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567869:;<= ><?=9@A<B6;@= – >=&<? @>@&6C@<;;<D< 

><?=9@A<B6;@E  9<F;GH  @ &=> 

I. B. J!(!K'-+"3%, B. 6. B'('LMN- (6(O3,2!1M+") 

B-!0!,$! 

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

,"-.!&/(& %0)"+%)"0 – 0(! )%)(# . /1.% !"#-)(/'23%4 /#&!*(5!)(564 ./(!-

 .(!/ (5# !7*1.(#$85! !"%5.9!/64), / 9!(!&64 ) #5. )!)(!*5%- !("#$85!:! ./(! .(. 

!7')$!/$#5. )!)(!*5%* % 5#9!(!&64 "&':%4 ./(! .(!/. ; % #55!, )!)(!*5%* «/!1"#--

)(/'23%4» ./(! .(!/ /$%*2( 5. «%1 #5*# 6#» ./(! .(6 % +#&#/!"*( %4 / 5!/6# )!-

)(!*5%*, +&%<=  )+!)!7 +#&#".<% /!1"#-)(/%- % )/*1%  #>"' ./(! .(. % 5# &.)) .(-

&%/.2()*. ? #)(! 0(!:! +&%5*(. :%+!(#1. '(!1$"2" -*3*+*4(0%$(&, (.#. ./(! .( / ".5-

5!  )!)(!*5%% 5.4!"%()* / $27!   #)(# )%)(# 6 &./5!/#&!*(5!. ;/(! .(  !>#(, 9.9 

!76<5!,  #5*(8 )!)(!*5%# ). , .  !>#( 1./%)#(8 !( $27!:! <%)$. ./(! .(!/, 5.4!"*-

3%4)* / +!"4!"*3%4 )!)(!*5%*4. 

@!+'$*,%% ./(! .(!/ +&%:!"56 "$* %))$#"!/.5%* &.15!!7&.1564  .))!/64 

!7A#9(!/: 7%!$!:%<#)9%4, 09!5! %<#)9%4, )!,%.$8564 % (#45%<#)9%4 )%)(# , +.&.$-

$#$8564 +&!:&.   [1–3]. B 0(!- ,#$82 ./(! .(6 "!$>56 % #(8 )(!4.)(%<#)9%# 4.&.9-

(#&%)(%9% – /#&!*(5!)(% +#&#4!"!/ / 9.>"!  (.9(#. @!)9!$89' <%)$! )!)(!*5%- +!+'-

$*,%% <&#1/6<.-5! /#$%9!, /6<%)$#5%* +&!/!"*()* 5# "$* /)#4 )!)(!*5%- +!+'$*,%%, . 

"$* )&#"5#:! <%)$. ./(! .(!/ / &.1$%<564 )!)(!*5%*4. C.9%  !7&.1! , +!$'<#556- 

)$'<.-56- +&!,#)) +&#")(./$*#( "%5. %9' +!+'$*,%% «/ )&#"5# ». 

C&'"5!)(8 )!)(!%( / (! , <(! / %1/#)(5!   #(!"# "%5. %9% )&#"5%4 /)# 9! +!-

5#5(6 5#1./%)% 6 "&': !( "&':.. D#>"' (#  !)5!/5!# )/!-)(/!, 9!(!&!# /$%*#( 5. +!-

/#"#5%# +!+'$*,%% – /1.% !"#-)(/%*  #>"' ./(! .(. %. B$#"'#( 9.9-(! '<#)(8 0(% 

/1.% !"#-)(/%* /  #(!"# "%5. %9% )&#"5%4. ? 5.)(!*3#- &.7!(# //!"*()* !)5!/56# 

+!5*(%*, !+%&.23%#)* 5. (#!&%2 )#(#- @#(&%.  

1. 53PK31M,3% +!)M 01% 4'4P1%#$$ 3-)'/3)'- 

5%.6%!1$%& '*)1 – 0(!  .&9%&!/.55.* )#(8 @#(&%, / 9!(!&!- "$* 9.>"!:! +#&#-

4!". 1.".5. %5(#5)%/5!)(8 )!76(%*-+#&#4!". 9.9 E'59,%* !(  .&9%&!/9% /4!"564 +!-

1%,%- +#&#4!".. ?%" 0(%4 E'59,%- 1./%)%( !( +&#" #(5!- !7$.)(% % 1.".=()* !("#$85! 

