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B-btCOKoTeMneP~n)rpH~e _ pauuauuoHHOe; ~XpynqusaH~Ie,- · P,a~:ma~~OHHQe 
paCh).-xaHn'e MQ)f(HQ OTHeCTH itenocpe.UCTBeHHO . K H3MeHeHH5l~f ·.,'s 

MHKpOCTPYKType •• PauHaunoHHaa n6myqeci'~ H paJpywenHe -B pe3ynLTine 
Kopp03HH no.a: · HanpS~.;+;:enHeM ·,. p_a<;CMaTpHs_arorc51 KaK LUtHaMHllecKoe · 
sJaH~Io.a:eHCTB_He' .MH~pocTPYKT)'pLI· C · Tolie'-IHDJ~.m .a:e¢eKTaMn: · saKanc.HSIMH, h. 

·-Me)!.(y?eJibiibiMH 8TOM8MH U 8TOM~MU .upm.teceH. 

Bcne.a:cTsi{e 'nepeuachmJ.emHt ~O~JeliHbiMH _ii.e~eKTa~m u ux __ soiCOKoii 
OO.O:BmKHOCTblO BJam.-w.a:eiiCTBHe lle¢eKTOB D.pyr C D.pyroM . l-t C H~tefOLUHMHCSI. 
HecoseplueHcTsaMH Kp~1crarmH 1IecKo~i p-e~eTKH s o6nyHaeMOM ~~-aTepua.m! 
Bbl3b!Btl.ioT HJMeHeHHSI.·, H 11pOHCXOJ111T 06pa30saH·Hc HOBbiX JHIHeti:Hb!X 

.O:BYMCpHb!X U 06DCMHhiX .ue¢CKTO~. 

flpoUeCChl, BhlJBaHHbi'e 06n_ytJet_lHCM, 5iB.ll51HJTC51 TepM03_KTHBHpOB8HHbi!'.IH, 
ll03TOM)' cyu.:,ecrBeHHYlO pOllh B 3BO.HIOUHH MHKpOCTpyKT)'pbi HrpaeT 
re~meparypa o6ny\IeHhSI. OT 3TOro nap~u.1erpa JasucSIT npoueccb! iutcp¢y3HH u 
paa.HauuoHHM cerpe·rauu5i, cpaJOBb!e npesp_alll.enu~. ofuem-!Hemte saKaucuii H ·· 

MeiKyJeJibHbiX 8TO~IOB S KJiaC.Tepbi H · mtCJIOK3UHOHHbJe neTjHI, a TaK)KC 
saKaHCHOH!:IbiC nopbi. TaK, , Konwi~cTso· panHauuOHHbiX · .ue¢eKroa 
y~teflhWaCTCH C TIOBb!WeHHCM Te~mcpaTypbl 06JI)'l{CH1151, liTO CB513aHO C 
yseJH!lJCmle:'.-t HX ITOilBmKUOCTH Jl pOCTOM 8HHlH11115lUHOHHhlX npouecc.os. 
npHMCpQM TaKOii Te}.II!CparypHOH 33BHCHMOCTH ,5JB...15ieTC5I li3MeHemte 
>111KpoCTpyKTYPLI, o6nyqewwii aycTell!ITHOii cTanll Tllna AISI316-[l-3]. 3i-a 
craJih AISI316 paccMaTpusae-rca B Katiecrse KaHna.aarHoro 
KOHCrpyKUHOHHOfO MaTepl!8.Jl3 ll)lH TCpMOH.JepHhlX peaKTOp-08, pa60T3lOWHX B 

'nuanaJOHe Te,meparyp 323- 673 K [4]. 
HJMeHeHH51 MexaHHqecKux csoHcrs 3TOfi Crarm · npu OTHOOtTe:IhHO 

HHJKHX reMneparypax ocHoBaHb!, maBHbl~l o6paJOM, Ha peJynoTarax ux 
HCCJlCLI.OBaHHti '8 -peaKropax Ha 6biCTpbiX , ueHrp(>HaX H y'CKOptiTC .. lHX 
33p5i)((CHHbiX llaCTHU. 0IJ.HaKO B Oi .. 1WIHC OT . TeOperWJCCKHX MOUene~{ 
3B0,1!0U115i MHKpOCTp)'KTypbl npu o6.n;n-reHHH 6otCTpblMl1_ HeHrpoHa..\HI l1 

T51:.KeJ1bi.\!H HOH3~!H npH HH3KHX ll.03aX., B yKa33HHOM Te~tneparypHO~I 

HHT~p!3a.;Je 06SI)"'1CHH~ 
1 

. HCCrie,JOB<lHa na.JeKO HC UOJlHOCTb!O. R1ll5ii!IIC 

o5nytlt!t!l;51. 1!3 M3TCpHXH:•I, Bl>l1b!3a:ow.ee 3BOJl!OUHlO ~!HKpCCTpyK;rypo!, 
HC06.\0:ll!:'-.10 jHCC:\!3TpHBaTb C <'.'!:'~1bHOii CT<l:!HH 06.il)rtJCH~!:1, KOC.!.a 

