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5657895:;;8< 6:=>?@ 7>A;:?:B5C> D5A &E:9>  :F 

5GB:7:F?>;5< H?>D7E:6>A8;5C> D5A 6:=I?>J 

F. =. K,!3, =. 6. ELM$",3 ( (/")-&!)!'NO'0) 

8")O(1P/,+)P 

 !" #$%$ &#$'( $)%*+,-$.*#/ 0$1#*#$&+$ 1!$2+$3 4)$,-.$01#.$ 5!36#)$738*+,-

&316,8 7$09!3: 4),.$0+$%$ *%)3%*#* ;3!31$$')*-+$ .+*&*!3 ,11!30$.*#/ 3%$ +* ,7,#*-

;,$++$: 7$03!, (<=). >#$ 4$-.$!,# $4)303!,#/ 4$6*-*#3!, 6*&31#.* 4)$,-.$01#.3++$-

%$ 4)$;311*: 

  1)30+33 6$!,&31#.$ %$#$.(8 ,-03!,:; 

  1)30+33 6$!,&31#.$ ')*6$.*++(8 ,-03!,:; 

  1)30+33 .)37" ,-%$#$.!3+," 5!36#)$738*+,&316$%$ 7$09!"; 

  6$5??,;,3+#( ,14$!/-$.*+," )*'$&,8 731#; 

  6$5??,;,3+# $#+$1,#3!/+$: 5??36#,.+$1#, 4)$,-.$01#.*.  

&,+)(/,3"( 4(2(*$ 

@)$,-.$01#.$ 5!36#)$738*+,&316$%$ 7$09!" 4),.$0+$%$ *%)3%*#* 1$1#$,# ,- 

42 )*-!,&+(8 #38+$!$%,&316,8 $43)*;,:, * #*623 )"0* 4)$.3)$6 6*&31#.* ,-03!,". 

@)$,-.$01#.3++(: 4)$;311 ,733# 1!309AB,3 4*)*73#)(: 

  6$!,&31#.$ #,4$. 6$74!36#9AB,8; 

  6$!,&31#.$ 4$1#94*AB,8 6$74!36#9AB,8 )*-!,&+(8 #,4$.; 

  1)30+,3 ,+#3).*!( .)373+, 4$1#94!3+," 6$74!36#9AB,8 )*-!,&+(8 #,4$.; 

  1)30+,3 ,+#3).*!( .)373+, .(4$!+3+," #38+$!$%,&316,8 $43)*;,: (4)$;31-

1$.); 

  1)30+,3 .3)$"#+$1#, 9143C+$%$ 4)$8$203+," 4)$.3)$6 , 6$+#)$!3:; 

  6$!,&31#.* $0+$.)373++$ .(4$!+"37(8 #38+$!$%,&316,8 4)$;311$. +* )*'$-

&,8 731#*8; 

  7*61,7*!/+(3 0!,+( $&3)303: ,-03!,: +* )*'$&,8 731#*8. 

D)3'93#1" )*-)*'$#*#/ <= #38+$!$%,&316,8 4)$;311$. ,-%$#$.!3+," 5!36#)$73-

8*+,&316,8 7$09!3: *%)3%*#* 4),.$0+$%$ 1 ;3!/A $4)303!3+," 4$6*-*#3!3: 6*&31#.* ,8 

4)$,-.$01#.*. 

E!Q!/$! 4(2(*$ 

E43;,?,6* 4)$,-.$01#.* 5!36#)$738*+,&316,8 7$09!3: *%)3%*#* 4),.$0+$%$ 

-*6!A&*3#1" . )*-03!3+,, #38+$!$%,&316,8 $43)*;,: 73209 &3#()/7" ;38*7,, 4$5#$-

79, 4)3203 .13%$ 0!" 4$1#)$3+," <= , .('$)* 1)301#. 6$74/A#3)+$: )3*!,-*;,,, '(-

!* )*-)*'$#*+* 1#)96#9)+*" 1837* #38+$!$%,&316,8 4)$;311$. ,-%$#$.!3+,", 4$6*-*+-

+*" +* ),1. 1. 

