ITucema B 2KOTD, Tom 119, BBII. 4, c. 296 —301

© 2024r. 25 despans

DddeKT cBEPXITPOBOASIIET0 CHNHOBOTO KJIallaHAa B TeTEPOCTPYKTYpPe

Co/Pb/Co ¢ nsonaupyommmMu mpocioiKaMu

A. A. Kamames™) | H. H. l'apucppsros®, A. A. Bammnost, B. E. Karaes*, A. C. Ocurn™, 5. B. ®omunos™

U. A. I'npudymmm™

* Leibniz Institute for Solid State and Materials Research, D-01069 Dresden, Germany

X Uucruryt teoperuveckoit puzuku um. JI. /1. JTanmgay PAH, 142432 Yepnorososka, Poccust

TTocrynuna B pemakiuio 5 nekabps 2023 r.
ITocse nepepaborku 27 nekabpsi 2023 r.
IIpunsra x mybsmkanuu 11 saBaps 2024 1.

HcenenoBanbl CBEPXIIPOBOsIIME CBOHCTBA rerepoctpyKTypbl Co/Pb/Co ¢ TOHKMME H30/IMPYIOIUME TIPO-
CJIOWKAMM, POJIb KOTOPBIX UTPAIOT OKUCJICHHDbIE MHTEPGhEHCH CBEPXIPOBOIHUK /dbeppoMaraeTnk. M3ydeno mo-
BeJICHUE TEMIIEPATYPBI IEPEXO/Ia TeTEPOCTPYKTYPBI B CBEPXIIPOBOsiee cocrosune (T¢) Ipn n3MEeHeHUN B3anM-
HOI OPHEHTAIIMN HAMATHUIEHHOCTEH PePPOMATHUTHBIX CJIOEB ¢ AHTUIAPAJIIEILHON HA TAPAJIISIbHYIO (TaK Ha-
3bIBaeMbIil 9(pPEKT CBEPXIPOBOISIIEro CIIMHOBOIO KiamnaHa). Kak npasuio, qanubiil addexT Hanbosee BeIpa-
JKEH B CJIy9ae UeaJbHOTO META/LTMYECKOTO KOHTAKTA Ha IPAHUIIAX Pa3/Iesia CBepXIPOBOIHUK /(beppOMarHeTHK.
M1 ke HabJTIOMa/IM 3HAYUTETBHBIN 3(DPEKT CBEPXIIPOBOJISINETO CIIMTHOBOIO KJIAMAHA JJIsI CTPYKTYP C yXY/IIIEH-
HBIMU HHTEpdEiicaMu CBepXITPOBOAHUK /beppomarneTuk. Pasuuna B T, Ipy M3MEHEHUU B3aMMHON OPUEHTAIIUH
HaMarHM9IeHHOCTeH IBYX (heppoMarHuTHbIX cyioeB Co ¢ aHTUIapaslIe/IbHON Ha mapaJjeabayo cocrapmia 0.2 K
[IpY ONITUMAJILHOM TOJIIIIUHE CBEPXITPOBOsiiiero Pb-ciosi. Hamu uccnenoBanust BepuduIupyoT paHHue, 10 CHX
LOD He IOJTBep:KAeHHbIe pesyibrarsl Joituepa u Menbe [G. Deutscher and F. Meunier, Phys. Rev. Lett. 22,
395 (1969)|, n OTKpHIBAIOT HOBBIE HHTEPECHBIE BO3MOYKHOCTH YJIy YIII€HHsI [IADAMETPOB CBEPXIIPOBOSAIIETO CIIH-
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Beegenue Pazimunble TeopeTHdecKue MOACTH H
HPAKTUICCKAe KOHCTPYKIMHU CBEPXIIPOBOJSINErO CIIU-
Hosoro kiamana (CCK) wucciemyiorcs Ha IpoTsizKe-
UM nocaeaaux 25 ser (cm., Hanpumep, [1-10]). Dyn-
JaMEHTAJILHBIA MHTEpec K TaKHM CHCTeMaM CBA3aH C
TEM, 9TO B HHUX CYIIECTBYET BO3MOXKHOCTH HPOCTPAH-
cTBeHHOro pazjesenus csepxiposogumoctu (C) u dbep-
pomarserusma () B pamMrax OFHON CTPYKTYDBI st
HACCJIEJOBAHNA WX B3aMMHOIO BJIAAHNASA Ha CBOICTBa
apyr gpyra (cm., manpumep, [11-17]). IHomumo 3ro-
ro, crpykrypbl CCK aBJIsSIFOTCSI TIepCIIeKTUBHBIMU 3JI6-
MEHTaMHU CBEPXIIPOBO/IAIIEH CIMHTPOHUKU (CM., HAIIPU-
mep, [18-22]). Buepsbie teopermueckas mozgens CCK
koHcrpykimu O1/P2/C 6puta npemioxkesa O u gp.
B 1997r. [1]. B 1999 romy Taruposeim [2] u Bysau-
HBIM U 2p. [3] GbuIa OpeiyIoKeHa Apyras MOJIEIb KOH-
crpykuuun D1/C/D2. 3necs, Pl u P2 — deppomar-
nutHble ciou; C — cBepxmpoBoisamuii cioit. ITpunium
paborsl CCK ocnosan na sddekre 6imsocru C/P. B
crpykrypax CCK MOXKHO ynpaBisTh CTENEHBIO MOJAB-
JICHHsI CBEPXIIPOBOIMMOCTH IIyT€M H3MEHEHHs B3aHM-

