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АСПЕКТЫ УПРАВЛЕНИЯ СЕБЕСТОИМОСТЬЮ ПРОДУКЦИИ 
ДИВЕРСИФИЦИРУЕМОГО МЕЛКОСЕРИЙНОГО МАШИНОСТРОИТЕЛЬНОГО 
ПРЕДПРИЯТИЯ

b.`. eл,“ее", b.b. j%!%K%"= 

p=““м%2!е…/ %“%Kе……%“2, Kюд›е2,!%"=…,  …= м=ш,…%“2!%,2ель…%м C!едC!, 2,, “ 
м…%г%…%ме…*л=23!…/м мел*%“е!,L…/м C!%,ƒ"%д“2"%м, = 2=*›е C!едл%›е…/ .леме…2/ 
-%!м=л,ƒ=ц,, C!%це““…%-%!,е…2,!%"=……%г% 3C!="ле…,  “еKе“2%,м%“2ью " 3“л%", . д,"е!-
“,-,*=ц,, .2%г% C!едC!, 2, .

jлюче"/е “л%"=: 3C!="ле…,е, “еKе“2%,м%“2ь, м=ш,…%“2!%е…,е, д,"е!“,-,*=ц, .

b K%льш,…“2"е “л3ч=е" C!%"еде…,  д,"е!“,-,*=ц,, C!едC!, 2,  ег% Kюд›е2 C!%!=K=2/-
"=е2“  …= C!ед/…"е“2,ц,%……%L “2=д,,. g= Cе!,%д, C!%шедш,L “% "!еме…, !=ƒ!=K%2*, Kюд-
›е2=, !/…%ч…/е 3“л%",  м%г32 ,ƒме…,2ь“  , 2%гд= -=*2,че“*,е !еƒ3ль2=2/ “2=…%" 2“  …е“%-
C%“2=",м/м, “ Kюд›е2%м. }2% C!%2,"%!еч,е C/2=ю2“  !=ƒ!еш,2ь C%“!ед“2"%м *%!!е*2,-
!%"*, Kюд›е2= “ 3че2%м ,ƒме…е…,L "…еш…еL “!ед/; 2=*=  C!=*2,*= %K/ч…% …=ƒ/"=е2“  
“%ƒд=…,ем г,K*%г% (=д=C2,"…%г% ,л, "=!,=Kель…%г%) Kюд›е2=.

Šе%!е2,че“*, г,K*,L Kюд›е2 д%л›е… K/2ь C%леƒе…, …% м…%г,е “C%“%K/ “%“2="ле…,  C%-
д%K…/. Kюд›е2%" …= C!=*2,*е C!,"…%“ 2 K%льше C!%Kлем, чем ,. !еш=ю2, C%2%м3 ч2% %…, 
%!,е…2,!%"=…/ " %“…%"…%м …= "…32!е……,е -=*2%!/. m=C!,ме!, м%›е2 “3?е“2"%"=2ь …е-
“*%ль*% "=!,=…2%" !=“ш,!е…,  !/…*= “K/2= “ !=ƒ…/м, “2!=2ег,че“*,м, C%“лед“2", м,. 
Š=*, …е%›,д=……/L !%“2 м%›е2 K/2ь "/ƒ"=… ,…2е…“,"…%L !е*л=м…%L *=мC=…,еL, л,K% 3“-
Cеш…/м, ме!=м, C% “2,м3л,!%"=…,ю C!%д=›, л,K% “…,›е…,ем це… *%…*3!е…2=м,. o%.2%м3 
…е “лед3е2 “ч,2=2ь, ч2% !%“2 %KAем%" !е=л,ƒ=ц,, C!едC!, 2,  м%›…% C!%г…%ƒ,!%"=2ь C!%-
C%!ц,%…=ль…% .2%м3 "!еме……%м3 !=“ш,!е…,ю !/…*=, …% 2%гд= " Cе!“Cе*2,"е C!едC!, 2,е 
м%›е2 C%2е! 2ь “"%ю д%лю !/…*=, 3“23C," ее *%…*3!е…2=м. b .2%L “,23=ц,, …3›…% ,“*=2ь 
%2"е2/ …= 3г!%ƒ/, “%ƒд="=ем/е …%"/м, ,…,ц,=2,"=м, *%…*3!е…2%", …% ч=?е "…32!е……,е 
3C!="ле…че“*,е %2че2/ …е " “%“2% …,, “,г…=л,ƒ,!%"=2ь % "%ƒ…,*шеL C!%Kлеме. m= C!едC!,-
 2, ., …е ,мею?,. г,K*%г% Kюд›е2=, е›еме“ ч…/е K3.г=л2е!“*,е %2че2/, %че",д…%, K3д32 
C%*=ƒ/"=2ь, ч2% 3!%"е…ь C!%д=› C!е"/ш=е2 Kюд›е2…/е C%*=ƒ=2ел,, …е“м%2!  …= C%2е…ц,-
=ль…3ю 3г!%ƒ3 “%*!=?е…,  д%л, !/…*=.

o% “3?е“2"3 …е ме… е2 C%л%›е…,е “%“2="ле…,е …=K%!= Kюд›е2%", %C,!=ю?,.“  …= !=ƒ-
л,ч…/е “це…=!,, !=ƒ",2,  !/…%ч…%L “,23=ц,,. e“л, “,23=ц,  ме… е2“ , д%л›е… "“23C,2ь 
" “,л3 “%%2"е2“2"3ю?,L "=!,=…2 Kюд›е2=, *%2%!/L C!ед3“м=2!,"=е2 C%д.%д ?,е 3C!="-
ле…че“*,е !еше…, . o!, .2%м *=›д/L ,ƒ Kюд›е2%"  "л е2“  “2=2,ч…/м. mед%“2=2%* C%-
д%K…%г% C%д.%д= “%“2%,2 " …е"%ƒм%›…%“2, C!ед3“м%2!е2ь "“е "е!% 2…/е “це…=!,, !=ƒ",-
2,  “%K/2,L , " ,…е!2…%“2, Cе!е.%д= C!%,ƒ"%д“2"е……%L C%д“,“2ем/ %2 %д…%г% "=!,=…2= * 
д!3г%м3.

bме“2е “ 2ем, “2=2,ч…/е Kюд›е2/, “%“2="ле……/е C% C!едC!, 2,ю " цел%м , C% ег% %2дель-
…/м “2!3*23!…/м ед,…,ц=м, C%ƒ"%л ю2 %“3?е“2"л 2ь =…=л,ƒ , 3C!="ле…,е C% %2*л%…е…, м 
Kюд›е2…/. , -=*2,че“*,. C%*=ƒ=2елеL C!, !е=л,ƒ=ц,, Cл=…%".

m= %“…%"е ,…-%!м=ц,, % -3…*ц,%…=ль…/. %Kл=“2 . , "ел,ч,…=. %2*л%…е…,L C!%г…%ƒ,-
!3ем/. , -=*2,че“*,. %KAем%" C!%,ƒ"%д“2"=, !е=л,ƒ=ц,,, ƒ=2!=2 , це…, % 2е.…%л%г,че“*,. 
.2=C=., % це…2!=. -%!м,!%"=…,  ƒ=2!=2 , % “2!3*23!е =““%!2,ме…2= *%…еч…%L C!%д3*ц,, 
м%›е2 “%“2="л 2ь“  г,K*,L Kюд›е2, “" ƒ3ю?,L “2=2,ч…/L Kюд›е2 , -=*2,че“*,е !еƒ3ль2=-
2/ .%ƒ L“2"е……%L де 2ель…%“2, C!едC!, 2, .

n“…%"…=  цель “%“2="ле…,  г,K*,. Kюд›е2%" # де2=л,ƒ=ц,  , =…=л,ƒ %2*л%…е…,L -=*2,-
че“*,. C%*=ƒ=2елеL %2 Kюд›е2…/., = 2=*›е *%…2!%ль , *%!!е*2,!%"*= Cл=…%"/. …%!м=2,"%". 
c,K*,L Kюд›е2 # .2% ч=“2ь м…%г%3!%"…е"%г% =…=л,ƒ= %2*л%…е…,L , ,…“2!3ме…2 3C!="ле…,  
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C% %2*л%…е…, м. n2*л%…е…,  # C!едме2 !=““м%2!е…,  , !е=г,!%"=…,  дл  *%!!е*2,!%"*, 
C=!=ме2!%" де 2ель…%“2, C!едC!, 2, .

