леме…2%", !="…/. C% м%д3лю, …= м…%›е“2"е %“-

2="ш,.“  .леме…2%" ∅≠⎟⎟⎠

⎞
⎜⎜⎝

⎛
∈ −

=

k
i

I

i

kk
i S/Ss 1

1
∪  , “-%!-

м,!3ем C%дм…%›е“2"% k
iS . p=ƒK,е…,е C!%д%л-

›=е2“  д% 2е. C%!, C%*= м…%›е“2"% ∅≠kS .
b !еƒ3ль2=2е C%л3ч,м м%…%2%……% "%ƒ!=“2=ю?3ю 

C% ,…де*“3 i C%“лед%"=2ель…%“2ь 0 1, , , ,k k k
iS S S{ }… …

*л=““%" .*","=ле…2…%“2,, *=›д/L ,ƒ *%2%!/. “%-

“2%,2 ,ƒ k
i

k
i Ss ∈  %д,…=*%"/. C% м%д3лю ƒ…=че…,L 

.леме…2%". g=ме…= ч,“ле……/. ƒ…=че…,L k
i

k
i Ss ∈  …= 

ƒ…=че…,е ,…де*“= i C%ƒ"%л е2 %Kе“Cеч,2ь 3“л%",е 

di-1,i → γ, γ → min дл  3C%! д%че……/. C=! C!е%K!=-

ƒ%"=……/. .леме…2%" k
i

k
i

k
i Ss,s ∈− )( 1 , где 11 −=− isk

i
 
, 

isk
i = . b%““2=…%"ле…,е ,“.%д…%г% %2…%ше…,  C%-

! д*= kk
i,i A∈α −1  дл  .леме…2%" k

i
k
i Ss ∈  C!%,ƒ"%д,2-

“  %Cе!=ц,еL k
i

k
i

k
i ss~m ⋅=  " “%%2"е2“2",, “ "/!=-

›е…,ем (1), = C!е%K!=ƒ%"=……/е .леме…2/ k
im  K3д32 

 "л 2ь“  .леме…2=м, м…%›е“2"= %C2,м=ль…% !=“-
C%л%›е……/. .леме…2%" MA,D . Š=*,м %K!=ƒ%м, д%-
*=ƒ=…% “3?е“2"%"=…,е 3C%! д%че……%г% м…%›е“2-
"= %C2,м=ль…% !=“C%л%›е……/. .леме…2%" MA,D.

dл  д%*=ƒ=2ель“2"= ед,…“2"е……%“2, м…%›е“2"= 
MA,D "/д",…ем “лед3ю?3ю г,C%2еƒ3. o3“2ь “3-
?е“2"3е2 …е“*%ль*% ,ƒ%м%!-…/. C% %2…%ше…,ю 
C%! д*= kk

i,i A∈α −1 , *%л,че“2"3 .леме…2%" kk
i Ss ∈  



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 332

м…%›е“2" S k∈S, %2л,ч=ю?,.“  2%ль*% !=““2% -

…,ем k
i

k
i

k
i,i ssd 11 −− −=  ме›д3 3C%! д%че……/м, C=-

!=м, .леме…2%" kk
i

k
i Ss,s ∈− )( 1 . e“л, м…%›е“2"%

S 
1 ,ƒ%м%!-…% м…%›е“2"3 S 

k, = м…%›е“2"% S 
k " 

!еƒ3ль2=2е C!е%K!=ƒ%"=…,  ,ƒ%м%!-…% MA,D, 2% 
м…%›е“2"% S 

1 ,ƒ%м%!-…% м…%›е“2"3 MA,D . g…=-
ч,2 “3?е“2"3е2 м…%г%*!=2…%е д%*=ƒ=2ель“2"% “3-
?е“2"%"=…,  %д…%г% м…%›е“2"= MA,D ,, “лед%"=-
2ель…%, д%*=ƒ=…= ег% ед,…“2"е……%“2ь.

qлед3е2 %K!=2,2ь "…,м=…,е …= 2%, ч2% " “л3ч=е 
е“л, м…%›е“2"= S 

k ,мею2 !=ƒ…%е *%л,че“2"% .ле-
ме…2%", 2. е. !=ƒл,ч…/е м%?…%“2ь , 3C%! д%че…-
…%“2ь A 

k, k = 0, 1,..., K, 2% ,ƒ .леме…2%" .2,. м…%-
›е“2" "“егд= м%›…% “-%!м,!%"=2ь %K?ее м…%›е-
“2"% S “% “"%,м …%"/м %2…%ше…,ем C%! д*= A. 
t%!м,!%"=…,е м…%›е“2"= %C2,м=ль…% !=“C%л%-
›е……/. .леме…2%" MA,D C!%,“.%д,2 =…=л%г,ч…/м 
%K!=ƒ%м, “%гл=“…% C!ед“2="ле……%м3 д%*=ƒ=2ель-
“2"3 2е%!ем/. g=2ем ,ƒ .леме…2%" MA,D "%““2=-
…="л,"=ю2“  C%дм…%›е“2"= k

D,AM~ , ,ƒ%м%!-…/е 
м…%›е“2"=м S 

k.
n2ме2,м, ч2% C=!=ме2! ui ∈U, "/“23C=ю?,L " 

*=че“2"е м,…,м=ль…%г% ш=г= ме›д3 *л=““=м, .*-
","=ле…2…%“2,, м%›е2 ƒ=д="=2ь“  *=* ме2!,че-
“*,м, 2=* , …еме2!,че“*,м “C%“%K%м, …=C!,ме! 
м%…%2%……% "%ƒ!=“2=ю?еL C%“лед%"=2ель…%“2ью 
"е?е“2"е……/. ч,“ел {0, 0,01, 0,02,..., +∞} ∈R+ ,л, 
=л-=",2%м {=, K, ",...,  } ∈L.

t,ƒ,че“*,L “м/“л C%“2!%е…,  м…%›е“2"= 
MA,D ƒ=*люч=е2“  " …=.%›де…,, %2%K!=›е…, 

f: S 
k → MA,D, C%ƒ"%л ю?ег% %C2,м=ль…% 3ме…ь-

ш,2ь !=““2% …,  ме›д3 "“ем, .леме…2=м, м…%-
›е“2"= S 

k, *%2%!/е …=.%д 2“  " %C!едел‘……%м 
&%2…%ше…,,[ %2…%“,2ель…% д!3г д!3г=. 

Š=*%е %2%K!=›е…,е м%›е2 K/2ь C!,ме…е…% * 
люK/м -,ƒ,че“*,м, м=2ем=2,че“*,м, г,C%2е2,-
че“*,м %KAе*2=м , “%"%*3C…%“2 м ,. .=!=*2е!,-
“2,* “ !=ƒл,ч…/м, ед,…,ц=м, ,ƒме!е…,L, *%2%-
!/е %C,“/"=ю2“  *%л,че“2"е……% " ",де …=23!=ль-
…/., цел/., "е?е“2"е……/. , *%мCле*“…/. ч,“ел, 
= 2=*›е K,…=!…/. *%д%" , д!3г,. =…=л%г,ч…/. 
,м м=2ем=2,че“*,. =K“2!=*ц,L. 

o!,ме! C%“2!%е…,  м…%›е“2"= %C2,м=ль…% !=“-
C%л%›е……/. .леме…2%". o3“2ь {u1, ..., ui, ..., uI} # 
C%“лед%"=2ель…%“2ь ,ƒме!е…,L Cе!еме……%г% …=-
C! ›е…,  " "%ль2=. …= ƒ=д=……%L *%…2!%ль…%L 
2%ч*е дл  …е*%2%!%г% %KAе*2= *%…2!%л  p}n, где 
ui ∈U, i = 0, 1, ..., I , I = 8. o%! д%* “лед%"=…,  
,ƒме!е…,L i ∈I , ч,“ле……/е ƒ…=че…,  C%“2% …-
…%г% …=C! ›е…,  ui ∈U C!ед“2="ле…/ " 2=Kл. 1. 

Š!еK3е2“  “-%!м,!%"=2ь 3C%! д%че……%е м…%-
›е“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…2%" 
mi ∈M , Cе!еL2, * 3“л%"…/м ед,…,ц=м ,ƒме!е-
…,L.

b%-Cе!"/., ƒ=C%м…,м ƒ…=*, .леме…2%" C%“ле-
д%"=2ель…%“2, ui ∈U "% м…%›е“2"е U~, u~i ∈U~, ,“-
C%льƒ3  "/!=›е…,е (1) (2=Kл. 2).

Š=Kл,ц= 1 

o%“лед%"=2ель…%“2ь ,ƒме!е…,L Cе!еме……%г% …=C! ›е…,  U

oе!еме……/е ),“ле……/е ƒ…=че…,  ,…де*“%" , .леме…2%" м…%›е“2"=

i 1 2 3 4 5 6 7 8 9 10

ui #3,45 0 #4,25 #3,45 0 3,55 0 5,32 4,25 5,32

Š=Kл,ц= 2 

q%.!=…е…,е ƒ…=*%" C%“лед%"=2ель…%“2, .леме…2%" м…%›е“2"= U " м…%›е“2"е U~

oе!еме……/е ),“ле……/е ƒ…=че…,  ,…де*“%" , .леме…2%" м…%›е“2"=

i 1 2 3 4 5 6 7 8 9 10

u~i -1 0 -1 -1 0 1 0 1 1 1

Š=Kл,ц= 3 

rC%! д%че…,е .леме…2%" C%“лед%"=2ель…%“2, U C% м%д3лю

oе!еме……/е ),“ле……/е ƒ…=че…,  ,…де*“%" , м%д3л  .леме…2%" м…%›е“2"=

i 2 5 7 1 4 6 3 9 8 10

⎟ ui⎟ 0 0 0 3,45 3,45 3,55 4,25 4,25 5,32 5,32
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b%-"2%!/., "/ч,“л,м ƒ…=че…,е м%д3л  ч,“л= 
⎟ui⎟ дл  *=›д%г% .леме…2= C%“лед%"=2ель…%“2, 
ui ∈U , 3C%! д%ч,м е‘ " C%! д*е "%ƒ!=“2=…,  ⎟ui⎟ 
(2=Kл. 3).

b-2!е2ь,., “г!3CC,!3ем !="…/е C% м%д3лю 
.леме…2/ C%“лед%"=2ель…%“2, U , “-%!м,!3ем 
че2/!е *л=““= Clj, j = 0, 1,..., J, J = 4, .*",-
"=ле…2…/. C% м%д3лю .леме…2%". g=2ем C!%"е-
д‘м ƒ=ме…3 ч,“ле……/. ƒ…=че…,L ⎟ui⎟ ∈ Clj …= …%-
ме!= ,. *л=““%" Clj , C!ед“2=",м ,. " ",де .ле-
ме…2%"⎟mi⎟ = j. Š=*=  ƒ=ме…= C%ƒ"%л е2 …=L2, 
ƒ…=че…,е м%д3л  дл  .леме…2%" ⎟mi⎟ м…%›е“2"= 
%C2,м=ль…% !=“C%л%›е……/. .леме…2%" mi ∈ M 
(2=Kл. 4).

b-че2"е!2/., "%ƒ"!=2,м …= м…%›е“2"е mi ∈ M 
C%! д%* “лед%"=…,  .леме…2%" , ,. ƒ…=* " “%%2-
"е2“2",, “ C%! д*%м “лед%"=…,  , ƒ…=*=м, .ле-
ме…2%" м…%›е“2"= ui ∈U, ,“C%льƒ3  "“C%м%г=-

2ель…%е м…%›е“2"% u~i ∈U~, где mi = u~i ⎟mi⎟. rC%! -
д%ч,м .леме…2/ ui ∈U , mi  ∈ M C% C%! д*3 “ле-
д%"=…,  ,…де*“= i, C%л3ч,м ,ƒ%м%!-…%е м…%›е-
“2"3 U м…%›е“2"% M (2=Kл. 5).

p=“C%л=г=  .леме…2/ м…%›е“2"= M " C%! д-
*е "%ƒ!=“2=…,  ч,“ле……/. ƒ…=че…,L .леме…2%" 
mi ∈ M, C%л3ч,м 3C%! д%че……%е м…%›е“2"% %C2,-
м=ль…% !=“C%л%›е……/. .леме…2%". 

Š=*,м %K!=ƒ%м, C!%,“.%д,2 C!%це““ &%Kеƒ!=-
ме!,"=…, [ -,ƒ,че“*%г% ƒ…=че…,  .леме…2%" 
м…%›е“2"= ui ∈U Kеƒ …=!3ше…,  C%! д*= ,. “ле-
д%"=…,  , %д…%"!еме……%г% %C2,м=ль…%г% “›=2,  
!=““2% …,L ме›д3 "“е"%ƒм%›…/м, C=!=м, .ле-
ме…2%" м…%›е“2"= U.

o!,ме…е…,е м…%›е“2"= %C2,м=ль…% !=“C%л%›е…-
…/. .леме…2%" " ƒ=д=ч=. м…%г%*!,2е!,=ль…%L %C-
2,м,ƒ=ц,, "=!,=…2%" ="2%м=2,ƒ,!%"=……/. “!ед“2" 
*%…2!%л . o3“2ь ƒ=д=…/ C 2ь "=!,=…2%" =CC=!=2-

Š=Kл,ц= 4

jл=““/ .*","=ле…2…%“2, !="…/. C% м%д3лю .леме…2%" Clj

oе!еме……/е ),“ле……/е ƒ…=че…,  ,…де*“%" , .леме…2%" м…%›е“2", 
*л=““/ .*","=ле…2…/. C% м%д3лю .леме…2%"

Clj Cl0 Cl1 Cl2 Cl3 Cl4

j 0 1 2 3 4

⎟mi⎟ 0 0 0 1 1 2 3 3 4 4

i 2 5 7 1 4 6 3 9 8 10

⎟ui⎟ 0 0 0 3,45 3,45 3,55 4,25 4,25 5,32 5,32

Š=Kл,ц= 5 

l…%›е“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…2%" M

oе!еме……/е ),“ле……/е ƒ…=че…,  ,…де*“%" , .леме…2%" м…%›е“2"

i 1 2 3 4 5 6 7 8 9 10

ui #3,45 0 #4,25 #3,45 0 3,55 0 5,32 4,25 5,32

mi #1 0 #3 #1 0 2 0 4 3 4

Š=Kл,ц= 6 

h“.%д…/е д=……/е , .=!=*2е!,“2,*, "=!,=…2%" =CC=!=2…%L ч=“2, `qj

m%ме! "=!,=…2= 
`qj, xi

nKA‘м 
v
ia , м3

l=““=
m
ia , *г 

o%2!еKл ем=  м%?…%“2ь %2 
“е2, p

ia , b2
q!%* “л3›K/ 

t
ia , ле2

q2%,м%“2ь 
s
ia , !3K.

x1 0,0030 140 2000 5 26 500

x2 0,0045 150 1500 5 21 500

x3 0,0015 200 1500 6 19 950

x4 0,0025 100 3000 6 38 400

x5 0,0015 350 1000 7 41 400
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…%L ч=“2, `qj xi ∈X, *=›д/L ,ƒ *%2%!/. %C,“/-
"=е2“  C%“лед%"=2ель…%“2ью Š}u

i
s
i

t
i

p
i

m
i

v
i xa,a,a,a,a ∈}{ ,

где v
ia  # ƒ=…,м=ем/L %KA‘м `qj, ,ƒме! ем/L " *3-

K,че“*,. ме2!=.; m
ia  # м=““= " *,л%г!=мм=.; 

p
ia  # C%-

2!еKл ем=  м%?…%“2ь ̀ qj %2 “е2, " "=22=.; t
ia  # “!%* 

“л3›K/, %C!едел ем/L *%л,че“2"%м ле2; s
ia  # “2%,-

м%“2ь `qj " !3Kл ., i = 1, 2,..., I, I = 5. 

g…=че…,  Š}u "=!,=…2%" `qj C!ед“2="ле…/ " 
2=Kл. 6.

