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 !"#$% &'()* +*)$ !%,"--%,.!" ".&"-/'.$-"0'!*: 1)%/%!., 2"3%-4'5$( 6'-
/%- 7" ,)$/'.$8%2,"/9 &',."-9 $ 1)%/%!., 2"3%-4'5$( 7-"792, 0 $6/%-%!$:; (-'0!*( 
9.99, 99.9 $)$ — 0 !%,"."-*; 2)98':; — 1.0),  8'2." !% -'63%):<.2: 7-"+%)"/. =-$ "+-
-'+".,% 3'!!*; 8%)"0%,"/ .',': ">$+,' )%#," ".2)%4$0'%.2:, !" 7-$ "+-'+".,% !' 
,"/7?<.%-% .',$% 30' 1)%/%!.' -'22/'.-$0'<.2: ,', "3$!, 8." 7-$0"3$. , ">$+,'/. 

=":2!$/ !' 7-$/%-%: 
-'22/".-$/ 3'!!*% 7" &',."-9 "!$4!:: "+)'8!"2.?" 6' 1973 #"3: 
  1.2  2.2  1.4  1.3  6.4  7.8  7.0  7.8  4.599.9   .6   .8 1973 

@ 7-$/%-% 3'!!*% 6' ",.:+-? $ !":+-? !% -'63%)%!* 7-"+%)"/ $ 7-$ 6'#-96,% 
3'!!*; 0 MATLAB "!$ +939. -'22/'.-$0'.?2: ,', "3$! 1)%/%!.. 

A.&"-/'.$-"0'.? .%,2. /"4!" 2 7"/"5?< -'6)$8!*; $!2.-9/%!."0: ,"!2")?-
!*; .%,2."0*; -%3',."-"0 (!'7-$/%-, sed), .%,2."0*; 7-"B%22"-"0, 0;"3:5$; 0 2"2.'0 
"&$2!*; 7',%."0 (MS Word, OO Writer $ 7-.) $ ..3. C6-6' 7-"2.".* -%3',.$-"0'!$: $ 

27%B$&$,$ 6'3'8$ ,"--%,B$: .',$; ">$+", 7-"$60"3$.2: 2 7"/"5?< 2,-$7.', !'7$-

2'!!"#" !' :6*,% 7-"#-'//$-"0'!$: Perl. 

3&/44$&,*"+ 

C2;"3!': 2.-9,.9-' 3'!!*; !% 7"3;"3$. 3): +$",)$/'.$8%2,$; -'28%."0, 0%39-
5$;2: 7" ".3%)?!*/ 2.'!B$:/: 3'!!*% 3")4!* #-977$-"0'.?2: .', 4% 7" 2.'!B$:/, !" 
,'43*( &'(), 2"".0%.2.09<5$( 2.'!B$$, 3")4%! 2"3%-4'.? 02% ,)$/'.$8%2,$% 7'-'-
/%.-*, 2#-977$-"0'!!*% 7" /%2:B'/: 2.-",$ 2"".0%.2.09<. #"3'/, ' 2.")+B* ".2"-.$-

-"0'!* 7" 8 ,)$/'.$8%2,$/ 7'-'/%.-'/; 7"-:3", -'27")"4%!$: 7'-'/%.-"0 2.-"#" "7-

-%3%)%! (0 2"".0%.2.0$$ 2" 2.-9,.9-"( 0;"3!*; 3'!!*; /"3%)$ .%7)"7".%-?). =-$ 1."/ 

7%-0': #-977' $6 8 2.")+B"0 2"".0%.2.09%. :!0'-<, 0."-': – &%0-')< $ 3')%% 7" /%2:-
B'/ #"3'. D',$/ "+-'6"/, $2;"3!*% 309/%-!*% /'22$0* 3'!!*; 3")4!* +*.? 7-%"+-'-
6"0'!* 0 .-%;/%-!*%. 

E): -%>%!$: 6'3'8$ #-977$-"0,$ +*)' -'6-'+".'!' 7-"#-'//' !' 02.-"%!!"/ 

:6*,% MATLAB. 

