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THE PRINCIPLES OF CREATION AND APPLICATION OF COMPUTER 

SIMULATORS IN THE TASKS OF ELECTRIC POWER INDUSTRY 
 

  

Abstract. The work presents the structure and the necessary complex of elements that ensure the functioning of 

computer simulators-simulators in the tasks of electric power engineering. The organization of the system for 

ensuring work in the given computer simulator-simulator is proposed. On the basis of the formulated general 

technical requirements for simulator software, their tasks and functions, a computer simulator-simulator of an 

autonomous power-generating installation was developed to practice the skills of technical operation of electrical 

installations of consumers. Mathematical support for the formation of subprograms as independent elements 

capable of interacting with each other is proposed. On the basis of the formulated general technical requirements 

for the software of the simulator, its tasks and functions, a computer simulator of an autonomous power plant was 

created to form the skills of technical operation of the consumer of electrical equipment. An algorithm for software 

and hardware implementation of a computer simulator-simulator, identical to a real physical autonomous mini-

power plant based on a diesel-generator unit, has been developed. 

Keywords: virtual laboratory complexes, computer simulator, distance learning, automated learning systems. 
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ПРИНЦИПИ СТВОРЕННЯ ТА ЗАСТОСУВАННЯ КОМП’ЮТЕРНИХ 

ТРЕНАЖЕРІВ-ІМІТАТОРІВ В ЗАДАЧАХ ЕЛЕКТРОЕНЕРГЕТИКИ 
 

Анотація. В роботі представлено структуру та необхідний комплекс елементів, що забезпечують  

функціонування комп’ютерних тренажерів-імітаторів в задачах електроенергетики. Запропоновано 

організацію системи забезпечення роботи в наведеному комп’ютерному тренажер-імітаторі. На основі 

сформульованих загальнотехнічних вимог, що висуваються до тренажерних програмних засобів, їх задач і 

функцій, для відпрацювання навичок технічної експлуатації електроустановок споживачів розроблено 

комп’ютерний тренажер-імітатор автономної енергогенеруючої установки. Запропоновано математичне  

http://www.kdu.edu.ua/en/MEMBERS%20OF%20THE%20ACADEMIC%20COUNCIL.php
https://www.kpi.kharkov.ua/ukr/
https://www.kpi.kharkov.ua/ukr/
https://www.kpi.kharkov.ua/ukr/
https://www.kpi.kharkov.ua/ukr/


ЕНЕРГЕТИКА, ЕКОНОМІКА ТА ЕЛЕКТРОМЕХАНІКА 

.                                       №11-12(177-178) 2022 ЕНЕРГОЗБЕРЕЖЕННЯ • ЕНЕРГЕТИКА • ЕНЕРГОАУДИТ 35 

забезпечення формуванні підпрограм як самостійних елементів, здатних взаємодіяти між собою.  На 

основі сформульованих загальних технічних вимог до програмного забезпечення тренажера, його завдань і 

функцій створено комп’ютерний тренажер автономної електростанції для формування навичок технічної 

експлуатації споживача електроустаткування. Розроблено алгоритм програмно-апаратної реалізації 

комп’ютерного тренажера-імітатора, тотожного реальній фізичній автономній мініелектростанції на 

базі дизель-генераторної установки. 

Ключові слова: віртуальні лабораторні комплекси, комп’ютерний тренажер-імітатор, дистанційне 

навчання, автоматизовані навчальні системи. 
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ПРИНЦИПЫ СОЗДАНИЯ И ПРИМЕНЕНИЯ КОМПЬЮТЕРНЫХ ТРЕНАЖЕЛЕЙ-

ИМИТАТОРОВ В ЗАДАЧАХ ЭЛЕКТРОЭНЕРГЕТИКИ 
 

Аннотация. В работе представлена структура и необходимый комплекс элементов, обеспечивающих 

функционирование компьютерных тренажеров-имитаторов в задачах электроэнергетики. Предложена 

организация системы обеспечения работы в приведенном компьютерном тренажер-имитаторе. На основе 

сформулированных общетехнических требований, предъявляемых к тренажерным программным 

средствам, их задачам и функциям, для отработки навыков технической эксплуатации электроустановок 

потребителей разработан компьютерный тренажер-имитатор автономной энергогенерирующей 

установки. Предложено математическое обеспечение в формировании подпрограмм как самостоятельных 

элементов, способных взаимодействовать между собой. На основе сформулированных общих технических 

требований к программному обеспечению тренажера, его задачам и функциям создан компьютерный 

тренажер автономной электростанции для формирования навыков технической эксплуатации 

потребителя электрооборудования. Разработан алгоритм программно-аппаратной реализации 

компьютерного тренажера-имитатора, тождественного реальной физической автономной 

миниэлектростанции на базе дизель-генераторной установки. 

