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HccnenoBanuce aneKTpodmsnyecKkie mapaMeTpbl CTPYKTYP CBEPXIPOBOAHUK/aHTH(EPPOMAarHUTHBINA H30-

IATOP HAa OCHOBe ruGpmaHOil rerepocTpykrypsl Nb/Au/Cai_Sr.CuO2/YBa2CusOr_s.

dnuraKkcualibHbIE

mieHkn YBasCusOr_s u Caj_,Sr, CuO2 BhlpammBanuch MeTOAOM la3epHOoii aGnAIUKY Ha MOHOKpPHUCTAalIUYec-
kux nognoxkax NdGaQOs, Tonmuna npocnoitku Cai_,Sr,CuQO; Bapbuposanace ot 20 xo 50 um, £ = 0.15 u 0.5.
Brlio o6Hapy#eHo, YTO CBEPXIIPOBOAAMMI MapHbIH MOTEHIMAN B KOHTaKTe cBepxmnposogHuka YBasCusOr_s u
antudeppomardetnka Cai_,Sr, CuO2 mpoHnKkaer B aHTU(deppOMarHeTUK Ha PacCTOAHMA, CYNMECTBEHHO GOlb-
IKe IJIUHBI KOTE€PEeHTHOCTH, PACCUMTAHHOM MIA (eppoMarHUTHOM mpocioiiku. Kputuueckuil Tok cBepXmpo-
BOJHMKOBOIO Iepexojia, U3TOTOBIEHHOTO Ha TAKOM rpaHuMIe, 06lagaeT BHICOKONM UyBCTBUTENLHOCTHIO K Mar-

HHUTHOMY IIOJIIO.

PACS: 74.45+c

Jl;ko3e(hcOHOBCKME MarHUTHbIE THOPUIHbIE CTPYKTY-
pbI, cofep:kallMe MaTepualbl ¢ MarHMUTHBIM YIOpPAIO-
4yeHHeM, 06/1afaloT HeJbIM PAJOM HeOGBbIYHBIX CBOMCTB,
IpeACTaBIAIOMUX HHTepec Kak AIfA QyHIaMeHTalbHOM
¢usnkn, Tak 1 Aua npunoskenuil. HauGonbmue ycnexu
B U3YYeHHM MarHUTHBIX IK03e()COHOBCKUX IEpeXofoB
CBA3aHBI ¢ UCCIe0BaHKEM CTPYKTYP, cofepsalux dep-
pomaruutHsle (F) merannnueckue npocioiiku [1—-4].

Topazzo B MeHblIIelt cTeneH N3yYeHbI CBEPXIIPOBOJ-
HUKOBbIE CTPYKTYPbI, COfep:kalliie MarHUTHbIE MaTe-
puanbl ¢ aHuTHdeppoMarHuTHIM (AF) ynopamoueHn-
em. Takune MaTepuallbl NPeACTaBIAIOT 0COGBII HHTEpec
BClIeICTBUE BO3MOKHOCTH YNpaBleHUA UX CBOHCTBaMU
(a smaunT, ¥ napameTpamu craGoil CBA3M) 3a CYET BIH-
AIHMA cllaboro BHeIIHero MarHuTHoro noid. Ha »To 06-
CTOATENLCTBO GbLI0 06pallieHo BHUMaHKe B paboTe ['opb-
roBa 1 Kpecuna [5], B KOTOpoil TeopeTHYeCKN aHAIU3HU-
poBalicAi KPUTUYECKUIl TOK CBEPXIPOBOAAIIMX CTPYKTYP
¢ AF mpocroiikoit u npeickazaHa aHOMalbHO BbICOKaf
3aBHCHMOCTb KPUTHYECKOT0 TOKA OT MarHUTHOTO MOIA.
JKCIepHMeHTalbHOe U3y4YeHHe [:#03e()COHOBCKOr0 TO-
Ka MPOBOAMIOCH A CTPYKTYP € MOIMKPUCTALINYECKO
AF mnpocnoiiroit [6], roe He 6bl10 0GHApPYHE€HO aHOMAJb-
HOT'O NOBE/IeHNA MarHU THO-NIOJIEBbIX 3aBUCHMOCTEll KpHU-
TUYeckoro Toxka. OTMeTHMM, UYTO TMraHTCKUN 3pdeKrT
61M30CTH HEOJHOKPATHO HaGIIOfAICA B CBEPXIIPOBOIHM-
KOBBIX OKCHIHBIX CTPYKTYpax ¢ KympaTHOH Hpocioii-
Koit, Haxoasawmeiica B AF cocroanun [7,8]; Bo3aMokHas

1 e-mail: gena@hitech.cplire.ru

uHTepnperanua HaGaioxasieroca B [7] adderrta Gbuia
npefnokeHa B paGote [9].

