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PeueHs3na

Ha aBTOopedepart gucceprtaunm bopaynesa HOpua Cepreesmya
«Bopopog-unayunposaHHble fedekTol B crnnase Zrl%Nbx»,
NPeACTaB/IEHHON Ha COUCKaHWE Y4YEeHOW CTeneHu kKaHaugaTa
dnsnko-maTeMaTnyecknx Hayk no cneumasnbHoctn 01.04.07 -
pr3nMKa KOHOAEHCUPOBAHHOIO COCTOSAHUSA.

TeMa AuccepTauuu OuyeHb akTyasibHa B HacTosliee
BpPeMsi, Tak kak CnjaBbl HA OCHOBE Zr WWMPOKO MCMO/b3YTCS B
o6onoukax Tpy6 Ans SAEpPHOr0 TOM/MBa M3-3a UX Masioro
MONepeyYyHoro CeyeHus MOor/IoWEeHUss TENOBbIX HEWTPOHOB,

Xopouiei NaacTUYHOCTH, OT/INYHOW
KOPPO3NOHHOW/TMAPOreHN3aLNOHHOW CTOMKOCTM U  BbICOKOIA
MexaHMN4eCcKoi NMPOYHOCTM. YnydweHHble cBolicTBa
MaTtepuasnos cnjaaBoB Zr-Nb 06bACHAKTCSA nx

MWKPOCTPYKTYpPOIi, CBSA3aHHOW C NPUCYTCTBMEM 3/1IEMEHTOB
nepexogHblXx MeTannoB, ocobeHHo Nb. Hwnobwuii pobasnsawT
ONs  NOBbIWEHWSA KOPPO3WOHHON CTOWKOCTM U yaydweHus
MeXaHM4Yeckmx CBOMCTB cnnaBoB Zr. OpgHako npo6aema
B3auMoaeicTBMA Bogopoda C 3TMMWU CchjlaBaMy BCE eLé
akTyasnbHa. [llornoweHne Bogopoga B cnaasax Zr, faxe B
HOpManbHbIX  YC/IOBMAX  3KChayaTauuu, npmBoauT K
OXpynyMBaHuIO, 3amea/IeHHOMY TMAPUAHOMY pacTpecKnBaHUIO
unn obpasoBaHU GNUCTEPOB, a TakKxe ABAAETCA OAHUM U3
OCHOBHbIX  (haKTOpOB, COKpallalwlwmnx  CpoK  CAyxXo6bl
KOMMNOHEHTOB, TakKMx Kak HanopHble TpyOkn B SAAEPHbIX
peaktopax. Kpome TOoro, oH MOXeT BbI3blBaTb OMpeAesieHHoe
pasbyxaHue, korga BO4OpPOA pacTBOpsSeTCA B MeTan/nM4yeckol
matpuye. WMHAyuMpoBaHHbIE BOAOPOAOM JedekTbl Takxe
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OTBETCTBEHHbl 3a Cepbe3Hble W3MEHEeHUs, Npoucxofsdlme BHYTPM Martepuana BO Bpems
rmgpuposaHusa. bBonee ToOro, npouecc 3BonwUUU [eEKTOB, BbI3BAHHbIX BO34ENCTBMEM
BOAOPOAA M HAXOAALWMXCA No4 ero BAMAHMEM, HeLOCTaTOYHO M3yYeH ANA MHOTMX maTepuasnos,
B TOM yucne AN UMpKoHus. MeToabl NO3UTPOHHO-AHHUTUAALWOHHOW CNEeKTPOCKONUM ABNSAITCA
OYEHb XOPOLWMMUN UHCTPYMEHTAMU AJ19 UCCNef0BaHnsa AaHHbIX NPOLECCOB.

Llenb, 3agayn n UHCTPYMeEHTbI, KoTopble HOpuii Bopaynes ncnonb3oBan B 3TOM MCCe0BaHuM,
XOpOLWO COOTBETCTBYWT TemMe W cojepxaHuo paboTbl. PesynbTaTtbl, npeacrtaBneHHble B
AuccepTtauuy, BKIOYAT OT/INYHYIO MeETOA0/0rMyeckyo paboty no noArotoBke maTepuanos U
06paboTke CNeKTpoB, OLEHKE OCHOBHbIX XapakKTepucTuKk B3ammogelicTBUs MNO3UTPOHOB C
CUCTEMOWN LUPKOHUI-BOLOPOS W, KOHEYHO X€, HOBble 3HAaHMUSA B 06/1acT 06pa3oBaHns A4edeKToB
B cnnase Zr-Nb, npumMeHseMOM B kayecTBe wmaTepuana ANA SALEpPHOW 3Hepretuku, noj
BO34elicTBMEM BOAOpOAa.

