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The research topic is the preparation of a future physics teacher in the field of
tribology in the professional cycle of disciplines.

The purpose of the study Theoretical and practical substantiation of the methodology
of training a future physics teacher in the field of tribology in the professional cycle of
disciplines and the development of a model of a methodological system.

Research objectives:

- to analyze the current state of the problem of the application of selected topics
(content) in the field of tribology in the educational programs of physics teacher
training in higher educational institutions;

- to take part in the development of the technology of the gas-thermal method of
spraying wear-resistant coatings based on UHMWRPE with the analysis of scientific
achievements in the field of polymer tribology;

- to develop a model of a methodological system for training a future physics
teacher in the field of tribology in the professional cycle of disciplines;

- to determine ways to include the topics of the physical foundations of tribology
in the physics course of the university (to select and structure the material for various
forms of training sessions with students, choose teaching methods, etc.);

- todevelop a special course on the physical foundations of tribology, which will
accompany the teaching of physics to university students;

- conduct a pedagogical experiment to test the research hypothesis based on the
developed model.

Research methods:

- aHaJIU3 OTEYECTBEHHOW WU 3apyOeXHOW Hay4YHO-TEOPETHYECKOW, y4eOHO-
MeToauyecko, (GuiaocodCckoil, COIUaIbHON, TMCHUXOJOTO-TEeJarornueckol u
METOJI0JIOTHYECKON JINTepaTyphl, 0000IICHUE, CPAaBHEHUE, YTOUHEHUE U MATCHTHBIM
IOHUCK MAaTCpHraJIoB 11O TEMC NUCCIICTOBAHUS

- observation of students and teachers, exchange of opinions; conducting
questionnaires; analysis of normative and educational documents, testing, experimental
work and statistical processing of results.

The main provisions of the dissertation submitted for defense:

1) the results of the analysis of the current state of the problem of reflection of
tribology issues in the educational programs of physics teacher training in a number of
universities, indicating the importance of studying tribology and the need to develop
appropriate educational and methodological support;

2) a model of the methodological system of training in the professional cycle of
invariant and variable disciplines of the curriculum, including goals, content, methods,
forms and means of training, including design and research laboratory work on the
innovative technology of the gas-thermal method of applying wear-resistant coatings
based on ultra-high molecular weight polyethylene;

3) the results of a pedagogical experiment confirming the effectiveness of the



developed model of the methodological system of teaching a future physics teacher in
the field of tribology.

The main results of the study:

1) theoretical foundations of effective integration of education, science and
production in the field of tribology;

2) theoretical justification and methodology of training a future physics teacher in
the field of tribology in the professional cycle of disciplines;

3) experimental foundations of the methodology of training a future physics
teacher in the field of tribology in the professional cycle of disciplines.

Analyzing the novelty and significance of the obtained results:

The first result is new, since for the first time the expediency of studying
tribological issues in the professional cycle of disciplines by university students in
order to improve their professional and pedagogical training is justified. If you
purposefully train a future physics teacher in the field of tribology, you can give
students a qualitative idea of the process of obtaining fundamental physical knowledge
and subsequently apply this knowledge in school practice.

The second result is new, since for the first time a model of a methodological
system for training a future physics teacher in the field of tribology in the professional
cycle of disciplines has been created, including goals, content, forms, methods and
means of teaching. The content of the model contains invariant, variable and design-
research blocks.

The third result is new, since for the first time a methodological system for
training a future physics teacher in the field of tribology in the professional cycle of
disciplines has been developed, including educational and methodological support for
the process of training a future physics teacher in the field of tribology in the
professional cycle of disciplines, determining the methods and procedure for
conducting presentations of tribological topics of the working curriculum, taking into
account the specifics of the future teacher's professional activity and the principle of
unity of fundamental and professional orientation of training, namely:

- the criteria for selecting material from the field of tribology for study within the
invariant part of the university physics course are revealed (the importance of the
concept or regularity as the key elements of knowledge in tribology necessary for the
study of other concepts and patterns; connection with the concepts and patterns studied
in the course of physics; the possibility of applying the knowledge gained in
educational and research work);

- selection and structuring of tribological material for inclusion in the sections
«Molecular physics», «Mechanics», «Thermodynamics and statistical physics» and
«Electricity and Magnetism» of the university physics course were carried out;

