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ОПТИМИЗАЦИЯ ВНУТРИФИРМЕННОГО ИНВЕСТИРОВАНИЯ

b.`. eл,“ее", d.b. o=.%м%", b.`. q=›,…

o!едл=г=е“  !=““м%2!е…,е ме2%д= %C2,м,ƒ=ц,, "…32!,-,!ме……%г% ,…"е“2,!%"=…,  …= 
м=ш,…%“2!%,2ель…/. C!едC!, 2, . , C!=*2,че“*%г% ег% C!,ме…е…, .

jлюче"/е “л%"=: "…32!,-,!ме……%е ,…"е“2,!%"=…,е, ме2%д , *!,2е!,, %C2,м,ƒ=ц,,, 
C!,ме…е…,е …= м=ш,…%“2!%,2ель…%м C!едC!, 2,,

p=““м%2!е…,е “%"!еме……%г% “%“2% …,  3C!="ле…,  "…32!,-,!ме……/м ,…"е“2,!%"=…,ем 
…= м=ш,…%“2!%,2ель…/. C!едC!, 2, . (…=C!,ме!, " g`n &}*“Cе!,ме…2=ль…%-ме.=…,че-
“*,L ƒ="%д[) C!,"%д,2 * …е%K.%д,м%“2, м…%г%C=!=ме2!,че“*%г% Cл=…,!%"=…,  *%мCле*“= 
C!%,ƒ"%д“2"е……%-.*%…%м,че“*,. C=!=ме2!%" (ме! C% !=ƒ",2,ю C!%,ƒ"%д“2"=, %K…%"ле…,ю 
%“…%"…/. -%…д%" ,, " *%…еч…%м “че2е, C%"/ше…,ю !е…2=Kель…%“2, , *%…*3!е…2%“C%“%K…%-
“2, C!едC!, 2,L) “ 3че2%м “%ц,=ль…%г% %Kе“Cече…,  2!3д%"/. *%лле*2,"%". o%.2%м3 "%ƒ-
…,*=е2 …е%K.%д,м%“2ь " C!%2,"%!еце““,%……%м !=“C!еделе…,, ,…"е“2,!3ем%L C!,K/л,, 
%Kе“Cеч,"=ю?ем "…32!,-,!ме……3ю %C2,м,ƒ=ц,ю C%2!еKле…,  , …=*%Cле…, , …е%K.%д,-
м/е 2емC/ !=ƒ",2,  C!%,ƒ"%д“2"= , %K…%"ле…,  %“…%"…/. -%…д%" м=ш,…%“2!%,2ель…%г% 
C!едC!, 2, . 

dл  !е=л,ƒ=ц,, C!%2,"%!еце““,%……%г% !=“C!еделе…,  ,…"е“2,!3ем%L C!,K/л, …е%K.%д,-
м= !=ƒ!=K%2*= 2=*%г% ме2%д= %C2,м,ƒ=ц,, "…32!,-,!ме……%г% ,…"е“2,!%"=…,  !=ƒ",2,  C!%-
,ƒ"%д“2"= , C%2!еKле…, , *%2%!/L !еш=л K/ “лед3ю?,е ƒ=д=ч,: 

# "/ "ле…,е , *=че“2"е……/L =…=л,ƒ ƒ…=ч,м/. “,23=ц,%……/. -=*2%!%";
# “%ƒд=…,е м%дел, , =лг%!,2м= %C2,м,ƒ=ц,, "…32!,-,!ме……%г% ,…"е“2,!%"=…,  !=ƒ",-

2,  C!%,ƒ"%д“2"= , C%2!еKле…, ;
# !=ƒ!=K%2*= *!,2е!,е" %C2,м,ƒ=ц,,, ,. м%д,-,*=ц,, " “%%2"е2“2",, “ *%…*!е2…/м, 

3“л%", м,;
# 3“2=…%"ле…,е "л, …,  “2!3*23!/ ,…"е“2,!%"=…,  …= 2емC/ %K…%"ле…,  %“…%"…/. -%…-

д%" C!едC!, 2, ;
# Cл=…,!%"=…,е “ 3че2%м “2%,м%“2, C!%,ƒ"%д“2"= [1].
j!%ме 2%г%, д%л›е… K/2ь “,“2ем=2,ƒ,!%"=…, *=че“2"е……% C!%=…=л,ƒ,!%"=…, = 2=*›е -%!-

м=л,ƒ%"=… ! д ƒ…=ч,м/. -=*2%!%", %C!едел ю?,. !=“C!еделе…,е "…32!,-,!ме……/. ,…"е-
“2,ц,L …= C!едC!, 2, . ,, …= .2%L %“…%"е, !еше… ! д ƒ=д=ч C% %C2,м,ƒ=ц,, …%!м/ C%2!еK-
ле…, , C!%=…=л,ƒ,!%"=… C%д.%д * “2!=2ег,че“*%м3 3C!="ле…,ю C!%C%!ц, м, !=“C!еделе…,  
"…32!,-,!ме……/. ,…"е“2,ц,L C% “!%*=м, = 2=*›е C%л3че…/ %K?,е C!=*2,че“*,е !еƒ3ль2=2/ 
ме2%д,че“*%г% .=!=*2е!= [2].

0ель …=“2% ?еL “2=2ь, # ,ƒл%›е…,е “3?е“2"= ме2%д= %C2,м,ƒ=ц,, "…32!,-,!ме……%г% 
,…"е“2,!%"=…,  , C!,ме!= ег% C!=*2,че“*%г% C!,ме…е…, .

dл  м=*“,м,ƒ=ц,, целе"%L -3…*ц,, F(β), C!ед“2="л ю?еL ,…2ег!=ль…/L *!,2е!,L %C2,-
м,ƒ=ц,, !=“C!еделе…,  "…32!,-,!ме……/. ,…"е“2,ц,L …= C%2!еKле…,е , …=*%Cле…,е (*%2%-
!/L 3ч,2/"=е2 C!%2,"%!еч,"/е 2!еK%"=…,  C% м=2е!,=ль…%м3 , “%ц,=ль…%м3 “2,м3л,!%"=-
…,ю Cе!“%…=л=, = 2=*›е C% !=ƒ",2,ю C!%,ƒ"%д“2"= …= C!едC!, 2,, " цел%м), F(β) д%л›…= 
,ме2ь м3ль2,Cл,*=2,"…3ю “2!3*23!3: 

F(β) = oC(β)o…(1# β)* → max,                     (1)

где oC(β) , o…(1# β) # “%%2"е2“2"е……% C!,K/ль, …=C!="л ем=  …= C%2!еKле…,е , …= …=*%Cле…,е ƒ= 
Cе!,%д "!еме…, ед,…,ч…%L C!%д%л›,2ель…%“2,, β = oC /o # д%л  ч,“2%L C!,K/л,, …=C!="л ем%L 
…= C%2!еKле…,е (C!,…,м=е2 ƒ…=че…,  %2 0 д% 1); o = oC(β) + o…(1# β) # 2емC %K!=ƒ%"=…,  ч,“2%L 
C!,K/л, д% !=ƒ",2,  C!%,ƒ"%д“2"=.
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l=*“,м3м F(β) д%л›е… "/C%л… 2ь“  C!, “%Kлюде…,, ! д= …еƒ=",“,м/. %г!=…,че…,L, 
C!ед“2="л ю?,. “лед3ю?3ю “,“2ем3:

Š…(β) ≤ Š* # 3“л%",е, C!, *%2%!%м 2емC/ ,л, “!%*, …=*%Cле…,  ,…"е“2,ц,%……/. !е“3!-
“%" Š…(β) 2=*,е, *%гд= C!едC!, 2,е 3“Cе"=е2 ƒ="е!ш,2ь !=ƒ",2,е C!%,ƒ"%д“2"= !=…ее *!,2,-
че“*%г% м%ме…2= Š* , %Kе“Cеч,2ь 2ем “=м/м “"%ю *%…*3!е…2%“C%“%K…%“2ь д% ".%›де…,  " 
Cе!,%д 3K/2%ч…%г% “%“2% …, ;

min( )R Rβ ≥  # 3“л%",е Kеƒ3K/2%ч…%L !=K%2/ C!едC!, 2, , *%2%!%е %C!едел е2“  “!ед…,м 

3!%"…ем !е…2=Kель…%“2, ( )R β , “C%“%K…/м %Kе“Cеч,2ь C!,емлем/L 3!%"е…ь C%2!еKле…,  " 
2ече…,е "“ег% Cе!,%д= …=*%Cле…,  Š…(β) , ,…"е“2,!%"=…, ;

Š…(β) ≤ Θ # 3“л%",е C% …еC!е"/ше…,ю Š…(β) C!%д%л›,2ель…%“2, Θ 2е.…%л%г,че“*%г% %K-
…%"ле…,  “%%2"е2“2"3ю?ег% “егме…2= %2!=“л,;

j # 
н( )

н
1
П (1 )

T

t
t

β

=
−β∑

 
≤ * qл # 3“л%",е C% …еC!е"/ше…,ю “3мм/ ƒ=ем…/. “!ед“2" (ле"=  ч=“2ь 

…е!="е…“2"=) “2%,м%“2, qл л,*",д…%г% ,м3?е“2"= C!едC!, 2,  (где j # “2%,м%“2ь C!%е*2= 
!=ƒ",2,  C!%,ƒ"%д“2"=).

b=!,=…2/ *!,2е!, , 3ч,2/"=ю?,е “Cец,-,*3 2е*3?,. , д%лг%“!%ч…/. целеL, = 2=*›е 
“%“2% …,е C!едC!, 2,  C!ед“2="ле…/ " 2=Kл. 1. b Cе!"%м C!,Kл,›е…,, д%“2,чь K=л=…“= 2ем-
C%" …=*%Cле…,  , C%2!еKле…,  C!,K/л, C!, "…32!,-,!ме……%м ,…"е“2,!%"=…,, м%›…%, 
,“C%льƒ3  C!%“2еLш,L *!,2е!,L (1). 

q%“2="л ю?,е *!,2е!,  F(β) C!едC%л=г=ю2 *%!!е*2,!%"*3 “ ,“C%льƒ%"=…,ем !=ƒ…/. ƒ…=-
ч,м%“2еL "е“%"/. *%.--,ц,е…2%" = , b, 3ч,2/"=ю?,. Kóльш3ю C!едC%ч2,2ель…%“2ь …емед-
ле……%г% C%2!еKле…,  “%ц,=ль…/. Kл=г дл  !=K%2…,*%", чем .*","=ле…2…%е, …% %2д=ле……%е "% 
"!еме…, " “%%2"е2“2",, “ *!,2е!,ем (2). 

m=C!="л   C!,K/ль …= !=ƒ",2,е C!%,ƒ"%д“2"=, -,…=…“%"=  %2д=ч= %2 *%2%!%г% "% "!еме…, 
%2д=ле…=, C!едC!, 2,е " цел%м , *=›д/L ег% !=K%2…,* …е“32 3C3?е……3ю "/г%д3 " ",де …е-
C%л3че……/. ƒ= !=““м=2!,"=ем%е "!ем  д%.%д%" %2 =ль2е!…=2,"…%г% ,“C%льƒ%"=…,  C!,K/л, 
("ме“2% …=*%Cле…, ). n2“юд= “лед3е2, ч2% м,…,м,ƒ=ц,  "!еме…, …= …=*%Cле…,е Š… C% *!,-
2е!,ю (3) *%“"е……%, …% C%л%›,2ель…% "л, е2 …= C%леƒ…%“2ь C%2!еKле…,  C!,K/л, ƒ= .2%2 ›е 
Cе!,%д. 

dл  “,23=ц,,, " *%2%!%L C!,K/ль, ,д3?=  …= !=ƒ",2,е C!%,ƒ"%д“2"=, д%л›…= C%л…%“2ью 
"%ƒ"!=2,2ь“  " “%ц,=ль…/L -%…д C%“ле …=!=?,"=…,  м%?…%“2, , "/!3ч*, %2 !е=л,ƒ=ц,, 
C!%д3*ц,, , д%“2,›е…,  %*3C=ем%“2, *=C,2=л%"л%›е…,L м%д,-,ц,!%"=……/L *!,2е!,L 
C!ед“2="л е2“  "/!=›е…,ем (4).

e“л, C%“ле ƒ="е!ше…,  !=ƒ",2,  C!%,ƒ"%д“2"= C!,K/ль …=C!="л е2“  …= C%2!еKле…,е " 
2ече…,е "!еме…,, ƒ…=ч,2ель…% C!е"/ш=ю?ег% C!%г…%ƒ,!3ем/L Cе!,%д, 2% ›е“2*,L Cл=…%-
"/L г%!,ƒ%…2 %2“32“2"3е2 , "!ем  Š0 C!,…,м=е2“  !="…/м Kе“*%…еч…%“2,, = *!,2е!,L "/K%-
!= %C2,м=ль…%L …%!м/ C%2!еKле…,  C!,…,м=е2 ",д (5).

e“л, 2!еK3е2“  %C2,м,ƒ,!%"=2ь C!%,ƒ"%д“2"е……/е , “%ц,=ль…/е ,…2е!е“/ …е 2%ль*% " це-
л%м ƒ= "е“ь %C!еделе……/L “!%*, …% , " C!%це““е “=м%г% Cе!е.%д= …= …%"/L м=“ш2=K C!%,ƒ"%д-
“2"=, 2% дл  %C2,м,ƒ=ц,, д%леL C!,K/л,, …=C!="л ем/. …= 2е*3?ее C%2!еKле…,е , Cе!“Cе*-
2,"…%е !=ƒ",2,е " *=›д/L *%…*!е2…/L м%ме…2 "!еме…,, дл,2ель…/L Cе!,%д (Š # t0) …е%K.%-
д,м% !=ƒK,2ь …= *%!%2*,е ,…2е!"=л/ дл,…%L Δt ед,…,ч…%L C!%д%л›,2ель…%“2,. o%2!еKл ем=  
, ,…"е“2,!3ем=  ч=“2, C!,K/л, м%г32 C%-!=ƒ…%м3 %Kл=г=2ь“  …=л%г=м, " “2="*=. n1 , n2. b 
3“л%", . деL“2"3ю?еL " “2!=…е “,“2ем/ …=л%г%%Kл%›е…,  n1 , n2 м%›…% ,…2е!C!е2,!%"=2ь 
*=* “2="*, …=л%г= …= C!,K/ль ю!,д,че“*,. , C%д%.%д…%г% …=л%г= -,ƒ,че“*,. л,ц.