De-mail: kamandi@mail.ru

HOl OpHEeHTAINY HAMAIHUIEHHOCTeH (heppOMArHUTHBIX
CJIOEB, TO €CTb BEJUIUHON CpesHero OOMEHHOTO MOJIst
®-cioeB, peticrBytomero Ha C-cioit. Temmeparypa me-
pexojia B CBEPXIIPOBOJisIiee cocTostane T, B CTPYKTY-
pax CCK MuHHMaJIbHA,/MAKCUMAJIBHA JIJIS TAPAJLIeb-
noit (II)/anTunapaniensroit (AIl) opuenraryn Hamar-
unaennocreit O-cjioes, coorBeTcTBeHHO. Bemmanna 3¢-
dexra CCK ompenesisiercss Kak pasHUNA TeMIEPATYD
AT, = TAY — TP, Tonueii sbdexr CCK peasn-
3yercst TOJBKO B TOM ciydae, korja AT, mpeBbia-
er IUPHUHY CBepXIpoBoisinero mepexoga 01, B II- u
ATl-opuenranusix. BriepBbie 3KCIIepUMEHTAIBHO PeaJIi-
3o0Bath noJHblil 3ddekr CCK ymamocs B 20101 mia
koucrpykuuu ®1/®2/C [10].

Ha cerommstimanit 1eHb mogpoOHO M3y9eHbI PA3JIAYI-
uble KoHCcTpykimu CCK ¢ wucrosb3oBanueM pasHOOO-
Pa3HBIX 3JIEMEHTHBIX METaJIJIOB U CILIABOB. Pe3ysibTarsl
9TUX WCCIEJOBAHUN yKa3bIBAIOT, YTO, BO3MOYKHO, YKE
JocTurayT npejen seaumannbl 3ddexra CCK (cm., na-
upumep, [23-25]). B ocHOBe paGoThl 9TUX KOHCTPYKIUI
sexxut addexr iuzoctu C/D,; KOTOPLIIL oupesesercs
Ka4uecTBOM rpanurbl pasnaeina mexay C- u D-cosimu.
Nmenno mosromy Bcerjia ocoboe BHUMAHHUE B CTPYKTY-

TTucema B 2K9T®  Tom 119 2024

BbIII. 3—4



S dexr cBepxupoBosiiero cuuHoBoro Kianana B rerepocrpykrype Co/Pb/Co. .. 297

pax CCK yzensuiocs uarepdeiicy C/PD. O6brano cuura-
ercsi, 9ro jisi Habsoaerus a¢ddexkro CCK Heobxou-
Mo, ar0o6bl uHTepdeiic C/® GbLI COBEPUIEHHBIM ¢ TOY-
Ku 3penus mMopdosoruu (cm., Hampumep, [26]). Oxna-
Ko, B 1969 1. Hoiiuep u Menbe [27] nabionanu 3ua4u-
resnbHbI 3pdekt CCK AT, ~ 0.3K B rerepocTpyxk-
rype FeNi/In/Ni ¢ okucnenubivmu unrepdeiicamu C/ D,
YTO C CErOHSATIHENH TOUKU 3PEHUS, JeHCTBUTEIHLHO, VIIU-
BuresibHO. Okucienune deppomarauTHbix FeNi- u Ni-
CJIOEB OOBSACHSIOCH HEOOXOIMMOCTDBIO OCJIabaeHus 3d-
dexra 6suzoctu C/ P, u, Kak cjeicrBue, CBePXIPOBOIU-
MOCTH B In-cjioe moriia ObITh He MOJTHOCTHIO TI0/IaBJICHA
cpenaum oomeHHbIM TToieM P-ciioeB. B pabote ke JIu
u gp. [28] nokazano, uro jyis Habmoaenus dGdeKToB
CCK Hy»KeH HElOCpPeICTBEHHBINI KOHTAKT MeXK1y dep-
POMArHUTHBIM M30JISTOPOM U CBEPXIIPOBOIHUKOM. [1pu
9TOM BBEJIEHUE TOHUYAMIIEr0 U30JUPYIONEr0 HEMATHUT-
Horo ciiog (6apbepa) Ha rpanuiyy paszgena C/® upuso-
JIJIO K TIOJIHOMY HogasJenuto adekra 6ausoctu C/ D,
u, Kak ciencrsue, 3ddexkra CCK.

