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O0630p MOCBSIIIEH OJHOMY M3 CAMBIX IK30THIECKUX CEMEICTB YKeJIe30CO/IePAKAIINX CBEPXIIPOBOIHUKOB, IIPY-
Ha IeXKaux K crpykrypaomy tuny AFeAs, rie A — menounoit merasr. Kparko paccMorpens! dpusntieckue n
9JIEKTPOHHBIE CBONCTBA TUIIMYHBIX IIPeJIcTaBuTesIeil aroro cemeiicrBa — LiFeAs n NaFeAs, obcy»xnatorcs npes-
JIO?KEHHBIE JIJIsT ONIMCAHUsI MHOT'OIIEJIEBOIO CBEPXIIPOBOJLAINEr0 COCTOAHUS ITHUKTHUIOB TeOPETUIEeCKUe MOJesn
1 MMEIOIINECs B JINTEpaType dKCIepUMeHTa bHble JaHHble. OGO3HAYEHBI OCHOBHBIE HEPEIIeHHBIE IIPOOJIEMBL,
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BazKHbI€e KaK JJIgd COEI[HHGHHﬁ AFGAS, TaK U JOJIs1 2KeJIe30COoAeP2KaIllUuX CBEPXIIPOBOJHUKOB B I1€JIOM.
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1. Bsegenme. Ciioucrtble KeJje30COIAEPIKAIINAE
naukTH bl AFeAs Ha OCHOBe IEJIOYHBIX METAJIJIOB UMe-
0T YMEpeHHbIe KpuTudeckne Temeparypsl 1, mo 22 K
U OTHOCSITCSI K TAK Ha3bIBAEMOMY CTPYKTYPHOMY ceMeii-
crBy 111. AnajorudHo (DEppOIHUKTHIAM JIPYyTHX Ce-
MeMCTB, KpUCTAJLUIMIecKasl CTpyKTypa 111-marepnasion
COCTOUT U3 CBepXIpoBosmux 6j0koB FeAs, uepemyio-
IUXCs BJIOJIb C-HAIIPABJIEHUS] C OJIOKAMU-HOCUTEJISIMU
IMEJI0YHBIX MeTa/utoB. llpencraBuresn cemeiicrBa 111
HEMHOTOYNCJICHHBI: CTAOUIbHBIE XUMUIECKUE CTPYKTY-
PBI 06Pa3yIOTCS TOJIBKO HA OCHOBE IMIETOYHBIX METAJLIOB
mastoro aromapaoro paguyca (Li u Na), a mocryusbie
BAPUAHTHI JIOMUPOBAHUA OTPAHUIUBAIOTCS HEOOJIBITAM
HabopoM mepexoaubix Metasos T'm = Co, Ni, Cu, V,
Rh mim npedpunurom menounbix meraanoB Aj_sFeAs.
Tem nwe menee, coemuuenust AFeAs oba1a0T yHUKAB-
HBIMU CBOMICTBaMU, HEXaPAKTEPHBIMU It OOJIBITMHCTBA
BBICOKOTEMIIEPATYPHBIX cBepxupoBoaukos (BTCII) u
CUJIBHO 3aBUCSIIIME OT COCTABA, TIOITOMY IPE3BBIYAHO
HUHTEPECHBI ¢ PYHIAMEHTAJIBHON TOYKY 3PEHUS.

Metom “pacTBOp B paciuiaBe’ IMO3BOJISET BbIPAIIU-
BaTh KPYIHbIE BBICOKOKAIECTBEHHBIE MOHOKPUCTAJLIIBI
AFeAs (pasmepom gm0 1cm) [1-3]. Ommaxo npu uccie-
JIOBAHUU CBOMCTB 9THUX YJMBUTEJIbHBIX MaTEPUAJIOB IKC-
[IEPUMEHTATOPHI OOBITHO CTAJTKUBAIOTCS C PAIOM TPYI-
Hocreii. Hanpumep, npu skcrionupoanuu LiFeAs B or-
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KPBITOI aTMocdepe ero KpuTuydecKas: TeMIIepaTypa Ha-
YUHAET 11aJ1aTh, 0OpaIasich B HYJIb TpUMepHO depe3 10—
20 MuH, a MexK Ty Kpuctajmndeckumu ojiokamu FeAs mo-
apysiercst LIOH. Tlockonbky kpucrasuist cemeiicts 111
pacciianBaloTCs IPEUMYIEeCTBEHHO BJIOJIb OJIOKOB, CO-
JIepKAIMUX ATOMBI AKTUBHBIX IMEJI0YHBIX METAJIJIOB, TO
UX MMOBEPXHOCTH JTOBOJIBHO OBICTPO JIErPAUPYET B IPH-
CYTCTBUU JaXKe CJIEJIOBBIX KOJIMYECTB KUCJIOPO/Ia U Ia-
POB BOJIbI. A30T IIpU KOMHATHOW TeMIlepaTrype 3a mpo-
JIOJIPKUTEJILHOE BPEMsI TAKXKe BCTYIAET B XUMUIECKYIO
peakmnuio ¢ AFeAs. Byaydu orHOCHTEIBHO GE30IIACHBIM
JUI CTAOUIBHOCTU CBOMCTB 00'bEMHOI0 00pa3Ia, cocel-
CTBO C a30TOM (baTAJIBHO JJIsi TIOBEPXHOCTH. TaKmM 00-
pPa30M, IMOJIFOTOBKY K M3MEPEHUSIM M CAM IKCIIEPUMEHT
HEOOXOIMMO IIPOBOJUTH B “‘CyXOM’ BaKyyMe WJIA B 3a-
IIATHOM aTMocdepe.

Bricokoe kauecTBO KPHOTEHHBIX CKOJIOB MPU KOP-
PEKTHOII ITOITOTOBKE SKCIIEPUMEHTA,, IOCTYITHOCTH KPYTI-
HBIX MOHOKDHCTAJLUIOB W OTCYTCTBHE ITOBEPXHOCTHBIX
30H [4] mesnaloT CBEPXIPOBOJHUKH HA OCHOBE INEI0Y-
HBIX MeTaJIJIOB OTJMYHBIMU KaHIUJIATaMU JJIS HCCIIe-
JIoBaHUil MeToZaMu (DOTOIMUCCHOHHOMN CIEKTPOCKOIIIH
yraosoro pasperienus (ARPES) u onpenesnenus oco-
OGeHHOCTEl 30HHOI CTPYKTYPBHI B BBICOKOM Da3peIleHn!.
Tem HE MeHee, CJIOKHOCTB PAOOTHI ¢ TAKUMHU KPUCTAJLIIA-
Mu 0OYCJIOBIMBaET HEOOJIBINOE HA JAHHBIA MOMEHT KO-
JIMYECTBO JIAHHBIX O CBONCTBAX 3TUX COEJUWHEHUH, IIO-
JIYUYEHHBIX JIPYTUMH KCIIEPUMEHTAIBHBIMUA METOJIAMU.
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Puc. 1. (IIsernoit onnaiin) Paszosble auarpammel gonuposanus LiFe;—;CozAs u NaFei_;Coz As. Pozosbim nserom obosna-

yeHa Hemarmdeckasa ¢asza npu T, < T < T, roay6oim nserom - antudeppomarantHaa (ADPM) dasa ¢ BoaHON cMHOBOMN

nsorHoctu (BCII, SDW) npu T' < T, »kesrtbiM 1BeroM — ceepxuposogsmast (SC) dasa npu T' < Te. Obiacts cocymecTso-

Barust AOM u cBepxuposogsieii dha3 (pasieseHHbIX 110 00beMy KPUCTA/LIA) I0KA3aHa 3alITPUXOBAHHON 00JIACTBIO 3€JIEHOr0

uBeTa. SKCHepI/IMeHTa.JIBHbIe 3HaYCHUA TeMIIEpaTyp CBEPXIIPOBOAAIICTO IIEPpEeXo1a Tc (CI/IMBO.HBI OPaH2KeBOT'O LIBeTa)7 MarnmT-

Horo T}, (cuHero nBera) u cTpyKTypHOro nepexoinos Ty (posoeoro nsera) B3arbl u3 pabor (3| (rpeyronbsaukn), [9] (pomber),

[10] (xpy>xxu) u [11] (xBagparsr)

B wacrHOCTH, HCCIIeI0BaHUST OCHOBHON XapaKTepHCTHU-
KU CBEPXIIPOBOJIHUKA — CBEPXIIPOBOJISIIErO IapaMeTpa
MIOPSJIKA, €r0 TeMIePATyPHOI 3aBUCHMOCTH U CHMMET-
puu — KpaiiHe HEMHOI'OYKCJIEHHBI.

2. PaszoBag auarpamma. DazoBas guarpaMma
ITHUKTHIOB HA OCHOBE IIeJIOYHBIX METAJIJIOB 3aMETHO OT-
JITIAEeTCS OT TAKOBOM 1Jisi OOJIBIIIMHCTBA 2KEJIE30COIED-
2KAIMUX CBEPXIIPOBOJIHUKOB. Kak M3BEeCTHO, OTHOCUTE -
HO IIOJIHO HCCJIeJOBaHHble OKCUIHUKTUAbI REQOFeAs
(cemeiicreo 1111, RE — peJKO3eMeNIbHBI MeTasI) u
122-naukrunpr AEFeaAsy (AE — mienodnoseMesbHbII
MeTaJsul) B CTEXHOMETPUYECKOM COCTaBe NPH TeMIepPa-
Typax nopsaka Ts ~ 120—150 K ucnbIThIBaIoT CTPYyK-
TYDHBL epexoz, u3 rerparonasibhoii (I > Ts) B opro-
poMmbudeckyto a3y, COpPOBOXKIAeMbIil Ipu OoJiee HU3-
kux temreparypax T, < T, aaTudeppoMarHuTHBIM
(ADOM) mepexo/loM B COCTOSiHHE C BOJIHOH CIHHOBOM
wrorHoctn (BCII) (B kadecrse 0630pa M. [5, 6]). Tlpu
T, <T < Ts B RE-1111 u AE-122 BO3HUKaeT Tak
Ha3bIBaeMas HeMaThdeckas (a3a — HEMATHUTHOE CO-
crostane ¢ HapymeHHoit Cy-cuMmmerpueil moBoporta ab-
IJIOCKOCTU KpHCTAJInIeckoii pemerku Ha 90° (a # b).
CaepxmpoBojsinas dasza, IpeIcTaBIsionas coboi “Ko-
JIOKOJT KPUTUIECKOHN TEMITEPATYPHI IEPEX0a, BOSHUKA~
€T B TeTPAroHaJIbHON CTPYKTYPe IIPU IIOIaBJICHIN HEMar-
tuynoctu u BCII myrem ponupoBaHust WM JaBJIEHUS.
Hamporus, B 111-mHUKTHIaX HA OCHOBE IIEJTOYHBIX Me-
TaJIJIOB CBEPXIIPOBOUMOCTD IOSIBJISETCS B CTEXHOMET-
puueckom cocrase [3,7-12]. Tem He memnee, dazosas

JmarpaMma, Jijis pejcrapuresieil cemeiicrsa 111 He yHu-
BepcaJjibHA U 3HAYUTE/IbHO MEHSIETCS B 3aBUCHMOCTH OT
EJIOYHOTO METAJLIA.

