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Abstract. The article deals with problems of studying the formation of ideas
about the physical foundations of tribology in future specialists.
The leading method of research at this stage was testing, which allowed us to
assess the level of knowledge and abilities of each student with a certain
probability. As part of the study, the initial level of knowledge of students
in the field of tribology was determined. The article presents the results
of the study and analysis. The testing showed a low level of basic knowledge
of students in the field of tribology. For students of educational programs of
physics of higher educational institutes, to solve specific problems of
theoretical ~ and experimental research, it is proposed a provision of
additional study of the physical foundations of tribology in the educational
program. It is also recommended a provision of appropriate
methodology for training of future specialists, using interactive technologies.
In particular, it suggested the building of
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complex of laboratories for Surface Engineering and Tribology, where students will
be able to gain skills in conducting experiments and analyzing results.

Keywords: physical fundamentals of tribology, friction, tribology, future physics
teacher, professional cycle, professional training, scientific center.
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BOJIAITAK MAMAH/JIAPABIH TPUBOJIOTI'US TYPAJIbBI
TYCIHIKTEPIHIH KAJIBIIITACYBIH 3EPTTEY

AHHoTanmusa. Makanaga OoJaiiak MaMaHaapAa TPUOOJIOTUSHBIH (DU3HKAIBIK
HET13/1epi TypaJibl HIIEsUTap/abl KaJIbITACTBIPYIbI 3ePTTEY MOCEIECi KapacThIPbLIAIbI.
OchI Ke3eHJIeT1 KETEKIIT 3ePTTEY 9J1iCi TECTLIIEY OOJIJIbI, OYIT OSINT1ITi BIKTHMAJIBIKIICH
op OiiM anymbIHEIH O1T1iMi MeH KalineTTepin Oaranayra MyMKiHAIK Oepui. 3epTTey
asChIHJA CTYACHTTEPJiH TPUOOIOTHs CalachlHAAFbl OacTankpl OUTIM JCHrei
aHBIKTANABl. Makanazia 3epTTey HOTHIKENepl MEH Taljay YChIHbUIFaH. Tecriney
CTYIEHTTEPJiH TPUOOJIOTHs CajachlHAArbl 0Oa3aJIbIK OUTIMIHIH TOMEH JCHreiiH
kepceTTi. JKorapsl OKy OpBIHAApHIHBIH (u3uKa OiniM Oepy OarmapiamaniapbIHbIH
CTYIEHTTEpl YIIiH TEOPUSIIBIK-IKCIICPUMEHTTIK 3epPTTEYHIH HAKThl MOceleNepiH
menry OoiipiHIIa OimiM Oepy OarmapiamachlHAa TPUOOIOTHSIHBIH (U3UKAIIBIK
HET13/IepiH KOCBIMIIIA 3ePTTEY/Ii KapacThlpy YChIHbUIA bl COHIali-aK, HHTEPAKTUBTI
TEXHOJIOTUSUTAP/IBI MaiilajiaHa OTHIPBII, OoJalllaK MaMaHIaPAbl JaspiaayablH THICTI
9IICTEMECIH d31pJiey KOHE CTYICHTTEP SKCIICPUMEHTTEP KYPri3y ®KoHE HOTHKEISPIl
Tajjay JaFapUIaphlH ajla  aiaThlH «bBeTTiK WHXKEHEpUs IKOHE TPUOOIOTHSDY
OpTAJIBIFBIHBIH 0a3achlHAa 3epPTXaHAIBIK (okoOanay-3epTTey) JKYMBICTAp KEIIeHIH
JabIHAAY YCHIHBLIAIBI.

