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Abstract .  The work shows that a promising direction for the modernization of the educational laboratory base is the use 

of open systems methods together with the introduction of technologies for the use of virtual devices, based on the use of 

computer measurement methods. The purpose of the work is to analyze the possibilities of creating virtual laboratory 

work in various disciplines and their use in professional training of specialists in electrical engineering in higher 

educational institutions. As a result of the analysis of the most well-known application computer packages intended for the 

design of electronic units, the authors found that the ability to model both the simplest electrical circuits and power 

electronics circuits and rather complex control circuits for them, as well as various electrical machines is the main 

advantage of the Simulink package of the MATLAB environment in comparison with other software tools. Examples of 

constructing circuits for virtual laboratory work in the metrology course are given. It is shown that virtual laboratory work 

increases students' interest in the learning process, as well as the level of their skills and abilities. 

Keywords:  metrology, electronics, electrical machines, remote access, laboratory course, virtual measuring device. 
 

Introduction 

In these difficult times for Ukraine, when there are 

often air raids or there is no possibility to conduct classes 

in specialized laboratories, one of the most important 

areas of development of modern educational technologies 

is the development of remote access systems for learning 

and the implementation of open education standards on 

their basis [1].  

The training of qualified specialists in electrical 

engineering is impossible without a modern laboratory 

base, on which students could not only consolidate the 

theoretical knowledge they have gained, but also acquire 

practical skills in research or production experiments, 

skills in designing and testing industrial systems. Today 

there is an intensive introduction of modern information 

technologies into the educational process, a large-scale 

modernization of the information infrastructure of the 

education system is being carried out, a unified 

educational environment is being formed. In such 

conditions, laboratory resources cannot remain at the old 

level, and a new approach to their formation is needed. A 

promising direction for the modernization of the 

educational laboratory base is the use of open systems 

technology together with the introduction of virtual 

device technology, based on the use of computer 

measurement methods [2, 3]. 

Today, many researches are devoted to the problems 

of informatization of vocational education. The works of 

the authors [3-8] consider the current state of formation 

and use in the professional training of specialists of new 

information and educational environments, however, 

despite the large number of diverse and large-scale 

studies concerning the informatization of education and 

the use of information and communication technologies 

of training, they did not find a thorough study of the 

development of virtual work. 

The purpose of the work is to analyze the 

possibilities of creating virtual laboratory work in 

various disciplines and their use in professional training 

of specialists in electrical engineering in higher 

educational institutions. 

Presentation of the main material 

When studying electrical engineering specialties, 

an important component of the educational process is 

laboratory practice. Traditionally, educational 

laboratories are equipped with a certain set of technical 

means that allow for simple measurements. This 

applies, first of all, to such disciplines as physics, 

electrical engineering, electronics, electrical 

measurements, electrical machines. The set of 

measuring instruments here is usually very limited and 

includes an electrical signal generator, a voltmeter, an 

ammeter, a frequency meter and an oscilloscope, that is, 

measuring instruments of general use. 

Until recently, all laboratory research and work, 

verification of the correctness of technical calculations 

could be performed only during the experimental study 

of real circuits and devices. This method has a number 

of significant drawbacks: 

- for experimental study of the circuit, it is 

necessary to equip it with appropriate measuring 

equipment and full-scale samples of electrical machines 

and control devices; 

- the errors of real measuring devices can be quite 

large; 

- for the study of circuits, it is necessary to 

assemble their mock-ups from real elements, which 

leads to significant material costs. 

Computer simulation of electrical circuits is 

devoid of these disadvantages, but there are some 

difficulties in accounting for the real parasitic 

parameters of circuit elements in the models: internal 

resistances and conductivities of sources; intrinsic 

inductances and capacitances of real resistors; losses in 

inductors and windings of electrical machines; 

nonlinearities caused by the presence of ferromagnetic 

cores; in addition, it is sometimes difficult to assess the 

accuracy of computer simulation. 

Effective implementation of remote access 

technologies is possible only by creating a virtual 

information and educational environment of the 

university, uniting in a single information space various 
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corporate management systems, electronic libraries, 

distance learning and training systems, corporate testing 

systems, automation of scientific research, etc. In such 

conditions, real experimental stands are replaced by 

models of installations, creating a system of virtual 

laboratories. Virtual measuring laboratories are a very 

important component of the virtual representation of an 

educational institution, providing, together with other 

systems, all the functions of learning and management 

of the educational process. As a typical option, we can 

offer a educational virtual measuring laboratory 

(EVML) with the following typical set of measuring 

instruments: a signal generator; a universal oscilloscope; 

electric motor; an electronic frequency counter; an 

ammeter, a voltmeter; a wattmeter; a multimeter. 

