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5675689:;6 <=:9>?;?  @?A=@?B 6C65?D@9 :? @6 >959E6F 

E959>6   ? &9GH79C6@?=< ?<?:6I?9@@9E9 <9>=G?59C6@?B 

?. C. <("(',3(, 5. E. F(J$JK11$/, C. 6. <!1L",3( (@(J!'!M/N! O!1/N) 

 !"#$%&' "#%()%*%+,- #%.")'(+"(/, 0"!"1+"2" 03,1%+,- (455) .'/!'2,3'%/ 3(% 

"#$'(/, 1,.+%0%-/%$6+"(/, 2"(70'!(/3', /'8 8'8 +' ("3!%&%++"& 9/')% !'.3,/,- 98"-

+"&,8, :"((,, '3/"&"#,$6+;< /!'+()"!/ -3$-%/(- 8$=*%3;& 9$%&%+/"& 3(%< /!'+(-

)"!/+"< (,(/%&; , ,2!'%/ 3'1+%<>7= !"$6 3 "#%()%*%+,, 98"+"&,*%(8"2" !"(/' , ("-

?,'$6+"2" !'.3,/,- 2"(70'!(/3'.  

:"(/ 7!"3+- '3/"&"#,$,.'?,, )!,3%$ 8 !"(/7 ,+/%+(,3+"(/, 03,1%+,- +' 2"-

!"0(8,@ 7$,?'@ , )"3$%8 .' ("#"< +'(;A%+,% /!'+()"!/+;&, (!%0(/3'&, 7$,*+"-

0"!"1+"< (%/, (B5C), 8"/"!'- )%!%(/'$' ()!'3$-/6(- ( 3".!"(>,&, /!'+()"!/+;&, 

)"/"8'&,. D *'(; «),8» .+'*,/%$6+" 7&%+6>,$'(6 (8"!"(/6 )%!%03,1%+,-, ' .'2!-.+%-

+,% 3".07@' 73%$,*,$"(6, */" )!,3%$" 8 7@70>%+,= 7($"3,< 03,1%+,-, 8 !"(/7 8"$,-

*%(/3' 0"!"1+"-/!'+()"!/+;@ )!",(>%(/3,< (5E ) , *,($' )"(/!'0'3>,@ 3 +,@ $=-

0%<.  " )!"2+".'& D(%&,!+"< "!2'+,.'?,, .0!'3""@!'+%+,- 0"!"1+"-/!'+()"!/+;< 

/!'3&'/,.& (5EE) &"1%/ (/'/6 /!%/6%< (!%0, "(+"3+;@ )!,*,+ 2,#%$, , 73%*,< $=0%< 

, )!%0(/'3$-%/ #"$%% (%!6%.+7= )!"#$%&7 0$- .0"!"36- +'(%$%+,-, *%& &'$-!,-, /7#%!-

87$%., C F5 [1]. 

C#"< 3 03,1%+,, %1%0+%3+" /"$68" 3 :G )!,3"0,/ 3 (!%0+%& 8 2,#%$, , 73%*6= 

819 *%$"3%8 , )"3!%10%+,= 5500 /!'+()"!/+;@ (!%0(/3. :"((,- ,&%%/ "0,+ ,. ('&;@ 

3;("8,@ 7!"3+%< !,(8' 2,#%$, +'(%$%+,- 3 5E : %1%2"0+" +' !"((,<(8,@ 0"!"2'@ 2,#-

+7/ "8"$" 30 /;(. *%$"3%8, #"$%% 200 /;(. *%$"3%8 )"$7*'=/ 73%*6- [2]. 

H% ($7*'<+" 64-< (%((,%< I%+%!'$6+"< J(('&#$%, KKH 2 &'!/' 2010 2. )!,+-/' 

!%."$=?,- "# "#L-3$%+,, 0%(-/,$%/,- 2011–2020 22. «0%(-/,$%/,%& 0%<(/3,< .' #%."-

)'(+"(/6 0"!"1+"2" 03,1%+,- ( ?%$6= (/'#,$,.,!"3'/6, ' .'/%& ("8!'/,/6 )!"2+".,-

!7%&7= (&%!/+"(/6 "/ )!",(@"0-A,@ 3 &,!% 5E  )7/%& '8/,3,.'?,, 0%-/%$6+"(/, +' 

+'?,"+'$6+"&, !%2,"+'$6+"& , 2$"#'$6+"& 7!"3+-@» [3]. 

