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METHODOLOGICAL ASPECTS OF FUNDAMENTALIZATION OF
MATHEMATICAL KNOWLEDGE OF FUTURE SPECIALISTS IN THE FIELD OF
ELECTRONICS AND TELECOMMUNICATIONS

A. A. Kolomiiets*

The methodology of the educational process and mathematical training of future bachelors in the
field of electronics and telecommunications, in particular, is due to a large number of approaches
and methods. Traditional approaches include: knowledge-centric, systemic, activity, complex,
personality-oriented, personality-activity; the new approaches include situational, contextual,
informational, ergonomic, competence and others. The paper analyzes the educational and
professional programs of specialties in the field of 17 Electronics and Telecommunications 15
technical HEIs to determine the number of hours allocated for the study of higher mathematics. The
analysis allowed us to conclude that an average of 16.5 credits were allocated for the study of
higher mathematics, which is about 7 % of the total number of credits (240 credits) allocated for
general training of future technicians in electronics and telecommunications. Such a narrow time
frame for the study of a fundamentally radically important discipline — Higher Mathematics,
encourages the search for methodologically new approaches in the educational process. The article
analyzes and reveals the essence of the main approaches that help increase the level of
mathematical training of future technicians, and can also be introduced into the process of general
professional training of future technicians.

Particular attention is paid to the disclosure of systemic, personal, activity, reflexive, competence,
synergetic approaches.

The modern education system provides for the introduction of information and communication
technologies (ICT) in the learning process, including the study of higher mathematics. Such
implementation is most effective when ICT is included in the educational and methodological
complexes, i.e. the combination of software and accompanying printed materials is optimal. The use
of modern ICT tools in the educational process, as well as any traditional means and systems of
education, should be based on the general principles of learning; principles of scientificity and
systematicity; consciousness of creative activity of students in education; the principle of clarity, the
principle of strength of knowledge acquisition, formation of skills and abilities; the principle of a
differentiated approach to the teaching of each student under the conditions of collective work of the
group; the principle of developmental learning.
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METOOOAOTTYHI ACIIEKTH SYHOAMEHTAAIZALIIL MATEMATHYHUX
SHAHb MAHBYTHIX CIIEIIAAICTIB I'AAY3I EAEKTPOHIKH TA
TEAEKOMYHIKAIIITHA

A. A. Koaomieusp

Memoodonozisi oceimHboz0 npouecy i memoOOs02it MAMEMAMUUHOL NIO20MO8KU MAOYmMHIX
barxanaepie 2anysi eeKMpoHIKU Ma MmeneKoOMYyHIKayill, 30Kkpema, obymoeneHa 0ocumes 8eUKOH
KLbKicmio nioxodie ma memoois. /Jo mpaduyiliHux nioxodig HAleiams. 3HAHIEGO-UeHMPUCMCbKUTL,
cucmemHull, OIAAbHICHUT, KOMNAEKCHUL, 0COBUCMICHO 30PIEHMO8AHULL, 0COOUCMICHO-OISNbHICHUT; 00
HOBUX — cumMyayiliHuil, KOHMeKCmHUl, IHPOPMAUIUHUT, ep2OHOMIUHUT, KOMNEeMEeHMHICHUT ma (HUWL.
Y pobomi nposederHo aHaniz 0cC8IMHBLO-NPOGeECliHUX npozpam chneyianbHocmelli eanysi 17
EnexmpoHiku ma menekomyHikauyiti 15 mexniuHux B30 Ha 6U3HAUEHHSI KUlbKocmi 200UH, WO
8l08e0eHl 051 BUBUEHHS 8UULOl mamemamuku. TIpogedeHull aHaliz 003801U8 3pO6UMU 8UCHOBKU, UL0
8 cepedHbOMYy HA BUBUEHHSI euwoi mamemamuku egidgedeHo 16,5 kKpedumis, wo cmaHo8UMb
6nusbko 7 % 8i0 3azanbHOi Kitbkocmi kKpedumie (240 kpedumig), ski gi08eldeHi O/t 3a2abHO
npogpecitinoi  nideomosku  MaAlbOYMHBLO20 MEXHIUHo20 (axieust 2anysi eneKmpoHiKu ma
menexkomyHikayiii. Takxi eysvki uacosi pamku OJsi 8UBUEHHSI (PYHOAMEHMANIbHOI paduKkalbHO
saxcaugol oucyunniHu — Buwa mamemamura, CnoHykaromes 00 NOWYKY MemoOOS02IUHO HOBUX
nioxo0ie Yy oceimHboMy npoueci. Y pobomi npogedeHo aHali3 ma Po3KpuUmo Cymsb OCHOBHUX Nnioxo0is,
W0 CNPUsIIOMb NIOBUULEHHIO PIBHS MAMEMAMUUHOL Ni020moeKu MalibymHIX MexHIUHUX ¢axisuis, a
MAaKosK MOoXKYymsb O6Yymu 6npoeadrKeHi Y npouec 3azaibHO NnpogheciliHoi nidzomoerku MaltibymHix
mexHiuHux ¢axisyis. Ocobnuey yeazy Y pobomi npudiieHo pO3KPUMmMI CUCMEeMHOz0,
ocobucmicHozo, OisLIbHICHO20, pegpleKCUBHO20, KOMNEeMeHMHICHO020, CUHep2emuuHo20 nioxoois.

