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567869:;<  6 =>?; &@99>8AB6 &86:<=6< 8>C>:6D 9E< 

&E;:68@F;:6< &>8>F@G@B  >=6 ;F=@G;&8;F@H:IJ  =;:K6D 

B. ;. ;"+!/,3, >. ?.  (L'M0$/(, ;. ;.  "3,'#,3, >. N.  .,1$O, @. &. ;"+!/,3( 

(>"()!'$/PQ'0) 

 !"#$%&'"#$( )(%('&*&+ *"+!,-"(./0 ' /&/."'!(#$$ %"/)$/"#$0 $ 1%"2$+&' )(-

%('&*&+ #" &/#&'( /$/.(3".$*"4$$ *"+!,-(##56 7&1&'&%&', )&7"##56 *"0'&+, $*8-(#$0 

1%8*&)&.&+&'.  &/!(7#(( )%(7)&!"1"(. "#"!$* 1%8*&)(%('&*&+ *" &)%(7(!(##59 )(%$&7 

'%(3(#$, +"+ #" &.7(!:#56 3"%;%8."6, ."+ $ #" '/(9 3"%;%8.#&9 /(.$. <=/!(7&'"#$( 

1%8*&)&.&+&' 3&>(. =5.: /)!&;#53 $ '5=&%&-#53.  

?)!&;#&( &=/!(7&'"#$( &/8@(/.'!0(./0 &7#&'%(3(##& #" '/(6 3"%;%8."6, '5-

=&%&-#&( – #" &.7(!:#56 3"%;%8."6. A(.&75 )&!8-(#$0 7"##56 & 1%8*&)&.&+"6 )&7-

%"*7(!0,./0 #" &.-(.#&-/.".$/.$-(/+$( $ #".8%#5(. </#&'#53 >( 0'!0(./0 &.-(.#&-

/.".$/.$-(/+$9 3(.&7, +&.&%59 )%$3(#0(./0 )%$ "#"!$*( 7"##56 & )%$=5!$ &. )(%(-

'&*+$ 1%8*&' #" 3"%;%8."6 $ 3"//5 )(%('(*(##56 1%8*&'. B".8%#&( &=/!(7&'"#$( )%&-

'&7$./0 "#+(.#53 $!$ /-(.#&-."=!$-#53 3(.&7&3. 

 &!8-(##59 ' %(*8!:.".( &=/!(7&'"#$9 1%8*&)&.&+&' 3".(%$"! /!8>$. &/#&'"-

#$(3 7!0 +&%%(+.$%&'+$ 3"%;%8.#&9 /6(35 $ %"/)$/"#$0  (1%"2$+") 7'$>(#$0. 

C"/)$/"#$0 $ 1%"2$+$ 7&!>#5 &=(/)(-$.:: 

3 87&'!(.'&%(#$( )&.%(=#&/.(9 #"$=&!:;(1& -$/!" *"+"*-$+&' )(%('&*&+;  

3 3"+/$3"!:#&( $/)&!:*&'"#$( '3(/.$3&/.$ .%"#/)&%.#56 /%(7/.' )& 8/."#&'-

!(##53 #&%3"3; 

3 3$#$3$*"4$, *".%". '%(3(#$ #" )(%('&*+8; 

3 %(18!0%#&/.: )(%('&*&+; 

3 D22(+.$'#&/.: $/)&!:*&'"#$0 .%"#/)&%.#56 /%(7/.'; 

3 '*"$3&/'0*: / 1%"2$+"3$ $ %"/)$/"#$03$ 7%81$6 '$7&' .%"#/)&%.#56 

/%(7/.'; 

3 3$#$3$*"4$, )&%&>#$6 )%&=(1&' .%"#/)&%.#56 /%(7/.'. 

