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567&89:;<=>?  @ :;7> &6AA;<B5@  &<@=?:@? <;C;=@D E 

5=@B=67 F@G=; ; 

7. >. F!1%!3(, 6. 5. FH'1%!3( (7,+"3() 

7,2!1$',3(/$! I$4/!+--',#!++,3 –  !"  ##$%!&'("$ )*$+)!'" ,"&)%- ,.!$/ 

",!&0&1-2&& +$3!$45(")!& %"0,-(&&, ,"1'"4367$$ ",*$+$4&!5, %-% %"0,-(&3 *-8"!-$! 

' 2$4"0 & %-% "*9-(&1"'-(- +$3!$45(")!5 (- %-:+"0 *-8";$0 0$)!$. <"+ 0$!"+"4"9&$/ 

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

)"8"', ,*& ,"0"7& %"!"*=> "8?$%!= *$-45("9" 0&*- & )'31& 0$:+. (&0& ,*$+)!-'43-

6!)3 ' '&+$ 0"+$4&. @43 %-:+"9" "8?$%!- & )'31$/ >-*-%!$*(= *3+ ,-*-0$!*"', 

&4& -!*&8.!"', "!*-:-67&> ",*$+A4$((=$ >-*-%!$*&)!&%& *$-45("9" "8?$%!-. B)$ 

0("9""8*-1&$ 0$!"+"' 0"+$4&*"'-(&3 & ,*"9*-00(=> ,*"+.%!"' +43 &> *$-4&1-2&& 

+-$! '"10":(")!5 )"1+-'-!5 %"0,4$%)  0"+$4$/, )")!-'4367&> ")("'. %"0,56!$*(=> 

)&)!$0 ,"++$*:%& ,*&(3!&3 *$C$(&/ ' !"/ &4& &("/ )#$*$ +$3!$45(")!& & )"'*$0$(-

("9" 8&1($)-.  

D!*.%!.*("-#.(%2&"(-45("$, &0&!-2&"(("$ 0"+$4&*"'-(&$, )!*.%!.*("-

,-*-0$!*&;$)%"$ 0"+$4&*"'-(&$ & &()!*.0$(!-45(=$ 0$!"+= ,"4":$(= ' ")("'.  )"1-

+-(&3 )&)!$0 ,"++$*:%& ,*&(3!&3 *$C$(&/ (*&).("%). 

F$4/!+-.,2!1J –  !" #"*0-4&1"'-(("$ (9*-#&;$)%"$, !-84&;("$, !$%)!"'"$, 

)&0'"45("$) ",&)-(&$ 8&1($)-,*"2$))"'. 

E$4& 0"+$4&*"'-(&3 8&1($)-,*"2$))"' ," &1+-(&6 & *$-4&1-2&&  %(&:("/ ,*"-

+.%2&& #"*0.4&*.6!)3 )4$+.67&0 "8*-1"0: "8$),$;&!5 ,"(&0-(&$ )!*.%!.*= "*9--

(&1-2&& & ,*"&)>"+37&>  ,*"2$))"', - !-%:$ !$%.7&> ,*"84$0 "*9-(&1-2&& & '"10":-

(")!$/ &> *$C$(&3; .8$+&!5)3, ;!" 1-%-1;&%&, ,"451"'-!$4& & *-1*-8"!;&%& "+&(-%"'" 

,"(&0-6! 2$4& & 1-+-;& "*9-(&1-2&&; )"1+-!5 8-1.  +43 #"*0&*"'-(&3 !*$8"'-(&/ % 

<F, -'!"0-!&1&*.67$0. 8&1($)-,*"2$))= "*9-(&1-2&&. 

