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5657895:;;:< 6:=<>5?:@8;5<   A8B:>C9:@8;;:D 9<&CE 

 :FG75D* 

E. 5. ?HI$",3 ( (/")-&!)!'JK'0) 

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

 !"#$%&' !'()%*' (%*%+ "#($,-./'0.1 1/$1%*(1 "20"+ .3 0'.#"$%% '4*,'$5067 / 

3'2')'7 "!8'0.3'9.. :!".3/"2(*/', 32!'/""7!'0%0.1, !'#"*6 '/'!.+067 ($,-# . 8!,:: 

#6(*!"8" !%'8.!"/'0.1, *%70.4% (/13. . 2!. ;'()%*6 (.(*%& . (%*%+ "#($,-./'0.1 

2"$-06 /6:"$01*5(1 4'4 0' <*':% :!"%4*.!"/'0.1 (""*/%*(*/,=>.7 (.(*%&, *'4 . / 

7"2% .7 <4(:$,'*'9... ? :"($%20%& ($,)'% 0%"#7"2.&"(*5 !'()%*"/ &"-%* :"!"-2'*5(1 

.3&%0%0.%&:  

  "#@%&' 0'8!,34. /($%2(*/.% :"24$=)%0.1 2":"$0.*%$5067 :"$53"/'*%$%+; 

7'!'4*%!' 0'8!,34. (:"1/$%0.% 0"/67 3'2'), (&%0' '$8"!.*&"/ .$. *%70"$"8.. 

!%A%0.1 (*'!67); 

  "!8'0.3'9.. !'#"*6 (//%2%0.% :!."!.*%*"/, (:%9.'$.3'9.1 4'0'$"/ . ,3$"/, 

:%!%!'(:!%2%$%0.% :"*"4"/ / (%*., (&%0' ":%!'9."00"+ (.(*%&6 /6).($.*%$50"+ &'-

A.06);  

  4"0B.8,!'9.. '::'!'*0"+ )'(*. (/6/"2 / !%&"0* .$. 0' 2$.*%$50,=  :!"B.-

$'4*.4, )'(*. ,(*!"+(*/, :"24$=)%0.% 2":"$0.*%$5067, &"2%!0.3'9.1 .$. 3'&%0' ,(-

*'!%/A%+ *%70.4.);  

  *!%#"/'0.+ 4 4')%(*/, B,049."0.!"/'0.1 (.(*%&6 (,-%(*")%0.% .7, (:%9.'-

$.3'9.1 :" /.2'& 3'1/"4, :!%2@1/$%0.% 2":"$0.*%$5067 *!%#"/'0.+ . *. :.). 

C*. !'()%*6 / (,>0"(*. 1/$1=*(1 /6).($.*%$506& <4(:%!.&%0*"& 0'2 &'*%&'-

*.)%(4"+ &"2%$5= (.(*%&6 ((%*.) "#($,-./'0.1.  

D ("-'$%0.=, (*!"8.+ !'()%* (%*%+ /"3&"-%0 $.A5 :!. 4!'+0% (*%(0%0067 ,(-

$"/.17 .3/%(*0"+ *%"!%&6 BCMP, 2%$'=>.7 !'3!'#"*'006% / %% !'&4'7 &%*"26 :!'4-

*.)%(4. #%(:"$%306&.. E"(*'*")0" ("($'*5(1 7"*1 #6 0' *", )*" "0' 0% 2":,(4'%* 0'-

$.).1 4'0'$5067 ,3$"/ ( 0%&'!4"/(4.&. ("*$.)06&. "* :"4'3'*%$50"8") !'(:!%2%$%-

0.1&. 2$.*%$50"(*. "#($,-./'0.1. C*" "#(*"1*%$5(*/" ":!%2%$1%* #"$5A"+ !'3&'7 

.(($%2"/'0.+ :" .&.*'9."00"&, &"2%$.!"/'0.= (%*%+ :!%.&,>%(*/%00" ( :"&">5= 

(.(*%& '/*"&'*.3'9.. &"2%$.!"/'0.1 (/ "*%)%(*/%0067 ,($"/.17 8$'/06& "#!'3"& 

GPSS World [1, 2] . AnyLogic).  

