OT3bIB
O(pHIMATBHOTO ONIOHEHTA Ha JUCCEPTALMIO

['onocosa Muxauna AnekceeBuda
«PU3NKO-XMMHWYECKOE UCCJIEJIOBAHUE CUCTEMBI UPUJTAIA — KAPBUJI KPEMHUST»,
1o crnenuanbHocTd 1.4.15 — Xumus tBepmoro rena,
NPECTaBJICHHYIO HA COUCKAHUE YYCHOH CTEIeHH KaHAUaaTa XUMHYECKUX HAyK,
BBINOJIHEHHYIO B DejiepaabHOM rocy1apcTBeHHOM GIODKETHOM yupesxkieHud Hayku Mucturyre
XHMUH TBEPHOTO Tesia U MexaHoxumuu CubHupcekoro otnenenus Poccuiickoii akajeMuu HayK

1. AKTyaJIbHOCTB T€MBbI HCC/IE[0BAHUS

Marepuaiiel Ha ocHOBe KapOHaa KpeMHHsI, pabOTAIOIIHE B SKCTPEMANLHBIX YCIOBHAX (BBICOKHE
TEMIIEPATyPhl, AarpecCHBHBIE CpEJbI), BOCTpPEOOBaHBI B IIHPOKOH OOJACTH  TPAaKTHYECKOTO
NPHMEHEHHS: OT CHJIOBOM JJIEKTPOHHMKH (IOJYIPOBOAHHKOBLIC KPHCTALIBI) 0 a3POKOCMHYECKOM
IPOMBIIIUICHHOCTH M SAJIEPHOH 3HEPreTHKH (KOHCTPYKIMOHHAs KepaMuKa, apMUPYIOIHE BOJIOKHA M
p.). Pacmmpenue TemmepaTypHBIX TpaHHIl JKCIUIyaTallid M 0OJacTell MCIONB30BAHMS, a TaKiKe
JalbHednee  yaydmeHue — pabouyMx — XapaKTepHCTHK, CTUMYIHpyeT  paspaboTKy  HOBBIX
BBICOKOTEMIIEPATYPHBIX MATEPHAIOB U IOAXO0J0B K M3rOTORJIEHHIO COOTBETCTBYIOIIMX HM3/IC/IHii, UTO,
B CBOK ouepens, TpeOyeT Kak MIyOOKOro MOHUMAHHUS B3aHMOJCHCTBHS MEXIY KOMIIOHEHTaMH
CHCTEMBI B Ppa3iM4YHBIX 3KCIIEPUMEHTAIBHBIX YCIOBHSX, TaK M KOJHYECTBEHHBIX CBEIEHHH 00
OCHOBHBIX (PM3MKO-XMMHYECKHX XapaKTePHCTHKaX (POPMHPYIONIMXCS KOHEUHBIX H IIPOMEXKYTOUHBIX
a3 (xoappuuMEeHTH TEePMHYECKOr0 pACIIMPEHHs, TEMIEPATyPOIIPOBOJAHOCTh, MEXAHHYECKHE
ceoiictBa u np.). Takum oOpazoM, B moclie[HHE AeCATUIIETHS HaOMIONaeTCs BCIUIECK HHTEpeca K
(yH1aMeHTaTBEHOMY H3Y4YEHHIO CHCTEM Ha OCHOBE KapOu/a KPEMHHs ¢ KOMIIOHEHTAMH TYTOILIABKMX
CILTABOB, OKCUJIaMH, KapOuaaMH, OOpH/IaMH H JPYTHMH BRICOKOTEMITEPATYPHBIMH MaTEPHAIAMH.

Hucceprannonnas pabora M.A. ['onocoBa BbINOJNHEHa B paMKaX 3TOTO HAMpaBICHHS H
cpoKycupoBaHa Ha MaJOM3yYeHHOH KOMOWHAIIMH «MPHIMA-KApOHI KpeMHHs». [10CKOILKY HpuHii
OTJIMYAETCA HCKIMOYMTEIbHOH OKHMCIMTEIBHOH YCTOHYMBOCTBIO, BBICOKMMH IPOYHOCTBIO M
TETUIONPOBOIHOCTEIO B KOMOMHALIMM C YMEPEHHBIM KO3()(HUIIHEHTOM TEPMHUYECKOTO PaCHIAPEHHS U
obpasyer cuIMIMIHBIE, a He KapOwuHble, (as3bl, TAKOoe COUYETAHHE MOXKET II03BOJMTEL IOJIYYHTH
MaTepHalbl ¢ yHUKAIbHEIMH (QYHKLIHOHAIBHBIMH XapaKTePUCTHKAMH, YTO KOMIICHCHPYET YBEIHYCHHE
croumoctd. B wactnHocTH, kommanus RCA (CILIA) yxe paspaboTana (HOTONPHEMHBIE MATPHIBI ¢
Gapbepom IllorTku ocHoge IrSi/Si, a Henasro (2021 r) nokaszana HOBas EPCIIEKTHBA HCIIOMB30BAHMS
UPHUJIUS B Ka4eCTBE MaTepHana Jiis repMeTHUHoro coeaunenus SiC kepaMuku. BaykHO 110/14epKHY TS,
YTO CPAaBHHUTEIBHO HHU3Kas JOCTYIIHOCTh HPHIMA CYIIECTBEHHO OrpaHMYHBAaET OSMIIMPHYECKHE
BO3MOKHOCTH IIPH pa3paboTke MOJOOHBIX MarTepuajioB, TOra KAk OTPBIBOYHAA H B HEKOTOPBIX
acmeKTax NpoTuBopeunBas HHMopmarms o cucteme Ir-SiC He mpemocraBisieT HAASKHON Hay4HOMH
Da3pl 1axce IS TEOPETHUECKOTO Anu3aiiHa.

