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[poekT:
Co3paHue BblYUCIUTENbHbIX MHCTPYMEHTOB A1l NpeAckKa3aHna yrpoYHeHnUs ctaneu

Y4yacTHUKM:

BHUWUA (r. MockBa), MU®U (r. MockBa), CkonTex (r. MockBa), UPM (r. 3ape4Hbin),
UDM (r. EkatepnHOypr), OUBT (r. MockBa), POAL-BHUNT® (r. CHEXXUHCK)

Hderpapgauusa CBOUCTB KOHCTPYKLUOHHBLIX MaTepuarioB Npu ANIMTENIbHOM PEaKTOPHOM
obny4yeHun

[NlepcnekTnBHbIe Hepacnyxarwme ctanm umerot OLIK cTpykTypy n oka3biBaroTCS
HeyCcToOM4YnBbIMM K (ha3oBOMY pacnagy
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A3T — Tomorpammbl (B pamke — Isheim D. et al., Scr. Mater. 55 (2006), pp. 35-40.)
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4.16 cHa, 380°C 1.5+£0.04 9.32

AOaHHble No MoaenbHbiM Fe-Cr cnnaBam:
4.02 cHa, 498°C 1.6+0.07 4.35 F. Bergner et al., J. Nucl. Mater. 448 (2014) pp. 96—102 9
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iy RU2022662968
Computational Materials Science 229 (2023) 112383
Contents lists available at ScienceDirect
OEJEPATIEHAA CITVEEA ) ) )
1O HHTEJUIEK TY AJIBHOH COBCTBEHHOCTH Computational Materials Science
rNOCYIJAPCTBEHHA S PETHCTPAITHUA ITPOTPAMMEI 1714 DBM £ aSlke
ELSEVIER journal homepage: www.elsevier.com/locate/commatsci
Hostep per#cTpauiH (CRHIETENLCTRA ) ABTOP(RI)
2022662068 Hpeson Broamasmp Boamaaaponeg (R1T), .
. Full length article
Hata perscrpaig: 08.072022 Huanean Anexceli Brramenmy (R1),
Homep  1aTa NOCTYILIEHHS 3aABKH! Casun [lmurpai Heanosay (RU), Atomistic simulation of hardening in bcc iron-based alloys caused by
2022662412 01.07.2022 Yupron [Napen Boapasmposag (BT, nanoprecipitates
HaTta nyDIHEAIHE B HOMED DIOIeTeHs: Ilamesn Anexcannp Bacumenwy (R1T),
08072022 Bion. Ne 7 Kocmiouenxo Tatsana Cepreesna (RU) A.V. Karavaev »"", P.V. Chirkov ?, R.M. Kichigin ", V.V. Dremov ?
. # Federal State Unitary Enterprise “Russion Federal Nuclear Center - Zababakhin All-Russia Research Institute of Technical Physics”, Snezhinsk, Chelyabinsk
KoMTakTHLIE PEKBHINTLL Memzon Enrenmii Anexcannpone (R1U), Region 456770, Fuein it
HET MNoxatamenn [Mapen Anexcangponag (R17), b Snezhinsk Physics and Technology Institute, National Nuclear Research University “MEPhI” (Moscow Engineering Physics Institute), Snezhinsk, Chelyabinsk
i | s i A RU) Region 456770, Russia
Kapasaen Anexcefi Banepramopay (R17),
Eranran Povan Muxatinosea (E17) ARTICLE INFO ABSTRACT
IIpﬂ.ﬂl.mﬁ.-[aﬂ,ﬂTEﬂ B H): Keywords: The paper presents results of atomistic simulations of hardening in model bee iron-based alloys due to
Poccriickas wﬁm OT HMEHH Hﬂmpﬂﬂ Hardening secondary phase precipitates formation. The simulations are based on shear stress relaxation technique and
Secondary phase precipitates experimental data on morphology of precipitates. Atomistic methods were developed to reproduce the shear
BRICTYTIAET FNFMPCTW KOpOopanHs mo bec Ir,c’r‘,'ba,sm all?ys strength of bee iron-based materials. The large-scale atomistic simulations were carried out for model binary
ATOMIOH SHEPTHA #POCaTOM mm Atomistie simulations alloys: Fe-Cr imitating low-carbon ferritic and ferritic-martensitic steels and Fe-Cu imitating low-carbon
bainitic steel. A representative set of atomic structures is compiled with account for the chemical composition
and concentration and size of secondary phase, comparable with those in steels of the considered classes and
Hapamue MpOTPaMMEL T8 SBM: available- :?xperim-ental datz? on radiation and theFma.l i.nduced- precipitat-ion. Obtained results on hardening
nwmm CPeNCTBO [UIH PAcYeTa uﬁpaaﬂmm q]ﬂ‘!)ll:ll BELTENEHEH B VIpOYHEHHs were verified against experimental data and the dispersed barrier hardening model.

