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1. Incepranifina po60oTa IpuCBIYeHa NiABUILEHHIO €(PeKTUBHOCTI YMCTOBOI'O TOYiHHS BUCOKOMIIIHUX YaBYHIB
iHCTpyMEHTaMHU 3 MOJIIKpUCTaIiYHOro Ky6iuHoro Hitpuzny 6opy (ITKHB) misxoM BCTaHOBIEHHS 3aKOHOMIpHOCTEN
KOHTAaKTHOI B3a€MO/Iil B 30Hi pi3aHHs Ta BU3HAYEHHS palliOHaJIbHUX YMOB OOPOOKH, 110 3a0€3MeYYIOTh il BUIIEHHS
CTIIKOCTi iHCTPYMEHTY Ta SIKOCTi 06p06JI€HO] MOBEPXHI. AKTYaIbHiCTh POOOTH 3yMOBJIEHA IIMPOKUM 3aCTOCYBAaHHSIM
BHMCOKOMIILIHUX YaBYHIB y MalIMHOOYJyBaHHIi Ta HEOOXiAHICTIO MifBUIIEHHS IPOLYKTUBHOCTI iX MEXaHI4HOi 06POOKHU.
Burcoki MilHiCHI XapaKTEpUCTUKU LKX MaTepialiB IPU3BOLATE 4O 3POCTAaHHS CUJI Pi3aHHS, TEMIIEPATYPU B 30Hi
KOHTAaKTy Ta iIHTEHCUMBHOCTI 3HOLIYBaHHSA Pi3aJIbHOTO IHCTPYMEHTY. 3aCTOCYyBaHHs iHCTpyMeHTIB i3 [IKHDB € ogHuMm i3