Such a EVML can become the basis for organizing 

laboratory workshops in technical educational 

institutions on the disciplines of the electrical 

engineering cycle, especially for distance learning for 

students. The basic version of the hardware part of the 

complex can be expanded by adding special adapters 

that provide research on a wide range of processes and 

phenomena in relation to various disciplines. The 

software can be supplemented with modules for 

specialized analog and digital signal processing, 

graphical representation of the results obtained, etc. 

We analyzed the most famous application computer 

packages designed for the design of electronic blocks: the 

Electronics Workbench package, which is essentially a 

virtual laboratory with quite wide capabilities; the Design 

Lab package - an integrated software complex of the 

MicroSim corporation for the design of analog, digital 

and analog-digital devices; the Micro-Cap package - a 

universal package of programs for modeling the circuitry 

of electronic circuits; the Simulink package of the 

MATLAB environment - a virtual laboratory that allows 

you to assemble and study the operation of many types of 

electrical circuits, electric machines and electric drive 

devices, power electronics circuits. 

The comparison of the packages was carried out 

according to the possibility of modeling analog devices 

(the ability to create device models based on analog 

electronics elements); modeling digital devices (the 

ability to create device models based on digital 

electronics elements); modeling electric machines (the 

ability to create models of transformers, motors, 

generators); the possibility of graphically displaying the 

results of modeling (the availability of means of visual 

representation of the processes occurring in the model - 

graphs of transient processes, dependences of the 

characteristics of components on some varied parameter); 

in addition, the possibility of changing the characteristics 

of the elements of the device model (voltage, current, 

resistance, inductance, etc.) was analyzed. 

According to the results of comparison and 

analysis, it was found that the ability to model both the 

simplest electrical circuits and power electronics 

circuits, rather complex control circuits for them 

(electric drive devices), as well as various electric 

machines is the main difference between the MATLAB 

system and other software tools. This package is based 

on building block diagrams by transferring blocks from 

the component library to the editing window of the user-

created model. Then the model is launched for 

execution. To build a functional block diagram of the 

simulated devices, Simulink has a large library of block 

components and a convenient block diagram editor. 

When developing a set of virtual laboratory works for 

studying the metrology course, the Simulink package of 

the MATLAB software environment was used. Here are 

examples of works from the metrology course that can 

be performed both on your own computer at home and 

in the computer class of the university.  

1. Laboratory work № 1. "Measuring parameters 

of electrical networks using a virtual measuring 

laboratory". In the process of work, students get 

acquainted with the method of using virtual tools when 

creating an electronic laboratory, build assigned virtual 

electrical circuits using virtual analog dial instruments, 

learn to measure active resistances, inductances and 

capacitances both directly and indirectly, and also 

evaluate measurement errors (Fig. 1).  

Students study various systems of analog 

instruments, their advantages and disadvantages, 

methods of expanding the limits of measurements, and 

answer the given control questions. 

 
Fig. 1. An example of building a laboratory work № 1 scheme 

 

2. Laboratory work №2. "Measurement of electrical 

network parameters by the bridge method using a virtual 

measuring laboratory". In the process of work, students 

study theoretical material on bridge circuits of direct and 



ISSN 2073-7394 Системи управління, навігації та зв'язку. 2025. № 4 

153 

alternating current, designs and principles of operation of 

comparison devices - bridges and compensators, get 

acquainted with the methodology for measuring electrical 

parameters by the bridge and compensation method using 

virtual devices, conduct measurements, and answer the 

given control questions (Fig. 2). 

 
Fig. 2. An example of building a laboratory work № 2 scheme  

 

3. Laboratory work №3. "Research of the 

parameters of periodic signals using a virtual oscilloscope". 

In the process of work, students study the structural 

diagrams and a typical set of blocks of both an electronic 

and a digital oscilloscope, get acquainted with the main 

characteristics of continuous and pulsed signals, acquire 

skills in working with a virtual oscilloscope and generator, 

learn to generate s ignals of various shapes, conduct 

measurements, calculate parameters of various signals, and 

answer the given control questions (Fig. 3).      

