


СЕРГЕЙ ИВАНОВИЧ ЛУКЬЯНОВ 

 

24 марта 2022 г. скоропостижно скончался профессор, 

доктор технических наук Сергей Иванович Лукьянов – про-

фессор кафедры электроники и микроэлектроники Магнито-

горского государственного технического университета. 

С.И. Лукьянов родился 16 октября 1954 г. в городе 

Магнитогорске. Его профессиональное образование и трудо-

вая деятельность всегда были связаны с Магнитогорским 

техническим университетом. В 1972 г., успешно закончив 

среднюю школу, он поступил на энергетический факультет 

Магнитогорского горно-металлургического института по 

специальности «Электропривод и автоматизация промыш-

ленных установок», который закончил с отличием в 1977 г.  

С 1977 по 1981 гг. работал в должностях научного сотрудни-

ка, а затем ассистента кафедры электротехники. 

С 1981 по 1984 гг. С.И. Лукьянов обучался в очной ас-

пирантуре Московского энергетического института (МЭИ) и 

в 1984 г. защитил кандидатскую диссертацию на тему «Раз-

работка электропривода вертикальных валков слябинга 1150 

с ограничением динамических нагрузок». После обучения в 

аспирантуре С.И. Лукьянов вернулся в МГМИ на должность ассистента кафедры электротехники. 

С 1985 по 2000 гг. бессменно работал в должностях старшего преподавателя, а затем доцента 

кафедры электротехники и промышленной электроники (впоследствии электроники и микроэлектро-

ники). В этот период помимо преподавательской деятельности С.И. Лукьянов в составе научной 

группы активно занимался научно-исследовательской работой, связанной с автоматизацией прокат-

ного производства. А начиная с 1997 г., основной темой научных исследовательских работ С.И. Лу-

кьянова стала автоматизация электропривода машин непрерывного литья заготовок. Результаты 

научно-исследовательской деятельности С.И. Лукьянова и его аспирантов получили внедрение на 

машинах непрерывного литья заготовок Магнитогорского металлургического комбината. 

В 2003 г. С.И. Лукьянов в Московском энергетическом институте защитил диссертацию на со-

искание ученой степени доктора технических наук на тему «Оптимизация электропривода тянуще-

правильного устройства по критерию качества непрерывнолитых заготовок». В 2004 г. ему было при-

своено ученое звание профессора. В 2008 г. С.И. Лукьянов был избран членом-корреспондентом 

Академии электротехнических наук Российской Федерации. 

С 2007 по 2013 гг. С.И. Лукьянов был назначен проректором по инновационным технологиям и 

инвестициям. С 2013 по 2020 гг. занимал должность директора института энергетики и автоматизи-

рованных систем, совмещая ее с должностью заведующего кафедрой электроники и микроэлектрони-

ки и продолжая преподавать на своей кафедре в должности профессора. При этом С.И. Лукьянов ни-

когда не забывал о своей научной деятельности. Он является автором более 300 научных трудов, ав-

торских свидетельств и патентов. Научным направлением, развиваемым под руководством 

С.И. Лукьянова, явились разработка систем мониторинга, диагностирования и управления металлур-

гическими агрегатами и процессами. 

Несмотря на огромную занятость на высоких должностях, Сергей Иванович всегда оставался 

преподавателем, оставался Учителем. Под его руководством защищено тринадцать диссертаций на 

соискание учёных степеней. Значительная часть сотрудников кафедры электроники и микроэлектро-

ники являются его учениками. Сергей Иванович обладал непререкаемым авторитетом, он был отлич-

ным руководителем, мудрым наставником и отзывчивым человеком. Память о Сергее Ивановиче Лу-

кьянове навсегда останется в сердцах его родных и друзей, коллег и учеников. 

Коллектив МГТУ, Института энергетики  

и автоматизированных систем, кафедры электроники  

и микроэлектроники



Уважаемые коллеги! 

 

Приглашаем Вас опубликовать статьи в журнале «Электротехнические системы и комплексы». 

Журнал основан в 1996 г. на базе международного сборника научных трудов, в котором публиковались 

статьи студентов, аспирантов и ученых, как из России, так и из-за рубежа. Начиная с 2014 г., «Электротехниче-

ские системы и комплексы» выпускается как журнал с периодичностью четыре номера в год. 

С 26.03.2019 г. журнал входит в перечень рецензируемых научных изданий, в которых должны быть 

опубликованы основные научные результаты диссертаций на соискание ученой степени кандидата наук, на со-

искание ученой степени доктора наук. 

По состоянию Перечня на 01.02.2022 г. журнал публикует работы по следующим научным специ-

альностям: 

05.09.01 – Электромеханика и электрические аппараты (технические науки); 

05.09.03 – Электротехнические комплексы и системы (технические науки); 

05.09.10 – Электротехнология (технические науки); 

05.09.12 – Силовая электроника (технические науки); 

05.13.05 – Элементы и устройства вычислительной техники и систем управления (технические науки); 

05.14.02 – Электрические станции и электроэнергетические системы (технические науки); 

05.14.04 – Промышленная теплоэнергетика (технические науки); 

1.2.2. Математическое моделирование, численные методы и комплексы программ (технические науки); 

2.3.1. Системный анализ, управление и обработка информации (технические науки); 

2.3.3. Автоматизация и управление технологическими процессами и производствами (технические науки). 

 

Журнал публикует научные работы по следующим рубрикам: 

 теория и практика автоматизированного электропривода; 

 электро- и теплоэнергетика; 

 электроснабжение; 

 энерго- и ресурсосбережение; 

 промышленная электроника, автоматика и системы управления; 

 электротехнологии в промышленности; 

 информационное, математическое и программное обеспечение технических систем; 

 мониторинг, контроль и диагностика электрооборудования. 

Публикация статей является бесплатной. 

Статьи, направленные в адрес журнала, проходят обязательное научное рецензирование и редактирование. 

Несоответствие материалов требованиям к статьям может служить поводом для отказа в публикации. 
 

Статья должна быть набрана в шаблоне, который размещен на сайте журнала esik.magtu.ru в разделе «Ру-

ководство для авторов». Там же находится инструкция по его заполнению, в которой приведены требования к 

оформлению статей. 
 

Авторы статьи должны гарантировать, что их работа публикуется впервые. Если элементы рукописи ранее 

были опубликованы в другой работе (статье, монографии, автореферате и т.д.), в том числе на другом языке, 

авторы обязаны сослаться на более раннюю работу. При этом они обязаны указать, в чем существенное отличие 

новой работы от предыдущей и вместе с тем выявить ее связь с результатами исследований и выводами, пред-

ставленными в предыдущей работе. Дословное копирование собственных работ или ее элементов более чем на 

30 % и их перефразирование не приемлемы! 