Tyiiin ce3mep: TpuOonOrUsHBIH (QU3HMKAIBIK HETi3Aepi, YHKelic, Tpubomorus,
Oomamak (pu3nKa MyFaIiMi, KOCIOM LUK, KOCIOW TalbIH]IBIK, FBUIBIMU OPTAJIBIK.
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HCCJIEJOBAHUE C®OPMHUPOBAHHOCTH ITPEJICTABJEHUI
BYAYIIUX CHEOUAJIMCTOB O TPUBOJIOT'NA

AunHoTanusi. B craree paccmarpuBaercs npobieMa usydeHus: popMUpoBaHUs
MPEACTaBICHUH O (U3NUECKUX OCHOBAX TPHOOIOTHUH y OYAYIIMX CIEHUAIUCTOB.
Beaymmm MeTofoMm HccienoBaHMsS Ha JTAHHOM JTare SBISIIOCh TECTUPOBAHUE,
KOTOpOE TMO3BOJIMJIO C M3BECTHOW BEPOSTHOCTBIO OICHHUTh YPOBEHb 3HAHUH U
CIIOCOOHOCTEH KaKIOTo CTyAEHTAa. B pamkax wuccienoBaHus ObUT OHpenelieH
HayallbHBIH YpOBeHb 3HaHMH oOydwaromuxcs B oOmactu TpubOonoruu. B crarbe
MIPEJICTaBIEHbl PE3yIbTaThl HMCCIENOBAaHMS M aHajiu3. [ecTHpOBaHME MOKa3ajio
HEBBICOKUH YpPOBEHb 0a30BBIX 3HAHWH CTYAEHTOB B obOnactu Tpubonoruu. Jlms
CTYACHTOB 00pa30BaTeNbHBIX TPOrpaMM (HU3MKH BBICIINX YYEOHBIX 3aBeICHHH
[0 PEIICHUI0 KOHKPETHBIX 3aJa4 TEOPETHKO-IKCIIEPHUMEHTAILHOTO HCCIIEeIOBaHMS
mpeyiaraeTcst MpeayCcMOTpeTh B 00pa30BaTeIbHONW MPOrpaMMe JOTIOTHUTEIbHOE
n3ydeHne (Gpu3HYecKHX OCHOB TpuOojoruu. PexoMeHIyeTcs Takke pa3padborarh
COOTBETCTBYIOIIYIO METOJMKY TIOATOTOBKH OYIYIIMX CIEIHAIHCTOB, HCIIOIb3YS, B
YaCTHOCTH, MHTEPAKTHBHBIC TEXHOJIOTHH U MOATOTOBUTH KOMILICKC JIAOOPATOPHBIX
(TpoeKTHO-HCcCIeIoBaTeNbCKIX ) paboT Ha 6a3e 1eHTpa « MHKeHepHH TOBEPXHOCTH U
TPUOOIOTHS, TAE CTYACHTHI CMOTYT MOJTYYHUTh HABBIKU IIPOBECHHUS DKCIIEPUMEHTOB
U aHaJIM3a Pe3y/bTaToB.

KioueBble cioBa: (uznueckue OCHOBBI TPHOOJIOTWH, TpEHHE, TPUOOIOTHS,
Oynymuit yunrtens Gu3nuku, npodeccHoHaNBHBIN UK, TIpodeccHoHaNbHas TTOAro-
TOBKA, HAYYHBIN LIEHTP.

INTRODUCTION

It is known (Bharat Bhushan 2013) that the role and importance of tribology
in various fields of science and technology has significantly increased over the
past decade. Accordingly, the research activity of practically important aspects of
tribology has also intensified. In particular, intensive work is being carried out in the
field of surface engineering (Yonggang et al., 2020; Ashlie et al., 2021; Zhilkashinova
et al., 2021, Buitkenov et al., 2020).

However, in our opinion, there are not enough studies in the available literature
devoted to the formation of ideas of future specialists, in particular, teachers, in the
field of modern tribology (Persson et al., 2020).

The educational process in a pedagogical university is subject to all those principles
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and laws that are characteristic of the learning process in higher education in general,
in particular, when preparing a future teacher, the principle of professional orientation
should be observed in the study of all disciplines. Modern standards for secondary
schools require special attention to the formation of students’ ideas about the current
level of development of science and technology. One of the most important features
of science and technology at present is the development of tribology. Therefore,
it can be argued that the study of tribological concepts and patterns in the courses
of physical content in a pedagogical university meets the principle of professional
orientation of training and can significantly influence the formation of the future
teacher’s knowledge of the methodological foundations of modern science.