@43 *-1*-8"!%& 0"+$4$/ 8&1($)-,*"2$))"' 8=4- &),"451"'-(- 0$!"+"4"9&3 

)!*.%!.*("-#.(%2&"(-45("9" 0"+$4&*"'-(&3 & *$-4&1"'-(- ' ,*"9*-00(=> ,*"+.%!-> 

BPwin & ARIS [1, 2].  G()!*.0$(!-45(-3 )*$+-  ARIS ,"1'"43$!:  )"%*-!&!5 )*"%& ,*"-

$%!"', ,"'=)&!5 &> %-;$)!'",  ##$%!&'(" .,*-'43!5 &10$($(&30&; 0"+$4&*"'-!5 8&1-

($)-,*"2$))=, &),"451.3 0"+$4&, ",&)='-67&$ )-0=$ *-14&;(=$ -),$%!= 8&1($)-: 

,*"2$))=, #.(%2&&, &),"4(&!$4&, +"%.0$(!=, 0-!$*&-4=, )!"&0")!&, *&)%& & !.+.; 

#"*0&*"'-!5 )'31& 8&1($)-,*"2$))"' ) )&)!$0"/ )!*-!$9&;$)%&> 2$4$/ %"0,-(&&;  ,*"-

'"+&!5 *-);$! )!"&0")!& 8&1($)-,*"2$))"' & 0"+$4&*"'-!5 &> *-8"!. ' +&(-0&%$; ,"-

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

)!(=$ &()!*.%2&&, *$94-0$(!=, ,"4":$(&3 " ,"+*-1+$4$(&3> & !.+.); *-8"!-!5 ) $+&("/ 

8-1"/ +-((=> & >*-(&!5 &(#"*0-2&6 " +$3!$45(")!& ,*$+,*&3!&3 "' "+("0 0$)!$"; 

,.84&%"'-!5 0"+$4& ' G(!$*($!$ ) 2$456 "*9-(&1-2&& %"44$%!&'("/ *-8"!= ," )"1+--

(&6, &10$($(&30 & ,"++$*:%$ 0"+$4$/; (-)!*-&'-!5 8&1($)-,*"2$))= ,"+ '($+*$(&$ 

SAP; "2$(&'-!5 & .,*-'43!5 ",$*-2&"((=0& *&)%-0&; ",*$+$43!5  ##$%!&'(")!5 8&1-

($)-,*"2$))"' & )"1+-'-!5 )&)!$0. .,*-'4$(&3 %-;$)!'"0.  

G1+-!$45)%-3 +$3!$45(")!5 )")!"&! &1 #.(%2&"(&*"'-(&3 ")("'(=> "!+$4"' & 

'),"0"9-!$45(=> "!+$4"'. H$!"+"4"9&3, 1-4":$((-3 ' ,*"9*-00(=> ,*"+.%!-> BPwin 

& ARIS ,"1'"43$! )!*.%!.*&*"'-!5 +$3!$45(")!5 (- #.(%2&& & ,"+#.(%2&& ')$> ,"+-

*-1+$4$(&/ & "!+$4"' &1+-!$45)!'-.  @$3!$45(")!5 ")("'(=> "!+$4"' )")!"&! &1 +$3-

!$45(")!& *$+-%2&"(("9" "!+$4-, !&,"9*-#&& & *$-4&1-2&&. @$3!$45(")!5 '),"0"9--

!$45(=> "!+$4"' )")!"&! &1 #&(-()"'"/ +$3!$45(")!&, 6*&+&;$)%"/ +$3!$45(")!& & 

+$3!$45(")!& -+0&(&)!*-!&'("->"13/)!'$(("/ ;-)!&. @$3!$45(")!5 *$+-%2&"(("9" "!-

+$4- 0":(" ,*$+)!-'&!5 ' '&+$ +$3!$45(")!& (-8"*("9" "!+$4-, +$3!$45(")!& *$+-%-
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!"*)%"9" "!+$4-, >.+":$)!'$(("9" "#"*04$(&3 & +",$;-!("/ ,"+9"!"'%&. @$3!$45(")!5 

!&,"9*-#&& 0":(" ,*$+)!-'&!5 %-% +$3!$45(")!5 ,$;-!("9" "!+$4- & "!+$4- ,")4$,$-

;-!("/ "8*-8"!%&. I$-4&1-2&3 ,*$+)!-'4$(- ' '&+$ +$3!$45(")!& *$%4-0("9" "!+$4-, 

!*-(),"*!&*"'%& & 1-%46;$(&3 +"9"'"*"'. J.(%2&&  (-8"*("9" "!+$4- '%46;-6! ' )$-

83 (-8"* !$%)!-. J.(%2&& *$+-%!"*)%"9" "!+$4- '%46;-$! ' )$83 ,"+9"!"'%. !$%)!-, $9" 

