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). 234-250

https://doi.org/10.32014/2025.2518-1726.355

IRSTI 28.17.31
UDC 004.94

©A.T. Sankibayev!, I. Makhambayeva®', K. Kanibaikyzy?,
A. Temirbek?2, 2025.
"ENU named after. L.N. Gumilyov.Astana, Kazakhstan;
?Kyzylorda University named after Korkyt Ata, Kyzylorda, Kazakhstan.
E-mail: indira_mah@mail.ru

MODELING OF VIDRATIONAL PROCESSES IN WOLFRAM
MATHEMATICA SYSTEM

Sankibayev Arman Temirkhanovich — Doctoral student. L.N. Gumilyov Eurasian National
University, Astana, Kazakhstan,

E-mail:armandos1980@mail.ru, ORCID: https://orcid.org/0009- 0009-4228-8480;

Makhambayeva Indira — Candidate of Physical and Mathematical Sciences, Senior lecturer.
Kyzylorda University named after Korkyt Ata.Kyzylorda, Kazakhstan,

E-mail:indira_mah@mail.ru, ORCID: https://orcid.org/0000-0002-5854-0718;

Kanibaikyzy Kundyzay — Master of Pedagogical Sciences, Senior Lecturer, Kyzylorda University
named after Korkyt Ata.Kyzylorda, Kazakhstan,

E-mail: VIP kundyz@mail.ru, ORCID: https://orcid.org/0000-0002-3713-1608;

Temirbek Aizhan — Ph.D., Senior lecturer, Kyzylorda University named after Korkyt Ata, Kyzylorda,
Kazakhstan,

E-mail: temirbekaizhan8@gmail.com, ORCID: https://orcid.org/0000-0001-5553-6978.

Abstract. The tower creates oscillations of the sleeve, during which the
movement of the opposite edges can go in different directions, and the resulting
compressive stresses alternate with tensile stresses. The constant alternation
of one stress with another can cause fatigue of the material. The study of wave
and vibration processes in the tower, taking into account its interaction with the
surrounding layers, is of great importance in determining the strength of the
structure. Results. As a result of these studies, the consideration of stationary,
non-stationary, oscillatory and wave processes, mechanics of deformable solids,
hydrodynamics, and geophysical sciences leads to good achievements. Scientific
novelty. As a result of the research work carried out: - new stages of unsteady
oscillations are theoretically investigated; - mathematical methods for studying
various classes of spatial calculations are discussed.; - a model of the conditions of
inclined oscillations in a drill string using the MAPLE system has been developed.
Practical value. The results obtained lead to significant achievements in the field
of mechanics of deformable solids, hydrodynamics and geophysics in the study

234



ISSN 1991-346X 2. 2025

of stationary, non-stationary, oscillatory and wave processes. The topics discussed
in the paper include modeling inclined vibrations of a drill string in the MAPLE
system and theoretical study of new stages in the field of unstable vibrations, as
well as the development of a new model of inclined vibrations of a drill string.

