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 !"! #$% 

#&'()*+ ,. -., .*/(0*+ 1. .., 2*3'*+ 4. 1. , +*5'*67 * )*389:'*+(/:: ;*5*9*<:: 6*=:(9>/*? 

68;:. @. 11. 

 !"#$! %#&'()*+! %,#"-*.* #%,*/*-*+0( $#%#-#100 &#20!-3+#4 &*$0.  !&&.!$,0'!5$&( ,!6-07+8* $#790 

6,*+0( +! :$#$ '#%,#&. ;,0'#/($&( ,*6<-3$!$8 :9&%*,0.*+$!-3+8= 0&&-*/#'!+04 0 0= !+!-06.  *>!*$&( 

%#&$!'-*++!( 6!/!7! #" #%,*/*-*+00 $#%#-#100. 

#A68/*+ ,. #., ,(? B(/, #/;*/*+( #. @., #A68/*+( C. D., E:5*3(8+( #. #., @)*9:? !. ".  (F'(&*;A( 

: 5':)8/8/:8 6:6;8)G 5*338'HA: 5':/I;:I '8J8/:? + 75'(+98/:: 6;'*:;89>6;+*). @. 15. 

? ,!"#$* ,!&&.!$,0'!*$&( !'$#.!$06!20( %,#2*&&! <%,!'-*+0( &$,#0$*-3+8. =#-/0+1#. +! #&+#'* 0.0$!20-

#++#1# .#/*-0,#'!+0( 0 0+@#,.!20#++#4 $*=+#-#100 0+$*--*9$<!-3+8= !1*+$#'. 

#A68/*+ ,. #., @(K'G<:/( !. .., @A+*'=*+ #. #., @)*9:? !. "., #A68/*+( C.D. -:&':3/(I 6:6;8)( 

5*338'HA: 5':/I;:I '8J8/:? 39I 59(/:'*+(/:I 58'8+*F*A 68;: (+;*F(5'(+*L/G0 6;(/=:?. @. 20. 

? ,!"#$* ,!&&.!$,0'!*$&( ,!6,!"#$9! 10",0/+#4 &0&$*.8 %#//*,A90 %,0+($0( ,*>*+04 /-( %-!+0,#'!+0( 

%*,*'#6#9 &*$0 !'$#6!%,!'#7+8= &$!+204. 

#)8/ @*73 #&3(9(F8F .*0())83. #<8/;/(I :):;(=:*//(I )*389> (/(9:F( 5'*=866*+ 75'(+98/:I 

5'835':I;:I): /8K;85'*37A;**&8658L8/:I. @. 25. 

 !&&.#$,*+8 #&+#'+8* #&#"*++#&$0 !+!-06! %,#2*&&#' +*@$*%,#/<9$##"*&%*7*+0( & %#60204 -#10&$07*&9#1# 

%#/=#/! 0 0.0$!20#++#1# .#/*-0,#'!+0(. ;,*/-#A*+! !1*+$+!( 0.0$!20#++!( .#/*-3 !+!-06! %#$#9#'8= 

%,#2*&&#' ' 2*%#79* %#&$!'#9 «&*$3 +*@$*"!6 – &*$3 BCD». E%0&!+8 #&+#'+8* #&#"*++#&$0 %#'*/*+0( 0 

'6!0.#/*4&$'0( !1*+$#' %,0 .#/*-0,#'!+00 %,#2*&&#' /#&$!'90 +*@$*%,#/<9$#' +! BCD.  !6,!"#$!++!( 

9#.%35$*,+!( &0&$*.! .#A*$ "8$3 0&%#-36#'!+! /-( %,0+($0( ,*>*+04 %# :@@*9$0'+#.< <%,!'-*+05 %#$#-

9#'8.0 %,#2*&&!.0 ' 0+$*1,0,#'!++8= 9#.%-*9&!= =,!+*+0( 0 ,!&%,*/*-*+0( +*@$*%,#/<9$#'. 

#/=8+ B.1. , M(K*'*6; #.N. D':)8/8/:8 )(;8)(;:L86A*<* )*389:'*+(/:I 5': 5'*8A;:'*+(/:: 

;'(/65*';/*-/(A*5:;89>/G0 6:6;8) 5'*)GJ98//G0 5'835':I;:?. @. 30. 

;,*/&$!'-*+! .*$#/09! &$,<9$<,+#-%!,!.*$,07*&9#1# &0+$*6! $,!+&%#,$+#-+!9#%0$*-3+8= &0&$*. %,#.8>-

-*++8= %,*/%,0($04, .!$*.!$07*&9!( .#/*-3, %#6'#-(5)!( #%$0.060,#'!$3 &#&$!' '&%#.#1!$*-3+#1# #"#,<-

/#'!+0( 0 9#.%#+#'#7+<5 &$,<9$<,< %,#06'#/&$'*++8= &0&$*. /-( 9#+9,*$+8= <&-#'04 %,#06'#/&$'!; %,#-

'*,9! %#-<7*++#1# '!,0!+$! $,!+&%#,$+#4 &0&$*.8 %<$*. %,#'*/*+0( 0.0$!20#++#1# .#/*-0,#'!+0(. 

2(&:J:/ B. O., O(+G3*+ #. N., O83A*+ B. ,., O*'*J8/A* .. #. 4):;(=:*//*8 )*389:'*+(/:8 /8-

6;(=:*/('/G0 697L(?/G0 5'*=866*+ /( *6/*+8 '(F9*H8/:I :6698378)*? K7/A=:: + :/;8<'(9 "7-

'>8. @. 33. 

;,*/-!1!*$&( +#'84 .*$#/ ,*>*+0( 6!/!70 #%*,!$0'+#1# !+!-06! $*=+07*&9#1# &#&$#(+0( &-#A+8= #"F*9$#' 

<%,!'-*+0( +! #&+#'* 0.0$!20#++#1# .#/*-0,#'!+0( +*&$!20#+!,+8= &-<7!4+8= %,#2*&&#' @<+920#+0,#-

'!+0( /!++8= #"F*9$#' ' '0/* ,!6-#A*+0( ' 0+$*1,!- G<,3* +! #1,!+07*++#. ',*.*++#. 0+$*,'!-* +*&$!-

20#+!,+8= %,#2*&&#' ' &,*/* AnyLogic 0 %,#'*,90 /!++8= %,#2*&&#' +! &$!20#+!,+#&$3. H!++84 .*$#/ %#-

6'#-(*$ &<)*&$'*++# %#'8&0$3 #%*,!$0'+#&$3 %,0+($0( ,*>*+04 %# %,*/#$',!)*+05 +*>$!$+8= &0$<!204 

&-#A+8= #"F*9$#' <%,!'-*+0(. 

2(0:'A:/ .. B., ,(/ #. B., ,(/(3:/ B. N. ,*)598A6 5*97/(;7'/*<* )*389:'*+(/:I  :/;8<':'*+(/-

/G0 6:6;8) 75'(+98/:I +*F37J/G) 3+:H8/:8). C. 39. 

? /#9-!/* ,!&&.#$,*+! 6!/!7! &#6/!+0( 9#.%-*9&! %#-<+!$<,+#1# .#/*-0,#'!+0( 0+$*1,0,#'!++8= &0&$*. 

<%,!'-*+0( '#6/<>+8. /'0A*+0*. (IJD K?H).  L*-(.0 &#6/!+0( IJD K?H ('-(5$&( #$,!"#$9! 0 0&&-*/#-

'!+0( ,!6-07+#1# &%*9$,! 6!/!7, &'(6!++8= & "#,$#'#4 0 +!6*.+#4 &#&$!'-(5)0.0 &0&$*. <%,!'-*+0( 0 #,-

1!+06!200 '#6/<>+#1# /'0A*+0(; #2*+9! :@@*9$0'+#&$0 %,0.*+*+0( +#'8= "#,$#'8= &,*/&$' 0 '#6.#A+#-

&$*4 CNS/ATM; 0.0$!20( +!6*.+#1#  /'0A*+0(  '#6/<>+8= &</#' ' !:,#%#,$< /-( #$,!"#$90 %*,&%*9$0'+8= 

@<+9204 ,!6'0$#4 &0&$*.8 <%,!'-*+0( +!6*.+8. /'0A*+0*. 0 9#+$,#-*. – A-SMGCS. I#.%-*9& ('-(*$&( 

&-#A+#4 $*=+07*&9#4 &0&$*.#4 <%,!'-*+0( &'*,='8&#9#4 ,!6.*,+#&$0, '9-57!5)04 ' &*"( ,!6-07+8* %,#-

1,!..+#-,*!-06<*.8* 0.0$!20#++8* .#/*-0.  

2*8+ B. O.,  GH:A*+ O. .. 4):;(=:*//(I )*389> ;80/*9*<:L86A:0 5'*=866*+ :F<*;*+98/:I P98A-

;'*)80(/:L86A:0 )*3798?. @. 47. 

E%0&8'!*$&( ,!6,!"#$!++!( ' #"F*9$+#-#,0*+$0,#'!++#4 &0&$*.* .#/*-0,#'!+0( AnyLogic 0.0$!20#++!( 

.#/*-3 $*=+#-#107*&90= %,#2*&&#' 061#$#'-*+0( :-*9$,#.*=!+07*&90= .#/<-*4, %,*/+!6+!7*++!( /-( 0&-

%#-36#'!+0( 0+A*+*,#.-$*=+#-#1#.. ;,0'#/($&( @,!1.*+$8 ,*!-06!200 0 %,0.*,8 0&%#-36#'!+0(. 
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27'*+ -. #. 4):;(=:*//*8 )*389:'*+(/:8 +GL:69:;89>/G0 (9<*':;)*+ :38/;:K:A(=:: 3:/():-

L86A:0 5'*=866*+. @. 52. 

 !6,!"#$!+ .*$#/ %#-<7*+0( !+!-0$07*&90= #%0&!+04 '870&-0$*-3+8= !-1#,0$.#' +! %,0.*,* 6!/!70 0/*+-

$0@09!200. M,!/020#++8* !-1#,0$.8 +*,!"#$#&%#&#"+8 ' <&-#'0(= %-#=# #"<&-#'-*++8= %#7$0 '8,#A/*+-

+8= &0&$*. <,!'+*+04, $0%07+8= /-( 0/*+$0@09!200 /0+!.07*&90= %,#2*&&#'. N8- ,!6,!"#$!+ "#-** <&$#4-

70'84 !-1#,0$., 9#$#,84 +* %,0.*+(-&( 06-6! .!$*.!$07*&90= $,</+#&$*4 *1# ,*!-06!200. E+0 "8-0 %,*-

#/#-*+8 6! &7*$ 0&%#-36#'!+0( &0.'#-3+#4 9#."0+!$#,+#4 (DI) .#/*-0, %#6'#-(5)*4 @#,.0,#'!$3 !+!-0-

$07*&90* #%0&!+0( !-1#,0$.#', :-*.*+$8 #",!$+#4 .!$,028 "8-0 '8,!A*+8 9!9 @<+9200 %!,!.*$,#' /0+!-

.07*&9#1# %,#2*&&!. H#9!6!+#, 7$# DI-.#/*-0 ('-(5$&( :@@*9$0'+8. &,*/&$'#. %#+0A*+0( &-#A+#&$0 !--

1#,0$.#' 0 0= !+!-0$07*&90= #%0&!+04.  *6<-3$!$8 .#1<$ "8$3 ,*9#.*+/#'!+8 /-( %,#2*/<, 0.0$!20#++#1# 

.#/*-0,#'!+0( & 2*-35 %,#'*,90 ,!"#$#&%#&#"+#&$0 !-1#,0$.#' ' 6!/!7!= #",!"#$90 %#-*$+#4 0+@#,.!200 

!:,#9#&.07*&90= 9#.%-*9&#'.   

