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I1. Bausinue 00J1yyeHus Ha
U3MEHEeHHEe MUKPOCTPYKTYPbI U






Bausinue o0/1yyeHust ObICTPHIMUA HEMTPOHAMHU HA CTPYKTYPHO-(pa3oBbie
u3MeHenus B cmiapax H36 sermposannbix gochopom

B. JI. Ap6Oy3os, b. H. lNomumkuii, C. E. larunos, A. B. Kapekun, B. J1. [Tapxomenko
Hucturyt @um3uku Metammor YpO PAH, ExatepunOypr, Poccus. (arbuzov@imp.uran.ru)

AycrenutHble ciuiaBbl Fe-Ni SBASIOTCS XOpPOLIMM MOZAETIBHBIM OOBEKTOM MMl H3yUYCHHS
3aKOHOMEPHOCTEH M  MEXaHHU3MOB PaJUALMOHHOTO TOBPEXKICHHA KOHCTPYKLIHOHHBIX
HepykaBelomux craneid. JlerupoBanue ¢ochopoM OKa3bIBaeT CUIIBHOE BIHMSHHE Ha CBOMCTBA
3TUX CTajel: C OJHOM CTOPOHBI MOHM)KAET paJMallMOHHOE paclyXaHHe, a C APYroil CTOPOHBI
SIBJISIETCS BPEIHOM OXpyTUMBAIOLIEH IIPUMECHIO.

B pabore uccnenoBaHo BiuSHHE OOIy4eHHUs OBICTPHIMH HEHTPOHAMHM B 3aBHCHMOCTH OT
J03b1 00Iy4yeHus: Ha (OPMHPOBAHUE M CBOWCTBA BAKAHCHOHHBIX KIACTEPOB M CTPYKTYPHO-
(hazoBrie n3MeHeHMs (paccinoenue) B crutaBax H36 u H36 neruposanHbix docdopom.

Jna wmccnenoBaHnii MCmonb30Bamuch craBbl Fe-36.5%Ni (H36) u Fe-36.5%Ni-0,1%P
(H36P) 3akanennsie ot 1373 K. Ob6nyuenue neditponamu (£ > 0,1 M»sB) mpoBomuioch Ha
peaktope UBB-2 npu temneparype 340 K B muanasone dmoencos 3-10'7 em™ —5-10" em™.

[Tokazano, 4ro mnpu oOmyueHHH HelTpoHamu crulaBoB H36 un H36P obpasyrorcs
BaKaHCHOHHBIE KJIaCTEPbl, KOTOPbIE TUCCOUUUPYIOT Npu TemnepaTypax Boime 450 K. Ilpu aTom
nerupoBanue Gochopom yBeTHUUBACT KOHLIEHTPALIUIO 3THX KIIACTEPOB.

Takue BakaHCHOHHBIC KJAacTephl SBIAIOTCS 3(QQEKTUBHBIMH CTOKAaMH A TOYEYHBIX
neheKToB.

Ilpu yBenmnueHun ¢uuroeHCAa HEUTPOHOB, KOHIEGHTPALMsl BAaKAaHCHOHHBIX KJIACTEPOB
YBEUUMBAETCS M, COOTBETCTBEHHO, yMeHbIIaeTcsi Iu(Qy3HOHHAS [UIMHA MUIPUPYIOIIUX
BaKaHCHUH, YTO B Ipejesie MOXKET NPUBECTH K MOJABICHHUIO PaJdalliOHHO-UHIYLHPOBAHHBIX
nporeccoB. B pabote npoBesneH ananu3 BiausHUs hocdopa Ha pagraioHHO-MHIYTUPOBAHHBIE
MPOIIECCHl M COTIOCTaBIICHUE KACKAAHOTO (HEUTPOHHOTO) M OECKACKaaHOTOo (DJIECKTPOHHOTO)
00TydeHuUs.

PaboTa BrImTONTHEHA TTpH PHHAHCOBOH TToAepkke PODOU (mpoekT Ne 04-02-16053).
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+ +
Biausinue uMIIaHTanuy HOHOB B™ u Ar
Ha COCTAB MOBEPXHOCTHBIX cj10eB (posabru Ni-Cu

B. A. bagukun*, ®. 3. l'mnemytauHoB*, A. A. Konoros*, C. H. KopuryHos**
*®usuko-rexuuueckuit unctTutyT YpO PAH, MxeBck, Poccus (less@fti.udm.ru)
**PHLI «KypuaroBckuii nHCTUTYT», MOCKBa, Poccust

UccnenoBanock BIMsSHUE UMITIAHTAllMd HOHOB OOpa M aproHa Ha HM3MEHEHHS COCTaBa
NOBEPXHOCTHRIX cinoeB ¢onbru Ni-Cu kak ¢ oOimyyaemoil (MpsiIMOif) CTOPOHBI, Tak U
HeoOsry4aeMoii (00paTHOI) py BapHUalliy INIOTHOCTH HOHHOTO TOKA.

B xkadecTBe 0O0BEKTa WCCIENOBAaHWA HWCITONB30BANACh IMpOKaTaHHas QoJpra cocraBa
40at.%Ni - 60ar.%Cu tommuaO#i 40 MKM. O0TydeHne OCyIIecTBISUIOCH Ha yctaHoBke MITY-2
¢ mapamerpamu: E=40 k3B, D=1x10"" uon/cm®, j=(10-50) MKA/cM’. PeHTIeHO>/IEKTPOHHbIIL
aHaJIM3 cocTaBa MpoBoIMiCS Ha crekTpoMerpe DC-2401 ¢ MOHHBIM TPaBJICHUEM ITOBEPXHOCTH
00pasIoB, pacyeTHasi CKOPOCTh TpaBieHus — 1,0 HM/MUH. AHaAINU3 IPOBOIWIICS Ha TIIyOWHY JI0
20-25 um. Kpome toro, ¢ nomompto MukpoTBepaomepa [IMT-3 uzmepsnace MUKpPOTBEPAOCTD C
OpsAMoil M 0OpaTHOH CTOpoHBI 00pa3uoB (Harpy3ka Ha uHAeHTOp 10 T) M MeTogOM
PEHTTEHOCTPYKTYPHOTO aHaJIM3a OINPeNesNIOCh MEKAaTOMHOE paccTOsIHIE 00paslioB A0 U MOce
00 TydeHUsI.

BrIsBIeHO, 9TO OONyYeHHe HOHAMH Kak B, Tak W Ar NpHBOINT K M3MEHEHHWIO COCTaBa
MTOBEPXHOCTHBIX CJIOEB C 00eWX CTOPOH (hONBIH, 3aBUCSIIEMY OT IUIOTHOCTH ToKa. IIpuuem,
IpU UMILTAHTAIUKM HOHOB B’ HaGmoqaeTcs HEKOTOPOE MOPOroBOE 3HAUEHME TIOTHOCTH TOKA,
OpHU TPEBBIIICHUH KOTOPOTO JOBOJBHO PE3KO HM3MEHSIOTCS 3HAYeHWE MHKPOTBEPIAOCTH U
coJepkaHue Oopa B TOBEPXHOCTHOM cJioe ¢ oOpaTHOH cTopoHbl ¢oneru. Kpome Toro,
MOKa3aHo, 4TO, B OTIMYHE OT MCXOAHBIX 00pa3IloB, Tlle 3aBUCUMOCTh OTHOIICHHUS COJICPKAHUS
Ni/Cu mo rmyOWHEe — MOHOTOHHA, B OOJYYEHHBIX OO0pa3Iax HE3aBHCHMO OT THIIA HWOHOB
(dopMupyeTcss HEMOHOTOHHAsi  3aBHCHMOCTh,  XapakTepu3ylomasci MHHAMyMaMd U
Makcumymamu oTHomieHust Ni/Cu. Ilpudem, 3Ta 3aBUCHMOCTh — Tak)Ke HEMOHOTOHHA OT
IUIOTHOCTH MOHHOTO ToKa. [loka3aHo, 4TO MEXKaTOMHOE PAacCTOSIHHE OONydeHHBIX 00pas3IoB
OTJIMYAIOTCS OT MCXOAHBIX M B Ipefefiax MOTPEHIHOCTH W3MEPEHHH COXpaHseTcs NMPH BCEX
IUIOTHOCTSX TOKA, B OTIIMYHE OT CIydas MMJIAHTAIMK HOHOB Ar 1pu 50 MKA/cM’, UTO MOXKeET
CBHUJIICTEIILCTBOBATh O COXPAaHEHHH MCXOJHOH aTOMHOH CTPYKTYpBI Mocie o0NydeHHs (Kpome
MTOCTIETHETO BapHaHTa) HE3aBUCHMO OT THIIA HOHOB U TUIOTHOCTH TOKa.

MOXHO TIPEIIONIOKHUTh, YTO IMyTSIMH aHOMAJIBHONH MHTpamuy aTOMOB Oopa 10 0OpaTHOI
CTOpPOHBI (PONBrH MOTYT OBITh IUHEWHBIE W TUTaHapHBle nedekThl. OOpasubl craBa —
MIPOKATaHBI, T.€. CTPYKTYPBhI UX SBJISIOTCSI HCXOJHO CHIIbHOHEPABHOBECHBIMHU, HATIPSYKCHHBIMH H
00J1aJaloUIMMH BBICOKOH TIOTHOCTBIO AWCIOKannid. Bo3aMOkHO, 4TO HOHHOE 00Iy4eHHE MOKET
BBI3BIBATh HEKOTOPYIO pEllaKCallMi0 HMCXOIHO HEPaBHOBECHOW CTPYKTYpHl (Hampumep,
BCJICAICTBUE T€HEpaluu YIpyTruxX BoyH). VOHHAs MMIUTaHTANUsl TEHEPUPYET yNPYTrHe yIapHble
BOJHBEI, Ha (POHTE KOTOPHIX IPOUCXOAWT PACIPOCTPAHEHHUE aTOMOB Oopa 1O 00BeMy,
OJTHOBPEMEHHO MMEIOT MeCTO TpaHcopManus 1e(heKTHON CTPYKTYPHI U, OUYEBUAHO, YACTUIHAS
penakcanus OCTaTOYHBIX HamNpsDKeHWd B oObeme o0pas3moB. [lpm 3tom atombel Oopa, Kak

MOBCPXHOCTHO-aKTUBHOI'O 3JICMCHTA, 060rama}0T MMOBCPXHOCTh.
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dopMupoBaHHEe HEMOHOTOHHOW 3aBHCUMOCTH OTHOIIeHHsI Ni/Cu B NOBEPXHOCTHBIX CIOSIX
MOXeET OBITh CBS3aHO CO CTPYKTYPHO-()a30BBIMH MPEBPALICHUSMH, HHULHUHPYEMBIMH HOHHON
00MOapIMPOBKOM M BHI3BIBAIOIIMMH JOKATbHBIC TPAJUCHTHl MEXaHUYECKUX HATPSHKEHHH.

Pabota Beimonnena npu ¢puHancoBoit nopaep:xkke PODU (mpoekt Ne02-02-16670)

YMeHbIIeHHe CKIOHHOCTH K JIOKAJIbHOI KOPPO3HH OKCHAUPOBAHHOIO CILIABA
Zr-1%NDb 001y4eHreM BbICOKOUHTEHCHBHBIMH NMYYKAMH HOHOB a30Ta

T. A. bensix*, H. B. T'aBpunos®, JI. P. Emnun*, A. M. Myp3sakaes*,
JI. I1. CunensuukoB**, A. H. Tumoxun**, A. I'. Tpudanos**
*Uucturyt anexrpodusuku YpO PAH, r. ExatepunOypr, Poccus (erd@iep.uran.ru)
**@VYII « THCTUTYT peaKTOPHBIX MaTePHaJIOBy, T. 3apeuHsiii, Poccus

Zr-Nb crumaBpl, MIHPOKO TIPUMEHSEMBIE B PEAKTOPOCTPOCHHH, IIOMHMO MEICHHOM
CIUIOITHOM KOppOo3WHM OOHApYXKMBAKOT CKIOHHOCTh K OBICTPOH JIOKAJIbHOW Kopposuu /1/,
KOTOpas W ONpeNeNisieT CPOK OKCIUTyaTallud W3AENUi W3 JaHHBIX CIiaBoB. llpwymHaMu
BO3HUKHOBCHHS JIOKAJTHbHOW KOPPO3MM MOTYT OBITh: Makpo- M MHUKPOJACPEKTHI CTPYKTYPHI
MACCUBUPYIOMICH OKCUIHOU TICHKH, a TAKXKE JIOKAThHBIC BKIFOUCHUS HHTEPMETAUTUIHBIX (a3,
KOTOpPBIE TPHUBOMAT K PA3BUTHIO DJIECKTPOKOPPO3UU — Oosiee OBICTPOM, HeM XUMHYECKas
Koppo3us. Panee Hamu mokaszaHo [2], 4To 0OiydeHrne BHICOKOMHTEHCUBHBIMU ITy9YKaMHA HOHOB
a30Ta TeTepOCTPYKTYP OKCHIHAS TUICHKA-CIUIaB MIPUBOIUT K 3aMEJICHHUIO CTLIONTHONW KOPPO3HH.
B nanHo# paboTe wHccaenoBalioCh BIUSHUE OONYYSHUS UMITYITECHO-TIEPUOINISCKIMH ITyYKaMH
HOHOB a30Ta (UIMTENBLHOCTh UMIyJbca 1 mc, vactora 25 I'll, IIOTHOCTH TOKa 3 MA/CMZ,
sHeprus 30 k3B) Ha CKIIOHHOCTB 3THX K€ TETEPOCTPYKTYP K JIOKAIBbHON Koppo3uu. 3meHeHue
MOpP(OJIOTHN TIOBEPXHOCTH KOHTPOJIUPOBATIOCH ITOCPEACTBOM DJIEKTPOHHOW MHMKPOCKOIUH,
KOPpPO3MOHHBIE HCIIBITAHUS MPOBOIMINCH B TBEPAOM dileKkTpoiurte (mopomok Li + Li,O) B
teuenue 50 wacoB mpm 520 °C. OmpeneneHbl ONTUMAIbHBIE PEKAMBI HOHHO-TYyYeBOMH

o0pabotku: 350 < Tyym < 450 °C m go3a oOmydeHus 10"7-10" cm™

, obecrieunBaromye
YMEHBIIEHHE JOIM IOBEPXHOCTH, MOpPaKEHHOW JOKambHOM Kopposued, c¢ 20-30 %
(xonTponpHble 00pasubl) g0 0.1-0.2 % (mpu ONTUMaNBHBIX PEKUMAX MMIUIAHTALUH).
OJEeKTPOHHO-MHUKPOCKONNYECKUE HCCIIEAOBAHUS MMOKa3ald HM3MEHEHHE MOP(OIOTUH TUICHKH:
MCXO/JHO PBIXJIbIE TUIEHKH CTAHOBSTCS 0oJjee IUIOTHBIMH, B HUX OOHapyXHBaeTcs TEKCTypa B
npeaenax UCXOAHBIX KPUCTAIUIUTOB, CITIAXKUBAOTCA Ae()EKThl 0T MEXaHUIECKOH 00paboTKu.
OOpaboTka BBHICOKOMHTCHCUBHBIMM ITydyKaMH HOHOB a30Ta YJIy4IaeT CIPYKTypy
OKCHIHBIX IOKPBITHH M TOMOT€HU3UPYET MX COCTaB, TEM CaMbIM IOBBIIIAS NACCHBHUPYIOIINE

CBOMCTBa HCXOOHBIX, CO3AAHHBIX TCPMHUYCCKHUM OKHCIICHUCM IIJICHOK.

