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B wupoxom memnepamyprom unmepsaie Uccie008aHvl MPAHCNOPMHbIE XAPAKMepU-
cmuku komnosuma ceepxnposoonuxa MgBy u nanonopowxa maneanuma Lag 75rg 3MnOg3
(LSMO) ¢ pazauunvim obvemuvim codepacanuem maznumnoi npumecu. Obuapysiceno,
umo yoce 20% npumecu maneanuma HapyuwiarOm neproOIAYUOHHbIE nymu oubopuoa mae-
HUsl. DMo npueooum K 3HAYUMENbHOMY VUUPEHUIO C8ePXNp0o8odsue2o nepexoda MgBo u
00paA306aHUI0 CeMKU CIAOOCEA3ANHBIX KOHMAKMOE Yepe3 (peppomMacHummble GKIOYEHUs.
Tonyuennviil pe3yrbmam nOKA3bI8AEN 603MOICHOCHb PeanUu3ayul Ha ePAHUYe CEEPXNPO-
BOOHUK—MAHSAHUM CUH-AKIMUBUPOBAHHOU NOBEPXHOCMU, OONYCKaiouwel c60600H0e npo-
X0oicOeHUue KYnepoecKux nap ¢ S-60JHOBOU CUMMempuell napamempa NopsioKa uepes
geppomazcnemux co 100%-roti cnunosoii nonsipusayueti Hocumenel.

KiioueBble ciioBa: KOMIIO3UT, CBCPXIIPOBOJAHNK, MAHTAHUT, HGpKOJ’IHHHOHHLIfI KJIaCTep,
CIIMH-aKTUBUPOBAaHHAA o0acThb

Y wupoxomy memnepamyprnomy inmepseani 00CiioxHceHo MpaHCROPMHI XAPAKMepUCmuKy

komnoszumy naonposionuxa MgB, i nanonopowra manzanimy Lag 7Srg sMnO3 (LSMO) 3
PI3HUM 00" EMHUM 8MICTOM Ma2HImHOL domiwku. 3natioeno, wo eéxce 20% domiwku mam-
2animie nopyuLyroms NePKONAYIUHI WAAXU 0eOopidy MacHiio, Wo npu3eo0ums 00 3HAYHO-

20 yuwupenHs Haonpogionozo nepexody MgB» i ymeopernns cimxu crabonog’ s3anux KoH-
maxmie yepes epomacuimui gxarouenns. Ompumanutl pe3yromam noKa3ye MONCIUBICTD
peanizayii Ha KOPOOHI HAONPOBIOHUK—MAHEAHIM CRIH-AKMUBOBAHOI NOGEPXHI, AKA OONYC-
KA€ BilbHE NPOXOONCEHHS KYNEePOBCHKUX NAP 3 S-X8UILOBOIO CUMEMPIEI0 napamempa no-
paoky uepes gpepomacnemux 3i 100%-roro cninosoio nonapusayieio Hociis.

KiouoBi cioBa: KOMITO3WT, HAANPOBIAHUK, MaHTAHIT, MEPKOJSIIHHUA KiIacTep, CIiH-
aKTHBOBaHa 00J1aCThb

HccnenoBanne >ddexra 61u30cTH B THOPHIHBIX CTPYKTypax (GeppomMarHeTH-
kOB co cBepxnpoBoaHukaMu (PC) BbI3bIBACT B HACTOSLICE BPEMsI 3HAYMTEIIbHBIN
MHTEPEC B CBSI3U C BO3MOXKHOCTBIO peanu3alii HeoObdHO# «HedeTHOH» (0dd)
CBEPXIIPOBOAMMOCTH, B KOTOPOM KYNEPOBCKME Iapbl HUKOIJA HE BCTPEUYAIOTCS
BMmecte. [IpuHImnuansHas BO3MOXXHOCTh TaKOH HEOOBIYHON CBEPXITPOBOJIUMOCTH
ObL1a mokazaHa bepesunckum [1] u nqpyrumu aBropamu [2] eie B mpouuioM cTo-
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aetuu. OHAKO O HACTOSILET0 BPEMEHU YOEIUTEIbHOE SKCIIEPUMEHTAIbHOE J10-
Ka3aTeJIbCTBO PEaM3ali CBEPXIPOBOAMMOCTH C TAKHMH HEOOBIYHBIMH CBOMCT-
BamMu otcyTcTByeT [3—-5]. B mpuHIHMIE «HEYeTHAs» CBEPXIPOBOJMMOCTH MOMKET
peanmu3oBaTbcss B (EppPOMArHUTHBIX MaTepuanax win B ruOpugHbix OC-
CTPYKTYpax, MHTCHCUBHOE HCCIEIOBaHME KOTOPHIX OOYCJIOBJIEHO MpobiieMaMu
HAHODJICKTPOHHKH.

