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The presented dissertation is devoted to the highly relevant topic of optimizing the geometric accuracy and reliability
of gear wheels for electric vehicle transmissions using selective laser melting (SLM) technology.

The first chapter is devoted to the analysis of electric vehicle transmission systems and the selection of the optimal
gearbox. It consistently examines existing transmission topologies, structural elements of electromechanical systems, and
various methods of gearbox selection. The logical outcome of this analysis is the identification of the most suitable gearbox
configuration for further study, which highlights the author’s systematic and comprehensive approach.

The second chapter addresses the application of additive manuf: acturing, particularly selective laser melting (SLM),
in the production of gear wheels. Both theoretical principles and practical aspects of the technology, equipment, and materials
are presented. Special attention is given to case-hardening steels and technological factors affecting the properties of the

manufactured parts. This section demonstrates the practical significance of the research and the author’s deep understanding
of advanced manufacturing technologies.

The third chapter focuses on ensuring geometric accuracy in additive manufacturing of gear wheels. The author
identifies the main influencing factors, presents approaches to modeling and compensating for deformations during printing,
and discusses methods for improving the dimensional accuracy of SLM-manufactured gears. This chapter emphasizes the
applied nature of the research, aimed at solving real engineering challenges.

The fourth chapter represents the final stage of the study, dedicated to the design and topological optimization of the
gear wheel body structure. It includes the development of numerical models, the selection of lattice structures for SLM
printing, and validation of the optimized gear design. The practical value of this part lies in the possibility of reducing weight
while maintaining the required strength and durability of the gear wheel.

The dissertation is conducted at a high scientific and technical level. It presents well- founded theoretical models,
innovative design solutions, and clear practical recommendations, The research makes a valuable contribution to the fields of
precision mechanical engineering, transmission design, and additive manufacturing.

The work is logically structured, methodologically sound, and analytically rich. It confirms the author’s ability to
conduct independent scientific research and provides sufficient grounds to recommend awarding the doctoral degree.

The dissertation can be recommended for defense, and Kalmaganbetov Sanzhar is author deserves the awarded of
PhD degree.

Supervisor,
Assoc.Prof,,PhD %K Sanjin Troha

Vukovarska 58, 51000 Rijék?,-Croatia
Tel.: +385 (0)51/651-444
dekanat@riteh.hr, www.riteh.uniri.hr

VAT: HR46319717480
IBAN: HR6024020061100110092
Erste& Steiermiirkische bank d.d. Rijeka




Pecnybnuka Xoppatus
Yrusepcuter Puekn - HHXEHEPHBINA ®AKYIIETET

Peuensus no noxropexoii Auccepraunn Kanmaraun6erosa Cankapa Ha Temy: »OnTUMHI3aLHs
TE€OMETPHYECKOH TOYHOCTH W HAaN&KHOCTH deTaeii TPAHCMHMCCHH U151 3/IEKTPHYCCKHX TPAHCMOPTHBIX
CpeacTB®, npeacTaB/iIeHHo Ha pacemorpenne luccepraunonnomy coBety Kazaxckoro HaunonaasHoro

HCC/IEN0BATEILCKOT0 TEXHHYECKOT0O YHuBsepcurera um. K. U. Carnaega.

llpencrasnennas nuccepraums nocesimena aKTyaJIbHOH TeMe ONTHMM3aLHu TEOMETPUYECKOH TOUYHOCTH M
HaI&KHOCTH 3yGUaTBIX KONEC IS TpaHCMHCCHI] MEKTPUHECKHX TPAHCIIOPTHBIX CPENCTB ¢ HMCHONB30BAHHEM
TEXHOJIOTHH CENIEKTHBHOTO JIA3€PHOIO IIaBIeHHS (SLM).

ITepBas rnaea nocesimena aHAIN3Y TPAHCMHUCCHOHHBIX CHCTEM 31EKTPHYECKHX TPAHCMOPTHBIX CPEACTB U BBIGOPY
ONTHMANbHONM KopoOkm mepenay. B mHeil nocmenosaTemsHo PAaccMaTpUBAOTCA  CYIIECTBYIOLINE TONOJIOMHU
TPAHCMHCCHH, KOHCTPYKTHUBHBIE 3]IeMEHTHI MEKTPOMEXAHMYECKHX CHCTEM, & TAKKE Pa3sIHuHbe MeToasl nopbopa
kopoOku nepenau. Jlornueckum PE3YJIbTATOM NaHHOTO aHAIM3a SBISETCS onpeneneHue Haubosiee noaxomsueii

KOHUIypauun KopoGku TI€peNa  and  naibHeiiiero uccnenoBaHus, vyro NOMYEPKHBAET CHCTEMHBIN W
BCCCTOPOHHHIL MOAXOM aBTOpa.

