ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

«KA3AKCTAH PECITYBJTMKACHI
YJITTBIK FbLJIBIM
AKAJIEMHUSICBD» PKB

«KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FBIJIbIM AKAJJIEMUACHI» PKb

XABAPJIAPDI
U3BECTUSI NEWS

POO «HAIIMOHAJIBHOM OF THE NATIONAL ACADEMY OF
AKAJIEMNHN HAVK PECITYBJIMKHA SCIENCES OF THE REPUBLIC OF
KA3AXCTAH» KAZAKHSTAN

SERIES OF PHYSICS AND MATHEMATICS

2 (354)
APRIL - JUNE 2025

PUBLISHED SINCE JANUARY 1963
PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



CHIEF EDITOR:

MUTANOYV Galimkair Mutanovich, doctor of technical sciences, professor, academician of NAS RK, acting
General Director of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=6506682964,  https://www.webofscience.com/wos/author/
record/1423665

EDITORIAL BOARD:
KALIMOLDAYEV Maksat Nuradilovich, (Deputy Editor-in-Chief), Doctor of Physical and Mathematical
Sciences, Professor, Academician of NAS RK, Advisor to the General Director of the Institute of Information and
Computing Technologies of the CS MES RK, Head of the Laboratory (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/record/2428551
Mamyrbaev Orken Zhumazhanovich, (Academic Secretary), PhD in Information Systems, Deputy Director
for Science of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=55967630400,  https://www.webofscience.com/wos/author/
record/1774027
BAIGUNCHEKOV Zhumadil Zhanabaevich, Doctor of Technical Sciences, Professor, Academician of
NAS RK, Institute of Cybernetics and Information Technologies, Department of Applied Mechanics and
Engineering Graphics, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6506823633, https://www.webofscience.com/wos/author/record/1923423
WOICIK Waldemar, Doctor of Technical Sciences (Phys.-Math.), Professor of the Lublin University of
Technology (Lublin, Poland), https:/www.scopus.com/authid/detail.uri?authorld=7005121594, https://www.
webofscience.com/wos/author/record/678586
SMOLARJ Andrej, Associate Professor Faculty of Electronics, Lublin polytechnic university (Lublin, Poland),
https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.webofscience.com/wos/author/
record/1268523
KEILAN Alimkhan, Doctor of Technical Sciences, Professor (Doctor of science (Japan)), chief researcher of
Institute of Information and Computational Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/wos/author/record/1436451
KHAIROVA Nina, Doctor of Technical Sciences, Professor, Chief Researcher of the Institute of Information
and Computational Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515
OTMAN Mohamed, PhD, Professor of Computer Science Department of Communication Technology
and Networks, Putra University Malaysia (Selangor, Malaysia), https://www.scopus.com/authid/detail.
uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649
NYSANBAYEVA Saule Yerkebulanovna, Doctor of Technical Sciences, Associate Professor, Senior
Researcher of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan),
https://www.scopus.com/authid/detail.uri?authorld=55453992600,  https://www.webofscience.com/wos/author/
record/3802041
BIYASHEV Rustam Gakashevich, doctor of technical sciences, professor, Deputy Director of the Institute for
Informatics and Management Problems, Head of the Information Security Laboratory (Kazakhstan), https:/www.
scopus.com/authid/detail.uri?authorld=6603642864, https://www.webofscience.com/wos/author/record/3802016
KAPALOVA Nursulu Aldazharovna, Candidate of Technical Sciences, Head of the Laboratory cybersecurity,
Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=57191242124,
KOVALYOYV Alexander Mikhailovich, Doctor of Physical and Mathematical Sciences, Academician of the
National Academy of Sciences of Ukraine, Institute of Applied Mathematics and Mechanics (Donetsk, Ukraine),
https://www.scopus.com/authid/detail.uri?authorld=7202799321,  https://www.webofscience.com/wos/author/
record/38481396
MIKHALEVICH Alexander Alexandrovich, Doctor of Technical Sciences, Professor, Academician of
the National Academy of Sciences of Belarus (Minsk, Belarus), https://www.scopus.com/authid/detail.
uri?authorld=7004159952, https://www.webofscience.com/wos/author/record/46249977
TIGHINEANU Ion Mihailovich, Doctor of Physical and Mathematical Sciences, Academician, President of the
Academy of Sciences of Moldova, Technical University of Moldova (Chisinau, Moldova), https://www.scopus.
com/authid/detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

News of the National Academy of Sciences of the Republic of Kazakhstan.

Series of Physics and Mathematics

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).

Certificate No. KZ20VPY00113741 on the re-registration of the periodical printed and online publication of the
information agency, issued on 28.02.2025 by the Republican State Institution «Information Committee» of the
Ministry of Culture and Information of the Republic of Kazakhstan

Subject area: information and communication technologies.

Currently: included in the list of journals recommended by the CCSES MSHE RK in the direction of «Information
and communication technologiesy.

Periodicity: 4 times a year.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2025

2



BAC PEJAKTOP:

MYTAHOB FanbimMkaiibip MyTaHyJibl, TEXHHKA FBUIBIMIAPBIHBIH JOKTOPEI, ipodeccop, KP ¥FA akanemuri,
KP FXXBM FK «AKnaparThIK jKoHE €CenTey TeXHOJIOTHsIaphl HHCTUTYTh» 0ac AUPEKTOPBIHBIH M.a. (AJIMATh,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=6506682964, https://www.webofscience.com/
wos/author/record/1423665

PEJAKIUS AJTKACDI:
KAJIUMOJIIAEB Maxcat Hypaaiayisl, (0ac penaktopasiH opbiHOacapbl), Gpu3Hka-MaTeMaTHKa FBUIBIMIA-
PBIHBIH TOKTOPEL, podeccop, KP ¥FA axanemuri, KP F2KBM FK «AKnaparThIK jKoHE €CenTey TeXHOIOIHsUIaphl
HHCTUTYTHI» 0ac TUPEKTOPBIHBIH KeHECIIicl, 3epTxana MeHrepymici (Anmarsl, Kasakcran), https://www.scopus.
com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/record/2428551
MAMBIPBAEB Opken Kymaskanyibl (FajbIM XaTlibl), AKIApaTThIK JKYHeaep calachblHIArbl TEXHHUKA
FBUIBIMAApBIHEIH (PhD) noxroper, KP F2KBM FK «AxnaparThik skoHe ecentey TEXHOTOTHSIAPE HHCTHTYTED)
JIUPEKTOPBIHBIH FBUIBIM JKOHiHZAEr opbiHOacapsl (Anmarsl, Kazakctan), https://www.scopus.com/authid/detail.
uri?authorld=55967630400, https://www.webofscience.com/wos/author/record/1774027
BAUT'YHYEKOB Kymanin Kana6aiiy/abl, TeXHHKa FRUTBIMIAPBIHBIH TOKTOPHI, Tpodeccop, KP ¥YFA aka-
nemuri, KubepHeTrka »oHe aKMapaTTHIK TEXHOIOTHsUIAp MHCTHTYTHI, KongaHOansl MexaHHKa jKOHE HHKEHep-
nik rpaduka kapenpacel, CorbaeB ynuBepcureti (Anmarsl, Kazakcran), https://www.scopus.com/authid/detail.
uri?authorld=6506823633, https://www.webofscience.com/wos/author/record/1923423
BOMYHUK Bambiemap, TeXHUKA FHUIBIMAAPBIHBIH JOKTOPH (pu3-mat), JIOGTHH TEXHONOTHIBIK YHHBEPCH-
Terinig npodeccopsr (JIo6mun, Ilomsma), https:/www.scopus.com/authid/detail.uri?authorld=7005121594,
https://www.webofscience.com/wos/author/record/678586
CMOVJIAPK Anjexkeid, JIF00M1H NOMUTEXHUKAIBIK YHUBEPCUTETIHIH d7IEKTPOHUKA (aKyabTeTiHIH goueHTi (JIo-
6mH, Tlonbiia), https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.webofscience.
com/wos/author/record/1268523
KEMJIAH 9JiiMxaH, TeXHUKa FBUIBIMIAPBIHBIH JIOKTOPBI, podeccop (FputbiM gokropsl (XKamnonus)), KP F)KEM
FK «AKnaparTbIK jKOHE €CenTey TeXHOJIOTMsUIapbl MHCTHTYTBIHBIHY Oac FhUIBIMU KbI3MeTkepi (Asmarbl, Ka-
3akcTaH), https://www.scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/wos/
author/record/1436451
XAHPOBA Huna, TexHHKa FBUIBIMAAPBIHBIH A0KTOPBI, Tipodeccop, KP FIKBM FK «AxknaparThik sxoHe ecen-
Tey TEXHOJIOTHsIapbl HHCTUTYTHIHBIHY» 0ac FhUIBIMH KbI3MeTKepi (AnmmMarsl, Kazakcran), https://www.scopus.com/
authid/detail.uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515
OTMAH Moxammen, PhD, Uudopmaruka, KoMMYyHUKAIMSIIBIK TEXHOJIOTHSIIAP JKOHE Keiiep KadeapachbHbIH
npodeccopsl, [Iyrpa yruBepcureri Manaisus (Cenanrop, Manaiizus), https://www.scopus.com/authid/detail.
uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649
HBICAHBAEBA Cayine Epke0yJaHKbI3bl, TCXHHKAa FBUIBIMAAPBIHBIH JOKTOPBI, noreHt, KP FX)KBM FK
«AKIaparThIK KOHE €CENTey TEXHOIOTHsIIaphl MHCTUTYTHIHBIHY aFa FhUIBIMH KbI3MeTKepi (Anmarsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=55453992600,  https://www.webofscience.com/wos/author/
record/3802041
BUSIIIEB Pycram I'akameBuY, TeXHUKA FRUIBIMIAPBIHBIH TOKTOPHL, podeccop, Mupopmarika xoHe 6acKa-
Py Macenenepi MHCTUTYThI JUPEKTOPBIHBIH OpbIHOacaphl, AKIapaTThIK KAyilci3aiK 3epTXaHachbIHbIH MEHIepyLIic
(Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=6603642864, https://www.webofscience.com/
wos/author/record/3802016
KAITAJIOBA Hypcyay Ajajna:kapKbI3bl, TEXHUKA FhUIBIMIAAapbIHBIH KaHaunatel, KP F2)KBM FK «AknaparTeik
JKOHE €CernTey TEXHOJOTHsIapbl HHCTUTYTh», Knbepkayinciziik 3epTxaHachlHbIH MeHrepyuici (Anmarel, Ka-
3akcraH), https://www.scopus.com/authid/detail.uri?authorld=57191242124,
KOBAJIEB Aunekcanap MuxaiijioBu4, (usuka-mMaTeMarvika FhUIBIMIAPBIHBIH JOKTOPbI, YKpauHa YIJITTHIK
Fruteiv akageMusCchIHBIH akageMuri, Kongan6ansl MaTeMaTHKa XKoHE MeXaHHKa HHCTUTYTHI (JJoHenk, YkpauHa),
https://www.scopus.com/authid/detail.uri?authorld=7202799321,  https://www.webofscience.com/wos/author/
record/38481396
MUXAJIEBUY Anekcanap AJjieKCaHIPOBHMY, TEXHHKA FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop, bemapych
¥urreik FeutbiM - akagemuschiHblH - akagemuri (Munck, benmapycs), https:/www.scopus.com/authid/detail.
uri?authorld=7004159952, https://www.webofscience.com/wos/author/record/46249977
TUTUHAHY Uon MuxaiiioBu4, Qu3ika-MaTreMaTHKa FhUIBIMIAPBIHBIH JOKTOPBI, aKkaJeMUK, MosioBa Feuibim
AKa/IeMHSICBIHBIH TTPe3u/IeHTi, MonoBa TexHuKanbK yHuBepcuteti (Kummues, Monosa), https://www.scopus.
com/authid/detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

