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Tpeanoxkena KauecTBEHHas TEOPMS SAEPHOTO MATHETM3MA Ha (hOHE CBEPXMPOBOAUMO-
cru metTasios. XOTA TEMAEPATypa CREPXIMPOBOASILErO MEPEXOJAa HAMHOrO Bbille Temile-
paTypbl AREPHOrO YNOPAAGUEHMA, AACPHLIA (PEPPOMArHETUIM MOXET HACTHYHO WIM NOJ-
HOCTBIO DA3pyLIMTL CBEPXNIPOBORMMOCTb. OOCYXA2ETCH IKCNIEPUMEHTANBHAN METORHMKA,
nO3BOASIOIIAS ONpeAennTs 3PEXTUBHYIO KOHCTAHTY 3/EKTPOH-SAEPHOTO CITMH-CIIMHOBOTO
B3AMMOAEUCTBMS JUIS CBEPXIMPOBOJHHUKOB.

PACS: 72.15.Eb

1. B [1] suepsuc ofHapyxeH 3p¢eKT CHIbHOrO BIAMSHHS sjuepHoro deppomarse-
TH3MA HA CBEPXNPOBONMMOCTh Mera/uloB. Ha BO3MOXHOCTH paspymieHHsi CBEPXIIPO-
BOIMMOCTH Tipu (hepPOMArHUTHOM HAEPHOM mopsake ykasaHo B [2). KauectBenHo
CYTh SBJACHMS COCTOMT B CjaeayomeM. Xord TeMIepaTypa CBEpXNpoBOAsiero ga-
3osoro mnepexoaa T,. OoOWYHO HA MHOTO NOPSIKOB BHIIE TEMAECPATYPH SAECPHOIO
ynopaaouyeHns T.,, MOTEpS SHEPrUM NpY Pas3pyMICHUH CBEPXIPOBOAMMOCTH HA OOMH
anexTpoH aumwb nopsaxa T2 /ep (ep - oueprus Pepmu anekrpoHos), a He T.., Kak
KaXeTcs HAa NEPBHHN B3Iad. DTO CBI3aHO C TEM, YTO TOJNBKO MAJasi YaCTh JCK-
TpoHOB BOMM3M mnoBepxHocTH (DepMM OTBETCTBEHHA 33 CBEPXNPOBOAMMOCTb. OpHako
sHeprus EpPOMATHUTHOIO SAEPHOrQ ynopsjpoucHus nopsiaka T, Ha OXHO sAPO.
TMoaroMy, e€CaM NJIOTHOCTh $ACP M 3/MEKTPOHOB HE C/AMIIKOM CWIBHO OTJIMYAETCH,
nosiyuaeM rpyOuii XpUTepuii paspymerus CcBepXnpoBogMMOCTH: Tener > T2,

2. B [1] uccnepoBanoch METaaIM4YeCKoe cocaMReHME Aulng, KOTOpOE sABAMETCH
CBEPXMPOBOAHMKOM MEPBOro poga ¢ xpurvueckoil Ttemmeparypoit T.. = 0.207K u
KPATHYECKHM MArHuTHHM noneM Ho (T — 0) = 1.45MTa. Ilpn T, = 35MxK of-
HapyxeH (eppoMarHUTHHI (Pa30BHI NEPexox B CHCTEME sfep In, YTO MPUBOAMT,
npu nouwxennn T, Kk ymewbueuwio H, po 3nauenus 0.87MTa um pasMuTHIO JM-
HuM cBepxnposoasinero ¢asororo nepexosa H (T) mpu T < T.,. Hs-3a xopomero
TEMJIOBOrO KOHTAKTA MEXIY SJIEKTPOHAMHM M SAPaMHM OHY HAXOAWINCh B TEPMOAMHA-
MHMUYECKOM PaBHOBECHHM, TO ecTb T™ =T¢. Bpems yCraHOBJEHHS DPaBHOBECHS OKOJIO
ONHOrO dYaca. B pgaHHO#t paboTe MH MNPERJAraeM KAayeCTBEHHYK) TEODHIO SBJICHHA,
ofHapyxeHHoro B [l], M npOrHO3WpyeM PpE3YJAbTATH BO3MOXHHX OIKCMEPUMEHTOB,
IiI€ KOHKYPHMPYIOT CBEPXNPOBOAMMOCTh M SJIEPHHH (DeppoMarHeTH3M.

