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De1epabHOTO IOCY 1apCTBEHHOTO GI0XKETHOTO YIPEKACHHUS HAYKH
MuctutyTa GU3HKY IPOYHOCTH M MaTEPHATIOBEICHUS
Cubupckoro oraenenus Poccuiickoit akanemMun Hayk

(M®IM CO PAH)

Huccepranmss ~ MupoBoro  IOpusi ~ Anexcanaposuua  «Kepamuueckue
KOMITO3ULIMOHHBIE MaTepHalIbl C BEICOKOM TPEIMHOCTOMKOCTRIO Ha OCHOBE KapOua,
oKcuJa u Oopuna IMPKOHHS», NpeAcTaBiseMas Ha COUCKAHHWE YUYEHON CTeleHH
KaHIuJaTa TEXHUYECKMX HayK 0 crenuanbHocTd 2.6.17. MarepuanoBeneHue
(TexHWYeCKWe HayKM) BBIIOJHEHAa B J1abopaTopusix: (DU3UKH HAHOCTPYKTYPHBIX
¢byHKUIMOHANBHEIX MarepuaioB (JIOHOM) u ¢usznyeckof Me30MEeXaHHKH H
HepaspyLIaoX METOJIOB KOHTPOJIS (JIOGMuHMK), ®enepalbHOTO
rOCyJapCTBEHHOTO OIOKETHOTO yupexaAeHus Hayku VMHCTUTYTa GU3UKH IIPOYHOCTH
u Matepuanosefnenus Cubupckoro otaenenus Poccuiickoit akanemuu Hayk (MOIIM
CO PAH) u B oTHeleHHMH MaTepHaloBeaeHUs VIH)XXEHEPHONW IIKOJBI HOBBIX
IIPOU3BOJICTBEHHBIX TEXHOJIOTHH DenepanbHOro rocyIapCcTBEHHOTO aBTOHOMHOTO
o0pa30BaTenbHOr0  Y4YpeXIeHHs  BbIcmiero  obpazoBaHus  «HaruoHaTbHBIM
ucciaenoBaTeNbckuii ToMmMckui mnonutexHudeckui ynusepcuter» (OM MIIHIIT
OI'AOY BO HU TITY).

Muposoii IOpuit Anexcannposud (mata poxaenus 14.08.1992 r.) B 2015 roxy
okoHuMN  crenuanuter — DenepalbHOrO  rOCYHApCTBEHHOTO  aBTOHOMHOIO
o0pa3oBaTelbHOr0  ydpexkaeHus  Belcliero  oOpazoBaHus  «HalmoHanbHBIH
uccienoBatesbckuit ToMckuit rocymapctBeHHbi yHuBepcutet». (HM TI'Y) mo
cnerpanbHocTH 150301 JlnHamuka ¥ IpOYHOCTH MAIlIVH, HH)XEHED.

B nepuoz ¢ 01.09.2016 r. mo 31.08.2020 r. Muposoii FO.A. ob6yuancsa B 0uHOM
acrmupantype ®I'AOY BO HU TIIV (murmiom 107004 Ne0014083 ot 06 uross 2020
roja) mo HampaieHuto moarotoBku 22.06.01 TexHonoruu marepuanoB U paboTai B
®enepaibHOM TIOCYJAapCTBEHHOM OIOMKETHOM YydpexaeHuH Hayku MHcTHTyTe
Gu3MKK TPOYHOCTH W MaTepuanoBeAeHus Cubupckoro otzaeneHus Poccuiickoi
aKkaJieMMM HayK B JlabopaTopuu GU3UKH HAHOCTPYKTYPHBIX (YHKIIMOHAIBHBIX
marepuaiioB (JIDHO®OM), u c¢ 2021 r. paGortaer B nabopaTopusx: (GU3MIECKOH
Me30MEXaHMKH U Hepaspymaromux MetonoB koHtpons (JIOPMuHMK) u
MoJeKyJsipHOro uMumkuHra U oroakyctuku (JIMUu®) B DOMKHOCTH MIIaIIIEro
HAy4YHOI'O COTPY/IHHUKA.

