OT3bIB
Ha aBTOpedepar AuccepTaLuu
Cenerora Anexcest CepreeBuua

«PA3PABOTKA BBICOKORHTPOITUMHBIX KEPAMUUYECKUX

MATEPHUAJIOB HA OCHOBE TYT'OINIABKUX KAPBUJIOB (TaTiNbZr)C U
(TaTiNbZrX)C (X= Hf, W, Mo) METOJAMH CBC U UICKPOBOI'O
IINIASMEHHOI'O CITEKAHH A»

HA COMCKAHME YYEHOH CTENeHN KaH/1aTa TEXHUYECKUX HAYK MO CHELHATbHOCTH

2.6.5 - IlopomkoBasi METaJUTypPrusi ¥ KOMIO3HUIIMOHHBIE MATEPHAIIBI

CamopacnpoCTpaHsIouiics BeICOKOTeMnepaTypHblii cuutes (CBC) sBuseTcs OZHHM H3
MEPCIIEKTUBHLIX METOJOB IMOJYHEHHH KePaMHYECKHX MATepHalOB Pa3/IMYHOrO0 Ha3HAYEHHs, B TOM
Yucie BbICOKO3HTpOonuiHbIX (BD) kapOmmoB - cpaBHHTENBPHO MOJIONOrO Kijacca MaTepUalioB,
TEXHOJIOTMH [OJy4€HHs] KOTOPBIX eIle He MOJYYHJIH MIOJDKHOrO pa3BHTHA. B cBA3M ¢ 3THM
pa3paboTka HOBBIX COCTaBOB BBICOKOIHTPONUIHBIX KapOHIOB, N3y4YEHHUE BOSMOXKHOCTH UX CHHTE3d
Meronom CBC u KOHcOmMMAanMM METOAOM MCKPOBOrO IUIA3MEHHOIO CIIeKaHMs, a Takxke
HCCIIEOOBAHHE (IJHSHKO'MCX&HH‘IGCKHX CBOf’ICTB TIOJTYy9€HHBIX HOBBIX MATEPHAJIOB ABJIACTCA
aKTyaJbHOM HAy4HOW 3ajaveil M ONpedessieT aKTyaJdbHOCTh HMCcCcepTaunoHHON paboter Cenmerosa
A.C.

