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Oco0eHHOCTH CTPYKTYPHO-()a30BbIX NPEBPalLllCHUIl B
MaTepuaax npu 00, 1y4eHun

C. H. Borunos, B. I1. Konorymkux
OI'VII BHUMHM um. akan. A. A. bousapa, Mocksa, Poccus (kami@bochvar.ru)

B noknage Ha mpuMepe CIUIaBOB HHKENIb-XPOM, HEPKABEIOIIUX CTalel ayCTEHMTHOTO WU
(eppUTO-MapTEeHCUTHOTO KJIACCOB W BAaHAAMEBHIX CIUIABOB IIOKAa3aHO, 4YTO 3(PQEKTH
peakTopHOro (HEMTPOHHOro) OONy4YeHHS — YIPOUHEHHE, OXPYMUMBAaHHE, pacIyXaHHe -
HalpsIMyI0 CBSI3aHBl C IIPOIECCaMM paclaja HEPaBHOBECHOI'O TBEPIOTO PacTBOpPa, KAKOBBIM
ABJSIFOTCS. BCE IPOMBILIUICHHbIE CTald M CIUIABbl, T.€. C METAacTaOMJIIBHOCTBIO CTPYKTYPHO-
($a30BOTO COCTOSIHUSI.

[TokxazaHO, 4YTO UMEHHO HEPAaBHOBECHBIN, METACTaOMIBHBIN XapaKTep UCXOTHOU CTPYKTYpPHI
ONpenensieT CTENeHb W3MEHEHMS CBOMCTB MaTepuaja. OTO IOJNOXKEHHE  XOPOLIO
WUIIOCTPUPYETCS pe3yJbTaTaMHd HCCIICAOBAHMS CIUIABOB HHUKEISI C XPOMOM Pa3IMYHOIO
coctaBa. Ilocie 3akanku u cTapeHuss Mbl OOHapy)XUBaeM B CTPYKType CIUIABOB C pa3HbIM
coJiep>KaHUEM XpoMa:

a) KBa3UIEPUOJUYHOCTH B PACIIOJIOXKEHUH JOMEHOB IPHU JAbHEM YIIOPSAJOUYEHHUH CILIaBOB

¢ ~33 mac.% Cr;

0) mepexOHYIO CTAAUIO OT KBA3UIEPHOAUIHOCTH K MOAYJIMPOBAHHOU CTPYKTYpE B CILIaBE

¢ cogepxanneM xpoma ~39 mac.% Cr;

B) MOAYJUPOBAHHYIO CTPYKTYpPY (TBHIOBBII KOHTpacT) B ciuiaBax ¢ 39-41 mac.% Cr;

T) TPepHIBICTOCTh paclaja B CIIaBax ¢ coaepkannem >41 mac.% Cr.

IlepeuncienHble  CTPYKTypHO-()a30Bble  OCOOEHHOCTH,  OOYCIIOBJICHHBIE  Pa3HBIM
coJiep)kaHHEeM XpoMa B CIUIaBax HHKEJs, MPUBOIAT B MpOLECCe HEUTPOHHOTO OOMy4YeHUs HpU
temrieparype =350 °C k pa3InyHOMY Pa3BUTHIO CTPYKTYpPHl paJHallMOHHBIX nedekxToB. B
CIUTaBaX C HEPaBHOBECHOW METAcTAOWIBLHOW MOJYJTHUPOBAHHON CTPYKTYpOil (TBHIOBBIN
KoHTpacT, bY) pa3BuBaercs «craOunbHas» paAualMoOHHAs CTPYKTypa, T.C. CIPYKTypa, B
KOTOPO# 00pa3yroTcsl JIOBYIIKH TOYCUHBIX Ae(eKkToB. B pesynbraTe MOABHKHOCTD TOUEUHBIX
neQeKTOB yMEHBINACTCS M TIOBBILIAETCS CTENEHb MX PEKOMOMHAIMM, YTO O0ecreyrBaeT
BBICOKHUI YPOBEHb MEXaHUYECKMX CBOMCTB U OTCYTCTBHUE TOP.

