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Abstract. The authors analyze the concept of symmetry and asymmetry in the process of teaching physics in technical in-
stitutions of higher education. The relationship between symmetry and asymmetry in the process of teaching physics
based on STEM technologies is revealed. The use of fundamental ideas of physics (for example, symmetry and asymme-
try) taking into account STEM technologies is highlighted. The interrelation of symmetry and conservation laws about
their fundamentality is clarified; the technique of the integrated approach of physics and disciplines of the professio-
nally-oriented profile, on an example of studying cosmetic loadings, is presented. It was found that the formation of in-
dependent cognitive-exploratory activities of students should use physics problems with consideration of fundamental
concepts, such as symmetry caused by the development of motives, cognitive interest and scientific thinking and the
acquisition of professional competencies. The demonstration of engineering and technical component of STEM educa-
tion and development of methods of studying disciplines taught to students of technical institutions of higher education,
taking into account the integrated approach and interdisciplinary links, is relevant. The transition to STEM training
requires improving the methodology of teaching physics in terms of integrated, systematic, professionally-oriented ap-
proaches, which includes: the use of new methods, techniques, teaching aids that would help solve several methodolo-
gical problems; application and introduction in the educational process of physics of interesting and important scientific
achievements, as well as strengthening those aspects that stimulate and intensify the independent cognitive activity of
students of technical institutions of higher education. It is established that to improve the quality of teaching physics in
future technical specialists it is necessary to systematically improve the methodology of educational and cognitive ac-
tivities, and more widely apply STEM-learning technologies, which leads to productive mental and practical activities of
students in the process of mastering educational material. In the future, work on the study of this problem can be carried
out in the following areas: development of a new approach to changing the structure and content of working curricula,
improving the content and system of teaching physics taking into account STEM technologies, strengthening the con-
nection between the teaching of physics course and the professional orientation of students of non-physical specialities
of technical universities in the context of STEM education.
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Problem statement in general and its connec-  the Industrial Revolution 5.0., which are important
tion with important scientific or practical tasks.  for the development of cyber-physics systems [1],
Innovative trends in the development of educa- influence the introduction of innovative technolo-
tional innovations and conceptual principles of  gies (STEM-education, 3D-modelling, elements of

artificial intelligence, etc.) in the educational pro-
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cess technical education (speciality 272 “Aviation
transport”).

An important issue in the implementation of in-
novative STEM technologies is to ensure a high
level of scientific, engineering and technical educa-
tion in higher education, which meets the capabi-
lities of technological implementation of scientific
achievements in physics and technical disciplines,
mastering methods of modelling physical phe-
nomena and developing appropriate technological
processes. technical direction (http://www.glau.
kr.ua/index.php/ua/17-ukrainian/2466-2021).
Therefore, one of the directions of reforming phy-
sics education in technical education is to streng-
then its methodological focus in the development
of STEM education (on the example of the relation-
ship between symmetry and asymmetry).

Scientific and innovative activity of applicants
for higher education based on the introduction of
STEM technologies is due to 1) the development
of innovative technologies and the transfer of
STEM technologies; 2) change in the methodology
of teaching physics and technical disciplines in the
HEI of technical direction (the use of artificial intel-
ligence technologies, blockchain, Internet of Things
and Industrial Internet of Things, 3D printing, etc.);
3) the need to restore Ukraine’s economy after the
military crisis, so STEM-innovation is an effective
means of achieving this goal.

Therefore, according to the Law of Ukraine “On
Scientific and Scientific-Technical Activity” (https://za-
kon.rada.gov.ua/laws/show/848—19#top), the Law of
Ukraine on “Education” (https://zakon.rada.gov.
ua/laws/show/2145-19#Text) and “Higher Educa-
tion”  (https://zakon.rada.gov.ua/laws/show/1556—
18tText), it is provided that the main direction updat-
ing the content of higher education is to ensure its
quality based on the latest advances in science, cul-
ture and social practice. Thus, the educational field of
“technology” performs the functions of technical and
technological education, based on the laws and pat-
terns of man, nature, society, culture and production,
studied by subjects of basic sciences.

