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Modeling Radiation Damage Effects on the Ductility of Polycrystalline Metals
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Performance degradation of structural steels in nuclear environments results from the
formation of a high number density of nanometer scale defects. The defects observed in copper-
based alloys are composed of vacancy clusters in the form of stacking fault tetrahedra and/or
prismatic dislocation loops that impede the motion of dislocations. The mechanical behavior of
irradiated copper alloys exhibits increased yield strength, decreased total strain to failure and
decreased work hardening as compared to their unirradiated behavior. Above certain critical
defect concentrations (neutron doses), the mechanical behavior exhibits distinct upper yield
points. In this paper, we describe the formulation of an internal state variable model for the
mechanical behavior of such materials subject to these (irradiation) environments. This model
has been developed within a multiscale materials modeling framework, in which molecular
dynamics simulations of dislocation — radiation defect interactions inform the final coarse-
grained continuum model. The plasticity model includes mechanisms for dislocation density
growth and multiplication and for irradiation defect density evolution with dislocation
interaction. The general behavior of the constitutive (homogenous material point) model shows
that as the defect density increases, the initial yield point increases and the initial strain
hardening decreases. The final coarse-grained model is implemented into a finite element
framework and used to simulate the behavior of tensile specimens with varying levels of
irradiation induced material damage. The simulation results compare favorably with the

experimentally observed mechanical behavior of irradiated materials.

This work was performed under the auspices of the U.S. Department of Energy by
University of California Lawrence Livermore National Laboratory under contract No. W-7405-
Eng-48.



MoaunduunpoBanHas MoJejb 00pa30BaHUs KACKAI0B CMEIeHUH 1JIs1 cJIy4as
00J1y4eHHs] MOHOKPHCTA/UINYECKNX MaTepuaioB myukom nonos He' u Ar' ¢
IIMPOKHM HEPreTH4eCKUM CIIeKTPOM

H. B. Bouxkos, b. A. Kanun, . B. OneliHukoB
MocKoBCKHiT HHXECHEPHO-(PH3MUECKI HHCTUTYT (TOCYNapCTBEHHBIA YHHUBEPCHUTET),
Mocksa, Poccus (volkov@vlk.mephi.ru)

B psne cimydaeB MeToamka WMHUTAMOHHBIX JKCIIEPUMEHTOB MpEAIoJaraeT MpUMEHEHHE
Iy9KOB HOHOB C IIUPOKAM DHEPreTHYECKHUM paclpeleneHneM (MOHHAsS WMIUTaHTAIHs,
BO3JIEMCTBHS TEPMOSANEPHON TuasMbl W T.1.). OZHUM W3 Y3JIOBBIX MOMEHTOB ITOJOOHBIX
AKCIIEPUMEHTOB SIBISIETCS aJCKBATHOCTh (DOPMHUPOBAaHUS KACKaJOB aTOMHBIX CTOJIIKHOBEHHIA,
KOTOPBIC CO3/IAI0T JS(EKThI, OMPEACIAIOT Ha MIEPBOM dTalle MacCOMEPEHOC B 00IyYaeMoM CIIoe,
a B JaJbHEHIIEM U CTPYKTYPHO-(ha30BO€ COCTOSHHUE MPUITOBEPXHOCTHOTO CIIOS UCCIIEAYEMOTO
Marepuaa.

B HacTosmmedt pabore mpencTaBieHbl pe3yibTaThl pacyeTa BHUAa KacKagHOW (DYHKITUH IS
ciydast o0myueHus: MmatepuanoB (Be, MmoHOKpucTamiel: anmmas, Si, Cu, Fe, Ni, Mo, W) nmyukom
noHoB He', Ar’ ¢ IIMpOKMM TrayccomojoOHBLIM >HEPreTUYEeCKHUM CHEKTPOM B HHTEpBale
sHepruit 1-50 k3B npu BenuunHax cpenHeit anepruu uoHos 1, 5, 10, 20 u 30 x3B.

Bun kackamHoO# (YHKIHH, YUYUTHIBAIONICH 3HEPTETUUCCKUN CIIEKTP MOHOB, MOAOUpANCS U3
pPE3yJIbTAaTOB CpPaBHEHHS PACUCTHBIX JAHHBIX BEIWYMH KOA((OUIMCHTOB PACIBUICHUS |
MapaMeTpoB aTOMHOTO TEPEMEIINBAHUS C SKCIEPHUMEHTAIBHO M3MEPEHHBIMHA BETUYHHAMHU —
ko3 dummeHToM pacmeUleHHs  Sp, TIyOMHOW BHEApEHHS HMOHOB Rp u  TiyOmHOU
npoHukHOBeHUS [IBA 13 miieHKH B TENO MOUI0KKU — MATPULBL Xm.

UccnenoBanne mpomecca (GOpMHpPOBAHUS paJHallMOHHBIX JAe(PEKTOB TMPOBOJWINCH C
MOMOIIBIO MPOCBEUMBAIOLIEH AIEKTPOHHOM MHUKpockomuu. HM3yueHue 3aKOHOMEpHOCTEH
MaccoIepeHoca IMoa OOJydYeHHEM BBHITIOJHEHO C TIOMOIIBI0 BTOPHYHONW HOHHOM Macc-
CIEKTPOMETPHUH, 00PaTHOTO pe3ephOPAOBCKOTO PACCESHUSI U METOA e OTIAuH.

B xauecTBe HanboIIee MOAXOAAIICH TECTUPYIOIICH IPOrpaMMBI OBITH B3ATHI Koabl TRIM-Sp
n TRIM-Rp (umcmons3yrommue moTeHnnan buep3aka-lluriepa), KoTopwsle maim XopoIliee
coriacie C  OKCIIEPUMEHTAJIbHBIMH  pe3yibTaTaMH I CclydaeB  OOJXydeHus
MOHOKPHUCTAJUIMYSCKUX MUIIICHEH cOo cpefHei u Oonbmoi atoMmusiMu Maccamu (Cu, Fe, Ni, Mo,
W). Onnako mpu ob0iayuennu Be u monokpucrammoB C u Si (110) pacxokaeHHe pacyeTHBIX
3HAUYCHUU C IKCIIEPUMEHTANBHBIMU JaHHBIMU qocturaeT 200-500 u 6onee %.

ITokazano, Taxxe, uro TPH-cTaHAapT yIOBIETBOPUTEIHLHO OMHICHIBAET IKCIICPUMEHTATLHBIC
JaHHBIE TIPH OOJTYYEHWH MATepHaTIOB HOHAMH Ar' ¢ SHEpruei BbIIIe 20 x3B. Ognako B
obmactu sHepruii 1 — 20 k3B pacyeTHOe KOJIMYECTBO CMEIICHHBIX aTOMOB OKa3bIBaeTCs
3aBBIIICHHBIM 110 CPaBHEHWIO C JIAHHBIMH, IIOJIYYeHHBIMA W3 O3KCIIEPUMEHTOB. OTH
PaCXOXKICHYSI, BUTUMO, CBSI3aHBI C 0COOCHHOCTSIMU PACIIPEICIICHUS 10 TIIyOHHE PaualliOHHBIX
JIe(EKTOB, UX B3aUMOJICHCTBUEM C MOCICAYIONUMH KaCKaJaMHi aTOMHBIX CMEIICHUH, a TaKXKe C
PaaMaliOHHO-CTUMYJIUPOBAHHBIMU MIPOIIECCAMH TIPU O0JyUYECHHUH MaTEPHAIIOB ITy4YKOM HOHOB C

IIMPOKUM JHEPTETHIECKUM CIIEKTPOM.



Hccnenopanne HAKOIJICHUS U OTKHUra paauannoHHbIx AegexrTos B Fe-Ni I'IIK
ciuiaBax ¢ 1o6akamu Al u Ti

A.I1. ipyxxkos, B. JI. Ap6y3os, . A. I[lepmunos, K. B. [llansHoB, B. A. ITaBnoB
Wucruryt ¢pusuku meraiuioB YpO PAH, ExarepunOypr, Poccust (druzhkov@imp.uran.ru)

[IpumecHBle aTOMBI B TBEPIOM pAcCTBOpPE B3aUMOIECHCTBYIOT JHOO C MEXI0Y3eIbHBIMU
aToMaMu (TmOoApa3MepHble TpUMeECH), JH00 C BakaHCHAMU (HaJpa3MepHble NpPUMECH), B
pe3yibTaTe MOABMXKHOCTh TOYEUHBIX IE(EKTOB B CTAIAX MOXKET yMEHbIIaThcsi. B ciydae
KOHLIEHTPAallMU NPUMECHBIX 00ABOK BBILIE Mpefesia PaCTBOPUMOCTH IIPU TEPMHUYECKOM HIIU
paIualuOHHO-UHIYLIUPOBAaHHOM CTAPEHHM BO3MOXKHO BBIICJICHHE JUCIEPCHBIX YaCTHIL
BTOPHYHBIX (a3, B YaCTHOCTH MHTEPMETAUIUAOB. M3BECTHO, YTO MHTEpMETATHIHBIC YaCTHIIBI
CICPKUBAIOT PACIyXaHUE B HEPIKABEIOIINX CTaJISIX.

Lens aT0M paboThl — UccienoBaTh BiusiHIE puMeceld Al u Ti kak B TBepIOM pacTBOpe, TakK
U B cocraBe dactull BeiaeneHnid tuma NisAl(Ti) Ha 3BONONHMIO paaWaiMOHHBIX Ne()EKTOB B
MoxenbHOM TIK Fe-Ni cmmaBe. Pammarmonnbple  MeeKTHI  CO3MIABAUCh  AJICKTPOHHBIM
obOnyuenneM mpu Temneparypax 280 — 573 K. JlepexkTpl QUarHOCTHPOBAINCH METOIOM
MO3UTPOHHON aHHUTHIISIIHOHHON CIIEKTPOCKONHMH, UMEIOLUIMM BBICOKYIO UYBCTBHTENBHOCTH K
nedekTaM BaKaHCHOHHOTO THIA. ATTECTalys HMCXOAHOM MHKPOCTPYKTYPHI CIUIABOB IIOCIHE
Pa3IMUHBIX TEPMOOOPaOOTOK (3aKalika, CTaAPeHHE) MPOBOAMIACH METOJAMH MPOCBEUYUBAOIICH
3JIEKTPOHHON U CKaHUPYIOUIEH TYHHEIbHONH MUKPOCKOIIHNH.

