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OT3bIB BEAYILEN OPI AHU3ALIMN
Ha AEccepTanuoHHyo paboty Kymniosa K.A. «Pa3paboTKa TBEpABbIX
H3HOCOCTOMKHX HAaHOCTPYKTYPHUPOBAHHbIX noxpertuit Ti-Cr-Si-C-N u Ti-Al-Si-C-N
¢ BBICOKO# TepMHUUYECKOH CTaOUIBHOCTBIO U ’KApOCTOMKOCTBIOY, PEICTaBICHHYIO
Ha COMCKaHHe YUeHOM CTENeH! KaH/1/aTa TEXHHYECKIX HayK 110 CIIeLMaTIbHOCTH
05.16.06 — «[TopoIIKOBasi METAJLTyPris U KOMIO3HIMOHHDIC MarepHayibb).

AKTyaJIbHOCTD [HCCePTALHOHHOM PadoThI

PazpaGoTka HOBOTO IOKOJICHHA H3HOCOCTOMKHX TIOKPBITHM C BBICOKHMH
(DyHKIMOHATBHBIMU XapaKTePHCTHKAaMHU TPH BBEICOKHX TeMIiepaTypax, 0e3yCcl0BHO,
gBIIsSeTcs Ba)KHOM 3afiadeil COBPEMEHHOIO martepuanosesenus. B 3TON CBA3H
JCcCepTalioHHas paboTa K.A.Kymnuosa, IOCBsIUeHHas CO3JaHUIO TBEpIBIX
H3HOCOCTOMKMX TOKPBITHH C BBICOKOH JKapOCTOMKOCTBIO U TepMUIECKON
cTaGWIBHOCTBIO C  LENbi0  TOBBIUEHHA —pecypca  H 3KCILTyaTallIOHHBIX
XapaKTepUCTHK PEXKYLIero MHCTPYMEHTa B SKCTpEMAJIbHBIX YCIIOBHAX BBICOKHX
TemIiepaTyp ¥ MHTEHCHBHBIX PEXHMaxX PE3KH, Ge3ycJIOBHO, aKTyalbHa W BEChbMa
cBoeBpeMerHa. OO0 9TOM IXKe CBUNIETEIBCTBYIOT YIOMSHYTBIE B [HCCEPTALMH
MHOIOYMC/IEHHBIE MPOEKTBl U rocyAapCTBEHHBIC KOHTPAKTHI, B paMKaxX KOTOPbIX

BBITIONTHSIACH aHHas padora.



CTpykTypa H OCHOBHOE COJepKaHHe JHCCePTALHH
JluccepTamysi COCTOMT U3 BBEJIEHUS, CEMHU IJ1aB, BHIBOZOB, CIIMCKA JTUTEPATYPBHI,
Bmrovaromero 206 WCTOYHHUKOB, U TpeX MpUiIoKeHui. Bo BBeneHuu naHa obias
XapaKkTepHCTHKa paboThl: €e aKTyallbHOCTh, OCHOBHBIE LIEJIM M 3aJa4d, Hay4yHas U
NpaKkTHYecKas 3HAYUMOCTb IIOJYYEHHBIX pe3yJbTaToB, a TaKKe IOJOXKeHus,
BBIHOCHMBIE HA 3alLHUTY.