o3“2ь д% …=ч=л= !=“ш,!е…,  C!%,ƒ"%д“2"= (" м%ме…2 t0) C!,K/ль “%“2="л л= 

o0 = (! # “)V0 ,  

где ! # це…= !е=л,ƒ=ц,, ед,…,ц/ *%…еч…%L C!%д3*ц,,, “ # 3дель…/е ,ƒде!›*, C!%,ƒ"%д“2"= (C%-
л=г=ем *%…“2=…2=м, " “%%2"е2“2",, “ C!,… 2/м, д%C3?е…, м,). 
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)=“2ь C!,K/л, " !=ƒме!е Δo1 = o0 (1# β)(1#n1) ƒ= Cе!"/L *%!%2*,L Cе!,%д (.2=C) м%›е2 
K/2ь …=C!="ле…= …= 3"ел,че…,е %KAем= C!%,ƒ"%д“2"=, *%2%!/L “%“2=",2 Δl1 = Δo1/“. 
n“2=ль…=  ч=“2ь C!,K/л, βo0(1# n2) …=C!="л е2“  …= C%2!еKле…,е. nK?=  C!,K/ль C%“ле 
3"ел,че…,  %KAем= C!%,ƒ"%д“2"= ƒ= Cе!"/L .2=C “%“2=",2 o1 = o0+ (! # “)Δl1. }2= “3мм= 
%C 2ь !=ƒдел е2“  …= C%2!еKле…,е , …= ,…"е“2,!%"=…,е " C!%,ƒ"%д“2"% " “%%2…%ше…,, β, ч2% 
%Kе“Cеч,"=е2 !%“2 м%?…%“2, е?е …=

Δl2 = Δo2/“,  

где Δo2 = o1(1 # β)(1 # n1). 

nK?=  C!,K/ль C%“ле "2%!%г% .2=C= “%“2=",2: o2 = o1 + Δo2 = o1+ (! # “)Δl2 = o1[1 + 
+ (1#β)(! # “)(1 # n1)/“]. Š=*,м %K!=ƒ%м, C%л3ч=ем !е*3!!е…2…3ю -%!м3л3 (6) дл  “3мм/ 
C!,K/л, ƒ= *=›д/L "!еме……%L .2=C, " C!="%L ч=“2, *%2%!%L м%›…% C!%,ƒ"е“2, ƒ=ме…3 o1 
че!еƒ o0. dл  люK%г% t-г% *%!%2*%г% Cе!,%д= “3мм=!…=  C!,K/ль м%›е2 K/2ь …=Lде…= “ C%-
м%?ью ƒ=",“,м%“2, ot#1. 

)2%K/ м=*“,м,ƒ,!%"=2ь C%2!еKл ем3ю C!,K/ль …е 2%ль*% ƒ= Cе!,%д ,ƒме…е…,  Š м%?…%-
“2, l0 C!%,ƒ"%д“2"=, …% " “3мме “% “лед3ю?еL ƒ= …,м “ C!%д%л›,2ель…%“2ью Šm (C!, *%-
2%!%L C!едC!, 2,е -3…*ц,%…,!3е2 …= C%л…3ю м%?…%“2ь l) *!,2е!,L д%л›е… K/2ь д%C%л-
…е… "2%!%L “%“2="л ю?еL -3…*ц,, “3мм=!…%L C!,K/л,, C%л3ч=ем%L ƒ= "!ем  (Šm # Š). 
rч,2/"= , ч2% C%“ле "/.%д= …= C%л…3ю м%?…%“2ь l C!,K/ль C!едC!, 2,  C%“2% ……=, .2= 
"ел,ч,…= …=.%д,2“  C% -%!м3ле:

o(Šm # T ) = (1# β)(1#n2)ot (Šm # T),         (7)

где ot # “3мм= C!,K/л,, C%л3ч=ем=  ƒ= %д,… Cе!,%д C%“ле "/.%д= C!едC!, 2,  …= Cл=…,!3ем3ю 
м%?…%“2ь (2=Kл. 1).

}2, *!,2е!,, C%ƒ"%л ю2 3“2=…="л,"=2ь “3?е“2"%"=…,е %C2,м=ль…%г% ƒ…=че…,  β , %це…,-
"=2ь ег% "ел,ч,…3.

b C!%це““е ,““лед%"=…,  *%л,че“2"е……/. "ƒ=,м%“" ƒеL !=“C!еделе…,  C!,K/л, C!едC!,-
 2,  (…= C%2!еKле…,е , …=*%Cле…,е) “ 2емC=м, , “!%*=м, !=ƒ",2,  C!%,ƒ"%д“2"= 3ч,2/"=-
л,“ь %“%Kе……%“2ь “2=д,, ›,ƒ…е……%г% ц,*л= C!%д3*ц,,, *=C,2=л%ем*%“2ь !=ƒ",2,  C!%,ƒ-
"%д“2"= , 2емC/ …=*%Cле…,  C!,K/л,. 

l%›…% !=““м%2!е2ь “,23=ц,ю, " *%2%!%L C!%г…%ƒ,!3е2“  "!еме……%L !е“3!“ C!едC!, 2,  
…= C%дг%2%"*3 * Cе!е.%д3 …= …%"3ю C!%д3*ц,ю. d% ,“2ече…,  Cе!,%д= "!еме…, C!%д%л›,-
2ель…%“2ью Š* C!едC!, 2,е д%л›…% 3“Cе2ь …=*%C,2ь “3мм3 j, …е%K.%д,м3ю дл  -,…=…“,!%-
"=…,  !=ƒ!=K%2*, , C%“2=…%"*, …= C!%,ƒ"%д“2"% …%"%L ,л, м%де!…,ƒ,!%"=……%L C!%д3*ц,,. 
o!,K/ль %2 !е=л,ƒ=ц,, “3?е“2"3ю?еL C!%д3*ц,, C%“2еCе……% “…,›=е2“  , м%›е2 K/2ь 
C!ед“2="ле…= *=* …еC!е!/"…%L o(t), 2=* , д,“*!е2…%L -3…*ц,еL "!еме…, ot. ŠемC …=*%Cле-
…,  C!,K/л,, %Kе“Cеч,"=ю?,L Kеƒ3K/2%ч…%“2ь C!едC!, 2, , %C!едел е2“  …е!="е…“2"%м 
Š* ≤ Š…. o!, “%Kлюде…,, .2%г% 3“л%", , C!едC!, 2,е 3“Cе"=е2 Cе!еL2, …= C!%,ƒ"%д“2"% …%-
"%L ,л, м%де!…,ƒ,!%"=……%L C!%д3*ц,, , %Kе“Cеч,2ь 2ем “=м/м “"%ю *%…*3!е…2%“C%“%K-
…%“2ь д% ".%›де…,  " Cе!,%д 3K/2%ч…%г% “%“2% …, . o!едл=г=ем/L C%д.%д C%ƒ"%л е2 %це-
…,2ь …=“*%ль*% …е%K.%д,м% 3ме…ьш,2ь “л%›,"ш3ю“  …%!м3 C%2!еKле…,  β дл  д%“2,›е…,  
C!,емлем/. “!%*%" …=*%Cле…,  , !=ƒ",2,  C!%,ƒ"%д“2"=. rч,2/"= , ч2% 2!еK3ем=  "ел,ч,-
…= β ƒ=",“,2 %2 2емC= “…,›е…,  C!,K/л, (*%.--,ц,е…2= =), = 2=*›е %2 “%%2…%ше…,  2!еK3е-
м%L “3мм/ ,…"е“2,ц,L , C!,K/л, " …=ч=ль…/L м%ме…2 "!еме…,, !еше…,е 3д%K…% C!ед“2=-
",2ь " ",де …%м%г!=мм/ (!,“. 1).

