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����&�&�/: &5?<. $47D45>F>4 <4F5<4F<G5E>>= <>45?< 4?O ?D>7=>7<D>64=<O ?>>474F5?5= E>-
F<4?L=>-M>>=><<G5E>>7> D476<F<O D57<>=4. �D>6545=<5 6OG<E?<F5?L=>7> M>E?5D<<5=F4 E 
D47D45>F4==>= <>45?LN < 4=4?<7 ?>?GG5==OE D57G?LF4F>6. 
� ?D>F5EE5 <EE?54>64=<O <E?>?L7>64?<EL <5F>4O ED46=<F5?L=>7> 4=4?<74, >5>5M5=<=, E<E-
F5<=>7> ?>4E>4>6. �=D>D<4F<>==>-M<?<D<G5E>>= 547>= <EE?54>64=<O O6?ONFEO 44==O5 $5-
45D4?L=>= E?G65O 7>EG44DEF65==>= EF4F<EF<>< < D57<>=4?L=OE >D74=>6 6?4EF<.   
�D>4=4?<7<D>64= EGM5EF6GNM<= ?>4E>4 > D47D45>F>5 D57<>=4?L=OE ?D>7=>7>6, 6OO6?5=O 
?D>5?5<O 6 D57<>=4?L=>< ?D>7=>7<D>64=<<, E=<64NM<5 >4G5EF6> ?D>7=>7>6. �D54?>65=4 
4?LF5D=4F<6=4O <5F>4<>4 D>D<<D>64=<O 4>?7>ED>G=OE ?D>7=>7>6 E>F<4?L=>-M>>=><<G5E>>7> 
D476<F<O D57<>=4 E <E?>?L7>64=<5< D47D45>F4==>= E <E?>?L7>64=<5< E<EF5<=>-
4<=4<<G5E>>7> ?>4E>44 <4F5<4F<G5E>>= <>45?LN.  
�4GG=4O =>6<7=4 74>?NG45FEO 6 E?54GNM5<: ?D54?>65=4 =>64O <4F5<4F<G5E>4O <>45?L, D47D4-
5>F4==4O =4 >E=>65 <>45?< E<EF5<=>= 4<=4<<><, 4?O <>45?<D>64=<O < ?D>7=>7<D>64=<O ?>-
>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O D57<>=4. 
�D54EF46?5==O= ?>4E>4 > ?D>7=>7<D>64=<N ?>>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O 
D57<>=4 ?>76>?O5F ?>6OE<FL MDD5>F<6=>EFL ?D>7=>7=>7> <=EFDG<5=F4D<O < ?D54>EF46?O5F 
��$ 6>7<>6=>EFL >?5D4F<6=>7> G?D46?5=<O E<FG4F<5= 6 D57<>=5. $47D45>F4==4O <4F5<4F<G5-
E>4O <>45?L E?>E>5EF6G5F G65?<G5=<N F>G=>EF< D57<>=4?L=OE ?D>7=>7>6. �>>474=O D57G?LF4-
FO ?D>7=>7<D>64=<O ?>>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O �4?4>>6E>>7> <G=<F<-
?4?L=>7> D4=>=4 %4D4F>6E>>= >5?4EF< =4 6D5<5==>< <=F5D64?5 [2011; 2021] 77. 
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��/ &�&�$�����/: /=4O54564 �. �. �>45?<D>64=<5 < ?D>7=>7<D>64=<5 ?>>474F5?5= E>F<-
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�7<5=5=<O < FD4=ED>D<4F<<, ?D><EE>-
4OM<5 E57>4=O 6 EFD4=5, 4<>FGNF =5>5E>-
4<<>EFL 444?F<6=>EF< D57<>=4?L=>= ?>?<-
F<><. -F> >E>55==> 4>FG4?L=> 4?O EFD4=O, 
E>EF>OM5= <7 <=>65EF64 D57<>=>6, <<5N-
M<E E6>N >E>5GN FD45>F>D<N D476<F<O, 557 
GG5F4 >>F>D>= ?D<=OF<5 5>?LL<=EF64 
G?D46?5=G5E><E D5L5=<= 5G45F <<5FL =574-
F<6=O5 ?>E?54EF6<O. �>MF><G ?D>7=>7<D>-
64=<5 E>F<4?L=>-M>>=><<G5E>>7> D476<F<O 

EFD4=O < D57<>=>6 ?D54EF46?O5FEO 646=>= 
7444G5= 4?O >D74=>6 <E?>?=<F5?L=>= 6?4-
EF< $>EE<<, 6 E>45 D5L5=<O >>F>D>= >?D5-
45?ONFEO 6>7<>6=O5 EF5=4D<< D476<F<O < 
6OO6?ONFEO =4<5>?55 >?F<<4?L=O5 =4-
?D46?5=<O D57<>=4?L=>= E>F<4?L=>-
M>>=><<G5E>>= ?>?<F<><. 

