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5678&89:6 ; <67&: ;=67>;&58 &?  ? &6@ ?@?&;A?8558B8 

@8=6C?98>;5?D =? 796&58- 8E:&?F5:G <98A6  8> 

>. =. E'!- ( 3,")-<!)!(HI(2) 

 !" "#"$%&"'(('# #')*+"!',%("" (-.) )"/0!*$(12 3!'&*//', , /',!*#*(('4 

3!%0$"0* , 0%5*/$,* "(/$!6#*($%+7('8' /!*)/$,% 3'+65"+% 9"!'0'* !%/3!'/$!%(*("* 

/"/$*#% ':;*&*+*,'8' (%<(%5*("= GPSS World, =,+=>;%=/= 3'/+*)("# , )%(('* ,!*#= 

3!*)/$%,"$*+*# /*#*4/$,% =<10', #')*+"!',%("= GPSS. -)*", <%+'?*((1* /'<)%$*+*# 

GPSS @?*AA!" B'!)'('#, "/3'+7<',%+"/7 ,' #('8"2 3'/+*)6>;"2 /3*&"%+"<"!',%(-

(12 =<10%2 " /!*)%2 -.. 

C $*5*("* 3'+6,*0%, 3'),*!8%=/7 (*3!*!1,('4 D,'+>&"", =<10 GPSS (%2')"+ " 

(%2')"$ 3!"#*(*("* , (',12 $"3%2 0'#37>$*!', " '3*!%&"'((12 /"/$*#.   

C 3'/+*)("* 8')1 (%!=)6 / (*4 3!"#*(=*$/= '$*5*/$,*((%= /"/$*#% #')*+"!',%-

("= AnyLogic ((',%= ,*!/"= 6). E"/$*#% AnyLogic !%<!%:'$%(% 0'#3%("*4 

XJTechnologiec (% '/(',* /',!*#*((12 0'(&*3&"4 , ':+%/$" "(A'!#%&"'((12 $*2('-

+'8"4 " !*<6+7$%$', "//+*)',%("4 , $*'!"" 8":!")(12 /"/$*# " ':F*0$('-

'!"*($"!',%(('8' #')*+"!',%("=. AnyLogic – 0'#3+*0/(14 "(/$!6#*($, '2,%$1,%>-

;"4 '/(',(1* (%3!%,+*("= #')*+"!',%("=: )"/0!*$('-/':1$"4('*, /"/$*#('4 )"(%-

#"0", %8*($('*. 

G*':2')"#1# 6/+',"*# )+= '&*(0" ,'<#'?('/$*4 (','4 /"/$*#1 #')*+"!',%-

("= =,+=*$/= *H /3'/':('/$7 ,'/3!'"<,')"$7 #')*+" ')"(%0',12 3!'&*//', / (* #*(7-

9*4 DAA*0$",('/$7>, 5*# D$' /)*+%(' / 3'#';7> )!68"2 /"/$*#, , )%(('# /+65%* 

GPSS World. I/+" DAA*0$",('/$7 ($'5('/$7 " )'/$',*!('/$7) 3'+65%*#12 !*<6+7$%$', 

GPSS World 3')$,*!?)*(% #('8'+*$(*4 3!%0$"0'4 "/3'+7<',%("= 3!" 3!'*0$"!',%("", 

/'<)%("" " D0/3+6%$%&"" /+'?(12 /"/$*#, $' /"/$*#% AnyLogic 3'0% (* "#**$ $%0'4 

#('8'+*$(*4 3!%0$"0".  'D$'#6 /'3'/$%,+*("* *H / GPSS World / $'50" <!*("= /!%,-

(*("= !*<6+7$%$', #')*+"!',%("= =,+=*$/= ,*/7#% %0$6%+7(1#. J!'#* $'8', , $%0'4 

3!=#'4 3'/$%(',0* %,$'!'# !%:'$ (* ':(%!6?*('. -<,*/$(% +"97 /$%$7= [1], , 0'$'!'4 

«)"/0!"#"(%&"'((14 %(%+"< /"/$*# "#"$%&"'(('8' #')*+"!',%("=», , $'# 5"/+* 

GPSS World " AnyLogic, 3'/,=;H( '5*,")(1# 2%!%0$*!"/$"0%#, :+%8')%!= 0'$'!1# 

3!*"#6;*/$,%, 0'(*5(', (% /$'!'(* AnyLogic.    