The professional orientation of the educational process imposes special
requirements on the content of training. Thus, within the framework of the
competence approach, there are disciplines of the professional cycle, within which
a qualified employee is trained, who is fluent in professional knowledge and
oriented in related fields of activity, ready for constant professional growth, social
and professional mobility. The professional cycle of disciplines includes general
professional disciplines, disciplines of subject preparation of the invariant part, as
well as special courses (variable part).

Training in the field of tribology is a purposeful process of training a future
teacher to perform pedagogical activities related to the acquisition of knowledge and
skills, values, and experience in the field of tribology by schoolchildren. Tribology
is systematically connected with a variety of technical and scientific disciplines
(mathematics, physics, biology, microelectronics, etc.), existing and developed
technologies, and this specificity should be reflected in the educational process.
Nevertheless, aspects of tribology seem promising to schoolchildren and students
and arouse interest in studying in the field of natural and technical sciences. It is
necessary to develop an educational strategy for the formation of modern ideas about
innovative tribological topics in educational institutions of various levels of training,
including to acquaint students and teachers with modern concepts of tribology, and
to implement on this basis motivational, career-oriented, ideological opportunities
for studying tribology issues. Tribologies have become very popular in academic
circles in recent years, as well as in technical, classical and pedagogical universities,
which can be explained by the urgent need for qualified personnel in this field and
are truly becoming a key technology of the 21st century.

In connection with the above, the purpose of this work is to determine the level of
formation of ideas of future specialists, including physics teachers, on the physical
foundations of tribology.

MATERIALS AND METHODS

In the qualification study, the following classical methods were used in this work
(Moen & Middelthon et al., 2015).

- theoretical methods: analysis of the literature on tribology and on the
methodology;
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- practical methods: test;

- methods of data processing and interpretation.

Thus, the leading method of research at this stage was testing, which allowed us to
assess the level of knowledge and abilities of each student with a certain probability.

The minimum sufficient number of tasks is selected for the test, which allows
you to determine the level and structure of readiness relatively accurately. The
interpretation of the test results is carried out mainly based on the arithmetic mean
and on the so-called percentage norms. This interpretation of test results is called
normative-oriented. This technique helped to identify future specialists with different
levels of understanding of tribology.

In February 2021 at the EKU named after S. Amanzholov, students of specialties
were tested in order to identify the general structure and quality of knowledge from
the field of «Tribology». The experiment involved students of:

1, 2, 4 courses of the specialty (6B01502) «Physics» (Bachelor’s degree)

1-3 courses of the specialty (6B01509) «Physics-Computer Science»
(Bachelor’s degree)

1-4 courses of the specialty (6B05303) «Nuclear Physics» (Specialist)

1-4 courses of the specialty (6B01402) «Professional training» (Bachelor’s
degree)

1-4 courses of the specialty (6B07101) «Materials Science and technology of
new materials» (Bachelor’s degree)

The test consisted of 32 questions of different levels of complexity, assuming a
basic level of knowledge from the field of tribology. This level of knowledge can be
acquired, for example, at school, from the media, popular science magazines and
films, based on life experience and knowledge in related sciences.

The test questions are conditionally divided into 4 groups:

1. Questions of the basic level, assuming the presence of knowledge about the
level of tribology and the corresponding concepts.

2. Questions that require logical thinking, the answers to which can be obtained
by excluding incorrect options.

3. Questions involving the presence of knowledge from the field of tribology
obtained at previous stages of training.

4. Questions that have a close connection with other related disciplines.

221 students are studying at the S. Amanzholov EKU in the specialties - physics,
physics-informatics, nuclear physics, vocational training, materials science and
technology of new materials. 216 students and 5 teachers-advisors took part in the
survey. Table 1 shows the distribution of correct answers by the number of students
in different groups.
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Table 1 — Distribution of correct answers by the number of students in groups

Specialty Course | Number of | Took partin | Number of correct answers
students the survey (Average per group)
1 Physics 1 10 10 14
2 5 5 15
3 8 8 16
4 19 18 17
2 Physics-Computer 1 10 10 15,7
Science 2 14 13 14
3 13 13 16
4 Nuclear Physics 1 16 1 13
2 16 15 15,7
3 14 14 14
4 8 8 15
5 Materials science and 1 4 14
technology of new 2 17 16 16
materials 3 14 14 18
4 7 7 20
6 Professional training 1 15 14 13
2 9 9 15,7
3 7 7 14
4 15 15 15
221 216

