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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

My pTHIIAPOBi 3aXMCHI IIOKPUTTSI 3 IOKPalleHMMU (Pi3MKO-MeXaHiUHUMMU BJIaCTUBOCTSIMU Ha OCHOBI HiTpUIiB

BHCOKOEHTPOIIIHUX CIJIaBiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Improved physical and mechanical properties multilayer protective coatings based on high-entropy alloy nitrides

Pedepat yKpaiHCBKOIO:

O6’exT gocifKeHHs — (Pa30BUil Ta €J1IEMEHTHUI CKJIaZ, MiKDOCTPYKTYPA, TEIJIOBi TA MEXaHI4Hi BJIaCTUBOCTI
6araToIapoBUX MOKPUTTIB HA OCHOBI HITPUiB BUCOKOEHTPOMINHUX CIIaBiB. MeTa po60TH — BCTAaHOBJIEHHSI
B32€MO3B’13Ky MK €J1eMEHTHUM, (Pa30BUM i HANIPyXe€HO-Ae(POPMOBAHUM CTAHOM Ta TEPMiUYHOIO CTabi/bHICTIO,
MEXaHIYHMMMU i TPUOOJIOTIYHMMH BJIACTUBOCTSIMU HAHOCTPYKTYPHUX 3aXMCHUX HITPUIHUX ITOKPUTTIB, Ta BIUIUBY Ha
HUX TEXHOJIOTIYHUX MapaMeTpiB ocamkeHHs. [JocmimkKeHHs BKJIIOYaloTh B cebe MUPOKUN Habip
€KCIIEPMMEHTAJIbHUX METO/IiB, @ CaMe:KaTOJHO-IyTOBE OCA/IKEHHSI 3 1apoBoi a3y, pacTpoBa i Npocaivyroya
€JIEKTPOHHI MiKPOCKOTii, peHTreHiBChbKa JUPPaKLisl, pPEHTreHiBCbKa (POTOEIEKTPOHHA CIIEKTPOCKOITI,
BMMipIOBaHHS MiKpPO- Ta HAHOTBEPIOCTi Ta 3HOCOCTINKOCTi. OCHOBHUM PE3yJIbTaTOM € Te, 10 O6yJI0 IIPOBEAEHO
NIEPBUHHI PO3PAXyHKU Ta JOCIiIKEHHS CTPYKTYPHUX Ta CYOCTPYKTYPHUX 3aJI€KHOCTEN HITPUIHUX OJHO- Ta
6araTomapoBux MIiBoK Ha ocHOBI Ti, Zr, Hf, Nb, V, Al, Y, Si, Mo. By710 BCTaHOBJI€HO, 1110 BaKaHCiiHi Ae(eKTH €
IOMiHYIOYMM TUIIOM Ie(EeKTiB Y HITPUAHMAX MOKPUTTSIX HA OCHOBI BUCOKOEHTPOMIMHUX CINaBiB. HaykoBa HOBU3HA
PEe3YJIbTaTiB MOJISITae y TOMY, 10 6YJI0 BIleplie NOCIiIKeHO HITpUIHI IOKPUTTSI Ha OCHOBI BUCOKOEHTPOIIIMHUX
CIUIaBiB TYyTOIJIABKMX METAJIIB 10 Ta Micjs onpomiHeHHs ioHamu Xel4+ Bucokoi eHeprii 200 MeB, sxi
[IPOJIEMOHCTPYBAJIM BUCOKY TBepHicTb (33 I'Tla), Hu3bKi koediuieHT TepTs (0,49) Ta WBUAKICTb 3HOCY (9,71x10-6
MMm3M-1H-1). IIpoBeeHi eKCiepuMeHTH J03BOJINIIM Gi/bll AeTajbHO BUBYMUTY IIUTAHHS IOA0 IPUPOAY MEXaHi3MiB
yYTBOPEHHS pafialifiHuX AedEeKTiB Ta BIUIMBY OIPOMiHEHHS Ha Je(PEKTHY CTPYKTYPY 6araToeeMEHTHUX 3aXUCHUX
nOKpUTTiB. OfiepKaHa y poO6OTi METOJIMKA OTPUMAHHS BUCOKOEHTPOIIMHUX HITPUAHUX IIOKPUTTIB HA OCHOBI
TYTOIIJIABKUX METAJIB 3 OGHOPIIHOIO CTPYKTYPOIO Ta MOKPALEHNMHU (Pi3NKO-MeXaHIiYHUMMU BJIACTUBOCTSIMU MOXeE
OyTH BUKOPHCTaHa y NOJAJIbIIMX NPUKIIAAHUX JOCTIIPKEHHSX 1151 IPOIOBXKEHHS TEPMiHY CJIy)KOM METaleBUX
iHCTPYMEHTIB, 1J0 €KCIIJIyaTYyIOThCSl B YMOBaX BUCOKUX TEMIIEPATYP, IIBUIKOCTEM Ta HABAHTAXXEHb, a TAKOX [1J15

BMCOKOHIBUJIKICHOTO (Ppe3epyBaHHSI

Pedepar aHIJIiHCBKOIO:

