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HeCMOTpH Ha MHOrOtrnCJI€HHbi€ H aKTHBHbi€ HCCJI€AOBaHHH BbiCOKOT€MII€paTypHOi1 CB€pXIIpOBO)lHMOCTH B T€l£€HH€ JlBYX JI€T CO Bp€M€HH ee OTKpbiTHH MJOnnepoM 11 Ee.n;Hopl.leM, npHpo.n;a :noro HBJieHHH .n;o cux nop ocraercH H€113B€CTHOi1:. HecoMH€HHaH sa)J(HOCTb rrpo6neMhi CTHMYJIHpyer rrpHMeHeHHe pa3H006pa3HbiX H B€ChM3 H30UJ;p€HHbiX M€TO,ll;OB COBp€M€HHOi1: 3KCII€pHMeHT<L"1hHOil cfHI3HKH LJ;JIH BC€CTOpOHH€rO 11CCJI€.rl;OB3.HHH BhiCOKOT€MII€paTypHbiX CBepxrrpOBOli.HI1KOB (BTCII), a TaK)l(€ p8.3pa6oTKY HOBbiX M€TOll.Hl£€CKHX ITOLJ;XO)lOB K 3TOil 3a,z::J;aqe. Ba)KHhiM MOM€HTOM AJIH llOHHMaHHH M€XaHH3Ma crrapHBaHHH 3JI€l<:TPOHOB B BTCTI HBJIH€TCH H3yqeHHe CBH3H MarHHTHoH crpyKrypbi 11 MarHHTHbiX caoHcrs BTCII c Ha6mo,uaeMoH csepxnposo,IJ,I1MOCTbJO. HacpopMar.viH: o6 aTOMHoH MarHHTHOH crpyKrype rrony-. qaeTcH H3 3KCIIepHM€HTOB no AmPpaKQHH rennoabrx HeHrpoHOB, a no MHKpocrpyKrype BHyTp€HHHX M3fHHTHhiX IIOJieii: - 113 HCCJI€,ll;OBaHH:i1: C HMIIJia.HTiipoBaHHhiMH rroiiHpH30BaHHhiMH MJO-M€30HaMH. HoBbie H J.J;OIIOJJHHTeJibHhie cae.ueHHH o MarHHTHoH MHKpocrpyKrype BTCTI Moryr 6biTb rronyl£€Hhi c rroMOIIJ;biO rrpeAJiaraeMoro HaMH Mero.n;a rrporrycKam-IH nonHpH30BaHHhiX pe3oHaHCHhiX H€HTpOHOB tJ€p€3 CB€pXIIpOBOAH11KH1 co.n;ep)l(aiiJ;I-1€ IIOJHipH30BaHHbie H,ll;pa. 

OITI1CAHI1E METOL[A 

0 aeJIHl£11He MarHHTHoro noJIH H B Mecre pacnono>KeHHR Hei<oroporo aTOMHOfO Rllpa, HMeJOIIJ;ero CITHH 1 H MafHHTHhltf MOM€HT Jl, MOiKHO CyJ.J;HTb no BenwqHHe HJ.J;epHoii: nonHpH3allHH fN, Koropa.A:, B rrpocreHrneM crryqae aroMa c HyneBbiM cmmoM 3JI€KTpoHHoH o6onol£KH, pasHa 

(1) 
r11e B - cjlyHKIWH E pmuuoeHa: B1(x )~(1 + 1(21)cth( (1 + 1/21)x) - cth(x/21)/21, k - nocTOHHHa.H Bonhi.J;Ma.Ha, T - reMnepaTypa o6pa3ua. DpH MaJihiX 3HaQeHWIX napaMeTpa X~ 11H/kT fN " (I+ 1 )x/3!. 

l13·3a Ma.TIOCTH .P.:,D;epHbiX MafHHTHhiX MOM€HTOB 3aM€TH3H IIOJIHpH3ar.t,aR: H,D:€p rrpH B€JIHl£HHe BHyTpeHHero MafHHTHOI'O D:OJIH =:: 10- 1 Tn MO)l(€T 6hiTb ,UOCTHrHyTa TOJihKO ITpH I<pai1:He Hll3KHX TeMIIepaTypax !IOpH,D;Ka 10- 4 
!( . .llJIH aTOMOB C H€HYJJ€BblM CUHI-IOM 3J!€KTpOHHOH: o60JIOqKH M3-3a CBepXTOH· 
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KOrO B38HMO,ll,eHcTBHfl 3c}J¢eKTHBHOC MarHiiTHOC none 1-la RJI;pe 6yneT 38811-

