REVIEW
of the dissertation work of Pattayev Amin on the topic «Methodological features
of teaching the course "Alternative Energy Sources" to future physics specialists in the
context of STEM educationy, submitted for the degree of Doctor of Philosophy (PhD)
in the specialty «6D011000 — Physics»

Ensuring energy security and environmental sustainability is one of the most
pressing challenges facing the modern world. In this regard, training highly qualified
specialists in the field of alternative energy sources and their effective use has
become one of the strategic priorities of national development. To succeed in this
field, future physics specialists must go beyond theoretical knowledge and acquire
strong research and project-based competencies. The STEM education framework is
considered a key approach to fostering such competencies. However, the
methodology for teaching the "Alternative Energy Sources" course based on STEM
principles in higher education institutions is not yet fully developed. There is a lack
of interdisciplinary integration, practical content, and the use of digital technologies
in the learning process. Therefore, the relevance of this research lies in the need to
identify and enhance methodological approaches to teaching this course in
accordance with modern educational and professional requirements.

The dissertation by Pattaev Amin Magamatsharipovich on the topic
"Methodological Features of Teaching the Course 'Alternative Energy Sources' to
Future Physics Specialists in the Context of STEM Education™ is a scientifically
grounded and practically significant work that addresses urgent challenges in the
current higher education system.

The research outcomes demonstrate high effectiveness and innovation. The
author developed a methodological system for teaching the "Alternative Energy
Sources" course based on STEM principles, aimed at enhancing students' research
skills and interdisciplinary competencies. The study introduced new formats for
laboratory and practical work, improved the integration of digital technologies into
the educational process, and fostered project-based and research-oriented learning.

Key scientific achievements include: The publication of 16 scientific and
methodological works. 2 articles in peer-reviewed journals indexed in the Web of
Science and/or Scopus databases. 4 articles in journals recommended by the
Committee for Quality Assurance in the Sphere of Education and Science of the
Ministry of Science and Higher Education of the Republic of Kazakhstan. 8 papers
in International and National scientific conference proceedings. The development
and publication of 1 textbook on the subject. The registration of 1 utility model
patent related to teaching tools in the field of alternative energy.

These outcomes reflect the depth and relevance of the research and its strong
contribution to improving the methodology of teaching physics through STEM
education. The dissertation provides a valuable foundation for training future
specialists who are capable of addressing the challenges of energy sustainability and
integrating innovative technologies into educational practice.

In conclusion, Pattaev Amin Magamatsharipovich's dissertation is a significant
scholarly contribution that offers practical solutions for enhancing the quality of



higher education and developing the competencies of future physics teachers in line
with global trends. The content of the dissertation work, the conclusions on the
sections are made on the basis of the research work carried out by the researcher
himself, and the study is fully completed on the issues raised.

Therefore, | consider it quite worthy to defend the dissertation of Pattayev Amin
on the topic «Methodological Features of Teaching the Course "Alternative Energy
Sources" to Future Physics Specialists in the Context of STEM Education» and to
obtain a doctor of philosophy (PhD) degree in the specialty «6D011000 — Physics».

Scientific consultant,
Republic of Turkey, Sakarya University
PhD., Professor



«6D011000 — ®uznka» mamanabIFbl 00ibIHIIA GHIOCOPHS JOKTOPDI
(PhD) napexecin any ymin opsinganran IlarraeB AMun
MaramatmapunoBuutiy «STEM 6isim Gepy karaaiibinaa 6o1amak GpH3HKa

MaManaapeina «banamainl JHeprus Ko3aep» KypebiH OKbITYABIH
dicTeMeIK epeKIeiKTepi» TAKbIPbIOLIHAAFbI JIHCCEPTAUHSAIBIK
’KYMBICBIHA

[NIKIP

JHEPreTUKaNbIK KayInci3aiK NeH 9KOJOTrHAIbIK TYPAKThLIbIKThl KAMTAMAaChI3
eTY — KasIpri dJeMHIH eH 03eKTi Macesenepinin 6ipi. Ocbiran 0aiaanbICThl OalaMa
SHEPrus KO3Jiepl calachblH/a )Korapbl OUIIKTI MamaH/iap/ibl jlaspiiay KoHeE OoJiap/ibl
TUIMAL Nalifanady YJATTIK AaMY/bIH CTPaTEerdsuiblK 0achbiM OarbITTapblHbIH O1pI
Oouibin TaObL1aAbl. Byl canana Tabeicka ykeTy yuiiH 6osamak Gpuznka MaMaHIaphl
TCK TCOPHSILIK OLTIMMEH ILIEKTEJIMEH, 3epTTey jkoHe robanay OarbITBIHIAFBI
Ky3bIpeTTep/1l e MeHrepyi tvic. Mynjiail Kyssiperrepi Kaibimnractbipyaa STEM
OlIM Oepy TYKbIpbIMAAMachl HEri3ri oJicHaMasblK OarbITTApAbIH Oipl OOJIBIN
caHanmaael. Anaiina okorapel oKy opbiHaapsinga STEM  npuHLMNTEpIHE
Heri3/lenred «banama sHeprusi Kesjepi» MoHIH OKBITY djiicTeMec! a1 Jie TOJIbIK
Kanbinracnarad. OKy yJepiClHAe [MoHapasiblK MHTErpalusHbIH, MMPaKTHKAJIbIK
Ma3MYHHBIH JXOHE UM(PIbIK TEXHOJIOrMsIap/bl NMaifanaHyAblH JKETKUIIKCI3II]
OarKkananel. COHOBIKTAH OyJI 3epTTEeYHiH ©3€KTUTIr aTajlfaH KypCThbl OKBITY/IBIH
3amaHayd Ounim Oepy jkoHe KaciOM TajanTapra COMKeC 9JIiCTeMENIK TaClIJIeplH
auKbIHAay MEH XeTUIAIPY KaKETTUIIrHEH TYbIHAAaNIbI.

