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®A30BASI IEPEKPUCTAJUIN3ALINA
U PACITYXAHUE ®EPPUTHOI HEPKABEIOIIEN CTAJIU,
OBJIYUEHHOI B PEAKTOPE BH-350

HccnenoBanbl m3MEHCHHS MUKPOCTPYKTYPHl U CBOWCTB HepikaBetorel depputHoi ctanu 12X13M2BOP (BI1-450) — mate-
puasa ImecTUrpaHHOTO Uexiia oTpaboTaBImeil TEIIOBB NSOl c6opky peakTopa Ha ObICTPLIX HeliTpoHax BH-350. YeranorneHo,
YTO TIPH CPABHHUTENLHO HU3KUX Temmeparypax obmyuenus (~300°C) u uHTerpansHoi moBpexaaromei no3e 40,3 cHa B cTalnu
npeobnajaeT Iporece pacmajia NepBUIHOTO EMEHTHTa ¢ 00pa3oBaHUEM XPOMHCTOTO GeppuTa U pacTBOPEHHOI'O B HEM YITIEpoJa.
O6cysxnaeTes BIUsIHIe (a30BOil MepeKprcTAUIM3AIMK Ha paJHal[iOHHOE paclyXaHue U yAENbHYIO MIOTHOCTh (peppUTO-MapTeH-

CHUTHOM cTaju.

Hepxaseromue cramu sSBASIOTCS OCHOBHBIM
KOHCTPYKITHOHHBIM MaTCPHAIOM ISl YCXJIOB H
obosouek TemnoBbiAeasomux coopok (TBC) pe-
aKTOPOB Ha OBICTPBIX HEHTPOHAX H B 3TOH CBA3U HE-
00XOIMMO TINATEIBFHO HCCICAOBATh 3aKOHOMEPHO-
CTH MX PaAMALHOHHON MOBPEKIAEMOCTH B IIPOLICC-
CC DKCIUTYATALNH, & TAKKE TAKUC MPAKTHUCCKH BaXK-
HbIe 3¢¢EKTHL, KaK paIHALIMOHHOEC YIPOYHECHHUE, OX-
PYIUUBAHUE, MOA3YICCTh U, 0COOCHHO, BAKAHCHOH-
HOE (ra30BO¢) pacnyxaHue. ITH MPOOICMBI, TPUME-
HUTEIBHO K atoMHOMY peaxropy BH-350, moapob-
HO paccMaTpUBAOTCA, HanmpuMep, B [1-4].

Kak mpasuto, npu usyucHuu pacmyxanust 00Jb-
II0¢ BHUMAHHC VACSICTCSI CKOPOCTH PaIHALHOHHON
nospexaacmoctu (radiation flux [dpa/s] — cmernge-
HUH Ha atoM B CekyHay, cHa/c) [5]. INomarator |2,
3], aro, KOrAa CKOPOCTh PaTUALIMOHHON OBPEIKAA-
€MOCTH YMCHBIIACTCS, B 3HAYUTCIBHON CTCIICHH CO-
KpalnaeTcs HHKYOAMOHHBIN MIEPHOA IpoLiecca pac-
MyXaHML, T.C. IPU YMCHBIICHUH (p1akca CleayeT 0xKu-
JaTh YBEIUUCHHU I PACIYXaHHSI PCAKTOPHBIX CTAJICH.
910 ocobenno Baxkuo At bBH-350, tak kak cpeau
M3BCCTHBIX HA CCTOAHAINHHUI ACHB OBICTPHIX Peak-
TOPOB OH XapaKTCPU3YCTCS HAMMCHBIICH TeMIic-
paTypoll KUAKOMETAIHYCCKOTO TCILIOHOCHTENS
Ha Bxo¢ (280°C) u HU3KOH CKOPOCTHIO HA0OPA O3B
—10%*— 10 cna/c. OueBMAHO, YTO PA3THIHOC COUCTA-
HHC BEITIYMH CKOPOCTH PAIUALIMOHHOH MOBPEXIacMO-
CTH ¥ TEMITCPATYP OOIYUCHHUS MOJKET TPHBECTH K
PasHOoOOPA3HBIM TTOCICACTBUAM BIUAHUA HEHTPOH-
HOro 00myucHus Ha pacnyxaHue. OCOOCHHO 3TO Ka-
CaeTCs CIOXKHBIX CIIABOB C METACTAOHIbHOU
CTPYKTYPO#, B KOTOPHIX BO3MOKHBI CTPYKTYPHO-
tazosric npespameHus nog obnydeHueM. Ctpyk-
Typa, 00pa3yIoIasics Ha Pa3TUYHbBIX 3Taax 3THX Mpe-
BpALICHHUH, 10 Pa3HOMY CKa3BIBACTCS HA pacryxa-
vun. Hanpumep, pacnaz nepechIueHHOro TBEPA0ro

pacTBopa, 3aTAHYTHIH BO BPEMEHH, OCOOCHHO Ha
CTaAUAX NPEABBLACICHUH, OJarONpPUATHO BIHCT HA
3axXBaT BAKAHCHH U B PE3yIbTATE YMCHBIIACTCS Be-
POSTHOCTD 00OPA30BAHMS X CKOTIJICHHH, a TAKKE BE-
JUYHHA pacIyXaHus ciuiasa [6].

B 10 x¢ Bpems, coriacHO [7], B ayCTCHUTHBIX
HEPIKABCIOLIMX CTATSAX HauOoee KPYIHBIC MMOPHI
cBsi3aHbl ¢ BbLAencHUAMH. [Ipu 5TOM moBepxHOCTB
MPELAITUATATA CIY>KHAT JOTIOTHUTCIBHBIM CTOKOM IS
BakaHcHH, AU GYHAUPYIOIMX MO HEH, B opy. B atom
clydae pacraj TBEPAOro PacTBopa CIOCOOCTBYET
pacyxanuio 8], KOTOPOE COMPOBOKAACTCI HEOOPa-
THMBIM H3MCHEHHEM pa3Mepos U popmer TBC.

N3BecTHO Takike, YTO HAUMEHBIINM (OPMOH3-
MEHEHHEM TNPH SKCIUTYaTaAlUH B OBICTPBIX PEAKTO-
pax XapakTepHu3yITCs mecTurpantbie uexiisl TBC,
H3TOTOBJICHHBIC U3 HEPIKABCIOIINX (PEPPUTHBIX CTa-
nel. Tak, mo xaHHEIM, PUBEACHHBIM B [9], s dep-
puto-mMapreHcutHOH cramn JI1-450 pacnyxanue npu
noBpexkaromei no3e 90 cHa He npepsimact 2%.
JTa BeMHYHHA SBILIETCS IPAKTHYCCKH IPUEMIICMOH,
HO TeM He MeHee ans paspadorku TBIJIos peak-
TOPOB CICAYIOLWIECTO MOKOICHHUS HCOOXOAUMBI CHC-
TEMATHYCCKUE HCCIICAOBAHMS BITUSHHS PaJHALUOH-
HBIX U TEMIICPATYPHBIX MOJICH HA CTPYKTYPY U u-
3UKO-MCXAHUICCKHE CBOMCTBA MATEPHANOB SACP-
HO-3HEPreTHYCCKUX YCTAHOBOK.

B nacrosmeli ctarbe mpUBEACHBI U 00CYXKIA-
FOTCA PE3YJIBTATHl MATEPHAIOBEAUYECKUX HUCCIEA0-
BaHUH HEPIKABCIOMIECH CTATH, 0OIYUYCHHOH OBICTPHI-
MH HEUTPOHAMH, BBIIOJIHCHHBIE B paMKax padoT mo
Jexomuccun peaxropa BH-350.