b !=“че2=. м%›е2 %*=ƒ=2ь“ , ч2% "ел,ч,…= β, 2!еK3ем=  дл  "/C%л…е…,  …е!="е…“2"=, %2-
!,ц=2ель…=. Š. е. д=›е C%л…/L %2*=ƒ %2 “%ц,=ль…%г% C%2!еKле…,  C!,K/л, …е %Kе“Cеч,"=е2 
C!едC!, 2,ю C!,емлем/. “!%*%" …=*%Cле…,  C!, “3?е“2"3ю?ем 2емCе ,ƒме…е…,  *%…*3-
!е…2…%L “,23=ц,,. o!, .2%м %д…,м ,ƒ "%ƒм%›…/. "=!,=…2%" !еше…,  C!%Kлем/  "л е2“  
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C!,"лече…,е ƒ=ем…/. “!ед“2" (" -%!ме *%мме!че“*,. *!ед,2%" ,л, “3K“,д,L) дл  3“*%!е-
…,  …= C!едC!, 2,, ,……%"=ц,%……%г% C!%це““=.

o!, "/C%л…е…,, !="е…“2"= Š* = Š… C!едC!, 2,ю, %че",д…%, “лед3е2 …= "!ем  Š* “%.!=-
… 2ь д%лю C%2!еKл ем%L ч=“2, C!,K/л, β …= “3?е“2"3ю?ем 3!%"…е. dл  K%лее Kл=г%C!, 2-
…/. “л3ч=е" (Š* > Š…) 3"ел,че…,е д%л, β “лед3е2 C!%,ƒ"%д,2ь C% %“2=2%ч…%м3 C!,…ц,C3, 
2. е. 3"ел,ч,"=2ь β …=“2%ль*%, ч2%K/ C%л3ч,2ь !="е…“2"% “!%*%" …=*%Cле…,  , C!%"еде…,  
,……%"=ц,%……/. ме!%C!, 2,L.

b=›…/м м%ме…2%м, “3?е“2"е……% "л, ю?,м …= -%!м,!%"=…,е C!%C%!ц,L !=“C!еделе…,  
C!,K/л,,  "л е2“  …=л,ч,е %KAе*2,"…%L %K!=2…%L "ƒ=,м%“" ƒ, 3!%"…  м=2е!,=ль…%г% “2,-
м3л,!%"=…,  !=K%2…,*%" , 3"ел,че…,  C!,K/л, -3…*ц,%…,!%"=…,  C!едC!, 2,  " цел%м. 
dл  %C2,м,ƒ=ц,, C!%C%!ц,L !=“C!еделе…,  C!,K/л, C!едC!, 2,  2!=д,ц,%……/L C%*=ƒ=-
2ель !е…2=Kель…%“2, R (%2…%ше…,е "ел,ч,… “3мм=!…%L C!,K/л, %2 !е=л,ƒ=ц,, o , ƒ=2!=2 
…= C!%,ƒ"%д“2"%, "ƒ 2/. ƒ= %K?,L "!еме……%L Cе!,%д) !=ƒдел е2“  …= д"е “%“2="л ю?,е. 
nд…= ,ƒ …,. “" ƒ=…= “ -3…*ц,%…,!%"=…,ем %“…%"…/. -%…д%" RK = o/K (!е…2=Kель…%“2ь 
*=C,2=л=), д!3г=  # “ 2!3д%"/м -=*2%!%м RL = o/L (!е…2=Kель…%“2ь ƒ=2!=2 C% “2,м3л,!%"=-
…,ю 2!3д=), где K , L # “%%2"е2“2"е……% %“2=2%ч…=  “2%,м%“2ь %“…%"…/. C!%,ƒ"%д“2"е……/. 
-%…д%" , ƒ=2!=2/ …= %Cл=23 2!3д=. b *=че“2"е *!,2е!,  Kе!е2“  ,…2ег!=ль…/L C%*=ƒ=2ель 
R = o2/(jL). g…=че…,  "ел,ч,… o, j , L, !=““м=2!,"=ем/е " !=ƒ…/е “!%*,, ƒ=",“ 2 %2 !=“-
C!еделе…,  C!,K/л, …= C%2!еKле…,е , …=*%Cле…,е. 

h““лед%"=л%“ь ,ƒме…е…,е “%“2="л ю?,. j , L %2 д%л, C%2!еKл ем%L C!,K/л, β. 
nче",д…%, ч2% C!,!%“2 “2%,м%“2, %“…%"…/. -%…д%" Δj C! м% C!%C%!ц,%…=ле… “3мме *=-
C,2=л,ƒ,!3ем%L C!,K/л,, 2. е. "ел,ч,…е (1# β)β(t). o!,!%“2 “2%,м%“2, 2!3д%"%г% -=*2%!= 
C!%C%!ц,%…=ле… “3мме C!,K/л,, …=C!="л ем%L …= “%ц,=ль…%е C%2!еKле…,е βo(t). Š=* ч2% 
“C!="едл,"%:

0 60 120 180 240 300 360 420 480 540 6000.6

0.44

0.28

0.12

0.04

0.2

0.36

0.52

0.68

0.84

10.917

0.44−

β a 2,( )

β a 4,( )

β a 6,( )

β a 8,( )

β a 10,( )

β a 12,( )

β a 14,( )

β a 16,( )

β a 18,( )

0

5991 a

p,“. 1. m%!м= C%2!еKле…,  β�, %Kе“Cеч,"=ю?=  !="е…“2"% “!%*%" %K…%"ле…, 
%“…%"…/. -%…д%" (Š*) , …=*%Cле…,  ,…"е“2,ц,%……%L “3мм/ (Š …) C!, л,…еL…%м