[Toxazano, yro aromsl Ti (HampasmepHas MpuMech) 3PGEKTHBHO B3aUMOJCUCTBYIOT C
BAaKaHCHUSMH, SIBISIOTCA sSOpaMH sl BaKaHCHOHHBIX KJIAcTepoB. BakaHCHOHHBIE KJacTephl,
JekopupoBaHHbIe aToMamu Ti, Tepmudeckn ctabuibHbI 10 450 K.

XOTs amOMUHUN H SBISETCS HaIpa3MEpPHOH MPUMECHIO, €r0 B3aUMOACHCTBHE C BAaKAHCHUSIM
He oOHapyxeHo. OpnHako, OBUIO YCTaHOBJCHO, YTO HMHTEPMETAJUIUAHBIE KOTEPEHTHBIE
HaHodacTHUIBl THNA Ni;Al CIepXHBalOT HaKOIUIeHWE JeEeKTOB BaKaHCHOHHOTO THIIA.
O(GhEeKTUBHOCTE 3TOTO TpOIlecca YBEIMYHUBACTCS C POCTOM TEMIIEpaTyphl oOmydeHus. B
JOKJIaJle MPUBOAATCS TaKXKe pe3yiabTaTel oTxura aedexroB B Fe-Ni cruiaBax ¢ pasnuuHON
UCXOOHOH MHKPOCTPYKTYPOH, OOCYXKIOAlOTCS MEXaHU3Mbl BIMSHHUS HHTEPMETAJUTUAHBIX
HAHOYACTHUI HA BOJIOLHMIO PAAHALIOHHBIX A€()EKTOB B ayCTEHUTHBIX CIIIaBaX.

PaGora BbImonHeHa mpu ¢uHaHCOBOW moanepxkke PODU (mpoekr Ne 04-02-16053) u
[IporpaMMBbl TOAEPKKH BEAYIIUX HAY4HBIX K0T (mpoekT Ne [11-639.2003.2).
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ATOMHasi CTPYKTYpa uHTepdeicoB Mmocje paIualHOHHBIX U IPYTUX HHTEHCUBHBIX
BHEIIHUX BO3JelCcTBUIA

B. A. UBuenko
Wncturyt snexrpodusuku YpO PAH, ExarepunOypr, Poccus (ivchenko@iep.uran.ru)

B HacTtosdmeM Joknane MNPEACTABICHBI PE3YyJbTaThl OPUTMHAIBHBIX HCCIEAOBAHUM
W3MEHEHUI aTOMHON CTPYKTYpbl MHTepdelcoB B MaTepHaiax IMOCJe WHTEHCHBHBIX BHEIIHUX
BO3JICHCTBHIA, BKJIOYAsl paJMallMOHHBIC, METOJIAaMH T0JIeBOM MOHHOU Mukpockornuu ([TMM) u
atomaoro 30812 [IMM (A3IIMM). IIpenmyriecTBa 3aKIFOYAOTCSI B BO3MOXKHOCTH MTPOBOIUTH
psIMOE MPELU3NOHHOE U3YUYEHHE PEaJIbHON CTPYKTYPBI MIOBEPXHOCTHBIX M IPUIIOBEPXHOCTHBIX
CJI0€B KPUCTAJUIMYECKON PEIIETKH KOHACHCUPOBAHHBIX COCTOSHUM B POLECCE YIPABIIEMOT0 U
MOCJIEIOBATENIbHOIO  YJANCHHUSI TMOBEPXHOCTHBIX AaTOMOB 3JIEKTPUUYECKHUM IOJIEM IpHU
KpuoreHHbIX  Temneparypax. A3IIMM, mnpencraBnstommii co00il  Macc-CIIEKTPOMETP
MIPENIeNbHOTO pa3pelieHust (OJHOMEpHBII), MO3BOJSET ONPENeTATh XMMHUYECKYIO MHPHUPOIY
OTJENIBHOTO aTOMa IIOBEPXHOCTH TIIOCPEACTBOM TIEpEeMEIEHUs] €ero H300pakeHHs B
30HAMPYIOIIEE OTBEPCTHE M TOCIEAYIOUIEro IMOJIEBOTO HCIApeHHs C MOMOIIBI0 J00aBOYHOIO
BBICOKOBOJIFTHOTO ~HMITyJIbca. TakuMm o00pa3oM, pErucTpupyercs XUMHUYECKHH COCTaB
OTIENBHBIX KJIACTEPOB HMIIM YACTHUI[ BbIAEIHUBINEHCS (ha3bl, KOTOPbIE IMONAAal0T B IIOJIE 3PEHUS
MHKPOCKOIIa B MPOIECCe KOHTPOIMPYEMOrO YyIaIeHUs OJHOTO aTOMHOTO CIIOS 3a IPYTUM.
Tomorpaduueckuii aTOMHBIM 30HA ToneBoro moHHoro mukpockona (TA3IIMM) mosBosser
PEKOHCTPYHpPOBAaTh JJIEMEHTHOE pAaCIpe/ieiIeHHEe aTOMOB HM3y4aeMoro oO0bekTa B oObeMe
15%15%L uM’ B mporecce MOCIIe0BATENBHOTO MTOJNIEBOr0 HCMAPEHHS! OHOTO aTOMa 33 APYTHM C
MOBEPXHOCTH 00pasia.

Lens paboTel 3akirodaiach HE TOJNBKO B COIOCTABIIEHHM MapaMETPOB BHINICYKa3aHHBIX
IJTaHApHBIX MHTEP(EHCOB Ha aTOMHOM ypOBHE (MMEIOTCS B BUAY IIMPHUHA TPAaHUYHOW OOJIACTH,
cTpoeHne neeKTOB W T.I.), HO M B aHAM3€ BHJA TOTO BO3JIEHCTBHS, KOTOPBIA BBI3BAI
MOSIBJIEHNE UMEHHO TAaKUX HApYLIEHUH KPUCTAJUIMYECKON PEIIETKH MaTepuaa.

B mporuecce wuccnenoBaHui MOHHO-MMIUTAHTUPOBAHHBIX MaTEpHUajOB METOJOM MOJIEBOM
MOHHOW MHUKPOCKOIIMH BBISIBIICHBI paJuanuoHHbIe () (HEKTh BO3CHCTBUS 3apsKEHHBIX ITyYKOB
gactun (E=20 k3B, D=10" non/cm?, j=300 MKA/cM®) Ha HPHIIOBEPXHOCTHBIH 0OBEM aTOMHO-
yropsiounBaronuxcest criaBoB (CusAu), TBepabix pactBopoB (50Pd30Cu20Ag), B mporecce
pacmama KOTOPBIX MPOUCXOIWT BBHIIEJICHHE aTOMHO-YIOPAAO4YeHHOH ¢a3bl. OOHapyXeHO
o0pa3oBaHrEe YIBTPAAUCIIEPCHON OJOYHON CTPYKTYpbl Kak Ha TOBEPXHOCTH, TaK H B
MPUMIOBEPXHOCTHBIX 00BEMAax YHCTOrO MeTajula (MpuAWs) B pe3yJibTaTe UMIUIAHTAIlMd HOHOB
aproHa.

B pesynbrare n3ydeHHss aTOMHOTO CTPOCHHSI TUIAaHAPHBIX NE(PEKTOB B METaTHuecKoM W,
nommkpuctaumaeckoM  Ni mapku (HO), Cu u Ir, moNydeHHBIX IIOCIIE pPa3IHIHBIX
MHTEHCHBHBIX BHEIIHWX BO3ACWCTBUN, W MexaHW4Yecku craBieHHOM CugyCoy, MeTomamu
[IUM, A3IIMM u TA3, ycraHOBIieHa pa3iW4YHAas CTPYKTypa HMX TPaHUYHOH OOJIACTH.
[TokazaHo, 4TO HpUpPOFAa UX AaTOMHOTO CTPOEHHUS] HEMOCPEICTBEHHO 3aBUCHUT OT THUIIA BHEIIHETO

BO3I[GI>'ICTBPI51 " OIIpEACiACT, B KOHCYHOM CUECTC, (bI/IBI/IKO-MeX?lHI/I‘lCCKI/IG CBOMCTBa MaTepuaioB.
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Pabora BemomHeHa mnpu momgmepkke  Poccuiickoro  ®onma DyHAaMeHTaIBHBIX
UccnenoBanuii (rpant Ne 04-02-96069-p2004ypan_a, rpant Ne 03-02-16560-a) 1 nmporpaMmsl
roCyJapCTBEHHON MOAAEPKKH BEAYIINX Hay4YHbIX mKoJ PD (rpant HIL-639.2003.2).

IHonteBast HOHHASE MUKPOCKONMS PaaualMOHHbIX 1edekToB B Pt mocie
HEHTPOHHOI0 00/ Ty4eHus!

