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Pedepar:

1. Incepraujiiina po60Ta IpUCBIY€HAa BUPIlIEHHIO aKTyaJIbHOI HAyKOBO-TIPUKJIAIHOI 337ja4i TEXHOJIOT{YHOTO
3a0€e31e4eHHs KePyBaHHS BEJIMYMHOIO NIPUIYCKY Y IIPOLieCi BUCOKOUMBUAKICHOTO ppe3epyBaHHs JeTajneil 3
HEPiBHOMIPHOIO MaJIOIO KOPCTKICTIO. MeTOI0 IMcepTalifiHOi pOOOTH € MiJIBULIEHHS TOYHOCTI (Ppe3epyBaHHS
IeTajiel 3 HEPIBHOMIPHOIO MaJIO0 >XOPCTKICTIO IIJITXOM 3MEHIIEHHS IPY)KHUX BilXUJIEHb HA OCHOBI KEPYBaHHS
BEJINYMHOIO NIPUITYCKY i3 3aCTOCYBaHHSIM JOIOMIXKHOTO TilpOAMHAMIYHOrO BIJIMBY B IIpoLeci 06po6Ku. O6'eKT
IOCTiIXEeHHs — Ipolec (OPMYBaHHS F€OMETPUYHOI TOYHOCTI AeTasiel Majoi JKOPCTKOCTi IIPU BUCOKOLIBUAKICHOMY
¢dpesepyBanHi. [IpenMeT gocmimKeHHs — 3aJIeKHICTh FeOMeTPUYHOI TOYHOCTI AeTasiel Majioi JKOPCTKOCTI Bif,

rapaMeTpiB TEXHOJIOTIYHOTO 3a0e3Ie4YeHHs BUCOKOLIBUAKICHOTO (ppe3epyBaHHs Ta KepPyBaHHS BEJIMIMHOIO



