MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF KAZAKHSTAN
KA3AKCTAH PECITYBJIMKACBIHBIH FbIJIBIM )KOHE KOF'APbI BIJIIM MUHUCTPJITT
MHUHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30BAHMNS PECITYBJIMKU KA3BAXCTAH

KAZAKHSTAN

UNIVERSITY )
XANBIKAPANLIK ™ =g AR MEXAYHAPOAHBIH
YHHBEPCHTETI I I YHHBEPCHTET

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION
TECHNOLOGIES

Published since 2020.
Volume 7. 1 (25). 2026
January—March

XAJBIKAPAJBIK AKITAPATTBIK "KOHE KOMMYHUKAIUSIIBIK
TEXHOJIOTUSLJIAP KYPHAJIbI

2020 xputgas O6epi TIbIFapbLTa B!
Tom 7. 1 (25). 2026
Kanrap-Hayps13

MEXJTYHAPOJIHBIN ’KYPHAJI UHOOPMAIIMOHHBIX U
KOMMYHHUKAIIMOHHBIX TEXHOJIOI'NHN

Uznpaercs ¢ 2020 r.
Tom 7. 1(25). 2026
SuBapb-Mapt

CBUIETENBCTBO O IOCTAaHOBKE HA Y4ET IEPUOJIUYECKOr0 1€4aTHOrO U3JaHus B MUHHUCTEPCTBO
nHpopManmu u odmecTBeHHOro pazButus Pecrryommkn Kazaxcran Ne KZ82VPY 00020475,
Beigangoe ot 20.02.2020 r.

3apeructpupoBaHo B MexIyHapOAHOM IIEHTPE PETUCTPALUH CePUIHBIX n3aaHuil ISSN
(FOHECKO, ITapux, Opanius). ISSN 2708-2032 (print), ISSN 2708-2040 (online)

XKypnan Bxoaut B Ilepeuens HayuHbIxX u3ganuil, pekomenayemsix KOKHBO MHBO PK
JUISL ITyOJIMKAI[UY OCHOBHBIX PE3yJIbTaTOB HAyYHOH IesSTeTbHOCTH.



EDITOR-IN-CHIEF:
Kateryna Kolesnikova — Doctor of Technical Sciences, professor, Vice-Rector for Research, International Information Technology
University (Kazakhstan)

DEPUTY EDITOR-IN-CHIEF:
Madina Ipalakova — Candidate of Technical Sciences, associate professor, Director of the Research Department, International
Information Technology University (Kazakhstan)

EDITORIAL BOARD:
Abdul Razak — PhD, professor, Department of Cybersecurity, International Information Technology University (Kazakhstan)
Lucio Tommaso De Paolis — Director of the R&D Department of the AVR Laboratory, Department of Engineering for Innovation,
University of Salento (Italy)
Liz Bacon — Professor, Deputy Vice-Chancellor, Abertay University (United Kingdom)
Michele Pagano — PhD, Professor, University of Pisa (Italy)
Mukhtarbay Otelbayev — Doctor of Physical and Mathematical Sciences, professor, academician of the National Academy of
Sciences of the Republic of Kazakhstan, professor of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Bolatbek Rysbaiuly — Doctor of Physical and Mathematical Sciences, professor, professor of the Department of Computing and Data
Science, Astana IT University (Kazakhstan)
Yevgeniya Daineko — PhD, research professor, Department of Information Systems, International Information Technology University
(Kazakhstan)
Nurzhan Duzbayev — PhD, associate professor, Vice-Rector for Digitalization and Innovation, International Information Technology
University (Kazakhstan)
Bakhtgerei Sinchev — Doctor of Technical Sciences, professor, Department of Information Systems, International Information
Technology University (Kazakhstan)
Nurgul Seilova — Candidate of Technical Sciences, Dean of the Faculty of Computer Technologies and Cybersecurity, International
Information Technology University (Kazakhstan)
Ardak Mukhamediyeva — Candidate of Economic Sciences, Dean of the Faculty of Business, Media and Management, International
Information Technology University (Kazakhstan)
Zamira Abdikalikova — PhD, associate professor, Head of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Yerlan Shildibekov — PhD, associate professor, Head of the Department of Economics and Business, International Information
Technology University (Kazakhstan)
Damilya Yeskendirova — Candidate of Technical Sciences, associate professor, Head of the Department of Cybersecurity,
International Information Technology University (Kazakhstan)
Aigul Niyazgulova — Candidate of Philological Sciences, Professor, Head of the Department of Media Communications and History of
Kazakhstan, International Information Technology University (Kazakhstan)

Altai Aitmagambetov — Candidate of Technical Sciences, Professor, Department of Radio Engineering, Electronics and
Telecommunications, International Information Technology University (Kazakhstan)

Yelena Bakhtiyarova — Candidate of Technical Sciences, associate professor, Head of the Department of Radio Engineering,
Electronics and Telecommunications, International Information Technology University (Kazakhstan)

Kanibek Sansyzbay — PhD, research professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)

Sakhybay Tynymbayev — Candidate of Technical Sciences, Professor, Research Professor, Department of Computer Engineering,
International Information Technology University (Kazakhstan)
Ali Abd Almisreb — PhD, associate professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)
Mohamed Ahmed Hamada — PhD, associate professor, Department of Information Systems, International Information Technology
University (Kazakhstan)
Yang Im Chu — PhD, Professor, Gachon University (South Korea)
Tadeusz Wallas — PhD, Vice-Rector, Adam Mickiewicz University (Poland)
Orken Mamyrbayev — PhD, Deputy Director for Science, RSE Institute of Information and Computational Technologies, Committee
for Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan (Kazakhstan)
Sergey Bushuyev — Doctor of Technical Sciences, professor, Director of the Ukrainian Project Management Association “UKRNET,”
Head of the Department of Project Management, Kyiv National University of Construction and Architecture (Ukraine)
Svetlana Beloshitskaya — Doctor of Technical Sciences, professor, Department of Computing and Data Science, Astana IT University
(Kazakhstan)
MANAGING EDITOR
Raushan Mrzabayeva — Master of Science, editor, International Information Technology University (Kazakhstan)

International Journal of Information and Communication Technologies

Periodicity: 4 times a year.

Languages: Kazakh, Russian, English

DOI prefix: 10.54309

ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

Thematic focus: "Information technology"; "Digital technologies in the development of socio-economic systems"; "Information
security and communication technologies".

Distribution: Materials are distributed under the Creative Commons Attribution 4.0

Journal website: https://journal.iitu.edu.kz

Owner: International Information Technology University JSC (Almaty).

Copyright: © International Journal of Information and Communication Technologies, 2026




INTERNATIONAL JOURNAL OF INFORMATIN AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).
PEJAKLIMSI

BAC PEJJAKTOP:
KonecnnkoBa Karepuna BHKTOpPOBHA — TeXHNKa FbUIBIMIAPBIHBIH JOKTOpBI, Tpodeccop, XalbIKapaiblK aKNapaTThIK TEXHONOTHsUIAp

y'H'MBC])CHTeTlHlH FBUIBIMH-3EPTTCY KLBMG’TI )KBH!HI[C]"I TIPOPEKTOP (Ka:iaKCTaH)

BAC PEJJAKTOP/IbIH OPbIHBACAPBI:
HnanakoBa Majauna TyjlereHoBHa — TEXHUKA FHUIBIMIAPBIHBIH KAHIHIATHL, KAYbIMIACTHIPBUFAH Tpodeccop, XaabKapaiblK aKIapaTTIK
TEXHOJIOTHSIAp YHUBEPCUTETIHIH FRUIBIMU-3ePTTEY KbI3METI JKOHIHIET] AenapTaMeHT mupekTops! (Kaszakcran)

PEJAKIUSIBIK AJTKA:
Paszak A6y — PhD, XaibIkapasibIK aKIapaTThIK TeXHONOTHsIIAp YHUBEPCUTETI KubepKayincisaik kabenpackubiH npodeccopsl (Kazakcran)
Jlyuno Tommaszo ne IMTaomme — Canento Vuusepenteri (MTtamis) MHHOBALWS SKOHE TEXHOJOTHSUIBIK MHKHHHPHHT Jeriapramenti AVR
3ePTXaHACBIHBIH 3ePTTEY JKOHE d3ipIiey OertiMiHiH JUPEKTOPbI
JInz Bakon — npodpeccop, Abepreii YunpepcuteTi (YIIbIOpHTaHNs) BULE-KaHIPIEPiHIH OpbIHOAcCapbI
Mukeue ITarano — PhD, ITi3a Yausepcurerinin (Mrammst) mpogeccopst
OrenbaeB Myxrapoaii Ortenbaiiyibl — Qu3HKa-MaTeMaTHKa FHUIBIMAAPBIHBIH J0KTOpBI, mpodeccop, KP ¥FA axanemuri, Xamblkapaibik
AKITapaTThIK TEXHOJIOTHsIAP YHUBEPCUTETI MaTeMaTHKa YKOHE KOMITBIOTEPITIK Moziesbey KadeapachiHbiy npodeccopst (Kazakcran)
Poicoaiiysibl Bosatdex — (usnka-mMaTeMaTHKa FhUIBIMIAPBIHBIH JIOKTOPBI, podeccop, Ecenrey xoHe aepekTep FhUIbIMAAphI AeHapTaMEeHTIHIH
npO(beccopbl Astana IT University (Kasaxcram)

Eprenust Astexcany — PhD, XasbIKapasIbIK akIapaTThIK TeXHOTOTHSUIAp YHUBEPCHTETI aKIapaTThIK xKyiienep KadeapackiHbIH
npoq)eccop seprreymici (Kazakcran)
Jy36aes Hyp:xan Tokkyxkaewu — PhD, kaysIMpacTelpeuiran npodeccop, XanbIKapanblK aKHapaTThIK TEXHONOTHSIAP YHHBEPCHTET
1MpIaHIBIPY XkOHE MHHOBAIMSUIAP XKeoHiHzeri npopexrop (KasakcraH)
Cunues bBaxrtrepeii KycnmanoBmu — TeXHHMKAa FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop, XambKapaiblk AakKMapaTThIK TEXHOIOTHsIAP
YHHUBEPCHTETI aKIapaTThIK XKYyitesep kadeapacebiH npodeccops (Kazakcran)
CeiiioBa Hypryias AGajny/llaeBHA — TEXHHMKA FbUIBIMAAPBIHBIH JOKTOPBI, XAaJbIKAPAIbIK AKIApaTThIK TEXHOJOTHSUIAP YHMBEPCHTETI

KOMIIBIOTEPITIK TEXHOIOTHsUIap JKoHe Knbepkayirncisik dakynbrerinii aekansl (Kazakcran)

MyxamemmeBa Aprak ['aGMTOBHA — SKOHOMHUKA FHUIBIMAPBIHBIH KaHMAThI, XaJIbIKAPAIBIK AKIAPATTHIK TEXHOIOIHSUIAD YHHBEPCUTETI
GusHeca MeJa skoHe Gackapy (akysbrerinin aekans! (Kasakcram)

AduKa, 3amupa Typces! — PhD, kaybIMzpacTsIpbUIFaH mpodeccop, XaabIKapaiblK aKIapaTThIK TeXHOIOTHSIIAP YHUBEPCHTETI
MaTeMaTHKa JKOHE KOMITBIOTEPITIK MOZIeIIbIeY KadeapachiHbIH MeHrepyuici (KasakcraH)

IInsaudexos Epaan XKapxanosuu — PhD, kaysIMaacTsIppUFaH npodeccop, XambIKapanblK aKHapaTThIK TEXHONOTHSIAP YHUBEPCHTETI
9KOHOMHKA koHe On3Hec KadenpachHbH MeHrepyic (Kazakcran)

Jamenst MakcyroBHa EckeHIHpoBa — TexHIKa FHUIBIMIAPBIHBIH KaHIMIAThL, KaybIMAACTBIPbUFAH mpodeccop, XaabKapablK aKIapaTThK
TEXHOJIOTHsUIAap YHUBEPCUTETI KnbepKayincizik kadenpachHbii MeHrepyici (Kasakcram)

Husi3ryioBa Aiiryiab Ackap0exoBHA — (GWIONOTHS FbUIBIMAAPBIHBIH KaHIMAATBI, JOLEHT, mpodeccop, XabKapalblK aKIapaTThiK
TEXHOJIOTHSIIAp YHUBEPCHUTET MeIMaKOMMYHHUKaLs skoHe Kasakcran Taprxsl kadyepachitbii Merrepyici (Kazakcran)

AiitmaraméeroB Austaii 3y(apoBH4 — TEXHHMKA FHUIBIMIAPBIHBIH KaHIHAATHI, XalbIKAPAIbIK aKIapaTThIK TCXHOIOTHSIIAD YHHBEPCUTETI
PaMOTEXHHKA, IEKTPOHHKA JKOHE TEIeKOMMYHHKaIMs KaeapackiHbiH npodeccopsl (KasakcraH)

BaxTusip Enena Ax — TeXHHKA FHUIBIMIAPHIHBIH KAHIHIAThL, KaybIMIACTBIPEUIFaH Ipodeccop, XambIKapanblK aKIapaTThIK
TEXHOJIOTHSUIAp YHHBEPCUTETI PaIOTEXHHKA, HIEKTPOHHKA JKOHE TEIeKOMMYHHKaIMs KaeapackiHbH Merrepyrici (Kasakcran)

Kanubex Cancpi36aii — PhD, kaysivpacTsIpsuiran npogeccop, XalbIKapasiblK aKMapaTThIK TEXHOTOTHSIAp YHUBEPCHTETI KHOepKayinci3aik
kaenpaceHbIH npodeccop-3eprreyici (Kazakcra)

ToeinbiM6aeB Caxubali — TexHHKA FHUIBIMAAPBIHBIH KaHAUIATHI, mpodeccop, XaublKapalblK aKIIapaTTbIK TEXHOJOTHSUIAD YHUBEPCHTETI
KOMIIbIOTEPIIK HEDKeHepust KadyepachiHbiH npodeccop-3eprreyiuici (Kasakcrar)

Anvucped Amm A6x — PhD, XasiblkapaiibIK aKapaTThIK TeXHOIOTHsIIAP YHUBEPCUTETI KHOepKayinciiik KaeapachHbIH KaybIMAACThIPbUEAH
npodeccopsr (Kazaxcran)

Moxamen Axmen Xamaga — PhD, XanblkapanblK aKnapaTThIK TEXHOJNOTHSUIAD YHHBEPCHTETi aKIApaTThIK JKyHenep KadeapachiHBIH
KaybIMIACTBIPbUTFaH rpoheccopsl (Kazaxcran)

Sur Im Yy — PhD, T'auon ynuBepcutetinin npodeccopst (OxTycTik Kopes)

Taneym Basuiac — PhD, Azam MunikeBuy atbisaars! (ITonbiina) yHUBEpCHTETTIH IPOPEKTOPBI

MawmbipoaeB Opken Kymazxanouu — PhD, KP F2KbM Fbuteiv koMUTETI aKknapatThIK JKoHE ecenTey TeXHOIOrHsuIapsl HHCTHTYTEl OMK
JIMPEKTOPBIHBIH FHUIBIM XKOHIH/er1 opbiHOacapsl (Kaszakcran)

Byumryes Cepreii JIMATpHeBHY — TEXHHMKA FbUIBIMIAPBIHBIH JIOKTOPBI, mpodeccop, Yrpaunausi "YKPHET" jxobanapupl Gackapy
KaybIMIACTBIFBIHBIH JIMPEKTOPbI, KHEB YIITTHIK KypbUIBIC JKOHE COYJET YHHBEPCHTETi jkobanapibl Oackapy KadeapachIHbIH MEHrepyuici
(Ykpauna)

Besomunkasi Ceeraana BacuiibeBHa — TEXHNKA FRUTBIMIAPBIHBIH JOKTOPBI, JIoNeHT, Astana IT University ecentey *oHe JepeKTep FUTBIMBI
kagenpachinbiH podeccops (Kasakcram)

JKAYAIITBI PEJAKTOP:
My Paymian 7Ka. — Maructp, XablKapaiblK aKIapaTThIK TEXHOIOTHSIIAp YHUBEPCHTETIHIH peaakTops! (Kasakcram)

XaJbIKapasblK aKnapaTThIK KOHE KOMMYHHKAIMSIIBIK TEXHOJIOTHSIIAP JKyPHAJIBI

ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

TIpedukc DOI: 10.54309

Mep3imainiri: xbuUIbiHa 4 per.