OgauM #3 BaXHEWIIMX (AKTOPOB, KOHTPOJIMPYIOUIUX TOCIEACTBUA PaJUallOHHOTO
NOBPEKACHUS B CTalsIX W CIUIaBaX, B YacCTHOCTH, BPEMEHHON HWHTEpBajl HHKYOAaLlMOHHOTO
neproia TMpH paJAUAllMOHHOM pacIyXaHWM, SIBISETCS CTa0MIBHOCTh (WM Jyd4Ille CKa3aTh
HECTaOMIIBHOCTB) CTPYKTYPHO-(a30BOTO COCTOSIHUS MPU HEUTPOHHOM 00mydeHuu. [Ipomecch

BBIJIEJICHUS METacTaOWIbHBIX (a3, OJMKHErO YIOPSAOYECHHUs, PACCIOCHUSI TBEPAOTO pacTBOpa
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MBI MOKEM OpPraHM30BaTh KaK C IIOMOIIBIO JIETUPOBAaHHSA, B TOM WYHCIE HPUMECHBIMU
aneMeHTaMu-Moaudrkaropamu (tumna B), Tak u TepmooOpaboTkamu.

Cnmenan BBIBOJ, YTO HCIIOJNB30BAHHME Marepuaga B TEMIEpaTypHBIX OOJIacTsAX, KOrjaa B
MaTepHaje MPOUCXOAST CTPYKTYpHO-(a30Bble MPEBPALICHUS THUIA ONMKHETO YIOPSAOYEHHS,
paccioenusi, obpa3zoBanusi 30H [unbe-lIlpecTrona u T.m., HanuMuue nop He HaOmonaercs. B
TEeMIIepaTypHOI 00JIacTH, KOT/Aa 00pa3yeTcs ¢ TeueHHeM BPEeMEHH B KOHIIE KOHIIOB CTaOMIIbHAS

CTPYKTypa, MbI HA0IIF0JJaéM MTOPUCTOCTH M JIETPAIAIINI0 CBOWCTB.

Jlo30Basi M TeMIiepaTypHas 3aBUCMMOCTb
PaANANMOHHO-CTUMYJIUPOBAHHOIO PACCI0EHUS
uHBapHbIX c1aBoB Fe-36,5%Niun Fe-36,5%Ni-0.1%P

C. E. lanunos, B. JI. Ap6y30B, B. A. [1aBioB
Wucruryr Ouszukn Merannos YpO PAH, Exatepun0ypr, Poccust (danilov@imp.uran.ru)

Crmnaesl cuctemsl Fe-Ni sSBISIOTCS OCHOBOIW OOJNBIIOTO Kilacca CTajei W CILIaBOB IMHPOKO
HCHOJB3YIOMMUXCS B TPOMBINUIEHHOCTH M B sAepHOW 3Hepretuke. llpm Tepmuueckux
00paboTKax B HHUX MOTYT HPOHUCXOAUTH CTPYKTypHO-(hazoBbie mpeBpamenus (COID):
paccioenue, ynopsaodenue u np. OOmydeHne yCKOpseT 3T MPOLECCHl U MO3BOJISET JOOUTHCS
COCTOSIHMH, HEOCTIKIUMBIX MPH TepMHUYeCKuX 00paboTkax. M3yueHue mpoueccoB reHeparum,
MUTpPaliiil ¥ OTXKHWTa TOYEYHBIX JeQEeKTOB IIOMOTAeT BBIACHATH 3akoHOMepHOCTH COII,
KOTOpBIE 3aBHCAT TakXe M OT JiernpoBaHus (ochopoM (MONABISIOMMM paIUuaIlliOHHOE
pacnyxanue). OCTaTO4HOE JIIEKTPOCONPOTUBICHUE sBisieTcs ynoOHoW weporr COII u
MI03BOJISIET BBIABIATH E€TAIM U OCOOEHHOCTH 3TUX MPOLECCOB.

Hnst wccnenoBanuii ucmonb3oBaiicst criaB Fe-36.5%Ni (H36), 3akanennsiii ot 1373 K.
Cmnae Fe-36.5%Ni-0,1%P (H36P) monyuanu nerupoBanueM ciiaBa H36 dochopom wus
ra3oBoii (asel. OONMydYeHHs 3MEKTpOHAMHU ¢ 3Heprueit 5 MaB mo 510" cm™ Ha nuHEHHOM
YCKOpHUTee, a TaKXKe H30XPOHHbIE OT’KUTH MPOBOAMIH B aTMOc(hepe YUCTOTO TeHs.

