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Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYE€HA CTBOPEHHIO BAKYYMHO-YTOBUX 6araTomapoBUX MOKPUTTIB HAHOMETPOBOTO
macuraby Tunis TiSiN /NbN Ta TiSiN/CrN, siki BinnosigaoTh CyyaCHUM BUMOTaM IOJ0 3aXUCTY [IOBEPXHi
KOHCTPYKLIMHUX MaTepiasis, gKi NpalioloTh B YMOBaX MiIBUILIEHNUX TEMIIEPATYDP, BTOMHUX | TEDMOBTOMHHUX
HaBaHTAKEHb, 8 TAKOXK BUSIBJIEHHIO OCOOIMBOCTE! MTPOLIECiB CUHTE3Y, BU3HAUEHHIO €JIEMEHTHOTO i (pa30BOro
CKJIaZly, CyOCTPYKTYpPHU Ta BJIACTUBOCTEM 6araTolmapoBUX IIOKPUTTIB, a TAKOXK 3B'SI3KiB MiXK CTPYKTYPOIO Ta
MEXaHI{YHUMMU i TPUOOJIOTIYHMMHU BJIACTUBOCTSIMU IIOKPUTTIB. MeTa po60TU 0JIsirae y BU3HAY€HH] yMOB

(popMyBaHHS HITPUIHUX 6AraTOIAPOBUX 3aXUCHUX IIOKPUTTIB Ta PO3POOLI PEKOMEH 1AL CTOCOBHO KOHKPETHUX



(i3MKO-TEXHOJIOTIYHUX MIPOLECIB ix ocafiKeHHs. PO60Ta CTAHOBUTD SIK 3HAUYHUI QyHIAMEHTaJIbHUIA, TaK i
[IpaKTUYHUH iHTepec ais pisnyHOro Marepiano3HaBCcTBa Ta Qi3uKY NOBEPXHi. [71s1 mocsarHeHHs: chOPMYIIbOBAHO]
METU HeoOXifiHO OyJI0 BUKOHATH Taki 3aBaanHs: 1. Orpumaru nasmosi nokputTs (TiSi)N /NbN, (TiSi)N /CrN 3a
Pi3HUX pEXXUMiB OCaIpKeHHS. 2. JIoCIiAUNTY BIJIUB YMOB CHMHTE3Y Ha €JIEMEHTHUH CKJIafi OTPUMAHVX IOKPUTTIB. 3.
JocaiguTu CTPYyKTYpy, TOMOJIOTiIO0 IOBEPXHI, XapaKTep XiMi4YHOTO Mi>KaTOMHOTO 3B’513KY, MiKDOTBEPAiCTb Ta MOyJIb
IIPY’KHOCTi OTPUMAaHUX ITOKPUTTIB. 4. JJOCIIiANUTY BIIJINB TEPMIYHOIO BiNATI0OBaHHS HA CTPYKTYPHUI CTaH Ta
¢di3uKo-MexaHi4Hi BIaCTUBOCTI, 30KpemMa MiKpOTBepJiCTb. 5. BU3HauUMUTH afresiiiHy Mil[HICTb Ta MEXaHi3M
PYIHYBaHHS 6araTomapoBUX MOKPUTTIB. O6'€KT JOCIiIKEHb — TEXHOJIOTIUHi rpouecu i ¢pisnyHi pakropu sIKi
BIUIMBAIOTh Ha (POPMYBAHHSI 6araToMapOBUX HITPUAHMX MOKPUTTIB 3 HAHOMETPOBOIO TOBUIMHOIO LIAPIB, 110
0CaJIXyIOThCSl BAKYYMHO-IYTOBUM CIIOCOOOM Ta 3B'SI30K CTPYKTYPHUX XapaKT€PUCTHUK 3 (Pi3MKO-MeXaHiYHUMU
BJIACTMBOCTSIMU [TOKPUTTIB. [IpeIMET NOCiIKEeHb — €JIeMEHTHU Ta (a30BUil CKJIaZ, CTPYKTYPHUI CTaH, MEXaHI4Hi
BJIACTUBOCTI Ta TPMOOTEXHIUHI XapaKTEPUCTUKYU 6araTomapoBUX HITPUIHUX ITOKPUTTIB HAHOMETPOBOTO MacCIITaby
(TiSi)N/NDbN, (TiSi)N/CrN. MeTtonu dpopmyBaHHS Ta NOCTiAKEeHHS B aHuii yac Hailbinbul nepCcrieKTMBHUMU
METOJJaMU HaHECEHHsI IOKPUTTIB € BaKyyMHi iOHHO-I1JIa3MOBi METOU, CEPEJ, IKMX LIMPOKE ITOMUPEHHS IJ1s1
OCaPKEHHS 3HOCOCTINKMX HITPUOHUX IIOKPUTTIB OTPUMAJIM PEAKTMBHE MarHETPOHHE PO3NUJIEHHS i BAKYYMHO-
IyroBe OcaJpKeHHs. [Iops]l 3 OCHOBHOIO EPEBarol0 MarHETPOHHOTO METOly - Ge3KparesibHe HalUJIeHHs, BiH Mae€ i
P iCTOTHHX HeNOJIiKiB: BiIHOCHO BUCOKUM poO0YU TUCK 7151 iATPUMKY PO3PsAy i By3bKUH [1ialla30H OCHOBHUX
napaMeTpiB (TUCK, CTPYM), IPU SKUX PEai3yl0TbCs ONTUMAJIbHI YMOBU OCaI)KEHHS MOKPUTTIB. I, IK HaC/lifoK,
