


КОЗЯРУК АНАТОЛИЙ ЕВТИХИЕВИЧ 

 
29 октября 2022 г. на 82-м году жизни покинул этот мир  

Козярук Анатолий Евтихиевич, ведущий российский ученый  

в области исследования, проектирования и создания электромехани-

ческих систем с полупроводниковыми преобразователями, а также 

признанный специалист в области систем автоматического управле-

ния электроприводами, профессор кафедры электроэнергетики и 

электромеханики Санкт-Петербургского горного университета. 

Родился Анатолий Евтихиевич 14 апреля 1940 г. на Украине, 

в селе Сиваши Херсонской области. Уже в пятнадцатилетнем воз-

расте он окончил школу с золотой медалью в городе Цюрупинске 

(Олешки). В 1955 г. поступил на электротехнический факультет 

Одесского политехнического института, а в 1959 г. прошел конкурс-

ный отбор и был переведен в Харьковский авиационный институт, 

который и окончил с отличием в 1961 г. 

Свой трудовой путь Анатолий Евтихиевич начал в 1961 г. в опытно-конструкторском бюро Гос-

комитета по авиационной технике, которое располагалось на территории Уфимского агрегатного завода. 

Там участвовал в выполнении ОКР по созданию и внедрению первых отечественных электронных си-

стем регулирования авиационных двигателей для ряда объектов, в том числе самолетов АН-24 и турбо-

агрегатов для ИЛ-18. 

С 1966 г. трудовой и творческий путь А.Е. Козярука был связан с Ленинградом (Санкт-

Петербургом). В период с 1966 по 1973 гг. – Институт электромеханики (ВНИИэлектромаш). В 1972 г. 

защитил кандидатскую диссертацию по гребным электроприводам переменного тока для глубоководных 

объектов. С 1973 по 1989 гг. в АО «Электросила» руководил проектированием и участвовал в испытани-

ях и внедрении систем электродвижения судов активного ледового плавания и систем якорного позици-

онирования полупогружных буровых установок для работ по освоению континентального шельфа.  

С 1984 г. началась педагогическая деятельность А.Е. Козярука, сначала по совместительству в Ленин-

градском политехническом и электротехническом институтах (ЛЭТИ), а с 1989 г. – в горном институте. 

В 1988 г. А.Е. Козярук защитил докторскую диссертацию в совете ЛЭТИ. С 1989 по 2017 гг. заведовал 

кафедрой электрических машин и автоматизированного электропривода (ныне кафедра электроэнерге-

тики и электромеханики) Санкт-Петербургского горного университета (СПГУ). С 2014 г. входил в со-

став редакционной коллегии журнала «Электротехнические системы и комплексы». 

На его счету свыше 40 авторских свидетельств и патентов, часть из которых внедрена в про-

мышленные образцы оборудования. За годы работы Анатолий Евтихиевич опубликовал более 250 науч-

ных статей. Вёл активную научно-общественную деятельность. Был организатором и участником мно-

гих всесоюзных и международных конференций по автоматизированному электроприводу. Являлся 

членом редколлегий различных журналов. До 2014 г. был членом экспертного совета по энергетике 

ВАК РФ, членом УМК УМО по образованию в энергетике и горному образованию. Являлся членом 

Академии электротехнических наук РФ. В 2003 г. А.Е. Козярук был награждён памятной медалью «300 

лет Петербургу». За вклад в развитие науки и образования в 2005 г. ему присвоено звание «Заслуженный 

работник высшей школы РФ». Награжден медалью им. П.Н. Яблочкова в 2013 г. за вклад в развитие 

электротехники. 

А.Е. Козярук поддерживал широкие научно-технические связи с научными школами электро-

приводчиков в странах СНГ. Ему всегда были присущи целеустремленность и трудолюбие, широкая 

эрудиция и доброжелательность. Память об Анатолии Евтихиевиче навсегда останется в сердцах его 

родных и друзей, коллег и учеников. 