IIpu oOmydyenmm crutaBoB B auamna3zoHe 270-573 K HaOmomaeTcsl pacCclioeHUE TBEPIOTO
pactBopa ¢ MakcumyMmoM B paifone 420 K. Takas 3aBUCHUMOCTbh TeMIiepaTypHas 3aBUCHMOCTD
OOBSICHSICTCS TeM, YTO MPH HU3KHUX TeMIlepaTypax pacclioeHne ciabee n3-3a peKOMOMHAIIMN Ha
BaKaHCHOHHBIX KJacTepax, 00pa3yroIuxcs NMpu OONYYEeHWH, a MPHU BBICOKHX TeMIIepaTypax
(573 K) ocnabneHue cBsi3aHO C YMEHBIICHHEM CTETICHH PaBHOBECHOTO pacciioeHus. B cruaBe
H36P, npu obayuenun, atombl Gochopa B3aUMOAECHCTBYIOT C BAKAHCHSIMA W CTUMYJIHPYIOT
o0pa3oBaHrE BAaKaHCHOHHBIX KJIAaCTEpPOB, YTO MPHUBOIUT K OoibiieMy, deM B cruiaBe H36
HaKOTUICHUIO 3TUX KOMIUJIEKCOB.

IIpu M30XpOHHOM OTXKUTE OOJYICHHBIX CIDIABOB PACCIOCHUE IpojoinkaeTcs B paitone 400-
500 K, uto 00ycroBieHO Avccolmanyell BAKAHCHOHHBIX KJIACTEPOB M TIOSBICHHEM CBOOOHO
MUTPUPYIOUIMX BakaHcui. lcciaenoBaHue [1030BOM 3aBUCMMOCTH IIOKa3bIBa€T, YTO 3TO

JONOJJHUTCIIBHOC PACCIOCHUEC YMCHBIIACTCA C YBCIMYCHUCM O03bI 06Hy‘ICHI/I5{. Paccioenue
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3aBUCUT OT KOHLEHTPAllMd MWIPUPYIOIIUX BakaHCUH, W 0T AU((Y3UOHHOH UIMHBI HX
murpanyn. [Iposenen ananmms Bnusaus Gochopa vHa Mmexannzmel COII.

Pabora BeImIoNTHEHA TpU puHAHCOBOM noanepxkke PODU (mpoext Ne 04-02-16053 u npoekt
Ne 04-02-96089).

MeTacTa0WIbHOCTH CTPYKTYPBI M PAAHAIIMOHHAS CTOMKOCTH
HHMKeJIb-XPOMOBBIX CILIABOB

B. I1. Konorymkus, C. H. Borunos
OI'VII BHUMHM unwm. akan. A.A. bousapa, . Mocksa, Poccus (kami@bochvar.ru)

CorocTaBieHue pe3yabTaToOB NCCIEIOBAHUS JIEKTPOCONPOTUBICHUS (pUC. 1) U CTPYKTYpHI
(puc. 2) crutaBoB ¢ pa3HbIM coaeprkanueM Cr mocie BbIAEp)KeK IMpu Temmeparypax <450 °C
MOoKasajio, 4TO B TpoOIleCCe OTIMycKa B CIIaBaX COCTaBa, CooTBeTcTByMomero ¢asze NiCr,
MPOUCXOAMUIIO  TOMOT€HHOE  oO0pa3oBaHWe  ymopsmodeHHoOH  daser  (puc. 2, a),

COIMMPOBOXAAOIICCCS 3HAYUTCIIbHBIM CHUXKCHHUEM JJICKTPOCOIIPOTHUBIICHUS.
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Puc. 1. BnusiHue cozeprxanusi XpoMa Ha yzielibHOe conpoTuBienue ciiaBoB Ni-Cr nocie
crapenus rpu temmeparype 450 °C

ITo MEpPE yAaJI€HHA COCTaBa OT CTEXHOMETPHYECCKOIO MHTCHCUBHOCTH BBIACICHHSA YaCTHIL

Ni,Cr ymeHbIIanach.

