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1 Bae.n;eH:u:e 

MarmITHLiil: M0MeHT n BLIC0RM rrpoHllRaIOm;M crroco6uocTL ,n;eJiaIOT ueiiTpOH 

ue3aMeHHMLIM rrpn nccJie,n;onaHHH MarHHTHLIX cTpJKTYP n Tex cn:yqrurx, Ror

,n;a 3uaune cpe,n;ueil: uaMarunqeHHoCTH JIBJIJieTCJI ue,n;ocTaToqHLIM. ::ho, n 
qaCTH0CTH, 0TH0CHTCJI _R llCCJie,n;onaHHIO cnepxrrpono,n;HllR0B BToporo po,n;a, r,n;e 

6oJILmo:il: HHTepec rrpe,n;cTanJIJieT pacrrpe,n;eJieune MarHHTHoro rroJIJI n cMemau

uoM C0CT0JIHllll ll B3aHMO,ZJ;e:il:cTBHe nnxpeno:tt pemeTI{ll C n;euTpaMH IlllHHHHra. 

IIpono,n;nnmnecJI ,n;o cnx rrop ,mcrrepHMeHTLI no ,n;erroJIJipn3aD;llll ue:ttTpouon 

{cM., uarrp., (1-4]), 6LIJIH rrocnam;euLI, n ocuonuoM, o6JiacTH HH3RHX TeMIIe

paTyp (T < 0, 5 Tc). B ,n;auuo:tt pa6oTe, ~JIJIIOm;e:ttca rrpo,n;oJDReHHeM 9Rc

rrepnMeHTon (5], coo6m;aeTcJI 06 nccJie,n;onaHHJIX n6JIH3H cnepxrrpono.n;Jim;ero 

rrepexo,n;a (T > 0, 85 Tc) n o6JiacTH 6oJiee BLIC0RHX, qeM n (5], 3uaqeHIIit 

nuemuero MarunTuoro rroJIJI BIIJI0TL ,n;o 10 R9, r,n;e BTCII rroRa3LIBaIOT pH,n; 

H0DLIX cno:ttcTn, He HMeIOm;HX n uaCT0Jim;ee npeMJI II0JIH0ro 06'LJICHeHHJI. 
• I • • • 

2 8Kcnep:u:MeHT 

HccJie,n;onaHHe cnepxrrpono,n;Jim;eii RepaMHm YBa2CuaO6,9 rrpono,n;nJI0CL ua 

CIIeRTp0MeTpe II0JIJipll30BaHHLIX ueiiTpOH0B Cilfl.:.1 BLIC0R0II0TQquoro peaR

TOpa HBP-2 JIH<I> OHRH. Orrncaune MCT0,Zl;HI{ll 9RCIIepnMeHTa .n:auo B pa-

6oTe (5]. HccJie,n;yeMLiil: 06pa3en;,. YBa2CuaO6,9 c Tc=90,4 K, llillpnuo:tt rre

pexo,n;a 1,0 Rn IIJI0TH0CTLIO p = 4, 9 r/cM3, rrpe,n;CTaBJIJIJI co6o:tt rrapaJIJieJie

mme,n;. Ero pa3MepLI, uarrpanJieHIIJI nuemuero rroJIJI,. ~oJIJipH3aD;HH H rryqRa 

yRa3aHLI ua pnc. 1. O6pa3en; o6mi.,n;aJI TeRcTypo:tt, n:pnqeM RpHcTaJIJiorpa

qrnqecRM 0CL (001) RpHCTaJIJIHT0B OpHCHTHponaua rrpenMym;eCTBeHH0 B,n;OJIL 

uarrpanJieHIIJI 'a'. rrapaJIJieJiermrre,n;a. 