Keywords: model, drilling, wave theory, friction limits, numerical solutions,
drilling column, wolfram mathematics
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AnHoTanus. Makanaia Oypreiiay MyHapachl UbIH TEPOEIiCTep/l JKacaibl, Oy
Ke3Jle KapChl OpHAJIACKaH MIETTEPiHIH KO3FaJIBICKI Op TYPIi OaFBITTa KYPYi MYMKIH,
ay naiia OoJFaH ChIFBLTY KEpHEY1 CO3BITYMEH aybicaibl. bip kepHey/i OackanapmeH
YHEMi aybICTBIPY MaTepHalAbIH KaXybIHBIH Taliaa O0IybIH TYIBIPYbl MYMKiH. Col
yaKbITTa YHFbIMa KaOBIPFAachl MEH Ca3bl €PTIHIIHIH YKOFapbl TYTKBIPIBIFEIMEH
OyprbuIay KYOBIPBIHBIH YiiKeTici aipin O6acenueyine cebenmi 6omaasl. COHOBIKTAH
OHBIH KOpIIaFaH KaTmapiapMeH 9peKeTTecyi ece0iMeH MyHapaJarbl TOJIKBIHIBI
XKoHe TepOenMeni yaepicTepii 3epTTey, KYPBUIBIMHBIH OCpIKTIriH KamMTamach3
eTyne eTe MaHbI3Ibl. JKyMBICTa, JHHAMUKAIBIK S>KYKTEMEIeri MyHapaapIblH
JMHAMUKAIBIK KAMBUIBIHBIH 3aH/BUIBIFBIHBIH TAOBLTYBl — YCTal Kalybl KOO
OOMBIHIIIA KYMBICTAp MEH OYPFBUIAY KYMBICTAPBIHBIH COTTI KYPTri3inyiHe KaKeTTi
XKaFaai xacay KapacTelpbuira. Homuoicenepi. CTalmoHapIIbl, CTalMOHAPIIBI eMec,
TepOeMerni )KOHe TOIKBIHIBI ITPOIeCTeP/IiH KapacThIPBLTYHI, Ae(hOopManysIaHaThIH
KaTThl JICHEHIH MEXaHWKAachl, TUIPOJMHAMHKA, TeO(U3MKA FHUIBIMIAPBIHBIH
Oemimuepine JKAKChI KETICTIKTEpre aiblll KeNeHi. FbliblMU JHCAHALBIDL.
JKypri3inreH FBUIBIME 3€pPTTEy JKYMBICTAPBIHBIH HOTHIKECIHAE: - CTallMOHAPIIBIK
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eMec TepOemicTep/iH *aHa Ke3eHIEepl TEOPHSUIBIK 3epPTTEeNJli; - KEeHICTIKTIK
eCenTeyNepAiH OpPTYpJi KIACTaphlH 3€pTTey VIINH MaTeMaTHKaIbIK omicTepi
Tankeuauabl; - MAPLE sxyiiecid Konaana OTIPbIN, Oy pFbIIay OaraHbIHIaFbI KOJIOCY
TepOeic JKaFIalIapbIHBIH MO 93ipieH . [ [pakmuKkanvik KyHObLIbIK. ATTBIHFaH
HOTHXKEJIEp CTalMOHAPIIBIK, CTAIMOHAPIIBIK eMec, TepOesMeli KoHE TOIKBIHIBIK
IpoLecTepAl 3epTTei OTHIPHIIN, AedOopMaLUsIIaHATBIH KaTThl 3aTTap MEXaHUKACHI,
TUIPOJMHAMHKA JKOHE re0(H3HKa CalachIHAa aUTapIIBIKTal )KETICTIKTepre oKee .
JKymbicta kapacteipeuiran MAPLE xyifecinneri Oyprbiiay OaraHBIHBIH KOJIOCy
TepOemicTepiH MOJENbACYIl kKOHE TYPAaKChI3 TepOelicTep callaChIHIAFbl JKaHa
KE3CHJIEP/li TEOPUSIIBIK 3epTTEyldi, COHMai-aKk Oyprbulay OaraHBIHIAFBI KeJOey