Oxnako, B pabore Hoituepa u Menbe [27] yxymuie-
uue rpauunsl C/ D npuseso K HAGJIIOIEHUIO 3HAYUTE/ b
uoro 3ddekra CCK. Hackoyibko HamM u3BeCTHO, pabo-
ta Jloitaepa u Menbe [27] He mosyunia noaTBepKIeHNsT
s apyrux Koucrpykiuit CCK, xors HekoTopbie skcIte-
PUMEHTaJIbHBIE I'PYIIIBI [IBITAIINCH BOCIIPOU3BECTH STOT
HEOXKUJIAHHBIN PE3YJIbTAT.

B macrosmeit pabore mpejicTaBIeHO JaJbHEiIIEe
passurue Kounennuu doitdepa u Menbe [27]. Mbl uc-
cJiesioBaJid cBepxIipoBosiue coiictBa cTpykTyp CCK,
COCTOSIIIMX U3 JAPYIuX (PEPPOMarHUTHBIX ¥ CBEPXIIPO-
BOJIAIIMX MaTEPHUAJIOB 110 CPABHEHUIO C OIMUCAHHBIMU B
pabote [27]. Crnexyer ormMeTnTh, 9T0 padora [27]| aBis-
JIaCh OJTHOM M3 HEPBBIX, IVIe HCCJIEI0BAJINCH TOHKOILIE-
HOYHBbIE TeTepocTPYKTYphl Ha 6aze C/®. B 1o Bpems
OTCYTCTBOBAJIO TJIyOOKOE TOHWMAHUE sIBJIEHUIT, TIPOWC-
XOJSIIIMX B TaKuX CTPpyKrypax. Ilosromy mapamerpsl
CTPYKTYPBbI (TOJIIUHBI CJIOEB U YCJIOBHUs MX HPUIOTOB-
JieHusi) B pabore [27] MOrm OGbITH HEONTUMAJIBHBIMU.

Mpr uzrorosusn crpykrypsl CCK Col/Pb/Co2 ¢
TOHKUMU H30JIUPYIOIIMME IIPOCJIORKAMK Ha I'DAHUIAX
paznena Col/Pb u Pb/Co2. ®opMupoBaHne OKHUCIIEH-
HBIX U30JIUPYIONINX IPOCJIOEK Ha TPAHUIAX pasesia Obl-
JIO CIEJIAHO TI0 TIpuMepy pabor [27, 29]. Mbr usyumin
3aBucuMocTb BejtmanHbl 3pderra CCK AT, or Tosmmu-
bl Pb-ciiosi. Beuto ycranossieno, aro Beqmauna AT,
npocruraer 0.2 K npu onrumasibHoi Tosmuae Pb-ciios,
YTO IPEBOCXOIUT OOJIBLITUHCTBO 3HAYeHMiT 3 derTa j1jist
CTPYKTYP C HleajbHbIMU Ipanuiamu pasgena C/ .