/ 9.>"!  9!59&#(5!  )$'<.#. @!(!9% )!76(%--+#&#4!"!/ +&!)(#-F%#, (.#. )(.,%!5.&-

56# (%5(#5)%/5!)(%  #5*2()*  #"$#55!), !&"%5.&56# % 7#1 +!)$#"#-)(/%*. 

5%.6%!1$%& '*)1 – 0(! "/'"!$856- :&.E G =  Q, D, In, Out, M, R!, :"#  

Q = {qi | i = 0, 1, …, n} –  5!>#)(/! +!1%,%-, )!!(/#()(/'23##  5!>#)(/' )!-

)(!*5%-, 5. 9!(!&64 !+&#"#$#56 /)# ./(! .(6; 

D = {dj | j = 1, 2, …, m} –  5!>#)(/! +#&#4!"!/ ./(! .(!/ %1 )!)(!*5%* / )!)(!*-

5%#; 

In – E'59,%* +&#"F#)(/!/.5%*, )(./%( / )!!(/#()(/%# 9.>"!- +.&# (qi, dj) 5#!(-

&%,.(#$85!# <%)$! kij " 0, :"# kij – /#) "':% %1 +!1%,%% qi / +#&#4!" dj, #)$% )!!(/#()(-

/'23#- "':% 5#(, kij = 0; 

Out – E'59,%* )$#"!/.5%*, )(./%( / )!!(/#()(/%# 9.>"!- +.&# (dj, qi) 5#!(&%,.-

(#$85!# <%)$! kji " 0, :"# kji – /#) "':% %1 +#&#4!". dj / +!1%,%2 qi, #)$% )!!(/#()(/'2-

3#- "':% 5#(, kji = 0; 

Mt = {Nit | i=1, 2,…, n} – /#9(!&  .&9%&!/9%, 1.".23%- <%)$! ./(! .(!/, 5.4!-

"*3%4)* /  ! #5( /&# #5% t / 9.>"!  %1 )!)(!*5%-  5!>#)(/. Q; 
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R = {pj(Mt(*dj)) | j =1, …, m} – /#9(!&-E'59,%* %5(#5)%/5!)(#- +#&#4!"!/, !+&#-

"#$*23.* )&#"5## <%)$! )&.7.(6/.5%- +#&#4!". dj / (#<#5%# !"5!:! (.9(. %$% <%)$! 

(.9%4 )&.7.(6/.5%- / #"%5%,' /&# #5%, 1./%)*3## !(  .&9%&!/9%  5!>#)(/. *dj – 

/4!"564 +!1%,%- +#&#4!".. 

@!1%,%* q0#Q 5.16/.#()* /5#F5#-, % ##( )9!$8 ':!"5! 7!$8F!# %$% #"%5%<5!# 

(#)$% 5."!) 15.<#5%#  .&9#&. N0, 5#  #5*#( #:! +&% +#&#4!".4 %  !>#( 5# %1!7&.>.(8)* 

5. &%)'59# :&.E.. B!)(!*5%* ./(! .(!/ % +!1%,%%  5!>#)(/. {qi | i = 1, ..., n} 5.1!/=  

)!7)(/#556 %. G&.E G %1!7&.>.#( +&%<%55!-)$#")(/#556# )/*1%  #>"' )!)(!*5%* % 

./(! .(!/ % %5(#5)%/5!)(% 0(%4 )/*1#-.  

? !($%<%# !( 9.5!5%<#)9!- )#(% @#(&%  5!>#)(/! /#)!/64 9!0EE%,%#5(!/ "': 

9.'1.$85!- )#(% – 0(! +!$!>%(#$856# "#-)(/%(#$856# <%)$., +&%+%).556# /4!"56  % 

/64!"56  "':.  j-:! +#&#4!".: kij %$% kji )!!(/#()(/#55!. C!<5! (.9 >#  6 7'"#  "!-

+')9.(8 "#-)(/%(#$856# <%)$. / 9.<#)(/#  .&9#&!/ Ni  "$* +!1%,%-. H(! +!1/!$%(  .&-

9%&!/.(8 )#(8 /#&!*(5!)(* % )!)(!*5%- ./(! .(!/ % /!!73# %17./%(8)* !( ,#$64 <%-

)#$. ? (.9%4 )$'<.*4 7'"#  )<%(.(8 +!+'$*,%2 )<=(56   5!>#)(/! .  

