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KIHETUYHE JOCJIJI)KEHHS EBOJIIOIIT KJIACTEPIB TOYKOBHUX
JAE®EKTIB Y IPOLECI BITHOBJIEHHS KOPITYCY BBEP PEAKTOPA

Hocniosxceno esonoyito knacmepie eaxanciu (KB) ma xnacmepie mixceysnie (KM) y
CMAAx KOpnycie peakmopis 6000-600san020 muny (BBEP), onpomineHux HetlmpoHamu, nomim
BIOHOBNEHUX WIAXOM GIONANY, I Hapeuwimi onpomiHeHux nosmopho. Poszensanymi xapaxmepHi
ymoeu  excnayamayii peaxmopa muny BBEP. Memoo «nacmepnoi oOunamiku 0ys
BUKOPUCMAHULL 01 8U3HAYEHHs posmipy ma konyenmpayii KB ma KM y kopnyci peakmopa. 3
OMPUMAHUX OAHUX OYIHIOBANACS 3MIHA MeXCT NIUHHOCMI cmaell 8 00CAI0NCYBAHUX NPOYECaXx.
Pezynomamu nopisnioganucey 3 pesyromamamu MaioKymogo20 po3Cito8aHHs HEUMPOHIB, U0
NPOBOOUNUCS HA 3PA3KAX, ONPOMIHEHUX Ha eubpanux nosuyisx peaxmopa BBEP. byno
BU3HAYEHO KOMOIHAYil0 memnepamypu ma uacy 6ionany, Haubiibul e@pexmusHow O
8i0HO08NenHs Kopnycy peaxkmopa. IIpoananizosano, sika 3 meopiti 8i0HOGNEHHS BION08idae
BCMAHOBIEHUM Pe3VTbMama.

KuarouoBi cioBa: Krnactepna nuHamika, KiacTepd BakaHCIM, KiacTepu MIKBY3IIB,
OTIPOMIHEHHSI, Bi/IMa, MeXa IITUHHOCTI,

1. Beryn

JlomiHyrounMHu QakTopamu, SKi BIUIMBaIOTh Ha CTYIIHb BIJHOBJIEHHS BJIACTUBOCTEH
onpoMiHeHHX crtaneid kopmyciB peaktopy (KP), € Temmeparypa Biamany BiTHOCHO
TEMIEpaTypy OMPOMIHEHHS (E€KCIUTyaTallii), TPUBaJIiCTh BUTPUMKH MPU TEMIEpaTypl Bianaiy,
PiBHI JJOMIIIOK Ta JIETYIOYMX €JIeMEHTIB, a TaKOX THI BUPOOY (BUIUIaBKa, IOKOBKA, 3BApHHIA
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moB Tommo) [1]. docBix Binnmany xopmyciB BBEP, pesynbraTtét 1ab0paToOpHUX AOCIHITXKEHb
Marepianie KP 3aximHoro Ttumy, ONpOMIHEHHUX Yy JOCTIIHHMIIBKUX pEaKTopax, a TaKOX
MaTepiaai, OTPUMaHiI B paMKax MporpaMm JOCIiKeHHs 3pa3KiB-cBilKiB (3C) KoMepiifHux
AEC y3romkyroThcs MK cOo00I0 1 BKa3ylTh Ha Te, IO TEMIIepaTypa Biamaay Mae OyTH
moHaiiMenie Ha 150°C BuIIO0 TeMnepaTypH OIPOMIHEHHS, a TPUBAIICTh BUTPUMKH Bif 100
no 168 roawH nmis TOro, moO OTpUMATH CYTTEBUHM pe3ynbrar. JlJis BUBYCHHS BIUIUBY
TEMIIEpPATypH BiJlllaly Ha CTYMiHb BIJHOBIIEHHS BJIACTUBOCTEH MatepianiB kopmyciB BBEP
OyJ10 MPOBEACHO KOMIUIEKCHI JOCHIUKEHHs Ha 3pa3kax, onpoMiHeHHX B peaktopax AEC y
micisix posranryBanHs 3C [2]. BusHaueHHS ONTUMAIBbHOTO TEMIIEPATypHO-4aCOBOTO PEKUMY
MIPOBEICHHS TEPMIYHOTO BIAMAY MOTPEOY€E MPOBEACHHS 3HAYHOT KIJTLKOCTI JOCIIKEHB [3].