Š!еK3ем=  ,…-%!м=ц,  C!ед“2="л е2 “%K%L м…%г%ме!…3ю м=2!,ц3 %2*л%…е…,L, C!едC%л=-
г=ю?3ю ,ƒ"лече…,е д=……/. ,ƒ …ее " люK%м “%че2=…,, (…=C!,ме!, C% ƒ=2!=2=м …= м=2е!,=л/ 
" “%“2="е це…/ *=›д%г% ",д= C!%д3*ц,, " “" ƒ, “ "%ƒ!=“2=…,ем “C!%“=, C% ,ƒме…е…,ю %C2%-
"/. “*,д%* C%“2="?,*%м ,л, C% ,ƒме…е…,ю …%!м !=“.%д= " “" ƒ, “ C!%"еде……/м 2е.%K“л3-
›,"=…,ем %K%!3д%"=…, ).

q,“2ем=2,ƒ=ц,  %2*л%…е…,L "ел,ч,… C!%,ƒ"%д“2"е……/. , -,…=…“%"/. C%*=ƒ=2елеL C%-
ƒ"%л е2 “"%е"!еме……% *%!!е*2,!%"=2ь …е 2%ль*% 2е*3?,е (%Cе!=2,"…/е) 3C!="ле…че“*,е !е-
ше…, , …% 2=*›е цел, , ƒ=д=ч, K%лее "/“%*%г% 3!%"… . Š% е“2ь, г,K*,L Kюд›е2 (" %2л,ч,е 
%2 “2=2,ч…%г%) м%›е2  "л 2ь“  .леме…2%м “2!=2ег,че“*%г% 3C!="ле…, .

b %2л,ч,е %2 “2=2,ч…%г% г,K*,L Kюд›е2 C!ед3“м=2!,"=е2 …е ›е“2*%е Cл=…,!%"=…,е =K“%-
лю2…/. C%*=ƒ=2елеL, = ,. Cе!е“че2 , C!,"еде…,е * -=*2,че“*%м3 %KAем3 C!%д=› ,л, C!%,ƒ-
"%д“2"= …= %“…%"е 3дель…/. …%!м=2,"%". c,K*,L Kюд›е2 д%л›е… C%ƒ"%л 2ь %Cе!=2,"…% %це-
…,"=2ь ƒ=2!=2/ , -,…=…“%"/е !еƒ3ль2=2/ C!, люK%м %KAеме !е=л,ƒ=ц,,. o%.2%м3 дл  ег% 
!=ƒ!=K%2*, "=›…= …е 2%ль*% де2=л,ƒ=ц,  ƒ=2!=2 C% 2!=д,ц,%……/м (“ме2…/м) .леме…2=м, …% 
, ,. !=ƒделе…,е …= Cе!еме……/е, C%“2% ……/е , “меш=……/е, дл  *%2%!/. …е%K.%д,м/ *%л,-
че“2"е……/е .=!=*2е!,“2,*, (“2="*= ƒ=2!=2) # 3дель…/е C% ",д=м !=K%2 (…= ед,…,ц3 %KAем= 
"/C3“*= C% “2!3*23!е =““%!2,ме…2=) , “%%2"е2“2"3ю?,е C!едель…/е (…= ед,…,ц3 C!,!%“2= 
%KAем= "/C3“*=) ƒ=2!=2/.

o!, г,K*%м Kюд›е2,!%"=…,, …е 3“2=…="л,"=ю2“  ›е“2*,е -,…=…“%"/е C%*=ƒ=2ел, C% =K-
“%лю2…/м "ел,ч,…=м. `ль2е!…=2,"%L  "л е2“  %K%“…%"=…,е …%!м=2,"%" (3дель…/. , C!е-
дель…/. "ел,ч,…) C% "“ем .леме…2=м -,…=…“%"/. ƒ=2!=2 , C%“23Cле…,L, = 2=*›е C% ƒ"е…ь м 
2е.…%л%г,че“*%L цеC,. oе!е“че2 …= %“…%"е .2,. …%!м=2,"%" =K“%лю2…/. "ел,ч,… -,…=…“%-
"/. !еƒ3ль2=2%" C%ƒ"%л е2 г,K*% , %Cе!=2,"…% &C%д“2!=,"=2ь[ Kюд›е2 (C%*"=!2=ль…% ,л, 
д=›е C%ме“ ч…%) * -=*2,че“*%м3 3!%"…ю =*2,"…%“2,, *%2%!/L ,мее2 ме“2% " 2ече…,е Cл=-
…%"%г% Cе!,%д= [1].

dл  Cе!е“че2= =K“%лю2…/. "ел,ч,… -,…=…“%"/. !еƒ3ль2=2%", C%м,м% …%!м=2,"%", …е%K-
.%д,м% 3“2=…%",2ь *%л,че“2"е……/е ƒ=",“,м%“2, ",д=: &%KAем C!%,ƒ"%д“2"= # Cе!еме……/е 
ƒ=2!=2/ , "/!3ч*= # це…=[ (C% *=›д%L C%ƒ,ц,, =““%!2,ме…2=). dл  .2%г% м%›…% ,“C%льƒ%-
"=2ь C!едель…/е (,л, C!,!%“2…/е) .=!=*2е!,“2,*, ƒ=2!=2 , “C!%“= …= %“…%"е %це…*, (C% 
-=*2,че“*,м д=……/м ,л, .*“Cе!2…/м C32ем) ,ƒме…е…,  Cе!еме……/. ƒ=2!=2 (CVi), е“л, ,…-
2е…“,"…%“2ь "/C3“*= i-г% ",д= C!%д3*ц,, (Δvi) C%"/“,2“  (3ме…ьш,2“ ) …= м,…,м=ль…% 
"%ƒм%›…3ю (C% 2е.…%л%г,че“*,м 3“л%", м) "ел,ч,…3, !="…3ю:

                                                ( ) /i i i iMC v CV vΔ = Δ Δ .        (1)

Šе.…,*%-2е.…%л%г,че“*,е , %!г=…,ƒ=ц,%……/е 3“л%",  C!%,ƒ"%д“2"= %C!едел ю2 ",д -3…*-
ц,, MC(Δvi). b%ƒм%›…/ “лед3ю?,е "=!,=…2/:

− 3дель…/е (ед,…,ч…/е) ƒ=2!=2/ …е ƒ=",“ 2 %2 %KAем= "/C3“*=, 2.е C!едель…/е ƒ=2!=2/ 
!="…/ C%“2% ……%L "ел,ч,…е k, = MC(Δvi) = k; 2%гд= ,ƒме…е…,е Cе!еме……/. ƒ=2!=2 C! м% C!%-
C%!ц,%…=ль…% %KAем3 "/C3“*= ΔCVi=kvi;

− 3дель…/е ƒ=2!=2/ ƒ=",“ 2 %2 %KAем= "/C3“*= л,…еL…%, = C!едель…/е ƒ=2!=2/ !="…/ 
MC(Δvi) = kΔvi; 2%гд= ,ƒме…е…,е Cе!еме……/. ƒ=2!=2 ƒ=",“,2 %2 *"=д!=2= %KAем= "/C3“*=  
ΔCVi = kvi 

2            ; 
− 3дель…/е ƒ=2!=2/ ƒ=",“ 2 %2 %KAем= "/C3“*= …ел,…еL…%, 2. е. C!едель…/е ƒ=2!=2/ !="…/  

MC(Δvi) = kΔvi
b+1, = ΔCVi (Δvi) = kΔvi

b+1; дл  .2%г% “л3ч=  "%ƒм%›…/ д"= "=!,=…2= ("%-Cе!"/., 
C!,!%“2 ƒ=2!=2 %Cе!е›=е2 C!,!%“2 %KAем= "/C3“*=, C!, .2%м b > 0, ,, "%-"2%!/., C!,!%“2 
ƒ=2!=2 ме…ьше C!,!%“2= %KAем= "/C3“*=; C!, .2%м -1< b <0).