-8/A:/ #. E. , N:A79:/( 4. B. .*389:'*+(/:8 ://*+(=:*//G0 ;80/*9*<:? 75'(+98/:I <*'IL8? 5'*-

A(;A*? 5*9*6. @. 57. 

E%0&!+8 %#/=#/8 0 .*$#/8 <%,!'-*+0( /-( &+0A*+0( 06/*,A*9 %,0 %,#06'#/&$'* 1#,(7*9!$!+8= %#-#&. 

;,*/&$!'-*+ %,#2*&& .#/*-0,#'!+0( 0++#'!20#++8= $*=+#-#104 /-( <%,!'-*+0( 1#,(7*4 %,#9!$9#4 %#-#&. 

 *!-06!20( :$0= $*=+#-#104 #"*&%*70'!*$ %#'8>*+0* :@@*9$0'+#&$0 %,#06'#/&$'! 0 <-<7>*+0* 9!7*&$'! 

1#,(7*9!$!+#4 %,#/<9200.  

-8;>)(/6A(I #. 1. 4):;(=:*//*8 )*389:'*+(/:8 5'*=866*+ *&'(&*;A: 3*A7)8/;(=:: 5'*8A;( + 

+:38 68;8? 6 +*F+'(;():. @. 62. 

? /#9-!/* %,*/&$!'-*+# %,0.*+*+0* 0.0$!20#++#1# .#/*-0,#'!+0( /-( !+!-06! %,#2*&&#' #",!"#$90 %,#-

*9$+#4 /#9<.*+$!200. E%0&8'!5$&( #&+#'+8* %,#2*&&8 #",!"#$90 /#9<.*+$!200 +! :$!%!= 0+020!200 0 

%-!+0,#'!+0( %,#*9$!. E%,*/*-(*$&( '6!0.#&'(63 .*A/< /!++8.0 %,#2*&&!.0 0 0= %#&-*/#'!$*-3+#&$3, /-( 

7*1# .#/*-3 %,#2*&&#' %,*/&$!'-(*$&( ' '0/* !-3$*,+!$0'+#4 &*$0 & '#6',!$!.0. ? ,*6<-3$!$* 0.0$!20#++#1# 

.#/*-0,#'!+0( .#A+# #2*+0$3 ',*.*++8* =!,!9$*,0&$090 %,#2*&&#'. 

-'7F38+( E. .. D':)8/8/:8 :):;(=:*//*<* )*389:'*+(/:I 39I :66983*+(/:I 0('(A;8':6;:A P5:-

38):: + '(65'83898//*? :/K*')(=:*//*-+GL:69:;89>/*? 6:6;8)8 : 5'*=866( :66983*+(/:I &*'>-

&G 6 /8?. @. 66. 

 !"#$! %#&'()*+! 0&&-*/#'!+05 .*$#/#-#107*&90= !&%*9$#' !9$<!-3+#4 %,#"-*.8 6!)0$8 0+@#,.!20#++8= 

,*&<,&#' ,!&%,*/*-*++#4 0+@#,.!20#++#-'870&-0$*-3+#4 &0&$*.8 ( J?D). ;,*/&$!'-*+! 0.0$!20#++!( 

.#/*-3, %#6'#-(5)!( %,*/&9!6!$3 6!,#A/*+0* 9!$!&$,#@07*&9#4 &0$<!200 '  J?D. 

O8+I;A*+ B. B., "83*;*+ .. B., O*9)(;*+ .. #., "83*;*+ O. C., N:68/&(7)  . @. D':)8/8/:8 7/:-

+8'6(9>/*? 6:6;8)G :):;(=:*//*<* )*389:'*+(/:I GPSS World 5': 5'*8A;:'*+(/:: 673*6&*'*L-

/G0 A*)598A6*+ + 6*6;(+8 6*+'8)8//G0 673*6;'*:;89>/G0 +8'K8?. C. 75. 

E%0&8'!*$&( 0.0$!20#++#* %,0-#A*+0* %# .#/*-0,#'!+05 %,#2*&&! &$,#0$*-3&$'! &</#' ' /#9*. ;,0'#/($-

&( 2*-0 0 6!/!70 ,!6,!"#$90, 9,!$9#* #%0&!+0* '#6.#A+#&$*4 0 #1,!+07*+04 %,0-#A*+0(. ;,0'*/*+ %,0.*, 

0&%#-36#'!+0( %,0-#A*+0( /-( .#/*-0,#'!+0( &$,#0$*-3&$'! $!+9*,#' 0 1!6#'#6#' +! &</#&$,#0$*-3+#4 '*,-

@0. 

O8<;I'8+ C. B., .:/(8/A* B. N. D':)8/8/:8 :):;(=:*//*<* )*389:'*+(/:I 39I *=8/A: 5'*576A/*? 

65*6*&/*6;: P98)8/;*+ +*F37J/*<* 5'*6;'(/6;+( : 6:6;8)G *'<(/:F(=:: +*F37J/*<* 3+:H8/:I. @. 80. 

;,*/-!1!*$&( #"#")*++!( .*$#/09! #2*+90 %,#%<&9+#4 &%#&#"+#&$0 :-*.*+$#' '#6/<>+#1# %,#&$,!+&$'! 

(&*9$#,#' <%,!'-*+0( '#6/<>+8. /'0A*+0*., !:,#/,#.#', <7!&$9#' '#6/<>+8= $,!&&), #&+#'!++!( +! 0.0$!-

20#++#. .#/*-0,#'!+00 %,#2*&&#' '8%#-+*+0( %#-*$#' 0 &$!$0&$07*&9#4 #",!"#$9* ,*6<-3$!$#'. H*.#+&$-

,0,<*$&( %,0.*, %,0.*+*+0( .*$#/090 & 0&%#-36#'!+0*. IJO E,?H. 

O*F*'=8+ B. .. 4):;(=:*//*8 )*389:'*+(/:8 + F(3(L(0 75'(+98/:I : :/H:/:':/<( 69*H/G0 ;80-

/*9*<:L86A:0 5'*=866*+. @. 86. 

H!*$&( #"6#, 6!/!7 <%,!'-*+0( 0 0+A0+0,0+1!, ,*>!*.8= & %#.#)35 0.0$!20#++#1# .#/*-0,#'!+0( $*=+#-

-#107*&90= %,#2*&&#'. ;,0'#/($&( %,0.*,8 %,!9$07*&90= ,*>*+04. E"&<A/!5$&( %*,&%*9$0'8 ,!6'0$0( 

/!++#1# +!%,!'-*+0( 0&&-*/#'!+04. 

!'J*+ !. @. C6*&8//*6;: '8(9:F(=:: I3'( 6:6;8)G :):;(=:*//*<* )*389:'*+(/:I Simulab. @. 91. 

 !&&.#$,*+8 #&#"*++#&$0 ,*!-06!200 (/,! &0&$*.8 0.0$!20#++#1# .#/*-0,#'!+0( Simulab ' ,*A0.* '0,$<-

!-3+#1# .#/*-3+#1# ',*.*+0. ? 7!&$+#&$0, %,*/-!1!5$&( .*$#/8 %#'8>*+0( &9#,#&$0 ,!"#$8 & 9!-*+/!,*. 

&#"8$04, ! $!9A* &%#&#"8 :@@*9$0'+#1# 0&%#-36#'!+0( #%*,!$0'+#4 %!.($0. 
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Q(0(':A*+( !. 2.  (F'(&*;A( 5'*<'())/*<* *&8658L8/:I 39I :66983*+(/:I 68;8? )(66*+*<* *&697-

H:+(/:I. @. 96. 

 !6,!"#$!+8 %,#1,!..+#* #"*&%*7*+0* 0 .*$#/09! %,#'*/*+0( :9&%*,0.*+$#' & 2*-35 %#-<7*+0( &$!$0&$07*-

&90= =!,!9$*,0&$09 &*$*4 .!&&#'#1# #"&-<A0'!+0( (D*OE). ;,*/&$!'-*++!( ,!"#$! &#/*,A0$ $,0 #&+#'+8= 

9#.%#+*+$! D*OE: 1*+*,!$#, 6!('#9, <6*- #"&-<A0'!+0(, "<@*, <6-! #"&-<A0'!+0(. I#-07*&$'# 1*+*,!$#,#' 

6!('#9 0 <6-#' #"&-<A0'!+0( +* #1,!+07*+#. ?#6.#A+8 /'! $0%! "<@*,!: +*#1,!+07*++84, #1,!+07*++84, ! 

$!9A* #$&<$&$'0* "<@*,!. H!++#* %,#1,!..+#* #"*&%*7*+0* 0.**$ .#/<-3+<5 &$,<9$<,< 0 '&$,#*+# ' MathCad 

& %#.#)35 %#/9-57*+0( '+*>+*4 "0"-0#$*90 /0+!.07*&9#4 9#.%#+#'90 DLL. 

Q8/>A*+:L .. B., O'8+6 1. -. D':)8/8/:8 :):;(=:*//*<* )*389:'*+(/:I 5': *=8/A8 :/+86;:=:-

*//G0 5'*8A;*+ 9:;8?/G0 5'*:F+*36;+ /( &(F8 K*')*+*L/G0 9:/:?. @. 98. 

? /#9-!/* ,!&&.!$,0'!5$&( .*$#/8 0 %,#1,!..+8* &,*/&$'!, %#6'#-(5)0* #2*+0'!$3 :@@*9$0'+#&$3 0 %,#'#-

/0$3 &,!'+*+0* !-3$*,+!$0'+8= %,#*9$#' -0$*4+8= %,#06'#/&$' +! "!6* @#,.#'#7+8= -0+04. L*+$,!-3+8. 