JIutepatypa

1. Tlepexoxer B. U., Cunensaukos JI. I1., Tumoxun A. H. u np., MeraimioBeaernue u TepMooOpadoTka
metannos, 2003, Ne 10, c. 26-31

2. bemsix T. A., I'aBpunios H. B., Emmun . P. u gp., ®usuka u xumus obpabotku marepuanos, 2003,
Neb, c. 14-20
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HN3meHnenne reMnepaTypHO KHHETHKH MapPTEHCUTHBIX NPeBPALCHUH B
ciaBax TiNi u Cu-Al-Ni B npouecce 00,1y4yeHus1 HeMTPOHAMH B
HHU3KOTEeMIIePaTyPHOM rejineBoil merJie

C.I1. benses, P. ®. Konomnena, 1. B. Hazapkun, B. A. Uekanos
[erepOyprckuii nacTutTyT sipepHoit Gmsuku PAH, Tatunna, Poccust (spb@pnpi.spb.ru)

IIpoBeneHpl WCCIeNOBaHUS MapTEHCHTHBIX TIpeBparieHuil B ciiaBe TiNi 3KBHaTOMHOTO
coctaBa 1 MoHokpucTamie Cu-13,4%Al1-5%Ni B npouecce 00aydeHUs] B HU3KOTEMIIEPATypHOI
renueBord merne peakropa BBP-M mpu temmnepatypax 120-350 K. Mcmons3zoBamum MeTon
HM3MEPEHUS 3JIEKTPOCONPOTUBIIEHUS, KOTOPBIA ABIAETCS YyBCTBUTEIBHBIM KaK MO OTHOIIECHUIO
K paJualdOHHBIM Je(eKTaM KPHCTaJUINYEeCKOW PEIeTKH, TaK U K MapTeHCUTHBIM (ha3oBBIM
repexoaM B KpUCTalljax.

Y CTaHOBIIEHO, YTO KPUTUYECKHUE TEeMIIEpPaTypbl MapTEeHCUTHBIX IepexonoB B cruiaBax TiNi
CHHUJKAIOTCA ¢ HapacTaHueM ¢uoeHca 1o 3akoHy AT y=d[exp(-D/Dy)-1], rae AT y-nipupanieHue
TEMIIEPaTypbl, COOTBETCTBYIOIIEH CTPYKTypHOMY mpeBpamieHuo, ®-dmoenc, d u Dop-
KOHCTAHThI. DTH 3aKOHOMEPHOCTH BBIABISIOTCS MPHU 0OJyUYEeHHH KaK B MAapTEHCHUTHOM, TaK U B
AyCTEHUTHOM  COCTOSHHSX. KpaTKkoBpeMeHHOE TMOBBIIIEHHE TeMIeparypsl  00pasIoB,
oGmyuennpix  dmoencom 7-10' em?, gm0 Temmeparypsl ~450 K OpHBOAMT K BO3BpaTy
COMIPOTUBJICHUA M TEMIEepaTypHOW KWHETHKH MapTeHCUTHBIX MpeBpamieHuii. OrmpeneneHa
SHEprusl aKkTUBalUM BO3Bpara cBoWcTB. llpeamonaraercs, 49T0 W3MEHEHHE KHUHETUKU
IIPEBpALIeHUl Ipu OOJIyYCHHH U IIOCIEAYIOIIEM OTKHI€ CBA3aHO C H3MEHEHHUEM CTEIeHU
JabHEro TMOpAaKa S yIopsI04eHHOT0 TBEPAOTO PacTBOPA.

B cmnaBe Cu-Al-Ni nocne o6ay4enust B IByx(pa3HOM HJIHM MapTECHCUTHOM COCTOSIHUU UMEET
MECTO TIOBBIIIICHUE TEMIIEPaTyp 0OpaTHOTO IMPEBpaIIeHUS «KMapTEHCUT—>ayCcTeHUT» Ha 25-30 K.
Takoe moBbIlIeHNe HAOIIOAAETCS OIHOKPATHO TOJIBKO B IPOLIECCE IEPBOrO HATPEBaHMS CPasy
MoCjIe U30TEePMHUYECKOT0 00IyUYeHHUs U IPOIOPIMOHATIBHO HHTETPabHOM 03e HelTpoHoB. [Ipn
MOCTEAYIONINX TEPMHUECKUX LUKIaX MAapTEHCUTHBIM MEpexo]] MPOUCXOAUT IPHU MEHBIIUX
TEMIIepaTypax H C YyBeJIUYeHHEM (QIIOeHca TUCTEpPEe3MCHAasl TeMIlepaTypHas 3aBUCHMOCTh
JIEKTPOCOIPOTUBIICHUS] CMEIIAETCS B HAIIPABICHUM HU3KUX Temmeparyp. Takum oOpazom,
JNEeWCTBUE paAMalMM IPUBOOUT K YCTOMYMBOMY YMEHBIICHHIO KPUTHUYECKHX TEMIIEpaTyp
MpeBpalieHus U K OOHOKPAaTHOMY (HEYCTOHYMBOMY) BO3PACTaHMIO TEMIIEpaTyp 0OpaTHOro
npeBpauieHus. [1epBbli U3 3TUX 3PPEKTOB 0O0YCIOBIEH Pa3yHOPSII0UCHUEM KPUCTAIIIMYECKON
peleTKy npu O0JlyuYeHHH, aHAJIOTUYHO TOMY, 4TO Halnromaercs M B cruaBax Ha ocHoBe TiNi.
OnHokpatHbIi ke 3¢ dekT, Mo-BuANMOMY, CBSI3aH C HapyIICHHEM KOTePEHTHOCTH MeX(a3HBIX
U MEXJIOMEHHBIX TpaHHIl B Xo1e 00myueHus. [1o1BHKHOCTh TPaHUIl IPU 3TOM YMEHBIIIAETCS U
TpeOyeTcs NONOIHUTENbHBI TEPMOAMHAMMYECKMH CTHMYJ U1 Pa3BUTHS IMPEBPAILCHUS.

CHCI_II/IaHLHBIC 9KCIICPUMCHTBI KOCBEHHO IMOATBCPKAAOT 3TO HNPCAIIOJIOKCHUC.
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CTpyKTypa H 3JIeKTPOHHBII TPAHCIOPT B ATOMHO-Pa3ynopsiA04eHHOM
coequnenun MnSi

Uu. o. Beprepl, A.E. KapbKI/lHZ, B. N. BOpOHI/lHZ, 0. H. AKIJ_ICHLleB2, u b. H. Fommuxuit’
'MucturyT xumun tBepaoro tena YpO PAH, yu. [lepsomaiickas, 91, Exarepun6ypr 620219, Poccust
*Uncruryt pusuku metamios YpO PAH, yi. C. Kosanesckoii, 18, Exarepunbypr 620219, Poccust

B coepunennu MnSi ¢ kybuueckoii ctpykrypoii B 20 (mpoctpanctBenHas rpymnma P2;3), e
coJiepKaliell IeHTpa HMHBEPCUH, TpPH IOAABICHUH MAarHUTHOTO VYIOPSJOYEHUS BBICOKUM
JaBJICHUEM BO3HHKaeT He @DepMH JKHIKOCTHOTO cocTossHue [l], OmarompusTCTBYIOIICE
MOSIBJICHUIO CBEPXITPOBOJIMMOCTH CO CIIMH-TPHUIUIETHON CUMMeTpHel criapuBanus [2]. 31ech MbI
UCCTIeIyeM BIIMSHUE HEUTPOHHOTO OOJYyYEHHsS] HAa CTPYKTYPHOE COCTOSHHE W DJICKTPOHHbBIC
TPaHCIOPTHBIE CBOMCTBAa IOJHM- M MOHOKPUCTAJUTMYECKUX 00pa3moB coeanHeHus MnSi,
KOTOPBIN SIBIISIETCS WACAIbHBIM OOBEKTOM JUIA HccieoBaHus 3(QeKToB pazynopsaodeHust
HEWTpOHOTpaUUECKHMM METOJIOM, TaK Kak Mn u Si UMEIOT pa3Hble M0 3HaKy W OJNM3KHE 10
BEJINYMHE aMIUTATY/Ibl PACCESTHUSI.

B Tabmume mnpuBeneHB CTPYKTYpHBIE IaHHBIC

drrocke 0 5%10" oM HCXOJIHOTO M OOJyYEHHOro OBICTPHIMH HEHTpPOHAMHU

a,E 4.5600(1) | 4.5738(1) 00pasioB MnSi. Buano, 4ro mocine 00aydeHHs
Mn x [ 0.1387(8) | 0.1355(8)
Si x | 0.8461(6) | 0.8479(6)
Beo 0.102) | 0242)

yBenmuuBaeTcs mapamerp pemetrkn (=0.3 %),

npuMepHo B 2 pasza BozpactaeT ¢aktop ebas —

Bannepa, YKa3bIBAIOMINHT Ha MOSIBJIEHUE
HEKOPPEJIMPOBAHHBIX CTATUYECKUX CMELICHWI aTOMOB M3 Y3JIOB pemeTKH. Takue 3PQeKTh
CBUJETEILCTBYIOT O Pa3ynopsa0UeHIH aTOMOB B pEIIeTKe.

IIpuBencHHBIE Ha PUCYHKE TEMIEPATYypHBIE

3aBUCUMOCTH  DJIGKTPOCONPOTHUBICHUS L U
MOCTOSSHHOM XoJuia Ry CBUAETENBCTBYIOT O
CII0)KHOM (MHOTO30HHOM) xXapakTepe

OJICKTPOHHBIX COCTOSIHUM B 3TOM COCOUHECHHU.

CormacHo HU3MCPCHUAM aC BOCIIPUHUMYUBOCTU

P, uQem

#(T) TIpOHUCXOIUT YMEHBIICHHE TEMIICPaTypPhI
MarHUTHOTO YTOPSAOUCHHUS.

Pabora noAJep KaHa [Iporpammoit

¢ynnamenTanpHbIX uccnenosanniit O®H PAH

"Hefitponusie HCCIEN0BAHUS CTPYKTYpBI

0 50 100 150 200 250 300

BemectBa U (DyHJaMEHTAJIbHBIX  CBOWCTB x

marepun" (IIpoekr Ne 14 VpO PAH/

nmoroBopNe26/04), Ilporpammoit "HeWTpoHHBIE WCCIeAOBaHMS KOHACHCHPOBAHHBIX cpexd”
(FocymapctBennbrii  koHTpakT Ne 40.012.1.1.1150), IIpoektom PODU Ne 04-02-1653 wu
I'panTtom IIpe3unenta PO ans nogaepxkku Beaymux HayuHsIX mkos PO Ne HIII-639.2003.2.

JIutepatypa
1. C. Pfleiderer ef al., Phys. Rev. B 55, 8330 (1997).
2. E.Bauer et al., Phys. Rev. Lett. 92, 027003 (2004).

25



3aBHCHMOCTD MEXaHHMYECKHX CBOMCTB H COCTaBa MOBEPXHOCTH
THTAHOBOI'O CILJIaBaA OT IJIOTHOCTH HOHHOI'0 TOKA

I1. B. beixos, ®. 3. 'masmytauHos, C. I'. beictpos, B. f. basukun
Ousuko-texuuueckuit uHcTUTYT YpO PAH, Moxesck, Poccus (less@fti.udm.ru)

MHorue aertany, y3Jbl MallliH U [eible KOHCTPYKIHUY B MPOLEecce SKCIUTyaTally MOCTOSHHO
MOJIBEPTraloTCsl  3HAKOIEPEMEHHBIM HArpy3kaM, MHOTO MEHBIIUX TIpeleNia TeKydecTd
MaTepHajoB, O IEHCTBUEM KOTOPBIX C MIOBEPXHOCTH Pa3BUBAIOTCS TPEIMHEI, IPUBOASAIINE, B
KOHIIE KOHIIOB, K Pa3pyIICHUIO M3Aenus. Tak Kak Ipu M3rube aMIUIUTyAa BO3HHKAMOUINX B
MaTepHuaje HaIpsSKEHWH MaKCHUMalbHAa B IIOBEPXHOCTHOM CJIO€, TO H3MEHEHHMs COCTaBa U
MHUKPOCTPYKTYpPBl MOBEPXHOCTHBIX M TNPHIIOBEPXHOCTHBIX CJIOEB MaTepuaya IyTeM HOHHOU
UMIUIAaHTAMH MOXKET BIUATH Ha IUHAMUKY OOpa30BaHUS W PAa3BUTUS TPEIIMHBI, TaKUM
00pa3oM, HOHHOE OOJy4eHHE MOXKET OKa3blBaTh BIMSHHE HA YCTAJIOCTHYIO TPOYHOCTH
MatepuanoB. OmHAaKO ocTaeTcsl 0 KOHIIA HEBBIICHEHHBIM BOIPOC O BIHMSHHUM IapaMeTpoOB
oOiyueHus (1032, MIOTHOCTh TOKA M SHEPIUs MOHOB) U KPUTEPUHU BBIOOPA THITA BHEAPSICMBIX
HMOHOB Ha YBEJINYEHHUE yCTAIOCTHON IIPOYHOCTH METAIJIOB U CIUIABOB.

B kauecTBe MMIUTaHTaHTa ObUIM BHIOpPAaHBI KPEMHHMH M aproH BCIEACTBHE CPaBHUTEIBHO
0oJpIION aToMHOW Macchl (it (OPMUPOBAHUS OOJBIION KacKagHOW o0JlacTu Tpu
B3aMMOJICHCTBUH C MAaTPHILEH) U JIyYIINX B KOMIUIEKCE MEXaHUYECKUX CBOUCTB coenuHeHus Ti-
Si.

Lenpto maHHOM paboTHI ABJISETCA CPaBHUTEIHHOE MCCIEAOBAaHUE BIHAHUS TUIOTHOCTH TOKa
1oHOB Si' M Ar’ Ha MexaHH4eCKHe CBOMCTBA M COCTAB MOBEPXHOCTH TUTAHOBOTO CILIABA.

Oo6yuenue o6pasmos (Ti-3,4Al-Mn) poBoaMIM Ha MOHHO-TY4YeBOH ycTaHOBKe Thma MJTY
(PHLI «KypuaToBCcKMii MHCTHTYT», MockBa), B Bakyyme He xXyxe 10° Ila. ITapamerpsl
0G/IydYeHHs HOHAMH KPeMHHs ¥ aprona: E = 40 k3B, D = 10'7 non/cM” B imanasone mioTHoCTe#
HOHHOTO ToKa 10-50 MKA/cM.

MukpoTBepIoCTh 00JIyd4eHHBIX 00pa3ioB yBenuunBaercs Ha 20—60 %, mo cpaBHEHHIO ¢
UCXOJHBIM 3Ha4eHHEM. MaKkcuMallbHOE YBEIMYCHHE MUKPOTBEPAOCTH (Harpy3Ka Ha HMHICHTOP
20 r) ZOCTHTaeTCs PH OONYHYEHNH ¢ IUTOTHOCTHIO HOHHOTO ToKa 10 MKA/cM”, Kak aproHOM TaK
¥ KpeMHHEM. YCTalOCTHBIE MCHBITAHMS MOKA3ald, 4To 0Opasibl, 0OMydeHHbIE HOHaMU Si' u
Ar’  BbuiepKanM OONbIIEe KOJIMYECTBO LMKIOB JO Ppa3pylICHUs, MO CPABHEHHIO C
HEOOTyYCHHBIMH.

TonmpHaa MOTUPHUUUPOBAHHOTO CIOS B 00pa3nax OOJIydYeHHBIX MOHAMHU KPEMHHUS BO BCEM
JMara3oHe TUIOTHOCTEH HMOHHOTO TOKA TPEBBINIACT MPOSKTHBHBIA MPOOEr MOHOB KPEMHUS B
THUTAaHe.

Pabota BrImoTHEeHA TTpH hrHAHCOBOU mouepxkke PODU (rpant Ne 02-02-16670).
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CrpykrypHoe coctossnue Feg 61Nig36Tip.03 10 1 mocsie 00,1ydennst ObICTPHIMU
HeHTpOHAMM

B. . Boponun, 1. ®. beprep, B. B. Carapanse, b. H. I'onmunkuit
NDM YpO PAH, ExarepunOypr, Poccus (voronin@imp.uran.ru)

Meronamu peHTTEHOBCKOW (Ha TOHKHX (hoNIbrax) U HEUTPOHHOMW (HAa MAaCCHBHBIX 00pasimax)
IupakIuyd HCCIeAOBaHa peayibHas KpHCTALTNYecKas CTPYKTypa MHTEPMETALTHAOB OTHOTO
coctaBa Feg ¢ Nig3611003, HO C pa3HOH mpeaBapuTelbHONH 00padoTkoii. BHadane Bce oOpasimbl
osutn otoxokeHsl pu 1100 °C B mpomomxkenne 30 munyT. 3atem Bce Tpu domsru (D1, D2,
®3) u maccuBHBII 00paser; (M1) ObuH 3aKaneHs! B Boay. Hanee gonpra @1 6puta monseprayTa
wiactudeckoit negopmanum, @2 cocrapena mpu 650 °C B teuenue 30 muHyT. BTOpoit
MaccuBHBIN oOpazer (M2) Obul 3aKkajeH B Maclio M 3aTeM cocTapeH, kak u @2 npu 650 °C B

teueHue 30 MUHYT.

