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�E>55==>EFLN E>6D5<5==>7> D476<F<O 
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=OE ?>F>>>6, ?D54?>6<FL 5<G =4<5>?55 
?>4E>4OM<= 57> ?>FD55=>EFO< 64D<4=F. � 
>E=>6G F4>>= F5E=>?>7<< 74?>65= ?D<=F<? 
674<<>45=EF6<O =55>?LL>= EG<<O ED>G=>-
7> 45?>7<F=>7> < =5>7D4=<G5==OE EG<< 4> 
6=5E5=<O < E=OF<O 45=56=OE ED54EF6 E65DE 
>E=>6=>7> «F5?4 6>?444». �>744 ?>?L7>64-
F5?L GE?G7 65?45F ?D>65EF< 54=>>6E><5 
>?5D4F<< E> E6>5>4=O<< 45=L74<<», F> >= 
<>65F 6O5D4FL E?>E>5 «FD4=E?>DF<D>6><» 
45=56=OE ED54EF6. %GM5EF6GNF E<EF5<O, E 
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<< ?D54>EF46?O5<OE GE?G7 < E?>E>54<< <E 
>>474=<O. � E>>F65FEF6<< E MF<<< >D<F5-
D<O<< <>6=> D47?<G<FL E?54GNM<5 >E=>6-
=O5 E<EF5<O 4>EF46><: 
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?>?GG5=<O < >5E?G6<64=<O 54=>>6E>>7> 
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EFG??5=<< 45=56=OE ED54EF6 =4 EG5F, > 
?D><76545==OE ??4F564E, E=OF<< =4?<G=OE 
45=56=OE ED54EF6) 

ý 557>?4E=>EFL ?>?GG5=<O < >5E?G6<-
64=<O 54=>>6E>>7> ?D>4G>F4 (?D>6545=<5 
54=>>6E><E >?5D4F<=, E6O74==OE E <=>4EE4-
F<5= 45=56=OE ED54EF6, 65>E5?5=, ??4F56-
=OE < D4EG5F=OE 4>>G<5=F>6; D4E?>?>65-
=<5 54=>><4F>6 F>?L>> 6 >D<E4E 54=>4, F>D-
7>6OE < 45?>6OE F5=FD4E, >E=4M5==OE >4-
<5D4<< =45?N45=<O < >ED4=>=; ?D>6545=<5 
>4EE>6OE >?5D4F<= 6 >4EE>6OE G7?4E, 74M<-
M5==OE >F EF>D>==57> =45?N45=<O. 

�?D545?5==O5 6OL5 >D<F5D<< ?D<6?5-
>4F5?L=>EF< >4=4?>6 D4E?D545?5=<O 54=-
>>6E><E ?D>4G>F>6 >4=>6D5<5==> <>7GF 
6OEFG?4FL >4> >F5=>G=O5 >D<F5D<< MDD5>-
F<6=>EF< 54=>>6E>>= ?>7<EF<><, GF> 6 E6>N 
>G5D54L 445F >>=>GD5=F=O5 ?D5<<GM5EF-
64<< ?D>4G>F>6 >>=>D5F=>7> 54=>4.  

�E?< D4EE<4FD<64FL 54=>>6E>GN ?>7<-
EF<>G E ?>7<F<< G>D5??5=<O >?<5=FE>>= 
547O, F> =5>5E>4<<> 7>6>D<FL =5 F>?L>> > 
D4>F>D4E, >>F>DO5 <>7GF ?>6?<OFL =4 ?>-
O?L=>EFL >?<5=F4, => < F5?O5 =4?D46?5=<O 
< <E D45>FG. %GM5EF6G5F F5?4O E<EF5<4 ?> 
>55E?5G5=<N >4G5EF64 >5E?G6<64=<O >?<-
5=F>6 6 54=>5 [3]. 

�464O= <7 MF<E FD5E >><?>=5=F>6 <>65F 
?D<<5=OFLEO 54=>>< >4> >F45?L=O= < E4<>-
EF>OF5?L=O= E?>E>5 ?>6OL5=<O >4G5EF64 
54=>>6E>>= 45OF5?L=>EF< < G4>6?5F6>D5=-
=>EF< >?<5=F>6. 

$4EE<>FD<<, >F >4><E D4>F>D>6 5G45F 74-
6<E5FL 6OE>><= GD>65=L ?>O?L=>EF< >?<5=-
F4 54=>4. �?O MF>7> EFDG>FGD<DG5< FD55>-
64=<O > >4G5EF6G >5E?G6<64=<O 6 54=>>6-
E>>= ED5D5. 

�D< >D74=<74F<< D45>FO >D<E4 ?5D6O< 
>D<F5D<5< >4G5EF65==>7> >5E?G6<64=<O 
>?<5=F>6 O6?O5FEO «�4?<G<5 >G5D545=». 
�<5==> MFG ?D>5?5<G <O < D4EE<>FD<<. 

-DD5>F<6=4O DO=>G=4O EFD4F57<O >E=>-
64=4 =4 F5E=OE E6O7OE <564G 54=>><, ?>-
FD55<F5?5< < >>=>GD5=F4<<. �4=>>6E>GN 
?>7<EF<>G =5>5E>4<<> D4EE<4FD<64FL E ?>-
7<F<< ?D>F5EE=>7> ?>4E>44, >>F>D4O 6>?N-
G45F 6 E55O: ??4=<D>64=<5, 4=4?<7, GG5F < 
>>=FD>?L. 
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$<E. 5. �>7<EF<G5E><5 ?D>F5EEO 54=>4 

>E=>6=O5 

>><<5DG5E>4O 45OF5?L=>EFL  

>5E?G6<64=<5 >?<5=F>6; 

E?5>G?OF<6=O5 >?5D4F<<. 

<=65EF<F<>==4O 45OF5?L=>EFL  

>55E?5G<64NM<5 

D<=4=E>6O5 D5EGDEO 

<4F5D<4?L=O5 D5EGDEO 

>44D>6O5 D5EGDEO 

<=D>D<4F<>==O5 D5EGDEO 
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=>EF<, =4?D46?5==4O =4 4>EF<65=<
D5=F=OE ?D5<<GM5EF6 ?D< ?><>M
EF<><, <>65F 5OFL D4745?5=4 =4

ý >E=>6=O5 DG=>F<< (?D><76>
?G7<, <4D>5F<=7); 

ý 6E?><>74F5?L=O5 (?D>F5EE
GE?G7<, G?D46?5=<5 ?5DE>=4?><,
E>>5 D476<F<5). 