Пакет подаваемых документов (отправляется по электронной почте ecis.red@gmail.com): 

 рукопись, оформленная в соответствии с приведенными ниже требованиями; 

 анкета (в электронном виде); 

 экспертное заключение о возможности опубликования; 

 лицензионный договор, подписанный одним автором от коллектива в двух экземплярах; 

 согласие на обработку персональных данных на каждого автора. 
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ATmega 328 (ArduinoUNO)  USB-
. 

 
 . 1, :  

–  200-265, -
 . 1; 

– ; 
– ; 
–  ArduinoUNO (ATmega 328); 
–  ACS712ELC; 
–  R4 = 10 ( ) -

.  

 
. 1.  

 1 
 200-265 

  
 1 , . 1,8 

,  200 
, . 6 
,  12 

,  70 
,  0,17 

 MOSFIT-  
 .  2, -

 –  .  3. , 
 IRF 3205 (VT1)  

 U  =  3–12  ,   
SB5H100-E3/54 (VD1). -

:  R1= 100 , -
 R2= 10 .  

 RC :  
R3= 200 , 1= 3300 . 

 
. 2.  

 
. 3.  

 

Arduino UNO
(Atmega 328)

GNDA0 A1

D8 D9 D10 D11 GND

+5

 12

R4
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 Arduino 1.8.10 -

:  
//  
#include<Stepper.h> 
//  3600 
#defineSTEPS 200  
 //  D8, D9, 

D10, D11  
Stepper stepper(STEPS, 8, 9, 10, 11); 
//  0,  

 R4 
#define potent_pin 0  
 //  1,  
#define dt_pin1 1 
//  
float val1; 
float val2; 
float val3 = 0.0; 
floatval4 = 0.0; 
floatval5 = 0.0; 
//  ks 
float ks = 1; 
//  k  n 
float k = 0.15; 
float n = 0.13; 
int previous = 0; 
//  
int d = 6; 
void setup() { 
//  200 

) 
stepper.setSpeed(200); 
//  
Serial.begin(9600); 
} 
void loop() { 
// -

 R4 
val1 = analogRead(potent_pin); 
//  
val2 = analogRead(dt_pin1)*70 + 30200; 
//  
val3 = k * val1 + (1 - k) * val3; 
val4 = n * val1 + (1 - n) * val4; 
//  
val5 = (val3 - val4) * 10; 
//  
stepper.step((val3 - previous)/d); 
previous = ks*val3; 
// : 
// -  
Serial.print(val1); 
Serial.print(','); 
// -  
Serial.print(val3); 
Serial.print(','); 
// -  
Serial.print(val5); 
Serial.print(','); 
// -  
Serial.println(val2);} 

 

 
-

 R4 -
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 d .  
 U  
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: n – ; U , U  –  
; I  –  



  
 

. 1(54). 2022 7 
 

 
 «stepper.step((val3 – previous)/d);». 

-
 ks «previous = ks*val3;», , -

, -
. 
-

 d.  360°  d=6,  
 ( -

) . 

 
  

-
 

-
,  

 ( , )  
 [14]. -

 ( ), -
 . 6.  

 
:  ( )  

, .  
tr = 101 10 -9 .  W (p), -

, -
: 

 

2
2 2

1 ,
1a a

a

cW p R RJT p Jp
c c

 (4) 

 c – ; Ra – ; J –  
; Ta – . 

-
-

 ( ) i.  
 

, , 
 

, [15]. -
 

( . 7, ), ,  
 Matlab  

 L1 )  L2 ) 
( . 7, ).  

max = 21  
.  

 U max, -
.  -

 « » , -
. -

 (4) -
. 

-
 –  L2 ) –   

 -20 -
 -40 . -

-
, . 

 
,  

.  
.  Matlab  

 
 

U , ( . 8).  
 ( . 9) -

 ( . 10), -
. 

 
. 6. :  

 – ,  –  

 
. 7.  ( ) ( ), 

 ( ) 

 
. 8.   

 

1
1

pT
R

a

a c

c

pJ
1

1pT
K

m p
i

1

1

2
2

2 pJ
c
RpTJ

c
R

c
a

a
a p

iK



 
 

8 . 1(54). 2022 
 

 
. 9.   

 

 
. 10.   

 

 
,  U   

n = 200  U  = 1 . -
 

max = 21 , -
. -

 
360°  U  = 12 . 

 
 

 0  21  ( . . 9).  
 

, -
n = 200 , -

 ( . . 10).   
 U  t  =  0,14  .  

 
 = 3º. 

 
1,8°.  

 (« »). 

 

-
, -

: 

–  
 

,  
-

; 
–  

 
 

, ,  
; 

– -
-

 « » , -
 

. 
 

 « . . » -
-
-

 « -
». 

 
1. -

 /  .  ,  .  ,  .  ,  
.  // . 

2018. 10.1(25). . 313-315. 
2. ., ., .  

 // -
 « -

». 2020. . 2. . 103-104. 
3. Elsodany N.M., Rezeka S.F., Maharem N.A. Adaptive 

PID control of a stepper motor driving a flexible rotor // 
AEJ - Alexandria Engineering Journal. 2011. Vol. 50(2). 
Pp. 127-136. doi: 10.1016/j.aej.2010.08.002 

4. . -
 // -

. 2016. . 1. . 563-564. 
5.  

 
 /  .  ,  .  ,  

. , .  // -
. 

2017.  12(207). . 87-90. 
6. Intelligent speed control of hybrid stepper motor considering 

model uncertainty using brain emotional learning / 
A.M. Yazdani, A. Mahmoudi, S.A. Mahmoudzadeh, P. Gha-
nooni, S. Mahmoudzadeh, S. Buyamin // Canadian Journal 
of Electrical and Computer Engineering. 2018. Vol. 41. 
No 2. Pp. 95-104. doi: 10.1109/CJECE.2018.2849357 

7. ., .  
 

 // -
. . 

2020.  4. . 147-157. doi: 10.24411/2071-6168-2020-00026 
8. -

-
 / . , 

. , . , . , 
. , .  //  

: . 2016. 
 4(36). . 111-127. 

9. . -
 // 

. 
2020.  7-2(63). . 91-94. 



  
 

. 1(54). 2022 9 
 

10. ., . -
-

 // -
. . 

2019. . 1. . 28-30. 
11. ., .  

-
 // -

: -
. 

: -
. . , 2018. . 192-195. 

12. ., . -
-

 // -
 (SCM-

2020). .:  « », 2020. . 1. . 155-158. 
13. . -

 // -
. 2021. . 9.  2. . 77-94. doi: 

10.31854/2307-1303-2021-9-2-77-94 
14.  / 

. , . , . , . -
 // . 2017.  11(134). . 141-146. 

