O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0825U002562
Oco006J1uBi TO3HAYKH: BinKpura

HJata peectpauii: 01-07-2025

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IIpopanuyyk Ozner OnekcangpoBUY

2. Oleh O. Prodanchuk

KBasmigikamis:

InenTudikarop ORCID ID: 0000-0003-2263-586X
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniaIbHOCTI: 131

Ha3zBa HayKoBOi cIeniaJbHOCTI: [TpukiajHa MexaHika
lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa
OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: npukiagHa MexaHika
JaTa 3axHCTy: 14-08-2025

CnenianbHICTD 32 OCBITOMO: 131 Mpuk/anHa MexaHika
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIelliai30BaHOI BYEHOI pazu). PhD 9848
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CtrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 55.19.13

Tema gucepranii:
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Pedepar:

1. Incepraliiio NpUCBSYEHO BUPIIIEHHIO aKTyaIbHOI 3a71a4i — pO3po01ii HAyKOBO OOIPYHTOBAaHUX PEKOMEHALIN
00 BUOOPY CTPYKTYpH Ta MapaMeTpPiB TEXHOJIOTIYHOI orneparii MexaHiyHOro 06po6IeHHsSI XPOMO-HiKeJIeBUX
CIJIaBiB Ha OCHOBI iMiTaLlilHOr0 MO/Ie/II0OBaHHS IIPOLieCy pidaHHs. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTh TEMHU,
cpOpMyIbOBAHO METY, 3aBJAHHS JOCJIiI)KEHHS, @ TAKOXK 0XapaKTE€PU30BaHO TEOPETUYHY Ta IPAKTUYHY 3HAUYIIiCTh
pe3yJsbTaTiB. Y NEPIIOMY PO3/iJi BUKOHAHO aHaJli3 JliTepaTypu 3 06pobieHHs Ba)KKOOOPOOIIOBaHUX CIIJIaBiB.
BcTraHoB€HO, 1[0 BUCOKI TBEPiCTb, TEPMOPE3UCTUBHICTD i CXUJIBHICTD 1O MIKPOTPIIIUH ¥ XPOMO-HIKEJIEBUX
CIIJIaBax YCKJIaHIOIOTb O6POO6JIEHHS, IIOTipIIyI0YM BTOMHY MillHiCTh Yepe3 3aJIMIIKOBI HallpyXKeHHs. ImiTaniline
MOJIEJIIOBAaHHS BU3HAYEHO SIK €(DEKTUBHUIM METOJ, LOCIiIPKEHHS TaKMX IIPOLeCiB. [Ipyruil po3zin npucBIueHO
BUOOPY TUIYy MOJEJIeN 711 CUMYJISILi — NPY)KHO-TIIIACTUYHOI 260 >KOPCTKO-MJIACTUYHOL. [Ipy>KHO-IIJIaCTUYHI

MoZeJIi TOuHillle BiZITBOPIOIOTH 3aJIMIIKOBI HAIIPY>KEHHS, OJHAK € CKJIAHIIMMy y peanisauii. PospobseHo migxia 1o



MOJIEJIIOBAaHHS Ha OCHOBi TeH30pa AsibMaHCi. [IOpiBHSIIBHI JOCIIKEHHS TPhOX MaTePialiB (a1I0OMiHi€eBUH CILIAB,
crasp, Inconel 718) minTBepauiy, mo came s Inconel npy>kHO-NIJIaCTUYHE MOJIE/IIOBAHHS HANOiJIbII BUIIPaBAAHe.
Y TpeTboMy po3iJii IpoBeNleHO aHali3 3aJMIIKOBUX HANIPY>KeHb IIpY 06pobisieHHi Inconel 718. BusiBieHo, 1m0
IIBUAJIKICTb i IIMOMHA Pi3aHHS 3HAYHO BIUIMBAIOTh HA TEPMOAMHAMIYHUIN CTaH Ta (GOPMYBaHHS 3aJIMIIKOBUAX
HaIpyKeHb. 3pOCTaHHS TEMIIEPATYPU B 30HI pi3aHHS IPU3BOIUTH 10 PO3M SIKLIEHHS MaTepiasy Ta 36i1blIeHHs
3aJIMIIKOBUX HaNPY>KEHb PO3TATY, WO MOTipIIye eKCIyaTaliliHi XapaKTePUCTUKU. YeTBEPTUM PO3Lis IPUCBIYEHO
BIJINBY MiKpOr€OMETpii IHCTPYMEHTY. 30KpeMa, LOCIIIKEHO, K PafiiyC 3a0KPYIJIEHHS BEPIIVHU JI€3a BIUIMBAE HA
posnozin gegopmaliiil, yTBOPEHHS CTPY>KKU, TEMIIEpaTypy Pi3aHHS Ta HANPYXKeHHS. JloBeIEHO, 1110 PY BEJUKUX
paziycax gedopmarii KOHIIEHTPYIOTHCS Y IIOBEPXHEBOMY IIapi, CIIPUSIOYN YTBOPEHHIO 3aJIMIIKOBUX HaIlpy>KeHb
CTHCKY, SIKi IOKPAIylOTb BTOMHY MilIHiCTb. ¥ II'SITOMY pO3[iJli HABEL,EHO pe3yJIbTaTh €KCIIepUMEHTAJIbHUX
IOCJiIKEHb i3 BUKOPMCTAaHHSM TEH30METPUYHUX JATYUKIiB i 00p006I0BaHUX 3pa3kKiB 3 Inconel 718. [laHi, oTpumani
eKCIIEpMMEHTAJIBHO, MMinTBepauan Bepudikaniio imitaniitnux monenei (DEFORM 2D, AdvantEdge). [Toxn6ka He
nepesuinysasa 10%. BcTaHOBJIEHO 3aJ1€5KHOCTI Uy pisaHHS Bif, LIBUAKOCTI, IIMOMHY Ta pajiyca siesa. Pesynbratu
CBiJIYaTh PO aJleKBAaTHICTb iMiTaLliliHUX MOJIesIEN, OKPiM BUIAJIKiB €KCTPEMAJIbHUX PEXUMIB (HU3bKa HIBUIKICTh 260