“…,›е…,, %KAем%" C!,K/л, C!едC!, 2,  o(t) = o0 $ =t

ŠемC “…,›е…,  C!,K/л, %2 !е=л,ƒ=ц,, "% "!еме…,, = (!3K./ме“ ц)
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j = j0+ Δj = j0 + (1# β) 0(1 ) ( )
0П

y xа t tе β −β −  
 

,, =…=л%г,ч…%,

 L = L0+ β 0(1 ) ( )
0П

y xа t tе β −β −  ,  

где 0(1 ) ( )
0П( , ) П

y xа t tt е β −β −  β = # “3мм=!…=  C!,K/ль " *=›д/L м%ме…2 "!еме…,; o0 # C!,K/ль " м%-
ме…2 "!еме…, t0; j0, L0 # “2%,м%“2ь %“…%"…/. -%…д%" , “3мм= -%…д= “%ц,=ль…%г% “2,м3л,!%"=…,  
Cе!“%…=л= " м%ме…2 "!еме…, t0; = # *%.--,ц,е…2 C!%C%!ц,%…=ль…%“2,, 3ч,2/"=ю?,L м=“ш2=K 
C!,!%“2= C!,K/л, %2 ,ƒме…е…,  …%!м/ C%2!еKле…,  …= 1 %; x , y # *%.--,ц,е…2/, 3ч,2/"=ю?,е 
%2…%“,2ель…%е "л, …,е …= !%“2 C!,K/л, -=*2%!= !=ƒ",2,  C!%,ƒ"%д“2"= (*=C,2=л=) , м=2е!,=ль-
…%L м%2,"=ц,, Cе!“%…=л= ,л, “%ц,=ль…%г% -=*2%!= (2!3д=), 2=* …=ƒ/"=ем/е .л=“2,ч…%“2, 2!3д= , 
*=C,2=л= (,л, *%.--,ц,е…2/ .л=“2,ч…%“2, -=*2%!%" 2!3д= , *=C,2=л=). 

c!=-,че“*%е C!ед“2="ле…,е -3…*ц,, R(β) C%*=ƒ/"=е2, ч2% !е…2=Kель…%“2ь ,мее2 ед,…“2-
"е……/L л%*=ль…/L м=*“,м3м , ег% м%›…% д%“2,чь "/K%!%м C!%C%!ц,L !=“C!еделе…,  C!,-
K/л, (!,“. 2).

0 0.2 0.4 0.6 0.84 .10 4

5 .10 4

6 .10 4

6.62 10 4−×

4.08 10 4−×

R β 0.5,( )
R β 1,( )
R β 1.5,( )
R β 2,( )
R β 2.5,( )
R β 3,( )

0.950.05 β

p,“. 2. c!=-,че“*%е %C!еделе…,е %C2,м=ль…%L …%!м/ C%2!еKле…,  β
C% *!,2е!,ю !е…2=Kель…%“2, R(β�)

nC2,м=ль…%е ƒ…=че…,е …%!м/ C%2!еKле…,  β %C!едел е2“ :
1) "ел,ч,…=м, *%.--,ц,е…2%" x , y .л=“2,ч…%“2,; .=!=*2е! ,. "л, …,  ƒ=",“,2 %2 “%%2-

…%ше…,  .2,. *%.--,ц,е…2%" . /3 , ,. =K“%лю2…/. ƒ…=че…,L; 
2) %2…%ше…,ем "ел,ч,…/ -%…д= м=2е!,=ль…%г% “2,м3л,!%"=…,  Cе!“%…=л= , “2%,м%“2, 

%“…%"…/. C!%,ƒ"%д“2"е……/. -%…д%" " …=ч=ль…/L м%ме…2 "!еме…, j0 /L0; …= C!едC!, 2, . 
“ -%…д%ем*,м C!%,ƒ"%д“2"%м …е%K.%д,м% K%льш3ю ч=“2ь C!,K/л, ,…"е“2,!%"=2ь " !=ƒ",-
2,е C!%,ƒ"%д“2"= C% C!,ч,…е "/“%*%L “2%,м%“2, …%"%г% %K%!3д%"=…,  (ч2% целе“%%K!=ƒ…% 
C!, %2“32“2",, “"е!.C!,K/л,); C!, "/“%*%L …=ч=ль…%L м=2е!,=ль…%L %Kе“Cече……%“2, !=-
K%2…,*%" м%›…% %2*л%…,2ь“  %2 %C2,м=ль…%L β, 3ме…ьш," !е…2=Kель…%“2ь RL, …% “%*!=2," 
“!%*, …=*%Cле…,  Š…; 
3) %2…%ше…,ем C!,K/л, " …=ч=ль…/L м%ме…2 "!еме…, * C!%,ƒ"еде…,ю “2%,м%“2, %“…%"-

…%г% *=C,2=л= , "ел,ч,…/ -%…д= м=2е!,=ль…%г% “2,м3л,!%"=…,  o0/j0L0; чем K%льше “3м-
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(t)

tmin

T

p,“. 3. hƒме…е…,е 2емC= C%л3че…,  C!,K/л, "% "!еме…,

м=!…=  C!,K/ль C% %2…%ше…,ю * j0L0, 2ем ме…ьше д%л›…= K/2ь %C2,м=ль…=  …%!м= “%ц,-
=ль…%г% C%2!еKле…,  (2. е. %C2,м=ль…=  β д%л›…= K/2ь Kл,›е * 2%L "ел,ч,…е, *%2%!=  %C!е-
дел е2“  “%%2…%ше…,ем *%.--,ц,е…2%" x , y; “2!%г% г%"%! , .2%2 "/"%д “C!="едл," 2%ль*% 
дл  C!%,ƒ"%д“2" “ "/“%*%L -%…д%ем*%“2ью; …= м=ш,…%“2!%,2ель…/. C!едC!, 2, ., *=* C!=-
",л%, “2%,м%“2ь %“…%"…/. -%…д%" ƒ…=ч,2ель…% "/ше -%…д= %Cл=2/ 2!3д=, 2=* ч2% дл  !е=ль-
…/. C!%,ƒ"%д“2" "/ "ле……%е “"%L“2"% ,мее2 C!=*2,че“*%е ƒ…=че…,е).

