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ŷ –  ,  ,  -
, ; ,X Y –  

 X  Y; 1 1ˆ ˆ ˆ ˆ, , ,X Y X Y – -
 X  Y . 

 
: 

 .dxU IR L
dt

  (21) 

, -
, -

  ( -



135 

),  X  Y -
 2x . . 3. 

 
. 3.  

 
: 

1K  – -
; 1x – , ; 2x – -

, . 
,  

 
: 

 1 1

2 1 1

1 1 ,

.

x p U p Rx p
L p

x p K x p f p
  (22) 

 (22)  (1): 

 1 2
2 .UK Rx Rx f f

L L L
  (23) 

 (23) :  ( -
)  ( )  (2): 

 
2

1

, ,

, .

R Ra t x f f
L L

Kb t
L

x

x
  (24) 

 
 (24) : 

 0 01 2 00 2, .a t x a x a x   (25) 

 (3) ,  
, -

: 



136 

 2 2
2 2 2 1,d d dx U x x A   (26) 

1 1.41A  – -

, ; 1
d

dT
 – 

, -

; 0.1
d

LT
R

 – , . 

 
-

: 

 2 2
00 2 1 01 2

0

1 ˆ .d d dU a x A a x y
b

  (27) 

. 4. 

 
. 4.  

 
-
 

, -
. -

: 

 
2 2

2 2 2
1 2 2,2 2

ˆ ˆ ˆF F
d x d xT T A x x
dt dt

  (28) 



137 

  F
dm

T
K

 – , ;  

6...10dmK  – ;  

2x̂  –  ( -
)  X  Y. 

. 5. 

 
 

. 5.  
 
 

 
. 6. 
 

 
. 6.  

 
 



138 

 
 

. 7.  
 

 
, , -

 ( . 7),  
 

. 8).  3.5T  c  
, -

. 
 

 
 

. 8.  
 



139 

 
 

,  
: 

1.  
,  

. 
2.  

; -
, -

-
. 

3.  
-

, -
. 

 
 

-
, -

-
. ,  

 
,  

. 
-

. -
-

- , -
.  

 
 

 
1. ., .  

 // . – 2006. –  2. – . 69. 
2. .  // 

. – 2008. –  2. – . 340–342. 
3. ., ., .  

 // -
, . – 2009. –  6 

(64). – . 32–37. 
4. ,  .   

 // . – 2015. –  10 (  2). – . 254–258. 
5. ., .  

 // . – 2012. – . 22,  4. – . 5–18. 
6. ., ., ., .  

 // . . -
. – 2017. – . 60,  6. – . 157–166. 

7. ., ., . [ .]. -
 

 // -
. – 2013. –  3 (52). – . 46–50. 



140 

8. . -
 // : . . . – 

: , 2008. – . 14–27. 
9. ., . . . I. -

: . . – : , 2001. 
10. ., ., . -

: . . – : , 2007. 
11. . : , , . – .: -

, 2003. 
12. ., . -

 // . – 2016. –  2 (42). – . 59–62. 
13. Bleuler H. Magnetic levitation: a challenge for control design in mechatronics. Toshiba Chair for 

Intelligent Mechatronics. 2011. Vol. 44,  12. . 578–583. 
14. Kimman M.H., Langen H.H., Munnig Schmidt R.H. A miniature milling spindle with active magnetic 

bearings. Mechatronics. 2010. Vol. 20,  2. . 224–235. 
15. ., . -

 // -
. – 2012. – . 8,  6. – . 54–56. 

