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IIpuddepa (BKII), a tak:ke ux Temueparypasle 3asucumoct. B NaFe;_;Co,z As o6Hapy»KeHbl 0COGEHHO-

cru TyHHeNbHBIX dI(V)/dV-cnekrpos npu eV* > 2A1(0), He CBsI3aHHBIE CO CBEPXIIPOBOJSIIIM COCTOSIHUEM;

06Cy}K,ILaeTCH UX IIPOUCXOXKJIECHUE.
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1. Bengenne. CemeiicrBo 111 cBepXmpoBOAAIINX
(CII) mHEKTHIOB HA OCHOBE IIEJOYHBIX METaJlIOB,
TUIUIHBIME  [IPEICTABATE/IAMI KOTOPOTO SIBJIAIOTCH
LiFeAs u NaFeAs, 10 cux mop npusjieKaeT BHUMAaHUE
TEOPETUKOB W IKCIEPUMEHTATOPOB HAOOPOM
KAJIbHBIX CBOMICTB, HEXaPAaKTEPHBIX [IJIsI OCTAJbHBIX
skesesoconeprkamux CIT (B kauectse 0630pa cm. [1]).
NaFeAs siBisiercst CBEpXIIPOBOHUKOM JayKe B CTEXUO-

YHH-

METPHIECKOM COCTaBe; IPU YACTUIHOM 3aMmernennn Fe
[EePEXOHBIM MeTasuioM [1] Kpurnueckasi TemiepaTypa
gocturaer Makcumyma 1. =~ 22K omgHoBpemeHHO C
mo/1aBJIeHreM aHTH(MEPPOMATHETU3MA U HEMATHIHOCTH.
Ha mosepxnoctu ®Pepmu 0OOHAPYKEHBI JIBIPOUHDLIE
nmuanHApbl BOm3u ['-Touku 30HBI BpuinmosHa u 3j1eK-
TPOHHbIE NUJIMHIAPBI OKOJI0 M-Toukm [2], HA KOTOPBIX
umxke T, BozHuKaOT Heckoabko CII koHmaencaTos.
Kpaiine mamoe Ha JaHHBIE MOMEHT KOJIMIECTBO
SKCIIEpUMEHTaJIbHBIX JlaHHbIX 110 NaFeAs o0yciioBiieHo
CJIOZKHOCTBIO PAbOTHI C 9TUM COEJUHEHNEM: U3-3a OBICT-
poit (B TedeHue HECKOJIbKUX MUHYT) Jerpajanuu ux CII
CBOWCTB B IPUCYTCTBUH JIazKe CJIeA0BbIX KoamdecTs Ho O
u O2, IOJAroTOBKY 06pa3I0B U IKCIEPUMEHT HEOOXOIUMO
mpoBOAUTHE B 3amuTHO! arMmocdepe. Besmaunbr CII mre-
seit B Na(Fe,Co)As 6blim nccsie0BaHbl HOBEPXHOCTHDI-
Mu (HOTOIMUCCHOHHAS CIEKTPOCKOIHSI ¢ YIJIOBBIM Pa3-

De-mail: kuzmichevate@lebedev.ru

pemennem (ARPES), ckanupyomas TyHHeJbHAas ClIeK-
TPOCKONMs) U OObEMHBIMEA MeTOJAMU (U3MEPEeHUsT Tel-
JloeMKocTH): obHapykena asyxuiesaeBag CII ¢ amana-
30HOM XapakTepucTuieckux orHorennii 2A(0)/kpT,. ~
~ 5—9 m 2.5-4.5 mna 6ospmoit n masoit CII mesneit,
cooTBeTCTBEHHO (cM. puc. 6 B 0630pe [1]). HTepecHo
ormeTuth, 4ro B Na(Fe,Co)As HeJoq0NNpOBAHHOIO CO-
craBa c nomornbio ARPES 6b11a obHapy:kena 3amMeTHast
anuzorponust 6obinoit CIT menu B k-upocrpancrse [3],
HeHaBJTIoaeMast TEMU K€ UCCJIE0BATEIISIMA B KPUCTAJI-
JIaX TepeJIoNnpOBaHHOro cocraBa ¢ 6sm3koit T, ~ 18K,
YTO MOXKET OBITDH CJIEJICTBUEM BJIUSTHUSI MATHUTHON (ha-
361 Ha CII cBoiicTBa.