B cBA3M C BBIIIEU3TIOXKEHHBIM, TEMAaTHKa paccMarpUBaeMOil JIHMCCEPTAllHOHHON paboThl,
HECOMHEHHO, SIBJISETCS aKTyalbHOH U BOCTPeOOBAHHOM.

2. CTpykTypa u coiep:kanue padoTsl

Pyxonnce 3anumaer 141 crpanumy, Bkmo4as 22 Tabauubsl # 82 pHCYHKAa, H COCTOHT W3
BBCJICHUS, LIECTH IJIaB, 3aKIHOYEHUs H CIIHCKA JHTepaTypsl (221 UCTOYHHK), KOTOPBI OXBaTHIBACT
nepuos ¢ 1960x rr.



Bo Beenenun KpaTko IpeicTaBIeHbI BCe KIIOYEBHIE aCEKThI pabOThl, BKIIIOUAs aKTYaIbHOCTD
M CTeNeHb pa3pabOTaHHOCTH TEMATHKH, IeNb, 3aJa4yd HCCIEIOBAHHS, HAy4YHYIO HOBH3HY,
NPAaKTHYECKYI0 H TEOPETHYECKYIO 3HAYMMOCTh, METOI0JIOTHIO H HUCIOJIL30BAHHEIE METO/IBI, CTENEHD
JOCTOBEPHOCTH PE3yJbTaTOB, BBIHOCHMBIC Ha 3alUTY II0JIOKEHHs. YKa3aH JTHYHEBIM BKJIaJ aBTOpA,
IpHBeeHa HeoOXouMas uapopMmanus o6 arpobanuu paboThl H COOTBETCTBYIOMIMX ITy OIHKALMAX.

B nepsoii riape mpencTaBieH 0630p JAMTEPATYPHI, MOJIHOCTHI0 OXBATHIBAIOLIMY HAYYHbIH
nmangmadt  uccnenoBaHuH.  [lpencraBienb  BocTpeGOBaHHBIE B BBICOKOTEMIIEPATYpPHOM
MaTepHATOBE/ICHHH XapaKTEPUCTHKH OT/IEJIbHBIX KOMIIOHEHTOB paccMaTpuBaemoii cucremsl (SiC u
Ir), BKmouas Qu3HUeCKHe H MEXaHHIECKHE CBOWCTBA B 3aBHCHMOCTH OT CTPOEHHMS H/HIIM YHCTOTHI
MaTepHaoB, BO3MOXKHLIE XHMHYECKHE pPEaKIHH IPH BBICOKHX Temiepatypax. CyMMHPOBAHBI
CBeJieHUs O B3ammojeicTBHM SiC ¢ JIpYTHMH IepeXOAHBEIMH HEeKapOHI000pasyoIHMMH MeTallIaMi
(Ni, Co, Cu, Pt, Pd, Rh): Hauunas c¢ ofmero ananusa (a3oBBIX AUarpamMM 0 OOCYXKIEHHUS
M QY3HOHHBIX, KHHETHYECKMX M MHKDPOCTPYKTYPHBIX A4CIEKTOB. JTO IMO3BOJMIO BBIIBHTb
XapakTepHble 0COOEHHOCTH CHCTEM, B YaCTHOCTH, IOSIBIICHHE MEPHOIHUCCKHX MHKPOCTPYKTYD H3
CHJIMIM/IOB META/UIOB M YIJIEpoda, MeXaHu3My (POpPMHPOBaHHS KOTOPHIX OLLIO YAENEHO OTAEILHOE
BHHMaHHEe. BaxkHo, 4yTo B mouckax Haubosee peleBaHTHBIX TEOPHA aBTOP HE OrPaHHYHIICS TOJIBKO
CHCTEMaMH, HanboJiee ONM3KIMH K HCCIeyeMOi, HO H 3HAUHTENIFHO PACIIHPHI KPYT OOBEKTOB, UTO
yriaybumno obiee HayyHOe MOHMMAaHHE: HaIPUMEp, TeOpHs, npeioxkenHas uis Mg-SiO;, kak nanee
[IOKa3all aBTOp, OKasalack BIOJNHe npuMeHuMoil u s Ir-SiC. Kputwyecku paccMOTpeHBI
HEMHOTOYHCIICHHBIE JIaHHbIE 00 McClleyeMoH CHCTeMe, OTMEYEeHBl MPOTHBOPEYHs B HMEIOIIEHCS
uHpopmMalMy Kak MexXIy coboif, Tak M ¢ POJACTBEHHBIMH CHCTEMaMH (HAIlPUMEp, OTCYTCTBHE
CBCIICHHH O MEPHOJMYECKOH MHKPOCTPYKTYpe). B oTiensHOM 1ojpas/ene mpeacTaBieHsl 001acTi
HCTIOJIb30BAHMs HWHJIMBHIYAIbHBIX KOMIIOHEHTOB, B TOM 4YHCIE, MpeACTaBlIeHa MpodieMaTHKa
coeunenus SiC  KepaMHKM, 4YTO [I03BOJIMJIO TIPEIONUThL HWPHIMI B KayecTBe MaTepuaia
CBSI3BIBAIOMIETO IIPOMENKYTOYHOIO CIIOSI, H 0OOCHOBAHBI JIpyrue NnepcrnekTuBbl cucteMsl Ir-Si-C.