1200

h1=1.605
h2=0.722
h3=0.657

Ha puc. 1 mokazan ¢parmeHT peHTreHorpamm (oJsT,

1000

pedaekc (331). Pedirekc (331) mambonee ymmpen B 1, uro w0

@
3
]

YKa3bIBaCT Ha MNPUCYTCTBUC 3HAYUTCIIBHBIX HCKaOKCHUHA B

Intensity

400

pemeTke (IeeKToB U HampshKeHuil). Taxke YHIMPEHBI, HO B

MeHplIe  crtemeHu, pediaekcet B 0 P2 wm D3,

0
136 137 138 139 140 141

HeiitpoHorpaduueckrie uccIeoBaHUS TOKa3ald, 4YTO B 2Q.deg.
MacCHBHBIX 00pa3lax MCKa)KeHHUs ellle MEHee 3aMEeTHBI, IIMPHUHBI JUHUNA Ha HEMTpOHOTpamMmax
OJIM3KY K 3TaJIOHHBIM.

[Hanee, Bce 0o0Opa3ipl ObLTH OONYyYeHBI OBICTPBIMU HeHWTpoHamu Tipu TemmepaTtype 80 °C,

dmoencamu 5, 10 1 50x10" cm™.

UccnenoBanns OONyYEeHHBIX OOpa3lOB IOKa3aid, 4YTO
CTPYKTYpHOE COCTOSIHHE MEHSeTcss C POocToM  (hiroeHca,

puyeM HanOOJIbIIINE U3MEHEHUA HaOJIFOJAr0TCA B

Intensity

miacTadecku nedopmupoBanHoM obOpasre (P1). Ha puc. 2.

nokazaH peduexc (331) or @1 nmo wm mocme oOOMydeHHUS o L

136 137 138 139 140 141
2Q, deg.

MaKCHMAJIBHBIM (PIIFOSHCOM 50x10" e Buano, gyro mocie
oOnyuernns B 1.35 yMmeHpmmnach mmpuHa pediexca. JTO yKa3blBaeT Ha paJHAllMOHHO-
CTHUMYJUPOBAHHBIA OTXKHUI Ne(eKTOB, BOZHHKIIMX B mpouecce aedopmanuu. B pabore man
noJpOOHBIN aHANNU3 MPOUCXOJSIIUX CTPYKTYPHBIX HM3MEHEHHH B 00paslax ¢ pa3IHyHbIM
WCXOJHBIM COCTOSTHHEM IT0ocTie O0MydeHUsl OBICTPBIMU HEUTpoHaMu. JIJIsl MCKITIFOUEHUS BIUSHUS
MMOBEPXHOCTHBIX 3 (HEKTOB, BO3MOXHBEIX B TOHKHX (hOJIbraX M HaOMIOMaeMBIX C TIOMOIIBIO
PEHTTEeHOBCKON AW(pakunu, OBUT BBINIOJHEH aHAJIW3 CTPYKTYPHOTO COCTOSHHS B OOBeMe
MaCCHBHBIX 00pa31[0B HEHTPOHOTpahUIECKIM METOJIOM.

PaGora mopmepxkana IIporpammoii ¢yHgamenTanbHbIX HccaenoBanuii OPH PAH
"HeliTpoHHBIE HCCIIEIOBAaHUS CTPYKTYPHI BellecTBa U (yHIAMCHTAJIbHBIX CBOHCTB Marepuu”
(ITpoexkt Ne 14 YpO PAH/ nmoroBopNe26/04), Ilporpammoii "HeWTpoHHBIE HCCIEIOBaHUSL
koHaeHcupoBaHHEIX cpen” ([ocymapctBennbrii koHTpakT Ne 40.012.1.1.1150), IIpoextom
PODOU No 04-02-1653 u I'pantom Ilpesunenta PO anig moaaepKKu BEAyIIMX HAYYHBIX IIKOJI
P® Ne HIII-639.2003.2.
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Flux effect on void swelling of austenitic and ferritic/martensitic steels:
A review of recent data and insights

F. A. Garner!, N. L. Budylkinz, Yu. V. Konobeev?, S. I. Porollo, V. S. Neustroev*, V. K. Shamardin*
'Pacific Northwest National Laboratory, USA (frank.garner@pnl.gov)
’A. A. Bochvar Institute of Non-organic Materials, Russia
*Institute of Physics and Power Engineering, Russia
“Research Institute of Atomic Reactors, Russia

Void swelling of PWR austenitic internals has recently been identified as a materials issue
that might impact license extension. Data are now becoming available from PWRs that indicate
swelling is in progress but still at relatively low levels. Extrapolation of these data to higher,
end-of-life exposures requires a better understanding of the parametric sensitivity of swelling.
Swelling equations being developed for both austenitic and ferritic-martensitic steels for use in
various Generation IV and ADS reactor concepts also require such understanding.

Earlier published studies conducted in Japan, USA and Russia have shown that the atomic
displacement rate is unexpectedly one of the most important variables. This paper presents data
derived from a number of irradiations conducted on both Russian and Western steels irradiated
in a variety of reactors. All data sets support the conclusion that lower dpa rates lead to greater
swelling of austenitic and ferritic-martensitic steels irradiated at all reactor-relevant
temperatures. Several published data sets are presented that were previously misinterpreted

because the strong effect of dpa rate was not recognized at the time of publication.

Bausinue nHa kputndeckuii Tok BTCII gentsi (Bi2223+0,8% U-238)/Ag ramma-
00,1y4eHns, BbI3bIBawIero gorojaeseHue sijaep ypaHa

U. H. T'ongapos*, O. [I. Macmnos*, Y. ®. Bomomua**, A. B. Kamuaos**, JI. M. @umep**
*OO0beMHEHHBI HHCTUTYT sIEpHBIX HccenoBanuii, Jlyona 141980 Poccust (ingonch@sunhe.jinr.ru)
**BcepoCCHICKHIA AIeKTPOTEXHIMUECKUI HHCTUTYT, MockBa, Poccus

Bniots A0 HACTOAWIETO BPEMCHHU HH/IpOKOMaCH_ITa6HOG MMPpOU3BOJACTBO JJIIMHHOMCPHBIX
tokoHecymux JieHT 3 BTCII ocBoeHO TONBKO sl CHCTEMBI Ha ocHOBe Bi2223 B cepeOpsHOit
marpure. OHAKO, OHH 00J1aJal0T CPAaBHUTEIHLHO OOJBIION aHM30TPONHUEH KPUTHIECKOTO TOKA
Y HEBBICOKUMH 3HAYCHHSIMH J. B 00JIACTH TEMIEpaTyp >KAIKOTO a30Ta W MAarHUTHBIX MOJIEH,
mpesbimaomux 0,5 Tecma. IloBeicuTs J. BO3MOXHO B pesyibrare 00pa3oBaHHA
JIOTIOJTHUTEIILHBIX IICHTPOB MMHHUHTA B BUJIEC TPEKOB OT OBICTPBIX TSXKEIIBIX HOHOB, B TOM YHUCIIC
OT OCKOJIKOB JeileHus snaep ypana, BBeaeHHoro B BTCII. Omnwmcannsle B jauTeparype
pesynbTatel momydensl s BTCII, mommpoBanubix U-235, mocie peakTOpHOTO OOIydeHHs
TEIUIOBBIMUA  HelTpoHamu. OpHako, NpUMEHEHHE 3TOro Mertoma it Bi2223/Ag  meHT
OTPAaHMYCHO M3-32 BO3HUKHOBEHHUS BHICOKOTO YPOBHS PaJMOAKTUBHOCTHU OT u3oToma Agl10m c
nepuonoM moisypacmana 11,250 cyT. U CYIIECTBEHHOT'O IOBBIIICHUS CTOMMOCTU JICHTHI OT
HCIIOJIB30BaHUS OYCHH JOPOTOTO ypaHa ¢ BHICOKOM cremneHpio oboramenus U-235. OxanM u3

aBTOpPOB HaCTOSIH.Ieﬁ pa6OTLI I YCTPAHCHUA 9TUX HCAOCTATKOB MPEIIIOKEHO [1] HCIIOJIb30BAaTh
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dotonenenue saep U-238 B obmacTu 3Hepruii rUraHTckoro pesonanca (E,~10+-20 M»sB). B
JAHHOM paboTe MPHUBOIATCS PE3yIbTaThl MONYYCHHBIE MMOCIe OOMy4YeHHsS raMMa-KBaHTAMHU C
E,<24 M»bB nHa MukporpoHe MT-25 (TOk 31eKTpOHOB 15 MKA) ONBITHOH mapTHU 00pasloB
nertsl (Bi2223+0,8%U-238)/Ag. B dacTHOCTH, paccMaTpHBAIOTCS: YPOBEHb HaBEICHHOW
PaaVOaKTHBHOCTH M BPEMEHHOM XapaKTep €ro crajna; m3MeHeHue J. o0pasmoB 3Toi JeHTH (a
TaKkKe KOHTPOJBHBIX 0Opa3IoB, HE COAEPXKANINX ypaHa) C POCTOM J03bl; BO3MOXKHOCTH
CYIIECTBEHHOTO yBEIMYEHUs B o0pasnax coiepkaHus ypaHa (CBBINIE TPEAEITbHOTO

nJorryctuMoro 3HadeHus ~0,6 % mpu paBHOMepHOM ero pazmemienuu B BTCII).

JlutepaTtypa
1. Tonuapos U. H., npenpuat OMAN E8-99-270 (1999); in Proceedings of EUCAS-99, (Sitges, Spain,
14-17 September, 1999) Inst. Phys. Conf. Ser. 167, p. 559, 2000 IOP Publishing Ltd.

H3MeHeHNns1 CTPYKTYPbI M TEKCTYPhI B 000JI04eYHBIX TPYOaX U3 CIUIABOB
HA OCHOBE HIMPKOHMSA NPH HOHHO-TIA3MEHHOM BO3/1elicTBUHU

M. M. I'pexos, FO. A. Tlepnosuy, M. I'. UcaenkoBa, B. A. ®ecenko, b. A. Kanun, B. JI. Skymun
MOoOCKOBCKHUI HHXCHEPHO-(QH3MUYESCKII HHCTUTYT (TOCYIapPCTBEHHBIH YHHUBEPCHUTET),
Poccus, 115409, MockBa, Kammpcekoe mi., 1. 31 (masim@mail.ru)

bonee 20 ner Ha3zax OBLIO YCTAHOBJIEHO, YTO NMPH OOMYYEHHH METAJUIMYECKHX MaTepHalioB
MOHAMH C JHEpruell B HECKOJIBKO K3B IpOMCXOAMT cymiecTBEHHOE M3MEHEHUE CTPYKTYPHI U
TeKCTypbl MatepuanoB [l, 2]. MccnenoBaHusi pEeHTTE€HOBCKHMMH METOAWKAMH OOIy4YEHHOU
MOBEPXHOCTH MOKA3aJId, YTO TOJIIMHA CJIOSI CTPYKTYPHBIX M TEKCTYPHBIX M3MEHEHHH (ZECATKU
MHUKpPOH) Ha HECKOJIBKO TOPSAKOB 0OJIbIIE 30HBI TOPMOKEHHUS HOHOB (HECKOJILKO HAHOMETPOB).
Tako#t pe3ynpTarT MOHHOTO OOJMyueHHUs ObUT Ha3BaH 3¢ ¢deKkToM mampbHomelcTBHs. Tak Kak B
HACTOSIIEEe BpeMs IMUPOKO PACIpOCTPAHEHBI METOIHMKH, HCIONB3YIONIHEe MOHHO-TUIA3MEHHOE
oOydeHHe sl ETHpOBaHUs (MOAU(HUIIMPOBaHUS) MOBEPXHOCTH, TO UcclenoBaHue 3¢ dekra
JaTbHOJICUCTBHUS aKTYaJIBHO.

B mnacrosimeli pa®oTe NPHUBOAATCS PE3yNbTaThl M3yUeHHS CTPYKTYPHBIX M TEKCTYPHBIX
U3MEHEHUH B 0o0beMe 00004euHBbIX TpyO0 ux cmiaBoB [Zr-1%Nb] u [Zr-1%Nb-1%Sn],
MOJBEPTHYTHIX HMITYJIbCHON TIUIa3MEHHOUW o0paboTke. [laHHyro 00pabOTKy mpenroaracTcs
MCIIOB30BaTh IS TIOBBIMICHUSI KOPPO3HOHHON CTOHKOCTH 000J0YEUHBIX TPYO, YTO MO3BOIHUT
YBEIHYHUTh MX PECypC W, TEM CaMbIM, IOBBICHTH CTEIEHb BBITOpaHMS TOIUINBA. OCHOBHBIM
KOMIIOHEHTOM 00pabOTKH BBICOKOTEMITEPATypHOU uMITynbcHOM mna3moii (BTUIT-00paboTku) B
JAHHOM CIIydyae SBJISIETCSl HAallpaBJICHHBIH MOTOK MOHOB renus. M3yueHne MOHHO-TIIIa3MEHHOTO
BO3/ICHCTBHS HA Marepuan TMpeiACTaBIsieT WHTEpPeC, CBSI3aHHBIA ¢ TeM, uYTO (ha3oBbIC
OpeBpalieHuss o — 3 — o, OPOUCXOJISIIUE IPH HMITYJIbCHO-IJIA3MEHHOM HarpeBe Hu
NOCHEAYIOMEM OXJaXACHHH, (POPMHUPYIOT TEKCTYpY TOBEPXHOCTH, KOTOpas SIBIATHCS
WUHIUKATOPOM N3MEHEHHUS TEMIIepaTyphl Mo Ty OHHE.

[TpoBeneHHBIC UCCIIENOBAHUS TOKA3AIM CYIIECTBEHHOE pa3iinyre B M3MCHEHHH CTPYKTYPhI U
TEKCTYpPBI MaTepHana P “MsSrkoM” (IIOTHOCTB TTOTOKA SHEprHy rmiasMer 0=28 Jlx/cM?) i

“xectroM” (0=50 J[x/cm”) pesxumax o6padotkn. Ecimu mpu “Msrkoii” 06paboTke mo Beeit
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TOJIIUHE CTEHKU TPYOHI (0.7 MM) MPOUCXOIUT CYLIECTBEHHOE N3MEHEHUE UCXOAHON TEKCTYPHI,
TO TIPH “¥KECTKON 00pabOTKe ITH U3MEHEHUS IPOUCXO AT Ha TiryonHe 1o 60 MkM. To ecTb, ¢

YBCIMYCHUEM IJIOTHOCTHU MMOTOKA SHEPTrUHU IJIa3Mbl 3(1)(1)6:1@ ,E[aﬂLHO,I[CfICTBHﬂ YMCHBIIACTCA.
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Prc. 1 a- nocnofiHOE H3MCHCHHC MCENNOCKACTHOCD PACCTOARNRA, muank (2 1.3},
b - moCuofzoc HIMEHECHAC MEKD DHEND DS CHK .

[IyneTHp - cnnae Zr-1%:Nb, COMoMHE a9 JEHET - enaap Zr-1%5Nb- 1950,

A - weTre# peite obpadoTeer, O - mecTHHR pewsinm oOpata TH.

CTpyKTypHBIE W3MEHEHHS TMPH ‘“HKECTKOW 00pabdOTKe MPOSBISIOTCS 3a CUYET HCKAKEHUS
KPUCTAJUTMYECKOW PEIIETKH I0JIEM HAIpsHKEHUH, BBI3BAHHOTO MOCIOWHOM HEOJHOPOJHOCTBIO
00BEMHBIX U3MEHEHHH o — B — o Ga30BBIX mpeBparieHuil (B ciioe ToMmuHoN 10 40 MKM)
Torma «ak mpu “markoi” o0pabOTKe, W3MEHEHHsS BBI3BaHBl  IPEHMYIIECTBEHHO
pacnpocTpaHEHHEM YJapHbIX BOJH, BO3HHMKAIOIIMX TPH B3aUMOAEMCTBUM IUIa3MBl C
MOBEPXHOCTHIO MaTepuana. Ha puc. la mokazaHa 3aBHCHMOCTb M3MEHEHHUS MEXIIJIOCKOCTHOTO
paccrostHust (d;. 3)) 1o TosmuHe obpasna. B mpumoBepXHOCTHBIX c0sX d;. 3) (TOMIMHON 110
30-40 MKM) CYIIECTBEHHO MEHBIIE WCXOMHOTO 3HAUYCHUS W3-32 BO3ZHUKAIOIIMX OOJBIIHX
paCTATHBAIONINX MaKpOHAIPsLKeHHH (puc. 10).

