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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.
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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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cruku I'C p-Si/n-As,Se. <15 ar.% Bi> npu 7=295 K
B JIBOWHOM JIorapu(pMuueckoM MacinTrade.

MOHO BHJIETh, UTO MPH YBETUUEHUH HANPsIiKe-
HUSI Ha JIBA C TIOIOBUHOM MOPSIKA BENUYUHBI HA0MIO-
JlaeTcs cylecTBeHHoe, B 10° pa3, yBeauyeHue ToKa.
Kpome toro, BAX umeeT ClOsKHBIA BUI U MOKET
OBITh OMHMCAHA CTENIEHHBIM 3aKOHOM [ ~ U™ C YeTKO
BBIPAKEHHBIMH YETHIPbMSI YYACTKAMM C Pa3HbIMU
HOKa3aTe/IsAMK CreneHu m. IlepBbiii yuacTok ¢ m, =
= 2,0 Habmoaaercs npu HanpsokeHusx U < 0,14 B;
BTOPO# yuacTok ¢ m, = 4,4 peanusyercs Ipy Hanpsi-
aenusx 0,14 <U < 0,40 B; tperuii ¢ m, = 3,0 - npu
0,40 < U < 0,80 B u uerseptoii ¢ m, = 2,0 - npn
U > 0,80 B. Takas 3aBUCMMOCTh TOKa OT Hamps-
KEHHUS MOKET ObITh 00YCIIOBJIEHA OrpaHUYEeHHEM
WHKEKIIMOHHOTO TOKA JIBIPOK U3 KPEMHUsSI IPOCTpaH-
CTBEHHBIM 3apsi/IOM, BO3HUKAIOIMIMM B IJICHKE
n-As_Se <Bi>. Tak kak JAbIPKY ABJIAIOTCS HEOCHOB-
HBIMU HOCUTENISMH 3apsiia B IIEHKax n-As Se . <Bi>,
TO BIOJTHE PA3yMHO MPEAIOI0KHUTE CYIIECTBOBAHHE
TOII3. Ilpoeenem ananu3 npsimoii Betsu BAX na
ocHoge Teopun TOII3 w1 TOKOB MOHOIOJSIPOHOIA
umkekuuu [9, 10].

Kak Buano u3 puc. 1, nepssiii yuactok BAX ¢
nokasarejnem creneHu m, = 2,0 (Tak Ha3bIBaCMBblii
KBaJpatvuHbIiii yuactok) Hadmoaaerces pu U<0,14 B
¥ CMCHSETCSl BTOPBIM Y4aCTKOM C m, = 4,4, Ha KOTO-
POM IPOUCXOUT OBICTPOE HAPACTAHUE TOKA U KOTO-
pbIii, B IEPBOM NPUOIKEHHUH, MOYKHO CUUTATH «I10-
YT BEPTUKANBHBIMY». JTO 03HauaeT, uto BAX Ha
MEPBOM YHACTKE MOKET OBITh 00YCIIOBIIEHA KaK MO-
HOYHEPreTUUECKUMH JIOBYIIKAMHM, TaK U «O€3J0BY-
MEYHBIMY» MEXAHU3MOM MPOXOXKAEHHUS Toka [9, 10].
B npucytcteun noymiek BAX onuckiBaeTcsl ypas-
HeHueM [9, 10]

J=9/8 [0/0+ Ve U/, . (1)

rie J — MIOTHOCTh TOKa, U — MpUIIOsKEHHOE HaMpsi-
JKCHHE, p, — MONBIKHOCTD JBIPOK; & — AUANICKTPH-
4ecKasl MPOHULIAEMOCTD; d, . s dexTuBHas TO-
wuHa nnenky; 6/(0 + 1) = p/(p + p) — bynkuus,
NOKa3bIBAIOLLAsl OTHOLIEHUE KOHUEHTPALIMKU CBOOO -
HBIX HOCUTEJICH p K MX MOJHON KOHLEHTpALKu (p +p,),
T.€. CBOOOJHBIX 1 3aXBAaYEHHBIX p,. B CBOIO Ouepe b,
0 IKCNIOHEHLIMAJIbHO 3aBUCUT OT Temneparypsi [9]

0= (N/gN) exp[(E~E)/KT] . 2
rae N - o5pdexkTnBHas MIOTHOCTE COCTOSAHUI B Ba-
JIEHTHO 30He, g — GaKTOp BBIPOIKICHHS JIOBYIIIEY-

HBIX COCTOSIHUM, N, — KOHIIEHTPALIKsl JIOBYIIIEK, £ —
DHEPIEeTHYECKOE TI0JI0XKEHHE YPOBHA JIOBYIIEK, £ —

OHEPrus, COOTBETCTBYIOLIAS MMOTOJKY BaJICHTHOM
30HBI, k— mocTtosHHas bonbimana, 7' — abcomoTHas
TeMreparypa.

Ilpu 0 = p/p, << 1 otnomenue /(0 + 1)~ 6, n
TeMIepaTypHas 3aBUCHMOCTh TOKa Ha MEPBOM
yuacTke BAX nomkHa onpenenstbes TeMneparyp-
HOl 3aBUCHMOCTBIO 0. B 3TOM cilyyae U3 TaHreHca
yria HakjioHa 3asucumocti lg J ot 1/7 moxHO on-
PEIAENIUTL SHEPIETUUECKOE MOJIOKEHHE JIOBYLIEK F,
B 3alpeleHHON 30He aMop(QHbIX MJIEHOK
n-As,Se.<15 ar.% Bi>.

Ecnm noyuku oteytetByior (p, = 0), o 9/(0+1) =1,
1 BAX onmuchIBaeTCA «O€3TOBYINEIHBIMY KBAAPATHY-
HBIM 3aKoHOM MotTa-I'enpu [9]. TemnepaTypHas
3aBUCUMOCTh TOKa B 3TOM Cydae Onpeaensercs
TEMIEPATYPHBIMU U3MEHEHUSIMU € U i, KOTOPHIE HE
SIBJISIFOTCSL CTOJIb CYIIECTBEHHBIMH.

Ha puc. 2 (kpusbie 1 u 2) noka3aHsl TeMIIepa-
TYpHBIE 3aBUCUMOCTH TOKa Ha nepBoM yuactke BAX

S
o i I
-5 _\
<
Rl
e
7
2
1
8
1 1 1 1 1 1 1 1 1
26 2.8 30 32 1071.51{-1

Puc. 2. TemneparypHbIe 3aBUCHMOCTH TOKa
npu pasHbeix cMmemenuax U Ha I'C:
1-0,07B;2-0,13B;3-04B;4-08B;5-20B

npu cmemenuu U nal'C, pasnom 0,07 u 0,13 B, co-
OTBETCTBEHHO. MO)KHO BUAETH, YTO TOK CYIIECTBEH-
HO YBETUYMBACTCSA C TEMIIEPATypol MO SKCIOHEH-
LHATLHOMY 3aKOHY, & pacCUMTaHHas BEIWYUHA E,
coctasiaer 0,56 »B.

[Tony4yeHHbIEC pe3yabTaThl CBUIAECTEILCTBYIOT O
HaJIMYUH B 3aMpelieHHON 30He aMOp (PHBIX IIJICHOK N-
As Se <15 ar.% Bi> MOHODHEPreTUUYECKHX JIOBY-
IEK JUIs IBIPOK, pacnonokeHHbIX Ha 0,56 3B Bbllie
MOTOJIKA BAJICHTHOM 30HBI £, T.C. 3HAYMTE/IbHO HIDKE
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paBHOBeCHOTO ypoBHA Depmu F, . Tocne samonne-
HHS OTHX JIOBYIICK HAOIIOAACTCS CYIICCTBCHHOS
yBeMUYICHUE TOKA. KOHLICHTPALIMIO TAKUX JIOBYIICK
N, MOJKHO OLIEHHTb U3 COOTHOWEHUs [9] (B mpakTu-
YECKHX €IMHHULAX) B MPEANOIOKEHUM, uTo d , ~ d

b
N=1,1110%U_ /dPew? 3)

rae N, — KOHIIEHTPAIHS JTOBYIICK, & — OTHOCHTETb-
HAS CTATHYCCKAS TUAICKTPHUCCKAS TIPOHHITACMOCTD,
U — HaupsuKeHHE, IPH KOTOPOM IPOMCXOAUT Hpe-
JETbHOC 3aMOMHEHUE JIOBYIICK, d — TOJIIHMHA TIICH-
kH (B canTumeTpax). Ouenka Benuuunbl N, s nie-
HOK n-As Se <15 ar.%Bi>npue=10, U =0,14B
u d=0,2 MKM gaet 3HaucHHE ~ 4-10' e,

Tperuii yuacrok BAX ¢ m, = 3 npeanonaraer
SKCIIOHCHIHMAIBHOES PACIIPEACICHUC TIOBYIICK B OII-
PEIACICHHOM DHECPTETHYCCKOM HHTEPBANC B 3aTpe-
IIEHHOM 30H€ MIeHOK n-As Se <15 ar.% Bi>. Taxoe
paCTIPEACICHUE JTOBYINCK MOXET OBITH OMHCAHO
COOTHOWICHUEM [9]

N(E) = N exp[(E, — E)/A] , (€))

rae N(E) — IIOTHOCTD TOBYIICK HA CAUHUYHBIN HH-
TePBAJ SHSPTUH, A — XaPAKTCPUCTUUCCKHUIA MAPaMETP
pacnpeaenenus nopymek, N = N/A. B stom cyqae
Tperuii yuactok BAX 10/KeH OMUCHIBATHCS BBIPA-
sxerueM [9, 10]

J~Neue/Ne) (UM /a), (%)

rae e — 3apaj dnekTpona, [ = (m, — 1) = A/kT [9].
PaccunranHOe 3HAUCHHUE TApPAMETPa PaCcIpPeaCACHHUS
aosyiek A mpu 7'= 295 K cocrasusier 0,05 3B.

