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Electrical engineering as a modern fundamental discipline and the logic of its teaching

in military higher education institutions

Abstract: Understanding the processes that relate to the formation and transformation of the modern
army and as a consequence of the modernization of the education system of the Military University, the
article pays special attention to the formation of a modern officer as a specialist not only in military affairs,
but also in military engineering. Military leaders must have electrical knowledge and the ability to choose
and use appropriate modern military management technologies and information and technical means, the
element base of which is electrical engineering, and the scientific and technical basis of Electrical
Engineering is the synthesis of such fundamental sciences as mathematics, physics and chemistry. The
aim of the study is scientific and methodological conclusions on updating the teaching methodology and
mathematical tools of electrical education. In the Ukrainian literature, a discourse on this issue has already
been formed. Examples include the monograph “Methodological System for Forming Integrated
Knowledge in Physics in the Process of Training Technology Teachers”, the article “Integration of
Physics and Electrical Engineering in the System of Training Technology Teachers” and others. A. Didyk,
L. Pavlyuk, and I. Petritsina describe intersubject relations and the role of physics as the basis of technical
disciplines in more detail. These works deal with the scientific and methodological problems of
electrotechnical education in modern universities. The authors point to the growing demand for
professional training of Higher Education graduates, which entails the need to move from traditional
teaching styles to innovative ones. The article emphasizes that in modern society, engineering education
is of great significance, and as for military affairs, it has become its necessary component. Military
personnel who have received a high-quality modern electrical engineering education usually have
developed technical skills, understand the technological features of modern weapons, and have a
common scientific base for innovations.
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EaextpoTexHika AK cydacHAa (PyHAAMEHTAABHA AUCIIUIIAIHA TA AOTiKa ii BUKAQAQHHA Y

BiliICBKOBUX BHIIIAX

Anomayin: Pozymiroun mporecu, ki BIAHOCATBCA AO CTAHOBACHHSA Ta TpaHCOpMALIii Cy9acHOTrO
BIFiCbKa 1 fIK CAIACTBO MOAEpHI3aIil CHCTEMH OCBITH BIFCHKOBOIO VHIBEPCHTETY, B CTATTi
OCOOAHBY yBary 3BEpHYTO Ha (POpPMyBaHHA CydacHOro odinepa Ak (axiBId HE TIABKH Y
BIFICBKOBIM CITpaBi, aAe 1 y BIFCHKOBO-IH:KeHEpHIN. BiicbKOBI AlAepH ITOBHHHI BOAOAITH
CACKTPOTEXHIYHUM 3HAHHAM 1 BMIHHAM BHOHMPATH Ta BHKOPHCTOBYBATH BIAIIOBIAHI CydacHi
BIFICBKOBI VIIPAaBAIHCBKI TEXHOAOTI Ta iH(MOPMALIIHO-TEXHIYHI 3aCOOH, €ACMEHTHOIO 0a300
AKHX € EACKTPOTEXHIKA, 2 HAYKOBO-TEXHIYHHM Oa3HMCOM EACKTPOTEXHIKM € CHHTE3 TaKHX
dpyHAAMEHTAABPHUX HAYK AK MaTeMaTHKa, (pidmka 1 ximif. MeTOIO AOCAIAKEHHA € HayKOBO-
METOAUYHI BHCHOBKH IIOAO OHOBACHHA METOAAOIL BHKAQAQHHA 1 MAaTEMATHIHOTIO
IHCTPYMEHTAPIIO  €ACKTPOTEXHIYHOI OCBITH. VY BITYM3HAHIN AlTepaTypl BiKe O(OpPMHUBCA
AUCKYPC, IPHCBAYCHUX AaHIH mpoOaemaruii. [lpmkaasamum MoOxyTh craté MoHOrpadisf
«Metoaugna crucrema (POPMYBAHHA IHTEIPOBAHHX 3HAHb 3 (DISUKH B IIPOIECI IATOTOBKH
BUHTEAIB TEXHOAOIII», cTaTTd «lHTerparia (pi3MKN Ta €AEKTPOTEXHIKA B CHCTEMI IIATOTOBKH
BYUTEAIB TEXHOAOII» T4 iHII. BIABII A€TAABHO OIIMCYIOTH MIKIIPEAMETHI 3B’A3KH Ta POAb
izuku Ak ocHou TexHivHUX Aucnunain A. Aiank, A. ITaBarok, 1. ITerpunmaa. B nux poborax
PO3ILAfAAIOTBCA HAYKOBO-METOAOAOTTYHI IIPOOAEMH EACKTPOTEXHIYHOI OCBITH B CY9aCHHX
yHIBepcuTeTaX. ABTOPH BKA3YIOTP Ha 3POCTAIOYMHUII ITOINT Ha HIPOdeECciiiHy INATOTOBKY
BUITYCKHHUKIB BHIIUX HABYAABHHUX 3aKAAAIB, IO TATHE 32 COOOIO IIMTAHHA HEOOXIAHOCTI
IIEPEXOAY BIA TPAAHLIITHUX CTHAIB BUKAGAAHHA AO IHHOBAIMHHUX. B craTti makpecaeHo, 1110 y
CYYaCHOMY CYCITIABCTBI IHZKEHEPHA OCBITA MA€ BEAUYE3HE 3HAYEHH, 4 IIIOAO BIFICHKOBOI CITpaBH,
TO BOHA CTaAa 1i HEOOXIAHOIO CKAGAOBOIO. BIHChKOBi, fAKi OTpUMAaAM SAKICHY Cy4acHY
EAEKTPOTEXHIUHY IHKEHEPHY OCBITy, 3a3BHYall MArOThb PO3BHUHYTI HABUYKH TEXHIYHOTO
XapaKTEPy, PO3YMIIOTHCA HA TEXHOAOITYHUX OCOOAMBOCTAX Cy9aCHOI 30pOf, MAIOTH 3araAbHY
HAYKOBY 023y AAfl HOBAIIIH.