B nepron ¢ 26.09.2022 o 30.09.2022 6611 npuKperuieH K acrupantype UOIIM
CO PAH g cpayd KaHOAWAATCKOrO  3K3aMeHa II0  CICHHAJIbHOCTH
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Marepuanosesienre (TeXHUUECKHEe HAyKH) IO HANpaBIEHHIO moarotoBku 22.06.01
TexHomoruu MaTepuanoB HaydyHOW CIENMANbHOCTH. KaHAMIATCKMI SK3aMeH T10
cnenuansHocT 2.6.17. Matepuanosenenue Muposoit FO.A. cpan ¢ oueHKo#l —
xopomo (29.09.2022 r.). CmpaBka 0 cmade KaHAMJATCKOTO 3k3aMeHa Ned4 ot
27.10.2022 r. otmenom acnupantypsl UGIIM CO PAH.

Hay4nsrit pyxoBoautens — BysikoBa CBetinana [leTpoBHa, JOKTOp TeXHUYECKHX
HayK, Ipodeccop, 3aMecTHTeNb JUPeKTOpa MO HaydHOM paboTe, 3aBemyromas
naboparopuel Gpu3MIecKoif Me30MEXaHWKU M HepaspyLIAIOMKMX METOJO0B KOHTPOIS
DefiepallbHOrO rOCYZApCTBEHHOTO OIOUKETHOTO yYpexaeHuss Hayku HWHCTHTYTa
¢usuky mpouHocTH M MatepuanoBeneHusi CHOMPCKOTO OTHENeHHs PoccHiickoit
akaeMus  HayK (OCHOBHOE MecTo  paGoTel), mpodeccop  OTIAeleHHs
MaTepUaIoBeIeHHU ®enepabHOTO roCy1apCTBEHHOTO ABTOHOMHOT'O
00pa3oBaTeNbHOrO  y4ypex<JeHHs  Bbicmiero  obpasoBanus  «HanmoHanbHbIH
uccnenoBareibCkuii  ToMCKMM —NONMTEXHUYECKUi yHuBepcuTeT» (pabora 1m0
COBMECTUTEIILCTBY ).

ITo uroram obcyxneHus auccepTalMoHHEIN paboTel Muposoro FO.A. npunsTo
cllelyIoliee 3aKII0UeHHeE.

AKTYyaJIbHOCTb TeMBbI AHCCEPTALHH

Hucceprauuss Muposoro ). A. mocBsmieHa pa3paboTKe KepaMHYECKHX
KOMIIO3UTOB C BBICOKOM TPEIIMHOCTOMKOCTBIO Ha OCHOBE OKCHJAa, KapOuma wu
aubopusia LUPKOHMS, YTO OTKPHIBAET HOBBIE BO3MOXKHOCTH JUIS paCIIMPEHUs
obyacTell MCIONB30BaHUS KEPAMUKH — B JHEPreTHKE, MAIIHHOCTPOEHWH, aBHa — U
pakeTocTpoeHuH. TemmepaTypa IUIaBIeHHMs OOJBIIMHCTBA KEPAMUK CYIIECTBEHHO
BBILIE TEMIIEpaTyphl IUIABICHNUS METAJUIOB U CILIABOB, YTO CTABUT MX B IIPUOPUTETHOE
[IOJIOKEHUE B KadyecTBE MAaTepHalOB MAJsi BBICOKOTEMIIEPATYPHBIX IPUIIOKEHUH.
HupenupoBanre KMMMaHEHTHOM XpPYIKOCTH KEpaMUYEeCKHX MaTepHajioB — 3aaadya
Oonploro yuciaa uccnenoBaHuit. K HacTosimeMy BpeMEHH OCTHUTHYTHI BECOMBIE
pe3ynpTaThl B HAmpaBlIeHHM YBEIMYEHHUS TPEIUMHOCTOMKOCTH KepaMUYECKUX
MatepuanoB. OpHako 3TOro HEAOCTATOYHO [UIs [PUMEHEHWS KepaMHuK B
OTBETCTBEHHBIX dJIEeMEHTaX KOHCTPYKLUH, y37IaX MallliH U MEXaHU3MOB.

