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HpOBe,ZLeHbI CUCTeMaTUYIEeCKHUEe HUCCIEeIAO0BaHUA MarHUTOTPaHCIIOPTHBIX CBOMCTB MArHUTHBIX TOIIOJIOTHYE-

ckux m3ossaTopoB cemeiictBa (MnBisTes)(BizTes)m ¢ m = 0,1,...,6. Hccaemosanbl TemMuepaTypHble 3aBU-

CHMOCTHU Y/I€JILHOTO CONPOTHUBJIEHUS, MATHUTOCONPOTUBIeHNE U 3ddekT XoIa Ipu HU3KAX TEeMIEPATyPax.

IIpn yBesmyenum m, T.e. KOrJa pacCTOsIHUE MEXKJY JIBYMEPHBIMU MarHUTHBIMU ciosgmu MnBisTes yBesmman-

BaeTcCs, IMPOUCXOAUT IIepexoJ OT aHTI/I(beppOMaFHI/ITHOI‘O K d)eppOMaI‘HI/ITHOIVIy COCTOsAHUIO, O6yCJIOB.H€HHI)II71

ocyiabJIeHrneM aHTU(EPPOMATHUTHON CBSI3U. YCTaHOBJIEHO, YTO (pePPOMATHIUTHOE COCTOSTHUE “BBIXKUBAET  JTarKe

B obpasmax ¢ m = 6, korga ciaou MnBixTes pazgesnens! mectbio HeMarauTHbIME O0Kamu Biz Tes.

DOI: 10.31857/S1234567823240060, EDN: nltvkh

Iocse orkpwbiTus [1-5] HOBOro anTHdeppoMar-
autHOrO (ADM) Tomosormueckoro msossropa (TU)
MnBisTey 65110 3ydeno 60bII0E CEMEiCTBO COOCTBEH-
HBIX MArHuTHBIX TV B NOMOJIOTMYECKUX COEIUHEHUSIX
(MnBisTeys)(BigTes),, [6-11]. Peub maer o cionctbix
Kpucrajiax, cocrogmumx u3 2D  deppomaranTHbIX
((IDM) CEMUCJIOWHBIX JABYMepHBIX O0s0K0B MnBisTey
npu m = 0 u mepuoguvIeckoro Habopa CEeMUCTIORHBIX
7 M HEMarHUTHBIX ISTUCIOWHBIX 010K0B BisTes mpm
m > 0. MaruutHple W 9JIEKTPOHHBIE TPAHCIOPT-
HbIE CBOHCTBA THUX MATEPHUAJIOB CHUJIBHO 3aBUCST OT
3HAYEHUST 1M, 9TO JIEJAET WX JIEFKO YIPaBJISIeMBIMU.
B To Bpems, kak paborbl [1,2,6], momMumo Teope-
THYECKAX PaCYeToOB, OCHOBBIBAJUCH B OCHOBHOM Ha
SKCIIEpUMEHTAJIbHBIX  HCCAEJOBAHUSIX  DJIEKTPOHHOMN
crpykrypsl  nosepxuoctu  (ARPES)
marHerusma (Marauromerpusi) upu m = 0,1,...,4,
JIpyIue WCCJIeI0OBaHUS OTHOCUJINCh K MATHUTOTPAHC-

0,1,...,3:

u 00BbEMHOIO

IMOPTHBIM CBO¥iCTBaM 00pa3moB ¢ m =

De-mail: zverev@issp.ac.ru

MnBi2T64 [11*14], MnBi4Te7 [147 15], Ml’lBi@‘TelO
[14,15], MnBigTe;3 [16]. Oganako, HACKOJBKO HaM
M3BECTHO, WCCJIEIOBAHAS MATHUTOTPAHCIOPTA BCETO
cemeticrea (MnBisTey)(BizTes),, B 1mmpokoMm nuana-
3one 3HaveHuit m [7,11,17] 1o cux mop OTCYyTCTBYIOT.
3/ech MBI BIEPBBIE TIPEACTABISAEM CHCTEMATHIECKHUE
UCCJIeIOBAaHUS MaTrHUTOTPAHCIOPTHBIX CBONUCTB 3TOTO
cemeiicrBa ¢ m = 0,1, ...,6, a UMeHHO, TeMIepaTyPHbIX
3aBucuMocreil yuenbaoro couporusienus p(T), Marau-
TOCOLPOTUBJIEHUS Pqq(H) u addexra Xomma pgy(H)
IpHU HU3KHUX TeMIepaTypax.