O6pa3supbi. OO6pasnpbl M3rOTOBJSIIUCH HA  HAIDI-
smrebuoit ycranoBke dupmbsr BESTEC. Beurta mpu-
roToBJIEHA OCHOBHasi cepust 06pasnos CoO,(3.5HM)/
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Col(3um)/M1/Pb(dpy)/MN2/Co2(3 um),/SigN4 (85 um)
¢ Bapbupyemoil TosmuHoil Pb-ciost dpy, B mpemenax
or 40 mo 120mMm. O6pasnbl HAIBLISIUCHL HA BBICO-
KOKAYeCTBEHHbIE MOHOKPUCTAJUIMIECKUE  IOJJIOKKHI
MgO (001). 3zaecs: CoO, — anrudeppoMarHuTHbIH
(A®) cuoit, HEOOXOMUMBIH st bUKCAUM HAMATHH-
gennoctu Col-ciost; Col u Co2 — deppomarauTHbie
®1- u P2-corom; V1 u VU2 — TOoHKME OKCHUIHBIE HU30JIH-
pylolmiue mpocioiiku; Pb — cBepxmpoBogdmuil cjoii,
SigNy — sammrHbIi cjoii. Cjion HAHOCHJIMCH METO/IaMU
sstekTponHo-iaydesoro ucnapenus (Co, Pb) u marme-
TPOHHOTO HAIIbLIEHWsI Ha IepeMeHHOM Toke (SizNy).
Cioit CoO, 6bLI IPUTOTOBJIEH OKUCIEHHEM METAJLInYe-
ckoro Co-cjtost B aTMocdepe KUCI0po/ia MpU TABJICHUN
100 mbap B Teuenue aByx dacoB. [locie sroro B Kamepe
MOJIEKYJISIpHO-IIy9eBoit smmrakcun (MJID) HanOCHICS
Col-cinoit moBepx citost CoO,. Caoit 11 dopmuposasics
na moepxuoctu Col B 3arpy3049HOil KaMepe B aTMO-
cdepe KucIOpoga IpH JaBIeHHE OKoyio ~ 1072 mbGap
B rTeuenue 60c. Hamwm wnccmenoBanust mokasasin, 9TO
TaKOe KODOTKOE BpeMs OKHCJIeHWS He IPUBOIUT K
obpazosanuio anrudeppomarauTaoro CoO,. Ilocie
sroro B MJID kamepe Hanocuscsi Pb-cioit pu remie-
parype momiokKu g1, ~ 150K. Takas temmeparypa
MTOJTIOXKKY ObIIa HEOOX0IUMa, JIJIs TTOJTy I€HUs TJIaIKOTO
Pb-cinost [26]. Caoit Pb BbLiepKuBasicst B 3arpy309HOi
KaMmepe B aTMmocdepe KHACIOpOIa MPH JABJICHUH OKOJIO
1072 mbap B Tewenne 30 ¢ maa dopmmposanus M2-cios
Ha ero nopepxuoctu. Jlasiee B MJID Kamepe HaHOCHIICS
Co2-cioit. Ha mociemaem srame Bce 00pasIibl MTOKPBI-
BAJIMCh 3amUTHBIM coeM SigN4. CKopocTn HAIBLICHUST
cioes cocTasisaaa: 0.5 A/c s Co-ciioes; 12 A/c JJIA
Pb-ciost; 1.8 A /¢ st 3amuTHOTrO SigNy-ctost.
Tonmuna AD-cioa CoOy deoo, = 3.5 HM ObLIA BBI-
OpaHa HA OCHOBE PE3yJIbTATOB HAIIUX MIPEIBLIYIINX UC-
cnenosannit [30-32]. Takas BesmumHa dcoo, MO3BOJIS-
er 3adukcupoBaTh HamaraundeHHOCTh Col-cJiosi BIOJIB
HaTPABJICHNs BHEITHETO MAarHUTHOTO ToJig 1o Hi'™* ~
~ 1.5 k9. Tommuusr Col n Co2-c10eB OMUHAKOBBI U CO-
craBJisitorT 3 HM. KpoMme Toro, HaMu ObLIa IIPUTOTOBJIEHA
KoHTpOJIbHag cepus obpasuoB Col/Pb/Co2 ¢ rakumu
2K€ TOJIMMHAMU CJIOEB KaK U Yy OCHOBHOH cepuu, HO 6e3
U30JIPYIONIUX MPOcjioeK. CTPYKTYPhI IPUTOTOBJIEHHBIX
00pasIi0B IIpeJICTaBJIeHbl Ha puc. 1.
DKCrepuMeHTAJIbHbIE PEe3yJIbTAThl. BenynHbl
T, oupenesiiuch U3 3aBUCAMOCTEH YIEIBHOTO COIPO-
TUBJIEHUsI OT Temieparypbl. COIpOTUBJIEHHE HU3MEpsI-
JIOCH IIPH ITOMOIIY CTAHJIAPTHOTO 4-KOHTAKTHOI'O METO/IA
HA MOCTOSHHOM TOKe. 3HadeHusi 1, OIMpeessinch Kak
CpeHss TOYKA HA CBEPXIIPOBOJIAIIEM IIEPEXOJIE.
Bragaste 06pa3impl 0XIaKIaMCh OT KOMHATHOR 10
rejIMeBbIX TEMIEPATyp BO BHEIIHEM MAarHUTHOM IIOJIE
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( Insulator interlayers )