15. . -
:  

. :  « . . -
», 2010. 199 . 

 30  2021 . 

INFORMATION IN ENGLISH 

STEPPER MOTOR SENSOR CONTROL WITH PROGRAM FILTERING OF THE SHAFT ROTATION ANGLE  
REFERENCE CHANNEL 

Sergey A. Linkov 

Ph.D. (Engineering), Associate Professor, Department of Automated Electric Drive and Mechatronics, Power Engineering 
and Automated Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia, 
xx_linkov@rambler.ru, https://orcid.org/0000-0002-0774-3910 

Oleg S. Malakhov 

Ph.D. (Engineering), Associate Professor, Department of Automated Electric Drive and Mechatronics, Power Engineering 
and Automated Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk,  
Russia,osmalahov@mail.ru, https://orcid.org/0000-0003-2716-004X 

This paper is devoted to the positioning systems of stepper 
motors control methods. Comparative analysis of the existing 
open- and closed-loop systems was carried out; their advantages 
and disadvantages are identified. The research purpose is the 
design of the universal reliable and cheap device based on stepper 
motor for the moving object sensor mode positioning. A stepper 
motor universal control program with optimal filtering of the 
shaft rotation angle reference channel was developed.  
A schematic diagram based on ATmega328 microcontroller was 
designed. The experimental research of the sensor mode 
operating stepper motor with and without program filtering was 
conducted. Transient processes of motion, speed, current and 
reference signal graphics were built. A linear mathematical model 
of a stepper motor and a block diagram of a closed-loop control 
system for the shaft rotation angle deviation have been calculated. 
The main adjustable coordinates transient processes of the 
electric drive operating in the sensor mode are built with Matlab 
Simulink with filtering and without filtering the motor shaft 
deflection angle specifying channel. A frequency analysis of the 
developed closed-loop electric drive control action control system 
is carried out for the stability and quality of filtering interference 
of the control signal. The research results are applied to the 
studying process of the Department of Automatic Electric Drive 
and Mechatronics, Nosov Magnitogorsk State Technical 
University as a laboratory stand for Adjustment of mechatronic 
complexes and systems course. 

Keywords: stepper motor, programmable microcontroller, 
control program, sensor mode, program filter, mechatronic 
system, driver. 
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The paper is concerned with electric drive control system 
simulation for the winding machine SNP-0.1-150V "Pulsar" in 
order to determine the regulators parameters for subsequent 
adjustment. The electric drive consists of two adjustable 
asynchronous motors of the winding device and the tension roller, 
united by a common control system. They ensure that the coil 
wire of the electric micromachine is wound on a predetermined 
template while maintaining tension. The technological process of 
winding a thin wire without a common circuit is characterized by 
a high percentage of rejects up to 50%, the main reason for which 
is wire breakage due to high tension. The control system must 
maintain as little tension as possible while maintaining the same 
winding speed. This is achieved by fine tuning the regulators, 
which will vary depending on the templates, diameter and the 
wire material. Setting up through several iterations when 
changing  the  wire  will  take  a  long  time  and  will  lead  to  a  large  
rejection of the wound wire. It is possible to reduce these 
negative processes by preliminary modeling of the technological 
process, the model of which is developed in this article. It shows 
the development of the model in stages, starting from the 
calculation of electric motors, and up to the construction of a 
general contour of wire tension. One of the most interesting 
research  issues  is  the  fact  that  the  tension  roller  is  driven  by  a  
two-phase  induction  motor  with  a  hollow  rotor.  It  has  a  low  
moment of inertia that makes it possible to instantly react to any 
change in the set speed and load torque. However, due to its low 
prevalence, the regulation of this type of motors has not been 
fully investigated and consisted rather in the development of new 
control algorithms and types of pulse-width modulation, than in 
their application in closed multi-loop control systems of real 
technological processes. 

Keywords: simulation, variable speed drive, control system, 
winding machine, thin wire, process technology, tension control, 
two-phase induction motor, three-phase asynchronous motor, 
vector control, closed loop. 
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Currently, there is a steady tendency in the global 
automotive industry to use electric propulsion instead of internal 
combustion engines (ICE) or in hybrid systems that combine 
electric and internal combustion engines in various proportions of 
participation in torque generation. The analysis of power 
structures applied in the most developed traction systems for 
electric and hybrid vehicles (electric car, hybrids with serial, 
parallel and series-parallel power plants) has been performed.  
The paper assesses the considered system operational capabilities 
depending on the electrification degree of hybrid vehicles and 
their impact on the environment. A wide range of publications in 
the field of starter generators development and traction electric 
motors  for  hybrid  cars,  from  micro-hybrids  to  full  hybrids,  as  
well as electric cars themselves, are considered. It follows from 
them that asynchronous motors with short-circuit rotor and 
synchronous machines with electromagnetic excitation 
traditionally prevail in developments brought to practical 
application. Permanent magnet valve machine, contactless 
machine, permanent magnet synchronous machine, self-
excitation valve inductor machine and independent excitation 
synchronous reactor machine are considered to be the most 
promising. As the main modules of the power automobile 
electronics are considered in electric cars only SVI, in hybrid 
ones  -  the  VR-SVI  system,  made  by  a  three-phase  bridge  
circuit. The main characteristics of traditional lead-acid batteries 
and modern lithium-ion batteries, which are considered the most 
promising, are compared. It is noted that limited lithium reserves 
require the search for new directions in the sphere of effective 
energy accumulators development. Possibility and problems of 
using capacitive energy storage devices, including 
supercapacitors, as the most perspective energy storage devices 
are considered. It is also noted the expediency of further 
development of the application concept for on-board electric 
generating fuel cells using hydrogen-containing fuel in electric 
cars. To assess the situation in Russia, indicators describing the 
scale of the tasks for electric transport development in the country 
for the period of 2020-2031 are given. They are given in the 
Economic Development Ministry documents of the Russian 
Federation and are reflected in this article. In general, it is 
reasonable to link the concept of electric vehicle development 
today with hydrogen technologies. 

Keywords: environmental friendliness, power circuits, 
automotive electric, hybrid vehicles, electric drive, internal 
combustion engine, electric motors, generators, power 
electronics, inverters, rectifiers, energy storage, batteries, 
capacitors, fuel cells, development concept. 