� D45>F4E �. .. �4?<=<G5=>> [1], 
�. �. '5=<5F>6>=, 5O?< >?D545?5=O >E>55=-
=>EF< E>F<4?L=>-M>>=><<G5E>>7> D476<F<O ©
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D57<>=>6. �D>5?5<4<< D57<>=4?L=>7> ?D>-
7=>7<D>64=<O 74=<<4?<EL F4>65 �. $. �5?>-
GE>6, A. M. �G54E<=, �. �. �D4=55D7 [2], 
�. �. �>D5?>64 [3], �. %. �G5?<=F56 < 4D.  

� E>45 ?D>6545==>7> <EE?54>64=<O 5O?< 
>?D545?5=O E?54GNM<5 ?D<G<=O ?D>7=>7-
=OE >L<5>>, 7=4G<F5?L=> E=<64NM<E >4G5-
EF6> D57<>=4?L=>7> ?D>7=>7<D>64=<O: 

3 =5 ?>?=4O E>7?4E>64==>EFL F5?5= < 74-
44G =4 D47?<G=OE GD>6=OE G?D46?5=<O, GF> 
E?>E>5EF6G5F =56O?>?=5=<N ??4=>6OE E>-
F<4?L=>-M>>=><<G5E><E ?>>474F5?5=;  

3 6 ??4=4E < ?D>7=>74E >FEGFEF6G5F GG5F 
>E>55==>EF5= E=4565=<O D57<>=4 >?D545-
?5==O<< D5EGDE4<<, 6 E<?G G57> <=>7<5 
??4=>6O5 ?>>474F5?< =5 <>7GF 5OFL 4>E-
F<7=GFO; 

3 EF4F<EF<G5E><5 44==O5, ?D54>EF46?O5-
<O5 ?D54?D<OF<O<< < >D74=<74F<O<< 7>-
D>44 6 >F45?O EF4F<EF<><, 74G4EFGN O6?O-
NFEO =5?>?=O<< < =5F>G=O<<; 

3 ?D< D>D<<D>64=<< D57<>=4?L=>7> ?D>-
7=>74 =5>5E>4<<> GG<FO64FL F5?56O5 ?>>4-
74F5?< D545D4?L=OE < D57<>=4?L=OE ?D>-
7D4<< E>F<4?L=>-M>>=><<G5E>>7> D476<F<O; 

3 =565D=O= 6O5>D EF5=4D<O E>F<4?L=>-
M>>=><<G5E>>7> D476<F<O D57<>=4: >= =5 
6E5744 >5N5>F<6=> >FD4645F D54?L=O5 6>7-
<>6=>EF< E>F<4?L=>-M>>=><<G5E>>7> D47-
6<F<O >>=>D5F=>7> D57<>=4 [4]; 

3 =54>EF4F>G=> <E?>?L7GNFEO 6>7<>6=>-
EF< <4F5<4F<G5E>>7> <>45?<D>64=<O [5].  

�D< D>D<<D>64=<< D57<>=4?L=OE ?D>-
7=>7>6 <E?>?L7G5FEO E?54GNM4O <=D>D<4-
F<O: EF5=4D=O5 GE?>6<O D476<F<O $$ [6], 
4DG7<E 7>EG44DEF6 <<D4, 44==O5 > >>?554=<-
OE F5= =4 F>64DO ?D><76>4<F5?5=-<>=>-
?>?<EF>6 < ?D>G<5 E6545=<O, >>F>DO5 ?D54-
?4745F ?D<<5=OFL �<=M>>=><D476<F<O $$.  

$4EE<>FD<< EGM5EF6GNMGN <5F>4<>G 
D57<>=4?L=>7> ?D>7=>7<D>64=<O =4 ?D<<5-
D5 �4?4>>6E>>7> <G=<F<?4?L=>7> D4=>=4 
%4D4F>6E>>= >5?4EF< (44?55 3 ��$): 

�5>5E>4<<O5 4?O D47D45>F>< ?D>7=>74 
EF4F<EF<G5E><5 44==O5 ?> ��$ 4>>G<G?<-
DGNFEO «�F45?>< 7>EG44DEF65==>= EF4F<-
EF<>< 6 7. %4D4F>6 72 (6>?NG4O E?5F<4?<-
EF>6 6 7. �4?4>>6>)».  