TepOertic xaFaainapsl YIIiH *KaHa MOJEIbI 931piaey/Ii KaMTHIbL.
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AHHOTanusl. Beimka co3gaer kxoneOaHHMs PYKOBa, NMPH KOTOPBIX JBIKCHHE
MIPOTHBOIIONIOKHBIX KPOMOK MOKET HJITH B Pa3HbIC CTOPOHBI, @ BO3ZHUKAIOIIUE MTPU
3TOM CHKMMAIOLIUE HANpsDKECHHUS 4YepeayloTcs ¢ pactsaruatomumu.llocrosnHoe
YepenoBaHNe OJHOTO HAPSDKEHUS ¢ APYTHM MOXKET BBI3BaTh yCTAIOCTh Marepraia.
B 10 xe Bpemst Tpenne OypriibHON TPyOBI O BBICOKOW BSI3KOCTH CTEHKH CKBAXKUHBI 1
[IMHUCTOTO PAacTBOPa NPUBOAMT K CHIKeHHUIO BHOpanun. [losTomy uccienoBanne
BOJTHOBBIX M BUOPALIMOHHBIX MPOLIECCOB B OAlllHE C YYETOM €€ B3aUMOICHCTBUS C
OKPYXAIOLIMMHU CJIOSIMA MMEET OOJIbIIOE 3HAYEHUE TIPH ONPEACICHUN TPOUYHOCTH
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koHCTpyKIuu.IIpy paboTe BRIICHEHNE 3aKOHHOCTH IMHAMHYECKOTO TIepEeMEIIeHUS
OamieH 1o JEHCTBHEM JWHAMHUYECKOM Harpy3Kd HEOOXOAMMO [UIS CO3JaHUS
ONTUMAJIbHBIX YCJIOBUH MJsl YCHEUIHOTO BBINOJHEHHS PadOT MO yCTPaHEHHIO
peTeHuunii uOypenus. Pe3yiomamuot. B pe3ynbrare JTaHHBIX MCCIEIOBAHHIA K XOPOIITHM
JOCTHKEHUAM TPUBOAUT PACCMOTPEHHE CTAI[MOHAPHBIX, HECTAI[MOHAPHBIX,
KOJIeOaTeNbHBIX W BOJIHOBBIX MPOIIECCOB, MEXaHUKH Ne(hOPMUPYEMOTO TBEPIOTO
Teja, THAPOAMHAMUKH, Teo(U3NIecKuX HayK. Hayunas noseuszma. B pesynsrare
MPOBEJICHHBIX HAYYHO-HCCIIEAOBATEILCKUX PA0OT: - TEOPETUUECKU MCCIIET0BaHBI
HOBBIE DTambl HECTAIIMOHAPHBIX KOJMIEOAHWH; - OOCYXKIEHBI MaTeMaTH4ecKre
METOABI IS M3Y4YEHMsI pa3jIM4YHBIX KJIACCOB MPOCTPAHCTBEHHBIX BBIYHCICHUH;
- pa3paboTaHa MOJAENh YCIOBHUN HAKIOHHBIX KoNeOaHWH B OypHIILHOW KOJIOHHE
¢ ucnonbs3oBanueM cuctemMbl MAPLE. [lpakmuueckas yennocmo.llonydeHHbIe
pe3yibTaThl MPUBOISAT K 3HAYUTEIBHBIM JIOCTIDKEHHSIM B OOJIACTH MEXaHUKH
neOopMHUPYEMBIX TBEPABIX TN, THAPOAWHAMHUKNA M TEO(DM3WKH TPH H3YUCHUU
CTallMOHAPHBIX, HECTAIlMOHAPHBIX,KOJIEOATENbHBIX M BOJHOBBIX IPOLECCOB.
PaccmoTrpennble B paboTe BKIIFOYAOT MOJEIMPOBAHWE HAKIOHHBIX KOJICOAaHWN
OypuiibHOH KoJIOHHBI B cucteMe MAPLE u TeopeTnyeckoe UCCiieJOBaHuEe HOBBIX
ATaroB B 001aCTH HEYCTOMYMBHIX KOJIEOAHUH, a TakKe pa3pabOTKy HOBOW MOJIEIH
YCIIOBUI HaKIIOHHBIX KoJieOaHui OypHIIbHOM KOJIOHHBI.