B Hacrosmeit paGoTe mpeacTaBieHbl YKCIEPUMEH-
TalbHbIE PE3ylbTaThl UCCIEJOBAaHUA CBEPXIPOBOAALIE-
ro TOKa B rUOPUIHOM TOHKOMIEHOUHON reTepOCTPYKTY-
pe Nb/Au/Ca;_,Sr;CuO2/YBayCu30O7_s5, B KOTOpOI
Nb — cBepxnpoBoguuk (S) ¢ 0GBIYHBIM S$-THIIOM cCHa-
pusanus, YBa;CuzOr_s5 (YBCO)-okcugusrii cBepxmpo-
BOAHUK ¢ HoMuHUpyomuM d-tunom cnapusauus (D), a
Ca;_,Sr,Cu0Q5 (CSCO) npu HU3KKUX TeMmmepaTypax fB-
nfieTCcA KBa3sUABYMEDPHBIM raiizaeHG6eproBcKUM aHTUED-
pomarHeTukoM. B otamume ot paGotbl [6], B KoTo-
poit uccnefgoBanuck gmosedconockue S-AF-S crpys-
TYpbl Ha OCHOBE OGBIYHBIX CBEPXIPOBOZHUKOB, a CIOH
AF saBiasanca noNMEpPUCTANINYECKON MIEHKON, B Halei
paboTe UCMoNbL3yIOTCA AMUTAaKCHAalbHbIE aHTH(eppoMar-
HUTHbIE [IIEHKW, HApaBlIeHWe HAMAarHUYEeHHOCTH B KO-
TOpbIX PUKECHPYyeTCA opueHTanueil KpucTamiorpapuyec-
KHUX ocei.

I Byxcnoitnas sNUTaKcUanbHas CTPYKTYypa
CSCO/YBCO BelpamuBanack MeTOAOM lla3epHOii
abiafAnuu B e[MHOM BaKyyMHOM IpOLecce Ha MOANOMKAX
NdGaOg c opuenraunamu (110) u (320), uto cooTBeT-
ctByeT opueHTanuu ocu ¢ maenok YBCO u CSCO no
HOpPMald K TMOBEPXHOCTH MOJNJI0MKM B NEPBOM Clydae
U HawkiIoHy Ha ¢ = 11° oTHOCMTENbHO HOpMald — BO
BTOPOM. YpOBeHb JONUPOBAaHUA CTPOHINEM B ILIEHKE
CSCO cocranan £ = 0.15 u £ = 0.5 u TonIKMHA NIEHOK
CSCO 6pma 20 u 50um. CBepxy CSCO HaHocuiach
TOHKafA NIeHKa 3omoTa TonmuHoi 10 + 20 HM, naccuBu-
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pytomaa noBepxHocTh CSCO, a BepxHuil 31eKTpPox U3 10
Nb HaneuifiicAi METOJOM MarHeTPOHHOr0 pacHbLIEHUA
6e3 momonHUTENbLHOro Harpesa. Ilepexo/sl ¢ MuoMAgAMU
A ot 10 x 10MEM g0 50 X 50 MKM HM3roTaBlIMBalKUCh C 8
noMoIbIo ¢oTonuTorpadpum ¥ HOHHO-IYyYEBOrO TPaB-
leHud, JAomonHUTenbHaa uzonanua uz SiQ, mosBonsdna :":? 6
u36ekaTh NPOTEKAHWA TOKA IO TOpLAM JBYCIOHHOM g
rerepoctpykTypsi CSCO/YBCO. B nemom wmeroaun- 'g
Ka M3TOTOBIEHUA TETEpPOCTPYKTYp Oblia aHalmoruyua 4
ucnonssyemoit B [10]. =

Mopdonorua mnoBepxHoctu nineHok YBCO wu
YBCO/CSCO wusyyanace mpu [OMOIIM  MHEpO- 2r
CKOMAa AaTOMHBIX CHI. IllepoxoBaTocTh MOBEpPX- L
HOCTH (MaKCUMalbHOe OTKIOHEHME [0 BepTHKAIN) olm—T—T—T——T—"T"T"T"T"7 7‘J| L
c-opuentupoBanubix mieHok YBCO u CSCO ue npeBbi- 10 20 30 40 50 60 70 80 90

mana dy = 2HM; JiA JBYXCIONRHON reTepoCcTpyKTYPhI
CSCO/YBCO ona yBeauuuBaercd o dyc = 5HHM.
CnenoBaTenbHo, npu Tonmuuax d > dy naenxa CSCO
nonHocThio mokpeiBaeT YBCO u B Heill OTCYyTCTBYIOT
“nporonbl”’. Ha HaKIOHHBIX MieHKaX ObLIU 0OHAPYHEHbI
CTyTEeHM pocTa ¢ HaKkIoHOM 11°, YTO BhI3BAHO HAKIOHOM
OCH ¢ B NIEHKE.