Koruosi cs106a: BIiCbKOBUI YHIBEPCHTET, OCBITa, MOAEPHI3AIILA OCBITH, IH(DOPMAIIIIHI TEXHOAOTII,
IMITAITITHI MOAEAL, MOBH KOMIT FOTEPHOI'O MOAEAIOBAHHSI.



Abbreviations:

CMS is a computer mathematics system

Introduction

Understanding the processes that relate to the formation and transformation of the modern
army and as a consequence of the modernisation of the education system of the Military
University, the article pays special attention to the formation of a modern officer as a specialist
not only in military affairs but also in military engineering. Military leaders must have electrical
knowledge and the ability to choose and use appropriate modern military management
technologies and information and technical means, the element base of which is electrical
engineering, and the scientific and technical basis of Electrical Engineering is the synthesis of
such fundamental sciences as mathematics, physics and chemistry.

The issue of professional training of future officer-engineers in the electrical engineering
direction is one of the key issues in modern pedagogical theory and practice, which has a long
pedagogical tradition. “Researchers have developed a fairly large fund of scientific knowledge
that reveals various areas of University Electrical Engineering Education” (Finin, 2020). This is
due, on the one hand, to the growing demand for modern electrical officers due to the
complication of information and computer technologies of modern military equipment and, on
the other, the rapid development of information technologies for comprehensive training. “The
professionalism of a modern electrical engineering officer is not only his competence in various
tields of information technology, computer languages of mathematical modelling but also his
high qualification, which is the key to the successful performance of combat missions” (Finzn,
2020).

We emphasise that “today, in covering the transformations of educational reality, it is
necessary to rely not only on the methodology of pedagogy but also to consider the conceptual
provisions of the philosophy of education and the philosophy of the development of modern
society. Because it is they who strengthen the theoretical base of scientific studios” (Korostyler &
Dolskaya, 2022, p. 12). The authors rely on the works of M. Castels (2073), V. M. Kremen (2027)
and others, who draw attention to the need for “constant modification of educational practice
in the context of the development of the information society” (Kremen, 2021, pp. 11-20). When
developing the theoretical and methodological foundations of education to use new technologies
that consider the virtual space, it is necessary to rely on the works of researchers who directly
and indirectly worked on this problem: E. Giddens, E. Durkheim, P. Bourdieu, K. Meinheim,
E. Masuda, R. Merton, T. Parsons, E. Toffler, etc.

You should also pay attention to the comments of the classics on the methodology of
teaching mathematics. As M. Kline notes, there are several possible approaches to teaching it.
Among them is “plural theoretic, axiomatic, also based on logic, intuition” (K/ine, 1980; Kline,
1984). The choice of one of the teaching logic is largely determined by historical and cultural
factors and the personal orientation of the teacher. Features of the mathematical method allow

it to focus on specific concepts, which already makes it possible to discuss a new impetus in



teaching mathematics. George Polya also emphasised the importance of methodology as “a way
of studying mathematics, suggesting that students not only focus on solving problems but also
think about the methods and means that they apply” (Po/ya, 1991, p. 448).