Š!еK3е2“  “-%!м,!%"=2ь …=K%! `qj, *%2%!/L 
3д%"ле2"%! л K/ “лед3ю?,м 3“л%", м: %K?,е г=-
K=!,2…/е !=ƒме!/ ,л, ƒ=…,м=ем/L “3мм=!…/L 
%KA‘м …=K%!= ̀ qj …е д%л›е… C!е"/ш=2ь 0,075 м3; 
м=““= …=K%!= `qj # …е ме…ее 350 *г; C%2!еKл е-
м=  м%?…%“2ь %2 .…е!г%“е2, # …е K%лее 3500 b2.

o!, -%!м,!%"=…,, …=K%!= `qj …е%K.%д,м% 
3че“2ь, ч2% ег% “2%,м%“2ь д%л›…= K/2ь м,…,м=ль-
…=, = ".%д ?,е " ег% “%“2=" "=!,=…2/ =CC=!=2…%L 
ч=“2, `qj д%л›…/ %Kл=д=2ь …=,K%льш,м “!%*%м 
“л3›K/. nC!еделе…,е 2=*%г% …=K%!= `qj  "л е2-
“  ƒ=д=чеL м…%г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, , 
%C,“/"=е2“  “лед3ю?,м, “,“2ем=м, 3!="…е…,L: 

1 2 3

4 5

1 2 3 4 5

26 500 21 500 19 950
8 400 41 400 min;

5 5 6 6 7 max,

x x x
x x

x x x x x

+ + +⎧
⎪+ + →⎨
⎪ + + + + →⎩   

(2)

1 2 3 4 5

1 2 3 4

5

1 2 3 4 5

140 150 200 100 350 350;
0,003 0,0045 0,0015 0,0025

0,0015 0,075;
2000 1500 1500 3000 1000

3500,

x x x x x
x x x x

x
x x x x x

+ + + + ≥⎧
⎪ + + + +⎪⎪+ ≤⎨
⎪ + + + + ≤⎪
⎪≤⎩

(3)

где люK%L (xi, i ∈I ) "=!,=…2 `qj C!,…,м=е2 ƒ…=че-
…,е, !="…%е ед,…,це, е“л, ̀ qj ".%д,2 " …=K%! ̀ qj, 
, …%ль # " C!%2,"…%м “л3ч=е.

q,“2ем= 3!="…е…,L (2) ƒ=д=‘2 *!,2е!,=ль…3ю 
%Kл=“2ь %C2,м,ƒ=ц,, .=!=*2е!,“2,* “%ƒд="=ем%-
г% …=K%!= `qj, = “,“2ем= 3!="…е…,L (3) %C!еде-
л е2 %Kл=“2ь д%C3“2,м/. !еше…,L. 

h“C%льƒ3ем C!едл%›е……/L "/ше C%д.%д , 
C!е%K!=ƒ3ем "е?е“2"е……/е ƒ…=че…,  Š}u `qj 
…= цел%ч,“ле……/е ƒ…=че…, , Cе!еLд  %2 C 2, 
ед,…,ц ,ƒме!е…,  * %д…%L, 3“л%"…%L ед,…,це 
,ƒме!е…, . q 3ч‘2%м 2=*%L ƒ=ме…/ ƒ…=че…,L .=-
!=*2е!,“2,* `qj .*","=ле…2…/е “,“2ем/ 3!="-
…е…,L (2).,.(3) K3д32 ,ме2ь “лед3ю?,L ",д:

1 2 3 4 5

1 2 3 4 5

3 2 1 4 5 min;
1 1 2 2 3 max,

x x x x x
x x x x x

+ + + + →⎧
⎨ + + + + →⎩

  (4)

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

2 3 4 1 5 5;
3 4 1 2 1 5;
3 2 2 4 1 5.

x x x x x
x x x x x
x x x x x

+ + + + ≥⎧
⎪ + + + + ≤⎨
⎪ + + + + ≤⎩   

(5)

rC!%“2,м “,“2ем/ (4) , (5). dл  .2%г% "/C%л-
…,м " 3!="…е…,, (4) %Cе!=ц,ю "/ч,2=…,  ,ƒ Cе!-
"%г% 3!="…е…,  "2%!%г%, дл  2%г% ч2%K/ …=L2, 
!еше…,е, 3д%"ле2"%! ю?ее %д…%"!еме……% д"3м 
*!,2е!, м. b .2%м “л3ч=е ƒ=д=ч= м…%г%*!,2е-
!,=ль…%L %C2,м,ƒ=ц,, “,“2ем/ (4) , (5) м%›е2 
K/2ь “"еде…= * ƒ=д=че л,…еL…%г% K3ле"%г% C!%-
г!=мм,!%"=…,  ",д=:

 1 2 3 4 52 1 1 2 2 0x x x x x+ − + + → ,  (6)

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

2 3 4 1 5 5;
3 4 1 2 1 5;
3 2 2 4 1 5.

x x x x x
x x x x x
x x x x x

+ + + + ≥⎧
⎪ + + + + ≤⎨
⎪ + + + + ≤⎩   

(7)

pеше…,ем дл  ƒ=д=ч (6) , (7)  "л ю2“  "2%!%L 
(x2 =1) , 2!е2,L (x3 =1) "=!,=…2/ `qj, *%2%!/е 
".%д 2 " ,“*%м/L “%“2=" …=K%!= “!ед“2" *%…2!%л . 
n“2=ль…/е "=!,=…2/ `qj x1 = 0, x4 = 0 , x5 = 0 
…е 3д%"ле2"%! ю2 3“л%",ю !="е…“2"= (6) …3лю. 

o!,ме…е…,е м…%›е“2"= %C2,м=ль…% !=“C%л%-
›е……/. .леме…2%" " ƒ=д=ч=. л,…еL…%L %C2,м,ƒ=-
ц,,. mе%K.%д,м% C% “…,2ь, *=*,м %K!=ƒ%м "%“-
“2=…="л,"=2ь ,“.%д…/е ƒ…=че…,  …е,ƒ"е“2…/., 
е“л, !еше…,е ƒ=д=ч, C%л3че…% “ C%м%?ью C!ед-
л%›е……%г% "/ше C%д.%д= " C!е%K!=ƒ%"=……%м 
",де. p=““м%2!,м " %K?ем ",де ƒ=д=ч3 л,…еL…%г% 
C!%г!=мм,!%"=…, , %C,“/"=ем3ю “лед3ю?еL 
“,“2ем%L 3!="…е…,L:

1 2 3 45 3 4 3 maxy x x x x x= + + + →( ) , (8)

1 2 3 4

1 2 3

4

1 2 3 4

1500 1000 2000 1400 3000;
0,0001 0,0003 0,0002
0,0002 0,0005;

3 4 3 4 7.

x x x x
x x x
x

x x x x

− + + ≤⎧
⎪− + + +⎪
⎨+ ≤⎪
⎪ + + + ≤⎩   

(9)

m=Lд‘м !еше…,е, ,“C%льƒ3  люK%L м=2ем=2,-
че“*,L C=*е2 2,C= &MathCad[, &Mathematica[ ,л, 
&Maple[. 0еле"=  -3…*ц,  (8) д%“2,г=е2 м=*“,-
м=ль…%г% ƒ…=че…,  y(x) = 11,056, е“л, Cл=… ƒ=д=-
ч, (8).#.(9) “%де!›,2 2%ч*, x1 = 2,111, x2 = 0,167, 
x3 = 0 , x4 = 0.

o!%"ед‘м ƒ=ме…3 "е?е“2"е……/. ƒ…=че…,L " ,“-
.%д…%L ƒ=д=че л,…еL…%г% C!%г!=мм,!%"=…,  …= 
цел%ч,“ле……/е ƒ…=че…,  “%гл=“…% !=ƒ!=K%2=……%-
м3 C%д.%д3. q 3ч‘2%м C!%"ед‘……%L ƒ=ме…/ ƒ=д=ч= 
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л,…еL…%г% C!%г!=мм,!%"=…, , .*","=ле…2…=  ƒ=-
д=ч=м (8).,.(9), C!,ме2 ",д

1 2 3 4( ) 3 1 2 1 maxy x x x x x= + + + →� ,  (10)

1 2 3 4

1 2 3 4

1 2 3 4

3 1 4 2 5;
1 3 2 2 4;

1 2 1 2 4.

x x x x
x x x x

x x x x

− + + ≤⎧
⎪− + + + ≤⎨
⎪ + + + ≤⎩   

(11)

pеше…,ем ƒ=д=ч, (10).#.(11)  "л ю2“  2%ч*, 
x1 = 2, x2 = 2, x3 = 2 , x4 = 2 C!, ƒ…=че…,, целе-
"%L -3…*ц,, 7)( =xy~ . dл  2%г% ч2%K/ "%““2=…%-
",2ь ,“2,……/е ƒ…=че…,  Cе!еме……/. x1 , x2 дл  
,“.%д…%L ƒ=д=ч, л,…еL…%г% C!%г!=мм,!%"=…,  
(8).#.(9), …е%K.%д,м% C%…,ƒ,2ь е‘ !=ƒме!…%“2ь ƒ= 
“ч‘2 ,“*люче…,  …3ле"/. Cе!еме……/. x3 = 0 , 
x4 = 0. Š=*,м %K!=ƒ%м, ƒ=д=ч= л,…еL…%г% C!%г!=м-
м,!%"=…,  (8).#.(9) K3де2 “"еде…= * “,“2еме л,-
…еL…/. 3!="…е…,L:

1 2

1 2

1 2

1500 1000 3000;
0,0001 0,0003 0,0005;

3 4 7.

x x
x x

x x

− =⎧
⎪− + =⎨
⎪ + =⎩   

(12)

b/!=ƒ,м Cе!еме……3ю x1 ,ƒ 2!е2ьег% 3!="…е…,  
, C%д“2=",м е‘ " Cе!"%е 3!="…е…,е, ƒ=2ем …=Lд‘м 
!еше…,е дл  “,“2ем/ (12): x1 = 2,111, x2 = 0,167. 
n2ме2,м, ч2% C%л3че……%е !еше…,е  "л е2“  !е-
ше…,ем ƒ=д=ч, л,…еL…%г% C!%г!=мм,!%"=…,  
(8).#.(9). 

g=*люче…,е. o!,ме…е…,е м…%›е“2"= %C2,-
м=ль…% !=“C%л%›е……/. .леме…2%" " ƒ=д=ч=. л,-
…еL…%L , м…%г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, =C-
C=!=2…/. ч=“2еL `qj p}n C%ƒ"%л е2:

 %“3?е“2",2ь Cе!е.%д %2 !=ƒл,ч…/. ед,…,ц ,ƒ-
ме!е…,  Š}u ̀ qj p}n * %д…%L 3“л%"…%L ед,…,-
це ,ƒме!е…, ;

 C!,"е“2, !=ƒл,ч…/е C%! д*, ч,“ле……/. ƒ…=-
че…,L Š}u %KAе*2%" p}n , !=ƒ!=K=2/"=ем/. дл  
…,. `qj p}n * цел%ч,“ле……/м ƒ…=че…, м;

 "/C%л…,2ь C!%цед3!3 &%Kеƒ!=ƒме!,"=…, [ ,“-
.%д…/. д=……/. Kеƒ ,“C%льƒ%"=…,  -3…*ц,, 
“2!е““=, ,“C%льƒ3ем%L " ме2%д=. м…%г%ме!…%г% 
ш*=л,!%"=…, ;

 C%…,ƒ,2ь !=ƒме!…%“2ь ƒ=д=ч л,…еL…%L , м…%-
г%*!,2е!,=ль…%L %C2,м,ƒ=ц,, Kеƒ C%2е!, ,…-
-%!м=ц,,; 

 %K%“…%"=2ь “"%д…3ю целе"3ю -3…*ц,ю " ƒ=д=-
ч=. м…%г%*!,2е!,=ль…%L , м…%г%C=!=ме2!,че-
“*%L %C2,м,ƒ=ц,,.

o!,ме…е…,е м…%›е“2"= %C2,м=ль…% !=“C%л%-
›е……/. .леме…2%" дл  C!е%K!=ƒ%"=…,  *%.--,-
ц,е…2%" # ч,“ле……/. ƒ…=че…,L Š}u `qj p}n " 
ƒ=д=ч=. л,…еL…%L , м…%г%*!,2е!,=ль…%L %C2,-
м,ƒ=ц,, =CC=!=2…/. ч=“2еL `qj p}n "/C%л…е-
…% C!, C%дде!›*е г!=…2= o!еƒ,де…2= p%““,L“*%L 
tеде!=ц,, 1 lj#3735.2004.10.
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10. o%д,…%"“*,L b.b., m%г,… b.d. o=!е2%-%C2,м=ль-
…/е !еше…,  м…%г%*!,2е!,=ль…/. ƒ=д=ч. l.: q2=2,“2,-
*=, 1977. 128 “. 

11. u.дм, `. Š=.=. b"еде…,е " ,““лед%"=…,е %Cе!=-
ц,L. 6-е ,ƒд. / oе!. “ =…гл. b.h. ŠюC2,, `.`. l,…ь*% / 
o%д !ед. e.d. d=",д …. l.: hd &b,ль м“[, 2001. 912 “.

12. j,…, p.k., p=L-= u. o!,… 2,е !еше…,L C!, м…%-
г,. *!,2е!, .: C!едC%ч2е…,  , ƒ=ме?е…,  / oе!. “ =…гл. 
b.b. o%д,…%"“*%г%, l.c. c=-2= , д!. / o%д !ед. h.t. 
x=.…%"=. l.: p=д,% , “" ƒь, 1981. 560 “.
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rdj 004.451.1

 h.h. k="!еш, *=…д. 2е.…. …=3* (q/*2/"*=!“*,L ле“…%L ,…“2,232 # -,л,=л cnr bon &q=…*2-
oе2е!K3!г“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем,  ,м. q.l. j,!%"=[) 

lavr@rkomi.ru

q`lnnpc`mhg`0h“ nazejŠnb rop`bkemh“ h lep{ qnck`qnb`mh“ 
hmŠepeqnb qrazejŠ` h nazejŠ` rop`bkemh“

 n2мече…/ %“%Kе……%“2,  C%… 2,  &“=м%%!г=…,ƒ=ц, [ C!,ме…,2ель…% * .леме…2=м ,“*3“-
“2"е……/. “,“2ем. q-%!м3л,!%"=…/ %“…%"…/е “"%L“2"= “=м%%!г=…,ƒ=ц,, *=* -=*2%!=, “C%-
“%K…%г% “…,ƒ,2ь .--е*2,"…%“2ь 3C!="ле…,  ,“*3““2"е……/м, “,“2ем=м,. o!,"еде…/ м=*-
!%м%дел, %!г=…,ƒ=ц,%……/. “,“2ем. nC,“=…/ ме!/ !=““%гл=“%"=…,  (“%гл=“%"=…, ) ,…2е!е-
“%" “3KAе*2= , %KAе*2= 3C!="ле…,  ,л, C%д"ед%м“2"е……%г% %KAе*2=. 

jлюче"/е “л%"=: м=*!%м%дел, %!г=…,ƒ=ц,%……/. “,“2ем,  !=…›,!%"*= C%*=ƒ=2елеL,  ме!= “%-
гл=“%"=…,  ,…2е!е“%".

Conception features &self-organization[ with regard to artificial systems components are noted. 
Self-organization basic characteristics as factor capable to lower of the artificial systems control 
efficiency are formulated. Organizational systems macro models are adduced. Mismatch (agreement) 
measures of the control subject and object requirements or the dependant object requirements are 
described.

Key words: organizational systems macro models, indexes regulating, requirements agreement.

b"еде…,е. q=м%%!г=…,ƒ=ц,  p 2е!м,…, ,“C%ль-
ƒ3ем/L " “,…е!ге2,*е, *%2%!/L " 2е%!,, “,“2ем 
д% 80-. гг. XX ". …е C!,ме… л“ , = ,“C%льƒ%"=л“  
2е!м,… &“=м%3C!="ле…,е[ [1]. oе!"/е м=*!%м%де-
л, %!г=…,ƒ=ц,%……/. “,“2ем ƒ=,м“2"%"=…/ ,ƒ *,-
Kе!…е2,*,. b …,. “3KAе*2 3C!="ле…,  3мее2 л3чше 
, ,мее2 C!="% Cл=…,!%"=2ь деL“2",  %KAе*2= 
3C!="ле…, , = %KAе*2 3C!="ле…,  3мее2 л,шь .%-
!%ш%, д%K!%“%"е“2…% ,“C%л… 2ь !еше…,  “3KAе*-
2= 3C!="ле…, . Šе%!,  ,““лед%"=…,  %Cе!=ц,L 
(60-е гг. XX ".), " !=м*=. *%2%!%L “%"е!ше…“2"%-
"=л“  “,“2ем…/L C%д.%д, !=ƒ","=л=“ь " %“…%"…%м 
" .2%м …=C!="ле…,,. 

nд…=*% C%C/2*, C!,ме…е…,  2е%!,, ,““ле-
д%"=…,  %Cе!=ц,L , “,“2ем…%г% C%д.%д= " …=-
!%д…%м .%ƒ L“2"е ("…е %K%!%……%L 2ем=2,*,) 
"“2!е2,л,“ь “ K%льш,м, 2!3д…%“2 м,. nд…%L ,ƒ 
…е%›,д=……%“2еL дл  C!,"е!›е…це" “,“2ем…%г% 
C%д.%д= * ,““лед%"=…, м K/л% …=!3ше…,е г,-
C%2еƒ/ % !="…%L ƒ=,…2е!е“%"=……%“2, " !еƒ3ль-
2=2=. -3…*ц,%…,!%"=…,  , !="…%L “2еCе…, ,. 
C%л3че…,  3 “3KAе*2= , %KAе*2= 3C!="ле…, . 
b %K?ем “л3ч=е .леме…2/ %KAе*2= 3C!="ле-
…,  ,мею2 “%K“2"е……/е ,…2е!е“/, …е "“егд= 
C%л…%“2ью “%"C=д=ю?,е “ ,…2е!е“=м, “3KAе*2= 
3C!="ле…, . o!е›де "“ег%, …е“%"C=де…,е *=-
“=е2“  “C%“%K%" C%л3че…,  !еƒ3ль2=2%", = …е “=-
м,. !еƒ3ль2=2%" -3…*ц,%…,!%"=…, . b ! де 
“л3ч=е" %KAе*2 м%›е2 %2*=ƒ=2ь“  "/C%л… 2ь 
C!едC,“=……/е ,л, %›,д=ем/е “3KAе*2%м 3C!="-
ле…,  деL“2", . n… м%›е2 деL“2"%"=2ь ,…=че, 

ƒ=2 г,"=  “!%*, C%л3че…,  %›,д=ем/. !еƒ3ль-
2=2%" ,л, “!%*,, C%л3ч=  …е“*%ль*% д!3г,е !е-
ƒ3ль2=2/.