B cnnasax ¢ 39-41 mac.% Cr pa3BuBanace (puc. 2, 6) ctpykrypa Ommxaero nopsaka (BIT).
CHIXEHHE 3EKTPOCONPOTUBICHUSI TAKUX CIIABOB MPOMCXOAMJIO JIMIIb IOCTE UINTEIBHOIO
cTapeHus. YBenuuenue cogepxkanust Cr 6onee 41 % mpuBeno K 00pa3oBaHUIO HNPEPHIBUCTOTO
pacnaga (IIP) (puc.2,6) ¢ BbmageHueM macTuH o- (aspl, T.€. PACCIOCHHUIO TBEPIAOIO
pacTBopa. B o0beMe Mexay macTHHaMH o - ha3sl GopMHupoBaIUCh JoMeHbI NiyCr.

Takum oOpazoM, B cmiaBax Hukens ¢ 32-39 % Cr oOpasoBanue (a3bl JaIBHET0 MOPSIKa
(AIT) NipCr npoucxoanmino ToMOreHHo, a npu coxaepxanusix 41-47 % Cr TBepnplii pacTBOp

BHAYaJie pacciIanBajcs ¢ oOpa3oBaHWEM IUTACTHH O - (a3bl, 3aT€M BHINaala YHOPSAOYCHHAS

63



(haza. @opMupoBaHHUe TUIACTHH HAYMHAJIOCH OT rpaHull 3epeH. Cmas ¢ ~41 mac.% Cr mokazan
HauOOJBIIYI0 CTA0MILHOCTL CTPYKTYPHI B TIpoiiecce oTmycka npu 350-450 °C.

O TeH/IeHINH CIUIABOB K YIOPSIOYCHHUIO WM PACCIOCHUIO MOXHO CYIUTh IO 3HAKY SHEPTHU
YHOPSJIOYCHUS, KOTOPYIO HEOOXOAMMO YYUTHIBATH N0 aOCONMIOTHOW BenmumHe. [lpu

OTKIIOHEHNHU conepkaHus xpoma B crutaBax Ni-Cr oT cOCTaBOB, COOTBETCTBYIOIINX Eor .= 0,

CIUIaBBbl TPUOOPETAIOT TEHACHIHMIO K CTAaOWIM3alMi CTPYKTYDBI, T.C. YHOPSIOYCHUIO WU

PacCIOC€HUIO.
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Puc.2.  Crpykrypa crmaBoB cuctemsl Ni-Cr-Mo nocie crapenus 40 toic.  npu 450 °C:
a) ~32,0; 6) ~41,0; B) ~44,0 mac. % Cr, COOTBETCTBEHHO

Wsyyenue pacnaga tBepaoro pactBopa criaBoB Ni-Cr npu Temmeparypax 300 u 450 °C ¢
MIOMOIIBIO PEHTT€HOCTPYKTYPHOTO aHAIIN3a MO3BOJISIET IPEIIONIOKHUTE, YTO IUIOTHOCTH CIUIABOB
yBenuuuBaeTcsl npu yBenuueHuH creneHu BIl m ymenbmaercst npu ymeHbiieHud. CTemneHb
yBEJIMYEHH TUIOTHOCTH MaTepHaja yBEJINYMBAETCS 10 Mepe yaaneHus ot coctaBa ¢ ~41 % Cr.

[Tockomnpky B cmaBax ¢ 39-41 % Cr npu Temmeparype 450 °C pazBuBanach cTpykrypa bIl 6e3
npU3HaKoB (ha30BOro pacrana, MOXKHO TOJAraTh, 4T0 B 9TUX clulaBax [ Onuska k Hymo. B

YCIIOBUSAX OTKPBITONH CHCTEMBI, HAPUMEp, MO HEHTPOHHBIM OOTydYeHHEeM, CTETIeHb ONMKHETO
MOpsiIKa B €ro CTPYKTYype MOXKET HENpPEPhIBHO MEHATHCS. JTO OOYCIIOBIEHO TEM, YTO

BBLIETISIOMHECs (Da3bl U3MEHSIOT COCTaB OKpYXKaroleld MaTpuIisl. [Ipr 3TOM TOMKHBI MEHSThCS
crenens bBII u Eor J HOBoW Matpuiel. C W3MEHEHHEM CTeleHH ONMKHETo TOopsaKa

COOTBETCTBEHHO U3MEHAIOTCS U (PU3NUECKUE XapaKTEPUCTUKY.