�5F>4<G5E>>= >E=>6>= ?D< >F5=>5 F5>G-
M57> E>EF>O=<O E>F<4?L=>-M>>=><<G5E>>7> 
D476<F<O ��$ O6?ONFEO «%F5=4D=O5 GE?>-
6<O, >E=>6=O5 ?4D4<5FDO ?D>7=>74 E>F<-
4?L=>3M>>=><<G5E>>7> D476<F<O $>EE<=-
E>>= $545D4F<< < ?D545?L=O5 GD>6=< F5= 
(F4D<D>6) =4 GE?G7< >><?4=<= <=DD4EFDG>-

FGD=>7> E5>F>D4 =4 2016 7>4 < =4 ??4=>6O= 
?5D<>4 2017 < 2018 7>4>6». 

%?5F<4?<EF4<< >F45?4 M>>=><<G5E>>7> 
4=4?<74 < ?D>7=>7<D>64=<O 44<<=<EFD4F<< 
��$ =4 >E=>65 EF4F<EF<G5E><E 44==OE D47-
D454FO64NFEO ?D>7=>7=O5 M>>=><5FD<G5-
E><5 <>45?<.  

�D< MF>< 74?>?=ONFEO EF4=44DF=O5 F45-
?<G=O5 D>D<O (2�) E ?D<<5=5=<5< <5F>-
4<G5E><E D5>><5=44F<=, >>F>DO5 E?5F<4-
?<EFO >F45?4 M>>=><<G5E>>7> 4=4?<74 < 
?D>7=>7<D>64=<O ?>?GG4NF <7 '?D46?5=<O 
4=4?<74 < ?D>7=>7<D>64=<O 44<<=<EFD4F<< 
<G=<F<?4?L=>7> >5D47>64=<O «�>D>4 %4D4-
F>6».  

$4EEG<F4==O5 ?D>7=>7=O5 7=4G5=<O ?>-
>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D47-
6<F<O ��$ ?><5M4NFEO 6 ��% «'?D46?5=<5» 
< <E?>?L7GNFEO ��$ D47?<G=OE GD>6=5= 
6?4EF< 6 >4G5EF65 >E=>6O 4?O ?D<=OF<O 
G?D46?5=G5E><E D5L5=<= [7].  

�4=4>> L<D>>> ?D<<5=O5<O5 E>FDG4=<-
>4<< >F45?4 M>>=><<G5E>>7> 4=4?<74 < 
?D>7=>7<D>64=<O M>>=><5FD<G5E><5 <5F>-
4O D47D45>F>< ?D>7=>7=>= <>45?< =5 6E5-
744 ?>76>?ONF ?>?GG<FL 4>EF>65D=O5 ?D>-
7=>7O, ?>E>>?L>G =5 ?D54E>47O64NF ?>O6-
?5=<5 >D<7<E=OE F5=45=F<= 6 M>>=><<>5 
D57<>=4. �>MF><G 4?O ?>6OL5=<O MDD5>-
F<6=>EF< D47D45>F>< D57<>=4?L=OE ?D>-
7=>7>6 =5>5E>4<<> <E?>?L7>64FL 4?LF5D=4-
F<6=O5 <4F5<4F<G5E><5 <5F>4O < <>45?<, 
=4?D<<5D, <>45?L E<EF5<=>= 4<=4<<><, <E-
?>?L7G5<GN 4?O 4=4?<74 E?>6=OE M>>=><<-
G5E><E < E>F<4?L=OE ?D>F5EE>6 < O6?5=<=. 

�>45?L E<EF5<=>= 4<=4<<>< E>45D6<F 
E?54GNM<5 M?5<5=FO: E<EF5<=O5 GD>6=< 
(44?55 3 <>45?<DG5<O5 ?5D5<5==O5), >>F>-
DO5 O6?ONFEO 4>>G<G?OF<5= 6 ?5F?OE >5-
D4F=>= E6O7<; ?>F>><, ?5D546<74NM<5 E>-
45D6<<>5 <564G GD>6=O<<; ?D>F54GDO D5-
L5=<=, >>F>DO5 <7<5=ONF F5<?O. �D>F54G-
DO D5L5=<= E GD>6=O<< E>54<=ONFEO E ?>-
<>MLN >4=4?>6 <=D>D<4F<<. �?O <>45?<-

DG5<OE ?5D5<5==OE  %i(t), ni ,1ý E>EF46?O-
NFEO 4<DD5D5=F<4?L=O5 GD46=5=<O: 

)()(
)(

t%t%
dt

td%
ii

i ýû ýý
 

745 )(/)( tXt% ii
ýû

3 ?>?>6<F5?L=O=/ >F-
D<F4F5?L=O= F5<? E>>D>EF< ?5D5<5==>= 
%i(t), E>45D64M<= 6E5 45F5D<<=4=FO, E?>-
E>5EF6GNM<5 D>EFG / G5O64=<N 4=4?<7<-
DG5<>= ?5D5<5==>=. 

