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O ®PYCTPAIIUIOHHOM MEXAHHU3ME
BbLICOKOTEMIIEPATYPHOH CBEPXITPOBOIUMOCTH

H.E. J[3sa0wunckuil

[oxasaHo, YTO NpefnosokeHHe O TOM, YTO HOCHTENH CBEPXIPOBOAALICTO TOKA GpPYCTPHPYIOT
MarHHTHYIO CHCTeMY BBICOKOTEMIepaTypHOTO CBEpPXNMpPOBONHHKA, HE TONBKO pa3pyliaeT aHTH-
(eppOMarHMTHBIA NOPAIOK, HO ¥ NMpPEBpAIlAeT MATHHTHbIE BO36YX/IeHHA BO3HMKAOIIETO KBaH-
TOBOro (MOTTOBCKOTO) NapamMarHeTHKa B HeHTpanbHble PepMHUOHDL,

3a mocNenHHH IO B CBA3H C Pa3BUTHEM BBICOKOTEMIIepaTypHOi cBepxnpoBogumoctu (BTCIT)
BO3POAMIICSA HHTEPEC K KBAHTOBBIM NapaMarHUTHbIM (MOTTOBCKHM) H307ATOpaM . Yxe ¢ mep-
BBIX [IHEH BRICOKOTEMIIEpaTypHOro ByMa Cramno bonee WM MeHee ACHO, YTO T€ CaAMBIE 3apsfibl, KO-
TOpbI€ NEPEHOCAT CBEPXIIPOBOIALIME TOK, pa3pyIuanT aHTH(hEppOMArHUTHBIH IOPAIOK, GpycTpH-
pyA aHTHEepPPOMAaTHHTHOE B3aMMOIeHCTBHE. PaccMaTpHBaiCh 1B BO3MOXHOCTH, B aHmepcoHoBC -
Koit Mozien# PBB MM poficTBeHHBIX el Momensax (cM. ') cBepXIIpoBOAsAIIME 3apsAMbI IOMeIa -
JHCh Ha Mel. B xapruHe OMepr 2, HAPOTHB, OBIPKH JOKATH3OBAKCh Ha KHCIOPOTIE.

K HacroAuieMy BpeMeHH HAKOIWIOCh JOCTATOMHOE YUCTIO 3KCH(;pI/IMeHTaJIbeIX IOKAa3aTeNbCTB
B 110713y IMepH (M., Hanipumep, >' *). Jlpipounas d®-30Ha MeflM O-BHANMOMY TOJTHOCTBIO pac-
IIenJieHa Ha 1Bé “MOTT-Xa66apaoBCKHe HOM30HbI’, a p-30HA KUCIIOPOAA HEeXHT KaK pa3 MexIy
HHMH. PasyMHO II03TOMY HPHHATH MOZENb IMeEPH, OIIUCHIBATH C TOMOLIBI KBAKTOBOTO Taii3eHbep-
TOBCKOTO. MArHETUKA 0O CIMHOM | /2 HIDKHIOK 3aTIONHEeHHYH0 MOTT-Xab6apoBCcKy o TOA30HY # CUM-
1aTh, YTO HECTUXHOMETPHA NIOPOXAAET TO WIIH HHOE YHCIIO ABIPOK B KHCIIOPODHOM p-30HE.

OpycTpupyoniee HeHCTBHE P-ABIPOK JIETKO NOHATH B METAJUTMYECKOM TIpEiesie, B KOTOPOM
OHM MHOYUMDPYIOT 06biuHOe B3aumonekcTBUe PKKU mexny ciiHamu menn. ®pycrpaims, nopoxaa-
eMast MaJIbIM YHCIIOM JbIPOK, OAPOBHO 06Cys1anach B paGoTe AXapoHH M p. ° .

HenmasHo Burman, Ilonsakos 1 aBtop ¢’ 7 NOCTPOMIH TONONOTHYECKYIO TEOPHIO KBAH TOBOTO
2d Trai3eH6eproBCKOro MarHETHKA TIpH HyJIEBOI TEMIIEpPAaType i OGHAPYXKHITH B X0 CIIEKTPe BO3-
GYXIeHuil HeHTpasbHbie (epMHUOHSI, BBeneHHble [ToMepanuykoM 2 eme B 1941 romy i onxca-
HYA CBOMCTB KBAaHTOBBIX [APAMArHETHKOB M HE[aBHO NePEOTKPHIThIE AKIEP COHOM > B KOHTEK-
cre BTCIIL. Huxxe A 0CTaHOBIIOCh Ha pond GpyCTPAlHM B PAMKAX TONGIOTHYECK Ol Teopur ©, B
YaCTHOCTH Ha TOM ODCTOATENILCTBE, YTO OHA BBI3BIBAETCA p-IBIPKAMH.