The object of research is the phase and elemental composition, microstructure, thermal and mechanical
properties of multilayer nitride coatings based on high-entropy alloys. The aim of the work is to establish the
relationship between the elemental, phase, stress-strain state, thermal stability, mechanical and tribological
properties of nanostructured protective nitride coatings, and the influence of technological parameters of
deposition. The research includes a wide range of experimental methods, namely: cathodic arc vapor deposition,
scanning and transmission electron microscopy, X-ray diffraction, X-ray photoelectron spectroscopy,
measurement of micro-and nanohardness and wear resistance. The main result is the preliminary calculations and
comprehensive experimental study of structural and substructural dependences of nitride single- and multilayer
films based on Ti, Zr, Hf, Nb, V, Al, Y, Si, Mo were performed. It was found that vacancy defects are the dominant
defect type in nitride coatings based on high-entropy alloys. The scientific novelty of the results is that for the first
time, nitride coatings based on high-entropy alloys of refractory metals before and after irradiation with Xel4+
ions of high energy 200 MeV were studied. They demonstrated high hardness (33 GPa), low coefficient of friction
(0.49) and wear rate (9.71 x 10-6 mm3m-1H-1). The experiments allowed us to investigate in more detail the nature
of the formation mechanisms of radiation defects and the effect of radiation on the defective structure of multi-
element protective coatings. The obtained method of synthesizing high-entropy nitride coatings based on



refractory metals with a homogeneous structure and improved physical and mechanical properties can be used in
further applied studies to extend the service life of metal tools operating in high temperatures, speeds, and loads,
as well as for high milling
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: MeTo/yKa OTPUMAHHS OJJHO- Ta 6araTomapoBUX 3aXMCHUX HITPUAHNX TOKPUTTIB

Ha OCHOBI BUCOKOEHTPOIIIIHUX CI1JIaBiB

Ha3zpa HTII anrsiicbKo010: Methods of obtaining a single- and multilayer protective nitride coatings based on
high-entropy alloys

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTosu, Teopii

l'asy3s 3acTOoCyBaHHs: HoBi HayKOBO-4OCIIiIHI Ta iHHOBAL{IHI 3HAHHS IHKOPIIOPYIOTBCS Y rasmy3sx
Marepiaso3HaBCTBa, Pi3UKM TBEPIOro Tijla Ta HaHOTeXHoJorii. Ofep>kaHa y poboTi MeTouKa OTPUMAaHHS
BACOKOEHTPOIIIMHUX HITPUIHUX IIOKPUTTIB HA OCHOBI TYTOIIJIABKMX METAJIIB 3 ONHOPITHOIO CTPYKTYPOIO Ta
NOKpaIeHUMU (Pi3NKO-MeXaHIYHMMU BJIACTUBOCTSIMU MOXKe OyTH BUKOPUCTAHA Y NIOAAJIBIINX PUKIATHUX
TOCJIiIPKEHHSX 17151 IPOJIOBXKEHHS TEPMIHY CJIy)KOM MEeTaIeBUX iHCTPYMEHTIB Ta JeTael, o eKCIITyaTyIoThCs B

€KCTPEMAJIbHUX YMOBAX
PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: IMokpaments npoayKTMBHOCTI Ta AOBrOBIYHOCTI Pi3HUX 0GPOGIIIOBATIbHUX IHCTPYMEHTIB, aBTO- Ta
aepOKOCMIYHUX IIPUJIAAIB i leTasell OCTaHHIM YaCOM B OCHOBHOMY JIOCATAIOTh 3a JOIIOMOTIOI0 OCaIKEHHS Ha
IIOBEPXHI BUPOOY CIeliabHOr0 3HOCOCTIMKOTO 3aXMCHOT0 IIOKPUTTSL. Bee Ginbie yBaru npupinseTscs miiBKkaM Ha
OCHOBi BUCOKOEHTPOIIIMHUX CILJIABIB, SKi 3aBASKMA BUCOKOI €HTPOIIii 3MilllyBaHHSI, OBiNbHOI nudy3ii Ta
KOKTEMJIBHOTO e(EeKTy, 0 3abe3nedye ix BUIATHY MEeXaHiuHy MIlJHICTb, BEMOHCTPYIOTb BUCOKY TEPMIUHY
CTabiNIbHICTB i CTIUKICTb 0 KOpo3ii Ta 3HoCcy. OTpUMaHi 3aXUCHI HITPUIHI IOKPUTTS IPOJEMOHCTPYBaU MiiBUILEH]
MEXaHiuHi Ta TPUOOJIOTiUHI XapaKTePUCTUKM NOPIBHSHO 3 iHIIMMH aHajioraMu. Bce 11e 00yMOBIIIOE iX SIBHY
(PYHKLiOHAJIbHY IIEPEBAry B IPOLIECAaX MEXaHIYHOI 0OPOOKM B YMOBaxX BUCOKUX TEMIIEPATYypP Ta HAaBaHTaXeHb. Taki

MTOKPUTTSI MOXKYTb 3aXUCTUTH J€TaJli Bi pyHHYBaHHS Ta NPOJOBXUTH TEPMIH iX eKCITyaranii

ComniannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Exonomis enepropecypcis, EkoHomis matepiaris,

3MEeHIIEHHS 3HOCY 00JIafiHaHHS
BnyiuB HTII Ha moBKiJjjisa:
BnpoBanykenHss HTII: Bnposamxeno
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 09.2021
3akiH4yeHHs eTamy: 12.2021
Crio>KuBavi NPOAYKILii: CymchKkuii nep>KaBHUIl yHIBEPCUTET
IlepcrieKTHBHI PUHKH: NpofyKilis MOXe 6yTH peaslizoByBaHa Ha YKPaiHCbKOMY PUHKY
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJaIOTHCS iHBECTOPY IIiCJIs 3aBepIIeHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:

TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
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