[lepBas r7aBa QMCCEPTALMH IPEACTAaBIseT COOOM auUTepaTypHBI 0030p, B
KOTOPOM JIETaIbHO pacCMOTpPeHbl TpeOoBaHuUs, IPEAbIBIIIEMbIE BHACTOSIIECE BPEeMs
K BBICOKO3(G(EKTHBHOMY peKylieMy HHCTpyMeHTy. Iloapo6Ho u 06CTOATENBHO
OIHMCAHbl CIIOCOOBI HAHECEHHs M THUIBI M3HOCOCTOMKHMX KapOMIHBIX, OOpHIHBIX U
HUTPUIHBIX TIOKPHITHH. Ha OCHOBe ceppe3HOro aHalM3a JOCTHIKEHHH MHPOBOU
HAyKH CIeJIaH BA)XHBIN BBIBOJA O TOM, YTO JOCTH)KEHHE HEOOXOJMMOro KOMILIEKCa
(pU3UKO-XUMUYECKHUX CBOMCTB BO3MOJKHO yTeM pa3paboTku
HAHOKOMITO3UI[MOHHBIX TOKPBITUN HAa OCHOBE KapOOHUTpHIA TUTaHA M KPEMHHI,
JIETHPOBaHHOTO  psAnoM  GYHKIMOHAIGHBIX  JJIEMEHTOB. B 4acTHOCTH,
IIEPCTIEKTUBHOM SIBISETCS pa3paboTka HOBBIX BHJOB TBEPABIX H3HOCOCTOMKHX
HaHOCTPyKTypupoBaHHBIX MOKpEITHHA Ti-Al-Si-C-N u Ti-Cr-Si-C-N ¢ BbICOKOH
TEPMHUYECKON CTa0MJIBHOCTBIO, ONTHMH3ALMA PEKHUMOB HMX HAHECEHHs, a TaKxKe
YCTAHOBJIEHHE CBSI3H MEXIY CTPYKTYPOH M MPaKTUYEeCKH BaKHBIMH (QH3HUKO-
MeXaHU4YeCKUMH cBoicTBamMu. [IpoBefeHHBIH aHATUTHYECKUH 0030p, Ge3yciIOBHO,
CBHJIETENILCTBYET O BBICOKOH 3pYyIHULIMH JUCCEPTAHTA U €ro JAeTajlbHOM 3HAKOMCTBE
He TOJIHKO C OTE€YeCTBEHHOM, HO ¥ C HHOCTPAHHOM! JIUTepaTypoi 1Mo 00CyKIaeMbIM
npobieMaM.

Bo BTOpOii rI1aBe conepKUTCs HHGOPMALHS O METOIUKAX OCAXKAEHUS ITOKPBITHI
U METOAaX W3y4YeHHs UX CTPYKTYypbl M CBOHCTB. BaXHO NOXYEPKHYTH, YTO IS
yBEJIHYEHHUsS aIATre3HOHHOM IPOYHOCTU IIOBEPXHOCTh MOMJIOKEK II0/IBEprajiach
IpeaBapUTETFHOMY HOHHOMY TPaBJICHUIO U Ha Hell JOIOIHHTENEHO (OPMHUPOBAIICS
NepexoHbIH CI0H IMyTeM HMMIUIAHTalM¥ HOHAMHM THTaHa. be3ycioBHO, OCTaBIlIsfeT

CHJIBHOE BIleYaTiieHue Gorareiinmii apceHas COBPEMEHHBIX U BBICOKOI(h(EeKTUBHBIX



METO/IOB HMCCIIEJOBaHMS CTPYKTYpbl M CBOWCTB aHAIM3HpYeMBIX B JHCCEpPTalliH
[epCIeKTUBHBIX MOKPBITHH: ONTHYECKas SMHCCHOHHAsS CIIEKTPOCKOMMSA TICIOMICTO
paspsiia. PeHtreHo(a30BbIN aHAIN3, PACTPOBAs U MPOCBEIHBAIOLIAN ANMEKTPOHHAs
MHKDOCKOTHS, ~ BKJIIOYas  METOAMKY  HpAMOTO  aTOMHOro  paspellCHHA,
PEHTIeHOBCKasi (POTODIEKTPOHHAs MUKDOCKOMHS, PaMaHOBCKad CHEKTPOCKOMHA,
M3MEPUTEJIbHBIA KOMIUIEKC /Ul H3YYeHMS MEXaHWYeCKHX, TpUOONIOrMYECKHX |
aITe3MOHHBIX  XapaKTepHCTHK  IOKpeITWH.  KoppexTHoe — HCIO/B30BAHUC
COBOKYITHOCTH 3THX METOJOB SIBUJIOCH 3aJ0TOM HAJEKHOCTH M JOCTOBEPHOCTH
PHHIMTHAATEHO HOBBIX PE3YJIbTAaTOB, MOMYEHHBIX B AHCCEPTALAH.