.#.*+$#. %,*/&$!'-*++#1# %#/=#/! ('-(*$&( %,0.*+*+0* 0.0$!20#++#1# .#/*-0,#'!+0( /-( #2*+90 $*=+#-#-

107*&90= 0 9#+&$,<9$0'+8= ,*>*+04, 6!-#A*++8= %,0 %,#*9$0,#'!+00 ,!&&.!$,0'!*.#1# %,#06'#/&$'!.  !6,!-

"#$!++!( 0.0$!20#++!( .#/*-3 @#,.#'#7+#4 -0+00 #$+#&0$&( 9 9-!&&< /0&9,*$+#-&#"8$04+8=. ;,0 ** %#-

&$,#*+00 0&%#-36#'!-&( #"F*9$+#-#,0*+$0,#'!++84 %#/=#/, ! /-( ,*!-06!200 – (689 %,#1,!..0,#'!+0( C++. 

Q*9>/:A*+ B. #. .*389> 3+:H8/:I )(J:/ /( $-*&'(F/*) 58'8A'86;A8. P. 104. 

? +!&$#()** ',*.( ' &'(60 & <'*-07*+0*. 70&-! .!>0+ +! <-02!= 1#,#/#' #&$,# '&$!*$ %,#"-*.! ,*1<-0,#'!-

+0( %*,*9,*&$9#'. H-( ,*>*+0( 6!/!7 $!9#1# $0%! >0,#9# 0&%#-36<5$&( &,*/&$'! 0.0$!20#++#1# .#/*-0,#-

'!+0(. ;#/=#/8 0.0$!20#++#1# .#/*-0,#'!+0( .#A+# <&%*>+# 0&%#-36#'!$3 /-( !+!-06! $,!+&%#,$+8= %#-

$#9#' %,0 @#,.0,#'!+00 #%$0.!-3+8= .!,>,<$#' /'0A*+0( ' 1,!/#&$,#0$*-3+#4 /*($*-3+#&$0, 7$# %#6'#-

-0$ ,*>0$3 $,!+&%#,$+8* '#%,#&8 0 &+($3 2*-84 ,(/ :9#-#107*&90= 0 :9#+#.07*&90= %,#"-*. ' :$#. +!-

%,!'-*+00. 

4+(JA:/ 1. #., N(F*?A:/ !. #. .79>;:(<8/;/*8 :):;(=:*//*8 )*389:'*+(/:8 *&'(F*+(;89>/*<* 

5'*=866( /(A*598/:I F/(/:?. @. 109. 

D$!$3( %#&'()*+! .<-3$0!1*+$+#.< .#/*-0,#'!+05 #",!6#'!$*-3+#1# %,#2*&&! 0 +!9#%-*+0( 6+!+04 & !+!-

-06#. 0 %,#1+#60,#'!+0*. 9!7*&$'! #",!6#'!+0( +! #&+#'* !1*+$+8= $*=+#-#104. E%0&8'!5$&( .#/*-0, !--

1#,0$.8 0 %,#1,!..+!( ,*!-06!20( !1*+$+#-#,0*+$0,#'!++#4 0.0$!200 '6!0.#/*4&$'0( "#"<7!*.#1#" 0 

"%,*%#/!'!$*-(" & <7*$#. %&0=#@060#-#107*&9#1#, :.#20#+!-3+#1# 0 9#1+0$0'+#1# &#&$#(+04 &<"F*9$#' ' 

<+0'*,&!-3+#4 0.0$!20#++#4 &0&$*.* Simplex3. 

,(3/:A*+ B. !., E86A:/ C. B., R:'A7/*+ ,. @. O*6;(+A( 5'*37A=:: 2*<7L(/6A*<* (9S):/:8+*<* 

F(+*3( /( A:;(?6A:? 'G/*A A(A F(3(L( :):;(=:*//*<* )*389:'*+(/:I. @.  116. 

? &'*$* %#&-*/+*4 $*+/*+200 6+!70$*-3+#1# <'*-07*+0( 0.%#,$! !-5.0+0( ' IP  '*&3.! !9$<!-3+#4 ('-(*$&( 

6!/!7! %# +!1-(/+#.< %,*/&$!'-*+05 '#6.#A+8= %<$*4 :9&%#,$! &0"0,&9#1# !-5.0+0( ' :$< &$,!+<, #2*+9* 

$,!+&%#,$+8= 6!$,!$ 0 ',*.*++8= %#9!6!$*-*4 /#&$!'90. ? /!++#4 ,!"#$* .8 %#&$,#0-0 /0&9,*$+#-&#"8$04+<5 

.#/*-3 /-( %*,&%*9$0'+8= +!%,!'-*+04 %#&$!'#9 %,#/<9200 N#1<7!+&9#1# !-5.0+0*'#1# 6!'#/! +! '#&$#7+#-

!60!$&904 ,8+#9. H*.#+&$,!20#++#* '0/*# & .#/*-35 – http://www.youtube.com/watch?v=mRksOyS5Z-w 

,*98+(;*+ -. #. #/(9:F '8F79>;(;*+ :):;(=:: : *5;:):F(=:I :):;(=:*//*? )*389: 6 5':)8/8/:-

8) (/(9:F( +'8)8//G0 'I3*+. @. 120. 

 !&&.#$,*+! %#%8$9! <.*+3>*+0( &-#A+#&$0 %,#2*&&! !+!-06! ,*6<-3$!$#' 0.0$!20#++#1# .#/*-0,#'!+0(. 

;,0'*/*+ !-1#,0$. !+!-06! &=#A*&$0 ',*.*++8= ,(/#' 0 !-1#,0$. !'$#.!$07*&9#4 #%$0.06!200 .#/*-0, 

%#&$,#*++84 +! ,*6<-3$!$!= ,!"#$8 !-1#,0$.! !+!-06! &=#A*&$0 ',*.*++8= ,(/#'. 

,*;*+ B. B., ,79(A*+( !. 1. ,*)598A6 :):;(=:*//G0 )*3898? 39I :66983*+(/:I 5'*=866*+ 58'8-

3(L: 3(//G0 + 5'*8A;8 «@*=:(9>/G? -ECN#@@». @. 125. 

L*-35 %,#*9$! «D#20!-3+84 QREPBDD» ('-(*$&( #"*&%*7*+0* /#%#-+0$*-3+#4 "*6#%!&+#&$0 0 <-<7>*+0( 

9!7*&$'! A06+0 1,!A/!+ 6! &7*$ %#'8>*+0( <,#'+( #9!6!+0( &#20!-3+8= <&-<1 0 &#20!-3+#1# #"*&%*7*+0( 

+!&*-*+0(  #&&04&9#4 G*/*,!200 & 0&%#-36#'!+0*. !%%!,!$<,8 0 '#6.#A+#&$0 &0&$*.8 QREPBDD. H-( 

,*>*+0( :$#4 6!/!70 +*#"=#/0.# ,!6,!"#$!$3 9#.%-*9&+<5 &0&$*.<, %#6'#-(5)<5 #"*&%*70$3 %#-+#2*++<5 

A06+3 /-( ,!6+8= 1,<%% 0+'!-0/#'. H-( :$#1# %-!+0,<*$&( &#6/!$3 &0&$*.< &'(60, #"F*/0+(5)<5 ,(/ <&$-

,#4&$', 9#$#,8* %#.#1<$ 0+'!-0/!. #".*+0'!$3&( 0+@#,.!20*4 & &#20!-3+#4 &,*/#4, #&<)*&$'-($3 .#+0$#-

,0+1 0= @0607*&9#1# &#&$#(+0( 0 .*&$#%#-#A*+0( 0 ' &-<7!* +*#"=#/0.#&$0 '868'!$3 :9&$,*++<5 %#.#)3. 

? /!++#4 ,!"#$* %,*/&$!'-*+# +!>* '0/*+0* %,#*9$! «D#20!-3+84 QREPBDD». 

,*0/* #. -. ./*<*A':;8':(9>/(I 5('()8;':L86A(I *5;:):F(=:I 673*+G0 (+;*)(;:L86A:0 6:6;8) 

/( *6/*+8 :):;(=:*//*<* PA658':)8/;(. @. 129. 

 !&&.!$,0'!*$&( 0*,!,=07+!( &0&$*.! %#-0+#.0!-3+8= .#/*-*4 &</#'8= !'$#.!$060,#'!++8= &0&$*., %#-<-

7*++8= +! #&+#'* #",!"#$90 ,*6<-3$!$#' 0.0$!20#++#1# (:',0&$07*&9#1# 0 '870&-0$*-3+#1#) :9&%*,0.*+$!. 

;,*/-!1!5$&( .+#1#9,0$*,0!-3+8* %-!+8 :',0&$07*&9#1# :9&%*,0.*+$! /-( #%,*/*-*+0( %#-0+#.0!-3+8= 

@<+9204 %,*/%#7$*+0(. 
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,79:A 4. 1. D'*<'())/(I '8(9:F(=:I :):;(=:*//*<* )*389:'*+(/:I &:F/86-5'*=866*+ ;898A*)-

)7/:A(=:*//*? A*)5(/::. @. 133. 

? /#9-!/* #&'*)*+8 '#%,#&8 0&&-*/#'!+0( %,#2*&&#' #,1!+06!20#++#1# <%,!'-*+0( ' $*-*9#..<+09!-

20#++8= 9#.%!+0(=. ;,#06'*/*+! /*9#.%#6020( "06+*&-%,#2*&&#' +! 1-!'+8* $0%8 0 %#/%,#2*&&8; ,!6-

,!"#$!+! .!$,02! #$'*$&$'*++#&$0 6! "06+*&-%,#2*&&8; %#&$,#*+! 0+@#-#107*&9!( .#/*-3 "!68 /!++8= 

$*=+#-#107*&9#1# %,#2*&&! 9#.%!+00. ;#&$,#*+ !-1#,0$. 0.0$!20#++#4 .#/*-0 "06+*&-/*($*-3+#&$0 

9#.%!+00, +! #&+#'* 9#$#,#1# ,!6,!"#$!+ %,#1,!..+84 .#/<-3 /-( 0.0$!20#++#1# .#/*-0,#'!+0(. 

E:58/A*+ #. B., .(69*+( C. #., !9:688+ .. !. .*389:'*+(/:8 5(66(H:'6A*<* (+;*&76/*<* )('J'7-

;( + AnyLogic. @. 137. 

 !&&.!$,0'!*$&( .#/*-3 %!&&!A0,&9#1# !'$#"<&+#1#  .!,>,<$!, '8%#-+*++!( ' &,*/* 0.0$!20#++#1# .#/*-

-0,#'!+0( AnyLogic. E%0&8'!5$&( eS #&+#'+8* @<+920#+!-3+8* "-#90, #&#"*++#&$0 .#/*-0,#'!+0( %!&&!-

A0,&90= .!,>,<$#' 0 0&&-*/#'!+0( %!&&!A0,#%#$#9#' +! +0= ' P0A+*. P#'1#,#/*. 

E*5(;A:/  . 1., 4+(T8/A* B. #., ,75':8/A* B. B. .*389:'*+(/:8 38=8/;'(9:F*+(//*? +GL:69:-

;89>/*? 68;:. @. 142. 