Š=*3ю ›е C!едель…3ю .=!=*2е!,“2,*3 м%›…% C%л3ч,2ь , дл  "/!3ч*, (MBi (Δqi) =
= ΔCBi / Δqi) C!, ,ƒме…е…,, “C!%“= …= м,…,м=ль…3ю "ел,ч,…3 C%д "л, …,ем це…/ ,л, 
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д!3г,. -=*2%!%". Š% е“2ь г,K*,L Kюд›е2 K=ƒ,!3е2“  …= ƒ…=…,, 2%г%, *=* "/!3ч*= ,л, ,ƒ-
де!›*, "ед32 “еK  " д,=C=ƒ%…е ,ƒме…е…,L %KAем%" C!%,ƒ"%д“2"= , !е=л,ƒ=ц,, C!%д3*ц,, 
(2=Kл. 1).

h“C%льƒ3  ƒ=",“,м%“2, ΔCVi (Δvi) , ΔBi (Δqi), …е2!3д…% %це…,2ь =K“%лю2…/е ƒ…=че…,  
Cе!еме……/. ƒ=2!=2 , "/!3ч*, дл  люK/. %KAем%" (,л, ,. ,ƒме…е…,L) C!%,ƒ"%д“2"= , 
“C!%“=, ч2% , !е=л,ƒ3е2 *%…цеCц,ю г,K*%г% Kюд›е2= C% !=ƒ!=K%2*е Cл=…%" дл  !=ƒл,ч…/. 
3!%"…еL дел%"%L =*2,"…%“2,. c,K*,L Kюд›е2 C%*=ƒ/"=е2, *=*,м %K!=ƒ%м, ме…   %KAем "/-
C3“*= , !е=л,ƒ=ц,,, м%›…% "%ƒдеL“2"%"=2ь " …3›…%м …=C!="ле…,, …= %KAем/ ƒ=2!=2 , 
"/!3ч*,.

o%“ле *%!!е*2,!%"*, Kюд›е2= м%›…% %це…,"=2ь %2*л%…е…,  Cл=…%"/. , -=*2,че“*,. 
C%*=ƒ=2елеL, 3“2!=…   2ем “=м/м "л, …,е …е!ег3л,!3ем/. -=*2%!%" , “%“!ед%2%ч,"=  3“,-
л,  …= "/ "ле…,, C!,ч,… , л,*",д=ц,, %2*л%…е…,L, "%ƒ…,*=ю?,. ƒ= “че2 !ег3л,!3ем/. 
-=*2%!%".

Š = K л , ц =  1

j%.--,ц,е…2/ “%“2="л ю?,. Cе!еме……/. ƒ=2!=2 
(" ƒ=",“,м%“2, %2 %KAем= "/C3“*= *%…еч…%L C!%д3*ц,,)

q2=2ь,, .леме…2/ ƒ=2!=2 o!,ч,…= ,ƒме…е…,  3дель…/. , C!едель…/. 
ƒ=2!=2

j%.--,ц,е…2/ 
.леме…2= ƒ=2!=2

l=2е!,=л/

Š!еK3ем/L %KAем m%!м/ !=“.%д= "%ƒ!=“2=ю2 C!, !%“2е 
,…2е…“,"…%“2, "/C3“*= C!%д3*ц,, (K!=*, 
%2.%д/)

b > 0

q2%,м%“2ь ƒ=*3C*, nC2%"=  “*,д*= 3"ел,ч,"=е2“  д,“*!е2…% C!, 
!%“2е C=!2,,

b = – 1,..., 0

q2%,м%“2ь C%“2="*, Š!=…“C%!2…/е !=“це…*, %K/ч…% …е ме… ю2“ b = 0

q2%,м%“2ь .!=…е…, p=“це…*, "%ƒ!=“2=ю2 C!, 3"ел,че…,, ƒ=г!3ƒ*, 
“*л=д“*%L Cл%?=д, 

b > 0

nCл=2= 2!3д=

n“…%"…=  ƒ=!=K%2…=  Cл=2= q2="*, "%ƒ!=“2=ю2 C!, !%“2е ,…2е…“,"…%“2, 
"/C3“*= (%Cл=2= !=K%2/ " “"е!.3!%ч…%е "!ем , 
"/.%д…/е, C!=ƒд…,ч…/е д…,)

b > 0

d%C%л…,2ель…=  
ƒ=!=K%2…=  Cл=2=

q2="*, "%ƒ!=“2=ю2 C!, 3"ел,че…,, 
C!%,ƒ"%д,2ель…%“2, 2!3д=

b > 0

o!ем,=ль…=  %Cл=2= 2!3д= hмее2 ме“2% C!, C!е"/ше…,, Cл=…%"/. 
-,…=…“%"/. C%*=ƒ=2елеL де 2ель…%“2, 
C!едC!, 2, 

b > 0

}*“Cл3=2=ц,  
%K%!3д%"=…, 

q2%,м%“2ь .…е!ге2,че“*,. 
!е“3!“%", cql, ƒ=Cч=“2еL

p=“це…*, "%ƒ!=“2=ю2 C!, !%“2е ,…2е…“,"…%“2, 
!=K%2/ (%Cл=2= !=K%2/ " “"е!.3!%ч…%е "!ем , 
"/.%д…/е, C!=ƒд…,ч…/е д…,)

b > 0

q2%,м%“2ь 
2е.%K“л3›,"=…, , 2е*3?ег% 
!ем%…2=

Š!еK3е2“  Cе!е…=л=д*=, д,=г…%“2,*=, 
C!%-,л=*2,*= %K%!3д%"=…, . )=“2%2= 2е*3?,. 
!ем%…2%" "%ƒ!=“2=е2 (C%л%м*,, ,ƒ…%“)

b > 0
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Š=* *=* -=*2,че“*,е C!%д=›, K3д32, "е!% 2…%, %2л,ч=2ь“  %2 Cл=…%"/. (C% “2=2,ч…%м3 
Kюд›е23), г,K*,L Kюд›е2 C!ед“2="л е2 K%льше "=!,=…2%" %KAем%" C!%д=›, C%“*%ль*3 
%Kе“Cеч,"=е2 д=……/м, ,ƒ3че…,е C%“лед“2",L ,ƒме…е…,  %KAем%" "/!3ч*, ,л, ,ƒде!›е*. 
j%!!е*2,!%"*, C!%,ƒ"%д 2“  C% %*%…ч=…,, ед,…,ч…%г% *=ле…д=!…%г% Cе!,%д=. b/C%л…е…,е 
,л, …е"/C%л…е…,е 2%L ,л, ,…%L Kюд›е2…%L “2=2ь, %C!едел е2“  л,шь C!, “!="…е…,, 
-=*2,че“*,. !=“.%д%" “ *%!!е*2,!%"=……/м, Cл=…=м,, = …е “ Cе!"%…=ч=ль…% ƒ=Cл=…,!%"=…-
…/м,.

q C%м%?ью г,K*%г% Kюд›е2= м%›…% “" ƒ=2ь ме›д3 “%K%L “2=2,ч…/L Kюд›е2 , -=*2,че-
“*,е !еƒ3ль2=2/, C!,"ед  ,. * C!%ч,м !="…/м 3“л%", м (2. е. * ед,…%м3 %KAем3 C!%,ƒ"%д-
“2"= , C!%д=›) , “!="…,2ь …%!м=2,"…/е 3дель…/е C%*=ƒ=2ел, (це…/, ,ƒде!›*,) “ -=*2,-
че“*,м,. d=……/L Kюд›е2 %“…%"=… …= C!,"еде…,, “2=2еL д%.%д%" , !=“.%д%" * !=ƒл,ч…/м 
%KAем=м C!%,ƒ"%д“2"= , C!%д=›, 2. е. %… !=““ч,2=… дл  !=ƒл,ч…/. 3!%"…еL дел%"%L =*2,"-
…%“2,. aл=г%д=!  .2%м3 г,K*,L Kюд›е2 м%›е2  "л 2ь“  “!ед“2"%м Cл=…,!%"=…,  д,…=м,*, 
ƒ=2!=2, "/!3ч*, , C!,K/л, C!, !=ƒл,ч…/. %KAем=., " *%2%!/. %2%K!=›е…,е .2%L "ƒ=,м%-
“" ƒ, C!%“2/м, =…=л,2,че“*,м, -%!м3л=м, (,л, “,“2ем=м, 3!="…е…,L) …е"%ƒм%›…% [2]. 