CCTb OT COCTOfiHMH 3nCKTpOHHoii o6onottKH. B cnyttae pCJI,K03CMCnbHhiX 8TO

MOB c HC3anonHen:n:oH BHyTpen:n:eH 4f-o6onottKOH :no none JI,oCTHraeT qpe3-

BhittaHn:o 6onbmHx 3HalJCHHH nopmu<a 300 Tn (.nnR Tb) H na">Ke 700 Tn 
(lliiR Ho), TaK liTo npaKTnttecKH nonHaR Hn;epHaJI nonHpH38UHR nocTHraercn 

npH yMepeHHO HH3KHX TeMneparypax ~ 10- 2 K. Benwn,ma nonA, B CJ.my 

rny6oKOfO pacnono">KCHHR 4f-o6onOttKH, npaKTHlJCCKH HC 38BHCHT OT XHMH

ttCCKOrO COCJI,HHCHHH, B COCT8B KOTOpOrO BXOJI;HT pCAK03CMCJibHhiC 8TOMhl, 

0)1.1-IaKO era HanpaBnCHHC onpeneJIJTCTCA OpHCHT3UHCii M8fHHTHOf0 MOMCIITa 

8TOM3 fl A OTHOCHTCJihHO OCCH: KpHCTaJIJIJPICCKOii pemCTKH. Ilo3TOMY CpCAHHH 

nonRpH38UHR peJI;_KQ3CMCJILHhTX H.UCp B o6pet3UC fN 6yneT paBH3 CTCOCHH 

nonHpli33UHH 8TOMHhiX MarHHTHbiX MOMCHTOB fA B 33Jl3HHOM HanpaBnCHHH, 

H B M30TpOOHOM napaMarHHTHOM COCJI,HI-ICJUIH 1IpH HH3KHX TCMnepaTypax 

MO)KHO Cttt.fT8Th, lJTO 

(2) 

rne Hi - MafHHTHOC none B MCCTC H8XO>K,ll,CHHH napaM8fHHTHOfO 1101-Ia, 

J - 3¢¢eKTHBHht:H: COHH OCHOBHOfO COCTOHHHR :JTOfO HOHa. IloCKOJlLKY 

BCnWJHHhl 8TOMHhiX MRfHIHHblX MOMCHTOB J1 A Ha TpH nopH,UK3 60JlhUTC, 

lJCM HJI,CpHblC M8fHHTHbTC MOMCHTbT, BOOnHC H3MCpHM8fi H,ll,CpH8H nomtpH-

38UHH B03HHKaer npH Hi ~ 10- 2 Tn H TeMnepaTypax ~ 10- 1 K. 
IlpaKTHlJCCKH BCC COC,ll,HIICHHR pC,ll,K03CMCJibHhiX 3JICMCHTOB CHJibHO 

8HJ1'30Tp00Hhl, 3H8lfCHHll 3TOMHhiX MarHHTHbiX MOMCHTOB CJIOYI<HhtM o6pa30M 

38BHCHT OT Hanpai3JICIUHI npHJJO)J{CHHOfO M3riiHTIIOI"O nonH no OTHOWCHHIO 

K KpHCTaJIJIW4CCKHM OCflM H JI,nH OOnHKpHCTaJIJIW.ICCKHX o6p33UOB OpHMOe 

HCITOJJb30B3HlfC OpOCTOrO COOTHOWCHHH (2) HCB03MO:>KHO. ConOCT3I3JlfUI, 

0JlH3KO, pe3yJJhT3Thl H3Mepermif 33.BHCHMOCTH RJlepn:oif OOJIRpH38UHH OT 

TCMOCpaTypbi H npHnO>KCHHOrO OOJifl C ,ll,3HHbiMH H3MCpCHHii M3KpOCKOITH

qecKHX M8rHHTHbiX MOMCHTOB M (H,T) (1-13110MHHM, QTO B TCX ">Ke npH6nH

>KCHHHX, Kai< H nnn Bbtpa)KCHHH (2), M = Np/1 A B J(P A H/kT), Np = nnoT

HOCTL napaMarHHTHhlX 3TOMOB ), MO>KHO OOJIYQJHL BeJTHttHHbl 3<fl¢eKTHBHhiX 

8TOMHbiX MOMCHTOB J-1- A. 