Table 2 —Analysis of correct answers

Specialty | Course The number of of correct | On average in
correct answers answers the specialty
(Average per group) (in %) (in%)
1 Physics 1 14 44 48%
2 15 46
3 16 50
4 17 52
2 Physics-Computer 1 15,7 47 47%
Science 2 14 46
3 16 50
4 Nuclear Physics 1 13 43 45%
2 15,7 47
3 14 44
4 15 46
5 Materials science 1 14 43 52%
and technology of 2 16 50
new materials 3 18 56
4 20 62
6 Professional 1 13 43 45%
training 2 15,7 47
3 14 44
4 15 46
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After calculating the correct answers, the results were analyzed (Table 2, Fig. 1).

Professional training

Materials science and
technology of new
[ e materials
Physics-Computer'/ AYj )
RS Nuclear physics

Figure 1. The number of correct answers in various specialties

The main task of the training experiment was to test the hypothesis put forward
in the dissertation research. The participants of the training experiment were: 1.
S. Amanzholov East Kazakhstan University; 2. International Kazakh-Turkish
University named after Khoja Ahmed Yasawi; 3. South Kazakhstan Pedagogical
University.

A significant contribution to the training of a future physics teacher in the field
of tribology can be made if students form an interest in the field of tribology. The
highest level of development and manifestation of cognitive motivation is cognitive
interest, which is a complex organic unity of intellectual and emotional-volitional
processes that act as the motivating force of active learning. Interest is the basis
on which the further structure of teaching concepts and phenomena of the field
of tribology is built. If students have no interest in such an urgent area of modern
science as tribology, then they cannot expect high knowledge and skills in this field.
If there is an initial level of interest, in order to create better learning conditions,
it needs to be increased. Different levels of interest: curiosity, curiosity, cognitive
interest, theoretical interest.

However, the initial survey showed that the interest presented by the students
is fragmentary, non-systemic in nature, corresponding to the level of curiosity or
curiosity.

Table 11 presents the results of a survey of students to identify the level of initial
interest in the topic tribology.

218



Bulletin the National academy of sciences of the Republic of Kazakhstan

in 2020-2021

Table 11 — The results of the initial survey to identify the level of interest in the topic «Tribology»

No Level of interest Percentage of respondents
with the appropriate level
of interest
South Kazakhstan Sarsen Khoja Ahmed Yasawi
Pedagogical University Amanzholov | international Kazakh-
East Kazakhstan | Turkish university
University
1 Lack of interest 3 0 2
2 | The level of "curiosity" 55 34 27
3 | The level of "curiosity" 13 34 40
4 | The level of cognitive 15 13 16
interest
5 |Level of theoretical 14 19 15
interest

After applying the methodology developed during the study, we also conducted
a survey of students (Table 12). It is possible to note an increase in students’ interest
in the topic of tribology. If at the beginning of the training experiment, the level of
interest in most of the respondents corresponded to «curiosity» and «curiosity», then
after applying the methodology, a larger number of questionnaires testified to the
levels of cognitive and theoretical interest.

Table 12 — The results of the final survey to identify the level of interest in the topic «Tribology»

Ne | Level of interest Percentage of
respondents with the
appropriate level of
interest
South Kazakhstan Sarsen Amanzholov | Khoja Ahmed Yasawi
Pedagogical East Kazakhstan international Kazakh-
University University Turkish university
1 Lack of interest 2 0 0
2 | The level of "curiosity" |14 16 13
3 | The level of "curiosity" |30 31 15
4 | The level of cognitive 14 39 44
interest
5 Level of theoretical 40 14 28
interest

Based on the data of the ascertaining experiment and the data of the expert
evaluation method, educational and methodological material was developed that
allows to reveal the issues of tribological topics in the invariant part (at the level of
examples of concepts and phenomena in the field of tribology) and the variable part
(a special course on the physical foundations of tribology).
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RESULTS AND DISCUSSION

The testing showed a low level of students ° initial knowledge in the field of
tribology. As a result of the experiment, difficult questions for students were
identified. Taking into account the topics of these questions, the selection of material
from the field of tribology was carried out and recommendations were formulated
for additional study of the physical foundations of tribology at the next stage of
training. The gaps in students * knowledge identified by the results of the survey can
be filled in when studying the block of profile disciplines of the educational program
in individual courses and, especially, within the framework of a special course on
«The Physical Foundations of Tribology».