%?54G5F 74<5F<FL, GF> 6 54=>>6
F5?L=>EF< ?D<6545==O5 6OL5
<>45=EF6GNF 4DG7 E 4DG7>< [5].
7><, ?>ED54EF6>< E<EF5<O 4>EF46>
E><E GE?G7 4> ?>FD55<F5?O 4>EF<74
?<G5=<5 >5N5<4 ?D54>EF46?5=<O
6 ?5D6GN >G5D54L ?D><EE>4<F 
L5=<O F4>>7> ?>FD55<F5?LE>>7>
GE?G7< >4> 4>EFG?=>EFL.  

. 
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L5=<N MDD5>F<6-
>EF<65=<5 >>=>G-

?><>M< ?>7<-
=4 464 6<44: 

(?D><76>4EF6> GE-

?D>F5EE 4>EF46>< 
E>=4?><, F5E=<G5-

54=>>6E>>= 45O-
6OL5 6<4O 674<-

. &4><< >5D4-
4>EF46>< 54=>>6-
4>EF<745FEO G65-

46?5=<O GE?G7. -F> 
 ?GF5< G?GG-

5?LE>>7> E6>=EF64 

% F5?LN EFDG>FGD<74F<
?D>F5EE>6 6 54=>5 
?D>F5EEO. 

�E=>6=O< 5<7=5E-?D>F
5FEO 57> >><<5DG5E>4O
6545=<O MF>7> ?D>F5EE4
?OFLEO: 1) 74?D>EO D<7<G
?D>EO ND<4<G5E><E ?<F;
4?O GEFD>=EF64 =4 D45>FG.

�OE>4>< 5G4GF O6?OFL
>4DF4 ?D< D45>F5 E D<7<
2) ND<4<G5E>4O GE?G74;
?D<5<5 =4 D45>FG; 4) 
=>EFLN; 5) 45=56=O5
7) 6=5L=OO 45OF5?L=>EFL

'?D46?5=G5E><< 765=>
?5DE>=4? < =>D<4F<6=O5

$<E. 6. �E=>6=>= 5<7=5E-?D>F5EE 54=>4 

?>7<F<O >E=>6=OE 5<7=5E-?D>F5EE>6 45OF5?L=>EF<

Molodezkaya, V.S.  Molodezky  

>FGD<74F<< ?>7<EF<G5E><E 
 D4EE<>FD<< 5<7=5E-

?D>F5EE>< 54=>4 O6?O-
G5E>4O 45OF5?L=>EFL. �?O 
D>F5EE4 6E>4>< 5G4GF O6-

D<7<G5E><E ?<F; 2) 74-
?<F; 3) >4=4<44FGDO 

D45>FG. 
O6?OFLEO: 1) 54=>>6E>4O 

D<7<G5E><<< ?<F4<<; 
GE?G74; 3) >5NO6?5=<5 > 

 G?D46?5=<5 45OF5?L-
56=O5 7=4><; 6) >D54<F; 
?L=>EFL 54=>4. 

765=>< 5G45F O6?OFLEO 
4F<6=O5 4>>G<5=FO. 

 

 

?L=>EF< 54=>4 
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$<E. 8. %F5?5=L ?>O?L=>EF< >?<5=F>6 54=>4 

$4EE<>FD<< 6E?><>74F5?L=O5 5<7=5E-
?D>F5EEO 54=>4. 

� 6E?><>74F5?L=O< ?D>F5EE4< 54=>4 >F-
=>EOFEO: 

ý >>474=<5 ND<4<G5E><E GE?G7; 
ý D45>F4 E 4>>G<5=F4<<; 
ý >55E?5G5=<5 <=D>D<4F<>==>= 557>-

?4E=>EF<; 
ý >55E?5G5=<5 DG=>F<>=<D>64=<O <=-

D>D<4F<>==OE E<EF5<; 
ý D45>F4 E ?5DE>=4?><. 
�D>6545==O= 4=4?<7 ?>>474?, GF> 6 54=-

>5 >FEGFEF6G5F ?D>F5EE >?F<<<74F<< ?> D4-
5>F5 E >?<5=F4<<, >>F>DO= 6 >>=>GD5=F=>= 
ED545 >G5=L 6465=.  

�4?55 E?54G5F D4EE<>FD5FL, >4><5 D4>F>-
DO <>7GF ?>6?<OFL =4 G4>6?5F6>D5==>EFL 
<?< =5G4>6?5F6>D5==>EFL >4G5EF6>< ?D>-
4G>F>6 < E5D6<E4 >?<5=F>6. 

�4> 6<4<<, >4=<< <7 D4>F>D>6 =5G4>6-
?5F6>D5==>EF< E5D6<E>< 6 54=>5 O6?ONFEO 
>G5D54<. �G5D54< 6 54=>5 E>744NFEO ?> D47-
=O< ?D<G<=4<: =<7><= GD>65=L >64?<D<-
>4F<< ?5DE>=4?4, =5?D46<?L=>5 D4E?D545-
?5=<5 D5EGDE>6 54=>4, D56<< D45>FO 54=>4. 

� =4EF>OM55 6D5<O 5>?55 >EFD> 6EF45F 
6>?D>E E=<65=<O 6D5<5=< >5E?G6<64=<O 
>?<5=F>6. -F< ?D>F5EEO <>7GF >F=>E<FLEO > 
>5E?G6<64=<N >?<5=F>6 E?5F<4?<EF4<< 
<?< >4EE<D4<<, ?<5> >5E?G6<64=<5 >?<5=-
F>6 G5D57 54=>><4F <?< <=F5D=5F-54=><=7.   