nд…%L ,ƒ C!,ч,… “л%›…%“2, Kюд›е2,!%"=…,  …= C!едC!, 2,, “ м…%г%…%ме…*л=23!…/м 
мел*%“е!,L…/м C!%,ƒ"%д“2"%м (…=C!,ме!, " g`n &}*“Cе!,ме…2=ль…%-ме.=…,че“*,L ƒ="%д[, 
г. l%“*"=)  "л е2“  K%льш%е !=ƒ…%%K!=ƒ,е ",д%" "/C3“*=ем%L C!%д3*ц,, ,, *=* “лед“2",е, 
“л%›…%“2ь , 2!3д%ем*%“2ь ,…-%!м=ц,%……%г% , …%!м=2,"…%г% %Kе“Cече…,  “%“2="ле…,  Cл=-
…%" C% “еKе“2%,м%“2, =““%!2,ме…2= "/C3“*=. b %2мече……%м g`n " *=че“2"е !=ƒ!еше…,  .2%L 
2!3д…%“2, Cе!"%…=ч=ль…% C%шл, C% C32, 3*!3C…е…,  Cл=…,!%"=…,  " д"3. ,ƒме!е…, .: 

− C% г!3CC=м …%ме…*л=23!/ (=““%!2,ме…2…/м г!3CC=м); 
− C% г!3CC=м *л,е…2%" (ƒ=*=ƒч,*%", C%*3C=2елеL).
r*!3C…е…,е Cл=…= д% =““%!2,ме…2…/. г!3CC ("%-Cе!"/., .2% %K%!3д%"=…,е дл  ме.=…,че-

“*%L %K!=K%2*, ме2=лл= - “2=…*, 2%*=!…/е, м=ш,…/ дл  “… 2,  -=“%* , д!., ,, "%-"2%!/., 
# г!3ƒ%C%дAем…/е м=ш,…/ , ме.=…,ƒм/ # C%л,“C=“2/, 2=л,, г,д!%д%м*!=2/, *!=…-K=л*,) 
“%*!=2,л% *%л,че“2"% Cл=…%"/. C%ƒ,ц,L K%лее чем " д"= !=ƒ=. b !=м*=. д,"е!“,-,*=ц,, 
C!едC!, 2,  "/K!=…% …%"%е …=C!="ле…,е, “" ƒ=……%е “ м=ш,…=м , ме.=…,ƒм=м, C% 2!=…“-
C%!2,!%"*е ›,д*,. , 2"е!д/. м=2е!,=л%", " ч=“2…%“2,, …=“%“%" "/“%*%г% д="ле…, . }2%2 
",д C!%д3*ц,, 2е.…%л%г,че“*, “" ƒ=… “ “3?е“2"3ю?,м =““%!2,ме…2%м , …е 2!еK3е2 K%ль-
ш,. *=C,2=ль…/. ƒ=2!=2 " 2е.…,че“*%е Cе!е%“…=?е…,е C!едC!, 2, . ` !=“ш,!е…,е =““%!2,-
ме…2= , %Kе“Cече…,е ег% C!,K/ль…%“2, C%2!еK%"=л% “%"е!ше…“2"%"=…,  3C!="ле…,  “еKе-
“2%,м%“2ью …= %“…%"е “,“2ем/ Kюд›е2,!%"=…, .

m= K%льш,…“2"е C!едC!, 2,L C!%це““ Kюд›е2,!%"=…,  …=ч,…=е2“  “ “%“2="ле…,  Cл=…= 
C!%д=›, …= %“…%"=…,, *%2%!%г% -%!м,!3ю2“  %Cе!=ц,%……/е , -,…=…“%"/е Kюд›е2/. b C%-
ƒ=*=ƒ…%м C!%,ƒ"%д“2"е, где *=›д/L C!%д3*2 3…,*=ле…, “%“2=",2ь Kюд›е2 C!%д=› " …=23!=ль-
…%м "/!=›е…,, C!=*2,че“*, …е"%ƒм%›…%. o%.2%м3 д% 2008 г. " g`n %2“32“2"%"=л= “,“2ем= 
Kюд›е2,!%"=…, , ,ƒ-ƒ= чег% …ельƒ  K/л% д%“2%"е!…% Cл=…,!%"=2ь “2%,м%“2ь "/C%л…е…,  
ƒ=*=ƒ%" , -,…=…“%"%-.%ƒ L“2"е……3ю де 2ель…%“2ь " цел%м C% C!едC!, 2,ю. q%ƒд=…,е “,“-
2ем/ Kюд›е2,!%"=…,  %“л%›… л%“ь ! д%м -=*2%!%", “" ƒ=……/. “% “Cец,-,*%L !=K%2/ g`n, 
= ,ме……%:

− %“…%"…%L %KAем C!%,ƒ"%д“2"= %C!едел е2“  "/C%л…е…,ем !=ƒ%"/. ƒ=*=ƒ%"; 
− *%л,че“2"% м%д,-,*=ц,L "/C3“*=ем%L C!%д3*ц,, C!=*2,че“*, …е%г!=…,че……%; 
− “!%* "/C%л…е…,  %2дель…%г% ƒ=*=ƒ= # %2 …е“*%ль*,. д…еL д% …е“*%ль*,. …едель ,л, ме-

“ це". 
Š=*=  “Cец,-,*= C!%,ƒ"%д“2"е……%г% C!%це““= “%%2"е2“2"3е2 мел*%“е!,L…%м3 C%ƒ=*=ƒ-

…%м3 2,C3 C!%,ƒ"%д“2"=, C!, *%2%!%м ,“C%льƒ%"=2ь 2!=д,ц,%……3ю “,“2ем3 Kюд›е2,!%"=-
…, , C!едC%л=г=ю?3ю -%!м,!%"=…,е %Cе!=ц,%……/. , -,…=…“%"/. Kюд›е2%" …= %“…%"е 
Kюд›е2= C!%д=› (“%“2="ле……%г% " …=23!=ль…%м "/!=›е…,,) …е"%ƒм%›…%, C%“*%ль*3 …ельƒ  
“ д%“2=2%ч…%L д%“2%"е!…%“2ью %C!едел,2ь, *=*=  C!%д3*ц,  , " *=*%м %KAеме K3де2 !е=л,-
ƒ%"=…=.



h……%"=2,*= , .*“Cе!2,ƒ=. 2009. b/C3“* 1 (3)

153

n2“32“2",е “,“2ем/ Kюд›е2,!%"=…,  …е 2%ль*% 3“л%›… л% C!%це““ 3C!="ле…,  -,…=…“%-
"%-.%ƒ L“2"е……%L де 2ель…%“2ью g`n " цел%м, …% , …е C%ƒ"%л л% “%ƒд=2ь .--е*2,"…%е 
3C!="ле…,е “еKе“2%,м%“2ью , це…%%K!=ƒ%"=…,ем. q2%,м%“2ь ƒ=*=ƒ%" !=““ч,2/"=л=“ь C% C!%-
д=›=м …= %“…%"=…,, “еKе“2%,м%“2, м=2е!,=л%" , …=це…%* (…%!м/ C!,K/л, …= ƒ=*=ƒ). d=……/е 
!=“це…*, %C!едел л,“ь .*“Cе!2…/м C32ем , …е K/л, “" ƒ=…/ …, “ “,“2ем%L …%!м,!%"=…, , 
…, “ “,“2ем%L Kюд›е2,!%"=…, . o%! д%* !=“че2= “2%,м%“2, ƒ=*=ƒ%" …е %Kе“Cеч,"=л д%“2%-
"е!…%L %це…*, ƒ=2!=2 C% ƒ=*=ƒ=м , …е C%ƒ"%л л *%…2!%л,!%"=2ь д%“2,›е…,е ƒ=д=……%L !е…-
2=Kель…%“2, "/C%л…е…,  *=* %2дель…/. ƒ=*=ƒ%", 2=* , C% C!едC!, 2,ю " цел%м. b !еƒ3ль2=-
2е Cл=…%"=  !е…2=Kель…%“2ь C!,…,м=ем/. ƒ=*=ƒ%" “%“2="л л= …е ме…ее 25%, = -=*2,че“*=  
…е C!е"/ш=л= 10%. o%.2%м3 !=ƒме! …=це…*,, "*люч=ем%L " “2%,м%“2ь ƒ=*=ƒ=, ч=“2% %C!еде-
л л“  “ ƒ=C=“%м, ч2% д%л›…% K/л% *%мCе…“,!%"=2ь "е!% 2…/е 3K/2*,, "/ƒ"=……/е …,ƒ*%L 
2%ч…%“2ью *=ль*3л,!%"=…, . }2% C!,"ел% * 2%м3, ч2% 3“л3г, g`n дл  ч=“2, ƒ=*=ƒч,*%" “2=-
л, K%лее д%!%г,м, C% “!="…е…,ю “ C!едл%›е…, м, *%…*3!е…2%".
g`n “2=л% %“2!% …3›д=2ь“  " д%“2%"е!…%м !=“че2е Cл=…%"%L “еKе“2%,м%“2, ƒ=*=ƒ%" , *%…-