Physics plays a leading role in the system of
natural and technical sciences, as it plays a funda-
mental role in the development of the productive
forces of society. The modern educational process
of studying the general course of physics is based
on an experimental basis and combined with a
theoretical method based on STEM technologies.
In this case, regardless of the method of cognition

underlying the process of teaching physics, the
educational physics experiment is a mandatory ele-
ment and at the same time an integral part of the
methodology of teaching physics based on STEM
technologies as a scientific discipline capable of ef-
fective learning.

The use of STEM technologies, as one of the
means of innovative activity, requires the improve-
ment of methods of teaching physics, which in-
cludes: the use of new methods, techniques,
teaching aids that would help solve a number of
methodological problems in physics; application
and introduction of interesting and important sci-
entific achievements in the educational process in
physics, as well as strengthening those aspects that
stimulate and intensify the independent cognitive
activity of students of the Flight Academy of the
National Aviation University.

Therefore, in order to form convincing ideas
from the course of general physics, it is necessary
to create and develop appropriate methods of
teaching it (highlighting the concepts of symmetry
and asymmetry for the applied aspect of techni-
cal disciplines), which would improve STEM com-
petencies and stimulate cadets/students to active
cognitive exploratory and independent work in
teaching physics. This is achieved with the help of
STEM equipment (STEM-kits, research STEM-labo-
ratories, STEM-centers, etc.), which should be im-
plemented in the educational process of free tech-
nical education.

An analysis of recent research and publications
that have begun to address this issue. In order
to develop STEM learning and motivate subjects
to research activities in the process of teaching
physics and technical disciplines, teachers need
to use in their research the work of leading scien-
tists: I. Slipukhina, [2; 3], O. Strizhak [3], I. Cher-
netskyi, M. Sadovyi, N.Podopryhora, P. Ataman-
chuk, S. Dembitska, I. Savchenko, N. Goncharova
and V. Sipiyi and others.

Definitions of symmetry and asymmetry were
considered in the works of B. Gott [4], F. Zemly-
anskyi; theoretical aspects of symmetry are out-
lined in the study of R. Ganiev [5]; string theory, the
principles of symmetry were outlined in his works
by B. Green [6]; methods of teaching symmetry in
general secondary education were developed
by 1. Kovalev [7], symmetry in classical mechanics
was studied by V. Multanovskyi [8]; geometric
transformations of symmetry were outlined in his
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research by M. Murach [9]; leading scientist M. Sa-
dovyi substantiated the methodology of teaching
physics on the basis of considering the symmetry
of microparticles [10].

In aerodynamics and flight dynamics, scien-
tists Wang Lixin, Xu Zijian, Yue Ting [11] point out
that inclined wings significantly change the mo-
ment of lifting, resistance and ftilt, as well as ge-
nerate lateral force, moment of rolling and roaring,
which are not present in symmetrical wings. Thus to
cut asymmetric aerodynamic moments, three-axis
control surfaces should deviate in harmony, which
balances asymmetric moments. At the same time,
the OWA must roll at an angle to balance lateral
force [11, pp. 1664-1672].

Well-known scientists Ribe N. M, Brun P-T, Au-
doly B. [12], considered the structure and princi-
ple of operation of a liquid mechanical machine,
and the phenomena of symmetry and asymmetry,
which are important in the process of its work.

The aim of the article is to substantiate the
methodological features of the relationship be-
tween the concept of symmetry and asymmetry on
the basis of STEM education and the disclosure of
experimental testing of teaching methods of phy-
sical and technical disciplines of these definitions in
technical higher educational institution (HEI).

Methods and techniques. Diagnostic research
methods were used in the work: application of
research on teaching physics and technical disci-
plines on the basis of STEM technologies and es-
tablishing their influence on the formation of STEM
skills in students in the process of teaching physical
and technical disciplines.

