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INFORMATION IN ENGLISH 

MATHEMATICAL MODELS FOR CALCULATING THE OPTIMAL VOLTAGE OF THE EXTERNAL ELECTRICITY 
SUPPLY SYSTEM FOR GAS FIELDS OBTAINED USING THE EXPERIMENT PLANNING THEORY 

Ivan M. Bogachkov 

Chief Specialist, Electrical Department, LLC "Gazprom Engineering", Tyumen Branch, Tyumen, Russia. E-mail:  
Bogim83@mail.ru 

Currently, the existing external electricity supply systems for gas 
fields in Western Siberia are not adapted to the growth of electrical 
loads by 3 and 4 times due to the implementation of energy-intensive 
modern gas production technologies (the one of distributed gas 
compression) at the final stage of gas fields development. Previously, 
engineering of electricity supply system for gas fields was carried out 
without considering the implementation of additional capacities, and 
this led to fundamental reconstruction of the entire electricity supply 
system for most gas fields in Western Siberia, for example, the power 
supply system for the Zapadno-Tarkosalinskoe and Yubileynoe gas 
fields. The main parameter of electricity supply system is the voltage 
class at which the transmission and distribution of electric energy 
occurs. The goal of this paper is to develop mathematical models for 
calculating the optimal voltage class considering the entire life cycle 
of the field. To achieve this goal, a number of tasks have been solved: 
all gas fields were classified into three categories by electrical load; 
factors that significantly affect the voltage class were determined; 
power supply schemes were constructed for each combination of 
factors and voltage classes; discounted costs are calculated for each 
power supply scheme; the type of the target function was proposed; 
the voltage class with a minimum of discounted costs is determined 
according to the Lagrange interpolation theory; mathematical models 
were constructed. Also, the results of calculating the optimization of 
the electricity supply line of the Medvezhye field on the obtained 
mathematical models in graphical form are presented in the paper. 
The following methods were used to solve the problems: methods of 
experiment planning theory and computer programming methods. 

Keywords: experiment planning theory, voltage class, supply 
network, discounted costs, electricity supply system, gas field, factor. 
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Currently, Smart Grid technologies based on energy flow 
management, the use of distributed generation units and 
semiconductor converting devices designed to improve the 
quality of electricity and the reliability of the work of electrical 
complexes are actively applied in the electric power industry. 
One of the technologies of Smart Grid is the creation of energy 
routers that can actively influence the parameters of electricity 
and its consumption modes. They include special transformers 
and controlled converters and are designed to manage energy 
consumption, connect distributed generation units and provide 
two-way energy flows. The results of a computer and 
experimental study of energy routers with high-frequency 
transformers designed for intelligent power supply systems are 
presented. The issues of improving the quality of electricity in 
networks of non-traction consumers of railways through the use 
of energy routers are considered. The results obtained confirm the 
possibility of using energy routers for power supply of railway 
facilities with increased requirements for the quality of 
electricity. On the basis of computer research, it has been shown 
that the use of intelligent elements in the power supply systems of 
non-traction consumers allows us to solve problems of improving 
the quality and reliability of energy supply of railway transport 
facilities.  The  use  of  energy  routers  for  power  supply  to  
responsible consumers makes it possible to completely eliminate 
problems with the quality of electricity. The developed model of 
an energy router can be used to analyze the modes of power 
supply systems equipped with these devices. The results of 
experimental studies of the operation of the high-frequency 
transformer confirmed its compliance with the calculated 
parameters. The effect of using such transformers in consumer 
electrical complexes leads to a significant reduction in overall 
dimensions. The measurements showed that the high-frequency 
transformer fully complies with the calculated data: the voltage 
pulses have a pronounced rectangular character, the signal is 
transmitted through the magnetic circuit without distortion in 
shape and phase shift angle, the frequency was 12.07 kHz. 

Keywords: electrotechnical complexes of railway power 
supply systems, energy router, high-frequency transformer, 
modeling, power quality. 
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Electrical distribution networks is a set of modules, each of 
which includes a transformer with its load. The more accurately 
the study of an individual module is performed, the more reliable 
the result will be in total. In well-known studies in this field, T –
shaped and L-shaped reduced module substitution schemes are 
used. The most accurate research results are obtained when using 
T-shaped schemes, but for a set of modules, their folding is 
difficult. L-shaped circuits with ideal transformers provide the 
ability to roll up sets of modules not only in networks of the same 
classes, but also different voltage classes. However, the losses in 
the high-voltage winding (HV) are neglected. The hypothesis of 
the research lies in the fact that the benefits of the both circuits 
could be used at the same time. 

The purpose of the research is to determine the dependence 
of the power consumption of the module and the losses in the 
transformer on the nature of the load and to improve their 
calculations for the efficiency of the modules. For the purposes of 
the study, the method of conditionally constant coefficients 
(CPC)  developed  at  the  SRSPU  (NPI)  was  used,  as  well  as  the  
double reduction of the parameters of the L-shaped module 
replacement circuit by the analogy with asynchronous electric 
motors in electric drive systems. 