UccnenoBanua TPAHCHOPTHBIX CBOWCTB  MJIGHOK
CSCO mnoraszanu, YTO OHU MMEIOT NPLIKKOBYIO IPOBO-
IUMOCTh B [IMPOKOM JquanasoHe temnepatyp 300-4.2K
[11], a Temneparypa Heens, uamepeHHas C MOMOIILIO
AIEKTPOHHOr0 NMapaMarHUTHOrO Pe30HaHca, NPU YPOBHE
monupoBanua ¢ = 0.15 paBna Ty = 90-120K [12].
Ilonyuyennoe 3Hauenwe Ty 3HAYUTENLHO OTIMYAETCA
OT HaiiIeHHOr0 [0 HEATPOHHBIM wuccaefoBaHuaM [13],
YTO, BO3MOHO, BBI3BAHO H3MEHEHUEM COJIepHaHuf
KUCIOPOZia B 3MUTAKCUANLHON NJIEHKE N0 CPaBHEHUIO C
NOPOIIKOBBIMY 00pa3snamu, KccilefoBaHHbIMY B [13].

Ina u3aMmepeHuns 3meKTPodOU3NUECKUX XapaKTepuc-
TUK 00pa3lioB MCHONb30BANUChH ABa KOHTAaKTa K BepxHe-
My snextpony u3 Nb u gBa k YBCO mnneure. B pe-
synbrate, B obnactu temneparyp T < T. (T. — wpu-
Tudyeckana Temneparypa mienkn YBCO) comporusie-
HUE CTPYKTYPhI ONPEAENANIOCE CONPOTUBIEHUEM I'PAHUI
paszena rerepocTpykTypsl Nb/Au/CSCO/YBCO, no-
cronsky YBCO HaxomuTcs B CBEpXNPOBOJAIIEM COCTO-
aaun. Ilpu T > T, caenyeT y4uThIBaTh CONPOTUBIIE-
Hue yuyacTka mieHku u3 YBCO. Mmenno nostomy 3a-
BUCHMOCTb conporuienus nepexona R(T) npu T > T,
(puc.1) ananornyna saBucumocty niueHkn YBCO. B o6-
nactu temneparyp T, > T > T. (T! - wputuuec-
Kaf TeMmnepaTypa meHKU Huo6usa) R crnaGo usmeHnserca
(B Haweii TomoNOrUM UCIONb30Banach 4-ToYeyHas cxeMa
usmepenns), R(T) onpenensieTcs KOHTAKTHBIM COMpO-
TUBIeHneM rpanun pasgera YBCO/CSCO/Au/Nb u
conporuBienueM npocioiiku CSCO. YuuteiBag ynenn-
Hoe conportuBineHune mieHkn CSCO p =2 10m - cMm, us-
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T (K)

Puc.1. 3aBUCUMOCTDb CONPOTUBIEHUA OT T€MIEpPaTyphl Ie-
pexona ¢ CSCO mnpocuoiikoit R(T'). Ha BcTraBke mpusefe-
HbI TeMIIepaTypHbIe 3aBUCUMOCTYA KPUTUUECKOr0 TOKA AJIA
OBYX TUHoOB rerepocTpykryp ¢ Tonmuuamu CSCO mpo-
cnoiikn d = 50 HM (cnmomHas auHuA) U d = 0 (myHKTHD).
Ins cpaBHEHMA MOKAa3aHbl 3aBUCUMOCTH LIENEBBIX 0COGEH-
HocTelt Anp/e, ompemelneHHble Mo 3aBucUMoOCcTH Audbde-
PEHLUANIBHOr0 CONPOTUBIEHNUA CTPYKTYPbI OT HAPAKEHUA
a1 retepocTpykTypsl Nb/Au/YBCO(kBanpaTs!)