(a)

Puc. 1. (Ilpernoit onmaita) CTpyKTypbl IPUTOTOBIEHHBIX
obpasos: (a) — ocHoBHast cepusi 06pasnos CoO;/Col/
11/Pb/N2/Co02/Si3N4 ¢ n30iHpyOMUMA IPOCIOAKaAMY;
(b) — xouTposbHAs cepusi 06pa3nos CoO,/Col/Pb/Co2/
SizNy 6e3 n30UpPyYOMKUX IPOCIOEK

mopsiJiKa 5 KD, MPUIOKEHHOM BJIOJb IJIOCKOCTH 00pas3-
na (field cooling procedure). 10 MO3BOIATIO TOOUTH-
csl MapaJuIe/IbHONM OpHEHTAIMM HaMarHudeHHoctelr O-
cinoeB u 3adurcupoBaTh HamarandeHHOCTH Col-citost
BJIOJIb HAIPaBJICHUS IIPHJIOYKEHHOIO mojig 1o Hi"®* ~
~ 1.5k3. [lasiee 6bl1a UCCIIEOBAHA TEMIIEPATYPHAS 3a-
BUCHMOCTbH yjesbHoro comnporusienust R(T) musa II- u
All-opuenrarnuit Hamarandennocreit O-cyioes st obe-
ux cepuil 06pasnos. B3auMHOe U3MeHEHNE OPUEHTAIH
HaMaramdeHHocreil P-cjI0eB JOCTUTAIACh MyTeM Bpa-
MEeHUsT BEKTOPA MPHUJIOZKEHHOTO BHEITHETO MATHUTHOTO
nonst Hy = 1K, OpUBOISAINIEro K COOTBETCTBYOMIEMY
noBopoTy HamaruudeHHocTr Co2-Cosl.

Ha pucynke 2 nokasaHbl KpUBBIE CBEPXITPOBOJISITIIAX
nepexooB st 06pasnos CoO, (3.5 um)/Col(3um)/ M1/
Pb(dpy)/M2/Co2(3 M) ¢ rommunamu C-ciost dp, =
= 120, 60 u 40um npu II (Hy = +1x9) u AIl (Hy =
= —1x9) opuenranusix Hamarandennocreii Col- u Co2-
c0eB, cooTBeTcTBeHHO. OUeBHIHO, UTO i 0Opasia ¢
dp1, = 60 uMm peasmsoBan nosnbiii apdexr CCK (AT, >
> 0T.) co snauennem AT, = 0.2K (cm. puc. 2b).

Ha pucynke 3 npejcrasiena 3apucumoctb AT, or
ToJIIUHbI Pb-citost dpy, J1j1s1 OCHOBHOI cepun 0Opa3IoB
¢ u3ompytomuMu npocioikaMu. AT, TpaKTUIeCKY JIU-
HEWHO yBeJIMYNBAETCs C YMEHbIIeHueM dpy, 10 3HAYEHUH
60 M, ocsie yero AT, HAYMHAET PE3KO YMEHBIIATHCS.
Makcumasbaast Beqmanna adhdekra CCK AT, = 0.2K
JIOCTHTAETCsl IPH ONTHMAJILHON TOJIIUHE CBEPXITPOBO-
agmero ciaost dpp, = 60 HM.

Crelyer OTMETUTH, 9TO Jjisi BCeX OOPA3IOB KOH-
TPOJIBHOM CEpUU € TAKUMHU K€ TOJIIUHAME CJIOEB, KaK

1.09 d,, = 120 nm T
_ {AT.=0K
Mo o)
(e}
= 05 s -
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s A
/ (a) |
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Puc.2. (Ipernoii omnmnaiin) Kpusbie cBepxunpoBomsimux
nepexooB ast 06pasuos CoOg (3.5 um)/Col(3 um)/ M1/
Pb(dpy)/MN2/Co2(3 M) ¢ rommuaamu C cuaost dpp, =
=120 1M (a), 60aM (b) m 40 HM (¢) npu II (Ho = +1k9) u
AIl (Hy = —1kD) opuenranusx Hamarandennocreit Col-
u Co2-cj10eB, COOTBETCTBEHHO

