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 5 &678 78  9:9;9 9< =>?5:8@5A   @6 B9=CB575 B=8  875 

D8A:9B 5 E9&6FA75 @8 E6F6B=GH6@55 B8@8=8 

8. <. 9+$4'- (9/+") 

 ! "#$% &'&()*+ *!&&$"$,$ $-&./0'"!1'2 (345) 6$&(/6!7( 8!2"9' n ('6$" & 
'1()1&'"1$&(2*'  1,  2, …,  n. 345 '*))( $%'1 9!1!., 9$($:+; $-&./0'"!)( 8!2"9' 8! 
":)*2 x1, x2, …, xn &$$(")(&(")11$. 5-&./0'"!1') 6:$'&#$%'( " :)0'*) «-)8 6$():<», 
(. ). "&) 6$&(/6!7=') 8!2"9' " &./>!) 8!12($&(' 9!1!.! $0'%!7( ),$ $&"$-$0%)1'2 " 
$>):)%'. ?!2"9' $-&./0'"!7(&2 " &$$(")(&("'' & %'&@'6.'1$; FIFO [1]. A.2 6):)#$%! 
$( $-&./0'"!1'2 8!2"9' i-,$ 9.!&&! 9 $-&./0'"!1'7 8!2"9' j-,$ 9.!&&! (i B j) 9!1!. 8!-
(:!>'"!)( %$6$.1'().<1$) ":)*2 s 1! $6):!@'7 !"#"$%&'"()*. 3#)*! 345 6:)%&(!"-
.)1! 1! :'&. 1. 

 

F$+. 1.  79 + ,!+"'1I"$/$ "13++3/$ J3%-'" $ 4')!(%/$ ,3 4!(!"1K*!,$$ "3,313 

C$%$-1$; 345 *$01$ 6:)%&(!"'(< *1$,') 6:!9('>)&9') 8!%!>', " 9$($:+# /&(-
:$;&("$ (9!1!.) 6):)% 1!>!.$* $-&./0'"!1'2 1$"$,$ ('6! 8!2"$9 %$.01$ -+(< 1)9$($-
:+* $-:!8$* 6$%,$($".)1$. C:'*):!*' (!9'# 8!%!> 2".27(&2 (" &9$-9!# /9!8!1! $6)-
:!@'2, &$$(")(&("/7=!2 D(!6/ 6$%,$($"9'): 

– 9$1");):1!2 &-$:9! '8%).'; :!81+# ('6$" (1!&(:$;9! &-$:$>1$,$ :$-$(!); 
– &(:).<-! 6$ *'E)12* (6:'@).'"!1') 6$ *'E)1'); 
– &>'(+"!1') %!11+# '8 :!81+# $-.!&(); 0)&(9$,$ %'&9! (6):)*)=)1') *)#!-

1'8*! %$&(/6! 9 1!>!./ $-.!&('). 
C:' s = 0 9$DFF'@')1( 8!,:/89' (!9$; 345 :!")1 &/**) 9$DFF'@')1($" 8!-

,:/89' 6$ 9!0%$*/ '8 6$($9$": 

 
n

=i

i=R
1

0 G . (1) 

?!,:/89! 345 &$ &($:$1+ 9!0%$,$ $(%).<1$,$ 6$($9! "+>'&.2)(&2 6$ 9.!&&'>)-
&9$; F$:*/.) [2]: 

G = H!x. (2) 

I &./>!) s > 0 >!&(< :!-$>),$ ":)*)1' 9!1!. 1!#$%'(&2 " F!8) !"#"$%&'"()*, >($ 
6:'"$%'( 9 /").'>)1'7 $-=),$ 9$DFF'@')1(! 8!,:/89' 345. 

4$01$ 6$9!8!(<, >($ 6$.1$) 81!>)1') 9$DFF'@')1(! 8!,:/89' %.2 345 & 6$()-
:2*' 1! 6):)9.7>)1'' 9!1!.! "+>'&.2)(&2 6$ F$:*/.): 

" #ii

n
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,s+R=R HJHmin
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I F$:*/.) (3) 6):"$) &.!,!)*$) #!:!9():'8/)( 8!,:/89/ 9!1!.! +,(+-(+. :!-$($; 
6$ $-&./0'"!1'7 8!2"$9, ! "($:$) &.!,!)*$) – 8!,:/89/ 9!1!.!, &"28!11/7 & 8!(:!(!*' 
1! ),$ !"#"$%&'"()" " &./>!), 9$,%! ('6 &.)%/7=); 8!2"9' $(.'>!)(&2 $( ('6! 6:)%+-
%/=);. K!:!9():1$, >($ "($:$) &.!,!)*$) 8!"'&'( ($.<9$ $( '1()1&'"1$&(); 6$&(/6.)-
1'2 8!2"$9 Hi ' 1) 8!"'&'( $( ":)*)1' '# $-&./0'"!1'2 xi. 