Ключевые слова: виртуальные лабораторные комплексы, компьютерный тренажер-имитатор, 

дистанционное обучение, автоматизированные обучающие системы. 

 

 

Introduction. Electric power industry is among the sectors of the national 

economy, in which the need for highly qualified specialists with practical 

experience is especially acute. The modern realities, the pandemic and the war 

imposed certain restrictions on the practical training of highly qualified specialists 

in the electricity industry of Ukraine. Moreover, it can be added that when 

performing a number of technological operations, the workers are forced to be in 

constant contact with working electrical equipment, which determines the high 

level of injuries 
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Results and Discussions. Currently, one of the effective directions for 

improving the efficiency of the process of offline training of specialists in the 

specialty 141 «Electric Power Engineering, Electrical Engineering and 

Electromechanics» are automated training systems (ATS) [1]. The most effective 

technical means of working out the safe and remote labor techniques is a computer 

simulator based on multimedia computer programs, which simulates real working 

conditions (specific operations of the technological process) [2] and implements a 

physical and functional model of the human-machine-production          

environment system, its interaction with the subject of work and the technological 

process. 

Research materials. The general requirements for a computer simulator 

software [3]. The computer simulator should include the necessary set of elements 

in its structure that ensure its functioning. The composition of the simulator is 

shown in fig. 1. 

 

Computer simulator

Technical The electrical, electronic and mechanical components of 

computer workstations, thanks to which the simulator functions

Organizational The measures and provisions regulating the general procedure of 

the simulator

Mathematical The methods, models and algorithms to control the learning 

process

Educational and 

methodical
The set of training and control procedures for occupational safety 

and  training manuals focused on working with the simulator

Information The data used or generated in the learning process in the form of 

ordered organizational structures

Psychological 

and pedagogical
The didactic training techniques that allow the adaptive dialogue 

between participants in the educational process

Software
The set of programs that ensure the functioning of the simulator
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Fig. 1. Composition of computer simulator 
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The basis of the organization of the system for ensuring work in the given 

CS (Computer Simulator) is the block principle of building a mathematical  

support [4, 5], which consists in the formation of subroutines as             

independent elements capable of interacting with each other under the            

control of the organizing program. Such an aggregate principle of          

construction allows us to propose a systematic approach to ensure the proper    

level of healthy and safe working conditions for workers of different     

professions, to increase  mathematical support, to create libraries of ready-made 

elements of the technological process [6], to configure CS on the development of 

various kinds of skills (speed of decision-making in a particular situation, working 

out a clear sequence of actions or operations in both regular and abnormal    

modes, etc.). 

The following construction principles were used when creating the CS: 

- the principle of conformity of the structure of skills formed with the help of 

a computer simulator with the structure of real labor skills in the execution of 

technological process operations, which means the simulation of the professional 

activity of the worker is fully carried out; 

-  the principle of target training, for which the main purpose of using the 

simulator is not to acquire knowledge, but to master the skills of safe performance 

of work; 

- the principle of the active approach, which means that  the computer 

simulator is necessary for the training of workers who need the skills of real 

production work. 

The use of CS for the training of specialists in both the electric power 

industry and specialists in other industries allows: to improve the quality of 

training of employees from the electric power industry, to reduce the cost of 

professional training by reducing its terms, to conduct training in safe conditions, 

to increase the degree of objectivity of assessment of qualification of employees 

undergoing training (their knowledge and skills) due to the maximum realism of 

the task [7]. 

Therefore, based on the peculiarities of the activity, when preparing 

employees from the electric power industry, it is advisable to use СS as an addition 

to the adopted training system and form the basis of a systematic approach of 

training for ensuring the safe working conditions during technological operations 

[8, 9]. The ATS software for ensuring safe labor methods includes the 

corresponding software modules (Fig. 2.) 