@P4,' +QR!+)3QSR$T .!),2,3 3 +L!'! -1(/$',3(/$% $ Q-'(31!/$% -!'!-
3,4"(.$ 

<%1"#$*"4$0 /$/.(35 )(%('&*&+ – /!&>#"0 *"7"-", +&.&%"0 2"+.$-(/+$ /'&7$./0 

+ 7&!1&/%&-#&38 $ +%".+&/%&-#&38 )!"#$%&'"#$, (' -"/.#&/.$, /&/."'!(#$, %"/)$/"-

#$9) )(%('&*&+, " ."+>( &)(%".$'#&38 8)%"'!(#$, .%"#/)&%.#53$ /%(7/.'"3$. E%(=&-

'"#$0 + 8)%"'!(#$, 3&18. '57'$1".:/0 /&'(%;(##& %"*#5(, #")%$3(%: 3"+/$3$*"4$0 

&=FG3" )(%('&*&+, 3$#$3$*"4$0 $6 /.&$3&/.$, '(%&0.#&/.: '56&7" /.&$3&/.$ )(%('&-

*&+ *" %"3+$ =,7>(.". <7#"+&, #(*"'$/$3& &. .%(=&'"#$9, "#"!$.$-(/+&1& %(;(#$0 7!0 

*"7"-$ /&/."'!(#$0 %"/)$/"#$0 #( /8@(/.'8(.. 

H7(+'".#53$ 3".(3".$-(/+$3$ 3&7(!03$ =&!:;$#/.'" *"7"- &).$3"!:#&1& 

)!"#$%&'"#$0 )(%('&*&+ 3&18. /!8>$.: /&&.'(./.'8,@$( *"7"-$ !$#(9#&1& )%&1%"3-

3$%&'"#$0 .%"#/)&%.#&1& .$)", 7!0 %(;(#$0 +&.&%56 ' #"/.&0@(( '%(30 $3(,./0 8#$-

'(%/"!:#5( 3(.&75 – ' )(%'8, &-(%(7: /$3)!(+/-3(.&7 $ (1& '"%$"#.5, 8-$.5'",@$( 

/)(4$2$+8 *"7"- ."+&1& .$)" (%"*!$-#5( 8/!&>#(##5( $ '$7&$*3(#(##5( )&/."#&'+$ 

.%"#/)&%.#&9 *"7"-$). B& !$#(9#5( 3(.&75 )&*'&!0,. %(;$.: *"7"-8 /&/."'!(#$0 

%"/)$/"#$0 !$;: -"/.$-#&, " $3(##& – %"/)%(7(!$.: *"+"*5, )&/.8)",@$( &. "'.&*"-

)%"'&-#&9 /."#4$$ (HI?), )& )&/."'@$+"3, ' .& '%(30 +"+ *"7"-$ %"/)%(7(!(#$0 *"+"-

*&' )& =(#*&'&*"3 $ &)%(7(!(#$( )&/!(7&'".(!:#&/.$ $6 '5)&!#(#$0 $ '%(3(##56 %"-

3&+ .%(=8,. $#56  3(.&7&' %(;(#$0.  

J7$#/.'(##53 /)&/&=&3 %(;(#$0 *"7"- /&/."'!(#$0 %"/)$/"#$9 0'!0(./0 )%$-

3(#(#$( /$/.(3 )&77(%>+$ )%$#0.$0 %(;(#$9 (?  C) #" &/#&'( &).$3$*$%8,@$6 
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$3$."4$&##56 3&7(!(9, +&.&%5( )&*'&!0,. )&!8-$.: #"$=&!(( .&-#59 %(*8!:.".. E"-

+$( 3&7(!$ 7",. '&*3&>#&/.: «)%&$1%".:» %"*!$-#5( /6(35 8)%"'!(#$0 )"%+&3 / 8-G-

.&3 .(+8@(9 7$/!&+"4$$, )%&"#"!$*$%&'".: %"*!$-#5( '"%$"#.5 %"*'$.$0 /&=5.$9 $ 

'5=%".: #"$=&!(( D22(+.$'#&( %(;(#$( #" *"7"##59 3&3(#. '%(3(#$. 