o!, ,““лед%"=…,, !=“C!еделе…,  C!,K/л, “ 3че2%м д,…=м,*, !е…2=Kель…%“2, C!%,ƒ"%д-
“2"= м=*“,м=ль…/L л,м,2 "!еме…,, %2"еде……/L C!едC!, 2,ю дл  …=*%Cле…,  C!,K/л, …= 
!=ƒ",2,е C!%,ƒ"%д“2"=, м%›е2 K/2ь 3“2=…%"ле… …= %“…%"е 2е…де…ц,, “…,›е…,  “K/2= , це…/ 
!е=л,ƒ=ц,,, = 2=*›е м,…,м=ль…%г% 3!%"…  !е…2=Kель…%“2, Rmin, C!, *%2%!%м C!едC!, 2,е 
м%›е2 C%ƒ"%л,2ь “еKе -3…*ц,%…,!%"=2ь *%!%2*%е "!ем , …е C!,"ед  “еK  * K=…*!%2“2"3. 
bел,ч,…= Rmin д%л›…= "/K,!=2ь“  *=›д/м C!едC!, 2,ем ,…д,",д3=ль…%, " “%%2"е2“2",, “% 
“"%,м -,…=…“%"/м C%2е…ц,=л%м , д!3г,м, "…32!е……,м, C%*=ƒ=2ел м,, “ 3че2%м 2%г%, ч2% 
%…= %C!едел е2 "ел,ч,…3 м,…,м=ль…%L ч,“2%L C!,K/л, 

omin = cQ(t)Rmin,  

где Q(t) # %KAем C!%,ƒ"%д“2"= C!%д3*ц,, " ед,…,ц3 "!еме…, (2емC C!%,ƒ"%д“2"=), c # C%л…/е 
3дель…/е ƒ=2!=2/ …= C!%,ƒ"%д“2"%.

m=,K%льш=  C!%д%л›,2ель…%“2ь Cе!,%д= TC (д% м%ме…2= "!еме…, Cе!е.%д= …= …%"/L %KAем 
C!%,ƒ"%д“2"=), " 2ече…,, *%2%!%г% C!едC!, 2,е д%л›…% %Kе“Cеч,2ь …=*%Cле…,е C!,K/л, " 
!=ƒме!е, д%“2=2%ч…%м дл  ,…"е“2,!%"=…,  " !=ƒ",2,е C!%,ƒ"%д“2"=, д%л›…= %це…,"=2ь“  ,ƒ 
3“л%",  %C!еделе…,  2=*%г% t = TC , ч2%K/ "/C%л… л%“ь !="е…“2"% (1# β)o(t) = omin= “Q(t)Rmin 
(!,“. 3). rC!="л 2ь "ел,ч,…%L TC C!едC!, 2,е м%›е2, " %“…%"…%м, че!еƒ …%!м3 C%2!еKле-
…,  β. nце…*3 TC “лед3е2 32%ч… 2ь " “" ƒ, “ *%…*!е2…%L д,…=м,*%L 3дель…/. C!%,ƒ"%д“2-
"е……/. ƒ=2!=2 …= C!едC!, 2,,, *%2%!=  C!% "л е2“  " “" ƒ, “ “%"е!ше…“2"%"=…,ем 2е.…%л%-
г,, , %!г=…,ƒ=ц,, C!%,ƒ"%д“2"=. )ем K%лее !е…2=Kель…% C!едC!, 2,е, 2ем ме…ьше ем3 C%-
2!еK3е2“  Cе!,%д …=*%Cле…,  C!,K/л, д% 3!%"… , %C!едел ем%г% *=C,2=л%ем*%“2ью !=ƒ",-
2,  C!%,ƒ"%д“2"=. o!, “!ед…еL !е…2=Kель…%“2, ƒ= Cе!,%д …=*%Cле…,  minRR ≥  C!едC!, 2,е 
м%›е2 Kеƒ 3?е!K= дл  “"%еL 2е.…%л%г,че“*%L *%…*3!е…2%“C%“%K…%“2, C%дде!›,"=2ь C%“2%-
 ……3ю (ƒ=л%›е……3ю " !=“че2) …%!м3 C%2!еKле…, . o!, …е"/C%л…е…,, .2%г% 3“л%",  …е,ƒ-
Kе›…% “2!=д=е2 л,K% 2емC !=ƒ",2,  C!%,ƒ"%д“2"=, л,K% “%ц,=ль…%е %Kе“Cече…,е Cе!“%…=л=. 
o!ед“2="ле……/е %це…*, м%г32 K/2ь C!=*2,че“*, C%леƒ…/м, дл  *%!!е*2,!%"*, !е…2=Kель-
…%“2, (ƒ= “че2 "…32!е……,. !еƒе!"%"), …%!м/ C%2!еKле…,  , “%%2"е2“2"3ю?,. -%…д%" C!, 
Cл=…,!%"=…,, "…32!,-,!ме……%г% Kюд›е2=.
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h“C%льƒ3  !=ƒ!=K%2=……/L ме2%д %C2,м,ƒ=ц,, "…32!,-,!ме……%г% ,…"е“2,!%"=…,  " 3C!="-
ле…,, C!едC!, 2,ем, = 2=*›е д=……/е C!едC!, 2,  % “"%еL C!%,ƒ"%д“2"е……%-.*%…%м,че“*,L 
де 2ель…%“2,, C!%"еде…/ .*%…%м,че“*,е !=“че2/ C% %K%“…%"=…,ю C!,… 2,  3C!="ле…че“*%-
г% !еше…,  % …=,K%лее .--е*2,"…%L “2!3*23!е !=“C!еделе…,  "…32!,-,!ме……/. ,…"е“2,-
ц,L …= C%2!еKле…,е-…=*%Cле…,е [2].

dл  л,*",д=ц,, %2“2="=…,  " *%…*3!е…2%“C%“%K…%“2, C!%д3*ц,, " g`n &}*“Cе!,ме…-
2=ль…%-ме.=…,че“*,L ƒ="%д[ C!%!=K=2/"=л“  C!%е*2 C% ƒ=ме…е C=!*= 2%*=!…%--!еƒе!…/. 
“2=…*%". nK?=  “2%,м%“2ь ,…"е“2,ц,L “%“2="л е2 785 2/“. 3.е., !=ƒK,2/. …= Cл=2е›,: 60 % 
# C!ед%Cл=2= , 40 % # C% %*%…ч=…,ю м%…2=›=. q!%* !е*%…“2!3*ц,, “%“2="л е2 10 ме“. C!, 
C%л…%L %“2=…%"*е “3?е“2"3ю?ег% C!%,ƒ"%д“2"= , 16 ме“. # C!, “%"ме?е…,, C%“2еCе……%г% 
Cе!е.%д= …= …%"%е %K%!3д%"=…,е “ .*“Cл3=2=ц,еL , C%.2=C…%L ƒ=ме…%L “3?е“2"3ю?ег%.

nце…,"=л,“ь "=!,=…2/ C!,"лече…,  ƒ=ем…/. “!ед“2" *%мме!че“*%г% K=…*= (C%д 18 % г%-
д%"/.) , ,“C%льƒ%"=…,  2%ль*% "…32!е……,. ,“2%ч…,*%" -,…=…“,!%"=…, . qCец,-,*= “,23=-
ц,, " 2%м, ч2% C!едC!, 2,е …е  "л е2“  =*ц,%…е!…/м %K?е“2"%м, C%.2%м3 …е2 "%ƒм%›…%“2, 
!=““ч,2/"=2ь …= =*ц,%…е!…/L *=C,2=л. o!,ме…   !=ƒ!=K%2=……/L ме2%д, %C2,м,ƒ,!%"=…% 
!=“C!еделе…,е "…32!,-,!ме……%L C!,K/л, …= C%2!еKле…,е , *=C,2=л,ƒ=ц,ю " “!="…е…,, “ 
,“C%льƒ%"=…,ем дл  -,…=…“,!%"=…,  !=ƒ",2,  C!%,ƒ"%д“2"= K=…*%"“*%г% *!ед,2=. 