«KP ¥T'A Xab6apaapel. ®u3nKa-MaTeMATHKA CEPHSIChD».
ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)
Menurikreymi: «Kasakcran PecryOnukachiHbIH YITTBHIK FBUIBIM akagemusicsdy PKB (Amvarsr).
AKIIapar areHTTIrHiH Mep3imMai 6acriace3 0achUIBIMBIH, aKIIapaT areHTTIrH JKOHE KEJUIIK OachUIBIMIBI KaiiTa ecernke
Kot Typansl KP Moznenuer sxoHe AKIapar MUHUCTPIIIT «AKapar KOMHTET PeciyOimKaibik MEMIIEKETTIK MeKeMecl
28.02.2025 >x. 6epren NeKZ20VPY00113741 Kyomix.
TaKbIPBINTHIK OAFBITBI: AKNAPAMIMBIK-KOMMYHUKAYUATIBIK MEXHONO0UANAD
Kasipri yakpITTa: «aknapammolk-KOMMYHUKAYUSIbIK mexHono2usiapy basvimul 6ouvinuia KP B M BFCEK
YCbIHRAH JHCYPHANOAP MIZIMIHE eHOI.
Mepaimainiri: ocoLivina 4 pem.
Penakumsinbig MekeH-xkaiibl: 050010, Armamut K., leguenxo kow., 28, 219 6oa., men.: 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© «Kazakcran PecryOnikachiHbIH ¥ ITTHIK FRUIBIM akanemusics» PKB, 2025

3




IVIABHbBII PEJAKTOP:
MYTAHOB I'nsmmvkanp MyTaHoBHY, JTOKTOP TEXHUYECKHX HayK, mpodeccop, akagemuk HAH PK, n.0. resepainsHoro
npekropa «MHeTuTyTa MHGOPMALMOHHBIX U BhruucuTenbHbIX TexHonoruiny KH MHBO PK (Anmvarsl, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=6506682964, https://www.webofscience.com/wos/author/record/142
3665

PeakumonHast KoJLIerusi:
KAJIMMOJIZAEB Maxkcar HypaauioBuy, (3aMecTHTEIb IIABHOTO PEIAKTOPa), JOKTOP (DH3HKO-MATeMATHICCKUX
Hayk, npodeccop, akanemuk HAH PK, coBetHuk renepanbHoro mupekropa «MHctutyra MH(OPMALMOHHBIX U
BorunciuTenbHbIX Texuonoruiiy KH MHBO PK, 3aBenyroumii taboparopueii (Anvarsl, Kazaxcran), https:/www.scopus.
com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/record/2428551
MAMBIPBAEB Opxen KymaxkanoBud4, (yueHslii cexperapb), Hokrop ¢mmocopun (PhD) mo cremmansHOCTH
«/HpopMaLMOHHBIE CHCTEMBD», 3aMecTuTeNlb Jupekropa 1o Hayke PITI «MHcturyT MHQOpMAlMOHHBIX U
BBIUUCIUTENBHBIX TexHonorni» Komurera nayku MHBO PK (Amvarsi, Kasaxcran), https://www.scopus.com/authid/
detail.uri?authorld=55967630400, https://www.webofscience.com/wos/author/record/1774027
BAUT'YHYEKOB Kymaaui 7KanadaeBud, T0KTOp TeXHUUECKHX HayK, mpodeccop, akagemuk HAH PK, Uucturyt
KHOCPHETHKH 1 HH(OPMALIMOHHBIX TEXHONIOTHiA, Kadeapa NPUKIaTHO MEXaHUKH U HIDKSHEPHOH rpad ik, YHUBEPCUTET
CarmaeBa  (Anmmvarel, Kazaxcran), https:/www.scopus.com/authid/detail.uri?authorld=6506823633,  https:/www.
webofscience.com/wos/author/record/1923423
BOUYUK Basbaemap, DOKTOp TeXHHYECKHX HayK ((us.-mar.), mpodeccop JIFOOMMHCKOIO TEXHOIOIHIECKOrO
yuuBepeutera (JlroOmun, Ilonbina), https://www.scopus.com/authid/detail.uri?authorld=7005121594,  https:/www.
webofscience.com/wos/author/record/678586
CMOVJIAPK Anjkeid, TOLEHT (aKyisTera MeKTPOHUKY JIFOOIMHCKOTO MONMUTEXHUYECKOro yHuBepeutera (JIroomm,
ombua), https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.webofscience.com/wos/author/
record/1268523
KEMJIAH Asvxas, T0KTOp TeXHUYECKHX Hayk, mpodeccop (Doctor of science (Japan)), miaBHbIA HAy<HBII COTPYAHUK
PI'TT «MHcTuTyTa MHGMOPMALIMOHHBIX U BhrurcanTebHbX TexHonorui» KH MHBO PK (Anmarsl, Kazaxcran), https://
www.scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofScience.com/wos/author/record/1436451
XAUPOBA Huna, [I0OKTOp TeXHHYECKMX HayK, mpodeccop, DiaBHbIi Hayunblii corpysuuk PITI «MuctutyTa
HUH(OPMAIIMOHHBIX U BhranciuTesbHbIX TexHomorniny KH MHBO PK (Amvarsi, Kasaxcran), https://www.scopus.com/
authid/detail.uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515
OTMAH Moxamen, jokrop (unocoduu, nmpodeccop KOMIBIOTEPHbIX HayK, JlenapraMeHT KOMMYHHKAIMOHHBIX
TexHONMOrui u ceredt, YuusepcuteT [lytpa Manaiizus (Cenarrop, Manaiizus), https://www.scopus.com/authid/detail.
uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649
HBICAHBAEBA Cayiie Epkefy/iaHOBHA, JOKTOpP TEXHHMYECKHX HAYK, JIOLEHT, CTAapLIni HayuHbli corpymuuk PITI
«MucTnTyTa MHMOPMALMOHHBIX 1 BbIHcmTeNbHbIX TexHonoruipy KH MHBO PK (Anmarst, Kazaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=55453992600, https://www.webofscience.com/wos/author/record/380204 1
BUSILIEB Pycram akaneBuy, TOKTOp TEXHHUECKUX HAyK, IPodeccop, 3aMecTuTes aupektopa MHetuTyTa mpodnem
HUH(OPMATHKH 1 yIPABIICHIS, 3aBSAYIOLIHIT TJabopaTopueil nadpopmarmoHHoi 6e3onacHoctu (Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6603642864, https://www.webofscience.com/wos/author/record/3802016
KAITAJIOBA Hypcy:ny AjiazkapoBHa, KaHIM1aT TEXHUYECKHIX HAYK, 3aBeLy O Jaboparopueil knbepOe3onacHoCTH
PI'TI «MHcTuTyTa MHGMOPMALMOHHBIX U BhrurcanTebHbX TexHonorui» KH MHBO PK (Anmarsl, Kazaxcran), https://
www.scopus.com/authid/detail.uri?authorld=57191242124,
KOBAJUIEB Auexcanap MuxaiiioBuy, J0okTop (usuko-maremarnueckux Hayk, akageMuk HAH  VYkpaunsl,
Wneturytr npukiamgHoii Maremarnku u - Mexanuku  ([Jowenx, VYikpamma), https:/www.scopus.com/authid/detail.
uri?authorld=7202799321, https://www.webofscience.com/wos/author/record/38481396
MUXAJIEBUY Asexkcanap AJieKCaHIPOBHY, JOKTOP TEXHHUUYECKHX Hayk, mpodeccop, akanemuk HAH Benapycu
(Munck, Bemapycn), https://www.scopus.com/authid/detail.uri?authorld=7004159952, https://www.webofscience.com/
wos/author/record/46249977
TUTUHSIHY Hon MuxaiisioBH4, TOKTOp (U3HKO-MATEMATHUCCKHX HayK, aKaJeMHK, MPE3UICHT AKAJeMHH HayK
Monnossl, Texundeckuit yuusepcuter Mommossl (Kummues, Moinosa), https:/www.scopus.com/authid/detail.
uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

«M3Bectuss HAH PK. Cepusi pusnko-mMareMaTuyecKas».

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

CobcrBeHHUK: Pecnybnukanckoe obujecmeennoe ooveounenue «Hayuonanonasn axademuss nayk Pecnyonuxu
Kasaxcmany (2. Aamamot).

CBHIETEIBCTBO O TIOCTAHOBKE HA MEpeydeT MePHOIMIECKOr0 MeYaTHOTO N3aHNus, THHOPMAIIMOHHOTO areHTCTBA
u cereBoro u3nanust Ne KZ20VPY00113741. /lara Beigaun 28.02.2025

Temaruueckast HalpaBICHHOCTb: UHDOPMAYUOHHO-KOMMYHUKAYUOHHBIE MEXHONOUM.