BacbuibiM Tini: Kaszak, OpbIC, aFbUILIBIH.

TaxpIpeinm  OareITel:  "AKIapaTThIK TexHoJOTHsap"; "AKMapaTThlK KayilCi3mik koHe KOMMYHHKAIMSUIBIK TEXHOJOrusmap';
"OJIeyMeTTIK-3KOHOMHKAIBIK JKYHelIep i 1aMbITy1arbl IUQPIBIK TeXHOIOrus".

Kypnaun caittsr: https://journal.iitu.edu.kz

Tapary: matepuaniap Creative Commons Attribution 4.0 HIeH3UsCHI OOFBIHIIA TapaThIIA bl

Menmik neci: AK «XabIKapalblK aKIapaTThIK TEXHOJIOTHSIAP yHUBEPCUTETD (AJIMATHI K. ).

ABTOPIIBIK KYKBIK: © XasbIKapalblK aKIapaTThIK KOHE KOMMYHHUKALHMSIIBIK TEXHOIOTUsIIAp KypHaibl, 2026




INTERNATIONAL JOURNAL OF INFORMATIN AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

PEJAKIUSA
TJIABHBIA PEJAKTOP:
KoiecuukoBa Karepuna BHKTOpOBHA — JOKTOp TEXHHYECKHX HayK, Hpodeccop, MPOPEKTOp IO HAYYHO-HCCICA0BATEIbCKOM

JeATeTbHOCTH MeKIyHapoJHOTO yHHBEPCUTETa HH(POPMaIMOHHBIX TexHoxorui (Kazaxcran)

3AMECTHUTEJIb I'/TABHOI'O PEJJAKTOPA:
HnanakoBa Maauna Ty/jiereHoBHA — KaHANAAT TEXHUYECKUX HAyK, ACCOLMUPOBAHHBIN podeccop, IUPEKTOp AermapTaMeHTa o HayqHO-
HCCIIe/IOBATEIIBCKON ACATEIbHOCTH MeXIyHapOAHOTO YHHBEPCUTETa HHPOpPMaMOHHBIX TexHosorui (Kasaxcran)

PEJAKIIUOHHAS KOJIJIEI'U:

Pazak Aoaya — PhD, mpodeccop kadenprer knbepOesomacHOCTH MekKIyHApOJHOTO YHMBEPCUTETa HH(MOPMALMOHHBIX TEXHOJIOTHH
(Kaszaxcran)
Jlyuno Tommazo ge ITaoame — gupekTop OTHena HcclaeqoBaHMN M pa3paboTok mabopartopun AVR nemapramMeHTa WHHOBALMH |

TEXHOJIOTUYECKOro MHKUHUpUHra YHuBepcureta Canenro (Mramus)
JIuz Bakon — npodeccop, 3amecTuTenb Bulie-KaHiuiepa Y HuBepceutera Abepreit (Benukobpuranns)
Mukese Ilarano — PhD, npodeccop Yuusepcutera ITussr (Mranus)

Oten6aes Myxrtap6aii Orenéaiiyapl — JOKTOp (U3MKO-MaTeMaTHYeCKHX Hayk, npodeccop, akagemuk HAH PK, mpodeccop kadenpst
MaTeMaTH4YCCKOTr0 U KOMIIBIOTEPHOTO MOACITUPOBAHU Me)KuyHapouHoro YHUBEPCUTETA HH(POPMALTHOHHBIX TEXHOJIOTUH <K213aXCTElH

Pricoaiiynbr Borardek — nokTop dusnko-MareMaTHuecKux Hayk, npodeccop, npodeccop Astana IT University (Ka3axcram)

Jaiinexo Epremms AxexcanaposHa — PhD, npodeccop-nccienoBarens Kadeapsl HHOOPMAIMOHHEIX CHCTeM MeXyHapOIHOTO
YHHBepcHTeTa HHPOPMALMOHHBIX TexHonornii (Kazaxcran

Hy36aes Hyp:kan Toxkysxaesnu — PhD, acconmupoBaHHBIH npodeccop, MPOPEeKTop 10 MU(pPOBU3ALNN U HHHOBALMAM MeXIyHapOIHOTO
yHHBepcuTeTa nHOOPMALHOHHBIX TexHonoruit (Kazaxcran

CunueB Baxtrepeii KycmamoBmy — JOKTOp TEeXHHYECKHMX HaykK, Ipodeccop, mpodeccop Kadeapsl HHPOPMAIMOHHBIX CHCTEM
MexayHapoHOrO yHUBepcuTeTa nH(GOpMaLMOHHbIX TexHonorui (KaszaXcran)

CeiiioBa Hypryab Abajay/iaeBHA — KaHIMAAT TEXHUYECKHUX HAYK, I€KaH (paKyJIbTeTa KOMIBIOTEPHBIX TEXHOIOTHil H KuOepOe3omacHOCTH
MesklyHapoIHOTO yHHBepCHTETa HHPOPMAIMOHHBIX TexHosornii (Kasaxcran)

Myxamennesa Apaak 'abuToBHA — KaHIMAAT YKOHOMUYECKUX HAyK, AeKaH (akyabTeTa OM3HEca MeIHa U ynpaBieHHs MexayHapoaHoro
YHUBEpCHTETa HH)OPMAIMOHHBIX TeXHoIorui (Kazaxcran)

AoaukannkoBa 3ammpa Typcbin6aesHa — PhD, accouumpoBaHHblii mnpodeccop, 3aBeayiomas kadeapoidl MaTeMaTHYecKOro M
KOMITBFOTEPHOT'O MOJICJIMPOBAHU Me)KuyHaponHoro YHHUBEpCUTETA HHCi)OpMaLU/IOHHBIX TEXHOJIOTUH aSaXCTaH)

Inapanoekos Epaan JKapxkanouu — PhD, accormmpoBanHbIi npodeccop, 3aBepyronmii kadeapoil SKOHOMHKH M OW3Heca
Me)KﬂyHapOJIHOFO YHHUBEpPCUTETA HHq)OpMaLU/IOHHLIX TEXHOJIOTHH (KaSaXCTaH)

Jdamenss MaxkcyroBna EckenampoBa — KaHIMJaT TEXHHUYECCKHMX Hayk, acvcollémlpOBaHHbIﬁ npodeccop, 3aBenyromas Kadeapoit
knOepOe3onacHOCTH MexkayHapoaHOTO yHUBEpCcUuTeTa MHGOPMAHOHHBIX TexHonoruit (Kazaxcram)

Hussryiosa Aiiryns  Ackap0ekoBHA — KaHIMJIAT (HIONOIMYECKMX HAyK, JIONIEHT, mpodeccop, 3aBemyromas —Kadenpoit
MeIHaKOMMYHHKaUK 1 ucTopun Kazaxcrana MeskyHapoJHOTO yHHBEPCUTETa HH(POPMAIMOHHBIX TexHonorui (Kasaxcran

AiitmaramberoB  Auraii  3ydgapoBmy — KaHIMIAT TEXHMUYECKHX HayK, npodeccop Kadeapbl pPaJUOTEXHUKH, OJJIEKTPOHUKH MU

TeJICKOMMYHHUKaLi MexayHapOaHOro yHuBepcuTeTa nH(opManoHHbIX TexHotorui (Kasaxcran)

BaxtusipoBa Enena Aku0exoBHa — KaHIMAAT TEXHUYECKMX HAYK, aCCOLMMPOBAHHBIN mpodeccop, 3aBeayiomas kadeapoil paanoTeXHUKH,
SJICKTPOHHUKH M TEICKOMMYHHKALMH MexK/IyHapOIHOTO yHUBEPCHTETA HHPOPMALIMOHHBIX TexHosorui (Kasaxcram)

Kanubex Camncpi3baii — PhD, acconunpopanubiii npogeccop, npodeccop-uccnenobarens kadeapsl kubepoesonacHocTd, MexayHapoaHoro
YHHBEpCHTeTa HH(POPMAIMOHHBIX TexHoIorni (Kazaxcran)

TeiapiMbaes Caxubaii — Kanauaar TeXHHYECKUMX Hayk, npodeccop, mpodeccop-uccienoBaTesb Kadeapbl KOMIBIOTEPHON HHKEHEPUH,
Me)lcnyr—rapozmoro YHHUBEpPCUTETA HHCi)OpMaLU/IOHHBIX TEXHOJIOTUH Ka3aXCTaH)

Anvucped Amm A6éx — _PhD, accoummpoBanHblii mpodeccop kadempsl knbepGezomacHOCTH MeXIyHapOJHOTO —yHHBEPCUTETA
I/IHCI)OpMaHI/IOHHBIX TEXHOJIOTUHN (Ka3ax0TaH

Moxamen Axmen Xamama — PhD, accoummpoBanHbIi npodeccop kadeapsl HHOOPMAIMOHHEIX CHCTEM MEXIyHapoJHOrO YHHBEPCHTETa
nH(pOPMALIMOHHBIX TexHonorui (Kasaxcran)

SIar Um Yy — PhD, npodeccop yrusepcurera I'auon (FOxuas Kopes)

Taneym Baaac — PhD, npopexrop yHuBepcutera umeH Aznama Murkesnya (ITosbimna)

MawmbipéaeB Opken KymaxanoBuy — PhD, 3amecrurens qupexropa 1o nayke PI'TI MucturyTa MHQOPMALMOHHBIX U BBIYHCIUTEIBHBIX
texHonoruit Komurera nayku MHBO PK (Kasaxcran)

Bymyep Cepreii /IMUTpHeBHY — JOKTOp TEXHHYECKHMX HayK, Ipodeccop, MMPeKTop YKPAaHHCKOH accOIMAIMi YIpPaBICHUS IPOCKTaMH
«YKPHET», 3aBexyrommii kadeapoil ynpasiieHHs NpoekTaMd KHEBCKOro HAlMOHAIBHOIO YHHBEPCHTETAa CTPOUTEIBCTBA U APXUTEKTYPBI
(Yxpaunna)

Bejgomunkas CeersiaHa BacuabeBHa — JOKTOpP TEXHHYECKUX HAyK, JOLEHT, Ipodeccop Kadeapsl BEYUCICHHI 1 HAYKH 0 JaHHBIX Astana IT
University (Ka3axcran

OTBETCTBEHHBIN PEJAKTOP:
Mp3a6aesa Payman J)KaaneBHa — maructp, pegakrop Mex/yHapoIHOro YHHBepcHTeTa HHBOPMAIMOHHBIX TexHonorui (Kazaxcram)

MexTyHapoIHBII Ky pHaT HHPOPMAIMOHHEIX X KOMMYHHKAIIMOHHBIX TEXHOIOTHIT

ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

TIpeduxc DOT: 10.54309

Ileproan4HOCTh: 4 BBIITYCKOB B TO/I.

SI3bIK U3/1aHUA: Ka3aXCKUHM, PyCCKUi, aHTTMHCKHi.

Temarudeckas HarpaBieHHOCTh: "MH)opmanrontsie Texnonoruu"; "MudopmannonHas 6e30MacHOCTh ¥ KOMMYHHKAI[HOHHbIC
TexHonorun"; "Lindposbie TEXHOIOTUH B PA3BUTHU COLMO-KOHOMUYECKUX cHUCTeM".

Caiit sxypnaina: https://journal.iitu.edu.kz

PacnipocTpanenue: MaTepuaibl pacipocTpanstores o gunensun Creative Commons Attribution 4.0
Cob6erBeHHuk: AO « MexyHapoaHblil YHHUBEPCUTET HH(POPMAILIMOHHBIX TEXHOIOTHID) (I. AJIMATBI).
Asropckue npaBa: © MexayHapoaHBIiT )KypHAT HHPOPMALIMOHHBIX 1 KOMMYHHUKAILIMOHHBIX TEXHOJIOTHIA, 2026




INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

CONTENTS
DIGITAL TECHNOLOGIES IN THE DEVELOPMENT OF SOCIOECONOMIC
SYSTEMS

A.B. Zhalgas, Y.N. Kalpakov, B.Ye. Amirgaliyev

MACHINE LEARNING-DRIVEN OPTIMIZATION OF LOGISTICS IN SMART CITIES: A CASE STUDY
OF ASTANA Lottt ettt et et et e et e et e ete e st e st ess e s s e sesseeseeseeseeseessensensenseeseaseeseessessessessesessessesseeseesaans 11
L. Kurmangaziyeva, Sh. Kodanova, M. Urazgaliyeva, O. Findik, S. Iskakova

INTEGRATING FUZZY LOGIC AND ARTIFICIAL INTELLIGENCE IN OPTIMIZING BUSINESS
PROCESS AUTOMATION DECISIONS .....otiiieieieieietesteste ettt ettt ettt stestestaesaesaesaessessessessesseesesssassensenses 26
Y. Mailybayev, U. Adilbayeva, R. Amanova

ORGANIZATION OF AN ONLINE SURVEY OF PARTICIPANTS IN THE EDUCATIONAL PROCESS AND
ANALYSIS OF THE RESULTS BASED ON THE MODIFIED DELPHI METHOD .......cccccecveiieiieieieieeeeies 48
V.A. Takizhanov, A.Z. Ibragimov, A. Shalakhmetov

SIMULATION-BASED ROBUSTNESS ASSESSMENT OF ASTANA’S BUS NETWORK UNDER RANDOM
AND TARGETED FAILURES ......ootitietietctetceee ettt ettt et taesa e e s esse s e esesseeseeseesaensensensansessenss 63
G. Hamada, M. Hamada

LEVERAGING MACHINE LEARNING MODELS TO BOOST THE MANIPULATION OF
UNSTRUCTURED DECISIONS AND UNSTRUCTURED DATA IN DIGITAL BUSINESS FIRMS ............... 78

INFORMATION TECHNOLOGY

M. Zh. Aitimov, G. K. Muratova, Zh. K. Bissenbayeva, I.M. Bapiyev, M. Kassim
SEMANTIC COMPLETENESS IN KAZAKH-LANGUAGE EXTRACTIVE QA THROUGH ONTOLOGY

AND RETRIEVAL MECHANISMS ..ottt ettt 96
A.Aitim, A. Auyezova

ENCODING NP-COMPLETE PROBLEM INSTANCES INTO NATURAL LANGUAGE FOR LLM
PROGCESSING ....oviiiiiieiiireetet etttk ettt n s 109