!!Z:(!!!H<l~TC>I poeT CKO!LIC!Hii'! TOtf~l!HbiX JlCC?t::KTOC (K.;J?.CT~pO\~). 
IL<Hl ~-t ·nc i';c rB>!I.! ,Jec:pcKTOB rqJ!! B0:tlr! :-: o6p;:nona :w iO :-:;1acn~po3 ~::.::c;•cKTOB, 
,'l:!C:!O!...:<lUliOH:Ib!X f!t:Tenh, Tt:Tp<G~tpo'; ,J.;;c{JCKTOB ]'ll<lKOBKII ;1 !lOp. 
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Uenh HaCTos:nueH pa6oTbt - nJyqeHHe BJUISIHIDI o6nyq:eHIDI TIDKen.biMH 
uoHaMu H HeiiTPOHaMH (E,>O,l MoB) rrpu HH3KHX noJax o6nyqeH~~a Ha 
3BOIH0UH10 llHC110K3UH.OHHOfi MHKpoc-rpyKrypbl B 33BHCHM0CTH OT 

reMneparypbi o6rryqeHH5i. 

2. Mero,!lHKa JKcnepHMeHTa 

B nccnenoBaHH51X ncnonLJOBanacb aycreHHTHrut Hep)!(asetomrut cTanb 
OOX17Hl4M2. llaHHbie xnMHlleCKoro cocTaBa sToif CTaJIH npe.acTaBJieHbi s 

Ta6Jmue 1. 

Ta6Auija I. Xu-wu"'cxuu cocmaa cmaJJu OOXJ7HJ4M2 (sec,%) 

06p33Ubl 1UUI SllleK-rpOHHO~MHKpOCKOITHlJCCKHX HCCJlellOBaHllii 6bUIH 

no.nroTOBJieHbl B BH.Ue .UI:ICKOB ,UllaMerpOM 3 }.1M H TOJilllHHOH 100 MKM H 
OTO)l()J(CHbl B BaKYJMC IIPH P=l,33·10'3 na npH TeMrreparype 1323 K B 
TelleHHe 30 MHH C nOCJle.O:yiDlllHM OXJI3)KJleHlleM ITOTOKOM XOJIOllHOrD aproHa. 

06ny<!eHHe o6pa3UOB npoBOJl!L10Cb uoHaMH 129
Xe (E=124 MoB) H 

40
Ar 

(E=225 MoB) npH nJIOTHOCTH rroToKa F=(l,S-3)·10
11 

HOH/cM
2
·c npH 

TeMneparypax B nuanaJone 473 - 923 K no 1t03bl rroBpe:KlleHHli 0,1-1 c.H.a. 
MnweHHoe yc-rpoii:cTBO sKJitol!a..10 s ce6st OXJI3)K)laeM)'lO rrporoqHOH BonoH 
nwacpparMy, 33 KOTOpoH H3XO.ill-L1aCb .JIOliJ10)!(K8 C o6nyttaeMb1Mll o6pa3UaMH, 
HMelOIU3.Si ua,ne)f(Hbifi TenJIOBOfi KOHT8KT C H3rpeBaTeJibHblM 3JleMeHTOM. 

MuweHHoe yc-rpoHcrso 4epe3 monnpyromu:e npoK11auKH Kpem-mocb K 
OXJia)!(JlaeMOMY BO.O:OH MCllHOM)' nep)!(3TeJil0. HarpeB o6pa3UOB ocymeCTBJI5Lo1CSI 
3J1eK1pH4eCKHM TOKOM H 3a C4eT Tenna, BHOCHMOrQ nyttKOM HOHOB. 
CTa6HnHJau~~a TeMneparypbl o6pa3UOB rrpOHJBOltHJiac• TepMoperyn~TOpoM c 
TOliHOCTb_IO noiJ.D:ep)!(aHIDI TeMnep3T}'Phl .0:0 6.T=±5°C. 

06ny<!eHHe HeliTPOHaMH (E>O,l MoB) 6bUIO npo•eneHo • peaKTope 
"EWA" H "MARIA" npH TeMrreparypax 353, 473, 573 H 673 K. 