TpeTbs TIiiaBa COMEPIKUT Ppe3yIbTaThl OKCICPHUMEHTATBHBIX UCClieOBaHUM
CTPYKTYPHI TIOKPBITHH, MOJY4EHHBIX METOJOM MArHETPOHHOTO PACTIBUICHI CBC
mumeneif. V3y4eHO BIMsHME TeMIepaTypbl MOMIOXKKA M COACpKaHHA asora B
ra3oBoii cmMecu Ha cTpykTypy u cBoiictpa Ti-Cr-Si-C-N u Ti-Al-Si-C-N nOKpbITHH.
XUMHUECKHli COCTaB IOKPHITHHA COOTBETCTBYET IOSBIEHUIO B CTPYKTYP®
croxuoneruposannoit I'LIK ¢a3sr pasmepom 8-25 HM (Ti-Cr-Si-C-N) u 3-15 uM
(Ti-Al-Si-C-N). YcTaHOBIEHO, YTO B MOKPBITHAX, COACPXKALIMX XPOM, TIOMHUMO
cTonbuarsix kpuctawios I'LIK-ha3sl Ha OCHOBe TBEPJOro pacTsBopa NPHUCYTCTBYCT
amoppras dasa Ha ocHoBe Si-C-N B BHIE MEKKPUCTAUIMTHBIX MPOCIOCK
TOJIIMHON 1-3 HM.

B uerBepToif [IViaBe TpPHMBENEHbl PE3YJbTaThl ~ LUMKIMIECKHX  yAapHO-
NUHAMHYECKUX  MCIBITAHUM  M3YYEHHBIX MOKPBITUH.  YCTaHOBJIEHO,  4TO
pa3pabaThiBaeMble ITHKOMIIOHEHTHbIE TOKPBITAS BBIACPXKAIA HCIBITAHHA Ha
BO3IyXe MpH MakcuMabHo# Harpyske 1000 H B TeueHue 10° ruxnos. [TokasaHo,
YTO M3HOC B HUX IIPOMCXOJWJI B OCHOBHOM IIO MEXaHU3MY IJIaCTUYECKON
nedopMarui, B TO BpeMs KaK B HMCXOIHBIX Ti-C-N u Ti-Si-C-N moxpsITHAX
npeob.1aJalo M MEXaHU3MOM SIBUIIOCH XPYTIKOE PaspyIIeHHE.

[Isrrast T1aBa MOCBALIEHA M3YYEHHMIO TePMHUECKOH CTaOMIBHOCTH CTPYKTYPhI 1
CBOWCTB WM3yYeHHBIX MOKpBITHH. JleTalbHO NpPOAHAIM3UPOBAHO HM3MEHCHHE

CTPYKTypbl M MEXaHWYEeCKUX CBOHCTB M3YHYEHHBIX 00pa3loB C MOKPHITHIMH



Pa3EYHOTO COCTaBa B 3aBUCHMMOCTH OT TEMIIepaTyphl BaKyyMHOro OTXHIA B
UHTEpBaJle 800-1600°C. Iloka3aHO, YTO MOKPHITHE C ATIOMHHHMEM OOnajaer
BBICOKOM TEepMHYEeCKOH CTaOMIIBHOCTBIO, KOTOpas Ha 50-100° mpesbIIIaET
W3BeCTHble MMpOBble aHamord. ChenaHo 3aKIOYeHHe, 4YTO I3TO CBi3aHO C
VHUKAIBHOM CTO/N0YATOM CTPYKTypOH IOKPBITHSA, KOTOpPOE Gopmupyercs Ipu
HANbUICHWH ¥ COXPAHAETCS NPH OTHKUTaxX BILIOTH 10 1300°C.

B mecToil riaBe M3ydeHa KapOCTOMKOCTb HMCC/IENOBAHHBIX MOKPBITHH. beinu
TpOaHaIM3MPOBaHbl NPOGUIH paclpeiesleHHs IEMEHTOB IO TOJIIHHE MOKPBITHH
[ocjie OKHUCJIEHHs Ha BO3IyXe IpHU 1000°C B Teuenue 1 uwaca. OKCHIHBIH CcrOH
ronumuo# 0,7 MKM OBLT HEOAHOPOAHBIM H IIPENCTABIAN COOOH CIOHCTYIO
cTpykTypy okcuzaos. Ilocie oTxura npu 1100°C oxwucieHue TPOXOAHMIO Ha BCIO
riyOUHY ITOKPBITHS.