Coenunenne LiFeAs nonHocrbio HemMarauTso [13] un
00J1aJ1aeT ONTUMAJBHBIMEA OT MPUPOJILI CBEPXITPOBOJIS-
IMUMH CBOHCTBaMM C MAKCUMAaJIbHOU KPATHYIECCKOHN TeM-
neparypoit T, = 17—18K. Kak mnoxkazano B pabo-
rax [3,9-11|, upu 9acTHYHOM SJIEKTPOHHOM 3aMelle-
uuu (Fe,Co) B Gsiokax FeAs cBepxupoBoaumMocTb GbicT-
po paspymaercst ipu x & 0.12—0.16 (puc. 1). Cxonubrii
BT (DA30BOI TUATPAMMBI OBLIT [TOJTY YeH TP 3aMEIIeHUN
npyrumu nepexoguabivu Merasiamu (Ni, Cu, V) [14-16],
a takxke s LiFeAs non nasienmem [17] u xpucras-
J0B ¢ gedunmrom nutust [18]; B mocaeaeM ciyuae, st
Li;_sFeAs manexknble gaHHble 10 crernenu gedunnra o
B 3aBUCUMOCTY OT KOHKPETHOM T, K COKAJIEHUIO, OTCYT-
cTBYIOT. JIaJbHUNA MATHUTHBIA HOPSJIOK HE YCTAHABJIM-
BaeTCs HU MPU CHJILHOM JBIPOYHOM, HU MPHU JIEKTPOH-
HOM jorupoBannd [9]. OTMeTHM, YTO TaKoe IIOBEICHUE
OJIM3KO K IBOJIIONNK CBOHCTB aubopuaoB Maruus MgB:
CBEPXITPOBOJIAIINE CBOWCTBA ITHX HEMATHUTHBIX CJIOU-
creix BTCII ontumasiibHBL B CTEXHOMETPAIECKOM COCTa~
Be, IpUYeM IIpu JiroboM mocrymnHoM 3ameriennn (Mg, Al)
win (B, C) kpurnueckast remeparypa T, najaer 10 Hy-
st [19]. Oaaxo B HesasHeit patore [20] B LiFeAs 6buin
0OHAPYKEHBbI IPU3HAKU COCYINECTBOBAHMS HEMAaTUIHO-
CTH U CBEPXIIPOBOJUMOCTHU, 0OCY2KIaeMble HIXKE.

Hanporus, B crexuomerpudyeckom NaFeAs ycranas-
JINBAETCsl OpTOpOMOUMIecKasi pa3a U MATHUTHBIA OPsI-
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oK [3,10-12], xoTst pu ropasmo Gosiee HU3KHUX TEM-
neparypax Ts ~ 55K u T,, ~ 43K, coorBercTBeH-
HO, II0 CPABHEHUIO C MHUKTUAaMU cemeiicTB 1111 u 122
(puc. 1). IIpu T, ~ 10K Tpancnoprabie, MArHUTHBIE U
Kajiopumerpuieckue usMmepenus [3, 10, 11, 21, 22] me-
MOHCTPUPYIOT TaKKe CBepXIpoBojdamuii mepexon. O-
Hako, B oyimane ot LiFeAs, B NaFeAs o manubiv 60J1b-
moro 4ucaa pabor [3, 7, 21, 22| mabmomaercs ecre-
crBeHHOEe (a30BOE PACCIOEHUE: IIYHTUPYIOIINE CBEPX-
POBO/IsIIIE 00JIACTA TETPArOHAIBHON (a3l (3aHuMA-
romue nopska 10 % obbema Kpucrasia) coceiCcTBYIOT ¢
ADM obnacrsmu. B ponmposanubix (Fe, Co) kpucras-
sax NaFeAs crpykrypubiit 1 AOM-niepexojp! caBura-
IOTCsI B CTOPOHY MEHBIIAX TEMIIEPATYD, IPA ITOM 00b-
eM cBepxupoBojgamux obsacreit pacrer [12, 21]. Mak-
cumagbHas T, ~ 22K npu jgonupoBaHuu KoOAJIBTOM
JIOCTUTAETCsI B OOBEMHOI TeTparoHaJbHON dasze OmHO-
BpeMeHHO ¢ mojasiaenneM ADM u HeMaTwIHOCTH, KaK
moka3aHo Ha puc. 1. Cxoubiit Bu (pa3oBoil JuarpaMMbl
6wt nostyyeH B [12] upu sameruenun NaFe; _,Cu, As, o~
HAKO CBEPXIIPOBOINMOCTD Pa3PYIIAIACH C JOMUPOBAHU-
em GbicTpee (yxke npu x = 0.05), a T, mocTurasa Jaumb
MaKCHMaJIbHOI'O 3HadeHus: okoJsio 12 K.

CyiecTBoBaHre HeMaTudecKux (QUIyKTyaruil B
LiFeAs u NaFeAs mpu T > T, 6buio mOKa3aHO B
rpaHcnopTHbix 1 AMP-skcnepumentax |7, 23].

3. BonHag cTpykTypa u nopepxHocrtu Pepmu.
s 6onbmuncTBa Kesesocoaepxkammux BTCII B nep-
Boit 30He Bpmutosna 00pa3yroTcs ABIPOYHBIE ITUJIIMH-
JIpBl BOKPYT ['-TOYKM ¥ 3JIEKTPOHHBIE NHJIAHIDBI BO-
Kpyr M-Toukn, rodbprpOBaHHbBIE BJIOJIb k,-HAITPABICHUS
HAMITYJIbCHOTO IPOCTPAHCTBA W CBA3AHHBIE BEKTOPOM
Hecrura Q = (w, 7) B 2-Fe-npejcrasiennn (B KadecTse
o630pa cM. [5,6,24,25]). 30HHBIE pacUYeThl ISl [THUK-
TuoB cemeiicrBa 111 npusesensl B paBorax [26-28].
ARPES-skcnepuments [4,9, 13,14, 20,26, 29-36] noka-
3a11, 910 nmoBepxHocTH Pepmu 111-ITHUKTUIOB CXOKH C
TAKOBBIMH JIJIsI JPYTUX CEMENCTB JIUIIb KAYeCTBEHHO U
JIEMOHCTPUPYIOT IPUHITUINAIBHBIE OTJINIUS.

B crexumomerpuueckom LiFeAs paanmycel moBepxHo-
creit Pepmu cuibHO passudaiorcd (puc. 2a): B [-Touke
HAJEXKHO pa3peliuM IUINHIP UCUYe3aolle MaJjoro ¢ga-
30BOTO 00'beMa, MIPU STOM PAJUYC BHEITHETO JIBIPOTHO-
T'O IUJINHIPA [MPEBBIMIAET PAINYC FJIEKTPOHHBIX I[HJIIHH-
apos. Takum obpaszom, B LiFeAs nosHOCTBIO OTCY TCTBY-
eT HecTHHT Ha BeKTope Q = (7, ) [9, 13-15]. Ilpu sutex-
rpounoM 3amemenun (Fe, Co), kak 1mokazano Ha puc. 2,
B3sTOM U3 paboTsl [9], no nanubmM Metona ARPES da-
30BBIil 06'beM IUJIMHJIPOB B M-TOUYKe pacTeT, a BHEIITHETO
JBIPOYHOrO IMIJINHIPA — yMeHbImaeTrcd. JIuib 1jis co-
eJIMHEHNs ¢ KOHIeHTpanueil kobairpra x & 0.12 moBepx-
HocTu DEpMU CTAHOBSATCSI KOHTPYSHTHBI (puc. 2¢, h), T.e.
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BBINOJIHseTCs NoJIHBIHA Hectunr. s LiFe; V. As ¢ api-
POUHBIM JIONMpOBaHueM B pabore [14] ¢ pocrom z Ha-
0JIF0/1aJI0Ch 3HAYMTEILHOE yBesimdeHrne (ha3oBoro obbe-
Ma TOJIbKO BHyTpeHHero [-mummnapa (puc. 3), KOTopblii
CTAHOBUJICSI KOHI'PYIHTHBIM C JIEKTPOHHBIMUA KapMaHa-
mu npu = ~ 0.084 (puc. 3d).

WaTepecHo 0OTMETHTD, 9TO B 000UX CJIyYasiX 10 JaH-
ubIM pabor [9, 14] o mepe yiaydienus necruura B [-M
HAIMPABJIEHUN MOJABJISETCS CBEPXITPOBOIUMOCTD: MOJI-
HBIIl HECTUHT JOCTUTAETCS B CUJIBHO IT€PEIONUPOBAHHOMN
obnactu ¢ T, — 0 gna zamemenus LiFegggCog 10As
(cm. dazosyro guarpaMmy Ha puc. 1) u B HECBEPXIIPOBO-
nsmieM LiFeg 916Vo.0saAs (dasosast quarpamma momnm-
posanusi (Li, V) npusesena va puc. 1d B [14]). C npy-
roii cropoHbl, HaHHbIe PAOOTHI [15] craBaT o coMuenue
YHUBEPCAJIHHOCTD 9TOTO YTBEPXKICHUS: TPU 3aMEIIeHIN
(Fe, Cu) He 6b1710 0GHAPYKEHO 3aMETHBIX U3MEHEHU I 1o~
BepxHOCTel PepMmu — 9TO 3aMernienne PaKTUIECKN STB-
JISIETCST M30BAJIEHTHBIM, UTO, COTJIACHO WHTEPITPETAIINN
aBTOPOB, MOYKET OBbITh BBI3BAHO JIOKAJIM3AIMEN JIOIH-
pyIonmx 37eKTpoHoB. Takum 06pa3oM, Jijist yCTaHOBJIE-
HUSI CBSI3M MEXKJIy KadeCTBOM HECTUHTAa W BEJUIUHON
T. HeoOXOMMBI JOIIOJTHUTEIbHBIE UCCIIEIOBAHUST TOIIO-
Jsiorun rosepxHocreit @epmu monmpoBanHbix LiFeAs.