MepeHHOe HesaBucuMO [12], MBI nony4aem, YTO BKJIAX
oT npocnoiiku Man, ~ 0.10M npu MOIHOM CONpPOTHUB-
deHun cTpykTypel R = 50mM. [lomonHuTelbHbIE H3-
MepeHusl MoKa3ajiu, 4To yAelbHOe COMPOTUBIEHUE Tpa-
HMI] pasjela, KOTOpPble XapaKTepU3yIOT HUX Ipo3pady-
HocTb, AnA Nb/Au Ry A(Au/Nb)~ 107120m - cm? (4 —
IIIOI[ab KOHTAKTA) CYIL[ECTBEHHO MEHBIIE CONPOTUBIE-
HUA TPaHUIBI 30/10Ta ¢ OKCUAHOM mieHkoi m3 YBCO
RNyA(YBCO/Au)~ 10780wm - cm? B nepByto ouepens
U3-3a pa3inuuA IEKTPOHHLIX NapaMeTPOB IPaHUYANINX
matepuanoB [14]. Ilpeamonaras, 4YTO CONpOTHBIEHUE
rpanune! pazgena YBCO/CSCO mamo us-za Gnusoctu
ANIEKTPOHHBIX MapaMeTPOB U 3MUTAKCHAILHOTO POCTa,
nolydyaeM, YTO ONpefeNsdioNNM ABIAETCA COMPOTHUBIIE-
uue rpanunsl Au/CSCO. Cna6asa saBucumoctbs R(T)
npu T, > T > T/, BbI3BaHa KOHKYPEHLUEH ABYX Me-
XaHU3MOB: POCcTOM R, 06yCIOBIEHHbIM HaIUUUEM DHEp-
reruyeckoro Gapoepa Ha rpanune Au/CSCO no aua-
morun ¢ Au/YBCO [14], kak B 0ObIYHBIX TYHHeIb-
HBIX [epexofax CBEpXIPOBOIHUK-HOPMANbHbIAN MeTa,
Y BO3HMKHOBEHMEM aHIPEEBCKMX COCTOAHWIN Ha I'paHu-
Ile CBepXMpPOBOAHUK-aHTU(EPPOMATHETUE, TPUBOTAIINX
K yMeHblienuio R [15].
Hanuuwue

Ha TrpaHule

CBA3AHHBIX a@HJDPEEBCKUX COCTOAHMIM
CBEPXINIPOBOJHIK-aHTH(eppoMarHeTuK
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I'' A. OBcauunroB, U. B. Bopucenro, ®. B. KomuccuHckuit u ap.

Ta6auna aneKkTpopHU3YecKMX NMapaMeTpPOB CTPYKTYP

Ne dsc, A z A, I, MKA | je, AJecm? | Ry, Om | Vi, MxB Ry A,
obGpa3zua HM rpaa MEM? Om - MEM2
273 20 11 0.5 20 x 20 890 2.2-102 0.15 137 60
274 50 11 0.5 20 x 20 10 2.5 20 200 8000
269 50 0 0.15 | 20 x 20 555 1.4-102 0.38 211 152
125 0 11 0 20 x 20 20 5.0 3.6 72 1400
710 0 0 0 15 x 15 15 6.7 5.1 76.5 1150

IIpumeyanue. dsc —TonmuHa CSCO mnpocnoiiku, v — yroa HakjaoHa ocu ¢ YBCO nieHKH OTHOCHTENbHO HOpPMald K INIOCKOCTHU TOAJNOM-
KU, z — foaA cogepmxaHua Sr B CSCO, A — niomanb CTPYKTYpsl, I — KPUTHUECKHil TOK, jo — MIOTHOCTb KPUTHUYECKOro Toka, Ry —
HOpMallbHOe conpoTuBieHue, V, = IRy — XapaKkTepHOoe HaNlpAxeHHue CTPYKTYPBHI.

NOATBEpMIaeTCA  WCClIefoBaHMEeM  TpaHchopManu
3aBuUcUMOCTell audPepeHUaILHOr0 COMPOTHUBIEHUSA
reTepoCTPYKTYPhl OT TeMIepaTyphl, MpeJCTaBIeH-

