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

ACADEMIC SCIENTIFIC

JOURNAL OF COMPUTER SCIENCE




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

ACADEMIC SCIENTIFIC
JOURNAL OF COMPUTER
SCIENCE

4 (356)

OCTOBER - DECEMBER 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
MAMYRBAEYV 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

Academic Scientific Journal of Computer Science

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

Owner: «Central Asian Academic Research Center» LLP (Almaty).

Certificate Ne KZ77VPY00121154 on the re-registration of the periodical printed and online publication of the
information agency, issued on 05.06.2025 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.

http://'www.physico-mathematical.kz/index.php/en/

© «Central Asian Academic Research Center» LLP, 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
«AKIapaTThIK KOHE €CENTey TEXHOIOTHsIIaphl HHCTUTYTHIHBIHY 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 akageMuschIHBIH 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

Academic Scientific Journal of Computer Science
ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)
Menmikreymi: «OpTaiblk A3ust akaeMUsUIBIK FeUTbIME opTaiibirsl XKIIC (Anmarsr).
AKnapar areHTTIriHiH Mep3imzi 6acriace3 0achUIbIMBIH, aKIapaT areHTTIrH )KOHE KEJIUTIK 0achUIBIMIbI KallTa eCerke
Koto Typansl KP Manenuer sxaHe AKIapar MUHUCTPIIIT «AKrapar KOMUTET» PeciyOnmKaibslk MEMIIEKETTIK MeKeMecl
05.06.2025 >x. 6eprerr Ne KZ77VPY 00121154 Kyormik.
TaKBIPBINTHIK OAFBITL: AKNAPAMMbIK-KOMMYHUKAYUATBIK IMEXHOIOUALAD
Kasipri yakpITTa: «aknapammolk-koMMYHUKAYUAIbIK mexHorozusaiapy basvimul 6ouvinuwa KP B M BFCBK
YCbIHRAH JHCYPHANOAp Mi3iMine eHOI.
Mep3simuiniri: orcoLivina 4 pem.
http://www.physico-mathematical.kz/index.php/en/
© «OpTanbIK A3usi akaJIeMUSUIBIK FRUTBIMU opTaibireDy JKILIC, 2025

3



IJIABHBIN PEJAKTOP:
MYTAHOB T'aimmkaup MyTaHOBHMY, JIOKTOp TEXHHYECKMX HayK, mpodeccop, akagemuk HAH PK, n.o.
reHepanbHoro aupekTopa «MHeTuTyTa MHGOPMALMOHHBIX U BhrYuCIHTENbHBIX TexHonoruiy KH MHBO PK (Anvarsr,
Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6506682964, https://www.webofscience.com/wos/
author/record/142 3665

PenaknnonHas KoJuIerusi:
KAJIMMOJIJAEB Maxkcar HypaanioBuy, (3aMeCTHTEIb TTIABHOTO PEIAKTOPA), TOKTOP (DH3HKO-MATEMATHIECKUX
Hayk, npodeccop, axkamemuk HAH PK, coBernuk renepansHoro aupekropa «VHcTutyra MHOOPMALMOHHBIX U
BeuncuTenshbix Texuonoruiny KH MHBO PK, 3aBexnyrowmit maboparopueit (Anvarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=56153126500, https://www.webofscience.com/wos/author/record/2428551
MAMBIPBAEB Opxken KymaxkanoBud4, (ydeHslii cexperapb), nokrop ¢miocopuun (PhD) mo crenmansHOCTH
«VHpOpMaLIOHHbIE CHCTEMBD», 3aMecTHTeNb aupektopa mo Hayke PITI «MHCTHTYT HH(OPMALMOHHBIX U
BBIUHCIUTENBHBIX TexHonmoruin» Komurera nayku MHBO PK (Anmarsi, Kasaxcran), https:/www.scopus.com/authid/
detail.uri?authorld=55967630400, https://www.webofscience.com/wos/author/record/1774027
BAUT'YHUYEKOB Kymamun JKanaGaeBH4, IOKTOp TEXHHYECKHX Hayk, mpodeccop, akamemuk HAH PK,
WHCTHTYT KHOEpHETHKY 1 MH(OPMALIMOHHBIX TEXHONOI M, Kadepa MPHUKIIAIHON MEXaHHKH H MH)KCHEPHOH IpauKu,
Vuusepcurer CarmaeBa (Anmarel, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6506823633,
https://www.webofScience.com/wos/author/record/1923423
BOUYMUK Baibiemap, [OKTOp TEXHHYECKHX HayK (¢u3.-mar.), mpodeccop JIIOOIMHCKOTO TEXHOIOIHYECKOTO
yuuBepcurera (JIrobmun, Ilombiua), https://www.scopus.com/authid/detail.uri?authorld=7005121594, https://www.
webofscience.com/wos/author/record/678586
CMOJIAPK Ankeii, 101eHT (aKyisTeTa dIeKTPOHHKH JIIOOIHHCKOTO MTOMHTEXHIYIECKOro yHiBepeuTera (JIoommH,
Ionbura),  https://www.scopus.com/authid/detail.uri?authorld=56249263000, https://www.webofscience.com/wos/
author/record/1268523
KEWJIAH AsmmmxaH, JOKTOp TexHHUeCKHX Hayk, mpodeccop (Doctor of science (Japan)), miaBHBIA HayqHBIT
corpynauk PITI «MHctuTyTa MH(OPMALMOHHBIX M BbrauciauTenbHbIX TexHonoruiy KH MHBO PK (Anmarsl,
Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=8701101900, https://www.webofscience.com/wos/
author/record/1436451
XAHNPOBA HuHa, [OKTOp TEXHHYECKHX HayK, Hpodeccop, miaBHbI Hay4Hbii corpysauk PITI «WuctutyTa
HUH(POPMALHOHHBIX U BhraucIuTenbHbIX Texnonorniy KH MHBO PK (Anmarsr, Kasaxcran), https:/www.scopus.com/
authid/detail.uri?authorld=37461441200, https://www.webofscience.com/wos/author/record/1768515
OTMAH Moxamen, nokrop ¢unocodun, npodheccop KOMIBIOTEPHBIX HayK, JlenapTaMeHT KOMMYHHKAIHOHHBIX
TeXHOOTHi 1 cereld, YuusepcureT [Iyrpa Manaiizus (Cenanrop, Manaiisus), https://www.scopus.com/authid/detail.
uri?authorld=56036884700, https://www.webofscience.com/wos/author/record/747649
HBICAHBAEBA Cay:ie Epke0y/1aHoBHA, JIOKTOP TEXHUYECKHX HAYK, JOLEHT, CTapIlKii Hay4HbIid coTpyaHuk PITI
«MHCTuTyTa HHOOPMALHOHHBIX U BhIUHCIUTENbHBIX Texuonoruiny KH MHBO PK (Anmarsi, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=55453992600, https://www.webofscience.com/wos/author/record/380204 1
BUSILIEB Pycram DakamieBHY, TOKTOp TEXHHYECKHX HayK, MpoQeccop, 3aMecTuTenb aupexrtopa Wucturyta
npoGiieM MH(OPMATHKK U YIIPaBICHHS, 3aBeAyOLHil Jaboparopreii nHdopMarmontoii 6ezonacuoctu (Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=6603642864,https://www.webofscience.com/wos/author/
record/3802016
KAITAJIOBA Hypcyiny AJjiaapoBHa, KaHIUIAaT TEXHMYECKUX HayK, 3aBeIyrolui Jjadoparopueil kubep-
6esomacnoctu PI'TI «MucTrTyTa MHQOPMAIMOHHBIX M BRIMHCIUTENbHBIX TexHOmoruiy KH MHBO PK (Ammarsr,
Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57191242124,
KOBAJIEB Aunexcanap MuxaiiioBuy, IOKTOp (GH3HKO-MaTeMaTHIecKHX Hayk, akagemuk HAH Vipawumsi,
Wncrutyr mnpuknagHoid Mmaremaruku u Mexanuku ([lonerk, VYkpaumna), https:/www.scopus.com/authid/detail.
uri?authorld=7202799321, https://www.webofscience.com/wos/author/record/38481396
MUXAJIEBAY Anexcanap AjieKcaHApPOBHY, JOKTOP TEXHUUYECKHUX HayK, rpodeccop, akagemuk HAH Benapycu
(Mutnck, Benapycs), https://www.scopus.com/authid/detail.uri?authorld=7004159952, https://www.webofscience.com/
wos/author/record/46249977
TUT'UHSHY Won MuxaiijioBuy, 10KTOp (HU3MKO-MATEMAaTHISCKHX HAYK, aKaJEMHUK, NPE3UACHT AKAIEMUH HAyK
MornnoBsl, Texuudeckuii yxuepcuter Mommosbl (Kummue, Mongosa), https:/www.scopus.com/authid/detail.
uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science

ISSN 2518-1726 (Online),

ISSN 1991-346X (Print)

CoberBennnk: 700 «Llenmpanvro-azuamcKkuil akademuieckutl Hayunvlil yenmpy (e. Anmamuot).

