
  
 

 

 1996 .  2(59),  2023 
 

,  
, ,  

 ( ). 
 

 
 

: 
.   ., . ,  

. . , . , . 
 

: 
.  – ., . . ,  

. . , . , . 
 

: 
. ., . ,  

. . , . , ; 
.  ., . ,  

  
. . , . ,  

; 
.  ., . ,  

  
. , . , ; 

.  ., . ,  
.   

. , . , ; 
.  – . ,  

R&D , . , ; 
.  ., . ,  

. . , . , ; 
.  – ., . ,  

, . , ; 
.  ., . ,  

. . , . , ; 

 
 

.  – ., . ,  
,  

. , ; 
.   . . ,  
 « », . , ; 

. ., . ,  
. . , . , ; 

.  ., . ,  
, . , ; 

.  ., . ,  
. . , . , ; 

.  – ., . . ,  
. . , . , ; 

.  ., . ,  
  « », . , ; 

.  – ., . ,  
.   

. , . , ; 

.  – ., . ,  
,  

. , ; 
.   ., . ,  

. . , . , ; 
.  ., . ,  

 ( ), . , .  
 
 

:  
.   . . , 

. , ; 
.   . . , 

. , . 

©  « . . », 2023 
 45083  « »,  1. 

,   
 ( ). 

77-58181  29  2014 . 
 – . .  

(455000, ., . , . , 38) 
16+, 436-  29.12.10. 

: 
455000, , ., . ,  

. , . 38,  « . . » 
e-mail: ecis.red@gmail.com  

:  
. . , 455000, ., 

. , . . , 45/2,  
 « . . », . 

: 
455000, ., . , . . , 45/1, 

 « . . »  
. 

 
 27.06.2023.  207.  500 .  

. 



 

ELECTROTECHNICAL  
SYSTEMS AND COMPLEXES 

 

PUBLISHED SINCE JAN., 1996 NO. 2(59), JUNE, 2023 
 

The journal is included in the List of peer-reviewed scientific issues publishing main results of Ph.D. thesis in Engineering  
Science, doctoral thesis, and in the database of Russian Scientific Citation Index (RSCI). 
 

 

Editorial Board 
Editor in Chief: 

V.R. Khramshin  Professor, D.Sc.  
(Engineering), NMSTU, Magnitogorsk, Russia. 

 
Executive Editor: 

E.A. Panova  Associate Professor, Ph.D.  
(Engineering), NMSTU, Magnitogorsk, Russia. 

 
Editor Board Members: 

S.M. Andreev  Associate Professor, D.Sc. 
(Engineering), NMSTU, Magnitogorsk, Russia; 
I.V. Bochkarev  Professor, D.Sc. (Engineering), 
KSTU, Bishkek, Kyrgyzstan; 
N.F. Dzhagarov  Professor, D.Sc.  
(Engineering), NVNA, Varna, Bulgaria; 
A.M. Zyuzev  Associate Professor, D.Sc.  
(Engineering), UrFU named after the first  
President of Russia B.N.Yeltsin,  
Ekaterinburg, Russia; 
E.N. Ishmet'ev – D.Sc. (Engineering),  
of R&D NMSTU, Magnitogorsk, Russia; 
A.S. Karandaev  Professor, D.Sc. (Engineering), 
NMSTU, Magnitogorsk, Russia; 
A.L. Karyakin – Senior Research Associate, D.Sc. 
(Engineering), UFMU, Ekaterinburg, Russia; 
G.P. Kornilov  Professor, D.Sc. (Engineering), 
NMSTU, Magnitogorsk, Russia; 
 
 
 
 
 

 

 
O.A. Kravchenko  Professor, D.Sc.  
(Engineering), Tula State University, Tula,  
Russia; 
B.M. Loginov  Ph.D. (Engineering),  
MMK JSC, Magnitogorsk, Russia; 
O.S. Logunova  Professor, D.Sc. (Engineering), 
NMSTU, Magnitogorsk, Russia; 
V.N. Meshcheryakov  Professor, D.Sc.  
(Engineering), LSTU, Lipetsk, Russia; 
R.G. Mugalimov  Associate Professor, D.Sc. 
(Engineering), NMSTU, Magnitogorsk, Russia; 
E.G. Neshporenko – Associate Professor, Ph.D. 
(Engineering), NMSTU, Magnitogorsk, Russia; 
O.I. Osipov  Professor, D.Sc. (Engineering), 
MPEI, Moscow, Russia; 
A.V. Pazderin – Professor, D.Sc. (Engineering), 
UrFU named after the first President of Russia 
B.N.Yeltsin, Ekaterinburg, Russia; 
A.A. Radionov – Professor, D.Sc. (Engineering), 
Moscow Polytech University, Moscow, Russia; 
A.S. Sarvarov  Professor, D.Sc. (Engineering), 
NMSTU, Magnitogorsk, Russia; 
I.M. Yachikov  Professor, D.Sc. (Engineering), 
SUSU (NRU), Chelyabinsk, Russia. 

 
Technical Editors:  

N.P. Boyarova  NMSTU, Magnitogorsk, Russia; 
E.A. Khramshina  NMSTU, Magnitogorsk, Russia. 

© FSBEI HE NMSTU, 2023 
The subscription index of the journal is 45083 in the «Pressa Rossii» union catalog, vol. 1. 
The journal is registered by the Federal Service for Supervision of Communications, Information Technology,  
and Mass Media (Roskomnadzor). 
Registration certificate PI No. FS77-58181 on May 29, 2014. 
Founder – Nosov Magnitogorsk State Technical University (38, pr. Lenina, Magnitogorsk 455000, Chelyabinsk Region) 
16+ in accordance with Federal Law no. 436-FZ dated 29.12.10  

The publisher: 
Nosov Magnitogorsk State Technical University 
455000, 38, Lenin ave., Magnitogorsk, Chelyabinsk region, Russia 
NMSTU publishing center 
The editorial office: 
455000, 38, Lenin ave., Magnitogorsk, Chelyabinsk region, Russia 
Nosov Magnitogorsk State Technical University 
e-mail: ecis.red@gmail.com 

The printing-office: 
455000, 38, Lenin ave., Magnitogorsk, Chelyabinsk region, Russia 
Nosov Magnitogorsk State Technical University, printing section 
 
Publication date: 27.06.2023. Order 207. Circulation: 500. 
Open price. 



 

. 2(59). 2023 3 
 

  
 
 

 .................................................. 4 
., ., .  

 
 
 

 .......................................... 4 
., ., .  

 
 

 .............................11 
., ., . 

 
 .....................................20 

., ., ., 
., . 

 
 

 
 .............................26 

., ., . 
 

 
 6(10)  ...................33 

 
 ........................................................43 
., .,  
., . 

 
 ........................................43 

,   
 

 ...............................................49 
., .,  
., . 