HbIM Ha puc.2. B o6Gmractu GoJabLUIMX HaNpAMEHUI
V > 5mB npu temneparypax T, > T > T nnsa oGoux
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Puc.2. Tpancdpopmanusa saBucumocteii nuddepeHnuaiLHO-
T'0 CONPOTUBIEHUA CTPYKTYPHI OT HalPAMEHUA IPU U3Me-
HEHUU TeMIIePaTyPhI

opuenramnuit miensu YBCO Ha6niomanack aHoManus
IPOBOJAMMOCTH TI€pexoja, CKOpee BCEro BhI3BaHHAfA
CBA3AaHHBIMM  @HJPEEBCKUMH COCTOSHMAMM  Maloi
sHepruu [15]. Tawaa aHomanusa HaGmiofanack B Tie-
pexogax Ges CSCO mnpocnoiiku, TOIbKO NPU HaKIOHE
ocu ¢ nnenkn YBCO anextpomos [10]. B crpyrTy-
pax Nb/Au/CSCO/YBCO TyHHenbHaA aHoMaluf
Habnojanack W B C-ODUEHTHPOBAHHBIX IepeXojax.
Opu T < T! ua zaBucumocTu AuddepeHnnaILHOro
conpoTuBieHusa mepexonoB ot Hanpskenusa Ry(V)
HabniofaTcA 0co6EHHOCTH, CBA3aHHbIE CO LIENbIO HUO-
6ua. dopma BAX Bcex mpeacTaBleHHBIX NEPEX0JOB B
obnactu manbix Hanpsmennit (V < 1mB) Gbuia Guuska
K runepGonuyecKoii, TUMUYHON ANA N#03e(COHOBCKUX
[ePEX0/I0B.

Ha BcTaBke puc.1 mokasaHbl 3aBUCUMOCTH KpUTHYeEC-
Koro Toka nepexona I.(T) ot TeMmepaTypsl mepexozaa

N 269 (z = 0.15, dgc = 50 uMm, v = 11°). Jlusa cpaBHeHun
nokazans! 3aBucuMocty I (T') nepexoxa Nb/Au/YBCO,
B KOoTOpoM oTcyTcTByeT npocnoiika us CSCO (ds. = 0).
Buano, uto o6e 3aBUCMMOCTH B LIEJIOM CIEIYIOT TEMIIe-
paTypHOil 3aBUCHMOCTHU CBepXMPOBOAAIIEr0 mapameTpa
B meHke Nb Anp B Xopollem COOTBETCTBHM C pacue-
ToM [16]. OxHako OTCYTCTBHE KBaJpaTHYHOIO HapacTa-
HUf KPUTUYECKOr0 TOKA C YMeHbIIEHNEM TeMIIepaTypbl
u cinabas 3aBucumocTb oT Toamuuael CSCO mpocioiiku
YKa3bkIBaeT Ha TO, YTO B Clyuae Halleil TOMIUHBI MpPo-
cinoiiku ycnoBue £y <K dg., 00yCI0BIMBalOIEe S3KCIOHEH-
[UalbHYI0 3aBIUCHUMOCTh KPUTHYECKOr0 TOKA, HE BhIMOJ-
HAaerca [17].

Kar cnepyer us [16], amnuuTyna cBepXnpoBoaAmeii
KOMIIOHEHTHI CBEPXTOKA B TYHHEIBHOM KOHTAKTE MEHK-
IOy CUHIIETHBIM CBEPXNPOBOJHUKOM M CBEPXIPOBOIHU-
KOM CO CMeIlaHHbIM (8 + d) nmapameTpoM MOpAJKA onpe-
gensiercA (B OCHOBHOM) s-KoMmoHeHTo#. I3 ananusa
AKCMEePUMEHTANLHBIX JaHHLIX, MPUBEJEHHLIX B Tabauie,
BU/JHO, YTO y BCeX mepexofoB ¢ mnpocioiikoit us3 CSCO
BenuuuHa [, Ry He HUME, 8 B HECKOIBKO pa3 BhIlle, YeM
nna nepexonoB 6es CSCO mpocinoiitku. CrienoBaTenbHO,
MOJKHO c/ienaTh BBIBOA, 10 aHanoruy c [18, 19], yro B uc-
cnenyemoit ctpyktype Hanuuue AF mpocnoitku crnoco6-
CTByeT npeoGpa3oBaHUIO d-KOMIOHEHTHI TapaMeTpa Io-
paaka ceepxnpoBopHuka YBCO B s-KOMNOHEHTY Bclef-
cTBUe paccesHUA anekTpoHoB Ha rpanune CSCO-YBCO.
Wwmenno nanuume s-wommnonentsl (A') ABaseTcsa ompe-
JengomuM (parTopoMm, 06yCIOBIMBAIOIIMM HeHYJEBoe
3HAaYeHUE KPUTHUUYECKOT0 TOKA CTPYKTYPhl, MPONOPIKO-
HanbHoro npoussenenuio A'Ayy,. OTmerum, uto mMexa-
HU3M TaKoro npeoGpa3oBaHuA M0 CYyTH [ella aHATOT UUYeH
o6cy#aaBeMycsl paHee JUfl Cly4as reTepoCcTPyKTYPbI
D/N (N - nopmanbHslit MeTant) [18,19].

