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Pedepar

Junnomuas pabota: 38 c., 17 puc., 7 Tabi., 27 ucr.

BOJIb®PAM, MEJb, HUOBUN, TEPMOJECOPELIMS, JEWTEPHUM,
KOMIIPECCHUOHHBIE ITJTASMEHHBIE TTOTOKMH.

OObeKT uccneaoBaHus — HeoOpabOTaHHBIA BOJIbGPaAM, MOAUPHUIMPOBAHHBIN
Bosib(PpaM, cCIUIaBel BoOJbppama C HaHeCEHHbIMH TOKpbITHsIMH Nb, Nb-Cu,
MOAU(PUITUPOBAHHBIC KOMITIPECCUOHHBIMHY TTa3MeHHbIMH ToToKamu (KIIIT).

[Ipeamer wuccnemoBanus — TepMojecopOIus neuTepusi U3 Bodb(pama,
JIETUPOBAHHOTO MENIBIO U CUCTEMOM Melb-HUOOUH.

lenp paboThl — W3y4YeHHE BIUSHUS JICTUPYIOIIMX DJIEMEHTOB Ha
TepMOIecOpOLIMIO AelTeprs U3 BOJIb(PPaMOBBIX CIJIABOB.

Mertoapl  ucCCIEqOBaHUS: pacTpoBasg  JJIEKTPOHHAs  MHUKPOCKOMUS,

PEHTIeHOCTPYKTYPHBIN aHalIU3, PEHTIC€HOCIEKTPAIbHbBII MUKPOAHAIN3, ONTHYECKas
MUKPOCKOIHUS, TEPMOJIECOPOLIMOHHAS CIIEKTPOCKOIHSI.

[Tony4yeHHsle pe3yiabTaThl — B pe3yjibTaTe BO3JAEHCTBUS KOMIIPECCHOHHBIX
IIa3MEHHBIX MOTOKOB Q=55-65 J/cM” 6bLtH chopMHpoBaHb! crtaBsl W- Nb u W-
Nb-Cu, B pe3synapTaTe IJIaBICHUS [OBEPXHOCTHOIO cJosi Bojdbppama U
COOTBETCTBYIOIIUX TMOKPBITHHA, MPEABAPUTEIHHO HAHECEHHBIX TMPU  OMOIIH
BaKyyMHO-JIYT'OBOT'O OCAXKICHMS.

CornacHO pe3ynpTaTaM PEHTICHOCTPYKTYpHOTO aHanu3a, oOpa3oBaHUs
TBEP/ABIX PACTBOPOB HE HAOIIOAETCS HU HA OJHOM M3 JIETUPOBAHHBIX 00pa3ioB. [1o
pe3yapTaraM ONTHYECKOM M CKAHUPYIOIIEH DSJIEKTPOHHOW MHUKPOCKOIMH MOKHO
cAenaTh BBIBOJ O TOM, UYTO Ha IOBEPXHOCTH (Pa3bl JIETUPYIOUIUX 3JIEMEHTOB
NPUCYTCTBYIOT B BUJIE OTACNbHBIX (ha3, a HE CMENIMBAIOTCS B MaTpulle Bojibhpama.
CornacHo pe3ynbTaTaM ONTHYECKOW M CKaHUPYIOUIEH AJIEKTPOHHONW MUKPOCKOIHUU
Obu10 TpuHATO, uTo Npu obmydeHun KIIII oGpaszen pactpeckuBaeTcsi BCIEICTBUE
OOJBIION CKOPOCTH JBUXKEHHUS KpUCTaUIM3aUMOHHOTO ¢poHTa. Cyas mo crekTpam
TEPMOJIECOPOLIMM,  BBISICHAETCS, YTO  JICTHUPYIOIIME  DIIEMEHTbl  OKa3bIBAIOT
3HAUYUTENLHOE BIMSHUE HA HAKOIUICHHE U BHICBOOOXKICHUE JEUTEPHS U3 «JIOBYIICK).

[TpakTHueckoe MpuUMEHEHHEe — 00JacTh PagUaIlIOHHOTO MaTepHUajOBEICHUS,
CBsI3aHHAsI ¢ pa3pabOTKOM MepBOIl CTEHKH TEPMOSIIEPHBIX PEAKTOPOB, MaTepuaIaMu
JUBEPTOpPA M JPYTUX DJIIEMEHTOB, TPEOYIOIIUX TOBBIIICHHYIO paAHAllMOHHYIO
CTOMKOCTb.



Pa¢gepar

JpimioMHast padoTta: 38 craponak, 17 mamonkay, 7 tadumii, 27 cnacbuiak

BAJIb®PAM, ME/3b, HIEBUU, TAOPMAJJDCOPIILbISA, JPUTAPHIN,
KAMITPOCIMHBISA TIJIASMEHHBIS ITATOKI.

AG'exT nacienaBaHHSA — HeMpalaBaHbl Baib(paMm, Maabpi(ikaBaHbl Balbdpam,
Balib(ppamaBbisa crutaBbl 3 Nb, makpei 3 Nb-Cu, maapidikaBaHblsl KaMIIPICIHHBIMI
mia3MeHHbIMi matokami (KTIIT).

