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



ISSN 1991-346X 2. 2025

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

ISSN 1991-346X

Volume 2. Namber 354 (2025). 155-168

https://doi.org/10.32014/2025.2518-1726.350

YK 004.4

©D. Kuanyshbay?, A. Shoiynbek', K. Rabbany', A. Mukhametzhanov?,
B. Meraliyev?, 2025.
"Narxoz University, Almaty, Kazakhstan;
2Suleyman Demirel University, Kaskelen, Kazakhstan.
E-mail: kazi_golam.rabbany@narxoz.kz

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

Kuanyshbay Darkhan — professor, PhD in Computer Science, Suleyman Demirel University,
Kaskelen, Kazakhstan,

E-mail: darkhan.kuanyshbay@sdu.edu.kz, https://orcid.org/0000-0001-5952- 8609;

Shoiynbek Aisultan — professor, PhD in Computer Science, Narxoz University, Almaty, Kazakhstan,
E-mail: aisultan.shoiynbek@gmail.com, https://orcid.org/0000-0002-9328-8300;

Kazi Golam Rabbany — Narxoz University, Almaty, Kazakhstan,

E-mail: kazi_golam.rabbany@ narxoz.kz, https://orcid.org/0009-0007-4549-0815;
Mukhametzhanov Assylbek — Suleyman Demirel University, Kaskelen, Kazakhstan,

E-mail: 221107046@stu.sdu.edu.kz, https://orcid.org/0009-0009-8528-9985;

Meraliyev Bakhtiyor — senior lecturer, master of Computer Science, Suleyman Demirel University,
Kaskelen, Kazakhstan,

E-mail: bakhtiyor.meraliyev(@sdu.edu.kz, https://orcid.org/0000-0002-5640-4966;

Abstract. Depression remains a critical global health issue, and early, accessible
detection methods are essential for timely intervention. Human speech reflects not
only verbal content but also subtle indicators of mental health, making it a valuable
modality for non-invasive diagnostics. This study investigates the application of
machine learning, particularly reinforcement learning (RL), for the automatic
detection of depression from speech data. The research focuses on Mel-frequency
cepstral coefficients (MFCCs) as primary acoustic features and evaluates the
performance of several classification models, including logistic regression, support
vector machines (SVM), LSTM networks, and Q-learning-based reinforcement
learning. These models were tested under different data balancing scenarios:
unbalanced, manually balanced, and SMOTE-enhanced datasets. The central
hypothesis is that reinforcement learning, due to its ability to learn sequential
decision-making strategies, can offer a robust approach for identifying depressive
speech patterns. The results confirm that while traditional models perform well
on balanced data, the reinforcement learning approach shows strong adaptability,
achieving the highest F1 score of 0.658 and AUC-ROC 0f0.628 in more challenging,

imbalanced settings. These findings suggest the potential for RL-based systems
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to support mental health assessment through passive speech monitoring. Future
applications may include integration into mobile health platforms or telemedicine
tools for early screening and continuous mental health tracking.