B 9RcrrepnMeuTe H3MepJIJiacL rroJIJipH3aD;HJI P(H, T, .X) ue:il:Tpouuoro rryqRa 

ua BLIX0,ZJ;e auammiTOpa II0JIJipH3aD;llll B 3aBHCHM0CTll OT ,n;JIHHLI B0JIHLI He:lt

Tpoua A, BeJillqRHLI BHemuero MarHHTH0r0 II0JIJI H H TCMIIepaTJpLI o6pa3n;a 

T: 
P(H T .X) = N+(H,T,.X)-N-(H,T,.X) 

' ' N+(H, T, .X) + N-(H, T, .X)' 
(1) 

r,n;e N± - llHTeHCllBH0CTL perHCTpllpyeMLIX ueiiTp0HOB rrpn BI{JIIOqeHH0M ll 

nLIMroqeuuoM crrm~~q>JIHrrrrepe, T.e. Ror,n;a crmu ue:ttTpoua uarrpanJieH no 

n rrpoTHB noJIJI cooTBeTCTneHHo. ,ll;narra30HLI H3MeueHHJI .X, H H T n 9RC

rrepHMeHTe: O, 5 < .X < 15 A, 0. < H < 10 R9, 77 :5 T $ 94 K, co

oTneTcTneHHo. Huq>opMaD;HJI o MarHHTHLIX rrpon;eccax, rrponcxo,n;Jim;RX nuy

.Tpn o6pa3n;a n 'cnepxrrpODO,n;JIIll;CM COCTOJIHHH,. ll3BJieRaeTCJI ll3 OTH~llieHHJI 
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PHc.1. reoMeTpRll 3KCIIepHldeHTa: p - nanpaBJieHHe IIOJIJlpH3aQHH uellTponoB; V -

HanpaBJieHHe pacnpocTpaueHH.S: nyqKa; H __: BH'emuee MarH~THoe rroJiej paaMepH oi 

paa11a C~CTaBlIJII<lT: ax bx C = 4,i x19x52 MM; aamTpHXOBaHHaJI o6JiaCTL H306palKaeT ' 

ii:ellTpOHHHll IIY'IOK, paaldepu KOTOporo COCTaBJIJIIOT a x c = 2 x 26 MM 

P(>-.) = P(H, T, >.) 
Po(To, >.) ' 

(2) 

r.n;e Irn,n;eli:c O OTHO~IITCJI K II3tiepeHIDIM npn TeMnepaType T ~ To = 250 K. 
P(T0 , >.) He 3aBIICIIT OT irnemHero noJIJI, nocKOJII,KY B HopMaJII,HOM cocTOJIHIIII 

KepaMIIKa HeMarHIITHa. 

Rp9Me cneKTpaJII,Hoii: noJIJipII3aD;IIII P()..) {1) IICilOJII,3yeTCJI TaKme IIHTe

i;paJII,HaJI IlOJIJipII3aD;IIJI p' KOTOpaJI onpe.n;eJIJieTCJI ¢opMyJioii: ( 1) C 3aMeHoii: 

BeJIIIqIIH 'N±(H, T, >.) Ha ~eJIIIqIIHLI N±(H, T): 

N±( H, T) = j N±(H, T, >.) d>.. 

3 Pe3yJILTaTLI H3MepeHHH 

.ll:JIJI .IIJIJIIOCTpan;IIII no~eHHIJX pe3yJII,TaTOB Ha pnc. 2 npIIBe.n;eHa 3aBII

CIIMOCTL IIHTerpaJII,Hoii: noJIJipII3aD;IIII Pf Po, CHJITaJI npII TeMnepaType T = 
_86 K: (a) - B pemmrn YBeJIIIqeHIIJI,.'(b) - B pe)l{IIMe yMeHLilieHIIJI Ma:rHIIT

Horo D;OJIJI. BII,n;Ho, qTO KpoMe i.rnHIIMYMOB i:roJIJipII3an;nn npn H = Hi II 
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H = H 2 , KOTopIJe .n;eTaJII,HO o6cym.n;aJIIICL B pa6oTe [5], IIMeeTCJI o6JiaCTL 

3HatieHIIii: 1rnrHIITHOro IlOJIJI OT H3 = 4, 1 K8 .n;o MaKCIIMaJII,HO ,ll;OCTII)l{IIMOro 