 
 15  2019 . 
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Abstract. The paper is devoted to the development and investigation of automatic correc-
tion system of rotor radial position updating of micro electric drive, used in high-precision 
processing systems. A new approach of solving the problem of stabilizing the rotating el-
ement of motor, based on active current updating of the spatial position is offered. Auto-
matic stabilization is achieved by organizing in the electromechanical system an electro-
magnetic effect of reversible nature. It is proposed to use the paired groups of electromag-
nets operating on the control object. The development of the automatic correction algo-
rithm is done by the signal-adaptive inverse model method. The approach is able to pro-
vide the desired quality indicators for the control process of a nonlinear object, and also to 
achieve insensitivity of the correction system for external and internal signal and paramet-
ric disturbances. The paper describes the way of constructive implementation of this 
method, structural synthesis methodology of control law. Structural and functional dia-
grams of the automatic correction system for radial deviations are presented in the article, 
as well as the results of simulation, confirming potential of conducted research. 
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DEVELOPMENT AND VERIFICATION FOR THE ADEQUACY 
OF THE POLYNOMIAL MODEL TO REDUCE THE POWER LOSSES 
IN THE ALLIED GRID COMPANY AT REACTIVE POWER 
COMPENSATION OF THE CONSUMER 

.V. Kuznetsov, D.A. Rebrovskaya  
 

Ulyanovsk State Technical University 
32, Severniy Venets str., Ulyanovsk, 432027, Russian Federation 
 
Abstract. The paper reveals that the models for assessing the specific contribution of the 
individual consumer to reducing losses in the network organization when installing com-
pensating devices (CD) have been missed for a long time. This did not allow investors to 
receive reliable information about the revenue component of the CD installation project; 
projects were not supported. CD in the networks of consumers ceased to be installed in the 
requi red volume, reactive power flows increased, electric power losses increased. The 
emergence of such a model and its improvement allows us to intensify the activity of in-
stalling CD in the networks of electricity consumers. Achieving the goal contributes to the 
improvement of the model in the direction of its simplification and the creation of simpli-
fied engineering techniques.  Simplification of the model is possible by converting it into a 
polynomial one with using the mathematical experimental design theory. For this, the 
scope of variables is limited by eliminating values that are far from the real ones in prac-
tice. Part of the variables is accepted as constants. According to the results of computation-
al experiments, the coefficients of the polynomial model were determined and the adequa-
cy of the program model was tested as per the F-ratio test. It is noted that the proposed 
polynomial model can be recommended for electric power consumers who are not able to 
use the mathematical model to obtain important information for the feasibility study of the 
decision to install the compensating device with a required power.   

Keywords: electricity supply system, the allied grid company, mathematical model, the 
polynomial model, reactive power compensation, the compensating device, Russian Foun-
dation for Basic Research. 

 
REFERENCES 
 

1. Vorotnitskiy V.E. Energy efficiency and reactive power compensation in electrical networks. Prob-
lems and solutions. Energosovet, 2017. no. 1 (47). Pp. 44–54 (In Russian). 

2. Vorotnitskiy V.E., SHakaryan YU.G., Sokur P.V. On the development and coordination of services 
for reactive power compensation. Energoekspert, 2013. no. 5 (40). Pp. 32–37 (In Russian). 

3. Kuznetsov A.V., Argentova I.V., Buyankin M.I., Daskal N.V. The assessment of the reduction of pow-
er losses in network organization during reactive power compensation in the network of the consum-

                                                   
Anatoly V. Kuznetssov (Dr. Sci. (Techn.)), Head of Department. 
Diana A. Rebrovskaya, Senior Lecturer. 



154 

er. Energosberezhenie v gorodskom khozyaystve energetike promyshlennosti: Sedmaya Mezhdu-
narodnaya nauchno-tekhnicheskaya konferentsiya. Ulyanovsk, UlSTU, 2017. Vol. 2. P. 260–265 (In 
Russian). 

4. Kuznetsov A.V., Rebrovskaya D.A. Refinement of methods of assessing financial efficiency of the 
installation of compensating devices in the network consumer. Vestnik Ulyanovskogo gosudarstven-
nogo tekhnicheskogo universiteta, 2017.  3 (79). Pp. 51–56 (In Russian). 

5. Kuznetsov A.V., Rebrovskaya D.A. Refined estimation of efficiency of installation of compensating 
devices in the network consumer of electricity. Aktualnye problemy energetiiki v APK: IX Mezhdu-
narodnaya nauchno prakticheskaya konferentsiya. Saratov, 2018. P. 85–86 (In Russian). 