�>>5M5, ?D>5?5<4 >G5D545= 6 54=>5 EG-
M5EF6G5F 446=>, =5E<>FDO =4 F>, GF> >>?<-
G5EF6> 54=>>6 4>EF4F>G=> 65?<>>. �>?<G5-
EF6> >?<5=F>6, D57G?OD=> ?>E5M4NM<E >F-
45?5=<O 54=>>6 4?O D5L5=<O DO44 E6><E 
D<=4=E>6OE 6>?D>E>6, E>EF46?O5F ?D<<5D-
=> 60365 %. � F> 65 6D5<O, 90 % 6E5E >?5D4-
F<= 6 54=>5 ?D><EE>4<F E ?><>MLN G44?5=-
=OE >4=4?>6. -F< 65 >?5D4F<< ?D>6>4OF 
F>?L>> E?5F<4?<EFO 54=>4 [12]. �D<G<=4 
74>?NG45FEO 6 F><, GF> >?<5=FO 54=>>6 =5 
7>F>6O ?>?L7>64FLEO G44?5==O<< >4=4?4-
<< >5E?G6<64=<O (<=F5D=5F, <>5<?L=O= 
54=>, F5D<<=4?O, call-F5=FD).  

�>6=> =4764FL >D<F<G5E>>= E<FG4F<N, 
>>744 >>?<G5EF6> ?>E5F<F5?5= ?D56OL45F 
G<E?> D45>F4NM<E EF>5>. 

�?O >?F<<<74F<< 6D5<5=< >5E?G6<64-
=<O >?<5=F>6 6 54=>4E E>744NFEO 7DG??O, 
>>F>DO5 74=<<4NFEO D57G?<D>64=<5< >?<-
5=FE><E ?>F>>>6. �4?D<<5D, 6 �?LD4-54=>5 
5O? 74?GM5= ?D>5>F �?LD4-?D>5><, 5?47>-
44DO >>F>D><G �&-E<EF5<4 E>5<D45F 6 >=-
?4==-D56<<5 <7 M?5>FD>==>= >G5D54< 44=-
=O5 > 747DG65==>EF< >F45?5=<=, ED54=5< 
6D5<5=< >6<44=<O 6 >G5D54< < ED54=5< 
6D5<5=< >5E?G6<64=<O >?<5=F4. �D><5 >5-
M5= EF4F<EF<><, >?<5=F 6<4<F, 747DG65=> 
?< >F45?5=<5 6 44==O= <><5=F. � <>65F 
?>4>5D4FL 5?<64=L<= >D<E, 745 ?>E5F<F5-
?5= <4?>.  
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$G>>6>4EF6G 54=>4 E MF>= E<EF5<>= F4>-
65 G4>5=> D45>F4FL, F.>. <>6=> 5>?55 D4-
F<>=4?L=> E??4=<D>64FL 7D4D<> 747DG65=-
=>EF< E>FDG4=<>>6 6 746<E<<>EF< >F >?<-
5=FE>>7> ?>F>>4. �>?GEF<<, 5E?< 65G5D>< 
>?<5=F>6 5>?LL5, 6> 6F>DGN E<5=G =G6=> 
6O6>4<FL 5>?LL5 ?5DE>=4?4. �E?< >?<5=F>6 
<=>7>, �&-E<EF5<4 M?5>FD>==>= >G5D54< 
>?5D4F<6=> ?>EO?45F DG>>6>4<F5?N E<7-
=4?. 'F>5O «E5<FL 6>?=G», >= 4>?65= ?D<-
=OFL <5DO, =4?D<<5D 65D=GFL E>FDG4=<>>6 
E ?5D5DO64 <?< 4>?>?=<F5?L=> =4 MF> 6D5-
<O ?D<6?5>4FL 5>?LL5 E>FDG4=<>>6.  

'F>5O >?D545?<FL >>?<G5EF6> E>FDG4-
=<>>6, =5>5E>4<<>5 4?O >5E?G6<64=<O >?<-
5=F>6 G5D57 >4EEG <?< 54=>><4F, <<55FEO 
6>7<>6=>EFL D47D45>F>< <<<F4F<>==>= 
<>45?< >?<5=FE>>7> ?>F>>4 6 ?D>7D4<<5 
Anylogic. 

�F>47 >F 4>?7<E >?5D4F<= - MF> 5M5 >4<= 
D4>F>D, >>F>DO= 6?<O5F =4 6D5<O >5E?G6<-
64=<O >?<5=F>6. $4=LL5, 4?O F>7>, GF>5O 
6O44FL ??4EF<>>6GN >4DFG >?5D4F<>=<EF 
4>?65= 5O? ?>><=GFL >?<5=F4 < =4=F< >4D-
FG 6 4DG7>< ?><5M5=<<. �?<5=F 6 MF> 6D5<O, 
6O=G645= 644FL. � F><G 65, 6D5<O =5>5E>-
4<<>5 =4 ?>4>5=>7> D>44 >5E?G6<64=<5 

GE>4<?> 7>D474> 5>?LL5. � =4EF>OM55 6D5-
<O, =54>F<6<D>64==O5 >4DFO =4E>4OFEO 6 
7>=5 >5E?G6<64=<O >?<5=F>6. 

&4>65 <>6=> D4EE<>FD5FL F4>>= D4>F, 
>4> 5>?55 D4==55 6D5<O >F>DOF<O >F45?5-
=<= <?< 5>?55 ?>74=55 <E 74>DOF<5.  

�> EF4F<EF<>5, >6<44=<5 6 >G5D54< E6O-
L5 10 <<=GF E>7445F >>=D?<>F=O5 E<FG4-
F<<. �?O MF<E F5?5= 66>4OF F5E=>?>7<N 
«5OEFD>7> >>=4», 745 ?>E5F<F5?< >5E?G6<-
64NFEO E >>D>F><<< >?5D4F<O<<. 

$4EE<4FD<64O 6E5 MF< D4>F>DO, <>6=> 
>?D545?<FL, >4><5 D4>F>DO 6?<ONF =4 6D5-
<O >5E?G6<64=<O >?<5=F>6.  

�>4>5=O= 4=4?<7 <>6=> ?D>6>4<FL E 
?><>MLN ?4>5F4 SPSS <?< 6 ?D>7D4<<5 
Excel. $4EE<>FD<< 4=4?<7 E ?><>MLN Excel. 

�D>6545< <EE?54>64=<5 ?> 54=>G. �4==>5 
<EE?54>64=<5 <>6=> ?D>6>4<FL 6 ?N5>< 
54=>5.   

�?<5=F4< ?>E?5 >5E?G6<64=<O 744464-
?<EL E?54GNM<5 6>?D>EO: 6D5<O >6<44=<O 
(4> 10 <<=GF/E6OL5 10 <<=GF); 4>6>?L=O 
?< ?D>D5EE<>=4?<7<>< ?5DE>=4?4; 4>6>?L-
=O ?< 6D5<5=5< D45>FO 54=>4. 

