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OT3bIB BEAYIIEA OPTAHU3AIINA
DeepaIbHOTO FOCYIAPCTBEHHOTO aBTOHOMHOT0 00pa30BaTeNbHOTO YUPEKICHHMA BBICIICIO obpa-
soBanus «OMCKHUH TOCYIapCTBEHHBIN TEXHUYECKUH YHUBEPCUTET» Ha UCCEPTAUOHHYIO paboTty
Pespanoroii Anacracuy Eprennessst Ha TeMy «CTpyKTypa U (H3HKO-MEXaHHYECKHE CBOUCTBA Ke-
PAMHIYECKOr0 KOMIIO3UTHOTO MaTepyania r’uAPOKCHANAT|HT - MHOTOCTCHHBIC yTIIEPOIHBIC HaHOTPYO-
K1Y, IIPEJICTABJICHHYIO Ha COMCKaHKWE YUCHOH CTENCHHU KaHnuaaTa bu3HKO-MaTeMaTHYECKUX HAyK
o cneruansaocTyd 1.3.8. Ou3nKka KOHICHCHPOBAHHOIO COCTOSHIS

AKTYaJbHOCTh TEMbI JHCCEPTAHH

OnHOM W3 AKTYAJbHBIX 3a7a4 (U3UKH KOHJEHCHPOBAHHOIO COCTOSHHMS SBIIACTCA yCTAHOB-
JIeHVE B3AMMOCBSI3M CTPYKTYPBI M CBOMCTB HOBBIX (DYHKI[MOHAIBHBIX MATEPHATIOB, TO HMECT KpH-
THYECKOe 3HAYEHHME U Pa3spabOTKM KOMTIO3UTOB C 3aJaHHBIME CBOMCTBaMH. ['MpOKCHAmaTHT
(TA) siBIsieTcs MEPCIeKTHBHON OCHOBOW Ul KEPAMMUYECKHUX HMIUIAHTATOR. JobaBnesue MHOTO-
CTEHHBIX yriepomHbx Hanotpydox (MYHT) B matpuiy I'A mosBosisieT MOIU(DHUIIEPOBATE MEXAHHM-
JecKHe U TEIUIOBbIE CBOMCTBA KepaMUKH Oiarofaps yHUKAIBHBIM XapaKTepUCTHKAM HanoTpyoox. B
TO K€ BpeMsi, ONyOIMKOBAHHBIC PE3YIIBTATHI SKCIEPUMEHTAIBHBIX ucenenosanuii BiwsiHEs MYHT
Ha MexaHudeckue cpoicTBa Kommo3utoB ['A-MYHT mpoTuBOpe4uBEl ¥ HE CHCTEMATU3UPOBAHEL.
IToaToMy HCCIIEIOBAHHS B 00IaCTH CO3MAHKS ¥ HCCIICIOBAHKS KOMIIO3UTOB I'A-MVYHT axrtyaibHBI
Y TIEPCIIEKTUBHEL.

Il ONTHMM3ANUH TPOLEcca Pa3paboTKKM KOMIO3UIHOHHEIX MATEpHUanoB MOIYT MPUME-
HATHCS METOMBI MarmuHEOT0 00ydenus (MO), KOTopble HAILIK MPUMEHEHHE IIPH IIPOTHO3HPOBAHMA
MEXaHHIECKUX CBOMCTBE KOMIO3UTOB. OCOOEHHO aKTyaJbHO HCIIOJIB30BaHME TAKOro IOAXOAa AL
CJIOKHBIX MHOIOKOMIIOHEHTHBIX cucTeM. KoMOMHUpPOBaHKME SKCIICPUMEHTAIBHBIX METOA0B HCCIIC-
JIOBaHMS CTPYKTYPBI ¥ CBOMCTB MaTepHalOB, & TAKXXe METOI0B MallHHHOI'O o0yueHus MOXKET Cy-
[IIECTBEHHO IOBBICHTH 3(HEKTUBHOCTH MPOSKTHPOBAHMS HOBBIX KOMIIO3UTOB ¥ IIPOTHO3HPOBAHIA
UX CBOMCTB.

O1eHKa CTPYKTYPbI H COAEPIKAHUS JHCCePTAIHH

JluccepTaruonHas paboTa COCTOUT M3 BBEJEHUS, 5 IJIaB, 3aKIIOICHUS, IPUIOKCHU, CIIACKA
JUTEPATyphl, BKIIOYAOIEro 248 HCTOUHHKOB. Pa6oTta cofep)uT 142 CTpaHHMIBL, 55 PACYHKOB U 12
Tabnu.

Bo BBeIeHHH PAcKpHITHI aKTYalbHOCTh, CTENEHb PaspabOTaHHOCTH ¥ HOBH3HA ACCIIEyEMOU
mpo6emsl. Onrcana TemMa HCCIeIOBaHMsI, ChOPMyYTUPOBAHBL LENh ¥ 3a/iavy ACCICOBAHM, IPUBOISIT-
s HaydHasi HOBH3HA, TCOPCTHYECKAA M IIPAKTHYCCKasd 3HAYUMOCTE PE3yIbTaToB paboter. ObocHOBaHA
JIOCTOBEPHOCTE TONYYEHHBIX Pe3yIbTaToB. [IpuBeieHs! NaHHbIe 00 ampobaryy HecneI0BaHus U KOJIH-
YyecTBe ITyOmMKarmii 110 Teme uccnefopanus. OnucaH JTMYHBIA BKIIJl aBTOPA. [IpencrapieHs! CBEICHASL
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0 CTPYKTYpe JHMCCEPTALAH, BEIHOCHMBIC Ha 3AlUTy NOTIOKEHHI 1 KpaTKas XapaKTePHCTHKA OCHOBHBIX
paznenos.

B 1epBoii Ii1aBe IpeCTaBIeH JUTEPATyPHBIA 0630p 10 TEMaTHKE JAUCCEPTAMORHOH paboTEHL,
OTPAKAIOIIHN aKTYaTHHOCTb U HOBH3HY HCCIIEIOBAHHS, 3AKIFOYAIOIIErocs B paspaboTKe KOMIIO3UTHO-
IO MaTepHaa Jiisl PEKOHCTPYKIIMH MOBPEKIEHHBIX KOCTHBIX TKAHEH.

