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Meroapl  QU3MUECKOro  OocaxJeHWs W3 napoBod  dasel  NpM  HaHECEHUH
HAHOKOMIIO3UTHBIX 3aLUTHBIX MOKPBITUI HA OCHOBE TYrOIJIABKUX COEIUHEHUN MEPEeXOJHBIX
MeTa/uloB, Takue kak wmarHerponHHoe HameiieHue (DC, DC pulsed, HIPIMS) n karoano-
ayrosoe ucnapenne (CAE), sBisitoTes oJHMMH M3 Hanbosiee MEPCHEKTHBHBIX CIIOCOOOB
MOBBILICHUSI  pecypca  OTBETCTBEHHBIX  M3JEIMH, IMOABEPKEHHBIX  OAHOBPEMEHHOMY
BO3JACHCTBUIO M3HOCA, IMOBBIMIEHHBIX TEMIIEpaTyp, arpeccuBHBIX cped. OcoOblit uHTEpEC
pe/CTABISET MPUMEHEHHE  KOMITO3MIIMOHHBIX  KAaTOJOB-MHUIIEHEH, 00ecneunBarommx
BO3MOYKHOCTh (POPMUPOBAHUS 32/IAaHHOIO COCTAaBAa HAHOCTPYKTYPHEIX NOKPBITHH.

AKTYaJbHOCTh JIMCCEPTAIIMOHHON paboThl, IEIbI0 KOTOPOi ABJsIaCh pa3paboTKa
3AIATHBIX  (3KAPOCTOMKHUX, KOPPO3MOHHOCTOMKMX, HW3HOCOCTOMKHMX) M  (QYHKIMOHAILHBIX
(OITHYECKU MPO3PAYHBIX) HAHOCTPYKTYPHBIX TNOKPBITHHA, MOJY4aeMbIX METOAAMH HMOHHO-
[JIA3MEHHOTO  OCA&XAEHUS C  MCIOJB30BaHMEeM  KoMo3uuuoHHblX  CBC-martepuanos,
MOATBEPIKAAETCS TEM, UTO OHa BBINOJHSIACH B paMKax TOCYJapCTBEHHBIX 3adaHui
MunoGpuayku, deepalbHbIX LEIEBbIX MPOrpaMM, MpoekToB Poccuiickoro Hayynoro ¢onna
1 Poccuiickoro (ponaa pyH1aMeHTaabHbIX UCCIIE0BAHMIA.

B pabGore Kuproxanuea-Kopueesa @®.B. mnosydennl pe3ysibTaTbhl, HaydHas HOBH3HA
KOTOPBIX COCTOUT M3 psila OCHOBOMOJATAIOMIMX 3aKII0YEHNUN. Y CTaHOBJIEHBI 3aKOHOMEPHOCTH
BAMsHMs sierupytommx aobasok (Si, Cr, Al, Ni) Ha cTpykTypy M cBoicTBa nokpeituii TiBN

u TIiCN, sakmouaronmecss B (GOPMUPOBAHMM HAHOKOMIIO3UIIMOHHBIX TOKpbITHil TiCrBN
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n TiCrSICN, cocrosumx u3 nanokpuctammtos ['IK-dassl nc-TiCr(C)N u amopdHeX (a3
a-CrB/a-BN wm a-SiCN/a-C, ¢ conepxkanuem Cr 11-14 at. %, u 00eCIeUNBAIONIMX COYETAHUE
BbIcokOM TBEPAOCTH (o 30 ITla), wm3HOCOCTOMKOCTH (NMPpUBEAEHHBIH W3HOC He Oosee
1.5-10° mv’H'm™"), Hasmuune A1 Py3MOHHO-0apbepHBIX CBONUCTB, TEPMUUECKOI CTAOMIBHOCTH
u sxapocrorikoctu 10 800-1000°C, uyro onpeaessieT 3alUTHbIe GYHKIMU TTIOKPBITUIT B YCIOBUSIX
BbICOKOCKOPOCTHOI'O CYXOT'O PEe3aHHusl.

