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O6IUA51 XAPAKTEPlICTlIKA PA6OTbI 

AKTYaJJbHOCTb TeMbl . 

TeximKa µSR (muon spin rotation: relaxation or resonance) - 51JJ.epHo

cpH3HlJecK11ii MeTOJJ. H3MepeHH51 JlOKan'hHbIX MHKpOCKOTIHlJeCKHX MarnHTHhIX noneii, 
. ' ' ' ' . . ( ' 

OCHOBalIHbIH Ha B03MO)KHOCTH onpe.D.eneHH51 HanpaMeHH51 MarnHTHbIX ,MOMeHTOB 

MIOOHOB,. mmnaHmpye,MbIX. B H3ylJaeMbie ofrheK1:~'·. '· _ . . 

Oco6oe BHHMaHHe co CTOpOHbl c,ne[.\HaJIHCTOB B o6JiaCTH !pH3HKH TBep;iorn TeJla 

HpnBJleKJlH B03MO)KHOCTH 3TOfO ~!eTOJJ.a B H3YlJeHHH ;11hlCOKOTeMi:iepaTyp,HOH,CB~pX-

11pOBOJJ.HMOCTH - HOBOro 51BJleHH51, OTKpbITOro B 1987 roJJ.y. 6naro.D.apH cnoco6HOCTH 

'. H3MepHTh pacnpe.D.eneHHe MafHHTHbIX. noneii 'B o6pa3l\e, µti R TI03BC>MeT HCCJleJJ.O-

naTb none.D.eHHe MarHHTHbIX BHXpeii B CMernaHOM COCTOHHHH CBepxnpOBOJJ.HHKOB. 

3TO JJ.aeT B03MO)KHOCTh onpeJJ.eJlHTh TaKOii Ba)KHhlii JJ.Jpi Teopim cnepxnpoBOJJ.HMO

CTH napaMeTp, KaK rny6HHa npOHHKHOBeHHH MafHHTHOI;O. noAA. Te111nepaTypHM 

3aBHCHMOCTh rny611Hbl npOHHKHOBeHHH. CJlY)KHT xopOlllHM KpHTepHeM OT6opa pa3-

JIHlJHbIX MOJJ.eJleii cnepxnpoBOJJ.l;MO~TH. KpoMe ~;oro, ,µSR MeT~Jl. OK~aJICH Hall-
. , ',,' ..• -., "1 ! 

6onee 110.D.XOMlllHM Jl.JlH H3y'lemrn rny6HHbl npoHHKHOBeHH51 MarnHTHOro .noAA B 

rpaHy1mpc)BaHHble CBepXf1pOBOJJ.HHKl1, KaK_HMH B 60,!Jhlllll,HCTBe CllYlJae,B ,HBJIBIO~~H 

Bb1coK0Te~11iepaTypHb1e cnepxnpoBOJJ.HHKH (BTCTT). 

Hccne.D.o~aHHe ~bICOKOTeMnepaiypHoii cn~px~pOBOJJ.':fMOCTH . Bbl3BaJJ? . Heo~xo

JJ.HMOCTh H3y'leHH51 COeJJ.HHeHHii, pOJJ.CTBeHHhIX BTCII. O.D.HHM 1;13, TaKHX nemecTB 

!1.BJlH~TCH OKHCh BHCMYTa a - Bi203, o6na.D.aIOUlM pHJJ.01\1 c~o.ii<;TB, He06hilJHhIX JJ.AA 
' . . - . . ; 

Bell(eCTBa, ,ClJHTaBlllerocH JJ.HaMarneTHKOM. ., 

ll,enh pa60Thl 

a) CoJJJ.aHHe a1111apaTypbI Jl.JlH µSR aKcnepttMeHT0B Ha TIYlJKax qiaJoTpoHa Jla-

6oparnp1111 HJJ.epHbIX npo6neM 01151ll. 
6)' J13Mepe_HHe rny6HH 'npOHHKH0BeHH51 _MafHHTHOro, 110M' B BhICOKOTeMnepa-

TYPHbie cnepxnpoBOJJ.HHKH. Ha ocHoBe BHCMYTa, ; .. , 

B) ,lf3ylJeHHe BJlH}lHHH JJ.OnHposamrn Ha CBepxnpOBOMUlIIe CBOHCTBa o6pa3-

U,OB' ceMeiicTBa .BTCII Bi2-xPbxSr2Ca1-z"YzCu20s+6, II3fOTOBJleHHbIX 'no e.D.II-
' ' . 

HOH TeXHOJlOrHH. 

'r) l13Y.lJeHHe JlOKaJlhHbIX MafHHTHbIX. noneii B coeJJ.IIHeHIIII a :-·Bi2O3;.HBJIBIO

'. lllHMCH 6a3011bIM, npII CIIHTeJe BTCII H o6naJJ.aIOUlHM pHJJ.OM Heo6bilJHhIX .. Marn11T

· HbIX CBOHCTB. 

.D.) Pa3pa6oTKa MeTOJJ.HKH cTpo6ocKon111.JeCKHX µSR aKcnepIIMeHTOB JJ.AA, !pa30-

TpoHa Oll51ll. : 

e) CoJJJ.aHHe H3MepHTeJlhHOro CTeHJJ.a JJ.AA MeTOJJ.HlJeCKHX pa6oT Ha 3KCnepII

MeHTaJlhHOM KOMnneKce "MIOCIIlIH" H KOHTpoAA o6pa3l\OB MaKpocKOilHlJeCKIIMH 

MeTOJJ.aMH. 
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Hay<rnrui H0BH3Ha ' 

1) BnepBbie npoBe,UeH0 CHCTel\IaTH'leCK0e HCCJJe.U0BaHHe rny6HHbL 11p0HHKH0-

BeHID1 MarnttTHoro noru1 Ha cep1m o6pa31..\0B BHCMYT0BhlX BTCTT; .uo1111poB~HHb1x 

Y H Pb c L\eJibIO 113yqemui BJIIDIHIDI .uonupoBaHHSI Ha CBepxnpoB0MIUHe cBoiicrna. 

2) BnepBbie npoBe,UeHO µSR HCCJie,UOBllHHe coe,UHHeHHSI O'. - Bi203. TToKa-

3aHO CYIUeCTB0BaHtte JIOKMbHOro noJISI nopsi.uKa 100 re B coe.uuHemm, 'KoTOpoe' 

paHee C'IHTanoci ~HaMarntt~HbIM. l13MepeHhl BeJIH'IHHa II qacT0Ta cp11yKTyal..\Hii 

JIOKllilbHOro Marimrnoro' noru1t Ilpe.lUJO)KeH MexaHH3M B03HIIKHOBeHHSI JIOKMbHOrO 

MarnHTHOro IIOJUI.· ' . 
3) Pmpa6orniia' H0BIDI MeTO.UHKa' •'cTpo6ocKontt'leCKIIX µSR 3KCnep11MeHT0B 

. .!lllil CHHXpOL\HKn0TpOH0B;' 

IlpaKnttiecKrui ueHH0CTh ,,. 

I) Pa3pa6oiaHa annapaTypa'.1vrn ripoBe.ueimsi µSR 3KCnep11MeHTOB B .u11ima3oHe 

TeMnepaTyp OT 4,2 .uci 300 K II MarnHTHbix no.rieii .uo 0,6 T' c peKOp.riHo HH3KHM 

' ypOBHeM QJOHa. 

' ; 2) 113yqeHO BJIHSIHIIe ,U0nlipOBaHIISI pa:mtt'IHOro nfoa Ha CBepxnpOBO,USIIUlle H 

MarmITHhle CB0HCTBa BTCTI Ha 'ocHOBe BIICMyra; ··noJiy'leHHble pe3yJihTaTbl, Ba)l(Hbl 

.!lllil pa3BIITIDI npe,iic-raBJieimii' o' MeXilHH3Me CBepxnpOBO,!J.IIMOCTH, II ,!I,Jrn IJOHHMaHHSI 

. TeXHOJIOrtt'leCKIIX 'aciieKToJ :II3fOTOBJieHIDI 3TOro THIJa BTCTI. ' ,;, 

3) C03,UaH nporpaMMHo-ynpaB.llleMblH cTeH.u )lJlSI MeTO,!lll'leCKHX pa6oT Ha 3KC

' nepttMeHTMbHOM. KOMITneKce "MIOCTII1H".·. CTeH,U HCIJOflh3yeTCSI wrn HCllblTaHirn 

YJR0B KplI0reHHbIX ycTaH0B0K, Kantt6pOBKII ,UaT'IIIKOB TeMnepaTypbl .!lJISI TeXHH'le

CfHX nplIMeHeHHH, KOHTpOruI o6pa31..\0B MaKpOCKOnH'leCKIIMII MeTO.UaMH.' 

:• 
Anpo6al..\IDI pa6oTbl II ny6JittKal..\llH 

'PeJyJihTaThI, ttJnq)KeHHhie B HaCTosimeii ;JJ.1Icceprnl..\HH, npe,!lCTaBJrnJIHCh Ha 

Me)K.!lyttapo.uHhlx KOHcpepeHL\HSIX no ··npttMeHeHHIO µSR· MeTO.ua( OKccpop.u, Be

JI11Ko6pttiaiiID1, 1990; Mayn; CIIIA,' 1993), lII •Me)K.!lymlpO,!lHoii KOHcpepeHL\HII 

.. · no MaTepmmaM. H ·. MeXaHH3MaM CBepxnpOBO,UIIM0CTII (Katta3aBa, .HnOHIISI, ] 992), 
Me)K,!lyttapo.uHoM cttMn03ttyMe no 11ccne.uoBaH1IIO BTCTT SI,!lep110-cpu311qecKHMH · Me

TO.UaM11( Ay6Ha, 1991), 30 CoBeIUaHHII no cp113HKe II TeXHHKe HH3KIIX Tel\mepaTyp 

(Ay6Ha, 1994) H .UOKna,UblBMIICb Ha ceMIIHapax JI.HD O11}Il1; 06me11HCTHTYTCKOM 

ceMttHape O11}Il1 no npo6JieMe BTCTI, ceMII.Hapax PSI (B11J1JIHreH, IIIBeiil..\apm1) 

· II <1>11 qCAH (Ilpara; qexocJioBaKHsi). 