MIPUITYCKy. 3a pe3yJbTaTaMU JOCIiIKEHHSI OTPMMaHO TaKi HayKOBi pe3yJbTaTy: — BIleplle 3alIPOIIOHOBAHO METO],
rifIpogMHaMivyHOI MiATPUMKY IeTaseil Maaoi JKOPCTKOCTi HA OCHOBi KEPOBAHOTO OOTiKaHHS IOBEPXOHb, 1[0
3abesnevye MiHimizaljiio npyxHUx gedopmaliiil y npoieci BUCOKOMBUAKICHOTO (ppe3epyBaHHs; — BIIepLIe
BCTAQHOBJICEHO 3aKOHOMIPHOCTIi 3MiHM 30H MiHIMaJIbHUX T4 MAaKCUMAaJIbHMX aMILITy[, BAMYIIE€HNX KOJIUBAHb JeTajei
MaJioi >KOPCTKOCTI 3aJIE5KHO Bifl 4aCTOTH 0O6epTaHHS, KiJIbKOCTi 3y0iB )pe3u Ta napameTpiB riipoagrnHaMiqHOI
nigTpumku. [TokasaHo, 110 KepyBaHHS LIMU ITapaMeTpaMu 3abe3edye 3HWKEHHS aMILIITY, Ta 3MillleHHS
PE30HAHCHUX 4aCTOT Y BUCOKOYACTOTHY 00J1aCTh; — BIIEPLIE [1J1s JeTajeil Majoi )KOPCTKOCTi BCTAHOBJIEHO
3aKOHOMIPHICTb BIJIMBY CTYIE€HS IEPEKPUTTS MTPOXOiB HA BEJIMUNHY CTATUYHOTO BiAXUJIEHHS Ta IapaMeTpH
MiKpOreoMeTpii MOBEPXHi; — YIOCKOHAJIEHO aHAJIITUYHY MOJI€JIb CTATUYHOTO BiIXUJIEHHS JeTasel 3 HEPiBHOMIPHOIO
MaJIOI0 JKOPCTKICTIO IJISIXOM BPAaxXyBaHHS [IPUKJIAJAHHS CUJIY B JOBUIBHINA TOYLi BIJILHOI YaCTHMHY; — YAOCKOHAJIIEHO
iTepaTUBHUI aJJaITUBHUI aJITOPUTM OOPOOJIEHHS AeTajell Majoi >)KOPCTKOCTI LJISIXOM iHTerpauii Mmogei
riipoAMHAMIYHOI MigTPUMKY, 110 3MEHIIYE Ta BUPIBHIOE TIOXMOKU 32 Pi3HUX [10JI0KEHb iHCTPYMEHTY. [IpakTuHe
3HA4YEHHS OTPUMAHUX PE3YJIbTATIB IIOJISITA€ B HACTYIIHOMY: — METOJL, OTIOMDKHOI riIpogHaMiYHOI NiATPUMKU
IeTaseil Masioi JXOPCTKOCTI MOXKe OyTU peasli3oBaHMI Ha 6a3i iCHyI040ro o6J1aiHaHHs 6€3 3aTy4€HHSI CKIIQHOTO
CIIeLiaJIbHOTO OCHAIleHHS Ta 3a6e3redye MOKIIMBICTh MBUAKOI MOAEpHi3alLlii BUpOOHUIITBA; — peasi3allis
riIpofrHaMivyHOI MiATPUMKY Y IIPOLieCi BUCOKOMIBUAKICHOTO (ppe3epyBaHHS 3a6e31edye 10gaTKoBe AeMII(pyBaHHS
IIPY’KHOI CUCTEMU JE€Tali, IO CIIPUs€E 3MEHUIEHHIO aMIUITYyAY KOJIMBaHb Ha 23,1% B NOCIIIKyBaHUX YMOBAX Ta
POBLINPEHHIO [1ialla30Hy POO0OYMX YaCTOT; — 3aCTOCYBAHHS CTpaTerii IOBHOIO EPEKPUTTS IPOXO/iB, IOPIBHSHO 3
JaCTKOBUM, SIK 32C00Yy 3HIDKEHHS CTAaTUYHOI CKJIaZ0BOi ITOX1OKY (POPMOYTBOPEHHS], 3a6e31e4ye 3HUKEHHS
CTaTUYHOTO BiAXUJIEHHS JeTasi omax Ha 11,76% Tta cripusie epeKTUBHOMY 3IJ1a/I)KYBaHHIO MDKIIPOXiTHUX
HEepiBHOCTE; — 3HIKEHHS HalIPY>KeHO-11e(POPMOBAHOT'O CTaHy B 30HI pi3aHHS, a TAKOX JIOKAJIbHUX TEMIIEPATYP
CTBOPIOE NEPENYMOBY [J18 MiJBUIIEHHS CTiIKOCTI PDKy4Oro iHCTpyMEHTA Ta PECYPCY TEXHOJIOTIYHOTO 00JIaiHAHHS;
- po3pobJieHa MeTOJMKa BU3HAUYEHHS BiixujleHb feTajel 3 HePiBHOMIPHOIO MaJIolo JKOPCTKICTIO MOXKe OyTH
BHMKOPHCTaHAa y HAYKOBO-OCJiJHUX i BUPOOHUYUX MiApO3Ainax MiAIPUEMCTB IIPU MiJrOTOBLi TEXHOJOTIYHUX
IIPOLIECiB BUTOTOBJIEHHSI JIONIATOK TyPOiH, iMNesiepiB, KpUIbYaTOK Ta iHIIMX AeTalell Majoi >JKOPCTKOCTI; —
PO3p06JIEHO IPOrpaMHUi iHCTPYMEHT Ha OCHOBI 3alIPOIIOHOBAHUX MOJEJIeN i MeTOIiB, KUl 3abe3nevye
BM3HAUEHHS pallioHaJIbHUX NTapaMeTpiB ppe3epyBaHHS Ta IPOTHO3YBaHHS BiIXUJIEHb AeTasell i Moxe OyTu
iHTEerpoBaHMI y CUCTEMU TEXHOJIOTIYHO]I MiATOTOBKY BUPOOHUIITBA. 3a pe3yJbTaTaMU J4OCiIpKEHHS MiATBEPAKEHO
TEOpPeTUYHY Ta MPAKTUYHY LiHHICTb PO3POGJIEHUX MOZeJield, METOIIB i 3aCc06iB TEXHOJIOTiYHOTO 3a6€31eYeHHs
BHCOKOIIBUIKICHOTO (ppe3epyBaHHs AeTasel Majoi XopcTkocTi. OTpuMaHi pesysibTaT HifTBepanan epeKTUBHICTD
3aCTOCYBaHHS METOJY TiIpOANHAMIYHOI IIATPUMKMU 11715 3SMEHIIEHHS [IPY>KHUX BiIXWUJIEHD i MTiJBUIIECHHS
reOMETPUYHOI TOYHOCTI OOPOOKU 33 IIPUHLMUIIOBO] BiICYTHOCTI BUMOT MIOJ0 CYTTEBOI MOJEPHi3alii 061aHaHHS.
HaBenmeHo 3ay1e3KHOCTI aMILITY4HO-4aCTOTHOI XapaKTEPUCTUKU J€Tajli Majoi )KOPCTKOCTI Bifj TapaMeTpiB
nemndyBaHHS Ta rigpoArHaMivyHOI NigTPUMKU. Pe3ysibTaT NifTBEPIKYIOTh JOCSTHEHHS METU JOCJiIKEeHHS Ta

IEPCIIEKTNBU ix IIPAKTUYHOI'O 3aCTOCYBaHHA [JIA HiﬂBI/IIU,eHHH TOYHOCTI BUTOTOBJIEHHS ,I[eTaJIefI manoi )KOpCTKOCTi.

