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HMucepraiiiiHa  po6oTa  NPUCBSIYEHA  CTBOPEHHIO  BaKyyMHO-TyTOBUX
OaraTolapoBuX IOKPUTTIB HaHoMmeTpoBoro wmacmTaOy tumiB TISIN/NDN Ta
TiSIN/CrN, sxi BiANOBiJaIOTh CY4YaCHHM BHMOTaM IIOJI0 3aXHUCTy ITOBEPXHI
KOHCTPYKIIIHHUX MarepiajiiB, sKi MPAaIIOTh B yMOBax IIJIBUINCHUX TEMIIEPaTyp,
BTOMHHX 1 TEPMOBTOMHHUX HABaHTaXCHb, a TAaKOXX BHIBICHHIO OCOOJIMBOCTEH
IIPOLIECIB CUHTE3Y, BU3HAYEHHIO €JIEMEHTHOTO 1 ()a30BOT0 CKIIaTy, CYOCTPYKTYpH Ta
BJIACTUBOCTEN OararomapoBUX MOKPUTTIB, a TAKOX 3B’S3KIB MK CTPYKTYypOIO Ta
MEXaHIYHUMHU 1 TPUOOJIOTTYHUMH BJIACTUBOCTAMHM IMOKPUTTIB.

Mera pobGorm monArae y BHU3HAYEHHI yMOB (OPMYBaHHS HITPUIHUX
0araTtomapoBMX 3aXMCHMX TIOKPHUTTIB Ta pPO3pOOLI PEKOMEHJAIll CTOCOBHO
KOHKPETHUX (PI3UKO-TEXHOJIOTTYHUX MPOIIECIB iX Oca/pkeHHs. PoOoTa CTaHOBUTH SIK
3HaUYHUWA (PyHIAMEHTaIbHUM, TakK 1 TMPAKTUYHUM 1HTepec I (I3UYHOTO
MaTepiano3HaBCTBA Ta (PI3UKU MOBEPXHI.

Jnst nocarHeHHs c¢OpMyJIbOBaHOI METH HEOOXIJTHO OyJ0 BHKOHATH TaKi
3aB/IaHHS:

1.  Orpumaru mna3zmoBi nokputTTs (TiSi)N/NbN, (TiSi)N/CrN 3a pi3HUX pexuMiB

OCaJ[KCHHS.

2. JocniguTy BIJTUB YMOB CUHTE3y Ha €JIEMEHTHUH CKJIaJl OTPUMAaHUX MOKPUTTIB.

3. JlocmiauTu CTPYKTYypy, TOMOJIOTIIO0 MOBEPXHI, XapaKTep XIMIYHOTO MI>KaTOMHOTO
3B’SI3KY, MIKPOTBEPAICTh Ta MOJYJIb MPY>KHOCTI OTPUMAHHUX MTOKPUTTIB.

4. JlocmiauTH BIUIMB TEPMIYHOTO BiJIMATIOBAHHS HA CTPYKTYPHUHM CTaH Ta (Pi3UKO-

MEXaHIYHI BJIAaCTUBOCTI, 30KpeMa MIKPOTBEPIICTb.



5. Bwusnaumtm anresiiiHy MIIHICTh Ta MeXaHI3M pyHHYBaHHS OaraToIiapoBHUX
MOKPHUTTIB.

O0’ekT [0CTigKeHb — TEXHOJOTIYHI mpouecd 1 ¢i3uuHl (QakTopu sKi
BIIMBAIOTH HA (POpMYyBaHHs 0araTolapOBUX HITPUTHUX MOKPUTTIB 3 HAHOMETPOBOIO
TOBIIMHOIO MIApiB, MO OCAHKYIOTbCA BaKyyMHO-IYTOBUM CIIOCOOOM Ta 3B'S30K
CTPYKTYPHHUX XapPaKTEPUCTHK 3 (PI3UKO-MEXaHIYHUMU BIACTUBOCTSIMU TOKPUTTIB.

IIpeamer mocaigkeHb — eJIeMEHTHHI Ta (a30BUM CKJIaJ, CTPYKTYpPHHMM CTaH,
MEXaHIYHl BJIACTUBOCTI Ta TPUOOTEXHIUHI XapaKTEPUCTUKH OaraTolapoBHX
HITPUIHUX MOKPUTTIB HaHOMeTpoBoro Macitady (TiSi)N/NDbN, (TiSi1)N/CrN.