Oopazubt u memoodwt uccinedosanus. Vccre-
JOBAJIH COCTOSHHC MaTepraa yexia otpaboTaBuieii
TeIIOBRI ACsttOIeH coopku 715.17003.1188 peaxro-
pa BH-350 — Hepxkaseromyro crane depputo-Map-
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teHcuTHOTO Kiacca 12X13M2BOP (3I1-450) cie-
ayromero cocrasa; C-0,13; Cr-12,83; Ni-0,14; Mo-
1,62; Nb-0,45; Si-0,4; Mn-0,34; V-0,16 (Bec.%).
CranpHagd pagHOaKTHBHAS IJIACTHHA Pa3MepoM
5x5x2 MM, oOnyucHHAs A0 MOBPEKIAIOMECH O3B
~40,3 cua npu Temneparype ~300°C, Obina BeIpe-
3ana u3 rpanu yexsia TBC Ha ormetke «—375 mm»
B “ropsueii” kamepe peaktopa BH-350, a 3atem ne-
peBe3eHa Mo KETIC3HOU JOPOTe B 3AIUTHOM KOHTCH-
Hepe u3 r. Akray (MADK) B r. Amvarter (UA®D). B
«ropsaeiny kamepe peakropa BBP-K crampnas nma-
cTrHA ObLNIA pa3pesaHa Ha 00PasLibl, KOTOPHIC B 1aJIb-
HEHIIEM UCCICIOBATH B MAaTCPHAIOBEIUESCKON na-
6oparopuu. [IpoBeneHo H3yueHHE pagUaLIMOHHBIX
HU3MCHEHHH CTPYKTYPHI, MPOYHOCTH U IIOTHOCTH
cramu. C 3TOH LETbIO HCTIONB30BATH ONTHUCCKHH
mukpockorr MeF-2 u anexrponHsiii Mukpockorn JEM
100CX. BsgemuBanue o0ay4CHHBIX 00pPa3loB HA
BO3IYXC U B BoAc mposoaunu Ha Becax BJIP-20 ¢
ToIHOCTBIO £0,05 Mr. MuKpOTBEpAOCTE OmpeacsI-
mu Ha npudope [IMT-3 npu Harpy3ke Ha HHACHTOP
50T,

Ixcnepumenmanvrole pezyivmamol. Mertan-
norpadUIecKue UCCICAOBaHHUA OOHAPYKUIH, YTO
MukpocTpyktypa ctamu 12X13M2B®P, HeoOny4eH-
HoU n o0ny4yeHHoM B peaxrope BH-350, cymectsen-
HO pazmuaetcs (cMm. puc. 1). Eciau B HeoOnyueHHOM
CTaITH COACPIKaHUE COPOUTHOH U (PEPPUTHOM CTPYK-

TYPHBIX COCTABJIAIOIUX cooTHOocHuTCd Kak 1,55:1
(puc. 1, a), To B 0ONYUCHHOM CTAIH 3TO COOTHOLICHHUE
H3MCHSCTCS B MOJMB3Y (HEPPHUTHOH CTPYKTYphI: 1:2.5
(puc. 1, 6).

OrMeruM Takke, YTO B HCOOIYUCHHOM CTaIH
(deppuTHBIC 3¢pHA PE3KO OUCPUCHBI, T.C. HA BCEM
MPO-TSHKCHUH I'PAHHLIBI 3¢PEH HE MPEPHIBAIOTCS U XO-
POLIO BUAHBI, B TO BPEMS Kak 3¢pHa copOUTa MENb-
4e, ¢ PasMBITBHIMH OYCPTAHUAMHU U C OOPBIBAIOLIU-
MUCS HEJOCTPOCHHBIMH IPAHULAMH.

PaccmoTrpeHne MUKPOCTPYKTYPHI OOITyHUCHHOU
CTamy C MPUMCHEHUEM GONBIIETO YBETIHYCHUS 00-
HAPYKHAJI0 HATHYNAC MAKPOLETOYCK LIEMEHTHTHOH
(hasel, KOTOPBIC PACIIONATAIOTCS KAK BHYTPH 3€PECH
(deppuTHBIX ¥ COPOUTHBIX), TAK H [0 UX TPaHHLIAM
(cMm. puc. 1, B). HekoTopbie BBIICIUBIINECS YACTH-
LBl HEMPEPBIBHBL, APYTHE BHITSHYTH B JIMHUIO, HO
BHYTPH Hee 000cobneHsl. MHTEpECHO OTMETHTS,
YTO LEMOYKH YACTHL BTOPHUIHBIX (a3 HAO TF0JATUCH
TOJBKO Ha OOKOBOH IMOBEPXHOCTH I'PaHH YCXJIa U HE
ObLTH OOHAPVKEHBI HA TOPLICBOH MOBEPXHOCTH.

UNamepenus mukporsepaoctu Hm oOpasios
craau 12X13M2B®P nokazanu, uro 10 o0nydeHuUs
Hm=280 xr/mMm?, mpu<eM MUKPOTBEPAOCTh TOIBKO
(heppUTHOI COCTABIISIIOLICH HE TPEBBILIANA 225 Kr/Mm?,
Ioc e peaxropHOro obayucHus oOas (T.¢. deppura
U copbuTa BMECTE) MHUKPOTBEPAOCTh CTAIH OKa3a-
Jach PaBHOH 355 Kr/MM?, TOTIA KaKk TBEPAOCTh TOJIb-
k0 oaHOro (epputa — 365 kr/mmv?. Mcxoas u3 momy-

2000

Puc. 1. Mukpoctpyktypa dbepputroit ctanu DI1-450: a — HeoOnydeHHas; 6 — 0OMydeHHAS, B — IETIOYKA [EMEHTHTHOH (ha3bl
B o0OMyueHHOH cTamy (yKa3aHbl cTpelkaMK), T — dpopMa OTIeUaTKa alMas3Hol MUpaMUIKU B GepprTe HEOOMyIeHHOMN CTalH,
I — opma oTreyaTka amMazHON MUPaMHUJIKHA B o0NydeHHON HeliTpoHamu ctamu DI1-450
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YEHHBIX PE3yIbTATOB OLCHUM 3G EKT paanaioH-
HOTO VIIPOYHCHUS STHX CTPYKTYPHBIX COCTABIISIO-
WX B OTACIBHOCTH. YHpouyHeHHE deppura:
225DH, = =365-2254100% »60%.
ITpourocts copbura Haiinem u3 coorHomenns: 2H
= H, tH_, HAus HCOOJIYVUCHHOW CTaIH:
2"1285=225+H00p6., OTCIOZA Hcop6>>340 kr/mm?. B To sxe
BpeMst it 00 TydaeHHOM cTamu: 2U355= =365
+H, . wm H_»340 kr/mm?. Takum oOpazom
MPOYHOCTh COPOUTHOM COCTABISIOLICH CTATH B pe-
3yIbpTaTe OOIYUCHUS HE U3MCHUIACK, TOTAA KaK 3ep-
Ha (eppura ynpouHuircek Ha 60%.