E. B. Ilonosa, B. A. UBuenko, A. B. Koznos*, B. B. OBYMHHHUKOB
WuctutyT snexkrpodpusuku YpO PAH, Exarepunbypr, Poccns (ivchenko@jiep.uran.ru)
* OI'VII BHUMHM, 3apeunsrtii, Poccns

OcHoOBHas LieJIb HACTOSIIIEH padOThl 3aKI0YaNach B M3YUCHUH PaJUallMOHHBIX Ne(EKTOB B
YUCTOW IUIATHHE (€IMHWYHBIX TOYECYHBIX NE(PEKTOB M HEOONBIIMX MX KOMIUIEKCOB, a TaKXkKe
paIualMOHHBIX KJIACTEPOB, OOPA3yIOLIMXCS B HEMEPEKPHIBAIOIIMXCSA KAaCKAAHBIX OO0JIACTAX),
obmyueHHoii B peaktope MBB-2M npu temneparype ~310 K nmo ¢moeHCOB OBICTpBIX
HeitTporoB 6.7x10%*' M 1 6.7x10% M MeTog0M moJIeBO# HOHHO# Mukpockormu ([TUM). [TUM
MO3BOJIIET IPOBOANUTH TPEIU3UOHHOE UCCIEAOBAaHUE HW3MEHEHUH pealbHOM CTPYKTYpBI
MIPUITOBEPXHOCTHBIX ATOMHBIX CJIOEB KPUCTAJUIMYECKOW PELIETKH METalJIOB WU CIIJIaBOB,
MIPOUCXOMAALINX B pe3ysibTaTe OONy4eHHUs, B aTOMHOM MacimuTtabe. B To e BpeMs 3TOT MeTon
JlaeT BO3MOKHOCTHh aHAJM3UPOBATh CTPYKTYpy oOpa3ma B o0beMe IMyTeM YIpaBJIsSIEMOrO
HOCJIE0BATEIbHOTO yAAIECHUS TIOBEPXHOCTHBIX aTOMOB 3JICKTPUYECKUM IOJIEM.

B pe3ynbTate HEHTPOHHOrO OGIyYEeHHS YHCTON MIaTHHBI 10 6.7x10*' M? pagmanuoHHbIe
HNOBPEXACHUS, Kak IPaBUIO, IPEACTABISUIM COOOHW OTHEJIbHBIE BaKaHCHM, HEOOJbIINE
BAaKaHCHOHHBIE KJIACTEpPhbl, CMEIICHHbIE W3 IIOJOXKEHUH paBHOBecUs (y3/I0B HIEaIbHON
pELIeTKH) OTHENbHBIE aTOMbl W 30HBI CMELICHHBIX AaTOMOB C pa3MepaMH, CPaBHUMBIMH C
MEKaTOMHBIM PacCTOSHUEM.

[lpu n3ydeHHH CTPYKTYPHOTO COCTOSHHS 4YMCTOH Pt mocie HeHTpoHHOro 0OIy4YeHUs IO
6,710 M? (¢ E > 0.1 M»B) meronom ITUM G6bLI0 OGHAPYXKEHO NPUCYTCTBHE GONBIIOTO
KOJIMYECTBA PaIUAlMOHHBIX KJIACTEPOB. DTH Ae()EeKThl MpPEACTaBISLIH COOOH 00eTHEHHBIC 30HBI
(obmactu ¢ JOKaJBHO NOBBIIEHHON KOHLIEHTpalXeil BaKaHCHUH) C «IOSCOM» MEXI0Y3EIbHBIX
aToMoB. CpemHsisi KOHLEHTpaLUs BakaHCHMH B OOEOHEHHBIX 30HaxX cocTaBwia 9 %, a
KOHLIEHTpalXs MEXI0y3elbHbIX aToMoB — 1,5 %. ®opma 00eAHEHHBIX 30H, HW3yYEHHAs C
MIOMOIIBIO TIOJICBOTO HCMApeHUsl, ObUla KpaiiHe HEeperyJIipHOHW, YTO COOTBETCTBYET MOJIEIHU
3eerepa. CpenHuil pasmMep paiuallMOHHBIX KJIACTEPOB, ONPEJEICHHBI Ha OCHOBAaHUM pacdeTra
JIOKAJbHBIX PagUyCOB KPUBU3HBI BEPIIMHBI 3MHUTTEPA M COOTBETCTBYIOIIUX JIMHEHHBIX
paccTosiHMH cocTaBml ~4 HM. M3ydeHue OOJBIIOrO KOJIMYECTBA MUKPOCHHUMKOB IIOBEPXHOCTH
00JIly4eHHOH IUIaTHMHBI MO3BOJIMJIO YCTAaHOBUThH IUIOTHOCTh PAJAMALMOHHBIX HapyIIEHUH B
00BeMe. DKCIePUMEHTAIFHO H3MEPEHHAs TIOTHOCTh cocTaBia 4x 107 v,

ITpoBOAMIOCE MOAECTMPOBAHUE TTOJIEBBIX HOHHBIX H300paKeHUH PagHalliOHHBIX 1€(EKTOB B

00JTy4eHHO# OBICTPBIMU HEHTPOHAMH YHCTOH TJIATHHE.
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Pabora BemomHena mnpu momdepxkke Poccuiickoro ®onma @DyHIaMEHTAIBHBIX
Uccnenosannii (rpant Ne 04-02-96069-p2004ypan_a, rpant Ne 03-02-16560-a) u mporpammsl
rOCyJapCTBEHHOHN MOANEP)KKH BEAYIIMX Hay4HBIX Kol P® (rpant HIL-639.2003.2).

Pacuer cnieKTpoOB NepBUYHO-BBHIOMTHIX ATOMOB M CKOPOCTEl CO3IaHUA CMelleHn i
B KOpPHYCHBIX cTajasix BBOP

I0. B. KonobeeB , B. A. Tleuenkun, . B. [TbimmH
I'HLL P® ®usuko-sHepreTrueckuid MHCTUTYT UM. AWM. JleiinyHckoro,
O6nuHCK, Poccuiickas @eneparus (konobeev(@ippe.obninsk.ru)

st cpaBHEHUS TaHHBIX [0 pagUallMOHHOMY OXPYIUMBAaHUIO KOPIYCHBIX CTaJIEl pEaKTOPOB
tuna BBOP, a Taxxke B pa3HBIX TOYKax OJHOTO TaKOT'O peakTopa HEOOXOAMMO pacCUUTaTh
MIOBPEXTAIOIIYI0 103y B €IWHUIIAX CMeEINIeHH Ha atoM (cHa). Kpome Toro, muist pa3paboTku
TEOPETHUYCCKUX MOJICICH OXpymuuBaHWsS U (U3MYSCKH OOOCHOBAHHBIX HOPMAaTHBHBIX
3aBHCHMOCTEH Ba)KCH Takke pacdeT «3(P(EKTHBHBIX» CHAa W CIIEKTPOB MEPBUYHO-BBIOMTHIX
atomoB (IIBA).

IIpencraBiensl pe3yabTaThl pacueTOB CKOPOCTEH CO3daHMs cMemeHni U criekTpoB [IBA Ha
BHYTpPEHHEH M BHEIIHEH MOBEPXHOCTH KOPITyCOB, a TAK)KE B IMO3UIHUAX 00Pa3IOB-CBUAETENEH
BB3P-440 u BBOP-1000. B xauecTBe UCXOIHBIX AAHHBIX HUCIOJB30BAHBI CIIEKTPHI HEUTPOHOB,
MOJIYYEHHBIE C MOMOLIBIO TPEXMEPHOTO pacueTra HEUTPOHHBIX M TaMMa-ToJeH B 3THUX
peaktopax. CKOpOCTH CO3[aHUSI CMEIICHUM pacCYUTaHbl KaK C IOMOIIBI0 H3BECTHOTO
TG GepeHITUAIEHOTO CEUSHHsI CMEIIICHHM, TaK U IIyTEM CBEPTKHU MoJyueHHbIX criekTpoB [IBA ¢
KacKaJIHOU (dhyHKIHEH, COOTBETCTBYIOLIEH TakK Ha3bIBAEMOMY NRT-cranpapry,
pekoMeHmoBanHOMY MAI'ATO. Iloka3aHo, 4TO CKOPOCTHh CO3MaHMs CMEIICHHWH B 0Opa3Iax-
CBHJIETEISIX TMTPUMEPHO Ha TIOPSIOK BHINIE, YeM Ha BHYTpPEHHEH MOBEpXHOCTH Kopiryca BBOP-
440. IlpoBeneHsl pacueThl «3(PPEKTUBHBIX» CHA C WUCIOJIH30BAHHEM JIUTEPATYPHBIX NAHHBIX O
kackamHoii 3¢pdekruBHocTH [IBA, mOMyYeHHBIX METOIOM MOJEKYJISPHON JUHAMUKH.
[IpencraBneHsl Takke pe3yNbTaThl PacueTOB BKJIAJa raMMa-KBaHTOB B CKOPOCTh CO3JaHUS
CMEILICHUII.

Pabota BemonaeHa npu noaaep:kke PODU (mpoekt Ne 04-02-17278).

O npo4yHOCTH U pa3pylIeHHH MeTAJJIOB M CIUIABOB NPH TeIJIOBOM ylape

B. T. Ilynun, A. B. I'pyaun, A. M. MomuTeus, A. B. I'pummia, C. A. T'opHocTait-ITonbsckmii
Poccuiickuit GpenepanbHbIA sOepHBIN HeHTp - Beepoccuiicknii HAy9HO-UCCIIEAOBATEECKIUI HHCTHTYT
SKCIepuMeHTaNbHOM (pr3ukw, T. CapoB, Poccus (a—molitvin@expd.vniief.ru)

Co3pmanme pa3HOOOPa3HBIX YHEPTETUUECKUX M OONYYaTeNbHBIX YCTAaHOBOK CTHMYJIHPOBAJIO
M3Y4YeHNE MEXaHWYECKHUX CBOWCTB MAaTEpPHAaJOB B YCIOBHUSX BO3ACUCTBUS MOIIHBIX ITOTOKOB
M3Iy4YeHUs: DIIEKTPOHHOTO, PEHTTEHOBCKOTO, JIA3€pHOTO, IyYKa HOHOB W T.1. VIHTEHCHMBHO

HU3YyYar0TCd IMOBECPXHOCTHOC U FJ'Iy6I/IHHOe YOPOYHCHHUC MCTAJUIOB U CIIJIAaBOB IIpU 06J1y‘{€HI/II/I,
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reHepanusi yrnpyrux W yIapHbIX BOIH, pa3pylIeHHE MaTepUalioB NPH TEIUIOBOM ynape U T.n.
(cm., Hampumep, [1-5] u OuOmmorpaduro k HuM). MHTEpec K WCCIeNOBaHHSIM pa3pyLICHUS
MaTepHaloB NP TEIUIOBOM yIape B 3HAUUTEILHON CTENEHH 00YCIIOBJIEH TEM, UYTO HaNpPsDKEHHUS,
BO3HHMKAIOUIME NPH TEMJIOBOM YyJape, MOTYT HPUBECTH K Pa3pyLICHUIO SJIEMEHTOB CaMHX
JHEPTeTHUECKMX M OOIydaTeNbHBIX YCTAaHOBOK. Pe3ynmbTaThl HMCCIENOBaHUA OTKOJBHOTO
pa3pyIIeHHs TIPH TEIUIOBOM yIape CIIOCOOCTBYIOT PAa3BUTHIO TEOPHUH Pa3pyIIEHHs TBEPBIX TEI.