M'8 "/&%*'%/(- 3 ,(($%0"3'+,, N. D.O%$%+?"3' [4], 3" &+"2,@ (/!'+'@, 20% 7!"-

3%+6 '3/"&"#,$,.'?,, 3;>%, *%& 3 :"((,,, ' )!")7(8+'- ()"("#+"(/6 /!'+()"!/+"< 

(%/, 2"!"0"3 '+'$"2,*+', 8"$,*%(/3" )"2,#>,@ 3 5E  +' 10 /;(-* '3/"/!'+()"!/+;@ 

(!%0(/3 &%+6>% 3 10–15 !'., ' 8"$,*%(/3" )"2,#>,@ +' 100 /;(. *%$"3%8 +'(%$%+,- – 3 

2–4 !'.'.  !,*,+' !"(/' *,($' 5E  8!"%/(- +% (/"$68" 3 !"(/% 7!"3+- '3/"&"#,$,.'-

?,, , "/(/'3'+,, !'.3,/,- /!'+()"!/+"< ,+P!'(/!78/7!;, ' 3" &+"2"& 3 "/(7/(/3,, 

87$6/7!; 3"10%+,- , +%0"(/'/8'@ "!2'+,.'?,, 0"!"1+"2" 03,1%+,-. 5E , 8'8 )!'3,-

$", 3".+,8'=/ 3 &%(/'@ ( 3;("8"< )$"/+"(/6= /!'+()"!/+"2" )"/"8' , ($"1+;&, 0"-

!"1+;&, 7($"3,-&,. M'10"%, 0'1% +%.+'*,/%$6+"% 5E  7(727#$-%/ (,/7'?,=, )!,3"-

0,/ 8 3".+,8+"3%+,= .'/"!"3 , )!"#"8, 8 (#"-& 3 2!'P,8% 03,1%+,- &'!>!7/+;@ 

/!'+()"!/+;@ (!%0(/3.  !, 9/"& 2"(70'!(/3" ("@!'+-%/ "/3%/(/3%++"(/6 .' #%.")'(-

+"(/6 /!'+()"!/+"2" )!"?%((', ("(/"-+,% /!'+()"!/+"< ,+P!'(/!78/7!;, )!%0"(/'3$%-

+,% /!'+()"!/+;@ 7($72 3 (%8/"!'@, 20% !;+"8 %A% +%0"(/'/"*+" !'.3,/.  

D)%!3;% )!"#$%&' "#%()%*%+,- #%.")'(+"(/, 0"!"1+"2" 03,1%+,- !'((&'/!,-

3'$'(6 3 2005 2. +' .'(%0'+,, )!%.,0,7&' I"(70'!(/3%++"2" C"3%/' :G )"0 )!%0(%0'-

/%$6(/3"&  !%.,0%+/' :G D. D.  7/,+', 20% 8"+(/'/,!"3'$"(6, */" "("#7= "(/!"/7 

0'++'- )!"#$%&' )!,"#!%$' .' )"($%0+,% 10 $%/ 3 7($"3,-@ #;(/!"2" !"(/' '3/")'!8' , 

)"3;>%+,- &"#,$6+"(/, +'(%$%+,-.  

K(+"3+;% )"$"1%+,- +"3"< M"+?%)?,, )"3;>%+,- 455 +'>$, (3"% "/!'1%+,% 

3 P%0%!'$6+"< ?%$%3"< )!"2!'&&% (GQ ) « "3;>%+,% 455 2006–2012 22.».  " ($"3'& 

D. 5. M"+0!'/6%3' [5], )!,+?,),'$6+"< +"3,.+"< 8"+?%)?,, (/'$" ,.&%+%+,% "#A%< 



 !"#$% 3 &'(")$*!+",! -'$.!/!/$! $.$)(#$,//,0, $ ",.-1!"+/,0,  

.,2!1$',3(/$% $ +'!2+)3 (3),.()$4(#$$ .,2!1$',3(/$% 
 

 

 !!"#-2011 166 

+')!'3$%++"(/, &%!")!,-/,< "/ 3".0%<(/3,- +' (+,1%+,% "#A%2" *,($' 5E  +' !%>%-

+,% .'0'* )" ("8!'A%+,= *,($' )"2,#>,@ 3 5E , !%'$,.'?,- 8"/"!;@ )!,3%$' 8 .'-

&%/+"&7 (+,1%+,= )"8'.'/%$%< '3'!,<+"(/,.  

