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IMPOI'PAMMA
17 oxTa0ps

14% _ 199 TIpuem u perucTpanys y4acTHUKOB IIKOJIbI-KOH(pEPEHIMH
16% — 20%  Kpyrublii cTOJI ¢ y4acTHEM POCCHIICKHX M 3apyOEKHBIX JIEKTOPOB

18 oxTs10pst

9% _ 109 PerucTpanus y4acTHUKOB
102 _ 1012 OrkpeiTue

Cexnms 1 «Crapenne matepuasioB odopyrosanus SI9Y»

1012 - 102 Koporoaun B.U. ('K «PocaTom») KOHCTpYKIMOHHBIE MaTepH-
allbl SACPHOI SHEPreTUKH: COBPEMEHHBIE BHI3OBBI M PECypCHOE OOECIeueHUE
YCTOIYMBOCTH Pa3BHTHS

1022 - 1119 JTy6 A.B. (AO “Hayka u unHoBanuu») Ot 30 1o 100. Matepu-
AJIOBEUECKOE M TEXHOJIOIH4ecKoe oOecrieueHne yBeIMYeHUE CPOKOB IKCILTya-
TallMU KOPIYCHBIX MaTepHaIoB

1120 _ 1150 TJoranos B.B. (AO BHUMADC) OmbIT npoieHus pecypca
sHeprodiokos ADC BBOP

Iepepbis 1120 — 1210

1210 1249 Kanun B.A. (HUSIY MU®HW) VHHOBALMOHHbIE HANPABIEHUS
obecnieuerns 6e3onacHocTd ADC (TOILTHBO, MaTEPHAIIHI)

1240 1320 Cemumkua B.II. (AO OKB “T'maporpeccy, r. [lomonbck)
‘YnpapneHue cTapeHHeM KOHCTPYKLIMM, CUCTEM U AJIEMEHTOB peakTopoB Tunia BBOP

1322 149 Kpunkuit B.I'. (AO «HUADII»«ACD», r. Canxr-Ilerep6ypr)
YpasieHue cTapeHueM npu npoektupoBanuu ADC

Oden 142 — 15

15% 162 Mapromun B.3. (THL ®T'VII «{THUW KOHCTPYKLMOHHBIX Ma-
tepuanoB «lIpomerteit», r. Cankr-IletepOypr) @uznko-MexaHUIECKOE MOJICIIH-
pOBaHME MPOLECCOB Pa3pyIIEHHs W IPOTHO3MPOBAHUE CBOICTB OOJIy4EHHBIX
MaTepHaJIOB KOPITyCOB M BHYTPHUKOPITYCHBIX YCTPOHCTB peakTopoB Tuna BBOP

16% 164 Typopumu B.A. (HUL] «Kypuatockuii MHCTUTYT») Jlerpanarus
CTPYKTYpBI U cBoiicTB MaTepuasioB BKY mnocine miurensHO# 3KCITyaTalyy 1 BIHs-
HHE TEeMIIepaTyphbl BOCCTAHOBUTEILHOTO OT)KHTa TS TIPOJICHHUSI CPOKa CITY>KOBI

Iepepobis 1642 — 179

17% _ 17490 Ckopo6orarteix B.H., Kosnos IT.A. (THI[ "HIIO ITHWHUT-
MAII") CoBpeMeHHbIE KapONPOYHbIE MaTepPHAIIBI I YHEPTETHIECKOTO 000py-
JIOBaHUSI, pabOTAIOILETO IO JaBICHHEM B YCIOBHAX BO3/ICHCTBHS MONM3YUECTH

1740 _ 1820 Peter Hosemann (University of California Berkeley, USA) Ad-
vanced nuclear materials testing and characterization

1820 — 199 Kpyrublif CTOJ € y4aCTHEM POCCHICKHX M 3apyOEKHBIX JIEKTOPOB

Cmenooeasn ceccun 15° — 18%
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19 oxTsaA0Ops

Cexuus 2 «/lerpaganys KOHCTPYKIHOHHBIX MATePHAIOBY

102 _ 102 Maxkcumkun O.I1., dpopuyk A.B., Popman O.B., Typy6aposa
JLT., Kucmumuu C.B., Tuxko A.C. (USD HSILI, Pecnyonuka Kasaxcran) Cra-
pEeHUE U KOPPO3Usi KOHCTPYKLIMOHHBIX MaTepPHaIoB, 00JyYeHHBIX HEWTPOHAMH
B aTOMHBIX peakTopax BH-350 u BBP-K

102 - 1120 Pgzanos A.W. (HUL] «Kypuatosckuii HHCTUTYT») COBpeMeHHbIE
NpoOJIEMBI paJHallMOHHOM TOJI3y4eCTH U FeIMEBOr0 OXPYMUUBAHHS 00TydaeMbIX
KOHCTPYKIMOHHBIX MaTepPHAJIOB JUIsl aTOMHBIX M TEPMOSAEPHBIX PEaKTOPOB

1120 129 Yepuos MWL, Cransuos M.C.Y, Kanun B.A.l, N.A.Boraues
N.A.%, Tycesa JLIO.Y, Kopmynos C.H.2 (*HUSY MU®HU, 2HULL «Kypuatos-
CKH{ MHCTUTYT») HekoToprle mpoOineMbl BOIOPOAa B PEaKTOPHBIX KOHCTPYK-
[MOHHBIX MaTepHaiax

TMepepbis 1220 — 1220

1220 _ 139 Kosnos A.B., ITopteix M.A. (AO UPM, r. 3apeunsiii) Mexa-
HU3MBI BIMSIHUSL HEHTPOHHOTO OOJyYeHMs NPH Pa3IMuHBIX TEMIIepaTypax Ha
(U3MKO-MeXaHNYECKHUE CBOMCTBA ayCTEHUTHBIX CTalei

13% _13%0  BB. VYrinos'?3, B.M. Anumuk®, I''E. Pemuer?, H.T. Kpa-
cos*?, B.M. Ilumanckuiit?, U.B. Cadponos! (*BI'Y, r. Mumnck, 2TIIY, r.
Tomck, SHUSTY MU®U, r. Mocksa) OcobeHHOCTH PagMallMOHHBIX IIPOLIECCOB
Y SIBJICHUI B HAHOKOMITO3UIIMOHHBIX MOKPBITHSX

O0ex 1342 — 1440

144 _1520 Tleyenkun B.A. (AO "T'HI] P® - ®DOU", r. O6nuHCK) U3MeHe-
HHE CBOWCTB KOHCTPYKIMOHHBIX MATEPHAIOB IOJ OOIYYEHHEM: POIb paiua-
[IHOHHO-MHIYLIHPOBAHHOMN CeTrperauy

152 169 dpsuk A. Tapuep?, JIun Ilao*, Maiikn Illopts, Muxaiino b.
Tonéuxo?, Bukrop H. Boesogun® (‘Texas A&M University, 2REC, *MIT,
“Pacific Northwest National Laboratory USA, SX®TH, r. Xapskos, YkpauHa)
Hcnonb3oBanue 00IydeHUs COOCTBEHHBIMH HOHAMH IS HPOTHO3HPOBAHHS
BAKAHCHOHHOTO PAcIyXaHUs KaHJAUJATHBIX (eppUTO-MAPTEHCUTHBIX CILIABOB
u ux JIYO-BapuaHTOB IIpU OYEHb BLICOKHX 033X 00IydeHus

162 —164 Heycrpoes B.C., Benosépos C.B., XKemkos W.IO., Makapos E.1.,
Mapkenos [.E. (AO "THL] HUMAP", r. JdumutpoBrpan) 3aKOHOMEPHOCTH U
B3aUMOCBSI3H PaJUAlIOHHBIX SBIECHHI B AYCTEHUTHBIX CTAJIIX, OOIYYEHHBIX 10
BBICOKHX MOBPEXKNAIOIIHX 03

TMepepbis 1642 — 17%
179 _ 189 JJoknaowt cnywameneii:

1.4.C. Juxoe*? C.5. Kucnuyun*?, U.HU. Yepnos* (* HUAY MUDU; > UAD
PK;, 2. Anmamul, Pecnyonuxa Kazaxcman) Brusinue memnepamypol ucnvlmaHuil
Ha mexaunuyeckue ceovicmea aycmenumuuvix cmanei XISHI0T u XI16HIIMS3,
001yyeHHbIX bblcmpbimu Heumponamu 8 peakmope bH-350
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2. E.A.Kynewoea®?, A.C.@ponos', . A.Manvyes', E.B.Kpuxyn®, JI.A.XKypro*
(* HUL] «Kypuamoeckuii uncmumymy, > HUSAY MU®H) Paduayuonnoe oxpyn-
yuganue cmanu 15X2HM®A knacc 1 6 pezyrbmame HU3KOMEMNEPAMypHO20
00yueHUs

3.H.C.Cabypos, B.A.Mapkenos, A.FO.I'yces, C.A.Bexpenes, U .A.lllenenos
(BHUHHM um. A.A. Bousapa) Ilopozcoswie ycrosus O 3aMedNeHH020 2Uo-
PUOHO20 pacmpecKu8anus 000104eK Me3J108 U3 CNIA608 YUPKOHUS

18% _ 19% Kpyriiblif CTON € yYaCTHEM POCCUHCKUX M 3aPyOeKHBIX JEKTOPOB

Cmenoosasn ceccusn 14*° — 18%

20 oxkTa0pn

Cexuus 2 «Jlerpagauusi KOHCTPYKUMOHHBIX MATEPHAJIOBY»
(mpono.kenue)

109 _ 1052 Malcolm Griffiths (Canadian Nuclear Laboratories) Mecha-
nisms of Irradiation Creep in Reactor Core Materials

1050 - 1190 Short Michael (MIT, USA) The Wigner Energy Spectral Fin-
gerprints of Radiation Damage

1122 _ 129 Jloknaower ciywameneit:

10.AIlepnosuy®, M.IHcaenxosa', B.A.®ecenxo®, O.A.Kpvimckas?,
I'.I1. Kobwvinanckuit?, 10.J.Ionuapenxo® (*HUAY MH®DU, Mocksa, *IHI]
HUUAP, 2. [lumumposepad) Biusitue 8blcOKO003H020 HEUMPOHHO20 0OLyYeHUs.
Ha cybcmpykmypy 000104euHblX mpy6 U3 YUPKOHUEBbIX CHIABO8

Mepepobis 1220 — 1220
Cexuus 3 «SIaepHasi cOCTABJISAIONIAS TOMIHBA

122 _ 139 Capyenko A.M., Kapmiok JL.A., ITosnees M.B., IOdepos O.1.,
Kymnaxos I'.B., Hlamun JI.B., Jlebenes M.1O. (AO BHUMHM) HoBas TexHO0-
rudeckas miatgopma Ha 6a3e KOMIIO3UTHOTO TOIIIHBA

13% _ 132 Tapacos B.A., lllopuuxos JLI1., Hukutun C.H., Tenumes A.B.
(HUAY MHUOUN) PazpaboTka KOMITO3UIIMH «TOIUTMBO-O00JI0OYKa» HAa OCHOBE
TabJIETOYHOTO METAJUIMYECKOrO SIIEPHOTO TOILIMBA C 3a/JaHHOM OPUCTOCTHIO

132 _ 149 JToxknaow caywameneii:

1. U.U. Konosanos, M.C. Tapacosa, B.A. Tapacos (HUAY MUDH) Pac-
yemHoe onpeoeieHue npeoeios pabomocnocoOHOCMU MBIN08 C NIOMHBIM
MONIUBOM

2. A.b. Kpyenos, B.b. Kpyenos, I1.I. Cmpyuanun, B.C. Xapumonos (HUAY
MUDH) Koumpons meniogusudeckux céotcme medanos ¢ RAOMHbIM MONIUBOM

Ofen 14% — 150



Cexknus 4 «MeToabl HCCIETOBAHUSA H MOJCTMPOBAHUA MAaTEPHUATIOB)

15% _ 154 Crapukos C.B. (OMBT PAH) MuoromaciutaGHOe KOMIIbIO-
TCPHOC MOJACTINPOBAHUC CBOHCTB MaTepuaioB ﬂ[[epHOﬁ TEXHUKHU

1540 _ 1623 Janelle Wharry (Purdue University) TEM in situ mechanical
testing techniques for ion irradiated materials

1622 — 179 Jloknaowvt ciywmameneii:

1. EA.Kyrewoea*?,  B5.AIyposuu',  3.B.Byxuma',  J.A.Manvyes,
C.B.@eoomosa®, A.C.®Dponos*, I M.)Kyuxo * (*HHUL] «Kypuamosckuii uncmu-
mymy, 2HUAY MUDH) Oyenxa 6x1a0a ynpounsiowe2o Mexanusma 6 sggexm
@nakxca npu yckopenHom obyueHuu cmaneil kopnycos peaxmopog BBOP-1000
MEMoOamu amomMHO-30H0080U MOMOZDADUU U MPAHCMUCCUOHHOU IILEKMPOH-
HOU MUKDOCKONUU

2. E.A.Kynewoea'? — J.A.Manvyes', A.C.@ponos’, JI.B.Cagponos'?,
I M Kyuxoe' (*HUL] «Kypuamoeckuii uncmumymy, *HUSTY MUDHU) Cmpyx-
mypusle u paxmozpaguueckue ucciedo8anus Memnienos, 6blPe3aHHbIX U3
KP snepeobnoka Ned HBADC, onst oyenxu e2o meKywe2o cOCmosihus

Iepepbis 172 — 1720
172182 Jloknaowt caywameneii (npodoscenue):

3. B.A. ’Kumenes, M.B. Kynpuenxo, A.A. Hcaes, @.H. Kpiokos, E.A. 36up,
A.B. Cmpoocyxk, I J]. Hypynnuna (THL HUHUAP, 2. /Jumumposepad) Dmuccu-
onHas camma-momozpagus Heeepmemuunou ITBC peakmopa BEOP-60

4. E.U Maxapos, B.C.Heycmpoes, C.B.beno3zépos, J.E.Mapxkenos,
A.B.O6yxoe (THL] HUUAP, 2. /lumumposepad) Brusnue nanpsicenuii Ha Oe-
Gopmayuro nonzyuecmu u pacnyxamue 2a30HANOIHEHHbIX 00pA3Y08 U3 Cmaiu
08X18HI10T, obayuennvix 6 peaxmope bOP-60

5. B.U. Iacmyxoe* >3, C.A. Asepun®, B.JI. [lanuenxo'®, U.A. Hopmmuuvix',
I1]]. @poiiap®, JTA. Jocanyyu®, ®.A. Tapnep®® (“UPM, 2. 3apeunvui Ceepo-
nosckoti  obracmu; ’Y®Y, Examepunbype, ‘HUAY MHDU, Mockea;
4Westinghouse Electric Company, Pittsburgh PA, USA ; SL.A. Giannuzzi & As-
sociates LLC, Fort Myers, FL, USA; SRadiation Effects Consulting LLC, Rich-
land WA, USA) Ilpumenenue obpamno paccesnnvix 91eKmpoHo8 Ois ROJyye-
HUSL LUUPOKOPOPMAMHBIX U300paAdCEHUL NOP, 0OPA306AHHBIX NPU HEUMPOHHOM
UNU UOHHOM OOTYUeHUU KOHCIMPYKYUOHHBIX CIALel

6. A.B. Auopocoe *, B.U. Buibwieaney *, E.I". Konecnuxos %, B.C. Cepuxos !,
E.C. Coanynesa®, I A. Cmenanuuxos*, .M. Pycckux?, E.H. Cenesnes?® (* HUH
HIIO «JIVY», Ilodonvck; 2 UPM, 2. 3apeunwui) Obocnoeanue memoodonozuu
AMNRYTBHBIX UCHBIMAHULL

189 _ 199 Kpyrislii cTON ¢ y4acTHEM POCCUHCKHX M 3apyOeKHBIX TEKTOPOB

Cmenooeasn ceccus 15° — 18%

8



21 okTs0pn

109 _ 129 JToknadwt ciywameneii:

1. H.B. Bonxoe', b.A. Kawun', U.B. Onetinuxos®, H.B. Cvicoesa® (* HUAY
MUDH, 2Hayuno-mexnuueckuii uHCIMunmym Melcompacieeoli ungopmayui,
Mocxea) Ipumenenue unghpaxpacrnoti cnekmpomempuy 0k AHAAU3A OKCUOHBIX
NJIEHOK, 8bIPAWYEHHBIX HA NO8ePXHOCMU 000104ek uz cnaasa J110

2. 5.A. Kanun', HB. Bonkog', P.A. Banuxoe', A.C. Swun', 1. H. Henamves®
(CHUAY MH®H, Mockea, > HUH HIIO «Jyuy, e. [looonvck) Jlecuposanue npu-
NOBEPXHOCTNHBIX Cl0e8 0Don0ueK medn08 u3 cniaséa 3110 na eybuamoti ocHose ¢
Yebio NOBbIULEHUST CONPOTNUBILEHUS 8bICOKOMEMNEPAMYPHOMY OKUCTIEHUIO

3. A.C. Yceunos', E.B.Tnaokux', M.J. Bymiomo', B.H. Pewiemos?,
A.A. Pycaxos* (* ®I'EHY THCHYM, 2. Tpouyx; > HUAY MHDH, Mockea)
Cospemennbie omeuecmeaentbvie NPUOOPLL U MeMOOUKU OJisk KOMIIEKCHOU Oud-
2HOCIUKU MEXAHUYECKUX CBOUCTE MAMEPUANO8

4. C.B. Pozooxckun, A.A. Huxumun, O.A. Kopuyzanoeéa (* UTO® HHUI]
«Kypuamoscxuii uncmumymy, > HUAY MH®DHU, Mocksa) Muxpocmykmypa
mumanosozo cnaasa Ti-BAI-AV-2Zr nocne mepmuueckozo cmapenus npu 450°C

5. HA Hckanoapoe“?, C.B Pozosckun®t, A.A Jlykvanuyk™2 O.A.Paznuybin™?,
A.C. Illymoe*?, A.T. 3anyxcnoni®*, M.B. Jleonmveea-Cmupnosa® (* T'HL] PD -
HUTOD HUI] «Kypuamosckuii uncmumymy, > HUAY MUDH, * BHUUHM um.
A.A. Bousapa, Mocksea) Hsmenenue HanomacuimadbHo2o coCmosanus geppum-
Ho-mapmencumnot cmanu IK-181 npu mepmuyeckom cmapenuu

6. A.B. Hazapos', A.A. Muxees®, A.I 3anyocuouit (* HUAY MU®DH, 2
Mockogckuti  20cyOapcmeennblli  yHugepcumem Ou3aiuHa U  MeXHOL02ull,
Mockea) Moodernuposanue pocma nanonop ¢ memannax ¢ I'LIK cmpykmypoti

7. OH J[emuooe', A.B. ILlenenes® (* HUAY MHU®DU, > UMET um.
A.A.Baiikosa PAH, Mockea) Bausnue obnyuenuss u npumeceii Ha CKOPOCHb
poCma 2enuesvix ny3vlpbKos 6 2PAHUYAX 3EPEH PepPUMHBIX Caael

10% _ 14% Kpyriblii ¢TOJI ¢ y4aCTHEM POCCUHCKMX M 3apyOEKHBIX JIEKTO-
poB
Iepepbis 1220 — 1220

122 _14%9 TJonBeneHWe UTOTOB, 3aKPBITHE MIKOIBI-KOH(pEepeHINU
15% 179 Skckypeus B HUSY MUDU



CTEHJAOBBIE CECCHUMU 18 u 19 OKTABPS

Cexkuun 1-2 «CtapeHue MaTepuajioB ooopyaoBanus SI3Y»
U «/lerpaganus KOHCTPYKIMOHHBIX MATEPUAJIOBY

1. T.H. BAKIIIYTOBA, B.C. HEYCTPOEB. U3yueHue TemnepaTypHOii
3aBUCHMOCTH XapaKTEPUCTUK MeXaHW4ecKux cBoicTB ctaimu X18H10T, obiy-
4YeHHoi1 B peakTope CM-3.

2. b.C. BOJIOCKOB, B.M. UEPHOB. HUccrenoBanue ycTaJoCTHOTO pas-
pyuieHus (GeppuTHO-MapTeHCUTHBIX 12%-bIX XpoMHCTBHIX cTaned DI1-823 u
DK-181, u crinasa V-4Ti-4Cr.

3. I1.C. JDKYMAEB, EM. MAJIMEBA, B.JI. SKVIIWH. Bnusaue
IIpeABApPUTENHHON 00pabOTKH Ha TPHOOJIOTHUYECKHE XapaKTEPHCTHKH XPOMH-
cTbIx ctaneit 011823 u 1 OK181.

4. MI'MICAEHKOBA, 10.A.TIEPJIOBIY, SI.A.BABUY, B.A.LIYJIOB,
J.A.TEPSEB. M3MmeHeHHe CTPYKTYpbl MOBEPXHOCTHBIX CJIOEB H3IEIUM W3
craBa BT18Y B pesynbrate 00JIydeHUs] CHIILHOTOUHBIM UMITYJILCHBIM 3JIEK-
TPOHHBIM ITyYKOM.

5. M.I'MCAEHKOBA, 10.A.IIEPJIOB1Y, B.B.HOBUKOB, I.MN.)KVK,
A.B.I'PUT'OPBEB, M.H.CABJIMH. 3aBucumMocTh OpUEHTAIMU TUIAPUIOB OT
MOCJIOMHON HEOJHOPOIHOCTH KPHCTAIIOrpapUYecKol TEKCTYphl B OINBITHOMN
TpyOe u3 cruaBa 9635.

6. A.O. MA3AEB OxpynunBaHHe CTaJbHBIX JUCTAHIMOHUPYIOIIUX pe-
IIETOK B pe3ysbTaTe JIMTENBHOM 3KcIuyaTanuu B coctaBe TBC peakropa
PBEMK-1000.

7. N.J1. HUKOJIAEBA, M.C. CTAJIBLIOB, .M. YEPHOB, b.A. KAJIVH,
N.A. BOI'AYEB, JLIO. I'YCEBA, M.B. JPOXJKHMHA, A.A. BEJISIEB,
A.T.TUIIEHKO, C.H.KOPIIIYHOB. Bnusinrie KOHLEHTpAMy OKCHUAA UTTPUS Ha
(hopMHUpOBaHHUE TeTMEBOM IOPUCTOCTH B (heppuTHO-MapTeHcuTHOH J[YO craim.

8. 10.A. TIEPJIOBUY, M.I' MUCAEHKOBA, II1.JI. JOBPOXOTOB,
A.K.AMAHOBA. BnusHue npeniiecTBymomeid n1egopMalnuyd Ha TEKCTYpy U
CcyOCTpYKTYpy 000JI04€UHBIX TPYO 13 (hepPUTHO-MAPTEHCUTHOM CTAIIH.

9. I0.A.TIEPJIOBIY, M.I'MCAEHKOBA, O.A.KPBIMCKAA,
H.C. MOPO30B, 1.B. PAXOBCKUX, T.C. ECHEB. 3aBucHMOCTb CKJIOHHO-
CTH K KOPPO3HOHHOMY PacTPECKHBAHHUIO CTAJbHBIX TPYO OT MOCIOWHON TEK-
CTYpPHOH HEOJHOPOJHOCTH.

10. 10.A. TIEPJIOBUY, M.I. MCAEHKOBA, B. A. ®ECEHKO,
IT.JI. IOBPOXOTOB. IlocnoiiHas HEOJHOPOJHOCTh TEKCTYPBl H CYOCTPYKTY-
pHI B 000J104€4HBIX TpyOax U3 (heppUTHO-MAPTEHCUTHON CTaJIH.

11. KEE. TIPUXOABKO, B.A. T'YPOBUY, M.M. JEMEHTLHEBA,
J.A. KOMAPOB, JI.B.KYTY30B. OcobeHHOCTH N3MEHEHHSI MHUKPOCTPYKTY-
pPBI M 3JEMEHTHOTO COCTaBa TOHKHX IUICHOK OKCHJAa MEIU IMOJ ICHCTBUEM
MIPOTOHHOTO OOTyYCHHS.

10



12. HB. CTEIIAHOB, II.C. JDKYMAEB, BJL SKVYIINWH,
M.B.JIEOHTHEBA-CMUPHOBA, W.A.HAYMEHKO, TI.A.BUPXXEBOMU,
O.DJIEBUH. Biunsaue 06paboTKH MOTOKaMH MMIYJIBCHOH IIa3Mbl HA KOp-
PO3HMOHHYIO CTOMKOCTH TBAJIBHBIX TPYO U3 (heppUTHO-MApPTEHCUTHBIX CTallel
Tuna X12 B )KUAKOM CBHHIIE.

13. B.B. VIJIOB, C.B. 3JIOLIKHM, B.A. CKYPATOB, 3. BEHJIJIEP.
Pamnarnonubie 3Q(EKTh B HAHOKPUCTAIMIECCKOM MOKpbITiHH TIZIN, 06iy-
YEHHOM BBICOKORHEPI€THUECKIMH HOHAMH.

14. B.B. VIJIOB, B.M. IIMMAHCKHH, EJI. KOPEHEBCKUI,
JACQUES O’CONNEL CrpykrypHO-(ha30BO€ COCTOSHHE MHOTOCIOWHBIX
reHok AIN/SINX 1ociie HOHHOTO O0OIyUCHHUS U TEPMUYECKOTO BO3ICHCTBHS.

15. B.I1. ®UJIUIITIOB, A.b. BATEEB. Bnusaue peakropHoro oomyde-
HUSI Ha COCTOSIHUE OJIOBa B OKCHJHBIX IUICHKaX LMPKOHUEBOTO cruiaBa Zf-
0.76%Fe-1.6%Sn.

16. B.II. ®WJIUIIIIOB, B.I'. KUPUYEHKO. Poct u cerperaiius uutep-
METaLTMYEeCKUX (ha3 B CIIaBax IUPKOHUSL.

17. A.b. LIEIIEJIEB, .M. MUJISIEB, B.H. IIMMEHOB, B.C. IOCY-
[IOB, B.H. MEJIbHUKOB, A.11. MUJIAIEB. Bausane 37meKTpOHHOTO O0ITy-
YEeHHUsI Ha KMHETHKY paclafa TBEPJOTo pPacTBOpa M KOIPLUUTHUBHYIO CHITYy Mar-
HUTOTBepHoro cruasa Fe-Cr-Co.

18. A.B. LIVJIBI'A. OcobeHHOCTH CTapeHHs W Ierpanaliiii KOppO3HOH-
HO-CTOWKHX CTaJiel, MOIy4eHHbIX METOOM KOHCOJHMIAINN OBICTPO3aKaleH-
HBIX TIOPOILKOB, IIPH BBICOKOTEMIIEPATYPHBIX BBIIEPKKAX.

19. B.M. UEPHOB, K.A. MOPO3. BiusiHue NOBPESKIAIONIETO 00IyUe-
HUSI HA HU3KOTEMIIEpaTypHOe OXPYITYHBaHHE METAILIOB

Cexknus 3 «SlnepHasi cOCTaBJISIOMAN TOILIMBAY

1. B.B. MUXAJIbYMK, A.B. TEHUIIIEB, JI1. IIIOPHUKOB,
P.C. KY3bMUH. OcobeHHOCTH UCTIApSHUSI MOHOHUTPUIA ypaHa.

2. CH.HUKUTHH, B.A. TAPACOB, /I.II. IIOPHMNKOB. B3anmopneii-
CTBHE METAJUIMYECKOTO SJEPHOTO TOILUIMBA C MaTepHalaMK 000JI0YKHM TBIJIA.

3. P.C.KY3bMUH, A.B. TEHUIIIEB, B.B. MUXAJIBYMIK,
JLIL IHIOPHUKOB. 3akoHOMEpHOCTH OOpa3oBaHHs TBEPAOrO PpacTBOpa
(U,Gd)O; npu cniekanuu TabIIETOK OKCHIHOTO SAEPHOTO TOILIMBA.

4. B.A. TAPACOB, N.M._ KOHOBAJIOB. Hekotopsie NepCIeKTUBHI
MIPUMEHNMOCTH CIJIHIMIOB ypaHa B KadecTBe siiepHoro tominsa BBOP.
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CTEHAOBAJ CECCHA 20 OKTABPSA

Cexkuus 4 «MeToabI HCCJIEA0BAHNS M MOJAETHPOBAHUS MATEPHATOBY»

1. U.A. AHTOIIINHA, P.K. BUIIIEPATUH, B.A. CTEIIAHOB, ILA.
XAMUMOBUUY. Kpucrannuzanus MeTalIndeckuX CTEKOJ IMOCiie UHTEHCHB-
HOM IJIaCTHYECKOH eopMariyu.

2. M.A. APCEHTBEB, C.B. BACUJIbEBA, A.O0. MEPKYIIKMUH,
AJO.PAIIIKOBCKHUI, A.C.CMOJISHCKHMU. ®paxrtanshas copOuus u
CTPOEHHE YaCTHUI] FaMMa-00JIy4YeHHOTO IUCIIEPCHOTO NOJIUTETPadTOPITHIICHA.

3. B.B.BACWJIEHKO, B.M.IIOJIbCKUI, I[I.C.JOKYMAEB,
B.H.ITIETPOBCKHMMH, B.JLAKYIINH. IloBepXHOCTHOE YIpOYHEHHE HHU3KO-
JIETUPOBaHHBIX KOHCTPYKIITMOHHBIX CTaJIeli METOJOM JIa3epHOH HAIUTABKH.

4. 5.C. BOJIOAWH, U.B. EPIIIOBA, A.B. HA3BAPOB. MonempoBanue
aTOMHOU CTPYKTYpHI B okpecTHOCTH HaHomop B OIIK meramnax.

5. H.A. TOJIOBHH, M.JI. TAYBUH, A.A. SCKOJIKO. OcobenHoctu
(hopMHpPOBaHUs IBYXCIOHHON CTPYKTYpHI (hOJIBI BOJIb(pamMa U TaHTala.

6. BUIPA®YTUH, W.AEBCTIOXMHA, B.IL.KOJOTYIIKHWH,
B.IO.MWJIOCEPZIMH, A.JO.MUIIEHKO, CI'.PYJAKOB,
AJLYJOBCKHNH, I0.B.OYHTUKOB, A.C.IIIAPAIIOB. WccnenoBanue
M3MEHEeHHS 3HaKa IapaMeTpa ONKHETO MOPSIKa U JIEKTPOHHOH IIOTHOCTH B
CIUIaBaX Ha OCHOBE JKele3a.

7. T.HEJIMAHOB, II.C.JLJKYMAEB, E.AMBAHUIIKAA, T.JI. MU-
HIEHKO, A.-H.CYUYKOB. ®opMupoBaHrue MUKPOCTPYKTYPBI COSAMHEHHS IIPU
nudy3noHHOW TMalike HUKEIsI M JKeine3a OOpCOoIepKalluMH  CIIJIaBaMU-
MIPUIIOSIMU B YCIIOBHUSIX OIUIABJICHHS I'PAHUII 3€PEH.

8. N.B.EPIIIOBA, A.B.HA3APOB. MoaenupoBaHue BIUSHUS JaBICHUSI
Ha KOHIEHTPAIIHIO MEKI0Yy3eIbHBIX aTOMOB B MeTaiuax ¢ OLIK cTpykTypoit.

9. P.A. UBPATUMOBA, M.I''. TAHYEHKOBA, B.A. BOPOJIH. Ab-
initio MoeMPOBaHNE KOPPO3UH (heppUTO-MapTeHCUTHOI ctanmu DI1-823.

10. A.A. TBAHHUKOB, b.A. KAJIMH, A.H. CYUKOB, /.M. BAUYPUHA,
M.A. TIEHA3b. Bnusxue TeMmepaTypHO-BPEMEHHBIX IapaMeTpoB IMaiiku Ha
(hopMHpOBaHUE CTPYKTYPbI COSIMHEHHI PEaKTOPHBIX KOPPO3MOHHOCTOWKHX CTa-
JIeH, TIOJTy9eHHBIX C UCTIOIb30BaHUEM HHUKEJIEBBIX OOPCO/IEpKAIINX IIPUTIOEB.

11.A.A. UBAHHUKOB, O.H. CEBPIOKOB, W.E.JIIOBJIMHCKHU,
A.B.BEPTKOB, M.A.IIEHA3b, B.EMUCHUKOB, 10.0.KOYHOB. Ilpu-
MEHEHHE TEXHOJIOTMH Mailku MonuOaeHa co crainbio 12X18H10T mis kamwi-
JIIPHBIX CUCTEM BHYTPHUKaMEPHBIX AJIEMEHTOB TOKAMAKOB.

12. M.I'’ MCAEHKOBA, IO.A.IIEPJIOBUY, B.A.®ECEHKO, M./.
I'PULKEBHY. OcoGeHHOCTH TEKCTYpOoOOpa3oBaHUsl B JUCTaX W3 OAHO(A3-
HBIX ¥ MHOTO(a3HBIX CIJIABOB Ha OCHOBE THTaHA IPU WX IIACTUYECKOI je-
(dhopmanuu 1 TepMooOpadoTKe.

13. M.I'"’MICAEHKOBA, 10.A.TIEPJIOBIY, B.B.HOBHUKOB,
O.A KPBIMCKAZ, A.BIPUT'OPBEB. 3aBucuMoCTb aHU30TPOIUH CBOMICTB
LUPKOHUEBBIX TPYO OT UX KpHCTAIUIOTrPadUIECKOH TEKCTYPHI.
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14.b.A. KAJIMH, O.H. CEBPIOKOB, A.A. UBAHHUKOB, M.A. IIE-
H3b, U.B. ®EJJOTOB, .M. BAUYPUHA. HccnenoBanue mpouyHOCTHBIX
XapaKTePUCTUK COCAMHEHHUN U3 PEaKTOPHBIX KOPPO3HMOHHOCTOMKUX CTaleH,
MOJYYEHHBIX C TOMOIIBIO OBICTPO3aKaJIEHHBIX CIIJIABOB-IIPUIIOEB Ha OCHOBE
cucremsr Ni-Si-Be.

15. 1.B.KO3JIOB, I""H.EJIMAHOB, I1.C.JKYMAEB,
O.B.EMEJIbAHOBA. N3yuenue CTpyKTypHBIX 0COOEHHOCTEH KOMIIO-
3UIIMOHHBIX MUKPOIIPOBOIOB Ha OCHOBE KOOAJbTA.

16. B.H.KOJIOKOJIBIIEB, B.®.AEI'TAPEB, W.B.OPOBUMLIKA,
I1.B.CWUJIUH, B.A. HUKYJINUH, E.H.ITEPET'YIOBA. ®ukcanys HanpsKeH-
HOTO COCTOSIHUSI CTEKJITHHBIX ITACTHHOK IIPH HAHECCHHH TOHKUX IUICHOK Ha
ycranoBke [11a3MeHHBIN BOKYC.

17. C.B.KOPOBUH, I1.A.CUBAK, A.5.CUBAK. D¢} peKkTHBHOCTD AHUCITO-
KalMii KaK cTOKOB panuanroHHbx nedekros B 'K kpucramne Pu.

18. B.ILMUXAJIOB, A.B.MUXAUJIOBA, B.®.IIIAMPAM,
N.B.bOPOBUILIKAS. Jlerpaganust 1 BOCCTAHOBJIEHHE CBEPXIPOBOASIINX Ta-
pamerpoB BTCII neHT noj BO3AEHCTBUEM MEXAHUYECKUX Harpy3oK U TEpMO-
00paboTKH

19.10.A. TIEPJIOBUY, M.I. HCAEHKOBA, O.A. KPBIMCKASI,
ANIKYK, 1.3.MAMEJIOB. MoaenupoBanue MiacTHYECKOH aedopManuu
Marepuraa s4eeK AUCTaHIIMOHUPYIOUIEH PEIIETKN B TPOIIECCE MITAMITOBKH.

20.10.A. TIEPJIOBUY, M.I. MCAEHKOBA, II.JI. JOBPOXOTOB,
C.A.CTOJIBOB, 1.0.PAHHbIX. BnusiHue nociolHON TEKCTYpHOH HEOJHO-
POJHOCTH TropsiueKaTaHbIX JUCTOB (EPPUTHON CTalM HA aHU3OTPOIHIO UX Me-
XaHUYECKUX CBOWCTB MOCIIE TEPMOYIIPOYHEHNSI.

21.]1.B. TIOCOXOB, B.C KY3bMHMH. Pa3paboTka IEpOBCKHUTO-
0J0OOHOTO MaTepuaja Ha OCHOBE alOMUHMA I MMMOOMIM3AaLMN PagHOaK-
THUBHBIX OTXOZOB B PEXHME TEXHOJOTMYECKOro TropeHus merojnom CB-
CHHTE3a.

22.11.C. CAEHKO, A.JI. YIOBCKHUH , O.5. ®PABPUYHAS. Tepmonu-
HaMHYECKOE MOJICTUPOBAHNE AUATPaMMBI COCTOSTHHUS cUCTeMbI Fe-Y.

23.J1.B. CEJIEBHEBA, A.B. HA3APOB. B3aumnoe BIusiHHE yTiepoja u
BaKaHCUH Ha MUTPAITHIO TOUEYHBIX 1e(EKTOB B O-)KeJe3e.

24. A.B. TEHUIEB, P.C. KY3bMUH, M.E. MATBEHOB,
B.B. MUXAJIBYMK, JI.II. LIOPHUKOB. OcoGeHHOCTH H3MEpEHUS HECTH-
XMOMETPHH JIMOKCH/IAa YpaHa METOJIOM TEPMOTPaBUMETPHH.

25. AJI. VJIOBCKUA, I.A. BACUJIBEB. IlposBnenue ¢eppo - aHTH-
(eppomMarHuTHOTO (ha30BOTO MEpexo]ia B MeTaCTaOMIIBHBIX CIIaBaX OOraThIx
Cr B Bujie HEMOHOTOHHBIX TEMIIEPATYPHBIX 3aBUCHMOCTEH TEIIOEMKOCTH
IByX(a3HbIX cIIaBoB cuctemsl Fe-Cr.