2!%л,!%"=…,, "%ƒ…,*=ю?,. %2*л%…е…,L C%*=ƒ=2елеL Cл=…%"%г% -,…=…“%"%г% C%2%*=. o!, 
3C!="ле…,, “еKе“2%,м%“2ью м…%г%…%ме…*л=23!…%г% C!%,ƒ"%д“2"= *%…2!%л,!%"=2ь %2*л%…е-
…,  "=›…% …е 2%ль*% " !=м*=. %2дель…/. ƒ=*=ƒ%", = C% "“ем C!%,ƒ"%д“2"е……/м C!%це““=м. 
o%.2%м3 K/л% !еше…% "…ед!,2ь г,K*%е (=д=C2,"…%е) Kюд›е2,!%"=…,е " “%че2=…,, “ ег% C!%-
це““…%-%!,е…2,!%"=……%L …=C!="ле……%“2ью. o!%це““…%-%!,е…2,!%"=……%е Kюд›е2,!%"=…,е 
C!едC%л=г=е2, ч2% …=! д3 “ K=ƒ%"/м Kюд›е2%м (…= %“…%"=…,, *%2%!%г% -%!м,!3ю2“  "“е 
%Cе!=ц,%……/е , -,…=…“%"/е Kюд›е2/), ,мее2“  "“C%м%г=2ель…/L, *%2%!/L  "л е2“  Cл=-
…%м "/C%л… ем/. !=K%2 " !=ƒ!еƒе %“…%"…/. C!%,ƒ"%д“2"е……/. , 3C!="ле…че“*,. C!%це““%". 
e“л, %K/ч…/L “2=2,ч…/L ,л, г,K*,L Kюд›е2 л,шь *%…“2=2,!3е2 C!%ме›32%ч…/е , *%…еч-
…/е -,…=…“%"/е !еƒ3ль2=2/ C!%,ƒ"%д“2"е……%L де 2ель…%“2,, 2% C!%це““…%-%!,е…2,!%"=…-
…/L Kюд›е2 “%де!›,2 д=……/е (%C,“=…,  C!%,ƒ"%д“2"е……/. , %!г=…,ƒ=ц,%……%-3C!="ле…че-
“*,. ме!%C!, 2,L , …е%K.%д,м/е -,…=…“%"/е “!ед“2"=) дл  ,“C%л…е…,  %“…%"…%г% Kюд›е-
2= “ м,…,м=ль…/м, %2*л%…е…, м,. Š% е“2ь, C!%це““…%-%!,е…2,!%"=……/L Kюд›е2  "л е2“  
ме.=…,ƒм%м C!=*2,че“*%L !е=л,ƒ=ц,, -,…=…“%"%г% 3C!="ле…,  C!едC!, 2, , C%ƒ"%л ю?,м 
C!,Kл,ƒ,2ь “%ƒд="=ем3ю " %“…%"…%м Kюд›е2е м%дель C!%,ƒ"%д“2"е……%L де 2ель…%“2, * ,ƒ-
ме… ю?,м“  3“л%", м. o!%це““…%-%!,е…2,!%"=……/L Kюд›е2 !=““м=2!,"=е2“  " !%л, ме.=-
…,ƒм=, *%2%!/L C%ƒ"%л е2 !е=л,ƒ%"/"=2ь !е“3!“/ %“…%"…%г% Kюд›е2= …=,K%лее Kл,ƒ*% * 
,де=ль…%м3 Cл=…3, C!, "еде…,, C!%,ƒ"%д“2"е……%-“K/2%"%L де 2ель…%“2, " 3“л%", . …е%C!е-
деле……%L, ме… ю?еL“  !/…%ч…%L “!ед/. m=л,ч,е "2%!%L “%“2="л ю?еL (C!%це““…%-%!,е…-
2,!%"=……%г% Kюд›е2=) C%ƒ"%л,2 %K%“…%"/"=2ь .*%…%м,че“*3ю .--е*2,"…%“2ь ƒ=*=ƒ%" , 
де 2ель…%“2ь C!едC!, 2,  " цел%м …е 2%ль*% C!, ,де=ль…%L “.еме (“ 2%ч*, ƒ!е…,  *%…еч…%-
г% !еƒ3ль2=2=), …% , C!,…,м=  "% "…,м=…,е %!г=…,ƒ=ц,%……%-3C!="ле…че“*,L ме.=…,ƒм, 
%Kе“Cеч,"=ю?,L !е=л,ƒ=ц,ю !еƒ3ль2=2%" [3].

o!едл=г=е2“  " .%де !=ƒ!=K%2*, ,…"е“2,ц,%……%г% C!%е*2= д,"е!“,-,*=ц,, C!едC!, 2,  
(…= C!ед/…"е“2,ц,%……%L “2=д,,) "*люч=2ь " C!%це““…%-%!,е…2,!%"=……/L Kюд›е2 “,“2ем3 
3C!="ле…че“*,. ме!%C!, 2,L, *%!!е*2,!3ю?,. %2!,ц=2ель…/е %2*л%…е…,  -=*2,че“*,. , 
Cл=…%"/. C%*=ƒ=2елеL. o!%"еде…,е 2=*,. ме!%C!, 2,L м,…,м,ƒ,!3е2 "л, …,е …е,ƒKе›…/. 
…еKл=г%C!, 2…/. -=*2%!%" , C%ƒ"%л,2 “ "/“%*%L "е!% 2…%“2ью C%л3ч,2ь (…= C!%,ƒ"%д“2-
"е……%L “2=д,, C!%е*2= д,"е!“,-,*=ц,,) -=*2,че“*,е C%*=ƒ=2ел, .--е*2,"…%“2, Kл,ƒ*,е * 
2!еK3ем/м (2=Kл. 2).

)2%K/ C%д%K…=  “,“2ем= %!г=…,ч…% -3…*ц,%…,!%"=л= *=* .леме…2 ме…ед›ме…2= , C!,-
…%“,л= C%л%›,2ель…/L !еƒ3ль2=2 (" ",де “…,›е…,  %2*л%…е…,L -,…=…“%"/. C%*=ƒ=2елеL 
C!%е*2= %2 2!еK3ем/., Cл=…,!3ем/.), …е%K.%д,м%, ч2%K/ %…= C!ед3“м=2!,"=л= ƒ=Kл=г%"!е-
ме……%е “%ƒд=…,е 3“л%",L , "%ƒм%›…%“2еL (C!е›де "“ег% -,…=…“%"/. , "!еме……/.) дл  
%“3?е“2"ле…,  %Cе!=2,"…/. 3C!="ле…че“*,. ме!%C!, 2,L. pе=л,ƒ3е2“  C!едл=г=ем/L .*%-
…%м,*%-3C!="ле…че“*,L ме.=…,ƒм “%ƒд=…,ем C%“2% ……% -3…*ц,%…,!3ю?еL “,“2ем/ 3C!="-
ле…че“*%г% 3че2= " .%де !е=л,ƒ=ц,, ,…"е“2,ц,%……%г% C!%е*2= д,"е!“,-,*=ц,, C!%,ƒ"%д“2-
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"=. o!, …еKл=г%C!, 2…%м !=ƒ",2,, “%K/2,L ,ƒ-ƒ= …е*%…2!%л,!3ем/. -=*2%!%" !/…%ч…%L 
*%…Aю…*23!/ 2=*=  “,“2ем= “C%“%K“2"3е2 ƒ=деL“2"%"=…,ю “!ед“2" , “%%2"е2“2"3ю?,. 3C!="-
ле…че“*,. !еше…,L, …=C!="ле……/. …= м,…,м,ƒ=ц,ю %2!,ц=2ель…/. .*%…%м,че“*,. C%-
“лед“2",L. o!едл=г=ем=  “,“2ем= 3C!="ле…че“*%г% 3че2= " ,…"е“2,ц,%……%м C!%е*2е д%л›…= 
C%ƒ"%л 2ь:

− %Cе!=2,"…% -,*“,!%"=2ь -=*2,че“*,е %2*л%…е…,  “2%,м%“2…/. , "!еме……/. C=!=ме2!%" 
!е=л,ƒ=ц,, %2 Cл=…%"/.;