;*,*/ ,!6,!"#$9#4 /*2*+$,!-06#'!++#4 '870&-0$*-3+#4 &*$0 /-( %,#'*,90 !-1#,0$.#' *S @<+920#+0,#'!-

+0( "8-# %,#'*/*+# .#/*-0,#'!+0* &0&$*.8. H-( ,*>*+0( %#&$!'-*++#4 6!/!70 %,0.*+(-#&3 !1*+$+#* .#/*-

-0,#'!+0* &0&$*.8. 

E7A:/6A:? B. @., M79>H8/A* $. -. .*389:'*+(/:8 +'8)8//G0 6*6;(+9IST:0 9*<:6;:L86A*<* 

=:A9( 5': '8(9:F(=:: ;80/*9*<:: «;*L/* + 6'*A». @. 145. 

? %,*/&$!'-*++8= .!$*,0!-!= %,0'*/*+ !+!-06 0&%#-36#'!+0( .*$#/#' .#/*-0,#'!+0( %,0 ,*>*+00 6!/!7 

-#10&$07*&9#1# .*+*/A.*+$!; %,0'*/*+ !'$#,&904 %#/=#/ 9 .#/*-0,#'!+05 ',*.*++8= %!,!.*$,#' .*A/<-

+!,#/+#4 !'$#.#"0-3+#4 %*,*'#690 9!9 :-*.*+$! -#10&$07*&9#1# 209-! & <7*$#. &-<7!4+8= &#&$!'-(5)0= 0 

#1,!+07*+04, #$,!A!5)0= #&#"*++#&$0 %,!'#'#1# 0 #,1!+06!20#++#-$*=+#-#107*&9#1# #"*&%*7*+0(, %,0 

%,#*9$0,#'!+00 /#&$!'90 1,<6#', %-!+0,#'!+00 0 #,1!+06!200 %*,*'#6#9 «$#7+# ' &,#9». 

EGLA:/( N. N. C6/*+/G8 F(3(L: : )8;*3:A( 5'85*3(+(/:I :):;(=:*//*<* )*389:'*+(/:I 5* /(-

5'(+98/:I) 5*3<*;*+A: + *&9(6;: PA*/*):A: : 75'(+98/:I /( *6/*+8 6;(/3(';*+ ;'8;>8<* 5*A*-

98/:I. @. 152. 

B+!-060,<5$&(  %,0#,0$*$+8* 6!/!70 %,*%#/!'!+0( 0.0$!20#++#1# .#/*-0,#'!+0( ' '8&>0= <7*"+8= 6!'*-

/*+0(= :9#+#.07*&9#1# 0 <%,!'-*+7*&9#1# %,#@0-(, #%0&8'!5$&( .*$#/09! 0 #%8$ %,*%#/!'!+0( !'$#,!, 

0&&-*/<*$&( .*A/<+!,#/+84 #%8$. 

.(A('*+( 4. B., U(&:&799:/  . -., 289I8+ #. 4., 289I8+ V. 4. 4):;(=:*//(I )*389> 6:6;8)G 5*-

6;(+*A F(5(6/G0 L(6;8? A(A 6'836;+* 75'(+98/:I 6:6;8)*? K:')8//*<* *&697H:+(/:I (+;*)*&:-

98? + 769*+:I0 PA6597(;(=:: F( '7&8H*). @. 159. 

 !&&.#$,*+ .*$#/ &#'*,>*+&$'#'!+0( <%,!'-*+0( &0&$*.#4 %#&$!'#9 6!%!&+8= 7!&$*4 ' /0-*,&9#-&*,'0&+#4 

&*$0 @0,.8-%,#/<2*+$! !'$#.#"0-3+#4 $*=+090. E&#"*++#&$35 %,*/-!1!*.#1# .*$#/! ('-(*$&( 0&%#-36#'!-

+0* 0.0$!20#++#4 .#/*-0, ('-(5)*4&( #&+#'#4 ,!6,!"!$8'!*.#4 &0&$*.8 %#//*,A90 %,0+($0( ,*>*+04. 

J.0$!20#++!( .#/*-3 =!,!9$*,06<*$&( $*., 7$# ' 9!7*&$'* 0&=#/+#4 0+@#,.!200 ' +*4 0&%#-36<5$&( %#&$<-

%!5)0* 06 "!68 /!++8= /0-*,&9#-&*,'0&+#1# !'$#2*+$,! /!++8* #" 0+$*+&0'+#&$0 #$9!6#' !'$#.#"0-3+#4 

$*=+090, '0/#'#6,!&$+#4 &$,<9$<,* !'$#.#"0-3+#1# %!,9! 0 :9&%-<!$!20#++8= =!,!9$*,0&$09!= ,*10#+!. 

I,#.* $#1#, #$-070$*-3+#4 #&#"*++#&$35 ,!6,!"#$!++#4 .#/*-0 ('-(*$&( 0&%#-36#'!+0* !1*+$+#1# .#/*-0-

,#'!+0( /-( 0&&-*/#'!+0( 0+/0'0/<!-3+8= :9&%-<!$!20#++8= =!,!9$*,0&$09 9!A/#1# #%,*/*-*++#1# :96*.-

%-(,! !'$#.#"0-3+#1# %!,9!, #"&-<A0'!*.#1# ' 6!/!++#. ,*10#+*. 

.(A('*+( 4. B., U(&:&799:/  . -., .89>A*+( B. #.  (F'(&*;A( )8;*3:A: 6/:H8/:I (+(':?/*6;: /( 

3*'*<(0 <*'*3( 6 :65*9>F*+(/:8) :):;(=:*//*<* )*389:'*+(/:I. @. 165. 

;,*/-!1!*$&( .*$#/09! &+0A*+0( !'!,04+#&$0 +! /#,#1!= 1#,#/! & 0&%#-36#'!+0*. 0.0$!20#++#1# .#/*-0-

,#'!+0(. T!,!9$*,+#4 7*,$#4 /!++#4 .*$#/090 ('-(*$&( %,0.*+*+0* &0&$*.+#1# %#/=#/! 9 ,*>*+05 %,#"-*-

.8. J&=#/+8.0 =!,!9$*,0&$09!.0 0.0$!20#++#4 .#/*-0 ('-(5$&( 6+!7*+0( 6!1,<A*++#&$0 <-07+#-

/#,#A+#4 &*$0 1#,#/! 0 %#&$<%!5)0* ' "!6< /!++8= %!,!.*$,8 /#,#A+#-$,!+&%#,$+8= %,#0&>*&$'04. 

.:;I<:/ @. #. .*389:'*+(/:8 5'*=866( '(65'*6;'(/8/:I /('A*)(/:: + '8<:*/8 /( *6/*+8 3:/(-

):A: /(6898/:I. @. 170. 

 !&&.#$,*+# %#&$,#*+0* .!$*.!$07*&9#4 .#/*-0 %,#1+#60,#'!+0( 70&-*++#&$0 +!&*-*+0( 0 ,!&%,#&$,!+*+0( 

+!,9#.!+00 +! $*,,0$#,00, 0.*5)** 2*-35 #%,*/*-*+0* &$,<9$<,8, &#&$#(+0( 0 /0+!.090 +!,9#.!+00 /-( 

#%*,!$0'+#1# 0 %*,&%*9$0'+#1# !+!-06! '#6.#A+8= $*+/*+204 ** ,!6'0$0(. ;!,!.*$,8 .#/*-0 #2*+0'!5$&( 

+! #&+#'* :9#+#.07*&9#1# 0 %&0=#-#107*&9#1# &#&$#(+0( #")*&$'!, 7$# %#6'#-(*$ %#-<70$3 /#-1#&,#7+84 

%,#1+#6 ,!6'0$0( +!,9#&0$<!200 ' <&-#'0(= &#20!-3+#-:9#+#.07*&9#1# ,!6'0$0( ,*10#+!. 
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.*/(0*+ 1. .., .83+83/:A*+( .. #.  #/(9:;:L86A(I )*389> 38F:/K*'):'*+(//*6;: 7F9( 6*=:-

(9>/*? 68;:. @. 178. 

? /!++#4 ,!"#$* #%,*/*-(*$&( '-0(+0* 9#1+0$0'+8=, %#'*/*+7*&90=, ,*%,*6*+$!20#++8= @!9$#,#' +! '#&-

%,00.70'#&$3 <7!&$+09#' &#20!-3+8= &*$*4 9 /*60+@#,.!200, ! $!9A* +!  !9$0'+#&$3 <6-#' ' :$#. %-!+*. 

;,*/&$!'-*+! .#/*-3 /*60+@#,.0,#'!++#&$0 <6-! &#20!-3+#4 &*$0 ' J+$*,+*$*, ,!6,!"#$!++!( +! "!6* &<)*-

&$'<5)*4 0$*,!$0'+#4 .#/*-0 +!<7*+0(  . N<>! 0 G. O#&$*--*,!.  

N:A*9(8+ @. N.,  (<79:/ #. D., @(+L8/A* 4."., R7'(J*+ @. B. 465*9>F*+(/:8 )8;*3( :):;(=:*//*<* 

)*389:'*+(/:I 39I 5'*</*F:'*+(/:I K7/A=:*/(9>/G0 +*F)*H/*6;8? +*8//*<* 5*98+*<* <*65:;(9I 5* 

*A(F(/:S 658=:(9:F:'*+(//*? *K;(9>)*9*<:L86A*? 5*)*T: '(/8/G) 6 &*8+*? ;'(+)*? <9(F(. @. 180. 

O*$#/#. 0.0$!20#++#1# .#/*-0,#'!+0( %,#'#/0-!&3 #2*+9! #,1!+06!20#++8= &=*. #9!6!+0( &%*20!-060,#-

'!++#4 #@$!-3.#-#107*&9#4 %#.#)0 ,!+*+8. & "#*'#4 $,!'.#4 1-!6! ' '#*++#. -*7*"+#. <7,*A/*+00. O#-

/*-0,#'!+0* %,#'#/0-#&3 ' %,#1,!..+#4 &,*/* GPSS World. ;,0 %#&$!+#'9* '870&-0$*-3+#1# :9&%*,0.*+$! 

+! 0.0$!20#++#4 .#/*-0 0&%#-36#'!-!&3 =!,!9$*,0&$09! %,#@0-3+#1# '=#/()*1# %#$#9! ,!+*+8=, #,1!+06!-

20#++#->$!$+!( &$,<9$<,! #@$!-3.#-#107*&9#1# #$/*-*+0( '#*++#1# -*7*"+#1# <7,*A/*+0( 0 %,#'#/0-#&3 

'!,30,#'!+0* 9#*7+#4 *.9#&$35 #$/*-*+0(, 9#-07*&$'#. =0,<,107*&90= ",01!/, %#$#9#. ,!+*+8= %#&-* =0-

,<,107*&9#1# -*7*+0(. U@@*9$0'+#&$3 ,!"#$8 #$/*-*+0( #2*+0'!-!&3 &$!+/!,$+8.0 /-( GPSS %#9!6!$*-(.0 

=!,!9$*,0&$090 #7*,*/*4 0 9#:@@020*+$#' 0&%#-36#'!+0( <&$,#4&$'. ;#9!6!+#, 7$# .*$#/ 0.0$!20#++#1# 

.#/*-0,#'!+0( %#6'#-(*$ #%,*/*-0$3 +!0"#-** ,!20#+!-3+8* '!,0!+$8 #,1!+06!200 &%*20!-060,#'!++#4 

#@$!-3.#-#107*&9#4 %#.#)0 ' 6!'0&0.#&$0 #$ %#$#9! ,!+*+8=. 