B Hacrosmeil pabote aHaIM3UPyeTCss BO3MOXKHOCTh MPOTEKAHUSI CBEPXTOKA B
KOMITO3UTaxX CBepXIpoBoaHUK—MaHranuT LSMO, B koTtopom Ha ypoBHe Depmu
IPHCYTCTBYIOT JJIEKTPOHBI TOJIBKO C OJJHUM HAIpaBJICHUEM CIUHA (TaK Ha3bIBac-
MBIl «TIOJIOBHHHBIN MeTaJL»). I3BECTHO, YTO AJICKTPUUECKHE CBOWCTBA KOMITO3H-
TOB 3aBUCAT HE TOJIBKO OT (PU3MUECKUX MapaMeTpOB €ro 3JE€MEHTOB, HO M OT
CTPYKTYPBI IEPKOJIIIUOHHOTO KJIacTepa. Tak, MpH MoydeHUH METaNIOKEPaMHUKH
JUIS. HarpeBaTeNIbHBIX JIEMEHTOB MaTPULIEH CITy)KUT TUAJIEKTpUYecKass KepaMuKa,
a DIEKTPUYECKHHA TOK MPOTEKAET MO METAIUTMYECKHM BKIIOUEHHSIM, IIOTHOCTD
KOTOPBIX OIpeaesisieT CONPOTUBICHUE KOMIO3uTa. [l 3HAUUTENBHOIO yBeIrye-
HUSI TOKOHECYIIEW CIIOCOOHOCTH CBEPXIPOBOAHHUKOBBIX H3JIEIHUN HCIOIB3YIOT
3¢ ¢pexT 00bEeMHOT0 NMUHHMHIA, KOTOPBIH CO3/aeTCs BKJIIOUYEHHEM YacTHIl HOP-
MaJIbHOTO METajyla B CBEPXIPOBOISIIYI0O MaTpuily. VcciemoBanue mexaHU3Mma
NPOTEKAHUS TOKA B CJIIOKHBIX CHCTEMax MPeJICTaBIIsAeT UHTEPEC U C TOUKU 3PEHUS
u3ydeHus 3pPeKToB, BOSHUKAIOUIUX B 00JaCTH KOHTAKTOB, B YaCTHOCTHU JIJIsl CUC-
TEMBbI CBEPXIPOBOJHUK—()EPPOMArHETUK, I71€ MOXKET HaOII0AaThCsl CBEPXIPOBO-
nsiuid addekr oamzoctu [6].

Hamu uccnenoBaHbl TpaHCIIOPTHBIE XapaKTEPUCTUKU KOMIIO3UTOB CBEPXIIPO-
BoaHUK—MQB, u manranut-Lag 7Srg3MnO3 ¢ paznuuabiM 00BEMHBIM COAEpKa-
HUeM MaraeTuka. OCOOEHHOCTh ATUX KOMITO3UTOB 3aKIIIOYAETCSl B TOM, 4TO IU00-
pHI MarHus MpeaCcTaBiIsIeT co00i mopomok ¢ pa3mepamu rpanyn d = 5-10 um, a
Lag.7Srg.3MnO3 — HaHOMIOPOIIIOK, CpeHuU# pa3Mep dacTuil kotoporo d = 8-10 nm.

