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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€HA BUPIIEHHIO aKTyaIbHOI HAYKOBO-TEXHIUHOI 33a4i MalIMHOOYIiBHOTO
KOMILIEKCY YKpaiHuy, sika rossirae y popMmyBaHHi TEXHOJIOTIYHMX OCHOB €(eKTUBHOI 06pOOKY KPYITHOMOZIYJIbHUX
3arapToBaHUX 3y0UacTUX KOJIC, @ TAKOXK Y BUIIPOOYBAHHI Ta OOIPYHTYBaHHI I1palie3gaTHOCTI po3pobJIeHnx
TEXHOJIOTi! B yMOBaX CEpiliHOro BUpOOHUIITBA 3y04acTUX Ilepead BaKKOro HaBaHTaXXeHHs. [luceprauiiiHa poboTa

BUKOHaHa Ha Kadepi «IHTerpoBaHi TexHosorii MamnHo6yayBaHHs iMm. M.®.Cemka» HarjioHaIbHOrO TEXHIYHOTO



YHIBEpCUTETY «XapKiBCbKUI MOJITEXHIYHNN IHCTUTYT» METOI0 IucepTalLiiiHOi po60TH € 3a6e31e4eHHs] 3pOCTaHHS
eeKTUBHOCTI, TOYHOCTI Ta CTabi/IbHOI SIKOCTi 00POOKY 3arapTOBaHUX KPYITHOMOAYJILHUX 3y0YaCTUX KOJIIC LMIJITXOM
yIOCKOHAJIEHHS IPOLIeCY Ta KiHEMaTMYHUX cXeM 3ybo(dpe3epyBaHHsl, a TAKOX 3aBISIKU PO3POO1li HOBOTO
TEXHOJIOTIYHOrO Ta iIHCTPYMEHTAIBHOTO 3a0€31e4EHHS, 0 J03BOJIsI€ (POPMYBATU KEPOBAHY CTPYKTYPY
IIOBEPXHEBOTO 11apy 3yO6LiB i mifgBuIyBaTH HAAiMHICT pOOOTH 3yOUaCTUX Nlepead. Y BCTYIi IIOKa3aHa aKTyabHICTb
Ta BaXKJIMBICTh TEMU JOCJiI>)KEHHS], BU3HAYeHa MeTa, MPeIMeT i OCHOBHI 3aBAaHHSI IUCePTalliitHOI po6oTH.
BucsiTsieHa HayKOBa HO-BU3HA i IPaKTUYHA 3HAYMMICTb OJlep’KaHUX Pe3yJbTaTiB. Y NEepIIOMY PO3Liji IPOBEAEHO
aHAaJIi3 Cy4yaCHOTro CTaHy TEXHOJIOri 06pOOKY MOBEPXHEBOrO 1apy 3y61iB KPYITHOMOIYIbHUX 3arapTOBaHUX
3y04acTuX KOJIiC, 3 aKLEHTOM Ha MO>KJIMBICTh (GOPMYBaHHS €BOJIbBEHTHOI IOBEPXHI, HEOOXiIHOI 117151 3a6e3T1e4eHHs
HaJiHUX eKCIUlyaTaliiHUX XapaKTePUCTUK 3y04acTuX Nepefad y BaXXKOMY MallMHOOyAyBaHHI. OKpeMy yBary
IPUALIEHO iCHYIOYMM PIlIEHHSIM 7151 0OPOOKM KPYITHOTabapUTHUX 3y0UacTHX Nepeiad 3 BEJIMKOI0 Macolo Ta
po3Mipamu. BCTaHOBJIEHO, 110 NTOJAJIbILE MiABUIEHHS MIIJHOCTI TAKKAX KOJIIC CTPUMYETBCSI HEILOCTATHIM PO3BUTKOM
BHMCOKOTOYHUX TE€XHOJIOTIYHUX IPOLECiB YMCTOBOI 0OPOOKY MicJIsl 3arapTyBaHHs. Y IPyroMy po3fisi guceprariii
IIpeJCTaBJIEHO MiXif 10 MifBUILEeHHS e(EeKTUBHOCTI YIIPaBJIiHHA SIKiCTIO Ta NPOAYKTUBHICTIO 06PO6KHU
3arapTOBaHUX 3y6UaCTUX KOJIIC BEJIMKOTO MOIyJIs. Y TPETbOMY PO3ZiJi OGIPYHTOBAHO MiXOAU IO IPOTHO3YBaHHS
CTPYKTYpH Ta IapaMeTpPiB TEXHOJIOTIYHUX CHCTeM 3yD006POOKY BaXKKOHABAHTA)KEHUX 3arapTOBaHUX 3y04YacTuX
KOJIiC Ha OCHOBIi TPUOOJIOTIYHUX i AUCUTIATUBHUX €HEPTeTUYHUX MoJesiell. BUKOHAaHO AuCUIIaTUBHE Ta
iHpopmaLiiiHe MOZIe/II0BaHHS NPOLIECIB Pi3aHHs, 110 [aJI0 3MOTy BCTAHOBUTH 3B'I3KA MK TEXHOJIOTIYHUMU
rapaMeTpaMy Ta CTAaHOM OOPO6JIIOBAHOI IIOBEPXHi. 3aIIPOIIOHOBAHO CUCTEMHY MOJIEJIb TEXHOJIOTIYHOTO