  
 .................................49 
,   

 ...........................................55 
., . 

 
  

 .....................55 
., . 

 
  

 ......................65 
,  

 .............................................73 
., . 
 c  

 ..........................................................73 
 ...............................................84 

CONTENT 
 

ELECTRICAL ENGINEERING ........................................... 4 
Losev F.A., Sushkova V.R., Khamitov R.N. 
Oil Producing Facilities  
Electrical Systems Stability  
Assessment in Case  
of Voltage Frequency Change ................................... 4 
Khristinich R.M., Khristinich E.V., Khristinich A.R. 
Model for Improving the Auxiliary  
Equipment Efficiency  
at Transformer Station ............................................ 11 
Evdokimov A.A., Charykov V.I., Sattarov R.R. 
Parametric Identification  
of a Hybrid Power Plant .......................................... 20 
Kornilov G.P., Abdulveleev I.R., Ivanov E.F.,  
Bochkarev A.A., Odintsov K.E. 
Improving the Power  
Supply Reliability for Industrial  
Consumers Through  
High-Speed Bus Transfer ........................................ 26 
Panova E.A., Khismatullin A.I., Andreev S.M. 
Development of a System for Integrated Automated 
Calculation of Relay Protection  Settings for a Line 
with a Voltage of 6(10) kV...................................... 33 

THEORY AND PRACTICE OF AUTOMATED  
ELECTRIC DRIVE .......................................................... 43 

Omelchenko E.Ya., Lymar A.B.,  
Gibadullin A.I., Maltsev A.P. 
Multi-Mass Thermodynamic Model  
of Induction Motor .................................................. 43 

TECHNICAL SYSTEMS  
DATAWARE  
AND SOFTWARE ............................................................ 49 

Mesropyan A.V., Galitsyna A.M.,  
Merkulova A.P., Shabelnik Yu.A. 
Outlook for the Implementation of Electric Movement 
in Shipbuilding ....................................................... 49 

POWER ELECTRONICS, AUTOMATION  
AND CONTROL SYSTEMS............................................... 55 

Andriyanov A.I., Pugachev A.A. 
Control System for DC/DC Converter  
Based on Pulse-Frequency  
Modulation ............................................................. 55 
Maklakov A.S., Antonenko A.A. 
Two-level Output Voltage Waveforms  
of VSI based on Selective Harmonic  
Elimination PWM ................................................... 65 

MONITORING, DIAGNOSTICS AND CONTROL  
OF ELECTRIC EQUIPMENT ............................................ 73 

Bryakin I.V., Bochkarev I.V. 
Ferroprobe with Multifactor  
Excitation Mode ..................................................... 73 

INFORMATION ABOUT THE AUTHORS ........................... 84 
 



 
 

4 . 2(59). 2023 
 

 

 621.3 https://doi.org/10.18503/2311-8318-2023-2(59)-4-10 

.1, .1, .1,2 

1  
2  

  
 

-
. , -

. -
, . , -

, . , -
 

. -
. -

110 117, .  
, , -

-
.  

. , -
. , ,  

 – .  
, . 

: , , , ,  
,  

 

 –  
, . 

-
, -

,  
. -

 ( )  
, -

. 
-
, 
 

. 
 

 [1-8], , , 
-

, -
.  

-
 

 [9-11].  
 
 

, -
-

 [9]. 
 [1, 12] -

 

                                                
© ., ., ., 2023 

 
.  

 
-

 ( ), -
-

 [4, 8]. ,  
-
 

. 

 

 
-
 

. -
 dq0,  

 [13].  
 

, 
 [13]. 

 
 dq -

k.   «0»  
, -

 
.  

-
 

0

,k  (1) 



 
 

. 2(59). 2023 5 
 

 0 – . 
-

: 

;

;

'0 ;

'0 ;

;

;

' ;

' ;

1,5

sd
d sq k sd s

sq
q sd k sq s

rd r
rq k rd

k

rq r
rd k rq

k

sd s m sd m rd

sq s m sq m rq

rd r m rd m sd

rq r m rq m sq

j sq

dU I r
dt

d
U I r

dt
d rI

dt
d rI

dt
x x I x I

x x I x I

x x I x I

x x I x I

dT I
dt c

2
c 0 0

;

,

sd sd sq

n

I M

M M M M

 (2) 

 Ud, Uq –  d  q; 
sd, sq –  d  

q; t – ; Isd,  Isq –  
 d  q; rs –  

; rd, rq –  
 d  q; Ird, Irq –  d  

q;  – ; r – -
, ; xs – 

; xm –  
; r – 

,  
; Tj – -

;  – -
; M0 –  

; Mn – -
. 

  
, -

. 
-

: 

1
1 1 1 1 2

1
1 1 1 1 2

2
2 2 2 2 1

2
2 2 2 2 1

1 1 1 2

1 1 1 2

2 2 2 1

2

;

;

' ;

' ;

;

;

' ;

d
d q k d m d m

q
q d k q m q m

d
d q k d m d m

q
q d k q m q m

d m d m d

q m q m q

d m d m d

q

dU I r r I r
dt

d
U I r r I r

dt
dU I r r I r

dt
d

U I r r I r
dt

x x I x I

x x I x I

x x I x I

2 2 1' ,m q m qx x I x I

 (3) 

 U1d,  U1q – -
 d  q; 1d, 1q –  

 d  q; I1d, I1q – -
 d  q; U2d, U2q –  

 d  q; 2d, 2q – 
 

d  q; I2d, I2q –  
d  q; r1,  x1 –  

; r 2, x 2 –  
,  

; rm,  xm – -
. 

 ( ) -
-

. 
-

: 

1 2

1 2

;

,

d
d d d k q

q
q q q k d

dIU U x rI x I
dt

dI
U U x rI x I

dt

 (4) 

 U1d,  U1q –  
 d  q; U2d, U2q –  

 d  q; Id,  Iq –  d  q;  
r, x – . 

 
 [1],  

 
. 

 
: 

c c c c

c c c c

;

,

d
d d q k

q
q q d k

dIU E x x I
dt

dI
U E x x I

dt

 (5) 

 U d, U q – -
 d  q; d,  q – -

 d  q; Id, Iq –  
 d  q;  –  

. 
 

-
. , 

 
. -

 
. -

,  
 

. -
.  

,  
. -

, . 
 

.  
-

 ( ) .  
 [7]. 



 
 

6 . 2(59). 2023 
 

 
 

[14]: 

,
S

k
S  (6) 

 S  – , -
; S  – 

,  
 t -

. 

 

 
, -

 . 1.  

 
. 1.  

 

 
, -

.   
,   

.  
 . 1.  

 
( . 2).  

-
 [15,16].  

-
,  

 
. 

 
 (2) - (5),  

 d  q 
. -
,   72  ,   39  -

.  
 Mathcad.  

 
, -

. 