B noknane m3mararorcsi pe3ynbTaThl MCCIEIOBAHHN OTKOJIBHOTO Pa3pyIICHHS METAIIOB W
CIUTaBOB IIPH TEIUIOBOM YZAape, pe3ysbTaThl UCCICIOBAHUI BIHSHUS T€OMETPUH O0IydaecMoro
00BEKTa Ha KapTHHY €ro TEePMOMEXaHWYECKOTOo pa3pylleHus. B pamkax KHHETHYeCKOTro
noaxona K mpoOieMe OTKOJia, paccCMaTpPHBAIOLIET0 OTKOJ KaK MPOTEKAIOMIWHA BO BpPEMEHHU
NpoIlecC, HaliIeHbl BPEMEHHbBIC 3aBHCUMOCTH OTKOJBHOW MPOYHOCTH MEIH, HUKEIs, THTaHa,
JIaTyHHU, OPOH3bI, MOJIUO/ICHA, BOJb(paMa, TaHTala, KaJaMusl, CBUHIIA, IMHKA, cepedpa U cTajei
npu TerioBoM yraape. [lokazaHo, 9TO MONTOBEYHOCTh METAIOB M CIUIABOB IIPU TEIIOBOM
yllape SKCIIOHEHIINABLHO yOBIBAECT C POCTOM aMILTUTY Il pa3pyLIAIOMINX HAPSHKEHHUH.

B paMkax sHepreTn4eckoro moaxojaa, OCHOBAHHOTO Ha COIOCTaBIICHWH 3alaca HEPIHU B
oOpasue u paboThl pa3pylLIeHus, HaliJJleHbl BPEeMEHHbIE 3aBUCHUMOCTH KPHUTUYECKOH YyIeTbHON
SHEPTUU Pa3pyLICHUs] Ha3BaHHBIX BBILIE METAJUIOB U CIIaBOB MPH TEIUIOBOM ynape. IlokazaHo,
YTO KPUTHYECKas yAeJbHas DHEPrusl pa3pylIeHHsl MaTepuaia, HeoOXoIuMas Uil COBEPIICHUS
paboTHI OTPBIBA, pa3/ieNICHHs MTOBEPTIIETOCS TEIUIOBOMY yIapy oOpaslia Ha 4acTH, BO3pacTaeT
C POCTOM BpEMEHH JEHCTBUS PaCTATHBAIOIINX HANPSHKEHUH B CEUCHUHU OTKOJIA.

K cHmwkeHHIO mopora paspyIIeHHS M YBEIHYCHHUIO CTEIEHH pa3pylleHHs OO0beKTa IpH
TEIUIOBOM yJape MOTYT NMPUBOAUTH reoMeTpudeckre d(QGeKTl, 00yCIOBICHHBIE KyMYJIISIIUCH
HanpspKEHUH, BOSHUKHOBEHHEM KyMYJIITUBHBIX BBIOPOCOB MaTepHaia, MoTepei yCTOWYNBOCTH
NpY BO3JEHCTBUM WHTCHCHBHBIX ITOTOKOB SHEPTUU TMPOHHUKAIOIIETO W3TYYEHUS HA KOHYCHI,

KOHHYCCKUEC OGOJIO‘IKI/I, JUCKH U CTCPIKHU.

Jlutepatypa

1. Eliezer S., Gilath 1., Bar-Noy T. //J. of Appl. Phys. 1990, V.67, N2, P.715.

2. Bopo0wes C.A., Jlonatun B.C., [Torpeousik A.Jl. u ap. / KT®, 1985, m.55, eéwin.6, c.1237
3. Bonromkun E.K., I'mymak B.J1., 3aBana H.U. u np. // [IMT®, 1996, m.37, N6, c.105

4. MonuteuH A.M., bopun N.I1., bocambikun B.C. // IIMT®, 1996, m.37, Ne5, ¢.162

5. Monutsud AM. // IIMT®, 2003, m.44, Nel, ¢.163

IInacTuyeckas )1e(])0pMamm MaTepuaJjoB MmoJa Oﬁﬂy‘leﬂl/leM

IT. A. Cenumes B. B. MockaneHko
KHY nmenu Tapaca llleBuenko, ¢pusnyeckuii hakyiabrer,
np. ['mymxoga, 6, Kues-022, 02022, Ykpauna (selyshchev@mail.univ.kiev.ua)

B ycloBHAX WMHTEHCHBHOTO pa3BUTHS SAEPHOM DHEPreTHKH MpoliemMa IMOJI3y4ecTH
MaTeprajIoB BHYTPHU PEAaKTOPHBIX YCTAHOBOK, I'/Ie IOMUMO CHJIOBOTO ¥l TEPMHYECKOTO (PaKTOPOB
Ba)KHYIO POJIb UTPAET MIOCTOSIHHOE 00JIyYeHUE, OCTACTCS aKTYaIbHOI U B HACTOSILEE BPEMSL.

B naHHO# paboTe NPOBEICHO TEOPETHYECKOE HCCIISOBAaHUE, KOTOPOE OOBSICHSET

HEJIMHEHHbIE 0COOCHHOCTH (TIEPEruObl, U3JIOMBI) JH030BOM 3aBUCHMOCTH CKOPOCTH IOJI3Y4YECTH

9



MPUMECHBIX MATEepPHANOB TOJ O0NydeHHeM. DTH OCOOCHHOCTH MHOTOKPATHO HAOIIONATIHCh
9KCIIEPUMEHTAIBHO.

JluHaMuKa TIEpEexXOHON MOJI3YYEeCTH YUCTHIX MarepuanoB uzydeHa B [1]. Ilpeacramiser
VMHTEPEC aHaju3 BJIMSHUS Ha MOJ3YyYeCTh O0JIydaeMbIX METAJLUIOB HAJIMYUE aTOMOB IPUMECH,
KOTOpBIE BCET/Ia MPUCYTCTBYIOT B pealibHOM MaTepuaie.

HccnenoBanus  MPOBOAWIMCH B paMKax  MOJEIM  «CKOJIBKCHHE-TICPEIIOI3aHUEe).
[Ipenmonaraaock, YT0 CKOPOCTh MOJA3YyYECTH MPOMOPLHHOHAIbLHA MOIYJIIO PAa3HOCTH MOTOKOB
MEXJ0Y3elbHBIX aTOMOB W BakaHcuil. [lonmaramoch, YTO CKOJNB3AIIAS JUCIOKAIMS MOXKET
3aXBaThIBATh BAKAHCUH. PONb MPHMECH 3aKIOYACTCS B CBSI3BIBAHUM CBOOOIHBIX BaKaHCUM U
MEXJI0Y3€IbHBIX aTOMOB B MAJIONIO/IBUKHBIC KOMITJICKCHI.

B xome pab®oTsl yCTaHOBIIEHO, YTO B 3aBUCHMOCTH OT YCIIOBHH OOJIydeHUS W CBOMCTB
o0ygaeMoro oOpasila MOTYT Peajii30BaThCs JIMOO OAMH, JUOO JIBa CTAIMOHAPHBIX PEKHUMA
moy3ydyectd. KOHKPETHBIN CTAlMOHAPHBIN PEXKHUM IOJA3YyYECTH ONPEACIACTCS HadalbHBIM
cocTosiHMeM o0Opa3na. CKOpOCTh MONM3Yy4YeCTH CTPEMHTCS K CTAllMOHAPHOMY 3HAYEHHIO JINOO
MOHOTOHHO, JHOO TPOXOJS dYepe3 3KCTpeMyM. B MOMEHT BpEMEHH, KOrja MOTOKH Ha
JUCITOKAIIVH BaKaHCHI M MEXKI0Y3€IbHBIX aTOMOB CTAHOBSITCSI PABHBIMH, CKOPOCTh TOI3yUYECTH
OyJIeT paBHa HYJIIO. DTO MPHUBOIUT K MOSIBIICHUIO U3JIOMOB JI030BOM 3aBUCUMOCTH TIOJI3yUYECTH.

W3MeHeHHe KOHIIGHTpAI[MM MPUMECH BEIET K M3MCHEHHUIO CTAllMOHAPHBIX 3HAYCHUM
CKOPOCTH TOJ3Yy4YeCTH M KOHIeHTpanuu nedexkroB. KadecTBeHHOE H3MEHCHHME IHHAMHUKU
HECTAIIMOHAPHOW IOJ3yYeCTH He NPOMCXOoauT. Da3oBble MOPTPETH ACPOPMHUPYIOTCS, HO
OCTAalOTCSl TOMOJOTHYECKH TMoAo0Hble. Bce kadecTtBeHHBbIE 3(dexTpl (uM3moM, meperuo,
THCTEPE3UC, TPOBAT CKOPOCTH TOJ3YYECTH) CBOMCTBEHHBIC ION3YyYeCTH B OOJYUEHHBIX
MaTepuanax, IMEIOT MECTO KaK B YHCTHIX, TaK U B MaTepHallaX C IPUMECIMHU.