YCTaHOBJICHO BIMAHME a30Ta M XpoOMa Ha CTPYKTYpPY M CBOWCTBAa IOKPBITHIA,
IIOJYYEHHBIX MarHeTpoHHbIM pacnbiieHnem CBC-karonoB uz MAX-da3z  TiCry AIC.
BBejenne a3ora npuBOANT K CHUKCHUIO pa3Mepa KpUCTALTMTOB KapOuanbix ¢as B 10-100 pas
¥ nosellieHUro  TBEpaocTH Ha 13-82 %, ympyroro BoccTaHoBieHMS Ha 12-60  %.
JKapocToiKoCcTh NOKPEITHIA BO3PACTAIOT € YBEIMYCHUEM JIOJM XPOMa, BCJIEACTBHE 00pa3oBaHHs
3AIIMTHBIX CJIOEB M3 OKCHJIOB XpoMa M amomuHus. Haiinenst ycioBust dhopmuposanus

- OKPBITHH €O cTpYyKTYpoit MAX-(ha3 rnpu ocaxeHnN ¢ OCIeAYIoLIeH TepMooOpaboTKOii.

B noxpeituax Me-B-N (Me: Cr, Ti, Zr), NOQy4eHHBIX C HCIIOJNB30BAHUEM OGOPUIHBIX
CBC-munieneii, oOHapyKeH MONIOKUTEIbHBIN dPHEKT JerupoBaHmus a30TOM, 3aKIIOUAIOIIHITCS
B TOM, YTO a30T MMOJABJIACT CTOA0YATBII POCT 3epeH, CHUKACT pa3Mep KPUCTAIIUTOB GOPUIHON
daspl,  cniocoOcTByeT BblIeeHHMIO (Bazel h-BN, 4ro yBeinumpaer TPEIIMHOCTONKOCT.
AIr€3MOHHYIO MPOYHOCTH CLEIJICHUs IOKPBITHS € MOJUIOKKON (KpuUTHYecKas Harpyska L.c,
710 90 H). chmkaer kooddurment tpenns 1o 0.3 u npuseaéHuslii m3uoc 10 1-10° mv?H'm

Pazpaboranpl xapocTolikne KpeMHHICOAEpIKALME MOKPHITHS Ha ocHoBe MoSi, ZrB,
u SiC, npejHasHauYEHHBIE JUIS 3alUTHl OTBETCTBEHHBIX Y3JIOB U3 XKAPONPOYHBIX MATEpHAIOB
(YIJIEpOAHBIX  KOMITO3MIIMOHHBIX MATEPUAIOB, HUKEJIEBBIX W MOJMOJCHOBBIX CIUIABOB).
brarojaps  HaHOKOMNO3UTHOI/aMOp(HONH  CTPYKTYype M BBICOKOW  KOHIEHTpALMH
KpPEeMHUHACOAEpKAMX (a3, MOKPLITUS IOBBLIMIAIOT PAbOUYI0 TeMIEpaTypy MOBEPXHOCTH JI0
1000-1200°C, BeIIepKUBAIOT KpaTKOBpeMeHHOe (10 10 Mun) Bo3aeicTaue npu 1400-1700°C.

Briepsble ycraHOBICHA JIMHEHHAs 3aBUCHMOCTBH JKapOCTOMKOCTH MOKpbITHH Mo-Si-B
OT KOHUEHTpAUMH KPEMHHSA, 4YTO CBA3aHO ¢ (QOpMUpOBaHMEM 3ammTHOro cjios Si:B:O,
a JICrMpOBaHWE IIOKPBITUH rapHUEM M IUPKOHMEM TIOBBIIIAET BBICOKOTEMIIEPATYPHYIO
TPEIIMHOCTOMKOCTD ITOKPBITUI 3a CUET NOJABIEHUS pocTa KpucTtauiuToB h-MoSi,.

[Tonyuener aByx- U Tpexcioiinele mokpeitus TiAICNi u  CrAICNi, BbicoKas
KOppO3MOHHAsE CTOMKOCTL KOTOPBIX B KMJIKHMX M Ta30oBBIX cpeaax obyciosieHa dpdekrom
3Q/ICUMBAHMA/TEPMETU3ALIMY  TIOBEPXHOCTHBIX Je(DeKTOB (MUKPOTPELINH, YacTHUIl KarelhbHOM
(ba3bl) B pe3ysibTaTe HAHECEHUs CJIOEB METOAAMU MOHHO-IUIA3MEHHOIO OCaXK/ICHMS, TOr/la Kak

HWKHUHI 3H€KTpOI/ICKpOB0ﬁ noJciion obecneunBaer BBICOKYIO U3HOCOCTOMKOCTL B YCJIOBUSAX



TPEHUSA-CKOJIBKEHUS M [MKIMYECKOro YJapHO-JIMHAMUYecKoro HarpyxeHus. [loayuens
skapocToiikue mnokpeiTisi MoSiB u  CrAlSiB ¢ DWJl-noacinoem ZrSiB, nossoausuine
YMEHBIIUTD MIYOUHY OKHCIEHUs HUKeneBoro crasa B 12 u 40 pas npu 900°C.