2. The dissertation is devoted to solving the relevant scientific and applied problem of technological assurance for
controlling the machining allowance during the high-speed milling of thin-walled parts with nonuniform rigidity.
The aim of the dissertation is to improve the accuracy of milling thin-walled parts with nonuniform rigidity by
reducing elastic deflections through allowance control and the application of auxiliary hydrodynamic effect during
machining. The object of research is the process of forming the geometric accuracy of thin-walled parts during
high-speed milling. The subject of research is the dependence of the geometric accuracy of thin-walled parts on
the technological support parameters of high-speed milling and machining allowance control. The following
scientific results were obtained in the course of the research: - for the first time, a method of hydrodynamic
support for thin-walled parts based on controlled fluid flow around their surfaces has been proposed, providing
minimization of elastic deformations during high-speed milling; - for the first time, the regularities governing the
variation of zones with minimum and maximum amplitudes of forced vibrations in thin-walled parts have been
established as functions of spindle rotational speed, cutter tooth number, and hydrodynamic support parameters.
It has been shown that controlling these parameters reduces vibration amplitudes and shifts resonance



frequencies toward the high-frequency range; - for the first time for thin-walled parts, the relationship between
the degree of toolpath overlap and the magnitude of static deflection as well as the surface microgeometry
parameters has been established; - the analytical model of static deflection of thin-walled parts with nonuniform
rigidity has been improved by accounting for the application of force at an arbitrary point of the free section; - the
iterative adaptive machining algorithm for thin-walled parts has been improved through the integration of a
hydrodynamic support model, which reduces and equalizes machining errors for different tool positions. The
practical significance of the obtained results is as follows: - the proposed auxiliary hydrodynamic support method
can be implemented using existing equipment without the need for sophisticated dedicated tooling and enables
rapid modernization of production facilities; — the implementation of hydrodynamic support during high-speed
milling provides additional damping of the elastic system, reducing vibration amplitudes by 23.1% under the
investigated conditions and extending the operating frequency range; - the application of a full-overlap milling
strategy, compared with partial overlap, as a means of reducing the static component of form-generation error
decreases the maximum static deflection omax by 11.76% and effectively smooths inter-pass irregularities; —
reducing the stress-strain state and local temperatures in the cutting zone increases tool life and extends the
service life of technological equipment; - the developed methodology for determining deviations of thin-walled
parts with nonuniform rigidity can be used by research and industrial organizations in the preparation of
technological processes for manufacturing turbine blades, impellers, fans, and other low-rigidity components; - a
software tool based on the proposed models and methods has been developed to determine rational milling
parameters and predict part deviations, and can potentially be integrated into manufacturing process planning
systems. The research results confirmed the theoretical and practical value of the developed models, methods, and
technological solutions for high-speed milling of thin-walled parts. The obtained results demonstrated the
effectiveness of applying the hydrodynamic support method to reduce elastic deflections and improve machining
geometric accuracy, while eliminating the need for significant equipment modernization. The relationships
between the amplitude-frequency characteristic of a thin-walled part and the damping and hydrodynamic support
parameters are shown. The findings confirm the achievement of the research objectives and the feasibility of
practical implementation for enhancing the manufacturing accuracy of thin-walled parts with nonuniform rigidity.
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ITnawn, 3-7 mrot. 2020. JIsBiB : JIbBiBCbKa MoJiTexHika, 2020. C. 102.

¢ 22. Bacosa €. B., lo6poreopcekuii C. C., Kononenko C. M., Enn M., Pexop fI. HaykoBi 0CHOBY BUTOTOBJIEHHS
JleTajiell MallMHOOYAyBaHHS 3i 3MiHHOIO >KOPCTKICTIO METOJIOM BUCOKOMIBUAKICHOTO )pe3epyBaHHS 3
rizponrHamMiyHUM OOTiKaHHSM. [IporpecuBHi HaNpsSIMKY PO3BUTKY TEXHOJIOTIYHUX KOMILIEKCIB : ¢6. Tp. VI-oi
MHTK, Jlynupk, 2-4 yeps. 2020. Jlyusk : JHTY, 2020. C. 135-136.