6. Kuznetsov A.V., Rebrovskaya D.A. Features of mathematical modeling of reactive power compensa-
tion conditions of affiliation of electric networks. Informatsionnye tekhnologii v elektrotekhnike 
i elektroenergetike: materialy IX Vseros. nauch.-tekhn. konf. CHeboksary, 2018. P. 345–346 (In Rus-
sian). 

7. Kuznetsov A.V., Magazinnik L.T. Increase of efficiency of functioning of control  devices of electric 
power transmission in systems of power supply of consumers. Ulyanovsk, UlSTU, 2013. 144 p. (In 
Russian). 

8. Kuznetsov A.V., Argentova I.V. Legal aspects of application of raising factors to tariffs for the reac-
tive energy consumption. Industrial Power Engineering, 2013. no. 3. Pp. 17–20 (In Russian). 

9. Kuznetsov A.V., Argentova I.V. Mathematical model for estimation of the power losses enhancement 
in a grid company with power factor compensation in a consumer’s network. Electrical Engineering, 
2016. no. 10. Pp. 68–73 (In Russian). 

10. Kuznetsov A.V., Argentova I.V., Rebrovskaya D.A. Software model for estimation of the power losses 
enhancement in a grid company with power factor compensation in a consumer’s network. Industrial 
Power Engineering, 2016. no. 6. Pp. 48–54 (In Russian). 

11. Kuznetsov A.V., Rebrovskaya D.A. Refinement of the model for estimation of the power losses en-
hancement in a grid company with power factor compensation in a consumer’s network. Industrial 
Power Engineering 2018. no. 10. Pp. 31–36 (In Russian). 

12. Adler YU.P., Granovsky YU.V., Markova E.V. Theory of experiment: past, present, future. M.: 
Knowledge, 1982. 64 p. (In Russian). 

13. Regarding the procedure for calculating the ratio of consumption of active and reactive power for 
individual power receivers (groups of power receivers) of electric power consumers. Order of the 
Ministry of Energy of the Russian Federation dated June 23, 2015 N 380 // SPS Consultant Plus.  
http://www.pravo.gov.ru http://publication.pravo.gov.ru / Document / View / 0001201507270034 (In 
Russian). 

14. Kuznetsov A.V., Argentova I.V. Clarifying the methods for calculating tariffs for electricity transmis-
sion in connection with the use of raising factors for the consumption of reactive power. Vestnik 
SamGTU. Ser. Tekhnicheskie nauki, 2014.  3 (43). Pp. 131–138 (In Russian). 

15. Kuznetsov A.V., Rebrovskaya D.A. Process control of reactive power compensation in electrical pow-
er system. Matematicheskie metody v tekhnike i tekhnologiyakh – MMTT-31 I Mezhdunarodna-
ya nauchnaya konf. St. Petersburg, 2018. Pp. 71–74 (In Russian). 

 
 

  



155 

. . . . . . . 2019.  4 (64) 
 
 

 621.3.078 

 
 

. 1, . 1, . 2, . 1,  
. 1 

 

 

, 443100, . , . , 244 
 
2  

, 423450, , . , . , 2 
 
 

. -
, -

.  
-

. -
-

.  
,  

 
. -

-
. -

.  
-

. , ,  
. -

. -
,  

 – . -
, -

 
. ,  

. , -
 

. -
 

                                                   
 ( ., .)  « -

». 
 ( .),  « -

». 
 ( ., .),  « - 

». 
 ( ., .),  «  

». 
 « -

». 



156 

. ,  
 0,54 %. 

 
: , , -
, , . 

 
 

-
, -

. -
-
-

 [1–8].  
,  

. 
 

, ,  
, -

. , ,  
.  

 
 

.  [9–16], -
.  

 [9–14],  
.  

[15, 16],  
, -

. -
,  

 [17]. -
 

-
.  

-
-

. 
 