Key words: machine learning, reinforcement learning, natural language
processing, depression detection, acoustic features.
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AnHoramms. Jlenpeccus — sxkahaHIbIK JACHCAYJBIK CaKTay CaslaChIHJAFbl
©3eKTI Macese OoJiblll TaObUIA/bl, ajl OHbI €PTE KE3CH/C aHBIKTAy — YaKbIThLIbI
KOMEK KOpCeTy VIIiH oTe MaHbI3Abl. AJaM MaybIChl TEK aWTBUIFaH CO3IEPIHiH
Ma3MYHBIH FaHa €MeC, COHBIMEH KaTap aJaMHBIH TICUXUKAIBIK >KaFJailbIH
CUNATTAalTHIH Oenriyepin ne kepcere ananbl. OChl 3epTTEy JKYMBICH aJaMHBIH
JaybIC TEPEKTEPiH MalJaaHbIl, JSTPECCHsHBI aBTOMATTHI TYPAC aHBIKTAy YIIiH
MaITUHAIBIK OKBITYIBIH, COHBIH IMTIHAEC KYMIEHTUIreH OKBITYABIH (reinforcement
learning) MyMKIHZITIH 3epTTe€y Makcar erefi. Tangay YIIH Heri3ri aKkyCTHKaJbIK
cUIrarTaMayiap peTiHjie MeN-KUUIK KencTpaibablk kodddunuentrepi (MFCC)
MalaTaHbUIIbL. OPTYPII MOICTBACPAIH HOTIKETIEP] — JTOTUCTHUKAIBIK Perpeccs,
Tipek BeKTopubIK Tocisti (SVM), LSTM sxone Q-0KbITyFa Heri3ieiaret KymenTiren
OKBITY — TEHIepUIMETeH, KOJIMEeH TeHrepiireH )xone SMOTE opmiciMeH TeHrepiirexn
JIEPEKTep JKUBIHTHIFBIHAA CaIBICTRIPEUIIEI. COHBIMEH Karap, OyJ omicTepmi
KOJJTaHyZla JCPeKTep TEHIePIMCI3MITIHIH ocepi MEH IEpeKTepli aablH ana
OHJICYy TOCUIAEPiIHIH MaHBI3IBUIBIFEI eCcKepiimi. bacTel TumoTe3a — KyIICUTIITCH
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OKBITY OficTepi, IIemiM KaObUIIaybIH PETTi CTpaTeTHsUIapblH YHPEeHy KaOineTi
apKbUIBI, Jlempeccus OenrijepiH ceiiey apKbpUIbl THIMJII aHBIKTal aajpl.
Hotmxenep xepceTkeHnel, OocTYpili 9IiCTep TEHIEpiIreH ACPEKTEPMEH >KaKChl
JKYMBIC ICTeTeHIMEH, KYIIEHTIITeH OKBITY MOJEN TEHrepiiMereH JepeKrepe
eH xorapel F1 kepcerkimine (0.658) xxone AUC-ROC wmonine (0.628) xon
KETKI3Ii. 3epTTey HOTHKeNepi aJaMHbBIH ICUXHUKAJIBIK JKaFJaiblH JaybIC apKbLIbI
aHBIKTayFa apHAJIFaH MM KaObuIaay aKyHenepiH a3ipieyae KYIIeUTiAreH OKbITy
MOJISNIBJIEPIH KOJIaHy oJICyeTiHIH JKOFapbl JIEHTelIe eKeHiH KepceTemi. by
ToCIIEp/Ii KoJiaHy OoamakTa MOOWIIB/II IGHCAYIBIK caKTay ruiar(opMaiapbeiHa
HeMece TeJeMeTUITIHA )KYHenepiHe OipiKTipLTil, epTe CKPUHUHT ITeH TICHXUKAIBIK
JICHCAYIBIKTHI Y3/1iKCi3 OaKpuIayFa MyMKIHIIK Oepyi MYMKiH.

Tyiiin ce3mep: MalIMHAIBIK OKBITY, KYIIEHTY apKbUIBI OKBITY, TAOWFH TLIIL
OHJIIPY, IeNPECCUIHBI aHBIKTAY, aKyCTHKAJIBIK Oenrinep.

©/1. Kyanbimoaii’, A. llloiibindex’, K. Pa66ann', A. Myxamer:kaHoB?,
b. Mepaaues?, 2025.
"Vuusepcurer «Hapxosy», Anmarel, Kazaxcran;
?VuuBepcuret umenu Cyneiimana Jemupenst, Kackenen, Kazaxcran.
E-mail: kazi golam.rabbany@narxoz.kz

CPABHEHUE MAIIMHHOTI'O OBYYEHUSA U OBYYEHMUSA C
HOAKPENIVIEHUEM JJIs1 PACITO3HABAHUSA JEINTPECCHUMU 11O PEYN

Kyanbim6aii lapxan — npodeccop, Yuusepcurer umenn Cyneiimana Jemuperst, Kackenen, Kazaxcran,
E-mail: darkhan.kuanyshbay@sdu.edu.kz, https://orcid.org/0000-0001-5952-8609;