Ilo pe3yJibTaTaM .UHCCepTal..\HH ony6JIIIKOBaHO 15 ne'!aTHblX pa6oT. 

CTPYKTypa II o6'heM .uuccepTal..\lIH '' · 

· ,UttccepTal..\IDI coCTOIIT H3 BBE,!l.EHI1.H, 'leTb1pex rnaB 11 3AKJII04EHI1.H. 

O6'beM .UHCCepTal..\HH 129 CTpaHIIL\, BKnIO'IIDI 43 p1ICYHKa, 6 Ta6JIIIL\ u CIIIICOK 

JIHTepaTypbl H3 97 Ha3BaHIIH. 
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· ,,,CO,!l.EP)KAHI1E PAEOThl 

Bo BBE,!l.EHI111 o6ocHoBaHa aKTyanhHOCTh TeMbI .UIICcepTal..\lIOHHOii pa6oThI, 

cpopMym1pyIOTCSI ee OCHOBHhle L\eJIH H 3a,Ua'III. 

B HEPBOM.fJIABE IIJnO)KeHbl nplIHL\IIIlhI 113MepeHIDI xapaKTeplICTHK BHY

Tpe111111x MarHIITHblX IIOJieii B BemecTBe MeTO,UOM µSR-cneKTpOCKOntttt. 

MIOOHbl, 111\flJJlaHTHpOBaHHble B BemecTBo, TepMM113YfOTCSI 3a BpeMSI nopsi,!l

Ka 10- 10 ceKyH){bl, 'laC~ll'IHO coxpaHSISI i1pll .. 3TOM CBOIO noru1p113al..\l!IO. BcJie,U

CTBHe HecoxpaHeHHSI 'leTHOCTII B cna6bIX B3aHMO,UeHCTBIDIX, npocTpaHCTBeHHOe 

pacnpe,!leJieH11e no3HTpOHOB OT pacrra.ua MIOOHa 6y.ueT Hell30Tp0IlHO. ACIIMMeTpIDI 

yrnoBoro pacnpe.ueJieHHSI II0311Tp0HOB II03BOruieT. II3MepSITb BpeMeHHYIO 3B0JIIOL\HIO 

n0Jrnp113al..\llH aHcaM6JISI MIOOHOB P( t), HMIIJJaHntpoBaHHblX' B· o6pa3el..\ .. 

EcJIH MIOOH HaXO,UHTCSI B MarHIITHOM ,noJie B, norrepe'IHOM OTHOCHTeJlbHO _Ha

'IMbHOH IJOJIS!pH3al..\HH (TF-3KcrrepttMeHT), TO cnHH MIOOHa 6y.ueT npel..\eCc11poBaTb 

c qaCTOTOH Wµ = "/µ · B, r.ue "/µ - rnpoMarHHTHOe OTHOllleHHe .!lllil MIOOHa. 3To 

npllBO.UIIT K TOMY, 'ITO BepOS!THOCTb 3aperncTp11pOBaTb II03HTpOH OT pacna.ua MIO.: 

OHa CTaHOBIITCSI OCL\HJIJIHPYIOIUeii cpyHKL\Heii OT BpeMeHII •.. IloJiyqaeMIDI B 3TOM 

CJiyqae rncTorpaMMa BpeMeH )Kff3HH MIOOHOB OIIIICbIBaeTCSI Bbipa)KeHHeM 

N(t) = N0 exp(:-t/rµ)(l + a.• P(t) · cos(wµ, t + <p)) + cl> (1) 

r.ue Tµ - BpeMSI )Kff3HH MIOOHa, a - Ha6JIIO,UaeMIDI aCHMMeTpIDI µ -+ e pacna.ua, 

P(t) - cpyHKL\HSI penaKCal..\HH cnttHa MIOOHa, Wµ - 'laCTOTa JiapMOpOBCKOH npel..\eC

CHH CIIl!Ha, <p - Ha'IMbHIDI cpa3a 3TOH rrpel..\eCCHH, orrpe.ueru1eMrui, B OCHOBHOM, 

rem,1eTptteii yCTaHOBKII, cl> - Q)OH OT CJiyqaiiHbIX co6bITHH. 

Marnurnoe noJie MmKeT 6bJTh HarrpaBJieHo rrapaimenhHO HanpaBJieHHIO H_a.'lanb

Hoii rronsip113al..\llH cnttua MIOOHOB (LF-npol..\e.uypa). Ilptt ~ .uocTaTO'IHO .6oJJblllOM 

BHelllH~M MamttTHOM none ( Hext > > Hin~) rrosiBruieTcsi B03Md)KHOCTb H3)"IaTi, 

.u11iiaM11'1ecKtte xapaKTepttCTIIKII sttyrp,eii1111x Marn11THbIX rroJieii B s~mec-rse. 

EoilbWIIM .UOCTOIIHCTBOM µSR MeTo.ua SIBruieTCSI TO, '!TO 3KcrrepttMeHTbl MOl)T 

rrpoBOAHTbCSI. H B 'HyJiei:30~ BHewHeM Ma~llrnOM IIOJJe · (ZF-np~L\e.uypa), '!TO II03~0-

JI~eT HCCJJe,UOBaTb BHyrpeHHHe MarHHTHbie noruI B BemecTBe. 6e3 B03MYIUaIOIUero 

B03,!leHCTBHSI BHelUHero IIOruI. 

µSR orreKTpocKorrlisi BpeMeHHhIX 'HHTepBanoB HaKna.!lhIBaeT orpaHtt'leHIDI Ha 

HHTeHCIIBHOCTb rryqKa MIOOHOB, HMITnaHTIIpyeMblX B o6pa3el..\ - .!lllil speMeHHOro 

auanll3a oT611paIOTCSI Jil!lllh Te co6b1Twi' µ -+ e pacrra.ua, Kor.ua B aHMH3ttpye

MbJii npoMe)KyrOK BpeMeHII (~ 10 MKC) perncTp1IpyeTCSI OCTaHOBKa TOJibKO O,UHOro 

MIOOHa II BhIJieT rrp11HaJ.1J1e)Kamero eMy no3ttTpoHa pacna.ua (1µ - le). 3m Tpe60-

BaH11e orpaHw111BaeT HH~eHCHBHOCTh ~o:mqe~TBa· ocTaHOBOK MIOOHOB BeJIH'IIIHOii ' . ,, .,. , : 

Iµ ~:-5 -104 µ/ceK, Ilptt rrpoBe.UeHHH µSR ::iKcnep1IMeHTOB, Tpe6YfOIUHX BhICOKOii 

TO'IHOCTH 113MepeHIDI qacTOTbl rrpel..\e'CCHH CIIHHa MIOOHa, a CJie,UOBaTeJibHO 6oJih

wo~ · ~TaTHCTHKH, Jiyqwtte pe3yJihTaTbI MO)KeT .uaTb cTpo6ocKorrtt'lecKttii cnoco6 
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113MepeHJ1H, B K0T0p0M 0TCYfCTByeT orpaHJ11IemIe. Ha HHTeHCHBH0CTb nyqKa MIO0-

H0B, CB.HJaHH0e c Tpe6oBaHHeM "TOJibKO 1µ 11 le" n qmKCHpOBaHHOM HHTepeane 

H3MepeHl1.H BpeMeH )KHJHH 0TJJ:eJibHblX MIO0H0B. CTpo6ocKonH'IeCKHH MeT0JJ: H3Me

peHl1.H 0CH0BaH Ha CHH!paJHOM . CJI0)KeHHH CHrHaJI0B n0JHTp0H0B. µ - e pacmma 

OT 0TJJ:eJibHblX 11MnyJihC0B BpeMeHHOH CTPYKTYPhl MIO0HH0ro ny'lKa. 

TioJI.HpH3aUl1.H MIO0HH0ro aHCaM6JI.H onpeJJ:eJI.HeTC.H CTpo6ocKon11qecKOH TeXHH

KOH: Il03HTp0Hbl OT pacna)l;a MIO0H0B perncTpHpYIQTC.H Il0JHTp0HHhIM TeJieCK0H0M, 

BO BpeMeHHblX B0p0TaX, CHHXp0HH3HpoeaHHbIX C BpeMeHHOH CTpyKTypofi ny'lKa. 

B HaCT0.Hmee epeM.H crpo6ocKon111Iec·K11fi µSR MeT0JJ: peanHJ0BaH Ha MeJOHHoi-i 

cpa6p11Ke PSI (Illnefiuap11.H) (Klem pt E. et al., // Phys. Rev. D, 1982, V .25, P.652) 

BTOP A5I · DIAB A noce.HmeHa on11caHH10 3Kcnep11MeHTaJihHoro . K0MnneKca 

"MIOCTil1H"[2,5], npeJJ:HaJHa'leHHoro Afl.H 11ccneJJ:0BaHH.H ceoi-icrn K0HJJ.eHc11po

naHHhlX cpeJJ: C H0M0lUblO IlYlJK0B H0JI.HpH30BaHHbIX MIO0H0B, H MeT0JJ:H'leCKHX pa3-

pa60TOK aBTopa, CB.H3aHHblX C aBTOMaTHJau11ei-i np0B0JJ.HMblX HJMepeHHi-i .. 