  1
 

  

1, 2, 3 

-110 117,  
 2180 ,  
 70%,  
 5 -800 

 1,  2,  3 -120,  1300 
,  25 2 

1, 2, 3 -160-0,4/2,05 
 -400-6/0,4 

 

 
. 2.  

 

1
1

1

2
2

3
3

0,4 

2

3

xm0

rm0

im0

ec

x

rs1 xs1 x'r1

xm1

ir1is1

im1

rk1 xk1x11 x'21

xm01

rm01

id1

im01

r'21

rs2 xs2 x'r2

xm2

ir2is2

im2

rk2 xk2r12 x12 x'22

xm02

rm02

id2

im02

r'22

rs3 xs3 x'r3

xm3

ir3is3

im3

rk3 xk3r13 x13 x'23

xm03

rm03

id3

im03

r'23

r1 x1 i1 i2 2 2

r11

r1
s1

r2
s2

r3
s3



 
 

. 2(59). 2023 7 
 

 

-
 

-
,  50 .  

-
 . 3. 

,  
 5%  

 
 

 129% -
 0,07 . -

 5% -
 

64% -
 0,06 . ,  
 5%  

 51%,  
5% –  37%. ,  

 47,18  
, -

 
;  52,95  

,  
 

.  
-

, -
, -

. 
-

 [17],  
,  

 
.  

,  
. -

, 
 

 [9]. -
-
-

, -
, – -

 ( . 4). 
 
 

,  
. 

 
. 3. :  

1 – 47,5 ; 2 – 48,5 ; 3 - 50 ; 4 – 51,5 ; 5 – 52,5  

 
. 4. :  

1 – ; 2 –  
; 3 –  

 

 
 ( . 5). -

 
 , 

,  
 

 t  [1].   
 S ,  -

 S .  
 ac,  

tf,  
-

. 
-

,  
-

 tf (  bc), -
, -

. -
, 
-

,  
tf (  ab), -

,  
. 

 
. 5. ,  

 

0 U, .
0

, 

0,2 0,80,6

0,6

1,2

1,8

0,4

2

1

3

4

5



 
 

8 . 2(59). 2023 
 

-
 (6) -

. ,  
 

,  
 
 

. 
-
 

,  
. 6.  1  

,  (2 ),  
, -

 ( .  6,  2). -
 2-4  

 
( . 6,  3-5).  

 50%  
,  

, 
 

. -
 4 -

 52%,   1  /   –   
9% ( . 2).  

-
 

-
,  .  7.  

 1 ,  
 (2 ), -

,  ( .  7, 
 4).  2-4  

 
 ( .  7,  1-3).  

 4  
 247%, -

 1 /  –  4% ( . 3). 

 
. 6.  

: 1 – 0 ; 2 – 1 ; 3 – 2 ; 4 – 
3 ; 5 – 4  

  2
 

 
 

,  
 

, . 
0 0,22 
1 0,2 
2 0,16 
3 0,12 
4 0,11 

 
. 7.   

:  
1 – 4 ; 2 – 3 ; 3 – 2 ; 4 – 1 ; 5 – 0  

  3
  

 
 

,  
 

, . 
0 0,22 
1 0,23 
2 0,48 
3 0,68 
4 0,77 

 
 

, -
-
-

, -
. -

 
 47,18 , -

 –  52,95 ,  
-

. 
-

, -
 
 

.  
-
 

. -
,  4  

 
52%,  1  –  9%,  

 4  
 247%,  1  

–  4%. 
-
-

,  
. 
-
-

. -
 

, -
. 

 
1. ., ., .  

. .:  
 « », 2010. 319 . 

0 U, .
0

, 

0,2 0,80,6

0,6

1,2

1,8

0,4

1

2
4

3

5



 
 

. 2(59). 2023 9 
 

2. ., ., . -
-

 // -
. 2021.  9. . 18-26. doi: 

10.34831/EP.2021.54.41.004 
3. Komkov A., Ershov M., Blyuk V. Algorithms for quick cal-

culation of transition processes at asymmetric modes of mul-
ti-machine electrotechnical systems with asynchronous 
drives // Proceedings of 2nd International Conference on 
Control Systems, Mathematical Modeling, Automation and 
Energy Efficiency (SUMMA). IEEE, 2020. Pp. 901-904. 
doi: 10.1109/SUMMA50634.2020.9280642 

4. ., ., . -
-

 // . 2010. 9. . 104-106. 
5. Abdulveleev I.R., Kornilov G.P., Gazizova O.V. Improving 

stability of TPP load center by optimization of startup modes 
of synchronous motors // Proceedings of the International 
Conference on Industrial Engineering, Applications and 
Manufacturing (ICIEAM). IEEE, 2022. Pp. 440-445. doi: 
10.1109/ICIEAM54945.2022.9787246 

6. ., ., . -
 
 

 // -
.  2020.   2  (47).  

. 19-25. doi: 10.18503/2311-8318-2020-2(47)-19-25 
7. ., . -

 
-

 // -
. 2018.  4(160). . 94-98. doi: 

10.25206/1813-8225-2018-160-94-98 
8. . ., ., . -

 

 //  
: -

. , 2017. . 303-306. 
9. Ippolito M.G., Musca R., Zizzo G. Frequency dynamics of 

power systems with temporally distributed disturbances // 
Sustainable Energy, Grids and Networks. 2021. Vol. 28. 
100536. doi: 10.1016/j.segan.2021.100536 

10. Modeling frequency response dynamics in power system 
scheduling  /  Z.  Zhang,  E.  Du,  G.  Zhu,  N.  Zhang,  C.  Kang,  
M. Qian, J.P.S. Catalao // Electric Power Systems Research. 
2020. Vol. 189. 106549. doi: 10.1016/j.epsr.2020.106549 

11. Ghorbaniparvar M. Survey on forced oscillations in power 
system // Journal of Modern Power Systems and Clean Energy. 
2017. Vol. 5. Pp. 671-682. doi: 10.1007/s40565-017-0273-4 

12. ., ., .  
-

 // . 2013.  9. . 21-25. 
13. . -

: . . 
. . .: . ., 1985. 536 . 

14. ., . -
-

 // -
. 2000.  11. . 24-27. 

15. . . : -
, 1968. 768 . 

16. ., . . -
: . -

 : , 2010. 350 . 
17.  32144-2013. . -

.  
-

. .: , 
2014. 18 . 

 13  2023 .  19  2023 . 