OmHOpPONHBIA COCTaB KOMIIO3WMTA IIOJIy4aeM CMEIIMBaHUEM KOMIIOHEHT B
CIMPTE C MOCIEAYIONIEH CYIIKON U TOTIOJIHUTEIbHBIM MEXaHUUECKUM NepeMelln-
BaHueM. V3 nonydenHoit cmecu noj nasnenuem P = 40-60 kbar npeccosanu mia-
cTuHKH ¢ pazmepamu 0.2 x 1 x 10 mm. TokoBble U NOTEHIMATIbHBIE U3MEPUTEIIb-
HbIe KOHTAKThl TMPUTOTABIMBAIN MPU MPECCOBAHUU IUIACTHHOK C JOOABJICHUEM
MEJIKOAUCIIEPCHOTO cepedpa B 06JacThb MpenojgaraeMoro konrakra. Ilepexoanoe
COINPOTHUBIIEHUE KOHTAKTHBIX IJIOLIAA0K R cocTaBisiio 10°Qu IIPAKTUYECKU HE
3aBHCENIO0 OT COCTaBa KOMIIO3MTa. B kauecTBe KpUTEPHEB OJHOPOAHOTO pacIpe-
JIeNIeHHsI KOMITOHEHT TI0 00beMy o0paslia MPHUHSATH PaBEHCTBO COMPOTHUBIICHUN
pa3IMYHBIX TJIACTMHOK OJHOTO COCTaBa M JIMHEHHAas 3aBUCHUMOCTb COINPOTHUBIIE-
HUSI OT JUTMHBI YYacTKa IJIACTUHKH, TIOTy4YEeHHAs! C TIOMOUIBIO IIECTH IMOTCHIINAITb-
HBIX KOHTAakTOB. OOpa3Iipl He MOJBEprajiy CIeKaHUIO BO M30eKaHUe B3auMOAU(-
Gy3uH 1 XUMHUYECKUX PEAKIINN KOMITOHEHT.

Takum 00pa3oM, KOMIIO3UT MPEACTaBIsIET cO00l MEXaHMUECKYI0 CMECh KOM-
MOHEHT. DIIEKTpUYecKasi MPOBOJMMOCTh 00paslia ONpeAesieTCsl XapakTepoM Tiep-
KOJISIIMOHHOTO KiacTepa. Beioop MgB)o B kauecTBe MaTpuiisl 00yCIOBIEH TEM,
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YTO MPOBOJMMOCTH CIIpeccOBaHHOTO mopomka MgB, BricOka U MMeeT MeTayln-
yeckux xapaktep. Kpome Toro, kputuueckas TemmepaTypa CBEPXIIPOBOISIIETO
nepexona MgB; coctaBnser 7. = 39 K, 4yTo mo3BoseT UCCIeA0BaTh XapaKTepH-
CTHK{ KOMIIO3UTA B IIMPOKOM TEMIIepaTypHOM HHTepBae [7].

Ha puc. 1 mpuBeneHa 3aBUCUMOCTH YJIEIBHOTO COMPOTHUBICHUS KOMIIO3HTA
MgB,-LSMO ot o6wemuoro conepxkanust LSMO npu temneparype 7' = 300 K.
BeicTpoe HM3MEHEHHE YIEeNbHOTO CONPOTHBIICHUS 00pasia MPOUCXOIUT B paiioHe
20%-no¥t o0wemHol KoHueHTpaiu LSMO. TemnepaTypHsiid X01 COMpPOTHUBICHUS
st uncroro MgB; u komnosura MgB,—LSMO (10 u 26% 00beMHOTO coiepKaHust
LSMO) npencrasien Ha BcraBke puc. 1. Ha pucynke Bumno, uro 10%-nas qobaBka
LSMO cymiecTBeHHO yHMpsieT pe3ucTHBHBIA cBepxipoBosimii R(T)-mepexon kom-
MO3UTA TI0 CPaBHEHUIO ¢ oOpaszuom uncroro MgB,. Comnpotusnenue odpasia ¢ 26%
Hanoropotka LSMO B MgB; ocTaeTcst KOHEUHBIM BO BCEM HCCIIElyeMOM HHTEpBAJIC
Temreparyp, XoTs Hadano R(T)-mepexosa coBmasaeT ¢ Ha4yajJoM IMepexoa YUCTOro
MgB,. OtmeTiM, 4TO TeMmepaTypHbIe 3aBUCHMOCTH COMPOTHUBICHUS CHUMAIU TIPU
BEJIMYMHAX TPAHCIIOPTHBIX TOKOB, He Bimsitonmx Ha Gopmy R(T)-mepexona.