KioueBble ciaoBa: monenb, OypeHHe, TEOpHUsl BOJH, HpEAEibl TPEHHS,
YHCIIEHHBIE peleHns, OypoBasi KOJIOHHA, BOIb(paM MaTeMaTnka

Introduction. The theoretical foundation of spring system dynamics is
extensively discussed in classical monographs (Khajiyeva, et al, 2015). Analyzing
the dynamic equation, Euler’s dynamic equation was examined by Academician
L.S. Leibenzon, who first demonstrated that the positioning of hydraulic motors
in the casing weakens the fixation of uncontrolled lateral displacement of drilling
rigs (Bulatov, et al,1985). The stability of drilling rigs and the study of rotational
drilling dynamics were researched by A.N. Dinnik. The strength calculations and
stability of drilling rigs were discussed in his works. The theoretical understanding
of wellbore deflection and the rig’s response was heavily influenced by flat stability
models. To this day, most calculations for drilling rigs are based on this model.
This work showed that static analysis only provides satisfactory results in specific
cases. Wave phenomena and their effect on drilling rig dynamics, as well as the
operational patterns of drilling pipes, have been addressed in established works.

The interaction between the drilling rig pipes and the wellbore walls, the adhesion
forces, and the resistance forces in deflected wells have been studied in (Shashenko,
2017). In (Vasidzu,1987), the dynamic forces involved in the interaction of drilling
pipes were explored through linear relations. The rigidity of the pipe material
and the relation to the longitudinal progression coefficient are critical in defining
areas where pipe sections may lack vibrational motion, causing formation zones.
The dynamic aspects of drilling rig pipe motion, including internal and external
friction, have been discussed in works (Simonov, et a ,1977) and (Barskij,1983).
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The theoretical principles of drilling rig dynamics and its stability, along with
methods of practical implementation, were explored in the works of I.L. Barsk
(Barskij, 1985). His observations showed that the moment of rotation’s effect on
the rig depends not only on the magnitude of the rotation but on the change in the
system’s equilibrium, specifically when the rig transitions into a flutter motion. The
energy applied to the rig transforms into oscillatory energy. The interaction with the
wellbore walls reduces the amplitude of the rig’s motion and leads to processional
movement. The rig then impacts the wellbore walls, leading to the formation of a
multi-angled bottom, causing stress and failure.

A critical dynamic task is the study of oscillations in the rig’s core, particularly
involving coordinative parameters such as centralizers, calibrators, and various
other elements. The investigation of longitudinal and transverse vibrations in long
interconnected pipe sections has been studied in works (Yasov,1991). Much of the
work focuses on drilling apparatus control instruments and modern methods. The
evaluation of physical processes during well construction and operation highlights
the difficulties faced in drilling, where practical experience is highly valued. It
is in these real-world experiences that the final technological decisions are made.
Techniques to prevent deflection in the wellbore, based on practical drilling data,
are outlined in (Aleksandrov, 1970).

The study of wave phenomena in drilling rigs is essential in solving issues
related to mitigating stuck pipe events. This includes determining the optimal
level of vertical alignment for the rig to avoid non-recoverable pipe displacements.
Various strategies for mitigating sticking in wells due to the deflection or narrowing
of the wellbore, as well as the adhesion forces of the rig pipes, have been presented
inMardanova (Mardanova, 2002). In the zone of contact between the rig pipes and
the wellbore walls, friction forces are governed by Coulomb’s dry friction law.
The resistance force in the contact area depends on the friction coefficient and
the compressive force in the zone. Therefore, the selection of methods to prevent
sticking involves defining the boundaries of the affected zone, which is often
not clearly determined. In determining the upper boundary of sticking, methods
based on axial load and the measured displacement of rig sections under static
conditions have been suggested. However, methods for determining the lower
boundary of the affected zone have yet to be developed. The influence of dynamic
forces in the sticking zone and the breakdown of rock drilling methods have been
explored in works led by S.S. Grigoryan (Grigoryan, 1993). A telescopic device
developed under his leadership at the M.M.U. Mechanics Institute allows for the
generation of shocks on the stuck rig, facilitating the removal of the rig from the
sticking zone by applying dynamic impulses.The study of dynamic behavior in
stuck drilling rigs and methods to address sticking have been elaborated in the
works of Sh.M. Aytaliev (Ajtaliev, et al,1999). Various methods for simulating the
interaction between the pipes and the wellbore, as well as methods for applying
mechanical and non-mechanical forces to mitigate sticking, have been reviewed.
The study of the dynamic behavior of drilling rigs under these conditions, using
numerical-analytic methods, has been explored in this work.

238



ISSN 1991-346X 2. 2025

Materials and basic methods.

During the research, it will be necessary to observe the variations of the drilling
column deviations in the Oxz and Oyz planes at specific time intervals through
individual visualizations. However, the complete and realistic visualization of
the movement can only be observed in three-dimensional images. Therefore, the
following figures present the dynamics of the drilling column’s movement in three-
dimensional space at certain moments in time.

Due to the variety of numerical methods for solving simple differential equations
and systems of such equations, it is advisable to choose the method that provides
relatively low error and minimizes computational costs to obtain the solution of the
model describing the nonlinear motion of the drilling column.