J10BOJIBHO UHTEPECHBIE PE3YJIBTATHI OBLIH 10Ty YEHbBI
B Hemasaux ARPES-uccienoBanusx BbICOKOrO paspe-
menus [26, 31]. B LiFeAs mapsay c »kese3ocomepzxa-
mumu BTCIT apyrux cemeiicTB 66110 0OHAPYZKEHO 3a-
MeTHOe (mopsjka 10 MaB) pacrueniieHne 30H B TOYKax
BBICOKOH CHMMETPUH, BBI3BAHHOE CIUH-OPOUTAILHBIM
B3anMmozelicreueM [26, 31]. B uwacTHOCTH, MMEHHO HO-
cJiejiHee 10 MHEHHUIO aBTOPOB OTBETCTBEHHO 3 TIOSIBJIE-
HUEe KapMaHOB moBepxHocTH PepMu Majoro pajgmyca B
I'-rouke.

Ocobennocru asosoii guarpammbl NaFeAs npeo-
CTaBJISIIOT YHUKAJBHYIO BO3MOXKHOCTD HAOJIIOIATEH U3Me-
HEHHe CAMMETPHUHN KPUCTAJINYCCKON M 30HHON CTPYK-
TYpBl B 3aBUCHMOCTU OT TEMIIEPATYPhI M JOIMUPOBa-
Husi ¢ nomorpio ARPES. Opnako, ¢ Touku 3peHwust
[IPOBEJIEHNS YKCIIEPUMEHTA, 3/16Ch BOSHUKAECT ITPOMEXKY-
TouHAd 3a/a9a. Boobie roBopsi, /jisi MOHOKPHUCTAJLIOB
2KEeJIE30COIEPKAIIIX CBEPXIIPOBOIHUKOB IIPH  HU3KHUX
TeMIlepaTypax XapakKTepHO O0pa30BaHMe 3epPKaIbHO-
OPHEHTUPOBAHHBIX JIOMEHOB (1BOitHUKOB). IloCKO/IbKY
pasMep JIOMEHOB OOBIYHO CPABHUM C JUAMETPOM IIST-
Ha sjekTporHoro mydka ARPES, B pesyibrare skcie-
PUMEHT MOKa3bIBAET CyTEPIIO3UIUIO IHEPTOIUCIIEPCUOH-
HBIX KPHUBBIX JJIsI JIOMEHOB ODEMX OPHEHTAIUi, U4TO He
[IO3BOJISIET PA3PEIINTh AHN30TPOIUIO B ILJIOCKOCTU KPH-
crajutmdeckoit permerku. CyIecTByeT HeCKOIbKO MeTO-
JIOB YCTPAHEHUs JIBOWHUKOBBIX I'DaHull (B KadecTBe 06-
30pa cM. [37]), cpemum KoTOpbIX Hambojee 9acTo HUC-
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Puc. 2. (LIgerHoii onnaiin) (a)—(e) — Dpomonust nosepxHoctn Pepmu moHokpucraiios LiFe;_,CoyAs ¢ pasnuaHbIMEH KOH-

LEeHTPAIsAME KObGasIbTa IPU 3JIeKTPoHHOM gonuposanun 1o ganabiM ARPES. (f)—(j) — ComemeHHbIe KOHTYDBI COOTBET-

CTBYIOIIUX HOBerHOCTeﬁ CDepMH, QJIEKTPOHHBIX (HOK&S&HI}I KpaCHbIM LIBGTOM) n ObIPOYHBIX (CI/IHI/IM L[BeTOM). PI/ICyHOK B34T

u3 paborsl [9] B pamkax sunensun CC 3.0

[IOJIb3YETCsl OJTHOOCHAas JiechopMariisi BIOJIbL a- U b-
HAIIPABJICHUII PEIeTKH.

Dposmonus nosepxHoctu PepMu CTEXNOMETPUICCKO-
ro NaFeAs ¢ remneparypoii nokasana B padorax [36, 3§]
(puc. 4a—-h). B merammyeckoit daze ¢ Cy-cummerpueit
ceyenne nopepxHocTn Pepmu B [-TOYKE ILIOCKOCTBIO
k., = 0 mpencrapiseT coboit OKPY>KHOCTb, & B YIULy 30HBI

BpuutiosHa — Ba CKpeIuBAOIUXCs Juianca (Kpac-
HBIE KOHTYDBI Ha puc. 4a). Kapruaa nourn He MeHseTCst
DU TIPHJIOZKEHUN OJHOOCHOH medbopManmm, Kak MOKa-
3an0 Ha manHesu (b). YcIoBHE HECTHWHra BBINOJIHSIETCSI
TOJIBKO JJIsl OTJEIbHBIX TOYEK ToBepxHocTeit Pepmu,
BIOTb k; u ky-nanpasmennit. Ilpn mommkennn Temme-
parypbl Cy-CHMMETpHsl HADYIIAETCs: B HEMATHIECKOMN
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Puc. 3. (Usernoit onnaitn) dsosonus nosepxuoctu Pepmu mMonokpucrtaswioB LiFei_;VoAs ¢ pasauaabiMu KOHIEHTpAIA-

MM BaHaJ¥s TIPHU JAbIpodHOM gonupoBanuu 1o jganabiM ARPES. KpacHbiMy TyHKTUDHBIMEY JIMHUSMU TOKA3aHBI KOHTYPbI

nosepxHocreit Pepmu myist crexuomerpudeckoro LiFeAs (cooTBercrByrolue CIUIONIHBIM KPACHBIM JIMHHUSIM Ha HaHesnn (a)).

Crtomnste yinanu Ha (b)—(d) MUIIOCTPUPYIOT KOHTY DI BHY TPEHHETO ALIPOYHOrO KApMaHa J1jist 0G03HAYEHHBIX KOHIIEHTPAIHI
x. PucyHok B3saT u3 pabors! [14] ¢ paspemmenus: uznarens u aBropos. (© (2021) American Physical Society

daze XOpOIIO BUIHO MCKAXKEHUE JIBIPOYHOIO IUJINHJIPA
B HAIpPaBJeHnu Ocu jehopMalul U UCIE3HOBEHNE O/I-
HOro u3 symncoB B M-touke (puc.4c—e). Hakoner, B
A®M-asze GoJibIliast 9aCTh 3aKOHOB JIMCIIEPCUIT J1JIsT 30H
okasbIBaercd 3ariesiena Ha yposue Pepmu (puc. 4g, h).

B ceepxuposoggmux Na(Fe,T'm)As, B omiudue or
LiFe(Fe, T'm)As, monupoBaHue He TPUBOJIUT K IMOJIHOM
KOHI'DYSHTHOCTH JIBIPOYHBIX U 3JIEKTPOHHBIX KapMaHOB
[32-35] B minockoctu k, = 0, xorst B pabore [32] or-
MeUeHa BO3MOXKHOCTDH DEAIH3AUN IOYTH HIEAIHHOTO
HECTHUHTIa JIsl HEKOTOPBIX 3HaUeHuil k.