K0+'8", )" &+%+,= D. N.  !,@"068" [6], 7()%>+;< @"0 !%'$,.'?,, GQ  « "-

3;>%+,% 455 2006–2012 22.», 0,+'&,8' ,.&%+%+,- ?%$%3;@ ,+0,8'/"!"3 )!"2!'&&; , 

3 ?%$"& )"$"1,/%$6+'- !%'8?,- "#A%(/3' +' )!"3"0,&;% ,.&%+%+,- (".0'=/ )!%10%-

3!%&%++;% ")/,&,(/,*%(8,% "?%+8, 0'$6+%<>%2" !'.3,/,- (,/7'?,, 3 "#$'(/, 455 3 

:"((,<(8"< G%0%!'?,,.  "3;>%+,% 455 +')!-&7= (3-.'+" ( ("3%!>%+(/3"3'+,%& !'-

#"/; "(+"3+;@ ("(/'3$-=A,@ /!'+()"!/+"< (,(/%&; – /%@+,*%(8"<, /%@+"$"2,*%(8"<, 

98"+"&,*%(8"<, "!2'+,.'?,"++"-7)!'3$%+*%(8"<, ("?,'$6+"<, 98"$"2,*%(8"<, ' /'81% 

8'*%(/3%++;@ , 8"$,*%(/3%++;@ 3.',&"(3-.%< , 3.',&".'3,(,&"(/%< &%107 +,&,.  "-

9/"&7 0$- 0"(/,1%+,- )"$"1,/%$6+;@ ,.&%+%+,< 3 !%>%+,, )!"#$%&; )"3;>%+,- 

#%.")'(+"(/, /!'+()"!/+"< (%/, 2"!"0' +%"#@"0,&" )!,&%+%+,% (,(/%&+"2" )"0@"0'. 

F(($%0"3'+,% (,(/%&; "#%()%*%+,- 455 ( ,()"$6."3'+,%& ("3!%&%++;@ &%/"0"3 (,(-

/%&+"2" '+'$,.' , 3".&"1+"(/%< ,+P"!&'?,"++;@ /%@+"$"2,< )".3"$,/ 3;-3,/6 )!,-

*,+; 3".+,8+"3%+,- 0"!"1+"-/!'+()"!/+;@ )!",(>%(/3,< (5E ), ' /'81% 3;!'#"/'/6 

!%8"&%+0'?,, )" (+,1%+,= ,@ *,($'. 

<!),2$"( $++1!2,3(/$% )'(/+-,')/NP -,),",3 $ -'$/%)$% '!Q!/$R 3 +$+-
)!.! ,J!+-!*!/$% J!4,-(+/,+)$ 2,',M/,0, 23$M!/$% 

N%/"0,8' ,(($%0"3'+,- /!'+()"!/+;@ )"/"8"3 , )!,+-/,- !%>%+,< 3 (,(/%&% 

"#%()%*%+,- 455 )!%0)"$'2'%/ !%>%+,% ($%07=A,@ .'0'*: 

1. D;0%$%+,% (,(/%&, )"0(,(/%& , )!"?%(("3 ( )!,&%+%+,%&  &%/"0"$"2,, IDEF. 

:%>%+,% 9/"< .'0'*, 38$=*'%/ ($%07=A,% 9/');: 

1.1.  "(/!"%+,% P7+8?,"+'$6+"< (@%&; (,(/%& , )"0(,(/%& ( )"&"A6= &%-

/"0"$"2,, IDEF0 0$- ")!%0%$%+,- 2!'+,? &"0%$,!7%&"< (,(/%&; 3 ?%$"& , %% "(+"3-

+;@ 8"&)"+%+/"3. 

1.2. K),('+,% )!"?%(("3, )!",(@"0-A,@ 3 (,(/%&%, )7/%& ,()"$6."3'+,-  &%-

/"0"$"2,, IDEF3 0$- )!"3%0%+,- %% (/!78/7!+"2" '+'$,.'. 

1.3. F.7*%+,% 0"87&%+/""#"!"/' (,(/%&;.  "(/!"%+,% 0,'2!'&&; )"/"8"3 

0'++;@ ( ,()"$6."3'+,%& &%/"0"$"2,, DFD 0$- &"0%$,!"3'+,- 3.',&"0%<(/3,- (,(-

/%&; ( /%&, %% *'(/-&,, 8"/"!;% 3;@"0-/ .' 2!'+,?; &"0%$,!"3'+,-. 

2. F(($%0"3'+,% 9PP%8/,3+"(/, P7+8?,"+,!"3'+,- (,(/%&; "#%()%*%+,- 455 ( 

,()"$6."3'+,%& (,(/%&; (#'$'+(,!"3'++;@ )"8'.'/%$%<. 

2.1. D;0%$%+,% , "#"(+"3'+,% "(+"3+;@ )"8'.'/%$%< 9PP%8/,3+"(/, (,(/%-

&;. 