1.5hof ' ' -

12 _8:2 Q:S Puc. 1. 3aBHCHMOCTH YIENBHOTO COIPO-
£ ol & 3 51 TUBJICHUSI KOMIIO3UTa OT OOBEMHOIO CO-
e ) nepxxanust LSMO. Ha BcraBke mokazaHbl
1'30.6- 05030 4050 TEMIIEpaTypHbIC 3aBUCHMOCTH CONPOTHB-

03} LK aenmii: 1 — MgBj; 2 — MgB,—LSMO (10%

ol = m- LSMO); 3 — MgB,-LSMO (26% LSMO)
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Content of LSMO, %

Wcxoast u3 o0buHOM nepkossiionaoi mozaenu [9,10] manbie mobaBku HOp-
manbHOU (pa3er LSMO He moryT moBnusaTh Ha 00pa3oBaHHe OECKOHEYHOTO KIia-
crepa o MgB,, mockoibKy ero 00pa3oBaHUE COTJIACHO TEOPHHU MEPKOJISIIAN JI0C-
turaetcs yxe mnpu 20% nubopuna maraus. OOpa3oBaHue MEPKOIAHMOHHOIO MyTH
no MgB; HapymiaeTcs u3-3a CyIecTBEeHHOro pa3nuyus pasmepoB dactul MgB, u
LSMO (5-10 pm u 8—10 nm cooTBeTcTBEeHHO). B 3TOM Citydae B pe3ysbrare Ie-
pEeMEIIMBaHUs U TOJ JEHCTBHEM BBICOKMX JABIICHUN peanu3yercs oOBOIAKHBA-
HUE HAaHOYACTHIIAMH MaHTaHWUTa MHUKPOKPUCTAIUIOB aubopuma marHus. OueHka
TOJIIIMHBI MPOCTIOEK MaHTAHUTA B 3aBUCUMOCTH OT €r0 00bEMHOTO COJIEP>KaHUs B
KOMITO3UTE TIPH XapaKTEPHBIX pa3Mepax KPUCTAJUIOB AMOOpHIa MarHus 5 x 2 x 1 um
MIOKa3bIBACT, YTO MPU OJHOPOIAHOM pacnpeneiacHuu gocratogno 18 vol.% LSMO
JUTsL TIOJTy4eHust ToimuHbl npocioiikun d = 100 nm. DTo mpUBOAUT K TOMY, YTO
y>Ke TMpU MaJbIX KOHIEHTpalusax Bce rpanysibl MgB)y MoryT okazatbcs MOKpBITHI-
mu Hanovacturiamu LSMO. B pesynprare mpsiMoii KOHTakT rpanyia MgB, wuc-
KJIFOYAeTCsl, @ COMPOTHUBIICHUE KOMIIO3UTA OINpPENENIeTCsl MPOTEKaHHEeM TOKa II0
nenoukam LSMO-MgB,—LSMO-M@B; u 1.1., 9TO ¥ NPUBOAUT K 3HAYUTEIHHO-
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My yumpenuto kpuBoit R(T) cBepxmpoBossimiero nepexona. Ha cHuMkax, moiy-
YEHHBIX C TOMOINBIO 3JIEKTPOHHOTO CKAHUPYIONMIETO MHUKPOCKOIA, HaOII0qaeTCs
KpymHo3epHHCcTas cTpykrypa MgB; ¢ mpocioiikamu LSMO. J{ns qubopuma mar-
HUsl QHAJIOTUYHAs 3JIEKTPOHHas (oTorpadust 1EMOHCTPUPYET OJHOPOIHBIN (hoH

(puc. 2).

Puc. 2. ®ororpaduu miacruaok MgB; (a) u MgB,—-LSMO (26% LSMO) (6), monyyen-
HbIC C MOMOIIIBI0 CKAHUPYIOIIETO AIEKTPOHHOTO MHKPOCKOIIA

