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The PhD dissertation of Bakytgul Jugembayeva is devoted to the studies of theoretical and
practical substantiation of pedagogical conditions for the transition of higher education
institutions to the University 4.0 model, assessing the level of innovative readiness of students.
and identifying factors that ensure effective digital transformation of the educational process.

The relevance of the doctoral research is well substantiated and corresponds to current
priorities in the development of higher education. The study addresses an important scientific
and pedagogical problem associated with the digital transformation of universities and the
transition to the University 4.0 model. Its significance is also supported by the national
regulatory and strategic framework of the Republic of Kazakhstan, including legislation in the
fields of education, science, and technological development, as well as national priorities
related to digitalization and artificial intelligence.

Particular value of the research lies in its focus on the development of the innovative rcadiness
of future physics students to function effectively in a digital educational environment. This
problem is of considerable theoretical and practical importance, since it is directly related to
the formation of professional competencies, innovative thinking, and the integration of
education, science, and industry in contemporary higher education. The topic therefore appears
timely, socially significant, and fully aligned with the strategic objectives of university

modernization.

It should be noted that the dissertation is presented in the format of three interconnected
scientific papers, published in well — ranked international journals indexed in Scopus. These
papers form a logically consistent structure of the research: the first paper provides the
theoretical and methodological foundation of the study, the second focuses on the diagnostic
and methodological aspects of assessing students’ innovation readiness, and the third presents
the experimental validation of the proposed pedagogical model and demonstrates its
effectiveness. Such a structure confirms the integrity, completeness, and practical orientation
of the dissertation research.

The object of study - the educational process at a higher education institution is clearly
formulated and logically connected with the stated research objectives. The objectives

comprehensively cover theoretical, methodological, and experimental aspects of the problem
and are sufficient for achieving the research purpose.

Subjfect of' stydy is the process of developing physics students' innovative readiness for digital
learning within the context of the “University 4.0" model.

1;'(')” mct'hodological framework.ot‘ the study is based on the systems, activity-based, and
process approaches. To substantiate the provisions of the doctoral dissertation, general
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pedagogical, statistical. and sociological methods, ensuring a combination of empirice
theoretical methods.

The scientific novelty of the dissertation is determined by the author’s .clarifjlcatior? of the
concept of innovative readiness of physics students for digital learning, including the
substantiation of its structure, components, and assessment indicators; the development of a
scientific and pedagogical model for its formation in a digital educational environment; the
design and implementation of corresponding educational and methodological support; and 'thc
experimental verification of the effectiveness of the proposed model and support in improving
the level of students’ innovative readiness.

Theoretical and Practical Significance. The theoretical significance of the dissertation lies
in the refinement of the concept of innovative readiness of physics students for digital learning,
the substantiation of its structure and assessment indicators, and the development of a scientific
and pedagogical model for its formation within the University 4.0 paradigm.

The practical significance of the research is substantial. It consists in the development and
implementation of educational and methodological support, including the course “Modern
Methods of Teaching Physics”, a teaching and learning package, a syllabus, and a teaching
manual, which may be effectively used in practice to enhance students’ digital, research, and
innovation-related competencies.

Validity and Reliability of Results. The reliability and validity of the dissertation results are
substantiated by the publication of the principal research findings in authoritative foreign peer-
reviewed journals indexed in international databases and possessing high scientometric
indicators.

Publications and Approbation. The main results of the dissertation have been adequately
reflected in scientific publications, as well as presented in conferences at international scientific
forums. This confirms the approbation of the research and the personal contribution of the
doctoral candidate.

Remarks and Suggestions. In future research, it would be advisable to test the proposed model
on students of other specialties, to examine its long-term impact on professional training
outcomes, and to explore the potential of new digital and Al-based technologies for further
enhancing students’ innovative readiness in the context of University 4.0.

Conclusion. The PhD dissertation by Bakytgul Jugembayeva is a completed, independent
scientific research that addresses an important pedagogical problem, contains scientifically
sound results, and demonstrates the author’s ability to conduct theoretical and experimental
research at a high academic level.

The dissertation fully meets the requirements for PhD theses in the specialty 6D011000 -
Physics, and its author deserves to be awarded the degree of Doctor of Philosophy (PhD).

Dr. Prof. Gita Revalde, Riga Technical University

April 2, 2026 .