To analyze the numerical methods and choose the most effective one, the
following methods are considered:

1. The fourth-order explicit Runge-Kutta method;

2. Two methods based on stiffness switching;

3. Backward differentiation formula (BDF).

In the first stiffness switching method (Stiffness switching 1), two extrapolation
numerical methods are used to solve the system of ordinary differential equations:
the explicit method of “chechard” and the linear implicit Euler method. In the
second stiffness switching method (Stiffness switching 2), the following two
numerical methods are applied to obtain the solution of the system of equations:
the eighth-order explicit Runge-Kutta method and the linear implicit Euler method
(Zakir, et al, 2023).

To analyze the effectiveness of the methods mentioned above, they will
be compared with the results of the classical fourth-order Runge-Kutta method
(Tsitouras, 2019).

The effectiveness of the numerical method is characterized by the time step At
used to obtain the solution, the number of arithmetic computations, as well as the
error when compared to the fourth-order explicit Runge-Kutta method, and the
computational time spent. The results of the comparative analysis are presented in
Tables 1-2.

Table 1 — Comparison of Numerical Methods, t = 150s

Method Number of Steps | Number of Operations | Error

Explicit Runge-Kutta 1020 a0872 o

Stiffness switching 1 121 3454 4.61707x 1077
Stiffness switching 2 161 2095 6.29397 % 10°F
BDF 797 2913 8.85473x107°¢
Implicit Runge-Kutta 5301 26504 6.35221x 1078
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Table 2 — Computational Time for Numerical Solutions

Method Time Spent, s

t = 50¢ t= 200¢ t= 350¢
Explicit Runge-Kutta 0.07825 0.171875 0.295875
Stiffness switching 1 0.03125 0.109375 0.203125
Stiffness switching 2 0.03125 0.073125 0.125
BDF 0.03125 0.078125 0.125
Implicit Runge-Kutta 0.328125 1.23438 214063

As seen from Tables 1-2, the stiffness-switching methods require a relatively
small number of time steps to obtain a numerical solution, with a smaller number of
arithmetic operations and a lower approximation error. These methods also require
very little computational time, similar to the BDF method. Among the methods
studied, although the explicit Runge-Kutta method of the fourth order has lower
efficiency, it shows very high accuracy in numerical solutions.

When comparing the two stiffness-switching methods, the method with the
eighth-order explicit Runge-Kutta and the explicit Euler method outperforms all
other parameters, except for the larger number of time steps.

Therefore, using the stiffness-switching method with explicit Runge-Kutta and
the explicit Euler method allows for obtaining a numerical solution with sufficient
accuracy, requiring fewer integration steps and reducing the computational time for
arithmetic operations. For this reason, this variation of stiffness-switching will be
used for solving nonlinear models in further calculations.

The solution of the nonlinear system of ordinary differential equations will be
done using the following two numerical methods with stiffness switching:

The eighth-order explicit Runge-Kutta method

The explicit linear Euler method

The use of these two numerical methods is based on the stiffness of the differential
equations under study. Stiff differential equations (or systems of equations) refer
to those equations that cannot be solved with explicit methods, i.e., using explicit
methods in the given time steps would lead to a rapid increase in the number of
computations or result in a significant growth of the error.

The mathematical model of the motion of pre-stressed drilling columns, which
are subjected to a force varying according to the law N(z,t), with a length of 1 and
moving at a frequency o, is given as follows (Seitmuratov, et al, 2017).
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u(z,t),v(z,t) — The transverse displacement components of the drilling
column;

© — Material density;

A— the cross-sectional area of the column;
E — Young’s modulus;

I/ o I/ y axial moments of inertia;
V — Poisson’s ratio;
@ — Angular velocity;

N (z,t) —Compressing force from above. In the calculations, we assume the
compressive force to be constant.

0 .
O, — Initial stresses.
Boundary conditions:

u(0,t)=0 u(l,t)=0
2 2
g SO0 o gy Q)
Y0z Y oz
V(0.1)=0 v(l,t)=0 @)
2 2
g 20D o g VD
0z 0z
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The boundary conditions are considered as hinged support, meaning that both
ends of the shaft are fixed.
Initial conditions:

u(z,0)=0 v(z,0)=0
ou(z,0) ov(z,0)
ot ot

C, C,— constants that describe the initial displacement velocity of the shaft in
the Oxz and Oyz planes at the initial time moment.