I[Ipn “msarkoii” TUTa3MEHHOW O00pa0OTKE Ha MOBEPXHOCTH BO3HHKAIOT OKPY)KHBIC
pacTAruBaoie MakKpOHAmpsDKeHUs puc. 10, Torga Kak mpH “KecTKol’ 00paboTKe MUK
MaKpOHAIIPSDKEHUH HaXOJUTCS Ha HEKOTOpOoW TiyOuHe (0xojio 20 MKM) OT HOBEPXHOCTH. DTO
CBS3aHO C peaKcaIueil HalpsHKCHU Ha TIOBEPXHOCTH 3a CUeT OOJIBIIETO pa3orpeBe U OOoJbIei
30HBI TJIaBJICHUS.

XapakTep pacnpeneneHusi MaKpOHaNpsDKEHUH 10 TIyOuHe U1t 000MX CIUIABOB WACHTHYCH,
HO mns crutaBa [Zr-1%Nb-1%Sn] cnax HampsbkeHWE 10 3HA4eHHS OTOMXOKEHHOTO 00pasia
MPOMCXOAUT MEIJICHHEE, YTO MOXKET OBITh CBA3aHHO C Pa3IUYMeM 3HAYCHUH (U3NUECKUX
CBOMCTB HCCIIEyEMBIX CIJIABOB.

IIpoBenennpiit  crabmwmmsupytommii  omxur (580 °C / 24 wdaca) BOCCTaHABIMBACT
CyOCTpPYKTYpHBIC XapaKTEepUCTUKU U CHUMAaeT MaKpOHANpPsDKEHHS, HO TEKCTYPHBIE U3MEHEHUS
mocjie OTXKHUTa coxpaHsioTcs. [loMHMO 3TOro mnpu OTXKHUIEe B THOANOBEPXHOCTHOM CIIOE
o0pazyeTcst HOBBILICHHOE cofep kaHue 3-Zr ¢a3bl, 4TO CBUACTENLCTBYET O MepepaclpeaeIeHun

atoMoB Nb Ipu II1a3MEHHOM 06quCHHH.

30



JlutepaTtypa

1. PeHTreHOBCKOE M3yUeHHE CTPYKTYPHBIX H3MEHEHHH B 00heMe 1e(hOpMUPOBAHHBIX METAJIOB MO
BO37eHicTBHEM nOHHOTO 00yueHus / EBctroxun A. U., Ilepnosud 0. A., ITucapes A. A. u ap.
UsBectuss AH CCCP. Meramisl. 1984, Ne4, C.139-144.

2. Penrrenorpaduueckoe ucciie[oBaHiue CTPYKTYPHBIX U3MEHEHHH B MOJIOieHe, 001y 4eHHOM HOHAMHU
renusi. Kanun b. A., Ilepnosuu 10. A.,@ecenxo B. A., SAxymun B. JI. u np. IloBepxHOCTh. PHU3HKAa,
xuMus, Mexanuka. 1984. Ne3. C.140-147.

Biansinne nOHHOTO 00,Iy4YeHUs] HA ITMHAMUKY Pa3BUTHSA MUKPOTPEIINHbI B
HHUKeJIe H ATIOMUHUM B YCJIOBHUSAX PACTSKEHUsI

A. 1O. JIpo3nos, M. A. bapanos, B. 1. basakun
Omuko-Texamdeckuit ”HCTUTYT YpO PAH, 1. Mxerck, Poccus (less@fti.udm.ru)

Ha mpumepe MOHOKPHCTAIIIOB HUKENS W ATOMUHUS METOJIOM MOJEKYJSIPHOM JAMHAMUKU
MPOBEACH aHAIHW3 pa3BUTHUS MHUKPOTPEIIUHBl B YCIOBHSIX OOJIY4YeHHS U OJHOOCHOTO
pactsokeHus. Llenbio paboTHI SBISIIOCH HCCIENOBAHUE TUHAMHUKH PAaCIPOCTPAHEHHS TPEIIUHBI
NpU PACTSHKEHUM JI0 U TIOCIIE HOHHOTO 00 Ty4eHHs] HOHAMU MHEPTHBIX Ta30B U BBIICHEHUE POJIU
0c00EHHOCTEH MOTEHINAJIOB MEKaTOMHOTO B3aMMOJICHCTBUSI.

KoMmnbroTepHBbIii KCTIEpUMEHT MIPOBOIMIICS C UCIOIB30BaHHEM MPOTPAMMBI, OCHOBAaHHOW Ha
MPUMEHEHNH MeTOoJa MOJIEKYJSIpHOW auHamMuku. CrcreMa MHOTOYAaCTHYHBIX YpaBHEHHN
HrroToHa pemanace 9uciieHHBIMA MeTogaMu. OTBOJ SHEPTHH OT CHCTEMBI OCYIIECTBIISETCA
BBEJICHHEM Bs3KMX CHJI. [l ommcaHUS B3aMMOJICHCTBHS MEXIY aTOMaMH HCIOIB30BAIHCH
MOTEHIIMANIBl  TIAPHOTO  B3aUMOJICHCTBHSA, pACCUMTAHHBIE HAa  OCHOBE  MOJEIHHOTO
TNICEBJIONIOTEHIINANA XeitHe—AOapenkoBa—AHuUMany ¢ ¢yHkoueil skpanuposku Lloy.
HadvanbHas koHQHTrypaluss aTOMOB KPUCTAUTUTA TMPENCTaBIsIa COOOH TPEXMEPHYIO TUICHKY
tonmmuHOM 20 aTOMHBIX cJjoeB. BBIOOp TpaHUUYHBIX YCIOBHM M MOJENb MHKPOTPEIIHNHBI
moApoOHO omnmcaHkl B padore[1].

B o0mactu yCThSl TPEIMIMHBI MOICIHPOBAIOCh OONyUeHHE MOHAMH aproHa ¢ sHeprueit 20
k3B. 3a Bpemsa 8000+10000t TepmoauHaAMHYECKHE MapaMeTpbl cUCTeMBl — Temreparypa T u
noTeHIManeHas 3Heprus U cTaOMIM3MPOBAINCH OKOJO ONPEAENICHHOTO (UKCHPOBAHHOTO
3HaueHus. [lociie AOCTIKEHUS KPUCTAUIMTOM CTAaOMIBHOTO Ha WCCIEAyeMBIX BpeMeHaX
COCTOSIHUA MPOU3BOJMIOCH OTHOOCHOE pacTsukeHue BAoabs Hampasienus [010]. OTHocutensHas
nedopmanms cocrapisia € =5, 10, 15 u 20 %.

BrisiBiieHo, uTo B HEOOIY4YeHHBIX OOpa3lax XapakTep pachpOCTPaHEHUsS MUKPOTPEIIUHBI,
Kak B HHUKeNe, TaK M B aJIOMHHUHM BS3KWi. VcXomHas MHKpPOTpEUIMHA pPacHoloXKeHa B
mtockoctu (010). Ipu pactsxkernnn Ha 15 % B HUKeNe TpeIMHA HAYMHAET PACIPOCTPAHATHCS B
tockocty (111), koTopas siBIsIeTCs MIOCKOCTHIO Jierkoro ckonbxkeHus 1t ['TIK kpucranios.
AHanmn3 (yHKIUM paTuabHOTO pPAclpeNeleHrds aTOMOB MOKa3bIBa€T, YTO IIOCIE HOHHOTO
obmydenns kpuctaumr coxpanseT ['IIK pemetky, ¢a3oBBIX mepexoaoB He HabOmromaeTcs. B
ATIOMUHAN TPEIIMHA 3alleYMBAETCS TPAKTUYECKH TOTHOCTHIO, a B HHUKENE YacTH4YHO, YTO

MMPUBOAUT K YBCIIMYCHHUIO IIPOYHOCTU KPUCTAJIIIUTA, Ha6J'IIO,E[aeMOI>i JJIsL O6J'Iy‘{CHHLIX 06pa3u013.
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[IpoBeneHO CpaBHEHHE PACIPOCTPAHEHUS! TPEIIMHBI B METAUIaX C Pa3IMYHBIM THUIIOM
pemrerku (OLIK, T'LIK, T'TIY) npu ogHOOCHOM pacTs>KEHWH Ha aTOMHOM YPOBHE. BhIsBIIeHO
BIHMSHUE THIA KPUCTAUTMYECKOW pEIIETKH M OCOOEHHOCTEH MMOTEHIHANIOB MEXaTOMHOIO
B3alMOJEHCTBHUS Ha SBOJIIOIMIO MUKPOTPEIUHBI TPU OJTHOOCHOM PACTSKEHHH.

PaGora BeInosiHeHa npu GuHaHcoBOU noaaepkke PODU (rpant Ne 02-02-16670).

Jlutepartypa

1.M. A. Bapanos, A. 0. [Ipo3znos, B. I'. Uynunos, B. 5. basHkuH. ATOMHbBIE MEXaHU3MBI Pa3BUTHS
MukpoTperuHbl B yucThix ['IK- u OL[K-metamnax u ¢ npumeckio Bogopoaa // XKT®. 2000. T.70, Bbim.
4, c.46-51.

Biansinne aToMHOr0 pa3ynopsiioueHusi Ha 3JIeKTPOHHbIE COCTOSTHUA CHCTEM C
TSZKeJbIMU (hepMUOHAMU

A. E. Kapekun*, A. C. Kpusomekos*, 0. H. Axmiennies*, u b. H. I'omummkuit*
*Uucturyt pusuku metawioB YpO PAH, yn. C. Kosanesckoi, 18, ExatepunOypr 620219, Poccus
(karkin@uraltc.ru)

B cucremax ¢ TskenbIMH (epMHOHAMU HHU3KOTEMIIEPATYpPHOE KOTEPEHTHOE COCTOSHHE,
¢dbopmupyemMoe oblakaMH CIHHOBOH TOJSAPH3AIUU BOKPYT f~aTOMOB, IPUBOJMT K KBaJpaTHYHON
3aBHCHMOCTH  d1ektpoconpotuBienns p(I) = py + AT° ¢  xodbduuuentom A,
COOTBETCTBYIOIIEMY 3JIEKTPOH-3JICKTPOHHOMY pACCEsHUIO KBAa3WYacCTUI[ C OOJIBIIONW MacCOM.

UToOBI TMOHATH POJIb aTOMHOTO TOpsaka B ¢opmupoBaHuu T

COCTOSIHMM, MBI HCCICAOBIM  BIUSHUE HMHIYLUPOBAHHOTO
(v 200
HEHUTPOHHBIM  OONydeHHeM pasymnopsgoueHuss Ha (1) u

kodumument Xomra Ry(7T) coemuuennit tTuma CeT,X, (T = Ni,

Cu, Pd; X = Si, Ge). OGiyueHne NPUBOAUT K 3HAYATEHBHBIM & |  p ] =
mmeneHusM  o(T) um Ry(T) mnpm wHuskux 7, Torga Kak

BBICOKOTEMIICPATYPHBIC HU3MCHCHUA HaMHOTI'O ciabee. ?

Temmneparypubsie 3aBucumoctd o(7) u Ry(T) B coeauHEHUU

0 L L
10 p g 100

CeCu,Si, (BepXHUU PUCYHOK) AEMOHCTPHUPYIOT CIOXKHYIO 30HHYIO e e i e e e e

T,K

CTPYKTYPY C DJICKTPOHHBIMH U ABIPOYHBIMU HOCUTCIIAMU 3apsaa,

MMEIONINMH KadecTBeHHO pasznu4anblie 1-3asucumoctu o 7). Ecim B s

HCXOAHOM o0Opasne (cBeribple TOYKH) B HH3KO-1 obOnactu

v v 200 4 4

npeo6na):[aeT OJICKTPOHHBIM BKJIAJ TAXKEJIBIX HOCHUTCICU, TO B I aadaeiaatessasatatinti
5 casssessssesetd
covesssreesd

00JIaCTH BBICOKHX ' TOMHUHHPYIOT JIETKHE IBIPKH U AJIEKTPOHBL. B T

Ofl'
o0iy4yeHHOM oOpa3iie (TeMHble TOukM) Bkmag Td kaHana /
ncuesaet, Tak 9to B p(1) u Ry(T) nposBnstoTcs norapudpMudecKre

3aBUCUMOCTH, COOTBETCTBYIOIME MarHuTHOMY (tuma KoHmo)

paccesHHIo.
1 10 100
KavecTBeHHO TOX0Xee MOBEJICHHE TPAHCTIOPTa HAOIIONAeTCS B L TK
0 50 100 150 200 250 300 350
CeNi,Ge, (HIKHUN PUCYHOK, KpuBasi / — HCXOIHEIN oOpazer, 2 — T.K

00 y4eHHbIH, 3-6 — oToxKeHHbIe pH Temieparypax 100-400 °C), HO ¢ IpyTHM COOTHOIICHHEM
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YaCTUYHBIX BKJIAJOB TSKEIBIX M JISTKMX HOCUTEJIEH B AJIEKTPOHHBIA TpaHcHopT. OTMETHM, YTO
B coeauaeHusx CeCu,Si, n CeNi,Ge,, oOHapyxuBaromux He Pepmu xunkoctHoe (HDIXK)
HOBEJICHUE, KOTOPOE MPUBOAUT K IMOSIBICHUIO JUHEHHBIX Ipu HU3KUX 1 3aBucumoctei p(7) u
Ruy(T), mpu pa3ynopsioueHUH HET mepexonaa B cocrosHue depMu KHUIKOCTH, Takke Kak B T
coequnenusx CeCu,Ge,, CePd,Ge, u CePd,Si, He HabmromaeTcs OXHmaeMOro mnepexona K
H®X noBenenmto. /Iy Bcex McClIeIOBaHHBIX 3/1€Ch COSAMHEHWN aTOMHOE pasyNopsIoueHHe
OPUBOIUT K TOJABJICHUIO MPOSBILIIONIMXCS TPH HU3KAX TEMIIEpaTypax dJIEKTPOHHBIX
COCTOSIHMH, KOTOPOE€ COOTBETCTBYET YMEHBIICHUIO KOHIIEHTPAINH TSKEIbIX HOCUTENEH.

Pabora momnepkana Ilporpammoii QyHmamentanmpHblx uccinemoBannii ODH PAH
"HeliTpoHHBIE MCCIETOBAaHUSA CTPYKTYPHI BellecTBa M (yHIAMEHTaJIbHBIX CBOHCTB MaTepuu”
(ITpoext Ne 14 VpO PAH/ noroBopNe26/04), Ilporpammoii "HeWTpoHHBIE HCCIEIOBaHUS
KoHAeHcupoBaHHBIX cpen" (I'ocynmapcrBenHblii koHTpakT Ne 40.012.1.1.1150), Ilpoextom
PODU Ne 04-02-1653 u I'pantom Ilpesuaenra PO nns momaepKKu BEAYIIUX HAYIHBIX IIKOJ
P® Ne HIII-639.2003.2.

Oo0pa3oBanue u 3BOJIONUS paguannoHHbIX KiaacTtepoB B 'IIK-meTannax npu
HU3KOTEMIIEPATYPHOM HEHTPOHHOM 00JIy4YeHUH /10 MAJIBIX MOBPEKIAIOIIMX 103

A. B. Kosnos, E. H. lllep6akos, O. U. Acunmos, JI. A. Ckpsadun, U. A. IlopTHBIX
OT'VII «IPM», 1. 3apeunstit a/g 29, Ceepamosckast 0bmacts 624250, Poccust (AlexTIM@uraltc.ru)

[Ipoenennr uccmenoanus psga ['I[K-meramnoB: aucteix Ni m Pt u crameit DU-844 (B
aycreHusnpoBaHHOM coctostann) 1 YC-68 (B coctosHum X.1.=20 %), 00Ty4eHHBIX B peaKkTope
npu temneparype ~ 310 K 10 dmoencos 6eicTpbix HeiiTponos (¢ £ > 0,1 MaB) or ~7-10°' z0
2:10% m”. TlonydeHBl pe3yiabTaThl MPELMU3HOHHBIX W3MEPEHHIl pA3MEPHBIX H3MEHEHHt
00paslioB Mpu HarpeBe, Ha YacTU OOPA3IOB BHITOJHEHBI 3JIEKTPOHHO-MUKPOCKOITUICCKUE
WCCIIEZIOBAaHUSI.