B Hacrosiiee Bpemsi: gouten 6 cnucok scypuanos, pexomernoosannvix KOKCHBO MHBO PK no nanpagnenuio
«UHPOPMAYUOHHO-KOMMYHUKAYUOHHBIE MEXHONOUUN.

IMepronnunocTs: 4 pasa 6 200.

Anpec penakunn: 050010, e. Anmamor, yn. [lesuenxo, 28, ogp. 219, men.: 272-13-19
http://www.physico-mathematical.kz/index.php/en/

© POO «HaumonansHas akagemus Hayk Pecrryomkn Kasaxcramy, 2025

4



ISSN 1991-346X 2. 2025

CONTENTS

INFORMATION AND COMMUNICATION TECHNOLOGIES

O. Auyelbekov, E. Bostanov, R. Berkutbayeva, A. Seidildayeva,

I. Musabekova

ANALYSIS OF AGRICULTURAL YIELDS IN KAZAKHSTAN

USING UNMANNED AERIAL VEHICLES AND Al....ccovoiiiiiieiieeeeee e 12

S.T. Akhmetova, S.U. Ismailov, A.A. Batyrbekov, A.S. Ismailova
PREREQUISITES FOR CREATION OF A VIRTUAL 3D MODEL
OF AN UNMANNED UNIVERSAL CROPPING TRACTOR.......c...ccovveeunenne. 33

A. Bekarystankyzy, O. Mamyrbayev, D. Oralbekova, A. Yerimbetova,

M. Turdalyuly

TESTING THE AUDIO-TEXT DATASET FOR KAZAKH LANGUAGE
USING THE CONFORMER ENCODER........ccccceiiiiiiiiiiieieeceeeeeeeeeeae 50

G. Bekmanova, M. Kantureeva, A. Omarbekova, B. Ergesh, A. Zakirova
THE USE AND IMPACT ASSESSMENT OF ARTIFICIAL INTELLIGENCE
IN HIGHER EDUCATION......cooitiiiiiiiee et e 61

N.S. Yesmukhamedov, S. Sapakova, Syed Abdul Rahman Al-Haddad,

D. Daniyarova

DEVELOPMENT OF AN INFORMATION SYSTEM ARCHITECTURE FOR
HEALTHCARE INSTITUTIONS USING ARTIFICIAL INTELLIGENCE........ 74

T. Zhukabayeva, V. Desnitsky, Y. Mardenov, N. Karabayev
INFORMATION SECURITY INCIDENT MANAGEMENT IN [IOT
SYSTEMS WITH EDGE COMPUTING.......ccociiiiiiiiaieieneeeeeeee e 92

M. Ilesbay, A. Tynymbayev, S. Mambetov, A. Barakova, O. Joldasbayev
INTEGRATED METHOD OF INFORMATION PROTECTION BASED
ON DATA COMPRESSION, ENCRYPTION AND SEPARATION.................. 107

B.A. Karibayev, N. Meirambekuly, M. Ibraim, A.S. Baikenov, G.B. Ikhsan
DESIGN OF A SIX-ELEMENT S-BAND ANTENNA ARRAY
FOR CUBESAT ...t 125

N. Karymsakova, K. Ozhikenov, M. Bolysbek, R. Beisembekova
ARCHITECTURE OF THE MEDICAL REHABILITATION PLATFORM......140

5



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

D. Kuanyshbay, A. Shoiynbek, K. Rabbany, A. Bekarystankyzy,

A. Mukhametzhanov

COMPARISON OF MACHINE LEARNING AND REINFORCEMENT
LEARNING FOR DEPRESSION RECOGNITION FROM SPEECH.............. 155

E. Nysanov, Zh. Kemelbekova, E. Abdrashova, S. Kurakbaeva,

A. Baydibekova

MODELING AND CALCULATION OF THE FLOW OF THREE-PHASE
MEDIA WITH VARIABLE CONCENTRATIONS........cccovieeiierieeree e 169

B. Orazbaev, Z. Kuzhukhanova, K. Orazbaeva, A. Kishubaeva
DEVELOPMENT OF MODELS OF ATMOSPHERIC AND RECTIFICATION
COLUMNS IN PRIMARY OIL REFINING.......c.ccccteiiieeiieeie e 181

D. Rakhimova, A. Sarsenbayeva, A. Turarbek, A. Auezova
THE USE OF DEEP LEARNING TO IMPROVE THE ACCURACY OF
ANSWERS IN MULTILINGUAL QUESTION-AND-ANSWER SYSTEMS...196

L. Rzayeva, D. Pogolovkin, A. Myrzatay
DEVELOPMENT OF A MODULAR NLP-BASED CORRESPONDENCE
ANALYSIS SERVICE FOR DIGITAL FORENSICS.......cccoeieiiiininicieeniene 212

A.T. Sankibayev, I. Makhambayeva, K. Kanibaikyzy, A. Temirbek
MODELING OF VIDRATIONAL PROCESSES IN WOLFRAM
MATHEMATICA SYSTEM....oiiiiiiiiniiniiiiciene ettt 234

N.M. Temirbekov, A.K. Turarov

NUMERICAL SOLUTION OF THE DIRECT AND INVERSE PROBLEM OF
GAS LIFT OIL PRODUCTION PROCESS BY THE METHOD

OF CONJUGATE EQUATIONS. ...ttt 251

Z. Utemaganbetov, Kh. Ramazanova, K. Bizhanova, R. Assylbayeva

AN ANALYTICAL AND NUMERICAL METHOD FOR TRANSFERRING
BOUNDARY CONDITIONS FOR A ONE-DIMENSIONAL DIFFUSION
EQUATTON . ...ttt et 280

M. Khizirova, K.Chezhimbayeva, A. Kassimov, M. Yermekbayev
RESEARCH ON DISTRIBUTION TRAFFIC AND DISTRIBUTION
METHODS IN VANET NETWORKS.......oooiiiiii e 294

K. Yakunin, D. Kusain, R.I. Mukhamediev, N. Yunicheva, N. Kuldeyev
INTEGRATION OF FLIGHT PATH PLANNING PROGRAMS AND
CONTROL SYSTEMS OF UNMANNED AERIAL VEHICLES...................... 317

6



ISSN 1991-346X 2. 2025

MA3MYHbI
AKITAPATTBIK-KOMMYHUKAIIUAJIBIK TEXHOJIOTUAJIAP

O. Oyenodekos, E. bocranos, P. Bepkyr6aeBa, A. Ceiinuianaena, 1. MycadexoBa
KA3KACTAHJIA AYbBIJI IHAPYAIIBIJIBIFbI OHIMAUTITTH ¥IIKBIIICHI3
YTV ATIITAPATTAPHI MEH X XACAH/IbI UHTEJIJIEKT KOMEI'TMEH
TATIITAY. oottt ettt ettt b e e b e e at e e e e eseenseenaeennesneenseans 12

C.T. AxmetoBa, C.Y. Ucmaunos, A.A. bareipOexoB, A.C. UcmaniioBa
XKYPI'I3VIIICI3 ©OMBEBAII ET'TH EI'ETIH TPAKTOP/IbIH BUPTYAJIJIbI
3D MOJIEJITH K¥PYIBIH AJIFBI INAPTTAPDBL.......cccvviiiiiieeeeee 33

A. bekapsbicTtankbi3bl, O. Mambip0aes, [I. OpasidoexoBa, A. EpumoOeToBa,

M. Typaajblysl

CONFORMER HIM®PJIIAYLIBICBIH KOJIAAHBIIT KASAK TUIIHAE AYI1O-
MOTIH TYPIHJE )XUHAJIFAH MOJIIMETTEP KOPBIH CBIHAV............... 50

I'T. bekmanoBa, M.A. KautypeeBa, A.C. Omap6exoBa, b. 7K. Eprem,

A.B. 3akupoBa

JKOFAPHI BUIIM BEPYJIE ) KACAH/IbI MHTEJUIEKTTI KOJIJAHY

KOHE OCEPIH BAFAJTTAY. ...ttt 61

H.C. Ecmyxamenos, C. CanakoBa, Caiig Aoayn Paxman 9ua-Xaanan,

. NanusipoBa,

MEJIULINHAJIBIK MEKEMEJIEPT'E APHAJIFAH )KACAHJIbI
UHTEJUIEKTTI KOJIJTAHATBIH AKITAPATTBIK XXYWE
APXUTEKTYPACBIH O3IPJIEV.....ccociiiiiiiiie ettt 74

T. KKykabaesa, B. lecanuxuii, E. Mapnenos, H. Kapa6aes
HOT-XXYMEJIEPTHAEI'T AKIHAPATTBIK KAVITICI3ATIK MHIUAEHTTEPTH
INETKI ECEIITEVIIEPAI ITAUJIAJIAHA OTBIPBIII BACKAPY........c.coveeee. 91

M.A. Inecbaii, 9.b. Teinbimbaes, C.T. MambeTtoB, A.Ill. Bapakosa,

O.K. I:xonnacoaeB

JAEPEKTEPII CBIFY, HIM®OPJIAY JKOHE BOJIY HET'I3IH/JE

AKIIAPATTBI KOPFAVY/IBIH BIPIKTIPUUITEH OMICI...........oeveevieeeie, 107

Bb.A. Kapu6aes, H. Meiipamoexyisl, M. Uopaum, A.C. baiikenos, I.b. Uxcan
CUBESAT YIIIH AJITBI DJIEMEHTTI S-AMAITA30H/Ibl AHTEHHA
TOPDBIH JKOBAJIAY.....coiiiiieiiiieereneeese ettt 125

H.T. Kaprimcakosa K.A. OxnkenoB M.E. boabicoek, P.H. beiicembexoBa
MEJINMIINUHAJIBIK OHAJITY IJIATOOPMA APXUTEKTYPACHL............. 140

7



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

J. Kyanbimoaii, A. oiibinoek, K. Pa60ann, A. Myxamer:xanoB, b. Mepaniuen
COMJIEY APKbUIbI JEIIPECCUSIHBI TAHY YILIH MAILNHAJIBIK
OKBITY MEH KYIIEUTY APKbLUIbI OKbITY/IbI CAJIBICTBIPY.............. 155

E.A. Hpicanos, 7K.C. Kemesn0exoBa, 3.T. Adogpamosa, C.2K. Kypaxoaesa,
A.O. Bbaiinn6exoBa

