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Simulation of electric load is one of the most difficult 
modeling problems of operating condition of the electric power 
system.  It  is  stipulated  by  a  large  number  and  a  variety  of  
electrical loads and their erratic behavior. The considerable share 
of loads cannot be described with sufficient accuracy by typical 
characteristics. To refine and actualize them, special staged field 
tests are carried out in power systems. This does not completely 
solve the problem. It is impossible to cover all loads in all 
possible states with such experiments. The purpose of the work is 
to develop a method for determining the static load model of 
electric power systems by voltage. The determination is made by 
mathematical processing of the data of steady-state observation 
over the parameters of an electrical mode. The method is based 
on the developed mathematical model considering probability 
nature of changes in the load power and the supply network 
voltage as well as the correlations between them. There are two 
such correlations. Changing the load power caused by a voltage 
variation. And also a voltage variation at the supply point caused 
by the change in the load power. The first correlation reflects the 
natural static load model. The second correlation reflects the 
"network response". Taking into account the "network reaction" 
is necessary when processing data from the steady-state 
measurement. The difference of the proposed method is usage of 
laws of probability distribution instead of the measured values. 
This makes it possible to use the method in combination with 
cluster analysis methods. In these methods, the measurement 
results are presented in the form of a Gaussian mixture. The 
proposed method can be used to automate the process of 
determining the static load models according to the measurements 
without conducting staged field tests. This will make it possible 
to cover all the telemetered nodes of load in all possible states in 
the future. 

Keywords: electric power system, static load model, steady-
state measurements, cluster analysis, network response, system of 
random variables, covariance matrix, dispersion ellipse. 
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A block diagram of the decision-making process for 
choosing the preferred alternative for the development of the 
power supply system of the district of the region is proposed. It 
consists of local and global levels. The algorithm of the decision-
making process for the development of an object of the power 
supply system at the local level is presented. Its main stages and 
operational actions are outlined. The choice of a scenario for the 
development of an object of the power supply system is to be 

made based on the index of the technical condition of the 
equipment and the value of the maximum load of the equipment. 
Multi-criteria evaluation and ranking of alternatives for the 
development of objects of the power supply system are proposed 
to be carried out by means of an artificial neural network (ANN). 
The ANN is trained by the error back propagation algorithm. For 
this purpose, the ANN architecture based on the F-measure is 
defined. The best result was F=0.98 for the Levenberg -
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Marquardt training algorithm with the number of neurons in the 
three  hidden  layers  6,  18,  and  26,  respectively.  The  results  of  a  
software-implemented decision-making algorithm for the 
development of a power supply system facility are presented.  

Keywords: power supply system, alternative development, 
decision-making. 
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The paper is concerned with the justification of the task of a 
controller development for elastic modulus of the driver shaft 
(spindle) and the roll speed of the electromechanical system of a 
plate mill stand.  The structure of the main line of the horizontal 
stand at the 5000 plate mill, PJSC “Magnitogorsk Iron and Steel 
Plant” (PJSC “MMK”), was considered. Oscillograph records are 
shown, which confirm the oscillating character of the elastic 
modulus on the spindle at the moment of gripping the metal by 
the rolls. It is shown that its amplitude is several times higher 
than the steady rolling torque. The model of a double-mass 
electromechanical system with an elastic coupling and an angular 
joint gap is analyzed. The recorded state-space equations are used 
to develop the controller of the second mass (roll) position and 
the elastic spindle torque by the following parameters of the first 
mass: the electric drive motor torque and velocity. The structure 
of the controller was presented, the main problem of adjustment 
is to provide the high rate of response to restore the transient 
processes in impact load mode. It was noted that the well-known 
controllers, which are coordinate calculators with complex 
algorithms, are not able to provide the necessary fast response. A 
new approach was proposed, the main idea of this approach is to 
simulate the processes using a model with further direct 
adjustment on the site. The research group carried out the 
analysis of transient processes of restored coordinates of the 
double-mass system during metal gripping by the rolls. The 
results were compared with the experimental oscillograph records 
obtained  on  the  mill.  The  agreement  of  the  processes  with  
reasonable accuracy was confirmed. The paper presents the 
integrated results obtained in the process of analysis of the 
restored relationships and experimental oscillograph records of 
the elastic modulus in the process of rolling of slabs of various 
thickness. A conclusion was made about the significant influence 
of the slab thickness and the component defined by the elastic 
properties of the spindle on the torque amplitude on the spindle. It 
was recommended to apply the developed controller in closed-
loop control systems of elastic modulus. It was noted that the 
necessary condition of effective operation of such systems 
provision of metal gripping at preset closed angular gaps.  

