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5  67&587  95 &:57;<= <6<&>?<5;;5@ 6587A<  ;> 9:<67:7  

B>8>C< <  A785D>;<= E5;EF:7;?<< 8DFG H<:6 

D. D. E$,0$,'-3, 7. D. EIJ,!#'-3 (6'+"-3) 

 !"#$ #% &'(&()(* '(&+,(-"#. &/(0"12 $(!-/-3 * $4+-$4+#5-&6($ $(!-/#,(-

*4"## .*/.-+&. '(7+4'"(- '(&+,(-"#-, 6(8!4 %4 "454/9":; (&"(*: )-,-+&. )4%(*4. $(-

!-/9, 4 !4/9<- * ,-%:/9+4+- '(7+4'"(8( :&/(0"-"#. "4 640!($ <48- '(/:54-+&. "(*4. 

$(!-/9, *2(!.=4. * $"(0-&+*( #-,4,2#5-&6#2 $(!-/-3 :*-/#5#*4;=-3&. &/(0"(&+# 

[1]. >4%(*4. $(!-/9 – 7+( $4+-$4+#5-&64. $(!-/9, (&"(*"1- &*(3&+*4 6(+(,(3 $(0"( 

&?(,$:/#,(*4+9 +(5"( * *#!- +-(,-$, '(/:5-""12 &+,(8#$# 4"4/#+#5-&6#$# $-+(!4$#. 

@!-. '(&+-'-""(8( "4,4=#*4"#.  &/(0"(&+#, '(&+,(-"#. #-,4,2## «*/(0-"-

"12» !,:8 * !,:84 $4+-$4+#5-&6#2 $(!-/-3 ,4%/#5"(3 &+-'-"# &/(0"(&+# *1&64%1*4-

/4&9 ,4"--.  @. A. B(/-+4-* '#&4/: «B(&/-!(*4+-/9"(- :&/(0"-"#- # "4,4=#*4"#- $(-

!-/-3, &(&+4*/-""12 #% :0- #%:5-""12 %*-"9-*, '(%*(/#+ *1!-/#+9 # 6/4&&#?#C#,(-

*4+9 +#'#5"1- &#+:4C## # !4&+ * #+(8- ',(5":; (&"(*: !/. &:0!-"#3 # ',(8"(%(* * 

',46+#5-&6# *40"12 %4!4542» [1, &. 350].  

B ,4)(+- #&&/-!:-+&. ',#$-"-"#- «',#"C#'4 $#"#$4/9"(8( :8/4 %,-"#.» [5, 6] 

!/. '(&+,(-"#. #$#+4C#(""(3 $(!-/# (@D) ,1"64 !:('(/## [2]. @"+-,-& 6 +46($: 

',#"C#': '(&+,(-"#.  &/(0"12 $(!-/-3 ()E.&".-+&. +-$, 5+( &:=-&+*:-+  !(&+4+(5"( 

',#$-,(*, #//;&+,#,:;=#2 7??-6+#*"(&+9 '(&+,(-"#. #-,4,2## $(!-/-3 646 $-+(!4 

'(%"4"#. &/(0"12 &#&+-$. F4',#$-,,  &(*,-$-""4. ?#%#64 – 7+( /(8#5-&6# &*.%4""4. 

&#&+-$4 $4+-$4+#5-&6#2 $(!-/-3. F(*1- $(!-/#, +.-. "(*1- +-(,##, "- (+*-,84/# &+4-

,1-, 4 *6/;54/# #2 646 "-6(+(,13 54&+"13 &/:543, "4',#$-, $(!-/# F4*9-–G+(6&4 

*6/;54/# * &-)., * 54&+"(&+#, $(!-/9 H3/-,4. >#(?#%#64 – "- ('#&4+-/9"4. "4:64, (!"4 

#% 8/4*"12 -I #!-3 – ',("#6"(*-"#- * &:="(&+9 .*/-"#3 ':+I$ '(&+,(-"#. #-,4,2## 

$4+-$4+#5-&6#2 $(!-/-3, *1.*/.;=#2 %46("($-,"(&+# ',(C-&&(*, ',(+-64;=#2 * 0#-

*12 &#&+-$42.  @-,4,2#. $(!-/-3 #&'(/9%(*4/4&9 * ,4)(+42 A. J. >4%16#"4 # -8( &(-

+,:!"#6(* ',# #&&/-!(*4"## 76(&#&+-$1 !*:2 +,(?#5-&6#2 :,(*"-3 $-+(!($ ,4%*I,-

+1*4"#. #-,4,2#5-&6(3 &-+# :',(=I""12 $4+-$4+#5-&6#2 $(!-/-3[4]. 

