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nxrepsane 2,410 — 2,4107% ¢! Ha MexaHWYeCKWe CBOCTBA U feopmanm-
OHHOe MoBefeHune cmnasa 3110. B sxcnepnMeHTax UCIONb30BANUCDL KOJlb-
11eBble 00Pasllbl, U3TOTOBIEHHLIE U3 0007109kK TB3Na BBIP (J9,1x7,73 mMm.
[TonyyeHs 3aBUCUMOCTU XapaKTePUCTUK MPOYHOCTU (YCOBHBIWA ITpefen
TEKYYEeCTH, Tpefiel MPOYHOCTH, UCTUHHOE COITPOTUBIIEHWE PA3PLIBY) U INa-
CTUYHOCTU (PaBHOMEPHOE YANUHEHUe, OTHOCUTEIbHOE OCTATOUHOE YAJIUHE-
HUe, OTHOCUTENbHOE 0CTAaTOYHOE CyXeHue) crnasa 3110 oT TeMmepaTyps
cxopoctu fedopmanun. MccnenoBato BauAHMeE MapaMeTPOB HATPYKEHUA Ha
HampsXeHue TeyeHua cmnasa 3110, Ans yero 6N MONYIEHB UCTUHHbIE
LVarpaMMsl e OpMUPOBaHUA, ONIPEEeJIEHb! CTeNeH U e(opMalMOHHOTO U
CKOPOCTHOTO YIIPOUHEHUN.

Uccnepyercs Bananue Temneparyps 1o 1273 K v ckopoctu pedopmanuu B

KnioueBble cnoBa: cnnas 3110, npefen TeKy4eCcTH, Npefen NpoYHOCTU, UCTUHHOE CO-
NPOTUB/EHWNE Pa3pbiBY, pABHOMEPHOE YANUHEHWNE, OTHOCUTENIbHOE OCTAaTOYHOE YAINHe-
HUE, OTHOCUTEIbHOE OCTAaTOYHOE CyXKeHUe, fLehOpPMaLMOHHOE YNPOYHEHWE, YyBCTBUTESb-
HOCTb K CKOPOCTM fiedhopMaLum, HanpsKeHUe TeYeHUs, CKOPOCTb AehOpMaLIMK, UCTUHHAS
pedopmaumsa, Temnepartypa.

Key words: E110 alloy, yield stress, ultimate stress, true stress at burst, uniform
elongation, residual elongation, residual necking, deformation hardening, strain rate
sensitivities, flow stress, strain rate, true stress, true strain, temperature.

BBEAEHME

Cnnas 3110 (Zr-1%Nb) sBnseTcs OAHUM U3 OCHOBHbIX KOHCTPYKLMOHHbIX MaTepua-
nos A3 peaktopa Tuna BB3P 1 ucnonb3yercs ans nsrotoneHus obonoyek teanos [1],
TaK Kak o6nafaet Habopom HEOOXOAMMBIX IKCMNYATALMOHHbIX CBOICTB, @ UMEHHO, HU3-
KMM CeYeHMeM B3aMMOLENCTBUA C TENOBbIMU HENTPOHAMMU, KOPPO3MOHHON CTOMKOCTbIO
B CTALMOHAPHbIX PEXMUMAX IKCMIyATALUM, MEXAHUYECKO NPOYHOCTLIO U p. [2-4]. Pa-
60TOCNOCOOGHOCTL pEaKTOpa U MHOTUE TEXHUKO-IKOHOMMUYeCcKue xapakTepuctuku A3C, a
TaKXe ero 6€30MacHOCTb B YCJI0BUAX HOPMaNbHOM IKCMyaTaL MK U NpY ee HapyLeHUsAX
B aBapUMHbIX PEXMUMAX B YCIOBUAX CEMCMUYECKUX BO3LENCTBUI B 3HAUUTENbHOW cTene-
HUW 3aBUCAT OT MexaHMYyeckux cBoiicTB cnnasa 3110. MHTepec Kk faHHOMY cnnaBy 06bsC-
HAeTCA TeM, 4To 060/104Ka TBINA ABNAETCA OJHWUM U3 NepBbIX HM3nYecknx 6apbepoB Ha
NyTW pacnpoCcTpaHeHNs OHU3UPYIOLWETO U3NIYYEHUSA U PAANOAKTUBHBIX BELLECTB B OKPY-
Xatouyto cpegy. Tem 6onee, 4To U cam TB3N OTHOCUTCA K NepBoMy (Haubonee BbICOKO-
My) Knaccy KOHCTPYKTUBHBIX 3/IEMEHTOB, BAMALWMX Ha 6e3onacHocTb AIC [5-7]. B cBA3m
C OrpaHUYeHHbIM YUCNOM Ny6MKALMIA NO faHHO Npobneme B paboTe M3y4anoch BAUsA-
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Hue Temnepatypbl 4o 1273 K (B a- u B-o6nactax) u ckopoctu aedopmaumn B MH-
TepBane 2,4107% — 2,41072 ¢! Ha MexaHM4eckue cBoiICTBA U fehopMaLMOHHOE Mo-
BefeHue cnnasa 3110.