F'+".9 7-"#-'//* /"4!" -'6+$.? !' 3 1.'7'. 
1. =-"$60"3$.2: 6'#-96,' 3'!!*; 0 MATLAB. E'!!*% $6 .%,2."0"#" &"-/'.' 

7-%"+-'69<.2: 0 8$2)"0"( $ -'27")'#'<.2: 0 /'22$0% :8%%,. G'43': :8%(,', 0 20"< 

"8%-%3?, 2"3%-4$.   :8%%,, 0 ,"."-*; ;-'!:.2: 309/%-!*% /'22$0* 3'!!*; 7" 6'/%-
-'/ "8%-%3!"#" ,)$/'.$8%2,"#" &',."-': 2.-",$ 2"".0%.2.09<. #"3'/, 2.")+B* – /%2:-
B'/. 

2. ="2)% 6'#-96,$ 3'!!*; 2)%39%. $6+'0$.?2: ". 2.")+B"0, 2"3%-4'5$; $6+*-

."8!9< $!&"-/'B$< – !9/%-'B$< 7" #"3'/. H'.%/ 3'!!*% 2"-.$-9<.2: .',$/ "+-'-
6"/, 8."+* 7%-0*%   2.")+B"0 7")98$0>$;2: /'22$0"0 (2"".0%.2.09<5$; 2.'!B$:/) 

2"3%-4')$ 3'!!*% 7" 02%/ 6'/%-'/ 02%; &',."-"0 6' :!0'-?, 2)%39<5$%   – 6' &%0-
-')? $ .', 3')%% 7" /%2:B'/ #"3'. 

3. A.2"-.$-"0'!!*% 3'!!*% 6'7$2*0'<.2: !' 3$2,. 

5&,4/("$ * '+1167 

=%-%3 .%/, ,', +939. ","!8'.%)?!" 2&"-/$-"0'!* /'22$0* 0;"3!*; 3'!!*; 3): 
/"3%)$ 1!%-#"7".%-?, !%"+;"3$/" 6'7")!$.? $/%<5$%2: 7-"792,$ 0 /%.%"3'!!*;: 0 
20:6$ 2 .%/, 8." 3'!!*% 2"+$-')$2? 0 .%8%!$% 3)$.%)?!"#" 7-"/%49.,' 0-%/%!$ $ !' 
+")?>"( .%--$."-$$,  3): /!"#$; 2.'!B$( ".29.2.09<. 6!'8%!$: !%,"."-*; ,)$/'.$-

8%2,$; &',."-"0 3): ".3%)?!*; /%2:B%0 $)$ )%. !'+)<3%!$(. =-"792,$ 0 79+)$,'B$:; 
3'!!*; !'+)<3%!$( /%2:8!"#" 92-%3!%!$: /"#9. 02.-%8'.?2: 7" !%2,")?,$/ 7-$8$-

!'/. G !$/ ".!"2:.2:: 0-%/%!!"% 6',-*.$% 2.'!B$$, !%7")!".' !'+)<3%!$( 6' /%2:B, 
+-',"0,' !'+)<3%!$(.  @ $2;"3!*; 3'!!*; "!$ 7"/%8'<.2: ,', 99.9 $)$ 999.9. 
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A3!$/ $6 0'4!*; 3): +$"/%.-$8%2,$; 0*8$2)%!$( ,)$/'.$8%2,$; &',."-"0 :0-
):%.2: 7)".!"2.? 2!%#'. G 2"4')%!$<, 3'!!*% 7" 1."/9 7'-'/%.-9 6'8'2.9< ".29.2.-
09<. – !'8$!': 2 1990 #"3' !' +")?>$!2.0% 2.'!B$( 6'/%-* 7" !%/9  ".29.2.09<. 0"-
"+5%. E): ."#", 8."+* 92.'!"0$.? 6'0$2$/"2.? /%439 7)".!"2.?< 2!%#' $ 3-9#$/$ 

$/%<5$/$2: 0 !')$8$$ /%.%"3'!!*/$, !%"+;"3$/" 7"2.-"$.? /"3%)?, "7-%3%)$.?, ,'-
,$% $6 &',."-"0 ",'6*0'<. 0)$:!$% !' 7)".!"2.? 2!%#' $ 7")98$.? 7'-'/%.-* /"3%)$. 