Crnaboe (oxoso 4 %) ucKaKeHUE BHEIIHETO JBIPOU-
HOT'O IIMJIMHIPA B IEHTPE 30HBI Bpumurosna ObLIo pas-
pemeno B HenaBuux ARPES-uccienosanusix [20] cre-
xuomerpuyeckoro LiFeAs (6e3 momasiieHus JBOWHUKO-
Banus) upu remieparype ke T, (puc.4i,]). Ipuan-
HBI, JIABIIAE BO3MOXKHOCTH HADJIIOIEHUS AHU30TPOINN
B ab-1tockocTH 663 IPUJIOZKEHNsT OHOOCHOI jnedopma-
U, OOCYKIAIOTCsI aBTOpaMu. 1eM He MeHee, MTOI00-
noe mHapymenune Cy-cummverpun Huxke T, MOXKET CBH-
JIeTeJIbCTBOBATH 00 YCTAHOBJIEHUN CBEPXIIPOBOJIMMOCTH
B HeMaTU4ecKoil aze, He HAOIIONAEMOM paHee HU B
OJTHOM BBICOKOTEMIIEPATYPHOM CBEPXITPOBOIHUKE 33 WC-
kimodenneM FeSe. Bosiee Toro, mockosibKy acuMMeTpust
30HHOI CTPYKTYDBI HcYe3aeT Bbie 1., aBTOpbI pabo-
ol [20] npeanosarator, yro B LiFeAs umenno csepx-
MMPOBOJIMMOCTDh OTBETCTBEHHA 38 TOSBJICHUE HEMATHY-
HOCTH.
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4. O TeopeTmYeCcKUX MOJEJISIX MHOTOIIEJIEBO-
O CBEPXIPOBO/ISIIIIET0 COCTOSTHUS U TMOMBITKAX WX
9KCHEePUMEHTAJIIbHOI IMpPOBEpKU [IJjisi ceMeiicTBa
111. B ogHOIlt U3 paHHUX TeOpeTHIECKUX pador [39] Obi-
JIO TIOKA3aHO, YTO HECMOTPsl HA HADJIIOJEHUE HEITOJTHO-
ro uzoronuyieckoro abdekra [40], snekrpon-dononnoE
B3aMMOJIEHICTBHE B KEJIE30CO/IEPIKAIIIX CBEPXIPOBOJI-
HUKaX JIOCTATOYHO CJIab0 M HEe MOXKET OIMCATH WX BbI-
cokmne T,.. BrocaencTtBun it OObSICHEHWST MEXaHU3Ma,
CBEPXIIPOBOMMOCTH THUKTHUIOB U CEJICHHUJIOB KeJe3a
OBLIO TIPEJITIOKEHO HECKOJIBKO TEOPETHIECKUX MOJIEJIE.
B crima-dirykTyanmoHHBIX MOEISX, OMUCHIBAIONINX 00-
pa3soBaHMe KyNEpOBCKUX Map MOCPEJICTBOM HECTHHIA
MeXy ydacTKamu moBepxuoctu Pepmu, o6pa3oBaH-
HBIX OJIHAM THIIOM opburaseil (Tak Ha3bIBaeMOe “BHYT-
puopbuTaAIbHOE” B3aUMOJIEHCTBIE), BOBMOKHO HOJLyde-
HUe 3HAKOIIEPEMEHHOI'O CBEPXIIPOBOJISIIETO apaMeTpPa
nopsizika sT-ruma [41-45] (dopManbHO oTpHIATETbHAS
cBepxmpoBogdmiasa meab A < 0 7y OJHOTO U3 KOH-
JIGHCATOB KYIIEPOBCKUX AP O3HAYAET CJBUI BOJHOBOIA
GYHKIIH 9TOr0 KOHJIEHCATA HA T 10 CPABHEHUIO CO BTO-
PBIM KOHJIEHCATOM ) UJIM KOMOUHUPOBAHHOIO § + 2S-TUIIA
[46] (¢ mpowmsBoibHBIM caBUroM Gasbl MEKIY JBYMsI
CBEPXIIPOBOSANIUMEI KOHJIEHCATAMU, OTJIUIHBIM OT T, U
HApYIIEHHON cuMMerpueil obparenus Bpemenu). Cru-
HOBBIIi pe30HAHC HA BeKTOpe Hectunra Q = (7, 7) mmpo-
KO HabJIIOJIAJICSI B CBEPXIIPOBOJISAIIEM COCTOSTHUU B 9KC-
MEepUMEHTaX [0 HEYIPYrOMY PacCCesHUI0 HEHTPOHOB B
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Puc. 4. (Ilernoit onmnaiin) Ilosepxuoctn ®@epmu crexmomerpudeckoro NaFeAs B I' u M-toukax mo ganaeim ARPES: (a),
(b) — mpu T' = 60 K (rerparoHaspHasi cTpyKTypa, Merasuindeckas dasa); (¢)—(e) — upu T' = 45 K (opropombuueckasi CTpyK-
Typa, Hemarudeckas dasza); (f)—(h) — npu T'= 7K (opropombuueckast crpykrypa, AOM daza). JanHble s JBOAHUKOBBIX
MOHOKPHCTAJIJIOB IPUBEJIEHBI Ha HaHessix (a), (c), (f); mis o6pa3nos, moBepray ThIX OJHOOCHOM nedopmanun (CTpesIKu Kpac-
HOT'O [BeTa II0Ka3bIBAIOT HalpasieHue gedopmanun), — Ha nanessx (b), (d), (e), (g), (h). KpacHbivu JuHMsAME ITOKA3aHBI
[pearosaraeMble KOHTYPbI COOTBETCTBYOIMX HoBepxHocTelt @epmu. Ha nanensx (d), (e) u (g), (h) ke- un ky-ocu nomensi-
scs Mectami. (1) — JIpipounsle nuimHEApPHL B [-TOuKe B ABOHHMKOBOM MOHOKpucTaiie LiFeAs B ceepxuposozsieit dbaze npu
T = 7K. ®parMenTsl 30HHOH CTPYKTYDPBI BJOJIb CPE30B IO HAIPABICHUAM ky U ky (mrTpuxobble juauu Ha (1)), a Takxke
COOTBETCTBYIOIIME YHEPTOUCIEPCUOHHBIE KPUBBIE (CIUIONIHBIE JINHUN) TIOKA3aHbl Ha manesn (j). Beprukaabuble myHKTUPHBIE
JINHWU JIEMOHCTPUPYIOT aHU30TPONMIO NOBepXHOCTH PepMu B ZY-ILUIOCKOCTH UMILYJILCHOTO mpocrpancrsa. Pucynku (a)—(h)
B3sTEL U3 paborst [36] (B pamkax smnensun CC 4.0), pucynku (i), (j) — uz paborst [20] ¢ paspelnenust u3gaTessi 1 aBTOPOB.
© (2021) American Physical Society

JKEJIE30COMIEPKAIIIX CBEPXIPOBOIHUKAX PA3JINIHBIX ce-  TaM [54, 55|, COOTBETCTBYET YCJIOBHUIO PEAM3AIUY CIIV-
MeiicTB (B Kadecrtse o630opa cM. [44, 47, 48]). Tak:ke  HOBOro pe3oHaHCA.

CTOUT OTMETHUThH, 9TO B HEKOTOPLIX TYHHEJIBLHBIX KCIIC- C apyroit CTOPOHBI, B3aMMOACHCTBHE MOCPEICTBOM
PUMEHTaX METOJaMH CO3JAHNA KOHTAKTA HA MHKPOTPE-  HeMaTHdecKuxX IyKTyanuii [56] mim opburasbHbIX
muse (“break-junction”) [49-51] u TOYEIHBIX KOHTAKTOB dbayxryanmit, ycunennsix GosoHaMu [57-59], cmib-
(“PCAR”) [52, 53] B cBEpXIIPOBO/ISIEM COCTOSHUM Obl-  Hasl BHYTPU3OHHAs 3JeKTPOH-poHOHHast CcBaA3b |60],
JIO OOHAPYKEHO PE30HAHCHOE B3aNMO/IEICTBUE aHPEEB- a Takxke yder pesoHaHca Pano—Pemnibaxa BOIM3U
CKOT'O TOKa C XapaKTepHO# 6030HHOI MOJION, IPeAono-  mepexofa JIudImmia HWIM pacCMOTpeHHe IIepexoja
JKUTEJIBHO, CIIMHOBLIM SKCHTOHOM: sHeprus 603oua npu  BKIII-KoHmeHCAIIMH 3IEeKTPOHOB B peXHM 003e-
T < T, e npesbplIIaja HENPAMYIO CBEPXIPOBOAAINYIO  siinmrelinoBekoil korgencanuu (BKII-BOK nepexoxn)
meab Az (0)+ Ag(0) mm 2A1(0), uro, corsacHo pacye- [61] nmpuBomaT kK Taxk HasbiBaeMmoil s T-cummerpum
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CBEPXIIPOBOJLINEr0 IMapaMeTpa IMOpsiaKa 0e3 CMeHBI
3Haka (T.e. BOJHOBbIE (DYHKIUMH BCEX CBEPXIIPOBO-
JIAINX KOHJEHCATOB Haxongarcs B dase). CnumHOBBIE
dIIyKTyanuu Opu 9TOM MOTYT PACCMATPUBATHCA KaK
JOIIOJTHUTEJIBHBIA MEXaHUu3M, IPUBOAAINUNA K CUJIBHOU
AHU30TPOIHUY CBEPXIIPOBOJISAIIETO IMapaMeTpa IMOpsiIKa,
BIUIOTB JI0 CMEHBI 3HaKa [56, 58, 60].

W3-3a ocobennocreit moepxHocreit @epmu LiFeAs
[9,13-15], BOOOIIE rOBOps, MOIIHBIA CIMHOBBI pe-
30HAHC HAa BekTope (m,7) Bpsad Ju oxujaeMm. Jleii-
CTBUTEJILHO, JINIIb B €JINHCTBEHHOH pabore [62] Huke
T. yTBepXKIAeTCsl CYIIECTBOBAHUE CJIA00 BBIPAYKEHHO-
r'O CIIMH-PE30HAHCHOTO MAKCHMYyMa IIPHU JHEPTUAX £) ~
6—11 M5B Ha BekTOpe Q. ABTOpBHI cTarhu [63] TakXKe
HabJTIOMAI PE30HAHC C dHeprueit €9 &~ 5 M3B, ommako,
HE CIEKYJIUPYIOT OTHOCUTEJHHO ero mnpupomnsl. C apy-
roif CTOPOHBI, B TeopeTHuecKux padorax [45, 58, 59
YCTOMYHBOE Ie/IeBOe PeIleHne s S T-CuMMeTpun Gbl-
JIO TIOJIYYI€HO J1arKe IPU OTCYTCTBUU XOPOIIEr0 HECTUH-
ra B ['-M-HampaBjieHUN, IPUYEM IIPEJIIOJIAraoCh, 9TO
MEHBIIAsl 10 MOJIYJIIO CBEPXIIPOBOIAIIAS /b JIOJXKHA,
OTKPBIBATHCH Ha JiKCTe moBepxHOcTr PepMu, UMEOIIM
MeHbInuii pagunyc. [Ipu yaere opOuraabHOil CeIeKTUBHO-
¢y (pasJIMIHOMN CUIle KOPPEJSIIMOHHBIX 3D (EKTOB B 30-
HaX, 00Pa30BaHHBIX PA3HBIMUA OPOUTAISAMU; B TOM UUC-
JTe KyIePOBCKOTO CIIAPUBAHHS) B PAMKAX ST -M0JIX0/1a B
pabote [64] OGbL1a OJTyUeHA IIeJIeBast CTPYKTYPa, Kade-
CTBEHHO CXO03Kasl ¢ pesynbratamu [45, 58, 59| 1uist “auncro-
ro” s*-ciydasi, 3a NCK/TIOYEHIEM TOTO, ITO KOH/IEHCAT C
GOJIBITION TTTE/IbI0 00pa30BbIBaJICT HUXKe T, HA BHYTPEH-
HEM JIBIPOYHOM IAJIMHJIPE.

CymecrBoBanue 6030HHOI MOibl B LiFeAs B HacTo-
dAllee BpeMs JUCKyTUPyeTcs. B onTudeckux uCCiIemno-
Banugx [65] BHemiesieBble OCODEHHOCTH, XapaKTEPHBIE
TOJIBKO JIJIsl CBEPXIIPOBOJISIIIIEN0 COCTOsIHUST HUXKe T, He
ObLIM OOHAPYXKEHBbI. B sKcriepuMeHTax MeTOdaMu CIIEK-
TPOCKOIINY MHOTOKPATHBIX AH/IPEEBCKUX OTPAaKEHUH C
HekorepeHTHbIM TpaHcnoproM (IMARE) B MoHOKpH-
crajiax LiFeAs ToHKasi CTpyKTypa, BbI3BAHHAsI Pe30-
HAHCHBIM B3anMOJEHCTBIEM ¢ OO30HHOM MOJIOM, TaKKe
BOCIpOU3BOAUMO He Habsomanack [66, 67], xora Gbuia
paspernrena B 1111-0KCUITHUKTHIAX PA3IMTHOTO COCTaBA,
[49-51]. B mccaenoBaHnsax ¢ HOMOIIBIO CKAHUPYIONIETO
TyHHesIbHOro Mukpockoia (CTM) [68-70] BuemeneBast
CTpYKTypa THIa MakcuMyM-MuHuMyM Ha dI(V)/dV-
cIieKTpax Oblla MHTEPIPETUPOBaHA B PaMKaxX IIOIXO-
na [68, 70] kak uposiBJieHUE IEPEHOPMUPOBKU ILIIOTHO-
CTH 9JIEKTPOHHBIX COCTOSHUI, BBI3BAHHOW CIIMHOBBIM Pe-
sonancoMm. C npyroit croponsl, B paborax [71-73| Gbi-
JIN TIPEJIJIOZKEHBI apPTyYMEHTHI [IPOTUB TAKOU HHTEPIIpe-
TAlMK; B Y4A4CTHOCTHU, aBTOPBI [72] orTHOCAT CTPYKTYpY
MUHAMYM-MaKCUMYM K B3aMMOJIEHCTBUIO C HEMATUYE-
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ckuMu BIIyKTyalusaMu, a aBTopbl [73] mokasasu, 4To
noo6HbIe cTpyKTyphl Ha dI (V') /dV -ciekTpax TyHHEIb-
HBIX KOHTAKTOB MOT'YT OBITh BBI3BAHBI IIOBEPXHOCTHLIME
nedexTamu.

