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1. Incepraliiio prcBs9eHO BUPIIIEHHIO BasKJIMBOI HAYKOBO-TEXHIYHO]I 3a/1a4i — MifBUIeHHIO e(peKTUBHOCTI
(YHKIiOHaJIbHO-OPiEHTOBAHOTO TEXHOJIOTIYHOIO IIPOLieCy MEXaHiYHOro 00pOOJIeHHS BUPOOiB 3 TUTAHOBOTO CILJIaBy
IIJIIXOM BUOOPY PaliOHa/ILHUX PEKMMIB Pi3aHHS, FeOMeTpii pi3aIbHOrO iIHCTPYMEHTY Ta TEXHOJIOTiYHOTO
CEepeNoBUIIA, OTPUMMAHUX BHACIILOK IPOOJIEMHO-OPiEHTOBAHOTO aHali3y pe3y/bTaTiB iMiTalliiHOTO MOZETI0OBaHHS
CHJIOBOTO, TEPMOAMHAMIYHOIO Ta HaNpy>KeHO-JedopMalliliHOro CTaHy 3arOTOBKU Ta iHCTPYMEHTY B IIpOLieCi
dbopmoyTBOpeHHS. Ha OCHOBI CUCTEMHOTO aHali3y i y3araJabHEHHS JJOCBily BIIPOBAJPKEHHS HayKOBUX 3aCaf,