  

[9–17] 
 



157 

/
1 1 01 2

1 1 2 0 1

/
1 1 01 2

1 1 2 0 1

//
2 2 02 1

2 1 0 2

//
2 2 02 1

2 1 0 2

1 0
1 2 1 2

1 1 1 0

1

;

;

;

;

1 ;
2

;

x
x x x y

y
y y y x

x
x x y

y
y y x

y x x y

x U

y U

d R LR LU
dt

d R LR LU
dt

d R LR L
dt

d R LR L
dt

m Z Ld M
dt J J

U k f U
U k 1 1 0

1
0

;

2 ,

f U
f

Z

    (1) 

  1x  1y  –  
 0xy, ;  

1xU  1yU  – -
;  

2 x  2 y – ; 

1L  1R  – ;  
/
2L  /

2R  –  
;  

0L  – ;  

0  – ;  
 – ;  

J  – ;  

1m  – ;  
Z  – ;  
M  – ;  

/ 2
1 2 0L L L ;  

1f – ;  

1Uk  – ,  

0U  – ;  
t – . 

 (1) ,  
,  0 1y , 0 1x , 0 2 y , 0 2 x , 

1 2y x  1 2x y . -
,  1f , 

 (1).  



158 

,  
 [18–20]. -

 0 1y  

0 1 1 0 1 10 1
2

y y yf f
Z

;      (2) 

 0 1 1 0 1 10 1
2

x x xf f
Z

;      (3)  

0 2 2 0 1 10 2 2 0 00 2
2

y y y y yf f
Z

;  (4) 

0 2 2 0 1 10 2 2 0 00 2
2

x x x x xf f
Z

;    (5) 

1 2 2 0 1 1 0 2y x x y y x ;      (6) 

1 2 2 0 1 1 0 2x y y x x y ,       (7) 
 1 0x , 1 0y , 2 0x , 2 0y , 00  10f  – . 

 (2) – (7)  (1)  0 0U , -
-

 

1 1 1 2 1

1 1 1 2 1

2 2 1 1 2 00 2 2 2 0

2 2 1 1 2 00 2 2 2 0

2 0 1 1 0 2 2 0 1 1 0 2

1 ;

1 ;

1 ;

1 ;

,

x x y

y y x

x x y y

y y x x

x y y x y x x y

T p Af F B

T p Cf F B

T p D Gf H T T

T p D Kf H T T

J p k M

  (8) 

  1 /
1 2

T
R L

;  

2 /
2 1

T
R L

 –  

;  
dp
dt

 – ; 1 0
1 1

2 y
UA k T

Z
; 

1 102 ;T fB
Z

 1 0
1 1

2 x
UC k T

Z
; 

0

1

;LD
L

0

2

;LF
L

 2 2 02
;yT

G
Z

;  

2 102 T fH
Z

; 2 2 02 xTK
Z

; 1 0

2
m Z Lk . 

 (8)  
 1f ,  -

 .  -



159 

 M  
.  

(8)  1x : 

1 1 2 1
1 1 11 1 1x x y

A F Bf
T p T p T p

.      (9) 

 (9)  (8),  
1 1

1 1 2 12 2 22 2 2
1 1 1

1 2 2 1 1 1

2 00 1 2 2 0 2 1

2 2 1 1 2 00 2 2 2 0

1 2 0 1 2 0

1 1
;

1 1 1

1 1 1

1 1 ;

1 ;

1 1

y y x

x y

y y

y y x x

x y

C T p AB F T p BFf
T p B T p B T p B

T p T p DF G T p AD f BD

H T T p T T p

T p D Kf H T T
J

T p p T p B
k 1

1 0 1 2 0 2 2 0 1 1 0 1 21 1 .

y

y y x y x yT p F A f T p

  (10) 

 1y  (10)  ,   
 2 x  

 2 y , -
 

13 12 11 10 9 8 7
0 1 2 3 4 5 6
6 5 4 3 2

7 8 9 10 11 12

15 14 13 12 11 10 9 8
1 0 1 2 3 4 5 6 7

7 6 5 4 3 2
8 9 10 11 12 13 14

1( )( )
( )

1

k b p b p b p b p b p b p b p
b p b p b p b p b p b ppW p

f p a p a p a p a p a p a p a p a p
a p a p a p a p a p a p a p

, 

 (11) 

 71 65 62 76

71 84 63 76

A A A Ak
A A A A

; 0 40 01 05 02 06b A A A A A ; 40
71 65 62 76

1A
A A A A

;