DHEPTETHUCCKOE MOJOKCHHE JIOBYIICK, PACTIPS-
JCIICHHBIX B 3AMPEIICHHON 30HE MJICHOK IO 3KCIIO-
HCHI[HATBHOMY 3aKOHY, MOXET ObITh OMPEICIICHO U3
TeMIepatypHoli 3aBucumMoctH Toka 1gl ~ A1/7) no
TAHTCHCY YIJ1a HAK/IOHA MTPU HAMPSKCHUSAX, COOTBET-
cTByIOLIUX TouKaM usruda BAX, orpaHuuuBaromx
tperuit yaactok [9, 10], re. mpu U=0,4 u 0,8 B,
OOTBETCTBCHHO. JTH 3aBUCHMOCTU MPHUBCACHBI HA
puc. 2 (xpuseie 3 u 4). M3 pucyHka crexyer, 410
sasucumoct lg/ ~ A1/T) noguuHSIOTCS SKCIOHCH-
LUATBHOMY 3aKOHY C SHCPTUSIMH aKTUBALIUH, COOT-
BeTcTBEHHO, 0,19 11 0,11 3B. TomyucHHBIC 3HAYUCHUS
OMPEACISIOT SHEPTECTHUCCKUI HHTEPBANT SKCIIOHCH-
UUAIBHOTO PACIPEACIICHUS JIOBYIICK B 3AIMPCLICH-
HOH 30HE MIEHOK n-As,Se.<15 ar.% Bi> ornocu-
TENBHO Kpas k.

BAX Ha 4eTBEpPTOM y4aCTKE, TAKKES KaK M Ha
[ICPBOM, IOTUUHSICTCS KBAAPATHIHOMY 3aKOHY (PHC.
1). Oanako, uz 3aBucumoctu lg/ ot 1/7 Ha 3tom yua-

CTKE, IPUBCACHHON Ha puc. 2 (kpuBas 5) mpH Ha-
npspxeHun ememenns U = 2.0 B, caexyer, 910 TOK
HE3HAYUTETIBHO 3aBHCUT OT TEMIICPATYPHI MO 3aKO0-
HY, OIH3KOMY K 3KCIIOHCHIIMAITBHOMY, C SHEPTrUCH
AKTHBALIUH B HU3KOTEMITEPATYPHOH 0ONACTH, paBHOU
~0,04 3B. IlockombKy 3aBHCHMOCTH € U M, OT TEMIIE-
patypel [UI U3YIACMBIX IUICHOK HE HCCIICAOBAHBI,
TO HE MPEACTABIACTCS BO3MOKHBIM JaTh OJHO3HAY -
HOC 3aKTIOUYCHHC O MEXAaHU3ME MTPOXOKACHHS TOKA.

Ecnu npeanonoxurs, 9To TOK Ha y4acTKe /1,
BAX orpanuuuBactcs TOBYIIKAMH, PACIIONOKCHHbI-
mu Ha 0,04 5B BhIIIC TOTOMKA BAICHTHOU 30HBI, TO
OICHKA MX KOHTICHTPAITHH JACT 3HaucHHE ~3¢ 1017 ev,
YTO MCHBIIEC 0’KUAACMOI BEIMYHHBI AT TNIOTHOCTH
JIOKAJN30BAHHBIX COCTOSHUH B OONACTH «XBOCTa»
BaJicHTHOH 30HHI [6, 11]. B npeanonoskenuu «6e3-
JOBYIICYHOr'0» MEXaHU3Ma MPOXOKACHHUS TOKA
(0 = 1), uz pucyHka | u 3akona Motta-I'eHpu
J=9/ 8(8,upU2/d3) MO3KHO OLICHUTH APCH(OBYIO MO -
BIDKHOCTB ABIPOK NPH MOIHOM 3aIlOJHCHUH JIOBY-
mek. [lpu U=1B, I=7,6'10" A, ¢ = 10¢_ (¢, -
TR JICKTPHYCCKAs TPOHULIAEMOCTb Bakyyma), d = 0,2
MEM B S = 1 Mm?, }4, COCTABIISCT ~10* em?(B-c).
Takast BenuunHa Apei(OBON MOABUNKHOCTH IS
«0E3MOBYLICYHOr0» MEXaHU3Ma NIEPEHOCA ABIPOK B
nneHkax n-As,Se.<15 ar.% Bi> aBnsercs Becbma
MAaJIOH.

AHaATU3UPYS PE3yAbTAThl APYTUX UCCIACAOBAHUN
XCITnmeromom TOIT3 [6, 11] MOKHO 3aKIFOUIHUTE, YTO
B CIICKTPE JOKATH30BAHHBIX COCTOSHHH MICHOK
n-As Se <Bi> B uaTepBane sHepruii BOMM3M Kpas
BaJICHTHOU 30HHBI IPHUCYTCTBYIOT JOBYIIKH, KOTOPBIC
OrPaHUYIMBAIOT MOABHKHOCTH JBIPOK, HO HE BIIHS-
ot Ha TOI3.

BaxHO OTMETHTB, YTO €CH MPOBECTH JKCTPa-
HOJIALUIO KBAAPaTUIHOro yuactka 7, Ha BAX B 00-
Jacth Maneix cMemeHuit U (puc. 1), To oH G6vaer
PACIONIOKEH 3HAYUTEIBHO BHILIC KBAAPATUIHOTO
y4acTka 71, . ITOT (hakT TaKKe SABIAETCA JOKA3ATENb-
CTBOM CVIIECTBCHHOTO OTPAHUYCHHS JTOBYIIKAMHU
MPOXOXKACHH TOKa Ha mepBoM yuacTke BAX.

[TonyueHHbIE pe3yabTATHI MO3BOJAIOT IIOCTPOUTD
30HHYIO AMarpaMmy /s mieHok n-As,Se . <Bi>, ko-
TOpas NpUBEJCHA Ha pUC. 3.

OTHOCHUTENBPHO MPHUPOAB! TOKATH3I0OBAHHBIX CO-
CTOSIHU, BeIsBICHHBIX Ipu momoru TOI13, MmoxxHO
MPEATIONOKUTh, YTO MOHOIHEPTCTHICCKHE JIOBYIIKH
¢ rimy6uHoi 3aneranus 0,56 3B mMoryT ObITh 00y CIOB-
JICHBI KaK COOCTBCHHBIMH 3apsDKEHHBIMH aedekra-
MH cTpyKTyphl THHA D [6, 11], Tak u anexrpudeckn
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E,=0,90sB

0,563B

E,

Puc. 3. 3onnasn auarpamma meHok n-As Se,<15 ar.% Bi>

HEAKTUBHOW 4acThIO MPHMECHBIX aTOMOB Bi, co-
3MAIOIIUX TBEPABIN pacTBOP ¢ aToMamMH As U Se.
OKCIOHEHLHAIIPHO PacTpEAeTIeHHbIE JTOBYIIKH B
sHeprerrueckoM uHTEpBaie 0,11 — 0,19 3B ot kpas
BaJICHTHOU 30HBI, TIO-BUAUMOMY, SIBIITFOTCS YACTHEO
«XBOCTa» JIOKAJTU30BAHHBIX COCTOAHHUH BaJCHTHOH
30HHI [6, 11], B popMuUpOoBaHUH KOTOPOTO, IIOMHMO
HETO/ICNICHHBIX Map 3JIEKTPOHOB ATOMOB Se, MPHHH-
MAFOT yYaCTHE M 3JICKTPUYECKH HEAKTHBHBIE aTOMBI Bi.