AKTYanbHOCTb NPOBEAEHHbIX UCCNEA0BAHUIA 00YCNOBNE€HA HEAOCTATKOM 3KCnepu-
MEHTaNIbHbIX AAHHbIX O MEXAHUYECKUX CBOWCTBAX M Ae(OpPMaLMOHHOM NOBeLEHUMN Cnna-
Ba 3110 npu 3HAYMTENILHOM BapbMPOBAHWUM TEMNEPATYP M CKOPOCTEH UCMbITAHUIA, KO-
Topble Heobxoaumbl ans pacyetos HIC 060n104kM TB3NA B HOPMANbHBIX YCAOBUAX IKC-
nayatauuu, Npyu CeicMUYECKUX BO3AENCTBUSX, B aBapusx npu obpaweHun c AT, a Tak-
e B MPOEKTHbIX aBapuax [16-21].

MATEPUANT U METOAUKA IKCNEPUMEHTA

B akcnepumeHTax Mcnonb30Banucb KonblieBble 06pasLbl (MCNbITAHUA B TaHTeH-
UMaNbHOM HanpaBleHWUU) BbLICOTON 2,7 MM, U3rOTOBJEHHbIE U3 060/M04KM TBINA
29,1x7,73 mm no meTtoauke [8]. [nuHa pabouyeit yacTu KonbLeBoro obpasua 7,9 mMm
o6ycnoBneHa fuamMeTpamm 060JI0UKM U MPUMEHAEMBIX LMAUHAPUYECKUX omop (4 MM)
[9]. PacTaxeHue KonbLEBbIX 00pPa3LOB OCYLECTBAANOCL NMPU CKOPOCTAX AedopMa-
unn 2,4107% - 2,41072 ¢! n temnepatypax 293-1273 K. WcnbiTaHus npu Temnepa-
Typax 293-673 K npoBefeHbl Ha BO3ayxe, a npu 6onee BbICOKMX TeMmepaTypax B
Bakyyme 10* MM pT.cT. HarpeB obpa3ua Ao Temnepatypbl UCMbITAHUA MPOUCXOAUN
B TeyeHue 15-TW MUHYT C nocnepyowen Bolgepxkon 10 MuH. MexaHunyeckune ucnbl-
TaHWA nNpu TemnepaTtypax Ao 673 K npoBeAeHbl Ha UCNbITaTeNbHON MallMHe TMna
Instron, BbicOKOTEMNepaTypHble — HA MUCMbITaTeNbHOW MawuHe 1246-2/23001.

PE3Y/IbTATbl UCCNIEAOBAHUNA U UX OBCYXAEHUE

Ha pucyHkax 1, 2 npefcrtaB/ieHbl 3KCNepUMEHTabHble AaHHble O CTaHAAPTHbIX Xa-
paKTEPMCTUKAX NPOYHOCTM U NAACTUYHOCTM CMaBa B 3aBUCUMOCTM OT TeMmnepaTypbl
(G0 — YCNOBHbI Npefen TekyyecTu; Sg — Npeaen NpoyHoCTH; Sx — UCTUHHOE COonpo-
TUBJIEHME Pa3pbiBY; O, — PaBHOMEPHOE YAJIMHEHWE; & — OTHOCUTENbHOE OCTAaTOYHOE
YANMHEHUE; \y — OTHOCUTENIbHOE OCTAaTOYHOe CyXeHue; T — Temnepatypa).