Bo BTopoii riaBe (93KcnepHMeHTAIBLHASI YACTH) [IPEICTABIICHEI CBEICHHA 00 MCIIOIB3YEMBIX
MaTepHaiax, METOJMKAaX M3rOTOBJIEHHS M TepMooOpabOTKH 3KCIEePHMEHTATIBHBEIX 00pa3ioB
(mopomKoBeIX cMecel, UM GY3HOHHBIX Iap), HpoLeIypax U pekuMax coenuuenus SiC KepaMUKH ¢
MOMOIIBIO HPUIHMS, CHHTe3e 00beMHbIX 00pa3noB IrSi u 3a1eficTBOBAHHBIX METO/IAX HCCIIEI0BAHMI.
IIpu 5TOM HEOOXOAMMO OTMETHTEH GOJIBLION 00BEM «CKPBITON pabOTH — ananTally CTAHAAPTHBIX
IIOJIXOZIOB  BLICOKOTEMIIEPATYPHOTO MAaTEpHANIOBEACHUS K CJIOXKHBIM OOBEKTaM, HalpHMEp, B
MIPUTOTOBJICHHH CKONOB 00pa3noB K uccienoBaHuio Merogom COM, NPUTOTOBIEHMH M OYHCTKE
o6bemHoro IrSi u mp. BaxHo, 9To aBTOp yJeNsleT cephe3HOe BHHMAHHE BOCIPOHU3BOIMMOCTH H
CTAaTHCTHYECKOMY aHaJIM3y pPe3y/IbTaTOB, MCKIIOYEHHIO MEMArmMX (aKTOpOB — B TOM CTENEHH,
HACKOJILKO 3TO BO3MOKHO JJI U3Y4YaeMBIX 00OBEKTOB,

B Tperneii rnape oOcyxnaroTcs pe3ynbTaThl HCCIIEOBAHUS OCOOEHHOCTEN B3aUMOJIENCTRUS
UPH/IUS ¢ KapOMIOM KpeMHHMsS B MOPOLIKOBBIX CMECSAX: PacCMOTPEHBI 3P (EeKThl KPUCTALIHIECKOM
Momu(HKaIMu, pasMepa 3epeH u npuMeceii B SiC, MeXaHHUeCKON aKTUBALMK HUCXOJHOTO MOPOIIKA
Ir. M3yueno He MeHee ABYX MOJBHBIX COOTHOINeHHM KommoHentos (Ir;SiC = 1:1, 3:1) u oxBauen
MaKCHMaJbHO IIHpOKui HHTepBail Temmepatyp (800-1900°C). OtmeyeHo aBe NMPHHIHIHAILHBIX
obmactu: 1000-1400°C u 1500-1900°C, oTnuyarOmuXcs MOSBICHHEM KHIKONW (asbl, a cpeau
OCHOBHBIX IIPOAYKTOB 0OHapy:keHbl cumuuuanl Ir3Si, IraSi, Ir3Siz, u IrSi. Ha neproM uHTepBae
(rBepaodasHOoe  B3aMMOjICHCTBHE), Temreparypa oO0palOTKH M pasMep 3€peH HCXOIHBIX
KOMIIOHEHTOB BJIMSIET HE TOJBKO HAa KHHETHKY (OXKHIaeMoe YBeIHYeHHH CKOPOCTH IpH pocTe
TEMIIEPATYPbl U YMEHBLIEHUH TUCIIEPCHOCTH), HO U Ha (Da3oBbIH cocTaR mpoaykTa (0cOOEHHO MpH



cooTHomeHuH 1:1), Toraa kak kucsopozpconepskamme npuMecd B SiC CYIECTBEHHO 3aMEIISIOT
peaxuuio. Meracrabunbhast dasa IraSi B cyliecTBEHHOM KONHMYECTBE MOSBISETCS yXKe HA BTOPOM
MHTEpBaJie: OHa KPHCTAIM3yeTcsa U3 paciuiaBa Ir-Si, a npu oXIakIeHUH OTHOCHTENILHO MEIEHHO
pasnaraercsi, (opmupys sBTekTomMa 3 (a3 Ir3Si u Ir3Siz. Bakuo, 4TO CHIHIHIBI HPHIHS C
comepxkanneM Si > 50 ar. % He ObIM OOHAapyI)KeHBI, W TpPOBEICHHAA OIleHKa ’Hepruii 'm66ca
peakuuu Ir ¢ SiC (1500°C) ykazana Ha BO3MOXKHBIE TEPMOJIHHAMHYECKHE OrpaHHUYCHHS (BBITOIHA
yKe obpaTHas peakiysi ¢ yriaepoaoMm).

B uwerseproii rjaBe IpeiCTaBICHBl  pe3yJbTATHl  HCCIEAOBAHHS  OCOOEHHOCTEH
B3aUMOZICHCTBHS WPUIUS C KapOHMJOM KpeMHHs yXe B Iu(p(y3HOHHBIX mapax: Tak)Ke BBIICICHBI
obnacti TBep0}a3HOro B3aMMOAEHCTBHsI (KOTOPOE HAUMHAETCS MPH Gojee BBICOKHX TeMIIEPaTypax
OTHOCHTEJBHO IOPOIIKOB) M C yuyacTHeM KHIKo# ¢aser (> 1417°C). Ha mepsom wunTepBaie,
obnapyxkuBaemble B NHGMQY3HOHHON 30HEe (a3sl, B NENIOM KOPPEIHPOBANIH C MOPOMIKOBBIMH
OKCIIEPHMEHTaMH, U MEHSIOTCs B nocjiegosareabHocTi oT Ir k SiC cnenyromum obpazom: Ir3Si /
{Ir3S1 1 Ir3Si2} serexronn / IrSi / {IrSi + C}. Ilpu 5ToM OcHOBHON (DPOHT peaklMH HAXOJWJICH Ha
TPaHHIe ¢ KapOMIOM KPEMHHS, TOIIIMHA CIOS HPOAYKTOB OT BPEMEHH YBEIMUMBAIACH JIHHEHHO
(raxke mpH 56 Y BBUIEPKKH), YTO yKasblBaeT Ha Ooiiee OBICTpyIo AU(QY3UI0 ATOMOB MPHAHS M
KHHETHYECKUH DPEXHUM peakiuu. Baxno, uro B mocienHelf 30He, ¢ yBEIHUYEHHEM BpPEMEHH
BBUIEPHKKH, SIBHO IPOSBISUIACE NIEPHOAMYECKas MUKPOCTPYKTYpa, H eé creiduka 6bu1a moapobHo
oOcyiKJeHa B KOHTEKCTE BO3MOMKHBIX MEXaHH3MOB 00pasoBanusi. [l0Ka3aHO, YTO Ha BTOPOM
MHTEpBaje, T.e. B IPUCYTCTBUH KHUIKOH (a3bl, Takas MUKPOCTPYKTYpa yike He Gopmupyercs. bosee
Toro, npu temneparypax 1700 — 1800°C, GiM3KHX WK BhILIE MiaBjienus [rSi, NOABISIOTCS TaKKe
CHIIMIUIBL ¢ cofepxanueM KpemHusi Oomee 50 at. % (Ir3Sis u Ir3Sis), o6paszoBanue KOTOPHIX IpH
B3aUMO/ICHCTBHH MOPOIIKOB HE IIPOUCXOJIMIIO BO BCEM HHTEpBAJE TEMIIEPATYP.