Modeling of power consumption modes by the CPC method 
using the MathCad software package allowed us to solve some 
actual problems in power supply systems. For example, the 
choice of an energy-saving transformer at the stage of design or 
reconstruction of power supply systems based on the catalog data 
on the scattering coefficient of HV and HH windings. 

The results of the study are implemented in the city electric 
networks of Maykop and in the educational process. 

Keywords: substitution scheme, transformer – load module, 
double reduction of parameters, power consumption and loss, 
electrical networks, CPC method. 
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One of the most energy-intensive departments of a 
metallurgical enterprise is the oxygen-converter plant. Consumers 
of electricity in such workshops have high requirements for the 
quality of voltage. At the same time, the electric receivers of such 
workshops can significantly reduce the quality of electricity. The 
paper estimates the voltage level in the current network of a 
10 kV oxygen-converter plant. A decrease in voltage below the 
permissible level under the operating conditions of electric 
receivers was revealed. The reasons for voltage reduction in the 
conditions of a complex network configuration were determined. 
A mathematical model was developed to study the power quality 

indicators of the shop under consideration taking into account the 
characteristics of the supply network. The influence of the level 
of supply voltage, the regulating effect of load, power load and 
configuration of the supply network on the voltage level was 
investigated. A set of measures to improve the quality of voltage 
was developed. Compensating devices were recommended for 
installation taking into account the power quality indicators. A 
technical and economic comparison of options for installing 
compensating devices was made taking into account power and 
electricity losses in the supply and distribution network of the 
shop. The total level of losses in the power consumption of the 
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oxygen-converter plant was estimated. It was shown to decrease 
when implementing the recommended measures. 

Keywords: the oxygen-converter plant, voltage quality, 
power and energy loss, power consumption of the electric power, 
compensating device. 
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At present, bridge connection of power elements is widely 
used for bipolar control of stepping motors. The disadvantages of 
this solution include a low range of speeds achieved at the set load 
for the step drive, a wide amplitude of phase voltage ripple and, as 
a consequence, high dynamic losses in the semiconductor converter 
and the wide amplitude of ripple of the torque generated by the 
electric drive. The described disadvantages, as well as the high 
value of reactive power component consumed by a stepping motor 
at high shaft speeds, make it reasonable to include additional 
inverters (one inverter per each phase of the electric motor) into the 
common conversion system; these inverters are supposed to 
compensate the reactive energy consumed by the stepping motor. 
The aim of this research work is to investigate the possible 
application of the double inverter system in the electric drive based 
on a stepping motor and the synthesis of the vector control 
algorithm of the stepping motor adapted for operation with this 
kind of the converter. The performance check and the performance 
evaluation of the proposed inverter system as compared with the 
common bridge system were carried out using the comparative 
simulation method in the Matlab/Simulink graphical environment. 
The simulation modeling results point at loss reduction in the 
converting part by 30%, reduction of the amplitude of the generated 
torque ripple and the increase in the shaft speed range during 
electric drive operation when the double inverter system was used 
with a comparatively lower voltage in the DC link. The suggested 
operation algorithm provides voltage control in the DC links of the 
additional inverters to decrease the amplitude of the voltage ripple 
on the motor windings and to reduce the dynamic losses in the 
converter. This converter can be used in autonomous industrial 
objects, autonomous robotic systems, airspace systems, etc.  

Keywords: stepping motor, bridge converter, dual inverter 
system, autonomous voltage inverter, vector control, dual voltage 
inverters. 
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Dynamic losses and efficiency of a pulse semiconductor 
converter depend on the circuit of the converter used. The aim of 
the study is to show that when a pulse-frequency converter circuit 
is used, it is possible to reduce dynamic losses and increase the 
efficiency of the converter relative to the pulse-width converter 
circuit. To carry out the analysis and comparison of 
semiconductor circuits of pulse-width and pulse-frequency 
converters, the methods of simulation are used in the article. The 
principle of operation and the main differences between pulse-
width and pulse-frequency converters are described. The schemes 
of pulse-width and pulse-frequency converters in the Matlab 
environment were developed and modeled using blocks from the 
Simulink/SimPowerSystem/Simscape library. A model block is 
simulated that calculates the static and dynamic power losses of 
the IGBT. To calculate power losses, namely static and dynamic 
losses, the method of approximating the loss graphs was used. 
The obtained mathematical dependences describe quite accurately 
the  graphs  of  the  power  losses  of  the  IGBT transistor.  A  power  
transistor of the MITSUBISHI company of the CM800HC-66H 
type was selected as an IGBT-transistor. It is shown that using a 
pulse-frequency converter circuit can reduce dynamic losses and 
increase the efficiency of the converter relative to the pulse-width 
converter circuit. After analyzing the obtained characteristics of 
pulse semiconductor converters, it was noted that when the duty 
ratio changed from 0.1 to 0.5, the efficiency of the pulse-
frequency converter significantly exceeded the efficiency of the 
pulse-width converter. This increase was more pronounced at a 
higher switching frequency of a pulsed semiconductor converter 
and a higher power of the power switches of the converters. 