[TosnydeHHble pe3ysibTaThl IMO3BOJIAIOT IMPOTHO3MPOBATH IOBEACHUE MATEPUATIOB U

OIPEACIATh ONITUMAJIBHBIC PEXKUMBI X OKCILTyaTalluu.

Jlutepartypa
1. Cenumies I1.A. Camoopranuzanust B paauanuonHoi ¢pusnke// Kues: Acnexr nonurpad, 2004, ¢.240

Properties of point defects and anomalous features of stage III in Fe-16Cr alloy

A. L. Nikolaev
Institute of Metal Physics, Ekaterinburg GSP-170, 620219 Russia (nikolaev@imp.uran.ru)

The resistivity recovery (RR) after low temperature electron irradiation was investigated in
Fe-(14-16)Cr alloys, non-doped and doped with impurities (about 0.1 at. % of Au, N and Si). A
modification of the method using two samples of the same alloy with different initial defect
concentrations and permitting identification of the short-range order (SRO) establishing onset in
course of post irradiation anneal was applied. The reliable identification of the SRO establishing
onset required further method modification: a difference between RRs in these samples was
introduced. The onset of the SRO establishing in impurity-doped alloys is shifted as compared

to that in non-doped alloy by about 20 K. This temperature interval was attributed to difference
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between free migration onsets of vacancies and interstitial atoms (IAs). In non-doped alloy
onset of vacancy free migration initiates the SRO establishing while in doped ones vacancies are
trapped at impurity atoms and the SRO manifestation is driven by onset of IA migration at
higher temperature.

Respective RR peak is seen only for [As at 225 K and no peak for vacancies can be found in
RR spectra at all. According to the shift in onset temperatures of free migration the vacancy
peak (stage II1) should be positioned around 205 K.

Comparison of RR data in Crl6 and Crl6Si alloys around 205 K demonstrates that

replacement of unknown vacancy reactions in Crl6 with vacancy trapping at Si atoms in Cr16Si

is accompanied with increase in RR and appearance of invisible before vacancy peak. This

result indicates that dominating reaction in which participate migrating vacancies is vacancy
clustering with no visible signs of recombination. Analysis and comparison of present data with
available data on RR and positron annihilation in close Fe-15Cr [1] lead to conclusion that
vacancy clustering is stopped at di-vacancy formation step. This situation is possible in BCC
lattice, in contrast to FCC one where di-vacancies are always more mobile than vacancies.
Dominating di-vacancy formation in stage III will actually result in negligible RR giving

negligible and unobservable RR peak. Di-vacancy formation is also not resolved by

spectroscopy of positron lifetime since the latter is very close in vacancies and di-vacancies [2].

Thus, stage I1I is almost invisible for positrons too.

Following di-vacancy formation the IA migration at slightly higher temperatures (around
225 K) leads to recombination of IAs with immobile di-vacancies resulting in release of mobile
mono-vacancies. Since both type defect migration contribute to defect annealing over these
temperatures, their mutual migration enhances as defect recombination as SRO establishing and,
therefore, gives rise to large RR peak. Since the annealing processes in this stage to large extent
are determined by di-vacancies formed in preceding stage IIl and vacancies released due to
recombination, this stage RR peak height is strongly affected by vacancy traps.

It is shown with available experimental data that with application of traditional experimental
methods and approaches such as RR (one sample), positron lifetime and slight doping (~0.01 at.
% of impurity vacancy traps) only, the RR peak at 225 K (attributed to IA migration)

demonstrates distinct classical signs of vacancy migration stage (stage III). And only thorough

analysis with use of additional data obtained within different approach can unmask this miracle.
The work was carried out with the financial support of Russian Foundation for Basic
Research (grant # 04-02-16053).
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2. Puska M.J., Niemenen R.M., J. Phys. F: Met. Phys. 13, 333 (1983)
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Omnpenesienne TeMnepaTypbl 00J1acTeil KACKag0B aTOMHBIX CMELIEHUI HA CTAAUN
TePMHUYECKOro M1uKa

B. B. OBuunnukos, b. 0. I'onobopoackuii, @. ®. Maxuubko, B. 1. Comomonos, O. A. CHurupesa
Wucruryt snekrpodusuxu YpO PAH, r. Exarepun0ypr, Poccus (Vladimir@iep.uran.ru)

O6pa3zern a-xene3a (apmio-Fe 99.99 Fe) obmydarncs B BakyyMe IIpH OCTATOYHOM JIaBIICHUN <
10 MM PT. CT. HelpepBIBHBIM ITYUKOM HOHOB AT’ IpH M3MEHEHHH MX 3Hepruu ot 5 10 20 k3B
IUIOTHOCTH HOHHOTO ToKa oT 50 1o 150 MkA/cwm?. CHexkTp CBEUCHHS MHUILIECHU H3MEPSIICA
MHOTOKaHaIBHBIM (OTONPUEMHUKOM Ha 6a3e audpaknuoHHoro crektporpagda OC-12 u I13C-
nuHeliku B amana3oHe oT 360 mo 850 M. CmekTpalbHOE paspelleHHe ammapaTypbl BO BCEM
IUAalla30He - HE XyXe 2 HM, HOIPEIIHOCTh M3MEPEHHUs [UIMHBI BOJHBI - HE Xyxe 1,2 HM.
CBeTOBOH MOTOK OT 00IydaeMoro oopasna B (POTOIPUEMHHK TIEPEeIaBalICs 0 MHOTOXKUIHLHOMY
KBapLieBOMY CBETOBOJY, IPUEMHBIA KOHEL KOTOPOTO ObUI YCTaHOBJICH Ha PAacCTOSHUM 1 cM OT
kpas o0pa3lia ¥ HanpaBjeH Ha IOBEPXHOCTH obpasua mox yraom 60°. CBeroBoil MOTOK
CHHMAJICS C TIOBEPXHOCTH TUAMETPOM OKOJIO 6 MM.

Bo Bcex cmekTpax MNPHUCYTCTBYIOT JB€ IIHPOKHE TOJOCH IUIAHKOBCKOTO TETIOBOIO
n3nydenus. IlepBas mosoca ¢ MakCUMyMOM IIpH JUIMHE BOJHBI A, (M3MEHSIOLICHCS C
HW3MEHEHUEM SHEpruu MOHOB B mpenenax oT 500 mo 570 HM) COOTBETCTBYET IUIAHKOBCKOMY
W3IYYEHHUIO MIPUIIOBEPXHOCTHOM IIa3Mbl. MakCUMyM BTOPOH TOJIOCHI IPU UIMHE BOJHBI A
pacnonoxen B MK obnactu cnekTpa, HeAOCTYIHOH (OTOMPUEMHHKY. JTa 10JI0Ca MPOSIBIISETCS
JIUIIb B BUJE €€ KOPOTKOBOJHOBOTO Kphlla U OOYCIIOBIEHA TEIMJIOBBIM H3JIy4Y€HHEM MHILIEHH,
HarpeToi BO3JIeUCTBUEM ITyUKa.

Ha ¢done >Tux mmpokux mojioc BO BCEX CHEKTpax HaOIIomaeTcs 3HAUUTEILHO Ooyiee y3Kue
MOJIOCHl HEPABHOBECHOTO M3JIyueHHs. M3 HUX, O KpaliHel Mepe, 1Be Hauboee y3KUe MOI0CH
npu A = 659,2 HM (camas cCHJIbHas BO BCeX CIIEKTpax) U ee Ooiee Cnadblil CIYTHHUK MPH A, =
794,2 HM XOpOIIO COOTBETCTBYIOT U3IIYyYEHHIO aTOMOB JkeJe3a. Kpome HUX B KOPOTKOBOJIHOBOM
4acTH BO BCEX CIIEKTPax HAOJIOJAI0TCSl BOCEMb CPABHUTEIBHO IUPOKUX MOJIOC (MAKCHMYMOB).
[To-BuarMOMy, Bce 3TH TOJIOCH! MPENCTABISIOT CO00I peKOMOMHAIIMOHHOE U3ITy4YeHHE HOHOB
KeJie3a, a IMoIoca ¢ HauboJblIeil JTHHOM BOTHBI COOTBETCTBYET H3IydeHHI0 HOHOB Fe''. B
JUIMHHOBOJHOBOM 00JacTH CIeKTpa HaONoJaeTcsl Cepus CHIBHBIX Y3KHMX II0JIOC, OJHA W3
KOTOPBIX MOXKET OBITh IPUNKCAHA U3IYUYEHHIO aTOMa aproHa.

Hanmensimas AJIMHA BOJIHBI [UIA MAaKCUMyMa IIJIAHKOBCKOTO HU3JTYYCHUA 7\.m1:500 HM

+
HaOJFOIaeTCs PU PHEPruK HOHOB Ar 5 k3B. B cooTBetcTBHM ¢ 3akoHOM Buna T = b/ A . 9TO

ml
COOTBETCTBYeT Temrmeparype Iwrazmel 1=5796 K (5=0.002898 m-K - moctostHHas Buna).
Hanmnume mmpokoil KOPOTKOBONHOBOW TIOJIOCH! IUTAHKOBCKOTO H3ITyYEHHUS CBS3BIBAETCS C
HaJIMYMEeM TEPMHUYECKUX THKOB, BO3HUKAIOIINX B PE3yNIbTaTe SBOJIONHU IDIOTHBIX KACKaIOB
ATOMHBIX CTOJIKHOBeHMH. TO, 4YTO IUIOTHOCTh BBIACIIAEMOW B Kackaje J3HEPTUU W,
COOTBETCTBEHHO, TEMIIepaTypa TEPMHUYECKOr0 IHKa BO3PACcTaeT C YMEHBIICHUEM 3HEPTUU
HMOHOB, COTJIACyeTCS C pe3yibTaTamu pacuera B padore [1]. PesymbTaTsl paboTHI SIBISIOTCS

HNPSAMBIMH U3MEPEHUSAMU TEMIIEPATYPbl HOHHOM IIOJICUCTEMBI B TEPMAJIM30BaHHOM KacKaJe.
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Pabora BemomHeHa mnpu momgmepkke  Poccuiickoro  ®onma DyHAaMeHTaIBHBIX
Uccnenosannii (rpant Ne 04-02-17602-a).