The analysis of publications of Ukrainian scientists in the field of electrical Education shows
that the practical and theoretical nature of reflection on the problems posed are interrelated.
Therefore, “the general direction of all works, namely, theoretical and methodological,” is natural
(Korostylev & Dolskaya, 2022, p. 12). It is significant to emphasise the role of the works of
specialists in the electrical industry in the context of the historical development of electrical
engineering, which focuses on changes in the methodology of its teaching V. Savchenko, Yu.
Lavrenenko (2076), N. Shvager (2074, pp. 15-18). This issue is becoming increasingly relevant,
as modern information technologies directly and indirectly affect the organisation and
methodology of teaching. “For the modern military education system to meet existing needs,
certain transformations of the training system using modern information technologies are
necessary. The main ideas are based on creating and maintaining information and educational
environments of open, distance learning, developing new technologies for creating bases of
educational materials and developing traditional technologies for developing electronic
textbooks and educational portals. We can say that a new promising subject area is beginning to
form — “Information Technologies in Education”. This area includes the problems of intelligent
learning systems, open education, distance learning, and information educational environments.
Teaching methods and tools used in information technologies in education contribute to the
fulfilment of increased requirements for the level of training of graduates of the higher military
school” (Korostylev & Dolskaya, 2022, p. 13).

In Ukrainian literature, a discourse on this issue has already been formed. Examples include
the monograph “Methodological System for the Formation of Integrated Knowledge in Physics
in the Process of Training Technology Teachers” (Shishkin, 2012), the article “Integration of
Physics and Electrical Engineering in the System of Training Technology Teachers” (Shishkin,
20714) A. Didyk (2018), L. Pavlyuk (2020), and 1. Petritsina (2073) describe intersubject relations
and the role of physics as the basis of technical disciplines in more detail. These works deal with
electrotechnical education’s scientific and methodological problems in modern universities. The
authors point to the growing demand for professional training of higher education graduates,

which entails the need to move from traditional teaching styles to innovative ones.

Study materials

In general, electrical engineering is not only a science but also a branch of technology that
converts various types of energy into electrical energy, which is then used to change the
composition of a substance, produce and process materials, transmit information, and so on.
Modern, efficient technologies are somehow based on the use of electric energy. By combining
the course of Electrical Engineering with other subjects of training, the topics of modern
electrical engineering can take their proper place in the professional training of future military
managers and provide the necessary basis for the successful training of cadets in military
universities.

Electrical engineering is one of the first modern technologies. Like nothing else, electricity

has primarily influenced the development of modern man-made civilisation and changed human



life. When we talk about electricity in general, we should understand that electricity is everything
that surrounds us. Changes in the scientific, technical, technological and information-
technological nature of warfare, which lead to qualitative technical and technological changes in
production technologies and technical characteristics of modern types of weapons: drones,
UAVs, high-precision artillery systems, GPS navigation, target detection location systems,
Starling space communication systems, etc. It is worth noting that all these military technologies
appeared due to the development of applied science, such as electrical engineering, and its
transformation into a modern element base. These qualitative changes in the composition and
technological structure of equipment put forward new modern requirements for training military
electrical engineers as the leading specialists in the operation and repair of this equipment.

The subject of electrical engineering in the modern educational teaching structure plays a
significant role in forming a particular physical reality, which combines knowledge of physics,
mathematics, and chemistry. Thanks to this combination, didactics and methodology of teaching
electrical engineering are aimed at intersubject relations: “Electrical knowledge is widely used in
many technological processes of modern military equipment and technical means of controlling
troops. Given that physics and mathematics are the fundamental basis of electrical engineering,
the relationship between teaching these disciplines is particularly important in military
universities. Implementing intersubject relationships in teaching physics, mathematics, and
electrical engineering creates favourable conditions for creative application of the general
principles of didactics in teaching” (Korustylev, 2020).

Since the study of electrical engineering affects the perception and understanding of the
modern technological world, we will specify some key aspects that confirm the fundamental

nature of this subject:

e studying electrical engineering helps cadets understand the role of technology in the modern
world;

e studying electrical technologies helps cadets develop critical thinking about technical
solutions, the effectiveness of techno-technological systems, possible actions with them and
their consequences.