Ha nanuii yac icHye Tpu CTaHIApTHI MIAXOIU 0 OLIHKK KpuxuyBaHHS MeTany KP mifg
ni€ero moBTOopHOTO onpoMineHHs [4]. [Tepia Mmoenb — KOHCepBaTHUBHUH 3CyB. BoHa mpumyckae,
10 TMOBTOPHE KpUX4YyBaHHs Oyle MPOJOBXKYBAaTHCS 3 BIIHOBJIEHOTO CTaHy 3 TI€I0 X
IIBUJIKICTIO, 3 SIKOO OKpUYYBaBCsl METaJI il 4ac IEPBUHHOIO ONpoMiHeHHs. [Ipyroro € Moenb
OiuHOTO 3CYBy, siKa Iependadae, IO MOBTOPHE KPUXUYYBAHHS BiJIOYBA€THCS 3 TaKOIO XK
IIBUJIKICTIO, SIK 1 IEPBUHHE KPUXUyBaHHS Ha TOMY K TOpPU30HTaJIbHOMY piBHI. Tpers Monens,
Ky Ha3WBalOTh BEPTHKAJIBHUM 3CYBOM, Iepeadadae, IO IIBHIKICTh KPUXUyBaHHS Oyne
BI/INIOBIJJaTH 1OYATKOBIH, MOYMHAIOYM 3 TOT'O 5K BEPTUKAIBHOT'O PIBHS HA KPUB1A KPUXUyBaHHS.
Bubip mopmeni mpomeciB, mo BiAOyBarOTbCSA NPU TOBTOPHOMY OIMPOMIHEHHI, BUMArae
KOMIT'FOTEPHOI'O €KCIIEPUMEHTY, SIKUI JJOIOBHIOBAaTUME peallbHUil ekcriepuMeHT. BiamnoBigHo
1o [5], pamianiliHe OKpUXYECHHS CTaJiell BUKJIMKaHE (DOPMYBAHHSM Ta €BOJIOIIEI0 TOUYKOBUX
nedekTiB Ta IX KJacTepiB, NMPEIUIITATIB, a TAaKOX CErperaiiclo eJIeMEHTIB (IepeBaKHO
docdopy) y 3epHa Marepiay. AHa3 HaSBHUX JaHWX y [6] moka3aB, 0 BHECOK TOYKOBUX
nedeKTiB € TOMIHYIOUNUM Y 301bIICHHS MEX1 TeKy4OCTi M yac onpomineHHs craneii BBEP.
[Tpotsrom octanHix 30 pOKiB MOJICITFOBAaHHS KIHETUKH TOYKOBUX JEPEKTIB Ta IX KOMIUICKCIB B
OMPOMIHEHHUX MaTepianax YCHIIIHO 3iHCHIOEThCS MeTo10M KinactepHoi auHamiku (KJI) [7]. YV
[8] meTomom KJI MozemtoeThCsl BIUIMB Yacy Ha 3MIHY MEXI IUIMHHOCTI KOMEPLIHHO YUCTOrO
3aj1i3a, ONPOMIHEHOT'0 Y HayKOBO-A0cHifHOMY peaktopi bP-2 (micro Mo, benbrist). Oanak, 1o
Tenep He MPOBOAMIIOCH MojenmtoBaHHs MeTtoaoM K/l eBomrouito knacrepiB Bakanciii (KB) ta
kiactepi Mk By31iB (KM) y cransx kopmycis peakropiB (BBEP), onmpomineHux HelTpoHamu,
MOTIM BiIHOBJIEHUX IIJISIXOM BIMaITy, 1 HApeIITi OPOMIHEHHUX TOBTOPHO.

Mertoro Haoro JociikeHHs 0ysno 00paHo TOCITIIKEHHS IPOIIECy BiTHOBJIEHHS CILIaBY
3aJ1i3a 3 MaJM BMICTOM JIETYIOUUX €JIEMEHTIB, IK1il OyB onpoMiHEHUH y peakTopi PIBHEHCHKOT
AEC.