IloiibinOex Aiicyaran — npodeccop, YHausepcuteT «Hapxos», Anmatel, Kazaxcras,

E-mail: aisultan. shoiynbek@gmail.com, https://orcid.org/0000-0002-9328-8300;

Ka3u I'onam Pag6anu — Yausepcuret «Hapxos», Anmarsl, Kazaxcras,

E-mail: kazi_golam. rabbany@narxoz.kz, https://orcid.org/0009-0007-4549-0815;

Myxamer:kaHoB Acbl10exk — Yauepcuter mmenn Cymelimana [lemmpens, Kackenen, Kazaxcram,
E-mail: 221107046@stu.sdu.edu.kz, https://orcid.org/0009-0009-8528-9985.

Mepaaues baxtuép — crapuuii npenonasareins, Y HuBepcureT uMenu Cyneiimana Jlemupens,
Kackenen, Kazaxcran,

E-mail: bakhtiyor.meraliyev@sdu.edu.kz; https://orcid.org/0000-0002-5640-4966;

AnHoTtamusi. Jlempeccuss ocTaeTcs Cepbhe3HOW TIOOANBHOW MPOOIEeMON
3[pABOOXPAHEHUs, ¥ I CBOSBPEMEHHOTO BMEIIATEIhCTBA HEOOXOTUMBI
JOCTYIIHBIE METOJbl PAHHETO BBIABICHUA. Peub uenoBeka OTpa)xkaeT HE TOJBKO
CMBICII CKa3aHHOTO, HO U COJCPKUT TOHKHE MPU3HAKU MCUXO3IMOLUOHAIHLHOTO
COCTOSIHUS, UTO JIETACT €€ LIEHHBIM UCTOUHUKOM JIJIs1 HCUHBA3UBHOU AUATHOCTUKH.
B nanHoM wuccrneqoBaHMM paccMaTPUBACTCS MPUMEHEHUE METOIOB MAIIMHHOTO
oOy4eHHs, B YaCTHOCTH OOYYCHHS C TOAKPCIUICHUEM, ]ISl aBTOMATHYECKOIO
BBISIBJICHUS ICTIPECCUHU IO ayIUONaHHBIM peur. OCHOBY aHaIHM3a COCTABIIAIOT MEJI-
-4acTOTHBIE KercTpaibHble Ko3ddunuentsl (MFCC), Mo KOTOPBIM OICHHBAJIACH
3¢ (EeKTUBHOCTD Pa3IUYHBIX MOJICICH KiIacCU(DUKAIIUU, BKITIOYAs JIOTUCTHYECKYIO
perpeccuro, MeToa OmnopHbIX BekTopoB (SVM), LSTM-cetn um oOydeHue c
MoJKperuieHueM Ha 0aze Q-oOyueHwsi. DTH Mojenu ObUIM MPOTECTHPOBAHBI Ha
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HecOaJaHCUPOBAHHBIX, BPYYHYIO cOalaHCHPOBaHHBIX W cOaJaHCHPOBAHHBIX C
nomomblo SMOTE nabopax maHHBIX. B uccnenoBaHMM Takke YYHTHIBAINCH
aCTIeKTHI PEIBAPUTENILHON 00pabOTKM ayAMOCUTHAIOB U OaJaHCUPOBKH KJIACCOB,
YTO OKa3bIBACT 3HAYMTEIBHOE BIIMSHHE Ha KOHEUHBbIC pe3ynbrarbl. OCHOBHas
TUIIOTE3a 3aKIII0YAeTCsl B TOM, YTO OOy4eHHE ¢ MOAKpPEIUICHHEM, Oaronapst cBoei
CIOCOOHOCTH 00yd4aTbcs MOCICAOBATEIbHBIM CTPATerusM NPHHATHUS PELICHUH,
MOXeT ObITh 3()()EeKTUBHO NMPUMEHEHO Ul BBISBICHMS NPU3HAKOB JEIPECCHU
B peun. Pesymbrarel mokazaiu, 4TO HECMOTPS Ha BBICOKYIO 3(QEKTHBHOCTH
TPaJIUIIMOHHBIX MoOfeNel Ha cOaJlaHCMPOBAaHHBIX AAHHBIX, MOAXOI Ha OCHOBE
00y4eHHs ¢ IOAKPEIVICHHEM JOCTUT HawTydux 3HadeHuit F1-merpuku (0.658) u
AUC-ROC (0.628) npu padore ¢ HecOaaHCUPOBAaHHBIMU TaHHBIMHU. [lomy4yeHHbIe
BBIBOZIBI YKa3bIBAIOT HA BBICOKMH MOTEHLMAJ HCHONb30BaHus RL-Moxeneit st
OLICHKH [ICUXOAMOLIMOHAIILHOTO COCTOSTHHS IO peyul. BO3MOKHBIMH IPUITOKEHUSIMHI
SBISIFOTCS. MHTETPalysi B MOOMJIbHBIE TIAT(OPMBI 3PaBOOXPAHEHUS U CUCTEMBI
TEJIEMEIUIMHBl U1l PAaHHET0 CKPUHMHTa W HENPEPHIBHOIO MOHUTOPHHIA
MICUXUYECKOTO 3[JOPOBBSI.

