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Increasing the energy efficiency, proprietary power and thermal reliability of electric drives is one of the main
tasks of modern engineering, electrical engineering and transport technologies. This issue is particularly relevant for
collectorless DC electric motors (BLDCs), which are widely used in electric vehicles, unmanned aerial vehicles, robotic
systems, and energy-saving vehicle prototypes. Traditional technologies for the production of electric motors based on
casting, stamping and machining significantly limit the possibilities of optimizing geometry, integrating cooling systems
and reducing the mass of structural elements, which leads to overheating, reduced efficiency and limited service life.

In the context of increasing requirements for energy efficiency and resistance to thermal and dynamic loads, the
use of additive technologies in the design and manufacture of electric motors is becoming more and more promising.
Additive manufacturing allows for the formation of complex internal geometries, integrated cooling channels, and multi-
material structures, which are not available in traditional manufacturing methods. However, the widespread introduction
of these technologies is limited by the lack of scientifically based methodologies for designing, calculating efficiency, and
evaluating the characteristics of electric motors made in additive form. In this regard, the dissertation of the doctoral
student, aimed at the development and research of the methodology for the design and optimization of DC collectorless
clectric motors with the use of additional production, is scientifically and practically relevant and in demand.

The scientific rules, conclusions and recommendations formulated in the dissertation are based on the results of
theoretical and experimental research of the author, as well as the analysis of modern achievements in the field of the
theory of electrical machines and additive manufacturing. The results are fully consistent with the goals and objectives of
the research and are reliable, as they are based on the application of classical rules of the theory of electromechanical
systems, the use of numerical modeling methods (FEA, CFD), as well as experimental testing of developed prototypes.

The reliability of the results is confirmed by the good convergence of computational and experimental data
obtained during the study of the thermal, electrical and mechanical characteristics of various power electric motors.
Scientific conclusions are logically derived from the results of a comprehensive analysis and are confirmed by quantitative
indicators of the efficiency of electric motors, thermal regimes and working life.

Scientific novelty of the dissertation work:

e Development of a methodology for calculating the energy efficiency of electric motors without a DC collector, which
makes it possible to determine the coefficient of beneficial effect and power reduction during operation under load.

# To determine the possibility of increasing the output power of the electric motor by up to 15% by replacing an additive
optimized stator with integrated cooling channels without changing the rotor and power part;

« Experimentally proven advantage of metallic ceramic materials based on AL-O: based on an additional manufacturing
method that provides up to 24% more efficient passive heat dissipation compared to standard aluminum alloys.

e For the first time, thermal and structural optimization of the electric motor housing made of AlSil0Mg alloy made by 3D
printing led to a reduction in operating temperature by up to 30% and an increase in motor power by up to 15%.

The practical significance of the dissertation work lies in the possibility of applying the results obtained in the
design and modernization of collectorless DC motors for electric vehicles, unmanned aerial vehicles and robotic systems.
The developed design solutions, efficiency calculation methodology and recommendations for the selection of additive
manufacturing materials can be used by engineering and technical specialists of machine-building enterprises, research
and design organizations.

The practical importance of the work was confirmed by the introduction of research results in the development
of electric motors used in energy-saving prototypes for Shell Eco-marathon races and formula Student series race cars.

The main results of the dissertation research were published in scientific works, including two articles in
international peer-reviewed journals, indexed in the Scopus and Web of Science databases, as well as four articles in
scientific journals submitted by the Committee for Quality Assurance in the Field of Education and Science of the Ministry
of Science and Higher Education of the Republic of Kazakhstan. A patent for the invention was registered on the materials
of the dissertation work.
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ITIKIP