TpaHCIOPTHBIE W MATHATOTPAHCIIOPTHBIE CBOHCTBA
u3ydasanch Ha obpasnax (MnBisTey)(BisTes),,, momy-
YEHHBIX CKaJbIBAHUEM U3 CJIMTKA, BLIPAIIEHHOIO METO-
JIOM KpUCTAJLUIN3aIMN U3 paciuiasa. O6pasibl ObLIM 0TO-
OpaHbl U OXapaKTEPU30BAHBI METOJAMHA PEHTTEHOBCKOI
mudpakuu 1 paMaHOBCKOT'O PACCesIHUsI IPH KOMHAT-
HOH TeMIeparype, Pe3yJIbTaThbl 9TUX UCCICI0BAHMI ObI-
s omybsinkoBanbl panee [8,11,17]|. Xapakrepublii pa3-
Mep 06pasIoB cocTaBIal mpuMmepro 2 X 1 x 0.1 w3,
KoHTaKTBl GbUIM IPUTOTOBJIEHBI C MOMONIBIO IIPOBOJIA-
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Puc. 1. (Color online) TemmneparypHble 3aBucuMocTu yaeiabHoro conporusiaenuss (MnBizTes)(BizTes),, mus m = 0,1, ..., 6.

Kpussie sHa puc. 1b ciBUHYTBI 0 BepTHUKAJILHON IIKaje st H6ojiee yIOOHOIO NPECTABJIEHNUsI, BEJIMUNHA M PACTET CBEPXY

BHU3 oT 1 10 6

el rpacdpuToBoit mactbl. O6pa3Ibl MOHTHPOBAJIUCH BO
BCTaBKY, ITO3BOJIAIONLYI0 PaboTaTh B IIUPOKOM IHAIlA-
sone temmneparyp (1.4-300) K, norpykeHHyoo B KpHO-
CTAT C XKUJIKUM T€JINEM CO CBEPXIIPOBOJISAIINM COJIEHO-
ujom. Ilosie Beerya ObLIO OPUEHTUPOBAHO MTEPIIEHIUKY-
JIIPHO TLJTIOCKOCTH 0Opa3ria. M3amepeHust COmpoOTUB/IEHUS
IIPOBO/IMJIACH C UCIIOJIb30BAHUEM CHHXPOHHOTO JIETEKTO-
pa 10 CTaHAAPTHON 4eThIPEX30HA0BOI METOJUKE Ha IIe-
pemennoMm Toke uactoroit 20 ',

TemmepaTypHasi 3aBUCUMOCTD yJI€JIbHOI'O COIPOTUB-
senns obpasna MnBisTey mpencrasiena ma puc. la.
DTOT 06PA3EI] COCTOUT TOJIHKO U3 CEMUCIOWHBIX OJIOKOB,
T.e. coorBercrayer caydaro m = 0. Ha p(T') nabirogaer-
cs ocTpeiit uk npu Temieparype Heenss Ty = 25.3 K,
00yCJIOBJIEHHBIIT aHTU(DEPPOMATHATHBIM YIIOPSI0IE€HU-
eM CceMUCJIoOiHbIX 0OJsiokoB. Ha puc. 1b mokasaHo, Kak
TeMIIepaTypa MATCHATHOTO YIIOPSTOYEHUs 3aBUCUT OT
KOJIMIECTBA M MSTUCJIONHBIX OJI0KOB B Kpucrasie. [lpu
m = 1 kpuTudeckas TeMieparypa nagaet jo 13.2 K, 3a-
TeM OHA MOHOTOHHO CHHMXKAeTCsl, HACBIIIAsICh IIPUMEPHO
mo 11K mpu m > 4. Mb1 obHapyKuim, 9T0 KpUTHIE-
cKasl TeMIepaTypa mepexoja Jjisi 00pa3ioB ¢ OJHUM U
TeM 2Ke 3HAYEHUEM 71 MOXKET HECKOJIBKO OTJINYATHCS B
3aBUCUMOCTH OT KadecTBa obpasia. Ha pucynke 1 npen-
CTaBJIEHbI KPUBBIE, [TOJIyYEeHHBIE HA HAIMUX 00pasiax ¢
CaMO BBICOKOI TeMIlepaTypoil Iepexosa.

