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B pabore uccnenoBan cBepXnpoBosimit mapamerp mopsiaka coeanuenust RbCasFes AssFa, oTHOCSIIETOCS

K HOBOMY CeMeicTBY 12442 Kere30ConepKaInX CBEPXIIPOBOIHUKOB ¢ KPUTUIECKOH TeMmieparypoit 1. ~ 32 K.

BriepBble MeTOIOM CIIEKTPOCKONIMH MHOTOKPATHBIX AHIPEEBCKUX OTPAXKEHUU OOHAPYIKEHO JIBa CBEPXIIPOBO-

IANUX KOHZEeHcaTa ¢ napamerpaMu nopsaka Ap ~ 6.3M3B u Ag ~ 2.8 m3B. Mamepena temmneparypnas

3aBUCAMOCTD IJIOTHOCTH CBEPXIIPOBOJAIIEro Kpuruieckoro toka Je(1) B cobcrBenHoM mosie. B pesynbrare

annporcuManuy 3aBucUMOCTH Je(7') BBIABIEHO COOTBETCTBUE IKCIEPUMEHTAJIBHBIX JAHHBIX C JBYXIIEJIEBO

MOJIEJIBIO C S-TUIIOM CHMMETPUU IapaMerpa mnopsaaka u measamu Ar ~ 6 3B u Ag ~ 2m3B. TMosyuennbie

ABYMA PA3IUIHBIMUA METOAUKAMUN 3HAYECHUA CBEPXIIPOBOALAINECTIO IIapaMeTpa HaXOAATCA B XOPOHIIEM COIJIaCHUN

APYT C APYTOM.
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1. Beemenme. C mMoMeHTa OTKPBITHSI ceMeiicTBa
BbICOKOTeMIIepaTypHbIX cBepxipoBoaunkos (BTCII) na
ocuoBe kejsie3a [1] npomwio Gosee 16 jer, HO uHTEpeC
K HUM B Hay9YHOM COODIIECTBE IIPOJIOJIZKAET OCTABATHCSI
BBICOKMM. BO MHOTHX COEIMHEHMSAX YKEJI€30COIEPIKAIITUX
ceepxupoBoauunkos (Fe-based superconductors, nanee —
FeBS) na yposenb @epMu BBIXOAUT MHOMKECTBO 30H (OT
3 110 6), hopMUPYH CJIOKHYIO KBA3UIBYMEPHYIO IIOBEPX-
HOCTB [2-5], uTo 110 9TOrO He BeTpevasoch Hu B BTCII
COoeMHEHNsIX Ha ocHOBe Meau, Hu B MgBo. Ha Texymnmit
MOMEHT B HAYJIHOM COOOIIECTBE, KA3aJIOCh Obl, CJIOKIII-
Cs KOHCEHCYC OTHOCHUTEJIbHO MEXaHM3Ma KYIIEPOBCKOTO
cnapuBanns B FeBS, a mMmenno: cmapuBanme Ha CIH-
HOBBIX (DIIyKTyanusx Ha 3d opOUTAJISIX aTOMOB JKeJe3a
[3,6]. B aTOM ciryuae NPUTSIYKEHHE MEXKIY 3apsiIaMu I
obpa3zoBaHue Ky[IePOBCKUX AP IIPOUCXOUT He 3a CYEeT
obMeHa (POHOHAMIY, KaK B OOBIKHOBEHHBIX CBEPXIIPOBOJI-
HUKaX, & 33 CYeT OOMEHa CIIMHOBBIMU (DJIYKTYAIUSMHU.
IIpu sTOM (pas3bl CBEPXIIPOBOISAIINX KOHIEHCATOB, 00pa-
3YIOMUXCS B 9JIEKTPOHHOM U JIBIPOYHOM KapMAaHAaX, MO-
I'yT ObITH KaK OJTHOTO 3HAKA (MOJIEJIb s—i——i—), TaK U pa3Ho-
ro (Mogensb st) [6]. Ongrako BerpedatoTest 1 6oree CI0xK-
HBIE CJIyYan, KOT/Ia IO OIPEJIEJICHHBIM HAIIPABJICHASIM B
k-uipocrpancTse napamerp nopsizka (ITIT) obparmaercst
B HYJIb, KaK, HAIIPUMED, I CHJIbHO IIePEeIOITHPOBAHHO-
ro (Ba;_,K,)FeaAsy [7] wiu dopmupyercs d-tui cum-
Mmerpun, Kak st peppodocdaros n LaOFeAsP [8-11].

CpaBHUTEIBHO HEIABHO OBLIM OTKPBITHI HOBBIE Ce-
meiicrea FeBS — 1144 [12,13] u 12442 [14-16]. Ctpyk-
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Typa CBEpXIIPOBOJIHUKOB Kjiacca 1144 mpejcrapisier u3
cebsi CTOIKY M3 YepeyIomXCcs IBYX pasandubix FeBS
tura 122 B HanpasjeHuu ¢ (IIEPIEHUKYIAPHO CJIOIM).
B ciyuae kmacca 12442, B sjieMeHTapHON siueiiKe OJUH
cioit Tuna 122 depemyercs ¢ aBoiiubiM cioem 1111. Ma-
Tepuajbl JAHHBIX CEMEHCTB MMEIOT O0Iee CBONCTBO —
3a CYeT BHYTPEHHEro JOIMUPOBAHMUS HOCUTEJISIMUA, OHU
SIBJISTEOTCSI CBEPXIIPOBOJIHUKAMU B CTEXHOMETPHIECKOM
cocraBe. DTOT (PAKT COBMECTHO C IIPEITOIATAEMBIMU
KpaiiHe BBICOKMMU KpUTUIeCKuMH T1oJisimu |2, 16, 17] ne-
JIAIOT coeqmHeHus: cemeiicTBa 12442 uHTEpECHBIMU JIJIst
MIPAKTUIECKOrO UCIOJIb30BaHus. Kpome 3T0oro, BO MHO-
rux paboTax MPOBOIUTCH AHAJOTUST MEXKIY CBEPXIIPO-
BosHuKaMu Kiacca 12442 u kynparasivu BT CII - 60i1b-
I1asi aHU30TPOIINS CBOMCTB, ST9eiKa BBITSIHYTA B IIEPIIEH-
JIUKYJISTPHOM CBEPXITPOBOJISIINM MJIOCKOCTsIM Fe-As Ha-
[IPABJIEHUU U CIIBOEHHBIE CBEPXIIPOBO/ISIINE ILJIOCKOCTH,
pas/ieJleHHbIe U30JMPYIONMME IPOCIORKaMu (spacers)
[16,18].