26. A.JI. VJIOBCKHIA, M.B. KVITABIIEB. IIpuMeHeH#e Tpexmoapere-
TOYHOM MOJENH Ul pacyeToB CTPYKTYPHBIX U TEPMOAMHAMUYECKHX CBOWCTB
o- ¢a3sl B cucteme Fe-V.
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PROGRAM

17 October

14%_19%  Reception and registration of participants of the School-
Conference
169 — 209 Round table with the participation of Russian and foreign lecturers

18 October

9% _ 109 Registration of participants
10% — 101 Opening of the School-Conference

Section 1 «Ageing of materials of the NPP equipment»

102102 V.I. Korogodin (SC "Rosatom™) Structural materials of the nu-
clear power engineering: modern challenges and supply of resources for sus-
tainable development

102 - 1119 AV. Dub (JSC "Science and Innovations™) From 30 to 100.
Material science and technological support for increasing the service life of hull
materials

11201150 V.V, Potapov (JSC VNIIAES) Experience of increasing the
service life of VVER NPP power units

Coffee Break 11%0— 1210

1210 1240 B A. Kalin (NRNU MEPhI) Innovative directions for ensuring
the NPP safety (fuel, materials)

1240 1320 VP, Semishkin (JSC OKB "GIDROPRESS") Control of aging
the structures, systems and components of the VVER reactors

1320 _14% V.G, Kritsky (JSC "NIAEP"-"ASE") Aging control in the de-
sign of NPPs

Lunch break 14% — 15%

15% _16%  B.Z. Margolin (FSUE CRISM "Prometey"") Physicomechani-
cal modeling of the destruction processes and predicting the properties of irra-
diated materials of VVER reactor vessels and internals

162 —164 B.A. Gurovich (NRC "Kurchatov Institute™) Degradation of the
structure and properties of reactor internals materials after long-term operation
and the effect of recovery annealing temperature on increasing their service life

Coffee Break 1640 — 17%

17% _ 17490 v/, Skorobogatykh, P. Kozlov (SRC RF "NPO TSNIITMASH")
Modern heat-resistant materials for power equipment working under pressure in con-
ditions of creep

1740 _ 1820 peter Hosemann (University of California Berkeley) Advanced
nuclear materials testing and characterization

182 _ 19% Round table with the participation of Russian and foreign lecturers

Poster session 15% — 1820

14



19 October
Section 2 «Degradation of structural materials»

102-1042 OQO.P. Maksimkin, A.V.Y arovchuk, O.V.Rofman, L.G.
Turubarova, S.B. Kislitsin, A.S. Dikov (INP RK, Almaty, Kazakhstan) Ag-
ing and corrosion of structural materials irradiated by neutrons in BN-350 and
VVR-K nuclear reactors

1091120 A |l. Ryazanov (NRC "Kurchatov Institute") Modern problems
of the radiation creep and helium embrittlement of irradiated structural materi-
als for nuclear and thermonuclear reactors
112 _12% 11, Chernov?, M.S. Staltsov!, B.A. Kalin, I.A. Bogachev!, L.Y.
Guseval, S.N. Korshunov? (:NRNU MEPhI, 2NRC "Kurchatov Institute"))
Some problems of hydrogen in reactor structural materials

Coffee Break 1290 1220

1220 _13%  AV. Kozlov, I.A.Portnykh (JSC “IRM”, Zarechny) Mecha-
nisms of the effect of neutron irradiation at various temperatures on the physi-
comechanical properties of austenitic steels

132 1390 V.V. Uglov!?3 V.M. Anishchik!, G.E. Remnev?, N.T.
Kvasov*?, V.I. Shymanski*?, 1.V. Safronov! (‘Belarusian State University,
Minsk; 2Tomsk Polytechnic University, Tomsk; SMEPHI, Moscow) Features of
the radiation processes and phenomena in nanocomposite coatings

Lunch break 134 — 1440

1440 1520 \/ A, Pechenkin (JSC "SRC RF FEI", Obninsk ) Changing the
properties of structural materials under irradiation: the role of radiation-induced
segregation

152 169 Frank A. Garner'?, Lin Shao®, Michael Short?, Mychailo B.
Toloczko* And Victor N. Voyevodin® (*Texas A&M University, °REC, *MIT,
4Pacific Northwest National Laboratory, USA; °Kharkov Institute of Physics
and Technology, Kharkov Ukraine) Use of charged particle irradiation to study
neutron-induced void swelling of reactor structural materials

162 1640 Neustroev V., Belozerov S., Zhemkov 1., Makarov E.,
Markelov D. (JSC "SRC RIAR", Dimitrovgrad) Regularities and relationships
of radiation phenomena in austenitic steels irradiated to high damaging doses

Coffee Break 1640 — 17%

17% _ 18% Reports:

1. A.S. Dikov!?, S.B. Kislitsin*?, I.I. Chernovl(* NRNU MEPhI, Russia;
2 INP RK, Almaty, Kazakhstan) Effect of test temperature on the mechanical

properties of austenitic Cr18Nil0Ti and Cr16Nil1Mo3 steels, irradiation by
fast neutrons
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2. E.A.Kuleshoval?, A.S.Frolov?, D.A.Maltsev?, E.V.Krikun?,
D.A.Zhurko!(*NRC "Kurchatov Institute", 2NRNU MEPhI) Radiation embrit-
tlement of 15H2NMFA class 1 steel under the low-temperature irradiation

3. N.S. Saburov, V.A. Markelov, A.U. Gusev, S.A. Bekrenev, I.A. Shelepov
(A.A. Bochvar High-Technology Research Institute of Inorganic Materials) The
threshold conditions of the delayed hydride cracking in zirconium alloys

18% — 19% Round table with the participation of Russian and foreign lecturers

Poster session 1440 — 18%
20 October

Section 2 « Degradation of structural materials» (continuation)

109 _ 1052 Dr. Malcolm Griffiths (Canadian Nuclear Laboratories) Mech-
anisms of Irradiation Creep in Reactor Core Materials

102 — 1140 Short Michael (MIT) The Wigner Energy Spectral Fingerprints
of Radiation Damage

11490 _ 129 Reports:

Yu.A.Perlovich!,  M.G.Isaenkova!, V.A.Fesenko!, O.A.Krymskaya?,
G.P.Kobylyanskiy?, Yu.D.Goncharenko? (:NRNU MEPhI, 2JSC "SRC RIAR")
Influence of high-neutron irradiation on substructure of cladding tubes from
zirconium alloys

Coffee Break 129 _ 1220
Section 3 «Nuclear fuel component»

122 _13% A M.Savchenko, L.A.Karpyuk, M.V.Pozdeev, O.l.Uferov,
G.V.Kulakov, D.V.Shamin, M.Y.Lebedev (JSC VNIINM) New technological
platform based on composite fuel

13% _ 1320 B.A.Tarasov, D.P.Shornikov, S.N.Nikitin, A.V.Tenishev
(NRNU MEPhHI) The development of composition "fuel-cladding” based for
pellets metal fuel with fixed porosity

1322 — 149 Reports:

1. I. 1. Konovalov, M.S. Tarasova, B.A. Tarasov (NRNU MEPhI) calculated
definition of the performance limits of fuel elements with a dense fuel

2. A.B. Kruglov, V.B. Kruglov, P.G. Struchalin, V.S. Kharitonov (NRNU
MEPhI) The control of thermophysical properties of fuel rods with dense fuel

Lunch break 14% — 15%

Section 4 « Methods of research and modeling of materials »

15% _ 154 SV, Starikov (JIHT RAS) Multiscale computer modeling of
the properties of materials for nuclear engineering

1540 _ 1630 Prof. Janelle Wharry (Purdue University) TEM in situ mechan-
ical testing techniques for ion irradiated materials
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16%2 — 179 Reports:

1. E.AKuleshova®?,  B.A.Gurovich!,  Z\V.Bukina!,  D.A.Maltsev!,
S.V.Fedotoval, A.S.Frolov!, G.M.Zhuchkov! ( *NRC "Kurchatov Institute",
2 NRNU MEPhI)Assessment of the hardening mechanism contribution to flux
effect of VVER-1000 RPV steels under accelerated irradiation by APT and
TEM

2. E.AKuleshoval?,  D.A.Maltsevt,  AS.Frolov,  D.V.Safonov'?,
G.M.Zhuchkov!(*NRC "Kurchatov Institute”, 2 NRNU MEPhI) Structural and
fractographic study of templets cut out from RPV of Novovoronezh NPP power
unit Ne4 for current state evaluation

Coffee Break 17% 172

172182  Reports (continuation):

3. V.A. Zhitelev, M.V. Kuprienko, A.A. Isaev, F.N. Kryukov, E.A.
Zvir, A.V. Strozhuk, And G.D. Nurullina (JSC “SSC RIAR”, Dimitrov-
grad) Gamma emission tomography of a BOR-60 untight EFA

4. E. Makarov, V. Neustroev, S. Belozerov, D. Markelov, A. Obukhov
(JSC "SSC RIAR”, Dimitrovgrad) Effect of stress on irradiation-induced
creep and swelling of FE-18CR-10NI-TI steel pressurized specimens ir-
radiated in the BOR-60 reactor

5. V.I.Pastukhov*?3, S.4.4verin*® V.L.Panchenko?, 1.4.Portnykh®,
P.D.Freyer 4, L.A.Giannuzzi °, F.4.Garner *® (USC “INM”, Zarechny,
2Ural Federal University, Ekaterinburg, SNRNU MEPhI, “Westinghouse Elec-
tric Company, Pittsburgh PA, USA SL.A. Giannuzzi & Associates LLC, Fort
Myers, FL, USA °Radiation Effects Consulting LLC, Richland WA, USA) Ap-
plication of backscatter electrons for large area imaging of cavities
produced by neutron or ion irradiation of structural steels

6. A.V.Androsov', V.l.Vybyvanets!, E.G.Kolesnykov®, V.S.Serikov!,
E.S.Solntseva®, P.4.Stepanchykov!, |.M.Russkikh?, —E.N.Seleznev?
(*FSUE SRI SIA "LUCH", Podolsk, 2JSC "INM ", Zarechny) Ampoul test
methodology

182 — 199 Round table with the participation of Russian and foreign lecturers

Poster session 15% — 18%
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21 October

10% _ 129 Reports:

1. N. V. Volkov!, B.A. Kalin!, LV. Oleinikov?, N.V. Sysoeva? ( *NRNU
MEPhI, 2“Scientific-technical institute of intebranch information”) IR-
spectromentry application for analysis of oxide films grown on the claddings
surface from E110 alloy

2. B.A. Kalin®, N.V. Volkov}, R.A. Valikov?, A.S. Yashin!, D.N. Ignatiyev?
(*NRNU MEPhI, 2FSUE SRI SIA "LUCH", Podolsk) Surface layer allowing of
fuel claddings from E110 alloy on spongy base to increase high-temperature
corrosion resistance

3. A.S. Useinov!, E.V. Gladkih?, M.D. Butyto?, V.N. Reshetov?,
A.A. Rusakov! (*FSBI TISNCM, Troitsk, 2NRNU MEPhI) Modern domestic de-
vices and methods for complex diagnostics of material properties

4. S.V. Rogozhkin, A.A. Nikitin, O.A. Korchuganova (SSC «Institute for
Theoretical and Experimental Physics» of NRC “Kurchatov Institute”)
Nanostructure of titanium alloy Ti-5Al-4V-2Zr and its response on thermal ag-
ing at 450 °C

5. N.A. Iskandarov?, S.V. Rogozhkin®!, A.A. Lukyanchuk?, O.A. Razni-
tsynt?, A.S. Shutov?, A.G. Zaluzhny?!, M.V. Leontieva-Smirnova®? (1 SSC «In-
stitute for Theoretical and Experimental Physics» of NRC “Kurchatov Insti-
tute”, °NRNU MEPhI,2A.A. Bochvar High-Technology Scientific Research In-
stitute for Inorganic Materials (VNIINM)) Evolution of rusfer EK-181 ferritic-
martensitic steel nanoscale structure under aging

6. V.V. Uglov*?3, V.I. Shymanski*), E.L. Korenevski, J.O’connel(
'Belarusian State University, Minsk, Belarus; ?Tomsk Polytechnic University,
Tomsk; SMEPhI, Moscow;?Nelson Mandela University, Port Elizabeth, South
Africa) Structure and phase composition of multilayered AIN/SiN films after
ion irradiation and thermal annealing

7. AV. Nazarov’, A.A. Mikheev?, A.G. Zaluzhnyi* ( 'NRNU MEPhI
2Moscow State University of Design and Technology) Simulation of nanovoid
growth in FCC metals

8. D. N. Demidov !, A.B. Tsepelev » 2(INRNU MEPhI, 2 IMET RAS, Mos-
cow) Effects of radiation and impurities on the rate growth of helium bubbles in
the grain boundaries of ferritic steels

109 _ 14% Round table with the participation of Russian and foreign lecturers

Coffee Break 129 _ 1220

122 _14% Symmarizing, closing of the School-Conference
15% 179 Excursion to NRNU MEPHI
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KOPOI'OJUH B.H.

I'K «Pocamomy, 2. Mockea, Poccus

KOHCTPYKIIMOHHBIE MATEPHUAJIBI SIJIEPHOM
JHEPI'ETUKU: COBPEMEHHBIE BBI3OBbI U PECYPCHOE
OBECIEYEHUE YCTOMYUBOCTHU PA3BUTHSI

B nokmane MPUBOJATCA OLCHKH KOHKypeHTOCHOCO6HOCTI/I aTOMHOM OHEP-
TE€THUKHU 110 CPAaBHCHUIO C IPYTUMHU MacIITaOHBIMHU OHCProTCXHOJIOTUAMU U 1IEP-
CIICKTUBBI €€ pPasBUTUA B Omkaiinme JCCATUIICTHUA. Ha ocHoBe anamm3a
HAKOIIJICHHOI'O OIIbITa, 3aJa4 IIOBBIIICHHA KOHKypeHTOCHOCO6HOCTI/I u obecre-
YCHHUS SKOJIOTHYCCKOMN MPpUEMIIEMOCTHU BbIACJICHBI IPUOPUTCTHLIC HAIIPABJIICHUA
MNPpUMCHCHUA HOBBIX PAJUAIIMOHHO CTOMKHX MaTepraJIoOB € TOYKU 3pCHUA 3(1)-
q)eKTOB, JOCTUraCMbIX Ha XW3HCHHOM IIMKJIC aTOMHBIX 3H€KT'pOCT8HLIHfI n
AACPHOTO TOIIJIUBA.

V.. KOROGODIN
SC "Rosatom", Moscow, Russia

STRUCTURAL MATERIALS OF THE NUCLEAR POWER
ENGINEERING: MODERN CHALLENGES AND SUPPLY
OF RESOURCES FOR SUSTAINABLE DEVELOPMENT

Estimations of the competitiveness of nuclear power in comparison with
other large-scale energy technologies and prospects for its development in the
coming decades are presented in the report. Based on an analysis of the accu-
mulated experience, the problems of increasing the competitiveness and ensur-
ing the environmental acceptability, priority directions of the use of new radia-
tion-resistant materials in terms of the effects to be achieved during the life cy-
cle of nuclear power plants and nuclear fuel have been determined.
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B.B.IIOTAIIOB, A.M.JIOTMHOB B.A.NJIbUH
AO «Bcepoccutickuii HayuHO-UCCIe008aMENbCKUL UHCTNUMYM
no aKcnyamayuu amomuuix snekmpocmaryuily (AO « BHUHADCy),
2. Mockesa, Poccus

OIIBIT NPOMJIEHUA PECYPCA DHEPI'OBJIOKOB
A3C BBIP

[Iponnenue sueprodmoko ADC B HacTosiee BpeMsl aKTyaJIbHO BO MHOTHX
CTpaHax MHpa, UCIIOJIB3YIOIIMX aTOMHYIO YHEpru0. Bo3MoXHOCTE NpoIeHus
obecrieunBaeTcsl TeM, YTO KOHCTPYHUPOBaHHE 000PYHIOBaHHS M TPYOOIIPOBOIOB
(MpoexTHpOBaHKE I CTPOUTEIHHBIX KOHCTPYKIUH) BBIIOIHAIOCH C ONpEe-
JICHHBIM KOHCEPBAaTH3MOM, W BBIIOJIHEHHBIM 3HAYUTEIHHBIM 00BEMOM MOZEp-
HU3aLUH Ha CTauW SKCIUTyaTalul. BO3MOXKHOCTh MPOATICHUS MOJATBEPKIACT-
Cs1 OIIBITOM DKCILTyaTaIuu 3HeprooaokoB ADC.

[Tpu npoyieHnn SHEpProdiIoka HEOOXOIUMO OLIEHHBATh CTApEHHE KpUTHYE-
ckux saeMeHToB ADC. K KpuUTHUECKHM 3JIeMEHTaM OTHOCATCS DJIEMEHTHI,
Ba)XKHBIE JUIsi O€30MacHOCTH, IEJIOCTHOCTh U PabOTOCHOCOOHOCTh KOTOPBIX
omnpenenseT HaJeXKHOCTh M CPOK dKciutyararuu ADC B 1enoM, a Takxke 3Je-
MEHTBI, 0TKa3 KOTOPBIX MOKET IPUBECTH K TOpa3fio OOIBIINM 3KOHOMUYECKUM
MOTEpAM, 4eM 3aTpaThl HA UX KOHTPOJb M JUAarHOCTHKY. [lomuMmo mpouero k
HUM OTHOCSITCS 3JIEMEHTHI, 3aMEHa KOTOPBIX IPH 3KCIUTyaTallnd HEBO3MOXKHA
WJIM SKOHOMUYECKH HEOIpaB/IaHHA.

KoHTponb crapeHus BKIIouaeT HaOJIOAEHHE W PETHCTPALMIO MTapaMeTpOB,
XapaKTepU3yOIINX N3MEHEHHE CBOMCTB OOBEKTOB, HEOOXOIUMBIX JUIS BBITIOJN-
HEHUs cBOMX (PyHKIMIA, M KOHTPOJIb YPOBHSI HAJIS)KHOCTH DJIEMEHTa B IIpOIiecce
JKCIUTyaTauu. K MeponpusaTusm, 1o KOHTPOJIIO CTApEHUS] OTHOCATCS:

- Hepa3pyUIaoIUil ¥ pa3pyLIaloNil KOHTPOJIb,

- TEXHUYECKOE OCBH/IETEILCTBOBAHNE;

- MOHMTOPHHT TTapaMeTPOB 3KCILTyaTallly;

- NPOBEICHHE OIEHKH M IPOTHO3HPOBAHUE PECYPCHBIX XapaKTEPUCTHK
3JIEMEHTOB 3Heproo6ysokoB ADC.

AO «BHHUHMADC» obnamgaeT GONBIINM OMBITOM HAYIHO-TIPAKTHYECKHIX pa-
60T 110 ynpaBJieHUIO cTapeHneM 31eMeHToB ADC, HaKOIJIEHHBIM B paMKaXx BbI-
MOJHEHMs PaboT MO NPOJUICHUIO CPOKa CirykObl 3HeprobnokoB ADC ¢ BBOP n
MpPEeJCTaBICHHBIM B IaHHOU CTaThe.

21



V.POTAPOV, A.LOGINOV, V.ILIN
All-Russia Research Institute of Nuclear Power Plant Operation
(JSC «VNIIAES»), Moscow, Russia

LIFETIME EXTENSION EXPERIENCE FOR
NPP WITH VVER

Lifetime extension of NPP power units is an actual issue for many counties
which are using nuclear power all over the world. The possibility of lifetime
extension is provided by designing equipment and pipelines with certain con-
servatism and also deep modernization during operation. Lifetime extension
possibility has been confirmed by NPP operation experience.

During lifetime extension it is crucial to evaluate ageing of NPP critical el-
ements. Among NPP critical elements are the ones which are important for
safety of operation. The integrity and working ability of these elements define
the NPP operation period and its reliability. Also elements are included in that
class which failure can lead to much bigger economical losses in comparison
with costs on their inspection and diagnostics. Besides elements are included in
the class which cannot be changed during operation or this change in not eco-
nomical reasonable.

Ageing inspection includes supervision and registration of parameters
which are connected with objects’ properties defining fulfillment of their func-
tions and checking of elements reliability during operation.

Ageing inspection measures include:

nondestructive and destructive testing;

technical examination;

monitoring of operation parameters;

evaluation and predicting of lifetime parameters of NPP elements.

JSC «VNIIAES» (Whole Russia research and development institute for nu-
clear power plants operation) has got much experience in research and practical
approach to management of NPP elements’ ageing which has been acquired
while extension lifecycle activities of NPP with VVVER were done. The part of
experience is provided in this article.
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b.A . KAJIH

Hayuonanvnuiii uccnedosamenvcxuil sdeprulii ynugepcumem « MUDU y,

2. Mocksa, Poccus

NHHOBALMOHHBIE HAITPABJIEHUA OBECIIEYEHUSA
BE3OITACHOCTH A3C (TOIVIMBO, MATEPHAJIbI)

B HanumonansHOM HCClIeOBaTENbCKOM sA1epHOM yHuBepcurere « MO
MPOBOAATCA IIOMCKOBBIE HCCIIEAOBAHUS MO pa3paboTKe SOECPHOTO TOIUIMBA,
yCTOHUMBOro K aBapusaM (TojiepaHTHoe ToruuBo — TT), U mo mporHo3upoBa-
HUIO CTapeHHs W nerpafanuu cBoictB maTtepuanos (CJl) — HampaBieHus mo-
BBIIICHUS O€30MIaCHOCTH SAEPHBIX PEaKTOPOB.

Crneunduka pazpadotkr TT cocTouT B NOBBIIIEHHH YCTOHYMBOCTH 000J10-
yek TBA0B TBC peakropoB tuna BBOP k mapouupkoHneBoi peakuuy B aBa-
PHUMHBIX YCIOBUSIX U B HAIIPABJICHUU MOBBIIIEHHS TEIUIONPOBOAHOCTH U COBME-
ctumocTa ¢ obonoukoit UO2. OCHOBHEIMHU HAITPaBIEHUSAMH 110 000JIOYKAM TB3-
JIOB SIBJIAIOTCSI MOANGHUINPOBAHUE CTPYKTYPHO-(a30BOr0 COCTOSHUS BO BHEII-
HEeM cjoe 000IOYKH M pa3pabOTKe M3HOCOCTOMKHMX HOKPHITHH. B wactu Tom-
JIMBHON KOMITO3MIMU Pa3pabaThIBaeTCs TEXHOJIOTHS TOIYYEHHUS JBYX30HHBIX
tabnetok UO; ¢ paanalibHBIM pacnpesielieHHeM MHUKPOCTPYKTYpBI, oforaiie-
HUS U PacHpeAeSICHHUs BRITOPAIOIINX YIEMEHTOB (B TBIrax).

ITpu pa3paboTke HaAyYHBIX OCHOB IPOTHO3MPOBAHUS CTApPEHHUS] MaTepHaIOB
WCIIONIb30BaHbI METOJbI HAYYHOTO 00OOIIEHHs NaHHBIX, COCTABIEHHUE OOBEKT-
HO-TEMaTHYECKOTO 3JIEKTPOHHOTO OaHKa OIIEHEHHBIX JaHHBIX, TOCTPOECHHE MO-

Heﬂeﬁ MIpOHECCOB CTAPEHUA U ACTrpaJallii MaTCPUaIOB.
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B.A.KALIN
National Research Nuclear University "MEPhI", Moscow, Russia

INNOVATIVE DIRECTIONS OF ENSURING
THE SAFETY OF NPPS (FUEL, MATERIALS)

The National Nuclear Research University "MEPhI" conducts exploratory
research on developing nuclear fuel stable to accidents (tolerant fuel (TT)) and
forecasting the aging and degradation of the properties of materials, i.e. the di-
rection of improving the safety of nuclear reactors.

The specificity of developing tolerant fuel consists in increasing the stability
of the fuel claddings of VVER reactors to the zirconium-steam reaction under
accident conditions and in the direction of increasing the thermal conductivity
and compatibility of UO; with the cladding. The main directions of solving this
problem are modification of the structural-phase state in the outer layer of the
cladding and development of wear-resistant coatings. As to the fuel composi-
tion, the technology is being developed for production of two-zone UO; pellets
with a radial distribution of the microstructure, enrichment and distribution of
burnable elements (in TVEGS).

When developing scientific bases for predicting the aging of materials,
methods of the scientific generalization of data, creation of an object-thematic
electronic bank of estimated data, and development of models for the processes
of materials aging and degradation have been used.
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B.II.CEMUIIKHWH, A.B.OI'AYEB, A.B.MEPKYH

Axyuoneproe 06wecmeo onvlmHo-KOHcmpykmopckoe 0wpo «l uoponpeccy,
2. Ilooonwvck, Mockoeckas obnacms, Poccus

YIPABJIEHUE CTAPEHUEM KOHCTPYKIIMIA, CACTEM "
KOMITIOHEHTOB PEAKTOPHOM YCTAHOBKH C BB2P

W3n0xeHbl OCHOBHBIE MOAXOABI K YIPABICHUIO CTapeHHEM (PecypcoM)
KoHcTpyKkuul, cucteM u komrnoHeHToB (KCK) peakropHoit ycranoBku (PVY) ¢
BBDP-1000/1200, paspabotanusie 8 AO OKbB «I'uapompeccy uis stama mpo-
EeKTHpOBaHUs. B MeTon010ruu ynpaBieHHus CTApEHUEM HCIIOJIb30BaHa Poccuii-
CKasl M 3apyOe)kHast HOpMAaTHBHAs JOKYMEHTAINS U OTPA’KCH OIBIT IPOEKTHPO-
BaHust B AO OKbB «['mapompecc» PY ¢ BBOP-1000/1200. Mertomonorus
YIpaBIICHUS CTApEHHEM OCHOBaHA Ha NMPOCKTHOW JOKyMEHTAIUHU, Ha PE3yJIbTa-
Tax auarHocTuku u MoHuTopuHra crapeHns KCK B nponecce skcruryatanuu. B
OCHOBY ympaBiieHHs crapeHHeM PV mojokeH NpUHLUI COXpaHeHHs paboTo-
cnocooHocTr KCK BaxkHBIX /1J1s1 6€301aCHOCTH TOCPEICTBOM KOMILIEKCa opra-
HHU3AIMOHHBIX U TEXHUYECKUX MEp MO KOHTPOJIO U YMEHBIICHUIO HETaTUBHBIX
MPOIIECCOB TAaKMUX, KaK pasIMYHbIe BUJBI JErpajalliil CBONCTB MaTepHaloB, B
TOM YHUCJIE IOBPEKICHUI U OTKA30B.

V.P.SEMISHKIN, A.V.BOGACHEV, A.V.MERKUN
Joint Stock Company Experimental Design Bureau «Gidropress»,
Podolsk, Russia

AGEING MANAGEMENT OF STRUCTURES, SYSTEMS AND
COMPONENTS OF REACTOR PLANT WITH VVER

The basic approaches are presented to ageing (service life) management of
structures, systems and components (SSC) of the reactor plant (RP) with
VVER-1000/1200, developed in OKB “Gidropress™ for the design stage. In the
methodology of ageing management the Russian and foreign regulatory docu-
mentation is applied and the experience in designing the RP with VVER-
1000/1200 in OKB “Gidropress” is mentioned. The methodology of ageing
management is based on the design documentation, results of diagnostics and
monitoring of SSC ageing during operation. The basis of ageing management is
the principle of maintaining the operability of SSC important to safety by ap-
plication of a complex of organizational and technical measures on monitoring
and reducing the negative processes, such as various kinds of degradation of
material properties, including damages and failures.
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B.I'. KPULIKUI
Axyuonepnoe obwecmeo «Hayuno-uccredosamensckuil u npoeKmuo-
KOHCMPYKMOPCKULL UHCMUmym suepeemuyeckux mexronozuti « A TOMIIPO-
EKT», . Cankm-Ilemepbype, Poccus

YIIPABJIEHUE CTAPEHUEM IIPU IPOEKTUPOBAHUU ADC

TexHU4ecKHi MPOEKT BKIIOYAET B ceOsl: (pru3nueckre pacdeTsl; TEIUIOTHI-
PaBJIMUECKUE PACUEThl; PACUETHOE 0OOCHOBAaHME IPOYHOCTU 000PYLOBAHUSL.

B nporecce mpoeKTUpoBaHUA U KOHCTPYHUPOBAHUS HCIIOJIB3YFOTCSI CXEMHBIE
U KOHCTPYKIIMOHHBIE METOJbI oOecnedeHus] HaA&KHOCTH cucTeM. CXeMHbIe
METO/IBI BKIIFOYAIOT B ce0s: aHAIN3 MPOTOTUIIOB; CO3IaHUE CXEM C MUHHUMAlb-
HO HEOOXOJUMBIM YHCJIOM 3JIEMEHTOB, IIPUMEHEHHE PEe3epBUPOBAHMS, pa3pa-
00TKy cXeM, HE JOIYCKAIOIINX ONACHBIX MOCIEICTBUI OTKAa30B X JJIEMEHTOB,
ONTUMH3ALMIO TIOCJIEOBATEIFHOCTH PAa0OTHl 3JEMEHTOB CXEMBI, IpeaBapH-
TENBHBIM pacuéT HaAEKHOCTH MPOCKTUPYEMOH cXeMbl. [Ipi 3TOM yuuTHIBaIOT-
cs:

- pesynbratel HUOKP;

- UCIIONB30BaHKE Pe(EPEHTHBIX JAHHBIX C APYTHX AAEPHBIX 0OBEKTOB,;

- MaTepHaJIbl 1 MEXaHU3MBI CTAPEHHUS.

CocraBisieTcs porpaMma yIpaBJieHUs CTApEHHEM B IEpHO]] IPOSKTUPOBa-
HUS ¥ 9KCIUTYaTall|H SIIEPHOTO 00OBEKTA.

V.G.KRITSKY
Joint Stock Company Scientific Research and Design Institute for Energy
Technologies «KATOMPROEKT», St. Petersburg, Russia

AGEING MANAGEMENT WHILE DESIGNING NPP

Basic design includes: physical calculations, thermohydraulic calculations;
design-basis justification of equipment reliability.

During design and manufacturing scheme-oriented and construction-
oriented system reliability technologies are used. The scheme-oriented ones in-
clude prototype analysis; generation of systems with minimum required ele-
ment number, use of redundancy, development of systems that prevent hazard-
ous consequences in case of element failures; optimization of system element
operation sequence; preliminary calculation of system under design reliability.
Doing so the following to be considered:

- R&D results;

- Use of reference data obtained at other nuclear facilities;

- Ageing materials and mechanisms.

Ageing management program shall be prepared for design and operation
phases of nuclear facility.
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b.3.MAPI'OJIMH
Llenmpanvhulii HAy4HO-UCCIE008aMENbCKUL UHCIMUMY M KOHCMPYKYUOHHBIX
mamepuanog «Ilpomemeiiy, 2. Cankm-Ilemepoype, Poccus

OU3NKO-MEXAHUYECKOE MOJEJIMPOBAHUE
INPOLUECCOB PA3PYHIEHUSA U ITPOI'HO3UPOBAHUE
CBOMCTB OBJIYYEHHBIX MATEPHUAJIOB KOPITYCA

U BHYTPUKOPITYCHBIX YCTPOMCTB BBIP

PaccMoTpeHbI MeXaHU3MBI pa3pyIIeHHsT (EPPUTHBIX U AYyCTEHUTHBIX CTaleH
Ha Pa3lNYHBIX MAacCIITaOHBIX YPOBHSX, HAYMHAS OT PAIUALOHHBIX NE(HEKTOB
(HaHO- W MHKpPO- YPOBHM) M 3aKaHUMBas JIeMEHTaMHU KOHCTpyKiui ADC —
KOPILyCOM pPEaKTopa W BHYTPHKOPIIYCHBIMHU ycTpoicTBaMu. bonbmioe BHHMa-
HHE YJEISIeTCSl YCTAaHOBJICHHIO «MOCTOB» MEXKAY MOBPEKACHUSIMH Ha pas3iiny-
HBIX MacITaOHBIX ypoBHsX. bazupysce Ha (QHU3NIECKMX MEXaHU3Max IMOBpe-
JKIEHHST U pa3pylieHusi, chopMyTUPOBaHbI JIOKAJIbHBIE KPUTEPHH XPYIKOTO U
BSI3KOTO pa3pyIICHHUs 00Iyd4aeMbIX MaTeprUaloB B TEPMHUHAX MEXAaHUKH JIedop-
MHpPYEMOT0 TBEpIOro Tena. Ha ocHOBe JOKanbHBIX KPUTEPHEB pa3pabOTaHbI
(pM3UKO-MEXaHMYECKUX MOJENH pa3pyIIeHHs, KOTOpbIE TMpPH H3BECTHOM
HaIpsKEHHO-1e(OPMUPOBAHHOM COCTOSIHIN Y BEPIIMHBI TPEIIMHBI TO3BOJISIOT
paccuuTHIBaTh KPUTEPUAJIbHBIC 3HAYCHHS ITapaMeTPOB MEXaHUKU pa3pyIICHHs,
B uactHoCcTH, Kic(T) u Jc(F). Ipencrasiena mmpokast Bepudukanus paspado-
TaHHBIX (PU3UKO-MEXAHUUECKHX MOJIEIICH.

B.Z.MARGOLIN
Central Research Institute of Structural Materials "Prometey",
St. Petersburg, Russia

THE PHYSICAL-AND-MECHANICAL MODELING OF FRAC-
TURE PROCESSES AND PREDICTION OF PROPERTIES OF
IRRADIATED MATERIALS OF RPV AND INTERNALS FOR

WWER

Fracture mechanisms of ferritic and austenitic steels are considered on vari-
ous scales from radiation defects (nano- and micro- scales) to NPP equipment
components — reactor pressure vessels and the internals. To link damages on
different scales the bridges are established as follows: nano-scale — micro-
scale, micro-scale — mezo-scale and mezo-scale — macro-scale. On the basis
of physical mechanisms of damage and fracture the local criteria of brittle and
ductile fracture of irradiated steels are formulated on the mezo-scale in terms of
solid mechanics, and the physical-and-mechanical fracture models are devel-
oped. For known stress-and-strain fields near the crack tip the developed mod-
els allow the prediction of fracture mechanics parameters, in particular, Kyc(T)
and u Jc(F). Wide verification of the developed physical-and-mechanical frac-
ture models is presented.
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B.AT'YPOBNY

HUL] «Kypuamoesckuti uncmumymy, 2. Mockea, Poccus
E-mail: malt_ber@mail.ru

JETPAJALUSI CTPYKTYPBI U CBOMCTB MATEPHAJIOB
BKY MOCJIE JUINTEJBHOM DKCILTYATALIMU U BJIUSIHUE
TEMIIEPATYPBI BOCCTAHOBUTEJILHOI'O OTKUT' A
JIUISI IPOJVIEHUSI CPOKA CJIYIKBbI

K ocobennoctsiM skcmyaraiun MarepuainoB BKY, B nepByro ouepens, BbI-
TOPOJKH PEaKTOpa OTHOCSTCS BBICOKHE MOBPEKAAIOIINE NO3bI U OOYyCIIOBICH-
HBII1 TIOTJIOIIEHNEM Y - KBAHTOB U HEHTPOHOB BBICOKHMI YPOBEHb TEMIIEpaTyp B
MacCHBE BBITOPOJKH. [I0CKOIBKY TeMIepaTyphl U MOBPEKAAIOIINE O3 B CE-
YEHHSX BBITOPOJKH PEaKTOpa UMEIOT OOJIbIINE TPaJUEHThI, BO3MOXKHO BO3HHK-
HOBEHHE OOJIBIINX BHYTPEHHUX HAIIPSHKEHUH, KOTOPBIE MOTYT OKa3aThCsl COMO-
CTaBUMBIMH C IIpeJesIoM TeKyuyecTu MaTepuanoB BKY.

B 3T0if cBsI3M 1715 TIPOUTEHUS CpoKa cIry>k0bI peakropos BBOP-1000 no 60
u OoJsee JeT HeOOXOIMMO M3y4YEHHE MEXaHU3MOB JIErpaJallii UX CBOWCTB U
000CHOBaHHME MTPOYHOCTHBIX XaPAKTEPUCTUK MaTepraioB BKY

B nmanHOI paboTe MpoBeaeHbI KOMIUICKCHBIE MCCIICAOBAHUS CTPYKTYPHI U
CBOMCTB ayCTEHMTHBIX CcTajell mocie oOmydeHus B peaktopax BbOP-60 u
BB5P-1000.

IToka3aHo, uTo O0OIy4YeHHE CTaNei ayCTEeHUTHOrO Kiacca MPUBOJIUT K 00pa-
30BaHUIO JUCIIOKAIIMOHHBIX TIETElb, 1OP, pa3Mepsl U IIOTHOCTh KOTOPBIX 3a-
BUCAT OT JI03bl U TEMIIEpaTypbl OOIy4YEeHHUs, U K BBIIEICHUIO BTOPUYHBIX (a3
(G-da3bl, kapbumos tutaHa u a-dpeppura). Kpome toro, Bo3neiicteie 0dimyue-
HHs 00yCIIaBIMBaET IepepacipesieieHue COAepKaHusl XMMUUECKHX 3JIEMEHTOB
10 TPAaHMIAM 3€PEH, YTO MPOSBIISETCS B YMEHBIICHUN KOHLEHTPAILMHA XpOMa U
YBEJIMYCHUH KOHIIEHTPALMU HUKENS Ha TPaHHUIaX 3€peH W B MpUIIEraroleil K
rpaHuie 001acTH MaTPHIIBL.

VYcraHOBIeHa KOppesnus MeXIy U3MEHEHHeM CTPYKTYpHO-(a30BOro co-
CTOSIHMS CTaJIed U N3MEHEHHEM MEXaHHUYECKUX CBOHCTB MO 00JIydEHUEM.

IIpenoskeH cnoco® BOCCTAHOBICHUSI MEXaHUUECKUX CBOHUCTB OOIYYEHHBIX
AyCTEHUTHBIX CTaJIeH ITyTeM BOCCTAHOBUTEIBHOI'O OT)KHUra, 00eCIeUNBAIOIIETO
BO3BpaT MEXaHMYECKUX CBOMCTB Z0 ypOBHS, OJM3KOTO K UCXOJHOMY COCTOSI-
HHIO.

[IpoBeneHbl CTPYKTYPHBIE MCCIIEOBaHUS ayCTEHUTHBIX CTajed mocie 00-
Jy4eHHS /10 MOBPEXJAIONINX /103, COOTBETCTBYIONINX JKCIUTyaTaruu B 60 Jer,
U MOCIIE/YIOIIUX BOCCTAHOBUTENBHBIX OTYKUTOB 110 PA3IMYHBIM PEXKUMAM.
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National Research Center «Kurchatov institutey, Moscow, Russia
E-mail: malt_ber@mail.ru

MICROSTRUCTURE AND PROPERTIES DEGRADATION OF
RPV INTERNAL MATERIALS AFTER LONG-TERM
OPERATION AND ANNEALING TEMPERATURE INFLUENCE
ON ITS RECOVERY DEGREE FOR LIFETIME EXTENSION

The features of baffle ring operation are primarily high damaging doses (up
to 60 dpa for lifetime) and the high temperature level in the baffle ring interior
volume (up to ~400°C) due to gamma rays and neutron absorption. Significant
temperature and damaging dose gradients throughout the height and cross sec-
tion of the baffle ring lead to considerable internal stresses which may be com-
parable to the yield strength of baffle ring materials.

Thus to extend the lifetime of VVER-1000 reactors up to 60 years or more
it is necessary to study the properties and structure degradation mechanisms of
baffle ring materials and to substantiate their strength characteristics.

This paper performs a complex study of structural state and properties of
18Cr-10Ni-Ti austenitic stainless steel after irradiation in BOR-60 research re-
actor and in VVER-1000 light water reactor.

Austenitic steels irradiation is shown to lead to formation of dislocation
loops, pores, which size and density depend on the irradiation dose and temper-
ature, and the secondary phase precipitation (G-phases, titanium carbide and a-
ferrite). In addition, irradiation causes a redistribution of chemical elements
along the grain boundaries, which is manifested in chromium concentration de-
crease and nickel concentration increase at the grain boundaries.

The correlation between the changes in the internals structural-phase state
and the mechanical properties changes under irradiation is shown.

The mode of structural-phase state and mechanical properties recovery an-
nealing is suggested providing the mechanical properties level almost corre-
sponding to the initial state.

Structural studies of 18Cr-10Ni-Ti austenitic stainless steel after irradiation
up to damaging doses corresponding to 60 years operation and subsequent re-
covery annealing on various modes are performed.
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B.H.CKOPOBOTI'ATBHIX, I1.A.KO3JIOB
Axyuonepnoe obwecmeo «Hayuno — npouzsoocmeennoe obvedunenue «Llen-
MPATLHBII HAYYHO-UCCAE008AMENbCKULL UHCIMUMYT MEeXHOI0SUU MAUUHO-
cmpoenusy (AO «HIIO « [HUUTMAILLL»), 2. Mocksa, Poccus

COBPEMEHHBIE KAPOITPOYHBIE MATEPUAJIBI J1JIsA
SHEPIT'ETHYECKOI'O OBOPYJIOBAHUAA,
PABOTAIOHIEI'O ITIOJA JABJIEHUEM B YCJIOBUSAX
BO3JENCTBUA MOJ3YYECTH

Poct pabounx mapamerpoB (TeMIeparypbl U JaBJI€HUs) COBPEMEHHBIX TeTl-
JIOPHEPTeTUUECKUX YCTAaHOBOK, IPOM3OLICAIINN B TOCIETHHE IECATHICTHS
HarpsMylo CBsi3aH ¢ pa3pabOTKOH M BHEJPEHUEM HOBBIX )KAPOIPOYHBIX Mate-
pHanoB, oOECHEYMBAIONIMX HAJEKHYI0 SKCIUIyaTallulo SHEepProo0OpyAOBaHUSA
IIPY MOBBIIEHHBIX TEMIIEpaTypax Ha MPOTsHKEHUH Beero pecypea (1o 200 Thic.
yacoB). B pamkax jekuuu OyayT pacCMOTPEHBI 3Tallbl Pa3BUTHSI U MaTepUallo-
BEIUECKUE TTOIXOMBI NMPH pa3paboTKe XKAPOINPOUYHBIX MaTepuanoB Uil TpyOo-
MIPOBOJIOB ¢ paboueli TemmepaTypoit 1o 650 °C u bomee.

V.SKOROBOGATYKH, P.KOZLOV
Joint Stock Company «Research - Production Association «Central Re-
search Institute of Technology Engineering» (JSC «RPA «CNIITMASH»),
Moscow, Russia

MODERN CREEP-RESISTANT MATERIALS FOR ENERGY
POWER EQUIPMENT OPERATING UNDER THE PRESSURE
AT ELAVATED TEMPERATURES

Increasing operating parameters (e.g. temperature and pressure) of power
plants observed last decades were connected with development of new creep
resistance materials that able to provide safe operation on lifecycle of equip-
ment. In this lecture will address the stages of development of creep-resistant
materials and approaches for their development for application in pipelines
with an operating steam temperature up to 650°C and more.
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O.JI.MAKCUMKUH, A.B.IPOBUYVYK, O.B.PO®MAH,
JLT. TYPYBAPOBA, C.b.KMCJIMLIUH, A.C.JUKOB

Hucmumym adeprnou guszuxu, 2. Anmamei, Pecnybnuxa Kaszaxcman

CTAPEHHUE 1 KOPPO3UA KOHCTPYKIIMOHHBIX
MATEPHUAJIOB, OBJIYYEHHBIX HEUTPOHAMUA
B ATOMHBIX PEAKTOPAX BH-350 1 BBP-K

AHaIMM3HUPYIOTCS PE3yNIbTaThl MCCICAOBAHNH COCTOSHHS CTEHOK YEXJIOB OTpa-
0OTaBIIMX TEIUIOBBIICILIOMIX cOopok peakropa BH-350, a Taxxke oOomouek
CTeprKHEll aBTOMaTH4ecKoro peryiupoBanus peaktopa BBP-K. Oo0bexramun wuc-
cnenoBaHuil sIBISUIMCH  HepxkaBetonme cramd 12X18HIO0T, 08X16H11M3 u
12X13M2BOP, obmy4yennsie 10 80 cHa, mocne HaxoxaeHus B Boxe (10 jer) u
JUUTENBbHOTO (14 J71eT) «cyXoro» XpaHeHus, a TaKke amoMuHneBbIH ciiaB CAB-1.
OOpa3ipbl HCCeoBaId METOAAMU MEXaHUYECKUX UCIIBITAaHUH, MeTauiorpaduu 1
MarHUTOMETPHUHU. BBINOIHEHO 3NEKTPOHHO-MUKPOCKOIIMYECKOE H3YYeHHE CTPYK-
TYpBI U 3JIEMEHTHOTO COCTaBa «00ETHECHHBIX» MPUTPAHNIHBIX 30H. OOCYyKaatoTCs
SKCIEPUMEHTANIbHBIE IaHHbIE 0 Noa3ydecTy crane npu 350-400°C. IlpuBoasrcs
TaKXKe Pe3yJIbTaThl MCCICIOBAHHUHN 0 BIMSHUIO HEWTPOHHOTO OOJydEeHHS Ha KOp-
posuto CAB-1, moaBeprHyToro «eCTeCTBEHHOMY» CTapeHHIO.

