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EFFECT OF NANOSTRUCTURES ON HTSC PROPERTIES

Abstract. The given work represents a review of scientific papers devoted to the study of pinning centers,
which can be used for a significant increase of critical current density J.. The pinning centers in HTSC are created by
embedding the nanoscale additives as various forms of metallic oxides and carbides. It is found that the dependence
of normalized critical current on the volume concentration of these dopants is described, as a rule, with a single
universal curve. It is shown a range of optimal volume concentrations and sizes of additives, which leads to maximal
increase of J..
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Kazaxckuit HalMOHATBHBIN HCCIIEIOBATEIBCKUN TEXHUUCCKHH YHHBEPCUTET
mvenn K M. Carmaesa, Anmarsr, Kazaxcran

BJIUSIHUE HAHOCTPYKTYPbI HA CBOMCTBA BTCII

AmnHoranus. B 1aHHO#H paboTe MpoBeaACH 0030p HAYYHBIX paOOT, MOCBIIICHHBIX HCCICIOBAHMIO THHHIHHTOBBIX
LEHTPOB, KOTOPBIC MOTYT OBITH MCHOIB30BAHBI AT 3HAYHTECIBHOTO YBEIUUCHHS KPHTHYCCKON ILTOTHOCTH TOKA J..
IMuaanaToBBIe HeHTPH! B BTCII cO37ar0TCs BHEAPSHUEM HAHOPA3MEPHBIX JOOABOK B BHAC PA3TAYHBIX METAIOK-
CHIOB W KapOWIOB. YCTAHOBICHO, YTO 3aBHCHMOCTh HOPMHPOBAHHOTO KPHTHYCCKOTO TOKA OT OOBEMHON KOHICHT-
pauum YKa3aHHBIX JETHPYIOIIUX T00ABOK OMHCHIBACTCA, KAK NMPABIIO, OJHOW YHHBEPCAIbHOW KpuBoi. [loxazan
JANa30H ONTHMAJBHBIX OOBEMHBIX KOHICHTPALWHA H Pa3MepoB J0OABOK, MPUBOIAIMMHA K MAKCHMAILHOMY MOBBI-
LICHHIO J.

Kmouesnpie ciioBa: BTCII, nHHHAHTOBBIEC ICHTPHI, Ae(PEKTHI, HAHOPA3MEPHBIE JOOABKH.

Beenenne

OcHOBHasI 0JI1 HAYYHBIX PabOT MOCNEIHUX JIET B OOJNACTH HCCICIOBAHHH CBOMCTB BBICOKOTEMICPATYPHBIX
cBepxmpoBOAHHKOB (BTCII) KOHIEHTPHPYETCS B MOUCKE CIOCOO0B YYUIMICHHA HX XAPAKTCPHCTHK. KPHTHUCCKOH
Temmeparypsl T, 10 MaKCHMAJIbHOTO YPOBHS BIUIOTH JO KOMHATHOHM TEMIIEPATYpPbL, YCTOHYHBOCTH K BHEIIHHM
MATHHTHBIM BO3JCHCTBHAM, H CAMOC TJIABHOC, KPHTHUICCKOH IJIOTHOCTH TOKA J..

Jna xauecTBeHHOro OOBsACHeHWs (pakra pocta J, mpu yBenuueHuH KoHueHrpaumu aepexroB B BTCII
MaTepHale CICAyeT 0OpaTUThCA K OOINEIPHHATOMY MOIXOIY, COIJIACHO KOTOPOMY IO MArHHTHBIM CBOMCTBAM BCE
CBCPXIPOBOJHUKH JICJLATCS HA JBAa Kiacca — CBepXnpoBoaHUKH | poma m ceepxmpoBoguuku Il poma. B ceepx-
npoBoAHUKAX | poga MeliccHepOBCKOE (IHAMATHUTHOE) COCTOSHHE Pa3pyIHacTCs BMECTE CO CBEPXIIPOBOAUMOCTBIO
TIPH JOCTIKCHHM HEKOTOPOTO MArHHTHOTO moyisi H,, KOTOpoe Ha3bIBaeTcs TEPMOAMHAMHUYCCKHM KPHTHUCCKHM
moneM. [103TOMy MAarHHTHOE MOJE MPAKTHYCCKH HE NPOHHKACT (BBITAJIKUBACTCS — T.€. NPOSBILICT CBOMCTBO
HACATBHOTO AMaMarHeTuka). B ceepxmpoBoanuku I poma MarHuTHOE MOJe MPOHUKACT. BO BHEIIHEM MATHHTHOM
TMoJie OHH MOTYT HAXOJHTHCS B CMCIIAHHOM COCTOSIHHHM, KOTZIA MATHHTHBIA IOTOK YaCTHYHO IPOHHKACT B
CBCPXIPOBOJHUK B BHJE TAaK HA3BIBACMbIX AOPUKOCOBCKHX BHXpeH. [loBBIICHWE YCTOHYMBOCTH 3TOH BHUXPEBOH
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Hzeecmus Hayuonanvnoti axademuu nayx Pecnybnuxu Kasaxcman