Urak, mon  nelicTBHEM TeMIlEepaTypbl M HEUTPOHHOTO OOJYYEHHUS CTENEHb OJMKHETO
MOPSIAKA U TUIOTHOCTH CIUIaBa OyAyT B PasHbIX yYacTKaX MaTPULbI HEIPEPBIBHO yBEITUUUBATHCS
U yMeHblIaTbcd. MOXHO OXHMJIaTh, YTO TaKW€ HW3MEHEHMs, co37aBasi HENpepbIBHO
BO300HOBIISIEMBbIE CTOKH W JIOBYIIKHM BaKaHCUH M MEKY3€JbHBIX aTOMOB, YCHJIAT CTENEHb UX
PEKOMOMHAIIHMH, YTO OYAET CrIoCOOCTBOBAThH CTAOMIIN3AIMY CBOHCTB 00Iy4aeMOro CIiIaBa.

PestoMupysi npuBeneHHbIE PacCy>XICHUS, MOXKHO IPEIOKUTh KOHLEMLHUIO ITOBEICHUS
MeTacTaOWIBHBIX CIUIABOB IIPU HEWTPOHHOM PEaKTOPHOM OOJIydIECHUH:

YcroituuBble K HEUTPOHHOMY OOJYYEHHUIO CIUIaBBl MMEIOT METAcCTaOWIBHYIO CTPYKTYpY €

3HeprI/Ieﬁ yanopsaao4ceHus, OJU3KON K HYJIIO. OTH CIUIaBBl HMEIOT MNPpUMCPHO OJWHAKOBYIO
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CKJIOHHOCTb K PACCIOCHHUIO WJIN YHOPAAOYCHHUIO, a4 IMPU OTKIOHCHHUH OT COCTAaBOB C E _0,

ord

MOJIy4arOT CKJIOHHOCTH K YIOPAAOYCHHIO WJIM PACCIIOCHUIO. HpI/I HCfITpOHHOM O6Hy‘{CHI/II/I B

CTPYKTypE CIulaBa C E 0 BO3HHKaeET AUHAMHUYCCKOC pPaBHOBECHC. HerCpLIBHO

ord ~
BO300HOBIISIEMBIE CTOKU U JIOBYIIKH BaKaHCUU U MCKY3CJIbHBIX aTOMOB YCUJIMBAIOT CTCIICHb UX

pCKOM6I/IHaLII/II/I, 4qTo CHOCO6CTByeT CTa6I/IJ'II/I3a]_[I/II/I CBOMCTB CILJIABOB I10/I 06J'Iy‘ICHI/IeM.

Biusinue npuMeCHBIX 3JIEMEHTOB Ha PAAUANMOHHO-CTUMYJIUPOBAHHYIO TH(PPY31 10
B €J1200 JIETHPOBAHHBIX CTAJISX

K. B. Mutiopes, E. A. CMupHoB
MoOCKOBCKHiT HH)KEeHEPHO-(DU3HMYECKUI MHCTUTYT (smirnov(@phm.mephi.ru)

B pa3BuTHMM MpeACTaBiIeHUIl O KHHETHKE pPaIdalMOHHO-CTHMYIUPOBaHHOH Iuddy3un
(PCJl) B cmmaBax B JOKJIaAe aHATU3UPYIOTCS OKCICPUMEHTAIBHBIC MaHHBIE W METOMBI
nporaosupoBanus PCJI B jxene3e u ero crjiaBax ¢ y4eTOM BIMAHUA IPUMECEH U JIETHPYIOLINX
anementoB. [ns oueHku xapaktepuctuk PCJ] B o-Fe B pabore wucmons3oBaH MeETOA,
npemIokeHHblii paHee [1]. PaccunmTaHHas ¢ MOMOILIBI0 3TOTO MeETOJa TeMIlepaTypHas

3aBUCUMOCTB Dpcj B a-Fe umeer Bua:

119£0,0208

Dyey = (1,37155) 10  ex
PCI ( —0,67) pl T

1, em?/c

OrieHEeHHOE 3HAYCHUE SHEPTHU MHUTPAIMK BAKAHCUHU COCTaBNseT F ;” =0,55+13 5B.

