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5&67 589:;<=> &?>@5A =@=7BC==* 

D. =. ?EF$",3 (C(/")-&!)!'GH'0) 

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

  2009 !. "#$ %&'!&$##(")'$ *$+'"$*$#,"' ',-$,(+' #,'+$,($ "./'01 " #"$, %('-

)$&#2'3 &14',. 5. 6. 7&+1)!1 %' ,$'&(( '*$&$0$3 (')1 8$ ,$'&(9 -1##'"'!' '4#+:8(-

"1)(9 – ;<=). >1 %'#+$0)($ %'+"$21 4.+ %'+:*$) 2'+'##1+?).3 '4@$- &$A:+?,1,'", 

%'A"'+("B(/ &1A&14',1,? ( &$1+(A'"1,? )1 7 < *(#+$)).$ -$,'0. &1#*$,1 #(#,$- ( 

#$,$3 '4C)'#,(, $C$ )$01")' 21A1"B$3#9 D1),1#,(*$#2'3. =0)12' E,( 0'#,(8$)(9 %'*-

,( )$ "'#,&$4'"1). %&12,(21-(, " *1#,)'#,( (A-A1 ,'!', *,' " %'01"+9FC$- 4'+?B()-

#,"$ ":A'" (A:*$)($ ;<= %' #(F %'&: )$ (0$, 01+?B$ 7&+1)!1.  

612 :)("$&#1+?).3 ()#,&:-$), &$B$)(9 A101* ,$'&(( '*$&$0$3 ( #&$0#,"' 2'--

%$)#1G(( )$0'#,1,2'" " '4&1A'"1)(( '4.*)' &1##-1,&("1$,#9  ! "#$ %&&%' !%(') -

*%+#& ', 0+9 %&(-$)$)(9 2','&'!', %' -)$)(F '0)'!' (A )1B(/ 0'2+10*(2'" )1 %$&"'3 

2')D$&$)G(( H<<=I, «)$ ):8)' A)1,? )( -1,$-1,(2(, )( ,$'&(( "$&'9,)'#,$3». 7,', 

1&!:-$), '#)'"."1$,#9 )1 &14',$ # 1",'-1,(A(&'"1)).-( #(#,$-1-( (-(,1G(( (5JH), 

)1(4'+$$ (A"$#,).- %&$0#,1"(,$+$- 2','&./ 9"+9$,#9 GPSS. =4C(- )$0'#,1,2'- #(#-

,$- %'0'4)'!' ,(%1 9"+9$,#9 #2&.,19 ', %&'!&1--(#,1 +'!(21 "#,&'$))'!' (),$&%&$,1-

,'&1, )12+10."1FC$!' '!&1)(*$)(9 )1 2+1## &$B1$-./ A101*1. 6&'-$ ,'!', %&$,$)A(( 

)1 :)("$&#1+?)'#,? (),$&%&$,1,'&1 *&$A-$&)' $!' :,98$+9F, ( " 0$#9,2( &1A A1-$0+9-

F, -'0$+(&'"1)($. ;12, %&( %&'!')$ )1 GPSS -'0$+( %&'#,'3 #(#,$-. '4#+:8("1)(9:  

  "#$ '2)1 A12&.,. – 4 #; 

  "."'0(,#9 ,13-$& – 97 #;  

  ',2&.,. '2)' 4+'2'" ( ,13-$& – 5271 # (%'*,( %'+,'&1 *1#1).  

I+9 #&1")$)(9 :218$-, *,' ,1 8$ -'0$+? )1 K'&,&1)$ 4.+1 &$1+(A'"1)1 A1 0,05 #.  

L%'-9):,.$ 0$D$2,. %&()G(%(1+?)' %&(#:C( +F4.- 5JH. =,-$,(-, )12'-

)$G, *,' '4:*$)($ *(#,' 2)'%'*).- ,$/)'+'!(9- %&("$+' 2 ".01"+("1)(F (A ()-

D'&-1,(2( $0()#,"$))' (),$++$2,:1+?)'!' E+$-$),1 – %&'!&1--(&'"1)(9, 1 (A 2:&-

#1 -1,$-1,(2( – *(#+$))./ -$,'0'", A1-$)$))./ &14','3 # #(#,$-1-( 2'-%?F,$&-

)'3 1+!$4&. ,(%1 MathCAD. J+$0#,"($- 9"(+'#? 21#,&(&'"1)($ ,"'&*$#2'!' %',$)-

G(1+1 ( ,',1+?)'$ %'!+:%$)($ #,:0$),'" ,$/)(*$#2(/ ":A'", *,' 9"+9$,#9 ,*-!%. 