[To-pexkHEeMy OCTaeTCss MHOTO BOIIPOCOB O CTPYK-
rype IIII u Tune ero cummerpun st FeBS cemeiicTra
12442. Dueprerudeckuil CIeKTP IpeACTABUTEEH K1ac-
ca 12442 apnstercss OqHIM U3 CJIOXKHEHmNX cpean FeBS.
B uacTtHOCTH, corjiacHO pacdyeraMm (hpepMU-IIOBEPXHOCTD
COCTOUT M3 7—8 KBa3WABYMEPHBIX IOBepxHOCTEH [18],
9TO MOAPaA3yMeBaeT MHOTOKOMIIOHEHTHOCTH CBEPXIIPO-
Boggero 1111, [Tpu unrepnperanun pe3yabTaToB, B pa-
60oTax 0 HEYIPYIOMY PACCESHUIO0 HEHTPOHOB IIPEJIIIO-
Jlarajachb JimOo d-BOJTHOBAasi CHMMETPUs INEJIH, JIUOO S
CUMMeTPHs ¢ OOPAIEHNEM IIEJIN B HYJIb 10 HEKOTOPBIM
HampaBJieHusiM. B paboTax 110 MIOOHHO{1 CIIMHOBO CIIEK-
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Puc. 1. (IIsernoii onaiin) (a) — Penrrenorpamma (XRD), ee Mogesnbublii pacder u ux pasuuna. (b) — TemneparypHas 3aBucu-
MOCTB conpoTusienns. HirKHsasa BecTaBKa — yBeaudeHHas 00IaCTb BOIM3K CBEPXIIPOBOJISAIIETO Iepexofa. BepxHssa BCTaBKa —

TemiiepaTypHas 3aBUCUMOCTb A C-BOCIPUMMYUBOCTH

rpockonuu (SR) BBIIBUraaoCh MpeIIoJIoKEeHHE O pea-
sm3anun gaxke d+d Tuma cummerpun [19-21]. K cxoxkum
BBIBOJIAM IIPHIILIA aBTOPBI paboTsl [22, 23] mo aHapees-
CKOii creKkTpockonuu TodedHbix KoHTakToB (PCAR) n
AIMTPOKCUMAIIIN TEMIIEPATYPHON 3aBUCUMOCTH JIOHIO-
HOBCKOW I'JIyOUHBI IPOHUKHOBEHUsI, [TOJIy9YeHHON B KC-
[EePUMEHTAaX 10 OIleHKEe IVIyOWHBI CKUH-CJIOS (B PE30HA-
TOpe Ha KOIUIAHAPHOM BOJIHOBOZIE). B apyrux paborax
YKa3bIBaJOCh Ha peaym3anuio B 12442 Gojee pacipo-
crpaHeHHbIX 11t FeBS Tumos cumMerpun s++ wim s+
napamerpa nopsizka [24-26].

B wu3mepenmsx  snexTponHOit  oTOIMUCCHM
(ARPES) B coemunennn KCagFesAsysFo [27] 6b110
BBISIBJIEHO D CBEPXIIPOBOSINUX Iejieil s Tuma. Bojee
TOrO, B 9TO pabore OBLIO CIAETAHO 3AK/IIOYCHHIE O TOM,
YTO TOJIY Y€HHBINH PE3yJIbTAT HE YKIIAIBIBAETCSA B MOJIC/H
s++ wmwim st+. Kpome 3T0ro, 3KCIEpUMEHTHI 110 Pe30-
HaHCHOMY morjonenuio HeifirponoB Ha KCasFeyAs Fo
[28] mOKA3BIBAIOT OTHOIIEHHWE IHEPTUH DPE3OHAHCHOIO
muka (DIIP) x sddexruHOll sHEPreTHUECKON MM
ERr/Atot > 1, 910 TaKKe He YKIIABIBAETCS B CHIEHADUN
s++ mwm s£. Kax suano, ganusie o IIII (ux kosm-
9eCTBO, BEJIMYMHA W THI CHUMMETDUM) B HACTOAIIUIL
MOMEHT IIPOTHUBOPEYMBLI U JIAJIEKH OT KOHCEHCYCA.
DTO MOTHUBHPOBAJO HAC mpoBecTu wucciemoBanme 111
JIByMsl Pa3JIMYHBIMA METOJAMU Ha OJHUX U TeX IKe
obpasnax RbCagFesAssFo. Ilennio  ucciaemoBanumii
OBLIO IIPsiMOE ompeiesieHne KondecTsa n Besmana 1111
JIByMsl HE3ABUCUMBIMHU METOJIAMU, & TaK¥Ke MPOBepKa
[IPEJIIIOJIOXKEHUsT O 0oJiee CJIOXKHOM THUIIE CHUMMETPUU
napamerpa nopsizika (d, d + d), Beickasansoro B [19, 20],
U, B-TPEThbUX, KOCBEHHAS TTPOBEPKA TPUMEHUMOCTH JIJIst
JIAHHOT'O CBEPXIIPOBOJIHUKA MOJeseil s++ u st.

2. O6Gpa3zinpl 1 nx xapakrepusamnus. O6pasib
RbCasFe s AsyFo BbIpalienbl METOIOM KPUOTEHHONH Me-

xaHakTuBamun. IloapobHocT cuHTE3a yKa3aHbl B pabo-
Te [17]. Bee onepanuu ¢ obpasiiaMmu MPOBOJUINCH B ap-
FOHOBOM IIePYaTOYHOM OOKCE JJIs IIPEIOTBPAIEHIS UX
nerpajganuu. Pearrenoctpykrypublit anasus (XRD) no-
JIYIE€HHBIX TOJUKPUCTAJIMIECKAX 00PA3I0oB ObLI MpPO-
BejieH Ha ycraHoBke Rigaku MiniFlex 600. O6pasipr
[PEJICTABIISIA COOON IJIOCKUE IJIACTUHKH C pa3Mepa-
vz mopsaaka 2 X 3 X 0.3mm. Ha pucynke la mpem-
craBJieHbI pe3ysnbTarbl XRD m3mepenuit u comocrasie-
HUE C pacYeTHbIMU 3HaJYeHUsIMU. [IpaxkTuyecKu Bce Iu-
K WHTEHCUBHOCTH WAEHTU(MDUINPOBAHBI Kak pedJiek-
col or dasel RbCasFeyAs Fo, uro cBuumerenncrsyer o
BBICOKOM KauecTBe U ojHOda3HoCcTH oOpasios. Ilocite-
JIyIOIIast XapaKTepusalus o0pa3ioB MPOBOJMIACL Ha
CKBU O-marauromerpe MPMS XL-7 (¢ onmueii usme-
pernst DC-namaranaennoctn u AC-BOCIIPUUMYINBOCTH)
I CaMOJEJbHOI KPHOI€HHON YCTaHOBKE, ITO3BOJISIONMENH
U3MEPSTD 3JIEKTPOTPAHCIIOPTHBIE CBORCTBA 00PA3IIOB JI0
1.5 K.