B pamkax mozmenu pa30aBIEHHBIX PACTBOPOB PacCMAaTPUBAIOTCS NMPHOIMKECHHBIC PELICHUS
cucreM kuHeTHdeckux ypaBHeHmid s PCJ] ¢ ydetoM peakumii oOpa3oBaHHS W PAaCIajioB
HEMOJBM)KHBIX M MUTPHPYIOIIUX KOMIUIEKCOB BakaHCHUsA — NpuMecHbI artom. [lomydeHHble
BBIPOKEHHS aHATM3UPYIOTCS uisi Koddduuumenta yckopenust PCJ B mpucyTcTBUE yCKOPSIOIIEH
npuMecu [2]. C HCIIONB30BaHUEM SKCIEPUMEHTANBHBIX JAaHHBIX 1Mo BiausHHUIO Mo u Cr Ha

TEPMHUYECKHU - aKTUBUpyeMylo camoauddysuto B a-Fe [3] oleHeHBI 3HaYCHHS SHEPTUU CBS3H

E’ map BakaHcus — mnpumech, paBHble: —(0,7610,13) u —(0,7240,58) mms Cr m Mo
COOTBETCTBEHHO. Il pa3nnuHbIX KOHLEHTpanuil npumeceir Cr 1 Mo MOJIy4eHbl YHCIEHHBIE
oueHku yckopenuss PCJl u temneparypHble 3aBucuMocTH koddduuuentos PCJ] ¢ yuetom

BIIUSIHUS TIPUMECEH.

Jluteparypa.

1. E.A.Smirnov, A. A. Shmakov. Defect and Diffusion Forum, 2001, v.194-199, p.1451.

2. E. A. CmupHoB, A. A. llImakoB. Te3. V Mexn. Ypansckoro Cemunapa ‘“Paguanuonnas ¢usmka
MeTajuioB U ciiaBoB”, Cuexxunck, 2003, c. 63.

3. B. Million, luddysus B crnasax xeneza. bpao, M-t Metamnypruu, 1981.

65


mailto:smirnov@phm.mephi.ru

Two types of decomposition under electron irradiation
at 420 K in Fe-16Cr alloys

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

Concentration dependencies of ideal and residual resistivities were revealed in Fe-Cr system.
Basing on these dependencies the analysis of available data on resistivities and decomposition
parameters, obtained by neutron small angle scattering, was done. The interrelations between
resistivities variations, on one hand, and fraction of o' phase and chromium solid solution
depletion, on another one, were found in Fe-Cr alloys. Obtained data on resistivity variations in
Fe-16Cr alloy under electron irradiation at 295-420 K were analysed basing on found
interrelations.

Two stages of decomposition were found in initially homogeneous alloy under electron
irradiation in Fe-16Cr alloy at 420 K. First stage is characterised by reduction in residual
resistivity. It is caused by increase in short-range order parameter due to o' precipitate
nucleation. The second one is seen as residual resistivity rise and characterised by growth of
nucleated o' particles. The continuous increase of chromium content in o' precipitates is
observed through both stages and under doses used is still below equilibrium values. It is likely
that the observed process is radiation-induced spinodal decomposition. In equilibrium
conditions Fe-16Cr alloy lies far from spinodal area (~30 at. %) in Fe-Cr system.

Another kinetics of decomposition is observed at 420 K if alloy has been preliminary
irradiated at 295 K. This case is characterised by fast rise of residual resistivity due to fast rise
of o’ precipitates and interpreted as radiation-enhanced decomposition. It is likely that o phase
nucleus formed at defect clusters under 295 K irradiation and further irradiation at 420 K leads

to growth of these nucleus.

HN3menenue cTpykTypbl B 00beme ciiiaBa Pd4oCug
Nnpu 00, Ty4eHUH HOHAMM MeIH M aproHa

JI. C. quepl/lHCKaﬂl, D. O. Maxuﬂbxol, H. B. Fymnﬂal, B.B. OBqMHHMKOBlJ_I/I. H. CalIKOBZ,
F. Eichhorn®, E. Wieser®
'Uncruryt snexrpodusuxu YpO PAH, Exarepun6ypr, Poccus (vladimir@iep.uran.ru)
*Ypanbckuii rocy1apcTBeHHBIH Mearoruueckuii yansepcutet, Exarepunbypr, Poccus
*Institute of lon Beam Physics and Materials Research, Poccernopd, ['epmanmus

B pabore wuccrnemoBanmace ycTroWdumBocTh (azoBoro cocrostHus craBa PdyCugy mox

o + + o
neiicteueM oOmyuenuss woHamu Mmenu (Cu') m aprona (Ar'). JlaHHBIA CIUTaB aKTHBHO
yHopsiiounBaeTcs Npu oTxure B uHTepBane temneparyp 300-500 °C mocne npeaBapuTenbHON
nedopMarivy.