/0*%1%. 2/(/3'!/ 4%55  .  

M1 )1B "A!+90, '4:*$)($ &1#*$,: #(#,$- ( #$,$3 # '*$&$09-( 0'+8)' %&'"'0(,?-

#9 )1 '#)'"$ 5%+*'!'&&%. ,$'&(( '*$&$0$3 ( ,*-!%0% !%(') *%+#& - #$,$3 )1 :)("$&-

#1+?)./ 9A.21/ %&'!&1--(&'"1)(9 ".*(#+$)(3, 4$A:#+'").- +(0$&'- #&$0( 2','&./ 

9"+9$,#9 )'".3 K'&,&1). ;'+?2' E,', %'0/'0 '4$#%$*("1$, ,%& !#& ' )%0 6  !%(') -

*%+#& -, *,' 0$+1$, $!' %&(-$)$)($ " '4&1A'"1,$+?)./ G$+9/ )$A1-$)(-.-. 

&',0'(..( 2$+#$-1$/E 

   '$))'-2'#-(*$#2'3 1210$-(( (-. 5. K. <'813#2'!' H< " ,$*$)($ 4'+$$ *$- 

30 +$, (A:*1$,#9 " #'#,1"$ 0(#G(%+(). «6'-%?F,$&)'$ -'0$+(&'"1)($» N&("$0$- ".-

%(#2: (A %&'!&1--., &1##*(,1))'3 )1 66 1:0(,'&)./ *1#'".  

7!.( 1. @()!.()$*!+",! .,2!1$',3(/$!. =&!1)(A1G(9 -1,$-1,(*$#2'!' E2#-

%$&(-$),1.  (0. -1,$-1,(*$#2'!' -'0$+(&'"1)(9. N&'4+$-1 '*$&$0$3. O1#%&$0$+$)(9, 

                                                 
* O14',1 %'00$&81)1 %&'!&1--'3 D:)01-$),1+?)./ (##+$0'"1)(3 =MH; O5M (%&'$2, 2.3) ( !&1),'- 

OKKH 10-08-00906-1.  
1I1+$2' )$ %'+).3 %$&$*$)? 0$D$2,'" #(#,$-. GPSS World #-. " 2)(!$: O.8(2'" P. H. H-(,1G('))'$ 

-'0$+(&'"1)($. ;$'&(9 ( ,$/)'+'!((. JN4.: 6=O=M5-%&(),, 2004. 380 #. 
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-'-$),., NQJ. =#,1,'*).$ &1#%&$0$+$)(9. Exp-, R-&1#%&$0$+$)(9. 6'EDD(G($),. )$-

-1&2'"'#,(. 5%%&'2#(-1G(9 &1#%&$0$+$)(3. K1A'".$ &1#%&$0$+$)(9. 

7!.( 2. I1!.!/)E .,2!1$ 7@5. N','2( A19"'2, (/ #:--(&'"1)($, #+:*13)'$ ( 

&$!:+9&)'$ %&'&$8("1)($. H),$)#(")'#,? '4#+:8("1)(9 " n-21)1+?)'3 #(#,$-$. I(#-

G(%+(). '*$&$0( ( '4#+:8("1)(9. N'21A1,$+( EDD$2,(")'#,(. 

7!.( 3. J(",/E +,K'(/!/$%. J'/&1)$)($ A19"'2, #,1G(')1&)'3 '*$&$0(, "$&'-

9,)'#,$3, '4@$-1 &14',.. O1#*$, </</1 # %&(-$)$)($- A12')'" #'/&1)$)(9. 