=-"2.%(>$( 0'-$'!. – )$!%(!*( 0'-$'!. /"3%)$: 

PaCcaClaDaHaWaTaax
76543210

       !  . 

#3% x  – 7)".!"2.? 2!%#',  T  – .%/7%-'.9-',  W  – 2,"-"2.? 0%.-',  H  – 0)'4!"2.?,  D  – 

#)9+$!' 2!%4!"#" 7",-"0',  Cl  – !$4!:: "+)'8!"2.?,  Cc  – "+5': "+)'8!"2.?, P  – ,"-
)$8%2.0" "2'3,"0,  70 a..a  – !'2.-'$0'%/*% 7'-'/%.-* /"3%)$. 

E): "B%!,$ !'2.-'$0'%/*; 7'-'/%.-"0  7)".!"2.? 2!%#' 3")4!' -'228$.*0'.?2: 
!' -'6)$8!*; !'+"-'; /%.%"3'!!*;. G'43*( !'+"- - 6!'8%!$: ,)$/'.$8%2,$; &',."-
-"0 3): !%,"."-"( /%.%"2.'!B$$, ,"!,-%.!"#" /%2:B' $ #"3'. E): ,'43"#" !'+"-' "7-

-%3%):%.2: !%0:6,', -'0!': -'6!"2.$ /%439 -'228$.'!!"( $ &',.$8%2,"( 7)".!"2.?< 

2!%#'. @ ,'8%2.0% ,-$.%-$: 7-$ !'2.-"(,% 7'-'/%.-"0 0*+$-'%.2: 2-%3!%,0'3-'.$8!"% 
".,)"!%!$% 7" 02%/ !'+"-'/ /%.%"3'!!*;. 

I8%. /"4!" "-#'!$6"0'.? -'6!*/ 27"2"+"/, !" !'$+")%% 7-"2."( $ 1&&%,.$0-
!*( – /'.-$8!*( 0'-$'!.. =-$ 1."/ 2-'69 /"4!" -'228$.'.? !%0:6,$, 0,)<8$0 0 7-'-
09< 8'2.? 9-'0!%!$: &',.$8%2,9< 7)".!"2.? 2!%#' 2" 6!',"/ /$!92. 

@ 1."/ 2)98'% ,-$.%-$( !'2.-"(,$ 7'-'/%.-"0  +93%. "7-%3%):.?2: .',: 

,
n

S
K,DDS,AFD T !!!  

#3% A  – 0%,."--2.")+%B 7'-'/%.-"0,  F  – /'.-$B' /%.%"3'!!*;,  D  – 0%,."--2.")+%B 
!%0:6",,  S  – 29//' $; ,0'3-'."0,  K  - ,-$.%-$( !'2.-"(,$ 7'-'/%.-"0 – 2,'):-, n – 

8$2)" 3'!!*; 0 !'+"-% (2"".0%.2.09%. #"3'/, 3): ,"."-*; $/%<.2: 6'/%-*). 

 '.-$B' 7'-'/%.-"0 0,)<8'%. 3"7")!$.%)?!*( %3$!$8!*( 2.")+%B 3): 98%.' 
&',.$8%2,"( 7)".!"2.$ 2!%#'.  '.-$B' /%.%"3'!!*; +93%. 0,)<8'.? ,-"/% 9,'6'!!*; 
0*>% &',."-"0 .',4% 2.")+%B 7)".!"2.$ 2!%#' $ %3$!$8!*( 2.")+%B 3): 20"+"3!"#" 
8)%!' 0a . 