Metonom KiacTepHOi AMHAMIKM BHUBYAJIOCh (OPMYBaHHS Ta €BOJIOLIS KJIACTEPiB
BaKaHCIA Ta KJacTepiB MIKBY3JIB OMPOMIHEHOTO CIUIaBY 3ajli3a, & TAKOX BIJIUB 3MIHH
TEeMIepaTypu Ta 4Yacy Bilmaly Ha iX po3Mmip 1 KuUIbKicTb. Pe3ynabraT MonentoBaHHS
MOPIBHIOBAJINCH 3 IaHUMHU MaJIOKyTOBOT'O PO3CIIOBaHHS HEUTPOHIB. 3p00JIEHO MPOTHO3 11010
KIHETHKHU TOUYKOBUX JI€(PEKTIB y MpoLeci MOBTOPHOIO ONpoMiHeHHs. [IpoBeieHO OLiHKY 3MiHU
MEXI1 TUTMHHOCT1 OMPOMIHEHUX Ta BIAMAIICHUX JAOCTIIHKYBaHUX 3Pa3KiB.

2. Marepiajiu Ta MeTOIH.

Cmnas A (0.01C0.00450.015Cu0.002P0.01Ni10.15S10.39Mn) OyB BHUTOTOBJIECHUH Y
MIPOMUCIIOBOMY JIpiOHOCEpiiiHOMY BUpoOHUIITBI. OcTaToyHa TepMiyHa oOpoOKa BijroBijana
TepMiuHiid 00pobmi ctami peakropa Tumry BBEP 1000. CrimaB Mae pepuTHy MIKpOCTPYKTYPY.
3pa3ku-CBiAKM OynaM pO3TAlIOBaHI Ha TMO3MUINSX CrHOcTepekeHHs peaktopiB BBEP-440
POBHO-1 npotsarom ogHoro peaktopHoro nukiy (289 ni6). Ilpu upomy ¢uakc 10piBHIOBAB
0,4x10* e n/c, E>1 MeB; a ¢moenc - 10*° cm?n. TemmepaTypa onpoMiHEHHs CTaHOBHIA
270 °C. Ilicna onmpomiHeHHs 3paskiB Oynu BiananeHi npu 475 °C mpotsrom 100 rogus.
ExcrniepuMeHT 3 MaJIOKyTOBOTO PO3CifOBaHHS MpoBoanBes Ha criektpomerpi BENSC V4 HMI
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Berlin (Himeuunna) ta cniekrpomerpi PAXE LLB CEA Saclay (®paH1iis) B HACHIyBaJIbHOMY
Mar"itHomy moji H = 1,4 Tn, nepneHAMKYISIpHOMY J0 HampsSMKYy HEHTPOHHOTO ITy4Ka.
Maiictep-piBHSIHHA KJIACTepHOI JWHAMIKM JJIi OMPOMIHEHHS Ta BiAMaly 3alucyBajiach sK
cucTeMa 3BUYaiHUX TudepeHIiabHUX PIBHSIHB BITHOCHO YMCENHHOI HIUIBHOCTI 130JIbOBAaHUX
Bakanciii (Ci) ta mikBy3miB (Cii) Ta ix kmactepiB (Cnv) Ta (Chi), y HaOMMKEHHI, IO
MOOUIBPHUMH € JIIIE 130JIb0BaH1 TOUKOBI eextu. BupimryBau LSODA [9] OyB BUKOpHCTaHHIA
JUisi 0e3MOCepeIHhOTO IHTETPYBaHHS 3a3HAYEHOI CHCTEMH 3BUYAWHUX JU(epeHIliaTbHIX
piBHsIHB. ByB BUKOpHCTaHUI KOMIT IOTepHUN KO [8] Il MOJIeIIOBaHHS KIHETUKH KJacTepiB
TOYKOBHX JIe()eKTiB IpHU onpoMiHeHi Ta Bianani. Eneprii ¢popmyBanHs, eHeprii mirparii, npea-
eKCIIOHCHIIIaNIbHI KoeimieHTr 1udy3ii 11 130Jb0BaHUX TOUYKOBHX Je(DEKTIB, EHEPTis 3B'I3KY
JMMMepa BaKaHCIH Ta MDKBY3IIB, pajiyc pekoMOiHawii mapu BaKaHCis-MIKBY3JIOBUH aTom
Oymu i Takumu, mo # B [8, 10]. 3rixuo 3 [11], rycTura mucnokamiii gopisaioBana 104 M2,
[TuToma moBepxHEBa €HEpris Ha TPaHMI KJacTep BaKaHCii — maTpulls (y) BU3HAYanacs 3
YMOBH HalKpamioro 30iry pe3yibTaTiB MOAEIIOBAHHSA 3 JAHUMH €KCIIEPUMEHTY MaJIOKyTOBOTO
PO3CIIOBaHHS MO0 CEPEAHBOrO PaAlyCy KiIacTepa BaKaHCIH y MEPBUHHO OMPOMIHEHOMY
3pa3ky cmiaaBy A. OUiHKY 3MIHM MeXi IUIMHHOCTI (40) ONpPOMIHEHHMX Ta BiAMAJICHUX
JOCTIPKYBaHUX 3Pa3KiB MPOBEEHO 3rigHo 3 [12]:
Ao =312 (1)
BL
Tyt G =( 8.84*10* - 31T)MPa 3anexHicT, MOIYIb 3CyBY 3ali3a Bia Temneparypu T 3a
[20],0=0.249 um — BexTop Broprepca, L=(Nd)*® — cepenns Bincranms mix xmactepamu, N —
KOHIIEHTpAIIis KJ1acTepiB, d — cepenuiii JiaMeTp KiacTepis, £ - [UIS MaIuX KJIacTePiB TOUKOBUX
nedexriB B OLIK-marepianax komuBatotbes Bix 1,5 1o 5,0.

