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Pedepar:

1. B pucepTarniifiHifi pob0Ti po3rIal0ThCs MUTAHHS TOCiIKEHHS IHTEHCUBHOCTI Ta IMHAMIKU IIPO1IECiB
NOIIMPEHHS TEIJIOBOTO I10J1s1, BUBUEHHS €BOJIIOLI Ta KiHETUKHU HAIPY>KEHO-1e(pOPMOBAHOI'0 CTaHy 6araToapoBUX
HaHOCTPYKTYPHUX ITIOKPUTTIB PDKY4YMX iHCTPYMEHTIB. [IpencTaBiaeHo pesynibTaTy JOCIIKEHHS TEMIIEPATYPHOTO
nosist tactuny i3 TiAIN Ta TiN, gomaposumu TiCN /o-Al203, TiAIN /o-Al203 ta TiN /n0-Al203 /42CrMo4, Ta
tpuimapoBuM nokputTsaM TiCN /o-Al203 /TiN. JocnigxeHi Tepmo3axucHi QpyHKUii nokputTiB. Hagana
XapaKTEPUCTUKA iHTEHCUBHOCTI MOMMPEHHS TEIIJIOBOTO [TOTOKY B IJIACTHHI 6€3 IIOKPUTTS, i3 O HOIIAPOBUM
TiN/42CrMo4 Ta geomaposum TiN /0-Al203 /42CrMo4 nokpuTTsiMu. BuzHayeHa [oJisl TEIJIOBOTO ITOTOKY, SKa
BTPAYAETHCS NIPU BifijaJI€HHI Bif] TOBEPXHI [JIS1 OJHOIIAPOBOr0O Ta JBOLIAPOBOrO IIOKPUTTS BillIOBiAHOI TOBIIVHU.

[NopiBHSIHO AMHAMIKY IOLIMPEHHS TEMIIEPATYPHOTO MOJIS B PDKYUill IIJIACTUHI 6€3 MOKPUTTS i B IVIACTUHI i3



tpumaposum nokputTsaM TiCN /o-Al203 /TiN. Metogom ¢a30BOro npocTopy, JOCIiI)KEHUH CTaH 6araTomapoBoi
CTPYKTYpH Pi>Ky4oi IIJIaCTUHYU B paMKaxX MOJIeJli B'SI3KO-TIPY>KHOTO CEpPeJOBUILA, 110 BOJIOJi€ TEIJIONPOBiAHICTIO.
ITopaHo ¢a3oBuil NOPTPET, 1O ONUCYE NUHAMIKY TEDMOHAIPY>KEHOTO CTaHy CTPYKTypU. BcTaHOBJIEH]I yMOBU
nepexojy nNpy>xHoi gedopmalii 10 JIACTUYHOI 1Y BapiloBaHHI NapaMeTpamMu TEPMOHAIPY>KEHHS Y
OaraTtomapoBomy NOKpUTTI. [IpencraBieHo ¢pa30Buil IOPTPET HAIPY>KEHO-11e(POPMOBAHOTO CTaHy CUCTEMU.
[TokazaHo KiHeTHKY 3MiHU JePopMaliliHuX XapaKTepUCTUK CUCTEMU HIJIIXOM BifICIIiIKOBYBaHHS €BOJIIOLL
nedbopmariiil i JociaKeHHs IBUIKOCTI iX 3MiHU. JJocigKeHHs KiHeTUKU CUCTEMU, aHali3 eBoollii nedopmariii i
Ha TIOKPUTTS], BiATIOBITHUX XapaKTepUCTUK HAIPy>KeHHs Ta Iedopmaliii. BcTaHOB/IEH] XapaKTepUCTUKY IIEPEXOLLY
CHCTEMHU BiJl OIHOT'O CTaHy [0 iHIIOTO 110 AO3BOJISIE IEPe0aYnTH BiflIOBiAHI AedopmalliiiHi mpoLecy y IOKpUTTi. Y
(pa30BOMY IOPTPETi HAIPY>KEHO-e(POPMOBAHOT'O CTAaHy CUCTEMU IIOKA3aHO BaPilOBaHHS BIIJIMBOM HAIIPY>KEHHS B
piXydiil macTrHi Ha gedopmaliiiHi NOKa3HUKU. BCTaHOBIIEHO, 1110 IIPU MOBi/IBHIN 3MiHI HaNpyXeHHs Aedopmallis
CTPYKTYPH 3MEHIIYETHCS Ay>Ke MBUAKO [1714 I0YATKOBUX 3HAY€Hb. BCTAaHOBJIEHI YMOBU NIE€PEXONY BiJl IPYKHUX J10
IIJIaCTUYHUX AedopMaliiil B 6araTolapoBiil CuCTeMi IOKPUTTS pi3asibHOI My1acTUHU. [TpoBeieHnii aHali3 KiHeTUKU
3MiHU JedopMaliiHUX XapaKTepPUCTUK CUCTEMU IIJIIXOM BiICIIiAKOBYBaHHS €BOJIOL] JedopMaliiil i JOCTiIKeHHS
mBUIKOCTI ix 3miHu. [TogaHo gazoBuiil nopTpeT, chopMOBaHUMU [IPY YMOBI, 1110 TEMIIepaTypa IIOBEPXOHb TePTS
PiKy4oi y1aCTUHY (KOHTAKTHUX [1I0BEPXOHb) HIKYe KpUTU4yHOi. Pa3oBi TpaeKkTopii cucremu nokasyioTs, 110
BiZOyBa€eThCSI IEPEPUBYACTUI XapaKTeP TEPMiUYHOTO BIUIMBY HA BifTIOBiIHYy CTPYKTYpPY MOKPUTTS Mi[] 4ac
IIPOBEIEHHS onepalil pi3a”Hs. Pe3ysbTaTy JOC/IIIKEHHS TEIJIOBOrO I10JIs1, IMHAMIKY [IOIIVMPEHHS TEILJIOBOTO
IIOTOKY, €BOJIIOLIi Ta KIHETUKY 3MiHU JedopMalliliHO-Halpy>KeHUX XapakKTEPUCTHUK CUCTEMH Y Pi3ajlbHiil MJIaCTUHI
i3 HaHeceHUM 6araToapoOBUM ITOKPUTTSIM IIif] BIVIMBOM TEIIJIOBOTO HABAHTAKEHHS CTPYKTYPH MOXYTb OyTH
BMKOPHCTaHi [1J151 IPOTHO3YBaHHs NIapaMeTPiB i XapaKTepUCTUK QYHKIIOHAIILHUX MAaTePiaJliB €JIEMEHTIB
MeTasI000pOoOHOro 061afHAHHS, PO3POOKU TEXHOJIOTIYHUX MIPOLIECiB MiATOTOBKY PLKYyYUX IHCTPYMEHTIB Ta