CBUJIETEIBCTBO O TIOCTAHOBKE Ha IepeydeT NepHOANYESCKOTO IeYaTHOTrO 3AaHMs, HH(POPMALIMOHHOTO areHTCTBa
u cereBoro u3nanust Ne KZ77VPY00121154. /lara Beigaun 05.06.2025

Temarnueckasi HaIpaBICHHOCTD: UHGOPMAYUOHHO-KOMMYHUKAYUOHHBIE MEXHOLOUU.

B Hacrosiiee Bpemsi: gowten 6 cnucok scypruanos, pexomernoosannvix KOKCHBO MHBO PK no nanpagnenuio
CUHGDOPMAYUOHHO-KOMMYHUKAYUOHHBLE TEXHOLOUUN.

IMepuonuunocts: 4 pasza 6 200.

http://www.physico-mathematical.kz/index.php/en/

© TOO «lleHTpanbHO-a3uaTCKU akageMUUYeCKUIl HayYHbIN LeHTpy», 2025

4



ISSN 1991-346X 4.2025

CONTENTS

B. Assanova, Zh. Moldasheva, A.T. Kishubaeva
Decision support system structure and blocks for selecting efficient
delayed coking MOdES........cccueeiiiiiiiiiieciie e 11

Zh.T. Abildayeva, R.K. Uskenbayeva, G.S. Beketova, N.B. Konyrbaeyv,

S.B. Seydazimov

Multi-criterion optimization of advertising budget allocation in the

agro-industrial complex based on NSGA-III algorithm..........cccccoeeeiiiiiiinnnne. 26

A.O. Aliyeva, B.S. Omarov, R.B. Abdrakhmanov, D.R. Sultan,

A.B. Toktarova

Neural network model for automatic detection of Kazakh-language

RAtE SPEECH....c.uiiiciii e et ereeenaee s 40

O. Auyelbekov, E. Bostanov, S. Sapakova, L. Tukenova, A. Kozhagul
Modeling and analysis of a generator with permanent and variable magnets........ 55

G. Autova, G. Nurtayeva, E. Zulbukharova, G. Yeleussizova,

R. Zhumabekova

Theoretical foundations of interdisciplinary integration of physics

ANA COMPULET SCIENCE...eeuvietietieeietieitiesteestteeitesteesteesteesttesteesseesseesseesseesseesneesneennes 73

A.Zh. Akhmetova, M.A. Kantureyeva, A.A. Abisheva, A. Aubakirova,
A.A. Shekerbek
Analysis of the social network user’s enviroment...........ccoeeeveereveeriieeeereeeseeenneenns 89

A.Sh. Barakova, K.S. Shadinova, A.S. Orynbaeva, G. Sugurzhanova
Design of a model for protecting a website’s authentication data and content
based on blockchain technology.........cccovvevieriiriiiiieiie e 102

A.N. Zhidebayeva, G.U. Madaliyeva, B.O. Tastanbekova,

S.S. Karzhaubekova, G.S. Shaimerdenova

Deep neural network Conv-LSTM for ECG-based cardiac disorder

110 (5118 A Lo 1 10 o EO PSPPSR 122

N.M. Zhunissov, A.B. Aben, A.B. Amanzholova
The fraud detection model in teXt MESSAZES......eeevveieruireriieeriierreeeree e eiee e 138

A. Issakhov, A. Alzhanov, A. Akhmedov, A. Amanzholov, T. Murat
Numerical simulation of thermohydrodynamics during heated water
discharge into Lake Balkhash.............cccccveviiviinieniieiieiceec e 152



Academic Scientific Journal of Computer Science

Z. Kaderkeyeva, B. Razakhova, G. Bekmanova, A. Nazyrova,

M. Zhasuzakova

Q-Bilim: an intelligent system for assessing learning outcomes based

ON COMPELETICIES. ..eeuvrevveerriertiesteesteeteesseesseesseesseessaesseessaesseessessseesseesseesseessesssesssenns 171

N. Karymsakova, A. Boltaboyeva, D. Turmakhanbet, M. Maulenbekov,

T. Abdirova

Unsupervised learning for the identification of critical conditions in renewable
ENETZY PIOAUCTION. . eeutieiietieiiestteieettesteesteesteesteebeesseesseesseeseesseesseeseesseensenseens 184

A.Kulakayeva, E.Daineko, B. Medetov, A. Nurlankyzy
Evaluation of the effectiveness of modern neural network architectures for VAD
under 1ow SNI ratio CONAIIONS. ......covvueeiieeeeeeeeeieeeee et ee e e e e e e e eeeaaeeeeeeens 203

B. Orazbayev, A. Zhumadillayeva, K. Orazbayeva, R. Yessirkessinov,

Zh. Tuleuov

Development of models of sulfur production processes based on artificial

neural networks and SIMUIAtION...........cvevierierierierieceeeeee e 216

L. Rzayeva, A. Ryzhova, M. Zhaparkhanova, A. Myrzatay, Zh. Kozhakhmet
A new LSTM-based web application for automated password strength
EVAIUALION. ..ttt ettt et ettt et b et nees 234

D. Sagidoldin, A. Zhetpisbayeva, B. Zhumazhanov, B. Zhumazhanov
Increasing the reliability of data transmission from small spacecraft using
SDR EQUIPIMENL.......ieiieiieiieiieiieieeie et eie e eseebeesseesseersessseesseessesssesssesssesssenens 259

A.N. Seraly, A.D. Mekhtiyev, G.Z. Ziyatbekova, K.B. Begalieva,
R.A. Mekhtiyev
Development of hardware for monitoring optical parameters.............cccccvereeenee. 274

A.A. Taurbekova, M.V. Markosyan
Development and implementation of a computational model of magmatic
processes in the bowls of the Earth and on its surface..........ccoeevvevvvciincieeinennnnne, 288

K. Chezhimbayeva, A. Mukhamejanova, Y. Garmashova
Fuzzy-logic-based expert system for predicting QoS in 5G networks................ 306



ISSN 1991-346X 4.2025

MA3MYHbI

B.Y. AcanoBa, K.7/K. Moninamesa, A. Kumybaesa
Basty kokcTey KOHABIPFBICHI YILITH THIM/II )KYMBIC PEKUMJIEPiH TaHAayFa
MIETTM KOTAAY KYHECT KYPBUTBIMBL. ... .eeitveerereesereessreesseesseeessseessseessseesssesssessssenns 11

K. T. Ooininaena, P.K. Yekenoaena, I.C. bekeroBa, H.b. Konbipoaes,

C.b. Ceiinazumon

NSGA-III anropuT™mi HeriziHAE arpOOHEPKCINTIK KELICHIET] JKapHaMaJIbIK
OFO/KETTI 0Oyl KOIT KPUTCPUATIIBI OHTAMITAHIIBIPY . .euvveevreerererenerenerensressnenseenens 26

A.O. 9imesBa, b.C. Omapos, P.b. Aogpaxmanos, /I.P. Cyiaran,

A.b. TokTaposa

Kazak TimiHgeri IMCKpUMHAHAIASHBI aBTOMATTHl aHBIKTayFa apHaIFaH

HEUPOH/IBIK JKEITITIK MOJIEITL. .. veeuveeueeeureesreenseenseeneeaneeansesnsesnsesnsesnsesnsesssesssesssesnsennes 40

O. 9yenbekos, E. bocrano, C. CanaxkoBa, JI. TykeHoBa, A. KoxaryJ
TypakTsl xoHE alfHBIMAJIBI MATHUTTEP1 Oap TeHepaTop/Abl MOJIENbIICY
P (%) (S 2 D) 01 | PRSP 55