SHaunTeNbHBIN Pa30pOC XapaKTEPUCTUIECKUX OTHO-
menunit CII menedt, nmeromnmuiicss B aureparype Ha J1aH-
HBIl MOMEHT, OYEBHJIHO, BHI3BAH OTCYTCTBUEM MPSMBIX
uccjenoBanuii mesesoit crpykrypbl NaFeAs. B pabore
C TOMOIIBIO CIIEKTPOCKONNU 3(PpdeKTa HEKOTEPEHTHBIX
MHOTOKPATHBIX AHJIPEEBCKUX OTPAaYKEHUH, pean30BaH-
HOI Ha IJIAHAPHBIX HAHOKOHTAKTAX HA MUKPOTPEIINHE,
JIOKQJIbHO U HAIPSAMYIO OIPEJIEJIEHbI SHEPreTUIeCKNe
CII mapameTphl MOPSIKA, UX XAPAKTEPUCTUIECKUE OT-
HOIIIEHUST ¥ TEeMIIEPATYPHbIE 3aBUCUMOCTH. BbICKa3aHO
[IPEJIIIOIOKEHUE O PEAU3AINN AHH30TPOINU OOIIBIION
CII menn 6e3 Toduek Hyseit B k-mpocrpancrse. Bmep-
BbIe 00HApPYKeHbI ocobeHHoCTH TyHHENbHBIX dI (V') /dV -
CIEKTPOB, He cBsi3aHHble HanpsiMyio co CII cBoiicTBamu.
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2. Jleranu skcnepuMeHTa. MOHOKpHCTAIIBI HO-
MuHaabHOTO cocraBa NaFe 979Cog 921 As ObLIN 1Oy Ye-
HBbI KpUCTaJLIn3alueil u3 paciiasa. [losryuenue npekyp-
copa (NaAs) u noaroroska peakuoHHOil cMecu, 0T6Op
[OJIyYEHHBIX KPHUCTAJJIOB, TOJATOTOBKA W MOHTaXK 06-
pPasIoB sl U3ydeHUs (PU3NIECKUX CBONCTB IIPOBOIH-
JINCh B IEPYATOIHOM OOKCe B aTMOcdepe aproHa ¢ KOH-
IeHTpanueil Kucaopoaa u napoB Bojsl MeHee (.1 ppm.
st mosryuernst NaAs crexuoMeTrprudecKoe KOJUIECTBO
MBIIIbSIKA [OCTEIEHHO J00ABJISIN K PACILIABJIEHHOMY B
araToBoii cTynke HaTpuio. Jlaiee B ayiyHIOBBII TUTEJb K
2.018 r mpurorossiennoro NaAs mobasyistau 1.127 ¢ Fe u
0.058 r CoAs. AJryHI0BBIl TUTE/Ib C PEAKIIMOHHON CMe-
CBHIO 3aBAPUBAJIA B TePMETUIHBIIT HIOOWEBBI KOHTEIHED
JUIL UCKJIIOYEHUS [MOTEPH IMEJOYHOTO METaslIa, a Me-
TaJJINYECKNl KOHTEHep 3allanBajii B BaKyyMHPOBaH-
HyI0 KBapreByto ammyiy. llosyueHHyo cOOpKy mome-
maan B MyQeabHyIO 1e49b, HATPEBAJM JI0 TEMIIEPATy-
pet 1050 °C co ckopoctbio 100 °C/4 u BBIIEPKUBAIN B
TeYEHNE CYTOK. 3aTeM Iedb OXJIaKIAIN JO TEMIIEPATY-
pot 400 °C co ckopocrbio 3 °C/4, BbIIEPKUBAJIU B TEUe-
HUe CYyTOK IIpU JAHHON TeMIlepaType, a 3aTeM OTKJII09a-
sii. ITosrydeHHBIE KpUCTAJIBI IIPU IOMOIIU I(DPPOBOTO
mukpockona Levenhuk DTX 700 ormesnstium OT 0OCTATKOB
diroca MEXaHMYECKH, & 3aTeM Hape3aJid CKaJlbllejieM
Ha [PSIMOYTOJIbHBIE IIJIACTUHKY C JIMHEHHBIMUA pa3Mepar-
v 1.5—2.5 mm. KosmaecTBeHHBII 1 Kad9eCTBEHHBIN CO-
CTaB MOJIy Y€HHOTO 00pa31a ObLIT MOITBEPKIEH METOIOM
JIOKAJIbHOI'O PEHTIEeHOCIIEKTPAJIBHOIO MUKPOAHAIN3a, &
Tak>Ke PEHTTEHOBCKOM audpakimn. Kpurndeckass TeM-
mepaTypa 00 beMHBIX MOHOKPHUCTAJLIOB 1, ~ 21 K ObLia
OIpeJesIeHa ¢ IOMOIIBIO PE3UCTUBHBIX (puc.l) u Mar-
HUTHBIX u3Mepenuii. Boime T, comporusjieHne o6beM-
rnoro moHokpucraiia NaFeg 979Cog. 021 As ymMeHbIaercs
C POCTOM TEMITEPATYPBI, JJOCTUIAET MUHUMYMA [IPUA TEM-
neparype Ts ~ 35 K cTpyKkTypHOro mepexojia, a mpu 60-
Jiee Bbicokux temmeparypax R(T) pemoncrpupyer Mo-
HOTOHHBI! POCT.

s co3manus I[UIAHAPHBIX MEXAHUYECKH Pery-
JINPYEMBIX HAHOKOHTAKTOB CBEPXIIPOBOIHUK—Oapbep—
cBepXIpoBOAHUK (ScS) ¢ HamnpaBjeHueM MpPOTeKaHUsI
TOKa BJIOJIb OCH C WCIOJb30BaJIach TeXHWKa “break-
junction” [4]. Teomerpust m meTasu 5KCIEPUMEHTA C
oOpasnaMu  CJOUCTBIX COEIUHEHUH, IIPEeuMyIIecTBa
¥ HEJOCTATKW MeTOHa IOAPOOHO OIMMCAHBI B 0030-
pe [5], dusmueckas MOIEIb MOJYYAEMOIO KOHTAKTA
CXeMaTU9IecKy npuBesieHa Ha puc. 1 B [6].