 

Fig. 3. An examples of obtaining and studying signals from laboratory work № 3 

 
 

Such EVML laboratory can become a mandatory 

functional unit in collective use centers. In this case, the 

use of remote access mode will significantly improve 

the laboratory support of the educational process in the 

above-mentioned disciplines. 

Conclusions 

The particularity of this approach is the ability for 

students to practice experimental work skills on realistic 

models of dynamic objects with accurate reproduction 

of physical laws and high interactivity of research. It is 

possible to predict an increase in interest in the learning 

process in groups of students due to an innovative 

approach to the methodology of teaching engineering 

disciplines. 

Virtual laboratory works in the professional training 

of future electricians ensure individuality and 

independence of students' activities, develop creative 

thinking and form the ability to make operational 

decisions, and, therefore, significantly increase the level 

of knowledge, skills and abilities. At the same time, the 

use of virtual laboratory work should be combined with 

the study of real equipment, real phenomena and 

processes. 

REFERENCES 

1. Науково-методичне забезпечення цифровізації освіти України: стан, проблеми, перспективи. / В.Ю. Биков, О.І. 

Ляшенко, С.Г. Литвинова, В.І. Луговий, Ю.І. Мальований, О.П. Пінчук, О.М. Топузов /за заг. ред. В.Г. Кременя. 

Київ: ІЦО НАПН України, 2022. 96 с. DOI: https://doi.org/10.37472/v.naes.2022.4223. 

2. Соколюк О.М. Вплив VR/AR на технології навчання й освітянські практики. Сучасні інформаційні технології та 

інноваційні методики навчання у підготовці фахівців: методологія, теорія, досвід, проблеми. 2021. № 60. С. 108-116. 

DOI: 10.31652/2412-1142-2021-60-108-116. 

https://doi.org/10.31652/2412-1142-2021-60-108-116


Control, Navigation and Communication Systems. 2025. No. 4 ISSN 2073-7394 

154 

3. Akbaş Y, Şahin IF, Meral E. Implementing argumentation-based science learning approach in social studies: Academic 

achievement and students’ views. Rev Int Geogr Educ Online. 2019; 9: Р. 209–245. DOI: 10.33403/rigeo.529139 

4. Бобрівник К.Є., Гладка М.В., Кіктєв М.О. Проектування віртуальної навчальної лабораторії для студентів технічно-

технологічних спеціальностей. Енергетика і автоматика, 2014. № 3. С. 18-23. URL:  

https://journals.nubip.edu.ua/index.php/Energiya/en/article/view/3460 

5. Calvet, L.; Bourdin, P.; Prados, F. Immersive Technologies in Higher Education: Applications, Challenges, and Good 

Practices. Proceedings of the 2019 3rd International Conference on Education and E-Learning, Barcelona, Spain, 5–7 

November 2019. 2019, 57, pp. 95 – 99, DOI: https://doi.org/10.1145/3371647.3371667. 

6. Проєктування освітнього середовища з використанням засобів доповненої та віртуальної реальностей в закладах 

загальної середньої освіти: колективна монографія / Литвинова С.Г., Сороко Н.В., Баценко С.В., Богочков Ю.М., 

Гриб’юк О.О., Дементієвська Н.П., Коркішко І.А., Слободяник О.В., Соколюк О.М., Ухань П.С. Київ: ІЦО НАПН 

України, 2023.  219 с. URL: https://lib.iitta.gov.ua/id/eprint/738596/1/%21%21%21%D0%9C%D0%9E%D0%9D%D0% 

9E%D0%93%D0%A0%D0%90%D0%A4%D0%86%D0%AF_ALL_2023-FIN%2B.pdf 

7. Березюк О.В. Використання віртуального лабораторного стенда для проведення лабораторної роботи «Дослідження 

ефективності освітлення у виробничих приміщеннях». Педагогіка безпеки, 2017. № 1. С. 35-39. URL: 

http://ir.lib.vntu.edu.ua//handle/123456789/19461 

8. Рашевська Н. В. Перспективи застосування засобів доповненої реальності у процесі навчання майбутніх інженерів 

Науковий вісник Ужгородського університету. серія: «Педагогіка. Соціальна робота». 2018. Вип. 2 (43). С.226-228. 

DOI: 10.24144/2524-0609.2018.43.226-229. 