O.N. Akylbekov, Y.T. Dauletbek, A.N. Moldagulova, G.S. Zakariya, D.A. Gura

MACHINE LEARNING METHODS FOR ANALYSING THREE-DIMENSIONAL SPATIAL DATA IN
KAZAKHSTAN’S LAND USE PLANNING .....ooitiiiiiiieieteieeeee ettt sttt ssessessessassaesaessesaensens 126
S.Zh. Aliaskarov, R.K. Uskenbayeva, A. Razaque, A.B. Kassymova, A.M. Anartayeva

TOWARDS EFFICIENT BIG DATA ANALYTICS IN REGIONAL SYSTEMS: PRACTICAL INSIGHTS
FROM HYBRID ARCHITECTURE DEPLOYMENT .....oooiiiiiiiiiieeeee et 146
Zh. Bilyalova, N. Shazhdekeyeva, K. Uteuliyeva, T.Akhmurzina, L. Nurgaliyeva

A MATHEMATICAL MODEL FOR DECISION-MAKING UNDER UNCERTAINTY HYBRID BASED ON
FUZZY LOGIC AND GENERATIVE ARTIFICIAL INTELLIGENCE .........ccooiiiiiiiieeceeeeeeeeeee e 165
A. Ismailova, G. Yessenbayeva, K. Kadyrkulov, R. Moldasheva, A. Amangeldi

DEVELOPMENT OF A HYBRID DEEP LEARNING MODEL FOR MULTICLASS CLASSIFICATION OF
MICROSCOPIC IMAGES OF BACTERIA ......ocui ottt ettt ettt ssessesbeeseesaesaesaens 186
G. Kalman, J. Kultan, A.N. Ismukamova, N.M. Ausilova, Y.V. Makhatova

A DOMAIN-KNOWLEDGE-BASED MODEL FOR REFERENCE RESOLUTION IN LOW-RESOURCE
LANGUAGES . ...ttt ettt e et e st e st et e e st ens e enseenseessesseeaseesseenseeseenseanseenseansennseannenneenns 199
Y. Kamen, Zh. Yessendauletova, L. Fazylova, M. Rakhimzhanova, A.M. Nedzved

USING NEURAL NETWORKS FOR OBJECTIVE ASSESSMENT OF ATTENTION IN CHILDREN BASED
[0 A 2 B N SRS 216
A.Ye. Kulakayeva, Ye.A. Bakhtiyarova, G.T. Jakanova, Sh. Nursultan

COMPARATIVE ANALYSIS OF VARIOUS RADIO WAVE PROPAGATION MODELS FOR MOBILE
NETWORK COVERAGE PREDICTION ......ccocoieiiieieiesiesieeieeteettettete et stesseeteesaesaesaessessessessessessessesseessassas 231
A. Kalykulova, K. Bakirov, A. Shoman, A. Nugumanova

FORMATION OF A UNIFIED DATA SET FOR ANALYZING THE RELATIONSHIP BETWEEN DOG
BREEDS AND DISEASES ...ttt ettt ettt testa st et e s eaessesbessesseeseessessensensesesseeseeseessessenes 247
D. Kantayeva, A. Seisenbekkyzy, S. Biloshchytska

COMPARATIVE EVALUATION MODEL BASED ON EXPERT SYSTEMS FOR ABSTRACTIVE
SUMMARIZATION OF SCIENTIFIC TEXTS ..ottt ettt st ste e esaesae s esessessennean 269
N. Mordvintsev, Zh. Oralbekova, A. Bakiyeva

DEEP LEARNING-BASED VEHICLE MAKE AND MODEL RECOGNITION: DATASET CHALLENGES

O



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

AND INFLUENCING FACTORS IN URBAN TRAFFIC ......ooiiiiiiiiieiieeeee e 269
M.B. Nurpeissova, Sh.K. Aitkazinova, A.M. Abenov, N.S. Donenbayeva
METHODOLOGY FOR TRANSFORMING SATELLITE COORDINATES INTO A TOPOCENTRIC

RECTANGULAR COORDINATE SYSTEM ...ttt sttt ettt st st 315
L. Naizabayeva, G. Turken, R.A. Druba
EFFECTIVE METHOD FOR OPTIMAL CLUSTERING IN UNSUPERVISED LEARNING ..........ccceevivrnnns 328

S. Nurgaliyeva, Zh. Seitkaliyev, A. Sakhipov, M. Kali, R. Hrmo

YIELD FORECASTING FOR FRUITS AND VEGETABLES USING RANDOM FOREST ON LARGE-
SCALE AGROCLIMATIC DATA ..ottt 339
A. Nurgalykov, S. Sapakova, D. Zhalmukhanbetov, G. Nurgazy, A. Myrzabayev

LANGUAGE ASYMMETRY IN LLMS: THE IMPACT OF NON-ENGLISH DATA ON ACCURACY AND
RELIABILITY .ottt et b bbbt ettt besaesaesbeene e 355
A. Ospanov, P. Alonso-Jorda, A. Zhumadillayeva

BLOCKCHAIN-ENABLED ERP WAREHOUSE INTEGRATION WITH IOT DIMENSIONERS AND
MACHINE LEARNING-OPTIMIZED DIMENSIONAL WEIGHT RECONCILIATION .......ccccccceininininnne 371
A.A. Sakhipov, R.B. Seiitbek

EVENT-DRIVEN MICROSERVICES FOR INCIDENT DETECTION AND RESPONSE IN INTELLIGENT
TRAFFIC SYSTEM ...ttt ettt ettt et b e s bbb ene 387
A. Tursynova, B. Omarov

EVOLUTION OF THE EFFECTIVENESS OF CONDITIONAL GAN FOR THE SYNTHESIS OF CT
IMAGES OF THE BRAIN IN THE DIAGNOSIS OF STROKE ......cccccciiiiiiiiiiiiiiiiiiciccciececeeeies 400
G. Yusupova, K.S. Shadinova, D. Ussipbekova, Zh.Zh. Azhibekova, P. Schmidt

DETERMINATION OF SOIL PROFILE STRATIFICATION AT 0-200 CM DEPTH USING A MULTILEVEL
STACKING MODEL ....ooiiiiiiiiiiiieeee ettt st sttt et aesa e 414

INFORMATION SECURITY AND COMMUNICATION TECHNOLOGIES

S.A. Adilzhanova, M.Zh. Sakypbekova, L.Sh. Cherikbaeva, G.A. Tyulepberdinova, G.T. Zhubanysheva
SYSTEMATIC ANALYSIS OF RISK ASSESSMENT METHODS AND MODELS IN INFORMATION
SECURITY ettt ettt ettt ettt et et e et e e e e h e s et e bt e et e bt ent e en bt emteeetesateneeenseenbee st enteenseenne 427
T. K. Zhukabayeva, D.B. Baumuratova, E. Benkhelifa , N.A. Niyetbayeva

EDGE COMPUTING-BASED TECHNIQUE FOR CONSTRUCTION OF ATTACK DETECTION MEANS

IN CYBER-PHYSICAL SYSTEMS OF INDUSTRIAL INTERNET-OF-THINGS ......cccceeiiiiiiiiiiiiicieee 453
N.E. Karabayeyv, S.K. Serikbayeva, Y.M. Mardenov, B. Tassuov, M. Fajkus

DETECTION OF CYBER ATTACKS IN TRANSPORT NETWORKS BASED ON MACHINE LEARNING

METHODS ...ttt e ettt b e bbbt b ettt et ettt eaesae b eaeeas 475
B.A. Kumalakov, A.O. Dargulova
A HYBRID FRAMEWORK FOR RESUME-JOB MATCHING SYSTEM ....ccccooiiiiiiiiiiiiiieeeeeeseeeeee 494

V. Makhatova, B. Dzhugembayeva, A. Gabdulova, L. Nurgaliyeva, A. Abdigaliyeva
MATHEMATICAL MODEL FOR OPTIMAL SENSOR SELECTION IN SIEM SYSTEMS USING THE

ANALYTIC HIERARCHY PROCESS .......ciiiiii e 509
MA3MYHBbI
BJIEYMETTIK-3KOHOMUKAJBIK *KYUAEJEPII JAMBITYIAFBI IADPIBIK
TEXHOJIOT'USAJIAP

A.B. Kaarac, E.H. Kannakos, b.E. Amupranues

AKbUIIbI KAJTAJIAPJAFBI JIOTUCTUKAHBI MAIIMHAJIBIK OKBITYFA HEI'T3IEJITEH
OHTAMIAHBIPY: ACTAHAHBIH KAFTAMBIH BEPTTEY......coooeeeeeeeeeeeeeeeeee e eeeeeeeeeeeseeseseesneee 11
JI.Kypmanra3uesa, IIlI. KonanoBa, M. Ypasranuena, O. Findik, C. UckakoBa

JKACAH/IBI MHTEJIIEKT IIEH AMKBIH EMEC JIOTUKAHBI BIPIKTIPY APKBIJIbI BU3HEC-
[IPOLIECTEPII ABTOMATTAH/IBIPY IITEMIIMIEPTH OHTAMITAHIIBIPY ... 26
E. Maiiasiboaes, Y. AqunoaeBa, P. AmanoBa

YUBIMIACTBIPBUIFAH OHJIAVTH CAYAJTHAMA APKBUIBI BUIIM BEPY ITPOLIECIHE
KATBICYIIBUTAPABIH, ITIKIPJIEPIH XKXUHAY XXOHE HOTWXXEJIEPIH MOANOUKATLIUAJTTAHFAH
JEJIBOU SJIICT HEIT3THIIE TATIJIAY ittt ettt ettt sttt et eeiae s 48
B.A. Takuxanos, A.2K. U6parumos, A. lllanaxmeros



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

MOJIEJIBAEY HETT3IHAE ACTAHAHBIH, ABTOBYC XXEJIICIHIH TY¥PAKTBUIBIFBIH BAFAJIAY:
KE3IENCOK )KOHE MAKCATTBI ICTEH HIBIFYIIAP JKAFTABIHITA ... 63
I'. Xamaga, M. Xamana

[IU®PJIBIK BU3HEC-YUBIMIAPBIHIA KYPHUIBIMIAJIMAFAH HIEIIIMIEP MEH KYPBHIIBIMIAJI-
MAFAH JEPEKTEPMEH X¥MbIC ICTEY TUIMAUIII'TH APTTBIPY YIIIH MAIIMHAJIBIK OKbITY
MOJEJIBAEPTH ITATIITATIAHY ..ottt ettt et eee s e e e e e e e e seeeeeeeenae 78

AKIHAPATTBIK TEXHOJIOTI'USIJIAP

ML.K. Alitumos, I'.K. MyparoBa, K.K. bucen6aesa, U.M. banues, M. Kaccum

OHTOJIOTI'UA XXKOHE I3IEY MEXAHU3M/JIEPT APKBIJIbI KA3AK TIJHHAEI'T SKCTPAKIIMSJIBIK
QA-TAFBI CEMAHTUKAUJIBIK TOJIBIKTDBIK .....oooiiiiiiiiiiiiiie ettt s 96
9. OiiTim, 9. Jye30Ba

LLM OHZIEVI YIIIH NP-TOJIbIK ECEIITEPAIH SK3EMIUIAPJIAPBIH TABUFU TUIAE KOATAY ....... 109
O.H. Akbui6exos, E.T. Jayneroex, A.H. Moapnarynosa, I.C. 3akapus, /I.A. I'ypa

KA3AKCTAHHBIH AYMAKTBIK JKOCITAPJIAYBIHJIAFHBI YT OJIIIEM/II KEHICTIKTIK
MOJIMETTEPAI TAJIZTAY YIHIH MAIIUHAJIBIK OKBITY SIICTEPI ....cccooiiiiiiiiiieieeeeeeeeeee, 126
C.K. Annackapos, P.K. Ycken6aena, A. Pazak, A.b. KacbimoBa, A.M. AnapraeBa

AVMAKTBIK )KYWUEJEPIELT YJIKEH JEPEKTEPII TUIM/I TAJIJAYFA KAPAW: TUBPUITI
APXUTEKTYPAHBI EHI'I3VAIH ITPAKTUKAJIBIK TYCIHIKTERP.......cooiiiiiiiiiiiceececee e 146
K. bunsuiosa, H. llla:xxnexeeBa, K. Oreynuesa, T. Axmyp3una, JI. Hyprainesa

AVKBIH EMEC JIOT KA XOHE TEHEPATUBTI )KACAH/JIbI MUHTEJUIEKT HEI'I3IH/IE BEJITICI3IIK
KAFTAMBIHIA HIEIIIM KABBUIIAVIBIH TUEPUITI MATEMATHUKAJIBIK MOJEJI ... 165
A.A. UcmauiioBa, I'P. EcentaeBa, K.K. Kagupkysos, P.H. Moagamesa, A. AManresai

POCKOIIUSIJIBIK BEMHEJIEPIH KOIIKJIACCTBI XKIKTEYTE APHAJIFAH T'MBPU/TI TEPEH OKBITY
MOIEJITH O3IPJIEY ..ttt ettt et st ettt ettt et et e ee e eatesat e e bt e st e e bt eteenaeenees 186
I'. Kaaman, K. fIpocaas, A.H. UcmykanoBa, H.M. AycunioBa, B.E. MaxaroBa

IMoHIK CAJIA BUIIM HETI3IHJIE PEYCPCTAPHI A3 TUIAEPAETT PEOEPEHIIVSHBI IIETYIIH

E.I'. Komen, K. T. EcenaayJeroBa, JI.C. ®a3br10Ba, M.b. Paxum:kanosa, A.M. HeasbBenb

99T IEPEKTEPI BOMBIHIIIA BAJIAJIAPIBIH 3EMIHIH OFBEKTHBTI BAFAJIAY YIIITH HEMPOH/IBIK
FKEJHIIEPIL KOJIZIAHY ..ttt ettt et et ettt e e bt sae e bt e saeebeeaeenteeneeas 216
A.E. Kyaakaesa, E.A. Baxrusposa, I.T. lzkakanosa, I1I. Hypcyaran

Y SIJTbI BAMJIAHBIC XEJIJIEPTHIH KAMTY AMMAFBIH BOJIKAYFA APHAJIFAH OPTYPJII
PAAMOTOJIKBIH TAPAJTY MOAEJIBAEPIHIH CAJIBICTBIPMAJIBI TAJIJAYDBI ..o 231
A. Kanbikyiosa, K. bakupos, A. llloman, A. Hyrymanosa

T TYKBIMJIAPBI MEH AYPVJIAPBI APACBIH/IAFBI BAUJTAHBICTHI TAJIJJAVFA APHAJIFAH
BIPBIHF AN JIEPEKTEP JKUBIHTBIFBIH KAJIBITTACTBIPY ..o 247
JI. KanTaeBa, A. Celicen0exkkbi3bl, C. Buiomunkasi

FBUIBIMU MOTIHIEPI ABCTPAKTUBTI PEOEPATTAYFA APHAJIFAH DKCIIEPTTIK XKYWUEJIEPTE
HETT3AEJII'EH CAJIBICTBIPMAJIBI BAFAJIAY MOEJIL ...ttt 269
H. Mopasunues, 7K. OpanoexoBa, A. bakuesa

TEPEH OKbBITYFA HEI'T3AEJITEH KOJIIK K¥PAJITAPBIHBIH MAPKACHI MEH MOJIEJIIH TAHY: KA-
JIAJIBIK KOJIIK KO3FAJIBICBIHJIAFBI JIEPEKTEP XXUBIHTBIFbIHBIH MOCEJIEJIEPI )KOHE BIKITAJI
ETVYILI @AKTOPITAP ...ttt ettt ettt et ettt e it seteeat e sae e bt et e e bt enbeenbeennesneenns 285
M.b. HypneiiicoBa, III.K. AjitkazunoBa, A.M. AGenos, H.C. /lonendaena