<- *+*!,-* 1837( '(! 103!*+ .(.$0, &#$ $)%*+,-*;," 4)$,-.$01#.3++(8 4)$-

;311$. ,-%$#$.!3+," 5!36#)$738*+,&316,8 7$09!3: 4)301#*.!"3# 1$'$: 1,1#379 7*11$-

.$%$ $'1!92,.*+," (E=F) 1!309AB3%$ .,0*: 7+$%$?*-+*", 7+$%$6*+*!/+*", )*-$76+9-

#*", 6$+3&+$: +*032+$1#,, 1 $&3)30"7, $%)*+,&3++$: 0!,+( +* $#03!/+(8 ?*-*8 $'-

1!92,.*+,". 

 *!33 '(!, )*117$#)3+( 8*)*6#3),1#,6, , .$-7$2+$1#, 19B31#.9AB,8 ,+1#-

)973+#*!/+(8 1)301#. 7$03!,)$.*+," 1,1#37, ?$)7*!,-937(8 . .,03 1837 7*11$.$%$ 

$'1!92,.*+,".  !" 6$74/A#3)+$: )3*!,-*;,, '(!* .(')*+* 1$.)373++*" $'G36#+$-

$),3+#,)$.*++*" 1,1#37* 7$03!,)$.*+," AnyLogic. 
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 !"#$%&'!(!)*+, -$%.+/*!-.0!/!)*+, -0!/!)*+,

1%23$4/!(!)*+,

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

5!&+/*+,

-$%.+/*+,  !!/64*+'*!-/+.'!)*+, -$%.+/*+,

-0!/!)*+,

1%23$4/!(!)*+,

-0!/!)*!-"!*'+7*+,

-$%.+/*!-.0!/!)*+,

1%23$4/!(!)*+,

8+/&4/!(!)*+,

-$%.+/*+,  !*'/!$9*+,

-&$+6
:/+&

1

4

1 1

1

1 1

1

1 1 1

1

2

2

2

2

2 2 2

2

2

2

2

2 2

;.#<'+'%$9*+,

2

1

1

1

1

1

1

1 1

-'+'!/
=/+>+?>4@., '/+*.A!/"+'!/
5/30&+ 305 5=- 50,1
5/30&+ 305 5=- 50,5
5/30&+ 305 5=- 50,6
B4'&4 .#%C4+$9*<% D 

E%F752

E%F 1211

E%F751

E%F753

3

3

3

3

3

-0!/!)*<% %64*4C<,
6%'+$4, "+'%/4+$<
+2/%2+'+

.'+'!/

'/+*.A!/"+'!/

&!"#$%&'

.'+'!/

+2/%2+'#/4(!6*!@

E%F752

E%F752

E%F752

E%F752

E%F751

E%F751

E%F751

E%F 1211

E%F 1211

+2/%2+'#/4(!6*!@

 

E$+. 1 

H*)"09 1 1,1#37+$: 0,+*7,6$: , *%3+#+(7 7$03!,)$.*+,37 AnyLogic 4)30$1-

#*.!"3# .$-7$2+$1#/ ,14$!/-$.*#/ , 0,16)3#+$-1$'(#,:+(: 4$08$0 0!" 7$03!,)$.*-

+," E=F. 

I 1$$#.3#1#.,, 1 .$-7$2+$1#"7, AnyLogic ,7,#*;,$++*" 7$03!/ 4)$,-.$01#.* 

5!36#)$738*+,&316$%$ 7$09!" 1$1#$,# ,- 4"#, 13%73+#$. (6!*11$. *6#,.+$%$ $'G36#*): 

4$ $0+$79 0!" 6*20$%$ ;38*, * #*623 13%73+#* Main, $19B31#.!"AB3%$ 7*)C)9#,-*-

;,A ,-03!,: , 6$74!36#9AB,8 . 1$$#.3#1#.,, 1 #38+$!$%,&316,7 4)$;311$7 ,-%$#$.-

!3+,". H* ),1. 2 4$6*-*+ ?)*%73+# )3*!,-*;,, 7*)C)9#,-*;,, . ,7,#*;,$++$: 7$03!,, 

,14$!/-9AB,: $'G36#( 6!*11* &,'). 
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E$+. 2 

AnyLogic 4$-.$!"3# 4)301#*.!"#/ )*-!,&+(3 6$74!36#9AB,3, 03#*!, , ,-03!,3 

. ;3!$7 -*".6*7, +* $'1!92,.*+,3 1$ 1.$,7, 9+,6*!/+(7, 4*)*73#)*7,. 