B mpunnune, pazmbiTHe cBepXmpoBoasiiero nepexona MgB,, T.e. ymmpenue
kpuBoit R(T), MOxxeT ObIT OOYCIIOBICHO U BIUSHHEM MarHHTHOTO MOJISI MaHTaHH-
Ta. Iy MpoBEpKH TakoW BO3MOXKHOCTH OBLIH BBITIOIHEHBI JIOTIOJTHUTEIBHBIE DKC-
NEPUMEHTBHI, TJIe B KaUeCTBE MarHUTHOW 100aBKHU MCIIOJIb30BAJIM MOPOIIOK (heppo-
MarHuTHoro amdnekrpuka FesOy ¢ pasmepamu gactur d = 1-2 pm. Kommno3utsr
MgB,—Fe30, Obut PUroTOBIEHBI TAKUM K 00pazoM, kak 1 MgB,—LSMO. Puc. 3
JIEMOHCTPUPYET U3MEHEHHUE YJICIbHOTO CONPOTHBIIEH!U kKommozuta MgBo—Fe30y
¢ pocrom koHueHtpauuu Fe304. Ha pucyHke BUIHO, UTO pe3KHil CKAYOK YJIENb-
HOT'O CONPOTHBJICHUSI KOMITO3UTa HacTymaeT npu kKonuentparmu 30 vol.% Fe304. C
YUYETOM MOPUCTOCTH KOMIIO3HUTA, JOCTUTaroIel B 1aHHOM cityyae 10%, u kBa3uaBy-
MEPHOTO XapakKTepa MPOTEKaHUs TOKA B TOHKUX TUIACTHHKAX MPOUCXOIUT 3(D(HEKTHB-
HBII pa3pbIB NEPKOJISILIMOHHOIO KJIACTEpa M0 BHICOKOMPOBOAAIIMM rpaHyiam MgB;.

1.6 | ' e
08 . / Puc. 3. 3aBUCHMOCTH YAEIBHOTO COMPO-
= 1.2 o4 gsj ) 4 TuBNeHUS kommo3uta MgBo—Fe304 ot
é 08l j xonnenTpaiun Fe30s Ha BeraBke R(T)
Q:n 0 cBepxmpoBosammiA mepexox it MgBso
04t 20 30 40 /
. T.K (0) u MgBo—Fe304 ¢ conepxannem Fe30y
0 ——e—* 17% (o), 29% (o) u 32% (<)

0 10 20 30 40
Concentration of Fe;0,, %
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Kak Bummm, mepkonsiiionssiid iopor MgB, mis kommosuta MgB,—Fe30,4 3naum-
TEJIBHO BBIIIE, YeM st kKomrozuta MgB,—LSMO, u mpubmnikaeTcs K pacdeTHBIM
3HaueHusiM Teopun nepkoisitmid [10]. [Tns kommosura MgBo—LSMO rtakoii 3¢-
(dexT He BO3HHKA, MOCKOJbKY MPHU BBICOKMX AABJICHUAX Oojee IiacTU4Has co-
crasstromnas Lag 7Srg sMnO3 pactekanack, 3amoHsst MOPhl B KOMITO3UTE.

Namepenus R(T)-nepexono MgB,—Fe3O4 nokazanu (BcTaBka Ha puc. 3), 4TO
ke Tpu OOJBIIIOM 00BEMHOM cojiepkaHuu heppoMarauTHeIX dacTtui Fez0y B
MgB, He mporcXoauT 3Ha4YMTeNbHOrO M3MeHeHus: kpuBoit R(T) cBepxmpoBoms-
HIer0 Mepexofa KOMIIO3UTA: HAdajao Mepexo/a BCEra COOTBETCTBYET KpHUTHUYE-
ckoit Temmeparype MgB,. MckimtoueHnem sBIsieTCS HE3HAYUTEIHHOE Pa3MBITHE
konna R(T)-nepexoma, KoTopoe 00YCIIOBIEHO MarHUTHBIM ITOJIEM, CO3aBa€MbIM
BKItoueHusiMu Fe304 DTO moaTBep:kaaeTcss HaONIOJCHUEM aHAJOTUYHOTO YIIH-
pEHUS KPUBOM TIepexo/ia MPH BKIIFOYCHUH BHENTHero MarauTHoro nojst H = 0.1 T.

Takum 00pa3om, HENb3sl OKHUIATh 3HAYUTEIBHOTO PAa3MBITHUS CBEPXIPOBO-
nsmiero nepexona B kommnosutax MgBo—LSMO 3a cuer BiIMsSHUS MarHUTHOTO
noJist (heppOMarHUTHBIX YacTull, koTopoe s LSMO cocraBisieT equHHIIBI KU-
JO3PCTEI.