L($-+ 6$9!8!(< ".'21') "8!'*1$; ").'>'1+ '1()1&'"1$&(); 6$&(/6.)1'2 8!2-
"$9 1! $-=/7 8!,:/89/ &'&()*+, 6:$")%)* &.)%/7='; !1!.'('>)&9'; D9&6):'*)1(. I 
F$:*/.) (3) 6:'*)* R0 = const, J = const ' -/%)* '8*)12(< 81!>)1') Hk, 1 M k M n. N!9 
9!9 6$ /&.$"'7 J = const, '8*)1)1') Hk 6:'")%)( 9 6:$6$:@'$1!.<1$*/ '8*)1)1'7 $&-
(!.<1+# 81!>)1'; H: 

Hi = (J – Hk) / (n – 1), i B k. (5) 

O:$*) ($,$, %.2 /%$".)("$:)1'2 /&.$"'2 R0 = const, />'(+"!2 (1) ' (2), 6$(:)-/-
)(&2 6:$6$:@'$1!.<1$ '8*)12(< ":)*2 $-&./0'"!1'2 8!2"$9 xi, >($ " $-=)* &./>!) 1)-
0).!().<1$, (!9 9!9 D($ 6:'")%P( 9 1!:/E)1'7 '&#$%1+# 6:$6$:@'; *)0%/ xi ' s. A.2 
&$#:!1)1'2 /9!8!11+# 6:$6$:@'; *$01$ "")&(' %$6$.1'().<1/7 ").'>'1/ – !#+)/-+-

0)1"%2(+,12 9!1!.! Q, ! %.2 #!:!9():'&('9' -#"3"() +4,%56)-7()* 8!2"$9 ' -#"3"() 

!"#"$%&'"()* '&6$.<8$"!(< 6$12(') 1#50+"3$+,1) &$$(")(&("/7='# $6):!@';: 

xi = Ri / Q; (6) 

s = Rs / Q,  (7) 

,%) Rs – (:/%$)*9$&(< $6):!@'' 6):)9.7>)1'2; Ri – (:/%$)*9$&(< $-&./0'"!1'2 8!2"$9 
i-,$ ('6!. 
C$%&(!"'" (2) ' (6) " (1), 6$./>'*: 

 !
n

=i

i
i=R

1

0 H
Q

R
,  (8) 

$(9/%! *$01$ "+:!8'(< Q: 
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=
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N!9'* $-:!8$*, 8!%!"E'&< 9$19:)(1+*' 81!>)1'2*' R0, J, R1 – Rn, Rs, '&6$.<8/2 
F$:*/.+ (3), (5), (7) ' (9), *$01$ 6$&(:$'(< ,:!F'9 8!"'&'*$&(' R(Hk). S:!F'9, 6$./-

>)11+; %.2 6!:!*)(:$", /9!8!11+# " (!-.'@), 6:' k = 2 ' ];[ 90H 2 %  6$9!8!1 1! :'&. 2. 

 ! D($* 0) :'&/19) 6$ 6:!"$; E9!.) 6$9!8!1! 8!"'&'*$&(< Q(Hk). 

5+L'0,.! 43(3/!)(. M"+4!($/!,)3 

C!:!*)(: n R0 J R1 R2 R3 Rs 

?1!>)1') 3 0,5 9 6 2 3 2 

 
S:!F'9 8!"'&'*$&(' R(H2), '8$-:!0)11+; 1! :'&. 2, '*))( «'8.$*» " ($>9) 

H2 = 4,5. I$8:!&(!1') /78#5/$) R &.)"! $( D($; ($>9' $-/&.$".)1$ 6$&($211$ /-+"!7-
=); !#+)/-+0)1"%2(+,12& 9!1!.! Q(H2) ', 9!9 &.)%&("'), "$8:!&(!7='* -#"3"("3 !"-

#"$%&'"()* s. C!%)1') /78#5/$) &6:!"! $( ($>9' '8.$*! '%)( " :!8:)8 & "$8:!&(!1')* 
-#"3"() !"#"$%&'"()*. T>'(+"!2 "")%)11+) $,:!1'>)1'2 (R0 = const, J = const), (!9$) 
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6!%)1') 8!,:/89' R "$8*$01$ .'E< " &./>!) &'.<1$,$ /*)1<E)1'2 81!>)1'2 &/**+ 
*'1'*/*$" " F$:*/.) (3). 