[lnsa Kaxnon Temnepatypbl UCMBITAHUA U CKOpOCTM fedopMauun Obiin npose-
LEeHbl 3KCMEepUMeHTbl N0 UCCNefO0BaHUID 3aBUCUMOCTU HANpPAXEHUs TeyeHus oT
BEIMYMHBI nnacTuyeckoit fedopmauyun. B pesynbrate GbiAM NonyyeHsl Anarpammbl
pedopmupoBaHus cnnasa 3110 B KoopAaMHaTax UCTUHHOE HanpsxeHue (o) - uc-
TUHHas pedopmauns (g) [10], u3 KoTopbix cnepyet, 4yto fo gedopmaunit ~ 0.2 pe-
tbopmMaLMOHHOE yNpOYHEHMEe MPOUCXOAUT MO CTeNeHHOMY 3aKoHy. [1pu Temnepa-
Typax 293-623 K B o6nactv 6onbwux nnactudeckux aedopmaunii (€ > 0,2) ckopocTb
YNpOYHEHUA BO3pacTaeT W 3aBUCUMOCTb HanmpsxeHus oT gedopmauun CTaHOBUTCA
NuHenHon. [edopmauns, Ha4MHAA C KOTOPOW NPosABAAETCA AaHHbIA 3DEKT, NpaKTu-
YeCKM He 3aBUCUT OT CKOPOCTW, HO yBeAUYMBAETCA C POCTOM TemnepaTypsl. [pu Tem-
nepatypax 673 K u Bbiwe gecdopMaLnoHHOE yNpoYHeHWe NOJYMHARTCA CTENeHHOMY
3aKoHy. WcTuHHble guarpammbl fechopMupoBaHus B 061aCTU CTENEHHON 3aBUCUMMOCTH
HanpsXXeHNs TeyeHus oT Aecdopmauun 6N anMPOKCMMUPOBAHbLI ypaBHeHueM [11]

o(g, &) = 0o & %M, (1)
A€ Go — KOHCTaHTa; oL — CTeneHb CKOPOCTHOTO YNpOYHeHUs; m — cTeneHb fedopma-

UMOHHOTO YNPOYHEHUSA; €M € — CKOPOCTb M BEAMUYMHA NMNACTUYECKON fecopmauum co-
OTBETCTBEHHO. KOHCTaHTa o XapaKTepu3yeT YyBCTBUTENbHOCTb HAMPAXKEHUS TeYEHUS
K CKOpoCTU fedopMaLnu, a KOHCTaHTa M — K BENWYMHE NIACTUYECKOW fedopmaLnu.
Ha pucyHkax 3, 4 npuBefeHbl 3aBUCUMOCTH CTeneHeil fedOpMaLUOHHOIO U CKOPOCT-
HOro YNpOYHEHWI OT TEMNepaTypbl UCMbITAHMA.
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AHann3 3KCnepuMeHTOB NPUBOAUT K CNeAYIOLWMUM BbIBOLAM.

1. Mpu Temnepatypax 500-900 K Habntopaetca atepmuyeckas obnactb Ha 3a-
BUCMMOCTAX XapaKTepUCTUK MPOYHOCTM OT Temnepatypsl (puc.la). Mpu 3TomM Ha
3asucumoctax d(7) n o(T) (puc.2, 3) HabnoAATCA NOKANbHbIe MUHUMYMbI. Takoe
nosefieHne o0bycnoBieHo 3PGHeKTOM AUHAMUYECKOro AedOpMaLMOHHOrO CTapeHus
(BAC) [12], KoTOpbIit BbI3BAH TOPMOXEHUEM ABUKYLWUXCA AMCNOKaLuii atMocte-
pamMu MOABWXHbIX aTOMOB npumeceit BHefpeHus (atmocchepamu KoTtpenna), a Tak-
e B3aMMOAENCTBMEM NOABMMKHbBIX AUCNOKALMIA C BAKAHCUMOHHBIMU CKOMAEHUAMM
BOKPYr ManonoABMXHbIX aTOMOB npumecei 3amewenuns [13]. Kak BuaHo, Temne-
paTypHas obnactb nposBnenus ALC cmewaercs B CTOPOHY YBENMYEHUA Temnepa-
Typbl C POCTOM CKOPOCTW Aedopmauuu (puc. 1), 4To cornacyercs C pesyabTaTamu
[12-14]. OuyeBupHo Takxe, yto 3chdekt OAC Ha cnnaBe 3110 «cmasaH», T.e. He TAKOM
YeTKUW, Kak Hanpumep, y ctaneit [13], NO3TOMY OLEHUTL €ro IHEPrui0 aKTUBALUM
He NpefCcTaBNAETCA BO3MOXHbIM.