Takum 00pa3oM, B pe3ybTaTe MPOBEIECHHBIX
HCCTIETOBAHUH OBLTO yCTAHOBIICHO, YTO B PE3YIbTa-
Te 3 (PEeKTHBHON HHKEKIMH IBIPOK B aMOpQHbIE
meHkd n-As Se <Bi> n Mx nocnemyromero 3axsara
HA JIOBYIIKH CO3JAI0TCs YCIIOBUA JJI1 BO3HUKHOBE-
HUS B IUIEHKaX TOKOB, OIPAHHUYEHHBIX MPOCTPAH-
ctBeHHBIM 3apsaoM. Aramus TOIL3 mo3BosseT BoI-
SBHUTh OCOOEHHOCTH CIIEKTPa JIOKAJTH30BAHHBIX CO-
cTosHuH nmieHok As,Se., MOTM(pHIMPOBAHHBIX BHC-
MYTOM B OOJTBIIMX KOHIIEHTPAIUIX.

Aemop svipasicaem onaeooaprnocme C.A. JDica-
Keogy 30 NOMOULb 8 NPOGeOCHUY SKCREPUMEHINOG.
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Pe3zrome

BucmyTtnien MoauMKaupsITaHFAH MBILIBSIK CEJICHU IBIHBIH
(As,Se,) 60CKBIT KaOBIPIIAKTAPBIHAIH 3CKTPITIK 3OHE ONTUKA-
JIBIK KaCHETTEPIHIH JKOHE JIOKAIJAHFAaH KYWIEPIHIH CIIEKTPIHIH
3CPTTCYNCPIHIH HOTKEICP] KSATIPUITeH. BUCMYT KOCTTaChIHBIH
KaOBIpIIakTapeIHAarsl KOHUCHTpawsIcel 15 at.% 6onran. Buc-
MYTTBIH KOCTIaCHI AS Se, KaObIPIIaKTap /IbIH TEIHBIM CATTbIHFaH
sonana teperairi 0,1 9B moHOpIBIK AeHrelial )kacalTIHBI TA0BI-
nrad. KeHICTIK 3apsaneH MIEeKTeIreH TOKTapAbIH TaJIKbLIAY {aH
AHBIKTAIFAH JIOKAIIaHFaH KYMIEPIHIH CIIEKTPl €Kl TOI ayiay-
JapBIHAH TYPaabl: KOHIEHTpawscel 4-10'° cm™ MOHOSHEpreTH-
KaJBIK, 0J1ap ThIMBIM CabIHFaH 30HaHbIH meTiHeH 0,56 5B opHa-
JIACKaH, J)KOHE BAICHTTIK 30HAHBIH TOOECIHEH JKOFaphl YHEPr s
unrepeanst 0,11-1eu 0,19 3B aetiin sxcrioHeHIMAT BT Ta-
PAaThLIFaH.

Summary

The results of electrical and optical properties as well as
an energy spectrum of localized states study in amorphous
arsenic selenide films modified by Bi have been presented. Bi
content in the films was 15 at.%. It was found that Bi impurity
create a donor level with depth 0.1 ¢V in the band gap of As Se,
films. Analysis of space charge limited currents in the films
shows that there are two groups of the traps in localized states
spectrum of the films. These are monoenergetic traps having
concentration 4-10% cm and located at 0.56 eV from edge of
valence band and the traps distributed by exponential law from
0.11 to 0.19 eV near the top of valence band.

KasHY um. ans-@apabu,

2. Anmamol Hocmynuna 25.12.07e.
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PaduauuoHHasi gbusuka u ¢pusuka meep0o2o mersa

YK 535.37:535.34:539.19

JM KUM, T. A. KYKETAEB, 2. K MYCEHOBA

BJIMAHUE ITOJIMMOP®HBIX ®A30BbLIX IIEPEXO/10B
B MOHOKPUCTAJUIAX LiKSO,
HA PEKOMBUHAIMOHHYIO JIIOMUHECHEHIIUIO

PacemoTpeHbI pe3ynbTaThl HecleoBaHN M BIMSHIS MTOTAMOPHBIX (ha30BLIX NEPEX0/0B Ha peKOMONHAIIMOHHYIO TIOMUHECIISHITAIO B
kpuctamnax LiKSO,. YcTanosneno, 4To nepecTpoiika KPHCTAUIMYECKOH PEINETKA OKA3bIBAET BIMAHHE HA PEKOMOMHAIMOHHYIO
JIOMHUHECISHITHIO TTOCPeICTBOM HU3MEHEHNS SHEPTUH €¢ TepMHUUecKoil akTuBaimy. 1lokasaHo, uto nomuMopdHbIi ¢azoBsit mepe-
XOJ1 MOJKeT OBITh UCTIONb30BaH IS OTYICHH S IOTIOTHUTENbHOW HHpOPMALUK O IPOTEKAHUH B KpUCTAIAX paJUallHOHHO-CTUMY-
JIMPOBAaHHBIX IIPOIECCOB B paMKaX TpaJUIMOHHBIX METONOB HCCIIEJOBAHIH.

Kpucranner LiKSO, otHocaTcs rpymme Kpuc-
TaJJIOB C HOHHO-KOBAJICHTHBIM XapaKTePOM XHMH-
qeckoit ¢Ba3u. KoBancHTHAs CBA3R peaiu3ycrcs B
TeTpasapuyeckom annone. Ocobennoctrio LIKSO,
ABJIICTCA HAINYUC B TEMIICPATYPHOM AHANA30HE
80-300K mByx momumogHBIX (Pa30BEIX Mmepexona:
mpu 180K 1 250K B pexxnve Harpesanns [1]. B na-
CTOSIIICE BPEMsI HET OOLICTPUHATON Moaeu (haszo-
BbIX nepexonos B kpucramie LiKSO,. Cuuraercs,
YTO OHHM CBS3aHBI THOO C MIEPECKOKOM HOHOB JIUTHUS
MO0 HESKBHBAICHTHEIM Y371aM, THOO C MOBOPOTAMH
TETPa3 APHICCKUX aHUOHOB HA OMPEACICHHBIN Yol
[1]. HarHOC COCAMHCHUEC OTHOCUTCS K ITUPOKO30H-
HBIM JU3ICKTpUUccKUM MaTepuanaM. OQueHka mu-
PHHBI 3apeImeHHON 30Hb cocTaBiaeT §8-9 3B [2].

IIpm mepectpoiike KPUCTATIMYECKOH PEIIETKH
HaOMIOAArOTCS N3MCHCHUS ONITUYCCKUX, JTIOMHHEC-
LICHTHBIX, SMCKTPOPHU3NICCKUX CBOHCTB KPUCTAIIOB.
Hampumep, B aMMOHHITHO-TaTOMTHBIX KPUCTAILTAX
H3YYCHO BIHUSHUE TOMUMOPQHBIX (a3oBEIX mEpexo-
JIOB Ha CBOICTBA MPUMECHBIX IIEHTPOB CBEUCHHH [3].
Hamepenns quanekTpuieckoil MPOHULIAEMOCTH SB-
JISIFOTCSL OMHUM M3 CTAHAAPTHEIX METOJOB H3VUCHHUS
noauMOp(GHEIX (Pa30BBIX MEPEXOAOB.

B nanHO#1 cTaThe paccMOTPEHBI HEKOTOPBIC ac-
MCKTHI BIUSHUS CTPYKTYPHBIX (a30BEIX HEPEXOAOB
Ha PCKOMOHHAIIMOHHYIO TIOMHHECLICHLIIO B KPHC-
tamnax LiIKSO,.

Bri6op 06bekToB HceaeoBanus 00VCIOBICH He
TOJBKO HATHYHEM B YAOOHOM TEMITCPATYPHOM AHA-
Ma3oHe ABYX NMOTMMOPGHBIX ($a30BEIX MEPEXOAOB,
MPOCTOTON MONYICHUS MOHOKPHCTANIOB, HO M M-
romuMucs ananoruamu mexay LiIKSO,u K SO,.
[Nocneauumii ¢ TOUKK 3pCHUS NPOTCKAHUS paIHAaLU-
OHHO-CTUMYJIMPOBAHHBIX MPOLICCCOB SIBJISCTCS HAU-
boJice H3YUCHHBIM.

Monokpucramisl LiIKSO . OBLITN BBIPAIICHBI U3
HAaCHIIIEHHOT0 PaBHOMOJIBHOTO BOJHOTO pacTBopa
cyaedara kanusa ¥ autug np remneparype 40°C,
T.€. 1O B35TOM 13 paboTsl [4] meToauke. PertreHo-
(ha30BBII aHATN3 IOKA3AJI, YTO MONYICHHbBIC KPUC-
TaNXNbl MPEACTABISIOT coboM oxHOda3HOEe Coequ-
HEHHE.