CyliecTBeHHO Pa3TUYHBIMH OKA3IHCh U (OPMBI BOJIBT-aMIEPHBIE XapaK-
tepuctuk (BAX) komno3utoB MgB,—-LSMO u MgB,—Fe304. BAX xomno3ura
MgB,—Fe304, xak u MgB, (puc. 4), IeMOHCTPUPYET MOBEACHHUE, XapaKTEPHOE
JUISL CBEpXMPOBOJIHUKA BTOPOTO PoOJia ¢ KPUTUYECKUM TOKOM U BbixogoM BAX B
00J1aCTh TMHAMHUYECKOTO TCUCHHs BUXpeil AOpuKkocoBa. BennurHa KpUTHIECKOTO
TOKa KOMITO3UTa OKa3ajgach OOpPAaTHO MPOIMOPIHOHAIBEHA €0 HOPMAIBLHOMY CO-
MPOTUBJICHUIO, YTO W CIEAYeT OXHUIaTh MpPU MPOTEKAaHWU TOKa IO IEMOYKaM
MgB,. Unas cutyanus madmromaercs st 26% LSMO. Ha puc. 5 mokazansr BAX
o6pasmoB MgB,-LSMO (10 u 26% LSMO). Ecau nipu 10% LSMO nHabromaeTcst
KpuTHUeCKHuii ToK, To s 26% LSMO BAX ero He JeMOHCTpPHpPYET M HMEET
dbopMy, XapaKTepHYIO I CPEIbI U3 CIIA00CBI3aHHBIX KOHTAKTOB C M30BITOYHBIM
TOKOM, T.€. HaOJIIOaeTCs MPEBBIMIEHNE TOKA B CBEPXITPOBOSIINEM COCTOSTHUN HaJ

TOKOM B HOPMAaJlbHOM COCTOsIHHH. Ta-

600 ' I} ' ' KYI0 CUTYaIi0 MOYKHO ITPOMOJIEIIHPO-

. - BaTb Ha CTPYKType OOJBIIOrO YHCIa
TK03eCOHOBCKUX S—N—S-KOHTaKTOB.

[TapamokcanbHBIM SIBIISIETCS TO 00-
CTOSITETTLCTBO, YTO B JAHHOM CIydae
200 HOPMaJbHBIM  METAJIOM  SIBIISIETCS

2 (deppomMarHeTiuk, y KOTOpPOro Ha IIO-

BepxHOCTH DepMu  MPHUCYTCTBYIOT
0 3 4 : ANIIEKTPOHBI C OJHUM HaNpaBICHUEM
V, mV CIIMHA, T.C. IOJOBHUHHBIM MeTaml. B

TaKOM Cllydae KyIepoBCKas mapa ¢ S-
BOJIHOBOM CHUMMETpHUEN MapameTpa
nopsiika (CIIUHBI B KYTIEPOBCKOM mape

L &l

400

mA

Puc. 4. BonbT-aMIiepHbIe XapaKTEPUCTHKH
MgB> (1) u MgB,—Fe304 (25%) (2)
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Puc. 5. Bonbr-amnepHbie xapakTepucTuku kommnodutoB MgB,—LSMO c¢ coxepkannem
LSMO 10% (a) u 26% (6)

IPOTUBOIIOJI0KHBI) HE MOXKET OECIPEIsITCTBEHHO NMPOHUKHYTHh yepe3 (eppomar-
HeTHK Lag7Srp3MnO3 6e3 paspymienus mapsl. OqHAKO CUTyallusl CKIIAIbIBACTCS
uHaue, eciu uHTEepdeiic mexay MgB,—LSMO npencrasisier co6oit CTMH-aKTHB-
HyIO0 TpaHuIly. B TakoMm ciydae, kak oOcyxaanoch B paborax [3-5], umeercs
BO3MOXHOCTH TpaHC(HOpPMAIMK KYTIEPOBCKUX Tap C S-BOJHOBOW CHMMETpHUEH ma-
paMeTpa Mmopsiaka B Iapbl C p-BOJHOBOM CUMMETPHEH, Il KOTOPBIX CIIMHBI 000MX
3JICKTPOHOB HAIPABJICHBI [0 OCH KBAaHTOBaHUS (110 MarHUTHOMY MOMeHTy). Torma
Takue napbl OyayT CBOOOJHO MPOXOAMTH 4Yepe3 MOJOBUHHBIN MeTasll, KaK ecliu
ObI 3TO OBIT OOBIYHBIN MapaMarHUTHBIN MeTayut. M3BectHbiid 3ddext Jlapkuna—
OBuHMHHHKOBA [2] HE BIIOJIHE MOIXOIHUT JUTs aHAITN3a HAOII01aeMOT0 SIBJICHHUS, 110-
CKOJIBKY 3Ta TEOpHs TIOCTPOEHA I (peppOMarHeTUKOB, Y KOTOPBIX Ha TIOBEPXHO-
cti PepMu UMEIOTCS 3JIEKTPOHBI KaK CO CIIMHOM BBEPX, TaK U CO CIIMHOM BHU3.