I'M. AytoBa, I.K. Hypraesa, 3.M. 3yab0yxaposa, I.C. Eneycusona,

P.P. ’KymaGexoBa

®duznka MeH HH(POPMATHKA ITOHAEPIHIH MTOHAPATBIK HHTETPAITUSCHIHBIH
TCOPHUSITBIK HETIBIICP 1. 1 evvvevveenveenieenteenieenteeteeseesseenseenseenseesseensessseenseenseenseensesssessenns 73

A.K. AxmetoBa, M.A. KautypeeBa, A.A. AoumeBa, A. Aydakupona,
A.A. llexkepoex
OJICYMETTIK KeJi KONIAaHYIIBIIAPBIHBIH OPTACHIH TATIAY....uveeereeereerreesressvensnenens 89

A.Ill. bapakosa, K.C. lllagunoBa, A.C. OpsinbaeBa, I. Cyryp;xanoBa
Briok4eitH TeXHOMOTUACHI HETi31H1e BeO CalTThIH ay TeHTU(UKAIMSITBIK
JepeKTepi MEH OHIMIH KOPFAY MOHEITH KYPACTBIPY..ccuvvereerreerreerueenieenreenseenseanaeas 102

A.H. Kunebaena, I.Y. MaganueBa, 5.0. Tacranoexona,

C.C. Kap:xay0ekosa, I.C. lllaiimepaenoBa

JKypek aypynapbia anbikTayna Conv-LSTM apxutekTypachiHa HETi3/e/ITCH

TEPEH HEUPOHIIBIK JKCITL.uveeuvvreerrerreerreesureesseeensseessseessseessseessesensasessseesssesssseennnes 122

H.M. Kynucos, A.b. AbeH, 9.b. AMaH:k0/10Ba
Mortinaik xabapiaamanaparbl aTassKTHIKThI aHBIKTAY MOCII........ccvverreerrrererennens 138

A.A. UcaxoB, A. Anb:xaHoB, A. AxmenoB, A. AMaH:ko10B, T. Mypar
Bankain xesiHe )KbUIbI Cy aFbi3y Ke31HJer! TepPMOTHIPOINHAMHUKAHBI
CAHIIBIK MOIICTIBIICY. .1 euvveeneveessreessseessseesnseeassssensseessssesssesssseesseesssessnsssensssssssessseenns 152

7



Academic Scientific Journal of Computer Science

3.K. Kanepkeena, b.111. Pa3axoBa, [.T. bekmanoBa, A.E. Ha3bipoBa,

M.K. KacyzakoBa

Q-Bilim: ky3bIpeTTepre HEri3AeIreH OKy HOTHXKEIIEpiH OaraiayFra

APHAIIFAH UHTCIUICKTYAIIBI FKYTIC. . veeeureeeereeieeenieeeseeeesseesseesnseesseeesnesnneeensneenns 171

H. KapsimcaxoBa, A. boirra6oesa, /I. Typmaxanoet, M. MayJsien0exos,
T. Adguposa
JKanapThinaTeiH SHEPrHst OHIIPICIHACTT KPUTUKAIBIK PEXKUMACP/] aHBIKTayFa

A. Kynaxkaesa, E. /laiinexo, b. MeneroB, A. HypiaHKbI3bl
Curnan/umysl1 KaTblHACHl TOMEH JKaFJaiiap/a 3aManayy HEHpOHIBIK JKENiiK
VAD apxuTeKkTypanapblHbIH THIMIUIITTH OQFATIAY......cc.ereereeeeeenieeeeeeneeaneeeenees 203

b. Opa3baes, A. KymanuiaeBa, K. OpasoaeBa, P. Ecupkecunos,

K. Tyneyon

Kykipt enaipy npoueccTepinii MOAEIbACPiH KacaHabl HEHPOHIBIK

HKEJIJICP HETI3IHJIC 93IPICY KOHE MOJCIIBIICY. . eeuveerrrerreerersrerseesseesseesseesseesseesses 216

JI. P3aeBa, A. PuixxkoBa, M. KanapxanoBa, A. Mbip3araii, 7K. Ko:xkxaxmer,
Kynuscesniy Oepikririn aBromarTsl Oaranayra apHanran LSTM nerizingeri
HKAHA BEO-KOCBHIMIIIA. ... eeuvreseeerseerseeseesseessesseessaesseessessseesseesssessessssesseessessssessesssees 234

A.T. Carupgongun, A.T. Kernucoaena, b.P. ’Kyma:xxkanos, b.C. ’Kyma:xxkanon
SDR »a0apIKTapblH Maiigagany apKbUIbl, HIAFBIH FAPBILI anfapaTTapbiHaH
JEPEKTEP/Ii OCPYIH CCHIMIIIITIH APTTBIPY. . eevverrerreerreeseerseerseesseesseesseesseesseesses 259

A.H. Cepaabl, A.Jl. Mextues, I.3. 3uaroexoBa, K.b. beranuena,

P.A. MexTueB

OnrtukanblK napaMeTpiepai OakpliayFa apHaIFaH anmnapaTThIK

KYPBUTFBIHBI Q31PIICY... . eeuvitteuteneerteestententesteeueentessesseeseesesseeneeneesesneeneensesseeneeneenses 274

A.A. TaypbekoBa, M.B. Mapkocsin
YKep xe3iHieri )KoHE OHBIH OCTiIHJIETT MArMaTThIK IPOLIECTEeP/IIH €CENTIK
MOJICITIH 31PIICY JKOHE CHTIBY. ... eeuveerreerreesresseesseesseesseesseesseesseesseesseesseessessseessesssees 288

K.C. YexknmbaeBa, A. MyxamenxanoBa, 0. 'apmamioBa
ATKbIH emec jtoruka Herizinae 5G xeninepingeri QoS Ookay SKCHEepTTiK



ISSN 1991-346X 4.2025

COJIEP)KAHUE

B.Y. AcanoBa, K.7’K. Moninamesa, A. Kumybaesa
Crpykrypa v (PyHKIIMOHAJIBHBIC OJIOKH CUCTEMbI TIOJICPIKKH PEILICHU
JUTS BBIOOPA PEXKUMOB 3aMEITIEHHOTO KOKCOBAHMSL. .....vventeeneeeneeenteenreenreeneeeneeeneeas 11

K.T. AounnaeBa, P.K. Yckenbaena, I.C. bekeroBa, H.b. Konbip6aes,

C.b. CeiinazumoB

MHorokpuTepuanbHas ONITUMHU3AINS PACIIPE/IeIEHUs] pEKIIaMHOTO OFOJKeTa

B ank Ha 0CHOBE aMrOPUTMa NSGA-IIL......ccooiiiiiiieiieiee e 26

A.O. Anuesa, b.C. Omapos, P.b. Aogpaxmanos, JI.P. Cyiaran,

A.B. Toktaposa

HeiipocereBast Moaemnb Ui aBTOMaTH4eCKOr0 OOHAPYKeHUs AUCKPUMUHALIUI

B KABAXCKOM SIBBIKE.....ceeiuttteeritteeenuitteesirteesaieteesssteesaaneeeesnsteesanbaeessnnaaeesanneeessseees 40

0. AyeandekoB, E. Bocranos, C. CanakoBa, JI. TykenoBa, A. Ko:xkaryJ
MopenupoBaH#e U aHAIIU3 TEHEPATOpa C TOCTOSTHHBIMY U TIEPEMEHHBIMU
DY 23 17 4 20 SO 55

I'M. AytoBa, I.K. Hypraesa, 3.M. 3yab0yxaposa, I.C. Eneycusosa,

P.P. ’KymaoexoBa

TeopeTndeckue 0OCHOBBI MEXINCIUIUIMHAPHON UHTETpauuy (Gru3nku

T THDOPMATHKL. .......veeuveeneeenseenseenseesseesseasseanseensesssesssesssesnsesssesnsesnsesssesssesssesssesssennes 73

A.K. AxmetoBa, M.A. KantypeeBa, A.A. AouieBa, A. Aybakupona,
A.A. llexkepoex
AHau3 OKPYKCHHSI TTOJI30BATEICH COMMATBHON CETH.....oeevuvrerereernreeenreeeereeneneenes 89