- methods (gnostic, self-control), forms (lectures and laboratory classes) and
teaching tools (a system of tasks) have been identified that allow for the training of
physics students - future teachers in the field of tribology, including providing an
understanding of the ways of forming knowledge and skills in this field;

- a special course «Physical fundamentals of tribology» has been developed,
accompanying the teaching of physics to students of higher educational institution: its
content includes a number of sections of tribophysics, contains lecture material and



methodological guidelines for laboratory work for design and research work on the
innovative technology of the gas-thermal method of applying wear-resistant coatings
based on UHMWPE with the analysis of scientific achievements in the field of
tribology polymers;

- an Internet portal has been created, where up—to-date information on tribology,
literature, material for control and verification activities, etc. are posted;

- multi-level options for conducting educational, research and project activities
of students in the field of tribology are proposed.

Compliance with the directions of science development or state programs:

The main idea of the study is related to the development of the Kazakh education
system, improving the quality of training of competitive specialists in accordance with
the Law of the Republic of Kazakhstan «On Education», the strategic development
plan of the Republic of Kazakhstan until 2025, the State Program for the Development
of Education and Science for 2023-2029, the national project «Quality Education
«Educated Nation», Meets the requirements approved by the Minister education and
science of the Republic of Kazakhstan, aimed at solving priorities and tasks, specified
in the state mandatory standard of education of all levels of education and other state
regulatory documents.

The contribution of the doctoral student to the preparation of each
publication (the contribution of the author of the dissertation is indicated,
measured as a percentage of the total volume of the publication):

The main results of the dissertation were reported and discussed at twelve
international conferences:

1. Development and Studying of the Technology for Thermal Spraying of
Coatings Made from Ultra-High-Molecular-Weight Polyethylene // Coatings — 2023.
—Vol. 13, — P. 698. — 2022. — Vol. 8, No. 408. — P. 1-20. (Co-authors: Skakov
M.K., Ocheredko I., Tuyakbaev B.T., Bayandinova M.B.) Share of doctoral student —
70%) https://doi.org/10.3390/coatings13040698. In the article, the doctoral student
developed and studied the technology of thermal spraying of coatings made of
ultrahigh molecular weight polyethylene.

2. Ilongepaid KociOM HMKIIHIAE TPUOOJOTHs CcalachIHAAFbl Ooamiak (Gu3nkKa
MYFaTiMIH JalbIHAAYBIH KaXeTTuUrri // SIcaym yHUBEPCHTETIHIH XaOapIibIChl. —
2021. — Nel (119). —b. 114-123. (Co-authors: CxakoB M.K.) Share of doctoral student
— 90%. https://doi.org/10.47526/habarshy.vil.482. In the article, the doctoral student
considers the need to train future physics teachers in the field of tribology in the
professional cycle of disciplines. It is also proposed to develop a special course on the
physical foundations of tribology and introduce it into the educational process when
studying the relevant sections of the physics course.

3. Evaluation of advanced technology for the formation of research competence
of physics students in the field of tribology // Jloxnansr HartnonanbHo#M akageMuu HayK
Pecniyonuku Kazaxcran — 2022. — Ne 4, — C. 136-152. (Co-authors: Ramankulov Sh.
Zh., Skakovn M. K.) Share of doctoral student — = 90%.
hitps://doi.org/10.32014/2022.2518-1483.177. In the article, the doctoral student
investigated the issues of determining the capabilities of the tribology laboratory
workshop for the formation of research competencies, identifying the content, methods
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and means of the tribology laboratory workshop that contribute to the formation of
research competencies and systematization of diagnostics of the formation of research
competencies of physics students.

4. Influence of silicon oxide and diabase powders on the degree of crystallization
and chemical structure of a polymer (uhmwpe) coating produced by the method of gas
thermal spraying // Jloxnaasl HanmonansHo# akagemun Hayk Pecnyonmku Kasaxcran.
— 2022. — Ne 4. — C. 153-163. (Co-authors: Skakov M. K., Kantay N., Tuyakbayev
B., Bayandinova M.) Share of doctoral student  — 70%.
https://doi.org/10.32014/2022.2518-1483.178. In the article, the doctoral student
investigated the problems of studying the formation of ideas about the physical
foundations of tribology in future specialists.