PCIICTKH, KaK MPABHJIO, JOCTHIACTCS MYTEM CO3JAHHA JOIOJTHUTCIBHBIX LEHTPOB IMHHHHHTA — MHKPOOOIACTCH,
XapPAKTCPUBYIOLHUXCA PA3IHYHOW BEIMYHHOW 3HCPIHH 3aXBaTa W (PHKCAUMU aOpHKOCOBCKMX Buxpeil. Cumraercd,
YTO KaXKIBIA TaKOH LEHTP MOJDKCH IPEACTABILITH COOOH HEKOTOPOE HApyLICHHE CTPYKTYPBI CBEPXIPOBOJHUKA,
KOTOPOE IO pa3MepaM COMOCTABHMO C JIHHON KOTepeHTHOCTH. [10CKOIbKY mpakTuyeckoe ucnoib3osanue BTCII B
CHIIbHOTOKOBOH TEXHHKE TPEOYET HE TOJBKO OOJBIIMX 3HAYCHHH IUIOTHOCTH KPUTHUYCCKOTO TOKA, a TAKXKE HX
BBICOKYI0O YCTOWYMBOCTh BO BHEIIHHX MATHUTHBIX IOJUIX, HO pEaIM3alMsi 3THX IApaMETPOB OKA3bIBACTCA
MPHHIMITHAJIBHO HEBO3MOKHOM 0€3 co3aaHus 3()()CKTHBHBIX IICHTPOB MTHHHHHTA.

IIpu mporexkaHnu TOKA YEpE3 CBEPXMPOBOAHHUK HA CHCTEMY BUXPEH CO CTOPOHBI TOKA JeHCTBYeT cuia JlopeHna,
KOTOPAs BBI3BIBACT ABIKCHUE BUXPCH. [IpH NBIKEHUH BUXPEH MPOUCXOJUT JUCCHIIALN SHEPTUH U 3TO MPUBOIUT K
NOSIBJICHUIO HANPSOKCHHSA HA CBEPXIPOBOAHUKE. ECIM B CBEPXNPOBOJHHKE HMEIOTCA AC(PEKTHL, TO BHXPH
3aKPEIUBIEOTCA (MMHHUHTYIOTCS) HA HUX M JUCCUIIAIMA 3HEPTUH HEe mpoucxoauT. Kpuruueckuit Tok J, mpu mpoumx
PaBHBIX YCJOBMAX YBEIMUMBACTCS. TakuM 00pa3oM, OJHHM W3 CICACTBUI BHXPEBOH TCOPHH SABIACTCS TO, YTO
VBEIMYCHHUE KOJMYECTBA IICHTPOB NMHHUHIA NMPHBOIUT K yeeauucHuro J.. Hambonee >(phekTuBHBIMEU IICHTpaMu
NUHHUHTA SBJBIEOTCS HOPMAJbHBIC OOJACTH, HMCIOIIME pPa3MEp, CPABHUMBIH C UIMHOH KOTEPEHTHOCTH
ceepxmpoBoauuka. st BTCII 3ToT pa3Mep HMeeT MOpsiI0K HECKOJIBKO HAHOMETPOB. TO €CTh, MOYKHO O’KHIATh, YTO
CTPYKTYpHBIC Ac(ekThl Takoro macmrada, a K HHM OTHOCATCS, B YACTHOCTH, KaK HAHOPA3MEPHBIC AOOABKH H
BKJIFOUCHMS, TaK M PAJUALIMOHHBIC IC(EKTHI, MOTYT HIPaTh POJIb 3(D(PEKTUBHBIX HCHTPOB MUHHIHTA, IPUBOIAIIUX K
TIOBBIIICHUIO KPUTHICCKOTO TOKA.