Beoime T, Tok uepe3 NeN-korTakT (N — 06beMHbIi
HOPMAJIBHBIA METaJII), COIJIACHO KJIACCUIECKOMY IOJI-
xony [7], ompemessiercss pacupelieJieHueM MeTaJlinde-
CKOfi IUIOTHOCTH 3JeKTPOHHBIX cocrosinit N(E) B6iun-
su yposus ®epyvu Ep: I o< [* N(e —eV)N(e)[fo(e —

IIucbma B 2KOTP Tom 117 BRm.7-8 2023

1.0

0.5

R(T)/R(T)

T (K)

Puc. 1. (Iernoit onnaiin) TemmeparypHas 3aBUCHMOCTH
CONPOTUB/IEHUsA 06HEMHOIO MOHOKPUCTAJIA HOMUHAJIBLHO
Hemo/onupoBanHoro cocrasa NaFep.979Cog.021 As

eV)— fo(e)] de, rue fo — paBuoBecnas dynkius Pepmu—
Hupaxka.

B CII cocrosianu B SnS-KOHTaKTe (1 — TOHKHIl HOP-
MaJIbHbIH MeTau1) ¢ NS-rpanuiamMu BbICOKOI Ipo3pad-
HocTu (Ccmuia TyHHeJbHOro Gapbepa Z < 0.3) peasnnu-
3yercst 9pPEKT MHOTOKPATHBIX AHIPEEBCKUX OTparKe-
auii (MAOQO). Hekorepenrubiii aHjipeeBCKuil TpaHCIOPT
BBI3BIBAET HA BOJIbTaMIIEpHON xapakrepucruke (BAX)
SnS-koHTaKkTa U3GBITOUHBI TOK (OTHOCHTEIBHO HOD-
masbaoit BAX Boime T,.) BO BceM Aualia3oHe CMeeHuii
eV, Ipu 9TOM CBEPXTOKOBasi BETBb OTCYTCTBYeT [8, 9].
Ha cnekrpe mpu eV — 0 (tak HasbiBaeMasi 00JACTb
be/IeCTalla) IMHAMUIECKAs! IIPOBOJUMOCTD IIOBBIIIAET-
Cs1 B pa3bl OTHOCUTEJILHO TPOBOAUMOCTH GGy KOHTAKTa B
HOPMAaJIbHOM COCTOSTHHY, TAKKE BOSHUKAET CEPUsI MUHI-
MyMOB cyGrapMonunyeckoii mesesoit crpykrypol (CT'C),
[IOJIOYKEHNE KOTOPBIX Vj, HANPSIMYIO ONPEJENSIeTCS Be-
JIMIUHON CBEPXIPOBOJAIIEH mean A npu A1006ir mem-
nepamypax Btoth 10 Te [8-10]: [eV,(T)| = 2A(T) /n,
n =1, 2, ... Iljgs MHOIrOIIESEBOrO CBEPXIIPOBOIHUKA
ua dI(V)/dV-cuekrpe Gyayr npucyrcrsosars CI'C or
KaKJI0i mesn. duceao n* HabIIoJaeMbIX MUHUMYMOB
CI'C pns maHapHOrO KOHTAKTa HPUMEPHO COOTBET-
CTBYET OTHOIIEHUIO pa3dMepa KOHTaKTa d. W XapaKTep-
HOW JIJTMHBI HEYIPYTOro PACCesiHusI . B c-HAIIPABJIEHUN
6, 9]: n* =~ I./d..

B mramaprHOoM SnS-KoHTaKTe B Ciaydae OaJJIUCTHIC-
CKOI'O TPaHCIOPTa B ab-1tockoctu (ecsu jjiuaa cBo6OI-
HOrO TIpobera lg{) npeBbImaer dgp) T- U Y-KOMIIOHEHTBI
UMITYJIbCA HOCUTEJIEH 3apsijia COXPAHSIOTCS, IIPU 9TOM
MOKET UMETh MECTO HEeCOXpaHeHUE k,-KOMIIOHEHTHI W3-
3a ‘“mepemMernuBaHus’ HOCHUTEJEH BIOJIb HAIPABJICHUS
TOKa B Pe3yJIbTaTe HEYIPYTroro PaCCesiHUsl.

9*
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Biusmme yrmosoro pacmpemenenust A(f) B kgky-
IJIOCKOCTHU Ha (pOPMY aHIPEEBCKUX MUHUMYMOB B PaM-
Kax moaxona [11] mokazano na puc.4 B [5]. I'umorern-
vecku, ecqu s usorponsoit CIT memn wa dI(V)/dV
oxKumaTcs peskne naTeHcuBHbIe MuHEMYMBI CI'C, TO
CI'C co 3HAUUTEJIBHO MOAABJIEHHON aMILITUTYI0M JT0JIK-
Ha HADJIIONATHCA B CJIy4ae IapaMeTpa MopsijKa ¢ TOIKA-
mu Hysteit (“Homamu’) B pactpenesnernu A(6) (6 — yrox
B kgky-wiockoctn). duaa CII menu ¢ pacmupennoif s-
BOJIHOBOI cuMMeTpueil B ab-1110cKocTu 63 HOJIOB OXKU-
matorcs ayoserasre MmuaumyMbl CI'C, mporsizkeHHOCTH
KOTOPLIX OIpeeIgeTcsd MaKCHMasbHoii A n MuHm-
MaabHONH A SHEpruSMHU CBA3M KyNepOBCKHX map B k-
npocrpancrse. CTeleHb aHU30TPOLUH JaJiee OIIpe/Ieie-
na kak A =100 % - [1 — Am/ACv.

