OT3bIB
O(ULHMATBEHONO ONIOHEHTA HA JUCCEPTAIMOHHYEO paboty MockoBckux
HAmurpus Onerosuua «IToyuenue cyGOMUKPOHHOTO IIOPOIIKA KapOuaa KpeMHUS U
HaHOCTPYKTYPUPOBAHHOW KEpaMUKH Ha €ro OCHOBE», MpPEeJCTABJIEHHON Ha
COUCKaHWE YYCHOW CTeNeHM KaHIMIaTa TeXHMYECKUX HAYK IO CIElHaTbHOCTH

05.16.06 — ITopomikoBast MeTaTyprusi # KOMIIO3UIIHOHHBIE MaTepUalbl

AKTYya/IbHOCTb T€MbI IHCCEPTALUH

Jluccepranyonnas pa6ora Mockosekux J[.O. mocssimena aKTyaJIbHOM
npolieme MoJyYeHus HaHOCTPYKTYPHOTO MOPOIIKa KapGuia KPEMHUs ¥ TIOTHOM
KCpaMHKH Ha €ro OCHOBE. YHHKalbHbIe (U3MKO-XMMHUYCCKHE CBOMCTBA KapOuia
KPEMHHA — BLICOKHE TBEPAOCTb, MPOYHOCTD, TEPMOCTOMKOCTB, paJHallHOHHAS
CTOMKOCTh a TaKXKe XHMHYECKas CTOMKOCTH B OKHCIUTEIBHBIX cpelax, HU3Kas
IUIOTHOCTh HCTIOJIL3YIOTCSL B Pa3/IMYHBIX OONACTSX COBPEMEHHON TeXHUKU. B
Hacrosee Bpemsi SiC npuMeHsieTcs: Kak aOpa3vBHBIH U PeXYILIUMI MaTepuas, B
Ka9ecTBe KOHCTPYKUMOHHOH KepaMHKH, KaTaaM3aTopa, 3alUMTHBIX ITOKPBITHIA
MHUKPOTB3JI0B B BEICOKOTEMIIEPATYPHBIX [A300XJIKIaEMBIX SAEPHBIX PEaKTOPax, B
MHKPOSJIEKTPOHMKE, KaK MMHTATOp aliMa3a B IOBEJMPHOM IIPOU3BOJCTBE M psijie
Apyrux obsacreid. Jliust cospaHust uszenuii u3 KapOuJa KPEeMHHS C BBICOKHMMH
(QU3MKO-MEXaHHYECKMMU  CBOMCTBAMM Ip¥  IOBBIIEHHBIX  TeMIleparypax
HEOOXOIUMO DPEIIMTh aKTYallbHYIO MpobiieMy pa3paboTKu METOJIOB IOJIydYeHHs
6€CHOpHCTbIX HaHOKPHCTAJUINYECCKUX MarepuaJloB Ha OCHOBE BBICOKOYUCTBIX
CyOMHMKPOHHBIX —mopomkoB SiC. Takwue KCpaMUYeCKHe HaHOCTPYKTYpPHBIE
MaTepualibl TIPH HAarpeBaHHM MOIYT o00JagaTh BBICOKOM IUIACTUYHOCTBIO U
CBCPXIUIACTHYHOCTBIO, YTO MO3BOJMUT TONYYaTh H3AENHSA U3 KEPAMHUKHA METOTaMH
yKe pa3paboTaHHBIMU B METAILTyPTHH — BBITABIIMBAHUEM, TIPOTSDKKOW U JIPYTUMHU.
CoBpeMeHHBIE  NPOMBINIICHHBIE  METONbI  He NO3BOJIIOT  MOJIyYHTh
HAHOCTPYKTYPHYIO Kepamukoii SiC u3-3a BEICOKON TeMIepaTypsl U IUTHTEIBHOCTH
npouecca. COBMECTHOE HCIONB30BAHHE aBTOPOM METOMOB  MEXAHHUECKO

aktuBanuu (MA), camopacnpocTpansiomerocs BbICOKOTEMIIEPATYPHOI'0 CHHTE3a
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(CBC) 1 UCKPOBOTO MIa3MEeHHOr0 CHeKaHus (CIIC) mo3Bommno pemmts croxkHyo
IpobsIeMy NONTyYeHUs KOMITAKTHOTO HaHOCTPYKTYPUPOBAHHOIO KapOuaa KpeMHHs
3a CHET CYLIECTBEHHOIO CHIDKEHHUS TEeMIIepaTypbl CHEKaHHS W JUINTeIbHOCTH
nporecca.

