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[IpoBeneHo uccaenoBanne pagualiOHHON CTOMKOCTH ayCTeHUTHBIX craneit DM847 u DI1753 B ycinoBusx omgHo-
poaHoro o0iyYeHUs] HOHaMK renus ¢ dHepruei 3 MaB. [locTpaauaioHHbINH OTKUT BBISIBUIT (POPMUPOBAHUE JHCIIO-
KaIl[MOHHBIX TETEeNIb MEXK/I0y3€IbHOr0 THIA. PauanoHHOe yIIpoUYHeHHe JeMOHCTPUPYET MOHOTOHHBIHN poCT 10 703
obiyuennst 0,1 cHa, 4TO KOppENUPYET C YBEIWYEHHEM IUIOTHOCTH JHUCIOKAMOHHBIX Terenb. [Ipn nanpHeliem
YBEJIMYEHUH J03bl TOBPEXJICHUI HaONIoqaeTcss B3aUMOJEHCTBUE Pa3IMYHBIX THUIIOB PaJHallMOHHBIX Je(eKTOB,
MIPUBOJSIIEE K CTAOMIM3allMi MUKPOCTPYKTYPHI U 3aMeUIeHHI0 TeMnoB yrnpouHenusi. Ctans O1847 xapakrepusy-
eTcst Oosiee BHICOKMM YPOBHEM pa/IMallOHHOTO YIPOYHEHUs 1Mo cpaBHeHHIO ¢ JI1753, yTo moaTBepkaaeT poib HU-
KeJsl B MeXaHn3Max o0pa30BaHMs, POCTA M IBOJIONUH PaJHalliOHHO-HHIYINPOBAHHBIX A€(EKTOB B ayCTEHUTHBIX
CTalIAX.

Knrouegvle cnosa: ayCTCHUTHBIE CTANN; OOIydEHHE TeINEeM; JUCIOKANOHHBIE MIETIH; PaIHaliOHHbIE 1e(EKThI;
pagualioHHOE YIIPOYHEHHE.
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In the present work, investigation of radiation resistance was conducted on austenitic steels EI847 and EP753
with different initial microstructures under conditions of high point defect density creation during excessive helium
implantation, when the appm He/dpa>1000. The microstructural investigation and radiation hardening assessment
were performed in the region of homogeneous helium profile. Post-irradiation annealing revealed the formation of
high-density dislocation loops, more 10'8¢cm™. The dislocation loop formation represents a critical aspect of
radiation-induced microstructural changes that directly impacts mechanical properties. The experimental results
demonstrated that radiation hardening monotonically grows up to damage doses of 0.1 dpa, that directly correlates
with increasing dislocation loop density. With further increases of irradiation dose, the interplay between various
types of radiation defects results in stabilization of structure and a deceleration of hardening rate. Steel EI847 with
15% nickel content has demonstrated higher radiation hardening level compared to EP753, thus confirming the
critical role of nickel concentration in formation, growth, and evolution of radiation-induced defects in austenitic
steels.
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BBenenue

C nomomip0 OAHOPOJHONM HMOHHOM HM-
IUTaHTaluu renust B metaiu (atHe/mnH./cHa>
1000) BO3MOXKHO CO3/1aTh YCJIOBHUS, IPU KO-
TOpbIX 3(Q(EKTUBHOCTh BBEICHHUS paaualu-
OHHBIX JIe(eKTOB OyJeT 3HAYUTEIILHO BBIIIE,
YeM MpHU TPATUIHMOHHO MPUMEHSIEMBIX METO-
JlaX MOJICIMPOBAHUS PEAKTOPHOTO OO0Iyde-
Hus [1, 2].

IIpu TakoM Tune oOIy4YEHHs YCUJIEHHE
3apOKICHHUSI U POCTa KIACTEPOB TOUYEUHBIX
Ie(eKTOB M MEXI0Y3€NbHBIX AUCIOKALNOH-
HBIX IeTeb 00eCIeYrBaeTCsl 3aXBaTOM U CO-
XpaHEHUEM paJHAlMOHHBIX BaKaHCUW B Te-
JN-BaKaHCMOHHBIX KOMILIEKCAaX, TOMOTE€HHO
pacipe/ieIeHHbIX BO BCEM 00JydaeMoM 00b-
eMe MaTepuana.