JIutepatypa
1. OpumnHHKOB B.B. m nap.// Tpymst X MexHaunoHanbHOTO coBemianust «PanuanuoHHas (u3MKa
TBepaoro tena». CeBactomnoinb, 2000, c. 391-394.

MexaHu3MBbl BJOUSIHUSI MHTEPMETAJUTHAHBIX HaHO4YacTUul THIA NizAl Ha 3BoTIOLIHIO
paauaunoHHbIX AedexToB B MoaeabHbIX 'K xkese30-HuKeneBbIX cJIaBaX

. A. llepmunos, A. I1. Ipyxkos, B. JI. ApOy30oB
Wucruryr ¢pusuxn meraiuioB YpO PAH, r. EkarepunOypr, Poccus (d_perm@rambler.ru)

OngHMM W3 TEPCHEKTHBHBIX CIMOCOOOB CHIKECHHS DACIyXaHHUsS SBISETCS TPHMEHEHHE B
KayecTBe KOHCTPYKIIMOHHBIX MaTE€pPHaliOB JJIS SAAEPHBIX PEaKTOPOB CTAPEIOIMIMX ayCTEHUTHBIX
CIJIaBOB C pPaIUallMOHHO-CTHMYJIHPOBAHHBIM BbIAeNeHHEM HHTepMeTauaoB NisTi(ALSi).
KorepeHTHbIE YacTHIBl WHTEPMETALIHIOB CHI)KAIOT HAKOIUICHHE paJHAllMOHHBIX Ie(eKTOB.
Tem He MeHee, MEXaHM3MBl BIUSHUS BBIIEICHWNA Ha pa3BUTHE IPOIECCOB paJHUaIlMOHHON
MIOBPEKIAEMOCTH 10 KOHIIAa HE MOHATHI. Llenpio maHHON paOoTHI SBISAETCS M3YUYCHUE BIVSTHHUSA
WHTePMETAUTMIHBIX BhiAeNeHn NisAl Ha HakoIJIeHWe paauallOHHBIX Ne(eKTOB Ha PaHHUX
CTamusIX pamManoHHoil mopexaaemoctn (10% — 107 cHa), korma TombKo (OpPMHUPYIOTCS
HeOOoJbILINE CKOIICHHUS 1e(DEKTOB.

B pabote uccrnenoBamuch Fe-Ni u Fe-Ni-Al T'IIK craBel. YacTh 00pasiioB CIUIABOB C
amoMuHreM Obutn coctapensl npu 823 K u 923 K B Teuenue pasnudHoro BpeMeHu. Pasmepsr
00pa3oBaBIINXCS B CIUIaBaX KOTEPEHTHBIX YACTHI] MHTepMeTaUTHAHON (a3l NizAl MeHsHCH
ot 0.4 M nmo 7 M. Hccmeayempie 00pa3Isl 00Iydanuch dJICKTpOHAMH dHeprueit 5 M»aB Ha
nuHeltHOM yckoputene mpu Temneparype 300 K, 423 K u 573 K. [ns ucciaemoBaHus
neeKTHOW  CTPYKTYpPHI ~ WCHOJB30BAICA  METOA  HM3MEpPEHHs  YIIOBOH  KOPPEISIUU
agHurwisinnonHoro usnydenus (YKAU). Meronq YKAWM mo3BonsieTr Takke HCCIEIOBAThH
JIOKaJTbHOE XMMHUYECKOe OKPYIKEHHE IIEHTPOB 3aXBaTa MO3UTPOHOB.

B xome wuccinemoBaHus ObUTM OOHApPYXXEHBI IMO3UTPOHHBIC COCTOSHUS B 0Oe3ae(eKTHBIX
YaCTHIAX WHTEPMETAIUTMAHBIX BBIIEJICHHH HAHO- M CYOHAaHOpPa3MepoB, HUTO TO3BOJIHIIO
HCCIIEeNOBaTh UX aTOMHYI0 CTpYKTypy [1]. Bpio mokasano, uto wactumbl NisAl 3HaYNUTEIBHO
CHIDKAIOT HaKoIuleHue AedekToB mpu Temreparypax oomydenus 423 K u 573 K, Toraa xak mpu
300 K BnusiHMe YacTHIl BBIAENCHUH Ha MOBeneHHE NePEeKTOB HE OOHApY>KEHO. Y CTaHOBIEHO,
4TO0 00pa30BaHNE BaKaHCHOHHBIX KJIACTEPOB MPOUCXOIUT MPEUMYIIECTBEHHO B MaTpHUIle, TOTAA
KaK BHYTPU BBIJIENEHHH 3TOT IPOLECC MPAKTHUECKH MOJHOCThIO TofaBieH. llomydeHHble
JAHHBIE CBUAETENIHCTBYIOT O TOM, YTO CHIDKEHHE HAKOIUIGHHA PpaJAMAlMOHHBIX Je(EeKTOB

00yCIIOBIIEHO pEKOMOHMHAITMOHHBIM MEXaHU3MOM, TIPEICTABICHHOM B [2].

Pabora BemonmHena mpu QuHaHCcOBOW moanmepkke PDODU (mpoekt Ne04-02-16053) u
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mporpammel  [Ipesumnyma PAH «®ynpamenTanbHbie 1poONeMbl (QU3UKH H  XUMHH

HaHOpa3MEPHBIX CUCTEM U HaHOMaTepHasioB» (mpoekt Ne7 UOM YpO PAH)

Jlutepatypa

1. Druzhkov A.P., Perminov D.A., Arbuzov V.L., Stepanova N.N. and Pechorkina N.L., J. Phys:
Condens. Matter 16 6395-6404 (2004)

2. Turkin A.A., Bakai A.S., J. Nucl. Mater. 270 349-356 (1999)

O POJH MOABUKHBIX BAKAHCHOHHBIX KJIACTE€POB B paciyXxaHu ME€TaJ1JI0B

B. A. Ieuenkun, 0. B. Kono6ees, U. B. [Temmun, A. M. Munamms, C. A. [ToaropHos
I'HIT P® ®usuko-3Heprerndeckuii UHCTUTYT uM. A.U. JlelmyHckoro,
OO6HuHCK, Poccniickas ®enepanus (vap@ippe.obninsk.ru)

B cyuecTByIomux TeOpUsaX 3apOKACHUS U POCTAa BAKAHCMOHHBIX MOP B METAJUIAX U CIIaBaxX
o1 00ay4YeHHEM, KaK MPaBUIIO0, HE YUNUTHIBAIOTCS NU(HY3NOHHBIC TOTOKU AMBAKAHCHN U Ooee
KPYIHBIX BAKAHCHOHHBIX KIACTEpoB. M3BECTHO, OJHAKO, YTO IMOABM)XHOCTH NHUBAKAHCHUU U
TpuBakancuii B ['TIK Meramnax Bbillle TOABUXHOCTH MoOHOBakaHcuil. Iloatomy mon
obOydernneM nudQy3noHHBIE TMOTOKM MENKHX BAaKAaHCHOHHBIX KIJIACTEPOB MOTYT BHOCHTH
CYIIIECTBEHHBIM BKJAJl B 3apOKIeHWEe W pocT mmop. OrpaHWuYeHHBIE JUTEpaTypHbIE JaHHBIC
yKa3bIBalOT Ha TO, uTo B OLIK Meramnax moABM>KHOCTh AMBAKAHCUM MEHBILE WM CPABHHMA C
MOABM>XHOCTBHIO BaKaHCHUH.

MetoaoM MONEKYJSIpHOW AWHAMHUKKA TPOBEICHBI PAcdeThbl SHEPIUiMl CBSI3M U MHTpaIUU
nuBakaHcuil B o-Fe. Mcnonp30BaHbl MapHbId MOTEHIMAT U MOTEHIMA] Ha OCHOBE METOJA
MOTPYKEHHOTO aroma. [[yis TuBaKkaHCHIA MOKa3aHo, YTO B HauOoJiee CTaOMIIbHOM KOHUTryparuu
BaKaHCHHU PAacCIOJOXKEHbl Ha PAacCTOSHUU BTOPBIX COCEIeH, B TO BpeMs KaK JHEPIUs CBA3U
KOH(QHUTYpallMu ¢ BaKaHCUSMH B IOJIOKEHUW ONMKaWIIMX coceliel okasbiBaeTcs Menble 0.1
3B. Paccumrtannas >¢¢eKkTHBHAS JHEPTHUS MHUTpAIlH JWBAKaHCHH OKaszajach OJIM3KOH K
SHEPTrUY MUTPALIUHA BaAKAHCUM.

IIpoBeneHsl pacueThl CTALlMOHAPHBIX  KOHIIEHTpAaUMW  BaKaHCHM, JOUBaKaHCUU U
Mexoy3enbHbix atomoB B ['IIK (Cu, Ni) u OLIK (V, Fe) MeTamnax B ycIOBUSIX OJHOPOJIHOM
TCHepallMl TOYCYHBIX JC(PEKTOB, a TaKKE B YCJIOBUAX KacKalooOpa3yroIero OOIydYeHUs.
[Mokazano, uro B I'lIK meramnax auddy3uoHHBIN MOTOK JWBAKaHCHUH MOXKET CYIIECTBEHHO
NpEBBILATh IOTOK BaKaHCUM W ONpeAeNiaTb pPOCT MOp MpPU OTHOCUTEIBHO HHM3KHX
teMiieparypax. Ha mpumepe HuKelns MMOKa3aHO, YTO y4YeT MOJBHKHOCTH IHMBAKAHCUU B TEOpUU
TOMOTEHHOTO 3apOKACHUS MOp MPUBOAUT K CYIIECTBEHHOMY YBEIMYECHHIO CKOPOCTH HX
3apOKICHUS BO BCEM TEMIIEPATYPHOM MHTEPBAJE PACITyXaHHUS.