REFERENCES 
1. Yutt V.E., Stroganov V.I. Elektromobili i avtomobili s kom-

binirovannoy ustanovkoy. Raschet skorostntkh kharakteris-
tik: ucheb. posobie [Electric  cars  and  cars  with  combined  
unit. Calculation of Speed Characteristics: Tutorial]. Mos-
cow, MADI Publ., 2016. 108 p. (In Russian) 

2. Lezhnev L.Y., Hripach N.A., Shustrov F.A., Papkin B.A., 
Petrichenko D.A., Ivanov D.A., Tatarnikov A.P., Korot-
kov V.S., Neverov V.A. Energoustanovki avtomobilnogo trans-

porta s tyagovym elektroprivodom [Power plants of automobile 
transport with a traction electric drive]. Tambov, LLC "Consult-
ing companyYukom" Publ., 2017. 204 p. (In Russian) 

3. Toilibaev A.E., Seyimkhan S. Electric vehicle - transport of 
the future. Universum: Tekhnicheskie nauki. [Universum. 
Technical Science], 2018, no. 5(50), 4 p. URL: 
http://7universum.com/ru/tech/archive/item/5902 (In Russian) 

4. Directorate for Economics of Fuel and Energy Industries: 
Fact Sheet. Elektricheskiy i gibridnyi avtotransport v mire – 
Analiticheskiy tsentr pri pravitelstve Rossiyskoy Federatsii 
[Electric and Hybrid Vehicles in the World - Analytical Cen-
ter under the Government of the Russian Federation], De-
cember 2013. 12 p. (In Russian) 

5. Bakhmutov S.V., Karunin A.L., Krutashov A.V., 
Lomakin V.V., Selifonov V.V., Karpukhin K.E., Baulina 
E.E., Uryukov Yu.V. Konstruktivnye skhemy avtomobiley s 
gibridnymi silovymi ustanovkami: Uchebnoe posobie [De-
sign schemes of the vehicles with the hybrid power plants: 
tutorial]. Moscow, Moscow State Technical University 
"MAMI" Publ., 2007. 71 p. (In Russian) 

6. Florentsev S.N., Izosimov D.B. Results and plans for the 
creation of a complete traction electric equipment of elec-
tromechanical transmissions of vehicles. Trudy VII Mezhdu-
narodnoy ( III Vserossiyskoy) nauchno-tekhnicheskoy kon-
ferentsii po avtomatizirovannomu elektroprivodu [Proceed-
ings of the VII International (XIII All-Russian) Scientific 
and Technical Conference on Automated Electric Drives]. 
Ivanovo, Ivanovo State Power University named after 
V.I. Lenin, 2012, pp. 438-445. (In Russian) 

7. Anuchin A.S., Aliamkin D.I., Kazachenko V.F., Lyash-
kevich M.M. State and development prospects of urban hy-
brid and electric traction electric drive in Russia. Trudy VIII 
Mezhdunarodnoy ( IX Vserossiyskoy) nauchno-
tekhnicheskoy konferentsii po avtomatizirovannomy elektro-
privodu [Proceedings of VIII International (XIX All-
Russian) Scientific and Technical Conference on Automated 
Electric Drive]. Saransk: Mordov. Univ. Publisher, 2014, 
pp. 24-28. (In Russian) 

8. Dolgolaptev A.V., Dashko O.G., Onishchenko G.B., Smo-
trov E.A. Electric Vehicle. Status and Prospects. Trudy VII 
Mezhdunarodnoy ( III Vserossiyskoy) nauchno-tekhnicheskoy 
konferentsii po avtomatizirovannomu elektroprivodu [Proceed-
ings of the VII International (XIII All-Russian) Scientific and 
Technical Conference on Computer-Aided Electric Drives]. 
Ivanovo, Ivanovo State Power University named after 
V.I. Lenin, 2012, pp. 431-435. (In Russian) 

9. Kazachenko V. F.,  Ostrirov V. N.,  Rusakov A. M. Perspec-
tive types of traction electric drives. Trudy VII Mezhdu-
narodnoy ( III Vserossiyskoy) nauchno-tekhnicheskoy kon-
ferentsii po avtomatizirovannomu elektroprivodu [Proceed-
ings of the VII International (XIII All-Russian) Scientific 
and Technical Conference on Computer-Aided Electric 
Drives]. Ivanovo, Ivanovo State Power University named af-
ter Lenin, 2012, pp. 16-22. (In Russian) 

10. Auto.ru. Available at: magazine:mag.auto.ru/article/hybrids/ 
(accessed 28 December 2021) (In Russian) 



 
 

28 . 1(54). 2022 
 

11. Ovsyannikov E.M., Klukin P.N. Starter-generator devices 
for internal combustion engines in cars. Materialy mezhdu-
narodnoy nauchno-tekhnicheskoy konferentsii AAI «Avtomo-
bile – i traktorostroenie v Rissii: priopitety razvitiya i podgo-
tovka kadrov», posvyascshennoy 145 –letiyu MGTU «MA-
MI» [Proceedings of the International Scientific and Tech-
nical Conference AAI "Automotive and Tractor Construc-
tion in Russia: Development Priorities and Staff Training" 
dedicated to the 145th anniversary of the Moscow State 
Technical University "MAMI"]. Moscow, MSTU "MAMI" 
Publ., 2010, pp. 135-138. (In Russian) 

12. Shumov Yu.N., Safonov A.S. Energy-saving electric ma-
chines for electric and hybrid cars drive (Review of foreign 
developments). Elektrichestvo [Electricity], 2016, no. 1, 
pp. 55-65. (In Russian) 

13. Ilyinskii N.F. Valve-inductor electric drive - problems and 
prospects for development. Doklady nauchno-
prakticheskogo seminara [Reports of a scientific-practical 
seminar]. oscow, MPEI Publishing House, 2006, pp. 4-14. 
(In Russian) 

14. Bychkov M.G. Elements of the theory of a valve-inductor 
electric drive. Elektrichestvo [Electricity], 1997, no. 8, 
pp. 35-44. (In Russian) 

15.  Nikolaev V.V. Starter-generator avtonomnykh obyektov na 
osnove ventilno-induktornoy mashiny. Kand.Diss. [Starter-
generator of the autonomous objects on the basis of the 
valve-inductor machine. Ph.D.Diss.]. Moscow, 2005. 145 p. 

16. Temirev A.P. Development of the valve-inductor electric 
drives by PKP "IRIS". Doklady nauchno-prakticheskogo 
seminara [Reports of scientific-practical seminar]. MPEI 
Publishing House, 2006, pp. 84 -101. (In Russian) 

17. Kozachenko V.F., Ostrirov V.N., Lashkevich M.M. Electric 
Power Transmission on the Basis of Valve Inductor Motor 
with Independent Excitation. Electrotekhnika [Electrical En-
gineering], 2014, no.2, pp. 54-60. (In Russian) 

18. Amangaliev E.Z., Tleugali U.K. Valve-inductor motor 
and its features. Arkhivarius [Registrar], 2020, no. 5(50), 
pp. 28-32. (In Russian) 

19. Usynin Yu.S. Sistemy upravleniya elektroprivodov [Control 
systems for the electric drives]. Chelyabinsk, Publishing 
house of SUSU, 2004. 328 p. (In Russian) 

20. Lipo T. Advanced Motor Tecnologics: Converter Fed Ma-
chines. IEEE Trans, 1997, no. 7, pp. 204-222. 

21. Law J.D., Chertok A., Lipo T.A. Design and Performance of 
Field Regulated Reluc-tance Machine. IEEE Trans. on In-
dustry Applications, 1994, no. 5, pp. 1185-1193. 

