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1. 3akoHOMipHOCTI (POPMYBaHHS, OCOGIUBOCTI CTPYKTYPH Ta BJIACTUBOCTI iOHHO-T1JIa3MOBUX HITPUIHUX ITOKPUTTIB
TiSiN/NbN Ta TiSiN /CrN

2. Regularities of formation, structural features and properties of ion-plasma nitride coatings TiSiN /NbN and
TiSiN/CrN

Pedepar:

1. Inceprauifina po60Ta IPUCBIYE€HA CTBOPEHHIO BAKyyMHO-IyTOBUX 0araTolapoBUX IIOKPUTTIB HAHOMETPOBOTO
macmraby Tunis TiSiN /NbN Ta TiSiN /CrN, sKi BinnoigaoTh CydyaCHUM BUMOTaM IIOA0 3aXUCTY IIOBEPXHi
KOHCTPYKLIMHUX MaTepiaiB, 4Ki NPalioTh B YMOBaX MiIBUIIEHUX TEMIIEPATYP, BTOMHUX | TEPMOBTOMHHUX
HaBaHTa)K€Hb, & TAKOXX BUSBJIEHHIO OCOOGIMBOCTEN IPOLIECiB CUHTE3Y, BUBHAYEHHIO €JIEMEHTHOTO i ()a30BOro
CKJIaZly, CyOCTPYKTYpPHU Ta BJIACTUBOCTEN 6araTolapoBUX IIOKPUTTIB, @ TAKOXK 3B'SI3KiB MiXK CTPYKTYPOIO Ta
MEeXaHI{YHUMHU i TPUOOJIOTIYHUMY BJIACTUBOCTSIMU IIOKPUTTIB. MeTa po60oTU 10JIsirae y BU3HA4eHH] yMOB
(opMyBaHHS HITPUAHUX 6AraToOMaPOBUX 3aXUCHUX IIOKPUTTIB Ta pO3poOLi PEKOMEH 1allill CTOCOBHO KOHKPETHUX
(i3MKO-TEXHOJIOTIYHUX MTPOLECIB ix ocamkeHHs. PO60Ta CTaHOBUTD K 3HAYHUI (PyHIaMEHTAIbHUI, TaK i
IPAKTUYHUI iHTEpec Ais (i3UYHOro MaTepiaso3HaBCTBA Ta (i3VKM MOBEPxHi. [l JOCSITHEHHS ¢(POPMYIbOBAHO]
MeTU HeoOxinHOo OyJi0 BUKOHATH Taki 3aBpaHHs: 1. Otpumaru na3mosi nokputTs (TiSi)N /NbN, (TiSi)N /CrN 3a