0.P.MAKSIMKIN, A.V.YAROVCHUK, O.V.ROFMAN,
L.G. TURUBAROVA, S.B.KISLITSIN, A.S.DIKOV
Institute of Nuclear Physics, Almaty, Republic of Kazakhstan

AGEING AND CORROSION OF STRUCTURAL MATERIALS
IRRADIATED WITH NEUTRONS IN BN-350 AND VVR-K
NUCLEAR REACTORS

There were analyzed results of studies on conditions of spent FA’ shrouds
from BN-350 and automatic control rod shells from the VVVR-K reactors. The ob-
jects of research were stainless steels (0.12C-18Cr-10Ni-Ti, 0.08C-16Cr-11Ni-
3Mo and 0.12C-13Cr-2Mo-Nb-V-B), irradiated to 80 dpa and stored in water en-
vironment (10 years) and in “dry” conditions (14 years), and SAV-1 aluminium
alloy. The samples were studied by mechanical testing, metallography and mag-
netometry. Electron microscopy of microstructure and elements composition of
denuded zones were presented. Experimental data of creep tests performed at
350-400°C were given. There was also studied the effect of neutron irradiation on
corrosion of “naturally” aged SAV-1 alloy.
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COBPEMEHHBIE ITPOBJIEMBI PAJTMAIIMOHHON
HOJI3YYECTHU U T'EJIMEBOI'O OXPYIITYUBAHUSA OBJIYYA-
EMbIX KOHCTPYKIIMOHHBIX MATEPUAJIOB
JJIs1 ATOMHBIX U TEPMOSJEPHBIX PEAKTOPOB

PanmanmonHass CTOHKOCTh KOHCTPYKIMOHHBIX MAaTepHajoB aTOM-
HBIX M TEPMOSIEPHBIX PEAKTOPOB MOJ ACUCTBHEM OOIydeHHs] HEHTpO-
HaMH U OBICTPBIMU 3apsSHKEHHBIMH YaCTHLAMH OTPEACNACTCS MHOTUMH
(Gu3uYecKuMH SIBICHUSAMHA U 00Jiee BaKHBIMU M3 HHX SBIISIOTCS pajaua-
[UOHHAA IMOJ3Y4YE€CTh U I'C€JIMEBOC OXPYIMUYUBAHUC. PaI[I/IaHI/IOHHaﬂ I10JI-
3y4CCTh 3aBUCUT OT MHOT'UX (I)I/I3I/I‘I€CKI/IX BCJIMYUH, BKIIIOYasd UCXOOHYIO
MHKPOCTPYKTYpPY, XUMHYECKHI COCTaB MaTEPHAIIOB, TEMIIEPATypy 00-
Ty4deHwus], KacKaJaHylo 3((eKTHBHOCTb, CKOPOCTh OOpa30OBaHUS TOYEU-
HBIX PaJMalMOHHBIX JePEKTOB, 00pa30BaHUs KJIACTEPOB pPaUaIlOH-
HBIX 1e()eKTOB (AUCIOKAIIMOHHBIX TIETENb, IOP U BBIICICHUI ), KOTOpPhIC
00pa3yroTcs MoA JeiicTBHEM OONydYeHHS MaTepHAIOB HEUTpOHAMHU H
6]:»ICTpI)IMI/I 3apsKCHHBIMH YaCTULIAMU. Bmusanue >tnx napamMeTpoB Ha
palualMoOHHYI0 MOJ3Y4YecTh 00CyX)AaeTcs 34eCh C YIETOM TOCIEAHUX
TEOPETHYECKUX MOJeNed M SKCHEPHMEHTAIBHBIX PE3yJbTaTOB, MOIY-
YEeHHBIX II0J1 JICHCTBHEM HEHTPOHHOIO M HWOHHOTO OOJy4eHHH JyIs
ATOMHBIX U TEPMOSJEPHBIX pPEakTOpoB. PU3NUECKHE MEXAHU3MBI I'€JIH-
€BOT0 OXPYITYMBAHUS 00TydaeMbIX MaTepUalioB 00CYKIAIOTCS TaKKe B
9TOM JOKJaJe, BKIIOYas IUIACTHYECKYIO Je(OpMAIUI0 MaTepualioB ¢
rejineM, 3apOXkJACHNE U POCT TEIHEBBIX MOp MO AEUCTBHEM OOIyUYEHHS
C y4eToM M 0e3 ydeTa MPHUII0KEHHBIX HAPSKEHHH.

[IpencraBieHHbIe 3/1€Ch TEOPETHUECKHE M IKCIIEPUMEHTAIBHBIE pe-
3yJbTaThbl O3BOJIAIOT IMMOHATH (i)I/I3I/I'-IeCKI/Ie MEXaHN3MBI SIBJICHUN paaua-
HHOHHOfI MOJIBYUCCTH U TCIMEBOI0 OXpYIMIUBAHUA B KOHCTPYKIITMOHHBIX
MaTepHajax JUisi aTOMHBIX U TEPMOSIIEPHBIX PEaKTOPOB.
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A.LRYAZANOV
NRC «Kurchatov institute», Moscow, Russia

MODERN PROBLEMS OF RADIATION CREEP AND
HELIUM EMBRITTLEMENT IN IRRADIATED
STRUCTURAL MATERIALS FOR FISSION AND
FUSION REACTORS

The radiation resistance of fission and fusion structural materials under neu-
tron and fast charged particle irradiations is determined by many physical phe-
nomena and more important of them are irradiation creep and helium embrit-
tlement. The radiation creep depends on many physical values including: initial
microstructure, chemical composition of materials, irradiation temperature,
cascade efficiency, generation rate of point radiation defects, nucleation of ra-
diation defect clusters (dislocation loops, voids and precipitates) under neutron
and fast particle irradiations in materials. The influence of these parameters on
the irradiation creep is discussed here based on theoretical models and obtained
experimental data under neutron and fast particle irradiations for fission and
fusion reactors.

The physical mechanisms of helium embrittlement of irradiated materials
are considered here too including plastic deformation of irradiated materials
with helium atoms, helium release from deformed materials, nucleation and
growth helium bubbles under applied stress and without it in irradiated materi-
als and other processes.

The presented here theoretical and experimental results allow clarifying the
physical mechanisms of irradiation creep and helium embrittlement phenomena
in structural materials for fission and fusion reactors.
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2. Mockesa, Poccus

HEKOTOPBIE ITPOBJIEMbI BOJAOPOJA B
PEAKTOPHBIX KOHCTPYKIHUOHHBIX MATEPUAJIAX

B pabote ocBelieHbl HEKOTOpbIE MPOOIEMBI BOJOPO/a B OCHOBHBIX pEak-
TOPHBIX KOHCTPYKLIMOHHBIX MaTepHalaX aKTHBHBIX 30H. PaccMOTpeHBI 1TUpKO-
HHUCBBIC CIUIABBI, CTANH, BAaHAINEBHIC CIDIABHI, a TAK)Ke CHHEPTeTHUECKOE ICi-
CTBHE BOJIOPOJIA U TeHsl HA PAAUalMOHHYI0 CTOUKOCTh. OTAeNbHOe BHUMaHUE
YEJCHO COOCTBEHHBIM SKCIICPUMCHTAJBHBIM PE3YJIbTaTaM 10 HCCIICAOBAHHIO
BIIMSIHASL XMMHUYIECKOTO COCTaBa M CTPYKTYPHO-(Pa30BOTO COCTOSHHS PeaKTop-
HBIX CTaJleil ¥ BaHAIHEBBIX CIUTABOB HA 3aXBaT U yAEp:KaHUE BOAOPO/IA.

I.IL.CHERNOV?, M.S.STALTSOV?, B.A.KALIN?,
I.LA.BOGACHEV?, L.Y.GUSEVA!, S.N.KORSHUNOV?
!National Research Nuclear University "MEPhI", Moscow, Russia
2National Research Center "Kurchatov Institute”, Moscow, Russia

SOME PROBLEMS OF HYDROGEN IN
REACTOR STRUCTURAL MATERIALS

The paper highlights some problems of hydrogen in the main structural ma-
terials of reactor cores. Zirconium alloys, steels, vanadium alloys, as well as the
synergistic effect of hydrogen and helium in the radiation resistance are consid-
ered. Special attention is focused to their own experimental results on the influ-
ence of chemical composition and structural-phase state of reactor steels and
vanadium alloys on trapping and retention of hydrogen.
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MEXAHHW3MBbI BJIUSAHAA HEUTPOHHOT'O
OBJIYUEHUA ITPU PA3JIMYHBIX TEMIIEPATYPAX
HA ®U3UKO-MEXAHUYECKUE CBOMCTBA
AYCTEHUTHBIX CTAJIEA

AYCTCHHUTHBIE CTAJIM INMPOKO HCIIONB3YIOTCS B KAaUeCTBE 3JIEMEHTOB KOH-
CTPYKLMHA aKTHBHBIX 30H SJEpHBIX peakTopoB. IIpm 3TOM At ycTaHOBIEHUS
napaMeTpoB 0€30IacHOM OSKCIUTyaTallid BHYTPUPEAKTOPHBIX KOHCTPYKIMH
(Temmepatyp, XapakTepHCTHK IMOTOKa HEUTPOHOB, pecypca) HEOOXOAUMO Ipo-
THO3MPOBaHHE  paJuallMOHHO-MHAYLMPOBAHHBIX  HM3MEHEHUH  (U3UKO-
MEXaHUYECKUX CBOMCTB MaTEpPHANIOB, U3 KOTOPBIX OHHU COCTOSIT.

Llenbro coOOLICHUS SIBISIETCS MILUTIOCTPALIUS Ha PUMEPE ayCTEHUTHBIX CTa-
Jefl TOro, KakuM OOpa3oM C HCIIONb30BAHHEM MOJENeH pagHalnoHHO-
MHIYLUPOBAHHBIX CTPYKTYPHBIX H3MCHCHUI MOXHO MPOTHO3HPOBATH U3MEHE-
HHE HX (M3UKO-MEXaHHWYSCKHX CBOWCTB B LIMPOKOM AMANa30HE TEeMIIeparyp
00IydeHusI.

AV.KOZLOV, . APORTNYKH
JSC «Institute of Nuclear Materialsy, Zarechny, Sverdlovsk region, Russia

MECHANISMS OF THE EFFECT OF NEUTRON
IRRADIATION AT DIFFERENT TEMPERATURES
ON PHYSICAL AND MECHANICAL PROPERTIES

OF AUSTENITIC STAINLESS STEELS

Austenitic stainless steels are widely used as structural elements of nuclear
reactor cores. It is necessary to predict radiation-induced changes in physical
and mechanical properties of materials to set safe operation parameters (tem-
peratures, neutron flux characteristics, service life) for in-core structures.

The paper aims to show the possibility to predict changes in physical and
mechanical properties in a wide range of irradiation temperatures using radia-
tion-induced structural changes by the example of austenitic stainless steels.
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OCOBEHHOCTH PAJJMAIITMOHHBIX ITPOITECCOB
U SIBJIEHUI B HAHOKOMITO3UIIMOHHBIX ITOKPBITUSX

B nanHO# paboTke mpeanaraeTcst HOBast KOHIEIIIUA CO3/1aHU HAHOKOMIIO-
3UIUOHHBIX MOKPHITHH, NPEACTABIAIONINX CO00H HaHOKPHUCTAUIMYECKHE 4Ya-
CTUIIBI HUTPUAOB mepexomHbix metawioB (Ti, Zr), WHKOPHIOPHPOBAHHBIX B
amMopdHyr0 Matpuiy HuUTpuaa KpeMmHus (8-SiNy), a Takke MHOTOCIOHHBIC
CTPYKTYPBI C YepeAyIOUIMMHUCS KPUCTAUIMYECKUM U aMOP(QHBIMU CIIOSMH, 00-
JAJAOIKX TOBBIILIEHHOW pPaJMalluOHHON CTOMKOCTBIO. [laHHBIE CTPYKTYpBI
66U c(hOPMHUPOBAHEI MAarHETPOHHBIM PACIHBUICHHEM COOTBETCTBYIOIINX MH-
IeHel U HNOABEPrHYTHl MOCIeAyIoleMy 00nyueHuio nonamu Xe>, Art, He*
VMIUIAHTHPOBAHHBIE 10361 KOTOPBIX gocThraroT 1017 cm2,

Pe3ynbpTaThl  371€KTPOHHOMHKPOCKOIIMIECKHX Hccne;LOBaHHﬁ TIO3BOJIMITH
YCTaHOBHUTh KJIACTEPU3ALMI0 HMIUIAHTHPOBAHHBIX HWOHOB, WHHIUHPYEMYIO
MOCTUMILIAHTAIIMOHHBIM BBICOKOTEeMIIepaTypHbIM oTKUTroM (800 °C), xoTopas
MPOUCXOJUT MPEUMYIIECTBEHHO B amopdHoii dasze. B pabore mpemmaraercs
TEOpeTHYecKasi MOJIeJIb ONMCAHMs PAJMAlMOHHBIX NOBPEXKICHUH B OTAEIbHON
HAHOYACTHIIE, KOTOpast ABJISACTCS XapaKTEPHBIM CTPYKTYpPHBIM 3JIEMEHTOM BCe-
T0 HAHOKOMITO3HUIIHOHHOTO MaTepHaa,

V.V. UGLOV!23 V.M. ANISHCHIK!, G.E. REMNEV?,
N.T. KVASOV?!? V.I. SHYMANSKI*?, 1.V. SAFRONOV*
!Belarusian State University, Minsk, Belarus
2Tomsk Polytechnic University, Tomsk, Russia
SMEPHI, Moscow, Russia

FEATURES OF THE RADIATION PROCESSES
AND PHENOMENA IN NANOCOMPOSITE COATINGS

In the present work we propose a new concept of nanocomposite (transition
metals Ti, Zr nitride particles incorporated into amorphous a-SiNy matrix) and
multilayers (crystalline and amorphous layers) coatings producing as promising
radiated resistant materials. The main idea of the work is connected with pro-
ducing of a large number of the structural defects like grain boundaries and in-
terphase boundaries that are effective absorbed primary and secondary defects
formed after irradiation. The coatings for the experimental research were made
by magnetron sputtering of the components and irradiated with Xe?*, Ar*, He*
ions with the dose up to 10" cm,

Results of transmission electron microscopy showed clustering of the im-
planted ions initiated by the post-implantation annealing (800 °C) realized in
the amorphous phase. A theoretical model of radiation damages in a single na-
noparticle as a structural element of nanocomposite is proposed.
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U3MEHEHHUE CBOMCTB KOHCTPYKIIMOHHbBIX
MATEPHAJIOB O] OBJTYYEHHEM: PO.Ib
PAJIUALIMOHHO-UHYIIUPOBAHHO# CETPETALIUU

IIpencraBnmer 0030p HWCCIENOBAaHWA IO BIUSHUIO  PagHallHOHHO-
uaaynupoBanHoii cerperamuu (PYIC) Ha m3MeHeHHE CBOWCTB KOHCTPYKIIHOH-
HBIX MaTepuaioB noj oomyuernneM. Paccmorpensl mexarmsmel PUC u ee Bius-
HUA Ha (ha30BbI COCTAB, pacllyXaHue, OXPYITYNBAaHNE U IPYTHE PaJAnalliOHHbIC
ABJICHUSI B cIulaBax. Pa3paboTaHpl (hM3MUECKHE MOJENIH W METOMABI pacdera
PUC Bo31ie OCHOBHBIX 0OBEKTOB MHKPOCTPYKTYpBI (TpaHHMI] 3epeH U oOpaslia,
CTaJSIX B YCJIOBHSX PEaKTOPHOTO M YCKOpUTENbHOro oOmy4enus. [lokasaHo,
yro uzyuenne PYC u oOpazoBanus paqualliOHHO-UHAYLUPOBAHHBIX (a3 sBIIsI-
eTcsl HEOOXOAUMBIM 3TaroM pa3pabOTKH HOBBIX PaJHAllMOHHO-CTOMKHX CILIa-
BOB.

V.A.PECHENKIN
State Scientific Center of Russian Federation — the Institute for Physics &
Power Engineering, Obninsk, Russian Federation

MODIFICATION OF STRUCTURAL MATERIALS
PROPERTIES UNDER IRRADIATION: EFFECT OF
RADIATION-INDUCED SEGREGATION

A review is presented on the effect of radiation-induced segregation (RIS)
on structural materials properties under irradiation. Mechanisms of RIS and its
impact on phase stability, swelling, corrosion, embrittlement and other radiation
phenomena are considered. Physical models and numerical methods of RIS cal-
culation near the main microstructural features such as grain boundaries, spec-
imen surfaces, precipitates, voids, dislocations in austenitic and ferritic-
martensitic steels are elaborated under reactor and accelerator irradiation. It is
shown that investigation of RIS and radiation-induced precipitation is a neces-
sary stage of advanced radiation —resistant alloys development.

37



@®POHK A. TAPHEP'?, JIMH IIIAO?, MAUKJI HIOPTS,
MUXANMIIO B. TOJIEUKO*, BUKTOP H. BOEBOJIWH®
Yexaccruii yuusepcumem A&M, . Konneosc-Cmeuiwn wmama Texac, CLLIA
2Koucanmune «Paduayuonnvie dpgexmoly, 2. Puunano
wmama Bawunemon, CLLIA
3Maccauycemckuii mexnonozueckuii uncmumym, 2. Kembpuosc wmama Mac-
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2. Xapvkos, Yxkpauna

HNCITHOJIb3OBAHHUE OBJYYEHUA COBCTBEHHBIMH
NOHAMMU JJIA ITPOI'HO3UPOBAHUA BAKAHCHUOHHOTI'O
PACITYXAHUSA KAHAUJATHBIX ®EPPUTO-
MAPTEHCHUTHBIX CII'TABOB U UX ITYO-BAPUAHTOB
TP OYEHDb BBICOKHUX N103AX OBJIYYEHUA

OTCyTCTBHE PEaKTOpOB [UIsi TPOBEACHHS HCIBITAHUH MaTepHaloB IPH
OOJIBIIOM TIOTOKE HEHTPOHOB YCIIOKHSET pa3paboTKy M HCIBITAHUE HOBBIX
KaHJIUJATHBIX CIUIABOB JIJISl MEPENOBbIX KOHICHIUN peakTopa. JTa mpobiema
0COOEHHO OCTPO CTOUT JUIA CIUIABOB HAa OCHOBE (EppUTHBIX U (eppuTo-
MapTEHCHUTHBIX CUCTEM U, 0coOeHHo, Jursi Y O-BapranToOB 3THX crtaBoB. Ox-
HUM U3 HOAXOAOB K IPEOJOJICHNIO 3TOW MPOOJIEMBI SIBIISIETCS NCIOIb30BaHNE
o0irydeHns] COOCTBEHHBIMM HMOHAaMH HPU YCKOPEHHBIX CKOPOCTSX ITOBPEXIE-
HUSL.

Pabota, mpezacraBneHHass B 3TOM JIOKJIaJle, MPOBOAWIACH M MPOJOKAET
MPOBOJUTELCS B IBYX MecTax. IlepBoe Mecto - 310 T. XapbKoB Ha YKpawHe, a
BTOpOe — Texacckuit yauBepcuter A&M. XoTs B XapbKkoBe U TexacckoM yHH-
Bepcutere A&M HCHONB3YIOTCS Pa3IHYHBIE METOJUKH OOIyYeHHUs U IpoIle-
Jypbl cOOpa JaHHBIX, 3TH J[Ba BUJA JEATEILHOCTH XOPOILIO CKOOPJMHUPOBAHBI
U CIIyXarT ISl YCHIJICHUS U YCKOPEHUs ITporpecca B 00enx J1abopaTopusx.

PaboTa moxpasneneHa Ha JBe OCHOBHble Karteropuu. IlepBas karteropus
coKycupoBaHa Ha M3y4YE€HHU CaMOIl METOJUKH OOIy4eHHs MOHAMHM JUIS OLeH-
KW 00OCHOBaHHOCTH HCIIOJIb30BaHHS MOHOB BMECTO HEWTPOHOB. B aToii Kate-
TOPUM BHUMAaHHE COCPEJOTOYCHO Ha ONpENEeNICHUH BIHMSHUS HEHTPOHHO-
HETUIMYHBIX aclleKTOB MOHHOTO OOJydYeHMs M Ha pa3paboTKe METOIUK IS
NPWIOKEHUH, B KOTOPBIX OOBIYHO MCIOJB3YIOTCS HEHTPOHBI. MHOTHE U3 3THX
WCCIIEIOBaHUH COCPEOTOYEHBI HA OTHOCHTENILHO HPOCTHIX CIUIaBax M Ha 4H-
CTOM jKene3e. bynyT mpejicTaBieHbl pe3ysbTaThl, MOKa3bIBAIOLIUE MOCIEIHNE
WJieH, NOJTyYeHHbIC IPU U3YYEHHUHU BIUSHUS PACTPUPOBAHHMS MY4Ka, BBEICHHBIX
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MEK/I0Y3€JIbHBIX aTOMOB, NOBEPXHOCTHBIX 3((EKTOB M YCKOPEHHBIX CKOpO-
CTCH CMEIIICHUs aTOMOB. Y CIIeX YCHJIMI B HOHHO-HEUTPOHHOM KOppEuu Oy-
JeT o0OOLIeH A CIUIaBOB, JUISi KOTOPBIX HMEIOTCS JaHHBIE 10 BIUSHUIO
HEWTPOHHOTO OOTydeHHUSI.

Bropast kaTeropusi, B KOTOpOH MpECIEayIOTCs BE LIENH, BKIIIOYAeT B ceOs
JIETaJbHOE HCCICIOBAHNE IMIMPOKOTO CIIEKTpa KOMMEpPUYECKHX M pa3pabaThIBa-
€MBIX CIJIaBOB Pa3jIMYHOIO COCTAaBa U C Pa3IMYHBIMU TEXHOJOTUSIMU UX IOJIY-
yeHns. [lepBas mpecnemyemas el B KaKA0H JabopaTopuy BKIIOYACT B ceOs
psix pa3HOOOpa3HBIX CIIABOB, KOTOPHIX OOIYyYalOT MO OYEHB BHICOKMX 3HAUe-
HUH cHa, mopsaka 500-1000 cHa, Tak 9TOOBI MOYKHO OBIIIO CPaBHUTH ATH CILIA-
BBI HCXO/SI M3 UX CTOMKOCTH K PAacCIyXaHHUIO 0e3 YCIOKHEHHs YCIOBHHA 00Tyde-
HUs. BTopas menb cocTouT B TOM, YTOOBI MCHOJIB30BaTh IOJyYSHHBIE PE3YIib-
TaThl 110 CPABHEHHIO CIIJIABOB IS ONpEENICHHUs MapaMeTPOB COCTABOB U TEX-
HOJIOTMYECKHX YCJIOBHH IOIYy4EHHs CIUIaBOB, KOTOpPhIE NMPHUBOIAT K YyBEJIHYe-
HHIO UX CTOMKOCTH K paciyXaHHIO. 3aTeM yCHius OyayT HampaBieHsl Ha pabo-
Ty ¢ pa3pabOTYMKaMU CIUIABOB AJIS1 OObEIUMHEHUS HaAWJCHHBIX TapaMeTPOB MPH
CO3/1aHMM HOBBIX KaHAMJATHBIX CIUIABOB C MOCIETYIOUMM HX HOHHBIM OOIIy-
YCHHUEM, YTOOBI OTPEICINTh, HACKOIBKO OyIeT A((PEeKTHBHBIM HCIOIB30BaHUC
9TUX CIUIAaBOB B PEAKTOPaX MPHU JOCTHKEHUH UMU NPEBOCXOJHON CTOMKOCTHU K
pacnyxaHuto. byier npuBeAeH psAl yCIEUHBIX PE3YJIbTATOB TAKOr0 MOAX0a, a
Taxke OyIyT AaHBl peKOMEHIAWU Pa3paboTUYMKaM CIDIABOB, HA UTO CICHYET
COCPEIOTOYNTh CBOW YCHIIUS MPH TPOU3BOJCTBE CIUIABOB C OOJBIIEH CTOMHKO-
CTBIO K paclyXaHHIO.
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USE OF SELF-ION IRRADIATION TO FORECAST THE VOID
SWELLING BEHAVIOR OF CANDIDATE FERRITIC-
MARTENSITIC ALLOYS AND THEIR ODS VARIANTS AT
VERY HIGH DOSES

The lack of high flux test reactors complicates the development and confir-
mation testing of new candidate alloys for advanced reactor concepts. This
problem is particularly acute for alloys based on the ferritic and ferritic-
martensitic systems, and especially for oxide dispersion strengthened variants
of these alloys. One approach to surmount this problem is to use self-ion irradi-
ation at accelerated damage rates.

The work described in this report has been and continue to be conducted at
two locations. The first is at Kharkov in the Ukraine and the second is at Texas
A&M university. While using different irradiation techniques and data acquisi-
tion procedures, the two activities are well-coordinated and serve to reinforce
and accelerate the progress at both laboratories.

The work falls into two general categories. The first category focuses on
examining the ion irradiation technique itself to evaluate the validity of using
ions as surrogates for neutrons, focusing on determining the impact of neutron-
atypical aspects of ion irradiation and developing techniques for neutron-
relevant applications. Many of these studies focus on relatively simple alloys
and pure iron. Results will be presented showing recent insights gained on ef-
fects of beam rastering, injected interstitials, surface effects and accelerated
rates of atomic displacement. The success of lon-neutron correlation efforts
will be summarized for alloys where neutron data are available.

The second category involves detailed exploration of a wide range of com-
mercial and developmental alloys of varying compositional and fabricational
complexity with two goals being pursued. The first goal at each laboratory in-
volves a series of diverse alloys that are irradiated to very high dpa levels ,
sometimes 500-1000 dpa, so that a alloy-to-alloy comparison can be made of
their swelling resistance without the complication of variations in irradiation
conditions. The second goal is to use the results of the alloy-to-alloy compari-
sons to identify those compositional and fabricational variables that lead to in-
creasing swelling resistance, and then to work with alloy developers to incorpo-
rate those variables into new alloy candidates, followed by ion irradiation to
test the effectiveness in producing superior resistance. A number of successful
results of this approach will be presented along with guidelines for alloy devel-
opers on where to focus their efforts to produce more swelling-resistant alloys.
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3AKOHOMEPHOCTHU U B3AUMOCBA3U PAJIMALITMOHHBIX
ABJEHU B AYCTEHUTHBIX CTAJISIX, OBJTYYEHHBIX JIO
BBICOKHUX IOBPEXIAIOHIIUX 103

[Tpn uMTeNnbHON SKCIUTyaTallMM PEakTOPOB BO3HUKAET HEOOXOIMMOCTH B
OLICHKE CBOWCTB MaTepualloB HECMEHSEMBIX 3JIEMEHTOB U KOHCTPYKLHUH peak-
TOpa, M3TOTOBJICHHBIX, KaK MPAaBUIIO, U3 ayCTEHUTHBIX KOPPO3HMOHHOCTOMKHX
ctaneil ¢ ocHoBoil X18H9. JlnutenbHas sKCIUTyaTausl pa3iIUuIHBIX KOHCTPYK-
MK B CJIOXHBIX M arpecCHBHBIX YCJIOBUSX, MOJOOHO NPOJODKUTENBHOM aK-
TUBHOM JKM3HM YeJIOBEKa, HECET B ce0e He TOJBKO OJIHY TaK Ha3bIBaeMyHo «00-
JIe3Hb», @ HECKOJIBKO CBA3aHHBIX B OyKeT «OoJie3HEei», KOTOphIe MOTYT YCKO-
PUTH OKOHYAHUE IpoIlecca IKCILTyaTallly 3JIEMEHTa HIH KOHCTPYKIIHH.

HcToprdeckn CIIOKHIOCh TaK, YTO B MaTEPHAJIOBEOUECKOW «IOHOCTH»
atoMHOH  otpacmu  (1960-1970-e rompl) B OCHOBHOM  CTaBIUINCH
ONTUMU3AIMOHHBIC JKCIIEPUMEHTH 10 BEIOOPY Hamboiee paguanioHHO-
CTOHKHMX MAaTepUAIOB IS PEaKTOPHBIX TMPIIOKCHUH, a pagualdOHHBIC
SIBJICHUSI UCCIIEIOBAIUCH y)KE€ B OTUX pa3padaThiBacMbIX HOBBIX MaTepHaiax U
BCer/la CTaBUJIaCh 3aJjaya CPABHEHHUS TOTO WIM MHOTO PaJMAIIMOHHOTO SIBICHUS
JUISl pa3HbIX MaTepHajoB.

Takum 00pa3om, ObUTM H3yUYEHBI MEPBbIE 3aKOHOMEPHOCTH M OCOOCHHOCTH
TaKUX PaJIMallMOHHBIX SBJICHUH KaK PaJHallMOHHBIE paCIyXaHUE U MOJI3Y4eCTb,
YIPOYHEHHE W OXpYyMYMBaHHE, H3MEHEHHE MHKPOCTPYKTYpbl U (ha3oBas
CTaOMIEHOCTh. BBUIM OmpenenieHBl paJualioHHBIC SIBIICHUS, YXYIIIAIOIIIe
paIHaIOHHYI0 CTOHKOCTH KOHCTPYKIIHOHHBIX MAaTEepHaliOB (YMEHBIIIAOIIIEC
CPOK CITY>KOBI 2JIEMEHTOB M KOHCTPYKIIH).

B nmpencraBnenHO#l paboTe TpeACTaBICH — aHANH3 3aKOHOMEPHOCTEH
paIuallOHHBIX SIBICHWA H TEKyIIee COCTOSHHE HOBBIX HCCIICIOBaHHH,
oOpalnaroix BHHUMaHUE, IPEeXKAE BCEro, Ha BIMSHHE JUIMTEIHHOCTH
obiydeHus: (BIMSIHME CKOPOCTH Habopa J/03bl) Ha CBOMCTBA U CTPYKTYpY
00Ty4eHHBIX CTaJeH.

PaccMaTpuBalOTCSI  Tak)Ke  BOINPOCHI  B3aUMOCBSI3M  pAcIyXaHusi |
MoJ3y4ecTd, a  Takke  BiIMsHHE  ocobOeHHocTeld  (opMHpOBaHUS
MHUKpPOCTPYKTYpPbl ~ Ha  (M3MKO-MEXaHHMYECKHE CBOMCTBA  OOJIYyYEHHBIX
HEUTpOHAMHU CTalei.
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MAIN DEPENDENCIES AND INTERCONNECTION
OF RADIATION PHENOMENA IN AUSTENITIC STEELS
IRRADIATED TO HIGH DAMAGING DOSES

During long-term operation of the reactor there is a need in the evaluation
of the properties of materials irremovable elements and structures of the reac-
tor, made usually of austenitic corrosion-resistant steels based IN. Long-term
operation of various designs in difficult and harsh conditions, like prolonged
active life, is not only one of the so-called "disease” and several related bouquet
"diseases" that can accelerate the completion of the process operation of the el-
ements.

Historically, in material science "youth" (1960-1970-ies) were mainly
staged optimization experiments for the selection of the most radiation-resistant
materials for reactor applications. Radiation effects were studied already in
these developing new materials and therefore behind the scenes is always the
aim was to compare the one or the other radiation phenomena for different ma-
terials.

Thus, the basic laws were studied in radiation phenomena: radiation
swelling and creep, hardening and embrittlement, change of microstructure and
phase stability. Radiation effects have been identified, worsening the radiation
resistance of structural materials (reducing the service life of components and
structures).

In the present study presents an analysis of dependencies of radiation
phenomena and the current state of the new studies, paying attention primarily
to the effect of duration of exposure (dose rate) on the properties and structure
of irradiated steels.

The author discusses the relationship of radiation swelling and creep, and
the influence of the microstructure on the physical and mechanical properties of
the steels irradiated with neutrons.

42



A.M.CABYEHKO, JI.A.KAPITIOK, M.B.ITO3EEB,
O.N.IO®EPOB, I'.B.KYJIAKOB, /.B.IIAMWH, M.IO.JIEBEJIEB
Buvicokomexnonozuueckuii HayuHo-uccie0o8amenbCKull UHCMUMYmM Heop2aHu-
yeckux mamepuanos um. A.A.bousapa, . Mockea, Poccus

HOBAS TEXHOJIOT'HYECKASA INVIAT®OPMA HA BA3E
KOMIIO3UTHOI'O TOIIJINBA

Jnst oGecnieyeHnsT KAUECTBEHHOTO CKadKa B pa3pabOTKE TB3JIOB HOBOTO IIO-
KOJICHUS ¥ JUTSl OBBILICHUS] KOHKYPEHTOCIIOCOOHOCTH Ha PhIHKE NPOU3BOJICTBA
3JIEKTPOIHEPTUH NPEIIAaracTCcsl IEPEUTH OT TBIJIA KOHTCHHEPHOTO THIA, K TB3-
Jy JUCHEPCHOHHOTO THUIa (KOMIIO3UTHOE TOIUIMBO Ha OCHOBE BHICOKOIIOTHBIX
YPaHOBEIX CIDIABOB C MAaTpHUICH W3 HUpKOHHMEBHIX cruiaBoB - METMET). Ha
ocHoBe METMET ToruuBa xomnoszutaoe U-PUO2 TOIIIMBO MOKET OBITH M3r0-
ToBieHo (aHanor MOX), B KOTOPOM ypaHOBBIE CIIIABEI M MOPOIIOK U3 ANOKCH-
Jla TUIyTOHHSI MMEIOT pa3/iesIbHOe paclpezeieHue. BeneacTsue sToro npu me-
pepaboTKe Iesuniics: IUTyTOHNI BRICOKOTO KaueCTBE MOXKET OBbITh OTAEIEH OT
HeJensmerocss 6e3 pacTBOPEHHS W XUMHYECKOHW MepepaboTKM TOIUHBA. DTO
MOXET OOJIErYUTh 3aMbIKaHHE TOIUIMBHOTO LUKJIA U 3HAYUTEIBHO CHU3UTH KO-
JWYECTBO PAIMOAKTUBHBIX OTXOJOB. TakuMm 00pa3oMm, HOBas KOHIENIHS TPH-
MEHEHHsI KOMIIO3UTHOTO TOIUIMBA B TEIIOBBIX M OBICTPBIX PEAKTOPAaX MOXKET B
OymymieM 3aMEHHUTh CYIIECTBYIOUINI B HACTOAIIEE BPEMS TIOAXO, OCHOBAHHBIN
Ha MPUMEHEHNH TabJIEeTOYHOTO TOILTMBA U3 JHOoKcHaa ypana 1 MOX Toruiusa.

A.M.SAVCHENKO, L.A.KARPYUK, M.V.POZDEEV,
O.l.UFEROV, G.V.KULAKOQV, D.V.SHAMIN, M.Y.LEBEDEV
A.A. Bochvar High-Technology Scientific Research Institute for Inorganic
Materials (VNIINM), Moscow, Russia

NOVEL TECHNOLOGICAL PLATFORM BASED ON COMPO-
SITE FUEL WITH CLOSING FUEL CYCLE

A possibility is considered for use in thermal and fast reactors in place of
the base container type UO, or MOX fuel, the dispersion type fuel elements
(composite of high uranium content metallic fuel with Zr alloy matrix). On the
basis of METMET fuel composite U-PuO- fuel (an analogue of MOX) can be
fabricated where depleted uranium alloy and dioxide plutonium powder have
initially separate arrangement. Due to this while reprocessing one can separate
of newly generated fissile plutonium from burnt one without chemical process-
es, which simplifies the closing of the nuclear fuel cycle. Therefore novel con-
cept on the base of composite fuel for thermal and fast reactors can practically
replace the existing one based on dioxide uranium and MOX fuel.
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PABPABOTKA KOMITIO3UIIUH «TOIIVINBO-OBOJOYKA»
HA OCHOBE TABJIETOYHOI'O METAJUIMYECKOI'O
AAEPHOI'O TOIIVIMBA C 3AJAHHHOMU INIOPUCTOCTBIO

B pamkax HacrosImei paboThl H3rOTOBIICHBI SKCIEPHMEHTAIBHBIE TAOICTKH
U3 TOPOILIKOB CIUIABOB ypaH-MOJMOJCH W ypaH-IHUPKOHHUH IyTEM DJIEKTPOUM-
MyJIBCHOTO TpeccoBaHus. [10JTydeHBl CepCYHUKN C OTKPBITON MOPHCTOCTHIO B
nuanaszoHe 15-25 %. Iloka3aHo, 4to ucnons3oBanue DUII merona cymiecTBeH-
HO YIPOIIAET MOJIy4YEHHE TaOJICTOK, T.K. MO3BOJSET HCIIOIB30BaTh MOPOIIOK C
pa3MepoM dacTull oT 5 MKM 10 3 MM. IIpoBeneHo omnpezenaeHe TEIIONPOBOA-
HOCTH TOIUIMBHBIX TaOJIETOK, YTO MO3BOJIWIIO TPOBECTH TEIUIO(PHU3NIECKHIE pac-
4eThl TBAJIa peakropa bH, moka3aHo, 4To Temmeparypa B LEHTpE TOIUIUBHOTO
ctoiba u3 mopucThix cmraBoB U-Mo wmn U-Zr He mpesbimaer 650 °C. [ns
000cHOBaHMS PabOTOCIIOCOOHOCTH TOPUCTOrO TOILIMBA B peakropax BH mpo-
BesieHbl AU QY3MOHHBIE HCIBITAHUS TabJNETOK CO CTajblo  (eppUTHO-
MapTEHCUTHOTO KJ1acca, JETMPOBAaHHON aTIOMHHHMEM, BaHAJUECBBIMH CIUIABaMH,
a TaK)Ke CBUHIIOM.

B.A.TARASOV, D.P.SHORNIKQV,
S.N.NIKITIN, AV.TENISHEV
National Research Nuclear University « MEPhI», Moscow, Russia

THE DEVELOPMENT OF COMPOSITION «FUEL-
CLADDING» BASED FOR PELLETS METAL FUEL
WITH FIXED POROSITY

In this paper has been proposed to create a fuel having a residual porosity,
which serves as an effective channel for the output of the gas fission products.
The experimental fuel pellets was made from powders of alloys of U-Mo and
U-Zr by electric pulse charging (EPC). The pellets has been obtained with open
porosity in the range of 15-25%. It is shown that the use of EPC technique
greatly simplifies the preparation of tablets, as It allows to use a powder having
a particle size of 5 microns to 3 mm. A determination of the thermal conduc-
tivity of the fuel pellets, which allowed for thermal calculations FBR reactor
fuel element, it was shown that the temperature in the center of the fuel pin of
U-Mo alloy porous or U-Zr does not exceed 650 ° C. To justify the perfor-
mance of the porous fuel in FBR held diffusion test tablets with steel ferritic-
martensitic grade aluminum alloy, vanadium alloys and lead.
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MHOTI'OMACHITABHOE KOMIIBIOTEPHOE _
MOJEJIUPOBAHUE CBOUCTB MATEPUAJIOB ATOMHOU
SHEPI'ETUKHA

B Hactosmee Bpems mepen paaualiOHHBIM MaTepHAJIOBEICHUEM IOCTaB-
JIeHa 3a/1a4a O CO3JIaHWH METOJWKH TOYHOTO MPOTHO3UPOBAHUS ITOBEICHUS Ma-
TEpHaJIOB aTOMHOW YHEPIeTHUKH B YCIOBUSX dKCILTyaTanuu. JlaHHas 3amada 1o-
IIyCKaeT HECKOJIBKO TTOIXOMO0B K €€ PEeIICHHIO, HO Hanboyee MepCreKTHBHBIM
MPE/CTABISIETCST MHOTOMAcIITaOHBIN MOIXO0M, KOTrZa METOJaMH MOJEINpPOBa-
HUS ¥ TEOPETHYECKOH (PU3MKH COBMECTHO PEIIAFOTCS MMOI334a41 Ha Pa3IMYHBIX
BPEMEHHBIX M INPOCTPAHCTBEHHBIX Maciutabax. Koomepamusi Takux MeTOZOB
(KBaHTOBBIEC pacyeThl, aTOMUCTHYECKOE MOJAEIUPOBAHUE, AUCIOKAIIMOHHAS AU-
HaMuKa, Teopusi (a3oBOrO IOJIsi, KHHETUYECKHE ypaBHEHHs W MPHOIMKEHHE
CIUTOIITHON Cpesibl) MOXKET IMO3BOJIUTh Npe/ICKa3aTh MOBEICHUE AIEPHBIX MaTe-
pHAaIOB MPAaKTUUECKH 0€3 MpPUBJICYEHHS AKCIEPUMEHTANBHBIX JaHHBIX, KOTO-
pBIE B 3TOM CIIy4ae MOTYT OBITh HCIIOJIB30BaHbI IS BepUHUKAINHN BCel MoJe-
mi. Ha naHHBII MOMEHT Takast MHOrOMacIITaOHasi MOJIETb TOJIBKO pa3padaThl-
BAETCsl, OMHAKO €€ Pa3BHTHE YK€ IPHUBENIO K CYIIECCTBCHHBIM IOCTIDKCHHSAM B
METOoJlaX pacueTa MOBEICHMs BEIeCTBa MPH TEPMHUYECKHX, Ie(HOPMAMOHHBIX
W paJualMoHHBIX Bo3aeHcTBUAX. [ MaTepuanoB aToMHo# sHepreTuku (UN,
U-Mo, Zr-Nb) paspaGoransl HOBbIE MEXATOMHBIEC MOTCHIIHANBI, CIIOCOOHbBIE
OINKCHIBATh MOBEJCHHE MATepHAJIOB B IIMPOKOM JHANa30HE JABICHUH U TeM-
nepatyp. JlaHHBIe TTOTEHIMAIBI CO3AaHbI LIEIMKOM Ha OCHOBE KBAaHTOBBIX pac-
YEeTOB U MO3BOJISIOT MOJIEINPOBATh CBOMCTBA BEUIECTB KaK B TEPMOJMHAMUYE-
CKOM PaBHOBECHH, TaK B HEPABHOBECHBIX YCIOBHUAX. MeTOAaMU MOJIEKYIISIpHON
JUHAMUKH HCCIIENYIOTCA CTOJKHOBHUTEIBHBIC PaHallMOHHBIE KacKajabl, (azo-
BBIE TIEPEXO0/Ibl, MEXaHU3MBI TU(PPy3UHN TOUEUHBIX 1e(EeKTOB, TOBEICHNE JIC-
JIOKAllM{ W TpaHuIl 3epeH. Pe3ynbTaTel pacueToB aTOMHCTHIECKOTO MOJIEIIHUPO-
BaHMS SIBIIIOTCS BXOJIHBIMM IapaMeTpaMH A JUCIOKalMOHHON THHAMMKH,
KWHETHUECKUX YpaBHEHUH 1 Teopuu (ha3oBoro moist. B cBoto ouepens, ykasaH-
HBIE MaKpOMOJENU NPUMEHSIOTCSA U UCCIEAOBaHUS M3MEHEHHUs MeXaHHWYe-
CKUX ¥ TEPMOJUHAMUYECKUX CBOWCTB KOHCTPYKLIMOHHBIX MaTepUaIOB IpH pa-
JTUAIIMOHHBIX ¥ TEPMUYECKUX BO3ACHCTBHIX.
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MULTISCALE COMPUTER MODELING OF PROPERTIES OF
MATERIALS FOR NUCLEAR ENGINEERING

Currently, there is a problem in Materials Science about accurate descrip-
tion and prediction of behavior of nuclear engineering materials under operat-
ing conditions. This task may be resolved by several methods, but the most per-
spective approach is the multiscale modeling. Various techniques of modeling
and theoretical physics are used for solution of subtasks on various time and
spatial scales. The cooperation of different approaches (such as quantum calcu-
lations, atomistic simulation, dislocation dynamics, phase field modeling, kinet-
ic equations and continuum mechanics) allows to predict the behavior of nucle-
ar materials without use of experimental data. At the present time, the mul-
tiscale model is at development stage. However, there are essential achieve-
ments in various methods of simulation of materials' properties at thermal, de-
formation and radiation impacts on various scales. We developed a set of novel
interatomic potentials (for UN, U-Mo, Zr-Nb) that can describe the studied ma-
terials in a wide range of pressures and temperatures. These potentials have
been created entirely on the basis of quantum calculations and allow to simulate
the nonequilibrium state of matter. We used molecular dynamics method for
study of radiation damage cascades, phase transitions, mechanisms of point de-
fects diffusion, behavior of dislocations and grain boundaries. The results of
atomistic simulation are used as input parameters for the dislocation dynamics,
kinetic equations and phase field modeling. In turn, the specified macromodels
are applied to research mechanical and thermodynamic properties of structural
materials at radiation and thermal impacts.
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W3YYEHUE TEMIIEPATYPHOM 3ABUCUMOCTH
XAPAKTEPUCTUK MEXAHUYECKHWX CBOMCTB CTAJIA
X18H10T, OBJIYUEHHOM B PEAKTOPE CM-3

IIpu nmuTenbHON SKCIDTyaTallkd PEakTOPOB BO3HHUKAET HEOOXOIMMOCTH B
OIICHKE CBOWCTB MaTEPHUAajOB HECMEHSICMBIX AJIEMEHTOB M KOHCTPYKIIMHA peak-
TOpa, U3rOTOBICHHBIX, KaK MPaBUJIO, U3 ayCTCHUTHBIX KOPPO3UOHHOCTOMKHUX
craneii ¢ ocHoBoit X18H10.