K!:!9():1$ (!90), >($ R(J) = R0. I D($* &./>!) '1()1&'"1$&(' 6:$>'# 6$($9$" 
:!"1+ 1/.7, ' F!8! !"#"$%&'"()* 9!1!.! 1'9$,%! 1) 1!&(/6!)(, (!9 9!9 F!9('>)&9' " 
&'&()*/ 6$&(/6!7( 8!2"9' ($.<9$ $%1$,$ ('6!. 

C:$")%)11+; D9&6):'*)1( 6$8"$.2)( &%).!(< "+"$% $ ($*, >($ " :!&&*!(:'"!)-
*+# 345 ".'21') 1! 8!,:/89/ &'&()*+, "+8"!11/7 6$():2*' 1! 6):)9.7>)1'' 9!1!.!, 
$9!8+"!7( 1) ($.<9$ !-&$.7(1+) 81!>)1'2 '1()1&'"1$&(); "#$%1+# 6$($9$", 1$ ' '# 
81!>)1'2 $(1$&'().<1$ %:/, %:/,!. 
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F$+. 2. :1$%,$! -J3$/,.L J,3*!,$N $,)!,+$-,'+)!N ,3 J32(OJ"O  79 

O:$*) ($,$, *$01$ 6$9!8!(<, >($ &/**! *'1'*/*$" " F$:*/.) (3) "&),%! &#$-
%'(&2 9 $%1$; '8 %"/# ").'>'1: 

" #
2

J
H)&.' J,HHJmin

1

&'$ kii

n

=i

k=, , (10) 

" # " #
2

J
H)&.' ,HJ2HHJmin

1

>k=, kkii

n

=i

($$ . (11) 

S:!F'9 R(H2) 1! :'&. 2 .)")) ($>9' '8.$*! H2 = J / 2 = 4,5 &$$(")(&("/)( "+:!0)-
1'7 (10), 6:!")) D($; ($>9' – "+:!0)1'7 (11). N!9'* $-:!8$*, ".'21') F!8+ !"#"$%&-

'"()* 1! 8!,:/89/ 345 *$01$ /*)1<E'(< 8! &>)( 6$%-$:! (!9'# '1()1&'"1$&(); "#$%-

1+# 6$($9$", >($-+ "+6$.12.$&< /&.$"') 2H /k k )*( . L)* %!11$) 1):!")1&("$ &'.<-

1)), ()* *)1<E)) ".'21') 1! 8!,:/89/ 345 $9!8+"!7( 6$():' 1! $6):!@'' !"#"$%&'"-

()* 9!1!.!. 
36:!")%.'"$&(< F$:*/.+ (3) ' "+:!0)1'; (10)–(11) *$01$ 6:$"):'(< & 6$*$-

=<7 '*'(!@'$11$,$ *$%).':$"!1'2. 
C$&(:$)1') '*'(!@'$11$; *$%).' 345 ('6! D|D|1 1! 28+9) GPSS 1) 6:)%&(!"-

.2)( &.$01$&(' ' *$0)( -+(< "+6$.1)1$ &$,.!&1$ [3]. 4$%).< 345 & 1)&9$.<9'*' 
9.!&&!*' 8!2"$9 ' 6$():2*' 1! 6):)9.7>)1'' 9!1!.! $(.'>!)(&2 $( 1)): 

– 1!.'>')* 1)&9$.<9'# "#$%1+# 6$($9$" 8!2"$9 (1) *)1)) %"/#); 
– 1)$-#$%'*$&(<7 $(&.)0'"!1'2 1$*):! 6$($9! 6$&.)%1); "+6$.1)11$; 8!2"9'. 
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O!0%$*/ "#$%1$*/ 6$($9/ 8!2"$9 &$$(")(&("/)( &.)%/7='; F:!,*)1( 9$%! 1! 
GPSS: 