dopMyBaHHi peKoMeHJallill o0 ONTHUMI3allii CTPYKTypY HaHECEHUX IIOKPUTTIB.

2. The dissertation work considers the issues of studying the intensity and dynamics of thermal field propagation
processes, studying the evolution and kinetics of the stress-strain state of multilayer nanostructured coatings of
cutting tools. The results of studying the temperature field of a plate with TiAIN and TiN, two-layer TiCN /o-Al203,
TiAIN /0-Al203 and TiN /o-Al203 /42CrMo4, and a three-layer TiCN /o-Al203 /TiN coating are presented. The
thermal protective functions of the coatings are studied. The characteristics of the intensity of heat flux
propagation in a plate without a coating, with a single-layer TiN /42CrMo4 and two-layer TiN/o-Al203 /42CrMo4
coatings are given. The fraction of the heat flux that is lost at a distance from the surface is determined for a
single-layer and two-layer coating of the corresponding thickness. The dynamics of the temperature field
propagation in an uncoated cutting insert and in an insert with a three-layer TiCN /n-Al203 /TiN coating were
compared. Using the phase space method, the state of the multilayer structure of the cutting insert was
investigated within the framework of a viscoelastic medium model with thermal conductivity. A phase portrait
describing the dynamics of the thermally stressed state of the structure was presented. The conditions for the
transition from elastic deformation to plastic deformation when varying the thermal stress parameters in a
multilayer coating were established. A phase portrait of the stressed-strained state of the system was presented.
The kinetics of the change in the deformation characteristics of the system was shown by tracking the evolution of
deformations and studying the rate of their change. Studies of the kinetics of the system, analysis of the evolution
of deformation and the rate of its change showed that the rate of deformation change depends on the
characteristics of the mechanical effect on the coating, the corresponding characteristics of stress and
deformation. The characteristics of the system's transition from one state to another were established, which
allows predicting the corresponding deformation processes in the coating. The phase portrait of the stress-strain
state of the system shows the variation of the influence of the stress in the cutting insert on the deformation
parameters. It is established that with a slow change in stress, the deformation of the structure decreases very
quickly for the initial values. The conditions for the transition from elastic to plastic deformations in the multilayer
system of the cutting insert coating are established. The kinetics of the change in the deformation characteristics



of the system are analyzed by tracking the evolution of deformations and studying the rate of their change. A
phase portrait is presented, formed under the condition that the temperature of the friction surfaces of the
cutting insert (contact surfaces) is below the critical one. The phase trajectories of the system show that the
thermal effect on the corresponding coating structure during the cutting operation is intermittent. The results of
the study of the thermal field, the dynamics of heat flux propagation, the evolution and kinetics of changes in the
strain-stress characteristics of the system in a cutting insert with a multilayer coating applied under the influence
of thermal loading of the structure can be used to predict the parameters and characteristics of functional
materials of metalworking equipment elements, develop technological processes for preparing cutting tools, and
formulate recommendations for optimizing the structure of applied coatings.
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