2.2.  "(/!"%+,% 8'!/; ?%$%< (,(/%&; ( !,&%! 8'!/; ?%$%< )!,3%0%+ +' 

!,(. 1). 

2.3.  "(/!"%+,% 0,'2!'&&; "8!71%+,- 8$=*%3;@ )"8'.'/%$%< !%.7$6/'/,3+"-

(/,. 

3. D;0%$%+,% P'8/"!"3 R, 3$,-=A,@ +' /!'+()"!/+;< )"/"8 8'8 "#L%8/ 7)!'3-

$%+,-, , !%.7$6/,!7=A%2" 3%8/"!' Y ( ?%$6= )"(/!"%+,- ")/,&'$6+"2" 7)!'3$%+,- 

(!,(. 2). 

4. F(($%0"3'+,% .'2!71%++"(/, B5C , P,8('?,- 5E  3 #'.% 0'++;@ +' "(+"3% 

&"+,/"!,+2' /!'+()"!/+;@ )"/"8"3. C#"!, P"!&'$,.'?,, , (/'/,(/,*%(8,< '+'$,. 

)!,*,+ 5E  -3$-%/(- "0+,& ,. +')!'3$%+,< ("3%!>%+(/3"3'+,- "!2'+,.'?,, 0"!"1-

+"2" 03,1%+,- , )"3;>%+,- %2" #%.")'(+"(/,. 

5. :'.!'#"/8' ,&,/'?,"++"< &"0%$, 3 )!"2!'&&+"< (!%0% ,&,/'?,"++"2" &"0%-

$,!"3'+,- AnyLogic (P!'2&%+/ )!"2"+' &"0%$, )!%0(/'3$%+ +' !,(. 3). 
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5$+. 1.  )'()!0$*!+"(% "(')( #!1!R +$+)!.N ,J!+-!*!/$% J!4,-(+/,+)$ 2,',M/,0, 

23$M!/$% 

 

 

5$+. 2.  P!.( 34($.,2!R+)3$% ,JS!")( K-'(31!/$% +, +'!2,R: 

R1 – *,($" '3/"/!'+()"!/+;@ (!%0(/3 (JEC) !'.+;@ /,)"3; R2 – ,+/%!3'$; &%107 JEC; R3 – 

(!%0+-- '3'!,<+"(/6 +' 7*'(/8'@ 7$,*+"-0"!"1+"< (%/, (B5C); R4 – 8'*%(/3" 0"!"1+"2" 

)"8!;/,- B5C; R5 – )!")7(8+'- ()"("#+"(/6 B5C; Y1 – *,($" 5E ; Y2 – )$"/+"(/6 

/!'+()"!/+"2" )"/"8'; Y3 – ,+/%+(,3+"(/6 03,1%+,-; Y4 – )!"0"$1,/%$6+"(/6 .'/"!"3; Y5 – 

(!%0+,< (8"!"(/+"< !%1,& 03,1%+,- JEC 

 

 

5$+. 3. ?.$)(#$,//(% .,2!1L 
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6.  $'+,!"3'+,% 98()%!,&%+/'. 

6.1. B(/'+"3$%+,% 2!'+,? ,.&%+%+,- .+'*%+,< P'8/"!"3 R1, R2, R3, R4 , R5.  

6.2. D;-3$%+,% 2$'3+;@ P'8/"!"3. 

6.3. O')"$+%+,% &'/!,?; )$'+,!"3'+,- 0$- )"$+"2" /!%@P'8/"!+"2" 98()%-

!,&%+/' ( ,()"$6."3'+,%& 0")"$+,/%$6+"2" +7$%3"2" P'8/"!' (R0=1) , 8"0,!"3'++;-

&, .+'*%+,-&, 0$- P'8/"!"3 R1, R2 , R3; 

7.  !"3%0%+,% 98()%!,&%+/' +' ,&,/'?,"++"< &"0%$, )7/%& 3'!6,!"3'+,- P'8-

/"!"3 R1, R2 , R3. 

8.  !"3%0%+,% !%2!%((,"++"2" '+'$,.' 0$- )"(/!"%+,- $,+%<+"< !%2!%((,"++"< 

&"0%$, ($%07=A%2" 3,0': 

 
!

"!
3

1

0

i

iii
xbbY ,  i = 1, 2, 3. 