INFORMATION IN ENGLISH 

OIL PRODUCING FACILITIES ELECTRICAL SYSTEMS STABILITY ASSESSMENT IN CASE OF VOLTAGE  
FREQUENCY CHANGE 
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Electrical systems of oil production facilities have to meet 
high reliability and continuity requirements. At the same time, 
they have a high length of electric networks and specific users 
such as submersible electric motors. These factors lead to a high 
sensitivity of the electrical systems to voltage sags. In addition, 
frequency fluctuations are possible in the power system, which 
also affect the electrical system stability. The purpose of the 
article is assessing the electrical systems stability in the case of 
the voltage frequency change. The mathematical model for 
stability assessment was compiled in a coordinate system rotating 
with a voltage frequency. Computations were made for the 
electrical system of a typical well cluster with PED-110 117 

motors, the power supply of which is carried out according to the 
scheme with double voltage conversion. At the first stage, the 
frequency change in the nominal operating mode was simulated. 
The electrical system would be absolutely stable at 47.18 Hz and 
absolutely unstable at 52.95 Hz. The method based on the area 
method has been proposed to quantify stability based on 
frequency constraints. At the second stage, frequency changes 
according to the linear law that occur simultaneously with voltage 
sag were simulated. It has been found that linear frequency 
increase leads to the decrease in the stability margin factor, and 
frequency decrease leads to its increase. The obtained results can 
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be used to assess the electrical systems stability in the case of 
voltage and frequency changes. 

Keywords: electrical system, stability, submersible electric 
motor, voltage frequency change, dynamic stability curve, 
stability margin factor 
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Reducing the consumption of electrical energy for own 
needs (ON) of transformer substations (TS) is  an urgent task.  In 
the presented work, using the methods of analysis and synthesis 
of power electrical equipment operation and optimization 
methods, a model was developed and studied to reduce the 
consumption of electricity at the ON substation of the Siberian 
region. This region is characterized by a long heating season. An 
integrated model for reducing the consumption of electricity at 
the SN substation consists of the following components: an 
intelligent control system for substation autotransformers (AT) 
cooling  and  a  system for  recovering  electrical  losses  of  the  AT.  
The developed adaptive system using an artificial neural network 
includes a frequency-controlled electric drive and will provide 
optimal control  of the AT cooling system, and will  also make it  
possible to increase the energy efficiency of equipment for ON 
substation power supply. In addition, the intelligent AT cooling 
control system is directly combined with the AT heat recovery 
unit. As a base facility, a 500 kV substation is considered, which 
includes six power autotransformers. The electrical losses of AT 
are used in this model for the purpose of heating several buildings 
of the substation. A system for the utilization of electrical losses 
released in the form of autotransformer oil heat is proposed, 
which consists of a heat exchanger, a heat pump, connecting 
pipelines and a control system. The study of the model showed 
that the thermal energy of electrical losses of autotransformers 
can be successfully used to replace the thermal power of electric 
boilers for substation building heating, which will reduce the 
consumption of electrical energy for the substation needs. The 
study also showed that for each specific substation, it is necessary 
to adapt the model depending on its input information: climate, 
distance of consumers from the AT, heating power, hot water 
consumption, AT load and other factors. Also, the developed 
complex model will make it possible to maintain a given 
temperature regime of equipment operation with a minimum 
consumption of electricity for cooling. 

Keywords: electrical losses, autotransformer, reduction of 
electrical energy consumption, substation auxiliary needs, heat 
energy utilization, heat exchanger, autotransformer cooling 
system 
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Currently, the task of modernizing inefficient fuel generation 
of electricity in isolated and hard-to-reach regions of the Russian 
Federation is urgent. The paper analyzes renewable wind and 
solar energy resources in hard-to-reach areas of the Far North 
(or/and Siberia). Based on this analysis, the optimal configuration 
of a hybrid autonomous power supply system has been 
determined, which contains two wind turbines and an array of 
solar photovoltaic panels. In order to verify the optimal 
configuration and parametric optimization, a simulation model of 
the proposed hybrid wind-solar energy system was developed in 
MatLab/Simulink environment. The simulation model was 
investigated under various conditions and in typical scenarios of 
the autonomous energy system. The research results show that the 
addition of photovoltaic modules to the wind power plant made it 
possible to increase the output power, which improves the 
reliability of power supply. In addition, the quality of electricity 
supply improves. The transition mode runs fast enough, no more 
than 0.002 seconds, and in steady-state mode, the effective value 
of the three-phase voltage is 220 V. 

Keywords: isolated power system, wind power plant, 
simulation, simulation model, solar panel, power, simulation 
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Improving the reliability of power supply is one of the most 
important tasks to be solved at the stage of design and operation 
of industrial enterprises. To ensure the required level of 
reliability, various technical means are used. The high-speed bus 
transfer device (HBT) is currently one of the most efficient and 
affordable. It is designed to improve the reliability of power 
supply to critical consumers and ensure the dynamic stability of a 
complex electric motor load during short-term power outings. 
The HBT operation is based on continuous monitoring of the 
values of phase voltages and currents on the buses of two 
switchgear inputs, converting them into complex effective values 
of voltages and currents of direct sequence, followed by software 
processing of the measurement results. Thanks to the use of high-
speed vacuum circuit breakers and microprocessor relay 
protection devices, the switching time to the backup power source 
does not exceed 100 ms. Five main conditions under which the 
use of HBT is especially effective are given and analyzed. 

Particular attention is paid to the optimization of transient 
processes when switching to a backup power source by 
synchronizing the moment of switching on the vacuum circuit 
breaker. It has been established that the angle between the voltage 
vectors on the bus sections with a running-out motor load and the 
backup power source should not exceed 30 electrical degrees. 
The oscillograms of voltages on the operating and disconnected 
sections are given when the HBT is triggered after a power 
failure on one section of the substation bus sections. Based on the 
research results, some conclusions are made concerning the 
efficiency of transient stability assurance for a complex electric 
motor load during short-term power supply outings. 

Keywords: high-speed bus transfer, power supply reliability, 
industrial consumers, continuous production 
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The variety of microprocessor relay protection terminals 
today requires the engineer to know the features of the methods 
for calculating relay protection settings based on each of the 
terminals. Such features include, for example, return factors, 
requirements for measuring equipment, as well as step and range, 
adjustment of setpoints. Several manufacturers of microprocessor 
relay protection devices offer designers their own systems for 
automated calculation of settings. However, each of these 
systems has its own logic for presenting the initial data, which 
also creates certain difficulties in performing calculations. Thus, 
the urgent problem is to develop an integrated system for 
automated calculation of relay protection settings, which allows, 
based on the initial data on the equivalent of the electrical 
network and the parameters of the main equipment of the 
substation, to calculate the short-circuit currents in the maximum 
and minimum modes and determine the protection operation 
settings based on various microprocessor terminals, taking into 
account their technical features. This paper presents a system for 
automated calculation of protection settings for a 6 (10) kV 
power line based on microprocessor terminals manufactured by 
STC  Mekhanotronika  LLC,  RADIUS  Avtomatika  JSC,  EKRA  
Research and Production Enterprise LLC and Schneider Electric 
JSC. The authors have developed algorithms for automated 
calculation of the maximum current protection and current cutoff 
settings based on the indicated protection terminals. And also, a 
software implementation of these algorithms was performed and 
an example of calculating the settings using the developed 
software package was given. The algorithms provide for the 
generation of warnings for the calculator about non-compliance 
with the requirements for protection sensitivity, going beyond the 
range of setting adjustment. 