22. Usynin Yu.S., Grigoriev M.A., Vinogradov K.M.  Electric 
drives and generators with synchronous reactive machine of 
independent excitation. Elektrichestvo [Electricity], 2007, 
no. 3, pp. 21-26. (In Russian) 

23. Usinin Yu., Grigorjev M., Vinogradov K., Gladyshev S. 
New Brushless Synchronous Machine For Vehicle Applica-
tion / (The University of Michigan-Dearborn). SAE Interna-
tional 2007 Word Congress Detroit, Michigan, 2007. doi: 
10.4271/2007-01-0785 

24. Grigoriev M.A. Limiting possibilities of the electric drives 
with the synchronous reactive machine of independent ex-
citation. Vestnik YuUrGU. Seriya: Energetika [Bulletin of 
SUSU. Series "Power Engineering"], 2009, no. 12,  
pp. 51-55. (In Russian) 

25. Usynin Yu.S., Vinogradov K.M. Generating installation with a 
synchronous independent excitation reluctance machine. Vest-
nik YuUrGU. Seriya: Energetika [Bulletin of SUSU. Series 
"Power Engineering"], 2007, no. 7, pp. 37-39. (In Russian) 

26. Grigoriev M.A. Ventilnyi elektroprivod s sinkhronnoy reak-
tivnoy mashinoy nezavisimogo vozbuzhdeniya [Valve electric 
drive with synchronous reactive machine of independent ex-
citation]. Chelyabinsk, Publishing Center of SUSU, 2010. 
159 . (In Russian) 

27. Sychev D.A., Belousov U.V., Zhuravlev A.M., Bychkov 
A.E.  Specific indices of electric drives with the synchronous 
reactive machine of independent excitation in various 
schemes of switching. Elektrotekhnicheskie sistemy i kom-
pleksy [Electrotechnical systems and complexes], 2013, 
no. 21, pp. 21-27. (In Russian) 

28. Usynin Yu.S., Shishkov A.N., Gorozhankin A.N., By-
chkov A.E., Belousov E.V., Zhuravlev A.M., Sychev D.A. 
Traction electric drive of an active pipe truck trailer. Vestnik 
YuUrGU. Seriya: Energetika [Bulletin of SUSU. Series: Pow-
er Engineering], 2013, vol. 13, no. 1, pp. 137-143. (In Russian) 

29.  Usynin Y.S., Grigoriev M.A., Shishkov A.N. Simulation of 
active trailer electric drive. Vestnik YuUrGU. Seriya: Ener-
getika [Bulletin of SUSU. Series: Power Engineering], 2013, 
vol. 13, no. 2, pp. 106-113. (In Russian) 

30. Savosteenko N.V., Usynin S. Prospects for the development 
of starter generators for industrial vehicles. Vestnik YuUrGU. 
Seriya: Energetika [Bulletin  of  SUSU.  Series:  Power  Engi-
neering], 2020, vol. 20, no. 4, pp. 96-102. doi: 
10.14529/power200411 (In Russian) 

31. Grigoriev M.A., Naumovich N.I., Belousov E.V. Traction 
electric drive of electric vehicle. Electrotekhnika [Electrical 
Engineering], 2015, no. 12, pp. 53-56. (In Russian) 

32. Gelman M.V., Dudkin M.M., Preobrazhenskiy K.A. Preobra-
zovatelnaya tekhnika [Converting technique]. Chelyabinsk, 
Publishing Center of SUSU, 2009. 425 p. (In Russian) 

33. Stroganov V.I., Sidorov K.M. Matematicheskoe modelirovanie 
osnovnykh komponentov silovykh ustanovok elektromobiley i 
abtomobiley s KEU [Mathematical Modeling of the Main 
Components of Power Units of Electric Vehicles and Cars with 
CEU]. oscow, MADI Publ., 2015. 100 p. (In Russian) 

34. Mesyats G.A., Prokhorov M.D. Hydrogen Energy and Fuel 
Cells. Vestnik Rossiyskoi akademii nauk [Bulletin of the 
Russian Academy of Sciences], 2004, vol. 74, no. 7, 
pp. 579-597. (In Russian) 

35. Topor. Info - Site about everything interesting from the world, 
science, technology and society. Avaliable at: https://topor. in-
fo/news/avtomobill-tesla; https://topor.info/news/proekty-
elona-maska. (accessed 28 December 2021) 

36. Kazanfirst.ru: Network edition - Tattser.ru. Available at: 
https://kazanfirst.ru/articles/534913?utm_source 
=yxnews&utm_medium=desktop. (accessed 28 December 2021) 

37. Autobroker Club magazine: official website of the magazine. 
Available at: https://journal.ab-club.ru/articles/vse-fakty-o-
zetta-pervom-serijnom-elektromobile-iz-rossii/. (accessed 28 
December 2021) 

38. Main news of Kazakhstan: Official page of the Internet edition 
tengrinews.kz. Available at: https://informburo.kz/special/teper-
i-na-elektricheskoy-tyage-kak-v-too-saryarkaavtoprom-
proizvodyat-avtobusy.html; https://tengrinews.kz/tag/electric 
cars/ (accessed 28 December 2021) 

:  
, , -

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

. 2022.  1(54). . 19-28. 
https://doi.org/10.18503/2311-8318-2022-1(54)-19-28 

 Amangaliev E.Z., Sarvarov A.S., Kosmatov V.I., Pe-
tushkov M.Yu., Omelchenko E.Ya. Electric and Hybrid 
Transport. Power Circuits, Equipment, Problems and 
Development Prospects. Elektrotekhnicheskie sistemy i 
kompleksy [Electrotechnical Systems and Complexes], 
2022, no. 1(54), pp. 19-28. (In Russian). 
https://doi.org/10.18503/2311-8318-2022-1(54)-19-28 

  



 
 

. 1(54). 2022 29 
 

 621.314.5 https://doi.org/10.18503/2311-8318-2022-1(54)-29-37 

., ., ., . 

. .  

  
 

 
, .  

 Simulink Matlab. -
.  

. -
. -

 Simulink.  
.  

.  
. , -

.  
, -

. , -
. , 

.  
,  

. -
. , -

, . -
, . 

-
. 

:  , , ,  
, , , . 

