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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

Po3po6ka HayKOBUX OCHOB OTPMMAaHHS Ta BHU3HAYEHHS (Pi3MKO-MEXaHIYHUX BIACTUBOCTEN HOBOTO KJIACY HAHOCTPYKTYPOBAaHUX

HaJTBEPIUX )KapOMIIIHUX HITPUIHUX ITOKPUTTIB HA 6a3i BUCOKOEHTPOIIIMHUX CILJIaBiB

Ha3sBa po6oTH (aHrJ1)

Scientific basics development of obtaining and physic-mechanical properties determination of the new class nanostructural
superhard nitride coatings based on high-entropy alloys

Pedepar (ykp)

3Bir 3 HJP mictuth 54 cropiHky, 15 mamoHkiB, 15 Ta6munp, 40 nocusanb. OG'€KTH [OCHIIPKEHHS - 6GaraTOKOMIIOHEHTHI
BHMCOKOEHTPOMIHI CIjiaBuM i MOKPUTTS. MeTa poOOTU - OTPUMMAaHHS BHCOKOEHTPOMIMHUX KaTOZLIB MJisl BaKyyMHO-ZYTOBOTO
OCaIpKeHHsl KapOigHUX, OKCUJHUX Ta HITPUIHUX NOKPUTTIB. [lociimkeHHsl (i3MKO-MeXaHIYHUX BJIACTUBOCTEH, CTPYKTYPHOTO
CTaHy, KapOMILIHOCTi BUCOKOEHTPOIIMHUX IOKPUTTIB. MeTonu NOCIiIKEHb - BUMIPIOBAHHS TBEPAOCTI, BU3HAYEHHS PiBHS
MPYXXHOCTI Ta MeXi IUVIMHHOCTI METOJOM iHJEHTYyBaHHS, BU3HAY€HHS KoeQillieHTiB TepTs ABOMa METOAaMM, YKapOMIillHICTb,
PEHTT€HOCTPYKTYPHI JOCIIIPKEHHS], €JIEKTPOHHA MiKpockomis. BussneHno, mo TBepni po3unHu BEC Ha ocHoBi OLK pewiTku
(opMyIOTbCSI IIPU  €JIEKTPOHHIM KOHLEHTpalii MeHwil 7,2 en/ar, a NpU €JEeKTPOHHIN KOHIEeHTpauii Buime 7,66 en/ar
dopmytoTbest TBepi po3unHM Ha ocHOBi I'LIK pemiTku. [TapameTp peuliTKy BU3HAYA€TbCSI METAJIOM, SIKUI Oijlbll TYroOIJIaBKUM.
BrCOKOEHTpOMilHI BaKyyMHi IIOKPUTTS MalOTh TBEPIICTh 3aJIEXKHO Bif, CKagy i Bumy ocamkeHHs Bifg 8 no 12 I'Tla. [Ipy upomy THUIl
i mapaMeTpy PEITKY TaKi X, K B JIMTUX MBUIKO OXOJIOIPKEHUX CIUIaBaX. BakyyMHO-IyroBi BUCOKOEHTPOIIiMHI IOKPUTTS MalOTh
KJIaCTEPHY OyZIOBY 3 po3Mipamu 2 - 6 HM, IIpU L[bOMY KOXKEH KJIACTep Bipi3HSETbCS OAMH Bifl OJHOTO 3a CKIaZomM. Maibxe NJist
Bcix BEC mimBuimeHHs TUCKY a30Ty B Kamepi 110 0,6 I1a npu3BoguTh [0 pOpMyBaHHS TEKCTypOoBaHUX MOKPUTTIB ([111]), ski maioTh
TBepzicTs 50 - 70 ['Tla. 36inblIeHHs HETaTUBHOTO MOTEHLiaNy MiAKIAAKY [IpU GOPMYBaHHI IOKPUTTS IPU3BOAUTD JO 3MEHIIEHHS
BiHOCHOTO BMicTy Jierkoi ckiamosoi (Ti) i a3oTy, a Takox mifgBuUIIeHHIO Bakkoi ckiamosoi (Ta, Hf). B miamasoni morenmiamy
nipknagxu Bim -50 mo -250 B mae Micuie ogHodasHuil craH, ane npu -50 B 1ie NpakTUYHO HETEKCTypOBaHUH CTaH, a npu -250 B
YTBOPIOETHCS CTPyKTypa [111] 3 Hait6iybII BUCOKOIO TBEPAICTIO. Binmasn y Bakyymi no temneparypu 1000 °C npakTU4HO He 3MiHIOE
tBeprocti BEC, a npu 1100 °C ... 1300 °C TBepzicTb TpoXu 3MeHIIyeThcs. Binnan Ha nositpi npu temnepatypi 800 °C 3meHIye