@&'(/9%:.  ',#"C#' $#"#$4/9"(8( :8/4 %,-"#., «',# $(!-/#,(*4"## 6("6,-+-

"(8( ()E-6+4 &/-!:-+ "45#"4+9 -8( ,4&&$(+,-"#- & *(%$(0"( )(/-- !4/I6(8( ,4&&+(."#. 

(& $#"#$4/9"1$ :8/($ %,-"#.), "4 6(+(,($ -=I (&+4I+&. ,4%/#5#$1$ /#<9 +(+ $#"#-

$:$ &*(3&+* ()E-6+4, )-% :5I+4 6(+(,(8( ,4&&$(+,-"#- +-,.-+ &$1&/. K4+-$, (&:=-&+*-

/.. '(&+-'-""(- ',#)/#0-"#- 6 ()E-6+:, ":0"( :*-/#5#*4+9 :8(/ %,-"#., (&+4"4*/#*4-

.&9 # ,4%,4)4+1*4. "(*1- $(!-/# ()E-6+4 *&.6#3 ,4%, 6(8!4 &+4"(*.+&. ,4%/#5#$1$# 

)(/-- $-/6#- &*(3&+*4 #/# &+,:6+:,1 ()E-6+4. L&+-&+*-""(, 5+( :5I+ )(/-- +("6(3 

&+,:6+:,1 ()E-6+4 !4I+ *(%$(0"(&+9 '(/:5#+9 )(/-- “)(84+:;” $(!-/9, 6(+(,4., (!"4-

6(, *6/;54-+ * &-). (&()-""(&+# '(*-!-"#. $(!-/# $-"9<-8( :8/4 %,-"#.. G/-!(*4-

+-/9"(, &(%!4*4-$13 ',# +46($ '(&+-'-""($ ',#)/#0-"## 6 ()E-6+: ,.! $(!-/-3 !(/-

0-" ()/4!4+9 &*(3&+*($ &((+*-+&+*#., +.-. "4)(, &*(3&+* $(!-/# $-"9<-8( :8/4 %,-"#. 

!(/0-" *6/4!1*4+9&. * "4)(, &*(3&+* $(!-/# /;)(8( #% )(/9<#2 :8/(* %,-"#.» [1, 

&. 349–350]. B,# +46($ '(!2(!- $(!-/9 $#"#$4/9"(8( :8/4 %,-"#. .*/.-+&.  )4%(*(3 

!/. '(&+,(-"#. )(/-- !-+4/9"12 $(!-/-3 6("6,-+"(3 &/(0"(3 &#&+-$1. 

@D !/. 4"4/#%4  6("6:,-"C## !*:2 ?#,$ )1/4 ,4%,4)(+4"4 & #&'(/9%(*4"#-$ 

'(!2(!4  &#&+-$"(3 !#"4$#6# * &,-!- $(!-/#,(*4"#. AnyLogic. M4%,4)(+4""(3 '(+(-

6(*(3 !#48,4$$-   * &,-!- AnyLogic &((+*-+&+*:-+ 4"4/#+#5-&6(- ',-!&+4*/-"#- * *#!- 

&#&+-$1 "-/#"-3"12 ()16"(*-""12 !#??-,-"C#4/9"12 :,4*"-"#3 ( JN) '-,*(8( '(-

,.!64. B,-!&+4*/-""4. @D .*/.-+&. ,4%*#+#-$ $(!-/# ,1"64 !:('(/##,  ('#&4""(3  * 

,4)(+- [2].  
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F4 "454/9"($ 7+4'- ,4%,4)(+6# @D $(!-/# %4 )4%(*:; $(!-/9 )1/4 ',#".+4 

$(!-/9 O. >4&&4 [8], $4+-$4+#5-&64. ?(,$4 6(+(,(3 #$--+ *#! "-/#"-3"(8( !#??-,-"-

C#4/9"(8( :,4*"-"#. '-,*(8( '(,.!64: 

))(( NMbNa
dt

dN
 !"  