 

 
 

-
 

 [1-9]. -
 

,  
, -

, ,  
.  

, , . -
,  

 
. -

-
 

. -
 
 

.  
 

.  
-

, ,  
 

 –   

                                                
© ., ., ., ., 2022 

, -
, , 

.  
-
 

. -
,  

.  
 ( , ), -

.  
 

, -
. 

-
,  

-
 Simulink,  

-
-

. ,  
 
 

. -
, -

-
. 
 
 

,  
.  



 
 

30 . 1(54). 2022 
 

 
 

 Simulink.  
-

.  
 
. 
 

.  
,  

 
. -

 
,  

-
. 

 
-

 [1]. -
,  

, -
. -

,  
 

. 
-
 
 
 

. 

 

 
 

 [10-19]. -
-

 
 Matlab   

 Simulink [10-13].  
-

 .  1. -
 Simulink 

:  
5,5 ,  380 ,  50 , 

 1460 , -
 – 0,6419 , 

0,00475 ,  
 – 0,6059 , 0,0076 ,  

 0,173 ,  
0,017 2). -

-
. -

. -
 IGBT. 

 
-
 

. 
-
-

 [1], . 
 

: 
x-y – -

, -
,  

.  
 x, y; 

 – ,  
, -

.  
, . 

 
. 1.  



 
 

. 1(54). 2022 31 
 

 
-

. 
 «^»  

, . 
 i1A , i1B , i1C 

 i1x, i1y  
: 

i1x=i1A, i1y=
1
3

(i1B – i1C). 

 
-

: 

i = i1x cos + i1y sin ; 

i = – i1x sin + i1y cos . 

 
 [1]. 

 
 [3]. 

 
 

W (p)=
T1p + 1)R1

2TµIk k p
; 

 = 1 – 
Lm

2

(L1L2)
, 

 T1 – -
; R1 –  

; TµI – -
; k  – -

; k  – 
; Lm – -

; L1 – -
; L2 – . 

 
 

W (p) = k =
k J

4TµIk 3p k2 2
; 

k2=
Lm

L2
, 

 k  – ; k  – -
; 2 – -

. 
-

, -
 

W (p) = k
8TµI+1

8TµI
. 

-
 

W (p) =
k (T2p+1)
4TµIpk Lm

, 

 k  – -
. 

 
-
 
 
 

 [1]: 

U1x
* = U* cos – U* sin ; 

U1y
* =U* sin +U* cos ; 

U1A
* = U1x

* ;  U1i
* = –

1
2

U1x
* – 3U1y

* ; 

U1
* = –

1
2

U1x
* + 3U1y

* . 

-
 [3]: 

2 =
Lm

(T2p+1) i ; 

=
k2R2i

2
=

Lmi
T2 2

; 

T2 =
L2

R2
; 

k2 =
Lm

L2
; 

= p + . 

 
 
 

M : 

M = 3p k2 2 i . 

 
.   

-
-

. 
-

, -
 JGBT- . -

-
.  

 
 788 ,  –  780 . 

-
, -

,  
, -

. -
-

. -
, -

. 
. -

, -
. 



 
 

32 . 1(54). 2022 
 

 
 
 

-
 

 . 1. 

  
 

-
-
 

-
 50 . -

 
. 2, , -

, -
 ( . 2, ).  

 
,  

-
. 

 
. 2.  

 ( )  
 ( ) 

-
-

.  
.  

-
 

0,025 .  0,1 -
. 
-

.  
 0,25  0,3 -

.  
. 

-
-
. 
-
 
 

-
,  

,  
-

. -
. , 

-
-

,  
 

. 
 . 3  

,  
, , 

. -
,  -

 ( ).  
:   – 20  0,3 

 0,5 ,  – 10 -
, -

-
. 

-
. -

,  
-

. -
. 

 . 4, -
,  
, .  

-
. 
-
-
 

.  
 

 ( -
)  . 4, . 

 
 

, -
-

. 



 
 

. 1(54). 2022 33 
 

 
. 3.  ( , , ) 

. 4. ,   
 

 ( )   
 ( ) 

 . 5,  
 

.  
 

 . 5, . 
 . 6 -

,  
 

. 
 

 754  788 . -
-

. -
.  

-
,  

. -
.  

 
.  

-
 

 ( -
-

, -
). -

-
-

. -
 

-
.  . 6,  

, -
. 

 



 
 

34 . 1(54). 2022 
 

 . 7  
 

.  
 
 

 ( .  6,  ),  
-

.  
, -

, -
-

. ,  
 

-
,  

, -
-

. 

 
. 5.   

 ( )   
 ( ) 

 
. 6. ,   

 ( )  
 ( ) 

 
. 7.   

 
 

 Ix, 

0

40

-40

0

40

-40

 Iy, 
80

0 0,2 0,4 0,6

, 1/

0

400

-400
t, 



 
 

. 1(54). 2022 35 
 

 

1. -
-
 

-
. 

2. -
-
-

, -
 Simulink,  

 
-

, -
. ,  

, -
-

. 
3. -

 
, -

,  
, -

. 
4.  

 
 

-
. 

5. -
-

. 
6.  

 
-

. 
7.   

-
-

. 
 

1. . . .: 
, 2015. 373 . 

2. . -
. : , 2008. 298 . 

3. .  
. .:  

», 2007. 272 .  
4. .  

: . .: , 
2006. 94 .   

5. ., . -
. .:  « », 2006. 

304 . 

6. ., . -
-
 

 // 
.  :  .  2017.  .  17.   2.  

. 48-57.  
7.  

» / . , . , . , 
. , .  // -

. 2014. 1(22). . 43-46.  
8. ., ., .  

 
» // -

. . 2010. 3-2. . 149-156.  
9. Bose B.K. Modern Power Electronics and AC Drives. NJ: 

Prentice Hall, 2002. 738 p. 
10. . -

-
. : , 2000. 

654 . 
11. ., . -

 
 Simulink. .: , 2019. 306 . 

12. .  
 MATLAB, Sim Power System  Simulink. .: 
; .: , 2008. 288 . 

13. . MATLAB&SIMULINK. -
. .:  

. », 2014. 368 . 
14. ., ., . -

 
 //  

: . . . . -
: . . .  

. . , 2013. . 21. . 70-75. 
15. ., ., .  

