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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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БОЛАШАҚ МАМАНДАРДЫҢ ТРИБОЛОГИЯ ТУРАЛЫ 
ТҮСІНІКТЕРІНІҢ ҚАЛЫПТАСУЫН ЗЕРТТЕУ

Аннотация. Мақалада болашақ мамандарда трибологияның физикалық 
негіздері туралы идеяларды қалыптастыруды зерттеу мәселесі қарастырылады. 
Осы кезеңдегі жетекші зерттеу әдісі тестілеу болды, бұл белгілі ықтималдықпен 
әр білім алушының білімі мен қабілеттерін бағалауға мүмкіндік берді. Зерттеу 
аясында студенттердің трибология саласындағы бастапқы білім деңгейі 
анықталды. Мақалада зерттеу нәтижелері мен талдау ұсынылған. Тестілеу 
студенттердің трибология саласындағы базалық білімінің төмен деңгейін 
көрсетті. Жоғары оқу орындарының физика білім беру бағдарламаларының 
студенттері үшін теориялық-эксперименттік зерттеудің нақты мәселелерін 
шешу бойынша білім беру бағдарламасында трибологияның физикалық 
негіздерін қосымша зерттеуді қарастыру ұсынылады. Сондай-ақ, интерактивті 
технологияларды пайдалана отырып, болашақ мамандарды даярлаудың тиісті 
әдістемесін әзірлеу және студенттер эксперименттер жүргізу және нәтижелерді 
талдау дағдыларын ала алатын «Беттік инженерия және трибология» 
орталығының базасында зертханалық (жобалау-зерттеу) жұмыстар кешенін 
дайындау ұсынылады.

Түйін сөздер: трибологияның физикалық негіздері, үйкеліс, трибология, 
болашақ физика мұғалімі, кәсіби цикл, кәсіби дайындық, ғылыми орталық.
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ИССЛЕДОВАНИЕ СФОРМИРОВАННОСТИ ПРЕДСТАВЛЕНИЙ 
БУДУЩИХ СПЕЦИАЛИСТОВ О ТРИБОЛОГИИ

Аннотация. В статье рассматривается проблема изучения формирования 
представлений о физических основах трибологии у будущих специалистов. 
Ведущим методом исследования на данном этапе являлось тестирование, 
которое позволило с известной вероятностью оценить уровень знаний и 
способностей каждого студента. В рамках исследования был определен 
начальный уровень знаний обучающихся в области трибологии. В статье 
представлены результаты исследования и анализ. Тестирование показало 
невысокий уровень базовых знаний студентов в области трибологии. Для 
студентов образовательных программ физики высших учебных заведений 
по решению конкретных задач теоретико-экспериментального исследования 
предлагается предусмотреть в образовательной программе дополнительное 
изучение физических основ трибологии. Рекомендуется также разработать 
соответствующую методику подготовки будущих специалистов, используя, в 
частности, интерактивные технологии и подготовить комплекс лабораторных 
(проектно-исследовательских) работ на базе центра «Инженерии поверхности и 
трибология», где студенты смогут получить навыки проведения экспериментов 
и анализа результатов.

Ключевые слова: физические основы трибологии, трение, трибология, 
будущий учитель физики, профессиональный цикл, профессиональная подго-
товка, научный центр.

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 

students
Took part in 
the survey

Number of correct answers 
(Average per group)

1 Physics 1 10 10 14
2 5 5 15
3 8 8 16
4 19 18 17

2 Physics-Computer 
Science

1 10 10 15,7
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 
technology of new 
materials

1 4 4 14
2 17 16 16
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 

correct answers 
(Average per group)

of correct 
answers 
(in %)

On average in 
the specialty 

(in%)
1 Physics 1 14 44 48%

2 15 46
3 16 50
4 17 52

2 Physics-Computer 
Science

1 15,7 47 47%
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 
and technology of 
new materials

1 14 43 52%
2 16 50
3 18 56
4 20 62

6 Professional 
training

1 13 43 45%
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).

 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. 
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Table 11 – The results of the initial survey to identify the level of interest in the topic «Tribology» 
in 2020-2021

№ Level of interest Percentage of respondents 
with the appropriate level 

of interest
South Kazakhstan 

Pedagogical University
Sarsen 

Amanzholov
East Kazakhstan 

University

Khoja Ahmed Yasawi 
international Kazakh-

Turkish 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 

interest
15 13 16

5 Level of theoretical 
interest

14 19 15

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»
№ Level of interest Percentage of 

respondents with the 
appropriate level of 
interest
South Kazakhstan 
Pedagogical 
University

Sarsen Amanzholov 

East Kazakhstan 
University

Khoja Ahmed Yasawi 
international Kazakh-
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 

interest
14 39 44

5 Level of theoretical 
interest

40 14 28

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 



221

Bulletin the National academy of sciences of the Republic of Kazakhstan

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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