AVIHBIMAJIbI KOHLIEHTPALIUSJIBI YIII ®A3AJIBI OPTAJIAP/IbIH
AFBIHBIH MOJEJIBAEY JKOHE ECEIITEV.....cccoooiiiiiiiiiiiiiinicice 169

Bb. Opa3oaes, /K. Ky:xkyxanoBa, K. Opa3oaeBa, A. Kumy6aensa

MYHAW/IbI BACTAIIKbI OHJIEY KE3IHJIE ATMOC®EPAJIBIK
KOHEPETUDOUKANUAJIBIKKOJIOHOJIAPBIHBIH MOAEJIBJEPIH
OBIPIIEY ..ttt ettt s 181

. PaxumoBa, A. CapcenbaeBa, O. Typapoek, O. Aye3oBa
KOII TUIJII CYPAK-XXAVYAIT XXYWEJIEPIHJIE JKAYAIITAP/bIH,
JOJIJITTH APTTBIPY YIUIH TEPEH OKbBITYAbI KOJIJIAHY................... 196

JI. P3aeBa, /I. [loronoBkun, A.Mpip3aTaii
HUDPJIBIK KPUMNHAJIMCTUKA YIIIH NLP HET'T3IHAEI'T MO YJIBIK
XAT AJIMACYbI TAJIJAY KBISMETIH O3IPJIEV.......ccocciiiiiiiieiieeees 212

A.T. CankubaeB, U. MaxambaeBa, K. Kanubaiikbi3pl, A. Temupoex
TEPBEJIICTEP YJEPICIH WOLFRAM MATHEMATICA XXYUECIH/E
MOIETIZIEY. .ottt ettt e et etae e e nbeeennsaeeensaeeenes 234

H.M. Temupoexon, A.K. Typapos
MYHAM OHJIIPY/IIH F'A3JIUOTTIK ITPOLIECIHIH TYPA )KOHE KEPI
ECEINTEPIH TYMIHJEC TEHJEYJIEP OJIICIMEH CAH/IBIK LLEILY......251

3. Yremaran6eroB, X. Pama3zanoBa, K. bu:xxanoBa, P. Acblii0aeBa
BIPOJILLEMI JNDDY31A TEHAEYI YILIH ITEKAPAJIBIK
LIAPTTAPIbBI KOIIIPYAIH AHAJIMTUKAJIBIK-CAHJIBIK ©/ICI........... 280

M. Xu3uposa, K. UexxkumbaeBa, A. Kacumon, M. Epmexoaen
VANET XEJIUIEPIHAE TAPATY TPA®UI'TH XOHE TAPATY
OMICTEPIH 3BEPTTEY.....oi oottt 294

K. AAxynun, J1. Kycaiibin, PaBuas U. Myxamenues, H. FOnnueBa, H. Kyabnees
¥YIIY MAPHIPYTTAPBIH )KOCITAPJIAY BAFJAPJIAMAJIAPBI MEH
YIUKBIIICHI3 YIIY ATIITAPATTAPBIH BACKAPY XXYWEJIEPIH
YIITACTDIPY. ..ot e 317



ISSN 1991-346X 2. 2025

COJNEP)KAHUE
WH®OPMAIIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTUH

O. Ayenobexos, E. bocranos, P. bepkyroaeBa, A. Ceiinninaena,

N. MycabekoBa

AHAJIN3 CEJIbCKOXO3SIICTBEHHOW YPOXKAUHOCTU B
KA3AXCTAHE C [TIOMOUIBIO BECITMJIOTHBIX JIETATEJIbHBIX
ATIITAPATOB T T .....cooeiiiiieeieeeee ettt ettt n 12

C.T. AxmetoBa, C.Y. UcmaunnoB, A.A. bareipoexoB, A.C. UcmaniioBa
[IPEJIIOCBIJIKA CO3IAHNMS BUPTYAJILHOM 3D MOJIEJIN
BECIIMJIOTHOI'O YHUBEPCAJIBHOI'O ITPOITALLIHOT'O

A. BexapspicTankbizbl, O. Mambipbaes, /[. OpandexoBa, A. EpumoeroBa,

M. TypaaJusblyJbl

TECTHUPOBAHUME KOPITYCA JAHHBIX B BUJE AYIUO-TEKCT

HA KA3AXCKOM A3BIKE C NCIIOJIbBBOBAHUEM CONFORMER .......... 50

I.T. bekmanoBa, M.A. KantypeeBa, A.C. Omap6exoBa, b.2K. Eprem,

A.b. 3akupoBa

HCIIOJIb30BAHUE 1 OLIEHKA BO3JIEUCTBYA UCKYCCTBEHHOI'O
UHTEJUUIEKTA B BBICILIEM OBPA3OBAHUMU..........cocvieiiiiiiiiiiiicice 61

H.C. Ecmyxamenos, C. CanakoBa, Caiien Aoy Paxman Aan-Xanaan,

. JanusipoBa

PA3PABOTKA APXUTEKTYPbl UHOOPMALIMOHHON CUCTEMBI

JUISI MEJIUTIIMHCKHNX YIIPE}KI[EHI/IPI C UCIIOJIb3OBAHMEM
NCKYCCTBEHHOI'O UHTEJUIEKTA. ... 74

T. Kykabaesa, B. /lecanuxmuii, E. Mapnenos, H. Kapataes

VITPABJIEHUE UHLMJIEHTAMUA UH®OPMAILIMOHHOM
BE3OITACHOCTH B IIOT-CUCTEMAX C UCITOJIb3B0OBAHMEM
TPAHUYHBIX BBIUMCIIEHUI. ..........oooieeiececeeeeceeeeee e e 92

M.A. Uaecoaii, A.b. TeinbiM0aeB, C.T. MambetoB, A.IIl. Bapakosa,

O.K. I:xxongacoaeB

UHTEI'PUPOBAHHBIN METO/] 3AILLIUTHI MTHOOPMAILIMU HA OCHOBE
CXKATUAA, LIMOPOBAHWA 1 PASAEJIEHUA JAHHBIX...................... 107



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

B.A. Kapu6aes, H. Meiipamo0ekyJnl, M. Uopaum, A.C. baiikeHos,

I'b. Uxcan

[TPOEKTUPOBAHUE IIECTURJIEMEHTHOM AHTEHHOM PELIIETKU
S-IMAIIA30OHA JJII CUBESAT ...t 125

H.T. KapsimcakoBa K.A. OxkukenoB, M.E. boabicoek, P.H. Beiicem6exoBa
APXUTEKTYPA TIJIAT®OPMbI MEJULIMHCKOM
PEABUJIUTALIMM. ......ccoiiiiiiiiiiiiiene ettt 140

J. Kyanbimoaii, A. Illoiibinoek, K. Pa60anu, A. bekapbIlcTaHKbBI3BI,

A. MyxaMeT:KaHOB

CPABHEHUE MAIINMHHOI'O OBYUYEHUA 1 OBYUEHUA C
IMOAKPEITJIEHMEM J1JIA PACITO3HABAHUWA AEITPECCHUN

| (O 0 o 1 1 PSPPSR 155

E.A. Huicanos, 7K.C. Kemenn0ekoBa, 3.T. Adogpamosa, C.2K. Kypaxoaesa,
A.O. Baiinn6exoBa

MO/JIEJINPOBAHUE U PACHET TEUEHU A TPEX®A3HBIX CPEJ]

C ITIEPEMEHHBIMU KOHLEHTPALIMSMU......cccocoiiiiiiiiiniiiiiiicieciceee 169

Bb. Opa3otaeB, K. KyxkyxanoBa, K. Opa3oaeBa, A. Kumny6aeBa
PASPABOTKA MOJIEJIEM ATMOC®EPHBIX Y PEKTU®UKALIMOHHBIX
KOJIOHH ITPY [TIEPBUYHOM ITEPEPABOTKE HE®TH...........oeveeenn. 181

. PaxumoBa, A. CapcenbaeBa, A. Typap0ek, A. Aye3oBa

[NPUMEHEHME I'7TYBOKOI'O OBYUYEHW A IS ITOBBIIIEHM A
TOYHOCTU OTBETOB B MVJIbTUA3BIYHBIX

BOITIPOCHO-OTBETHBIX CUCTEMAX........cooiiiiiiniiieiieneeeeeeneeeeen e 196

JI. P3aeBa, /I. lloronoBkun, A. Mbip3aTaii
PASPABOTKA MOJIVJIBHOI'O CEPBUCA AHAJIN3A TTIEPEITMCOK
HA OCHOBE NLP IS LIU®POBOI KPUMUHAJIMCTUKA..................... 212

A.T. CankubaeB, . MaxambaeBa, K. Kanuo0aiikbi3bl, A. Temupoex
MOJEJIMPOBAHUWE BUBPAIITMOHHOI'O ITPOLUECCA B CUCTEME
WOLFRAM MATHEMATICA......cootioieeie ettt 234

H.M. Temupoexon, A.K. Typapos

YUCJIEHHOE PELIEHUE ITPSIMOU 1 OBPATHOU 3AJIAYUN
T'A3JIMOTHOI'O ITPOLIECCA NOBbIYY HE®TU METO/IOM
COIPSIKEHHBIX YPABHEHUM. ........oooiiieeeeeeeeeeeeeeeeeeee e 251

10



ISSN 1991-346X 2. 2025

3. YremaraunteroB, X. Pama3zanoBa, K. bu:xxanosa, P. Acblii0aeBa
AHAJIUTHUKO-YMCJIEHHBI METO/] [TIEPEHOCA KPAEBBIX
YCJIOBUUA JIJIA OJHOMEPHOT'O YPABHEHUSA TUODY3UMN................. 280

M. Xuzuposa, K. Ue:xkumbaeBa, A. Kacumos, M. Epmex0aen
NCCIEJOBAHUE PACITPEAEJIEHN A TPAOUKA U METOAOB
PACTIPEJEJIEHUSA B CETAX VANET.....ccooiiiiiieeeeeeeeeeeee e 294

K. Sixynun, JI. Kycaiisin, P.1. Myxamenues, H. IOnuueBa, H. Kyibaees
COIPSXKEHUE ITPOI'PAMM ITJIAHMPOBAHUA MAPIIPYTOB

[NOJIETA 11 CUCTEM VYIIPABJIEHU A BECITMJIOTHBIX

JIETATEJIBHBIX ATIIITAPATOB.....cc.coiiiiiiiiiiicecececcee e 317

11



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

NEWS OF THE NATIONAL ACADEMY OF SCIENCESOF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 2. Namber 354 (2025). 74-91

https://doi.org/10.32014/2025.2518-1726.345

UDC 004.75

©N.S. Yesmukhamedov!, S. Sapakova'*, Syed Abdul Rahman Al-Haddad?,
D. Daniyarova’, 2025.
'International University of Information Technology, Almaty, Kazakhstan;
?Universiti Putra, Malaysia;
3Kazakh American University Almaty, Kazakhstan.
E-mail:s.sapakova@iitu.edu.kz.