Keywords: computer-aided design system, relay protection, 
settings, sensitivity, overcurrent protection, current cutoff 
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The paper considers the development of computer 6-mass 
thermodynamic model of asynchronous motor with squirrel-cage 
rotor. Computer models of multi-mass thermodynamic models 
are an integral part of static and dynamic mathematical models, 
an intensively developing topical field in the automated electric 
drive. The aim of the paper is to develop a mathematical and 
computer-based 6-mass thermodynamic model of an induction 
motor characterized by rational partitioning into thermal masses 
and heat generation and having a minimum of cross-links in the 
structural scheme. On the basis of previous papers written by the 
authors and analysis of papers of other authors, the model 
structural scheme is offered in which scientific novelty consists in 
calculation of heat transfer coefficients on the basis of heat 
generation variables and steady-state temperatures of separated 
masses. The practical value of the article consists in formulas for 
calculation of heat capacity, heat transfer coefficients and time 
constants of isolated masses. Some heat transfer coefficients 

additionally depend on the engine rotation speed depending on 
the type of the ventilation system. Theoretical research was 
carried out using the methods of thermodynamics and the theory 
of automatic control. The design software Matlab Simulink on the 
basis of the vector-matrix differential equation was used to 
calculate the thermal processes. The developed computer 
program in the article on the example of asynchronous motor 
4A90S4Y3 was used to analyze the four different thermal 
processes in mode S1. The program can be used in the 
composition of static and dynamic models of an automated 
alternating current electric drive to calculate transients using 
tachograms and load diagrams with modes S1, S2, S3 and S6, as 
well as in the composition of models of load units for testing 
engines after overhaul. 

Keywords: thermodynamic mathematical model, heat 
generation, losses, induction motor, thermal parameters, 
computer model 
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The  aim  of  the  paper  is  to  review  the  prospects  for  the  
development of research in the direction of ships on electric 
propulsion. The use of electric energy when driving on water is 
one of the ways to solve the problem of decarbonization, 
reducing pollution of water areas and damage to the ecosystems 
of water and adjacent territories. The main factors influencing the 
choice  of  an  electric  power  plant  for  small  boats,  as  well  as  the  
parameters that determine the energy efficiency of a vessel on 
electric propulsion, are considered. The existing restrictions that 
affect the spread of electric propulsion application on water are 
considered. The work uses surface modeling of the hull of a small 
vessel on electric propulsion, taking into account the needs of the 
vessel being developed, on the basis of which a draft design of a 
small vessel and its characteristics are formed. A parametric 
analysis of propulsion was performed, the calculation of the 
resistance curve along the length of the hull, which is necessary 
for further design of the propulsion unit, was carried out. One of 
the solutions to achieve the goals of ensuring the efficiency of a 
promising vessel should be the use of non-traditional propeller 
circuit designs that improve the quality of the workflow. The 
necessity for adaptation of the ship propellers to the operating 
modes, the features of the external speed characteristic of the 
electric machine, the importance of the operating modes 
consistency to the "hull-power plant-propulsion" system is 
shown. The work on the analytical review and analysis of the 
market of small-sized vessels on electric propulsion was carried 
out, on the basis of which the main trends for further research 
were identified, the requirements for a promising propulsion unit 
for the implementation of competitive electric propulsion in water 

areas were formed. The tasks set to ensure the energy efficiency 
of the vessel require an integrated approach and modeling of the 
operating modes of the "hullof a ship -power plant-propulsion" 
system. 

Keywords: electric propulsion, water displacement boat, 
electric propulsion in shipbuilding, electric drive, propellers, 
advanced shipbuilding, loop propellers, ship hull, electrification, 
GHG emissions 

REFERENCES 
1. Kiotskiy protokol k Ramochnoy konventsii Organizatsii 

Ob"edinennykh Natsiy ob izmenenii klimata. Prinyat 11 dek-
abrya 1997 goda [Kyoto Protocol to the United Nations 
Framework Convention on Climate Change. Adopted De-
cember 11, 1997]. Available at: 
https://www.un.org/ru/documents/decl_conv/conventions/ky
oto.shtml (accessed 22 March 2023). (In Russian) 

2. Allied Market Research. Available at: 
https://www.alliedmarketresearch.com/reports-store (ac-
cessed 22 March 2023) 

3. Mobility Foresights | Custom Automotive Market Research. 
Available at: https://mobilityforesights.com/product-
category/electricalmachinery/ (accessed 20 February 2023) 

4. Why electric boats are good for the environment. Available 
at: https://www.rselectricboats.com/why-electric-boats-are-
good-for-the-environment/ (accessed 20 February 2023) 

5. Villa D., Montoya A., Ciro J.M. The electric boat charging 
problem. Production. 2019, no. 29, e20190067. doi: 
10.1590/0103-6513.20190067 



,  
 

54 . 2(59). 2023 
 

6. Best electric boats: A-Z of the top hybrid and all-electric 
models. Available at: https://www.mby.com/features/best-
electric-boats-116768 (accessed 20 February 2023). 

7. Mesropyan A.V., Shabelnik Yu.A. The ways to increase the 
efficiency of marine propulsion systems. Vestnik Dage-
stanskogo gosudarstvennogo tekhnicheskogo universiteta 
[Herald of Daghestan State Technical University. Technical 
Sciences], 2021, 48(3), pp. 39-51. (In Russian) doi: 
10.21822/2073- 6185-2021-48-3-39-51 

8. Mesropyan A.V., Shabelnik Yu.A., Platonov E.A., Merkulo-
va A.P., Galitsyna A.M. Analysis of the market for electric 
motor boats and yachts. Elektrotekhnicheskiye kompleksy i 
sistemy: Materialy Mezhdunarodnoy nauchno-prakticheskoy 
konferentsii [Proceedings of the International Scientific and 

Practical Conference "Electrotechnical complexes and sys-
tems"]. Ufa, Ufa University of Science and Technology 
Publ., 2022, pp. 90-100. (In Russian) 

9. Cheban E.Yu., Nikushchenko D.V., Martemyanova O.V., Lu-
kina E.A., Tikhobaev M.Yu. Estimation of an auxiliary vessel 
resistance for inland navigation by approximate methods. 
Morskiye intellektualnyye tekhnologii [Marine Intelligent 
Technologies], 2022, no. 2, part 2, pp. 59-65. (In Russian) 

10. Tekhnicheskiy reglament Tamozhennogo soyuza TR TS 
026/2012. O bezopasnosti malomernykh sudov ot 15 iyunya 
2012 33 [Technical regulation of the Customs Union TR 
TS 026/2012. On the safety of small boats of June 15, 2012, 
no. 33]. Available at: https://docs.cntd.ru/document/ 
902352820. (In Russian) 

-
 / . , . , 

.  ,  .   //  -
. 2023.  2(59). . 49-54. 

https://doi.org/10.18503/2311-8318-2023-2(59)-49-54 

 Mesropyan A.V., Galitsyna A.M., Merkulova A.P., 
Shabelnik Yu.A. Outlook for the Implementation of Elec-
tric Movement in Shipbuilding. Elektrotekhnicheskie sis-
temy i kompleksy [Electrotechnical Systems and Complex-
es], 2023, no. 2(59), pp. 49-54. (In Russian). 
https://doi.org/10.18503/2311-8318-2023-2(59)-49-54 

   



 ,
 

. 2(59). 2023 55 
 

,  

 621.314 https://doi.org/10.18503/2311-8318-2023-2(59)-55-64 

., . 