®aszoBas auarpaMMa Metaysia Ha wiockoctd H,T 3asucur or cmocoba ”mpm-
roTOBJIEHMS” qAepPHOro mnopspka. B [1] Hu3kas TemmepaTypa NOJY4YEHa METOAOM
SAECPHOTO PasMArHMYMBAHMS, TO €CTh CHAuaja B HOPMAJbHOU (base METa/ula mpOMC-
xonuT (pa30BHI HEpEXod B CHCTEME sipep B ¢(eppOMarHMTHOE COCTOSHHE, & 3aTEM

l)Dyugaev A.M., Vagner 1.D., Wyder P.
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Opd YMEHBIIEHMM MAarHWTHOIO IOJIS META/1 CTAHOBHTCH CBepxmposomHumkoM. Cre-
JOBaTeNbHO, (PA30BHIA NEpexon SBASCTCHA NEPEXONOM NO MATHWTHOMY TNOJMIO, A HE
Ho TeMneparype, Korna npn noduxenmu T B cBepxmpoBopsmed ¢ase sgepHas
CHMCTEMA CTAHOBHMTCS (DEpPOMATHMTHOH. 3TO CYIIECTBEHHO YNPOLIAET AHAIM3 SBJE-
HMs, TAK Kak Her adxpexTta OOpPAaTHOrO BAMSHMS CBEPXNPOBOAMMOCTH HA SIEPHBIN
(beppoMarHeTUsM: CBEPXNPOBOAMMOCTb TOSBASETCH NPH YXE 33aXAHHOM SIEPHOM
MArHMTHOM Mopsigke. [IpM 3TOM YACTHYHO CHMMAETCH BOMPOC O CYIIECTBOBAHMH
HEOJHOPOAHOIO CBEPXMIPOBOASIIEr0 cocToaHnd, 10 ecTb asn JIODD [3,4]. Ilepe-
xof B 3ty (azy MOXeT UpoM30iTH JMIUb ¢ GOABWION BPEMEHHOW 3aepXKOW, ecau
obnuHas ogHopoaHas (paza mMeracraCunibHa.

Ilpu T < T., BO3HHMKAET JOMEHHAS SIEPHAA CTPYKTYpPa CO CMNOHTAHHHLIM SHECPHLIM
MOMEHTOM B JomeHe M, (7). MakcumanbrHoe 3sHauyeHne M, (T) orBeyaeT MOJHOM
nondapusauun apep B gomene. Cpennmit spepHHil MOMEHT no ofpasuy mertamna M,
33aBMCAT OT HAUAJbHBIX YCJIOBHMH pPa3MarHHUMBAHWUA, TAK KAK ABHXCHHE NOMEHHBIX
CTEHOK NPOMCXOAMT KpadHe MeNJeHHO. [as ompeneneHNst TEMIIEPATYPHOM 3aBHCH-
MOCTH KPHTHYECKOTO MATHHMTHOro nois H. ucnoib3yem uasecTHoe (3,5] BHIpaxeHue
i ¢BOOOAHON DHEPrMHM CBEPXNPOBOAHMKA Fg:

v B?

— =_(2J% — A? Zc

Fs — F, 4( J Af) + 8
J=u.H, B.=H. +4rM,, ()]

F, — sHeprus HOPMAJBHOrO META/IA, v — IUIOTHOCTDH JJIEKTPOHHHIX COCTOSIHMM, Ag
— IEeap B CHOEKTPE INeKTpoHOB npu T =0, J — pasgBuXKa JHEPTUN 3/MEKTPOHA C
MPOTHBONOMOXKHBNMY HANpaBACHMIMHM CNMHA, BO3HMKAIOMAS M3-332 MOAMATHWYMBAHUS
97IEKTPOHOB sapamu; H, -~ addekTHBHOE sSNEpHOE MNOJE HA 3INEKTPOHE, KOTOPOE
MPOMOPUMOHAIBHO MATHHTHOMY smepHOMy MoMeHTy M,(T). He xoHkpermsupys
noka cBsa3b M,(T) u H,(T), us (1) monyuaem 3aBucumocte B (T) or M,(T) wm
M, (T) or B.(T):

oem-senal- 43 (- 4]

B3(T..) - B(T)|"?
BI(T...)  B2(0) ] (2

Usmepaemoit senuumnort senserca He B (T), a H.(T). Cpeauuil snepHbiii MOMEHT
M, TOACTPAaMBACTCH NOJ BHEMHEE MATHWTHOE TONE KpaiHe MENJIEHHO M oOmnpese-
JHIETCSl, B OCHOBHOM, HAYAJbHBIMH YCJOBHSAMH SIEPHOIO Pa3MarHMYMBaHHUs, TO ECTh
3HAUECHHEM TOTO MArHMTHOIO MOJS, NPH KOTOPOM BIEPBHE NOSBWICH SAEPHMIA NOpS-
IOK, a He 3HaueHuem H (T). Tloaromy, MeHSS HayaJbHHE YCHOBMS IKCHEPMMEHTA,
moxHO 3 (2) ompenenuts H (T), Buumras 3 B.(T) He 3aBucumyw or T mocro-
sHHyI0 4vM,. Tlpm 3ToM mepBoe cooTHomeHME (2) AaeT BO3MOXHOCTb MO rpy6oMy
pacuery M,(T) B npuG/MXeHMM CPEAHErO NOJS ONPEAENMTH JHMHHIO COCYHMIECTBOBA-
HUSl CBEPXNPOBOAMMER W HOpMmanbHo# ¢as meraina H (T). Bropoe coornomenne
(2) Gonee mdopMaTHBHO M TNO3BOASET MO 3KCNEPUMEHTAIBHON 3aBHCHMOCcTH H,
or T onpeneauTb HaMaraHWueHHOCTh M, (T) kybmueckoro raisenGeprosckoro dep-
pomarHeTnka co cnuHoM S =9/2 (cnuw smpa I,). OtmeruMm, uro B [1] ykasaHo