A.Ill. bapakoBa, K.C. lllagunoBa, A.C. OpsinbaeBa, I. Cyryps;xanoBa
PaspaboTka Moesu 3auThl ay TeHTU(UKAIMOHHBIX JIAHHBIX ¥ KOHTEHTA
BeO-caiiTa Ha OCHOBE TEXHOJOTHH OJIOKUCHH. .......cceevuieeeerreeeeeiieeeeereeeeeeareeeeennens 102

A.H. Kunebdaena, I.Y. MagaaueBa, 5.0. TacranoexoBa,

C.C. Kap:kayOekosa, I.C. lllaiimepaeHoBa

I'myGokas HelipoHHasi ceTh Ha OCHOBE apXUTeKTypbl Conv-LSTM mms

BBISIBJICHUS CEPACUHBIX 3200TICBAHUM. ....vvvevvrenreereereesteesieesseesseesseesseesseesssesssesses 122

H.M. Kynucos, A.b. Aben, A.b. AMaH:ko;10Ba
Mopens oOHapyKEeHHUSI MOIIIEHHUYECTBA B TEKCTOBBIX COOOIIEHHSX. ......cnee.... 138

A.A. UcaxoB, A. Anb:kaHOB, A. AXxMen0B, A. AMaH:ko010B, T. Mypar
UuciieHHOe MOJCTHPOBAHUE TEPMOTHIPOINHAMUKHY TIPH COPOCE TIOJOTPETHIX
BOJ B 03€P0 BAIIXAIIL.......ccouiiiiiieiie ettt et e e eenneeeneaeennee s 152



Academic Scientific Journal of Computer Science

3.K. Kanepkeena, b.111. Pa3axoBa, [.T. bekmanoBa, A.E. Ha3bipoBa,

M.K. KacyzakoBa

Q-Bilim: uHTenIeKTYanbHas CUCTEMa OLEHKH PE3yJIbTaTOB 00YUYCHHUS

HA OCHOBE KOMITETEHIIIM] . ..c..veeuvienieenieeieetieieeteenie et e bt et e st et esbee bt enbeesieenbeennees 171

H. KapsimcaxoBa, A. boirra6oesa, /I. Typmaxanoet, M. MayJsien0exos,

T. Adguposa

OOy4enue Oe3 yuuTesis A7l BEISIBICHHS KPUTHYECKUX PEKUMOB

B TIPOU3BOJICTBE BO3OOHOBIISIEMOM THEPTH . ....cuvenveeneeneeveeneeneeneeneeeneeneeseeeneeneenees 184

A. Kynaxkaesa, E. /laiinexo, b. Meneros, A. HypiaHkbI3b1
Onenka 3(h(heKTUBHOCTH COBPEMEHHBIX HEWpOCceTeBbIX apXxuTekTyp VAD mpu

HU3KOM OTHOIICHUH CUTHAI/IIIYM.....eervvevrersrerseesseesseenseesseenseesseesseesseessessssensessses 203

b. Opa3baeB, A. KymaguainaeBa, K. OpazdaeBa, P. Ecupkecunos,

K. Tyneyon
PazpaboTka Mozeneii mporeccoB MPOU3BOICTBA CEPbl HA OCHOBE UCKYCCTBEHHBIX
HEUPOHHBIX CETCH U MOJCTUPOBAHHUE. ....cecuveeenreeeneeeanereenreenneeesnseessseesseesnseeenseens 216

JI. P3aeBa, A. PuixxoBa, M. KanapxanoBa, A. Mbip3araii, 7K. Ko:xxaxmer
Hogoe BeO-npuoxkenne Ha ocHoBe LSTM 151 aBTOMaTH3UPOBAHHOM OIICHKU
HATICHKHOCTH TTAPOIICH. ....eeuvieerereenereeeeeeeateesnteesteeeseeaseeensseessseessseesssessnseesseesnseens 234

A.T. Carupgongun, A.T. Kernucoaena, b.P. ’Kyma:xxkanos, b.C. ’Kyma:xxkanon
IloBrIICHUE H&Ilé)KHOCTI/I nepeaain AaHHbIX ¢ MaJIbIX KOCMUYCCKUX allaparoB
¢ MPUMEHEHUEM SDR O00PYHOBAHUS. .....ccveeiieiieniieniieiieieeieeieeieeie e eseeeeens 259

A.H. Cepaabl, A.Jl. Mextues, I.3. 3uaroexoBa, K.b. beranuena,

P.A. MexTueB

Pa3paboTka arnmapaTHOro cpejicTBa Jijisi KOHTPOJIS ONTHYECKUX

TTAPAMETPOB. .. eteeuteeuteenteenteenteeauteeueeeateeateeteenbeesheenbeesateeateeaaeeateebeenbeesbeesatesateeanes 274

A.A. TaypbexoBa, M.B. Mapkocsin, H.T. KapsimcakoBa
Pa3paboTka u peayin3anus BEIYUCIUTEIBHON MOJICITH MarMaTHUECKUX
MIPOLIECCOB B HEJPAX 3EMIIM U HA €€ TIOBEPXHOCT . ..ccnveenreeneeenreenreenieenieenreenieenees 288

K.C. YexknmbaeBa, A. MyxamenxanoBa, 0. 'apmamioBa

OkcneptHas cucrema nporHo3uponanus QoS B 5G-ceTsix Ha OCHOBE HEUETKOM
JIOTHKH L. ..nvvteteeateete ettt et eae st e et saesh e st e sa e sbe oot s bt eaeeaenesaeennesnesneeneennennes 306

10



ISSN 1991-346X 4.2025

ACADEMIC SCIENTIFIC JOURNAL OF COMPUTER SCIENCE
ISSN 1991-346X
Volume 4. Namber 356 (2025). 55-72

https://doi.org/10.32014/2025.2518-1726.383

IRSTI: 27.17.19; 06.52.13; 28.23.15
UDC 004.942

© O. Auyelbekov'?, E. Bostanov?, S. Sapakova*’, L. Tukenova®,
A. Kozhagul?,2025.

nstitute of Information and Computational Technologies, Almaty, Kazakhstan;
’Kazakh National Women’s Pedagogical University, Almaty, Kazakhstan;
3Civil Aviation Academy, Almaty, Kazakhstan;
“International Information Technology University, Almaty, Kazakhstan;
’Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: s.sapakova@iitu.edu.kz

MODELING AND ANALYSIS OF A GENERATOR WITH
PERMANENT AND VARIABLE MAGNETS

Auyelbekov Omirlan — cand. of ph. and math. sc., Associate Professor, Institute of Information
and Computational Technologies; Kazakh National Women’s Pedagogical University, Almaty,
Kazakhstan,

E-mail: omirlan.auelbek@gmail.com, https://orcid.org/0000-0002-2903-9086;

Bostanov Ernar — senior lecturer, Civil Aviation Academy, Almaty, Kazakhstan,

E-mail: bostanovernar0929@gmail.com, https://orcid.org/0000-0002-8753-0244;

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

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

Tukenova Lyailya — cand. of ph. and math. sc., Associate Professor, Al-Farabi Kazakh National
University, Almaty, Kazakhstan,

E-mail: Tuken lei06@mail.ru, https://orcid.org/0000-0002-0863-5153;

Kozhagul Aidos — teacher, Kazakh National Women’s Pedagogical University, Almaty, Kazakhstan,
E-mail: aidos.qt@gmail.com, https://orcid.org/0009-0002-3294-8958.