OopararoT Ha ceOst BHUMAHUE HEKOTOPBIE OCO-

0,60

OGEHHOCTH, KOTOPBIC BBUIBUITUCH B XOE IKCIICPUMEH-
TOB IO OMPEACICHUIO MUKPOTBEpAocTH cTanu. OKka-
3270Ch, YTO OTHCYATKH alMa3HOH MUPaMHIKH
npudopa [IMT-3 B obnyueHHOH cTanu UMEIOT He-
MPaBHIBHYIO (hOpMY, IpHUIEM HaOIIOJACTCS KaK YBe-
JWYCHHUE AUATOHANCH KBAIPATHKOB IO CPABHCHUIO
¢ “HOpPMaJTBHON ~ JAJTHHOH, TAK U HX COKPAIICHUE (CM.
puc. 1, n). Ilpu a3Tom kaxoi-mub0 pasHULBI MEKIY
OTIEYaTKaMH B COPOUTHOH U GEPPUTHOH COCTABILA-
fomei He 3aMeucHo. B 1o ke BpeMs B HEOOTyucH-
Howt cranu (omkur 600°C, 1 u) orneyarku UMETH
MPaBUIBHYIO GOPMY KBaIPATHKOB (CM. puc. 1, r).
OnpenencHue TUAPOCTATHUCCKON MIOTHOCTH
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Puc. 2. ®opmousmenenne mratHoi mMopepuusupoBantoit TBC 715.17003.1188
u3 pepputo-MapreHcuTHOM cTamu DI1-450, Beiropanue 7,4% t.4. (I[aHHbIe HpO(l)I/IJ'IOMeTpI/II/I [4])

x 50000
Puc. 3. Tlopst B ctamu DI1-450, oGnydeHHOM
B peaktope BH-350 (mpuBeneHa cTpykTypa obpasia
¢ MaKkCHMalbHBIM H3MEHEHHEM TIIOTHOCTH)

3THX ke 00pasuos cramu I1-450, mposeacHHOE B
padote [10], mokazamo, 4To MpPHU HUCCACTYEMBIX IMa-
pameTrpax OOIYyUCHUS €€ YMCHBIICHHUE IO OTHOLIC-
HUIO K ITIOTHOCTH HEOOMYUECHHON CTall COCTABILA-
er~10%. Oguako, cTons OOIbINHE H3MEHEHHS ILIOT-
HOCTH HE COTJIACYIOTCS C AAHHBIMH aBTOPOB CTa-
1pH [ 1 1] 1 APYTHX, OLIEHUBABIINX IFIOTHOCTH KOCBCH-
HO — IO U3MCHCHUSIM Pa3MepPoB “mof Kawd (CM.
puc. 2). K Tomy e npoBeaeHHOE HAMH 3JICKTPOH-
HO-MHUKPOCKOMUISCKOE (“Ha MPOCBET ) MCCICA0BA-
HUE MUKPOCTPYKTYPBI 3TOro o0pasua crand oOHa-
PYKHIIO HATUYHE B HEM TIOP (CM. pucC. 3), KOHIICHT-
pauys KOTOPBIX WM pacHpeacicHHE MO pazMepam
00ecIeunBaOT U3MEHEHNE 00beMa, HE TPEBBILIA-
roriee ~0,2%.

Taxum 00pazoM, UMEETCS CYIIECTBCHHOE pas-
JIMYHE JAHHBIX IO H3MEHEHHIO ITOTHOCTH cTanu I -
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450, oMy4IEeHHBIX B PE3YIBTATE THAPOCTATHIECKO-
rO B3BCILIMBAHHS C OHOH CTOPOHBI, & TAKXKE JJICKT-
POHHOMHKPOCKOITHYCCKUX UCCIICAOBAHUI H H3MEPe-
HUH pa3MepoB “TOA KU~ — C IPYTOH.
O06cyxaeHHne MoJIy4eHHBIX pe3yabTATOB

st 0ObSICHEHHUS TOTYUCHHBIX SKCIICPUMEHTATb-
HBIX JAHHBIX I10 CYIECTBEHHOMY H3MEHEHHIO CTPYK-
TypsI cTamu (cM. puc. 1), MOXKHO MPEANIONOKUTE, YTO
BO Bpemst obnyucHus uexjiaa TBC GbicTpbiMu HEi-
TPOHaAMH B HEKOTOPBIX €TI0 YIACTKAX PEANTU30BAIINCh
VCIOBUS, OIArONpPUATHBIC AT TOTO, YTOOH B (pep-
PHUTO-MaPTEHCHTHOM CTAIM MHAITUFPOBAITICH IIPOLIEC-
cbl (a3oBO MEPEKPUCTAITH3ALNH, & HMECHHO, IO
BO3JCHCTBHEM PaJyalliy IEMEHTUTHAS (aza U3 cop-
OHUTHOM COCTABIIIOIICH HAadana PacTBOPATHCS B
teppurte. Bo3aMoKHBIE MEXaHH3MBI 3TOTO SBICHHUS
paccMoTpeHH B [12], Tae OOKa3pBacTCs, UTO MPHU
OIIPEAEIIEHHBIX SHEPTUAX HEUTPOHOB, CKOPOCTH pa-
JUAITHOHHOMN TIOBPEXAAEMOCTH U COOTBETCTBYIOIIIX
(ckopee BCETO HU3KHX) TEMIIEPATypPax BO3MOMKHBI
JUHAMUYECKUE MEPECTPOUKU BBLACICHUN BTOpHUY-
HBIX (pa3. DTH mepecTpodKH MOTYT MPHUBOIMUTE. K
(hOPMON3MCHEHHIO BELACIICHUH (HATIPUMED, TIACTHH-
yaras (aza MOXKET MEPECTPOUTHCS B 3EPHUCTYIO),
K YMEHBIIEHHUIO Pa3MEPOB BBLACICHUN U, HAKOHEIL,
pactBopenurto BeiacncHui [ 13]. [puanmas Bo BHU-
MaHUE NOCICAHUN cay4aii B ctanu II1-450, mo-u-
JUMOMY, oOpa3oBaiack BTOpHUYHAS (eppUTHAL
CTPYKTYpPa ¢ BBICOKOH KOHLICHTPALMEH pacTBOPEH-
HOTO B HeH yriepoaa. Takuv o0pazoM, IKCiepuMeH-
TalbHO HAOMIOJAEMOEC YBEIHYCHHE KOTUYCCTBA
(epputHOi dazel B 00IYICHHONW CTATH MOTIO MPOo-
H30HTH 3a CUET MPOLIECCOB pacaja [MEMEHTHTHON
(hasel U PACTBOPEHUS YIICPOIA, T.C. B KOHCUHOM CUC-
TC 3a c4eT oOpazoBaHMs ‘BTOPHUYHOro (Qeppura,
XapaKTEePU3YIOLWIErocs BHICOKOW KOHLIEHTpalueu
PacTBOPEHHOTO B HeM yriepoaa. Panee ormedanocs
[14], uro B obOpasuax yriaepoaucteix cranci (Y7,
V8), UMITAHTHPOBAHHBIX ['CIHUCM HA ITUKIOTPOHE U
MOJBEPTHYTHIX MOCICPATHALIMOHHOMY OTXKHUTY (IIpH
TEMIIEpPaTypax aJIOTPOIIUYCCKOrO MPEBPALLCHHS),
HabmoaaeTcs yBenmiIeHue qoiau depputHor (assl
U pa3MeTIbucHHE QePPUTHO-TICPIUTHON CTPYKTYPBL.
ABTOPBI IPEATONOMKHUITH, YTO OOHAPYKEHHOE SBICHHE
CBA3aHO C OCOOCHHOCTSAMHM MOBCACHHS YIJICPOJA,
00OVCITOBIICHHBIMH BBICOKHMH VPOBHSIMU I'PaAHCHTA
THAPOCTATHYECKOTO HANPSYKEHS HITH CKOPOCTH I10-
BPCIKICHHS B 30HE JICTHPOBAHHS TETHEM (CTPOTTIIHH-
ra). BoamoxHo 3 dexrsr hazoBO-CTPYKTYPHBIX U3-

MEHCHHUH B PACCMOTPEHHBIX YIJICPOIUCTHIX U BbI-
COKOJICTUPOBAHHOM CTaIl UMEIOT obiee (puzndec-
koe Tonkosanue. He mckmoueno, uro Habmroxac-
MBI 3G (EKT CYLMIECTBEHHOrO N3MEHEHUs (a30Bo-
CTpyKTYpHOrO coctosuus craimu I1-450 cesazan ¢
JIOKaNbHBIM MieperpeBoM y4yactka yexiaa TBC Ha nc-
caeayeMol orMerke ‘=375 MM” OT LICHTPA aKTHB-
HOMU 30HBL