pi3HUX peXuMiB ocagpKeHHs. 2. JoCaiguTy BIUIB YMOB CUHTE3Y Ha €JIEMEHTHUN CKJIa[, OTPMMAaHUX ITIOKPUTTIB. 3.
JocninuTy CTPYKTypy, TOIIOJIOTiIO TOBEPXHI, XapaKTep XiMiYHOTO MXXaTOMHOT'O 3B’13Ky, MiKDOTBEPiCTh Ta MOIYJIb
IIPY’KHOCTi OTPMMAHUX ITOKPHUTTIB. 4. JJOCIIiAWUTY BIIJINB TEPMIYHOIO BiIIaTI0OBaHHS HA CTPYKTYPHUI CTaH Ta
¢i3nKo-MexaHiuHi BJIaCTUBOCTI, 30KpemMa MIKpOTBepJiCTb. 5. BU3HaUNUTH afresiiiHy Mil[HICTb Ta MEXaHi3M
PyIHYBaHHS 6araTomapoBUX NOKPUTTIB. O6'€KT JOCIiIKEHb — TEXHOJIOTIUHi rpouec i ¢pisnyHi pakropu sKi
BIUIMBAIOTh Ha (POPMYBaHHS 6araTomapoBUX HITPUAHUX IIOKPUTTIB 3 HAHOMETPOBOIO TOBUIMHOIO LIAPIB, 110
0CaPKYIOThCS1 BAKYYMHO-JYTOBAM CIIOCOOOM Ta 3B'I30K CTPYKTYPHUX XapaKTEPUCTUK 3 (i3UKO-MEXaHIYHUMU
BJIACTMBOCTSIMU [TOKPUTTIB. [IpeIMET IOCiIKEeHb — €JIEMEHTHUM Ta (a30BUIl CKJIaZ, CTPYKTYPHUI CTaH, MEXaHI4Hi
BJIACTMBOCTI Ta TPUOOTEXHIUHI XapaKTepUCTUKHU 6araTomapoBUX HITPUIHUX [TIOKPUTTIB HAHOMETPOBOI'O MacuITaby
(TiSi)N/NDbN, (TiSi)N/CrN. MeTtonu ¢popMmyBaHHS Ta JOCIiAKEHHs B naHuii yac Hail6inbLl nepCcreKTMBHUMU
METOJIJaM/ HaHECEHHS IOKPUTTIB € BAKYyMHi iOHHO-IIJIa3MOBi METOU, CEPeJ, IKUX IIMPOKE MOMUPEHHS IJ1s1
0CaJKEHHS 3HOCOCTIMKUX HITPULAHYX ITIOKPUTTIB OTPUMAIN PEAKTUBHE MAarHETPOHHE PO3MNMUJIEHHS i BAKYYMHO-
IyroBe ocajpKeHHs. [1ops]l 3 OCHOBHOIO IEPEBArol0 MarHETPOHHOTO METO/ly - 6e3KparesibHe HalUJIeHHS, BiH Mae€ i
P iCTOTHHX HENOJIKiB: BiIHOCHO BUCOKUM pOO0YMI THUCK 7151 MiATPUMKU PO3PsAy i By3bKUH [1ialla30H OCHOBHUX
napaMeTpiB (TUCK, CTPYM), IPU SIKUX PEAJi3yIOTbCs ONTUMAJIbHI YMOBU OCAIKEHHS MOKPUTTIB. I, IK HaC/IigOK,
HU3bKa €HEepris YaCTUHOK, 1110 6epyTh y4acTh Y Peaklisix CUHTe3y HiTPUMiB, 110 IPU3BOIUTH 10 BEJIMKOI IIOPUCTOCTI
ITIOKPUTTIB Ta BiTHOCHO HU3bKOI iX aaresii 3 nmigkaaaxor. [Ipy BUKOpUCTaHHI BAKYYMHO-IyTOBOTO METOLY
OCaJKEHH$, 3aCHOBAHOI'0 Ha reHepallii IOTOKIB BUCOKOI i0HI30BaHOI MeTaseBOi I71a3MU AYTOBUM PO3PSIOM,
NOKPUTTSI GOPMYIOTHCS Ha IIOBEPXHi 3pa3KiB B pe3yJbTaTi KOHJEHC Allil OTOKY IJIa3MU MaTepiay KaToaa, Mo
epopye. B IKOCTi BUIIapoBaHHOTO MaTepiaiy, 10 BUNIAPOBYETHCS,a MOKE 3aCTOCOBYBATUCS Oy b~ SIKUI
€JIEKTPOIIPOBiIHUI MaTepia: MeTall, CIjiaB 260 KOMIIO3UT Ha OCHOBI MeTajly. 3a HasIBHOCTi PO3PSIHOTO IIPOMIXKKY
peaxLifHoro raszy Ha MifIKJIa/illi CUHTe3Y€eTbCs IIap Ha OCHOBI CIIOJIYK €JIEMEHTIB MaTepiayly KaToAa i pobo4oro razy
(HiTpuOu, okcuay, Kap6iny). Bucokuit cTyminb ioHizauii BakyymHo-1yrosoi m1asmu (20-100 100 %) Ta MOXIUBICTD
peryJioBaHHs IapaMeTpiB NIPOLeCY CUHTE3Y IIOKPUTTIB y LIMPOKOMY JianasoHi (TUCK po604oro rasy, CTpym
PO3psy, HalpyTa 3CyBY Ta iH.) JO3BOJISIIOTH LiJIECIIPSIMOBAHO BIIJIMBATH HA CTPYKTYPHI Ta (i3MKO-MeXaHivyHi
XapaKTEPUCTUKY OLEP>KYyBaHUX KOHAEHCATIB.[I71s1 mocimKeHHs: MOp(OoJIorii, KpUCTali4YHOI CTPYKTYPH,
€JIEMEHTHOTO CKJIaZly, CTPYKTypPHO-(a30BOr0 CTaHy, MEXaHIYHUX Ta TPUOOTEXHIYHUX BJIACTUBOCTEN 6araTomapoBUx
IIOKPUTTIB OyAyTh BUKOPUCTaHI: pacTpoBa eJeKTpoHHa Mikpockomist (PEM), peHTreHiBCbKUI MiKpoaHali3 3
BMKOPHMCTaHHSIM CIIEKTPOMeETpA 3 aucnepciero 3a eneprieto (EIC) Ta peHTreHOCTpYKTYypHUI aHai3 (PCA),
BUMIpPIOBaHHS MiKPOTBEPOCTi Ta HAHOTBEPAOCTI, 3aCTOCYBaHHS METOAY CKJIEPOMETPIi 103BOJISIE OTPUMATH [IOBHE
VSIBJIEHHSI [IPO XapaKTep 3HOIIYBaHHsI, KoeillieHT TepTs, aAre3ifiHy MiLlHICTb Ta IIPOLECiB pyIHYBaHHS IOKPUTTIB, a
TaKOX JIaOOPaTOPHi BUIIPOOYBaHHS 3pa3KiB 3 IOKPUATTAM B [HCTUTYTI HaATBEpAMX MaTepianis imeHi B.H. Bakyng
HAH Ykpainmn.