. CxeMa cneKTp0MeTpa C MarHHT0M; C0JJJ:alOlUHM none, nonepe'IH0e K Ha'laJibHOi-i 

Il0JI.HpHJauHH MIO0H0B, noKa3aHa Ha pHCyttKe 1. PerncTpaUH.H co6h1THi-i µ - e pac~ 

14 
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P11_c. 1. CxeMa_ µSR cneKTpoMeTpa. 

na)l;a ocymecrnJI.HeTC.H c .H0M0lUblO CUHHTHJIJI.HUH0HHblX C'leT'lHK0B_ 1 - 5. _MIOOHbl 

qepe3 0TBepCTHe 6 B naHUHpe MarHHTa npoX0JJ:.HT qepe3 JaMeAJlHTeJib, rJJ,e Tep.HIOT 

'laCTb CBOeM 3Heprn11. OCTaHOBKa MIO0H0B B 06pa3ue !pHKCHpyeTC.H 110 cpa6aTbl

BaHHIO C'leT'lHK0B 1 · 2 · 3 · 4. Me)KJJ.y C'leT'lHKaMH 1 11 2 ycTaH0B.JleH CBHHU0BblH 
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K0JIJIIIMaTop 7. ,UllaMeTp 0TBepCTllll K0T0poro M0JKeT MeH.HTbC.H n 3an11c11M0CTII OT 

pa3Mepa o6pa3ua C II0M0LUbK) neTaBHblX K0J1eu ,"8 .. Me)K,[ly e1IeT'lllKa~111 2 II 5 

yeTaHaBJ111BaeTel1 Kp110eTaT 9 e o6pa3UOM I 0. CUIIHTIUIJI.HTOpbl e'leT'IIIK0B 3 II 4 

HaX0,UllTe.H BHyrp11 XOJIOJ.lHOii 30Hb( Kp110CTai-a. II eBeT OT HIIX BblB0JJ.IITell Ha q:,3y 

110 eBeT0B0JJ,aM 11 1112; paell0JI0JKelmhlM J.lpyr Hall J.lpyroM. C II0M0LUblO eoem111e-

1rnii 13 11 14 Kp11oern-r'11p11ci-i;1Konh1BaeTe.H K moapaM e JKIIJ.lKIIM remteM (a30TOM) 11 

K e11eTeMe ~6opa·;·emlll. B~e ::>JleMeHTh_l e1JeKTpOMeTpa !IaX0)l.HTe.H BHYfpll mlllUllpll 

MarHIITa 15 Ha IIJiaTCpopMax 16. 11epeMelUaKllUIIX~.H 110 11a11paBJillKllUIIM 17. 

B e'leT':IHKax ycraH0nKII 11e110Jlb30Bamteb eUIIHTIIJIJillT0p 11p0113B0)leTBa JUITT 

Ol15U1 Ha oeHoBe 11omIernp0Jra (B1rnorpM0Ba H.B. 11 J.lp .. // Ol15Il1 13-88-176, 

.[ly6Ha 1988) i1 cporniiJ1eKTpottHble Y~IIIOJKIITeiiit XP-2020, XP-2982 cp11pMbl Philips. 

B KoJKyxax Cll3Y Kpmte .uemne;1eii, eo6paHHhlX 110 eTaHJ.lapTHoii ·exe~te, 6bu111 pa3-
.l • • - .. ' 

MemeHhl cpopw1ponaTe11u., TToporn perneTpau111I p~111yJ1be0B 3Mamumeh OT eneu11-

aJlhH0 pa3pa6oT:lHHOro J.llleeepTaHT0M JJ,Jlll ::>Toii uemt 8-MII KaHaJlhH0ro 6-TII pa3-

p.HJ.lH0ro u11cppo-aHaJ1oroeoro npeo6pa3onaTeJJ.H J ernImapTe KAMAK. C11rna.:1b1 

c cpopM11poeaTe11eii 11oeTy11a.:111 Ha e11eTeMy oT6opa eo6hmtii. eTpyKTYPHall exeMa 

. KOTOpoii 11p11Be)leHa Ha p11eyHKe 2. ... . . 

OcHoBy _e11eTeMhl oT6opa eo6b1rnii eoeT~BJlllKlT 5 6110Kon epeMeHHoij ee~1eKu1111 

E~C I - EBC5. 3rn 6110K11 CJ1yJKaT JJ.Jlll oT6opa eo6h1rnii B peJK11Max 2-~ 3-. 4-
KpaTHhtX eom1~e1111ii e 11_e_110Jlh30Hm111eM oii11oro ium J.lByx Ka11a.:1on 3a11peTa. E110K 

EBCl cp11KeupyeT Bee qaentUhl, 11pox0.UlllUlle qepe3 e'IeT'lllKII 1 • 2. B ::>TOM n,ornKe 

11p11cyrcT_BYKlT, KaK nee MK)0llhl (oern1iaBJ111BaKll!-llleCll. B o6pa3ue II 11p0X0.UllllUle 

nee C'leT'IIIKII (T,H. '!11pOJ1eTHhle")). TaK 11-IIII0llhl II 110:nnpOHhl. DJIOK EBC2 

BhlJ.leJllleT "11pOJ1eTllble" 'laCTIIUhl 110 .KpInepHKl (2 + 3). ( 4 + 5). . -· .: 

. C11rHaJihl C ::lTIIX 6J10KOH, co6paHHble 110 "l1J1l1" 3m1ycKaKJT. OLlHOB116parnp 

11pow1etta10mero Tlllla OBTT,._l<OTOphlii Bblpa6aTb1BaeT ClfflUUI "Oxpa11a )lo" - B 
("Busy"), 11peJ.lOTBpalUaIDLUllii 3a1111eb B e11eKTpbl C06h1Tlle JI ..:._,·e pac11a)la, eCJIII 

eMy npeJ.lwecrnbea.:rn perncTpau11~ 'MKl0Ha, pac11a)l Kornporo 11e 6hm 3,icp11Kc11po

Ba11, 111m "11pOJ1eTHoii" ~acntUhl. j·'.:hbT 6110K 6hU1 pa3pa60T~H )l1tcceprn11ToM 11 

H3l'OTOBJieH B MexaH11°i"iecKoM 1i ii11eKTp111IeCKOM K0HCTpyKnrne KAMAK. 

. BpeMeHHOii eeJieKT0p EBC3 Hhl)leJilleT MKlOIII~. oeTaHOBll~Wll~C.H 
0

H ~rnwe1m e 

y'leT0M c11rna11a "Oxpa11a )lo" 110 exeMe 1 • 2 • 38. C1muu1b1 e ::ii-oro 6110Ka 110-

cTynamT i-ta OJ.lHOB116parnp OBC (OJ.lHOB116parnp ernpT0BhlX eo6b1rnii}, KOTOph1ii 

Hblpa6aTb1HaeT H0porn G(''.Gate") JJ,JIIITeJlhH0eTbKl 10 MKe. 3rn Boporn 3a11yeKaKJT 

epe~rn-uucppoBOH 11peo6pa10BaTeJlh (BUTT) Tlllla .KA304 (fpe6e1110K B:M., 3111108 

. B.f., CeJ111KoB A.B. JI Ol15Il1, 13-82-713, .[ly6Ha, 1982) .. Ewe owm BUTT 11c

I10J1h3YCTCll C0BMeCTHO C aHaJIOl'OBhlM 11peo6pa30BaTeJieM. BpeMeH!lhl~ l111TepmUIOB 

(ATTH), II03B0JillKllUHM pa6oTaTh e MeHbweii w11p11110,li Ka11a.:ra (KmtMOB" A.H., 

Me;1ewKo E.A. II TTT3, 1976, N3. e. I 00). EnoK EBC4( 4 • 5) perncTp11pyeT 110311-

Tp0Hhl, Hhu1ernK1_w11e 113 MmueH11 110 mi11paeJ1e11i1K> "m1epeJ.l" c1, a EBC5(2 • 3 • I) 
- 1103I1Tp0Hhl, BhUleTaKllllHe Ha3,Ul Ct,. C11rHaJlhl e ::>TIIX 6J;OKOB CMCIIJIIBa~lTCll 11 
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Pttc. 2. CTpyKTYPHIDI cxeMa oT6op~ co6b1rn·ii µSR cneKTpoMeTpa. 

110.uaIOTC» im Bxo.u · "CTon" BUTT. KpoMe :noro cttrtta.11 eb nocTynaeT Ha Bxo.u 

"ITptt3HaK" BUTT, TaK •ho c11eKTpb1 OT n03HTpOHOB pacna.ua "Bnepe.u" 3a1111cbrna
e~c» B Katta.Jlbl C O Iio 2047, a cIIeKTpbl OT fl03HTpOHOB "Ha3a.u" - B KaHa.Jibl 2048 -

4095. EcJIH BO BpeMeHHOH HHTepBa.JI CTapTOBbIX BOpOT G npHXO.UHT 6011ee·o.aHO
ro MIOOHa HJIH perIICTpttpyeTC» 6011ee O.UHOI'O 1103HTpOHa, TO cpopMttpyeTC» CHrHa.JI 

6 

·, 

,, 

"C6poc", npeKpama10m11ii pa6oTy BUTT. CttHxpoHH3aUH» pa6oTbI 6JioKOB BpeMeH
Hoii CeJieKUHH ocymecTBmieTC» c nOMOl.l(blO 14 JIHHHii Ja.uep)KeK, He nOKaJaHHbIX 
Ha p11cyHKe. 