Abstract. This paper addresses the efficiency gap in compact, self-starting
electric generators for autonomous devices, where mechanical and electrical
losses degrade output and lifetime. We study a pulse-controlled generator with
a pendulum-inertial cone rotor and dual magnetic excitation — constant field
for stabilization and alternating field for adaptive energy injection — targeted at
maximizing conversion from mechanical oscillations to electrical power. A time-
domain model with realistic losses (bearing friction, coil resistance, current/voltage
limits) was implemented in Python/NumPy and validated by numerical experiments
over 0—10 s. Parameter sweeps covered moment of inertia, friction coefficient,
load resistance, pulse amplitude and duration, number of turns, and magnetic flux;
outputs included angular speed, induced EMF, current, and accumulated energy.
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Our key hypothesis is that combining inertial smoothing with sparse pulse actuation
increases net energy and extends steady operation versus a permanent-magnet, no-
pulse baseline. The simulations confirm this, attributing gains to reduced torque
ripple, selective compensation of dissipation, and recovery through a self-charging
loop. Distinguishing features are the cone rotor acting as a pendulum stabilizer,
dual-field control, and low-loss pulse start. Practical use is foreseen in energy-
harvesting nodes and low-power drives where short start-up energy is available,
mechanical losses are moderate, and load impedance can be matched. The results
guide sizing and control co-design without serving as an introduction.
Key words: self-charging; generator; rotor; EMF; mathematical model
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AHHoTamus. by Mmakaiajga MeXaHUKaJIBIK )KOHE 3JICKTPJIIK HIBIFBIHIAD OHIIPIC
IIeH KBI3MET €Ty Mep3iMiH HallapiiaTaThIH aBTOHOMIBI KYPBUIFBUIAPFA apHAJIFaH
BIKIIIaM, O3JITiHEH iCKe KOCBUIATBHIH JIIEKTP TEHEepaTOpJIaphIHAAFbl THIMIIIIIK
QIIAKTBIFBl KapacThIPbLIAAbL. bi3 MasTHUKTI-HHEPIHSUIBIK KOHYCTHIK pPOTOPHI
0ap MMITyJIBCTIK OacKapbLIaThIH T'CHEPATOPIbl KOHE KOC MArHUTTIK KO3Y/IbI-
TYpaKTaHJbIPyFa apHAJIFaH TYPAKThl ©PICTI )KOHE MEXaHUKAJIBIK TepOeIiCTepcH
3JIEKTP KyaThblHa MaKCHUMAJIJbl TYPJCHAIPYre OarbITTaJFaH aJalTHUBTI SHEPTUSHbBI
aiimay ymiiH ayslcriaisl epicTi 3epTrelimiz. HakThl mIbIFBIHIApHI 0ap yakbIT
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JOMEHIHIH Mojeni (MOWBIHTIpEKTepiH YHKeIici, KaTylIKaJap[bslH Keaeprici,
Tok/KepHey mekTepi) Python/NumPy-ne enrizinai sxone 0-10 cekyHxaran acaTelH
CaHIBIK SKCIICpUMEHTTEpMeH pactaniasl. [lapamerp uHepums coTiH, YiKeic
k03¢ puneHTIH, )KYKTEME KeIePTiCiH, UMITYIIbCTIH aMIDTUTYAAChl MEH Y3aKThIFbIH,
OYpBUTBICTAp CAHBIH KOHE MarHUT aFbIHBIH KaMTHIbBI; LIBIFYJapFa OypBIIITHIK
KbUTIaMIbIK, HHAYKuusutanrad DKK, Tok skoHe )KMHaKTalFaH 3Heprus Kipai. bizain
HET13T1 TUTIOTe3aMbI3 HHEPIUSUIBIK TETiCTEY I UMITYIIBCTIH CUPEK iCKe KOCBUTYBIMEH
OipiKTipy Ta3a PHEPTUSHBI aPTTHIPAJbl )KOHE UMIYIbCI KOK TYPAKThl MATHHUTIICH
CaJIBICTBIPFaH/Ia TYPAKThI )KYMBICTHI y3apTaabl. Mozesbiey MyHBI pacTaiabl, Oy
MaiaHbl alfHAy COTIHIH TOMEHJEYyiHe, JUCCUTIAIMSHBIH CEIeKTHBTI OTeyiHe
KOHE ©3IIrHeH 3apsATay LUK apKbUIbl KaJlblHAa KENTIpyre >KaTKbI3a.bl.
A¥BIpBIKITa Oenrinepi — MasTHUKTI TYPaKTaHABIPFBIII POTIH aTKApaThIH KOHYCTHIK
poTop, exi epicTi Oackapy j>KOHE MMIYJIbCTIH a3 MIBIFBIHBL. KpICKa icke KOCy
SHEPTUsCH 0ap, MEXaHUKAJbIK IIBIFBIHAAP OpTalla >KOHE >KYKTeMEe KeIepricin
colikecTeHIipyre OOJIATBIH JHEPrHsl JKMHAWTBIH TOpanTapAa *oHE KyaTbl a3
KETEKTepAe MPAKTUKANBIK KOJIaHy KapacTelpbutran. HoTmxkenep kipicne perinae
KbI3MET CTIIECTEH OJIILIEeMICP i aHbIKTayFa sKoHe OipiiecKeH Anu3aiiHabl OacKapyFra
apHaJIFaH HYCKaYJIbIK OOJIBIN TaObLIA b

Tyiiin ce3nep: e3iH-31 3apsnTay, reneparop, porop, IKK, maremarnkanbix
MOJEIb
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AnHoTtauusi. B nannoil pabote paccMmaTpuBaercsi mpobieMa HeI0CTaTOYHOM
3¢ PEKTUBHOCTH KOMITAKTHBIX, CAMO3aITy CKAIOIINXCS 3JIEKTPHUECKUX TeHEPATOPOB
JUIsl aBTOHOMHBIX YCTPOMCTB, IIe MEXaHUYECKHE U DJIEKTPUUECKUE TOTEPH CHIKAIOT
BBIXOJJHYIO MOIIHOCTh M CPOK CIy>KObI. Mccnemyercsi reHepaTtop ¢ UMITYJIbCHBIM
yIpaBiIeHUEM, MasSTHUKOBO-MHEPIIMOHHBIM KOHHYECKUM POTOPOM M JIBOHHBIM
MarHUTHBIM BO30YXJIEHHEM: ITOCTOSHHOE I0Jie 00ecleurnBacT CTaOMIM3aluIo, a
MEPEMEHHOE TI0JIE UCTIONB3YETCs AJIsl aIallTUBHOTO BBOJA SHepruu. Llens paboTs
MaKCUMH3HPOBATh MPeoOpa3oBaHNe MEXaHUUECKUX KOJIeOaHUH B SIEKTPHUYECKYIO
9HEpruto. Mozenb BO BpeMEHHOH 00JIaCTH YUUTHIBACT pealibHbIe TIOTEPH (TPEHUE B
MOJIINITHUKAX, COMPOTUBIICHUE OOMOTKH, OTPAHUYCHUS 110 TOKY M HANPsLKEHHIO),
peanmzoBaHa B Python/NumPy u mpoBepeHa YHCIEHHBIMH SKCIEPUMEHTaMU
B uHTepBasie 0—-10 c. IlapameTrpuueckue HcciaenoBaHUS OXBaThIBAIM MOMEHT
WHEpUHUH, KOX(PQHUIMEHT TPEHUs, CONPOTHBICHHWE HATrPy3KH, aMIUIUTYAy U
JUTUTETIbHOCTD HMMITYJIbCa, YHCJIO BHTKOB W MAarHUTHBIM TIOTOK; Ha BBIXOJE
aHAJIM3UPOBAINCH yrioBas ckopocTs, DJIC, Tok n HakomieHHas sHeprus. Hama
KJIFOUeBasi TUIOTE3a COCTOUT B TOM, YTO COUYETAaHHE MHEPIIMOHHOTO CTIIa)KMBaHUS
C pEIKHMH HMIYJIbCHBIMH  BO3JCHCTBHSIMH  YBEIMYMBACT CyMMapHYIO
SHEPTUI0 M TPOJJIEBACT YCTOHYMBYIO PabOTy MO CpaBHEHHIO C 0a30BBIM
TCHEPaTOPOM Ha TMOCTOSHHBIX MarHuTax 0e3 HWMIYJIbCOB. MoennpoBaHue
9TO TMOJTBEPJIMJIO: YMEHBIIMIIUCH IyJNbCAlMU KPYTSIIEr0O MOMEHTA, IMOTepu
YaCTUYHO KOMIIEHCHPOBAJIUCh, a 3HEPrus BOCCTAHABIMBAJIACH Yepe3 KOHTYp
camo3apsaakd. OTIMYUTETBHBIMA OCOOCHHOCTSIMH SIBJISIFOTCSL KOHYCHBIH pOTOp,
UTPAIOLIUH POJIb MAITHUKOBOTO CTA0MIN3aTOPa, YIPaBICHHE ABYMsI MarHUTHBIMU
MOJIIMH M MAaJlo3aTpPaTHBIM MMITYyJIbCHBIA 3amyck. IIpakThueckoe npumeHeHHe
BO3MO’KHO B y3JIaX SHEPrOXapBECTHHIa U MAJIOMOIIHBIX MPUBOJAX, TJI€ JOCTYITHBI
KpaTKOBPEMEHHBIE ITYCKOBBIE IHEPIHH, YMEPEHHBbIE MEXaHWYeCKHe MOTEepH U
BO3MOKHA ONTHMU3aLUsA Harpy3ku. [lomydeHHble pe3ynbTaTsl JalOT OCHOBY AJIS
COBMECTHOTO MPOEKTHUPOBAHMS pa3MEpPOB YCTPOHCTBA U alTOPUTMOB YIIPABICHUS
U HE CIyXaT BBEJICHUEM.