MeTtoau ¢popMyBaHHS TA TOCTiIKEeHHS

B nanuii yac HalO1IbII NEPCIEKTUBHUMH METOJAMH HAHECEHHS MOKPUTTIB €
BaKyyMHI 10HHO-IIJITA3MOB1 METOJ/IM, CEPEJl SIKUX IUPOKE MOIIUPEHHS ISl OCAPKEHHS
3HOCOCTIWKHX HITPUJIHHUX MMOKPUTTIB OTPUMAIIM PEAKTUBHE MAarHETPOHHE PO3TIIICHHS
1 BaKyyMHO-AyroBe ocaipkeHHsA. [lopsini 3 OCHOBHOIO TEpeBarord MarHETPOHHOTO
MeToay - Oe3KparellbHe HalWJICHHS, BIH Ma€ 1 psji ICTOTHUX HEMOJIKIB: BIHOCHO
BUCOKHM pOOOYMH TUCK IJIsl MIATPUMKUA PO3PSAY 1 BY3bKHM J1ama3oH OCHOBHHX
napameTpiB (THCK, CTPYM), MPU AKUX PEaTi3yIOThCS ONTHUMAIbHI YMOBH OCAJKEHHS
MOKPUTTIB. |, sIK HACIII0K, HU3bKa €HEPrisl YaCTUHOK, 1110 OepyTh y4acTh y peakuisix
CUHTE3Y HITPUIIB, IO MPU3BOJUTH 0 BEIHMKOI MOPUCTOCTI MOKPUTTIB Ta BIJHOCHO
HU3BKOT 1X aaresii 3 MmiIKJIaIKO0.

[Ipu BuKOpHCTAaHHI BaKyyMHO-IYyTOBOTO METOAY OCAJKEHHS, 3aCHOBAHOTO Ha
reHepallii MoTOKIB BHCOKOi 10HI30BaHOI MeETajieBOi IIa3MH AYTOBHM PO3PSIOM,
MOKPUTTS. (POPMYIOTHCSI Ha TOBEPXHI 3pa3KiB B PE3yJbTaTi KOHJEHCAIlll MOTOKY
ia3MyU Matepiany Karojaa, Iio epoaye. B sSIKOCTi BUIMAPOBAHHOIO MaTepiana MOXe
3aCTOCOBYBATUCS OyAb-sIKHW EJIEKTPONMPOBIIHUM MaTepiai: MeTan, cruiaB abo
KOMIIO3UT Ha OCHOBI METaly. 3a HasBHOCTI PO3PSATHOTO MPOMIKKY PEaKI[IHHOIO Tra3y
Ha TIJIKJIAJM1I CUHTE3YEThCS IIap Ha OCHOBI CIIOJIYK €JIEMEHTIB Marepially Karoja i
pobodoro razy (HITpUAM, OKCUAM, KapOinu). Bucokuil cTymiab i0HI3a1ii BaKyyMHO-
nyrooi miazmMu (20-100 %) Ta MOXJIUBICTH PEryJlOBaHHS MapamMeTpiB Mpolecy

CUHTE3y TOKPHUTTIB Y IMIUPOKOMY JAiama3oHi (THCK poOodYoro rasy, CTpyM pO3psiy,



Harpyra 3CyBy Ta 1H.) JIO3BOJISIOTH IIJIECHIPSIMOBAHO BIUIMBATU HAa CTPYKTYpHI Ta
(h13UKO-MEeXaHIYH1 XapaKTEPUCTHUKH OJICPKYBAaHUX KOHJICHCATIB.

Jnsa  pocmimkeHHs Mopdoiorii, KpHUCTaTYHOI CTPYKTYpPH, €IEMEHTHOTO
CKIady, CTPYKTYpHO-(a30BOro  CTaHy, MEXaHIYHMX Ta  TPUOOTEXHIYHUX
BJIACTUBOCTEH  OaraTomapoBUX TMOKPUTTIB OyayTh BHUKOPHCTaHI: pacTpoBa
enekTpoHHa Mikpockoriss (PEM), peHTreHiBChKU MIKpOaHali3 3 BUKOPUCTAHHSIM
cnexktpomeTpa 3 aucnepcieto 3a eneprieto (EJIC) Ta peHTreHOCTpyKTypHMI aHami3
(PCA), BuMiproBaHHS MIKPOTBEPJOCTI Ta HAHOTBEPIOCTI, 3aCTOCYBaHHS METOIY
CKJIEPOMETpIi J03BOJIIE OTPUMATHU TOBHE YSBJICHHS IMPO XapakTep 3HOIIYBaHHA,
KOoe(DIIIEHT TepTsl, aAre3iiiHy MIIHICTh Ta MPOLIECIB PYHHYBAaHHS MTOKPUTTIB, a TAKOXK
7abopaTopHl BHUNPOOYBaHHS 3pa3KiB 3 MOKPUTTAM B [HCTUTYTI HaaTBepaux
matepianiB imeni B.H. bakyns HAH Ykpainu
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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/NbN, (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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