e 23. Ilonugenko A. A., bacosa €. B., Kononenko C. M., [lo6potBopcbkuii C. C. TexHosoriyHi npobaemu
BUTOTOBJIEHHS JIONATOK 3 YpaxXyBaHHSIM IXHbOI 3MiHHOI )XOPCTKOCTI. [HpopMalliliHi TeXHOIIOrIi: HayKa, TEXHiKa,
TEXHOJIOTis1, OCBITa, 30POB’s : Te3u pomnosifeit XXVII Mixnap. HayK.-11pakT. KoH}. MicroCAD-2019, Xapkis,
15-17 TpaB. 2019 : y 4 u. XapkiB : HTY «XIIl», 2019. Y. 1. C. 142.

e 24. JoopoTtBopchkuii C. C., bacosa €. B., Kononenko C. M. [lo nUTaHHS BAOCKOHAaJIEHHS TEXHOJOTI1
dpesepyBaHHs AeTasel i3 IepeMiHHOIO KOPCTKiCcTIO. [HpopmaliiliHi TexHOJIOTii: HayKa, TexHika, TeXHOJIOTI,
ocgiTa : Te3u poil. 25-i MHTK MicroCAD-2017, XapkiB, 17-19 Tpas. 2017 : y 4 u. Xapkis : HTY «XIII», 2017. Y. 1. C.
107.

¢ 25. o6poTBopcekuti C. C., Bacosa €. B., Kononenko C. M. J[lo nUTaHHS yAOCKOHATIEHHS T€XHOJIOT
dpesepyBaHHs AeTajell 3 HepiBHOMIPHOIO XXOPCTKiCTI0. MamnHOOYAyBaHHS 04MMa MOJIOAMX: IPOTPeCUBHI
inei - Hayka - BUpoOHULTBO : Matepianu 16-i MHTK, Cymu, 26-29 xoBT. 2016. Cymu : CyM. fepx. yH-T., 2016.
C.15-17.

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis: TexHOOrii

ComniasTbHO-eKOHOMIYHA CIPSIMOBAHICTh: CTBOPEHHS PUHIUIIOBO HOBOI MPOJyKILii (MaTepiais,

TEXHOJIOTI} TOILO) 17151 3a6€e3MeYeHHs] €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iIMIIOPTY

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: 0121U107511, 0124U000481, 0125U000240

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Jo6poTBOopchkuii Cepriit CeMeHOBUY

2. Sergiy S. Dobrotvorskyy

KBasigikamis: 1. 1. u., npodecop, 05.03.07

InenTudgikarop ORCID ID: 0000-0003-1223-1036



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHui TEXHIYHMI YHiBEpCUTET "XapKiBChKuUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEelleH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. bannupka Hatamnisga OnekcaHzpiBHa

2. Nataliia O. Balytska

KBasigikamis: . r. 1., gouenr, 05.03.01

Imentudikarop ORCID ID: 0000-0003-1363-8110

HoparkoBa indopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: JlepkaBHMii yHiBepcuTeT "YKuTomMupchbka nostirexHika"
Kopg 3a €IPIIOY: 05407870

Micue3Haxoa>KeHHS: By Uyaniscbka, JKuromup, JKutomupcekuii p-H., 10005, Vkpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HAayKu YKpaiHu

ImenTudikarop ROR: 04r5xzk86

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. T'puuai Irop €BreHoBuY

2. Ihor Y. Hrytsai

KBasigikamnis: n. 1. n., npodecop, 05.03.01

InenTudikarop ORCID ID: 0000-0003-3675-5897

JoparkoBa iHdpopmamnist:

TloBHe HaliMEeHYBaHHS IOPHUIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMTiTEXHIKA"
Koa 3a €IPIIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJI. Crenana banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR:

Penensentu

BsacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. Kotnap Osexciit BitaninoBuy

2. Oleksii V. Kotliar

KBasigikamis: . r. u., gouent, 05.02.08
Inentudikarop ORCID ID: 0000-0001-7664-0395
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Kinouko Oznekcangp OsnekcaHIpoBrAY

2. Oleksandr O. Klochko

KBasigikanis: 1. 1. u., npodecop, 05.02.08
InenTudgikarop ORCID ID: 0000-0003-2841-9455
JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBepCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoO KeHHS: By Kupnuyosa, Xapkis, XapKiBCcbKuii p-H., 61002, Ykpaina
dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue IlpisBume Im's ITo-6aThKOBI ITepmsakos Osiekcanap AHaTOJINOBUY

TOJIOBH pajgu

BaacHe IlpizBume Im'st Ilo-6aTbKOBI TepMmsikoB OJieKcaHp AHATOJIOBIY

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Kononenko Cepriit MukosnanoBny

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