IIpusokeHre MarHUTHOTO TI0JIsI CJIBUTAET IIUK Ha CO-
[IPOTUBJIEHUN U, B KOHIIE-KOHIIOB, CTJIA2KUBAET Ty OCO-
6ennoctb. B MnBisTey Ty yMeHbIaeTcs ¢ mojeM, a Ha
obpazmax ¢ m > 1 nabuomaercs obparusbiit adpdext. Ha
PUCYHKE 2 9TO sIBJIEHHE IIPOIEMOHCTPUPOBAHO JIJIsi 00-
pasioB MnBisTey, m MnBij Tess.

Hawubosee nnrepecuyo nudOpMAIIIO O MATHUTHBIX
cBoiicTBax 00pa3lOB MOXKHO IIOJIYYUTh U3 M3MEpPEHUi
sadpdekra Xosuta, Tak Kak 3TOT 3DDEKT Ompeaesser-
¢ moytHeIM mosieM Hiyoy = H + Hiyy BHyTpu obpasria,
KOTOpOE IIPEeJICTaBJIsieT cOO0M CyMMYy BHEIIHErO IPUJIO-
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2KEeHHOTO 110151 H m BHyTpeHHero oy Hiyg, CO3IaHHOTO
ciosmu MnBisTey, koTopbie siBsiiorcsa 2D MarauTamu.
IIpexxie Bcero, ormeruMm, uro B MnBisTey, Kak u BO
BceM cemeiicrse (MnBiyTey)(BigTes),,, ocHOBHBIMU HO-
CUTEJISIMU 3apsi/ia SBJISTFOTCSI 9JIEKTPOHbI. JlaHHbIE O KOH-
[EHTPAIUU U ITOJBUYKHOCTH 3JIEKTPOHOB B HAIIUX 00-
pasmax npusegensl B Tabs. 1. Kak BumaHO 3 TabuimsI,
KOHIIEHTPAIINs JIEKTPOHOB JTOBOJILHO BbICOKA. IIpm Ta-
KOIi KOHIIEHTPAIMKA HOCUTEJIENl Mbl U3MepsieM 00'beMHbIE
cBoiicTBa, Ha (POHE KOTOPBIX BKJIAJ OT IMOBEPXHOCTHBIX
TOITOJIOTUYIECKY 3AIUINEHHBIX COCTOSHUI ITPeHeOPeKu-
MO MaJl.

Db dexr Xonna 8 MnBisTey npu paszimumaabix TeMm-
nepaTypax IpejicTaBjeH Ha puc. 3a. Bujana peskas cTy-
menbKa 1pu poHgrp ~ 4Tn Ha 3aBUCHMOCTH XOJIJIOB-
CKOT'O COIPOTHUBJIEHUS OT II0JIs, OOYCJIOBJIEHHAS WHJTY-
[IUPOBAHHBIM T0JIeM crmH-buton mnepexogom [18]. Tlpu
H > Hgsp Bce ceMucJIONHBIE OJIOKU, UMEIOINe aHTHIIa-
PaJLIeJIBHY IO OPUEHTAIUIO CIINHOB B MAJIOM II0JI€, PE3KO
nepeopueHTUpyoTCs B ckotiennoe AOM cocrosiaue [19)],
B KOTOPOM He JIEXKAIlle B IIJIOCKOCTHU CJIOEB KOMIIOHEH-
Thl HAMATHUYEHHOCTU TAPAJIJIebHBI BHEITHEMY IIOJIIO,
a KOMITIOHEHTBI, JIEZKAIINE B IJIOCKOCTH, AHTUIIAPAJLIIE b
HBI JIpyT ApyTy. Beie Hgyp ckorennoe A®M cocrosinne
wiaBHo 3BoJionuonupyer B ®M cocroznue [18] u, kax
ciencTBre, moaHoe nose Hyoy yBemmuanBaercsa. C MOBBI-
IIEHIEeM TeMIIepaTypPbl CTYIIEHbKa CMEIaeTcss B CTOPO-
Hy MEHBIINX HOJIell U PE3KOCTh €€ YMEHDBIAeTCs, & IPU
T > T sror addekr ucuezaer. UaaynupoBaHHbIil 110-
JIeEM CITUH-DJIOI IIEPEX0]] MOYKET OBITh 3aPErUCTPUPOBAH
U B MarHMUTOCOIPOTHUBJIEHUU 00paslia, KaK 9TO IOKa3a-
HO Ha puc. 3b. I3 BeuunHbI CTYIIEHbKN HA 3aBUCHAMO-
cTH pwy(H ) MOXKHO OIeHUTb BeauuuHy Hing, ipu 4.5 K
sHauenune Hi,y paBHOo mpumepno 1.7 Ta. Ilpexcrasien-
HBIE 3/1€Ch JAHHBIE XOJIJIOBCKUX M3MEPEHUI COTJIACYIOT-
Cs C Pe3yJIbTATAMU TPAHCIOPTHBIX M3MEPEHUN 1 HAMAT-
anvyennoctn st MnBisTey (m = 0) [1,20].
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Puc. 2. (IperHoit onnaiin) Biusinue BHEIIHEro MATHUTHOTO IIOJIsl HA TEMIIEPATYPY MATHUTHOTO (DA30BOTO Mepexoma st 00-