@P4,' -',0'(../MT (/(1,0,3 3 +L!'! Q-'(31!/$% -!'!3,4"(.$ 

?$/.(3" 8)%"'!(#$0 .%"#/)&%.&3 (TMS) ' /&/."'( )%&1%"33#&1& +&3)!(+/" 7!0 

)%&(+.$%&'"#$0 !&1$/.$-(/+$6 /(.(9 '+!,-"(. )&7/$/.(35 8)%"'!(#$0 *"+"*"3$, 

8)%"'!(#$0 %(/8%/"3$, )!"#$%&'"#$0 )(%('&*&+, 7$/)(.-(%$*"4$$, '5)&!#(#$0 )(%('&-

*&+, 8)%"'!(#$0 )&/."'@$+"3$ 8/!81, 3&=$!:#&9 &=%"=&.+$ 7"##56, 8)%"'!(#$0 "'.&-

)"%+&3, 8)%"'!(#$0 2%"6.&3, 3&#$.&%$#1" &/#&'#56 )&+"*".(!(9 )%&4(//&' '  !&1$-

/.$-(/+&9 /(.$. 

K&3)!(+/ $3$."4$&##56 3&7(!(9 7!0 *"7"- 8)%"'!(#$0 )"%+&3 .(6#$+$ $ )(%(-

'&*+"3$, %("!$*&'"##56 ' /%(7( $3$."4$&##&1& 3&7(!$%&'"#$0 AnyLogic 

 !"#$%& "TopLogistic" ()%&1%"33" .%"#/)&%.#&9 !&1$/.$+$) – (7$#/.'(##59 ' 

C&//$$ "+&%&=&-#59 )%&78+.", )%(7#"*#"-(##59 7!0 %(;(#$0 *"7"- .%"#/)&%.#&9 !&-

1$/.$+$. <#" )&*'&!0(. &).$3$*$%&'".: 7(0.(!:#&/.: )& 7&/."'+( 1%8*&' ' +%8)#&3 

1&%&7( $!$ %(1$&#(, &/8@(/.'!0.: )!"#$%&'"#$(, 8-(. $ +&#.%&!: )%&4(//&', /'0*"#-

#56 / &.1%8*+&9 $ 7&/."'+&9, /&+%".$.: $*7(%>+$ #" 7&/."'+8, )&'5/$.: +"-(/.'& &=-

/!8>$'"#$0 +!$(#.&', &=(/)(-$.: #"7(>#&/.: %"=&.5 '/(1& !&1$/.$-(/+&1& +&3)!(+/". 

?$/.(3" &=(/)(-$'"(.: 

  "'.&3".$*"4$, %"=&. )& %"/)%(7(!(#$, *"+"*&' )& "'.&3&=$!03; 

  "'.&3".$*$%&'"##59 %"/-(. 3"%;%8.&' 7&/."'+$ *"+"*&'; 

  '$*8"!$*"4$, "7%(/&' $ 3"%;%8.&' 7&/."'+$ #" D!(+.%&##&9 +"%.(; 

  2&%3$%&'"#$( D22(+.$'#&1& )&%07+" &=F(*7" .&-(+ 7&/."'+$ / '&*3&>#&/.:, 

(1& $*3(#(#$0. 

 (%(-$/!(##5( 3(.&75  $ +&3)!(+/5 )%&1%"33 &=!"7",. %07&3 #(7&/.".+&', 

+&.&%5( &1%"#$-$'",. $!$ $/+!,-",. '&*3&>#&/.: $6 )%$3(#(#$0 )%$ %(;(#$$ *"7"-

-$ )%&(+.$%&'"#$0 /$/.(35 8)%"'!(#$0 )(%('&*+"3$ 7!0 /(.$ HI?, ' /$!8 %07" 7&)&!-

#$.(!:#56 8/!&'$9 $ &1%"#$-(#$9, 7(9/.'8,@$6 .&!:+& 7!0 7"##&9 )%(73(.#&9 &=-

!"/.$: 

1.  (%('&*+" .&)!$'" 3&>(. )%&$*'&7$.:/0 .&!:+& 7$/+%(.#53$ )&%4$03$, 

+%".#53$ '3(/.$3&/.$ /(+4$9 +">7&1& +&#+%(.#&1& =(#*&'&*". 

2.  %$ 7&/."'+( .&)!$'" .%(=8(./0 $/+!,-$.: /$.8"4$, &>$7"#$0 ' .&3 /!8-"(, 

+&17" +&!$-(/.'& .&)!$'" #" =&%.8 =(#*&'&*" &+"*5'"(./0 =&!:;(, -(3 /'&=&7#"0 (3-

+&/.: HI?. 

