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1. Incepranist NpUCBsY€HA MiABULIEHHIO 3HOCOCTIMKOCTI BEJIMKOMOAY/IbHUX 3y0UaTHX KOJIIC 3aKPUTHUX IIepenay
IJISIXOM 3aCTOCYBAaHHS MarHiTHO-iMmys1bcHOI 06po6ku (MIO) sk asbTepHATUBU a00 JONOBHEHHS TPAIULIITHUM
METO/IaM TIOBEPXHEBOT0 3MilfHEHHS. OGIPYHTOBAHO, 10 IJ151 BAXKKOHABAHTAXXEHUX I1epeJlad BUBHAYAIbHUMU €
IIPOLIECHU 3HOUIYBaHHS i KOHTAKTHOI BTOMUY, SIKi iHIII{IOIOTbCSI T PO3BUBAIOTHCS B IOBEPXHEBOMY IIApi 3y6a mif, 1ieto
BMCOKUX KOHTAKTHUX HalPy>Ke€Hb, abpa3suBHOIO BILJIMBY Ta KOPO3iiHOTrO cepenosuia. Tomy e(peKTUBHICTb
3MillHEHHS [TOBMHHA OLiHIOBAaTHCS He JIMIIE 32 MiBUIIEHHSIM TBEPLOCTI, a i1 4yepe3 3MiHy CTPYKTYPHO-Ae(HEKTHOrO
CTaHy [IPUIIOBEPXHEBOTO IIapy, 30KPeMa JJOMEHHO-JUCIIOKALiMHOI CyOCTPYKTYpH Marepiany. Po3po61eHO HayKOBO-
METOJMYHi pekoMmeHgalii Bu6opy pexxumis MIO Ta IpOeKTyBaHHS iHAYKTOPHUX CUCTEM JJIs1 BEJIMKOMOAYJIbHUX
3yb4yaTux KoJic. Ha 0OCHOBI ucC0KaLifHOI TeOpil Ta EHEPTETUYHOTO aHaJli3y BCTAHOBJIEHO MEXaHi3M 3MillHEHHS

npu MIO, 1o nossirae B akTHBallii MiKpOIIaCTUYHUX ITPOLIECiB i epebynoBi JOMEHHO-AUCIOKAiTHOi



CyOCTPYKTYPH IPUIIOBEPXHEBOTO APy 6€3 epexoAy MaTepialy B peXXUM MaKpOILUIACTUYHOI Jedopmaliii.
BuKOHaHO YncesIbHE MOJIE/IIOBAaHHS €JIEKTPOMArHiTHOTO MOJIsl B cepenoBulli Ansys Maxwell 3 ypaxyBaHHSIM
MarHiTHOro HaCUY€HHs MaTepiasly Ta eKBiBaJIEHTHOI YaCTOTH iMITyJIbCY, 1O JO3BOJIMIIO OOI'PYHTYBATH IIIMOUHY
[IPOHMKHEHHSI €JIEKTPOMArHiTHOTO 10JIs1 Ta BUSHAYMTH PalliOHAJIbHI 3HAYEHHS CTPyMY iHAYKTOpa. 3a pe3yabTaTaMu
41 CEJIbHOTO MOJEIOBAHHS BU3HAYEHO XapaKTep PO3IOAiy MarHiTHOTO IMOJISl y 30Hi KOHTAKTY 3y611iB, BCTAHOBJIEHO
0071aCTi MAaKCHMaJIbHOI KOHILIEHTPallii Hallpy>kKeHOCTi MarHiTHOro 1oJisi Ta OLiHEHO e(pEeKTUBHY ITIMOUHY
IIPOHMKHEHHSI €JIEKTPOMArHiTHOTO BIVIMBY B IIPUIIOBEPXHEBUN 1Iap Marepiany. OTpuMaHi pe3yibTaTu
MO/IEeJII0BAHHS NOKA3aJHy, 10 €JIEKTPOMAarHiTHUI BILJIMB 30CEPEIKY€EThCS Y IPUIIOBEPXHEBOMY M1api 3yba Ta
3a6esnevyye GOpMyBaHHS 3MiLIHEHOTO LIapy CaMe B Hal6iIbIll HABAHTAXXEHUX JiISIHKaX BEJIMKOMO/IYJIBHOTO
3y04aToro KoJjeca, 1o NiATBepAXKye ePeKTUBHICTb 3aCTOCYBAHHS MarHiTHO-iMITyJIbCHOI OOPOOKM 11715 MiABUILEHHS
3HOCOCTIMKOCTi POO0OUYMX IIOBEPXOHD 3y0OLiB. EKClIeprMeHTaIbHO PO3PO6JIEHO 11 BUIPOOYBAHO MArHiTHO-iMITyJIbCHI
YCTaHOBKHU 3 eHepriero immysbey 50 [k ta 1o 1000 K, yI0CKOHaNIeHO KOHCTPYKILIO iHAYKTOPIB AJIs
6araToimIrysibCHOI po6oTu. [TpoBeseHi fociaKeHHsT MiKpOTBEPLOCTi, MIKpOCTPYKTYPH Ta TPUOOJIOTIUHI
BUIIPOOYBaHHS MiATBEPIUIIN JIOKAJIbHUI XapaKTep 3MilJHEHHSI; JJ1s1 He3arapTOBaHUX 3Pa3kKiB 3HM)KEHHS 3HOLIYBaHHS
cTaHOBUTb 13-30 %. [l151 monepegHbO 3arapToBaHuX 3paskiB edekT Big MIO e MiHiMaZIbHUM, IO TOSICHIOETLCS BXKeE
cpOpMOBAHUM 3MIITHEHUM CTPYKTYPHUM CTaHOM MaTepiasy. 3MiCcT po6OTH CKIIANAETHCS 3 YOTUPbOX PO3ALIIB, Y