Received (Надійшла) 05.08.2025 

Accepted for publication (Прийнята до друку) 22.10.2025 

ВІДОМОСТІ ПРО АВТОРІВ / ABOUT THE AUTHORS 

Шефер Олександр Віталійович – доктор технічних наук, професор, професор кафедри автоматики, електроніки 

телекомунікацій, Національний університет "Полтавська політехніка імені Юрія Кондратюка", Полтава, Україна; 

Оleksandr Shefer – Doctor of Technical Sciences, Professor, Professor  of the Department of Automation, Electronics and 

Telecommunications, National University “Yuri Kondratyuk Poltava Polytechnic”, Poltava, Ukraine; 

e-mail: itm.ovshefer@nupp.edu.ua ; ORCID Author ID: https://orcid.org/0000-0002-3415-349Х; 

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=57210203269.  

Єрмілова Наталія Василівна – кандидат технічних наук, доцентка, доцентка кафедри автоматики, електроніки 

телекомунікацій, Національний університет "Полтавська політехніка імені Юрія Кондратюка", Полтава, Україна; 

Nataliіa Yermilova – PhD, Associate Professor, Associate Professor of the Department of Automation, Electronics and 

Telecommunications, National University “Yuri Kondratyuk Poltava Polytechnic”, Poltava, Ukraine;  

e-mail: itm.ermilovanv@nupp.edu.ua; ORCID Author ID: https://orcid.org/0000-0003-0636-0843; 

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=58759309800. 

Дрючко Олександр Григорович – кандидат хімічних наук, доцент, доцент кафедри автоматики, електроніки 

телекомунікацій, Національний університет "Полтавська політехніка імені Юрія Кондратюка", Полтава, Україна; 

Оleksandr Dryuchko – PhD,  Associate Professor, Associate Professor of the Department of Automation, Electronics and 

Telecommunications, National University “Yuri Kondratyuk Poltava Polytechnic”, Poltava, Ukraine;  

e-mail: itm.dryuchko@nupp.edu.ua; ORCID Author ID: https://orcid.org/0000-0002-2157-0526; 

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=6504199218. 

Степанко Марія Костянтинівна – студентка кафедри автоматики, електроніки телекомунікацій, Національний 

університет "Полтавська політехніка імені Юрія Кондратюка", Полтава, Україна; 

Stepanko Mariia – student, Department of Automation, Electronics and Telecommunications, National University “Yuri 

Kondratyuk Poltava Polytechnic”, Poltava, Ukraine; 

e-mail: mariyastepanko@gmail.com; ORCID Author ID: https://orcid.org/0009-0006-7961-5420. 

Пасічко Сергій Володимирович – студент кафедри автоматики, електроніки телекомунікацій, Національний університет 

"Полтавська політехніка імені Юрія Кондратюка", Полтава, Україна; 

Sergii Pasichko – student, Department of Automation, Electronics and Telecommunications, National University “Yuri 

Kondratyuk Poltava Polytechnic”, Poltava, Ukraine; 

e-mail: znonmtposhta@gmail.com; ORCID Author ID: https://orcid.org/0000-0003-1405-2058. 

 

Використання віртуальних вимірювальних засобів в курсах метрології, електроніки  та електричних машин 

у підготовці фахівців з електричної інженерії 

О. В. Шефер, Н. В. Єрмілова, О. Г. Дрючко, М. К. Степанко, С. В. Пасічко 

Анотація .  В роботі показане, що перспективним напрямком модернізації учбової лабораторної бази є 

використання методик відкритих систем разом з впровадженням технологій застосування віртуальних приладів, 

заснованої на вживанні методів комп'ютерних вимірів. Метою роботи є аналіз  можливостей створення віртуальних 

лабораторних робіт з різних дисциплін та їх використання у професійній підготовці фахівців з електричної інженерії  у 

вищих навчальних закладах. В результаті аналізу  найбільш відомих прикладних комп'ютерних пакетів, які призначені 

для проектування електронних блоків, авторами виявлено, що можливість моделювання як найпростіших електричних 

схем, так і схем силової електроніки та досить складних схем управління ними, а також різних електричних машин  є 

головною перевагою пакета  Simulink середовища МАТLАВ  у порівнянні з  іншими програмними засобами. Наведені 

приклади побудови схем для  віртуальних лабораторних робіт з курсу метрології. Показано, що віртуальні лабораторні 

роботи підвищують інтерес студентів до процесу навчання, а також рівень їх умінь та навичок. 

Ключові  слова:  метрологія, електроніка, електричні машини, віддалений доступ, лабораторний курс,  

віртуальний вимірювальний прилад.  
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