Ilenpro Hacrosimiei paboOThl OBLIO HCCIIE-
JIOBaHHE POJIM HM30BITOUHOTO COJAEPIKAHUS
BHE/IPEHHOTO TEJIUs U €ro POJIH B MPOIEccax
nedexkToo0pa3oBaHus B MOJEIBHBIX aycTe-
HUTHBIX CTaJIsX.

Marepuajibl 1 METOAbI HCCJIET0OBAHUSA

B kauyectBe 0OBEKTOB HCCIEIOBAHUSA
ObLTM B3SITHI JIB€ AYCTEHUTHBIX CTalld C
COCTaBOM 06C-Fe-16Cr-15Ni-3Mo-1Nb
(ON847) u 18Cr-40Ni-5Mo-Mn-Nb (DI1753)
u HCXOIHOM MUKPOCTPYKTYPOH,
XapakTepu3yIolencs OOJbIIMMHU pa3MepaMu

3epeH u MHUHUMAaJIbHOU HCXOIHOM
TJIOTHOCTBIO JIUCIIOKALIHM.

OnHopoaHOE oOmydeHue o0pastoB
wonamu He?* ¢ omeprueit 3 MbdB
npooausiocb B 1Themba LABS (HOAP)
COTJIACHO METOI0JIOTHH [3] pu
TemIepaType 06pasios menee 50°C.

HccnemoBaHust CTPYKTYpbl U CBOWCTB
MPOBOJIMIUCH, HAa 3MM JIHCKax, KOTOpbHIE

ObUIM MPEIBAPUTEIBHO YTOHEHBI 10 001aCTH
OJTHOPOTHOTO JIETUPOBAHHS TeITUeM.
HccrnenoBanust MHUKPOCTPYKTYpPBl  IPOBO-
IMIIOCH € TOMOIIBIO  TPOCBEYHBAIOIIETO
aNeKTpoHHOro Mukpockona Talos F200i
S/TEM. N3mepenus HaHOTBEPAOCTH

npoBoWIIMCh, Ha mnpubope NanoScan-4D
(®I'bBHY TUCHYM).

PesyabTaTsl
B pesynbrate o6nyuenus nonamu He’™ B
CTpyKType Habmomanochk (opMmupoBaHue

3apoJibliIel JUCIOKAIMOHHBIX MeTelb Mallo-
ro pasmepa (~1 HM) ¢ BBICOKOH 00BEMHOI
mnotHocThi0  >108cMm™. Jlna mposiBrenus
ne(GEeKTHON CTPYKTYpHI 10 U3MEPSIEMOTro CO-
CTOSIHUA OBbLIT MPOBEJIEH MOCTPAAUAIMOHHBIN
OTXUTI 00J1ydeHHBIX 06pasnos npu 500°C-
30°, B pe3ysbTaTe KOTOPOTO MOKHO OBLIO
HAOII0AaTh JTMCIIOKAIIMOHHBIE TMeTJIH O0JIb-
mero pasmepa (~6 HM) W YMCHBIICHHOU
TUIOTHOCTH.

IIOM aHanu3 moxasajn, 4YTO JaHHBIC Jie-
(EeKTBI SIBISIOTCS MEXI0Y3€IbHBIMU METIIS-
mu Opanka ¢ BekropoM broprepca 1/3<111>,
W3mepenue nerens B 00pasiax, 001ydeHHBIX
pPa3IMYHBIMM JI03aMHU C DPA3JIMYHOU CKOPO-
CTBIO TIOBPEXKACHUS MOKA3aJI0, YTO JIMHEHHAs
IUIOTHOCTh AMCIOKAaIMil, (opMupyomascs
MIPU OMKMCAHHOM CHI0CO0€ O0JIyUYeHus 3a e/11-
HUIy 7103bI (M/M>/CHA), CyIIECTBEHHO Ipe-
BBIIIACT  AHAJOTMYHYIO  BEIUYMHY  JJIS
HEHUTPOHHOTO M OOBIYHOTO MOHHOTO ITOBpE-
xpaaromiero oomydenuit [1, 2] (puc. 1). Ipu-
4yeM, 3Q(eKTUBHOCTh (HOPMUPOBAHUSI JUCIIO-
Kalluid Tpu OOJIyYeHUU TelIHeM HE 3aBHCHT
TaKKe OT MOIIHOCTH J03bI B JHamNa3oHe
8x107 -10 cna/ c. HabmomaeMblii XapakTep
W3MEHEHHS TUIOTHOCTH JHMCIOKAIlMOHHBIX
neTenab ¢ J030M 00JyuyeHHs] XOpOLIO CorJia-
CyeTcsl ¢ TOJMYYCHHBIMH pe3yJbTaTaMH II0
pasavalliOHHOMY YIIPOYHEHHMIO (pHC. 2).