Keywords: pulse semiconductor converter, pulse-width 
modulation, pulse-frequency modulation, approximation, 
dynamic loss, efficiency, frequency. 
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The existing method of run-out table drive control at the hot 
strip mill ensures the required strip tension by setting a difference 
between the speeds of the delivered strip and roller bodies. Such 
difference results in a higher wear rate of roller bodies and their 
more frequent replacement entailing high expenses. Thus, a 
currently important objective is to increase efficiency of run-out 
table drives on hot strip mills. The research group carried out 
experimental research of run-out table roller motor torque 
elements  at  a  hot  strip  mill,  PJSC  MMK.  The  paper  uses  
analytical methods to solve algebraic equations, computer 
modeling methods and statistical methods to process run-out table 
motor current variation diagram. As a result of the research 
performed, the authors offered the methodology to calculate the 
required run-out table roller drive load torque. They also adjusted 
the mandatory process requirements for a run-out table roller 
drive with regard to a decreased wear rate of roller bodies and the 
improved strip surface quality. The authors developed a method 
and a functional diagram to control the drive of run-out table 
rollers ensuring compliance with new process requirements.  
A special feature of the diagram is a computing block calculating 
run-out table roller motor torque according to the process 
requirements and relevant reference motor armature speed. The 
efficiency of the offered technical solutions was under an 
experimental evaluation. As a result, for 13 percent of rolled 
strips the difference between speeds of the run-out table rollers 
and the strip in a strip head delivery mode decreased by 50% or 
even more, while providing the necessary tension in the strip. 

Keywords: hot strip mill, run-out table, run-out table drive, 
run-out table drive control system, wear of roller bodies, strip 
laminar cooling, optimizing speed of a run-out table. 
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When setting reliability requirements at the stage of 
designing electrothechnical systems, if they are recoverable given 
that requirements for durability and preservation are defined for 
them, the total number of single and complex measures of 
reliability as defined in reference documents is within 5-7. The 
developed schematic and design versions of these systems have 
reliability that differs in quantitative figures, which make it 
impossible to give clear preference to a certain technical solution. 
Therefore, there is an objective need to have such a measure of 
reliability, which would completely describe basic properties of 
the reliability of a electrothechnical system, if individual 
measures meet the specification requirements. The paper 
proposes an approach for generating integrated reliability 
measures for alternatives of the electrothechnical system being 
designed. The approach is based on the use of the Analytic 
Hierarchy Process (AHP) developed by Thomas L. Saaty and 
widely used in addressing various multicriteria problems. 
Application of this method makes it possible to carry out the 
analysis of expert and statistical information on reliability, taking 
into account the weight characteristics of indicators. Calculated 
values of global (composite) priorities of alternative variants of 
the developed system, as an integral (complex) indicator of 
reliability is proposed to apply. The integrated reliability measure 
for options of the electrothechnical system is a consolidated 
characterization that synthesizes individual single and complex 
reliability measures defined in the specification. The use of the 
integrated measure to determine the level of reliability makes it 
possible to obtain a formalized result that is expressed through 
the corresponding value of the vector of global priorities and 
facilitates the quantification of the superiority in terms of 
reliability of one alternative of the electrothechnical system over 
another. The operability and adequacy of the approach taking as 
an example determining the integral indicators of the reliability of 
centrifugal separator options for the chemical industry was 
carried out 

Keywords: dependability, system, measure, analysis, 
method, hierarchy, level, decomposition, stage. 
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The aim of the study is to improve the quality of control of 
technological processes and production in the metallurgical 
industry through the synthesis of predictive analytics modules for 
control systems of technological processes using consolidated 
data on technological chains. In the course of the research, the 
analysis of theoretical and practical developments in the field of 
design was carried out, which showed the need for the design and 
development of predictive analytics modules in process control 
systems for industrial enterprises, including metallurgical 
production, and also the results of the synthesis of design 
solutions on the structure of integration of predictive analytics 
modules into operating subsystems of process control system and 
automatic  control  system  on  the  example  of  the  PJSC  "MMK".  
During the design, a diagram of the functional structure of the 
system was built, its subsystems and blocks, their purposes were 
described, and the description of the control relationships 
between the objects of the system was made. The implementation 
of the functionality allows you to improve the quality of finished 
products, reducing time and labor costs, as well as reducing the 
share of products of low quality and scrap along the described 
technological routes. 

Keywords: automation, technological process, intelligent 
system, control system, predictive analytics, process control 
system. 
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соискание ученой степени доктора наук по следующим научным специальностям: 

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); 
05.13.01 – Системный анализ, управление и обработка информации (по отраслям) (технические науки); 
05.13.05 – Элементы и устройства вычислительной техники и систем управления (технические науки); 
05.13.06 – Автоматизация и управление технологическими процессами и производствами (по отраслям) 

(технические науки); 
05.13.18 – Математическое моделирование численные методы и комплексы программ (технические науки); 
05.14.02 – Электрические станции и электроэнергетические системы (технические науки) 
05.14.04 – Промышленная теплоэнергетика (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 
«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: 
 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. 


