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REVIEW
of a foreign scientific consultant on the dissertation work of Bazarbekov Ikram
Medeuuly on the topic "Research of artificial intelligence models and methods for
diagnosing diseases with impaired cognitive functions," presented for the
academic degree of Doctor of Philosophy (PhD) in the educational program

8D06102 — "Computer and Software Engineering."

The doctoral dissertation submitted by Mr. Ikram Medeuuly Bazarbekov
addresses a highly significant and interdisciplinary research problem positioned at
the intersection of artificial intelligence, biomedical signal processing, and the
computational diagnosis of neurodegenerative disorders. In light of the increasing
global prevalence of cognitive impairment and Alzheimer’s disease, the
development of scalable, non-invasive, and data-driven diagnostic approaches
represents an important scientific and clinical priority. Within this context, the
dissertation is both timely and scientifically meaningful.

The main objective of the dissertation is to investigate and develop artificial
intelligence-based models for the diagnosis of cognitive disorders through the

analysis of kinematic time-series data obtained from graphomotor activity. The
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study successfully combines methodological rigor in machine learning with
clinically motivated interpretation of biomedical signals, demonstrating a well-
balanced integration of engineering, computational, and medical perspectives.

A particularly notable contribution of the dissertation is the development and
evaluation of a hybrid deep learning architecture based on Convolutional Neural
Networks and Bidirectional Long Short-Term Memory networks (CNN-BiLSTM).
This model is designed to process raw kinematic time-series signals without relying
exclusively on handcrafted or aggregated features. Such an approach enables the
automatic extraction of local high-frequency motion patterns, as well as long-term
temporal dependencies, thereby preserving the intrinsic temporal structure of
graphomotor dynamics. The reported empirical results demonstrate a high level of
diagnostic performance, including strong sensitivity and robust ROC—-AUC values
obtained under a subject-wise validation protocol.

From a methodological standpoint, the dissertation deserves particular
recognition for its careful attention to the prevention of data leakage. The use of
group-based cross-validation and strict subject-level isolation substantially
enhances the credibility, reliability, and reproducibility of the reported findings.

The author’s awareness of common methodological challenges in biomedical
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machine learning research reflects a commendable level of scientific maturity and
methodological competence.

The dissertation further provides a systematic comparative analysis of
classical machine learning algorithms, including Logistic Regression, Support
Vector Machines, Random Forest, and k-Nearest Neighbors, in comparison with
the proposed hybrid neural network model. This structured evaluation framework
strengthens the validity of the conclusions and clearly demonstrates the advantages
of deep learning methods for modeling complex temporal biomedical signals.

Overall, the dissertation is logically organized, technically sound, and
supported by appropriate experimental validation. The research findings have been
disseminated through peer-reviewed publications and conference presentations,
which demonstrates the author’s active academic engagement and the international
visibility of the work.

Nevertheless, several directions may be considered for further development:

1. Multi-center external validation could be conducted in future studies to
further assess the generalizability of the proposed model across different
populations, clinical settings, and recording environments.

2. Longitudinal data collection would allow for the modeling of disease
progression dynamics and could enhance the prognostic capabilities of the

proposed approach.
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3. Further investigation of model interpretability through explainable artificial
intelligence techniques may strengthen clinical trust, transparency, and
potential adoption in practical healthcare environments.

These observations do not diminish the scientific value of the dissertation.
Rather, they identify constructive directions for future research and continued
development.

In conclusion, the doctoral dissertation of Mr. Ikram Medeuuly Bazarbekov
represents a substantial, original, and scientifically valuable contribution to the
field of Al-based medical diagnostics. The research demonstrates sound theoretical
understanding, strong technical competence, methodological rigor, and clear
practical relevance. The dissertation meets the international academic standards
required for the award of a PhD degree in Computer and Software Engineering.
Therefore, I consider Mr. Ikram Medeuuly Bazarbekov fully deserving of being

awarded the degree of Doctor of Philosophy (PhD).