Ha6paHHb1e;cneKTpb1 nepeJJ.aBa.JIHCb H'a 3BM µVAX-3400, KOTopa» m:noJib30-

Ba.Jiacb B Ka'!eCTBe cpaiiJI-cepBepa. O6pa60TKa cneKTpOB npoII3B0J].HJiaCb Ha 3BM 
• l 

pa3JIH'!Horo rnn~.? nO.UKJIIO_'IeHHbIX K HHCTttTyrcKoii ce,rn Ethernet. O6pa6oTKa 
3KCnepHMeHT_a.JlbHbIX cneKTpOB npOH3BO.UHJlaCb MeTOJJ.OM MIIHIIMII3aUIIII CTaHJ].apT

HOro x2
- cpyHKUHOHa.Jla BpeMeHHblX rIICTOrpaMM N(t) C pa3HII'!HbIMII cpyttKUH»MII 

IIOJI»pH3aUHII cnIIHa MIOOHa P(t). ; 
ITp11MeHeH11e MHOroK~Ha.JibHoro UAIT ycrnHOBKII noporoB II MHorocpyttKUIIO~ 

Ha.JibHbIX 6110KoB BpeMeHH~ii ceJifiKUIIH noJBOJIHJIO coKpaTIITb JJ.O MIIHIIMyMa apeM» 
H3MepeHH» xapaKTepHCTHK JJ.eTeKTOpOB Ii HaCTpoiiKII cneKTpOMeTpa. YnpaBJieHHe 

cttcTeMoii perncTpauHH co6bITHii ocymecTBIIBJIOCb .c noMOlJ..lblO I13BM IBM PC/AT 
386. . . 

Tpe6yeMbie TeMnepaTypbl o6pa3UOB B JJ.HanaJOHe OT 4,2 JJ.O 300 K BbIJJ.ep)KIIBa

JIIICb c T0'!HOCTblO He xy)Ke 0, 1 K B Te'IeHIIe BpeMeHII Ha6opa CTaTIICTIIKII B OJJ.HOii 

TeMnepaTypHoii TO'!Ke. 3TO o6ecne'!HBa.JIO'cb npIIMeHeHIIeM aB,TOMaTII~IIpoBaHoii 

cttcTeMbI ynpaBJieHII» TeMnepaTypoii Ha ocHoBe I13BM rnna IBM/PC II sJieKTpoH

HbIX 6JIOKOB, pa3pa60TaHHbIX B Il5J:IJ 0115111 II H3~0TaBJIIIBaeMblX ()IJ 0115111. 

Aim KOHTpOJI»-TeMnepaTypbl aJOTHOro 3KpaHa KpIIOCTaTa C nOMOl.l(blO JJ.IIOJJ.HbIX 

J].aT'!HKOB JJ.HCcepTaHTOM 6bIJI pa3pa6oTaH npII6op, II3Mep»IOll.lIIii TeMnepaTypy OT 

70 .uo 300 K H cKopocTb ee HJMeHeHH» dT /dt B JJ.IIanaJoHe OT .-5 .uo +5 KIMIIH. 
l13MepIITeJibHbIH np116op BbinOJIHeH B KOHCTp)'KTIIBe· "BIIIIItt»" ·co BCTpOeHHbIMII 

6JIOKaMH nHTaHH». . ., .) . . . . , 
BTopbIM, nocJie TeMnepaTypbI, Ba)KtthIM napaMeTpoM npII npoBe,neHIIII µSR 

3KcriepttMeHTOB »BJI»eTca BHeumee Mai=inirn~e noJie .. : Mai1111rnoe noJI~ ~a 113y- · 

'!aeMbIX o6pa3uax C03J].aBa.JIOCb O.UH~M H3 . .UBYX ~aH,UIIpHbIX 3JieKTpoMarHIITO~ ·c 

BOJJ.»H'b!IM oxna)KJJ.eH~eM. HeOJ].HOpo;i"HOCTb IlOM B o6'beMe;' IIC~·OJib3YeMOM )J.illl pa3-
MemeHII~ o6pa3l(0B (JJ.HaMeipoM 60 MM II T0Jll.l(HHOii 1 () MM), ' ccidaBJIBna; 10-4 

. Jl)rn ~3M
0

epeHH»
1 

MarHII~HblX 110Jieii HCil0Jlb30Ba.JIC». ;MeTOJJ. ».UepHOro. 
0

MarttHT~Oro 

p~30HaHba B np0TO'!HOii )((~AKOCTII. CTpyiTypHa». bx~Ma Ma~II~OMeTpa' npeJJ._ ~Ta-
' 1 , , , ; , , 1l 

BJieHa Ha pHCYHKe 3. . . . . . , 

BoJJ.a, npo~o~ . '!epe3 non~pII3YIOll.111ii MarHHT II, ~OCTynaeT B 06.ri;;bTb ll3Me
p»eMoro MarHIITHOf0 noJUI M,. me Haxo"JJ.irrcsi KaTyiuKa HyraI..IHH L, liaMOTaHHM Ha 

nnac~HKoay~ Tpy6Ky c npoTeK~uomeii Bo.u6ii. K~Tym~] coeJJ.IIHe~~ c 'cIIHTeJarnpo~ 
'!aCTOTbI rnna '16-31, ynpilBIIBeMbiii p~eiiHb1~' perncrpoM KB 006: · ; .. 

ITonapH3aUtt» B0JJ.bI o·npe.uenaeTcsi IIJMepIITeJibHbIM reHeparnpi:n,1' r, noMemeii
HblM B none amUIII3IIpyIOmero' Ma~tt~a A' H. pa6o'iaJOlJ..IIIM H~ .'.iacT0Te, COOTBeT

CTBYIOl.l(eii ycn~B~·IO 51MP-pe30Hirn~11· )J.IUI. np~T0HOB BO~hi. Cn~a.JI ·~ reHeparnpa r 
HJMepaeTC» UII,cppOBbIM B0JlhTMeTpoMB7:34 'c'.IIHTepcpeiicoM KP 005. . . . ' 

IlpoueJJ.ypa H3Mepemrn CBOJJ.HTC~ ~, HaXO)KJ(eHHIO qacTOThl, C0OTBeTCTBYJOI.Ueii 
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P11c. 3._ 51MP Marn11rnMeTp Ha nporn'IHOH Bo.ue. 

C 

A 

M 

A 

C 

. ' 
MHHHMYMY c11rnana aHaJJH3Hpyemero retteparnpa. To'IHOCTb H3MepeHH}I MarHHTHO-

ro nOIDI He Xy)Ke io-4 npH B > 10 re: C y~eHbllleHHeM BeJJH'IHHhl HOJl}I TO'IH~CTb 
na.uaeT, HO H B HOIDIX .[{0 } re Otta O~;ae'ic» JIY4llle, lJeM 10-2 • . 

· B T~6nwue 1 npwBe.uetthI octtoBH~Ii ~apaMeTpbI cneKTpoMeTpa "MIOCIII1H". 

Pattee roBopHJiocb <> cTpo6ocKon114ecioM c
1
~oco6e H3MepeHH» noKanhHoro Mar-

, ,· . . ; . ,. , . ,_' ,, : 

HHTHoro noIDI Ha MJOOHe, 11cnoJ1h3YJOil(eM 11MnynhcHy10 CTPYKTYPY MJOOHHOro ny'I-

Ka: IlY4KH ~a30Tpoiia 0115111 TaK)Ke HMelOT HMnym6iy10 CTPYKTYPY· O.uiuiKo '!a

CT()Ta cneJ:ioBa~IDI HMnynhcoB'F i.ie~eTc» np11Meptt<> Ha 30 Kru 1!6n11311' 14,6 Mr~' 

3a BpeM» UHKJJa Bhrno.ua T=3,2.Mc. Ecn11 HHTepBan T pa36HTh Ha M nO.UbIHTepBa

JJOB t;(i = 1.:M), KaK n<>K~1aJo Ha pttcyttKe 4 JI.JI~ M=32, To cpe.utteii 'lacToTe 

cne.uoBambi HMny.ribcoB ~a Ka~6M HO.UhIHT~pBane • F;, 6y.ueT co<>TBeTCTBOBaTb cBo» · 

pe3ciHaHCHllil lJaCTOTa npeuecctt~ 'criima MIOOHa W; = 21r F';, KOTOpOH MO)KHO COilO

CTaBHTb 3HalJeHHe cpe.uttero noIDI -~~ MIO;He B; ~ w;hµ.- "ilpoB0.[{51 .[{JI~ Ka)K.[{oro 

IlO.UbiHTepBana i npoue.uypy. CTp;o6~ck~IlH'leCKHX H3MepelmH, ~O)KHO nony'IHTb 3a 

O.UHH UHKJI H3M°epett11ci tta6op'. C'leT~~ .SiCB;), fAe J = l..N - ~OMep BOpOT •BHYTPH 

npoMe)KYTKOB Me)K.[{y coce,UHHMH 6att4aMH. OmicaHHblH cnoco6 YA06eH TeM, '!TO 
oma.uaeT Heo6xo.u~M·ocTb·'~HOfOKp~T~()-H TO:H.OH ycrnHOBKII BHelllHero rIOJ151 .u.rrn 
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Ta6m1ua I. OcHOBHhJe xapaKTepucn1K11 c11eKTpOMeTpa 
.U11aiia3oH Te~mepaTyp 4,2 - 300 K 

TO'IHOCTb no.u.uep)Kallll}I Te~mepaTypbl He xy)Ke 0, I K 

.U11anaJOH MarHIITHblX IIOJJeii 0 - 0,6 T 

HeO.[{HOpOllHOCTb MarHIITHblX IIOJleii 10-~ 

Ko.ri11'1eCTBO 11031lTpOHHhlX TeJJeCKOIIOH" 2 
.. . '' --- ., ~ ~ . 