B nuccepranuoHHO# paboTe MOMy4YeHBl OJKCIIEPUMEHTANbHbIE MAHHBIE I10
YBEJIMYEHUIO TPEIIMHOCTOMKOCTH KOMIIO3UILIMOHHBIX MaTepHajoB Ha OCHOBE
coenunenuit mupkonus — ZrC, ZrO, u ZrB,. I'excaronansHbiit HuTpug 6opa (4-BN),
yriiepox (C), MHOrocteHHsle yrieponubie HaHOTpyOku (MYHT), kapbun kpemHus
(SiC) B xommosurax ZrC—h-BN, ZrC— C, ZrO>—h-BN, ZrO,—MVYHT, ZrO,—
MVYHT/h-BN, ZrB,—SiC mnpexactaBisior coboit HuzkomonyneHele (A-BN, C) u
BeicokoMonyasHBIe (MYHT, SiC) BKIIFOYEeHUS, COOTBETCTBEHHO, M OKa3hIBAIOT pa3HOe
BIMSHHE HA TPEIIMHOCTOMKOCTh KepaMHU4ecKuX KoMIo3uToB. IlomydeHnbie
Kepamuieckue Kommo3utsl Ha ocHoBe ZrC u ZrO; ¢ HH3KOMOZYJIBHBIMH
BmoueHusMd  A-BN  u C  SBISIOTCA  IeTepoMOIyJIbHBIMH.  Bricokas
TPELIMHOCTOMKOCTh B TAKUX KePaMMKaX JOCTUIaeTCs IPH BBINOJIHEHUH YCIOBHA LA
OTHOILIEHHUS] SHEPIMH KOTE3MOHHOTO pa3pylIeHHs MaTpHILbl K SHEPIUU aAre3MOHHOrO
paspelBa IPaHMIl  pa3fena  «BBICOKOMOMyJbHAs  MAaTpHIa-HU3KOMOMIYJIbHOE
BKITIOYEHMe». B kommosuTtax Ha ocHoBe coequnenuit ZrC u ZrO; 3a c4€T BKIIOYEHHUH
YIJIepO/ia M TeKCarOHAIBHOTO HUTPHA O0pa peanu3yeTcss MeXaHu3M Kyka — ['opnona
110 TIPMHIIUITY TMCCUNALMA SHEPTUY TPEIIMH Ha UX Ou(ypKalMio UM OTKIOHEHHE Ha
OTHOCHUTEJIBHO C1a00i rpaHuLle pa3jea MeXIy HU3KOMOIY/IbHBIMH BKIFOUCHUSIMU U
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BBICOKOMOAYIbHOM ~ MaTpuued.  IlpucyTcTBHE  MHOTOCTEHHBIX — YIJIEPOIHBIX
HaHOTPYOOK B MaTpuue ZrO, obecrieunBaeT QUCCUIALMIO SHEPTUM TPELIMH 3a CYET
«MOCTHUKOBAHHS» M BBITATUBAHUS HAHOTPYOOK M3 BBICOKOMOJYJIBHOW MATPHIIBI U MX
IIOCJIOMHOTO pacKpy4YHBaHMUS.

B pabore noxazaHa BO3MOXHOCTb CHHEPre€THYECKOrO IEHUCTBHS MEXaHH3MOB
YBEIMYCHUS TPEIIMHOCTOMKOCTH, PEAIU3YIOIIUXCS HA Pa3HBIX YPOBHSIX CTPYKTYPHOM
HEpapXuH KepaMUYecKuX Kommo3utoB. Ha mpumepe xommo3utoB Ha ocHoBe ZrQO; ¢
BKJTFOUYCHHMSMH YaCTHIl I'eKCaroHaJIbHOr0 HUTpUAa 00pa, MHOTOCTEHHBIX YTIIEPOIHBIX
HAHOTPYOOK II0Ka3aHO, 4YTO YBEJIWYEHHE TPEUIMHOCTOMKOCTH O6eCreYrBaeTCs
KOMOMHanue! TpeX NUCCHIIATUBHBIX MEXaHH3MOB - TETParoHajlbHO-MOHOKIHHHBIM
nepexogoM B Matpune ZrO;, «MOCTHKOBaHMEM» TpEIUMH HAaHOTPyOKamMu W
IOUCCUTIAIle SHEepruM TpeUMH Ha cnalblXx rpaHunax w#HTepdeiica «Marpula-
HU3KOMO/YJIbHOE BKITIOUEHHUEN.