Pedepart:

[porpasya nna 3BM npeanatnadena QN8 pacdeTa XAPAKTEPHCTHE KOTEPEHTHRIX BTOPHYHEIX fat 1
VIIPOYHEHHA MPH peakTopaoM obnydenmn. [Iporpasya obecnedHpaeT BLEIMONTHENHE CIeTYIOIIHK
DyHKIHI: MHOTOMACTIITAOHOE MOIETHPOBAHHE IBOTIONHH ATOMHOM CTPYKTYPL MHOTOKOMIIOHEHTHEIX
CHCTEM; BOIMOKEH YueT HaMTHCTHIECKOTO NEPEMETIHBANKA, BIHAHHA KNACTEPOB MEKTOVITHA H
konefaTensHOR JHTPOMHH, PACYET XAPAKTEPHCTHE KOTEPEHTHEIX BTOPHYHEIX (a3, of0patvionHica
MPH MOJETHPOBAHHH 00TYHEHHA; PACYET YIPOYHEHHA OT 0DPAI0BARIIHICH KOTePEHTHEIX BTOPHYHELX
fas. Tun 2BM: IBM PCcopmect. ITK. OC: Linux ¢ pepcueit aapa ve mensie 4.9.
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3aBUCUMOCTb Nnpegena TekyydecTn ans
KpaeBbIX AUCIIOKaUMin B CUCTEME
ckonbxeHus {110}<111>,
OCTaHaBNMBaeMbIX XPOMOBbIMU
npeunnuTatamMn pasHbiX pasmMepos npu
pasmepe Moaennpyemomn cUcTembl B
HanpaBneHun gmucrokauymm Ly = 46.7 HM

Cucmema pasmepom 50.2 x 46.7 x 243 Hm,

~48-105 amomos

MopgernbHbIM XpOMOBBIN NpeununuTaT n c
ydeTtom mopdoonorum 1200 n 1044 atomos
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PacueT KpUTUYECKUX HanpsHKeHUun
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* Yucno nokasbiBaeT KONMYECTBO HE3ABUCUMbIX pac4yeToB

+ CT. OTKJI.

o67*

3ABABAXHCKWNE
D) 3Hq |HAV‘~IHbIE YTEHWNA

2025

POAL-BHUNT®D
POCATOM

O

[Mpsamoe KM mopenvpoBaHMe OeKOPMPOBAHUSA KPaeBoM
amcnokaumm B OUK »xenese, npuHagnexalwen cucrteme
ckonbxenua {100}<111>, yrnepogoM — GOPMUPOBaHME
aTMocdepbl KoTTpena. MogenmpoaHue npu T=0.52 T,
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a) Jaoul B., Gonzalez D. // Journal of the Mechanics and Physics of Solids. — 1967. — Vol. 9. — P T6.

6) Stein R. P, Brick R. M. // Transactions of the American Society for Metals. — 1954. — Vol. 46. — R 1406.

B) CoxJ. J., Horne G. T., Mehl R. F. // Transactions of the American Society for Metals. — 1957. —Vol. 49. — R 18.
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B pabote gna onpeneneHnsi ctaTUY4ECKUX MPOYHOCTHbLIX XapaKTepUCTUK cTaren MUCnosib30BaH
MONEKYNAPHO-AUHAMUYECKUN  METO4,  MOAENMpoBaHWS, OCHOBAHHbIK Ha  KpyrnHOMacLiTabHOM
aTOMUCTMYECKOM  MOLENUPOBaHUM  penakcauum  COBUIOBbIX  HanNpsXXeHun B creuunarnbHO
CKOHCTpymnpoBaHHbiXx M obpasuax C BHeOpeHHbIMW OUCNOKauusMW B PasfiNdHbIX CUCTeEMaX
CKONMbXEeHUS.