Takum obpaszom, MAO-cnekTpockonusi 6ajInCcTU-
YeCKUX TIAHAPHBIX SNS-KOHTAKTOB JAET BO3MOXKHOCTH
HAIIPSIMYIO OIPEeIEsIATh BEJUYUHBI U TeMIIEPATyPHbIE
zaBucumoctu CII mapamerpoB mopsaka u mojIyvars MH-
dopmanuio 06 MX BO3MOXKHON aHM30TPONUH B Kgky-
IJIOCKOCTH.

3. DKcnepuMeHTAJIbHbIE JIaHHbIe U 0b6CYXK-
neHme. Ha pucyHke 2 moka3aHO TeMIlEpaTypHOE U3-
menenne dI(V)/dV cnekrpa SnS-koHTakTa Ha 06a3e
Na(Fe,Co)As. B nopmambioM cocrosanm Bhime 1106 ~
19.7K (Tl coorsercTByerT TemmepaType mepexoia
KOHTaKTHOI 00J1acT pa3MepoM MOPSIIKa JeCITKOB HM B
HOPMAJIbHOE COCTOSIHUE) CHEKTP CUJIBHO HEJIMHEEH: Ha-
OJIrO/TaeTCsI MUPOKasi 00JIACTH ITOBBIIIEHHON JUHAMIYIE-
CKOHM TPOBOIUMOCTH IIPU MAJIBIX CMEIIEHUSX W MHUHU-
MyMbl ipu eV & 22, 27 m3B. C yBennuenuem Temiie-
PATYPBI OT CAMBIX HU3KHUX BIUIOTH 70 1. M3-3a MOJAB-
serns nponeccoB MAO Benuunna nposoaumoctu Gzpc
upu eV — 0 ymenbmmaercs. Muanmymsr Ha eV cimabo
CIBUTAIOTCSI B CTOPOHY HYJIEBOTO cMernenus. Jljus rem-
neparyp Bbite T, (cunss, rosybast 1 cupeHeBasi KpUBbIe
Ha puc. 2a) 3Havdenne Gzpc MeHsiercs ciaabo (KpacHble
KPY2KKH Ha puc. 2b).

OTMeTuM, 9TO JJIst SNS-aHAPEEeBCKOTO KOHTAKTa, C
puc. 2 momobHas GopMa CHeKTpa He MOMXKET OLITh BbI-
3BaHA JIOKAJbHBIM IIEPEIPEBOM KOHTAKTa U3MEPUTEJIb-
HBIM TOKOM, Tak Kak Gy (eV > 2A), nupusejiennas Ha
puc. 2 3eJIeHBIMA POMOAMU, [TPAKTUYIECKH HE MEHSIeTCsI
BO BceM auarnazone 1. B mosyueHHOM aHIpeeBCKOM KOH-
TaKTe He JIOJIXKHO BBIJIEJISIThCS TEIJIO B IIPUHIUIE, TaK
KaK OH M3HAYAJILHO HAXOJUJICS B OAJUIMCTUICCKOM pe-
xkume. [IpoBepUTH 9TO MOXKHO 110 HEU3MEHHOCTH 3HAYE-
uust Gzpc, kKoropoe npu T > T, MeHsercsa Majao (CM.
KDPACHBbIE KPYXKKHU, PHC. 2b) [0 CPABHEHWIO C M3MEHEHNU-
eM 00'beMHOI IPOBOAUMOCTH 00 BLEMHOIO KPUCTAJLIA, (CO-
rinacuo R(T') na puc. 1).

R, (65 meV)xdI / dV +c, (arb. units)

~

=

%20__ (b) G7n(' . . . .

% 1.5_‘

s 10 @ . ¢ o o
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& 0 10 20 30
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Puc.2. (sernoii onmnaiin) (a) — dI(V)/dV-cuekrp SnS-
konrakTa Ha 6ase Na(Fe,Co)As, m3mepeHHbl HUXKE U BbI-
me T, ~ 19.7K. CuekTpbl HaMEPEHHO CABUHYTBHI HA I0-
cTosiHHYIO Benuuuny ¢ = (0.5 110 BepTuKam A1 yA00CTBa.
IIpu 4.2 K BepTHKAJILHBIMU IMITPUXAMUA OTMEYEHO IIOJIO-
skeHue 1esieBbix ocobennocreit (2Ar(0), 2As(0)), crpesn-
KaM{ IIOKa3aHbI OCOOEHHOCTH HOPMAJIBHON ITPOBOIUMO-
crtu koHTakTa V™. IllTpuxoBoii JMHMEN TOKa3aH Teope-
THUYECKUAN CHEKTP IOJHOCTHIO JUM@y3MOHHOIO KOHTAK-
Ta GdiE(V) npu 1" = 32.9K, paccunTaHHBIIl Ha OCHOBE
R(T > T¢) c puc. 1 st cpaBHeHust ¢ BepxHeil (hbnoserosoii
kpusoii. (b) — HensmeHHOCTH HOPMAJIBHOMN IIPOBOANMOCTH
KOHTaKTa, GN(T7 V> QAL,S) U IIPOBOJAVMOCTH B HYJIE
Gzpo(T > Te)