[IperMy1iecTBO KepaMu4eckux KoMro3utoB ZrB,—SiC B ToM, 4TO yBeIuueHUE
UX TPEIIMHOCTONKOCTH NPH HOPMAIBHBIX TEPMUYECKUX YCIIOBHSX OOEeCIeuyMBaeTcs
TOPMOK€HHEM TpEIIMH Ha BHYTPEHHHX TIpaHHMLAX pas3jiena, C IOBBIIICHHEM
TEeMIIepaTypbl, 3apOXKAECHUIO U PACIPOCTPAHEHHUIO TPELIHH, HApsLy C OTKJIIOHEHUEM
TpemH Ha BKIOYeHUAX SiC, NPOABMXKEHUIO TPELIMH NPEnsITCTBYeT XHUMHKO-
peaKIMOHHOe B3aMMOJEHCTBUE MEXIy KOMIIOHEHTaMH KOMIIO3UTa ¢ 0Opa3oBaHUEM
BSI3KOr0 OOpPOCHUJIMKATHOTO CTeKJa. Takue KOMIIO3UTHI MMEIOT BaKHOE 3HAueHUEe He
TOJBKO B Ka4yecTBe TEIUIO3AIIUTHBIX MaTepualioB, HO U B y3/1aX HWHTEHCHBHOIO
TPUOOCOTIPSHKCHHUS.

OueHka BHINOJHEHHOH COHCKaTe/IeM padoThl

Huccepranus Muposoro I0.A. SIBIISIETCS 3aKOHYEHHOU
HAYYHO-KBATU(HUKAIIMOHHON paboTol, BBHINOTHEHHOW HAa AakTyalbHYI0 TEMy, B
paMKax KOTOpPON H3y4eHBI CTPYKTYypHO-(a30Bble YCIOBUS AWCCHUINAINK 3SHEPTUH
XPYIKOTO pa3pylleHus B KepaMUYeCKUX KOMIIO3UTaX Ha OCHOBE OKCHJa, KapOuzia u
Oopuaa LMPKOHHMS, OIpPENeNeHbl BKJIaJbl NUCCUIIATHBHBIX MEXaHHW3MOB Ha DPa3HBIX
CTPYKTYPHBIX YPOBHSX B YBEJIUYECHHE TPEIMHOCTOMKOCTH MHOIOKOMIIOHEHTHBIX
KepaMHYeCKUX KOMIIO3UTOB.

Pe3ynbTaThl, NOJIy4YeHHbIE COUCKATE/IEM BIIEpBbIe

1) PaspaGoraH Hay4yHbBI TOAXOZA  YBEIMYEHHUS  TPELUIMHOCTOMKOCTH
KEPaMHUYECKHX KOMITO3MLIUOHHBIX MAaTepHAOB C IE€TEPOMOMIYJILHON CTPYKTYpPOH IIpU
JIMCCHUIIALIMK DHEPIMH XPYIKOTO pa3pylIeHUs] Ha OTHOCHUTENBHO CJIabbIX IpaHMIAx
MEX Iy BBICOKOMOYJIbHON MaTpUIEH ¥ HU3KOMOIYJIbHBIMHU BKJTFOUECHUSIMHU.