CrnaB ObUI TMOJyYeH CIUIABICHHWEM 4YHCThIX KommoHeHToB: Pd (99,99) u Cu (99,99),
romorerusuposad mpu 1000 °C u 3akayieH B Bomay. B pe3ynbraTe MpOKAaTKH OBLIM MOTYYICHBI

(hoTBTY TONMITUHOM 25 MKM.
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O6myuenne mnpoBommwiochk Ha yckoputene IMSA-100 (MccmemoBatenbekuii  LleHTp
Poccenopd, [epmanus) ckanupyromum myukoM noHoB Cu’ (cedenreM 5 mm, yactortoii 10 I,
IOMAAh CKaHUPOBaHUS — 4x4 CM2, sHeprus noHoB £ = 40 k3B, MIOTHOCTH HOHHOTO TOKa B
myuke j = 100 MKA/cMm?) mosamu 10'° mon/em® (7= 11 mun) u 10" mon/cm® (7 = 106 mum).
Harpes o6pa3mnos He mpepbiman 210 °C. Temmeparypa oOiydeHHUs BBIOMpasiach HUCXOIST W3
TEMITepaTypHOH 3aBUCHMOCTH 3JeKTpoconpotuBieHus (~ Ha 120 °C HmWKe TepMHUYECKOTO
(azoBoro npeppaieHus Al—B2).

Jii mpsiMOro CpaBHEHMS XapakTepa BIMSHHUS CBETOBOIO, YTO SBISIETCA (DAKTUYECKU
HarpeBoM, ¥ MOHHOTO OOJIyueHHs Ha cocTosHue oOpas3unoB cmiaBa PdsCug ncnonp3oBanachk
JaMITa HakajduBaHus. TemrmepaTypa HarpeBa oOpasma coctaBmsua 210 °C, Bpemst oOnydeHus —
106 mMuH.

®a3oBbIll cOCTaB 00pa3LOB MMOCIe MOHHOIO OOMydyeHus (cTauroHapHas temmneparypa T =
206 °C) u myukoMm cBera (T = 210 °C) ompexmensuics C MOMOIIBI PEHTTEHOCTPYKTYPHOTO
aHanM3a B WBIYYCHHH MEAM C HCIIOIB30BAaHHEM MOHOXpOMAaropa, MpudeM CheMKa (OJbTU
MIPOU3BOMIIACH C ABYX CTOPOH (00JIyYCHHOM U HEOOIYUCHHOM).

Ipu no3e obmyuenns D = 10" non/cm” 06pasen; cTaHOBHTCA ABYX(DA3HBIM: KPOME JTHHHL
I'IIK ¢ha3pl moSBISIOTCS TUHUN yIIOpsimodeHHOW B2 (a3el, mpraeM Kak ¢ 0OIydYEHHOM, TaK U C
HeoONMy4eHHOH cTopoHBl obOpasua. [Ipu HarpeBe amMmoil M BBIIEPKKE B BBIIICYKAa3aHHOM
pexxuMe HabOmogaercs Tonbko omHa (aza Al (I'LIK). Ilpu moze oOmydeHHs IMyYKOM HOHOB
D =10"° won/cm” Ha peHTreHOrpaMMe ¢ 06EMX CTOPOH (OJIBIH, MPUCYTCTBYIOT TAKIKE TOIBKO
muand LK daszbr.

[lepexon Al1—>B2, wuaMnuupyemsii oOJydeHHEM, CMEIIaeT TeMIIEpaTypy Iepexoa

npuOIM3UTENBpHO Ha 120°.