CITY THUKTIK KOOPIMHATTAP/IBI TOTIOIIEHTPIIIK TIK BYPBIIITEI KOOPMHATTAP KYMUECIHE

TYPJIIEHIAIPYIIH ©JICTEMECT ......coiiiiiiiiiiiiiiiicieeeseet ettt s s 315
JI. Haiiza0aeBa, I. Typken, P.A. [Ipy0a
BAKbUIAHBAUTBHIH OKBITYIAFBI OHTAMJIbI KJIACTEPIEYIIH TUIMOL OLICT ..o 328

C. Hypraumuesa, K. Ceurkanuen, A. Caxunos, M. Kaau, P. I'pmo

YJIKEH KOJIEMJIETI'T ATPOKJIMMATTBIK JEPEKTEP HEI'3IHJIE RANDOM FOREST ©/IICIH
AMIAJIAHA OTBIPBIIL XKEMIC-KOKOHIC JIAKbUIAPBIHBIH OHIMAUIITTH BOJDKAY .............. 339
A. Hypraasixos, C. Canakosa, /I. ’Kaimyxanoeros, I. Hyprasel, A. Mbip3abaes

YJIKEH TUIAIK MOAEJIBAEPAEI'T TUIAIK ACUMMETPI: AFBUIIIBIH TIJIHIHEH BACKA
JEPEKTEPIIH JOJIAIK ITEH CEHIMAIIIKKE OCEPI ..ot 355
A. Ocnanos, II. Anonco-Xopaa, A. Kymaniiiayesa



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

BJIOKYENH-TEXHOJIOTMSICBIMEH BIKIIAJIIAC ERP KOMMA XXYMECIH IOT JUMEHCUOHEPJIEP
JKOHE MAIINHAJIBIK OKBITY APKbIJIbI OIITUMU3ALIUAIIAHFAH ©JILLIEM/II CAJIMAK
ECEIITEYMEH MHTET PALIMSIIIAY ...ttt sttt ettt ettt 371
A.A. Caxunos, P.b. CeiiiToex

OKUFAFA BAFJIAPIAHFAH MUKPOKBI3METTEP JKYMECI APKbUIBI AKbUIZIbI TPAOUK
JKYHUEJIEPIHIE OKUF AJIAPIIBI AHBIKTAY JXOHE IIAPAJIAP KOJIIAHY ..o 387
A. TypcoinoBa, b. Omapos

NHCYJIBTTI JUATHOCTUKAJIAY KE3IHJIE MU KT-BEMHEJIEPIH CUHTE3EVI'E APHAJIFAH
IITAPTTBI GAN TUIMAIITTHIH SBOJIFOLIMSICBHI ...ttt 400
I['M. FOcynoBa, K.C. lllagunosa, /I.A. Yecunoekona, K. K. A:xxudexona, P. Schmidt

TOTIBIPAK ITPO®UJIIHIH 0-200 CM TEPEHIKTEIT CTPATU®UKAISICHIH KOITIEHT ENJII
CTEKHMHI-MO/JIEJIIMEH AHBIKTAY.......ooiiiiiiiie ettt ettt st sbe e et e ennes 414

AKITAPATTBIK KAYIIICI3AIK )KOHE KOMMYHUKANUAJIBIK TEXHOJIOTI'USJIAPFA
APHAJIFAH

C.A. AqnikanoBa, M.JK. Cakbindexosa, JI.II. Yepukoaesa, I A. Twaenoepaunona, I.T. ’Kybanbimena
AKITAPATTBIK KAVIIICI3AIKTE TOYEKEJIJEP/AI BAFAJIAY SIICTEPI MEH MOJIEJIBJIEPIH XKYMEJII
TATIITAY ot a e h ettt h e et a e sa e bt 427
T.K. XKykabaesa, /I . b baymyparosa, E. benkxenuda, H.A. Huer6aesa

INEKAPAJIBIK ECEIITEVIIEPAI KOJIJAHA OTBIPBIIL, 3ATTAPIbIH OHEPKOCIITIK

UHTEPHETIHIH KUBEPOU3UKAJIBIK JKYMUEIEPIH/IELT IIABYbUIAPIbI AHBIKTAY
KYPAJIJAPBIH KYPY OIICTEMECT......c..coiiiiiiiiiiiiiiiiiiiit ettt 453
H.E. Kapabaes, C.K. Cepuxbaesa, E.M. Mapaenos, b. Tacyos, M. ®aiikyc

MAIINHAJIBIK OKBITY S AICTEPIHE HET'T3AEJII'EH KOJIIK JXEJIJIEPIHJIETT
KUBEPITABYBUIAPIBL AHDBIKTAY ..ottt 475
Bb.A. Kymanakos, A.O. /lapry/ioBa

TYWUIHJEMEJIEP MEH BAKAHCUSIIAPIbI ABTOMATTAH/IBIPBUIFAH COMKECTEH/IPYTE
HEIL'I3AEJTEH TUBPUATI YMITKEPIEPII IPIKTEY JKYEC ..o 494
B. MaxaroBa, b. Iixxyrem6aeBa, A. I'abnynosa, JI. Hypranuesa, A. AGauranuesa

UEPAPXVSITAP/BI TAJIAY OIICI HEI'I3IH/IE SIEM XYMEJIEPIHAE OHTAIJIBI CEHCOP/IbI
TAHJAYJIBIH MATEMATUKAJIBIK MOJEJIL .....ccooiiiiiiiiiiiiiiiiieiiiteceeeeee ettt 509

COJEP)KAHHUE
OU®POBBIE TEXHOJIOI'NHA B PA3BBUTUHUCOIIUO-9KOHOMUYECKUX CUCTEM

A.B. Kaarac, E.H. Kannakos, b.E. Amupranues

OIITUMUBALIMA JIOTUCTUKU B YMHBIX TOPOJAX HA OCHOBE MAIIMHHOI'O OBYYEHUS: HA
TIPTIMEPE ACTAHBI ...ttt et et ettt ae et e s bt e bt e bt et e ente et e estenenesaeenaeens 11
JI. Kypmanra3suesa, I11. Konanosa, M. Ypa3ranuena, O. ®unauk, C. UckakoBa

MHTETPALIS HEUETKOM JIOTUKUA I UICKYCCTBEHHOT'O MHTEJUIEKTA ITPY OIITUMM3ALINNA
PEILTEHUN IO ABTOMATU3ALIAU BUZHEC-TIPOILIECCOB .....ooeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e seee e 26
E. Maiiasiboaes, Y. AqunoaeBa, P. AmanoBa

CBOP MHEHUI VUACTHUKOB OBPA30BATEJILHOI'O ITPOIIECCA IIOCPEJCTBOM
OPTAHM30BAHHOI'O OHJIAMH-AHKETUPOBAHU S I AHAJIN3 PE3VJIBTATOB HA OCHOBE
MOIUDULIMPOBAHHOI'O METOIA JIEJIBDU ........ooiiiiiiiiiieeiieecee ettt et 48
B.A. Takuxanos, A.2K. U6parumos, A. lllanaxmeros

OLIEHKA VCTOMYMBOCTH ABTOBYCHO CETU ACTAHBI HA OCHOBE MOJIEJIMPOBAHI T1PU
CIITVUAUHBIX U HEJTEHATIPABIIEHHBIX OTKASBAX ...t e e ee e ees e 63
I'. Xamaga, M. Xamana

HUCIIOJIB30BAHUE MOJIEJIEM MAIIIMHHOI'O OBYYEHU S IJ1S IIOBBIIEHNS YOOEKTUBHOCTHU
PABOTbI C HECTPYKTYPUPOBAHHBIMU PELHIEHUAMU U HECTPYKTYPUPOBAHHBIMU JIAHHbBI-
MU B HADOPOBBIX BUSHEC-OPTAHUBALIISIX .....ooiiiiiiiiieeiie ettt ettt ettt saveeennae e 78

NHO®OPMALNUMOHHBIE TEXHOJIOI'MHU

ML.K. Alitumos, I'.K. MypartoBa, K.K. bucen6aesa, U.M. banues, M. Kaccum



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

CEMAHTHUYECKAS ITOJIHOTA B KA3AXCKOA3bIYHOM EXTRACTIVE QA UEPE3 OHTOJIOI'MIO 1
RETRIEVAL-MEXAHU3BMDBI .....ccooiiiiiiiiiiiiiiii ettt 96
A. Aiitum, A. Aye3oBa

KOAMPOBAHMUE SK3EMILIAPOB NP-IIOJIHBIX 3AJJAY B ECTECTBEHHOM A3BIKE JJIA
OBPABOTHKHI LLM ...ttt bbbttt ettt saesae e 109
O.H. Akbui6exos, E.T. layaeroek, A.H. Moapnarynosa, I.C. 3akapus, I.A. I'ypa

METO/1bI MAILTUHHOT'O OBYUEHUS IJ151 AHAJIM3A TPEXMEPHbBIX ITPOCTPAHCTBEHHBIX
JAHHBIX B TEPPUTOPUAJIBHOM IINIAHMPOBAHHNM KABAXCTAHA ....cooiiiiiiiiiiicicicee 126
C.K. Annackapos, P.K. Ycken6aeBa, A. Pazak, A.b. KacbimoBa, A.M. AnapraeBa

HA IIYTHU K SOOEKTUBHOM AHAJIUTHUKE BOJIBIIMX JAHHBIX B PETUOHAJIBHBIX CUCTEMAX:
[IPAKTUYECKHUE BbIBO/IbI M3 BHEJAPEHUS TUBPUIHON APXUTEKTYPBI ..o, 146
K. bunsuiosa, H. lllaxxnexeeBa, K. Yreyiunesa, T. Axmypsuna, JI. Hypranuesa

TUBPUIHAS MATEMATUYECKA I MOJEJIb ITIPUHATH PELIEHNI B YCJIOBUIX HEOITPE/IEJIEH-
HOCTHU HA OCHOBE HEYETKOM JIOTMKU Y TEHEPATUBHOI'O UICKYCCTBEHHOI'O

MHTEJITIEKTA ..ottt ettt sttt ettt et saesae e eae e 165
A.A. UcmauiioBa, I'P. EcentaeBa, K.K. KagupkyJsos, P.H. Moagamesa, A. AMaHre bl

PA3PABOTKA I'MBPHJHOM MOJEJIN TJIYBOKOI'O OBYUYEHHS /151 MHOI'OKJIACCOBO
KJIACCUOUKALIMA MUKPOCKOITMYECKUX M30BPAXEHUI BAKTEPHUA ..o 186
I'. Kaaman, K. SIpocnas, A.H. UcmykanoBa, H.M. AycunoBa, B.E. MaxaroBa

MOJIEJIb HA OCHOBE 3HAHUIA IIPEJIMETHOM OBJIACTU /UL PASPELLIEHM I KOPEQEPEHIIUM B
MAJIOPECYPCHBIX SIBBIKAX ....coiiiiiiiiiiiiiititiette ettt 199
E.I'. Kamen, /K.T. Ecennayierosa, JI.C. ®a3puioBa, M.b. Paxum:xanosa, A.M. Hen3bBean
HUCITIOJIb3OBAHME HEMPOHHBIX CETEN JUULS1 OFbEKTUBHOM OLIEHKY BHUMAHWS YV JETEN 110
JIAHHDBIM D3I Lottt ettt a bbb et ettt s 216
A.E. Kyaakaesa, E.A. Baxrusaposa , I.T. I:sxakanosa , III. Hypcyiaran

CPABHUTEJIbHBIN AHAJIN3 PA3JIMYHBIX MOJEJIEN PACIIPOCTPAHEHHS PAJIMOBOJIH JIJL
[IPOIHO3UPOBAHM S [TOKPBITHS CETEM MOBUJIBHOM CBSIBU .........oooooeeeeeeeeeeeeeeeeeeeeeas 231
A. Kanbikyiosa, K. bakupos, A. llloman, A. Hyrymanosa

DOGOPMHNPOBAHUE ENVMHOI'O HABOPA TAHHBIX JIJIS1 AHAJIN3A B3AUMOCBA3U MEX/Y
MNOPOAAMU COBAK M BABOJIEBAHUSIMU ........cooiiiiiiiiiiiiiiiicicictcteeee et 247
JI. KanrTaeBa, A. Celicen0exkkbi3bl, C. Buiomunkasi

CPABHUTEJIbHA I MOJEJIb OUEHKII HA OCHOBE 3KCIIEPTHBIX CUCTEM JJIS1 ABCTPAKTHBHO-
I'O PEOEPHPOBAHUS HAYUHDBIX TEKCTOB .....cooiiiiiiiiiiiiiiiiiceeeeeeeee s 269
H. Mopasunues, 7K. OpanbexoBa, A. bakuesa

PACIIO3BHABAHUE MAPKU U MOJEJIN TPAHCIIOPTHBIX CPEJCTB HA OCHOBE IJITYBOKOI'O
OBYUYEHU: [TPOBJIEMBI HABOPOB JJAHHBIX U ®AKTOPBLI, BJIMAIOIIME HA PABOTY CUCTEMbI
B YCJIOBUAX I'OPOLACKOI'O ABMIKEHIIS ......c.ooiiiiiiiiiiiiiiiicicceeee e 285
M.b. Hypneuncosa, III.K. AiitkazunoBa, A.M. AdenoB, H.C. [lonendaeBa

METOIUKA ITPEOBPA3OBAHU CITY THUKOBBIX KOOPAWHAT B TOIIOUEHTPUYECKYIO
[PAMOVYTOJIBHYIO CUCTEMY KOOPHHHAT ....c.ooiiiiiiiiiiiiiiiiicieiceeeee et 315
JI. Haiiza0aeBa, I. Typken, P.A. /Ipy6a

DOOEKTUBHBIA METO/] OIITUMAJILHOM KIIACTEPU3ALIMU B OBYYEHNUU BE3 VUUTEJIA ........ 328
C. Hyprauuesa, K. Ceurkanuen, A. Caxunos, M. Kaau, P. I'pmo

[IPOIHO3MPOBAHME YPOXXAMHOCTU ®PYKTOB U OBOLLEH C MCIIOJIb30BAHUEM RANDOM
FOREST HA OCHOBE KPYITHOMACIITABHBIX ATPOKIIMMATUYECKUX JAHHBIX ....................... 339
A. Hypraasixos, C. CanakoBa, /I. Kaamyxanoeros, I. Hyprassl, A. Mbip3ataes

SA3bIKOBA I ACUMMETPH A B BOJIBIINX A3bIKOBBIX MOJAEJIAX: BJIIMAHUE JAHHBIX HA
HEAHIJIMUCKHUX SI3BIKAX HA TOYHOCTD U HAJTEXKHOCTD w...ooovoeeeeeeee e 355
A. Ocnanos, I1. Anonco-Xopaa, A. Kymaguiiaesa

UHTEIPALIAS CKJIAJCKHUX MOJIYJIEM ERP-CUCTEM C MCIIOJIb30BAHUEM BJIOKYEMHA, I0T-
JUMEHCHUOHEPOB U OIITUMU3UPOBAHHOI'O MAIIIMHHBIM OBYUYEHUEM PACUETA
TABAPUTHOTI'O BECA ..ottt st 371
A.A. Caxunos, P.b. Ceiiutéex