Takzke OTCYTCTBUE HArPEBA B IIOJYYEHHOM KOHTAK-

T€ BBICOKOI NMPO3PATMHOCTH MOXKET OBITH IMPOBEPEHO U3
CJIEJIYIONIAX COODPaKEHU: MpU JIOKAJBLHOM Ieperpese
KOHTAKTa WM3-3a IPUCYTCTBUA Ju(PDY3UOHHOrO TpaHC-
opTa Jjist cMerennii eV > kT’ BBITTOTHIETCsT local
~ VL'2/2 rne L — aucino Jlopenna, u Habmonaemast
G N KoHTakTa OyJeT ncKyccrBeHHO 3aBucerh oT V. Ilo
sKcrepuMeHTanbHbIM JaHHbIM R(T') (cM. puc. 1) nomo6-
nas sasucnvoctb GUE(V, T = 32.9 K) 6puta mavm tio-
CTPOEHA U pUBeJIeHa B BepXHeil qactu puc. 2a (1rpuxo-
Bast JuHMs). HecMOTpst Ha HEKOTOPYIO CXOXKECTh € IKC-
MEePUMEHTAJIBHBIM CIIEKTPOM IIPU TOMH K€ TeMIIepaType
(dbuonerosas Kpusas) B JuanazoHe MaJjbIX CMEINEHUIA,
nanpreiimuit xon GYT npu V> V* s runorernde-
ITucema B 2KOQTD 2023
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ckoro muddy3nOHHOTO KOHTAKTA OTJINIAETCS OT TIOJIY-
YEHHOTO B 9KCIIEPUMEHTE.

O6napy»xennbie ocobennocru dI(V)/dV ne cBsasza-
Hbl Hanpsamyio co CII cocrosiHueM, OCKOJIbKY HaOJIIO-
JAIOTCs KAK BbIe, Tak u Huwke 1.. MoxKHO mpemio-
JKATh HECKOJLKO NPHYUH BOSHUKHOBEHWS HEJMHEHHO-
cru dI(V')/dV-cieKTpoB B METAJUIMYECKOM COCTOSHUM:

a) HeamHeitHOoCTh N (E) BO/M3u Ef BCIEACTBHE 0CO-
Gennocreit 3ounoit crpykrypbl Na(Fe,Co)As (mamnpu-
Mep, u3-3a 6Jim30cTH 1epexoa Jludmmia wim mpucyT-
cTBUst MuHHIIEIN). B aroMm ciydae makcumywm dI(V)/dV
upu eV — 0 coorBercrByeT ntuky Ng BOm3u Ep;

6) obpaTHOe paccesiHue KBAa3UYACTHUIL BCJEICTBUE
CHJILHOT'O 3JIEKTPOH-(DOHOHHOrO B3auMoeicrust [12];

B) nepeHopmupoBka N (E) Ha B3anMo/ieficTBIE 3JIeK-
TPOHOB C XapaKTEPHLIMHA OO30HHBIMH MOJAMH, CYIIE-
crBytomumu Bbiie T, (Hanpumep, GOHOHAMHU U HEMA~
TUIeCKUME (DIIYyKTYAIUusIMHT).

Jjiss  yCTAQHOBJIGHUS — IIPUPOJIBI
dI(V')/dV-crieKTpoB  TYHHEJIbHBIX
6aze Na(Fe,Co)As TpeGyrorcs JanbHelne uccaeno-

HEJIMHEUHOCTU
KOHTAaKTOB  Ha

BaHUsI €€ 3aBUCHUMOCTH OT TEMIIEPATYPBl U CTEleHH
JIOTIUPOBAHUSI.

B CII cocrosthun Ha dhoHe JaHHOI HEJIMHEHHOCTH Ha
dI(V')/dV-criekTpe OSIBJISIIOTCST aHPEEBCKIE CTPYKTY-
pul: y3Kuii mhemectas npu €V — 0 U MEHUMYMBI OT
Gosbrnoii u masoit CII meseit (Mmerku 2Ap, 2Ag Ha
puc. 2).

Ha pucyske 3 upusegenst BAX u dI(V)/dV-
crekTpel  SnS-koHTrakToB npun 4.2K B amanasone
cMmerernit +£V*) TOJMyYeHHBIX HAa MOHOKPHCTAJLIAX
Na(Fe,Co)As HeOIONMPOBAHHOIO COCTaBa M3 OHOI
sakaagaku ¢ T, ~ 19—21 K. BuaHo, 9410 3aBUCHMOCTH
(V)

U3BOAMMO HE HMECIOT THUCTepe3uca u CBerTOKOBOfI

CUMMETPUYHBI  OTHOCUTEJLHO HYJIsA, BOCIIPO-
BETBU, YTO MCKJIOYAET J[KO3e(COHOBCKYIO IPUPOLY
Habmonaembix Ha dI(V)/dV ocobennocreii. TTomumo
sroro, Ha BAX wnHabmomaercss u3ObLITOYHBIE TOK BO
BCeM Juara3one cMmemienuii eV (cpaBHUTE CIUIOIIHYIO U
IITPUXOBYIO CHHUE JIMHAK Ha puc. 3a), a ua dI(V)/dV-
CIIEKTPaxX XOpoIro BujeH “nbemectas’ upu eV — 0 u
anapeesckre MuHuMyMbl. Jannbie ocobennoctu BAX u
dI(V')/dV cooTBeTCTBYIOT peasn3ainuy HEKOT€PEHTHOTO
pexkuma MAO u J0CTaTOYHO BBICOKOH MTPO3PAYHOCTH
SnS-koutakta (Z > 1/2) cormacHo BCceM 6a30BbIM
reopernyeckuM Mozessiv MAO [8-10].