2) Ha mnpumepe KepaMH4YeCKMX KOMIIO3UTOB Ha ocHoBe Zr(O, xokasaHa
3G GEKTUBHOCTh CHHEPreTUYECKOro JEHCTBMA MEXaHH3MOB IUCCHUIIAIMM OSHEpruU
TPEIIMH Ha Pa3HBIX YPOBHAX CTPYKTYpHOM Mepapxuu. IlokasaHo, 4TO B KepaMUYECKUX
KOMIIO3UTAaX Ha OCHOBE [JMOKCHUIA LMPKOHUSA C BKIIOYEHUSMH MHOTOCTEHHBIX
YIJIepOMHBIX HAHOTPYOOK ¥ YacTHI[ TIeKCaroHaJbHOro HMTpHAa Oopa, BBICOKas
TPELMHOCTOUKOCTh ObecreyuBaeTcss JUCCUIIAMe OHEPrHd Ha TeTparoHajlbHO-
MOHOKJIMHHBIN Iepexof, Oudypkanuell TpelldH Ha TpaHUIaxX pasjena MaTpHULbl C
BKJIFOUeHHAMA /-BN U «MOCTHKOBaHMEMY» TPEIIMH Ha yIJIEPOJHBIX HAHOTPYOKaX M UX
pacKkpy4UBaHUEM.

3)  VcTaHOBNEHO, YTO  BBICOKAas  TPEIIMHOCTOMKOCTH — KePaMHIECKHUX
koMIo3uToB ZrB,—SiC B yCIOBHsAX BBICOKHX TEMIIEPATyp B KUCJIOPOIOCOJEpIKaIleh
atMocepe 0O0ycloBleHa KOMOMHAlMe# ABYX MEXaHM3MOB, MPEISTCTBYIONINX
Pa3BUTHIO TpPEIMH, - TOPMOXXCHHE Ha BKIIFOYECHUAX SiC ¥ XMMHUKO-peaKkIMOHHOE



4

B3aMOJICHCTBUE KOMIIOHEHTOB KOMIIO3UTa C 00pa3oBaHueM GOPOCHIMKATHOTO CTEKIIA.
OOGpasoBanvie GOPOCHIMKATHOIO CTEKJIa OOECNEYMBAeT BBICOKYIO H3HOCOCTOWKOCTH

KepaMU4eCKuX KOMIO3uTOB ZrB—SiC B yCIOBUSIX HHTEHCHBHOTO TPHOOCONPSIKEHHUS
00ycI0oBIeHa 1 caMo3alieduBanme Je(peKToB.

TeOpeTH'ICCKaﬂ SHAYHUMOCTD p360Tbl

ITomyyennsle pe3ynbTaThl BHOCAT BKJIAZ B pa3sBUTHE MNPEACTaBICHHH O MeTomax
YNpaBIeHUS. TPELIMHOCTOMKOCTBIO KePaMUYECKUX KOMIIO3MLHOHHBIX MaTepHaOB H
MX CIIOCOOHOCTH K AMCCUIIALMK GOJBIIOrO KOJUYECTBA SHEPTHH MPH Ae(OPMAIUH U
paspylIeHHH. YCTaHOBJIECHHbIE 3aKOHOMEPHOCTH pAaCIUMPSIOT IPEACTABIEHUE O
BIIMSTHUM BKJIIOYEHHUH B BBICOKOMOIYJIBHBIX KePaMUUECKHX MaTpUIlax Ha UX (PU3MKO-
MEXaHUYECKUE XapaKTePUCTUKH.

IIpakTHYyeckasi 3HAYUMOCTH PaGoOThI

1) ITomyueHn knacc reTepoMOIYJIBHBIX KEepaMUYECKHX KOMIIO3MLIMOHHBIX
MaTepHaJlOB C BBICOKOW TPeIMHOCTOMKOCThIO (1m0 7 MIla-m'?), obecneunBaemoi
OUCCUIIAlIMe  SHEPrMM  XpYIIKOIO  paspylleHHs Ha TIpaHdlax pasjena

BBICOKOMOJlyJIbHAsE MaTpulla — HU3KOMOMYJbHBIE BKIIOYEHUS 0€3 CHIDKEHUs
TBEPJIOCTU MaTepuaa.
2) Jlokazana BO3MOYKHOCTH yIpaBiIeHHs TPELUIMHOCTONKOCTBIO

