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Pedepar:

1. O6’exT mocmimxeHHs — npouec GOPMyBaHHS OJHO- Ta 6araTomapoBUx HiTpuaHUX NOKpUTTIB (TiN, ZrN ta
6araromapoBux TiN/ZrN), ix cTpyKTypu i BIacTUBOCTE, sIKi OfiepKaHi BaKyyMHO-/IyTOBAM OCA[IKEHHSIM Ha
HEOPieHTYIUMX MifKIagkax B aTMmocdepi azoty. [IpegmeT focaiIpKeHHs — 3aKOHOMIPHOCTI BIIJIMBY IIOCTIIHOTO
IIOTEHIiajly, BUCOKOBOJIbTHOTO IIOTEHIialy B iMITyJIbCHIN (pOpPMi Ta TUCKY a30THOI aTMochepu Ha GOpMyBaHHS
HAaHOPO3MIpPHOI CTPYKTypHU, CYOCTPYKTYPU Ta MEXaHIYHUX BJIACTUBOCTEN BAKYYMHO-IYTOBUX HITPUIHUX ITOKPUTTIB.
Meronu mocinkenb. BuBueHHS CTPYKTYpH i pa30BOTO cKiiamy 3pasKiB LOCHIIKEHHS 3[[iiCHIOBAJIOCS METOIaMU
OIITMYHOI, €JIEKTPOHHOI MiKPOCKOIIii, PEHTT€HOCTPYKTYPHOT'O aHai3y. EJleMEeHTHUI CKIa/, BU3HAYABCH 3
BHMKOPHCTaHHSIM PEHTT€HO(IyOPECLEHTHOTO METOAY i €HeprouCepCiiiHoi peHTreHiBebKoi cnekrpockorii (EDS).
MexaHiuHi BUIIpoOyBaHHS MaTepiajiB MIPOBOAWIN B PEXKUMI MIKPOIHI,€HTYBaHHS, 30KpEMa — aKTUBHOTO

HaBaHTa)KeHHS, i3 3acTocyBaHHIM nipaminu Bepkosuua (ycraHoBKa 3rifHo 3 ISO 14577). BusHavanuch napameTpu



3HOCOCTIMKOCTI. HaykoBa HOBM3HA OLeP>KaHMX PE3yJIbTAaTiB: 3alIPONIOHOBAHI (Pi3WYHi MeXaHi3Mu Npy (POpMyBaHHi
HOBoOi a3y (TiN, ZrN), ko Bin6yBaoThCs pafialiiiHe MOMKOIKEHHS i 0HOYaCHO IIpoLiec pesakcalii nedeKTis
Oy[l0BHY, sIKi peasi3yloTbCs Mif Ai€lo TeMJIOBUX IIOTOKIB. B 3a/1€XKHOCTI BiJl iHTEHCUBHOCTI Ta CKBRXKHOCTI
BHMCOKOEHEPTreTUYHOTO BIIUBY (POPMYIOThCS BiiTIOBiHI aKCialbHi TEKCTYpHU, BHYTPIlLIHI HANIPY>XXEHHY, i, SIK
HaCJIiOK, — 3MiHa PYHKLiOHAJIbHUX BJIACTUBOCTEN. [IpoBefieHe JOCiIKeHHSI KOMIJIEKCHOTO BIJIVBY ITOCTIHHOTO
(Uc) ta imnynbcHoro (Ui) moTeHujiamnis 3mileHHs B nopiBHHHI 3 fieto aue Uc, abo Ui. [TokazaHo, 1o B
GaraTorapaMeTpUYHIl 3a71a4i MAKCMMYM BJIACTUBOCTEM BiJ[IOBiflae 3iCTaBJI€HHOCT] IPOLECiB HAKONINYYBAHHIO
MOUIKOJKEHb Ta IX peJiakcallii, sKi BiIII0BiIaloTh 3HAYEHHIO NTOCTiHOro norexuiany -200 B, iMysbCHOroO
noteHuiany -850...-1000 B Ta TpuBasnocTi iMnysnbCHUX roTeHuiasis (o) 7 - 10 mkc. BcTaHOBIeHO, 110 0COBINBO
TEKCTYPHUI CTaH Ta AedeKTH BIIJIMBAIOTh HA MEXAHIUHi BJIaCTUBOCTI [IOKPUTTIB, @ CaMe HaHO- Ta MiKpOTBEPAICTb i
1ie 3Ha4eHHsI fJocsirae piBHA 42 - 45 I'Tla. [TpoBeneHo mozenoBaHHs (mporpama TRIM) rin6uHN IPOHUKHEHHS Ta
KiZIbKOCTi BaKaHCIiii IIPY BCiX KaCKaJHUX MOIKOIXeHHsIX. [Toka3aHo, o 10 [MIMOWHI 1apy Yepes pajialiiiHy
IIOIIKOKYBAaHICTh 3MiHIOETHCS PO3IIO/IJ BaKaHCIH, ajie nepemillyBaHHS MapiB 1 6araTouapoBUx KOMIIO3UTIB He
BifOyBaeThCs, X04a IJIMOMHA NPOHUKHEHHS i0HiB Zr 6inbia (h = 63 A), Hix y ioniB Ti (h = 52 A), 0 nop’s3aHe 3
aTOMapHMMHU PO3MipaMU Ta MAcoI0 LIMX JIBOX €JIEMEHTIB.Briepiie rokasaHo, 0 3a paxyHOK CTBOPEHHSI paialiffHAX
MOIIKOJIKEHD 1 iX peslakcallii CIOCTepiraeTbCs He TiIbKY ONITUMYM TBEPIOCTI, ajle i 3HOCOCTINKOCTI. Tak,
IIBUJIKOPDKyYi iIHCTPYMEHTH 3 IIOKPUTTSIM, OTPUMAaHHI [1py BUieBKazaHux ymoBax (Ui = -1000 B, o = 10 mxc, Uc = -
200 B), 6inb1 HixX B 3 pa3u 30iIbIIYIOTh TEPMiH POOOTH (EKCILTyaTalliliHi XapaKTePUCTUKM) PiKyd0i KPOMKH, YOMY