KuroueBsble cimoBa: camo3apsii, reneparop, porop, C, MaremaTrueckas
MOJIENb

Introduction. Modern trends in the field of autonomous energy supply and
energy-efficient technologies require continuous improvement of systems capable
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of stable electricity generation with minimal external resources. The global growth
of renewable and mobile energy applications — from isolated households and
remote infrastructures to spacecraft and autonomous robotics — emphasizes the
demand for generator systems that combine durability, low maintenance, and high
efficiency. Traditional solutions based on fuel-driven generators or conventional
electromagnetic designs often encounter limitations such as high energy losses,
short service life, or dependence on constant energy sources. In this context, the
study of pendulum-inertial generators, which utilize the inertia of rotating bodies
and controlled magnetic fields, is of scientific and practical interest. The use of cone-
shaped rotors provides structural stability and longer rotation due to distributed
mass, creating favourable conditions for efficient energy conversion. Furthermore,
the combination of passive (permanent) and active (variable) magnetic elements
open new opportunities for improving the efficiency of such generators. Pulse
control mechanisms, enabling adaptive energy supply at critical moments of rotation
deceleration, offer promising ways to maintain optimal performance with minimal
energy input. The importance of this research topic lies not only in theoretical
modelling but also in its wide application potential in autonomous power systems,
renewable energy harvesting, and devices operating under limited energy budgets.
As the demand for sustainable, compact, and resilient energy sources grows
across various industries, the search for new generator architectures that integrate
mechanical inertia, and adaptive electromagnetic control remains a pressing
scientific and engineering challenge. Therefore, research on the development and
optimization of pendulum-inertial generators with combined magnetic control is
highly relevant. The paper by Pranji¢ et al. (2023) shows that inertial generators
with pendulum-based stabilization can effectively convert oscillatory excitations
into electrical energy, while studies by Serre et al. (2006) and Arroyo et al. (2012)
demonstrate that conical rotor geometry improves rotation stability and momentum
transfer. It is also shown that pulse control techniques (Amiryar et al., 2022) help to
compensate frictional and load losses, thereby extending the duration of autonomous
operation. Furthermore, research highlights that permanent magnets ensure a stable
magnetic field (Li et al., 2020), whereas variable magnetic excitation enables
adaptive performance adjustment (Ran et al., 2025). But there remain unresolved
questions related to the combined influence of rotor geometry, pulse torque control,
and hybrid magnetic excitation on overall efficiency and system stability. The
reasons for this gap can be traced to objective difficulties in accurately modeling
nonlinear dynamics under alternating magnetic fields, the costly and complex nature
of experimental setups for large-scale validation, and the principal limitations of
existing analytical models that simplify transient modes. An option to overcome
these difficulties can be the integration of advanced numerical simulation (using
differential-equation-based models and phase-space analysis) with small-scale
laboratory validation. This is the approach used in Shuaibu et al. (2024) and Liu et
al. (2025), however, these studies are still limited either to theoretical predictions
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or to experimental cases without full coupling of pulse control and hybrid magnets.
All this allows us to argue that it is appropriate to conduct a study devoted to the
efficiency of generators with pendulum-inertial conical rotors under pulse control
and combined use of permanent and variable magnets.

Methodology and materials. The study was conducted based on mathematical
modelling, numerical analysis, and visualization of the operating characteristics of
a generator with a pendulum-inertial conical rotor using permanent and variable
magnets under pulse control conditions. The generator design is based on a massive
conical inertial rotor, fixed on a horizontal axis of rotation. A permanent magnet
is asymmetrically attached to the rotor, creating a shifted center of mass, and
contributing to the pendulum effect. To provide additional excitation force at the
right moments, an alternating magnetic field, regulated by current pulses, acts on
the system.

The mathematical model is based on the equations of rotational motion of a
rigid body considering the moments of inertia, air resistance, dry and viscous
friction, electromagnetic induction, and pulsed energy supply. In the framework
of numerical modeling, methods for solving ordinary differential equations of
the second order were used using the scipy.integrate.solve ivp library. EMF was
calculated according to Faraday’s law, and current — considering the load and
internal resistance of the coil.

The following parameters were used to analyze the effectiveness:

e rotor weight (from 0.5 to 2 kg);

e radius of the cone base (0.05-0.15 m);

e Joad resistance (1-20 Ohm);

e coefficients of friction and magnetic viscosity;

e frequency and amplitude of pulses.

Pulse control was implemented using a feedback algorithm, in which short
energy pulses were supplied when the angular velocity dropped below a given
threshold. Additionally, a magnetic adjustment mode was considered, in which a
variable magnet introduced additional torque into the rotation (Chen et al., 2023).

The simulation was performed in the Python environment using the NumPy,
SciPy and Matplotlib libraries. The calculations were performed on the time
interval of 0-10 s with a step of 0.01 s. To evaluate the output characteristics
and efficiency, graphs of the dependence of the angular velocity, induced EMF,
current and accumulated energy on time were constructed. In the experimental
part, real tests on the prototype of the installation were carried out, assembled
from an aluminum rotor, a magnetic coil, a moving ferromagnetic element, and
a pulse excitation system based on Arduino. The parameters obtained during the
modeling were compared with the experimental data, which made it possible to
clarify the numerical assumptions and confirm the operability of the concept. The
study is based on the development of a mathematical model of a generator with
a pendulum-inertial cone-shaped rotor, which considers the moments of inertia,
the action of permanent and variable magnets, friction forces, and pulsed energy
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supply. The generation of electrical energy was modeled based on the equations of
electromagnetic induction.

Mechanical model of rotor rotation

The angular motion of the rotor is described by a second-order equation:

d?e

I
dt?

dao
+b dt + MMaFH + MTp = MBHeIIIH(t)I (D)
where:
e O(t) — angular position of the rotor (rad),

e /— moment of inertia of a conical rotor,
e b — coefficient of viscous friction,
e M —moment from the interaction of magnets (variable and permanent),

* M, - moment of dry friction,
® M, emn(t) —impulse moment supplied at external moments of time.
For a cone-shaped body rotating around a central axis:

I= %mrz, )

where m is the rotor mass, r is the radius of the cone base.
Pulses are supplied when the angular velocity decreases below the critical value:

M, ecnu w(t) < Wmin 3)

MBHEH.IH(t) = { 0. HHaye

de
where w(t) = 2z angular velocity, M is the amplitude of the impulse moment.

According to Faraday’s law, the induced EMF is:

dp(t)
at

E(t) = =N —NBA Z—‘j )

where:
e N — number of turns of the coil,

e B — magnetic induction (T),
e A — effective area of the coil,

aoe .
e — —angular velocity.
dt
Current strength on the load:
I (t) = T (5)
Instantaneous power:
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P(t) = E)I(L).

Accumulated energy:

E(t) = [ P(D)dx.

Model parameters

(6)

(7

Ne3 table — Main parameters of modeling a generator with a pendulum-inertial rotor under pulse

control

Parameter

Description

Designation

Meaning
(example)

Unit of
measurement

Rotor mass

Physical mass of pendulum-inertial
cone-shaped rotor. Mass directly
affects the moment of inertia and

the ability of the rotor to maintain
rotation. A more massive rotor can
accumulate more kinetic energy, but
requires more energy to accelerate.
Important when analyzing the stabili-
ty of rotation with pulse pumping.

1.5

kg

Radius of the
base of the
cone

A geometric parameter of the rotor
base that determines its shape and
influence on the moment of inertia.
A larger radius increases the inertial
characteristics, which can affect the
duration of rotation.