n“…%"…=  ч=“2ь. j,Kе!…е2,че“*=  м=*!%м%дель 
%!г=…,ƒ=ц,%……%L “,“2ем/ ,мее2 ",д, C!ед“2="-
ле……/L …= !,“.1.

q,“2ем= дел,2“  …= д"е ч=“2,: “3KAе*2 , %KAе*2 
3C!="ле…,  [2], = “%“2% …,е “,“2ем/ %C,“/"=е2“  
3…,"е!“3м%м A. q%“2% …,е "…еш…еL “!ед/ %C!е-
дел е2“  3…,"е!“3м%м W. b !еƒ3ль2=2е -3…*ц,%-
…,!%"=…,  “,“2ем/ C%л3ч=ю2 !еƒ3ль2=2/ S, *%2%-
!/е  "л ю2“  ,“2,……/м C%дм…%›е“2"%м 3…,"е!-
“3м= A : S ⊂ A. pеƒ3ль2=2/ s, s ∈ S “л3›=2 ".%д…/м 
“,г…=л%м дл  “3KAе*2= 3C!="ле…,  (C%д“,“2ем/ 
д=……%L “,“2ем/). pеƒ3ль2=2/ S # .2% !еƒ3ль2=2/ 
де 2ель…%“2, %KAе*2= 3C!="ле…, ,  "л ю?,е“  
!е=*ц,еL %KAе*2= 3C!="ле…,  …= д"= ".%д…/. 

w

W

x

S

p,“. 1. j,Kе!…е2,че“*=  м=*!%м%дель %!г=…,ƒ=-
ц,%……%L “,“2ем/



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 3 37

“,г…=л=: "%ƒдеL“2",  "…еш…еL “!ед/ Δw , 3C!="-
ле…че“*,. "%ƒдеL“2",L x, "/!=K=2/"=ем/. %KAе*-
2%м 3C!="ле…,  *=* !е=*ц,  …= %2*л%…е…,е 2е*3-
?,. !еƒ3ль2=2%" s %2 …е*%2%!/. Cл=…%"/. ƒ…=че-
…,L S 

Cл. 
Šе!м,… “=м%%!г=…,ƒ=ц,  " “,…е!ге2,*е “2!%г% 

…е %C!едел е2“ , *=* .2% 2!еK3е2 л%г,*= (че!еƒ 
!%д , ",д), = ""%д,2“  ме2=-%!,че“*,. b C%“лед-
…,е г%д/ C!едC!,…,м=ю2“  C%C/2*, %C,“=…,  
де 2ель…%“2, “,“2ем, " *%2%!/. …=! д3 “ 3C!="-
ле…,ем -,г3!,!3е2 “=м%%!г=…,ƒ=ц, . 

q=м%%!г=…,ƒ=ц,  # .2% ",д деL“2",L .леме…2%" 
,“*3““2"е……/. “,“2ем, "/!=›=ю?,L“  " “2,.,L-
…%м 3C%! д%че…,, деL“2",L, …=C!="ле……/. …= 
%Kе“Cече…,е “%K“2"е……/. ,…2е!е“%", “%гл=“3ем/. 
" %C!едел‘……/. C!едел=. “ ,…2е!е“=м, “3KAе*2= 
3C!="ле…, , ƒ=",“ ?,. %2 %K“2=…%"*, , %K!=ƒ= 
деL“2",L “3KAе*2= 3C!="ле…, .

mе%K.%д,м% %2ме2,2ь “лед3ю?,е %“%Kе……%“2, 
.2%г% C%… 2, . b%-Cе!"/., %…% C!,ме…,м% л,шь 
* .леме…2=м ,“*3““2"е……/. “,“2ем. j  "ле…, м 
, C!%це““=м C!,!%д/ ег% C!,ме…е…,е …е%C!="-
д=……%: дл  ,. %C,“=…,  " …=3*е C!,ме… е2“  C%-
… 2,е &ƒ=*%…/ C!,!%д/[. b%-"2%!/., C%дче!*,-
"=е2“ , ч2% 3C%! д%че…,е деL“2",L .леме…2%" 
C!%,“.%д,2 “2,.,L…%, 2. е. …е2 …е*%ег% %!г=…,ƒ=-
ц,%……% %-%!мле……%г% це…2!=, *%2%!/L %“3?е“2-
"л е2 C%д!=ƒ3ме"=ем%е 3C%! д%че…,е деL“2",L. 
b-2!е2ь,., “2еCе…ь C%дч,…е…,  “%K“2"е……/. ,…-
2е!е“%" .леме…2%" ,…2е!е“=м “3KAе*2= 3C!="ле-
…,  ƒ=",“,2 %2 %K“2=…%"*, , %K!=ƒ= деL“2",L 
“3KAе*2= 3C!="ле…, . mе ,“*люч=ю2“  “,23=ц,,, 
*%гд= ,…2е!е“/ .леме…2%" “,“2ем/ C%л…%“2ью 
C%дч,… ю2“  ,…2е!е“=м “3KAе*2= 3C!="ле…, . 
nK!=ƒ деL“2",  “3KAе*2= 3C!="ле…,  # .2% %K%K-
?‘……=  .=!=*2е!,“2,*= “%Kлюде…,  …%!м м%!=-
л, , C!="= " %2…%ше…, . …=ч=ль…,*= , C%дч,-
…‘……/.. b-че2"‘!2/., “=м%%!г=…,ƒ=ц,  м%›е2 
K/2ь “"%L“2"е……= , …е*%2%!/м .леме…2=м “3KAе*-
2= 3C!="ле…, . b .2%м “л3ч=е !ечь ,де2 %K %2…%-
ше…, ., …еC%“!ед“2"е……% "/.%д ?,. ƒ= !=м*, 
ч,“2% “л3›еK…/. %2…%ше…,L, …% “C%“%K…/. *%“-
"е……% "л, 2ь …= *=че“2"% "/C%л… ем/. -3…*ц,L 
.леме…2%" “3KAе*2= 3C!="ле…, . b-C 2/., “=-
м%%!г=…,ƒ=ц,  C!, %C!едел‘……/. 3“л%", . м%-
›е2 2!=…“-%!м,!%"=2ь“  " %!г=…,ƒ=ц,ю деL“2-
",L, C!,%K!е2=  "“е =2!,K32/ C!%це““= 3C!="ле-
…, : …=л,ч,е …е*%2%!%г% це…2!=, м%›е2 K/2ь 
",!23=ль…%г%, *%%!д,…,!3ю?ег%, …=C!="л ю?е-
г% деL“2",  .леме…2%", д%K!%"%ль…% C%дч,… ю-
?,.“  .2%м3 це…2!3; …=л,ч,е Cл=…%" , ме.=…,ƒ-
м%" ,. !е=л,ƒ=ц,,. b .2%м “л3ч=е " !=м*=. “,“-
2ем/ C% "л е2“  е?‘ “,“2ем=, *%2%!=  …е %K ƒ=-
2ель…% C%л…%“2ью C%дч,… е2 “"%ю де 2ель…%“2ь 
3C!="ле…,ю “3KAе*2= 3C!="ле…, . o!, %C!еде-
л‘……/. 3“л%", . "ƒ=,м%деL“2",е “,“2ем м%›е2 
Cе!е!=“2, " *%…-л,*2. 

o!,"ед‘м %“…%"…/е “"%L“2"= “=м%%!г=…,-
ƒ=ц,, *=* -=*2%!=, “C%“%K…%г% "л, 2ь …= .--
-е*2,"…%“2ь 3C!="ле…,  ,“*3““2"е……/м, “,“-
2ем=м,: 

“=м%%!г=…,ƒ=ц, , *=* -е…%ме… “%ц,=ль…%L 
%!г=…,ƒ=ц,, ,…д,",д33м%" , ,. г!3CC, м%›е2 
,ме2ь …е“*%ль*% -=ƒ, %K!=ƒ3ю?,. ›,ƒ…е……/L 
ц,*л “=м%%!г=…,ƒ=ц,, %KAе*2= 3C!="ле…,  ,л, 
C%д"ед%м“2"е……%г% %KAе*2=: ƒ=!%›де…,е, “2=…%"-
ле…,е, !=ƒ",2,е, =*ме, Cе!е.%д " %!г=…,ƒ%"=……%е 
C!%2,"%“2% …,е “3KAе*23 3C!="ле…,  ,л, “C=д 
C!%2,"%“2% …, , C=!2…е!“2"% ,л, д!3г,е -%!м/ 
“%гл=“%"=…,  ,…2е!е“%" %KAе*2= , “3KAе*2= 3C!="-
ле…, ;

3*=ƒ=……/е "/ше -=ƒ/ ›,ƒ…е……%г% ц,*л= “=-
м%%!г=…,ƒ=ц,,  "л ю2“  …еч‘2*,м, м…%›е“2"=-
м, C% дл,2ель…%“2, , .=!=*2е!,“2,*=м C!% "ле-
…,  (“32, C!е2е…ƒ,L * “3KAе*23 3C!="ле…, , ч,“-
ле……%“2, г!3CC ,…д,",д33м%" “ %д…,м ",д%м 
C!е2е…ƒ,L , 2. д.);

…=ч=ль…/е -=ƒ/ ƒ=!%›де…, , “2=…%"ле…, , “=-
м%%!г=…,ƒ=ц,, …%“ 2 л=2е…2…/L .=!=*2е! , Kеƒ 
…ег=2,"…/. C%“лед“2",L м%г32 “=м%л,*",д,!%-
"=2ь“  ,л, Cе!еL2, " -=ƒ3 C=!2…‘!“2"= C!, “%%2-
"е2“2"3ю?,. деL“2", . “3KAе*2= 3C!="ле…, . 
b -=ƒе !=ƒ",2,  “=м%%!г=…,ƒ=ц,  целе…=C!="-
ле……% д,=г…%“2,!3е2“  , л,*",д,!3е2“  Kеƒ …е-
г=2,"…/. дл  “3KAе*2= 3C!="ле…,  C%“лед“2",L 
C!, ег% “%%2"е2“2"3ю?еL C%л,2,*е "ƒ=,м%деL-
“2",L “ %KAе*2%м 3C!="ле…,  (C%д"ед%м“2"е…-
…/м %KAе*2%м) ,л, Cе!е.%д,2 " -=ƒ3 C=!2…‘!“2-
"=, е“л, C%л,2,*= K3де2 …=C!="ле…= …= 3д%"ле-
2"%!е…,е "/ "ле……/. C%2!еK…%“2еL %KAе*2= 
3C!="ле…,  (C%д"ед%м“2"е……%г% %KAе*2=). d%“-
2,›е…,е -=ƒ/ =*ме д%“2=2%ч…% лег*% ,де…2,-,-
ц,!3е2“  …е 2%ль*% “%ц,%л%г,че“*,м, %C!%“=-
м,, …% , %K/ч…/м м%…,2%!,…г%м 3!%"…еL !еше-
…,  2е*3?,. ƒ=д=ч “,“2ем/ (“,“2ем=2,че“*%е 
C=де…,е ,л, “2=г…=ц,  %KAе*2,"…% ,ƒме!е……/. 
C%*=ƒ=2елеL C!, %д…,. , 2е. ›е 3C!="ле…че“*,. 
"%ƒдеL“2", . , C%.%›,. "…еш…,. 3“л%", . де -
2ель…%“2, “,“2ем/ # Cе!"/L C!,ƒ…=*  "…%г% 
C!%2,"%“2% …,  %KAе*2= , “3KAе*2= 3C!="ле-
…, ); 

“=м%%!г=…,ƒ=ц,  C!, 3"ел,че…,, C!%2,"%“2% -
…,  %KAе*2= , “3KAе*2= 3C!="ле…,  C!%.%д,2 C%-
“лед%"=2ель…% -=ƒ/ ƒ=!%›де…, , “2=…%"ле…, , 
!=ƒ",2, , =*ме, %!г=…,ƒ%"=……%г% C!%2,"%“2% -
…, , е“л, “3KAе*2 3C!="ле…,  …е “%гл=“%"/"=е2 
“"%, ,…2е!е“/ , ,…2е!е“/ .леме…2%" C%д"ед%м-
“2"е……%г% %KAе*2= ,л, %KAе*2= 3C!="ле…, , = C!, 
“%%2"е2“2"3ю?еL C%л,2,*е м%›е2 …=Kлюд=2ь“  
“C=д C!%2,"%“2% …,  д% люK%L C!едше“2"3ю?еL 
-=ƒ/; 

C=!2…‘!“2"% *=* -%!м= "ƒ=,м%деL“2",  %KAе*-
2= , “3KAе*2= 3C!="ле…,  # “%K/2,е м=л%"е!% 2-
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…%е " %2“32“2",, “%ц,=ль…%L C%л,2,*, “3KAе*2= 
3C!="ле…, ;

" 2!‘. …=ч=ль…/. -=ƒ=. "%ƒм%›…%“2, &=*2,"…%-
г%[ ,ƒме…е…,  2!=е*2%!,, “,“2ем/ …= м=л/. %2-
!еƒ*=. "!еме…, …=м…%г% "/ше 3 “3KAе*2= 3C!="-
ле…, ; " -=ƒе =*ме “2,.,L…%е C!%2,"%“2% …,е 
K%льш,…“2"= .леме…2%" %KAе*2= 3C!="ле…,  м%›-
…% л,*",д,!%"=2ь !еC!е““,"…/м, ме!=м,, %г%-
"%!е……/м, " “,“2ем=., “%ƒд="=ем/. …=Lм%м ,“-
C%л…,2елеL, ,л, C!ед3“м=2!,"=ем/. …%!м=2,"-
…/м, =*2=м, " “,“2ем=., “%ƒд="=ем/. C!,…3›де-
…,ем. 

Š=*%"/ %“…%"…/е “"%L“2"= “=м%%!г=…,ƒ=ц,, 
%KAе*2%" 3C!="ле…,  , C%д"ед%м“2"е……/. %KAе*-
2%" ,“*3““2"е……/. “,“2ем. nд…=*% “"%L“2"= 2!е-
K3ю2 “3?е“2"е……/. C%C!="%* * “3?е“2"3ю?,м 
2е%!, м “,“2ем. nд…= ,ƒ 2=*,. C%C!="%* “"%д,2-
“  * ƒ=ме…е !=…ее C!,… 2%L м=*!%м%дел, %!г=…,-
ƒ=ц,%……/. “,“2ем …= м%дель [3], C!ед“2="ле……3ю 
…= !,“. 2.

m= !,“. 2 C%*=ƒ=… е?‘ %д,… *%…23! “=м%%!г=-
…,ƒ=ц,, C%д"ед%м“2"е……%г% %KAе*2=, = …=л,ч,е 
д"%L…%L л,…,, (“Cл%ш…%L , C3…*2,!…%L) “,м"%-
л,ƒ,!3е2 !=ƒм/2%“2ь г!=…,ц “,“2ем/ “ "…еш…еL 
“!ед%L, ме›д3 %KAе*2%м , “3KAе*2%м 3C!="ле…,  
(C%д"ед%м“2"е……/м %KAе*2%м).

d!3г,м, ƒ=д=ч=м, 2е%!,,  "л ю2“ :
=) -%!м,!%"=…,е ме2%д%" д,=г…%“2,*, , C!%-

г…%ƒ,!%"=…,  "л, …,  “=м%%!г=…,ƒ=ц,, …= !е-
ƒ3ль2=2/ -3…*ц,%…,!%"=…,  “,“2ем;

K) %K%“…%"=…,е ме!/ !=““%гл=“%"=…,  (“%гл=-
“%"=…, ) ,…2е!е“%" “3KAе*2= , %KAе*2= 3C!="ле-
…,  ,л, C%д"ед%м“2"е……%г% %KAе*2=.

pеше…,е ƒ=д=ч, &K[  "л е2“  …е%K.%д,м/м 3“-
л%",ем !еше…,  ƒ=д=ч, &=[. n“2=…%",м“  …= е‘ 
!еше…,,.

q-%!м3л,!3ем =*“,%м/, …= %“…%"е *%2%!/. 
м%›…% …=L2, “%%2"е2“2"3ю?3ю ме!3 !=““%гл=“%-
"=…, /“%гл=“%"=…, .