,*"'$*%. & *$+-%!&*"'-(&$. K.+":$)!'$(("$ "#"*04$(&$ '%46;-$! ' )$83 9*-#&;$)%"$ 

"#"*04$(&$, ,*"'$*%. 94-'(=0 >.+":(&%"0 & ,$*$"#"*04$(&$. @",$;-!(-3 ,"+9"!"'-

%- '%46;-$! ' )$83 &19"!"'4$(&$  4$%!*"(("9" 0-%$!- &1+$4&3, '($)$(&$ ($"8>"+&0=> 

%"**$%2&/ ' 0-%$!, &19"!"'4$(&$ 2'$!",*"8=, &19"!"'4$(&$ #"!"#"*0, &19"!"'4$(&$ 

,$;-!(=> #"*0. J.(%2&&  ,$;-!("9" "!+$4- '%46;-6! ' )$83 (-($)$(&$ %*-)%& (- ,$-

;-!(.6 #"*0., (-*$1%. (")&!$43, ,"+-;. % ,$;-!("/ #"*0$ 8.0-9& &4& &("9" (")&!$43, 

,$*$($)$(&$ ) ,$;-!("/ #"*0= %*-)%& (- 8.0-9., ,*&$0 9"!"'"9" "!!&)%-. <")4$,$;-!-

(-3 "8*-8"!%- '%46;-$! ' )$83 #-452"'%. & 8&9"'%., 4&)!","+8"*%., )%*$,4$(&$, !&)-

($(&$, 4-0&(&*"'-(&$ & 4-%&*"'%-. L&9"'%- – ",$*-2&3 (-($)$(&3 ,*30"4&($/("/ 8"-

*"1+%& (- 4&)! 8.0-9&. M$"8>"+&0- +43 ,")4$+.67$9" )4":$(&3 ," 4&(&& 8.0-9& 

,4"!(")!56 8"4$$ 175 9/0² &4& %-*!"(-. D-0- 8"*"1+%- (")&! (-1'-(&$ – 8&9.  J.(%2&& 

*$%4-0("9" "!+$4- '%46;-6! ' )$83 &19"!"'4$(&$ *$%4-0("/ & ,*"0",*"+.%2&&, *-1-

0$7$(&$ *$%4-0=.  G, (-%"($2, !*-(),"*!&*"'%- '%46;-$! ' )$83 +")!-'%. *-)>"+(=> 

0-!$*&-4"' ' &1+-!$45)!'", "!,*-'%. 9"!"'"/ ,*"+.%2&& (- !";%& ,*"+-:. 

L=4& *-1*-8"!-(= 0"+$4& ' ("!-2&&   IDEF0,  IDEF3, DFD, !-%:$ '  ARIS 8=4& 

*-1*-8"!-(= 0"+$4& ,*$+)!-'4$(&/ «ARIS house»: +$*$'" 2$4$/, +$*$'" ,*"+.%!"' 

('>"+=/'=>"+=), )"8=!&/(-3 2$,";%-, +$*$'" #.(%2&/ & "*9-(&1-2&"((-3 )!*.%!.*-, 

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

#.(%2&/ &1+-!$45)!'-. 

 

 

 

 

 

 

 
   

 

 

 

 

 

<*$+,*&(&0-!$45)%-3 +$3!$45(")!5 ' )#$*$ 8&1($)- &1+-!$45)!'- %(&:("/ ,*"-

+.%2&& +-$! '"10":(")!5: 1-7&!&!5 -'!"*)%&$ ,*-'- (- *.%",&)5; '($)!& '%4-+ ' %"0-

,4$%!-2&6 *"))&/)%"9" 8&84&"!$;("9" #"(+-; ,*& *$-4&1-2&& %(&:("/ ,*"+.%2&& .1-

(-!5 %"00$*;$)%&/ ,"!$(2&-4 %-:+"9" &1 -'!"*"', +-:$ )'"/ 4&;(=/, $)4& &1+-$!)3 

)"8)!'$((-3 %(&9-. 