KiroueBble ciioBa: mammHHOEe OOydeHHE, OOydeHHE C IOJKPEIUICHUEM,
00paboTKa eCTECTBEHHOTO SI3bIKA, BBISIBJICHUE IETIPECCHH, AKY CTHUECKUE TPU3HAKH.

Introduction. Depression, recognized globally as a major mental health
concern, affects approximately 280 million people of all ages, severely impacting
daily functioning and contributing significantly to the global burden of disease.
Early detection and intervention are crucial in managing depression, yet traditional
diagnostic methods are often resource-intensive and reliant on self-reported data,
which can be subjective and vary in accuracy. (Ribeiro, et al., 2019; Lin, et al.,
2020; Garecia, et al., 2021; Hill, et al., 2017; Jankowsky, et al., 2023; Rejaibi, et al.,
2022)

Table 1. Depression prevalence across different groups

Demographic Group Prevalence of Depression Additional Information
General Population 3.8% 280 million people globally
Adults 5% 4% among men, 6% among women
Adults Older Than 60 Years 5.7%

Women Compared to Men

50% more common

Worldwide among pregnant women
and women who have just given
birth

Pregnant Women & New

0,
Mothers >10%

Speech analysis using machine learning offers a promising avenue for such
technological advancements. Human speech carries rich information not only
about the content of communication but also about the speaker’s psychological
state, making it a valuable medium for potential early diagnosis of mental health
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issues. Recent studies suggest that various speech features, such as tone, pitch, and
rhythm, may change significantly due to psychological distress, potentially serving
as indicators of depression. (Rejaibi, et al., 2022; Shin, et al., 2021; Tasnim, et al.,
2022; Low, et al., 2020)

This paper focuses on the automated detection of depression from speech using
machine learning techniques. By utilizing the DAIC-WOZ dataset (Gratch, et al.,
2014), which includes audio recordings from clinical interviews, the study aims
to develop models that can accurately identify depressive speech patterns. The
primary objective is to create a system that can be applied in real-world scenarios,
such as call centers, telehealth services, or mobile health applications, where the
availability of only audio data makes traditional diagnostic methods impractical.

Materials and methods.