− %це…,"=2ь  "…/е , "/ "л 2ь “*!/2/е C!,ч,…/ .2,. %2*л%…е…,L "% "…еш…еL , "…32!е…-
…еL “!еде C!%е*2=;

− C!ед",де2ь * *=*,м !еƒ3ль2=2=м C!,"еде2 …=*=Cл,"=…,е мел*,. %2*л%…е…,L , …= “*%ль-
*% ,ƒме… 2“  !=“че2…/е C%*=ƒ=2ел, .--е*2,"…%“2, C!%е*2=;

− !=ƒ!=K=2/"=2ь 3C!="ле…че“*,е ме!%C!, 2,  %Cе!=2,"…%г% , “2!=2ег,че“*%г% .=!=*2е!= 
C% л,*",д=ц,, C!,ч,… , м,…,м,ƒ=ц,, %2*л%…е…,L -=*2,че“*,. , Cл=…%"/. C=!=ме2!%" 
C!%е*2=.

b м=2!,ч…%м ",де K=ƒ%"/L “2=2,ч…/L Kюд›е2 C!ед“2="л е2 “%K%L “%"%*3C…%“2ь 2=Kл,ц: 
-,…=…“%"/. C%“23Cле…,L Fτ , *=C,2=ль…/. ,л, 2е*3?,. C!%,ƒ"%д“2"е……/. ƒ=2!=2 Kτ , !=“-
C!еделе……/. "% "!еме…, , C% “2=2ь м ƒ=2!=2, *%2%!/е ,мею2 “%“2="л ю?,е “ …е%C!еделе…-
…/м, (…= C!ед/…"е“2,ц,%……%L “2=д,,) "ел,ч,…=м,:

Š = K л , ц =  2

q!="…е…,е 2!=д,ц,%……%г% (“2=2,ч…%г% ,л, г,K*%г%) 
, C!%це““…%-%!,е…2,!%"=……%г% Kюд›е2,!%"=…, 

Š!=д,ц,%……%е (“2=2,ч…%е ,л, г,K*%е) 
Kюд›е2,!%"=…,е

o!%це““…%-%!,е…2,!%"=……%е Kюд›е2,!%"=…,е

q%“2="ле…,е K=ƒ%"%г% Kюд›е2= C!%е*2= 
%!,е…2,!%"=……%г% …= “2=2ь, ƒ=2!=2

q%“2="ле…,е Kюд›е2= C!%е*2=, %!,е…2,!%"=……%г% …= 
2е.…%л%г,че“*,е “2=д,, , .2=C/ (C!%це““/) C!%,ƒ-
"%д“2"=.
q%“2="ле…,е *%мCе…“=ц,%……%г% Kюд›е2= C!%е*2= дл  
%Kе“Cече…,  целе"/. C=!=ме2!%" K=ƒ%"%г% Kюд›е2= 

t,*“,!%"=…,е %2*л%…е…,L -=*2,че“*,. 
C=!=ме2!%" ,“C%л…е…,  %2 Cл=…%"/. 
C=!=ме2!%" K=ƒ%"%г% Kюд›е2= 

`…=л,ƒ C!,ч,… , *л=““,-,*=ц,  "е!% 2…/. %2*л%…е-
…,L -=*2,че“*,. C=!=ме2!%" %2 Cл=…%"/. C%*=ƒ=-
2елеL

`…=л,ƒ C!,ч,… “"е!ш,"ш,.“  %2*л%…е…,L 
-=*2,че“*,. C=!=ме2!%" %2 Cл=…%"/. 
C%*=ƒ=2елеL

o!%г…%ƒ,!%"=…,е "е!% 2…/. "ел,ч,… %2*л%…е…,L 
-=*2,че“*,. C=!=ме2!%" %2 Cл=…%"/. K=ƒ%"%г% Kюд-
›е2=

o!,… 2,е %Cе!=2,"…/. !еше…,L C% 
,“C!="ле…,ю “,23=ц,, , *%!!е*2,!%"*е 
K=ƒ%"%г% Kюд›е2=

nце…*= C%2!еK…%“2, " д%C%л…,2ель…/. !е“3!“=. дл  
*%мCе…“=ц,, …ег=2,"…/. %2*л%…е…,L.
nK%“…%"=…,е .--е*2,"…%г% “%“2="= %2*л%…е…,L , 
3!%"…  ,. *%мCе…“=ц,,

j%!!е*2,!%"*= K=ƒ%"%г% Kюд›е2= b/!=K%2*= *%мCе…“,!3ю?,. ме!%C!, 2,L, м,…,м,-
ƒ,!3ю?,. …ег=2,"…/е %2*л%…е…, 

pе=л,ƒ=ц,  !еше…,L C% ,“C!="ле…,ю 
C%“лед“2",L %2*л%…е…,L 

pе=л,ƒ=ц,  *%мCе…“,!3ю?,. ме!%C!, 2,L, …е д%-
C3“*=ю?,. !=ƒ",2,е …ег=2,"…/. %2*л%…е…,L 

oе!е“м%2! K=ƒ%"%г% Kюд›е2= “ 3че2%м 
деL“2",L C% ,“C!="ле…,ю C%“лед“2",L 
%2*л%…е…,L 

j%!!е*2,!%"*= K=ƒ%"%г% Kюд›е2= C!, K%льш%L д%ле 
…е*%мCе…“,!3ем/. %2*л%…е…,L 
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⎢ ⎥⎢ ⎥ Δ⎣ ⎦ ⎣ ⎦  

,  F Kτ τ= ,  (τ =1,..., Ν),

где τ # м%ме…2 "!еме…, "“23Cле…,  " “,л3 %че!ед…%г% ,“C%л…,2ель…%г% Kюд›е2=; Ν # *%л,че“2"% ,“C%л…,-
2ель…/. Kюд›е2%" (Cе!е“м%2!%" K=ƒ%"%г%) ƒ= -=*2,че“*3ю C!%д%л›,2ель…%“2ь ,…"е“2,ц,%……%L “2=д,, C!%е*-
2= T ′ = T +ΔT; ΔF, ΔK # C!е"/ше…,е -=*2,че“*,. C%“23Cле…,L , !=“.%д%" Kюд›е2= …=д K=ƒ%"/м, " t-L Cе!,-
%д.

q3мм,!%"=…,е "ел,ч,… K=ƒ%"/. ,…"е“2,ц,L c ,. -=*2,че“*,м, %2*л%…е…, м, %ƒ…=ч=е2 
%K ƒ=2ель…%“2ь *%!!е*2,!%"*, K=ƒ%"%г% Kюд›е2=, “ "/деле…,ем д%C%л…,2ель…/. -,…=…“%-
"/. “!ед“2" дл  C%*!/2,  3д%!%›=…, .

t%!м=л,ƒ=ц,  C!%це““…%-%!,е…2,!%"=……%г% Kюд›е2= " м=2!,ч…%-"е*2%!…%м ",де C!ед-
“2="л е2 “%K%L “%"%*3C…%“2ь 2=Kл,ц (-,…=…“%"/. C%“23Cле…,L FTj , *=C,2=ль…/. ,л, 2е*3-
?,. ƒ=2!=2 KTj, !=“C!еделе……/. *=* "% "!еме…,, 2=* , C% ƒ"е…ь м C!%,ƒ"%д“2"е……%-2е.…%л%-
г,че“*%L цеC, "/C3“*= C!%д3*ц,,: ƒ=*3C*=, ƒ=г%2%"*= !е“3!“%", %K!=K%2*= …= j-м .2=Cе 2е.-
…%л%г,че“*%г% ц,*л=) , C!,…,м=е2 ",д:

                                 

1 1

2 2

,

,

...
,

,

j j

j j

j

Tj Tj

T j T j

F Fc

F Fc

F
F Fc

F Fc′ ′

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

,

 

1 1 1

2 2 2

,

,

...
,

,

j j j

j j j

j

Tj Tj Tj

T j Tj T j

K f Kc

K f Kc

K
K f Kc

K f Kc′ ′

+⎡ ⎤
⎢ ⎥+⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥+
⎢ ⎥

+⎢ ⎥⎣ ⎦

,  

 