W B OCHOBHOW cepuy, HO 6e3 M30JMPYIOINIUX MTPOCJIOEK,
CBEPXIIPOBOMMOCTD HE HAOIIIOIAIACH BIUIOTH J0 CAMOI

HU3KOI JOCTHKUMOI Hamu TeMieparypsr 1.4 K.
Ob6cyxaeuue pesyiabTaToB. Hamm pesynbrars
JIEMOHCTPUPYIOT 3HAYUTEIbHYIO BejumanHy 3ddexra
CCK s rerepocrpykrypax @1/C/D2 ¢ uzonupyomumu
npocioiikamu Ha rpanuiax paszgeina ®1/C u C/D2
U TakuM O00pa3oM MOJTBEPKIAIOT HEPBOHAYAJILHBIE
pesyabrarsl doituepa u Menbe [27]. Bosiee Toro, BbI-
scHseTCst, 910 TomuHa C- CJI0si SIBJISIETCs] BaXKHBIM
mapamMeTpoM Jis peagusanuu moaHoro addexra CCK.
Eciun  cBepxmpoBojsiuit  CJIOH  CJAUIIKOM — TOJICTBIM,
TTucema B 2KOTO 2024
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Puc. 3. (LIpernoii omsaitH) 3aBUCHUMOCTL BEIHYUHBI -
derra CCK AT, ot Tommmuub Pb-ciiost dpy, 1151 oCHOBHOI
cepuu 00pa3IOB C U30JIMPYIOMUME IIpocsioiikamu. Cruror-
Hasl KpuBasl — Teoperndeckasi 3apucumoctb AT (dpy) (cM.
nyHKT “O6CysKaeHne pe3ysbraTos”)

to 3ddekr He HaOIMIOmaercs. Ilpu ymeHbineHun dpy,
snadenne AT, yBeJMIMBAETCA U JOCTUTAET MAKCAMYMa,
02K upu dpp, = 60mHM (cM. puc.3). HanbHeiimee
yMeHbIIIeHnEe dp, NPUBOIAT K PE3KOMY  I1aJICHUIO
T.. Tlo-BunmMoMy, HECMOTpS Ha HU3OJHPYIONIHE IIPO-
cootiku, 3ddekr Gmuszocru C/P cranoBurca Gosee
BBIPAYKEHHBIM IIPUA YMEHbIIECHUN dp,.

JlocTurayras HaMU MAKCUMAJbHAS BEIUIUHA -
dexra CCK AT, BIBOE IPEBLINIAET BEIUYNHBI P PeK-
ToB B paborax [30-33], rue umcciemoBaIMCH CTPYKTY-
pol CCK ¢ 3j1eMEeHTHBIMU MeTaJlInIecKuMu dheppomar-
HUTHBIMEA CJIOSIMHU U HMJICAJILHBIMU TPAHULAME Pasielia
C/®. Iony4eHublii HAMU PE3YJILTAT JOBOJBLHO HEOObI-
YeH, IIOCKOJIbKY IIPOTHBOPEYUT CIUTAIONIEMYCST BasKHeH-
muM yeJosueM peasmsaimn dddexra 6anzocru C/P —
HAJIMIAIO XOPOIIETr0 METAJIIMIECKOTO KOHTAKTa MEXKLY
C- u @- cinosamu. He mckirodeHo, 9To OKCHIHBIE HU30-
JINPYIOIIHUE TIPOCJIONKH OCTAIOTCA MATHUTHBIME, KaK 3TO
Ipeonarajgoch B padorax [27, 29]. OHu MoryT urparthb
JBOMHYIO pouib: (1) 0ciabidTh BAUSHAE METAJIINIECKO-
ro deppomarauTHOro cjosi Ha C-cj0i (B KOHTPOJIBHBIX
obpasnax 6e3 W30JUPYIOMUX [IPOCIOEK CBEPXIIPOBOIM-
MOCTB IIOJIABJISAETCS [TOJHOCTHIO); (2) M B TO K€ BpeMsi
COXPaHATH CBOEro Poza 3P@PeKT GJIU30CTH, MO3BOJISIO-
I TePEKI0IATHC MEXKJ1y HOPMAJIbHBIM U CBEPXIIPO-
BomAmUM cocTosHusAMU. CTOMT OTMETHTH, 9TO B pabo-
re Jlu u gp. [28] GbUIO HPOJEMOHCTPUPOBAHO BKJIIOYE-
HYe/BBIKJTFOUEHNE CBEPXIIPOBOIUMOCTH B TPEXCIONHO
cucreme EuS/Al/EuS, rae EuS asisiica deppomaraut-
HBIM H30JIITOPOM.