1 40 01 15 11 05 02 16 12 06b A A A A A A A A A ; 

2 40 01 25 11 15 21 05 02 26 12 16 22 06b A A A A A A A A A A A A A ;  

3 40 01 35 11 25 21 15 31 05 02 36 12 26 22 16 32 06b A A A A A A A A A A A A A A A A A ; 

4 40 01 45 11 35 21 25 31 15 41 05 02 46 12 36 22 26 32 16

42 06

b A A A A A A A A A A A A A A A A A A A
A A  

5 40 01 55 11 45 21 35 31 25 41 15 51 05 02 56 12 46 22 36

32 26 42 16 52 06

b A A A A A A A A A A A A A A A A A A A
A A A A A A  

6 40 01 65 11 55 21 45 31 35 41 25 51 15 61 05 02 66 12 56

22 46 32 36 42 26 52 16 62 06

b A A A A A A A A A A A A A A A A A A A
A A A A A A A A A A  

7 40 11 65 21 55 31 45 41 35 51 25 61 15 71 05 02 76 12 66

22 56 32 46 42 36 52 26 62 16

b A A A A A A A A A A A A A A A A A A A
A A A A A A A A A A  

8 40 21 65 31 55 41 45 51 35 61 25 71 15 12 76 22 66 32 56

42 46 52 36 62 26

b A A A A A A A A A A A A A A A A A A A
A A A A A A ; 



160 

9 40 31 65 41 55 51 45 61 35 71 25 22 76 32 66 42 56 52 46

62 36

b A A A A A A A A A A A A A A A A A A A
A A  

10 40 41 65 51 55 61 45 71 35 32 76 42 66 52 56 62 46b A A A A A A A A A A A A A A A A A ; 

11 40 51 65 61 55 71 45 42 76 52 66 62 56b A A A A A A A A A A A A A ;

12 40 61 65 71 55 52 76 62 66b A A A A A A A A A ; 0 40 01 04a A A A ; 1 40 01 14 11 04a A A A A A ; 

2 40 01 24 11 14 21 04 03 06a A A A A A A A A A ; 

3 40 01 34 11 24 21 14 31 04 03 16 13 06a A A A A A A A A A A A A A ; 

4 40 01 44 11 34 21 24 31 14 41 04 03 26 13 16 23 06a A A A A A A A A A A A A A A A A A ; 

5 40 01 54 11 44 21 34 31 24 41 14 51 04 03 36 13 26 23 16

33 06

a A A A A A A A A A A A A A A A A A A A
A A  

6 40 01 64 11 54 21 44 31 34 41 24 51 14 61 04 03 46 13 36

23 26 33 16 43 06

a A A A A A A A A A A A A A A A A A A A
A A A A A A  

7 40 01 74 11 64 21 54 31 44 41 34 51 24 61 14 71 04 03 56

13 46 23 36 33 26 43 16 53 06

a A A A A A A A A A A A A A A A A A A A
A A A A A A A A A A  

8 40 01 84 11 74 21 64 31 54 41 44 51 34 61 24 71 14 03 66

13 56 23 46 33 36 43 26 53 16 63 06

a A A A A A A A A A A A A A A A A A A A
A A A A A A A A A A A A  

9 40 11 84 21 74 31 64 41 54 51 44 61 34 71 24 03 76 13 66

23 56 33 46 43 36 53 26 63 16

a A A A A A A A A A A A A A A A A A A A
A A A A A A A A A A ; 

10 40 21 84 31 74 41 64 51 54 61 44 71 34 13 76 23 66 33 56

43 46 53 36 63 26

a A A A A A A A A A A A A A A A A A A A
A A A A A A  

11 40 31 84 41 74 51 64 61 54 71 44 23 76 33 66 43 56 53 46

63 36

a A A A A A A A A A A A A A A A A A A A
A A  

12 40 41 84 51 74 61 64 71 54 33 76 43 66 53 56 63 46a A A A A A A A A A A A A A A A A A ;

13 40 51 84 61 74 71 64 43 76 53 66 63 56a A A A A A A A A A A A A A ;