& "454/9"1$ :&/(*#-$    

0)0( NN " . 

N .*/.-+&. ?:"6C#-3 *,-$-"# # ',-!&+4*/.-+ 5#&/( (#/# !(/;) */4!-/9C-* ',(-

!:6+4. K"45-"#- N0  ('#&1*4-+ 5#&/( (#/# !(/;) '(/9%(*4+-/-3 "(*(**-!-"#. * +(+ "4-

54/9"13 $($-"+ *,-$-"#, "45#"4. & 6(+(,(8( #&&/-!(*4+-/9 &5#+4-+ $(!-/9 ',#8(!"(3 

!/. ('#&4"#. .*/-"#.. P-/#5#"4 M (+,404-+ !(/8(*,-$-""13 '(+-"C#4/ ,1"64.  B4,4-

$-+,1 a  # b 24,46+-,#%:;+ #"+-"&#*"(&+9 “*"-<"-8(” # “*":+,-""-8(” *(%!-3&+*#., 

&((+*-+&+*-""(. B4,4$-+, *"-<"-8( *(%!-3&+*#. ('#&1*4-+ */#."#- ,-6/4$1  "4 ,(&+ 

5#&/4 '(+,-)#+-/-3 ',(!:6+4. B4,4$-+, *":+,-""-8( *(%!-3&+*#. 24,46+-,#%:-+ &6(-

,(&+9 ,4&',(&+,4"-"#. #"?(,$4C## * 2(!- $-0/#5"(&+"12 (+"(<-"#3.   

 8,4"#5-"#. $(!-/# >4&&4: 

• &(%!4*4/4&9 !/. ,-4/9"( "(*12 64+-8(,#3 ',(!:6+(*; 

• #$--+ )#"4,":; &+,:6+:,: ',#".+#. ,-<-"#. ( '(6:'6-; 

• * $(!-/9 "- *6/;54/#&9 '(*+(,"1- '(6:'6#; 

• "- :5#+1*4/#&9 #%$-"-"#. '4,4$-+,(* a # b *( *,-$-"# # '(! *(%!-3&+*#-$ 

*"-<"-3 &,-!1; 

• 48,-8#,(*4""1- !4""1- ',(!40 "- &*.%4"1 & #"!#*#!:4/9"1$ '(+,-)#+-/9-

&6#$ '(*-!-"#-$; 

• "- :5#+1*4/(&9 '(.*/-"#- %4$-=4;=#2 ',(!:6+(*12 64+-8(,#3. 

P ,-%:/9+4+- '(7+4'"(8( :&/(0"-"#. )4%(*(3 $(!-/# )1/4 '(/:5-"4 @D !/. 

4"4/#%4 6("6:,-"C## !*:2 ?#,$, '(%*(/.;=4. #&&/-!(*4+9 ',#5#"1 *(%"#6"(*-"#. 

/4*#" # C#6/(* %4'4%!1*4"#.. @D :5#+1*4-+ *(%$(0"(&+9 &(*-,<-"#. '(*+(,"12 '(-

6:'(6 # #%$-"-"#. '(+-"C#4/4 ,1"64. G+,:6+:,4 )4%(*(3 $(!-/# *( $"(8($ :&/(0"#-

/4&9 %4 &5-+ !()4*/-"#. )/(64 6("6:,-"C##, ('#&1*4;=-8( ',(C-&& '(6:'6# +(*4,(* : 

?#,$1-6("6:,-"+4. Q460- &+,:6+:,4 )4%(*(3 $(!-/# ,4&<#,#/4&9 %4 &5-+ !()4*/-"#. 

&/-!:;=#2 '-,-$-""12: C-"4 "4 +(*4, : ?#,$1 # : ?#,$1-6("6:,-"+4, 6("6:,-"+"4. 