Keywords: rolling mill, electromechanical system, double-
mass model, coordinates, controller, dynamic processes, 
restoration, oscillograph records, analysis, recommendations. 
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The article is concerned with the engine combined design of 
the electric separator consisting of an electric motor stator and 
solid rotor that performs the function of the working body of the 
electric separator drum. An electric drive is an electromechanical 
system consisting, in general, of interacting electric power 
converters, electromechanical and mechanical converters, control 
and information devices. The electric drive of the separator with 
the motor of the combined design contains the control device and 
the motor of the combined design. The article presents a 
mathematical model of the engine combined design of the electric 
separator based on differential equations describing 
electromagnetic and Electromechanical processes in the engine 
combined design of the drive cage, making it possible to obtain a 
functional relationship between dynamic characteristics and 
parameters developed by the engine combined design of the 
electric separator. The article considers the derivation of the 
expressions of the moment of resistance and the moment of 
inertia of the electric drive of the separator, which is an integral 
part of the combined design motor. In the expression of the 
resistance moment and the moment of inertia of the electric 
separator combined with the engine design variables are 
introduced taking into account the geometric features of the 
mobile elements of the combined design engine of the electric 
separator and changes in the composition of the multiphase 
separated piece of the product. The mathematical model is 
implemented in the software package MatLab Simulink and 
makes it possible to consider the influence of the parameters of 
voltage (the supply voltage and frequency supply voltage, the 
degree of distortion of the sinusoidal waveform of the supply 
voltage, the highest voltage harmonics, for example, the fifth or 
seventh); change the torque and moment of inertia generated by 
the separated piece product, the electromagnetic torque of the 
motor combined design of the drive cage and the speed of 
rotation of the working body of the electric separator combined 
with the engine design. 

Keywords: electric drive, separator, energy saving, combined 
construction, massive rotor, mathematical model, block diagram, 
moment of resistance, moment of inertia. 

REFERENCES 
1. Gaitov B.Kh., Kopelevich L.E.; Pismenny V.Y., Bykov E.A. 

Separator dlya zhidkosti [Separator for liquids]. Patent SU, 
no. 1427501, 1988. 

2. Kopelevich L.E. Ustanovka dlya separirovaniya nefti [Oil 
separation unit]. Patent RF, no. 2015110414/05, 2016. 

3. Kashin Y.M., Kopelevich L.E., Samorodov A.V., Kim V.A. 

Separator dlya polidispersnykh zhidkikh system [Separator 
for poly-dispersed liquid systems]. Patent RF, no. 
2019111177, 2019. 

4. Kashin Yu.M., Kopelevich L.E., Kim V.A. Determination of 
parameters of the electromagnetic system of the oil treatment 
plant. 2020 International Conference on Industrial Engineer-
ing, Application and Production (ICIEAM). IEEE, 2020. 
Pp. 1-7. doi: 10.1109/ICIEAM48468.2020.9111990. 

5. Kopelevich L.E., Kim V.A., Artenyan K.Z. Mathematical 
model of electromagnetic and electromechanical processes 
of the oil separation unit. Tekhnicheskie i tekhnologicheskie 
sistemy: materialy desiatoy Mezhdunarodnoy nauchnoy kon-
ferentsii [Technical and technological systems. Proceedings 
of the Tenth International Scientific Conference]. Krasnodar, 
2019, pp. 60-63. (In Russian) 

6. Kashin Ya.M., Kopelevich L.E., Samorodov A.V., Kim 
V.A., Artenyan K.Z. Separator for oil refining of combined 
design and its temperature field. Nauchnye trudy KubGTU 
[Electronic network polythematic journal "Scientific Works 
of KubSTU"], 2019, no. 5, pp. 86-99. (In Russian) 

7. Danilov P.E., Baryshnikov V.A., Rozhkov V.V. Teoriya 
elektroprivoda [Theory of electric drive]. Moscow, Berlin, 
Direct-Media Publ., 2018. 415 p. (In Russian) 

8. M. Ershov, M. Sidorenko. The Research of Frequency-
Controlled Synchronous Drive Transient Processes. 2018 X 
International Conference on Electrical Power Drive Systems 
(ICEPDS), Novocherkassk, 2018. Pp. 1-4. doi: 
10.1109/ICEPDS.2018.8571530. 

9. Korolev A.V. Investigation of the moment of resistance to 
rotation and static load capacity of a thrust rolling bearing. 
Vestnik SGTU [Bulletin  of  SSTU],  2011,  no.  2(56),  iss.  2,  
pp. 84-92. (In Russian) 

10. Mass  of  a  solid  part.  tvlad.ru:  Mathematics  for  Jewelers.  
Available at: https://tvlad.ru/mass/massa-sploshnoy-
detali.html (accessed 21 January 2021). (In Russian) 

11. List of moments of inertia. Wikipedia.org. Free Encyclope-
dia Available at: https://ru.wikipedia.org/wiki/Spicata (ac-
cessed: 21 January 2021). (In Russian) 

12. Gaitov B.Kh., Kashin Ya.M., Kopelevich L.E., Samorod-
ov A.V., Kim V.A. On the issue of calculating the temperature 
field of an energy-saving installation for oil refining / / Ener-
gosberezhenie i vodopodgotovka [Energy Saving and water 
treatment], 2020, no. 4 (126), pp. 7-16. (In Russian) 

13. Diakonov V. P. MatLab. Polnyi samouchitel [MatLab. Com-
plete tutorial]. Moscow, DMK Press Publ., 2012. 768 p.  
(In Russian) 

 

 
 / . -

, . , . , . , 
.  //  

. 2021.  2(51). . 30-38. 
https://doi.org/10.18503/2311-8318-2021-2(51)-30-38 

 Kashin Ya.M., Kopelevich L.E., Samorodov A.V., Kim V.A., 
Marakhovskiy E.A. Mathematical Model of Combined Con-
figuration Motor of Separator Electric Drive. Elektrotekhnich-
eskie sistemy i kompleksy [Electrotechnical Systems and 
Complexes], 2021, no. 2(51), pp. 30-38. (In Russian). 
https://doi.org/10.18503/2311-8318-2021-2(51)-30-38 

  



,  
 

. 2(51). 2021 39 
 

,  

 621.314 https://doi.org/10.18503/2311-8318-2021-2(51)-39-44 

. 