Symmetry is a category that means the unity of
conservation and change, invariance and transfor-
mation between different and opposite states of
world phenomena [13].

Asymmetry is a category that means the exis-
tence and formation in certain conditions of dif-
ferences and opposites within the unity, identity,
and integrity of the phenomena of reality [13].

Dardashti R., Frisch M. and Valente G. [14,
pp. 983-989] studied the historical aspects of the
concept of symmetry and its principles. These sci-
entists focused on examples of the application of
the principles of symmetry (subatomic theories
and space-time theories); issues of ontological and
epistemological nature concerning the conside-
ration of symmetry and asymmetry in the teaching
of physics are revealed.

Studying the symmetry of physics and technical
systems, “behaviour in different physics transfor-
mations is studied, so if a particle moves rectili-
nearly in a field with potential U(x), this potential
has mirror symmetry concerning the origin, which
satisfies equality U(x) = —0(X) . In this aspect, the
potential is invariant concerning the conversion of
the quantity x on —Xx. When a particle moves in
three dimensions, we can write the expression in
spherical polar coordinates: (7). This poten-
tial is invariant for any transformation, which con-
sists in rotating to an arbitrary angle around an ar-
bitrary axis passing through the origin” [15, p. 12].
The mathematical apparatus used by scientists in
the process of studying the properties of symme-
try is called group theory [16; p. 104].

The use of group theory in the study of mixed
particles was revealed in his works by Abra-
ham A. Ungar [17], who, based on Lorentz trans-
formations, outlined the definition of symmetry,
which is the basis of Einstein’s theory of relativity.

Consider the consequences of the existence of
symmetry in quantum mechanical systems, which
are important for the mastery of theoretical and
practical material by graduates of the speciality
272 “Aviation transport”: 1) conservation laws;
2) transformation of functions in the study of the
symmetry operation and the existence for them
of asymmetric index independent of the particular
form of the Hamiltonian; 3) selection rules; 4) the
relationship between the matrix elements of the
observed quantities [15, p. 19].

The principle of superposition, considered in
guantum theories of symmetry, determines the
structure of the extended set of states, and this
principle allows to describe these states [17, p. 14].
The principles of symmetry and asymmetry are
used in unifying physics theories.

Unifying theories in modern physics can be
seen as the formation of a new paradigm in science
and technology, the desire to build a single physics
picture of the world, the foundation is a synthe-
sis of relativistic and quantum ideas, the idea of
building a single theory of all fundamental inter-
actions [18, p. 8; 19]. Modern superstring theory,
which claims to be the unifying theory of all four
fundamental interactions, is based on the model of
supersymmetry.

Scientists S. lllarionov and O. Mamchur outlined
the functions of the principles of symmetry in physics
cognition [17]: 1) organizing function; 2) restrictive
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function, which has important aspects of epistemo-
logical and ontological nature; 3) unifying function, in-
dicates that “the principles of symmetry play the role
of one of the foundations of the tendency of physical
knowledge to unity” [17, p. 177].

The task of finding the unity of symmetry and
asymmetry in physics and technical phenomena is
to impose such operations, which reveal both iden-
tities in different and different in identical. Before
the symmetry of protons and neutrons concerning
strong interactions was established, the difference
between them was established, their certain asym-
metry for electromagnetic interactions. Particles and
antiparticles are asymmetric because in the opposi-
tion between them there are identical moments, due
to which they are a mirror image of each other. So the
unity of symmetry and asymmetry is that they pre-
cede each other and are most clearly manifested in
the development of our knowledge. Already directly
from the definitions of symmetry and asymmetry, we
can see that they are based on such general catego-
ries as identity, difference, change, formation, ie on
such categories that have general significance.

Considering with students the laws of Newtonian
mechanics, we note that they are asymmetric con-
cerning Lorentz transformations. The law of entropy
growth is asymmetric for the transitions of different
types of energy, which establishes the predominant
tendency to convert all types of energy into heat.