B reopernueckux paborax [58, 59| Obuio 1mokasa-
HO, 9TO YMEpPEeHHAas aHU30TPOIHs (B TOM YHUCJE BIOJIb
k.-HampaBJiieHUs1) CBEPXIIPOBOJSIIMX €€, OTKPhIBa-
OIMUXCss HUKe T, Ha 3JIEKTPOHHBIX W JIBIPOYHBIX JIA-
crax nopepxaoctu Pepmu, MOKET OBITH MOJIYIEHA, TAZKE
IIpH ydeTe eUHCTBEHHOTO 8T T -B3anMOIeHCTBHS MeXK Ly
y4acTkamu 1nosepxaoctu @epmu, 00pa30BAHHBIME Pa3-
HBIMU TUIIAMU opOuTaseil (Tak Ha3bIBaAEMOE “MeKopOu-
tasbHOe B3anmogeiicreue’). Bosee Toro, mocpencTBoM
KOMOVMHAIIMY MEXaHU3MOB CIMHOBBIX U OPOHTAJIBHBIX
duryKTyanuii BO3MOKHO HOJIyIeHHE MOYTH YTO JITOOBIX
BUJIOB AHU3OTPOINN CIIAPUBAHAS, B TOM UUCJIE HOJAb-
HbIX (mMeromux Toukn A(k) = 0) wiam 3HAKOIEpEMeH-
Heix. OJHUM M3 BasKHEHIMX PE3YJBTATOB 3TUX paboT
[58, 59] sBistercs: (a) OTKpBITHE HAMOOJIBINEH CBEPX-
NPOBOJAIIEH INEJU Ha MEHbIIEM KapMaHe IIOBEPXHO-
ctu @epmy (BHYTPEHHUH IMIMHID OKOJIO [-TOUKM) B
npejiesie cuibHOro sTT-p3anmosieiicrsus; (6) npu cpas-
Humoit cue st u si—BsaI/IMo,aeI‘/’ICTBI/Iﬁ “oTpunaTeb-
HBIA” apaMeTp CBEPXIIPOBOMAIIETO MOPSIKA OTKPbIBa-
€TCs TOJIBKO HA BHENTHEM JIBIPOTHOM MUJIHHIPE, TIPAIEM
Jyist 91od 30HEL |A| — 0.

MpmuorortreneBoe CBEPXIIPOBO/IAIIEE COCTOSTHUE
NaFeAs moxkeT ObITH ONIKMCAHO KaK B paMKaxX yHHBED-
+

caJIbHOTrO $™-noaxona [74], Tak u ¢ yuyerom opoUTaIbLHOI
cesekTuBHOCTH [75]. O HabIIOEHIN C1a00T0 CIMHOBOTO
pe3oHaHca c sHeprueii £9/kpT. = 4—6 B HemogOIUPO-
BaHHBIX M ONTHMAaJbHO pomupoBaHHBIX Na(Fe,T'm)As
(T'm=Co, Cu) mmxke T, coobmaiocb B paborax
[12,76-79]. B nepenonuposantom NaFeg g2Cog gsAs 110
JI@HHBIM [78], HecMOTpsi Ha 3HAUYUTEsbHOE TajeHue T,
(Il0 CPABHEHUIO C ONTUMAJILHBIM COCTABOM), YHEPIUs
€0 CYIIECTBEHHO HE MeEHsIach. VIHTEPECHO OTMETHTD,
9TO I COCTABOB, OJU3KUX K CTEXMOMETPUIECKOMY
NaFeAs, B 9kCnepuMeHTax MO HEYIPYTOMY PACCESHUIO
HeHTpoHOB [77, 78] Ha BekTOpe HecTHHra ObLI paspe-
IeH JABOMHON CIIMHOBBIA pPE30HAHC, HpUYeM BTOPO
(Em3KOSHEepreTHIHLI) MakcumMyM mpu efit ~ 3msB
(COOTBETCTBYIOMMIT OTKPBITHIO CIMHOBOMN IIIEJN) HCUe-
3aa1 npu nogasieHun ADOM-nopsika ¢ yBeJUUeHHEM
TEMIIEPATYPBI UJIA KOHIIEHTPAIIUH JIOTIAHTA.

Henasaue Teopernveckue pacders [80] mokasanu Ha
rpanuie Hemarudeckoit ¢aspl (B NaFeAs u Ba-122)
HAJIMYHUE CBSA3aHHOIO COCTOSIHUS HMOCDPEICTBOM MEXKOP-
OUTAIBHONO HECTUHIA B CBEPXIIPOBOJIHUKAX, UMEIOIIUX
JILIPOYHBIH KapMaH, 0Opa30BaHHBIN gy -OPOUTAIAMI.
IIpenckazannas daza MOKET OKA3bIBATH CUILHOE BJIUSI-
HUE Ha CBEPXIIPOBOJISAINNE CBOWCTBA, & TAKKE BBHI3BIBATD

8*
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Puc.5. (LlperHoil oHyafiH) 3aBMCHMOCTb XapAKTEPUCTHYECKUX OTHOLIEHWH CBEPXIIPOBOJAIINX IIAPDAMETPOB IIOPSIKA
QAZ-(O) / kpT. or kpurudeckoit Temreparypbl T B Li;_sFeAs mo JaHHBIM CITEKTPOCKONMY MHOTOKPATHBIX AHJPEEBCKUX OT-
pazxermii (IMARE, 3Besmpr) [67],2, CTM (rpeyrombuuku) [68-72, 84, 85|, 0GbeMHBIX METOIOB HCCIENOBAHUS (H3MEDEHMsT
TEIUIOEMKOCTH ¥ IIEPBOIO KPUTUIECKOTo 110151, KBajapaTsl) [86-90] n nmosepxHocTHBIX MeTon0B (MK-cnekrpockonust orpake-

HUsl, U3MEPEHNUs] IOBEPXHOCTHOIO MMIleJaHca, poMObl) [65, 91|. CoequHeHHBIE CHMBOJIBI 0003HAYAIOT CTEIIEHb AHU30TPOLMN

CBEPXIIPOBOSAIIETO TTapaMeTpa MOPsIKa. 3allTPUXOBAHHBIE 00JIACTH OTMEYAIOT JUATIA30HBI IOy YeHHBIX 3HadeHni. Jlannuble
ARPES (xpy=xxkn) [20, 29, 30], nonxygennsie qys LiFeAs ¢ Te &~ 18 K, npuBeensl Ha MPaBoOil MAHEJN W CIBAHYTHI IO TOPH-
30HTAJIU [ HAIMAAHOCTH. 1[BeT CMMBOJIOB COBNAJAET C IIBETOM COOTBETCTBYIONIUX 3JEKTPOHHBIX U JBIPOYHBIX KapMAaHOB

nosepxHoctu Pepmu, npusenennoit cxemarndecku. LlrpuxnyuakTupuoit suuneit nokazan BKIII-npemen cnaboit cBsa3u

MOSIBJIEHNE TIMKOB IJIOTHOCTH COCTOSTHUH BOJIM3H yPOB-
Hs QepmMu (HAOMUHAOIIUX TICEBIOIIEEBble 0COOEHHO-
cru, mupoko obcyxuaemple B BTCII-kynparax [81]).
“TIceBmomesnieBast’ HEJIMHEHHOCTD INIOTHOCTHU JIEKTPOH-
HBIX cocTosiHmil Habmonanack B ARPES [82] u TyHuens-
HBIX 9KCIEpUMEHTax [83] Ha CBEPXIIPOBOJHUKAX CeMeli-
crBa Ba-122; mis NaFeAs nomobuble coobienns Ha, 1aH-
HBIl MOMEHT OTCYTCTBYIOT B JINTEPATYPE.

5. NccienoBaHus CTPYKTYPbI CBEPXIIPOBO/IS-
miero mmapamMerpa mnopsaaka. lcciaenoBanus jgeraJieii
CBEPXIPOBOJLIIErO [apaMeTpa IOopsiKa (3aBUCHUMOCTH
SHEPIUu CBA3U KYIEPOBCKUX Hap 2/; KaK OT BEeJIMINHBI,
TaK U OT HAIIPABJICHUS (DEPMUEBCKUX UMILYJIHCOB) THUK-
THIOB HA OCHOBE JINTHS HEMHOIOYMCJIEHHBI U IIPOBEIE-
HBI JIJIsl KPUCTAJLJIOB HOMUHAJILHO CTEXHOMETPUIECKOIO
cocTaBa; MO/I00HBIE PAOOTHI O JOIUPOBAHHBIM COEJIU-
nenugM Li(Fe,T'm)As Ha JaHHBIA MOMEHT OTCYTCTBY-
I0T. ABTOPBI 60JIBITMHCTBA paboT COOBIIAIOT O HAOJIIOIE-
HUU MHOTOIENEBOl cBepxiposogumoctu B LiFeAs (co-
CyIIECTBOBAHMIO HECKOJbKIX KOHJIEHCATOB C PA3INYHOM
SHEPruUeil CBsI3U KYIEPOBCKUX [AP) U OTCYTCTBUIO TOYEK
HyJteit (“HOIOB”) CBEPXIPOBOJAIINX Tesell J1JIsl OIIpe/e-

JIEHHBIX HAITPABJIEHUN UMITYJILCHOTO TpocTpancTBa. Or-
METHM, 9TO ITOCKOJIbKY (DA309yBCTBUTE/IbHBIE SKCIIEPH-
MeHTBI (HAIIpUMED, JK03e(DCOHOBCKasI CIIEKTPOCKOIHSI )
He ObLIN IPOBEEHBI HA MHUKTHAAX ceMelicTBa 111, mpu-
BEJICHHBIE JIAHHBIE HE ITO3BOJIAIOT HAMPSMYIO OIpee-
JuTh (GaKT CMEHBI 3HAKA y HapaMeTPOB HOpsiaka (T.e.
MMeeTCs Jin CABUT (a3 MEXKIy BOJHOBBIMU (DYHKIIASIMA
CBEPXIPOBOSININX KOHECHCATOB).