�6545< 44==O5 6 Excel < E ?><>MLN D57-
D5EE<>==>7> 4=4?<74 ?D>6545< D4EG5FO: 

 

 

$<E. 9. $57D5EE<>==O= 4=4?<7 
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$57G?LF4FO ?>>474?<, GF> D4EEG<F4==>5 7=4G5=<5 Y365?<G<=4 D46=4 1,7, GF> >7=4G45F, GF> 
>?<5=FO ?D5<<GM5EF65==> FD4FOF 6 >G5D54< E6OL5 10 <<=GF.  

 

 

$<E. 10. $57D5EE<>==O= 4=4?<7 2 

$4EE<>FD<< <=>65EF65==O= >>MDD<F<-
5=F >>DD5?OF<<. �=>65EF65==O= >>MDD<-
F<5=F >>DD5?OF<< EG<F45FEO 7=4G<F5?L-
=O<, F.5. <<55F <5EF> EF4F<EF<G5E>4O 746<-
E<<>EFL <564G Y < >EF4?L=O<< D4>F>D4<< 
X, 5E?< F=45?.>F>D<F. 

�=>65EF65==O= >>MDD<F<5=F >>DD5?O-
F<< D465= 0,394, GF> 7>6>D<F > G<5D5==>= 
E<?5 E6O7< =5746<E<<OE ?5D5<5==OE < 6D5-
<5=5< >5E?G6<64=<O >?<5=F>6.  

�=4G5=<5 =4 ?5D5E5G5=<< EFD>> «�5D5-
<5==4O X1» < «�>MDD<F<5=FO» ?>>47O645F 
GD>65=L 746<E<<>EF< Y >F X. � =4L5< E?GG45 
3 MF> GD>65=L 746<E<<>EF< 6D5<5=< >5E?G-
6<64=<O >F «�>6>?L=O ?< ?D>D5EE<>=4-
?<7<>< ?5DE>=4?4» 3 0,19, GF> 7>6>D<F > 
<4?>< 6?<O=<< MF>7> D4>F>D4. 

�> 6F>D><G D4>F>DG «4>6>?L=O ?< 6D5-
<5=5< D45>FO 54=>4» <O ?>?GG<?< E?5-
4GNM<= D57G?LF4F: F4> >4> >>MDD<F<5=F 
>FD<F4F5?L=O=, F> EGM5EF6G5F >5D4F=4O 
E6O7L 3 G5< <5=LL5 6D5<O >5E?G6<64=<O 
>?<5=F>6, F5< 5>?LL5 ?>O?L=>EFL >?<5=-
F>6. 

&4>65 <O =45?N445< 6?<O=<5 MF<E D4>-
F>D>6 =4 6D5<O >5E?G6<64=<O >?<5=F>6. 

$47D454FO64FL <>45?< >5E?G6<64=<O 
>?<5=F>6 < 4=4?<7<D>64FL, >4>4O <7 MF<E 
<>45?5= 5G45F 5>?55 MDD5>F<6=4O, <>6=> 6 
D47?<G=OE ?D>7D4<<4E. 

�>=5G=> 65, E4<O= ?>?G?OD=O= <=EFDG-
<5=F 3 MF> Excel. �> 4=4?<F<G5E>>5 D5L5=<5 
<>6=> =4=F<, 5E?<: 

ý EGM5EF6G5F 7444==>5 >>?<G5EF6> ?4-
D4<5FD>6;  

ý ?<=5==>5 ?>6545=<5; 
ý 746<E<<>EF< ?>=OF=O (?57>> ?>EFD>-

<FL <5=F4?L=GN <>45?L).  
� 5E?< MF> =5 F4>: 
ý ?4D4<5FD>6 <=>7>; 
ý =5?<=5==O5, =5>G56<4=O5 746<E<<>-

EF<; 
ý 6D5<O, ?D<G<==>-E?54EF65==O5 E6O7<; 
ý =5EF4=44DF=>5 ?>6545=<5; 
ý =5>?D545?U==>EFL 3 EF>E4EF<G5E>4O 

E<EF5<4. 
$4EE<>FD<< E?54GNMGN E<FG4F<N >?<-

5=FE><= ?>F>>4 6 54=>5: 
ý 6 ED54=5< 10 >?<5=F>6 6 G4E7  
ý >4<= >?5D4F<>=<EF 6 >4EE5 7 
ý ED54=55 6D5<O >5E?G6<64=<O 5 <<=.  
�O E>F<< G7=4FL ED54=55 6D5<O >6<44-

=<O 6 >G5D54<.  
�>6=> =4=F< 4=4?<F<G5E>>5 D5L5=<5 

E?54GNM<< >5D47><: 

%D54=55 6D5<O >6<44=<O � =
���

����
, 745 » 3 

<=F5=E<6=>EFL 6E>4=>7> ?>F>>4, b3 ED54=55 
6D5<O >5E?G6<64=<O >?<5=F>6.  

�>4>5=O< >5D47>< >?D545?5=<5 ED54=5-
7> 6D5<5=< >5E?G6<64=<O >?<5=F>6 5G45F 
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?D<<5=<<> F>?L>> 4?O ?G4EE>=>6E>>7> ?>-
F>>4 >?<5=F>6 (>?<5=FO ?D<5O64NF E ?>-
EF>O==>= <=F5=E<6=>EFLN, =5746<E<<> 4DG7 
>F 4DG74) < M>E?>=5=F<4?L=> D4E?D545?5=-
=>7> 6D5<5=< >5E?G6<64=<O. &.5. =5746<E<-

<> ?D<5O64NM<5 >?<5=FO 3 MF> O6?O5FEO 
?D<5<?5<O< ?D54?>?>65=<5< 4?O >F45?5-
=<O 54=>4.  

 
 

 

$<E. 11. &<?O <>45?5= 

 
->E?>=5=F<4?L=>5 D4E?D545?5=<5 6D5-

<5=< >5E?G6<64=<O >?<5=F>6 44EF E?54GN-
M<5 D57G?LF4FO: 

 

�> MF> 44?5>> >F 45=EF6<F5?L=>EF<. �>-
?55 65D>OF=> D4E?D545?5=<5 E?54GNM5= 
D>D<O: 

 

� 746<E<<>EF< >F E?>6=>EF< >?5D4F<=, 
6D5<O >5E?G6<64=<O >?<5=F>6 5G45F >>?5-
54FLEO. 