Wsmepenuss  TemmeparypHOi
socpunmunBocTi X (7T') B IepeMeHHOM cJ1aboM Mar-
HUTHOM II0JI€ BBISIBJISIFOT JUAMATCHUTHBIA OTKJIMK IIPU

zapucamoctu AC-

cBepXupoBogIieM 1epexoie (puc.lb, Bepxuss Bcras-
Ka). M3MepeHust OpOBOAUIIUCH B IIEPEMEHHOM IIOJIE C
amnutynoit 1 Tayce u wacroroit 313 I'n. Buawo, uro
JMAaMATHUTHBI CUTHAJ MOSIBJISETCH IPU TEMIIEPATyDe
T = 30.4K u npu NOHUKEHUH TEMIIEPATYPHI BBHIXOIUT
Ha ycyioBHOe “miaro”’ mpu Temmeparype T < 20K.
Takoli mIpoKuil mepexoi], MO0 MArHUTHOMY OTKJIAKY
ABJSETCA TUNUYIHBIM Il CHJIBHO aHU30TPOITHBIX
CJIOUCTBIX CHUCTeM ¥ HaOJIofaIcsd KaK B KyIpaTax
[29], Tax u B FeBS [30]. Ha pucyuke 1b (ocuos-
Hag IIAHEJb) [OKA3aHA TeMIEPATypHas 3aBUCAMOCTD
conporusienus obpasua R(T), koropas umeer “Merai-
XapaKTep C OTHOIIEHHEM COIPOTHBIICHUN

C3 )
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R(300K)/R(T.) = 9.3. Hauunaa c TteMmiepaTypsl
T = 31.9K, Busien pe3kuii CKavIOK COIPOTHUBJICHUS JI0
HyJisi. [Ipu 9TOM MIUpUHA CBEPXITPOBOJSAIIETO IEPEXOIIA
mo comporuBsieHnio cocrasisier 1.6 K, Temmepatypa
Havama mepexoma 1o"Set 319K, a remmeparypa,
IPH  KOTOPOW CONPOTHUBJICHHE OOpAIAeTCs B HOJIb,
T7*° = 30.3 K (cMm. HIDKHIOIO BCTaBKy Ha puc. 1b).

3. Meroaukmu.

3.1. Cnexmpockonua aHOpeesCKUT ompadicenud.
Kak y:ke ymoMHWHAJIOCH BBIIIE, OIHOI U3 BasKHENIIMX
XapaAKTEPUCTUK  JIIOOOTO  CBEPXIIPOBOISIINETO  COEIH-
wenus sapasgerca ero IIII. Ina CII coenumennit, y
KOTOpBIX Ha ypoBHe PepMu NMPUCYTCTBYIOT HECKOJIBKO
30H, MOYXKHO OXKHJIATh OTKPBITUE HECKOJbKUX CBEpX-
npoBoggamux 1meseir. CyInecTByeT BCEro HECKOJBKO
MEeTOJNK, MO3BOJsiomuX u3Biedb 1111 u3 sxcnepumen-
TaJbHBIX JAHHBIX HAIPSIMYIO, T.e. 0e3 IpUBJIEUYEeHUsI
uxX anmpokcumaryu mojeasmu. OHa U3 HUX — CIeK-
TPOCKOIUsI MHOTOKPATHBIX AHJIPEEBCKUX OTPAKEHUN B
CUMMETPUIHBIX MUKPOKOHTAKTAX.

Kak 6bu10 nokazano B paborax [31,32], Ha BoJbT-
amrepHbix xapakrepuctukax (BAX) cummerpuuHbIX
KOHTAKTOB  CBEPXIIPOBOJIHUK—HOPMAJIbHBIX — MeTaJjLjI—
cBepxupoBoauuk (SnuS) dopmupyerca cybrapmMoHude-
cKasl meseBas cTpykrypa (SGS) — cepusi ocobeHHOCTE
npu cMerneHusx [33]:

2A

Vo = en’ S
rie 2A — yjuBoeHHOe 3HavueHue cpepxipoBosiero 111,
€ — 3JIeMeHTapHBII 3apsij] 3JIeKTPOHA, 1 — IOPSIKOBBIi
HOMEp aHzpeeBcKoro orpaxenus (1,2, 3, . ..). IIpu arom,
B OTJIMYHE OT KOHTAKTA CBEPXIIPOBOTHUK—U30JIATOD—
cBepxnpoBogHuK (S—1-S), B obsacTu MaJbIX CMeIeHui
Oyzner HAbIIOMATHCA n30bITOUHBIN TOK. Ha ciekTpax mu-
HAMUYIecKoil mpoBogumoctu SGS BuHA KaK Cepus MU-
HUMYMOB Ha CMEIIEHUSIX V,, U3 BBIEIPUBEIEHHON Gop-
myJibl. [Ipu Hajmanu B MaTepuasie HECKOJIbKUX KOHIEH-
caros (co ceonmu ITIT) nia Kazkoro us nux 6ymyT dop-
MUPOBaThCsi He3aBucHMble SGS-CTPYKTYphI, 9TO 0CO-
OEHHO aKTYyaJIbHO IPU HU3yYeHHH MHOI'O30HHBIX CBEPX-
IPOBOIAIINX MaTepuaJsioB. Kcu chopMupoBaTh nemnod-
Ky M3 I TaKUX KOHTAKTOB, IIOJIKJIFOUEHHBIX [T0CJIEI0BA~
TesibHO (S—1—S-n-S...), To XapaKkTepHbIe cMereHust Oy-
JIyT OIUCHIBATHCS CJIEAYIONEeil (OpMyIIOit:

2A
Vn,nb = —m, (2)
en

riae m — KOJIMYECTBO IIOCJIEI0BATEIBHO BKJIFOYEHHBIX
KOHTAaKTOB B CTOIKe. TakuM 00Opa3oMm, ecjium B IKCIIEe-
PUMEHTE eCTh BO3MOXKHOCTb U3MEHSATH Pa3Mep CTOIKH,
TO, HAOUpasi CTATUCTHUKY, MOXKHO OJ[HO3HAYHO OIIpejle-
ITucbma B 2K9TD
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JINTBH BeJW4IuHbI Iieneir u kosmdaectso 1 uccremyemo-
ro mMarepuaJja. bojiee TOro, MOX>KHO KOCBEHHO CYIUTH O
THIIE CUMMETPHUH, Pean3yeMOM B HCCJIELYEMOM MaTe-
puaJjie 10 (opMe MUHUMYMOB JTUHAMUIECKON TTPOBOJIN-
moctu 34, 35|, a Tak:Ke 0 HAJIUIMU AHU3OTPOIIUM, €CJIU
ecTh pacirerienne MuauMyMoB dI /dV (ny6ierHble oco-
Gernoctu [35]).

st mosrydeHnss MUKPOKOHTAKTOB ObLIa HCIIOIb-
30BaHa Meroamka ‘“break-junction” — dopmupoBanme
KPUOTE€HHOIl MUKPOTPEIUHbI B OObEME HUCCIIEeLyeMO-
ro marepuasna [34]. s sToro ofpaser HOMeIAETCH
Ha TUOKYIO MOMJIOXKKY, K KOTOPOH OH KPEMUTCs TOKO-
IIPOBOJISAIIIAM KOMIIAYHJIOM 10 YeThIPEXTOYEYHON cXeMe
(Kelvin probe). Tajee obpaser OXJarXKaaeTcsi 10 MU-
HUMaJIbHOH TemuepaTypsl (~ 1.5 K), nocie gero B Hem
dopMupyeTcs TpemuHa MOCPEICTBOM U3ruda MOII0XK-
KM C IPOTHUBOIOJIOXKHOI oT obpasra croponbl. Ha 006-
pasie 3apaHee JIEJAETCs CyXKeHHe Jjisi KOHTPOJIADYe-
MOro (POPMUPOBAHUST TPEIIUHBI, 8 TAK¥Ke JJIs TOJIye-
uust 3asucumoctu J.(T'). Tocae dopMuposanusi MUK-
POTPEIUHBI, KOTOpasi siBJisieTCst c1aboil cBsi3bio (weak
link, constriction), ecrb BO3MOXKHOCTH TOHKOI MeXaHU-
YEeCKOIl IepecTPOiKN MEeCTOIIOJIOXKEHU ST MUKPOKOHTAKTA,
TeM CaMbIM II0JIy4Yasl CTOIIOYHbIE KOHTAKTBI C PA3HBIM
KOJIMIECTBOM BKJIIOUEHHBIX IIEIIOYEK CBEPXITPOBOHIK—
Cy?KeHHe—CBePXIPOBOJHUK (S—c—S—c-S...), T.e. m.

3.2. H3amepenus naommocmu KpUmu4eckozo moka
U ANNPOKCUMAUUA €20 MEMNEPAMYPHOT 306UCUMOCTIAU.
[Tepen dopMupoBaHEM MUKPOTPEIIUHBL [IJIsT KAXKIOTO
obpa3sIa HUCCyIeI0BaJach TeMIepaTypHas 3aBUCHMOCTH
ILJIOTHOCTU KPUTHIECKOIO TOKA B COOCTBEHHOM MArHUT-
HOM T0J1e. [[J1s1 5TOT0 BO BpeMsl MOHTaKa M3y IaeMbIX 00-
pasnoB HaJpe3oM hOPMUPOBAJICS Y3KUIl meperineek -
punoit ~ 10 MKM, Ha KOTOPOM BIIOCJIEJCTBUH HU3MEPsI-
smcb BAX B muamazone temneparyp or 1.5 K mo xpu-
THYECKOH Temmeparypbl. TeMmmeparypHasi 3aBUCHMOCTH
KPUTHYIECKOIO TOKa ompesne/isiiack n3 BAX, zanucan-
HBIX [IPU IIOCTOSIHHOM CTaOM/IM3UPOBAHHON TEMIIEPATYPE
¢ marom 0.3 K.

CorjiacHO METOAMKe, MPEJIOKEHHONH TaslaHieBbIiM
[36], u3z TemuepaTypHOil 3aBUCHUMOCTH IJIOTHOCTU KPU-
THYECKOIO TOKa MOXKHO M3BJIeYb Takue (pyHIaMeHTaJb-
HBIX BEJUYUHBI, KAK 3HAYEHUS CBEPXIIPOBOMIAIINX IIIE-
Jieii W JIOHJIOHOBCKasl IJIyOWHA TPOHUKHOBEHUS. BBLIO
[IOKA3aHO, YTO JAHHBI CIIOCOD JaeT XOpOIllee COorJya-
cue M3BJIEKAEMbIX I1aPAMETPOB KaK JJIsi KJIACCHIECKUX
cBepxupoBoaHukoB [36], Tak u jgyism BTCII ma ocuose
okcuga meau [37], FeBS [38] u maxke st HeZaBHO OT-
kpoiThix ruapuaabix BTCIT [39]. Jost o6pasia ceepx-
[IPOBOJIHUKA BTOPOTO POJIA € MPSIMOYTOJIbHBIM CEU€HUEM
IUIOTHOCTh KPUTHUYIECKOTO TOKA OIpejiessieTcs: hopmy-
Jioit [37]:
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Do(Ink + 0.5)
(1) = 29r T 20)
) = o (D)

x (A(GT) tanh <A(“T)> + @tanh <%)> . (3)

e $yp — KBAHT MACHUTHOIO TOTOKA, (i) — MATHUTHAS
MIPOHUIIAEMOCTh BaKyyMa, k — Imapamerp | mH30ypra—
Jlarmay, jorapudm KOTOPOro MPaKTHIECKU HE 3aBUCUT

OT TeMIepaTypsl, 2a u 2b — TOIIUHA U MTUPUHA TPIMO-
YTOJIBHOTO CeYeHust 00pasIa.