Background

Traditional methods for diagnosing depression typically involve clinical
evaluations and self-reported questionnaires. While these approaches are valuable,
they often depend on the patient’s willingness and ability to accurately report
their symptoms, which may not always be consistent or reliable due to the stigma
associated with mental health disorders or the subjective nature of self-assessment.
(Ribeiro, et al., 2019; Lin, et al., 2020; Garcia, et al., 2021; Hill, et al., 2017;
Jankowsky, et al., 2023; Rejaibi, et al., 2022)

Recent advances in natural language processing (NLP) have attempted to
address some of these limitations by analyzing spoken or written language content
to detect signs of depression. However, these approaches are often constrained
by language-specific factors, such as vocabulary and grammar, making them less
effective in multilingual or non-native English-speaking populations. Moreover,
NLP techniques primarily focus on the semantic content of speech, potentially
missing non-verbal cues that can be equally, if not more, indicative of a person’s
mental state. (Sakib, et al., 2021; Fodeh, et al., 2019; Liu, et al., 2022; de Oliveira,
etal., 2022)

In contrast, speech analysis focuses on the acoustic and prosodic features of
speech, which are less dependent on language and can provide a universal set of
biomarkers for detecting depression. Speech characteristics such as tone, pitch,
rhythm, and energy levels can reflect underlying emotional states and cognitive
processes. For instance, research has shown that depressed individuals often exhibit
slower speech rates, lower pitch variability, and reduced energy in their voice, all of
which can be quantitatively measured and analyzed. (Rejaibi, et al., 2022; Shin, et
al., 2021; Tasmin, et al., 2022; Low, et al., 2020)

This research aims to build on these foundations by employing the DAIC-WOZ
dataset, which offers a rich source of audio recordings from clinical interviews
specifically designed to assess psychological distress. (Gratch, et al., 2014

Mel-Frequency Cepstral Coefficients (MFCC) have been chosen as the primary
feature for this study due to their proven efficacy in capturing the essential
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characteristics of human speech. Studies have demonstrated that MFCC features
effectively capture changes in voice quality, pitch, and energy, which are critical
markers of depression. Moreover, MFCCs have been widely used in emotion
recognition and mental health diagnostics, showing robust performance across
various tasks, making them a suitable choice for detecting depressive tendencies in
speech. (Rejaibi, et al., 2022)

In this comparative study, a reinforcement learning approach was introduced and
evaluated alongside other machine learning methods. The RL model demonstrates
particular utility in scenarios requiring periodic decision-making, where its ability
to learn from sequential data offers significant advantages. This approach opens
new avenues for research in the mental health domain, particularly for applications
where adaptive and continuous learning can enhance diagnostic accuracy.

Dataset Collection

The DAIC-WOZ (Distress Analysis Interview Corpus - Wizard of Oz) dataset
(Gratch, et al., 2014) comprises high-quality audio recordings, visual recording
(facial expression and body language), transcriptions and PHQ-9 questionnaires
from 193 participants.

For this research, the focus was solely on the speech data, as the primary aim
was to analyze vocal patterns and features relevant to detecting depression. By
concentrating on speech analysis, the study aimed to develop models that could
potentially be used in real-world applications, such as call centers or mobile health
apps, where only audio data might be available.

Preprocessing and Feature Extraction

Noise reduction was performed using the librosa and noisereduce libraries to
enhance the signal-to-noise ratio, ensuring cleaner speech signals for more accurate
feature extraction.

The audio recordings were segmented based on the duration of participants’
responses after the questions were asked. The segmentation process involved:

® Identifying Speech Segments: Detecting the start and end points of each
participant’s response within the audio recordings.

® Filtering Short Segments: Ignoring segments shorter than 160 samples
to maintain data quality. Short segments often contain insufficient information for
meaningful analysis.

® Ensuring Minimum Segment Length: Setting the minimum segment
length to 1120 samples to ensure sufficient data for analysis. This threshold was
chosen based on empirical observations and the need for adequate feature extraction.

Normalization was performed using StandardScaler and that ensured all features
contributed equally to model training by standardizing their scales.

Mel-Frequency Cepstral Coefficients (MFCCs) were extracted from each
segment. The extraction process included windowing with a size of 1120 samples,
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applying FFT, using a mel filter bank, followed by logarithm and DCT to obtain
MFCCs.

The parameters for this extraction included a window size (n_fft) of 1120
samples and a hop length (hop_length) of 560 samples (half of n_fft). The mean
MFCC for each segment was calculated to represent the vocal features of each
participant.