 

  
-  

-
, , -

.  
, .  

, ,  
.  

. -
 

. , -
 

, ,  
.  

, 
. -

. ,  
-

, . , -
 

, . -
 

. 

: , , 
, , , ,  

,  

 

 ( ) -
-

, -
-

 [1–5]. 
 

),  
 ( ) , 

, 
 [2].  

 
-

 [6, 7], -
, -

. 
 

-
, -

 ( , -
, ) -

 ( , 
.) [8–11]. -

 
,  

                                                
© ., .,  2023 

. 
-

 ( ),  
, -

, , -
-

 [7]. -
 

,  
 [8] -

 [9]. 
-
, 
-
 

-
.  

 ( ) [12]  
 ( ) [8, 13]. 

,  
 (  

).  
 

,  ,   
. 
 

-
. 



,  
 

56 . 2(59). 2023 
 

,  
, , -

-
, -

-
 ( ), -

. 
-

, -
 [10].  

1- . , 
 

, -
, . -

 m -
 m .  

 m . 
 [2] -

, -
.  

 
,  

 
,  

 [8]. -
, ,  

-
, . 

 
  

-  

-
 .  1.  

 
 [6],  

VT,  VD,  L c -
 RL,  . 

:  
– , -

 
 ( ),  –  

. 
-

-
, . 

 
,  

[2]. ,  
 uk=0, . 

 
 .  2.  

 U , -
.  

 U , -
 

 (  
). , -

-
 K, -
,  

,  
 U VT, . 

 
U ,  U  

 
 Tk. 

 U  U  
1. ,  Tk – Tk+1 -

,  
 U  < U .   Tk 

1  
,  

, -
 U . -

,  T1 -
,  tk1. 

 tk1  
2, -

 U  U  = U  – U ,  U  – -
, . 

 . 2,  U ,  
,  

 

+1 1 ,i
k k

U TT T t
U   

 Ti –  ( . . 1). 

 
. 1.  



 ,
 

. 2(59). 2023 57 
 

 
. 2.  

 

 tk1  U  U , 
 

 K2, -
. 

 .  2  
, -

 [6].  Tk–tk1,  VT 
, .  tk1–tk2 

 VD  
.  tk2  

 VD . 
.  

, -
 (1- ).  

 
 – 1 2 ( . .  1).  

 
. , 1 -

 ( -
 iL),  2   

 (  uc). 
 uk -

 [8] 
2 2

1 1

2

1

2

1

=

= ,

k nk n n nk
n n

n n n nk
n

n n n n nk
n

u u K u u

K u u u

K x x x

 (1) 

 u n –  n -
; unk – -

n, -
n; Kn –  

; un  –  
n un;  un –  -

n;  n – -
n; xn  – -

 xn; xn –  
 xn; xnk –  -

. -
,  x1=iL,  x2=uc. 

 
.  

n unk,  
 

n  k  n-
 un . 

, -
 1-  

-
 xn ,  

xn.  n  
 

 un =un un ( . .  1). -
 

. 
, -

 (1- ) unk=un  uk=0. -
 1-  

 
Kn ( .  1),   

 n  
. 

 . 1,  
n un -

 un .  
-

. 
, ,  

 1- , 
-
, 
-

.  
 uk=0  -

,   
. 

  

 
, 
 
 

(Tk-1  Tk). 
,  

 T1  T2 (  
) -

 
, .  

 
. 

,  [2],  
, 

: 

*
3 2 12 2 1 1

*
3 2 32 2 1 1

*
3 22 2 1

*
3 2

1

1

1 1 1

2 2 2

3 3 3 ,

k k k k k k

k k k k k k

k k k k k

k k k

k k

ke e e

e e e

e e

e

A A A

A A A

A A

A

X X

X

E A B v

E A B v

E A B v

 (2) 

 Xk-1 –  
 Tk-1;  *

k – -



,  
 

58 . 2(59). 2023 
 

; k1 –  
 VT ; k2 – 

 VD; k –  
k   

k ; Aj – ; Bj – 
; vj – ; j –  

; X=[iL uc]T=[x1 x2]T – 
. 

1 2

1

;1 1

LR
L L

C CR

A A 3

0 0
;10

CR
A  

1 2 3

1 0
;

0 0
LB B B

1 0
;

0 1
E 1 ;

0
U

v  

2 3

0
.

0
v v

 

 (2) , 
-

. ,  k  
 [2] 

1,kt T  

 t – . 
 (2),  

k1, k2 k. -
,  

, . -
 

-
. 

k1 

+
0.k

k

U T
U

T
 

 

1 ,k
k

U T
T

U

 (3) 

T
1 ,k k kU U u2c X  (4) 

 c2=[0, 1] –  uc 
 X. 

k2 
T

2 0,k1c X  (5) 

 c1=[1, 0] –  iL 
 X, 

2 21 1
1 2 2 2 .k k

ke eA AX X E A B v  

 (5) -
-

. 

k -
 

0.k
k

UU
T  

 

.k
k

U T
U

 (6) 

 

 (2) – (6) -
.  

,  
, -

,  . 1. 
-
 
 

.  
-
-

,  
 (6)  

,
U T

T
U

 (7) 

 T –  
; U  – . 

 (7) -
 

.
U T

T T
U

 (8) 

-
 

1 .

U T
T

U T UT
U TT U T

U

 (9) 

,  [6] 

.
L

RU U
R R  

 

.LU R R
U R

 (10) 

 (9)  (10)  U : 

.
1 L

T UU
U R R

T
R U

 (11) 

 uk=0,  (4) 



 ,
 

. 2(59). 2023 59 
 

.U U U  (12) 

,  
 U  max  

 U  max -
 R max. -

 
 

 U  min  R  min.  
U  max  U  min  (11)  (12) -

-
 U  K: 

max
max max

max max

min
min min

min min

;
1

.
1

L

L

T UU U
U R R

T
R U
T UU U

U R R
T

R U

 (13) 

 (13),  

2 2
min min max max max min

2
min max min max max

2
max min

min min max max

max max min min

;

;

;

L

L

L

NU
P

N R D U D U

R R U U U U

U U

P R U U R R

U R U R R

 (14) 

max max

max max max max

max max

;

,
L

D T U
Q

Q U U R T U D T

R T U

 (15) 

 Dmin min=R  minU  min; Dmax max=R  maxU  max; 
U =U  max–U  min. 