5. The study of the formation of ideas of future specialists about tribology //
Bectnuk Hanwmonanenoit akagemmu Hayk PecmyOnmukm Kazaxcran — 2023, —
Nel1(401). — C. 212-223. (Co-authors: Skakov M. K., Ramankulov Sh. Zh. Share of
doctoral student — 90%. https://doi.org/10.32014/2023.2518-1467.433. In this study,
the doctoral student investigated the effect of silicon oxide and diabase powder on the
degree of crystallization and the chemical structure of the polymer coating
(UHMWPE) obtained by gas thermal spraying

6. Principles and content of teaching physics in english for future physics
teachers // Bectauk HannonansHoit akagemuu Hayk Peciyonuku Kasaxcran. — 2023.
— C. 2. (Co-authors: Ramankulov SH., Dosymov Y., Akhanova A.) Share of doctoral
student — 90%. https://doi.org/10.32014/2023.2518-1467.501 In the article, the
doctoral student reviewed the methods of CLIL (subject-language integrated learning)
and provides the possibilities and content of implementing this technique in the
preparation of textbooks and digital resources for teaching physics.

7. STEM 3xo00anbIK OKBITYIbIH OoJjlamak (u3uMka MamMaHAApbIH Aaspliayaarbl
epexmieniktepi / KP ¥FA Xabapnapsl. ®usnka-maremaruka cepuscol. — 2023. — b.
2. (Co-authors: Kenecoaes K., Pamankynos I11., [Tartaece A., Mycaxan H.) Share of
doctoral student — 70%. https://doi.org/10.32014/2023.2518-1726.193
In his work, the doctoral student identified the features of project-based STEM learning
in the effective implementation of education.

8. Research and development of a teaching model for the physical foundations of
tribology. // Cypriot Journal of Educational Sciences. — 2022. — Vol. 17(11), — P.
4163-4181. (Co-authors: Skakov M.K., Ramankulov Sh. Zh., Coruh A.) Share of
doctoral student — 90%. https://doi.org/10.18844/cjes.v17i11.7659. In the article, the
doctoral student investigated the experimental foundations of the model of teaching
tribology in the process of training future physics teachers.

9. Physical aspects of tribology // 23" International Conference on Wear of
Materials», Kanama, 26-28 ampens 2021 r. — P. 55. (Co-authors: Skakov M.K.,
Ramankulov Sh. Zh., Ahmet Zeki Saka.) Share of doctoral student — 90%.

10. The methodology of studying the gas-thermal method of coating from
UHMWPE in the course of physics specialties of the University // «2nd Online
International Conference on Functional Materials and Chemical Engineering», China,
April 04-05, 2022. — P.45-46. (Co-author: Skakov M.K.) Share of doctoral student —
90%.
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11. A teaching model for the physical foundations of tribology // International
Conference on Education in Mathematics, Science and Technology (ICEMST) and
International Conference on Research in Education and Science (ICRES) Nevsehir,
TURKEY, May 18-21, 2023. — P.43. (Co-author: Skakov M.K.) Share of doctoral
student — 90%.

12. Physical foundations of tribology // MexayHnapogHoii KoH(epEHIHH
«IlepenoBble TEXHOJIOTHMU TPOU3BOJCTBA M UCCIECIOBAHUS MaTEPHAIOB: HOBBIC
matepuainsl u Metossl (AMM&R 2021)», BKY 1. Cepukbaesa, 19 despans 2021r. —
P.26. (Co-authors: CkaxoB M.K, Pamankysos I11.0K.) Share of doctoral student — 90%.

13. Tpubonorusiuply, ~ ¢u3uKanblKk  Herizgepi  «®Pusukay  Ourim  Oepy
OarmapiiaMachbiHBIH DJJEKTUBTI Kypchl peTiHme // «YomueB okymapel — 2020»
XanpIKapalblK FbUIBIMUA-TOXIPUOEIK OHJIaH-KOH(epeHuuscsl 26 kapama 2020. —
b.207-211. (Co-author: Skakov M.K.) Share of doctoral student — 90%.