CenpMas, 3aKIIOYMTENBbHAS I71aBa CONEPKHMT MHGPOPMALHMIO O MPOBEICHAH
YCIIEIIHBIX CPABHUTENBHBIX HCIBITAHANH KOHIEBBIX TBEPAOCIIABHBIX bpe3
PeXYIIMX IUIACTHH C pa3pabOTaHHbIMH  MOKPHITHAMH. B oboux ciy4asx
YCTAHOBJICHO 3HAYHTENHHOE IOBBILICHHE IKCILTYaTallMOHHBIX XapaKTepUCTHK ¢pes
M peXylmHUX IUIACTHH, 4YTO, O0e3yClOBHO, CBHIETENBCTBYET O CEPhE3HBIX

MHHOBALMOHHBIX MIEPCIEKTHBAX Pa3paboTaHHBIX MOKPBITHH.

HauGoJ1ee BazkHble HAY4YHBIE Pe3yJibTaThl, NOJy4eHHbIE B IHCCEPTALHH

1. TIpensoxeHbl HOBbIE 6a30BBIe KOMIIO3ULMU U ONTHMAIBHBIE TEXHOIOTHIECKHE
napaMeTpbl MarHeTPOHHOIO HaNbUICHHS HAHOKOMIO3HLMOHHBIX TIOKPBITHI THIIA
Ti-Cr-Si-C-N u Ti-Al-Si-C-N ¢ BBICOKHMM MEXaHHYECKHMHU, TPUOOIOTHYECKUMH H
)KapOCTOMKUMH CBOHCTBAMH.

2. VCTaHOBJIEHO, YTO BBICOKAs TepMUUYecKas CTaOMIBHOCTh MEXaHHYECKHX
CBOiCTB  (BIIOTH  JIO 1300°C) nokpeITHii MokeT OBIT  CBf3aHA  C
HAHOKOMIIO3HIIHOHHOM CTONOGYATOM CTPYKTypOif, B KOTOpOH (OpMHpYIOTCS
ctonGuarsie 3epHa Kpuctaumdeckod I'IIK-dasel  aunameTpoM 10-30 uMm,

pasjie/ieHHbIe TOHKHMH aMOP(HBIMH IPOCIOHKaMK TOJIIHHOM 1-3 HM.



3. TTokasaHo, 4TO pa3paboTaHHBIE MOKPHITHS 001aJalOT BBICOKOW JKapOCTOM-
KocThio BIToTh 40 1000°C BeencTBHe HOPMUPOBAHHS HA TOBEPXHOCTH MOKPBITHI

IUIOTHBIX OKCHIHBIX CJIO€B Ha OCHOBE XpOMa HJIH aJllOMHHHA.

O6GOCHOBAHHOCTD H JJOCTOBEPHOCTH MOJIy4Y€HHbBIX Pe3y/bTaTOB
JIOCTOBEPHOCTh M OGOCHOBAaHHOCTh PE3yJIbTaTOB JMCCEPTALHOHHOM paboTsl
TIOATBEPKAAIOTCS OONBIIMM 00BEMOM HAKOIICHHBIX SKCIIEPUMEHTAIBHBIX TaHHBIX,
UX KOPPEKTHOM CTaTHCTHYeCKOHM 0OpabOoTKOM, MPUMEHEHHEM IIMPOKOro CIEKTpa
COBPEMEHHOTO IKCTIEPUMEHTATIBHOT0 060pyI0BaHKs U [TIyOOKMM MHOTOYPOBHEBBIM
QHAIU30M TOJIyYEHHBIX pPe3yJIbTaToB B IIOJIHOM COOTBETCTBMH C COBPEMEHHBIMH

KOHIIeNLHUAMH MaTepHaJIOBEACHHS ITOPOIIKOBEIX U KOMIIO3UIIMOHHBIX MaTE€pHalloB.

Hay4Hasi IEHHOCTb M MPAKTHYECKAsl 3HAYHMOCTH PabOThI

HayuHas 3Ha4MMOCTH JMCCEPTAllMU 3aKJIFOYaeTcsi B CO3/IaHMM HAy4YHBIX OCHOB
Ui pa3pabOTKKM HOBBIX H3HOCOCTOMKMX MOKPBITHH IJIS PeXKYIIEro HHCTPYMEHTa B
YCJIOBHSIX HKCILTYaTallMy TIPU BBICOKHUX TEMIIEPATypax U 3KCTPEMAJbHBIX PEKHMOB
MeXaHH4YeCKOW 00pabOTKH.