Hccne.uosaHH51 MHKPOCTPYKTJ'Phi 6bi11H nposeneHLI Ha sneK'rpOHHbiX 

MHKpOCKorrax JEM I OOCX li JEM 200CX. Jln~ IIOII)"lCHHa OIITHM<L1hHblX 
yCJlOBHH 3HaJ1H38 MHKpOClp}'KT}'Pbl HCnOJihJOBaiTHCh CBeTJlOIIOJibHOe 
n3o6pa)((eHHe n cna6Mfi nyqoK, a Ta!OKe TeMHOnOJibHOe H3o6p3)!(eHHe npH 

yCIIOBHHX ltHC\JpaKUHH g=(200) H (g,6g). 
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3. Pe3yJibT3Thl u o6cy>KJ~enn• 
J.J. 00llJ~eHUe 11UI>KellbLMU UOHQMU 

Kax noKaJan n3M aHamn, see HCnLrtaHHLre o6pa3uDI conep)f(arm 
.uncrroKaUHOHHLie neTJIH. TaM, me 6blJI B03MO)KeH no.upo6HMH aHanH3, 6Lrno 

06H3ppKeHO, 1.J:TO 3TH netml - Me)f(y3eJILHbie JlHCJIOK3UHOHHbie (5). 
MO)KHO c.uerratb BLIBO.U, l.ITO Me:>KyJeJILHLie aTOMbi o6'Le.nHHHlOTCH Ha 

IlJIOTHOynaKOB3HHI>IX IlJIOCKOCTHX ( 111) B 2! 95% CJiytla51X B neTJUI <t>paHKa C 
a 

. seKTopoM E10prepca b=3 [Ill]. Ocnsumec• neTJ!H, npucyrcTByJOwue B 

Matepn:ane - 3TO 6eJ.neefleKTHbie neTJIH (OpH3M3TH1..WCKHe) C BeKtOpOM 
a 

E10prepca b=2 [II 0]. 

Ha pnc.l. noKaJaHLI .ne¢eKtLI, rrpencrasmiiOIUHe co6oii: 
JlHCJJOKauuoHHhle netJIH s ctarm OOX17HI4M2, o6nytieHHOH HoHa\-fH npH 
pa3HbiX TeMneparypax. MuKpoCTpyKrypa CTanH, o6nyqeHHOil npu 
teMneparype 473 K1 npe.ncrasm~et co6oii:, KpOMe nerenb CI>pauKa, He6onLwne 
KJI3Ctepbl .ue¢eKTOB, BWlHMbie K3K qepHbie TOlJKH (black-spot) C p33Mep3MH 
2-4 HM, paBHOMepHO pacnpeneneHHbie no BCeMy OfueMy (pHC.! a.) 

B o6pa3uax, o6nyqeHHbiX npn 923 K (puc.l6), me cpenHuil pa3Mep 
rrerenh nocruran TOJIIUHHhi cponbrn, HMeno Mecro ¢opMwposaHue 
npH3MaTHlfeCKHX IIeTellb, a TaK)!(e CefMeHTOB nerem. H .lUiCJlOKaUHOHHOi::f 

ceTKH. PeJynhrani, non)'lfeHHhie npH reMneparypax 573, 673, 773 K, xopowo 
socnpoHJBOIUtJIHCh, a npH reMneparype 923 K ua6monanocb paJJHflJHe s pH.lle 
06pa3UOB. KOJilflJeCTBeHHbie .U3HHhie, KOTOpble 6wm IIOJI)"-JeHhl H3 

MHKpocpororpacputi o6nyqenHI>rx o6pa3UOB, rrpe.ucraBJieHhr rpa¢wlfeCKH ua 
pnc.2-5. PHC.2 H 3 IIOKa3biB3fOT, lJTO KOHUeH1'p3UHSI neTeJib IIOHH)!(3eTCH, a 

cpenuuif paJMep B03pacraer c ysenulfenueM re~meparypbi o6n)"-leHHSI. lh 
pHC.4 if 5 BHllHO, t.ITO KOHUeH1'p3UHSI rrereJib L(OCTHraer H3CbiiUeHHH rrpH 
onpe.ueJ1eHHOil nOJe o6n)"-leHJm • .lliui 6onee BhiCOKHX reMneparyp uachiW.em1e 
KOHUeH1p3UHH rrerenb uMeer Mecro npu 6onee HH3KHX .uoJax o6n)'lfeHHSI. 

B 33BHCHMOCTH OT ypOBHSI ITOBpe:iK.UeHHti MHKpOCtpyKrypa rrpe.UCT3BJIHeT 
co6oll KJiacrepbi necfJeKros, ne<!JeKTHbie rrernH <DpauKa (pHc.l), 

rpauc<!JopMHpyFOUlHeCSI B COBepweHHbie IIeTJIH, 33TeM B CeTKY .UHCJIOK3UHJ1 H, 

HaKoHeu, B ocuosuy10 cerKy nucnoKaUHll [6]. YsenuqeuHe reMneparyphi 
o6n)"-leHHH ycKOpHer npouecc o6pa3osaHHH nucnoKauuouuoH cerKH. 