OcobennocTr, CymecTBYIONUe BHE 3aBUCHMOCTH OT
Hajmauss CII coCTOsSHUS U DPACIOJIOKEHHbIE Ha CMe-
meHnn V*, BOCHPOU3BOAUMO HAO/IIONAIOTCA Ha CIIEK-
Tpax pa3IMIHBIX SNS-KOHTAKTOB, MPEICTABIEHHBIX HA
puc. 3b. Ilpu cmemenusx |eV]| ~ 10.8M3B u |eV] =~
~ 6.6 M3B nabmoa0TCa JIBa aHJIPEEBCKUX MHUHUMY-
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Puc. 3. (Lsernoii omnaiin) BAX (a) u dI(V)/dV-cuekrpsr
(b) SnS-komraxToB ¢ Ti°° ~ 19 — 21K, usmepenusie
npu 4.2 K. Crpeskamu moka3aHbl 0COGEHHOCTH HOPMAJIb-
HOI mpoBomuMocTH V. BepTUKaJbHbIE OOJACTH OTMe-
YAIOT TOJIOKEeHUsT (PYHIAMEHTAJILHBIX AHJIPEEBCKUX MU~
HUMYMOB, COOTBETCTBYIOIIAX SHEPreTUYECKUM IIapAMET-
pam 2A%* ~ 10.8M3B u 2AP ~ 6.6 MsB (mpeamomoxku-
TesibHO, Jaybser or Gosbmoit CII menu ¢ anuzorpomnmeit
Ar ~ 39% B UMIyJIbCHOM IPOCTPAHCTBE), IITPUXAMH I10-
kazaubl n = 1, 2 argpeeBckre MUHUMYMBI oT MaJioit CII
wesmn 2Ag ~ 3.7v3B. Ha nanenn (a) mrpuxoBoit juHu-
eil 17151 CpDaBHEHU [IPUBE/IEHA AIIITPOKCAMAIIS OMUIECKOMN
3aBUCHUMOCTH, COOTBETCTBYIOIIEH HakyoHy Gn mias BAX
CHHEro IiBera

Ma. OTHOINEHNe UX II0JIOXKEHUI cocrasiisier =~ 1.6 u He
COOTBETCTBYET AHIPEEBCKUM CyOrapMOHHKAM ITOPSIKA
n = 1, 2 or kakoii-mu60o uzorpomuoii CII memnu, mo-
ckoibKy V1 /Vo = 2. Buauut, 06a 9TU MUHEMyMa MO-
IyT SIBJISATBCS JyOaeroM dyHmameHTanbHol (n = 1)
aHIpeeBCKOil ocobennoctn ot anmzorporuoit CII me-
M, a UX mojioKeHust npu 1 < T, HampsMyIo ompe-
JeJisitor JiBa sHeprerudyeckux napamerpa CII mopsiika
A9 ~ 54m3B u A' ~ 3.3M3B: skcrpemymbl Boz-
MO2KHOTO PACIIPEIEJICHUS SHEPIUU CBS3U Map IO yIULy
B 6azasbHOl miockocTu. [lomoxkenus aybJieTa BOCIIPO-
ussopsitest st dI(V')/dV-criekTpoB pasiumdaHbx SnS-
KOHTAKTOB (CM. BEPTUKAJbHBIE CHDEHEBBIE IOJIOCHI HA
puc. 3b), He 3aBUCAT OT CJydailHON (HOPMBI KOHTAKT-
HO#1 00JIACTH W BEJIMYMHBI €6 HOPMaJbHON IIPOBOIUMO-
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cru Gy (4, ciesoBaTesbHO, JIOMAAM KOHTAKTA), HO-
9TOMY OIPEIEJISIIOT UMEHHO OObEMHBIE SHEPreTHIECKUE
CII napamerper Na(Fe,Co)As u, Takum 06pazom, e mo-
2ym bumov caedcmeuem pasmepHur pezonancos. Cxo-
Kue Ay0seTbl BOCIPOW3BOAMMO HAOJIIONAINCH HAMHU B
poxcreerHoMm coepuuennu LiFeAs [13, 14], a Takxke B
nauktaax Ba(Fe,Ni)aAsy (cemeiicto 122) ¢ Ginsku-
mu T, [15-17].

CI'C or magoit CII memm Ag ~ 1.9 M3B cocrasisior
MUHUMYMBI, PACIIOJIOKEHHBIE IPU MEHBIINX CMEIEHUIX
leV] = 3.8M3B (n = 1) u 1.9M3B (n = 2) u ormeuen-
Hble BEPTUKAJBHBIMU MITpuXamMu Ha puc. 3. [Ipuwaunoit
MIO/IABJIEHUST CyOTaPpMOHUK TOPSIKa 1 > 1 oT AiLn’OUt, 110
BCeil BEpOSITHOCTH, siBJisieTcst ux nepekpbitue ¢ CI'C or
masoit CIT memn (mockonbky snavenns A9™ ~ 2.5Ag
upu T < T,).