The presence of asymmetry in the laws does
not destroy their content and the existence of
symmetry. It, like symmetry, is the basis of the rela-
tionship between laws. For example, the asymme-
try of the content of the law of entropy growth is
the basis on which the connection of this law with
the law of conservation and conversion of energy,
which is expressed through the existence of such
physics quantities as thermodynamic potentials.
It is known that the laws of conservation of energy
and momentum contain mutual asymmetry: ener-
gy is a scalar quantity, momentum is a vector quan-
tity, but there is a deep connection between them,
revealed by relativistic theory.

We distinguish and consider the following forms
of symmetry and asymmetry: geometric and dyna-
mic. It should be noted that E. Wigner proposes
in his works the third form of symmetry — cross-
symmetry [16]. The classification of types of symme-
try is the classification of types of asymmetry.

Symmetries that express the properties of
space and time are referred to as geometric forms

of symmetry. Examples of geometric symmetries
are homogeneity of space and time, isotropy of
space, spatial parity, and equivalence of inertial
reference frames.

Symmetries that are not directly related to the
properties of space and time and that express the
properties of physical interactions are referred to
as a dynamic form of symmetry. Examples of dy-
namic symmetries are the symmetries of electric
charge, spin, isotopic spin, and others. Dynamic
symmetries include symmetries of internal proper-
ties of objects and processes. So geometric and dy-
namic symmetries can be considered internal and
external symmetries. Forms of symmetry are also
forms of asymmetry. The asymmetry of the pro-
perties of space and time belongs to the geometric,
and the asymmetry of the properties of interac-
tion, causality and development — to the dynamic.

Asymmetries, such as the homogeneity of space
and time, the anisotropy of space are geometric
asymmetries; respectively, the difference between
protons and neutrons in electromagnetic interac-
tions, the differences between particles and anti-
particles in electric, baryon, lepton charge — dy-
namic asymmetries.

There is an inextricable link between geomet-
ric and dynamic forms of asymmetry. We will show
students this connection by the following example:
the asymmetry of space — Riemann’s time is a con-
sequence of the presence of strong gravitational
fields or equally large masses of matter.

Note that the law of conservation of energy
cannot be unambiguously associated with such
symmetry as the homogeneity of time, and the law
of conservation of momentum — with the homo-
geneity of space. There is, of course, a significant
connection between these symmetries and the
laws of conservation, but it cannot be considered
unambiguous in the sense that these symmetries
determine the whole meaning of these laws of
conservation. It should be noted that the content
of each law of conservation includes symmetry, as
well as asymmetry.

The law of conservation and conversion of en-
ergy includes the asymmetry of direct and indirect
methods of energy conversion, which is that indi-
rect methods of conversion through heat prevail
over direct methods of conversion of any form of
energy into any other form. The law of conservation
of momentum in classical mechanics is asymmetric
concerning Lorentz transformations.
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The asymmetry inherent in this law is ex-
pressed in the fact that when calculating the final
transmission rate of the interaction, the equality
of action and counteraction is violated. Extensive
study of conservation laws requires the disclo-
sure in their content of both moments of symme-
try and asymmetry. From the above it follows that
attempts to derive conservation laws only from
certain forms of symmetry (the law of conserva-
tion of energy — from the homogeneity of time,
the law of conservation of momentum — from the
homogeneity of space) is possible only with a uni-
lateral interpretation of these laws, so they can not
be entirely correct.

If we consider the well-known theorem of
E. Noether, it does not derive, for example, the
law of conservation of energy from the homoge-
neity of time, but only reveals the relationship of
some of its forms with this form of time symmetry,
which, of course, is important.

Derivation of conservation laws only from geo-
metric symmetry is impossible. Conservation laws
are related not only to geometric symmetries but
also to dynamic ones. This connection, for exam-
ple, is clearly stated in the law of conservation of
the total momentum of electrons in atoms, which
refers to their spin and spin-orbit interactions.
In the latter, as is known, the internal degrees of
freedom of electrons, ie, dynamic symmetries are
associated with their motion in space, and hence
with geometric symmetries.