F#>.&. 0%2"(*'*4'&. (.(*%& :"2"#0"8" *.:' 1/$1%*(1 (4!6*'1 "* :!"8!'&&.-

(*' /(*!"%00'1 $"8.4' .0*%!:!%*'*"!', 4"*"!'1 0% &"-%* 0% 0'4$'26/'*5 "8!'0.)%0.+ 

0' 4$'(( !%A'%&67 3'2') ((&. / !'#"*% [2] 2'$%4" 0% :"$06+ :%!%)%05 0%2"(*'*4"/ (.(-

*%&6, /61/$%0067 :!. *%(*.!"/'0.. GPSS World). D!"&% *"8", :!%*%03.. 0' ,0./%!-

('$50"(*5 .0*%!:!%*'*"!' )!%3&%!0" %8" ,*1-%$1=* . / 2%(1*4. !'3 3'&%2$1=* &"2%$.-

!"/'0.% [2].  

G:"&10,*6% 0%2"(*'*4. :!.09.:.'$50" :!.(,>. $=#6& (.(*%&'& '/*"&'*.3.-

!"/'00"8" &"2%$.!"/'0.1. F*&%)%006% "#(*"1*%$5(*/' ":!%2%$1=* !'(*,>.+ .0*%!%( 

4 ("(*'/$%0.= :!"8!'&& :!1&"8" &"2%$.!"/'0.1 (%*%+ 0' ,0./%!('$5067 1364'7 :!"-

8!'&&.!"/'0.1 /6).($%0.+, #%3,($"/06& $.2%!"& (!%2. 4"*"!67 1/$1%*(1 ("/!%&%0-

06+ H"!*!'0 [3, 4].  !"#$! %&!& '!()!( !*+,'+-./0+& '!1.201.+ "!3.$. 2!(+".4!/0-

1.5, -&! (+"0+& +3! '4.2+1+1.+ / !*406!/0&+"#17) 8+"5) 1+602+1.272.  

?"3!"(A%% #6(*!"2%+(*/.% ("/!%&%0067 C?I /0,A'%* :"$53"/'*%$1& 0'2%-2, 

2"(*.)5 /6("4"+ *")0"(*. !%3,$5*'*"/ (.$$=3"!0"+ .3-3' 0%.2%'$50"+ !'#"*6 2'*).-

                                                 
* ;'#"*' :"22%!-'0' :!"8!'&&"+ B,02'&%0*'$5067 .(($%2"/'0.+ FJKL ;MJ . 8!'0*"& ;HHK 10-08-

00906-'.  
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4"/ ($,)'+067 ).(%$) 3'2'0.%& ")%05 #"$5A"8" ).($' .(:6*'0.+, .3&%!1%&"8" &.$-

$."0'&..  !. «$"#"/"&» :!"8!'&&.!"/'0.. 9%:5 #,2,>.7 ("#6*.+ (NOP) 2"$-0' 

/&%(*.*5 (""*/%*(*/,=>%% ).($" ("#6*.+, )*" &"-%* "4'3'*5(1 0%<BB%4*./06& .$. 

/""#>% 0%2":,(*.&6& .3-3' "8!'0.)%00"8" "#@%&' ":%!'*./0"+ :'&1*..  

52!% ",1L#!3,M 9F   

P%*5 "#($,-./'0.1 ("(*".* .3 M !'#").7 ,3$"/ ( 
i

n  4'0'$'&. "#($,-./'0.1 / 

4'-2"&, 1,i M! , . 2/,7 /(:"&"8'*%$5067 – 0,$%/"8" (.(*")0.4) . (M+1)-8" – (*"4. ?%-

!"1*0"(*. :%!%&%>%0.1 3'1/4. 3'2'=*(1 &'*!.9%+ :%!%2') " #, , , 1, 1
i j

r i j M! $ . J"/'1 

3'1/4' !"-2'%*(1 / .(*")0.4% . '2!%(,%*(1 / "2.0 .3 !'#").7 ,3$"/ ( /%!"1*0"(*1&. 