CyuacHa cucmema ocgimu nepeobaudae 8NPOBAOIKEHHS  IHPOPMAUIUHO-KOMYHIKAYUITHUX
mexHonoeii (IKT) y npouec HA8UAHHS, 30Kpema 1 6usueHHsi euwoi mamemamurku. Take
8nposaodsKeHHst HallepekmueHiwwe 3a ymosu, koau IKT ewxntwoueHi 00 cknady HABUANILHO-
MEMOOUUHUX KOMNIEKCI8, mMOoOMO ONMUMANbHUM € NOEOHAHHS NPOZPAMHUX 3acobie ma
cynpoeoosKyruux OpykKosaHux wmamepianie. B ocHogy eukopucmaHHsi 3acobie cyuacHux IKT y
HABUANILHOMY Nnpouyeci, ik i 6Yyob-sKux mpaduyiliHux 3acobie i cucmem HABUAHHS, NOSUHHI bymu
NoK/a0eHl 302a/bHO8U3HAHL OUOAKMUUHI NPUHYUNU HABUAHHS, MAKL SK €0HOCMI HABUAHHSL,
BUXOBAHHSL 1 pPO3BUMKY; NPUHYUNU HAYKOBOCMI [ CUCmMeMamuuHocmi; cgidomocmii meopuoi
akmugHocmi cmyoeHmie Yy HABUAHHI; NPUHYUN HOAOUHOCMI, NPUHUUN MIYHOCMI 30CE0EHHSL 3HAHD,
POpMYBAHHSL YMiHb | HABUUOK, NPUHUUN OugpepeHuiliogaHoz0 nidxody 00 HABUAHHSL KONMHO20
cmyodeHma 3a Ymo8 KoeKkmugHoi pobomu epynu; NPUHYUN PO38UBAIOU020 HASUAHHSL.

Knwuoei cnoea: @gyHOaMeHMANbHA MAMEeMAMUUHA Nnid020mosKad, eleKmpoHika ma
meneKkomMyHikauyii, neodazo2iuHi NiOxXo00U, KOMNEMEeHMHICHUL nidxid, OisIbHICHUU  nioxio,
CuHepzemuuHUl Nioxio.