="3+"- 7'-'/%.-"0 /"3%)$ 7-"$60"3$.2: 2 7"/"5?< 02.-"%!!"#" 0 7',%. Any-

Logic "7.$/$6'."-' OptQuest. A7.$/$6'."- OptQuest 3): -%>%!$: 6'3'8$ "7.$/$6'B$$ 
,"/+$!$-9%. 10-$2.$8%2,$% /%."3*, !%(-"!!*% 2%.$ $ /'.%/'.$8%2,9< "7.$/$6'B$<, 

,"."-': 2"2."$. $6 !%2,")?,$; 7"2)%3"0'.%)?!*; 7-"#"!"0 /"3%)$ 2 -'6)$8!*/$ 6!'-
8%!$:/$ "7.$/$6'B$"!!*; 7'-'/%.-"0 $ !';"43%!$$ "7.$/')?!*; 7'-'/%.-"0 3): 
!'>%( 6'3'8$. 

E): $27")?6"0'!$: "7.$/$6'."-' +*)' 7"2.-"%!' /"3%)? 0 AnyLogic, 2"".0%.2.-
09<5': 7-$0%3%!!"( 0*>% /'.%/'.$8%2,"( /"3%)$. 

C6-6' !%"3!"-"3!"2.$ 3'!!*; 7%-%3 $; $27")?6"0'!$%/ 0 /"3%)$ !%"+;"3$/" 
$; !"-/$-"0'.?. 

8,&-$&,*"+ '+1167 

D', ,', $2;"3!*% /%.%"3'!!*%, 98'2.09<5$% 0 -'28%.';, !%"3!"-"3!* $ $; 0%-
)$8$!* /"#9. ".)$8'.?2: !' 7"-:3",, "B%!$.? 7" ,"1&&$B$%!.9 2.%7%!? 0)$:!$: ".-
3%)?!"#" &',."-' !' /"3%)? !% 7-%32.'0):%.2: 0"6/"4!*/. ="1."/9 3): 3')?!%(>%#" 
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$27")?6"0'!$: 0 /"3%):; 3'!!*% !%"+;"3$/" 7-"!"-/$-"0'.?. J"-/$-"0,' +93%. 7-"-
0"3$.2: 2)%39<5$/ "+-'6"/: 

minmax

mini

norm
xx

xx
X

"

"
! . 

@ -%69)?.'.% !'+"- 3'!!*; +93%. 7-%32.'0):.? $6 2%+: 8$2)' ". 0  3" 1 : 

10 ## )i(M . 

9,'!0: 40,)1,()$ (1!2+ 

@ ;"3% -'28%."0 2 7"/"5?< OptQuest 0*:2!$)"2?, 8." !'$)98>%% 6!'8%!$% B%-
)%0"#" &9!,B$"!')' 3"2.$#'%.2: !' !'+"-'; 3'!!*; T , H  $ D  (.%/7%-'.9-' 0"639;', 
0)'4!"2.? 0"639;' $ #)9+$!' 2!%4!"#" 7",-"0' 2"".0%.2.0%!!"), ..%. )$!%(!*( 0'-$'!. 
/"3%)$ 7-$!:) 0$3: 

DaHaTaax
3210

   ! . 

@ .',"/ 2)98'% /'.-$B' F +93%. 0*#):3%.? .',: 

.X

X

D

D

H

...

H

T

T

F

fN

f

NNN

1111

1

1

!  

@ 2-%3% AnyLogic /'.-$B' F &"-/$-9%.2: 2 7"/"5?< /%."3' set $6 %3$!$8!"#" 
0%,."-' $ 6!'8%!$( 7%-%/%!!*; – 0%,."-"0 T, H $ D. 

@%,."- B: 

$$
$
$
$
$
$

%

&

''
'
'
'
'
'

(

)

"

!

1

0

D
a

H
a

T
a

a

B . 

@%,."--2.")+%B !%0:6", Delta "7-%3%):%.2: ,', 7-"$60%3%!$% /'.-$B* F $ 7%-%-
/%!!"( – 0%,."-' B. 