PaJ1?eWaKm1ee ttpe~rn _cneKTpoMeTpa I HC 

Meprnoe Hpe~rn ci1eKTpo~ieTpa 15 He· 

W11p1111a · KaHaJJa ClleKTpOMeTpa 5,5 HC ( I.) HC Aill1) 
.Um1°Ha rllCTOrpaMMhl • 10 MKC 

Ornowem1e. c1irnw1/cjio11 ' 
., 

. 
10• 

CH»Tlrn HCeii pe30HaHCHOii KpllBOii . 

p• 
ny11ok 

T., 3.2 ll'Ctk 

[a . ;._.·•··. --;] ii 
' ' 0 
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8 1I 
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Puc. '4_ CxeMa CTpo6ocKOlllllJeCKIIX, ll3MepcH11ii Ha cpa30Tpo11e. 

bhlJIO llpOHe~eHO 'litCJ1eH1IOe .. MOlleJ11tpOHaH11e[9j )l.JUI CJ1y<im1 ll3MeH'emrn lJaCTO

Thl CJiellOHaHH}I m.myJihCOB MKJOHIIOro ;,y~ka cp~3riTpOHa 0115111 OT
1 

14,608 Mfu 

:Uo 14,578 Mru 3a BpeM}I 3,2 MC 11p11 IIOJ1yw11p11He Ha IIOJIYHblCOTe MIIKpoforn•1a 

paB110ii 5 HC. Marn~rnoe IIOJle Ha MK~OHe 11peuuo~iaiwIOCb paHllhl~I 1077.7 re. 
'!TO COOTHeTcTByeT lJaCTOTe Hpa111eHllll CIIIIHa MKJOHa pammii cpem1eii lJaCTOTC 110-

BTOpeHll}I, M11Kpo6aH'!ett HO HpeMH Ulll(.ml' nhrnoua. Amumm•111b1e 'pac•1eThl 6b1m1 

npotteueHhl II wrn rapMOHIIK 60J1ee HhlCOKOro IIOPllllKa. •, 

Ilo11y'!eHYhlC pe3yJlbTaTbl IIOKa3,UIII ocy1uecTHIIMOCTh CTpo6oCKOllll'ICCKllrO MC-
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P11c. 5. MeTO.UHqecKHH CTeH.u .um, HH3KOTeMnepaTypHblX H3_M,epeHHH. 

rn.ua HJMepeHHH Ha cpa30TpoHe JUITT 0~11. TTpeJ.lBap11TeJJbHb1e ::JKcnepHMCHTbI 

110.urnep.UHJIH pe3yJJbTaTbl pacqeTOB. Pean113aUHSI npe)J.llO)KeHHOro MeTO,Ua no3B0-

JIHT pacwHpHTh Kpyr pewaeMblX KOMIIJJCKCOM "MlOCTTl1H" 3a,uaq, KpoMe ::irnro, 

CTpo60CKOJJHqecKHH Mern.u npHMeHHM H )1.1151 3KCnepHMeHTOB no BpeM51-YfJIOBbIM 

KoppemIUH51M Ha nyqKax cpa3oTpoHa JUITT 0115111. 
flpH npoBe.UCHH51 HH3KOTeM11CpaTypHbIX MeTO,UHqeCKHX pa60T )1.1151 3KC11CpHMeH

TaJibHC>rO KOM·;iJJeKca "MIOCTTl1H" HCll~Ilb3yeTC51 c-r'ett.u[IO], 6a30BM ·KoHcpHrypa-
'. ' . _, ' ' - . . ! . 

UH51 KOToporo IIOKa3aHa Ha p11cyHKe ·5_ CTCH,!l HCflOJib30BaJJCSI )1.1151 HCllbITaHml 

y3JIOB KpHore,rnoro o6opy.uoBaHHSI Ko~nJJeKca "MlOCTTl1H" H Kan~6poBKH ,uaTqu

KOB TeMnepaTypbl ,!lJrn TeXHHqecKHX IIpH~e11eHHH. Ha CTCH}le ocyLUeC~BJISIJIOCh H 

H3Mepe1111e, ,TeMI;epaTyp i1epexo.u~. o6pa~~OB, npe.u~aJHaqeHHblX ,!lJrn HCCJJe,uoBaHHSI, 

B CBepx11pOBO,!lSILUee COCT051IIHC KaK pe311CTHBHbIM, TaK H HH.UYKTHBHblM Me,To,UOM. 

Oc11osow HJMepHTeJJbHOH qacTH cTe'!.ua cJiy)KHT TT3BM, co11p51)KeHHaS1 c Kpew-
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J 
:J 

TOM KAMAK. l13MepS1eMbie HanpS1)KeHHS1 qepe3 KOMMyrarnp_KA004 noJWJOTCSI Ha 

u11cpp0Bott. BOJJbTMeTp (UB), 3a,uaBaeMOH • nporpaMMofi H3MepeHHSI. CTeim octta

LUeH TaK)Ke ycTpoiicrnaMH )1.1151 npoBe,ueHHSI H3MepeHHH c eMKOCTHbIMH (C --:+ F, 
C. - ,U) 11 HH.UYKTHBHbIMH .uaTqHKaMH., Pe3yJJbTaTbI H3MepeHHH 3aTTHCbIBaJOTCSI B 
cpaiiJJb; ,uaHHbIX. TTporpaMMbI ynpaBJie~llil CTeimoM ,HanHcattbI Ha Sl3bIKe TURBO 

PA_SCAL V.5.5; • .[{JJS1 H3MepeHHSI conpoTHBJieHHSI .uaTqHKOB _TeMnepaTypbI Ha;Ma

JJbIX 113Mep11TeJ1bHbIX TOKaX, a cne,uoBaTeJJbHO H C MaJJOH MOLUHOCTblO,.Bbl.!leJJS!eMOH 

B TepMope3HCTope, 6bm pa3pa6ornH H H3roToBJieH. npH6op[I], CTPYKTYPHaSI cxe

Ma KOTOporo noKa3aHa Ha,pHc.6. TTp116op HMCeT 4 H3MepHTeJJhHblX KaHana,. K 

Ka)K,!lOMY, H3 KOTOpbIX ~fO)KHO nO.UKJJJOqHTb JIH60 O.UHH 113 .UBYX TepMO,!laTqHKOB, 

JIH60 KaJJ116poBO~HbIC conpOTHBJICHHSI. B H3M~pHTeJJbHOH CXCMe.HCnOJJh3yeTC51 ,UBa 

KAl-(A,\ 1 
k f>HewHUM 
npu6opaM 

1 ,..:._~-'--:._-:._-=.-=.-=.:: i .. ' . -----~ 
...J..-c:l-.-J: Y C ~A~ T. CA 

K'AHAA2 

KAH A.A 3 

KAH'A/\ 4 

P11c:. 6. CTpyKTypHaS! cxeMa npu6opa· ,!lJrn H3MepeHHSI conpoTHBJieHHH ,uaTqHKOB 

TeMnepaTypbI. · 

reHepaiopa · CHHYCOH,!laJJbHblX·, KoJJe6aHHH Tl i'i: f2,: co 'cia6umnaQHeii 'aMIUIHTY.!lbl 

3a cqe'r· lleJJHllt!HHOCTH OTpHQaTeJJhHOH o6paTHOH CB513H. HarpY3KOH 'reHepa-ropOB 

cJJy)KaT Tpa11ccpopMaTO~b1 Tl H T2: ; l13Mepi!eMbie conpOTHBJieHHSI R/JaIIHTbI

BaJOTCSI T()KOM, 33,!laBaeMblM conpOTHBJieHIDIMH _ Rg: ,uJui KOTOpbIX Bhin0JJH}JeTC51 

ycnoBtte R9 > > Rt. '. TTa,ueHHe HanpmKeHHSI Ha TepMope3HCTope· np11 ::iioM npo

nopuI-ioHaJJhHO BeJJlfqHHe ero conpOTHBJieHllil H COCTaBJ!SleT Bem1qHHY 6 + 60 MKJ.3. 