Introduction of the issue. In modern Current state of the issue. Note that
domestic pedagogy, the basis of training almost all types of approaches are
is based on a large number of different methodologically well developed. Thus,
approaches. Traditional approaches systemic, activity and complex
include: knowledge-centric, systemic, approaches have a convincing
activity, complex, personality-oriented, justification. Their essence is revealed
personality-activity; among new from the standpoint of philosophy,
approaches are the following: situational, psychology, pedagogy. They are widely
contextual, informational, ergonomic, represented in the scientific and
competence and others. pedagogical literature [1].
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Outline of  wunresolved issues
brought up in the article. To a lesser
extent, personality-oriented and
individual-activity approaches have been
developed. Despite the fact that they
have become widespread in recent years
among theorists and practitioners of
education, but there is no clarity in their
content [4]. One of the reasons is the
lack of fundamental knowledge about the
individual in modern conditions.

Aim of the research. The purpose of
the article is to substantiate the
methodological basis for the application
of some approaches to the fundamental
mathematical education of future
bachelors in electronics and
telecommunications. The task of the
article is to analyze the features of
approaches and principles, to determine
the features of the teacher and students

in the study of higher mathematics. In
this regard, the analysis of philosophical,
psychological and pedagogical, special
scientific literature and systematization,
generalization and synthesis of analysis
results.

Results and discussion. In order to
implement the tasks set in the work, we
analyzed the number of credits allocated
for the study of Higher Mathematics by
future bachelors in the field of 17
Electronics and Telecommunications
(hereinafter — FBFETK). For arbitrarily
selected technical HEIs, the amount of
hours varies from 8 to 22 ECTS credits
(table 1); hours, which is about 7% of the
total number of academic hours (240 h.,
which are set aside for general training of
future technicians); higher education
institution (HEI).

Table 1

List of higher education institution, on the basis of which the training of
specialists in the field 17 - Electronics and telecommunications and the value of
the number of credits allocated for the study of higher mathematics

Name of higher
education institution

The name of the
educational and
professional program
EPP and specialties of
the industry 17

Discipline and
the number of
credits allocated
for its study

Vinnytsia National
Technical University

EPP- Radio engineering
Telecommunications and

Higher
mathematics 18

(VNTU) radio engineering
State higher educational .
ihstitution EPP - Electronic systems Higher
«Uzhhorod National . mathematics 19
. . Electronics
University»

Oles Honchar Dnipro
National University

EPP - Infocommunications
and communication
systems
Telecommunications and
radio engineering

Higher
mathematics 15

Zaporizhzhya National

University. Engineering EPP Electronics ngher.

. mathematics 8
Institute

Lutsk National Technical EPP - Electronics Higher
University Electronics mathematics 19

National Aviation
University

EPP — Telecommunication
systems and networks
Telecommunications and
radio engineering

Higher
mathematics 16,5
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National University
«Poltava Polytechnic

Telecommunications and

Higher

7 named after Yuri radio engineering mathematics 14
Kondratyuk»
EPP - Intelligent
National Technical technologies of
3 University of Ukraine «Kyiv microsystem electronic Higher
Polytechnic Institute equipment mathematics 20
named after Igor Sikorsky» Electronics and
telecommunications
National Technical EPP — Electronic Mathematical
9 | University of Ukraine «Kyiv analysis 17,5
Polytechnic Institute components anq systems
named after Igor Sikorsky» Electronics Analytical
geometry 4,5
National Technical EPP - Telecommunications
10 University « Dnieper and radio engineering Higher
Polvtechnic » Telecommunications and mathematics 16
y radio engineering
EPP - Electronic and
11 Odessa National computer technology Higher
Polytechnic University Electronics and mathematics - 21
telecommunications
Ivan Pulyuy Ternopil D Higher
12 National Technical Epgn_diigfg?f;ifsgons mathematics (4.1-
University & & 4.3) - 13,5
Higher
Kharkiv National EPP Radio engineering mathematics -12
13 University of Radio Telecommunications and Higher
Electronics radio engineering mathematics
(special sections) -
4
.. EPP - Telecommunications
14 15132221;?3111[’]1‘1;1:}111211?:1 and radio engineering Higher
Universit Telecommunications and mathematics 15
y radio engineering
. EPP - Radio-electronic
15 CEE;XVIE?EZY;S al computerized means Higher

University

Telecommunications and
radio engineering

mathematics 15

Given that the

(formed by the author on the basis of educational and professional programs)

course of higher

technicians

requires

such

mathematics is the basis for the study of
many special disciplines, it contains

fundamental concepts and logical
constructions that are key tools in
mastering special disciplines,
mathematical training of  future
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transformational changes, due to which
framework (7% of the total number of ah)
could address the problems of
fundamental training.