B mpencraeneHHO# paboTe NpEACTaBICH aHAIH3 JO3HBIX 3aBHCUMOCTEH
MexaHnueckux cBoicTB cramun  X18H10T mnpu Hu3KHX Temmeparypax
oonyuenus  (70-90°C) B peakrope CM-3. AHAIM3UPYIOTCS  TaKXKe
TEMIEpaTypHbIE 3aBHCHMOCTH XapaKTEPUCTHK MEXaHHYCCKUX CBOMCTB,
HEOOITydeHHBIX ¥ 0OJydCHHBIX HEHTPOHAMHU 00pa3IoB CTalei.

G.BAKSHUTOVA, V.NEUSTROEV
Dimitrovgrad Engineering and Technology Institute «<NRNU « MEPhI»,
Joint Stock Company «State Scientific Center - Research Institute of Atomic
Reactors», Dimitrovgrad, Ulyanovsk region, Russia
E-mail: galina.bakshutova.94@mail.ru

STUDY OF THE TEMPERATURE DEPENDENCE OF THE
CHARACTERISTICS OF MECHANICAL PROPERTIES OF
CR1sNIoTI STEEL, IRRADIATED IN THE SM-3 REACTOR

During long-term operation of reactors, there is a need to assess the
properties of materials non-replaceable components of the reactor, made
typically from austenitic corrosion-resistant Fe-18Cr-10Ni-Ti steels.

In the presented work presents the analysis of dose dependencies of the
mechanical properties of Fe-18Cr-10Ni-Ti steels at low irradiation
temperatures (70-90°C) in the reactor SM-3. Also analyzed the temperature
dependence of the characteristics of the mechanical properties of unirradiated
and neutron-irradiated steel samples.
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HUCCIEJOBAHUE YCTAJIOCTHOI'O PA3PYIIEHUMA
OEPPUTHO-MAPTEHCUTHBIX 12%-p1x XPOMUCTbBIX
CTAJIEH 211-823 1 DK-181, M CILTABA V-4TI-4CR

HccrnenoBaHo ycTanocTHOE pa3pylieHHe NP KOMHATHOW TeMIeparype
¢depputHO-MapTeHcUTHBIX cTanell DI1-823 (oObryHas TepmoobOpaboTka) u DK-
181 (oOpranas TepmoobpaboTka + crapenue B cBuHie npu 600 °C, 3000 q) u
criaBa V-4Ti-4Cr (o0buHast TepMoo6paboTKa + crapenue B cBuHIlE mpu 600
°C, 3000 9). OmpeneneHsI MpeneNbl YCTaJlOCTHON BEIHOCIHBOCTH M HCCIIE0Ba-

HbI ((ppakTorpadus) NOBEPXHOCTH YCTAIIOCTHOTO Pa3pyIICHHs] MaTepHAJIOB.

B.S.VOLOSKOV'?, V.M.CHERNOV*?
'A.A.Bochvar High-technology Research Institute of Inorganic Materials (SC
“VNIINM "), Moscow, Russia
2National Research Nuclear University “MEPhI”, Moscow, Russia
E-mail: vbs93@mail.ru

INVESTIGATION OF FATIGUE FRACTURE
OF FERRITIC MARTENSITIC 12% CHROMIUM STEELS
EP-823 AND EK-181, AND ALOY V-4TI-4CR

The fatigue fracture at room temperature of ferritic-martensitic steels EP-
823 (standard heat treatment) and EP-823 (standard heat treatment + aging in
lead 600 °C, 3000 h) and alloy V-4Ti-4Cr (standard heat treatment + aging in
lead 600 °C, 3000 h) was investigated. The fatigue limits were determined and
the surfaces of the fatigue fracture were studied.
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BJUSHUE OBJIYUYEHUA U IIPUMECE HA CKOPOCTD
POCTA T'EJIMEBBIX ITY3bIPBKOB B TPAHUIIAX 3EPEH
®EPPUTHBIX CTAJIEA

B ¢eppuTHBIX cTansx ¢ mpuMecsIMH U TpaHULIaMU 36pPEH, HCCIIEI0BAHO BIIU-
SIHUE Pa3HBIX THUIIOB MPUMeECEH U JETUPYIOIIUX 3JIEMEHTOB pa3INYHON KOHIIECH-
TpalyH, IUPHHBI TPAHUIIBI 36pHA U CKOPOCTH HAKOIUICHHS 03Bl 00JTy4EeHUsI Ha
KWHETHUECKHE XapaKTePUCTUKN COOCTBEHHBIX TOYEYHBIX pPaJNAlMOHHBIX -
¢exroB (CTP/]) B rpanuie 3epHa U pagdaiiOHHO — CTUMYJIHPOBAHHOMN 3epHO-
rparngHoi muddys3un (PCIJ]). Aranusupyercs BIUSHIE YKa3aHHBIX BEIHIHH
Ha MapaMeTpsl IIPOLIECCOB 3apOKACHHS U POCTA I'EIHEBBIX ITy3bIPHKOB B I'PaHH-
e 3epHa. IIpoBeneHb! OLCHKH TEMIIEPAaTYPHBIX 3aBHCHUMOCTEH CTallMOHapHOMH
koHneHTpanuu CTP/] 11 MaTepranoB ¢ pa3NiuIHON YHEPTUEH CBSI3U KOMILIEK-
coB «CT/IP — npumMech» B 00bEMe 1 B TpaHHuLe 3epHa, 3O (DEKTUBHBIX 3HAUCHUH
cKopocTH B3auMHO# pekoMmOuHanmu CTP/I, BnussHUS 00pa3oBaHusi MPUMECHBIX
KOMILIEKCOB Ha mporecc yckoperus PI'C/l. AHanusupyeTcs BO3MOXKHOCTh Ba-
PBUPOBaHUS XapakTepUCTHK KoMIurekcoB «CTPJ] — nmpumMech», KOHLIEHTpALN
JIETHPYIOIIMX 3JIEMEHTOB U NpPUMECEH, mapaMeTpoB OOIydeHHs Ui TOAaBie-
HUS IIPOLIECCOB BBICOKOTEMIIEPATYPHOTO pAJWMAIlMOHHOTO OXPYHMUHBAHMS
(BTPO) depputHBIX cTaneii.
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EFFECTS OF RADIATION AND IMPURITIES ON THE
RATE GROWTH OF HELIUM BUBBLES IN THE GRAIN
BOUNDARIES OF FERRITIC STEELS

The influence of different types of impurities and alloying elements of dif-
ferent concentrations, the width of the grain boundary and the rate of accumula-
tion of radiation dose on the Kinetic characteristics of the own point of radiation
defects (OPRD) in the grain boundary and radiation - enhanced grain boundary
diffusion (REGD) has been studied. The influence of these variables on the pa-
rameters of the processes of nucleation and growth of helium bubbles in the
grain boundary has been analyzed. Temperature dependences of steady-state
concentration OPRD for materials with different binding energy complexes
"OPRD - impurity atom" in the amount and in the grain boundary, the effective
mutual recombination velocities STRD, influence the formation of impurity
complexes on the acceleration of the REGD has been studied. The possibility of
varying the characteristics of the complexes "OPRD — impurity atom", the con-
centration of alloying elements and impurities, irradiation parameters for sup-
pressing the processes of high-temperature radiation embrittlement (HTRE) of
ferritic steels has been analyzed.
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BJUSHUE TEMITEPATYPbI UCIIBITAHUI
HA MEXAHUYECKHWE CBOMCTBA AYCTEHUTHBIX
CTAJIEM 12X18H10T ¥ 08X16H11M3, OBJIYUEHHbIX BBICT-
PBIMUA HEITPOHAMHU B PEAKTOPE BH-350

IIpencraBneHs! pe3yiabTaThl UCIIBITAHHM Ha OJJHOOCHOE PACTSHKEHUE U TOJ-
3ydecth mpu Temneparypax 20 °C, 350 °C u 450 °C craneir 12X18HI10T wu
08X16H11M3 - KOHCTPYKLUMOHHBIX MarepuajoB 4exJyioB oTpaboraBmux TBC
peaktopa bH-350.

VYcranoBieHo, 4To mpu Temmeparype ucnbitaHuit 450 °C  BozpacTaroT
IpeseNbl TEKYYECTH U MPOYHOCTH 3TUX CTaIEH 10 CPAaBHEHHUIO C HCIIBITAHUSIMHI
npu temneparypax 20 °C u 350 °C. Ilpu 3TOM IUIACTUYHOCTb 3THX CTajel
MOHOTOHHO CHIDKA€TCSI C  yBEIWYECHHEM TEMIIEPaTypbl  HCIIBITAaHHH.
OnpeneneHbl CKOPOCTH NOCTpaAHalMOHHON noyzydyectu craieil 12X18H10T
n 08X16H11M3 npu remnepatypax 350 °C u 450 °C.

A.S.DIKOV*?, S.B.KISLITSIN'?, I.I.CHERNOV*
!National Research Nuclear University «kMEPhI», Moscow, Russia
2The Institute of Nuclear Physics of the Republic of Kazakhstan,
Almaty, Republic of Kazakhstan

EFFECT OF TEST TEMPERATURE ON THE MECHANICAL
PROPERTIES OF AUSTENITIC CR1gNI1oTI AND
CR16NI11:MO3; STEELS, IRRADIATION BY
FAST NEUTRONS IN THE BN-350

The results of uniaxial tensile tests and creep tests at temperatures of 20 °C,
350 °C and 450 °C of X18HI10T X16N11M3 steels - structural materials of
covers spent fuel assemblies BN-350 reactor are presented. It found that at a
test temperature of 450 °C the yield strength and ultimate strength of these
steels increases in comparing with tests at temperatures of 20 °C and 350 °C.
At the same time plasticity of these steels decreases monotonically with test
temperature growth. Rates of the post irradiation creep of the Cr16Ni11M3 and
Cr18Nil0Ti steels at temperatures of 350 °C and 450 °C were determined.
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N3MEHEHUE HAHOMACHITABHOI'O COCTOSIHUSA
®EPPUTHO-MAPTEHCUTHOM CTAJIA JK-181
HPU TEPMUYECKOM CTAPEHUH

IIpoBenensr ToMorpadudeckue aTOMHO-30HIOBBIC HCCIICIOBAHUS BIHSHUS
TepMudeckoro crapeHus npu 450 °C Ha (eppUTHO-MApPTCHCUTHYIO CTalb C
ObIcTpbIM cragoM HaBeneHHoW aktuBHoctH DK-181 (Fe-12Cr-2W-V-Ta-B-
0,16C). IMoxy4eHBI JaHHBIE O CONEPKAHWU U PACIPEICIICHUH Pa3IHMIHBIX XH-
MHYECKUX 3JICMEHTOB B HMCXOJHOM COCTOSHHH M TIOCIIE TEPMHYCCKOTO CTape-
ausg B tedenue 3000 u 5000 y Ha MacmTabax OT HECKOJIBKHX MEXKATOMHBIX
PacCTOSIHUHM 10 HECKOJIBKUX COTEH HAHOMETPOB.

N.A.ISKANDAROV?!?, S.V.ROGOZHKIN??,
A.A.LUKYANCHUK?!? O.A.RAZNITSYN!? A.S.SHUTOV'?,
A.G.ZALUZHNY?! M.V.LEONTIEVA-SMIRNOVA?3?

IState Scientific Center of the Russian Federation — Institute for Theoretical
and Experimental Physics, Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia
3A.A. Bochvar High-Technology Scientific Research Institute for Inorganic Ma-
terials (VNIINM), Moscow, Russia

EVOLUTION OF RUSFER EK-181 FERRITIC-MARTENSITIC
STEEL NANOSCALE STRUCTURE UNDER AGING

Ferritic-martensitic reduced-activation steel Rusfer EK-181 (Fe-12Cr-2W-
V-Ta-B-0,16C) after aging at 450 °C was studied by tomography atom probe.
Concentrations and spatial distribution of different chemical elements were ob-
tained for specimens in initial state and after aging at 3000 and 5000 hours at
the scale from several lattice constant to hundreds nanometers.
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N3MEHEHUME CTPYKTYPBI IOBEPXHOCTHBIX CJIOEB
W3JIEJINI U3 CILIABA BT18Y B PE3YJIBTATE
OBJIYYEHUA CHJIBHOTOYHBIM UMITYJIbCHBIM
SJIEKTPOHHBIM ITYYKOM

Ha npumepe sonaTok koMIipeccopa ra3oTypOMHHBIX ABHUTaTelNel U3 CIuiaBa
BT18Y moxa3aHo, 4TO B pe3yibTaTe OOMYUCHHS CHIBHOTOYHBIM MMITYIbCHBIM
ANIEKTPOHHBIM ITyYKOM MPOUCXOAUT U3MEHEHHE CTPYKTYPHO-(ha30BOTO COCTOS-
HUSL IOBEPXHOCTHBIX CJIOEB. Y CTAHOBJICHO, YTO TP MCIOJIB30BAHUH 3JIEKTPOH-
HBIX MYYKOB C ILIOTHOCTBIO SHepruil 14-16 Jlw/cm? u 18-20 Jx/cM? cyime-
CTBEHHO HCKa)KaeTCs CTPYKTypa MaTepHana, a TakKe MeHseTcs (a30BBIH CO-
CTaB. YBEIMUEHHE IapaMeTPOB KPHUCTAIIMYECKHX PEIIETOK, a TaKKe HEeIo-
CPEACTBEHHOE M3MEPEHHE OCTATOYHBIX MAaKPOHANPSDKEHWH B MOBEPXHOCTHBIX
CJIOSIX CIMHKH JIOIATKU IOCJIe OOJy4eHHs CBHUICTENLCTBYIOT O Pa3BUTHH B
3THX CIOSX CXHMMAIOIINX HaNpsDKeHNH, 00eceurnBalomuX MOBBIIIEHHE pado-
TOCHOCOOHOCTH JIONATOK.

M.G.ISAENKOVA!, Yu.A.PERLOVICH, Ya.A.BABICH!,
V.A.SHULOV?, D.A.TERYAEV?
!National Research Nuclear University «MEPhI», Moscow, Russia
2Moscow Aviation Institute (National Research University), Moscow, Russia

CHANGES IN THE STRUCTURE OF THE SURFACE LAYERS
OF PRODUCTS FROM ALLOY VT18U BY IRRADIATION OF A
HIGH-CURRENT PULSED ELECTRON BEAM

On the examples of the compressor blades of gas turbine engines from alloy
VT18U it was shown that at irradiation by a high-current pulsed electron beam
the structural-phase state of the surface layers is changed. It was found that by
using electron beams with the energy density of 14-16 J/cm? and 18-20 J/cm?
leads to a significant distortion of the material structure, and changes the phase
composition. The increase of the crystal lattice parameters, as well as direct
measurement of residual macroscopic stresses in the surface layers of the back
side of the blade after irradiation indicate the development in these layers of
compressive stresses that enhance the efficiency of the blades.

54



M.I'MCAEHKOBA?, 10.A.IIEPJIOBUY', B.B.HOBUKOB?,
I[.I/I.}KYKI, A.B.TPUT'OPHEB?, M.H.CABJINH?
Hayuonanvuoii uccnedosamenvckuii s0ephviil ynueepcumem « MUDHy,

2. Mocksa, Poccus
2Buicokomexnono2uieckuii Hay4Ho-uccie006amenbCKuil UHCHIUMYM Heop2ani-
yeckux mamepuanos umenu A.A.bousapa, 2. Mockea, Poccus

3ABUCUMOCTb OPUEHTALIMU T'JIPUIOB
OT NOCJIOMHOM HEOJJHOPOJJHOCTH
KPUCTAJUIOTPA®UYECKOM TEKCTYPHI B OIIBITHOM
TPYBE U3 CIIJIABA D635

BeisBieHa mnocioiiHas TEKCTYpHas HEOJHOPOAHOCTh OIBITHBIX TPYO H3
craBa D635, o0ycnoBieHHas: HEOIHOPOIHOCTEIO nedopmanuy TpyObl Ha 3a-
KJIIOYMTENFHOM JTane e€ o0paboTku. MojenupoBaHHe METOJOM KOHEYHBIX
3JIEMEHTOB PacHpeesIiCHNs] HalPsDKCHNH, pa3BUBAIOIINXCS B PE3YNbTaTe HEOI-
HOPOJIHOTO M3MEHEHHUsI 00beMa Pa3HBIX CIOEB TEKCTyPHPOBAHHOW TPYOBI IpH
BapbUPOBAaHUM TEMIIEPATYPBI, TIOKA3aJI0, YTO MIPU OXJIAXKICHUU TPYOBl OT TEM-
nepaTypsl 3kcruryataniuy 350°C BO BHEIIHUX M BHYTPEHHUX €€ CIIOSIX Pa3BH-
BAIOTCS PacTATMBAIOIIME OKPYKHBIE HampshkeHus, gocturaromue 70-90 Mlla.
HeonnopomHocTh  KpHCTA/UIOTpaMUECKO TEKCTYpHl M PacTATHMBAIOIINX
HaINpsHKEHUI NpelonpeaessioT HaOMI0IaeMyl0 OPHEHTAlMI0 THUAPHIOB II0
TOJIIIIHE CTEHKU ONBITHON TPYOBI.

M.G.ISAENKOVA!, Yu.A.PERLOVICH?, V.V.NOVIKOV!?,
D.I.ZHUK!, A.V.GRIGORYEV?, M.N.SABLIN?
National Research Nuclear University « MEPhI», Moscow, Russia
2High-tech Research Institute of Inorganic Materials, Moscow, Russia

THE DEPENDENCE OF HYDRIDE ORIENTATION ON
LAYERED INHOMOGENEITY OF CRYSTALLOGRAPHIC
TEXTURE OF EXPERIMENTAL TUBES FROM ALLOY E635

It was revealed layered textural heterogeneity of the experimental alloy
tubes E635, due to heterogeneity of the deformation of the tube at the final
stage of its processing. Finite element simulation of stress distribution, develop-
ing as a result of inhomogeneous volume changes in different layers of textured
tube at varying temperatures showed that at the cooling of tube from operating
temperature 350C the tensile circumferential stresses are developed in their ex-
ternal and internal layers and reach 70-90 MPa. The heterogeneity of the crys-
tallographic texture and tensile stresses determine the orientation of the ob-
served hydrides on thickness of the experimental tube wall.
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JEI'MPOBAHUME INPUITIOBEPXHOCTHBIX CJIOEB
OBOJIOYEK TBJJIOB U3 CILIABA 9110 HA TYBUATOM
OCHOBE C I EJIBIO ITIOBBIIEHU A COITPOTUBJIEHUA

BBICOKOTEMIIEPATYPHOMY OKHUCJIEHUIO

B pabote u3yuyaercs BO3MOXKHOCTh CO3IaHUSA OAPBEPHBIX CIOEB MIPHU HOHHO-
IUTa3MEHHOM MOJM(UIIMPOBAHNN TOBEPXHOCTH C LIEJBIO0 CHHXKCHHUSI CKOPOCTH
OKHCJICHHS ¥ HaBOJIOPOXKUBAHMS 000JIOUEK TBIJIOB U3 UPKOHUEBBIX CIIJIABOB B
Pa3IMYHBIX YCIOBUAX 3KCILUTyaTallHy.

Ha ocHoBaHMM NPOBENCHHBIX PAacUeTOB W IKCIEPHMEHTOB OIPEACNIEH pe-
JKMM MOHHOW TOJIMPOBKH BHEIIHEH IMOBEPXHOCTH 00OJIOYEK TBAJIOB U3 CILIABA
O110omT: cpemHss SHeprus HOHOB B myuke 3-4 kB, wmomnsii Tok 0,4-0,7
MA/cM? 1 06mas 103a 00JTyUeHHs HOH/CM?,

IIpoBeneHa oumMcTKa M TOJMPOBKA BHEIIHEH MOBEPXHOCTH OOPa3LOB W3
crutaBa D110 Ha yctanoske MJIYP-03 ¢ MCTOYHHMKOM pajnanbHOTO MOTOKA
HOHOB C IIMPOKUM 3HEPIreTUYECKUM clekTpoM. Ha oTnonnpoBaHHYO 1OBEpX-
HOCTH C MOMOMIbIO MAarHCTPOHHOT'O HAITBIJICHUA ObLIIM HAaHECEHBLI TOHKHE ILJICH-
ku (1o 100 um) nerupyromux snementos Fe, Al, Mo, Y, Mg, Cr, koTtopsie 3a-
TeM OBbUIN BHEJPEHbI B IIPUITOBEPXHOCTHBIH CIIOH 10 AEHCTBUEM paHaIbHOTO
Iy4Ka HOHOB aproHa.

W3yueHne 351eMEHTHOTO COCTaBa OYMIIEHHBIX M MOANGHUINPOBAHHBIX MPH-
MOBEPXHOCTHBIX CJI0EB ITPOBEJCHO METOJIOM PEHTI€HOBCKOT'O MHKPOAHAIN3a.

Jnist coznaHust 3aIMTHOTO CJI0SI U3 OKCHIHOW IIJIEHKH, 00OTaIlleHHOH BHEA-
PEHHBIMH JJIEMEHTAMHU 4acTh 00pa3loB MPOLLIH MTPEABAPUTELHOE aBTOKIIABH-
posanue (500 wacor, T =350 °C, P = 17 MIla, tucTHILTHpOBaHHAS BOJA).

[Toka3aHo, YTO JIETUPYIOIHE MIEMEHTbI PACIIOIaraloTCs PEUMYIIECTBEHHO
Ha IPaHuUIle OKCH/I-METAIUI U B OKCH/IHOM CJIO€.
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ALLOYING OF SURFACE LAYERS OF THE FUEL CLAD-
DINGS FROM SPONGE BASED E110 ALLOY TO INCREASE
HIGH TEMPERATURE OXIDATION RESISTANCE

Possibility of barrier layers formation by means of ion-plasma surface mod-
ification to decrease oxidation and hydration rate of fuel claddings from zirco-
nium alloys in various operation conditions is studied in this paper.

lon polishing mode of fuel cladding from E1100pt alloy outer surface is de-
termined on the basis of calculations and experiments performed: average ion
beam energy 3-4 keV, ion current 0.4-0.7 mA-cm?, total irradiation dose
(1-10)-10* ion-cm™.

Outer surface of samples was cleaned and polished on installation ILUR-03
by means of radial ion source with wide-range energy spectrum of beam. Thin
films (up to 100 nm) of alloying elements Fe, Al, Mo, Y, Mg, Cr were deposit-
ed on polished surface and then implemented into surface layer by radial argon
ions beam impact.

Elemental composition of cleaned and modified surface layers studied by
X-ray microanalysis. Some samples were previously autoclaved (500 h, T=350°
C, P=17 MPa) to form protective layer from oxide film, enriched by implanted
elements.

It is shown that alloying elements located predominantly on the oxide-metal
boundary and in oxide layer.
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PAINALIMOHHOE OXPYITYNBAHMUE CTAJIM 15X2HM®DA
KJIACC 1 B PE3YJIBTATE HU3KOTEMIIEPATYPHOI'O
OBJIYYEHUA

B pa6ore uccnenoanbl 0opasipl ctanu 15X2HM®A knace 1 B cocTosiHE-
SX: UCXOAHOM MU TIOCJIE YCKOPEHHOTO O0My4deHHs OBICTPHIMH HEHTpOHaMH B
uHTepBanax Temmepatyp (50-70)°C, (120-140)°C u (290-315)°C. Uccnenosa-
HHS [OKa3aJIM, YTO PaJUallMOHHOE YIPOYHEHHE CTaJH IOCie OONydYeHHs IMpU
temneparype ~300°C B OCHOBHOM OOYCJIOBJICHO OOpa30BaHHUEM paJUallOH-
HO-MHIYIUPOBAHHBIX MPEIUIUTATOB OOIBIION IUIOTHOCTH, B TO BpeMs KakK Mpu
HU3KOTEMIICPAaTYpPHOM OOIyYeHUH PaJHalliOHHOE YIIPOYHEHUE CBA3aHO TOJIBKO
¢ 00pa3zoBaHHEM paAHAIIMOHHBIX JE(PEKTOB - TUCIOKAIIMOHHBIX TETEb CBEPX-
BBICOKOW IIOTHOCTH. DTO MPHUBOAUT K CYIIECTBEHHO OOJBIIEMY paIdalfoH-
HOMY OXPYITYMBAHUIO IIPH HU3KHUX TEMIEPaTypax oOIydCHHUS.

E.A. KULESHOVA'? A.S.FROLOV?, D.AMALTSEV?,
E.V.KRIKUN!, D.A.ZHURKO?
INational Research Center «Kurchatov Institute», Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

RADIATION EMBRITTLEMENT OF 15H2NMFA CLASS 1
STEEL UNDER THE LOW-TEMPERATURE IRRADIATION

The samples of 15 KH2NMFA class 1 RPV steel were studied in several
states: initial and after accelerated fast neutrons irradiation in the temperature
range of (50-70)°C, (120-140)°C and (290-315)°C. The research has shown that
after irradiation at ~300°C the main reason of radiation hardening of steel is
radiation induced formation of high density precipitates. At the same time low
temperature irradiation leads to radiation hardening of steel, associated only
with the formation of radiation-induced defects - dislocation loops of ultra-high
density. This causes a significantly higher radiation embrittlement after irradia-
tion at low temperatures.
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E.A.KVJIEIIOBA'?, 5.AI'YPOBUY?, 3.B.5YKHHA?,
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2. Mockesa, Poccus
2Hayuonanvuwiii uccredosamenvckuii s0ephvlil ynueepcumem « MUDHy,
2. Mockesa, Poccus

OLIEHKA BKJIAJIA YIPOUHSIIOIIET O MEXAHU3MA B
IODPEKT ®JIAKCA TP YCKOPEHHOM OBJIYYEHUU
CTAJIEH KOPITYCOB PEAKTOPOB BB3P-1000 METOJAMH
ATOMHO-30HJ0BO1 TOMOI'PA®UU U TPAHCMUCCH-
OHHOM YJIEKTPOHHOW MUKPOCKOIIUU

B pabote uccnenoBaH Iy4eBoid KOMIUIEKT H TEMIEPaTYPHbBIH KOMIUIEKT 00-
pasios-cBuneteneii Mmerayuia msa (MIII) kopmyca peakropa (KP) BBOP-1000,
JOTIOJTHUTENFHO YCKOPEHHO OOYyYEeHHBIH B HCCIIEA0BaTENbCKOM peaktope VP-
8 110 ¢utroeHca, COOTBETCTBYIOMIETO (DIFOCHCY TYYSBOI0 KOMIUICKTA.

[o M3MepeHHBIM IIIOTHOCTAM H pa3MepaM paJualliOHHO-HHIYLHPOBaHHBIX
YIpOUHSIOIMX (a3 ¢ HCHOoNb30BaHuEM ypaBHeHHss OpoBaHa OLEHEH Iperes
texydecTd (Rpo,2) 00pa3moB, 00IydeHHBIX ¢ pa3IHYHBIM (pIakcoM. YcTaHOBIIe-
HO, YTO U3MeHeHue Rpo2 He Koppenupyet co ciBUroM ATk 4TO CBUIACTEIHCTRY-
eT 00 OImpenelIoNIeM BIMSHUM BTOPOTO MEXaHM3Ma PaJUalliOHHOTO OXpYII-
YMBAaHUSA — 00PA30BAHNY 36PHOTPAHUYHBIX CErperaruii.

E.A.KULESHOVA'? B.A.GUROVICH?, Z.V.BUKINAZ,
D.A.MALTSEV?, S.V.FEDOTOVA?, A.S.FROLOV?,
G.M.ZHUCHKOV?

INational Research Center «Kurchatov Institute», Moscow, Russia
2National Research Nuclear University « MEPhl», Moscow, Russia

ASSESSMENT OF THE HARDENING MECHANISM CONTRIBU-
TION TO FLUX EFFECT OF VVER-1000 RPV STEELS UNDER
ACCELERATED IRRADIATION BY APT AND TEM

The radiation and temperature sets of RPV weld metal (WM) surveillance
specimens (SS) were investigated. Temperature set was subsequently irradiated
in a research reactor IR-8 up to the radiation set fluence.

The yield strength Rpo,2 of specimens was estimated using the Orowan equa-
tion with the use of measured density and sizes of hardening radiation induced
structural elements. It was found that the change Rpo2 does not correlate with
the ATk shift indicating the determining influence of the second radiation em-
brittlement mechanism — the grain boundary segregations.
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CTPYKTYPHBIE U ®PAKTOI'PAOUNYECKHUE UCCJIEJOBA-
HUA TEMIIVIETOB, BBIPE3AHHbBIX U3 KP DQHEPI'OBJIOKA
Ne4 HBADC, VIS ONEHKU EI'O TEKYHIETI'O COCTOAHUA

B pabote mpexncTaBineHBl pe3ynbTaThl KOMIUICKCHBIX CTPYKTYpPHBIX HCCIIE-
JIOBaHUIl BBICOKOPA3pEIIAIONIMMH METOJaMU IMPOCBEUUBAIOIIEH U PacTpOBOH
ANIEKTPOHHOH MHUKPOCKOIIMH, aTOMHO-30H/I0BO# ToMorpaduu u ¢pakrorpadu-
YEeCKOro aHallM3a TEMIUICTOB OcHOBHOro merama (OM) m Mmeramna cBapHOTO
mBa (MIII), Beipe3anHbIX U3 pasHeIX MecT KP sHepro6moka Ne4 HBAODC, B Te-
KyIllleM cocTosiHud. VccrenoBanus mokaszany, 4to (a30oBbId cOCTaB 00iydae-
Mbix OM u MIUI npencrasieH ynpouHsOmUMU (a3zaMu: UCXOIHBIMU KapOu-
JlaMH, TePMHYECKH-CTUMYJINPOBAHHBIMHA KapOO-HUTPUIAMH BaHAJUs U pajna-
[IMOHHO-MHIYIIUPOBAaHHBIMH NPEIUIUTATAMI Pa3JIMYHOTO COCTAaBA M JAUCIIOKA-
IUOHHBIMH TeTisiMu. Da3oBeiil coctaB HeobaydaemMbix OM u MIII mpencras-
JeH (azamMu: KapOuaaMH B TEPMUYECKH-CTUMYINPOBHAHHBIMH KapOOHUTpHIA-
MH BaHaust. Ppakrorpaduueckuii aHaIN3 MOKa3all, 9TO B TEKYIIEM COCTOSHHU
B u3I0Max o0pa3ioB OM mocie UCTIBITaHUI Ha yIapHBIA M3rHO HaOIromacTes
3HAYUTEIbHAS JOMs XPYIKOI0 MEX3epEeHHOTO pa3pyIIeHHUs, B TO BpeMs Kak B
n3nomax oopasnos MIII 3epHOrpaHMYHOE OXPYMUHBAHUE OTCYTCTBYET, YTO Xa-
paxrepHo a1t MIII 11 00BsICHSIETCSI 0COOEHHOCTBIO €0 MUKPOCTPYKTYPHI.

E.A.KULESHOVA'? D.A.MALTSEV?, A.S.FROLOV?,
D.V.SAFONOV'?, G.M.ZHUCHKOW!
INational Research Center «Kurchatov institute», Moscow, Russia
2National Research Nuclear University «tMEPhI», Moscow, Russia

STRUCTURAL AND FRACTOGRAPHIC STUDY OF TEM-
PLETS CUT OUT FROM RPV OF NOVOVORONEZH NPP
POWER UNIT Ne4 FOR CURRENT STATE EVALUATION

This article presents the results of structural study of templets of the base
(BM) and weld metal (WM) in current state by TEM, SEM, APT and fracto-
graphic analysis. The phase structure of irradiated BM and WM is shown to be
presented by the hardening phases: initial carbides, thermal-stimulated carbo-
nitrides of vanadium as well as radiation-induced precipitates and dislocation
loops. It is also shown that there is a large share of brittle intergranular fracture
in the BM, but there isn’t any brittle intergranular fracture in the WM, that
characteristic for WM and explains the feature of the microstructure.
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E.L1.MAKAPOB, B.C.HEYCTPOEB, C.B.BEJIO3EPOB,
J.E.MAPKEJIOB, A.B.ObYXOB

Axyuoneproe obuecmeo «I ocyoapcmeeHHblL HAYYHbIN YeHMP —
Hayuno-uccredosamenbCckuti uncmumym amoMHbIX peakmoposy
(AO «THIL] HUHUAP»), 2. [Jumumposzpad, Yavanosckas obnacms, Poccus

BJUSHUE HANIPSI)KEHU HA TE®OPMAIIUIO
HOJI3YUYECTHU U PACITYXAHUE I'A3OHAIIOJTHEHHBIX
OBPA3IOB N3 CTAJIM 08X18H10T, OBJIYUEHHBIX
B PEAKTOPE BOP-60

B AO «'HII HHMHMAP» npoBOoAMIUCH HKCIEPUMEHTHI MO HW3YYEHUIO
BIIMSHUS PACTATMBAIOUINX HANpPSOKEHUI Ha CBOMCTBA M CTPYKTYpYy MaTepuania
BKY.

B macrosmed  pabore  mpuBeieHBI  pe3yNbTaThl  MCCIIEAOBAHUS
paaualoHHON MOJI3yYECTH, pacryxaHus u MUKPOCTPYKTYPHI,
ra30HaNOJIHEHHBIX 00pa3IoB CIOKHOH (OpPMBI, 00 TyueHHBIX B peaktope BOP-
60 ipu remneparypax odayuaerus 350 u 420 °C mo 100 cHa.

E.MAKAROV, V.NEUSTROEV, S.BELOZEROQV,
D.MARKELOV, A.OBUKHOV
Joint Stock Company «State Scientific Center - Research Institute of Atomic
Reactorsy (JSC «SSC RIAR»), Dimitrovgrad, Ulyanovsk region, Russia

EFFECT OF STRESS ON IRRADIATION-INDUCED CREEP
AND SWELLING OF FE-18CR-10NI-TI STEEL PRESSURIZED
SPECIMENS IRRADIATED IN THE BOR-60 REACTOR

JSC “SSC RIAR” conducted experiments on the effect of tensile stress on
the properties and structure of internals material.

This paper presents the results of a study of irradiation-induced creep,
swelling and microstructure of pressurized specimens of sophisticated design
irradiated to 100 dpa in the BOR-60 reactor at 350 °C and 420 °C.
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A.O.MA3AEB
Axyuoneprnoe obugecmso «l ocyoapcmeeHHvlI HAYYHbLI YeHMpP —
Hayuno-uccredosamenvbckuti uHcmumym amomHbIX peaKmoposy
(AO «THI] HUHAP»), 2. [Jumumposepad, Ynvanoeckasii obnacms, Poccus

OXPYITYMBAHHUE CTAJIbHBIX TUCTAHIIAOHUPYIOMHUX
PEHIETOK B PE3YJIBTATE JJVIMTEJIBHOU
SKCIIVIYATALHUU B COCTABE TBC PEAKTOPA PEMK-1000

B mocnemnee BpeMs Ha aTOMHBIX CTaHIHMAX c peaktopamu PBMK-1000
HaOIomaeTcsd pacTPECKMBAHME W OXPYNMUUBAHHE OTACIBHBIX  CTAIBHBIX
JUCTaHIMOHMUPYIOMHKX pemeTok (JIP), IIUTensHO SKCIUTyaTHpPOBAaBIIMXCS B
cocrase TBC. ITonpoOHbIe MaTepranoBeIUECKUe NCCIEAOBAHMS OTPAOOTABIINX
TBC ¢ JIP no3BOJISIOT yIydlIUTh TOHUMAaHUE NPUYUH OXPYIMYUBAHUS, OLCHUTD
MPaBUWIBHOCTE KOHCTPYKTOPCKMX M TEXHOJOTMYECKHUX pelIeHuil, BbIOpaTh
Han0oJiee oNnTHMaIbHbIE BapUaHThI COBepIIeHCTBOBaHMS JIP.

B pabote mpencrarieHsl pe3ynbTathl ucciaenoBanuid JIP u3 cramu (Fe-18%
Cr-10% Ni-Ti) TBC PBMK, otpabotasiieii Ha Jlennurpaackoit ADC B TedueHue
~ 7 net (1835 3. cyt.).

Hems paboTbl — MONydEHHE OKCICPHMEHTAIBHBIX PE3yJIbTaToB IO
KOMIDIEKCHOMY BIIMSTHHIO OOJydeHUS W TeIutoHocuTens peakropa PBMK-1000
Ha CKJIOHHOCTh K IIOBPEXKICHWIO CTaIbHBIX JIP mpum wWx  IymTenbHOH
9KCIUTyaTaIH.

A.MAZAEV
Joint Stock Company «State Scientific Center - Research Institute of Atomic
Reactorsy (JSC «SSC RIAR»), Dimitrovgrad, Ulyanovsk region, Russia

EMBRITTLEMENT OF STEEL SPACER GRIDS AS A RESULT
OF LONG-TERM OPERATION IN THE RBMK-1000 REACTOR

At present, RBMK-1000 NPPs face cracking and embrittlement of single steel
spacer grids after long-term operation as part of fuel assemblies. Thorough
materials testing of spent fuel assemblies with spacer grids helps us to improve
understanding of the embrittlement nature, evaluate engineering and process
solutions, and choose the optimal options for spacer grid design enhancement.

The paper presents the data on examining spacer grids made of steel Fe-18%
Cr-10% Ni-Ti that have been under operation in Leningrad NPP during ~ 7 years
(1835 full-power days).

The objective is to obtain experimental data on combined influence of
irradiation and RBMK-1000 coolant on a tendency for steel grain damage under
long-term operation.
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N.JI. HUKOJIAEBA!, M.C.CTAJIbIIOB!, U.N.UEPHOB?,
B.A.KAJIUH!, U.A.BOTAUEB?, JLIO.I'VCEBA?,
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BJIMAIHUE KOHUEHTPALIUN OKCUJIA UTTPUSI
HA ®OPMHUPOBAHME I'EJIMEBOU TIOPUCTOCTHU
B ®PEPPUTHO-MAPTEHCUTHOMU IYO CTAJIN

B pabGote uccnemoBanmuch 0coOOEHHOCTH (OPMHUPOBAHHS TEIMEBOM
MOPHUCTOCTH B (pepputHo-MapTeHcuTHon ctamu DI1-450-AYO c 1 mac.
% (CIIC-1) u 0,3 mac. % (CIIC-0,3) Y03, M3roTOBJIEHHOW CIapK-
IIJ1a3MEHHBIM CIICKAHUEM.

Oo6napyxeHo, uro B o0Opasne cranu CIIC-1 HaOmomaroTCs YeThIpe
30HBI C CHJIBHO Pa3IHYArONIMMCS XapaKTepOM pPa3BUTHUS TEIUEBOH I0-
puctocTH, a B ctpykrype obpasma CIIC-0,3 Tonsko nBe 30H5I. [Ipu 3TOM
YCPEIHEHHOE MO BCEMy OOJydeHHOMY CJOI0 pacilyxaHue B oOpasmax
CIIC-1 u CIIC-0,3 coctaBuio 2,6 u 1,1 %, cOOTBECTBEHHO.

