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TE3UCBHI JOKJIAOB

Jlokann3oBaHHbIe CBePXIPOBOASIIINE NAPbI
B Pa3ynopsiio4eHHOMTPeXMEePHOM MaTepuaJie

B.®. 'ant™maxep
NDTT PAH, YepnoronoBka, Poccust

[TpoBeneH aHanmM3 SKCIEPUMEHTAIBHBIX AaHHBIX B amopdHOM InO, KoTOpHIi
MOJATBEPXKIACT, YTO NPU Pa3pyLICHUH CBEPXIPOBOJUMOCTH IOJIEM MOXeT o0pa3o-
BaThCsl U30JIATOP C JIOKAIM30BAaHHBIMHU IIApaMHU, KOTOpbIE, B CBOIO OYepelb, pa3py-
[IAIOTCS JIMIIb B CYIIECTBEHHO OoOJiee CHIIBHBIX MAarHUTHBIX moisix. OOcyxmaercs

MOZCJIb TAKOI'0 U30JIATOpAa C IMAPHBIMH 3JICKTPOHHBIMH KOPPCIALUSIMU BOJIM3U Q)ep-

MU-YPOBHSI.



Temperature and frequency dependence of complex conductance of ultrathin
YBa,Cu;05., films: a study of vortex-antivortex pair unbinding.

V.A. Gasparov*, Oi Li**

* - Institute of Solid State Physics RAS, Chernogolovka , Russia.
** - Pennsylvania State University, USA

According to Kosterlitz-Thouless-Berezinskii (KTB) theory extended to high
frequencies the electromagnetic response of a 2D superconductor is dominated by
those vortex-antivortex bound pairs that have vortex separation length equal to the
vortex diffusion length. This implies that it is possible to detect the response of those
pairs at high frequencies in the samples even though the usual KTB transition is not
present as shown in DC and low frequency measurements.

We have studied the temperature and the frequency dependencies of the com-
plex sheet conductance, [1([7,T), of 1-3 unit cell (UC) thick YBa,Cu;07 films sand-
wiched between semiconducting ProsYo4Ba,Cu;07 layers. Experiments have been
carried out in a frequency range between: 2-30 MHz with one-spiral coil technique
and in 100 MHz-1 GHz frequency range with a new technique using the cavity
formed with a spiral coil.

We have found the linear temperature dependence of the kinetic inductance,
L, '(T), at low temperatures independent of frequency, with a break in slope at
T g, the maximum of real part of conductance, [1(1,(T), and a large shift of the
maximum position to higher temperatures with increasing frequencies 1. We obtain
the universal ratio T®xg / Lk"(TKTB) = 13.5, 14, and 14.5 nHK for 1-, 2- and 3UC
films, respectively in close agreement with theoretical prediction for vortex-
antivortex unbinding transition, 12 nHK. The activated temperature dependence of
the vortex diffusion constant was observed and discussed in framework of vortex-
antivortex unbinding transition.

[1] V.A. Gasparov, I.E. Batov, Qi Li and C. Kwon, Phys.of Low-Dim.Str., 6, n.12
(1995) 361.

[2] V.A. Gasparov, L.E. Batov, Qi Li and C. Kwon, Czechoslovak Journal of Physics,
46, Suppl.S3 (1996) 1401.

[3] V.A. Gasparov, I.E. Batov, C. Kwon, and Qi Li, Physica B, 284-288 (2000) 1021-
1022.



N3mepenne 2JIeKTPHYECKOTO MOJIS, COMPOBOKIAIONIETO
B MeTaJljle MPOA0JILHYIO 3BYKOBYIO BOJIHY.

B.JJ.®uns*, B.M. IN'oxdenpa**

* - ®TUHT HAHY, XapbkoB, YkpanHa
** - londTU HAH VYkpaunsl, [lonenk, Ykpanna

OO0cyxn€H BONPOC 00 M3MEPEHHUH AJIEKTPHUUECKOTO TOJIS, COMPOBOKIAFOIIETO
IPOJIOJIBHYIO 3BYKOBYIO BOJIHY, HOPMAaJIbHO MaJalollyl0 Ha rpaHully meramia. B o0-
oieM cily4ae yNnpyro HEecBOOOIHON TpaHWIbI JOJDKHBI HAOMIOAAThCS JIBa BKIIAJA,
OIIMH W3 KOTOPBIX HMMEET CTAaHAAPTHBIN 1l Oe3rpaHnvYHOro 00pasia BUI, a IPyroi
CBSI3aH CO CKauKOM 3JIEKTPOHHOM (DyHKIMM paclpelesieHusl Ha TpaHuLe (3a1ada pe-
IIeHa B MPOCTeHIeM ciydae 3epKajibHOW rpaHullsl). Ha cBoOOAHON rpaHuile BEDKH-
BAeT TOJIKO BTOpasi KOMIIOHEHTA. J[JIs1 SKCIIEpUMEHTAIBHOTO pa3/iesieHus IByX BKJIa-
OB BaXKHO, YTO WX a3kl CABHHYTHI OTHOCHTEIBHO APYT Apyra mpumepHo Ha 90°.
[IpoBeneno cpaBHeHHE ¢ 3KkcriepuMeHTOM. [Ipu cBepxmpoBosIIeM mnepexoae moie,
PETUCTPUPYEMOE KaK C IIOMOIIBIO TAIbBAHUIECKOTO KOHTAKTA, TAK ¥ OECKOHTaKTHBIM
criocoGoM, ucuesaer Ha unteppane AT/T, ~ 107 — dakr, B HacTOsIIEE BPEMs HE Ha-

XOJSIUHI Yy aBTOPOB OOBSCHEHHUS.



Catastrophic Dynamics of Vortex Matter in Type-1I Superconductor

V.V. Chabanenko
Physical&Technical Institute, NAS, Donetsk, Ukraine

Magnetothermal instabilities (flux jumps) and critical current degradation have
been observed essentially in all superconductors (LTSC and HTSC) with high values
of the critical current [1]. Although the flux jumps last only a fraction of a millisec-
ond, they may have catastrophic influence on the material [2]. With the aid of the
Hall probe, we have monitored convergent periodic oscillations of the magnetic flux
induction at the surface of the Nb-Ti plate as a result of the huge avalanche. We re-
gard this phenomenon as displaying the inertial property of the vortex matter [3].
Some new experimental results related to this phenomena are considered.

The Polish Government Agency KBN under contracts No.8 T11B 038 17 sup-
ported this work.

1. S.L.Wipf, Cryogenics 31 (1991) 936.

2. Y. Ren, R.Weinstein, J. Liu, et.al. Physica C, 251 (1995) 16.

3. V. Chabanenko, V. Rusakov, V. Yampol'skii, S. Piechota, A. Nabialek, S.
Vasiliev, H. Szymczak, arXiv: cond-mat/0106379 19 Jun 2001.



Jlokanu3anus 3JIeKTPOHHBIX COCTOSTHUH
HA IBOMHUKOBBIX U AHTU(PAZHBIX TPAHMLAX

D.I1. ®enpaman*, B.B. FOpuenko*, A.A. Kpoxun**

* - Jond®TU HAH Yxpaunsl, JJoHeuxk, Ykpanna
** - UnctutyT ¢usuku, ABTOHOMHBIN yHUBepcuTeT [1yn6mo0, Mekcnka

MHorue TBepAOTENIbHbIE arperatbl COAepKaT CeUU(pUUECKUue I'paHULbI, pa3-
JIeIISIONINE TOMEHBI, TOKIECTBEHHBIE IO CBOMM CBOMCTBAM M OTJIMYAIOIIUECS JINOO
OpHUEHTALMEH CTPYKTYpPHBIX JIEMEHTOB, JINOO paclpe/ieIeHneM aTOMOB 110 WAECHTUY-
HbIM nojpemeTkaM. [IpuMepoM MOrYyT CIy>XKUTh MEXaHUYECKUE WM CTPYKTYpHbIE
JIBOMHHKY; B IONYNPOBOIHUKAxX THa GaAs pedb uaeT 00 aHTH(a3HBIX TPAHMIIAX.