Modern methodological approaches in
teaching higher mathematics at the
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Technical University  involve the
establishment of general pedagogical
laws as a basis for scientific research,

the establishment of  worldviews
(philosophical, scientific,  biological,
psychological ideas of pedagogical

research and their impact on the results
and conclusions). The normative side of
the methodology is related to the study of
the general principles of the approach to
the study of pedagogical objects, to the
study of the system of general and
particular methods and techniques.

The methodological level of
pedagogical research is based on the
leading principle that on the basis of
empirical and theoretical research the
general principles and methods of
research of the pedagogical phenomena
are formulated, the theory is
constructed. Studies of this level are
called fundamental [6].

In the context of the organization of
education, we can identify the following
methodological approaches that are often

used in practice in the process of
fundamental = mathematical training
FBFETK:

- systemic — modern general scientific
methodology is represented by a system
approach, the essence of which is that
relatively independent components are
considered not in isolation, but in
relationships, in the system with others;

system approach allows to identify
integrative  system = properties and
qualitative  characteristics that are

absent in the individual elements that
make up the system, taking into account
the close relationship with the concept of
integrity, structure, connection, element,

relationship, subsystem; a systematic
approach becomes important in the
process of acquiring fundamental

knowledge and, thus, knowledge, skills
and abilities reach integrity;

- personal — is that in the design and
implementation of the pedagogical
process focus on the individual as a goal,
subject, result and the main criterion of
its effectiveness. According to the content
of the approach, the uniqueness of the
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student's personality, his intellectual
and moral freedom, the right to respect
is recognized; it is envisaged to create in
teaching and education appropriate
conditions for the natural process of self-
development of talents and creative
potential,;

- activity — is based on the recognition
of activity as the basis, means and
decisive condition for the development of
personality. = This  necessitates its
implementation in pedagogical research
and practice in conjunction with a
personal approach. The activity approach
requires special efforts aimed at selecting
and organizing student activities,
activating and creating conditions for a
special position of the student in terms
of knowledge, work and communication,
which, in turn, involves developing skills
to choose a goal, plan activities, organize,
perform , regulate, control it, analyze
and evaluate its results;

- reflexive - rethinking and
restructuring by the subject of the
content of the experience of

comprehending the acquired knowledge,
their deep and conscious assimilation,
awareness and practical use as methods
of further self-development of the
creative personality. The student can
develop reflective skills only in the
process of active activity in a particular
situation with awareness of the results of
their own activities (why learned, what is
missing, what still needs to be learned).
The development of reflexive qualities in
the student age allows an individual to
feel and regulate the level of their
professional skills, not only to analyze
personal achievements or troubles, but
also to model further activities based on
their own achievements and mistakes.
Based on the analysis of the scientific
literature, the following areas of training
students in higher technical education to

identify their professional reflective
position can be identified: the disclosure
of the main ways of acquiring

professionalism in professional training;
formation of readiness of a young
specialist for self-improvement in the
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process of professional activity;
formation of a focus on permanent self-
education. Thus, the issues of reflection
were covered by scientists in various
fields, but no study touched on the
problem of purposeful formation of
professional-reflective life position of the
future specialist [3];

- competence - aimed at the
comprehensive acquisition of knowledge
and methods of practical activities that
ensure the successful functioning of the
teacher (manager) in key areas of life in
the interests of himself and society, the
state and others. Competence approach
in the process of fundamental
mathematical training FBFETK allows to
design and implement such learning
technologies that will create situations of
inclusion of students in various activities
(communication, problem solving,
discussion, practical work and projects);
researchers proposed to modernize
education on the basis of a competency-
based approach. This approach reflects
the content of education, which is not
reduced to a knowledge and oriented
component, but provides a holistic
experience of solving life problems,
performing key (ie belong to many special
areas) functions, social roles,
competencies [4];