pasuos MnBisTes (a) m MnBii4Tess (b). Kpacnas nyHKTHpHAs cTpesKa IMOKA3BIBAET CMEIEHIE MAKCUMYMa C yBEJIUICHUEM

MarHuTHOI'O IIOJI.

Tabuuna 1. Konuenrpamust (B Cl\/173) U TIO/IBUKHOCTH (B CMQ/B-C) 3JIEKTPOHOB mccyeoBaHHoro cemeiicrsa MnBigTey (BiaTes ),

[OJIyY€HHbIE U3 XOJIOBCKUX u3Mepenwuit npu T = 5K

MnBizTeyq MnBiyTer MnBigTe1g MnBigTeis MnBijgTeg MnBijoTeig MnBiji4Teos
6-101° 3.5-102° 3-1020 2:10%0 3.1.1020 2.5-1020 1-1020
40 40 100 160 350 130 200

Pacemorpum Terneps xo/utoBCcKue maHHBIE, IOJTY Y€H-
Hele s m > 0 cemedicrBa (MnBisTey)(BizTes)n,.
Kak ciemyer u3 wsMmepeHuil TeMmiepaTypHBIX 3aBUCH-
MocTelt BocmpumMmauBOCTH, coeammenne MnBijTer ¢
m = 1 mpu Ty =~ 13K wucnerroiBaer $a30BbIi TIe-
pexoz napaMarseTuk—anrudeppoMarueruk (6, 15]. Yiu-
BUTEJILHO, UTO, XOTS HIKe TN 9TOT KPUCTAJLI SIBJISET-
csa, kak u MnBisTey, anrudeppomarnerukom A-Tuima,
3aBUCUMOCTU g, (H) 9THX IBYX CHCTEM JEMOHCTDU-
PYIOT CYIIECTBEHHbIE Pa3jIMdusl IIPY HU3KUX TeMIlepa-
Typax. 9TO BHIHO U3 puC.4, KOTOPBI WLIIOCTPUPYET
s ekt Xojia Ipu pasHbIX TEMIIEpATypax B 0Opa3ile
MnBiyTe7. Bo-niepbix, Huzke T HAOTIOTAETCS XapaK-
TepHBIH 1711 peppoMarneTnka A-TUma BUL pgy(H), T.e.
crma-ton iepexos; 6e3 rucrepesuca npu 10 mw 7K B
moste 0.15 T, kak Ha KpuBbIX Ha puc.3a. OmHaKO Ipu
6oJtee HI3KUX TeMIIepaTypax CIuH-(JION epexo] Hadu-
HAeT JEMOHCTPHUPOBATH I'MCTEPEe3nCHOe mnoBenenne. Ha-
KOHeIl, Ipu caMoii Hu3koil Temueparype 1.4 K Habiro-
JIaeTCsl TIETJIsI THCTEPE3NCA U HEHYJIEBOE XOJLIOBCKOE CO-
IIPOTUBJIEHUEM C OCTATOYHON HAMATHUIE€HHOCTHIO. B pa-
Gore [21] Takoe NOBeJEHNE UHTEPIPETHUPOBAIOCH, KaK
KOHKYPEHIIUSI MEXKJIy MEeXKCJI0€BOIl OOMEHHOMN CBSI3bIO U
3aBUCUMOI OT TeMmmepaTypbl 3P(MEKTUBHON aHU30TPO-
nueit. ['ucrepesuchas meriist @M TuIa CUrHAJIM3UPYET O
JIOMUHUPOBAHNK 3(PPEKTUBHON aHU30TPOIINU, KOTOPas
obecriednBaeT BO3MOYXKHOCTD CTAOMIN3AIMHA OCTATOIHO-
IO MOJHOCTHIO HAMAIHUYEHHOTO (MeTaMarHUTHOIO) CO-
crosiaus. [IpejicraBiieHHbIE 3]1€Ch PE3YJIBTATHI XOJIJIOB-
ckux m3mepennii st MnBiyTe; cormacytores ¢ omy6-
JmkoBaHHBIMHE B [10, 14, 22].