B nsToii riaBe npeacrapieHsl pU3HYECKHE CBOMCTBA MOJNy4YaeMbIX (a3 CHIHIIMIOB HPHIUSL:
H3 aHajk3a NMPOAYKTOB B3aWMOJICHCTBHS MOPOLIKOB W/HIH JU(QY3UOHHBIX map OBUIH ITOJTyYeHBI
K09 puumentsl Tepmuyeckoro pacimaperns (IrSi, IrsSi, IraSi u Ir3Siz, 25 — 1100°C) u 3Ha4YeHHS
MHKpPOTBepoCcTH 10 Bukkepey (te ke + aBTekTona {Ir3Si u Ir3Six}). O6GHapyxkeno, 4To 3HAYEHHs
KTP s pasnmuuseix cumunuaneix ¢az B 2 pasa Beume, yem KTP SiC, u oHM 3aMeTHO TBepike
upumst (10 — 17 TTla). Tlpu stom daza IrSi, HOCTOAHHO NpPHCYTCTByIOIAs B IPOAYKTax
B3aHMOJICHCTBHsI, MsArYe JPYTHX M OTJIMYAeTCs 3HAUMTEIBHOW AHHM30TPONMEH TEmIoBOro
pacmupenus. Jlns ne€ OBUIO MPOBEIEHO HCCICAOBAHHE OT/ENBLHO CHHTE3MPOBAHHOIO 0OBEMHOrO
06pa3ua, 4TO TIO3BOJIHJIO OIIPCHCIIHTh TaKHE KIIFOUEBLIE TCHHOd)HI%I/I‘IECKHe XapaKTEePHCTHKH, KakK
TCIJIOEMKOCTh, TEMIIEPATypPO- U TEIJIOIPOBOJHOCTE. bbula 00HapyKeHa aHOMaIMs TEIIOEMKOCTH
[rSi mpu ~506 K, mpemonoiKuTensHo, BCIEACTBHE IIEpexojia BTOPOTO pOJa, CBSI3AHHOTO C
HEOOBIINMHU U3MEHEHHSME CUMMETPHH PEIIETKH,

B mecroii rnase oOcyxnar0Tcs pe3ynbTaThl HCIOJB30BAHMS UpHAMS 118 coeauHenus SiC
KEepaMMKH B KOHTCKCTC BJIMAHHMA MHKPOCTPYKTYPBl COEIMHHTEILHOrO CJIOS Ha IPOYHOCTHBIE
XapaKkTepUCTHKH — aCIeKTa, paHee B JIMTepaType He paccMmarpuBaBmierocs. IIpuw stom ycinosus
NPHTOTOBICHAA 00pa3loB ObUIM BHIOpPAHBI Ha OCHOBAHHH Pe3yJIBTATOB, IPEICTABICHHBIX BEILIE:
nocpencTeom TeepaodazHoro B3aumozneiictsus (1350°C) win yepes mpoMeKy TOUHYIO KHAKYIO (a3y
(1425 wmm 1500°C). Bropoit momxon mnosBosnuia chOpMHPOBATh COCAMHHTENBHBIH CHO# (M3
HeHTpaIbHON TI0THOH yacTH IrSi m xpaeseix {IrSi+C} moacnoes) 3a kopoTkoe Bpems (He Gosee 1
4), IPHYEM 3HAUECHUS IpeJie]la MPOYHOCTH Ha TPEXTOUEHHBIH M3rHO OBIIM CONOCTABHMBI C
JOCTUTaeMBIMH IIPH MCIOJB30BAaHHH JPYTHX TYIOIUIAaBKMX MeTaUloB H craBoB (~30-70 MIla).
OrcyTcTBHE CYIIECTBEHHOIO MOBBIIEHHS TIPOYHOCTH OBIIO CBA3aHO ¢ HANIKMYKEM nojcioes {IrSi+C}



CO CPABHMTEJILHO BEICOKOH IOPHCTOCTBIO (00BeMHOE conepikanue BKIoueHHH ot 20%). HanpoTus,
TBepAO(a3HOEe B3aUMOJICHCTBHS NPHBOAWIO K (opmupopanmio Gomee mioTHBIX {IrSi+C} cioes ¢
NEPUOUYECKOH MHKPOCTPYKTYpO#, M Ipefen HpodHocTH yke mpesbmman 100 MIla (3a 8 u).
OpHako ¢ yBenM4eHWeM BpPEMEHH TepMOOOpabOTKH, OTHOCHTENbHAS TOJIMHA TAKHX CJIOEB
Bozpactana (0T 112 no 160 MKM), YTO IPHBOIHIIO CHIKEHUIO npo4HocTH (10 87 MIla 3a 16 u).