3. PesyabTaTn

BapiroBaHHs 3HaYeHHs 3HAYE€HHS MUTOMOI IIOBEPXHEBOI €Hepris Ha IpaHHMLl KiacTep
BaKaHCiil — MaTpuI () OKa3ajo, M0 HaKpammii 30ir pe3yibTaTiB MOJEIIOBAHHS 3 TaHUMU
eKCTIepHMEHTY JocsraeThes mpu p = 0.77 JIx/M%. 3a3HauMMO, MO 3HAKIEHO 3HAYEHHS 0 IS
CIIaBy A CyTT€BO MeHIIE Bifl 3Haiigenoro y = 1.20 /M2 KOMepIifHOro YiCTOro 3ai3a y
[10], mo BimmoBigae 3MicTy Miami y ciutaBi A BIuimB wacy ompoMiHEHHS Ha KOHIIEHTpAIIito
i3ompoBannx BakaHcii (Ciz), cepemaboro po3mipy (Ryc aver) Ta 3aranbHOI KOHIIEHTPAIIIIO
kiactepiB BakaHciit (Nve) mpexacraBneno Ha Puc. 1.
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Puc.1. BiuB yacy onpoMiHeHHsI Ha KOHIIEHTpAIIifo i301b0BaHuX BakaHciit (Cis), cepenHii
po3mipy (Rvc_aver) Ta 3aranbHy KOHIEHTpaIiro kimactepiB BakaHCii (Nyc).
Fig. 1. Influence of irradiation time on the concentration of isolated vacancies (Cu), the average
size (Rvc_aver)), and the total concentration of vacancy clusters.