(1) 
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�>?GEF<<, GF> F5<?O 4<DD5D5=
D4>F>D>6, O6?ONM<EEO E>6>>G?=>E
<5==OE:  

 
))(),...,(),(()( 21 tytyty%t% nýñ

 
745 FVj=gj(yi1(t)&yiE(t))36=5L=

F>DO, ?D<G5< %=%(j)<n, k=k(j)<
E<EF5<=OE GD>6=5=) [8]. 

�4 E?54GNM5< MF4?5 D>D<<DG
F5<4 =5?<=5==OE, =5>4=>D>4=O
F5<?>6OE, =5EF4F<>=4D=OE 4<D
4?L=OE GD46=5=<=.  �=4G5=<O <>

<OE ?5D5<5==OE nit% i ,1),( ý  
NFEO <7 D5L5=<O E<EF5<O GD46=5=
44==>< 6D5<5==>< <=F5D64?5 E 74
=4G4?L=O<< GE?>6<O<<. �=5L=<5 
FVi(t) <7<5DONFEO ?<5> 6 >4G5
L>4?5, ?<5> 6 >>?<G5EF65==>=. �
<E?>?L7GNFEO =>D<<D>64==O5 

D4>F>D>6: 

,1,
)(

)(* i
VF

tVF
tVF

=
i

i
i ýý

745 VFi(t) 3 F5>GM55 7=4G5=<5 
=>= 6 G<E?5==>= L>4?5, VFi= 3 =>D
=O= >>MDD<F<5=F. �D54?>?>6<<
<>45?<DG5<O5 ?5D5<5==O5 O6?O
?<G5EF65==O<<. � D4EG5F4E ?D<<
=>D<<D>64==O5 7=4G5=<O <>45?
?5D5<5==OE, D4EEG<F4==O5 ?> 

,11,1,
)(

)(* ýý i
%

t%
t%

=
i

i
i

 745 %i(t)
7=4G5=<5 <>45?<DG5<>= ?5D5<5==
45?5==>5 6 G<E?5==>= L>4?5,  %i= 
D>6>G=O= >>MDD<F<5=F (7=4G5=
<5==OE 6 2011 7>4G).   

�O55D5< <>45?<DG5<O5 ?5D5<5

(t) 11;1ýi , >>F>DO5 ?D54EF46?ON
?>45>D>G, E4D4>F5D<7GNMGN GD>65
4?L=>-M>>=><<G5E>>7> D476<F<O ��

%1R(t) 3 G<E?5==>EFL ?>EF>O==
?5=<O (FOE. G5?.); 

%2R(t) 3 74=OF> 6 M>>=><<>5, 6E
G5?>65>);  

%3R(t) 3 G<E?5==>EFL 557D45>F=
7<EFD<D>64==OE 6 F5=FD5 74=OF>EF

=4E5?5=<O (=4 1 O=64DO E?54GN
>FGUF=O< 7>44) (G5?.); 

%4R(t) 3 GD>65=L 557D45>F<FO, %
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4<DD5D5=F<DGNFEO =4 ?D><76545=<5 DG=>F<=, 746<
6>>G?=>EFLN >E=>6=OE ?5D5<5==OE 3 DG=>F<= <>4

))())(())(),...(),(()) 221121 FVftFVftFVtFVtFVf k ýý

6=5L=<5 D4>-
, k=k(j)<n (G<E?> 

D>D<<DG5FEO E<E-
=>D>4=OE, D47=>-
OE 4<DD5D5=F<-

G5=<O <>45?<DG5-

 D4EEG<FO64-
 GD46=5=<= =4 74-
64?5 E 7444==O<< 

�=5L=<5 D4>F>DO 
 6 >4G5EF65==>= 
5==>=. � D4EG5F4E 

64==O5 7=4G5=<O 

;,1 k

  
=4G5=<5 ?5D5<5=-

=>D<<D>6>G-
?>?>6<<, GF> 6E5 
O5 O6?ONFEO >>-
F4E ?D<<5=ONFEO 
O <>45?<DG5<OE 
O5 ?> D>D<G?5:

i(t) 3 F5>GM55 
?5D5<5==>=, >?D5-
4?5,  %i= 3 =>D<<-

 (7=4G5=<O ?5D5-

5 ?5D5<5==O5 XiR 

54EF46?ONF E>5>= 
GN GD>65=L E>F<-

76<F<O ��$ [9]: 
?>EF>O==>7> =4E5-

><<>5, 6E57> (FOE. 