E): ,"!.-"): ,"--%,.!"2.$ 7")98%!!*; 7'-'/%.-"0 3'!!*% 6' /%2:B, 7" ,"."-
-"/9 7-"$60"3$.2: !'2.-"(,', -'6+$0'<.2: !' 2 #-977*: "3!' +93%. $27")?6"0'.?2: 3): 
$; !'2.-"(,$, 0."-': – 3): ,"!.-"):. J'7-$/%-, 3): !'2.-"(,$ +%-9.2: 3'!!*% 7" :!-
0'-< 6' #"3* 1970–1986, 3): ,"!.-"): – 1986–1990 6' 1.". 4% /%2:B. 

E): "7-%3%)%!$: "7.$/')?!*; 6!'8%!$( 7'-'/%.-"0 /"3%)$ 0 2-%3% AnyLogic 

2"63'%.2: "7.$/$6'B$"!!*( 1,27%-$/%!.: 
– 0 ,'8%2.0% B%)%0"#" &9!,B$"!')' 9,'6*0'%.2: IGA -'228$.'!!"#" 0 ;"3% 1,2-

7%-$/%!.' 6!'8%!$: 7)".!"2.$ 2!%#' $ &',.$8%2,$; 6!'8%!$(, 7")98%!!*; ". /%.%"-
2.'!B$(; 7-$ -'28%.% IGA $27")?69%.2: /%."3 transpose ,)'22' matrix 3): 7")98%!$: 
6!'8%!$( ,0'3-'."0 !%0:6",; 

– 0 ,'8%2.0% 7'-'/%.-"0 0*2.97'<. 1)%/%!.* 0%,."-' B, /$!$/')?!"% $ /',2$-
/')?!"% 6!'8%!$% 92.'!'0)$0'%.2: 0 7-%3%)'; [–1;1], 0 ;"3% 7"0."-!*; 6'792,"0 "7.$-

/$6'B$"!!"#" 1,27%-$/%!.' 1.$ 6!'8%!$: ,"--%,.$-9<.2:. 
E): 7"0*>%!$: ."8!"2.$ +*)$ 00%3%!* !%)$!%(!*% 8)%!*. 

@ 1."/ 2)98'% /"3%)? 7-$!:)' 0$3: 
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HDaTDaTHaDaHaTaDaHaTaax
9876543210

222          !  . 
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K." 92)"4!:%. 6'3'89 "7.$/$6'B$$, 7"1."/9 !%"+;"3$/" 6!'8$.%)?!" 90%)$-
8$.? ,")$8%2.0" 7-"#"!"0 /"3%)$. J" 0 -%69)?.'.% 3"2.$#'%.2: +"L)?>': ."8!"2.? /"-
3%)$ – 6!'8%!$% B%)%0"#" &9!,B$"!')' /%!?>% !' 7"-:3",. 

=-$ '!')$6% -%69)?.'."0 2.'!"0$.2: 7"!:.!", 8." 3): -'28%.' 7)".!"2.$ 2!%#' 
3): 3%,'+-: $ :!0'-: /"4!" -%,"/%!3"0'.? /"3%)?, !'2.-"%!!9< 7" 3'!!*/ :!0'-:, 
3): &%0-'):, /'-.', '7-%): $ /': – /"3%)?, !'2.-"%!!9< 7" 3'!!*/ &%0-'): (3): "B%!-
,$ '3%,0'.!"2.$ 7-$/%!%!$: ."( $)$ $!"( /"3%)$ 0*8$2):)"2? IGA 2-%3!%'-$&/%.$-

8%2,"#" 7)".!"2.$ 2!%#' $ %% -'28%.!*; 6!'8%!$( 3): -'6)$8!*; !'+"-"0 /%2:B%0). ='-
-'/%.-* /"3%)$, 7")98%!!*% 7-$ %% !'2.-"(,% !' 3'!!*; 6' 9,'6'!!*% /%2:B*, 7-$0%-
3%!* 0 .'+)$B%. 

M!0'-? N%0-')? 