[IpakThdeckas 3HAYMMOCTh JHMCCEPTALMH  3aKJIIOYaeTCs B YCICIIHOM
MONYTIPOMBIILIEHHOM  Ompo0oBaHMKM  pa3paboTaHHBIX BBICOKO2((heKTUBHBIX
’KApOCTOMKUX TIOKPBITHIA TIPU UX SKCILTyaTalluu Ha ppesax u pexylluX IIacTHHaX.
Pazpa6oTaH 1ab0paTOPHBIi periaMeHT U 3aperHCTPHPOBAHO «HOY-Xay» Ha croco0

} TEXHOJIOTHIO HaHeCeHHs pa3paboTaHHBIX MHOTO(QYHKIIMOHAIBHbIX TOKPBITHH.

3amMeuyaHus Mo JHccepTALHH
1. B auccepTalMOHHOM paboTe OCTANICsS HEBBIICHEHHBIM DS/l BOIIPOCOB, CBA3AHHBIX
¢ aHOMAIbO BBICOKOH TepMmuueckol crabuibHOCTBIO Ti-Al-Si-C-N mokpsITHE C
HAHOKOMITO3UIIMOHHON CT0j109aToi CcTpykTypoil. He coBceM MOHSATHBI BBIBOJBI
JHCCepTaHTa, CleTaHHble B TWlaBe 3 O TOM, 4T0 (hOpMHpOBaHHME no00HOM!

CTPYKTYpbl CBs3aHO C OJHOBPEMEHHBIM pPOCTOM  ZIBYX HECMEILIHBACMBbIX




KpHCTaLTAIeCKON U amopdHoit (pas. ToHkue aMopdHBIE IIPOCIOMKK TOMUKHOM 1-3

HM  SBISIOTCS,  CKOpee,  MEXKPUCTAUIMTHBIMM  TpaHULIAMH,  HEXEeIH

CaMOCTOSTeNbHOM aMophHOU (ha30ii, BO3HUKAOILEH B ITPOLIECCE HAMBLICHHUS.

2. B aucceprauuu ObUIM M3y4eHbI MOKPHITHS C IIOCTOSHHOM TOJIIMHOW OKOJO 2

MKM. Bbu1o GBI BecbMa NMPOAYKTUBHBIM C HAyYHOH M NPHMKIIAJHOM TOYEK 3PCHUS

[POBapbUPOBaTh TOJIIMHY IOKPHITHH M NPOCJIEAWTh B YaCTHOCTH 3a YCIOBHAMH

obpa3oBaHusi  CTOAOYATBIX CTPYKTYP €  BBICOKHMH  OKCILTyaTallHOHHBIMH

XapaKTepUCTUKAMH.

3. B muccepTanuu BCTpevaeTcs pAl HeTOYHOCTEH:

a) Tmepexol K3 aMOp(HOro COCTOSHHS B KPHCTAUIMYECKOe HEBEpHO Ha3BaH

«aTOMHBIM yriopsitoueHrem» (cTp. 136 TekcTa IuccepTaLluy);

6) Ha cTp. 9 HCIO/Ib30BaH HEKOPPEKTHBIM TEPMUH «BBICOKHI KOMIUIEKC CBOMCTBY;

B) B Tabn. 5 (ctp.84) , Ha puc. 32 (ctp. 111) ¥ B psAme APYrux MeECT IO TEKCTY

IHCCepTaIMK He YKa3aH JOBEPUTEIbHbIH HHTEPBaJl H3MEPAEMBIX BEJTHYHH.
CrenaHHble 3aMe4YaHHs He HOCAT IPHHLMIIMAIBHOIO XapaKTepa W He CHHKAIoT

0011el BBICOKOH OIIEHKH AUCCePTALlMOHHOM paboTHl.