57D45>F=OE, 74D5-
 74=OF>EF<  
DO E?54GNM57> 74 

5>F<FO, %; 

%5R(t) 3 ED54=5<5EOG=4
%6R(t) 3 ?D>4>?6<F5?L

E5?5=<O (?5F); 
%7R(t) 3 EG<<4D=O= 6O

M<E 65M5EF6 6 4F<>ED5DG (
%8R(t)  3 <<7D4F<>==O=
%9R(t) 3 >5N5< >F7DG

E>5EF65==>7> ?D><76>4EF
D45>F < GE?G7 ?D><OL?5
OF<O<< (<?D4. DG5?5=);

%10R(t) 3 >5N5< ?D><76
E5?LE>>7> E>7O=EF64 (6 D
6GNM<E F5=4E), <?=. DG5.;

%11R(t) 3 <=45>E ?>FD55
%4D4F>6E>>= >5?4EF<. 

&4> >4> <>45?<DG5<O5
?ONFEO 45E>?NF=O<<
D4EG5FO, <E E?54G5F =>D<
=5=<5< =>D<<D>6>G=OE 
7=4G5=<= <>45?<DG5<OE
2011 7>4G.   

�?O <??NEFD4F<< ?D<
=OE E6O75= <564G <>45?
<5==O<< %1R(t)-%11R(t) 
D4D, ?D54EF46?5==O= =4 D<

 

 
$<E. 1. �D<5=F<D>6

674<<>E6O75= <564G
 
$47D45>F4==4O <4F5<4

4?O ��$ <<55F 6<4: 

                      N.V. Yandybaeva  

>F<=, 746<EOM<E F>?L>> >F 
>F<= <>45?<DG5<OE ?5D5-

));(())... tFVf kk
(2) 

5<5EOG=4O 74D??4F4 (DG5.); 
>?6<F5?L=>EFL 6<7=< =4-

4D=O= 6O5D>E 747DO7=ON-
<>ED5DG (FOE. F>==); 
4F<>==O= ?D<D>EF (G5?.); 
5< >F7DG65==OE F>64D>6 
><76>4EF64, 6O?>?=5==OE 
D><OL?5==O<< ?D54?D<-
5?5=); 
< ?D><76>4EF64 ?D>4G>F<< 

EF64 (6 D4>F<G5E>< 45=EF-
=. DG5.; 

>E ?>FD55<F5?LE><E F5= ?> 

?<DG5<O5 ?5D5<5==O5 O6-
 [10] < 74FDG4=ONF 

G5F =>D<<D>64FL E ?D<<5-
6>G=OE >>MDD<F<5=FO 3 
<DG5<OE ?5D5<5==OE 6 

4F<< ?D<G<==>-E?54EF65=-
4G <>45?<DG5<O<< ?5D5-
%11R(t) ?D<<5=O5FEO >D7-

=4 D<E. 1. 

 

<5=F<D>64==O= 7D4D  
5= <564G X1R(t)-X11R(t) 

O <4F5<4F<G5E>4O <>45?L 
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112741310301310*
9

9

411517321*
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8

1023922109*
7

7

720*
6

6

112811261025924109min*
5

5

5163102631015*
4

*
4

51514*
3

3

39514113

6189810711*
2

2

830831619*
1

1

Bg(t)%ftBdtMUb(t)(U(t)
Xdt

(t)dX

%f%ftItUbtU%ftXtAZtIntFtDtP
Xdt

tdX

%f%ftItUbtU%f%ftXtPZtIntFtDtP
Xdt

tdX

tBistVT%f%f%ftSBtWtSctUbtU
Xdt

tdX

tZe%f%ftPZtXtX
Xdt

tdX

%ftZBtStVZtShtSBtShBtSc
Xdt

tdX

%fXftBdtI%f%ftXtXttBgtSh
Xdt

tdX

%ftEtQtVTtBisXf%f%f%ftItDtUb
Xdt

tdX

tVTtBis%f%ftSBtItP
Xdt

tdX

%f%f%ftEtUbtZBtS

%fXfXf%ftVTtBistWtRtP
Xdt

tdX

%ftUtVZtSXf%ftMtR
Xdt

tdX

R

R

R

R

R

R

R

R

R

R

prR

R

R

R

R

R

R

R

R

R

R

R

(3) 

�D<=OFO5  6 <>45?< (3) >5>7=4G5=<O 
6=5L=<E D4>F>D>6 VFi(t):  