Opouttorust dI (V') /dV -ciekTpa SnS-KOHTaKTa ¢ TEM-
nepaTypoil mokasana Ha puc. 4. C yBequueHueM remiie-
PATYPBI YMEHBIIAETCS aMILINTY/Ia MbeIecTalla, aHpe-
€BCKHe MUHUMYMbl CTAHOBATCS MeEHee WHTEHCUBHBI U
CMEIAIOTCsT B CTOPOHY HYJIsi B COOTBETCTBHUH C TeMIIe-
parypabiMu 3aBucumoctsivu A;(T). Ipu T ~ 19.6 K,
[PEBBIMNAIONIEH JIOKATBHYI0 KPUTHIECKYIO TEMIIEPATY-
Py Tcl,Ocal UCCJIEIyeMOTr0 KOHTAKTAa, a TaKxKe mpu Oojee
Beicokux 1" wa BAX u dI(V')/dV-cuekrpe orcyrcTBy-
0T OCOOEHHOCTH, BBI3BAHHBIE AHJIPEEBCKUM TPAHCIIOP-
TOM, 9TO COOTBETCTBYET MEPEXOJy KOHTAKTHOU 06Jia-
CTH B HOPMAJILHOE COCTOSTHHE (CM. BEPXHUE CIIEKTPBI HA
puc. 4).

TTo mamEBIM pHC. 4 HAPSIMYIO ONPEJIEJIEHBI TEMITEPa-
TYPHBIE 3aBUCUMOCTHU TPeX HaOJIIOJaeMbIX SHEPreTHuYe-
cKux TesieBbix mapamerpos AT, AN(T) u Ag(T)

(puc. 5a). 3aBUCHMOCTU THUIUYHBLL JJIsl CJydas yMe-
PEHHOI'0 MEXK30HHOTO B3aUMOJAEHCTBUS, IOCKOJILKY HX

TPeH bl OJIU3KH, HO IPOXOIAT HiKe oHo30HHO BKIII-
obpasuoii 3aBucuMocTu (IITPUXIIYHKTUD Ha PHC. Ha),
YTO YKa3bIBaeT Ha peasm3arnuio muoroiesaesoro CII co-
crosiuus. Benuuauna Tgocal ~ 18.8K sToro xonrakxra
ObLIa OIEHEeHa, KaK TEeMIepaTypa, OpH KOTopoi A",
Ag — 0. ITonoxkenne anapeeBCKO 0OCOBEHHOCTH, OTMe-
yeHHOI Kak Ag, yobiBaer ObicTpee BOIu3u T, IOCKOJIb-
Ky oraomenne AP /Ag 3aMeTHO BO3pACTAET C TEMIIe-
parypoit (puc.5b). Takum obpazom, Ag cienyer cau-
tarh ordesbHbIM CII mapamerpom mmopsiika, Tak Kak
angpeesckue ocobennoctu dI(V)/dV, ormeuenusie Ha
puc. 3,4 kak Ag, He MOTYT OBITH CyOrapMOHUKAMEU OT
AP Bagucumoctn AQY(T), A (T) B 1esom mo106-
ubl, a orHomenue Ay = 100% - [1 — AP /A ~ 39 %
MPAKTUYECKH He MEHSETCSI ¢ TEeMIIEPATYPOIA.
Habmomaembie aybieTst cxoxu 1o popMme ¢ pe3yiib-
TaTaMU YUCICHHBIX pacderoB s aHm3orporHoit CII
mesnu (puc.4 B [5]) u MoryT GBITH BBI3BAHBI DACIIN-
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Puc. 4. (IIgerroit onnaitn) Dsomonust dI (V) /dV-ciekrpa
SnS-komrakra (T2°° ~ 19K) ¢ remmeparypoit. Kpn-
Bblé HAMEPEHHO CABUHYTBI 10 BEPTUKAJIU, HEJIUHEHHOCTD
dI(V)/dV HOpMAaJILHOIO COCTOSIHUSI NOAABJIEHA JJIst Y100~
crBa. Ilpu 4.2 K ormedeHbl aHIpeeBCKHE TAPMOHUKH OT
CII smepreruuecknx mapamerpos ASY x 5.1m3B, AP ~
1.9m3B

~ 3.1m3B (Beprukaspuble JuHUH), Ag &
(cTpesikn)

PEHHOI S-BOJIHOBO# cuMMmeTpueii 60JbInoi memu Aj,
B kyk,-TutOCKOCTH 0€3 HOIOB: B 3TOM cCJydae A%“t
u AY' cOOTBETCTBYIOT MAKCUMAJILHON U MUHUMAJIbHOM
SHEPIWU CBsi3U KylepoBckux map “Bemymiero’ CII kon-
JIEHCATa B 3aBHCHUMOCTH OT HAIIPABJIEHUs] HMILYJIbCA.
IIpenmonoxkurenbaas agmsorpornusa Ap =~ 39 % 6mms-
Ka K onenennoil namu panee g Ap B Ba(Fe,Ni)gAso,
EuCsFeyAsy u LiFeAs [13-18], a rakxke Habsi0maeMoil
¢ nomompbio ARPES B HemomonmmpoBaHHBIX 0Opasiax
Na(Fe,Co)As [3].