N*+:A*+ O. #., WJ(A*+ .. #. 4):;(=:*//*8 )*389:'*+(/:8 + :66983*+(/:: ;*59:+/*-

P/8'<8;:L86A:0 'G/A*+. @. 184. 

 !&&.#$,*+! %,#"-*.! %,0.*+*+0( .*$#/#' 0.0$!20#++#1# .#/*-0,#'!+0( %,0 %,#1+#60,#'!+00 9#.%-*9&-

+#1# ,!6'0$0( $#%-0'+#-:+*,1*$07*&90= ,8+9#'. ;,*/&$!'-*+ #%8$ 0&%#-36#'!+0( !1*+$+#1# 0 '*,#($+#&$#-

&$!$0&$07*&9#1# %#/=#/#' %,0 0.0$!20#++#. .#/*-0,#'!+00 ,!6'0$0( #"F*9$#' 1!6#'#4 %,#.8>-*++#&$0 0 

0+8= #$,!&-*4 $#%-0'+#1# 9#.%-*9&!. 

N*+:A*+ O. 2. 4):;(=:*//*8 )*389:'*+(/:8 5'*=866( '8<79:'*+(/:I 5('*+*? /(<'7FA: /( $VX 6 

*&T8? )(<:6;'(9>S. @. 190 

;,*/&$!'-*+# #%0&!+0* #"F*9$! 0&&-*/#'!+0( – MUL & %#%*,*7+8.0 &'(6(.0. E%0&!+ $*=+#-#107*&904 %,#-

2*&& %,*#",!6#'!+0( :+*,100 +! MUL, %,#2*&& ,!&%,*/*-*+0( %!,#'#4 +!1,<690 .*A/< !1,*1!$!.0 MUL.  !&-

&.#$,*+8 &<)*&$'<5)0* .*$#/8 #%$0.06!200 ,!"#$8 #"#,</#'!+0( 0 #%$0.!-3+#1# ,!&%,*/*-*+0( +!1,<-

6#9 .*A/< $<,"#!1,*1!$!.0. ;#9!6!+#, 7$# ,!&&.#$,*++8* .*$#/8 ,!&%,*/*-*+0( +!1,<6#9 0.*5$ &'#0 #"-!&-

$0 %,0.*+*+0(, /#&$#0+&$'! 0 #1,!+07*+0(. ? /#9-!/* %#9!68'!*$&( !9$<!-3+#&$3 ,!&&.!$,0'!*.#4 %,#"-*-

.8 %# 0&%#-36#'!+05 0+$*--*9$<!-3+8= .*$#/#' #%$0.06!200 ,*1<-0,#'!+0( %!,#'#4 +!1,<690 MUL.  

CA*9>/:J/:A*+ B. B.,  73*)8;*+ @. B., Y7'(+98+ @. @. D':)8/8/:8 A*)598A6/*-:65G;(;89>/*<* 

)*389:'7ST8<* 6;8/3( 39I '(F'(&*;A: 6:6;8)G 5*338'HA: 5':/I;:I '8J8/:?. @. 201. 

H#9-!/ &#/*,A0$ &'*/*+0( # +#'#4 '06<!-3+#-0+$*,!9$0'+#4 &0&$*.* 0.0$!20#++#1# .#/*-0,#'!+0(, %,*/-

+!6+!7*++#4 /-( .#/*-0,#'!+0( >0,#9#1# 9-!&&! $*=+#-#107*&90= &0&$*..  !&&.!$,0'!*$&( %,0.*, 0&%#-3-

6#'!+0( :$#4 &0&$*.8 /-( .#/*-0,#'!+0( $*=+#-#107*&9#4 0+@,!&$,<9$<,8 +*@$*1!6#/#"8'!5)*1# %,*/-

%,0($0(. 

D(/*+( 1. N., ,*'*+IA*+6A:? !. ,. .*389:'*+(/:8 '(&*;G )*'6A*<* A*/;8?/8'/*<* ;8'):/(9(. @. 210. 

O#,&90* 9#+$*4+*,+8* $*,.0+!-8 01,!5$ '!A+<5 ,#-3 ' #"*&%*7*+00 %*,*1,<690 9#+$*4+*,#' .*A/< .#,-

&90., A*-*6+#/#,#A+8. 0 !'$#.#"0-3+8. $,!+&%#,$#.. E$ :@@*9$0'+#&$0 ,!"#$8 9#+$*4+*,+8= $*,.0+!-

-#' 6!'0&0$ 9#+9<,*+$#&%#&#"+#&$3 .#,&90= %#,$#' +! ,8+9* .*A/<+!,#/+8= 9#+$*4+*,+8= %*,*'#6#9. ? 

/#9-!/* ,!&&.!$,0'!*$&( '#%,#&8 .#/*-0,#'!+0( ,!"#$8 .#,&9#1# 9#+$*4+*,+#1# $*,.0+!-! & %#.#)35 

%,#1,!..+#1# %,#/<9$! AnyLogic 6.4.1. P! #&+#'* 9#.%35$*,+#1# 0.0$!20#++#1# .#/*-0,#'!+0( '8%#-+*+# 

&,!'+*+0* !-3$*,+!$0'+8= '!,0!+$#' ,!6'0$0( $*,.0+!-!. 

D8'8+('S0( #. 1. BGL:69:;89>/G8 6;'7A;7'G 3(//G0 5': )*389:'*+(/:: &G6;'G0 )8;()*'K*-

F*+ 5*579I=:*//G0 5'*=866*+. @. 215. 

;,0 0&&-*/#'!+00 &-#A+8= .#/*-*4 ,*!-3+8= %,#2*&&#' +! #&+#'* &0&$*. EHK +*#"=#/0.# <70$8'!$3 '#6-

.#A+8* .1+#'*++8* 06.*+*+0( %!,!.*$,#', 0 ' $!9#4 &0$<!200 "</<$ 0&&-*/#'!$3&( <A* +*%,*,8'+#-

/0&9,*$+8* /0+!.07*&90* &0&$*.8. B-1#,0$.07*&9#* %,*/&$!'-*+0* %*,*=#/#' ' '870&-0$*-3+#4 &,*/* 

AnyLogic '#6.#A+# ,*!-06#'!$3 & %,0.*+*+0*. @#,.!-06.! 10",0/+8= !'$#.!$#'.  ;,*/-!1!*$&( .*$#/ ,!6-

,!"#$90 .!$*.!$07*&90= .#/*-*4, %,*/+!6+!7*++8= /-( #2*+90 :@@*9$0'+#&$0 $*=+#-#100 '8%<&9! .#-#/0 

#&*$,#'8= ,8". ? #&+#'* .*$#/! -*A0$ @#,.0,#'!+0* &$,<9$<, /!++8= 0 ',*.*++8= 0+$*,'!-#' ' '0/* .+#-

A*&$'! 9#,$*A*4. M!90. #",!6#., #2*+9! :@@*9$0'+#&$0 "</*$ %,#'#/0$3&( %# '*-070+* #$+#&0$*-3+#1# #$-

9-#+*+0( #$ &$!+/!,$+#1# 6+!7*+0( %,*/-#A*++#1# @<+920#+!-!, #%,*/*-*++#1# +! 9#+*7+#. .+#A*&$'* 

9#,$*A*4. 
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D9*;/:A*+ A. M., O*9)(;*+ .. #., "83*;*+ O.C. D':)8/8/:8 )8;*3*+ :):;(=:*//*<* )*389:'*+(-

/:I 5': '(F'(&*;A8 *'<;805'*8A;*+ )*38'/:F(=:: : '8A*/6;'7A=:: 5'835':I;:? 673*6;'*:;89>-

/*? *;'(69:. @. 224. 

 !&&.#$,*+8 %*,&%*9$0'8 0 #%8$ %,0.*+*+0( .*$#/#' 0.0$!20#++#1# .#/*-0,#'!+0( ' EBE «LMDD» %,0 

%,#*9$0,#'!+00 %,*/%,0($04 &</#&$,#0$*-3+#4 %,#.8>-*++#&$0  #&&00. 

D*3*9>6A:? B. V. 466983*+(/:8 PKK8A;:+/*6;: '(&*;G L:/*+/:L>8<* (55('(;( 5': 5*)*T: 

6'836;+ :):;(=:*//*<* )*389:'*+(/:I. @. 229. 

? +!&$#()*4 ,!"#$* ,!&&.!$,0'!*$&( %,#"-*.! %,0.*+*+0( .*$#/#' 0.0$!20#++#1# .#/*-0,#'!+0( 9 ,*>*-

+05 6!/!70 !+!-06! :@@*9$0'+#&$0 1#&</!,&$'*++#1# <%,!'-*+0(. N#-3>#* '+0.!+0* #$'#/0$&( .#/*-0,#'!-

+05 !9$<!-3+#4 /-(  #&&00 %,#"-*.8 '6($#7+07*&$'!. 

D*A9(3 D. .. B:F7(9>/G? A*)598A6 :):;(=:*//*<* )*389:'*+(/:I 5'8=:F:*//G0 :)579>6/*-

K(F*+G0 P98A;'*5':+*3*+. C. 234. 

? /#9-!/* #"#6+!7*+! %,#"-*.! .#/*-0,#'!+0( 0.%<-3&+#-@!6#'8= :-*9$,#%,0'#/#' (JGU;). ;,*/&$!'-*+# 

#%0&!+0* #,010+!-3+#1# 9#.%-*9&! 0.0$!20#++#1# .#/*-0,#'!+0(, ,!&&.!$,0'!*.8= &0&$*. /-( %,#'*/*+0( 

0&&-*/#'!+04 JGU; & ,!6-07+8.0 /'01!$*-(.0, /!$709!.0, &0-#'8.0 %,*#",!6#'!$*-(.0 0 ,*1<-($#,!.0. ? 

,!"#$* 0&%#-36<*$&( .*$#/ %,#&$,!+&$'! &#&$#(+04, %#6'#-(5)04 ,!&&70$!$3 %*,*.*++8* ' /0&9,*$+8* .#-

.*+$8 ',*.*+0, &##$'*$&$'<5)0* .#.*+$!. %*,*9-57*+0( "-#9#' JGU;, 7$# 0&9-57!*$ %,#.*A<$#7+8* 

'870&-*+0( "*6 %#$*,0 $#7+#&$0 0 %#6'#-(*$ &+060$3 ',*.( :9&%*,0.*+$!. 