3.  %$ 7&/."'+( .&)!$'" .%(=8(./0 $/+!,-$.: /$.8"4$, )%&/.&0 HI? ' .&3 /!8-

-"(, +&17" #( 87"(./0 /'&('%(3(##& 7&/."'$.: .&)!$'&. 

&,+)(/,3"( 4(2(*$ /( '(4'(P,)"Q  &&8 

<=@"0 *"7"-" )%&(+.$%&'"#$0 ?  C *"+!,-"(./0 ' &)%(7(!(#$$ #" '%(3(##&3 

$#.(%'"!( !t = [T#, T+] (17( T# – #"-"!& %"=&-(9 /3(#5, T+ – &+&#-"#$( %"=&-(9 /3(#5) 

3#&>(/.'" /.%8+.8% '$7" Si = <Mi, 'i, (i>  (17(  Mi – 3"%;%8. i-9 )(%('&*+$, 'i – =(#*&-

'&*, &/8@(/.'!0,@$9 i-, )(%('&*+8, (i – /%&+$ #"-"!" $ &+&#-"#$0 '5)&!#(#$0 i-9 )(-

%('&*+$), D22(+.$'#56 )& +%$.(%$, /833"%#56 %"/6&7&' #" i-, )(%('&*+8  i = LCij. 

Ci1 – /.&$3&/.: )(%('&*+$ .&)!$'" )& 3"%;%8.8 Mi; Ci2 – '(!$-$#" 8)8@(##&9 )%$=5!$ 

'& '%(30 7&*")%"'+$  (3+&/.$ HI? .&)!$'&3; Ci3 – %"/6&75 .&)!$'" =(#*&'&*" 'i $ 7%8-

1$( %"/6&75 )%$ &/8@(/.'!(#$$ i-9 )(%('&*+$. 
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A(.&7&!&1$0 '+!,-"(. ' /(=0 '*"$3&8'0*"##5( )&/."#&'+$ *"7"-, 3(.&75, 3&-

7(!$, "!1&%$.35, /&/."'!0,@$( .(&%(.$-(/+$( &/#&'5 )&/.%&(#$0 /$/.(35 8)%"'!(#$0 

)(%('&*+"3$ (%$/. 1). 

 

 

 

8$+. 1.  )'Q")Q'( U)(-,3 '!V!/$% 4(2(*$ '(#$,/(1W/,0, -,+)',!/$% )'(/+-,')/,-

'(+-'!2!1$)!1W/,O +$+)!.M -'!2-'$%)$% 

A(.&7&!&1$0 ="*$%8(./0 #" $/)&!:*&'"#$$ D!(3(#.&' .(&%$$ !$#(9#&1& )%&-

1%"33$%&'"#$0, .(&%$$ /&/."'!(#$0 %"/)$/"#$9, .(&%$$ %(!04$&##56 ="* 7"##56, ")-

)"%"." $3$."4$&##&1& 3&7(!$%&'"#$0 

M!0 %(;(#$0 *"7"-$ &).$3$*"4$$ .%"#/)&%.#&-%"/)%(7(!$.(!:#&9 /$/.(35 

)%(7!"1"(./0 3(.&7 )&/!(7&'".(!:#&1& 8!8-;(#$0 $/6&7#&9 /6(35 )(%('&*&+, +&.&%59 

&/#&'"# #" $/)&!:*&'"#$$ .(&%$$ !$#(9#&1& )%&1%"33$%&'"#$0, " ."+>( $3$."4$&#-

#&9 3&7(!$ %"=&.5 =(#*&'&*&'. A(.&7 /&/.&$. $* /!(78,@$6 D.")&': 

1. N(#(%"4$0 $#2&%3"4$&##56 /.%8+.8%, /&&.'(./.'8,@$6 *"+"*"3 &.  HI?, #" 

&/#&'"#$$ $#2&%3"4$$ & .(+8@(3 /&/.&0#$$ (3+&/.(9 HI?. 

2. <)%(7(!(#$( 7!0 +">7&1& *"+"*" )&/."'@$+" (#(2.(="*5) $ 3"%;%8." )&/."'+$. 