MsI paGoTany © B HellpepsIBHOM Mpeferie, ONUCHIBAA ABYXMEpPHbIi KBAHTOBBI! aHTH(EppOMar-
HETHK IIpH IIOMOILY TPEXKOMIIOHEHTHOrO BEKTOPHOTO MOJIA N eIHHUYHOM [ THHBY (nZ =1, a=
= 123) B eBmmOBOM. 2+ 1 MPOCTPaHCTBE X )T KBAaHTOBOM CTATHCTHKH. Kiaccuueckas 4acts feil-
CTBHA 3alUCBIBACTCH B BUIE

aS8? [ drd®x (n? + (Vn)*). (1)

Cnyvd S mepep MHTErpasioM obecneynBaeT NPABMIbHOE pasnoxeHue npu S —> oo . Koadbdumment
a orpenessaeT Mepy GpyCTpUPOBRHHOCTH UCXOMHOM petteTkH: « = O npu MonHOH $hpycTpauyu.
Tenepb mb1 3Haem, uto B La, Sr|{ Cu [ O u Y | Ba|Cu | O uHTeHCHBHOCTh pycTpamui 1j/a BO3-
PAacTaeT ¢ KOHIEHTPAHER pP-ObIPOK.

Benmunna aS* Moxer GrITh MOHMMAaeMa KaK o6patHas 3pbeKTUBHAS TeMIepaTypa
T # oo 1/a S? )

e

KIIaCCHYECKOT O TPEXMEPHOro MarHeTuka ¢ sHeprueit (1). Teopus nBYXMepHOro KBaHTGBOT'O Mar-
HETHKa Ha OCHOBAHHM 3TOH XOPOLIO H3BECTHOH AHATIOTUM HelaBHO obCcysxIanacs Burmanom ° u
ocobeHHO nerarmsHo Yakpasarrd H Ap. '°. [Ipu mocTaTouHOM KOHUEHTpaMH MBIPOK 2d KBAHTO -

BBbIi MAarHeTMK HaxoouTCA B HEYNOPANOYEHHOM KB2HTOBOM TApaMarHUTHOM COCTOAHHH, KOTOpOe
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COOTBETCTBYET “rOpAYeMy’’ KJlaCCHueCKoMY 3d MarHetuxy. KoppenAuuoHHas ¢yHKUHMA CIHUHOB
KBaHTOBOIO NapaMarHeTukKa fAaerca OObIYHON ' TpeXMepHOi: hopmynoi

2 2 2,172
- (ne, 7)n(0.0)) ~ exp { — & +yR.+ oy 3)

c

Ha sTo#t cTauu HeldTpanbHbIX (PEpMHOHOB erlie HeT. OHM MoABINAOTCA Onaromapa ¢ppycrpaumu
H HeTPUBHANIBHOMY TONOJIOTHYECKOMY 4ileHy B KBAaHTOBOM [AEHCTBUU, ITOT TOMONOTHUECKMH WieH
cnechl)nqe}{ Ans 2d KBaHTOBOrO MarHeTHKA H IIPeICTABAET COBOI0 TaK Ha3bIBaeMblit HHBAPHAHT
Xonda H - oro6pa>|<e1me S~ S§,, (II5(S2)). f} HpUHUMAET TOJIBKO LeJIOCTHbIE 3HAYCHUA H =
=0, 1,%2,.., KOTOphle ABIANICA HHIEKCOM 3alIeTUIEHNA KBAHTOBBIX TPAaeKTOPHI YaCTHII, OIH-
ceiBaeMbIX peictBUeM (1). UToGbI 3anucars BbIpaXkeHHe 1A MHBapHaHTta Xomnda Hafio BBECTH

”TOK” ju , ’Mar"urHoe none’’ fnv H COOTBETCTBYIOLUH ~BEKTOp-NOTEHUHAN"’ a,

o1 1 an ont
i = gemufw = —S;r" 37 ow S Cabe
m v

fu = aau/axu — da, [dx,; \uv = XyT,abc =123.