ITo-BuammoMy, HE UCKITIOUEHO TAKKE, YTO Of-
HOBPEMCHHO MO OONYYCHHEM HACT U OOpaTHBIH
MPOLIECC — BHLACTICHUE LIEMEHTUTHOH (a3l U3 mepe-
CBILIICHHOTO TBEPAOTO pacTBopa. OxHako ¢e obpa-
30BaHUE MPOHUCXOAUT HE XAO0TUYHO, KaK B CIy4ac,
KOTOPBIH UMEJ MECTO MPH KPUCTATIM3ALMHA B MO-
MEHT HPOU3BOACTBA CTANH, & B YCIOBHAX HAIPAB-
JCHHOTO BO3ACUCTBUSL BHYTPCHHUX HAIPSDKCHUU,
00YCIIOBICHHBIX IPAINCHTAMH PaJHALIMOHHBIX H TEM-
neparypHeix moned (puc. 4, a). B pesynprare yrie-
POXA CBA3BIBACTCSA B LICMCHTUTHYIO a3y, YaCTHLBI
KOTOPOH BHINIAAAI0T OPUCHTHPOBAHHO, 00pa3ys rpa-
HULB HOBBIX COPOUTHEIX 3¢PCH WITH OPHCHTHPOBAH-
HBIC LENOYKH (puc. 4, 0).

Mo:KHO PEATIONOKUTE, YTO OJHOU N3 Hanbonee
BEPOATHBIX HPHIHH BOZHUKHOBCHHS I'PAAUCHTOB Ha-
npspxeHni B Marepuane uyexia TBC aemsercs pas-
HOCTb TEMIICPATYP >KHIKOTO HATPHUS HA BXOAC H
BBIXOJIC KaHANA TCIUTOBRLACIomEeH coopku. He nc-
KIIIOUCHO TaKKe, YTO OOIBINYIO PONb UIPACT HEO-
HOPOIHOCTB PAAUALIMOHHOH MOBPEKAACMOCTH CTAITH.
Bosnukaromye B pe3y1bTaTe HAMPSXKCHHS JCHCTBY-
IOT BJONb OCH YCXJA U B 3TOH CBA3H MOXKHO OXKH-
JaTh, YTO LICTIOYKH BTOPHYHBIX LICMEHTHTHBIX (a3
Y TPaHHULBI BTOPHYHBIX COPOUTHBIX 3¢peH OYAyT pac-
MOJATaThCH MPEUMYLICCTBCHHO MEPIICHAUKYISPHO
PACTATHBAIOIINM HAMNPSIKCHHAM B IIOCKOCTAX,
MapaJICIbHBIX TOBEPXHOCTH YEX 1A BAOIb €r0 OCH
(cm. puc. 4, a). QueBHIHO, YTO CIACAYET OXKHUAATH
H3MCHEHHH Pa3MEpoB YeXJa B BEPTHKAIbLHOM
HAIPaBJICHUU, MO KPaifHEH Mepe, B TeX 00nacTsx,
¢ HAMPSKCHUS MPHU SKCILTYaTauy ObLTH MaKCH-
MAaJIbHHI.

OpuentrpoBaHHOE 00pa30BaHHE B CTAIH BTO-
PHYHOH cCOpOUTHOH (a3bl MPUBOIUT K TOMY, UTO OHA
dopmupyer B QEPPUTHON COCTABIAIOIICH POXOTI-
rOBaTHIC 3CPHA M CO3JACTCH BICYATICHHUE, YTO B
MaTepHAIE B PE3YIbTATE OONYUCHHS BBHITAHYIHCH
cTapeie, epBHUHbIE, 3epHa (eppura (puc. 1, B, 4,
0). Ha camom gene atot addekr sBmsercs caea-
CTBHEM OPHUCHTHPOBAHHOTO BHIMAACHUSA VIICPOAa
(LeMEHTHTA) U3 HACKHIIIICHHOTO TBEPAOrO pacTBopa
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Puc. 4. Cxembl: (2) OpUCHTHPOBAHHOTO BBHIMAJICHUS BTOPUUHBIX (a3 BAoIs ocH yexia TBC
U obpa3zoBaHus o0nmacTell pelakcalliy pacTAIMBAIOMUX HaNpsKeHUH; (6) o6pazoBaHus BRITAHYTHIX 3epeH (eppuTa
3a cUeT OPHCH THPOBAHHOTO BhIMaACHIS BTOPHYHBIX (a3, (B) oOpasoBaHue IenoUek BhiiehneHuit u nop B ctamm OI1-450
B mporiecce (Ha30BOTO IEpPepacTBOPEHUS

yraepoza B deppure. B urore B cranu I11-450 mox
OONMy4YeHHEM B ONPEICICHHBIX VCIOBUAX MPOUCXO-
JUT TCPEpacTBOPEHUE COPOUTHON COCTABISIOIICH
U 3TOT IMPOUCCC NPUBOAUT K SHAYUTCIbHOMY U3MC-
HEHUIO MUKPOCTPYKTYPHI © MUKPOTBEPAOCTH MaTe-
puana.

B 0 ke Bpems, eciy MpeaIonoKUTh, ITO THITOTE-
32 OPHCHTHPOBAHHOI'O O0PA30BaHUS B CTATH BTOPHY-
HbIX (a3 Moa ACHCTBHEM PaTHALINN, TEMIICPATYPHI
Y PaCTATHBAIOIINX HANPSKEHUH BEpHA, TO HE HCKITIO-
YCHO, YTO MO TOH K€ CaMOW MPUYHMHE B 001aCTsIX

x 2000

Puc. 5. Boigenenus BTOpUaHON (asbl
(cBeTbie 0Opa30BaHUA) U TIOPHI (TEMHBIC TOUKH)
B cranmu DI1-450 nocne HEUTPOHHOTO OOIYUCHUS U OTXKUTA
npu 600°C, 1 yac

BBIJICJICHUHA BTOPHYHEIX (a3 MOTYT 0Opa3oBbIBATh-
¢Sl TAKKE HECILIOMIHOCTH (Topsl) (cM. puc. 4, B).

[Tpu omkHre 3TN HECIUIOITHOCTH MOTYT Pa3BUThCS
B OONBINKE HOPBI, BUAUMBIC JAKE B METAILIOrpa-
¢uueckuit muxpockon. Ckopee BCero UMEHHO Ta-
KHE TIOPBI HAOMIOAAIUCH HAMH B 00pasie 00 yUucH-
HOM ctamu III-450, BEIpE3aHHOTO ¢ OTMETKH «-
375mm» mocne omkura npu 600°C B TeucHHE yaca
(cM. puc. 5).