�>?GEF<<, >?5D4F<>=<EF>6 =5E>>?L>> 
(K). -F> F4> =47O645<4O «<G?LF<E5D65D=4O 

<>45?L <4EE>6>7> >5E?G6<64=<O». &> 6 MF>< 
E?GG45 D4EG5FO ?D>6545< E?54GNM<< >5D4-
7><: 

 

�> MF> ?D<<5=<<> F>?L>> 4?O ?G4EE>=>6-
E>>7> ?>F>>4 >?<5=F>6 < M>E?>=5=F<4?L=> 
D4E?D545?5==>7> 6D5<5=< >5E?G6<64=<O. 

� =4EF>OM5< 54=>5 ?D>F5EE =4<=>7> 
E?>6=55: 

�5>>F>DO5 >?5D4F<< <>7GF 6O?>?=OFLEO 
=5>>F>DO<< E>FDG4=<>4<<. 

�?<5=F <>65F 5OFL ?5D5=4?D46?5= > 
4DG7<< E>FDG4=<>4<. 

�?5D4F<>=<EFO <>7GF >4=>6D5<5==> 
?>?L7>64FLEO >4=<<< < F5<< 65 D5EGDE4<<, 
=4?D<<5D ?D<=F5D <?< >E5D>>E.  

$47=O5 E>FDG4=<>< <>7GF <<5FL D47?<G-
=O5 =46O>< < E>>D>EFL D45>FO. 

&4><< >5D47><, 4=4?<F<G5E>>7> D5L5=<O 
=5 EGM5EF6G5F. 
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�4<=EF65==O= <5F>4 4=4?<74 F4><E E<E-
F5<, >>F>DO= <<55F ?D54E>47G5<GN E?>6-
=>EFL < 74D4=F<DG5F D57G?LF4F 3 <<<F4F<-
>==>5 <>45?<D>64=<5. 

 

�<<F4F<>==4O <>45?L 3 MF> =45>D ?D4-
6<?, ?>76>?ONM<E EFD><FL E>EF>O=<5 E<E-
F5<O 6 E?54GNM<= <><5=F 6D5<5=< <7 F5-
>GM57>. �>45?L EFD><F FD45>F>D<N E<EF5-
<O 6> 6D5<5=<. �OE>4O «=45?N44NFEO» ?> 
<5D5 ?D>46<65=<O. 

 

$<E. 12. �<<F4F<>==4O <>45?L 

 

�G5D54< < 7445D6>< F4>65 <>6=> 74<>45?<D>64FL. 

 

$<E. 13. �<<F4F<>==4O <>45?L >?<5=FE>>7> ?>F>>4 

�?<E4==O5 ?D>F5EEO ?>>474?<, GF> >4-
=<< <7 >E=>6=OE D4>F>D>6, >>F>DO5 <>7GF 
?>6?<OFL =4 F>, ?D<45F ?< >?<5=F 6F>D<G=> 
6 >F45?5=<5 54=>4 O6?O5FEO 6D5<O, 74FD4-
G<645<>5 =4 >5E?G6<64=<5 >?<5=F4 < >G5-
D54<. 

�D>6545< <>45?<D>64=<5 ?D>F5EE4 >5-
E?G6<64=<O. $47D45>F45< <>45?L >5E?G6<-
64=<O >?<5=F>6 6 54=>5 G5D57 54=>><4F < 
G5D57 >4EEG 6 ?D>7D4<<5 AnyLogic.  

AnyLogic ?>445D6<645F 4<E>D5F=>-
E>5OF<==O= ?>4E>4 <>45?<D>64=<O. % ?>-
<>MLN >5N5>F>6, >>F>D4O =4< 44UF �<5?<>-
F5>4, <>6=> <>45?<D>64FL E<EF5<O, >>F>-

DO5 =4E>4OFEO 6 D54?L=>< <<D5, 4<=4<<>4 
>>F>DOE ?D54EF46?O5FEO >4> ?>E?54>64-
F5?L=>EFL >?5D4F<= =44 475=F4<<,  O6?ON-
M<<<EO >?<5=F4<<, 76>=>4<<, 4>>G<5=F4-
<<, ?4>5F4<< 44==OE, FD4=E?>DF=O<< ED54-
EF64<< < F.?. �5L5>FO, >>F>DO5 =4E>4OFEO 6 
>G5D54<  E4<>EF>OF5?L=> =5 <>7GF >>=FD>-
?<D>64FL E6>N 4<=4<<>G, => >=< <>7GF >5-
?444FL >?D545?U==O<< E6>=EF64<<, >>F>-
DO5 6?<ONF =4 ?D>F5EE <E >5D45>F>< (=4-
?D<<5D, F<? 76>=>4, E?>6=>EFL D45>FO) <?< 
=4>4??<64NF EF4F<EF<>G (>5M55 6D5<O 
>6<44=<O, EF><<>EFL). 
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�>F>>>6O5 4<47D4<<O AnyLogic <5D4D-
E<G=O, <4ELF45<DG5<O, D4EL<DO5<O < 
>5N5>F=>->D<5=F<D>64=O, GF> ?>76>?O5F 
?>?L7>64F5?N <>45?<D>64FL E?>6=O5 E<E-
F5<O ?N5>7> GD>6=O 45F4?L=>EF<. �DG7>= 
646=>= >E>55==>EFLN �<5?<>F5>< O6?O5FEO 
6>7<>6=>EFL E>744=<O 4>EF4F>G=> E?>6=OE 
4=<<4F<5= ?D>F5EE=OE <>45?5=. 

�>EF4=>6>4 7444G<: $47D45>F4FL <>45?L 
MDD5>F<6=>7> >5E?G6<64=<O >?<5=F>6.  

�D< MF>< <765EF=>, GF> 6 54=>>6E>>< >F-
45?5=<< =4E>4OFEO 54=>><4F < EF>=>< 54=-
>>6E><E >4EE<D>6, MF> ?>76>?O5F 5OEFD> < 
MDD5>F<6=> >5E?G6<64FL ?>E5F<F5?5= 54=-
>4. �?5D4F<< E =4?<G=>EFLN >?<5=FO 54=>4 
?D><76>4OF E ?><>MLN 54=>><4F4, 4 5>?55 
E?>6=O5 >?5D4F<<, F4><5 >4> >??4F4 EG5F>6 
3 E ?><>MLN >4EE<D>6. 