VYBenuueHue KOHLCHTpanuM AC()EKTOB CHAYalda NPUBOAMT K IIOBBINICHHIO KPUTHYECKOTO TOKA, 3aTEM
HACTYMAET €ro OBICTPOE MAJCHUE BILIOTH 0 HYJICBBIX 3HAYCHHH (CM. KaUeCTBEHHBIH rpaduk Ha pucyHke 1). Hmke
PacCMaTPHBAKOTCS JIUTEPATYPHBIC JAHHBIC IO BIMSHUIO M00ABOK, IPHMECEH M PAAMALMOHHBIX BO3ACHCTBHH HA
KPUTHYECKUH TOK BBICOKOTEMIIEPATY PHBIX CBEPXIPOBOIHUKOB [1-2].

Je

optimal nc

PI/ICyHOK 1- KavecTBeHHAS 3aBUCHMOCTD KPUTHUIECKOI'O TOKa OT KOHIICHTPAaIin ,Z[e(beKTOB
JUI CBEPXIIPOBOTHUKOB 1I poJaa. 1 - 06nacTh MOBBITICHUS KPUTHUIECKOI'O TOKA, 2 - 06nacTh HaeHUs KPUTUIECKOI'O TOKa

MeToabI 1 pe3yJibTATHI HCCICTOBAHUS

CyIecTBYEeT TPH OCHOBHBIX METOJA CO3AHMA HCKYCCTBCHHBIX LCHTPOB NUHHHMHIA B BBICOKOTEMIICPATY PHBIX
CBEPXMPOBOIAIINX MATCPHATIAX:

- BBCJICHUE IIPUMeEceH i J0OABOK, B TOM YMCIIE BBIMAJCHHE BTOPOH (ha3bl B MpoLECcCe CHHTE3A,

- PaIMAnMOHHBIC BO3ACHCTBUS,

- CO3JAHME HCKYCCTBEHHOM MJIAHAPHOM (B TOM YHCIIE YIOPSIIOUYCHHON) CTPYKTYPbI A€ (DEKTOB.

Brenpenue npuMecedt 4 J00ABOK B CBEPXIPOBOJAILYIO0 MATPHLY C LEIbIO CO3JAHUSA LICHTPOB MHHHMHIA OCY-
LIECTBIACTC MHOTOUYHCICHHBIME criocoOamu. Hampumep, mpou3BoautTcs J00aBICHUE K IMPEKYPCOPaM OTACIBHBIX
3IEMEHTOB, KOTOPBIC B IPOLIECCE PEAKIUU 00PA3yIOT HECBEPXIPOBOIALINE COCTUHEHHU S, KOTOPBIC BHINANAIOT B BHAC
TOYCYHBIX, ABYMECPHBIX HIH TPEXMEPHBIX oOpaszoBaHuil. Tak, goOasku Zr, Ce, Hf mpu cunTe3e Yi,3 OPHBOIAT K
(hopMHPOBAHUIO IUPKOHATOB, LieparoB, ragHaToB Oapus [3-5]. BeeaeHue npumeceil OTACTBHBIX 3JIEMEHTOB MOXKET
TaKOKe MPHBOIHUTH K CO3JAHUIO TOUCYHBIX JS(EKTOB 3a CUET BCTPAHBAHUS MPUMECHBIX ATOMOB B KPHCTALTHUYECKYIO
crpykrypy BTCII marepmana. Jpyroil pacmpocTpaHCHHBIH croco0 BBeACHMs IpHMeced — Jo0aBka Ha 3Tame
CHHTE3a XUMHYCCKH HEHTPATbHBIX TYTOIUIABKHX COCTHHCHUN OKCHIOB, HUTPUIOB, KapOuaos u T.1.[ 1,19, 20].

Co31aHue UCKYCCTBCHHBIX LHCHTPOB MUHHUHTA C NOMOIIBIO PAAHALMOHHBIX BO3ACHCTBHH OCHOBAHO HAa 0Opa-
30BaHHH B CBEPXIPOBOIAIIEM MATCPHANEC PAJHALIMOHHBIX AC(EKTOB, THI, XapaKTCPHbIH pa3Mep H KOHICHTPALH
KOTOPBIX 3aBHCHT OT BHJA OOJMy4eHHs (HCHTPOHHOE, HOHHOE, JNEKTPOHHOE) U 3HEPTUM YACTHI. JTO JOCTATOYHO
YA0OHBIH cTIOCOO CO3aHMS IICHTPOB MUHHHHTA, HCIOJb3YEMbIH B MHOTOUYHCIICHHBIX SKCnepuMeHTax [1, 19, 20]