3m 11anp51)KeHHe ycHJJHBaeTC:i'u, nocne BbIITp51MJleHIDI CHHXpOHHbIM .ueieKT0pOM 

C)l, H3MepS1eTCS1 BcTpoe~HbIM_UHcppoBhIM BOJJhTMeTpoM BUB c TOqHoCTblO 1% HJJH 

BHeWHHM •BOJlbTMe'rpoM c 'foqHOCThID 0, 5%., ' 
B TPETbEH rJIABE H3JIO)KeHbI npoue.uypa 11 pe3yJ1hTaTb1 c11cieMaT11qecKoro 

HCCJJe,uoBaHHSI rny6HH npoHHKHOBeHHSI MarHHTHOfO noAA 8 BhICOKOTeMnepaTypHbie 

CBepxnpoBO.UHHKH Ha OCHOBC Bi. 
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Cnoco6ttoc'rh µSR MeTOlla H3Mep51Th pacnpellenetttte BttyrpeHHHX MarHHTHhlX _ 

noneit B eemecrne no3BOAAeT ttcnoJih30BaTh ero nptt H3y'-{eHHH noee,uemrn ceepx

npoBOllHHKOB B MarHHTHOM : none: rny6ttHa npOHHKHOBeHH51 MarHIITHOro nom1 

). 51BJI51eTC51 OllHHM H3 OCHOBHhlX napaMt?TPOB,. xapaKTep113YIOIUHX CBepxnpoBOll

HHK;: a ee Te~mepaTypHa51 3aBHCHMOCTh MO)KeT )laTb 'ttmpopMaUHIO ·o MexaHll3Me 

cnapHBaHHWHOCHTeJJett ·3ap51lla B'CBepxnpOBO)l51IUeM COCT051HIIH. l13Mep51eMa51 Bpe

MeHHa51 3aBHCHMOCTh noAApH3aUHH CJIIIHa MIOOHa P(t) CB513aHa C pacnpelleJieHlleM 

BHyrpeHHero MarnHTHOro IIOAA' B CBepxnpOBOllHHKe. · E. EpaH)lTOM: 6bJJI0. IIOKa3a

HO(Brandt E:H,, Phys. Rev: B, 1988, .V.37, P.2349), '-{TO nrnpoit MoMeHT pac

npelleJJeHH51 MarHHTHOro IlOAA B CB~pxnpoBOllHHKe < ~B2 > CB513aH C my6HHOH 

npOHHKHOBeHH51 ). COOTHOUieHHeM 

~·· ... :<:.~B2 >= 0.0371: cf>~ • >. -4, (2) 

r)le ¢0 - KBaHT MarnHTHOro IlOT0Ka, COllep)KcllUHHC51 s·OllHOM Bttxpe. 

HaUIH µSR-sKcnepiJMeHTbI 6hJJIH npoBe)leHhI' Ha '-{eTbipex rpynnax o6pa3UOB 

BTCil Bi2_.,PbxB;2Ca1-zYzCu2".)s+o[3,4,6~8]. 
O6pa3Ubl nepBOH rpynnbl (I) 6bJJIH IlOJIY4eHb; MeT0llOM llBOHHOH KaJibUHHal(HH 

C IIOCJiellyJOIUHM OT)KHfOM; _ 

O6pa3Ubl BTOpoii rpynnbl {II) H3fOTaBJIIIBaJIHCh KHCJJOTH.bll',I MeTJ)loMi 

O6paJeu III 6h~ rip'ttroToBJieH MeTOA0M CTaHllaprnoii ~opowKonoii MeTaJJJ1yp-
• . 1 . • .• 

rHH. ' 

O6pa3Ubl JlJI5I H3Y,eHH51 BJIH51Hru:i ll0I1HpOBaHll51 Ha CBepxnp0BOWIIJ . .(He CBOHCTBa 

(IYf6bJJIH;mroT0BJI~Hbi"-qmpMOH Hoechsr (repMaHH51)-MiTOllOM JIJiaBJiemrn. Co

)lep)KaHHe KIICJI'opo)la no)l6HpaJIOCh TaK, :,JT06bJ JlJl51 Ka)l(JlOf(), coe)lHHeH'irn noJiy'-{HTb 
, .. - .,,. .... ,.. "~ - ' ., ... ·-. _,. t • . ' 

Mfil<CHMaJihHOe 3Ha'-{eHHe -Tc... . ... 
3KcnepHMeHThl no H3Me'peimro my6HHbl npOHHKHOBeHH51. MarHHTHOro IIOJI51 

npOBOllHJIHCh ,npH OXJia)l(JleHHH BO_ BHeUIHeM MarnHTHOM none (FC-npouellypa). 

BeJJH'-{HHa MarnHTHOro IIOAA BbJ6HpaJIOCh TaKHM o6pa30M, '-{T~6bJ pacCTO}!H_lle Me)K

llY BHXP511:fH l 6bJJIO Me}lbrpe rII)'t5HH,bl npOHHKHOBeHH51 >.. B.3TOM cny~a~ CKOpOCTh 

,!.(ellOAApH3iuJ.HH CJIHHa nepecTaeT 3aBHCeTh OT BeJJH'-{HHbl MarHHTHOro n0Jrn. KaK 

noKa3aJIH SKcnepHM~HThI,. sTo ycnontt~ ~~6JIIO,!.(aeTc51 n'ptt · B_ >400 rc[3], 
• ·, • _, · , ._, , ' · , I 

O6paJUbI rpynn I . H II 6hJJIH MHoro<paJHhIMH, HO _cnoco6ttocTh µSR MeTO-

_,!.(a H3Y4aTb. pacnpelle~eHHe MarHHTHblX -noJI~H, ~;HociIUHM~51 K pa3HbIM <pa3aM, 

n03BOAAeT H3Mep~;h BeJJtt'-{HHY rny6HHbl npOHIIKHOBeHH51 ';. H B 3TOM CJJy'-{ae[4]. 

Bpe~~HHhie cneK;pbl Il0311TpOHOB pacna)la onttCb!BaJI~Ch ¢opMyJIOH . . 

. , , n 

N(t) = N 0 exp(-t/rµ)(L a; exp(-a;t2
) cos(w;t + t0 ;)) + Nb (3) 

i=L (. 

Ilptt o6pa6oTKe cneKTpa no 3TOH cpopMyne nony'-{aeTc51 CJiellyromrui HH<popMaUH51: 

- OTHOCHTeJJbHbie o6'beMbl !pa3 a;(I: a; paBHa Ha'-{aJibHOH aCHMMeTpHH ao); 

12 

- cpe,um1l! BeJill'-{IIHa MarttlITHOro 1101rn R 06nacn1 o6pa3ua. JammaeMoii i-Toii 

<paJoii B; = w;/"f1,; 

- BeJlll'-{IIHa ,UlICIIepc1111 MarHIITHOro IIOJill < ~B 2 > B cpa3e i. Otta HaXOl.lllTCll 113 

cKopocn1 ,ueno1rnp113au1111 a; B 11pe,ue11e raycconcKoro pac11pe,ue11emrn Manrnnwro 

11011l! 2a2 = 'Y,, < ~B2 >-

Bemt'-{IIHbI rny6irn npOHIIKHOBeHllll MarttllTHOro IIOJill. IIOJIY'-{eHHble 113 3KC1Ie

pm1eHTaJlbHO l13MepeHHbIX 3Ha'-{e1111ii a Will pa3Jlll'-{HblX o6pa3UOB, np,rnelleHbl R 

Ta61rnue 2. 3,uecb >.c 11 o6oJHa'-{aeT ::icp<peKnrnHyK) rny61rny 11poH1IKHOBeH11l! Mar

HIITHoro IIOJill .!l)Ill IIOJll!KpllCTaJIJlll'-{eCKIIX CBepx11poBOilHIIKOB, a Aol, - r.11y6irn~ 

11pOl!llKHOBeH1Ill B IIJIOCKOCTII ab MOHOKpllCTaJIJla BTCTT. Bbl'-{IICJieHH)'Kl CIIOC0-

6oM, om1ca1111h1M B pa6oTe (Fesenko V.l .• Gorbunov V.N .• Smilga V.P. //Physica 

C. I 99 I. V. I 76, N .4-6, P.551 ). CrnrnCTll'-{CCKal! TO'IHOCTb 1m1epeH11l! rny61m 

11pOl!llKIIOBeHllll COCTaBJil!Jla 100 .A. . 

Ta61rnua 2. fJ1y6H1Ihl 1Ip01111KHOBel!lll! Marn_lITHOro IIOJlll B pa3Jlll4Hhle o6pa3Ubl, 

HJMepeHHhie 11S R-MeTOJJ.OM. ___________ _ 

O6pa3eu Tc, K >.,.ff(0), A >.n1,(0), .4 
I 78.4 2470 1880 

108.8 3150 2400 

II 70.7 2830 2150 

Ill 106.1 2500 1900 
.. 

x.z=0 92 2430 1850 

IV z=0.I 89 2600 2000 

x=0.15 91 . 2500 1900 

TTpe,uCTaBJil!eT IIHTepec ~He :roJibKO Hll3KOTe~mep,ITypHoe 3Ha'-{el!lte rny6HHhl 

IIpOH11KHORellllll >., HO H ee Te~mep,nyp11rui 3aBHCIIMOCTb. Te~mepaTypHbie 3aBIICII

MOCTll >.(T) R 06pa3uax I H II Haxo,ul!TCll R xopoweM cornac1111 c ,unyX)Kll,UKocrnoii 

MO,UeJibKl >.(T) ;:= >.(0)/ ✓1 -:-- (T /Tc)4 [3,4 ]. l1Hoe IIOBe,ue1111e 3aBIICIIMOCTII >.(T) 
o6HapyieHO R o6pa3uax C OIITIIMaJlbHhlM ,UOIIllpOBalllleM (rpymia IV). R KOTO

pblX co,ueplKaHHe 'KHCHopo,ua 110,u611pru1ocb TaK, '-{T06hI Wlll KalK.!l.Ol'O coemmeHIIll 

IJOJIY'-{llTb MaKCHMaJlbHOe 3Ha'-{eHlte T,.. ,l],Jrn 3TIIX o6pa3UOR Te~mepaTypHal! 3a

BllCllMOCTb ).(T) 11y'-{we onHcbrnaeTCll R paMKax 06btK11oneH11oii Teopm1 EKlll n 

11pe,!.(ene c11a60~, ~JieKTPO,H-cpOHOIUIOH cmn11[6].' 