Ouennb moxoKue 3aBUCHMOCTH gy (H) Habmomanucs
u B obpaziie MnBigTeqg, st koTroporo m = 2. Ho yxe
upu m > 3 apderr Xojuta BO BCeM IuaIa30HE TeM-
[ePATyp HUYKE TEMIIEPATyPbl MATHUTHOTO IIEPEX0a CO-
orBercTByeT @M cocrogHUIO, T.e. aHOMAJIBbHBIN 3 DEKT
Xousuta, xapakrepubiit s @M obpasnos, HabdbroIaET-
cs1 6e3 Kakux-jubo CTymeHeK, xapakTepubix fjis ADM-
COCTOSIHUSL. DTO BUIHO HA pUC. Ha, TJ1€ TPEICTABIICHA CO-
BOKYIIHOCTb KPUBBIX pz,(H) IpU pasiudHbIX TeMIepa-
Typax Juis obpasna MnBijgTeig ¢ m = 4. I'ucrepesuc-
Hble KPUBbIe MATHUTOCOIPOTUBIIEHUSL Il pyq (H ) TOTO
2Ke 00pa3sIia IMoKa3aHbl Ha puc. bb. MoKHO BUIETH, YTO
9TO MOBEJEHNE PE3KO OTJIMYAETCsI OT IIPEJICTABIEHHOIO
ua puc. 3b u 4 g obpasnos ¢ m =0 u 1. Ipu m > 4
MBI TaKKe HAOJIIONAIN AaHOMAJIHHBIN 3ddexT Xosua ra-
ke B obpasue MnBijsTess ¢ m = 6, a Kpusble pg,(H)
OBLIM AHAJIOTUYIHBI HAOJIIOTaeMbIM TIpn M = 4.

YuursiBast, YTO MBI IMeeM 110 ¢ nepexogom ADM-
O®OM npu yBesmdaeHAn M, BJIUSHIE MATHUTHOTO TIOJIsI HA
TeMIepaTypy mepexoia (cMm. puc.2a,b U TEKCT) MOK-
HO OOBICHUTDH cjeayitonuM obpaszom. Korma k obpas-
my MnBisTe, Boime T TpUKIaILIBAETCS MATHATHOE
noste (puc.2a), OHO, KaK W TeMmueparypa, AefcrByer
IIPOTUB MEXKCJIOEBOI0 OOMEHHOTO B3amMoJieiicTust. Kak
CJIeJICTBUE, KOT/Ia CUCTeMa IpubInKaeTcs cBepxy K T,
ADM ynopsiiodenne BKJIOUAETC TPH 0OoJiee HUBKOMN
TeMIieparype 1o cpapuenuio co ciaydaem H = 0. Ilpnu
m > 0 mexkcioesoe ADM BzamMoIeiCTBIE 3HAYNTEIb-
HO ocsrabuistercs o cpasaenuio ¢ MnBiyTey [6], HO Mar-
HUTHAs AHU30TPOLHMs MeHseTcs c1abo [23], Tak |ro
XapaKTepHas HEPrusl BTOPOIl JOMUHUDYET HaJ, Iep-
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Puc. 3. (Isernoit omnaiin) Munynuposannslit noseM crus-duon nepexorn B MnBisTey: (a) — addexr Xomna pay(H) upn

pasium9HbIx Temueparypax; (b) — MarHUTOCONpPOTUBIIEHUE Pz (H ) mpu 5 K
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Puc.4. (Ipernoii onuaiin) DddexrXomia B MnBisTer
[IpU PA3JIMYIHBIX TEMIIEpaTypax

Boit. IToaToMy OnHOOCHAsI MarHUTHAasI AHU30TPOIUS U
BHEIIHEE MATHUTHOE I0JIe JEHCTBYIOT COBMECTHO, IIO-
naBists BosHukHoBeHne ADPM yropsiiodenust U crabu-
mmsupys PM cocrosuue ipu 60J1€e BBICOKOH TemIepa-
Type, Kak BUIHO u3 puc.2b mus MnBijsTegs. (dan-
uble Jyist MnBigTeig mocrynsst B [6]). B 9T0M KOHTEK-
cre cjeayer OTMETHTb, YTO yKe mpu m = 1, Te. B
MnBi,Te7, sameransie 2D @M koppessiiiun HaOJIFOIa-
JIUCh BbIIe KPUTUYECKOI Temieparypsl [24], HecMoTpst
Ha oomMennyio ADOM cBaA3b MeXK/Iy CeMUCIONHBIMU OJI0-
KaMH.