Based on electrical engineering and its main task — creating a particular reality that occupies

an intermediate position between nature and man — the modern educational structure has a

problem of narrow methodological foundations and practical tools. Using the example of

electrical education in modern military universities, the authors tried to show the nature of
changes in the educational space analyse and systematise them.

Justification of changes in the methodology of teaching electrical engineering

Since one of the central tasks of military education is primarily to acquire technical and
engineering education, it is necessary to outline the components of technical science. “Technical
science is formed based on complex processes associated with the formation of engineering
activities and is the result of a combination of natural science and technological knowledge. The
tirst component of developing and forming technical sciences is the stage of obtaining natural
science knowledge, which leads to the ontologization of technology” (Korvstylev & Dolskaya,

2022, p. 12). For D. Willis, we have the process of creating mechanisms that he built himself,

from simple to complex. According to the principle of “from simple to complex”, objects and

knowledge of classical technical sciences are formed (Korostylev & Dolskaya, 2022, p. 13). In



addition, research engineers sought to explore the entire field of engineering capabilities, i.e.,
they tried to understand what other characteristics and calculations of an engineering object
could be obtained. During the analysis, “the research engineer sought to gain knowledge about
objects, describing their construction, functioning, individual processes, dependent and
independent parameters, relationships between them, etc.” (Korostylev & Dolskaya, 2022, p. 13).

An equally important stage in the development of the technical sciences is their
mathematical process. “From a certain stage in developing technical science, researchers move
from using individual mathematical knowledge or fragments of mathematical theories to using
entire mathematical apparatuses (languages) in technical science. This was prompted by the need
to carry out in the course of design not only analysis but also the synthesis of individual processes
and their structural elements” (Korostylev & Dolskaya, 2022, p. 13).

Using a mathematical apparatus affects the process of designing any technical object model.
As a rule, ideal objects of technical science (such as drawings, structured diagrams, mathematical
models, etc.) “start” a long process of development and construction to get the status of
engineering objects in the future. In other words, the process of ontologising technical objects
is unfolding. “From this point on, the engineer gets the opportunity to (a) successfully solve the
problems of synthesis and analysis; (b) investigate the entire area of engineering objects for
theoretically possible cases; (c) go to the theory of ideal engineering devices. Each mechanism
begins to be considered as a mathematical circuit consisting of one or more closed circuits and
several closed circuits that connect the contour link to the main links of the mechanism. In the
theory of mechanisms, it becomes possible to obtain new design schemes of mechanisms by
deductive method” (Korvstylev & Dolskaya, 2022, p. 13).

Teaching electrical engineering in modern military universities could not help but feel
specific changes. “From the mid-20 to the beginning of the 21st century, electrical engineering
teachers focused on engineering and applied mathematical support for electrical processes. For
the modern military education system to meet existing needs, certain changes in the training
system using modern information technologies are necessary” (Finin, 2020; Nikitenko et al..,
2023). Today, many concepts related to virtual reality are used, and computer mathematics is
becoming a necessary component in teaching electrical engineering. The best authors in the
world present computer programming languages: “The new military education continues to
change along with the change in the overall engineering picture of the world. The main emphasis
is placed on using virtual products, on creating so-called simulation models of existing military
weapons” (Korostylev, 2022).

Computer mathematics plays a unique role in this process. The best authors in the world
represent computer programming languages: S. McConnell (2006), E. Thomas and D. Hunt
(1999), M. Fowler (2018), R. Martin (2079), D. Knut (2020). Computer mathematics should be
defined as a set of theoretical, algorithmic, hardware and software tools designed to effectively
solve all mathematical problems on computers with a high degree of visualisation of calculation
stages (Tyutyunnik & Mikhalevich, 2013). The latter plays a crucial role in CMS implementation in
education. Modern CMSs are influential electronic reference books and databases on all sections
of modern mathematics, practical tools for solving most mathematical problems, and tools for
creating high-quality electronic lessons, articles and books. When we talk about computer

mathematics, we mean computer programming languages.