3)

G G,

The method of separation of variables by Bubnov-Galerkin was used to transform
the partial differential equation into a system of ordinary differential equations.

u(z,0) =Y 2,16 (2) = ig,-<t>sin("”72j, n=5
i=1 i=1 . &)
vz =Y (G (2)=Y f(1) sin(mTZ} n=5

Results and discussion.

The implementation of the Bubnov-Galerkin method was carried out in the
Wolfram Mathematica symbolic computation system, and the system of nonlinear
ordinary differential equations was obtained, where the time components of the

deviation are related to f;(t), g;(£)f: (), g;(t) (Hurshudyan, 2015).
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When solving the given integrals using the Bubnov-Galerkin method for n=5, a
system of 10 simple differential equations will be obtained.

242



ISSN 1991-346X 2. 2025

The initial conditions for the differential equations will be as follows:

If the indices are odd: i =2k — 1,k = 1,_3 :

2(0)=0, g'0)=";
7T

£0)=0, f'(0)="C ©)
17T

If the indices are even:I = 2k, k = 1,_3 :
g,(0)=0, g;'(0)=0;
£(0)=0, f'(0)=0

The cross-sectional’s area.:
T enz z —2..3 @)
A=4—(D —d?) A 201-107%m
The axial moment of inertia:
T
Io=1y, =, (D*—a*) ¥ 684-107°m* ®)

The results of the solution to the system of nonlinear differential equations,

related to the time components of the deviation f;(t),g;(t)fi(t),g;(t), are
presented in Figures1-2

— ) — (1) S

Figure 1 — The first three mods of the column’s deviation.
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Figure 2 — The third and fifth modes of the column’s deviation.

From Figure 1, we can clearly see that the first mode plays a significant role in
the overall oscillation process due to its larger values compared to the other modes.

It is worth noting that f;(#)f;{t) the time components of the deviation, influence the
deviation of the drilling column in the Oxz plane.

Similarly, from Figure 1, we can clearly see that the first mode (for the Oyz
plane) plays a significant role in the overall oscillation process due to its larger

values compared to the other modes.g;(£)g:(t) , the time components of the
deviation, affect the deviation of the drilling column in the Oyz plane.

In the future, we will use the aforementioned time components f;{(t)andg; (z)

fi(t)andg;(t) to calculate the deviations of the drilling column in the corresponding
Oxz and Oyz planes.

Figures 3-4 show the deviations of the drilling column in the Oxz and Oyz
planes. The numerical calculations were made at the point z = 0.4%91z = 0.491 ¢,
at the center of the column. All calculations were based on a column length of
I =150m! = 150m.

U(z,1)
0.3

0.2

— T(z;t)

Figure 3 — Deviation of the drilling column (m).
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From Figure 3, we can observe that the amplitude of the oscillations of the

drilling column at the point z = 0491z = 049! in the corresponding Oxz and Oyz
planes is approximately around 0.3. These are the maximum values of the deviation
for the given parameters.

For comparison and analysis, in Figures 4-5, the deviations of the column at the

pointsz = 0.331z = 0.33] andz = 0.66z = 0.66along the length of the column
are shown in the corresponding Oxz and Oyz planes.

U(z.t)

gealt s nnd s | [ERRRRRE S -

— U(z.t)

Figure 4 — Deviation of the drilling column at the point Z = 0.331z = 0.331.

or the purpose of comparing the deviations at different parts of the drilling
column, the column’s length was conditionally divided into three parts. From
Figures 4-5, we observe that the maximum deviation values of the drilling column
are approximately around 0.2. As seen, this value is much smaller than the deviations
at the center of the shaft shown in Figures 3-4. Thus, we conclude that the largest
deviations in the motion of the drilling column occur in the middle section of the
shaft.

In the following Figures 5-6, the dynamics of changes in the corresponding Oxz
and Oyz planes for the entire length of the drilling column are presented for each
fixed time moment..

Figure 5 — View of the drilling column in the Oxz plane at the time t = 79s.
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This was obtained using the ParametricPlot3d method. In the images, the
calculations were carried out for a column length of 1 = 150m, but for convenience,
this size was scaled. To set the dimensions of the considered area along the three
axes, the PlotRange attribute of the ParametricPlot3d function was used. These
dimensions were determined based on the maximum values of the deviation.