3rigHo 3 uum, g0 0,005 auiB (MiHiMyM Rvc_aver Mae miciie ipu t=0.005 aus). 3anexHiCTh
Cis(t), Ruc_aver(t), Nvc(t) Moske OyTH mpencTaBieHa piBHIHHIMHA (2-4):
C1y (1)=200,53t5- 189627t + 7-107t* - 101°¢3 + 102 t2 -5- 103t + 101°(2)
RvCgper (t) = 10720t5 — 8107184 +2-10715¢3 —3-10713 ¢t2+2-10711¢t+2-10710 (3)
Npe () =3-1011¢5 — 2-10¢* + 6-10%t3 - 9- 1018 2 +6- 1020t + 1021 (4)
Y (2-4) t — B aHsX.
BrnuB yacy onpoMiHEHHs! Ha KOHLIEHTPALIO 1301b0BaHNX MkBY31iB (Cii), cepeaHboro
po3Mipy (Ric aver) Ta 3aranpHy KoHILIEHTpawito KiactepiB MikBy3miB (Nic) mpeacraBieHo Ha
Puc.2.
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Puc.2. BruiB yacy onpoMiHEHHS Ha KOHIIEHTPAIIiIO 130J1b0BaHUX MikBY3iB (Ci;),
cepenHiit po3mip (Ric-aver) Ta 3araibHy KOHIICHTpaIlif0 KiaactepiB MixkBy3JiB (Nic).
Fig. 2. Influence of irradiation time on the concentration of isolated interstitials (Cy;),
the average size (Ric-aver), and the total concentration of interstitial clusters (Nic).

OnykTanmiiHa CTajis €BOJIOLII KIIACTepiB MIXBY3IIB HE croctepiraerbes. OHaK,
3ayBaxuMo, 110 npu t=0.005 rogun Mae Miciie MiHIMyM KOHIIEHTpAIIii 1301b0BAaHUX MIXKBY3JiB.
BanexHicTh Cii(t), Ric_aver(t), Nic(t) Moske OyTr ipeacraBiacHa piBHIHHIMU (5-7):

Cp;(t) = —10°t6 — 1095 +4-10M1¢t* —7-1083 2 +6-1015¢2 - 210t +5 - 1018 (5)
Ric,,..(£) = 107226 + 10795 —4-10717 ¢* +8107 15 ¢3 —7-10713¢t2 +
4-10 t+3-107%0 (6)
Ni(t) = —3-10°t% +2-10%5 —7-101 ¢t* + 101 ¢3-8-10'°¢t2 + 5107t + 10®  (7)
VY (5-7) t — B aHsAX.
3navenns Cip Ha TpH OpsiAKK MeHIIe Hik Cij pOoTSIroM ychoro 4acy ornpoMiHeHHs. J{yst
HAOJIMKEHHST pO3paxyHKOBOTro 3a Qopmyioro (1) 3HaYeHHS 3MiHM MeXi UIMHHOCTI (40)
ONPOMIHEHUX 3pa3KiB B 3a3HaueHUX yMmoBax HpoTsaroM 289 nib (Rvc aver= 1,13 HM, Ny =
1,73*10%% M3, Ric-aver= 4,05 uMm, Nic = 3,34*10"° M'3) JI0 €KCIEPUMEHTAIBHO 3HAl JEHHOTO
3HaueHHS Ao = 196 MIla y [14], neoOxinno B3stH f =1,91. Ha Puc.3 mpencrasieno sxum
YIHOM TeMIIepaTypa Ta yac BiAmany BIUTUBAE HA CEPeHII po3Mip Ta KOHIIEHTPAIIIIO KJIacTepiB
TOYKOBUX JI€(PEKTIB.
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Puc.3. Bruus Temneparypu (T) Ha cepeaHiil po3Mip Ta KOHLIEHTPAILIiIO KJIacTepiB
BakaHciii (KB) ta knactepiB MixBy3:1iB (KM) B onpomiHeHOMY criiaBi A micis Bianaty
npoTsroM 5 roauH (a), 25 roaus (6), 50 ronuu(B) Ta 100 roaux (T).

Fig. 3. Influence of temperature (T) on the average size and concentration of vacancy
clusters (VC) and interstitial clusters (IC) in irradiated alloy A after annealing for 5 hours (a),
25 hours (b), 50 hours (c), and 100 hours (d).