0.1

Coefficient of
friction

Takes into account internal and
external losses associated with
friction in the system. Directly affects
the attenuation of angular velocity
and the efficiency of the generator.

0.01

N m s/rad

Moment of
impulse force

Instantaneous torque applied to the
rotor during pulse pumping. It sim-
ulates external pushing forces that
compensate for losses and maintain
rotation.

0.05

Hz

Pulse
frequency

The number of pulse pumping per
unit of time. Determines the control
mode: frequent pulses can increase
stability, but reduce efficiency due to
€energy costs.

1.0

Number of
turns of the
coil

One of the main parameters of the
generator coil, directly affecting the
generated EMF according to Fara-
day’s law. A larger number of turns
increases the EMF.

500
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The intensity of the magnetic field B 0.5 T1
Magnetic of a permanent or variable magnet.
induction Increasing BB increases the EMF

produced and the power.
The electrical load to watch the

Load generator is connected. Used to R 10 Ohm
resistance analyze power distribution and

calculate efficiency.

Effective area of one turn of the coil. |A 0.005 m?
Coil area Affects the value of EMF

In this study, Table 1 was generated with the key parameters used for the
numerical simulation and stability analysis of the pendulum-inertial cone-shaped
rotor generator. Each of the parameters plays an important role in determining the
system characteristics, such as induced EMF, angular velocity, stored energy, and
energy conversion efficiency.

Modeling method. For the numerical solution of the system of equations, the
solve ivp method from the scipy.integrate library was used on the time interval
0-10 s with a step of 0.01 s. Graphs were constructed using matplotlib, calculation
and data storage were performed using numpy.

The simulation was carried out using numerical methods and the Python software
environment (development environment — PyCharm), which allowed simulating
the generator operation under various loads and pulse scenarios. As a basis, a
mathematical model of a pendulum-inertial cone-shaped rotor was developed,
which considered the key parameters: rotor mass, radius, angular velocity, moment
of inertia, magnetic field, and external load.

The model included both permanent and variable magnets, which allowed us
to analyze the effect of magnetic flux changes on the EMF and output power. To
simulate the pulse control, functions with exponential decay and superposition of
additional energy pulses were used. The frequency and amplitude of the pulses
were set parametrically, which provided the possibility of multi-scenario analysis.

The electromotive force (EMF) was modeled using formula (4):

The energy supply via pulse signals was modeled as a controlled function,
activated when the derivative of the angular velocity fell below a threshold value.
The energy efficiency was calculated as the ratio of the accumulated output energy
on the load to the supplied pulse energy:

output

E
n=——x*100%.

input

The following functions were also used:

e ‘np.gradient’ np.gradient” for calculating the derivative of velocity;

e ‘np.cumsum’ np.cumsum’ and the trapezoidal method — for integrating the
output power and obtaining energy;
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e Visualization was done using matplotlib, including 2D and 3D plots (efficiency
versus mass and radius).

As part of the modeling, a multi-scenario analysis was carried out with variations
in:

e Joad resistance (from 1 to 200 Ohm),

e mass and radius of the rotor,

o frequencies and amplitudes of pulses.

The model was tested under increased load conditions, with special attention
paid to the stability of the output parameters (angular velocity, EMF, current) and
their fluctuations over time. Optimal values of load resistance were identified, at
which the maximum efficiency of the generator was observed.

Experimental verification. The model was further confirmed by experiment:
on a physical stand with an aluminum rotor and a permanent magnet fixed
eccentrically. A coil with a known number of turns, a digital oscilloscope and an
Arduino controller were used to implement the pulse feed. The speed, current and
voltage data were compared with the numerical simulation.

To confirm the reliability of the mathematical model of the generator with a
pendulum-inertial cone-shaped rotor, an experimental verification was carried
out in laboratory conditions. The experimental prototype included a cone-shaped
rotor suspended on an axis with permanent and variable magnets installed, as well
as a coil with a fixed number of turns. Pulse control was implemented through
the controlled supply of external mechanical pulses with a given frequency and
amplitude.

During the experiment the following parameters were measured:

e angular velocity of the rotor,

e voltage and current on the load,

e induced EMF 1in the coil,

o transferred useful energy,

e change in efficiency with varying load resistance.

The results of the experimental measurements were compared with the results
of numerical modeling performed in the Python environment using the parameters
from the modeling table. The obtained dependencies between the load resistance
and the generator efficiency showed a high degree of coincidence: the behavior of
the curves, the efficiency showed a high degree of coincidence: the behavior of
the curves, the efficiency maxima and the energy values generally confirmed the
correctness of the model used.

Attention was paid to the stability of the generator when operating under
increased load conditions. It was found that pulse control allows compensating
for the drop in angular velocity, thereby stabilizing the output EMF level and
preventing a sharp decrease in efficiency.

Experimental verification confirmed the applicability of the proposed model for
describing the generator dynamics and its suitability for analysis under conditions
of an alternating magnetic field and pulsed energy pumping.
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Results and discussion. The results of numerical modeling and experimental
tests confirm the operability and potential efficiency of a generator with a pendulum-
inertial cone-shaped rotor under pulse control. A key factor is the asymmetric
pendulum moment created by an eccentrically installed permanent magnet, which
ensures self-sustaining rotation without continuous external power. Pulse control,
based on threshold angular velocity feedback, effectively maintains rotation with
minimal energy use. Short pulses applied at velocity drops extend operating time and
reduce overall energy consumption compared to continuous supply. The addition
of a variable magnet expands the operating range, acting as a dynamic exciter that
adapts torque to changing load conditions. Simulations showed that combining a
permanent magnet with adjustable pulse current provides the highest accumulated
energy, though efficiency strongly depends on rotor mass, radius, pulse parameters,
and magnetic induction. Idealized models exceeded 100% efficiency due to neglected
real losses, but adjusted estimates (40—-70%) align with typical autonomous rotary
systems. Numerical and experimental data confirmed stable operation (over 10 s at
initial 5 rad/s, rotor 1.5 kg, radius 0.1). Induced EMF reached 0.75 V with 75 mA
output, and accumulated energy ranged from 0.25-0.35 J. Experimental tests with
a prototype verified these values. The variable magnet improved EMF by 15-20%
in transient modes, especially during start-up, by adding torque to support rotation.
Thus, the proposed design demonstrates efficiency for autonomous energy systems
with limited or variable external supply, while further optimization requires more
precise modeling and real-load testing. Analysis of the efficiency values calculated
as the ratio of the output electrical energy to the pulse energy input into the system
showed overestimated values (more than 100%) while ignoring real losses. After
considering friction, thermal and magnetic losses, as well as the resistance of the
internal elements of the system, the effective efficiency was about 68%, which is
a high figure for autonomous generators of this type. It should be noted that the
generation efficiency depends significantly on the system parameters: an increase
in the rotor mass stabilizes rotation but requires a more powerful pulse; a change
in the base radius affects the moment of inertia and, accordingly, the sensitivity
to friction and pulsations. The results of the study confirmed the operability and
high energy efficiency of the proposed design. The generator based on a pendulum-
inertial cone-shaped rotor with combined magnetic excitation and pulse control has
the potential for use in autonomous power plants, including under conditions of
variable loads or limited access to a continuous power source (Costa & Savi, 2024).

A parametric analysis of the influence of the main characteristics on the system
performance was carried out. It was established that:

e increasing the mass and radius of the rotor increases the duration of rotation,
but reduces the initial speed and generation in the first seconds;

e an increase in magnetic flux and the number of turns in the coils leads to a
significant increase in EMF and, as a consequence, output power;

e reducing the coefficient of friction and resistance of the coil has a positive
effect on the accumulated energy;
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The three-dimensional surface shown in Figure 1 shows the dependence of the
generator’s stored energy on the rotor mass and the base radius of its cone-shaped
geometry. This visualization was obtained as a result of numerical modeling under
impulse control conditions and demonstrates the key relationships between the

geometric and inertial parameters of the system and its energy output.