, =1,..., .Tj TjKc Fc j m≤

 
q3мм,!%"=…,е ,…"е“2,ц,%……/. !=“.%д%" …= д,"е!“,-,*=ц,ю KTj “ “3мм=м,, 2!еK3ем/м, 

дл  -3…*ц,%…,!%"=…,  “,“2ем/ 3C!="ле…че“*%г% 3че2= fTj , "/!=›=е2 %K ƒ=2ель…/L .=!=*2е! 
.2,. ƒ=2!=2 дл  !е=л,ƒ=ц,, C!%це““…%-%!,е…2,!%"=……%г% Kюд›е2,!%"=…, . h …=C!%2,", 
“3мм/ д%C%л…,2ель…/. ,…"е“2,ц,L …= *%мCе…“=ц,ю %2*л%…е…,L Kct …е ,мею2 %K ƒ=2ель…%-
г% .=!=*2е!= (!=“.%д3ю2“  2%ль*% C% ме!е …е%K.%д,м%“2,), C%.2%м3 %…, …е “3мм,!3ю2“  “ 
K=ƒ%"/м, ,…"е“2,ц, м,, = л,шь “2=" 2“  ,м " “%%2"е2“2",е.

n2“32“2",е "е*2%!= ,…де*“%" (τ = 1,..., Ν) %ƒ…=ч=е2, ч2% "ме“2% …еC!е!/"…%г% Cе!е“че2= , 
Cе!е“м%2!= ,“C%л…,2ель…/. Kюд›е2%", “%C!%"%›д=ю?,. 2!=д,ц,%……%е Kюд›е2,!%"=…,е, 
C!едл=г=ем/L ме2%д Cе!е…%“,2 3C!="ле…че“*3ю де 2ель…%“2ь " Cл%“*%“2ь =…=л,2,че“*%L !=-
K%2/ C% "/ "ле…,ю , !=ƒ!=K%2*е деL“2",L C% м,…,м,ƒ=ц,, %2*л%…е…,L.

b .%де C!%е*2= д,"е!“,-,*=ц,, g`n 3C!="ле…,е “еKе“2%,м%“2ью C!%,ƒ"%д“2"= !е=л,ƒ%-
"=…% …= %“…%"е C!едл%›е……%L “,“2ем/ C!%це““…%-%!,е…2,!%"=……%г% Kюд›е2,!%"=…, . a/л, 
"/деле…/ %“…%"…/е .2=C/ Cл=…,!%"=…,  де 2ель…%“2, C!едC!, 2, : C!%д=›,, C!%,ƒ"%д“2-
"е……/е , ƒ=*3C%ч…/е ƒ=2!=2/, “*л=д“*,е , д!3г,е !=“.%д/. j=›д/L ,ƒ .2=C%" "*люч=е2 
!е=л,ƒ3ю?,е 2е.…%л%г,че“*,е C!%це““/, " 2%м ч,“ле C!%це““/ 3C!="ле…, .

nK/ч…% Cл=… C!%д=› -%!м,!3е2“  " …=23!=ль…/. ед,…,ц=., ч2% C%ƒ"%л е2 !=““ч,2/"=2ь 
“2%,м%“2…/е %KAем/, ,“.%д  ,ƒ це… …= C!%д3*ц,ю , 2емC%" ,. !%“2=, Cл=…,!%"=2ь ƒ=г!3ƒ*3 
%K%!3д%"=…, , …%!м,!%"=2ь C! м/е ƒ=2!=2/ C% ",д=м C!%д3*ц,,. g`n C!,шл%“ь %2*=ƒ=2ь“  
%2 -%!м,!%"=…,  Cл=…= C!%д=› " …=23!=ль…%м "/!=›е…,,, C%“*%ль*3 2!еK%"=…,  C%*3C=2е-
л  C% *=›д%м3 ƒ=*=ƒ3 3…,*=ль…/, = C!, ,ƒме…е…,, люK%г% 2е.…,че“*%г% C=!=ме2!= C!%д3*-
ц,, “2%,м%“2ь *%…еч…%L C!%д3*ц,, K3де2 !=ƒл,ч…=. o%.2%м3 Kюд›е2 C!%д=› …= C!едC!,-
 2,, -%!м,!3е2“  " “2%,м%“2…%м "/!=›е…,, C% =““%!2,ме…2…/м г!3CC=м. p=ƒме! "/!3ч*, 
%C!едел е2“  …= %“…%"=…,, =…=л%г,ч…%г% C%*=ƒ=2ел  C!едше“2"3ю?ег% Cе!,%д= (ме“ ц=). 
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b Kюд›е2е C!%д=› 3ч,2/"=ю2“  “еƒ%……%“2ь , 2емC/ !%“2= C!%д=› " “2%,м%“2…%м "/!=›е-
…,,, ч2% C%ƒ"%л е2 Cл=…,!%"=2ь ".%д ?,е C%2%*, де…е›…/. “!ед“2".

oл=…,!%"=…,е C! м/. C!%,ƒ"%д“2"е……/. ƒ=2!=2 %“3?е“2"л е2“  " !=ƒ!еƒе Cе!еме……/. , 
C%“2% ……/. ƒ=2!=2. j Cе!еме……/м ƒ=2!=2=м …= C!%,ƒ"%д“2"% %2…%“ 2 “2%,м%“2ь %“…%"…/. 
м=2е!,=л%", = 2=*›е !=“.%д/ …= "/C%л…е…,е %“…%"…/. C!%,ƒ"%д“2"е……/. C!%це““%". o!, 
.2%м Kюд›е2 ƒ=2!=2 …= %“…%"…/е м=2е!,=л/ " g`n K/л% !еше…% …е -%!м,!%"=2ь. n2“32“2",е 
Kюд›е2= C!%д=› " …=23!=ль…/. ед,…,ц=. …е C%ƒ"%л е2 %C!едел,2ь, *=*,е м=2е!,=л/ , " *=-
*%м %KAеме C%2!еK3ю2“  дл  C!%,ƒ"%д“2"=. dл  Cл=…,!%"=…,  ƒ=2!=2 …= "/C%л…е…,е %“…%"-
…/. C!%,ƒ"%д“2"е……/. %Cе!=ц,L , !=“че2= Cл=…%"%L “еKе“2%,м%“2, ƒ=*=ƒ%" K/л ""еде… C%-
*=ƒ=2ель - 3!%"е…ь де 2ель…%“2,, *%2%!/L .=!=*2е!,ƒ3е2 …%!м,!%"=…/L 3!%"е…ь ƒ=г!3ƒ*, 
C!%,ƒ"%д“2"е……%г% %K%!3д%"=…,  " ме“ ц. 

dл  K%льш,…“2"= C!%,ƒ"%д“2"е……/. C!%це““%" 3!%"е…ь де 2ель…%“2, " g`n .=!=*2е!,ƒ3-
е2“  *%л,че“2"%м %2!=K%2=……/. ч=“%" ,л, %KAем%м "/C%л…е……/. !=K%2 , е›еме“ ч…% %C!е-
дел е2“  -,…=…“%"/м д,!е*2%!%м C!едC!, 2, , ,“.%д  ,ƒ -=*2,че“*%L ƒ=г!3ƒ*, %K%!3д%"=-
…,  ƒ= C!%шедш,L ме“ ц , C!%г…%ƒ= ее ,ƒме…е…,  " Cл=…,!3ем%м ме“ це. aюд›е2 Cе!еме…-
…/. C!%,ƒ"%д“2"е……/. ƒ=2!=2 -%!м,!3е2“  " !=ƒ!еƒе 2=*,. 2е.…%л%г,че“*,. C!%це““%", *=* 
л,2ье, ме.=…,че“*=  %K!=K%2*=, “"=!*=, м%…2=› , 2.  д. nKAем ƒ=2!=2 C% *=›д%м3 ,ƒ C!%це“-
“%" %C!едел е2“  *=* C!%,ƒ"еде…,е 3!%"…  де 2ель…%“2, …= ƒ…=че…,е …%!м=2,"= C% “2=2ь м 
Cе!еме……/. C!%,ƒ"%д“2"е……/. ƒ=2!=2. dл  !=“че2= …%!м=2,"%" Cе!еме……/. C!%,ƒ"%д“2"е…-
…/. ƒ=2!=2 (Kеƒ 3че2= “2%,м%“2, м=2е!,=л%") " 2ече…,е ме“ ц= %“3?е“2"л л“  3че2 " !=м*=. 
2е.…%л%г,че“*,. C!%це““%". j!%ме 2%г%, ƒ=ме! л%“ь "!ем , -=*2,че“*, %2!=K%2=……%е %K%!3-
д%"=…,ем. m%!м=2," ƒ=2!=2 …= %д,… ч=“ !=K%2/ %K%!3д%"=…,  K/л C%л3че… " !еƒ3ль2=2е де-
ле…,  C!%,ƒ"%д“2"е……/. ƒ=2!=2 …= "!ем  !=K%2/.