imXeHepii MEXaHIYHO 06POOJIEHMX NOBEPXOHD, TEPMOIUHAMIYHOTO aHAJIi3y BIJIMBY TPMOOMEXaHIUHNX YMHHUKIB



IIpolLecy pi3aHHS HAa (POPMYyBaHHS CMJIOBUX Ta HANPYKEHO-Ie(pOopMaLiiHUX NapaMeTpiB BUPOOiB, 0COOINBOCTEN
BHUKOPHCTaHHS iMiTalliiHUX MoZiesiell Ta KpUTePiiB pylHHyBaHHS BA)KKOOOPOOJIIOBaHUX MaTepiasiB chopMyIbOBaHa,
OOI'PYHTOBaHA, TEOPETUYHO Ta ITPAKTUYHO peasli3oBaHa MEeTOJMKa PEKOMEH alliil 1010 palioHalbHOrO BUOOPY
PEXMMIB Ta iIHCTPYMEHTAJIBHOTO 3a6€3I1€4EHHSI IIPOLIECY Pi3aHHS TUTAHOMICTKUX CIIIaBiB. OTpuMasa Nojasbni
PO3BUTOK METO0JIOTis (PYHKIIOHATILHO-OPi€EHTOBAHOTO TEXHOJIOTIYHOrO NIPOEKTYBAHHS, 32 SIKOIO KpUTEpieM
BUOOPY CTPYKTYpH Ta [IapaMeTPiB TEXHOJIOTIYHOI ollepallii MexaHiyHOro 06po0JIeHHs € He MiHiMi3allis
TEXHOJIOTIYHOI CO6iBaPTOCTi BUTOTOBJIEHHS AETali, a 3abe3Ne4eHHs Haibiibll epeKTUBHUX [1apaMeTpiB
06pO6JII0BAHOUX TOBEPXHOHb BUPOOY 3 TOYKM 30y MOKPAIIEHHS MOT0 eKCIUyaTaliliHUX BIaCTUBOCTEN
(3HOCOCTIMIKOCTi, BTOMHOI MiLIHOCTI TOI10). B muicepTaniiiHiil po60Ti 3arrporioHOBaHa HOBA METOAMKA I10€IHAHHS
Pe3yJIbTaTiB aHAJIITUMHOTO MOJIEJII0OBaHHS BibpaliliHuX IIPOLIECiB, 1[0 BUHUKAIOTH Mifyac MeXaHiYHOro 00pO0JIeHHS
BMPOOIB 3 TUTAHOBUX CILIiBIiB, 3 pe3yJIbTaTaMM iMiTallilHOrO MOJIEJIIOBaHHSI IIPOLECiB piaHHs. Takuil cuM6i03
Pi3HMX METOJMK 03BOJIUTb BPaxyBaTH SIK (Pi3MKO-MeXaHi4Hi 0COOIMBOCTI (POPMOYTBOPEHHS OOPOOIIOBAHUX
[IOBEPXOHb BUPOOY 3 TUTAHOMICTKOI'O MaTepiajy, TaK i peajibHy CUCTEMY >KOPCTKOCTE Ta AeMIPYIoUnx
BJIACTMBOCTE! TEXHOJIOTIYHOI cucteMu «BepcraT-TIpuctpiii-InctpymenT-3aroroskax» (BIII3) Ta ix KoMIeKCHY
B3a€MOJiI0. 3alIpONIOHOBaHA METOMKA ONKMCAHOTO B AUCEPTALiNHII pOOOTi JOCIiI)KEHHS! TPUOOMEXAaHIYHUX
MIPOLIECIB pi3aHHS TUTAHOBUX CIJIABIiB BiAPi3HAETHCA BiJl TPAOULIIMHOrO MigXOLy i MoJIsirae B HACTYNHOMY. [1o-
nepie, B IKOCTi BUXiTHUX JAHWX JJ1s1 MOJIeJIIOBaHHS IIPOIIOHYETHCS 10pa3y iHIKUH [eKaapoBaHUui KoeQillieHT
TepTs, i KO>KHA TaKa 3a/a4a iMiTaliflHOro MOJIe/II0BaHHS IPOLIECY MEXaHIYHOrO 0OPOOJIEHHS BUPIIYETbCS 14
pi3HMX MapaMeTpiB Ta peXXUMIB pidaHHA. Ha gpyromy erarti IpoBOAUTLCS aHAai3 BIJIMBY LIUMX Halepe, 3ajaHuX
KoedilieHTiB Ha HanpykeHo-AedOPMOBaHU (B TOMY YMCJIi 3a7IMIIKOBUI) i TEpMOJMHaMIYHUI CTaH 3arOTOBKYU Ta
IHCTPYMEHTY IIPU Pi3aHHI, a TAKOX Ha AMHAMIKy 3HOIIYBAHHS IHCTPYMEHTY TOIIO0. Ha TpeThoMy eTarti JOCIiIKEeHHS
IIPOIMOHYIOTHCS MIJISIXY 320€3M€4eHHSI QHAJIITUYHO OOI'PYHTOBAHUX TPUOOTEXHIYHNUX YMOBHU pi3aHHs. Pe3dysnbraTil
aHasli3y JAlTh MOKJIMBICTh BUOPATH Taki KOHCTPYKTUBHI, TEXHOJIOTIYHI a60 opraHizalifiHi pilneHHs, SKi peanisyloTb
ONTUMAaJIbHi yMOBU 00pOOJI€HHS HAlb1Ibll €(PEKTUBHUM CIIOCOO0M. B pe3ysbTarti TeOpeTUUHUX Ta
€KCIIEPMMEHTAJIBHUX JIOCTIiI)KEHb JOBEIEHO, 10 XapaKTePHa caMe JJIs1 MEXaHIYHOro 0OpOOJIEHHS] TUTAHOBUX
CIJIaBiB AMHAMIKa IMCOHAHCHOI IMKIIIYHOI 3MiHM CKJIaJIOBUX CUJI Pi3aHHS € HACJIIKOM aniiabaTUYHOTO 3CYBY B 30Hi
CTPYXKOYTBOPEHHS, 110 i MiTBEPIKYEThCS 3y6UacTONOAI6HOI0 (POPMOIO CTPYKKU. MexaHi3M Takoro
CTPY’XKOYTBOPEHHSI IIPM MEXaHIYHOMY OOpOOJIEHH] TUTAHOBUX CIIJIaBiB OOYMOBJIEHMI BTPATOIO0 TEPMOIJIACTUYHOI
CTabiJIbHOCTI B M€Kax 30HU NIEPBUHHOTO 3CYBY. Pe3yJIbTaTU TEOPETUYHUX Ta €KCIIEPUMEHTAJIbHUX OOCiIKEHb
HigTBEPIKYOIOTh T€, IO UKJIIYHICTh Ta iIHTEHCUBHICTh JUHAMIYHOTO MPOLIECY HABAHTAXXEHHS Ta 3HOIIYBAaHHS
pizasIbHOro iHCTPYMEHTY IIPU MEXaHIYHOMY OOpPOOJIEHHI TUTAHOBOTO CI1JIaBy IPUOPITETHO 3aJI€5KUTH Bifl IBUIKOCTI
Ta IJIMOMHY pi3aHHs. BIpoBa>)KeHHs 3alIPOIIOHOBAHUX METOJMK aHali3y pe3yJIbTaTiB iMiTaliiHUX, aHAJIITUYHUX T
€KCIIepUMEHTAJIbHUX JOCiIPKeHb TPUOOMEXaHIYHUX, CUJIOBUX, TEPMOAVHAMIYHUX Ta HANPYXeHO-IedopMaliiiHuX
IapaMeTpiB 103BOJISIE peasli30ByBaTH MPOLEC JIOTIYHOTO HAYKOBO-OOI PYHTOBAHOTO HAIPaBJIEHOTO BUOOPY PEKUMIB
pizaHHs Ta iHCTPYMEHTaJILHOTO 3a0€3M1eUYE€HHS TEXHOJIOTIYHMX Ollepalili MEXaHIYHOrO 0O6PO6JIEHHS TUTAHOMICTKUAX
BMPOOIB, 110 6a3yeThCs HA BUPILIEHH] IPO6JIeM, IPUYNHY (POPMYBAHHS SIKMX € OJHO3HAYHO 3PO3yMIIMMU,

YKCeJIbHO Ta SIKiICHO OLIiHEHVMMM Ta aJeKBaTHUIMU.

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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