3abe3nevyeHHs eKcIIyaTaliiiHoi HagiltHOCTi 3yb4yacTux nepenad. Y 4eTBEpTOMY pO3Lijii To4aHO MOJeJI0BaHHSI
B32€MO3B’3KiB MK TEXHOJIOTIYHUMHU NTapaMeTpamMu OOPOOKU Ta SKICTIO 3aUeIJIEHHSI KPYITHOMOZYIbHUX
3arapToBaHUX 3y6uacTux KoJjiic. O6rpyHTOBaHO BUOGIp TEXHOJIOTIYHOTO I METPOJIOTIYHOTO 3a6e3eYeHHs,
cpopMyIbOBAHO KOMILJIEKCHI [TOKa3HUKY CTAaHy ITOBEPXHI Ta JOBrOBIYHOCTI, @ TAKOX [OCJIiI>KEHO BIIJIUB YNCTOBOI
00pOOKH Ha SIKiCTh [IOBEPXHEBOrO Wapy. Y I'ITOMY PO3[iji pO3IJISHYTO iHCTPYMEHTa/IbHE 3a0€311eYeHHs
BHICOKOIIPOAYKTUBHOI OOPOOKU 3arapTOBaHUX KPYITHOMOAYJIbHUX 3y0uacTux KoJic. [IpoBefieHo onTuMizalito
reoMeTpii piky4oro iHCTpyMeHTY, IOCiIKEHO TOYHICTb OOPOOKH 3 ypaxyBaHHIM NPOQIiIIOBAHHS TBEPAOCIIJIABHUX
dpes, a TakoXK 0OIPYHTOBAHO e€(PEKTHUBHICTb TEXHOJIOTI] IBUIKICHOTO 3y60¢dpe3epyBaHHsI 3 IOJAJIbIINM ii
BIIPOBAP)KEHHSIM Y BUPOOHUIITBO. Y BUCHOBKaX HaBEJIEHO OCHOBHI pe3yJIbTaTu JUCEPTalliiiHOi po6oTH Npu
PO3B’sI3aHHI IOCTaBJIEHUX 3aBJlaHb. 3a Pe3yJbTaTaMU JOCJiIKeHHS] OTPUMAaHO HACTYITHI HAYKOBi pe3yJIbTaTh: —
Briepie chopmysibOBaHO IPUHLMIN 320€3[1€YeHHSI BUCOKOi IIPOYKTUBHOCTI, TOYHOCTI Ta SKOCTi YXICTOBOTO
3ybo(dpesepyBaHHs 3arapTOBaHUX KPYITHOMOYJILHUX KOJIIC IUISIXOM OINTHMi3allii napaMeTpiB TEXHOJIOT{YHOTO
BILJIMBY Ta iIHCTPYMEHTAJIbHOTO OCHAIIEHHS 3 YpaXyBaHHSIM OOMEKEHb Ha CTaH IIOBEPXHEBOTO LIapy. —
3anponoHOBaHO HOBi TEXHOJIOTIYHI pimeHHs 3ybodpesepysaHHs 3K3K, paHilie HeJOCTYIIHI Yepe3 HEMOXKJIMBICTb
3yooutidpyBaHHS Ha TUIIOBOMY 00J1afiHaHHi. — PO3p06JieHO anbTepHATUBHY CXeMy WIBUAKICHOI 00poOKY, siKa
3aMiHIO€ 3y60CTpyrajbHy OIlepallilo, i3 BpaxyBaHHSIM PoJli pafiiyca OKpPYIJIEHHS PixKy4oi Kpaiiku B GOpMyBaHHi
skicHoro mapy. — [IpoBeieHO MaTeMaTUYHUIA OTIIMC B3a€EMO3B 13Ky MK eKCITyaTalliiHUMU BJIACTUBOCTSIMHU 3y0LIiB
Ta IIapamMeTpaMu SIKOCTi 06POOKH, 1110 LO3BOJINJIO KOMIIJIEKCHO BUPIIIKTH 3a7a4y 3a6e3MeyeHHs] TOYHOCTI Ta
IOBrOBiYHOCTI. — BukopucTaHo anapar BiJi[IOBiZHOCTEH 11711 BUOOPY METOJiB 0OpPOOKM Ha OCHOBI [1apaMeTpiB
IIOBEPXHEBOTO APy, yMOB 00POOKU Ta BIUIMBY XBUJISICTOCTI Ha €KCILIyaTalilo. — 3allpOIIOHOBAHO KOMILJIEKCHI
IIOKA3HUKU OLIiHKY CTaHy MOBEPXHI, pecypcy Ta MiHimizauii ninactnynux gedopmariiii 3y6is. — [TobynosaHo
CTPYKTYpHO-TIapaMeTpUYHY MOJIeJIb, sIKa 3abe3redye KepyBaHHS (POpMyBaHHSM BJIaCTUBOCTEH ITOBEPXHI Mif yac
00po6KHU. — Briepiiie BCTaHOBJIEHO B3a€MO3B’ 130K MiXK TEXHOJIOTIYHUM BILJIMBOM i SIKiCTIO 3a4€IlJIEHHS Y [IPOoLeci
IIBOCTYMiHYACTOI OaraTOKpUTEpiasibHOI onTuMisallii. — Po3po61eHO MaTeMaTUYHY MOJIENb 3aJIEXKHOCTEN MiXK