  GENERATE V$GEN1,0 
  QUEUE 1 
  SEIZE 1 
  DEPART 1 
  TEST NE X$FLOW,1,SKIPPREP1 
  ADVANCE V$SETTIME,0 

SKIPPREP1  SAVEVALUE FLOW,1 
  ADVANCE V$TIME1,0 
  RELEASE 1 
  TERMINATE 1 
3$#:!12)*!2 ").'>'1! FLOW '&6$.<8/)(&2 %.2 #:!1)1'2 ('6! 8!2"9', 8!1'-

*!7=); 9!1!..  !>!.<1$) 81!>)1') D($; ").'>'1+ :!"1$ 1/.7 ' 1) &$"6!%!)( 1' & $%-
1'* ('6$*. C:' $&"$-$0%)1'' 9!1!.! ").'>'1! FLOW 1) '8*)12)(&2 ', (!9'* $-:!8$*, 
#:!1'( ('6 6$&.)%1); $-&./0)11$; 8!2"9'. 

I -.$9) TEST ('6 6:'E)%E); 8!2"9' &:!"1'"!)(&2 &$ 81!>)1')* '8 FLOW. U&.' ('-
6+ 8!2"$9 $(.'>!7(&2, ($ "+6$.12)(&2 &.)%/7='; -.$9 – ADVANCE, 9$($:+; 8!%):0'"!)( 
%"'0)1') 8!2"9' 1! ":)*2 V$SETTIME, *$%).':/2 ()* &!*+* F!8/ 6):)9.7>)1'2 9!1!.! 1! 
$-&./0'"!1') 8!2"$9 %:/,$,$ ('6!. U&.' 0) ('6+ 8!2"$9 &$"6!%!7(, ($ 8!2"9! 6:$6/&9!)( 
6):"+; -.$9 ADVANCE ' 6):)#$%'( 9 *)(9) SKIPPREP1. 

V.$9 SAVEVALUE 8!6'&+"!)( ('6 8!2"9' " &$#:!12)*/7 ").'>'1/ FLOW, 6$-
&.) >),$ 8!2"9! 6$6!%!)( "$ "($:$; -.$9 ADVANCE, 9$($:+; *$%).':/)( D(!6 $-&./-
0'"!1'2 8!2"9'. 
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F$+. 3. F!JO1I)3). $/$)3#$',,'2' /'0!1$('-3,$% 

C):)*)11+) V$GEN1, V$TIME1 ' V$SETTIME &$$(")(&("/7( 81!>)1'2* 1 / H1, 
x1 ' s. W1!.$,'>1+) 6):)*)11+) '&6$.<8/7(&2 ' %.2 "&)# $&(!.<1+# 6$($9$" 8!2"$9. 

3 '&6$.<8$"!1')* 6$&(:$)11$; *$%).' -+.! 6:$")%)1! &):'2 '*'(!@'$11+# 
D9&6):'*)1($" 6$ '8*):)1'7 9$DFF'@')1(! 8!,:/89' 9!1!.! 345 & 6!:!*)(:!*' '8 
(!-.'@+. I 6:$@)&&) D9&6):'*)1(! -+.' 6$./>)1+ 9$DFF'@')1(+ 8!,:/89' 9!1!.! R 

%.2 n,k],,;,[k 16810H +% . 
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?!"'&'*$&(' R(Hk), k = 1..n, 6$&(:$)11+) 6$ :)8/.<(!(!* '*'(!@'$11$,$ *$%).'-
:$"!1'2 ' 6$ F$:*/.) (3), '8$-:!0)1+ 1! :'&. 3.  

 ! :'&/19) "'%1! ($>9! 6):)&)>)1'2 "&)# ,:!F'9$" 6:' Hk = 3. X(! ($>9! &$$(-
")(&("/)( &'(/!@'', 9$,%! '1()1&'"1$&(' (:)# "#$%2='# 6$($9$" $%'1!9$"+. X9&6):'-
*)1(!.<1+) ' !1!.'('>)&9') 81!>)1'2 8!,:/89' 345 .)")) D($; ($>9' 6:!9('>)&9' 
&$"6!%!7(. 36:!"! $( 1)) 81!>)1'2, :!&&>'(!11+) 6$ F$:*/.) (3), 1)81!>'().<1$ 6:)-
"+E!7( 81!>)1'2, 6$./>)11+) D9&6):'*)1(!.<1+* 6/(P*. C:' %!.<1);E)* /").'>)-
1'' Hk :)8/.<(!(+ "1$"< &#$%2(&2. O:$*) ($,$, " ($>9)  Hk = J / 2 = 4,5 2:9$ "+:!0)1 
"&6.)&9 D9&6):'*)1(!.<1+# 81!>)1';, 9$($:+) 6:'-.'0!7(&2 9 :!&>)(1+*. 