1. 3eprTey TaKbIpbIOBIHBIH ©3€KTiIir

ONEKTp JKETEKTEPiHiH SHEePrus THIMIUTIIH, MEHIUKTI KyaThIH KOHE JKBUTY
CEHIMJIULrIH apTTEIPy Ka3ipri 3aMaHFbl MAlllMHA Kacay, SJIEKTPOTEXHHUKA KOHE KOJiK
TEXHOJIOTMSUIAPBIHBIH  HETi3ri MinaeTTepiHiH Oipi Gombim Tabbutazsl. By mocerne
BJICKTP KOJIriH/le, YIIKBILICH3 YTy annapaTTapbHia, poOOTOTEXHUKAIBIK Kyiienepae
)KOHE OHEPrusiHbl YHEMIEHTIH KOJiK IPOTOTHNTEPIHAE KEeHIHEH KONIAaHBUIATHIH
KOJUIEKTOPCBI3 TYPAKThl TOK 3JIEKTP Ko3ranTKelmTapbl (BLDC) yirin epekiie e3ekTi
Oompin  TaGbutazel.  Kylora, ImTamnTayra SKOHE OHJEYTe HETIi3IeireH IeKTp
KOSFAITKBILITAPBIH ~ OHIIPYMIH  JCTYpli  TEXHONOTHSUIAPBl  I'e€OMETPHSIHBI
OHTaHJIaH/IBIPY, CAJIKBIH/IATY XKyHesepiH OipiKTipy jkoHe KYPbUIBIMIBIK JI€MEHTTEP/IH
MaccachlH a3aWTy MYMKIHIIKTEpiH aHTapnbIKTall IieKkTeii, OyJl KBI3BII KeTyre,
TUIMZIUTIKTIH TOMEH/IeyiHe JKoHe IIeKTeYIli )KYMBIC PECYpChIHA dKeTIeIi.

OHEePreTHKANbIK THIMIIUIIKKE KOHE JKBUTY XKOHE NAMHAMHKAIBIK XKyKTeMenepre
TO3IMAUNIKKE ~ KOWBUIATBIH  TalalTapiblH  apTybl  JkapdaiiblHIA  3JIEKTp
KO3FAIITKBIIITAPbIH KOOAlay MEH OHJipyJae aJIUTHBTI TEeXHOIOTHSIAPAbl KOIIaHY
OapraH caibIH IEpCIIEKTUBAIBI OarbITTapIbIH OipiHe alHAIBIT Kenemi. AJUIMTHBTI
OHIIpic macTypni  eHpipic omictepimme Ko KeTiMai  emec Kyprenmi  imiki
TeOMETPHUSUTAP/bI, HHTETPALMSsIAHFaH CAJIKbIHIATY apHAJAPbIH KOHE KOII MaTepUaIIbl
KYPBUIBIMIAP/Ibl KAJIBIITACTBIPYFa MYMKIHJIK Oepeni. Anaiina, Oy TeXHOIOrHsIap/Ibl
KeHIHEH €HIi3y aJUIMTHBTI TYpJe JKacalFaH dJIeKTP KO3FAITKBILITAPHIH jK0Oaay/IbIH,
TUIMAUTIKTI ecenTeyliH JXoHe MNalijanaHy CuUmarramaapblH OaFajiaylblH FbUIBIMH
HETI3/IeIreH oJlicTeMelepiHiH OoIMaybIMEH IIeKTee]i.

Ocblran OalJIaHBICThl IOKTOPAHTTHIH aXAUTHBTI OHAIPICTI KOIJaHa OTHIPHII,
TYPaKkThl ~TOKTBIH KOJUICKTOPCBI3 3JIEKTP KO3FAITKBIIITAPhIH jKobajay —KoHE
OHTaMJIAHJBIPY SIICTEMECIH d3ipIIeyTe KOHE 3epTTeyre GarbITTAIFaH JUCCEPTALMIIBIK
’KYMBICBI FBUIBIMH JKOHE ITPAKTUKAJIBIK TYPFBIIAaH 63€KTi XOHE CYpPaHBICKA He.

2. F'bUIBIMH HOTHIKEJIEP YKOHE OJIap/IbIH XY PHICTHIFBI

Jucceprauusiia TYXbIPBIMIAIFAH FBUIBIMH €PEXKENEp, TY)KBIPHIMAAD MeH
YCBIHBICTAp ~ ABTOPJBIH  TCOPHUSUIBIK ~ JKOHE  OKCIICPHMEHTTIK  3epTTeyiepiHiH
HOTHIKEJICPIHE, COHJIAK-aK 3J1eKTP MallMHajIapbl TEOPUSICHl MEH aJUTUTHBTI OHIipic
CaJlaCBhIH/IAFbl 3aMaHayH JKETICTIKTepi Tanaayra Heriznenaren. Hotkenep 3eprreyin
MaKCaTTapbl MCH MiHJIETTEPIHE TOJIBIFEIMEH COMKeC Kelleli )KoHe CeHiMIIi, oiTKeHi oap



BIIEKTPOMEXAaHUKAJIBIK JKYHENep TEOPHACBIHBIH KJIACCHKAJBIK €peXKeNlepiH, CaHIBIK
mozesnbaey anicrepin (FEA, CFD) konnanyra, connaii-aK o3ipJeHreH mpoTOTUITEPIi
SKCIIEPUMEHTTIK TeKCepyTe HeTi3/IeNIreH.