CsepxnponOJl511Ulle, u. ManillTHhie ceoiicrna _ BTCTT Ha oc11one BHCMyra 3!1RIICl!T 

OT. KOHUeHTpa_UllH . HOCliTeJJeii 3apl!,ua, . K0TOPYIO MO)KIIO ll3MCH_l!Tb ,UOllllpOBal!lie~t. 

Haw11 uccm:,uo~amrn[l l,12,15] 6h1Jm 11pone,ueHhl c.o6pa3WtMII rpy1111h1 IV coe,u11-

He11nl! B-i2-cxPb;Sr2Ca1 _, YzCu.2 08+~•, 1nrornru1eH11h1M11 cjmpMoii Hoechst AG 

(fepMaHllll). 
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I 

1: 

Ha p11cyHKe 7 11306pa)KeHa 3aHIICIIMOCTh HTOporo MOMeHTa pac11peiteJieH1rn lJa-

CTOT MIOOHHOH 11peuecc1111 < 6..w2 > ex: 1/ ,\~b OT KOHUeHTpaum1 HOCIITeJJeH 

3ap}llla (llblpOK) Ha 01111H aTOM Mellll p = {j + ( x - z) /2. 

2.0 

,......_ -I 
CJ 

1.5 i ,!' t ~ 
;::g 

----
N 
:::;- 1.0 

,< ...,--..._ 
N 

! 0.51 I . Bi2Sr2Ca1-x Y xCU20a+y 
0 Bi2-xPhxSr2Ca Cu20a+y 

0.0 -r----.------,-----.---~------ir----,--__J 
0.0 0.1 0.2 0.3 0.4 0.5 

p (Ha aTOM Cu) 
0.6 

P11c. 7. 3aHHCIIMOCTh HToporo MOMeHTa pacnpeneJieHH}I lJaCTOT MIOOHHOH npeuec

CHH < 6..w2 > ()( 1 j .X!b OT KOHUeHTpau11u HOCHTeJleH 3ap}l)la (JlhlpOK) Ha O)llfH 

aTOM Me)lH p 

lb pucyHKa Hlf)lHO, lJTO HeJJHlJHHa <' 6..w2 > pacTeT JIHHeHHO C p )lJ)}I o6pa3UOH, 

)l011HpOHaHHhlX Y, lJTO flO)lTBep)K)laeT npennoJJO)KeHHe 06 yHeJJHlJeHlrn KOHUeH

Tpau1111 HOCHTeJJeH 1ap}!Jla ns, yYacrnyJOIUHX B 06pa10HaH1111 CHepxnpoBO)l}IJUero 

COCTO}IHH}I. TTp11 )lOHHpOBaHHH CHHHUOM HeJJHlJHHa < 6..w2 > yMeHhWaeTC}I, xorn, 

KaK 110Ka1aJIH peJyJJhTaTbI HeHTpOHHhIX uccJie)loHaH11i1 3THX )Ke o6pa3UOH, KOHUe11-: 

Tpaw.:rn .UblpOK 11p11 3TOM pacTeT. ?TO 11pHHOlllfT °K HhlBO.UY, lJTO )lOflOJIHHTeJihllhle 

IIOCHTeJIH 1apli.ua, HIIOCHMble 11p11 .uorrnpoHamm CHHIIUOM, JIOKaJJH30Hallbl H He )lalOT 

HKJialla H n.,. l!(, 

YETBEPT A51 fJlABA 11ocH}IJUe11a u1Mepe11ii10 JIOKaJihHhIX Mar1111rnb1x noJJeH 

H n - Bi203[13,14]. 

Coe.uu11eH11e n-Bi20 3 06na11aeT p}l.uoi1 cHoiicTe; Heo6hilJHhix ·w1}1· HemeCTH, aTo0 

Mhl KOTOpblX Ha 3JJeKTpOHHhlX o6oJJOlJKax co.uep)KaT H KalJCCTHe HaJJeHTHhlX TOJlhKO' 

8- If p-3JJeKTp0Hhl. B11epHhle HaJJHlJHe flOKaJJhHhlX MarHHTHhlX: IIOJJeH B O'. - Bi203 
6hUIO o6Hapy)KeHo no pacmerlJleHttio ClleKTpaJlhHhlX' jJHHHH ; MeTO.UOM • }l)lepHoro 

KHa1Ipy110J1hHOro pe10HaHca (51KP) Ha }11pax' 209B i (CeMH~ f-K., HaphimH A.B. u 

Eoryc1mHcK11ii A.A. /NbHecTH}I AH CCCP, cep>cp113., 1985, T. 49, c.1412 ).Mar

HHTHa}I HOCllpHHMlJHHOCTh H HHTepHaJie Te~rnepaTyp 80 - 160[{ He JaHHCeJia OT 
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JJa OT TeMnepaTyphl, HMeJJa OTp11uaTeJJhHhlH 3HaK, HO ee a6COJIIOTHOe 3HalJem1e 

OTJJHljaJJQCh OT cyMMapHOH )lHaMarHHTHOH BOCHpHHMlJHHOCTH HOHOB, BXO}l}IJUHX B 

COCTaH coemmeHml, Ha napaMarHHTHhlH BKJla)l BeJJlflJHHOH Xv ~ 3 . 10-5 CM3IMOJlh 

(BonKoJy6 A.B. 11 np. // Cl>TT, 1991, T. 33, c. 2506 ). 

,U.rrn 1nY4ett1rn 3Toro }IBJieH1111 HaMH 6h1JJH npoeenetthI TF - µSR HJMepe

Hlf}I npH pa3JIHlJHhlX TeMnepaTypax. BeJIHlJHHa nom - 400 re 6hma Bhi6pa

Ha HJ coo6pa)KeHHH yno6CTBa Ha6JJIO)leHlf}I . Ja BpeMeHHhIM XO)lOM nompH3a

Ulflf. TTpn o6pa6oTKe 3Kcnep11MettTaJJhHhIX µSR rncTorpaMM epeMe1JH3}1 Jaeu

CHMOCTh Ha6JIJO)laeMOH 110JJ11pH3aUHH MIOOHOB OflHChiBaJJaCh cpyttKUHeii pTF(t) = 
<lTF exp(-,\TFt) cos(wt + cp ). 8 3TOM BhlpIDI<eHJm <lTF - 3KCnepHMeHTaJJhHhlfi 

K03cpcpHUHeHT aCHMMeTpHH, B OCHOBHOM , onpenen11eMhIH OTHOCHTeJJhHOH )lOJJeii: 

MIOOHOB, MarHHTHhie MOMeHThl KOTOphIX npeuecCHPYIOT co cpenHeH JJapMOpOB

CKOH YacTOTOTii w coorneTCTBYJOIUeii BHew11eMy noJJJO B (w = ')'µB, r,[(e ,'µ

rnpoMarHHTHOe OTHOWeHHe M}I MIOOHa) j cp , - 3KCnepHMeHTaJJhHO onpe.[(emeM3}1 

HalJaJJhH3}1 cpa3a npeuecc1m; ,\TF- CKOpOCTh peJJaKCaUHH CflHHa MIOOHa. BeJJII'mHa 

Arp xapaKTepH3yeT WHpHHY. pacnpe,[(eJieHlf}I MarHHTHhIX noJJeii: Ha BCeM aHCaM6JJe 

MIOOHOB, HMnJJaHT11poeaHHhIX B o6pa3eu H YacToTy HJMeHeH~ 3THX noJJeii: Ja cYeT 

.UHcpcpy3HH MIOOHOB HJIH cpnyKTyaUHH JIOKaJJhHbIX MarHHTHhIX noJJeH. TTOJJyYeHHhle 

T F - µSR cneKTphI xopowo cooTBeTCTBOBaJJH 3TOMY onucaHHIO eo aceM TeMne

paTypttoM HHTeI)BaJJe OT 4,2 no 300 K. Ha pucyttKe· 8 ripueene11a Te~mepaTypH3}1 

JaHHCHMOCTh BeJIHlJHHhI a~F, OTBelJaIOmeii:JlOJJe MIOOHcrn; ripeueccupyIOIUHX 11a 

lJaCTOTC BHew11ero nom. lb )J.aHHhlX, flOJlyYeHHhlX B nonepeiittOM none MO)KH() 

C,[(eJJaTh cneAyJOIUHe BhIBOAhI. qacTh MI()OHOB, TepMaJJHJYIOIUHXC}I B o6paJue nona

naeT B ,[(HaMarHHTHOe OKpy)KeHHe. TTpouecc .[(enompH3aUHH npH 3TOM npOHCXO,[(HT 

Ja ClJeT B3aHMO,[(eHCTBlfll · cnHHa MIOOHa C ,[(HnOJJhHhIMH nomMH OT MarHHTHhIX MO

MeHTOB 11nep Bi. BepO}ITHOCTh nonanaHH}I B )lHaMarHHTttoe 0Kp~e11ue JaBHCHT OT 

TCMnepaTyphl If HMeeT MHHHMYM np11 ~ 130 K. llpyfa}l lJaCTh MIOOHOB no,[(BepraeTC}I 

B03).leHCTBHIO 60JJhWHX (no cpaBHeHHIO C }l)lepHhlMH ,[(HnOJJhHhIMH) noneii:. TaKHM 

MIOOHaM B cneKTpe OTBelJaeT HeHa6JIIO,[(aeMO 6hICTp3}1 penaKC3Ulf}I. nomptt3aUHH 

np11 MaJJblX BpeMeHax. 