fipH OTHOCHTeJibHO HH3KHX Tel'.iiieparypax 06JiytieHHH (HlDKe 0,3 T1u1), 
KOI1{3 Me::KYJeflhHbie 3TOMbl TIO.llBH:iKHbl, a B3K3HCHH MaiTOITOllBlOKHbl, 

KOHUeHrp3Ul-UI Me)f(y3eJihHbiX llHCJIOK3UHOHHbiX nereJib 6btCTpO H3Ch!W3eTC51 C 
Jl03ofi (puc.4). 
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KaK H3Becruo, c noshiweuueM re/'.meparypbi o6nyqeuu51 (ysemrqeuueM 

IIOllBH)f(HQCTH B3K3HCHfi) npOWieBaeTCSI 3T3II 33pO)KJleHIDI Mell<y3eJihHbiX 

.UHCJIOK3UHOHHhiX rreTeJlb (7). 3H3'-UiTeJibH3SI qaCTb p3.llH3UHOHHbiX 
IIOBpe:iKIJ.eHHH B o6pa3U3X, o6nyqeHHbiX TIDKeJlblMH HOH3MH, C03.U3eTCSI B 

K3CK3.U3X 3TOMHbiX CMemeuull, B t.I3CTHOCTH, 33 Ct.IeT arepMH'-leCKOrQ 

CXJ10Ilbl83HHSI KJl3CTepOB B B3K3HCHOHHble rreTJIH [8]. 

B pa6ore [9] ycrauoBJieuo, liTO saKaHCHOHHbre nerm:t o6pa30BbiBariHCb 

B CTaJ!H Tuna 316, o6nyqeHHOH HOHaMH xpoMa (E=80 Ke V). TipH 3TOM OHH 
oKa3anHCb cra6HJihHbiMH .no reMneparyp nQpSlllKa 423 K, -HO HMenu ot£eHb 

KOpOTKMH nepHOll cymecrsosaHml npH reMneparypax ~ 798 K . 
8 3THX 3KCIIepHMeHT3X OTMeqanacb IIOBbillieHHa.SI KOHUeHTp3UHSI 

B3K3HCHOHHbiX nere,1f> 3a cqer 3HHHniJ151UHH Mell<y3eJibHLIX 3TOMOB H3 

nosepxHocru o6pa3UOB. Enaronapg aroMy npoucxo.nHJro 6onee a<!JcfJeKTHBHOe 

o6paJosaHue saKaHCHOHHhiX KJTacrepos B ueHrpe KacKanos. 06pa30B3HHbie no 
3TOMY MexaHlBMY neTJIH HMenu .UHa\tetp B npe.nenax 2-3 HM. BaK3HCHOHHbie 

nernu B 3oue nospe:iK.nemiH, ynanenHoH or nosepxuocr:u, KaK aro 6Mrro s 
H3WHX 3KCnepHMeHTaX, MOI)'T 6hiTb OlJeHb He60JibUIOfO pa3Mepa. ci>aKTH'lleCKH 

He Ha6J1fO.UaJIHCb saKaucuoHHbie nernH npu reMneparypax o6nyqeHHSI 373, 
673 u 773 K. fipH 573 H 673 K, me ruroruocrh saKaHCHOHHhiX nerenh seCbMa 

3Hal{HTeJibHa, BbiCOKM HX KOHUeHtp3UHSI MO~eT IIpHBeCTH K 3arpy,uueHJffiM 
npn Ha6monemm u aHamne Ha ::meKrpOHHOM MHKpocKone raKHX nerenh 

Mfu1hiX pa3~1epos. rlpu 6onee HH3KHX re11-meparypax o6nyqeHHSI npmrcxo.uHr 
¢op~.mposauue Me:iKy3eJihHbiX u saKaHCHOHHbiX nere,1h, raK KaK Me)f(y3eJibHhre 

arOMhi nonBH::KHhi. Me:iKyJenhHhre nermr pacryr c ysem-tqeHlieM .U03bi 
o6nyqeHHSI, B TO BpeM.SI K3K saKaHCHOHHbie neTJIH Men;neHHO yMeHblll3fOTCH 33 
Cl!eT a6cop6UHH Me)f(yJe.nhHhiX aroMOB. Hcxon:Hhi:H pa3Mep saKaHCHOHHbiX 

nere.r:lb, o6pa3yfOWHXCSI OpH HOHHOM H HefirpOHHOM o6,1yqe1mH MeT&1JIOB, 

H3CTOJibKO sem1K npH HH3KHX Te~meparypax o6nyqeHHSI, t.ITO HeCMO'fP51 Ha 

nocnenyiDwee HX pacrsopeHHe, OHH coxpaH51fOTCSI B relfenue wune.rxbHOro 
speMeHH. TaKHM o6pa30~I, aneKrpOHHO-MHKpocKonHqecKHe uccnenosauH51 

MeTartJlOB IIOK333.J1H, t.ITO B 06J13CTH K3CK3ll0B CMeiUeHH:H 060raiUeHHe 

B3K3HCHSIMH npHBOD:HT K o6pa30B3HHIO BaKaHCHOHHhiX rrereJib ( 10, 11). 
KoHelfHyiO · ¢opMy BhDKHBlllHX saKaucHOHHhiX cKonJienuM onpe.aeJISIIOT 

repMI-f\leCKU 3KTHBHpyeMble npoueCCbl. 