BaXHOCTb M aKTyaJbHOCTH JMCCEPTAIHOHHOlM pabotsl Mockosckux J1.0.
IIOATBEPIKAACTCST BBIIIOJHEHUEM €€ B COOTBETCTBHUU C q)eﬂepaJIbHOﬁ HCHGBOﬁ

nporpammor  «HaHOCTpyKTYpHbIe ~Kepamuueckue Marepuaibly M rpaHTamMu

POO.

HoBu3sna ucciieoBanuii u nosyuennpix pe3yJIbTaToB, BHIBOJAOB H
peKoMeHanum

Homydennsie B juccepranmonnoi paGote pe3ynbTaTsl, HECOMHEHHO,
MpENCTABIAIOT HAYYHYIO HOBU3HY, KOTOpasl 3aKJII0YAETCS B CIIEIYIOIIEM:

1. VYcraHoBieHa BO3MOXHOCTE uHunuuposanuss CBC-peakuuu npu
TeMuepatype  HWKe  TeMIepaTypbl  IUIABJICHHS.  KPEMHHS B Cllyyae
TIPEABAPUTEIIPHOTO MEXaHHYIECKOTO aKTUBUPOBAHHUs PEeaKLHUOHHON cMecH Si+C.
[lpu MexaHHYeCKOM aKTMBUPOBAHWM CMECH B IIJIAHETAPHOM I1apOBOM MeEJILHHUIIE
AKTHBaTOpP-2S B peXMMe KACKAIHOrO IBUKCHHUS MEJIIOIIMX TeJl B TedeHue 15
MHUHYT TeMII€paTypa HHUIIMUpoBaHus cocrasisier 1100 °C.

2. BbisiBlieHa JIMHAMMKA CTPYKTYPHBIX npeBpamieHuii B cmecu Si+C B
nporecce  MA, mpuBojsEX K (OPMHPOBaHMIO HaHOKOMIIO3UI[HOHHBIX
peakumonnbix Si/C vactun. Ilepsas crajus, 3aKiodaercs B HaTHPaHWH yTiepoja
Ha MCXONHBIC YAaCTHULBl KPEMHHS, MPU KOTOPOM KPEMHHM HEe M3MeIbuacTes H
COXpaHiACT HMCXOAHYIO ¢opmy. Ha Bropoit cramum IIPOUCXOUT H3METbLYECHUE
KpeMHUs, Ha TpeThbed — (POPMHUPYIOTCS HAHOKOMITO3UIHOHHEIC YaCTULBI, a Ha
3aKIMOYUTENLHON — PEHTICHOAMOP(HBIE KOMIO3UIMOHHLIC IPaHyJIBl, COCTOSIINE
M3 HAHOYACTHUIl KPEMHUSI U yTrIIepoa.

3. BrepBble ocymecTsien IPSIMOH CHHTE3 CyOMHUKpPOHHOTO ropomika SiC B
pexxume CBC B uneprHO# aTMoc(epe ¢ UCIOJb30BaHHEM HaHOKOMIIO3UIIUOHHBIX

PCaKIUOHHBIX cMmeceit Si-C, 6e3 IIOZI0rpeBa UJIKN XUMUYECKUX N0OaBOK.



4. TloxkazaHo, 4TO Ui BCEX TOPOIIKOB KHHETHUCCKHE KPUBBIE UCKPOBOI'O
TIASMEHHOTO - CIICKAHKMS XapaKTePU3YIOTCSl HANIMYMEM JBYX CTAIMii: ObIcTpas
KOHCOM/ANNS BO BPEMsI PE/IBAPUTEIILHOTO HArPeBa 10 TeMIepaTyphl CIIeKaHus 1
OTHOCHTEJIPHO MEIICHHOE YIUTOTHEHHe IIPH TeMmIepaType crekanus. CKOpOCTh
KOHCOM/IALIMK 3aBUCHUT TOJNBKO OT CKOPOCTH HarpeBa Ha NEPBON CTaidd U He
OKA3bIBACT ~ BIIMAHME HA CKOPOCTb CIIEKAHMS Ha CTaJd  M30TEPMHYECKOI
BBIJIEPIKKH.