13 teopun BKIII 15t m30TPOITHOrO CBEPXITPOBOTHHI-
Ka co cdepuueckoil moBepxHOCThI0O PepMu IIOTHOCTH
CBEPXIIPOBOISIINX HOCUTEIEH:

- [ (VETAD
_ QkBT/COSh T de. (4)

B caygae cBepxmpoBosiiero mapaMerpa, 3aBUCIIE-
ro oT yriia, Bbipaxkenue jyist ps(7T) npuHAMAET BUJL:

27
1
TY=1— ——— [ dfcos?(8
ps(T) M@T/ cos?(6)

0

o0

X /cosh_2

0

22+ A2(T, 0)
VETZ T e, (5)
2kpT

st ¢cBepXIPOBOIHUKA C JBYMS CBEPXIIPOBOJISAIIN-
MH KOHJEHCATaMH IIOTHOCTH CBEPXIIPOBOJAIINX HOCH-
TeJsiell MOKeT OBITh IIPEJICTABJIEHA B BU/IE:

ps(T) = w1 ps(T) + w2 - ps2(T), w1 + w2 = 1. (6)

W3-3a TOro, 4ro i MOJIMKPUCTAJIIMIECKUX 0OpPa3IioB
HEBO3MOXKHO TOYHO OIPEE/IUNTh €OMETPHUIO ITPOTEKa~
HUsI TOKA B Cy?KEHUU, SKCIIEPUMEHTAIbHAS 3aBUCUMOCTD
IUIOTHOCTU KPUATHYIECKOTO TOKA AIMPOKCHUMUPOBAJIACH
dopmynoit Jo(T) = J.(0) - ps(T), rme J.(0) — mor-
HOCTb KPUTHYECKOTO TOKA IPU HYJEBOH TeMIEpaType.
Jlyist pacdeTroB HCIOIB30BAIACH (DEHOMEHOJOTMIECKAsT
BKIII dopmyna misa TeMiiepaTypHO 3aBUCUMOCTH IIIe-
s [40]:

A(T) = A(0) tanh (%«/UC’(TC/T - 1)> G

riae T.,2A(0)/kpT. n C — IOArOHOUYHBIE MAPAMETDBI
(mapamerp C' MMeET CMBICJ CKavKa JEKTPOHHON Terl-
goemkoct npu T = T¢ [37]), a KoHCTaHTa 7) paBHA
2/3 mag Momesnu ¢ s-cuMMerpueil u 7/5 gy cotydas
d-cuMMeTpun.

4. DKCNepUMEHTAJIbHbIE PE3YJIbTAThI.

4.1. Cnexmpockonus andpeesckur ompasicenudi. Ha
pucyske 2a upezcrabjieHa BAX u cooTBETCTBYOIIMA
crekTp jumHaMuuecKoil nposogumoctu dI/dV (V) mas
OJIHOTO U3 KOHTAaKTOB, IOJIyIeHHBIX MeTomoMm “break-
junction”. Bumao, 9TO Py MAJIBIX CMEIIEHUIX €CTh 00-
JIACTh M3OBITOYHOIO TOKA, XAaPaKTEPHOI'O JJIsi PEXKIMA
AHIPEEBCKUX OTPaKEHWIi, 1 HET CBEPXTOKA, XapaKTeP-
HOTO [IjIsi 12K03e(DCOHOBCKOrO KOHTakTa. Ha mpeacras-
sierHo#t BAX Tak:ke IPUCYTCTBYIOT OCOOEHHOCTH B 00-
snactu cmerennit £65 MB, 33-42 MB u 20 MmB. Bosee sip-
KO 9TU OCODEHHOCTH 3aMETHBI HA CIIEKTPE IHHAMITIE-
CKOW IIPOBOIUMOCTH, TAKKE [IPEJICTABIEHHOI Ha PHC. 2a.
Buanaer 1Be SGS, B KaxK 10l U3 KOTOPBIX IIPUCYTCTBYIOT
o J1Ba aHIpeeBCKux peduiekca B obmactu 66-33 MB u
40-20 mB.

Ha pucynke 2b mpesncrasieHa mogbopKa CIEKTPOB
JIMHAMUYIECKON ITPOBOJIMMOCTH, II0JIyY€HHBIX [1€PECTPO-
eHreM 00pa3Ia ¢ MOMOIILIO TOHKON MEXaHUIeCKOH O/~
crpoiiku. [ljis JIydiiero BU3yaJbHOTO BOCIIPUSITHSA 3a-
BUCHMOCTH CMEIIEHBI U PACTAHYTHI 110 ocu y. Ha pucyn-
Ke 2b Tak>Ke J00aBJIEHbI KPUBBIE, [I0JIy YeHHbIE TIPU [IPO-
BEJIEHAN SKCIIEPUMEHTOB Ha PA3HBIX 00pa3Iax u3 OIHOTO
U TOT'O YK€ POCTa, HO B3ATHIX U3 PA3HBIX TOYEK POCTOBOIA
aMIIyJIbl (BTOpasl U YeTBepTasi 10 CYeTy CHU3Y KPUBBIE).
3aBrCHMOCTH HOPMUPOBAHBI HA KOJMIECTBO KOHTAKTOB
B crTonKe. PO30BBIME I10JI0CAMU II0/ICBEYEHBI OCOOEHHO-
CTH, OTHOCSIIIIECS] K OOJIBIION IIEeJIN, a TOJIyObIMH I10-
JIocaM# — OCODEHHOCTH It MaJjIoil meau. B craTtucruke
MPUCYTCTBYIOT CHEKTPHI C Pa3AMIHbIMA M = 2, 4, 5,
6, 8, 9, 12. Kak BuaHo u3 puc. 2b, BHe 3aBUCHIMOCTH OT
obpasna u oT KomdecTBa S—N—S mepexooB B CTOIKE,
MBI HaOJTIO/IA€M PEryJIspHO BO3ZHUKAOIINE OCOOEHHOCTH,
YTO [TO3BOJISIET HAM OIPEEIUTh AMILIUTY/IbI [TapaMer-
POB IOPSIIKa OJHO3HAYHBIMU.

