O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0825U000748
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 05-03-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llle CaHbBHIH --

2. Xianning She

KBasmigikamis:

Imentudikarop ORCID ID: 0000-0003-1360-210X

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 crneniajabHOCTI: 131 [IpukiagHa MexaHika
JlaTa 3axHCTy: 14-02-2023

CrneniaJIbHICTD 3a OCBITOIO: Po60TOMEXAHIYHI CCTEMY Ta KOMILJIEKCH
Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliaai30BaHOI BYEHOI pagH). PhD 746
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 PYyOPHK: 55.13.15.13

Tema gucepranii:
1. ITinBuieHHs epeKTUBHOCTI MEXaHIYHOTO 0O6pOO6JIEHHS leTaslel 3 TUTAHOBUX CIJIaBiB HA OCHOBI iMiTallifiHOTO

MOJIeTIOBaHHS mpoliecy (pOPpMOYTBOPEHHS
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Pedepar:

1. Incepralito NpUCBSIYEHO BUPIIIEHHIO BayKJIMBOI HAYKOBO-TEXHIYHO] 3a/1a4i — MiIBUILIEHHIO €(PEKTUBHOCTI
(PyHKIiIOHAIbHO-OPi€HTOBAHOTO TEXHOJIOTIYHOTO MIPOLIECY MEXaHIYHOTO 06PO6JIEHHS BUPOOiB 3 TUTAHOBOTO CILIABY
IIJISIXOM BUOOPY paljioOHa/IbHUX PE’KMMIB Pi3aHHS, reoMeTpii pi3aIbHOrO iHCTPYMEHTY Ta TEXHOJIOTiYHOTO
cepeloBUlla, OTPUMAaHUX BHACIIIOK TPO6IE€MHO-0PiEHTOBAHOIO aHaJIi3y Pe3yJbTaTiB iMiTallilHOrO MOJIEJIIOBAHHS
CHJIOBOTO, TEPMOAMHAMIYHOIO Ta HANPY>KE€HO-e(pOpMaliiHOrO CTaHy 3arOTOBKU Ta iHCTPYMEHTY B IIPOLIEC]
¢dopmoyTBOpeHHS. Ha OCHOBI CUCTEMHOTO aHasli3y i y3araJabHEeHHs JOCBily BIPOBAJPKEHHS HAyKOBUX 3aCaf,
iHXeHepii MexaHi4YHO 06pO6JIEHNX TOBEPXOHD, TEPMOJMHAMIYHOTO aHaIi3y BIIJIMBY TPMOOMEXaHIUHNX YMHHUKIB
Ipolecy pi3aHHS Ha GOPMYyBaHHS CUJIOBUX Ta HANIPyKeHO-Ae(opMaLiiHUX NapaMeTpiB BUPOOiB, 0COOGINBOCTEN
BUKOPUCTAHHS iMiTalliliHUX MOJeJIel Ta KPUTEPiiB pylHyBaHHS BaXXKOOOPOOJIIOBAHMX MaTepiasiB cpopMyIbOBaHA,

OOIpPYHTOBaHa, TEOPETUYHO Ta IIPAKTUYHO peasii3oBaHa MEeTOJMKa PEKOMEH alliil 100 palioHaIbHOTO BUGOPY