`*“,%м= 1. q%C%“2="л ем/е ,…2е!е“/ ,…д,",-
д33м%" ,/,л, ,. г!3CC %2!=›=ю2“  " !=…›,!%"-
*=. ƒ…=ч,м%“2, (це……%“2,) “%"%*3C…%“2, C%*=ƒ=-
2елеL, “ %!,е…2=ц,еL …= ƒ…=че…,  *%2%!/. %…, 
“2!% 2 “"%, деL“2", .

gде“ь , д=лее !=…›,!%"*= C%*=ƒ=2елеL Ki , 
mi ,1= , m ≥ 2 %ƒ…=ч=е2, ч2% C%*=ƒ=2ел, !=“C%л%-

›е…/ C% 3K/"=…,ю ("%ƒ!=“2=…,ю) ,. "=›…%“2,. 
p=…›,!%"*= …=ƒ/"=е2“  3K/"=ю?еL, е“л, C%-
*=ƒ=2ел, !=“C%л=г=ю2“  C% 3K/"=…,ю. b д=ль-
…еLшем ,“C%льƒ3ю2“  ,ме……% 2=*,е !=…›,!%"-
*,. o% 3м%лч=…,ю ,“C%льƒ3е2“  2е!м,… !=…›,-
!%"*=.

 b 2е%!,, C%леƒ…%“2, !=…›,!%"*3 m C%*=ƒ=2е-
леL Ki, mi ,1= , ƒ=д=ю2 …е“*%ль*,м, “C%“%K=м,. 
nд,… ,ƒ …,. # “2!%г%е C!едC%ч2е…,е: Ki PKk %ƒ-
…=ч=е2, ч2% C%*=ƒ=2ель “ …%ме!%м i K%лее C!ед-
C%ч2,2еле…, чем k-L C%*=ƒ=2ель, i ≠ k;

Ki Ù Kk # %ƒ…=ч=е2 …е “2!%г%е C!едC%ч2е…,е, 
2. е. ,“2,……% 32"е!›де…,е: C%*=ƒ=2ель “ …%ме!%м 
k …е K%лее C!едC%ч2,2еле…, чем C%*=ƒ=2ель “ …%-
ме!%м i;

Ki ~ Kk %ƒ…=ч=е2, ч2% C%*=ƒ=2ел, “ …%ме!=м, i , 
k Kеƒ!=ƒл,ч…/, 2%ч…ее …е"е!…%, ч2% i-L C%*=ƒ=-
2ель C!едC%ч2,2ель…ее k-г% , k-L C%*=ƒ=2ель 
C!едC%ч2,2ель…ее i-г%. 

aеƒ!=ƒл,ч,е ,мее2 ме“2% " 2!‘. “л3ч= .:
C%*=ƒ=2ел, деL“2",2ель…% !="…%це……/;
%це…?,* ƒ=2!3д… е2“  %це…,2ь “!="…,2ель…3ю 

це……%“2ь C%*=ƒ=2елеL;
C%*=ƒ=2ел, C!,…ц,C,=ль…% …е“%C%“2=",м/, 

%…, ,ƒ !=ƒ…/. “-е! ›,ƒ…, , 2. д.
m=C!,ме!, “ч,2=е2“  =м%!=ль…/м “!="…,"=2ь 

це……%“2, ƒ=2!=2 …= ›,ƒ…е%Kе“Cече…,е , ш=…“/ 
…= "/›,"=…,е %2дель…%г% ,…д,",д33м=.

p=…›,!%"*= -%!м=ль…% " .2%м “л3ч=е м%›е2 
K/2ь ƒ=д=…= %2…%ше…, м, " C=!=. …%ме!%" C%*=-
ƒ=2елеL:

Kiα P Kkiα+1 ,л, Kiα ~ Kkiα+1 

, α = 1,1 −m , 

где α # C%! д*%"/L …%ме! C!е›…,. …%ме!%" i C%*=-
ƒ=2елеL, …% " !=…›,!%"*е α = 1 C!,“"=,"=е2“  “=м%-
м3 "=›…%м3 C%*=ƒ=2елю. 

o!, .2%м ме›д3 C%*=ƒ=2ел м, м%›е2 K/2ь 
“2!%г%е, …е“2!%г%е C!едC%ч2е…,е ,л, Kеƒ!=ƒл,-
ч,е.

j!%ме .2%г%, !=…›,!%"*3 м%›…% ƒ=д=2ь %C!е-
дел‘……/м !=“C%л%›е…,ем …=ƒ"=…,  C%*=ƒ=2елеL 
л,K% “2%лKц%м, л,K% “2!%*%L. d=лее ,“C%льƒ3е2-
“  C!ед“2="ле…,е !=…›,!%"*, " ",де “2%лKц= 
…=,ме…%"=…,L ,л, …%ме!%" C%*=ƒ=2елеL 2=*, ч2% 
"е!.…юю C%ƒ,ц,ю ƒ=…,м=е2 “=м/L це……/L C%*=-
ƒ=2ель дл  д=……%г% ,…д,",д33м= (г!3CC/), …,›е 
# “лед3ю?,L C% 3K/"=…,ю це……%“2, , 2. д. hме-
…= (…%ме!=) Kеƒ!=ƒл,ч…/. C% це……%“2, C%*=ƒ=2е-
леL !=“C%л=г=ю2“  " %д…%L “2!%*е. nд,… 2=*%L 
“2%лKец ƒ=C,“еL …=ƒ/"=е2“  ,…д,",д3=ль…/м 
C!%-,лем.

w

x

S

p,“. 2. l%дель ,“*3““2"е……%L “,“2ем/
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m=C!,ме!, C3“2ь ,мее2“  че2/!е C%*=ƒ=2ел  
(m = 4). d"= ,…д,",д33м= !=…›,!3ю2 ,. “лед3ю-
?,м %K!=ƒ%м (“м. 2=Kл).

dл  Cе!"%г% ,…д,",д33м= “=м/м це……/м C%-
*=ƒ=2елем  "л е2“  "=л%"%L "…32!е……,L "/C3“* 
(bbo), ƒ=2ем &o!%ме›32%ч…%е C%2!еKле…,е (i = 2)[ 
, &p=“.%д/ …= 3C!="ле…,е (i = 3)[. m=,ме…ее ƒ…=-
ч,м/м дл  …ег%  "л е2“  C%*=ƒ=2ель &q%ц,=ль-
…=  C%м%?ь (i = 4)[. dл  "2%!%г% ,…д,",д33м= “=-
м/м ƒ…=ч,м/м  "л е2“  C%*=ƒ=2ель &q%ц,=ль…=  
C%м%?ь (i = 4)[. lе…ее ƒ…=ч,м/м, , Kеƒ!=ƒл,ч-
…/м,  "л ю2“  C%*=ƒ=2ел, &bbo (i = 1)[, &o!%-
ме›32%ч…%е C%2!еKле…,е (i = 2)[, &p=“.%д/ …= 
3C!="ле…,е (i = 3)[. ““…%, ч2% .2, д"е !=…›,!%"-
*, “,ль…% %2л,ч=ю2“ .

m=  ƒ/*е “,м"%л%" .2% м%›…% ƒ=C,“=2ь " ",де

43211 : KKKKV ���
 

,
 

)~~(: 32142 KKKKV �
 

.

`*“,%м= 2. lе!= hj,k !=““%гл=“%"=…,  !=…›,!%-
"%* Vj , Vk ,…д,",д33м%" (г!3CC) j , k д%л›…= 
%2"еч=2ь 3“л%", м …%!м,!%"=…,  

0 ≤ hj,k ≤ 1, (1)

где 0 ,мее2 ме“2% " “л3ч=е C%л…%г% “%гл=“%"=…,  ,…-
2е!е“%" j-г% , k-г% ,…д,",д33м%" (г!3CC); 1 # C%л-
…%г% !=““%гл=“%"=…,  ,…2е!е“%";

“,мме2!,,

hj,k = hk,j ; 

…е!="е…“2"= 2!е3г%ль…,*=: hj,k ≤ hj,z + hk,z, z-L ,…-
д,",д33м (г!3CC=) ,мее2 ,…2е!е“/, C!%ме›32%ч-
…/е ме›д3 ,…2е!е“=м, j-г% , k-г% ,…д,",д33м%".

n“2=ль…/е =*“,%м/ “-%!м3л,!%"=…/ jеме…, 
# q…елл%м [4]. d%*=ƒ=…%, ч2% C!, ,“2,……%“2, =*-
“,%м “3?е“2"3е2 ед,…“2"е……=  -3…*ц,  (!=““2% -
…,е ме›д3 !=…›,!%"*=м, Vj , Vk), *%2%!=  ƒ=C,-
ше2“  " ",де

,
( , )

( , ) ( , ),j k i t j k
i t

d V V V V= β∑
 

(2)

V1 V2

bbo (i = 1) q%ц,=ль…=  C%м%?ь (i = 4)

o!%ме›32%ч…%е C%2!еKле…,е (i = 2) bbo (i = 1); C!%ме›32%ч…%е C%2!еKле…,е; 
(i = 2); !=“.%д/ …= 3C!="ле…,е (i = 3)

p=“.%д/ …= 3C!="ле…,е (i = 3) #

q%ц,=ль…=  C%м%?ь (i = 4) #

,

2, если  в  ранжировках
 и  пара  ( ) 

имеет противопо-
ложнуюранжировку,

в одной
ранжировкеи  
в другой ранжировке,

( , ) 1, если пара ( ) в одной
ранжировке связана 
строгим предпочтением

j k

i t

t i

i t j k

V V i,t

K K
K K

V V i,tβ =

�
�

,
а вдругой безразличием,

0, еслипара ( , )одинаково
проранжирована в и в ,

либо ,либо ,
либо

j k

i t t i

t i

i t
V V

K K K K
K K

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎪
⎨
⎪
⎪
⎪
⎪ −⎪
⎪
⎪
⎪
⎪
⎪

≈⎪⎩

� �

 

(3)

b C!,"ед‘……%м "/ше C!,ме!е !=…›,!%"%* V1 
, V2 ,мее2“  62

4 =С  "%ƒм%›…/. C=! %2…%ше…,L 
C%*=ƒ=2елеL, %2л,ч=ю?,.“  .%2  K/ %д…,м .ле-
ме…2%м: {i = 1, i = 2}, {i = 1, i = 3}, {i = 1, i = 4}, 
{i = 2, i = 3}, {i = 2, i = 4}, {i = 3, i = 4}, е“л, …е 
C!,…,м=2ь "% "…,м=…,е C%! д%* “лед%"=…,  …%-
ме!%" C%*=ƒ=2елеL.

dл  C!,"ед‘……%г% !=…ее C!,ме!= д"3. !=…›,-
!%"%* ,меем:

β1,2 = 1, 2=* *=* " !=…›,!%"*е V1 Cе!"/L C%*=-
ƒ=2ель “2!%г% C!едC%ч2,2ель…ее "2%!%г% C%*=ƒ=-
2ел , = " V2 %…, Kеƒ!=ƒл,ч…/;

β1,3 = 1 C% 3*=ƒ=……%L "/ше C!,ч,…е;
β1,4 = 2, 2=* *=* " !=…›,!%"*е V1 Cе!"/L C%*=-

ƒ=2ель “2!%г% C!едC%ч2,2ель…ее че2"е!2%г% C%*=-
ƒ=2ел , = " V2 # …=%K%!%2.

`…=л%г,ч…% 3“2=…="л,"=ем: β2,3 = 1, β2,4 = 2, 
β3,4 = 2.

b !еƒ3ль2=2е C%л3ч,м

d(V1,V2) = 4 + 3 + 2 = 9.

m=,K%льшее "%ƒм%›…%е ƒ…=че…,е -3…*ц,, 
2( , ) 2j k md V V C=  K3де2 2%гд=, *%гд= ƒ…=че…,е !=“-

“2% …,  дл  люK%L C=!/ …%ме!%" C%*=ƒ=2елеL ,. 
!=…›,!%"*, " Vj , Vk C!%2,"%C%л%›…/.

.
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Š%гд= ме!= !=““%гл=“%"=…,  ,…2е!е“%" ,…д,",-
д33м%" (г!3CC) hj,k " “%%2"е2“2",, “ =*“,%м%L 2 
д%л›…= "/ч,“л 2ь“  *=*

),(
2

1
2, kj
m

kj VVd
C

h = . (4)

}2= ме!= ед,…“2"е……= . b%-Cе!"/., “%гл=“…% 
д%*=ƒ=2ель“2"=м jеме…,#q…елл= !=““2% …,е 
d(Vj,Vk), "/ч,“л ем%е C% -%!м3л=м (2) , (3), # 
ед,…“2"е……=  -3…*ц, , %2"еч=ю?=  =*“,%м=м 
jеме…,–q…елл=. b%-"2%!/., 2!еK%"=…,е 0 ≤ hj,k ≤ 1 
…е C!%2,"%!еч,2 2!еK%"=…,ю =*“,%м/ jеме…,#
q…елл= d(Vj,Vk) ≥ 0. n2“юд= “лед3е2 “C!="едл,-
"%“2ь 32"е!›де…,  % ед,…“2"е……%“2, ме!/ hj,k " 
-%!ме (4).

lе!= !=““%гл=“%"=…,  ,…д,",д33м%" %2"еч=е2 
3“л%",ю (1), 2. е. %…= …е%2!,ц=2ель…= , C!,…,-
м=е2 …=,K%льшее ƒ…=че…,е, !="…%е ед,…,це, 2%-
гд= , 2%ль*% 2%гд=, *%гд= “!="…,"=ем/е ,…2е!е“/ 
д"3. ,…д,",д33м%" ,л, г!3CC деL“2",2ель…% ,ме-
ю2 C! м% C!%2,"%C%л%›…/е %це…*, C!едC%ч2е-
…,  " *=›д%L C=!е C%*=ƒ=2елеL.

bел,ч,…= hj,k е“2ь %це…*= д%л, C=! …%ме!%" 
,м‘… C%*=ƒ=2елеL, ,мею?,. C!%2,"%C%л%›…3ю 
,л, …е“.%›3ю це……%“2ь дл  д"3. ,…д,",д33м%" 
(г!3CC): 3 %д…%г% ,…д,",д33м= " д=……%L C=!е C%-
*=ƒ=2елеL “2!%г% C!едC%ч2,2ель…/м  "л е2“  
Cе!"/L " C=!е …%ме!, 3 д!3г%г% # "2%!%L …%ме! 
(,м ) C%*=ƒ=2ел , ,л, 3 %д…%г% C=!= C%*=ƒ=2елеL 
“" ƒ=…= %2…%ше…,ем, = 3 д!3г%г% # “2!%г,м C!ед-
C%ч2е…,ем, 2. е. …е2 C%л…%г% “.%д“2"=.

o!%д%л›,м !=““м%2!е…,е C!,ме!=. b“ег% C=!, 
!=ƒл,ч=ю?,.“  .%2  K/ %д…,м …%ме!%м C%*=ƒ=-

2елеL, 62
4 =C . Š%гд= 1,2

1 9 0,75
2 6

h = =
⋅

, 2. е. ,мее2 

ме“2% “%гл=“%"=…,е л,шь че2"е!2ь %2 %K?ег% ч,“-
л= C=!. Š=*=  .=!=*2е!,“2,*= г%"%!,2 % …,ƒ*%м 
3!%"…е “%гл=“%"=…,  це……%“2еL C%*=ƒ=2елеL д"3-
м  ,…д,",д33м=м,.

b/ше C!едл%›е…= ме!= !=““%гл=“%"=…,  ,…2е-
!е“%" C=!/ ,…д,",д33м%" (г!3CC/) C!, %!г=…,-
ƒ=ц,, ,. деL“2",L “ %!,е…2=ц,еL …= %C2,м,ƒ=-
ц,ю ƒ…=че…,L ,мею?еL“  “%"%*3C…%“2, C%*=ƒ=-
2елеL. Šем “=м/м !еше…= ƒ=д=ч= &K[, “-%!м3л,-
!%"=……=  !=…ее.

nд…=*% .2% е?‘ …е !еш=е2 ƒ=д=ч3 -%!м,!%"=-
…,  ме2%д%" д,=г…%“2,*, “%“2% …,  C!%це““%" 
“=м%%!г=…,ƒ=ц,, , ,. "%ƒм%›…%г% "л, …,  …= 
де 2ель…%“2ь “,“2ем/.

d,=г…%“2,*= “%“2% …,  “=м%%!г=…,ƒ=ц,, , 
3!%"…  “%гл=“%"=…,  “ ,…2е!е“=м, “3KAе*2= 
3C!="ле…,  …= -%!м=ль…%м 3!%"…е м%›е2 K/2ь 
“"еде…= * C!%цед3!е "/ч,“ле…,  ме!/ “%гл=“%"=-
…,  ,…2е!е“%" “3KAе*2= , %KAе*2= 3C!="ле…, . 
nK%ƒ…=ч,м .23 ме!3 hc,o, где “ # .2% “3KAе*2 
3C!="ле…, , = % # %KAе*2 3C!="ле…, . Vc # .2% 

!=…›,!%"*= %“…%"…/. C%*=ƒ=2елеL, %C,“/"=ю-
?,. “2еCе…ь д%“2,›е…,  целеL , ƒ=д=ч “,“2ем/, 
= V% # !=…›,!%"*= C%*=ƒ=2елеL, %2!=›=ю?,. ,…2е-
!е“/ %KAе*2= 3C!="ле…,  ,л, C%д"ед%м“2"е……%г% 
%KAе*2=.

e“л, “%"%*3C…%“2ь C%*=ƒ=2елеL, ".%д ?,. " 
!=…›,!%"*3 V“, , “=м= !=…›,!%"*= ,ƒ"е“2…/ 
“3KAе*23 3C!="ле…, , 2% -%!м,!%"=…,е Cе!еч…  
C%*=ƒ=2елеL, *%2%!/е …=д% "*люч,2ь " !=…›,!%"-
*3 V% # “л%›…=  C!%Kлем=.