I(t) 3 <=D?OF<O (%);  
D(t) 3 G<E?5==>EFL M>>=><<G5E>< 4>F<6-

=>7> =4E5?5=<O (G5?.);  
W(t) 3 ?D54?>65=<5 FDG4>6OE D5EGDE>6 

(G5?.);  
P(t) 3 G<E?5==>EFL =4E5?5=<O (G5?.); 
Pm(t)3 ED54=54GL56>= 4>E>4 =4E5?5=<O 

(DG5.);  
F(t) 3 D>=4 D45>G57> 6D5<5=< (G5?.-4=.);  
Ub(t) 3 G<E?5==>EFL 557D45>F=OE (G5?.);  
M(t) 3 >5N5< <<7D4F<< (G5?.);  
E(t) 3 ED54=OO 74D45>F=4O ??4F4 (DG5.);  
Sc(t) 3 ED54=54GL56O5 4>E>4O =4E5?5=<O 

(DG5.);  
Bis(t) 3 >>?<G5EF6> G4EF=OE ?D54?D<=<-

<4F5?5= (G5?.);  
Shmin (t) 3 ?D>6<F>G=O= <<=<<G< (DG5.);  
VT(t) 3 E?D>E =4 FDG4 6 D47?<G=OE >FD4E-

?OE =4D>4=>7> E>7O=EF64 (G5?.);  
Bd(t) 3 45D<F<F 5N465F4 (DG5.);  
Bg(t) 3 ?D>D<F<F 5N465F4 (DG5.);  
In(t) 3 D47<5D <=65EF<F<= (DG5.);  
Q(t) 3 74FD4FO =4 >5GG5=<5 < ?5D5?>47>-

F>6>G >44D>6 (DG5.);  
U(t) 3 GD>65=L 557D45>F<FO (%);  
Pr(t) 3 GD>65=L ?>FD55<F5?LE><E F5= 

(DG5.);  
Shpr 3 G<E?> 74D57<EFD<D>64==OE ?D5EFG-

??5=<=;  

PZ(t) 3 G<E?> ?D><OL?5==OE ?D54?D<-
OF<=;  

VZ(t) 3 >5N5< 6O5D>E>6 747DO7=ONM<E 
65M5EF6 6 6>4G, ?>G6G, 6>74GE (G.54.);  

Ze(t) 3 74FD4FO =4 >ED4=G >>DG64NM5= 
ED54O (DG5.);  

S(t) 3 >>?<G5EF6> G<5DL<E (G5?.);  
ZB(t) 3 G<E?> <=D5>F<>==OE 5>?L=OE 

(G5?.);  
ShB 3 G<E?> >>5> 6 5>?L=<F4E (54.);  
SB(t) 3 G<E?5==>EFL =4E5?5=<O E 4>E>4>< 

=<65 ?D>6<F>G=>7> <<=<<G<4 (G5?.).  
� <>45?< F4>65 <E?>?L7GNFEO DG=>F<>-

=4?L=O5 746<E<<>EF< fi(Xi), ?D54=47=4G5=-
=O5 4?O GG5F4 674<<>6?<O=<O <>45?<DG5-
<OE ?5D5<5==OE:  

f1(X1) 3 746<E<<>EFL G<E?5==>EF< 74=O-
FOE 6 M>>=><<>5 >F G<E?5==>EF< ?>EF>O=-
=>7> =4E5?5=<O;  

f2(X1) 3 746<E<<>EFL >5N5<4 >F7DG65=-
=OE F>64D>6 E>5EF65==>7> ?D><76>4EF64, 
6O?>?=5==OE D45>F < GE?G7 ?D><OL?5=-
=O<< ?D54?D<OF<O<< >F G<E?5==>EF< ?>-
EF>O==>7> =4E5?5=<O < 4D.  

$G=>F<>=4?L=O5 746<E<<>EF< >?D545-
?O5FEO =4 >E=>65 >>DD5?OF<>==>-
D57D5EE<>==>7> 4=4?<74, < <<5NF 6<4 ?>-
?<=><>6 334 EF5?5=<.  

�D>65D>4 445>64F=>EF< D47D45>F4==>= 
<4F5<4F<G5E>>= <>45?< >EGM5EF6?O5FEO E 
<E?>?L7>64=<5< D5FD>E?5>F<6=OE 44==OE. 
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�4 D<E. 2 ?D<6545= 7D4D<> 4<=4<<>< ?>>4-
74F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<-
F<O ��$ =4 <=F5D64?5 [2011; 2021] 77. 

�7 7D4D<>4 6<4=>, GF> 7=4G5=<O ?>>474-
F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O 
%1, %2, %5, %6, %7, %8, %9, %10, %11 =4 ?D>7=>7=>< 
<=F5D64?5 [2018; 2021] ?5F 6OD4EFGF =57=4-
G<F5?L=>. �=4G5=<O ?>>474F5?5= %3, %4 E=<-
7OFEO F4>65 =5 EGM5EF65==>. � F45?<F5 1 
?D<6545=O 7=4G5=<O D4>F<G5E><E < ?D>-

7=>7=OE ?>>474F5?5= E>F<4?L=>-
M>>=><<G5E>>7> D476<F<O ��$. 