Ha ycrnHonKe 3HatieHIIJI 10 K8 c HeperyJIJipHI.IM noBe.n;eHIIeM P(H, T). IlpII 

o6paTHOM xo.n;e {yMeHLmeHIIe noJIJI) MIIHIIMYMLI Ha Kpnnoii: P(H, T) oKa3LIBa

IOTCJI 6oJiee rey6oKIIMII, qTo CBII.n;eTeJII,CTBYeT O HaJIIIqIIII rIICTepe3IICa, a He

perym1pttoe nOBe~em1e 3aKaHq1rnaeTCR npn TOM :lKe caMOM 3Haqeunn H3 = 4,1 K3 

(pnc: 2b). Ilpn ~aJJbHeiimeM yMeHbllleHHH nOJJR, HH:lKe 4 K3, BeJJnqnHa 

P(H, T) 6JIII3Ka K e.n;nHIIn;e. 8TO O3HaqaeT, qTQ a6pnKoconcKIIe BIIXpII neyTpn 

o6pa3n;a npII H < H3 napaJIJieJII,HLI BHenrneMy noJIIO. 
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Puc.2. 3aBHCHMOCTL HHTerpanLHOll nolillpnaa11uu OT Bttenmero IIOJIJI npH T = 86 K: 
(a) - npH yBeJIH~eHHH H (b) - npu yMeHLwe,iHH IIOllJI ' 

Ha pIIc. 3 noKa3aHa Te1niepaTypHaJI 3anIICIIMOCTL nomi H3(T) {KpIIB
1

aJI 

1) . .ll:JIJI cpaniieHIIJI Ha TOM me pIIcyHKe npIIne.n;cHa II3MepeHHaJI .n;JIJI 3Toro me 
06pa3n;a {KpIIBaJI 2) TeMnepaTypHaJI 3aDIICIIMOCTL KpIITIIqeCKOrO IlOJIJI HR(T); 
npII KOTOpOM D o6pafae BO3HHKaeT COIIpOTIIBJieHIIe r = 0, 0lrn {rn - COilpO

TIIBJieHlie n HoptrnJII,HOM cocTo.nHIIII) npII ncpeMeHHOM TOKe I = 1, 8 MA c 

qacTOTOii: 35 I'n;. 
3anncmrncTL -H:i(T) 6JIII3Ka K JIIIHeii:Hoii:: 

H3(T) = H3{0){l - T /Tc)", (3) 

r.n;e x = I, 1; H3(0) ::::: 84 K8. 3anIICIIMOCTL H.R TaKme 6JIII3Ka K JIIIHCii:Hoii:, 

npIIqeM HR(0) ~ 310 K8. 

3 .. 
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Puc.3. TeMnepaTypHaJI saBHCHMOCTL MarHHTHHX nollelt Hn H H3 (o6osHaqemra CM. B 

TeKCTe). JIHHHH npoBe,ZJ;eHU no 3KCnepHMeHT8JILHUM TO'tJ:KaM 

4 O6cyJK,ZJ;eH11e 

3anIICIIMOCTb (3) MOiRHO IIHTepnpeTIIponaTb KaK rrpOJIBJIJIIO~IOCJI BO MHOrIIX 

.n;pyrIIX aKcnepIIMCHTax JIIIHIIIO. IIJiaBJICHIIJI nIIxpenoii perneTKII [ 6, 7]. 
EJ1.IIHOe MHCHIIe o npIIpo.n;e JIIIHIIII nJianJieHIIJI perneTKII MarHIITHLIX nIIX

pe:li n HaCTOJimee npeMJI OTCYTCTnyeT. B3aIIMOJ1.CHCTBIIC BIIXpeii: C I(ElHTpaMU 

IIIIHHIIHra II Me»<.ey co6oii, a TaKme xapaKTep TepMII'ICCKIIX B036ym.n;eHIIIl n 

a6pIIKOCOBCKO:li perneTKC IIOJ1.}1.aIOTCJI JIIIIIIJ, Ka'ICCTBeHHOMY aHaJIII3y. B }1.0CTa

TO'lHO IIIIIpOKOM }1.IlaIIa30He TeMnepaTyp (0, BTc < T ~ Tc) JilIHIIJI IIJianJieHIIJI 

MomeT 6LITb onIIcaHa nupameHneM H(T) = H(0)(l -T/Tc)", HO pa3HLie Te

opIIII npe.n;cKa3LIBaIOT }1.JIJI X pa3JIII'IHLie 3Ha'!eHIIJI. TaK, ,TeOpWI IIJiaBJICHIIJI 