[Tpennaraembit NOAX04 MNO3BOMSET OLEHMBATL HANpPsXXeHue, Npu KOTOPOM MPOMUCXOAUT OCTaHOBKA
OVUCNoKauun, To ecTb OUeHUBaThb HanpshkeHue [Naneprnca n paccyntbiBaTh OLIEHKY KBa3uCTaTU4eCcKoro
npenena Teky4yecTu.

B paboTte npogoeMOHCTpMpOBAHO MPUMEHEHWEe OaHHOro MeToda pacyéTta npegerna TekyyecTu B
pamkax KM mogenupoBaHus K peppUTHO-MAPTEHCUTHBLIM U NEPSINTHbIM CTanaM, NOABEPrHYThLIM
paguaumMoHHOMY 0bOny4YeHuto ¢ BblaeneHnem BTOPUYHbIX dpas (npeuunutatoB). PaccmaTtpuBanmcb Kak
MOZErNbHbIE NpeununuTatbl KorepeHTHble ¢ ocHoBHoM OLIK maTpuuen nornHoCTbio COCTosLWME U3
nernpyrLwero arieMeHTa, Tak U npeunnutaTbl MakCMMarbHO MPUONMXKEHHbIE MO MOpdOonorMmn K
pearibHO HabngaemMbIM B 9KCNEPUMEHTaX.

[TlpogeMoHCTpUpOBaHO MpuMeHeHue aaHHoro noaxoga aona KML pacyeTta npenena TekydecTtu
deppUTHbLIX CTafien C Y4eToOM pearnbHOro coaepXaHusa W pacnpeneneHud yrnepoga B Chifase.
BbINoOnHEHO cpaBHEHME C SKCnepuMeHTanbHbIMWU JAaHHBIMU MO KOHLEHTPALUMOHHLIM U TeMnepaTypHbIM
3aBUCMMOCTAM npeaerna Teky4ecTu. 16
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» Knacrtepbl g:a
- L i i Ty . Z 150
Fe-2.5%Cr Fe-5%Cr Fe-9%Cr Fe-12%Cr 2
Alloy Fe Cr Si P Ni C V,N,0,S, Al Ti > 100
Fe-2.5%Cr Bal. 2.55+0.02 0.10£0.01 0.019 £0.002 N.M.* 0.010 £ 0.001 N.M.?
Fe-5%Cr Bal. 4.61+0.02 0.059 + 0.002 0.013 £0.001 0.034 £ 0.001 N.M.? N.M.?
Fe-9%Cr Bal. 9.16 £ 0.04 0.065 + 0.003 0.013 £0.001 0.057 £ 0.003 N.M.? N.M.? 50
Fe-12%Cr Bal. 11.2+£0.04 0.18 £ 0.01 0.025 £ 0.002 0.07 £0.01 N.M.? N.M.2

4 N.M.: 3a npejienaMu 4yBCTBUTEILHOCTH H3MEPECHUH.

Table 3
Specification of the Fe-Cr model alloys investigated, reported values of yield stress increase and reported characteristics of the distribution of irradiation-induced nanoscale
features (reference data set). The neutron exposure is 0.6 dpa in each case.

Alloy specification o -phase particles from SANS * Dislocation loops from TEM ® NiSiPCr-rich clusters from APT ©
Cr (wt%) 1 (GPa) Acy, (MPa) da (nm) Na (10 cm™3) dy (nm) N; (10" cm™3) dc (nm) N (10 cm™3)
24 83.0 277 - 0 13.2 0.44 3.6 13 F. Bergneet al.,
4.6 81.5 283 - 0 8.2 0.52 4.4 13
8.4 844 255 2.0 25 6.5 0.13 33 24 J Nucl Mater.448

11.6 85.2 327 2.0 7.4 0.18 3.2 11 (2014) pp. 96102