.%$*#%$"5*/0%= #')*+7, =,+==/7 %:/$!%0$(1# ':!%<'# #')*+"!6*#'8' ':F*0$% 

"+" 3!'&*//%, (* #'?*$ :1$7 *8' 3'+(1# %(%+'8'#. @'/$%$'5(' /2')/$,% , $*2 D+*#*(-

$%2, 0'$'!1* '3!*)*+=>$ &*+7 "//+*)',%("=. @+= 0%5*/$,*(('4 '&*(0" /2')/$,% ,,'-

)"$/= 3'(=$"* %)*0,%$('/$" #')*+" ':F*0$6 "+" 3!'&*//6. 

@%((%= /$%$7= =,+=*$/= ,%!"%($'# ':':;*("= "//+*)',%("4, , 2')* 0'$'!12 (* 

/$%,"+%/7 <%)%5% )%$7 ,/*/$'!'((>> '&*(06 )'/$'"(/$,%# " (*)'/$%$0%# ':*"2 /"/$*#. 

 ')8'$',+*((14 5"$%$*+7 #'?*$, "/2')= "< /$'=;"2 3*!*) ("# &*+*4 #')*+"!',%("=, 

/A'!#6+"!',%$7 '&*(0" $%0'8' 3+%(%. K/(',('* ,("#%("* /'/!*)'$'5*(' (% /!%,("-

$*+7('4 '&*(0* !*<6+7$%$', #')*+"!',%("=, 3'+65*((12 (% #')*+=2 ')('4 " $'4 ?* 

/"/$*#1.  !" ')"(%0',12 / $!*:6*#'4 $'5('/$7> !*<6+7$%$%2 #')*+"!',%("= %,$'! 

/5H+ ,'<#'?(1# (%<,%$7 $%0"* /"/$*#1 %)*0,%$(1#".  'D$'#6 /+',' «%)*0,%$('/$7» " 

,0+>5*(' , (%<,%("* /$%$7". L)*0,%$('/$7 )'/$"8%+%/7 $%0?* /$!*#+*("*# 0 ")*($"5-

('4 !*%+"<%&"" ,/*2 A6(0&"4 #')*+"!6*#'4 /"/$*#1 3!" 3'/$!'*("" #')*+*4 /!*)/$-

,%#" GPSS World " AnyLogic. 

 !" "//+*)',%("" / &*+7> 3'+65*("= :'+** )'/$',*!(12 !*<6+7$%$', !%//#%$-

!",%*$/= #')*+"!',%("* 3!'&*//', , !%<('!')(12 /"/$*#%2, (' / "/3'+7<',%("*# )"/-

0!*$('-/':1$"4('8' 3')2')%. C/*8' :1+' !%<!%:'$%(' :'+** ),%)&%$" #')*+*4. E!%,-

("$*+7(1* '&*(0" !*<6+7$%$', #')*+"!',%("= (*0'$'!12 "< ("2 !%(** :1+" )%(1 , [2, 
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3]. C (%/$'=;*4 /$%$7* $%0"* '&*(0" 3!",')=$/= )+= )!68"2 5*$1!H2 #')*+*4 ("<-<% '8-

!%("5*(('/$" ':FH#% /$%$7"): 

- .')*+7 "<8'$',+*("= , &*2* )*$%+*4. 

- .')*+7 A6(0&"'("!',%("= 3!*)3!"=$"=. 

- .')*+7 3!*)'/$%,+*("= !*#'($(12 6/+68. 

- .')*+7 A6(0&"'("!',%("= /*$" /,=<". 