Ha pucyske 2c mnpejicraBjieHa TeMIIepaTypHasi 3BO-
JIIOTMS TMHAMUYIECKON MPOBOAUMOCTHU [jisi 4-1i CBEpXy
(cuneit) kpupoii Ha puc.2b, B Auanas’oHe TeMIEpPaTyp
or 1.5 K 10 ayrs Beime T,. OcobeHHOCTH, OTHOCSIITE-
cs K IeJIeBBIM, HanboJIee ApKrUe M HAXOISATCS IPU CMe-
menngx +77MB m +£16.8 MB ma Gombimoit m MaJioit
Iejieil COOTBETCTBEHHO. BUIHO, KaK INpU IOBBINIEHUN
TeMIIepaTypPbl MUHUMYMbI HAYAHAIOT [TOCTEIEHHO CMe-
IMATHCA B CTOPOHY MAJIbIX HANPSKEHUN U YMEHbIIATH-
Csl MO aMIUATyJe, Toka mpu Te jocal ~ 31K me mo-
CTUIAlOT HyJIsI W UCYe3aioT. V3 IMOJIOXKEHUST MUHIMY-
MOB U HOPDMHPOBKH WX 3HAYECHHUS HA KOJUIECTBO KOH-
TAKTOB B CTOLKe (m = 8) Gbla mojtyyueHa TeMuepaTyp-
Hasl 3aBUCUMOCTb IIEJIU, IIPeJICTaB/IeHHas Ha puc. 2d. 13
anmpokcuManuy nosydeHHbx ganabix bKI-momobmHoii
3aBUCUMOCTBIO 110 bopmysie (7) U IKCTPALIOJIAIMK ee K
T = 0 6 onpeiesieHbl 3HadYeHus meseil npu T — 0:
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Puc. 2. (Iernoit ommaiin) (a) — BAX u nuddepennuanbaas TpoOBOIUMOCTb, U3MEPEHHBIE MOJLYJISIIIMOHHBIM METOJOM JIJIsT
OJIHOTO U3 KOHTAaKTOB. Ha BcTaBkax npusesensl yBeaundenuble yuactku BAX, comepxkamue SGS. Beprukanbabivu mosiocamu
nomevenbl SGS, comepxKarlye mo aBa aHIpeeBCKUX pediiekca. KpacHbIM 1 cHUM 1BeTamu 0603HadueHbl SGS 111 60IbII0N 1
Mautoit wesin cooreercrienHo. (b) — ITonfopka xapakTepucTuk auddbepeHnnanbHbIX IPOBOANMOCTEN 1JIsl PA3HBIX KOHTAKTOB,
HOPMHUPOBAaHHBIMHU Ha KOJIMUECTBO II0CIIE0BATEIBHO BKIIIOUEHHBIX KOHTAKTOB B cTonke — m. (¢) — TemueparypHasi 3Bosro#st
nuddepeHImaIbHON TPOBOAMMOCTH JIjisl KOHTAKT ¢ m = 8 B TemmeparypHoM auamnasone ot 1.5 mo 31.5 K ¢ marom 0.7 K.
(d) — VsBiieueHHBIe U3 JAHHBIX HaHen (C) TeMIEpaTypHble 3aBUCHMOCTH GOJIBIION M MAJIOi IIEJIH, & TAK¥Ke IIyHKTHPHBIMA
smHusiMu nipusesenbl BKIII-110/106HbIe 3aBUCHMOCTH, a CIUJIONIHOMN JIMHUEH — alllPOKCHMAIUsl 3aBUCUMOCTbIO 110 dopmyute (7)

Ar(0) = 6.3m3B u Ag(0) = 2.1 m3B. Coorsercrayio-
e UM XapaKTEPUCTUIECKHE OTHOIIEHUST COCTABIIAIOT:
QAL/kBTcilocal =4.7nu QAS/kBTcilocal = 2.8. HOJIy—
YeHHOE XaPaKTEPUCTUIECKOE OTHOIIEHUE I OOJIbIIOH
ImeJin siBjisiercst TunuaHbM Jist FeBS [13, 32,41, 42], To-
ra Kak IJIg MaJIOil Iesu 3HadeHne 2.8 sBJISeTCs CJIer-
Ka BoIme Tunngaoro. Habsonatomuecs muanmymbr SGS
CUMMETPHUYHBI U HE IPOSIBJIAIOT “ay0JIeTHOI” CTPYKTY-
PBI, YTO CBUJIETEJILCTBYET 00 S THIIE CHMMETPHUH HAOJIIO-
JlaeMbIX 1miesiei [35].

4.2. TemnepamypHaa 3G6UCUMOCTID NAOMHOCTNU
xpumuueckozo moka. Ilpumepnl um3mepeHHbIXx BAX
npu Temiepatrypax ot 2 g0 31 K mokazanbl Ha puc. 3a.
Ha pucyske 3b mnpejicraBiieHa u3MepeHHasl TeMIIe-
paTypHas 3aBHCAMOCTb IJIOTHOCTH KPUTHIECKOTO
TOKA U AIIPOKCUMUPYIOIIHE €€ KPHUBbIE, IOJIyJICHHBIE
no dopmynam (3)—(5) u yuuTHIBAOIME pa3JIHYHBIE
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BO3MOKHBIe BapuaHTbl Tumna cumMerpun [III. Moxuo
BH/IETD, YTO OJHOIIEJEBAS MOJIEJIb C S-BOJIHOBBIM THIIOM
CUMMETPHH HE MOYKET OIUCATH SKCIEPUMEHTAIBHYIO 3a-
BUCUMOCTB. [yt caydasi d-BOJTHOBOI CHMMETDHUH THIIA
A(0) cos(20) GbLIO TONYUEHO HEIIOXOe COrJIacue IIPU
2Amax/kBT. = 6.39 £ 0.07 (Apax = (8.4 £ 0.1) M3B).
CrouT OTMETUTBH, YTO CTOJIb BBICOKOE XapaAKTEPUCTU-
YeCKOe OTHOIIEHUE 3aMETHO IIPEBBINIAET 3HaUeHUue,
CBOMCTBEHHOE  2KEJIE30COJIEPAKAIUM  CBEPXIIPOBOIHI-
kaM. Kpome Toro, Hajaudme OJIHOTO CBEPXIIPOBOJISIIETO
KOHJICHCATa, HPOTUBOPEYUT PE3yJIbTaTaM, MOJIydeH-
HBIM CIIEKTPOCKOIIEH AaHJIPEEBCKUX OTPAXKEHUil, TJe
HabJII01at0TCs 1Ba cBepxpoBosnux 1111
Pacmmpennast ojiHOIIEIEBast MOJIETL C S-BOJHOBOM
cumMeTpueii u yriosoii 3apucumoctsio IIT rruma A(6)
= (14+acos(40))/(1+a), Tae o — AaHUBOTPOIKS ITAPAMET-
pa mopsijika, MOYKET TaKKe HEIJIOXO OIHUCATD IKCIIEepPU-
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0.22 (b)l T T T O J.(T) experiment

d-wave 2A / k,T.=3.53 N
----d-wave 2A / k,T.= 6.39
rrrrr s-ext 2A/ k,7.=9.0,=0.7
2x s-wave M
——2A, /k,T.=4.6,w,=0.8
=== 20, Ik, T = 1.5, w;=0.2

J. (arb. units)
S
o

0 4 8 12 16 20 24 28 32
T (K)

Puc. 3. (Lpernoii onnaita) (a) — BAX konrakra ¢ nepereiikom ~ 10 MM B TemneparypHoM auanasone 3—-31 K. (b) — Kpy-

2KOIKaMU IIOKa3aHa 3aBUCUMOCTD IIJIOTHOCTU KPUTUYIECKOI'O TOKa OT TeMIlepaTypPhbl, IIOJIyYeHHasd U3 ITaHeJIn (a) HpI/IBe‘HeHBI

anmporcuManuu Mogessamu ogaomesnesoii BKII momenbio (opaHzKkeBast IITPUXILYHKTUPHAS JIMHUS ), OJHOIIETIEBOH MOJIEIIBIO