Hayynas HOBHM3HAa W mnpakTHYeckas IEeHHOCTD paboThl MOJITBEPKAACTCS
HAJIMYMEM NATCHTA Ha CIIOCO0 I10JIyYeHus HOPOIIKa KapOu1a KpeMHHUS

Hayunas nHoBu3Ha wucciemoBauuii u NOJNIYYEHHBIX  Pe3yJIbTATOB  C
ZOCTATOYHOH TIONHOTON OTpakeHa B BBIBOJAX IMCCEPTALAH U IIPaKTAYECKHUX
PEKOMEHIAITUSX.

3HAYMMOCTB IUIsl HAYKH H IIPOH3BO/ICTBA HOJIyYeHHBbIX pe3yJibTaTOB

Ilony4yennble  pe3ymbraThl  IpeaCTABISIOT IOPOYHYIO  OCHOBY ISl
AANbHEHIINX MCCNENIOBAHANA B OONACTH IONYYEHHS METOIOM COYETAIOLIUM
MEXaHMIECKYIO aKTHBALMIO, CaMOPACIPOCTPAHSIOMMHCS BEICOKOTEMIIEPATYPHBbIH
CHHTE3 M HCKPOBOE IUIA3MEHHOE CIIEKaHWE CIIOKHBIX MHOTOKOMIOHEHTHBIX
TTOPOIIKOBBIX CHCTEM C 9JIEMEHTaMH, HMMEIOUMMH CYIIECTBEHHO pa3nuyHbIe
TCMICPAaTypbl — ILIABICHHS, 4YTO  COOCTBEHHO M SIBISIETCS  IIPH3HAKOM
dyHnamenTanbHON pabGothl. [lpakThyeckas 3HAYUMOCTE JIUCCEPTALIMM TaK e
OHYCBH/IHA, IIOCKOJBKY COJNEPXKUT peIeHHE BaKHOM Juls IPaKTUKU 3ajiauu
IIOBBIIIIEHUs] pecypca paboThl KEPaAMHYECKUX BCTABOK abpa3suBOCTPYHHBIX COIIEN 3a
CHCT UCIOJIB30BaHKs CHHTC3UPOBAHHOTO CyOMUKPOHHOTO CBC-nopouika kap6uma
KpeMHHS].

Crenen» 060CHOBAHHOCTH H /I0CTOBEPHOCTH KaK/10I'0 HAYYHOr0
0J102KeH U1

Kaxnoe maydnoe mnonoxenue, COCTaBJISAIOIEe HAYYHYI0 HOBH3HY,
AIOCTOBEPHO YCTAHOBIEHO B JKCNIEPUMEHTAX, KOTOPHIE BBINOTHEHBI Ha camoMm
COBPEMEHHOM 00OpY/I0BaHUH. DTH HAYYHBIE TOIOKEHHUSL BBITEKAIOT U3 HAYYHBIX

r'MIoTe3, Ha OCHOBAHUHU IIOJTYYCHHBIX OKCIICPUMCHTAJIbHBIX JaHHBIX, KPOME TOr0

3



IIOJYYCHHBIC — pE3yJIbTaThl  COMNIACYIOTCS ¢ W3BECTHBIMA B JUTeparype
pesy/ibTaTaMu, NpeALICCTBYOIMMHI NaHHOMY Hay4HOMY uccliiefoBanuio. Cremyer
0C000 OTMETHTh, YTO UcciIenoBanus B obnactu CBC u NIIC nmocraTyHO CIIOXKHBI U
TPYNOEMKH BCIIGACTBUE CIIOXKHOCTH KOHTPOJISL DTUX IIPOLECCOB, TPOTEKAOLIAX
JOCTaTOYHO OBICTPO ¥ B 3aKPHITOH CHCTEME. JlOCTOBEpHOCTD HKCIEPUMEHTATBHbIX
JIAHHBIX  00OCHOBaHA IIPUMEHEHMEM CTATHCTHYECKHX METOJOB 00paboTku
Pe3yJIbTaTOB  SKCUIEPUMEHTOB, a TaKKe HCIOJIb30BAHUEM COBPEMEHHOIO
CepTU(ULUPOBAHHOIO 06OPY IOBAHUSL.
CoorBercreHe paGoThl TPeGOBAHUAM, NIPEIbABIAEMBIM K
AHCCEPTALMAM