 

Коллектив МГТУ им. Г.И. Носова,  

института энергетики  

и автоматизированных систем, 

редакции журнала «Электротехнические 

системы и комплексы» 

Коллектив СПГУ,  

кафедры электроэнергетики и электромеханики 
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In the conditions of sharply variable highland climatic 
conditions, territorial distribution, generating capacity shortage, 
high cost of carbon fuel and the absence of large energy storage 
facilities to cover peak loads, it is necessary to ensure balance 
reliability in mountain isolated power systems (IES), taking into 
account the optimal resources allocation. To ensure the required 
balance reliability, it is necessary to implement reliable 
forecasting of power consumption in the medium term for 
planning the generating equipment load, taking into account the 
necessary and sufficient load coverage, generation costs, 
environmental friendliness and other criteria. Therefore, 
increased requirements are placed on the accuracy and robustness 
of the load forecast. A study of the meteorological factors 
influence on the medium-term forecasting of electricity 
consumption at the power plant in the Gorno-Badakhshan 
Autonomous Oblast (GBAO), located in the Republic of 
Tajikistan, which is characterized by the above-mentioned 
specific properties. A neural network model was used to predict 
power consumption taking into account meteorological factors. In 
order to increase the effectiveness of model training, an approach 
based on clustering of meteorological conditions is proposed. Its 
own neural network model is created for each cluster, in addition, 
an auxiliary model has been trained, which relates the current 
conditions to one of the clusters. Thus, instead of a single model 
that would take into account all possible conditions, a system of 
much simpler models was created, which increases the 
interpretability of the forecasting procedure and reduces the risk 
of retraining. 

Keywords: medium-term forecasting of power consumption, 
adaptive machine learning models, meteorological conditions, 
isolated power system, clustering 
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The development of modern electric power systems is 
associated with digitalization and an increase in the data flow 
from electric power facilities to the control centers. On the other 
hand, an increase in the renewable energy sources share leads to 
an increase in electrical modes uncertainty and a decrease in total 
inertia, which imposes new requirements on the speed of the 
procedure for assessing dynamic stability and emergency control. 
The application of traditional deterministic algorithms to the 
analysis of the dynamic stability of power systems in the presence 
of increased requirements for performance may turn out to be 
inefficient. To overcome the shortcomings of traditional methods 
for assessing the dynamic stability of power systems, artificial 
intelligence  methods  can  be  used.  This  class  of  methods  has  a  
significant speed of trained models and the ability to search for 
patterns in the data, which makes it effective in modern power 
systems. The paper presents the results of developing a method 
for assessing the dynamic stability of a power system based on 
artificial intelligence methods, taking into account the topological 
connectivity of the electrical network. The technique is based on 
the application of the gradient boosting algorithm for decision 
trees. Numerical simulation was performed on the IEEE39 model 
implemented in Matlab/Simulink; the Scikit-learn library of the 
Python3 programming language was used to implement machine 
learning algorithms. To train the machine learning algorithm the 
load angles of synchronous generators, voltage levels at the nodes 
connecting synchronous generators to the electrical network, the 
topology of the electrical network, the duration and resistance of 
the short circuit were used. As a result of applying the trained 
algorithm, taking into account the topology of the electrical 
network, an accuracy of 91.5% was obtained on the test sample. 
The accuracy on the test sample without taking into account the 
topological connectivity of the elements of the power system was 
81.6%. 

Keywords: transient stability, artificial intelligence, machine 
learning, mathematical modeling 
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Modern conditions for a market economy lead to the need to 
expand power plants at large industrial enterprises. This is 
expressed in an increase in single installed capacities and the 

number of synchronous generators. The possibility of using 
vehicles at a number of heavy gas industry, suitable for disposal, 
as well as cheapness of natural gas create favorable conditions for 
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the construction of modern power plants with relatively low 
capacity. Therefore, the generators driven by gas turbines, top-
pressure recovery turbines and gas piston engines are widespread. 
However, an increase in the number of generators of local power 
plants leads to the complication of emergency operating modes. 
So, the island mode of operation, which requires careful 
forecasting, is not excluded. Therefore, there is a need to study 
possible transitional and established regimes in order to analyze 
the resulting stability. For this, a methodology for calculating 
transitional electromechanical modes was obtained, taking into 
account the type of primary engines and the characteristics of 
speed and active power regulators. On the basis of this algorithm, 
software has been obtained that allows you to calculate the 
transition processes and according to their results, to evaluate the 
influence of the primary engine on the resulting stability of the 
power supply system, as well as develop a system of measures in 
order to increase it. The algorithm provides for the development 
of mathematical models of synchronous generators, taking into 
account the action of automatic regulators of primary engines and 
their dynamic properties. Most of the existing mathematical 
models of synchronous generators and methods for calculating 
transition modes are developed in relation to turbo generators 
with steam turbines. This paper deals with the issues of 
mathematical modeling of synchronous generators brought into 
rotation by gas turbines, gas piston engines and top-pressure 
recovery turbines, in order to study transitional electromechanical 
processes and develop measures to increase the resulting stability 
of energy sources in various operational regimes. 