B 3akinouenun copMyTHpOBaHEl OCHOBHBIE PE3YJIBTAThl U BBIBOIBI HCCIIETOBAHMS, KOTOPHIC
MOJTHOCTBIO COOTBETCTBYIOT II€JIM M 3ajadaM, IIPe/UIOKEHbI HAIPaBICHUS Ul Pa3BHTHs pabOTEHI, B
T.4., B QCMIEKTE NMPAKTUYECKOTO BHEIPCHUA PE3y/IbTaTOB (aTTecTaluu coeauHenus SiC neranei).

B nmenom, aucceprammonHas pabora HanmMcaHa XOpPOIIMM HAyYHBIM S3BIKOM, JIOTHYHO
CTPYKTYpUpOBaHa, Bce (HOpMyIHpyeMBble 3aK/IOYEHHsS M THIIOTE3BI MOAKPEIUIEHB HEOOXOIUMBIMU
NEPBUYHBIMH JIAHHBIMH W/WJIM JIATEPATyPHBIMH MCTOYHHKAMH. BaKHO NMOAYEPKHYTh, Y4TO Kaxaas
I71aBa  3aBepiiaeTcs HeOONBIIHM  3aKIIOYEHHEM, pEe3IOMHPYIOIIHM  pe3yJibTaThl M YeTKO
CBSA3BIBAOIINM YacTH padOThI MEXTY COOOIA.

3. JlocToBepHOCTE M CTeneHb OGOCHOBAHHOCTH HAYYHBIX IOJIOKEHHH M BBIBOJIOB,
copMyIHPOBAHHBIX B HCCEPTALIHH

OGocHOBaHHOCTh HAYYHBIX ITOJIOKEHHI H BBIBOJOB ONPE/EISCTCS CTPYKTYPOH HCCIIEI0BAHMS.
B yactHOCTH, mocie/ioBaTenbHO oOcyxkIaaeTcs (a3zoBBIi COCTAB MOJYYEHHBIX OOpPasloB, HX
MOpP(OJIOrusl ¥ 3IEMEHTHEI COCTaB, YTO JI@eT YTOUHSMOILYI0 HH(pOPMAIHUIO O MPOCTPAHCTBCHHOM
JoKanu3aiusa (as, a janee 3TH CBeIeHHs JOomoiHsioTes pesyisraramu MK u KP-cnextpockonuu,
uneHTuuiupyromuMu C- u Si-comepanue (asbl, He OXBaueHHBIC NPEABIIYIIMMH METOIaMH
HCCIICIOBAHUA. JTO MpeJocTapiseT Haubojee MOIHYIO KapTHHY MPOTEKAOINUX IIpeBpaiieHuid. B
METOJIOJIOTHYECKOM aclleKTe, aBTOP CHCTeMaTHYECKH M3MEHSET I[apaMeTphl CHCTEMBI I
BBISBIICHUS POJIM KOHKPETHBIX (PAKTOPOB, a TAK)Ke [IPOBOJIUT JOIOIHHTEILHBIE SKCIIEPHMEHTBI JIIst
IIPOBEPKH psiZia KIIIOYEBBIX TMIIOTE3 (HAllpUMep, MCIIOIB30BaHHE TpPeBAPUTEIEHO OKHUCIEHHOTO -
SiC npu noxarBepxkacHUHM dS(derTa KHCIOPOAOCOAEPHKAINX INPUMECEN HIIM  MCCIEI0BAHUE
B3auMoJiekcTBUS Ir ¢ u3bsiTkoM KapOuza xpemuusa (Ir:SiC = 1:3) ans yToOYHEHHUS BO3MOMKHOCTH
(OpPMHPOBAHUS CHITHAIUIOB C OOJIBIIIAM COJIEPHKAHHEM KPEMHHS).

JlocToBepHOCTE pe3ynbTaToB 00YCIIOBIEHA HCIOJIB30BAHHEM Habopa COBPEMEHHBIX METOIOB
HCCIICIOBAHUA  (PEHTIeHO()a30BOr0  aHalIn3a, JJIEMEHTHOI'O MHKpPOAHATH3a, CKaHHPYIOIIEH
5JIEKTPOHHOH MHKDOCKONMH, MH(PAKPACHOH CINEKTPOCKOMHH, CIEKTPOCKONHH KOMOHHAIIHOHHOTO
paccesHus UId XapakTepusaluu oOpasnos, MeTonoB nasepHoil Benbimkd 1 JJCK ans onpenenenws
KOJIMYECTBEHHBIX TEMIOMU3NYECKHX XapaKTepHCTHK W IP.) W COIVIACOBAHHOCTBIO PE3yJIbTATOB,
0Ty YEHHBIX HE3aBUCHMBIMH MeToJaMH. BaykHo, 4To aBTOp 0TMEYaeT Bce OrpaHUYEeHHs BRIOPaHHBIX
METOJOB W IIOJXOJOB, HAPHMEP, BO3MOYKHOE SKPAaHHPOBAHHE PEHTTCHOBCKUX IIy4eH TIKEIBbIMH
(hazaMu MPOJYKTOB M PEareHTOB, BO3MOKHAS HECTEXHOMETPHS COCTaBa CHIIMIMMJIOB, JUIA KOTOPBIX
NpPUBEIEHB] KOJIMYCCTBCHHBIC XapaKTCPUCTHKH, MM Y4YeT HaJM4Hs BKJIIOYEHHWH yriepoja B
uccinenyemom odpasue IrSi.