',#*/-64+-/9"(&+9 +(*4,4 ?#,$1, &-)-&+(#$(&+9 +(*4,4 ?#,$1 # ?#,$1-6("6:,-"+4, 

*,-$. ',(#%*(!&+*-""(8( C#6/4, ,4&2(!1 "4 ',(#%*(!&+*( ?#,$1 # ?#,$1-6("6:,-"+4, 

*,-$. ,-46C## "4 !-3&+*#. ?#,$1-6("6:,-"+4. A"4/#+#5-&6(- ',-!&+4*/-"#- 

@D-&#&+-$4 #% !-*.+# "-/#"-3"12 !#??-,-"C#4/9"12 :,4*"-"#3 '-,*(8( '(,.!64, 8!- 

!#"4$#5-&6#- '-,-$-""1-: Y1 –  '(+-,# +(*4,4 : ?#,$1-6("6:,-"+4, Y2 – 6(/#5-&+*( 

+(*4,4 ?#,$1-6("6:,-"+4, Y3 – '(+-,. +(*4,4 : ?#,$1, Y4 – 6(/#5-&+*( +(*4,4 ?#,$1, 

Y5 – ',#)1/9 ?#,$1-6("6:,-"+4, Y6 –  ',#)1/9 ?#,$1, Y7 – 6:'#*<#- +(*4, : ?#,$1-

6("6:,-"+4, Y8 – 6:'#*<#- +(*4, : ?#,$1 (&((+*-+&+*:-+ !#"4$#5-&6(3 '-,-$-""(3 

N )4%(*(3 $(!-/#), Y9 – 5#&/-""(&+9 '(+-"C#4/9"12 '(6:'4+-/-3 (#%$-".;=#3&. '(-

+-"C#4/ ,1"64,  &((+*-+&+*:-+  *-/#5#"-   )4%(*(3 $(!-/#).  

P 2(!- 4"4/#%4 &#&+-$1   JN  )1/ *1!-/-" )/(6 #% !*:2 :,4*"-"#3, (',-!--

/.;=#2 "-'(&,-!&+*-""( 6("6:,-"C#;, 8!- * 645-&+*- #&&/-!:-$12 !#"4$#5-&6#2  

'-,-$-""12  *1&+:'4;+ 6(/#5-&+*( '(+,-)#+-/-3, ',-!'(5#+4;=#2 +(*4, ?#,$1 (!#-

"4$#5-&64. '-,-$-""4. Y8), # 6(/#5-&+*( '(+,-)#+-/-3, ',-!'(5#+4;=#2 +(*4, ?#,-

$1-6("6:,-"+4 (!#"4$#5-&64. '-,-$-""4. Y7). G2(!&+*( :,4*"-"#3, ('#&1*4;=#2 

6("6:,-"+":; )(,9): ?#,$,  # :,4*"-"#3, #&'(/9%:-$12 !/. $(!-/#,(*4"#. 6#"-+#6# 

'(':/.C#3, '(%*(/.-+ ',#$-".+9 6 "#$ +- 0- $-+(!1 #&&/-!(*4"#3, 5+( # * [4].  B,# 
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?#6&#,(*4""12 %"45-"#.2 '4,4$-+,(* )1/# ',(*-!-"1 +-&+(*1- ',(8("1 @D # "4 *1-

2(!- )1/# '(/:5-"1 24,46+-,#&+#6# &#&+-$1, 6(+(,1- )1/#  ',-!(',-!-/-"1 4"4/#-

+#5-&6#$ $-+(!($. Q460- * 2(!- 76&'-,#$-"+(* )1/  '(/:5-" ,-%:/9+4+, &(*'4!4;=#3 

& *1*(!($ * ,4)(+- [3], ( +($, 5+( &(&:=-&+*(*4"#- 6("6:,-"+(* "-:&+(35#*( # *(%-