BKnan pa3nHQHhiX ManiHTHbiX aTOMoB nerKo pa3nenHTh, nocKOJILKY 

fiJI,CpHaH nOJJHpH38UHJ1 H3MCpRCTCH JI,JUI KOHKpCTHbiX HJI,ep, 1-IC 38BHCHT 

npHMbJM o6pa30M OT HX IDTOTHOCTH, llTQ MO)KCT 6btTh cyiUCCTBCHHO JI;nH 

MarHHTHo-pa36aBnemrhiX cncTeM. KoHCllHO, 6onee nonHaR HH¢opMatJ;HH 

MO)KCT 6LiTh nonyqeHa B 3KcnepHMeHT3X C MOHOKpHCT3JIJI3MH Jtlt6o CHJJbHO 

TCKCTypttpoeanHbiMH o6pa3UBMH. B cnyttae csepxnposonnmnx MaTepHanoe, 

HMCIQIUHX 33MeTHOC !l,H8M3fHltTHOC 3KpaHHpOB3Htte Hnlt Bbipl:l)KeHHyto BHXpC

BYIO CTPYKTYPY BHyTpet-mero MarHHTHoro nonrr, Mo:>KHO TaK">KC ncnoJJh30-

BaTh pe3ynt.Tf1Tht H3MepenHH rrnepnoH nonHpH33TlHH, conocTaBnnrr HX c H3· 
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MepeHHHI\IIl1 Ha H€CB€pXnpOB0,1J;Hll.\HX 8.Ha.JIOrax, H3.IIpHM€p Al13J1€1<TpHlJ€CI<HX cPa3ax BTCTI. B MarHHTHo-ynopan;oqeHHhiX Marepnanax 3aBHCHMOCTh fN (H,T) 6y,ueT HM€Tb CBOH xapaKTepHbl€ oco6eHHOCTI1, B lfaCTHOCTII, ,!J;JIJI aHTH¢>eppoMafH€THKOB fN = 0. 
O,o;HHM H3 Mero,uoa H3M€p€HHH noJIHPH3all,HH a.o;ep MO)K€T cJiy)KHTb nporrycKaHHe ITOJIHpH30BaHHhiX pe30Ha.HCHbiX H€fiTpOHOB. MeTO,!J; OCHOBaH Ha CHJ1bHOi1: CITHHOBOif 3aBHCHMOCTH C€lf€HHH p€30Ha.HCHDrO B3aHMO,~J;eifCTBHf! HeHrpoHOB c H,o;paMH. IIo.n.po6Hoe H3JIO)Kemie TeopeTHlf€CKHX H JKcnepHMeHTaJTbHbiX OCHOB B3aHMOD;€lJ:CTBHR: ITOJIHpl130Ba.HHbiX H€i1TpOHOB C HD;paMH MO)f(HO Hai1:n1, HanpHM€p, B pa6orax 11 

'
2 

f. Mbl ITp11B€,lJ;€M JIHIIIb KpaTI<Oe H3Jl0)K€HH€, Heo6XO,lJ;HMO€ il.JIJt ITOHHMaHHR: 3KCIT€pHM€HTOB. B 3KcnepHMeHrax no nponycKaHHID nonHp1130BaHHbiX He~irpoHOB crrnHOBYID 3aBHCHMOCTh no.nHoro Hei1:rpoHHoro celfeHmi Ha.H6onee y.uo6Ho xapaKrepH3oBaTh J¢>¢eKTOM nponycKa.HuH: 

(3) 
rne NP H Na - cKopocTH cqeTa ,n;eTeKTopa HeHrpoHOB npH napannenbHOH 11 aHTHnapaJIJIE'..JibHOfi ITOJIHpH3aUHJ.:I HeiiTpOHOB H H;J:ep, E - 3HeprHR: H€f1Tp0-HOB. 3¢¢>eKT rrponyCKa.HHJI MO)K€T 6b1Tb BbipaJK€H B BH.U€ 

3,neCb fn H fN - IIOJIJtpH3aUHR: HeihpoHOB H R:,1l€p COOTB€TCTB€HHO, n -TOJIII.lHHa MHlll€HH (H,n:./cM2
). Cmm-cnHHOBoe (nonRpH3aUHOHHoe) ceqeHHe rvm s-HeihpoHOB 

a,. ~ I(a+-a_)/(2!+ 1) 
(5) 