BIIXpeno:li perneTKII [8] .n;aeT x = 2; TeopIIJI TCpMll'ICCKII aKTIIBIIponaHHoro 

noToKa nIIxpe:li [9] (TAFF-model) - x = 3/2; TeopIIJI nepexo.n;a "nIIXpenoe 

CTCKJIO - nIIxpenaJI iRIIJJ.KOCTb" [10] - x = 4/3. Ilo.n;roHKa KpIInoii Ha(T) 
Ha pIIc. 3 .n;aeT 3Ha'!eHIIe x _ = 1, 1, · 'ITO ~e , ncero corJiacyeTCJI c npe.n;

cKa3aHWIMII TCOpIIII nepexo.n;a ,"cTeKn,o - iRII}1.KOCTb11
• C .n;pyroii CTOpOHLI, 

OTHOIIICHIIe H3(0)/ Hc2(0) ~ 0, 27 JIY'IIIIe ncero cornacyeTCJI c npe.n;cranJie

HIIJIMII O IIJianJiemrn BIIXpeno:li peIIICTKII, II3JIOmeHHLIMII n [11], ll3 KOTOpLIX 

CJICJJ.YCT1 'ITO Hm(T) ~ 0, 2Hc2(T) (HR ~ Hc2), 
0TMCTIIM, 'ITO aKcnepIIMeHTaJILHoe IICcJie.n;onaHne none.n;eHIIJI BTCil-Ma

TepIIaJion n o6JiaCTll JIIIHllII IIJiaBJICHIIJI npono}1.IIJIOCb pa3JIII'lHLIMU ?,IaKpOCKO

IIII'ICCKIIMII MCTO,!l;aMII (II3MCp1IJIIIC~ HaMarHII'ICHHOCTb, nocnpIIIIM'IIIBOCTb B 

nepeMCHHOM II IIOCTOJIHHOM noJiJix, IlOJILT-aMnepHLie xapaKTepncTIIKII, JIIYMLI, 
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l 

II3MCHCH1Ie C,!J;Illlra '!aCTOTLI no36ym.n;aeMLIX MexaHII'!eCIDIX KOJie6amm). Pe-
3YJILTaTLI 3TIIX aKcnepIIMeHTOB II03BOJIJUOT JIIIJIIJ, no.zn-nep}1.IITb c~ecrnonaHIIe 

HCKOTOpoii JIIIHIIII Hm(T), pa3,n;eruuomeii pa3JIII'IHLie q>a3LI CIICTeMLI MarHIIT

HbIX BIIXpeii:. 3Ha'ICHIIJI me IIOKa3aTeJIJI CTCIICHII x, IIOJIY'leHHI,Ie B pa3HLIX 

aKcnepIIMeHTax, JiemaT B }1.Ilana30He OT 1 }1.0 2, HO c~ecTneuno pa3JIII'laIOTCJI 

MCiRJJ.Y co6oii, 'ITO TaKiRe He II03BOJIJieT CYJJ.IITb O cnpane,n;JIIIROCTII TO:tt llJIII 

IIHOH TeopIIII. R TOMY me MaKpOCKOIIU'lecme MeTOJJ.LI IIMeIOT }1.CJIO JIII6o c 

OTKJIIIKOM ncero 061,eMa cnepxnpono}1.HlIKa Ha nHeJIIHee no3.n;e:ttcrnIIe, JIII6o c 

nonepXHOCTHLIMII aqiq>eKTa1m. lknOJIL30BaHIIe IIOJIJipII30BaBHLIX He:liTpOHOB 

no3noJIJieT 6oJiee .n;eTaJILHO II3Y'!aTb none.n;eHIIe nIIXpeii A6pIIKocona BHYTPH · 

cnepxnpono}1.HIIKa, HanpIIMep, IIX n3rII6 no.n; .n;eiicTnIIeM TenJionux, CTPYKTYP

HLIX q>aKTOpon IIJIII BHeJIIHIIX Il03}1.eiicTnuii. · 
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Puc.4. Cne~TpallLHaJI saBHCHMOCTL nOJIJ1pH3aUHH P(H, T, ~):, l _:_ T ~' 250 K; 2 -