3.2. 06/ly.enue neumpOHlLMU (En>O,l ftiJB) 

Ha puc.6. rroKaJaHa MI!KPOCTpyKTypa CTa.1H OOX!7HI4M2, o6,1yqCHHofi 
HefiTpoHa;m (E>O,I M3B) np11 Te,mcparype 573 K, a"" pHc.7. - nnoTHOCTb 
nererih B 33BUCHMOCTU OT .U03bl nOBpe%lleHltff B C.H.a .• KaK BHllHO 113 pHCYHK3., 

II,10THOCTb ~1.e¢lt:KTOB B03pacraer C pOCTO~I C.H.a., npu 3TOM OH3 60.:lCC "Y.CM Ha 
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rropSILI.OK BbiWe, l.feM s CTaJIH, o6nyqeHHOfi: npn 373 K [12,13]. Ha6monaeMhie 

ne¢eKTI>I (pHC.6.) npe.UCTaBJUUOT C06oi1 .UHCJIOKaUHOHHbie rreTJIH HJHI 

rerpa3.Upbt lle¢eKTOB yrraKOBKH. Hx pa3Mep cJutwKOM MaTJ, 1.JT06hi onpene,1HTb 

HX MOpcfJOJIOllUO H.llf KpHCTallJIOrpacfJinO, HO HCITbiTaHH51 rep~ml.feCKOfi 

CTa6RJibHOCTif (CM. pa60T)' ( 14]) TI03BOJI51lOT npe.UITOJIOA<HTb, liTO 3TO 

Me)!(yJeJihHhie llRCJIOKaUI.fOHHbie rrernH. CHnbHbiH KOHrpacT H3o6pa;KeHH51 
a 

003BOn•eT cqnTaTb HX ne<jleKTHbiMI! neTn.MM <l>paHKa C b=J (!II] (12, 13]. 

Ha puc.8. npuseneHbi ¢ororpaqm11 THIIHl.!HoH MHKpocrpyKrypbl 

(uJo6pa;.Kemre - CJ1a6b[fl nyqoK, reMHoe none) aycreunruoro cnnasa Fe-Cr

Ni, o6n)"leHHoro HefiTpoHaMI! (E>O,l M3B) npn HH3KHX nOJax [15]. B 

3aBHCHMOCTH OT Te~meparypbl o6nyqeHH.S:C Ha6.mo.aa1HCh IlHCJIOKaUHOHHbte 

nernu, TeT}Ja3.apbl ne¢eKros ynaKOBKH H nopb!. bonhwHe nernu 

RaeHnr¢HUHp0BaJIHCb KaK MeA<y3eJibHble KOHBeHUHOHaJlbflbJM MeTOii0:\·1 BHC 

BHyrpeHHero KOHTpacra. 

Pacrrpeneneuwe pa3Mepos Me)KyJeJibHhiX nerenh, c¢op:-.mposaHHhiX npu 

TCMIIeparypax 06J1Y"IeHIUI 673 H 473 K, H306pa;.KeHO Ha pnc.9. 

3BOJIEOUH51. ~U!KpOC1'pyKryphl, KaK H306pa)!(efiO BbiUie, CUJibHO 3aBHCllT 

or re~meparypbl o6J1yt.JeHH51. B peaKropHbiX 3KcnepH:\Jeurax QlieHb rpynHo 

noanep)!(HBaTb nocr051.HHYEO re:-.meparypy. B pa6ore [15] noKa3aHO, KaK 

KOHrponb re~meparyphi o6.1yqeuu51. smuieT Ha pacnpenenem1e pa3:-.tepos 

llHCJIOKaUUOHHbiX neTCJlb. npn ''yny•IWeHHOM" KOHTpO,le Te:-.lneparypbt 

semt'-uma :ieenaeMofr re~meparypbl o6;lyt.Jemm no1Ulep:ieusa.-1acb nepe.Ll 

H3Y:W10!'>1 pa60Tbl peaKTOpa H C0XpaH51,13Cf> ilO MOMCHT3 CHH)!(CHH51 ~lOUlHOCTH 

peaKTOpa ilO Hy,15L DpH KOHBeHUHOHa.:lbHO:\f MCTOile KOHTpO.'HI re:-.mc:parypbi 

Heo6xonHMO ylmTLIBaTb, qro :iee,,aeMy!O re~meparypy o6nyY:eHHH o6pa3eu 

.uocntraer noc.1e lO l.facos or MO~JeHra BK..1IOY:eHH51. peaKropa, H oua 

IIOll.ilCp:iCHBaeTC$1. B Tel!eHHC HCCKO:IbKHX t.JaCOB npH OX...13/K,JCfHIH IIOCJlC: 