 
 450  «  //  

. : . 2017. . 17.  2. . 58-66. 
16. Shokhin V.V., Permyakova O.V.  The study of continuous 

rolling mill inter-stand tension inferential control systems // 
Procedia Engineering. 2015. Vol. 129. Pp. 231-238. doi: 
10.1016/j.proeng.2015.12.038 

17. Improvement of electric and mechanical system for automat-
ed strip tension control at continuous wide-strip hot-rolling 
mill / V.R. Khramshin, A.A. Radionov, G.P. Kornilov, K.E.  
Odintsov // Procedia Engineering. 2016. Vol. 150. Pp. 11-17. 
doi: 10.1016/j.proeng.2016.07.208 

18. Khramshin V.R. Ways to compensate for static deviations 
in speed in electric drives of broad-strip hot rolling-mill 
stands // Russian Electrical Engineering. 2013. Vol. 84. 
No. 4. Pp. 221-227. doi: 10.3103/S1068371213040032 

19. Algorithms of a digital automatic system for tension and 
loop control in a widestrip hot-rolling mill / P.V. Shilyaev, 
I.Yu. Andryushin, V.V. Golovin, A.A. Radionov, 
A.S. Karandaev, V.R. Khramshin // Russian Electrical Engi-
neering. 2013. Vol. 84. No. 10. Pp. 533–541. doi: 
10.3103/S106837121310009X 

 28  2021 .

INFORMATION IN ENGLISH 

SIMULATION OF THE ASYNCHRONOUS MOTOR VECTOR CONTROL SYSTEM WITH AN ELECTRIC  
COORDINATE CONVERSION 

Valery V. Shokhin 

Ph.D. (Engineering), Associate Professor, Department of Automated Electric Drive and Mechatronics, Power Engineering 
and Automated Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia,  
valeri4549@gmail.com, https://orcid.org/0000-0001-8804-2253 



 
 

36 . 1(54). 2022 
 

Vadim R. Khramshin 

D.Sc. (Engineering), Professor, Department of Industrial Electric Power Supply, Power Engineering and Automated  
Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia, hvrmgn@gmail.com, 
https://orcid.org/ 0000-0003-0972-2803 

Gennady P. Kornilov 

D.Sc. (Engineering), Professor, Head of the Department, Department of Industrial Power Supply, Power Engineering and 
Automated Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia, korn_mgn@mail.ru, 
https://orcid.org/0000-0002-2451-3850 

Olga V. Permyakova 

Senior Lecturer, Department of Computer Science and Information Safety Engineering, Power Engineering and Automated 
Systems Institute, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia, 
mrs.permyakova.olga@gmail.com, https://orcid.org/0000-0003-4949-0744 

The paper is concerned with the structural scheme model of 
the asynchronous motor vector control system with frequency 
control of the speed in which the coordinate conversion is carried 
out. A virtual model of an asynchronous motor from the Simulink 
Matlab library is used. The engine power is carried out from the 
frequency converter with a DC link with a pulse modulation. The 
speed control system is constructed using the principles of 
subordinate control of the electric drive coordinates. To analyze 
the operation of electric drives with vector control, a structural 
modeling method is adopted. The advantage of the presented 
model is making use of virtual models of asynchronous motors 
from the Simulink library. This significantly simplifies the 
modeling process and presents great opportunities for researchers. 
In this case, during the study of electric drives, it is only 
necessary to specify the main parameters of the motor under 
study. It is possible to take into account the magnetization curve 
of electrical steel. To measure the motor variables, a special unit 
is provided in which a large number of electrical machine 
variables can be displayed. The consideration of the motor along 
such a model leads to a structural  diagram of the motor without 
simplifications, which are often entered when compensating 
cross-links through the channels of flow control channels and the 
moment. Blocks are created in which the three-phase stator 
current system is transformed into a two-phase system in a fixed 
coordinate system. This two-phase system is then converted into 
a two-phase coordinate system rotating with the speed of the 
stator field with the orientation of the real axis according to the 
rotor stream vector. The output coordinates of this block are used 
as feedback signals on the constituent stator current, proportional 
to the stream and the electromagnetic torque of the engine. A 
system of subordinate control of the coordinates of the electric 
drive coordinate for speed control is created. The output of this 
regulatory system is the voltage reference signals presented in a 
two-phase coordinate system rotating with the speed of the 
engine field. These signals are converted to a two-phase 
immobile coordinate system, and then into a three-phase system 
of the specifying signals for the frequency converter. The 
presented structure of the AC electric drive model gives 
significant opportunities to researchers when analyzing the 
operation of alternating current. 

Keywords: Asynchronous motor, vector control, frequency 
converter, fixed and rotating coordinate system, structural 
modeling, subordinate coordinate control, latitudinal and pulse 
modulation. 
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The article analyzes the relationship between power 
generation at hydropower plants (HPPs) and temperature changes 
for medium-term forecasting in the isolated power system of the 
Gorno-Badakhshan Autonomous Oblast (GBAO) of the Republic 
of Tajikistan. Improving the accuracy of forecasting will solve 
the problem of controlling water consumption, as well as 
optimize the generation of electricity at the HPP with the 
provision of reliable functioning of the power system. The 
solution of such problems is associated with a number of 
problems such as the lack of sufficient data, the uncertainty of 
power generation, the lack of regularity of one station operation 
and poorly reliable forecasting models. In the medium-term 
forecasting of electricity generation at HPPs, the seasonality of 
changes in water flow and inflow should be taken into account, 
especially in power systems with a high proportion of renewable 
energy sources, where temperature changes directly affect 
reserves and the possibility of regulation. The paper considers the 
problem of constructing a model for medium-term forecasting of 
electricity generation at HPPs taking into account temperature 
changes in isolated power systems. As a method of medium-term 
forecasting of power generation, an approach based on machine 
learning methods was chosen, which is characterized by a high 
degree of self-adaptation in case of sudden changes in weather 
conditions. A comparative study of such models as 
linear/polynomial regression with Tikhonov regularization, k-
nearest neighbours, adaptive boosting of decision trees, adaptive 
boosting of linear models, random forest, extreme gradient 
boosting, multilayer perceptron. As a result of experimental and 
industrial calculations, the expediency of using a model based on 
adaptive boosting with linear regression (ABLR) has been 
proved. 

Keywords: ensemble models, medium-term forecasting, 
hydropower plant, power generation, isolated power system, 
temperature. 
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The article is devoted to the development of an adaptive 
algorithm for the synthesis of the emergency control law in order 
to ensure dynamic stability and its testing on a multi-machine 
model of the IEEE39 test power system. The developed algorithm 
is aimed at ensuring the dynamic stability of a particular power 
plant. In the presented study, the emergency control law synthesis 
is understood as the choice of the minimum position of the steam 
turbine shut-off valve based on the area rule in "Synchronous 
generator moment – load angle" space and synchronized vector 
measurements. The adaptability of the algorithm is ensured by 
using a minimum number of a priori power system elements 
specified parameters and the emergency control law synthesis 
alongside the initial phase of the post-emergency transient 
process. In case of dynamic stability ensuring impossibility, the 
synchronous generator is disconnected from the electrical 
network. To apply the proposed algorithm in a multi-machine 
power system, a polynomial approximating the angular 
characteristic of a synchronous generator of a post-emergency 
mode was modified by adding a sinusoidal term of the load 
double angle. The IEEE39 test model used in this study contained 
39 nodes, 10 synchronous generators with automatic strong-
acting excitation regulators, system stabilizers, single-shaft steam 
turbines as primary drives and fast turbine valving control 
models. The proposed method has been tested and evaluated for 
20 different emergency processes including self-clearing short 
circuits in test model various nodes. Simulation was carried out 
using Matlab/Simulink environment with a constant numerical 
differentiation step magnitude that was equal to the initial data 
sampling frequency of 30 kHz. 