I.D.NIKOLAEVA!, M.S.STALTSOV?, I.I.CHERNOV?,
B.A.KALIN?, L A.BOGACHEV?, L.YU.GUSEVAL,
M.V.DROZHZHINA?, A.A.BELYAEV?,
A.G.TISCHENKO?, S.N.KORSHUNOV?

!National Research Nuclear University «MEPhI», Moscow, Russia
National Research Center «Kurchatov Institute», Moscow, Russia

THE EFFECT OF YTTRIUM OXIDE CONCENTRATION ON
HELIM POROSITY FORMATION IN FERRITE-MARTENSITIC
ODS STEEL

The features of helium porosity formation in the ferritic-martensitic
steel EP-450 ODS with 1 wt. % (SPS-1) and 0.3 wt. % (SPS-0.3) Y203,
manufactured by spark-plasma sintering, was investigated.

The four zones with widely divergent nature of helium porosity in
sample SPS-1 and only two zones in SPS-0.3 was found. The average
swelling of the SPS-1 and SPS-0.3 samples is 2.6 and 1.1%, respective-

ly.
63



10.A. TIEPJIOBUY, M.I'. UCAEHKOBA,
I1. JI. AOBPOXOTOB, A. K. AMAHOBA
Hayuonanenuiii uccnedosamenvcxuil adepruiii yHueepcumem « MHUDH »,
2. Mockesa, Poccus

BJIMSIHUE MPEIIIECTBYIOINEN JE@OPMALINN
HA TEKCTYPY U CYBCTPYKTYPY OBOJIOYEYHBIX
TPYE U3 ®EPPUTHO-MAPTEHCUTHOM CTAJIA

HccnenoBaHa 3aBUCHMOCTD TEKCTYPHI U CyOCTPYKTYPHOTO COCTOSIHUSI 000-
JIOYEYHBIX TPYyO W3 (eppuTHO-MapTeHCHTHOM cranu OII823 oT cremenu ne-
dbopmaru, TpeAlIecTBOBaBINeH (UHATBHOW  TepMooOpaboTke  (3akal-
ka+tormyck). [Toka3aHo, YTO B 3aBUCHMOCTH OT CTENEHH AeOpMaIiiu U3MeHs-
I0TCS. COOTHOIICHHUS WHTEHCHBHOCTH THNMUUHBIX st OLIK meramioB tekcTyp-
HBIX KOMITOHEHT. Vccnie1oBaHO BIMSIHYE HA XapaKTEPUCTHKH CYOCTPYKTYPHOTO
COCTOSIHUS (CTENEeHM HaKJena 3epeH, MUKPOHCKAKCHUH KpUCTAJUINYECKOH pe-
IIETKH) YPOBHS IpEAIIeCTBYIOMEH AedopMalyy, YCTAaHOBICHO pa3jIndue B
CyOCTPYKTYPHOM COCTOSIHUH 3€pPEH, COOTBETCTBYIOIINX BHEIIHMM W BHYTPCH-
HHUM TIOBEPXHOCTHBIM CIIOSIM 000JI09€YHON TPYOBI.

Yu. A.PERLOVICH, M.G.ISAENKOVA,
P.L.DOBROKHOTOV, A. K. AMANOVA
National Research Nuclear University « MEPhl», Moscow, Russia

EFFECT OF PREVIOUS DEFORMATION LEVEL ON
TEXTURE AND SUBSTRUCTURE OF CLADDING TUBES
MADE OF FERRITIC-MARTENSITIC STEEL

The dependence of texture and substructure of cladding tubes made of fer-
ritic-martensitic steel EP823 on deformation level, imposed before final anneal-
ing treatment (quenching+tempering) was investigated. It was shown that de-
pending on the deformation level the intensity ratio of texture maxima, that are
typical to BCC deformation texture were changing. The research of effect of
previous deformation level on substructure condition characteristics (strain
hardening level, crystal lattice microdeformation) was conducted. It was estab-
lished, that inner and outer surface layers of cladding tube are having various
substructure condition.
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10.A.IIEPJIOBUY!, M.I'’MICAEHKOBA?, O.A.KPEIMCKAS,
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2. Mockea, Poccus

3ABUCUMOCTbB CKJIOHHOCTH K KOPPOSUOHHOMY
PACTPECKUBAHUIO CTAJIBHBIX TPYB OT IIOCJIOMHOU
TEKCTYPHOU HEOJHOPOJHOCTH

[Ipobnema KOPPO3UOHHOTO pacTpeckuBanus mon Hampsokeruem (KPH)
CTAIBHBIX TPY0O- M Ta30IPOBOAOB CTAHOBUTCSA Oojee akKTyalbHOM IO Mepe
YBEJIMYCHUS] CPOKOB WX OJKCIUTyaTauuu. Ha mpumepe cTajbHBIX TpyO Maru-
CTpaJbHBIX Ta30IIPOBOJIOB M0 JaHHBIM PEHTT€HOBCKOTO aHaIKM3a MOKAa3aHo, YTO
(dopmupyromascs B MpoLecce N3rOTOBICHUS TOCIOWHAsT TEKCTYpHAsI M CTPYK-
TypHasT HEOAHOPOJHOCTb OKa3bIBA€T BIMSHUE Ha DPA3BUTHE KOPPO3HOHHBIX
TpeuH. bojiee HEOTHOPOAHOE paclpeneleHHe TEKCTYPHBIX XapaKTepHCTUK
MPUBOIUT K yBenuueHuro croiikoctu npotuB KPH, T.kx. packpsiTue TpeumH
MOJKET TOPMO3HTBCS MPH JOCTHKEHHH CIIOS ¢ U3MEHEHHOM TEKCTYpOH H3-3a
BBICOKOW B3aMMHON pa30OpHEHTAllMU 3€peH U HEOOXOAUMOCTH HW3MEHEHHUS
IUIOCKOCTH JBIDKCHHUS TPEIIMHBI, 4TO TpeOyeT YBEIMUYCHHUS IPUIOKCHHBIX
HaIPsSKEHUN.

M.G.ISAENKOVA?, Yu.A.PERLOVICH!, O.A KRYMSKAYA?,
N.S.MOROZOV?, 1.V.RYAKHOVSKIKH?, T.S.ESIEV?
!National Research Nuclear University « MEPhI», Moscow, Russia
2Limited Liability Company «Gazprom VNIIGAZ», Moscow, Russia

DEPENDENCE OF THE STEEL TUBES SUSCEPTIBILITY TO
STRESS CORROSION FROM THE LAYERWISE TEXTURAL
INHOMOGENEITY

The problem of the stress corrosion cracking (SCC) of steel pipes and gas
pipelines becomes more urgent with increasing of their exploitation period.
Based on the X-ray analysis data of main gas pipelines it was shown that
layerwise textural and structural inhomogeneity, formed during their manufac-
turing, has an influence on the corrosion cracks development. The intensifica-
tion of the texture inhomogeneity results in the increasing of the material re-
sistance to SCC, because the crack opening can be inhibited when it achieves
the layer with a modified texture due to the high mutual misorientation of
grains and the necessity of changing the moving crack plane, what requires an
increasing of applied stresses.
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MOCJOMHASI HEOJJHOPOJHOCTb TEKCTYPBI
N CYBCTPYKTYPbI B ObOJIOYEYHBIX TPYBAX
N3 PEPPUTHO-MAPTEHCUTHOU CTAJIN

HccrnenoBana TekcTypa U CyOCTpYKTypa 000JI0OUEUHBIX TPYO M3 (eppHUTHO-
MapreHcutHOH ctamu D11450 JIYO Ha pa3HbBIX 3Tanmax ux uirorosneHus. [Toxa-
3aHO, 4TO TpH 00paboTke m3aenuii (nedopmarus MPOKaTKOH, OTKHUT) CO3/TaeT-
Csl IOCTIOHAs TEKCTYpHAs M CYOCTPYKTYpHAsi HEOAHOPOIHOCTh: BHELIHHUE CIIOH
XapaKTepU3yIOTCsS CIa0bIMU TEKCTYPHBIMH MaKCHMyMaMH U BBICOKOW cTere-
HBIO 1e()OPMAIIMOHHOTO HAKJIeNa, [IEHTPAJIbHbIC CIION — CIA0bIMU, Pa3MBITHIMU
TEKCTYpHBIMM MaKCUMyMaMH ¥ HU3KHM YpOBHEM JAe(hOpMaIlOHHOTO HaKJIena,
TOTrAa KaKk BHYTPCHHUE CJIOU — HaI/I6OJ'Iee OCTPBIMU U CUJIbHBIMU TEKCTYPHBIMU
MaKCUMyMaMHU U CTCIICHBIO HAKIJICIIA, MEHbBIIIEH YeM BO BHEIITHHX CJI0AX, HO
Gonpliel 4eM B LIEHTPAJIbHBIX. BBIABIEHO, YTO TEKCTypHas HEOJHOPOAHOCTh
BHOCHTCSl Ha dTalle TOpsiueid KCTPY3UH, a HEOJHOPOAHOCTh CyOCTPYKTYPHOTO
COCTOSIHHS IIPU JaNbHEHIINX MOCIEA0BATEIbHBIX Tallax XOJIOJHOU nedopma-
MU U OTXKHTA.

Yu.A.PERLOVICH, M.G.ISAENKOVA,
V.A.FESENKO, P.L.DOBROKHOTOV
National Research Nuclear University « MEPhI», Moscow, Russia

THROUGH-THICKNESS TEXTURE AND SUBSTRUCTURE
INHOMOGENEITY OF CLADDING TUBES MADE OF FER-
RITIC-MARTENSITIC STEEL

Texture and substructure of cladding tubes made of ferritic-martensitic ODS
steel EP450 at various stages of their manufacturing route were investigated. It
was shown that during processing of products (rolling, annealing) through-
thickness inhomogeneity was created: outer layers of tube are characterized by
weak texture maxima and high hardening level, central layers — by weak and
smooth texture maxima and the lowest strain hardening level, while inner lay-
ers — by the strongest texture maxima and by strain hardening level lower than
that of outer layers, but higher in comparison to central layers. It was revealed
that texture inhomogeneity is imposed during hot extrusion process, while sub-
structure inhomogeneity — during following successive deformation and anneal-
ing steps.
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[0.A.TIEPJIOBUY?, M.F.HCAEHKOB\Al, B.A.®ECEHKO?,
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2. Mockea, Poccus
2[ocyoapcmeennviii nayunoiii yenmp — Hayuno-ucciedoeamenbckuti uHcmu-
Mym amoMHbIX peakmopos, 2. Jumumposepad, Poccus

BJUSHUE BLICOKOJ03HOT'O HEUTPOHHOT'O OBJIYYE-
HUA HA CYBCTPYKTYPY OBOJIOYEYHBIX TPYB
N3 HUPKOHUEBBIX CIIJIABOB

B «ropsiueit» nabopatopun HUMAP npu ucnons3oBaHuu pa3padOTaHHOTO
u cmoHTHpOoBaHHOro B HUAY MU ®U peHTreHOBCKOro TEKCTYPHOIO KOMILIEK-
ca Uil M3yYCHHMS BIMSIHAS HEHTPOHHOTO OOJTydeHHUs! Ha cyOCTpyKTypy oboro-
YEeYHbIX TPYO M3 IUPKOHHEBBHIX CIUIABOB NPHMEHEH METOA OOOOIIEHHBIX IT0-
JIOCHBIX (PHUTYp, COBMEIMIAIOMNI ChEMKY TEKCTYPBI C perucTparyeil mpopuis
peHTreHoBcKol JuHUM. Iloka3aHo, 9TO HMCXOAHAs CTPYKTypHas HEOJHOPOJ-
HOCTh TEKCTYPOBAHHBIX 000JIOUEUHBIX TPYO MOA AEHCTBHEM HEHTPOHHOTO 00-
JIly4eHUs IPETepleBacT U3MEHEHUS, HAIPABICHHBIE K BBIPABHUBAHUIO CTPYK-
TYpHOTO COCTOSIHUS 3€peH a-ZI C OPUEHTALUSIMH TEKCTYpPHBIX MAaKCUMYMOB U
MHHUMYMOB. B pe3ynbTare 00iydeHHs M3HA4aIbHO HEOJHOPOIHAsI CYOCTPYK-
Typa TEKCTYPOBaHHON TpyOBI cTaOWIM3UpyeTcs Ha HEKOTOPOM IIPOMEKYTOd-
HOM YPOBHE, OTBEYAIONIEM MOBBIIICHHUIO IEPEKTHOCTH 3€PEH TEKCTYPHBIX MakK-
CHMYMOB U CHIDKCHHIO Ie()EKTHOCTH 3€PEH TEKCTYPHBIX MUHIMYMOB.

Yu.A.PERLOVICH!, M.G.ISAENKOVA?, V.A.FESENKO!,
O.A . KRYMSKAYA!, G.P.KOBYLYANSKIY?,
Yu.D.GONCHARENKOQ?

!National Research Nuclear University «MEPhI», Moscow, Russia
2State Scientific Center - Research Institute of Atomic Reactors",
Dimitrovgrad, Russia

INFLUENCE OF HIGH-NEUTRON IRRADIATION ON
SUBSTRUCTURE OF CLADDING TUBES
FROM ZIRCONIUM ALLOYS

At the "hot" laboratory of SSC RIAR, using the X-ray texture complex de-
signed and mounted by MEPhI, the method of generalized pole figures, com-
bining texture measurement with registration of X-ray line profiles, was applied
for study of the effect of neutron irradiation on the substructure of cladding
tubes from zirconium alloys. It was shown, that the initial substructure hetero-
geneity of textured cladding tubes under neutron irradiation is undergoing
changes directed to equalization of structure conditions for a-Zr grains with the
orientations of texture maxima and texture minima. As a result of irradiation,
initial non-uniform substructure of textured tube stabilizes at some intermediate
level corresponding to increase of the defect content in grains with orientation
of texture maxima and to decrease of the defect content in grains with orienta-
tion of texture minima.
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OCOBEHHOCTU UBMEHEHUA MUKPOCTPYKTYPbI U
3JEMEHTOHOI'O COCTABA TOHKHX IIVTEHOK OKCHJIA
ME/M IO AEMCTBHUEM ITPOTOHHOI'O OBJIYYEHUSA

B paborte MeTomaMu aHaTUTHYECKOM MPOCBEUUBAIONICH AIIEKTPOHHON MUK-
POCKOITMM TPOBEJECHO HCCIIIOBAHUE IPOTEKAHHs IPOLECCa CEJICKTHBHOIO
yIaJIeHHs] aTOMOB KHCJIOPOJa U3 OKCHA MEIH O] IeHiCTBUEM POTOHHOTO 00-
Jy4eHHUs. DKCIEPUMEHTAILHO BBISIBIICHA JBOJIOIUS CTPYKTYPHO-(Pa30BOro co-
CTaBa OKCHIa MeIH B Xoje BoccraHoBieHus a0 merawia (CuO-Cu.O-Cu), a
TAK)KE€ METOJAMH CIEKTPOCKOIUU JHEPreTHYECKUX IOTEPh DICKTPOHOB
(COIID) nomyueHsbl pacrnpeesieHUs] SIEMEHTOB 110 TIyOuHe MJICHKU U pas-
JUYHBIX 103 IPOTOHHOT'O OOTyYeHHUSI.

K.E.PRIKHODKO??, B.A.GUROVICH!, M.M.DEMENTYEVA?,
D.A.KOMAROV?, L.V.KUTUZOV*
!National Research Center «Kurchatov Institutey, Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

CHANGES OF MICROSTRUCTURE AND ELEMENTAL
COMPOSITION FEATURES IN COPPER OXIDE THIN FILMS
UNDER PROTON IRRADIATION

This work presents the study of the selective removal of oxygen atoms from
the copper oxide under proton irradiation performed by transmission electron
microscopy. The evolution of structurally-phase composition of copper oxide
during the reduction to metal (CuO-Cu20-Cu) was experimentally revealed, as
well as film depth distribution of elements for different doses of proton irradia-
tion were obtained by the techniques of electron energy loss spectroscopy
(EELS).
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BJUSIHUE OBPABOTKA IOTOKAMM UMITYJ1bCHOM
ILJIABMbI HA KOPPO3MOHHYIO CTOMKOCTb TBJIbHBIX
TPYB U3 ®EPPUTHO-MAPTEHCUTHBIX CTAJIEA TUIIA
X12 B ’KMJKOM CBUHIIE

[IpencraBneHsl pe3yabTaThl SKCIIEPUMEHTATIBHOTO HCCICIOBAHMUS BIIMSHUSA
00pabOTKM MOTOKAMH HMITYJIbCHOW IUIa3MBI, B TOM YHCJIE METOAOM IOBEpX-
HOCTHOTO >KUJIKO(a3HOrO JIETHPOBaHMS aJIOMUHHEM U XPOMOM, Ha KOpPpPO3H-
OHHYIO CTOHKOCTb TBIJIBHBIX TPYO M3 ()eppPUTHO-MAPTEHCUTHBIX XPOMHCTBIX
craneit  tuma  X12  (OII823 (16X12HMBCB®P) u  D3I1900
(16X12HMBCB®AP)) B moTOKE XHIKOTO CBHHIIA TIPpH TemrepaTtypax 620-650
°C ¢ noseimenHbIM ((5-8)'107° Macc. %) KOHTPOJIMPYEMBIM COJIEPKAHUEM KHC-
nopona u BpemeHax Bblaepkku 1000-5000 uvacoB. MccienoBaHust METOIOM
pacTpoBOi EKTPOHHON MHUKPOCKONHMH MHKPOCTPYKTYPBI TOBEPXHOCTH M IO-
MepeyHbIX IUM(HOB 00pa3IOB OCIe KOPPO3UOHHBIX MCIBITAHMH OKA3aJIH, YTO
MTOBEPXHOCTHOE JISTHPOBAaHUE TBATBHBIX TPYO M3 XPOMHUCTHIX cTanei Tuma X12

3HaunTEeNbHO (110 10 pa3) mOBHIIaeT MX KOPPO3UOHHYIO CTOHKOCTB.
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INFLUENCE OF PULSED PLASMA FLOWS TREATMENT ON
THE CORROSION RESISTANCE OF 12 Cr FERRITIC-
MARTENSITIC STEEL FUEL CLADDING TUBES IN LIQUID
LEAD

This paper presents the experimental results of the investigations on the cor-
rosion resistance improvement by high-temperature pulsed plasma flows treat-
ment (including the liquid phase surface alloying method) of 12% Cr ferritic-
martensitic ~ steels  (EP823  (16Cr12MoWSiVNbB) and  EP900
(16Cr12MoWSiNbVCeNB)) fuel cladding tubes in liquid lead flow with an in-
creased and controlled oxygen content (Co = (5-8)-1073 wt%) at the temperature
of 620-650°C and the test duration of 1000-5000 h. SEM investigations of the
surface and cross-section of samples after corrosion tests have shown that the
surface alloying by Al or Cr significantly (up to 6-10 times) increases the cor-
rosion resistance of the 12% Cr ferritic-martensitic steel tubes in liquid lead
flow with an increased oxygen content.
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BJINSIHUE NIPEJIBAPUTEJIBHOM OBPABOTKH HA
TPUBOJIOTUYECKUE XAPAKTEPUCTUKHU XPOMUCTDBIX
CTAJIEM DI1823 1 K181

[IpencraBneHbl 3KCIEPUMEHTANBHBIE PE3YIbTAThl MCCICAOBAHUS BIUSHUSA
Pa3IMYHBIX BUAOB 00pabOTKH HA TPHOOIOTHUECKUE XapaKTEPUCTHKH
12 %-HBIX XpOMHUCTHIX (eppHTHO-MapTeHCHTHBIX ctanmeit DI1823 m OKI8I.
Tpubonornieckre UCIBITAHMS IPOBEICHBI Ha OTPE3Kax TBINBHBIX TPYO M3 cTa-
ym OI1823 B COCTOSHUM TIOCTABKH, MOAM(UIMPOBAHHBIX MOTOKAMH FMITYJIbCHON
TUIa3Mbl U ITIOBEPXHOCTHO-JICTUPOBAHHBIX AJIIOMUHHEM C MCIIOJIB30BAHUEM ITJIa3MECH-
HO# 00paboTku. OOpasusl-aucku u3 ctanu K181 wuccriemoBaHbl mocie mraT-
HOH TepMooOpaboTKa (3aKajika Ha BO3AyXe U OTIYCK), HHTCHCUBHOW IJIACTH-
4yeckoil gedopMaru KpydeHHeM KW MOAUGHUIMPOBAHUS IMOTOKAMH a30THON
IU1a3Mbl. AHAJIN3 MOJYYEHHBIX TPUOOTpaMM U 3IEKTPOHHO-MHUKPOCKOITHYECKUX
CHMMKOB TPEKOB M3HOCA IOKa3aJl, YTO TPUOOJIOIMYECKUE XapaKTEPUCTHKU 00-
Pa3moB CyIIECTBEHHO 3aBHUCAT OT BUJIAa MX IPEIBAPUTEIHHON 00paboTKH.

P.S.DZHUMAEV, E.M.MALIEVA V.L.YAKUSHIN
National Research Nuclear University « MEPhI», Moscow, Russia

EFFECT OF PRETREATMENT ON THE TRIBOLOGICAL
CHARACTERISTICS OF CHROMIUM STEELS
EP823 AND EK181

The experimental results of influence the different treatments on the tribo-
logical characteristics of the 12% chromium ferritic-martensitic steels EP823
and EK181 are presented. Tribological tests were carried out on sections of fuel
cladding tubes from EP823 steel in delivery condition, modified by pulsed
plasma flows and surface-alloyed by aluminum using a plasma treatment. Discs
samples from EK181 steel studied after standard heat treatment (quenching in
air and tempering), intensive plastic deformation by torsion and modification
by nitrogen plasma flows. Analysis of tribogramm and electron microscopic
images of wear tracks showed that samples tribological characteristics depend
strongly on the type of pretreatment.
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IHOPOT'OBBIE YCJIOBUA 1JIs1 SAMEJJIEHHOT'O
Ir'maPnaHOro PACTPECKUBAHUS OBOJIOYEK TB2JIOB
3 CIINIABOB IUPKOHMU A

3amemeHHoe ruapunHoe pacrpeckuBanue (3I'P) oguH u3 Hambonee Bepo-
STHBIX MEXaHU3MOB JCTPAJallii M3JCIUNA M3 CIUIABOB LUPKOHUS BCICICTBHEC
HABOJIOPOXXMBAHUSA IMPHU JKCIUIyaTallMd B aKTUBHOW 30HE BOJOOXJIAXKIACMBIX
PEaKTOpPOB.

B pabote copmymupoBaHbl B 0OOCHOBAHBI KPUTHUCCKUE MapaMeTphl I
3T'P (Ch, Tupex 1 Kin) 1 mpeniosker moaxor K 000CHOBaHUIO BEPOATHOCTH THJI-
PUIHOTO pacTpecKWBaHUS OOOJOYKH TB3JIAa HPH IKCIUTyaTallid B PEaKTOpe
PWR. C ucmonmp3oBaHAEM TaKOTO MOAXOJa MPOBEACHBI HCCIEIOBAHUSA 000II0-
yek TBIOB U3 ciiaBoB Zr-1Nb, Zr-0,8Nb-0,8Sn-0,3Fe u Zircaloy-4 u onpene-
JICHBI 3HAYCHUSI KPUTHIECKHUX napameTpoB 3I'P s kakgoro croasa.

N.S.SABUROV, V. AAMARKELOQOV, A.U.GUSEYV,
S.A.BEKRENEV, I.A.SHELEPOV
A.A.Bochvar High-Technology Research Institute of Inorganic Materials, Mos-
cow, Russia

THE THRESHOLD CONDITIONS OF THE DELAYED
HYDRIDE CRACKING IN ZIRCONIUM ALLOYS

Delayed Hydride Cracking (DHC) is a likely degradation mechanism of zir-
conium alloy items in water cooled reactor cores.

In this work critical parameters of a DHC (Cw, Tim and Ku) have been for-
mulated and substantiated and an approach to a rationale of a probability of the
delayed hydride cracking of a fuel cladding under an operation in the PWR nu-
clear reactor. Using that approach investigations of fuel claddings produced
from alloys Zr-1Nb, Zr-0,8Nb-0,8Sn-0,3Fe and Zircaloy-4 have been conduct-
ed and values of critical parameters of the DHC for each alloy have been de-
termined.
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CTPYKTYPHO-®A30BOE COCTOSIHUE MHOTI'OCJIOMHBIX
IJIEHOK AIN/SiNcIIOCJIE HOHHOT'O OBJIYYEHUSA U TEP-
MUYECKOTI'O BO3JIEMCTBUSI

B paboTte mccnenoBaioch CTpyKTYpHO-(ha30BOE COCTOSIHHE MHOTOCTIONHON
ek AIN/SiNy tommuno#t 300 M, chopMHUPOBAHHONH MarHETPOHHBIM pac-
bUIEHUEM, Hocle 00ayueHus HoHaMu reaus He* (aneprus 30 k3B, no3a 5-10%
cM?) 1 nocnexyrouero omxura npu temneparype 800 °C. ChopMmupoBaHHas
ierka AIN/SiNy npeactaBisier coboii YepeqoBaHUe CIOEB KPUCTAIUINYECKON
(AIN) u amopodnoit (SiNy) da3. C moMOIIBI0 TPOCBEUUBAIOIIEH IEKTPOHHON
MHKPOCKOIIHH B CIIOSIX aMopdHOU (as3el SiNy mocie moCTUMITIAHTAIIHOHHOTO
oTxkHra oOHapyKeHO 00pa3oBaHHe CHEpPHUYCCKHX BKIIOYCHHN pasmepom 4—7
HM. COrjacHO JaHHBIM, MOJIyYEHHBIM IPH MOJEIMPOBAHUM PaJHallIOHHBIX
npoueccoB B nporpamme SRIM, obnacth 00pa3oBaHus TaKuX BKJIIOYEHHIT CO-
OTBETCTBYET OOJIaCTH BHICOKOH KOHIEHTPAIlMHM MMIUIAHTUPOBAHHBIX HOHOB Te-
mus He® (130-220 um). M3 3TOro MOXHO 3aKIOYUTh, YTO OOpa3oBaHHE
HaOJII0aeMBbIX BKJIIOYEHUH MPOUCXOANT 3a CHET KJIACTEePU3alMN UMILIaHTHPO-
BaHHbBIX HOHOB Tenust He' B pesysbrare qudGy3HOHHBIX TPOLECCOB MPH OTHKH-
re. Takxke ciaeayer OTMETHTh, YTO MOJOOHBIX BKIIOYEHUH B KPHUCTAJUIMYECKUX

crosix AIN He oGHapykeHO.
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STRUCTURE AND PHASE COMPOSITION OF MULTI-
LAYERED AIN/SiNx FILMS AFTER ION IRRADIATION AND
THERMAL ANNEALING

In this study structure and phase composition of multilayer magnetron sput-
tered films AIN/SiNy irradiated with He* (30 keV, dose 5-10%6 cm) and subse-
quent annealed at 800°C were investigated. These films are alternation of nano-
crystalline (nc)-AIN and amorphous (2)-SiNy layers. The formation of spherical
inclusions with the size of 4-7 nm was revealed in the a-SiNy layers after post
implantation annealing by means of transmission electron microscopy. Accord-
ing to radiation processes modeling in SRIM, the region of the inclusion for-
mation corresponds to the high He* implanted ion concentration (130-220
nm.). It may be concluded the inclusion formation is a result of clustering He*
ion implantation during diffusion processes at annealing. The inclusions in the
nc-AIN layers were not observed.
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PAJJMALIMOHHBIE DOPEKTbI
B HAHOKPUCTAJIVIMYMECKOM IMOKPBITHUMH TiZrN,
OBJIYYEHHOM BBICOKOHEPTETUYECKUMHA NOHAMUA

HccnenoBanne moBeneHNUST HAHOMATEPHANIOB, TOABEPTIINXCS BO3ACHCTBUIO
panuanyuy O4eHb BaXKHO NPUMEHMTENBHO K pa3paboTKe MEepCHEeKTHBHBIX KOM-
MIOHEHTOB AJIS AEJICHUS U CUHTE3a PEaKTOPOB HOBOT'O MOKOJIEHHS (PEaKTOphl Ha
OBICTPBIX HEHTPOHAX, PEAKTOPHI BBICOKOTEMIIEPATYPHOTO Ta3a, TEPMOsIEpHBIC
peakTopsl U T.7.). Hannane BBICOKOI IIIOTHOCTH MHTEP(hEicOB B HAHOMATEPH-
ajax, BHICTYMAIOIIUX B KaUueCTBE PAKOBUHBI JUIS PaAHALIMOHHBIX Ne(EKTOB M03-
BOJISIET IIPOTHO3MPOBATh YIYYIICHUE PAJHAIIOHHON CTOMKOCTH TaKUX MaTepH-
anoB. OTHUM W3 MEPCIEKTUBHBIX TPYMI 3THX HAHOMATEPHAJIOB BKJIIOYAET I10-
KPBITHH Ha OCHOBE NEPEXOJHBIX METAJJIOB, HUTPHUIBI, TONYyYEHHBIX (hU3HNde-
CKHM OCaXkJIeHHeM u3 napoBoi (asel. B manHoi pabote, ObICTpEIil Xe 1 HOHOB
Bi a¢dexTsl o0irydeHus B HaHOKpHUCTAIDTHYSCKIX TiZrN TOKPBITHI B 3aBUCH-
MOCTH OT MOHHOMW IUIOTHOCTH IOTOKa cooOmarorcs. Hurpuaaele mieHKH pas-
HOM TonmuHs! (1 1 4 MKM), CHHTE3UPOBAaHHOTO METOJIOM BaKyyMHOTO HambLIe-
HUS JYTOBOTO IMapa B HAHOKPUCTAJUIMIECKOM COCTOSHHUH oOmydanu 167 M»hB
Xe u 695 M»3B unonos Bi k ¢moencax B auanmazone 1x10%2+1,83x10% cm?
( Xe) u 10'%+ 10™ ¢m2 (Bi) 1 u3yueHsl ¢ ucnonb3osanueM mMeroa08 PCA. Hu-
KaKkuX IPHU3HAKOB aMOp(H3alM H3-32 BBICOKOTO YPOBHSI MOTEPh DHEPIHU
MOHM3MPYIOIIET0 M3JIy4YeHUs] He HaljeHo. PeHTreHoBckne oOcieqoBaHMs HE
BBISIBWIIN KaKWX-JIMOO M3MEHEHWI B ()a30BOM COCTaBE HaHOKPHCTAJUIMYECKHX
TiZrN mneHok, 00Jy4eHHBIX C BBICOKOH dHeprueil Xe um moHOB Bi, moka3piBa-
IOIIME OYCHb BBICOKOE YIEINBHOE COMPOTHBICHHE 3TOTO MaTepHana OT BO3JCH-
CTBHS OCKOJIKOB JIeJIeHUsI. BbIJIO yCTaHOBIIEHO, YTO paJHal[IOHHBIC PE3yIbTaThl
HaKOIIJICHNS TTOBPEXXICHUN B YBEIMYCHNH CKUMAIOIINX HANIPSHKCHUH B YPOBHE
TiZrN mnenkax. M3mepeHus mapameTpa pemeTKy BRISBHIN HEMOHOTOHHAS 3a-
BHUCHMOCTb YPOBHS HalpsDKEHHs B OOJIydeHHBIX 00pa3lax Ha HOHHOM IUIOTHO-
CTH YHEPTHH.
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RADIATION EFFECTS IN NANOCRYSTALLINE TiZrN
FILMS IRRADIATED BY HIGH ENERGY IONS

Investigation of the behavior of nanomaterials exposed to radiation is very
important as applied to the development of promising components for fission
and synthesis reactors of a new generation (fast neutron reactors, high-
temperature gas reactors, thermo-nuclear reactors, etc.). The presence of the
high density of interfaces in nanomaterials acting as the sinks for radiation de-
fects allows predicting the improved radiation stability of such materials. One
of the perspective groups of these nanomaterials includes coatings on the basis
of the transitional metal nitrides obtained by the physical vapour deposition. In
this paper, swift Xe and Bi ion irradiation effects in nanocrystalline TiZrN coat-
ings as a function of ion fluence are reported. Nitride films of different thick-
ness (1 and 4 um) synthesized by vacuum arc-vapour deposition in nanocrystal-
line state were irradiated with 167 MeV Xe and 695 MeV Bi ions to fluences in
the range 1x10%2+1,83x10% ¢cm? (Xe) and 102+ 10% ¢cm? (Bi) and studied us-
ing XRD techniques. No evidence of amorphization due to high level ionizing
energy losses has been found. XRD examinations revealed no changes in phase
composition of nanocrystalline TiZrN films irradiated with high energy Xe and
Bi ions proving very high resistivity of this material against fission fragment
impact. It was found that the radiation damage accumulation results in increase
of compressive stress level in TiZrN films. The measurements of lattice param-
eter have revealed nonmonotonic dependence of the stress level in irradiated
samples on ion fluence.
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BJIUSHUE PEAKTOPHOI'O OBJIYYEHMUS HA COCTOSIHUE
OJIOBA B OKCHUJHBIX INIEHKAX IIMPKOHHUEBOI'O
CIIJIABA Zr-0,76%Fe-1,6%Sn

PeakropHOe 00ayueHHE 3aMETHO M3MEHSET Iepepacipe/ielieHnue JeTUpyo-
KX 3JIEMEHTOB U B CIUIaBE, U B OKCHJHBIX IUIeHKax. Ha npumepe cruiaBa Zr-
0,76%Fe-1,6%Sn, u3y4yamuch U COMOCTABISUTUCh U3MCHEHUS B COCTOSTHHH aTO-
MOB 0JIOBa B IPOLIECCE KOPPO3MOHHBIX UCIIBITAHUI B aBTOKJIABE M B PEaKTOp-
HBIX YCJIOBHUSIX MPHU OJMHAKOBBIX TEMIIEPATYpax M KOPPO3HUOHHOM cpere. Boi-
SIBJICHO, YTO B YCJIOBHSX PEAKTOPHOIO OOJIydEHUs MPOLECC KOPPO3UH 3HAUM-
TeNbHO yckopsiercst. [loka3aHo, YTO U B aBTOKJIABHBIX U B PEAKTOPHBIX YCIOBH-
X HA HAYAIBHBIX CTAJUSIX KOPPO3UU B OKCHHBIX IUICHKAaX 00pa3yroTCsi CO-
€/IMHEHUsI IBYXBAJICHTHOTO U YETHIPEXBAJICHTHOTO 0JIOBA M YaCTHIl O€Ta 0JI0Ba.
B ycioBusx peakTopHOro oOnyueHHs KHHETHKA U3MEHEHHS COCTOSHUI aTOMOB
0JI0Ba MMeeT Oojiee yCKOpeHHBIN xapakrep. OOCYkIaloTCs BO3MOMKHBIE NPH-
YUHBI U3MEHEHHUsS KOPPO3MOHHOW CTOMKOCTH CIUIaBa U €€ B3aUMOCBS3b C CO-
CTOSIHHEM aTOMOB OJIOBA B OKCH/IHOM IICHKE.

V.P.FILIPPOV, A.B.BATTEV
National Research Nuclear University « MEPhI», Moscow, Russia

REACTOR IRRADIATION INFLUENCE ON TIN STATE IN
OXIDE FILMS OF ALLOY Zr-0.76%Fe-1.6%Sn

Reactor irradiation significantly modifies the redistribution of alloying ele-
ments in the alloys and also in oxide films. The alloy Zr-0.76% Fe-1.6% Sn
have been corroded in an autoclave and reactor conditions. The changes of tin
atoms state are compared. It was revealed that under the reactor irradiation cor-
rosion process is accelerated significantly. It is shown that in the autoclave
conditions and reactor conditions in the initial corrosion processes in oxide
films the tetravalent, divalent tin compounds and beta tin particles are formed.
Under reactor irradiation the kinetics of the tin atoms changes is more acceler-
ated. Possible reasons for changing of the alloy corrosion resistance and its re-
lationship with the state of the tin atoms in the oxide films are discussed.
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POCT M CEI'PEI'AlIUA UHTEPMETAJUVIMYECKUX ®A3
B CIIVTABAX IUPKOHMU A

OO0HapyXeHa B3aUMOCBSI3b MPOIIECCOB POCTA BKIFOUCHHI HHTEPMETAIIINYC-
CKUX (a3 ¥ UX MOBEPXHOCTHOW cerperanuu B OMHAPHBIX M TPOWHBIX CILIaBax
Ha OCHOBE IMPKOHHS. YBEIHUYEHHE MOBEPXHOCTHOM KOHLEHTPAIMH aTOMOB
JKeJle3a CBSI3aHO C YBEJIMYCHHUEM Pa3MepOB BKIIIOUEHH MPHU POCTE TEMIIEpaTy-
pbl OTXHra 1e)OPMUPOBAHHBIX CIUIABOB. MO/IENb aCHMMETPHYHOTO POCTa HUH-
TEPMETATMICCKUX BKIIOYCHUH, NPUBOSAICTO K WX MHIPAIMH, M03BOJIHIA
onpenenuth kKodpduiueHT auddy3un aTOMOB Kee3a B HHTEPMETALTHUSCKUX
(hazax.

V.P.FILIPPOV?, V.G.KIRICHENKOQO?
National Research Nuclear University « MEPhI», Moscow, Russia,
2Kharkiv National Karazin University, Kharkov, Ukraine

THE GROWTH AND SEGREGATION OF INTERMENALLIC
PHASES IN ZIRCONIUM ALLOYS

The interrelation of processes of growth of inclusions of intermetallic
phases and their surface segregation in binary and threefold alloys on
the basis of zirconium is found. The increase of surface concentration of
iron atoms associated with the increase in the size of inclusions with in-
creasing temperature of annealing of the deformed alloys. Model of
asymmetric growth of the intermetallic inclusions, leading to their mi-
gration have enabled us to determine the diffusion coefficient of iron at-
oms in intermetallic phases.
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BJIMAHUE DJIEKTPOHHOI'O OBJIYYEHUS HA KUHETUKY
PACHTHAJIA TBEPJOTI'O PACTBOPA U KOJOPHUTHUBHYIO
CUJIY MATHUTOTBEPAOI'O CIIJIABA Fe-Cr-Co

HccnenoBano BiustHUE AIEKTPOHHOTO (2 MaB) 00mydyeHus npu Tem-
neparype 350 °C Ha pacman TBEpAOro pPacTBOpa MAarHUTOTBEPIOTO
cruiaBa Fe-22Cr-15Co-1Ti. Kuneruky pacmamga KOHTPOJHPOBAIH IO
U3MEHECHUIO KOJPUUTHBHON CHIBI 4epe3 Kakable 2 Jaca OOIydeHHS.
MakcumaibHas 103a 00aydenus cocrasnsiia ~2-10% cm2. Ycranosne-
HO, 4TO o6nyqu1/Ie MMPUBOAUT K 3aMCTHOMY IMOBBIIICHUIO KOSPUUTHUB-
HOM CHIIBI MAarauTOTBEPAO0Io CiuiaBa 10 BCJIMYMHBI, He[LOCTH)I(HMOﬁ Ipu
TEPMUYECKUX OTIyCKax Aaxe mpu Ooisiee Beicokux (o 500 °C) Temrie-
parypax, 4To CBHAETEILCTBYET O OoJiee TITyOOKOM, YeM B TEPMHUYECKUX
YCIIOBHSAX, DPaJAWAIMOHHO-CTUMYJIMPOBAHHOM pacriajieé TBEpAOTo pac-
TBOpa. Ilpn Tepmuueckoii 0OpabOTKe BENMYMHA KOIPLUUTHUBHOMN CHIIBI
CIIaBa JOCTUTACT HACHIIICHUS YK€ IOCJIe HECKOJBbKHUX YacOB OTXKHTIA,
TOTa KaK B IPOLECCE paJMallMOHHOW 0O0pabOTKH POCT KOIPLUUTHBHOM
CHIIBI TIpOJIOJIKaeTcsl Oe3 BbIX0J1a Ha HachIIeHUe aaxe nocie 20 Jacos

0o0TydeHus.

