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PE®EPAT

Hunnomuas padora: 79 c., 19 puc., 54 ucrouHuka.

Kmouessie ciioa: BRBICOKOYHTPOITUMHBIE CILIABBI, TYTOILJIABKUE
CIIJTIABBI, ®A30BAS CTABUJIBHOCTD, CEI'PEI'ALIMA, MOIAEJIMPOBAHUE
MOHTE-KAPJIO, MOJIEKYJISAPHAA JANHAMUKA, JNED®EKTHI
KPUCTAJIIMYECKOM PEITETKHU, TUDPDY3UA B OBJIACTH CTOKOB

OOBEKT HCCIIEAOBAHNS —BBICOKOAHTPONUITHBIN TyromuiaBkuid criaB HINbZrTi.

Lenbs paboThl — HCCIEIOBAHNE BIMSHUS CTOKOB PA3IMYHBIX THUIIOB Ha MPOIECCHI
cerperaiu u QazoBoro pacnaga B criaBe HfNbZrTi merogamu aTOMHCTHUECKOTO
MO/JIETTMPOBAHUS JIJIS1 OLIEHKH €T0 CTPYKTYPHOUM CTa0MUIBHOCTH.

Meroipl cclieoBaHus: a) POBEICHNUE MOICIUPOBAHUS THOPUIHBIM METOJIOM
MonTte-Kapio u MosiekyJIsipHON JUHAMUKY JIJIs1 UCCIEA0BaHUs cerperauuu u (ha3oBoit
CTaOWUJIBHOCTH BOJIM3M CTOKOB; 0) aHaau3 B3aUMOJEHCTBHUS TOYEUYHBIX AEPEKTOB C
OPOTSKEHHBIMU  JA€PEKTaMH C TOMOIIBI0 METOAA MOJEKYJIIPHON CTaTUKU; B)
MozienpoBanne qupdy3un 1epeKToB BOIU3U NPOTHKEHHBIX JE(PEKTOB C MOMOLIBIO
metoga Monre-Kapino ¢ CHUIOBBIMHM CMEHIEHUSIMM 110 BPEMEHHBIM METKaM; T)
BU3YyaJIbHbBIA U KOJIMYECTBEHHBIN aHAJIM3bI JaHHBIX MeTojaMu iporpammbl OVITO.

Pe3ynpTaToOM SBISIOTCA: YCTaHOBJIEHBI 3aKOHOMEPHOCTH (Ha30BOro pacraja
onnodaznoro OLIK TBEporo pacrBopa HINbZrTi BOIM3U CTOKOB pa3IMyHOTO poja.
Brisisnena Beaymiast poisib cerperamuu atomoB Hf B popmMupoBanuu rexcaroHanbHOM
wiotHoynakoBanHou (I'TIY) ¢a3el. Ompeneneno BiusHue THNa Ae()EKTOB Ha
MHTEHCHUBHOCTB cerperannu. 11oryyeHsl KOIM4eCTBEHHBIE JaHHBIE 110 DHEPTUU CBSI3H
TOUYEUHBIX Je(EeKTOB € KpaeBOM JHUCIOKAIMEHd U JUCIOKAIIMOHHOW MeTIeH,
CYIIECTBEHHO IIPEBBIIAIOIINAE TAKOBBIC JUI YHCTBIX METAJUIOB. Y CTAHOBIJICHA
oOpaTHasi KOppessluss B MPOCTPAHCTBEHHOM pACIpPEACICHUN 30H TPUTIKEHUS
BaKaHCHM M MEXJ0y3elbHbIX aToMOB. IIpoBeneHo wmoxaenupoBanue AuPhy3un

BaKaHCHUH U MCKA0Y3CIIbHbBIX aTOMOB BOJIM3H KpaeBoﬁ JAUCJIOKalH.
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OO0mnacTh IMPUMCHCHU A PC3YJ'IBT&TI)I pa6OTBI HMCIOT 3HAQUCHUC I
IMPOTHO3UPOBAHHA I[OJIFOBpGMGHHOﬁ CTAOMJIBHOCTH U IMPOCKTUPOBAHHA HOBBIX
paHHaHHOHHO—CTOﬁKHX MaTcpuaioB Ha OCHOBC BBICOKOSHT‘pOHHﬁHLIX CIINIaBOB AJIA

PCaKTOPOB HOBOI'O IOKOJICHUS U APYTUX HpI/IMeHeHI/Iﬁ B OKCTPCMAJIbHBIX YCIIOBUSIX.



PODEPAT

Jpirmomuas padota: 79 c., 19 peic., 54 kpbIHiLa.

Kimouassist crosi: BBICOKADHTPATIIMHBIS CIUIABBL, IIYTATUIABKIS
CIIJTIABBI, ®A3ABAS CTABUIBHACIb, CEI'POI'ALIBIA, MAADJIABAHHHE
MOHTD-KAPIJIA, MAJIEKVIJISAPHASA JBbIHAMIKA, JJODEKTHI
KPBICTAJITYHAM PAIISTKI, JIbI®Y3I4 ITPEI CTOKAX

AO'exT gaciieaBaHHs — BBICOKa’HTpaIiiHbl Iyrariaski cray HINbZrTi.