Ipyrum ¢arTopoMm, onpefenfAomUM BEIUYUHY KpU-
THUYECKOr0 TOKa, fABIAeTCA riyGuHa NPOHUKHOBEHUS
KOHJeHCaTHOI BonHOBoi ¢yHkuuu B AF obnactu. Ka-
YecTBEHHbIE BBIBOJbI O INIyOMHE NPOHWKHOBEHUA MOMK-
HO MONYYUTh, MOJAENUPYA aHTU(eppoMarHeTUK Ienoy-
koii F-F'-F-F’ ... ToHKuX (MaKpOCKONUYECKUX) 110 CPaB-
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HEHUIO C JUIMHON KOTepEeHTHOCTH CIOEB C MPOTUBOIMO-
JIO{HOI1, NapanienbHON UX NJIOCKOCTHU, OpUeHTanueit 06-
MEHHOI0 MOoJIA B coceMHUX ciuoax. Ilpu »ToM mnA aHa-
nM3a KOOPAMHATHON 3aBUCHMOCTH KOHIEHCATHBIX BOJ-
HoBbIX GyHEumU fi = fi(z,w,cosf), cooTBETCTBYIO-
IUX TPOTUBOIOIO0AHOM OPUEHTAINY €K TPOHHOTO CIHU-
Ha, MOHO BOCMOJb30BaThCA TMHEapH30BaHHbIM ypaBHe-
Huem diinenGeprepa (cMm., Hanpumep, [1—-3]). Pewmenue
ATOr0 ypaBHEHUA TOKA3bIBAET, UTO BIBOMLI O IIyGUHE
[IPOHUKHOBEHUA KOHIEHCAaTHOM (YHKUMM NMPU 3HAKOIeE-
peMeHHoi opueHTaluKM 0GMEHHOT0 MOJA TAKKe e, Kak U
B clyyae OJHOPOZAHOI ero opueHTauuu [2]. ITOT BHIBOA
M03BOJAET 3aKIIOUUTh, UTO 06hACHEHNE aHOMATBLHOM Be-
JUYUHBI J#03¢()COHOBCKOTO TOKA BO3MO#HO TONLKO B
YCIOBUAX GalIUCTUYECKOTO 3JIEKTPOHHOrO TPaHCIOpPTa
! > dg., npu Kotopom, yuutsiBas, 4t0 He,7 > 1 (rme
7 =1/vF), ananoruyno pa6ote [2] MOMHO IPUATH K BbI-
BOJy O TOM, YTO TI'ryOMHA MPOHMKHOBEHWA KOHIEHCAT-
Hoit BonHOBO#M ¢yurnuu B AF oGnacTb okasbiBaeTcA He
3aBUCALLEH OT BeNUYUHbI He, U MO NOPAAKY BeNMUMHBI
onennBaerca Kak min{l,vp/kT}. Ilpn sTom BernuuHa
KPUTHYECKOr0 TOKA, ompeneifeMasa CyMMO#H M0 Maly-
6apoBckum uactotam y {(D(0)(fy + d_)fs) (rme fi —

3HAYEHUA I{OH}IeﬂcaTHO‘PgI (QYHKIUM HENOCPEACTBEHHO Y
Gapbepa, uMerolero npo3paunocts D(#), yriosbie cko6-
KM 03HAYalOT yCpPeJHEHHe N0 yriaM), MOMEeT ObITh He
Maloif BETMYKUHOM, KaKk MOKA3bIBAIOT BhIMENPUBEIEHHbBIE
OLIEHKU.

~

Ilpeanonarasa, uto gnuHa cBoGogHoro mpoGera [ £
10 um mopaxka Tonuuuel miaeHkn CSCO npu kpl = 1,
rae kr = (27)2pr/h, nonyyaem umnynsc ®epmu pp =
1.6 - 1072"&r - m/c [14]. Ilpu ycnosum, yTo Macca Ho-
cuTeleil COBMNafaeT ¢ Maccoil AMEKTPoHa B YMCTOM Mpe-
mene moiayvaeMm npu Huskoil temnepatype (T = 4.2K)
I0A TIyGUHBI TPOHUKHOBEHUA KOH/JEHCATHBIX BONHOBBIX
cBepxnpoBoaAwux Gpyuruuit € = hvp/2rkT = 4.5 am.
Tarkum o6pa3oM, riny6uHa NPOHUKHOBEHNA MEHbIIE TON-
munel npocnoiikn CSCO, onpenenenHoit 13 KanuGpoBKU
CKOpOCTH HamnblieHdf. Bo3MO0KHO, YTO TOJIIUHA MPO-
cnoitku CSCO, onpefenennasa U3 KanuGPOBKU CKOPOCTU
pocta CSCO, B 34 pa3za Gonbie 3PeKRTUBHON TOMIIK-
el CSCO, Ha uTO yKa3bIBAIOT PEHTTEHOBCKUE M3Mepe-
nua?).