KoppeKTHOEe TEOPETUIEeCKOe ONMUCAHNE TIOJTY IEHHBIX
PE3yIbTATOR TIPEACTABIAET COOON CIOKHYIO 33Ty U3~
38 HEOIPEJICJICHHOCTH IapaMeTPOB UHTeP(EHCoB CTPYK-
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typel CCK. Teopus st onucanus T, B cummempuy-
Hour cTpykTypax @1/C/D2 ¢ TOHKMMU U30JIUPYIOIIAMA
unTepdeiicamu Gbina chopmyauposana B pabore [34].
[IpuMeHuB 5Ty TEOPUIO K HAIIUM JIAHHBIM, MBI CMOT-
JIn JTOOUTHCST KAYECTBEHHOTO COTJIACUS MEXK]Iy TEeOPH-
elf U dKcrepruMeHTOM (CM. pHC.3) IPU UCHOIb30BAHUY
CJIEJIYIONIAX MAPAMETPOB CUCTEMBI: JIJIHHBI KOT€PEHTHO-
cTtu B cBepxupoBojaHuke &g = 41 HM; JJIMHBI KOT€PEeHT-
voctu B P-ciogax g = 12 HM; mapamMeTpoB mHTEpdeii-
coB v = 0.093 (mapameTp COIIACOBAHUsI MATEPUATIOB)
u v° = 0.48 (mapameTp mpospadHOCTH TpaHmUIb) [34] I
obmennoit sueprun B @-ciiosix h = 0.0353B.

Teopusi JeMOHCTPUpPYET HEMOHOTOHHYIO 3aBUCH-
MOCTb U UPHUOJU3UTEJIBHOE II0JIOXKEHUE MAaKCHMYMa
Besmmanabl 3dderra CCK. DTor MakcumyMm oxumaem,
mockoyibKy 3ddekt CCK moimkeH MOMaBIATHCS Kak
B IIpejiejie OYeHb TOHKOIO, TaK W OYEHb TOJICTOIO
C-ciiosi. MakcumasibHast ke BesmmunHa, 3dderra CCK
Io/KHA HAOMOAaThed npu Tosmuae C-citost, O6JIM3KOif
K JyinHe KorepeHTHOCTH Eg. OMHAKO, KOJMYECTBEHHOIO
COIJIACUsT MeXKJIy TeOpHeil W SKCIIEPUMEHTOM J00UThCS
HE YJAJIOCH IO CJIEIYIONUM BO3MOXKHBIM TPUIAHAM.
Teopus [34] upemionaraer CUMMETPUYHYIO CTPYKTYDY
@1/C/D2, namm 2Ke 0OpA3IBI MOTYT OBITH ACHMMET-
PUYHBI C TOYKHU 3PEHUs] MPO3PAYHOCTH HHTEPDEHCoB,
ITOCKOJIbKY ycioBus dopmupoBanus M1- u M2-cioes
ObLIM pa3/IMIHBIME. KpoMe TOro, KaK OTMEYEHO BBIIIIE,
HEe WCKJIFOYEeH COOCTBEHHBIN MarHeTu3M uHTepdeiicos,
B TO BpeMsl KaK B TeOpHUHU [34]| OHU MOIEIUPYIOTCS Kak
HEMAarHUTHBIE IIOTeHIAJIbHbIe Oapbephl. Tem He MeHee,
HECMOTPsI HA 3TH I[PUYMHBI, OYEBUIHO IPEISITCTBYIO-
IIFIe XOPOIIeMY KOJMYIEeCTBEHHOMY COBIAJIEHUIO T€OPUU
U 9KCIIEPUMEHTa, MPUMEHEHHBIH HAMU TEOPETUIECKUil
IIOJIXO/I TI03BOJINJI KAYECTBEHHO IMOHSITH IPUYMHY HEMO-
Horounoii 3aucumoctu AT.(dpp) B HCCIEIOBAHHBIX
PeTEePOCTPYKTYPAX U OMPEJIETUTD YCJIOBUS JOCTUKEHUS
MakcuMabHoro agpderra CCK.