oе!"%е C!,C 2“2",е # .2% л=2е…2…/L д% %C!е-
дел‘……%г% "!еме…, .=!=*2е! %це…%* 3д%"ле2"%-
!‘……%“2, C%л%›е…,L %2дель…/. ,…д,",д33м%" " 
“,“2еме. b2%!%е C!еC 2“2",е # 2!3д…=  -%!м=л,-
ƒ3ем%“2ь 2=*,. %це…%*, 2. е. ƒ=2!3д…е…,е %2дель-
…/м, ,…д,",д33м=м, -%!м3л,!%"*, “32, C!е-
2е…ƒ,L, …ед%"%ль“2"= " ",де C%*=ƒ=2елеL, ме… ю-
?,.“  %2 3“л%",L. Š!е2ье C!еC 2“2",е # м…%г%-
ч,“ле……%“2ь ,…д,",д3=ль…/. %це…%*. q"еде…,е 
%це…%* 3д%"ле2"%!е…,  / …е3д%"ле2"%!е…,  “"%-
,м C%л%›е…,ем " “,“2еме м…%г,. ,…д,",д33м%" 
" %д…3 # .2% C!%Kлем= м…%г%*!,2е!,=ль…%“2,: " 
-%!м3ле (4) C!ед3“м=2!,"=е2“  "“ег% %д…= !=…-
›,!%"*= (" д=……%м “л3ч=е !=…›,!%"*= V%), = " 
!е=ль…%L ›,ƒ…, ,…д,",д33м%", ".%д ?,. " %KA-
е*2 3C!="ле…, , м%›е2 K/2ь %че…ь м…%г%. }2= 
C!%Kлем= !еш=е2“  " 2е%!,, г!3CC%"/. !еше…,L, 
".%д ?еL *%мC%…е…2%м " 2е%!,ю C%леƒ…%“2, [5]. 

n“…%"…/м, м%ме…2=м, C%д.%д= * д,=г…%“2,*е 
“%“2% …,  “=м%%!г=…,ƒ=ц,, %KAе*2= 3C!="ле…,  
*=* -=*2%!=, C%2е…ц,=ль…% “…,›=ю?ег% *=че“2-
"% 3C!="ле…,  “,“2ем=м,,  "л ю2“ : 
д,=г…%“2,*= %“3?е“2"л е2“  Cе!,%д,че“*, (C% 

=…=л%г,, “ !егл=ме…2…/м, !=K%2=м,, C!ед3“м=2-
!,"=ем/м, C!, .*“Cл3=2=ц,, “л%›…%L 2е.…,*,), 
= 2=*›е C!, “,“2ем=2,че“*%м !=“.%›де…,  , 
%›,д=ем/. , д%“2,г=ем/. !е=ль…% !еƒ3ль2=2%" 
-3…*ц,%…,!%"=…, , C!е"/ш=ю?ем 3“2=…="л,-
"=ем/е дл  .2%L цел, …%!м/;

,“.%д…/м, д=……/м, дл  д,=г…%“2,*, “л3-
›=2 !еƒ3ль2=2/ “%ц,%л%г,че“*%г% %C!%“= чле…%" 
%KAе*2= 3C!="ле…,  (дл  .2%г% ,“C%льƒ3е2“  %!-
г=…,ƒ=ц,  %C!%“=, !е*%ме…д3ем=  " “%ц,%л%-
г,, [6]);
д=……/е “%ц,%л%г,че“*%г% %C!%“= % C!едC%ч2е-

…, . ,…д,",д33м%" *л=“2е!,ƒ3ю2“  2=*, ч2%K/ 
м…%›е“2"% .леме…2%" %KAе*2= 3C!="ле…,  K/л% 
!=ƒделе…% …= *л=““/, "…32!, *%2%!/. ме!= !=““%-
гл=“%"=…,  %2л,ч=л=“ь …е K%лее чем …= ƒ=д=……3ю 
"ел,ч,…3;
д,=г…%ƒ “%“2% …,  “=м%%!г=…,ƒ=ц,, -%!м3л,-

!3е2“  " 2е!м,…=. 2е%!,, …еч‘2*,. м…%›е“2":
“%“2% …,е “=м%%!г=…,ƒ=ц,, , 3!%"е…ь е‘ C!%-

2,"%“2% …,  ,…2е!е“=м “3KAе*2= 3C!="ле…,  “ч,-
2=ю2“  л,…г",“2,че“*%L Cе!еме……%L;

&ƒ…=че…, [ л,…г",“2,че“*%L Cе!еме……%L C!,-
…=дле›=2 …=K%!3 …еч‘2*,. м…%›е“2" # г!=д=ц,L 
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C%! д*%"%L ш*=л/ “% ƒ…=че…, м, -3…*ц,, C!,-
…=дле›…%“2, * *=›д%L 2=*%L г!=д=ц,, 3!%"…  
C!%2,"%“2% …, , =!г3ме…2%м *%2%!%L  "л ю2“  
ƒ…=че…,  ме!/ !=““%гл=“%"=…,  ,…2е!е“%" чле-
…%" *л=““= , “3KAе*2= 3C!="ле…, , = 2=*›е г!=д=-
ц,, !=…›,!%"=…/ " C%! д*е "%ƒ!=“2=…,  3!%"…  
C!%2,"%“2% …,  “=м%%!г=…,ƒ=ц,, 3C!="ле…,ю; 

C% !еƒ3ль2=2=м “%ц,%л%г,че“*%г% %C!%“= *=›-
д%м3 *л=““3 ,…д,",д33м%" %KAе*2= 3C!="ле…,  
(C%д"ед%м“2"е……%г% %KAе*2=) “2=",2“  " “%%2"е2-
“2",е ƒ…=че…,е ме!/ !=““%гл=“%"=…,  *=* “!ед-
…   дл  *л=““= “ ,…2е!е“=м, “3KAе*2= 3C!="ле-
…, , = C% …,м “%гл=“…% C!=",л=м …еч‘2*%г% "/-
"%д= [7] дел=е2“  "/"%д: * *=*%м3 ,л, *=*,м г!=-
д=ц, м 3!%"…  C!%2,"%“2% …,  %2…%“,2“  %це…*= 
*=›д%г% *л=““= ,…д,",д33м%";

%д…,м ,ƒ “C%“%K%" м…%г%*!,2е!,=ль…%L %це…-
*, 3!%"…  C!%2,"%“2% …,  %KAе*2= 3C!="ле-
…,  ,…2е!е“=м “3KAе*2= 3C!="ле…,   "л е2“  
"/"еде…,е ,2%г%"%L %це…*, *=* %д…%L ,ƒ г!=д=-
ц,L л,…г",“2,че“*%L Cе!еме……%L # 3!%"…  C!%-
2,"%“2% …,  ,…2е!е“%" %KAе*2= , “3KAе*2= 3C!="-
ле…, .

g=*люче…,е. Š=*,м %K!=ƒ%м, C!ед“2="ле…= C!,…-
ц,C,=ль…=  “.ем= д,=г…%“2,*, “%“2% …,  “=-
м%%!г=…,ƒ=ц,, %KAе*2= 3C!="ле…,  (C%д"ед%м“2-
"е……%г% %KAе*2=) *=* -=*2%!=, "л, ю?ег% …= *=-
че“2"% 3C!="ле…,  “,“2ем=м,. q-%!м3л,!%"=…/ 
=*“,%м/, …= %“…%"=…,, *%2%!/. м%›е2 K/2ь …=L-
де…= “%%2"е2“2"3ю?=  ме!= !=““%гл=“%"=…, /“%-

гл=“%"=…,  " “%%2"е2“2",, “ ме2%д=м, jеме…,#
q…елл=.

d=ль…еLш,е ,““лед%"=…,  2!еK3ю2 C!,ме…е-
…,  , д!3г,. ме2%д%" C%л3че…,  “%%2"е2“2"3ю-
?,. ме! !=““%гл=“%"=…, /“%гл=“%"=…,  ,…2е!е-
“%" %KAе*2= , “3KAе*2= 3C!="ле…, , …=C!,ме! 
ме2%д%", ,“C%льƒ3ю?,. =*“,%м/ }!!%3. 

a,Kл,%г!=-,че“*,е ““/л*,

1. j=!C,че" b.q. n!г=…,ƒ=ц,  , “=м%%!г=…,ƒ=ц,  
“%ц,=ль…/. “,“2ем. qл%"=!ь. l.: hƒд-"% p`cq, 2007. 
282 “.

2. q=д%"“*,L b.m. n“…%"=…,е %K?еL 2е%!,, “,“2ем. 
l.: m=3*=, 1974. 249 “.

3. k="!еш h.h. n“…%"…/е “"%L“2"= “=м%%!г=…,ƒ=-
ц,, %KAе*2%" 3C!="ле…,  , C%д"ед%м“2"е……/. %KAе*-
2%" ,“*3““2"е……/. “,“2ем / b.b. c!,K=…%", h.h. k="-
!еш, b.o. )е“…%*%" // VIII Conferinţă Internaţională 
BIT+ &Tehnologii informaţionale # 2008[, 25#27 apr. 2008, 
Chişinău Ch.: MoldInfoNet, 2008. q. 113#116.

4. p%Kе!2“ t.q. d,“*!е2…/е м=2ем=2,че“*,е м%дел, 
“ C!,л%›е…, м, * “%ц,=ль…/м, K,%л%г,че“*,м , .*%-
л%г,че“*,м ƒ=д=ч=м. l.: m=3*=, 1986. 496 “. 

5. t,шKе!… o. Šе%!,  C%леƒ…%“2, дл  C!,… 2,  !е-
ше…,L. l.: m=3*=, 1978. 352 “.

6. “д%" b.`. q%ц,%л%г,че“*%е ,““лед%"=…,е: ме2%-
д%л%г, , C!%г!=мм=, ме2%д/. q=м=!=: q=м=!. 3…-2, 
1995. 328 “.

7. tед3л%" ~.c., ~“%" `.a. q%ц,=ль…=  C%л,-
2,*=: -%!м=л,ƒ=ц, , ,ƒме!е…,е, C!%г…%ƒ,!%"=…,е. l.: 
nnn &`ге…2“2"% “%ц,=ль…/L C!%е*2[, 2007. 384 “.
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b"еде…,е. q%"!еме……%е “%“2% …,е “е2, h…2е!-
…е2 , Cе!“Cе*2,"/ е‘ !=ƒ",2,  “" ƒ=…/ …е 2%ль*% 
“ C% "ле…,ем …%"/. *%…цеCц,L “е2,, …% 2=*›е “ 
“%ƒд=…,ем …%"/. ме2%д%" , 2е.…%л%г,L, %C!еде-
л ю?,. !е=л,ƒ=ц,ю .2,. *%…цеCц,L. dл  *%…-
цеCц,, Web 2.0, C!едC%л=г=ю?еL !=ƒ",2,е !е-
“3!“%" “е2,, -%!м,!3ем/. ƒ= “ч‘2 C%льƒ%"=2ель-
“*%г% *%…2е…2=, "=›…/м,  "л ю2“  …%"/е м%дел, 
, ме2%д/ *%лле*2,"…%г% “%ƒд=…, , ,“C%льƒ%"=-
…,  , =…=л,ƒ= *%…2е…2=. b C%л…%L ме!е .2, ƒ=д=-
ч, д%л›…/ K/2ь !е=л,ƒ%"=…/ " C!%г!=мм…%м 
%Kе“Cече…,, “е2е"/. “%%K?е“2". b C%“лед…,е …е-
“*%ль*% ле2 " де 2ель…%“2ь “е2е"/. “%%K?е“2" 
"%"лече…/ м,лл,%…/ C%льƒ%"=2елеL. o% д=……/м 
=…=л,2,че“*%г% “е!",“= comScore World Metrix 
[1] “ ,ю…  2006 г. C% ,ю…ь 2008 г., 3 “ем, *!3C-
…еLш,. м,!%"/. “%ц,=ль…/. “е2еL !еƒ*% 3"ел,-
ч,л%“ь %K?ее *%л,че“2"% 3…,*=ль…/. C%льƒ%"=-
2елеL. m=C!,ме!, ƒ= д"= г%д= C%!2=л MySpace 
C!%дем%…“2!,!%"=л C!,!%“2 ч,“л= C%льƒ%"=2елеL 
…= 75 %, " !еƒ3ль2=2е чег% ег% =3д,2%!,  “%“2=",-
л= 117 мл… чел%"е*, = ч,“л% C%льƒ%"=2елеL C%!2=-
л= Facebook "/!%“л% …= 423 %, “%“2="," =3д,2%-
!,ю " 131 мл… чел%"е*.

nд…%L ,ƒ -%!м “е2е"/. “%%K?е“2"  "л ю2“  
“%%K?е“2"= C!=*2,*, (Community of Practice), 
%KAед,… ю?,е “Cец,=л,“2%", ƒ=,…2е!е“%"=……/. 
" C!,%K!е2е…,, , !=ƒ",2,, ƒ…=…,L " %C!едел‘…-
…%L %Kл=“2, , ,“C%льƒ%"=…,, ,. …= C!=*2,*е. 
o% "ле…,е 2=*,. “%%K?е“2" %2!=›=е2 "=›…3ю 
2е…де…ц,ю 2!=…“-%!м=ц,, “%%K?е“2" ,ƒ “!ед/ 
%K?е…,  " “!ед3 -%!м,!%"=…,  *%лле*2,"…%г% 
ƒ…=…, , *%2%!%е …=ч,…=е2 ,г!=2ь ƒ…=ч,2ель…3ю 

!%ль " !=ƒл,ч…/. “-е!=. де 2ель…%“2,. o%д2"е!-
›де…,ем .2%г%  "л е2“  2%, ч2% “е2е"/е “%%K?е“2-
"= “%ƒд=ю2“  …е 2%ль*% " h…2е!…е2е, …% , " “-е!е 
2!=д,ц,%……%г% K,ƒ…е“=. j%мC=…,, “%ƒд=ю2 “"%, 
"…32!е……,е “е2е"/е “%%K?е“2"= *=* “!ед“2"% 
3C!="ле…,  ƒ…=…, м, "…32!, *%мC=…,,. oл=2-%!-
м/ дл  !е=л,ƒ=ц,, “е2е"%г% “%%K?е“2"= "…32!, 
*%мC=…,, C!ед“2="ле…/ 2=*,м, C!%д3*2=м,, *=* 
Microsoft Share Point Portal Server, be` WebLogic 
Portal, IBM WebSphere Portal, OracleAS Portal.

q%%K?е“2"= C!=*2,*, C%ƒ"%л ю2 %KAед,…,2ь 
3ч‘…/. , C!=*2,*%", *%мCе2е…2…/. " %C!едел‘…-
…%L C!едме2…%L %Kл=“2, C% "“ем3 м,!3. nд…%L 
,ƒ %!г=…,ƒ=ц,%……/. -%!м …=3ч…%г% “е2е"%г% 
“%%K?е“2"=  "л ю2“  “е2, м=“2е!“2"= (Network of 
Excellence),  C!ед“2="ле……/е " e"!%Cе *=* “Cец,-
-,че“*,L ,…“2!3ме…2, !=ƒ!=K%2=……/L " ше“2%L , 
“едьм%L !=м%ч…/. е"!%CеL“*,. C!%г!=мм=. дл  
“%ƒд=…,  ед,…%г% е"!%CеL“*%г% C!%“2!=…“2"= [2]. 
nKAед,…е…,е 3ч=“2…,*%" “е2, м=“2е!“2"= …=C!="-
ле…% …= д%“2,›е…,е д%лг%“!%ч…%L , C!%г!е““,"-
…%L ,…2ег!=ц,, ,““лед%"=2ель“*%г% C%2е…ц,=л= 
3ч=“2…,*%", = 2=*›е …= C%л3че…,е …=3ч…/. !е-
ƒ3ль2=2%". 

nK/ч…% "/дел ю2 “лед3ю?,е -=*2%!/, *%2%-
!/е %C!едел ю2 -3…*ц,%…,!%"=…,е , !=ƒ",2,е 
“е2е"%г% “%%K?е“2"=:

…=л,ч,е ч‘2*% %K%ƒ…=че……%L 2ем=2,*, “%%K-
?е“2"=;

“%%2"е2“2",е 2ем=2,*, , ,…2е!е“%" 3ч=“2…,*%" 
“%%K?е“2"=;

…=л,ч,е “!ед“2" , ,…“2!3ме…2%" дл  3C!="ле-
…,  “%%K?е“2"%м;

rdj 001.891.573

 q.b. l=льце"=, д-! 2е.…. …=3*, C!%-., d.q. o!%це…*% 
(c%“3д=!“2"е……/L 3…,"е!“,2е2 # b/“ш=  ш*%л= .*%…%м,*,, г. l%“*"=)

dprotsenko@hse.ru

tnpl`khgnb`mm{i ondund j rop`bkemh~ qeŠeb{l
qnnayeqŠbnl op`jŠhjh

 p=““м%2!е…/ "%C!%“/ “%ƒд=…,  м=2ем=2,че“*%г%, ,…-%!м=ц,%……%г% , C!%г!=мм…%г% 
%Kе“Cече…,  дл  3C!="ле…,  “е2е"/м, “%%K?е“2"=м, C!=*2,*,. o!едл%›е…= м=2ем=2,че-
“*=  м%дель “%%K?е“2"=, !=““м%2!е…% е‘ ,“C%льƒ%"=…,е *=* %“…%"/ дл  !е=л,ƒ=ц,, %“…%"-
…/. -3…*ц,L “,“2ем/ 3C!="ле…,  " *%…2е*“2е “%"е!ше…“2"%"=…,  "ƒ=,м%деL“2",  3ч=“2-
…,*%" “%%K?е“2"= , -%!м,!%"=…,  C!едме2…%L %Kл=“2, “%%K?е“2"=. 

jлюче"/е “л%"=: “е2е"%е “%%K?е“2"% C!=*2,*,, м=2ем=2,че“*=  м%дель, C!%г!=мм…%е %Kе“Cе-
че…,е.

Creature questions of the mathematical, informational and programming support for the practice 
network community control are considered. Community mathematical model is proposed. This 
model utilization as basis for realization of the control system principal functions in the context of 
the participant interaction improvement and object community regions forming is considered.