3. B"*#"-(#$( #" +">759 *"+"* =(#*&'&*" $ &)%(7(!(#$( /%&+&' $/)&!#(#$0. 

4. C8-#"0 +&%%(+.$%&'+" )!"#"-1%"2$+" D+/)(%.&3. 

5.  %&'(%+" $ +&%%(+.$%&'+" )!"#"-1%"2$+" #" $3$."4$&##&9 3&7(!$. 

 (%'59 D.") *"+!,-"(./0 ' )&71&.&'+( /.%8+.8% 7"##56 )& .(+8@$3 *"+"*"3, 

)&/.8)$';$3 &.  HI? ' .&3 2&%3".(, +&.&%59 .%(=8(./0 7!0 %("!$*"4$$ )&/!(78,@$6 

D.")&'. N(#(%"4$0 *"+"*&' &/8@(/.'!0(./0 #" &/#&'( $#2&%3"4$$ & .(+8@$6 &/.".+"6 

.&)!$'" ' (3+&/.06 HI?.  
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B" '.&%&3 D.")( '5=$%",./0 )&/."'@$+$ 7!0 *"+"*&'.  %$ )&3&@$ 3&7$2$4$-

%&'"##&1& .%"#/)&%.#&1& "!1&%$.3" )&7=$%"(./0 )&/."'@$+ #(2.()%&78+.&' 7!0 +">-

7&1& *"+"*".  

E%(.$9 D.") )%(78/3".%$'"(. %"*%"=&.+8 %"/)$/"#$0 )(%('&*&+ 7!0 +">7&1& 

=(#*&'&*". B" 7"##&3 D.")( 7!0 +">7&1& *"+"*" &)%(7(!0(./0 $/)&!#$.(!: (=(#*&'&*) $ 

'%(30 '5)&!#(#$0 ."+$3 &=%"*&3, -.&=5 3$#$3$*$%&'".: %"/6&75 #" )(%('&*+8 $ &=F-

(35 8)8@(##&9 )%$=5!$. O(!:, 7"##&1& D.")" 0'!0(./0 )&!8-(#$( )!"#"-1%"2$+" %"-

=&. +">7&1& =(#*&'&*" ' .(-(#$( %"=&-(9 /3(#5. 

P(.'(%.59 D.") %(;"(. *"7"-8 )%&'(%+$ )!"#"-1%"2$+" D+/)(%.&3 (/)(4$"!$-

/.&3 )& !&1$/.$+() #" (1& '5)&!#$3&/.:, +&%%(+.#&/.: $ %("!$*8(3&/.:, " ."+>( %"*-

%(;(#$( /!&>#56 /$.8"4$9 (/)&%#56 / .&-+$ *%(#$0 "!1&%$.3$-(/+&9 &=%"=&.+$) %"/-

)%(7(!(#$0 *"+"*&' )& =(#*&'&*"3 ' %8-#&3 %(>$3(. 

B" )0.&3 D.")( )!"#-1%"2$+ 8.&-#0(./0 ' %(*8!:.".( (1& )%&$1%5'"#$0 ' 6&7( 

$3$."4$&##&1& D+/)(%$3(#.". 

E"+$3 &=%"*&3, )%(7!&>(##59 3(.&7 /&'3(@(##&1& %"/)%(7(!(#$0 *"+"*&' )& 

)&/."'@$+"3 $ =(#*&'&*"3 )&*'&!0(. +&3)!(+/#& %(;".: *"7"-8 )&/.%&(#$0 D22(+.$'-

#&9 .%"#/)&%.#&-%"/)%(7(!$.(!:#&9 /$/.(35 )%(7)%$0.$0. A(.&7 ."+>( &=(/)(-$'"(. 

'&*3&>#&/.: '5=&%" $ &4(#+$ #"$=&!(( )%$(3!(356 ' .(+8@(9 /$.8"4$$ '"%$"#.&' 

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

)%&1#&*&' $*3(#(#$9 /6(35 )&/."'&+ ' /!8-"( '&*#$+#&'(#$0 #()%(7'$7(##56 (2&%/-

3">&%#56) /$.8"4$9 ' /$/.(3(. 