HUccaenoBanue neopManmoOHHO-UHIYIIHPOBAHHOM
cerperanuu B ciiiaBe Fe-Cr-Ni

C. A. CrapukoB*, A. P. Ky3nenos*, B. B. Carapanze*,
U. A. Cremanos**, B. A. [leuenkun**, M. Giersig***
*Uncturyt pusuku metamwioB YpO PAH, ExatepunOypr, Poccus (Starikov@imp.uran.ru)
**THLl P® ®usnko-sHepreTndeckuii HHCTUTYT, OOHHUHCK, Poccus
**Hahn-Meitner-Institute Berlin, Germany

Lenpto wHacTosmelr paboTel [1] sBISeTCS W3y4YEHHE TMPOIECCOB  AehOpMAIMOHHO-
WHIYIHPOBAaHHOW cerperanuu Ni Ha rpaHuIax 3epeH B cmiaBe Ni-Cr-Fe, KoTopoit 00BSICHIIOCH
SKCIEPUMEHTAIIFHO Ha0Io1aeMoe 00pa3oBaHne (eppOMarHUTHBIX KIACTEPOB MPH KOMHATHOU
TEeMIepaType B pe3ysibTare OOJBIION MIACTHYECKON nedopMalii B CTAOMIBHBIX ayCTEHUTHBIX
cranmax X12H30 u X12H40, Ha ocHOBe yuClieHHOTO peuicHus AU(GPY3HOHHBIX ypaBHEHHUIA.
Y4YTeHbl MOTOKH TOYEUHBIX Ae()EKTOB, UX POKICHHE U TOTJIONIEHHE Ha CTOKaxX, a TakkKe UX
B3aMMHas pekoMOmHanuda. MccremyeMplii CIUIaB MOAETUPYETCS KaK TPEXKOMITOHEHTHBIM.
MeTomoM TPSMOTO pa3pelIeHrs] KPHUCTALTMYECKON PEmeTKH HCCIIeoBaHa CTPYKTypa CTalH
X12H30 mocne gedopmanuu, a TakKe UCCIEOBAH €0 COCTAB C MEIbI0 MPOBEPKH M YTOUHEHHS

TeOpeTquCKOﬁ MOACIIHN.
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Ilyrem  uucmeHHoro  pemieHHs — cucteMbl UG QY3UOHHBIX  YpaBHEHHH Ui
TpexkoMrnoHeHTHOTO cruiaBa Fe-Cr-Ni paccumrtanbsl mpoduin KOHIEHTPAIMi KOMITOHEHT
CIUIaBa, BO3HHUKAIOMIME TMPH OONBIION IUIACTHYECKOH nedopManmu B 3aBUCUMOCTH OT
TeMIepaTypsl U HCXOJHOTO cocTaBa cIulaBa. [loka3aHo, YTO MNpPH CPAaBHUTENBHO HH3KHUX
temneparypax T = 350-400 K Bo3MOXHO 3aMeTHOE OOOTaIlcHUE MPUTPAHUYHON 30HBI Ni H
obennenne Fe u Cr. [lomyueHa 3aBUCHMOCTh YCPEAHCHHBIX 3HAUEHWH KOHLEHTpamui
KOMITOHEHT ¥ IIMPHUHBI 30HBI 000TAIIEeHUs Ha TPAaHUIIAX OT TEMIIEPaTypPhl CIIaBa M COACPKAHUS
HUKeIs B HeM. Llcmonp3oBaHHas MoOIENb IO3BOJIIET OOBSICHUTH JKCHEPUMEHTAIHHO
Ha0IfoJaeMoe TMOSBJIICHHE KIIACTEPOB C IOBBIIICHHON TemmepaTypoil Kiopu B maHHOM crutaBe
mocne OonbIIoN Tactuyeckoi nedopmanuu. I[lpenckasano peskoe ysenwueHue 3ddexra
cerperany HUKeJs Ha TPaHUIlbl 3epeH NPH MOBBILIEHUH TemnepaTypsl 1o 600-800 K. Metogom
IPSMOTO pa3peleHs] KPUCTAJUIMYECKOW pEeIIeTKH W3ydeHa CTPYKTypa 3€peH M MX TpaHMII.
[TokazaHo, 4TO MpeanosaraemMasi cerperaysl Ha rpaHuLax ujaeT 6e3 oOpa3oBaHUS 3apOIbIIIeH

HOBBIX (ha3.
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