Torpa .
”
— 2 .
H= - ——217 fd xdrax])\ . 4)

HerpuBHanbHbIA XapaKTep X0N(OBCKOro 0T06paXeHNA NPOABIAETCA B HEJIOKANBHOCTH (4) Kak
cpyuxm»;onana OTMONA N .

H Hapyuiaer BpeMeHHYIO YETHOCTh T >~ T, 310 HaKTIA/IbIBAET JKECTKHE YCTIOBHA Ha 3HAUCHHUA
NepeHOPMHUPOBAHHOTO 3apAfia § , C KOTOPBIM H onmn B TEOPHIO:

A
.
[ dtd*x (n® + (Vo)) + im6H. )
eff
MHMMas efUHHIA HeOGXOANMA [UIA YHHTApHOCTH TEOPHH B PEasibHOM BpeMeHH ! = — 7i, BpemeH-
Hasi YeTHOCTh Tpe6yer, YTOOB! 0 [69533; (0] HENBIM YUCIIOM. B stomMm Cciiy4yac BKJ1ag TONOJIOTHYECKOT O
yjeHa B CTATUCTHYECKYIO CYMMY

Z=2Z,0HDE DT ©

paBeH * 1 Z He MEHsAETCA NPU BPEMEHHOM CONpsDKeHHH H -~ — H . B pebiymux CTaThax
67 MpI coienany coba3HUTeIbHOE Ipennonoxenue @ = 2S u H0Ka3anu, YTo NpH BHICOKON adpdex-
THBHOH Temnepatype 7, ff T- ¢ TIpH 60mbI1IOH KOHIEHTPALMK JBIPOK, YACTUIIbI, OMHCHIBAEMbBIE
aedictBueM (5), ABNA0ICA 6e3MAcCOBBIMU pepMHOHamy, ecit S = 1/2,

Tloka 0O KOHIA He 5ICHO, KAK BBIBECTH TOMOJIOTMUECKUH WieH B (5) M3 pelIeTOYHOro rai3eH -
feproBCKOro raMiIbTOHHaHa. [IpHuMHA B TOM, UTO Ha pelieTKe XOmpOoBCKHe TEKCTYPhI TONONIOTH-
YeCKHU TPHBHAIIBHBI, H NOITOMY BHYTPH CaMOH TEOPHH HET MEXaHU3MOB, CIIOCOBHBIX TE€HEpHPOBATh
HeHyJeBble XOIKPOBCKYE UHBAPHAHTBL EIMHCTBEHHBIH IyTh HX IOJIyYeHHA COCTOMT B TOM, YTOGBI
BBECTH B TEOPHI0 HENEPEHOPMHPOBAHHYIO Mallyl0 KOHCTaHTY @ , HAPYIIAIOUIYI0 BPEMEHHYIO YeT-
HOCTh, # IOCMOTPETH, YTO CIIYYHUICH B IIpolecce NepeHOPMHPOBKH. X0UeTcs HameATbCo, YTO THITHY -
Has QazoBas OUarpaMma GyIeT moxoxa Ha puc. 1. p-IbIpKH MOTYT IeHepHpoBaTh XondoBCKui
YieH ¥ camu o ce6e. B 3ToM cilydae HapylleHye BpeMEHHOM YeTHOCTH BO3HMKAeT H3 B3aHMOJIEHCT-

-Bﬂﬁ MEXIY CIMHAMH ME[IH, KOTOPBbIC COOTBETCTBYIOT 3aMKHYTBIM KOHTYpaM, COOEpXXKaluiHM HEYCT-
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HOE YHCIIO p-IbIpOUHbIX uHuA (puc. 2). CYMMHpPOBAaHHE MO CIIHHAM IBIPOK €T B 3TOM CIlyyae
HeoOxomuMmele | B XomdoBckoi yactu aencTsuda. Hatpumep,

(0 (6x0)) = 6i

1 1. 1. Bonee Toro, Tereps, N0 KpaiiHed Mepe Ha MepBHIH B3TJIAM He BUIHO OCHOBaHMA, oYeMy ¥
MOTDKHO GBITH HENTLIM YKMCIIOM, YTO B COOTBETCTBHH C -(6) 03HAaYaeT MOABJICHHE Napad)epMHOHOB.