Keywords: dynamic stability, emergency control, fast turbine 
valving control, synchronous generator, phasor measurement 
unit. 
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When nodal high power substations operate with single-
phase autotransformer groups, repairs and emergencies can cause 
the deactivating of one phase. In such modes in order to improve 
the reliability of power supply the substation can operate in the 
incomplete-phase mode. At the same time, a number of important 
practical  tasks  arise  on  the  use  of  open-phase  mode.  It  is  
especially effective to use such modes on few loaded substations 
at high short circuit currents at each stage of transformation. The 
use of long-term open-phase loading modes may require smaller 
investment than other backup methods. In addition to emergency 
transitions to the operation of air lines with two phases, such a 
mode can be provided for an event that significantly improves the 
reliability of the electrical system, for example, when carrying 
out  a  phase  renovation  of  power  lines  or  forced  ice-melting.  In  
order to analyze the possibility of working in the open-phase 
mode, an algorithm for determining the area of permissible 
modes, taking into account the voltage levels and the short-circuit 
power  of  the  supply  power  system  at  each  stage  of  
transformation, was developed. The area of permissible modes is 
based on the coefficients of asymmetry and the degree of the 
stator windings loading of local generators of reverse sequence. A 
large industrial node has been chosen as an object of study with 
several stages of transformation, a strong connection with the 
power system and its own sources of electricity. The symmetrical 
component method was used to calculate the parameters of the 
801 MVA tie substation with a500/220/110 kV autotransformer 
group feeding the node in question. Recommendations were 
developed in order to ensure such modes. 

Keywords: Autotransformer, open-phase mode, software 
package, nodal substation, asymmetry coefficient, synchronous 
generator. 
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The deflection system influences the hardening results of the 
wheel set plasma hardening unit. The aim of the study is to 
determine the dependence of the deflecting system impact on the 
plasma-forming process and the result of wheel set hardening. To 
analyze and compare the deflecting system parameters, the article 
uses the methods of simulation and experimental launches on the 
operating unit UPZG-2P. The operation principle and the main 
aspects of the plasma hardening unit are described. The control 
scheme and setting of pulse-width modulation in the Proteus 
VSMMPLAB environment have been developed and modeled. 
The control program written in the machine-oriented language, 
assembler, which rejects systems for experimental launches of the 
installation, has been corrected. Experimental launches of the 
plasma hardening unit were carried out in order to determine the 
correspondence of the required hardening parameters depending 
on the change in the deflecting system parameters. It is shown 
that when the shape and frequency of the current change, the 
hardening parameters change, the dependences of the hardening 
results and the deflecting system parameters are indicated. After 
analyzing the obtained parameters of modeling and experiments, 
it was noted that when the current frequency of the deflecting 
system changes, the width of the hardened layer changes, the 
change in the current shape of the deflecting system depends on 
the energy concentration distributed over the hardening area. 

Keywords: plasma hardening, tread, wheel set, plasmatron, 
indirect plasmatron, direct plasmatron, deflecting system, 
frequency, current shape. 
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The important control parameter for the combustion of 
gaseous fuels is the maintenance of the gas-air ratio, which is 
provided by taking into account the stoichiometric coefficient of 
the gaseous fuel. During combustion of the mixed gas, the ratio 
of components in the gas mixture is not controlled, or the 

stoichiometric factor is not constant, the maintaining of optimal 
gas - air ratio is quite difficult. In addition, the combustion of gas 
is affected by uncontrolled air leaks in the working space where a 
combustion process takes place. The use of a control search 
engine makes it possible to determine the optimal gas-air ratio 
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during the continuous search, but the operation of such systems 
should not affect the safety of the process. The two subsystems, 
the stabilization subsystem and the search engine, are considered 
in the paper. Each of the subsystems is a separate control circuit 
that works sequentially. The switching of operation from one 
system to another is carried out according to the condition, which 
is formed using the method proposed in the work. In case of 
intensive temperature condition changes and corresponding gas 
flow changes, control should be carried out by using the 
stabilizing subsystem and, upon reaching the parameters of the 
controlled process of the predetermined zone, it will be switched 
to the optimization subsystem, which searches for the most 
efficient gas-air ratio for the current condition determined by the 
thermal effect from combustion. The use of the energy-saving 
mixed gas combustion control system under consideration in a 
single methodical furnace with the capacity of 110 tonnes/h made 
it possible to reduce conventional fuel costs by 12.4 tonnes/day. 

Keywords: mixed gas, calorific value, air flow coefficient, 
fuel combustion, energy saving, dual-loop control, extremum 
control. 
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 электротехнологии в промышленности; 
 информационное, математическое и программное обеспечение технических систем; 
 мониторинг, контроль и диагностика электрооборудования. 
Публикация статей является бесплатной. 
Статьи, направленные в адрес журнала, проходят обязательное научное рецензирование и редактирование. 

Несоответствие материалов требованиям к статьям может служить поводом для отказа в публикации. 
 

Статья должна быть набрана в шаблоне, который размещен на сайте журнала esik.magtu.ru в разделе 
«Руководство для авторов». Там же находится инструкция по его заполнению, в которой приведены требования к 
оформлению статей. 

 

Авторы статьи должны гарантировать, что их работа публикуется впервые. Если элементы рукописи ранее 
были опубликованы в другой работе (статье, монографии, автореферате и т.д.), в том числе на другом языке, 
авторы обязаны сослаться на более раннюю работу. При этом они обязаны указать, в чем существенное отличие 
новой работы от предыдущей и, вместе с тем, выявить ее связь с результатами исследований и выводами, 
представленными в предыдущей работе. Дословное копирование собственных работ или ее элементов более чем на 
30 % и их перефразирование не приемлемы! 

Пакет подаваемых документов (отправляется по электронной почте ecis.red@gmail.com): 
 рукопись, оформленная в соответствии с приведенными ниже требованиями; 
 анкета (в электронном виде); 
 экспертное заключение о возможности опубликования; 
 лицензионный договор, подписанный одним автором от коллектива в двух экземплярах; 
 согласие на обработку персональных данных на каждого автора. 