Key words: practice network community, mathematical model, software.
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"%ƒм%›…%“2ь %C!едел 2ь , 3ч,2/"=2ь C!, 
3C!="ле…,, “%%K?е“2"%м .=!=*2е! %2…%ше…,L 
ме›д3 чле…=м, “%%K?е“2"=, %2…%ше…,е чле…%" 
“%%K?е“2"= * 2ем=м %K“3›де…, , ме!%C!, 2, м 
, 2. д.

rч,2/"=  “Cец,-,*3 “е2е"/. “%%K?е“2" C!=*-
2,*, *=* ,…“2!3ме…2= -%!м,!%"=…,  *%лле*2,"-
…/. ƒ…=…,L, 3C!="ле…,е ,м, “лед3е2 !=““м=2!,-
"=2ь " д"3. =“Cе*2=.: 3C!="ле…,е ,…-%!м=ц,%…-
…%L “!ед%L -3…*ц,%…,!%"=…,  “%%K?е“2"= , 
3C!="ле…,е ƒ…=…, м, “%%K?е“2"=. m=,K%лее Cе!-
“Cе*2,"…/м  "л е2“  ,…2ег!,!%"=……/L C%д.%д * 
3C!="ле…,ю, C%ƒ"%л ю?,L 3че“2ь %K= =“Cе*2=.

qег%д…  “3?е“2"3е2 K%льш%е *%л,че“2"% %!,-
г,…=ль…/. , “2=…д=!2…/. !еше…,L , ,…“2!3ме…-
2=ль…/. “!ед“2" дл  “%ƒд=…,  , 3C!="ле…,  ,…-
-%!м=ц,%……%L ,…-!=“2!3*23!%L “%%K?е“2"=. pе-
ше…,е м…%г,. "%C!%“%", “" ƒ=……/. “ “%ƒд=…,ем 
, !=ƒ",2,ем K=ƒ/ ƒ…=…,L “%%K?е“2"=, C!едл%-
›е…% " C!%е*2е &Semantic Web[ [3] ме›д3…=!%д-
…%L %!г=…,ƒ=ц,, World Wide Web Consortium 
(W3C). 

o!едл=г=ем/L C%д.%д * “%ƒд=…,ю ,…2ег!,!%-
"=……%L “,“2ем/ 3C!="ле…,  “%%K?е“2"%м %“…%"/-
"=е2“  …= “%ƒд=…,, , ,“C%льƒ%"=…,, м%дел, 
“%%K?е“2"= C!=*2,*,, C!ед“2="л ю?еL “%K%L 
%KAед,…е…,е ,…-%л%г,че“*%L  , %…2%л%г,че“*%L 
м%делеL. 

b=›…%L %“%Kе……%“2ью “%%K?е“2" C!=*2,*,  "-
л е2“  2%, ч2% %“…%"%L , !еƒ3ль2=2%м ,. “3?е“2-
"%"=…,   "л е2“  -%!м,!%"=…,е , !=ƒ",2,е %C!е-
дел‘……%L C!едме2…%L %Kл=“2,, *%2%!3ю …=ƒ/"=ю2 
д%ме…%м “%%K?е“2"= C!=*2,*,, C!ед“2="л ю?ег% 
“%K%L %Kл=“2ь ƒ…=…,L, %C!едел ю?3ю ,…2е!е“/ 
чле…%" “%%K?е“2"=, “2,м3л,!3ю?3ю ,. %K?е…,е 
, "*люч=ю?3ю %“…%"…/е C!%Kлем/, !еше…,ем 
*%2%!/. %…, ƒ=…,м=ю2“ . n“…%"…%L целью 3C!="-
ле…,  “%%K?е“2"%м  "л е2“  !=ƒ",2,е д%ме…= 
“%%K?е“2"=. }2% %C!едел е2 …е%K.%д,м%“2ь C!,-
ме…е…,  2=*,. ме2%д%" , ме.=…,ƒм%" 3C!="ле…,  
“%%K?е“2"%м, *%2%!/е C%ƒ"%л л, K/ 3ч,2/"=2ь 
“ем=…2,че“*,е “" ƒ, ме›д3 %KAе*2=м, “%%K?е“2-
"=. o%д %KAе*2%м “%%K?е“2"= C%…,м=е2“  люK%L 
“2!3*23!…/L *%мC%…е…2 “%%K?е“2"= ,л, C!%2е-
*=ю?,е " …‘м C!%це““/. Š=*,м %K!=ƒ%м, -%!м,-
!%"=…,е , !=ƒ",2,е д%ме…= “%%K?е“2"= C!%,“.%-
д,2 …= %“…%"е =…=л,ƒ= ,…-%!м=ц,,, “" ƒ=……%L “ 
%KAе*2=м, “%%K?е“2"= , ,. "ƒ=,м%деL“2",ем. }2% 
%C!едел е2 %“…%"…/е ƒ=д=ч,, !еше…,е *%2%!/. 
д%л›…= %Kе“Cеч,"=2ь C!%г!=мм…=  ,…-!=“2!3*23-
!= “%%K?е“2"= , ƒ=л%›е……/е " е‘ %“…%"3 м%дел,: 
-%!м,!%"=…,е , !=ƒ",2,е д%ме…= “е2е"%г% “%%K-
?е“2"=, "%ƒм%›…%“2ь “ем=…2,че“*%L ,…2ег!=ц,, 
3ч=“2…,*%" “%%K?е“2"= …= %“…%"е ед,…%г% C%… -
2,L…%г% =CC=!=2=, “%%2"е2“2",е 2ем=2,*, , ,…2е-
!е“%" 3ч=“2…,*%" “%%K?е“2"=, .--е*2,"…%е 
3C!="ле…,е “%%K?е“2"%м " *%…2е*“2е !=ƒ",2,  
ƒ…=…,L % ег% C!едме2…%L %Kл=“2,.

p=ƒ!=K%2*= м%дел, “%%K?е“2"= %“…%"/"=е2-
“  …= ег% !=““м%2!е…,, *=* “л%›…%L м…%г%3!%"-
…е"%L ,е!=!.,че“*%L “,“2ем/, “%“2% ?еL ,ƒ 
! д= C%д“,“2ем (2е.…,че“*%L, C!%г!=мм…%L, ,…-
-%!м=ц,%……%L, “ем,%2,че“*%L, л,…г",“2,-
че“*%L, “ем=…2,че“*%L, =дм,…,“2!=2,"…%L), “%-
"ме“2…%е -3…*ц,%…,!%"=…,е *%2%!/. C!% "-
л е2“  " ",де C!%це““%" “%ƒд=…,  , C%2!еKле…,  
,…-%!м=ц,, , ƒ…=…,L " %C!едел‘……%L C!едме2-
…%L %Kл=“2,. b “%%2"е2“2",, “ 2е%!,еL 2=*,. 
“,“2ем [4] …=,K%лее "=›…/м  "л е2“  !=““м%2-
!е…,е 2!‘. %“…%"…/. =“Cе*2%" %C,“=…,  “%%K-
?е“2"=: C%“2!%е…,е ,е!=!.,, =K“2!=*2…/. м%де-
леL, %C!еделе…,е 3!%"…еL ,е!=!.,, “л%›…%“2, 
C!,… 2,  !еше…,L , -%!м,!%"=…,е %!г=…,ƒ=-
ц,%……%L ,е!=!.,,.

q 2%ч*, ƒ!е…,  !=ƒл,ч…/. 3!%"…еL =K“2!=г,-
!%"=…,  “е2е"%е “%%K?е“2"% C!=*2,*, C!ед“2="-
л е2“  “емеL“2"%м *%…цеC23=ль…/. м%делеL, *=-
›д=  ,ƒ *%2%!/. %C,“/"=е2 ег% C%"еде…,е , 
“2!3*23!3 " !=м*=. …еƒ=",“,м/. (ме›д3 3!%"… -
м,) ƒ=*%…%", C!,…ц,C%" , C%… 2,L. o!, де*%м-
C%ƒ,ц,, “е2е"%г% “%%K?е“2"= C!=*2,*, м%›…% 
"/дел,2ь “лед3ю?,е %“…%"…/е 3!%"…,: ,…-%!-
м=ц,%……/L, “ем=…2,че“*,L , -3…*ц,%…=ль…/L, 
…= *=›д%м ,ƒ *%2%!/. ,“C%льƒ3ю2“  !=ƒ…/е м%-
дел, “%%K?е“2"=.

l%дель “е2е"%г% “%%K?е“2"= C!=*2,*, …= %C-
!едел‘……%м 3!%"…е  "л е2“  %д…%"!еме……% , 
%C,“=…,ем …е*%2%!%L е‘ C%д“,“2ем/, "/чле… е-
м%L ,ƒ ,“.%д…%L “,“2ем/ " “%%2"е2“2",, “ =K“2-
!=*2…%L де*%мC%ƒ,ц,еL.

h“C%льƒ%"=…,е м%делеL дл  “%ƒд=…,  C!%-
г!=мм…%г% ,…“2!3ме…2=!,  3C!="ле…,  “%%K?е-
“2"%м дел=е2 …е%K.%д,м/м %C!еделе…,е %!г=…,-
ƒ=ц,%……%L ,е!=!.,, , 3“2=…%"ле…,  “" ƒеL ме›-
д3 .леме…2=м, 3!%"…е"%L , %!г=…,ƒ=ц,%……%L 
,е!=!.,еL.

n!г=…,ƒ=ц,%……=  ,е!=!.,  “3?е“2"3ю?,. Web-
!е“3!“%" “е2е"/. “%%K?е“2" C!=*2,*, ,мее2, *=* 
C!=",л%, 2!‘.3!%"…е"3ю “2!3*23!3, " *%2%!%L 
м%›…% "/дел,2ь “лед3ю?,е 3!%"…,: ,…-%!м=ц,-
%……/L %KAе*2, ,…-%!м=ц,%……/L *л=“2е! , ,…-
-%!м=ц,%……3ю %Kл=“2ь. p=ƒ!=K=2/"=ем/е м%де-
л, “е2е"%г% “%%K?е“2"= C!=*2,*, …= "“е. 3!%"… . 
д%л›…/ ,ме2ь %д,…=*%"3ю %!г=…,ƒ=ц,%……3ю 
“2!3*23!3.

m= ,…-%!м=ц,%……%м 3!%"…е !=““м=2!,"=е2“  
2%ль*% “%"%*3C…%“2ь ,…-%!м=ц,,, C!ед“2="л ю-
?=  ,…-%!м=ц,%……%е C!%“2!=…“2"% “е2е"%г% 
“%%K?е“2"= , %C!едел ю?=  ƒ=…,м=ем3ю ,м %K-
л=“2ь. }2= ,…-%!м=ц,  ,“C%льƒ3е2“  " C!%це““=. 
-%!м,!%"=…,  *%…2е…2= “=L2= “е2е"%г% “%%K?е-
“2"=, ег% =дм,…,“2!,!%"=…,  , ,…-%!м=ц,%……%-
г% %Kе“Cече…,  -%!м,!%"=…,  “ем=…2,че“*%L 
C%д“,“2ем/,  "л ю?еL“  ,…-%!м=ц,%……%L C%д-
“,“2ем%L “е2е"%г% “%%K?е“2"=.
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m= .2%м 3!%"…е %C!едел,м C%… 2,е ,…-%!м=-
ц,%……%г% %KAе*2=, C%д *%2%!/м C%…,м=е2“  “%-
"%*3C…%“2ь ,…-%!м=ц,,, %C,“/"=ю?= “  " 2е!-
м,…=. ,…-%!м=ц,%……%г% 3!%"…  , …е ƒ=",“ ?=  
%2 “"%L“2" “ем=…2,че“*%L C%д“,“2ем/ “е2е"%г% 
“%%K?е“2"=. Š=*,м %K!=ƒ%м, ,…-%!м=ц,%……/L 
%KAе*2 C!ед“2="л е2 “%K%L …едел,м%е …= д!3г,е, 
K%лее …,ƒ*,е “ 2%ч*, ƒ!е…,  3!%"…еL %!г=…,ƒ=-
ц,%……%L ,е!=!.,, C%… 2, . o!,ме!=м, ,…-%!-
м=ц,%……/. %KAе*2%"  "л е2“  “%"%*3C…%“2ь ,…-
-%!м=ц,,, “" ƒ=……=  “ %KAе*2=м, “е2, # C%ль-
ƒ%"=2ел м,, C!%е*2=м,, ме!%C!, 2, м, , 2. д. 
m= K%лее "/“%*%м 3!%"…е ,е!=!.,, .2= ,…-%!-
м=ц,  %KAед,… е2“  " *л=“2е!/, *%2%!/е %C,“/-
"=ю2 %C!едел‘……/е ,…-%!м=ц,%……/е г!3CC/. 
nKAед,…е…,е ,…-%!м=ц,%……/. *л=“2е!%" “%-
“2="л е2 ,…-%!м=ц,%……3ю %Kл=“2ь “%%K?е“2"= 
C!=*2,*,.

m= “ем=…2,че“*%м 3!%"…е !=““м=2!,"=е2“  “%-
"%*3C…%“2ь ƒ…=…,L, C%!%›д=ю?,.“  -3…*ц,%…,-
!%"=…,ем “%%K?е“2"= C!=*2,*,. m= .2%м 3!%"…е 
%KAе*2 “%%K?е“2"= =K“2!=г,!3е2“  %2 -,ƒ,че“*%L 
,л, =K“2!=*2…%L “3?…%“2, , ƒ=ме… е2“  “ем=…-
2,че“*%L м%делью …= %“…%"е “%де!›=…,  “" ƒ=…-
…%г% “ …,м ,…-%!м=ц,%……%г% .леме…2= , %K?,. 
дл  "“е. *%мC%…е…2 “%%K?е“2"= -%!м=ль…/. C!=-
",л C!ед“2="ле…,  е‘ “м/“л=.

t%!м,!3ем=  …= .2%м 3!%"…е “ем=…2,че“*=  
C%д“,“2ем= "/!=›=е2 “м/“л м%дел, Cе!",ч…%L 
,…-%!м=ц,%……%L C%д“,“2ем/, = 2=*›е C!%це““%" 
3C!="ле…,  ƒ…=…, м, “%%K?е“2"=, %Kе“Cеч,"=  
целе…=C!="ле……%“2ь C!%2е*=…,  ,…-%!м=ц,%…-
…/. , %!г=…,ƒ=ц,%……/. C!%це““%" " Cе!",ч…%L 
C%д“,“2еме " “%%2"е2“2",, “ %C!едел‘……/м, це-
л м, -3…*ц,%…,!%"=…,  “%%K?е“2"=.

m= -3…*ц,%…=ль…%м 3!%"…е !=““м%2!е…,ю 
C%дле›,2 %C,“=…,е =лг%!,2м%" %Cе!=ц,L C% %K-
!=K%2*е ,…-%!м=ц,, , ƒ…=…,L, !е=л,ƒ3ю?,. %“-
…%"…/е “е!",“/ “%%K?е“2"=.

m= ,…-%!м=ц,%……%м 3!%"…е ,“C%льƒ3е2“  ,…-
-%л%г,че“*=  м%дель, C%ƒ"%л ю?=  %2!=ƒ,2ь ,е-
!=!.,ю ,…-%!м=ц,%……/. %KAе*2%" “%%K?е“2"=: 
,…-%!м=ц,%……/L .леме…2, ,…-%!м=ц,%……/L 
*л=“2е!, ,…-%!м=ц,%……3ю %Kл=“2ь.

m= “ем=…2,че“*%м 3!%"…е *=›д%м3 ,ƒ ,…-%!-
м=ц,%……/. %KAе*2%" “2=",2“  " “%%2"е2“2",е “е-
м=…2,че“*,L %KAе*2 # *%…2еL…е! ƒ…=…,L, 2ем=-
2,че“*,L д%ме… , д%ме… “%%K?е“2"=. dл  C!ед-
“2="ле…,  %KAе*2%" …= “ем=…2,че“*%м 3!%"…е 
,“C%льƒ3е2“  %…2%л%г,че“*=  м%дель.

m= -3…*ц,%…=ль…%м 3!%"…е дл  *=›д%г% ,ƒ 
"/деле……/. 3!%"…еL ,е!=!.,, %C!едел е2“  “е!-
",“…/L %KAе*2 # *%…2еL…е! ƒ…=…,L, 2ем=2,че“-
*,L д%ме…, д%ме… “%%K?е“2"=.

nKAе*2…/L C%д.%д * -%!м,!%"=…,ю ,…-%л%-
г,че“*%L м%дел, “е2е"%г% “%%K?е“2"= C!=*2,*, 
…= "“е. 3!%"… . ,е!=!.,, C%ƒ"%л е2 C!ед“2=",2ь 

е‘ " -%!ме 2е%!е2,*%-м…%›е“2"е……%L м%дел, 
",д=

M1 =< K,A,R,W,ZKA,ZRW >, (1)

где K = {ki⎟ i = 1,..., N} O м…%›е“2"% *л=““%" %KAе*-
2%" “е2е"%г% “%%K?е“2"=; ki 