«6D011000 - du3nka» Mamanbirbl Goitbinua Guocodus gokropst (PhD) JOPEKECIH ayFa apHasFaH
«VYHUBEPCUTET 4.0 MOJIEJ ASICBIHIA ®U3UK-CTYEHTTEPIHIH HUDPJIBIK OKBITYFA
MHHOBAIMSUIBIK JIAMBIHJIBIFBIH KAJIBITITACTBIPY» TaKbIPbIOBIHAAFbI
Jhxyrembaesa bakbITrys1 ACKapKbI3bIHbIH
JMCCEPTALMAITBIK HKyMbIChIHA (MaKajajiap cepusiChiHa)

TIKIP

Tixyrem6aena Bakwitryn Ackapksibinbin guinocopus gokroper (PhD) JIOPEXKECIH aTyFa apHaJIFau
JMCCEpPTALMSIBIK  KYMBIChI JKOFaphl OKY OpbIHAApbiHbIH YuuepeureT 4.0 MoneniHe keuwryiHin
MENArOrHKANBIK IAPTTApbIH TEOPHSIIBIK JKoHe NPAKTUKANBIK HEr3AEMECIH 3€PTTEyre, CTYAeHTTEPIiH
MHHOBALMATBIK JAibIHABIK AeHreitin Garanayra sxoane Oinim Gepy y/epiciHiH THIMAI LMBPALIK TYpieHIMiH
KaMTamachl3 eTeTin Gakropaap/ibl aHbIKTayra apHaJIFaH.

JlOKTOpPABIK 3epTTeynin O3eKTiMiri ToNbIK Herisnesren jkoHe skorapbl GimiM Gepydi AaMbITyAblH
arbIMaarbl GachiMIBIKTapbIHA COMKeC Keleli. 3epTTey )KYMBIChIH/A )KOFapbl OKY OpbIHAapbIHBIH UMppPIbIK
TYPJIeHiMiMeH xoHe VHusepcuter 4.0 MopeniHe keuryiMeH OailaHbICTbl MaHBI3/IbI FBLIBIMH JKOHE
NeArOTHKANBIK ~ MAceNe  KapacThipbiambl. OHBIH  MaHBI3BUTBIFBl  COHbIMEH Karap KasakcTaw
Pe?”)’ﬁ-qliKaCblelH VITTBIK HOPMATHBTIK XOHE CTpAaTErus/IbIK Herizaemenik 6araapramMachiMet, COHbIH
iwiHne Ginim Gepy, FbUILIM JkoHe TEXHONOTHANBIK JaMy CalaiapblHIarsl 3aHHAMaMeH, COHAaH-ak
UHPIaHIBIPY MEH XKaCaHbl MHTEJIEKTKe KaThICTbI WITTBIK 6aChIMABIKTAPMEH Heri3aenesi.

3epTreyniu epeKIle KYHIBUIbIFbIHA Gonainak (QU3MK-CTYIEHTTEPAIH LU(PIBIK Gimim Gepy oprachliHAa
THIMAI ic-OPEKeT eTyre MHHOBAUMANBIK NaMbIHIBIFBIH KAJIBIITACTHIPYFA €PEKIle Ha3ap ayfapFaH/IbIFbl
Kipem. Byn Mocene eneymi TeopusiblK JKoHe NpaKTHKANBIK MaHpisFa He, cebebi on  kacibu
KY3BIPETTUTIKTEP/Ii, MHHOBALMAIBIK OHJay/bl KalbIMTACTHIPyMeH skoHe OimiM Gepyai, FBUTBIMIBI KIHE
©HEPKaCiNTi 3amMaHayH >orapsl Giim Gepyre Gipikripymen Tikeseit GainanbicTsl. COHIBIKTaH 3epTTEYAIH
TaKeIpbIObl ©3€KTi, JIEyMETTIK TYPFbIAAH MaHbBI3bI OOMBIN TabbLIAAbI XKOHE KOFAPEI OKY OpPBIHAAPBIH
YKAHFBIPTYABIH CTPATErHsIbIK MaKCaTTapblHA TOJBIK COMKeC KeNesi.