BbiK,1!QlJeHH51. pC3KTOpa. 0pH KOHBCHUHa.'lhHOM KOHTp0;1C re:-..meparypct 

fi_,lOTHOCTb neTC,lb 6bJ.la B TpH p333 MCHI,We, t.JeM npH y;l)''-IUICHH0:\1 KOHTpo.:-IC, 

a nx pa3Mep ~IeHLllle. Bmumne sapnaumr re:-.meparypht o6~1Y'-ICHH5l Ha 

ilHCJioKaUHOHHYIO MHKpocrpyKrypy s aycreunruo~1 cnnase Fe-Cr-i\i 6bi,10 

TaKA<C flOilTBCp/KJlCHO IIpH 06JiyqCHHH T5J)[(CJibi:\1H HOH3MH. 

MexaHHJ:-..1 ¢op~mposaHH51 MC)KyJe,lbHbiX nerenL s aycreHHTH0.\1 cn,1ase 

Fe-Cr-Ni npu nOBbiweHHMX reMneparypax nocne o6nylfeHH51 3.1eKrpoHaMH 

6hLl uccnenosaH s pa6ore ·watanabe n npyrnx [16]. Opu o6.1ylfCHHH 

:neKrpouaMn neT KacKaaos otememtft, 3JleKrponhl c 3Hepnrefl 1-10 M::~B 

Bbl3b!B3IOT CMeutCHHC 3TO:..IOB II C03il3!0T B MCTaJIJlaX necf:leKTbl B Bit;}(~ 

OTaenbHbiX nap <l>peHKe,l• [ 17]. 

6 

Me;Ky3CflbHbiC nenm Q:lop~mpyEOTC51. K3K pe3yflbT3T peaKUlHf MC)!(!ly 

CB060.UH0 MllrpnpyiOUHtMU TO"!Cl.!HblMH necfJeKTaMH, MC)!(yJeJibHbi.\Uf aTOMaMU H 

B3KaHCH51.MU. 

CornacHo pa6oTe [ 18] KOHUeHrpaumo Me)!(yJeJibHbiX nere,1L CLs s 

yCJIOBU51X HaCbiUlCHIHI npn6mf3HTCJlbHO MO)!(HQ OnHC3Tb CJlCilyiOWHMU 

ypasHCHU51.MU: 

CLs=0,4 f(CMP/Ms) 112 

llJHl HII3KUX TeMneparyp H 

(!) 

CLs=f (PIMI) 112 (2) 

·.u;ul BhiCOKHX re:-..meparyp, me P - CKopocrb nospe)KneHuii (c.H.a./ceK), C;-..t -
KOHUeHrpaUH51 OpHMeCeii' neiiCTBYIOLUHX KaK JlOByWK3 ilJl51 MC)[(y3CJ1bHbiX 

aroMos, H f - 3¢¢eKrusuocrh cpop:-.mposaHH51. nn:-.te)!(y3J1Hii. M1 u Ms 
onpenenenc1 cnenyiOWHMJt ypasueHIUJMu: 

M1=vo exp ( -E:,,kT). 
Ms=vo exp {-(E:,+Eh)lkT}, (3) 

rne Eo - 3nepm51 sJau:-.wneHcrsu51 Me;KyJeJibHhiX aro:-.~os npu~1eceii, E~, 

3HCprH51 MHrpaUHH MCA<y3eJibHbiX arO:-.IOB. 

CpaBHCHUC paCC'-UtTaHHOii KOHUCHTpaUHH MCtKy3e!lbHb\X ITt:TeTib C 

HCITOJib30BaHHeM ypaBHCHH51 (]) C 3KCnepH~lCHTa,1bHbl~tll nan Hbl~tll ( 16] 

ITOK33aJ10, '-ITO KOHUCHTpaUHH HX npn 563 K 6b!Jllt B TpH pa3a BbJWe, '-lt:M 

reopeTHlfeCKHe 3HalJeHH51. 3ro csnnerenhcrsyer o TOM, liTO 60;1bWIIHCTBO 

Me)!(yJeJibHbJX nerenh 3apo:KnaEOTCH nyre:-.1 neperpynnupOBKI1 ro•Jt:'IHhtx 

ne¢eKros s cy6KacKaaax, a ne H3-3a peaKunH Me>Kay cso6oaHhl~llt 

Mt:)!(yJeJibHhtMH aroMaMu. Ho npu o6ny<Jt:HHII npn re..,tneparypt: 673 K [16] 