Ha pucynke 5 npuBeieHa 3aBHCHMOCTD XapaKTepu-
cruaecknx otnomenwit 2|A;(0)|/kpT. = rP°S or kpu-
TUYECKOIl TeMIlepaTyphl 10 JIAHHBIM JiaTeparypbl. 1lo-
JIyuyeHHEe aBTOPAaMU KPUTHIEeCKUX temieparyp 1, <
< 18K B MOHOKpHCTA/JIaX HOMUHAJIHHOTO COCTaBa
LiFeAs MokHO ¢ 60JIBINOM 10JI€# BEPOATHOCTH OTOXKIE-
CTBUTH C JIOKAJbHBIM JIe(PUIUTOM JINTHS, IIOITOMY J1a-
Jlee MbI OyIeM MCIIOJIb30BaTh obosHauenue Li_sFeAs.

ARPES-skcnepumentsr [20, 29, 30] mokaszamum co-

2)TO‘{KI/I, npusenennuble npu 1. =~ 16.5 K, — pesynbrar ycpen-
HEHUS XapaKTEPUCTHUIECKUX OTHOIIEHUMH, ITOJIyIeHHBIX aBTOPAMU
meronamu IMARE-cnekTpockonuu no gaHHbIM ucciaegoBanus 10
aH/IPEEBCKUX KOHTAKTOB C COOTBETCTBYIOIIEN JIOKAJILHOU KPHUTH-

4ecKo# TeMreparypoii B MOHOKpucTasiax LiFeAs.
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CYIIECTBOBAHNE KAK MUHUMYM TPEX CBEPXITPOBOJISIIIIX
KOH/JIeHCATOB. HecMOTpsi Ha HEKOTOPYIO MPOTUBOPEYH-
BOCTH abCoOTHBIX 3HaueHuit A;(0) (Kpy»Kku Ha puc. 5,
upaBasi MaHeJb ), JaHHbIE KAYeCTBEHHO CX0xKu: upu T <
< T, GombImast CBEPXIIPOBOISINAS MIEJIb OTKPBIBACTCS
Ha BHYTPEHHEM JIBIDOYHOM KapMaHe, a MaJiasl IIejib —
HA BHEITHEM; BMECTE C T€M, TapAMETPbI TIOPSIKA UMEIOT
3HAYUTEIHLHYIO AHU30TPONUIO B UMILYJILCHOM ITPOCTPAH-
crBe. IloobHast 1mieseBast CTPyKTYpa OTJINIHO COTTIACY-
ercs ¢ pacaeramu |58, 59| B pamkax st T-noaxona (6e3
CMEHBI 3HAKA), & TAKXKE MOXKET ObITh BOCIPOU3BEIEHA B
PaMKax sT-MOJIEJIH ¢ yueTOM OPOUTAIBHOM CeTeKTUBHO-
cru [64] (7151 3HAKONEPEMEHHOIO TTapaMeTpa MOPSIIKA).

B asekTpoHHBIX 30HaX 10 jgaHHBIM [20, 30] cBepx-
[IPOBOJIAIIIE TTAPAMETPHI MTOPSIJIKA UMEIOT CPEIHIE, IPU-
MEPHO paBHBIE AMILIATYIbI. XOTs B PAHHUX pPaboTax
[29, 30] mpexmosarasoch, YTO YIVIOBBIE 3aBHCHMOCTU
aHmsoTponHelx mmerneit A;(0) (tme 6 — yrom B kiky-
MJIOCKOCTHU ) UMEIOT “deThIPeXJIEIIECTKOBYI0 CUMMETDUIO
(T.e. oTHOcuTesbHO TOBOpoTa Ha 90°), HemaBHWE HUC-
CJIeJIOBaHNsI BBICOKOTrO pasperenus [20] mokasasu, 4ro
A(0) syarie onucbBaeTCs “ABYXJIEIIECTKOBOR” (DyHKIU-
et 1 umeeT cuMmmeTpuio rnmosopora Ha 180°. Ilociennee
HaOJIIO/IEHIe IOIEPKUBAET BBIBOJ, aBTOpoB [20] 0 pea-
JIN3AIUU CBEPXIIPOBOJIMMOCTHU B HEMATHUIECKOI hase.

Hanuble ryanenbubix [67-72, 84, 85], 06 beMubIx [86—
90] u moBepxHOCTHBIX MeTOJOB [65, 91|, mpexcraBieH-
Hble HA PUC. D CJIeBa, 00pPa3yIOT TPHU T'PYIIIbI, COOTBET-
CTBYIOIHE BEJIMYUHAM XAPAKTEPUCTHIECKUX OTHOIIE-
it (0.9—2.4), (3.1-5.1) u (7.2—10.3). CoorBercrBy-
IOIKE IapaMeTPhl MOpsiaKa jgajee 0603HadeHbl A1, Ao
u Ag. Merogom IMARE-cnekTpockonuu [67] 6b1m Ha-
IPSAMYI0 OOHADYKEHBI TPH HE3ABUCHMBIX CBEPXITPOBO-
JSIIX T1apamMeTpa Topsiaka (3Be3abl Ha puc.5): Ma-
JTast eJTb ¢ XapaKTePUCTHYeCKIM OTHOMeHneM 78 ~
1.7 < 3.53 6e3 NMpuU3HAKOB AHU3OTPOINU, CHJIHHO AHU-
30TPOIHAS CPeIHsIs MeNb ¢ 1P > ~ 3—5 u c1abo aHu-
30TPOITHAs OOJIBIIAs MIEJhb C r?cs ~ 7.3—8.4 (amanazo-
HBbI BeJINYUH 0D03HAYAIOT CTENEHb AaHU30TPOIIUU, OKOJIO
40 un 14 %, coorBercrBeHHO). ITOMUMO ONUCAHHBIX BBI-
e JIAHHBIX, AaHU30TPOIMS [APaMeTPOB HOPsIKa ObLIa
paspemnieHa ToJbKO B pabore [84] meromamu kBasuda-
cTu4HOi unTepdepennun (CoeAUHEHHbIE TPEYIOIbHUKH
Ha puc.b): BugHO coryacue ¢ pesysibraramu IMARE-
9KCIIePUMEHTOB [67] Kak CTeneHHn aHU30TPOIUH (OJIb-
IIOW W CpenHell ey, TaK U BeJIMYMHBI UX XapaKTepH-
CTHYECKUX OTHOIIIEHMUIA.

Bamernm, uro B CTM-skcnepumentax [68-72, 84, 85]
HAOJIIO/IAIOTCST TOJBKO JIBE CBEPXIIPOBOJIAIINE IIEJIH,
GoJibliias U cpejHss (TpeyroJibHUKU Ha puc.5). Besn-
qunpl 2A3(0)/kpT. ~ 7.2—8.5 nya GoJbInoi mesu,
oreHeHHbIE B [68, 69, 85|, cormacyoTcs ¢ qUanas’oHOM
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anmzorponuu As 1o manubiM [67, 84]. Takxke B yka-
3aHHBIA JUANA30H IONAJAeT XapaKTEePUCTHIECKOE OT-
HOIIIEHKE TIapaMeTpa NOpsAJKa Ha BHYTPEHHEM JIBIPOU-
HOM KapMame, olenenHoe B [30], a aHaJoruyuble 3Ha49e-
Husd u3 pabor [20, 29] okaspiBaioTcsd 4yTh HuXKe. B TO
ke Bpems, B paborax nmo CTM [70-72] Gbuin mosyde-
HbI OoJiee BBICOKHE 3Ha4YeHUs, BILIOTH 10 10.3. Mox-
HO TIPEJIIOJNIOKUTD, UTO IOCKOJBKY BEJINIHHBI CBEPX-
npoBoAmux 1meseli B [70-72] ObLIM OlEHEHBI, UCXO-
Jisl HAIIPSIMYIO U3 [TOJIOXKEHUT TYHHEIbHBIX MAKCUMYMOB
ua dI(V)/dV-cnekrpax, OiHO U3 UPUYMH [OJIYIECHUS
[OJIO0HBIX 3aBBIMIEHHBIX 3HAYECHUN SBJISETCA BJIUSHUE
HEYIIPYTHUX IPOIECCOB, OIPeIe/IseMoe MapaMeTPOM pas-
mbitug I' = /27 (rpe T — XapakTepHOe BpeMsl PeJIaKca-
nuu 1o sueprun). Koneunoe 3unadenue I' npuBoaur Kax
K YIIUPEHUIO 0COOEHHOCTEH KBa3UIACTUIHOMN IIJIOTHOCTH
COCTOSIHMI, TAK W K CABAT'Y MAKCHMyMOB Ha T'DaHUIE
eI B CTOPOHY 60bInX cMertennii. CoryracHo HeIaB-
auM ARPES-skcnepumentam [92], I’ Mmoxker npuHAMATE
B LiFeAs upesBbluaiiHo BbICOKME 3HAYEHNs], CPABHIMbIE
c A(0).

TemMmepaTypHble 3aBHCUMOCTH  CBEPXITPOBOISIIIIAX
meseit B Liy_sFeAs Ha maHHBII MOMEHT IIOJIyYeHBI
C IIOMOINBIO TYHHEJBHBIX METOIOB TOJBKO JIBYMS
rpynnavu. M3mepenubie Hanpsmyio merogom IMARE-
CIIEKTPOCKOIIMN 3aBUCHMOCTH Tpex mieneil Aq o 3(T)
TUIIAYHBI JJI5 CIydas YMEPEHHOTIO MEK30HHOIO B3aUMO-
JIEHCTBHUS, & CTEIeHN AHU30TPOIHU Ag 3 COXPAHAIOTCH
B IIUPOKOM Juana3one remueparyp [67]. Cxonubiii Bu
TEMIIEPATYPHBIX 3aBUCUMOCTEH OONBINON u  cpenHeit
mean Ay 3(T) 6bur moayder B [69] myrem anmpoxcu-
maruu TyHHeabHbIX dI(V)/dV-cuekTpoB, n3mMepeHHbIX
upu T < T,, momensio Jlaitaca.