DEVELOPMENT OF AN INFORMATION SYSTEM ARCHITECTURE
FOR HEALTHCARE INSTITUTIONS USING ARTIFICTAL
INTELLIGENCE

Yesmukhamedov Nurmaganbet — 3™ year PhD student, Department of Computer Engineering,
International University of Information Technology, Almaty, Kazakhstan,

E-mail: yesmukhamedov. yeskendyr@gmail.com, https://orcid.org/ 0009-0006-0652-3082;

Saya Sapakova— cand. of ph. and math. sc., Associate Professor, International University of
Information Technology, Almaty, Kazakhstan,

E-mail: s.sapakova@iitu.edu.kz, https://orcid. org/0000-0001-6541-6806;

Syed Abdul Rahman Al-Haddad — PhD, Professor, University Putra Malaysia,

E-mail: s.a.r.alhaddad@upm.edu.my, https://orcid.org/0000-0001-5522-5096;

Duriya Daniyarova — candidate of technical sciences, Associate Professor, International Educational
corporation, Kazakh American University, Almaty, Kazakhstan,

E-mail: duriya.daniyarova@mail. ru., https://orcid.org/ 0009-0000-5730-7407.

Abstract. This article presents the development and implementation results of
a modern information model for a medical system integrating artificial intelligence
(AD) technologies to enhance diagnostic accuracy and efficiency. One of the core
challenges in designing and deploying such systems lies in the processing of medical
imaging data (MRI, CT, X-ray) and ensuring compatibility with electronic medical
records (EMRs). The paper outlines key methods and architectural solutions used in
the model and highlights their role in delivering accurate, reliable, and Al-supported
medical diagnostics. Results. An architecture was developed and tested, comprising
imaging modules, cloud platforms, medical data repositories, and Al algorithms.
The system enables automated image analysis and seamless integration with
EMRs. Experimental validation confirmed a significant improvement in diagnostic
accuracy and reduced data processing time, while preserving the physician’s central
role in decision-making. The system meets international standards for data security
and confidentiality. Scientific Novelty. A modular and scalable Al-driven diagnostic
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architecture is proposed, adaptable to various clinical contexts. Novel algorithms
were developed to detect anomalies in medical images with high precision,
alongside mechanisms for expert verification. The originality lies in the systemic
integration of Al into medical workflows while maintaining clinician oversight and
compliance with regulatory standards. Practical Value. The proposed model can
be implemented in clinical settings to optimize diagnostic workflows and enhance
healthcare quality. It reduces physician workload, accelerates diagnostic decisions,
and improves access to high-accuracy diagnostics.

Key words: Artificial Intelligence (AI), medical imaging, diagnostic accuracy,
healthcare systems, medical information model, image processing
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AHHOTamus. Makayiajga JUarHOCTHKA JOJJITH JKOHE THIMJIUITIH apTThIPY
MakcatelHAa skacaHabl WHTEwIekT (JKM) TexHomorusuiapblH HMHTErpanusiay
apKbUIBl MEIMLMHANBIK JKYHCHIH 3aMaHayd aKmapaTThIK MOJEINi YCBIHBUIAIBI.
Mynpaaii skydenepai »xoOajay MEH eHri3yleri Herisri MiHugerrephin Oipi —
mennnuHaiblK keckingepai (MPT, KT, pentren) enjiey sxoHe oiapabl SIEKTPOHIbI
MeIMIHUHANBIK ka30anapMeH yiiectipy. byn — nquarno3 KoronelH ceHIMIUTIrHE,
KIMHUKAJIBIK [IEIIMICPIH TYPaKThUIBIFBIHA KOHE TMAIMEHTTIH Kayirciszirine
TikeJIed ocep eTeTiH aca MaHbp3abl yxaepic. JKymbicTa Monenbai Kypyaa
KOJIIAHBUIFAH HETI3rl 9JicTep MEH apXUTEKTypalblK LICHIIMICP CHUIATTaJbIII,
onapaeiH JKM kemeriMeH 1om opi CEHIMAI AMAarHOCTHKA >KYprisyderi pedi
HerizgenreH. Homuowcenep. Keckinmey monynpaepi, OYATTHIK MuiaTdopmainap,
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MEIMIIMHAIBIK MaJiMeTTep 0a3zanmapsl sxoHe XKW anropurmuepi KipeTiH KyHeHiH
ApPXUTEKTypachl O3ipiieHIN, ChIHAKTaH OTKi3immi. JKyle KecKiHmepli aBTOMATThHI
TYpJe OHJEY/I KOHE OJIap Ikl AEKTPOH 1B MEIUITUHABIK )Ka30anapMeH OipiKTipymi
KaMTaMachI3 eTe/ll. DKCIIEPUMEHT HOTIKENIepl TUarHo3 KO0 JIQJIITiHIH apTKaHbIH
JKOHE JIepeKTep/li OHJCY YaKbITHIHBIH KbICKapFaHbIH KepceTTi. COHBIMEH KaTap,
JOpIrepAiH IIeNIiM KaObUIIaylaFrbl peji CaKTabl XOHE JKYHe XalbIKapasbIK
Kayilci3[ik TeH KYIUSUIBIK CTaHIapTTapblHA call eKeHi IoNIelIeHMl. f bLibimu
orcananvievl. KIIMHUKANBIK MIHACTTEPIiH KEeH ayKbIMbIHA OeifimMziene ajarhiH
MOIYNBIIK  koHe  MacmrabranareiH  JKU-HerisiHzeri  IWarHOCTHKAJBIK
ApXUTEKTypa YCHIHBUIABL. ~MEAWIUHANBIK KECKIHJepAeTi aHOMAalUsIapabl
JKOFaphl JIONIIKIICH aHBIKTAl ajaThlH jKaHa aJTOPUTMIEP MEH OoJapisl Jopirep
apKbUIBI TeKcepy MexaHusmzaepi skacanmbl. Kanameik — JXKM-mi MenmummHaIbIK
YyAepicTepre >KyWeni TypAe WHTeTpanusiay TOCUTiHAE, MopirepAiH OaKpLIaybIH
CakTall OTBIPBINT YXOHE HOPMATHBTIK TaJllaTap/bl €CKepyae OOJBIN TaObLIAIIbI.
Tpaxmukanvix KyHObLIbIK. Y CBIHBUTFAH MOJIEIB/II KJIMHUKAIBIK TOXIpUOere eHri3y
JUArHOCTHKAIBIK YACPICTEPAl OHTAMIAHABIPHIN, MEAUIINHAIBIK KBI3MET CarachlH
apTTBIPyFa MYMKIHZIIK Oepeni. JKylie MeIUIIMHANBIK TEPCOHANIBIH JKYKTEMECIH
a3alTHII, JUATrHO3 KOIOJbI JKeIeIIeTeN] KOHE Ao/ JUarHOCTUKAra KOKETIMAITIKTI
keHelTeni. byn momens XKW TexHOMOTHWSIIApBIH KOJJAaHA OTBIPHIN, JEHCAYIBIK
CaKTay CaJlaChlH U PIAHIBIPYIBIH THIMII OaFBITHI PETiH/IE KapacThIPhLIAIbI.

Tyiiin ce3mep: xacanapl wuHtewiektr (OKU), Megummuanelk OeitHeney,
JTMArHOCTHKAIIBIK JTANJIIK, ACHCAYIBIK CaKTay JKyieci, MEeIUIIUHAIBIK aKIapaTThIK
MOJIEJb, KECKIHII OHICY
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AnHoTanus. B crarbe mpeacTaBieHbl CBENEHHS M PE3yNbTaThl pa3paboOTKH
COBPEMEHHOH  HMH(POPMALMOHHONH  MOAETM  MEIUIMHCKOH  CHUCTEMBI  C
WHTErpalyell TeXHONOTUi McKyccTBeHHOro mHTeiuiekta (M) ans moBbimeHus
TOYHOCTH M IPPEKTUBHOCTH AMArHOCTHKHA. ONHOW W3 KIIOUEBBIX 3aj4ad MpU
MPOSKTHPOBAaHUM H BHEAPECHUH TNOAOOHBIX CHCTEM fABJsieTcsi o0paboTka
MenunuHckux nzoopaxenuit (MPT, KT, pentren) u obecrieueHre COBMECTHMOCTH
C DJICKTPOHHBIMH MEAMLMHCKHUMHU 3amucsiMu. B paboTe HM37M0KeHbl OCHOBHBIE
METOJbl U apPXUTEKTYyPHBIE PEIICHUs, UCIIONb30BAaHHBIE IPU CO3JaHUU MOJEIH,
a Takke 000CHOBaHa MX POJb B 0OECIEUYCHUU HaAEKHOH, TOUHOW U Oe30macHoi
MEIMIIMHCKOW JTUarHOCTHKU ¢ mnomaepxkoit UW. Peszyrsmamer. Pa3paborana u
[IPOTECTUPOBAHA APXUTEKTYpa CHCTEMBI, BKJIIOYAIOIIAs MOAYJIU BU3yaIH3alUH,
obnaynble TaTGopmbl, 6a3pl MEAUIMHCKUX AaHHBIX U anroputMmbl UW. Cuctema
o0ecrieunBaeT aBTOMATH3UPOBAHHBIN aHaIN3 W300paKEHUH M MX WHTErpalMio B
JJIEKTPOHHBIE MEIULUHCKHE 3amucH. [IpoBenEHHBIN HKCIEPUMEHT MOATBEPAUI
MOBBIILICHHE TOYHOCTU JUATHOCTHKH U COKpAIIEHHE BPEMEHN 00paOOTKH TaHHBIX
MIPY COXPaHEHUH POJIM Bpada B NPUHITHH perieHnid. ObecniedeHa COBMECTUMOCTh
C MEXIYHapOJHBIMH CTaHAApTaMH 0€30MacHOCTH M KOH(PHACHIHUAILHOCTH.
Hayunas moeusna. llpennoxeHa OpUrMHANbHAS MOJYJIbHAs APXUTEKTypa
MenuuHcKor MM -creTeMbl ¢ BO3SMOKHOCTBIO MAacIITaOMPOBAHUS MO Pa3IMUHbIC
KIMHAYECKHe 3a1a4i. Pa3paboTanbl anropuT™el, CHOCOOHBIE BBISBIATH AHOMAIUN
Ha M300paKEHMSAX C BBICOKOHW JOCTOBEPHOCTBHIO, I MEXaHM3MbI UX BepU(UKAINN
BpauoM. HoBu3Ha 3akiroyaeTcss B CUCTEMHOM Ioaxone Kk uHrerpauuu WU B
MEJUIUHCKHAE MPOLECCHI C COXPAHEHUEM KOHTPOJISI CO CTOPOHBI CIIELUAIUCTA U
coOMIoIeHneM HOPMAaTHBHBIX TpeOoBaHM. [Ipakmuueckasn yennocmo. Pe3ynsraTel
MOTYT OBITh BHEIPEHBl B KIMHHMKaX JJIS ONTUMH3ALUU JHATHOCTHYECKUX
MPOLEAYp M TOBBIICHHUs KadecTBa oOCHyx)uBaHUs. CHcTeMa CHM)KAeT HarpysKy
Ha MEJULIMHCKUH [IEPCOHA, YCKOPSIET IOCTAHOBKY AMATHO3a U PACIIAPSAET JOCTYII
K BBICOKOTOYHOM TUAarHOCTHKE.