14. bonamak puzuka MyFaniMIepiHiH TPUOOJIOTHS CalaChIHIAFbI AKO0AJBIK JKOHE
3epTTey KbI3MeTi // Abalt aTbiHgarsl Ka3ak YITTHIK Me1arorUKaJIbIK YHUBEPCUTET] YIIT
yctazbl A.baliTypchiHYJIBIHBIH TyFaHbiHa 150 >KbUT TONybIHA oOpail  «AXMer
BaiiTypChIHYJIBIHBIH MT€JarOTUKAIBIK MYPAChl, 3aMaHayH O011iM Macenesnepi: OyriHi MeH
OoJamare aTThl XaJIBIKAPAIBIK FHUTBIMU-TIPAKTUKAIBIK KOHPEPEHIIUS MaTepUaiiapbl
25 xaparia 2022 sxbut — b. 400-405. Share of doctoral student — 100%.

15. )KOO wmaMaHJbIKTapbIHBIH (DU3MKAa KYpPChIHIA aca KOFaphIMOJIEKYJIAJIbIK
MOJMATUIICHHEH XKa0bIHAAP b KaFy/JIbIH ra30TePMUSUIBIK TICLIiH OKY daictemect // C.
AmanxoinioB ateiHaarbl LIIKY 70 >xeinasiFbiHa apHanraH «Kaszipri cblH-KaTepiiep
JKargalbIHAAFbl FRUIBIM MEH OUTIMHIH ©3€KTI Macesesiep» «YoluueB oKyaapbi-2022»
XaJbIKapasblK FhUIBIMUA-TOKIpHOenik koHpepennuscol. —2022. — b. 428-435 (Co-
authors: Pamankynos I11.)K., CkakoB M.K., Anmn Hopyx.) Share of doctoral student —
90 %.

16. ITonmepain KociOm NUKIIHAE TPUOOIOTHS cajacklHAa Oosamak (Gu3nKa
MYFaJIIMIH JasipiiayIblH TEOPHSUIBIK Heridgemeci MeH omictemeci // On-Ddapabu
ateiHAarel Kazak yirTelKk yHHBepcutTeTiHae 2023 kbuibl 17 akmanga meaaroruka
FBUTBIMJIAPBIHBIH JOKTOPHI, ipodeccop 1. T. TaybaeBanbiH 75 *KbUIIbIFbIHA apHATIFaH
«Y3mikci3 OuriM Oepy JKyHeciHIeri meaarorTepiH 3epTTey MOJEHUETIH JIaMBITY:
TOXKIpUOE KOHE WHHOBAIMSIIAPY» AaTThl  XaJIBIKAPAIBIK  FHUTBIMU-TIPAKTUKAIBIK
xkoudepennus. Share of doctoral student —100%.

17. Tpubosorus canachklHIaFbl CTYJEHTTEPIIH k00aay >KoHe 3epTTey KbI3MeT1 //
XanpIKapalbIK FbUIBIMU-TTPAKTUKAIBIK KOHGepeHIus « CyaTanra3ud oKynapsl —2023»
«Kasipri 6u1iM 6epy/il 1aMbITYABIHO3EKT1 Macenenepi». — 2023 kbUiasiH 15 HayphI3bI
—b. 81-86. Share of doctoral student —100%.

18. Technologies of thermal spraying of coatings made of ultrahigh molecular
weight polyethylene // Kazaxckuii HallMOHAJBHBIN IIEIarOTHYECKUH YHHUBEPCUTET
uMeHn Abass MexnayHaponHas HaydHasi KoHpepeHusa “O0paTHbIe U HEKOPPEKTHBIC
3a7a4u B ectecTBO3HaHuu” Anmartsl, 11-12 anpesst 2023 1. (Co-author: Skakov M.K.)
Share of doctoral student — 95 %.

19. Formation of design and research competence of future teachers in the field
of tribology // «Oye30B okymapbi-21: kxaHa Ka3akCTaH-eNMiMI3IiH Oomamarbl» M.
©Oye30B aThIHJAFbl OHTYCTIK Ka3aKCTaH YHUBEPCHUTETIHIH 80 >KbUIAbIFbIHA apHaJFaH
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XaJIBIKapaNIbIK FRUTBIMU—TOXIpuOenik korndepenmus (Co-author: Ali Coruh) Share of
doctoral student — 90 %.