PEXMMIB Ta iIHCTPYMEHTAJIBHOTO 3a0€3I1€4E€HHSI IIPOLIECY Pi3aHHS TUTAHOMICTKUX CIIIaBiB. OTpuMasa NoJasbni
PO3BUTOK METOJ0JIOTis (PYHKLIOHATIbHO-OPiEHTOBAHOT'O TEXHOJIOTIYHOTrO ITPOEKTYBaHHS, 32 SIKOI0 KpUTEpieM
BUOOPY CTPYKTYpH Ta IapaMeTPiB TEXHOJIOTIYHOI ollepallii MexaHiyHOro 06po0JIeHHs € He MiHiMi3allis
TEXHOJIOTIYHOI CO6iBaPTOCTi BUTOTOBJIEHHS AETali, a 3a6€3Me4eHHs Halbib e(eKTUBHUX 1apaMeTpiB
06pO6JII0BAHOUX TOBEPXHOHb BUPOOY 3 TOYKM 30y MOKPAIIEHHS MOT0 €KCIUyaTaliliHUX BIaCTUBOCTEN
(3HOCOCTIMIKOCTi, BTOMHOI MilIHOCTI TO110). B gucepraniiiHiil po60Ti 3anrporloHOBaHa HOBA METOAMKA I10€IHAHHS
Pe3yJbTaTiB aHAJIITUYHOTO MOJIEJIIOBaHHS BibpaliliHUX IIPOLIECIB, 1[0 BUHMKAIOTH I1il4ac MEXaHiYHOro 00pOOJIEHHS
BMPOOIB 3 TUTAHOBUX CILIBiB, 3 p€3yJIbTaTaMM iMiTallilHOrO MOJE/IIOBaHHS IIPOLECiB piaHHs. Takuil cuM6i03
Pi3HNX METOIMK [TO3BOJIMTh BPAxXyBaTH SIK (i3KO-MexaHiyHi 0co61BOCTi GOPMOYTBOPEHHS 06POGIIOBAHUX
IIOBEPXOHb BUPOOY 3 TUTAHOMICTKOI'O MaTtepiay, TaK i peajlbHy CUCTEMY >KOPCTKOCTE Ta AeMII(PYIOUnxX
BJIACTMBOCTEM TEXHOJIOTIYHOI cucTteMu «BepcraT-TIpuctpiii-InctpymenT-3aroroskay (BIII3) Ta ix KoMIIeKCHY
B32€MO|I0. 3aIIpONIOHOBAHA METO/IMKA OINKMCAHOTO B AMCEPTALiiHIl pobOTi HOCTiAKEeHHS TpOOMeXaHIYHUX
IIPOLIECIB pi3aHHS TUTAHOBUX CIUIABIiB BiIPi3HAE€THCA BiJl TPAOULIIMHOIO MigXOLy i [IoJIsirae B HACTYIIHOMY. [1o-
nepliie, B IKOCTi BUXiJHAX JAHWX 1J1s1 MOJI€JIIOBaHHS IPOIIOHYETHCS OPpa3y iHIUH eKIapoBaHUi KoedillieHT
TEPTS], 1 KOKHA TaKa 3a/a4a imMiTaliliHOro MoieIl0BaHHSI IPOL,ECY MEXAaHIYHOTO 0O6PO6JIEHHS BUPILYEeTbCS 1715
Pi3HUX NTapaMeTpiB Ta peXXUMIB pi3aHHs. Ha gpyromy erari npoBOOUTHCS aHasli3 BIUIMBY LIUX Hallepe], 3aiaHNX
KoediljieHTiB Ha HaNpyKeHO-Ae()OPMOBaHU (B TOMY YMCJIi 3a7IMIIKOBUI) i TEpMOJMHaMIYHUI CTaH 3arOTOBKYU Ta
IHCTPYMEHTY NpU Pi3aHHI, a TAKOX Ha AMHAMIKYy 3HOIIYBAHHSA IHCTPYMEHTY TOIO0. Ha TpeThoMy eTari JOCiIKEeHHS
IIPOMOHYIOTHCS MITISIXY 320€31€4EeHHSI QHAJIITUYHO OOI'PYHTOBAHMX TPUOOTEXHIYHUX YMOBHU pi3aHHs. Pe3dysnbraTi
aHasli3y JAlTh MOKJIMBICTh BUOPATH Taki KOHCTPYKTUBHI, TEXHOJIOTIYHI a60 opraHizalifiHi pileHHs, IKi peanisyloTb
ONTUMAaJIbHi YMOBU 00pOOJI€HHS HalbLIbI €(PEKTUBHYM CIIOCOO0M. B pe3ysbTarti TEOpeTUYHUX Ta
€KCIIepUMEHTAJIbHUX JOCTIIKEHb JOBEIEHO, 0 XapaKTepHa CaMe 71l MEXaHiYHOro 06pO6JI€HHS TUTAHOBUX
CIIJIaBiB IMHaMiKa AMCOHAHCHOI IMKJIIYHOI 3MiHM CKJIaJIOBUX CUJI Pi3aHHS € HACJIIKOM aniiabaTUYHOTO 3CYBY B 30Hi
CTPY>XKOYTBOPEHHS, 110 i NiATBEPIKYETbCS 3y6UacTONOAIOHOI0 (POPMOIO CTPY>KKU. MexaHi3M Takoro
CTPY’XKOYTBOPEHHSI IIPY MEXaHIYHOMY OOpOOJIEHH] TUTAHOBUX CIIJIaBiB OOYMOBJIEHMI BTPATOI0 TEPMOILJIACTUYHOI
CTabiNbHOCTI B MEXKax 30HU NIEPBUHHOTIO 3CYBY. Pe3ysibTaTu TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX JOCIIiIPKEHb
HigTBEPIKYIOIOTh T€, IO [UKIIIYHICTh Ta iIHTEHCUBHICTh JUHAMIYHOIO MPOLIECY HABAHTAXXEHHS Ta 3HOIIYBAHHS
pizasIbHOrO IHCTPYMEHTY IPU MEXAHIYHOMY OOpPOOJIEHHI TUTAHOBOTO CILJIaBy IPUOPITETHO 3aJI€5KUTH Bifl IBUKOCTI
Ta IJIMOMHY pi3aHHS. BIpOBa>)KeHHS 3alIPOIIOHOBAHUX METOVK aHAJi3y pe3yJIbTaTiB iMiTal[iiHUX, QaHAIITUYHUX T
€KCIIEPMMEHTAJIbHUX JIOCTIiI)KeHb TPUOOMEXaHIUHNX, CUJIOBUX, TEPMOJMHAMIYHUIX Ta HAIIPpyKeHO-AedOopMaLifiHNX
IapaMeTpiB 103BOJISIE Peasli30ByBaTH MPOLEC JIOTIYHOTO HAYKOBO-OOI PYHTOBAHOTO HAIIPaBJIEHOT'O BUOOPY PEKUMIB
pi3aHHs Ta iHCTPYMEHTAJILHOTO 3a0€3M1€4YE€HHS TEXHOJIOTIYHMX ONlepalili MEXaHIYHOrO 0OPO6JIEHHS TUTAHOMICTKUAX
BUPOOIB, 1110 6a3yeThCsl HA BUPiLIEHH] MTPo6JieM, IPUYMHY (POPMYBAHHS SIKUX € OJHO3HAYHO 3PO3yMilnMH,