HU3bKA €HEPTisl YaCTUHOK, 110 O€PYTh y4aCTb Y PEAKLiSIX CUHTEe3Y HITPULiB, 1[0 MPU3BOAUTD 10 BEJIUKOI TIOPUCTOCTI
ITOKPUTTIB Ta BiTHOCHO HU3BKOI iX aaresii 3 migknaaxo. [Ipy BUKOPUCTaHHI BAKYYyMHO-IyTOBOTO METOLY
OCaJIKEHH$, 3aCHOBAHOI'O Ha reHepallii IOTOKIB BUCOKOI i0OHI30BaHOI MeTasIeBOi IJ1a3MU AYyTOBUM PO3PSIOM,
OKPUTTS (GOPMYIOTHCS Ha IOBEPXHI 3pa3KiB B pe3yJbTaTi KOHAEHC ALl IOTOKY IJIa3MU MaTepiany KaToAa, 1o
epopye. B IKOCTi BUIapoBaHHOTO MaTepiasy, 0 BUNIAPOBYETHCS,a MOKE 3aCTOCOBYBATUCS Oy b~ SIKUI
€JIEKTPOIIPOBiNHUI MaTepias: MeTall, CIjIaB 260 KOMIIO3UT Ha OCHOBI MeTaJly. 32 HassBHOCT] PO3PSIIHOTO IIPOMIXKKY
PeakLifHOro rasy Ha MigKJazLi CUHTE3yEeThCs lIap Ha OCHOBI CIIOJIYK €JIEMEHTIB MaTepiasly Karoga i po6o4oro rasy
(miTpuau, okcuay, Kap6inu). Bucokuil cTymninb ioHisanii BakyymHO-1yrosoi masmu (20-100 100 %) Ta MOKIIMBICTD
peryJIoBaHHs IapaMeTpiB NPOLeCY CUHTE3Y ITIOKPUTTIB y LIMPOKOMY JianasoHi (TUCK po604oro rasy, CTpym
PO3psLy, HalpyTa 3CyBY Ta iH.) JO3BOJISIIOTH LiJIECIIPSIMOBAHO BILJIMBATH HA CTPYKTYPHI Ta (i3uKO-MeXaHivyHi
XapaKTEPUCTUKU OJIEP>KyBaHMX KOHIEHCATIB.[IJ1s1 BOCIimpKeHHsI MOP(OJIOTii, KPUCTAIYHOI CTPYKTYPH,
€JIEMEHTHOTO CKJIaZly, CTPYKTypPHO-(a30BOr0 CTaHy, MEXaHIYHMX Ta TPUOOTEXHIYHUX BJIACTUBOCTEN 6araTomapoBUx
IIOKPUTTIB Oy1yTh BUKOPUCTaHI: pacTpoBa eJeKTpoHHa Mikpockomnisi (PEM), peHTreHiBCbKUI MiKpoaHali3 3
BMKOPHMCTaHHSIM CIIEKTpPOMeETpa 3 Aaucnepcielo 3a eneprieto (EIIC) Ta peHTreHOCTpYKTYypHUI1 aHais (PCA),
BUMIPIOBaHHS MIKPOTBEPIOCTI Ta HAHOTBEPAOCTI, 3aCTOCYBaHHS METOAY CKJIEPOMETPII 03BOJIsI€E OTPMMATU [IOBHE
ySIBJIEHHSI [IPO XapaKTep 3HOIIYBaHHsI, KoeillieHT TepTs, aare3ifiHy MillHICTb Ta IIPOLeCiB pylHYBaHHS IOKPUTTIB, a
TaKOX JIaOOPaTOPHi BUIIPOOYBaHHS 3pa3KiB 3 MIOKPUTTAM B [HCTUTYTI HaAaTBEpAMX MaTepianis imeHi B.H. Bakyns
HAH Ykpainun.

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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Kopg 3a €APIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6oau, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Boratupenko Cepriii IBaHOBUY

2. Sergey Bogatyrenko

KBastidikamis: k. ¢.-m. 1., crapmmit HayKoBuii cniBpo6iTHuK, 01.04.07

InenTudikarop ORCHID ID: 0000-0002-6044-6886

JoparkoBa iHdpopmamuist:

IloBHe HaﬁmeHyBaHHH lopn,unql-loi 0CO0M: XapkiBchbKMil HallioHaIbHYI YHiBepcuTeT iMeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6oau, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI
Biacue IpizBume Im's I1o-6aTbKOBI l'pka Irope OsekcanzipoBuy

TOJIOBH paju

Biacue IpizBume Im's [10-6aTbKOBI lpka Irop OnekcanzpoBuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY [llepyenKo AHzIpiit OneKCaHApOBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