TakuMm 00pazoM cIeayeT OXKHAATh, YTO B TOH
gactu uexya TBC, rae pabouas temmneparypa mo-
MaJacT B COOTBETCTBYIOIINI HHTEPBAJ, KOTOPBIH CO-
BMECTHO C OMPCACACHHBIM (HU3KUM) 3HAYCHUEM
CKOPOCTH PaJHALIMOHHON MOBPEKAACMOCTH obecte-
YHBACT NpPOTEKaHue npouecca (azoBol mepeKprc-
TAJUTM3ALUN B CTAJIH, BO3MOXKHO 00pa3oBaHHUE HE-
CIUTOLITHOCTEH, MPUBOLIIINX K CHHYKCHHUIO TIOTHOC-
H Matepuana. [lpu 3Tom mox meHcTBHEM BO3MOXK-
HBIX JIOKaJbHBIX PACTATHBAOLIIX HANPSIKCHUH, OT-
PKAOMUX HATHYHE, MPEKAC BCETO, IPAaJUCHTOB
TEMIIEPATYPHBIX HONCH, 3TH HECILIOIIHOCTH OVAYT
OPUCHTHPOBAHEI TaK, YTOOB 00CCICUNUTE MAaKCH-
MaNbHYIO PENaKCALUI0 HANPSDKCHHH U VITHHCHUE
Marepuana BIOIb OCH Yexia. T.¢. mpuHHUMAas BO BHU-
MaHHE PE3YIbTATH VMCHBIICHUS INIOTHOCTH CTAIH,
MPaBHUIBLHO FOBOPUTH HE O €€ PACIYXaHUHU (KOTOPOE
n3oTponHo!), a 00 JokampHOM mM3MeHeHuHU Dr/r 3a
cueT 00pa3oBaHU OPUCHTHPOBAHHBIX HECIUIOIIHO-
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CTCH, MPUBOAAIIMNX K H3MCHCHHIO Pa3MEpPOB COOPKH
TBC, B ocHOBHOM, B OCEBOM (a HE B paguaapbHOM!)
HAIPABJICHHH.

Takoe npeacraBicHHE HE MPOTHBOPEUUT TOMY
(hakTy, 4YTO NPH U3MEPCHUHU Pa3MEPOB “TIOA KITFOY
JAHHOM COOpKU HE ObLT0 00HAPYKEHO KaTacTpodu-
ueckoro popmonsmenenus [11], mockonbky Makcu-
ManbHOE U3MEHEHHE pasMepos uexaa TBC umeno
MECTO BJOJb, & HE TOMEPEK €ro OCH.

Uro xacaercsa [IOM-ucciaenoBanuii, He oOHa-
PYKHBLIMX KPYITHBIX TIOP B CTAJIH, TO MOKHO TIPS~
MOJIOXKUTH CICAYIomee. BrionHe BO3MOXKHO, 4TO H3-
MeHeHue wiotHocTH ctanu II1-450 nox obnyueHu-
em B uaTepBane Temneparyp 310-370°C cBsazano ¢
00pa3oBaHUEM KPYIHBIX TCIHEBHIX MO Pa3MepoM

>250 A . Ilopsl menbmnx, uem 250 A pa3mepos, B
OCHOBHOM, BAKAHCHOHHBIC U 32 CUCT HMX H3MCHE-
HHE IIJIOTHOCTH MOKET OBITH TOIBKO ~0,5%. 3a cuer

KPYITHBIX, TENUEBHIX, TIop pazmepom ~3000 A | He
BHIUMBIX Y3KE B 3ICKTPOHHOM MHUKPOCKOIIC, HO 3aTO
XOpomo HaOIIAaCMBIX B METaIOrpad)nuecKui,
MOkHO obecnieunTh Dr/r»2%. B 310# ¢BsI3u MOXKHO
MPEAOIOKHUTh, YTO OCHOBHOM BKJIaJ B U3MCHCHHC
mwiotHocTu craqu JI1-450 B mpouecce 3kcmyara-

LMW JAAyT TEIHEBBIC TOPHI pazMepom ~1500 A | T.e.
V)K€ HEBHIMMBIE HA “TPOCBET”, HO €IIEC HE HAOMO-

N

KommuectBo mmop

T o

300 A d

300 A

Puc. 6. IlpennonaraeMoe OuMoanbHOE pacmpesieficHrue
mop 1o pazMepam B obmyueHHoM ctanu D11-450:
a — BaKaHCHOHHLIE TOPBI, O — relneBbIe MOPBI

JacMblc B OnTHICCKUH MuKpockor. Ckopee BCero,
B OOJYYCHHOW CTAJH CYIIECTBYST OMMOIATBHOC
pacmpeaencHue nop (cM. puc. 6). 3a IIUTCIBHOS
Bpemst paboter peakropa bH-350 reaucesic mopsl,
BEPOSITHEE BCETO, PACIIONOKATCS OIIKE K BHYTPEH-
Hew nosepxHoctH uexna TBC, a no Bricote — 6mu-
JKE€ K HIDKHEMY KOHITY YeXJa.

B 3akmioucHHE TMOAYEPKHEM, YTO BCE BBICKA-

3AHHBIC MPCATIOJIOXKCHUA HYXAAKOTCA B AOINOTHU-
TCIbHBIX UCCIACAOBAHUAX.

Jakaroyenue

Ha ocHoBaHnu aHammsa 3KCHEPUMEHTAIBHBIX
JAHHBIX, MOTYYCHHBIX B HACTOAIICH paboTe, MOMKHO
MPEATIONOXKUTh, YTO B Mpouecce oOnyICHHS TPH
cpaBauTensHO HU3KHX (~300°C) Temmeparypax u
CKOPOCTH Habopa moBpexk arormeit 1o3st (-10° cHa/c),
B ctanu JI1-450 nporcxomuT pacnaj MepBUTHOTO
LEMEHTHTA ¢ 00pa3oBaHHEM XpoMHCTOrO (eppura
U PacTBOPCHHOrO B HeM yriepona. Ipu atom BOIU-
3W pa3pyILIAOIICHCS MIACTUHBI IEMCHTUTA KOHIICH-
Tpaums VIiaepoda MOMKET OKa3aThCsl CTOMb BBICO-
KOH, UTO HE UCKIIOYCHO 00pa30BaHHE 30H, OKaAHM-
JSFOLINX IJIACTHHY HEMCHTHUTA, B KOTOPBIX INIOTHOCTb
Omu3Ka K IUIOTHOCTH rpadura, T.c. OUCHb HU3KASL.
(3amernMm, YTO NIOTHOCTE (EPPUTA BHILIE IIOTHO-
CTH LEMEHTHTA). Benencteue pactBopeHus yriie-
poza B (eppHTE TBEPAOCTH MOCICAHErO MOBBIIIA-
€TCS1, HO OTHO-BPEMEHHO MOXKET YMCHBIIUTHCS JHEP-
rus aedekra YIakoBKH CTaTH, YTO YBETHIHBACT
CKJIOHHOCTB (heppuTa K pacnyxaHuro. Takum obpa-
30M 3TH ABa akTopa: 00pa30BAHKUEC B MATPHILIEC 30H
€ HU3KOH MIIOTHOCTHIO M PaJHALIIOHHOE PAcITyXaHUe
00OVCIIOBIUBAIOT, B OCHOBHOM, CHHJKCHHE TIIOTHOC-
TH cTamu moa ooayucHueM. OQHAKO AaKe cyMmap-
HOC JCHCTBHE 3THX (HAKTOPOB HE MOMKET MPUBECTH
K CTONb CYIIECCT-BEHHOMY HM3MEHCHHIO IIOTHOCTH
CTau, KOTOPOE OBIJIO 3apPErHUCTPUPOBAHO SKCIICPH-
meHTanpHO B padore [10] — 10%. B 3Toit cBsi3u He-
00X0IUMO TPEANONOKHUTE TAKKE, UYTO B obIydac-
Mo ctanu mpu Temneparypax ~300-350°C napsaay
€ pacmajgoM NEPBHYHOTO LIEMCHTHTA MPOTCKAIOT
MPOLIECCHI BRIMAACHHUS YITIEPOJA U3 MEPECHILECHHO-
ro TBEPAOrO pactBopa (deppura. ITO NPUBOIUT K
00pa30BaHHUIO OPUCHTUPOBAHHEIX B MOJIC BHYTPCH-
HHUX HANPsDKEHUH LHENOYEK BTOPUYHON EMEHTUTHOM
(hasel B MATPULIC KPUCTAITHTOB WJIH I'PAHUL] HOBBIX
3epeH copOuta. BepostHo, Hanbo016e HHTCHCUBHO B
3TH BHOBb 00Pa3yeMbIC YYACTKH MHTPUPYIOT HE OJH-
HOYHBIC ATOMBI YIJICPOJA, & KOMIUICKCHI “YITICpOX
— BAKaHCHUS — TeMui~ U B PE3YIbTATS 3ASCh, Haps-
IV C BBLACTICHUSAMH BTOPHYHBIX (a3, oOpasyrorcs
TeIMEBBIC NOpPEl. B KOHEUHOM cueTe MOXKHO Tpen-
MOJIOXKUTD, YTO IPU CPABHUTCIBHO HU3KHX TEMIIC-
parypax B QeppuUTHOM CTaIM 3apOoXKIAIOTCA U pac-
TYT OPUCHTUPOBAHHBIC MAKPOIIOPEI C CPEAHHIM pPas-

mepom 1500 A , npuBoadIze K aHU30TPOITHOMY W3-
MmeneHuto dopmel uexna TBC u karactpoduuecko-
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MY YMCHBIICHHIO IIIOTHOCTH MaTepHaia B OTACIb-
HBEIX VYACTKAX.