Cold(RT) He*impl._1200 appm/dpa,

- TN, ex10®-10° dpals _+ 500°C anneal
1E16 & -

T

1E15
F m—_Neutron irr_400°C, 2x1 0°-10° dpals
& " (Okita 2000)
[ L]
1E14 Dual Ni*+ He™ irr
E 50 appm/dpa y._
F R )
= el *I-_'
r 15,4,1 appm/dpa &= = - — — —"Bg 7 A ]
1E13 600°C, 2x10°dpars (Katoh 1994) @

Dislocation Density / dpa (m/ m®/ dpa)

T

0.1 1
dpa

T T

10

Puc. 1. 3aBUCHMMOCTB TUIOTHOCTH AUCIIOKALIUNA OT JO3BI
0o0y4deHus
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Puc. 2. PanuanmonHnoe yrpoyHeHHe B 3aBUCUMOCTH OT
JIO3BI OOJTyYSHHS JJTs1 PA3HBIX THUIIOB CTaeH

MOHO BHJETh, YTO, KAK B YIPOYHEHHUHU,
TaK ¥ B IZIOTHOCTH JTUCIIOKAIMNA CYIIECTBYIOT
HEKOTOpbIe KPUTUYECKHE 3HAYeHUs (IIpH J0-
3e obmyudeHus: okosio 0.1 cHa), 10 KOTOPBIX
HaOoaeTcss JUHEWHBIA pocT 3(dexTa, a
NpH JOCTH)KEHUHM HAOIFOJAI0TCS CHUYKCHUE
YIPOYHEHUSI U COOTBETCTBYIOILIEE €My CHU-
KEHHE TUIOTHOCTH Juciiokanuidi. CTOuT 3ame-
TUTb, YTO pa3HUIA B YPOBHE YIPOUYHEHUS
Mexay crmmaBamu OW847 n OI1753 Ttak xe,
KaK M pa3HUIA B IUIOTHOCTH IMCIOKAaLUH B
HUX, COTJIACYIOTCS C MPEJICTABICHUEM O POIIU
coJiepKaHusl HUKeNs B JepeKToo0pa3oBaHUH
B ayCTEHUTHBIX CTAX [4].

3akiouenue

OJHOPOJHOE  «XOJIOJHOE»  OO0JIydYeHHe
aYCTeHI/ITHBIX CTaJIef/'I HNOHAMU T CIIHU HpI/I
KOMHATHOW TeMIiepaType HPHBOIUT K (op-
MI/IpOBaHI/IIO B HUX BBICOKOfI IIJIOTHOCTHU AUC-

JIOKAIIMOHHBIX TETENb, SABJISIONIUXCS MPUIH-
HOH 3HAQYMTENILHOIO PAJUALMOHHOIO YNpPOU-
HeHus MarepuanoB. [IpuMeuarenbHO, 4YTO
JAHHBIA CHJIBHBIM paauanuoHHbI S(hdexT
MMEET MECTO IPH HE3HAYMTEIbHBIX /032X
paaualMOHHOTO  TOBPEXKJEHHUS, MOpSIKA
0.1 cHa, MEHBIINX, YEM JO3bI JJISl OTYYECHUS
aHanornyHoro 3¢ dexra B ciaydasix HEUTPOH-
HOT'0 UJIM MIOHHOT'O 00JIy4EHUSI.

[Tokazano, uro mpuurHON 3¢ deKTa ABIsA-
eTcsi M30bITOYHAs] KOHIICHTpPALMsI BHEIPEH-
HOTO Tejusi, 00SCIeYMBAIOIIECTO0 COXpaHEHUE
BAaKaHCUU M, TEM CaMbIM, CO3/Ia0IAsl UCKYC-
CTBEHHOE MEK/I0y3€JIbHOE MEePECHIILICHHE.
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