- synergetic — an approach to the
formation of fundamental mathematical
knowledge in the context of professional
training FBFETK reveals the special role
of the individual, which is realized in
more complex systems and becomes able
to directly influence the evolution of
phenomena, bring them to the predicted
future state. Synergetics is a qualitatively
new approach that is used today in the
pedagogical sciences in order to model
the features of pedagogical systems and
processes and their further
improvement.

In this regard, one of the main goals of
modern education is the formation of a
culture of self-organization in parallel
with the intellectual, informational,
research (learn to learn). The idea of self-
organization is a key point of the

07

synergetic approach to the methodology
of science in general, the methodology of
education in particular. The traditional
approach involves the study of the world,
the emphasis is on closed systems, with
a special focus on stability and
homogeneity. These principles
characterize the paradigmatic basis and
the way of approach to the study of
natural processes of traditional science
The synergetic approach focuses the
attention of scientists on open systems,
disorder, instability, the existence and
functioning of nonlinear relations. It is
quite natural for scientists, teachers and
lecturers to concentrate on a synergetic
worldview, on the desire to transfer its
concepts and provisions directly into
pedagogical activities. The potential of
synergetics can be revealed at different
levels, because each structural element
of the pedagogical system (student,
teacher, student group) is an open
information system. Therefore, modern
pedagogy is based on scientific methods
of cognition and management of a
complex object. The synergetic approach
is the development of system-functional
methods used in pedagogy. The results
of synergetic analysis of some issues of
pedagogy include: goals and structures
of education; a new paradigm for
choosing the content of education; new
learning technologies as intensification of
information exchange; synergetic essence
of pedagogical management of
independent work of students. Now in
the theory of pedagogy there are many
works in which the methods of
synergetics are applicable. One of the
main methodological approaches in
education is synergetic, based on the
theory of complex nonlinear dynamic
natural systems that are self-regulating.
On its basis, methodological by nature,
fundamental knowledge of the future
engineer is formed.

Substantiation @ of methodological
bases of professional training of future
engineers requires identification of its
main components. The reference to the
dictionary [4] methodology is: 1) a set of
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research techniques used in a science; 2)
the doctrine of methods of cognition and
transformation of reality. Note that
“methodology in pedagogy is not only a
means of theoretical knowledge, but also
is a tool for the practical transformation
of pedagogical reality on a scientific
basis” [2] this allows to include
methodological approaches and
principles in the main components of the
methodology of professional training of
engineers.

Obviously, when organizing student
education, it should be not only about
the tasks that will arise in the future as
a result of professional activities, but
also about those that are valued at the
moment. The fundamental nature of
education determines its advanced
property in relation to the applied tasks
of the practical activity of the future
specialist. The connection between
applied and fundamental components
should be carried out through classical
examples of the application of higher
mathematics [S5]. One of the important
areas for improving the level of
perception of students of technical
universities of mathematics and other
fundamental disciplines of the formation
of their competencies related to future
professional activities are topics with an
applied focus.

Information and communication
technologies (ICT) learning can only be
effective if they fit organically into a

traditional learning system. Dosvid
vykladachiv, which zastosovuyut
komp'yuterno-oriyentovani zasoby
navchannya testifies chto
nayefektyvnishoyu formoyu
vykorystannya informatsiynyh
tehnolohiy in navchalnomu protsesi is
their vklyuchennya till the skladu
navchalno-metodychnyh kompleksiv,