.')*+7 "<8'$',+*("= , &*2* )*$%+*4 3'<,'+=*$ "//+*)',%$7 ,+"=("* 0%5*/$,% 

,13'+(*("= '3*!%&"4 (% 0'+"5*/$,' " '$('/"$*+7(6> )'+> 8'$',12 " <%:!%0',%((12 

)*$%+*4. -< $%:+. 1 ,")(', 5$' !%<("&% , '3!*)*+*("" )'+" 8'$',12 )*$%+*4 M1 = 0,003. 

&3H1$#3 1 

<'"3J3)!1$ KI,"#$',$('-3,$% #!L3 

E"/$*#1 #')*+"!',%("= 

GPSS World AnyLogic 

G%5%+7(1* 5"/+% 8*(*!%$'!', /+65%4(12 5"/*+ 
 '0%<%$*+" 

23 731 9722 72685 23 731 9722 72685 

C!*#= !%:'$1 &*2% 8 5 (480 #"() 

8'$@*$%+"  

)'+=B'$@*$  

:!%0@*$%+" 

)'+=N!@*$ 

/!C! ')8@*$ 

9,885 

0,721 

3,821 

0,279 

48,559 

9,909 

0,721 

3,833 

0,279 

48,440 

9,884 

0,721 

3,823 

0,279 

48,563 

9,905 

0,722 

3,821 

0,278 

48,460 

9,882 

0,723 

3,778 

0,277 

48,573 

9,967 

0,724 

3,795 

0,276 

48,157 

9,906 

0,723 

3,803 

0,277 

48,457 

9,927 

0,722 

3,813 

0,278 

48,352 

M  0'1%B')=!) 1  = |0,721 – 0,724| = 0,003 

M +(>(<'02=!) 2  = |48,563 – 48,157| = 0,406 

.')*+7 A6(0&"'("!',%("= 3!*)3!"=$"= 3'<,'+=*$ "//+*)',%$7 ,+"=("* 0%5*/$-

,% 3'/$63%>;"2 :+'0', (/:'!'5(12 *)"("&) (% 6,*+"5*("* /$'"#'/$" "<)*+"4. O%<("-

&% , '3!*)*+*("" 0'DAA"&"*($% 6,*+"5*("= /$'"#'/$" /':"!%*#12 "< :+'0', "<)*+"4 

/'/$%,+=*$ M3 = 0,004 ($%:+. 2).  

&3H1$#3 2 

<'"3J3)!1$ KI,"#$',$('-3,$% 4(!04($%)$% 

 '0%<%$*+" E"/$*#1 #')*+"!',%("= 

 GPSS World AnyLogic 

 G%5%+7(1* 5"/+% 8*(*!%$'!', /+65%4(12 5"/*+ 

 27 339 7456 82874 27 339 7456 82874 

C!*#= !%:'$1 40 5 (2400 *). #')*+7('8' ,!*#*(") 

J'+"5*/$,' 

8'$',12 "<)*-

+"4 

121,884 122,140 121,439 122,242 122,068 122,337 121,288 121,867

 1 0,803 !  

E$'"#'/$7 8'-

$',12 "<)*+"4 
74569 74743 74332 74798 74946 75,151 74487 74831 

."("#%+7(%=  

/$'"#'/$7 "<-

)*+"4 

70936 71085 70677 71144 71043 71200 70589 70926 
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K0'(5%("* $%:+. 2 

E"/$*#1 #')*+"!',%("= 

GPSS World AnyLogic 

G%5%+7(1* 5"/+% 8*(*!%$'!', /+65%4(12 5"/*+ 
 '0%<%$*+" 

27 339 7456 82874 27 339 7456 82874 

 2 611 !  

E$'"#'/$7 <%-

:!%0',%((12 

:+'0', 

3106 3099 3091 3099 3080 3122 3067 3086 

7'NKK$#$!,)  
I-!1$*!,$%  

+)'$/'+)$ 

$J0!1$O 

1,095 1,095 1,095 1,095 1,098 1,099 1,099 1,099 

 3 0,004 !  

