O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeEP: 0825U000732
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 04-03-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Binoyc Imutpo OsiekcaHIpoBUAY

2. Dmytro Bilous
KBasmigikamis:
InenTudgikarop ORCID ID: 0000-0002-6232-4508
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i cneniaJgbHOCTI: 20725 npukiasgHa disvka Ta HAHOMaTepiany

Jara 3axHcTy: 12-03-2025

CnenianbHICTB 32 OCBiTOMO: 105 INpukiagHa Gpisuka Ta HaHOMaTepiaan

Micue po6oTH 3400yBaya: Oprawuiszanis BincyTHs
Kopg 3a €JPIIOY: 00000000
Micue3HaxoaKeHHS: ------ , Kuis, 00000, Vkpaina
dopma ByracHOCTI: 3mimana
Cdepa ynpasiriHHS:

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYU€HOi pagHy (Pa30Boi creniaai30BaHOi BYEHOI pajgu). PhD 7616
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChKMIi €PKAaBHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3Haxoa>KeHHSI: By/1. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

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

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMCbKUIi J€PKaBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: ByJI. XapKiBcbKa, 6y1. 116, Cymun, Cymcokuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PyOPHK: 29.19.09.07, 27.35.45, 30.19.59

Tema gucepranii:
1. TIponjecu TenynonepeHeceHHs Ta Hanpy>XeHo-aedopMalliliHi 1011 y 6araTolapoBuX HAHOCTPYKTYPHUX CUCTEMAX

2. Heat transfer processes and stress-strain fields in multilayer nanostructured systems

Pedepar:

1. B pucepTariifiHiii po60Ti pO3TIIAI0ThCS MUTAHHS MOCiIKEHHS iIHTEHCUBHOCTI Ta IMHAMIKU IIPOIIECiB
NIOLIMPEHHS TEIJIOBOTO I10J151, BABYEHHS €BOJIIOLi Ta KiIHETUKM HAIIPY>K€HO-1e(OPMOBAHOTO CTaHy 6araTomapoBUX
HAaHOCTPYKTYPHHUX [TOKPUTTIB PDKyYUX iHCTPYMEHTIB. [IpeficTaBIeHO pe3yIbTaTy AOCiIPKEHHS TEMIIEPATyPHOTO
nosig mnactunu i3 TiAIN Ta TiN, neomaposumu TiCN /o-Al203, TiAIN /o-Al203 Ta TiN /0-Al203 /42CrMo4, Ta
TpuiapoBum nokputTsaM TiCN /o-Al203 /TiN. JocaimxeHi Tepmo3axucHi GpyHKuUii nokputTiB. Hagana
XapaKTePUCTUKA iHTEHCUBHOCTI NIOLIMPEHHS TEIJIOBOTO [IOTOKY B IIJIACTHHI 6€3 IIOKPUTTS, i3 OHOIIAPOBUM
TiN/42CrMo4 Ta gomaposum TiN /0-Al203 /42CrMo4 nokpuTTsiMu. BuzHaueHa [0 TEeIIOBOro MOTOKY, SKa
BTPA4Ya€ThCs NP BifJaJIeHHi Bif] IOBEPXHI 17151 ONHOIIAPOBOro Ta ABOLUIAPOBOIO IOKPUTTS BiJl[IOBiIHOI TOBIIVHM.
[TopiBHSAIHO AMHAMIKY IIOLIMPEHHS TEMIIEPATYPHOrO I10J1s1 B pDKyUill IIJIaCTUHI 6€3 MOKPUTTS i B IVIACTUHI i3
tpuimaposum nokputTsaM TiCN /o-Al203 /TiN. Metogom ¢pa3oBoro npocTopy, JOCIiI)KEHUH CTaH 6araTomapoBoi
CTPYKTYPH PiXKy40i JIaCTUHU B PaMKax MOZEJi B'SI3KO-TIPYKHOTO CEPELOBHUIIZ, 110 BOJIOi€ TEIJIONPOBIAHICTIO.