N*"0$  !-,- ,*"&1'"+)!'- & '=,.)%- %(&:("/ ,*"+.%2&&, '!"*=0  !-,"0 +$3-

!$45(")!& &1+-!$45)%"/ %"0,-(&& 3'43$!)3 $$ *$-4&1-2&3, ,"&)% *=(%- )8=!-, 1-%-1;&-

%"', ,"%.,-!$4$/, 1+$)5 0":(" )"1+-!5 0"+$4& ,*"2$+.*= !"*9- ) &),"451"'-(&$0 

-9$(!(=>  !$>("4"9&/ &0&!-2&"(("9" 0"+$4&*"'-(&3 & *$-4&1"'-!5 &> '  &0&!-2&"(-

(=> )&)!$0->  Simplex 3 &  Any logic. 

N"0,56!$*(-3 )&)!$0- ,"++$*:%& 

,*&(3!&3 ",!&0-45(=>  *$C$(&/ 

D&)!$0- )!*.%!.*("-

#.(%2&"(-45(=> 0"+$4$/  

&1+-!$45)%"/ +$3!$45(")!& 

& %(&:("9" 8&1($)- 

(&()!*.0$(!-45(-3 )*$+- 

BPwin & ARIS ) 

D&)!$0-  )!*.%!.*(" –

,-*-0$!*&;$)%"9"  0"+$-

4&*"'-(&3 &1+-!$45)%"/ 

+$3!$45(")!& & %(&:("9" 

8&1($)-  

(Delphi ) 

D&)!$0- &0&!-2&"((=>  

0"+$4$/  &1+-!$45)%"/ 

+$3!$45(")!& & %(&:("9" 

8&1($)- 

(&0&!-2&"((=$ )&)!$0= 

Simplex 3, Any logic ) 
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G0&!-2&"(("$ 0"+$4&*"'-(&$ 3'43$!)3 "+(&0 &1  ",!&0&1-2&"((=> 0$!"+"'  

,*&(3!&3 *$C$(&/.  <"'$+$(&$ 8"45C"/ -%!&'("/ )&)!$0= ' .)4"'&3> ($",*$+$4$(("-

)!& & %"(#4&%!- ' 8"45C&()!'$ )4.;-$' ($,*$+)%-1.$0" & %"($;("$ $$ )")!"3(&$ ($ 

0":$! 8=!5 ,*"9("1&*.$0" &1 (-;-45("9" -(-4&!&;$)%& &4& ,.!$0 4"9&;$)%"9" -(-4&-

1-. B )'31& )  !&0  +43 &+$(!&#&%-2&& & ,*"9("1&*"'-(&3 *-14&;(=> )&!.-2&/ ' 8"45-

C&> )&)!$0-> 0":(" ,*&0$(&!5 -9$(!("-"*&$(!&*"'-((=$ !$>("4"9&& &0&!-2&& '1-&-

0"+$/)!'&3 -%!&'(=>  4$0$(!"' – &(!$44$%!.-45(=> -9$(!"', &10$(367&> )'"& )'"/-

)!'- & ,"'$+$(&$ ' 1-'&)&0")!& "! )")!"3(&3 +*.9&>  4$0$(!"' & )*$+=. H"+$4& -9$(-

!"', ",&)='-67&$ &> &(+&'&+.-45(=$ >-*-%!$*&)!&%& )")!"3(&3 & ,"'$+$(&3, "8?$+&-

(36!)3 ' 0.45!&-9$(!(.6  &0&!-2&"((.6 0"+$45 -%!&'("/ )&)!$0=. 

I-1*-8-!='-$!)3 0"+$45 ,"'$+$(&3 %-:+"9" &(+&'&+.-45("9" -%!&'("9" -9$(!- ) 

,"1&2&/ &  )!*-!$9&$/  !"*9- & 2$(""8*-1"'-(&3 ' 1-'&)&0")!& "!  )")!"3(&3 *=(%- & 

)!*-!$9&/- ,"1&2&/ ')$> $9" .;-)!(&%"' &4& 0"+$45 ,*"2$+.*= !"*9- )'"+&!)3 4&8" % 

&(!$44$%!.-45(=0 )!*-!$9&30 ,*&(3!&3 *$C$(&3 ," +")!&:$(&6 2$4& ' .)4"'&3> ($-

",*$+$4$((")!& & *&)%-. G0&!-2&"((-3 0"+$45 .;&!='-$! ,"'$+$(&$ -9$(!- & $9" )"-

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

2&&,  2$("'=$ & ($2$("'=$ ,"%-1-!$4&.  H(":$)!'" ,-*-0$!*&;$)%&> ",&)-(&/ -9$(!"' 