tobto vykorystannya prohramnyh zasobiv
razom with suprovodzhuyuchymy
drukovanymy materialamy. The use of
modern ICT tools in the educational
process, as well as any traditional
teaching aids and systems, should be
based on general principles. These
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include: the principle of wunity of
education, upbringing and development;
principles of scientific systematicity;
consciousness of creative activity of
students in education; the principle of
clarity, the principle of strength of
knowledge acquisition, formation of skills
and abilities; the principle of a
differentiated approach to the teaching of
each student under the conditions of
collective work of the group; the principle
of developmental learning. Specifying the
requirements for the educational process
organized with the wuse of ICT, the
following principles can be distinguished
as the main ones: The principle of
science. The reproduction of educational
material, in particular with the use of
ICT tools, must be adequate to scientific
knowledge and at the same time
accessible to students. Methods of
presenting educational material must
correspond to modern scientific methods
of cognition. These are the methods of

modeling (physical, natural,
mathematical, informational), the
methods of system analysis, which

contribute to the deepest knowledge of
knowledge. In the conditions of
informatization of pedagogical education
any pedagogical technologies are
inconceivable without wide application of
ICT that allow to reveal fully pedagogical,
didactic functions of these methods, to
realize the potential opportunities put in
them.

ICT is an easy way to solve problems
of storing, finding and delivering
information to students. Currently, the
university has accumulated significant
information resources in electronic form,
but the available examples of the use of
ICT in wuniversities are presented in
fragments. This is primarily due to the
lack of scientific and methodological
framework, a clear idea of technical and
methodological problems, the use of ICT
in the educational process. Despite some
successes in the use of ICT, the results
obtained are fragmented, have private
solutions, are not replicable and
implemented in different educational
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institutions. Therefore, the tasks come to
the fore: the creation on the basis of
generalizations and development of the
achieved results of the use of ICT in the
educational process of a single concept of
building an information educational
environment; development of methods
for designing and implementing an
information educational environment in
the educational process in order to

further improve the efficiency of
education, expand the export of
educational services and adequate

response to the growing dynamics of
knowledge change, especially in the field
of pedagogical sciences. The main
principles of wusing modern ICT in
engineering  education are: clear
definition of purpose, purpose;
scientificity; increase motivation;
purposefulness; openness; systematicity;
use in technology only those components
that guarantee the quality of education;

efficiency; ensuring a high level of
individualization of education; providing
stable feedback; monitoring the
development process; logical
completeness; practicality;
professionalism; leading role of the
teacher.

Thus, in the context of the

organization of education we can identify
the following methodological approaches,
which are often used in practice: -
systemic — taking into account the close
relationship with the concept of integrity,

structure, connection, element,
relationship, subsystem; - personality-
oriented - taking into account the

characteristics of each individual in the
process of its free development; -
personal-activity — creation of conditions
for emergence of a special position at the
student concerning knowledge;- reflexive
— rethinking and restructuring by the
subject of the content of his experience; -
dialogical — stimulating the disclosure of
creative potential and ensuring the
formation of personal independence,
responsibility; - creative — development of
abilities, is necessary for successful
progress towards the goal set by the
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person; - competence — aimed at the
comprehensive acquisition of knowledge
and methods of practical activities that
ensure the successful functioning of the
teacher (manager) in key areas of life in
the interests of both himself and society,
the state; - axiological, which considers
the subject of the development of the
culture of personal relations; -
acmeological — the holistic development
of man, ie movement to his "acme" (top),
the manifestation of the phenomenon of
professional maturity, which is based on
professional competence, pedagogical
skills and humanistic orientation of the
individual, a strong motivation for self-
improvement; - andragogic — involves the
establishment of a special climate
conducive to adult learning; determining
the direction of learning; development of
plans (projects) of educational activity —
and all this is obligatory with
participation of the student;
implementation of educational activities,
assessment.

Conclusions and research
perspectives. The current situation in
education, in particular the reduction of
hours devoted to the study of
fundamental disciplines, encourages the
search for ways that would compensate
for the compaction of time for the
acquisition of fundamental knowledge.
Methodologically important approaches
that will contribute to the improvement
of fundamental mathematical training

include systematic, personal, activity,
reflexive, competence, and synergetic
approaches.
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