7!.( 4. =.$)(#$,//,! .,2!1$',3(/$!. S1A'"19 -'0$+? ( $$ "1&(1),.. <'0$-

+(&'"1)($ #$,$3. N')9,($ ' G$%( 4:0:C(/ #'4.,(3 (TSJ). 6'+?G$"19 TSJ. K(A(*$-

#2($ ( %&'!&1--).$ ( IJU. N'+:*$)($ ! "iX  -$,'0'- '4&1,)'3 D:)2G(( ( #%$G(1+?-

).-( -$,'01-(. =4&14',21 &$A:+?,1,'": 'G$)2( ( ,&$4'"1)(9 2 )(-, ,'*)'#,? ( )10$8-

)'#,?. O$!$)$&1,(").3 1)1+(A. <$,'0. %')(8$)(9 0(#%$&#((: 'G$)2( # -()(-1+?)'3 

0(#%$&#($3, &1##+'$)).$ ".4'&2(, 2'),&'+?).$ %$&$-$)).$, 0'%'+)9FC($ ( %1&1+-

+$+?).$ ".4'&2(. 

<'0$+(&'"1)($ )1 GPSS: #,&:2,:&1 %&'!&1--.; ,&1)A12,., 4+'2(, :#,&'3#,"1 ( 

%1-9,?; JU5; 2'-1)0.. =4A'& GPSS World.  

5!$),)'-'&($),(&'"1))'$ -'0$+(&'"1)($. J,&:2,:&1 1!$),1. <'0$+? %'"$0$)(9, 

-$),1+?)19 -'0$+?, #$&"(#.. T$+( 1!$),)./ (##+$0'"1)(3.  

7,1%. &1A&14',2( (-(,1G('))./ -'0$+$3. 5)1+(A &$A:+?,1,'", (),$&%&$,1G(9, 

&$1+(A1G(9, 122&$0(,1G(9.  

N12$, <=J; (<1##'"'$ =4#+:8("1)($ – J,1G(')1&).$ A101*(). N&'"$&21 A12'-

)'" #'/&1)$)(9 )1 (-(,1G('))'3 -'0$+(. 

7!.( 5. ?(+*!) /!.('",3+"$K +$+)!.. <$,'0. -1&2'"(A1G((. H0$9 +()$3*1-

,./ %&'G$##'".  +'8$))19 G$%? <1&2'"1 0+9 M/G/1. O1#*$, #(#,$-. GI/M/1. <$,'0 

D(2,(")./ D1A: 0(1!&1--. ( -1,&(G. %$&$/'0'" 0+9 M/E3/2, M/H2/3, H2/M/3. L&1")$-

)(9 41+1)#1. H/ &$B$)($ -$,'0'- (,$&1G(3. <$,'0 -1,&(*)'-!$'-$,&(*$#2'3 %&'!&$#-

#((.  ./'09C(3 %','2. 

7!.( 6.  -!#$(1L/E! 2$+#$-1$/E ,G+1HF$3(/$%. =,)'#(,$+?).$ %&('&(,$-

,. ( (/ '%,(-1+?)'$ )1A)1*$)($. 54#'+F,).3 PRTY c 0''4#+:8("1)($-. J/$-1 2+1#-

#'" 0+9 #-$B1))'!' PRTY. =4#+:8("1)($ # 0()1-(*$#2(- %&('&(,$,'-. 6"1),'"1))'$ 

G(2+(*$#2'$ '4#+:8("1)($. <)'!':&'")$"19 #(#,$-1 '*$&$0$3. 

7!.( 7.  !)$ ,G+1HF$3(/$%. S1A'".$ %')9,(9. N'21A1,$+( EDD$2,(")'#,(. N'-

)9,($ ' N-#$,9/ ( ,$'&$-$  J<O. N','2'E2"("1+$),)19 0$2'-%'A(G(9. O1A'-2):,.$ 

#$,( # %&'#,$3B(-( ( &$2:&&$),).-( %','21-(. >1-2):,.$ ( #-$B1)).$ #$,(. J&$0-

)($ "&$-$)1 %&$4."1)(9 0+9 &1A'-2):,./ ( A1-2):,./ #$,$3. O1#*$, NQJ ( ".#B(/ 

-'-$),'" &1#%&$0$+$)(9 "&$-$)( %&$4."1)(9. 