@$ 73)3 .(4$!+3+," #38+$!$%,&316,8 $43)*;,: 03#*!, , 6$74!36#9AB,3 $'G3-

0,+"A#1" . '$!33 1!$2+(3 ,-03!,", 6$#$)(3 4)301#*.!"A#1" . ,7,#*;,$++$: 7$03!, 

1$$#.3#1#.9AB,7, #,4*7, -*".$6. F'G30,+,#/ -*".6, . AnyLogic 7$2+$ 4), 4$7$B, 

$'G36#* combine. 

F0+9 #38+$!$%,&3169A $43)*;,A 4$-.$!"A# ,7,#,)$.*#/ $'G36#( queue , de-

lay, 4$6*-(.*AB,3 0!,+9 $&3)30, ,-03!,: +* $')*'$#69 , .)37" .(4$!+3+," 0*++$: 

$43)*;,,. F1$'3++$1#/A 4)$,-.$01#.* 4),.$0+$%$ *%)3%*#* ".!"3#1" 4)$.303+,3 6$+-

#)$!" 6*&31#.*.  !" 9&J#* 0*++$%$ ?*6#* . ,7,#*;,$++9A 7$03!/ .6!A&3+( $'G36#( 

selectOutput, 1$03)2*B,3 -+*&3+," .3)$"#+$1#3: 4)$8$203+," 4)$.3)$6. I 1!9&*3 ,1-

4)*.+$1#, ,-03!," $+$ #)*+14$)#,)93#1" 0!" 4)$.303+," 0*!/+3:C,8 $43)*;,:. K1!, 

$'+*)923+( +31$$#.3#1#.," +$)7*7, ,-03!,3 $#4)*.!"3#1" +* 43).(: 5#*4 0!" 4$.#$)-

+$: $')*'$#6,. H* ),1. 3 4$6*-*+* )3*!,-*;," .(C3$4,1*++$%$ *!%$),#7*. 

E$+. 3  

F0+*6$ +3 .13 $43)*;,, ,733# 17(1! 4)$.$0,#/ 4$.#$)+$. I +36$#$)(8 1!9&*"8 

4), $'+*)923+,, ')*6* ,-03!,3 +3 $#4)*.!"3#1" +* 4$.#$)+9A $')*'$#69, 6*6 $4,1*+$ 

.(C3, * 14,1(.*3#1" . ')*6. 

H* ),1. 4 4),.303+* ,7,#*;,$++*" 7$03!/ $0+$%$ ;38*, 1$1#$"B*" ,- $4,1*++(8 

.(C3 #,4$.(8 -.3+/3.. 

L1!$.,37 $6$+&*+," 7$03!,)$.*+," , )*1&3#* )3-9!/#*#$. ".!"3#1" ,1#3&3+,3 

7$03!/+$%$ .)373+,. K0,+,;* 7$03!/+$%$ .)373+, )*.+* 1 7,+. <11!30937$3 .)37" 

)*.+$ 8 &, ,!, 480 7,+. M$!,&31#.* 4)$%$+$. 7$03!, '(!$ +*:03+$ 4$ 1$$#+$C3+,A 

73209 +,7, #$&+$1#/A , 0$.3),#3!/+$: .3)$"#+$1#/A )3-9!/#*#$. 7$03!,)$.*+," 4), 

$4)303!3+,, .3)$"#+$1#, ,18$0*.  

N*0*0,71" 4*)*73#)*7,: 0$.3),#3!/+*" .3)$"#+$1#/   )*.+* 0,95, * #$&+$1#/ !" 