t=*2,че“*,е д=……/е C% д,…=м,*е ч,“2%L C!,K/л, C%ƒ"%л,л, "/ ",2ь л,…еL…%“2ь 2!е…д= 
“…,›е…,  C!,K/л, C% ме“ ц=м o(t) = o0 # at, где o0 = 51 2/“. 3.е. " ме“. # C!,K/ль " м%-
ме…2 C!,… 2,  !еше…,  % …=C!="ле…,, ее ч=“2, " -%…д !=ƒ",2,  C!%,ƒ"%д“2"=; *%.--,-
ц,е…2 = # 2емC “…,›е…,  C!,K/л,, …=Lде……/L ме2%д%м …=,ме…ьш,. *"=д!=2%", “%“2="л е2 
0,042 (4,2 % C!,K/л, " ме“ ц). o% .2,м ,“.%д…/м д=……/м %це…е… Cе!,%д Kеƒ3K/2%ч…%г% 
-3…*ц,%…,!%"=…,  C!едC!, 2, . dл  C!едC!, 2,  *!,2,че“*,м  "л е2“  !е…2=Kель…%“2ь 
3 % ,л, C!,K/ль omin " !=ƒме!е 16 2/“. 3.е. pеше…,ем 3!="…е…,  o(t) = omin C%л3че…%, ч2% 
м=*“,м=ль…=  C!%д%л›,2ель…%“2ь Cе!,%д= Kеƒ3K/2%ч…%“2, Šmax “%“2="л е2 18 ме“.

o!, “3?е“2"3ю?еL …%!ме C%2!еKле…,  β = 90 % %C!еделе…= "%ƒм%›…%“2ь ƒ= "!ем  Šmax = 
= 18 ме“. “%ƒд=2ь -%…д !=ƒ",2,  C!%,ƒ"%д“2"= " !=ƒме!е j1 = 471 2/“. 3.е. dл  .2%г% !еш=-
л%“ь 3!="…е…,е o…(t) = j1 %2…%“,2ель…% м%ме…2= "!еме…, t; !=“че2 C%*=ƒ=л, ч2% t = 27 ме“. 
n2“юд= “лед3е2, ч2% %Kе“Cеч,2ь Kеƒ3K/2%ч…%е “%“2% …,е C!едC!, 2,  C!, β = 90 % …е"%ƒ-
м%›…%. Š!еK3е2“  ,л, 3ме…ьш,2ь “3мм3 j ƒ= “че2 д%лг%“!%ч…%г% *!ед,2= …= “3мм3 
Δo = j1 # o(18) = 471 # 60,3 = 410,7 2/“. 3.е. C%д 18 % г%д%"/. (k = 1,5 % " ме“.) “!%*%м …= 
2 г%д=, л,K% “%*!=2,2ь …%!м3 2е*3?ег% C%2!еKле…,  β. o!, .2%м ›ел=2ель…% ƒ=деL“2"%"=2ь 
"…32!е……,е "%ƒм%›…%“2, !%“2= C!,K/л,.

nце…е…% …=“*%ль*% …е%K.%д,м% 3ме…ьш,2ь “3?е“2"3ю?3ю …%!м3 C%2!еKле…,  C!,K/л, β
!еше…,ем 3!="…е…,  o*(β) = j1, “%%2"е2“2"3ю?=  …%!м= C%2!еKле…,  β = 21,5 %. }2%2 !=“-
че2 C%*=ƒ/"=е2, ч2% дл  %Kе“Cече…,  …%!м=ль…%г% 2емC= …=*%Cле…,  2!еK3е2“  !еƒ*% “*%!-
!е*2,!%"=2ь “л%›,"ш3ю“  …%!м3 C%2!еKле…, , 3ме…ьш," ее …= 68,5 %. }*“Cе!2…/L %C!%“ 
*=д!%"%г% “%“2="= C!едC!, 2,  C%ƒ"%л,л "/ ",2ь “3KAе*2,"…/е це……%“2, %2л%›е……%г% C%-
2!еKле…,  C!,K/л, C% *=2ег%!, м. q!ед…е"ƒ"еше……/L *%.--,ц,е…2 це……%“2, C%2!еKле…,  
C!,K/л, Cе!“%…=л=, ƒ=… 2%г% “%%2"е2“2"3ю?,м C!%,ƒ"%д“2"%м, “%“2="л е2 4,65 % " ме“. 
o%.2%м3 м,…,м,ƒ,!%"=……/L %KAем *!ед,2= “%“2=",л C% Cе!"%м3 , "2%!%м3 .2=C=м “%%2"е2-
“2"е……% 55,7 , 172,2 2/“. 3.е. 

b !=““м=2!,"=ем%L “,23=ц,, *!,2е!,L %C2,м,ƒ=ц,, …%!м/ C%2!еKле…,  C!,K/л, д%л›е… 
"*люч=2ь 2!, “%“2="л ю?,е. m= Cе!"%м .2=Cе (-%!м,!%"=…,  -%…д= !=ƒ",2,  C!%,ƒ"%д“2"=) 
%“…%"…%е 2!еK%"=…,е # "/C%л…е…,е %г!=…,че…,  C% “!%*3 …=*%Cле…, , 2. е. м,…,м,ƒ=ц,  
“!%*= …=*%Cле…,  (ч2% “%%2"е2“2"3е2 м=*“,м,ƒ=ц,, 2емC= …=*%Cле…, ) C!, 3“2=…%"ле……%м 
C%2!еKле…,, C!,K/л,. n2“юд= *!,2е!,L ,мее2 ",д: 

 F1(β1)  = 
1( )

1 0
0

(1 )(П )
нT

t
at

β

=
−β −∑ . 
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n“…%"…%е 2!еK%"=…,е …= "2%!%м .2=Cе (!е*%…“2!3*ц,, C!%,ƒ"%д“2"=) # C%дде!›=2ь !е…2=-
Kель…%“2ь C!%,ƒ"%д“2"=, ƒ=деL“2"3  .--е*2 "л, …,  м=2е!,=ль…%г% “2,м3л,!%"=…,  …= !%“2 
C!,K/л, C!едC!, 2,  ,, C% "%ƒм%›…%“2,, м,…,м,ƒ,!3  C!, .2%м “3мм/ ƒ=ем…%г% -,…=…-
“,!%"=…, . b “%%2"е2“2",, “ !=…ее "/K!=……/м ,…2ег!=ль…/м C%*=ƒ=2елем R = o2/(jL) *!,-
2е!,L %C2,м,ƒ=ц,, !=“C!еделе…,  C!,K/л, ,мее2 ",д: 

1

1

( )

0 2 2
( )

2 1 2
0 2 0 2 2 0 2 0 2 2

(П ) (1 )

( , )
(1 )(П ) (1 ) (1 )(П ) (1 )