 

 
 

-
. -

, -
, .  

, , ,  
, -

.  
, -

.  
.  

 
-

. -
. , -

 
.  

. 

: , , ,  
, , . 

 

-
-

,  ,  ,   
 [1–3]. 

,  
-

, -
 

, , 
, -

 [4–11]. 
,  

, -
 [1–3].  

 
 [1], -

 
, -

.  
, -

 
-

. , -
-

, , -
. 

                                                
© .., 2021 

 ( ) -
 
 

. 
, ,  

, -
 ( ), -

,  -
, ,  

. ,  
-

,  
,  

[4–6]. 
-
-
-
-

 [4–6]. -
-

, , -
,   m  

 (m ), -
.  

-
 1-  (m =  1)  [4],  -

, -
-

. . 
-

, ,  



,  
 

40 . 2(51). 2021 
 

 
,  

,  
-

 [5, 6]. 
, : 

1.  
 c 
-

,  
. 

2. -
-

,  
. 

-
-
 

 (1- ). 
 

, -
 [1-3],  

 [4-11], -
 
 

-
-

. 
-
 

-
. -

-
. 

 
 

 

-
 

-
 . 1.  

 
. 1.   

 

:  – -
;  –  

,  – ;  – 
; T , K , 

K – ; VT – -
; VD –  ;  L –  

; C – ; R – -
; R  –  

; U  – ; U  – -
; U  – ; U  – ; 

U  – ; U  –  
; U  – -

. 
 . 1  

 –  
 

. 
-

,  K  
 

 [12].  K=0 
. 

-
 ( -I),  -

 
  

,  . 2. 
-
 

 [1–3]. 
 (k-1)T  tk1  

 iL   
, . . 

 tk1  tk2  
, , . 

 tk2  kT  VD, -
 tk2  

. 
 (k–1)T  tk1 -

-
, .  tk1 -

 
. 

 
. 2.  

 

 



,  
 

. 2(51). 2021 41 
 

    
 

 
-

,  
-

. -
: -

 U  max=20 ,  
U  min=30 ,  U =48 ,  

 f=100 ,  
P  min=150 ,  
P  max=400 , =0,0416, 

 
U =1,44 .  

 
 R  min=5 , R  max=15,36 . 

 
 [3]: 

max min max max

max min

,
U U

L
fI

  

max=1–U  min/U  – -
; I  min –  

; 

max max ,IC
U f   

 I  max – . 
 

: L=20 , 
C=35 . 

-
.  

 [13]: 

1 0,je W p W p   

 – ; W (p) – -
 [1], 

1 0
2

2 1 0

,b p bW p
a p a p a  

 2 ;ma U LR  

1 ;ma L CU RR
 

3
0 ;mUa R R

 1 ;b LU M  
2

0 ;b RU M R U M  1 1 ,M  
U  m – ;  – 

; W (p) – 
, 

,KW p K
p  

 K =1/T . 
 
 

[13]: 

1
2 2 2
0 1

;NK
b b

 

2 2
1 1 0 0 1

4 3
2 1 1 1

3
2 0 0 0

cos cos

cos sin

sin sin ;

N a b a b

a b a b

a b a b

 

2
2 2 2
0 1

;
NK ,

b b

 

2 2
2 2 0 1 1

3
0 0 2 1

0 1 1 0

cos cos

cos sin

sin sin

N a b a b

a b a b

a b a b .

 

 0  10 , -
 

=25o.  .  3  
, 
 

 U  R .  
-
. 

,  4-  
-

,  
 25o. , -

 L1  .  3 ), 
 U  min  R  min. 

 
. 3.  

 

 

0
0 1·104 

2

4

6

8

K , -1

K

2·104 3·104 4·104

L4(U  max, R  max)

L3(U  min, R  max)

L1(U  min, R  min)

L2(U  max, R  min)

 
 25°



,  
 

42 . 2(51). 2021 
 

  

 
 
 

, -
 [11]. 

 .  4 -
-

.  . 4  
 K  K  U =20  R =5 . 

i -
-

,  i –  m. , 
, 1 –  1-

.  – -
 (m ). 

 . 4, -
,  

LN1,  
, 1,1,  

-
.  .  5,  

 P1 (K =0,9,  
K =25000)  P2 (K =0,9,  K =16666,66) -

.  
P1 (  1  .  5)  

 30 ,  21,4 ,  
 P2 (  2  . 5). 

 
. 4. : 
  – ; 
  –  

 
. 5.  

: 1 –  P1; 2 –  P2 
,  P1,  

,  
 ( . 

. 3),  
 L1.  

-
, -

-
 
 

. 
 

  

, , 
 
 

. 
 

: 
1.  

. 
2. -
,  

,  Li  
 

, , 
 

,  R , U . -
-

. 
3. -

. 2 -
 

 m -
 (Lni). 

4. -
 (Li)  

-
 (Lni) ,  

 
-

. 
 .  6 ,  

 L1, -
 

,  Lni, -
. 



,  
 

. 2(51). 2021 43 
 

 
. 6.  