C!*#= "<8'-

$',+*("= "<)*-

+"=, #"( 

19,691 19,650 19,763 19,633 19,661 19,618 19,787 19,694 

J'DAA"&"*($  

"/3'+7<',%("= 

 J1 

0,316 0,316 0,315 0,316 0,318 0,316 0,313 0,315 

J'DAA"&"*($  

"/3'+7<',%("= 

 J2 

0,727 0,731 0,726 0,728 0,724 0,728 0,731 0,730 

J'DAA"&"*($  

"/3'+7<',%("= 

 J3 

0,703 0,700 0,700 0,705 0,697 0,699 0,699 0,701 

J'DAA"&"*($  

"/3'+7<',%("= 

 J4 

0,470 0,473 0,472 0,471 0,473 0,474 0,470 0,471 

J'DAA"&"*($ 

"/3'+7<',%("= 

 E 

0,584 0,583 0,578 0,583 0,581 0,586 0,578 0,584 

J'DAA"&"*($  

"/3'+7<',%("= 

ECJ 

0,543 0,547 0,544 0,548 0,543 0,548 0,543 0,545 

J'DAA"&"*($  

"/3'+7<',%("= 

   

0,535 0,540 0,538 0,542 0,540 0,539 0,537 0,538 

 !"#*5%("*:  J1… J4 – 36(0$1 0'($!'+= :+'0', 1…4 /''$,*$/$,*((';  E – 36(0$1 

/:'!0" "<)*+"4; ECJ – /$*()1 ,12')('8' 0'($!'+= "<)*+"4;    – 36(0$ 

3!"H#0" "<)*+"4. 

.')*+7 3!*)'/$%,+*("= !*#'($(12 6/+68 3'/$!'*(% / &*+7> '3!*)*+*("= /'/$%-

,%, <%8!6<0" 3')!%<)*+*("4 A"!#1 " ,*!'=$('/$" ,13'+(*("= <%=,'0 (% !*#'($ , <%,"-

/"#'/$" '$ "($*(/",('/$" "2 3'/$63+*("= " ,!*#*(" ,13'+(*("=. -< $%:+. 3 /+*)6*$, 

5$' !%<("&% , '3!*)*+*("" ,*!'=$('/$" ,13'+(*("= ,/*2 <%=,'0 /'/$%,+=*$ M5 = 

0,001…0,002. 
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&3H1$#3 3 

<'"3J3)!1$ K$(/. 4(!0'+)3-1!,$% (!/',),.L I+1I2 

E"/$*#1 #')*+"!',%("= 

GPSS World AnyLogic 

G%5%+7(1* 5"/+% 8*(*!%$'!', /+65%4(12 5"/*+ 
 '0%<%$*+" 

892 6547 892 6547 

E!*)(** ,!*#= 3'/$63+*("= <%=,'0 20 #"( 

C13'+(*(' <%=,'0 $"3% 1 37,356 37,879 37,333 37,428 

1 0,023...0,451 !  

C13'+(*(' !*#'($',: ,")% 11 18,664 19,021 18,488 18,705 

,")% 12 9,277 9,461 9,423 9,354 

,")% 13 9,415 9,397 9,462 9,369 

C13'+(*(' <%=,'0 $"3% 2 56,633 56,297 56,641 56,330 

2 0,008...0,033 !  

C13'+(*(' !*#'($',: ,")% 21 28,273 28,195 28,115 28,378 

,")% 22 14,118 13,900 14,264 13,914 

,")% 23 13,942 14,202 14,262 14,038 

C13'+(*(' <%=,'0 $"3% 3 47,305 47,075 47,050 46,946 

3 0,129...0,255 !  

C13'+(*(' !*#'($',: ,")% 31 23,808 23,570 23,469 23,414 

,")% 32 11,851 11,831 11,792 11,788 

,")% 33 11,646 11,674 11,789 11,744 

C13'+(*(' <%=,'0 $"3% 4 47,160 46,857 47,099 47,486 

4 0, 242...0,326 !  

C13'+(*(' !*#'($',: ,")% 41 23,504 23,443 23,852 23,552 

,")% 42 11,962 11,811 11,702 12,050 

,")% 43 11,694 11,603 11,545 11,884 

>!('%),'+)P -.4'1,!,$% -+!L J3%-'" 0,651 0,654 0,653 0,655 

5 0,001...0,002 !  