3a.BHCHT OT emma R,1lpa-M.Hlll€HH I li pa3HOCTH C€lf€HHH a± .UJIH COCTOHHHi:f J"" I+ 1/2 H J =I- 1/2. L(na H30JIHPOBa.HHoro pe30HaHCa peanHJyeTcH o,n;Ho 113 .UBYX COCTOR:HHJ1: J, IT03TOMy ceq€HH€ ass ,D;OCTaTOlfHO B€JIHKO )J;Jl.fl aKKypaTHOfO H3M€p€HHH f, H, npH H3B€CTHhiX rrapaM€Tpax p€30HaHca H IT0JIHpH3aI.lHH HeifTpoHOB fn, H3 ( 4) MO)f(HO onpe.n;eJIHTb H.l1;€pHyiO IlOJIR:pH3ai..J;HlO fN. flpHMO€ HCITOJih30B3HH€ BblpiDK€HHH ( 4) OCJIQ)KH€HO TeM, tfTO C€lf€HH€ a
58 B coOTBeTCTBHH c ¢>opMynoH BpaMra-BH:rHepa B rrpe.n;enax pe30Ha.Hca CYIU€CTB€HHO 3aBHCHT OT 3H€prHH Hei:frpOHOB. I1pH 3TOM H€06XOLI;HMO ytrn:ThiBaTb .uonrreposc.Koe ynm:peHHe pe3oHaHca, <flyHKI.J;I1lO 3HeprernqecKoro pa3p€lll€HHH CI1€KTpOMeTpa H ,D;pyrae !f>aKTOphi. l103TOMY ,IJ)IR o6pa60TKH 3KCI1€pHM€HTWibHhiX ,UaHHbiX 6onee y.u;o6HbiM RBJIH€TC.A: M€TO.D; IDIO:w;B.Aei1, Kor.n;a 3¢lcf>eJ:<:T rrporrycKa.HHR: Bbipaw:aerca tiepe3 nnoll.l;a,D.b npoBa..TJa A B 3HepreTHttecKoH 38.BHCHMOCTH KPHBOJ':i nponycKaHHIT T (E) = exp(-na (E)),cxe-
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TIE!,-----------, 

1,0f----..... 

Pnc. 1. Onpenenenne nnoiU,a.n,H pe30HBHcnoro 

npooana - 38UlTpHXOB3.HH8JI 06Jtacn, B KpHBOH 

nponycKBJIHR. 

0,5 

OL-------------~ 
E 

M8THQeCI<H H3o6pa:>KeHHOii Ha pHc.l. finotU8,Ilh nposana 

A= I (1 - T(E))dE (6) 

y)l(e He 3aBHCHT OT 3HepntH HeihpoHOB H ciJyHKU;IHt pa3perneHHR, H onpe.rr.e¥ 
mteTCR: neihpoHHoH r n H llOJIHoH r um:pnnoH pe30Hanca, era ,UOrutepoBCKoif 

wnpnHoii t!. n !jlaKTopoM ( 1 ± p fN) , rne napaMeTp p =-1 nnn J = I - 1/2 
n p = 1/(I + 1/2) WlR J =I+ 1/2. (Ilonpo6Hee o pacqeTe A MO)I(HO Haiim, 
nanpHMep, e 13 1). Tor.na Jcl>$eJ<T nponycKaHHH nmi nnoma,nH pe3onaHca 
€ A MO)f(HQ npe,D,CTa.BHTb B BHlle 

• = 
A 

A(rn,r,t!.,n(1+pfN)]-A[r".r, t!.,n(1-pfN)] 

A[rn,r,D,n(1+pfN)] + A[rn,r,t!.,n(1-pfN)] 

H COllOCT3BJIRTb ero C 3KCnepHMeHTaiTLHbiM Jci>cl>eKTOM 

~ (N. -N. ) 
1 31 -'PI 

(7) 

(8) 

rne Npi H Nai - lJHcno OTClJeToB B i-M speMennoM Krumne (npH H3Mepemm 

3HeprentqecKoro cneKrpa no epeMeHH nponeTa neihponoe) npH naprumenL
noH H BHTHnapanneJILHOft opHeHT3U;IUt cmtHOB COOTBeTCTBeHHO, N0 i ~ 'IHCJIO 

OTC'IeTOB npH OTCYTCTBHH B o6pa3Ue R,Il,ep, ROTOpbiM npHHa,uJie)J<JU HCCJie

.n.yeMbifi pe30H3.HC. 