 

, -
 ABC ( .  6),  

,  
-

 (1- )  
. -

 AB -
 LN1,  BC –  LN3. 

-
-
-

,   
 

-
-

. 

 

 
: 

1.  
, ,  

 
,  

. 
2. -

-
 

. 
3. -

 
 

-
. 

4.  
 

. 

 
1. ., . -

-
. .: , 1988. 294 . 

2. . . -
: . , 2016. 330 . 

3. . -
. .: , 2005. 632 . 

4. -
 / ., ., ., 

. : . . .  
, 2007. 224 . 

5. Zhusubaliyev Zh.T., Mosekilde E. Bifurcations and chaos in 
piece-wise-smooth dynamical systems. Singapore: World 
Scientific Pub Co Inc, 2003. 376 p. doi: 10.1142/5313. 

6. High-feedback operation of power electronic converters / 
Z.T. Zhusubaliyev, E. Mosekilde, A.I. Andriyanov, 
G.Y. Mikhal’chenko // Electronics. 2013. No. 2. Pp. 113-
167. doi: 10.3390/electronics2020113. 

7. Instabilities in digitally controlled voltage-mode synchro-
nous buck converter / D. Yu, H.H.C Iu., H. Chen, E. Rodri-
guez, E. Alarcón, A. El Aroudi // International Journal of Bi-
furcation and Chaos. 2012. Vol. 22. No. 1. Pp. 1-12. doi: 
10.1142/S0218127412500125. 

8. ., ., . 
-
-

 // . 2012. . 3.  2. . 107-116. 
9. .  

-1  // -
. 2002.  1. . 72-80. 

10. .  
. : 

, 2016. 187 . 
11. ., . -

-
 // . -

. 2013.  10. . 30-39. 
12. Andriyanov A.I., Sachenko E.A. Study of nonlinear dynam-

ics in a three-phase transistor controlled rectifier with a PI 
voltage controller in regeneration mode // Dynamics of Sys-
tems, Mechanisms and Machines (Dynamics). IEEE, 2016. 
Pp. 1-8. doi: 10.1109/Dynamics.2016.7818966. 

13. An approach for buck converter pi controller design using 
stability  boundary  locus  /  M.M.  Garg,  Y.V.  Hote,  
M.K. Pathak, L. Behera // IEEE/PES Transmission and Dis-
tribution Conference and Exposition (TD). IEEE, 2018. 
Pp. 1-5. doi: 10.1109/TDC.2018.8440291. 

 3  2021 .

INFORMATION IN ENGLISH 

DESIGN OF PULSE-WIDTH DC/DC CONVERTERS TAKING INTO ACCOUNT DYNAMIC NONLINEARITY 

Aleksey I. Andriyanov 

Ph.D. (Engineering), Associate Professor, the Department of Electronics, Radio electronics and Electrotechnical Systems, 
Bryansk State Technical University, Bryansk, Russia. E-mail: mail@ahaos.ru. ORCID: https://orcid.org/0000-0002-4083-040X. 

B

0,0
0 1·104

0,8

1,6

2,4

3,2

K , -1

K

2·104 3·104 4·104 

LN4(U  max, R  max)

LN3(U  min, R  max)
L1(U  min, R  min)

LN2(U  max, R  min)

 
 

 
 25°

LN1(U  min, R  min)

C

A

D



,  
 

44 . 2(51). 2021 
 

The paper considers the issues of choosing the optimal 
parameters of the regulator of automatic control systems with 
pulse-width converters taking into account their dynamic 
nonlinearity. Switching converters with voltage feedback are 
nonlinear dynamic systems in which nonlinear oscillations can 
occur if the controller parameters are incorrectly selected, which 
degrades the quality of the output voltage. The design of such 
systems, as a rule, is carried out using small-signal dynamic 
models that allow using the methods of the theory of automatic 
control of linear systems, but do not allow taking into account the 
possibility of nonlinear oscillations. When choosing the optimal 
parameters of the controller along with linear dynamic models, it 
is proposed to use nonlinear dynamic models of pulse-width 
converters, which make it possible to take into account the 
specific features of the nonlinear dynamics of systems of the class 
under consideration. In this work, using a specific example, the 
problem of a linear approach to the design of impulse power 
conversion systems is shown. An additional analysis of the 
system is carried out using the generalized mathematical model 
of pulse-width converters proposed by the author in one of the 
early  works  and  the  areas  of  the  desired  operating  mode  of  the  
converter in the space of the controller parameters are identified. 
The importance of refining the region of optimal parameters of 
the controller using nonlinear dynamic models is shown. The 
method for choosing the optimal parameters of the regulator is 
proposed, which excludes the occurrence of undesirable dynamic 
modes of operation of the converter in a wide range of changes in 
the load resistance and input voltage of the converter. The 
presented results were obtained for the first time and can be 
extended to a wide class of pulse converters of electrical energy. 