14 40 61 84 71 74 53 76 63 66a A A A A A A A A A . 
 01A  – 71A ; 02A  – 62A ; 03A  – 63A ; 04A  – 84A ; 05A  – 65A ; 06A  – 

76A  
. ,  42A  45A  

2 2 2
42 1 1 2

2 2
2 1

2
30 2 00 2 00

20 1 1

1 2 3 2 1

1 3 3

2 1 2
3 ;

A K B DF T K CD B DF T B T

K B AB C D B T DF T

A H T H T B G AD G BCD
A ATD G T T

 

2 3 2 4
45 1 0

2 3 2 3
2 0

2 3 2
2 0 1

2 3 2 3
2 0 2 0 2 1

10 3 6 15 12
10 3 6 6 6
10 3 6 10 3

5 3 4 2 5 3 4 2 ,

y

x

y

x y

A AD AB D BCD B CD G B G B G
C B C AB AB B CDF BFG B FG CDF
A AB BC B C FG B FG T

C B C AB AB A AB BC B C T T

 



161 

 2
20 2 00 1A H T B BDF ; 2

30 1A AD BCD B G . 
 

 Matlab Simulink  1LA7083-
2AA10-Z, : 1100P ; 

1 220U ; 1 50f ; 1 2,3I ; cos 0,87 ; 0,83 ; 1 7,731R ; 

1 0,833L ; /
2 0,677L ; 0 0,648L ; 1 0,0275T ; 2 0,0273T , 1Z , 

0,001J 2.  « »  
 (1) ,  10 50f  

1 0,3f  0,197t , -
 – 45,3 % ( . 1).  

 

 
 

. 1.  50 ,  
 

 
 

: 1 0 0,718x , 1 0 0,678y , 2 0 0,56x , 

2 0 0,528y ,  00 314,1 . 
-

 (11), -
 

: 



162 

26 13 26 12 23 11

20 10 17 9 15 8 12 7

10 6 8 5 6 4 4 3

3 2
50

6,283 1,5859 10 6,9265 10 7,6212 10
2,4949 10 1,3255 10 3,2488 10 1,0191 10
1,8053 10 3,2033 10 3,6683 10 2,3046 10

+7,892 10 0,13
( )

p p p
p p p p
p p p p

p
W p

32 15 29 14 26 13 24 12

21 11 19 10 16 9 14 8

12 7 9 6 7 5 6 4

4

948 1

3,0808 10 1,5705 10 1,5947 10 5,888 10
2,9614 10 8,0395 10 2,4591 10 4,8007 10
8,8611 10 1,148 10 1,0426 10 6,8865 10
3,1473 10

p

p p p p
p p p p
p p p p
3 3 29,093 10 0,146691 1p p p

.(12) 
 (12)  ( . 2).  

t ,   

,   

 
. 2.  50 ,  

 
 

,  
0,1976 ,t  – 45,5  %. -

, , , 
 0,44 %. 

 (1)  
 10 1f  1 0,05f  ( . 3). -

 0,55t , -
. : 1 0 0,545x  



163 

, 1 0 0,105y , 2 0 0,424x , 2 0 0,082y , 00 6,282 .  
 (11) : 

19 13 17 12 14 11

12 10 10 9 9 8 7 7

6 6 4 5 3 4 3

2
1

6,2837 1,7671 10 7,7186 10 +1,5189 10
1,78 10 1,3826 10 7,4948 10 2,9057 10
8,1211 10 1,6286 10 2,3063 10 0,0225
0,1445 0,5647 1

( )
1,0923 1

p p p
p p p p

p p p p
p p

W p
22 15 20 14 17 13 15 12

13 11 11 10 10 9 8 8

7 7 5 6 4 5 3 4

3 2

0 5,5684 10 1,3048 10 1,864 10
1,8144 10 1,2736 10 6,6499 10 2,625 10
7,8773 10 1,7911 10 3,0477 10 3,7931 10
0,033255 0,193028 0,6

p p p p
p p p p

p p p p
p p 61296 1p

. 