C wucronp30BaHUEM arapara CTaTHUCTHYECKOH TepMOJUHAMHKH pPa3BHTa KOJWYECTBEHHAsS
MOJIeNIb ONHCaHWs Tporecca OOpa3oBaHWS M DSBONIOIHMH PAIUAIMOHHBIX KIACTEPOB TpHU
HU3KOTEMIIEPAaTYPHOM HEWTPOHHOM OOJydYeHMH. B pamkax 3Toil MoJenu MOJydYeHBI
3aBUCUMOCTH KOHIIEHTPAIMH KJIACTEPOB M CPETHETO YKCTIA COACPIKAIIMXCA B HUX BaKaHCHH OT
BpEMEHH, a TaKKe OT CKOPOCTH paJAWallMOHHBIX ToBpexaeHuil. [lokasaHo, 4ro mpu
pexomOuHamu UG OYHAUPYIOMMX B KJIacTep MEXIOY3JIHiA KOHIIEHTPAIllUs BaKaHCHUH B
KJIacTepe yMeHbIIAeTC s, MPaKTHIeCcKH, 0e3 N3MEHEHHS ero pa3Mmepa.

YpaBHEHUSI MOJENH UCIOJIB30BaHbl AJIsl pacyeTa HAKOIUICHUs BakaHCUH B cTtaimsax OM-844 u
YC-68 npu HEUTPOHHOM OOJyYCHHH, & TAKXKE PAa3MEPHBIX M3MEHECHUH OOJYYeHHBIX 00pa3IoB
npu omkure. CONoOCTaBJICHUE PE3yJIbTATOB PACCUUTAHHBIX W3MEHEHHWH pa3MepoB C JIaHHBIMU
SKCIIEPUMEHTAIBHBIX H3MepeHui o0pazmoB u3 crajeit OU-844 u UYC-68 mokaspiBaeT HX

YAOBJICTBOPUTCIIBHOC COOTBCTCTBUC.
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Bausinue noroka poTroHoB Ha cBoiicTBa Goabru Ni-Cu

A. A. Konoros, ®@. 3. 'unsmyTauHOB, B. 1. basakun
Odusuko-texuuueckuit uHcTuTyT YpO PAH, Moxesck, Poccus (less@fti.udm.ru)

B mocnenHee Bpemsi, B JIMTEpaType AakTHBHO OOCY>KHAIOTCS BOIPOCHI, CBS3aHHBIE C
BIMSHUEM Pa3IMYHBIX IOJICH Ha CTPYKTYpPHOE COCTOSIHME MarepuajioB. B manHoil pabote
HCCIIENYIOTCS. M3MCHEHHS METAJUITUIECKOW (DOTBTH MPH OO0ITyUIECHHN CBETOM.

B xadecTBe 00BEKTOB UCCIIEIOBAHUSA UCMIOIB30BANKCH TTpokaTaHHble ¢onsru 40%Ni-60%Cu
tonmuHoi 30 MkM. O6myueHre 00pa3oB IPOU3BOAMIOCH TAJIOT€HHBIMH JIaMIIAMHU MOIIHOCTBIO
100 Bt u 200 BT Ha BO31yXe mpu (PUKCHPOBAHHOM PACCTOSHHUH OT JamIibl o oOpasma R = 70
MM. I yBenWYeHHs TemI00TBOAA, HCCIEAyeMBId 00pasell 3aKkperuisuicss Ha MacCHBHON
METaJUIMYECKON TmacTuHe. MUKpOTBepAOCTh u3Mepsiiack Ha mpubope [IMT-3 (marpyska Ha
unaeHTop 20 r) Pacnpenenenre KOMIOHEHTOB MO ITyOWHE TTOBEPXHOCTHBIX CJIOEB, JIO M TIOCIIE
OOJIydeHHs, HCCIENIOBAIOCH METOJaMH BTOPHYHOM HOHHOH  Macc-CIIEKTPOMETPUH ¢
HCITIOJb30BAaHWEM pAaCIbUICHUS] TOBEPXHOCTH HOHAMU aproHa ¢ »Heprueit 4,5 k3B mnpu
mioTHOCTH ToKa 20 MKA/cM® (pacdeTHas CKOPOCTb PACIIBUICHHS COCTAaBISIa 3 HM/MHEH),
PEHTI€HO-3JIEKTPOHHOM CHEKTPOCKONUHU. JIONOTHUTENBHBIE HCCIENOBAHUS CTPYKTYPHOTO
COCTOSIHMS ITPOBOAMIIMCH METOJIOM PEHTTEHOCTPYKTYPHOTO aHAIIN3A.

Pe3ynprarel TpOBENEHHBIX OKCHEPUMEHTOB IIOKa3bIBAIOT H3MEHEHHE CTPYKTYpPHOIO
COCTOSTHMSI M XHMHYECKOTO0 cocTaBa oOirydaembix (onbsr. B pesynbrare oOiaydeHus mnpu
HCIIOJIb3YEMbIX MOLIHOCTSAX JIaMII IPOMCXOIAUT U3MEHEHHUE 3HAa4eHUI MHUKPOTBEPIOCTH KaK Ha
00ydeHHOH, Tak W Ha OOpaTHOW crTopoHax o00pasmoB. OmHAKO CcIEAyeT OTMETHUTh, YTO
CYLIECTBYIOT HMOPOTOBBIE 3HaueHWs 103 oOmyuyeHus. OOmydeHHe O03aMH, MPEBBIIAIOIINMHI
MIOPOTOBBIC, HE MPUBOAUT K (PUKCUPYyEMBIM U3MEHEHUSIM. [ BBISBICHUS POJHM CTPYKTYPHOI'O
COCTOSIHHSI Ha TIposBieHHE “POoTOHHOTO 3ddexTa NanTbHOACHCTBUS HCCIEA0BATUCH (OIBIH,
otoxokeHHsle Tipu 850 °C B BakyymHOU neun B TedeHue 30 mMuHyT. Kak mokasanu muaMepeHus
MHUKpPOTBEPIIOCTH OTOMOKEHHBIX 00pas3loB, 3QQeKT, B IaHHOM cllydae, He HaOIromaercs.
OOny4yeHue TMOBEPXHOCTH CBETOM, IPUBOJAUT K IEPEPACHPEICICHUI0 3JIEMEHTOB B
[IOBEPXHOCTHBIX CJIOA.

TakuM 00pa3oM, OCHOBBIBASICH HA IOJYYEHHBIX SKCHEPHUMEHTAJIBHBIX IAHHBIX, MOXKHO
MOPEANoNIOKUTh, YTO “DPQeKT nanpHOACHCTBUS” TpH (HOTOHHOM OOMydeHHH O0O0yCIOBJIEH
HCXOIHON HEPaBHOBECHOCTHIO CTPYKTYPHI (OJIBTH.

Pabota BeimonHena npu GpunancoBoit moaaepxkke PODU (mpoext Ne 02-02-16670)
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HccenenoBanusi B3aUMOCBSI3M KPUCTAIIMYECKOH CTPYKTYPbI U
(usnyeckux cBoiicTB coequHeHUs ¢ TAxKeAbIMU pepmuonamu CeCug
¢ IOMOUIbI0 METOAA PAAMAIMOHHOI0 Pa3ynopPsiA0YeHNs

A. C. Kpusomiekos, A. E. Kapekun, U. ®. beprep*, B. . Boponun, b. H. Tomumxwii
Wucturyt @m3uku MetamioB, Exkatepunoypr, Poccus (Nimravus@uraltc.ru)
*Wuctutyt xumun tBepaoro tena YpO PAH, ExatepunOypr, Poccus

B cucremax ¢ tsokensiMua hepmuoramu (TdD) ¢ yHopsaoueHHO pacioiOKEHHBIMHA aTOMaMH
f-omemenTa (pemerka Konmo) mpm HM3kHX Temmeparypax T obpasyercs DepMHU-KHUIKOCTHOES
(®X) cocTosiHME, COOTBETCTBYIOIIEE KOTEPEHTHOMY JIBUXKCHUIO HOCUTEINCH 3apsaa aHOMAIbHO
OonbmIoil Macchl. YTOOBI M3YYHUTH POJSb YHOPSJOYCHHOTO PACTIONOKEHHS ATOMOB B pEIIETKE

Konpo B hopmupoBanuu @XK cocTossHUS, MBI HCCIEAOBAIA METOJOM HEHTPOHHOU TUDPAKIINH

1iom T T T T T T T T T

n 1 1 I 1 1 1 1 1 1
0 a 1] i =] &0 Ta =] o0 im 110

.
KPUCTAJUIMYECKYIO CTPYKTYpy ¥ TaJlbBaHOMArHUTHBIE CBOWCTBA OOIYYEHHOTO OBICTPHIMU

HeritpoHamu coenuaeHUus CeCug ¢ 001101 3(h(PEKTUBHOI MacCOl AIEKTPOHOB.

CornacHo naHHbIM HeWTpoHHOW maudpakiun CeCug UMeeT rekcaroHaIbHYI0 CTPYKTYPY,
ONMCHIBAEMYI0 B MPOCTpPaHCTBeHHOW Tpymne Pnma (xpuBas 1 Ha BepxHem puc.). Ilocne
o0ydeHus OBICTPBIMH HEHTPOHAMH THI CTPYKTYpPBI coxpaHsieTcsi (KpuBas 2), HO IPOUCXOAUT
poct o0bema aneMeHTapHOU stuetiku Ha 0.3 %, mpu 3TOM TaKke Bo3pactaeT (akrop Jlebas-

Bannepa na 45 %.Uucna 3amonaenus s atomoB Ce u Cu He MEHSAIOTCS ¢ TOUHOCTHIO 110 0,01.

T'anpBaHOMarHUTHBIE CBOMCTBA rnocie 00ydeHus
MIpeTepreBaroT OoJiee 3HAYUTENbHbIE U3MEHEHHS, B YaCTHOCTH,

ATOMHOC pasynopAaa0ouUCHHUC MPUBOANUT K MPAKTUYCCKU IMMOJIHOMY

nojasieHuo T coctosiHuA. B pamkax MHOTO30HHOM MOJENHU

p, uQem
~

9TO COOTBETCTBYCT CHUIIbHOMY (Ha 2 nopsi/:u(a) YMCHBIICHHUIO

e
>

o 1 xoHueHTpauuu T, Torga Kak M3MEHEHUS 30HHBIX NapaMeTpoB

Ry, 107 em?/C
o
2

: JIETKUX HocuTened Manbl. IlpuBeneHHbIE Ha pPUCYHKE 2

o
o

20 - b
0.0

teMmiepatypHsie 3aBucuMoctd p(T) u mocrosuuoi Xomna Ry(T)

: 0o st CeCug MOKa3BIBAIOT, UTO B OOIyYCHHOM 00pasiie (KpuBas 2)

o . . . . . . .
0 S0 100 150 200 250 300 350 INPUCYTCTBYIOT TOJIBKO JICTKUE HOCHUTCIHW, HCIBITHIBAOIUE
T.K

cwibHOe MarHuTHOe paccesaue (3pdext Konmo). HMcxomnoe
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cocrostare (KpuBasi 1) oTiiM4yaeTcs MPHUCYTCTBHEM JIOMOJHUTENHHOTO KaHaja MPOBOIAMMOCTH,
cootBercTBytomero Td. Takum 00pa3oMm, B COEAMHEHUSIX JaHHOTO KJacca KPHCTALUTUYECKHUN
MOPSIZIOK M, COOTBETCTBEHHO, MOPAAOK B pemeTke KOHIO uUrparoT KIIOYEBYIO pOJb B
dhopmupoBanuun XK cocrosHus.

Pabora mnomnepxana [Iporpammoii dyHmameHtanbHbiX —wucciaenoBannii ODdH PAH
"HeiiTpoHHBIC HICCIIEAOBAHUSI CTPYKTYpPHI BellecTBa M (DyHIAMEHTAIBHBIX CBONCTB MaTtepuu'
(ITpoext Ne 14 YpO PAH/ moroop Ne26/04), Ilporpammoii «HeHTpoHHBIC HCCIICTOBAHUS
KoHAeHcHupoBaHHBIX cpen» ([ocymapctBenHsiii koHTpakT Ne 40.012.1.1.1150), IIpoextom
POD®U Ne 04-02-1653 u ['pantom Ilpesuaenta PO nns nonnepKku BeAyIIUX HAYYHBIX IIKOJ
P® Ne HIII-639.2003.2.

MoneaupoBaHie MAPTEHCUTHBIX MPeBpallleHNii B CIVIaBaX B IPUCYTCTBUHU
CTPYKTYPHBIX HEOJTHOPOJXHOCTEIH

A. P. Kysnuernos*, C. Abromeit**, FO. H. 'opHOCTBIpEB*
*Uucturyt ¢pusuku merawioB YpO PAH, ExatepunOypr, Poccus (A_Kuznetsov@imp.uran.ru)
**Hahn-Meitner-Institute Berlin, Germany

lomorenHoe 3apokaeHHe B pETbHBIX (IeeKTHBIX) Marepuanax OOBIYHO CUYHTAETCS
MaJIOBEpOSTHBIM, W KJIOUEBas pOib B 3apO’KACHUM HOBOH (a3bl OTBOIUTCA CTPYKTYPHBIM
HEOJHOPOJHOCTSM pelIeTKH. B mocnennee BpeMs B CBA3HM C POCTOM MOILTHOCTH KOMITBIOTEPOB
MOSIBUJIACh  BO3MOXKHOCTh ~ HM3y4yaTh KHHETHKY MAapTEHCHTHBIX TIEpEeXOJ0B B  paMKax
MHKPOCKOITMIECKOTO IOAX0Aa — METOJOM MOJeKyysspHod muHamuku (MJ]). B mactosmeit
paboTe npenIokeHO MUKPOCKOIIMYECKOEe OMMCaHNue KUHETHKH MapTeHCUTHBIX nepexonoB OLK-
'Y u OUK-THK B Zr u cucreme Fe-Ni B NmpHCYTCTBHHM TaKMX THUIHYHBIX JEPEKTOB Kak
BaKaHCHH, IUCIIOKaunu u rpaHuibl 3epeH (I'3), a Taxoke nepexona B2-L 1, npu obmydenun NiAl
OBICTPHIMH HOHAMH C 00pa30BaHUEM TPEKOB.