HaNO6iIbII TEPCIEeKTUBHUX HATIPSMIB MiIBUIIEHHS €(EeKTUBHOCTI YMCTOBOIO TOUiHHSI, OJJHAK MEXaH{3MU ix



3HOIIYBaHH Ta BIUIUB MiKPOCTPYKTYPY BUCOKOMIIIHOTO YaBYHY Ha NIPOLEC Pi3aHHS AOCIiIKEH] HEJOCTATHLO.
MeTo10 po6OTH € BCTaHOBJIEHHS 3aKOHOMIPHOCTE KOHTAaKTHOI B3aemofii incTpymenTy i3 [IKHE 3 BucokoMiniHuM
YaBYHOM Ta PO3POOJIEHHS HAYKOBO OOI'PYHTOBAHMX PEKOMEHALLIN 10JI0 BUOOPY PEKMMIB YMCTOBOIO TOYiHHSL. Jis
IIOCSITHEHHS [TI0CTaBJIE€HOI METU BUKOHAHO aHajli3 Cy4aCHOTro CTaHy AOCJiI>KeHb, JOCIiIPKEHO OCOBJIMBOCTI
KOHTaKTHOI B3a€MOJI pi3asibHOI KPOMKHU 3 MiKPOCTPYKTYPHHUMMU €JIEMEHTAMY YaBYHY, BCTAHOBJIEHO 3aKOHOMIPHOCTI
(dhopmMyBaHHS HaNpyXeHO-1e(POPMOBAHOI0 CTaHy i TEMIIEPATyPHUX IOJIiB y 30Hi Pi3aHHS, AOCIIIPKEHO MeXaHi3MU
3HouyBaHH iHcTpyMeHTy 3 [IKHD Ta BU3Ha4€HO BIJIMB PEKMMIB Pi3aHHS Ha TIOKa3HUKU SIKOCTi [I0BEPXHI.
MeToauKa LOCIiIPKEHb BKIIOYasla €KCIIEPUMEHTAJIbHI Ta TEOPETUYHI METOAM. BUKOPUCTAHO ONTUYHY Ta PAaCTPOBY
€JIEKTPOHHY MIKPOCKOIIil0, eHeproiuCIepCiiHNIT peHTT€HOCIIeKTPaJIbHUI aHaJli3, IpodisioMeTpilo, [HAMOMETPII0
CWJI Pi3aHHs, BUCOKOIIBUIKICHI BUIPOOYBAHHS Ha TOYiHHS, a TAKOX CKiHU€HHO-€JIeMEHTHE MOEJIIOBaHHS IIPOLIECiB
CTPYXKOYTBOPEHHS, TEMIIEPATYPHUX II0JIiB i pO3IOAiNy HAallpyKeHb. Y Pe3yJbTaTi LOCiI’)KEHb BCTAHOBJIEHO
BU3HAYaJIbHUI BIUIUB MOPQoJIOTii rpadiTy Ha mapameTpy KOHTAKTHOI B3aeMO/ii Ta yMoBU 06po6KU. [TokasaHo, Mo
nepexip Bif MaacTHHYACTOro 00 KyJsicTOro rpadiTy Npu3BOAUTb 0O iCTOTHOTO 3pOCTaHHS HAIPY>KeHb i Temrneparyp
y 30Hi pi3aHH4. BcTaHOB/IEHO, 10 TEeMIIEpaTypa Ha IlepeiHill MOBEPXHIi iIHCTPyMeHTa Iif 4ac 06poOKU
BHMCOKOMIIIHUX 4aBYyHiB Moske gocsiratu 1050-1100 °C, mo cnipusie inTeHcudikanii abpasuBHO-aare3iitHoro
3HomyBaHH4 [IKHB. BusHaueHO 3aKOHOMIpHOCTI 3MiHU CMJI pi3aHHs, TapaMeTPiB OPCTKOCTI IOBEPXHi Ta
IHTEHCHUBHOCTI 3HOIIYBAaHHS 3aJIEXKHO Bif] CTPYKTYPU YaByHY Ta PEXXUMIB pizaHHsa. HaykoBa HOBM3HA Of€pKaHUX
pEe3yJIbTATIB I10JIra€e y BCTAHOBJIEHH]I HOBUX 3aKOHOMIPHOCTE! KOHTAKTHOI B3aeMogii iHCTpyMeHTiB i3 [IKHDB 3
BUCOKOMILIHUMU YaByHAaMH, [IPOTHO3YBaHHSI iX 3HOIIYBaHHS. 3alIPOIIOHOBAHO KPUTEPil CTAabiIbHOCTI NpoLeCy
pizaHHs1, 3aCHOBaHUI Ha OLiHIOBAHHI AUCIEPCii IOKAJIbHOTO BMiCTy IrpadiTOBUX BKJIIOYEHD Y 3pi3yBaHOMY LIapi.
BcraHoBineHo, mo pexxumu 3 nogavero 0,05-0,10 mm /06 i rmubuHo0 pisanHs 0,10-0,15 MM XapaKTepu3yoThCs
MiABUILEHOIO YyTJIMBICTIO 10 CTPYKTYPHOI HeonHOPinHOCTI yaByHy BU40, Tozi gk 3a nogadvi nonag, 0,12 mm /06 i
rJIMOUHM pisaHHs noHan 0,20 MM 3a6e311euyloThCsl CTabiIbHIlll YMOBY HaBaHTaXXEHHS pi3asibHOI KpoMKU. CTBOPEHO
METOANYHY OCHOBY ITPOrHO3yBaHHS KOHTAaKTHO-BTOMHOIO 3HOIIYBaHHS iHCTPYMEHTIB i3 [IKHDB, mo noennye
CTaTUCTUYHY MOJIEJIb B3a€MOZIi Pi3abHOI KPOMKH 3 rpaiTOBUMU BKJIIOUEHHSIMU Ta OLiHIOBAHHS HAaKOIUYEHHS
MOLIKOJKYBAHOCTI Bifl MOBTOPHUX MiKPOiMITyJIbCiB HAINlpy>KeHb. BCTaHOBJIEHO, 110 A7151 TPadiTOBUX BKIIOYEHb
po3mipoM noHaz 10 MKM po3paxyHKOBa YacTOTa ix B3aeMoZii 3 pi3ajibHOI0 KPOMKOIO CTaHOBUTH 1,6-45,9 KI'L.
BusnaueHo, 10 cepeiHi HOpMabHi HallpyKeHHs Ha NlepeiHii noBepxHi incTpymeHTy 3 [IKHB npu 06po6ui BU40
nepe6yBaioTh y Mexxax 0,55-1,53 I'Tla, a notuyni Hanpy>keHHs — 0,15-0,47 ['Tla. 3a pesynpratamu SEM- ta EDS-
IOCJiIKeHb BCTAaHOBJIEHO ¢popmyBaHHs Ha noBepxHi [IKHB BTOpMHHNX KOHTaKTHUX apiB, 36arayeHux Fe ta O, mo
HiATBEPIXY€ NIEPEBAKHY B3a€MOZi10 POO0YMX [TOBEPXOHDb iHCTPYMEHTA 3 METAJIEBOIO MATPULEIO YaBYHY, a HE 3
rpaiToBUM MAPOM.