Puc. 1 Puc. 2

MmeeTcs BTOPOH IyTh, KaKKM GPYCTPAlMA MOXKET pa3pylIaTs KBAHTOBbIH MAarHUTHBIA IIOpA -
JOK. B JedcTBUTENBHOCTH NPH BHICOKOM KOHUEHTPAIMK JBIPOK MbI @ priori He 3HaeM, KaKoH
HMeHHO THII NopAnka GyIoer pa3spyllieH B pe3ynbTate PppycTpaluy. BronHe MokeT CIIyYUTbCA, YTO
MapruHasbHoe yHOpANOYEHHOE COCTOSHME eCTh MHOTONOZIPELIIETOYHbIH HEKOJUTHHeapHBIH aHTH(Ep-
POMArHeTHK, UIA KOTOPOro NapameTp NOpsAmica ecTs rpymia SO(3), WiK NpoeKTHBHOE NPOCTpaH-
c1tBo RP;. Ilocnentee yno6Ho mpencraBuTh cebe Kax cepy S3 ¢ OTOXAECTBICHHBIMH JHAMET ~
_PaJTbHO TMPOTHBOTIOVICKHEIMHU TOuKaMy, [IapaMeTp Nops/IKa eCTb TeM CAMBIM YeTHIPEXK OMIIOHEHTHBIN
eOVHHYHBIA BEKTOD 7(1/ a’ = 1; a= 1234) c ycnoBueM CIIMBKH T=-7.

Knaccuueckas yacts geficTBHA oCTaHeTcs o popme ToM e, OnHAKO, TOIONOIHIeCKHH WIeH,
HADYIMIAIOIIHA Bpemeﬂﬂfm YETHOCTh, HMEET COBEPIICHHO JIpyTyio INpHpofy. Teneps 310 TpHBHAIIB-
Hasi cTenieHb D oTobpaxenus S; - S;, (II3(S;)). IlonHoe geiicTBHE UMeeT BUL

_? A
f drd*x (52 + (V0)*) + infD, )
, Ty
raoe D JAeTCH U3BECTHBIM JIOKAJIBHBIM Bpra)KeHPleM
avt ar° avd

A1
D= —[drd*xe, v® —
! MY ax, dx,

——— €
abcd
axv

Jlerko npOBepUTh, YTO WIEH DA B (9) He MOXeT H3MEHHTb XapaKTepa Bo36yxpeHuit, OHu ocra-
101CA 6030HAMH ¢ KOppeNANHOHHOR dyHKkuMeH Tuna (3) B HeynopanouyenHoMm coctosHuu, Hepmag-
HO AHpmepcoHa i np.'! mpuBenu coo6paxeHus, 410 B CIyyae MATHHTHOTO IOPAMKA, ONHCHIBAEMOTO
rpymnoit SO(3) umeercs npyras NPUYHHA, [I0 KOTOPOi BO3GYKIEHHA CTAHOBATCS (pepMHUOHAMH.
OnH oTOXAECTBHIIH KBAHTOBBIE TPACKTOPHH 3THX (PEPMHUOHOB C YCTOHUUBBIMHA JUCKITHHAUMAMHU
I (sO(3)) = Z, .

Paccy>/eHua AHTepcoHa  Ap, '! npuMeHMMBI U B ClTyuae TpeThero THIA MaprUHATBHOTO 1O -
pANKa, KOTOPbIH B IPHHIMIIE MOXeET GbITh NopoXxaeH ¢pycrpauneit. Hapany ¢ npoctsiM n WM
SO(3) MBICITMM U TaK Ha3bIBaeMbIil COMHOBBI XKHAKHIA KpUcTa/IT '2, B HeM COCTOSHMA N M —n
TOX/IECTBEHHBI, H IO3TOMY BMECTO S, MMeEICA MPOEKTHBHaA IUIOCKOCTs RP,,TIHme TaK Xe
cymecTByer ycroiupas’ auckmuHaumus I1,(RP,) = Z,.
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Tak s MHaYe MOXHO BBIJETMTb ABA PAa3/IMUHEIX KJIACCA KBAaHTOBOTO 6eCnOpAAKa, CO3aBaeMO-
ro fsipkamu B 2d raii3aeH6eproBCcKoM MarHetuke, B nepBoM, rie ucue3anoumit NOPANOK OMKCHI-
BaeTCA TPEXKOMIIOHEHTHBIM BEKTOPOM ~ 1, MbI HMEEM pEATIONIOKUIENBHO B 3aBUCHMOCTH OT CIIHHA
M & KOHUEHTpAIWH p-AbIPOK, KBaHTOBBIA MapamMaruetvk (3) Wi (bepl\_«’nomym (napacepmuoH-
HY10) XHIKOCTh. Bo BTOpOM CTyyae YeThIpeXKOMIOHEHTHOIO BEKTOpa U BO3GYXICHUA BCerna
(hepMHOHBI, WM, €CITH apPTYMEHTHI AHZIEpCOHA H Jp. HeJIOCTATOUHO y6emurenbHBI, MbI CHOBA
MMeeM KBaHTOBBIH APaMArHETHK ¢ COOTBETCTBEHHO OT/IMYHOM CTPYKTYpOil aHIMIIAPAMATHOHOB B (3)