CIIpUsi€ ONTHMMAJbHI 3HAaYeHHS CyOCTPYKTYPHUX XapaKTEPUCTUK Ta MAKPOHAMPYKEHB (O < -2 %).

2. Object of the study: is the process of formation of single- and multilayer nitride coatings (TiN, ZrN and
multilayer TiN / ZrN), their structure and properties, which are obtained by vacuum-arc deposition on non-
orienting substrates in a nitrogen atmosphere. Objective: is the regularities of the influence of constant potential,
high-voltage potential in pulsed form and pressure of nitrogen atmosphere on the formation of nanoscale
structure, substructure and mechanical properties of vacuum-arc nitride coatings.. Methods: The study of the
structure and phase composition of the study samples was carried out by methods of optical, electron microscopy,
X-ray diffraction analysis. The elemental composition was determined using the X-ray fluorescence method and
energy-dispersive X-ray spectroscopy (EDS). Mechanical tests of materials were performed in the
microindentation mode, in particular - active load, using the Berkovich pyramid (installation according to ISO
14577). The parameters of wear resistance were determined. Theoretical and practical results, scientific novelty:
Scientific novelty of the obtained results: physical mechanisms are proposed in the formation of a new phase (TiN,
ZrN), when radiation damage occurs and at the same time the process of relaxation of structural defects, which are
realized under the action of heat fluxes. Depending on the intensity and duty cycle of high-energy impact, the
corresponding axial textures, internal stresses, and, as a consequence, a change in functional properties are
formed. A study of the complex effect of constant (Uc) and pulse (Ui) displacement potentials in comparison with
the action of only Uc or Ui. It is shown that in the multiparameter problem the maximum of properties
corresponds to the comparison of processes of damage accumulation and their relaxation, which correspond to
the values of constant potential -200 V, pulse potential -850... -1000 V and duration of pulse potentials (o) 7 - 10 ps.
It is established that especially the textural state and defects affect the mechanical properties of coatings, namely
nano- and microhardness and this value reaches the level of 42 - 45 GPa. Modeling (TRIM program) of penetration
depth and number of vacancies for all cascade damages was performed. It is shown that the distribution of
vacancies changes along the depth of the layer due to radiation damage, but the mixing of layers for multilayer
composites does not occur, although the depth of penetration of Zr ions is greater (h = 63 A) than that of Ti ions (h
= 52 A). with atomic dimensions and mass of these two elements. For the first time it is shown that due to the
creation of radiation damage and their relaxation there is not only the optimum hardness, but also wear resistance.
Thus, high-speed coated tools obtained under the above conditions (Ui = -1000 V, o = 10 us, Uc = -200 V), more than
3 times increase the service life (performance) of the cutting edge, which contributes to the optimal values of
substructural characteristics and macrostresses (0 < -2%).
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