2. The dissertation is devoted to improving the efficiency of finish turning of high-strength cast irons using
polycrystalline cubic boron nitride (PcBN) cutting tools through the investigation of contact interaction
mechanisms in the cutting zone and the determination of rational machining conditions ensuring improved tool
life and surface quality. High-strength cast irons are widely used for manufacturing critical engineering
components due to their high strength, dimensional stability, and damping properties. However, their machining is
associated with increased cutting forces, high contact temperatures, vibration loading, and intensive tool wear.
PcBN tools provide significant advantages over conventional carbide tools, but the mechanisms of their wear and
the influence of cast iron microstructure on machining performance require further investigation. The objective of
the research was to establish the regularities of contact interaction between PcBN tools and high-strength cast
irons and to develop recommendations for optimizing finish turning conditions. To achieve this objective, the
machinability of high-strength cast irons was analyzed, the stress-strain and thermal conditions in the cutting
zone were investigated, wear mechanisms of PcBN tools were identified, and the influence of cutting parameters
on surface roughness and tool life was determined. The research methodology combined experimental and
numerical approaches. Optical and scanning electron microscopy, energy-dispersive X-ray spectroscopy,
profilometry, cutting-force dynamometry, microhardness testing, and high-speed turning experiments were
employed. Finite element modeling was used to analyze chip formation, temperature distribution, stress fields, and



the effect of graphite morphology on deformation processes in the cutting zone. The results demonstrated that
cast iron microstructure has a decisive influence on cutting conditions and tool wear. The transition from flake
graphite to vermicular and spheroidal graphite leads to a significant increase in stresses and temperatures in the
cutting zone. Maximum temperatures on the rake face of the tool reached 1050-1100 °C during machining of
ductile and compacted graphite cast irons, promoting intensive abrasive-adhesive wear. The volumetric fraction
and morphology of graphite were shown to affect specific cutting forces, vibration behavior, and process stability.
The scientific novelty of the research consists in the development of a criterion for evaluating the stability of finish
turning of high-strength cast iron based on the dispersion of graphite inclusions within the removed layer. It was
established that cutting conditions with feed rates of 0.05-0.10 mm /rev and depths of cut of 0.10-0.15 mm are
highly sensitive to structural heterogeneity, whereas feed rates above 0.12 mm /rev and depths of cut above 0.20
mm provide more stable loading conditions of the cutting edge. A methodological framework for predicting
contact-fatigue wear of PcBN tools was developed, combining a statistical model of graphite inclusion interaction
with damage accumulation caused by repeated stress micro-impulses. A statistical model describing the
interaction between the cutting edge and graphite inclusions was proposed; for critical inclusions larger than 10
um, the calculated interaction frequency was found to range from 1.6 to 45.9 kHz. It was established that the
average normal stresses acting on the rake face of a PcBN tool during machining of ductile cast iron range from
0.55 to 1.53 GPa, while tangential stresses range from 0.15 to 0.47 GPa. SEM and EDS analyses revealed the
formation of Fe- and O-enriched secondary contact layers on the PcBN surface, demonstrating that contact
occurs predominantly with the metallic matrix of the cast iron rather than with a stable graphite lubricating layer.
Experimental studies established rational cutting parameters that ensure minimum tool wear and high surface
quality. The proposed recommendations provide increased machining productivity, improved surface finish, and
enhanced durability of PcBN cutting tools.
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VIII. 3aKkJII04Hi BiZmoMOCTi

ByiacHe IlpizBuiie Im's I1o-6aThKOBI ®inaros IOpiit laHnnosiy
TOJIOBH pajgu

Biacue IpizBume Im's [1o-6aTbKOBI ®inaros IOpiii lanunosiy
rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBimasabHUI 3a lli,ILI‘OTOBKy KoBaneHnko Irop AnaroniiioBuy
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA
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