Bropas raaea nocesmena NPUMCHEHHIO ANINTHBHBIX TEXHOJIOIHH, B YaCTHOCTH TEXHOJIOTHH CeJIEKTHBHOIO
J1a3epHOTO TaBleHus (SLM), npu H3roToBneHun 3ybuaThIX Konéc. B Hei MPEACTABNEHbI KaK TeOpeTHYecKue
OCHOBBI, Tak M IIpaKTHYECKHE aCIIeKThI TEXHONOTHH, 000PYIOBaHHA M HPHMEHSEMBbIX MatepunanioB. Ocoboe
BHHUMaHHE YIeNeHO LeMeHTYeMBIM CTalsiM H TCXHOMOTHYECKHM ~ (haKTopaM, BINHSIOIMM Ha CBoiicTBa
H3rOTaBIMBAEMbIX NeTasleit. JlaHHbIi pasmen TNONYEPKUBACT NPAKTHYECKYIO 3HAYMMOCTS HCClie10BaHus | riy6okoe
TIOHHMaHHE aBTOPOM COBPEMEHHBIX TeXHOJOIHi MPOH3BOJCTBA.

Tperss rnaBa nocesmena o6ecreyensno FCOMETPHYECKOH TOYHOCTH MPH AJUIATHBHOM H3rOTOBIEHUH 3y0uareix
KONEC. ABTOD BBISBIISET OCHOBHBIE BIHAMOMIMe akTopel, TpencraBiseT nomxome K MOIENHPOBAHUIO W
KOMneHcauwH aedopmaumii B npouecce neyarw, a takse PacCMaTpHBAET METO/IbI NOBBILLEHHS Pa3MEPHOI TOYHOCTH
3y6UaTBIX KOJIEC, M3TOTOBIEHHBIX C TpMMEHEHNeM TexHomornu SLM. Jlanusiii pasaen NIOTYEPKUBACT NMPUKTAAHOMN
XapakTep HCC/e10BAHNA, HATIPABIICHHOTO Ha PeLLeHNe PEATbHbIX HHKEHEPHBIX 3a/1ay.

Yersépras riasa NPEACTABIACT 3aKTIOYHTENBHBIN ATam HCCIIEIOBAHUS, MOCBSIIIEHHbI [IPOCKTHPOBAHHIO W
TOTIOIOTHYECKOH ONTHMU3ALMH KOHCTPYKLIHH Kopmyca 3yGuaroro koneca. B Heil u3nosxena Pa3paboTKa YHCIeHHBIX
Mozeneit, BBIGOp perdTyareix CIPYKTYp 1A meyatd Metomom SLM w BepHbHKaLs ONTHMH3HPOBAHHOI
KOHCTpYKLMH Koneca. IpakTudeckas HEHHOCTh NAHHOIO Pasiie/ia 3aKIIOYaeTCA B BOIMOKHOCTH CHIKCHHS MACCHI
TpH COXpaHEeHNH HEOOXOAMMO IPOTHOCTH H OMTOBEYHOCTH 3y0uaToro koJseca.

Alucceprauus BhimosHEHa Ha BBICOKOM Hay4HO-TeXHHUECKOM ypoBHe. B Heil npeacrasiens 000CHOBaHHbIe
TEOPETHYECKHE MOJEsH, WHHOBALHOHHBIE KOHCTPYKTOPCKHE pelleHus M YETKHe MpaKkTHYeckie PEKOMEHIaLHH.

Hccnenosarie BHOCHT 3Haummbiii BKIaX B pasBUTHE NpPeUU3HOHHOIO MallMHOCTPOCHHS, TPOEKTUPOBAHHS
TPAHCMHCCHH W aJIUTHBHBIX TEXHOIOIHIL.

PaGora ornmuaercs normunoii CTPYKTYPOH, METOLONOrHYECKOH 060CHOBAHHOCTBIO 1 aHATHTHYECKOiT TyOuHOM,
OHa noaTsepknaer crnocoSHOCTE 4BTOpAa K NPOBEEHUI0 CAMOCTOSTETbHBIX HAayUYHBIX HCCIICNOBAHMI W madT
AOCTaTOMHbIE OCHOBAHMSA [Tl PEKOMEHIALIHH K NPHCYKNCHUIO yuEHOM CTeneHu nokTopa ¢unocoduu (PhD).

Aucceprauust Moxker GbiTh PCKOMEHIIOBaHA K 3aiure, a ed aBTop Kanmaran6eros Cawxap 3acmyxusaer
TIPUCYKACHUS CTENICHH IOKTOpa ¢unocoduu (PhD).

Hayunsrit pykoBogutens

Houent, PhD __ [moanucs] Canxu Tpoxa
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.r’C?ﬁ/UQ,D ﬁa Qerwold  HRB WA Lreed U 0502
Pecnybinka Kasaxcras, ropof AcTana.
YetBepToe CEHTAOPS JBE THICAYN BAALATh MATOTO TOJIA.
SI, AmmnsGexkoBa I'yaesupa CaTrekoBHa, HOTapuyc ropoja AcTaHa, JICHCTBYIOIas Ha
OCHOBaHHMH rocynapcTseHHoOM muuensun Nel4001538, seimamnod 11 despans 2014 rona
KOMHTETOM PpErMCTpAllMOHHON CIIykObl M OKa3aHWs TpaBoBoil moMomd MHHHCTEPCTBO

foctunmn  Pecriy6rmukm  Kasaxcrad, CBHACTENBCTBYIO TOUIMHHOCTH TOIIMCH TMEPEBOIUHMKA.
JIMYHOCTH TIEPEBOIUMKA YCTAHOBIICHA, JIEECTTOCOOHOCTE MPOBEPEHA.
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