BaXHO OTMETUTb, 4TO MOMUMO BbICOKO-YYBCTBUTE/IbHbIX METOA40B METOA0B, TakMX Kak
NO3UTPOHHO-AHHUTUASALMOHHAA  cnekTpockonua, HOpwuii  bopaynes Takke  MCNONb30Ban
TpaguUNOHHbIE WHCTPYMEHTbl ANA uccnefoBaHus aedekToB (MpocBeyMBarollas 371eKTpoHHas
MUKPOCKONUSA W peHTreHoBckas andpakuns). PesynbTatbl npeacTaB/IeHHbIX WCCef0BaHWii
XOpOLWO KOPPEeNupywT He TOAbKO ApYyr C APYroM, HO W C pe3ynbTaramu, MNO0JYyYEHHbIMU
nocpeAcTBOM MaTemMaTuMyeckoil mofenu, onucaHHon B pabore.

B 3aknoueHue cnepyeT OTMETUTb, 4TO AuccepTtaumsa «Bogopoa-nHayumpoBaHHble aedekTbl B
cnnaBe Zrl%Nb» nonHOCTbLO coOOTBeTCTBYyeT Tpeb6oBaHusm Bbicwein ATTecTayMoHHOM
Komnccnun MuHuctepcTea obpasoBaHusa n Haykm Poccuiickoli degepauum ona guccepraunini Ha
COMCKaHMe YYeHOW cTeneHn kaHgmgata U3NKOo-MaTeMaTMyeckux Hayk., CchneunasbHOCTb
01.04.07 - wusmMka KOHAEHCMPOBAHHbLIX cpef. [uccepTauyMoHHasa paboTa CcOOTBETCTBYyeT
naparpacdy 8 lNMprkasa 0 NpucBOEeHUN cTeneHein B HauMoHanbsHOM nccnenoBatenibCkOM TOMCKOM
nosIMTEXHNYECKOM YyHMBepcuTeTe, W eé aBTop, bopaynes HOpwuii CepreesBudy, NOAHOCTbIO
3acnyxmnBaeT XeslaeMoil CTeneHu.

A cornaceH Ha 06paboTKy MOMX NEepPCOHaNbHbIX AAHHbIX.

HZDR, 06.02.2020

A nogTeepxgat nognucb Maciej Oskar Lidke

06.02.2020
(YueHblii cekpeTapb PyKOBOAUTENS UHCTUTYTA)
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Dissertation committee AC.TIMY.03
Lenin avenue, 30

Tomsk

634050 Russia

Review

on the abstract of dissertation by Yuri Sergeyevich Bordulev “Hydrogen-
induced defects in the Zr1%Nb alloy” submitted for the degree of candidate
of physical and mathematical sciences in the specialty 01.04.07 - con-
densed matter physics.

The topic of dissertation is very relevant at present time, since Zr-
based alloys are widely used in cladding tubes for nuclear fuels due to their
small thermal neutron absorption cross-section, good ductility, excellent
corrosion/hydrogenation resistance and high mechanical strength. The im-
proved material properties of Zr-Nb alloys are attributed to their microstruc-
ture associated with the presence of transition metal elements, especially
Nb. Niobium is added to increase corrosion resistance and to improve the
mechanical properties of Zr alloys. However, the problem of hydrogen in-
teraction with these alloys is still of an issue. The hydrogen pick-up in Zr
alloys, even in normal operation conditions, leads to embrittlement, delayed
hydride cracking or a formation of blisters, and is one of the main factors
that reduce the component life like the pressure tubes in type reactors. In
addition it can induce certain swelling when the hydrogen dissolves in the
metallic matrix. The hydrogen-induced defects are also responsible for ma-
jor changes occurring inside the material during hydrogenation. Moreover,
the process of hydrogen-induced defects evolution during hydrogen loading
is insufficiently investigated for many materials, including zirconium. The
positron annihilation spectroscopy techniques as a scientific probe fit very
well in the requirements specified for this research.

The aim, tasks, and instruments that Yuriy Bordulev utilized in this research
correspond very well to the topic and the scope of work.

The results, presented in the dissertation include good methodological work
on material preparation and spectra processing, evaluation of the basic
characteristics of positron interaction with the zirconium-hydrogen system,
and of course, new knowledge in the area of hydrogen-induced defects in
zirconium-niobium nuclear materials.

It is important to note that besides high-sensitivity technigues, e.g. positron
annihilation spectroscopy, Yuriy Bordulev has used traditional instruments
for defects investigation, too (like transmission electron microscopy and X-
ray diffraction). Experimental results of this study are well correlated with
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each other, including results of mathematical modelling and available litera-

ture.

As a conclusion, the dissertation “Hydrogen-induced defects in the Zr1%Nb
alloy” fully meets the requirements of the Higher Attestation Commission of
the Ministry of Education and Science of the Russian Federation for disser-
tations for the degree of candidate of physical and mathematical sciences,
specialty 01.04.07 - condensed matter physics. The thesis corresponds to
paragraph 8 of the Order for degrees at the National Research Tomsk Poly-
technic University, and its author, Yuri Sergeyevich Bordulev, fully deserves

the desired degree.

| agree to the processing of my personal data.

HZDR, 06.02.2020

| confirm signature of Maciej Oskar Liedke

06.02.2020 n
(Scientific Secretary of the Head of Institute)
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