J(",/E +,K'(/!/$% 

  D(A(2$, /(-((, ()8$)$&)'- 0$+$ "18):F &'+? (!&1F, 1#6%&7 5%8*#&'& -. L#-

,1)'"+$)($ A12')'" #'/&1)$)(9 #%&1"$0+("' #*(,1$,#9 %'21A1,$+$- A&$+'#,( #'',"$,-

#,":FC$3 )1:2(. N&(-$)(,$+?)' 2 ,$'&(( '*$&$0$3 ,12($ A12'). (-$F, ',*$,+("'$ 

D(A(*$#2'$ (#,'+2'"1)($, 1 (/ %&(-$)$)($ :%&'C1$, 1)1+(A J<=. N&( (/ 218:C$3#9 

'*$"(0)'#,( (A )(/ :01$,#9 (A"+$*? 01+$2' )$ ,&("(1+?).$ #+$0#,"(9.  

>12') #'/&1)$)(9 A19"'2 D'&-:+(&:$,#9 " #+$0:FC$- "(0$:  

9#5"%"# ,%5"/,)'& - 1#-+%6 + 6#&#) %25)/: +#& - + 5*'(&'! *#+&# ;#5"%"' 

+78%(%+  1 <"%0% 6#&#)#.  

I+9 n-21)1+?)'3 #(#,$-. :#+'"($ 41+1)#1 A19"'2 #"'0(,#9 2  
1

0

( ) ,
n

j

j

n j p n b#
$

%

$ % $&  
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!0$ ! "jp  – &1#%&$0$+$)($ *(#+1 A19"'2 " #(#,$-$, #  – (),$)#(")'#,? "/'09C$!' %','-

21, b – c&$0)$$ "&$-9 '4#+:8("1)(9.  

>1D(2#(&:$- *(#+' A19"'2 " '*$&$0( %$&$0 %&(4.,($- '*$&$0)'3 A19"2( ( " -'-

-$), %&($-1 $$ )1 '4#+:8("1)($. =*$"(0)', *,' %&( 0(#G(%+()$ '*$&$0( FCFS *#5-

,*'(')'& ' ; 5)# 1#-+%6, ,* 27+= 8 1# +*'!- %: (#& - &#;#)# %25)/: +#& -, 5%+,#-

(#'" 5 *#5,*'(')'& '! () &7 %;'*'(  ,'*'( ,* 27" '! 1#-+6 .  

CD'&-:+(&'"1)).3 ".B$ A12') %'A"'+9$, :#,1)'"(,? #"9A? -$80: -'-$),1-( 

&1#%&$0$+$)(9 "&$-$)( %&$4."1)(9 A19"2( " '*$&$0( ( D12,'&(1+?).-( -'-$),1-( $$ 

0+().:  

[ ] / , 1, 2,...k

k kw q k#% %  

  *1#,)'#,(, #&$0)$$ "&$-9 '8(01)(9 " '*$&$0( 1 1 /w q #%  (D'&-:+1 Q(,,+1). 

7,1 D'&-:+1 #%&1"$0+("1 )$A1"(#(-' ', #'/&1)$)(9 %&()G(%1 FCFS ( ,(%1 &1#%&$0$-

+$)(9 (),$&"1+'" -$80: #-$8).-( A19"21-(. S'+$$ ,'!', ')1 "$&)1 ( 0+9 5'"'. %2-

5)/: +#& -. 

I+9 «2')#$&"1,(")./» 0(#G(%+() '4#+:8("1)(9 *#5,*'(')'& ' %2>'!# &'+7-

,%)&'&&%. *#2%"7, &#8%(-3'0%5- + ?@A, ,%5"%-&&%   &' 1#+ 5 " %" +72%*# 6%&6*'"-

&%. ( 5$ ,) &7.  