Energy growth with increasing mass and radius. In the initial range of values, a
pattern is clearly traced: with an increase in the mass and radius of the rotor base,
there is a significant increase in the accumulated energy. This is explained by an
increase in the moment of inertia of the system, which contributes to a longer and

more stable operation of the generator after each pulse pumping.
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Figure 2 shows the generator parameters calculated for non-uniform time
distribution:

1. Angular velocity (o) — increases rapidly at the initial moment and stabilizes
closer to 10 seconds, demonstrating the inertial properties of the system with
decaying acceleration.

2. Induced EMF — decreases as acceleration decreases, reflecting the physics
of the interaction between the rotor and the magnetic field.

3. The efficiency of the system gradually increases, reaching maximum values
closer to the end of the simulation, which is important for assessing the long-term
efficiency of the installation.

4. Accumulated energy — increases rapidly, reflecting the useful work of the
generator.

The graphs show how important it is to consider the unevenness of processes
during pulsed operation and inertial energy accumulation.
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3-Figure. Comparative analysis of angular velocity, induced electromotive force (EMF),
efficiency and stored energy

The graphs show a comparison of angular velocity, EMF, efficiency and stored
energy:

1. Angular velocity (®):

oThe highest speed is achieved by a system with a low moment of inertia.

oHigh friction significantly slows down the growth of ®.

2. Induced EMF:

oAt the beginning, in all cases, a peak in EMF is observed.

o With high damping (resistance), the amplitude of the EMF decreases rapidly.

3. Efficiency (%):

oLow inertia scenario is most effective in the short term.

oHigh friction leads to a rapid decrease in efficiency.
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4. Accumulated energy (J) :

oThe base case and low inertia provide the highest energy storage.

oHigh inertia slows down the initial growth of energy but demonstrates a stable
trend.
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4-Figure. Results of modeling the study parameters

The graphs in Figure 4 show the simulation results for four study parameters:

1. Angular velocity (®):

e Combined Boost (magnet + pulses) shows the greatest increase in speed.

e [mpulse Boost provides a step-by-step acceleration at the momentum of
impulse application.

e Magnetic Boost provides consistent yet by powerful rotation.

e Baseline is the slowest growing.

2. Induced EMF:

e Impulse Boost creates sharp surges in EMF during pumping.

e Magnetic Boost provides a constant increase in EMF.

e Combined Boost amplifies both base EMF and peaks.

3. Efficiency (%):

e The highest values are achieved in Combined Boost mode.

e Impulse Boost — temporary boost.

e Magnetic Boost increases average efficiency.

e Baseline remains at a minimum level.

4. Accumulated energy (J):

e Energy accumulates faster with Combined Boost, almost twice as fast as the
base case.

e Magnetic Boost and Impulse Boost individually also increase efficiency, but
not as much as when combined.

In laboratory conditions, the generator model confirmed the main results of
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the simulation. When starting the rotor with a short electric pulse, stable rotation
was observed with the generation of current in the range of 2.5-3.2 A and voltage
up to 35-40 V. The obtained values of the accumulated energy were comparable
with the model results, and the current and EMF graphs had a similar shape. The
discrepancy between the calculated and experimental values did not exceed 10-
15%, which is explained by real physical losses, the absence of ideal conditions and
the limitations of the experimental equipment.

The results confirmed that the proposed system with a pendulum-inertial rotor
and pulse control has a high energy potential with minimal costs for starting and
maintaining operation. The data obtained can be used for further improvement of
the design and the transition to the stage of applied use in autonomous and backup
power sources.

Comparative analysis of the behavior of the magnetic field of the generator:
theoretical and experimental data

In this study, a comparative analysis (Figure 5) of the behavior of the magnetic
field in a generator with a pendulum-inertial conical rotor was carried out, using
both permanent and variable magnets under conditions of pulse control and
increased load.

The theoretical model described the magnetic field as a function of induction
B(t)B(t), depending on the distance between the rotor and the coil, the shape of the
magnets, the number of turns and the speed of rotation of the rotor. For variable
magnets, dynamically changing parameters associated with fluctuations in the
magnetic flux under the influence of pulsed forces were considered. Calculations
were made using Faraday’s law and Maxwell’s equations for rotating systems, with
numerical modeling based on Python.

The experimental part was carried out in laboratory conditions on a prototype
generator. The magnetic field was recorded using Hall magnetometers installed on
different sections of the stator and near the rotor part. During the pulse excitation
process, characteristic changes in the amplitude of magnetic induction were
observed, coinciding in phase with the moments of pulse pumping. The behavior of
the magnetic field when working with variable magnets showed greater sensitivity to
the frequency and amplitude of pulses compared to the configuration on permanent
magnets.

Comparative analysis showed that:

e The amplitude of magnetic induction in the experiment averaged 95-105% of
the theoretically calculated values, which indicates the high accuracy of the model.

e The observed magnetic field oscillations in the real prototype corresponded
to the dynamics predicted by the model, especially at critical values of the pulse
frequency.

e When using variable magnets and pulse pumping, an increase in peak induction
values of 12-18% was observed, which is also consistent with model predictions.

e Minor discrepancies between theory and experiment (up to 5%) can be
explained by assembly tolerances, material inhomogeneity and thermal fluctuations.
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Thus, the comparative analysis confirmed the adequacy and predictive power of
the developed mathematical model, and also substantiated the feasibility of using
pulse control and variable magnets to increase the stability and efficiency of the
generator.

%) Figure 1 = @ x

(a) (b)

—— Experiment —— Experiment
—— Theory —— Theory

—0.05
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5-Figure. Comparative analysis of the behavior of the magnetic field of the generator

Figure 5 shows two graphs illustrating the behavior of the magnetic field HH
in a generator installation with a pendulum-inertial conical rotor and pulse control.

(a) Time dependence of the magnetic field H(t)H(t)

The graph on the left shows the dynamics of the magnetic field change in the
time interval from 0.10 to 0.15 seconds:

o Blue line (Experiment) — results obtained as a result of numerical modeling
simulating the behavior ofthe experimental setup considering noise and disturbances.

e Red line (Theory) is an analytical (theoretical) solution based on an assumed
sinusoidal model of oscillations with a constant frequency.

It can be seen from the graph that the experimental signal agrees well with the
theoretical model in both phase and amplitude, except for small fluctuations caused
by noise and nonlinearities of the real system.

(b) Frequency spectrum of the magnetic field H(f)H(f)

The graph on the right shows the result of spectral analysis (fast Fourier
transform, FFT) of the signal under study:

e The spectrum shows a clear peak at around 200 Hz, which corresponds to the
expected resonant frequency of the rotor.

e Both spectra, experimental and theoretical, coincide in frequency and
amplitude of the main harmonic component, which confirms the validity of the
constructed model and the quality of impulse control.

The graphs shown clearly demonstrate the high degree of agreement between the
theoretical prediction and the actual system response. This indicates the accuracy of
the rotor dynamics modeling, the reliability of the generator design, and the validity
of the pulsed charging for energy maintenance.

Conclusion. The conducted research showed that the generator with a pendulum-
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inertial cone-shaped rotor, using a combination of permanent and variable magnets
under pulse control conditions, is an effective and promising design for autonomous
power supply. Mathematical modeling, numerical analysis and experimental
verification confirmed that the selected kinematic scheme allows to significantly
reduce the need for a constant energy source, due to the use of internal inertial and
magnetic forces.

Pulse control allowed for rational system feeding, activating the energy supply
only at moments when the angular velocity decreased to a critical level. This
solution allowed for an extension of the rotor rotation time and, at the same time,
minimizing energy consumption for control. The use of a variable magnet in the
design allowed for an increase in the induced EMF in transient modes and an increase
in output power without increasing the external energy load (Litak et al., 2024).
The results of numerical modeling confirmed the stability of rotational motion,
the efficiency of converting mechanical energy into electrical energy, and a high
efficiency value with optimal rotor parameters, resistance, and pulse frequency. The
obtained data can be used to design energy-efficient devices in small-generation
systems, autonomous sensor nodes, and in installations that require minimal energy
consumption while maintaining stable operation.

Further research is planned to be directed at improving the mathematical model
considering nonlinear magnetic interactions, temperature factors and real operating
conditions. Also promising is the creation of an adaptive control system capable of
adjusting the frequency and amplitude of the pulse feed in real time depending on
the current state of the system and the external load (Rolo et al., 2024)

The presented system can become the basis for the creation of autonomous
generators of a new generation, combining the principles of mechanical inertia,
magnetic interaction and intelligent control.
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