[IpencraBnsemble pe3ynbTaTsl MJ] MonenupoBaHUS KHHETHKH IPSMOIO M 0OpaTHOTO
IIPEBpALCHUs, IO3BOJLIIOT CHAENaTh OOLMe 3aKIIOYCHHs O POJIM  HECOBEPLICHCTB
KPUCTAJJIMYECKON pELIETKH B MHUIMMPOBAHMM INOJUMOP(HOro mpeBpaineHus. Bo-mepBbix,
Hayumuue 1edeKkToB (B TOM YHCIe U TPEKOB OBICTPBIX YACTHII) CYILIECTBEHHO O0JieryaeT Havyajio
mpeBpalicHusi B IUIOTHOYNAKOBaHHYIO a3y, COACHUCTBYA pa3BUTHIO  PEIIETOYHOU
HEYCTOMUMBOCTH (MCKIIIOYEHHE COCTABIAIOT BAaKaHCHM, INPHCYTCTBHE KOTOPBIX pa3pyllaeTr
KOTEPEHTHOCTh (POHOHHBIX MOa). OmHako ponps auciokaruit u ['3 mpu 3TOM CyIIECTBEHHO
pasnuuaeTcs. B cinyuae aucnokanuii, co3gaBaeMble MU JedOpMalMi CTUMYJIHPYIOT JIOKAJIBHO
pa3BUTHE PEIIETOYHOM HEYCTOMYMBOCTH. B pe3ynbpTaTe, mpeBpailleHWe HayuHaeTcs B
BBIJICJICHHBIX, NPHUMBIKAIOIIMX K JUCIOKAMsIM 0O0nacTsX, a “BTOPUYHBIC” 3apOoIbIIN
MOSIBISIIOTCA KaK PE3yJIbTaT PENaKCallui YHPYTHX HANPSOKEHUH OT “NEpBUYHBIX’ 3apOJIbIILIEH.
PaBHoBecHble I3 He co3mal0T yOpyrux HampsbDkeHui. B 3ToM cimyudae ciaBuronas
HEYCTOMUMBOCTh pealn3yeTcs M0 APYyroMy CLEHapuio, a UMEHHO — IIyTéM HHTEHCHUBHOTIO,

KOPPENUPOBAHHOTO HCITyCKaHHUSA YaCTUYHBIX AUCIOKauuil u3 ['3, mpuBoAAIIero K mepecTpoike
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NPUTPAHUYIHON 00JacTH B IJIOTHOYMaKoBaHHYI0 (azy. B ciyuae maprencutnoro 'IK—OLK
IPEBpAIICHUS] CIBUTOBAsi HEYCTOMYMBOCTh B CHCTEME OTCYTCTBYET, IIO3TOMY O0OCYXKIaeMble
BBIIIE MEXaHM3MBI BIUSHHA Ae(EKTOB HE peaan3yroTcs. Hamm pe3ynbTaTsl CBUACTEIBCTBYIOT O
TOM, YTO MPUCYTCTBHE IHUCIOKAUMH WIM ONM3KMX K CHenuanbHeiM 3 He cmocoOHO
CTHUMYJUPOBATh JaHHOe npeBpaineHue. 3apoxneHne OLIK-¢a3pr okazanocs Bo3MokHBIM Ha [3
o0Iero Tuma, KOTOphIe XapaKTepU3YIOTCs JOCTATOYHO OOJBIIMM CBOOOIAHBIM O0BEMOM. DTO
COIJIacyeTcsl ¢ CYIIECTBYIOLIMMH NPEACTABICHUIMH O TOM, YTO B KHHETHKE Y—>C IPEBPALLCHUS

B Fe u ero crmmiapax OIMPEACIAIONUIYIO POJIb UTPAKOT (I)J'IyKTya]_[I/II/I o0BeMa.

HN3y4eHue 30H CTPIrTJIMHIa B MOJIUOAeHE, 00, Iy4eHHOM ajib(a-yacTUIIAMHU U
NMPOTOHAMM

O. II. Makcumku, A. B. fposuyk, JI. I'. Typy6aposa
Wncturyt speproit ¢pusuku HALL, Anmatsl, Kazaxcran (maksimkin@inp.kz)

OgHMM W3 pPacHpoOCTpaHEHHBIX CIOCOOOB TONydYeHHs WHopManuu o0 W3MEHEHHU
CTPYKTYphl H CBOWHCTB METAUIMYECKUX MAaTepHaliOB, TOABEPTHYTHIX BBICOKOJI03HOMY
O0JTy4YeHHIO, SIBIICTCS IICJICHANIPABICHHOS CO3JIaHUEC WMILIAHTHPOBAHHBIX TEIIMEM WU
BOJIOPOJIOM CIIOEB, POPMHUPYIOIINUXCS B PE3yJIbTAaTe TOJHOTO TOPMOXKEHHSI 00 TyHaloNuX anbQa-
YaCTHUI] WX TPOTOHOB. IIpu 3TOM B 3aBUCHMOCTH OT JHEPTHH YAaCTHI] 30HBI CTPATTIIMHTA
obOpasyroTcss Ha pa3nuuIHON TiyOmHe oOiydaemoro obpasma. Mcmons3yeMblii B HacTosIee
BpeMsI METOJ OSKCIIEPHIMEHTAIBHOTO BBISIBICHUS WMILUIAHTHPOBAHHBIX CIIOEB 3aKJIIOYaeTCs B
BBICOKOTEMIIEPATYPHOM OTXKHT€ MaTepuana, KOTOPBI HE TOJNBKO BHOCHT WCKKEHHS B
CTPOCHHE 30H TIOJHOTO TOPMOXCHHS 4YaCTHI[, W3MCHSCT IIOJIOKEHUE WX TpaHWIl, HO U
TpaHCHOPMHUPYET CTPYKTYPY B ICIIOM.

B pabote npuBeneHs! pe3yabTaThl 00HAPYKEHHSI MECTOIIOJIOKEHUS U OTPEICIICHUS IIUPUHBI
30H CTPITTJIMHTAa B METAUIMYECKOM MOJHOZCHE C WCIOIB30BaHMEM HOBOTO METOZa
XUMHYECKOro TpaBieHus. OONy4eHne TEXHHUYECKH YHCTOTO MONMOIEHA TPOBOIMIN Ha
H30XPOHHOM yckopureie Y-150 mpu temneparype < 100 °C npoToHamMu U anb(ha-yacTHIIAMH C
sHepruerr ot 7 mo 50 Mb»B. IlpencraBieHbl HMpUMEpHl BBITOTHEHHUS HACHTH(OHUKAIIANA THIIA
00JTy4aroInX YacTHIl IO Pa3IMYHON CIIOCOOHOCTH K OKpAIIMBAaHUIO TIOBEPXHOCTH 00pasia npu
NEHCTBUM  XUMHYECKOTO  pacTBOpA. [lpuBenenst  nmaHHBle 00  OCOOEHHOCTSIX
PEKPHUCTAIUIM3ANMOHHBIX TPOIECCOB, TPOTEKAOINUX B 30HAX CTPIrmiMHra. M3ydeHbl
W3MEHEHUS] MUKPOTBEPIOCTH M XapaKTePUCTUK TPOYHOCTH M IUIACTHYHOCTH MOJUOJICHA B
30HaxX IOJHOTO TOPMOXEHHUS YacTHIl U BHE MX. XHWMHUYECKOEC BBISIBJICHHE 30H CTPITTIIMHTA
MO3BOJISIET C TIOBBIIMIEHHOW TOYHOCTHIO OIPEAETSATh MECTOIOJIOKEHNE HMMILIAHTHPOBAHHBIX
CJIOEB BHYTpU oOpa3lla M OLEHWBATh BEIMYUHY IOTJIOMICHHON YHEPIHH IMAJaroIlero MoTOoKa
yactull. [loka3aHa nmpakTHdeckass BAKHOCTh U TIEPCIIEKTUBHOCTH ONITUYECKOT'0 HAOIIOICHHSI 30H
CTPITTJIMHTAa Ha MaKpO- W MHKPOCTPYKTYPHOM YPOBHE, OTKPBIBAIOIIETO  IEPCIIEKTHBY
MIPOBEACHUS KOMILJICKCHBIX HCCIICOBAHUN CTPYKTYpHO-(Da30BBIX M3MECHEHUH, MEXaHUYECKHUX

CBOWCTB 0OJy4YEeHHBIX MaTEPHAJIOB, a TAK)KE HX KOPPO3HOHHOM CTOHKOCTH.
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A Comparison of the Tensile Behaviour of
Post-irradiation and In situ tested Iron

Pierre Marmy
CRPP-PSI, Technologie des matériaux, CH-5232 Villigen-PSI, Switzerland (pierre.marmy@psi.ch)

Some components of fusion reactors will experience during service simultaneous plastic
deformation and bombardment with high energy neutrons, specially in the region of the first
wall. Traditionally, reactor materials are tested in the absence of stresses, after a static
irradiation, in which an irradiation substructure consisting of point defects, dislocation loops
and irradiation-induced phases has been formed. In contrary, if plastic deformation occurs
during irradiation, the formation of the irradiation substructure is fundamentally different
because of two main reasons. First the mobile dislocations are absorbing the point defects and
strongly reduce their clustering and second the irradiation is taking place into a deformation-
induced microstructure, sometimes far different from the as-received structure. Under these
conditions, the material response to a specific solicitation is completely different. This situation
has been recognised early at CRPP-PSI where an in sifu device placed into a 590-MeV proton
beam line, has been in use since 1993 [1]. The device has been mainly operated to study the low
cycle fatigue of first wall candidate materials [2,3]. In this work, the effect of the in situ
deformation on the tensile properties of pure iron will be reported. The specimen is tubular and
can be loaded in compression. Due to the lack of beam time, a single complex experiment has
been designed, in which different tension or compression sub-experiments were conducted near
room temperature. In a first phase, the specimen has been pulled at a crosshead displacement
rate of 200 um/hr to avoid static irradiation during the elastic part of the curve. The specimen
was then deformed in compression at 15 pm/hr and the flow stress was measured under beam.
Two experiments were then conducted to measure the static hardening under positive and
compressive stresses. Finally the specimen was pulled at crosshead displacement rates of 10, 5
and 25 pm/hr to measure the influence of the strain rate. The specimen was then pulled to
rupture at 15 um/hr. The dose at rupture was around 0.1 dpa. Tensile tests with the same
deformation history were conducted for unirradiated and statically irradiated iron.

The differences will be explained and the possible consequences of the irradiation under

plastic deformation will be discussed.
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KBaapaTuunasi TeMnepatypHasi 3aBUCUMOCTb MATHUTOCONIPOTHBJICHUS
COBEPIIEHHBIX M 00,Iy4eHHBIX MOHOKPHUCTAJLJIOB BoJIbpamMa u MondaeHa

B. B. Mapuenkos*, B. E. Apxunos*, A. JI. Cyropos**, B. JI. Apoy3os*, C. E. Jlanmwios*, X. B.
Bebep***
*Uucturyt ¢pusuku meraiwioB YpO PAH, ExarepunOypr, Poccust (march@imp.uran.ru)
**['HL| P® MHCTUTYT TeOpeTHYEeCKON M SKCIIepUMEHTaIbHOM (u3rky, Mocksa, Poccust
*#% ATOMUHCTHUTYT aBCTPUICKHUX YHUBEpCUTETOB, BeHa, ABcTpus

B untepBane temneparyp 2-50 K u B MarautHbix nojsix Ao 15 Tn usmepeHo momepeyHoe
MarHUTOCONPOTUBIICHUE COBEPLUICHHBIX MOHOKPUCTAJIOB BOJb(ppamMa M MoJHOAEHA C
otHomeHueMm compotuBieHnii RRR go 75000, a Takke o0Opas3umoB, OONyueHHBIX HOHAMHU
kpuntoHa (£ = 305 M»aB), npotonamu (£ = 20 MaB) u anextporamu (£ = 5 MaB). [lokazano,
YTO B3aMMOJICHCTBUE AJIEKTPOHOB MPOBOJUMOCTH C MTOBEPXHOCTHIO HEOONYUEHHBIX 0Opa3lloB
IIPUBOAMT K IONOJHHUTENBHOMY BKJaay B MarHUTOCONPOTHUBICHHE Py , MTPONOPIHUOHAIEHOMY
KBajZlpaTy TeMIlepaTypbl. BBeneHne paguanuoHHBIX NE(PEKTOB B KPHCTAJUIBI IPH OOTyYEHUH
IPUBOAUT K TOMY, YTO KBaJpaTH4YHBIA 10 TEMIEpaType BKIAJ B MarHUTOCOIPOTUBIIEHHE
CYIIECTBEHHO yBEIMUYMBACTCS M MPH HU3KUX TEMIIEPATYPaX Py ~ T°. IIPoIeMOHCTPHPOBAHO,
4yTo HaOIromaemas KBaJpaTH4YHas 3aBUCHMOCTb COIPOTHUBJICHHUS pyx OOYCIIOBICHA ABYMS
MEXaHM3MaMHU paccesHusT HOCHUTEeNeW 3apsafa: HMHTEPPEPEHIIMOHHBIM «3JIEKTPOH-(OHOH-
MOBEPXHOCTH» W B3aHMOJACHCTBHUEM  DIEKTPOHOB  MPOBOAVMOCTH C  pPaJHallMOHHO-
MHyIUPOBaHHBIMU Ae(EeKTaMu.

Pabota wactnuHo moxmepkaHa PoccuiickuM ¢oHmOM (yHIAMEHTaIbHBIX HCCIEIOBAHHM,

npoekT Ne 02-02-16431 u ®ongom cogecTBUsI OTEUECTBEHHOM HAayKe.

BpeMeHnHast 3B0JIIOLMSI MUKPOCTPYKTYPbI B MaTepHuaJiax,
HAXOASALIUXCS MO 00, IyYeHHeM

B. B. Cniezo8', A. B. Cy660tun’, O. A. Ocmaep>!
'MucTuTyT Teopernueckoii Gusnku um. akan. A. U. Axuesepa, HHII "XapbKkoBckuii
(hM3MKO-TeXHUIEeCKUI HHCTUTYT", yi1. Akagemuueckas 1, r. Xapekos 61108, Ykpanna
(oleg_osmayev@kipt.kharkov.ua)
*®I'VII HayuHO-KCClIeI0BATENBCKHI i KOHCTPYKTOPCKHIA HHCTHTYT SHEPrOTEXHUKH
uM. H. A. lonnexans, I'nmaBmoutamt, a/s 788, r. Mocksa 101000, Poccust
*Yxpanuckas [ocynapcrennas Axagemus XKenessonopoxkuoro Tpascnopra,
1. Deitepbaxa 7, r. Xappkos 61050, Ykpauna

Kak n3BecTHO, B 00JIydaeMbIX MaTepHaiax (MeTaliax, cIulaBax), IPOUCXOAUT 3BOIIOLUS UX
MHUKPOCTPYKTYpBbl. OTa MHKpPOCTPYKTypa OIpeAemnseTcs BO3HUKHOBEHHEM MOPUCTOCTH U
pa3BUTHEM  JUCIOKAallMOHHOM  IOJACHUCTEMBI  Marepuana. VIHTEHCHBHOCTh  pa3BUTHS
MHUKPOCTPYKTYPBl ~ OIpENeNsieTcss BUAOM OONYyYeHHS U €ro XapakTepUCTUKAMH. OTH
XapaKTEPUCTUKH ONPEAEIAIOT HHTEHCUBHOCTh POKICHHS BaKaHCHN M MEXY3EIbHBIX aTOMOB —
nap dpeHkens, ¥ ra3oBbIX NOp(paccMaTpUBAIOTCSA Te€ BUABI OONyYEHHsI MaTepuana, KOTOpbIE

MIPUBOJAT K NOSABJICHHUIO B MaTCPUAJIC Tap (DpeHKeJ'IH).
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3aMeTHM, YTO pa3BUTHE MHUKPOCTPYKTYpPBHl MaTepHaja HPUBOOUT K €ro pacilyXaHHIO.
dusnyecKkoil MPUUMHOI 3TOTO SBJIEHHS, B PACCMATPUBAEMBIX YCIIOBUSX, SIBIACTCS pasindue B

CTOKax MCIXKY3CIbHBIX aTOMOB MU BaKaHCHUM Ha AUCIIOKalUAgX, KOTOPOC ONpCACIACTCI
pa3inyueM B OSHCPrusax BSaHMOHGﬁCTBHH TOYCYHBIX ,Z[G(I)GKTOB - BakKaHCUH V n

MEXY3eIbHBIX aTOMOB I C YIPYTHM TIOJIEM TUCIIOKAIIHH.

PaCCMOTpeHBI ITOTOKH TOYCYHBIX )Z[e(i)eKTOB Ha MOPBI U IUCJIOKAIIUHU, KOTOPBLIC U OIIPEACTIAIOT
CKOpPOCTHU HX PA3BUTHA. HpI/I HaXO0XACHUN 3THUX IMOTOKOB, B YCJIOBUAX I'CHCPALIUN TOYCUHBIX
ne(eKToB, UCXOMHBIMU YPAaBHEHHSMU SIBIISIOTCSI HECTallMOHApHBbIe NU(D(Y3HOHHBIC YPaBHEHUS
C WCTOYHWKAMH TOYCYHBIX JedekToB (B oObeMe Marepuana) W crokamu. CrTokamu, B
paccMaTpHUBacMOi CHCTEME, SIBISIOTCS TOBEPXHOCTH MAaKpoAeHEeKTOB. A  aHHHTHIAIMS
(pexoMOMHAaIMS) TOYCUHBIX JEPEKTOB B 00BEME SBISICTCS HE3HAYUTEILHOW U €M, KaK MPaBUIIO,
MOJXHO npeHeOpeus [1].