B mpenenax kaxxaoro u3 AOMEHOB, COCTABIIAIOIIMX BOMHUK, 3JEKTPOH JBH-
JKETCsl B NMEPUOJIMUYECKOM I10JI€, Ha TpaHMIIe 3Ta NMEPUOJUYHOCTh Hapymiaercsa. Cre-
uQHKa ABOHHUKOBOI I'PaHULIl COCTOUT B TOM, YTO MOTEHLUAIBHYIO 3HEPTHUIO AJIEK-
TPOHA MPUHIUITHAIBHO HEBO3MOXKHO MPEACTABUTHh B BHJAE CyMMBI MOTEHIIMANA, Te-
PHOJIMYHOTO BO BCEM OOpa3lle IUIOC J00aBKa, JOKAIW30BaHHAs BOJMW3W T'PAHMUIIEI,
MOCKOJIbKY B IIEJIOM JBOMHHUKOBAS rpaHMIla HemeproanyHa. MOXKHO cKa3aTh, 4TO Ha
TaKOM rpaHUIle MPOUCXOIUT CKaYOK (ha3bl MOTEHLIMAIA.

3amadya 00 ompeAeNeHUH 3JEKTPOHHOTO CHEKTpa TaKOM CTPYKTYphl HAEHHO
OnMM3Ka K M3BECTHOW MpoOJeMe TaMMOBCKHX IOBEPXHOCTHBIX cocTostHud. Kak u3-
BECTHO, TaMM yCTaHOBMJ, 4TO BOJIN3M BHEIIHEH MOBEPXHOCTU TBEPAOTO Tesa MpHU
M3BECTHBIX YCIIOBUSAX MOXXET MPOUCXOAMTDH JIOKATU3AHUsS SJIEKTPOHHBIX COCTOSHHM.
DJEeKTPOHBI 3aMUPAIOTCs, C OAHON CTOPOHBI, TOBEPXHOCTHBIM OapbepoMm, a ¢ JIpyroi
— MEePUOINYECKON PEeHIETKOM.

B cimydae nBOMHMKOBOUN TpaHUIBI, KAK HAMU OBIJIO YCTAaHOBIEHO C HMCIIOJB30-
BaHUEM MOJEIN CHHYCOUAIbHOIO NMoTeHuana (ypaBHeHne MaTbe) MpoucXoauT 3a-
MUPAaHKE NMEKTPOHA C BYX CTOPOH MEPHUOJUUYECKUM MMOTEHIIHAIOM.

B 3anpernieHHbIX 30HaX WAEATHHOTO KpUCTAIa MOSBISIOTCS YPOBHH, COOTBET-
CTBYIOIIHE JIOKATM30BaHHBIM Ha JIBOMHUKOBOW MJIM aHTU(a3HON TpaHUIE COCTOSTHU-

aM. CaMu COCTOSIHUS MOTYyT OBITH KaK CUMMECTPUYHBIMU, TaAK U aHTUCUMMECTPUYHBI-



MU. BBIUUCIIEHBI SPHEPTUN B PATUYCHI JIOKATH3AINN 3TUX COCTOSIHUN B 3aBHCUMOCTH
OT aMILUTUTY/bI OTEHIMAaa, HOMEpa 30HBI, M, YTO HanboJiee HHTEPECHO, OT BEJIUYH-
HbI cKauka (assl noteHuuana. [lokazaHo, 4To BO BceX «OBIBIIMX» 3alPELIEHHBIX 30-
HaX, KaK MPaBHJIO, UMEETCS OOUH YpoBeHb. OIHAKO, MPH HEKOTOPBIX 3HAYCHHUSAX
ckauka (a3bl, B JaHHOW 30HE MOXKET JHOO OBITH J1Ba YPOBHS («CUMMETPHUHBIN» U
«aHTUCHMMETPHUYHBII») OO YpPOBHH MOTYT OTCYTCTBOBaTh BOBCE. BO3MOXKHOCTH
OJIHOBPEMEHHOTO CYIIECTBOBAaHHUS JABYX YPOBHEW B OJIHOM 3allpenieHHOM 30HE MPUH-
LUNHAJIBHO OTJIMYAET Hall Pe3ysbTaT, Kak OT pe3ysibTaToB TaMMma, Tak U OT pe3yib-
TaTOB, MOJYYAIOMIUXCA MOJACIHPOBAHUEM T'PAaHHIBI KaK JIOKAJFHOTO BO3MYIIEHHS B
cxeme . JIudmmna.

3amaya gomyckaeT o0oOLIeHNe Ha ABYXMEPHBIM M TPEXMEpHBIM ciydau, IpU-
4eM BO3MOXHOCTh TaKoro 0000IIeHus mpecTaBiseTcs 6oiee 000CHOBAHHOM, YeM B
3ajmadye Tamma, MOCKOJIBKY B HallleM CiIy4ae Mo 00e CTOPOHBI OT TPaHUIIbI HAXOISATCS
KPHUCTAJUTBI C SKBUBAJICHTHBIMH CTPYKTYPaMH.

[TosiBuBIIMECS B mOCieqHEEe BpeMs IKCIEpUMEHTAlbHbIE MCCIEeI0BaHUA (Ha-
npuMep, ¢ UCIONIb30BaHHEM AF-MHKPOCKOIIOB) pacrpeneneHus JeKTPOHHON TI0T-
HOCTHU BOJM3M JABOMHHUKOBBIX M aHTH(]A3HBIX IPAHUI] JAIOT OINpE/eIeHHbIC TPU3HAKU

PEATBHOCTH CYHICCTBOBAHUA JIOKAJIM30BAHHBIX <<aHTI/I(1)a3HBIX)> COCTOSIHHI.



Konsepcust ynpyroi BoJiHbI B 3JIEKTPOMAarHUTHOE M3JIyYHHUE
Ha rpanuune ceepxnposoanuk Il — poga —Bakyym.

B.1.®unb
OTUHT HAHY, XapbkoB, Ykpanna

[omyuens! GopMyITbl, ONHMCHIBAIOIINE B JIOKAJIBHOM TIpe/eie KOHBEPCHIO YII-
pYroil BOJHBI B 3JIEKTPOMarHUTHOE IOJIE Ha TPaHULE CBEPXIpOoBOAHMK II-pona- Ba-
KyyM, JOIyCKAIOIINE MPEAEIbHBIN Mepexo] KaKk K HOPMAJIbHOMY, Tak U MeiiccHe-
poBckoMy cocTostHUAM. OOCyXk/IeHa cTpaTerusi SKCIepUMEHTa, MTO3BOJIAIONIAs U3Me-
PUTH AMHAMUYECKUE MapaMeTpbl BUXpeBOil peméTku. OOpalleHo BHUMaHUE Ha mep-
CIIEKTUBHOCTh HcciieqoBaHusl nHepuuoHHON (CrtroapT-ToIMEHOBCKOM) KOMIIOHEHTHI
n3iy4yaemoro noist I[IpoBeneHo cpaBHEHHE ¢ IKCIEPUMEHTOM, BBIIOJIHEHHOM Ha Nb,

MgB, u ZrTiCuNiBe amopdHOM crase.