%>7444<< =>6GN <>45?L 6 ?D>7D4<<5 
AnyLogic. 

 

 

$<E. 14. $>D<4 4?O E>744=<O =>6>= <>45?< 

�4EFD><< ?4D4<5FDO 4?O D47D45>F>< <>45?<. 
 

 
$<E. 15. �?46=O= M>D4= ?D>5>F4 6 AnyLogic 

 
� ?56>= G4EF< D45>G5= >5?4EF< ?D>7D4<-

<O =4E>4OFEO ?4=5?< «�D>5>FO» < «�4?<F-
D4». �4=5?L «�D>5>FO» D54?<7G5F ?D>EFGN 
=46<74F<N ?> M?5<5=F4< <>45?5=, >>F>DO5 
>F>DOFO 6 =4EF>OM<= <><5=F 6D5<5=<. 
�>45?L  >F>5D4645FEO 6 6<45 45D564 E G5F-
>>= <5D4DE<5=. �4=5?L «�4?<FD4» 6>?NG45F 
M?5<5=FO, >>F>DO5 D4745?5=O ?> ?4?<FD4<, 

>=< <>7GF 5OFL 4>546?5=O =4 4<47D4<<G 
F<?4 475=F4 <?< M>E?5D<<5=F4.  

� ?D46>= D45>G5= >5?4EF< >F>5D4645FEO 
?4=5?L «%6>=EF64». �4=5?L «%6>=EF64» <E-
?>?L7G5FEO 4?O ?D>E<>FD4 < <7<5=5=<O 
E6>=EF6 6O5D4==>7> 6 44==O= <><5=F M?5-
<5=F4 (<?< M?5<5=F>6) <>45?<.  
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�?O E>744=<O 4<47D4<< ?D>F5EE4 =5>5-
E>4<<> =5E>>?L>> >E=>6=OE >5N5>F>6 4?O 
=4L5= D45>FO. �O5D4FL >5N5>F <>6=> 6 
D4745?5 «�?>><». 

 

 
 

$<E. 16. �5N5>FO 6 D4745?5 �?>>< 6 
?D>7D4<<5 AnyLogic 

 
�4< =5>5E>4<<> E5<L >5N5>F>6, E >>F>-

DO<< <O 5G45< D45>F4FL.  
�5N5>F «Source» 44UF =4< 6>7<>6=>EFL 75-

=5D4F<< >?<5=F>6. �7> <O 5G45< <E?>?L7>-
64FL 6 >4G5EF65 =4G4?L=>= F>G>< ?D>F5EE4. 

�5N5>F «Queue» 44UF =4< 6>7<>6=>EFL 
<<<F4F<< >G5D54< 6 54=>5. 

�5N5>F «Delay» 44UF =4< 6>7<>6=>EFL 
D54?<74F<< 54=>><4F4. 

�5N5>F «Sync» 44UF =4< 6>7<>6=>EFL 
G44?OFL >?<5=F>6. 

�5N5>F «SelectOutput» 3 44UF =4< 6>7-
<>6=>EFL D54?<7>64FL F<? GE?G7< 54=>4. 
-F> <>65F 5OFL >?5D><, <?< 54=>><4FO. 

�5N5>F «Service» 44UF =4< 6>7<>6=>EFL 
<>45?<D>64FL >?5D>>6, ?GFO< 7445D6< < 
?G?4. 

�5N5>F «Tellers» 44UF =4< 6>7<>6=>EFL 
7444FL F<? D5EGDE>6 6 ?>F>>5, 6 =4L5< E?G-
G45 MF> >?5D><. 

AnyLogic 445F =4< 6>7<>6=>EFL >5M4FL-
EO E >5N5>F4<< ?> ED54EF64< O7O>4 Java, F5< 
E4<O< G =4E >F>DO645FEO 6>7<>6=>EFL 4?O 
6<7G4?<74F<< =4L<E >5N5>F>6.  

$4EE<>FD<< 5>?55 ?>4D>5=> =5>>F>DO5 
>5N5>FO. ' >464>7> >5N5>F4 5EFL E6>< ?>D-
FO, =4?D<<5D D4EE<>FD<< >5N5>F «queue». 

in 3 ?>DF 6E>44; out 3 ?>DF 6OE>44 
outTimeout 3 ?>DF 6OE>44 ?> F4=<4GFG. 
outPreempted 3 ?>DF 6OE>44 6OF5E=5=<O. 
&4>65 5EFL E?<E>> ?G5?<G=OE DG=>F<=, E 

?><>MLN >>F>D>7> <O <>65< G7=464FL G 
>5N5>F4 57> E>EF>O=<5. 

$47D45>F4=4 EE5<4 674<<>45=EF6<O >5N-
5>F>6.

 

$<E. 17. %E5<4 ?D>F5EE4 D45>FO 54=>4 
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� =4L5= EE5<5 74 54<=<FG 
6O7?< <<=GFO. $4EE<>FD<< 5<7=5
44==>= EE5<O. �=4G4?5 E>7445<
Source, >>F>DO= 7>6>D<F > F><,
F5=E<6=>EFLN 5G4GF ?D<5O64FL
54=>. �4 MF> >F65G45F E6>=EF6> >5N
F5=E<6=>EFL ?D<5OF<O». � =4L5
>=4 5G45F D46=4 3 0,67. 

�4?55 E>7?4E=> EE5<5 G =4E 
SelectOutput, >>F>DO= >F65G45F
7< 4?O >?<5=F4. � =4L5< E?GG45
EF6G5F 464 6<44 GE?G7<: 54=>><4F
54=>>6E>>7> D45>F=<>4. � D4<>4E
>5N5>F4 G =4E 5EFL 464 =4?D46?5=
7<). -F> 7=4G5=<5 <>6=> 7444FL
Random. �=4 ?D54?>?4745F E?GG4=
5>D GE?G7< >?<5=F4<. 

$4EE<>FD<< >4=G <7 65F65= 
�4 EE5<5 <O E>744?< >5N5>F Queue,
>7=4G45F 6<5EF<<>EFL ?><5M5=<O.
44==>7> >5N5>F4 <>6=> 7444FL
D54<. � =4L5< E?GG45 <O GEF4=>6
E<<4?L=GN 4?<=G >G5D54< 3 15 G5?
4>EF<65=<< <4>E<<4?L=>= >G5D5
6>4EF6> 4>?6=> >F>DOFL 5M5 
<4F, ?<5> >F>DOFL 5M5 >4<= D<?<
>><4F4<<. 