Mbra paboThl — AacieaBaHHE VIUIBIBY CTOKAY PO3HBIX ThINMAy Ha MpardChl
cerpoaranpli 1 ¢azaBara pacnany y craBe HfNbZrTi meragami aTtamicTeidHara
MaJIISIBAHHS JIJIS1 alPHKI SITO CTPYKTYpHAM cTabiabHACIII.

Meranpl nacinefaBaHHs: a) MPaBSJ3€HHE MaJDJSBaHHS TIOPBIIHBIM METaaaM
MonTs-Kapna 1 manekyinsipHail JpIHaAMIK1 7151 JaciielaBaHHsl cerparaubli 1 ¢ga3aBait
crabuibHACI Kaysl CTOKay; 0) aHami3 y3aeMaA3esHHS KpONKaBbIX d(dexray 3
OpaLArabMi A3QEeKTaMi 3 JarnaMorai MeTaay MaJIeKyJIsipHaid CTaThIK1; B) MaI3JIsiBaHHE
nbly3il JadexTay Kans nparsribx 13¢ekTay 3 ganamorail metagy MonTt3-Kapna ca
ClIa-3MSIYAJIbHBIMI 3pyXaMi I1a YaCOBBIX METKaX; I') Bi3yaJIbHbI 1 KOJIbKACHBI aHAMI3
naHbeIX MeTanami nparpamel OVITO.

Boinikami 3'syinsroniia: ycTaHOYIEHbIS 3akaHamepHacii (aszaBara pacnamy
anHadasznara OIIK nBépmara pactBopa HINbZrTi kans crokay posnara ponuy.
Bristynenas Bsmyuas posst cerparainpli aramay Hf y dapmipaBanHi rekcaraHaibHait
nusuibHayTIakoBaHai (I'HIIY) ¢aspl. Ber3Hauanbl Yraely Thimy 1o¢ekTay Ha
IHTAHCIYHAcLb cerparaubl. ATpbIMaHbI KOJIBKACHBIA NaJ3€HbIS Ia DHEPril CyBs3l
KPOIKAaBbIX 13(heKTay 3 KpasBOU JIbICIAKALBISAN 1 AbICTAKALBIMHAN MATIEN, KIS 3HAUHA
MEPABBIIAONG AJMABEIHbIA JJISI YbICTBIX MeETajay. YCTaHOYJICHAas aJBapOTHas
KapaJslblsl Y MpacTOpaBbIM pa3MEpPKaBaHHI 30H TMPBIISITHEHHS BakaHCIH 1
MIKBY3eJIbHBIX aTamay. [IpaBea3ena MaaansBanHe Jbidy3il BaKaHCIH 1 MDKBY3€IbHBIX

aramay KaJjsl KpasBOU JIbICIaKaIlbli.



Bob6nacup npeiMsHeHHs: BbIHIKI pab0ThI Marolb 3HAUSHHE JJIs IIparHa3aBaHHs
JoyraTdpMiHOBal CTaOIbHACII 1 MPAEKTaBaHHS HOBBIX PajbIALbIIHA-CTPbIMATbHBIX
MaTAPhISJIay Ha AacCHOBE BBICOKA’HTpANIMHBIX CIUIaBay [Jis plaKTapay HoBara

MAKAJICHHS 1 IHIIBIX TPBIKIaAaHHAY Y SKCTPIMAIIbHBIX YMOBAX.



ABSTRACT

Thesis: 79 pages, 19 figures, 54 references.

Keywords: HIGH-ENTROPY ALLOYS, REFRACTORY ALLOYS, PHASE
STABILITY, SEGREGATION, MONTE CARLO SIMULATION, MOLECULAR
DYNAMICS, CRYSTAL LATTICE DEFECTS, DIFFUSION AT SINKS

Research object: The high-entropy refractory alloy HINbZrTi.

Research goal: To investigate the influence of sinks of various types on
segregation and phase decomposition processes in the HfINbZrTi alloy using atomistic
modeling methods to evaluate its structural stability.

Research methods: a) Hybrid Monte Carlo/Molecular Dynamics simulation to
study segregation and phase stability near sinks; b) Analysis of the interaction between
point defects and extended defects using the molecular statics method; ¢) Modeling of
defect diffusion near extended defects using the force-biased timestamp Monte Carlo
method; d) Visual and quantitative analysis of data using the OVITO software package.

Results: Regularities of the phase decomposition of the single-phase BCC
(body-centered cubic) solid solution HfINbZrTi near various types of sinks have been
established. The leading role of Hf atom segregation in the formation of a hexagonal
close-packed (HCP) phase has been revealed. The influence of the defect type on the
segregation intensity has been determined. Quantitative data on the binding energy of
point defects with an edge dislocation and a dislocation loop have been obtained,
significantly exceeding those for pure metals. An inverse correlation in the spatial
distribution of vacancy and interstitial atom attraction zones has been established.
Simulation of vacancy and interstitial atom diffusion near an edge dislocation has been
performed.

Area of application: The results are significant for predicting long-term stability
and designing novel radiation-resistant materials based on high-entropy alloys for next-

generation reactors and other applications under extreme conditions.
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