XapaKTepuCTUIECKIe OTHOIIEHUSA r; =
= 2A,(0)/kpT°® onpenenennbx mamu CII sneprern-
YeCKHUX I1apaMeTPOB IOPs/Ka COCTABJSIOT r%‘” ~ 6.1,
riL“ ~ 3.7Turs ~ 2.3 < 3.53 (mocsieiHee XapakTepHO st
“craboro” man “Be1oMOro” KOHIEHCATa B MHOTOIIETEBOM
CII).

C apyroif CTOpPOHBI, CPABHUBAS IOIYyUIEHHBIE OTHO-
HIEHUS T; ¢ JAHHBIME JPYTUX IPYII (3aIITPUXOBAHHBIE
obsactu Ha puc. 6 B 0630pe [1]), ormernm, uro r¢Ut
HaXOJIUTCA Ha HUXKHEH IpaHnIle Auama30Ha XapaKTepu-
crudeckux orHomenuii 6ospmoit CIT meswm (mrpuxoska
CHHUM), B TO BPeMs Kak 7' OKa3blBaeTcs B JlHaNa3oHe
ornomtenuit Menpiieit CII wmenu (mrpuxoBka cepbiM Ha
puc. 6 B [1]). Takum 06pa3om, MBI He MOXKEM HCKJIIO-
quTh cocyiecrBoBanue aByx CII mapamerpoB mopsii-
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Puc.5. (Lpernoit ownmnaiin) (a) — Temneparypubie 3a-

sucumoctu CII menesbix napamerpos A;(T'), mosmyden-
HBIE 0 JaHHBIM puc. 3. Ha BCTaBKe NMpuBeseHa TeMIepa-
TypHasi 3aBHCUMOCTD IPEJITOOKUTENBHON aHU30TPOITUH
6ompimoit CIT memn Az, = 100 % - [1 — AP /A]. (b) - 3a-
sucumocts otHommenus AP (T)/As(T) oT TemmepaTypbr.
I rpuxnyukTupHoil tnauei nokazana oanozonnas BKIII-
obpasnasi pyHKIMIS

Ka (obo3HaueHHBIX 37ech Kak AP u A9Y) peanusy-
foruxcsi Hxke T, Ha OTIEJbHBIX JIUCTAX IIOBEPXHOCTH
®epmu. Hiist TOro 9T00bI PA3ININTD YKA3AHHBIE CIIYIan
U JIOCTOBEPHO OIPEIEeIUuTh TUIl cuMMeTrpun A, HEoO-
XOJIUMO PACIIUPEHNE HMEIOIIMXCS TEOPETUIECKUX MO-
neseit MAO [8-10] gy CII ¢ aHU30TPONHO# MIE/IBIO
U YIPYTEMH TIPOTECCAMHU TePEeMEIUBaHNs HOCUTE e
(O HAIIDABJIEHUIO TOKA), & TaKKe 0oJiee JeTajbHble UC-
ciiepoBanus (opmbl gy6ieros Ha dI(V)/dV-cnekrpax
TYHHEJIbHBIX KOHTAKTOB.

4. 3akmiodyenme. C MOMOIIBIO CIEKTPOCKOINAN
miaHapHbix ScS-kounTakToB B mHuKTHAaX Na(Fe,Co)As
19-21K mpm
TeMIlepaTypax Kak BbIe, Tak u Hike T, obHapy»KeHa
nesmneitnocts  dI(V)/dV-cuekTpos, He sBIsIOmAsiCs
caeacreueMm CII cocrosiHusi, KOTOpasi MOXKeT OBITH BbI-

HEIONOMMPOBAHHOTO cocTaBa ¢ 1, =~

3BaHa OCOOEHHOCTSIMH 30HHOU CTPYKTYpbI BOMm3u Ep
WU CUJIbHBIM 3JIEKTPOH-O030HHBIM B3aUMOIEHCTBAEM.

Hwmxe T, HanpsiMyro oIpejiejieHbl SHEPreTUYecKue
napamerpsl CIT nopsiika A", A" u Ag ¢ xapaxre-
puctuaeckumu oraormerusymu Teopun BKIT 6.1, 3.7 u

out

2.3, coorBercrBenno. A" u A} MOryT OBITH KaK IBYMsI

CII meJIgAMU, OTKPBIBAIOIUMUCA Ha Pa3/JINYHBIX JIMCTaX
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moBepxaocTr Pepmu, TaK 1 SKCTPEMYMAME €INHO aHU-
sorpornsol CII menn (MaKCUMAIBHON M MUHMMAJBHOI
SHEPrUsIMU CBA3U KYIIEPOBCKUX AP JJIsl €e pacipejiesie-
HUs [0 YUy B k-IIPOCTPAHCTBE).

Temneparypasie 3apucuvoct AY " (T) u Ag(T) B
Na(Fe,Co)As TunuuHbl JUisi CJydasi YMEPEHHOIO MEXK-
30HHOTO B3aWMOJEHCTBUsI, CTEIEHDb IIPEIIOIOKUTE b
HOI aHm3oTpornmu Gosbmoit memm Ay = 39 % npakTn-
YECKU HEe MEHSIETCSI C TEMIIEPATYPO.

Pabora BbInosiHeHa B paMKax mpoekTa Poccuiickoro
Hay4auoro ¢douga 22-72-10082.

W3mepennst 9aCcTHYHO MTPOBEJIEHBI ¢ UCIIOIH30BAHN-
eM obopynoBanus [leHTpa KOJIEKTUBHOTO MTOJIb30BAHUS

OUAH.
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