)&)!$0-!&1&*.6!)3 ' '&+$ )!*.%!.*("-,-*-0$!*&;$)%"/ 0-!*&;("/ 0"+$4& 0.45!&--

9$(!("/ )&)!$0= ) .,"*3+";&'-(&$0 '+"45 94-'("/ +&-9"(-4& '$%!"*- &10$($(&3 ,--

*-0$!*"' )")!"3(&3 & >-*-%!$*&)!&% )'31$/ 0$:+.  4$0$(!-0& )&)!$0=  & )*$+=. 

J-%!"*=, '4&367&$ (- ,*"2$)) !"*9-, 0":(" )9*.,,&*"'-!5 ," )'"/)!'-0 ' 

)!*.%!.*("- ,-*-0$!*&;$)%.6 0"+$45 )")!"3(&3 )&)!$0=, %"!"*-3 ,"1'"43$! +$!-4&1&-

*"'-!5 ",&)-(&$ ,$*$0$((=> )")!"3(&3 & +&(-0&%& '1-&0"+$/)!'&3 -9$(!"', ' %-;$)!'$ 

-9$(!"' '=)!.,-$! &1+-!$45)%-3 %"0,-(&& & -9$(!=-,"%.,-!$4&, - !-%:$ ",*$+$4&!5 

)!*.%!.*. 0.45!&-9$(!("/ &0&!-2&"(("/ 0"+$4& ' '&+$ 0(":$)!'- '1-&0")'31-((=> 

-9$(!"', "8?$+&($((=> "87&0& & ;-)!(=0& 2$430&. <*"2$+.*- "87$(&3 0$:+. -9$(-

!-0& ,*">"+&! ) ,"0"756 (-,*-'4$((=> )""87$(&/ ' !$%.7&> )"8=!&3>, - &0&!-2&-

"((-3 0.45!&-9$(!(-3 0"+$45 +&(-0&;$)%"/ )&)!$0= 8.+$! '"),*"&1'"+&!5 ,$*$>"+-

(=$ ,*"2$))= *-1'&!&3 )&!.-2&& ,*& *-14&;(=> ,$*$9"'"*(=>, )&!.-2&"((=> & &(!$4-

4$%!.-45(=> )!*-!$9&3> ,*&(3!&3 *$C$(&/ -9$(!-0&  [3, 4].  

O49"*&!0 !"*9- )'"+&!)3 % &(!$*-%!&'("0. "80$(. ,*$+4":$(&30&,  "2$(%$ & 

,$*$+-;$ &(#"*0-2&&  " !$%.7&> &!"9-> ,$*$9"'"*"',  "8.;$(&6  & +&(-0&;$)%"0. (--

%",4$(&6 ("'=> 1(-(&/. <$*$9"'"*(=/ ,*"2$)) 0$:+. -9$(!-0& ").7$)!'43$!)3 ) ,"-

0"756 (-,*-'4$((=> )""87$(&/, %"!"*=$ 0":(" ",&)-!5 '$*8-45(", -9$(!= '=+'&-

9-6! )'"& ,*$+4":$(&3 ," &10$($(&6 )")!"3(&3 )&)!$0= ' (-,*-'4$(&& *-1*$C$(&3 

%"(#4&%!- &4& (->":+$(&3 %"0,*"0&))-. 