" #0, j
r .  !. /(%7 :%!%&%>%0.17 3'1/4, (":!"/"-2'%* "*&%*4' /!%&%0. %% :!.#6*.1 / 

(%*5. Q'1/4', :":'/A'1 / ,&!$, ().*'%*(1 :"4.0,/A%+ (%*5. L%70.4' &"2%$.!"/'0.1 :"-

2"#067 :!"9%(("/ "#6)0" !%'$.3,%*(1 (7%&"+ «"* ("#6*.1 4 ("#6*.=», 4"*"!6&. 1/-

$1=*(1 #$.-'+A%% :!.#6*.% 0"/"+ 3'1/4. .$. 3'/%!A%0.% ")%!%20"8" "#($,-./'0.1. 

?61/$%0.% *'4"/67 *!%#,%* /6#"!' / 4'-2"& .3 ,3$"/ #$.-'+A%8" (:" 3'2%+(*/"/'0-

06& 4'0'$'&) &"&%0*' 3'/%!A%0.1 "#($,-./'0.1 . &.0.&'$50"8" .3 0.7 – :" /(%& !'-

#").& ,3$'& (%*.. C*. 2%+(*/.1 /%(5&' *!,2"%&4. . .&%=* ($"-0,= $"8.4,. N%$%("-

"#!'30" :"(*!".*5 NOP, ("2%!-'>,= &"&%0*6 0'(*,:$%0.1 3':$'0.!"/'0067 ("#6*.+ 

. ,4'3'0.1 0' *.: ("#6*.1, 4"*"!6% "#%(:%)'* /63"/ (:%9.'$.3.!"/'00"+ :"2:!"-

8!'&&6. K&%00" *'4"+ :"27"2 !%'$.3"/'0 / GPSS.  

C$%&%0* NOP 2"$-%0 ("2%!-'*5 !'30"*.:0,= .0B"!&'9.=: /!%&1 3'/%!A%0.1 

"#($,-./'0.1, 0"&%! ,3$', 0"&%! 4'0'$' . &"&%0* /7"2' 3'1/4. / (%*5. P$%2"/'*%$50", 

"0 2"$-%0 #6*5 :!%2(*'/$%0 / /.2% 60'.,.. J.-% 2$1 4"04!%*0"(*. "#(,-2'=*(1 

B!'8&%0*6 :!"8!'&&6 &"2%$.!"/'0.1 602$19&!: (%*. "#($,-./'0.1, / 4"*"!"+ 9.!-

4,$.!,%* B.4(.!"/'00"% 4"$.)%(*/" 3'1/"4 K. N%$5= &"2%$.!"/'0.1 1/$1%*(1 "9%04' 

&"&%0*"/ !'(:!%2%$%0.1 /!%&%0. :!%#6/'0.1 3'1/4. / (%*..  "(4"$54, ("#6*.1&. / 

*'4"+ (%*. /(%82' 1/$1=*(1 &"&%0*6 3'/%!A%0.1 "#($,-./'0.1 / "20"& .3 4'0'$"/, 

NOP 2"$-0' ("2%!-'*5 
ii

N n!%  3':.(%+, 4$=)%/6& <$%&%0*"& 4"*"!67 1/$1=*(1 

&"&%0*6 3'/%!A%0.1 "#($,-./'0.1 / 2'00"& 4'0'$%. E$1 (/"#"2067 4'0'$"/ "0. :!.-

0.&'=*(1 !'/06&. «&'A.00"+ #%(4"0%)0"(*.», 0':!.&%!, 3010 . C*" "#(*"1*%$5(*/" 

.(:"$53,%*(1 2$1 /6#"!' (/"#"20"8" 4'0'$' :!. :!.%&% 0' "#($,-./'0.% 0"/"+ 3'1/4.. 