COBBbITUA-OPUEHTUPOBAHHBIE MUKPOCEPBUCHI JIJIS1 OBHAPYKEHIU A U PEAT'MPOBAHI S HA
MHIMAEHTBI B UHTEJIJIEKTYAJIBHBIX TPAHCIIOPTHBIX CUCTEMAX .....ccooviiiiiiiiiiiicicicecee 387
A. TypcoinoBa, b. Omapos

BSBOJIIOLMS SOOEKTUBHOCTU YCJIOBHOIO GAN JIJISI CUHTE3A KT-M30BPAXKEHMI TOJIOBHO-



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

'O MOSI'A TTPU TUATHOCTHUKE MHCVYIIBTA ...ttt s 400
I['M. FOcynoBa, K.C. lllagunosa, /I.1. Yeunoexosa, K.7K. Axxudexona, I1. llImuar

OITPEAEJIEHUE CTPATUOUKALIMN ITOYBEHHOI'O ITPO®UJIA HA TJTTYBUHE 0-200 CM C
HCIIOJIbB3OBAHUEM MOJIEJIM MHOI'OYPOBHEBOI'O HAJIOXKEHUS ......coovviiiiiiiiieiieeeee e 414

NHO®OPMALNMOHHAS BE3OITACHOCTb U KOMMYHUKANNIMOHHBIE TEXHOJIOI'MHU

C.A. AqnikanoBa, M.JK. Cakbindexosa, JI.II. Yepukoaesa, I A. Twaenoepaunosa, I.T. ’Kybanbimesa
CUCTEMATHUYECKUIA AHAJIM3 METOOB ¥ MOJEJIEI OLIEHKU PUCKOB MHOOPMALIMOHHOM
BEBOITACHOCTH ...ttt ettt ettt ettt saesa e saeeae i 427
T.K. Kykabaesa, /| b . baymyparosa, E. benkxenuda, H.A. Huer6aesa

METOIUKA ITOCTPOEHUA CPEACTB OBHAPYKEHI S ATAK B KUBEPOU3NYECKUX CUCTEMAX
[IPOMBIIIIEHHOI'O UHTEPHETA BEILLEN C UCIIOJIb30BAHUEM I'PAHUYHbBIX

BBIUMCIIEHII ... 453
H.E. Kapa6aes, C.K. Cepuxéaesa, E.M. Mapaenos, b. Tacyos, M. ®@aiikyc

OBHAPYXXEHUE KUBEPATAK B TPAHCIIOPTHBIX CETAX HA OCHOBE METO/JOB MAIIMHHOI'O
OBYUEHIS ...t ettt ettt b ettt ettt e et eaesaesbeeaeens 475
Bb.A. Kymanakos, A.O. /lapry/ioBa

TMBPUIHBIN IIOAXO00 K ABTOMATH3MPOBAHHOMY ITIOABOPY KAHIMIATOB HA OCHOBE
COITOCTABJIEHUS PESIOME M BAKAHCHIA ........ooooveeeeeeeeeeeeeeeeeeeeeeeeee e 494
B. MaxaroBa, b. Iixxyrem6aeBa, A. I'abnynoBa, JI. Hypranuesa, A. AGauranuesa

MATEMATHUYECKA S MOJEJIb BBIBOPA OIITUMAJIBHOI'O CEHCOPA B SIEM-CUCTEMAX
CPEJACTBAMU METOJA AHAJIM3A MEPAPXIIA ........oooooooeeeeeeeeeeeee s 509



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES
ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

Vol. 7. Is.1. Number 25 (2026). Pp. 216-230

Journal homepage: https:/journal.iitu.edu.kz

https://doi.org/10.54309/1JICT.2026.25.1.013

VK 004.931

USING NEURAL NETWORKS FOR OBJECTIVE ASSESSMENT OF
ATTENTION IN CHILDREN BASED ON EEG DATA

Y. Kamen', Zh. Yessendauletova'', L. Fazylova’, M. Rakhimzhanova?, A.M. Nedzved®
'Karaganda National Research University named after E.A. Buketov, Karaganda,
Kazakhstan;’Astana IT University, Astana, Kazakhstan;’Belarusian State University,
Minsk, Belarus.

E-mail: Esendauletova81@mail.ru

Yerbulan Kamen — Lecturer of the Department of Applied Mathematics and
Informatics, Karaganda National Research University named after E.A. Buketov,
Karaganda, Kazakhstan

https://orcid.org/0009-0003-0645-2884;

Zhana-Gul Yessendauletova — Senior Lecturer of the Department of Applied
Mathematics and Informatics, Karaganda National Research University named after
E.A. Buketov, Karaganda, Kazakhstan

E-mail: Esendauletova81@mail.ru, https://orcid.org/0009-0007-4440-9261;

Leilya Fazylova — Senior Lecturer of the Department of Applied Mathematics and
Informatics, Karaganda National Research University named after E.A. Buketov,
Karaganda, Kazakhstan

https://orcid.org/0009-0000-2620-9767;

Mira Rakhimzhanova — PhD, Assistant Professor of the School of Artificial
Intelligence and Data Science, Astana I'T University, Astana, Kazakhstan
https://orcid.org/0000-0002-1328-8109;

Alexander Nedzved — Doctor of Technical Sciences, Associate Professor, Professor of
the Department of Computer Technologies and Systems, Faculty of Applied Mathematics
and Informatics, Minsk, Belarus https://orcid.org/0000-0001-6367-5900.

© Y. Kamen, Zh. Yessendauletova, L. Fazylova, M. Rakhimzhanova, A.M. Nedzved

Abstract. This article considers the problem of objective assessment of attention
in primary school children based on the analysis of electroencephalographic (EEG) data
using machine learning methods. The relevance of the study lies in the need for early
detection of attention disorders and the development of evidence-based approaches
to psychological and pedagogical support for children with special needs. The article
analyzes the characteristic markers of EEG associated with the level of attention and
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cognitive load. Based on the identified features, a classification model was created
that includes signal preprocessing, spectral characteristics extraction, and the use of
neural network algorithms. The results obtained demonstrate the possibility of reliably
distinguishing between the states of “attention” and “inattention” with high accuracy.
This study confirms the effectiveness of using EEG technologies in combination with
modern data analysis methods for objective assessment of attention and can serve as a
basis for further development of diagnostic tools in the special and inclusive education
system.

Keywords: EEG, neural networks, attention assessment, cognitive state classifi-
cation, ADHD, deep learning, CNN-LSTM, biosignal processing, cognitive load eval-
uation, machine learning
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AHHoTanus. byn Makanana MammHaNbIK OKBITY 9ICTEpiH KOJIAaHA OTHIPHIIL,
anekrpo3nnedanorpadusuibik (O31) mepexrepai Tangay HeriziHge 0acTayblll MEKTeIl
JKACBIHJAFBl Oamanap/blH 3€HiHIH OOBEKTHBTI Oaranay Moceseci KapacThIPhLIAIbI.
3epTTeyNiH ©3eKTiIr 3eiiiH OY3bUIBICTapBIH €PTE aHBIKTAY JKOHE EPEKIIIe KaKETTUTIKTEPI
Oap Oayamapabl TCHXOJOTHSUIBIK-TIEAArOTUKANBIK KOJIAYIbIH JISJIETAI TCUIIEpiH
o3ipiey KaKETTUTITiHIE JKaThlp. Makaiana 3eiliH JeHreliMeH >KOHE KOTHHUTHBTI
KYKTeMeMeH OaifmanpicTel DODI-HIH cHUNaTrTaMalblK — MapKepiepi  TajjaHajbl.
AHBIKTaJIFaH Oenriiepre cyideHe OTBIPHII, CUTHAIBI aJJIbIH aia OHJICY/, CIEKTPIIK
cUMarTamaiapJbpl ailyJabl JKOHE HEHPOHIBIK Kelll aNTrOpUTMAEPIH mainanany bl
KaMTHTBIH KIKTE€Y MOJIEINI KYPBUIIBL. AJIBIHFaH HOTIDKEIEP «3CHiH» HKOHE «3EHTHCI3MIK»
KYHJIEpiH KOFaphl OQNAIKICH CEHIMAI TYpAE aXbIpaTy MYMKIHAITIH KepceTesi.
Byn 3eprrey 3eifinai oObekTHBTI Oaranay yiriH O3 TeXHONOTHAJIApBIH 3aMaHAyH
JEpeKTepAl Tanaay SJICTepIMEH YHIIeCTipe KOMAaHYABIH THIMIUIITIH pacTalbl kKoHE
apHaiibl )oHE WHKITIO3UBTI OUTiM Oepy KYHeciHie AUarHOCTUKAIIBIK KYpalaapabl OJaH
opi IaMBITY YIIiH HETi3 0oJia anajbl.

Tyiiin ce3mep: DOI, HEUPOHIBIK >KeINijep, 3CHiHII Tannay, KOTHUTHUBTIK
kyinepai xikrey, CIBI, Ttepen okbity, CNN-LSTM, OuocurHanmapabl eHIEY,
KOTHUTHBTIK KYKTeMeHi Oarajay, MallHHAJIBIK OKBITY
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3eiiHiH OOBEKTHBTI Oaranay YIIH HEWPOHMABIK XKeNIiaepai Konaany // XaiabIKapablK
aKMapaTThIK KOHE KOMMYHHUKAIUSIIBIK TeXHOJMoTusiap xypHaibsl. T. 7. Ne 25. B. 216—
230. https://doi.org/10.54309/1JICT.2026.25.1.013. (Ka3. Tin.).
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AnHoramusi. B cratee paccmaTpuBaeTcs mpobieMa  OOBEKTHBHOMU
OLICHKM BHHUMAaHHUS y JeTeill MIaJlIero HIKOJBHOTO BO3pacTa Ha OCHOBE aHaln3a
anexTposHedanorpapuaeckux (331") TaHHBIX C HCTIOIB30BAaHUEM METOI0B MAIITUHHOTO
o0ydeHusl. AKTyaJlbHOCTh HCCIEAOBaHHUS OOYyCJIOBJIieHA HEOOXOIMMOCTBIO PaHHEro
BBISIBJICHUSI HAapyLICHU BHUMaHHSA U pa3pabOTKU HayyHO OOOCHOBAHHBIX IOJIXOOB
K TICHXOJIOTO-TIEJarOTMYECKOMY COMPOBOKICHUIO JAETe ¢ OCOOCHHOCTSIMU PA3BUTHSL.
B paborte npoananuzupoBaHbl xapakTepHbie DI -MapKepbl, CBSI3aHHBIE C YPOBHSIMH
KOHIEHTPALMU U KOTHUTUBHOM Harpy3Kku. HaocHOBE BbII€JICHHBIX IPU3HAKOB IOCTPOEHA
MOJICNIb KJIACCH(DUKAIIMK, BKJIIOYAIONIAs IPEABAPUTEIIbHYI0 00paOOTKy CHTHAJIOB,
U3BJIEYCHHE CIIEKTPAIbHBIX XapaKTEPUCTUK U IPUMEHEHNE HEHPOCETEBBIX aITOPUTMOB.
[lonydyeHHble pe3yabTaThl JEMOHCTPUPYIOT BO3MOXHOCTH JIOCTOBEPHOI'O pa3JIEiCHUS
COCTOSIHMIl «BHUMaHUE» W «HEBHHMaHHE» C BBICOKOW TOo4yHOCThIO. [IpoBenénnoe
HCcCce0BaHUE TOATBEPXKIAET d(PPEKTUBHOCTh HUCIOJIB30BaHUA DI -TEXHOJIOTUN B
COUYETaHUM C COBPEMEHHBIMH METOJaMH aHalIMu3a JaHHbBIX A1 OObEKTHUBHOW OLEHKU
BHHUMaHHUS U MOXKET CITY>KUTh OCHOBOM JJIs1 1ajibHelIIel pa3pab0TKU AUATHOCTUYECKUX
MHCTPYMEHTOB B CUCTEME CIEUAIBLHOTO U MHKIIIO3UBHOIO 00pa3oBaHUsl.
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Konguaukr wuHTepecoB: aBTOpbl 3asiBISIOT 00 OTCYTCTBHUM KOH(IMKTA
UHTEPECOB.

Kipicme.

Kasipri Ounim Oepy keHicTirinae OanaiapablH KOTHUTHUBTIK (YHKLIMSUIAPbIH,
COHBIH INIIHAC 3CWIHHIH JEHrediH OOBEKTHBTI Oarayiay epeKIle ©3eKTUIIKKE WHe.
3eifiHHIH TYPaKThUIBIFbl OKY JKETICTIKTEPIH, MHTEIIEKTYAJABIK JaMy KapKbIHBIH jKOHE
MIHE3-KYJIBIKTBIK O€WiMJIeny/ll aHBIKTAWThIH HEri3rl KepceTKITepAiH Oipi OoJbim
caHasajpl. JlereHMeH A9CTypili ICUXOAMArHOCTUKAIBIK O/ICTep CYOBEKTHUBTUIIKKE
OeifiM, MeJarorTblH HEMECe ICUXOJIOTThIH TIKIPUOECIHE TIYEIN Il KOHE HAKTHl YaKbIT
pexuMiHzie 1o Oaranayabl KaMmTamackl3 etneiial (Xue sxone T1.6., 2025; Barry xone
T.0., 2003).

Onekrposniedanorpapus (O3I') OGamaHblH TaHBIMABIK >KaFAalbIH TIPKEYIIH
KOJDKETIM/1 9pi CeHIMI1 HEMPODU3UOIOTHSIIBIK TOCUII PETIH/IE KeHIHEH KOJITaHbLIA IbI.
D0l -curnanmapaars putMaepaiH (anbda, 6eTa, TeTa )KoHe T.0.) KyaThl MEH IMHAMHUKACHI
3eMiHHIH e3repyiH ce3IMTal TypAe Kepceryre MyMkiHaik Oepeni (Lenartowicz xone
T.0., 2014; Roy xoHe T.6., 2019). 3eprreynep III" mapkepiepidiH Ha3apAbIH O06JiHY]1,
CEJIKOCTBIK JKOHE KOTHUTHBTIK XXYKT€ME JACHIeilliepiH axbIparyfa Kapamjbl €KEeHIH
nonenneni (Craik sxone 1.6., 2019; Clayton xone T1.6., 2018).

Conrbl KbUIAApbl HEHMPOHMBIK JKEIUIEp MEH TepeH OKbITY Moaenbpaepi DI
JIEPEKTEPIH OHJIEY CalachIH/Ia KOFapbl HOTHXKeNep KopceTin Kenel. KoHBOMIoUUsIbIK
JKOHE PEKYPPEHTTIK JKEJIIep YaKbITTBIK JKOHE CHEKTPAABIK KYPbUIBIMIAPABI THIM/I
YUpEeHiN, jKacaH/Ibl WHTEJUICKT HET131HJErl J9J AMArHOCTUKAaHBl KaMTaMachl3 eTel
(Craik xomne T.6., 2019; Roy xone 1.6., 2019). bananapapiy 3eiiiHiH aHBIKTAy OaFbITHIH-
na O3I'+ML Ttocinaepl KOTHUTHUBTIK KYWJIEpZl aBTOMATThI JKIKTEYIE MEePCHEeKTHBAIIbI
HOTIKENep kepceTyne (Schirrmeister sxone 1.6., 2017; Babiloni xxane T1.6., 2019). Coran
KapamacTtaH, 6ananapasia D3I -curnangapel apredakriaepre ce3imMTal, Kac epeKiei-
rine OaiJIaHBICTBI ©3repMelll )KOHE CTaHAapTTaIMarad oprana oTkiziuieni. CoOHIbIKTaH
CEHIM/1 9p1 MHTEepIpeTalsUIaHaThIH HEUPOHIBIK MOJIEbAEP 331piey FhUIbIMU TYPFbI-
JlaH MaHbI3/bl 9p1 KypJaeni Macese 6ombin Kajbln oThlp. Ocbl 3eprrey D3I nepekrepi
Heri3iHAe OananapiblH 3€iiH JeHreliH OObEeKTHBTI Oarajayra apHaJiFaH HEHPOHIBIK
HKEJJIIK MOJIENb/Il YChIHYFa OarbITTanfaH. JKyMbIC HOTH)KEIEPl MHKIIIO3UBTI KOHE ap-
Halbl OUTIM Oepy/ie TUAarHOCTHKAIBIK HMISTIMACPIl KETUIIIpYyTe, IePEKTEpre HeT13e-
T'eH MICUXO0JIOTUSIIBIK-TIEJarOT UKAJIBIK KOJIAay/Abl JaMbITyFa MYMKIHJIIK Oepe/i.