PazpaboTanbl  ONTUYECKU-IIPO3pAUHbIE  BBICOKOTEMIIEpATypHble  NOKpbITHS  ZrBN
u ZrSiBN ¢ tBépnocteio 10-15 T'Tla, xoaddunmenrom npomnyckanus 60-90 % u nokasaresem
npesnomsienust 1.97-2.68 npu jpmuHax BojH 500-2500 HM. Dddert onTryeckoi npo3pavHocTy
MOKPBITHIT 00ycaoBaeH oOpa3zoBanuem aMmopdHbIX (a3 nepemenHoro cocrasa BN u SiNx
¢ TemileparypHoil Havasa mporecca Kpuctauimzauun 1000°C, moATBEpKACHHOIO METO/0M
in situ npu Harpese GoJIbI B KOJIOHE IIPOCBEYUBAIOLIETO 3JIEKTPOHHOIO MUKPOCKOIIA.

Hayunast 3HauumocTh paboThl MOATBEpXkKAAETCS OONBIIMM  KOJIMYECTBOM  CTATCH
B BBICOKOPEHTUHIOBBIX OTCUECTBEHHBIX M 3apyOexHBIX KypHanaX, Takux Kak: (Pusuka
METa/UIOB U MeTajuioBeacHne, dOusuka TBEPIOro teia, GU3suKoOXUMUs MOBEPXHOCTH U 3allluTa
~matepuaion, Surface and Coatings Technology, Applied Surface Science, Thin Solid Films,
Coatings, Materials u T.1.

Pesyiprathl  AMCCEpPTAlIMOHHON padOThl MMEIOT BAKHOE IPAKTHYECKOE 3HAYEHME.
Ilpevioken  HOBBIH  TMOJXOJ - MArHETPOHHOE  HAIbUIEHHE Ha  TOCTOSAHHOM  TOKE
C OJAHOBPEMEHHOW HOHHOW WMIUIAHTAllMEel, a TakKe - HMITyJbCHOE KaTOAHO-1YroBOe
UCIapeHue, KoTopble 00eCcreynuBaloT BBICOKHH YypOBEHb aAN€3MOHHON MPOYHOCTH IOKPBLITHI
(ot 90 1o 120 H). MeTonamu 271€KTPOUCKPOBOTO JIESTUPOBAHUSA, KaTOAHO-yIOBOI'0 UCIIapeHus
1 MarHeTPOHHOIO HAMbUICHHUS [OJIYYEHB! JBYX- U TPEXCIONHBIE MOKPBITUSA € 3-7 KpaTHLIM
ITOBBILICHUEM CTOMKOCTH K Tra30BOH M 2JIEKTPOXMMHMUYECKOH Koppo3uu. KoMIO3MIMOHHbIE
CBC-MHUIIEHH YCIEIIHO IMPUMEHEHBI B Pa3IWYHBIX TEXHOJIOIUSX HMOHHO-TIA3MEHHOIO
HAIlBIJICHUSI, TAKUX KaK BBICOKOMOIIHOE  WMMITYJIbCHOE  MArHEeTPOHHOE  HallblICHUE.
PaspaboranHble 3allUTHBIC TIOKPBITUSI MOTYT OBITh YCIIEIIHO HAHECEHbl Ha OIBITHO-
IPOMBILIIJIEHHBIX ~YCTAHOBKAX MArHETPOHHOIO HAIBUICHUS C [PUMEHEHUEM IUIaHAPHO-
IPOTSHKEHHBIX KOMITO3UIIMOHHBIX MUIIIEHEH.