Unusual behavior of AC losses and magnetization
in anisotropic hard superconductors

L.M. Fisher*, A.V. Kalinov', LF. Voloshin*, V.A. Yampol'skii**

* - All-Russian Electrical Engineering Institute, Moscow, Russia
** _ IRE NANU, Kharkov, Ukraine

The amplitude dependence of the relative ac losses ¢ and the dc magnetization
M of anisotropic superconducting plate-like samples has been studied experimentally
and theoretically. We investigated the single domain textured crystals of the Y-123
system with the ¢ axis laying in the sample plane and a single crystal with the prefer-
able orientation of twins in the sample plane. Contrary to the isotropic case where
there exists one maximum in the dependence of g=y" on the amplitude /4, of the ac
magnetic field, two maxima in the dependence g(%,) were observed. Both maxima
are found to be related to the penetration of the ac field up to the middle of a sample.
This size effect occurs if the direction of the ac magnetic field differs significantly
from the principal axes of symmetry. Such an unusual manifestation of the size effect
can be understood under the assumption that two components of the ac field along the
principal axes of symmetry are independently shielded by the two principal compo-
nents of the anisotropic critical current density. The sequential penetration of two dif-
ferent components of the magnetic induction to the middle of the sample leads to the
appearance of additional extrema in the dc magnetization curves of superconducting
textured plates with a strong in-plane anisotropy. This unusual phenomenon was also
studied experimentally and theoretically. For definite orientation of the external mag-
netic field with respect to the crystallographic axes, the virgin magnetization curves
are shown to have additional minima which are similar to the well known peak effect.
This means that the anisotropy of the critical current capability can be a reason of the
new type of the peak effect. The obtained results are interpreted within the frame-

work of the critical state model generalized to the anisotropic case.



JInHAMHKa MATHUTHBIX BUXpeil. Meskay BUXPAMH U COJTMTOHAMHU.
A.C. KoBazes
OTUHT HAHY, XapbkoB, Ykpauna

AHaJIMTHYECKU U YHCICHHO PACCMOTPEHA JUHAMUKA BUXPEBBIX Map B ABYMEp-
HOM JIETKO-TUTOCKOCTHOM (peppomarHeTrke. MccaenoBano B3anMoIeHCTBHE IBYX Ta-
KUX Hap (BUXpb-aHTUBUXPb) B YACTHOM ClIy4yae, KOTJa UX IOJHbIM yIrI0oBOM MOMEHT
paBeH HYJIO (CTOJIKHOBEHHE Map, ABMKYIIUXCSA BAOJb OAHOM JMHUM). AHaIUTHYe-
CKO€ PacCMOTPEHHE MPOBEACHO B paMKaX METOJa KOJUIEKTUBHBIX TIEPEMEHHBIX (aH-
3ana Tuse), B KOTOPOM 3ajjaua O B3aUMOJIEHCTBUM YETHIPEX BUXPEH SABISETCS MOJIHO-
CTBIO MHTETPHPYEMOi. Pe3ynbTaTsl CpaBHUBAIOTCS C JAHHBIMU YHCICHHBIX CHMYJISI-
nuii ypaBHenuit Jlanpay-JIndmmna ans nBymepHoi knaccudeckoi [aiizenOepros-
ckoit mozxenu. [loka3zaHO, YTO MpPU BCTPEYHOM CTOJIKHOBEHHHM BHXPEBBIX Iap BO3-
MOJKHBI pa3Hble CIICHAPHH paccesHus: 0OMEH «ITapTHEPOB» M3 Pa3HBIX Map U pacces-
HUE BHOBb OOPa30BaHHBIX Map MOJ ONPEIEICHHBIM YIJIOM K HaIllpaBJICHHIO HAayallb-
HOTO JIBWKCHUS, TPOXOXKICHHE Tap APYT Yepe3 Ipyra ¢ BpeMEHHBIM 0OMEHOM MapT-
HEpaMHU U TIPOXOXKJICHHE map 0e3 MOTepu CBOCH MHIMBUIYaTBLHOCTH. B mociemnem
cllydae B3aMMOJICHCTBHE Iap HAIOMMHAET B3aUMOJCHCTBHE COJUTOHOB B OJHOMEP-
HBIX UHTETPUPYEMBIX CHCTEMaX, U BHXPEBbIC Maphl HTPAIOT POIb IBYMEPHBIX OJTHO-
napaMeTpu4ecKux colIMTOHOB. Ilpu BbIxone 3a pamku npuOmkeHus Tuie u yuere
NEPBbIX MOMPABOK MO0 CKOPOCTH JBMXKEHUS IMap MOITy4YEeHHAs aHAIMTHYECKas 3aBHCH-
MOCTb yTJIa PAacCesHHS Map OT OTHOCHTEIBHON CKOPOCTH MX ABHMKEHHS XOPOIIO CO-
IJIACYETCsl ¢ YUCICHHBIMU JIaHHBIMU MPAKTHUECKU BO BCEHl 001aCTH CKOPOCTE, Mpu
KOTOPBIX BUXPEBBIE Maphl COXPAHSIOTCS B MPOLIECCE CTOIKHOBEHUS. [Ipn nBMKeHUU
nap B OJJHOM HaIpaBJICHUU OHM MPOXOJAT APYT depe3 Apyra Kak OJHOMEpPHBIE COJIU-
TOHBI IIPU JIFOOOM COOTHOIIECHUU CKOPOCTEH. AHAJIUTUYECKH BBIYUCIEHBI COOTBETCT-
BYIOIINE CIBUTH (a3 MBMKEHUs. YaCTHBIM CIIydaeM TaKOTO JIBUKCHUS SIBISETCS 00-
pa3oBaHHME BHUXPEBOTrO KBaApymoiisi. Takoe BO30YXJEHHE XapaKTepu3yeTcs IABYMs
JUHAMUYECKHMHU TapaMeTpaMu: CPeJHel CKOPOCTBIO MEepeMEleHHs] KaK LEeIoro U
BHYTPEHHEW YacTOTOW (YacCTOTOW BpAIICHHWS IBYX Hap BUXPb-BUXPh M aHTHBHXPb-
aHTUBUXPb, 00pa3yIoNUX KBaIPyMoib). Takum 00pa3oM, pacCCMOTPEHHBIN BUXPEBON
KBaJ[PyTOJib 001aaeT CBOMCTBAMH JBYMEPHOTO TUHAMHYECKOTO COJIMTOHA Orrbaro-
mei. B Mano-aMmiuTyTHOM npejesne aHaJIUTHUYECKH PacCMOTPEHbI ABYMEPHBIE CO-
JTUTOHBI Orubaroiei, OJM3KKe K C1a00-TOKAIM30BaHHEIM CIIMHOBBIM BOJIHAM, M YKa-
3aHO Ha UX BHYTPEHHIOIO BUXPEBYIO CTPYKTYpY.



Localization and mobility edge in random superlattices
A.A. Krokhin
Institute of Physics, Autonoma University of Puebla,

It is commonly believed that there is no mobility edge in 1D random white-
noise potential. I will show that this not the case if the potential is correlated with a
binary correlator decaying in a power law. Two discrete models will be presented:
Anderson model with diagonal disorder and a random superlattice (Kronig-Penney
model). Both exhibit the mobility edges in the energy eigenspectrum if the potential
possesses an appropriately correlated disorder. I will give the experimental evidence
of the existence of the mobility edges in the transmission micro-wave spectrum of a
single-mode waveguide with inserted scatterers. For energies or frequencies between
the mobility edges, the disordered system is transparent, while it is not outside this
interval. I propose to exploit this property for filtering of electrical and optical sig-

nals.



Magnetostriction and domain structure in antiferromagnets
E.V. Gomonay and V.M.Loktev
National Technical University of Ukraine "KPI", Kiev, Ukraine

The problem of the observable equilibrium domain structure in the compen-
sated collinear antiferromagnets is investigated with the use of continuous elasticity
theory. It is shown that difference between the bulk and surface magnetoelastic
strains causes the imaginary “incompatibility elastic charges” analogous to the sur-
face “magnetic” charges in ferromagnets. Corresponding long-range field is shown to
contribute into the “stray” energy of the sample that governs an appearance of the
domain structure, the contribution from the “clastic charges” being proportional to
the sample volume. Competition between the elastic “stray” field that favours inho-
mogeneous strain distribution, and external field that tends to homogenate the sam-
ple, provides the reversible reconstruction of the domain structure under the action of

external magnetic field.