JIeTASHO PACCMOTPEHE! CTPYKTypa ¥ CBOMCTBA THIPOKCHANATHTA, SBISEOIIETOCS OCHOBHOH
MUHEPATBHOM COCTABILIOINEH KOCTHBIX TKaHEH 4eloBeKa. Ocoboe BHUMAHHE YIEICHO CBOMCTBAM H
CTPYKTYpHBIM 0coOeHHOCTSM I'A, KOTOpBIE OMPENEsOT NEPCIEKTUBHOCTh €r0 HCIIONB30BAHMA B Ka-
YeCTBE MATPHLG! JUT KOMIIO3UTOB METUIMHECKOro npuMererus. Crienan BBIBOA O TOM, 4T0 I'A ABJIseT-
CS1 TIePCIIEKTHBHBIM MATEPHATIOM Ul 3aMeHBI M PEKOHCTPYKIMHA KOCTel OJ1aroaps XUMIUIECKOMY CO-
CTaBy, HO HE COOTBETCTBYET TPeOOBAHMAM K NOJOOHBIM MaTepHanaM o CBOMM MEXaHIICCKIM XapaK-
TepucTrkaM. OTMEUEHO, UTO OCHOBHBIM HAIPABICHHEM TOBBIIICHIS 3HAYCHAN (H3HKO-MEXAHIIECKIX
XapakTepucTHK ['A SBISETCS HCIONB30BAHIE apMUPYIONTHX (YHKIMOHAIBHBIX HaTlONMHATENCH, CPE/IH
KOTOPBIX [TEPCIEKTHBHBIM MATEPHATIOM SBIOTCS MHOTOCTCHHBIE YTJIEPOIHbIC HAHOTPYOKH.

Oreriena > dEKTHBHOCTH TIOBBIIIEHNS MEXaHHYECKMX M TETUTOMU3MUECKHAX CBOMCTB KOMIIO3H-
TOB Ha OCHOBE I'A MOIM(UIMPOBAHMEM YIJICPOAHBIMH HaHOTpyOKamu. lIpHBEsICHBI OCHOBHBIE OCO-
GEHHOCTH CTPYKTYPBI X MEXaHIIECKIX CBOUCTB HAHTPYOOK. PacCMOTPEHBI METO/IBI 0Ty ICHHS KOMIIO-
3WTOB THIPOKCHATIATHT - YTIIEPOAHbIe HaHOTPYOKH. CJienas BBIBOJ| O TOM, 9TO IEPCIICKTHBHBIM METO-
JIOM SIBJISIETCS CTIEKaHMe KOMIIO3MTa B arMoc(epe aprona 6e3 MpuioeHus JapjeHus. OTMEYeHo, uTo
HEOBXOIUMBIM ISl IOCTIDKEHHS TPeOyeMBIX MEXaHHIeCKUX XapaKTepUCTHK pa3padaThiBaeMbIX MaTe-
PHAJIOB SBISIETCS TIOBBIEHUE CTEIIEHW TOMOTEHH3AIUH PACIIPEACICHHS MVHT B I'A-marpurnie. Pac-
CMOTpEHBI CTIOCOOBI JIOCTIDKeHMs paBHOMepHOro pacipeneneaus MYHT B T'A, addexTuBHOCTS HC-
nons3oBanus [TAB.

I[MpuBeneHsl 00OOIIEHHBIE AHHBIE O MPEHMYLIECTBAX MCIIOIB30BaHMS METOIOB MAIMHHOTO
00y4YeHMs ISl IIOCTPOECHUS IPOrHO3HBIX MOJIENICH TS MEXaHUYECKHX CBOMCTB KOMITO3HTOB CO CJIOMK-
HO# cTpyKTypoi. [ana o6miasi XapakTepHCTHKa METOJI0B MAIIMHHOTO OOYYEHFS, PACCMOTPEHBI BO3-
MOYKHOCTH HCIIOJIB30BAHMS HEHpOHHBIX CETel IpY PEIIeHWH 3ajay amnmpoKCHMaluu. PaccMOTpPEHEI
BO3MOKHOCTH HCTIONB30BAHMUS JIEPEBLEB pelneHnil HeueTkoi noruku. CHopMymHpoBaH BEIBOX O TOM,
YTO ISl ONMCAHUS CIIOJKHBIX B3aMMOCBS3CH MEXIY CTPYKTYPHBIMH IIapaMeTpaMy KOMIIO3UTOB M HX
MEXAHMIECKAMH CBONCTBAMH I11€JIECO00PA3HO HCIIONF30BAHUE METOIOB MAIIMHHOIO OOYYeHHS, |TO
TIO3BOJTHT COKPATHTH OOBEM 3KCIIEPUMEHTATbHBIX HCCIETOBaHHE W 00ecneynTs HEOOXOMUMYIO TOU-
HOCTB IIPEICKa3aHuit CBOMCTB B YCIOBUSAX OTPAaHUYEHHBIX HCXOHBIX TaHHbIX.

Bo BTOpoOii riiaBe ONMCAaHBI MaTepHaabl X METOMBI MCCIIEI0BAHKS, TEXHOIOIHA MOTyICHUT
xkomno3utoB ['A-MVYHT.

B pa6oTe TOTydeHbl i UCCIE[0BAHBI CEPHH KepaMHJecKux o0pasios Ha ocHose 'A ¢ no6aB-
xamu MYHT ¢ comepxanuem 0,05 - 0,5 mace.%. ITogpoGHO paccMOTPEHBI 3Tallbl NOTYYEHMs KOMIIO-
suta [[A-MVYHT.