[Ipanmeram pgaciepaBaHHs —3'Synseniia TIPMAIICOPOLbIL  JPUTIPHIIO 3
BOJIb(PpamMy, JeripaBaHara MeJiI310, a00 3 MeTHa-HIE01sIBald CiICTIMBI.

Mbsra paboThl —  BBIBYYBIIb YIUIBIY  JIETIPYIOUBIX  d3JIEMEHTay Ha
TAPMAIICOPOLBIIO A3V TIPHIS 3 Balb(PpaMaBbIX CIIIaBay.

Meranpl aacienaBaHHs: CKaHaBasi SJEKTPOHHAs MiKpacKallis, pIHTIeHayCKi
CTPYKTYpHBI ~ aHaji3, PIHTTCHAYCKlI  MiKpaaHali3, anTbhlyHas  MIKpacKaris,
TAPMAIICOPOLIBIITHAS CIIEKTpaCKaIisl.

ATpbIMaHbIS BBIHIKI: Y BBIHIKY Y313€sIHHS KaMIIPACIMHHBIMI TIa3MEHHBIMI

natokami npel Q=55-65 [Ix/cm? ytBapsutics criaBbl W-Nb 1 W-Nb-Cu y BbIHIKY
IUTayJIeHHS TaBepXHeBara cios Balb(paMy 1 aaMaBeIHBIX MaKPBIIIAY, sKisg Obul
paHell HaHeCeHbl METalaM BaKyyMHa-/1yraBora HaHsCEHHS.
[laBojyie BBIHIKAY pAIHTTEHaycKara CTPYKTypHara aHajidy, y HIBOJHBIM 3
JeripaBaHbIX y30pay He Hazipanacs UBEpAbIX pacTBopay. Ha maacraBe BbIHIKAY
anThIYHAN 1 CKaHaBaJbHAM 3JIEKTPOHHAM MiKpackariii Mo)KHa 3padillb BBICHOBY, IITO
JIETIPYIOIIYBIS JIEMEHTHI MPBICYTHIYAIOI[h HA MTABEPXHI ¥ BBITJISAA3€ aCOOHBIX (ha3 1 He
3MEIIBAIOIIA 3 MaTpbIlail Baib(ppama.

3rojiHa 3 BbIHIKaM1 anThIYHAM 1 CKaHaBaJIbHAM 2JICKTPOHHAN MiKpackarii, ObLIO
BbIKa3aHa 3/1arajika, mro npsl anpamenbBanHi KIIIT y3opy, Tpackaenia 3-3a BhICOKaii
XyTKacli (POHTY KpbIIITamizalbli. MSpPKyIOUbl Ma CHEKTpax TIPMaI3CcopOLbli,
B1JIaBOYHA, I1ITO JIETIPYIOUbIS 3JIEMEHThI aKa3BarOlb 3HAUHBI YIUIBIY HA Ha3amallBaHHE
1 BBUIYY2HHE JIDYTIPHIIO 3 «IIACTaK».

[IpakThiuHae NpBIMSHEHHE — BOOJIACLH paJbIsLbliiHAIa MaTIPbIAJIA3HAYCTBA,
3Bs3aHas 3 pacmpaioykai mepiiai CIeHKI TIpMasI3epHBIX plrakTapay, MaTIpbisuiay
JUISL IbIBEpTapay 1 IHIIBIX 3JEMEHTaY, Kl naTpaOyrollb MaBbIIaHAl pajbIsSibliiHaN
YCTOWJTIBACTII.



Abstract

Graduate work: 38 pages, 17 figures, 7 tables, 27 references.

TUNGSTEN, COPPER, NIOBYUM, THERMODESORPTION,
DEUTERIUM, COMPRESSION PLASMA FLOWS.

The object of research is unprocessed tungsten, modified tungsten, tungsten
alloys with Nb, Nb-Cu coatings, modified by compression plasma flows (CPF).

The subject of the study is the thermodesorption of deuterium from tungsten
alloyed with copper or a copper-niobium system.

The aim of the work is to study the influence of alloying elements on the
thermodesorption of deuterium from tungsten alloys.

Research methods: scanning electron microscopy, X-ray structural analysis, X-
ray microanalysis, optical microscopy, thermodesorption spectroscopy.

Results obtained: as a result of exposure to compression plasma flows Q = 55 —
65 J/em®, W-Nb and W-Nb-Cu alloys were formed as a result of melting of the
surface layer of tungsten and corresponding coatings previously applied by vacuum
arc deposition.

According to the results of X-ray structural analysis, no solid solutions were
observed in any of the alloyed samples. Based on the results of optical and scanning
electron microscopy, it can be concluded that the alloying elements are present on the
surface in the form of separate phases and do not mix in the tungsten matrix.
According to the results of optical and scanning electron microscopy, it was assumed
that when irradiated with CPF, the sample cracks due to the high speed of the
crystallization front. Judging by the thermodesorption spectra, it turns out that the
alloying elements have a significant effect on the accumulation and release of
deuterium from “traps”.

Practical application — the field of radiation materials science related to the
development of the first wall of thermonuclear reactors, divertor materials, and other
elements requiring increased radiation resistance.