N'218$- %&(-$)$)($ E,'!' %&()G(%1 (#'/&1)$)(9 '4@$-1 &14',.) 2 &1#*$,: 

#&$0)$!' "&$-$)( '8(01)(9 A19"2( " '0)'+()$3)'3 #(#,$-$.   01))'- #+:*1$ #&$0)(3 

'4@$- &14',. #'"%101$, #' #&$0)(- A)1*$)($- w "&$-$)( '8(01)(9 )1*1+1 '4#+:8(-

"1)(9 ")'"? %&(4."B$3 A19"2'3. 7,' "&$-9 4:0$, #2+10."1,?#9 (A "&$-$)( A1"$&B$)(9 

' (1 2 1/ 2f b b%  )1*1,'!' '4#+:8("1)(9 ( "&$-$)( '4#+:8("1)(9 &1)$$ %&(B$0B(/ A19-

"'2. J&$0)(3 '#,1,'2 )1*1,'!' '4#+:8("1)(9 0'+8$) :*(,."1,?#9 # "$&'9,)'#,?F A1-

)9,'#,( #(#,$-., &1")'3 1b) #% . J&$0)$$ *(#+' A19"'2 " '*$&$0( )1 '#)'"1)(( D'&-

-:+. Q(,,+1 #'#,1"(, w# , %&(*$- 218019 (A )(/ " #&$0)$- '4#+:8("1$,#9 1b  $0()(G 

"&$-$)(. H,12, A12') #'/&1)$)(9 '4@$-1 &14',. %&("'0(, 2 &1"$)#,": 

2 1/ 2w b wb# #% * , ',2:01 #+$0:$, D'&-:+1 N'+9*$21-V()*()1 

2

12(1 )

b
w

b

#

#
%

$
 . 

N'#2'+?2: 2 2

2 1 (1 )Bb b v% * , %&( '0()12'"./ 1b  #&$0)$$ "&$-9 '8(01)(9 %' ',)'-

B$)(F 2 %'21A1,$+?)' &1#%&$0$+$))'-: '4#+:8("1)(F ( 1)Bv %  " «&$!:+9&)'-» #+:*1$ 

:-$)?B1$,#9 "0"'$, 1 %&( 2Bv %  "'A&1#,1$, " 2,5 &1A1. 7,' )1(4'+$$ )1!+90)19 (++F#,-

&1G(9 21,$!'&(*$#2'!' (-%$&1,("1 /;'"# +75= 8 !%!'&"%+ *#5,*'(')'& . %25)/: -

+#& -. C 0&:!'3 #,'&')., (A 1)1+(A1 A)1-$)1,$+9 #+$0:$, )$'4/'0(-'#,? 1 / 1.b n) #% +  

=,#F01 #+$0:$, "."'0 ' &'(%,/5" !%5"  +72%*# 5*'(&'. 56%*%5"  %25)/: +#& -, 

*#+&%.  &"'&5 +&%5"  ,%"%6# 1#-+%6. 

&'(")$*!+",! $.$)(#$,//,! .,2!1$',3(/$! 

N&12,(*$#2($ A1)9,(9 %' H< %'#"9C$). &1A&14',2$ #,&:2,:&)./ #/$- -'0$+$3 

)1 '#)'"$ '4#:801"B$3#9 )1 +$2G(( 41A'"'3, 1 ,128$ )1%(#1)(F )1 K'&,&1)$ 01,*(2'" 

#+:*13)./ *(#$+. >101)(9 ".01F,#9 )1 4&(!10. (A 2–3 *$+'"$2. =,*$, ".%'+)9$,#9 

'4C(3, A1C(,1 – ()0("(0:1+?)19. N&$0+1!1+(#? #+$0:FC($ "1&(1),. -'0$+$3:  
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1. =0)'21)1+?)19 #(#,$-1 # )$,$&%$+(".-( " '*$&$0( A19"21-(. 

2. <)'!'21)1+?)19 #(#,$-1 # ',)'#(,$+?).- %&('&(,$,'- 

3. <)'!'21)1+?)19 #(#,$-1 # 14#'+F,).- %&('&(,$,'-. 

4. =0)'21)1+?)19 #(#,$-1 # 0()1-(*$#2(- %&('&(,$,'-. 

5. =0)'21)1+?)19 #(#,$-1 '4#+:8("1)(9 2'+?G$"'3 #(#,$-. '*$&$0$3 # 0(#G(%-

+()'3 %$&$2+F*$)(9 %' (#*$&%1)(F ,$2:C$3 '*$&$0(. 