Pasnuunple acnexThl paboThl OBUTH IIpeAcTaBiIeHB! Ha 14 TeMaTHYecKHX KOH(EpeHIHSIX
BCEPOCCHICKOTO M MEXIyHApPOIHOTO YPOBHS, & IOJIyUYEHHbIE PEe3YJIbTAaThl B JOCTATOYHOI CTENEeHH
OTpakeHbl B IIyOJIMKaUMAX B BEOYLIMX OTEYECTBEHHBIX M 3apyOeI)KHBIX HAay4YHBIX JKypHalax
(Heopranuueckue wmarepuansl, Journal of the American Ceramic Society, Materials Today:
Proceedings, Materialia, Ceramics International), rae nponum peneHszupoBaHue TPOQHIBLHEIMA
CIeNUaIuCcTaMi. Bee 9TH pelleH3upyeMble HayuHBblE H3JaHHUsl MHIEKCHPYIOTCs B cuctemax Web of
Science uiau Scopus, a Takke BXOJAT B niepeueHs BAK.



4. Hosu3na nccie10Banusl, 0Jy9eHHBIX Pe3y/IbTATOB H BLIBOJOB

Iockonbxy muteparypuble cenenns o Bzaumoseiicteuu Ir u SiC GBUIM OTPasKeHbI TOTBKO B
msatd  paboTax, TIJe HCCIeJOBaHHbIE TeMIepaTyphl He mpeBbmuand 1450°C, HacTosmas
JUCCEPTAIHOHHAsT paboTa XapakTepusyeTcs BBICOKHM YPOBHEM HAyuYHOH HOBM3HBL Breppsie
TeMNEpaTypHbIH HHTEpBa ObLT pacimmped jo 1900°C, a B HcClieOBAHHH MCIIOJIB30BAIUCH KaK
MOPOMIKOBBIE CMECH, Tak H JU((y3HOHHBIE Iaphl, YTO MO3BOJIMIO BBIIBHTL DA KIIOYEBBIX
ocobeHHOCTEH. B yacTHOCTH, TOKa3aHo, 4To 00pa3oBaHne CUIMIUIOB upuaus Ir3Sis u Ir;Sis Tpebyer
(1) mckmoYeHHs MX KOHTaKTa ¢ yriepojom (ii) Temmepatyp Beime riarmenus IrSi (1707°C) (iii)
u30bITKa SiC, TOrza Kak B OCTAIBHBIX YCJIOBHSIX MPOAYKTAMH B3aUMOJIEHCTRHUS SBIISIOTCS CHITHITHIBI
UpUaus ¢ colepxkaHueM Kpemuus < 50 ar. %, u yruepox, mpuuyeM ¢aza Ir2Si MoxeT OBITH
CTa0MIIM3UPOBAHA B  YCIOBHAX OBICTPOro OXJ@kIeHHs. [lOKasaH KMHETHUECKHHl PEXKHM
B3auMozieicTeus Ir ¢ SiC B auddysnonnpix napax (1350°C, BnaoTe 10 56 4), mpHYeM CKOPOCTH
1u(y3MOHHOrO 110TOKAa aTOMOB HPHIHS CYLIECTBEHHO IPEBHINACT TaKOBYIO s kpemHms. Ha
OCHOBAaHMH JIMTEPATypHBIX JaHHBIX 10 JApyruM cucremam M-SiC  BrepBble NpejCcKa3aHo
(opmupoBanne nepuommueckoil MOpdoIOrHH MPOAYKTOB B3amMoxeiicTeus s M = Ir, kotopoe
Obu10 N0Ka3aHo skcnepuMeHTanbHO (cnou IrSi / {IrSi+C}). Buepsole usmepens! 3Hadenus KTP u
3HaYeHUST MHUKpoTBepaocTd Ir3Si, IraSi, IrsSix, IrSi, a gms IrSi — Takke rtemnodusuyeckue
XapaKTePUCTUKH (TEMIIEPATYPOIPOBOIHOCTD, TEIUIOEMKOCTh M TEIUIONPOBOAHOCTE) U BBISBIEH
(hasoBelit nepexox 2 poma. [lpemnoxken opuruHaibHBIA crnoco6 coemuHeHus jgeraneii uz SiC
KEpaMHKH C TMOMOIIBIO HUPHW/IMsA, BIEPBBIE BBIABICHBI KOPPENsAIUH M1y oOpasyroliencs
MHUKPOCTPYKTYPOi M NPOUYHOCTHBIMH XapaKTePUCTHKAMH COEIHHHUTEIBHOIO CIIOL.

S. 3HAYHMOCTE Pe3y/IbTATOB, MOJTYYeHHBLIX ABTOPOM, /LISl HAYKH H NPAKTHKH

Teopernueckass 3HaUYMMOCTH pabOTHI 3aKIHOYAETCS B KOMIUIEKCHOM CHCTEMATHYECKOM
HCCileI0BaHuy (pa3000pa3oBaHus U MHKPOCTPYKTYPHBIX ocobeHnocteit cuctemsl Ir-SiC B mupokom
UHTepBale TEMIEPATyp, BBIABIAIONIEM OCOOEHHOCTH B3aHMOJCHCTBHS KaK HEMOCPEICTBEHHO
TBEPABIX (a3, TaK U C y4aCTHEM MPOMEKYTOUYHOMH KUKOM (asbl s pasiuuHbIX (OpPM peareHTOB:
TOPOIIKOBLIX cMeceil / mud@y3MOHHBIX map / COeJMHHUTENBHBIX CIIOEB. DJTO CYIIECTBEHHO
pacmupsier GyHIaMEHTaNIbHBIC NPEICTARICHHS] O MPOTEKAIOIMX MPOIeccax M UX crelupHKe, 4To
HeOOXOMMMO JUISl pa3BUTUS OOJIACTH BBICOKOTEMIIEPATYPHOIO MATEPHUANIOBE/IEHHS B LENOM. B
YaCTHOCTH, IIOJIy4eHbl HOBBIC CBEICHHS 00 OpPUIHHAIBHOM NEPUOJHUYECKON MHKpPOCTPYKTYpE
IIPOJTYKTOB B3aUMOAEHCTBHSA (B KOTOPYIO BKJIIOYEH TOJNBKO OAHMH CHIIHIH/I), KOTOPBIE 3HAUNUMEI JIJIsI
MOHUMAaHHS MEXaHM3MOB M pa3pabOTKH MoJeNel ONMMCaHUs TAKOI'0 HeOOBIYHOro sBIeHHS. Takke
MoJiyYeHbl (yHIAMEHTAIBHBIE JaHHBIE O TeIUiohHu3MdyecKux cBoicTBax IrSi, ompenenensr KTP
HEKOTOPBIX CHJIMIUOB, @ TAKKe 3HAUYEHHUs UX MHUKPOTBEPAOCTH.