IlonyueHa 3aMKHyTasi cHCTEMa YpaBHEHMI, OINMUCHIBAIOUIAs 3BOJIIOLMIO BO BPEMEHH
MHUKPOCTPYKTYpBl MaTepuaja, HaxosIierocs mox obiydeHueMm. HaiineHbsl BBIpakeHHS s
CKOPOCTH pacmyXaHus (paciyxaHue MaTepuajia yaoOHee Hu3ydaTh 10 €ro TOPHUCTOCTH).
IToka3aHo, 4TO MPH MOCTOSHHOM HCTOYHHKE TOYCUYHBIX AedekToB (uncio map DpeHkens Ha
y3eNl pellieTKH), paclyXaHWe JHHEHHO Mo BpeMeHH. [TomydeHO BBIpaKEHUE Ui CKOPOCTH

pacimyxaHuAd B Ciiy4ac, Ooiee PCaJIbHOT0, UMITYJIBCHOI'O PEKMMA UCTOUYHHUKA.

Jluteparypa:
1. B.B. Cnézos, ®TT 31, 8, 20, (1989).

CtpykTypHbIii nepexoa B MaHranuTe LagssSry1sMnO;
WHAYUHMPOBAHHBII HEHTPOHHBIM 00J1y4eHHEeM

B. JI. ITapxomenko*, C. ®@. Jly6urun®*, B. E. Apxunos*, 10. A. JTopodeen*,
S. M. Mykosckuit**, C. I'. Termmoyxos*
*Uucturyt Ousuku Metamios YpO PAH, ExatepunOypr, Poccus (parkhomenko@uraltc.ru)
**MockoBckuii Muctutyt Cranu u CrutaBoB, Mocksa, Poccust

MeTtonoM mopomkoBoi AU(pPakuIuU PEHTTEHOBCKUX Jydel HCCIeA0BaIOCh MPU KOMHATHON
TeMIepaType CTPYKTypHOE COCTOSHHE MaHraHuTa LaggsSro;sMnOs;,  moaBeprHyToro
BOBJICHCTBHIO OBICTPBIX HeittponoB (F = 8x10"em™ T, = 340 K). OGnapyxeHo, urto
KackagooOpa3syroliee HeHTpoHHOE 00ydeHnEe HHAYLUPYET B MAaHTAaHUTE CTPYKTYPHBIH epexo.
U3 OpTOPOMOMYECKON B TceBIOKyOnueckyro ¢asy. [IpuBeneHbl apryMeHTHl B MOJB3y TOTO,
YTO WM3MEHCHHME CTPYKTYpHI SBIAETCS 3((HEKTOM JIOKAJIBHOTO Pa3yNopsAIO4YEeHUs] MaHIaHUTA
OBICTPBIMH HEUTPOHAMH.

Pabora BemonHena mnpu (¢uHaHCOBOM mommepkke MIIHuUT P®, xontpakt Neo
40.012.1.1.1150; IIporpammer OPH PAH "HeliTpoHHbIE HCCIENOBaHUS CTPYKTYPHI BEIIECTB U
(yHIaMeHTanbHBIX CBOMCTB MaTepuu'’; ['panta mpesunenta P® s moanepX Kd BeOyLINX
Hay4HbIX Ko PO NeHIII-639.2003.2; IlpoextoB PODIM Ne02-02-16425 u Ne04-02-16053.
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3apsiioBoe ynopsiioueHue B paaAuauiMOHHO-MOAU(PHUIMPOBAHHOM
mMaHragurte LaggsSrp.15sMnO;3

B. /1. [Tapxomenko*, C. ®. lyounun*, B. E. Apxunos*, C. I'. Terutoyxos*, SI. M. MykoBckuii**
*Uucturyt ¢pusuku metawioB YpO PAH, Exarepun0Oypr, Poccus (parkhomenko@uralte.ru)
** MOCKOBCKHMI MHCTHTYT CTaJli U CIIaBoB, MockBa, Poccust

Mertonamu audpakuuii pEeHTICHOBCKHX Jyde M TEIJIOBBIX HEHTPOHOB HCCIIEA0BAIOCH
3apsIoBOe yNopsiioueHne B MaHranute Lag gsStpsMnO;, 00mydyeHHOM OBICTPHIMU HEUTpOHAMHU
(F = 10cm?, Ti= 340 K). O6HapyKeHO, 4TO CBEPXCTPYKTYpa 3aps0BOr0 yIOPSIOUCHHS B
00JTydeHHOM MaHTAaHHWTE OTBEYACT CHCTEME BOJTHOBBIX BekTopoB: ¢; = (0, 0.8, 0)2n/b; ¢, =
(0.5, 0, 0.5) B emunmnnax 2m/a u 27/c. [IpuBeneHbl apryMeHThI, YTO U3MEHEHHE MOJSAPOHHOIO
yHnopsioueHus: (M0 OTHOIICHHI0O K HCXOAHOMY TOPSAAKY) OOYCIOBIEHO W3MEHEHHEM
CTPYKTYPHOTO U MarHUTHOTO COCTOSIHUI MaHTaHHWTA I0CIE BO3ICHCTBUS OBICTPBIX HEUTPOHOB.

PaGora Bemonnena mnpu ¢uHancoBoil monmepxkke MIIHuUT P®, xontpakt Neo
40.012.1.1.1150; IIporpammer OPH PAH "HelTpoHHBIE HCCIEAOBAHMS CTPYKTYPHI BEIICCTB U
(hyHIaMEHTAIBHBIX CBOWCTB Matepum’'; ['panta mpesumeHta PD miusd mommep)KKH BeIyIIHX
HayuyHbIX Ko PO NeHIII-639.2003.2; IIpoektoB PODIU Ne02-02-16425 n Ne04-02-16053.

Oopa3oBanue nop u BbiAejeHu BTOPbIX a3 B ctaan 06X16H15SM2I'2TPP npu
BbICOKO/I03HOM HETPOHHOM 00JIy4eHMH U UX IBOJIIOIUS NIPH OTKUTE

U. A. TloptHex, A. B. Koznos, E. H. Illep6akos, O. U. Acunios
OI'VII « IPMy, 1. 3apeunsiii a/s 29, CeeputoBckas odnacts 624250, Poccus (portnykh@uralte.ru)

HccnenoBaHo BIMSHUE BHICOKOIO3HOTO HEMTPOHHOTO OOJyUeHHsI HA U3MEHEHUE CTPYKTYPBI
aycreHutHoit cramu 06X16HISM2I'T®OP. Mertogamu 3NE€KTPOHHOM MHKPOCKONMH U
JUIATOMETPUN HM3Y4eHBl o0pasusl, obnydeHHble mpu Ttemneparypax 400, 500 u 600 °C no
noBpexaaromux 103 49, 86, 48 cHa, COOTBETCTBEHHO. YCTaHOBIJICHO, YTO NMPH HEUTPOHHOM
OONydeHNH TIPH DTUX YCIOBHSX IPOWCXOAHWT OOpa3oBaHWE BTOPHIX (a3, B TOM HHCIE
paauanoOHHO-UHAYITHpoBaHHOW G-(ha3pl, a Takke oO0pa3oBaHHE M POCT pagHAIlMOHHBIX IO,
NPUBOIAIINX K PACIYXaHUIO MaTepuaa.

XapaKkTepUCTHKN PaJUallMOHHBIX MOP, 00BbEMHast JOJISl ¥ Pa3Mep YaCTHIL BBIIEIICHHH BTOPBIX
(a3 u pa3MepHble U3MEHEHHUSI 00pa3OB CYMIECTBEHHO 3aBUCT OT TEMIIEPaTypbl HEHTPOHHOTO
o0nyuyennsa. Tak makcumanbHOe paciyxanue HaOxromaercs npu 500 °C M cocTaBIsIeT OKOJIO
7,8 %. Ilpum 400 m 600 °C BennumHA €ro Ha MOPSAAOK MEHbIIE. 3HAYWTENbHAs YacTh IOp
obpasyercst Ha BbaeneHusX G-dasbl. Pasmep n o0bemHuas nonst G-hasbl pacTyT ¢ yBeIHYCHUEM
temrrepaTypsl. Ilpu Temneparype 400 °C Beinenenus G-¢a3sl uMer0T cpenauii pazmep ~10 HM,
a nmpu 600 °C on nocturaer 3HaueHuil ~100 uHM. IIpu 3TOM OOBEMHas IO BBIIEICHUN
uzMensercs ¢ ~1 % no ~5 %. JJunaromerpuueckue U3MEpEHUs MOKa3bIBAIOT, YTO JIMHEHHBIN

pasMep oOJy4YeHHBIX O0pa3loB Npu HarpeBaHuu Bbiie ~550 °C pacteT MeIJICHHEE, YeM Yy
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HUCXOAHBIX 00pa3noB. Pasnmuuus B u3MeHeHWHW pa3MepoB TpM HAarpeBaHWH CBS3aHBI C
pacTBOpeHHEM TIOp W BbIACNeHWH. JloMHHUpYyIONIM BKIaX B HeEOOpaTMMOe HW3MEHEHHE
pasMmepoB (ycamky) TIpu OTXHTe o00pasmnoB, obmydueHHbx mpu 400 u 500 °C BHOCHT
pacTBOpeHue mop, a 00pasioB, o0nydeHHbIX pu 600 °C, - pacTBOPEHHE BBIICICHHIA.

Omxur mpu 700 °C B TedeHHe 2 YacoB MNPUBOJUT K JUCCOLMALMM MEIKHUX IIOp,
COTIPOBOXKIIAIOMIECHCA POCTOM KpPYHHBIX. BbigeneHus BTOpbIX (a3 MpH OTXKHUIe YacTHIHO

PacTBOPSIOTCS, 0ObeMHasl TOJIST UX YMEHBIIAeTCS.

HN3meHenne pU3NKO-XUMHYECKOTO COCTOSTHUSI ATOMOB 0J10BA B OKCHIHBIX IJIEHKAaX
HUPKOHUEBBIX CIUIABOB MO/ eficTBMEM HETPOHHOT0 00JIyYeHUs

B. I1. ®dununnor*, A. b. batees*, P. H. [Tyraues*, 10. A. lllukanosa*, A. B. Hukynuna**,
B. ®@. Konbko**, I". TI. KoObLIstHCKIT ***
*MOCKOBCKHI HHXCHEPHO-(PH3HUYCCKII HHCTUTYT (TOCYIaPCTBEHHBIN YHHBEPCHUTET),
Mocksa, Poccus (filippov@d108.mephi.ru)
**BcepocCHiicKuil HAyYHO-HCCIIeJOBATEILCKUN HHCTUTYT HEOPTaHNYECKUX MaTepPHaiOB
uM. akaza. A. A. bousapa, Mocksa, Poccust
***Hay4yHO-HCCIe10BATENBCKUI HHCTUTYT aTOMHBIX peakTopoB, Jumutposrpaz, Poccus

MerogoM  MeccOaydpOBCKOW  CHEKTPOCKONHUM — MCCICAOBAINCH  OKCHUIHBIC  TUICHKH
IMPKOHMEBHIX cIu1aBoB (Zr-0.76%Fe-1.6%Sn-0.95%Nb u Zr-0.76%Fe-1.6%Sn.), oKucIeHHBIX
B aBTOKJIABHBIX yCIIOBHSIX U B YCIIOBUSAX PEaKTOPHOTrO o0nydeHus. Koppo3HOHHbBIE HCTIBITAHUS B
peakTope mpoBoxuInch B Tedenne 37, 80 u 112 sddexruBnbix cytok (pmroenc 3-10%° n/em?,
E> 0,5 MaB), a B nabopatopssix ycioBusx B TeueHue 40, 80 u 120 cyTok B UIACHTUYHOM
pexume (350 °C, 16.8 Mlla).

Kunerndyeckue KpuBble KOPPO3WH TSI ABTOKIABHBIX YCIOBHH OTIIMYAIOTCS OT KHHETHUECKUX
KPHUBBIX, TIOMYYEHHBIX JJIS1 KOPPO3HH B PEAKTOPHBIX YCIOBUAX. DTH OTIHYHS CBA3aHBI C TEM,
YTO CKOpPOCTh KOPPO3HH B PEAKTOPHBIX YCIOBHSIX HaMHOTO Beime. [lpu oamHakoBOi
JUTATENBHOCTH KOPPO3WOHHBIX WCHBITAHWHA TOINIIMHA OKCHUAHON TIUIEHKH, BBIPAIIEHHOW B
PEaKTOPHBIX YCIOBHSIX BBINIE, YEM B CIydae aBTOKJIABHBIX HCIIBITAHWH. TOJIMWHBI OKCHIHBIX
IUIEHOK B 3aBUCHMOCTH OT COCTaBa CIUIaBa OTJIMYAlOTCs B 2-3 pasa.

O0paboTka MeccOayIpOBCKUX CIIEKTPOB IOKa3alia, YTO B OKCHUAHBIX ITUICHKAX MCCIICIYEMBbIX
CIUTABOB OJIOBO HaxomuTcsi B ¢dopme coemuHeHuit SnO u SnO,, B BUIE TBEPAOro pacTBOpa
noroB Sn*" B ZrO,, a Takke B BHAE METATHICCKON Basbl — B-Sn. BosMokHOCTH 06pa3oBaHms
[B-Sn B OKCHIHBIX TUIEHKAX MTOKa3aHa B padore [1].

OmnpeneneHbl KOHIIGHTPAIMM aTOMOB OJIOBA BO BCEX COCTOSHHMSAX u (a3zax. CpaBHeHHe
KHUHETHYECKUX KPUBBIX KOPPO3UH M PE3YIbTATOB MeCcOAydPOBCKHUX HCCIEIOBAHHUN MO3BOJISIET
KOHCTAaTHPOBAaTh, YTO BBEJICHHE HUOOMS HauOopliee BIUSHHE OKa3blBaeT Ha KOPPO3HOHHOE
MOBEJICHUE CIUTABOB B MPOIECCE PEAaKTOPHOrO OONy4YEeHWs, U MEHee BHE pPEaKTOPHBIX
WCIBITAaHUH. BBISBIEHO, YTO MOBBIIIEHHE KOPPO3WOHHON CTOMKOCTH HEKOTOPBIX 00pasIoB

CIUTABOB CBsI3aHA C MPUCYTCTBUEM B OKCHIHOM IUICHKE IIACTUGHUITHPYIOMIEH (a3sl B-Sn.
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1. Pécheur D. Filippov V.P. Bateev A. B. Ivanov Ju. Ju., Mdssbauer Investigations of the Chemical
States of Tin and Iron Atoms in Zirconium Alloy Oxide Film Zirconium in the Nuclear Industry:
Thirteenth International Symposium. ASTM STP 1423, Gerry D. Moan ad Peter Ruling, Eds., ASTM
International, West Conshohocken, PA 2002, pp. 135-153.

PagnanuoHubie 3PPEeKTbI B MAHTAHUTAX CO CTPYKTYPOH NEPOBCKUTA

I0. T'. YUykankun, A. E. Temnsix, b. H. INomuuxuit
Wucruryr ¢pusuku meraiuoB YpO PAH, 620219 Exarepun0Oypr, Poccus (chukalkin@uraltc.ru)

Metogamu nmudpakiiuy HEUTPOHOB, PEHTTEHOBCKMX M MarHUTHBIX U3MEPEHHH HCCIIeIOBAHBI
MOJIMKpHUCTAUTHYECKHE 00pasnsl cucteMbl La; . Ba,MnO; (0 < x < 0.2) 1o u mocne oOmydeHus
pasnuuHbIME - IIoeHcaMu  ObICTphIX (En > 1 MbdB) meittponos (0 =+ 3 x 10% cm™).
YCTaHOBJIEHO, HYTO IIEHTPAIBHYI poOIb B (POPMHPOBAHWU CTPYKTYPHOTO W MAarHUTHOTO
COCTOSIHHI OOJY4YeHHBIX 00pa3IlOB WUTPAIOT TaK Ha3bIBa€Mble «aHTWY3EIbHBIE» NE(EKTHI, T.e.
B3aMMHOE DPa3yIMopsAI0OUCHHE <«JIAHTAHOBOW» WM «MapTaHIEBOI» MOApenieTok. PamuanroHHoe
pasymnopsiioueHre KaTHOHOB C CYLIECTBEHHO pa3IMYaOIMMUCS HWOHHBIMH paauyCamMu
BbI3BIBACT BO3HUKHOBCHHE 3HAYHTENBHBIX HEKOPPEIMPOBAHHBIX CMEIICHUHA OIU3IIeKAIIHX
noHOB. [Tpy GONBIIMX KOHIEHTPAIMIX «aHTHY3EJIbHBIX» Ae()EKTOB TOT MPOLECC MPUBOIUT K
pazuanMoOHHOW aMOop(H3alny; NP OTHOCUTENHFHO HeOOMbIINX KoHUeHTpauusix ( ~ 5 + 10) %
COXpaHsIeTCSl KpUCTAIIMYECKast CTPYKTypa, OJHAKO €€ CHUMMETpHUS BbIIE HCXOAHOW. Tak,
HalpuMep, MBI HAOMIOMAmud MPH OOJMYYCHHH OTHOCHTEIHLHO HEOONBIIUMHU (II0eHCAMHU
CIIEYIOIUE CTPYKTYPHBIC MpeBpalieHus: pomOo3apuyeckasi— kyouueckas (x = 0.175, 0.2),
opropom6uueckas O'— opropombuueckas O (x = 0) hassl.