)*.+* 0,01. @$ 0$.3),#3!/+$: .3)$"#+$1#, . #*'!,;3 '(! +*:03+ *)%973+# ?9+6;,, 

O*4!*1* 
!
t  )*.+(: 1,96. D*6,7 $')*-$7, 6$!,&31#.$ 4)$%$+$.: 
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2

2

1.96
9604

4 0.01
N " "

#
4)$%$+*, 

* 7$03!/+$3 .)37" 1$1#*.,# 480 9604
M
T " # = 4 609 920 30,+,; 7$03!/+$%$ .)373-

+,.
2

2

1.96
9604

4 0.01
N " "

#
4)$%$+*, 

 

 

E$+. 4 
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E!4O1P)()L 

E!3093# $#73#,#/, &#$ 0*++*" ,7,#*;,$++*" 7$03!/ 1$-0*.*!*1/ 0!" 5614!9*#*-

;,, 3J ,+23+3)$7-#38+$!$%$7, $#.3#1#.3++(7 -* 4)$,-.$0,#3!/+$1#/ .(4916* ,-03-

!,:. P(! 4)$.303+ )"0 56143),73+#$.. <-+*&*!/+$ +* 6*209A #38+$!$%,&3169A $43)*-

;,A +*4)*.!"!1" $0,+ )*'$&,:, $0+*6$ 0!" 0.98 1*7(8 0!,#3!/+(8 $43)*;,: '(!$ .(-

03!3+$ 4$ 0$4$!+,#3!/+$79 )*'$&379 – 56143),73+# 1. >6143),73+# 2 '(! 4)$.303+ 

4), 9.3!,&3+,, &,1!* )*'$&,8 3B3 +* 8 &3!$.36 +* 1*7(8 0!,#3!/+(8 $43)*;,"8. I 

56143),73+#3 3 '(!, 9.3!,&3+( ,+#3+1,.+$1#, 4$1#94!3+," 03#*!3: , 6$74!36#9A-

B,8. I 56143),73+#3 4 6$!,&31#.$ )*'$&,8 +* 6*20$: #38+$!$%,&316$: $43)*;,, '(!$ 

.(')*+$ #*6,7 $')*-$7, &#$'( 1)30+,3 16$)$1#, .(4$!+3+," $43)*;,: '(!, $0,+*6$-

.(3. Q3-9!/#*#( 4),.303+( . #*'!,;3.  

 

&,"(4()!1$ H"+-!'$.!/)L 

M$!,&31#.$ %$#$.(8 ,-03!,:, C#. 39,887 39,831 79,546 595,807 

M$!,&31#.$ ')*6*, C#. 2,076 2,056 4,124 30,897 

E)30+33 .)37" ,-%$#$.!3+,", 7,+ 258,809 215,537 278,991 211,704 

M$!,&31#.$ )*'$&,8, &3!. 63 71 71 509 

M$5??,;,3+#( ,14$!/-$.*+," 

)*'$&,8 731# 
0.044–0.594 0.044–0.344 0.087–0.69 0.628–0.756

D)3'937*" ,+#3+1,.+$1#/ 4$1#*.-

6, 6$74!36#9AB,8, C#./7,+ 
0,1 0,1 0,2 1,5 

F#+$1,#3!/+*" 5??36#,.+$1#/ 

%$#$.(8 ,-03!,: -* 173+9/&,1!$ 

)*'$&,8 

0,.633 0,561 1,121 1,174 

FL3,2 

Q*-)*'$#*++*" ,7,#*;,$++*" 7$03!/ #38+$!$%,&316,8 4)$;311$. ,-%$#$.!3+," 

5!36#)$738*+,&316,8 7$09!3: *%)3%*#* 4),.$0+$%$ 4$-.$!"3# ,+23+3)9-#38+$!$%9  

9!9&C,#/ 4$6*-*#3!, 6*&31#.* 4)$,-.$01#.* , 4$.(1,#/ 4)$,-.$0,#3!/+$1#/.  

?$)!'()O'( 
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