&4><< >5D47><, ?D54EF46?5=> >?<E4=<5 
D47D45>F4==>= =4 >E=>65 <>45?< E<EF5<=>= 
4<=4<<>< <4F5<4F<G5E>>= <>45?< 4?O ?D>-
7=>7<D>64=<O ?>>474F5?5= E>F<4?L=>-
M>>=><<G5E>>7> D476<F<O D57<>=4. �D<65-
45=O D57G?LF4FO 6OG<E?<F5?L=>7> M>E?5-
D<<5=F4 ?> ��$ =4 6D5<5==>< <=F5D64?5 
[2011; 2021] 77. 

 

$<E. 2. �<=4<<>4 ?>>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O ��$ =4 <=F5D64?5  
[2011; 2021] 77. 

 
&45?<F4 1  

$4>F<G5E><5 < ?D>7=>7=O5 7=4G5=<O ?>>474F5?5= E>F<4?L=>-M>>=><<G5E>>7> D476<F<O ��$ 
 

%i �=4G5=<5 ?>>474F5?O 
�>4O 

2011 2016 2021 (?D>7=>7) 

%1 
'<E?5==>EFL ?>EF>O==>7> =4E5?5=<O (FOE. G5?.) 218,3 211,5 213,93 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 7. 1 0,969 0,98 

%2 

�4=OF> 6 M>>=><<>5, 

6E57> (FOE. G5?>65>) 
63,8 56,6 58,7 

�>D<<D>64==O5 >F=>E<F5?L=> 20117. 1 0,887 0,92 

%3 

'<E?5==>EFL 557D45>F=OE, 74D57<EFD<D>64==OE 6 

F5=FD5 74=OF>EF< =4E5?5=<O (G5?.) 
986 889 739,5 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 7. 1 0,902 0,75 

%4 
'D>65=L 557D45>F<FO, % 0,9 0,7 0,63 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 1 0,778 0,7 

%5 
%D54=5<5EOG=4O 74D??4F4 (DG5.) 17 369 25 479 28137 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 7. 1 1,467 1,62 

%6 
�D>4>?6<F5?L=>EFL 6<7=< =4E5?5=<O (?5F) 69,9 67,8 71,6 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 7. 1 0,97 1,024 

%7 

�4?>6>= 6O5D>E 747DO7=ONM<E 65M5EF6 6 4F<>-

ED5DG (FOE. F>== 6 7>4) 
9,97 6,7 6,78 

�>D<<D>64==O5 >F=>E<F5?L=> 2011 7. 1 0,672 0,68 

%8 �<7D4F<>==O= ?D<D>EF (G5?.) -949 -711 -845 
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%i �=4G5=<5 ?>>474F5?O 
�>4O 

2011 2016 2021 (?D>7=>7) 

�>D<<D>64==O5 >F=>E<F5?L=> 20117. 1 0,749 0,89 

%9 

�5N5< >F7DG65==OE F>64D>6 E>5EF65==>7> ?D><7-

6>4EF64, 6O?>?=5==OE D45>F < GE?G7 ?D><OL?5=-

=O<< ?D54?D<OF<O<< (<?D4. DG5.) 

86,7 131,1 143,1 

�>D<<D>64==O5 >F=>E<F5?L=> 20117. 1 1,512 1,65 

%10 

�5N5< ?D><76>4EF64 ?D>4G>F<< E5?LE>>7> E>7O=-

EF64, <?=. DG5. 
2 568,7 4 614,5 5060,3 

�>D<<D>64==O5 >F=>E<F5?L=> 20117. 1 1,796 1,97 

%11 

�=45>E ?>FD55<F5?LE><E F5= ?> %4D4F>6E>>= >5-

?4EF< 
104 105,5 131,04 

�>D<<D>64==O5 >F=>E<F5?L=> 20117. 1 1,014 1,26 

     

��&�$�&'$� 
1. �4?<=<G5=>> �. .. �=D>D<4F<>==O5 F5E-

=>?>7<< ?D>7=>7<D>64=<O E>F<4?L=>-M>>=>-
<<G5E>>7> D476<F<O D57<>=4 // $57<>=4?L=4O 
<=D>D<4F<>4 «$� 2014»: <4F5D<4?O XIV %4=>F-
�5F5D5GD7E>>= <564G=4D>4=>= >>=D5D5=F<<. 
%�5: �74-6> %���%', 2014. %. 1883189. 