HoTrxenepnin ceHiIMILIIr 9pTypili KyaTThl 2JIEKTP KO3FaITKBIIITAPBIHIH JKBLTY,
3JICKTP JKOHE MEXaHUKAJIBIK CUIIaTTaMaJlapblH 3epTTey Ke3iH/I€ aJIbIHFaH €CENTIiK KoHe
SKCIIEPUMEHTTIK JIEpEKTep/IiH IKaKChl KOHBEPIeHIMSACHIMEH pacTaiaibl. FbUIBIMH
TY)KBIPBIMJIAD KELIEHI TaJliay HOTHXKEeNepiHeH KHMCBIHIBI TYPAE TYBIHIAHIBl XKoHE
BNIEKTP KO3FAJITKBIIITAPBIHBIH TUIMILIII, )KBUTY PEXUMIEP] MEH JKYMBIC PECYPCHIHBIH
CaHIBIK KOPCETKILITepIMEH pacTaiabl.

JucceprauusuIblK )KYMBICTBIH FBUIBIMH YKaHaJIBIFbI:

® TYPaKThl TOKTHIH KOJUIEKTOPCHI3 DJIEKTP KO3FaITKBIIITAPBIHBIH SHEPTre TUKAIIBIK
TUIMILTINH ecenTey dJlicTeMeciH a3ipiey, OyII )KYKTeMe Ke3iHIe KyMbIC
Ke3iHJle naiassl acep eTy Kod(h(UIHEeHTIH KoHe KyaTThIH TOMEHIeyiH
aHbIKTayFa MYMKIHIK Oeperi;

® pPOTOpP MEH KyaT OeJIiriH 63repTiecTeH UHTer pallisUIaHFaH CAJIKbIHIATY
apHayiapbl 0ap aJUIMTUBTI OHTaIaHBIPBUIFaH CTATOP/IBI &YBICTHIPY apKbLIbI
AIIEKTP KO3FAJITKBIIIBIHBIH IIBIFBIC KyaThIH 15% - Fa 1eliH apTThIpy
MYMKIHJIT'H Genriney;

® CTaHJAPTThI ATFOMUHUHI KOPBITIIAJIAPBIMEH CaJIbICThIpFanaa 24% - ra Jeitin
TUIMIIPEK IaCCUBTI XKBLTY/IBI TAPaTy/Ibl KAMTAMACHI3 €TETIH aJIUTUBTI OHipic
9MICIMeH KacajraH Al,Os HETi31H/eT1 MeTal KepaMUKaJIbIK MaTepUajiap/IblH
OKCIIEPUMEHTTIK JI9JIEJIJIEHTeH apThIKIIBLIBIFEI;

e 3D Gacein mslrapy 9ficimen xacanran AlSil0Mg KophITIIachIHAH jKacalFaH
BJICKTP KO3FAITKBIIIBIHBIH KOPITYCBIH aJIFAlll PET JKbUTY )KOHE KYPBUIBIMIBIK
OHTAWJIAH/IBIPY KYMBIC TeMIeparypachIHbIH 30% - Fa neillin ToMeHIeyine kKaHe
KO3FaJITKBILI KyaThIHBIH 15% - Fa [eiiH apTybIHa oKeJIi.

3. JKYMBICTBIH ITPaKTUKAJIBIK MaHbBI3 bLIBIFEI

JluccepraiMsiblK JKYMBICTBIH PAKTUKAIBIK MAaHBI3IbUIBIFEl 3JIEKTP KOJIiri,
YIIKBIIICHI3  YIIy — amnmaparrapbl  JKOHE pPOOOTOTEXHUKAJBIK OKyielnep  yimiH
KOJUICKTOPChI3 TYPAKThl TOK 3JIEKTP KO3FAJITKBIILTAPBIH JK0Oajay >KoHE KaHapTy
Ke3iHI€e albIHFaH HOTMIKeNep[l KONJaHy MYMKIiHJIriHAe JKaTblp. O3ipieHreH
KOHCTPYKTHMBTI MIEHIIMAEPAi, THIMIUIKTI ecenTey omMiCTEMECIH JKoHEe aIIWTHBTI
OHJIpiC MarepuanapblH TaH#ay OOMBIHIIA YCBHIHBICTAPIBl MAalIHHA JKacay
KOCINOPLIHIAPBIHBIH HHKEHEPITiK-TEXHUKAIBIK MaMaH/Iaphl, FhUILIMH-3€PTTeY KoHe
xo0anay yibIMIaphl Tai1aana axasl.