9.  !"3%0%+,% ")/,&,.'?,"++"2" 98()%!,&%+/' +' ,&,/'?,"++"< &"0%$, ( ?%-

$6= ")/,&,.'?,, !%.7$6/,!7=A,@ P'8/"!"3 Y1, Y2 , Y3 ()!,&%! ")/,&,.'?,"++"2" 

98()%!,&%+/' 3 AnyLogic )!%0(/'3$%+ +' !,(. 4). 

 

5$+. 4. 5!4K1L)() ,-)$.$4(#$,//,0, T"+-!'$.!/)( 

7("1U*!/$! 

D;)"$+%+,% /'8"2" ,(($%0"3'+,- )".3"$,/ 3;-3,/6 )!,*,+; 3".+,8+"3%+,- 

8!,/,*%(8,@ (,/7'?,< +' 0"!"2'@, !'.!'#"/'/6 &%!")!,-/,- )" ,@ 7(/!'+%+,= , )!"-

2+".,!"3'/6 )"($%0(/3,- 0'++;@ &%!")!,-/,< +' &"0%$,, ' /'81% 7(/'+"3,/6 ")/,-

&'$6+"% 7)!'3$%+,% /!'+()"!/+;&, )"/"8'&,, /%& ('&;& $,83,0,!"3'/6 &%(/' 8"+-

?%+/!'?,, 5E  , )"3;(,/6 #%.")'(+"(/6 0"!"1+"2" 03,1%+,-. 

E'8,& "#!'."&, "0+,& ,. )7/%< )"3;>%+,- 455 -3$-%/(- ")/,&,.'?,- 0"!"1-

+"2" 03,1%+,- ( )"&"A6= )!"2!'&&+;@ 8"&)$%8("3, ,()"$6.7=A,@ 3".&"1+"(/, 

(!%0(/3 (#"!' ,+P"!&'?,, " )'!'&%/!'@ 0"!"1+"2" 03,1%+,-, 3 /"& *,($% 5E  ()" 

)"8'.'+,-& 0'/*,8"3, 8'&%! 3,0%"+'#$=0%+,- , /.).). J+'$,. )"$7*%++"< ,+P"!&'?,, 

, %% ,()"$6."3'+,% 0$- )"(/!"%+,- ,&,/'?,"++"< &"0%$, ( )"($%07=A,& ")/,&,.'-

?,"++;& 98()%!,&%+/"& +' +%< )".3"$-=/ 3;#!'/6 +',#"$%% !'?,"+'$6+;< 3'!,'+/ 

"!2'+,.'?,, 03,1%+,-. 
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G$)!'()K'( 

1. ;,/2'()L!3 C. J+'$,. '3'!,<+"(/, +' 0"!"2'@ :"((,, , .' !7#%1"& // J3/"&"-

#,$6+;< /!'+()"!/. 2004. S 6. C. 6–8. 

2. E!'+()"!/+'- (/!'/%2,- :"((,<(8"< G%0%!'?,, +' )%!,"0 0" 2020 2"0'. N.: N,+-

/!'+( :G, 2005. 78 (. 

3. E',.,3 @. @., &!'+$(/,3 C. 6. N%+%01&%+/ +' /!'+()"!/%. 5-% ,.0., ,()! N.: FQ 

«J8'0%&,-», 2010 2. 528 (. 

4. 7!1!/#,3 <. C.  "3;>%+,% 7!"3+- #%.")'(+"(/, 03,1%+,- 3 2"!"0'@ +' "(+"3% 

+%<!"(%/%3;@ , 0,(8!,&,+'+/+"2" &%/"0"3 '+'$,.' 5E  : J3/"!%P. 0,(. … 8'+0. 

/%@+. +'78. K!%$IEB, 2010. 19 (. 

5. ;,/2'()L!3 C. >. K +%"#@"0,&"(/, 0'$6+%<>,@ '8/,3+;@ >'2"3 )" )"3;>%+,= 

#%.")'(+"(/, 0"!"1+"2" 03,1%+,- 3 :"((,<(8"< G%0%!'?,, // K!2'+,.'?,- , #%."-

)'(+"(/6 0"!"1+"2" 03,1%+,- 3 8!7)+;@ 2"!"0'@: C#. 0"8$. 8"+P. C #., 2010. 

6. &'$P,2L", C. <. N%@'+,.&; ,+/%2!'?,, P%0%!'$6+"< , !%2,"+'$6+"< (/!'/%2,< 

"#%()%*%+,- #%.")'(+"(/, 03,1%+,- (/%.,(; 0"8$'0') // K!2'+,.'?,- , #%.")'(-

+"(/6 0"!"1+"2" 03,1%+,- 3 8!7)+;@ 2"!"0'@: C#. 0"8$. 8"+P. C #., 2010. 

 