Taxum 06pa3oM, BEICKa3aHHBIC B paboTe Ipea-
MOTOKEHUS MTO3BOJLSIIOT B HEKOTOPOU CTETIICHH 00bsIC-
HUTb, MIOYEMY JAHHBIC, TONYUCHHBIC PA3TUYHBIMU
METOAAMH — HM3MCPCHHEM Pa3MEPOB MO KU,
THIPOCTATHUCCKIM B3BCIINBAHHUEM U 3JICKTPOHHOU
MHKPOCKOTIMEH — MOTYT HE HMPOTHBOPCYHTH APYT
apyry. JelcTBUTEIBHO, U3MEHCHUE TE€OMETPHYICC-
KHX Pa3MEpOB LICCTUTPAHHOTO YEXJa MPOUCXOAUT,
B OCHOBHOM, BJIOJIb €r'0 OCH, a He nomnepek. [Ipocse-
YHBAIOIIAS SJICKTPOHHAS MUKPOCKOMIHS “HE BUAHUT
MaKpomnop, KOTOPHIC, B JAHHOM CIYy4ae, SBISIOTCS
OCHOBHOM NPUYHMHOMN YMEHBIICHUS ITOTHOCTH CTAJIH,
(uKCHpPYEMOU B3BEIIUBAHUEM B PA3THIHBIX CPEAAX.

Tem He MCHEE, €IIE pa3 MOTUCPKHEM, UTO TONb-
KO CHCTEMATHYECKHUE HCCICAOBAHNS PAJUALINOHHBIX
3¢dextoB B cramu I1-450 oxoHuarempHO paspe-
AT PA3HOTJIACHS, BO3HHKIIHUE IO TOMY BOMPOCY.

Creayer oxkuaaTh, 4TO MPH HOBBILICHHBIX (380—
420°C) temmeparypax OOIYUICHHS HPOLICCCHI BOC-
CTaHOBJIEHUS pa3pylIacMoil HEHTPOHAMU LIEMEHTHUT-
HoU (ha3bl Oy IyT IPEBATUPOBATE, B PE3YIIBTATE YETO
MakpocTpykrypa odnayucHHoi cramu Il1-450 He
Ovaer oranuaTthes ot ucxoauoi. M3menenne mnor-
HOCTH cTaju OyAeT OOYCAOBJCHO JIUIIb PATUAALIN-
OHHBIM PAacIyXaHHEM U O BETUYHHE HE IPCBHIIIATD
1-2%. Tlo-Buaumomy, STOT Ciiydad, peasnu3yeMblil
BO MHOruX OpicTphIX peaktopax (EBR-II, dennxce u
T.A.), TOCTY>KUT OCHOBOH JTs1 YTBEP>KACHUSL, UTO HE-
pkaBerompe (peppUTHBIC CTATHM PACIyXAIOT B 3HA-
YUTEIBHO MEHBIICH CTENCHHU, YeM ayCTCHUTHEIC.
Ty TUNOTE3y MOXKHO HOATBEPIUTH WM OIPOBEPT-
HYTh, B YACTHOCTH, HA OCHOBE aHAJN3a JAHHBIX IO
XapaKTePHU3ALMH COCTOSHUS 00pa3LoB CTaH, BEIPE-
sanabix u3 yexjaa TBC BH-350 ¢ Goace BhICOKHX
OTMETOK.

Ckopee Bcero, KapTHHA U3MECHCHHS CTPYKTYPBI
U CBOHCTB (eppHUTO-MAPTCHCUTHOU CTAIH B ACH-
CTBHTCIBHOCTH CIOKHEE U B JCTANAX MOXKET JaXKe
OTIHYATHCSA OT OMUCAHHOH BhImE. OUEBHIHO, YTO
Ut O0Jiee KOPPEKTHBIX MPEACTABICHUH 00 9BOIMIO-
LUH CTPYKTYPBI CTATU HOX 0OIyUIeHHEM HE0OX0 MU~
MBI HOBBIC 3KCIICPUMCHTAJIbHBIC JAHHBIC. Takue
JAHHBIC OMOTYT ri1y0:ke moHsTh 3 deKTh paaua-
LUOHHOT'O PACIYXAHUS U CIPOrHO3UPOBATH ITOBEAC-
HUe (HEPPUTO-MAPTCHCUTHOM CTAITH B YCIOBHAX OJ-
HOBPEMEHHOTO HHTCHCUBHOT'O BO3ACHCTBHS TEMIIC-
PaTypHBIX, CHIOBBIX M PAJHALIMOHHBIX TOJICH.
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Pezrome

BH-350 manimay HelTpoHAapaFbl KbUTy MIBIFAPFBII KU~
HaKTBIH ’YMBIC ICTETeH aJIThI KaKThl KAIIIBIFEIHBIH MaTepUaIbl
12X13MBOP (B11-450) ToTTanGalThiH GHEeppUTTIK OOTATTHIH
MHKPOKYPLIILIMBIHBIH ©3Tepyl MEH KacHeTTepl 3epTTe/reH.

Coyneneny/ iy calabICThIpMabl TOMEH TeMIlepaTypaiapbiH-

VK 621.315.592

na (~300°C) xone 40,3 cHa MHTErpalbIK OYAMIpYIN Jo3a1a
Oonatta XpoMIbsl QEpPpHUT KoHE OHJAFBl €pIreH KOMip-TeK
TY3UTYIMEH aJIFaliKhl eMEHTUTTIH bIAbIpay MpolieciHiy 0ackiM
OonaThiHBl TAOBUTFAH. PaguarmsnblK iciHyre jKoHe QeppuTiK
0ONATTHIK MEHITIKTI THIFBI3/bIFbIHA (a3anblK KaliTa KpucTania-
HY/IBIH BIKITABI TATKbITAHADI.

Summary

Investigations of changes in microstructure and properties
of 12Cr13Mo2BFR ferritic stainless steel (EP-450) served as
hexagonal shrouds of fuel assemblies in the BN-350 fast reactor
were performed. It was established that at relatively low
temperatures of irradiation (~300°C) and integral dose of 40.3 dpa,
12Cr13Mo2BFR ferritic steel experienced mainly decom-
position of former cementite resulting in the formation of
chromium ferrite and carbon dissolved in it. The influence of
phase recrystallization on radiation swelling and specific density
of ferritic steel was discussed.

Huemumym sadeproii ¢pusuxu

HAIL PK, 2. Aamameor Hocmynuna 20.11.07e.