2. The dissertation is devoted to the creation of multilayer coatings of nanometer scale based on TiSiN/NbN
TiSiN/CrN that meet modern requirements for surface protection of structural materials operating at elevated
temperatures, fatigue and thermal fatigue loads, as well as to identify the features of the synthesis processes,
elemental and phase composition, substructure and properties of multilayer coatings obtained by vacuum arc
deposition. Determination of the relationship between the structure and mechanical and tribological properties of
coatings. The aim of the work is to determine the conditions for the formation of nitride multilayer protective
coatings and to develop recommendations for specific physical and technological processes of their deposition.
The work is of significant fundamental and practical interest for physical materials science and surface physics To
achieve this goal, the following tasks had to be accomplished: 1. To obtain (TiSi)N/NbN, (TiSi)N /CrN coatings using
plasma methods under different deposition modes. 2. To investigate the effect of synthesis conditions on the
elemental composition of the resulting coatings. 3. To study the structure, surface topology, nature of chemical
interatomic bonding, microhardness and elastic modulus of the obtained coatings. 4 To study the effect of thermal
annealing on the structural state and physical and mechanical properties, in particular microhardness. 5
Determine the adhesive strength and fracture mechanism of multilayer coatings. Object of research: technological
processes and physical factors that affect the formation of multilayer nitride coatings with nanometer layer



thicknesses deposited by vacuum arc method, the relationship of structural characteristics with physical and
mechanical properties of coatings. The subject of the study is the elemental and phase composition, structural
state, mechanical properties and tribotechnical characteristics of multilayer nitride coatings of nanometer scale
(TiSi)N/NDbN, (TiSi)N/CrN. Methods of formation and research Currently, the most promising coating methods are
vacuum ion-plasma methods, among which reactive magnetron sputtering and vacuum arc deposition are widely
used for deposition of wear-resistant nitride coatings. Along with the main advantage of the magnetron method -
drip-free sputtering - it has a number of significant disadvantages: relatively high operating pressure to maintain
the discharge and a narrow range of basic parameters (pressure, current) under which optimal coating deposition
conditions are realized. And, as a result, the low energy of the particles involved in the nitride synthesis reactions,
which leads to high porosity of the coatings and their relatively low adhesion to the substrate. When using the
vacuum arc deposition method, based on the generation of highly ionized metal plasma flows by an arc discharge,
coatings are formed on the surface of samples as a result of condensation of the plasma flow of the eroding
cathode material. Any electrically conductive material can be used as the evaporated material: metal, alloy or
metal-based composite. In the presence of a discharge gap of reaction gas, a layer is synthesized on the substrate
based on compounds of elements of the cathode material and working gas (nitrides, oxides, carbides). The high
degree of ionization of the vacuum-arc plasma (20-100 %) and the ability to control the parameters of the coating
synthesis process in a wide range (working gas pressure, discharge current, bias voltage, etc.) allow for a targeted
influence on the structural and physical and mechanical characteristics of the resulting condensates. To study the
morphology, crystal structure, elemental composition, structural and phase state, mechanical and tribotechnical
properties of multilayer coatings, we will use scanning electron microscopy (SEM), X-ray microanalysis using an
energy dispersive spectrometer (EDS), and X-ray diffraction analysis (XRD), measurement of microhardness and
nanohardness, application of the sclerometry method to obtain a complete picture of the wear pattern, friction
coefficient and adhesive strength, and fracture processes of coatings, as well as laboratory tests of coated samples
at the V.N. Bakul Institute of Superhard Materials of the National Academy of Sciences of Ukraine.
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BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. boratupenko Cepriit IBanoBu4

2. Sergey Bogatyrenko

KBasigikamis: k. ¢.-m. 1., crapmmit HayKoBuii criBpoGiTHYK, 01.04.07

Imentudikarop ORCID ID: 0000-0002-6044-6886

HoparkoBa indopmamnist:

IToBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: XapKiBCbKuil HallioHaMbHUI yHiBEpcUTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micueanaxo,szeﬂna: mangaH CBobonu, 6yn. 4, XapkiB, XapKiBcbkuii p-H., 61022, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue IpizBume Im's I10-6aTbKOBI lpka Irops OnekcanzpoBuy

TOJIOBH pagu

Biacue Ipizsume Im's I10-6aTbKOBI l'ipka Irop Onekcanziposuy

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[lleBuenko AHnpint OsieKcaHgpOBUY

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