KOHUCHTp3U1151 MC)!(y3CJlbHbiX llHCJIOKaUHOHHbiX neTeJib IIOHIJ:.KaeTC51 ll XOpOWO 

COfJlacyeTC$1 C D,aHHbL\IH H3 ypaBHCHH51 (2). 3TO CBilLlt:Tt:JibCTBYeT 0 1'0~1. 'ITO 

K3CKaabi CMCWCHHH TCp51.IOT CBOIO npeo6nanaiOLUylO pOIIb B 3apO:K.Jt:'t-11111 

neTt:::Jib 11 <ITO B33J.1MOlleiiCTBUe Me)[(Jly CB060.UHO MHrpHpyiOWH:-.111 TO'IC\fHbl:\111 

ne¢eKraMH ynpaMHeT npoueccoM 3apO)!(llCHHH nere;Ib npu sctCOKIIX 

reMneparypax. 

4. BbiBO.ll,t.l 

1. Ormtl.furencnoH lJepron MHKpocrpyKrypci cra...111 OOX l7H 14\12. 

o6,1yT.teHHOii T5J)!(CJibiMH uoua~111 H neiirpouaMII npu Te~meparypax 473 -

923 K, 5JB,151CTC51 llHCJlOKaUHOHHM MIIKpocrpyKT)'pa, KOTOpa51 npe;tCT<lB.'I51CT 

C060ii "1C)[(yJC,1bHb\C llHCJlOKaUHOHHbiC flCTTHI, CpCLUillii pa3.\tep KOTOpblX 

B03pacraeT, a KOI-IIlCHTpaUIISI nO!!IDKaCTCSI C yst:.rlltllt:HIIC:\1 TC.\IIICp<lT)'pbl 

o6:IY'It:Hil51. 
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2. Ha6:uoaaeMa51 sorCOKa51 nnorHOCTO Me)((yJenoHorx nerenb He ~tOA<eT 6o1n 

o6b51CHeHa reopHeH ro~tOreHHOro JapO;KllCHH51. Hau6onee seposnHO, 4TO 

JapoA<neHne nere .. lb s IUianaJoHe re!l.meparyp 473 - 673 K 51&rl51ercs:~ 

peJynoraroM npoueccos, npoucxoa51wux s JOHe KacKanos arOMHOIX 

cMeweHuiL flpH BbiCOKHX reMneparypax o6n~eHH51 (673 K) 

KOHUeHrpamts:~ ~teA<yJenoHOIX nereno noHHA<aerc51 H xopowo cornacyercs:~ c 

pacC~H1T3HHbl!l.fH 3H3'-ICHH51\1H, OOJlYI.JCHHbl~fH H3 ypaBHCHH51 (2). 113 :nora 

C;le.J.yer, YTO npu sorcoK~ix re~meparypax 

onpenerrs:~ercs:~ sJau~w.ueHcrsueM MC)((llY 

T04.C4Hbi~IH llC<lJCKTa!l<tH. 

npouecc JapO)((IleHm:r nen::;lo 

CB060ii.HO MIH1H1PY10WH~IH 

3. 3,1CKTpOMHKpOCKOOHYCCKHe HCCJ1Cll0B3HH51 He Bbls:!BHJUI pa3HHUbl MC)((Jly 

~1306pa)((CHifS'I\1H M~tKpocrpyKTypbl B CTa.rJ~i QQX l7H 14M2 nocne 

o6 .. 1:f-1CHH51 T51)((e;1b!MH HOH3MH H HCHTpOH3!-.1H B IlHana30HC TC~tneparyp 473 

- 923 K. KoHueHrpauus:~ ne¢eKros nocne o6nyqeHH51 HeHrpoHa!l<tH H 

T51)((C;1b!MH HOHa!I<HI COOOCTaBH!-.13 C BCJlHI.JHHOfl, OOJIJ'ICHHOH npu 

o6:~y4eHHH npu 373 K [14]. 

4. flpH KOfiBCHUHOH3J1bHO!o.I KOHTp0,1C TCMneparypor o6pa3UOB OJlOTHOCTb 

nere.1b 6biJ1a s nsa pa3a sorwe Ha6monae~-omH npn ynyqweHHOM KOHTpOJle 

re~meparypo1. 06nyqeHHe npH 6onee HHJKHX re!l.meparypax, HMetOwnx 

MCCTO npu KOHBCHUHOH3JTbHOM KOHTpone TeMneparypbl, npHBOilHT K 60Jlee 

Bb!COKOH OJlOTHOCTH neTCJib. 3TO HC06XOllHMO HMCTb B BHJly npH 

conocras.leHHH pe3ynbraros o6nyYeHH51 s 51Ll.epHorx peaKropax. 
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Te>meparypax: a- 473 K, 6- 573 K, s- 923 K 
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3aBHCHMOCTb KOHUeH'rpaUHH llHCJ10K3UH0HHbiX neTCJib B CT3J1H 