M, (T) = M,(0) [
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HAa HECOOTBETCTBHEC HM3IMEPAEMOH 3aBHCHMOCTH H, or T C CymeCTBYIOIIHMH TEOpE-
THYECKHMH MOJEJSMM, HO BHIPaXcHHS THHa (2) HE aHAIH3HPOBAJHCh. Tak Kak B
[1] He obHapyxeHO cMHIKOM CHAbHON 3aBHCHMOCTH H (T) OT HavaibHBIX YCJOBHii
IKCIIEpHMEHTA, €CTh OCHOBAaHHMA He paaymuare B, m H. B (1), TO ecTh noJOXHTH
M, pasuM Hymo. Ilpu arom u3 (1) MOXHO ONpENEMNTh 3HAUCHHE MAKCHMAIBHOTO
gnepHoro moad H,(T =0), xoTopoe mocTHraeTcs NpH NOJHOR NOJSAPH3ALUMHA SHEP:

- b H2(0) \'?
1020 (1~ ) @

Tak Kax IUIOTHOCTb coctosumit v B (3) e Bxomur, a H.(0) u H.(T.n) ans Auln,
msBecTHH [1], 10, mpennonaras, uro Ao css3aHo ¢ T, no Teopuu BKIII, moxyuaem:

Ha(0) % 0.15Tn, J(0) = p. Ha(0) ~ 0.21 K.

[Mapamerp H,(0) sBasieTcs BaxHOM xapakrepuctiikoit Mmerauia. OH mM3BecTeH
TOMBKO Aast aByx Bemects: Li m Na [6] u onpepesnsier CABMr JMHMH 3EKTPOHHOTO
pe3OHaHCAa NPHM NOJHOM nomspusauud smep Merogom OBepxaysepa. Hamepenue
ITOTO CABMTA CBA3aHO CO 3HAUMTE/IBHBIMA TPYRHOCTaMH ([6].

3. Ioaromy o6CyauM 3SKCHEPAMEHTAMBHYIO METOOHMKY, MO3BOIMIOMIYIO Ompene-
JUTh 3HaueHwe H, N0 KpaiHE# Mepe A CBEPXNMPOBOAHMKOB. [lns 3ITOro BOC-
HOb3yeMCS BO3MOXHOCTBIO CO30aTh HEPABHOBECHYHO CHTYAlMIo, KOTAA TEMNepaTtypa
SIEp OTOpBaHA OT TEMNEpPAaTypH eKTpoHoB: T « T¢. Ecm T° € T, 10 T,
poO0IIE BHIANAET M3 OKOHUATENbHHX BHIpAaXEHMH aAnd HAGAIOHAEMBIX BEJIMUMH M
€ MOXHO YCJIOBHO CYWMTAThb PABHOH HYJII0 M CJICAUTh TOJBKO 33 TEMIIEpAaTypol
sagep. Ecaum craproBaTh ¢ BHCOKOrO MArHMTHOTO mnonas Hoy ¥ BHICOKOK smepHOM
Temneparypnl T8 > Tc,, KOTAa SAEpHad CHCTEMA MOYTH TMOJHOCTRIO MNMOJSAPH3OBaHA
H ABNFETCS MICANbHON, ¥ HAYATh aAMa0aTHUECKW BHIK/IOUATh MATHHUTHOE nose H,
TO SACPHHI MArHATHHH MOMEHT OYAET COXpAHATLCH BIUVIOTH A0 TOUKM (ha3oBoro
Mepexofja MeTaiyla B CBEPXNPOBOAsIIee cocTOsHME. BaxHo, uTto 3TOT mEpexon
OPOMCXOAMT IS SAEPHOM CUCTEMBI MIHOBEHHO NPH 3HAYEHHMM SRCPHOr0 MOMEHTA
M,(Ho,T3). Kpuruueckoe none B, Haxogurcs 3 (2), IIE€ HYXHO 3aMEHHTHb
M.(T) va M,(Ho,Ty). Hauanvume ycnoema Ho u T3 Bceraa MOXHO BHOpaTh
TaK, uT0 3PdexT noaMarHMuMBAHMS INEKTPOHOB supamu (mapamerp J B (1)) oxa-
xercs BaxHee, 4yeM 3ameHa H, ma B, B (1). B camom gene: J koHKypmpyer
B (1) ¢ Manoit senMuMHON. “Ag, a8 119 OUEHKM B, MOXHO BOCNOJb3OBATHCA BHI-
paxenueM B, = H. (1 + x»), TA€ X — SOCpHAd BOCIPHUMMYHMBOCTh, KOTOpas MaJja
npu BHCOKHX T > T.,. Wrax, npm aguabaTHYecKOM pPa3MATHHUMBAHHN MOXHO
nameputs H (Ho, T3). B cBépxiipoBonsimeit ¢dase nose B paBHO HYMIO M SIEPHBI
MOMEHT M, penakCmpyeT. K HyJeBoMy 3HaueHmo. Eciu 3aTeM HauaTh BKJIIOYATH
MAFHATHOE IOJie, TO CBEPXNPOBOAMMOCT: OyneT paspymeHa npr Gosee BHICOKOM,
ueM H (Ho,T}), none H,o m HA ocHose (1) HaxommM mapamerp