NayueHue pekoMOWHAITMOHHOW TIOMHHECLICH-
uuu B MoHokpuctaatax LiKSO , TPOBOJMIIOCE B
temneparypaoM uatepsane 80-350K, B qnanasone
anve BoaH 200-800 aM. B xadecTBe mMCcTOUYHMKA
MOHHU3HPYIOIEH pagualiyl UCTIOIb30BAJICS PEHT-
reHoBckui ammapat YPC-55a. Jlossr obnyucHus
ONIPEICIITUCh ¢ MOMOIIBI0 XUMHUECKOTO (eppo-
cynbdarroro nozumetpa dpuxe [3].

[NonyueHHBIC MOHOKPHCTALTBI OBLITH MPO3PAYHBL
BO BceM ontuueckoM auanaszone. [locie obnyueHus
PCHTICHOBCKUMH KBAaHTAMH NPH TEMICPATYPE KUA-
KOTO a30Ta OHHU He okpamnBatTcsa. OTCyTCTBHE pa-
JUAITMOHHO-HABEACHHBIX T0JIOC OTITHYECKOTO ITOTJIO-
LICHHUS B 00IACTH MPO3PAYHOCTH KPUCTAIIOB CYIIE-
CTBEHHO OTPAaHHIHUBAIOT BOZMOKHOCTH IIPUMEHEHHU
ONTHYECKUX METOJOB HUCCIIEIOBAHAA.

JU1s 9UCTBIX MOHOKPHCTAIUIOB JTUTHUH-KaIUH
cynbdara HamMu OBLITH H3MEPEHBI KPUBBIC TEPMOCTH-
myauposannoii mromuHecueHmu (TCJI). Ha puc. 1
npuseaeHa kpusas TCJI ana xpuctanna LiKSO,.
ITonytena nocTaTovHO CI0KHAS KAPTHUHA, HMEIOINAS
MAaKCHUMYMBbI PECKOMOWHAILIMIOHHOT'O CBCUCHHS TPH
125K, 150K, 205K, 260K. Kpome Toro, B obaactu
170K-180K nabarogacTess BO3PACTAHUS JIFOMHHEC-
LEHIINH, COMPOBOXKIAIOIIEEC] CTOXACTHUIECCKUMH
BbIOpocaMu MHTECHCUBHOCTH. [locnennuii muk cBe-
YESHUS ABISETCA CIOXKHBIM, IIOCKOIBKY Ha BBICOKO-
TEMITEPATYPHOM KPBIIE UMEETCS (IIEI0», KOTOPOES
CBUICTENIbCTBYET O HATM4HE euie oauoro muka TCJI
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Puc. 1. Kpupag TCJI LiKSO,. [lo3a obmyuenuns 150 x['p.

C MEHBIIEH CBETOCYMMOM U CHJIBHO NEPEKPHIBAIO-
merocs ¢ moMuHecreHnuer mpu 260K.

Bua xpusoii TCJI va puc. 1 BeIBIACT psag aHO-
Manui B TeMneparypHbix odnactax 180K u 250K.
[Tpu 180K MHTEHCHBHOCTH PEKOMOWHALIMOHHOMN
JTIOMHHECLEHITNN PE3KO MAJaeT A0 HYIA, C APYToH
ctopounsl nipu 250K HabmogaeTcs aHOMaIIBHO pe3-
KOC BO3PACTAHHC HHTCHCUBHOCTH PEKOMONHAITHOH-
HOTO CBEUCHM:A. TeMIepaTypHOE IMOI0KEHUE 3THX
aHOMAJIMKA XOPOIIO COBMAJAIOT € TEMIEpaTypaMHu
nonuMOp(HBIX (Pa30BBIX MEPEXOAOB B KPHUCTALIAX
LiKSO,. ITosToMy BHOTHE €CTECTBEHHO CBA3ATh
HAOTFOIACMBIC SBJICHHUS C MEPECTPOHKON KpUCTa-
JAWYECKOU PELICTKH.

Y cTaHOBJIEHO, ITO M30TEPMHUECKHII OTKHUT IPH
175K xpuctannos, oOIyUCHHBIX PECHTTCHOBCKHMHU
KBaHTaMH IIPH TEMIIEPATYPE KUAKOTO a30Ta, MIPH-
BOJUT K HCUC3HOBECHUIO €1a00r0 CBEUCHHUS B 00I1ac-
tn 205K. CBetocymma muka PeKOMOWHAIMOHHON
JTIOMUHCCIICHIMH ¢ MakcumymoM Tipu 205K cymect-
BEHHO 3aBHCHT OT CKOPOCTH HarpeBaHus IPH H3Me-
pennsx kpuebix TCJI. D10 nokas3pIBacT, YTO TFOMHU-
uectennus B oogactu 170-180K u 205K o0ycios-
JICHa OJJMHAKOBBIMH PEKOMOWHAIIMOHHBIMH MPOLIEC-
camu. Mx TemnepaTtypHoe pa3aencHue MOYKHO 00bsIC-
HUTH TEM, UTO B pe3ynbrare nomuMopdHoro daszo-
Boro nepexona npu 180K yeenmunBsaeTcs sHEprus
AKTHBALH PEKOMOUHAMOHHBIX riporieccos. [ Tonobroe
SBJICHUC HAOMIOJAIOCE PAHEE B KPUCTAILIAX TaJIOH-
JIOB AMMOHHS, AKTHBUPOBAHHBIX HOHAMH TAJUTUA [6].

Croxactuueckue Boidpocsl B oomactu 170-180K
MOBTOPSIOTCS OT IKCHEPUMEHTA K 3KCICPHUMEHTY.

JKCIECPUMEHTATBHO VCTAHOBICHO, YTO HUX YHUCIO,
HHTCHCHUBHOCTH, TEMIICPATYPHOE MOJIOKECHHUE OT-
JETBHOTO BRIOpOca MEHAIOTCA caydaiiHo. Hensmen-
HBIMH OCTAIOTCS TEMIICPATYPHBIHM JHAMA30H HX Ha-
OITIOACHUS U TIOJIOKEHUE mocienHero. OTMEeTHM, YTO
B HEOOIYYCHHOM KPHCTAIIJIC 3TOTO SIBICHHUS HET.
CraenoBarenbHO, OHO UMEET PEKOMOMHAILIMOHHBIH
xapaxrep. BenmbImky pekoMOHHAITOHHON TIOMHHEC-
ueHnuy B odnactu temmeparyp 170-180K B xpuc-
taanax LiKSO, n ux croxactudeckui Xapaxrep
OOBACHAIOTCS, €CTH MPEANOIOKUTD, YTO CTPYKTYP-
HOMY (dazoBomy mepexoay npH 180K npeamecrByer
oOpa3zoBanue “3apoabiiicii” HOBOH (asbl. Da3oBbIit
nepexon npu 180K sBasercs da3oBbIM mepexoaom
MEPBOTO POAA U CONPOBOKAACTCS BBIICICHAEM TEII-
na [1, 7]. Toraa CTaHOBUTCS MMOHATHBIMH JKCIICPHU-
MEHTATbHO YCTAHOBJICHHBIC 3aKOHOMEPHOCTH: TEM-
MEPaTYPHBIA HHTECPBAT UX HAOMIOACHUS, CIyIaliHOe
TEMIIEPATYPHOE MOMOKEHUS KAXKAOH OTACIBHOMU
BCITBIIIKH U CITYYAHHBIC H3MCHEHHS WX WHTCHCHB-
HOCTH CBEUCHUS, HEU3MECHHOCTh TEMICPATYPHOTO
MOIOXKCHUs nocaeaHei Benbinku. OOpasoBaHue
“zapoapimeili’” HOBOW (ha3bl HOCHT CIYYAHHBIN Xa-
paKkTep M CONMPOBOXKIAACTCS BBIACICHUCM TEILIA.
Beigensromasics TeriaoBas SHEpTUs IPUBOJMT K aK-
THBALUH PEKOMOHMHALMOHHON JTFOMHHECIICHITHH.
AHanu3 TUTEPATYPHBIX JaHHBIX MOKA3aJl, YTO CBE-
JeHul 06 obpazoBaHuH “3apodplcii” HOBOH (asbl
B xpuctanne LiIKSO, B mannom TemmeparypHoM
nuanasoHe Het. Ckopee BCero, 3TO CBS3AHO C TEM,
410 (ha30BBIC IIEPEXOABI B CIOKHBIX CyIb(aTax nccre-
JIVIOTCSl B OCHOBHOM IO HHTCTPATbHBIM ONTHUYCCKHM,




Paouayuonnas dhusuxa u pusuxa mgepoozo mena

MEXaHHYCCKHM U TCILUIOBBIM XapaKTCPUCTHKAM KpH-
cTaioB, daekTpodusndeckumu meroxami [ 1]. [pu
TAKOM METOAUICCKOM MOAXOAE IKCIICPHUMEHTATbHBIC
PE3VIBTATH HECYT HHPOPMALUIO O KPHUCTAIJIC B
nenoM. PekoMOMHALIMOHHBIE MPOLECCH UMEIOT
OTIICYATOK O DOIIEE JTOKANBHBIX MO MacmTabaM xa-
PAKTCPUCTUKAX KPHUCTANIA, a BJICKTPOONTHYCCKHC
METOIBI PETHCTPALIH 0012 20T BEICOKOH YyBCTBU-
TENBHOCTBIO.

