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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOpPHK: 29.19

Tema gucepranii:

1. CtpykTypa Ta $isuKo-MexaHiqHi BJIaCTUBOCTI BAKYyMHO-IyTOBUX HAHOKOMITIO3UTHUX OKPUTTiB cuctemu Ti-Hf-N
i Ti-Hf-Si-N

2. Structure and physical-mechanical properties of vacuum-arc nanocomposite coatings of Ti-Hf-N and Ti-Hf-Si-
N systems

Pedepar:

1. O6'exT: HAaHOKOMIIO3UTHi OKpUTTA Ha ocHOBI Ti, Hf, Sii N, omepskaHi METOOM BaKyyMHO-yTOBOTO OCAIKEHHS i3
3aCTOCYBaHHSIM iMITyJIbCHOiI BUCOKOYACTOTHOI 00p0oOKU. MeTa: po3pobka (isuKO-TEeXHOJIOT{YHNX OCHOB
(opMyBaHHSI HAHOKOMITO3UTHUX ITIOKPUTTIB, O€P>KaHUX Y HEPIBHOBAKHMX YMOBAaX METOJJOM BaKyyMHO-JyTOBOTO
ocaiKeHHs1 6araTOKOMIIOHEHTHOTO MaTepiasny Ha ocHosi Ti, Hf, Sii N i3 3acTocyBaHHSIM iMITyJIbCHOI
BUCOKOYaCTOTHOI 06pOOKU. MeToM: BAKYYMHO-IyTOBE OCaI)KEHHSI IOKPUTTIB i3 3aCTOCYBaHHSM BUCOKOYACTOTHOI
imnysibcHoi ctumysauii, PEM, ITEM, ACM, peHTreHiBCbKUI MiKpoaHalis, MeTos, pe3ep(opiBCbKOro 3B0pOTHOTO
PO3CilOBaHHSI, METOJ, HAHOIHJIEHTYBaHHS1, TPUOOTEXHIYHI BUIPOOYBaHHS. Pe3ysbTaTu: Yieplie JOCiI>KeHi TBepAi i
HagTBepzi nokputts Ti-Hf-Si-N i3 pi3HOIo cTexiomeTpieto. BctaHOBIEHO, 0 PO3Mip HAHOKPUCTAJITIB Y TBEPIOMY

PO34YMHI HAHOCTPYKTYPOBAHOI'O IIOKPUTTS 3MIHIOETHCS Bif, 5 110 10 HM, a ToBLIMHA npoiapky alpha-Si3N4 HaBkos10



HaHo3epHa TBepaoro po3uuny (Ti, Hf)N cranoButs 1 - 1,5 HM. BcTaHOBJIEHO, [0 BU3HAYaIbHUM (HaKTOPOM IIPU
ocampkeHHi nokputTs (miBky) i3 Ti-Hf-Si-N e cenapatiis ioHHO-I171a3MOBOTO MTOTOKY, B Pe3yJIbTaTi SIKOi BUHUKA€E
3MEHIIEHHs KOHLeHTpallii aromiB Hf y mokpuTTi. [Ipn ocapmKeHHi IOKPUTTS i3 cerperallieio BUHUKae
CTPYKTYPYBaHHS, IKE IIPOSIBJISIETHCS Y IIEPEBAKHOMY POCTi KPUCTAJIITIB i3 TEKCTYPOIO aKCiaJbHOTO THUILY, ¥
IIOKPUTTSIX, OCaIKeHUX 6e3 cerperatiii, Taka 0COGJIMBICTb He CIiocTepiraeTsces. ['any3b BUKOPUCTAHHS:

HAaHOTEXHOJIOTii i HaHOMaTepianu, $hi3uKa TOHKUX IIJTiBOK i TOKPUTTIB

2. Object: nanocomposite coatings based on Ti, Hf, Si and N, obtained by vacuum-arc deposition using a pulsed
high-frequency treatment. The purpose: development of physical and technological bases of forming of
nanocomposite coatings obtained in nonequilibrium conditions by vacuum arc deposition of multicomponent
materials based on Ti, Hf, Si and N using a pulsed high-frequency treatment. Methods: vacuum-arc deposition
using high-pulse stimulation, SEM, TEM, AFM, X-ray microanalysis, Rutherford backscattering method, the
method of nanoindentation, tribotechnical tests. Results: First studied hard and superhard coatings Ti-Hf-Si-N
with different stoichiometry. Found that the size of the nanocrystals in the solid solution of nanostructured
coatings varies from 5 to 10 nm, and the thickness of the alpha-Si3N4 around nanograins of solid solution (Ti, Hf) N
is 1- 1.5 nm. Found that the determining factor in the deposition of the coating (film) of the Ti-Hf-Si-N is the
separation of the ion-plasma flow, resulting in the reduction of the concentration of Hf atoms in the coating.
During the deposition of coating with segregation occurs structuring, which manifests itself in the preferential
growth of crystallites with the texture of the axial type, in the coatings deposited without segregation, this feature
is not observed. Field of application: nanotechnologies and nanomaterials, the physics of thin films and coatings
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