D!"&% *"8", / 4'-2"+ 3':.(. 2"$-06 ("2%!-'*5(1: 

  &"&%0* :"(*,:$%0.1 3'1/4. / (%*5 (2$1 (":"(*'/$%0.1 / 2'$50%+A%& ( &"&%0-

*"& /67"2' .3 (%*.); 

  0"&%! ,3$' (%*. (:!%2:"$'8'%*(1, )*" ( 4'-26& ,3$"& (/13'06 (/"% !'(:!%2%-

$%0.% *!,2"%&4"(*. "#($,-./'0.1 . 4"$.)%(*/" 4'0'$"/); 

  0"&%! 4'0'$' / ,3$% (2$1 4"04!%*.3'9.. "#@%4*' 3'01*.1 .$. "(/"#"-2%0.1).  

? 2.0'&.4% .&.*'9.. :"3.9.1 / NOP #$.-'+A%8" ("#6*.1 :!. 3'/%!A%0.. "#-

($,-./'0.1 / *%4,>%& ,3$%, /6#"!% ($%2,=>%+ 3'1/4. .3 *%4,>%+ -% ")%!%2., :!.#6-

*.. 0"/"+ 3'1/4. .3/0% . %% :!.%&% 0' "#($,-./'0.% #,2%* :"(*"100" :%!%&%>'*5(1. 

 "(4"$54, *!,2"%&4"(*5 :%!%,:"!12")%0.1 NOP :!":"!9."0'$50' $/0(40&9 ).($' %% 

<$%&%0*"/, .&%%* (&6($ 602+1.&# '+4+9'!45(!-+1.+ /7*!4!2 60'.,. , 2.1.20"#172 

$";-+/72 %"+2+1&!2.  !%2%$50"% 4"$.)%(*/" 3'1/"4 / ,3$% %(*%(*/%00" "8!'0.)%0" 

).($%00"(*5= :":,$19.. K. E$1 :!"(*"*6 :%!%0%(%& <*" "8!'0.)%0.% 0' 2$.0, ")%!%-

2..  "3.9.. ")%!%2. ("2%!-'* &"&%0*6 :!.#6*.1 / (%*5 "-.2'=>.7 3'1/"4 . 0,&%-

!,=*(1 "* 0,$1 2" K-1. R($. ")%!%25 0%:,(*', *" :!. "(/"#"-2%0.. 4'0'$' 2$1 8"$"/-
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0"+ 3'1/4. ")%!%2. 8%0%!.!,%*(1 /!%&1 3'/%!A%0.1 %% "#($,-./'0.1. P""*/%*(*/%00" 

"#0"/$1%*(1 *%4,>'1 3':.(5 NOP.  

F#6)0"8" 2$1 :!'4*.4. .&.*'9.. *!,2"%&4"8" :!"2/.-%0.1 ")%!%2. &"-0" .3-

#%-'*5, %($.  .(:"$53"/'*5 2$1 ")%!%2%+ $!"#8+/9; 0(4+,08.;. ? <*"& ($,)'% 2"(*'-

*")0" 2"#'/.*5 :" &"2,$= K %2.0.9, 4 ,4'3'*%$= 0' 8"$"/, ")%!%2..  !. 2"#'/$%0.. 

4 ")%!%2. 0"/"+ 3'1/4. '0'$"8.)0" :%!%().*6/'%*(1 4""!2.0'*' 7/"(*' ")%!%2..  

N1!.!/)H O,')'(/( 90  

S.*'*%$5 2'-% (" (4!"&06& ":6*"& :!"8!'&&.!"/'0.1 #%3 *!,2' !'3#%!%*(1 / 

:!./"2.&67 0.-% B!'8&%0*'7 :!"8!'&&6. F*&%*.& ($%2,=>.% "("#%00"(*. ("/!%-

&%00"8" H"!*!'0': 

1. D"&&%0*'!.+ 0').0'%*(1 /"(4$.9'*%$506& 30'4"&. 

2. ?4$=)'%&'1 / NOP 3':.(5 ":!%2%$1%*(1 4'4 "#@%4* *.:' event ( ,4'3'006&. 

*.:'&. 30')%0.+ :"$%+.  !. ((6$4% 0' 3':.(5 .&1 :"$1 ,4'36/'%*(1 )%!%3 30'4 :!"9%0-

*'. ?"3&"-0"  "#@1/$%0.%  &'((./' 3':.(%+.    !. ((6$4%  0"&%!  <$%&%0*' ,4'36/'%*(1 

(/ (4"#4'7) (!'3, 3' .&%0%& &'((./'.  