�4 =4L5= EE5<5 G =4E <4GF 464
F4, >>F>DO5 D54?<7GNFEO ?> ED54EF
5>F4 Delay. �5E?G6<64=<5 >4=>7>
74=<<45F ?D<<5D=> 1 <<=GFG. �444
<O >5E?G6<64=<O, D4E?D545?5==>5
G7>?L=><G 74>>=G E> ED54=<<
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 6D5<5=< <O 
5<7=5E-?D>F5EE 

E>7445< >5N5>F 
F><, E >4>>= <=-

5O64FL >?<5=FO 6 
>5N5>F4 «<=-

=4L5< E?GG45 

 <45F >5N5>F 
5G45F 74 6<4 GE?G-
E?GG45 G =4E EGM5-
4=>><4F < ?><>ML 

D4<>4E 44==>7> 
4?D46?5=<O (GE?G-

7444FL DG=>F<5= 
E?GG4==O= 6O-

 3 54=>><4F. 
Queue, >>F>DO= 

<5M5=<O. � D4<>4E 
444FL D47<5D >G5-

GEF4=>6<?< <4>-
G5?>65>. �D< 

>G5D54< DG>>-
 >4<= 54=>>-

D<?<4? E 54=-

464 54=>><4-
ED54EF64< >5N-

>4=>7> >?<5=F4 
�4444<< 6D5-

545?5==>5 ?> FD5-
54=<< 7=4G5=<5<, 

D46=O< 1, <<=<<4?L=O<
<4>E<<4?L=O< 3 1.3 <<=
(0.8, 1, 1.3). 

&4><< >5D47><, <O 
GE?G7G 54=>4. �<=4<<>G
G6<45FL =4 E?54GNM<E 

�4?55 D4EE<>FD<< 6F>D
<>45?<, >>F>D4O >5>7=4G4
54=>4 3 674<<>45=EF6<5
>4. � 44==>= 65F>5 5G45
4DG7>= >5N5>F, >>F>DO=
-F>F >5N5>F <>65F E>G5
E6>=EF64, F4><E >4> >G5D5
F4>65 <>6=> 6O5<D4FL
EGDE4. � =4L5< E?GG45 
45F O6?OFLEO D45>F=<>
D45>F=<>< 3 MF> >7D4=<G5
>4, >>F>DO< <>6=> G?D46
<4>E<<4?L=O= ���. �
AnyLogic <O 5G45< <E?>?
G?D46?5=<O 3 E?4=45D 
E>=4?>< 54=>4. �= 5G45F
4<, >>F>D>= 445F =4< >5N5
>4E =4L57> M>E?5D<<5=F4
G5=<O >F 1 4> 4, MF> >>?<G
E?G64M<E =4 54=>. &5<
4< =4E>4<FEO 5>?55 46GE
G?D46?OFL >>?<G5EF6><
G65?<G<64FL <?< G<5=LL
<>EF<. 

&4><< >5D47>< <O 
65F>G =4L5= EE5<O (D<E

 

 674<<>45=EF6<O 54=>><4F>6 < >?<5=F>6 54=

$<E. 19. %E5<4 D45>FO 54=>><4F>6. 

Molodezkaya, V.S.  Molodezky  

<4?L=O< 3 D46=O< 0.8 < 
<<=GF4< 3 triangular 

 D4EE<>FD5?< ?5D6GN 
<=4<<>G D476<F<O <>6=> 

 D<EG=>4E 18 < 19. 
6F>DGN 65F>G 6 =4L5= 

>5>7=4G45F 6F>DGN GE?G7G 
5=EF6<5 E D45>F=<>>< 54=-

5G45F <E?>?L7>64FLEO 
>F>DO= =47O645FEO Service. 

E>G5F4FL 6 E555 464 
>G5D54L < 7445D6>4. � 

5<D4FL D5EGDE < >5N5< D5-
D5EGDE>< >5N5>F4 5G-

5>F=<> 54=>4. �4=>>6E><5 
>7D4=<G5==O= D5EGDE 54=-

G?D46?OFL < ?>?GG4FL 
� D4<>4E ?D>7D4<<O 

<E?>?L7>64FL M?5<5=F 
 4?O G?D46?5=<O ?5D-

5G45F 746<E5FL >F >G5D5-
>5N5>F Service. � D4<-

D<<5=F4 <O E>7444<< 7=4-
>>?<G5EF6> 54=>>6E><E 

&5< E4<O<, 5E?< 6 >G5D5-
46GE G5?>65>, <O <>65< 

G5EF6>< ?5DE>=4?4 54=>4, 
G<5=LL4FL ?> =5>5E>4<-

 D4EE<>FD5?< 6F>DGN 
(D<E. 20 < 21). 

54=>4. 
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$<E. 20.

$<E. 21. %E5<4 674

 
$4EE<>FD<< 4=4?<F<>G. AnyLog

?O5F ?D>6>4<FL E5>D EF4F<EF<><
64< 4<47D4<< [6]. % ?><>MLN 
4<47D4<<O ATMutilization <O E<>6
D4FL EF4F<EF<>G 74=OF>EF< 54=>><
< ATM1. 
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20. %E5<4 D45>FO 54=>>6E><E E?G64M<E. 

674<<>45=EF6<O >?<5=F>6 < 54=>>6E><E E?G64

AnyLogic ?>76>-
<EF<>< ?> ED54EF-

EF>?5<>>6>= 
E<>65< E>5<-

54=>><4F>6 ATM 

%>7?4E=> 44==O< 4<47D
74<5F<FL, GF> 6 ED54=5<
7GNFEO <5=LL5 ?>?>6<=O
45=<O 6 54=>5. -F> 7>6>D<
54=>><4F>6 6 54=>5 E64F4
64=<O <<< >?<5=F4<<. 

 

%E5<4 4<47D4<< 74=OF>EF< 54=>><4F>6 54=>4

>45F>4O, �.%. �>?>45F><=  

 

 

?G64M<E. 