BinsiHue OpHEeHTAIMOHHOI peJIaKcallii MOJIEKYJI HA TePMOIHUHAMMUYECKHE
CBOMiCTBAa HU3KOTeMIlepaTypHoii (a3bl dyiepura C60

B.J. Hanuk, A.B. ITogonsckuii
OTUHT HAHY, XapbkoB, Ykpanna

[IpoBenen TeopeTHUecKUil aHaIN3 TEPMOAMHAMUYECKUX XAPAKTEPUCTUK HU3-
KoTemiepatypHoi (asbl dasbl ¢ymiepura Cgp, OCHOBAHHBIH Ha NPEICTABICHUSIX O
JBYXBSIMHBIX OPHUEHTAIIMOHHBIX COCTOSHHSIX MOJIEKYJ — IEHTAaroHHOH (p) W rekca-
rouHol (h) koHdurypanusx. BeIBeeHBI COOTHOIIICHUS, CBS3bIBAIOIINE CTPYKTYPHBIC
U TEPMOJAMHAMHUUYECKUE XapaKTEPUCTUKU (ysuiepuTa, JOCTYIHbIE 3KCIIEPUMEHTAlIb-
HBIM M3MEPEHHSM, ¢ MHUKPOCKOITMYECKHMHU MapaMeTpaMu MOJIEIH JBYXBSIMHBIX CO-
CTOSIHUI. Bhijenensl U 1eTaabHO NPOaHAIN3UPOBAHbl COCTABIISIONINE TEINIOEMKOCTH
U TEIUIOBOTO PAaCHIMPEHHS HU3KOTeMIepaTrypHoit gassl dymneputa Cegp, 00yCIOBICH-
HBI€ TETJIOBBIM BO30YKJIEHHEM JBYXBSIMHBIX OPUEHTALIMOHHBIX COCTOSIHUN MOJIEKYJI.
Hns  omucanust nedOpMaMOHHON 1M00aBKM K pa3sHOCTH OdHepruid p- u  h-
KOH(UTYpalii BBeJIeH NapaMeTp g., SKBHBAJICHTHBIH mMapamerpy [ 'proHaiizeHa B
TEOPHH TEIUIOBOIO BO30YXKIE€HUS rapMOHMUYECKUX Konebanui kpucramia. [lokasaHo,
YTO OpPHUEHTALMOHHBIE COCTABJSIOLIME TEIUIOEMKOCTH W TEIUIOBOTO PACIIUPEHHUS
¢ysiepura NpoNnOpLUUOHATbHE HEMOHOTOHHOM (DYHKIIMM TEMIEpaTypbl, a sIBICHUE
OPHEHTAIIMOHHOTO CTEKJIOBaHMS "3a0CTpseT"' 3Ty HEMOHOTOHHOCTh M MPHUBOAUT K
pe3koMy (CKauyKoOOpa3HOMY) U3MEHEHHUIO TEIJIOBBIX CBOMCTB BOJIM3M TeMIIEpaTyphI
crexnoBanusa T,~90 K. OTOT BBIBOJ KaYECTBEHHO OOBACHAET AHOMAIMU TEIIOEMKO-
CTH, TEIUIOBOTO PACUIMPEHUsI U OOIIEro TepMOJWHAMUYECKOro mapameTpa [ proHaii-
3eHa (yJuIepuTa B OKPECTHOCTH TeMmIepaTypsl Ty, 3aperucTpupOBaHHbIE B KCIEPH-

MCHTAax.



JlpoOHble U pacuienieHHbIe KPayIHMOHbI
B CJI0’KHBIX KPUCTAUINYECKUX CTPYKTYpax

B.J. Hammx*, C.H. Cmupnos*, E.1. Hazapenko**

* - ®TUHT HAHY, XapbkoB, YkpanHa
** - XHY, XapbkoB, YkpanHa

[Ipoananu3upoBaHbl YCIOBUS CYLIECTBOBAaHMS M OCOOCHHOCTU JAMHAMUKHU
KpayIHOHHBIX BO30YKICHUH B KPUCTAJUIAX CO CIOXHOM CTPYKTYpOH KpHCTaInde-
CKOro MoJjisi, (pOpMUPYIOIIETr0 KpayAHOHbl B IJIOTHOYMAKOBAHHBIX aTOMHBIX pAIax.
Kpucrammmyeckas MaTpuiia npeamnonaraerTcsi abCoOTHO JKECTKOU, TIOATOMY OIHCa-
HUE KpayJHOHOB CBOJUTCS K aHANMM3y o0o0meHHoH Moaenn Ppenkens-KonTopoBoit
W COOTBETCTBYIOIIETO €i HenmHelWHoro auddepeHnuransHoro ypaBHenus Kieitna-
l'opnona. B pamkax 310l MO€NIN U3yUEHBI ClIy4ad TaK Ha3blBAEMbIX IBYXbSIMHOIO U
JBYX0aphepHOro MOTEHIMAJIOB KPUCTANIMYECKOrO IOJIsA: ONHUCAHbl CTPYKTypa cyO-
KpPayJAHOHOB C JPOOHBIMH TOTIOJOTHYECKHUMH 3apsIaMH, PACHICTUICHHBIX MOJHBIX
KpayJIHOHOB, a TakXe acUMIITOTMYECKUH pacmaj paclleIUIEHHbIX KpayIWOHOB Ha
CyOKpayaHOHBI TIpU TpaHC(hOpMAIMK TBYXOAphEPHOTO IMOTEHIHANA B JBYXSMHBIH.
OTnenbHO 0OCYX/I€HBI YCIOBUS CYLIECTBOBaHMS CIIELUAIBHBIX THIIOB CyOKpayIHo-
HOB, CBSI3aHHBIE C aTOMHOH BSI3KOCTBIO KpUCTaJIA U NPWIOKEHHON K HEMY BHEIHEH
cunoi. IIpoBeleHHBIN KaueCTBEHHBIM aHAIN3 HE MPEAIoIaraeT TOYHOrO PEIICHHs B
SIBHOM BUJe HelnHeitHoro ypaBHeHus Kneitna-I'opnoHa. Pe3ynpTaThl 3TOr0 aHaimsa
000011aI0T BBIBOJIBI, TIOJyUYEHHBIE paHee MPU U3yUYEHUH HEKOTOPHIX YaCTHBIX CIIyda-
€B TOYHO perraeMbiXx ypaBHeHu# KieliHa-I'opoHa co CHOXKHBIMH TOTEHIIHATAMHU
(cM. 0630p [1]). PesynbTaTsl paboThl MOTYT OBITH MCIIOJIB30BaHEI HE TOJIBKO B (pr3mKe
KpayAHOHOB, HO U B JPYTUX pa3/ienax HeJIMHEHHOU (PpU3UKH, Oa3HpYIOIUXCsS Ha MO-

nenu Openkens-KontopoBoit

1. Braun O. M., Kivshar Yu. S. The generalized Frenkel-Kontorova model // Phys. Reports v. 306,
1-199 (1998).



“IddexT TPEeHUPOBKN” - H3MEHEHHE KPUTHIECKUX ‘napaMeTpOB ‘ 7777777
cBepxnpoBognnka NbSe,, HHTepKaJINPOBAHHOT0 BOJIOPOIOM, IPU Pa3pylleHHHU
U BOCCTAHOBJICHUH CBEPXIPOBOAUMOCTH TOKOM H MATHUTHBIM MOJIEM.