Beime yike yka3pBaaock, YTO MUK TEPMOCTHMY-
JTHUPOBAHHOTO CBCUCHHUS OOIYUCHHOTO PEHTICHO-
BCKUMH Tydamu kpuctaiia LiIKSO, ¢ makcumymom
pu 260K Ha HU3KOTEMITEPATYPHOM KPBLIE HMEIOT
AHOMAJBHO PE3KOC BO3PACTAHHC WHTCHCHBHOCTH.
ITO OOBACHACTCS TEM, UTO B PE3VIIBTATE NEPECTPOH-
KH KPUCTAJUIMICCKON PEIIETKH MPH MOTUMOppHOM
(haz0BOM mEPEXOC MPOUCXOTUT YMCHBIICHHIE YHEP-
UM AKTHBALIMH PEKOMOWHALIMOHHBIX MPOLIECCOB.
PaccunTtaTh sHepruio akTuBaLMH AN JBYX PA3HBIX
¢a3s u3z skcnepumentanbaor kpusod TCJI e npen-
cTapsieTcs BO3MOKHBIM. Ho 310 MOXKHO mpoBepuTh
SKCIICPUMEHTANBHO. B pexnmMe oxnak ieHns1, KoTopoe
JOCTUTAIIOCh PETYIUPYyEMON MmoJadedl B KpUOCTAT
MapoB a30Ta, 3TOT (Ga30BBIA MEPEX0] MPOUCKOTUT
mpu 200K [1]. ITpy 3THX ycnoBHAX HAMH KPHUCTAIT
LiKSO, obay4ancs peHTreHOBCKUMH KBAHTAMH PH
temneparype 215-220K. Uamepenus kpusbix TCJI
MOKA3a/0, 4YTO CBETOCYMMA B 3TOU TEMIIEPaTyPHOU
o0nacTt He HaKaruBaeTcs. TakuM oOpa3zom, MOK-
HO CAENATh BBIBOA, YTO MAKCHMYM BBICOKOTEMITCPA-
typHbIx mukos TCJI ams cnoxuoro cynbdara mutus
U KaJus CMEIIACTCS B CTOPOHY OO0Jee HU3KUX TEM-
mepaTyp B 3T0H kpuctannnueckoil gasze. Craenosa-

TENBHO, YMCHBIIACTCS SHCPTHS AKTHBALIMKA PECKOM-
OHHAIMOHHBIX MPOLICCCOB.

PexomOuHanmonsoe ceeuenue B odmactu 170-
180K 1 205K 06ycroBiIeHs MpoueccaMu OXHOH IpH-
POABI M MX TEMIICPATYPHOE PA3ACICHHUE CBA3AHO C
MEPECTPOUKON KPUCTAUNINUECKON PELIETKU NMpHU
180K. 10 co3gacT CUTYyaIHIO, KOTAa BO3MOKHO
OKUJATh SIBJICHUS «XOJOJHONY BCIBIIIKH, T.€. BO3-
pacTaHUC UHTCHCHUBHOCTH PCOMOMHALIMOHHOMN JTFO-
MHUHECICHLIUY TPHU MOHUKCHUH TemrepaTypel. Ha
pHC. 2 mpeacTaBieH 3TOT pesynbTar. CTpenkamu
MOKA3aHbI HAMPABJICHUS U3MCHCHUS TEMIICPATYPHI B
IKCIepUMEHTE. “X0a0/4HasT BCIBIIIKA HAOIOAACT-
Csl, eC OOMYUCHHBIH KPUCTALT HATPET A0 TEMIIC-
parypsl BBIIIIEC TEMIICPATYPHI (ha30BOrO MEPEX0/a, HO,
MPH 3TOM HE MPOUCX0AUT TepMooTkura nuka TCJI
mpu 205K. Torzpa B peskuMe OXTXKACHUS HAOTIOAA-
€TCS PCKOMOUHAIIMOHHAS TFOMHHCCICHIIUS B BUIC
CHJIPHO aCHMMETPHUYHOrO MuKa. Ero acummerpus
CBSI3aHA C TEM, YTO MPH OXJAKACHUU MPOUCXOTUT
AHOMANBHO PE3KOE BO3PACTAHUE WHTCHCHBHOCTU
JAIOMHUHECLCHIIUN, JTO AHAJOTUYHO TOMY, YTO Ha-
omonacres st muka TCJI Taxoke ¢ MAKCHMYMOM MTPpH
260K. D101 (akr, JOMOIHUTEIBHO MOATBSPIKIACT,
4TO Tpu TOTUMOPGHOM (Ha30BOM MEPEXOAL, KOTO-
psrit umeet mecto npu 180K n mpu 250K, B pesxrmve
HArpeBaHMS IPOUCXOIUT CKAIKOOOPA3HBIC H3MCHE-
HUSI SHCPTrUH aKTUBALUN PSKOMOHHAIIMOHHBIX TIPO-
ueccoB. M3 puc. 2 BUAHO, 4TO MOSIBICHUE ““XOJI0A-
HOW~ BCIBIIIKH MPOUCXOUT MPH TEMIICPATYPE HE-
MHOT0 00Iee HU3KOH, YeM TeMIepaTypa HoJIuMop-
(HOTrO (ha30BOrO MEPEX0Aa B PSIKUME HATPCBAHUS.
ITO COraacyeTcsi ¢ TeM, YTO MO JINTSPATYPHBIM
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JAHHBIM B PEKUME OXTIKACHH S OTOT CTPYKTYPHBIHA
($ha30BEI MEPEXOA MMEET TUCTEPE3UC B Mpeaenax
5 rpanycos [1]. Ceerocymma muka TCJI B cnioskHOM
auTUh-Kanmui cyiaedarte ¢ MakcumymoM npu 205K
HEOOTBINAA U CHIIBHO 3aBHCUT OT CKOPOCTH HAarpe-
BaHu. [ Ipy oxnak ieHun KpucTania cioKHOTO CYJlb-
dara, oonyuennoro npu 80K, u narperoro mo 185-
195K, BozHHKarOIIEE PEKOMOHHALIMOHHOE CBCUCHHUE
MOJIHOCTBIO HCUEPTBIBACT cBETOCYyMMY mka TCJl ¢
maxkcumyMom ripu 205K. Ecrin mposecTu TepmMooT-
skur maka TCJI ¢ maxcumymom mipu 205K, “xomoa-
Has~ BCIIBIIIKA HE HAOMIOmaeTes.

AHOMAJTBHBIN €A PSKOMOWHAIIMOHHOH TFOMH-
Hecnenuuu B oonactu 180K u aBaenue “xonoauoii”
BCHBIIIKK HabmoaatoTes B kpucramax Li, K, SO,
mpu x g0 0.15. M3MeHeHHe CTEXHOMETPHIECKOTO

COCTaBa KPHUCTANJIOB HPUBOJUT K MOHHMKCHHUIO
TEMIIEPATYPBI EPBOro monuMopHoro ¢Gha3oBoro
MEPEX0Aa, YTO COrIaCyeTCs ¢ MHOTOYUCICHHBIMH
auteparypubiMu ganabeiMu. Bug kpussix TCJI ka-
YECTBCHHBIX H3MCHCHHH HE MPETCPIICBACT.