Keywords: synchronous generator, mathematical model, 
software complex, automatic speed control, parallel operation, 
gas turbine power station, gas piston power plant 
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The article describes a method for calculating the step-down 
transformer of an underwater part in a remote-controlled 
underwater vehicle supply system. The chosen technique allows 
determining the maximum frequency of voltage to transmit the 
power through the rope-cable. In addition, it was shown that an 
increase in the frequency of voltage along the rope-cable up to 
10 kHz leads to a decrease in the weight and size parameters of 
the input step-down transformer for the underwater part of the 
power supply by more than 2 times. An undesirable consequence 
of increasing the frequency of the supply voltage is an increase in 
the reactive (capacitive) component of the rope-cable current. 
Compensation of the reactive component of the current is 
performed using the magnetization inductances within the 
transformers of the onboard and underwater parts of the power 
supply. The manifestation of the wave effect in the rope-cable of 
the power supply with an increase in the frequency of voltage 
transmission is considered. A condition for representing a rope-
cable  as  a  distributed  parameterline  is  given.  A  method  for  
calculating currents and voltages at any point of the line is 
presented. The nature of the change in the voltage amplitude 
along the rope-cable has been investigated. Mathematical 
modeling of the power supply of the remote-controlled 
underwater vehicle with a rope-cable, with power rating over 65 
kW for a distance of up to 11 km at  a frequency of 10 kHz was 
carried out. The voltage waveforms were obtained at the 
beginning and at the end of the rope-cable. The non-linear nature 
of voltage change along the line was confirmed. 

Keywords: remote-controlled underwater vehicle, power 
supply, rope-cable, voltage, frequency, transformer, overheating, 
losses 
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Since industrial power supply systems are characterized by: 
relatively short 110-220 kV lines, high load density and the 
predominance of open network sections over closed ones. And the 
existing models of power transmission lines and algorithms of faulty 
faults are focused on modeling networks of power systems and 
therefore do not allow to accurately determine the location of the 
occurrence of a short circuit in the conditions of an industrial power 
supply system. Therefore, it is important to improve the methods of 
remote WMD. Existing modeling methods do not provide sufficient 
accuracy of results in 110-220 kV industrial power supply networks. 
Therefore, it is relevant to compare the methods for modeling 
overhead power lines without a ground wire and with one ground 
wire. Three modeling methods were considered in the work: the 
method of symmetrical components, the method of calculation using 
reference data and the method of calculation using the combined 
equivalent circuit. Each of the considered methods has its own 
advantages and disadvantages. The presented combined equivalent 
circuit combines the advantages of the methods of phase coordinates 
and symmetrical components. This allows you to take into account 
the asymmetry of the location of the wires, as well as using this 
method, it is possible to calculate the support of a power transmission 
line of any configuration and any wires. During the calculation, an 
analysis was carried out on the example of two supports P110-3V + 4 
without a cable and AM110-3F4 with 1 cable with different wire 
cross-sections. The analysis showed that the combined equivalent 
circuit is accurate, since when calculating the electrical parameters of 
power lines of a direct sequence of active and inductive resistances, I 
coincide with the results obtained with other methods of modeling 
power transmission lines. The greatest difference in the parameters of 
a single-circuit transmission line was obtained when using wires with 
a cross section of 240 mm2, the zero-sequence capacitance calculated 
using the combined equivalent circuit differs from that calculated by 
other methods by about 2 times. 

Keywords: power transmission line, single-phase short 
circuit, power supply system, symmetrical components, phase 
coordinates, replacement circuit, resistivity, capacitance, damage 
location determination, lightning protection cable 
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AC regenerative drives are widely used in metallurgical 
rolling because of their reliability, economy and high efficiency 
to maintain the process.This article presents an overview of the 
latest achievements in the field of power connection circuits for 
electric drives to the power network. The article discusses 
multipulse connection schemes based on various types of 
transformers, algorithms for pre-programmed pulse-width 
modulation with the selected harmonic elimination method of 
three-level active front-end rectifiers. It provides the results of 
practical measurements.The results of experimental studies were 
obtained in the distribution power network of the metallurgical 
plant CherMK "Sever-Stal", which includes powerful electric 
drives for cold rolling mill stands based on frequency converters 
with active front-end rectifiers. Both frequency converters have 
the same power - 14 MW. One frequency converter is 
implemented according to a 6-pulse scheme, and the other 
according to a 12-pulse one. The instantaneous values of the 
phase current of the current transformers were recorded using a 
portable Flash Recorder and a Fluke 43B current clamp. The 
sampling frequency of the recorded signals was 30 kHz. The 
phase grid currentwareforms and spectrums at 6- and 12-pulse 
circuits are shown and the total harmonic distortion up to the 60th 
and 150th harmonics are calculated for different pre-programmed 
pulse-width modulation patterns. It is expected that this article 
can give a new overview of the multipulse schemes for main 
regenerative AC drive connections of rolling mill stands to 
identify modern solutions and to improve significantly their 
electromagnetic compatibility with the power supply system. The 
presented results can be used by researchers and engineers to 
ensure the electromagnetic compatibility of non-linear consumers 
in similar circuits. 