SKUX [TIOCJIIJOBHO BUKJIAZEHO TEOPETUYHI, METOIWUYHI Ta €KCIIEPUMEHTAJIbHI PE3yJIbTaTU TOCIiIKEHHS.

2. The dissertation is devoted to improving the wear resistance of large-module gear wheels of enclosed gear
transmissions by the way of magnetic-pulse treatment (MPT) as an alternative or complementary method to
conventional surface hardening technologies It is substantiated that wear and contact fatigue processes, which are
initiated and developed in the surface layer of the tooth under the influence of high contact stresses in the surface
layer of the tooth under the influence of high contact stresses, abrasive and corrosive environments are the
decisive factors for hard loaded gear systems. Therefore, the effectiveness of strengthening have to be evaluated
not only by hardness increasing, but by changes in the structural-defect state of the near-surface layer,
particularly the domain-dislocation substructure of the material also. There were developed the scientific and
methodological recommendations for selecting MPT regimes and designing inductor systems for large-module
gear wheels. Based on dislocation theory and energy analysis, it has been created the strengthening mechanism of
the MPT, which is supposed the activation of microplastic processes and rearrangement of the domain-dislocation
substructure of the surface layer without transition to macroscopic plastic deformation. It was performed the
numerical modeling of the electromagnetic field in the Ansys Maxwell environment, taking into account magnetic
saturation and equivalent pulse frequency, which allowed to justify the penetration depth of the field and the
required current parameters of the inductor. According to the results of numerical modeling it was determined the
distribution of magnetic field intensity in the tooth contact zone, there were identified the regions of maximum
magnetic field concentration, and it was evaluated the effective depth of electromagnetic influence penetration
into the near-surface layer of the material. The obtained results of simulation showed that electromagnetic
influence is concentrated in the surface layer of the tooth and it ensures formation of a strengthened layer in the
most heavily loaded areas of the large-module gear tooth, that’s way confirming the effectiveness of MPT for
improving wear resistance of gear tooth working surfaces. There were experimentally developed and tested the
Magnetic-pulse installations with pulse energies of 50 J and up to 1000 J, and the inductor construction was
improved for multi-pulse operation. The measurements of microhardness, microstructural analysis, and
tribological tests confirmed the localized character of strengthening, the wear reduction for non-hardened
specimens ranged from 13% to 30%. The MPT effect for pre-hardened specimens is minimal due to the already
formed strengthened structural state of the material. The dissertation consists of four chapters which present
theoretical, methodological, and experimental research results.
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