2. 53PK31M,3% /'0!1M 

I-)#(8 */$*#()* )(.(%<#)9!-  !"#$82 +!+'$*,%% ./(! .(!/, !5. 1.".=( (!$89! 

+&%<%55!-)$#")(/#556# )/*1%  #>"' 0$# #5(. % )%)(# 6 ./(! .(!/. J%5. %<#)9.* 

 !"#$8 +!+'$*,%% – 5-+"7*!1 – !+&#"#$*#()* +&./%$. % E'59,%!5%&!/.5%* I-)#(%. 

K'59,%!5%&!/.5%# I-)#(% +!"!75! 5#)'3#- )#(% @#(&% ) '<=(!  %5(#5)%/5!)(#- +#-

&#4!"!/, . % #55!: +#&#4!" dj )&.7.(6/.#( (!:". % (!$89! (!:"., 9!:".  .&9%&!/9. #:! 

/4!". (.9!/., <(! M(*dj)) L In(dj). I.>"6- +#&#4!" I-)#(% !+%)6/.#(  5!>#)(/! "!+')-

(% 64 %1 #5#5%- )!)(!*5%- ./(! .(!/, 1.".55!# #:! %5(#5)%/5!)(82. 

I! +82(#&5!# !+%).5%# 9.'1.$85!-  !"#$% )!"#&>%(: 1) )(.(%<#)9'2 <.)(8 – 

 .&9%&!/9' M0  / 5.<.$856-  ! #5( /&# #5% t = 0 % 2) "%5. %<#)9'2 <.)(8 – !+%).5%# 

+#&#4!"!/. I.>"6- +#&#4!" dj !+%)6/.#()* +*(82 /6&.>#5%* %:  

1) +#&#<%)$#5%#  5!>#)(/. *dj ) 9!0EE%,%#5(. % kij,  

2) +#&#<%)$#5%#  5!>#)(/.  dj* ) 9!0EE%,%#5(. % kji,  

3) %5(#5)%/5!)(8 pj(Mt(*dj)) +#&#4!".,  

4) (%+ +#&#4!"., 

5) 1."#&>9% s )!)(!*5%- (/ 9.<#)(/# "#-)(/'23#:! %$% %1 #5*# !:! )!)(!*5%* 

7#&#()* )!)(!*5%# ./(! .(. /  ! #5( /&# #5% t – s).  

? !73#  )$'<.# !+%).5%# +#&#4!". – 0(! /6&.>#5%# /%". 

*dj > dj*: pj(Mt(*dj)):)(- -*3*8"7%, 6%7*3#9(. C%+ +#&#4!". 1./%)%( !( 1!56 "#-)(/%* % 

&.)+!$!>#5%* ./(! .(!/ / )%)(# #. :($*;$<; +#&#4!" )!!(/#()(/'#( ".$85!"#-)(/%2 / 

)%)(# #. M#$%5#-56# +#&#4!"6: 3%')0"3 – &./5! #&5! ' &.)+&#"#$#5%2 ./(! .(!/ +! 

/)#- )%)(# # (9.9  #"/#"% / (.-:#) % '+*'1 – )!7&.5%2 /1.% !"#-)(/'23%4 ./(! .(!/ 

/ !"5!   #)(# (9.9 +(%<%- 7.1.&). ?5#F5## )!)(!*5%# / I- !"#$% %1!7&.>.#()* 1/=1-

"!<9!- «*». 

3. @/$)3#$% 4'-!0!,$% +1'Q,'R +$+)!/. 

J$* % %(.,%% +!/#"#5%* )$!>5!- )%)(# 6 &.1&.7!(. +&!:&.  . «@!+'$*,%*», 

9!(!&.* / 9.>"6-  ! #5( /&# #5% &#.$%1'#( )&.7.(6/.5%# /)#4 +#&#4!"!/. @')(8 N – 

9!$%<#)(/! ./(! .(!/, n – <%)$! )!)(!*5%-, / 9!(!&64  !>#( 5.4!"%(8)* 9.>"6- %1 

./(! .(!/. @&% 0(!  9.>"6- 9!59&#(56- ./(! .( 5# !7*1.(#$85! % ##( /)# n )!)(!*-

5%-. ? 9.>"!  i-  )!)(!*5%% +&#76/.#( Ni ./(! .(!/, (.9 <(! N = N1 + N2 + … + Nn (n –