@ @ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
~ International License
220



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

KOTrHUTHBTIK HEHPOFBUIBIM CallaChIHAAFBI 3epTTeyJiep anb(a BIpFaKTaPBIHBIH
(YHKIMOHAIIBIK MaHBI3BIH €peKIe aran kepceresi. Anbda OerceHainiri Bu3yanasl
OHJICY, CEJICKTUBTI 3€H1H )KOHE aKIapaTThl CYy3rijiey MPOLEeCTePiMEH THIFbI3 0alIaHBICTHI
exeni gonennenred (Clayton xone 1.0., 2018). VakpITTBIK KaTapiaapsl TEPESH Tajaay
Tocinaepi D3I curHanIapbIHBIH JUHAMUKAIBIK KYPBUIBIMBIH TYCIHYT€ MYMKIHJIIK Oe-
peni ’KoHe KMIJIK JOMEHIHJET! e3repiCTepiH KOTHUTHBTIK MEXaHH3MIEPMEH e3apa
OaiimanpicbiH aHbIKTalabl (Cohen, 2014). CoHbIMeH KaTap, 3aMaHayl MH—KOMITBIOTED
uHTepdeiicrepi DOI HerizinAe 3eliH KyHiH aBTOMATTHl OarajayiblH MPAKTUKAJIBIK
KY3ere achIpbUTYbIH KOPCETEIl XKOHE HEHPO(DU3HOIOTHSIIBIK MOHHTOPHHITI HAKTHI
YaKBIT PeKUMIHIIC KYPrizyre karmaii xacaiiasl (Abiri xone 1.6., 2020; Mullen xone
1.6., 2015). By GarbITTarsl 9micTeMENIK KypajaaapaslH ngamybl D3I nepekrepin Tek
KIIMHUKAJIBIK eMec, O11iM Oepy opTachIH/a J1a KOJAaHy MYMKIH/ITH KeHEUTyIe.

ADHD KOHTEKCTiHAE€ KOTHUTHUBTIK (DYHKIMSJIAPABIH TE€TEPOTCHIUNIr epeKiie
Hazap aynaprajibl, ced6e0i OY3bUTBICTHIH OPTYPIIi HEHPOOUOIOTHSUITBIK PO UITBIepi Oaii-
kanazel (Karalunas & Nigg, 2017). 3eprreynep Tera/0eTa KaTbIHACHIHBIH ©3Tepyl MECH
MaHIal aiMaKTapbIHIAFBl AJIEKTPOPHUIUOIOTHSIIBIK OCICEHIUTIKTIH epeKIIeTiKTepi
ADHD-HiH bIKTUMaNI OHOMapkepiepi 0omybl MYMKIH €KEeHIH KepceTeli (Arns >koHe
1.6., 2013). O3I" curHanmapblH eHJIEYy/Je alIbIK OargapiaMaiblK Miardopmaiap MeH
TOyeJCi3 KOMIIOHEHTTIK Tajjiay oAiCTEpiH KOolgaHy apredakTiiepai azalTsin, Gu3no-
JIOTHSUTBIK MaHBI3BI Oap KOMIOHEHTTepi Oeuin amyra MyMKiHiK 6epeni (Delorme &
Makeig, 2004). Teper HelpoHABIK apxuTekTypanap, acipece CNN-LSTM vynrinepi,
YaKBITTBIK JKOHE KEHICTIKTIK 3aHABUIBIKTapAbl OIpiKTipe OTBIPHIN, 3€HiH KYHIepiH
JKOFapBbl TAJJIIKIIEH XikTel anareiHbH KepceTTi (Li xkone T.0., 2021). Ochl TypFeIIaH
anranna, D3I curHamaapeiH TEPEH OKBITY MOJIENbACpIMEH OipiKTipy Oananap/IbiH 3eiin
JeHreiiH 00bEeKTUBTI Oarasay/IblH FRUIBIMHU HET13/I€TeH 9pi TEXHOJIOTUSUIIBIK TYPFBhIIaH
MIEPCIIEKTHBAIIBI OAFBITHI OOJIBIN TaOBLIAIBI.

9jicTep MeH MaTepHuaJaap.

¥Ycompuran anroput™ (Cyper 1) ruOpuaTi TepeH HeHpOHABIK JKeTiHI KeHiHTi
OKBITY YIIiH 3nekTpo3nedanorpadusuibik (O307) mepexkrepai TalbIHAAYIBIH TOJBIK
nporecin kepceteni. bipinmi ke3eH xansikapanslk 10-20 cxemackiHa calikec 19 amek-
TPOATAH aJIbIHFaH KOIl apHaJIbl YaKbITTBIK KaTtapiap OO0k TaObuIaThiH TymHYCcKa D3I
CUTHAJIJAPBIH KYKTEyIl KaMTH bl Opi Kapail, FIR cysricin naiinanansin 4-40 I'n qua-
MA30HBIHJIA KOJIAKTHI CY3Tiey KOJNAaHbUIAAbI, OYJI BIKTUMAI JApeid NmeH KOo3raabiCTaH
TYBIHJIAFaH KOFAPbI KUUTIKTI IIyAs! (OYIIIBIKET apTedaKTisiepi, d3IeKTPOMAarHUTTIK Ke-
JIepri) )KOHE TOMEH KHUUTIKTI ayBITKYTap bl XKOSIbI.

Yuriam  ke3eH Ke3 KosrambicTapbiMeH (DOI0), Oer  OyIIBIKETTEpiHIH
KepHEyIMeH koHe 0acKa Ja KaXeTci3 Ke3aepMeH OaillaHbICThl KOMIIOHEHTTEP1 THIM/I
Typae OeJinm anblll TaCTaWTBIH TOyenci3 KoMmoHeHTTiK Tamnayabl (MKA) kommany
apKbUTbI apTe(akTiHi XKOIAbl KaMTHAbL. Ta3zapTynaH KeiliH curHaingap OenrileHreH
Y3aKTBIKTaFbl Tepe3enepre 0esiHe i, Oy KaTThIFy MBICAIIAPbIHBIH CaHBIH KeOewTei
XKOHE KBICKA YaKbIT apajblFbIHIAa MU OCNCEHAUIITIHIH JUHAMUKACHIH aHBIKTayFa
MYMKiHIiK Oepeni. Keneci ke3eH op TepeseneH epeKmeniKTep i ary il KaMTuabl. Onap
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KaparnaibiM CTaTUCTUKAIBIK TapaMeTpiiep/ieH (opTaiia MoH, JHUCIEPCHs) CHEKTPIIiK
cumnaTTaMmalnapra JCiiH, COHBIH INIH/E XKUUTK IUAa30HbIHAAFEl KyaT (IeNbTa, TeTa,
anbda, O6eTa, raMmma), MUABIH OPTYPIi PYHKITMOHAIIBIK allMaKTapbIHBIH OCJICEHIUTITIH

| L4 L4
Dataset Feature Standardization (Z-score
1. Load Raw EEG Data Normalization)
Features (X) 1
1. Fpl " = N 2, T
2. Apply Band-Pass Filter (440 Hz) 1€ train
2.Fp2 (Removes high-frequency noise and [ "
3.F3 low-frequency drift) o= \'." Nirain J,%“(mrm” )
4.F4 ¥
5.03 3. Remove Artifacts with ICA '
6. Prepare Dataset for Training
4, Segment Signals into Windows Training data:  {(X{ii, Yea) o5" (80%)
L o S . 7
- k) (k) M
17.Fz 3. okt e v Validation data: {(Xia{, y‘[m;) pha (20%)
18.Cz Each Window v !
19. Pz (Mean values, PSD, etc. per channel) I ’
’ TRAIN
Target () Hybrid Model
1. class CNN-GRU-LSTM Regularized Hybrid

Cyp. 1. 0TI nepektepiH oH/ey ®KoHE THOPHUITI MOJCTbIEPIl OKBITYIBIH )KYMBIC ITPOIIECI.

KOPCETETIH CIEeKTPIIIK culaTTaManapra JIeiiH 00Jybl MyMKiH. AJIBIHFaH epeKIIeNiKTep
KATTBIFY >KUBIHTBIFBIHBIH TapaMeTpiiepiHe HerizaenreH Z-0amn OOWBIHIIA KaJlbIKa
KeNTipinesi, OyJ1 MOJIeNIb KOHBEPTEHIMSICHIH KaKCapTabl KOHE apHallap apachIHarbl
aAMIUTATYIATBIK TCHIEPIMCI3TIKTIH 9CepiH a3aiTabl.

CoHFBI Ke3CH/IC KUBIHTHIK KATTHIFY (80 %) sxone Bamumanus (20 %) GemikrepiHe
Oemineni, OyJ1 MOZIETB/IIH JKambUIay KaOineTin Oaranmayra MyMKiHAIK Oepeni. [laifpiH-
JIAIIFaH JKOHE CTaHJapTTalFaH MyMKiHAIKTep D3I'-re ToH KeHICTIKTIK KoHE YaKbITTBIK
Toyenautikrepai 0ip mesrinae anyra kaourerti tuOpuari CNN-GRU-LSTM moneninig
Kipicine Oepineni. byn anroputm HEWpO(hU3NOMOTHSIIBIK KIKTEY TarlChIpMasapbiH/a
YKOFaPBI JQIIIKKE JKETY YIIH KQXKETTI TOJBIK KOHE KalTaTaHAThIH IEPEKTePl JaibIH-
Jay MpoIelypachlH KaMTaMachl3 eTeIi.

2-cypeTTe Kipic AepeKTEepiHEeH yaKbITIIA KOHE KEePTLTIKTI epeKIIeTIKTep/i amy
yuin LSTM xone ConvID GipikTipeTiH ruOpuATI HEHPOH/IBIK JKeJi apXUTEKTYPAChI
kepcetireH. bip skarpiHaH, Kipic Ti30eri spkaiicbicel 64 HEMpOHHAH TYPAThIH €Ki Ti3-
6exti LSTM kabattapsina Oepisesi, OyJ1 y3aK Mep3imM/Ii TOYeIUTIKTepIi )KoHEe CUTHA-
JIBIH YaKbITIIIAa KOHTEKCTIH ajyFa MyMKiHAiK Oepei. ExiHIi *KaFpIHaH, Tapajuieib Typ-
ne ConvlD KOHBONIOIUSUTBIK KaOAaTTapbIHBIH Kackazsl (32, comaH keiin 64, 128 xoHe
256 cysrisnep) KomaaHbUIa eI, apanblk MaxPoolingl D onepanusiiapsl KOJIaHbLIAIbI,
MyHJa 9p0Oip KabaT CUTHAJABI YCaK TYHIPIIIKTI JEHTeiae oHAeHal, KeprilikTi epek-
HICTIKTEP/Ii aTabl.
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KonBomronusiielk  OJ0KTapaH ©TKeHHEH KeiiH, mbeirbic Flatten xemerimen
BEKTOpFa TETICTeNe ], aJl KaTaJaHAThIH )KOHE KOHBOIIOLUSIIBIK TApMaKTapAaH aJIbIHFaH
kepinictep Concatenate KaOaThIH TaiiganaHblll OipTyTac HbBICaHFa OIpIKTIpiIedi.
Copnan KeiliH ambIHFaH epeKIIeNTiK BEKTOPHI 128 HelpoHbI 0ap TOJBIK KOCHUTFAH THIFBI3
KabaT apKbUIbl eTeii, OyJl Mozenbre KipiC CUTHAIBIHBIH KaJNIbUIAHFaH KOpPIiHICIH
KaJbInTacTeIpyFa keMekrecei. [llamanan Teic colikecTeHAIpyY/Ii a3aiTy YIIiH KATTHIFY
Ke3iHJe Keilip HelpoHmapasl Ke3neicok Typae TyciperiH 0,5 BIKTUMaNIBIFBI Oap
Dropout kabatsi Kosiganbuiazasl. CoHbIHAA, O1p HEMPOH jKOHE CUTMa TIPi3/11 aKTHBAIHSCHI
0ap THIFBI3 HIBIFBIC KA0ATHI MAKCATTHI KJIACKA THECLT 00Ty BIKTUMAIABIFBIH TYIBIPAJIBL,
OYJT eKIJTIK JKIKTEY/1l MYMKIH eTei.

input_layer
(None,19,1)

|
v v

convld Istm
(None,19,32) (None,19,64)

max_poolingld Istm_1
(None,9,32) (None,64)

convld 1
(None,9,64)
v

max_poolingld 1
(None,4,64)

convld 2
(None,4,128)
v
max_poolingld 2
(None,2,128)

conv.ldj
(None,2,256)

max_poolingld 3
(None,1,256)

flatten dense_1
(None,256) (None,1)

Cyp. 2. O0I xikreyine apHanran rubpunti CNN-LSTM mopgeri.

Ocputaiitia, Mojenb yakpITmia yiritepai Ttangay ymidn RNN (LSTM)
xoHe keprimikti epekmenikrepai amy ymiH CNN (Conv1D) apThIKIIBIIBIKTApbIH
naiiananaapl, OyJl CUTHAJJIBIH KaH-KAKThl KOPIHICIH KAMTaMachl3 eTelll XKoHE KIKTey
TOIIIITIH KaKCapTaIbl.

Mogens Adam ontummsaropsl (learning rate = 0.001) »xone OWHaApIBIK
kpoccauTpornusi  (Binary Cross-Entropy Loss) (yHKIOHSICBIH KOJJaHa OTBIPBIN
okbIThUIIBEL. Batch size — 32, epoch canbet — 50. Epre Tokrary (Early Stopping)
CTpATETHsCHl BaJMIAIMSIIBIK IIBIFBIH TYPAKChI3JaHFaH COTTE KOJNAAHbUIIBI. JleTanbabl
apxutektypa: CNN OnokrapsiHAarsl QuibTpiep canel — 32, 64, 128, 256; LSTM
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kKabatTapel — 2 (64 neitpornan), GRU kabater — 1 (64 Heiipon), Dropout = 0.5. by
napameTpIiep MOJIEIb/IIH TYPAaKThl KOHBEPTeHIIUSACHIH KAMTaMAaChI3 €TTi.

Hatumxenep :koHe TAIKbLIAY.