However, the disadvantage of these images is that performing individual
calculations for each time moment leads to significant time expenditure. Therefore,
for a specific time interval, the Wolfram Mathematica Manipulate function was
used to perform the calculation just once. The Manipulate function is used to
create dynamic images and is especially useful in understanding the solutions to
differential equations. This function is used to visualize the dependency of the final
values on the magnitude of the parameters. In our case, we use time as the changing
parameter, thus obtaining a dynamic image of the drilling column for a specific

time interval.
In the following Figures 1, we will examine the motion of the drilling column in

space for the time interval 0 <t < 200s.

0.0, T D4
« ~

at =12.1st = 12.1s 6)t = 26.4s5t = 26.45

Figure 6 — Motion of the drilling column in space for the time interval 0 <t < 200s.

From Figure 6, we can observe the deformation of the pre-stressed drilling
column in three-dimensional space for any limited time interval. The advantage of
these images is that we can view the condition of the drilling column at any given
time by simply pressing a button(Kister,1987)
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In the next step, to give the images visual meaning, it is necessary to color
the column in several colors to clearly highlight the “dangerous” values of the

deviation.
Conclusion

Drilling operations are characterized by the use of powerful electric motors with
large rotational speeds and automation of control and technological processes. All
these factors exacerbate the issue of reliability concerning the equipment installed
in the drilling wells.

There are various empirical equations for the drilling process that function
under a range of favorable conditions, aimed at forecasting intensive control and
efficiency indicators. However, these are based on deterministic influences, which
are underpinned by the physical understanding of ongoing processes and, as a
result, have a specific methodology. Using the methods developed, it is possible to
make relatively simple changes within a wide range of process parameters, which
are based on the impact of these changes on the system’s performance.

When studying the vertical oscillations of the column in the fixing area, the
moment of the supporting force acting on the column’s torsion is taken into account.
The effect of the support force on the columns in the fixing area depends on the
lateral support and hydraulic pressure from massive fixings.

The friction parameters in the contact area change as the surrounding temperature
rises. Therefore, design and implementation of drilling works, as well as addressing
any adverse situations, should be scientifically studied and solved using the latest
technological advancements.

The development of science and technology, the rise of scientific and technical
progress, and the use of quality technologies that monitor the requirements of
deformable environments and dynamics are crucial.

The development laws of applied problems and the study of deformable solid
bodies in mechanics are being explored. For a complete analysis, the physical and
mechanical properties of materials, their deformation characteristics over time,
and the interconnection effects of temperature, electric, and magnetic fields on
mechanical deformations are considered.

The results of the study contribute to the exploration of stationary, non-stationary,
oscillatory, and wave processes, leading to significant achievements in the fields of
mechanics of deformable solid bodies, hydrodynamics, and geophysics.

The scope of the work includes modeling the inclined oscillation of the drilling
column in the MAPLE system and theoretical research on new stages in the non-
stationary oscillation region, as well as developing a new model for inclined
oscillation conditions in the drilling column. The effectiveness of mathematical
methods in studying a wide class of spatial problems within known models is also
explored.

In theoretical and experimental plans, among various classes of deformable
environments, elastic and visco-elastic materials, as well as porous materials, are
key areas of study. The interactions between phases (liquids and solids) can be
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relative, and their movement is interconnected. The degree of improvement in the
connections between phases depends on binding characteristics, pore size, and
other attributes of the skeleton.

The main problems of the dynamics of inclined oscillations have been
transformed, and necessary data from elastic and visco-elastic theories are presented.
In cases of small deformation, two-component visco-elastic environments have
been considered.

The development laws of applied problems and the study of deformable solid
bodies in mechanics are clarified. The basic problems of the dynamics of inclined
oscillations in the drilling column have been transformed and modeled in the
MAPLE system(Seitmuratov, et al,2011). The Maple system provides the ability to
visualize several function graphs, allowing the distinction between them for display
purposes.

The unique aspect of the graphs in the MAPLE system for inclined oscillations
is the use of theplot3d function. Each point on these graphs, z corresponds to
coordinates on the XY plane. Due to the computer screen’s perspective, in practice,
three-dimensional graphics serveas a projection of volume objects.
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