3. E$1 4"0B"!&067 &'((./"/ !'3!%A%06 8!,::"/6% :"4"&:"0%0*06% ":%!'9... 

P4'$1! ().*'%*(1 4"0B"!&06& $=#"&, &'((./,, )*" :"3/"$1%*, / )'(*0"(*., "20.& 

":%!'*"!"& "#0,$.*5 $=#"+ &'((./. 

4. ?(:"&"8'*%$506% /0,*!%00.% :!"9%2,!6 /4$=)'=*(1 / 4"0%9 "7/'*6/'=>%+ 

:!"9%2,!6 :"($% 4$=)%/"8" ($"/' contains. F#@%4*6 "7/'*6/'=>%+ :!"9%2,!6 2$1 

0.7 (%($. .&%0' 0% :%!%":!%2%$1=*(1) 1/$1=*(1 8$"#'$506&..   

O'(0.!/)H -',0'(..H .,2!1$',3(/$% 

 !%-2% /(%8" :!./%2%& :!.&%! !'.,01.5 &.'0 2$1 <$%&%0*"/ NOP: 
    type event  

   real    serv,enter 

   integer node,channel 

     end type event 

P""*/%*(*/%00" "#@1/$%0.% %2.0.)0"+ !'#")%+ 3':.(. #,2%* .&%*5 /.2  
type(event)  new  

N%:5 #,2,>.7 ("#6*.+ future "#@1/$1%*(1 (.102.-+,$.2 20,,./!2 3'/%!A%0.+ 

"#($,-./'0.1:  
type(event) future [allocatable](:) 

Q'*%& ":%!'*"!"& allocate 2$1 0%% / (""*/%*(*/.. ( "#>.& ).($"& 4'0'$"/ / (%*. 

/62%$1%*(1 :'&1*5.   "($% ($,)'+0"8" !'(:!%2%$%0.1 !'()%*0"+ :":,$19.. K :" ,3$'& 

(%*. :!".3/"2.*(1 0')'$50"% 3':"$0%0.% NOP: 
   L=1                                   !  !"!#$%&' (#)*)%+ ,-.  
   do i=1,m                              ! /0 12#!*  
        do j=1,n(i)                           ! /)3)403 5!%!#06 6 12#) 
               future(L)%node   = i                 ! 12)#   

    future(L)%channel= j               ! 5!%!#  
    if (j<=z(i)) then  
             future(L)%enter  = 0         ! 73)*8 690:! 6 ;)+$  

                         future(L)%serv     = flib(i)           ! 2!6)3<)%=) 04;#1>=6!%=8 
                else  
                         future(L)%enter  = 1e30 
                         future(L)%serv   = 1e30  
                end if  
               L=L+1  
               if (L>nn) goto 55                   ! 7&90:  
        end do  
   end do  
55   
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Q'*%& "*6(4./'%*(1 <$%&%0* NOP chead, (""*/%*(*/,=>.+ ('&"&, !'00%&, "#-

($,-./'0.=, . B"!&.!,=*(1 0')'$506% ")%!%2. / ,3$'7: ":!%2%$1=*(1 .7 2$.06 . 

,4'3'*%$. 0' 8"$"/, . 7/"(* 4'-2"+ ")%!%2.. D'4 :!.&%! 2.0'&.4. &"2%$. ":.A%& "#-

!'#"*4, 3'/%!A%0.1 "#($,-./'0.1 / ,3$% L:  
   z(L)=z(L)-1               ! ?;+!%)+;8 2!8605 6 12#) L 

   new%node=L 

   new%channel=j 

   if (z(L)<n(L)) then  

       new%enter=1e30 

       new%serv= 1e30        ! ?;6040>:)%=) 5!%!#!! 

       new%channel=0  

   else 

       new%enter=q(L,hq(L))  ! @26#)")%=) 2!865= =2 0")3):= 

       new%serv =tt+flib(L)  ! /0;+!%065! )) %! 04;#1>=6!%=) 

       hq(L)=mod(hq(L)+1,kk) ! .:6=A A0#06& 0")3):= 6 L-12#) 

   end if  

   future(chead)=new         ! ?4%06#)%=) 6 04;#1>=6<)* 5!%!#) 

 

H"!&.!,%&6+ 32%(5 !'#").+ <$%&%0* new 3'&%01%* ("#"+ :!%-0== 8"$"/, 

NOP. E'$%% / (""*/%*(*/.. ( &'*!.9%+ :%!%2') :!".3/"2.*(1 /6#"! ,3$' – :!%%&0.4' 

L-8".  