These software modules ensure compliance with all the requirements         

for CS and functions, as well as provide a full (network) version of the       

software. To implement this option, you need to have a local network. In this    

case, all data are stored on the central (server) PC. There should also be Module_2 

and Module_3. There are interactive training modules - Module_1 on the 

workstations. 
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Software Components

The interactive program 

module of the person 

undergoing training

(Module_1)

The program module of the 

teacher, designed for the 

formation of individual tasks

(Module_2)

The teacher program module 

for learning results processing

(Module_3)

The registration of a 

person

The performance of  a task

The capture of interim and 

final results

The interaction with other 

software modules

The loading/entering 

initial data and forming 

individual tasks from them

The database modification 

– adding new and/or 

eliminatIon of outdated 

tasks

The processing of 

protocols of current 

training sessions for each 

user

The access to current 

registration logs

The access to archive data 

of logs and protocols for 

previous training periods

 
 

Fig. 2. Composition of CS software 

 

The implementation of software and hardware part of computer simulator on 

the example of an autonomous power generating unit. 

A real power generating plant compared to CS has a higher cost, more 

complex internal structure and voluminous technical documentation. This kind of 

equipment is difficult to upgrade and change the technical characteristics and 

purpose. Therefore, in order to train specialists in the development of safe work 

performance during production, increase labor productivity, prevent injuries, study 

of energy processes in autonomous power generating units (APG) based on diesel 

generator units (DGU) with an asynchronous generator (AG), CS was developed 

[10, 11]. In addition, the created simulator allows you to simulate different 

operating modes, change and test different characteristics of the equipment, 

analyze the factors of emergencies, etc. 

The front panel of CS is shown in Figures 3 (a , b). 

The basis of the organization of the labor support system in the given CS is a 

block principle of building mathematical support, lies in the formation of 

subroutines as the independent elements capable of interacting with each other 

under the control of the organizing program. 
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Such an aggregate principle of construction allows to provide an integrated 

approach to the professional training of workers from the electric power industry, 

to increase mathematical support, to create libraries of ready-made elements of the 

technological process, to set up CS for practicing various kinds of skills (speed of 

decision-making in a particular situation, working out a clear sequence of actions 

or operations, etc.). 

 

 
 

    a        b 

 

Fig. 3. CS front panel: typical power consumers 

 

CS consists of the following main units: 

- the "drive engine" unit - diesel internal combustion engine; 

- the "electric energy converter"  unit - asynchronous generator with 

capacitive excitation and stabilization systems of output voltage AG; 

- the "consumers of electric energy" unit - includes AC consumers, both 

single-phase and three-phase. Thanks to the rectifier, the ability to connect DC 

consumers is realized; 

- the "instrumentation"  unit- contains current and voltage sensors, speed, 

torque, etc. These blocks form the basis of the interactive program module of the 

person undergoing training (Fig. 2, Module_1); 

- the "virtual meter" unit - power signals are generated, then energy 

processes running in the system are determined with corresponding                    

real-time implementation of all processes. The unit is also supplemented            

with an operator action retainer, which allows implementing various programs 

(Fig. 2, Module_2) for practicing the skills of safe execution of technological 

operations. 

In addition to using the proposed virtual complexes in the educational 

process for the independent work of students and remote laboratory work, it is also 

possible to implement them in industry and in the field of scientific research.   The 
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creation of mobile virtual complexes is especially interesting since it allows you to 

conduct the necessary research directly in the conditions of production, quickly 

receive and process the results of modeling and form the recommendations for 

improving the quality of management and the efficiency of using real equipment. 

The introduction of the developed systems in industrial enterprises is preceded by 

extensive research work. In this case, the developed CSs allow you to study the 

static and dynamic modes of operation of technological equipment visually, the 

study of its effective modes of operation. 

Conclusion. The use of computer simulators is proposed to develop the 

skills for the training of specialists of the electrical profile and the implementation 

of technological operations. 

On the basis of the formulated general technical requirements for the 

simulator software, their tasks and functions, a computer simulator of an 

autonomous power generating plant has been created to develop the skills of 

technical operation of the consumer of electrical equipment. 

The algorithm for software and hardware implementation of a computer 

simulator, identical to a real physical autonomous mini-power plant based on a 

diesel-generator plant, has been developed. 

The developed CS allows to solve a number of research problems: the 

analysis of technological capabilities and energy indicators of various methods of 

regulating technological parameters; the study of dynamic processes in the 

generator-motor system; the determination of regulatory and energy characteristics 

of systems, etc. 
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