B xadecTBe MCIOIB3YEMBIX METONOB MCCIIENOBAHUS OIMCAHBI PEHTTEHOCTPYKTYPHBIN aHAN3,
UK-®ypee-criexrpockormst, XANES (NEXAFS), ckarupyromas 3/IeKTpOHHAs MUKPOCKOIIHS, TePMO-
TPaBUMETPUYECKUH aHATH3, a TAKKe METOJB! OIpeeieHrs TBeprocTy 1o Bukkepey, moxyist HOmTa,
MPOYHOCTH HA CYKATHE, TPEIMHOCTORKOCTH. YKA3aHO, YTO pa3paboTKa anrpOKCHMAMOHHOH MOJICIH
JUIs TIPOTHO3MPOBAHMS ITapaMeTpOB TPELIMHOCTOHKOCTH KOMIIO3WTA OCYINECTBILUIACh METOAAMU Ma-
IMMHHOrO 00yYEHNs Ha A3bIKe mporpaMMEposanms Python.

Tperbs rjaBa MocBsleHa uccaenopannto Biussaus MYHT Ha CTpyKTypy KOMIIO3HTHOTO
MarTcpHajla Ha OCHOBC THOpOKCcHAlIaTHTa H ONCHKS paclnpeieICHHAA TEeMIICpaTyp MEXIY BHEIHEH
TIOBEPXHOCTHIO U IIEHTPOM LIIMHAPHIECKOro obpasia I'A KepaMUKH TPy OTHKUTE/CIICKAHHH.

IIpHBeNeHE ¥ IPOAHATM3UPOBAHEI PE3YILTATH HCCIENOBAHUN CTPYKTYPhl B MOP(OIOTrHH
HCXOIHBIX KOMITOHEHTOB - nopoinkoB I'A u MYHT, rucrorpaMMs! pacupeaeneHus JacTui ['A 1o
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pasmepam u pacnpejenenust MYHT mo mmamerpam. Ilo pesynbTaTam 57I€MEHTHOTO KapTHPOBAHHA
MVYHT ycTaHOBNEH UX 3IEMEHTHBIA COCTaB.

HceenoBans! BIMSHEE TEMIIEPAaTyphl HAarpeBa Ha IOTEPrO MAcchl W pasHHIlA TeMIEparyp
npu Harpese B KomMnosuTHbIX mopomkax ['A-MYHT. OmpeneneHsl TeMIeparypHbie HHTCPBAILL, B
KOTOPBIX TIPOTEKAET MPOLECcC IOTEePH MacChl Uit opomka I'A 1 Juis mopourkoBoi# cmecu I'A-0,5
mace.% MYHT. O6cysxnens pesynsTarsl JITA nopomkos I'A u I'A-0,5 mace.% MYHT.

AHANMTHYECKH HCCIISIOBAHO PAcIpeieieHHe TEMIIEpaTyp B KepaMHuecKoM oOpasue IpH
criexanuy. 110Ka3aHo, 9To IIPU CliekaHuy 00pasiia Ha BHEUIHEH [IOBEPXHOCTH KEPAMUKH BOSHUKAOT
CKAMAIOIUE HANPSIKEHHS, & B EHTPATBHOMN YaCTH — PACTATHBAIOIIKE M3-3a HU3KOH TEMIIEPaTypo-
npoBoaHocTH ['A. C HCIOIB30BaHUEM IOTYUEHHBIX PE3yIbTaTOB CICNIaH IPOrHO3 O BO3MOKHOCTH
VIy4IIeHAs TEIIOQU3NIECKAX U MEXaHMYECKHX XapaKTepUCTHK KEpPaMUKH IIyTeM noOaBiIeHUs
MVYHT. Crenano 060CHOBAHHOE IPEANOIOKEHHE, UTO BBICOKas TeMieparyponposoanocts MYHT
TTO3BOJIUT aKTHBMUPOBATH MPOIIECC CIIEKAHUSA B KEPAMHUKE M CHH3UTH HAIIPKEHHS B KCPaMHUKCE IPH
CIIEKaHHH.

Ilo pe3ysbTaTaM SIEKTPOHHON MHUKPOCKOIHH IIPOBEICH aHATH3 CTPYKTYPBI KOMIO3HTHOH
kepamuku ['A-MYHT. Onpenenensl MUKPOCTPYKTYPHBIC ITapaMETPhl KEPAMUICCKIX ['A marepua-
JIOB, TIOKAa3aHO, 9T0 B obpasuax ['A KepaMuKy BHYTpEHHHE HAIPSDKEHHS BBIIIE, 9€M B 00pasiax
'A-MVHT.

IlpuBeneHs! U obcyxaensl pesyisrarsl UK-Oypee-cnekTpockonny ['A kepamuku. YcrTa-
HOBJIEHO, YTO B MCCIIEIOBAHHEIX 00pasiax obpasyercs KapOOHW3HPOBAaHHBIA anartutT A-THIa, J0-
6asku MYHT IpHBOIAT K YCHICHHIO KapOOHU3AINH CTPYKTYPhl THIPOKCHANATHTOBOM MaTPHIIE! B
pe3yJIbTaTe YaCTHYHOTrO OKHUCIIeHHs HaHOTPY6oK. C POCTOM COMep KaHus HAHOTPYOOK B KOMIIO3HT-
HOM KepaMUKe TIPOMCXOUT 60Jlee MHTECHCHBHAs KapOOHU3aIHsl allaTUTOBOR (paskl, BCIICJICTBAE He-
IO YBEJINYIMBAETCA HHTEHCHBHOCTE KapOOHATHOM II0JIOCH PACTSKEHHS.

IIpoanammsupoBansl XANES-ciextpsr MYHT, T'A, T'A-0,1 macc.% MVYHT u I'A-0,5
mace.% MYHT. Crenan BBIBOZ 0 TOM, 4To Mopudukaims kepamukd MYHT npuBOJIMT K aKTHBH-
3aIMH| POIeccoB criekanus ["A-KepaMUKy U YBETUIEHHIO €€ INIOTHOCTH.

B derBepToil IiIaBe NIPEICTABIEHBI PE3yIHTATHI SKCIEPUMEHTANBHBIX UCCIICI0BaHUM Me-
XAaHUUYECKUX CBOMCTB KoMIto3uToB ['A-MVYHT, Takux KaKk MHKPOTBEPIOCTb, MOAYJb YIPYIOCTH,
NPOYHOCTB Ha CHKaTHe ¥ TPEIIUHOCTONKOCTS. [IpoananusupoBaHbl KPUBBIC HATPY3KH-PasTPy3KH.