KioueBble caoBa: wuckycctBeHHbI uHTenekT (MM), weanuuHcKas
BU3YyalU3allys, JUAarHOCTUYECKAss TOYHOCTb, CUCTEMBI 3PABOOXPAHEHUS, MOJEIIb
MEIUIUHCKON HH(pOpMaLuK, 00paboTKa N300paKeHUH

Introduction. In recent decades, the use of artificial intelligence (Al)
technologies in the field of medicine has significantly expanded, opening new
horizons for the diagnosis and treatment of diseases. One of the most promising
areas is the automated analysis of medical images, such as MRI, CT scans, and
X-rays. Al and machine learning can substantially improve diagnostic accuracy
by detecting even those anomalies that might be overlooked by the human eye.
However, despite the progress in this field, a key challenge remains the integration
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of Al technologies into real clinical practice, where the role of the physician remains
equally important (Ramyavarshini, et al., 2024). Modern medical information
systems actively employ various technologies for processing, storing, and
transmitting medical data, including PACS (Picture Archiving and Communication
Systems) and EHR (Electronic Health Records). These systems provide physicians
with comprehensive patient information, aiding in making informed decisions. The
introduction of Al into this process significantly enhances diagnostic efficiency, but
it is essential to understand that Al does not replace the physician; rather, it serves
as a powerful tool to assist in their work (Arijita, et al., 2024).

This article is dedicated to the study of an information model for a system that
integrates Al for medical image processing and interacts with medical records. We
will explore the architecture of such a system, as well as the roles of doctors, patients,
and Al models in the diagnostic and treatment processes (Vanessa, et al., 2024). The
primary focus will be on the interaction between the system components, including
medical devices, cloud technologies, databases, and Al models. It is important
to emphasize that the role of the doctor remains critical at all stages: from initial
diagnosis to decision-making based on Al analysis.

The goal of this article is to demonstrate how the integration of Al into medical
practice can improve the accuracy and speed of diagnosis, as well as how different
system components interact to ensure high-quality and safe patient care.

Al in medical systems. The application of artificial intelligence in medicine
covers a wide range of tasks, from diagnosing diseases to personalized treatment.
Al models trained on large volumes of data can process complex medical images
and provide doctors with valuable diagnostic clues. For example, Al algorithms
can be used to detect cancer at an early stage, significantly increasing the chances
of successful treatment. Al algorithms, particularly in radiology and pathology,
excel in analyzing medical images like X-rays, CT scans, and MRIs, achieving
precision often surpassing human experts (Jiang, et al., 2017). Al accelerates drug
discovery by identifying novel drug targets and automating processes, reducing
the time and cost of development (Shaheen, 2021). Al analyses genetic, clinical,
and lifestyle data to develop tailored treatment plans, optimizing therapeutic
outcomes (Rich & Winston, 2024). Predictive models identify at-risk patients and
forecast disease progression, aiding in early intervention and prevention strategies
(Beronius, et al., 2022). Robotic systems powered by Al perform surgeries
with exceptional precision, reducing errors and improving patient outcomes
(Mukherjee, et al., 2023). Al-driven chatbots and virtual assistants provide real-
time medical advice and support, enhancing patient engagement and reducing
healthcare professionals’ workload (Rich & Winston, 2024). Despite its potential,
Al adoption faces challenges like data privacy concerns, algorithmic biases, and
the need for interpretability and regulatory compliance (Beronius, et al., 2022).
Authors in (Pallavi, et al., 2022) highlights the role of artificial intelligence (Al) in
healthcare, particularly in clinical decision support and medical imaging analysis.
Al aids physicians in making informed decisions and identifying critical details in
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CT scans, X-rays, and MRIs, improving treatment outcomes. Its significance was
especially evident during the COVID-19 pandemic, where it accelerated responses
to medical challenges (Pallavi, et al., 2022). Artificial intelligence (Al) enhances
computer systems to perform tasks akin to human cognition across various fields,
significantly improving daily life. In healthcare, advancements in information
and communications technology (ICT) have driven progress in electronic health
(eHealth) and mobile health (mHealth). Al and deep machine learning utilize big
data-comprehensive medical and disease-related information—to refine diagnosis
and treatment. For instance, cardiovascular imaging now integrates big data and
pathology for personalized therapies, while cancer care benefits from Al’s insights
into tumor biology and precision medicine. This paper reviews Al-driven eHealth
and mHealth applications, highlighting their role in advancing diagnosis and patient
car (Yang, et al., 2021). Artificial intelligence (Al) is revolutionizing healthcare
with applications in diagnosis, robotic surgeries, and research. Powered by vast
healthcare data and advanced analytics, Al mimics human expertise but with greater
efficiency. For instance, surgical robots, though slower, deliver superior precision
and uniformity compared to human surgeons, reducing failure rates. Al relies on
algorithms, primarily in machine learning (ML) and natural language processing
(NLP), which are essential for achieving healthcare goals. This study highlights
current advancements, explores Al’s potential, and encourages its integration into
scientific research. Ongoing innovations will continue to broaden Al’s impact and
redefine its applications in healthcare (Quazi, et al., 2022). In the work (Shaheen,
2021), the role of artificial intelligence (Al) in healthcare is discussed, including
its impact on accelerating drug discovery, optimizing clinical trials, and improving
patient care. Al streamlines process, analyses large datasets, and provides insights
to enhance quality of life. In the study (Sharma, et al., 2022) authors reviewed
Al implementation in healthcare through empirical research. It found that most Al
systems support decision-making rather than act autonomously.

In addition, Al can be integrated into healthcare information systems, such
as electronic health records (EHR), to improve data storage and transmission, as
well as automatic synchronization with test results and diagnostic images. In this
way, Al not only improves diagnostics, but also increases the overall efficiency of
the healthcare system. In a medical information system (MIS), the doctor plays a
key role, ensuring the integration of medical data, diagnostic accuracy, decision
making and control over the treatment process. Modern information technologies
do not replace the physician, but rather enhance his or her capabilities, providing
tools for more effective and personalized patient care. With the development of
Al technologies, a new role for doctors is emerging as “tuner’” and auditor of Al
systems. The doctor must not only interpret results but also adjust Al algorithms
when necessary to ensure data accuracy and relevance. This collaboration between
the doctor and Al becomes a key element in modern healthcare systems.

Modern technologies in the field of medical diagnostics. In recent years,
technology in the medical field has undergone significant changes, especially in the
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field of diagnosing diseases using medical images. The authors in (Chernobrivtseva
& Misyurin, 2022) explored the use of machine learning and neural network
technologies in modern medical imaging to improve the diagnosis of diseases
such as cancer. These technologies enhance diagnostic accuracy, reduce errors,
and shorten the time required for image analysis. The development of fields
like radiomics and radio genomics is linked to the use of big data and artificial
intelligence algorithms, supporting a personalized approach to treatment. In the
future, these technologies could become valuable tools for doctors, providing a
second opinion when selecting treatment options for patients (Chernobrivtseva &
Misyurin, 2022). In (Matsuo, et al., 2024) the authors discuss the growing impact of
Point-of-Care Diagnostics (POCDs) in medical mycology, particularly focusing on
lateral flow assays (LFAs) for various fungal diseases. They also explore emerging
diagnostic techniques like body fluid analysis, LAMP, CRISPR-based methods,
and artificial intelligence. The study highlights how POCDs, such as Cryptococcus
and Histoplasma antigen LFAs, have become mainstream diagnostics, offering
benefits like rapid, accurate results, reduced patient discomfort, and cost savings.
The authors emphasize the importance of integrated fluidics and microtechnology
in advancing diagnostic capabilities in mycology (Matsuo, et al., 2024). In the
mini review, the authors discuss advancements in diagnostic imaging technologies,
emphasizing novel contrast agents developed with nanotechnology to enhance
sensitivity, tissue specificity, and reduce systemic toxicity. Imaging methods like
CT, MRI, and PET are crucial for disease detection but face limitations such as
high costs, ionizing radiation exposure, and reliance on skilled radiologists. Future
research aims to improve non-ionizing technologies like NMR and Ultrasound for
personalized, cost-effective diagnostics, leveraging nanotechnology for targeted
and accurate imaging ((Samy, 2019), (Casciaro, 2011)).

This Comparative Analysis of Al Systems in Ophthalmology. Table 1 compares
Alsystems in ophthalmology based on their features, strengths, and limitations. Each
system is tailored to specific applications, with choices depending on institutional
needs, available infrastructure, and intended use cases. Systems like /Dx-DR and
Eyenuk are best suited for broad clinical use, while platforms like DeepMind and
Heidelberg Al Tools excel in specialized or research-focused applications.