0
a        0,2486 

0
a  0,2679 

T
a        0,091 

T
a  0,026 

H
a        0,063 

H
a  0,0968 

D
a       -0,076 

D
a  0,0842 

2T
a        0,0509 2T

a  0,0009 

2H
a       -0,0128 2H

a  -0,1056 

2D
a        0,2574 2D

a  -0,0428 

TH
a       -0,037 

TH
a  0,0117 

TD
a       -0.2161 

TD
a  -0,0104 

HD
a        0,0391 

HD
a  0,0003 

;6*,'6 

G"/7?<.%-!*% 1,27%-$/%!.* 7",'6')$, 8." /',2$/')?!': '+2")<.!': ">$+,' 0 

-'28%.'; (  ! XX " , #3% !X  – 7)".!"2.? 2!%#', 7")98%!!': 0 -%69)?.'.% -'28%.',  X – 

7)".!"2.? 2!%#', 7")98%!!': 2" 2.'!B$() -'0!' 0,06 (/$!$/')?!': – !' 7"-:3", /%!?-
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>%), 8." 2"2.'0):%. ",")" 20% ". 2-%3!%#" 6!'8%!$: 7)".!"2.$ 2!%#' 3): ,"!.-")?!"#" 
/%2:B'. K." !%/')", !" 3): 7-',.$8%2,"#" 7-$/%!%!$: 0'4!' !% '+2")<.!': ">$+,', ' 
,',':-)$+" 2.'.$2.$8%2,': ;'-',.%-$2.$,', !'7-$/%- 2-%3!%,0'3-'.$8%2,"% ".,)"!%-
!$%, ' "!" 2"2.'0):%. ",")" 7,5% ". 2-%3!%#" 6!'8%!$: -'228$.*0'%/"#" 7'-'/%.-'. 

C6-6' ."#", 8." !'+"-"0 3'!!*; 3"2.'."8!" /')" (02%#" 8), 4%)'.%)?!" "295%2.-
0):.? !'2.-"(,9 7'-'/%.-"0 /"3%)$ $ -'28%. 7-"795%!!*; 6'/%-"0 7" !'+"-'/ 3'!!*; 
+)$6,"-'27")"4%!!*; 2.'!B$(. D',4% !%"+;"3$/" 98$.*0'.? 2%6"!!*% "2"+%!!"2.$: 
!'7-$/%- 0%2!"( /"#9. +*.? "..%7%)$, ,"."-*% !%0"6/"4!" 98%2.? 7" 2-%3!%/%2:8!"( 
.%/7%-'.9-%, !" ,"."-*% /"#9. 0)$:.? !' 7)".!"2.? 2!%#'. 

<$)!&+)/&+ 

1. 9,&',*$1 ;. =., 9$7+>0,* ;. ;.  "3%)? 1!%-#"6'.-'. 4$0".!*; $ ,)$/'. // D-9-
3* I=CCFOJ / FOJ. I.-=%.%-+9-#. $!-. $!&"-/'.$,$ $ '0."/'.$6'B$$; ="3 "+5. 

-%3. F.  . P297"0'. D. 2. @*7. 2. I=+.: J'9,', 2005. I. 407–417. 

2. ?&!>4!& 8.,  -$) 3. =-$,)'3!"( -%#-%22$"!!*( '!')$6: @ 2-; ,!. G!. 1 /=%-. 2 
'!#). 2-% $63., 7%-%-'+ $ 3"7.  .: N$!'!2* $ 2.'.$2.$,', 1986. 

3. @/0/4:!* A. <., 8$",0!1",  . B.,  $&,)"$1 A. ;. Q'(%2"02,$% 2%.$: )"#$,"-
0%-":.!"2.!*( 7"3;"3. I=+.: J'9,', 2006. 607 2. 

4. @/0/4:!* A. <.,  $&,)"$1 A. ;., 8$",0!1",  . B. I$!.%6 2"#)'2"0'!!*; "B%!", 
$2.$!!"2.$ 9.0%-43%!$( 0 $!.%))%,.9')?!*; $!&"-/'B$"!!*; 2$2.%/'; // C60. 
0*2>. 98%+!. 6'0%3%!$(: =-$+"-"2.-"%!$%. 2006. R7. 20–26 2. 

 

 