Keywords: power converters, electric drive, pulse-width 
modulation, voltage quality, multipulse connection schemes 
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The article considers the synthesis of a direct torque control 
system in a two-phase asynchronous electric motor with an 
external rotor. In low-power motors, the placement of a three-
phase winding can be difficult. In this case, a two-phase stator 
winding is used. Control systems without a speed feedback sensor 
for mechanisms that do not require increased control accuracy, or 
even open-speed rotations are also of great interest. The latter are 
used in traction electric drives of mobile installations, for 
example, in electric bicycles and scooters. The well-known 
electric drive system for three-phase motors is taken as a basis. 
The article shows the principle of dividing the spatial positions of 
the voltage vector into 8 positions depending on the number of 
transistors included in a two-phase autonomous inverter. An 
algorithm for generating control signals by power keys in the 
tabular form is synthesized depending on the combinations of 
relay regulators states in the flow coupling of the stator and the 
electromagnetic moment, as well as taking into account the sector 
number of the current flow coupling vector position. Each 
regulator has three fixed states with transitions along hysteresis 
loops. To test the algorithm operability, a simulation model of a 
traction electric drive in the MatLab Simulink system has been 
developed. The control system structure and the principle of 
control signals tabular generation in the power unit are shown. To 
limit the total current of the stator, an additional relay current 
regulator has been introduced, which sets zero voltage vectors 
when the current amplitude reaches the set values. To test the 
control system, an experimental sample of an electric drive with a 
control system based on an STM32F407 microcontroller with a 
traction two-phase three-pole asynchronous motor with a power 
of 500 watts was designed and manufactured. The graphs of 
experimental studies proving the proposed technical solutions 
operability are presented. 

Keywords: direct torque control; two-phase asynchronous 
electric motor; motor with external rotor; autonomous inverter; 
stator flow coupling; simulation model 
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The article provides an overview of methods for controlling 
the traction electric drive of electric locomotives in the modes of 
maximum traction forces. The features of the wheel and rail 
friction process are considered. The dependences of the adhesion 
coefficient on the sliding of the wheelset are given considering 
weather conditions and the presence of third bodies in the contact 
zone between the wheel and the rail. The dynamic modes 
classification of the electric drive depending on the position of 
the operating point of the adhesion coefficient is given. The basic 
principles of constructing the calculated traction characteristics of 
the main electric locomotive are given. Based on the calculated 
traction characteristics, the requirements for the traction electric 
drive of mainline electric locomotives are formulated. The 
analysis of modern types of traction electric drive used on 
mainline electric locomotives is carried out. An electric traction 
drive with a DC motor with independent excitation, an electric 
traction drive with an autonomous voltage inverter with pairwise 
regulation of induction traction motors and an electric traction 
drive with an autonomous voltage inverter with individual 
regulation of asynchronous traction motors are considered. The 
control systems of a traction asynchronous motor are considered. 
The mechanical characteristics of a scalar control system for an 
asynchronous traction motor, a field oriented control system for 
an induction traction motor and a control system with direct 
torque control for an induction traction motor are given. The 
analysis of control systems for the traction force of the electric 
traction drive of the electric locomotives is carried out. Based on 
the main functional tasks of traction control systems, the 
decomposition of traction control systems was carried out. A new 
classification of traction force control methods has been 
developed. Based on the analysis of theoretical and practical 
developments in the field of traction drive of mainline electric 
locomotives, the requirements for the traction electric drive of 
mainline electric locomotives are given. 