o! м/е C%“2% ……/е C!%,ƒ"%д“2"е……/е ƒ=2!=2/ (=м%!2,ƒ=ц, , “2%,м%“2ь !ем%…2= , “2!=-
.%"=…,е %K%!3д%"=…, ) "*люч=ю2“  " Kюд›е2 C! м/. C!%,ƒ"%д“2"е……/. ƒ=2!=2 " C%л…%м 
%KAеме , …е ƒ=",“ 2 %2 ƒ=Cл=…,!%"=……%г% %KAем= C!%,ƒ"%д“2"=. nд…=*% "ел,ч,…= C%“2% …-
…/. ƒ=2!=2 м%›е2 *%!!е*2,!%"=2ь“  C!, “3?е“2"е……%м ,ƒме…е…,, 3“л%",L !=K%2/ C!едC!,-
 2, . j C!,ме!3, ƒ=*3C*= …%"%г% %K%!3д%"=…,  3"ел,ч,2 е›еме“ ч…3ю “3мм3 =м%!2,ƒ=ц,,, 
ƒ=2!=2/ …= !ем%…2, !=ƒме! “2!=.%"*,. dл  !=“че2= “3мм/ C%“2% ……/. C!%,ƒ"%д“2"е……/. 
ƒ=2!=2 ƒ= %2че2…/L Cе!,%д " цел%м C% C!едC!, 2,ю , “3мм/, C%дле›=?еL "*люче…,ю " 
%2дель…/L ƒ=*=ƒ, ,“C%льƒ3е2“  “ме2…=  “2="*= ,. !=“C!еделе…, .
aюд›е2 ƒ=*3C%* …= C!едC!, 2,, -%!м,!3е2“  дл  *%…2!%л  %KAем%" C%“2="%* це… , “2%,-

м%“2, %“…%"…/. м=2е!,=л%". b g`n K%льш=  ч=“2ь м=2е!,=л%" ƒ=*3C=е2“  …еC%“!ед“2"е……% 
C%д *=›д/L ƒ=*=ƒ , …е!ед*% C!ед%“2="л е2“  ƒ=*=ƒч,*=м,. l=2е!,=л/, ч=“2% ,“C%льƒ3ем/е 
C!, "/C%л…е…,, !=ƒл,ч…/. ƒ=*=ƒ%" (*%…“2!3*ц,%……=  “2=ль, ц"е2…/е ме2=лл/, *!=“*=, л=* , 
C!%ч.), ƒ=*3C=ю2“  C% ме!е …е%K.%д,м%“2, дл  C%C%л…е…,  %“2=2*%" …= “*л=де. oе!ече…ь 
…е%K.%д,м/. м=2е!,=л%", ,. %KAем , “2%,м%“2ь 3*=ƒ/"=ю2“  " 32"е!›де……%L -%!ме ƒ= "*, 
…= ƒ=*3C*3. o!, .2%м це…= м=2е!,=л%", 3*=ƒ=……=  " ƒ= "ле…,,, “!="…,"=е2“  “% “!ед…еL “2%,-
м%“2ью C!,%K!е2е…,  =…=л%г,ч…/. м=2е!,=л%" " C!едше“2"3ю?,е ме“ ц/. e“л, %2*л%…е…,е 
" K%льш3ю “2%!%…3 …е “3?е“2"е……%, 2% ƒ=2!=2/ …= C!,%K!е2е…,е "*люч=ю2“  …еC%“!ед“2"е…-
…% " Kюд›е2 д%.%д%" , !=“.%д%" C!едC!, 2, . b C!%2,"…%м “л3ч=е ƒ= "*= %2*л%… е2“ .

b Kюд›е2 …=*л=д…/. %K?еC!%,ƒ"%д“2"е……/. ƒ=2!=2 , *%мме!че“*,. !=“.%д%" "*люч=ю2“  
2е “%“2="л ю?,е, *%2%!/е …ельƒ  …=C! м3ю %2…е“2, * *%…*!е2…%м3 C!%,ƒ"%д“2"е……%м3 
C!%це““3 , *%2%!/е …е ƒ=",“ 2 %2 %KAем= C!%,ƒ"%д“2"=:

− ƒ=!Cл=2= !3*%"%д,2елеL C!%,ƒ"%д“2"е……/. %2дел%" , ƒ=!Cл=2= "“C%м%г=2ель…%г% це.%"%-
г% Cе!“%…=л= (“ 3че2%м eqm); 

− 3“л3г, 2!=…“C%!2…%г% це.= C% Cе!еме?е…,ю г!3ƒ%" " C!едел=. це.= %“…%"…%г% C!%,ƒ"%д-
“2"=; 

− =м%!2,ƒ=ц,  C!%,ƒ"%д“2"е……/. ƒд=…,L , “%%!3›е…,L; 
− *%м=…д,!%"%ч…/е !=“.%д/ (Cе!“%…=л=, %2…%“ ?ег%“  * %“…%"…%м3 C!%,ƒ"%д“2"3); 
− C!%ч,е %K?еC!%,ƒ"%д“2"е……/е ƒ=2!=2/. 
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oе!еч,“ле……/е !=“.%д/ Cл=…,!3ю2“  …= %“…%"=…,, д=……/. C!едше“2"3ю?,. Cе!,%д%".
m=*л=д…/е ƒ=2!=2/ …е “" ƒ=…/ …, “ "/C%л…е…,ем %2дель…/. ƒ=*=ƒ%", …, “% "!еме…ем !=-

K%2/ %K%!3д%"=…, . o%.2%м3 C!, "*люче…,, .2,. ƒ=2!=2 " “еKе“2%,м%“2ь ƒ=*=ƒ= ,“C%льƒ%"=-
…,е …=23!=ль…/. ед,…,ц (%KAем= ƒ=*=ƒ=, 3!%"…  де 2ель…%“2, , 2.C.) " *=че“2"е K=ƒ/ !=“C!е-
деле…,  …е целе“%%K!=ƒ…%. b g`n …=*л=д…/е ƒ=2!=2/ !=“C!едел ю2“  …= “2%,м%“2ь ƒ=*=ƒ%" 
C!%C%!ц,%…=ль…% “3мме C! м/. C!%,ƒ"%д“2"е……/. ƒ=2!=2. dл  %2…е“е…,  …=*л=д…/. !=“.%-
д%" …= “еKе“2%,м%“2ь %2дель…%г% ƒ=*=ƒ= %C!едел е2“  “2="*= …=*л=д…/. ƒ=2!=2 …= 1 !3K. C! -
м/. C!%,ƒ"%д“2"е……/. ƒ=2!=2.
aюд›е2 д%.%д%" , !=“.%д%" C!едC!, 2,  “%“2="л е2“  " !=ƒ!еƒе =““%!2,ме…2…/. г!3CC. 

j%…2!%ль , =…=л,ƒ Kюд›е2…/. %2*л%…е…,L C% ,2%г=м ме“ ц= %“3?е“2"л е2“  C% C!%,ƒ"%д-
“2"е……/м C!%це““=м.

pе=л,ƒ=ц,  C!%це““…%-%!,е…2,!%"=……%г% 3C!="ле…,  “еKе“2%,м%“2ью " 3“л%", . д,"е!-
“,-,*=ц,, g`n (C32ем "*люче…,  " C!%,ƒ"%д“2"е……3ю C!%г!=мм3 д%C%л…,2ель…/. ",д%" 
C!%д3*ц,,, 2е.…%л%г,че“*, “" ƒ=……%L “ “3?е“2"3ю?еL …%ме…*л=23!%L "/C3“*=), C%ƒ"%л е2 
%K%“…%"/"=2ь , *%!!е*2,!%"=2ь …=C!="ле…,  д,"е!“,-,*=ц,,, "/K,!=2ь -3…*ц,%…=ль…/е 
(*=че“2"е……/е) , “2%,м%“2…/е (це…%"/е) C=!=ме2!/ …%"%L C!%д3*ц,,, *%л,че“2"% ее ",д%", 
“2еCе…ь д,--е!е…ц,=ц,, =““%!2,ме…2=, = 2=*›е C%"/“,2ь -,…=…“%"/е !еƒ3ль2=2/ де 2ель-
…%“2, C!едC!, 2, .
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