79
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EFFECT OF ELECTRON IRRADIATION ON THE KINETICS
OF DECOMPOSITION OF SOLID SOLUTION AND COERCIV-
ITY OF Fe-Cr-Co HARD MAGNETIC ALLOY

Effect of 2 MeV electron irradiation at 350°C on solid solution de-
composition in Fe-22Cr-15Co-1Ti hard magnetic alloy has been investi-
gated. Monitoring of the decomposition Kkinetics was carried out by the
coercivity measurement after every two hours of irradiation. The great-
est time of irradiation was 20 hours (fluence of ~2-10* cm™). It is as-
certained that irradiation leads to significant increasing the coecivity of
the alloy up to value unreachable under thermal tempering at the more
high temperatures, up to 500°C. Such changes of coecivity values indi-
cate more deep radiation-induced decomposition of the solid solution
compared to that under the thermal treatment of the alloy. During ther-
mal treatment, the coecivity value reaches the saturation already after a
few hours of annealing while increasing the coercivity value without
saturation was found under radiation treatment even after 20 hours of
irradiation.
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OCOBEHHOCTU CTAPEHUS U JETPAJAIIUU KOPPO3HU-
OHHO-CTOMKHX CTAJEM, MOJYUYEHHBIX METOJIOM
KOHCOJ/IMJAIIMU BBICTPO3AKAJIEHHBIX IIOPOLIKOB,
TP BBICOKOTEMIIEPATYPHBIX BBIJIEP2KKAX

IIpencraBneHsl pe3yabTaThl CPAaBHUTEIBHBIX UCCIEIOBAHUNA MEXaHUYECKHX
CBOHCTB TPH PACTSHKCHHH M MHKPOCTPYKTYpPBHI OOpa3LOB TBAJIBHBIX TPYOOK
KOPPO3MOHHO-CTOMKHX CTajeH, MOTy4YCeHHBIX KOHCOJMMAAINel ObIcTpo3aKaieH-
HBIX HOPOIIKOB M MO TPaJUIIMOHHON TEXHOJOTMH IOCIE BBICOKOTEMIIEpaTyp-
HBIX BblAepkek npu temieparypax 600 u 700 °C B reuenune 1400 u 1000 y, co-
OTBETCBEHHO. MeXaHMYECKHE WCIBITAaHMA HAa PACTSHKCHHE KOJBIEBBIX 00pas-
LIOB OT TBAJIBHBIX TPYOOK KOPPO3MOHHO-CTOWKMX ayCTEHHTHOH CTajaM THIIA
AISI 316 u deppUTHO-MaPTEHCUTHON CTallM NPOBEACHBI NP KOMHATHON TeM-
neparype. MUKpOCTPYKTypa, paclpeelicHue yriiepoja U 00pa HCCIeI0BaHbI C
UCIIOJIb30BAaHHEM METOJIOB MeTaiiorpaduu u aBTopaauorpaduu mno 6opy u yr-
Jepoly B o0pasLiax OT TBAJIbHBIX TPYOOK, a Takxke Moiy(haOpuKaToB, IMOIy4eH-
HBIX TOPSIYMM HM30CTATHYECKUM KOMIAKTHPOBAHHUEM OBICTPO3aKaJECHHBIX MO-
POIIKOB ¥ IO TPAJAWIMOHHOW TEXHOJOTHUH Tropsyed nedopmarueil CIUTKOB.
BricTpo3akaneHHbIe TOPOIIKH UCCIIEAYEMBIX CTajlel MOJy4eHbl METOJOM IIeH-
TPOOEKHOTO paCHBIICHUS CIUTKa-3JIEKTpoJa. YCTaHOBICH 3(P(EKT BBICOKO-
TeMIlepaTypHoro crapenus npu remmneparype 600 °C, a Takxe coxpaHeHUE I0-
JIOXKUTENBHOTO BIUSHHUSA NMPUMEHEHHs TEXHOJOTMH KOHCOJNUAALUHN OBICTPO3a-
KaJICHHBIX MOPOIIKOB. Hapsiny ¢ 3TUM ycTaHOBNIEHa Jerpafanius UCCIIeTyeMbIX
craneid npu 700 °C. BpisiBieHa KOppeasiuusi OTHOPOAHOCTH paclpeaeeHus yr-
Jepoaa u 60pa ¢ ypOBHEM MEXaHMYECKUX XapPAKTEPUCTUK UCCIETYeMBIX CTa-
JIeH, MOJIIy4EHHBIX METOJOM IOPOUIKOBOM METAJLIyprMM U IO TPaJULUOHHON
TEXHOJIOTUH.
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FEATURES OF THERMAL AGING AND DEGRADATION OF
STAINLESS STEELS MANUFACTURED BY CONSOLIDATION
OF THE RAPIDLY QUENCHED POWDERS UNDER HIGH
TEMPERATURE EXPOSURES

The results of comparative research of the tensile properties and microstruc-
ture of the stainless steel cladding fuel tubes fabricated by powder metallurgy
via hot isostatic pressing (PM HIP) with using of the rapidly quenched powders
and traditional technologies after high temperature exposures at 600 and 700 °C
for 1400 u 1000 h, correspondingly, are presented. Mechanical tests were per-
formed at room temperature of the ring specimens of the cladding fuel tubes of
the type AISI 316 austenitic stainless steel and ferritic/martensitic steel. The
microstructure and carbon and boron distribution in the cladding tubes and in
the semi-finished products PM HIP compacts of the rapidly quenched powders
and conventional hot forged ingots were examined by metallography and auto-
radiography on carbon and boron. The rapidly quenched powders of the inves-
tigated steels were produced by plasma rotating electrode process. Fffect of the
thermal aging and retention of the positive result of PM HIP technology via the
rapidly quenched powders consolidation under exposure at 600 °C were re-
vealed. Besides, degradation of the investigated steels at 700 °C was estab-
lished. Correlation of the homogeneity of carbon and boron distribution with
the mechanical properties of investigated steels was observed.
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BJIMSIHUE NOBPEXJIAIOLIEI'O OBJIYYEHUS HA HU3KO-
TEMIIEPATYPHOE OXPYITYUBAHUE METAJIJIOB

HccnenoBaHo BIHMSHHEE MOBPSKIAIONIETO O0TydeHISI Ha (YOPMUPOBAHHE CO-
CTOSIHUS HU3KO-TEMIIEPaTypHOTO OXPYMYHUBaHUS (XJIaJHOJIOMKOCTH) METAIJIOB,
TIPOSIBIIIONINX XJIAJHOJIIOMKOCTH 0e3 oOmydueHus. B mporecce obmydeHus He-
YCTOIYHBOE COCTOSTHHE XJIATHOIOMKOCTH METAJUIOB C BO3MOXKHOCTBIO XPYITKO-
r0 pa3pylieHus: He (GOPMHUPYETCS M3-32 BO3HHKAIOIIUX B METaJUIC paJUaIlHOH-
HBIX JUHAMHUYECKUX MPOIIECCOB.

V.M.CHERNOV'?, K.A.MOROZ*
'A.A.Bochvar High-technology Research Institute of Inorganic Materials, Mos-
cow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia.
E-mail: kirill.moroz.92@mail.ru

INFLUENCE OF THE DAMAGE IRRADIATION ON THE LOW
TEMPERATURE EMBRITTLEMENT OF METALS

The formation of the state low-temperature embrittlement (cold brittleness)
with the possibility of a brittle fracture of metals, showing the cold brittleness
without irradiation (the formation of the temperature of a ductile-brittle transi-
tion) are considered. During irradiation the unstable state of the cold brittleness
is not formed due to arising in metals radiation dynamic processes.
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CEKILIMA 3
SJEPHAA COCTABJIAIOIIAA TOITJIMBA

SECTION 3
NUCLEAR FUEL COMPONENT
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OCOBEHHOCTHU UCHAPEHUA MOHOHUTPUIA YPAHA

KoMmakTbl MOHOHUTpHJIA YpaHa OTXKHIaJICh B CpPeJlie C HU3KUM COJIEpIKa-
HHEM a3oTa B NpUOOpEe CHHXPOHHOrO TepMHUuecKoro aHanuza. Juddepenim-
IBHBIA TEPMUUYECKHH aHalIM3 B KOMILIEKCE C TEPMOrpaBUMETpPHUEH, TOKa3alu
HallM4Yhe TIEPEXOAHBIX IpoleccoB. Ha mepBoMm 3Tame NPOUCXOIWT WHKOH-
TPy’HTHOE HCTIapeHre MOHOHUTPHIA ypaHa ¢ IpeodIaJaHneM BBIICICHHS a30-
Ta. Ha BTOpOi#l cragmm oOeqHEHHE MOBEPXHOCTH a30TOM IPHBOIUT K JIO-
KaJIbHOMY TTOBBIIICHNIO KOHIICHTPAIIMN ypaHa, YTO SIBISICTCS CTUMYJIOM K JIC-
COIMaIMM ¢ oOpa3oBaHHWEM >KHIKOW (ha3bl. Bricokas MexmoysenbHas IOJI-
BM)KHOCTh aTOMOB a30Ta B PEIIETKE HE MOXET B MOJIHOW Mepe MPensTCTBOBATh
00eTHeHUIO TIOBEPXHOCTH a30TOM. Bpemsi 10 Havana (a3oBOro nepexona Jiu-
HEWHO pacTeT ¢ yBEJNMUSHHEM IUIOLIAZHN MMOBEPXHOCTH O0pa3LoB, OJHAKO W3-
MEHEHHE I'eOMETPHH HE BIHMSET Ha CKOPOCTh UCTIApEHHSI.

V.V.MIKHALCHIK, A.VV.TENISHEV,
D.P.SHORNIKOV, R.S.KUZMIN
National Research Nuclear University « MEPhI», Moscow, Russia

FEATURES OF URANIUM MONONITRIDE EVAPORATION

Compacts of uranium mononitride were annealed in medium with low ni-
trogen content by apparatus of simultaneous thermal analysis. Combination dif-
ferential thermal analysis with thermogravimetry showed the presence of tran-
sient processes. The first step was incongruent evaporation of uranium mono-
nitride with predominance volatilized of nitrogen. At the second stage surface
nitrogen depletion led to a local increase of the uranium concentration. The last
was stimulus to the dissociation with liquid phase formation. Remarkable that
high interstitial mobility of nitrogen atoms in the lattice can't prevent nitrogen
depletion on the surface. Showed, that isothermal exposure increased linearly
with increasing of the sample’s surface area.
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B3AMMO/JIECTBUE METAJIJIMYECKOI' O SITIEPHOT'O
TOIIVIMBA C MATEPUAJIAMU OBOJIOYKH TB3JIA

Jonroe BpeMmsi HanboJiee pacpOCTPAaHEHHBIM TOILIMBHBIM MaTepUalioM sB-
JISUI0Ch METAIMYECKOe SepHOE TOIIMBO HAa OCHOBE ypaHa M €ro CILUIaBOB, OJ-
HAKO OHKCIUTyaTalyss METaJUIMYECKOr0 TOIUIMBA OCJIOXKHSUIACh H3MEHEHHEM
CTPYKTYpBI MOZ 00JTydeHHEM, OTPOMHBIM PacIlyXaHUEM JIUTBIX U3AEIHH, a TaK
K€ CHJIBHEHIIUM paJuallioHHBIM POCTOM M B3aWMOAEHCTBHEM C 00OJIOUYKOM
IpPY TOBBIIIEHHBIX TeMIepaTypax. MHpPOBOH OMNBIT MCHOIb30BAHUS METAIIIH-
YEeCKOro TOIUIMBA II0Ka3ajJ, 4TO JAAHHBIX HPOOJIEMBI MOXKHO YCTPAaHHUTH JHOO
KOHCTPYKTOPCKHMH PEIICHUSAMH, OO0 JIeTHpoBaHHeM TomnuBa. OmHAaKo BO-
MPOC COBMECTUMOCTH OCTaeTCsl OTKPHITHIM. B jaHHOI paboTe nmpoBeneHbl Uc-
CJIEZIOBAaHUS COBMECTHUMOCTH NMEPCIEKTUBHOIO METAJUIMYECKOTO SepHOrO TOI-
JMBa ¢ MaTepUaIaMH 000J0YKHU TBAJIA.

S.N.NIKITIN, B.A.TARASQOV, D.P.SHORNIKOV
National Research Nuclear University « MEPhI», Moscow, Russia

INTERACTION OF METAL NUCLEAR FUEL
WITH CLADDING MATERIALS

For a long time most prevalent fuel material is metallic nuclear fuel based
on uranium and its alloys, however, the metal fuel operation was complicated
by changes in radiation patterns, a huge swelling, radiation growth and interac-
tion with the shell at higher temperatures. World experience of using metallic
fuel showed that these problems can be eliminated or construction solutions or
doped fuel. However, compatibility remains an open question. In this paper we
conducted research compatibility of the promising metal fuel with cladding ma-
terials.
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PACYHETHOE OIIPEJEJIEHUE ITIPEJIEJIOB
PABOTOCIIOCOBHOCTH TBYJIOB C IIVIOTHBIM
TOIVIMBOM

B pabote paccMoTpeHa MexaHMUYECKask CHCTEMa 000JI09Ka TBAJIA — ITIOTHOE
TOIJIHBO.

IIpencraBneHsl (HU3NKO-MAaTEMAaTHIECKUE MOJEIH PACIyXaHHS, Ta30BbIIc-
JICHUsI ¥ TIOJI3YYECTH IUIOTHOTO TOIUIMBA Hox oOirydenueM. [lokazaHa mpHuHIH-
NHUalbHAasl Pa3HULA B MOBEJECHUH TBYJIOB C METAINIMYECKUM U HUTPUIHBIM TOII-
JIMBOM TPH SKCIUTyaTallk B peakTopax Ha OBICTPBIX HEUTPOHAX.

JlaH IIpOrHo3 o IpefenbHBIM MapaMeTpaM 3KCIUIyaTallud IUIOTHOIO TOII-
JIMBa B 3aBUCUMOCTH OT KOHCTPYKTHBHBIX OCOOCHHOCTEW TBAJIOB, YCIOBUI 00-
Jy4eHHs, Marepuaia OOOJIOYKH M CTPYKTYPHBIX IIapaMeTpOB U COAEPKaHUS
IIpUMECEH B INIOTHOM TOILIUBE.

I.I.LKONOVALOV, M.S.TARASOVA, B. A TARASOV
National Research Nuclear University « MEPhI», Moscow, Russia

CALCULATED DEFINITION OF THE PERFORMANCE
LIMITS OF FUEL ELEMENTS WITH A DENSE FUEL

We consider a mechanical system cladding - dense fuel.

The physical and mathematical models of the swelling, gas release and
creep of dense fuel under irradiation are presented. We have shown a funda-
mental difference in the behavior of fuel elements with a metal and nitride fuel
when used in fast reactors.

The forecast of the marginal operating parameters of dense fuel is done, de-
pending on the design features of the fuel elements, irradiation conditions, the
cladding material, the structural parameters and content of impurities in fuels.
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3AKOHOMEPHOCTH OBPA30BAHMUSA TBEPIOI'O
PACTBOPA (U,Gd)O, TPU CIIEKAHUU TABJIETOK OKCHU/I-
HOT'O AJEPHOT'O TOIIJIMBA

Ipeccosku UO; ¢ nobaskamu Gd,O3 criekaiy B me4n AMIaTOMETPA O pas-
JUYHBIM TEMIICpaTypHBIM IpOrpaMMaM C MaKCUMaJbHOW TeMIepaTrypon
Harpesa 1600 °C. B cTpyKkType npeccoBOK 0OHapy>keHBI BKIIIOYEHHUs, 00pa3o-
BaBIIHECA Ha CTaAWU MIOMOJIa U NPEACTABJIAIOIINC coboit YIJIOTHEHUSA U3 KpH-
craimuroB UO> ¢ pacnpeseneHHbIMU 110 00beMy dacTuuamu Gd»O3, koTopbie
He McYe3aroT IpH Harpese 10 Temmeparypsl Hibke 1300 °C. Iloxasano 3amen-
JICHUE YCaJKH, 10 CpaBHEHHUIO co crekanueM uncroro UO,, BrI3BaHHOE 00pa-
3oBaHHeM TBepaoro pacteopa (U,Gd)O,. [lepepacnpenenenue rajodHus mpo-
UCXOAUT Ha NpPOTSLKEHMM Bcero HarpeBa a0 1600 °C u mpopomkaeTcss Ha
HavyallbHOM 3Tale N30TePMHUYECKOM BBIIECPIKKHU IIPH 3TOH TeMIeparype.

R.S.KUZMIN, A.V.TENISHEV,
V.V.MIKHALCHIK, D.P.SHORNIKOV

National Research Nuclear University « MEPhIy, Moscow, Russia

REGULARITIES OF SOLID SOLUTION FORMATION (U,Gd)O:
DURING SINTERING OXIDE NUCLEAR FUEL

UO, compacts were sintered with additives Gd,Os by dilatometer fur-
nace under various temperature programs up to maximum temperature 1600 °C.
Sample’s structure showed inclusions which have formed already during grind-
ing stage. Inclusions consisted of UO; crystallites with distributed particles of
Gd,03 and the last one didn't disappear up to 1300 °C. It is noticed that shrink-
age of UO, with additives Gd.»Os3 slower than shrinkage pure UO; due to for-
mation of solid solution (U,Gd)O,. Gadolinium redistribution have occurring
during heating up to 1600 °C and the process continuing during exposure on the
initial stage.
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HEKOTOPBIE ACIIEKTbBI HIPUMEHUMOCTHU CUJINIUI0B
YPAHA B KAYECTBE SAJEPHOI'O TOIIJIUBA BBJP

B pa6ote paccMaTpHBarOTCS HEKOTOpPBIE CBOMCTBA cHutMIUmI0B ypana UsSi;
1 U3Si, IpUMEHUTENBHO K UCIOIB30BAHUIO STHX COCAMHEHHII B KAYECTBE TOII-
nmBa peakropoB BBOP.

OO6cyXnaroTcss BOIPOCH KOPPO3HOHHOW CTOMKOCTH, TEIUIO(PU3UUECKUX U
MEXaHNYECKHX CBOMCTB. B dacTHOCTH, MOKa3aHa IIoxasi KOPPO3HOHHAS CTOW-
kocTh crmnuaa UsSiz B Bozie BEICOKUX MapaMeTpoB.

[IpuBoasATCSA pe3ynabTaThl U3MEPEHUS TEIJIOEMKOCTH U TEIIONPOBOAHOCTU B
MHTEpBaJIe TEMIIEpaTyp OT KoMHaTHOM 10 600°C.

PaCCMOTpeHI)I 0COOCHHOCTH M3TrOTOBJICHHS JaHHBIX MaTcpUuajoB METOAaMH
MOPOIIKOBON METaUTypIruu, U CTPYKTYPHO-()a30BOC COCTOSHHE MOJTydacMbIX
00pasIos.

B.A.TARASOV, I.I. KONOVALOV
National Research Nuclear University « MEPhI», Moscow, Russia

SOME ASPECTS OF APPLICABILITY URANIUM SILICIDE
AS NUCLEAR FUEL IN PWR

The paper considers some properties of uranium silicides (UsSiz, U3Si) in
relation to the use of these compounds as fuel for PWR reactors.

Issues of corrosion resistance, thermal and mechanical properties are dis-
cussed. In particular, silicide UsSi2 shows poor corrosion resistance in high-
temperature water.

The results on determination of the specific heat and thermal conductivity in
the temperature range from room temperature to 600°C are discussed.

The features of the manufacture of these materials by powder metallurgy
and structural-phase state of the received samples are considered.
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CEKIIUS 4

METO/bI UCCJIEJOBAHUW
N MOIAEJIMPOBAHUA MATEPHUAJIOB

SECTION 4

METHODS OF RESEARCH AND MODELING
OF MATERIALS

91



A.B.AHJIPOCOB?, B.U.BLIGBIBAHEIL, E.I'.KOJJECHUKOB?,
B.C.CEPMKOB?, E.C.COJIHIITHEBA!, I1.A.CTEITAHYMKOB!,
N.M.PYCCKUX?, E.H.CEJIE3HEB?
Hayuno-uccnedosamenbckutl UHCUnym HayuHo-npou3so0CcmeeHHoe 06veou-
nenue «Jlyuy, e. [lodoavck, Mockosckas obnacmo, Poccus
240 «HMucmumym peaxmopHvix Mamepuanosy, 2. 3apeunviii, Poccus

OBOCHOBAHUME METO/IOJIOT'HHA AMITYJIbHBIX
UCHBITAHUI

HccnenoBanne MOBEICHUS TBAJIOB B Pa3lIMUHBIX PEXHUMax, KaueCTBEHHOE
onucaHue GpU3NYECKUX MPOIECCOB B MaTepHajax Moj 00Jy4eHHeM, BO3MOKHO
TOJIBKO B aMITYJIbHBIX 3KCIICPUMCEHTAX. AMHyHLHLIe KaHaJIbl IO3BOJISIIOT TAKXKC
NOJIy4YaTh JaHHbIE, HEOOXOJUMBIE JUIsl Pa3pabOTKH U BepH(UKAILIMU PACUETHBIX
KOJIOB, OIMCHIBAIOIIUX PECYpCHOE IOBelIeHHE TBAI. B Hacrosmei padorte
MpCACTAaBJICHbI KOHUCIITYaJIbHBIC PCHICHHUA W KOHCTPYKTHBHBLIC 0COOCHHOCTH
aMITyJIbHOTO YCTPOMCTBA, TO3BOJISIONIET0 OJHOBPEMEHHO OOIydaTh TOTUIMBO U
MAaKeThl TBIJIOB M MOJIyYaTh 3KCIICPUMEHTAIbHBIC JaHHBIC 110 KHHETHKH BBIXO-
na I'TI/I, paciryxaHUIO TOIJIMBA, PECYPCHOMY HMOBEACHHIO TBAJI, Ae(OPMAIMOH-
HOMY TIOBEJICHHIO OOOJIOYKHM U COBMECTUMOCTH MAaTEpHaJIOB TBIJI. YCIOBHUS
UCTIBITAaHWH O00ECIICUYMBAIOT TAPaMETPhl, MAaKCHMAaIbHO NPHOJIIKCHHBIE K
IITaTHBIM YCJIOBHSIM 3KCIUTyaTanuu. B padore npuBoantcs obocHOBaHKE pabo-
TOCIIOCOOHOCTH U 6€30I1aCHOCTH aMITyJIbHOTO KaHasa.

A.V.ANDROSOV?, V.I.LVYBYVANETS!, E.G.KOLESNYKOV?,
V.S.SERIKOV?, E.S.SOLNTSEVA!, P.A.STEPANCHYKOV?,
I.M.RUSSKIKH?, E.N.SELEZNEV?
1SRI SIA «Luchy, Podolsk, Russia
2JSC «Institute of Nuclear Materialsy, Zarechny, Russia

AMPOUL TEST METHODOLOGY

Fuel rods behavior study and description of the physical processes under ir-
radiation are possible only in case of ampoule test. In addition ampoule tests
allow obtain the data necessary for modeling codes verification. The conceptual
solutions and design features of the ampoule test device, allowing irradiated
fuel samples and fuel rods simultaneously presented in this paper. The device
allowed to get experimental data on fission gas release and fuel swelling, re-
source behavior of fuel rods, deformation behavior of the shell, fuel element
materials compatibility. It provides test conditions similar to operating regime.
Safety justification and reliability substantiation are given in this paper.
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KPUCTAJJINBALIMSA METAJVIMYECKUX CTEKOJI ITOCJIE
HUHTEHCUBHOMU IVIACTUYECKOU JEQOPMAILINN

Meronamu audQepeHanbHON CKaHUPYIOIEH KaJOpUMETPUH, PEHTIECHO-
JU(PaKIMOHHOTO aHallu3a, aTOMHO-CHIIOBOM M DJIEKTPOHHON MHKPOCKOIHHU
uccle/l0BaHa KUHETHKA KPUCTAUTM3alUK aMOP(HBIX CIIABOB HA OCHOBE KO-
OanbTa MOCJIEC WHTCHCHUBHOW IUIACTUYECKON nedopmanuu. VHTCHCHBHAS Iia-
cThdeckas nedopMalys co3JaBanach HOHHBIM OOJydeHHEM (JIIByOCHOE pacTsi-
JKEHHUE) U METOJIOM OapokproiehopMUpOBaHus (BCECTOPOHHEE CIKATHUE).

[oka3aHo, YTO CKOPOCTb TEPMUYECKOW KPUCTAIUTH3ALUK aMOP(HBIX CIUIa-
BOB YBEJIMYMBACTCS TI0CTIE JBYOCHOTO PACTSDKCHUS M YMEHBIIACTCS MOCIIE BCe-
CTOPOHHETO CHKATHSI.

LAAANTOSHINA, R.K.VISHERATIN,
V.A.STEPANOV, P.A KHAYMOVICH
Obninsk Institute of Nuclear Power Engineering National Research Nuclear
University «MEPhl», Obninsk, Russia

CRYSTALLIZATION OF METALLIC GLASSES AFTER
SEVERE PLASTIC DEFORMATION

The crystallization kinetics of Co based amorphous alloys after severe plas-
tic deformation was studied by differential scanning calorimetry, X-ray diffrac-
tion, atomic probe microscopy and electron microscopy techniques. Severe
plastic deformation was achieved by ion irradiation (biaxial stretching) and by
barocryodeformation (all-round compression).

It is shown that the rate of crystallization increases after biaxial stretching
and decreases after all-round compression.
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OPAKTAJIBHASA COPBLHUA U CTPOEHUE YACTUIL
I'AMMA-OBJYYEHHOI'O JUCIIEPCHOI'O
HOJUTETPA®TOPITUIIEHA

MeronamMyu HHM3KOTEMIIEpAaTYpHOHl copOIMM a30Ta M NPOCBEYMBAOLICH
aekTpoHHOH MuKpockonmu ([TOM) mccnmemoBaHO CTPOCHHE W MIEPOXOBATOCTh
MOBEPXHOCTH YaCTHI[ IOpOIIKooOpasHoro monuterpadropstmwicHa (IITDD),
ramma-o6ydennoro (°°Co) Ha Bo3myXe, Ipy KOMHATHOM TeMImepatype, 103amu 0
— 1000 xI'p. YcranoBmeHo, uro mpu jgo3ax meHee 200 kI'p u3MeHeHue
LIEPOXOBAaTOCTH M CTpoeHus nosepxHoctd uactun I[ITOD onpepensiercs
mporeccaMyl  paJMallMOHHONW — KpHcTayum3ammy. [Ipm  Oolee  BBICOKHX
MOTJIOMIEHHBIX J03aX JOMUHHPYIOT TPOIECCHl JAECTPYKLUM Iojumepa. B
pesymbrare [IOM-mu3mepeHnii OOHapy)KEHO W3MEHCHHE MHKpPOTCOMETPUH
noBepxHoctd vactuiy [IT®D BeneacTBre (GOpPMUpPOBAaHUSI TpaHeH HaHO-
/MUKPOKPUCTAIDIOB TOJMMEpa W BBIXOJa BUHTOBBIX Juciokanuil. OcoOeHHO
WHTEHCUBHO paJvalOHHAas KpUCTAJUTU3alns poTekaeT mpu go3ax 10 — 50 x[p.
B obmactn mormoménubx m03 50 — 200 x['p HabmomaeTcs HCYC3HOBEHHUE
kpuctamuToB U amopduzanus [ITDI. Ipu nozax 200 — 1000 k['p AoMuHHPYIOT
MPOIIECCHl ASCTPYKIUHU U Ta30BBIICIICHUs, HaOmoqaeTcss 00pa3oBaHie HaHOIIOP.
OOHapyKeHa KOppessLus MeXAy MAaHHBIMH HM3MEpEeHHi copOImu a3ora u
meromoM [IOM. B obmactm 103 menee 200 x['p paccunmTaHHBIC 3HAYCHUS
(dbpakTambHOH  Pa3sMEPHOCTH  TMOBEPXHOCTH yacTull mopomkoB [IT®D
yBennuuBaoress ot 2,48+0,01 nmo 2,500+0,007. HanbHeiilnee yBeauueHHUE
nornoménHoit o361 go 1000 xI'p mpuBoauT k ymensmenuto Ds mo 2,49+0,02.
CrnenoBaTenbHO, POCT BeMWYMHBI Ds COOTBETCTBYET Pa3BHTHIO TOBEPXHOCTH
gactull nopomkoB [IT®D BcrencTBue NmpoTekaHHsS HPOLECCOB pPaaHallHOHHOMN
KkpuctaJumzanuy. Hamportus, ymenbiieHne Ds coOTBETCTBYEeT CHMKEHHIO
IIEPOXOBATOCTH MOBepXHOCTH dacTuil I[ITD®D B pesynpraTe pagualliOHHON
JECTPYKIIMM W Ta30BbLIENeHUs. TakuM 00pa3oM, NMpUMEHEHHE (pPaKTaILHOTO
NpUOIMKESHUS IS aHaJN3a Pe3yJbTaTOB COPOINH a30Ta TaMMa-00JIy4eHHBIMH
nopomkamu IIT®D no3Bonser omnpenenuts NPUPOAY U  HANPABIEHHOCTb
paIMalliOHHO-XMMHYECKUX  TPOLECCOB,  MNPUBOMMIMX K  HW3MEHEHHIO
LIEPOXOBATOCTH MOBEPXHOCTU YACTHILL OJIUMEpA.
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FRACTAL SORPTION AND PARTICLE STRUCTURE
OF GAMMA IRRADIATED DISPERSED
POLYTETRAFLUOROETHYLENE

Structure and surface roughness of particles of the powdered
PolyTetraFluoroEthylene (PTFE) gamma-irradiated (5°Co) in the air, at room
temperature, at the doses from 0 to 1000 kGy has been studied by the methods of
low-temperature nitrogen sorption and transmission electron microscopy (TEM).
It was shown that at the doses lower than 200 kGy the change in surface
roughness and structure of PTFE particles is determined by the processes of
radiation-induced crystallization. The processes of polymer destruction are
dominating at higher absorbed doses. As a result of TEM-measurements the
change of the surface microgeometry of the PTFE particles due to the formation
of facets of the polymer nano-/microcrystals and the release of screw dislocations
was found. Especially intense radiation crystallization occurs at doses 10 — 50
kGy. In the field of absorbed doses from 50 to 200 kGy the disappearance of the
crystallites and growth of the amorphous phase were observed. The processes of
destruction and the release of gases were dominated at doses of 200 — 1000 kGy;
the formation of nanopores was observed also. The correlation between the
measurement data obtained by the methods the low-temperature nitrogen sorption
and TEM has been found. At doses lower than 200 kGy the calculated values of
the fractal dimension of the surface of particles of PTFE powders increase from
2.4840.01 to 2.500+0.007. Subsequent increase in absorbed dose up to 1000 kGy
leads to a decrease in Ds to 2.49+0.02. Therefore, the increase in Ds value
corresponds to the development of the surface of particles of powdered PTFE due
to the occurrence of the radiation crystallization processes. On the contrary, the
Ds reduction corresponds to the lowering of surface roughness of the PTFE
particles due to radiation degradation and gas release. Thus, the application of
fractal approach to analyze the results of sorption of nitrogen in gamma-irradiated
PTFE powder allow to determine the nature and direction of radiation-chemical
processes leading to changes in the surface roughness of the polymer particles.
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IHOBEPXHOCTHOE YITPOYHEHHUE
HU3KOJEI'MPOBAHHBIX KOHCTPYKIIMOHHBIX
CTAJIEM METOAOM JIASBEPHOU HAIIJIABKH

B pabote uccnenopanach CTeneHb MOBEPXHOCTHOTO YIPOYHEHHUS pa3-
JWYHBIX HU3KOJETHPOBAHHBIX KOHCTPYKIMOHHBIX CTaJICl METOIOM Ja3epHBIX
HamiaBok. JlasepHble HalJIaBKM OCYLIECTBIISUIMCH Ha YCTaHOBKax «CkaHep» H
«Huffman HC-205». Bbuin mpoBeeHbI HCCIEIOBAHUS MHKPOCTPYKTYPHI U
3JIEMEHTHOTO COCTaBa HAIUIaBOK U 30H TEPMHUECKOTO BIMSHHUS HA MOAJIOKKAX
U3 BBIOPaHHBIX CTaJIeil METOJAAMHU pPAcTPOBOM 3JIEKTPOHHOM MHKPOCKOIHMH U
PEHTICHOCTIEKTPAJIbHOIO MUKpOaHalN3a. BeIIN Taxke NMPOBEACHBI H3MEpPEHUS
MHUKpPOTBEPAOCTH M MOCTPOCHBI 3aBUCHMOCTH M3MEHEHUsI MUKPOTBEPIOCTH 110
TOJIIIIMHE CaMHUX HAIUTaBOK M 30H TEPMHUUYECKOTO BIMAHUSA. B pesynbraTe ycra-
HOBJICHBI ONTHMAaJIbHBIE PEKUMBI HAHECCHHMS JIa3€PHBIX HAIUIABOK Ha ITOMJIOX-
KH{, TO3BOJISIOIINE MUHUMH3HPOBATH pa3Mephbl 30H TEPMHUUECKOTO BIHUSHUS U
Hepenaabl 3HaUeHUH MHKPOTBEPAOCTH, YTO YMEHBIIIAET BEPOSITHOCTD TPEIINH U
HECIIJIONIHOCTEN.

V.V.VASILENKO, V.I.POLSKY, P.S.DZHUMAEYV,
V.N.PETROVSKY, V.L.YAKUSHIN
National Research Nuclear University « MEPhI», Moscow, Russia
E-mail: VIPolskij@mephi.ru

SURFACE HARDENING OF LOW ALLOY STRUCTURAL
STEELS BY LASER CLADDING

This paper presents the study of surface hardening of various low-alloy
structural steels by laser cladding. Laser cladding was carried out by means of
«Scanner» and «Huffman HC-205» laser devices. Microstructure and elemental
composition of laser applied clad layers and the heat-affected zones (HAZ) of
steel substrates were examined by scanning electron microscopy and x-ray mi-
croanalysis. Microhardness profile of surface layers which included cladding
and HAZ regions was also investigated. As a result, the optimal modes of laser
application of the clad layers on the steel substrate, allowing to minimize the
size of HAZ and differences in microhardness values between HAZ and clad
layer, which reduces the probability of formation of cracks and other micro-
structural defects were established.
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HNPUMEHEHUE WH®PAKPACHOM CIIEKTPOMETPUH
JJISA AHAJIN3A OKCUJHBIX IIVIEHOK, BBIPAIIEHHBIX HA
INOBEPXHOCTH OBOJIOYEK U3 CIIVIABA 3110

Crabunusanus CTpyKTypHO-(a30BOr0 COCTOSHUS B IIMPOKOM TEMIIEpaTyp-
HOM JMama3oHe — 3TO OJHA M3 Hau0OJiee BaXKHBIX MPOOIEM MOBBIIICHHUS
CBOMCTB OKCHJHBIX IUIEHOK. [103TOMY, TOMCK HOBBIX 3((EKTHBHBIX METOIOB
MOJIYYCHHUSI OKCHIOB METAJIOB C 3aJJaHHBIMU (DH3HKO-XUMUYICCKAMHU, DIICKTPO-
(PU3MIECKUMH U TEPMHUYECKUMHU CBOWCTBAMH M WX KOHTPOJb — STO BaXKHAS H
aKTyanbHas 3a/1a4a.

Henp manHOW pabOTHl — BBIAEIICHHE OCOOCHHOCTEH COCTOSHUS OKCHIHBIX
IEHOK HEKOTOpBIX MetaiioB Be, Al, Fe, Cu, Zr Ha MeTain4eckoil OBepXHO-
CTH TOJHKPUCTAJUIMIECKUX 00pa3IoB METOIOM HH(]PaKpacHOW CIIEKTPOCKO-
TTHH.

s uaeHTUGUKAIIME PE30HAHCHBIX 3MUCCHOHHBIX JIMHHUKA pa3paboTaH a-
roput™M o0pabotkn MK-cnexkTpoB M peaan3oBaH Ha OCHOBE TAOJIMYHOTO IIPO-
reccopa EXEL-2010, koTOpHIit MO3BOJIMII YCIIEIIHO BBIABUTH XapaKTEpHBIE pe-
30HAHCHBIC JIMHUU U WICHTU()UKAIMH [0 HUM HEOPTaHHYCCKUX XUMHUYCCKUX
COEJIMHEHU.

B pamkax Momenu rapMOHHYECKOrO OCIIHJUIATOpPA PACCUYMTAHBI PE30HAHC-

HBIE YaCTOTHl HOPMAJIBHBIX KOJICOAHUH BOIBI U psila HEOPTaHHYCCKUX COCIIH-
HeHuit: okcumoB metauioB — Be, Al, Fe, Cu, Zr u yTouHeHbI XapaKTepuCTHIC-
CKHE YaCTOTHI IS Pa3JIMYHBIX COCTOSHHN (arperatHslX, Je(opMaruoHHBIX,
(ha30BBIX).
Metogamu MK-criekTpocKomuy moka3aHa MpHUHIMITHAIEHAS BO3MOKHOCTh BEI-
SIBJICHHSI OCOOCHHOCTEH B COCTOSIHUSX OKCHIHBIX IUICHOK HA METaJUTHYSCKON
MOJUTOKKE, TO3BOJISIIONIAs pa3pabaThiBaTh M COBEPIICHCTBOBATH TEXHOJIOTHIO
MOJIYYEeHHUST OKCHUIHBIX TUICHOK C 3aaHHBIMH CBONCTBAMHU.
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IR-SPECTROMENTRY APPLICATION FOR ANALYSIS OF
OXIDE FILMS GROWN ON THE CLADDINGS SURFACE
FROM E110 ALLOY

Stabilization of structure-phase state in a wide temperature range is one of
the most important problem of improving properties of oxide compounds. As
such, the search of new effective methods for obtaining of metal oxides with
desired physic-chemical, electro-physical and thermal properties and their con-
trol is important and relevant.

The aim of this work is identification features state of the oxide films of
some metals Be, Al, Fe, Cu, Zr on the metal surface of the polycrystalline sam-
ples by infrared spectroscopy.

To identify the resonance emission bands algorithm of IR-spectra pro-
cessing was developed and realized on the basis of table processor EXCEL-
2010, which allow to reveal characteristic resonance bands successfully and
identify inorganic chemical compounds.

In frame of simple oscillator model resonance frequencies of normal vibra-
tions of water and some inorganic compounds: metal oxides — Be, Al, Fe, Cu,
Zr were calculated and characteristic frequencies for different states (aggregate,
deformation, phase) were specified.

By means of IR-spectroscopy fundamental possibility of revealing oxides
films on metal substrate features state is shown, that allow to develop and op-
timize technology of production of the oxide films with desired properties.
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MOJIEJIMPOBAHUE ATOMHOM CTPYKTYPhI
B OKPECTHOCTHU HAHOIIOP B OIIK METAJIJIAX

B OompmmHCTBE cIy4aeB OIS CMEIIEHUH B HENOCPEICTBEHHOW OIM30CTH
OT NOP OINpPENEITSUINCH YPaBHEHUSAMU TEOPUN yIpyrocTu. Takoe onucaHue uMe-
€T CBOM HEJOCTaTKH, IIOCKOJbKY OHO HE YUMTBHIBAET IUCKPETHOCTh ATOMHOMI
CTPYKTYpPbI MAaTEpHAJIOB U CJIEAYET OKUIATh, UYTO CMEIICHHUS aTOMOB B OKPECT-
HOCTH HAHOMOP JOJKHBI CYIIECTBEHHO OTIMYATHCA OT MpeAcKa3aHWil ymomsi-
HyTOH Teopuu. B Hammx HemaBHUX paboTax ObLI pa3paboTaH HOBBIN BapHaHT
Metona MonekyinsipHoi CtaTuku. B yacTHOCTH, B 3TOW MOJIENH UCTIONB3YETCSI
UTEpaIMOHHAs MPOIeypa, B KOTOPOW aTOMHAas CTPYKTypa BONM3M nedekra u
MOCTOSTHHBIC, OIpENeIONINe CMEIICHUsT aTOMOB, MOTPY)KEHHBIX B YIPYTUit
KOHTHHYYM, PaCCUUTHIBAIOTCS CaMOCOTIIACOBaHHBIM 00pa3oM. B manHOU pabo-
T€ UCHOJB3YETCS YNOMSHYTass MOJAENb AJI1 U3Y4YEHHsS] aTOMHOW CTPYKTYpHI B
OKPECTHOCTH HAHOIOP Pa3IUYHBIX pa3MepoB. Pe3ynbTaThl MOKa3bIBAIOT, YTO
CMEIIECHNUS aTOMOB CYILECTBEHHO pa3iMyaloTCs Uil Pa3iMyHBIX KPUCTAIIO-
rpaduvIecKuX HaIMPaBICHUN, M 3TH Pa3idus OCOOCHHO BENUKH B METallIaxX C

OLK cTpykTypoit.

Y.S.VOLODIN, I.V.ERSHOVA, A.V.NAZAROV
National Research Nuclear University « MEPhI», Moscow, Russia

SIMULATION OF ATOMIC STRUCTURE IN THE
NEIGHBORHOOD OF NANOVOIDS IN BCC METALS

Generally displacement fields in the vicinity of voids were determined by
the equations of theory of elasticity. Such a description has its disadvantages as
it doesn’t take into account the discrete atomic structure of materials and it
should be expected that atom displacements in the vicinity of nanovoids should
significantly differ from the predictions of mentioned theory. In our recent
works a new variant of Molecular Static method was developed. In particular in
this model an iterative procedure is used in which the atomic structure in the
vicinity of defect and constant, determining the displacement of atoms embed-
ded into an elastic continuum, are obtained in a self-consistent manner. In this
work we use our model for investigation of the atomic structure in the vicinity
of nanovoids of different sizes. Results shows that the displacements are signif-
icantly different for variant crystallographic directions and these differences are
particularly large in bcc metals.
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OCOBEHHOCTH ®OPMHUPOBAHMUS JIBYXCJIOMHOM
CTPYKTYPBI ®OJIbI' BOJIb®PAMA U TAHTAJIA

Bricokne paboune TeMmIepaTypbl KaTOIOB PEHTTCHOBCKHX TPYOOK BBI3BI-
BAlOT OIPOMHBIC HArpy3KH Ha MaTepHalbl, YTO HNPHBOIUT K 3HAYUTEIHEHOMY
CHIYKEHUIO DKCILUTyaTallMOHHBIX XapakTepHCTHK. Paboune TeMneparypbl MOTYT
OBITh YMEHBIIICHBI 32 CUET MCIOJIb30BaHUS HOBBIX MaTepHuajioB. B maHHoil pa-
00Te mNpoOBelNEHbl HCCICAOBAHUS DPEXUMOB IUPPY3HOHHOI cBapku (oObr
BoJb()paMa M TaHTana AJsl M3TOTOBJIEHHS KAaTOIOB MOIIHBIX PEHTTCHOBCKHX
Tpybok (PT). bumeramuinueckuii katon nosy4deH audy3HOHHON CBapKOM TaH-
tanoBor ¢omeru (d=50MKM ) ¢ MOHOKpHCTAIUIMYECKHM cIipilaBom W-Ta
(d=200MKMm).

Lenp paGoTEl — BBISIBUTH OCOOCHHOCTH NMPOTEKaHUs AU Y3HOHHBIX MPo-
IIeCCOB IPU CBapke 00pasloB M UX oTkHUre. KaTomel McciienoBaluch ¢ MOMO-
IIbI0 CKAaHUPYIOIIETO IEKTPOHHOTO MUKPOCKOIIA.