Therefore, recognizing the importance of this as-
pect in the analysis and theoretical justification of
conservation laws, it should be noted its limitations.

There is undoubtedly a connection between sym-
metry, asymmetry, and conservation laws, but the
whole content of conservation laws is reduced to
forms of symmetry and asymmetry. The task of theo-
retical substantiation of conservation laws is not only
to reveal their connections with forms of symmetry
and asymmetry, but also to reveal their connections
with each other, with the structure of fields, with such
general laws as the law of conservation of matter and
motion and the law of unity of matter.

The existence of the preservation of laws, as a
rule, is due to the presence in this system of a sym-
metry. For example, the homogeneity of time pre-
serves the laws of energy, and the homogeneity of
space preserves the laws of momentum. However,
the concept of symmetry can be extended to in-
clude abstract concepts not related to geometry.

For example, one of the symmetries is related to
the work done when lifting the body.

The energy expended depends on the height
difference that needs to be overcome. But ener-
gy does not depend on absolute altitude: it does
not matter whether altitudes are measured from
sea level or land level — only the difference in al-
titude is important. This is an illustration of what
physicists call calibration symmetries associated
with changes in scale.

These descriptions of different types of symme-
try give us enough reason to talk about the huge
role of the principle of symmetry in modern phy-
sics. This role of symmetry requires the expediency
of its definition.

The law of conservation of momentum is a con-
sequence of translational invariance of space (ho-
mogeneity of space). If the Lagrange function re-
mains unchanged at any infinitesimal transfer of a
closed system in space, we obtain the law of con-
servation of momentum.

In classical mechanics, the law of conservation
of momentum is usually derived as a consequence
of Newton’s laws. From Newton’s laws we can
show that when the system moves in space, the
momentum is preserved in time, and in the pre-
sence of external influence, the rate of change of
momentum is determined by the sum of applied
forces.

Consider the derivation of Newton’s law in
dynamics. According to Newton’s second law, for
a system of N particles the relation is fulfilled

d_fj, (1)

_ . N
where p — the momentum of the system p = an,
i=1

F —is equal to all the forces applied to system
. N _—. N N

particles F = F"+Y >'F, ,m#n. (2)
k=1 n=1 m=1

m — force acting on n a particle from the side m;
F — is equal to all external forces applied to the
k - particle.

According to Newton’s third law, forces m
and a levels are absolute in value and opposite in

direction, ie a:_a. Therefore, the second

. N_—. NN
sum intheright part F =Y F+Y > F, . m#n
k=1

n=1 m=1
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of the expression will be zero, the internal forces
are excluded, and the derivative of the momentum
of the system over time is equal to the vector sum
of all external forces acting on the system:

dp Lo
i Fex . (3)
dt kzz:‘ g
For a system of N particles, in which the sum of
all external forces is zero:

N —

Zerxt =0 , (4)

k=1

especially for a system whose particles are not af-
fected by external forces (for all k from 1 to N), we
have

d - —
Ezlpn=0. (5)

The derivative of the expression is zero, ie
there is a constant value for the variable differenti-
ation, which means:

—_—

N
an = const . (6)

n=l1

That is, the total momentum of a system of
N particles is a constant value. At N = 1 we obtain
the expression for the case of one particle. Thus,
the conclusion arises [18]:

If the vector sum of all external forces acting on
the system is zero, then the momentum of the sys-
tem is preserved, ie does not change over time.

The law of conservation of momentum is fulfilled
not only for systems that are not affected by exter-
nal forces, it is also valid in cases where the sum of
all external forces acting on the system is zero.

If the projection of the sum of external forces
on any direction or coordinate axis is zero, then in
this case we are talking about the law of conserva-
tion of the projection of the pulse in this direction
or coordinate axis. As a result of the research and
the above, we state that the expediency of sub-
ordinating the content of educational material in
physics is based on fundamental concepts, one of
which is symmetry and asymmetry.