Tн Tp
x y

t Tн
x y x y

at

F
K at L at

β +

= β
− β −β

β β =
⎡ ⎤ ⎡ ⎤+ −β − β −β + −β − β −β⎣ ⎦ ⎣ ⎦

∑

 

p=“че2/ C%*=ƒ/"=ю2, ч2%, 3"ел,ч," …%!м3 C%2!еKле…, , …= "2%!%м .2=Cе "%ƒм%›…% C%д-
… 2ь 2е*3?3ю !е…2=Kель…%“2ь м=*“,м=ль…% …= 20 %. t%!м,!3  -%…д …=*%Cле…,  …= .2%м 
.2=Cе, м%›…% д%K,2ь“  C%*!/2,  "2%!%L ч=“2, ,…"е“2,ц,%……%L “3мм/ j2 = 314 2/“. 3. е. ,ƒ 
“%K“2"е……%L ч,“2%L C!,K/л,.

m= 2!е2ьем .2=Cе (%*3C=ем%“2, C!%е*2= !=ƒ",2,  C!%,ƒ"%д“2"=), “!%*%м %2 ƒ="е!ше…,  
!е*%…“2!3*ц,, д% C%л…%L %*3C=ем%“2, ,…"е“2,ц,%……/. ƒ=2!=2, м%де!…,ƒ,!%"=……%е C!ед-

Š = K л , ц =  2

h2%г%"/е д=……/е C!%е*2= !=ƒ",2,  C!%,ƒ"%д“2"= 
C% 3C!="ле…,ю ,…"е“2,!%"=…,ем "…32!,-,!ме……%L C!,K/л,

m=,ме…%"=…,е C%*=ƒ=2елеL
I .2=C

m=*%Cле…,е ,…-
"е“2,ц,%……/. 

“!ед“2"

II .2=C
pе*%…“2!3*ц,  
C!%,ƒ"%д“2"=

III .2=C
n*3C=ем%“2ь 

C!%е*2=
q3мм=!…/е 
"ел,ч,…/

o!%д%л›,2ель…%“2ь .2=C=, ме“. 16 10 18 44

Š!еK3ем=  “3мм= ,…"е“2,ц,L, 
2/“. 3.е.

j1 = 471 j2 = 314 - j = 785

q3мм=!…=  ч,“2=  C!,K/ль, 
2/“. 3.е.

559 216,2 618 1393,2

nC2,м,ƒ,!%"=……=  …%!м= 
C%2!еKле…, , %

β1 = 25,7 β2 = 34,4 β3 = 41,2 -

o%2!еKл ем=  C!,K/ль C!, %C-
2,м=ль…%L …%!ме C%2!еKле…, , 
2/“. 3.е.

143,7 74,4 242,3 460,4

m=*%Cл ем=  C!,K/ль C!, %C2,-
м=ль…%L …%!ме C%2!еKле…, , 
2/“. 3.е.

415,3 141,8 375,8 932,9

q3мм= *!ед,2=, 2/“. 3.е. 55,7 172,2 - 227,9

q!%* *!ед,2=, ме“. 28 18 -

q3мм= C!%це…2%" C% *!ед,23, 
2/“. 3.е.

- - 18,4+23,2 41,6

q3мм=!…/е C%“23Cле…, , 
2/“. 3.е.

415,3 + 55,7 =
= 471

141,8 + 172,2 = 
314

375,8 1160,8

q3мм=!…/е "/Cл=2/, 
2/“. 3.е.

471 314 41,6 826,6

q=льд% -,…=…“%"%г% C%2%*=, 
2/“. 3.е.

0 0 334,2 334,2
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C!, 2,е ,мее2 "%ƒм%›…%“2ь "/C3“*=2ь *%…*3!е…2%“C%“%K…3ю C!%д3*ц,ю , 3"ел,ч,"=2ь е›е-
ме“ ч…3ю C!,K/ль o`(t) = o(Š… + Š!) + bt “ C!%г…%ƒ,!3ем/м 2емC%м b = 12 %, ч2% %Kе“Cе-
ч,2 -%!м,!%"=…,е -%…д%" C%2!еKле…,  , …=*%Cле…, . o!,чем, “!ед“2"= C%“лед…ег% C%Lд32 
…= C%г=ше…,е %“…%"…%L “3мм/ *!ед,2= , “%%2"е2“2"3ю?,. C!%це…2%". 

n“…%"…%е 2!еK%"=…,е …= 2!е2ьем .2=Cе # д%"еде…,е …%!м/ C%2!еKле…,  д% м=*“,м=ль…% 
"/“%*%г% 3!%"… , C!, *%2%!%м %д…%"!еме……% %Kе“Cеч,"=е2“  м,…,м,ƒ=ц,  “3мм=!…/. C!%-
це…2…/. "/Cл=2 C% *!ед,23 ƒ= “че2 “%*!=?е…,  “!%*= "%ƒ"!=2= *!ед,2=. j!,2е!,L …= 2!е2ь-
ем .2=Cе ,мее2 ",д:

1 2 3

1

( , , ) /
1 2

3
( )

3 1 2 3
1 2 3

П ( , , )
(1 )

( , , )
( , , )

Tk

t
t Tн Tp

t
d

F
K h

β β β

= β +

β ββ
+

β β β =
+ β β β

∑
.
 

h…2ег!=ль…/L *!,2е!,L, 3ч,2/"=ю?,L 2!еK%"=…,  "“е. 2!е. .2=C%" " ,. “%"%*3C…%“2,, 
C!ед“2="л е2 “%K%L "/!=›е…,е:

 F(β1,  β2,  β3)  = F1(β1)F2(β1,  β2)F3(β1,  β2,  β3)  → max. 

),“ле……%е ,““лед%"=…,е .2%L -3…*ц,, …= .*“2!ем3м д=е2 “лед3ю?,е %C2,м=ль…/е …%!м/ 
C%2!еKле…, : β1 = 25,7 %; β2 = 34,4 %; β3 = 41,2 %. b “3мме “ C!,K/лью -%…д= …=*%Cле…,  
2=*,м %K!=ƒ%м %Kе“Cеч,"=е2“  "%ƒ"!=2 %“…%"…%L “3мм/ *!ед,2= j2 , C!%це…2%". 

nце…*= “=льд% д,“*%…2,!%"=……/. “2%,м%“2…/. C%2%*%" C!, %C2,м,ƒ,!%"=……/. …%!м=. 
C%2!еKле…, -…=*%Cле…,  C!,K/л, “",де2ель“2"3е2 %K .--е*2,"…%“2, !=““м=2!,"=ем%г% 
,…"е“2,ц,%……%г% C!%е*2= !=ƒ",2,  C!%,ƒ"%д“2"= …= C!едC!, 2,, (2=Kл. 2). b 2=Kл,це C!ед-
“2="ле…/ …=,ме…%"=…,  C%*=ƒ=2елеL, .2=C/ , “3мм=!…/е "ел,ч,…/ !=“че2…/. C%*=ƒ=2елеL 
C!%е*2=.
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