N.A.GOLOVIN!, M.L. TAUBIN!2, A.A.YASKOLKOQ?2
ISRI SIA “Luch”, Podolsk, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

FEATURES OF TUNGSTEN AND TANTALUM FOIL TWO-
LAYER STRUCTURE FORMATION

High operating temperatures of X-ray tube emitters cause to enormous load
materials, which lead to decrease working characteristics. Operating tempera-
tures can be reduce by using a new materials. The diffusion bonding modes of
tungsten and tantalum foil for the production of emitters for powerful X-ray
tubes has been researched in this work. Bimetal cathode has been obtained by
diffusion welding a tantalum foil (d = 50 mkm) with monocrystal W-Ta alloy.
(D =200 microns).

The purpose of work is revealing features of diffusion processes in welding
and annealing the samples. Emitters were investigated by using a scanning
electron microscope.
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UCCIEJOBAHUME UBMEHEHUS 3HAKA TAPAMETPA
BJIM/KHEI'O TIOPAIKA U QJIEKTPOHHOMU IIVIOTHOCTHU B
CIIVTABAX HA OCHOBE KEJIE3A

MetomaMu SiI€pPHOTO TaMMa - PE30HAHCAa W aHHUTWIILMN TO3UTPOHOB HC-
CJICZIOBAaHBl M3MEHEHHUS Mapamerpa OJMKHEro IMOopsiiKka W W3MEHEHMH 3JIeK-
TPOHHOH INIOTHOCTH B MOJIETBHBIX CIUTaBax, copepxamux Cr, Mo u W B kaue-
CTBE JIerHpyromux no6aBok. OOHapyXeH psAx 0COOCHHOCTEH B CIIaBax ¢ BaHa-
JIMEeM B Ka4eCTBE JICTUPYIOIIEro AJIEMEHTa.

V.I.GRAFUTIN?, LA.EVSTYUKHINAZ? V.P.KOLOTUSHKIN?,
V.YU.MILOSERDIN?, A.YU.MISCHENKO?, S.G.RUDAKOV?,
A.L.UDOVSKY?* YU.V.FUNTIKOV?, A.S.SHARAPOV?
!Federal state budget.enterprise - Institute of theoretical and experimental
physics named by A.l.Alikhanov, Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia
SFederal state unitary enterprise — state scientific center All-Russian research
institute of non-organic materials named by A.A.Bochvar, Moscow, Russia
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Moscow, Russia
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INVESTIGATION OF PROCESSES OF CHANGE OF SHORT
RANGE ORDERING AND ELECTRON DENSITY IN SIMULAT-
ING ALLOYS BASED ON IRON

Changes of short-range ordering parameter and electron density in simulat-
ing alloys were investigated by nuclear gamma-resonance and positron annihi-
lation methods in simulating alloys containing W, Cr and Mo, .used as doping
additions. A number of peculiarities were observed in alloys, containing vana-
dium as a dopi.
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®OPMUPOBAHUE MUKPOCTPYKTYPbI COEJUHEHUSI
PU JUO®Y3UNOHHOM MANKE HUKEJIS U )KEJIE3A
BOCO/EPKAILIMMHU CIINIABAMU-ITIPUIIOSIMU
B YCJIOBUSIX OILIABJIEHUSI TPAHUIL 3EPEH

IIpencraBieHbl SKCNEPUMEHTAIBHBIE PE3YJIbTaThl HCCIEJOBAHHUS MHKPO-
CTPYKTYpPBI TAasHBIX IIBOB W MPWICTAIOIINX K HUM 00JacTeH, MMOITydeHHBIX
muddy3noHHOW NaMKOM YHCTBIX HUKENs M JKelie3a CIUIaBaMH-NPUIIOSIMHU
Ni71,5CFe,gF€2,7811,95i7,1 u FegzB17 cooTBETCTBEHHO.

[Taiika mpoBoMIaCh ¢ UCMOJIB30BAHUEM KIMHOBUAHOIO 3a30pa B YCIOBUSIX,
o0ecreunBaroIUX OIUIaBJICHUE TPAHUIl 3epPEH OCHOBHOTO MeTamia. AHalu3u-
pyeTcs XapakTep pacrpeneieHne 6opa u OOPHIOB B HUKEIE U JKele3e, a TakKe
W3MEHECHHE MHUKPOCTPYKTYPHI B IIPOIECCe OXJIAXKICHHS JKEJIE3HBIX 00pa3IoB B
pe3yabTate (pa3oBOro npeppaiieHus y-Fe—a-Fe.

G.N.ELMANOQV, P.S.DZHUMAEYV, E. A IVANITSKAYA,
T.L.MISHENKO, A.N.SUCHKOV
National Research Nuclear University MEPhI, Moscow, Russia

FORMATION OF BRAZED JOINTS OF NICKEL AND IRON
USING THE BORON-CONTAINING FILLER METALS
IN CONDITIONS OF MELTING THE GRAIN BOUNDARIES

The experimental results of the study of microstructure of brazed joints and
adjacent areas obtained by the diffusion brazing of pure nickel and iron using
the filler-metal alloys Niz15CrsgFe27B11,9Siz1and FegsBi7, respectively, are pre-
sented.

Soldering carried out using a tapered gap under conditions that allow the
melting of the basic metals grain boundaries. The nature of the distribution of
boron and borides in nickel and iron is analyzed, as well as the microstructure
changes during cooling iron samples as a result of the phase transformation of
v-Fe — a-Fe.
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MOAEJIMPOBAHUE BJIUSAHUSA JABJIEHUA
HA KOHHEHTPAIUIO MEXIOY3EJIbHBIX ATOMOB B
METAJUIAX C OIIK CTPYKTYPOU

Orta paboTa mMocBsIIeHa MPUMEHEHUIO MOJEINH, pa3pab0TaHHOW Ha OCHOBE
METOAa MOJIEKYIISIPHOM CTATHKH, IUII M3Y4YCHUS 0COOCHHOCTEH muddy3mn To-
YeUyHbIX Ae(EKTOB B MeTa/ulaX. B gacTHOCTH, pa3paboTaHHas MOJEIb ITO3BOJIA-
€T pacCcuUnuTaTh 00BEMbI 00pa30BaHNUs, KOTOPHIE ONMCHIBAIOT BIMSHUCE JaBICHUS
Ha KOHIEHTPALHIO Je(QEeKTOB B TBEpAbIX Tenax. Hamia mMonens peanusyer HO-
BBII MOJXO0JI, KOTOPBII a€T BO3MOXKHOCTh CAMOCOTJIACOBAHHOTO ONPEIEICHNUS
aTOMHOW CTPYKTYpHI BOMM3M AeekTa M KOHCTAHT, XapaKTePHU3YIOLIUX CMEIIe-
HHUSl aTOMOB B YIPYyrod MaTpHlle BOKpPYr pacueTHoi sueiiku. Kpome Toro, B
MOJICTIM IPUHUMAETCS] BO BHUMAHKE, YTO SHEPTUs HJIeaJbHOW CHCTEMBI U DHEP-
THSl CUCTEMBI C JIe()eKTOM T10-pa3HOMY 3aBUCSIT OT BHEIIHETrO JIaBJICHUS, U 3TO
JaeT JONOJHEHHE K 3HAueHUsM o00BbeMOB 00pa3oBaHHA. DTO H0OaBICHHE
OOBIYHO HE MPUHUMAETCS B PacyeT, HO OHO MOXET COCTABJISITh 3HAYUTEIBHYIO
4acTh 00beMa 00pa3oBaHus. DHEPriH U 00beMbl 00pa30BaHUs PACCYUTAHBI IJIS
MEX10y3€ebHbIX aTOMOB psia OLIK mMeramnos.

I.V.ERSHOVA, A.V.NAZAROV
National Research Nuclear University « MEPhI», M0scow, Russia

SIMULATION OF PRESSURE EFFECTS ON SELF
INTERSTITIALS CONCENTRATION IN BCC METALS

This work is devoted to applying of a model based on the molecular static
method to study the diffusion features of point defects in metals. In particular,
the developed model allows calculating formation volumes that describe the
influence of pressure on the defect concentration in solids. Our model realizes a
new approach that makes it possible to self-consistently determine the atomic
structure near a defect and constants characterizing the displacement of atoms
in an elastic matrix around a computational cell. Also we take into
consideration that the energy of a perfect system and the energy of system with
a defect differently depend on the outer pressure, and this gives an addition to
the values of formation volumes. This addition isn’t usually taken into
calculation but it can comprise a considerable part of formation volume. The
energies and volumes of formation are calculated for interstitials in bcc metals.
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SMUCCHUOHHAS TAMMA-TOMOI'PA®USA
HET'EPMETHUYHOM 3TBC PEAKTOPA BOP-60

KomnerotepHas Tomorpadus sBisgercss ogHUM U3 3(P(PEKTUBHBIX METOIOB
KOHTPOJISI, TO3BOJIIIOMINX ITONYYUTh H300pa)K€HHE BHYTPEHHETO CTPOCHHUS
o0bekTa 0e3 ero paspymieHHs. IMHUCCHOHHAS TOMOTpadus IOCTpOeHa Ha OCHO-
BE€ PETUCTpPAIH COOCTBEHHOT'O M3IIydCHHUS] OOBEKTA M pelIaeT 3aJady BOCCTa-
HOBJICHHS B CEUEHHM pacrpenencHus kodddunuenta smuccun. Ilomyuenue
M300paKeHU BHYTPCHHEH CTPYKTYpPhl OCYIIECTBISICTCS 00pabOTKO#, Tak
Ha3bIBAEMBIX, MPOEKLIUOHHBIX JAaHHBIX, [TOJY4YEHHBIX NPH CKaHHUPOBAaHUU 00b-
eKTa MOoJI Pa3IM4YHbIMU yriamu. B naHHOW paboTe ¢ MpUMEHEHHEM MeToja
raMMa 3MHCCHOHHOW ToMorpaduu Obuia ucciieaoBaHa HerepmetnuHas DTBC
peaktopa BOP-60, otpaborasiias j0 Beiropanus torwea B=(0,72+0,03) % T. a.

I'amma-ckanupoBanue DTBC npoBoaunocs B 12-TH yrIOBBIX OpHUEHTAIMIX
Ha yCTaHOBKE, NMEIOIIECH MEXaHW3Mbl BEPTUKAIFHOTO U TOPH30HTAILHOTO MO-
3UIMOHMPOBAHUS. V3MepuTEIbHO-yIIPaBISIONIas CUCTEMa BKJIIOYAa IU(PO-
Boi Ge-IeTeKTop raMMa-u3IIydeHus! U CIIeKTPOMETPHIECKOE YCTPOHCTBO KOM-
naann «ORTEC».

Pexonctpykuus pacnpenenenuii **Nb, Mn, %Co no ceuenuro TBC npo-
BOJIMJIACH C UCIIOJIB30BAaHHEM anredpandecKux METoAoB [1], B OCHOBE KOTOPBIX
JEXKHAT IUCKpeTu3anus (pa3duenne) obiaacT, B KOTOPOW 3a/laH MCCIeTyeMbIid
00BEKT, Ha KOHEYHOE YHCIIO moaobacteil (sueek). B mpenenax oaHo# mom00-
JIACTH MHTEHCHBHOCTh FaMMa-M3JIy4€HUs PaJIUOHYKIHIOB U JIMHEHHBIH KO-
(bUIHEHT OcnabyieHNsI N3YYCHUS CUUTAIOTCS OCTOSHHBIMH.

[To pe3ynbraraM PEeKOHCTPYKIMH H300paKEHHH MOMKHO C/ENaTh BBIBOJ O
PAacIoNOKEeHUN TBAJIOB M KOHCTPYKTHUBHBIX 31eMeHToB DTBC B ncenemyemom
CEUCHUH.
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GAMMA EMISSION TOMOGRAPHY OF A BOR-60
UNTIGHT EFA

Computed tomography is an effective inspection technique that enables in-
ner structure imaging without object destruction. Emission tomography is based
on recording object’s own radiation. It resolves the objective of recovering the
emission factor distribution section. Inner structure imaging is done by pro-
cessing projection data obtained in object scanning from different angles. We
examined a BOR-60 untight EFA (0.72+0.03) % h.a. using gamma emission
tomography.

Gamma scanning of the EFA was performed in twelve angle orientations
using equipment with vertical and horizontal positioning tools. A digital Ge de-
tector (gamma) and ORTEC spectrometry device were used in a data measure-
ment and control system.

Distribution of Nb-95, Mn-54, and Co-58 along the EFA cross-section was
reconstructed using algebraic techniques [1], which are based on subdivision
(discrete sampling) of an area assigned for an examined object into the finite
number of sub-areas (cells). Gamma rays intensity of radionuclides and linear
attenuation coefficient are considered to be constant within one sub-area.

From the image reconstruction data conclusions can be made about the ar-
rangement of fuel elements and EFA design components in the examined sec-
tion.
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AB-INITIO MOJIEJIMPOBAHUE KOPPO3UU ®EPPUTO-
MAPTEHCHUTHOM CTAJIA DII-823

Pa3paboTka KOPPO3MOHHO-CTOMKMX MaTepuajioB aKTHBHOW 30HBI PEaKTOpa
SBIISICTCA CIOXKHOM 3ajadelf, B KOTOpOH MIMPOKO MPUMEHMMbI METOJIbl aHAU-
THYECKOTO W YHCIEHHOTO MOJENUpOBaHWA. MHTEHCHBHOE KOPPO3MOHHOE BO3-
JelcTBHE OOYCIIOBICHO HAIMYMEM >KHUIKOMETAJUIMYECKOTO TEIUIOHOCUTEIA,
coJiep’KaHne KUCIIOPOAA B KOTOPOM HMPUBOAMT K POCTY OKCHIHOTO CIIOS CIIOXK-
HOTO COCTaBa, KOTOPBIH BIOCIIEACTBHM paspyluaercs. B pabore metomamu ab-
initio MomenupoBaHKUs M3y4YeH MpoLecC HAKOIUICHUS BaKaHCHIl Ha HHTepdelice
MarHeTUT-CTalb, C LENbI0 BBISICHEHHS MEXaHW3Ma MOpooOpa3oBaHMs, MPUBO-
JUILIETO K OTCIOEHHUIO.

R.IBRAGIMOVA!, M.GANCHENKOVA?, V.BORODIN?Z
National Research Nuclear University « MEPhI», Moscow, Russia
2NRC «Kurchatov Institute», Moscow, Russia

AB-INITIO MODELLING OF CORROSION EFFECTS
IN FERRITIC-MARTENSITIC STEEL EP-823

The development of corrosion-resistant steels for the nuclear reactors is a
complicated task, where is methods of analytical and numerical modeling
meant to be widely used. Highly intensive corrosion effect is related to saturat-
ed with oxygen lead melt, which yields to oxidation of steel. The formed oxide
layer has a complex composition and repeatedly exfoliates during overall
lifecycle of active zone. Therefore, ab-initio modeling of the vacancies accu-
mulation in the magnetite-steel interface has been performed in order to figure
out a mechanism of pore formation, resulting in exfoliation.
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BJIMAHUE TEMIIEPATYPHO-BPEMEHHBIX IITAPAMETPOB
MAVMKHA HA ®OPMUAPOBAHUE CTPYKTYPbl COEJUHEHUI
PEAKTOPHBIX KOPPO3MOHHOCTOMKHNX CTAJIEM,
MHOJYYEHHBIX C UCIIOJIb30BAHUEM HUKEJIEBBIX
BOPCOJAEPXKAIIIUX ITPUITIOEB

B pabore nposeneHa nud¢y3noHHAs maiika KOPPO3HOHHOCTOHKUX cTaiel
aycreautHoro  (12X18H10T) wu  (eppUTHO-MapTEHCHUTHOTO  KJIaCCOB
(16X12MBC®DBP) HukeneBbiMu Oopcomepxarmumu  npunosma  CTEMET
1301A (Ni-7Cr-3,5Fe-4,5Si-2,6B), CTEMET 1350 (Ni-19Cr-9Co0-6Si-5,5Mo-
1,3B) u Ni-22Cr-7,5Si-1,5B.

C nomomipio MeTaorpaduaeckiux UCCIeA0BaHNH TOKa3aHO, YTO COeANHE-
HHE UMEET CJIOKHYIO T€TepPOTeHHYI0 CTPYKTYPY, KOTOPYIO MOXKHO pa3OUTh Ha
Tpu 30HBI. TBepablil pacTBOp, 00MacTh, oOoramieHHas OOpUIaMU B 3BTEKTHYE-
CKas 30Ha, KOTOpas MCue3aeT IPU YBEIMYCHUH BPEMEHH IKCIO3MLUHU. MeTo-
JIOM peHTreHo(}ha30BOro W MHUKPOPEHTTEHOCHEKTPAILHOTO aHAIM30B H3y4YeH
(ha3oBsIil cocTaB 00aacTu oboramennoi bopunamu. [TokazaHo, YTO OHU UMEIOT
CJIOXKHBIH cocTas, oTBevatoiuii coeaunennto (Fe, Cr, Ni)2B.

s onpeneneHnst MeXaHU3Ma 3apOoXKIeHNsl OOPHIOB MPOBE/ICHA 3aKaJlka B
Boay coenunenus: 12X18H10T, nonydyenHoro ¢ nomompbto npunoss CTEMET
1301A npu temneparype 1100 °C u Bpigepxkke 15 muHyT. BbIsBIEHO, 4TO
(hopmupoBaHuEe OOPUIOB IPOUCXOIUT BO BPEMS H30TEPMUIECKON BBIIECPKKH, U
IPU MEUICHHOM OXJIRXKICHUH M3-32 M3MEHEHHS! PACTBOPUMOCTH HMX COJAEpXka-
HHE YBEJIMYMBACTCS HE3HAYMTENILHO. YCTAaHOBJICHO, YTO BAKHYIO pOJb HpPH
(hopMUPOBAHNUHU CTPYKTYPHI OKOJIOITOBHOW 30HBI IMEET KOHILIEHTpAIUI XpoMa B
CIUIaBe-TIPHIIOE M OCHOBHOM Martepuane. lIpu comepikaHUM Xpoma B IPHIIOE
6osble, yeM B OCHOBHOM MaTepHaje yJaeTcsl 3HAUUTENbHO CHU3UTh COAepxKa-
Hue 60pUIOB.
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EFFECT OF TIME-TEMPERATURE BRAZING PARAMETERS
ON JOINT MICROSTRUCTURE OF REACTOR STAINLESS
STEELS USING NICKEL-BAZED FILLER METALS
WITH BORON

Transient liquid phase (TLP) bonding was used to join austenitic (18Cr-
10Ni-Ti, wt.%) and ferritic-martensitic (12Cr-Mo-W-Si-V-Nb-B, wt.%) stain-
less steels using Ni-bazed filler metal with boron STEMET 1301A (Ni-7Cr-
3,5Fe-4,5Si-2,6B), STEMET 1350 (Ni-19Cr-9Co0-6Si-5,5M0-1,3B) and Ni-
22Cr-7,5Si-1,5B.

Microstructure images shows that joint consists of three distinct zones, such
as solid solution, zone enriched with boride precipitates and eutectic zone,
which can be avoided in case of longer brazing time. Phase composition of bo-
ride enriched zone was investigated by X-ray diffraction and electron micro-
probe analyses. It is shown that they have a (Fe, Cr, Ni)2B compound.

Quenching was applied to (18Cr-10Ni-Ti)/STEMET 1301A/(18Cr-10Ni-Ti)
specimen for investigation of boride nucleation mechanism at 1100 °C, 15min
brazing regime. It is shown that borides occur during isothermal holding and at
cooling process they grow not significant. It is stated that chromium concentra-
tion influences well on microstructure of boride enriched zone. If brazing filler
metal includes more chromium than steel, boride content decreases.
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MPUMEHEHUE TEXHOJIOI' M MAMKHA MOJIMBJIEHA CO
CTAJIBIO 12X18H10T AJIAA KAITWJVIAPHBIX CUCTEM
BHYTPUKAMEPHBIX 9JIEMEHTOB TOKAMAKOB

IIpu pa3zpaboTke TuBepTOpa TOKaMaka ¢ €eMKOCTBIO JJIS MOJMUTKH KUIKUM
METaJUIOM NPUEMHOW IMOBEPXHOCTH BO3HUKAET HEOOXOJMMOCTh COCAMHEHUS
Pa3HOpPOJHBIX MaTepHaloB. B y3ie mepexoiHuka ¢ MONUOIEHOBOI TpyOKH Ha
cranpHyI0 (12X 18H10T) npeamonaraeTcst HCIOIH30BaTh MAassHOE COCIMHEHUE.

B pabote paccMoTpeH METO/ MOIYYSHHSI IPOYHOTO, TEPMOCTOMKOTO H rep-
METUYHOTO COCIMHEHHS MOJHMOICHa C KOPPO3HOHHOCTOMKON — CTaibio
12X18H10T ¢ ucnonap30BaHUEM TEXHOJIOTUU BBICOKOTEMIEPATYPHON MHallku
CIUTaBOM-TIPUIIOEM Ha HUKeneBoil ocHoBe Ni-7Cr-4Fe-4Si-3B-0,8Mn mac.%
(CTEMET 1301).

OtpaboTaHa TEXHOJIOTHS COCAMHEHUS] KOAKCHATIbHBIX LIMIMHAPHYECKUX 00-
PasIoB, MO3BOJIAIONIAS MOIYYHTh ONTHUMAJIbHBIE 3a30pBI, KOTOpBIE obecredn-
BAaIOT OJHOPOJHOCTH TTAsTHOTO IIBa 0€3 XPYIMKOH IBTEKTHYECKON MPOCTONHKH.

ITastHBIE 00pa3mbl MCHBITAHBI HAa TepMOCTOiKocTh. Ilocie TepmonumkiIMpo-
BaHUS COEMHEHHUS IPOBEPEHBI Ha T€PMETUYHOCTh C IMTOMOIIBIO I'eTHEBOTO Te-
yenckarensd. Hapymenns crutonmtHocTi oOHapy»eHo He ObLIO.

Jns ompeneneHuss MEXaHHYECKHX XapaKTepUCTHK COEIMHEHMs H3MEepeHa
MHKPOTBEPAOCTH O0JIaCTH IIBAa M IPOBEAEHBI HCIBITaHUS Ha cpe3. [lokasaHo,
YTO IMPOYHOCTHBIE XapaKTEPUCTHKHM CHJIBHO 3aBUCAT OT BEJIMUYHMHBI 3a30pPOB
MEX1y NasieMbIMH MaTepuanamMu. s oO0pas3inoB, COOpaHHBIX C ONTUMAaTbEHBIM
3a30pOM Ipesies MPOYHOCTH Ha cpe3 cocTanisier S00+50 Mlla.

109



A.A.IVANNIKOV?, O.N.SEVRYUKOV?, I.LE.LYUBLINSKY?,
A.V.VERTKOV? M.A.PENYAZ?, V.E.MISNIKOV?,
YU.O.KOCHNOV*

National Research Nuclear University «MEPhI», Moscow, Russia
2JSC «Red Star», Moscow, Russia

THE APPLICATION OF BRAZING TO JOINT Mo WITH
12Cr18Nil0Ti FOR CAPILLARY SYSTEMS
IN INTRACHAMBER ELEMENTS OF TOKAMAK

During the process of developing a divertor with the volume for replenish-
ment the receiving surface with liquid metal, it becomes necessary to joining
dissimilar materials. It is supposed to use brazed joint at the junction from mo-
lybdenum pipe on steel pipe (12Cr18Nil0Ti).

In this work it was considered the method of producing a durable, heat-
resistant and airtight connection of molybdenum with stainless steel
12Cr18Nil0Ti with using nickel-based filler metal: Ni-7Cr-4Fe-4Si-3B-0,8Mn
wt.% (STEMET 1301).

The technology of the joining of coaxial cylindrical samples is developed. It
is allowed to get optimal gaps, which are provided the homogeneity of brazed
joint without brittle eutectic layer.

Brazed samples were tested for thermal stability. The samples were checked
for leaks using a helium leak detector after the thermal cycling. Discontinuities
were not detected.

The microhardness of the seam area was measured and shear tests were car-
ried out to determine mechanical properties of the joint Mo/12H18N10T.

It has been shown that the strength properties strongly depend on the magni-
tude of gap between connected materials. For samples made with the optimum
gap shear strength is 500 + 50 MPa.
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OCOBEHHOCTHU TEKCTYPOOBPA30OBAHMUA B JIMCTAX U3
OJHOPA3ZHBIX U MHOT'O®A3HBIX CIIJTABOB HA OCHOBE
TUTAHA ITPA UX INIACTUYECKOM JJE®OPMAIINA
N TEPMOOBPABOTKE

H3ydensl mporeccsl TEKCTypoOOpa3oBaHUSI B JIMCTaX W3 OAHO(MA3HBIX H
MHOTO(]a3HBIX CIUIABOB Ha OCHOBE THTAaHA MPHU UX IUIACTHYECKOH JedopMannu
u TepmooOpaboTke. [IpoaeMOHCTPUPOBAHO TOPMOXKEHHE Pa3BUTHSA TEKCTYpO-
oOpazoBanus B o-T1 mpu mpoKaTKe ABYXKOMITOHEHTHOTO cruaBa BT-16. Vcra-
HOBIICHBI 0COOCHHOCTH nedopmannu [-hasbl B AByx(azHOM cruiaBe. Hanmmame
MHTEPMETAIIIMHOM (a3bl CYIIECTBEHHO CHIDKAET MIACTUYHOCTh MHOTO(]a3HO-
ro CIuiaBa, YTO MPENATCTBYET €ro XoJoAHOM mpokarke. [Ipu pexpucramnmsza-
1K ABYX(a3HOro cIulaBa HOBBIE 3epHa o-T1 COXPaHIIOT OPUEHTALMIO TIPU3Ma-
THYECKUX HOpPMaJeH, NMPUOOPETEHHYIO B PE3yJbTaTe INPEIIEeCTBYIOMEH IIa-
CTHYECKOH edopmMaruu.

M.G.ISAENKOVA!, Yu.A.PERLOVICH?,
V.A.FESENKO?, M.D.GRITSKEVICH!
!National Research Nuclear University « MEPhI», Moscow, Russia

FEATURES OF TEXTURE IN SHEETS OF SINGLE-PHASE
AND MULTIPHASE ALLOYS BASED ON TITANIUM DURING
THEIR PLASTIC DEFORMATION AND HEAT TREATMENT

Features of texture in sheets of single-phase and multiphase alloys based on
titanium during their plastic deformation and heat treatment are investigated.
The inhibition of the development of texture in a-Ti at a rolling two-component
alloy VT-16 is demonstrated. The features of deformation of B-phase in two-
phase alloy are determined. The presence of intermetallic phase significantly
reduces the ductility of a multiphase alloy that hinders its cold-rolling. At re-
crystallization of two-phase alloy sheets, the new o-Ti grains retain the orienta-
tion of the prismatic axes, acquired as a result of prior plastic deformation.
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3ABUCUMOCTb AHU3OTPOIINA
CBOUCTB IMPKOHUEBBIX TPYb
OT UX KPUCTAJIVIOTPAOUYECKOU TEKCTYPbI

AHM30TPONHSI CBOWCTB TEKCTYPOBAHHBIX ITOJIMKPUCTAINIMYECKUX METAIIOB
C TeKCAaroHaJbHOW IUIOTHOYNMAKOBAaHHOW CTPYKTYPOH OIIpEAeseTcs OpHEHTa-
el 6a3suCHBIX HOpMaJel, OlleHMBaeMOM CyMMOI UX MpoeKIuil Ha BEIOpaHHOE
HamnpalieHHe (MHTETPpAIbHBINA TeKCTypHBIN napametp KépHca wnu f-mapamerp).
Ha Gonbiom yncie o0pa3oB MPOMBIIUICHHBIX LIUPKOHUEBBIX TPYO YCTaHOB-
JIeHa B3aUMOCBSI3b aHW30TPOIHMH MEXAaHWYECKHX CBOWCTB M IApaMETPOB KpH-
crayutorpaduyeckoil TeKCTyphl. 3HaueHHUs KO3()PUIMECHTOB aHU30TPOITUH IIpe-
JIETIOB TEKYy4YECTH, N3MEPEHHBIX B OCEBOM W TAHTCHIMAIHHOM HANpaBICHUIX
npu Ttemmneparype 380°C, KOppenMpylT C BeJIMYMHAMU COOTHOILECHHUS
f-mapameTpoB B paiMaIbHOM M TAHT€HIMAJIGHOM HAIPABJICHHAX, C YBEIHICHH-
€M KOTOpPOT'O CHIKAETCSI aHM30TPOIIHS IIPE/IeNa TeKyYECTH.

M.G.ISAENKOVA!, Yu.A.PERLOVICH!, V.V.NOVIKOV*?,
O.A.KRYMSKAYA!, AV.GRIGORYEV!?

National Research Nuclear University « MEPhI», Moscow, Russia
2High-tech Research Institute of Inorganic Materials, Moscow, Russia

THE DEPENDENCE OF THE ANISOTROPY OF ZIRCONIUM
TUBE PROPERTIES FROM THEIR CRYSTALLOGRAPHIC
TEXTURE

The anisotropy of properties of textured polycrystalline metals with a hex-
agonal close-packed structure is determined by the basal normals orientation,
which is evaluated by the sum of their projections along selected direction
(Kearns integral texture parameter or f-parameter). An interrelation between the
anisotropy of mechanical properties and parameters of crystallographic texture
was established for a large number of samples of industrial zirconium tubes.
Values of the anisotropy parameters of the yield stresses, measured for the axial
and tangential directions at temperature 380°C, correlate with the f-parameters
ratio for radial and tangential directions, which decreases with an increase of
the yield stress anisotropy.
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HNCCIEJOBAHHUE NTPOYHOCTHBIX XAPAKTEPUCTHUK
COEJUHEHUN U3 PEAKTOPHBIX KOPPO3MOHHOCTOMKHUX
CTAJIEH, IOJIYYEHHBIX C IOMOIIBIO BBICTPO-
3AKAJIEHHBIX CILJIABOB-IIPUIIOEB HA OCHOBE
CHUCTEMBI Ni-Si-Be

Vcnionp3oBaHie KIACCHYECKNX OOPUCTBIX NMPUIOEB JUIS COSANHEHUS peak-
TOPHBIX KOPPO3HOHHOCTOMKHUX CTaleil pa3IM4YHBIX KJIACCOB IPUBOIUT K 0Opa-
30BaHUIO B TU(PQY3UOHHOH 30HE CIIOKHOI TeTePOreHHOM CTPYKTYphI, KOTOpas
COJICPKUT BBIICICHHUS TIPOMEXKYTOYHBIX (ha3, TAKMX KaK CHIMLHJIBI U OOPHIBI.
[Tocnennue BBINAAIOT MO rPpaHHULAM 3EPEH, aKTHBHO PacIpOCTPAHSICh BrIIyOb
OCHOBHOT'O MaTepHaya, YTO HETaTHBHO CKa3bIBAeTCs HA MPOYHOCTHBIX Xapak-
TEPUCTUKAX COCAMHEHUH NMPU JUHAMHYECKUX Harpy3kax M B YCIOBHSIX TEPMO-
IUKJINPOBAHMS.

s ycTpaHeHHsI TaHHOM CTPYKTYpPHI B NMasHOM IIBE MPEITIOKEHO HCIOJb-
30BaHue 0€300PHUCTHIX CIUTABOB-NPUIIOEB Ha 0CcHOBe cucteMbl Ni-Si-Be. C mo-
MOILBIO MPUIOEB 3TOH cucTeMbl npoBeneHa naiika cranedl 12X18H10T u
16X12MBC®EP.

Jns ompeneneHns MEXaHMYECKUX XapaKTEPUCTUK HCIBITAHBI MastHbIE 00-
pasipl Ha OJHOOCHOE PACTSHKEHHE M YAApHYIO BA3KOCTh. [losyueHHbIE 3HAUe-
HUS TIpefiesia IPOYHOCTH M pabOTHI BSI3KOTO pa3pyIICHHUs I COSTUHEHUH, ma-
SIHHBIX Pa3pa0OTaHHBIMKU MPUIIOSIMHU, NPEBOCXOAAT PE3yJIbTaThl, MOITyUYSHHbIE
Ha 0o0pa3Iax COeIMHEHHBIX C MOMOINBIO IMHUPOKO HCIOIB3YyeMOro OOpPHCTOro
npurnos Ni-3,5Fe-7,5Cr-4,5Si-2,6B, macc.% (ananor crutaa BNi-2).

MeroJaMu 3JIEKTPOHHON MHKPOCKOIIUHM HCCIIE0BaHbl (pakrorpadpuu u
npoduiIM NM37I0MOB HCTIBITAaHHBIX OOpa3IOB, NPOAHATM3MPOBAHBI MEXaHU3MBI
pas3pylIeHHs COEIMHEHMH, MOJyYeHHBIX C MOMOIIBI0 OEpHIIHEBBIX M OopH-
cThIX npurnoes. [lokazaHo, 4To B ciydae NMepBbIX HasHbIE MIBEI OoJee IIacTud-
HbIE ¥ MMEIOT OJHOPOIHYIO CTPYKTYpPY, C OTCYTCTBHEM TI'€TEpPOTE€HHOCTEH B
muddysnonHoii 30He. Ha ocHOBE MOTy4eHHBIX JAHHBIX MOXKHO CJI€JIaTh BBIBOJ,
YTO 3aMeHa 60pa Ha OepMIIN B HUKEIEBOM CIIaBE-IIPHUIIOE TI03BOISET MOBHI-
CUTH NIPOYHOCTHBIE XapaKTEPUCTUKU coennHeHni. [IpogeMoHcTpupoBaHa BO3-
MOJKHOCTH HCIIONIF30BaHMA Pa3paOOTaHHOTO MPHUMOS IS COCTUHEHUS YHEPro-
HaNpsUKEHHBIX 3JIEMEHTOB U3 CTaJel pa3IMIHOro Kiacca.
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THE INVESTIGATION OF STRENGTH CHARACTERISTIC OF
JOINTS OF REACTOR STAINLESS STEEL OBTAINED BY
FILLER METAL BASED ON Ni-Si-Be

The use of classical boron filler metals for joining different classes of reac-
tor stainless steels leads to the formation of complex heterogeneous structure in
the diffusion zone, which contains particles of intermediate phases such as sili-
cides and borides. The last fall out at grain boundaries, actively spreading deep
into the base material. This has a negative effect on its mechanical properties
under dynamic loading and thermal cycling conditions.

The use of non-boron filler metal based on Ni-Si-Be system is proposed to
resolve this structure in the brazed seam. The brazing of steel 12Cr18Nil0Ti
and 16Cr12MoNbSiVWB was carried out by using of the alloy of this system.

The brazed samples were tested for uniaxial tensile and toughness to deter-
mine the mechanical properties. The resulting values of tensile strength and
work ductile fracture for compounds, brazed by designed filler metals, exceed
the results obtained on samples connected by widely used boron filler metal Ni-
3,5Fe-7,5Cr-4,5Si-2,6B, wt.% (analog of the BNi-2).

The fractography and profiles of the fractures of tested samples are investi-
gated by electron microscopy, the mechanisms of destruction of the compounds
obtained by using beryllium and boron filler metals are analyzed. It is shown
that in the case of first brazed seams are more plastic and have a homogeneous
structure with the absence of heterogeneities in the diffusion zone. Based on the
obtained data, it can be concluded that the replacement of boron on a beryllium
in the nickel brazing alloy can improve mechanical properties of the joints. The
possibility of using the developed filler metal to connect the energy-intensive
elements of the steels of different classes is demonstrated.
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W3YYEHUE CTPYKTYPHBIX OCOBEHHOCTEN KOMIIO-
SULUOHHBIX MUKPOITPOBO/JOB HA OCHOBE KOBAJIBTA

[IpoBeneHo mccnenoBaHUE CTPYKTYPHI, COCTaBa, (ppakTorpamm H3iIoMa H
XapaKTEePUCTHUK THTaHTCKOTo MarHuTHoro uMnenanca (M) cBepXTOHKHX Me-
TAJUTHYECKUX BOJIOKOH muamerpom mopsimka 13 mkm cuctemsr Co-Fe-Si-B B
3aBUCHMOCTH OT METOJIOB M PEKMMOB XHMUYECKOTO TPABJICHUS U TEPMUIECKOM
o0pabotku. Ilenpio sBisutoch moBbIeHne 3¢pdexra MU MHUKpPOIIPOBOIOB,
MEePCIEKTUBHBIX JUIS UCITIOJIb30BAHKS B BHICOKOYYBCTBUTEIBHBIX JaTYMKAX Cia-
6oro mMarauTHOTO mHoJIs. IloKa3aHO, YTO COUETaHME PA3IUYHBIX METOHOB 0Opa-
0GOTKH ITPOBOAOB MOXKET NPHUBOJUTH K CYIIECTBEHHOMY YIYYLICHHIO XapakTe-
puctux I'MU.

L.LV.KOZLOV, G.N.ELMANOV,
P.S.DZUMAEV, O.V.EMELYANOVA
National Research Nuclear University « MEPhI», Moscow, Russia
E-mail: ilya_mephist@mail.ru, gnelmanov@rambler.ru

INVESTIGATION OF STRUCTURAL FEATURES OF
CO-BASED COMPOSITION MICROWIRES

The effect of heat treatment and chemical etching on the microstructure and
composition evolution as well as on the giant magnetic impedance (GMI) char-
acteristics of ultrathin Co-Fe-Si-B amorphous microfibers was investigated by
means of scanning electron microscopy and diagonal GMI component tech-
nique. The aim of this study was to increase the GMI effect of microwires
which are promising for use in highly sensitive sensors of a weak magnetic
field. It was shown that a combination of the different processing techniques
leads to the significant improvement of microwire’s GMI characteristics.
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OUKCALUSA HAIIPAKEHHOI'O COCTOSHUA
CTEKJISSHHBIX IIVIACTUHOK ITPU HAHECEHUU TOHKUX
IJIEHOK HA YCTAHOBKE (IIJIASMEHHBII ®OKYC»

VYupyras nedopmanusi B Ipo3pauHbIX cpefax OObIYHO HCCIENYeTCs METO-
oM ¢oTtoynpyrocTd. J{st Henpo3pauHbIX Cpej MPUMEHSIOT METO/] TFICHOYHbIX
MOKPBITUH, TeH30MeTpuueckuil Metod. Ilpu cHATHM BHEIIHEW HArpy3Kd HH-
TepdepeHIIMOHHAasT KapTHHA, COOTBETCTBYOIIAas ynpyroi nedopmanuu mate-
pHaia, UCUE3aeT.

OOHapyXeHo, 4TO ynpyroe nedOpMaIIOHHOE COCTOSTHIE TOHKOH CTEKIISIH-
HOHM IUTACTHHKH IIPU JICHCTBHM COCPEIOTOYCHHOI Harpy3kd MOXET OBITh 3a-
(MKCHPOBaHO IIPU HANBUICHWH TOHKOM MeTanM4ecKod IuieHkd. Hambuienne
TOHKHX IUIEHOK MEIU BBIIOJHSIN NPH MPOXOKICHHUU IIa3Mbl 4epPe3 MEIHYIO
TpyOKy Ha yctaHoBke «IlmasmeHHBIH (okycy». [Tocae cHsTHS Harpy3Ku HaOIO-
Jlaly KapTHHBI HHTep(EpEeHINN B CTEKJITHHBIX IUIACTHHAX B Buae Kosen Heio-
TOHAa W M30THP B HEMOHOXpOMaTH4YecKoM cBere Ha ckanepax CCD, ucnoinb3y-
IOIINX JFOMHHECIICHTHBIE JIAMIIBI C XOJIOJHBIM KaTojoM. [Ipennomnaraercs, 4To
MelHas IUIeHKa (QUKCUpyeT peibe(d) MOBEPXHOCTH CTEKJISTHHOW IJIACTHHKU B
MOMEHT Jie()OpMaIiy ¥ COXpaHsET ero IpH CHIATUU HArpy3ku. B ciyuae cocpe-
JIOTOYEHHO# Harpy3ku 3TOT penibed uMeeT (HOpMy TOHKOM JIMH3BI OOJIBIIOTO
panuyca. o sToit npuunHe HHTEpdEpEHINs KOTePEeHTHBIX JIyyeil cBeTa B TOH-
KOM BO3JYIIHOM 3a30p€ MEXJIy CTEKJIOM ILIAHIIETa CKaHEPa M MOBEPXHOCTHIO
TMH3BEI MeeT Gopmy koner; HetoToHa. B aToM ciyuae npu ckaHupoBaHUM 00-
paTHOI CTOPOHBI IJIACTHHKN HaOJIIOAAIOTCS M30THpHI. [IpencraBieHnas Mero-
JIMKa MOXeT OBITh MCIIOJb30BaHA NMPHU aHAIN3e MEXaHMYECKHX HAIPSDKEHUH B
Pa3NIUYHBIX ONTHYECKUX DIIEMEHTAX.

PaGota BeInONIHEHA TIpH Toaepikke PODU (mpoekt Nel5-02-05995a).
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FIXING OF THE STRESSED STATE OF GLASS PLATES BY
COATING OF THIN FILMS WITH USE OF «PLASMA FOCUS»
INSTALLATION

Elastic deformation in transparent mediums is usually studied by the photo-
elasticity method. For opaque mediums the method of film coating and strain
gauge method are used. After the external load was removed, the interference
pattern corresponding to elastic deformation of the material disappears.

It is found that the elastic deformation state of the thin glass plate under the
action of concentrated load can be fixed during the deposition of a thin metal
film. Deposition of thin copper films was carried out by passing of the plasma
through the copper tube in the «Plasma Focusy installation. After removing of
the load, interference pattern on the glass plates was observed in the form of
Newton's rings and isogers in non-monochromatic light on the CCD scanners
which uses fluorescent lamps with cold cathode. It is supposed that the copper
film fixes the relief of the surface of the glass plate at the time of deformation
and saves it when the load is removed. In the case of a concentrated load, this
relief has the shape of a thin lens of large radius. For this reason, the interfer-
ence of coherent light rays in a thin air gap between the glass of the scanner’s
flatbed and the lens surface has the shape of Newton's rings. In this case, when
scanning the back side of the plate isogyres observed. The presented method
can be used in the analysis of mechanical stress in a various optical elements.