Alj Almisre
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OT3bIB
3apy0GeKHOr0 HAyYHOTO KOHCY/IBTAHTa Ha AUCCEPTalHOHHYI0 paboTy basapbekosa Mkpama
Meneyyinbl Ha Temy: «/ccnenoBanue Moienel ¥ METONOB UCKYCCTBEHHOT'O HHTEIUICKTA JUIs
JIMAarHOCTHKH 3a00JI€BaHMi C HApyIIIEHHeM KOTHUTHBHBIX (QyHKIMNY, IPEICTABICHHYIO Ha
couckaHue crernenu gokropa ¢punocoduu (PhD) mo obpasoBarensHoit mporpamme 8D06102 —

«KoMmproTepHas ¥ mporpaMMHasi HHKEHEPUS).

- JIOKTOpCKas Auccepralys, mpeacTaBieHHas r-HoM basap6exoBeiM HMkpamom Meneyyisl,
MOCBSIIIIEHa BeChbMa 3HAUYMMON M MEXIUCIUILIHHAPHON Hay4yHOH mIpoOieMe, HaxXOoAAIIeHcs Ha
CTBIKE  MCKYCCTBEHHOIO  HHTEJUIEKTa, OHOMEOUIMHCKOH  0OpaGOTKH  CHTHAIOB |
BEIYUCIIUTEILHON NMArHOCTHKKM HEWpOJereHepaTHBHBIX pacCTpOMCTB. B ycmoBmsax pacTymiei
rnoGagbHOM pacIpOCTPAHEHHOCTH KOTHHTHBHBIX HapylmleHMH u  Gonesnu Asbureiimepa
pa3paboTka MacmTaObupyeMbIX, HEMHBA3HBHBIX M OCHOBAHHBIX Ha JAHHBIX JHArHOCTHYCCKHUX
M0JIXOJI0B HPENCTABIseT COOON Ba)XKHBI HaydHBIH M KIMHHYECKMH NpPHOpHTET. B maHHOM
KOHTEKCTE JFCCePTAIUs SIBIISETCS CBOEBPEMEHHOM M HAyYHO 3HAYMMOM.

OCHOBHOM IENbIO JUCCEPTAllMM SBJISAETCS HCCIECNOBAaHHE H pa3paboTKa MoZeleH,
OCHOBAHHBIX HA MCKYCCTBEHHOM HHTEJUIEKTE, U1 AMArHOCTHKH KOTHHUTHBHBIX PacCTPOMCTB
MOCPENICTBOM aHaIM3a KHUHEMATHYECKHMX BPEMEHHBIX pSIOB, IOJYyYCHHBIX B pe3yibpTaTe
rpadOMOTOPHOM aKTHBHOCTH. VccienoBaHue yCIEnHO COYETaeT METON0JIOTHYECKYIO TOYHOCTh
B 00JacTM MAaIIMHHOIO OOY4YeHHS C KIMHAYECKH OpPUEHTHPOBAHHOM HMHTEpIpETanuen
OMOMEIULMHCKAX CHMTHAJIOB, JEMOHCTPHUPYS XOpOIIO COaJaHCHPOBAaHHYIO HHTErPaIUiO
WH)KEHEPHBIX, BEIYUCIUTEIBHBIX H MEUIHMHCKHX IIOIX00B.

Ocobo cieayeT OTMETUTH BKJIAI AWUCCEPTAllMMl B DPa3pabOTKy M OLEHKY IMOpHIHOM
apXUTEKTYPHl TIyOOKOTO OOy4YeHHUS, OCHOBAaHHOM HAa CBEPTOYHBIX HEHPOHHBIX CETAX H
JIBYHANPaBJIEHHBIX CETAX NOJroBpeMeHHOU kpartkocpouHoi mamsatu (CNN-BiLSTM). [lannas
MOJENb IIpeqHa3HaueHa Uil 00paboTKH HeoOpabOTaHHBIX KHMHEMATHYECKMX CHTHAJIOB
BPDEMEHHEIX DANOB 0€3 OIOpHl HCKIIOYHTENPHO Ha BpPYYHYI0 COOPMHPOBAaHHBIE MM
arperupoBaHHbIe MPH3HAKW. Takod momxon obecnednBaeT aBTOMATHYECKOE H3BJICUCHHE
JIOKAJIBHBIX BBICOKOYACTOTHBIX IaTTEPHOB MABMIKECHHSA, a TAKXKE HOJI'OCPOYHBIX BPEMEHHBIX