[Topmano ¢a3oBuii IOPTPET, 1O ONUCY€E AUHAMIKY TEPMOHANPYKEHOTO CTaHy CTPYKTYpH. BcTaHOBIIEHI yMOBHU



nepexoy npy>xHoi gedopmallii 10 IJIACTUYHOI [1pY BapiloBaHHI NIapaMeTpamMu TEPMOHAIPY>KEHHS Y
OaraToapoBomMy NOKpUTTI. [IpencraBieHo ¢pa3oBuil IOPTPET HAIPY>KEHO-11e(POPMOBAHOTO CTaHy CUCTEMHU.
[TokazaHo KiHETUKY 3MiHM JepopMaliliHuX XapaKTepUCTUK CUCTEMU IIJIIXOM BifICJIiIKOBYBaHHSI €BOJIIOLL
nedbopmariiil i JociaKeHHs IBUIKOCTI iX 3MiHU. JJoCimpKeHHS KiHeTUKU CUCTEMU, aHali3 eBooLii nedopmariii i
Ha IIOKPUTTS], BiATIOBITHMX XapaKTepUCTUK HAIPY>KeHHs Ta fedopmaliii. BcTaHOB/IEH] XapaKTepUCTUKY IIEPEXOLY
CHACTEMH BiJl OIHOTO CTaHy [0 iHIIOTO 10 A03BOJISIE IEPEI0aYUTH BilIIOBiAHI AedopMalliiiHi IpoLecy y IOKPUTTI. ¥
(pazoBOMy IOPTPETi HANIPYKEHO-T1e(POPMOBAHOTO CTAaHy CUCTEMH ITOKa3aHO BapilOBaHHS BIVIMBOM HAaIPY>KEHHS B
piKyuill mnacTuHi Ha gedopmauiiiHi IOKa3HUKU. BCTaHOBIIEHO, 1110 IIPU NOBIJIBHIN 3MiHiI Hanpy>keHHs nedopMmallis
CTPYKTYPH 3MEHIIYETHCS Ay>Ke MBUAKO [ I0YAaTKOBUX 3HAY€Hb. BCTAaHOBJIEHI YMOBU II€PEXONY BiJl IPYKHUX [10
[IJIaCTUYHUX AedopMalliil B 6araTolapoBiil CUCTEMI IOKPUTTS pi3ajyibHOI y1acTMHU. [IpoBeeHnit aHasli3 KiHeTUKU
3MiHM fedopMaliiHUX XapaKTEePUCTUK CUCTEMU LJISIXOM BiJICJIiIKOBYBaHHSI €BOJIOLII edopMaliiil i JOCHimKeHHs
mwBKIKOCTI ix 3minu. [Togano ¢gazoBuii nopTpeT, chopMOBaHUI [IPY YMOBI, 1110 TEMIIepaTypa IIOBEPXOHb TePTS
PKy4oi y1aCTUHY (KOHTAKTHUX [1I0BEPXOHB) HIDKYe KpuTU4yHOi. Pa3oBi TpaeKkTopii cucremu nokasyioTs, 110
BiZiOyBa€ThCS NepepUBYACTUN XapaKTep TEPMIYHOTO BIJIMBY Ha Bif[IOBiIHY CTPYKTYPY NOKPUTTS IIif 4ac
IIPOBENIEHHS Ollepallil pidaHH4. Pe3ysibTaTy JOCITIPKEHHS TENJI0BOTO M0JIs1, TUHAMIKY TOMUPEHHS TEMJIOBOTO
IIOTOKY, €BOJIIOLI{i Ta KIHETUKY 3MiHU JedopMalliliHO-HaNpy>KeHUX XapakKTEPUCTUK CUCTEMH Y Pi3ajlbHiil MJIaCTUHI
i3 HaHeceHMM 6araToapoOBUM IIOKPUTTSM IIif] BIVIMBOM TEIIJIOBOTO HABAHTAKEHHS CTPYKTYPH MOXYTb OyTH
BMKOPHCTaHi [1J151 IPOTHO3YBaHHS NIapaMeTPiB i XapaKTepUCTUK QyHKIiOHAIILHUX MaTePiaJliB €JIEMEHTIB
MeTasI000pOo6HOro 06J1afHaHHSI, PO3POOKY TEXHOJIOTIYHUX IIPOLIECiB MiATOTOBKY PKy4YUX iIHCTPYMEHTIB Ta

(opMyBaHHi peKOMeHZalil oI0 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 /n-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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