Boobmme rosopsi, Tpexmeproe PM ymopsimodenme
JIOJ2KHO OBITB ITOTEPSIHO MIPH JOCTATOYHO OOJIBINNX 3HA-
yeHusix m. JleficrBuresibHO, coryiacHo ab initio BHIYUC-
JieHusIM, BbloHeHHbIX 11 m = 3 (MnBigTers u uso-
CTPYKTypHOE runorerndeckoe coeaunenue MnShgTeqs),
pasHuIa B OOINEHl dHEPTUU MEXKCJIOEBOTO B3aUMO/IEl-
crBuss AOM u ®OM cocrosamii TPEHEOPEKUMO MAJIa,
[24,25]. Tem He MeHee, KaK cJjiejyer U3 HAIIUX IKCIIE-
pumentoB, @M cocrosiHue “BbRKHUBaeT” jaxke B 0bOpas-

IIucema B 2KOTP Tom 118 Bem. 11-12 2023

e ¢ m = 6, 9T0 COOTBETCTBYET IIECTU HEMATHUTHBIM
BisTes ciiosim, pacroioKEHHBIM MEXKJIy KarKIbIM Mar-
muTHbIM ci1oeM MnBisTey B MnBiq4Tess. Onno u3 Bo3-
MOXKHBIX OOBbSCHEHMIT 3TOTO (haKTa MOXKET OBITh CJie-
aytoruM. CpaBHUTE/IBHO BBICOKAs KOHIIEHTPAIIUS DJIEK-
tporos 1020 ci—3 B HamuX 06pa3NAX MOKET IIPUBECTH K
Ruderman-Kittel-Kasuya—Yosida (RKKY) o6mennOMYy
B3aUMOJIECTBUIO MEXKJy CJIOsIMUA, KaK B CBepXpeller-
ke Fe/V, nemoncrpupyroreil HeyHUBEPCAJIbHOE KPUTHU-
YECKOe TIOBEJIEHNE U BBICOKOE 3HAYEHUE KPUTHIECKOTO
UHJIEKCA, KOTOPBI CHUXKAETCs JI0 CBOEro yHHBEPCAJIb-
Horo 2D 3HAvYeHUs IPHU JOCTATOYHO OOJIBIION TOJIIINHE
BaHajneBoro crueiicepa [26]. Bosbinas Bennmdnua Kpn-
traeckoro ngjekca 0.4 B MnBigTe;s (m = 3), o xo-
Topoit coobmanocs B [16], He MoXKeT GbITH OTHECEHA K
KAKOMY-JIN00O YHUBEPCAJIBHOMY KJIACCY U, CJIEI0BATEIb-
HO, OJIATOIPUATCTBYET TAKOMY IIPEIIOJIOKeHn0. B 00-
meM ciy4ae Mexkcsoesoit RKKY obmen mex iy maruut-
HBIMU CJIOSIMH MMEEeT OCHUJLIMPYIONUI XapakTep, Io-
nepemento npupoiasd Kk ®M u AOM ynopsimodeHnio ¢
[TOJIOYKUTEIbHBIM U OTPUIATEIbHBIM 3HAKOM KOHCTAHTBI
oOMeHa, COOTBETCTBEHHO. B HallleM ciiyyae KOHCTaHTa
mezkcsaoeBoro RKKY obmena mexay aromamu Mapras-
13, OIEHEHHAs C WCIOJIb30BAHUEM 3HAYCHUI U3MEpEeH-
HOl KOHIIeHTpaIu 1 paccrostaus Mn-Mn ist KaxK10-
o M WMeJIa TOJIOKUTEJbHBIA 3HAK, YTO HE MPOTHBO-
peunt Habmomaemomy @M xapakrepy (HazoBbIX Imepe-
xomoB pu m > 3. OmHAKO, OKOHYATEJIbHBIE BBIBOJIbI
[IOKa, JieJlaTh paHo. MarHuroMerpudecKkue H3MepeHUst
YIEHOB CEPUU C DOJIBIIKMM M MOTYT TOMOYb [IPOSICHATH
CUTYAIIUO.