20. Development of students' research skills through project-based physics
training // PeciyOnukaHCcKoi Hay4HO-TIpaKTHUYECKas KoHpepeHIus Ha TeMy «HayuHoe
HacJeMe 3aKU axMETOBa U HAIMOHAJIbHBIE IICHHOCTU», B yecTh 95-neTHero rodues
3aku AxmeToBa, akagemuka HamuonansHo#t akagemun Hayk PK, mgokxrtopa
dbunosoruueckux Hayk, npodeccopa, iaypeara ['ocy1apcTBEHHON MPEMUU U IPEMUU
nvmenu . YamixanoBa HannonansHou akanemun Hayk PK, 3acmyxeHHOro nesrens
Haykn PK«CoBpeMeHHas HallOHaIbHAs CUCTEMa 00pa30BaHUs: TPAIUIUH, IEGHHOCTH
u naHOBanmm», (Co-author: A Yopyx) Share of doctoral student — 90%.

21. Tpubonorusiueiy ¢u3ukansik Herizmepi // Oxy kypambl. Ockemen: C.
AmamxomoB ateiHgarel [IIKY «bepenm» Oacmacer. — 2021. — B. 210., (Co-author:
CkakoB M.K.) Share of doctoral student — 80 %.

22. TpuOonorusinbl (U3UKAJIBIK HETI3JIEPIHEH 3EepPTXAHAIBIK >KYMBICTap/IbI
OpBbIH/IayFa apHaJIFaH OJICTEMENIK HYCKaylblK // OKy - 9omiCTeMENiK HYCKayJbIK.
Ockemen: — 2021. — b. 76., (Co-author: Pamankynos 111.0K.) Share of doctoral student
— 80 %.

23. TpubonorusHplH (PU3UKAIBIK Heri3aepl IMOHI OOMBIHINA IPAKTHUKAIBIK
cabakTapra ojiicteMenik Hyckaymnap // OKy - oficTeMeNiK HYCKayJblK. OCKeMeH: —
2021. — b. 44., (Co-authors: Ckako M.K., Pamankymor III.JK.) Share of doctoral
student — 80 %.

24. «TpubonorustHeIH (HU3UKAIBIK HETi3Iepi» AIEKTPOHHOE yueOHOe mocoowue //
CBUIETENBCTBO O BHECEHUH B TOCYIJApCTBEHHBIM peecTp NpaB Ha OOBEKTHI,
oxpaHsieMble aBTOpckuM mpaBoM Ne 35482, or 5 mas 2023rona (Co-author: Ckakos
M.K.) Share of doctoral student — 90%.

25. TpubonorusHeIH (PU3MKANBIK HETI3JEPIHEH 3€epTXaHAJBIK >KYMBICTAP/IbI
OpBbIH/IAyFa apHAJFaH OJJIEKTPOHIBI OMICTEMENIK HYCKaylblK CBHUIETEIBCTBO O
BHECEHMI B TOCYJAPCTBEHHBIH PEECTp MpaB HA OOBEKTHI, OXPaHSIEMbIC aBTOPCKUM
npaBoM Ne 35320, ot 2 mas 2023rona (Co-author: Pamankymnos III.JK.) Share of
doctoral student — 80%.

26. «FputbiMu-3epTTEy  HETI3Aepi»  JJIEKTPOHHOE ydeOHoe mocobue //
CBUIETENLCTBO O BHECEHUN B TOCYIAApCTBEHHBIM pPEECTp TMpaB HAa OOBEKTHI,
oxpansieMbie aBTOpckuM mpaBomM Ne 35845, 17 mast 2023 roaa (Co-author: Hypusunos
M.K.) Share of doctoral student —-80%.

27. «TpubonorustHelH (PU3UKANBIK HETI3Zepl IMOHI OOMBIHIIA TMPAKTHKAJIBIK
cabakTapra AJIEKTPOHIBI JJIICTEMENIK HyCcKayJiap» JIEKTPOHHOE yueOHoe mocodue //
CBHUIIETENBCTBO O BHECEHWH B TOCYIJApCTBEHHBIM peecTp NpaB Ha OOBEKTHI,
oxpansiemble aBTopckuM mpaBom Ne 38308, 8 aBrycra 2023 roxa (Co-authors: Ckakos
M.K., Pamankynos I1I. JK.) Share of doctoral student — 80%.