M.A. OGoneHckuit

XapbkoBcKHM HallmoHANbHBINM yHUBEepcuTeT uM. B.H.Kapa3una

His oOpasuoB NbSe,Hy, moaBeprayTbix NepuoOANYECKOMY TEPMOLMKINPOBA-
HUIO OT KOMHATHBIX IO TEJIHEBBIX TEMIIEpaTyp B TeueHHE 6 MecsAIeB, HAOI0AINCh
3HAYUTEJIbHbIE N3MEHEHMsI (PU3NYECKUX XapaKTEPUCTUK B HOPMAJIbHOM U CBEpPXIIPO-
BOJAIIEM cocTosiHMH. B oGmactu Temmeparyp 250-260 K Ha TemnepaTypHOii 3aBu-
CHUMOCTH 3JIEKTPOCOIPOTUBIICHHS TMOSBWICA CKAaYOK C TEMIEPaTypHBbIM T'MCTEpe3H-
COM.

Ha BonbT-aMIiepHbIX XapaKTEpUCTHKaX B HOPMAaJIbHOM COCTOSIHUM TaKKe Ha-
GTI0ANCS CKAuOK B 0ONACTH HAMPSDKEHHOCTH dMeKTpHueckoro moist E~10° Blem,
UMEIOIINX FMCTEPE3UCHBIN XapaKkTep.

dopma CBEpXIIPOBOIIETO MEPEX0Aa TAKXKE PE3KO OTIMYAETCsS OT HalIro1ae-
MBIX Ul CBEKEMHTEPKATMPOBAHHBIX 00pa31oB. CBEpXIPOBOAIINI TEPeXo]] CTaHO-
BUTCSI HETIOJTHBIM: TIOCIIE TIajieHus1 conpoTuBieHus nmpu T=6.8 K Himke mo Temmepa-
Type HaOIIOAAr0TCS JUIMHHBIC PE3UCTUBHBIC “XBOCTHI, COOTBETCTBYIOIIHE TIepeceye-
HUIO TOKOBBIMU JINHUSIMH 00JacTelt HopManbHO# (assl (jLC).

Jl1st BTOPOTO KPUTHYECKOTO MAarHUTHOTO ITOJISI Hﬂz( jLH) obnapyxeHo yBe-
JUYEHHE €ro 3HAYEHHUs B Mpollecce IMKINYECKOTo MepeBoja odpasia U3 CBepXIpo-
BOJISIIIETO COCTOSIHUSI B HOPMAJIbHOE BHEITHHM MarHUTHBIM IOJIEM. 3aIuCh BOJIBT-
nonieBbIX Xapakrepuctuk (BIIX) ocymectisnack mpu GUKCUPOBAHHBIX 3HAYCHUSIX
TEMIIepaTypbl U TPAHCTIOPTHOTO TOKa Yepe3 oOpasell. DTo sBICHHE MbI Ha3Bau "3¢-
¢dexroM TpeHHpoBKH". D ekt HaOII0NaeTCs IPU TOCTHKEHUN TUIOTHOCTEH TpaHC-
nopTHOro Toka j > 10 Alem’. Tlocie HECKONBKUX IHKIOB nepeBoja odpasma u3 S

— N cocrosiane Hﬂz 3HAYUTEIHHO MOBHIIIACTCS, a TEMIIEpaTypa CBEPXIPOBOISIIIC-

ro nepexoa, onpezenenHas u3 3aucumoctu He,(7), npesbimaer 7 ¢, ONpeaeIeHHYy 0

- { Mpumeuanune [11]:

J




W3 PE3UCTUBHBIX MEPEX0JI0B 10 00padOTKM MarHUTHBIM mojeM. [IpeaensHoe yBenu-
yenue T¢ pocturano 8.4 K, 4ro 10 cux nop He yAaBalloCh MOJyYUTh HUKAKUMU BO3-
JNeMCTBUSAMU TUAPOCTATUUECKUX AABJICHUN U IPYTMMHU BHEIIHUMH BO3JEHCTBUAMMU.

Cuareie nocie "tpenupoBku" p(7) CymiecTBEHHBIM 00pa3oM OTIWYAIUCH OT
UCXOJHBIX. TeMIieparypa nposiBIeHUsS OCOOEHHOCTH, CBA3aHHOMN C BOJTHOM 3aps10BON
mnotHoctr (B3II), HA 57eKTPOCONMPOTHBIIEHNN HE CABUTANAch, HO opma ee CcooT-
BETCTBYET TOH, KOTOpYyI0 Habronanu Ha odpasiax NbSe, BHICOKOH YHCTOTHI C COOT-
HOIIIEHUEM P30 k/Poct ~ 150-200. Kpome Toro, Ha otorpeBHbIX 3aBuUcUMOCTAX P(7)
HaOJI0IaTMCh MUKH TUIA PETAKCAMOHHBIX.

ITonbiTKa M3MEPUTh KPUTHUECKHE TOKM B TaKUX 0oOpas3lax okaszaiach Oe3yc-
HEIIHOW, MOCKOJbKY INpHU IMOCTOSHHOM TeMIleparype i KaKAOoH Mociexyromei
BAX xputHueckuit TOK ObIT OOJBIIE MPEABITYIIETro, TO €CTh HAOMIOJaNICs TakKe (-

ekt "TpeHupoBku". PaccMarpuBatoTcss puzndecKkue MOJENU A7l OObSICHEHUS 3TOTO

s dekra.



IIpo6aema caadoii JJOKaJIN3aUM B HEYNIOPATOYEHHBIX CHCTEMAX:
CTATHYECKH KOHAAKTAHC IBYMEPHBIX Me30CKOMUYECKHX MPOBOAHUKOB

10.B. Tapacos

NP3 HAH VYkpaunsl, XapbKoB, YKparnHa

KoHuenmus npocTpaHCTBEHHOHN JOKAJINU3ALMU JIEKTPOHHBIX COCTOSHUN B He-
YHOPSAA0YEHHBIX IPOBOIHUKAX, chopMynupoBaHHas AHaepcoroM B 1958 roxay, mpu-
BJIEKAeT K ce0e MOBBIIICHHOE BHUMAHHUE B CBS3HM C HHTCHCUBHBIMU HCCIIEIOBAHUSIMU
ME30CKOIIMYECKUX IPOBOAAIIMX CUCTEM. B 4acTHOCTH, HEOXHJAHHBIMHU OKa3aJIACh
MOJIy4Y€HHbIE B IOCJIEIHUE TOAbl MHOTOUMCIICHHBIE 3KCIIEPUMEHTAIbHbBIE JaHHBIE (CM.
CChUTIKH B [1]), CBHIIETETBCTBYIOIMNE O CYIIECTBOBAHMH Kpas MOABUKHOCTH B JIBY-
MepubIX (2D) mpoognukax. HabmrofieHue nepexoaa MeTal-u3oJsTop MPOTUBOpPE-
YUT yCTOSIBLICICS TOUKE 3peHUs [2] 0 JIOKaIU3aluu BCEX JIEKTPOHHBIX COCTOSIHUI B
2D cuctemax npu 7 =0, KOTopasi 10JUKHa UMETh MECTO IpH JIF0OOM ypoBHE Oecro-
psaka.