$(0"( +(/96( -&/# * )(,9)- #&'(/9%:;+&. $-+(!1, *12(!.=#- %4 ,4$6# 5#&+( ,1"(5-

"12 (+"(<-"#3. >1/4 ',(*-!-"4 &-,#. 76&'-,#$-"+(*  '( #&&/-!(*4"#; 5#&/4 '(+,--

)#+-/-3, ',-!'(5#+4;=#2 +(*4,1 +(3 #/# #"(3 ?#,$1 * %4*#&#$(&+# (+ C-"1 "4 +(-

*4,, (+ '4,4$-+,4 7??-6+#*"(&+# ,-6/4$1, (+ 54&+(+1 ()=-"#. $-0!: '(6:'4+-/.$#,  

(+ *,-$-"# ,-46C## ?#,$1-6("6:,-"+4. H6&'-,#$-"+4/9"( ()"4,:0-"1 # #&&/-!(*4"1 

.*/-"#. /4*#"1 # 8#&+-,-%#&4 [2], '(/:5-""1- ,-%:/9+4+1 &(8/4&:;+&. & *1*(!4$# 

76("($#&+(*. Hermann Simon :+*-,0!4-+, 5+( !/. #"#C##,(*4"#. 8#&+-,-%#&4 *( *,--

$-"# !(/0"( &(*'4&+9 "-&6(/96( ?46+(,(*, */#.;=#2 "4 &',(&, 7+( – C-"(*4. &+,4+--

8#. ?#,$1, $4,6-+#"8(*4. &+,4+-8#., '(+,-)#+-/9&64. *%4#$(%4*#&#$(&+9 # ,-46C#. 

6("6:,-"+(* "4 !-3&+*#. ?#,$1 [9]. M-%:/9+4+1 76&'-,#$-"+(* +460- &(8/4&:;+&. & 

,-%:/9+4+4$#, '(/:5-""1$# & '($(=9; 48-"+"(3 $(!-/# $("('(/#&+#5-&6(8( ,1"64 & 

!#&6,-+"1$ *1)(,($ # &-+-*(3 &+,:6+:,(3 [10].   

F#0- ',#*-!-"1  ,-%:/9+4+1, '(/:5-""1- * 2(!- 76&'-,#$-"+(* "4! @D. 

1. @&&/-!:-+&. #%$-"-"#- %"45-"#. !#"4$#5-&6(3 '-,-$-""(3 Y8 (+ C-"1 "4 +(-

*4, # 54&+(+1 ()=-"#. $-0!: '(6:'4+-/.$#. B,# %4!4"## )(/9<(8( %"45-"#. 6(7??#-

C#-"+4 54&+(+1 ()=-"#. $-0!: '(6:'4+-/.$# 6(/#5-&+*( '(6:'4+-/-3, 8(+(*12 '(6:-

'4+9 +(*4, %4 *1&(6:; C-":, )(/9<- (,#&. 1), "-0-/# ',# "-)(/9<($ 6(7??#C#-"+- 

54&+(+1 ()=-"#.. P '(&/-!"-$ &/:54- &',(& :*-/#5#*4-+&. +(/96( ',# %"45#+-/9"($ 

:$-"9<-"## C-"1 "4 +(*4, (,#&. 2).  

 

 

:$+. 1. B3-$+$/'+)K Y8 ') #!,. 4($ *3+)')! 'LM!,$% 150 

 

:$+. 2. B3-$+$/'+)K Y8 ') #!,. 4($ *3+)')! 'LM!,$% 50 

2. P1.*/-" 7??-6+ “/4*#"1”. Q-,$#" “/4*#"4” 4&&(C##,:-+&. & C-'"(3 ,-46C#-

-3, 6(8!4 '(+,-)#+-/9 "42(!#+&. '(! "-'(&,-!&+*-""1$ */#."#-$ !,:8#2 '(+,-)#+-/-3 

# '(! 6(&*-""1$ */#."#-$ #%$-".;=-3&. C-"1. H6&'-,#$-"+4/9"( '(!+*-,!#/(&9, 

5-$ )(/9<- &*.%4""(&+9 '(+,-)#+-/-3 (54&+(+4 ()=-"#.), +-$ )(/9<- *-,(.+"(&+9 *(%-
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"#6"(*-"#. /4*#"1, ',#5-$ "- /(64/9"(3, 4 8/()4/9"(3. M#&. 3 – ',#$-, (),4%(*4"#. 

8/()4/9"(3 /4*#"1, ,#&. 4 – *(%"#6"(*-"#. /(64/9"12 /4*#" * &/:54- 8,:''(*(8( ()-

=-"#. '(6:'4+-/-3. 