Balancing the Dataset

Handling Imbalanced Dataset

The initial dataset exhibited class imbalance, with approximately 70% negative
(non-depressive) and 30% positive (depressive) segments. Class imbalance is a
common issue in medical datasets, where the prevalence of certain conditions
(e.g., depression) is naturally lower than others. An imbalanced dataset can lead to
biased models that favor the majority class, reducing the model’s ability to detect
the minority class (depressive segments).

To address this imbalance, the number of segments for each class was adjusted
to create a balanced dataset in the following two different ways:

® Undersampling the Majority Class: Reducing the number of negative
segments to match the number of positive segments.

® Oversampling the Minority Class: Increasing the number of positive
segments through data augmentation techniques.

By balancing the classes, the model was trained on an equal number of positive
and negative segments, reducing bias and improving its ability to detect depressive
speech patterns.

Undersampling the Majority Class

Some of the samples from the majority class were removed to reduce the
oversampled class and balance the dataset. This operation removed the samples of
the majority class randomly.

Oversampling the Minority Class

The Synthetic Minority Over-Sampling Technique (SMOTE) creates new,
synthetic observations from present samples of the minority class. Python SMOTE
library was used to oversample the minority class.

Models Used

To do this comparative analysis based on speech, various machine learning
and reinforcement learning approaches were employed. The models used in this
study include Logistic Regression, Support Vector Machine (SVM), Long Short-
Term Memory (LSTM) networks with different preprocessing techniques, and a
Q-learning reinforcement learning algorithm using leaky ReLu activation function.
Both imbalanced and balanced datasets were utilized to evaluate the performance
of each model.
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Table 2. Long Short-Term Memory (LSTM) Model

Layer Params
Hidden Layer: 64 Regularization: L1 =0.01, L2 =0.01, Return_Sequence = True
Output Layer: 2 SoftMax

Table 3. Reinforcement Learning (Q-learning with Leaky ReLu Activation Function)

Layer Params
Hidden Layer: 128 Batch Normalization, Leaky ReLu = 0.01
Hidden Layer: 64 Batch Normalization, Leaky ReLu = 0.01

Output Layer: 2 Linear

Reinforcement Learning Environment & Reward Function

In the RL model, the observation space is represented by the MFCC feature array
derived from the audio data. This array’s shape corresponds to the dimensions of
the extracted MFCC features for each audio segment. The action space is discrete,
containing two possible actions: 0, indicating no suicidal tendency, and 1, indicating
the presence of suicidal tendencies.

The reward function is designed to provide feedback based on the accuracy
of the model’s predictions. If the model’s action (predicted label) matches the
correct label (ground truth), a positive reward of +1 is given, reinforcing the correct
prediction. Conversely, if the predicted action does not match the correct label, a
negative reward of -1 is applied, penalizing incorrect predictions. This encourages
the model to improve its decision-making by aligning its actions with the correct
labels over time.

Results

In this study, the performance of various machine learning models was evaluated,
including Logistic Regression, Support Vector Machine (SVM), Long Short-
Term Memory (LSTM) networks with Batch Normalization and StandardScaler,
and a Q-learning-based Reinforcement Learning model, across different dataset
balancing strategies: imbalanced, manually balanced, and balanced using the
SMOTE technique. The metrics used to assess performance were accuracy,
F1 score, precision, recall, specificit , and AUC-ROC. In the context of mental
health diagnostics, particular emphasis is often placed on metrics like AUC-
ROC, precision, and recall, as they better reflect the models’ ability to identify
and prioritize at-risk individuals correctly. (Ribeiro, et al., 2019; Lin, et al., 2020;
Garcia, et al., 2021; Shin, et al., 2021; Sakib, et al., 2021)

The goal was to assess the effectiveness of these models in detecting depressive
speech patterns based on simple input data such as Mel-Frequency Cepstral
Coefficients (MFCCs), without applying any additional feature engineering. The
results are summarized and compared below.