C apyroit cropoubl, pabOThI, IPOBEIEHHBIE 00 BEM-
HBIMU MeTOaMu (M3MepeHuil TerIoeMKOCTH U TIePBO-
ro KPUTUIECKOTO 110Jis1) [86-89] 1 mMOBEPXHOCTHBIMU Me-
rogamu (nadpakpacuas (UK) ciekrpockorus orpazke-
HUsl, U3MepeHHsl IOBEPXHOCTHOrO nmrenanca) [65, 91],
cOO0ITIAIOT 0 HADJIIOJIECHUN CPEIHEN U MAJIOH CBEPXIIPOBO-
ngmeit mesu (KBagparsl u poM6bl Ha puc. 5). BeposTho,
3TO CBA3aHO C HU3KOU KOHIIEHTPAaIiell KyIIepOBCKUAX I1ap
B KOHJIEHCaTe ¢ GOJIBINOI 1eJIbI0, KaK MOKa3aHo B [67].
Tem me Menee, mosyuennbiii pasépoc 155 ~ 3.5-5.0
IS cpesiHeil mesu (CMMBOJIBI oJIy6oro 1Bera Ha puc. 5)
COBIIAJAET C AUANA30HOM €€ aHU30TPOIMH, OIIPEICIeH-
HOIi B [67, 84], a TaKkKe XOPOIIO COrIACYeTCsI C JUANa30-
HOM JIJI AaHU30TPOITHBLIX MAapaMETPOB MOPSIKA B IJI€K-
TPOHHBLIX 30HaX, oneHeHHBIX B ARPES-ucciemosanusax
[29, 30]. Hesb3s1 TakKe UCKIIFOUATH BO3MOMKHYIO aHU30-
rponuio Masoi wmenn (nockosubky ARPES nokaseiBaer
AHU30TPONUIO CIIAPUBAHHUS BO BCEX 30HAX, CM. COEJIU-
HEHHBbIE KPY?KKH Ha PHC. 5 ClIpaBa) Kak OJ(HY U3 NIPUINH
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Puc. 6. (HBeTHoﬁ OHJIaﬁH) 3aBUCUMOCTD XapaKTEPUCTUIECKUX OTHOIIEHUN CBEPXIIPOBOJISIINX IIeJIei 2Ai(0) / kgT. o nan-
HeiM CTM (rpeyronbuuknu) [94, 95|, mamepennit remroemkoctu (kBagparsl) [12, 10] 1 ARPES (xpyzxku) [32,33,93] or
kputnaeckoit remueparypst 1. B qonuposansbix Na(Fe, Co)As. IlBeT KPy?KKOB COBIIAIAeT € IIBETOM COOTBETCTBYIOIIMX JI€K-

TPOHHBIX U JBIPOYHbLIX KapMaHOB ITOBEPXHOCTU CDepMI/I, HpI/IBeILeHHOﬁ CXeMaTu4eCKHU. COG,ZLI/IHGHHBIG CHMBOJIBI 0D03HAYAIOT

CTEIIeHb aHU30TPOIINN CBEPXIIPOBOALAIICTO IIapaMeTpa IIOPsAJKa. BaH_ITpI/IXOBa.HHbIe 00/1aCT OTMEYaIOT JANAITIA30HbI IIOJIY11€H-

HBIX 3HAYEHUN XapaKTEepUCTUICCKUX OTHOIIIEHU I CBEPXIIPOBOALAIIIUX meneﬁ. ,ZLJ'IH CpaBHEHU IIpUBEJCHA 3aBUCUMOCTDb XapaK-

TEPUCTUICCKUX OTHOIIEHUT QHEPIruu CIIMHOBOI'O PE30HaHCa Eo/kBTc (,[LJIH BBICOKOSHGpI‘eTH‘{HOfI MOJBbI - CIIJIOIIHBIEC 3BE3/bI,

ISl HI3KO9HEPIeTUIHOM — OTKPBITBIE) OT T, IOy 9eHHBIX B 9KCIIEPIMEHTaX 110 HeylIPYIOMy PacCesiHUIO HefTpoHOB [76-78|.

I rpuxnyukrupnoit munueit mokazan BKIII-npenen cimaboit cBs3u

3HAYMUTEIHLHOTO pasbpoca BeJIMYWH €€ XapaKTePUCTHIe-
ckux orHomeHnit 1.0—2.5 (cuMBOJIBI YepHOrO IBETA HA
puc. 5). C npyroii croporst, ARPES-onenku nator 6oee
BBICOKHE 3HAYEHUs, ¢ P05 > 2.6.

Kpaitie MaJi0 9KCIIEPUMEHTOB 110 OIPEIEICHUIO IIIe-
JIeBO#l CTPYKTYpbl 111-THUKTUI0B Ha OCHOBE HATPUL
POBEJEHO HAa JAHHBIH MOMEHT. VMeromuecst pe3ysibra-
ThI nostyuensl uckiounteasto st Na(Fe, Co)As, mo-
MAPOBAHHBIX KOOAJbTOM, U TpuBeaeHbl Ha puc. 6. Io-
JIy4eHHbIE TOYKH (CHHEr0 W YEpHOIo IIBeTa) 00pasyror
nee rpynnsl ¢ guanasonamu 2A;(0)/kpT, ~ (2.6—4.5)
u (5.3—8.8), obo3HaueHHBIe HA pUC. 6 3aIITPUXOBAHHBI-
MU 001aCTAME. XOTS MOYKET IIOKA3AThCsI, UTO IIPUBEIECH-
Hble TOYKH JEMOHCTPHUPYET TEHICHIMIO K YMEHBIIECHUIO
XapaKTEPUCTUIECKUX OTHOIICHUHA B IEPEIONNPOBAHHON
00JTaCTH, UMEIOMEecs KOJINIECTBO JAHHBIX SIBHO HEIO-
CTATOYHO JJIsl TOTO, 9TOOBI YTBEPXKIATH 9TO HABEPHSIKA.

Usmepenus renoemkoctu B obpasiax Na(Fe, Co)As
¢ passinuHOil crenenbio pouuposanus [10, 12] (kBaxpa-
THI HA pUC. 6) TTOKa3aM HAJIIRe GOJIBINON CBEPXIIPOBO-

nameit memun ¢ 2A1(0)/kgT. ~ 6.3—7.5, cuibHO 1pe-
poimaromuM BKIII-tipeen ciaboit cBs3H, a Tak:Ke Ma-
JIOH IIeJTN C XapaKTePUCTUIECKUM OTHOIIIeHnEeM 2.6—3.6;
upu 3ToM JaHHble [12] g HeoIonupPOBaHHOIO 00pa3-
ma ¢ T, ~ 12.3 K XopoIo onuchIBAIUCH OHOIIETEBOM
MOJIEJIBIO.

Aproper ARPES-uccnenosanuit Na(Fe, Co)As [32,
33, 93] cxongrcd BO MHEHUM, YTO HA JIBYX JIEKTDPOH-
HBIX KapMmanax moBepxHoctu Pepmm obpasyercs eam-
HBII CBepXIpoBoAanuii Kongencar. OHaKO YUC/IeHHbIe
3HAYEHUS] SHEPTETUIECKHUX MAPAMETPOB ILIOXO COTJIACY-
10TCst ApYr ¢ apyroM (Kpy»Kkku Ha puc. 6). s nepes-
ONMPOBAHHBIX KPUCTAJLJIOB B JIByX paborax [33, 93] 6bI-
JI1 0OHAPYYKEeHbI IIPUMEPHO OJIMHAKOBBIE CBEPXIIPOBOJIS-
W€ e B 3JEKTPOHHBIX M JBIPOYHBIX 30HAX, MPH
9TOM COOTBETCTBYIONIME XapaKTePUCTHUECKUE OTHOIIe-
HUsl (CUMBOJIBI 3€JIEHOTO ¥ OPAHXKEBOIO IBETa Ha IIpa-
BOIl CTOpPOHE PUC. §) CUIILHO PA3HATCHA: MEHbIIee U3 I10-
yuennbrx snadennit r2°S & 4 [32] xopomo cormacyerca
C JAHHBIME JJIsI MAJIOil IIe/IH, OIeHEeHHON M3 TeMIlepa-
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TypHOIl 3aBucumocTu TersioeMkoctu [12; 45]; B TO XKe
Bpems, Gonbime 3nadenus 125 ~ (5.8—8.8) [33, 93]
[IOTIAJIAI0OT B JUAIIA30H JIJIsi OOJIBIION eI 110 JAHHBIM
CTM [10, 12, 94, 95]. B HeaomonupoBaHHOM COEIUHE-
Huu (JieBasi cropoHa puc. 6) ¢ momonipio ARPES 6buta
paspellieHa CUJIbHasi aHU30TPOIUsT OOJIBIIIErO IMapaMer-
pa [OpsJKa HA JIEKTPOHHBLIX KapMaHax [93], nenabiio-
JlaeMast TEMU YK€ aBTOPAMU B TIEPEIOMUPOBAHHOM COCTA~
Be ¢ Om3koil T,. IlosiBjieHre aHM30TPOIMHU CBEPXIIPO-
BOJISIIIIEr0 IIapaMeTpa MOPsijiIka B 00JIaCTH eCTECTBEHHO-
ro cocymecrsoBanus ADM- u cBepxupoposiieii (pasbl
MOXKET YKa3bIBaTh Ha BO3MOYKHOE BJIMSIHUE COCTOSTHIS
¢ BCII na meneByto cTpykrypy U, 6e3ycjaoBHO, TPeby-
eT JaabHeHInX TOAPOOHBIX UCCIEIOBAHNA C BHICOKIM
pas3peleHneM o SHEePTrUH.