Z)led pocte noBepx mieHKu YBCO kauecTtBo miueHku CSCO
3aMeTHO yXYyANmaeTcAd, MUPUHA KPHUBOI KauyaHUA yBelUUUBAEeTCA
Ha NOPAMOK, a YBellMYeHne MUPUHBI KPUBOH crekTpa 6—26 cBupe-
TeIbCTBYET 0 TOM, YTO o6racTb KorepeHTHoro pacceaHusa (OKP)
y naenkn CSCO, BeipameHHoii noepx mieHku YBCO, B 3—-4 pa-
3a MeHbIle, UeM Yy TaKoii e IIeHKH, BhIPAalleHHOH Ha NOJI0MKKe.
OKP roppeaupyer ¢ TOIMWHON MUIEHKHM NPU YCJIOBUU I[PUMEPHO
O[IMHAKOBOrQ KauyecTBa IUIEHOK.

IIucema B MITP® Tom 84 BHIM.5-6 2006

3aBUCHMOCTY KPUTHYECKOr'0 TOKa JBYX THUIIOB Iepe-
xomoB (¢ CSCO mpocnoiikoit 1 6e3) OAMHAKOBBIX pas-
MepoB (20 x 20MKM) OT BHeEIIHEro MarHUTHOrO TMONA
I.(H), uaMepeHHble Ha OJHOM M TOH e DKCNEPUMEH-
TallbHOIl ycTaHOBKe, OKa3aHbI Ha puc.3. BugHo, uro B
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Puc.3. 3aBUCHMOCTH 0T MArHUTHOIO HONf KPUTUYECKUX
TOKOB mepexofoB ¢ npocioiikoit CSCO (uepHble TOUKM) U
6e3 (cBetanle Touku) Ha BcTaBKe moKasaHa 3aBMCHMOCTh
Ic(H) nepexopa ¢ mpocuotikoit mpu 7' = 4.2 K B manom
Macmrabe 10 MarHUTHOMY IOIIO

orcytcrBue npocnoiiku CSCO arta 3aBucuMocTb Gnu3ka
K (payHrodepoBoii, 4To MOATBEP#AaeT OAHOPOAHOCTH
pacmpejeneHusa TOKa B HamuXx cTpykrypax. Hymu ¢pa-
yHrod)epoBoii 3aBUCUMOCTH COOTBETCTBYIOT BXOHACHUIO
KBaHTa notoka $o B nepexoxn. [lna nepexosa ¢ mpocioii-
roit u3 CSCO obpaiienue B Hylb KPUTUYECKOr0 TOKa
IPOKMCXOAUT NpH MONAX, HA IBa MOPAJKA MEHBUINX, YeM
ans nepexopa Ge3 mpocnoitku. B paGore [4] Gbi1a npen-
CKazaHa aHOMAalbHO BLICOKAfA YyBCTBUTENLHOCTh MEpe-
Xola ¢ aHTU(eppOMarHUTHON NPOCIOWKOI, ecliu mpo-
cioiika npexacrasifer coboit A-CTPYKTYpy, COCTOALIYIO
U3 CJI0EB C TMPOTUBOMOJIOMHO HANpaBleHHOi HaMarHu-
genHocTblo. Kak nokasano B paGote [20], CSCO umeer
MarHuTHYIO NOApeuleTRy ¢ A-CTPYyKTYpO#, MIOCKOCTH
KoTOpOili He coBnagator ¢ miockoctaMu CuQs B CSCO.
Mg peiicTBUTENbHO HAGMIOAANN CUIBHYIO 3aBUCUMOCTD
¢opmer I, (H) ot yria Memay HampaBleHHMEM MarHuT-
Horo nosA u ocaMu 6a3oBoit nuockoctu CSCO mpocnoit-
ku. Bomee Toro, mna mepexomoB GoNbLIMX pa3MepoB
(A = 50 x 50 meM) Ha 3aBucumoctu I.(H) HaGaioxa-
IOTCA JONMONHUTENbHbBIE OCHUIIANNY, NpEACKa3aHHbIE B
[4], npu nonsx cylecTBEHHO MEHbUIKX, YEM [OJ€ Npo-
HIUKHOBEHNA KBaHTa MOTOKA B NepexolA. BepoATHo, no-
HOJMHUTENbHbIE OCUMIALNMY BhI3BaHbI B3aUMOJENCTBIEM
HamarHuyennoctu CSCO mnpocioiiku ¢ BHEIIHUM Mar-
HUTHBIM noneM [4].