[ToJyd4eHs! U MpOaHaTM3UPOBAHbI 3aBUCMMOCTH OTHOIICHHUS MIACTHYECKOH paboThl K MO
Holt pabote (W,/W,) mebopmarisiu 1 OTHOIIECHHS YIPYro# (06paTuMoi) paboThl K HOIHOH pabote
nedopmanuu (We/Wy) xomnosura TA-MYHT ot xonnenrpanud MYHT. YcraHoBIeHO, 9T0 OTHO-
IIeHys [IACTHYECKOR M YIpyro# (o6paTiMoit) paboT K momHO# pabore aeopmaiii KOMIO3HTa
'A-MVYHT npakTudecku IIOCTOSHHO B HCCIIEOBAaHHOM JHaria3oHe xonuentpampit MYHT. Ilomy-
YeHa 3aBHCHMOCTH TPEIIMHOCTOMKOCTH OT JUIMHBI TPEIIHHEL B KepaMUIecKUX obpasuax

VceTanoBIeHo, 9To atst komrosutos [A-MVHT, cnedeHHsIX B aTMocdepe aproHa, yBelH-
YeHHe KOHIEHTPAlHH HaHOTPy6oK 110 0,5 Mace.% NPUBOAKT K MOBBIICHHIO MEUKPOTBEPAOCTA Ha 30
% ¥ IPOYHOCTH KOMIIO3UTA Ha CKaTHe B 13 pas, B TO BpeMsl KaK 3Hauenus Moy FOHra u3MeHs-
FOTCS He3HAuuTeNbHo. OTMEUEHO, YTO 3HAYECHHUS JAHHBIX XapaKTePUCTHK CPaBHUMBL CO 3HAYCHHS-
MM COOTBETCTBYIOMINX XapaKTEpUCTHK 3yOHOM sManu. Crenad BBIBOJ, YTO MOAM(UKAIMS KepaMH-
KU YTIIEPOAHBIMA HAHOTPYOKAaMH OBBIIIAET TPHOOTOTHUECKHE XapaKTEPUCTHKY TOBEPXHOCTH

B nsTol raase IpeCTaBICHEl PE3YILTATHI IIOCTPOSHUS IIPOTHO3HON MOIEIH [UIS MEXaHH4e-
CKUX CBOMCTB KOMIIO3HTHOH Kepamuku I'A-MYHT meromamMyu MaIrliMHHOTO 00y4eHusl, & TAKKe TPEeLy-
HOCTOHMKOCTH B 3aBHCHMOCTH 0T cozieprkanus MYHT.

B paGoTe HCnomb30BaHbl METOIB! MAITMHHOTO 00YYCHHUS IIPH CO3/IaHKH IPOTHO3HON MOJIEIH,
OCHOBAHHOM Ha AIIPOKCHMAIMU JAHHBIX SKCIEPHMEHTATBHOTO HCCIENOBAHMS TPELIHHOCTOMKOCTH



KOMITO3UTHO# Kepamuku Ha ocHoBe I'A ¢ nob6asxkavu MYHT B muanasone 0,0 5- 0,5 macc.% meTonamu
HEWpPOHHBIX CeTel, CUCTEMbI HEUETKOTO JIOTMYECKOI0 BHIBOJIA U JIPCBHEB pEIIEHUMA.

[IpuBeneHa MOCTAHOBKA 3a/a9d MOJEIMPOBAHHSA, TpeICTaBieHa oOmas cXeMa NOCTPOCHHS
IIPOTHO3HOM (MHTEPIOJISIMOHHON) MOJIEIH ISt OLCHKH TPEIMMHOCTORKOCTH. 110y deHBI 3aBUCHMOCTH
TpenmHOCTOMKoCTH 0T KoHueHTparmit MYHT u nopucrocta I'A.

JIng TONy4EeHHS ~ CPABHUTENHHOM  KONMYECTBEHHOM  OLEHKM — NPUMEHEHMS — PasHbIX
METOZIOB ~ MAIMHHOTO  OOydyeHWs ~ ObUIa  BBIIOJHEHA  AINIPOKCHMAIMSA  KCCIE/lyeMOH
saBrcrMocTd I TpenmHocTolkocTd Kic(P, a, ¢) ¢ mpiMeHeHneM MeTozia CITy4aifHOro jreca — aHcaM-
651 nepeBbeB pernennit (P —IOpHCTOCTH MaTepuana, a — MOJyHaroHaik OTNedaTKa MHIACHTOPa, ¢ —
JUMHA pamgMabHOM TpertuH). [[PHBE/IEHO PElleHNe 3a/1auu C IPUMEHEHNEM anmapara HedeTKOM JIoTH-
KW, HEHPOHHEIX CETEH.

ITo pe3ynbTaTaM CpaBHEHHUS OTYYEHHBIX PEIIEHHH C/IEaH BBIBOJ O TOM, 9TO HEHPOHHBIC CETH
ITOKa3a/¥ HAWTYUIIHH pesy TsTaT IIPH WCIIONB30BAHMY aHcaMOnIs Takux ceTeld. [IpuMeHenre HeHpoH-
HBIX CETEeH JUIsl PellleHust TaHHOM 3a/[a4y CTalo BO3MOMKHBIM 3a CYET JAOIOTHCHMS SKCIIEPHMCHTATTbHbIX
JIAHHBIX PE3yJbTaTaMy MaTeMaTHIECKOrO MOICIHPOBAHMS.