IMux TCJI npu 260K B xpucranie LiKSO, ne
MeHSCT (GOPMY MPH YBCIUUCHUH A03BI OOIYUCHHS.
ITO MO3BOMACT MPOBECTH U3MEPEHHS MO HAKOILIC-
HHIO CBETOCYMMEI B 3aBHCHMOCTH OT TEMIICPATYPHI
o0yucHuUs 6€3 pa3aeIcHUs Ha OTACTbHBIC KU, Ha
pHC. 3 IpUBEACH PE3YIBTAT 10 HAKOILICHHUIO CBETO-
cymmsbl B mukax TCJI B o6nactu 260K B 3aBucnMoc-
TH OT TEMIICPATYPBl OOAYUCHHS. JDTH HU3MECPCHHUS
MPOBOJMIUCH NPH HEU3MEHHBIX MapaMeTpax PeHT-
TCHOBCKOI'O anmapara U I¢OMETPUH SKCICPHMCH-
TaJIbHOH YCTAHOBKH.
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Puc. 3. 3apucumocTs HakoreHus ceetocymMmbl B ke TCJI mpu 260K oT TemmepaTypbl o0myUeHHS

W3 puc. 3 BUOHO, YTO BETUINHA HAKOILICHHOM
cBetocyMMEI n3yuaeMbix mikoB TCJI He 3aBHCUT OT
TeMrepaTypsl o0ayucHus Biiote 10 180K, Beime
TeMIIepaTypsl (pazoBoro mepexona OHa CKauKOM Cy-
MICCTBCHHO YMCHBINACTCS. 3ABHCUMOCTD CBETOCYM-
met tukoB TCJI mpu 260K ot Temmeparyper 06yte-
HUS, KOTOpas MOSBISCTCS MOCIEC MOTUMOPHHOro
(haz0BOro mepexoaa, CBA3aHa, BEPOSTHO, C YACTHU-
HBIM OTKHTOM PAJAUAILIHOHHBIX JC(EKTOB BO BPEeMs
obnyuenus. Takoe moBeACHHE CBUACTENBCTBYET, UTO
3a nuku TCJI mpu 260K B cmemanuom cynbdare
JUTHS U KaJTus OTBETCTBCHCH pacmaja AC(CKTOB,
BOSHHUKAIOIIKX [TPH IPeoOpa30BaHUN MEPBUYHBIX. B
KPUCTAIIIAX CO CIOKHBIMH AHUOHAMH WIN KaTHO-
HaMU PaIUALHOHHBIC ASESKThI MOKHO YCIIOBHO Pas-
JICIATH HA TICPBUYHBIC U BTOprdHbIC. K IEepBBIM OT-

HOCHT T€ AeEKTHI, KOTOPBIC 00PA3VIOTCS B PE3VIIbTa-
TE pacnaja 37ICKTPOHHBIX BO3OYKICHHUH, BTOPEIC - B
pesynbpTate mpeoOpasoBaHus nepsbiX. QueBHIHO,
YTO MUTPALIMOHHBIC IPOLIECCHI SBIISIOTCS CTPYKTYP-
HO-YYBCTBUTCIBHBIMH.

N3 Bcex M3BECTHBIX paJUaLIMOHHBIX ACPCKTOB
B CyJbdarax METOUHBIX METAIIOB BTOPHIHBIM SIB-
JIACTCS CAMHCTBCHHBIH - SO [8]. Ot0 mo3BOMISIET
vrBepkaate, uto nuku TCJI B obmactu 260K obye-
JIOBJICHBI PACIIaJOM 3TUX PAIHKAIIOB.

Takum 00pa3oM, NPUBEIACHHBIC PE3VIBTATHI MO-
Ka3bIBAKOT, UTO NEPECTPOUKA KPUCTANTUIECKOH pe-
LICTKH OKA3bIBACT BIMSHUC HA PCKOMOHHALIMOHHYIO
JTEOMUHECLICHLIHIO TTOCPEACTBOM H3MECHECHHS SHEPTHU
ee repmuucckor aktusauui. [lomumopdusiii pazo-
BBIH MEPEeX0 MOXKET OBITh HCITOIB30BAH LIS MOV~
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YCHH JOTOITHATEIbHON HH(POPMALMH O MPOTCKAHUH
B KPHUCTAINaxX PagualHOHHO-CTHMYIHPOBAHHBIX
MPOLIECCOB B paMKaxX TPAAWLIMOHHBIX METOAOB HC-
CICAOBAHHH.

Jlannaa paboma evinoineHa npu noOOepIcKe
epanma Ne OH-4.7/2006 Munucmepcmea obpaso-
eanusa u Hayxu PK.
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Pestome

LiKSO, xpucTanuapeiHaarel HoTuMopdThl hasambik
aybICyJIap/(blH PEKOMOMHAITMSIIBIK JTIOMAHECIIICHIIHAFa 9CePiH
3epTTey HOTHIKENepi KapacThpbliraH. KpHUCTaIbIK TOPJbIH
KaiTa KypbLIybl TEPMHUSLIBIK AKTHBTEHY SHEPrHACHIHBIH 63Tepyi
apKLTBI peKOMOHMH aITHSITBIK JTIOMUHECTICHITHSIFA 9¢ep TETIHIr
tarail biHabL. TTonuMopdThl (azanbik aybicy Kpuctanjapia
paguanuanbl-CTAMYIIK MPOIECTePAiH OTyi Typaibl AdCTY i
3epTTeyY SJICTep/IiH TOHIPETIHe KOChIMINA aKmapat aiy YIniH
KOJaHyFa GONMAThIH/IBIFEl KOPCETIIICH.

Summary

In this work the investigation results of the influence by
polymorphic phase transitions to recombinational luminescence.
It is established, that the reorganization of a crystal lattice
renders influence to recombinational luminescence by means
change of its thermal activation energy. It is shown, the
polymorphic phase transition can be used for reception of the
additional information about course in crystals radiation-
induced processes within the framework of researches by the
traditional methods.

Kapazanouncxuii 2ocydapcmeennviii

ynugepcumem um. K. A. byxemosa Hocmynuna 20.11.07e.
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11 i CAPCEMBUHOB, H. E. KOPOLOBA

OCOBEHHOCTH ITPOUECCA CYHIKH SJIEKTPO®OPETUYECKHUX
I'EJIEBBIX OCAAKOB ITPU ITOJTYYEHUHU TOHKHUX IIVIEHOK

PaCCMOTpeHLI OTACIILHBIC SIBJICHU S, COIIPOBOKAAIONUC CYIIKY BHGKTpOCbOpCTI/I‘IeCKI/IX OCaJKOB, U3y4YCHaA UX CBiA3L IIPU MO~
CTOSIHHBIX 3HA4YCHUAX NMapamMeTpOB peiKUMa (TeMnepaTypa BO3/lyXa, €ro BJIAXHOCTL U CKOPOCTL INECPCMCIICHUA, TCMIIEpaTypa

HOBerHOCTeﬁ, HaxoJAmMUuXCsa B KOHTAKTC C MaTepI/Ia.]'IOM).

XapakTepHbele OCOOCHHOCTH MPOLIECCA CYLIKH
HATJILAHO BBICTYIAKOT IJTs IPYO0 KAMWIIIPHBIX Ma-
Tepuanos. Ecnu B Havane CymKH MaTepHal UMeeT
3HAYUTCNBHYIO BIAYXKHOCTb, TO B OOIBIINHCTBE CIV-
YaeB OYCHb CKOPO VCTAHABIMBACTCHA TEPMHUUYCCKH
CTaLIIOHAPHOE COCTOSIHUE, T.€. TEMIICPATyPa B Kax-
JOH TOUKE COXHYIIETO MaTepuana CTAHOBHTCH HE-
3aBHCHMOU OT BpeMeHU. [1oka cHbl KanmnIIpHOTO
BCACBHIBAHHUS JOCTATOYHO BEIMKH IS TOTO, YTOOBI
00eCIeYNTs HEMPEPHIBHYIO MOJAYy KHIKOCTH HA
MOBEPXHOCTE MaTEpHana, ¢ KOTOPOH MPOUCXONT €€

HCHapEHNE, CKOPOCTh CYIIKH IPAKTHIECKH OCTACTCS
MOCTOSIHHOH M Onaroxaps ToMy, UTO TEMITEparypa Ha
MNOBEPXHOCTH MATEPHUAJIA TAKXKE OCTACTCS MOCTOSH-
HOH, JaBJCHHE Mapa 346Ch OKA3bIBACTCS PaBHBIM
JaBJACHUIO HAckieHwust | 1-3]. DTo nepseiil nepuon
CYIIKH - IEPHO]] €€ TIOCTOSTHHOM CKOPOCTH g, KI/M>1ac.
B tedenne 3Toro neprnoga CKOpOCTh CYIIKH 3aBUCHT
TOIIBKO OT BHEIIHHUX YCIIOBHH, YIHUTHIBAs KOTOPHIC,
MOKHO JOCTATOYHO IMPOCTO PACCUUTATh BEC BJIATH,
HUCMAPHUBIICHCS 32 U3BECTHBIM IMIPOMEXYTOK BpeMe-
Hu [4-5].
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0. I0. IPHXOJIEKO

JJIEKTPOHHBIE ITPOHECCHI B AMOP®HbLIX IIJIEHKAX As Se. S,
IHOJIYYEHHBIX PAZHBIMHU METO/AMU

O600matoTes pe3yIbTaThl HCCICAOBAaHUN AIEKTPUUECKUX U ONTHUECKUX CBONCTB, MPOIECCOB NepeHoca HOCHTENeH 3apsia 1
(poTonporogrMOcTH B aMOPPHBIX MeHKax As,Se,S,. MOTyYeHHBIX METOJAMH TEPMHYECKOTO HMCIAPEHHS B BAKYYME U HOHHO-
M1a3MEHHOI'O BBICOKOUACTOTHOTO PACTBLICHUS. Y CTAaHOBICHO, UTO NJICHKH, IIPUTOTOBICHHLIC Pa3sHBIMH METOJAaMH, OTIHYAIOTCS
SIeKTPOHHBIMH [IapaMeTpaMy M UMEIOT CYIIeCTBCHHBIC pa3/IMiMs B HEPaBHOBECHBIX Ipolieccax. [lokazaHa Bo3MOXKHOCTE dddek-
THBHOTO YIPaBICHUS HIEKTPOHHBIMH CBOMCTBAMHE IIJICHOK ITyTeM WX CTPYKTYPHON MOAM(pUKALUH.

