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1. Inceprauiiina po60Ta IpUCBIY€HAa BUPIIEHHIO aKTyaIbHOI HAyKOBO-TEXHIUHOI 334a4i MalIMHOOY1iBHOTO
KOMILJIEKCY YKpaiHy, sIKa [oJssirae y (popMyBaHHI TEXHOJIOTIYHMX OCHOB €(peKTUBHOI 06POOKM KPYITHOMOZYJIbHUX
3arapToBaHUX 3y0YaCTUX KOJIC, @ TAKOXX Y BUIIPOOYBAHHI Ta OOI'PYHTYBaHHi NIpaLle3JaTHOCTI pO3pO0JI€HNX
TEXHOJIOTi! B yMOBaX CEpiliHOro BUpOOHUIITBA 3y04aCTHX Iepeiad BaKKOro HaBaHTaXXeHHs. [luceprauniiiHa poboTa
BMKOHaHa Ha Kadegpi «IHTerpoBaHi TexHoJiorii MamnHoOynyBaHHs iM. M.@.Cemka» HalioHasbHOro TEXHIYHOTO
VHIBEpPCUTETY «XapKiBCbKUM MOJIITEXHIYHUI IHCTUTYT» METOI0 AyucepTaliiiHOI poO0TH € 3a6e3MeYeHHs 3pDOCTaHHS
e(eKTUBHOCTI, TOYHOCTI Ta CTabi/IbHOI IKOCTI 06POOKU 3arapTOBaHUX KPYITHOMOIYJIbHUX 3y04aCTUX KOJIiC IIJISIXOM

yIOCKOHAJIEHHS IIPOLieCy Ta KiHeMaTUYHUX cxeM 3ybodpesepyBaHHsl, a TAKOX 3aBJISIKH PO3POO1i HOBOTO