B saxmogenun chOpMYIAPOBAHEI BEIBOIBI II0 PE3YJIbTaTaM IHCCEPTAIHOHHOIO HCCIIEN0Ba-
HUSI, B KOTOPBIX PACKPHITHI MeXaHu3Mbl (hopMupoBanus komro3utHo# kepamuku A-MYHT u ontu-
MAaBHBIA PEXKUM CIIEKaHHs, 00eCTeunBaIONIUe IOTy4eHAE MaTeprana ¢ MEXaHHIECKUMH XapaKTepu-
CTHKAMH, IPHOTIDKEHHBIME K KOCTHOM TKAHM uyelioBeka, Oe3 pasnoxenns I'A Ha BropuyHble (assl.
Jobaskrt MYHT cnocoOCTBYIOT CHIDKEHHIO TEMIIEPATYPHBIX IPAAMEHTOB B IIPOLIECCE CIICKAHMS, YTO
TIPUBOJIUT K YMEHBLICHUIO BHYTPEHHHUX OCTATOYHBIX HanpspkeHui. MYHT BBIOJHSIOT pOIb apMHUpy-
FOIUX 2JIEMEHTOB M BIMSIOT Ha IIPOIEcC MOopooOpa3oBaHus, 0OecnednBas MOBBIICHHE IUIOTHOCTH
CTPYKTYpHI Komriosuta. [Ipu 5ToM coxpaHeHHe pasMepoB MAaKpOKPHUCTALIMTOB YKa3hIBAECT HA OTCYT-
CTBHE JerpajJalliy OCHOBHOM CTpYKTYpHI rmapokcuanaruta. Jlobasnerue 0,5 mace.% MYHT ysemu-
YMBAET MHUKPOTBEPIOCTH KoMIo3uTa Ha 30%, IIPOYHOCTH Ha CXKaTHE B 9 pas, a TPEIMHOCTOMKOCTD —
Ha 17%. Monyms FOHra ocraercs GIM3KIM K TAKOBOMY JUTS 3MaJIH, a IIOJyYeHHbIC MEXaHUIECKHE Xa-
PAKTEPUCTHKH CPABHUMBI C XapaKTePUCTUKAMHU JII KOCTHBIX TKaHEH YeoBeKa.

B npuIokeHHH ONvicaHa KOMITBIOTEPHAs! TPpOrpaMMa UL HHTEPIOJSIAN TPEIHMHOCTONKOCTH
KommnosuTHOro Marepuana 'A-MYHT meronamu MammiHHOro 00y9eHHU.

Hayunasi HOBH3HA [IOJTyUEHHBIX PE3YJIBTATOB 3aK/IFOYaETCs B TOM, YTO BIICPBBIC ONPEICIICHEI
MexaHu3Mbl (popMHUpOBaHHs KoMo3uTHOH kepamukd I'A-MYHT # onTuManeHbl pexuM CIICKaHUs,
obecreunBaloIUe OMydeHre MaTepuaia ¢ HU3HKO-MEXaHHIECKUME CBOHCTBAMH, IPUOIMKEHHBIMA K
KOCTHOM TKaHM dYeloBeKa (MHKPOTBEPHOCTh, IPOYHOCTh HA CYKATHE, MOJYNb YIPYIOCTH, TPEIIHHO-
CTOMKOCTS). Y CTaHOBJIEHO, YTO MakcumanbHas kormenrparms MYHT 0,5 macc.% mo3Bonsier u3bexarb
VX armoMepariy B Matpuie ['A, IpHBOAAIIEH K CHYDKEHHIO IPOYHOCTHRIX XapakTepucTuk. [Iposesiena
OLIEHKA pacIIpeeNIeHis TEMIIEPATyp MEXIy BHEITHeH MOBEPXHOCTBIO M IEHTPOM HMIMHAPUIECKOTO
obpastia I'A kepamMuky, BO3HUKAIONIME IIpU oTkure/crekanun. Ilokasano, uro pobasku MYHT crio-
COOCTBYIOT CHMYKEHHIO TEMIIEPATYPHBIX I'PaIHEHTOB B IIPOLECCE CIICKAHMUS, 9TO IIPUBOIUT K yMCHbIIIE-
HHUIO BHYTPEHHMX OCTAaTOUHBIX HANpPsOKeHHH. PacKpeIT (usudeckuii MexanusM atoro shdexra. Paspa-
6OTaH AMTOPUTM MPOrHO3UPOBAHUS TPELITUMHOCTOMKOCTH ['A KOMIIO3UTOB B 3aBUCHMOCTH OT KOHIICH-
tpamn MYHT, OCHOBaHHBIA Ha TPUMEHEHHH METOIOB MAIIHHHOTO 0OydeHms. IlocTpoeHHbIE
HENUpPOCETEBbIE MOJEIH IIO3BOJITFOT IIPOBECTH WHTEPHOISIIMIO JAHHBIX, YYMTHIBAs paclpeNesicHue
HAHOTPYOOK, MeK(asHble B3aMMOISHCTBHS U Ae(EKTHl B CTPYKTYpe KOMIIO3UTHOro Marepuana ['A-
MVHT.

Teope’rﬂ'leclcaﬂ H IIpaKTHYCCKaH 3HaAaYIHMOCTD IIOTYICHHBIX PeE3YyIILTaTOR OIIPEACIBIETCA TCM,
YTO pa3pabOTaHHBIA CIIOCOO MONMYYCHUS] KePAMHYECKHX KOMIIO3HMIMOHHBIX MarepHajioB Ha OCHOBE
ruzpokcuanaruTa ¢ godaskamu ot 0,05 10 0,5 mMace.% MHOTOCTEHHBIX YIVIEPOJHBIX HAHOTPYOOK MO-
JKeT TIPUMEHSITRCS /ISl CO3/IaHMs KOMIIO3UTOB Ha ocHOBe I'A, comepkallliX HaHOTPYOKH, ¢ ONM3KUME
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CBOMCTBaMH KOMITOHEHTOB. KoMIuteke (U3HKO-MEXaHWYECKUX CBOWCTB KOMIIO3MTa PEKOMEHIyeTCs K
HCTIONTb30BAHUIO IIPH CO3IaHUM HOBBIX KEPAMHYECKUX MaTepHAlIOB, COJEPIKAIIUMU YITICPOIHBIE HAHO-
TpyOKu. [Tpennoxennas vefipoceTeBas anmpoKCUMalMOHHAsS MOJIEITb MOJKET UCTIONb30BaThCS IIPU IIPO-
THO3MPOBAHUM CBOMCTB IMMPOKOrO KJIAcca KOMIIO3HIMOHHBIX MaTepHaIoOB ¢ YIPOUHSIOMIME J00aB-
KaMH IIPHA UX IIPOEKTHPOBAHUH, B TOM YHCIIe OMOCOBMECTUMBIX U MEXAaHUYECKH YCTOMUHMBBIX KEPAMU-
YeCKHX KOMIIO3UTOB. [TomyueHHbIe pe3ybTaThl MOIYT CIIYXKHUTh OCHOBOM JUIA NAIbHEHIINX HCCIIENOBA-
HUHA B 00JACTH ONTHMH3AIMK COCTaBAa M TEXHOJOTHH IOTy4eHUs] GHOCOBMECTUMBIX KOMIIO3UTOB, a
TaKKe I pa3padOTKH HOBBIX MATEPHAIOB C YJIYYIIEHHBIMU XapakTEPUCTHKAMH IJIs MEIUIIMHCKHX
[IPUMEHEHUH.