O i -L *л=““ %KAе*2= “е-
2е"%г% “%%K?е“2"=; A = {ai⎟ i = 1,..., N}  O м…%›е“2"% 

=2!,K32%" *л=““%" ∪
N

i
iAA

1=

= ; Ai = {ailq⎟ lq = 1,..., Ni} # 

м…%›е“2"% =2!,K32%" i-г% *л=““=; R = {rj ⎟ j =1,..., M} 
# м…%›е“2"% “" ƒеL ме›д3 *л=““=м, %KAе*2%"; rj O 
j-е %2…%ше…,е ме›д3 *%мC%…е…2=м, (k1, k2) м…%›е-
“2"= K; W = {wj ⎟ j =1,..., M} O м…%›е“2"% =2!,K32%" 

“" ƒеL ∪
M

j
jWW

1=

= ; Wj = {wjkp ⎟ kp = 1,..., Mj} O м…%›е-

“2"% =2!,K32%" i-г% *л=““=; ZKA : A → K O %2%K!=›е-
…,е м…%›е“2"= =2!,K32%" *л=““%" …= м…%›е“2"% 
*л=““%"; ZRW : W → R  O %2%K!=›е…,е м…%›е“2"= 
=2!,K32%" “" ƒеL …= м…%›е“2"% “" ƒеL.

b .2%L м%дел, %KAе*2/ “е2е"%г% “%%K?е“2"= 
!=““м=2!,"=ю2“  *=* .*ƒемCл !/ *л=““%", = “" -
ƒ, ме›д3 …,м, *=* .*ƒемCл !/ “" ƒеL ме›д3 
*л=““=м,.

h…-%л%г,че“*=  м%дель  "л е2“  …=,K%лее 
!=“C!%“2!=…‘……%L %“…%"%L дл  !=ƒ!=K%2*, K=ƒ/ 
д=……/. C!, “%ƒд=…,, C!%г!=мм…%г% %Kе“Cече…,  
=дм,…,“2!,!%"=…,  “%%K?е“2"=. e‘ …ед%“2=2*%м 
дл  м%дел,!%"=…,  “%%K?е“2"= C!=*2,*,  "л е2-
“  2%, ч2% %…= %!,е…2,!%"=…= " %“…%"…%м …= C%д-
де!›*3 C!%це““%" ,…-%!м=ц,%……%г% %Kме…= ме-
›д3 %KAе*2=м, “%%K?е“2"=, = …е ,. “ем=…2,-
че“*%L ,…2е!%Cе!=Kель…%“2,.

dл  м%дел,!%"=…,  C!едме2…%L %Kл=“2, " 
*%…2е*“2е %“…%"…%L цел, “%%K?е“2"= C!=*2,-
*, ,“C%льƒ%"=… ,…“2!3ме…2=!,L %…2%л%г,че-
“*%г% м%дел,!%"=…, . m= “ем=…2,че“*%м 3!%"-
…е -%!м,!3ю2“  м%дел, C!едме2…/. %Kл=“2еL 
!=ƒ…/. 3!%"…еL ,е!=!.,, …= %“…%"е %…2%л%-
г,L. b=›…/м 2!еK%"=…,ем * м%дел,  "л е2“  
"%ƒм%›…%“2ь е‘ ,…2ег!=ц,, “ ,…-%л%г,че“*%L 
м%делью.

n…2%л%г,че“*=  м%дель “%%K?е“2"= …= "“е. 
3!%"… . ,е!=!.,, C!ед“2="ле…= C=!%L 

2M ,D C= ,  (2)

где D = {dk⎟ k =1,..., K} O м…%›е“2"% C%… 2,L C!ед-
ме2…%L %Kл=“2,; dk 

O k-е C%… 2,е; C = {cl ⎟ l  =1,..., 
L} O м…%›е“2"% “" ƒеL  ме›д3 C%… 2, м,; cl 

O l -  
“" ƒь ме›д3 C%… 2, м,. 

q" ƒь ме›д3 ,…-%л%г,че“*%L (1) , %…2%л%г,-
че“*%L (2) м%дел м, “%%K?е“2"= %“3?е“2"л е2“  
"…е“е…,ем " %…2%л%г,че“*3ю м%дель ƒ…=…,L % 
“2!3*23!е %KAе*2%" “%%K?е“2"=, = 2=*›е C%… 2,L 
, “" ƒеL ме›д3 …,м,. q2!3*23!= ƒ=д=‘2“  ,…-%-
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л%г,че“*%L м%делью, м…%›е“2"% C%… 2,L , “" -
ƒеL -%!м,!3е2“  …= %“…%"е =…=л,ƒ= ,…-%!м=ц,, 
%KAе*2%" “%%K?е“2"=, ƒ=д="=ем%L ƒ…=че…, м, =2-
!,K32%" *л=““%" %KAе*2%", = 2=*›е ,…-%!м=ц,, % 
“" ƒ . ме›д3 %KAе*2=м,, ƒ=д="=ем%L ƒ…=че…, м, 
=2!,K32%" “" ƒеL ме›д3 *л=““=м,. }2% C%ƒ"%л е2 
“%"ме“2,2ь %…2%л%г,ю ƒ=д=ч, ƒ=д="=ем3ю ,…-%-
л%г,че“*%L м%делью, “ %…2%л%г,еL C!едме2…%L 
%Kл=“2,.

dл  %2%K!=›е…,  " %…2%л%г,, “2!3*23!/ ,…-
-%л%г,че“*%L м%дел, "/дел,м ,ƒ м…%›е“2"= ` 
C%дм…%›е“2"% AK ⊂ A # …=,ме…%"=…,L *л=““%"; 
,ƒ м…%›е“2"= W C%дм…%›е“2"% WR ⊂ W # …=,ме-
…%"=…,L “" ƒеL ме›д3 *л=““=м,. d%C%л…," м%-
дель (1) м…%›е“2"%м C=!=ме2!%" =2!,K32%" *л=“-
“%" b , м…%›е“2"%м C=!=ме2!%" =2!,K32%" “" ƒеL 
ме›д3 *л=““=м, T, "/дел,м ,ƒ м…%›е“2"= B C%д-
м…%›е“2"% BA ⊂ B O …=,ме…%"=…,L =2!,K32%" 
*л=““%" , ,ƒ м…%›е“2"= T C%дм…%›е“2"% TR ⊂ T 
# …=,ме…%"=…,L =2!,K32%" “" ƒеL ме›д3 *л=“-
“=м,. 

Š%гд= C%дм…%›е“2"% C%… 2,L %…2%л%г,че“*%L 
м%дел, D1 ⊂ D, %C,“/"=ю?ее “2!3*23!3 ,…-%л%-
г,че“*%L м%дел,, RARK TBWAD ∪∪∪=1 .

o%дм…%›е“2"% “" ƒеL ме›д3 C%… 2, м, %…2%-
л%г,че“*%L м%дел, C1 ⊂ C, %C,“/"=ю?ее “2!3*-
23!3 “" ƒеL ,…-%л%г,че“*%L м%дел,, "*люч=е2 
E1K 

# м…%›е“2"% “" ƒеL ме›д3 C%… 2, м,-…=,ме-
…%"=…, м, *л=““%", E2K # м…%›е“2"% “" ƒеL ме›д3 
C%… 2, м,-…=,ме…%"=…, м, *л=““%" , C%… 2, -
м,-=2!,K32=м, *л=““%", E3K # м…%›е“2"% “" ƒеL 
ме›д3 C%… 2, м,-…=,ме…%"=…, м, “" ƒеL , 
C%… 2, м,-…=,ме…%"=…, м, *л=““%", E4K # м…%-
›е“2"% “" ƒеL ме›д3 C%… 2, м,-…=,ме…%"=-
…, м, “" ƒеL , C%… 2, м,-=2!,K32=м, “" ƒеL 

∪ ∪ ∪ KKKK EEEEC 43211 = .
b ,…-%л%г,че“*%L м%дел, %KAе*2/ “%%K?е“2-

"= C!ед“2="ле…/ *=* .*ƒемCл !/ *л=““%". b 2% ›е 
"!ем  ,…-%л%г,че“*=  м%дель, *=* C!=",л%, …=-
! д3 “ *л=““=м,, %C,“/"=ю?,м, !е=ль…/е %KAе*-
2/ “%%K?е“2"=, “%де!›,2 *л=““/ "“C%м%г=2ель-
…/. %KAе*2%", …е%K.%д,м/. дл  %C,“=…,  C!%-
це““%" "…32!, “%%K?е“2"=, *%2%!/е …е …е“32 ,…-
-%!м=ц,, % C!едме2…%L %Kл=“2,.

b/дел,м " м%дел, (1) м…%›е“2"% ,…-%!м=ц,%…-
…/. %KAе*2%", %Kл=д=ю?,. ƒ…=…, м, % C!едме2-
…%L %Kл=“2,:

O = {oio⎟ iO =1,..., NO} # м…%›е“2"% ,…-%!-
м=ц,%……/. %KAе*2%" “%%K?е“2"=, где oio

– iO-L 
%KAе*2;

KI = {kio⎟ iO =1,..., NO} – м…%›е“2"% *л=““%" ,…-%!-
м=ц,%……/. %KAе*2%" “%%K?е“2"=, где kio

O *л=““, * 

*%2%!%м3 C!,…=дле›,2 iO-L %KAе*2; K1 ⊂ K.
dл  м…%›е“2"= KI ""ед‘м м…%›е“2"% ме.=…,ƒ-

м%" *л=““%": XI = {xio⎟ iO =1,..., NO} , где xio
O ме-

.=…,ƒм iO -г% *л=““=, ƒ=д=ю?,L -3…*ц,ю fio 
: o  → 

< D,C >
 
%2%K!=›е…,  %KAе*2= o, C!,…=дле›=?ег% * 

*л=““3 kio 
…= м…%›е“2"= %…2%л%г,че“*%L м%дел, 

C!едме2…%L %Kл=“2, “%%K?е“2"= D , C, Xo ⊂ X, 
где X O м…%›е“2"% "“е. ме.=…,ƒм%" *л=““%" м%-
дел, M1. lе.=…,ƒм *л=““= C!е%K!=ƒ3е2 ,…-%л%-
г,че“*%е C!ед“2="ле…,е %KAе*2= " %…2%л%г,че-
“*3ю м%дель %KAе*2=

Mo= < Do,Co > , 
где Do ⊂ D, Co ⊂ C.

d%C%л…,м м…%›е“2"% *л=““%" K м%дел, M1 
м…%›е“2"%м C%… 2,L D %…2%л%г,, M2, !=““м=2-
!,"=  ,. *=* %2дель…/е *л=““/, дл  *%2%!/. ""е-
д‘м м…%›е“2"% AD, !=“ш,! ю?ее "/!=ƒ,2ель…/е 
"%ƒм%›…%“2, %…2%л%г,,. o3“2ь DKK ∪=′ . `…=-
л%г,ч…% д%C%л…,м м…%›е“2"% “" ƒеL ме›д3 *л=“-
“=м, R м…%›е“2"%м “" ƒеL ме›д3 C%… 2, м, %…-
2%л%г,, q, дл  *%2%!/. ""ед‘м м…%›е“2"% WC # 
=2!,K32%" “" ƒеL ме›д3 C%… 2, м, %…2%л%г,,. 
o3“2ь CRR ∪=′ ; !=“ш,!е……%е м…%›е“2"% =2!,-
K32%" *л=““%" DAAA ∪=′ ; !=“ш,!е……%е м…%›е“2-
"% =2!,K32%" “" ƒеL CWWW ∪=′ . b"ед‘м …%"/е 
%2%K!=›е…, : KAZ AK ′→′′′ :  O %2%K!=›е…,е м…%-
›е“2"= =2!,K32%" *л=““%" …= м…%›е“2"% *л=““%"; 

RWZ WR ′→′′′ :  O %2%K!=›е…,е м…%›е“2"= =2!,K3-
2%" “" ƒеL …= м…%›е“2"% “" ƒеL.

Š%гд= м%дель “%%K?е“2"= C!=*2,*, ƒ=C,ше2“  
" ",де

'3 , , , , , , , ,K A I IRW
M K A R W Z Z O K X′ ′ ′

′ ′ ′ ′=< >. (3)

m= *=›д%м ,ƒ 3!%"…еL ,е!=!.,, %KAе*2/ “%%K-
?е“2"= C!ед“2="л ю2“  =…=л%г,ч…%L м%делью, 
*%мC%…е…2/ *%2%!%L  "л ю2“  C%дм…%›е“2"=м, 
м…%›е“2" м%дел, M3. }2% C%ƒ"%л е2 !=ƒ","=2ь 
м%дель “%%K?е“2"= &“…,ƒ3 ""е!.[, C!%"%д  м%…,-
2%!,…г ,ƒме…е…,L ,…-%!м=ц,%……/. %KAе*2%" , 
д%ме…%" %KAе*2%", !=ƒ!/"= ме›д3 д%ме…%м “%%K-
?е“2"= , “%"%*3C…%“2ью д%ме…%" ег% %KAе*2%", 
ч2%  "л е2“  %д…%L ,ƒ C!%Kлем “е2е"/. “%%K-
?е“2".

nC,“=……/е "/ше м%дел, %C!едел ю2 “%де!-
›=…,е -3…*ц,%…=ль…%L C%д“,“2ем/, !е=л,ƒ3ю-
?еL %“…%"…/е =лг%!,2м/ 3C!="ле…,  “%%K?е“2-
"%м.

n“…%"…/м, *%мC%…е…2=м, -3…*ц,%…=ль…%L 
C%д“,“2ем/  "л ю2“  “е!",“/, %C!едел ю?,е 
-3…*ц,%…,!%"=…,е “%%K?е“2"= …= "“е. 3!%"… . 
%!г=…,ƒ=ц,%……%L ,е!=!.,,. qе!",“/ “%%K?е“2-
"= C%ƒ"%л ю2 %K!=K=2/"=2ь ,…-%!м=ц,ю “%%K-
?е“2"=, C!ед“2="ле……3ю " “ем=…2,че“*%L C%д-
“,“2еме.

qе!",“/ -3…*ц,%…=ль…%г% 3!%"…  "*люч=ю2:
ме.=…,ƒм/ C!е%K!=ƒ%"=…,  ,…-%л%г,че“*,. 

м%делеL " %…2%л%г,че“*,е;
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“е!",“/, ,“C%льƒ3ю?,е “ем=…2,че“*%е C%д%-
K,е %C,“=…,L %KAе*2%", г!3CC, “%%K?е“2"=.

Š=* *=* %“%Kе……%“2ью “%%K?е“2"=  "л е2“  %2-
“32“2",е ч‘2*% %C!едел‘……/. C!%це““%", %“…%"3 
ег% -3…*ц,%…,!%"=…,  “%“2="л е2 “%"ме“2…%е 
,“C%льƒ%"=…,е “е!",“%" %KAе*2=м, “%%K?е“2"=.

m=K%! “е!",“%", *%2%!/L “%“2="л е2  д!% C!%-
г!=мм…%г% ,…“2!3ме…2=!,  3C!="ле…,  “%%K?е-
“2"%м " *%…2е*“2е !еше…,  ƒ=д=ч “ем=…2,че“*%L 
,…2ег!=ц,, %KAе*2%" “е2е"%г% “%%K?е“2"=, %Kе“-
Cеч,"=е2 !еше…,е “лед3ю?,. ƒ=д=ч:

3“2=…%"ле…,е %2…%ше…,L ме›д3 %KAе*2=м, 
"…32!, “%%K?е“2"=;

3“2=…%"ле…,е %2…%ше…,L ме›д3 "…32!е……,м, 
, "…еш…,м, %KAе*2=м,;

-%!м,!%"=…,е г!3CC ,ƒ м…%›е“2"= "…32!е……,. 
%KAе*2%" " “%%2"е2“2",, “ ƒ=д=ч=м, "…32!е……,. 
C!%це““%" “%%K?е“2"=;

-%!м,!%"=…,е г!3CC ,ƒ м…%›е“2"= "…32!е……,. 
%KAе*2%" дл  ƒ=д=ч, “" ƒ=……/. “ "…еш…еL ,…-%!-
м=ц,%……%L “!ед%L.

n2…%ше…,  ме›д3 %KAе*2=м, " д=……%м “л3ч=е 
,…2е!C!е2,!3ю2“  *=* %2…%ше…,  “.%д“2"= ме›-
д3 %…2%л%г, м, %KAе*2%". n“%Kе……%“2ью .2,. %2-
…%ше…,L  "л е2“  2%, ч2% %…, %C!едел ю2“  …= 
%“…%"е 2ем=2,че“*%г% “%%2"е2“2",  " !=м*=. %K%-
ƒ…=че……%г% д%ме…= “е2,.

o!,ме!%м ƒ=д=ч,, где 2!еK3е2“  %C!еделе…,е 
%2…%ше…,L ме›д3 %KAе*2=м, “%%K?е“2"=,  "л -
е2“  “%“2="ле…,е “C,“*= !=““/л*, ,…-%!м=ц,, % 
“е2е"%м ме!%C!, 2,, (…= %“…%"е “.%д“2"= %…2%-
л%г,, ме!%C!, 2,  , %…2%л%г,L чле…%" “е2,). 

pеше…,е ƒ=д=ч, 3“2=…%"ле…,  %2…%ше…,L ме-
›д3 "…еш…,м , "…32!е……,м, %KAе*2=м, 2!еK3е2-
“  C!, "*люче…,, …%"%г% !е“3!“= " “%“2=" ,…-
-%!м=ц,%……%г% %Kе“Cече…,  “е2, (%це…*= !еле-
"=…2…%“2, ег% 2ем=2,*, д%ме…3 “%%K?е“2"=); C!, 
%це…*е 2ем=2,*, C!%е*2=, " *%2%!%м C!едC%л=г=-
е2“  3ч=“2,е чле…%" “%%K?е“2"= (%C!еделе…,е 
"%ƒм%›…%“2, 3ч=“2,  " C!%е*2е , C%“/л*= ,…-
-%!м=ц,, % C!%е*2е ƒ=,…2е!е“%"=……/м чле…=м 
“е2,); C!, C!,‘ме …%"%г% *=…д,д=2= " чле…/ “е2, 
(%це…*= “%%2"е2“2",  2ем=2,*, ег% !=K%2 д%ме…3 
“%%K?е“2"=).