JKyMBICTBIH ITpakTUKaIbIK MaHbI3ABLIBIFEI Shell Eco-marathon xapeictapsr Men
formula Student cepusiibl >kapblc aBTOMOOWIIBJEPI YIIIH SHEPrUsHbl YHEMIEHTIH
IPOTOTHIITEP/IE Ak JalaHbIIFaH IEKTP KOFAITKBIIITAPLIH 331piey Ke3iHae 3eprrey
HOTHIKEJIePiH eHri3yMeH pacTalibl.




4. JluccepTauysuibK )KYMBICTBIH MaTepUaapbiH JKapHUsIaAyIbIH TOJBIKTHIFbI

JluccepranusuiblK 3epTTEYAiH Heri3ri HaTukenepi Scopus xxone Web of Science
JepeKKOopiapblHIa HHACKCTENETIH XalblKapalblK pPeleH3UsIaHaThIH Ky pHaJaapaarbl
exi Makananbl, connai-ak Kazakcran PecryOnukacel FrulbIM koHE >KOFapbl OiTimM
MHUHUCTPIIriHIH Bi1iM KoHE FhUIBIM CaJlachIH/IaFbl caraHbl KaMTaMacki3 ety Komureri
YCBIHFAH FbUIBIMH KypHaJJlapiarbl TOPT MaKaJlaHbl KOcCa aJiFaHia, FBUIBIMA
eHOexrepye >kapusUiaHibl. JluccepranusuiblK JKYMBIC MaTepHajiapbl OOWBIHIIA
eHeprabbicKka Oip MaTeHT TipKelil, Tarbl €Ki MaTeHT capanTaMmagaH oTTi. 3epTrey
HOTHIKeJIepl XalbIKapasiblK FhUTBIMU-TEXHUKAIBIK KOH(MEpeHIUsUIap/a /ia YChbIHbLUIFaH.

5. JlucceprauMsuibIK )KYMBICTBI KOPFayFa YChIHY

Hoktopant HWMOpaum ©Omibex CaMaTysIbIHBIH JUCCEPTAIUSUIBIK  HKYMBICHI
KOWBUIATBIH TajanTapra TOJNBIK colikec Keneai. OChI KYMBICTBIH aBTOpbl MOpanm
onibex Camarynel 8D07113 — «AnautuBti eHzipic» Oinmim Oepy Oarmapiamacsl
OoitbiHIIa unocopust mokropsl (PhD) mopeskecin amyra JalbIKTBI H€N eCeNTeMMiH
’KQHE OCBI FBUIBIMU JKYMBICTBI TUCCEPTALUSIIBIK KEHECTEe KOpFayFa YChIHAMBIH.
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JPUKOBHA €Ki MBIH JKHBIPMA AJITHIHIILI AKbLTEL OTBI3BIHILBI KAHTap/1a OPbIHIaIbI
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AunmvaTs Kanacsl Kazakcran Pecry6iankachl
OTBI3BIHIIEI KAHTAP €Ki MBIH JKHBIPMa ajlThIHIIbI JKbUIbI

Men, Mpmbaesa Aimmsi bakrpibaeBHa, Kazakcran PecryOnukacsl OnineT MHHHCTPIITIHIR
KyKBIKTBIK KOMEK YHBIMIACTBIPY JKOHE XalbIKKa 3aHrepiik KbI3MET KOPCETY JKeHIHIer]
xomureTi 16.11.2006 xpbuisr Oepren Ne 0000666 MEMJIEKETTIiK JHMLUEH3Hs HETi3IHAe 2PEKeT
eTymi ANMarhl KaJachIHBIH HOTApUyChbl, aylapMatlbl AGnunnaeBa Amkena DPUKOBHAKOHFaH
KOJIBIHBIH TYIHYCKAIBIFBIH KYoJIaHABIPAMBIH. AyJapMauIbHBIH JKEKe TYJFAChl aHBIKTATIARL
opekeTKe KabineTTiri MeH OKIIETTIrl TEKCEePiNi.
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