KonmeHnTpartiisi sk Ki1acTepiB BakaHCIiH, 1 KJacTepiB MiXKBY3/IiB 3MeHIIyeThest Ha 10-12
HOPS/IKIB BXKE 3a BiJnaiy 3 TeMnepaTtyporo 548K He3anexxHo BiJ yacy onpoMiHeHHs. Binman i3
temneparyporo 648K 1 Buile mpu3BOAWUTH 0 pO3Magy KiacTepiB BakaHCIM 13 cepeaHiM
po3mipoM moHaz 1.79uM (paziyc AuMepy BakaHCii) Ta KiacTepiB .MDKBY3JIB 13 cepeaHIM
po3mipom moHax 4.74am (1000 wmixkBy3miB). 3ayBaxkumo, mo y [10] cmocrepiramocs
NOBUIBHIIIE 3MEHIIEHHS CEpPeHbOr0 pajiyCy KIacTepiB BaKaHCIM, 0 MOXKHA MOSCHUTH
BEJIMKMM 3HAYCHHSIM ITUTOMOT IIOBEPXHEBOI €HEPTii Ha MeXi KJ1acTep BaKaHCIH — MaTPHIIS ISt
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KoMmepiiiiiHoro umcroro 3amiza [10] HiX ans pocnipkyBaHoro cruaBy A. [lpu npomy
3a3HaYeHUW BiAnman i3 Temreparyporo 648K 1 BUIlle CpUYWHSAE 3POCTaHHS Ha JEKUJIbKa
HOPS/IKIB KOHIEHTpAIlii TOUKOBHUX Je()EKTiB, TOOTO K SIBHIYy TEPMIYHOTO CTapiHHS, SIKE TAKOXK
He criocTepiraioch B pociimkenHi [10]. Ha Puc. 4 npencraBineHo BIUIMB TEMIIEpATypH Ta dacy
BiJIaly Ha 3MiHM MEXI IUIMHHOCTI 40 OIPOMiHEHHUX 3pa3KiB.
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Puc.4 . Binus Temnepatypu (T) Biananzy Ha 3MiHY MeXI1 INIMHHOCTI Ag OIIPOMIHEHOTO
ciaBy A miclis Binanxy IpoTsaroMm 5 roauH (a), 25 roaus (0), 50 ronuu(B) Ta 100 roaus (1);
KOPUYHEBO KOJIO O3HAYAE 3MIHY MEX1 TUTMHHOCTI MICIIsE OMPOMIHEHHS (JI0 BiAMamy).

Fig. 4. Influence of annealing temperature (T) on the change in yield strength Ac of
irradiated alloy A after annealing for 5 hours (a), 25 hours (b), 50 hours (c), and 100 hours
(d); the brown circle indicates the change in yield strength after irradiation (before annealing).

Haii6inbi edextuBHUM Binnanom BusBuBcs Bianan 100 roaun npu temneparypi 548K,
a He npu temreparypi 748K, Bukopucranoi B [14]. OTpumanuil pe3ynbTar CBIIYUTH PO
HEOOXIJHICTh OpaTH 10 yBaru e(eKT TepMIYHOTO CTapiHHA Mij Yac BiJHOBJIEHHS Biamay
KOPITyCIB PEaKTOPIB aTOMHHX €JIEKTPOCTAHIIIH.
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OpHak, BIAMOBIAHO A0 METH HAIOTO JOCIIKEHHS, Ha HACTYITHOMY €Talli BHBYAIACs
€BOJIIONIST TOYKOBHUX JCPEKTIB y CIUIaBi A, MOBTOPHO ONPOMIHEHOTO TpH BiAmami, IO
3actocoByeThest B [14]. Tobro npu temneparypi 748K mporsarom 100 roamn. PesymbraTn
pO3MOAUTY KJIacTepiB BaKaHCIM Ta MIXKBY3JIOBUX KJIacTepiB Ta 3HAYEHHS KOHICHTpaIli
130JIbOBAaHUX BaKaHCI Ta 130JIbOBAHUX MDKBY3JIIB TMICIIA 3a3HAYEHOrO Biamamy Oynu
MOYaTKOBUMU JaHUMHU st koay [10], mo mMopenroe MEeToaoM KIIacTepHOi AMHAMIKU 3MiHH B
nedeKTHii cucTeMi 3aji3a BHACHIOK ONPOMiHEHHSI HEMTpOoHaMU. 3'aCyBayiocs, 110 MIOBTOPHE
ONPOMIHEHHSI TPU3BOAWTH [0 TAKHX JAaHWX, IO 1 MpPH TICPBUHHOMY OIPOMIHECHHI
JociKyBaHoro crutaBy A. OTxe, MOXKHO 3pOOMTH BHCHOBOK, IO KPUXYYBaHHS CIUIaBy A
(0.01C0.004S0.015Cu0.002P0.01Ni0.15Si0.39Mn) mixg mdi€l0 MTOBTOPHOTO OIPOMiHEHHS
OMUCYETHCSI MOJICJUTI0 KOHCEPBATUBHOIO 3CYBY [4].