Keywords: electric locomotive, electric drive, traction motor, 
friction coefficient, traction force, wheel slip, field-oriented 
control, induction motor 
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Centrifugal fans with high-voltage asynchronous drives 
consume a large proportion of the electricity at various 
production facilities. The majority of the fan installations, 
however, operate with excessive energy consumption. This can 
be reduced by adapting the performance of the fans to the 
operation needs. Selecting the most energy-efficient method 
requires the investigation of a mathematical model that takes all 
relevant site characteristics into account. The authors review a 
mathematical model of the centrifugal fan based on its rated 
aerodynamic parameters. This model is necessary to solve the 
optimal control problem for high-power industrial fans using the 
minimum power consumption criterion. Solving this problem 
requires a theoretical research of various fan output control 
methods and selecting the most energy-efficient method for the 
given operating conditions. This work rationalizes the 
modification of the known approximating functions of the 
aerodynamic parameters that do not account for the fan output 
control using the axial distributor. The authors provide an 
analytical description of aerodynamic parameters of a high-power 
fan  using  a  power  polynomial  of  three  variables  fit  for  the  
researching of fan energy efficiency under frequency control, 
throttling, and axial-distributor control. The article describes the 
model in a compact matrix form and sets forth the limitations of 
its applicability. The authors obtain a target function to solve the 
optimal control problem for fans. The maximum energy 
efficiency function determines the optimum mode of fan 

operation according to the criterion of minimum energy 
consumption. The function determines the range of fan speed and 
blade angle of the axial distributor that corresponds to the energy-
efficient control range of the fan performance. 

Keywords: centrifugal fan, aerodynamic parameters, energy 
efficiency, output control, axial distributor 
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The purpose of the study is to increase the information 
reliability on the state of territories, buildings and structures at 
hazardous production facilities of a metallurgical enterprise, 
obtained using an unmanned aerial vehicle. The object of the 
study is the system of production control over the state of the 
territory, buildings and structures at hazardous production 
facilities of a metallurgical enterprise.The subject of the research 
is a technique for automated collection and processing of 
information based on computer methods of information 
processing. The study is carried out as part of research and 
development work at one of the leading ferrous metallurgy 
enterprises of the Russian Federation.The following methods 
were used in the study: analysis and synthesis for adequate 
decomposition of the study object into its constituent parts - 
elements, establishing links between them and the subject of 
study; decomposition to isolate constituent subtasks from the 
object and subject of research, to create chains of sequences of 
actions on selected subtasks; the experiment to study the features 
of natural conditions for collecting information.The result of the 
study are the developed methods: collection of information on the 
technical condition of the territory, buildings and structures at 

hazardous production facilities of a metallurgical enterprise; 
processing visual information about the technical condition of the 
territory, buildings and structures at hazardous production 
facilities of a metallurgical enterprise.The results of the study are 
the basis for creating an automated system for monitoring the 
state of the territory, buildings and structures at hazardous 
production facilities of a metallurgical enterprise, the use of 
which will ensure in real time and on an ongoing basis: the 
receipt  of  information  on  the  current  parameters  of  the  safe  
operation of the facility into the industrial safety management 
system control; signaling personnel about the slightest 
quantitative changes in previously identified defects and damage, 
as well as the appearance of new ones; operational and, 
consequently, effective targeted response of enterprise services to 
signals from the monitoring system. 

Keywords: system of intellectual support in making 
managerial decisions; machine vision; remote control; Industrial 
Safety; hazardous production facilities; territory, buildings and 
structures; examination of the technical condition; applied digital 
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Power system planning is responsible for the generation, 
transmission and distribution of electricity. Thus, an accurate 
forecast of electricity consumption is essential as it serves as the 
basis for energy management and operational decisions. This 
would be a big step forward for energy producers. In addition, 
improved energy data processing opens up new opportunities for 
data collection, exploration and more accurate forecasting. As a 
result, researchers around the world are trying to improve energy 
demand forecasts. 

Therefore, energy companies need to explore models in 
order to better predict and plan energy use. One approach to 
solving this problem is the assessment of energy consumption at 
the consumer level. The energy consumption forecasting concern 
is  a  time  series  regression  concern.  It  consists  of  predicting  
energy consumption for the next few days, given the customer's 
end story. Machine learning methods have shown promising 
results in a variety of tasks including time series and regression 
concerns. Some of these promising results are related to deep 
neural networks. Although deep model architectures have been 
explored in other areas, they have not been used to solve the 
power consumption prediction concern. 

In  this  paper,  we  propose  a  new,  efficient  system  for  
predicting monthly energy consumption using deep learning 
methods. The authors analyzed two machine learning models. 
Several architectures of neural network models have been 
developed. Model studies were carried out on a dataset that 
included historical data for 10 years. The results showed that the 
resulting architecture of the hybrid model can predict hourly 
energy consumption with a relative error of 5%. 

The proposed solution could act on energy 
producers/distributors to help smart meters make better decisions 
to reduce overall energy consumption by limiting energy 
production. 

Keywords: machine learning, neural networks, XGBoost, 
LSTM, RNN, CNN, energy forecasting, time series, energy 
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