6. ;' 8$ # %$&$2+F*$)($- %' (#*$&%1)(F A19"'2, )12'%+$))./ 2 )1*1+: '4#+:-

8("1)(9 01))'3 '*$&$0(. 

7. T(2+(*$#219 #(#,$-1 2"1),'"1))'!' '4#+:8("1)(9 (0(#G(%+()1 Round-

Robin). 

8. 6"1),'"1))'$ '4#+:8("1)($ -)'!':&'")$"'3 #(#,$-. '*$&$0$3. 

9. <)'!'21)1+?)19 #(#,$-1 – '%&$0$+$)($ -'-$),'" &1#%&$0$+$)(9 0+(,$+?)'-

#,( %$&('0'" %'+)'3 A1)9,'#,(. 

N&'!&1--. IJU #'#,1"+9+(#? 0+9 ".&'80$))'!', &1")'-$&)'!', ,&$:!'+?)'!', 

E&+1)!'"1, 2'2#'"1 ( !(%$&E2#%')$)G(1+?)'!' &1#%&$0$+$)(3. 

&',3!'"( /( .,2!1$ 4(",/,3 +,K'(/!/$% 

7,1 +14'&1,'&)19 &14',1 ".%'+)9+1#? )1 41A$ #,:0$)*$#2'3 "$&#(( %12$,1 

<=J;. O14',1 A12&$%+9+1 A)1)(9 E+$-$),'" ,$'&(( &1#%&$0$+$)(3; A12')'" #'/&1)$-

)(9; %&()G(%'" ( ,$/)'+'!(3 (-(,1G('))'!' -'0$+(&'"1)(9.   2180'- (A "1&(1),'" 

:21A."1+(#? *(#+' 21)1+'" n ('0() (+( 0"1) ( ,(% &1#%&$0$+$)(9 0+(,$+?)'#,( '4#+:-

8("1)(9. J'#,1"+$)).$ 4&(!10'3 IJU 0+9 (),$&"1+'" -$80: A19"21-( ( 0+(,$+?)'-

#,$3 '4#+:8("1)(9 «%&(#,$!("1+(#?» 2 !+1")'3 K'&,&1)-%&'!&1--$, 2','&19 " '#)'"-

)'- #'#,'9+1 (A ".A'"'" %&'G$0:& <=J;1. H-(,1G('))19 -'0$+? 0'#,1"+9+1 &1#%&$-

0$+$)($ *(#+1 A19"'2 " #(#,$-$ ( -'-$),. &1#%&$0$+$)(9 '8(01)(9 )1*1+1 '4#+:8(-

"1)(9. 

=4#:801"B($#9 ".B$ 2'+(*$#,"$)).$ #+$0#,"(9 (A A12')'" #'/&1)$)(9 ,$#,(-

&'"1+(#? %'#&$0#,"'- 'G$)2( )$"9A'2 +$"'3 ( %&1"'3 *1#,$3 #'',"$,#,":FC(/ D'&-:+. 

>12') #'/&1)$)(9 #,1G(')1&)'3 '*$&$0( %&'"$&9+#9 0+9 ,&$/ -'-$),'" &1#%&$0$+$)(3 

" 0":/ "1&(1),1/: 0+9 '*$&$0( ( 0+9 #(#,$-. " G$+'- (0+9 -)'!'21)1+?)'3 #(#,$-. 

",'&'3 "1&(1), #%&1"$0+(" ,'+?2' " #+:*1$ &$!:+9&)'!' '4#+:8("1)(9). M(8$ %&("$-

0$)1 #/$-1 "A1(-'0$3#,"(9 %&'!&1--)./ -'0:+$3 ( '4-$)1 ()D'&-1G($3 -$80: )(-(. 
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=G$)("1+'#? %'"$0$)($ )$"9A'2 %&( :"$+(*$)(( 2'+(*$#,"1 (#%.,1)(3 ( %'&90-

21 'G$)("1$-./ -'-$),'".  

 .%'+)$)($ &14',. ( A1C(,1 ',*$,'" %' )$3, 1 ,128$ &1A&14',21 #/$- ".B$%$-

&$*(#+$))./ )$,&("(1+?)./ -'0$+$3 A1-$,)' #%'#'4#,"'"1+( %')(-1)(F %&$0-$,1 ( 
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