Beimonnensl  Bce  TpeGoBaHMsL  MpembABISeMble K KAHIHIATCKAM
puccepTanusaM.  [logpobHo  mpoBesieH  IMTEPATYpHBIH  0030p  3HAYMMBIX
MyOJIMKAMH, OTHOCAIIUXCS K 3aJaHHOM TeMe nuccepraunu. [lpoBenen ananus
OTHUX MyONMKaLMid, MPaBUILHO YCTAHOBIEHBI 3a7a4YH UCCIIEIOBAHMsI, BHIOPAHEI
MCCICAYEMbIC  COCTaBbl W METOIBI MX WCCIENOBAHUS. DKCIEPHMEHTATbHBIE
PE3YJIbTATRI IIPE/ICTaBNeHbI Y€TKO, KaK B BiJe rpadukos u dororpaduii crpykTyp,
Tak M TeKCTa HX omuchiBatoliero. Pabora HammucaHa I'PaMOTHBIM  S3BIKOM.
Huccepranus u aBropedepar comepxkar TpedyeMble paszielbl U COOTBETCTBYIOT
ApYT Ipyry.

OcHOBHBIE JOCTOMHCTBA H HEZOCTATKH IO CO/IePKAHMIO JUCCEPTALHH

Ocobo ciesiyer OTMETHTH BBICOKHMIA HAay4YHBIH YPOBEHb pabOTBHl M TO, YTO
paboTa CruIaHUPOBaHA TaK, YTO 38 OTHOCHTEIILHO KOPOTKHM CPOK JJUCCEPTaHT CMOT
TOJIHOCTBIO BBITMOIHUTD JOCTATOYHO TPYAOEMKOE HCCIIEIOBAHHE H OIyOJIMKOBATD
ero. Bce ycnemmple HaydyHble TONOXEHHS OTMCYECHBI BEHIIIIC. 3HavyeHue
BBITIOJIHCHHOM ~ IUCCEPTAIlUK  TIOATBEPIKIACTCS  BHITOTHEHHEM PN HayYHBIX
poekToB B pamkax QLT «HanoctpykTypHBIE KEepaMUYEeCKHE MaTepuanb» u
rpaHToB PODU.

3aMeyaHus K BBINOJTHEHHOMY HCCITETOBAHMIO HOCHT YTOYHSIIOIIUM XapakTep.

15 B pabore Her cpaBHuTensHoro amanmsa XUMHUYECKOr0 CocTaBa

HCXOIHBIX MaTepHaloB U IMOJy4aeMOro MopoLIka Kapoua KPEMHHUsI, HET JaHHBIX
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O BO3MOXXHOM BIMSIHUM IpUMecedl Ha MeXaHWYeCKHEe CBOMCTBA TIOJIyYCHHOM
KOMIIaKTHOM KepaMUKH.

2. Hist oddexTrBHOrO NpOBenenus nporecca ONTHMH3aLUU UCKPOBOI'O
[TaSMEHHOTO  CIIEKaHMS  JKEJaTeNbHO  TAK)KE  YCTAHOBHTH  3aBUCHMOCTS
SJICKTPONIPOBOTHOCTH CHHTE3MPOBAaHHOrO HaHomopomka SiC or IIPHIIOKEHHOTO
JaBJICHUS U TGMHGpaTprI.

o He 1puBejieHO cpaBHeHME MEXIly YHMCICHHBIMU  3HAYCHHSIMH
TPCLIMHHOCTOMKOCTH M BS3KOCTH  PaspylICHHs  Juls IIPOMBIIIIEHHO
M3rOTaBIMBAEMOH KEPAMUKH U TIOJIyYEHHOMN B JIUCCEPTALIHOHHOM pabore.