Accordingly, the acquaintance and study of
these concepts by students will contribute to the
formation of modern scientific thinking, as well as
provide systematization of knowledge in physics
and the formation of the scientific worldview.

The existence of the preservation of laws, as a
rule, is due to the presence of this system of sym-

metry. For example, the homogeneity of time pre-
serves the laws of energy, and the homogeneity of
space preserves the laws of momentum.

However, the concept of symmetry can be extend-
ed to include abstract concepts not related to geome-
try. For example, one of the symmetries is related to
the work done when lifting the body. The energy ex-
pended depends on the height difference that needs
to be overcome. But energy does not depend on ab-
solute altitude: it does not matter whether altitudes
are measured from sea level or land level — only the
difference in altitude is important. This is an illustra-
tion of what physicists call calibration symmetries as-
sociated with changes in scale.

Consider, as an example of the use of the funda-
mental physical concept of symmetry in the teaching
of students in the disciplines of physics, theoretical
mechanics and resistance of materials in higher edu-
cation institutions of the technical profile, given the
transdiplinar approach to learning.

Oblique load. Consider a statically indeter-
minate frame (Fig. 1, a) under the action of
obliquely asymmetric loading (Fig. 1, b). For its
calculation we use the main system and the main
unknowns (Fig. 1, c).

The first subsystem, which contains unknown
only symmetric forces, due to the oblique sym-
metry of the plot of the moments of the cargo
state (Fig. 1) will have zero free members:

011Xy # Xy H# B Xy = 0,
812Xy # 80Xy 80Xy =0, (7)

This homogeneous system of equations has a
trivial solution, ie X, = X, = X, =0.Thus, the basic

skew-symmetric unknowns can be determined by
solving the second subsystem of equations:

Therefore, in a symmetrical frame under the
action of obliquely symmetrical loading, the un-
knowns are equal to zero. It is necessary to define
only obliquely symmetric basic unknowns. Valid
plots M, and N, will be obliquely symmetrical,
and the plot O, — symmetrical.
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Fig.1. Statistically indeterminate frame

Conclusions and prospects for further ex-
plorations in this direction. Thus, methodolo-
gical principles play an important role in scien-
tific knowledge. They perform a methodological
function in the growth of scientific knowledge.
The principle of symmetry as a methodological
principle crystallized in scientific theory and ac-
quired the status of “general methodological”
because its internal content and methodologi-
cal functions are so abstract that they become
common to science. Among other factors, a huge
role in this was played by the fact that the very
abstract form of representation of the term “sym-
metry” and its semantic meaning allows its use in
a wide range of scientific knowledge.
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0. C. KyabmeHKo,
I. M. CaBYeHKo,
B. B. lem’siHeHKO