Cpein Ipyrux TPYIII UCCIe0BaTe e aHN30TPOITHS
CBEPXIIPOBO/ISIINX IT[ejIeil Ha JaHHbI MOMEHT JUCKYTHU-
pyercsi. Pesynbrarer usmepenuit remioemkoct Cei(T)
[10, 12] u koadbdunmenta remwmonposoguoctu [96] xopo-
110 OIKMCHIBAIOTCST K30TPOITHBIMHE [TaPaMeTPAMU ITOPSIIIKA
6e3 muamit Hyseit. C apyroit croponsl, aBTopsl [12] He uc-
KJTIOYAIOT PEan3aliio AaHU30TPOINH CBEPXITPOBOISIIIINX
CBOWCTB, MPUHUMAS BO BHUMAHUE OIPAHUIEHUS MOJIEIH,
UCIONIb30BaHHOM st o6paborku ganubix Ce(T). B 1o
’Ke BpeMs, B pabore [97] yTBepKuaeTcs, 9TO TeMIlepa-
TypHasi 3aBUCAMOCTH KOHIIEHTPAIUH KYIEePOBCKUX TIap
(O JTAHHBIM U3MepeHHUsl JIOHIOHOBCKOW IIyOUHBI IPO-
HUKHOBEHUS) MOYKET OBbITh OIMCAHA TOJBKO B PAMKAX
AHU3OTPOIHBIX IMeJIell KAK B HEJO-, TaK U B [EPEIOIH-
poBanHoIt obstactu. HakoHerr, TyHHeIbHBIE CIIEKTPHI, [10-
Jiy4eHHBbIE B [95], MOI'YT GBITH aNPOKCUMUPOBAHBI MO/Ie-
sbio aitHca Kak 71 cirydast B30TPOITHOMN, TAK U AHI30-
TPOIHOM IIeJIN TPU BapUAIIUU apamMerpa pa3Mbitus .
K coxaJienuto, JaHHBIE TYHHEJIbHBIX S9KCIIEPUMEHTOB 110
Na-111 mpakTH9IecKu OTCYTCTBYIOT: B UMEIOIIXCsT Pabo-
tax ¢ nomorpio CTM [94, 95| 6bL1a pasperieHa TOJIBKO
OJIHa, CBEPXIIPOBOISIAsL IEJIb, B TO BpPeMsl KaK KCIIE-
PUMEHTBI METOIAME AHJIPEEBCKOM CIEKTPOCKOIUU TTOKa,
HE TTPOBOJIUJINCh.

s cpaBHeHHsI € IMIEJIEBBIMU IIapaMeTpaMu Ha
puc.6 TakyKe TPUBEIEHBI XAPAKTEPUCTUIECKUE OT-
HOIIIEHWsI 9HEPIMU CIMHOBOTO pesoHaHca eo/kpTe
(3BE371B1), OILIPEJIEJICHHBIE B YKCIIEPUMEHTAX 110 HEYIPY-
romy paccegumio HeiitpornoB B Na(Fe, Co)As [76-78].
Kak ormeuasioch Bbillle, B HEJIOAOIMPOBAHHON 00J1aCTH
(meBast wacTb puc.6) BOCIHPOU3BOAUMO HABJIIOIAETCS
JIBOIHOI pe3onaHnc [76-78|: sHeprus mepBoii pesoHaHC-
HOIT MOJIBI E‘O“i“ (HM3KO9HEPreTUYHON U CYIIeCTBYOIIEH
B ADOM-dasze npu T < T,,) DpaKTHYECKH HE Me-
usgercss ¢ T., YTO COOTBETCTBYET YBEJUYECHUIO €€
XapPAKTEPUCTUIECKOTO OTHOIIEHUSI MPU TPUOJINKEHUN
Kk AOM-dase (OTKpbITHIE 3Be3/bI HA pHC. 6). 3HAUYeHHE
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™ /kpT. ~ 4.2—4.9 nns BTOpOro pesoHanca (Ha-
6JIF0/1a€MOT0  TOJIBKO B CBEDPXIIPOBOJISIIIEM COCTOSHUN )
cabo MeHsieTCsl ¢ JIONUPOBaHUEM (CILIOIIHBIE 3BE3.IbI
Ha puc. 6), 32 UCKIIOYEHUEM €JUHCTBEHHOH BblIABIIEl
rouku cupaBa. B kpucrauiax Na(Fe, Cu)As caabo
repeionupoBanHoro cocraa ¢ 1. ~ 12K 6buio moury-
4qeHo Gosiee BbICOKOe oTHomieHwe £o/kpT, ~ 5.5. [12].
Hy»kHO oTMeTuTh, 9TO NMPUBEJEHHBIE HA PHUC. 6 TOYKH
utst e /kpT, pacrosararorcsi IPUMEPHO MOCEPeTNHE
MEXKIy JIMana30HaMU XapaKTepUCTHIECKUX OTHOIIEHUM
J1g 6OJIBINON U MaJIoil IIesy; TodHee, £5'"* IpUHIMaeT
snavenns ~ 2.5Ag(0), Te. menee AL(0) + Ag(0).
Takum 06pa3oM, COrJIACHO IIPEJICTABJIEHHON CTATHCTUKE
nanubix, st Na(Fe, Co)As BbIIOJIHSIETCS PE3OHAHCHOE
YCJIOBHE, YKA3aHHOE B TeOpeTudecKux pacderax [54, 55|.

6. 3akJirrouenme. llpusemeHHbI KpaTKuii 0b630p
MTOKA3bIBAET, UTO UCCJEIOBAHUS CBEPXIIPOBOIHUKOB CE-
MeiicTBa 111 Ha OCHOBe IMEJIOYHBIX METAJIOB, OTKPBI-
TBIX MOYTHU 13 JIeT Ha3aJl, BCE elle JAJIEKN OT 3aBepIie-
Husi. VMeroruecs: 3KCIiepuMeHTaIbHbIE JIaHHBIE JOCTa-
TOYHO Pa3pO3HEHHBI U B OOJIBINMHCTBE CBOEM HETOCJIe-
JloBaTe/IbHBI. '1eM He MeHee, IMOCKOJIbKY ITHUKTHUIBI Ce-
MmeiicrBa A-111 j1eMOHCTPUPYIOT HETPUBHAJIBHBIE CBOIi-
CTBa, HEXapaKTEPHBIE IS KEJIE30COIEPKAIIIX CBEPX-
[IPOBOJIHUKOB JIPYTMX CEMEHCTB, MMEHHO OHU MOLYT
CcTaTh KPaeyroJbHbIM KaMHEM J[jIs OTBETOB Ha MHOTTE
dyHmamenTabHBIE BOPOChl. Hanbosiee BayKHBIMEI IKC-
TEPpUMEHTAILHBIMHI 3, Ia9aMH [IPEICTABIISIIOTCS:

e [Ipssmoe mamepeHne CTPYKTYpPhI CBEPXITPOBOISIIE-
ro mapaMeTpa mopaaKa (KOJMIECTBO, AMILIATYbI, CHM-
METpUS U XapPAKTEPUCTUICCKNE OTHOIIEHUS CBEPXIIPO-
BOIAIINX IEIeH, MX TeMIepaTypHble 3aBUCAMOCTH U
BO3MOXKHOE pacxoxkjenue dhasbl s + 18) B JOINMPOBAH-
ubix AFe;_,Tm,As (A =Li, Na; Tm = Co, Ni, Cu, V,
Rh), a rakxke coepuHeHusix ¢ AeDUIATOM IIEJIOIHBIX
merasoB Aj_sFeAs npu Bapuarmuu x u 6. CpaBHeHne
CBOICTB KPUCTAJIJIOB C 3JIEKTPOHHBIM, JBIPOYHBIM U H30-
BAJICHTHBIM 3aMeIleHneM, HeJI0- U MePeIOIUPOBAHHOTO
COCTaBa, a TaKyKe OIpEeIe/eHNe IBOJIONNN UX CBONCTB
BJIOJIb COOTBETCTBYIONIUX (DA30BbIX JIMArPaMM JIOMUPO-
BaHUSI.

e llccienoBanme CIOUHOBOTO pE30HAHCA METOIA-
MU HeyIPYroro paccesHus HEHTPOHOB (ompezeseHue
SHEPIWM E£(, €€ XapPaKTEPUCTUIECKOI'O OTHOIIEHUS U
TEMIEePATYPHON 3aBHCUMOCTH) B II€PEJIONMPOBAHHBIX
NaFe; ,Co,As, a takxke B numkruzax Na-111 ¢ 3a-
MeIIEHUSIME YKeJjle3a Ha JIPpyI'ue IIepeXOjHble MeTaJLIbl
(Cu, Rh u mp.) nim pedunurom Na Bo BeceM puamnazone
samemenns. Ompenenenue NIPUPOALI OO30HHON MOIbI, ee
SHEPIUN U TEMIIEPATYPHON 3aBUCUMOCTH B TYHHEIHHBIX
SKCIIEPUMEHTaX BBICOKOI'O Pa3pelleHusl.
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o [TogpobHoe wuccreoBaHMe BO3MOXKHOIO COCYIIE-
CTBOBAHUs HEMATUYHOCTH ¥ CBEPXIIPOBOJIUMOCTU B
LiFeAs, a Tak:ke Jpyrux »KeJjie30CO/EPIKAIIUX CBEPX-
[IPOBO/THAKAX.

DKCIIepUMeHTaIbHAS TPOBEPKa O00O3HAYEHHBIX BbI-
1ie po0J1eM JI0JIZKHA OIIPEIE/IUTh CTEIIeHb BIIUSHUS 0CO-
OeHHOCTEe!l 30HHON CTPYKTYpbI, MAarHETH3Ma W HeMa-
THYIHOCTH HA CBEPXIIPOBOISAIIYIO MIOICACTEMY, UTO, Oe3-
YCJIOBHO, HEOOXOIMMO JjIs aJaIlTallii U PaCIIuPeHs
TEOPETUIECKUX MOJIEJIel, OMMCHIBAIOINX (DUIUKY ITHIK-
THIOB W CEJEHUOB »Keje3a. MOKHO HAJedATbCs, 9TO
9TO NPUOIU3UT HCCJIEJOBATEs el K OTBETY Ha IVIABHBIN
BOIIPOC: YHUBEpPCAJIEH JIM MEeXaHW3M HEKJIACCHUYeCKON
CBEPXIIPOBOINMOCTH MHUKTUIOB U CEJICHUIOB DPa3JINd-
HBIX ceMeicTB?

Asropsr 6arogapar 1. B. Mopososa 3a npeaocTas-
JIEHW€ BBICOKOKAYEeCTBEHHBIX OOPA3I0B, MOPAJIHHYIO W
TEXHUIECKYIO MOIEPKKY UCCJIEIOBAHUI U ITOCTOSTHHOE
BuuManue, M. M. Kopmrynosa u B. M. [lynanosa 3a mo-
JIe3HbIE 00CYKICHUS.

Pabora BrimoHEHA B pamMKax TrocCyZapCTBEHHOTO
3ajaHusi MuHECTEPCTBA HAyKM U BBICIIETO 00pas30-
panug P® (rema “Dusuka BBICOKOTEMIIEPATYDPHBIX
CBEPXIIPOBOHUKOB U HOBBIX KBAHTOBBIX MATEPHUAJIOB’,
#0023-2019-0005). DKCIIEPUMEHTAIBLHOE UCCIIETOBAHIE
LiFeAs npu yuacrum T.E.Ky3spmuuesoit mposejieHO
B paMKax MpoeKTa Pocchiickoro HayvIHOTo QQOHIA
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