Hepexrep ym Oemikke Geminai: oKy (70 %), Bamumamus (15 %) >koHE TONBIK
Toyeinci3 Tect *KubHBI (15 %). TecT >KUBIHBI MOzETbIe OKYy Ke3iHne OepiniMerni skoHe
JKaNMbUIay KaOineTiH Oaranay YIIH FaHa KOJNJIAHBUIABL. MyHmaii cxema overfitting
BIKTUMAJIJIBIFBIH TOMEHAETII, MOAEIBAIH HAaKThl JEpPEKTepre KOJIAAHBUTYBIH AQJIIpeK
Oaranayra MYMKIHIIK Oepi.

By 3eprrey sxo0ack! llaxen yauBepcuteTi Kypacteipras sxoHe IEEE mmatdop-
MachIH/Ia JKapusJIaHFaH alllbIK JePeKTep KUBIHTBIFbIHA HETi3/1eNreH. by nepexrepain
HET13T1 MaKcaThl - AekTpodHiedanorpadusuibik (331) curHanmapasl Tainay Heri3iH-
Jie 3€iiH TammbUIBIFbl THIIepakTUBTUIIriHIH Oy3putysl (CIBIY) Gap Ganamap men cay
Oananap apachlHIaFbl HEHPOPHU3UOIOTUSIIBIK alBIPMAIIBUTBIKTAPBI 3epTTey. [lepekrep
KUBIHTBIFbI KOTHUTHUBTIK KYiepi 00beKTUBTI Oaramnay xone D1 ka3z0anapbIHIaFbl CU-
naTTaMaJIbIK MaTOJIOTHSUTBIK 3aHIbUTBIKTAp/Ibl aHBIKTAY/Ibl aBTOMATTaHIBIpyFa KaOiIeTTi
MAaIIMHAJIBIK OKBITY aJITOPUTMIEPIH d3ipJiey YIIiH apHaibl )kacairaH. YJrire 7 kacTaH
12 xacka nmetiinri 121 GananbiH kaz0anapsl Kipemi, onapabiy 61-ine DSM-IV kpure-
puitnepine colikec 31T KIMHUKANBIK TUAarHO3BI KOMBUIFaH, an KaiaraH 60 6ana Oakpuiay
TOOBIH KYpaJIbl. 3eHiH TAIIIBUIBIFBI THIIEPAKTUBTUTITHIH OY3bITYbI AMArHO3bI KOMBUIFaH
Oaytanap IOpUTIK TEpaIus allbIll, KeM JCTSH e alThI aif 00ibl Putanmu kabsuinaasl. D90
*a30amapel MaHIai, OPTANbIK, TAPHETAb/IbI, TAPUETAIBIBI JKOHE JKEJIKe KhIPTHICHIHA
OpHANACTHIPBUTFaH 19 3JEKTPOATHI MaiiananbIl, Xansikapanbik 10-20 xyliecin naima-
JaHy apKbUTBI XKYPri3uial. OpOip CUTHAI KeJleci apHalapaarsl OSICeH IITIK MOHIepIMEH
kepcerineni: Fpl, Fp2, F3, F4, C3, C4, P3, P4, Ol1, 02, F7, F8, T7, T8, P7, P8, con-
naii-ak Fz, Cz sxone Pz, kareicymsiHbIH cay Oananap ToOsiHa HeMece ADHD 6Gap Oa-
Janap TOOBIHA YKaTaTHIHBIH KOPCETETIH jka30a MACHTH(PHUKATOPHIMEH JKOHE MaKCATTHI
KJ1ac 6enriciMeH TONBIKThIpbUFad. D1 curHamaaps! KyJlaK cyiekrepine Oexitinren Al
XoHE A2 HTaNOHBIK JIEKTPOATAPBIH Makgananslm, 128 ' tucKkpeTTey Kuimiriae xa-
3pUIBL. ToxipuOeiK mporeaypara BU3yaabl KOTHUTUBTI TECT Kipli, OHBIH OapbICHIH-
na Oananapra MyNbTQHIBM KeHINKepIepiHiH CypeTTepi KOpCceTiin, HhICAaHAap CaHbIH
canay cypanisl. JKa3zy TancelpMa asKTajfaHfa JCHiH JKaJFacThl, KOTHUTHBTI PEAKIIH
JMHAMUKAChl MEH aKmaparThl ©HJEY XbUIIAMABIFBIH Kepcereai. JlepekTep KecTelik
dbopmarTa YyChIHBUIFaH, MyHa 9pOip koi Oip kem apHansl DI jxa30ackiHa ColiKec Ke-
Jefi KOHE CHTHAJI MOHJIEPiH, KIIACThI JKOHE KaThICYIIbl WIACHTU(UKATOPBIH KAMTH/IBI.
Bacrankpl curHanImapIbIH KOFAphl camachl, CTaHAAPTTAIFaH Ka3y XaTTaMmachl JKOHE
MYKHST TaHJIQJIFaH YTl OYJ1 1epeKTep KUBIHTHIFBIH HEHPOPU3NOIOTUSIIBIK 3€pPTTEYIIED
KOHE KIMHUKAJIBIK MENIMICPAIH AIAITIH apTThIpyFa OarbITTalIFaH WHTEIUICKTYaJ IbI
JTMATrHOCTUKAJIBIK JKYyHelep/ii 93ipiey YIIiH KYHIbl pecypcKa alHaIIbIpaabl. 3-CypeTTe
anekTposnedanorpadusuibik (3217) curnan xaz0amapblH KAMTUTBIH JACPEKTEP JKUBI-
HBIHAAFBI KJIaCTap/IbIH Tapalybl KOPCETUITEH.

O-cerHBIT IeHI cay Oanamapra (6akpiay ToObHA), an 1-cerabin CABI ararno3sr
KoibuTFaH Oamnanapra coiikec keneni. Jlepekrep TeHrepimai, Oy MalIMHAIBIK OKBITY
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MOJICITIH JYPBIC OKBITY YIIIH MaHBI3bI, ce0eOi Oyir OomkaMaapasiH Oip HeMece eKiH-
mricine OeHIMAUTITIH OOIIBbIpMaiIbl. By TEHrepim JKIKTey TYPaKTHUIBIFBIH apTTHIPA/IbI
KOHE JIEPEKTEP TCHrepiMCi3airine OaiIaHbICThI KATETIKTEP BIKTUMAIIBIFBIH a3aiTa b,

le6 Class Distribution

0.8

Number of Windows
°
S

H
N

0.0

Control ADHD
Class (0 = Control, 1 = ADHD)

Cyp. 3. OOI" nepexrep >KUBIHBIHAAFBI KJIACCTAP/IBIH TAPAITYEL.

4-cypetTe Oec KHUITIK AUANa3oHbI YIIiH - nensra (1-4 '), Teta (4-8 '), anbda
(8-13 I'm), 6eta (13—-30 ') sxone ramma (3045 ') yiriH Kyat CIeKTPiHIH THIFBI3IBIFBI
(PSD) »xputy kapTachl eki Ton y1iH 6apislk 931 cermeHTTepi OOMBIHIIA OpTalllaaHFaH:
Oaxpinay xone CJIBI.

Control
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Cyp. 4. 19 D3I apnacs! 6oiibiaia ap6ip Tom (6aksuiay xaHe ADHD) yiin xuinik nuanasonaapst (Jemns-
ta, Tera, Anbda, bera, ['amma) GolibiHIIa opraima KyaT CieKTpiiK THIFbABIFE (PSD).

CyperTiH oFaprbl OeliriHae cay OanmamapAblH HOTIKEIEpI KOPCETUITeH
(baxpinay). Anbda sxone Geta OGencenniniri, acipece, mannaii (F3, F4), opransik (C3,
C4) xone mapuero-myiiae (P3, P4, Ol, O2) aiimakrapblHIa aiiKeIH KepiHEI, Oy
TarchipMa Ke3iHJIe TeHrepiMIi KOTHUTHBTI OCJICEHIUTIK TeH TYpaKThl Hazap ayaapy
KYHiH kepceremi. Pz cuskTel KeWOip apHajap calbICTBIPMAlbl TYpAE TOMEH Kyar
KepceTe i, Oy )KeKe BapuaIusuiapra HeMece CUTHAI jKa3y JKaFIaiapbiHa OaiIaHBICThI
Oomysl MymMKiH. Tera KyaTbl KeNTereH apHajapjaa opTaiia, alKbIH IIBIHIAPCHI3, OyII
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KOTHUTHBTI (DOKYCTBIH THIHBIIITHIK KYHiHE TOH.

Cypertin temenri Oemirinae ADHD Oap Oamanmap ToOBI YIIIH yKcac bLTY
KapTachl KOPCETINTeH. AUNTapibIKTall aWbIpMAIIBUIBIK - JI€JIbTa IUANa30HBIHIAFEI,
ocipece Fpl sxome Fp2 manmail apHamapslHAarbl KyaT MOHJEPIHIH JKOFapbLIayhl,
Oyn keOiHece mpePpOHTANBAB KOPTEKCTIH THUIMOAKTHBAIMACHIMEH OailJIAHBICTHI.
Conbiven Katap, ADHD 0Oap Ganamapaarsl anba OeICeHAUTITT HeTi31HeH yaKbITIa-
napueTaibIbl aitMakTapaa (Mpicansl, F8, T8, P7) Gaiikanambl, OYJI eKiHITTIK KOTHUTHUBTI
Ti30EKTepiH KOMIIEHCATOPIBIK OeJCeHauiriH kepceTyi mymkin. Conpaii-ak, T7, P4
xoHe O2 aiiMaKTapbIHIAFbl O€Ta )KOHE raMMa KOJIAKTapBIHAAFbl OCICEHAUTIKTIH apTyhl
KBI3BIFYIIBUIBIK TYABIPAIbl, Oy KYHKEe ©3reprillTiriHiH >KOFapbUIAybIH JKOHE Y3aK
YaKBbIT 3€i1H KOIO KUBIHIBIKTAPbIH KOPCETYl MYMKIH.

Bbyn 7 tanb6aner rpaduk cay agaMHBIH AJIEKTPOPUZUOIOTHSIIBIK JCPEKTEpiHe
KOJIZJAaHBUIATBIH TAyelnci3 KoMnoHeHTTiK TangayasiH (TKT) HoTmkenepin kepcereri.
Opbip kapTta kem apHansl DD ka30achlHAH aNbIHFAH TOYEJICI3 KOMITOHEHTTEPIIH
OipiHJeri OeNCeHAUTIKTIH KeHICTIKTIK TapaTyblH KopceTeai. byt Busyanu3arnus opTypii
OeNICeHAUTIK KO3JIEpiHIH YJIecTepiHiH 0ac TepiciHme Kaiail JIOKaTu3alusIaHFaHBIH
KepceTeni. OpOip KOMIIOHEHT VIIiH (U3HOJOTHUSJIBIK BIpFaKTapra (MbBICAJIbI, YKEIKe
aiiMarpIHAAFb! alb(a BIpFaFbl) Hemece apTedaxTisiepre (ko3 KO3FalbICTaphl, OYJIIIIBIKET
OenceHIiiri) colfkec Kelryl MyMKiH CHIaTTaMalbIK YAriiep anbikranaasl (Cyper 5).

ICA components
ICA000 1CA001 ICA002 1CA003 ICA004

ICA007 ICA008 ICA009

ICA0I8
£

Cyp. 5. OOTI' ICA kommoHeHTTepiHiH Tonorpadusuibik kapranaps! (Kansinrer/backapy kiacsr).

ICA xonmaHy HaKTBI KYHKE TIpoLeCTepl Typajibl aKknapar OepeTiH KOMIIOHEHT-
Tep/ll aHBIKTAY >KOHE OJapibl HrynaH O6exy apkpuUibl DI TanaaybIHBIH CalachlH jKakK-
capransl. Cay (Kanbmrsl/bakpinay) kimackl skaraaiibiHaa TonorpadusuiblK Kaprajiap-
JIBIH CaJIBICTBIPMAJIbl TYPJI€ PETTENreH Tapaiybl kUi Oaiikana/bl, allKbIH aHOMAaJbIbl
HIBIHAAP HEMeCe MaTOJIOTHUIBIK Yiriiepci3. MyHaai KOMIOHEHTTEp SJETTe cay MOoIy-
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JSIMSIFA TOH TYPAKThl MU BIPFaKTapbIH KepceTeni. Hotmxkecinae naiiga OonraH gepex-
Ke3Jep/Ii 06JIeK BU3yaTH3alisuIay 3epTTEyIIep MEH KIHHUKTEPre dpoip JepeKKo3IiH
YJIeCiH JoMipek Oaranmayra MYMKIHJIIK Oepei, Oy KeiliHHeH apTedakTiHi JKOIOFa KOHE
KaJIBIIITHI JKaFJaiiapaa KOTHUTUBTI (DyHKIUSUIAp/IbI 3epTTeyre KomekTece . by 8 TaH-
Oanbl qUCTIIeH 3€HiH TamIbUIBIFEI TUIepakTUBTLTIriHIH Oy3butysl (CI'BA) Gap Oana-
HBIH 37eKTpodHIeanorpadus (O3I) nepekrepi OOMBIHINA KYPTi3iITeH TOYeINCi3 KOM-
noHeHTTiK TangayabiH (MAK) HoTmkenepin kepceremi. Opoip TormorpausuiblK KapTa
aHBIKTAJIFaH TOYEJICi3 KOMIIOHEHTTEepAiH OipiHiH KeHICTIKTIK TapalyblH KepceTei, 6ac
Tepicinae Oenrimi Oip AepeKkKke3iH yleci eH alKpiH OonareiH xepai kepcereni. CI'b
KeOiHece Kyp/elli HeMece bIFBICKAH YITriepi 6ap KOMIOHEHTTEPMEH CHITaTTaIa (bl OYIT
3eiiH MEH UMITYJIbCTI OacKapyFra »ayanThl HEHPOHIBIK JKeIIEp/iH KaJbIITaH THIC Yil-
BIMJIACTBIPBUTYBIH KOPCETyi MYMKiH. TomorpadusuibiK KapTa KYphUIBIMBI PETTEIITEH cay
Oananapaan aiipipMamsibiFsl, ADHD Oap Oananap yikeH e3reprimTik Hemece Typak-
ChI3 OJICEHIUTIKITEH OalIaHBICThI KO3ep IiH O0MybIH KopceTyl MyMKiH (CypeT 6).

ICA components
ICA000 ICA001 1CA002 1CA003 1CA004

ICA006 ICA007

Cyp. 6. 90T (ADHD kuacer) ICA KOMITOHEHTIHIH TONOTpadHsIIbIK KapTaaapbl.