The authors continued their research on some issues of tribology, the theoretical
part of the results of which are described in the textbook «Physical Foundations
of Tribology» (Skakov et al., 2021) and the practical part helps to implement the
research center «Surface Engineering and Tribology» at the S. Amanzholov EKU.
The Research Center «Surface Engineering and Tribology» was established on April
2, 2018 as part of the project on program-targeted financing of the Committee of
Science of the Ministry of Education and Science of the Republic of Kazakhstan on
the topic «Research and development of innovative technologies for obtaining wear-
resistant materials for mechanical engineering products» (project implementation
years 2018-2020). The Research Center is engaged in the development of innovative
technologies based on resource-saving methods of surface modification and
application of protective coatings to increase the wear resistance of mechanical
engineering products subjected to intensive wear during operation. The mission
of the Center is the development of tribology in Kazakhstan, the creation of high-
tech developments in the field of surface engineering and the introduction of new
developments in domestic industrial production.

The manual considers the structure, composition and properties of tribotechnical
materials, including metals, alloys, polymers and polymer composite materials. It
also considers, methods of structural modification and features of the structural—
energy state and phase transformations during friction from the standpoint of a
thermodynamic approach to assessing the structural-phase and stress-strain state of
polycrystalline structures. The processes of self-organization during the friction of
composite materials and the thermodynamics of the processes of friction and wear
of metals and polymers are considered separately.

This textbook on the course «Physical fundamentals of tribology» occupies an
important place among the core disciplines of the natural science cycle (physics,
chemistry, physical materials science) in the educational programs of pedagogical
and engineering-technical areas of higher professional education. It is intended
for studying the theoretical part of the academic discipline, for practical (seminar)
classes and independent work of students. In order to increase the efficiency of the
educational process and motivate students, it is also recommended to use electronic
educational resources (Talysheva et al., 2021). Tribophysics as one of the directions
of physics studies the processes and phenomena developing in tribosystems, where

3
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bodies contact under conditions of relative displacement. Tribophysics considers
problems of thermodynamics, statistical physics, electrodynamics, kinetics and
other problems that go beyond mechanics and materials science. The current stage
of tribophysics development is characterized by a comprehensive approach to the
study and cognition of phenomena and processes occurring on surfaces and in the
surface layers of rubbing bodies, the use of highly effective physical, chemical and
mathematical research methods.

In our opinion, to achieve this goal, there is an appropriate scientific research
experimental base as part of the center for engineering and tribology and highly
qualified personnel with academic degrees and titles, specialists in the field of
tribology (Skakov et al., 2012)

This work was carried out within the framework of the grant financing project
of the Ministry of Education and Science of the Republic of Kazakhstan for
2021-2023 on the topic «Development and implementation of a highly effective
technology for applying an anticorrosive coating based on ultrahigh molecular
weight polyethylene» (IRN AR092259925 «Development and implementation of a
highly effective technology for applying an anticorrosive coating based on ultrahigh
molecular weight polyethylene»).

CONCLUSION

Thus, the analysis of the level of formation of ideas of future specialists, university
students, including physics teachers, on the physical foundations of tribology allows
us to state that there is a low level of knowledge in the field of tribology. To increase
the level of competence of specialists, future teachers of physics in the field of
tribophysics, it is recommended to solve the following tasks:

1. provide for additional study of the physical foundations of tribology in the
educational program;

2. to develop an appropriate methodology for training future specialists, using, in
particular, interactive technologies;

3. to develop a complex of laboratory (design and research) works on the basis of
the center «Surface Engineering and Tribology», where students will be able to gain

skills in conducting experiments and analyzing results.
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