2. �D4=55D7 �. �. �E=>6O D57<>=4?L=>= M>>-
=><<>< / �>E. '=-F �OEL4O L>>?4 M>>=><<><. 
�.: �' �,-, 2006.  

3. �>D5?>64 �. �., �4E?5==<>>64 �. �. �><?>-
7<F<O >>7=<F<6=>7> <>45?<D>64=<O < E<EF5<-
=>= 4<=4<<>< 4?O D5L5=<O 7444G G?D46?5=<O 
D476<F<5< D57<>=4?L=OE E<EF5< // 6-O �E5D>E-
E<=E>4O <G?LF<>>=D5D5=F<O ?> ?D>5?5<4< 
G?D46?5=<O ���'-2013, '�=F-D7�%-2013: E5. 
FDG4>6 6 4-E F. $>EF>6-=4-�>=G: .$', 2013. &. 3. 
%. 94397. 

4. /=4O54564 �. �. �=4?<7 <=D>D<4F<>==OE 
E<EF5< 4?O ?D>7=>7<D>64=<O E>F<4?L=>-
M>>=><<G5E>>7> D476<F<O D57<>=4// �>FG4?L-
=O5 ?D>5?5<O 674<<>45=EF6<O 7>EG44DEF64, 
7D4644=E>>7> >5M5EF64, ?<G=>EF< < 5<7=5E4. 
%5>D=<> EF4F5= ?> <4F5D<4?4< >>=D5D5=F<<, 
?>E6OMU==>= �=N D>EE<=E>>= =4G><. %4D4F>6-
�.: �5EOF4O �G74, 2017. %. 1663172. 

5. /=4O54564 �. �. �>45?< < <5F>4O ?D>7=>-
7<D>64=<O E>F<4?L=>-M>>=><<G5E>>7> D476<F<O 
D57<>=4 //�D>5?5<O D476<F<O GEF>=G<6OE >F-
=>L5=<= <564G 7>EG44DEF6><, 7D4644=E><< 

>5M5EF6>< < 5<7=5E><: 6O7>6O 6D5<5=<. %5>D-
=<> EF4F5= ?> <4F5D<4?4< >>=D5D5=F<<, ?>E6O-
MU==>= �=N D>EE<=E>>= =4G><. %4D4F>6, 2016. 
%. 1653173. 

6. %F5=4D=O5 GE?>6<O, >E=>6=O5 ?4D4<5FDO 
?D>7=>74 E>F<4?L=>3M>>=><<G5E>>7>  D476<F<O 
D>EE<=E>>= D545D4F<< < ?D545?L=O5 GD>6=< 
F5= (F4D<D>6) =4 GE?G7< >><?4=<= <=DD4EFDG>-
FGD=>7> E5>F>D4 =4 2016 7>4 < =4 ??4=>6O=  ?5-
D<>4 2017 < 2018 7>4>6, GF65D645==O5 �<=M>>-
=><D476<F<O $>EE<<. �., 2015. 

7. /=4O54564 �. �. �5 >E>55==>EFOE D>D<<-
D>64=<O D57<>=4?L=OE ?D>7=>7>6 // �>FG4?L-
=O5 ?D>5?5<O E>6D5<5==>EF<: =4G>< < >5M5EF-
64. �74-6> �4?4>>6E>>7> D<?<4?4 $��%<�%. 
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URL: http://www.admbal.ru/page/sotsialno-
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ABSTRACT:  
Purprose. Development of a mathematical model for predicting indicators of socio-economic develop-
ment of the region. Carrying out a computational experiment with the developed model and analysis of 
the results obtained. 
Methodology. In the process of research, the methods of comparative analysis, generalizations, a sys-
tem approach were used. The information-empirical base of the research consists of the data of the 
Federal State Statistics Service and regional authorities. 
Results. The author analyzed the existing approach to the development of regional forecasts, identified 
problems in regional forecasting, reducing the quality of forecasts. An alternative method of forming 
long-term forecasts of socio-economic development of the region using the mathematical model de-
veloped using the system-dynamic approach is proposed. 
Scientific novelty. A new mathematical model, developed on the basis of a system dynamics model, has 
been proposed for modeling and forecasting indicators of socio-economic development of the region. 
Scientific novelty. The presented approach to forecasting indicators of socio-economic development of 
the region improves the efficiency of forecasting tools and provides decision makers with the ability to 
manage the situation in the region promptly. The developed mathematical model helps to increase the 
accuracy of regional forecasts. The results of forecasting indicators of socio-economic development of 
the Balakovo municipal district of the Saratov region in the time interval are shown [2011; 2021]. 
 
KEYWORDS: Mathematical model, system dynamics, forecasting, indicators of socio-economic devel-
opment. 
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