B kauecrse 3amedanuii no pabore MOKHO OTMETHUTE CJIEIYIOLIEE:

I. Ilo ycranoBuBlIelcs Ki1accUPUKANUU TOHKHUX IUIEHOK M HAHOCTPYKTYPUPOBAHHLIX
MOKPBITUI OHM MOTYT OBITH MHOTOC/IOMHBIMA C HAHOMETPOBOW TOJIIMHON OTICJIBHBIX CJIOEB
WM KOMITO3ULIMOHHBIMU € pazMepoM OTJAEABHBIX (a3 MM CTPYKTYPHBIX DJIEMEHTOB B
HAHOMETPOBOU 00JacTU. B MHOroc/IoiHO! cTpyKType HEoOXOAMMO uepeoBaHue TBEPAbIX U
BSI3KMX CJIOEB JUISI TOPMOKEHUSI TPELUH, HEM30€KHO BO3ZHUKAIOUIUX B TBEPIABIX CJIOSAX MpPH

Jle(IbOpMI/IpOBaHI/II/I_ [TOKPLITHAA. B KOMNO3UIIMOHHBIX IMMOKPLITUAX TOKC JTOJIKHBI OBITH BSI3KME U
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[IpOYHbIE cocTaBlstoIne. K cokanenuto, B aBTopedepare 9Tu MOAXO/AbI ¥ IPEACTABICHUS HE
PACKPBITHI B ITOJTHON Mepe.

2. B aBsropedepare orMeuaeTcs, UTO IO PE3YJALTATAM BBHICOKOTEMIIEPATYPHBIX
UCIIBITAHNI YCTAHOBJICHO, 4TO 1pu HaHeceHUN Ha CJIC HukeneBble cruiaBsl MOKpbITHIE MoSIiB
u ZrSIBN npoucXouT yBelnHueHue mpejeia npounoctd. OHAKO HUYEro He CKa3aHo o
MEXaHU3ME TAKOTO YIIPOUHEHHUS.

OjHaKko yKasaHHBIE 3aMEUaHUs HE CHIDKAIOT OOIIYIO [OJOKHTENBHYIO OLIEHKY
AMCCEepTalMOHHON  paboTel.  Pabora orseuaer TpeboBanusiv Ilosokenus o  mopsike
MPUCYHJIEHUST YUCHBIX CTerneHell B HaumoHanbHOM HCClIe0oBaTe/ILCKOM TEXHOJOIHYECKOM
yausepenrere «MMCuCr, a ee asrop Kuproxanues-Kopuees @.B. 3aciyxuBaer npucyxaeHus
YUEHOH CTEIEHU JIOKTOpa TEXHUYECKUX HayK 1o CIIELMATIBHOCTH

2.6.5 - IlopoikoBast METAITYPIusi U KOMIIO3UIIMOHHBIE MAaTEPUAITBI.

JIOKTOp TEXHUYECKNX HAYK [T.A. Ky3neuon
p ¥ Y

Kysnenos IlaBen AnexceeBud, JOKTOP TEXHHUECKUX HaAyK, creunuanbHocts 05.16.09 —
Matrepuasnosenenne (MalIMHOCTPOCHUE), HAUYaIbHUK HaydHo-KMCCei1e10BaTeIbeKoro OTAeIeHUs
«Hanomarepnansl 1 HaHorexHosnoruw»  [lentpanbHoro  HayuHo-mcCiien0BaTenbLeKoro
MHCTUTYTA KOHCTPYKIHOHHBIX MaTepuagoB «[1pomereii»
umenn WM.B. Dopeiinna HaunonaneHoro wuccienobareibekoro uentpa «Kypuarosekuii
unctuty™ (HULL «KypuaTosekuit uncturyt» - LIHUM KM «IIpomereii»).

Anpec: 191015, r. Cankr-IletepOypr, [lnanepuas yi., a. 49

Ten: +7 (812) 274-12-01

E-mail: npk3(@crism.ru, Web-caiir: www.crism.ru

«IToanues [1T.A. Ky3nenosa 3aBepsito»

HauanpHuk otjiena kaapos

Jl, HIDKENOANMCABLIMIICS, Jal0 corjache Ha BKIIOHSHUE MOWK MepCOHAIbHBIX JaHHBIX
B JIOKYMEHTBI, CBSI3aHHBIE C 3aLUTOMN JIMCCEePTALIMOHKHON paboThI

Kuproxannesa-Kopueesa @.B., u ux nanpHeiiryo o0paboTky

A. Ky3nenon
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