<$*$9"'"*(=/ ,*"2$)) ,*$)4$+.$! !*& 2$4&: )!*.%!.*&1-2&6 ,*"84$0=, 9$($*--

2&6 ,"1&2&/ ,$*$9"'"*"', ,"+9"!"'%. ,*$+4":$(&/. @43 ",*$+$4$(&3 %"0,*"0&))- 

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

&4& )"94-)&3 ' '&+$ #.(%2&&, ,"%-1='-67$/ )!$,$(5 ,*&84&:$(&3 !$%.7$9" ,*$+4"-

:$(&3 % :$4-$0"0. ,"4":&!$45("0. &)>"+. ' +",.)!&0"/ "84-)!& 9&8%&> "9*-(&;$-

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

)"94-)(" !"*9.  -9$(! '=8&*-$! ,*$+4":$(&$ ) (-&'=)C$/ "2$(%"/. P)4& )&!.-2&3 

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

0-%)&0&1-2&& 2$("'=> ,*$+4":$(&/, -9$(!-,"%.,-!$45 – % 0&(&0&1-2&& 2$(= !"'-*-, 

!" &)>"+ ,$*$9"'"*("9" ,*"2$))- )'"+&!)3 % %"0,*"0&))("0. *$C$(&6. M- &)>"+ !"*-

9- 0"9.! '4&3!5 ($2$("'=$ #-%!"*=, %*"0$ 2$(= -9$(!--,"%.,-!$43 .)!*-&'-$! ,*$-

)!&: #&*0=, 0-9-1&(-, !$**&!"*&-45("$ *-),"4":$(&$ !"*9"'"/ !";%&, *$%4-0(-3 -%-

2&3 %"0,-(&&, .*"'$(5 "8)4.:&'-(&3 ,*"+-'2-0&. H":(" '"),"451"'-!5)3 -49"*&!-
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0"0, ,*&'$+$((=0 ' *-8"!$ [ 4 ], %"!"*=/ ,*"9*-00(" *$-4&1"'-( ' )*$+$ &0&!-2&"(-

("9" 0"+$4&*"'-(&3 Simplex 3, ) '($C($/ ,*"2$+.*"/ ''"+- +-((=>  ' )*$+$ VBA. 

L=4- !-%:$  *-1*-8"!-(- -9$(!(-3 0"+$45 ' &0&!-2&"(("/ )&)!$0$  Anylogic, ' 

")("'. %"!"*"/ ,"4":$(= ("'=$ ($!*-+&2&"((=$  ,*&(2&,=  ' "84-)!& &0&!-2&"(("-

9" 0"+$4&*"'-(&3. I-1*-8"!-(- -(&0-2&"((-3 0"+$45 ' 3D 9*-#&%$, ' %"!"*"/  ' %-;$-

)!'$ -9$(!"' '=)!.,-4& ,*"+-'2=: &1+-!$45)%-3 %"0,-(&3, ,*"+-'2= %(&:(=> !"*9"-

'=> !";$%, & -9$(!=-,"%.,-!$4&. I$-4&1-2&3 *-1*-8"!-(("/ %"0,56!$*("/ 0.45!&0"-

+$45("/ )&)!$0= *$C-$! )4$+.67&$ 1-+-;&: 

   "2$(%& !$>(&;$)%"9" "8$),$;$(&3 &1+-!$45)!'- & !&,"9*-#&&; 

  "2$(%&  %"("0&;$)%"9" )")!"3(&3 &1+-!$45)!'-; 

  ,*"9("1&*"'-(&3  & ,4-(&*"'-(&3 +">"+"', *-)>"+"' & .8=!%"'; 

  *-);$! ;&)4$((")!& *-8"!(&%"' (- ,*$+,*&3!&& & #"(+-  1-*-8"!("/ ,4-!=; 

  "2$(%& & ,4-(&*"'-(&3 )!*.%!.*= &1+-!$45)!'-; 

  '=3'4$(&3 ,*&"*&!$!(=> (-,*-'4$(&/ *-1'&!&3 &1+-!$45)%"9" 8&1($)-; 

  ,4-(&*"'-(&3 )*$+)!' (- )!*"&!$45)!'", *$0"(! & )"+$*:-(&$ &(#*-)!*.%!.*= 

&1+-!$45)!'-; 

  '=+$4$(&3 ")("'(=> #-%!"*"' *&)%- & ,*"9("1 %*&!&;$)%&> )&!.-2&/; 

  *-);$!-  "8?$0- ,*"+-: 9"!"'"/ ,*"+.%2&&; 

  ",*$+$43!5 0-*%$!&(9"'.6 )&!.-2&6; 

  ,*"'"+&!5 2$("'.6 ,"4&!&%. & .)!-(-'4&'-!5 %"0,*"0&))(=$ 2$(=, .)!*-&-

'-67&$ %-% &1+-!$43, !-% &  ,"%.,-!$43; 

  ",*$+$43!5 ),*") (- %(&:(.6 ,*"+.%2&6 ," $$ -))"*!&0$(!.; 

  '=3'43!5 ,",.43*(=> -'!"*"', ;5& -'!"*)%&$ %(&9& "84-+-6! (-&8"45C$/ ,"-

%.,-!$45)%"/ ),")"8(")!56 & ,"451.6!)3 8"45C&0 ),*")"0.  