3aBUCHMOCTEH, TEM CaMBIM COXpaHss BHYTPEHHIOIO BPEMEHHYIO CTPYKTypy IpadoMoTOpHON

yauna Xpacauuka, 15, 71210 Unumka/CapaeBo




<>

nuHaMuKH. [IpeIcTaBleHHble SMIMPHYECKUAE Pe3yNbTaThl JEMOHCTPUPYIOT BBICOKUM YPOBEHb
JMArHOCTHYECKOH 5()(EKTMBHOCTH, BKIIOYas BBICOKYIO UYBCTBHTEJIBHOCTH M YCTOHYHBEIC
3gaueHuss ROC-AUC, mnojydeHHbIE B paMKaxX IPOTOKOJA BaJMIAIMU C Pa3feJICHHEM II0
cyOBeKTaM.

C METOMOJIOTHYECKOH TOUKH 3PEHHMs IMCCEPTAlls 3acly’KHBaeT 0COOOro MpU3HAHUS
Graromaps TIIATEIBPHOMY BHHMAHMIO K IIPEJOTBPAIICHMIO YTEYKH HaHHbIX. Mcronp3oBaHHe
IPYIIOBO#H KPOCC-BATHAALMH U CTPOTON H30JIAIMY JAHHBIX Ha yPOBHE CyOBEKTOB CYIIECTBEHHO
MOBBIIIAET JOCTOBEPHOCTD, HAZEKHOCTh M BOCIPOU3BOJAUMOCTD IIPEACTaBICHHBIX PE3YJILTATOB.
OCBeJOMJIEHHOCTB aBTOPA O PACpPOCTPAHEHHBIX METOJOJIOTHYECKHX MPoOeMax HCClIeA0BaHUM
B 00JacTH GHOMEIUIMHCKOrO MANIMHHOTO OOY4YeHHs CBHIETEILCTBYET O IOCTOWHOM YPOBHE
HAYYHOM 3pENIOCTH U METOJO0JIOTHYECKONH KOMIICTCHTHOCTH.

B fmccepralMi TaK)Ke MPEACTABICH CHCTEMAaTHYECKHH CpaBHUTENBHBIM —aHAU3
KJIACCHYECKHUX aJITOPUTMOB MAIIMHHOTO 00Y4eHHMs, BKIIOYask JIOTHCTHYCCKYIO PErPECCHI0, METO
ONOPHBEIX BEKTOPOB, CIy4aifHOro jeca W MeTon K-Ommkadmmx coceieidl, B CONOCTABICHUH C
Tpe/UIOKEHHON TuOpuIHON HeffpoceTeBod Mozmenpio. Takas CTpyKTYpHpPOBaHHAsA CHCTEMA
OLEHKH YCHJIHMBAaeT OOOCHOBAaHHOCTH BBIBOJOB M HArSIIHO IEMOHCTPHUPYET NPEUMYINECTBA
METOJIOB ITyOOKOro oOydeHHs Ul MOJETMPOBAHHUS CIOXKHBIX BPEMEHHBIX OHOMEIMIIMHCKHUX
CHTHAJIOB.

B 1menoM [uEccepTamys JIOTHMYHO CTPYKTYPHPOBAaHA, TEXHMYECKM OOOCHOBaHAa H
MOATBEpXKAEHA  COOTBETCTBYIOLIEH  OKCIEpPHMEHTambHOH  Banmupanumeid.  Pesynsprarsl
HCCNICNIOBAHMS OBUIM IPEICTABIEHBl B PELCH3UPYEMBIX HAy4HBIX MyONMKamusaxX H Ha
KOH(EPEHIIUAX, YTO CBHIETENHCTBYET 00 aKTHBHOM aKaIeMHYECKOW NEATENPHOCTH aBTOpa M
MEXKIYHAPOJHOM U3BECTHOCTU NaHHOM PabOTEHL.