Performance on Imbalanced Dataset

For the imbalanced dataset, both Logistic Regression and SVM demonstrated
relatively low performance in terms of F1 score and recall, with F1 scores of
0.036 and 0.0, respectively. While these models maintained decent accuracy
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(0.692 and 0.697, respectively), their inability to effectively identify the minority
class (depressive segments) was evident, as shown by their near-zero recall rates.
The AUC-ROC scores for these models were also low, with Logistic Regression
achieving 0.514 and SVM 0.478, indicating poor overall discrimination between
classes.

The LSTM models, while slightly better than Logistic Regression and SVM in
terms of F1 score and recall, still struggled with the imbalanced dataset. The LSTM
with Batch Normalization achieved an F1 score of 0.272 and a recall of 0.244,
while the LSTM with StandardScaler had an F1 score of 0.202 and recall of 0.149.
Despite slightly better performance, the AUC-ROC values for these models were
still below optimal, reflecting the challenges posed by the imbalanced dataset.

Reinforcement Learning using the Q-learning algorithm was applied to the
imbalanced dataset, yielding noteworthy results. The Q-learning RL model
achieved an F1 score of 0.3759 and a remarkably high recall of 0.8227, significantly
outperforming the other models in identifying the minority class. However, the
precision was relatively low at 0.2436, indicating a higher rate of false positives.
The AUC-ROC for the Q-learning model was 0.4552, which is lower than that
of Logistic Regression and SVM, suggesting that while the model is effective at
detecting the minority class, its overall ability to discriminate between classes is
limited using the imbalance dataset.

Table 4. The metrics comparison on the imbalanced dataset

Model F1 Score Precision Recall AUC-ROC
Logistic Regression 0.0362 0.3592 0.0191 0.5145
SVM 0 0 0 0.4779
LSTM (Batch Normalization) 0.2724 0.3080 0.2442 0.5057
LSTM (StandardScaler) 0.2016 0.3124 0.1488 0.4891
Q-learning RL 0.3759 0.2436 0.8227 0.4552

Model Performance with Imbalanced Datasets
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Figure 1. Model performance with imbalanced datasets.
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Performance on balanced Dataset (using SMOTE)

On the SMOTE-balanced dataset, both traditional machine learning models and
LSTM variants showed a decline in performance compared to manually balanced
data. Logistic Regression achieved an accuracy of 0.477, an F1 score of 0.390, and
an AUC-ROC of 0.639, indicating moderate improvements in recall (0.551) but
lower precision (0.302). Similarly, SVM had an accuracy of 0.452, an F1 score
of 0.394, and an AUC-ROC of 0.638, showing a similar trade-off with improved
recall (0.588) but reduced precision (0.297). The LSTM models struggled more,
with the Batch Normalization variant reaching an accuracy of 0.465, an F1 score of
0.382, and an AUC-ROC of 0.481, while the StandardScaler version achieved an
F1 score of 0.385 and an AUC-ROC of 0.475, indicating that SMOTE balancing
led to instability in the LSTM performance.

Reinforcement Learning using the Q-learning algorithm was applied to the
SMOTE-balanced dataset, yielding notable results. The Q-learning RL model
achieved an F1 score of 0.5185, a precision of 0.4661, a recall of 0.5842, and
an AUC-ROC of 0.4445. Compared to the other models, the Q-learning model
demonstrated a higher F1 score and precision, indicating better overall performance
in predicting depressive segments. However, the AUC-ROC value was lower
than those of the traditional models, suggesting that while the Q-learning model
was effective in identifying the minority class, its overall ability to discriminate
between classes was limited. This highlights that SMOTE may not be the ideal
balancing technique for speech data in this context, where temporal dependencies
and nuances are critical.