Keywords: pulse-width converter, boost converter, pulse-
width modulation, small-signal model, nonlinear dynamics, 
nonlinear oscillations, bifurcation, proportional-integral 
controller, dynamic mode, stability margin. 
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The presented method of computer modeling of static and 
dynamic power losses in semiconductor diodes and transistors 
will make it possible to determine with sufficient accuracy of the 
components of the power losses of the frequency converter. The 
purpose of the study is to develop a computer model of the block 
for calculating the power losses of the power switches of the 
frequency converter, which would allow us to adequately 
determine the static and dynamic power losses in the transistors 
and diodes of the semiconductor converter SIEMENS 
SINAMICS G110 with a power of 1.5 kW. To carry out the 
analysis of semiconductor circuits of a rectifier and an 
autonomous voltage inverter with pulse-width modulation, the 
article uses simulation methods in the Matlab / Simulink 
environment. Analytical expressions describing static and 
dynamic power losses in power semiconductor diodes and 
transistors are given. Using the method of polynomial 
approximation of the power characteristics of IGBT transistors, 
mathematical expressions are obtained that describe the 
dependences Vse (Ic),  Vf (If),  Eon (Ic),  Eoff (Ic),  Erec (Ic). On the 
basis of the obtained expressions in Matlab / Simulimk, a block 
for calculating static and dynamic power losses has been 
developed. A computer model of the SIEMENS SINAMICS 
G110 frequency converter has been developed in the Matlab / 
Simulink environment using blocks from the SimPowerSystem 
library. Using the developed block for calculating power losses, 
the dependences of power losses on the switching frequency and 
load current are obtained. The results were verified by comparing 
the simulation data with the manufacturer data. The presented 
method for modeling static and dynamic power losses is applied 
in engineering and scientific research in assessing power losses 
and efficiency of frequency converters and other types of 
semiconductor converters. The advantage of this method is that it 
makes it possible to take into account the characteristics of 
specific diodes and transistors. 

Keywords: frequency converter, uncontrolled rectifier, 
autonomous voltage inverter, pulse-width modulation, static 
losses, dynamic losses, approximation, characteristic, efficiency. 
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dense_51: 
Dense

dense_56:
Dense

dense_57:
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dense_55:
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dense_58:
Dense
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dense_53:
Dense

reshape_20: 
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reshape_19: 
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At present, thermal power plants account for about 60% of 
generating equipment in the Russian energy system. To 
effectively control the mode of operation of the power system, 
due to the low flexibility of thermal generation, predictive 
information about the hourly electrical load of all consumers is 
required. In this regard, the purchase of electricity on the 
wholesale electricity and capacity market (WECM) presupposes a 
short-term forecast of its own hourly electricity consumption. 
Suppliers of last resort purchase the required volumes of 
electricity on the wholesale electricity market for its further sale 
to end consumers. Errors in short-term forecasting of electricity 
consumption worsen the financial indicators of guaranteed 
suppliers, and also increase the price of electricity for end users 
by paying for unreasonable start-ups and shutdowns of generating 
equipment, as well as additional losses of electricity caused by 
the choice of a non-optimal scheme of electrical networks. The 
most important condition for achieving high accuracy of short-
term forecasting is the choice of the optimal forecasting 
algorithm. This article is devoted to the issues of increasing the 
accuracy of short-term forecasting of hourly electricity 
consumption of groups of supply points of a guaranteeing 
electricity supplier using artificial neural network tools including 
deep learning. A comparative analysis of the accuracy of short-
term prediction of power consumption of a multilayer perceptron, 
one-dimensional and two-dimensional convolutional neural 
networks, a recurrent neural network, an ensemble of deep neural 
networks,  as  well  as  the  method  of  expert  estimates  based  on  
retrospective and actual data has been carried out. On the test 

sample of data, the ensemble of neural networks demonstrated an 
average prediction error of 1.05%, which is 1.99% lower than the 
forecast error of a multilayer perceptron. With regard to the 
factual data, the ensemble neural network algorithm demonstrated 
a forecast error of 2.45% on an annual interval, which is 0.14% 
lower than the forecast error obtained using the method of expert 
estimates. An assessment of the expected annual economic effect 
from an increase in the accuracy of short-term forecasting of 
electricity consumption was made, which amounted to 256,865.8 
rubles. 

Keywords: artificial neural network, short-term load 
forecasting, forecasting error, forecasting algorithm, wholesale 
electricity and power market, factors, hyperparameters, training 
sample, free parameters, stochastic gradient descent, training. 
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The aim of the study is to scientifically substantiate the need 
to use the axiomatic approach when choosing and studying the 
processes of centralized dispatching control of technological 
parameters for a complex of flotation machines. The 
digitalization trends of enterprises imply the transition to 
intelligent production technologies, the creation of systems for 
processing large amounts of data, machine learning and artificial 
intelligence, which, accordingly, requires the selection of criteria 
and key indicators for the formation of control actions. During 
the research, the authors carried out a comparison of the real 
object and its properties with the classical axioms of system 
analysis control and substantiated the use of a hierarchical 
structure of interrelated technological parameters and their 
application for situational management. Methods of classical 
control axioms of system analysis were used for the research. The 
authors of the study adhere to the concept of transition from a 
traditional control room focused on the tasks of episodic 
distribution of material or energy flows to powerful analytical 
centers for operational management of all production activities of 
an enterprise. The authors formulated the criteria for situational 
management, the concept of visualization in the dispatching 
system, which is based on the joint participation of people and 
technical  means  in  the  process.  At  the  same  time,  the  
implementation of formalized operations is entrusted to computer 
technology and the decision-making based on informal methods 
to technicians and managers.  The availability of modern methods 
and techniques for collecting and structuring information flows 
that characterize production processes and sub-processes allows 
us to comply with the basic axioms of system analysis. The 
construction of a dispatching process in production management 
systems (MES), in which the multistage technology and 
interdependent factors are presented, requires approaches that are 
different from approaches to process control. The results obtained 
allow us to assert that the implementation of the Ross-Ashby 
principle significantly increases the controllability of 
technological processes with a large number of units and 
measured parameters. 