Q-%&0  "8*-1"0, %"0,56!$*(-3 )&)!$0- ,"++$*:%& %(&:("9" 8&1($)-, ' ")("'$ 

%"!"*"/ )!*.%!.*("-#.(%2&"(-45(=$, )!*.%!.*("-,-*-0$!*&;$)%&$ & -9$(!(=$ &0&!--

2&"((=$ 0"+$4& 8&1($)-,*"2$))"' +-6! '"10":(")!5 ",!&0&1&*"'-!5 & )"'$*C$()!'"-

'-!5 ,*"2$)) %(&9"&1+-(&3 & %(&9"*-),*")!*-($(&3. N"0,56!$*(-3 0.45!&0"+$45(-3 

)&)!$0- ,*&(3!&3 *$C$(&/ 0":$! )4.:&!5 4&2-0, ,*&(&0-67&0 *$C$(&3 ' )#$*$ 

%(&:("9" 8&1($)-, *.%"'"+&!$430 &1+-!$45)!', 0$($+:$*-0 %"0,-(&/, 1-(&0-67&0)3 

($ !"45%" &1+-!$45)%"/ +$3!$45(")!56, (" & $$ *$-4&1-2&$/, ,*$+,*&(&0-!$430. 

K$)!'()H'( 

1. L!'!./MN  . E. $ 2'. D!*.%!.*(=/ -(-4&1 )&)!$0: IDEF-!$>("4"9&&. H:  J&(-()= 

& )!-!&)!&%-, 2002.  

2. 5(.!//,3( 7., O',.,3 >., P!'(-,/),3 7., C)(.(1Q" >. H"+$4&*"'-(&$ 8&1-

($)-,  2002. 

3. @3(R"$/ 9. >. H.45!&-9$(!("$ &0&!-2&"(("$ 0"+$4&*"'-(&$ 8"45C&> )&)!$0, 

R;$8("$ ,")"8&$. H: HSR<L, 2008, 230 ). 
4. F!1%!3( 7. >. G0&!-2&"(("$ 0"+$4&*"'-(&$ )"2&-45("- %"("0&;$)%&> )&)!$0 

+43 ,"++$*:%& ,*&(3!&3 *$C$(&/ // <&7$'-3 ,*"0=C4$((")!5. 2011. T 4. D. 86–

87. 



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

.,2!1$',3(/$% $ +'!2+)3 (3),.()$4(#$$ .,2!1$',3(/$% 
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@7@:>S@6==>? 76A;K8 :;T=6K6O@L; 5@T &<6S;  6E 

@GO6:6EK;=@? UK;5:<67;T>=@L; 5@T 76AVK;D 

E. A. F,!3, A. 7. <MW$",3 ( (/")-&!)!'IH'0) 

>")H(1J/,+)J 

@43 !"9" ;!"8= "*9-(&1"'-!5 +")!-!";(" )4":("$ ,*"&1'"+)!'"  4$%!*"0$>-(&-

;$)%&> 0"+.4$/ ,*&'"+("9" -9*$9-!- 2$4$)""8*-1(" '(-;-4$ &))4$+"'-!5 $9" (- &0&!--

2&"(("/ 0"+$4& (GH). U!" ,"1'"4&! ",*$+$4&!5 ,"%-1-!$4& %-;$)!'- ,*"&1'"+)!'$(("-

9" ,*"2$))-: 

  )*$+($$ %"4&;$)!'" 9"!"'=> &1+$4&/; 

  )*$+($$ %"4&;$)!'" 8*-%"'-((=> &1+$4&/; 

  )*$+($$ '*$03 &19"!"'4$(&3  4$%!*"0$>-(&;$)%"9" 0"+.43; 

  %" ##&2&$(!= &),"451"'-(&3 *-8";&> 0$)!; 

  %" ##&2&$(! "!(")&!$45("/  ##$%!&'(")!& ,*"&1'"+)!'-.  