W3BectHO [1], 9TO MarHUTHOE COCTOSIHHE MAaHTAHHTOB CO CMCIIAHHOW BAJICHTHOCTHIO
tdopmupyetrcs B pesynbrate (eppo- H aHTU(EPPOMATHUTHBIX B3AaUMOJACHCTBUM, HOCSIIMX
KOHKYPHUPYIOLIMI XapakTep: KOCBEHHOro obmena Mn’*-O-Mn’" (koTopslii MoxeT GBITH Kak
OTPUIIATETHHBIM, TaK W TOJOXHUTEIHHBIM, B 3aBUCHMOCTH OT TOTO, KakKhue MMEHHO OpOuTain
KATHOHOB M AHHOHOB IEPEKPHIBAIOTCA) H KHHETHIECKOTo (eppoMarHuTHOro obmena Mn*"-O-
Mn®", 06ycIOBIEHHOrO HeNoKaTH3aMel eKTpoHa (bipky). OGPa30BaHHE «AHTHY3ETbHBIX
ne(QeKTOB BBI3BIBACT BO3HHKHOBEHHE CIYYailHOrO JIOKQJIbHOTO TIOTCHLHANa, KOTOPBIN
OKa3bIBaeT CYNIECTBEHHOE BJIHMSHUE HA CBOMCTBA 3apsIOBBIX HOCUTENEH U, B KOHEYHOM HTOTE,
MPUBOJUT K YaCTUIHOW WITH TIOJIHOM JIoKanmu3auu Hocutenei. C Apyroil CTOpOHBI, TOBBIIIICHNE
CUMMETPHUH OOJydeHHBIX KPHUCTAIJIOB MOAU(MUIINPYET cXeMy KOCBEHHOTO oOMmeHa. Hampumep,
paspymaercs JT-mMoma, oTBeTCTBeHHas 3a (opMHpOBaHHE aHTH(eppoMmarHeTu3Ma A-THIa B
monektpuke LaMnOs;. CoOBOKYMHOCTH 3THUX (akTOPOB M TPUBOAUT K HaOIFOJIaeMbIM
TpaHchOopMaIUsIM MarHUTOYIOPSOYCHHBIX COCTOSIHUHN MPH OOJYYCHUU: aHTU(EPPOMArHETHUK
— ¢eppo- (beppu-) maraeruk (x = 0), heppoMarHeTHK — CHHMHOBOE CTEKJIO B JIETHPOBAHHBIX

MaHI'aHUTax.
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Pabora BemonHeHa mpu YacTU4HOW (uHaHcoBoi moanep:kke MITHuT P®, xonTpakT Ne
40.012.1.1.1150; I'panta npesuaenta PO mnsg nmoanepKku BeAyIIUMX HaydHbIX 1Ko PD Neo
HII-639.2003.2; [Ipoexkta PODU Ne 04-02-16053-a.

Jlutepatypa
1. Coey J. M. D., Viret M., von Molnar S. Adv. Phys.. V. 48, 167 (1999)

NuunuupoBaHHblii 00,1y4eHHeM raMmma-alib¢a nepexosn
B 00,Iy4€éHHBIX BBICOKMMH /103aMH ayCTEHUTHBIX HEP/KaBEIOLIUX CTAJISAX H
HEKOTOpbIe ero Nnoc/jeACTBUS NpHU AepopMannu

B. K. lllamapaun, B. C. Heyctpoes, 3. E. OctpoBckuid, FO. JI. 'oHuapeHko
OI'VII «'HII PO HUMAP», r. IumutpoBrpas, Y abstHOBCKoW obmacTtH, Poccus (shamardin@niiar.ru)

[IpencraBiensl pe3ysibTaThl HCCICIOBAHUM MEXaHMYECKHX CBOMCTB M CTPYKTYpHI JABYX
MeTacTaOMIIBHBIX ayCTEHUTHBIX HEp)KaBEIOMIMX CTajield, OOMY4YEHHBIX 1O BBICOKHX J03.
Ob6nyuenue cranmu 08X18H10T nmpoBoAMIOCH B aKTUBHOW 30HE BBICOKOIIOTOYHOTO PEAKTOpa
CM co cMmenianHbIM HEUTPOHHBIM crieKTpoM npu TeMmmeparype 70-120 °C B cpene peakTopHOTO
TETUIOHOCUTENS - JUCTUIUIMPOBAHHOM BOJBI. MakcHUManbHBIN (ItoeHC OBICTPBIX HEHTPOHOB TI0
pesyJbTaTaM M3MepeHH HeHTPOHHBIX MOHHTOPOB COCTAaBUI Bedmununy 5,3x10% am 2 (E > 0,1
Mb5B). O6pasusr cranmu 09X15H10C3b obaywanuce B peaktope BOP-60 mpu Temmepartypax
~320, 340, 380 °C mo ¢mroencos 0,3% 1026, 1,8% 10°° u 1,3% 10% HM'2, COOTBETCTBCHHO.

us aHanmm3a Juarpamm pacTsKeHus, PEHTTEHOCTPYKTYPHBIX u
3NEKTPOHHOMHUKPOCKONMMYECKUX  JAHHBIX  TOJYYEHbl  CBHUJCTENbCTBA  paJHaIllMOHHO-
WHAYUUPOBAHHOTO (POPMHUPOBAHHS MapTEHCHUTAa B ayCTEHWTHOW MaTpUlle W IOBBIIICHHE
TEeMIIEpaTypbl MapTEHCUTHOI'O IpeBpalleHus B 001y4EHHON cTamu. O0CyXaaeTcs CBsI3b MEXIY
MHUKPOCTPYKTYpPOH U PaJUALMOHHBIM YIIPOUHEHHEM, a TAKXKE COACP)KAHHEM B CTAJIAX KPEMHHUS,

paanyc aToMa KOTOPOIr'O BBIIIC, UYEM Y OCHOBHBIX KOMIIOHCHTOB CTAaJIM HUKEJIA, XpOMa M KCJIC3a.

Biausinue rpaaueHTra TeMIepaTtypbl Ha pacnipeacjJcHue mop B 06J1y‘{aeMl)IX
MOJIUMKPHUCTAJLIIAX

B. B. Cinezos, O. A. Ocmaeg?, P. B. [llanosanos!
1I/IHCTHTyT teopernyeckoit Gk, HHI «XappkoBCckui HU3NKO-TEXHUIECKUN HHCTUTYTY,
VYxpauna, 61108, r. Xapbkos, yi. Akagemuueckas 1 (oleg_osmayev@kipt.kharkov.ua)
ZYKpaI/IHCKa}I l'ocynapcreennas Axanemus JKenesnonoposxkHoro TpancmopTa,
VYkpauna, 61050, r. Xaprskos, mi. Oeiiepbaxa 7

I/I3BCCTHO, 49TO B 06J'IyIIaCMOM MOJIMKPUCTAJUIC BO3HUKAIOT JOIMOJHUTCIBHBIC TOYCYHBIC U
MaKpOCKOIIMYECCKHUE I[e(i)eKTLII BaKaHCUH, MEXKIOY3CJIIbHBIC aTOMBbI, IOPbLI, AWUCJIOKAIIWH. Ot
He(beKTLI CYHICCTBECHHO BJIMAIOT Ha Ba)KHCHUINIME CBOMCTBA IMOJIMKpHUCTAUIa: TPOYHOCTH,

3JIEKTPOIIPOBOTHOCTD H T..
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B pa6ote [1] paccmarpuBaioch nuy3noOHHO-TUCIOKAIMOHHOE TEUSHHE HEOTPAHHYSHHOTO
M30TPOITHOTO BEIIECTBA TIOJ| BIHMSHUEM OOIYYECHUS C yYETOM pPOXKIECHUS aTOMOB rasa W B
OTCYTCTBHE TPaJIMCHTA TEMIEPATyphl. BBUTM MONYYEHBI CKOPOCTH pacilyXxaHus oOpas3ia u
IJIACTHYECKOr0 TEUCHUS B PA3IMUHBIX CIy4asx.

B mHacrosmieit pabore paccmaTpuBaeTCs ABIDKCHHE aHCAMOJsl TOp B OTPaHUYCHHOM B
HamlpaBJIeHUH TpaavWeHTa TeMIIepaTypsl HM30TPOMTHOM  Marepuaje ¢  HCTOYHHKaMHU
MEXIIOy3eTbHBIX aTOMOB, BaKaHCHHA ¥ aTOMOB Tra3a. bbUIM pacCMOTPEeHBl pa3indHBbIC
MEXaHWU3MbI JBIDKEHUS TIOp TIOA JeHCTBHEM TpaJueHTa TeMIIepaTypbl W BBICKa3aHO
MIPEINONIOKEHHE O TOM, YTO B NPAKTUYECKH BaXKHBIX CIIy4asX IIOPHI IBUTAIOTCS 3a CYET
TG Gy3ur aTOMOB MaTPUIIBI IO IOBEPXHOCTH MOPEHI.

HOCKOJ’IBK}/ II0JIHasA CucremMa ypaBHeHI/Iﬁ, OIMMCBIBAIOINX JAIBUXCHUE IIOp OYCHL CJIOXKHA,
paccMaTpHBaJIOCh JIBa MPEACIbHBIX Cydas: «OOJbIIHe» U «Majbiey Mopbl. Ciydaid «O0JIbIITHX)
MOp — XapakTepHOe BpeMsl U3MEHEHHS Pa3MepOB MOPHI MHOTO OOJbIIIe BPEMEHH HAIOJTHEHUS
MOpHI Ta30M. B ciydae «MaibpIX» MOp, €CTeCTBEHHO, HA00OpoT. B o0oux ciydasx HaiaeHbI:
(hyHKIIMSA pacnpereNieHHs TOp B TMPOCTPAHCTBE pPa3MEpPOB, 3aBHUCHMOCTH pa3Mepa IIOpHI,
KOJMYECTBa ra3a B NIOpPE M B MaTepualie OT IPOCTPAHCTBEHHOM KOOpAWHATHL [lomydeHsl
KpUTEpPUH, OTPAHUYMBAIOIIME MOIIHOCTh HCTOYHHUKOB Ta3a U KPUTHUECKOE JaBJICHUE

UJIeaIbHOTO Ta3a B MOpe 10 Havaja MIacTHYeCKO aeopMaiii odpasia.

Jlutepatypa
1. B.B. Cné3os, YOX, 13, Ne9, 1968.

Biusinue HA COCTOsIHHE ATOMOB 2KeJjle3a U 0JI0BA, 2 TAKKE HA PaJMAIMOHHBIH POCT
MO/IeJIbHBIX 00Pa310B UPKOHUEBBIX CIUIABOB COCTABA M BUAa 00padOTKH

10. A. IlTukanora*, B. I1. ®ununmos*, B. U. [Tetpos*, A. E. HoBocenos**, I'". T1. KoObimsHCKHT **
*MOCKOBCKHI MHXEHEPHO-(HU3UYECKUIT MHCTUTYT (TOCYapCTBEHHBIH YHHBEpcUTeT), MockBa, Poccust
(filippov@d108.mephi.ru)

**Hay4Ho-uccie0BaTeNbCKUIl MHCTUTYT aTOMHBIX peakTopoB, JumurpoBrpaz, Poccus

Beumn nccnenoBanbl 00pa3nbl MOJECTBHBIX IIMPKOHUEBBIX CIIAaBOB B cucteMax Zr-Nb-Sn-Fe
u Zr-Sn-Fe-Ni, comepraliue aToMbl XKele3a U 010Ba, 00OraleHHbIe u3oTomamu ' Sn u *'Fe.
CocTaB cryiaBoB OJIM30K K MTPOMBIIIUIEHHBIM cIIIaBaM Tuna 3635 u Zry-2. CrjaBbsl TOTOBHIINCH
B Ja0OpaTOPHBIX YCJIOBHAX, 3aT€M OBLIM TMPOKAaTaHbl B IUIACTHHBI TodmuHOW 0,8 MM s
U3yUYCHHS] UX PaJHalMOHHOro pocta M (oiabru TommmHol <150 MKM 11 MeccOaydpOBCKHX
WCCIIEZIOBAaHUN COCTOSHMS aTOMOB JKeJe3a M oyioBa. [VIcrmonb30BaHBl TpH BapHaHTa
TEPMOMEXaHUUECKOH OOpabOTKH: PEKPUCTAIUIM3ALMOHHBIM OTXKHUI, 3aKajJka MU XOJOIHAas
nedopmarwmst (1o 20 u 50 %).

Hns momyuyeHuss MeccOay3pOBCKMX CIIEKTPOB OBUIM HCIIOJNIB30BaHbl PE30OHAHCHBIH U
CIUHTUIISIIMOHHBIN AETEKTOPHI.

AHanu3 mapamMeTpoB MOJIYYEHHBIX CIEKTPOB IO3BOJIMJI TMPAKTUYECKHM BO  BCeX

HCCIIEOBAHHBIX 00pa3lax OOHApYXKUTh NATh COCTOSHMH jkene3a. OOHapyKEHBI ClIEIyIOMNe
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¢daszel m coemuHeHust keneza: ZrsFe, ZrFe, (Zr Nby),Fe, nBa coenuHeHus oTBedaromime
napamerpam (ZrNb,_)Fe, u TBepapIit pacTBop aToMOB Fe B a-Zr. OTHOCHTENBHBIE COAEePIKAHUS
3THX (a3 B 0o0pasmax 3aBHCAT OT HCXOJHOTO COCTOsSHHS oOpaszia. OTKur, Kak IMpaBHIIO,
YBEJIMYMBACT CoJepkaHue coenauHeHus (ZryNb;y)Fe, u B HeOOMbIIMX Tpeaenax COCTUHCHHMA
ZrsFe, Zr,Fe. D10 yBenuueHHe MIET 3a CUET YMEHBIICHHUs conepkaHus ¢aswl (Zr,Nb,)Fe,.
Tarxoke OBIIO OOHApPYKEHO, YTO OJOBO B HMCCIIEOBAaHHBIX OOpa3lax CIUIABOB HAXOAWUTCS B
TBEPIOM PacTBOpe OL-Zr.

PaguanvoHHble MCIIBITAHUS MOJACIBHBIX IIOCKUX 00pa3IoB MPOBOAMIKNCH B peakTope BOP-
60 mpu Temmeparype ~320 °C 10 bmroercos GsicTprix (E > 1 MaB) neitrponos (2,2- 11)10% m™

[Tocne oOydeHMs] ONMPEAENsIIN TPHUPOCT IUIMHBI IIACTHHYATHIX 00pas3roB. Y 00pasmoB
cruiaBoB cucteMbl Zr-Nb-Sn-Fe B pekpucramim3oBaHHOM U XOJOTHOJEHOPMUPOBAHHOM
COCTOSIHMH 3aBUCHMOCTH Jie(QOpMaIliy paualioHHOTO pocTa cirabee, 4eM Il CUCTeMBI Zr-Sn-
Fe-Ni, a BenmuuuHa aedopmanus pagualiiOHHOTO POCTa TOCIE OOMYUYEHUs 10 MaKCHMAaJIbHOTO
(bhmroeHca HEHTPOHOB 3HAYUTENBHO HIDKE. JledopMaius paauaiMoOHHOTO POCTa 3aKaJCHHBIX

00pas3IloB ATHX CIUIABOB MEHBIIIE, YeM Y PEKPUCTATUIN30BAHHBIX M X0JI0HOACPOPMUPOBAHHBIX.
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