R($. /6#.!'%*(1 (*"4 (%*., *" 3'1/4' :"4.2'%* (%*5 . 0'4':$./'%*(1 .0B"!&'9.1 

2$1 :"2()%*' &"&%0*"/ !'(:!%2%$%0.1 /!%&%0. :!%#6/'0.1 / (%*.. ?&%(*" ,A%2A%+ 

3'1/4. 8%0%!.!,%*(1 0"/'1, ":!%2%$1=*(1 :!.0.&'=>.% %% ,3%$ . (%($. %(*5 (/"#"2-

06%) 4'0'$, B"!&.!,%*(1 (""*/%*(*/,=>.+ <$%&%0* NOP. M0'$"8.)0" (0" #%3 8%0%!'-

9..) "#(*".* 2%$" :!. /6#"!% "20"8" .3 !'#").7 ,3$"/. J"/6+ <$%&%0* /(*'/$1%*(1 / 

(""*/%*(*/,=>,= :"3.9.= NOP ( 4"$59%/6& (2/.8"& 7/"(*"/"+ %% )'(*., :!.)%& :"-

.(4 &%(*' /(*'/4. 0').0'%*(1 ( 7/"(*'.  

?!4K1L)()H '(+*!)(  

 !./%2%00'1 :!"9%2,!' #6$' :!.&%0%0' 2$1 &"2%$.!"/'0.1 (%*. "#($,-./'0.1 

.3 )%*6!%7 !'#").7 ,3$"/ ( ).($"& "20"!"2067 4'0'$"/ {2,1,1,3} (""*/%*(*/%00". 

P!%20.% 2$.*%$50"(*. "#($,-./'0.1 :" ,3$'& ("(*'/$1$. {2,3,3,5}, !'(:!%2%$%0.% %8" 

:!%2:"$'8'$"(5 <!$'08"/6& 3-8" :"!124'. I"2%$.!"/'$"(5 "#($,-./'0.% &.$$."0' 

3'1/"4 2$1 :":,$19.. / 40 3'1/"4. ? *'#$.9% :!./%2%06 !%3,$5*'*6 .&.*'9.. :" &%*"-

2.4% 2'00"+ (*'*5.. F0. :!'4*.)%(4. ("/:'$. ( !%3,$5*'*'&. :!"8"0' :!. *%7 -% .(-

7"2067 2'0067 «0'./0"+» &"2%$., 0% .(:"$53"/'/A%+ 4"$59%/,= NOP.  

6,.!/)H '(+-'!2!1!/$% 3'!.!/$ -'!JH3(/$% 4(%3"$ 3 +!)$  

 "!12"4 &"&%0*' I%*"2 ?!%&1  
()%*', ( 1 2 3 

«J'./06+» 3,28 8,3836e1 1,2318e4 2,2781e6 
 !%2$'8'%&6+ 2,67 8,3792e1 1,2310e4 2,2766e6 

 

A("1P*!/$! 
 !'4*.)%(4"% ("/:'2%0.% !%3,$5*'*"/ :!"8"0' «0'./0"+» . ,("/%!A%0(*/"/'0-

0"+ &"2%$%+, (,>%(*/%00" !'3$.)'=>.7(1 (*!,4*,!0", :"3/"$1%* ().*'*5 .7 :!"-

8!'&&0,= !%'$.3'9.= :!'/.$50"+ . 0.-%($%2,=>.% /6/"26 – "#"(0"/'006&.. L!,-

2"%&4"(*5 :!"8"0' &"2%$. ,&%05A.$'(5 :")*. 0' 20%, )*" :!. (*"$5 #"$5A"& ).($% 
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