TEXHOJIOTIYHOrO Ta iIHCTPYMEHTAJIbHOTO 3a0€3Ie4€eHHs, 1110 103BoJIsie GOPMYBaTU KEPOBaHY CTPYKTYPY
[IOBEPXHEBOTrO Iapy 3yOLiB i MifBUITyBaTH HAAIMHICTL pOOOTU 3y04acTuX nepenad. Y BCTyIIi IOKa3aHa akTyasbHiCTh
Ta BaXKJIMBICTh TEMU JOCTiI>)KEHHS], BU3HAYeHa MeTa, IPeIMeT i OCHOBHI 3aBAaHHSI IUCepTalliiiHOi poboTH.
BucBiTsieHa HayKOBa HO-BU3HA i IPaKTUYHA 3HAYMMICTb OJI€p’KaHUX Pe3yJbTaTiB. Y EepIIOMY PO3LiJi IPOBEAEHO
aHaJIi3 Cy4yaCHOro CTaHy T€XHOJIOri 06pOOKM MOBEPXHEBOrO 1apy 3y61iB KPYITHOMOIYIbHUX 3arapTOBaHUX
3y04acTuX KOJIiC, 3 aKLEHTOM Ha MO>KJIMBICTh GOPMYBaHHS €BOJIbBEHTHOI IOBEPXHI, HEOOXiIHOI 117151 3a6e3I1e4eHHs
HaJiHUX eKCIUlyaTaliiHUX XapaKTePUCTUK 3y04acTUX Nepefayd y BaXXKOMY MallMHOOyAyBaHHI. OKpeMy yBary
NpUieHO iCHYIOUMM PillleHHSIM 1151 00pOOKY KPYITHOrabapuTHUX 3y04acTUX Nepezay 3 BeJUKOI0 Macolo Ta
po3mipamMu. BcTaHOBIEHO, IO NMOZAJIbIIE MiIBUIIEHHS MILIHOCT] TaKMX KOJIIC CTPUMYETLCS HEIOCTAaTHIM PO3BUTKOM
BHMCOKOTOYHHUX TE€XHOJIOTIYHUX NPOLIECiB YMCTOBOI OOPOOKY IicJIsl 3arapTyBaHHs. Y IPyroMy po3fiji guceprariii
IIpeJCTaBJICHO MiXif 10 MifBUILeHHS e(peKTUBHOCTI YIIPaBJIiHHA SIKiCTIO Ta IPOLYKTUBHICTIO 06POOKHU
3arapToBaHMUX 3y04aCTUX KOJIiC BEJIMKOTO MOAyJisl. Y TPETbOMY PO37isli OOIPYHTOBAHO MiIXOAU [0 IPOrHO3yBAHHS
CTPYKTYpH Ta IapaMeTPiB TEXHOJIOTIYHUX CUCTEM 3yD006POOKY BaXKKOHABAHTA)KEHUX 3arapTOBaHUX 3y04acTUX
KOJIiC Ha OCHOBI TPUOOJIOTIYHUX i AUCUIIATUBHUX €HEPreTUYHUX MOJesieil. BUKOHaHO JucunaTuBHE Ta
indopmalliiiHe MOZIEIIOBAaHHS IIPOLECIB Pi3aHHS, 10 AaJI0 3MOTY BCTAHOBUTHU 3B'I3KM MiXK TEXHOJIOTTYHUMU
rapaMeTpaMy Ta CTaHOM OOPO6JII0BAHOI IIOBEPXHi. 3aIIPOIIOHOBAHO CUCTEMHY MOJI€JIb TEXHOJIOTIYHOTO
3abe3nevyeHHs eKCIIyaTaliiiHoi HagiltHOCTi 3yb4yacTux nepenad. Y 4eTBEPTOMY pO3[iji I04aHO MOJeJII0BaHHS
B3a€MO3B3KiB MK TEXHOJIOTIYHUMHU NTapaMeTPamMu OOPOOKH Ta KICTIO 3aUeIJIEHHSI KPYITHOMOZYIbHUX
3arapToBaHUX 3y6uacTux KoJjiic. O6rpyHTOBaHO BUOIp TEXHOJIOTIYHOTO I METPOJIOTIYHOTO 3a6€31eYeHHs,
cpopMyIbOBAHO KOMILJIEKCHI [TOKa3HUKY CTaHYy [TOBEPXHI Ta JOBrOBIYHOCTI, @ TAKOX [OCJIiI>KEHO BILJIUB YACTOBOI
00pOOKH Ha SIKiCTh [IOBEPXHEBOrO 1apy. Y I'ITOMY PO3[iJi PO3IJISHYTO iHCTPYMEHTa/IbHE 3a0€3[1eYeHHS
BUCOKOIIPOAYKTUBHOI 06POOKY 3arapTOBAaHUX KPYITHOMOZYJIbHUX 3y6uacTux KoJic. [IpoBeneHo onrumizaniio
reoMeTpii pixKy4oro iHCTpyMeHTy, LOCJIiIP)KEHO TOYHICTh OOPOOKH 3 ypaxyBaHHIM NPOQiN0BaHHS TBEPAOCIIABHUX
dpes, a Tako>XK OOIPYHTOBAHO €(PEKTHUBHICTb TEXHOJIOTI] IBUIKICHOTO 3y60¢dpe3epyBaHHs 3 IOJAJIbIINM ii
BIIPOBAP)KEHHSIM Y BUPOOHUIITBO. Y BUCHOBKaX HaBE€JIEHO OCHOBHI pe3yJIbTaTu JUCEPTALiiHOI po60TH ITpU
PO3B'sI3aHHI 10CTaBJIEHUX 3aB/aHb. 3a pe3yabTaTaMU JOCiIKEHHS! OTPMMAHO HACTYIIHI HAYKOBi pe3yJIbTaTU: —
Brniepiie chopMysibOBaHO IPUHLUIN 3a0€3[1€YeHHSsI BUCOKOI IIPOYKTUBHOCTI, TOYHOCTI Ta SKOCTi YCTOBOTO
3ybo(dpesepyBaHHs 3arapTOBaHUX KPYITHOMOYJIBHUX KOJIIC IUJISIXOM OINTHMi3allii mapaMeTpiB TEXHOJIOT{YHOTO
BIUJIMBY Ta iIHCTPYMEHTAJIbHOTO OCHAIIEHHS 3 YPaXyBaHHSIM OOMEKEHb Ha CTaH IIOBEPXHEBOTrO 1Iapy. —
3anporoHOBaHO HOBi TEXHOJIOTIUHI pimeHHs 3ybodpesepysanns 3K3K, paHime HeOCTYIIHI yepe3 HEMOXKJINBICTD
3yboouidpyBaHHs Ha TUIIOBOMY 00J1afiHaHHi. — PO3p06JieHO anbTepHATUBHY CXeMY LIBUAKICHOI 06pOOKY, siKa
3aMiHIOe 3y00CTpyrajbHy OIepallilo, i3 BpaxyBaHHSIM POJli pafiiyca OKpPYIJIEHHS PiXy4oi Kpailku B GOpMyBaHHi
sKicHoro mapy. - [IpoBeieH0 MaTeMaTU4YHMIA ONKC B3a€EMO3B'SI3KY MK €KCIITyaTallilHUMU BIIACTUBOCTSIMU 3Yy011iB
Ta [IapameTpaMu SIKOCTi 06POOKH, 1110 JO3BOJINJIO KOMIIJIEKCHO BUPIIIMTY 3a7a4y 3a6e3MeyeHHs] TOYHOCTI Ta
IOBrOBiUHOCTI. - BukopucTaHo anapar BiJ[IOBiZHOCTEN 11711 BUOOPY METOJiB OOPOOKM Ha OCHOBI [1apaMeTpiB
[IOBEPXHEBOTO APy, yMOB 00POOKHU Ta BIUIMBY XBUJISICTOCTI Ha €KCIUTyaTalilo. — 3allpOIIOHOBAHO KOMILJIEKCHI
[IOKa3HMKY OLIIHKY CTaHy II0BEPXHi, pecypcy Ta MiHiMizanii ninactuyHux nedopmariiii 3y6is. — [To6ymoBaHO
CTPYKTYypHO-TIapaMeTpUYHY MOJIeJIb, sIKa 3a0e3reuye KepyBaHHS (POpMyBaHHSM BJIaCTUBOCTEH ITOBEPXHI Mif yac
00pOoOKU. — Briepiie BCTaHOBJIEHO B3a€MO3B’ 130K MiXK TEXHOJIOTIYHUM BILJIMBOM i SIKiCTIO 3a4€IlJIEHHS Y [IpoLeci
IBOCTYITIIHYACTOI 6araTokpurepianpbHOi onTuMizalii. — PO3po6yieHO MaTeMaTUYHy MOZEJb 3aJIEXKHOCTEN MixK

rapaMeTpaMy [I0BEPXHEBOTO LMIapy Ta ix SKiCHUMU XapaKTepUCTUKaMU, 10 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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MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupnindoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacsue Ipizsume Im'st [To-6aTbKOBI Crenanos Muxaiio Ceprinosud

TOJIOBH pajgu

Bsacue IlpisBume Im'st [To-6aThKOBI Crenanos Muxaitno Cepritou

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

denopenko Bitaniit CeprifioBuy

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