(13) 

t ,   

,   

 
. 3.  1 ,  

 
 

,  (13), 
,  0,547t , -

 ( . 4). , -
, , 

 0,54 %. 
,  (11),  

, -
, , ,  

.  
 



164 

, -
,  
. 

-
 

. 

t ,   

,   

 

 
. 4.  1 ,  

  
 

 
 

1. . -
: …. . . . – : , 1999. – 268 . 

2. . -
: …. . . . – : -

. . . , 2010. – 153 . 
3.  2165037. -

 / . , . , . , 
.  ( ) // . 10.04.2001, .  10. 

4.  2181829. , -
,  / . 

, .  ( ) // . 27.04.2002, .  12. 
5. ., ., . -

 //  
. . . – 2009. –  1 (23). – . 142–151. 

6.  2370673.  / 
. , . , .  ( ) // . 20.10.2009, .  29. 

7.  2442024.  / 
. , .  ( ) // . 10.02.2012, .  4 



165 

8. .  
 // -

. . . – 2009. –  3 (25). – . 193–198. 
9. . . – .: 

, 1990. – 304 . 
10. . . – .: -

, 2006. – 265 . 
11. . . – .: . , 2015. – 373 . 
12. .  ( ). – .: , 2013. – 63 .  
13. .  

. – : . , 1998. – 172 . 
14. . : . . . . – .:  

», 2013. – 352 . 
15. .  

 //  
. . . – 2002. – . 16. – . 175–180. 

16. ., ., . : . -
. – : , 2004. – 104 . 

17. .,  .,  .,  .  
 // -

. . . – 2011. –  3 (31). – 
. 171–179. 

18. ., . . – .: , 1975. 
– 768 . 

19. : . . « ». 
 2 . . 1.  / . , . , 

. .; . . . – .: . ., 1986. – 367 . 
20. . . – .: 

, 1989. – 304 . 
  20  2019 . 

 
 
 
 

LINEARIZED MATHEMATICAL MODEL OF SUBMERSIBLE  
ASYNCHRONOUS  MOTOR  

A.V. Starikov2, S.L. Lisin1, T.V. Tabachnikova2, I.A. Kosorlukov1,  
O.S. Belyaeva1 

 
1Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russia 
 
2Almetyevsk State Oil Institute 
2, Lenin’s street, Almetyevsk, Tatarstan, 423450, Russia 
 
Abstract. Currently, submersible induction motors are widely used in electric centrifugal 
pump units, which provide the bulk of oil production in Russia. To maintain a given dy-
namic fluid level in the well, submersible pump control stations are equipped with closed 
systems  with  frequency  converters.  For  the  correct  synthesis  of  the  regulators  of  the  dy-
namic level stabilization system, it is necessary to know the transfer function of the induc-
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tion motor as a control object. It should be borne in mind that for matching a high-voltage 
submersible motor with a frequency converter, a step-up transformer and scalar frequency 
control of an asynchronous machine are used. Existing linearized mathematical models of 
an induction motor with this control method are approximate. Therefore, the purpose of 
this study is to obtain an updated model of a submersible induction motor. The article pro-
vides a well-known system of equations of an asynchronous machine with scalar frequency 
control. It is shown that this system is non-linear since a number of variables are multiplied 
in it. The linearization of the main nonlinearities was carried out by the method of their 
expansion into a Taylor series. In the linearized system, the frequency of the supply volt-
age of the stator is taken as the input coordinate, and the rotational speed of the rotor of the 
induction motor is taken as the output coordinate. Getting rid of the intermediate variables 
by the method of sequential substitution, we obtained the transfer function of a submersi-
ble induction motor with scalar frequency control. It is shown that the characteristic poly-
nomial of the found transfer function is of the fifteenth order. Analytical expressions are 
found that connect the coefficients of the transfer function with the parameters of the in-
duction motor and the coordinates of the starting point. The adequacy of the obtained 
mathematical model is estimated by comparing the modeling results of step response in a 
nonlinear system of equations and in a linearized one. It is shown that the discrepancy be-
tween the results does not exceed 0.54%.  

 
Keywords: submersible induction motor, scalar control, mathematical model, transfer 
function, linearization. 
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