OOX 17H 14M2, o6nyqeHHOii HOHaMH 129Xe (E~ 124 M3B) OT 

reMneparypbr 
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pa3HbiX TeMrreparypax 'OT L£03hi 
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3aBUCH~IOCTh Cpt:LlHerO pa3~1epa 11.1\CJIOKaUIIOIIHbiX flt'TC:lb (a) II 

KOHUeHTpaUIHI (6) B CTalH 00X J7H 14M2, 06J1)'llt'HHOii HOHa:-.111 

Ar (E=225 M3B) npu pa3HhJX Te:-.mepaTypax OT noJht 

MI!KpOcTpy!\:rypa CTaiiH OOX 17H 14\.12. o6.'IYllt.::!lHOil 
t!diTpoHa:-.m (E 11>0, I tvbB) npu Te:-.111epaType 573 K. 
a- 0,0035 C.H.a .. 6- 0,01 C.H.a., B- 0,03 C.H.a. 
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reMneparype 573 K or noJbl 

iVhtKpocTpyKrypa aycTeHHTHOro cnnasa Fe-Cr-Ni, o6nyqeHHOro 
HeYrrpoHa~m (£0 >0,1 M3B) rrpu pa3HbiX Te~mepaTypax H nOJax 
a. 473 K, 0,037 c.H.a., 6 · 573 K, 0,054 c.H.a., 
B · 623 K, 0,16 c.H.a., r · 673 K, 0,14 c.H.a. 
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Pacnpe.ueneHHe Me)l(yJen&HbiX neTeJJb, ccpopMuposaHHbiX npu 
KOHBeHUHOHa.JlbHOM H Y•1YlJWeHHOM KOHTpOne TeMneparypbl 
o6JiytleHu~ s peaKTOpe a- 673 K - y .. 1ylJWeHHblii KOHTpO.!Jb, 
6- 673 K - KOHseuunoHru1bHhl~i KOHTpOnb, 

s- 473 K - yn)'l-lweHHblli Kmnponb 
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Xmj>MaH A. 
Lf.HCJ10KaUHOHH351 MJ1KpOCTp}'KTypa ayCTCHHTHO.H 

.iep"'ase10weii CTanii OOX 17H 14M2, o6ny<JeHHOH 
B~TCOKq:mepreTwo~ecKH~f.H HO~a'-tH: a HeHTj>oHaMH (~n > 0, I ~13B) 

Pl4-97-!00 

HccneiiosaH HaYanbHbJH npouecc 3BOntoUHH_ MHKpocrpyKrypDI s aycreHHTHOH 
Hep::KasetoiueH CT3J1H, Q(}n)"--eHHOH Jl,O HH3KHX Jl03 TSI::KeilhiMH HOHaMH H HeHTpOHaMH 
(E >.0, I MoB) npu TOMnepaTypax B awana30He '473 - 923 K .. HccneaosaHH» .n ~ . . 

I ct.PYJ<TypHDix_ :J.f)MefieHHH, Bhi3BaHHhiX- o6ri)"--e·H~eM, 6bum nposeaeHbi MeTOJlO.M 
3JieKrpO~moH MHK.pOCKOnHH. Ha6niO!l3JlHCh LtHcflq_KaUHOHHbie nernu MeiK)'3eJIDHOro 
THna, OJ10THOCTb KOTOpbl~. 6bifla Bb!COKOH H OOKa3b!BaJla CHJIDHYfO 3aBHCH~~OCTb OT 
reMneparypDI. flpose.neHo o6c}')KneHHe MexaHH3Ma ¢op . .,.mposa_HH51 Me;.Ky3eJIDHDIX 
nerenD npu nos&IllieHHhiX reMneparypax. 
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Pa6ora BomonHeHa B Jla6oparopuH Sl.lepHhiX_peaKuHH HM. r.H.Cllnep9Ba OYUII-1. 

Coo6tUCH!iC Oth.e:.tHHCHHOro IIHCnnyra Sl;.tepubtX liCC.1e.:.toarurHii . .Uy6Ha, 1997 

Hofman A. 
Dislocation MicrostruCtures in Austenitic ·Stainless Steel 
OOH 17N 14M2 Irradiated !JY Energetic Heavy Ions and Neutrons 
( £;, > 0, I MeV) at Low Doses 

P14-97-100 

The initial" process of microstructure evolution in austenitiC stainkss steel 
irradiated at low doses by heavy ions and neutrons (En> 0, I MeV) at the temperature 
fange of about 473 - 923 K has been studied. Radiation induced microstructures 
were examined by <3: transmission electron microScope. The intersti.iial type 
dislocation loops were observed. The density of the dislocation loops was high and 
showed ·a strong temperature dependence. The discussion of the formation 
mechanism of tnterstitial loops ·at elevated temperatures has been carried out. 
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