-
un  n  ( .  1).  

 [8], -
-
 

 (  . 3 ). -
, -

,  [8].  
 

 1- : 

2 2

;

,  0,

u x
u x u u

 (16) 

 x  – ; x  –  
. 

 .  3,  
 1- , -
,  

. 

 
. 3.   

 

 
,  

u2  (16).  ,   
, , -

-
. 

, -
,  

.L
Ui T

L
  

, ,  

2 ,
2 2

L
i

i Uu T K U
L

 (17) 

 Ki – ,  
, 

.
2i
TK

L
  

 
(17) u2>IL  ( .  .  3), -

 u 0,  (16). ,  
 u =0. 

, -
-

 (16)  (17) -
. 

-
, , -

, -
 

 X*,  [9, 10] 

*
1 1 1

1

( ) ,k k k
k

d
d X X

X
X

 (18) 

 k –   k  
; M1 –  1- . 

 (2),  Kn  
 k.  ,   Kn, 



,  
 

60 . 2(59). 2023 
 

 M1  
 

,  
 X*.  

Kn -
. 

 

-
 
 

, -
,  

.  
-

.  
 [14] -

-
.  

.  
 

 .  4. , -
 .  1, -

 vp,  p – .  
,  .  4 : K  – -

, – -
, K n=Kn n, W n(s) – 

n  
. .  1), W (s) – -

, . 
 .  4 

 

ˆ

ˆ
ˆ

ˆ
;

ˆu

u s
W s

s
 

ˆˆ

ˆ
.

ˆL

L
i

i s
W s

s
 

-
 « -

»,  [6]  
. 

-
,  

 

ˆ
.

ˆ
U U

K
u  

 
 (9) -

: 

,
2 ,mT U

K
T U  (18) 

 U  (11). 

 
. 4.   

 

 . 1, -
,  

. -
 W (s), -

 [15]: 

1 ,
sTeW s

sT
 

 T –  
 1-  (  (7)). 

-
, -

, -
 

-
. 

 
-  

 

-
:  

U  min=14 , U  max=18 , -
 U  min=11,5 , U  max=12,5 ,  

 L=0,0004 , -
 RL=0,003 ,  C=5 , 

=0,4, U ,m=10 , T =0,00005 c, T =0,00001 c, -
 R  min=6,61 , R  max=31,25 .  

 (14)  (15) =11,69, U =5,55 , -
 

. 
-
 

. 5. 
1 

 1-  
(m=1),  6 –   6-  (m=6),  

(i) – , -
 m .   

 5- 5(1) 5(2)  10-
10(1) 10(2).  

, , -
. 

 .  5,  ,  
 (m>1)  

 (  10,25 ), -
-

 ( 1).  



 ,
 

. 2(59). 2023 61 
 

 
 

 
 

. 5. , 
:  

 – ;  –  
  

, -
-

 R .  AB  
, -

 1- ,   5-  ( 5(1)),  
. 

-
 1- -

 ( . 6). -
:  

T1=T2=0,0005 c,  
K 1=2,23404  K 2=-0,0989914, -

,  
.  .  6, -

 
1- ,  25 ,  

. 

 
 

 
 

. 6. , 
:  

 – ; 
 –  

 
 

 

 ( . 7)  
 R =20  U =16  (  P  . 5). -

 
, 

 
o+180 ,  

 – -
 ( ). 

 .  7, -
 ( ) 

  
-180°,  

.  



,  
 

62 . 2(59). 2023 
 

 
. 7.  

 
 -180°, -

.  
-

.   
.   

. 7 ,  
 -18,25°,  

. 
 .  1 -

 U =16  
 SS’  .  5,  ).  .  1 ,  

R =11 -
,  

.  R <11 , -
>0,  R >11 , 

<0. 

  1
 

 

,    
,  

5 50,74 
11 0 
15 -14 
22 -25 
31 -31 

 SS’  
 ( . . 5, ), -

, -
-

 R =9,8 . , -
-

,  
, . 

 . 2,  
-

,  
. 

 .  2 ,  
-

, -
-

. -
,  

 
. 

-
, -

 ( .  8)  
 35° ( . .  7).  

,  
-

 4,98 ,  ,   
,  

-
. 

  2
  

 

 
 

U ,  

 
 

, 
 

 
 

 
,  

14 16,9 17 
15 11,4 13,3 
16 10,6 9,1 
17 8,1 8,7 
18 7,28 7,58 

 
. 8.  

 
T =0,005 c 



 ,
 

. 2(59). 2023 63 
 

 

 
: 

1. -
-
, 
-
-

. 
2. -

 
-
 

. 
3. -

 
,  

. 
4. -

 
-

. 
5. , -

-
. 

6. , -
 

-
. 

7. -
 

,  
-
 

.  
 

, -
. 

8.  
 

-
 
 
 

. 

 
1. ., .  

-
 //  

-
. 2012.  1-1 (25). . 278-287. 

2. Andriyanov A.I. Controlling Nonlinear Dynamic Processes 
of a DC/DC Converter with Pulse-Frequency Modulation // 
International Multi-Conference on Engineering, Computer 
and Information Sciences. IEEE, 2022. Pp. 110-115. doi: 
10.1109/SIBIRCON56155.2022.10016921 

3.  
c -

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

. . 2020.  12(331). 
. 215-225. doi: 10.18799/24131830/2020/12/2957 

4. .  
-

 LC-  //  
. 2022. 

 1(15). . 73-79. doi: 10.30987/2658-6436-2022-1-73-79 
5. Liu K.H., Oruganti R., Lee F.C.Y. Quasi-Resonant Convert-

ers.Topologies and Characteristics // IEEE Transactions on 
Power Electronics. 1987. No. 1(PE-2). Pp. 62-71. doi: 
10.1109/TPEL.1987.4766333 

6. ., . -
-

. .: , 1988. 294 . 
7. . . -

: . , 2016. 330 . 
8. . -

 
: . … . . . 05.09.12 / -

. , 2022. 
9. ., .  

 
 // -

. 1992.  8. . 47-53. 
10. Zhusubaliyev Zh.T., Mosekilde E. Bifurcations and chaos in 

piece-wise-smooth dynamical systems. Singapore: World 
Scientific Pub Co Inc, 2003. 376 p. 