IIpu pewenun 3ToMH 3a7a4u JUCCEPTAHT MOIYHHII Pl HOBBIX BaXKHBIX HAY4YHBIX PE3YJILTATOB.
[Ipy momomy Merona MNEePBONPHHLMIHBIX pac4eroB (ab-initio) juA ompeneneHust Qaxropa
suTponuiiHoi crabmmmsauun (EFA) npennoskensl 4 cocraBa BD kapOumoB Ha OCHOBE MEPEXOIHBIX
METaJJIOB 4-6 rpym HepHOANYIECKOMN TabIULBI; (Ta0.25T10.25Nb0.25Zr0.25)C,
(Ta0.2Ti0.2Nb0.2Zr0.2Hf0.2)C, (Ta0.2Ti0.2Nb0.2Zr0.2W0.2)C u (Ta0.2Ti0.2Nb0.2Zr0.2M00.2)C,
obnapgaromux BeICOKMM 3HaueHueM EFA, rosopsimem o ux (aszoBoit crabumpHocTy. Ilomyuens
HOBbIE  OKCNIEPUMEHTAJIbHbIE JAHHBIE O  BBICOKOTEMIIEPATYPHOM  OKHMCIEHHMM  Kapbuna:
(Ta0.25Ti0.25Nb0.25Zr0.25)C wu Bnusinuu jerupoBanus Hf, Mo u W Ha ero xapoCTOMKOCTb.
IToka3ano, uto neruposanue Hf obecrieunsaeT HanIymyo xapoCcTORKOCTb, MOBbLILAs ee Oolee yem
B 2 pasa, 4TO NOCTUraeTcss 3a C4YeT 00pa3oBaHWs KOMIUIEKCHbIX okcumoB Tuna TiNb207 wu
Ta2Hf6017. YcraHOBiIeHa 3aKOHOMEPHOCTL (POPMHPOBAHMS CTPYKTYPbl M MEXAHHU3M OKHCIIECHUS
BBICOKOOHTponuitHoro kapbuma cocrasa (Ta0.2Ti0.2Nb0.2Zr0.2Hf0.2)C B TemnepaTypHOM
muanasoHe ot 25 mo 1200 °C ¢ 3BomouMedl CTPYKTYpPbl OKCHAHOIO CJIOs IPU MOBBIIIEHHAH
temmepatypbl:  Zr02—Me205+Ta2Hf6017—Ta2Hf6017+TiNb207.  H3yuennl ocobeHHOCTH
npouecca crpykrypoobpasosanus (Ta0.25Ti0.25Nb0.25Zr0.25)C u (Ta0.2Ti0.2Nb0.2Zr0.2Hf0.2)C
xapbunos npu CBC. IlokasaHo, uro B 06oux ciyyasx (popMUpOBaHUE MPOAYKTA MPOMCXOMUT HEPE3
KUIKYI0 (asy, OIHAKO, AMCIEPCHOCTh PEAKLHOHHOM Cpelbl 3HAYMMO BIUSET HA CTPYKTYpy
KOHEYHOro mNpoaykTa. B ciyuae HaHopasmepHoil peaxumonsoi cmecn (Ta/Ti/Nb/Zi/Hf)/C
mopdonorust ucxonHoii cmecu Hacienyercsi CBC mopomkom, a uisi CyOMUKPOHHO#M peaKkLMOHHOM
cmecn (Ta/Ti/Nb/Zr)/C npoucxomut 0OpasoBaHHE KONBLEBBIX CTPYKTYP 3€PEH, 4TO OOBACHAETCS
DasHON CKOPOCTBIO KDHCTALTM3aLMK CyOMUKDOHHBIX M HaHopasMepueix obbemor mnpu CBC.
BriepBbie omnpeznenaeHsl BBICOKOTEMIIEPATYPHbIE Teropu3nuecKue CBOMCTBA
(Ta0.25Ti0.25Nb0.25Zr0.25)C B nuanasone temmepatyp or 2500 no 5500 K, temnora nyiasieHus
(1,4 xJIx/r), Temneparypsl conunyca u jmkunyca (3900 u 4300 K), 3aBHCHMOCTH JHTANbIMH OT
temneparypsr; H(T) = - 0,646 + 8,52:10-4 T (xJbx/r) — TBepmas dasa, H(T) = 1,055 + 7,49-10-4 T
(xJIx/T) — xunkas dasa.

ITpakTHyeckasi 3HAYUMOCTb Pe3yJIbTATOB AUCCEPTALMOHHOM paboThl 3aKJIFOYAETCS B TOM, YTO
pa3spaboTaHbl COCTaBbI M ONPENENEHbI ONTHUMAJIbHbIE PEXHMBI Ul TOTyYeHUs TOPOLIKOB BD
KapOHIOB, 3aperucTPUPOBAHHbIE B BHE HOy-Xay B mernosurapun HATY MUCHUC. B Benopycckom
rOCYy/[apCTBEHHOM YHHBEpPCUTETE TpOBe/ieHa anpodarms BD kepamuk Ha pajualoHHy0 CTOMKOCTD
W TOKA3aHa WX TPHUIOAHOCTB JUIS M3TOTOBJEHHMS TEIUIOBBIIEIAIOMMX SJIEMEHTOB, paboTaiomux B
yCIOBUSIX TIOTOKOB HelTpoHoB. B MHCTUTYTE TEMIO- U maccoobmena umenn A.B. Jleikosa HAH