Paouayuonnas dhusuxa u pusuxa mgepoozo mena

Pezrome

BH-350 manimay HelTpoHAapaFbl KbUTy MIBIFAPFBII KU~
HaKTBIH ’YMBIC ICTETeH aJIThI KaKThl KAIIIBIFEIHBIH MaTepUaIbl
12X13MBOP (B11-450) ToTTanGalThiH GHEeppUTTIK OOTATTHIH
MHKPOKYPLIILIMBIHBIH ©3Tepyl MEH KacHeTTepl 3epTTe/reH.

Coyneneny/ iy calabICThIpMabl TOMEH TeMIlepaTypaiapbiH-

YK 621.315.592

na (~300°C) xone 40,3 cHa MHTErpalbIK OYAMIpYIN Jo3a1a
Oonatta XpoMIbsl QEpPpHUT KoHE OHJAFBl €pIreH KOMip-TeK
TY3UTYIMEH aJIFaliKhl eMEHTUTTIH bIAbIpay MpolieciHiy 0ackiM
OonaThiHBl TAOBUTFAH. PaguarmsnblK iciHyre jKoHe QeppuTiK
0ONATTHIK MEHITIKTI THIFBI3/bIFbIHA (a3anblK KaliTa KpucTania-
HY/IBIH BIKITABI TATKbITAHADI.

Summary

Investigations of changes in microstructure and properties
of 12Cr13Mo2BFR ferritic stainless steel (EP-450) served as
hexagonal shrouds of fuel assemblies in the BN-350 fast reactor
were performed. It was established that at relatively low
temperatures of irradiation (~300°C) and integral dose of 40.3 dpa,
12Cr13Mo2BFR ferritic steel experienced mainly decom-
position of former cementite resulting in the formation of
chromium ferrite and carbon dissolved in it. The influence of
phase recrystallization on radiation swelling and specific density
of ferritic steel was discussed.

Huemumym sadeproii ¢pusuxu

HAIL PK, 2. Aamameor Hocmynuna 20.11.07e.



0. I0. IPHXOJIEKO

CIEKTP JIOKAJIN30BAHHBIX DJIEKTPOHHBIX COCTOSHUIA
B AMOPO®HbLI X MIEHKAX As,Se,, MOITUO®UIIUPOBAHHBIX Bi

IIpuBeaeHbI pe3ynbTaThl UCCIIEOBAHUS DTIEKTPUUCCKUX M ONTHUCCKUX CBOHCTB M HHEPIeTUUECKOTO CIIEKTpa JIOKaIN30BaH-
HBIX COCTOSHMH aMOP(MHEIX MITEHOK CENEHH 1A MBIMbAKA (As,Se,), MOAHIMPOBAHHBIX BUCMYTOM. KOHIIeHTpalus npuMecH BUC-
MYTa B IIEHKAX COCTAaBIANa 15 aT.%. YCTAaHOBNEHO, UTO TpEMeCh Bi co3/la€T B 3alpelmeHHol 30He MIeHOK As,Se, JOHOPHBIH
ypoBeHb ¢ TiyOouno# 3aneranus 0,1 »B. CriekTp NoKaTH30BaHHBIX COCTOSHHUHN, ONpeelCHHLIH U3 aHalN3a TOKOB OrpaHHYCHHBIX

MPOCTPAHCTBEHHBIM 3apsIOM, BKIIFOYACT JIBE TPYIIIIBI JIOBYITICK:
MOHOSHEpreTHYecKie ¢ KoHIeHTpanueit 4-108 em?, pacromno-
skeHHble Ha 0,56 5B oT kpas BaJeHTHOW 30HBI, U DKCIIOHEHIIH-
albHO paclipejieieHHble B MHTepBane sHepruit ot 0,11 1o 0,19
5B BBIIIE MOTOJIKA BaJICHTHON 30HBI.

Beenenmne. M3BeCTHO, UTO OTHUM U3 TICPCHCK-
TUBHBIX MCTOIOB YITPABJICHUS CBOMCTBAMH XaJIbKO-
TEHUIHBIX CTCKIOOOPA3HBIX MOJYITPOBOIHUKOB
(XCII) sBasieTcs UX JACTHPOBAHUE ITyTEM COBMECT-
HOT'O MOHHO-TITA3MCHHOTO BBICOKOYACTOTHOTO CO-
PaCHBLICHUS KUCXOAHOTO MOy IPOBOAHHUKOBOTO Ma-
Tepuana u npumec [ 1-3]. Tak, Hanpumep, B pado-
Tax [3-5] ObLIO YCTAHOBIICHO, YTO B aMOP(HBIX IICH-
Kax CCICHUAA MBIIMIbIKA ¢ TPUMECHIO BUCMYTa
(a-As,Se,<Bi>), moly4eHHBIX METOJOM BBICOKO-
YACTOTHOTO MOHHO-ILIA3MEHHOTO COPACIbIICHHUS
HaOII0AACTCS CYIIECTBCHHOE VBEIHMUCHHC POBOIH-
MOCTH U U3MCHCHHE THIIA MPOBOAUMOCTH C AbIPOU-
HOrO (p) HA 3ICKTPOHHBIH (n). BeiBoa 0 cMeHE THIA
MMPOBOAUMOCTH, KOTOPBIH MPOUCXOAU ITPH KOHIICH-
TpaLK BUCMYTA B IICHKAX, IPEBbIIaoNIei 4 at. %,
ObLI CACIaH HA OCHOBAHHUH U3MEPSHNH K03 dunu-
CHTA TCPMOC B LITHPOKOM TEMIICPATYPHOM HHTEP-
Basie (ot 100 10 450 K) [5]. Cmemmenue yposus Dep-

MH AEF OTHOCHUTEJIBHO CEPEANHBI 3alpEeIICHHON
30HBI B IIEHKaxX As Se <Bi> nae npu MakcHuMab-
HOW KOHLEHTpaluu npumecu Bi, pasHoii 9,8 at.%,
obu10 HesHauutenpHbIM ( ~0,1 3B) [3]. Ha ocHoBarMM
3tux (axTos B [2-5] ObL1 cACTaH BBIBOJ O COOCTBCH-
HOM XapakTepe MPOBOAUMOCTH N-TUIA B IUICHKAX
As, Se,<Bi>. B pabote [6] Obl1a npeanoxeHa MHUK-
POHEOTHOPOAHAS MOJCb JICTHPOBAHUS XaJIbKOTC-
HUIHBIX CTCKI000pPa3HBIX MOJIYIPOBOJIHUKOB
(XCII), ocHOBBI KOTOPOU OBbLITH 3a0KEHBL B [2].
C no3uiuu >ToM MOACIH U MPOBSACHHBIX PACUCTOB
OBLTH MPOAHATU3UPOBAHBI IKCIICPUMCHTAIbHbIC
pe3ynbtaTsl o Mogudunuposannto mcHok XCIL
B gacrHocTH, Ob1T0 TOKA3aHO [6], UTO, HECMOTPS Ha
PacTIONOKEHUE YPOBHS £, BOMM3M CEPEAMHBI 3arpe-
IICHHOM 30HBI B IUIEHKAX ASZSe3<Bi>, UX TIPOBOIH-
MOCTB ABIETCS puMecHOU. [IprumecHBIN ypOBEHD,
CO31aBaCMbIF aTOMAMH BHUCMYTa, PAcCloiarajics B
3TOM CITy4ae, TAKKE Kak H YPOBEHb L, B CEpeaUHE
sanperenHo 30ub1. OqHako, B padortax [7, 8] ObL10
YCTaHOBJIEHO, UTO B IIeHKaxX As,Se,<Bi>, nomyueHHbIX
HMOHHO-TUIA3MECHHBIM BBICOKOUACTOTHBIM COPACIIBIIC-
HHUEM, C KOHLIeHTparwmei Bi, mpesbimatormeii 10 ar. %,
HaOMIOIACTCS CYIIECTBCHHOE CMeIIeHHe ypoBHA Depmu
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OT CEPEMHBI 3AMMPENICHHOM 30Hb K 30HE TTPOBO/IM-
MOCTH, TO €CTh TIPOBOJIAMOCTb B 3THX IJICHKAX SBJIS-
eTcd mpuMecHoi n-trma. OIHaKo MOAPOOHBIE HCCITe-
JIOBAHWS 3JICKTPOHHBIX CBOMCTB M CIIEKTPA JIOKAJTH30-
BaHHBIX COCTOSIHUI B 3THX TJICHKAX HE TIPOBOTHITHCH .