Keywords: control axioms, supervisory control, flotation 
machine, hierarchy of control parameters, situational control. 
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Currently, due to the deteriorating environmental situation, 
an increase in the share of renewable energy sources is the main 
direction for the development of the electric power industries in 
many countries. An important stage in the creation of new power 
plants is simulation, which makes it possible to analyze the 
operation of equipment in various conditions, including violation 
of the limits of normal operation, and to reduce the number of 
possible design errors. This article describes the development and 
application of a simulation model of a system for generating 
electricity based on renewable sources with a system for 
assessing and predicting the technical condition of equipment. 
The simulation model is implemented in the Matlab Simulink 
environment. Oscillograms of currents and voltages were 
obtained when the model was operating with an electrical load of 
10  kVA  for  converters  of  wind  and  solar  energy.  A  system  for  
monitoring the technical condition of equipment based on the 
Mamdani-Zade fuzzy input system has been developed, which 
forms an assessment of the technical condition of the power plant 
elements based on diagnostic parameters in accordance with the 
base of expert rules. The obtained estimates of the technical 
condition of the equipment are processed using an adaptive 
neuro-fuzzy inference system (ANFIS), which forms a forecast of 
the technical condition of the equipment at a given time interval. 
The constructed model can be used in the design of renewable 
energy facilities, as well as in the development and testing of 
algorithms for control and monitoring systems. The system for 
assessing and predicting the state of equipment using a fuzzy 
logic apparatus can be used to support decision-making by the 
operator of an electric power plant when determining the need for 
repair and replacement of equipment. 

Keywords: renewable energy, simulation model, fuzzy logic, 
technical condition diagnostics, monitoring system. 

REFERENCES 
1. Yang C., Liu J., Zeng Y., Xie G. Real-time condition moni-

toring and fault detection of components based on machine-
learning reconstruction model. Renewable Energy. 2019. 
No. 133. Pp. 433-441. doi: 10.1016/j.renene.2018.10.062. 

2. Nazarychev A.N., Novomlinsky E.V., Andreev D.A. As-
sessment of the technical condition of electrical equipment 
based on calculations of integral indicators. Metodicheskie 
voprosy issledovaniya nadezhnosti bolshikh system energeti-
ki: materialy Mezhdunarodnogo nauchnogo seminar im. 
Yu.N.Rudenko. [Methodological issues in the study of the re-
liability of large energy systems. Yu.N. Rudenko Interna-
tional Scientific Seminar]. Syktyvkar, Komi Republican 
Printing House, 2016, pp. 171-179. (In Russian) 

3. Gangsar P., Tiwari R. Signal based condition monitoring 
techniques for fault detection and diagnosis of induction mo-
tors: A state-of-the-artreview. Mechanical Systems and Sig-

nal Processing. 2020. Vol. 144. Pp. 1-37. doi: 
10.1016/j.ymssp.2020.106908. 

4. Choudhary A., Goyal D., Letha Shimi S., Akula A. Condition 
Monitoring and Fault Diagnosis of Induction Motors: A Review. 
Archives of Computational Methods in Engineering. 2019. 
No. 26. Pp. 1221-1238. doi: 10.1007/s11831-018-9286-z. 

5. Baydyuk M.A. Komarova G.V. Assessment of the technical 
condition and reliability of electrical machines. Izvestiya 
SPbGETU «LETI» [Proceedings of Saint Petersburg Electro-
technical University], 2019, no. 3, pp. 78-84. (In Russian) 

6. Levin V.M., Kerimkulov N.N. Express assessment of the 
state of power transformers to ensure operational reliabil-
ity. Sistemy. Metody. Tekhnolodii. [Systems. Methods. 
Technologies], 2016, no. 4 (32), pp. 101-109. doi: 
10.18324 / 2077-5415-2016-4-101-109. (In Russian) 

7. Shi M.,  Wang J.,  Xu Y.,  Huang K.,  Li  H.,  Wang P.  Con-
dition Monitoring of PWM Converter Based on Multiple 
Support Vector Machine Algorithm. 10th International 
Symposium on Power Electronics for Distributed Genera-
tion Systems (PEDG). IEEE, 2019. P . 264-268. doi: 
10.1109/PEDG.2019.8807567. 