oе!еч,“ле……/е -3…*ц,,  "л ю2“  K=ƒ%"/м,, 
“%ƒд=ю?,м, %“…%"3 дл  !е=л,ƒ=ц,, д!3г,. -3…*-

ц,L, “" ƒ=……/. “ %Kе“Cече…,ем !=ƒ…%%K!=ƒ…/. 
“е!",“%" дл  чле…%" “е2,.

qе2е"%е “%%K?е“2"% 3C!="л е2“  “%че2=…,ем 
!3ч…%г% =дм,…,“2!,!%"=…, , *%2%!%е м%›е2 %“3-
?е“2"л 2ь“  *=* ед,…/м =дм,…,“2!=2%!%м, 2=* , 
г!3CC%L "/деле……/. !3*%"%д,2елеL “%%K?е“2"=, 
, ="2%м=2,ƒ,!%"=……/. C!%цед3!, “" ƒ=……/. “ %K-
!=K%2*%L , C%дг%2%"*%L ,…-%!м=ц,, дл  =дм,-
…,“2!=2%!%". n“…%"…%L ƒ=д=чеL C!, .2%м  "л е2-
“  целе…=C!="ле……%е !=ƒ",2,е ƒ…=…,L % C!едме2-
…%L %Kл=“2, “%%K?е“2"= , “%.!=…е…,е е‘ г!=…,ц. 
dл  %Kе“Cече…,  .2%г% “е!",“/ -3…*ц,%…=ль…%L 
C%д“,“2ем/ д%л›…/:

%Kе“Cеч,"=2ь "ƒ=,м%“" ƒь ме›д3 %KAе*2=м, “е-
2е"%г% “%%K?е“2"=;

-%!м,!%"=2ь “" ƒ, ме›д3 C%льƒ%"=2ел м, “е-
2е"%г% “%%K?е“2"=, !=K%2=ю?,м, C% “.%д…%L 2е-
м=2,*е;

%KAед,… 2ь чле…%" “е2е"%г% “%%K?е“2"= C% ƒ=-
д=……/м …=C!="ле…, м де 2ель…%“2,;

C!ед%“2="л 2ь …=K%! -3…*ц,%…=ль…/. "%ƒм%›-
…%“2еL дл  C%льƒ%"=2елеL, м%де!=2%!%" , =дм,-
…,“2!=2%!%";

,ме2ь “!ед“2"= “" ƒ, “ д!3г,м, м%д3л м, , 
“!ед“2"=м, ""%д= ,/,л, "/"%д= ,…-%!м=ц,,;

,ме2ь “!ед“2"= …=“2!%L*, , 3C!="ле…, .
g=*люче…,е. o!едл%›е……=  “,“2ем= м%дел,!%-

"=…,  “2!3*23!/ , C!%це““%" “е2е"%г% “%%K?е“2-
"= C!=*2,*, C%ƒ"%л е2 ,“C%льƒ%"=2ь е‘ *=* %“…%-
"3 дл  “%ƒд=…,  м=2ем=2,че“*%г%, ,…-%!м=ц,%…-
…%г% , C!%г!=мм…%г% %Kе“Cече…,  3C!="ле…,  
“%%K?е“2"=м,. Š=*›е д=……/L C%д.%д м%›е2 K/2ь 
,“C%льƒ%"=… C!, 3C!="ле…,, “%%K?е“2"=м, д!3-
г%г% 2,C=, " *%2%!/. м%›…% "/дел,2ь 2ем=2,че-
“*, %д…%!%д…/е г!3CC/ 3ч=“2…,*%".

a,Kл,%г!=-,че“*,е ““/л*,

1. q=L2 lе›д3…=!%д…%L =…=л,2,че“*%L *%мC=…,, 
comScore. URL: http://www.comscore.com

2. q=L2 Seventh Research Framework Programme 
(FP7). URL: http://ec.europa.eu/ research/fp7

3. q=L2 World Wide Web Consortium (W3C) W3C Se-
mantic Web Activity. URL: http://www.w3.org/2001/sw/

4. lе“=!%",ч l., l=*% d., Š=*=.=!= h. Šе%!,  ,е-
!=!.,че“*,. м…%г%3!%"…е"/. “,“2ем. l.: l,!, 1973. 
344 “.

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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nagnp oephndh)eqjni oe)`Šh

j%…цеC23=ль…=  м=2ем=2,че“*=  м%дель ,…-%!-
м=ц,%……%-3C!="л ю?ег% C%л  *=* “!ед/ -3…*ц,%-
…,!%"=…,  “меш=……/. г!3CC k`. o%л‘2. 2010. 1 7.

o!едл%›е…= м=2ем=2,че“*=  м%дель ед,…%г% 
,…-%!м=ц,%……%-3C!="л ю?ег% C%л , %“…%"3 *%-
2%!%L “%“2="л е2 м=2!,ц= C!%“2!=…“2"е……%-"!е-
ме……/. “%“2% …,L, ,мею?=  2!е.3!%"…е"3ю 
“2!3*23!3 " ",де *%мK,…=ц,, 2=* …=ƒ/"=ем/. 
“2!3*23!…%L, ,…-%!м=ц,%……%L , *%"=!,=ц,%……%L 
м=2!,ц. o%*=ƒ=…%, ч2% " !=м*=. C%д%K…%L м=2ем=-
2,че“*%L м%дел, 3д=‘2“  -%!м=л,ƒ%"=2ь *!,2е!,,, 
3“2=…="л,"=ю?,е 2!еK%"=…,  * Cе!еч…ю, “%“2="3 
, 2%ч…%“2…/м .=!=*2е!,“2,*=м ,…-%!м=ц,%……/. 
C%2%*%", ц,!*3л,!3ю?,. " ед,…%м ,…-%!м=-
ц,%……%-3C!="л ю?ем C%ле, "/C%л…е…,е *%2%!/. 
“%ƒд=‘2 C!едC%“/л*, дл  3“Cеш…%г% "/C%л…е…,  
целе"/. ƒ=д=ч “меш=……%L г!3CC%L k`. 

o!%е*2,!%"=…,е, .*“Cл3=2=ц,  , д,=г…%“2,*= 
*%…“2!3*ц,L …= %“…%"е *%…цеCц,, Kеƒ%C=“…/. 2!е-
?,…. j%…2!%ль. d,=г…%“2,*=. 2011. 1 7.

p=““м%2!е…= C!%Kлем= %C!еделе…,  д%C3“*=е-
м/. де-е*2%" 2,C= 2!е?,… C!, %K%“…%"=…,, !=-
K%2%“C%“%K…%“2, %K%!3д%"=…, . n…= !еш=е2“  “ 
,“C%льƒ%"=…,ем 3“%"е!ше…“2"%"=……/. C%д.%д%" 
л,…еL…%L ме.=…,*, !=ƒ!3ше…, , C!,емлем/. дл  
K%льш,. , м=л/. 2!е?,…, ч2% C%ƒ"%л е2 "*лю-
ч,2ь " ч,“л% K=ƒ%"/. .=!=*2е!,“2,* м=2е!,=л%", 
%C!едел ю?,. ,. 3“2=л%“2…/е “"%L“2"=, 3“л%"-
…3ю …=ч=ль…3ю 2!е?,…3. o=!=ме2! 3“л%"…%L …=-
ч=ль…%L 2!е?,…/ .=!=*2е!,ƒ3е2 ,“.%д…3ю де-
-е*2…%“2ь м=2е!,=л= , ,“C%льƒ3е2“  дл  %C!еде-
ле…,  д%C3“*=ем/. де-е*2%" , 2!еK3ем%L ч3"“2-
",2ель…%“2, …е!=ƒ!3ш=ю?,. ме2%д%" *%…2!%л .

l%дел,!%"=…,е C!%це““%" -%!м%%K!=ƒ%"=…,  
Cл%“*,. ƒ=г%2%"%*. g=г%2%",2ель…/е C!%,ƒ"%д“2"= 
" м=ш,…%“2!%е…,,. 2011. 1 7.

o%*=ƒ=…/ "%ƒм%›…%“2, м%дел,!%"=…,  C!%-
“2!=…“2"е……%L .Cю!/ *%…2=*2…/. д="ле…,L дл  
%C!еделе…,  C=!=ме2!%" 2е.…%л%г,че“*%L "/ем-
*,, ,“C%льƒ3ем%L дл  !ег3л,!%"=…,  C%2%*%" ме-
2=лл= C% C%л%2…3 ƒ=г%2%"*, " C!%це““=. *%"*,. 
o!,"еде…/ .*“Cе!,ме…2=ль…/е д=……/е C% %“=д-
*е Cл%“*,. ƒ=г%2%"%* " “%C%“2="ле…,, “ !еƒ3ль2=-
2=м, =…=л%г%"%г% м%дел,!%"=…, . h““лед%"=…/ 
!=ƒл,ч…/е "=!,=…2/ !=“C%л%›е…,  &›‘“2*,. 
*%…ц%"[ " де-%!м,!3ем/. %K!=ƒц=.. 

q%"е!ше…“2"%"=…,е *%…“2!3*ц,, !=“C/л,2ел  
-%!“3…*, д,ƒел . c!3ƒ%",*. 2011. 1 7.

op%"еде…/ .*“Cеp,ме…2=ль…/е ,““лед%"=…,  
д,ƒел  d 245.12q, -%p“3…*, *%2%p%г% K/л, %“…=-
?е…/ p=“C/л,2ел м, “ p=ƒл,ч…%L дл,…%L p=“-
C/л,"=ю?,. %2"еp“2,L. o%л3че……/е .*“Cеp,-

ме…2=ль…/е д=……/е C%д2"еp›д=ю2 "%ƒм%›…%“2ь 
“…,›е…,  3дель…%г% .--е*2,"…%г% p=“.%д= 2%C-
л,"=, C%*=ƒ=2елеL 2%*“,ч…%“2, , д/м…%“2, 
%2p=K%2="ш,. г=ƒ%" C32‘м %C2,м,ƒ=ц,, дл,…/ 
p=“C/л,"=ю?,. %2"еp“2,L -%p“3…%*.

n2дел%ч…%-3C!%ч… ю?=  %K!=K%2*= де2=леL %K-
*=2%"/гл=›,"=…,ем. rC!%ч… ю?,е 2е.…%л%г,, , 
C%*!/2, . 2010. 1 8.

p=““м%2!е…= %K!=K%2*= де2=леL м=ш,… %K*=2%-
"/гл=›,"=…,ем. o!,"еде…/ “.ем= %K*=2%"/гл=-
›,"=…,  , ="2%!“*=  *%…“2!3*ц,  ,…“2!3ме…2=. 
b/ "ле…%, ч2% C!, %K*=2%"/гл=›,"=…,, “2%L-
*%“2ь !=K%чеL ч=“2, ,…де…2%!= " 2#3 !=ƒ= "/ше, 
чем C!, *л=““,че“*%м "/гл=›,"=…,,. r“2=…%"ле-
…%, ч2% д%“2,г=ем/е %K*=2%"/гл=›,"=…,ем ƒ…=-
че…,  “!ед…ег% =!,-ме2,че“*%г% %2*л%…е…,  
C!%-,л  ше!%.%"=2%“2, %K!=K%2=……%L C%"е!.…%-
“2,, м,*!%2"‘!д%“2ь C%"е!.…%“2, , %“2=2%ч…/е 
…=C! ›е…,  “›=2,  Cе!"%г% !%д= “%,ƒме!,м/ “ 
=…=л%г,ч…/м, C=!=ме2!=м,, д%“2,г=ем/м, C!, 
*л=““,че“*%м "/гл=›,"=…,,. 

Šе.…%л%г,че“*%е %Kе“Cече…,е *=че“2"= …=…е“е-
…,  ƒ=?,2…/. C%*!/2,L *%мK,…,!%"=……%L %K!=-
K%2*%L. rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 
2010. 1 8.

o!%"ед‘… =…=л,ƒ "%ƒм%›…%“2, 2е.…%л%г,че-
“*%г% %Kе“Cече…,  *=че“2"= …=…е“е…,  C%*!/2,L, 
" ч=“2…%“2, ƒ= “ч‘2 C!,ме…е…,  *%мK,…,!%"=…-
…/. C!%це““%" дл  C%дг%2%"*, 2!3д…%д%“23C…%L 
"…32!е……еL C%"е!.…%“2, де2=л,. o!едл%›е…/ 
C32, , !=ƒ!=K%2=…/ ме2%д/ , “!ед“2"= 2е.…%л%г,-
че“*%г% %Kе“Cече…,  2!еK3ем/. .*“Cл3=2=ц,%…-
…/. C%*=ƒ=2елеL !=K%ч,. C%"е!.…%“2еL , C%*!/-
2,L дл  цел%г% ! д= %2"е2“2"е……/. де2=леL д%K/-
"=ю?еL , 2!=…“C%!2…%L 2е.…,*,.

l=2ем=2,че“*=  м%дель !=“ч‘2= …е“3?еL “C%-
“%K…%“2, "/“%*%“*%!%“2…%г% шC,…дель…%г% 3ƒл= 
…= г=ƒ%м=г…,2…%L %C%!е. Š!е…,е , “м=ƒ*= " м=ш,-
…=. , ме.=…,ƒм=.. 2010. 1 8.

p=““м%2!е…% C!,ме…е…,е г=ƒ%м=г…,2…/. %C%! 
" "/“%*%“*%!%“2…/. шC,…дель…/. 3ƒл=. ме2=л-
л%!е›3?,. “2=…*%". o!едл%›е…= м=2ем=2,че“*=  
м%дель %C!еделе…,  .*“Cл3=2=ц,%……/. C=!=ме2-
!%" шC,…дел  # …е“3?еL “C%“%K…%“2, , "%““2=-
…="л,"=ю?ег% м%ме…2=. b/C%л…е… “!="…,2ель-
…/L =…=л,ƒ !еƒ3ль2=2%" !=“ч‘2= , д=……/., C%л3-
че……/. .*“Cе!,ме…2=ль…/м C32‘м. 

b/K%! qnf дл  "/“%*%“*%!%“2…%г% C!%2 г,"=-
…, . Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 
2010. 1 8.

p=““м%2!е…/ %“%Kе……%“2, "%ƒдеL“2",  “м=ƒ/-
"=ю?е-%.л=›д=ю?,. ›,д*%“2еL …= 3“л%",  !еƒ=-
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…,  C!, *!3г%"%м C!%2 г,"=…,, …=!3›…/. -=“%…-
…/. C%"е!.…%“2еL. o!,"еде…/ д=……/е C% %C2,-
м=ль…/м “м=ƒ/"=ю?е-%.л=›д=ю?,м ›,д*%“2 м 
дл  C!%2 г,"=…,  ƒ=г%2%"%* ,ƒ *%…“2!3*ц,%……/. 
“2=леL C% *!,2е!, м &м,…,м=ль…=  “,л= !еƒ=…,  
C!, C!%2 г,"=…,,[, &м,…,м=ль…=  ше!%.%"=-
2%“2ь %K!=K%2=……%L C%"е!.…%“2,[ , &…=,K%льш=  
“2%L*%“2ь C!, !=ƒл,ч…/. “*%!%“2 . !еƒ=…, [. 

q%"е!ше…“2"%"=…,е *%…“2!3*ц,, , 2е.…%л%г,, 
,ƒг%2%"ле…,  “%2%"/. 3Cл%2…е…,L 23!K,… дл  ̀ }q. 
h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 2011. 1 8.

p=““м%2!е…/ C%“лед3ю?,е C32, м%де!…,ƒ=ц,, 
3Cл%2…е…,L 23!K,… “ ,“C%льƒ%"=…,ем “%2%"/. 
"“2="%*, " ч=“2…%“2, “23Cе…ч=2/. 3Cл%2…е…,L C% 
"=л3, “ "/ "ле…,ем *%…“2!3*2,"…/. , 2е.…%л%г,-
че“*,. %“%Kе……%“2еL ,. ,ƒг%2%"ле…,  “ 3ч‘2%м 
%C/2= "…ед!е…,  …= 23!K%3“2=…%"*=. дл  `}q. 

Šе.…%л%г,  .ле*2!%.,м,че“*%г% -%!м%%K!=ƒ%-
"=…,  Cе!е.%д…/. 3ч=“2*%" "/“%*%…=г!3›е…-
…/. ,ƒдел,L. h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 
2011. 1 8.

p=““м%2!е…/ .--е*2,"…/е 2е.…%л%г,че“*,е 
ме2%д/ 3“2!=…е…,  …=,K%лее ч=“2% "“2!еч=ю?,.-
“  C!, ,“C/2=…, . де-е*2%" “,л%"/. .леме…2%" 
,ƒдел,L, %“%Kе……% "/“%*%…=C! ›‘……/. *%…“2-
!3*ц,L =",=ц,%……%L , *%“м,че“*%L 2е.…,*,, !=-
K%2=ю?еL " 3“л%", . м…%г%*!=2…/. …=г!3›е…,L 
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