TBEPZICTh MaliKe BIBivi.
Pedepar (aHrI)

The research report contains 54 pages, 15 figures, 15 tables, 40 references. The objects of study are multicomponent high-
entropy alloys and coatings. The purpose of the work is to obtain high-entropy cathodes for vacuum-arc deposition of carbide,
oxide and nitride coatings. Investigation of physicomechanical properties, structural state, heat resistance of high-entropic
coatings. Research methods - measurement of hardness, determination of the level of elasticity and yield boundary by
indentation method, determination of friction coefficients by two methods, heat resistance, X-ray diffraction, electron
microscopy. It is revealed that solid solutions of WPP based on the BCC lattice are formed at an electron concentration of less
than 7.2 electrons / at, and when the electron concentration is above 7.66 electrons / atms, solid solutions are formed on the
basis of the fcc lattice. The lattice parameter is determined by the metal, which is more refractory. High-entropy vacuum
coatings have a hardness depending on the composition and deposition method from 8 to 12 GPa. At the same time, the type and
parameters of the lattice are the same as in cast rapidly cooled alloys. Vacuum-arc high-entropic coatings have a cluster
structure with sizes of 2-6 nm, with each cluster differing from each other in composition. For almost all WPPs, an increase in
nitrogen pressure in the chamber to 0.6 Pa leads to the formation of textured coatings ([111]), which have a hardness of 50 to 70
GPa. An increase in the negative potential of the substrate during the formation of the coating leads to a decrease in the relative
content of the light component (Ti) and nitrogen, as well as an increase in the heavy component (Ta, Hf). In the range of the
substrate potential from -50 to -250 V, the single-phase state takes place, but at -50 V it is a virtually non-textured state, and
at -250 V, the structure [111] with the highest hardness is formed.



Ingekc YIK: 621.793.7, 621.793.7

Kopgu Temarnunux pyopuk HTI: 81.35.33
6. HaykoBo-TexHiyHa npoayKkuis (HTII)

HTII 1

HasBa npoaykuii (ykp): Hirpunni nokpurts TiZrAIVNbCrN, TiVZrNbCrN, TiZrHfNbTaN, TiZrHfNbTaYN, FeCoNiCuAICrVN Ha

6a3i BUCOKOEHTPOIIITHUX CIJIABIB.

HasBa npoaykuii (anri): Nitride coatings TiZrAIVNbCrN, TiVZrNbCrN, TiZrHfNbTaN, TiZrHfNbTa¥YN, FeCoNiCuAICrVN were
obtained using high-entropy alloys.

OuikyBaHi pe3yabTaTu: Marepianu
Tanmyss 3acrocyBanHs: MamyHOOYAyBaHHs, aBiabyTyBaHHS

Onuc npogykuii (ykp): CTBOpeHi HAHOCTPYKTYPHI HUTPUIHI IOKPUTTS Ha 6a3i BucokoeHTpomiiHuX criasiB TiZrAIVNbCrN,
TiVZrNbCrN, TiZrHfNbTaN, TiZrHfNbTaYN, FeCoNiCuAICrVN. OTpumaHo JjaHi oo ix TBepAO0CTi, MOy PY>XHOCTI,

KPUCTaJIiYHOI CTPYKTYypU Ta (Pa30BOro CKIALy B 3aJI€XKHOCTI Bifl yMOB (POPMYBaHHSI.

ConjiasnpHO-eKOHOMIYHa cnpsimoBaHicTh HTII: CTBOpeHHs IPMHIMIIOBO HOBOI IPOAYKIii (MaTepiasiB, TEXHOJIOTIH TOILIO) AJIs
3abe3IevyeHHs! eKCIIOPTHOTO TOTEeHIliaNy Ta 3aMillleHHIO IMITOPTY, 36inblIeHHs 06CAriB BUPOOGHUIITBA, EKOHOMISI MaTepiais,

3MeHIIEeHHS 3HOCY 00JIaJHAHHS

Crapgis 3aBepmenocti HTII: 3git no HIIJIKP

Buposagskenns HTII: He BoposamkeHo

Crpoku BupoBagskenHs: 01.201812.2018

Bupo6nuk npoaykuii: HHIJ "XTI"

CnosxuBavi npoaykuii: MamnHoOyiBHI Ta aBiabyAiBHI 3aBoau
IlepcrieKTHBHI pUHKH:

IIpaBa iHTeeKTyasIbHOI BJIACHOCTI: 32 JOroBOpamu

®opmu Ta yMoBH nepepgadi npogykuii: 3a Jorosopamu
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