 5.('&.$85!#, Ni – 5#!(&%,.(#$85!# "#-)(/%(#$85!# +&% i = 1, …, n). @&!"# !5)(&%&'#  

+&!,#)) E'59,%!5%&!/.5%* 5. +&% #&# +&!)(64 +!+'$*,%-, :"# 9.>"6- +#&#4!"  !>-
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5! !+%).(8 +&#"$!>#5%# : )!)(!*5%# A +#&#/!"%( )!)(!*5%# B / )!)(!*5%# C ) %5(#5-

)%/5!)(82 K. ? 9.>"!  (.9(#, (. #. <#&#1 1.".556- +&! #>'(!9 /&# #5%, 9!$%<#)(/! 

./(! .(!/ / j-  )!)(!*5%% %1 #5*#()* %$% !)(.#()* (#  >#. M#9!(!&!# )!)(!*5%# i 

/$%*#( 5. )!)(!*5%# j % +#&#/!"%( #:! / )!)(!*5%# k ) %5(#5)%/5!)(82 K(i,j,k). D5!>#-

)(/! /)#4 (.9%4 %5(#5)%/5!)(#- – 0(! (&#4 #&56-  .))%/ 

P = {K(i,j,k) | i = 1..n, j = 1..n, k = 1..n}. 

H(! !15.<.#(, <(! Ni ./(! .(!/, 5.4!"*3%4)* / )!)(!*5%% i, /$%*2( 5. Nj ./(! .(!/, 

5.4!"*3%4)* / )!)(!*5%% j, % +#&#/!"%( 5#9!(!&!# %4 9!$%<#)(/! Mijk / )!)(!*5%# k.  

@&% $%5#-5!  /1.% !"#-)(/%% Mijk = K(i,j,k)$ min(Ni, Nj); 

+&% /1.% !"#-)(/%% / &.)(/!&# +&% i % j: & ' ((
)

*
++
,

-
.

N

NN
k,j,iKM

ji

ijk
; 

+&% /1.% !"#-)(/%% / &.)(/!&# +&% i = j: & ' ((
)

*
++
,

-
.

N

NN
k,j,iKM

ji

ijk
2

; 

+&% 5#$%5#-5!  /1.% !"#-)(/%% / ) #)%:  & ' (
(
)

*
+
+
,

-

/
.

ji

ji

ijk
NN

NN
k,j,iKM , 

:"# j = 1, ..., n, (. #. !"5! i-# )!)(!*5%#  !>#( /!1"#-)(/!/.(8 5.  5!>#)(/! j-4. B!!(5!-

F#5%* (
(
)

*
+
+
,

-

N

NN ji
, ((

)

*
++
,

-

N

NN ji

2
 % (

(
)

*
+
+
,

-

/ ji

ji

NN

NN
1.".2( /#&!*(5!)(8 /)(&#<% ./(! .(!/ / i-  

% j-  )!)(!*5%*4 / #"%5%<5!  !7A= #. 

N(.9, %1 #5#5%# 9!$%<#)(/. Nit ./(! .(!/ / (.9(# t % ##( /%": 

Ni(t + 1) = Nit + =Nit 

=Ni = Vi – Ii + Ri. 

Vi – <%)$! ./(! .(!/ +#&#F#"F%4 / i-# )!)(!*5%# / (.9(# t: 

& '00
. .

$.
n

j

n

k

kji ikjKNNV
1 1

),,(,min  – "$* $%5#-5!:! +#&#4!".;  

00
. .

$((
)

*
++
,

- $
.

n

j

n

k

kj

i ikjK
N

NN
V

1 1

),,(  – "$* +#&#4!". / &.)(/!&# +&% k % j. 

00
. .

$((
)

*
++
,

- $
.

n

j

n

k

kj

i ikjK
N

NN
V

1 1

),,(
2

 – "$* +#&#4!". / &.)(/!&# +&% k = j. 

00
. .

$(
(
)

*
+
+
,

-

/

$
.

n

j

n

k ji

kj

i ikjK
NN

NN
V

1 1

),,(  – "$* +#&#4!". / ) #)%. 

Ii – <%)$! ./(! .(!/ +!9%5'/F%4 i-(!# )!)(!*5%# / (.9(# t: 

& '& '00
. .