Takum 00pa3oM, MPUBEICHHBIE SKCIIEPUMEHTHI TTOKA3bIBAIOT, YTO B KOMIIO3H-
tax MgB,—-LSMO peanuzyercs pesxuM HpPOTEKAHUS CBEPXTEKYUe KOMIIOHEHTHI
TOKa 4Yepe3 MOJOBHHHBIN Metamut Lag7Srg3MnOs, y KoToporo Ha MOBEpXHOCTH
depMH UMEIOTCS MEKTPOHBI C OJAHHUM HAIpaBJIEHUEM CIHMHA. DTO J10Ka3bIBAET,
yto untepdeiic mexxay MgB,—LSMO npencrasnser coboit cnuH-aKTHBHYIO 00-
aacTh [3-5], mpu npoxoXkIeHUU Yepe3 KOTOPYIO KyIEPOBCKHUE Maphl C S-BOJIHOBOM
CUMMeETpHEN mapameTpa Mmopsaka MpHoOpeTaoT TPUILIETHBIE KOppemsiuuu, odec-
NIEYMBAIONINE MTPOTEKAaHUE CBEPXTOKA yepe3 (peppOMarHUTHBIN MTOJIOBHHHBIA Me-
TaJ.
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V.V. Kononenko, V.Yu. Tarenkov, A.l. Dyachenko, V.N. Varyukhin

PERCOLATION EFFECTS IN THE COMPOSITE
OF SUPERCONDUCTOR AND HALF-METAL

Transport characteristics of the composite of the MgB, superconductor and nanopow-
der of manganite Lag 7 Srg.3sMnO3 (LSMO) with varied content of magnetic impurity are
investigated. A differential peculiarityof the composite is substantially varied granule size

of MgB, (d = 5-8 um) and LSMO (d = 8-10 um). It is demonstrated that mixing and
high pressure at the sample formation result in effect of coating of larger grains of mag-
nesium diboride by manganite nanoparticles. This fact is accompanied by breakdown of
percolation routes of magnesium diboride even at the concentrations below 20% of mag-

netic doping. As a result, superconducting transition of MgB, becomes substantially
wider and a grid of weakly-bound contacts through ferromagnetic inclusions is formed.
The form of current-voltage characteristics indicates weakly bound character of the tested
structure, too. The obtained result makes possible realization of spin-active surface at the
interface of superconductor and manganite. In this case, Cooper’s pairs with s-wave
symmetry of the order parameter can be transformed into pairs with p-symmetry where
the spins of both electrons are directed along the quantization axis. These pairs will have
a clear passage through the half-metal.

Keywords: composite, superconductor, manganite composite, percolation cluster, the
spin-activated area

Fig. 1. Dependence of the resistivity of the composite with varied volume content of
LSMO. The inset shows the temperature dependence of the resistivity: 1 — MgB»; 2 —
MgB,—LSMO (10% LSMO); 3 — MgB,-LSMO (26% LSMO)

Fig. 2. Photos of the MgB, (a) and MgB,—LSMO (26% LSMO) (6) plates obtained with
a scanning electron microscope

Fig. 3. The resistivity of the MgB,—Fe304 composite vs concentration of Fe3O4. The in-
set R(T) illustrates the superconducting transition for MgB, (#) and MgB,—Fe30,4 with
17% (o), 29% (o) and 32% (<) of the content of Fe304

Fig. 4. Current-voltage characteristics of MgB5 (1) and MgB,—Fe304 (25% Fe304) (2)

Fig. 5. Current-voltage characteristics of the MgB,—-LSMO composites with 10% (@) and
26% (6)
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