Table 1 — Comparative Analysis of Existing Al Systems in Ophthalmology

System Primary Focus | Key Features Strengths Limitations
IDx-DR Diabetic FDA-approved, High accuracy: no | Limited
Retinopathy analyzes retinal specialist required | to diabetic
Detection images. for diagnosis. retinopathy
detection.
Eyenuk Retinal Disease | Al for diabetic Comprehensive Requires high-
Detection retinopathy, analysis of multiple | quality imaging
macular edema, retinal diseases. data for accuracy.
and AMD.
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DeepMind General Analyzes OCT Accurate for Requires
Ophthalmology | scans for glaucoma | multiple conditions; | advanced
Diagnostics and macular widely validated. imaging
degeneration. equipment.
Retina-Al Screening Focuses on triaging | Simplifies referral | Limited scope
Health and Referral retinal diseases and | process for beyond triage
Management providing referral | clinicians. and referral.
recommendations.
Visulytix Multi-Disease | Detects glaucoma, | Multi-disease Limited adoption
Pegasus Ophthalmic Al | diabetic detection in a single | in non-English-
retinopathy, and platform. speaking regions.
AMD.
ZEISS Imaging and Combines imaging | Seamless High
VISUHEALTH | Diagnostics data with Al for integration with implementation
Integration precise diagnostics. | ZEISS devices. costs.
NVIDIA Clara | Retinal Image | Provides tools for | Customizable for Requires
Al Segmentation | building custom specific institutional | technical
and Analysis Al solutions for needs. expertise for
ophthalmology. customization.
Orbis Screening in Cloud-based Enables Dependent
Cybersight AI | Remote Areas | Al screening accessibility in low- | on internet
for underserved resource settings. connectivity.
regions.
Heidelberg AI | Advanced Focused on ultra- Excellent Expensive; not
Tools Retinal high-resolution for research suited for general
Imaging imaging. and precision clinical use.
Analysis diagnostics.

Al systems for ophthalmology, such as IDx-DR, Eyenuk, and EyeArt, have
significant potential for implementation in Kazakhstan. However, successful

adoption will require:

- Investments in diagnostic equipment and infrastructure.
- Adaptation of algorithms to local data and conditions.
- Development of national standards and provision of specialist training.

With the right approach, these systems can greatly enhance the accessibility and
quality of ophthalmic care, particularly in remote and rural regions of the country.
Considering the aforementioned factors, it is both practical and necessary to develop
an information system specifically tailored to meet the needs of ophthalmological

centers in Kazakhstan.

Methodology and materials. A system designed to work with medical images
and diagnoses using Al includes several key components that interact with each
other to process data, make decisions, and provide medical reports. It is important
to note that these components can be hardware (medical equipment) and software
(databases, Al models, user interfaces). Let’s consider them in more detail in Tablel:
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Table 2 — Key Components of a Medical Image Recognition System

Component Description Role in the system

Medical Equipment | Devices for capturing images, such as X-ray | Captures images and data that are later
machines, Ultrasound, CT, MRI. used for diagnosis.

Medical Database | A system for storing information about Ensures storage, retrieval, and access to
patients, medical images, and diagnoses. patient data and diagnoses.

Al Image Recogni- | Machine learning models for analyzing Processes images and recognizes

tion Models medical images (e.g., neural networks). abnormalities or pathologies for diagnosis.

Image Processing
(Image Processor)

Algorithms for pre-processing images, such
as filtering and improving quality.

Prepares the image for further analysis by
enhancing its quality.

Recognition
Algorithms

Al models for analyzing and recognizing
patterns in images (e.g., identifying diseases).

Detects diseases or conditions in images.

Report Generation
System

Mechanism for generating reports based on
diagnoses and image processing results.

Generates diagnostic reports that are
provided to doctors for decision-making.

User Interface (Ul)

Graphical interface through which doctors or
medical personnel interact with the system.

Provides access to patient data, processed
images, and diagnostic results.

diagnosis and decision-making.

Security System Mechanisms for protecting data, such as Protects personal patient data and medical
encryption and authentication. records from unauthorized access.
Doctor A medical specialist using the system for Interacts with the system to view reports, ana-

lyze diagnoses, and make treatment decisions.

The Table 1 provides an overview of the key components within a medical
image recognition system, outlining their roles in the process of capturing, storing,
and analyzing medical images. While it introduces essential elements like medical
equipment, databases, Al models, and user interfaces, it does not delve into the
specific features of these components. To provide a deeper understanding, the
Table 2 expands on this by not only describing the role of each component but
also highlighting their specific technical features, such as the capabilities of Al
models, image processing algorithms, and cloud services. This transition from
a high-level overview to a more detailed explanation helps illustrate how these
components function together in a comprehensive system, with a focus on their

practical implementation and technical characteristics.

Table 3 — Role and Features of Key Components in a Medical Image Recognition System

Component

Role

Features

Scanners (e.g.,
CT, MRI, X-ray,
Ultrasound)

Captures high-quality medical
images used for diagnosis and
treatment.

Provide detailed images of internal organs
and tissues; each type specialized for different
parts of the body (e.g., MRI for soft tissues,
X-ray for bones).

PACS (Picture
Archiving and
Communication
System)

Stores, retrieves, and shares
medical images within a
healthcare network.

Supports image storage, management,

and distribution; ensures easy access for
radiologists and healthcare providers across
locations.

Cloud Services

Stores and processes medical
data remotely, offering
scalability and flexibility.

Provides remote access, secure storage, and
scalability for large datasets; enables real-time
data processing and collaboration.

EHR (Electronic
Health Records)

Stores comprehensive
patient medical information,
including images, diagnoses,
and treatment history.

Centralized database for patient information;
supports real-time updates; integrates with
medical devices and third-party systems.
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analysis.

Al Models (e.g., | Analyzes medical images to | Uses neural networks, convolutional

Deep Learning | detect abnormalities, diseases, |layers (CNNs), and other machine learning
for Image or conditions (e.g., tumors, techniques to automate image interpretation
Recognition) fractures). and improve diagnosis accuracy.

Image Processing | Enhances image quality Includes algorithms for noise reduction,
Algorithms for better visualization and contrast enhancement, edge detection, and

segmentation.

Clinical Decision
Support Systems
(CDSS)

Provides doctors with Al-
driven suggestions based on
medical data and analysis.

Uses patient data and medical history to
provide clinical recommendations, improving
decision-making efficiency and accuracy.

Security Systems

Protects patient data and
medical records from
unauthorized access.

Includes encryption, user authentication, and
secure communication protocols to ensure
data privacy and comply with regulations like
HIPAA.

User Interface
(UD

Allows healthcare providers to
interact with the system, view
reports, and analyse images.

Simple, intuitive interface for displaying
images, reports, and patient data; often
integrates with EHR and PACS systems.

Data Analytics
and Reporting
Tools

Analyses patient data to
generate insights and reports
for medical professionals.

Includes advanced data analysis tools and
visualization techniques to support diagnosis,
treatment plans, and medical research.

Development of IS architecture. The class diagram will describe the structure of
the system, including classes for medical equipment, image processing, databases,
Al models, and other components, and their relationships.

Image Capture

1
Image Capture Component

Image Processlng\

lsends image

[Dlagnosis\

£]
Diagnosis Component

lgenerates report

Reportlng\

]
Image Processor Component

handles errors ‘

Error Handling Component

rocesses image

Recognition Model Component

r=
‘ Report Generator Component

displays report

User Interface

User Interface Component

sw‘ S]‘

handles errors

%f\‘

stores result

Da torage

£]
Medical Database Component ‘

tores data

=
Patient Data Component

Fig.1 — General structure of the system
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The component diagram shows how the different parts of the system interact
with each other, including scanners, imaging systems, databases, Al models, and

APIs.

Q o Q @] @] o @) (0]
Patient Doctor Retina Camera PACS Server Image Processing A Mocel Analysis Results  Authentication Service EHR System Cloud Storage  Security Gateway  Error Handing
Scan retina image | | | | | |

age for storage

; process image
Provide resiits to Doctor
Request clarficat
Update r records
Authenticate!Doctor
Provide access token

H | sync data with cloud |

Secure data transfer

A Model Analysis Results  Authentication Service EHR System Cloud Storage Security Gateway Error Handling

Patient Doctor Retina Camera PACS Server Image Processing
s T ! o o o

Fig.2 — Sequence diagram of the system

A sequence diagram describes how components interact to perform a task, such
as scanning, image processing, recognition, and report generation.

EHR System

]
Patient Medical Records {4

Update Records

Security & Authentication

i =
Security Gateway

N
Patient

Authentication Service Update Medical Records

7 \

- ‘

‘Secure Data Transfer [Authenticate |Access Token

*

Cloud Image Storage A

AN Doctor

Qimage for Storage (Store Data [Backup Image Data

PACS Server

Scan Image

Medizgl Devices

- ‘

Retina Camera

Process Image

{m|
Provide Results

7

[ Image Processing

\Send Image for Analysis

i
Al Processing
L)
Al Model

Generate Analysis Results

‘ Image Storage

Analysis Results

- ‘

Fig.3 — Functional structure of the developed system
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The placement of the Doctor at the end in the sequence of interactions is meant to
reflect the flow of the system, where the Doctor typically interacts with the system
after the Al has processed and generated the analysis results. However, the doctor’s
role is critical throughout the process, so it is possible to reorder the diagram to
better reflect the collaborative and ongoing role of the doctor.

Key Features:

1. Doctor-Al Feedback Loop: After receiving the analysis results, the Doctor
can request further clarification or corrections from the AI Model. This allows the
Doctor to verify or adjust the Al model’s results.

2. Error Handling: If there is an error in the AI Model, it reports to Error
Handling, which notifies the Doctor. This ensures that the system can manage any
issues that arise in real-time.

3. Authentication and Secure Data Transfer: The Doctor authenticates
themselves via the Authentication Service, and secure data transfer is ensured by
the Security Gateway for both medical image and record updates.

4. Cloud Synchronization: After the Doctor updates the EHR, the data is
synchronized with Cloud Storage for backup and future retrieval.

Here is an adjusted sequence of interactions with a more appropriate flow:

1. The Patient scans their retina using the Retina Camera.

2. The Retina Camera sends the image to the PACS Server for storage.

3. The image is processed by the PACS Server.

4. The processed image is sent to the Al Model for analysis.

5. The Al Model generates the Analysis Results, which are sent to the Doctor
for review and decision- making.

6. The Doctor reviews the results, diagnoses the patient, and updates the EHR
System with the diagnosis and medical records.