MexaHu3MBI CIIAPDUBAHKUA MOTYT GbITh PA3IIHBIMU B (ePMH-KHIKOCTH HIIH B KBaHTOBOM Tapa-
marHeruke. [Ipexie Bcero, NockonbKy Io NPEATIONOKEHHIO 3apAKEHHBIE JHIPKH PACTONIONKEHEI Ha
KHCIIOpOJie, aHeHa MEIH, OTMA/IaeT H3BECTHOE TOMONOTHYECKOe orpaHuenye (c™, 1* %), u Heiir -
PaTBbHBIH (PEPMUOH M [BIPKA MOTYT 06pa3oBaTh GO30H C 3apsiioM e . SIBHO, 4TO NpAMOE KYJIOHOB-
CKOe€ OTTA/IKHBaHUe He HIPAaeT B ITOM Hponecce HUKaKo# ponu. OgHaKo, 4T06b1 O6BACHUTH MONTY-
1iesioe KBaHTOBaHHE NOTOKA, IPHXONUTCA IPHHATD, YTO B PearbHOM Go3e-KOHMIeHCaTe CONePXHTCA
3HaYUTENbHAA NOPLUHKA GO30HOB C 3apAoM 2e , Ybe 0GPA30BaAHKE YKe CYIIECTBEHHO 3aBHCHT OT CO-
OTHOLIEHHA KYIIOHOBCKOTO OTTaJIKHBAHHA MEXTY OOHO3apATHbIMU G030HAMM U CHJIAMH, CO3MIa-
BaeMbIMH HeHTpanbHbIMY pepMHOHamH, ClieHapuil, ONMPAIIMIACA Ha HAIWYME OIHO- M [IBY3aps-
XEHHBIX HO30HOB B KOHIEHCATE IPENICTABIAETCA TeM GoJiee BEPOATHBIM, YTO KAK XOPOUIO H3 -
BECTHO M3 KBAaHTOBOH MEXaHHKH '3, crlapuBaHue GO30HOB B IBYMEPHOM CIIydae BO3MOXHO yXe
TIpH CKOMb YTONHO cnaboM NputshkeHud, He Hamo 3a6b1B2Th, KOHEUHO, YTO CYILECTBYET U CTAPhI
HajIeXHbIH CIoco6, Koraa uMeel [ejo ¢ IByMA NPHMECAMH (p-IbIpKaMH) B HeHTparbHO# depmu-
XHIKOCTH,

be3 HeHTpanbHBIX HEPMHOHOB NIPUTAKEHHE MEXIY JBIPKAMH B KBAHTOBOM NapaMATHETHKE CO3-
Haetcs 32 cuet o6MeHa aHTHNapaMarHoHamu (3) wiu ux aHanoroM mis SO(3). HemasHo Bupie-
Houfp. '* BbrMCIWIM cOOTBeTCTRYIOUYI0 TemmepaTypy nepexona mia La, Sr [Cu|O.

KoHeyHo 06MeH aHTHIIAPAMarHOHaMK MOXeT 0Ka3aThes 3 deKTHBHBIM H B PepMH-3KHIKOCTH,
ECIIH PACCTOAHME MEXAY [bIPKAMH B I1apax OKaXeTCs MEHBIINM, YeM paTHyc NeKOH(paHHMeHTa
dbepMHOHOB.
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