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B Hacrosimmee BpemMs JOCTUTHYT CYIIECTBEHHBI INpoOrpecc B  YIy4IIEHUU
XapaKTepUCTHK HMHCTPYMEHTAJIBHBIX MAaTepHajoB IyTeM HAHECEHHS MOIU(MHUIHPYIOLIIX
MTOKPBITUH C IPUMEHEHUEM PA3IMYHBIX TEXHOJIOTUN UX OCAKIECHUS, CPEAN KOTOPBIX OJHOM U3
OCHOBHBIX TEHJICHLIUH SBJISETCS pa3BUTHE THOPUIAHBIX (KOMOMHUPOBAHHBIX) TEXHOJIOTHH [1].
[{enpto manHONW paboTHI OBUIO chOpMHUPOBATH HA MOBEPXHOCTH JIE3BUH CTAIBHBIX (CIUIaBa
HHS 18% W) HoXeill nepeBOpexyIiero HHCTpyMEHTa KOMOMHUPOBAHHBIE TaJIbBAaHO-HOHHO-
MJIa3MEHHBIC XPOM - HaHOaIMa3kel JeroHanronHoro cuutesa (JJHA) Cr-JIHA/ Hf — Zr — ZrN
MTOKPBITUS U UCCIIEN0BATh UX CTPYKTYPY M JJIIEMEHTHBIN COCTaB.

Jns ¢popmupoBanuss komOunupoBanHbiX Cr-JIHA/ Hf — Zr — ZrN nokpbeituii Ha
MOBEPXHOCTh HOXeW mpenBapuTenbHo Hanbuismuch Hf — Zr — ZrN r1uienku, mocie yero
ocaxnamck Cr-JIHA crnou. Ilepen ocaxxnennem Hf — Zr — ZrN nokpbITUs TPOBOAMIIACH HOHHAS
ounctka conepxkaeit Zr u Hf mumenu L{I"20 morokom MOHOB aprona. 3aTeM METOJI0OM MOHHO-
Jy4eBOTrO paclblIeHUs] HambLisUiach IuieHka Hf Ha moBepxHocTh ne3Bus Hoxka. Ilocie uero
METOJIOM KOHJCHCALMH C HOHHO-IUIa3MeHHON OomOapauposkoil (KUWbB) ocaxnanocs ZrN
nokpbsITHe. B pesynbrare hopmuposanocs cioucroe Hf — Zr — ZrN nokpeiTHe Ha MOBEPXHOCTAX
ne3Buil Hoxel (QpesepHoro uHcTpymeHta. Cr-JIHA KOMITO3UMIIMOHHBIE 3JIEKTPOXUMHUYECKUE
MOKPBITUS OCAXKJAINCh HA IOBEPXHOCTb ZrN IMOKPBITUM B TaJbBAHOCTATUYECKOM DPEKUME
SIIEKTPOIIM3a TIPU CPEIHEH KATOIHON IUTOTHOCTH TOKa 50 A/IM’ M3 KITACCHYECKOTO JIEKTPOINTA
xpomupoBanus npu coaepxkanun CrO; — 250 r/n, H,SO4 — 2,2-2,5 r/n ¢ gobaBnenunem JJHA
Mapku «YA-BK» 2,5-5,1 r/n. C uenbto ymyumienus aare3un Cr-JIHA cnost ¢ ZrN nokpsituem
Ha TNOBEPXHOCTb ZrN  MOKpPBITUSA  JONOJHUTEIBHO  OCAXKAAINCh  XUMHYECKUM U
ANIEKTPOXUMHUYECKUM METOJAMU ITPOMEKYTOUHBIE CIIOM HUKENS U MEJU, COOTBETCTBEHHO.

Ckanupyromas AIIEKTPOHHAS MHUKPOCKOTTHS (COM) 00pasmoB u
PEHTI'€HOCIIEKTPAJIbHBIA MHUKpOAHAIU3 C(HOPMUPOBAHHBIX TOKPBITHH HCCIEIOBATUCH C
nomouibo 31eKTpoHHbIX MuKpockonoB MIRA 3 (TESCAN) u Hitachi S-4800.

Komounupoannsie Cr-JIHA/ Hf — Zr — ZrN MOKPBITHS UMCIOT CIOUCTYIO CTPYKTYPY,
COCTOSIIIYI0 M3 HOHHO-TIa3MEHHBbIX HmkHero Zr-Hf u cpemnero ZrN cioeB W BepxXHETro
rampBaHnyeckoro Cr-/IHA cros (puc. 1a). ZrN cnoii He nepemenmBaercs ¢ Cr-JIHA u Zr-Hf
cnosivu. [ToBepxuocth BepxHero Cr-JIHA cnost Cr-IHA/ Hf — Zr — ZrN nokpeitus (puc. 1)
UMEET XapaKTEpHYIO CTPYKTYPY B BHJE INIOOYJISpHBIX 00pa3oBaHUil, CHOPMHUPOBAHHBIX, KaK
noka3zaHo B paborax [2, 3] dochumom mHukens (NizP) m kmacrepamu HanoanmazoB. COM-
CHUMOK morepeyHoro usnoma obpasua ¢ Cr-JJHA/ZrN mokpeituem (puc. 2) mokasbIBaeT
HaJIMYue CJI0EB Pa3IUYHON MUKPOCTPYKTYpPHI U TonuuHbl. Tonmunaa BepxHero Cr-JIHA crnost
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coctapisieT 304 HM, IPOMEKYTOYHOTO CJIOSt MeAW U HUKeNs — 939 uM, HkHero ZrN cios —
2,50 mxMm. [IpomMexyTOUHBIN CIIOHM HE IEPEMENTUBAETCS C BEPXHUM CII0€M W HIDKHUM CIIOEM.
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Puc. 1. COM-caumku ne3sus Hoxa ¢ Cr-JIHA/ Hf — Zr — ZrN nokpeitrem: (a) pexyieid KpoMKd

u (0) BeIZIEIEHHOM 30HBI B ckoa Ha ocTpue ne3Bust
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Puc. 2. Muxpoctpykrypa Cr-/IHA/ ZrN nokpeitust Ha TBeprociuiaBaoit (WC — Co) ocHoBe

[1] Chayeuski V. Structural and mechanical properties of the ZrC/Ni-nanodiamond coating
synthesized by the PVD and electroplating processes for the cutting knifes / V. Chayeuski,
V. Zhylinski, O. Cernashejus, N. Visniakov, G. Mikalauskas // JMEP. — 2019. — Vol. 28,
no. 3. — P. 1278-1285.

[2] Tseluikin V. N. On the structure and properties of composite electrochemical coatings. A
review / V. N. Tseluikin // Prot. Met. Phys. Chem. Surf. —2016.— Vol. 52, no. 2. — P. 254-266.

[3] YaeBckuii B. B. BinssHne napaMeTpoB 3J€KTPOXUMUYECKOTO OCAXKACHUS HAa CTPYKTYpY U
¢da3oBelii coctaB mokpeiTHs ciiaBom Ni-P / B. B. Yaesckuii, B. B. XKununckui,
O. Yepnametroc // Tpynet BI'TY. —2016. — Ne 6. — C. 106—1009.