Beeaenue. [Ipobnema ynpaBicHuUs! 3ICKTPOH-
HBIMH MPOLIECCaMH B aMOPQHEBIX TIICHKAX XaJIbKO-
TCHUJHBIX CTCKIO0OpPa3HBIX MOTYIPOBOIHHKOB
(XCII) stBisieTcst OAHOM U3 aKTyaIbHBIX TIPOOICM B
(uznKe HeYynopsI04eHHBIX CTPYKTYP [1-3]. OHuM
13 ICPCICKTUBHEIX HANPABICHAN €€ PCLICHUS SBJI-
€TCs CTPYKTYPHAS MOAU(DHKALINS MATCPUATA. H3MC-
HEHHE ATOMHOH CTPYKTYPBI MaTepHalia Ipu coxpa-
HCHUH XHMHUYCCKOTO cOCcTaBa [4], - KOTOPVIO MOXK-
HO OCYIICCTBUTD IyTEM M3MCHCHUS YCIOBHH HCIIa-
PCHUS ¥ KOHACHCALINY 2TOMOB Ha TIOATIOXKKY IIPH 10~
JYUCHHUH TUTeHOK. O THAKO UCTIONB30BAHKUE STOTO MO~
X0Ja B PaMKax METoJa TCPMHUYCCKOTO HCIApCHHUS
B BaKyyM€ HE MPUBOIUT K CYLICCTBECHHOMY H3Me-
HECHHIO 3JICKTPOHHBIX CBOMCTB MIICHOK. bonpmmmu
MEPCICKTUBAMH B 3TOM HANPABICHUH 00IagacT
METOJ HOHHO-TIIA3MEHHOTO PACTIBLICHH I, TIO3BOIL-
IOIIUH MONyYaTh MJICHKH MBIIIbIKOCOACPKAIUX
XCII ¢ cyIIecTBEHHO OTAMYHBIMH OT TEPMOOCAK-
JCHHBIX IICHOK BJICKTPOHHBIMH MAapaMeTpaMu H
HEpaBHOBECHBIMH Tporieccamu [5-8]. B wactHOCTH,
B [5-8] mpm cpaBHUTETBEHOM HCCIEIOBAHHUH JJICKT-
poHHBIX porieccoB B amMopdubix mieHkax XCII cu-
crembl As-Se u coctaBa As S, MONTy4EHHBIX METO-
JaMH TepMudeckoro ucnapeHus B Bakyyme (TH-
IIJICHKH ) 1 HOHHO-TIIA3MEHHOT'O BEICOKOYACTOTHOTO
pacnosiicHus (BU-meHkn), Obiir 0OHAPYKEHBI pas-
JWYHS B TAKUX 3JICKTPOHHBIX MapaMeTpax IJICHOK
KaK IPOBOIUMOCTb, SHCPTHs aKTHBALIHMH MPOBOIH-
MOCTH U OIITHYCCKAS IIHPUHA 3aMPCIICHHON 30HbI, a
TAKXKE CYLICCTBCHHBIC OTIMYHS B MPOLEccax mepe-
HOCA HOCHUTEIICH 3apsiaa u poronposoaumoctu. Taxk,
Hanpumep, v THU-nIeHOK CTEeXHOMETPHUUIECKOTO
coctaBa As,Se, UIMEET MECTO MOHOMOJIAPHBIH JIbl-
POUHBII MEPEHOC HOCUTEIICH 3apsiaa U MOHOIOAP-
Has ApipovHas porornposoanmMocts [ 1-3] (u3-3a 3Ha-
YHUTEIPHOTO PEBBIICHUS MOABHKHOCTH JBIPOK HAJ
MOABHKHOCTB IO 3JICKTPOHOB). OAHAKO, TS TIICHOK
3TOrO COCTABA, MOTYICHHBIX METOAOM HOHHO-TIIA3-

MEHHOT'O BBICOKOYACTOTHOT'O PACIBIIICHHS, B IPOTH-
BOMOJIOKHOCTD TU-TmeHKaM, yCTaHOBICHBI OUIO-
JSIPHBIN IEPEHOC U OumoJsIpHast POTOMPOBOAMOCTE
[5, 6]. UccaenoBaHms CTPYKTYPHI ITHX IIEHOK T10-
Ka3aJI¥ CYLICCTBCHHBIC PA3INYMS B TAPAMETPE CPeI-
HETO MOPIKa aTOMHOH CTPYKTYPHI L B B CTpyKTYp-
HBIX ¢AMHULAX, (hopmupyromux mieHku |7, 8]. Ta-
KuM 00pa3om, ObLIIO YCTAHOBJICHO, YTO H3MCHCHUC
cnocoba nonyueHus mieHok XCIT cucremsbr As-Se
u coctasa As,S., MPHBOAUT K CYLIECTBEHHOMY H3-
MEHCHHUIO B UX aTOMHOH CTPYKTYpPE U, KakK Cleq-
CTBHE, B CIICKTPE 3ICKTPOHHBIX COCTOSHUH, T.¢. Obla
VCTAHOBJICHA BO3MOXKHOCTH 3 (PEKTUBHOM CTPYKTYP-
HOU MOAM(]HKALINHT HX 3ICKTPOHHBIX CBOWCTB.
Urto0HB! BRISICHUT, SIBISIOTCS JTH YKa3aHHBIC Pa3-
JIMYHS B 3NICKTPOHHBIX MPOLIECCAX B AMOP(HBIX IICH-
kax XCII cucremer As-Se u cocraBa As,S., npucy-
mUMHA ¥ apyruM Meitnbkocogepkamum XCIL, mo-
JYYCHHBIX Pa3HBIMH METOJAMHM, B JAHHOU padore
00001IAI0TCS KaK paHee MOMYUCHHBIC PE3yIbTaThI,
TaKk U OPUBOIATCS PE3yIbTAaThl HOBBIX HCCICAOBA-
HUH 3JICKTPOHHBIX cBOHCTB amopdHbIx rureHok XCI1
cocraBa As,Se.S., npurotosnenusix TH- u BU-me-
togamu. Ilnenxku XCII cocrasa As,Se.S,, mpea-
CTaBJLIOT OOIBINON MPAKTUICCKHH HHTEPEC AT O~
TUYCCKOH 3amucu HHPOPMAIIUU B BULY JTAOUIBHOC-
TH UX CTPYKTYPBI H BEICOKOH (POTOUYBCTBUTEIBHOCTH

[91.
MeTtoanka 3KCHepHMEHTA

ITpm nmonyuennn mrenok THU- u BU-meromamu
MapaMeTPsl TEXHONIOTHICCKHIX MPOLIECCOB NOAOHpa-
JHMCh TaKUM 00pa3oM, YTOOBI MOTYYATUCH IIICHKH
COCTaBa, COOTBETCTBYIOWIETO COCTABY HCXOAHOTO
XCI1, amopdHO# CTPYKTYPBI, H ¢ MAKCUMATBHOH Be-
JTUMYUHOHN ApetihoBOi MOIBHKHOCTH HOCUTENCH 3a-
psAma, KOTopasd, Kak W3BECTHO, SBIAETCA CTPYKTYP-
HO-IYBCTBHTEJBHBIM mapamMerpom [10].