B Tekcre puccepTanmy comepiKUTes Takke psil HETOYHOCTE!H | OMeYaToK:

— cTp.44 — Ha puc. 17 Her Mapkepa Maciiraba, ctp. 45 — puc.45 mapkep He
YUTACTCS;

— c1p. 69 — Ha puc. 29 He YKa3aHO COOTBETCTBHE CKOpOCTEe HarpeBa K
MHUKPOCTPYKTYypam;

— ¢1p.82 — B Tabn.9 BMecTO «IaBieHHE IIPECCOBAHU» - HAM0 «YCHIIHAE
IIPECCOBAHUSI;

— ¢1p.156 — HEKOPPEKTHO MpPHUBeIeHAa CChIIKA [146].

3akiouenue
B ueiom, HECMOTpsL Ha OTMEYCHHBIC 3aMEYaHus, LeId MU 3aJauH,

HaM€4YCHHBIE B Hayaje pa6OTI>I, ABTOPOM YCII€UTIHO BBIIIOJIHEHBI. I[J'IS[ ux

JOCTIDKEHHUS OBLI NTPOBEJIEH GOIBIION 0O0BEM 9KCIIEPUMEHTAIIBHBIX UCCIIEIOBAHMIA,
BBITOJIHEHHDIX Ha COBPEMEHHOM YpoBHE. B o6cysknenun pesyinsratos 00001IeHL!
MOJYHCHHBIC JIAHHBIC, CHOPMYITHPOBAHBl OGIIME BBIBODI, COOTBETCTBYIOIIHE
CONCPIKAHHIO PaboThL. IIpakTHYecKHe PEKOMEHNAIMY BBITEKAIOT U3 collepKaHus
pabotsl. Jluccepraims sBisercs Hay4YHO-KBATH(DUKALMOHHOMN paboToif, B KOTOpOi
CONEPXUTCS PEIICHUE Ba)KHOM JUIsl NMPAKTUKU 3a1aYU MTOBBICHTE pecypc paboTsl
KCpaMU4eCKUX BCTAaBOK abpa3sHBOCTPYHHBIX cONENl 3a cyer UCII0JIb30BaHHUsI
CHHTC3UPOBAHHOTO  CyOMUKpoHHOro  CBC-nopomika KapOuaa  KpeMHHsI.

OTMeueHHEIe HeOCTATKM He CHHKAIOT B LEIOM XOPOIIMK HAy4YHBIM ypPOBEHB

5



JHCCEPTAMOHHOR paboThl, a ee pe3yibTaThl M MOTyYeHHbIE THYHO aBTOPOM
BBIBOJIBI JAFOT OCHOBAHHS JIJISl €€ MOJIOKHUTEIBLHOM OIIEHKH.

ITo marepuanam paGoter y JI.O. Mockosckux umeercs: 15 nyOnuKanyii, B
TOM 4MCJIe 4 CTAThbH B PELEH3UPYEMbIX JKypHANax, BXOMIAIIME B nepeueHb BAK u
uHJeKcHpyemble B 6ase nannbix «Cers Hayku» (Web of Science), matent P® ua
CIIOCOO MMOJIyYeHUs HAHOIOPOIIKA, KOTOPhIE HOJHOCTHIO OTPaXaIOT COJIEPIKAHHE
paboThI.

ABTOpe(hepaT MOJIHOCTHIO COOTBETCTBYET COJIEPXKAHUIO JIUCCEPTALHH.

Juccepranmonnas paGora orsevaer TpeGopammsM m. 9 IlojoxkeHus o
IPUCY)KICHUK ~ YYCHBIX  CTENEeHeH,  yTBepKIAeHHOM  llocTaHoBieHHeM
npaButenbetBa PO or 24 cenrsbps 2013 r. Ne 842, wu COOTBETCTBYET
crenratbHocTy  05.16.06 — TlopomkoBas MeTamtyprus u KOMITO3ULIMOHHEIE
Marepuaiel, a ce aprop JimuTpud OneroBud MOCKOBCKHX —3aCiTy)KHBaeT

[IPUCYKNICHUS €MY YMEHOHU CTENCHM KaHIUATa TEXHUUECKUX HaYK.

K.T.H., C.H.C., BElyLIMH HAYYHBIH COTPYIHHK MexkadenpaapHoit naboparopuu
SJICKTPOMArHUTHBIX METOZOB IIPOM3BOJICTBA HOBBIX MaTepraioB HanuoHansHOro

HCCIJICIOBATEIILCKOI'O siJIEPHOro yHUuBepcuTeTa « MDY
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