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

12. Batlle  C.,  Fossas  E.,  Olivar  G.  Time-delay  stabilization  of  
the buck converter // Control of Oscillations and Chaos. 
IEEE, 1997. Vol. 3. Pp. 590-593. doi: 
10.1109/COC.1997.626675 

13. Dattani J., Blake J.C.H., Hilker F.M. Target-oriented chaos 
control // Physics Letters A. 2011.  45(375). Pp. 3986-
3992. doi: 10.1016/j.physleta.2011.08.066 

14. .  
-

 //  
. 2022. 

 4(18). . 87-96. doi: 10.30987/2658-6436-2022-4-87-96 
15. Astrom K.J., Wittenmark B. Computer Controlled Systems. 

New Jersey: Prentice-Hall, 2011. 576 p. 

 28  2023 .  22  2023 . 

INFORMATION IN ENGLISH 

CONTROL SYSTEM FOR DC/DC CONVERTER BASED ON PULSE-FREQUENCY MODULATION 

Aleksey I. Andriyanov 

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



,  
 

64 . 2(59). 2023 
 

Alexander A. Pugachev 

D.Sc. (Engineering), Associate Professor, Professor, Head of the Department of Industrial Electronics and Electrical 
Engineering, Bryansk State Technical University, Bryansk, Russia, alexander-pugachev@rambler.ru, 
https://orcid.org/0000-0002-1836-0923 

The paper considers a control system for a DC/DC converter 
with frequency-pulse modulation, which takes into account the 
possibility of undesired oscillations at the output associated with 
dynamic nonlinearities of the system. The device considered in 
the work is an automatic feedback control system based on a 
proportional controller, that is, it is the simplest system with 
droop. The structure of the control system is proposed, it includes 
an additional control system for nonlinear dynamic processes, 
built on the basis of the target-oriented control. This makes it 
possible to provide the desired dynamic mode when changing the 
system parameters or the parameters of external influences within 
a wide range. Calculation expressions are obtained for choosing 
the optimal parameters of the proportional controller and the 
reference signal to ensure the specified accuracy of maintaining 
the output voltage under changing load conditions. It is shown 
that high values of the P-controller gain in a system without 
control of nonlinear dynamic processes lead to the appearance of 
undesired dynamic modes, which can be eliminated only by 
reducing the specified coefficient, which leads to a drop in the 
static accuracy of a closed-loop automatic control system. The 
paper presents a nonlinear dynamic model of the system in the 
form of the Poincaré map and a small-signal  structural  model of 
the system based on the target-oriented control, which takes into 
account the discreteness of the control system due to the presence 
of sample-and-hold devices in it. Studies of systems without 
control of nonlinear dynamic processes and with their control 
based on the target-oriented control were carried out. It is shown 
that the small-signal structural model of the system makes it 
impossible to accurately determine the parametric boundaries of 
the system transition to undesired modes, which requires the use 
of nonlinear dynamic models to refine these boundaries. It is 
shown that the application of the target-orientedcontrol makes it 
possible to exclude undesired oscillations and ensure the stability 
of the system without changing the coefficient of the proportional 
controller, which makes it possible to maintain static accuracy. 
The proposed approach to the construction of control systems for 
converters with frequency-pulse modulation can also be applied 
to other types of controllers in the main control loop in order to 
improve the system dynamics. 

Keywords: buck converter, pulse-frequency modulation, 
proportional controller, small-signal structural model, nonlinear 
dynamics, nonlinear oscillations, desired dynamic mode, stability 
margin 
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Currently, pulse-width modulation (PWM) methods based 
on fixed carrier signals are widely used for voltage source 
inverters (VSI). These methods include the well-known 
sinusoidal PWM (SPWM) and space vector PWM (SVPWM). 
However,  there  is  an  alternative  PWM  method,  in  which  
individual pulses are not limited by the sample period of the 
reference carrier signal, but it can vary in width and position over 
the full period of the VSI output voltage signal within the 
symmetry. This method in international literature is referred to as 
Programmed  Pulse  Pattern  PWM  (PPWM).  In  this  article,  an  
analysis of the PPWM with selective harmonic elimination (SHE) 
for two-level (2L) forms of the VSI output voltage will be carried 
out.  SHE  is  one  of  the  earliest  and  most  common  ways  to  
implement PPWM, which is aimed at removing lower order 
harmonics in accordance with a given number of switching. As a 
result  of  the  research,  six  PPWM  SHE  were  calculated  for  2L  
quarter-wave symmetry VSI voltage forms (from the 5th and 7th 
harmonics to the 35th and 37th harmonics). The PPWM patterns 
were graphically presented by the dependences of the angles and 
a modulation index. The spectra and the total harmonic distortion 
coefficients up to the 50th harmonic of the VSI output voltage 
were obtained in the modulation index range from 0 to 1.15 with 
a step of 0.01. The most significant results of the conducted 
research are the obtained dependences of individual harmonic 
components on the modulation index. The research results have 

perspectives to develop PPWM with SHE methods for power 
converters to limit switching frequency of semiconductor 
modules, solve the electromagnetic compatibility problems, 
increase energy efficiency and optimize power losses. 

Keywords: power converters, pulse-width modulation, 
programmed pulse pattern, selective harmonic elimination, 
voltage source inverter 
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Excitation systems of known ferro-induction converters 
(FIC) are considered. A variant of the FIC with a new excitation 
method based on electromagnetic-acoustic (EMA) and magneto-
modulation  (MME)  effects  is  proposed.  A  variant  of  a  
constructive solution for a fluxgate sensor that implements the 
proposed excitation method is described. The physical processes 
underlying this technical solution are considered in detail. It is 
shown that in the proposed sensor, five operating modes are 
simultaneously implemented, accompanied by the corresponding 

physical effects: 1) the mode of a bridge inductive-capacitive 
voltage divider; 2) the mode of the EMA transducer, which 
implements the emergence process of spatially periodic acoustic 
waves; 3) -transformation  mode  due  to  the  EMA  effect;  4)  
inductor mode, in which the measuring coils, in addition to their 
direct purpose, additionally perform the functions of elements for 
generating an exciting magnetic field; 5) -transformation mode 
due to MME. The analysis of the emerging physical effects and 
their analytical description showed that the proposed multifactor 
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excitation mode has the following advantages: 1) significant 
design simplification due to the fact that the measuring coils 
combine such functions as alternating magnetic field excitation 
and information signal recording; 2) increased noise immunity 
due to making use of measuring coils as upper arms of the 
inductive-capacitance measuring bridge with the difference signal 
of its measuring diagonal, which provides in-phase component 
noise compensation and the temperature drift consequences 
compensation; 3) hypersensitivity without deterioration in 
conversion accuracy due to making use of different physical 
effects during resonance action of corresponding physical fields; 
4) lower power consumption.  

Keywords: ferro-induction transducer, flux-gate sensor, 
electromagnetic field, electromagnetic-acoustic effect, acoustic 
waves, alternating magnetic field strength, eddy currents, 
magnetic permeability modulation 
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