[latTaeB AMuH Maramarmapunosuutiy «STEM Outim Oepy xarpadbiHzaa
Ooslaliak (pu3MKa MamaH1apbiHa «baiamasiel SHEeprust Ke3/1epi» KYPChIH OKbITY/IbIH
3/IICTEMEIIIK €PEKIIENTIKTEPI» TaKbIPbIObIH/IAFbI JUCCEPTALMSIIBIK XKYMBICHI Ka3ipri
JKorapbl O1/11M Oepy XKYHECIHIH 03eKTI MaceleiepiH euyre 0arbITTa/IFaH FblIBIMH
TYPFBIZaH HET13/eJITeH KaHEe TOXIpUOeTiK MaHbI3bI 30p eHOeK 00BN TaObLIA kL.

3epTrey HOTHXKeJepl JKOFapbl THIMIAUIINIMEH JXOHE IKAHAUILUIALIFBIMEH
epekiuenereal. Arop STEM npunuunrtepiHe Herizgenren «banama sHeprus
KO3/1epD» TOHIH OKBITYABIH SMICTEMENIK XKYHECIH a3ipiereH, o1 CTYAEHTTepiH
3epTTEeY LK JKOHE T9HAPAJIbIK Ky3bIPETTEpIH JlaMbITyFa OarblTranran. 3eprrey
OapbIChIH/IA 3epTXaHAJIbIK JKOHE NPAKTHKAIBLIK cabaKrap/blH )aHa (opMmaTTapsl
EHII31J11M, OKY MpoueciHe UM(PIbIK TEXHOJIOrMsIapabl OipikTipy >KeTinaipiares,
CoHJlali-aK JKODAIBIK JK9HE 3epTTey KbI3METIHE OarbITTalFaH OKBITY JKYy3ere
ACBIPBIJIFaH.

Heri3ri  rpulbIMM  OKeTIiCTIKTEepl: 16  FbUIBIMH-JJICTEMENIK  eHOek
Aapusiianra. OnapAbii 1winae 2 makara Web of Science xkone/nemece Scopus
jepekTep OaszachiHia WHAEKCTENCTIH XKypHAIAapAa )apelK KepreH; 4 makana KP

[bIIBIM  2KOHE KOFapbl OUIIM  MMHMCTPJITIHIH BUTIM JKOHE FbIJIBIM  CANACKHIH
KaMTamachbl3 €Ty KOMHMTETl YChIHFaH JKypHajljapjaa >kapusiianran; 8 OasiHaama
XaJIbIKapalibiK KOHE pecnyOIMKaIbIK FBLTBIMH Kongpepenuusiap

marepuasjiapbitijia daceuira. Conjiaii-ak non GoiibiHia 1 0Ky Kypasbl a3ipienin,



KapbIK KOPIeH jkoHe 0aama SHeprusi cajachbiijia OKbITy Kypal/laphblHd KaTBICTHI |

naiansl MoJlesible NMaTeHT aJIbIHFaH.

Byn HaTiKenep 3epTrTey IKYMbICHIHBIH TePEH/IITH,
busnkansl STEM apKbUIbI OKBITY 9JliCTeMECIH KETIIIpyre KOCKaH €
kepceresi. Jluccepranus Gonalak MamaHJIap/bl SHEpreTHKAILIK TYPaKThIIBIK
MoceseNepiH  Lielyre JKOHe WHHOBALMSUIBIK TEXHOIOTHATAP/bl oiniM  Oepy
MpaKTHKAchiHA CHTi3yre KabijeTTi eTin Aaspiayra OarpITTaJIraH KYHABI FBIIBIMU

HeT13 YChIHA/IBI.
KopbITbinbinail  kene,  IlartaeB  AMHH MaramaTiapuIioBU4TIH

MCCEPTALMSUILIK JKYMBIChI JKOFapbl OiiM camachlH apTThIpyFa JKIHC Oonamax
bu3rKa MyraTiMaepiHiH Ky3bIpeTTepin kahaHnabik ypaicTepre CoHKeC IaMbITyFa
apHaJifaH MaHbI3/bl  FbIJILIMU eqOex ©0oJiblll  TaObLIA/IbI. JlucceprallMsiHbIH
Ma3MyHbI MEH OHBIH OesiMzaepi OoMbIHILA KacalFaH TYKbIPhIMIAP 3epTTeyILIHIH
JKeKe OpPBbIHAAFaH FbUILIMH €HOEriHe Heri3Je/ireH JoHe KOMBLIFAH MceJIeIep

TOJIBIK IICHIIMIH TarKaH.
Connbiktan, meH IlarraeB Amunsin «STEM 6inim Oepy xafjaHblH/ld

donawak Gpu3rka MamMaHaapbiHa «banamanbl SOHEPIusl Ko37epi» KypChblH OKbITYIbIH
SAicTeMeNiK epeKLeTiKTepi» TaKbIpbIOBIHIAFbl ANCCEPTALMACHIH KoprayFd 7KoHC
«6D011000 — Duszuka» MaMmaHablFbl OOMbIHIIA (GHIOCOPHUS TOKTOPbI (PhD)

operkecid anyra JIadbIKThI eIl €CENTEHMIH.

O03eKTUIICIH JKOHE
eyt YJAeclH

FblIbIMH KeHecll,
Typkusi Pecny0aHKachl,

Cakapbsi yHHBEPCHTETI
PhD, npodgeccop Aan Hopyx

Ochbl KyKaTTBIH arbUIIBIH TITHEH Ka3aK TijliHe TYITHYCKAChlHA CaH Ay
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