How can you not remember the most famous names of those who devoted their thoughts
to the inventions of virtual reality and opened the way for innovative changes in the technical
world? “Given the questions raised, we will need work that deals with reviews of technical means
of virtual reality systems. These are the works of Linus Torvalds (developed the Linux operating
system), Tim Bernes (developed the program for Hypertext documents and hyperlinks), James
Gosling (author of the Java programming language), Anders Heilsberg (developed the software
Borland Delphi, C#, TypeScript, Turbo Pascal), Mark Zuckerberg (founder of Facebook), Bram
Cohen (author of the Bit Torrent protocol), Brendan Ike (founder of the JavaScript
programming language, was the chief engineer of Mozila Firefox), Bjarne Stroustrup (founder
of the C++ programming language)” (Korostylev & Dolskaya, 2022, p. 12).

What programmes are used to create new divisions in educational processes? The primary
virtual environments include PhET, Multisim, Electronics Workbench, LabVIEW, etc.
Particular attention should be paid to PhET, a free site for creating interactive simulations in
natural sciences and mathematics; the Electronics Workbench program is compatible with the
P— SPICE programme, i.e., provides the ability to export and import measurement diagrams and
results to various versions of it; Grapher and Postprocessor are Multisim programs that allow
you to display simulation results in graphical form, etc. all programmes allow you to work in
virtual laboratories, and this is the realisation of the ability to conduct experiments without direct
contact with the actual installation or in its absence (Korostylev & Dolskaya, 2022, p. 13).

Modern teachers and scientists emphasise the need to use interactive technologies in
teaching (we find this in the works of A. Didyk (2076), G. Shishkin (2072), 1. Petritsin (2073).
“According to military analysts, the need to use virtual models for educational purposes and
scientific activities is an urgent need” (Korostylev &> Dolskaya, 2022, p. 13).

Based on their experience of teaching electrical engineering subjects, it is necessary to
emphasise the following: for improving the theoretical knowledge of cadets, practical training is
of great importance — conducting laboratory classes. The methodological basis for conducting
laboratory classes is the development of methodological manuals for conducting laboratory
classes and the development of visualised programmes for computer interactive training. With
the help of a user-friendly interface, cadets have the opportunity to compose, simulate, and study
electrical circuits in their free time.

Programmes of schematic modelling of analogue, digital and analogue-digital circuits allow
the laboratory workshop to draw up an equivalent circuit of the device using library components,
to simulate almost any electrical or electronic circuit, to change the nominal values of its elements
with a healthy check, to show on the monitor actual waveforms of signals at any point of the
circuit. It becomes possible to demonstrate simulated circuit errors and their impact on specific
electrical circuit parameters.

There are also disadvantages to working in the virtual world, e.g., one of them is the inability
to conduct objective research on electrical circuits and radio components, affecting the ability of
cadets to comply with safety regulations when working with live electrical equipment. At the
same time, an ordinary computer, in combination with auxiliary devices, can be used as a
powerful research laboratory. Using computer programs such as oscilloscope, pulse generator,
millivoltmeter, spectrum analyser, and microphone input of a sound card, you can perform much

real laboratory work without spending significant material resources.



Thus, in modern education, particularly in the teaching of electrical engineering, we observe
the use of computer mathematics, which determines changes in the teaching of natural sciences.
“Today, these changes are tied to the active use of virtual reality with the language of computer
mathematics” (Korostylev & Dolskaya, 2022, p. 16).

Conclusion

The article emphasises that engineering education is of great significance in modern society
and has become a necessary component of military affairs. Military personnel who have received
a high-quality modern electrical engineering education usually have developed technical skills,
understand the technological features of modern weapons, have a joint scientific base for
innovations, and so on. It is impossible not to emphasise that modern, innovative electrical
engineering education contributes to a systematic vision of problematic issues of a purely military
nature.

The education of the future officer is complicated due to the integrated nature of teaching
natural, technical, and technological sciences. These sciences' methodologies are related to
innovative processes and require the use of increasingly complex computer mathematics tools.

It is worth emphasising that today it is increasingly necessary to turn to computer
mathematics because the functioning of technical objects is directly and indirectly related to the
appeal to the possibilities of virtual reality. Computer programming languages have become an
active tool in the organisation of theoretical and practical tasks of electrical engineering, so
introducing computer mathematics into educational programmes is becoming an objective
necessity.

Using software products PhET, Electronics Workbench, Multisim, and many other
alternative simulators of electrical and electronic circuits with similar functionality allows future
military specialists to significantly expand their capabilities and improve their understanding of
educational topics while performing laboratory workshops and control tasks. Also, it encourages
a deeper study of the virtual object to create, calculate and test electrical circuits at all stages of

their operation.
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