Benapycu mposenensl  ucnbrranms  (TaTiNbZrW)C - u (TaTiNbZHH)C B  ycnoeuwsax
BLICOKOSHTAJIBIIUIHONO ra30BOr0 MOTOKA MOMHOCTBIO 2,4 MBT/M2 ¥ oOnpeneneHsl 3HaYE€HWs
MaccoBoii M muHeliHo# ckopoctu abmsumm 34,8 um 16,1 wmrc-1 , 3,76 u 222 wmxm-c-1
COOTBETCTBEHHO. JKCTEPMMEHTAIBHO M TEOPETUYECKU ONpENeNieHbl 3HA4€HWs TBEPAOCTH,
MEXaHMYECKOI NPOYHOCTH ¥ MOMyJell ynpyroctd. YCTaHOBJIEHO, YTO Pacu€Thl 3HAYEHMH NaHHBIX
XapaKTepUCTHUK, MPOBOAMMBIE B paMKax TeOpHM (YHKIMOHANA MJIOTHOCTH METONOM AFLOW
HAXOATCS B XOPOIIEM COIVIACOBAHMH C TOJYYEHHBIMH SKCHEPUMEHTAJIbHBIMI - JaHHBIMIU.
DKCMIEPUMEHTAIBHO IOKa3aHO, YTO CHUHTE3UPOBAHHBIE IO TEXHOJOTHH BAOMO+CBC+UTIC BD
KapOuAbl MPOSIBISIOT — BBICOKME  TEMIOQU3MYECKHe  CBOWCTBA M MEPCHEKTHBHBI Ui
BBICOKOTEMIIEPATY PHBIX TIPUMEHEHHH.

3ameuanus o asropedepary:

i, He omnpenmeneH MPOLEHT MPUMECH OKene3a B IOPOLIKE (TaTiNbZrHf)C mnocne
mexanoxumudeckoro cunresa (MXC) B Teuenne 60 MUHYT (PUCYHOK 2).
2. Her o6GocuoBanusi BeiGopa misi mposenenus CBC yriepoma B Buae rpapura, a He

3HAYUTENLHO Gosiee MeIKOI caxku, KoTopasi Morjia obecrieunTs Oosee paBHOMEPHOE pacrpeneneHne

yriiepona B KOHEYHOM MPOIYKTE.

3. Ha crtp. 14 ykasaHo coneprxanue xuciopoza (oxomno 2%) B kepamuxe nocie MIIC nopourka,

nonyuennoro MXC, Ho He ykasaHO cofepxanue kucjiopona nocne UIIC nopourka, nomy4eHHOro

meronom CBC.

OHAKO yKa3aHHble 3aMeYaHus HE CHIDKAIOT OOLiell TONOXMTENbHOH OLEHKH HMCCepTalHOHHOM
paGOThI, BBITIOJHEHHOH HA BBICOKOM TEOPETHYECKOM M JKCIIePUMEHTaNbHOM yposHe. Pabora
orBeuaer TpebosanuaM [lonoXeHns O TOPsIAKE NMPHUCYKAECHHUs yueHbX creneHeil B HaiuoHanbHOM
HCCNenoBaTenbckoM TexHonornueckom yuusepcutere «MHCuCp», a ee asrop, Ceneros Auekceit:
Cepreesud, 3aciyXKHUBaeT NPHCYXIGHHUs Y4YEHOH CTENeHHW KaHJUAaTa TEeXHUYECKMX HayK [0
cneuuanbHocTd 2.6.5. ITopolikoBast METaTyprus ¥ KOMIO3ULIMOHHBIC MaTepHaAJIbL.

3aB. xadempoii «MeTanioBeeH e, MOPOLIKOBAsH METAILTyPrusi, HaHOMATepUaisy (enepasbHOro
roCyJapCTBEHHOr0  OHOIPKETHOro  00pa3soBATENBHONO  YYPEXKACHHUS — BBICLIEro obpa3zoBanus
«Camapckuii  TOCy/IapCTBEHHbIN TeXHWHYECKHii yHHBepcuTeT», mnpodeccop, AOKTOp (U3HKO-
matemarnaeckux Hayk (01.04.17 — Xumuueckas Gpusnka, B TOM umcie GpU3nKa TOPEHUs U B3PbIBA)

oco Asnexcanap IlerpoBuy
07 centsibps 2023 r.
On. moura: egundor@yandex.ru

Ten.: (846) 242 28 89
IMourosniii anpec: 443100, Camapa, yn. Mononorsapaetickas, 244. I'naBHbii kopIyc.

S, HKENOANMUCABIIMICH, JAK COIJIACHE HA BK/IIOUEHHE MOUX MEPCOHANBHBIX JAHHBIX B IOKYMEHTHI,
CBSI3aHHBIE C 3AIIUTON AUCcepTalMoHHoi paboTsl Cenerosa A.C., u ux nanbHeimyo obpaboTky

mocoB Asekcannp [lerposuy
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