BucHoBku.

1. Meroaom kiiacTepHOi AMHAMIKH OYJ10 AOCIIHKEHO MPOIEC BIIHOBIICHHS CILUIABY 3ajli3a

A (0.01C0.004S0.015Cu0.002P0.01Ni0.15S10.39Mn), skmii OyB ONPOMIHCHHWH Yy
peakropi PiBHeHchkoi AEC.

2. ITokazano, 10 HAWKpaIHi 30ir pe3yIbTaTiB MOJICITIOBAHHS 3 JAHUMHU CKCIICPUMEHTY
[14] nocsraeTbes npu 3HaueHHi 0.77 J[k/M? IMTOMOT IIOBEPXHEBOI €HEpTisl Ha IPAHHUIIi KJIacTep
BaKaHCI-MaTPHIISL.

3. 3uaiineHo 3HaueHHs mapameTpa f = 1,91, npu sxomy po3paxyHkoBe 3a ¢popmyioro (1)
3HaYeHHS 3MIHM MEX1 IUTMHHOCTI Ao  ONpOMIHEHHMX 3pa3KiB cruiaBy A 30iraerbes 3i
eKCIIEPUMEHTAIbHUM 3HaueHHIM Ao = 196 MIla y [14].

4. Tlpm Bimnami crmaBy A 3 temmeparyporo 648K 1 Buie, criocTepiraeTbcs SBUIIE
TEPMIYHOTO CTapiHHS.

5. TloBropHe ompomiHeHHs KpuxuyBaHHsi crmiaBy A (0.01C0.004S0.015Cu0.002P
0.0INi0.15S10.39Mn) mixg J[Ai€l0 TOBTOPHOTO  OMPOMIHEHHS  OMHCYETHCS  MOJAEIUIIO
KOHCEpPBATUBHOTO 3CyBY [4].
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EVOLUTION OF VACANCY AND INTERSTITIAL CLUSTERS IN
IRRADIATED ALLOY A DURING ANNEALING
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61.80.Az, 61.80.Hg, 61.82.Bg

The present work is devoted to the study of the evolution of point defects and their clusters
in irradiated alloy A under subsequent isothermal annealing. The dominant mechanisms of
defect interaction, including the formation of vacancy (VC) and interstitial clusters (IC), have
been analyzed within the framework of diffusion theory and reaction kinetics. By applying
analytical models and numerical simulations, we investigated how irradiation time and
annealing temperature affect the concentration of isolated vacancies (C1y), isolated interstitials
(Cui), as well as the average cluster size (Rvc-aver, Ric-aver) and the total cluster concentration
(ch. Nic)-

The obtained results show that prolonged irradiation leads to an increase in both vacancy
and interstitial concentrations, while annealing promotes their recombination and clustering.
At higher temperatures, vacancy clusters become less stable, and growth of interstitial clusters
is accelerated. A good correlation between theoretical predictions and experimental data was
found, which confirms the reliability of the proposed model.

Particular attention was paid to the influence of defect evolution on the mechanical
properties of alloy A. It was established that irradiation-induced defects significantly reduce
the yield strength. However, annealing restores the plasticity due to the annihilation of point
defects and restructuring of defect clusters. The dependence of yield strength variation 4o on
annealing temperature and time has been analyzed, and the role of defect stabilization
processes has been discussed.

The results obtained are important for understanding the long-term stability of irradiated
structural materials, as well as for predicting their performance under extreme operating
conditions. The developed approach can be applied to optimize annealing regimes and to
improve the radiation resistance of alloys used in nuclear power engineering and other
advanced technologies.

Keywords: irradiation, alloy A, vacancies, interstitials, defect clusters, annealing, yield
strength, diffusion modeling, radiation resistance
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