B mpakTHueckoM acmekTe, MOJyYEHHBIE Ppe3yIbTATBl MOTYT OBITh HCIIOJIB30BAHBl MPH
pa3padoTKe BBICOKOTEMIIEPATYPHBIX MarepuajioB Ha ocHoBe Ir-Si-C M pOICTBEHHBIX CHCTEM,
HarpuMmep, npu GopMHpopaHuH 3amUTHEIX TOKpEITHH Wik C-SiC u SiC-SiCr koMnosuTos. BaxkHo
MOAYEPKHYTh, YTO OJHO M3 HAIIPABICHHUH NPAaKTHYECKOTO HCIIOIb30BaHHs — coejuHenue SiC
KEepaMHUKH C IIOMOIIBIO HPUIHS — YK€ IIPeJCTaBlIeHo B padoTe, U BBICOKUI MOTEHIHAT pa3paboTKu
NOJATBEPXKIAEH COOTBETCTBYIONIMM [TATEHTOM.

6. loctouHcTBa paboThl H 3aMeYaHUSA
Ilpn obmeM BBICOKOM YpOBHE palOTBHI, CleAyeT OTACABHO MOMYEPKHYTH BBITOTHEHHBIH
aBTOpoM OO0JbIIOH 00BEM pPa3HOMIAHOBBIX HKCIIEPUMEHTAIBHBIX HCCIEIOBAHUN, KOTOpPbIE, HAJ0



IoJjlaratb, CKpBIBAIOT I10J COOOH YCIENIHO NpPEeOoNOJCHHBIE TEXHHUUYECKHE 3aTPYJHEHHS BBHILY
CHenr(pUYECKUX MEXaHHYSCKHMX CBOMCTB H3yYaeMblX 00BeKToB. OTIHUMTENHLHOH uepToif aBTOpa
ABJSIETCS  TaK)KE€ BHUMAaHME K J€TalsIM, TIIATENBHOCTh, AaKKYPaTHOCTh M BBLIBEPEHHOCTH
METOJOJIOTHYECKHX PEIICHHUH M 3aKIIOYeHHMH, a TaKKe KPUTHUYECKOE OTHOIICHHE HE TONBKO K
JIMTEPaTyPHBIM, HO ¥ K COOCTBEHHBIM JIaHHBIM.,

Bmecre ¢ TeM, U3 TeKCTa AUCCEPTAIUH OCTAKOTCS HESICHBIMHU CJIEAYIOIHE MOMEHTEI:

1) He BmonHe MOHATHO, YTO MM B BHIY ABTOpP IIPH HCIIOJIB30BAHHUHM (Pa3bl: «MpOUHbIX
coedunenuil Ir-Si-C, coznacno dannvim PDA, obnapysceno ne 6oiron (cmp. 67): Takue
COCJIMHEHMS] HEM3BECTHBI BOOOIIE, MIIN B IPUHIMIIE BO3MOXKHBI, HO HE ObLIH 00HApYKeHbI?

2) Tlpu amanuse mpoayKTOB B3auMmoeiicTBus qudy3uoHHBIX nap, ¢asa Ir3Sis, B ommune oT
Ir3Sis, He permctpupyercsi MetojioM PDA, uro 0OBIACHAETCS €€ MaibiM KOJIHYECTBOM.
Onnako Ha Mukpodortorpaguu, 06IaCTH, COOTBETCTBYIONHME JTHM (pazaM, BBITJISIAT
COIIOCTAaBUMBIMIU (puc. 64, cmp. 98 duccepmayuu u puc. 11, cmp. 17 aemopephepama).

3) Yto xacaetcss oOCYkIEHHUs NPHYHH 0OHAPYKEHHOW AaHOMAHH Ha KPHBOH TEIJIOEMKOCTH
[rSi, oTmMeuanuck 11 nogoOHble (a3zoBLIe MPeBpalleHUs Ul H30CTPYKTYPHBIX/H30THITHBIX
MaTepHalioB?

4) CrpemieHHE aBTOPa K MCIIOIB30BAHHIO TEPMOIMHAMMYECKHX PACYETOB ClIEyeT OTMETHTh
M TI0/UlepXkKaTh. BMecTe ¢ TeM, HACKOJIBKO KOPPEKTHO sl OLEHKH TEePMOJHHAMHUYECKHX
XapaKkTepHCTHK  00pa30BaHUS  MCIOJIB30BaTh  H30(OPMYyJBHBIE  COEIMHEHHs, He
SIBJISIFOIIAECS] U30CTPYKTYPHBIMH ?