8. Steklov .S., Titov V.G., Serebryakov .V. Expert systems 
for processing diagnostics results. Nauchnyi almanakh. [Sci-
entific almanac], 2015, no. 10-3, pp. 247-250. (In Russian) 

9. Saushev .V. Oblasti rabotosposobnosti elektrotekhnich-
eskikh system [Working efficiency areas of electrical engi-
neering systems]. St. Petersburg, Polytechnica Publ., 2013. 
412p. (In Russian) 

10. Serebryakov A.V., Steklov .S., Titov V.G. Monitoring i 
prognozirovanie tekhnicheskogo sostoyaniya avtonomnykh 
elektrotekhnicheskikh kompleksov [Monitoring and forecast-
ing technical condition of stand-alone electrical engineering 
complexes]. Nizhny Novgorod, Nizhny Novgorod State 
Technical University n.a. R. E. Alekseev Publ., 2018. 174p. 
(In Russian) 

11. Kocheganov D. ., Serebryakov .V. Fuzzy logic apparatus 
to assess synchronous generator performance. Ener-
goeffektovnost i energobezopasnost proizvodstvennykh 
protsessov (EEPP-2019) [Production processess energy effi-
ciency and energy security (EEPP-2019)], Toliatty, Toliatty 
State Univerdity Publ., 2019, pp. 186-189. (In Russian) 

12. Kocheganov D. ., Serebryakov .V. Fuzzy logic system for 
assessment of frequency converter operating quality. Intel-
lektualnaya elektrotekhnika [Smart Electrical Engineering], 
2019, no. 4, pp. 27-34. (In Russian) 

13. Kocheganov D. ., Serebryakov .V. Fuzzy logic to assess 
photovoltaic panel performance. Fedorovskie chteniya: ma-
terialy mezhdunarodnoy konferentsii [International confer-
ence "Fedorov readings"]. Moscow, MPEI Publ. House, 
2019, pp. 300-304. (In Russian) 

 

.,  .,  .  -
-  

-
 //  

. 2021.  2(51). . 68-75. 
https://doi.org/10.18503/2311-8318-2021-2(51)-68-75 

 Kocheganov D.M., Serebryakov A.V., Steklov A.S. Simula-
tion Model of a Wind-Solar Power Plant with a Technical 
Condition Neuro-Fuzzy Forecasting System. El-
ektrotekhnicheskie sistemy i kompleksy [Electrotechnical Sys-
tems and Complexes], 2021, no. 2(51), pp. 68-75. (In Rus-
sian). https://doi.org/10.18503/2311-8318-2021-2(51)-68-75 

  



,   
 

76 . 2(51). 2021 
 

 621.313.333 https://doi.org/10.18503/2311-8318-2021-2(51)-76-82 

.1, .1, .2, .2 

1 . .  
2  « », .  

  
 

-
. ,  

.  
,  

, , .  
. ,  

: , , -
; ,  

,  90°; ; -
; .  ,  

, : , 
, . :  

; ; -
225 8Y3,  30 ,  735 . ,  

,  
. -

. 

: , , , , , 
, . 

 

-
-

 180 -
 [1, 2].  3  7 % -

 
 [3-5]. 

 
 
 

370-380° .  
-

.  ,  ,  -
-

, -
: ; -

; .  
 

 –  
, cos ,   

. -
 

.  
, , -

,  
-

.  
, -

,  

                                                
© ., ., ., ., 2021 

-
. -

, 
-

.  
-

,  
. -

 
 [1].  

-
. 

, -
-

, -
, ,  

 
.  

-
 [6-9]. 

 
-

.  
,  

.  
-

 -
 H, .  [10,11].  .  1 

-
,  

 [2, 12]. 



 ,
 

. 2(51). 2021 77 
 

 
. 1.  

-  
 

 
-
 

.  
, -

 
-
 

.  
,  

, -
, -

-
.  

 . 2 -
 

, -
. 

 
 [1]: 

1) ,  
U I, -

 0 – T/2, T/2 – T: 

;U I  (1) 

2) i,  
 imax  i U90 

U = 90°: 

90 ;max Ui i i  (2) 

3)  
P : 

c cos ;P UI  (3) 

 U,  I –  
; 

4)  ,  
U -

I : 

;U I  (4) 

5) , 
 

. 

 
. 2.  

 
 .  3 -

, -
.  

 .  4 , : 
TV – ; TV1 – -

; TA1  TA2 – ; 
PW – ;  – ; PV – ; PS – 

; K1, 1 – ; 
KA – ; L – ; QF1 – 

.  .  5  
-
-

, :  –  
-3;   –  -

 L-Card 14 – 440;  – -
. 

 
 

 W -
 [1].  

  

c1 c1 ,m
H lI

W
 (5) 

 H 1 –  
; l 1 – .  

 
. 3.  

 

, 

, /

1,5

0 20

1,0

0,5

2,0

40 60 80 100 120 140

 2013
 2211  2411



,   
 

78 . 2(51). 2021 
 

 
. 4.  

 

 
. 5.   

 
 

 
 B(H), 

 ( . 1). 
-

 B 1 -
 660  

 IP44, IP54  . 1 [12].  
,  

, -
 B 1, -

.  
 

1 1 12 ,
2cl D D h  (6) 

 D1, D 1, h 1 – , -
, -

. 
 

-
 TV,  

Um  Um . -
 

. -
 3 – 5  (150 – 250  

50 ). -
 L-Card E14-440 -

. 

 1  
 

 
,  

  
 2  B 1,  

50–132 
2; 4 1,50–1,65 
6 1,45–1,60 
8 1,20–1,35 

160–250 
2; 4 1,45–1,60 
6 1,35–1,50 
8 1,10–1,20 

280–355 
2; 4; 6 1,35–1,50 
8;10 1,30–1,45 
12 1,15–1,30 

 
-
-

 N. -
-

. -
, , 

 
U0  – U1, U3, U5 

. [6].  
-

 1-4. 
,  
-

. -
 7 . -

 n  
.  fp(x),   

 = T/n = 360°/n; 499  n  250.  
 I1m

' -
 I1m

''  k : 
/ 2

1

4 sin 0,5 ;
n

km P p
p

I f x p x
n  (7) 

/2

1

4 cos 0,5 .
n

km P p
p

I f x p x
n  (8) 

 (7)-(8)  k  
: 

2 2
.km km kmI I I  (9) 

 k : 

;km
k

km

I
tg

I
 arctg .km

k
km

I
I

 (10) 

-
 k : 

sin .k km ki t I k t  (11) 

-
 Im: 

27

1
.