Jlns wccnenoBaHms CIEKTPa JIOKATH30BaAHHBIX
COCTOSTHHIM B TBEPIBIX TEIaX MPUMEHSIOTCS Pa3HBIE
MeToabl. OMHUM W3 HUX SBJISAETCS METO.T TOKOB, OT-
PaHMUCHHBIX MPOCTPAHCTBEHHBIM 3apsaaoM (TOI13)
[9, 10]. s cozmanmsa pexuma TOII3 B mierkax
n-As,Se,<Bi> Heo6x0omMo obecreduTs ShdexTrB-
HYI0 WHXeKnuio asipok. Kak Opito mokazano B
[7, 8], apdexkTuBHYIO MHKEKIHIO ABIPOK B TUICHKH
n-As,Se,<Bi> MOKHO 00ECIIEUM TS, €CIIH B KAYECTBE
OJTHOTO W3 AJICKTPOJOB B COHJBHY CTPYKTYpPEC
p-Si/n-As,Se <Bi> ucnons3o0BaTh KpUCTaIIAYEC-
KW KPEMHUH ¢ p-THUIIOM MPOBOAMMOCTH. Takas
CTPYKTypa SBJIAETCA aHU3OTHITHON T€TEPOCTPYKTY-
poii (I'C) ¢ pe3kuM reTeponepexooM ¢ MaKCHMAaTh-
HBIM K03 durmentom BeimpsmiaeHus ~10% mpu
KOHITEHTPAITHHA aTOMOB BHCMYTa, paBHo# 15 ar.%.
WrkeKms 3JIEKTPOHOB U3 MIIEHOK N-As,Se,<Bi> B
KPEMHMUI B 3TOM CJIydae 3aTPyAHCHA U3-32 BHICOKO-
r0 TIOTEeHITaIbHOrO Oapbepa Ha rpanuie ['C [8].

B nannoii pabote aHanM3UPYIOTCA paHee MOIy-
YCHHBIC U IPUBOJISTCS HOBBIC PE3YJIbTATHI HCCIISIO-
BAHHUH 3JEKTPUUYECKUX U ONMTHYECKUX CBOWCTB U
CIIEKTPa JOKAIM3OBAHHBIX COCTOSHHUHA METOIOM
TOI13 B MoauHIIMPOBAHHBIX BHCMYTOM aMOP(HBIX
TJIEHKaX CENIEHN/IA MbIIIbAKA As, Se,, comepKalmx
15 ar.% Bi.

Metoanka 3xcnepruMeHTa

[Tnenkn TommuHoM d ot 0,2 mo 0,3 MKM mony-
YAJIUCh METOAOM MOHHO-TIA3MEHHOTO BBICOKOYAC-
TOTHOT'O COPACITBICHUS KOMOMHHUPOBAHHOM MHUIIIE-
HH U3 CTEKI000pasHOro As,Se, H METALTMIECKOrO
BHCMYTa B aTMoc(epe aprona npu gasnennu ~1 Ila
Ha gactore 13,56 MI'11. Meroauka momydeHus mie-
HOK ObIjIa aHAJIOTUYHOM HCNONb30BaHHOM B [2]. KoH-
eHTpalis npuMeckd Bi B MeHKaX OMPeaesiiach
TPU TIOMOIMA PEHTTEHOCTIEKTPATFHOTO MUKpPOAHA-
nu3a. [y cTabman3anuy SIEKTPUICCKUX W ONTH-
YECKUX CBONCTB CBEKEMPUTOTOBJICHHBIC TUICHKH
omkuranuce npu temneparype 440 K B TeueHue
30 MuH. AMOPGHOCTH CTPYKTYPHI TICHOK KOHTPO-
JTUPOBAJIACh METOZIAMH PEHTTEHOBCKOM U DJIEKTPOH-
HoW jupakiuu. Jnst uccrenoBanus 3JeKTpayec-
KUX M ONTHYECKUX CBOHCTB mneHku As,Se,<Bi>
0CaXTAJTACh, COOTBCTCTBEHHO, HA MO JIOMKKH TTOJTH-

MEPHOTO AMAJIEKTPHKA «KANITOH» C YACIBHBIM CO-
NpOTHBJICHHEM, TpeBbimaronmm 10° OMecwm, u mo-
JTIUPOBAHHBIC CTSKISIHHBIC TIOJTTOMKKH.

CriekTp JIOKaTM30BaHHBIX COCTOSHHM B TICHKAX
As,Se,<Bi> onpenenaics U3 aHaau3a npsAMod BETBH
BOJIbT-aMIIepHO# Xxapakrepuctuku (BAX) rerepo-
CTPYKTYyphI P-Si/n-As, Se <15 ar.% Bi>. B kauectse
WH)KEKTHPYIOLIETO ABIPKH AJIEKTPOAa MCIONb30Ba-
71ach MOIOXKKA U3 MOHOKPHUCTAJUIMYECKOrO KpPeM-
HUS P-THIIA C YASTBHBIM corrpoTuBiaeHueM 10 Om-cm,
MPEABAPUTETHHO OTIIOJIMPOBAHHAS M OUHTIICHHAS OT
cnost okuena Si0,, DNeKTposaMK Kak K IJIEHKaM
As,Se,<Bi>, Tak 1 k I'C cnysxnnmm Tonkwme cion Al,
OCAKACHHBIC TCPMUYCCKUM HUCITAPCHUEM B BAKYYMEC.

PesynbTaTtsl 3kcniepuMeHTa
| UX 00CYy:KIeHIe

HccrnepoBanus 3eKTPUYECKAX U ONTUYECKUX
cBoiicte amopubx mieHok As Se, <15 ar.% Bi>
MOKa3aJIH, YTO BEIMUYMHA MPOBOAMMOCTU G TPH
T=300 K, m3MepenHas Ha TOCTOSHHOM TOKE, COCTaB-
qsier 0,1 Omlecm!. 3aBUCHMOCTE G TUIEHOK OT TEM-
niepatypsl B obmactu ot 300 1o 440 K xapakrepusy-
€TCsl SKCTIOHEHITHATLHBIM 3aKOHOM & = C-exp(-Fo/kT)
¢ ontHOM 3Heprueit akTuBaruu £c, pasHoi 0,1 3B.
OnTHueckas MMPHUHA 3aMPEICHHON 30HBI L, pac-
CUMTAHHAS W3 CIICKTPAIHHBIX XapPaKTCPUCTHK MPO-
MYCKaHM: C UCTIONb30BAaHMUEM COOTHOLIEeHH: Tayna
ohv ~ (hv — £ )* nipu 3HaueHUAX KOIDPUIIMEHTOB
normowenus o > 103 — 104 em!, cocrasser 0,9 5B.

Kak Ow110 ycTanosieno B [7, 8] BonpT-ammep-
Has xapakrepucrtuka I'C p-Si/n-As,Se, <15 at.% Bi>
ABJISICTCS CYIIECTBEHHO HenuHelHoi. Ha puc. 1 mo-
Ka3aHa NpsAMasi BETBh BOJIbT-aMIICPHON XapaKTepH-

-3

Lg(L.A)

-9 L 1
0 Lg(U,B)

Puc. 1. Ipsvas seter BAX I'C p-Si/n-As Se. <15 ar.% Bi>
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