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The CSc. thesis of O.V.Krysina is devoted to a detail investigation of (i) the properties of the gas-metallic
plasma generated in the arc evaporation system equipped with multi-element cathodes and (ii) the formation
of the nanocrystalline protective coatings. This investigation is very important because the nanocrystalline
coatings exhibit new properties, such as high hardness H, low elastic modulus E, high ratio H/E, high elastic
recovery W,, high thermal stability and enhanced resistance to oxidation (above 1000°C), low wear and low
friction, etc., which make possible to form new advanced protective coatings, for instance, protective
coatings on the cuttings tools operated at high cutting speeds or on the mechanical parts used in extreme
conditions such as high temeperature (above 1000°C) and harsh environments.

0.V Krysina obtained several new results. Main results can be summarized as follows

1. The generation of metallic and gas-metallic plasma in the arc evaporation systems equipped with
one-element or multi-element cathodes and operating without and with assistance of an independent
low-pressure gas discharge PINK ( Plazmenyj Istocnik s Nakalenym Katodom) was investigated in
detail.

2. For the first time it was demonstrated that the multi-element arc cathode makes it possible to
deposit nanocrystalline multi-element hard nitride coating.

3. The nanocrystalline hard Ti-Cu-N nitride coating with 12 at.% Cu, high hardness H up to 45 GPa,
low elastic recovery W, < 50% and low H/E ratio (< 0.1), low friction pn = 0.2, low wear (< 2.6 x
10 mm*/Nm), high adhesion force (> 30 N), high thermal stability up to 1100°C and oxidation
resistance up to 800°C were successfully deposited by the arc evaporation of Ti-Cu cathode with
support of the gas discharge generated by PINK; here E is the Young’s modulus.

The CSc. thesis of 0.V .Krysina is of a high scientific value which not only contributes to widen the present
state of knowledge in the field but also opens the way to form new advanced hard protective nanocrystalline
coatings with unique properties. The obtained results are original, were published in (i) 8 refereed scientific
papera, (ii) 1 monograph, and (iii) 1 chapter of the other monograph, and presented at 22 conferences in
Russia, Belarus and Germany. The CSc. thesis of O.V.Krysina perfectly meets all demands required for the
CSc. thesis. Based on these facts I recommend grant O.V .Krysina the scientific degree the Candidate of
Technical Sciences.
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Ha aBTOpedepar KaHIUAATCKON JUCCePTAIIH
Kpsicunoit Onberu BacuibeBHbI 110 TeMe «I'eHeparius ra3oMeTaJlInueCcKOoi Mia3Mbl B IYTOBBIX pa3psaax
HU3KOTO JAAaBJICHUS 1JI1 CHHTE3a MHOTOKOMITIOHEHTHBIX HAHOKPUCTAJUIMYECKUX
3alIUTHBIX MOKPBITUI»

Jluccepranus Ha COMCKaHUE YUYEHOM CTENEeHM KaHauaaTa TexHudyeckux Hayk O.B. KpeicuHol nocssiieHa
JETAIbHOMY HCCIenoBaHuio (1) mapamMeTpoB Tra30METaJUIMYCEKOW IUIa3Mbl, TEHEPUPYEMOW NpH JAYrOBOM
UCIapEHUH B CUCTEME, OCHAIICHHON MHOT03JIEMEHTHBIM KaToI0M, 1 (ii) (hOpMUPOBAHNIO HAHOKPUCTATTHUECKUX
3aIUTHBIX TOKPBITUH. OTHU MCCIEAOBAHUSA OYEHb BAXKHBI, IOTOMY YTO HAHOKPUCTAJUIMUECKUE IOKPBITHSA
JIEMOHCTPUPYIOT HOBBIE CBOMCTBA, TaKWe KaK BbICOKas TBepAOCTh H, HU3KMI Moaynb ymnpyroctu E, Beicokoe
3HaueHue otTHomeHuss H/E, Beicokas cremeHb ynpyroro BoccTaHoBiieHHss We, BBICOKAs TepMHUYECKas
CTaOWJIBHOCTD W TIOBBIIIEHHAS CTOMKOCTH K oKuciaeHuto (Boimre 1000°C), HU3KUM U3HOC U HU3KHI KO PUIIMeHT
TPEHUSI U JIp., KOTOpBIC JIEJNAIOT BO3MOKHBIM (POPMHPOBAHME HOBBIX COBPEMEHHBIX 3aIUTHBIX MOKPBITHIA,
HaNpUMep, HAHECEHHE 3alIUTHBIX TOKPBITHI Ha PEKYIIME HHCTPYMEHTHI, pabOoTaroI1e PU BHICOKHX CKOPOCTAX
pe3aHus WIM Ha MEXaHUYECKHE JETalM, UCIOJb3yeMble B SKCTPEMAalbHBIX YCIOBUSX, TAaKHE KaK BBICOKAs
temneparypa (Boie 1000°C) u cypobsle aTMOc(hepHbIE YCITOBHSL.