rapaMeTpaMy [I0BEPXHEBOTO MIapy Ta iX IKICHUMHU XapaKTepUCTUKaMU, L0 MiATBEPA’KEHO eKCIIEPUMEHTAILHO.

2. This dissertation addresses a current scientific and technical problem in Ukraine's machine-building industry,
which lies in developing technological foundations for the efficient machining of hardened large-module gears and
in testing and validating the performance of the proposed technologies under conditions of serial production of
heavy-duty gear transmissions. The research was conducted at the Department of “Integrated Technologies of



Mechanical Engineering named after M.F. Semko” at the National Technical University "Kharkiv Polytechnic
Institute". The objective of the dissertation is to ensure increased efficiency, precision, and stable quality in the
machining of hardened large-module gears through the improvement of gear hobbing processes and kinematic
schemes, as well as through the development of new technological and tooling solutions that enable the formation
of a controlled surface layer structure and enhanced reliability of gear drives. The introduction outlines the
relevance and importance of the research topic, defines the objective, subject, and key tasks of the dissertation,
and highlights the scientific novelty and practical significance of the obtained results. Chapter 1 provides an
analysis of the current state of machining technologies for the surface layer of teeth in hardened large-module
gears, focusing on the feasibility of forming an involute surface to ensure the reliable performance of heavy-duty
gear systems. Special attention is given to existing solutions for processing large-size gear transmissions with
substantial mass and dimensions. It is established that further improvement in the strength of such gears is limited
by the insufficient development of high-precision finishing processes after hardening. Chapter 2 presents an
approach to improving the efficiency of quality and productivity management in machining hardened large-
module gears. Chapter 3 substantiates approaches for predicting the structure and parameters of technological
systems for machining heavy-duty hardened gears based on tribological and dissipative energy models. Dissipative
and information-based modeling of cutting processes is carried out, enabling the identification of correlations
between technological parameters and the state of the machined surface. A systematic model is proposed for
ensuring the operational reliability of gear transmissions. Chapter 4 focuses on modeling the interrelations
between machining parameters and the gear meshing quality of hardened large-module gears. The selection of
technological and metrological support is substantiated, comprehensive indicators of surface condition and
durability are formulated, and the impact of finishing operations on the quality of the surface layer is investigated.
Chapter 5 explores tooling solutions for high-performance machining of hardened large-module gears. It presents
the optimization of cutting tool geometry, analyzes machining accuracy considering the profiling of carbide hobs,
and substantiates the efficiency of the high-speed hobbing process, followed by its industrial implementation. The
conclusions summarize the main results of the dissertation in addressing the defined research objectives.
Scientific results obtained from the research: - For the first time, principles have been formulated to ensure high
performance, accuracy, and quality of finishing hobbing of hardened large-module gears by optimizing
technological parameters and tooling, taking into account surface layer condition constraints. - New technological
solutions for gear hobbing of hardened large-module gears (HLGGs) have been proposed, which were previously
unavailable due to the impossibility of gear grinding on standard equipment. - An alternative high-speed
machining scheme has been developed to replace gear shaping, considering the role of cutting edge radius in
forming a high-quality surface layer. - A mathematical description of the relationship between gear tooth
performance and machining quality parameters has been provided, enabling a comprehensive solution for
ensuring accuracy and durability. — A method based on the correspondence apparatus has been used to select
machining strategies based on surface layer parameters, processing conditions, and the impact of waviness on
operational performance. - Comprehensive indicators for assessing surface condition, service life, and
minimization of plastic deformation of gear teeth have been proposed. - A structural-parametric model has been
developed to control the formation of surface properties during machining. - For the first time, the correlation
between technological impact and gear meshing quality has been established in a dual-stage multi-criteria
optimization framework. — A mathematical model describing the dependencies between surface layer parameters
and their quality characteristics has been developed and experimentally validated.
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IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUii

MOJITEXHIYHUN IHCTUTYT"
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CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI

Biacue IpizBume Im's I1o-6aTbKOBI Crenanos Muxaiino Ceprifiopuy
rOJIOBH pagu

Biacue IpizBume Im's [10-6aTbKOBI Crenanos Muxaiino Ceprifiosiy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY ®enopenko Biramiit CeprifoBny
00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