¢ d tuniom cummerpuu 1111 (rosy6as mrpuxoBanHas JMHUASA), IBYXIIEIEBONH MOZEIbIO ¢ s TunoMm cuMMmerpun ITIT (crutommas

ToHKAas (PUOJIETOBAs JIMHNUS ), OIHOIIEIEBONH MOJIEIIBIO C PACIIUPEHHBIM § TUIIOM cuMMerpun [T (KopoTkas mTpuxoBast TUHUS

rosry6oro nsera)

MEHTAJIBHYIO 3aBUCUMOCTD IIPU 2AmaX/k:BTC =90+1.6
(Amax = (12 = 2) M3B) u 3HAYNTEIBHON AHU3OTPOIIH-
eit & = 0.70 £ 0.04 (Amin/Amax = 0.18 £0.03). Ox-
HAKO TaKoe DOJIbIIOEe XapaKTEePUCTUIECKOe OTHOIIEHHE
71t GOJIBINON Ien He cBoiicTBeHHO st FeBS, a Tak-
2K€ TPEBBIMIAET MOI0O0HOE OTHOIIEHUE I KYIPATHBIX
CBEPXIIPOBOJHUKOB Ha TPETh, UTO JIeJIAeT PeajIn3alluio
JIAHHOTO CIIEHAPUS MAJIOBEPOSTHBIM.

st Mozie ¢ IByMsI CBEPXIIPOBOISIIMME KOH/IEH-
CcaATaMU IIOJIy9aeTCs XOPOIIee COTJIACHE C IKCIEPUMEH-
TanbHON 3aBucumocThio npu 2Ar/kpT, = 4.6 £+ 0.6,
A = (6.0 £ 0.8) M3B, Becooit Bkias wy, = 0.74 +0.15
u 2As/kpT. = 1.5+ 0.2, Ag = (1.9 £ 0.3) 3B, wg =
= 0.26 £ 0.15, yTO HeIIOXO corjacyercs ¢ pe3yJbTaTa-
MU dKcriepuMeHTa break junction misi 60JIbINON IHEJIH.
Pacxoxkenne mosrydyeHHOro 3HAYEHUS JJIs MAJION IIe-
JI MOXKeT OBITh OO'bSICHEHO Pa3JIMYHBIM HaIPaBJIEHHEM
[IPOTEKAHUsI TOKA BO BPEMsI IKCIEPUMEHTA.

5. O6cyxaenue. Oupejsenienne MeXaHU3Ma CIa-
puBanus B FeBS saBisiercs Baxkueiimeil 3amadeil ist
[TOHMMAHUsI CBEPXIIPOBOJUMOCTH B 3TOM KJIACCE CBEPX-
npoBoAHUKOB. OJHUM U3 CHOCOOOB MPOBEPKU MOJIETN
s++/ sS4, sSIBJISIETCSI COTOCTABJIEHUE SHEPIUH OOJIBINOI
e U SHEPrud HADJII0IAeMOr0 IHKA PEe30HAHCHOIO
paccesinusi Heitrponos (DPII), (em. [24, 28] u ccpuiku B
Heit). BoJsiee npsimbiM c110c060M MOrJIM Obl IIOCIIY 2KUTH
dOTOUyBCTBUTE/IBHBIE M3MEPEHUsI, B YACTHOCTU IKCIIE-
PUMEHT C JABYyMsl TYHHEJbHBIMH II€PEXOJAMHU B CIEIH-
aJIbHOM KOHMUIYpaIuu, KaK, HAIIPUMED, ObLIO CIeJIaHO
s Kynparasix BTCII [43-45]. Oanako, BBUIy CJI0XK-
HOCTHU peajiM3allui MOJ00HOr0 Poja MCCJIeI0BAHMM, HU

OJIHOT'O IOJ0OHOIO IKCIEPUMEHTa CJIEJaHO He ObLIO B
FeBS.

B rTabsure 1 cBemenbl uTepaTypHbIE JTaHHBIE O Be-
JIMYWHE IIeJiell 1 UX CUMMETPHUH JJIsl COeIMHEeHUI ceMeii-
crBa 12442 Buna ACagFe As Fo (A=K, Rb, Cs). Hus
9TOTO TOJBUJIA ceMelicTBa 12442 mMmeeTcs corJiacue B
BeJIMYMHE XapaKTEePUCTUIECKOIO OTHOIIEHUs JjIst OOJIb-
IOH Iesn U KpUTuIeckoi Temueparypol 2Ar /kpT, ~
~ 4.7—4.8. DKCIePUMEHTHI 10 HEYIIPYTOMY PACCEsTHUIO
HEHATPOHOB IOKAa3bIBAIOT BbICOKOe oTHOmeHne JPII k
T. (Er/kpT. ~ 6), xapakrepHOoe CKOpee il KyIpa-
ToB [24,28|, kak pesyabrar Er/Air > 1 (Ator =
= |AL| + |Ag| u Aot < 2AL), 9TO cTaBUT LOJ BO-
[IPOC NIPUMEHUMOCTb MOJIEJN St MeXaHU3Ma ClIapuBa-
Hust [27,28].

Ciieryer ymoMsiHy Th, 9T0 B TabJ1. 1 IPUCYTCTBYIOT He
BCe JIOCTYIIHbIE B JINTEPATYpe JaHHble 110 Besmmanae [111.
Berpeuatorcest paboTsl, B KoTopbix 3HaueHus 2Ar [kpT,
3HAYUTEIHLHO TIPEBBIMIAIOT TOJYYEeHHbIE B JIAHHON pa-
6ore. B wacrnocru, u3 usmepenuii uSR [19, 20] naiine-
HO aHOMAJIbHO DOJIBIIIOE 3HAYEHNE XapPaKTEPUCTUIECKO-
ro orrommernus 2Ay /kpT, (6.42-11.4). Taxyio Beanan-
uy 2Ap /kyT. MOXKHO OObACHUTH TEM, UTO IKCIIEPUMEH-
ThI IIPOBOJIAJINCH HA, IMOJUKPUCTAJINIECKUX 00Pa3Iax ¢
OouibITol anm3oTponueil, xapakrepuoit misa 12442, Taxk,
u3 m3Mmepennit uSR Ha MOHOKpHCTa/IMYECKUX 0Opa3-
nax Fe,Se,Tei_, u Baj_,K,FesAsy [46] Gbuio naiie-
HO, 9YTO TeMIIEpPaTypPHOe [OBEIeHUE JIOHIOHOBCKOII IJIy-
OuHBl OPOHUKHOBeHUs () IPU U3MEPEHUU BIOJb ab-
IUIOCKOCTU U TEPIEeHIUKYIAPHO et orymdaiorcs. s
[TOJIMK PUCTAJLINIECKIX 00PA3IIOB B 9KCIIEPUMEHTE OIIpe-
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Tabuuna 1. [Tapamerp nopsinka u Tun cuMmMerpun coeaunenuii Buga ACagFeqAsyFa