MyHzaii KOMITOHEHTTEp O3MIriHEH KO3FBIITHIKTBIH JKOFapbUIayblH HEMece
THUTIEPAKTUBTI MIHE3-KYWIBIKIICH OalIaHbICTBl apTedakTiuiepai 0acy KUBIHIABIKTapbIH
kepcetyl MyMmkiH. ICA mrynbl curHammapabl (MbICANbl, KO3 KO3FaJbICTapbl HEMECE
OYITIIBIKET apTedakTisiepi) GU3HOIOTHUIBIK MaHBI3bI MPOIECTEPACH OOy apKbLIbI
MYH/Iali epeKIIeniKTepal anbIKTay abl xkeHinaeteai. Ocwinaiia, ADHD 6ap 6amanapaarb
OO0l KOMIIOHEHTTEPiHIH TOMOrpadUsIbIK KapTalapblH Talgay KOTHUTHUBTI pETTEYy
OY3BbUIBICTAPBIHBIH BIKTUMAJIBIFBIH €TKEH-TETKENIIl TYCIHYyre MyMKIHAIK Oepei KoHe
OCBI OY3BIIBICTBIH OMOMapKepsepl peTiHAe KbI3MET €Tyl MYMKIH HaKThl OCJICEHIITIK
yATUIepiHe Ha3ap ayaapy YIIiH OJIaH dpl 3epTTEyJIep )KYPrizyre MyMKIHIIK Oepei.
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7-cyperte DOI nepekrepiHiy imki KubIHBIHAA OKBITEUTFAaH XGBoostClassifier
QITOPUTMIH TaiIaTaHbIl aTbIHFAH MYMKIHAIKTIH MaHBI3IBUIBIK JHArpaMMachl Kep-
CETIITeH.
Feature Importance

P7
Fa
T7
Fpl
C3
F3
Cc4
P4
Fp2
T3
F7
o1
Fz
Cz
Pz
P3
P8
02

Feature

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Importance

Cyp. 7. 93T nepekrepiHiy imki xubiHbIHIA OKbIThUTFAaH XGBoostClassifier anroputmin naiinanassin
QJIBIHFAH MYMKIHJIIKTIH MaHBI3IBUTBIK JHATPAMMAChl KOPCETIITCH.

baranansik rpaduk P7, F4 sxome Fpl osnexkrpoarapeiMeH OailTaHBICTHI
epEeKIIeTIKTeP/IiH KIKTeyTe €H KOII yJIeC KOCaThIHBIH KopceTeai, 0yi1 ADHD Gap 6amanap
MeH Oakpliay TOOBIH aXbIpaTyla apTKbl caMail jKOHEe MaHJal MU aiMaKTapbIHBIH
MaHBI3IBUIBIFBIH  KOpceTei. P7-HiH KOFapbl MaHBI3IBUIBIFBl CEHCOPIBIK OHICYTe
KaThICATBIH TapHeTo-camMail aiMarbIHBIH peiiH kepcereni. F4 sxone Fpl wmannmaii
AIIEKTPOATAPHl MaHJail alMaKTapbIHBIH aTKApyIIbl (YHKUIUSIIAD MEH HMITYJIbCTIK
OakpUIayFaKaThICybIH pacTaiiibl. ConbIMeH Katap, O2 xone P8 CHSKTHI epeKIeTiKTepAiH
TOMEH MaHBI3/IBUIBIFBl OJIAPJBIH IIEKTEYJl IUCKPUMHHALMSIIBIK KaOiJeTiH HeMmece
CHUTHAJIJBIH aKMapaTThIK apHaJapMeH KabaTtacyblH Kepcereni. COHFbI HOTHXKeINep
MUJIBIH HETI3r1 aiiMaKTapbhlH aHBIKTAayFa *XOHE €H MaHBI3/Ibl epeKIIeNlikTepre Hazap
ayJapy apKbUIbl OJJaH dpi Talgay/bl OHTaIaHIbIpyFa KOMEKTECe 1.

Ycwmputradn  THOpuari CNN-LSTM  mopenmiHiH THIMIUIITIH  OOBEKTHBTI
Oaranay yuriH OipHemie 0a3asibIK ATAJOHIBIK MOJEIBACPMEH CaJBICTHIPMAJIBI TaJIAy
xyprizinai. CanbICThIpyFa KJIACCHKAIBIK MAIIWHAIBIK OKBITY Monenbaepi (Random
Forest, XGBoost), cornaii-ax TepeH OKpITy Mojenbaepi (keke CNN, xeke LSTM)
eHri3iai. ©Op Mozenb Oipaelt anabiH ana eHjenred D3I epeKienikTepin/ie OKbIThIIIbI.
Hormxkenep kepceTkeHeH, THOPUATI apXHUTEKTypa OapiiblK MeTpuKanap OOoMbIHIIA
(Accuracy, Precision, Recall, F1-score) 6a3zanblk MOAENbAEpACH KOFaphl KOPCETKIMI
kepcerTi. by rubpuari Tocuiain D317 curHaIIaphIHIAFEl YaKbITIIA KOHE KEHICTIKTIK
YJITUIepAl KaTap AYPHIC OKyFa KaOUIETTI eKeHIH OIS .

KopbIThIHABI.

Kyprizinren 3eprrey  anekrpodHiedanorpadpusieik  (O3)  mepexrep
HeTi3iHAe OayianapJplH 3€HiH JICHreiiH OOBEeKTHBTI Oaranmay MOCENIeCiH 3aMaHayH

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
228



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

KacaHIbl MHTEIUIEKT O/IiCTEpi apKbUIbI HICUTyre OarbITTaNAbl. 3epTTEy HOTHXKENepi
HEHPO(U3UOIOTHSUTBIK CUTHAIIAPABI TEPEH HEHPOHBIK KEIijIep KOMETIMEH Taiuay
OanmamapIbplH <«3eHiH» JKOHE «3EHIHCI3OIK» KYWIEepiH CEeHIMIl Typle akblpaTyra
MYMKIHIIK OepeTiHiH KepceTTi. bym Tocim AacTypii  IMCHUXOAMArHOCTHUKAJIBIK
O/IiCTEpMEH CaJBICTBHIPFaH/Ia AHAFYPIBIM OOBEKTHUBTI, CAHIBIK JKOHE KalTaJaHAThIH
Oaraiay MeXaHHM3MiH KaMTaMachl3 eTefmi. 3eprrey OapwichiHma D3I curHaimapbiH
OHJICYIIH TOJBIKKAHIBI KYOBIpKOIIBI (pipeline) a3ipieHi. ANbIH alla OHIeY Ke3eHIH e
4-40 I'm Auana3oHbBIH/A JKOJIAKTHI CY3TUICy KOJIAHBUIBIN, TOMEH JKUITIKTI aApeidrep
MEH JKOFapbl JKUUTKTI apredakrtiiep >KoHbuIIbl. Toyenci3 KOMIOHEHTTIK Taijuay
(ICA) xemeriMeH Ke3 KO3FaJbICTapbl MEH OYJIIIBIKET OesiceHAlTirine OaiiaHbICThI
myasl THiMal Oeny sky3ere achlppiiiabl. CUTHammapasl Tepeseney JkoHe Z-0at
apKBUIbI KAJbINKA KENTIpYy MOJENbBIIH TYPaKThl KOHBEPICHLUSCHIH KAMTaMachl3 €TTi.
byn kesennepnin Oapneirel DD nepekTepiHiH TaOUFH ©3TeprilliTiriH TOMEHJETIM,
HEHPOHBIK MOJETIB/IIH KalIblIay KaOileTiH apTThIpAbl. ¥ chiHbUIFaH ruopuari CNN—
GRU-LSTM apxwurektrypacel ODI CHUTHAIIAPBIHBIH KEHICTIKTIK KOHE YaKBITTHIK
KYpBUIBIMIApPbIH Oip Me3rijjie Tangayra MyMKiHAIK Oepai. KoHBomonusibIk KadaTTap
JIOKAJIB/Ibl CTIEKTPAIABIK YATUIEp/l aHbIKTaca, PeKyppeHTTIK KadaTTap y3aK Mep3imai
YaKBITTBIK TOYCIIUTIKTepAl MoAenbaAeal. MyHnail OipiKTipuUIreH ToCil KIacCHUKAaJIbIK
MalMHAIBIK OKBITY MozenbaepiHe (Random Forest, XGBoost) xone xeke CNN
Hemece LSTM apxuTekTypanapbiHa KaparaHaa )KOFaphl HOTHXKENIEP KopceTTi. bapibik
Heri3ri MeTpukanap OoiibiHma (Accuracy, Precision, Recall, Fl-score) ruGpunari
MOJIeNb 0achIMIBIK TaHBITTBL, Oy DOl CHUTHANJApBIHBIH KYpIETi JUHAMUKAJIBIK
TaOWFaTBIH €CKEPYIiH MaHBI3IBUIBIFBIH JAdJenaeiai. 3epTrey OapbIChIHAA AJIbIHFaH
HOTIDKENIED HEHpOPHU3MONOTHAIBIK TYPFBIIAH Ja MaHbI3ABL. Epexmenikrepin
MaHbI3ABUIBIK auarpammacekl (Feature Importance) OoitprHma P7, F4 xome Fpl
aliMaKTaphbl JKIKTEy/e IIeHIyIli pesl aTKapAsl. byin MaHmail )koHE MapHeTO-yaKbITIIA
allMaKTapIblH aTKapylibl (YHKIUSUIAP, HMITYJIBCTIK OaKbplIay MKOHE CEHCOPJIBIK
OHJICYMEH TBHIFbI3 OailmaHbICThl ekeHiH kepceteni. ADHD Oap Oanamapna aenbra
JTMATa30HBIHBIH KOFapbUIayhl koHE anb(a-0era OelCeHAUTITIHIH e3repyi OailKanbl,
OyJ1 KOTHUTHUBTIK PETTEY MEXaHU3M/IEPiHIH epeKIIeTIKTepiH alKbIHaiab1. Ochutaiina,
YCBIHBUIFAH MOJIEITb TEK YKOFaAPHI JIIK KOPCETIN KaHa KOWMaii, KITMHUKAIIBIK TYPFbIIaH
MHTEpIpeTAlMsATIaHATBIH HOTIOKEnep Oepeni. Jlepekrep >KUBIHBIHBIH TEHIePIMALIIT
(control >xone ADHD TonTapbIHBIH IIIaManac KeyueMi) MOAEIb/IiH OeiTapart OKbIThLTYbIH
KaMTaMachI3 €TTi )KOHE XKIKTeYiH Oip Kimaccka Oeitimainiria 6omasipmaabl. COHBIMEH
Karap, JIepeKTEP/IiH OKY, BAIHIAINS KOHE TOJIBIK TOYEIICI3 TECT KUbIHIAPhIHA OOTiHY1
overfitting BIKTUMAJIBIFBIH A3aWTHIN, MOJEIBIIH JKAIIbLUIAY KaOileTiH OOBEKTHUBTI
Oaranayra MyMKiHAIK Oepai. Byt 3epTreyniH oficHaMalbIK CEHIMAUTITIH apTTHIPAIbL.

REFERENCES
Abiri, R., Borhani, S., Sellers, E.W., et al. (2020). A comprehensive review of EEG-based brain—computer
interface paradigms // Journal of Neural Engineering. — Vol. 17(4). — Article 041001. https://doi.org/10.1088/1741-
2552/ab9875.
Arns, M., Conners, C.K., Kraemer, H.C. (2013). A decade of EEG theta/beta ratio research in ADHD //
Journal of Attention Disorders. — Vol. 17(5). — Pp. 374-383. https://doi.org/10.1177/1087054712460087.
Babiloni, C., Del Percio, C., Valenzano, A., et al. (2009). Frontal attentional processes and alpha rhythms.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @ @
International License .
229



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

— Clinical Neurophysiology. — Vol. 120(10). — Pp. 1880-1890. https://doi.org/10.1016/j.clinph.2009.08.021.

Barry, R.J., Clarke, A.R., Johnstone, S.J. (2003). A review of electrophysiology in attention-deficit/hy-
peractivity disorder // Clinical Neurophysiology. — Vol. 114(2). — Pp. 184—198. https://doi.org/10.1016/S1388-
2457(02)00363-2.

Clayton, M.S., Yeung, N., Cohen, M.X. (2018). The many characters of visual alpha oscillations // Euro-
pean Journal of Neuroscience. — Vol. 48(7). — Pp. 2498-2508. https://doi.org/10.1111/ejn.13747.

Cohen, M.X. (2014). Analyzing Neural Time Series Data: Theory and Practice / MIT Press. https://doi.
org/10.7551/mitpress/9609.001.0001.

Craik, A., He, Y., Contreras-Vidal, J.L. (2019). Deep learning for electroencephalogram (EEG) classifica-
tion tasks: A review // Journal of Neural Engineering. — Vol.16(3). — Article 031001. https://doi.org/10.1088/1741-
2552/ab0abs.

Delorme, A., Makeig, S. (2004). EEGLAB: An open source toolbox for analysis of single-trial EEG dy-
namics including independent component analysis / Journal of Neuroscience Methods. — Vol. 134(1). — Pp. 9-21.
https://doi.org/10.1016/j.jneumeth.2003.10.009.

Karalunas, S. L., Nigg, J. T. (2017). Heterogeneity and subtyping in ADHD. Annual Review of Clinical
Psychology. — Vol. 13. — Pp. 591-618. https://doi.org/10.1146/annurev-clinpsy-032816-045213.

Lenartowicz, A., Loo, S. K. (2014). Use of EEG to diagnose ADHD. Current Psychiatry Reports. — Vol.
16(11). —Pp. 498. https://doi.org/10.1007/s11920-014-0498-0.

Li, X., Zhang, D., Zhang, Y., et al. (2021). Attention detection from EEG using CNN-LSTM archi-
tecture. Biomedical Signal Processing and Control. — Vol. 63. — Article 102211. https://doi.org/10.1016/].
bspc.2020.102211.

Mullen, T., Kothe, C., Chi, Y. M., et al. (2015). Real-time neuroimaging and cognitive monitoring us-
ing wearable EEG. IEEE Transactions on Biomedical Engineering. — Vol. 62(11). — Pp. 2553-2567. https://doi.
org/10.1109/TBME.2015.2481482.

Roy, Y., Banville, H., Albuquerque, I., et al. (2019). Deep learning-based electroencephalography
analysis: A systematic review // Journal of Neural Engineering. — Vol. 16(5). — Article 051001. https://doi.
org/10.1088/1741-2552/ab260c.

Schirrmeister, R. T., Springenberg, J. T., Fiederer, L. D. J., et al. (2017). Deep learning with convolutional
neural networks for EEG decoding and visualization. Human Brain Mapping. — Vol. 38(11). — Pp. 5391-5420.
https://doi.org/10.1002/hbm.23730.

Xue, Y., et al. (2025). Applications and interrelationships of brain function detection, brain—computer in-
terfaces, and brain stimulation: A comprehensive review. Cognitive Neurodynamics. — Vol. 19(1). — Pp. 161-180.
https://doi.org/10.1007/s11571-025-10341-y.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
230



INTERNATIONAL JOURNAL OF INFORMATION AND
COMMUNICATION TECHNOLOGIES

XAJIBIKAPAJIBIK AKITAPATTBIK )KOHE KOMMYHUKANMSIIBIK
TEXHOJIOTUSLJIAP J)KYPHAJIBI

MEKJTYHAPOJIHBIN )KYPHAJI UHOOPMAILIMOHHBIX U
KOMMYHHMKAIIMOHHBIX TEXHOJIOT U

Co0OCTBeHHHUK:
AO «MexyHapoAHbIH YHUBEPCUTET MH(POPMAIIMOHHBIX
texHosorui» (Kasaxcran, Anmmarsr)

I'naBHbIN penakTop:
Konecuunkosa Katepuna BukropoBHa

OTBeTCTBEHHBIH peraKTop:
Mp3abaeBa Payman XKanueBHa

KomnbloTepHas BepcTka:
Kana6aii 3am3aryns EpTyranosna

Caiir xxypnana: https://journal.iitu.edu.kz
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)

ITopmucano B euats 30.03.2026.
050040 r. Anmartsr, yin. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09).

W3nanne AO "Mex1yHapoIHOTO YHUBEPCUTETa MH()OPMAIMOHHBIX TEXHOIOrHii"



	басы 1
	cont-gooo
	2026-1 goo
	соны 2