D*/*)('8+ O. 1. 466983*+(/:8 5'*=866( *&697H:+(/:I *L8'838? + IP )('J'7;:F(;*'8. C. 239. 

D#',*.*++8* 0+@#9#..<+09!200 #"*&%*70'!5$ %#$,*"+#&$0 &#',*.*++#1# #")*&$'! ' /#&$<%* 9 ,!6+##"-

,!6+8. '0/!. 0+@#,.!200: !</0#, '0/*#, /!++8* 0 /,. N!6#'8. &,*/&$'#. /-( %,*/#&$!'-*+0( $!9#1# /#&$<-

%! ('-(*$&( %,#$#9#- IP. E"&-<A0'!5)0.0 <&$,#4&$'!.0 IP &*$0 ('-(5$&( .!,>,<$06!$#,8, #"*&%*70'!5-

)0* #",!"#$9< 0+@#,.!20#++8= %#$#9#' & 6!/!++8.0 /0&20%-0+!.0 #"&-<A0'!+0( #7*,*/*4. ? /!++#4 ,!-

"#$* %,*/&$!'-*+8 ,*6<-3$!$8 %# 0.0$!20#++#.< .#/*-0,#'!+05 #/+#4 06 '#6.#A+8= /0&20%-0+ #"&-<A0-

'!+0( ' IP .!,>,<$06!$#,*. 

 8J8;/IA !. #.,  8J8;/IA #. #., R8'/:A*+ B. B., N(K:8+ 4. -. C6/*+/G8 P;(5G '(F'(&*;A: :6698-

3*+(;89>6A*? :):;(=:*//*? )*389: 5':8)/:A( (;)*6K8'/G0 9(F8'/G0 9:/:? 6+IF:. @. 244. 

 !&&.!$,0'!5$&( #&+#'+8* :$!%8 ,!6,!"#$90 0.0$!20#++#4 .#/*-0 %,0*.+09! -!6*,+8= 06-<7*+04, %,0.*-

+(*.#1# ' !$.#&@*,+8= -!6*,+8= -0+0(= &'(60. J&&-*/#'!$*-3&9!( 0.0$!20#++!( .#/*-3 <70$8'!*$ '-0(+0* 

9!+!-! ,!&%,#&$,!+*+0(, ,!&&*(+0* 0 %#1-#)*+0* +! !:,#6#-3+8= #",!6#'!+0(=, ! $!9A* &%*20@09< %,#=#A-

/*+0( -!6*,+#1# 06-<7*+0( 7*,*6 !$.#&@*,+8* $<,"<-*+$+#&$0. 

 8J8;/IA !. #., @*+( @. B., N(K:8+ 4. -. D*30*3 A *58'(;:+/*)7 5'*</*F:'*+(/:S /876;*?L:+*<* 

K7/A=:*/:'*+(/:I (+;*)(;:F:'*+(//*? 6:6;8)G 75'(+98/:I 658=:(9>/*<* /(F/(L8/:I. @. 249. 

;,*/-!1!*$&( %#/=#/ 9 #%*,!$0'+#.< %,#1+#60,#'!+05 ' ,*!-3+#. .!&>$!"* ',*.*+0 +*<&$#470'#1# @<+9-

20#+0,#'!+0( %,#1,!..+#-$*=+07*&9#1# 9#.%-*9&! !'$#.!$060,#'!++#4 &0&$*.8 <%,!'-*+0( &%*20!-3+#1# 

+!6+!7*+0( (;MI BDK DP) +! "!6* +*4,#++8= &*$*4 & ,!/0!-3+#-"!60&+8.0 @<+920(.0 ( NG) 0 &!.##,1!+0-

6<5)0=&( 9!,$ I#=#+*+!. 

 GH:A*+ 1. 4. 4):;(=:*//*8 )*389:'*+(/:8 6 F(A*9>=*+(//*? =85>S 6*&G;:?. @. 253. 

E"#&+#'!+! 2*-*&##",!6+#&$3 %,(.#4  0.0$!200 ,!"#$8 &*$*4 #"&-<A0'!+0( +! (689!= $0%! &#',*.*++#1# 

G#,$,!+!. ;,*/-!1!*$&( .#/*-0,#'!+0* 2*%0 "</<)0= &#"8$04 & %#.#)35 #")*1# .!&&0'! 6!%0&*4 0 %,0-

.*+*+0* 6!9#-32#'!++8= #7*,*/*4. ;,0'#/($&( +*#"=#/0.8* &%,!'#7+8* &'*/*+0( %# G#,$,!+< 0 %,#1,!..! 

0.0$!200 6!.9+<$#4 &*$0 #"&-<A0'!+0(. E"&<A/!5$&( ,*6<-3$!$8 .!>0++#1# :9&%*,0.*+$!.  

 GH:A*+ 1. 4. C5G; *&7L8/:I 5'I)*? :):;(=::. @. 258. 

E"#&+#'!+! 2*-*&##",!6+#&$3 #"<7*+0( &$</*+$#' %,(.#4 0.0$!200 ,!"#$8 &0&$*. 0 &*$*4 #"&-<A0'!+0( +! 

(689!= $0%! &#',*.*++#1# G#,$,!+!. ;,0'*/*+! %,#1,!..! /0&20%-0+8 «I#.%35$*,+#* .#/*-0,#'!+0*», 

#='!$8'!5)*4 $*#,05 #7*,*/*4 0 0.0$!20#++#* .#/*-0,#'!+0* (JO). E%0&!+# &#/*,A!+0* %,!9$07*&90= 

6!+($04 %# JO 0 -!"#,!$#,+#4 ,!"#$8 «;,#'*,9! 6!9#+#' &#=,!+*+0( $*#,00 #7*,*/*4 +! 0.0$!20#++#4 

.#/*-0». 

@:/8&'S0*+( !. 1. D*6;'*8/:8 )*3898? 39I :):;(=:*//*<* )*389:'*+(/:I 5'*=866*+ <'7F*58'8-

+*F*A. @. 263. 

? ,!"#$* %,#'#/0$&( 0.0$!20#++#* .#/*-0,#'!+0* %,#2*&&#' 1,<6#%*,*'#6#9 ' &0&$*.* ProModel. ;,#2*&&8, 

&'(6!++8* & %#1,<69#4, $,!+&%#,$0,#'9#4 0 ,!61,<69#4, ,!&&.!$,0'!5$&( ' &$,<9$<,+#. 0 @<+920#+!-3+#. 

!&%*9$!=. ;,0.*+*+0* <7!&$9#'#1# .*$#/! %#6'#-(*$ ,!&&.!$,0'!$3 9!A/84 .!,>,<$ 9!9 &#'#9<%+#&$3 +*-

&9#-390= <7!&$9#', =!,!9$*,06<*.8= &#"&$'*++8.0 %!,!.*$,!.0 6!1,<690, #"&-<A0'!+0( 0 #A0/!+0( ' #7*-

,*/0. ?&$,#*++8* .*=!+06.8 !+!-06! 0 #%$0.06!200 ' &0&$*.* /0&9,*$+#-&#"8$04+#1# .#/*-0,#'!+0( 

ProModel %#6'#-(5$ #%,*/*-0$3 +*#"=#/0.8* !,1<.*+$8 0 '*-070+< 0= 06.*+*+0( /-( %#-<7*+0( $,*"<*.8= 

=!,!9$*,0&$09 $,!+&%#,$+8= %,#2*&&#'.  *6<-3$!$8 .#/*-0,#'!+0( 0&%#-36<5$&( ' %,#2*&&* %,0+($0( ,*-

>*+04 %,0 '8"#,* .!,>,<$#' 1,<6#%*,*'#6#9 0 /-( /!-3+*4>*1# ,!&>0,*+0( $,!+&%#,$+#4 &*$0. 
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@798?)8/*+ 4. V., 2(?A8/*+ #. @. D*97L8/:8 (/(9*<*+ K*')79G D*9IL8A(–U:/L:/( )8;*3(): 

:):;(=:*//*<* )*389:'*+(/:I. @. 267. 

;,*/-#A*+ .*$#/ %#-<7*+0( !+!-#1#' @#,.<-8 ;#-(7*9!–T0+70+! /-( &-<7!( ,!&%,*/*-*+04, #"-!/!5)0= 

"*&9#+*7+#4 /0&%*,&0*4. O*$#/ #&+#'!+ +! %#-<7*+00 6!'0&0.#&$*4 &,*/+*1# ',*.*+0 #A0/!+0( ' #7*,*/0 

#$ 0+$*+&0'+#&$0 '=#/+#1# %#$#9! 0 %#&-*/<5)*. %#-<7*+00 %#-<:.%0,07*&90= /0@@*,*+20!-3+8= <,!'-

+*+04, #%0&8'!5)0= /!++8* 6!'0&0.#&$0. J&=#/+8.0 /!++8.0 %,0 ,*!-06!200 %,*/-#A*++#1# .*$#/! ('-

-(5$&( 9,0'8*, #%0&8'!5)0* &$!$0&$07*&9#* ,!&%,*/*-*+0* $*-*@#++8= ,!61#'#,#' %# %,#/#-A0$*-3+#&$0, 

$!9A* %#-<7!*.8* %#-<:.%0,07*&90. %<$*..  

@70('8+ .. @., .*/(0*+ 1. .., "(?)(/ C. 4. 4):;(=:*//(I )*389> K7/A=:*/(9>/*? 76;*?L:+*-

6;: &:F/86-5'*=866*+. @. 270. 

 !"#$! %#&'()*+! %,#"-*.* %#//*,A!+0( 0/0-0 '#&&$!+#'-*+0( @<+9204 "06+*&-%,#2*&&#' ' <&-#'0(= ,!6-

-07+#1# ,#/! +*"-!1#%,0($+8= '#6/*4&$'04. ?8('-*+8 0 #%0&!+8 %!,!.*$,8 @<+920#+!-3+#4 <&$#470'#&$0 

"06+*&-%,#2*&&#'. ;,#'*/*+# 0.0$!20#++#* .#/*-0,#'!+0* "06+*&-%,#2*&&! '8&#9#$*=+#-#107+#1# %,*/-

%,0($0( & 2*-35 '8('-*+0( 06.*+*+04 =!,!9$*,0&$09 *1# ,*!-3+#1# '8%#-+*+0( %,0 %#'8>*+00 <,#'+( 

@<+920#+!-3+#4 <&$#470'#&$0 +! %,0.*,* &$,<9$<,+8= %!,!.*$,#'. 

$:)8/A*+ 1. B. .*389:'*+(/:8 6+IF(//G0 +GL:69:;89>/G0 5'*=866*+. @. 274. 