B pabote [3] mpemioxkeH HOBBIM METOJ pacueTa AMHAMUYECKUX XapaKTepH-
CTUK 2D cTaTHyecKH HEyNOpsAOYEHHBIX IPOBOJHUKOB, OCHOBAaHHBIM Ha MOJOBOM
MPEICTABICHIH OJHOYACTHYHBIX JIEKTPOHHBIX QyHKuni I'puna. Hamnexamuii BbI-
60p 0azucHBIX (QYHKIMHA MOJOBOrO MPEACTABICHUS, YUUTHIBAIOIINN yCIOBUS OTpa-
KEHUs Ha OOKOBBIX I'PaHUIAX MPOBOJHMKA, MIO3BOJIAET CBECTH M3HAYAIBHO JABYMEp-
HYI0 TUHAMHYECKYIO 33Jady K CHCTEeMeE 3aJad JJisi MOAOBBIX MPONaraTopoB OTKPHI-
TOHM CTPOro OJTHOMEPHOH CHUCTEMBI, HE3aBUCUMO OT F€OMETPHUM IIPOBOJHHUKA U yPOB-
HS ero pasynopsigodeHus. B ciydae, ecinu u3HadaiabHO paccMmaTpuBaeMbiil 2D mpo-
BOJHMK SBJIAETCS OJHOMOJOBBIM, T.€. €ro IMpuHa D orpaHuueHa B IMpejaenax
wlk, <D<2x/k, (k, — hepmueBckuii UMITysbC), 3GHEKTUBHBIA TaAMIIBTOHHAH Pac-
MIPOCTPAHSIIONIENCS MOJIBI SIBISETCS IPMHUTOBBIM. B cooTBeTcTBUU ¢ Teopueit 1D He-
YHOOPSAOYEHHBIX CUCTEM, OTCIO/Ia CIIEAYET, YTO BCE BJICKTPOHHBIE COCTOSIHUS MCXOJI-
HOU 2D cucTeMsbl JIOKalIM30BaHbl B HAalpaBIEHUU TOKa IpHU JHOOOM ypoBHE Oecro-
psaKa.

Ecimm B mpoBomHuMKe uMeeTcst Oojiee OMHOM pacIpOCTPAHSIONICHCS MOJIBI
(N,=k,D/7z>2), MEXMOJIOBOE paccessHiEe Ha CTATHUYECKOM IOTEHIHAalle NpuMecen

MPUBOJUT K TOMY, 4TO 3((HEKTUBHBIA raMUIIBTOHUAH KKJIOWM MOJBI CTAHOBHUTCS CY-
IIECTBEHHO HEAPMHUTOBBLIM. biaromaps pa3nnuuio MOAOBBIX (TPOJOIBHBIX) SHEPTHMA
HEIPMHUTOBOCTH MOJIOBBIX TAMUIBTOHUAHOB MOKHO TPAaKTOBATh KaK pe3yJibTaT acda-
3UPOBKH KBAaHTOBBIX COCTOSIHHI 3a CUET “HEYIPYroro” MeEXMOJOBOTO pPacCEsSHUS.
Jl1st BceX MOJIOBBIX COCTOSIHUM, OTMPEENSIONINUX KOHJAKTAHC, JIUHBI e(a3supoBKu
COBIIAJAIOT MO MOPSAKY BEIMYUHBI C KJIACCUYECKOH UIMHOW CBOOOMHOTO Ipobera
SJIEKTPOHOB / , CBA3aHHOMW C YIIPYTUM pacCessHueM Ha MPUMECSX.

B pamkax pa3BuToro nmoaxoja paccuutad kKoHaaktanc Ky6o npu 7 =0 mpoBo-
JIAIIENH TIOJIOCHI TPOU3BOJBHEIX Pa3MepOB. DKCIOHEHIIMATHLHOE YMEHBIICHUE KOH-
JaKTaHca C JUIMHOW L, CBHJIETENbCTBYIOIEE OO0 aHJIEPCOHOBCKOM IJIOKATH3AINH
SJIEKTPOHHBIX COCTOSHUHN, UMEET MECTO TOJIbKO B CIIy4ae OJHOMOJOBBIX MPOBOJIHHU-
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KoB. J[JIT HEOTHOMOOBBIX TIPOBOJHHUKOB 3Ta 3aBUCHUMOCTH OJIM3Ka K CTENEHHOM, U B
ciydae N, >>1 acHMITOTHKH cpenHero Oe3pa3MepHOro KoHAakTaHca g(L) UMEIoT
BU/JI

N, pu L</, (1)
(gL))~] (Z/2N /L >>1 npu (<<L<<N,_, (Ir)
TN /L <<1 pu N f<<L. (in

B oGmactu (1) TpaHCIOPT JIEKTPOHOB ABJISAETCS OAIIMCTHYECKMM, KOHIAKTAHC
HE 3aBHCUT OT L W sIBJISETCS CTyNEHYaTod (QyHKIMEH IUPUHBI NPOBOAHUKA D H
5JIEKTPOHHOM 3Hepruu k}. B o6mactsax (1) u (1Il), Ha3pIBaeMbIX 0OBIUHO “mU(dyY3H-
OHHOM” (WM 00JTACTHIO CJTA0O0M JIOKATU3AIUK) U ~JIOKAIM3aIIMOHHON’, CTYyICHUAThIN
XapakTep KoHJakTaHca criaxuBaeTcs. O0e 3Tu obnactu sBIsitOTCS AU HY3UOHHBI-
MH B KJIACCUYECKOM CMBbICTe (/<<L), ¥ 0)KHUAAEMOTO MPOSBICHUS aHJAECPCOHOBCKOM
JIOKAJIM3alMK JIEKTPOHHBIX COCTOSIHUH mpH L > N ¢ He Bo3HMKaeT. KoHpakTaHc B

3TON 00NACTH SBJSIETCS “OMOBCKMM”, HO ¢ Kod(ddunmentom nuddysun BaBoe mpe-
BBIIIAIOIINM “KJIACCHYECKOe” 3HAYCHHE.

[1] E. Abrahams, S. V. Kravchenko, M. P. Sarachik, Rev. Mod. Phys. 73, 251 (2001).

[2] E. Abrahams, P. W. Anderson, D. C. Licciardello, and T. V. Ramakrishnan, Phys.
Rev. 42, 673 (1979).

[3] Yu. V. Tarasov, Waves Random Media 10, 395 (2000).
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Magnon-assisted Andreev reflection and subgap transport in
ferromagnet-superconductor junctions

G.B. Tkachev
IRE NANU, Kharkov, Ukraine

Electron-magnon interactions at a ferromagnetic metal - superconductor inter-
face are shown to lead to a new process of magnon-assisted Andreev reflection,
which consists of the simultaneous injection of a Cooper pair from the superconduc-
tor and the emission of a magnon inside the ferromagnet. At low temperature this
process represents an additional channel for subgap transport across an FS interface,
which lifts restrictions on the current / resulting from the necessity to match spin-
polarized current in the ferromagnet with spinless current in the superconductor. We
calculate / using the tunneling Hamiltonian method and the nonequilibrium (Keldysh)
Green functions technique generalized for describing contacts with ferromagnetic
electrodes. It is shown that for a junction between a superconductor and a ferromag-
net with an arbitrary degree of polarization, the inelastic magnon-assisted Andreev
reflection process would manifest itself as a nonlinear addition to the /(V) characteris-
tics which is asymmetric with respect to the sign of the bias voltage and is related to
the local density of states of magnons at the interface. Expressions for the subgap (V)
characteristics are given for arbitrary interfacial quality whilst the limiting cases of

uniformly transparent and disordered interfaces are discussed in detail.
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Kanonuuveckoe pacnpenejieHue
B HEIKCTEHCHUBHOH 00001IeHHOI TEPMOTUHAMHUKE.