O.B. KpeicuHa mnonyuymna HECKOJBKO HOBBIX pe3yibTaroB. (OCHOBHBIE pe3yJbTaThl MOTYT ObITh
CYMMHUPOBAHBbI, KaK CJIEIYIOIIHE:

1) Bputn JeTaibHO MCCIICIOBAHBI ICHEPAIHSI METAIUIMYECKOW U ra30METAITMYECCKOM IJI1a3Mbl C TIOMOIIIBIO
ANEKTPOAYTOBOTO HCIIAPUTEIIS C MOHO- WJIM MOJIMAJIEMEHTHBIMH KaToAaMH, padOoTaroIIero kak 0e3, Tak 1 BMecTe
C IUIA3MEHHBIM MCTOYHHKOM Ha OCHOBE HECAMOCTOSTENBHOIO pPas3psiia C HAKAJIEHHBIM U IOJBIM KaToAOM
«ITMHK».

2) BnepBeie ObLIO MPOIEMOHCTPUPOBAHO, YTO Ayra C MHOTORJIEMEHTHBIM KaTOJOM JIa€T BO3MOXHOCTb
OCaXJaTh HAHOKPUCTAJUINYECKNE MHOTOKOMIIOHEHTHBIE TBEP/bI€ HUTPUHBIEC TTOKPBITHS.

3) Hanokpucrammyeckue tBepasie Ti—Cu—N mokpeitus ¢ 12 at.%Cu, Beicokoit TBepaocThio H 10 45 I'Tla,
creneHblo ynpyroro BocctaHoBiaeHus We > 50 %, Huzkum koadduimentom tpenus p = 0,2, HU3KUM U3HOCOM
(< 2,6-10° Mmm®/H M), BBICOKO# anre3nonHoit mpounocThio (> 30 H), BEICOKO# TepMHUYecKoii CTaOHILHOCTBIO 10
1100 °C u croiikocteio Kk okuciennto g0 800 °C ObutM ycremHo HaHeceHbl ucnapeHueM Ti—-Cu kaTtozaa mpu
ACCUCTUPOBaHMUU Tu1a3Moit razoBoro pazpsaa «[IMHKy; 3necs E — Mmogyne FOnra.

Juccepranyisi Ha COMCKaHME YYEHOH creneHu kaHaunaara TexHudeckux Hayk O.B. Kpeicunoli mmeer
BBICOKYIO HayUHYIO IICHHOCTh, KOTOpasi BHOCUT BKJIAJ] HE TOJIbKO B MPECTABIECHHYIO 00JIaCTh 3HAHUI, HO TaKXKe
MoKa3bplBaeT cnoco0 (OpPMUPOBAHUS HOBBIX COBPEMEHHBIX TBEPIBIX 3aLIUTHBIX HAHOKPUCTAUIMYECKUX
MOKPBITUH C YHUKaJIbHBIMU cBoiicTBamu. [loslydeHHblE pe3ynbTaThl SIBISIOTCS OPUTMHAIBHBIMU U
onyonukoBanbl B (i) 8 HayuHbBIX CTaThsix pedepupyembix xypHanos, (ii) 1 monorpaduu, (iii) 1 rmase
KOJJICKTUBHOM MoHorpaduu, m mpencraBieHsl Ha 22 koHdepeHmusx B Poccum, bemapycum u ['epmanum.
Huccepranust Kpeicunoii O.B. monHOCThI0 OTBeuaeT BceM TpeOOBaHMIM K KaHAWAATCKUM auccepranusM. Ha
OCHOBE 3TOT0 (hakTa pexomeHayro npucyauTs O.B. KpbicuHOM yueHyr0 CTeneHb KaH/au/1aTa TEXHUIECKUX HaYK.
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