Table 5. The metrics comparison on the dataset balanced by SMOTE

Model F1 Score Precision Recall AUC-ROC
Logistic Regression 0.3901 0.3019 0.5512 0.6390
SVM 0.3944 0.2966 0.5883 0.6376
LSTM (Batch Normalization) 0.3817 0.2938 0.5445 0.4813
LSTM (StandardScaler) 0.3849 0.2878 0.5812 0.4750
Q-learning RL 0.5185 0.4661 0.5842 0.4445
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Model Performance - Balanced by SMOTE
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Figure 2. Model performance with dataset balanced by SMOTE.

Performance on balanced Dataset (by reducing oversampled class)

On the manually balanced dataset, achieved by reducing the oversampled class,
all models demonstrated improved performance compared to the imbalanced
dataset. Logistic Regression reached an accuracy of 0.571 and an F1 score of 0.606,
showing significant gains in recall (0.659) but with a moderate drop in specificity
(0.483). SVM exhibited similar improvements, with an F1 score of 0.605 and
an AUC-ROC of 0.639, indicating a better balance between recall (0.674) and
precision (0.549). The LSTM models, while more effective, were still unstable. The
LSTM with Batch Normalization achieved an F1 score of 0.412 and an AUC-ROC
0f 0.505, but its accuracy (0.506) and recall (0.346) lagged behind. The LSTM with
StandardScaler performed better, with an F1 score of 0.526, accuracy of 0.495,
and an AUC-ROC of 0.514, showing more balanced results between precision and
recall. Notably, the Q-learning RL model outperformed the traditional models,
achieving an F1 score of 0.658 and a recall of 0.951, although its low specificity
(0.062) highlighted its tendency to over-predict depressive cases. These results
suggest that reducing the oversampled class helps models balance precision and
recall, particularly benefiting RL in sequential decision-making tasks.

Table 6. The metrics comparison on the dataset balanced by reducing oversampled class

Model F1 Score Precision Recall AUC-ROC
Logistic Regression 0.6061 0.5607 0.6594 0.6402
SVM 0.6049 0.5487 0.6739 0.6390
LSTM (Batch Normalization) 0.4120 0.5094 0.3459 0.5055
LSTM (StandardScaler) 0.5258 0.4957 0.5598 0.5136
Q-learning RL 0.6583 0.5034 0.9509 0.6285
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Model Performance - Balanced by Reducing Oversampled Class
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Figure 3. Model performance with dataset balanced by reducing oversampled class.

Discussion

The results of this study highlight several areas for improvement and future
research directions. First, while the Q-learning reinforcement learning (RL) model
showed promise, particularly on the manually balanced dataset, it exhibited poor
specificity and instability on other datasets. This suggests that more advanced
RL models should be explored. Future work could include more complex RL
architectures, such as Deep Reinforcement Learning (Deep RL) or hybrid models
that combine RL with other machine learning techniques like LSTM or CNN, to
better capture the temporal and sequential aspects of speech data.

Additionally, the current approach used simple Mel-Frequency Cepstral
Coefficients (MFCCs) as the sole input features. To improve model performance,
more sophisticated vocal features should be engineered and incorporated. These
could include prosodic features (pitch, intonation, rhythm), voice quality measures,
or even features derived from deep learning-based speech embeddings. Combining
these advanced features with a more complex RL model could lead to more accurate
and robust depression detection.

In summary, future research should focus on incorporating highly engineered
vocal features and exploring more sophisticated RL models, potentially in
combination with other machine learning methods, to enhance both precision and
recall in depression detection from speech.

Conclusion

This study explored the feasibility of detecting depression from speech using
machine learning and reinforcement learning methods, focusing on MFCCs as
primary input features. By systematically comparing traditional classifiers with a
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Q-learning-based reinforcement model across various data balancing strategies,
the research highlights both the challenges and potential of voice-based mental
health diagnostics. While traditional models demonstrated competitive results on
manually balanced data, reinforcement learning showed strong performance in
identifying depressive segments, particularly under imbalanced conditions. These
findings underscore the promise of reinforcement learning in sequential, adaptive
tasks such as mental state assessment. Future work may benefit from integrating
multimodal inputs or refining reward strategies to enhance diagnostic accuracy in
real-world applications.
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