Ao B2(Ho, T? ))’/2
H,(Ho, Tp) = 1 - Zldodo)) 4
( ¢ O) I"'c\/i( cho ()

Tax kax 3HaueHua Ho m Ty BWOpaHW Tak, YTO HA BCEM ITanme aaHabGaTHYECKOTO
pasMarHMUYMBAHAS MOXHO NpeHeSpeub auep-sACPHHM B33HMOACHCTBHEM, TO

Ho( 1o, T5) = 825, (4352 3)

o]
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raie B, - ¢ynxums Bpwumoosna, a H? - npepen H, npw u,Ho > T, xorna Bce
sgpa mnoaspusosBanpl. (CiegoBarenbHO, M3MepeHMe 3aBucmMmocth H, or T um Hp
nozsonser Ha ocHoe (4), (5) onmpenenuts 3HauyeHHE 3(PEKTHBHONO MATHHTHOTO
sIepHOro mons Ha anekrpoHe HC npu nonHo# nonspusaumu spep. OrMetmM, uro
addexT nepeoxTaXREHUs FGACPHOM CHCTEMH, NPHBOASIIMA K oTmymi0 H. or H,
fui ofmapyxeH B (7] NpY IVMKIMYECKOM BHIKJITIOUEHWH ¥ BKAIOUCHMA MATHHTHOIO
moJig, IME HMCCAEAOBAJIACh SIEPHAd peJjakcalyus B CBEPXMpoBoasmieMm Al
OnpenenuM Tenepek (heHOMEHONIOTMYECKYIO KOHCTAHTY 3/€KTPOH-SAEPHOTO CIHH-
CIIMHOBOTO B3aHMMOIEHCTBHS Jo B MOZETH CBOGOAHHX MEKTPOHOB 6e3 yueTa BAMSHMS
30HHOM CTPYKTYpH MeTa/wid. [lns 3roro sanmmem 310 B3ammoacicrBue B BHue (8]

Ven = —6(1': - rn)(—a‘sﬁl’ (6)

TIE n, — IUVIOTHOCTh SACP. BHpaxas ¢akTop MOAMATHUYMBAHKA ICKTPOHOB SOPAMY
J B (1) uepes V.., nonyyaem [8]

J(Ho, T3) = JoB, (“3?0) . (7

Hng Auln; ¥3 aHanM3a SKCNEPUMEHTAJIbHHIX HamHuX [1] Haxommm: Jo =~ 0.21K.
Crnegyer OXuAaTh CWIBHOTO B/IMSAHMY HEPABHOBECHOM SuEpPHOM HAMATHUUEHHOCTH
H3a CBEPXNPOBOAMMOCTb WM s MeTawios: In, Ta, Bi (mwiemkm), Sb, Tl V¥V srmx
3JIEMEHTOB COBMECINAIOTCS BHICOKME 3HaueHusd T,. CBEPXMPOBOASIIEr0 mEpexoma H
CH/IbHOE 3JMEKTPOH-SJEPHOE CHMHH-CIIMHOBOE B3aMMONCHCTBHE V.., UTO CJAEAYET H3
aHANM3a SKCIEPHMEHTANbHHX HaHHBIX no casury Haiira.

Mu Gnarogapum 3a obcyxnenue paborsi A.303uHa u 10.OBummuukosa. Pa6ora
BHINMOJHCHA NpU nopaepxke Poccuitckoro ¢oupa GyHaaMEHTaNbHHX WCCACAOBAHMIL
WUOB. mu ILB. 6naronapsT HeMEUKO-M3DAWIbCKMH (DOHA TNOANEPXKKH HAyUHHIX
rccaenosanmit 1-0222-136.07/91.
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