2. B obnactn Temnepatyp 900-1200 K cCKOPOCTb CHUXKEHMS MPOYHOCTHBIX Xa-
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PaKTEPUCTUK C POCTOM TeMmnepaTypbl yBenuuymusaetcs (puc. 1), 4to obycnoBneHo
tha3zoBbIM npeBpalweHuem [15].

3. B untepBane temnepatyp 1100-1150 K Ha 3aBMCMMOCTAX Npeaena TeKy4ecTu u
npefena NpoYHOCTU OT TemnepaTtypsl HabngaeTcs NOKaNbHbIA MUHUMYM (puc. 1a). B
TO e BpeMs BeNIMYMHbl OTHOCUTENIbHOrO OCTaTOYHOr0 YANMHEHUA U YYBCTBUTENbLHOC-
TU HaNpAXeHUA TeYeHWUs K CKOpPOCTW AedopMaumMn [OCTUTalOT MaKCUMaNnbHbIX 3Haye-
Huit (puc. 2a, 3). Takoe noBefeHMe xapakTepHO Ana 3ddeKTa CBEPXNNACTUYHOCTH,
06yCNOBNEHHOrO MENKO3epHUCTOM CTpYKTypon (hopmupytoweiica B pesynbrate no-
nMMOpdHOro npespaLieHns) n KomMGMHaLMeN BO3BpaTa U 3€PHOTPAHUYHOTO MPOCKab-
3biBaHua [15]. Mpu yBennyeHun ckopoctn fedopmaunn 3hdekT pe3ko CHUKaeTcs u
NpaKTUYECKN UcYe3aeT npu ckopoctu aedopmauyun 2,4-1072 ¢ (puc. 1, 2).

4. Bup 3asucumoctent y(T) n m(T) (puc. 2, 4) He NO3BOAAET BbIAENUTb HA HUX
kakue nub0o ocobeHHble 061aCTU, CBA3AHHbIE C TEM WAU WHBIM MUKPOCKOMUYECKUM
npoLeccom uanM mMexaHw3smMom fedopMMpOBaHUSA.

5. Mpu Temnepatypax 6onee 900 K 3HayeHus Sg U Sy NpakTMYecKM coBMagaioT

(puc. 1) (BbinonHaATCA ycnoBua & =const, € =const), 4To No3BONAET rOBOPUTHL O
HanM4YnUKM «yCTaHOBMBLIEHCA non3yyecTux». Mpu MeHbWNX TeMnepaTypax fedopmuposa-

HUE NponcxoanT C yNnpoYHEHNEM.

SAKNIOYEHHUE

B pe3ynbtaTe npoBefeHHbIX UCCNe[0BAHMI NOAYUYEHbl 3aBUCUMOCTU XapaKTEPUCTUK
NPOYHOCTU (YCNOBHBI Npefen TeKy4ecTn, npefen NpoyHoOCTW, UCTUHHOE CONpoTUBe-
HUe pa3pbiBy) M NAACTUYHOCTM (PaBHOMEpPHOE YAJIMHEHUE, OTHOCUTENbHOE OCTATOY-
HOe y[/IMHEHNe, OTHOCUTENbHOE OCTaTOYHOe CyxeHue) cnnasa 3110 ot Temnepatypsbl
n ckopoctu gedopmaunn. WccneposaHo BAnAHWE TeMnepaTypHO-CKOPOCTHbIX napa-
METPOB HarpyxeHua Ha HanpaxeHue TedyeHua cnnaea 3110, ans yero Ha OCHOBAHUU
WCTWHHBIX Juarpamm feopMMpoBaHWA onpefeneHbl cteneHn fedopMaLMoHHOro u
CKOPOCTHOTO YyNpOYHeHW. IKCNepUMeHTbl NPOBeLEeHbl B MHTEpBane TemnepaTtyp oT
293 K po 1273 K npu ckopocTsax gedopmauun 2,4107* - 2,41072 c~%, Bcero nonyyeHo
6onee 780-TM TOYEK HA MOBEPXHOCTU TEYEHUS.
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Belozerov V.1, Shilina A.S., Ananieva 0.A., Kunizina T.E., Gordienko A.B.; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering)
Obnibsk, 2013. 8 pages, 5 illustrations. References, 10 titles.