I'% 8!"'&'*$&(', 6$./>)11$; & 6$*$=<7 F$:*/.+ (3), &$$(")(&("/)( D9&6):'-
*)1(!.<1+* %!11+*. W-&$.7(1+) 81!>)1'2, 6$./>)11+) 6$ F$:*/.) (3), &$$(")(&("/- 
7( D9&6):'*)1(!.<1+* %!11+* 1) 1! "&)* 6:$(20)1'' $-.!&(' $6:)%).)1'2.  ! ()# 
/>!&(9!#, ,%) :!&>)(1+) 81!>)1'2 1) &$"6!%!7( & D9&6):'*)1(!.<1+*', 6$&.)%1') "&)-
,%! *)1<E) 6):"+#, >($ %).!)( "$8*$01+* '&6$.<8$"!1') "+:!0)1'2 (3) " 9!>)&(") 
"):#1); $@)19' 9$DFF'@')1(! 8!,:/89' 6$%$-1+# 345. 

C$ :)8/.<(!(!* 6:$")%)11$,$ '&&.)%$"!1'2 *$01$ &%).!(< &.)%/7=') "+"$%+: 
– 9$DFF'@')1( 8!,:/89' :!&&*!(:'"!)*+# 345, &"28!11+; & 6$():2*' 1! 6):)-

9.7>)1'' 9!1!.!, $6:)%).2)(&2 1) ($.<9$ !-&$.7(1+*' 81!>)1'2*' '1()1&'"1$&(); 
"#$%1+# 6$($9$", 1$ ' '# $(1$E)1')* *)0%/ &$-$;; 

– 6:' 6:$)9(':$"!1'' 6$%$-1+# 345 &.)%/)( &(:)*'(<&2 9 ($*/, >($-+ '1()1-
&'"1$&(< $%1$,$ '8 "#$%1+# 6$($9$" 6:)"+E!.! 6$.$"'1/ $-=); '1()1&'"1$&(' "&)# 
"#$%1+# 6$($9$": >)* &'.<1)) 6:)"+E)1'), ()* *)1<E)) ".'21') 1! 9$DFF'@')1( 8!-
,:/89' 345 $9!8+"!7( 6$():' 1! 6):)9.7>)1'' 9!1!.!; 

– "+:!0)1') (3) *$0)( -+(< '&6$.<8$"!1$ %.2 6:'-.'8'().<1$,$ :!&>)(! 9$DF-
F'@')1(! 8!,:/89' 345 & 6$():2*' 1! 6):)9.7>)1'' 9!1!.!, ! (!90) " 9!>)&(") $@)1-
9' "):#1); ,:!1'@+ D($; ").'>'1+; 

– 6:)%.$0)11!2 '*'(!@'$11!2 *$%).< 6$8"$.2)( '&&.)%$"!(< 345 & 6$():2*' 
1! 6):)9.7>)1'' 9!1!.! 9!9 ()$:)('>)&9', (!9 ' 6:'*)1'().<1$ 9 $(%).<1+* 6:!9('-
>)&9'* 8!%!>!*. 

=$)!(3)O(3 

1. 5&1$"+ ()$:'' "+>'&.'().<1+# &'&()* / C$% :)%. 3. W. 4!;$:$"!. T>)-. C$&$-') 
%.2 "/8$". 4.: I+&E. E9., 1978. 408 &. 

2.  '-!)'- <. A., A"'-1!-  . 8. 4$%).':$"!1') &'&()*: T>)-. %.2 "/8$"  4.: I+&E. 
E9., 2001. 343 &. 

3. D30'('P,.N :. @. Y*'(!@'$11$) ' &(!('&('>)&9$) *$%).':$"!1') 5*&9: Y8%-"$ 
5*SNT, 2007. 131 &. 

 