JluccepTauMsIbIK KYMBICTBIH SCOpUS JEPEKKOPbIHIA HHAEKCTENTeH PEHTHHILIIK XalbIKAPAEIK FHUTBIMU
KVPHaN1apia >KapUsIaHFaH YL e3apa 6aiIaHbICTbI FEUIBIMA MaKala MillliMiHJe YChIHBUIFAHBIH aTar 6TKEH
keH. Bys1 Makaanap 3epTTey/iH JOTMKANbIK TYPFbIaH Gipi3ai KYpbUIBIMBIH KaBIITACTBIPaabl: GipiHui
MaKasnaaa 3epTTey/iH TeOPHsIIbIK XOHE ONiCHAMAIIBIK HeTi3i YChIHBLIA/IBI, eKiHIIIi MaKaiaga CTyaeHTTepaiH
MHHOBALMSAIBIK JafbIHbIFbIH GaranayIblH AMArHOCTHKAJIBIK XOHE 9MliCHAMAIIBIK acMeKTiNepiHe epeKiie
Hazap aylapbliaipl, ai YIIiHWI MaKanaja YCBIHBUIFAH MENAarOTMKAbIK MONENbIIH IKCTIEPHMEHTTIK
Herisaemeci YChIHbLIa bl 9HE OHBIH THIMALNIT kepceTinesi. MyH/al KypbUIbIM UCCEpPTALMSITBIK 3epPTTEY
JKYMBICBIHBIH TYTACTBIFbIH, TONBIKTBIFbIH JKOHE NPAKTHKAIbIK GaF1ap/aHFaH/IbIFbIH PACTANIbI.

3epTTeyain HbICAHBI — XOFapbl OKY OpHBIHIaFb! GitiM Gepy yaepici aliKbIH TY)KbIpbIMIANFaH XoHE anra
KOMBLIFAH 3€PTTEy MaKcaTTapbIMEH JIOTHKAJIBIK TYpAe GalaHbICTBL. 3ePTTEYAIH MIHAETTEp] MaceneHi
TeOPMAIBIK, SMICHAMABIK HKOHE JKCTIEPUMEHTTIK AaCTIeKTiNepiH >KAH-KAKTbl KaMTHABI XOHE 3epTTey
MAaKCaTbiHA KeTY YLIiH KeTKiikTi 6osbin Tabbl1aapl.

Jeprreyain mami — «Yuusepcurer 4.0» Mopeni aschiHAd usmMK-cTyAEHTTEPAIN UMGBPALIK OKbITYFa
MHHOBALMSAILIK 1aAbIH/ILIFLIH KAJILINTAacThIpy yAepici.

Jeprreydin dAicHAMAILIK Herisi kydenik, GeJNCEHIINIKKE HEri3jieNreH XKoHe YAepicTiK Tacinaepre
Herizae/reH. JIOKTOPIBIK AHCCEPTALMANBIK JKYMBICTbIH epexenepit Heriszey yLiH SMIHPUKANLIK XKoHe
TEOPHAILIK JAICTEPAIH YHIECIMIH KamTamachi3 ere OTbIPbIN, TAlJdy JKOHE CHHTE3 Kajlbl FbUIBIMM
ojlicTepi, COMAAM-AK aXyaliblK, TIEAATOPMKANbIK, CTATHCTHKANBIK OKOHE ONEYMETTaHy OMlicTepi
KOJIAAHBLIFaH.

I[HCCC[)TallHﬂJlblK KYMBICTBIH FbUILIMH IKAHAJIbIFbI AaBTOPAbIH (bHBPlK-CT}'LleH’ITepﬂiH Lll/lq)pﬂbll(
OKbITYFa WHHOBALMAJIBIK JAWbIHABIFLI TYXKbIPbIMAAMACHIH HAKTbLIAYBIMEH, COHBIH iliHae OHBbIH
KypUTHIMBIH, Kypamaac GestikTepiH jkoHe Garanay KepceTKiluTepiH Heri3ieyiMeH; OHbI LMPIBIK Ginim
Gepy OpTAChIHIA KAIBINTACTBIPYABIH FhUTbIMU-TIEJATOTMKANIBIK MOJEMIH 93ipreyiMeH; THICTI  OKY-
aicTeMeNTiK Konaayabl xkobanaybIMeH sxoHe eHri3yiMeH; COHal-aK YChIHBIIFaH MOJEIb MEH KOJAAYAbIH



CTYNHTTep/iH MHHOBALMABIK AAWbIHABIK AEHTeiiH apTThipyAarbl THIMALUTITIH 3KCTIEPUMEHTTIK TYPAe
TEKCepyiMEH aHBIKTANabI.

TeopusabIK KOHE NPAKTHKANBIK MAHBIABLLILIFBLL JlMCCEPTALMAIBIK  HKYMBICTBIH Ttiopmnbll(
MaHBI3ABUTBIFBIHA  (QM3MK-CTYACHTTepAiH  LMQpPAbIK ~ OKbITyFa ~ MHHOBAUMANIBIK  JAHMBIHIBIFEI
TYKBIPLIMAAMACHIH XETINIPY, OHbIH KYPbUIbIMbI MeH Garasiay KepceTKilUTepiH HErisaey, coHnaﬁ-aK. OHBI
VYuupepcurer 4.0 napaaurmMachl aschiHAa KaabiNTacThIPyAbIH FBUIBIMH-TEAArOrHKAIBIK MOZENiH a3ipaey
Kipeni.