The paper presents the results of research on hydrogen generation in heterogeneous compositions
containing aluminum, liquid sodium glass, crystalline sodium metasilicate and water of varying salinity.
Found that silicon reagents remove the passivation oxide coating on the surface of aluminum and its
translation into an activated state, effectively decompose water into hydrogen. Chemical
decomposition into hydrogen efficiently are aqueous solutions with varying degrees of mineralization.
The process of generating hydrogen is carried out at low temperatures and atmospheric pressure at
high speed and theoretically limiting the release of hydrogen H, 0.12 kg / 1 kg of AL The study of
chemical processes of decomposition and removal of surface oxide films and the generation of
hydrogen from restoration water by reactor metallic materials is one of the tasks of hydrogen safety
for nuclear power plants.

VIK 621.039.586.001.57

Application of computer codes RELAP\SCDAP and MELCOR for the analysis of management of WWER-1000 accidents
\ Samokhin D.S., Chuklin A.A.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 10 pages, 4 tables,
5 illustrations. References, 7 titles.

The article describes the problem of shortage of significant information about the processes occurring
in a nuclear reactor during heavy failure, about parameters of these processes, and as consequence, absence
of optimum actions for management of heavy failures. The article gives a description of power plants,
performed with the code MELCOR. There is compares the results of calculations of WWER-1000 severe
accidents generated by means computer codes MELCOR and RELAP/SCDAP.

VAK 621.039.586: 536.42

About the Nature of the course of BN Reactor beyond Design Accidents under post-accident Core Materials
Relocation \ Vlasichev G.N.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 7 pages, 3 illustrations. References,
22 titles.

In the safety analysis of BN reactor accepted division of beyond design accident into four stages: initial,
transitional, post-accident material relocation and post-accident heat removal. Formed in transitional
stage as a result of the molten cladding relocation and solidification initial steel blockages of channels for
a while impede the flow down of liquid fuel and form a solid foundation for the pool. To move the fuel in
channels it is required at first a melting of blockages. After reactor shutdown it is possible in the case of
insufficient heat to the surrounding fuel assemblies. Under melt-through of blockage the melt will be flow
into the channels between the yet solid parts of the fuel rods at some length, it hardens there and again forms
a layer of blockages. As a result, the process of heat-generating mass moving will be not smooth, and the
intermittent nature and will consist of repeating phases: melt-through of blockages layer, leaking of melt at
some length and solidification, the melting of the next layer, etc.

VK 620.172.251.222

Mechanical properties of E110 alloy at temperature range up to 1273K \ Izmalkov I.N., Loshmanov L.P., Kostyukhina
A.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 7 pages, 4 illustrations. References, 22 titles.

E110 alloy is one of the main structural materials of VVER type reactor core. The effect of temperature
up to 1273 K and strain rate on the mechanical properties of the E110alloy have been studied. The
ring samplesmanufactured from VVER fuel rod cladding was tested. Tests have been conducted in the
air and in a vacuum. As a result the strength and ductility properties of E110the alloy have been
developed.

VK 621.039.54
Hybrid technique for shielding calculations on basis of CADIS \ Suslov I. R., Lyamcev L.A., Chernov S.V.; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools.
Nuclear Power Engineering) Obnibsk, 2013. 9 pages, 3 tables, 3 illustrations. References, 20 titles.

Presented a hybrid technique for shielding calculation that uses continuous energy Monte Carlo
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