, T = 86 K, H = Hmax = 9 x9; 3 -T = 86 K, H =Hmm.= 8,4 x9 , 

Hamn 3KCIIepIIMCHTLI IIOKa3maIOT, 'ITO .n;eq>OpMaI(Illl JillHlm ne JIBJIJIIOTCJI 

CTaTII'ICCKIIMU; 06 3TOM CBIIJ1.CTCJILCTBYCT pIIC. 4, Ha :Ko'TOJ)OM IIOKa3aHLI 

TpII Rpnnue ,n;JIJI n:oJIJipn3aI(Illl n 3anIIcmiocrn OT JJ.JIIIHLI BOJIHLI He:ttTpomi A. 
RplIBaJI 1 COOTBeTCTnyeT Po(A); KpllBaJI 2 ll3o6pamaeT 3anncm.iocri P(A), 
cooTneTcrnyrorizy'io TO'!Ke MaKCIIMYMa Hmax = 9 K8 ipmio:tt (6) pnc. 2; n 

KpiiBaJI 3 n3o6pamaeT q>ynKI(UIO P(A), oTBe'!aro~ro TO'l:Ke MlIIIIDIYMa Hmm= 
8, 4 K8 Ha KpUBo:li (6) pnc; 2. AHoMaJILHLIM JIBJIJICTCJI ll3MCHCHIIC 3HaKa II 

yneJIII'ICHllC a6COJIIOTHOfi BCJIII'lllHLI IIOJIJIPH3aI(Illl IIpll 6oJILIIIIIX }1.JllIHaX BOJIH1 

.n;eMOHCTpnpyeMLie KpHBoii 3. Tame ll3MCHCHIIJI B CIICKTpaJILHOtt 3aBIICIIMOC-

5 



TH IIOJIHpH3an;HH MoryT 6HTI, 061,,rcaem,r TOJII,1{0 HeynpyrHM pacceJIHHeM C 

nepenopoTOM cIIHHa H c OXJiruI<,!J;eHHeM HeiiTpoaa. 
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PHc;5. 3aBHCHMOCTL HHTerpaJILHllX HHTeHCHBHOCTefl: Hefl.TpOH~oro nyqKa co CUHHOM, 

HanpaBJie11nu>1: (+) - no nomo, R+; H (o) - npoTHB noJIH, R_; 11p11 T = 86 K, 
OTueceunux K cooTBCTCTBYI<>lllHM HHTCHCHBHOCTJIM npH T = 250 K 

10 

Ha pHc. 5 npHne,n;eHH aaBHCHM0CTH OTHomemiii HHTerpaJII,HHX HHTeHCHB

HOCTeii R± = N±(H, T)/N±(To) npH T = 86 K H npuT = 250 K. B o6Jiac

TH aHOMaJIHH BH,n;HH BCIIJieCI<H HHTeHCHBHOCTH IIpH BI<JIIO'leHHOM q>JIIIIIIIepe, 

I<or,n;a 6oJII,ma,r tiacTL HeiiTp.oaon, na,n;aromHx 11a o6paaen, noJIJipHaonaaa npo

THB IIOJIJI. Ilo,n;o6HHe }I{e BCIIJieCI<H MO}I{HO Ha6JIIO,n;aTL n o6JiaCTH 6oJII,WHX >. H 

Ha cneI<TpaJII,HOH I<pHBOH, OIIHCHBarome:ii cyMMapayro HHTeHCHBHOCTI, o6enx 

noJIJipHaan;Hii, 'ITO TaI<}I{e CBH,n;eTeJII,crByeT o aeynpyroM pacceJIHIIH c nepe-
. • I . . 

BOpOTOM CIIIIHa. 

ConocTan!1eHne cneI<Tpon He:iiTpoHon, nponymemn.rx o6paan;oM BHme Tc n 

B MllHIIMYMe IIOJIJipll3clD;HH B o_6JiaCTll aHOMaJIIIII, II03BOJIJieT on;eHllTI, nepe

,n;aHHYIO :meprnro npH HeynpyroM pacceJIHHII neJIII'lllHOit :=::- 20 M3B. 