The work was supported by the RFBR (project # 15-02-05995a).
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YOPEKTUBHOCTH JUCJIOKAIIMOHHBIX CTOKOB
JUISI PATUALIMOHHBIX JE®EKTOB B I'IK KPUCTAJLIE Pu

Metonom xkmHeTHmueckoro MonTe-Kapmo paccuntansl 3¢ ¢GeKTHBHOCTH
JMCIOKalMOHHBIX CTOKOB JUISl PAHAIlMOHHBIX Ne(EKTOB (BaKaHCHH, COOCTBEH-
HBIC MEXY3eJIbHbIE aTOMBI) B 0-Pu B MHTEpBaJiec ANCIOKAMOHHBIX INIOTHOCTEH
8x10M™ —2x10"¥ M2 u wuureppane Temmeparyp 200 — 748 K. PaccMoTpeHsl
BUHTOBBIE, CMEIIaHHBIC ¥ KpaeBbIe MOJIHBIE TUCIIOKAINN C BeKTopoM broprepca
1/2<110> B pa3iuMYHBIX CHUCTEMaX CKOJBKCHHS. DHEPTUU B3aUMOJCHCTBUS
COOCTBEHHBIX TOYEYHBIX JAE(PEKTOB C JHUCIOKALMSIMHU PACCUUTAHBl METOJOM
AQHM30TPONHON Teopun ymnpyroctu. IlpeanoxeHbl aHATUTUYECKHE BBIPAXKECHUS
JUIS 3aBUCHMOCTH DAacuUeTHBIX 3Ha4yeHUH A(P(PEKTUBHOCTH AMCIOKAIMOHHBIX
CTOKOB OT TeMIIepaTypbl U AUCIOKAIIMOHHOHN TJIOTHOCTH.

S.V.KOROVIN, P.A.SIVAK, A.B.SIVAK
National Research Center «Kurchatov Institute», Moscow, Russia
E-mail: korovin_sv@nrcki.ru

DISLOCATION SINK EFFICIENCIES FOR RADIATION
DEFECTS IN FCC Pu CRYSTAL

The sink efficiency of perfect dislocations for radiation defects (vacancies,
self-interstitial atoms) in 3-Pu has been calculated by an object kinetic Monte
Carlo method in a temperature range of 200 — 748 K and range of dislocation
densities from 8x10! to 2x10%** m2. Screw, mixed, and edge dislocations with
a Burgers vector 1/2<110> in different slip systems are analyzed. The interac-
tion energies of radiation defects with dislocations are calculated using the ani-
sotropic theory of elasticity. Analytical expressions are proposed for the de-
pendences of the calculated values of dislocation sink efficiency on temperature
and dislocation density.
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KOHTPOJIb TEINIO®U3UYECKHUX CBOMCTB TB3JIOB
C IIVIOTHBIM TOIVIMBOM

HNudopmanus 0 TEIIONPOBOMSAIIMX CBOWCTBAX TEIUIOBBIICIAIONINX 3JiC-
MECHTOB U WX M3MCHCHHH B MpoIlecce pabOThl HEOOXOaMMa Ui 00OCHOBAHHUS
0e30macHOCTH U PabOTOCIIOCOOHOCTH aKTUBHBIX 30H SIICPHBIX YHEPreTHUCCKUX
YCTaHOBOK. B mpoekTax mepcHeKTHBHBIX SIDY mmaHupyeTcs HCIONb30BaHHUE
TB3J10B ¢ moTHbEIMHU Buaamu ToruBa (UN, UC, U-meT). JJaHHBIX O MOBEACHUH
TEIUTO(U3MYECKIX CBOWCTB TAKOTO TOIUIMBA TPH BBITOPAHWN HAa HACTOSIIHA
MOMEHT HEIOCTATOYHO.

B macrosmeit paboTe mpUBEACHO ONMHCAHWE METOTUKH W3MEPECHHUS TEILIO-
MIPOBOTHOCTH TOIUTUBA U KOHTAKTHOTO TEPMHYECKOTO COTIPOTHBIICHHS «TOILIH-
B0-000JI0YKa» HEpa3pyIIAIONIMM METOJOM, IPUBEACHA CXeMa SKCICPUMCH-
TaJILHOW YCTAHOBKHU M PE3YJIbTaThl U3MEPCHHUI Ha MAaKeTaX TEILIOBBLICIISFOIINX
3JIEMEHTOB.

A.B.KRUGLOV, V.B.KRUGLOV, P.G.STRUCHALIN,
V.S. KHARITONOV
National Research Nuclear University « MEPhl», Moscow, Russia

THE CONTROL OF THERMOPHYSICAL PROPERTIES
OF FUEL RODS WITH DENSE FUEL

The information about heat-conducting properties of the fuel elements and
their change in the work is needed to substantiate the safety and efficiency of
the cores of nuclear power plants. The projects promising NEI plans to use rods
with dense fuels (UN, UC, U-met). Data on the behavior of thermo-physical
properties of the fuel under irradiation at the moment is not enough.

In this work we describe the methodology for measuring the thermal con-
ductivity of the fuel and the thermal contact resistance "fuel-shell" by non-
destructive method, a diagram of the experimental setup and the results of
measurements on mock-ups of the fuel elements.
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JETPAJIALIMSI U BOCCTAHOBJEHHUE CBEPITIPOBOISIIIIAX
MAPAMETPOB BTCII JIEHT O]l BO3JAECTBUEM
MEXAHUYECKHX HATPY30K U TEPMOOBPABOTKH

Kak u3BectHO, TokOHecymue cBoiictBa BTCII neHT SBIAIOTCS CTPYKTYPHO
YyBCTBUTEIBHBIMU ITapaMeTpaMH U B 3HAYUTEIBHOIN CTENEHM 3aBUCAT OT pas-
MEpOB 3epeH, UX MOP(OJIOTUH, TEKCTYphl, HAIWYUS LIEHTPOB IHUHHHUTA U Jp.
OTH nmapaMeTpsl CTPYKTYPBl MOXKHO HAIllpaBJICHHO U3MEHSATH 3a CUET MPHIIOKe-
HUS yIapHBIX HaIPY30K.

B nmoxmaze mpencTaBiieHBI pe3yabTaThl MCCIEIOBAHMS BO3ICHCTBUSA ynap-
HBIX HArpy30K pasiuyHOM uHTeHcusHOCTH OT 0,35 1o 100 JIx/cM? Ha cTpyk-
TYpY U CBEPXIPOBOJIAIINE XapakTepucTuku Bi-2223 neHT. YcTaHOBICHA CHJIIb-
Has Jerpafanysi KpUTHIECKOTO TOKa |c M KpUTHYECKOH Temmeparypsl T. mpu
BO3/IEHCTBUN yAApOB C yeIbHOM SHeprueii Boie 5 [x/cM2,

PaccmarpuBaroTCs CTPYKTYpHBIE H3MEHEHHMS B CBEPXIPOBOJAIIMX IPO-
cioMKax MOJ| BO3AEHCTBUEM yIapHbIX Harpy3ok. Ilocienyromas repmoodOpa-
6oTka npu remneparypax 825 — 840°C B teuenue 5 -10 4acoB NIPUBOAUT K BOC-
CTaHOBJICHUIO CBEPXITPOBOJIAIINX XapaKTepuCTUK. CBEPXITPOBOIAIINI TIEPEX0.
MOCJI€ OTXKUTOB CTAaHOBUTCS Oojiee pe3KuM, a 3HaueHHus 1. Ha 4-5 K Bwime mo
CPaBHEHHMIO C MCXOAHBIMM 3HAYeHMAMH.. KpUTHUECKHI TOK yBEIHMYMBAETCS
MOHOTOHHO C BO3pacTaHWEeM JUTUTEIILHOCTH OT)KHUTa.

Pabora BrmosHeHa npu moaaepikke mpoekTa PODU Nel5-08-04045.
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DEGRADATION AND RESTORATION SUPERCONDUCTING
PARAMETERS OF HTSC TAPES UNDER MECHANICAL
LOADS AND HEAT TREATMENT

As it is known, the current-carrying properties of HTSC tapes are structural-
ly sensitive parameters, and largely depend on the grain size, morphology, tex-
ture, presence pinning centers and others. These structural parameters may be
changed by shock loading actions.

The report presents the results of research of varying intensity shock loads
effects from 0.35 to 100 J/cm? on the structure and characteristics of supercon-
ducting Bi-2223 tapes. A strong degradation of the critical current Jc and criti-
cal temperature Tc were shown for tapes exposed by strikes with a specific en-
ergy higher than 5 J/cm?,

The structural changes in the superconducting interlayers exposed by shock
loads are researched. Subsequent thermal treatment at temperatures from 825 °C
up to 840°C for 5-10 hours leads to the restoration of the superconducting char-
acteristics. The superconducting transition after annealing becomes sharper,
and the values of Tc 4-5 K higher than the baseline values. The critical current
increases monotonically with increasing annealing time.

This work was supported by RFBR project Ne15-08-04045.
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MOJEJIUPOBAHUE POCTA HAHOIIOP B METAJLJIAX
C I'lIK CTPYKTYPOUI

B paborte, Ha OCHOBE HEZABHO Pa3BUTOTO TEOPETHIECKOTO MOAXO0MA, U3yda-
€TCs, KaK YNpyrHe IoJis, BO3HUKAIOIIEE B OKPECTHOCTH HAHOIOp, BIAMAIOT Ha
MOTOKM BakaHCHH. B oTimume OT HammX Mpemplayniux padoT yIOMSHYTHIH
MOAXOM YYUTHIBACT, YTO 3HAUCHHUS AeOpMaIMii pa3IudHbl B CEIJIOBON TOUKE U
B PaBHOBECHOI mo3uuuu aroma. OHOM U3 TJIaBHBIX 1IeJeid ATOH paboTHI SBIISI-
€TCsI MOJICTTUPOBAHUE CKOPOCTH POCTA MOP B KyOudeckux meramiax. Hennueit-
Hoe ypaBHeHHe AU (dy3Un BaKaHCHil, B KOTOPOM OBLJIO YYTEHO BIHMSHUE YIPY-
TUX IT0JIel BOJMU3U MOPHI Ha MOTOK, PEIIAeTCs] YUCICHHBIMU METOJaMH. 3aTeM,
Ha OCHOBE IIOJYYEHHBIX PELICHUM, PACCUUTBIBACTCS CKOPOCTh POCTAa IOPBL.
IToxa3aHo, 4TO OCOGEHHOCTH OTIMYAIOIIME HCIIOJIB3YeMOEe ypaBHEHHE OT TeX,
KOTOpBIC W3BECTHBI M3 JPYIHX padOT, U3MEHSIIOT KHHETHKY pOCTa MOp Majioro
pa3mepa (HaHomop). IIpoBeneHs! pacders! ckopoctH pocrta rop B I'LIK meran-
JIaxX TpH Pa3NHYHbIX YCIOBUSX.

AV.NAZAROV?, A AMIKHEEV?, A.G.ZALUZHNYI*
National Research Nuclear University « MEPhI», Moscow, Russia
2Moscow State University of Design and Technology, Moscow, Russia

SIMULATION OF NANOVOID GROWTH IN FCC METALS

We examine how elastic stress, arising from nanovoids influence the diffu-
sion vacancy fluxes using new approach. Our approach takes into account, that
strain values are different in the saddle point and in the rest atom position, in
differ from our earlier works. One of the chief aims of our work is to simulate
the growth rate of voids in cubic metals. The nonlinear diffusion equation for
vacancies in which the influence of elastic stress near the void on flux was tak-
en into account is resolved by numerical methods. Then the growth rate of void
is calculated . The feature distinguishes the equation from ones that are known
changes the growth kinetics of pores the small size (hanovoid). We simulate
void growth rate in FCC metals under different conditions.
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INPUMEHEHUE OBPATHO PACCEAHHBIX 3JIEKTPOHOB
JJI HOJIYYEHUSA IIMPOKO®OPMATHDBIX
U30BPAKEHUI ITOP, OGPA3OBAHHBIX
P HEUTPOHHOM WUJIX HOHHOM OBJIYUYEHUH
KOHCTPYKIIMOHHBIX CTAJIENA

Iloxas3aHo, 4TO MpH ONIpenreNeHHON HACTPOIKe CKaHUPYIOIIETo 3JIEKTPOH-
HOTO MHKPOCKOIIA U NPOBEACHUH HEOOXOJMMOMH MOJrOTOBKH IOBEPXHOCTH 00-
pa3la CTaHOBUTCS BO3MOXKHBIM MOJydYaTh H300pa)keHHe Mop B OOIyYEeHHOM
marepuaie. [Ipi 7TOM BO3MOXHO MOJIYYUTh M300pa)KCHUsI MOp Ha TIIyOuHE /10
500 HM U TIY6Ke ¢ GONBIION IUTOMIaIN TOBEPXHOCTH 00pa3na. MUHUMATBHBIN
pa3Mep HaOI0JaeMbIX OP IIPU 3TOM COCTaBIAET nopsinka 5-10 aM. Mcnons3o-
BaHME METOIA CKAaHMPYIOUIEH 3JEKTPOHHOW MHKDPOCKONWHM B HCCIIEIOBaHWU
MOPHCTOCTH TTO3BOJISIET UCCIIEI0BATh HAMHOTO OOJIbIIINE 00BbEMBI MaTepHaa 1o
cpaBHeHHIO ¢ MetozoM [IOM, mosBonser mosy4ars Ooiblne HHPOPMAIMU O
pacmpesieneHuy MOPUCTOCTH, a B TI00aIbHOM CMBICIIE O €€ HEOJHOPOIHOCTH
pacnpeseneHus. OTOT METO OCOOEHHO MOJIe3eH AJISl KOJIMYECTBCHHON OIIEHKH
MOPHUCTOCTH 00pa3LoB, KOTJa A HUX M3BECTHA WMJIM MPEAIojaraeTcs ee 3Ha-
YUTENbHAs HEOJHOPOAHOCTh. [IpM momoImM MaHHOTO METOAA MCCIEIOBaHBI
CTallb ayCTeHUTHOTO kiacca JK-164 mocie skcIuTyaTaluy, MoKa3aBiias Heo-
HOPOJHOCTH nopucrocty, u crainb AlSI 304 ¢ ogHOPOJHBIM paciyXxaHUEeM HC-
MOJIF3yeMOH B KOHCTPYKTHBHBIX 3JIEMEHTAX 3alaJHBIX YHEPreTHYECKHX peak-
TOPOB C BOJSHBIM OXJaxkAeHUEM. Taxke HCIOIb30BaHKUE NaHHOTO METOJa IO-
ne3no B COM ocHameHHbIX FIB KOIOHHOM AJ1s1 IPUTrOTOBJIEHHUS] TOHKHX JIaMe-
Jel ¢ Omlpe/eNeHHbIX YJ4acTKOB 00pasloB IOcie HEHTPOHHOIO WJIM MOHHOTO
o0JTydeHus ¢ MOCIeAYIoNNM HcciaenoBanre B [I9M. DToT MeTos Takke MOXKET
OBITH IPUMEHEH IS TIOJYYEHHs CTepe0 M300paKEHUH C IIEIbI0 OIpe/IeTIeHUs
TITyOMHBI 3aJIETaHUS TIOP OT MIOBEPXHOCTH.
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APPLICATION OF BACKSCATTER ELECTRONS FOR

LARGE AREA IMAGING OF CAVITIES PRODUCED BY

NEUTRON OR ION IRRADIATION OF STRUCTURAL
STEELS

It is shown that with proper optimization, backscattered electrons in a scan-
ning electron microscope can produce images of cavity distributions in austen-
itic steels over a large specimen surface, resolving cavities to a depth of ~500
nm and sometimes deeper in depth. The technique works best for cavity sizes
larger than 5-10 nm. This procedure eliminates the need for electropolishing to
produce global estimates of void size and density distributions, and also for
some applications reduces the need for production of multiple specimens for
microscopy. This technique is especially useful for quantifying cavity struc-
tures when the specimen is known or suspected to contain very heterogeneous
distributions of cavities. Examples are presented for cold-worked EK-164, a
very heterogeneously-swelling Russian fast reactor cladding steel and also for
AISI 304, a homogeneously-swelling Western steel used for major structural
components in Western water-cooled power reactors. This non-destructive
overview method of quantizing cavity distribution can be used to direct the lo-
cation and number of subsequent focused ion beam (FIB) prepared specimens
for transmission electron microscopy examination of either neutron or ion-
irradiated specimens. This technique can also be applied in modified stereo
mode to quantify the depth dependence of cavities.
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MOJIEJIMPOBAHUE IIJIACTHYECKOM AE®OPMALIAN
MATEPUAJIA AYEEK JIUCTAHIIMOHUPYIOIIEU
PEHIETKMH B NPOLECCE IITAMIIOBKHA

B pabote nccienoBaH mponecc MTaMIOBKH SYECK IUCTAHIMOHHUPYIOMIEH
PEIIETKN TeTUIOBBIIENAIONe cOOpkn peakTopa. Sldeiika pemeTkw, W3TOTOB-
JICHHAs! U3 TOHKOCTEHHOH TpyOs! crutaBa D110, mpu mITaMIIoBKe MpeTeprieBacT
BBICOKYIO CTENEHb IUTACTHYECKUi nedopIyy, 4TO MPHUBOANUT K HM3MEHEHHIO
OpPHEHTALMM 3EpeH Marepuala, T.e. €ro KPHCTaUIOrpapuyecKoil TEKCTYpPHI.
IIpu 3TOM U3MEHSETCS TaKXKe aHU30TPOIMS MEXAHMYECKUX CBOUCTB. IIpose-
JICHO MOJIEITMPOBaHKE TIACTHUECKOH ieopManny OTAeIbHBIX KPUCTAIIIUTOB C
MOMOIIIBI0 METOIa KOHeUHBIX 3eMenToB (crystal plasticity finite element mod-
elling — CPFEM). TloctpoeHsl pacmpeselicHus: HANPsUKCHHI, nedhopManuit u
TEeMIlepaTypbl 0 00BbEMY SUCHKH, a TaK)Ke NPOBEACHA OLIEHKA XapaKTepUCTHK
MOJTy4aeMOH TEKCTYpPBI M CBOMCTB Je(hOPMUPOBAHHOTO MaTepHaa.

YUu.A.PERLOVICH, M.G.ISAENKOVA, 0.A KRYMSKAYA,
D.l.ZHUK, D.ZMAMEDOV
National Research Nuclear University « MEPhI», Moscow, Russia

MODELLING OF PLASTIC DEFORMATION DURING
FORMING OF NUCLEAR REACTOR SPACER GRID WITH
CPFE METHOD

Process of reactor fuel rod spacer grid elements staping is investigated in
present paper. Crystal plasticity finite element modelling(CPFEM) is utilized
for this task. Spacer grid element made of E110 alloy is deformed to high der-
gee of plastical strain. This lead to change of material’s grains orientation and
also change its’ mechanical properties. Texture and mechanical properties for
various areas with different degree and type of strain in derormed material is
presented in paper.
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BJUSIHUE MMOCJOMHOM TEKCTYPHOU
HEOJHOPOJHOCTHU I'OPSTYEKATAHBIX JIUCTOB
®EPPUTHOW CTAJIA HA AHU30TPOIIMIO X MEXAHU-
YECKHUX CBOMCTB IOCJIE TEPMOYIIPOUHEHUS

[IpoBeneH aHanM3 MOCIOMHONW HEOTXHOPOAHOCTH TEKCTYPHI, CyOCTPYKTYp-
HOTO ¥ HaIpsSKEHHOTO COCTOSHUI, a Tak)Ke MEXaHHYECKHUX CBOMCTB B ropsue-
KaTaHBIX ¥ TCPMOYIPOYHECHHBIX JHcTaX pepputHor ctamu SSXH2MA-II. Uc-
MOJIB30BaH METOJI MOCTPOEHMs OOOOLICHHBIX IPSMBIX IOJIOCHBIX (uryp u
KOPPEIAIHMOHHBIX AUarpaMM, MO3BOJLIIONINX PAacCMaTpUBATh CyOCTPYKTYpHOE
COCTOSIHHE 3€PEH B 3aBHCUMOCTU OT UX OpUEHTAalMH. TepMOynpoYHEHHbIE 00-
pasubl OTIAMYAIOTCS CHIIBHBIM Pa3MbITHEM TEKCTYpBI, a TAKXKE CYIIECTBEHHBIM
MOBBIICHNEM MEXaHHYECKHUX CBOMCTB (B YaCTHOCTH MHUKPOTBEPAOCTH) M HUX
AQHW30TPOIHH B IEHTPAJBHBIX CIIOAX, B TO BPEMs KakK B ropsiueKaTaHbIX o0pas-
I[aX MHUKPOTBEPJIOCTh U €€ aHW30TPOMNHUSA MAJAl0T MPHU MPUOIMKEHUH K BHYT-
PEHHHM CJIOSIM JIMCTa. JTO OOYCIIOBJICHO OPHUEHTHPOBAHHBIM 3apO’KACHHEM
BTOPHUYHBIX (a3 ayCTEHHTa BO BHYTPEHHHX CIOSIX 00pa3IoB B pe3ynbTaTe Tep-
MOOOpabOTKH.

M.G.ISAENKOVA!, Yu.A.PERLOVICH?, P.L.DOBROKHOTOV?,
S.D.STOLBOV?, I.O.BANNYH?
National Research Nuclear University « MEPhI», Moscow, Russia
2Institute of Metallurgy and Materials Science, Moscow, Russia

EFFECT OF LAYERED TEXTURAL HETEROGENEITY OF
HOT-ROLLED FERRITIC STEEL SHEETS
ON THE ANISOTROPY OF MECHANICAL PROPERTIES
AFTER THERMAL HARDENING

The layered heterogeneity of texture, substructure and stress condition, me-
chanical properties of hot-rolled and thermal strengthened ferritic steel
55KhN2MA-Sh was analyzed. The method of generalized pole figures and cor-
relation diagrams was used. It allows considering substructure condition de-
pending on its orientation. Thermal strengthened samples have strong texture
blurring and essential increase of mechanical properties (micro-hardness) and
its anisotropy in the central layers, whereas micro-hardness and its anisotropy
of hot-rolled samples decrease approaching to the inner layers of sheet. It
caused by oriented nucleation of secondary phases of austenite in the inner lay-
ers of samples in consequence of heat treatment.
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PA3PABOTKA ITIEPOBCKHUTO-IIOJJOBHOI'O MATEPHAJIA
HA OCHOBE AJIIOMUHUA JJIA UMMOBWUJIN3AIIUN
PAJNOAKTHUBHBIX OTXOA0B B PEXKUME TEXHOJIOI'U-
YECKOI'O 'OPEHMA METOJIOM CB-CHUHTE3A

B nanHoii pabore n3yyeHa BO3MOXHOCTb MOJYYEHHs] MaTPUYHOTO MaTepH-
ajla Ha OCHOBE MOJHM(UIIMPOBAHHOIO IIEPOBCKHUTA /Uil MMMOOHIM3AIMH BBICO-
KOpaauoakTUBHBIX 0TX070B MeTtonoM CBC. Ilpenmaraemas mMaTpuia I UM-
MOOMJIM3aIK PAIHMOAKTUBHBIX OTXOJ| SIBIISIETCSl TIEPOBCKUTHAsI KepaMuka. SIB-
JIOUICHCS aHAJIOrOM IPUPOJHBIX YCTOMYMBBIX MHHEPAIOB, OTBEYAOLIAs
YCTaHOBJICHHBIM TPEOOBAaHUIM K CBOWCTBAM MaTepUalioB Uil HMMOOWIN3AINU
PAO. Kotopsle MOTYT OBITH HCIIOIb30BaHbI B KAYECTBE HANEKHBIX MAaTPHIL IJIS
OKOHYAaTeNbHOro 3aXxopoHeHus PAO B TedueHHe JOATOro BpeMeHU.

D.V.POSOKHOV, V.S.KUZMIN
Tomsk Polytechnic University, Tomsk, Russian Federation
E-mail: Posokhov.d.v@gmail.com

DEVELOPMENT OF MODIFIED PEROVSKITE MATERIAL
BASED ON ALUMINUM FOR THE IMMOBILIZATION
OF RADIOACTIVE WASTE INTO BURNING MODE PROCESS
BY CB SYNTHESIS TEQNIQUE

This work deals with possibility of matrix material obtaining from modified
perovskite for radioactive waste immobilization via self-propagating high-
temperature synthesis. Perovskite ceramics is proposed matrix for radioactive
waste immobilization due to its similarity to natural stable minerals and satisfy
the requirements to the properties of materials for immobilization of radioactive
waste. Perovskite ceramics is considered to be applied as reliable matrix for the
final disposal of radioactive waste.
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MHUKPOCTYKTYPA TUTAHOBOI'O CIIVIABA Ti-5Al-4V-2Zr
HOCJIE TEPMHUYECKOI'O CTAPEHMUS ITPH 450 °C

B pabore nmpoBeneHO M3ydeHHE MHUKPOCTPYKTYPHI M aHAIN3 XMMHYECKOTO
cocraBa (a3 W BKIIOYCHHI B 0o0Opasiax TUTaHOBBIX ciuiaBoB Ti-5Al-4V-2Zr
nocie tepmudeckoro crapeHus mnpu 450 °C B tedenne 1000 gacoB. Mukpo-
CTPYKTYpPHBIE HCCIICIOBaHHS BBIMOJHEHBI METOAAMHU MPOCBEUMBAIOLICH 3IIEK-
TPOHHONH MMKPOCKOITHH, 3HEPTOANCIIEPCHOHHON PEHTTCHOBCKOM CIEKTPOCKO-
MM M aTOMHO-30HA0BOI ToMorpaduu. IlpencraBieHsl pe3ynbTaThl 3JEMEHT-
HOTO aHanW3a 3epeH MaTpuyHoi (aszel m BrmodeHHH B ¢aspl. [IpoBomurcs
CpaBHEHHE C pe3ylbTaTaMH aHalIM3a HCXOJHOTO cocTosiHuA. IlokazaHo, 4TO
pu TepMUUeckoM ctapeHuu npu 450 °C MUKPOCTPYKTypa CIUIaBa aHaJIOTUYHA
MHUKPOCTPYKTYPE HUCXOJHOI'O COCTOSIHHS, B KOTOPOM IPUCYTCTBYIOT IBE (ha3bl:
o-(a3a, MMeIOIIas TeKCaroHaJbHYIO YMAakoBKY W B-daza, mmeromas OLIK
CTPYKTYpY. B Toxe Bpemst mocie crapenus B Teuenue 1000 yacoB 0OHApyKEHO
3HAYUTENbHOE yBenuueHue oborameHus B-das3sl Banagmem: ¢ 20 go 40 macc.
%.

S.V.ROGOZHKIN, A A.NIKITIN, O.A . KORCHUGANOVA
State Scientific Centre of the Russian Federation — Institute for Theoretical and
Experimental Physics of National Research Centre “Kurchatov Institute”,
Moscow, Russia
E-mail: nikitin@itep.ru

NANOSTRUCTURE OF TITANIUM ALLOY Ti-5Al-4V-2Zr AND
ITS RESPONSE ON THERMAL AGING AT 450 °C

Titanium alloy specimens after heat treatment at 450°C for 1000 h were in-
vestigated and compared with the as-received material. Microstructure was ana-
lyzed by means of transmission electron microscopy, energy dispersion x-ray
spectroscopy and atom probe tomography. Investigations of as-received alloy
microstructure showed that it consists of matrix a-phase with hcp structure and
B-phase inclusions with bce structure. Chemical composition comparison of as-
received and aged material showed that isothermal heat treatment of alloy led
to the increase of vanadium content in B-phase by two times from 20 up to 40
wt.%.
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TEPMOJUHAMUNYECKOE MOJIEJIUPOBAHUE
JUAT'PAMMBI COCTOAHUSA CUCTEMBI FE-Y

Llenbro HacTosiIIEH PaOOTHI SABISIETCS MONTYYSHHE TEPMOAMHAMUYECKUX T1a-
pameTpoB cuctembl Fe—Y. B pabote mpoBeneH KpuTHYECKUi 0030p IUTEpaTy-
pbl, cOOpaHbI Bce OIyOIMKOBAaHHBIEC DKCIIEPUMEHTAJIbHBIC U pacYeTHBIE JIaHHbIC
no cucreme Fe—Y. OcHOBbIBasch Ha cOOpaHHOW HH(pOPMaNHU, METOJO0M
CalPhaD npoBezeHa onTumu3anus napaMeTpoB, ONMUCHIBAIONINX dHepruu [ no-
6ca Bcex (a3 B cucteme Fe—Y. TlpumeHeHue 06001EHHOr0 METOA «>» MOKa-
3aJI0, YTO pacdyeTHbIE TEPMOJMHAMHUYECKHE JaHHBIC, IOJyYCHHbIC B JAHHOU
paboTe, COTIacyloTcs ¢ SKCIEPUMEHTAIBHBIME JAHHBIMH JIyUIlle, YeM pPe3yIlb-
TaThl PaCcUYETOB paHee OIMyOIMKOBAHHBIX TEPMOJANHAMHYCCKUX ONHCAHUH.

I.S.SAENKO3, A .L.UDOVSKY 2, O.B.FABRICHNAYA?
!Baikov Institute of Metallurgy and Material Science of the Russian Acade-
my of Sciences, Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia
3Freiberg University of Mining and Technology, Institute of Materials Science,
Freiberg, Germany

THERMODYNAMIC MODELLING OF PHASE DIAGRAM OF
THE FE-Y SYSTEM

The aim of the present work is the optimization of thermodynamic descrip-
tion of the Fe-Y system. Critical review of the literature data was performed
and available experimental and calculated data were collected. Thermodynamic
parameters for all phases in the Fe-Y system were optimized using the Cal-
PhaD method. The application of general «®»- method has shown that results
calculated in the present work describe experimental data better than thermo-
dynamic descriptions published earlier.
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B3AUMHOE BJIUAHUE YI'JIEPOJA U BAKAHCHUHA
HA MUTPAIIUIO TOYEUYHBIX JE®EKTOB B 0-KEJIE3E

VYraepon Bceria MpUCYTCTBYET B CIUIABaX JKejle3a, B TOM YHCIEC B BBICOKO-
4yrCcThIX 00pasiax. Ho gaxe Takoe Manoe KOJHYECTBO yriiepo/ia CIOCOOHO OKa-
3bIBaTh 3aMETHOEC BJIMSHUC HAa YHCPreTUYCCKUEC M KUHETUYCCKUE CBOWCTBA TO-
YEUYHBIX Ie)EKTOB B 3TUX CILIaBaX.

[TpuMeHEeHHE METOZI0B KOMIIBIOTEPHOT'O MOJICIMPOBAHUSI TIO3BOJISIET ITPOBO-
JIUTh JIETAIbHBIC PACUYEThl XAPAKTEPUCTHK AC(EKTOB B KPHUCTAIUTUUECKOM pe-
HIETKE.

B pabote nokazaHo, 4T0 00pa30BaHKE KOMILIEKCA BAKAHCHUSI-YTJICPO TPH-
BOJIUT K OTKIIOHEHHUIO OT 3aKOHA AppeHuyca /Ui BakaHCHil. DPHEKTHUBHBIC KO-
s dunreHTs TP QPy3un BaKAHCHU U aTOMa YTJIEPOia B JKEJIe3e PACCUUTAHBI B
3aBUCHMOCTH OT TeMmeparypbl. [1onydeHHbIe Pe3yabTaThl PACKPBIBAIOT BaXK-
HYIO POJIb KOMILICKCOB YIJICPO/-BaKaHCHs B U3MCHCHUU MMOJBHKHOCTH BaKaH-
CHIi IPY HAJIMYWH YIJIEPO/Ia U MO3BOJISIOT O0BSICHUTH 00pa30BaHue cerperamnuit
yriepoJia B OKpECTHOCTH I10P.

L.V.SELEZNEVA!, A.V.NAZAROV?
LJSC «Red Stary, Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

MUTUAL INFLUENCE OF CARBON AND VACANCY
ON POINT DEFECT MIGRATION IN a-IRON

Carbon atoms are always present in a-iron, either as impurities even in high
purity samples. Although when carbon is present only in very small amounts, it
is expected to have a mutual influence on the energetic and kinetic properties of
point defects in these materials.

Simulation computers methods calculations have been performed to study
the interaction between carbon atoms and vacancies (V) in a-Fe.

The vacancy diffusivity is shown to be significantly modified by the for-
mation of vacancy-carbon complexes, exhibiting non-Arrhenius behavior. Ef-
fective diffusion coefficients of vacancy and of carbon in a-Fe are calculated as
a function of temperature. The present results reveal the important role of va-
cancy-carbon complex to modify vacancy mobility in presence of carbon and
help to explain the formation of carbon segregation in the void neighborhood.
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OCOBEHHOCTHU U3MEPEHUA HECTUXUOMETPUN
JANOKCHUIA YPAHA METOJOM TEPMOI'PABUMETPUN

IIpoBenen 0030p TEPMOTPABUMETPUUECKHX METOAUK ONPECICHHs HeCcTe-
XMOMETPUH JMOKCH/A ypaHa. PacCMOTPEHBbI PEKUMBI OKHCIICHHS Ha BO3IyXE
MO0 Pa3UYHbIM TEMIIEPATYPHBIM Mporpammam. [IpoBeseHa OLeHKa OCHOBHBIX
[apaMeTpOB, KOTOPBIC BIHUSIOT HA TOYHOCTh MOTYYaEMbIX pe3ynbTatoB. OKuc-
JeHueM TabJeTOK, COJEPIKAIIUX BHIFOPAOIINI MOTIOTUTENh HEUTPOHOB (10
8% Gd203) onpenenieHo OTHOIIEHHE KUCIOpoa/MeTat. [IpeaoKeHbl peKUMBbI
OKHCJICHHS, KaK YACTOrO JHUOKCHIA ypaHa, TaK U ¢ J00aBKaMH OKCHJIa raJoJiu-
HUS, TIO3BOJISIIOLIME OMNPEACIATh OTHOLICHUE KHCIOPOJ/METall C TOYHOCTBIO
He xyxe £0,002 Ha HaBeckax maccoil okoso 3 r. IIpoBeneHa nmpoBepka Momy-
YCHHBIX PSIKUMOB Ha 00pa3liax ¢ U3BECTHBIM COJCPKAHHEM KHCIOpO/a, H3Me-
PEHHOM JPYTUMU METOAAMMU.

AV.TENISHEV, R.S.KUZMIN, M.E.MATVENOQV,
V.V.MIKHALCHIK, D.P.SHORNIKOV

National Research Nuclear University « MEPhIy, Moscow, Russia

FEATURES OF URANIUM DIOXIDE NONSTOICHIOMETRY
MEASUREMENTS BY THERMOGRAVIMETRY

Thermogravimetric methods for determining of the uranium dioxide non-
stoichiometry were reviewed. The specific features of oxidation in air at differ-
ent temperature programs were shown. Main parameters affecting the accuracy
of the results were estimated. The oxygen to metal ratio was determined by ox-
idation of pellets containing burning neutron absorber (to 8% Gd;03). Oxi-
dation regimes with an accuracy of determining the oxygen to metal ratio
+0.002 by using ~ 3 g samples were proposed for pure uranium dioxide and
with gadolinia additives. The regimes were tested on samples with known oxy-
gen concentration, measured by different techniques.
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INPOSABJIEHUE ®EPPO - AHTUOEPPOMATHUTHOI'O
®A30BOI'O NEPEXOJA B METACTABUJIBHBIX CIIJIABAX
BOI'ATBIX Cr B BUJE HEMOHOTOHHBIX
TEMIIEPATYPHBIX 3ABUCUMOCTEM TEILIOEMKOCTH
JABYX®A3ZHBIX CIIJTABOB CUCTEMBI Fe-Cr

B pabote omuchiBaeTCs HEOOBIYHOE TTOBEICHNUE TEMIIEPATyPHBIX 3aBUCHMO-
creil Teruoemkocreit OLIK cnmaBoB cucrembr Fe—Cr, 00yciioBiIeHHOTO Haju-
yreM (eppo — aHTH(HEPPOMATHUTHOTO (a30BOrO MEpexo/ia COCTABOB, OOraThiX
XPOMOM.

HUccrnenoBanms 0plm ogaepsxansl mpoekroM PODI-03-13-00462.

A.L.UDOVSKY*? D.AVASILYEV!
!Baikov Institute of Metallurgy and Material Sciences of RAS
2National Research Nuclear University « MEPhI», Moscow, Russia

MANIFESTATION OF FERROMAGNETIC - ANTIFERRO-
MAGNETIC PHASE TRANSITION IN METASTABLE Cr RICH
ALLOYS IN FORM OF NON-MONOTONIC TEMPERATURE
DEPENDENCES OF HEAT CAPACITY OF TWO-PHASE
ALLOYS IN THE Fe-Cr SYSTEM

The paper describes the unusual behavior of the temperature dependences of
the specific heats of the bcc Fe-Cr alloys, due to the presence of ferro — antifer-
romagnetic phase transition for Cr — rich compositions.

Researches were supported by a grant of RFBR-03-13-00462.
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MPUMEHEHUWE TPEXITIOJIPEIIETOYHOM MOJIEJIU 1JI5
PACYETOB CTPYKTYPHBIX U TEPMOANHAMHNYECKUX
CBOMCTB o- ®A3bI B CUCTEME FE-V

B npubmmKkeHHH TPeX-TOAPENIETOYHON MOIEIHN IPOBEIEHBI pacye-
TBI CTPYKTYPHBIX M TEPMOJUHAMHUYCCKUX CBOHCTB G— (ha3bl CHCTEMBI
Fe-V B 3aBHCHMOCTH OT cocTaBa W Temmneparypbl. [IpeackaszaHbl 3aBu-
CUMOCTH TEPMOJMHAMHYCCKUX CBOWCTB (MoTeHIuana ['md0ca, sHTAIb-
MUY ¥ DHTPOIMHK CMEIICHUs) 111 6— (a3sl cucTeMbl Fe-V B 3aBHCHMO-
CTH OT COCTaBa U TeMIIEPaTypPHl.

HUccnenopanns nonaepxanbl rpantoMm PODI-03-13-00462.

A.L.UDOVSKII*?, M.V.KUPAVTSEV!
'Federal state budgetary organization of the science Baikov Institute of Metal-
lurgy and Materials Science, Russian Academy of Sciences, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

THE APPLICATION OF THREE-SUBLATTICE MODEL FOR
CALCULATING THE STRUCTURAL AND THERMODYNAM-
IC PROPERTIES OF c-PHASE IN THE FE-V SYSTEM

The three-sub-lattice approximation model calculations of the structural and
thermodynamic properties of the Sigma - phase of the Fe-V system , depending
on the composition and temperature, have been obtained. Thermodynamic
properties (Gibbs potential, enthalpy and entropy of mixing) for c—phase Fe-V
system depending on the composition and temperature were predicted.
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COBPEMEHHBIE OTEYECTBEHHBIE IIPUBOPbI
U METOJUKH JJ151 KOMILIEKCHOM TUATHOCTUKU
MEXAHUYECKHX CBOIICTB MATEPHUAJIOB

BaxnpiMu mapameTpamMu KOHTPOJS CTape€HUs W Jerpajaly MaTepuajioB
SIBJISIIOTCSL MX MEXaHWYeCKHe CBOWCTBa. JlaHHble mapameTpsl: TBEPAOCTb, MO-
JIyJb YOPYTOCTH, TPEIIMHOCTONKOCTh MOTYT OBITh MCCIICAOBAHBI IPU TTOMOIIH
HaHoTBepAoMepoB «HanoCkaH», TO3BOJSMIOMIUX U3MEPSITh MEXaHUYECKUE
CBOICTBAa HA HAHOMETPOBBIX M CYOMHKPOHHBIX MACIITa0ax JIMHCHHBIX pa3me-
poB. B pabote paccMOTpeHBI METO/IbI ABTOMATU3AI[UH UCIIBITAHUN U YCKOPEHHUS
00pabOTKN TaHHBIX: MHOKECTBEHHBIC M3MEPCHUS IS IOCTPOCHUS KapT MeXa-
HUYECKUX HEOTHOPOJHOCTEH, UCIIOJIb30BAHUE SI3bIKAa MAKPOKOMAaHJ, pacCMOT-
PCHBI TIPOTPaMMHBIE aJITOPUTMBI JJIs1 YCKOPEHHsT 00paboTKH OONBIINX MacCH-
BOB JaHHBIX.

A.S.USEINOV?, E.V.GLADKIH!, M.D.BUTYTO?,
V.N.RESHETOV?, A.A.RUSAKOV*
'FSBI TISNCM, Troitsk, Moscow, Russia
2National Research Nuclear University « MEPhI», Moscow, Russia

MODERN DOMESTIC DEVICES AND METHODS FOR
COMPLEX DIAGNOSTICS OF MATERIAL PROPERTIES

Mechanical properties are of importance to material’s degradation and age-
ing control. Such properties as the hardness, elastic modulus or fracture tough-
ness can be studied with the help of “NanoScan” nanohardness tester. These
devices are capable of measuring the mechanical properties at nano and sub-
micro scales of the linear dimensions. The work concerns methods for the
measurements automatization and data processing acceleration, which includes
multiple measurements for the mechanical inhomogeneities mapping, macro
language usage, program algorithms for the large data processing acceleration.
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HOBbBIE MATEPUAJIbI — )KMU3HEHHBIM [IUKJI MATEPUAJIOB:
CTAPEHME U JETPAOALIVIA MATEPUAJIOB B ITPOLIECCE
SKCIUIYATAIIMU SADY.
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