IIy6nukanuun u anpoSanus pe3yJbTaTOB HCC/Ie0BAHMS

Hucceprannonsas paborta xopoio anpobuporata. ITo Teme auccepranuu oyOnukoBaHo 18
MeYaTHBIX paboT B W3TaHUIX, BXOAAIHX B epedeHs BAK, 6a3sr Web of Science n Scopus. ITomy-
YeHbl 3 cBujieTeNbeTBAa PD 0 rocynapcTBEHHOM perucTpaiuu nporpammsel it OBM. Pesynbrate
IyccepTanuy 00CyKaanuch Ha MHOTOUMCICHHBIX KOH(DEPEHIMAX, CEeMUHApaxX U MIKOJIax Pa3IHuyHo-
r'O YPOBHSL.

JloCTOBEPHOCTH MOJIy4eHHBIX B pafoTe IKCIEPHMEHTAIBHBIX Pe3yJabTATOB U 000CHO-
BAHHOCTH N0JI0JKeHMIl, BRBIHOCUMBIX Ha 3allUTY, & TaK)Ke BBIBOJOB, CHIENIaHHBIX B paboTe, obecre-
YHBAETCs IPUMEHEHHUEM COBPEMEHHOTO 000pyHOBaHMS, AETAIBHOCTHIO BBIIONHIEMBIX H3MEPEHHH,
MIOBTOPSIEMOCTEIO OKCHEPUMEHTAIBHBIX Pe3yJIbTaTOB M UX COIJIACOBAHHOCTBIO C JAHHBIMH, ITOJIY-
YEHHBIMU HE3aBUCHMBIMU METOJaMH, IPUMEHEHHEM COBPEMEHHBIX U alpoOUpOBaHHBIX METOJIOB
MAaIIMHHOro 00y4ueHus TeopeTndeckue U dKCIIEPUMEHTANBHBIE PE3YIbTAaThl COTTACYIOTCA ¢ COBpE-
MEHHBIMH [IPEJICTABICHUAMH (PU3UKU KOHIAESHCHPOBAHHOTO COCTOSHUSL.

CooTBercTBHE aBTOpedepaTa COAePKAHUI0 PaGOThI

Conepixanue aBTopedepara COOTBETCTBYET COICPIKAHHUIO AMCCEPTAlMOHHON paboThl, pede-
paT COACPIKHT OCHOBHBIC PE3YJIbTAThl ¥ BEIBOABI JHCCEPTALINH.

CooTBeTCTBHE CONEPIKAHUS AUCCEPTANME NACTIOPTY CHENHATLHOCTH

Tema u conepxanue quccepranuonnoi paboter A.E. Pe3BaHOBO#M COOTBETCTBYIOT IIYHKTaM 1,
5, 6 macnopra Hay4yHOU cnenuanbHOCTH 1.3.8. OH3KMKa KOHAECHCHPOBAHHOIO COCTOAHHS (OTpacib
HayKH — (U3HKO-MaTeMaTHIECKHE).

3amMedaHus M BOIIPOCHI [0 COIEPKAHUIO PAOOTHI.

1. Ilpu omucaHuM pe3yIBTATOB CIIEKTPOCKOIHH pPeHTreHoBckoro mnoriomenus (XANES)
(pasnmen 3.4, pucynok 3.12) orMedaercs yBenrueHHe HHTEHCHBHOCTH 6*(C-O)-110JI0CH B CIIEKTpax
KOMIIO3UTHBIX 00pasIoB ¢ pa3nuyHoi koHieHTpauueit MYHT, 4to neHCTBUTENBHO, B IEPBYIO
ougepelib, CBA3aHO ¢ 00pasoBaHueM KapOOHATHBIX TPYIIL, Kak 3TO OTMeuaeT aBTop. OJHAKO, BBICO-
KYIO OTHOCHTEIIBHYIO HHTEHCUBHOCTE B CIEKTpax Bcex KoMrmo3uToB umeeT n*(C=0) momnoca, KOTO-
pas yKasplBaeT Ha HaIM4ue KapOOoKCHIbHEIX U KapboHmIbHEIX rpynn (C=0, COOH). BoaMoxHoO,
CTOMJIO TIPOBECTH aHAJIU3 MOTEHIMAIBHOTO BIUSHUS JaHHBIX TPYIII HA CTPYKTYPY U CBOHCTBA KOM-
IIO3UTOB.

2. B rmaBe 5 muccepTanyy NpH WCTIONB30BAHUN HEHPOHHBIX CETEl MpuBeaeHa HHGOPMAIIHI O
pasjienieHrH BRIOOPKHU Ha 00ydaroinyro u tectupyromyto. Ho Her olmeit nabopManuu 06 oobeMe
BEIOOPKH JaHHBIX, (hopmaTe IpeCcTaBIeHHS BEKTOpa BXOAHBIX JJAHHEIX ¥ KOJMUECTBE 310X 00yue-
Hus. OTa MHQOPMAIHS BaXKHA IS IOHUMAHKS Pe3yJIbTATOB MOIEITUPOBAHMS.