K€paMHUYECKMX KOMITO3UIIMOHHBIX MAaTepUaoB IIOCPEACTBOM CHHEPreTHYECKOTO
NEHCTBUS IUCCUIIATUBHBIX MEXaHU3MOB Ha Pa3HbBIX YPOBHIX CTPYKTYPHOM HepapXuHu.
3) JlokxazaHa BBICOKasi UBHOCOCTOMKOCTh KepaMUYECKUX KOMITO3UTOB ZrB,—
SiC B ycnoBusSX MHTEHCHMBHOTO TPUOOCOMpPSIKEHUs, obecreyrBaeMas KOMOMHAIMEH
MEXaHU3MOB AUCCUTIALMEH OHEPruM, - TOPMOXXEHHEM TPEIIMH Ha BKIIOYCHHIX
KapOuia KpeMHHS U XUMHKO-PEaKIIHOHHEIM B3aUMOIEHCTBHEM KOMITOHEHTOB.

[TomyuyeHHbIe B paboTe KepaMHUUEeCKUE KOMITO3ULIMOHHBIE MaTepUabl C BBICOKOU
TPEIIMHOCTOMKOCTRIO OTBEYAIOT COBPEMEHHBIM TPEeOOBaHUSM, MPEAbIBISIEMBIM K
KOMIIO3UTAaM B y3j1ax MalIMH ¥ MeXaHHU3MaM BBICOKOIHEPIreTUYECKHMX CHUCTEM,
00alaloIUMHU  CITOCOOHOCTBIO K JHUCCUMAIMU OOJIBIIOrO KOJHUYECTBa JHEPrHH BO
BpeMs IpolieccoB AehopMalMd U paspylleHUs W JAeMOHCTPHUPYIOUIUX IICEBIO-
IUIACTUYHOE TIOBeleHHe TIpd JAepopMalud U pa3pylUleHMH C OTCYTCTBUEM
KaTtacTpo(UYECKOro paspylIeHHs II0CIe TOro, Kak HamnpshKeHHe JOCTUTaeT CBOETo
IIMKOBOT'O 3HAYEHHS.

JloCTOBEpPHOCTH Pe3yJibTAaTOB, ITOJIOXKEHHH U BBIBOJOB, MOTy4YeHHBIX B padoTe,
OCHOBBIBaeTCs Ha (U3UUecKOM OOOCHOBAHUU IIPOBEAEHHBIX JKCIIEPUMEHTOB,
HCITOJIb30BAHUM  KJJACCHYECKUX OKCIIEPUMEHTAIBHBIX METONOB MCCIIEIOBAHUS
MaTepHajoB u COBPEMEHHOTO obopypoBaHus, BOCIIPOU3BOAMMOCTHU
9KCIIEPUMEHTAIBHBIX JaHHBIX, KaYECTBEHHOM U KOJMYECTBEHHOM COOTBETCTBHHU C
pe3yJbTaTaMy, NPHUBEACHHBIMH B JIUTEpaType, U HCIIOJIb30BAHHEM KIACCHYECKUX
METO/I0B CTATUCTHYECKOI'O aHAIM3a IKCIIEPUMEHTAIBHBIX 1aHHbIX.

JInuHpIi BKJIAJA aBTOpaA 3aKJIIOYAETCS B aHAIM3€ JIMTEPATYPHBIX MaHHBIX I10
TeMe MCCJIeIOBAHUS, B IIOCTAHOBKE ILIEJM M 3agad paboThl, IJIAHUPOBAHMUU MU
IPOBEICHHHN DKCIEPUMEHTAIBHBIX MCCIEI0OBaHUM, a Takke aHalu3e NOJy4CHHBIX
JaHHBIX, (OPMYJIHPOBKE BBHIBOAOB M IIOJIOXKEHWH, BBIHOCHMBIX Ha 3allUTY,
TIIO/IFOTOBKE ITyOJIMKALMI U JOKJIAZO0B 10 TeMe paboThI

Anpo6auusi pa6orbl. OCHOBHBEIE Pe3yJIbTAaThl JOKIA/bIBAINCE U o0cyXaanuch
Ha clegylomux KoHdepeHmmsx: «MexIyHapoIHBIH — MEXIMCUMIUIMHAPHBIH
cummnosuyM: Hepapxudeckre MaTepHajbl: pa3paboTka W IPUIOKEHHs Ul HOBBIX