Tun
Meron, A ;[?TLC ;ﬁﬁc cmorpin Pabora
IMARE + J.(T) Rb 4.7 2.8 s+ s Hacrosamasa
IMARE + J.(T) K 4.7 2.2 s+s [41]
MuozkecTBO miesnei
ARPES K 4.7 1.5 s Tuma, 6e3 Hyseit [27]
(multiple nodeless s)
STM K 35 _ Onxna I_.U\eﬂb S THUIIA [51]
(single s)
sPCAR Rb 45 1.5 d+d 52]
OHTI/I‘{e.CKaSI CIIEKTPOCKOMINS Cs 48 B Onna I..LIeJIB s Tuna (53]
(optical spectroscopy) (single s)
Cnun pe3oHaHCHAs
HEHATPOHHAs CIEKTPOCKOINS Cs Er =4.9kpT. - s++ i s+ [24]
(neutron spin resonance)
Cnun pe3oHaHCHAs
HETPOHHAs! CIIEKTPOCKOIIHSI K Er =55 - Not s++ nmm s+ [28]
(neutron spin resonance)

Jensgercd Hekas dh@PEKTUBHAS TIyOMHA MTPOHUKHOBE-
HUASA Aeff, KOTOpAs BeIET ceOs HU KaK Agp, HI KaK Ac.
Hamwbiit 3¢ddexkT Gostee IBHO MPOSABISIETCA [JIsi CHIIb-
HO aHU3OTPOIHBIX MOJUKPUCTAJIOB, TAKUX Kak 12442.
ITosTomy 3KcIIepmMeHTAIbHBIE JAHHBIE TI0 TIyOWHE TPo-
HukHOBeHus m3 SR B mosmkpucrasmmdeckux obpas-
[[aX AHW30TPOIHBIX CBEPXIIPOBOJHUKOB ILJIOXO OIUCHI-
BAIOTCS CYIIECTBYIOIMUMI MOIe M. s 00 bscHenns
AHOMAJIbHOM TeMIIePATYPHOI 3aBUCUMOCTHU Aeff IIPUBJIE-
KaJich OoJsiee sK30THYecKue monesu S +d u d + d
U3 KOTOPBIX CJIEAYIOT AHOMAJIBHO OOJIbIINE 3HAYEHUsI
2AL/kgT..

WMurepecubiv siBisiercd u TOT HAKT, ITO BHECEHHE
IPOCJIOEK (Spacers) pasHOrO pasMepa U JIasKe MarHHuT-
HBIX ATOMOB MEXKJIy CBEPXIIPOBOJIAIIAMU CJIOSIMU, KaK
B HEKOTOPBIX mpejcraBuressx 1144 [13] (ucusiTbiBa-
OIMUX MAarHATHOE YIOPSAAOYEHNE HUXKEe KPUTHIECKOI
TEMIIEPATYPBI) HE BJIMSET CYIIECTBEHHO Ha XapaKTepHU-
crudeckoe orHomtenne 2Ar/kpT, [47-49]. Ilpu stom
st 1144 ornormenne DPII k kpuruaeckoit Temmepary-
pe Er/kpT. ~ 5.7 [50], kak u gus 12442, a jusa ce-
MEHCTB ¢ MEHBIIE TOMMUHON IIPOCJIONKA MEXKIy CBEePX-
npoBosnMu caogyu DPII cranoBuTcs erme MeHbIe u
ER/kpT. crpemurcs K 3Havenuio 4.9 [28]. Takoe uzme-
Henve Besnanbl Fr/kpT,. upu coxpanennu 2AL kT,
npu yBenamdeHunu mpocioiiku B FeBS mpeacrasasercs
UHTEPECHBIM U TpelyeT JajibHEeAIero n3yYeHms.

6. BriBoabl. B pabore mnposeseHO wuccieioBaHUe
mapamerpa mnopsaka B coeauHennu RbCasFesAsysFo.
MetomoM aHAPEEBCKOH CIIEKTPOCKOIMH CUMMETPHUIHBIX
KOHTAKTOB OBILJIO YCTAHOBJICHO HAJMIHUE IBYX CBEPXIIPO-
BOJISIIUX KOHJICHCATOB CO IessaMm: A L(O) =6.3m3B u
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As(O) =21 MSB; QAL/kaC =47n 2As/kac = 2.8.
®Dopma PE30HAHCHBIX CUTHAJIOB CBUIETEIHCTBYET 00 S
tune cummerpun [II1. Comocraiienne n3mepeHHoit 3a-
BUCHMOCTH ILJIOTHOCTU KPUTUYIECKOI'O TOKA B COOCTBEH-
HOM IIOJIE C MOJEJISIMU TOJTBEPXKIAET BBIBOJ O IBYX-
meseBoit ceepxiposoaumoctu B RbCasFey As Fo ¢ ma-
pamerpamu Ap(0) = 6.0M3B u Ag(0) = 1.9m3B;
2AL/kpyT. = 4.6 u 2Ag/kpT. = 1.5, a TakKe S TUIOM
cUMMeTpHUH it 000MX KOHJIEHCATOB. DTU HAaPaMETPHI
HAXOJISATCsI B XOPOIIIEM COTJIACHH C JAHHBIME, I10JIyJYeH-
HBIMU U3 aHJPEEBCKUX OTPaKEHUIA.

Apropsr 6utarogapsit B. M. Ilynanoea 3a obcyxie-
HU€ CTATbU U IeHHble 3aMevanus. KojieKTus 0Jaro-
maput K. C. [IepBakoBa 3a momorib, OKa3aHHYIO B IIPO-
I[ecce PoCTa UCCJeyeMbIX 00pa3IoB, a Takxke Biacen-
ko B.A. 3a 00ydenne TexHuke TBepaoda3HOro CUHTE3A.

®dunancupoBanue paborwl. /lannas paboTa BbI-
ITOJTHSJIACH B PAMKAX WCIIOJHeHHs rpanta Poccuiickoro
Hayunoro ¢orma (PH® # 23-12-00307).
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