Kak asnbreprarusa, Habsomaemoe @M cocrostHme
npu m = 6 MOXKeT ObITh PE3yJabTATOM KOPOTKOIEH-
CTBYIOIIEr0 B3aNMO/IEHICTBUSI, BOSHUKAIOIIErO M3-3a (-
dekTa B3auMHOro 3aMelrierns Mn-Bi, Kak B HEKOTOPBIX
obpazmax MnBigTe g, nemoncrpupyromux @M moseme-
HHUE TIPU BCEX TeMIepaTypax HUXKe KPUTHIECKOH TOUKI

27, 28].
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Puc. 5. (IIsernoit onnaitn) Anomansusrii adpdexr Xomwa (a) u marauroconporusienue (b) B o6pasue MnBiigTeig

Takum 06paszoM, BIEpPBBIE TPOBEIEHBI CHCTEMATH-
JecKue MCCJIeJO0BaHUsl MArHUTOTPAHCIIOPTHBIX CBOMCTB
TU cemeticta (MnBiyTey)(BizTez), ¢ m = 0,1, ...,6.
Kpucrasmist ¢ m = 0 aasrorcs anTudeppoMarneTuka-
mu A-tuna ¢ remneparypoiit Heesist Ty = 25.3 K. Coeu-
HeHusi ¢ m = 1 1 2 Tak¥Ke sIBJIAIOTCS aHTU(heppoMarte-
THKAMU, OJIHAKO 3HaUnTebHOE ocsiabaenne ADM mex-
CJIOEBOIT OOMEHHOH CBSI3U TO3BOJISIET CTAOUIN3UPOBATD
COCTOSTHHE C OCTATOYHON HAMAarHUYEHHOCTBIO, OJIM3KOM
K TAaKOBOI B HACBINIEHUU, I€TO MOXKHO JOCTUTHYTH IIy-
TeM IOCTEIIEHHOTO OCJA0JIEHUS BHEITHEr0 MATHUTHOTO
I10JIsI BILIOTH JIO €r'0 IIOJTHOrO BhIKJIoUeHust. s m > 2
ob1ree oBegeHNe CMeHsaeTcsI Ha peppomarauTaoe. [Ipm
9TOM MATrHUTHBIA nepexo Ha 3apucumoctu p(17) ¢ Kpu-
Tudeckoit Temreparypoit 11K, a Takke aHOMaJIbHDBIN
adpdekr Xoiuta HaAOIOIAIUCHL AaxKe mpu m = 6, riue
2D-MarauThl pa3iesieHsl MeCTbI0 HEMATHUTHBIMU OJ10-
KaMH, T.e. 00pasIlbl IO-IIpeXKHEMY JeMOHCTPUpPyoT @M
[IOBEJIEHNe, HECMOTPsI Ha TaKoe OOJIBIIOE PACCTOSIHUE.
Mo2KHO TPEIIIOIOKHATD, ITO IPU TAKUX OOJIBIIHX Pac-
CTOSTHUSIX M€Ky CEMUCJIONHBIMU OJIOKAMU MEXKCJIOEBAST
obmennas cBa3b RKKY Tuma moxker urparh 3aMeTHYIO
poJtb B1aroIaPs OTHOCUTEIBHO BHICOKAM KOHIIEHTPAITH-
M JIEKTPOHOB B HCCJIEIOBAHHBIX obpasmnax. C apyroit
CTOPOHBI, UMEIOIIUECS] B JIITEPATYPE JaHHbIE yKA3bIBa-
0T Ha TO, YTO B3aUMHOe 3aMelneHne aromoB Mn u Bi
SABJISETCHA BayKHBIM (DAKTOPOM, BIIASIIOIIUM HA MEZKCJI0€e-
By10 06MeHHy0 ¢Bsi3b B (MnBisTey)(BizTes) . dus pe-
IIIeHNsT BOIIPOCa O NpuunHax ycroiunpoctu @M yropsi-
JIOYEHUsS TIPU M > 3 MOTPeOYIOTCS JAJIbHENIINe nCCTe-
JIOBaHUS.
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