5) Kakzaplii U3 npesioxneHHbIX MOAX00B K coequHeHio SiC KepaMUKH ¢ ITOMOIIBIO HPHIAS
MMEET CBOM JIOCTOMHCTBA/HEOCTATKH: HAIIPUMED, B YCIOBUSAX 00pa3oBaHus KUAKOH (asbl
nporecc Oosiee KpaTKOBpeMEHHBIH, HO momyyaroTess Oonee mopucteie moacion {IrSi+C},
TOrJa Kak IpH TBepAo(pasHOM NoAXoJe M0J00Hble moAcaou Oojee MNIOTHBIE, HO
MakCHMallbHYI0 MPOYHOCTh COEIMHEHHS IIPOSBISET CJIOi, B COCTaB KOTOPOTO BXOIHT
MetactabunpHas ¢asza Ir2Si. Kakoit w3 3Tux moaxomoB 0Oosiee TepClieKTHBEH IS
IPaKTHYECKUX NPHIOKEHUH? B KakOM HalpaBlIeHUH ClIeAyeT IBHTaThCsl IPH pPa3BUTUH
crioco6oB coenunenus SiC KepaMUKH ¢ TOMOIIBIO HPH/ TS ?

6) Jlna coeauHeHHs, NOIyYEHHOrO B YCIOBUSAX oOpa3zoBaHus >KuIkod ¢asbl, oToOpaxeHue
JMHEHHOr0  XapakTepa 3aBHCHMOCTH  TPOYHOCTH HAa  HM3rUW0  OT  TOJIIMHBI
YIJIEPOICOJEPHKAIIEr0 CJI0S  BBINVISIAUT TIPEKIEBPEMEHHBIM: HMMEIOTCS TOJBKO JiBE
SKCIEepHUMEHTAIbHBIE TOUKH, a B claydae TBepHo(da3Horo B3auMOJICHCTBHS MpOsBiISETCS
OTKJIOHEHHe OT JHMHeHHocTH (puc. 81, cmp. 120 ouccepmayuu u puc. 14, cmp. 19
asmopeghepama).

OtrMmeueHHble 3aMeuaHHs UMEIOT CKOpee YTOUHSIOMUH WM JTHCKYCCHOHHBI XapakTep, He

3aTparuBaiOT OCHOBHBIE MOJYYEHHBIE pPe3yNbTarhl, cHOPMYTHPOBAHHBIE BBIBOJBI W ITOJIOKEHHS,
BBIHOCHMBIE Ha 3aIIUTY, H HE CHUIKAIOT LIEHHOCTH pabOTHL

7. 3akiouyeHue

Huccepranmonnas pabora ['omocoBa Muxamna AstekceeBuua <« DH3HKO-XHMHUYECKOE
HCCJIEIOBAHHE CHCTEMBI HMPHIMH-KapOMI  KPEeMHHS»  SBISETCS  3aKOHUEHHBIM  Hay4HBIM
HCCIIEIOBAaHHEM M COOTBETCTBYET IMyHKTaM 1, 3, 5, 6, 7, 8, 10 macnopra cnerpansHocT 1.4.15 —
Xumus TBep/oro Tesna. Bee pesyibTarhl FPAMOTHO NPECTABIEHBI, XOPOLIO IPOHIUIIOCTPHPOBAHEI H
akkypatHo odgopmnensl. ChopmynupoBaHHBIE BHIBOABI 00OCHOBAaHBI, @ BBIHOCHMBIE Ha 3alllUTy
[IOJIOXEHHS OPUTHHAJIBHBI.



Taxum o6paszom, 1o akTyaTbHOCTH, COAEP/KAHUIO, 06beMy HHbOpMAaIHH, HAay4YHOH HOBH3HE W
IIPAKTUYECKOH 3HAYUMOCTH paboThl, 0G0CHOBAHHOCTH M JOCTOBEPHOCTH PE3YJLTATOB H BHIBOJIOB,
AuccepTalHoHHas pabora «DH3HKO-XMMHYECKOE HCCIEJOBAHHE CHCTEMbl  HPHIMH-KapOHLI
KPEMHH» TIOJIHOCTBIO YAOBJIETBOPAIOT TpeboBanusiM myHkToB 9-11, 13, 14 «Ilonoxkenus o
NPUCYKJIEHHH YUCHBIX CTElCHEH», yTBep:KIEHHOTO TocTaHoBieHueM IlpaBuTenscersa Poccuiickoii
Oenepanuu Ne 842 or 24 centabps 2013 roza (B AelicTryromeii pefakium), a eé asrop, [oocos
Muxani AsekceeBHY, 3aCITy)KHBACT IIPHCYIK/ICHUS yUEHON CTENEHH KAH/IH/ATa XMMHUYECKHX HAyK
1o cnenuanbHOCTH 1.4.15 — Xumus tBepaoro tena.

OduuuaibHBIi ONMOHEHT:
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Buxynosa Esrenusi Cepreesna,

Kanauaar xumudeckux Hayk (02.00.01 — Heoprannueckas xumus u 02.00.04 — @uznueckas XuMHus
(xuMuYeCKHE HayKH)), CTapIIHil Hay4HBIH COTPYAHMK 1ab0paTOpHH MeETalIOPraHHYecKHX
COCMHECHUH JUIS OCAKICHHS UOJIEKTPHYECKUX MaTepuanoB (DeepajbHOro rocyIapcTBEHHOTO
OIO/DKETHOTO  yupeskJIeHHs Haykd HWHCTHTYT Heopranuyeckoil xumum uM. A.B. Hukonaera
Cubupckoro otnenenus Poccuiickoit akajeMun Hayk.

E-mail: vikulova@niic.nsc.ru

Ten.: + 7 (838) 330-95-56, +7 903 938 0089

[Touroserii anpec: 630090, r. HoBocubupck, npocrekt Akanemuka JlaBpenTtsera, 1. 3.

Tenedon: +7 (383) 330-94-90; daxc +7 (383) 330-94-89

Web-caiit: http://www.niic.nsc.ru

Hato cornacue Ha 06pabOTKy MEPCOHAIBHBIX JAHHEIX, [PEJCTABIEHHBIX B OT3BIBE, U pa3MelICHHUS
JIAHHOTO OT3bIBA B OTKPHITOM JOCTYyIE B HH()OPMAMOHHO-TEIEKOMMYHHKAIHOHHON ceTH
«MuTepuery
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