$.
n

j

n

k

ijii )k,i,j(KN,Nmin,NminI
1 0

 – "$* $%5#-5!:! +#&#4!".; 

00
. . 12

1
3
4

15

1
6
7

$((
)

*
++
,

- $
.

n

j

n

k

ij

ii )k,i,j(K
N

NN
,NminI

1 0

 – "$* +#&#4!". / &.)(/!&# +&% i % j.  

00
. . 2

3
4

5
6
7

$((
)

*
++
,

- $
.

n

j

n

k

ij

ii kijK
N

NN
NI

1 0

),,(
2

,min  – "$* +#&#4!". / &.)(/!&# +&% i =j.  
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00
. .

(
(

)

*

+
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-
$(
(
)

*
+
+
,

-

/

$
.

n

j

n

k ji

ij

ii kijK
NN

NN
NI

1 0

),,(,min  – "$* +#&#4!". / ) #)%. 

& '0
.

$.
n

j

ji ijKNR
1

,*,  – <%)$! ./(! .(!/, «&!"%/F%4)*» / i-  )!)(!*5%%. 

O(!76 +!$'<%(8 )&#"5## 9!$%<#)(/! ./(! .(!/ / 9.>"!  )!)(!*5%% 5. (t+1)-  

F.:#, 5#!74!"% ! /!)+!$81!/.(8)* 0(% % E!& '$. % t &.1. 

M#) !(&* 5. !:&.5%<#55!)(8 ".55!:! +!"4!"., 9$.))  !"#$%&'# 64 +!+'$*,%- 

/9$2<.#(  5!>#)(/! %5(#&#)564 )%)(# , "!+')9.23%4  5!>#)(/! %5(#&+&#(.,%- / 

&.1$%<564 +&#" #(564 !7$.)(*4. N #* +&!:&.  ' «@!+'$*,%*», "!)(.(!<5! !+%).(8 

+!/#"#5%# !("#$8564 0$# #5(!/ %))$#"'# !- )%)(# 6 / %4 )/*1% ) "&':% % 0$# #5(.-

 % % +!$'<.#()*  !"#$8, 9!(!&.* $#:9!  !"%E%,%&'#()* % 76)(&! ".=( 5.:$*"56# &#-

1'$8(.(6. @&% 0(!  7'"#( +&#")(./$#5! % +!/#"#5%# +!+'$*,%% / +#&#4!"5!  &#>% #. 

; 0(! '># 5# .$! / (#4 +&#" #(564 !7$.)(*4, :"# :!)+!")(/'2( 9.<#)(/#556# &.))'>-

"#5%*. P)!7#55! 0(! 9.).#()* :' .5%(.&564 5.'9. 

9$)!(3)P(3 

1. B'('LMN- B. 6., 5'*,!- 6. @. @!+'$*,%!55!#  !"#$%&!/.5%# 9!$$#9(%/5!:! +!-

/#"#5%* ./(! .(!/. // ?#)(5%9 C! )9!:! :!)'".&)(/#55!:! '5%/#&)%(#(.. @&%$!>#-

5%#. 2007. Q18, ./:')(. D.(#&%.$6  #>"'5.&!"564, /)#&!))%-)9%4 % &#:%!5.$8-

564 5.'<564 9!5E#&#5,%-,  )% +!1%' !/ % F9!$, +&!/!"% 64 / CGR. 

2. J!(!K'-+"3% I. B., B'('LMN- B. 6. @!+'$*,%!55!#   !"#$%&!/.5%# 5.)#$#5%* 

S# $% // D#>"'5.&!"5.* 5.'<5.* 9!5E#&#5,%* +! %)(!&%<#)9!- "# !:&.E%% % %)-

(!&%<#)9!- :#!:&.E%%  «C#&&%(!&%* % 5.)#$#5%# )(&.5 % 9!5(%5#5(!/: %)(!&%* % 

)!/&# #55!)(8». B69(6/9.&, 2011. 

3. B'('LM!- B. 6., ?!(L$,3 I. B., 5'*,!- 6. I. @!+'$*,%* ./(! .(!/ –  !"#$8 

+.&.$$#$85!- +&!:&.  6 // D.(#&%.$6 VI D#>"'5.&!"5!:! 5.'<5!-+&.9(%<#)9!:! 

)# %5.&. "?6)!9!+&!%1/!"%(#$856# +.&.$$#$856# /6<%)$#5%* 5. 9$.)(#&564 

)%)(# .4". B@7.: N1"-/! B@7GR, 2007. B. 104–109. 

 

 