YKCeJIbHO Ta SIKiICHO OILliHEHMMM Ta aJeKBaTHUMU.

2. The dissertation is devoted to solving an important scientific and technical problem - increasing the efficiency
of the functionally oriented technological process of machining titanium alloy products by selecting rational
cutting modes, cutting tool geometry and technological environment obtained as a result of problem-oriented
analysis of the results of simulation modeling of the power, thermodynamic and stress-strain state of the
workpiece and tool in the process of forming. On the basis of system analysis and generalization of experience in
implementing the scientific principles of machined surface engineering, thermodynamic analysis of the influence
of tribomechanical factors of the cutting process on the formation of force and stress-strain parameters of
products, features of the use of simulation models and criteria for the destruction of hard-to-machine materials, a
methodology for recommendations on the rational choice of modes and tooling for the titanium cutting process
was formulated, substantiated, theoretically and practically implemented. The methodology of functional-oriented
technological design was further developed, according to which the criterion for choosing the structure and
parameters of a machining operation is not to minimize the technological cost of manufacturing a part, but to
ensure the most effective parameters of the machined surfaces of the product in terms of improving its
operational properties (wear resistance, fatigue strength, etc.). The thesis proposes a new methodology for



combining the results of analytical modeling of vibration processes arising during machining of titanium alloy
products with the results of simulation modeling of cutting processes. Such a symbiosis of different methods will
allow taking into account both the physical and mechanical features of the shape formation of the machined
surfaces of a product made of titanium-containing material and the real system of stiffnesses and damping
properties of the technological system “Machine-tool-tool-blanket” (MTB) and their complex interaction. The
proposed methodology for the study of tribomechanical processes of cutting titanium alloys described in this
thesis differs from the traditional approach and is as follows. First, each time a different declared friction
coefficient is proposed as the initial data for modeling, and each such task of simulating the machining process is
solved for different parameters and cutting modes. At the second stage, the influence of these predetermined
coefficients on the stress-strain (including residual) and thermodynamic states of the workpiece and tool during
cutting, as well as on the dynamics of tool wear, etc. is analyzed. The third stage of the study proposes ways to
ensure analytically sound tribotechnical cutting conditions. The results of the analysis make it possible to select
such design, technological, or organizational solutions that implement the optimal machining conditions in the
most efficient way. As a result of theoretical and experimental studies, it has been proved that the dynamics of
dissonant cyclic changes in the components of cutting forces, which is characteristic of machining titanium alloys,
is a consequence of an adiabatic shift in the chip formation zone, which is confirmed by the toothed shape of the
chips. The mechanism of such chip formation during machining of titanium alloys is due to the loss of
thermoplastic stability within the primary shear zone. The results of theoretical and experimental studies confirm
that the cyclicity and intensity of the dynamic process of loading and wear of the cutting tool during machining of
titanium alloy primarily depend on the speed and depth of cut. The implementation of the proposed methods for
analyzing the results of simulation, analytical and experimental studies of tribomechanical, power, thermodynamic
and stress-strain parameters allows us to implement the process of logical, scientifically based, directed selection
of cutting modes and tooling for technological operations of machining titanium-containing products, based on
solving problems whose causes are unambiguously clear, quantitatively and qualitatively assessed and adequate
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