TeM He MeHee, MOYKHO BBIJICIUTh HECKOJIBKO HAIpaBICHUH Ul JAJbHEUIIECrO pa3BUTH
HCCIIEIOBaHUS:

1. B 6ynymmx HCCIeNOBaHUSX MOXET OBITh MPOBEJEHA BHEUIHAS MHOrONpOQUIbHAS
BaTHIanys [ 6ojee NeTaIbHOM OleHKH 0000IaroImel ClocoOHOCTH NPEUIOXKEHHOH MOICTTH B
Pa3THYHBIX MOMYJIIUSIX, KIMHAYECKHUX YCIIOBHAX M Cpeax PEerucTpanuy JaHHbIX.

2. COop MpOMOJIBHBIX JAHHBIX [O3BOJIMI OBl MOJEIHPOBATh TMHAMUKY IMPOrPECCHPOBAHMS
3a001eBaHMs ¥ MOT OBI IOBBICUTH IIPOTHOCTHYECKHE BO3MOXKHOCTH IIPEITIOKEHHOTO IOIX0a.

3. JlanpHeiilnee HCCIEAOBaHUE HHTEPIIPETUPYEMOCTH MOJENH C MCIIOIb30BAaHUEM METOJIOB
00BACHUMOI0 HCKYCCTBEHHOTO HHTEJUIEKTa MOXKET CIIOCOOCTBOBATE YKPEIIEHAIO KITMHIYECKOIO
J0BEepHs, TMPO3PAYHOCTH U INOTEHIHAJIBHOMY BHEIPEHHIO MOJEIH B IPAKTUIECKOE

31PpaBOOXpPaHCHHUE.
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JlaHHBIC 3aMeyaHMsd He YMANSIOT HAy4HOM LEHHOCTH muccepTanuy. HampoTus, OHH
ONPENeNAIOT KOHCTPYKTHBHEIE HAIpPaBIEHHUS M OYIyIIMX HCCIENOBAHUM M JajbHEHIero
pa3BUTHUS pabOTHI.

B 3akmodenue ciemyeT OTMETHTh, YTO IOKTOpCKas IuccepTanus r-Ha BasapGexosa
Vkpama Meneyynsl npeacTaBiser co0oi CyIeCTBEHHBIH, OPUTHHANBHEIH HAay4YHO 3HAYHUMBIN
BKIaJ B 001acTh MEIMIMHCKOM JHATHOCTHKM HA OCHOBE HMCKYCCTBEHHOTO WHTEJUIEKTA.
VccrnenoBanne neMoHCTpHUpYyeT TTyGOKOE TEOPETHYECKOE MOHMMAHME, BRICOKYIO TEXHHUYECKYIO
KOMIIETEHTHOCTb, ~METOJOJNIOTHYECKYIO OCHOBATENbHOCT U  OYEBHIHYKO IIPAKTHYECKYIO
3HAYAMOCTE. JlHccepTranust COOTBETCTBYET MEXIYyHAPOAHBIM aKaIeMHYeCKMM CTaHZapTaMm,
IPSABSBIIACMBIM K IIPUCYXICHHIO CTeneHu nokropa ¢umocoduu (PhD) mo HampasneHHIO
«KommbrotepHast ¥ mporpaMMHast HEXKeHepus». Takum o6pa3oM, s CIUTAIO, UTO I-H bazap6exos

Mkpam Mezeyynibl MONHOCTBIO 3aCTy)XHBAeT IPHCYXKIEHHS CTEIeHH NOKTOpa (miocopun
(PhD).

3apyOeXHbI Hay4YHbINH KOHCYIBTAHT:

PhD, acconumpoBanHsIi mpodeccop

Kadenpbl KOMITBIOTEPHBIX HayK U urkeHepuu (CSE)
Mesxnynaponsoro yausepcurera Capaeso
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