7. The Doctor authenticates themselves via the Authentication Service to access
the system.

8. The EHR System synchronizes the data with Cloud Storage for backup and
long-term storage.

9. The Security Gateway ensures secure data transfer between components.

Main content. Development of Information System Architecture: Data
Management Platforms and Experimentation. In this section, we delve into the
experimental aspects of developing an Al-driven information system architecture,
with a focus on Data Management Platforms (DMPs). These platforms form the
backbone of the architecture, enabling the storage, retrieval, and processing of
large volumes of healthcare data. The integration and testing of DMPs within the
proposed architecture highlight their critical role in ensuring the system’s efficiency
and reliability.

Key Functions of DMPs in Healthcare:

e Data Storage: Secure storage of electronic medical records (EMRs), imaging
data, laboratory results, and unstructured clinical notes.
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e Data Integration: Unifying disparate data sources such as hospital information

systems (HIS), wearable devices, and telemedicine platforms.

e Real-Time Data Processing: Enabling near-instantaneous analysis for real-

time monitoring and diagnostics.

e Scalability: Supporting growing data volumes as healthcare institutions

expand or adopt new Al tools.

Table 4 — Key Concepts, Definitions, and Technologies in Data Management Platforms for

Healthcare

Concept

Definition

Key Technologies

Data Storage

Secure storage of structured and unstructured
healthcare data.

NoSQL, Hadoop, Relational
Databases

Data Integration

Combining data from multiple sources into a
unified system.

ETL Tools, Apache Kafka,
MuleSoft

without performance loss.

Real-Time Processing and analyzing data as it is Apache Spark, Stream
Processing generated for immediate use. Processing Frameworks
Scalability Ability to handle growing data volumes Distributed Databases, Cloud

Platforms

Data Security

Ensuring compliance with data protection
regulations and safeguarding patient data.

Encryption, Anonymization
Tools

Interoperability | Facilitating seamless data exchange between | FHIR, HL7 Standards,
different systems using standards like FHIR. | Middleware

Al Integration | Embedding Al tools into the system for TensorFlow, PyTorch, Pre-
predictive analytics and diagnostics. Trained Models

Information System Architecture (ISA) development increasingly relies on
robust Data Management Platforms (DMPs) to ensure effective data handling,
storage, and analytics. Experimentation plays a crucial role in refining and validating
these systems to align with organizational objectives.

This diagram in the following Fig.4 represents a sequential process of
implementing artificial intelligence (Al) in eye care institutions. It is made in the
format of a UML activity diagram and describes the main stages, starting from data
collection and ending with the evaluation of the system’s effectiveness. Each stage
is accompanied by a short description indicating its content and purpose. Data-
Driven Approaches to Telemedicine and Al in Retinal Healthcare in Kazakhstan.
Digital health technologies provide transformative opportunities for addressing
diabetic retinopathy (DR), one of the leading causes of preventable blindness
worldwide. In Kazakhstan, where diabetes affects approximately 8% of the adult
population (IDF Diabetes Atlas, 2021) and over 40% of residents live in rural
areas, access to specialized ophthalmologic care remains limited. The integration
of telemedicine, artificial intelligence (Al), and portable diagnostic devices offers
significant potential to bridge these gaps in care delivery.
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9

| Data Collection [~ Digitization of images and records. N
v
| Data Processing ~=— Anonymization, cleaning, and preparation of data.
¥
| Model Development ~— Creation and training of Al models. o
v
Model Testing ~— Testing models on real-world data.
v
Integration - . Implementation into clinical workflows. B
&7
Training & Monitoring = Educating staff and monitoring system performance.
v
Function Expansion F . Adding features like prediction and telemedicine. B
v
Effectiveness Evaluation ~— Measuring system performance and impact.

é

Fig. 4. — Sequential Workflow for AI Implementation in Eye Institutes

Telemedicine. Telemedicine has proven effective in large-scale DR screening
programs globally, such as the UK’s initiative, which achieved an 80% screening
coverage among diabetic patients. This approach reduced blindness rates in the
working-age population for the first time in 50 years. Kazakhstan could replicate this
success through mobile diagnostic units equipped with fundus cameras, enabling
the screening of up to 2 million individuals annually in rural and underserved areas.

Artificial Intelligence. Al algorithms, including systems like IDx-DR and EyeArt,
have demonstrated a sensitivity of up to 96% and specificity of 93% in identifying
referable DR cases. These tools can alleviate the burden on Kazakhstan’s healthcare
system, where only about 1200 ophthalmologists serve the entire population. Local
adaptation of Al models, incorporating regional health data, could further enhance
diagnostic precision and scalability.

Portable Diagnostic Devices. Cost-effective and portable retinal cameras, such as
smartphone-based systems, provide practical solutions for rural screening programs.
Devices like Fundus on Phone, costing around $5000, can replace traditional,
expensive tabletop setups, significantly expanding coverage. Implementing these
devices in primary care facilities across Kazakhstan could address the needs of
approximately 70% of rural residents with limited access to eye care.

Remote Monitoring. Home-based monitoring systems, such as OCT devices,
allow chronic DR patients to manage their condition effectively. These technologies
could reduce the need for in-person visits by 30-50%, which is particularly beneficial
for patients in Kazakhstan’s remote regions. They could also improve outcomes for
approximately 50,000 individuals requiring regular retinal monitoring.
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Potential Outcomes. The deployment of these digital innovations in Kazakhstan
could:

e Increase access to retinal care for over 4 million rural residents.

e Reduce the prevalence of late-stage DR complications by 20-30% through
early detection.

e Lower healthcare costs by 15-20% by minimizing hospitalizations and
expensive mnterventions.

e Enhance patient satisfaction and outcomes through improved accessibility
and care quality.

Kazakhstan can leverage global advancements in digital health to transform its
retinal care landscape. Telemedicine, Al, and portable technologies could collectively
address the challenges of accessibility, scalability, and resource constraints.
Their successful integration will require coordinated efforts from policymakers,
healthcare providers, and technology developers, ensuring sustainable solutions
tailored to the country’s unique needs.

Results and discussion. Key Benefits of Al and Telemedicine in Healthcare
Information Systems. The developed information system architecture for healthcare,
based on Data Management Platforms (DMPs) and artificial intelligence (Al) tools,
has demonstrated its effectiveness in addressing key challenges:

e Optimizing data storage, integration, and real-time analytics of large medical
datasets.

e Enabling accurate diagnostics using machine learning algorithms and real-
time data processing capabilities.

e Improving access to quality healthcare services through the integration of
telemedicine and portable diagnostic devices, especially in rural and remote areas.

e Ensuring compliance with international data security standards (GDPR,
HIPAA), facilitating secure management of patient confidential data.
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Fig. 5. — Al-Driven Telemedicine Architecture for Healthcare Systems
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The ER diagram represents the entities and relationships in an Al-driven
healthcare information system, focusing on telemedicine and patient management.

Entities:

CONA A W~

Patient: Stores patient details (ID, name, medical history).

Medical Record: Stores patient medical data (diagnosis, prescriptions).
Doctor: Healthcare professionals (ID, name, specialization).

Appointment: Scheduled consultations (patient, doctor, date).

Telemedicine Session: Virtual consultations (patient, doctor, session details).
Al Model: Al algorithms for diagnostics (model name, accuracy).
Diagnostic Result: Al analysis results (diagnosis, confidence score).

. Device:

Medical devices used in telemedicine sessions.

Here is a table summarizing the benefits of the Al-driven information system
architecture for healthcare:

Table 5 — The benefits of the Al-driven information system architecture for healthcare

Aspect

Benefits

For Patients

- Improved access to healthcare, especially in rural and remote areas.

- Early diagnosis of conditions like diabetic retinopathy, reducing complications
and blindness.

- Remote health monitoring, saving time and resources.

For Healthcare

- Reduced workload on healthcare professionals through automation and Al

Institutions tools.

- Streamlined workflows via data integration across multiple systems.

- Cost savings by minimizing hospitalizations and expensive interventions.
For the - Scalable solutions for handling growing data volumes without performance
Healthcare loss.
System - Closing the healthcare service gap between urban and rural areas.

- Increased healthcare quality and patient satisfaction.
For Global - Enables the application of Al and telemedicine in diverse medical fields
Healthcare (oncology, cardiology, etc.).
Transformation

- Contributes to the digital transformation of global healthcare systems.

This Tab.5 presents the main benefits for different stakeholders and the overall
healthcare system.

Functional System Structure
Retinal Scanning & Diagnostic System

7~
Fig. 6. — Integrated Diagnostic Flow in Healthcare System
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This retinal scanning and diagnostic system represent an integration of
advanced telemedicine technologies, artificial intelligence, and cloud computing,
aimed at improving accessibility and efficiency in ophthalmological care. The
architecture’s core lies in data processing on the PACS server and analysis using
artificial intelligence models, enabling highly accurate diagnostics with minimal
specialist involvement. Ensuring secure data transmission and storage through a
security gateway and cloud infrastructure complies with international standards
such as GDPR and HIPAA, which is crucial in the context of healthcare digital
transformation. The implementation of such a system can not only significantly
reduce the burden on medical institutions but also eliminate barriers to quality
medical care for residents in remote regions, making it a vital element of modern
healthcare IT infrastructure Fig.6.

Conclusion. This work proposes a structural framework integrating
telemedicine, Al, and portable diagnostic devices to improve healthcare accessibility
in Kazakhstan. It bridges rural-urban gaps through virtual consultations, utilizes
localized Al for precise diagnostics, and deploys cost-effective portable tools
for real-time data collection. With GDPR and HIPAA-compliant data security
and a modular, scalable design, the framework enhances accessibility, efficiency,
and adaptability in underserved areas. In this work, we propose a framework
integrating telemedicine, Al, and portable diagnostic devices to improve healthcare
accessibility in Kazakhstan, particularly in rural and underserved areas. The
framework leverages telemedicine to connect patients with specialists, Al models
to automate and enhance diagnostic accuracy, and portable devices to enable real-
time data collection and transmission. Secure data management compliant with
GDPR and HIPAA ensures patient confidentiality, while the modular design allows
for scalability and future expansion. Addressing challenges such as infrastructure
limitations and personnel training is essential for effective implementation and
long-term success.
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