IIpoBeneHsl MoOJEAbHBIE PACUETHl CKOPOCTH PACIyXaHHUs METaNIOB NPUMEHHUTEIBHO K
YCIIOBUSIM HEHTPOHHOTO, D3JEKTPOHHOIO M HMOHHOro obOmydeHus. IlokazaHo, 4TO yder
MMOABM)XHOCTH JTUBAKAHCHUN MOXET MPUBOAUTH K CYIIECTBCHHOMY YBEIMUYEHHUIO CKOPOCTH
pacnyxaaua ['LIK meTamnoB, ocoOEHHO MpHU TemIeparypax, KOTjJa KOHIEHTPAIHs TOYEUHBIX

nedektoB ompenensiercss pekomoOmHarmeii. B OLIK meraminax momBWKHBIE TUBAaKaHCHHM HE
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BHOCAT CYIIECTBEHHOTO BKIaJa B CKOPOCTh pacmyxaHus. TakuM o0pa3oM, OTHOCHUTEIHHO
BBICOKAsI TIOJIBMOKHOCTh W TEPMHUYECKash CTAOMJIBHOCTh MENKHX BaKaHCHOHHBIX KJIACTEPOB B
'K meTammax MoxeT ObITh OJJHON W3 MPUYMH UX 0O0Jiee BHICOKOTO PACIyXaHUs 110 CPABHCHUIO
¢ OLIK merammamu.

Pa6ota Brimonaena mpu noaaepxkke PODU (mpoekt Ne 04-02-17278).

Pacuer 3¢ dexTHBHOCTH POAxKACHHS 1e(PEKTOB B ME30CKONMUIECKOM
MOJe/IH KacKaaa

C. B. Poroxkua™ ** 10. H. [leBsatko*, A. A. ILiscop*
*MOCKOBCKHIi MHXEHEPHO-(HU3UIECKUIT MHCTUTYT (TOCYJapCTBEHHBIA YHUBEpcuTeT), MockBa, Poccust

(rpecm@mephi.ru)
**@I'YII THL PO UTO® um. A.M. AnuxanoBa

Ha nHawanpHOW cTajguu pa3BUTHA KacKaga aTOM-aTOMHBIX COYAAapeHHH B TIOBPEXKIIEHHON
00JacTH HaXOMUTCS 3HAYMTEIBHOE KOJMYECTBO CMEMICHHBIX M BBIOMTBIX aToMOB. OIHAKO
NpOLEcChHl OBICTPOTO OTKHUTA OCTABIIIOT MANYI0 4YacTh NE(PEKTOB B KacKaJHOW OOJIACTH, YTO
xapakrepu3yercs K03QGuiuneHToM KackaaHou 3PPEKTUBHOCTH.

Pacuetsl 3ddekTuBHOCTH Kackaja, Kak MCTOYHHKA PaJUallUOHHBIX JNE(PEKTOB, BBHI3BIBAIOT
mHpokuit mHTEpec. OCHOBHON METOJ WCCIEeNOBAaHMS peNaKCcalliid KacKaloB - MOJIEKYJISIpHas
muHaMuka (cM. Hamp. [1, 2]). OgHako BO3MOKHOCTH 3TOTO METOJA OTPaHHYCHBI HAYaJIbHBIMHU
cramusMu penakcamun kackaga (~107° ¢). Kpome Toro, pe3yisTaThl, MONydeHHBIE METOIOM
MOJICKYJIAPHON JWHAMUKH, KPUTHYECKHUM O0pa3oM 3aBUCAT OT MapaMeTPOB HCIIONb3YEeMBIX
NOTEHIUAIOB MEKaTOMHOTO B3aUMOACHCTBHS.

B pabote npoBeneHo uccnenopanue 3pQPEKTHBHOCTH Kackala Ha OCHOBE ME30CKOMTMUECKON
MOJEN KacKaJHBIX TmporieccoB [3, 4] W wHCCIeIOBaHO BIWSHAEC HW3MCHCHHS MEXaHH3Ma
TEIUIONPOBOTHOCTH B TIpOIlecce pellaKkCalii Kackaaa. PacdeTsl BBHIIOTHEHBI JJIS KAacKaloB B
JKele3e TPHU Pa3MYHBIX TEMIIEpaTypax CpPeAbl U Pa3MYHBIX JSHEPTUSX MEPBUYHO BHIOUTOTO
atoMa. Pe3ynpraTel TOKa3amu, YTO NOMHHUPYIOIUH B Havane audQy3noHHON craauu
MeXaHu3M (DOHOHHOH TEIUIONPOBOJHOCTH MPHUBOAUT K CYIIECTBEHHOMY YMEHBIICHHUIO YMCIIa
ned)ekToB B KacKaaHO# obmactu. Ha stame Gwictporo orkura (Bpemena ~107'°c) momyuennsie
pe3yNbTaThl COTIIACYIOTCS C pe3ylbTaTaMH METOAa MOJEKYJsApHOi auHaMukd. [lokazaHo, 4To
MIPOAOJDKAIOIIAsICS Jlalee pelaKcalysi Kackala MPHUBOAWT K YBEIMYCHHUIO JTOIH OTOXKEHHBIX
ne(heKTOB U, COOTBETCTBEHHO, K YMEHBIICHHUIO KOY(PHUITHEHTa KaCKaIHOH 3P (HEKTHBHOCTH.

Jannas paboTa Obla BBINIONHEHA MPH YacTHIHOU noiepkke PODU (rpanter 04-02-17064
u 02-02-17489).
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PagnanmonHbie )le(i)eKTLI B HOHHO MMIIJTIAHTUPOBAHHBIX CILIaBax
C TAJIbHUM ITOPAAKOM

H. H. Crotkun
Wucturyt snexrpodusuku YpO PAH, r. EkatepunOypr, Poccus (micros@iep.uran.ru)

[IpencraBien o0030p paboT aBTOpa MO UCCICIOBAHUIO pPaJUallMOHHBIX Ae(EKTOB,
HaOJIIOaeMBIX B YHOPSIOYCHHBIX CIDIaBax MOcCie WOHHOTO oOmydeHus. CTpyKTypHas 4acTh
paboThI BBITIOJJTHEHA METOAOM TMoneBoii HOHHOM Mukpockornuu (IIMM) ¢ BBICOKHUM
MIPOCTPAaHCTBEHHBIM pa3pelIeHneM, OITM3KUM K aTOMHOMY .

ITokazano, uro moHs!l ¢ 3HEprusaMu 20 - 40 keV co3maoT B NMPUIIOBEPXHOCTHOM CIIOE
CIUIaBOB IIMPOKHIA CIIEKTP Pa3HOOOpa3HBIX 1e(heKTOB.

HUcnone3yst ocobeHHocTH Teomerpun oOpasioB st [IMM oOiydeHue NpOBOIMIN Kak
BIOJb, TaK U TIOHEPEK OCH 00pa3la, YTO MO3BOJWIO HAOII0AaTh Ha OJHOM H300payKeHHH
YHOPSIIOUYEHHBIE U Pa3yHopsSA0UeHHbBIE 00IaCTH.

IIpoBenena oreHka pacrupeaeneHus 1 pa3MepoB pa3INuHOro TUMA 1e(EeKTOB.

Ucrnonme3ys MeTox wWcHapeHuss MmaTepuana oOpas3loB B CHIBHOM OJJIEKTPHYECKOM IIOJIE,
MIPOCIIEKEHO pachperiesieHne AeQeKTOB, HX pa3Mephl . Y CTaHOBIIEHO, UYTO Je(eKThl HaXOmsITCs
B TPHUIIOBEPXHOCTHOM 0OBeMe Ha TIyOWHE, CYIIECTBEHHO IPEBBIMAIONICH MPOSKTUBHBIC
npoOeru HoHOB.

[IpoBeneHo o6cyxaeHne 000OMEHHBIX PE3yIbTAaTOB.

MopenupoBaHue KackaJ0B aTOMHBIX CMellleHU B HMPKOHUH METOA0M
MOJIEKYJISIPHOW TUHAMMKHA

M. 1O. Tuxonues, I'. A. llumanckuii
®enepansHoe 'ocynapctBennoe YHuraproe [peanpustue “I'ocynapcTBeHHbIN HayuHbIN LIEHTp PO
Hay4Hno-uccenoBaTesbCKHii HHCTUTYT aTOMHBIX peakTopoB”, r. lumurposrpaz, Poccus (dns@niiar.ru)

[loBpexmaromasi m03a SBISETCS OMHOH M3 BAXKHBIX XapaKTEPUCTHK PaTUAIIOHHOTO
BO3JICMCTBHSA, HCIIOJNB3YEMBIX TPH HCCICIOBAaHWU W3MEHEHUH (PH3MUECKHX W MEXaHHYECKUX
CBOICTB MaTepHalioB NpU JUIUTEAbHOM oOnydeHuu. Ee gocroBepHas OlLEHKAa MO3BOJSET
CPaBHUBATh PA3JIMYHBIC YCJIOBUS OOIY4YCHHS W TPOTHO3UPOBATH IMOBEJACHHE MaTepuaia B
JNEHCTBYIONMX W B TPOCKTUPYEMBIX PEAKTOpPax B 3aBUCUMOCTH OT MEpPHI PagHaIliOHHOTO
BoznmeticTBus. CrenmanucTaMd B OOJacTH PEaKTOPHOTO MAaTEPHAJIOBEACHHS WM PEaKTOPHOMH
JIO3UMETPUM OTOBOpEHA MpOIeAypa pacyeToB MOBPEXKAAOUIUX 103, COOTBETCTBYIomass NRT-
cranaapty [1].