 !&&.!$,0'!*$&( .*$#/ .#/*-0,#'!+0( %,#1,!.., 0&%#-+*+0* 9#$#,8= '6!0.#&'(6!+#. I#.%35$*,+!( &0&$*-

.! ,!&&.!$,0'!*$&( 9!9 0&$#7+09 ,*&<,&#', +*#"=#/0.8= /-( ,!"#$8 %,0-#A*+04. ;,*/-!1!*.84 &%#&#" 

<70$8'!*$ 9!9 9#+9<,*+205 .*A/< %,#2*&&!.0, $!9 0 $#$ @!9$, 7$# &9#,#&$0 0&%#-+*+0( /#-A+8 "8$3 &#1-!-

&#'!+8. ?# '$#,#4 7!&$0 ,!&&.!$,0'!*$&( &%#&#" %,0.*+*+0( .#/*-0 +! %,0.*,* ,!"#$8 /'<= &'(6!++8= 

%,#2*&&#' ' ,!6-07+8= <&-#'0(=. 

$*):9*+ 4. N., .G66(A .. @., O8/:6*+ .. @. ,*)5>S;8'/*8 )*389:'*+(/:8 670*<* ;'8/:I. @. 279. 

? ,!"#$* %,#'#/0$&( 0&&-*/#'!+0* .*=!+06.#' &<=#1# $,*+0( .*$#/#. 9#.%35$*,+#1# .#/*-0,#'!+0( & %,0-

.*+*+0*. 0+&$,<.*+$!-3+8= &,*/&$'.  !&&.!$,0'!*$&( .!$*.!$07*&9!( .#/*-3 &<=#1# $,*+0(. ;,#06'#/0$&( 

.#/*-0,#'!+0* $*=+07*&9#4 &0&$*.8 & &<=0. $,*+0*. & <7*$#. :@@*9$! V$,0"*9!. ?8%#-+(*$&( -0+*!,06!-

20( :@@*9$! V$,0"*9! 0 #2*+0'!*$&( '-0(+0* -0+*!,06!200 +! ,*6<-3$!$8 .#/*-0,#'!+0(. O!$*.!$07*&9#* 

0 9#.%35$*,+#* .#/*-0,#'!+0* %,#06'#/0$&( ' @#,.!-06.* 10",0/+8= &0&$*.. 

W6(/*+ O. 4. 4):;(=:*//(I )*389> *=8/A: 5'*:F+*36;+8//G0 )*T/*6;8? #A676A*<* F(+*3( K8'-

'*659(+*+. @.  285. 

E%0&8'!*$&( &$,<9$<,! 0.0$!20#++#4 .#/*-0 #2*+90 %,#06'#/&$'*++8= .#)+#&$*4 B9&<&9#1# 6!'#/! @*,-

,#&%-!'#', ,!&&.!$,0'!5$&( &,*/&$'! !'$#.!$06!200 0.0$!20#++8= 0&&-*/#'!+04 0 &,*/&$'! !+!-06! ,*6<-3-

$!$#' :9&%*,0.*+$#'.  

"('(*/*+ #. B. 4):;(=:*//*8 )*389:'*+(/:8 A(A :/6;'7)8/; *=8/A: PKK8A;:+/*6;: 5':/I;:I 

'8J8/:I. C. 290. 

? /#9-!/* ,!&&.!$,0'!*$&( .*$#/ #2*+90 :@@*9$0'+#&$0 %,0+($0( ,*>*+0( /-( %#/1#$#'90 9#.%*$*+$+#1# 

#%*,!$#,! %,0 #"<7*+00 &##$'*$&$'<5)0. 9'!-0@09!20#++8. +!'89!. 0 +*#"=#/0.#4 9<-3$<,* %,#@*&&0#-

+!-3+#1# .8>-*+0( %,0 %,0+($00 ,*>*+04 ' &,*/* 0.0$!20#++#1# .#/*-0,#'!+0( ExtendSim 8. O*$#/#. 

!+!-06! 0*,!,=04 #2*+0'!*$&( :@@*9$0'+#&$3 #"<7*+0( #%*,!$#,! +! .+#A*&$'* 0.0$!20#++8= .#/*-*4. W1# 

%,0.*+*+0* #&+#'!+# +! :9&%*,$+#4 0+@#,.!200 #" #$+#&0$*-3+#4 '!A+#&$0 9,0$*,0*' ' '0/* .!$,028 %!,-

+8= &,!'+*+04. 

"83*'*+ #. 1., #/;*/*+ #. D. .8;*3:A( 5'*8A;:'*+(/:I 6:6;8) XC@ 39I 5'*<'())/*-

*5'8389I8)G0 '(3:*6:6;8) /( 5':)8'8 '(F'(&*;A: ;898)8;':L86A*<* 5':8)/:A(. @. 295. 

;,*/&$!'-*+! .*$#/09! ,!6,!"#$90 &0&$*. LED, %#6'#-(5)!( .0+0.060,#'!$3 ',*.( ,!6,!"#$90 0 70&-# 

%#$*+20!-3+8= #>0"#9 6! &7*$ 0+$*1,!200 #&+#'+8= :$!%#' %,#*9$0,#'!+0( (.!$*.!$07*&9#* .#/*-0,#'!-

+0*, !%%!,!$+!( ,*!-06!20(, #$-!/9! ' &#&$!'* &0&$*.8) ' */0+84 0$*,!20#++84 209- %,#*9$0,#'!+0(, 6! 

&7*$ '9-57*+0( ' .*$#/09< /#%#-+0$*-3+8= :$!%#' 0 !'$#.!$06!200 %,#2*&&! %*,*/!70 .*A/< :$!%!.0  

@#,.!-06#'!++8= #%0&!+04 %,#*9$0,<*.#1# .#/<-( 0 /!++8=. 

U*9*3*+ #. 1. 4):;(=:*//(I )*389> K:/(/6*+G0 +F(:)**;/*J8/:? 7L(6;/:A*+ 3*98+*<* 6;'*:-

;89>6;+(. @. 300. 

 !6,!"#$!+! 0.0$!20#++!( .#/*-3 @0+!+&#'8= '6!0.##$+#>*+04 <7!&$+09#' /#-*'#1# &$,#0$*-3&$'!, 

0.*5)0= %#/ &#"#4 5,0/07*&9<5 "!6< ' '0/* @*/*,!-3+#1# 6!9#+! X 214 #$ 30 /*9!",( 2004 1. «E" <7!&$00 

' /#-*'#. &$,#0$*-3&$'* .+#1#9'!,$0,+8= /#.#' 0 0+8= #"F*9$#' +*/'0A0.#&$0 0 # '+*&*+00 06.*+*+04 ' 

+*9#$#,8* 6!9#+#/!$*-3+8* !9$8  #&&04&9#4 G*/*,!200». J.0$!20#++!( .#/*-3 ,*!-06#'!+! ' &,*/* 

AnyLogic & 0&%#-36#'!+0*. %!,!/01. #"F*9$+#-#,0*+$0,#'!++#1# %,#1,!..0,#'!+0(. 
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U7;*'/(I !. B. @*F3(/:8 :):;(=:*//*? )*389: )*379I +GL:69:;89>/*? 68;: )*'6A*<* *&Z8A;( 5* 

8<* K7/A=:*/(9>/*? )*389:. @. 303. 

 !&&.!$,0'!*$&( %#&$!+#'9! 6!/!70 &#'.*&$+#1# 0&%#-36#'!+0( @<+920#+!-3+#1# 0 0.0$!20#++#1# .#/*-0-

,#'!+0( ,!"#$8 .#/<-( &*$0 '870&-0$*-3+#1# 9#.%-*9&! 0 .*$#/09! ** ,*>*+0(. H-( .#/*-0,#'!+0( @<+9-

20#+!-3+#4 .#/*-0 0&%#-36#'!+# %,#1,!..+#* &,*/&$'# BPwin, 9#$#,#*, ' &'#5 #7*,*/3, 0.**$ '#6.#A+#&$3 

%,*#",!6#'!+0( @<+920#+!-3+8= /0!1,!.. +#$!200 IDEF3 ' 0.0$!20#++<5 .#/*-3 &,*/8 Arena.  

X:6('> 4. ". 4):;(=:*//*8 )*389:'*+(/:8 *5;:)(9>/*? 6;(+A: /(9*<(. @. 307. 

J.0$!20*4 /#9!6!+# &<)*&$'#'!+0* #%$0.!-3+#4 &$!'90 +!-#1!. 

R73:/*+ -. B. C5G; '(F'(&*;A: 6:6;8)G :):;(=:*//*<* )*389:'*+(/:I <'7F*5*;*A( + A(9:?/G0 

'73/:A(0 D, ” 73*5*;*A”. @. 311. 

 !&&.#$,*+ #%8$ ,!6,!"#$90 &0&$*.8 0.0$!20#++#1# .#/*-0,#'!+0( %# /#"87* 0 $,!+&%#,$0,#'9* ,</8 ' 

%#/6*.+#4 7!&$0 9!-04+8= >!=$. ;#9!6!+8 #$-070$*-3+8* #&#"*++#&$0 %,*/-#A*++#4 .#/*-0 (/#"87! 9#.-

"!4+#'8.0 9#.%-*9&!.0, 0&%#-36#'!+0* 9#+'*4*,+#1# $,!+&%#,$! 0 %*,*1,<6#7+8= %<+9$#' ' .#/*-0,#'!-

+00 +*%,*,8'+#1# 1,<6#%#$#9!).  !&&.#$,*+8 #&#"*++#&$0 ,*!-06!200 ;I ” </#%#$#9”.  

* * * 

#A68/*+( !. #., O'(= #. B., @*A*9*+ #. B. N8A*;*'G8 F(3(L: *5;:)(9>/*<* 75'(+98/:I FIFO-

*L8'83I):. @. 316. 

J&&-*/<5$&( 6!/!70 <%,!'-*+0( FIFO-#7*,*/(.0 /-( ,!6+8= .*$#/#' %,*/&$!'-*+0(.  !&&.#$,*+8  .*$#/ 

%,*/&$!'-*+0( /'<= FIFO-#7*,*/*4 ' '0/* /'0A*+0( /,<1 6! /,<1#. %# 9,<1< 0 .*$#/ ,!"#$8 & /'<.( %#&-*-

/#'!$*-3+8.0 209-07*&90.0 FIFO-#7*,*/(.0, 9#$#,84 %#6'#-(*$ #",!"!$8'!$3 &0$<!205 %*,*%#-+*+0( #/-

+#4 06 FIFO-#7*,*/*4. ? 9!7*&$'* .!$*.!$07*&90= .#/*-*4 %,*/-#A*+8 &-<7!4+8* "-<A/!+0( %# 2*-#70&-

-*++#4 ,*>*$9* ' ,!6-07+8= #"-!&$(= /'<=.*,+#1# 0 $,*=.*,+#1# %,#&$,!+&$'. C!/!70 ,*>!5$&( & %#.#)35 

!%%!,!$#' %#1-#)!5)0= 0 ,*1<-(,+8= 2*%*4 O!,9#'! 0 0.0$!20#++#1# .#/*-0,#'!+0(.  