~ oueHKH BeJIHlJHHhI noneii:, coJ,[(asaeMhIX sneKTpOHaMH Ha MIOoHax,. H Ya

CTOThl cpnyJnyaUHH 3THX nonett npH TeMnepaType T:135 K 6JJH3KOH K TeM

nepaType, rne- 'aMilJIHTYJ.l~ 6hICTpopenaKCHPYIOIUeii 'laCTH • nom1pH33UHH MIOOHQB 

)lOCTHraeT MaKCHMyMa, 6hlJIH npoBe,[(eHhl . HJMepeHlf}I e Ma_rHHTHhIX nomx, npH

KJla)lhIBaCMhlX K o6paJuy B,[(OJlh nompH33UlfH MIOOHHOfO nyYKa. 3KcnepHMeH

TaJJhHhie rHCTOrpaMMhl, ,nony'leHHhie MeTO)lOM LF onHChIB~HCb Bhlp3)KeHHe'M C 

ABYMll sKcnoHeHTaMH (".6h1CTpoii:" .11 "MeMeHHott" ,[(enompHJauuew) PLF(t) = 
<Lj exp(-.X1t) + a. exp(-.X.t). ECJJH 3JleKTpOHH3}1 cnHH0B3}1 ,nnOTHOCTh Ha MIOOHe 

He JaBHCHT OT BeJIH'IHHhl BHeWHero MarHHTHOfO nom Hext• 06hi'IHO Ha6JIIO.[(aeT

C}I JaBHCHMOCTh CKOpOCTH penaKCaUHH cnHHa MIOOHa OT Hext B BH)le cpyttKUHH 

JlopeHua .Xi-= a/(b + Hext)- 3Kcnep11MCHTaJJhH3}1 JaBHCHMOCTh .X1(Hext), no-
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0 
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~ 
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·o.5 

0.4' 
·: 0 

H=400 re 

~ /~ 

4> 

, 50 100 150 200 250 300 
TeMrrepaTypa (K) 

Pttc: 8., TeMnepaTypHrui .JaBHCHMOCTh BenwmHhI P(O),.?TBetJa10l1leH JJ,on~ MIOOHOB, 

npeueccttpy10mtt_x. Ha ~acToTe BHeurnero non». 

nyqeHHM • B · Haumx H3MepeH~X; • noKaJaHa -Ha pttcyttKe ·9. · Btt.ll,HO, , 'ITO noKanbHhle 

MarnlfTHhJe:non» Ha MIOOHe JaBHCaT OT BHellIHero MarnHTHOro nom.:•IlpH BHellIHHX 

nomx 6onhllle I Kfc JaBHClfMOCTh >..,(Hext) ·, CTaHOBHTC» fna.ll,KOH H HanOMHHaeT 

XBOCT pacnpeJJ,eneH~ JlopeHua. · . 

"·.qHcneHHhie oueHKlf xapaKTepttcTHK BHYTpeHHHX MarnHTHhIX nm1ei1 Ha MIOOHax 

6hmlf nonyqeHhl HJ cpopMynhl 

). = 2(8,µ)2T 
1 + (,Hext)2T2

' 
(4) 

3m:cb T - KOppenaUHOHHOe BpeM», xapaKTepHoe M» cpnyKTyaUHOHHoro npouec-, 

ca; a 82 
- CTaTHlJeCKlfH BaH-cpneKOBCKHH BTOpOH MOMeHT M» CHCTeMbl MIOOH

::ineKTpOHhl. 3HatJeH~ 8 tt T/BhllJlfCneHHble no cpopMyne (4) nonytJttnHCh paBHblMH 

325 ± 1 re tt (6 ± o:6) · 10-9c. 

BentttJttHa nom, a TaK)Ke HMHtJHe HeJaBttcamero OT TeMnepaTypbI napaMar

HlfTHoro BKnaJJ,a B. MarnHTHYJO BocnpHHMlJlfBOCTh Q'. _: Bi203 1103BonalOT npe.ll,

IlOnO)KHTh, 'ITO npHtJHHOH BOJHHKHOBeH~ noKanhHbIX MarnHTHbIX 11m1ett cHy)KHT 

tJllCTlflJHO KOlianeHTHhIH xapaKTep CBaJett Bi-O. 

B 3AKJUQqEHHH npttBOMTC» OCHOBHhie peJyJJhTaThI pa60Tb1. 

I) PaJpa6ornHa annapaTypa M» npoBeJJ,eHH» JLS R ::iKc11epttMeHTOB B JJ,HaIIaJotte 
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,...._ 10 
I 
C) 

J_j ~!~ ! ·~ 
01 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

0 1000 2000 3000- 4000 
Tipo,r:i;om,Hoe rrorre {re) 

PHC. 9. 3aBHCIIMOCTh CKOpOCTl1 JJ,ellOJrnpHJaUlllt CllltHa MKJOHa OT BeJlltlJIIHhl npo

LI.OJihHOro BHellIHero llOJrn. 

TeMIIepaTyp OT 4,2 .ll,0 300 K H B MarHHTHblX nom1x .ll,O 0,6 T. )loCTllrHYT peKOpLI.HO 

HHJKHH ypoBeHh cpoHa nptt HJMepemrn JLS R cneKTpOB ·uop}IJJ.Ka LI.OJ1eii npoueHTa. 

2) Ilpe.ll,nO)KeH HOBhlH cnoco6 CTpo6ocKOIJHlJeCKIIX 113MepeH11ii, npmteHltMblii 

JJ,na cpaJOTpOHa Ol15Il1, npoBeLI.eHHOe lJIICJieHHOe MOLI.em1p0HallIIC II 11po611bIC 113-

MCpemrn npOLI.CMOHCTpHpOBaJIII ero ocymecTHIIMOCTh. 

3) CoJLI.aH CTeHJl LI.JI}! MeTOLI.HtJeCKOI'O 06ec11CtJClllrn pa6oT Ha ::>KC1Jepm1eH

. TaJlhHOM KOMnJJeKce '·'MIOCITHH". · CTCHLI. 11c1101ihJyeTC}I JJ.JJ}I 11cnb1rnmrn y3110B 

KpHOfCHHhlX ycTaHOB0K, KaJm6poBKII naTtJIIKOB Te~mepaTypbl, K0HTpOJrn 06pa3-

UOB, npenHa3HatJeHHblX: nm, JLS R HCCJieJJ.OHatlllii, MaKpOCK.OIIlllJeCKmlll MeTOLI.aMII. 

4) BnepBble. npc>BeneHO CHCTe~IaTltlJCCKOC 11cc1ieLI.OBaH1IC :rny6111ib1 npOHIIKHO

BCHH}I MarnHTHoro nona B cep1111 o6paJuoH BTCil 11a ocHoHe Bi. Te~mepaTypH,l}( 

JaBHCHMOCTh rny6ttHhl npOHIIKHOHeHlt}I MUl'HIITIIOI'O IJOJJ}I B MHOrocpa3llblC CHCpx-

11pOBO.ll,HHKH xopowo. 0flHCbIBaeTC}I 'LI.BYX-)KIIJJ.KOCTIIOii MOLI.CJlhK) CBepx11poH0LI.IIMO:

CTH. B oi.i.HocpaJHhIX o6p,nuax Bi2_,.Pb,,Sr2Ca 1_= Y=Cn2 08+~• LI.OHitpoHa1111b1X 

Pb 11 Y, Te~mepaTypHrui JaBHCHMOCTh >..(T) JiytJwe omtcbrnaeTC}I H parn.:ax Teo

ptt11 6Klll B npeLI.eJ1e CJJa6oH ::>JICKTpOH-!pOHOHHOii CH}IJII. 

5) BnepHble HJytJeHO 11SR MCTOLI.OM BJllrnHHC LI.01111pOBaHlrn )ta CHepxnpoHO

LI.»lllHC 11 MarHHTHbJe CBOHCTBa coen1me1mii Bi2-xPb.r.Sr2Ca.1-zY,C1i208+~- O6-

Hapy)KeHO, 'ITO LI.OIJOnHltTeJthHbie HOCHTeJJII Jap}IJJ.a, BHOCIIMbie np11 Lf.0llllpOHallllll 

CBHHUOM, JJOKMHJOBaHbl II He LI.alOT BKJiaLI.a H YHCJJll'leHlte KOHUel1Tpaum1 H0CIITC

neH 3ap}lna n •• ytJaCTBYKlllllIX H 06paJ011aH1111 CHepxnpoB0Jl)llllero C0CT0mllrn. 

6) BnepBbie npoHC.ll,CHO ,,sR IICCJieJlOHaltlte coem111e111rn O - Bi20:1-· OnpeLI.C-
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:1eHbl xapaKTepllCTIIKII JIOKaJlbHOfO MarHIITHOfO nom, Ha IIMllJ!alffllpOBaHHblX MIO
OHax. TTpe1LlOJKeH MeXaHll3M BOJHIIKIIOBeHlrn '.:lTIIX MantllTllblX 11011eii: BeJlll41tHa 
MafllllTHOfO IIOJ!ll IIOPllllKa I 00 re, a TaKJKe HaJlll41le 11eJaBIICl11.Uero OT Te~mepaTy
pb! napaManrnTHOro BKJia,11a B MarHllTHYIO BOC11pmnt411BOCTb a-Bi20:i IIOJBOJlllKJT 
npeill!OJIOJKIITb, 4TO 11p1141rnoii BOJHIIKHOBeHltll JIOKaJlbHblX MarHIITHblX 11011eii c11y

JKllT 4aCTll4HO KOBaJ!eHTHblii xapaKTep CBllJeii Bi - 0. 
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