3. B rnase 5 Ha crpanune 105 mpuBeneH pucyHoK 5.16, Ha KOTOPOM TTOKa3aHa OIEHKa CKOpPO-
CTH U3MEHEHHSA POCTa TPECLUIUHOCTORKOCTH. HEIMOHATHO oOYeMy TOYKH alllPOKCUMHPYIOTC KPUBOH
BTOPOTO mopsifika. M3 pacronokeHus SKCIEpUMEHTATBHBIX TOYEK BHIHO, YTO CHaYaja Habmroaaer-
Cs POCT (YHKITHH, a 3aTeM ee MOHOTOHHOe yObiBanue. OUeBUIHO, YTO JUIS ITOTyYEHHS TOYHOTO pe-
3yJlbTaTa Hy KHa anlpoKCHMALUS COCTABHOU (yHKIIHEH.
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4. B riaBe 5 HECKOIBKO pa3 yIoMHHAeTCs mpuMmeHenue merona Monre-Kapiio, ogHako oT-
CYTCTBYET ONMCAHHUE, KaKk KOHKPETHO OH ucrons3yercs. Kak u3pectrno, meton MonTe-Kapio mveer
MHOXKECTBO Bapyaruii ¥ 00IacTeld IpUMEHEHHS.

5. B rnase 2 (ctpanwuia 50) IpHBOSTCS CBEAEHMS O IPOGOIOArOTOBKE 00PasLOB, IPH ITOM
JaHHBIE OO W3MEpeHHSX [IepPOXOBATOCTH MX I[IOBEPXHOCTH TOCHe (UHHIIHOE 00paboTKH
OTCYTCTBYIOT. BMecTe ¢ TeM, ONHHMM M3 KpPHTEpHEB OrpaHMYCHMS BKIaJa IIEPOXOBATOCTH
[IOBEPXHOCTH B HEONPEIEIEHHOCTh PE3yILTATOB H3MEPEHUil SBISETCS TiyOuHa MHICHTHPOBAHNS,
KOTOpasl IOJKHA He MeHee ueM B 20 pa3 IpeBhIIaTh CPETHION apu(METHYECKYIO IIePOXOBATOCTh
(TOCT P 8.748-2011, ISO 14577-1:2015). [lng WOBBIIEHUS JOCTOBEPHOCTH pE3YIBTATOB
U3MEpPEHMH TaKKe BAKHO YUYUTHIBATH PACCTOSHHE MEXJy HHICHTaMH, JAHHBIE CBEICHUS B
OIHCAaHWH METOIHKHU OTCYTCTBYIOT.

6. B rnase 4 (crpanuna 70) coobmmaercs «B jaHHOM riraBe ¢ TOMOIIBIO YIBTPAMHKPOTECTEPA
s qEHAMAYecKuX wuenbitasuii Shimadzu DUH-211 wucciemoBaHbl TBEpAOCTh O Bukkepcy u
momyns FOnra TA xepamuku ¢ MYHT». Jlanee, Ha cTpaHune 72 TakKe yKa3aHO Ha H3MEPEHHUS
MOJIYJIS YIPYTOCTH METOOM BIABIUBAHUS JJIS U3YYEHHs B3aMMOCBS3H MEXAY MUKPOTBEPIOCTLIO
(H) u momynem IOmra (E). Bmecre ¢ TeMm, Ha cTpaHuue 73 IPOBOJMTCS aHAIM3 KPUBBIX
HAHOMH/ICHTHpOBaHUs 1o Meroauke Omusepa—Pappa, KOTOpas SBJISETCS AanpoOHPOBAHHBIM
crocoGoM 06paboTKH Pe3yIbTATOB M3MEPEHHs! TBEPAOCTH HHICHTHPOBAHHS (HAHOTBEPIOCTH) H
MOJIyJIsSi YIIPYTOCTH NpH WHAEHTUPOBAHWM C MCIIOJIB30BaHHEM HaKoHeuHHKa bepkosuya. Taxum
06pa3oM, IOHUMAHKE TOr0, KaKiHe MMEHHO JIJAaHHbIE aHATU3UPYIOTCS aBTOPOM — MEUKPOTBEPAOCTE 110
Buxxepcy (Hy) wiu TBepIOCTb IIpH MHAeHTHpOBanuu (Hr), BechMa 3aTpy/iHeHO. B Texcre paboTsl
TaKke He TOSACHSETCS KakoW MMEHHO MOMYy/JIb YHPYIOCTH ONpPENENsuiCs — IPUBEICHHBINA
(koHTaKTHBIM, >(QGheKTHBHBINA) MOAyNs yupyroctu (E,) mIM MOIYNb YOPYrOCTH IIpH
HHICHTHPOBaHHH (/7).

7. B muccepTaiuy PUCYTCTBYIOT HETOYHOCTH ¥ HEKOPPEKTHEIE (POPMYIIMPOBKHY, HAIIPHMEP:

- KyCHWJIEHHE CTPYKTYpBI MaTepuaiay (cTpanuna 8);

- «B KepammKe IIOCJIE CIIEKAaHMs CYIIECTBEHHO M3MEHHJIACh MODP()OJIOTHS arioMeparoB
MVYHT, ocrapascs 1mo ¢opme HromsuaTbiMuy (cTpanuua 63);

- «MYHT noxkassBaior muk (002)...» (crpanuna 65);

- «DTO MOXKET IIPUBECTH K MeHbIIeMy Moay o fOura. ..» (cTtpanuna 75).

VkazanHble 3aMedaHHsl He CHHKAIT OOMIYI0 HOJOXKHTEJbHYI0 OIEHKY paborel, ee
HAYYHYI0 M PAKTHYECKYI0 3HAYHUMOCTD.