MarHIITHOe B3allMO,n;e:tiCTBlle. He:iiTpOHa C nemeCTBOM MO}I{eT 6HTL npe,n;-

6 

cTanJieHo n 06me11 nH,n;e: 

V(q) ex µ;(8;i - q;qi/q2)B;(q,w) = µ[q[qB(q,w)]], 

r,n;e HH,n;el{Cl,l _i, j o6oaHa'laIOT ,n;eI<apTOBI,l I{OMIIOHeHTH COOTBeTCTBYIOmHX BeK

Topon, µ ·_ MarHHTHHii MOMeHT HeitTpoHa, H a,n;ec1, Bl,lIIHCaHa TOJII,I<O Ta tiaCT'L 

naaHMo,n;e:iicrnHJI, I<oTopa,r oTnetiaeT nepe,n;atie noJIHonoro BeI<Topa q H 3HeprHH 

1iw. B cooTBeTCTBHH c reoMeTpHeit 3I<cnepHMeHTa Ha6JIIO,n;aeMoe ueynpyroe 

pacce11HIIe coxiponom,n;aeTCJI nepe,n;atieit HMnyJII,c_a npo,n;OJII,Horo HMny~cy na

,n;aromnx tiacTHn;. chJ · oaHatiaeT, 'ITO Ha6JIIO,n;ae:i.rne Heynpyroe pacce11HIIe co-· 

nponom,n;aeTCJI noaHHI<HOBeHHeM noa6ym,n;eHII:lt nepneH.n;HI<yJIJipHo ocH a6plll{o

concmx BHxpeit. · KpoMe Toro, nocI<OJII,I<Y npH HeynpyroM pacceJIHHH ,n;oJI}I{eH 

npOHCXO,InITI, non_opo; CIIHHa, 
0

T0 BeI<TOp [q[qB(q,w)]] ,Zl;OJI}I{eH 6LITli nepneH

,n;HI<)'JIJipeH BHemHeMy IIOJIIO. CooTBeTCTBeHHO H ne1nop HH,ZJ;yI<n;HH B ( Q, W), 
OIIHCLIBaIOmHH B03MyIUeHIIe,. CBJI3aHHOe C B036y}I{,Zl;eHlleM ~ll:Xpenoil: peWeTI<H, 

,Zl;OJI}I{eH 6HTI,. nepneH,n;nKyJIJipeH KaK BHemHeMy IIOJIIO, TaK H HanpanJieHHIO 

IIY'IKa. ; TaKoe B03Mymemie MO)I~eT IIOJIBllTLCJI TOJII,I{() B peayJII,TaTe ll3rn6a 

a6pHKOCOBCKoro BHXpJI. 

OTcro,n;a · cJie,n;yeT, 'ITO Heynpyroe pacce11Hne conpono}I{,Zl;aeTcJI B03HIII<Ho

neHneM narn6m.rx noa6ym,n;eHllll nnxpeil:, pacnpocrpaH1110mnxc11 neprreH.n;H

~yJIJipHo a6pHKOCOBCKOH pemeTKe. HeperyJIJipHoe .ll3MeHeHIIe cetieHHJI 3TOro 

pacce!!HHH npu naMeHeHHn nHemHero noJIJI, B03MO}I{HO, o6ycJionJieHo ·aanncn

MOCTLIO yKa3aHHHX noa6y}I{,Zl;eHllH OT paCCTOJIHHJI MC}I{,Zl;y BHXpJIMll n q>JIYKTY

ann:ii, pa3BIIBaIOmHXCJI n6JIII3ll JIIIHllll IIJiaBJieHIIJI BHXpeno:ii pemeTI<H. 

5 3amuoqeHHe 
\ 

TaI<HM o6paaoM, · aHoMamm aannc'mrncTn noJIJipnaanun He:tiTpoHHoro nytIKa OT 

MarHHTHOro noJIJI Mo}I{eT 6LITL o6ycJIOBJieHa Heynpyrm1 pacce11HneM HeitTpo-
. ( ' 

HOB.Ha MarHHTHLIX nuxp11x c rrepenopoToM cnnHa n nepe,n;atieil: noa6ym,n;eHHJI 

narn6Horo xapaKTepa norrepeK cncTeMH nuxpe:ii. 

Pa6oTa BLIIIOJIHeHa n paMKax rrpoeKTOB P<I><I>I1 N 94-02-04011, N 93-02-
2535 n rpaHTa N NJZO0O MH<I>. 
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