0O.B. Ycarenko
NP3 HAH VYkpaunsl, XapbkoB, YKpauHa

B cBsi3M ¢ akTHBHO OOCYXIAIOMIMMUCS B MOCTIEIHEE BPEMsI HEOKCTEHCHBHBIMHU
TEPMOJNHAMHYECKUMH CHCTEMaMH C JaJbHUM B3aUMOJICHCTBHEM YaCTHIl, TO €CTh
CHCTEeMaMH, He 00JalafoIlUMH CBOWCTBOM aJIMTHBHOCTH TEPMOJMHAMHUYECKUX IIO-
TEHIIMAJIOB, TPOBOIUTCS KPUTUYECKUAN aHAIIM3 BBIBOJA pacrpeneneHus bompimana-
I'u66ca. Ocobo momguepKuBaeTcss posib TepMocTaTa B GopMUPOBaHUU (YHKIMH pac-
npezeneHus cucreMsl. He nenasi 00bI9HOTO TPEAIoNoKeHus: 00 HIKCIOHEHIIMATIHLHOM
pOCTe 4YuClla COCTOSIHMM TEepMOCTaTa, a OrPAaHUYHMBASCH JIHIIbL NPEIIIOIIOKEHUEM O
c1abocTh B3aUMOJICHCTBUSI CHCTEMBI M TEPMOCTaTa, NPUBOJMUTCS BBIBOJ (YHKLUH
pacripeneneHuss KaHOHWYecKoro aHcamOms. Okas3bpIBaeTCs, YTO B OOIIEM cCiydae
(GYHKIMS pacnpeeeHus] CUCTEMBbI 3aBHCUT OT HEPIHMM TePMOCTaTa, a MPU CTEIEH-
HOM POCTE YHCJa COCTOSIHUH TEPMOCTaTa - OT OTHOLICHHS YHEPTUN CHCTEMBI U TEp-
MOCTaTa, ¥ TOJIBKO JIMIIb MPH SKCIOHEHIIMAIHHOM - HE 3aBUCHT OT YHEPTUU TEPMO-
crara. [loka3piBaeTcsi Takke, 4To BHJ (YHKUUH PACIPEICIICHHUsS CUCTEMBI CBs3aH
TOJIBKO JIMIIH C 3aBUCUMOCTBIO YHCJIa COCTOSIHUI TepMOCTaTa OT SHEPTHUU U HE 3aBH-
CHT OT CBOWCTB caMOi cucTeMbl. TakuM 00pa3oM, OKa3bIBaeTCs, YTO MPH CTEIIEHHOMH
3aBUCHMOCTH YHCJIa COCTOSIHUH TepMOCTaTa OT DHEpruu, (QyHKUUsS pacrpeieicHus
oKka3bIBaeTCcs moao0Ho# TcammcoBckoit [1-3], mpu skcOHEHIMATBHOW — ['MOOCOB-
CKOM, a B OCTJIBHBIX CIIy4asX OTIIMYAETCS OT BBIIICHA3BAHHBIX.

PaccmarpuBaercst psi MpUMEpOB CHCTEM, K KOTOPBIM MOKET OBITh NMPHIIOKAMA
00001IeHHAs TepMOAMHAMUKA. B 4YaCTHOCTH TPOBOAWTCS AHAIOTHS MEXKAY OJHO-
MEpPHBIMH M3MHTOBCKHMH LETIOYKAMH C JAIBHUM, CTCIIEHHBIM 00pa30M yOBIBAIOIIUM

B3aMMO/ICCTBHEM YaCTHII, E; oc|i— j|7“ ,0<a <1, U TEKCTaMU €CTECTBECHHBIX S3BIKOB,

O6J'I3.Il8.IOH_II/IX JaJIbHUMHU KOPPEIALIUSIMUA.

1. C. Tsalis, J. Stat. Phis. 52, 479 (1988).

2. Nonextensive Statistical Mechanics and Its Applications, eds. S. Abe and Yu.
Okamoto, Springer, 2001.

3. http://tsalis.cat.cbpf.br/biblio.htm.
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Phase separation in (La—Pr);,Ca,MnOQO3;:
electrical and magnetic properties

N.A. Babushkina, L.M. Fisher, A.V. Kalinov, D.I. Khomskii, K.I. Kugel’,
S.E. Savel’ev, and L.F. Voloshin

All-Russian Electrical Engineering Institute, Moscow, Russia

The effect of a magnetic field A on the electrical resistivity p and magnetization
M of polycrystal manganites  (LagsPro75)07Cag3Mn0O; and Pr;,Ca,MnO;
(x=0.25, 0.3) with '°O or about 85% "*O isotopes was studied at H<6 T and 4<7<300 K.
The former composition known to be extremely sensitive to various influences is a shin-
ing representative of manganites characterized by a strong interaction of the electron,
lattice, and spin subsystems resulting in metal-insulator and structural transitions as
well as various types of magnetic, orbital, and charge ordering. Being a typical ferro-
magnetic metal at 7<T it undergoes the metal-insulator transition (CMR) even for a
partial '°0—'®0 isotope substitution. Meanwhile, the Pr-rich compositions in the close
vicinity of x=0.3 possess unusual features: they are insulators even in ferromagnetic
state at x<0.3 and characterized as the stable charge ordered antiferromagnetic insulator
at x>0.3.

Our detailed study of the isotherms M(H) and p(H) of the LaPr samples and Pr
samples with x=0.3 reveals that independently of the isotope composition there are
three temperature intervals with different topology of the experimental curves. In two
intervals T1<7T<T, and T,<T (T,~T.) the curves M(H) and p(H) have hysteresis loops
shifted with respect to the origin of coordinates. The hysteresis changes of p(H) re-
flect a “reversible” “metal-insulator-metal” transition. Besides, a pronounced relaxa-
tion of characteristics are observed at some parts of loop. At 7<T, the shifted hystere-
sis of steady-state isotherms M(H), p(H) disappears. The samples with pure Pr com-
position and x=0.25 show qualitatively different behavior of M(H), p(H). The tem-
perature dependence of resistivity in them has a semi-conducting features, but an ac-
tivation energy drops at temperatures lower than 7~7... The main effects observed are
interpreted within the framework of a model that takes into account the coexistence
of regions of a ferromagnetic metal and an antiferromagnetic insulator and their evo-
lution in an external magnetic field.
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AHoOMAJIbHOE NMPOHUKHOBECHHE 3JTCKTPOMATHUTHOTO IT0JISI U
III/IK.HOTpOHHbIﬁ PE€30HAHC B METAVIMYECCKHUX INIACTUHAX
¢ CWIBHBIM TPAHCIIOPTHBIM TOKOM.

C.A. llepeBsnko, I'.b. Tkaues u B.A. Amnonsckuii
HUPD HAH VYkpaunsi, XapbkoB, YKpanHa

HccnenoBano HennmHEHOE B3aMMOAEHUCTBUE 3JIEKTPOMArHUTHOW BOJIHBI U
TPAHCIIOPTHOT'O TOKA, MPOTEKAIOIIETO B TOHKON MeTaINTMYecKoM miuactune. Paccmart-
pUBaeTcs ciydail TOHKUX TUIACTHH M TPEAeIbHO aHOMAIBHOTO CKHH-I(p(EeKTa, KOoTraa
rTyOWHA NPOHMKHOBEHMS CHTHAla O MHOIO MEHBIIE TONIMHBI 06pasua d . U3BecT-
HO, 4TO COOCTBEHHOE MAarHWTHOE II0JIE TPAHCHOPTHOI'O TOKA PACHPEAEICHO AHTHU-
CUMMETPHUYHO IO TOJIIIMHE 00pa3lia: B cepeuHe MJIAaCTUHBI OHO PAaBHO HYJIIO, a Ha
IPOTHBOMOJIOXKHBIX IPAHAX MPUHUMAET PAaBHBIC 110 BEJIWYMHE U MPOTHBOIOJIOKHBIC
10 3HAKYy 3HA4YCHWs. 3HAKOIIEPEMEHHOE MAarHUTHOE II0JIE TOKAa 3aXBaThIBAET YaCTh
JJIEKTPOHOB B MOTEHLUANBHYIO AMY. TpaeKkTOpHM 3aXBaYCHHBIX YACTHII MPEACTaBIIS-
0T COOOW MOYTH TUIOCKUE OCHIUTHPYIONINE KPUBBIC, BHIOMIMECS BOKPYT IUIOCKOCTH
HepeMeHbl 3HaKa MarHUTHOTO IOJIS.