 

 
 

:$+. 3. B3-$+$/'+)K Y8 ') -(!/!,$ 4($ J303,,'N #!,! ,3 )'-3( $ *3+)')! 'LM!,$% 200 

 

 
 

:$+. 4. B3-$+$/'+)K Y8 ') -(!/!,$ 4($ J303,,'N #!,! ,3 )'-3( $ *3+)')! 'LM!,$% 20 

 

3. H??-6+ 8#&+-,-%#&4. J/. %4!4""(3 *4,#4C## C-"1 )1/# ',(*-!-"1 "4)/;!--

"#. %4 #%$-"-"#-$ %"45-"#. !#"4$#5-&6(3 '-,-$-""(3 Y8, +46 646 C-"4 – 7+( (!#" #% 

*40"-3<#2 ?46+(,(* *(%"#6"(*-"#. 8#&+-,-%#&4. P ,4&&$4+,#*4-$(3 &#+:4C## 6("6:-

,-"+ "- ,-48#,:-+ "4 !-3&+*#- ?#,$1. P-,2".. 54&+9 8,4?#64 &((+*-+&+*:-+ ',($-0:+-

6: *(%,4&+4"#. C-"1, "#0".. 54&+9 8,4?#64 – ',($-0:+6: :)1*4"#.. F4 8,4?#6- ,#&. 5 

6(7??#C#-"+ 54&+(+1 ()=-"#. )(/9<- 5-$ "4 8,4?#6- ,#&. 6. P#!"(, 5+( ,4%,1* $-0-

!: &',(&($ (6(/#5-&+*( /;!-3, 6:'#*<#2 +(*4,) ',# *(%,4&+4"## C-"1 # &',(&($ ',# 

:)1*4"## C-"1 :$-"9<4-+&. ',# ,(&+- 6(7??#C#-"+4 54&+(+1 ()=-"#.. 
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:$+. 5. OPP!") 2$+)!(!J$+3  4($ $J/!,!,$$ #!,. $ 4($ *3+)')! 'LM!,$% 150 

 

 

:$+. 6. OPP!") 2$+)!(!J$+3 4($ $J/!,!,$$ #!,. $ 4($ *3+)')! 'LM!,$% 50 

 

F4 !4""($ 7+4'- #&&/-!(*4+-/9&6(3 ,4)(+1  #%:54-+&. *(',(& (C-"6# ',#8(!"(-

&+#  @D [7], (,#-"+#,(*4""12 "4 #&&/-!(*4"#- 76("($#5-&6#2 ',(C-&&(*. Q. F-3/(, # 

J0. O#"8-, (&()( (+$-54/#, 5+(  «',()/-$4 (C-"6# ',#8(!"(&+# .*/.-+&.  "4#)(/-- 

+:$4""(3 #% *&-2 "-,-<-""12 ',()/-$ $4<#""(3 #$#+4C##» [11, &+,.153]. 

P"#$4"#- Q. F-3/(,4 :!-/.-+&. +(56- %,-"#.  R. B(''-,4,  ',-!/(0#*<-8( '--

,-"-&+# *"#$4"#- & *(',(&4 ( +($, )1/4 /# :&+4"(*/-"4 ',#8(!"(&+9 $(!-/#, "4 *(',(& 

( &+-'-"# -- 76&'-,#$-"+4/9"(8( '(!+*-,0!-"#.. B,-!'(/484-+&., -&/# * '(&/-!(*4-

+-/9"(&+# 7$'#,#5-&6#2 #&'1+4"#3 $(!-/# "- '(/:5-"( (+,#C4+-/9"12 ,-%:/9+4+(*, 4 

5#&/( '(/(0#+-/9"12 ',#$-,(* '(&+(.""( :*-/#5#*4-+&., +( !(*-,#- 6 $(!-/# <48 %4 

<48($ ,4&+-+.  '#,4.&9 * &*(-$ #&&/-!(*4"## "4 +(56: %,-"#. R. B(''-,4,  )1/( ',(-

*-!-"( 7$'#,#5-&6(- +-&+#,(*4"#- @D: &'/4"#,(*4"1 76&'-,#$-"+1 "4! $(!-/9; # 

(&:=-&+*/-" &,4*"#+-/9"13  4"4/#% '(/:5#*<#2&. ,-%:/9+4+(*. 
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A$)!(3)I(3 

1. @-,4,2#. $(!-/-3 $4+-$4+#5-&6(3 )#(/(8## # 5#&/-""(-4"4/#+#5-&6#- $-+(!1 #2 

#&&/-!(*4"#. // D4+-$4+#5-&64. )#(/(8#. # )#(#"?(,$4+#64. 2007. Q. 2. S 2. 
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