2

k
km

k
m

II  (12) 



 ,
 

. 2(51). 2021 79 
 

 Um -
,  

,  
,  

. 
 

, -
 [6]: 

c 1 1

;

.

1

1P

p t u t i t dt
T

U I cos
T

 (13) 

 
 N  

.  
-
, 

 1-5. -
 5  

, : 

x 3

3

1

C

;

P i I

P i I P i I

I

(14) 

y 3

3

3

3 1

C

;

P i I

P i I P i I

P i I P i I

P i I P i I I

 (15) 

3

3

3

3 1

C

,

P i I

P i I P i I

P i I P i I

P i I P i I I

 (16) 

 – ;  – ; 
 – . 

-
.  

-  

-
-
-

 (  
,  
.).  

225 8Y3 -
.  .  2 -

 
 

-
 [4].  .  2  

, -

;  1 – 
; 

 2 –  20-25%  
;  3 –  45-50% -

;   4  –    80-100%  -
. 

 .  6  7  
 u(t)  i(t), 

-
225 8Y3  

30 ,  735 ,  
-

.  
 i  

: 
–   1  (  

): 
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7 1,8sin 7 71,3 ;i t t   

1 16,6sin 64,4 ;u t t   

3 1,9sin 3 170,8 ;tu t   

5 0,5sin 5 111,8 ;tu t   

7 0,1sin 7 8 ,3 ;1u t t   

–  4 (  80-100% 
): 
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 ,  ,  i,  ,  

c,  Um ,  I1m, , I3m,  I5m,  I7m, A 
1 1 18,4 56,7 112,8 18 113,4 46,4 2,9 1,8 717 

2  17,4 56,6 110,8 18 113,9 45,9 2,9 1,8 723 
3  18,1 56,7 110,5 18 113,1 45,8 2,7 2,0 716 

 17,9 56,7 111,4 18 113,5 46 2,8 1,9 719 
2 1  18,1 57,0 109,2 18 116,7 45,6 3,0 1,6 746 

2  18,1 56,7 108,7 18 116,0 45,5 2,3 1,5 743 
3 18,1 56,7 109,9 18 116,4 46,0 2,9 1,6 743 

 18,1 56,8 108,9 18 116,4 45,7 2,7 1,6 744 
3 1  18,4 59,7 88,8 18 141,2 42,0 7,0 1,9 958 

2 17,7 59,5 89,8 18 141,3 42,6 6,9 1,9 961 
3 18,1 59,8 88,9 18 141,3 42,1 7,4 1,9 958 

 18,0 59,7 89,2 18 141,3 42,2 7,1 1,9 959 
4 1  16,7 54,5 82,9 18 167,9 45,1 6,6 0,2 1225 

2 16,8 53,0 67,8 18 172,1 43,5 6,5 0,4 1291 
3  16,2 53,0 64,2 18 171,9 42,2 6,8 0,3 1291 

 16,6 53,5 71,6 18 170,3 43,6 6,6 0,3 1269 
 

-
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The study presents the results of the analysis of applied 
methods and computer programs for processing electrical signals 
that change in function of time. A methodology, hardware and 
software have been developed for testing the quality of the stator 

steel of asynchronous machines with an extracted rotor during 
their overhaul or modernization at electrical repair enterprises. 
The test method provides for assessing the quality of the stator 
steel by magnetizing it with a reference voltage proportional to 
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the design magnetic induction in the back of the stator steel, 
recording oscillograms of magnetizing voltage and current and 
power losses in the steel. The recorded oscillograms of voltage 
and current are digitized. A software tool has been developed that 
allows analyzing of digitized signals according to the following 
five  criteria:  phase  shift  of  voltage  and  current  equal  to  the  
difference between the initial voltage phases and the initial phase 
of the current determined by their maximum values; an increment 
of the magnetizing current equal to the difference between the 
maximum value of the current and the current at a voltage phase 
equal to 90 ; active power losses in the stator steel; shift of the 
initial phases of voltage and magnetizing current; harmonic 
composition of voltage and magnetizing current. Logical 
equations have been developed, the arguments of which are the 
listed criteria, which allow making decisions about the quality of 
the  stator  steel,  whether  the  steel  is  good,  satisfactory,  or  bad,  
without human intervention. The paper contains an electrical 
diagram of the hardware of the device for testing stator steel; the 
detailed algorithm for processing digitized signals; the results of 
experimental studies of the stator steel of an asynchronous motor 
of the AI225M8Y3 type, with a power of 30 kW and the 
rotational speed of 735 rpm. The technique, hardware and 
software complex make it possible to assess the quality of the 
stator steel of each engine being repaired, to repair the engines 
with minimal labor and material costs. The development is 
recommended for specialists of electrical repair enterprises. 

Keywords: asynchronous motor, stator steel, test procedure, 
oscillograms, hardware complex, computer program, steel quality 
criteria. 
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