&',0'(../(% '!(1$4(#$%  &&8 

?$/.(3" )&77(%>+$ )%$#0.$0 %(;(#$9 %("!$*&'"#" #" ="*( $#.(1%$%&'"##&1& 

)%&1%"33#&1& +&3)!(+/" BPsim.DSS [1], )%(7#"*#"-(##&1& 7!0 3&7(!$%&'"#$0 &%1"#$-

*"4$&##&-.(6#$-(/+$6 /$/.(3.  

?$/.(3" /&/.&$. $* /!(78,@$6 &/#&'#56 28#+4$&#"!:#56 3&78!(9: 

– )&7/$/.(3" .(6#$+&-D+&#&3$-(/+&1& )%&(+.$%&'"#$0 «Expert System»; 

– )&7/$/.(3" $3$."4$&##&1& 3&7(!$%&'"#$0 «Simulation System»; 

– )&7/$/.(3" $#.(1%"4$$ / '#(;#$3$ $/.&-#$+"3$ 7"##56. 

H%6$.(+.8%" )%&1%"33#&1& +&3)!(+/" BPsim.DSS, )&/.%&(#" #" )%$#4$)"6 

.%(68%&'#('&9 $(%"%6$-(/+&9 "%6$.(+.8%5 InterRaP [2].  

&'$.!/!/$!  &&8 

Q #"/.&0@$9 3&3(#. ?  C #"6&7$./0 ' /."7$$ %"*%"=&.+$. N&.&'8, ?  C )!"-

#$%8(./0 '#(7%$.: ' &.7(! !&1$/.$+$ ?'(%7!&'/+&9 +&3)"#$$ )& &=(/)(-(#$, #(2.(-

)%&78+."3$ IH< «?K<B». ?(.: 7"##&1& )%(7)%$0.$0 /&/.&$. $* 24 HI?. </#&'#5( 

)"%"3(.%5 3&7(!$:  

1. K&!$-(/.'& 8*!&' – 179 (' .&3 -$/!( 59 &)(%"4$9; 120 $#.(!!(+.8"!:#56 "1(#-

.&'). <=@(( +&!$-(/.'& )%"'$! "1(#.&' 941. 

2. K&!$-(/.'& %(/8%/&' – 703. 

3. K&!$-(/.'& 7$#"3$-(/+$6 *"0'&+: 12 =(#*&'&*&', 22 *"0'+$ #" %"*'&* ()%$ $3$-

."4$$ ' .(-(#$( "/8.&+"). 

M!0 )&'5;(#$0 =5/.%&7(9/.'$0 3&7(!(9, '+!,-",@$6 ' /(=0 $#.(!!(+.8"!:-

#56 "1(#.&' (RH), =5!& ''(7(#& %"*7(!(#$( #" 7'" '$7" )%"'$! )%&78+4$&##&9 ="*5 

*#"#$9: 1) )%"'$!" «1!&="!:#&1& 8/!&'$0» $ 2) «&=5-#5(» )%"'$!". J/!$ ' RH )%$/8.-

/.'8,. &=" '$7" )%"'$!, .& ' )(%'8, &-(%(7: )%&'(%0,./0 )%"'$!" «1!&="!:#&1& 8/!&-

'$0», $ ' /!8-"( '5)&!#(#$0 &7#&1& $* 7"##56 )%"'$! #"-$#"(./0 )%&/3&.% SI, /&7(%-

>"@(9 &=5-#5( )%"'$!" RH. J/!$ ' SI &)%(7(!(##&1& RH &./8./.'8,. )%"'$!" «1!&-

="!:#&1& 8/!&'$0», .& )&$/+ )%&$/6&7$. )& '/(9 SI, /&7(%>"@(9 «&=5-#5(» )%"'$!". 
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S5! )%&'(7(# D+/)(%$3(#., )& &4(#+( /+&%&/.$ %"=&.5 "!1&%$.3" / 3&7(!:,, 

8/&'(%;(#/.'&'"##&9 )%"'$!"3$ «1!&="!:#&1& 8/!&'$0», $ /."%53 "!1&%$.3&3 

(%$/. 2). Q %(*8!:.".( %"*7(!(#$0 .$)&' )%"'$! $ /&'(%;(#/.'&'"#$0 "!1&%$.3" 7&=$-

!$/: 8/+&%(#$0 %"=&.5 3&7(!$ ' /%(7#(3 ' 5 %"*. 
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