HaZIMipHa I71M6K1HA), e PEKOMEHI,0BAHO KOPUTYBATH KpUTEpii pyliHYBaHHSI.

2. The dissertation addresses a current scientific and applied problem: the development of scientifically grounded
recommendations for selecting the structure and parameters of machining operations for chromium-nickel alloys,
based on simulation modeling of the cutting process. The introduction justifies the relevance of the topic, outlines
the research objectives and methodology, and defines the scientific novelty and practical significance of the
results. The first chapter provides a literature review on the machinability of hard-to-cut materials, with a focus
on chromium-nickel alloys. It identifies the key challenges, such as high material hardness, thermal resistance, and
structural transformations that lead to accelerated tool wear and the formation of detrimental tensile residual
stresses, which degrade fatigue performance. The use of simulation modeling is substantiated as an effective tool
for analyzing such complex processes. The second chapter is devoted to the methodological development of
simulation and analytical studies of functionally oriented machining of chromium- and nickel-based alloys. Special
attention is paid to the choice between rigid-plastic and elastic-plastic cutting models. While elastic-plastic
modeling enables more accurate prediction of residual stresses, it significantly increases computational
complexity and time. A novel modeling approach based on the Almansi strain tensor decomposition into elastic
and plastic components is proposed. Comparative analysis for aluminum alloy, low-carbon steel, and Inconel 718
demonstrates the necessity of elastic-plastic modeling for the latter due to its specific behavior under machining
loads. In the third chapter, the formation of residual stresses and strains during the machining of Inconel 718 is
analyzed theoretically and through simulation. Residual stresses induced by cutting are found to be a key indicator
of surface integrity and are significantly affected by cutting parameters. Simulation using AdvantEdge software
shows that increasing cutting speed and depth leads to higher thermal loads, elevated plasticity, and the formation
of tensile residual stresses in surface layers. This thermal-induced stress state negatively affects the fatigue
resistance of machined parts. The fourth chapter investigates the influence of cutting tool microgeometry on the
thermomechanical and force-related parameters of the cutting process using Deform 2D simulations. The radius
at the tool tip significantly impacts stress distribution, temperature fields, and chip formation mechanics. At small
nose radii (0.1-0.25 mm), more material transitions into chips, while at larger radii (0.6-1.5 mm), elastic-plastic
deformation predominates in the surface layer, enhancing compressive residual stresses. This factor is especially
critical when machining chromium-nickel alloys compared to standard structural steels. The fifth chapter presents
the results of experimental validation of the simulation models through physical machining tests of Inconel 718
samples. Cutting forces were measured using a custom experimental setup equipped with strain gauge sensors.
Experimental data confirmed the simulation outcomes obtained in DEFORM 2D and AdvantEdge, with a mean
deviation under 10%. A full-factorial experimental design was implemented, considering cutting speed (50-300
m/min), depth of cut (0.3-2.5 mm), and tool tip radius (0.1-1.5 mm). Regression analysis using PTC Mathcad Prime
demonstrated strong correlation between simulation and experimental results. However, discrepancies were

observed under extreme conditions (very low cutting speeds and small or large depths of cut), indicating the need



for refining failure criteria in the simulation model for improved accuracy.
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BaacHe IlpizBume Im's I10-6aThKOBI:

1. Kycnit SIpociaB MapkisiHOBUY

2. Yaroslav M. Kusyj

KBasigikanis: 1. 1. n., npodecop, 05.02.08

Inentudikarop ORCID ID: 0000-0001-5741-486X

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHUIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,T.pKeHHﬂ: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'puuan Irop €BreHosny

2. Ihor E. Hrytsaj

KBasigikamis: 1. 1. ., npodecop, 05.03.01

Imentudikarop ORCID ID: 0000-0002-0933-1143

JoparkoBa iHdpopmamuist:

IloBHE HaliIMEeHYBaHHS IOPUAMYHOI 0CO0H: Hauionanbuuii yHiBepcurert "JIbBiBCbKA MOJITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueBHaxo,ereHHﬂ: ByJ. CrenaHa bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

Biacue IpizBume Im's Ilo-6aThKOBI Jlanenp Onexcint CrenanoBnd
roJIOBH pajgu

Biacue IpizBuie Im's I1o-6aThKOBI Jlanenp Osnexcift Crenanosuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasibHUI 3a MiATOTOBKY l'oponnsik Poman BacuiboBry

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