O6ee 3aK/I049eHHe

K.A. KynuoBsIM BBITIONHEHO Cephe3HOE HayyHOe HCCleloBaHUe IO pa3paboTke
3G )eKTUBHBIX BEICOKOTEMIIEPATYPHBIX TIOKPBITHH ¢ BEICOKUMHU ()YHKIIMOHATBHBIMH
CBOMCTBAMM M TI0 YCTAHOBIEHHIO CTPYKTYpPHO-(PU3HYECKHX 3aKOHOMEPHOCTEH
(GOpMHpOBaHMsA  ONTUMAIBHBIX  CTPYKTYyp, OTBETCTBEHHBIX 3a  BBICOKYIO
TEPMUYECKYIO CTa0MIBHOCTD pa3paboTaHHBIX MOKpPEITHI. ITomyyeHHbIe pe3ynbTaThl
SBJISAIOTCS a0COIOTHO HOBBIMHM, MMEIOT (YHIAMEHTAJbHOE M IPaKTHYECKOe
3HayeHde. OHU MOryT OBITH HCIIOJIB30BaHbl IIPHU BBINOJHEHWHM TEOPETHYECKUX MU
NMPUKJIAHBIX HCCIIEOBAHUN B psifie HAyYHBIX U 00pa30BaTebHBIX OpraHMU3aluii
Poccun: UMAILL PAH, UGIIM CO PAH, UMET PAH, BUAM, LIHUNuepmer,
HUTY «MUCuC», MI'Y, PXTV, Benl'V u B psae Apyrux HayuyHO-00pa3oBaTelib-

HBIX LleHTpax Poccuu.



ABTopedepaT ¥ MHOTOYHCIIEHHBIE ITyOIUKALUK IIPaBUIBHO ¥ JO0CTAaTOYHO ITOJIHO
OTPaXKAIOT COAEPIKAHME JHUCCEPTAlMOHHOKW paboTel. OCHOBHBIC —PE3yJIbTATHI
AHMCCepTAIH TIONHOCTBIO OMyGIMKoBaHbl B 35 paboTax, U3 KOTOPBIX 6 - B HAY4HBIX
KypHaiax, Bxoasmux B nepedeHb BAK P®. Pesynbrarhl, NpeACTaBICHHBIC B
JMCCepTALIMH, HEOJHOKPATHO JOKIAIBIBAIMCH M OOCYKIANHCh Ha aBTOPHTETHBIX
OTEYECTBEHHBIX M MEXIYHApOJHBIX HAyYHBIX KOH(EpeHLMsX, [0 pe3ylbraraM
paboThI MMOJYYEHO CBUAETENILCTBO KHOY-Xay»

Jucceprauus Kynuosa KoHcranTuHa AnlekcanapoBuya siBISeTCs 3aKOHYEHHBIM
HaydyHBIM HcclemoBaHuMeM. Ilo  aKTyanbHOCTH, JOCTOBEPHOCTH, HAy4HO -
METOIMYECKOMY YPOBHIO HCCIEJOBaHMs, HAy4yHOM HOBH3HE H 3HAYMMOCTH
IONyYeHHBIX pe3yJbTaTOB JuccepTauus, Oe3yClOBHO, COOTBETCTBYET n.9
«TTonoxeHust 0 TOPSAKE TPHUCYXKAeHHs ydeHbIx cremenein» BAK PO u . 3 u 5
macropta  creunpanbHoctd  05.16.06  «IlopomkoBas — METaTyprus U
KOMIIO3HIIMOHHBIE MaTepHAJIb», & ¢ aBTOp 3aCIy)KHBAeT MPHUCYXK/IEHUs y4ICHOU
CTeNeHH KaHIUaTa TeXHUUeCKHX HayK 1o crenuanbHocTi 05.16.06 — Ilopoiikosast
MEeTaJUTypPrisi 1 KOMIIO3UIIMOHHBIE MaTepUaIbl.

Jluccepranmonnas pa6ora K.A. Kyniosa Gbla 3aciymasa u 00Cyx/eHa Ha
sacemanuun HTC WucrtuTyra MeTaoBemeHus 1 ¢usuku Mertamios OI'VII
[{HWWuepmer um. W.IT. Bapauna 2 oxtsa6ps 2015r. (mpotokoin Ne 10). Teker 013518

Beylel opraHu3anyy ObLT yTBEPXKISH eUHOITIaCHO.

3am. npencenarens HTC UM®M, =
B.H.C., K.T.H. ) KosasieB AHatonuii MiBaHoBUY
ten.: 7(495) 777-93-50
e-mail: admin@sprg.ru
Mocksa 105005, yn. Paguo, 23/9, ctp.2
~
Vuensiii cexperaps HTC UM®M, 7 /

K.(.-M.H. \/{{/5?' ®ununnosa Bapsapa [lerpoBHa
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