BaxxHoll BeTMYMHOMN, UCIIONIB3yEeMOM sl OLIEHKH NoBpexaatonieil 1o3sl mo NRT-ctanaapry,
SIBIIICTCSL CPEIHssl MOoporoBas »Heprusi cMmemieHus Ey. MMeHHO 3Ta BenmuunmHa HeceT B cele
MPAKTHYECKU BCIO HHGOPMAITHIO O KPUCTAJUTMYECKON PeIIeTKE, T¢ MPOUCXOISIT CMEIICHHUS, U O
MexaHu3Me camoro cmenienus. Ompenenenne Ey ocCymiecTBiIseTcs B HACTOSIIEE BpeMs C
ITIOMOINBIO  JTOCTATOYHO TPOMO3IKHX OKCIICPUMEHTOB MM C ITIOMOIIBI0 KOMITHBIOTEPHOTO

MonenupoBanud. [Iprdem porb mociieIHero MOCTOSHHO BO3PACTAET.
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Taxke, B TMOCHeIHHE TOAbl TOJYYWJIM PAa3BUTHE HOBBIE MOJACIH PAaJUALUOHHOTO
NOBPEKACHUS, IPHU3BaHHBIE OoJiee KOPPEKTHO OLEHHMBATh ITOBPEXKIAIOIIYI0 CIIOCOOHOCTh
Pa3IMYHBIX SHEPTeTUYECKUX TPy HEUTPOHHOTO crieKkTpa. [Ipu pa3BUTHN KackalloB CMEIEHUI
YacTh MPOU3BEIAEHHBIX Ae(EKTOB aHHUTHIIUPYET, YacTh MOMaJacT B HEMOABIKHBIC KIAaCTEPHI.
[ToaTomy B mocneqHee BpeMsi MHOTHE HCCIIeIoBaTeNd CKIOHSIIOTCS K MBICIH 00 yuére paxiiuii
cBoOOTHO-MHTpHpYIOMIX AedexToB (FMD) [2-4] mpu comocTaBIeHUH pe3yIbTaTOB O0TydeHUS
MaTepHalIoB B Pa3INYHBIX CIIEKTpax 60MOapIUpyIOIIX YACTHLL.

Hacrosimast paboTa moOCBSIEHa KOMIIBIOTEPHOMY MOJEIHPOBAHUIO KacKaJ0B aTOMHBIX
CMEUICHUH B IUPKOHUM METOJOM MOJIEKYJsipHOW nauHamuku [5]. Ilpu moaenupoBaHuuU
MCIIOJIb30BAJICSI MHOTOTEIBHBIN MOTEHIIMAT MEKAaTOMHOTO B3aUMOJICHCTBUS, Oa3upyroIuiics Ha
Merone 'morpyxkenHoro" aroma (MIIA) [6]. MopmenupoBaiuch aTOMHBIE CMEIICHUS B
IUPKOHUU OT MepBUYHO BeIOMTOrO atoMa (IIBA) sneprum no 10 kaB. PaccunTansl BeTHMYUHBI
IOPOTOBOM 3HEPIUM CMELICHMS JUId Pa3IMYHbIX KpUCTAIOrpapMuecKUX HalpaBIeHUH B
temnepatypHoM nuamazone ot 0 mo 600K. lokaszano, 4To ¢ pocToM TemnepaTypsl Benmmunaa Ed
Uil IUPKOHMS u3MeHsercss cnabo. B Toxke BpeMmMs Xxopowmo HaOIomaeTcs CHIDKCHHE
AQHU30TPOIINU TOPOTOBON IHEPTMM C yBEIMUYEHHEM TeMIieparyphl. [IpoBeneHBl OIEHKH I0JIU
“BBDKHMBIIMX Ie()EKTOB P Pa3BUTHUHU KacKaJga CMEILECHHH.

[lomyuenHsle pe3ydbTaThl MpenjaraeTcss HCIOIb30BaTh MJS OLEHKH paguariMoHHON
HOBPEKAAEMOCTH IUPKOHUS ¥ LIUPKOHHUEBBIX CIIJIABOB.

ABTOPBHI BRIpKAIOT TITyOOKYI0 OJ1aroapHOCTh COTpyAHUKaM TBepckoro ['ocynapcTBEHHOTO
Texuuueckoro YHuBepcutera A.H. bamamoBy u E.M. IlamapuHoil 3a OKa3aHHYIO HUMHU

HCOLUCHUMYIO ITOMOIIb.
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KaacrepHble cTPYKTYpPBI B 00.1y4eHHBIX TBeP/bIX PACTBOPAaX U HHTEPMeETANIUAAX

B. C. XmeneBckas
OOHUHCKHUI TOCyTapCTBEHHBIN TEXHUIECKUH YHUBEPCUTET aTOMHOHN SHEPTeTHUKH,
O6nuHCK, Poccus (khmel@iate.obninsk.ru)

Metonamu CTPYKTYpHOT'O SKCTIEPUMEHTA M MATEMAaTHYECKOT'O MOACITMPOBAHHS UCCIIEIOBAHBI
oOryueHnble HoHamu (Ar+, 30 k3B) Metammueckue TBepasie pactBopsl cucteM Fe-Cr-Ni, Fe-
Cr, V-Ti-Cr u HekoTOpble HHTepMeTaLTHabl (craBbl cucteMbl Cu-Mn-Al, coxepxkamue dazy
I'eiiciepa). OOHapyXeHO, YTO B HEKOTOPOM HHTEpBaJieé pPaTUAIlMOHHBIX IapaMeTpoB (103,
TeMIepaTyp MHIIEHH W WHTEHCHUBOCTEH MOTOKAa) B HUX (QOPMHPYIOTCI HEPaBHOBECHBIC
paaualMOHHO-HHIYIIUPOBaHHBIE COCTOSIHMS C CYIIECTBEHHO HW3MEHEHHOW CTPYKTYpOoH |
CBOHCTBaMHU. JJIEKTPOHHOMHKPOCKOIMYECKOE HCCIEeOBaHUE IOKa3bIBaeT, 4TO Mopdosorus
MaTepHajoB B JaHHOM COCTOSHUHM MPEACTAaBISIET COOOH CTPYKTYpbl, B KOTOPHIX MaTpHIa
MPOHHM3aHA KJIACTEPAMH, 3aHUMAIOIIMMH 3HAYWTENBHYIO 4YacTb oObeMa. B maHHOW obmactn
rapaMeTpoB U3MEHAETCS MUKPOTBEPAOCTh (B HECKOJBKO pa3), a TaKXkKe 3JIEKTPOHHBIE CBOICTBA
TBEPIBIX PACTBOPOB, OJHOBPEMEHHO W3MEHSETCS PEeHTTreHAN(paKIMOHHAS KapTHHa. AHaIu3
TUPPaKIUOHHBIX 3(PPEKTOB ¥ MOJEIMPOBaHUE METOJaMH MOJCKYJSPHOH JAMHAMUKH
MTO3BOJIMIIA BBICKA3aTh MPEIOI0KEHHE O TOM, UYTO HaOI0JaeMble KiIacTepbl 00pa3yroTcs MpH
JOKaNBbHOW NeOpMaIii KPUCTAJUINIECKOW PEIIETKH B OKPECTHOCTH PaJHallMOHHBIX 1e(EKTOB
(pazuMallMOHHBIX BaKaHCUI) M UMEIOT OTIMYHYIO OT MAaTPHLBI UKOCA3APHUYECKYI0 CUMMETPHIO.
C mnoMompI0 MaTeMaTHYecKOro MOJEIMPOBAHHUA UCCIEOBaHA BO3MOXHOCTH Iepexoja
kyb6ookTasnmp (mommaap I['TIK cTpyKTypsl) - WKOCa’aAp W CTAOMIBHOCTh HKOCadIPHUECKHX
kiactepoB BHyTpu ['TIK maTpuipl, noka3zaHa ompenesnsrolias pojb CBOMCTB MOTEHIMaa
MEXaTOMHOTO B3aWMOJNICHCTBHS Ui JaHHOTO mpeoOpazoBanus. [Ipenmomoskenue 00
WKOCAdI[PHUECKOM CHMMETPHUHM  KIIACTEPOB  IOATBEpXKAaeTcs Takxke ngaHHBIME TP
CIEKTPOCKONIUHM, KOTOPbIE YyKa3blBaeT Ha IMOSIBICHHE B MaTpule o00pa3oBaHHH ApYro
CUMMETPHUH, TIPUYEM M3MEHEHHST H30MEPHOTO CIIBUTA MOJ00HBI TeM, KOTOpbIC HAOIIONAIOTCS B
KBasukpucrauiax. B wuHTepmerammuae (¢ase ['eifcmepa) Ttakke oOpasyercs mOg00HOE
paAnalMOHHO-UHAYIIMPOBAaHHOE COCTOSHHE, TpPH 3TOM B HHTEpPBAJIE €ro CyIIeCTBOBAaHUS
3HAYUTENIFHO W3MEHSIOTCS MarHWTHBIE CBOWcTBa MaTepuana. COBOKYIMHOCTh pPe3yNbTaTOB
MO3BOIISIET TPEAIONIOKHATh, YTO B JTAHHOM ciydae oOpasyrrcs Ty—Kimacrepbl (IepecedeHue
4eThIpex uKocadapoB). [lockonbKy BeIMYMHY HaMarHHYeHHOCTH B ¢ase ['eiiciepa onpexnensier
MPOCTPAHCTBEHHOE paclpeesieHHe aTOMOB C MarHUTHBIM MOMEHTOM (3€Chb 3TO aTOMBI
Maprasia), (GpopMuUpoBaHHE KIAcCTEPOB B HCXOJHOW MaTpWIle TPUBOJUT K HaOII0IaeMOMY

YBCIIMYCHUIO HAMarHM4€HHOCTHU MaTEpHralia.
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