#/;*/*+( -. .., $:;*+ #. D. .*389:'*+(/:8 :/K*')(=:*//G0 5*;*A*+ + P98A;'*//*) <*673('6;-

+8. @. 325. 

 !&&.!$,0'!*$&( %#&$!+#'9! 6!/!70 0 &$,<9$<,+!( &=*.! !-1#,0$.! .#/*-0,#'!+0( @,!1.*+$! &*$0 %*,*/!70 

/!++8= /-( «:-*9$,#++#1#» 1#&</!,&$'!. ;,0'#/0$&( %,0.*, .#/*-0,#'!+0(. E"&<A/!*$&( &%#&#" #%0&!+0( 

&*$0 0 '#6.#A+#&$0 %*,*=#/! 9 #$,!A*+05 ' .#/*-0 /0+!.07*&90= 06.*+*+04 ' &*$0 /-( %#'8>*+0( !/*9-

'!$+#&$0 .#/*-0. U$# %#6'#-0$ ,*>0$3 ,(/ 6!/!7 #2*+90 %,#%<&9+#4 &%#&#"+#&$0 &*$0 0 /#%<&$0.#4 +!1,<6-

90 +! &*$3 %,0 %,#*9$0,#'!+00 «:-*9$,#++#1#» '6!0.#/*4&$'0( 1#&</!,&$'! 0 1,!A/!+. 

2(JA*+ O. #., E7A*)6A(I C. 1. Q(3(L: +:F7(9>/*<* )*389:'*+(/:I 3+7/(5'(+98//G) 3+:H8/:8) 

673*+ 5* +/7;'8//:) +*3/G) 57;I) + J9SF*+*? 673*5'*576A/*? 6:6;8)8. @. 329. 

 !&&.!$,0'!5$&( 6!/!70 '06<!-3+#1# .#/*-0,#'!+0( /'<+!%,!'-*++8. /'0A*+0*. &</#' %# '+<$,*++0. 

'#/+8. %<$(. &# >-56!.0; %,0'#/0$&( &$,<9$<,! %,#1,!..8 '06<!-06!200; %,*/&$!'-*+ 0+$*,@*4& %,#-

1,!..8, ,*!-06#'!++#4 ' LabView7 . 

O*9)(;*+ .. #., "83*;*+ O. C., ,(/(8+ O. N. C5G; 5':)8/8/:I )8;*3*+ :):;(=:*//*<* )*389:'*-

+(/:I 5': (/(9:F8 5'*:F+*36;+8//*? 6:6;8)G 5'835':I;:I P/8'<8;:L86A*<* )(J:/*6;'*8/:I. 

@. 333. 

;,0'*/*+# 9,!$9#* #%0&!+0* 0.0$!20#++#4 .#/*-0, ,!6,!"#$!++#4 0 !%,#"0,#'!++#4 %,0.*+0$*-3+# 9 #/-

+#.< 06 %,*/%,0($04 :+*,1*$07*&9#1# .!>0+#&$,#*+0(.  ;,0'#/($&( 2*-0 0 6!/!70 ,!6,!"#$90, 9,!$9#* #%0-

&!+0* '#6.#A+#&$*4 0 #&#"*++#&$*4 .#/*-0, ,*6<-3$!$8 !%,#"!200. 

.(A('*+( 4. B., U(&:&799:/  . -., 27?+*9 D. #. D*+GJ8/:8 A*/A7'8/;*65*6*&/*6;: 3:98'6A*-

68'+:6/*? 68;: (+;*)*&:986;'*:;89>/*<* 5'835':I;:I 6 :65*9>F*+(/:8) :):;(=:*//*<* )*389:-

'*+(/:I. @. 335. 

J6-#A*+ &%#&#" %,0.*+*+0( 0.0$!20#++#1# .#/*-0,#'!+0( 0 &"!-!+&0,#'!++#4 &0&$*.8 %#9!6!$*-*4 /-( 

%#'8>*+0( 9#+9<,*+$#&%#&#"+#&$0 &<"F*9$#' /0-*,&9#-&*,'0&+8= &*$*4. H!+# #%0&!+0* ,!6,!"#$!++#4 .#-

/*-0 0 #&+#'+8* ,*6<-3$!$8 ** %,!9$07*&9#1# %,0.*+*+0(. 

.(=79( B. ". @:6;8)( :):;(=:*//*<* )*389:'*+(/:I GPSS/1C7. @. 340. 

 !&&.!$,0'!*$&( &0&$*.! 0.0$!20#++#1# .#/*-0,#'!+0( +! "!6* (689! GPSS, ,!6,!"#$!++!( ' &,*/* &0&$*.8 

“1D:;,*/%,0($0* 7.7». E%0&8'!5$&( #&#"*++#&$0 0&%#-36<*.#4 '*,&00 (689!, &,*/&$'! ,*!-06!200, %,0'#-

/0$&( #%0&!+0* 0+$*,@*4&!. 
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.:0(?9*+ B. B., ,*95(T:A*+ E. #. .*389:'*+(/:8 ;8'':;*':: ;'(3:=:*//*<* 5':'*3*5*9>F*+(-

/:I «D*5:<(?». @. 345. 

 !&&.#$,*+8 9#+2*%$<!-3+!( 0 !-1#,0$.07*&9!( .#/*-3 $*,,0$#,00 $,!/020#++#1# %,0,#/#%#-36#'!+0( 

«;#%01!4». L*-35 .#/*-0,#'!+0( ('-(*$&( !+!-06 0 ,*1<-0,#'!+0* "!-!+&#' #&+#'+8= .!$*,0!-3+8= 0 :9#-

+#.07*&90= %#$#9#' /-( <&$#470'#1# ,!6'0$0( $*,,0$#,00 & 0&%#-36#'!+0*. 9!9 $,!/020#++8=, $!9 0 0++#-

'!20#++8= $*=+#-#104 '*/*+0( =#6(4&$'!, ? 9!7*&$'* (689! %,*/&$!'-*+0( .#/*-0 '8",!+ @#,.!-06. !-1#-

,0$.07*&90= &*$*4 H-( 9#.%35$*,+#4 ,*!-06!200 0&%#-36#'!+! &0&$*.! 0+&$,<.*+$!-3+#4 %#//*,A90 

IEQPJM EP. 

.*6A(98+ 4. .., 28<7/*+ N. #. Web-68'+:6 5*338'HA: 5':/I;:I A*998A;:+/G0 '8J8/:? * 6*=:-

(9>/*-PA*/*):L86A*) '(F+:;:: ;8'':;*':(9>/G0 *&'(F*+(/:? /( *6/*+8 )79>;:(<8/;/G0 :):;(-

=:*//G0 )*3898?. @. 350. 

 !&&.!$,0'!*$&( ,!6,!"!$8'!*.#* !'$#,!.0 '*"-%,0-#A*+0*, %,*/+!6+!7*++#* /-( %#//*,A90 '8,!"#$90 

9#--*9$0'+8= ,*>*+04, !+!-06! 0 %,#1+#60,#'!+0(: %,0'*/*+! &$,<9$<,! %,0-#A*+0(, #%0&!+ '8"#, $*=+#-

-#100 .#/*-0,#'!+0( 0 .!$*.!$07*&90= .#/*-*4, $,</+#&$0 ' ,*>*+00 6!/!7 &#20!-3+#-:9#+#.07*&9#1# .#-

/*-0,#'!+0( $*,,0$#,0!-3+8= #",!6#'!+04. 

@*6/:/ B. B. @+*?6;+( &865':*':;8;/*? 3:6=:59:/G *&697H:+(/:I + 6:6;8)(0 +:3( GI/G/1. @. 355. 

 !&&.!$,0'!5$&( #&#"*++#&$0 @<+920#+0,#'!+0( &0&$*. .!&&#'#1# #"&-<A0'!+0( & /0&20%-0+#4 #"&-<A0-

'!+0( "*6 %,0#,0$*$#'. ;#9!6!+#, 7$# %,0 "*&%,0#,0$*$+#4 /0&20%-0+* FIFO 6!('90 ,!6+8= $0%#' .#1<$ 

0.*$3 ,!6+8* &,*/+0* 6+!7*+0( ',*.*+0 #A0/!+0( ' #7*,*/0, ! $!9A* ,!6+8* '!,0!200 :$#1# ',*.*+0. H!S$&( 

70&-*++!( #2*+9! +0A+*4 1,!+028 /-( %#9!6!$*-*4 #A0/!+0( +069#+!1,<A!5)0= %#$#9#' 6!('#9. 

X:+:'A* !. -. ,*)&:/:'*+(//*8 )*389:'*+(/:8 A*'5*'(;:+/*? :/K*')(=:*//*? 6:6;8)G 5': 

*=8/:+(/:: PKK8A;:+/*6;: 88 K7/A=:*/:'*+(/:I. @. 361. 

? /#9-!/* %,*/-#A*+8 .*$#/#-#107*&90* 0 .*$#/07*&90* #&+#'8 9#.%-*9&+#1# .#/*-0,#'!+0( 9#,%#,!$0'-

+#4 0+@#,.!20#++#4 &0&$*.8 (IJD), 0&%#-36<*.#4 #,1!+!.0 0&%#-+0$*-3+#4 '-!&$0 (EJ?) &<"F*9$!  G ' 

=#/* '8%#-+*+0( 0.0 &'#0= @<+920#+!-3+8= 6!/!7. E/+! 06 2*-*4 %,*/-!1!*.#1# 9#.%-*9&+#1# .#/*-0,#-

'!+0( IJD &#&$#(-! ' #2*+0'!+00 :@@*9$0'+#&$0 ** 0&%#-36#'!+0(. I#+&$,<9$0'+#&$3 %,*/-!1!*.#1# %#/-

=#/! 0--5&$,0,<*$&( +! %,0.*,* 0+$*1,0,#'!++#4 &0&$*.8 0+@#,.!20#++#-!+!-0$07*&9#1# #"*&%*7*+0( 

/*($*-3+#&$0 EJ? D!+9$-;*$*,"<,1!. 

R8'A(6*+ O. #. D':)8/8/:8 )7'(+>:/G0 (9<*':;)*+ 39I :):;(=:*//*<* )*389:'*+(/:I F(3(L: 

A*)):+*IH8'(. @. 366. 

? /!++#4 ,!"#$* 0&&-*/<*$&( ,*>*+0* 6!/!70 9#..0'#(A*,! %,0 %#.#)0 .+#1#!1*+$+#4 0.0$!20#++#4 

.#/*-0 0 !-1#,0$.#' .<,!'30+#4 9#-#+00. E%0&8'!*$&( .#/*-3, &#6/!++!( ' &0&$*.* .#/*-0,#'!+0( 

AnyLogic. E"&<A/!5$&( ,*6<-3$!$8 :9&%*,0.*+$! +! %#&$,#*++#4 .#/*-0: ,#&$ ',*.*+0 ,*>*+0( #$ 

,!6.*,+#&$0 6!/!70 0 ',*.( &=#/0.#&$0 !-1#,0$.!. 

 