4<47D4<<4< <O <>65< 
D54=5< 54=>><4F4<< ?>?L-
?>?>6<=O 6D5<5=< =4E>6-

7>6>D<F > F><, GF> 46GE 
E64F45F 4?O <E?>?L7>-
 

=>4. 
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&4>65 <O E>55D5< EF4F<EF<>G ?> ED54-
=5<G 7=4G5=<N 6D5<5=< >5E?G6<64=<O 
>?<5=F4 6 54=>5. �O G7=45<, E>>?L>> 6D5-
<5=< >?<5=F ?D>6>4<F 6 54=>>6E>>< >F45-
?5=<< < E>>?L>> 6D5<5=< >= F5DO5F, >6<44O 
E6>5= >G5D54<. 

� =4LG EE5<G <O 4>546<< M?5<5=FO E5>-
D4 EF4F<EF<>< ?> 6D5<5=< >6<44=<O >?<5=-
F>6 3 M?5<5=F waitTimeDistr < 6D5<5=< ?D5-
5O64=<O >?<5=F>6 6 E<EF5<5 3 M?5<5=F 
timeInSystemDistr. % ?><>MLN 4>546?5==OE 
7<EF>7D4<< =4 EE5<G, <O G6<4<< 7D4D<G5-
E><, >4> <7<5=O5FEO 6D5<O >6<44=<O >?<-
5=F4 6 54=>5 < 6D5<O ?D55O64=<O 57> 6 E<E-
F5<5 (D<E. 23). 

 

 
$<E. 23. %E5<O 7<EF>7D4<< 6D5<5=< >5-

E?G6<64=<O >?<5=F>6 6 54=>5 
 

�> =4L5= EE5<5 6<4=>, GF> >?<5=F =5 
FD4F<F ?<L=57> 6D5<5=< 4?O >6<44=<O 6 
54=>5. � ED54=5< >= =4E>4<FEO 6 E<EF5<5 
?>?>6<=G 6D5<5=< =4E>645=<O 6 54=>5. 

&4><< >5D47><, D47D45>F4==4O <>45?L 
<>65F D5L<FL ?D>5?5<G >G5D545= 6 54=>5. 

�D4>F<>4 ?>>47O645F, GF> G45D64=<5 F5-
>GM<E >?<5=F>6 3 EGM5EF65==> 5>?55 ?57-
><= < <5=55 74FD4F=O= ?D>F5EE, G5< ?D<>5-
D5F5=<5 =>6OE, ?>MF><G >E>5>5 6=<<4=<5 
54=>< 4>?6=O G45?OFL D47D45>F>5 E?5F<-
4?L=OE ?D>7D4<< ?> ?>6OL5=<N ?>O?L=>-
EF< < G4>6?5F6>D5==>EF< F5>GM<E >?<5=-
F>6.  

� D57G?LF4F5 <EE?54>64=<O >?D545?5=>, 
GF> >D<F5D<O<< ?D<6?5>4F5?L=>EF< >4=4-
?>6 D4E?D545?5=<O 54=>>6E><E ?D>4G>F>6 
O6?ONFEO 4>EFG?=>EFL, >55E?5G5=<5 >><-
D>DF=OE GE?>6<= < 557>?4E=>EFL ?D>6545-
=<O D<=4=E>6OE >?5D4F<=. 

$4EE<>FD5=O D4>F>DO, >F >>F>DOE 5G45F 
746<E5FL >55E?5G5=<5 >><D>DF=OE GE?>6<= 
>?<5=FG 6 ?D>F5EE5 ?>?L7>64=<O 54=>>6-
E><< ?D>4G>F><. �OO6?5=>, GF> MF> =4?<G<5 
>G5D545=. %?54>64F5?L=>, EGM5EF6>64?4 
>L<5>4 6 5<7=5E-?D>F5EE4E, >>F>DGN �?D5-
45?5=>, GF> <>45?L, D47D45>F4==4O 6 Excel 
=5 <>65F GG<FO64FLEO 6E5 4<=4<<G5E><5 
?D>F5EEO, F.>. 4?O >?D545?5=<O ED54=57> 
6D5<5=< >5E?G6<64=<O >?<5=F>6 5G45F 
?D<<5=<<> F>?L>> 4?O ?G4EE>=>6E>>7> ?>-
F>>4 >?<5=F>6 < M>E?>=5=F<4?L=> D4E?D5-
45?5==>7> 6D5<5=< >5E?G6<64=<O. &4><< 
>5D47><, 5O?> >?D545?5=>, GF> ?>4>5=O= 
6>?D>E <>6=> D5L<FL ED54EF64<< <<<F4-
F<>==>7> <>45?<D>64=<O.  

$47D45>F4==4O <>45?L >4G5EF65==>7> 
>5E?G6<64=<O >?<5=F4 ?5D5D4E?D545?<?4 
D5EGDEO F4><< >5D47><, GF> 6D5<O >6<44-
=<O 6 >G5D54< >?<5=F4<< EF4?> F4><< 65, 
>4> < 6 4=56=>5 6D5<O 3 4> 5 <<=GF. 

�4==4O <>45?L <>65F 5OFL <E?>?L7>64-
=4 6 D47=OE 54=>4E. 
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ABSTRACT:  
Cash flow management as well as customer flow management have become available in the digital 
space. The modern digital world makes it possible today to embody various ideas, including the man-
agement of client flows in the bank. With the help of logistic systems, it is possible to monitor and con-
trol various flows: material, transport, monetary, customer. This work considers managing client flows 
in the banking sector. 
Purpose. To develop a technology to manage client flows in the banking sector. 
Methodology. To assess the quality of customer service in this work, various statistical methods of in-
formation processing are used, including regression analysis, including mathematical models based on 
uniformly distributed flows, Poisson flows, customer flows with an exponentially distributed interval 
between customers and intensity are developed. The initial development of the model was carried out 
in Excel. The analysis showed that the model developed in Excel couldn9t take into account all dynamic 
processes, since to determine the average customer service time will be applicable only for the Poisson 
customer flow and exponentially distributed service time. Due to the analysis, it was determined that a 
similar question can be solved by means of simulation. The development of the model was carried out 
using the software AnyLogic. 
Results. The developed model of quality customer service allows you to reallocate resources in such a 
way that it is possible to reduce the waiting time in the queue for customers. This model can be used in 
various banks. 
 
KEYWORDS: Simulation, Poisson distribution, exponential distribution, regression analysis, customer 
flow, banking logistics, logistic process. 
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