3epTTeyaiH NPaKTHKANBIK MaHbI3ALLILIFLI OpacaH 30p. OFaH oKy-dAiCTeMeNiK KONnay/bl, COHBIH ilUiHAe
CTYAGHTTEPAIH UHPIbIK, 3ePTTEY 3KOHE MHHOBALMSFA KATHICTbI KY3bIPETTiIKTEPiH apTThIpy MaKCaTbIHAA
Taxipubene THIMAI naiinananbilybl MyMKiH «®H3MKAHBI OKBITYABIH 3AMAHAYH J[icTepi» KypChIH, OKy-
SMiCTeMeiK JKMBIHTBIFBIH, OKY GariapnamMacsl MeH oflicTeMenik KYPasibiH 93ipiiey XKoHe eHrisy Kipei.

Hormxenepain mbInaARLLILIFLI MeH ceniMaiairi. JUccepTauUsIBIK XKYMBIC HOTHXXENEPiHiH CeHiMAiTiri
MEH WIBIHAMBUTBIFBI HETI3ri 3epTTey KOPBITBIHABLIAPBIHBIH XaJbIKapaJblK AEPEKKOp/apaa MHACKCTENreH
XKOHE JKOFapbl FHUIBIMU-METPHAIIBIK KopceTkiluTepre He Genenni WIETENAIK PELEH3UANAHATHIH FBUIBIMH
XKypHaNIap/a >KapusiiaHybIMEH pacTanaipl.

Foubive  ckapusinanbivaap Men anpobamms. JIMCCEPTALMSHBIH HETi3Ti HOTHKENEpi FBUIBIMH
XKapuslaHbIMAapaa THICTI Typae OelfHenedreH, coHmal-aK XaJbIKapaiblK FBUIBIMH (opyMIaapaarsl
KOH(epeHUMsIIapaa YChIHbUIFaH. By 3epTTeynin anpoGauusceH jxoHe i3AeHyIIiHIH KOCKaH XeKe YIeCiH
pacTaizpl.

Eckeprnenep men ycbinbictap. Keiiinri seprreynepne Yausepcurer 4.0 Mozieni aschblHaa CTYIEHTTEPAIH
WHHOBALMAUIBIK  JalbIHABIFBIH  Ofl@aH opi apTThIpy MakcaThblHAA YCBIHBUIFAaH MOAENBAI Oacka
MaMaH/IBIKTapABbIH CTYAEHTTEPIMEH ChIHAKTAaH OTKi3reH, OHbIH KociOM MalbIHIBIK HOTHXKeNepiHe y3aK
Mep3iMIl 9CepiH 3epTTereH JKkoHe JkaHa UU(QPIBIK JKOHE JKacaHAbl MHTEIUIEKT HeEri3iHaeri
TEXHOJIOTUSUTAPBIH 9JICYETiH 36PTTEreH XKOH.

Kopoiteiaasl. JLxyrem6aeBa BakpITryn AckapKbisbiHbIH (unocodus mokropst (PhD) mopexecin
ayFa apHaJIFaH JUCCEPTALMSIIBIK JKYMBICEI MaHBI3[bI EJAarOrUKaIBIK MOCEIIe KapacThIPbLIATHIH, FEUTBIMH
HeTi3/ie/INeH HOTHKEJIEPAi KAMTHTBIH JKOHE aBTOP/bIH XKOFaphl aKaJleMUSIIBIK ASHIeH/le TEOPHAIBIK XKoHE
3KCMEPUMEHTTIK 3epTTeysep JKYprisy KaGiNeTiH KOpPCETETiH TOJBIK, TOYENCi3 FRUIbIMM 3epTTey Gobin
TabbU1a B!

Jluccepraumsibik xkymbic «6D011000 - dusmka» MamaHipIrsl GokbiHma duiocodus aokropsr (PhD)
JI9peXKeciH alyFa apHAIFaH JUCCePTaLHAIBIK XKYMBICTAPFA KOMBLIATHIH TaJlanTapra TOJBIK COMKEC Kerel
KoHe OHBIH aBTOphI Ppuocopus nokropsl (PhD) nopesxecin Gepyre nanbIk.

Pura Texnukanbik YHUBEPCHTETIHIH npodeccopsl
n-p I'ura Pesanbzie (Gita Revalde)
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