ITpn mony4uernn naenok BU-meromom pacmsl-

30
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JICHUEC OXJIAXKIACMOU MHUIIICHU, U3TOTOBJICHHOU U3
maccuBHoro XCII, ocyimecTBisiock Ha YaCTOTS
13,56 MI'n B atmocdepe aproHa mpu JaBICHHU
» 1 I1a. IlpurorosiaeHue ICHOK METOAOM TEPMU-
YECKOTO MCIAPEHHUA OCYIIECTBIAIOCH B BaAKyYME
» 1,44107 I1a.

Jng nccneaoBaHUS IIEKTPHUIECKHX CBOMCTB,
MPOLIECCOB MEPEHOCA HOCUTENEH 3apsaa u porompo-
BOJMMOCTH 00pasLibl, IMCIOIIHE KaK IIAHAPHYIO, TAK
U «COHABHUM) CTPYKTYPY € IMEKTPOAAMHU U3 ATFOMH-
HUS, IPUTOTABINBAJINCH HA AUIICKTPHIECKUX TIOA-
JIO’KKaX M3 TOMHAMHTHON TUIEHKH «KAITOH» C VAEIb-
HBIM  CONPOTHBICHHUEM, NPEBHIIIAIOIIAM
10'® OMYcm. UzyueHne ONTHYECKUX CBOHCTB MPO-
BOJAWJIOCH Ha IIJICHKAX, OCAKICHHBIX HA IOJIMPOBAH-
HbIE CTEKJISHHBIE IOTOKKHA. B 3aBucnMocTH oT
HUCCACAYEMBIX CBOHCTB TojimuHa miacHok XCII
mmeHanack ot 0,5 mo 10 MxMm.

Jns ctabumm3anny CTPYKTYPHI H CBOHCTB CBE-
JKETIPUTOTOBIICHHBIC TIJICHOYHBIC OOPA3IIBI OTHKHra-
nuck B TeucHue 30 MUHYT IPH TeMIeparypax, Omu3-
KUX K TeMmeparype pasmsrdycHusa. [lo maHHBIM
PCHTICHO-(TyOPECLICHTHOTO aHATH3a COCTAB MONY-
YAEMBIX IUIEHOK OTIMYAETCS OT COCTaBa MCXOTHO-
ro marepuana He oonee yeM Ha 3%. AmopdHOCTD
CTPYKTYPHI IUICHOK KOHTPOIHPOBAJIACh METONAMH
3JICKTPOHHOH M PEHTTCHOBCKOH TU(PaKLIH.

TemneparypHas 3aBHCHMOCTB JJIEKTPOIIPOBOI-
HOCTH 00pa3uoB M3MEPAIach B HHTCPBAJIC TEMIIC-
paryp ot 300 K no Temmepatypsl pazmsrdcHus 1 .
Marepuana micHok. CriekTpatbHBIC XapaKTePUCTH-
KM IIPONYCKAHMS U OTPAKEHHS CBETA PETHCTPHPO-
BaTKCh B HHTCpBANC AH BOITH OT 0,40 10 0,75 MKM.
[To 3TuM maHHBIM, C YUETOM TONIIHUHBEI 00pPa3LOB,
onpeaensics ko3(pPUIueHT ONTHYECKOro NOrIoLIe-
Hust a. ONTHYECKas IHPHHA 3aTPCLICHHOM 30HbI [,
IJICHOK PacCUHUTHIBAJIACH U3 CIEKTPATbHBIX XapaK-
TCPUCTHK MOTJIOMICHHS CBETA MPH ko3 duureHTax
a, COOTBETCTBYIOLINX KParo MOJIOCH PyHIAAMCHTAb-
HOTO ITOTJIOIIEHHS C CITOIB30BAHUEM COOTHOIIECHHUS
Tayua [4]: 6hn ~ (hH — Eg), rae sn — sueprust GoTo-
HOB.

[lepenoc HocuTenel 3apsaaa B 00pa3uax «cIHA-
BUY» cTpyKTypel npu 7' = 300 K uccnexosancs mo
BPEMSIIPOJIETHON METOAMKE, MO3BOJAIOMEH pas-
JETBHO OMPEACNATh APCH(OBYIO MOABHKHOCTD
BJICKTPOHOB M, ¥ JBIPOK M B MATCPHAIAX, y KOTO-
PBIX BPEMS MPOJIeTa HOCUTEIICH 3apsiaa MEHBIIIE Bpe-
MEHH Am3eKTprueckoii perakcaruu [10]. Mmkek-
U HoCHTENCH 3apsaaa B obpasen ocymeCTBIIsIaCh

AMITYJTBCOM CHJTEHOTIOTTOIACMOTO H3TYICHHS J1a3¢-
pa ¢ amuHO# BoHEI 0,337 MKM U ATATETBHOCTEIO 10
HC. Bpems mposera Hocurenel 3apsia uepes oopa-
3e1 £ OPEIENANOCH U3 3aBUCHMOCTEH MEPEXOJHBIX
(hOTOTOKOB 3JICKTPOHOB U ABIPOK OT BpemeHH [ 10].
3HaueHue AperoBON MOABHUKHOCTH M PACCUUTHI-
BaJ0Ch U3 cooTHOMmEHUs v = d/({ YE), rae d — Ton-
Ha 00pasia, £ — HanpsKEHHOCTh JTCKTPHUSCKO-
ro noist. PoTonmpoBOANMOCT IICHOK M3VYATIACH B
MPOJOIBHOM U TIOMCPCTHOM PEXKUMAX IO CTaHAAP-
THOU metoauke | 10]. boaee noapoOHO BhItie-
VKa3aHHBIC KCIICPUMCHTATBHBIC MCTOAUKN OTTUCA-
HBI B [11].

Pe3ynbrarel 3KcnepumMeHTa
H HX 0o0cy:kgeHHe

W3 nccnemoBaHuil TEMIIEPATYPHOH 3aBUCHMOC-
TH TEMHOBOU HPOBOIUMOCTH U CIIEKTPATBHBIX Xa-
pakrepuctuk npomyckanusa csera THU- n BU-me-
HOK a-As,Se.S, OblnM OnpeaeneHsl MPOBOAMMOCTD
o0pasios npu komHaTHOH Temnepatype (7=300 K)
S - PHEPT sl AKTUBALIUH IPOBOAUMOCTH £S, 3HAUECHU s
MPEASKCIIOHCHIMATBLHOrO MHOXKUTENT (' B 3aKOHE
H3MCHCHHS MPOBOAUMOCTU C TEMIICPATYPOH (s =
=Cexp(-Es/kT)), onTrudeckas HIMPUHA 3aMMPEIICHHON
30HBI Eg U TIOJIOKCHUC YPOBHSA DEpMHU OTHOCHUTETh-
HO CEPEIMHBI 3aNPEIECHHOHN 30HbI [, = Eg/2 -k,
VYka3aHHBIC TApaMETPhl MJICHOK MPUBEACHHI B Ta0-
aure. OmuOKy B ONPEACACHUH MapaMeTPOB OMpe-
JCISLINCh X pasz0pocom or obpasiua K obpasiy u
COCTABJIA/IU MOTOBMHY MOPSAKA BETHYHHbI 1A S , +
0,02 3B ana Es u £0,01 3B ga Eg.

W3z Tabauus ciaeayer, uro BU-nmeHku a-
As,Se.S. nveror 6071€€ HU3KUE 3HAYCHUS TPOBOU-
MOCTH, XapaKTepU3VIOTCS OONBIIMMHU 3HAYCHUSAMHU
SHCPTUU AKTUBALIMK MPOBOJUMOCTH U MCHBIIUMHU
3HAYECHUAMH ONTUYECKON IIMPHUHBI 3aMPELICHHON
sonbl. Bemmuuna J1F, y THU- u BU-nnenok nmeer
Manbie 3HaueHus, uy BU-nnenok J1£, < 0. 9o npo-
THBOPCUHE MEXK Y COOTHOLICHUMH N1apaMeTpoB k£
u Eg/2 BY-micHOK MOXHO OOBSICHUTH, 00paInasch
K MPEACTABICHUAM (QH3UKH aMOPQHBIX TIONYIPOBO -
HUKOB 00 aHTUNAPAUICIBHBIX YHEPTCTHICSCKHUX (ITyK-
Tyalusx KPacs 3ampeuieHHOM 30HbI [ U [, KOTO-
PBIC CBS3aHEI, COTNIAcHO [ 1], ¢ moxanpHBIMU HCOTHO-
POAHOCTAMH CTPYKTYPHI.

C npyro#l CTOpPOHBI, U3 CPaBHEHHS 3HAYCHHU
SHEPTHUU aKTHBALUHU NPOBOAUMOCTH M ONTHUCCKOH
LIMPYHBI 3ANPEIICHHON 30HB MOYKHO 3aKITFOUHTE, UTO
kak ang TU-, tak u ama BU-ineHok cripaBeamBo
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