J'DAA"&"*($1 "/3'+7<',%("=:   

#%/$*!', 1

 

0,829 

 

0,832 

 

0,834 

 

0,838 

#%/$*!', 2 0,859 0,865 0,868 0,868 

#%/$*!', 3 0,655 0,659 0,669 0,668 

#%/$*!', 4 0,633 0,637 0,655 0,662 

6 0,005...0,025 !  

J'DAA"&"*($ "/3'+7<',%("= )"/3*$5*!', 1,000 1,000 1,000 1,000 

 

.')*+7 A6(0&"'("!',%("= /*$" /,=<" 3!*)(%<(%5*(% )+= '3!*)*+*("= 0'DAA"-

&"*($% 3!'36/0('4 /3'/':('/$" /*$" " /!*)(*8' ,!*#*(" 3*!*)%5" ')('8' /'':;*("= , 

<%,"/"#'/$" '$ "($*(/",('/$" 3'/$63+*("= /'':;*("4 " 2%!%0$*!"/$"0 /*$". O%<("&% 

, '3!*)*+*("" 0'DAA"&"*($% 3!'36/0('4 /3'/':('/$" /*$" /'/$%,+=*$ M1 = 0,00025 

($%:+. 4). 
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&3H1$#3 4 

<'"3J3)!1$ KI,"#$',$('-3,$% +!)$ +-%J$ 

E"/$*#1 #')*+"!',%("= 

GPSS World AnyLogic 

G%5%+7(1* 5"/+% 8*(*!%$'!', /+65%4(12 5"/*+ 

 '0%<%$*+" 

639747 137698 469383 547821 27498 113837 937256 8629543

C!*#= A6(0&"'("!',%("= 1 5 (3600 /) 

7'NKK$#$!,)  
4('4I+",'O +4'+'H-

,'+)$ +!)$ +-%J$ 

0,815 0,816 0,816 0,816 0,816 0,815 0,815 0,816 

 
1 =|0,81575-0,8155|=0,00025 

 (!0,!! -(!/% 4!(!-
03*$ '0,'2' +''HQ!-
,$% 

6,129 6,129 6,128 6,129 6,045 6,063 6,051 6,.061 

 
2  =|6,12875-6,045|=0,08375 

J'DAA"&"*($ <%8!6<0" 

,15"/+"$*+7('8'  

0'#3+*0/% 1 

0,255 0.255 0,255 0,255 0,255 0,256 0,255 0,255 

J'DAA"&"*($ <%8!6<0" 

,15"/+"$*+7('8'  

0'#3+*0/% 2 

0,170 0,170 0,170 0,170 0,169 0,17 0,17 0,170 

E!*)("4 0'DAA"&"*($ 

<%8!6<0" '/(',(12 0%-

(%+',  

0,0425 0,0425 0,0425 0,0423 0,0423 0,0423 0,0422 0,0426 

E!*)(** 0'+"5*/$,' 

'$3!%,+*((12 /'':;*-

("4 

600,112 599,622 600,251 599,647 599,925 599,077 599,754 600,384

E!*)(** 0'+"5*/$,' 

3'+65*((12 /'':;*-

("4 

489,203 489,277 489,732 489,062 489,455 488,545 489,061 489,973

>.-'0.   '0%<%$*+" A6(0&"'("!',%("=  &*2%, 3!*)3!"=$"=, /*$" /,=<", A"!#1 

3!*)'/$%,+*("= !*#'($(12 6/+68, 3'+65*((1* , GPSS World " AnyLogic, '$+"5%>$/= 

(*/6;*/$,*(('. P$' 3'<,'+=*$ /)*+%$7 ,1,') ': %)*0,%$('/$" GPSS World " AnyLogic 

'$('/"$*+7(' !*<6+7$%$', #')*+"!',%("= )"/0!*$('-/':1$"4(12 3!'&*//',.  
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C$)!(3)I(3 
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