YacTe 3aXBa4CHHBIX JIEKTPOHOB, @ UMEHHO T€, KOTOPBIE MIPH CBOEM JIBUKCHUU
3aJIeTal0T B CKUH-CIION, CIIOCOOHBI IIEPEHOCUTH PAaAMOYaCTOTHOE I10JIe BOJHBI K MPO-
TUBOIIOJIOKHOM rpaHu oOpasiia ¥ BOCIIPOU3BOIUTH €ro TaM. VIHBIMU cl10BaMu, UMEET
MecTo 3DEKT aHoOManbHO20 NPOHUKHOBEHUA STEKTPOMATHUTHOHN BOJHBI B METAJLT 3a
CYET TPAEKTOPHOI'O MEPEHOCca PaJloYacTOTHOIO MOJIs 3aXBaU€HHBIMHU 3JIEKTPOHAMU.
Oduzndecku dQPeKT aHaTOrH4eH MepeHocy pagruodacTOTHOTO ToJis B MIyOh MeTaa
0 T[ETIOYKE IMKIOTPOHHBIX TPAEKTOPUI B OAHOPOJHOM MarHUTHOM ToJje. AHau3
oreparopa MPOBOAMMOCTH 3aXBAaYEHHBIX 3JEKTPOHOB IIOKA3bIBA€T, YTO B PEKUME
CHJIBHBIX TOKOB JIEKTPHUECKOE TIOJIE PACTIPEICICHO aHTUCUMMETPUYHO 110 TOJIIHUHE
oOpasia. DTo 03HaYaeT, YTO BBIHOC TMOJISI IPOUCXOTUT 6e3 ocrabaenus. ClemyeT oT-
METHTh, YTO TIPU ITOM MOBEPXHOCTHBIM UMIEIAHC TUIACTHHBI BO BCEM JTHAMa30HE U3-
MEHEHHS TOKa MEHSEeTCS Ha BETMYMHY MOPs/IKa CaMoro cedsl.

B BBICOKOYACTOTHOM Ipeziesie, KOTAa 4acToTa BOJHBI HAMHOI'O NPEBBIIIAET Yac-
TOTY DJEKTPOHHBIX CTOJKHOBEHUH C OOBEMHBIMH PACCEHBATEISIMH, 3aXBauCHHBIC
ANIEKTPOHBI 00ECTICYMBAIOT IPPEKT, aHATIOTUYHBIA TUKIOTPOHHOMY pPE30HAaHCY A3-
oens-Kanepa. Pezonanc nMeer MecTo B ciiydae, KOTJia BpeMEHHON NIEPUO IBUIKEHUS
3aXBa4YE€HHBIX YaCTHUI[ KPaTeH MEPHOAY BOJHEI.
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Coulomb Ordering in Anderson-Localized Electron Systems.

A.A. Slutskin*, M. Pepper**, and H.A. Kovtun*

* - ®TUHT HAHY, XapbkoB, Ykpanna
** - Cavendish Laboratory, University of Cambridge, UK

Long ago Wigner showed that a gas of free electrons interacting with each
other by long-range Coulomb forces is bound to turn into an electron crystal (Wigner
crystal) at sufficiently low electron densities, #.. In the wake of the Wigner's predic-
tion a question was raised whether electron crystals exist in conductors. However, up
till now there is not a strong evidence of "“electron crystal in crystal" existence, and
seeking for materials wherein ordered electron structures are realized is still of great
interest. It is generally believed that disorder prevents electron crystallization, so that
the more is the disorder the less are chances for an electron crystal coming to exis-
tence. Contrary to this standpoint, we have shown that at zero temperature and at suf-
ficiently low n, mutual Coulomb repulsion of the electrons undergoing strong Ander-
son localization inevitably gives rise to ordering of the whole electron system (with
the dimension @>1) into a Wigner-crystal-like structure. This novel macroscopical
electron state can be named Coulomb-ordered Anderson-localized electron system

(COALES). We use the term "“strong localization" in the sense that i) the mean sepa-

ration between the potential wells at which an electron can be localized, 7, ~ n, 1

(ng 1s the density of the wells), is > the localization radius, ii) the width of the ran-
dom scattering of the electron levels of the wells, A, is much more than both the

overlap integral for electron hopping between wells, ¢, and the mean Coulomb energy

. . 2 : -1/d .
of the interelectron repulsion &,, ~ e"k'r,, (e is the electron charge, r,, ® n is

the mean interelectron distance, K is the permittivity).
At first glance, it seems to be impossible that an electron ordering can arise un-

der conditions A >> ¢, . Nonetheless, the ordering does take place due to the fact
that €, becomes much more than the Fermi energy &, = (n,/n,)A of Fermi glass

(a system of the non-interacting Anderson-localized electrons) when 7. goes to zero.
Proceeding from this point, we have shown that at sufficiently low n. the ground-
state arrangement of the Anderson-localized electrons is such that they occupy only
wells whose typical distance from the Wigner-crystal sites, p, is given by the ex-
pression
o d+2) (d-1)/(d+2)
p~7/ (ro/ree) ree ’ (1)

where ¥ =A/¢, |r“:r0 is the main parameter governing the interplay between the
Coulomb interaction and the disorder. The difference, &, between the COALES en-
ergy per electron and that of the Wigner crystal with the same 7. turns out to be equal

o . 2/d+2) 2(d-1)(d+2)
osry (r,/r,) E oo (2)
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The above expressions show that d¢/g,, and p/r, both go to zero when

r,, /¥y — 0o. This gives proof to COALES existance.

Owing to an intrinsic disorder of the considered system, there are inevitably
random (but small) deviations of the electron positions from the Wigner-crystal sites
even at zero temperature. We have shown that this weak residual randomness is de-
scribed in terms of a dipole glass on the Wigner-crystal background, the typical di-
pole length being ~ p . It has turned out that the ground state of the dipole glass pos-
seses a multi-valley degeneration akin to that in the spin glasses. This brings about a
non-ergodic behavior of the dipole glass, which can be revealed by observation of
different relaxation processes in COALES proceeding for anomalously long times.

Low-temperature conduction in COALES is by transfer of charged point de-
fects of the Wigner crystal (positively charged vacancies and interstitial electrons),
COALES conductivity o being proportional to their concentration. Hence, o does
not obey Mott's low for the Fermi glass and within the pre-exponential factor is of a
pure activation character, not by the long-range hopping.

It has been shown that with an increase in n. the COALES turns into other
macroscopic states. Depending on a value of the parameter y there are two alterna-

tives:
1. If y > 1, the ratio p/r,, becomes comparable with unity as n, increases, and

COALES turns to an entirely disordered state, ‘non-Fermi glass', with the space
correlation length ~ 7, and &,, >> &..

2. If the parameter y is small, o as a function of n. reaches its least possible
value % 7; at such n. that 7, / r, << 1, remaining of the same order with a further
increase in n.. It is essential that this occurs for A less than the typical change,
&, (r,/ ree)z, in the Coulomb energy of the system as an electron hops between

neighboring wells. What this inequality means is that it is the Coulomb interelec-
tron repulsion in its own localizes the electrons at the wells, and the random scat-
tering of the electron levels can be neglected. In other words, for ¥ <<1 an in-

crease in 7. leads to a phase transition from COALES to a self-localized electron
state.
The COALES can exist up to n. values that are only several times less than ny.
The proper materials to observe COALES are various amorphous narrow-band con-
ductors, superlattices, and inversion layers wherein n, can be varied within wide lim-
its without affecting the disorder. In the aspect of two-dimensional COALES detec-
tion, GaAs—AlGaAs superlattices with the so called "0 -layers' are expected to be
most favorable.
The main outlines of COALES and the associated structures (non-Fermi glass

and self-localized electron state) are to be issues of our further detailed publications.
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