Bakarouenue. Jluccepranuonnas pabora A.E. Pespanosoit «CrpykTypa u (Qusmko-
MEXaHWYeCKHe CBOMCTBA KepaMHUUYECKOr0 KOMIIO3UTHOIO MarepHalia THAPOKCHANaTUT - MHOIO-
CTEHHBIE YIIIEPOIHBIE HAHOTPYOKU» SBISIETCS 3aBEPIICHHON HayYHO-KBATH(GHUKAIMOHHOH paboToH,
HAMEIOLIEN HaydHOE U IIPAKTUYECKOe 3HaYEHHE.

3HaUYUMOCTh TTOJTYYEHHBIX aBTOPOM JMCCEPTALlMM PE3yJLTATOB 3aKIIOYACTCS B TOM, YTO BHI-
SIBJIEHHBIE MEXaHW3MBI (OPMHpPOBaHMS KOMIIO3UTHOH kepamuku ['A-MVYHT, 3axoHOoMepHOCTH
pmusaus MYHT Ha CcTpyKTypy ¥ CBOHCTBA KOMITO3UTOB ¢ ['A-MaTpuueH U OLIEHKa paclpeae/ieHus
TeMIIEpaTyp MeXy BHEIIHEH MMOBEPXHOCTHIO W IIEHTPOM IMIIMHApHYeckoro obpasna ['A xepamu-
KM, BO3HUKAIOIIME IIPH OTIKUTe/CIIEKaHUH, BHOCAT 3HAUNTENBHBIN BKIIAJ B IOHUMaHUE GU3HIECKUX
SBIIEHUH, IPOMCXOIANINX MIPY MOIyYEHHH KOMIIO3UIIMOHHBIX MaTepraioB Ha ocHoBe I'A, Momubu-
posaraoro MYHT. PaspaGoTaHubli alropuT™ IPOrHO3HPOBAHHS TPEMIMHOCTOMKOCTH ['A KOM-
[IO3UTOB B 3aBMCUMOCTH OT KoHmeHTpauuu MYHT, ocHOBaHHBIM Ha NPHMEHEHMU METOAOB Ma-
IMIMHHOTO OOYYEeHHUs, U MpeIIoKeHHAss HelfpoceTeBas alllpOKCUMaMOHHasA MOJIEIb MOTYT HCIIOJIb-
30BaTbCs IMPH TPOTHO3HMPOBAHHMU CBOMCTB INMPOKOroO Kiacca KOMIIO3HIHOHHBEIX MarepHaloB ¢
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YOPOYHAIOITHUMH ,[[OﬁaBKaMH IIpH UX MIDOCKTHPOBaHHH, B TOM YHCIIC OHOCOBMECTHUMEIX M MEXaHH-
HECKH _YCTOI‘:IIII/IBBD( KepaMHU4YEeCKHUX KOMITO3UTOB.

JuccepranmonHas padora mo cBoeH aKTyaJbHOCTH, HAYYHOH HOBH3HE, YPOBHIO BBIIIOJI-
HeHHsA, 00beMy, HAYYHOH M NMPAKTHYECKON 3HAYMMOCTH IOJYYEeHHBIX Pe3yIbTATOB MOJIHO-
CTHIO OTBe4YaeT TpedoBanuaM I.a. 9-14 ITookeHnus 0 MOPSAAKe NPHCYKIAEHUS YICHBIX CTere-
Hel, NpeabSIBIsSIeMbIM K JHCCEPTANMAM HA COMCKAHHME YYEHOH CTeNeHH KaHANIaTa HayK, a ee
aBTOp, Anacracusi EBrenpesna Pe3BanoBa 3aciyskuBaeT NPHCYKICHHUA YICHOH CTeNeHH KaH-
aAaaTa GU3HKO-MaTeMaTHYECKUX HAyK 1o cnenuajbHocTH 1.3.8. DH3MKA KOHACHCHPOBAHHO-
I'0 COCTOSTHHSI.

Hacrosimuii 0T36IB Ha AuccepTaiuio PessanoBoit Anactacuu EBrenseBHb! «CTpyKTypa ¥ QH-
3UKO-MEXAHUUECKHE CBOMCTBA KEPAMHUECKOTO KOMIIO3UTHOIO Marepuaa TUAPOKCHAaTuT - MHO-
FOCTEHHBIE YITIEPOIHBIE HAHOTPYOKU» OOCYX/IeH ¥ oIN0oOpeH Ha 3acegaHuu Kadeapbl «DH3MKa»

OI'AOY BO «Omckuii TOCYIAapCTBEHHBIA TEXHUYECKHH YHHUBEPCHTET», IPOTOKol Ne 2 or
29.09.2025 r.

OT3BIB OATOTOBJIEH 3aBexyonmM Kadempoi «Puzuxan GIAOY BO «Omckuii rocynap-
CTBEHHBIA TEXHHYECKHU YHHBEepCHUTET», M.T.H. moreHToM Kpomotunbm Onerom BuranneBHdYeM U
nonentoM kadenpsr «Ousukay GIAOY BO «Omcknii rocynapeTBEHHBIN TEXHHYCCKUN YHUBEPCH-
TeT», K.(.-M.H. HecoBem Cepreem HukonmaepuueM.

S, Hecos Cepreii Hukonaepuy, naro cornacue Ha 00paboTKy CBOUX IEPCOHANBHBIX TaHHBIX.
51, Kpontotun Oner ButanseBud, Jjato coryiacue Ha 00paboTKy CBOMX IIE€PCOHAIBHBIX JaHHBIX.

Houent xapenprsr «@uzukay ®I'AOY BO «Omckuil rocyqapCTBEHHBIM TEXHUYECKUNA YHUBEPCH-

TETY
K.(.-M.H. ' Hecos Cepreii Hukonaesuu
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[IpencenarenscTByromuit Ha 3acemannu kadenpsl «dusukany OPI'AOY BO «Omckuii rocynap-
CTBEHHBIH TEXHHUUECKUH YHUBEPCUTET)

3aBemyromuit kadempoit «Du3uKa»

O.T.H., JOIEHT / L / Kponotun Oner Buransesnd

ITonnucu Hecora C. H. u Kportoruna O. B. 3aBe

Vuensnii CexpeTapb yHHBEpCUTETA

CaezieHus 0 BeIyINel opraHu3aliu:
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