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

<*"&1'"+)!'"  4$%!*"0$>-(&;$)%"9" 0"+.43 ,*&'"+("9" -9*$9-!- )")!"&! &1 

42 *-14&;(=> !$>("4"9&;$)%&> ",$*-2&/, - !-%:$ *3+- ,*"'$*"% %-;$)!'- &1+$4&3. 

<*"&1'"+)!'$((=/ ,*"2$)) &0$$! )4$+.67&$ ,-*-0$!*=: 

  %"4&;$)!'" !&,"' %"0,4$%!.67&>; 

  %"4&;$)!'" ,")!.,-67&> %"0,4$%!.67&> *-14&;(=> !&,"'; 

  )*$+(&$ &(!$*'-4= '*$0$(& ,")!.,4$(&3 %"0,4$%!.67&> *-14&;(=> !&,"'; 

  )*$+(&$ &(!$*'-4= '*$0$(& '=,"4($(&3 !$>("4"9&;$)%&> ",$*-2&/ (,*"2$)-

)"'); 

  )*$+(&$ '$*"3!(")!& .),$C("9" ,*">":+$(&3 ,*"'$*"% & %"(!*"4$/; 

  %"4&;$)!'- "+("'*$0$((" '=,"4(3$0=> !$>("4"9&;$)%&> ,*"2$))"' (- *-8"-

;&> 0$)!->; 

  0-%)&0-45(=$ +4&(= ";$*$+$/ &1+$4&/ (- *-8";&> 0$)!->. 

Q*$8.$!)3 *-1*-8"!-!5 GH !$>("4"9&;$)%&> ,*"2$))"' &19"!"'4$(&3  4$%!*"0$-

>-(&;$)%&> 0"+.4$/ -9*$9-!- ,*&'"+("9" ) 2$456 ",*$+$4$(&3 ,"%-1-!$4$/ %-;$)!'- &> 

,*"&1'"+)!'-. 

<!R!/$! 4(2(*$ 

D,$2&#&%- ,*"&1'"+)!'-  4$%!*"0$>-(&;$)%&> 0"+.4$/ -9*$9-!- ,*&'"+("9" 

1-%46;-$!)3 ' *-1+$4$(&& !$>("4"9&;$)%&> ",$*-2&/ 0$:+. ;$!=*503 2$>-0&, ," !"-

0., ,*$:+$ ')$9" +43 ,")!*"$(&3 GH & '=8"*- )*$+)!' %"0,56!$*("/ *$-4&1-2&&, 8=-

4- *-1*-8"!-(- )!*.%!.*(-3 )>$0- !$>("4"9&;$)%&> ,*"2$))"' &19"!"'4$(&3, ,"%-1-(-

(-3 (- *&). 1. 

G1 -(-4&1- )>$0= 8=4 )+$4-( '='"+, ;!" "*9-(&1-2&3 ,*"&1'"+)!'$((=> ,*"-

2$))"' &19"!"'4$(&3  4$%!*"0$>-(&;$)%&> 0"+.4$/ ,*$+)!-'43$! )"8"/ )&)!$0. 0-))"-

'"9" "8)4.:&'-(&3 (DHF) )4$+.67$9" '&+-: 0("9"#-1(-3, 0("9"%-(-45(-3, *-1"0%(.-

!-3, %"($;("/ (-+$:(")!&, ) ";$*$+30& "9*-(&;$(("/ +4&(= (- "!+$45(=> #-1-> "8-

)4.:&'-(&3. 

@-4$$ 8=4& *-))0"!*$(= >-*-%!$*&)!&%& & '"10":(")!& ).7$)!'.67&> &()!-

*.0$(!-45(=> )*$+)!' 0"+$4&*"'-(&3 )&)!$0, #"*0-4&1.$0=> ' '&+$ )>$0 0-))"'"9" 

"8)4.:&'-(&3. @43 %"0,56!$*("/ *$-4&1-2&& 8=4- '=8*-(- )"'*$0$((-3 "8?$%!("-

"*&$(!&*"'-((-3 )&)!$0- 0"+$4&*"'-(&3 AnyLogic. 