3akJrouenue. VcciaenoBasiuch
mue csoiicrBa rerepoctpykryp CCK Col/Pb/Co2 ¢

CBEPXIIPOBO/IS-

TOHKMMH OKCHIHBIMU H30JIMPYIOMIAMA TPOCTIONKAMHU,
chopmupoBannbiMu Ha rpanunax pasgesna Col/Pb u
Pb/Co2. Bbpuia omnpezesneHa ONTHUMAIbHASI TOJIIUHA
cBepxmpoBogiiero Pb-ciios st peanu3anuu moJIHOTO
s dekTa CBEPXIIPOBOISINETO KJTaITaHa.
Maxkcumanbaas BegnauHa 3dderra CCK cocrasmia
0.2 K. Hamu pesysibTaThbl HOATBEPXKIAIOT HAOJIIOIEHUST

CIIMHOBOT'O

pabornl Hoiivepa u Menbe [27], B KoTopoii 6611 06HADY-
kel 6ostbmoit apdexr CCK s crpyrryp @1/C/D2 ¢
uzoupyomuMe npocoiikamu. Crieayer OTMETUTD, 9TO
nostydennas Hamu Beaunduna sddekra CCK AT, 3na-
YUTEJILHO MPEBBINIAeT BeIUIUHBI 3(DHEKTOB, KOTOPHIE
HABJIIOIAJINCE IS CTPYKTYP C 3JIEMEHTHBIMU (heppo-
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MarHUTHBIMA U CBEPXIIPOBOISAIIAMIA MATEPUATIAMU, TJI€
ocoboe BHUMAHNE YAEJSJI0Ch KadecTBY uHTepdeiica
C/o.

Heobxoanmo ormernTh, 9TO, MO BCEil BUINMOCTH,
B 3dderTe CBEPXIPOBOILAINEr0 CIXHOBOTO KJIAAHA
KJIIOYEBYIO POJIb WUrpaeT He cuiaa 3dpdekra Ou30-
ctu C/D, a wyscmeumesvrocms CBEPXIIPOBOIUMOCTI
K MACHOTHON YaCTU CHUCTEMBI. B Hammx SKCIepuMeH-
Tax MBI CTapaJuCh J0OUTHCA ‘ocabiieHHOW CBepX-
[IPOBOJIMMOCTH, MAKCUMAJIBHO YyBCTBUTEIbHON K U3Me-
HEHWIO B3aWMHONW OpHMEHTAIWH HaMarunmdeHHocteit O-
cioes. B crpykrypax Col/Pb/Co2 6e3 uzomupyromux
[IPOCJIOEK CBEPXIPOBOJMMOCTD HOJHOCTHIO IIO/IABJICHA.
Posp m3onmpyromux mpociioek, BO3MOXKHO, 3aKJIIO9a-
€TCsi B BOCCTAHOBJICHUM CBEPXIIPOBOIMMOCTH B CHCTE-
Me myreM yxymamenus sddekra 6auzoctu C/@. Takas
“BOCCTAHOBJIEHHAS CBEPXIIPOBOJINMOCTD, TE€HCTBUTEIb-
HO, OKa3bIBAETCsl OYEHb IyBCTBUTE/ILHOW K MATHUTHOMN
4acTu CTPYKTYPbI. [lojiyueHHBIE pe3y/ibTaThl O3BOJISI-
10T HaJlesIThes, 9To uccaenosanus crpykryp CCK ¢ mo-
uUIIPOBAHHBIMA UHTEPMENCcAMI OKAYXKYT CTUMYJIH-
pylolliee BJIMsIHAE Ha Pa3BUTHE HOBBIX IIOJIXOJO0B K OII-
TUMHU3AIUN pab0YNX ¥ KOHCTPYKIIMOHHBIX [IAPaAMETPOB
CBEPXIIPOBOISAIINX CIIMHOBBIX KJIAIIAHOB.

®uHaHcupoBHaue paborbi. Pabora A.A.Kawma-
mesa wu H.H.TapudbsiHoBa 10 IPUTIOTOBJIEHUIO
obpasnoB Obuta ¢duHancupoBana Poccuiickum Hayd-
doumom wu3 mupoekra 7 21-72-20153. Pabora
A. A.Kamamesa, H.H.Tapudbsanosa, A.A.Basumosa

HbIM

u U. A.Tapudymimna mo HMCCIeTOBAHUIO CBEPXITPOBO-
JIANIX CBOUCTB CHCTEM ObLIa BBINOJHEHA B PaMKax
roCyJIapCTBEHHOrO 3ananus PeaepabHOro UCCIe0-
BaTEJIHLCKOIO IeHTpa KazaHCKOro HaydHOrO IeHTpa
Poccuiickoit akamemun mayk. Pabora . B. ®omunosa
ObL/Ia BBINOJHEHA B PAMKaX FOCYIapCTBEHHOIO 38 [aHUs
Mucturyra teoperutueckoit dpusuku nm. JI. 1. JTanmay
Poccuiickoit akamemun HayK.
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