METOANYHI OCOBJIUBOCTI PEANI3ALLIT B3AEMO3B’A3KY CUMETPIT TA ACUMETPI|
HA 3ACAZIAX STEM-OCBITU

AHomayjia. Y cmammi npoaHanizosaHo noHAMms cumempii ma acumempii'y npoueci Ha84aHHA i3UKU 8 MEXHIYHUX
30KAadax suwoi oceimu. Po3kpumo 830eMo38’30K cumempii ma acumempii 8 npoyeci HAB4YAHHA i3UKU HO OCHOBI
STEM-mexHonoeili. BucgaimsneHo 8UKOPUCMAHHA hyHOamMmeHmManbHuUXx ideli gizuxku (Ha npukaadi cumempii ma acume-
mpii) 3 ypaxyeaHHAm STEM-mexHornoezili. 3’acoeaHo 830eM038’A30K cumMmempii ma 3aKoHi8 36epexceHHA W00 iX ghyH-
dameHmanbHocMi; npedcmasaeHa MemoouKd iHme2posaHo20 nioxody izuku ma oucyuniH npogeciliHo opieHmo-
80HO20 NPOInNto HA NPUKAAOi BUBYEHHA KOCOMEMPUYHUX HABAHMAXEHb. 3’ACOBAHO, WO, hopMyoHU camocmiliHy
ni3HasasnbHO-NowyKosy difsnbHicmb 3006ysauie ocgimu, mompibHo sukopucmosysamu ¢izu4Hi 300a4i 3 po3aaaoom
hyHOaAMeEHMANbHUX MOHAMb, HANPUKAAO cuMempii, W0 BUKAUKAHO PO3BUMKOM MOMUBI8, Mi3Ha8AAbHO20 iHMepecy
ma npupoOHUYO-HAYKOBO20 MUCAEHHA | Habymmasam npogeciliHux kKomnemeHmHocmel. AKmyanbHUM MOCMAE Mo-
Ka3 iHxceHepHoi i mexHiyHoi cknadoeoi STEM-ocgimu ma po3pobaeHHAa MemoOuKU 8UBYEHHS OUCYUNAIH, AKi BUKAQA-
daromoeca cmydeHmam mexHiYHUX 3aKaadie sUW0i oceimu 3 ypaxy8aHHAM iHMez2pos8aHo20 Nioxody ma Mixcoucyu-
naiHapHux 38’sa3Kis. lMepexid Ha STEM-Ha8YaHHA 8UMA2A€E YOOCKOHANEHHA MemoOUKU HABYAHHA (hi3UKU 8 yMo8ax
iHMe2posaHo20, cucmemHo20, npogeciliHo opieHMosaHo20 nioxodis, wWo nepedbayae: BUKOPUCMAHHA HOBUX Me-
modis, npuliomis, 3acobie HaBYAHHSA, AKI dornomazanu 6 supiwuMU HU3KY MemoOUYHUX 30800Hb, 30CMOCYBAHHSA
i 3anposadiceHHA 8 0C8IMHbOMY npouyeci 3 Pi3UKU YiKasux i 8aHAUBUX HOYKOBUX O0CAZHEHb, O MAKOMC MOCUMAEHHA
mux acriekmie, AKi CmumMyaoMs Ma aKMuU8i3ytoms camocmiliHy nizHaeasbHy QifiaAbHICMb cmydeHmie mexHiuHuUX
3aKnadie suwoi ocgimu. BusHavyeHo, wjo 048 Ni0BUUWEHHA AKOCMI HABYAHHSA (Pi3uKu y malibymHix gaxisuyie mex-
HiYHO20 npoginto HeobxioHO cucmemamu4yHo 800CKOHAI08AMU MeMOOUKY Op2aHIi3ayii Ha84a1bHO-Mi3HABAN6HOT
dianbHocmi, wupwe 3acmocosysamu STEM-mexHosnozii Ha84aHHA, W0 nNPUBoOUMs 00 MPOOYKMUBHOI po3yMoBoi
i mpakmuyHoi dignbHOoCMi cmyodeHmig y npoueci onaHy8aHHA HABYA/AbHUM MAMepPiasnom, a ye MAe npuxkaaoHull
acnekm. Hadani poboma 3 0ocnioxceHHA yiei npobaemu mMmoxce nposoouUMUCA Yy MaKUux HANpamax: po3pobaeHHs
HO08020 Midx00y 00 3MiHU CmpyKmMypu i 3micmy pobo4Yux Has4yasnbHUX MPo2pam, YyOOCKOHAAeHHA 3micmy U cucme-
MU HaBYAHHA Bi3uKu 3 ypaxysaHHAM STEM-mexHonoeill, niocuneHHs 38°A3Ky 8UKAAOAHHA Kypcy hi3uKku 3 ¢haxoeoro
cnpAamosaHicmio cmydeHmig HegizuyHUX crieyiansHocmel mexHiYHUX yHisepcumemis y KoHmexkcmi STEM-oceimu.

Karuoesi cnosa: ¢isuka, STEM-mexHosnoeii, cumempis, acumempis, memoou4Hi ocobausocmi HaGBYAHHA.
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