3*
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OTMeTuUM, UTO B 1#03e()COHOBCKUX CTPYKTYypax S-F-
S Tuma Ha 0cHOBe OGBIYHBIX CBEPXIPOBOAHUKOB C CHUHT-
IeTHLIM NapaMeTpoOM MOpAAKa HeJaBHO Habmioganca 3¢-
dext [mozedcona [21], macmTab KOTOPOro B U3BECT-
HOIi CTENeHU TaKie MOKHO Ha3BaThb aHOMAaNbHBIM (XO-
TA MacimTab ero 3HauuTelbHO MeHbIIe 3(pderTa, HabMIO-
IaBllerocA B HacToAllell paboTe), MOCKONbKY OH Ompe-
JenfeTc aHOMalbHO GonblIoil riIyGUHOII NMPOHMKHOBE-
HUA TPUNIETHON KOMIOHEHTHI KOHJEHCATHOI BOJHOBOI
¢yHrnuu B ¢eppoMarHeTuk. TakaAa MHTepnperanus
cnexyer us Teopun [22,3], mokasbiBaioliel, 4TO MNpH
crnypalbHONH HaMarHM4eHHOCTH (eppoMarHeTura u gud-
(y3UOHHOM TpPaHCIOPTE 3IEKTPOHOB TPUILIETHAA KOM-
MOHEHTa KOHJEHCATHOIl BONHOBOH (GYHKLUMM MpPOHUKA-
er B F obnacte Ha ruyOuHy, 3HAYUTENbLHO NPEBbINIA-
IoIyl0 rIyOGuHY NPOHUKHOBEHUA CUHIJIETHOH KOMIIO-
HeHThI. CleJCTBUA TaKOro BbIBOJA, NPOABIAIOLINECA
B (a30BO-KOrepeHTHO! 3aBUCHMMOCTHU KOHJaKTaHca I'ub-
punHoro S-F anapeeBckoro nuutepdepomMerpa usydanuch
B paGote [23]. [logueprHeM ewie pas, YTo, B OTINYUE OT
paboThI [21], MmacmrTab HabarogaBlleroca B HacToAlmeH
pabote adpderTa [[;x03edcoHa onpenendgeTca CUHTIETHOM
KOMIIOHEHTOI KOHJeHCaTHOI BOJNHOBON PyHRIIUU.

Taxum o6pa3oM, 3KCIEPUMEHTANBLHO MMOKAa3aHO, UTO
B I03e(CcoHOBCKOIM rnOPUAHOI CTPYKTYPE C DIUTAKCU-
anbHOI aHTU(eppoMarHUTHON NpOCIOKOIl cCBepXNPOBO-
IAMUA KPUTHUYECKUI TOK MOeT GbITh aHOMAalbHO 60Mb-
MMM, TO €CTh NPEeBOCXOAUThL ero 3HaueHHe, pealu3ylo-
umeeca B orcytctBue AF mpocnoitku. Omnpepensomum
¢arTOpOM, 00y CI0BIUBAIOIIMM aHOMAalbHO GONbLLIYIO Be-
IUYUHY KPUTUYECKOTo TOKa, ABNAETCA TpaHchopmanua
JOMUHUpYIOIeN d-KOMIOHEHTHI MapaMeTpa MOpAAKa B
YBCO B s-komnonenty. Taraa TpaHchopmanua MoMeT
MPOUCXOANTh 160 HenocpeacTBenHo BOiu3u YBCO-AF
rpauunsl (B ofpasymoomemca BOIM3M Hee HOPMalbHOM
cnoe), nu6o B camoii AF mpocnoiike. Ilokasano tamxe,
YTO B HCCIeAyeMoil reTepoCcTpPYKTYpe, Onarogapa Halu-
yuio AF npocnoiiku KpuTuueckuilt Tok obGnagaeT aHo-
MallbHO# YyBCTBUTENbLHOCTHIO K MarHUTHOMY MOJIO.
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jJachk OpM 4YacTU4YHOI mopjep:ke nporpamMm OTaene-
uua ¢pusnveckux Hayx PAH, Poccuiickum dougom ¢yH-
ZaMeHTanbHBIX UcclenoBaHuit (mpoert # 04-02-16818),
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