3KCilEPI1MEHTAJlbHAH YCTAHOBKA 11113MEPEHI1H 

li3MepeHHR RnepuoH nomtpH3auHH 6bmH BhiTTOnneHhi ua nyt~Ke nomtpH-

30BaHHbiX pe30HaHCHbiX uet'npoHOB ua HMnynhcHoM 6ycTepe MEP-30 + 
JIY3-40. 06maH cxeMa ycTaHOBKH npHBe,lleHa Ha pHc.2, a ee non,po6Hoe onn-
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~ 

32m 3m 25m 

PHc. 2. CxeMa 3KcnepHMeBrannHoH ycnrnosKH: 1 - aKTHBHaH 30Ha 6ycTepa HBP-30 + J1Y3-40; 2 - saKYYMHhre aelhpoHOBOJJ;hi; 3 - KOJIIIHMaropnr nyl.fKa 
HeihpoHoB; 4 - ilOJIHpH30BaHHaR ITpOTOHH8H MHllleHh; 5 - 06pa3e!J; 6 -AeTel<TOp HeHTpOHOB. 

caHHe CO,ll€p)KHTCfl B pa6oTaX 
12 

'
4 

I • .lJ,m1T€JThHOCTb Hei1TpOHHOrO HMTIYJTbCa cocraBJlHJta 4 MKC, trro o6ecne"l!vma.i10 nocraroqHo xopornee pa3pelileHHe ITO Bp€M€HH nponera ,IJ;JUI 6a3hi 60 M H 3HeprHH pe30Ha.HCOB < 100 3B. f10JIH·· pi13aiJ;W:I HeihpOHOB .Il;OCTHraJJaCh OponycKaHH€M nyqKa qepe3 ITOJHipH30B3.H· HyiO TipOTOHHYlO :VU!W€Hh H y.uep)KUB3JI3Cb Ha ypOBH€ fn = 0,55 ± 0,03. Jl)IR ITO.'lHpl133IJ;YH1 H.U€p HCCJie)lyeMOfi MHW€HH HCITOJTh30BaJICH pe¢pH)KepaTop c pacrsopeHH€M 3 He s 4 He, o6ecneqnsruoruHfi oXJia)f(nemie o6pa3-u;oB .no reMneparyphi 0,03- 0,04 K, H MarHHT c non eM .no 1,4 Tn. l13M€pHJiaCb IIOJIHpH33UHH R,ll€p rOJibMHH-165 H Tep6HH-159 B o6pa3Uax MenUIJilltJ€CKOro rOJibMHR, OKHCH Tep6W:i Tb2 0 3 , IIO.JIHKpHCTa.JIJIWWCI<HX napaMarH!HHbiX corr!Ix Ho2 Mg3 (N03 )12 24H
2 0 11 Tb2 Mg3 (N03 )12 24H2 0, a TaKll<e s BbiCoKoTeMneparypHbiX csepxnposo.ZIHHKax HoBa2 Cu3 0 7 -x' Tb0 2 Y 0 8 Ba2 Cu 3 0 7 -y. Mace a o6pa3UOB cocTaBJIHJia 100-200 r. b6pa'3IJ;hl CBepxnpOBO.ZIHHKOB 6biJIH H3rOTOBJI€Hhi B BJ.i,.lJ;€ IIOpOWKOB IIO o6bilffiOfi KepaMWI€CKOll T€XHOJIOriU1, 11 ITpH T€MrrepaType )KHJJ;KOrO aJora oHH o6na.,n;a.JIH BhipiDKeHHbiM 3cll¢leKTOM MeHcHepa. PearreHOBCKHe .ZIH<lJpaKIJ;llOHHhi€ CII€KTpbi CB€pXIIpOBO.ZIHl!J,HX o6pa3IJ;OB, IIpHB€~€HHbl€ Ha pHC. 3 ll puc. 4, IIOKa3biB31DT, lfTO CO.ZI€p)f(aHH€ cpa3bl 1-2-3 B rOJihMH€BOM o6pa3u;e cocrasrrHeT 80% c npHMec&ro "3eJieHoH" £l>a3bl Ho2 BaCu05 , CuO u BaC03 . B rep6HeBoM o6pa3u;e co.uep)f(aHHe cpa3hi 1-2-3 cocrasnHeT 90% H npucyrcrsyer rrpuMec& "3eneaoH" £l>a3hi. 

Pe3yJI&TaTbi o6pa6oTI<H He:H:rpoaorpaMMbi Tep6nesoro csepxnpoBo.ZIHHKa, norryqeHHOH: Ha LJ.J1¢lpai<TOMerpe )lH-2 aa HMIIYJihCHOM peaKTope YIEP-2, ):.(a.KJT CO,D;€p)f(a.HHe KHCJIOpO,D;a B ¢la3e 1-2-3, pamwe 6,76 ± 0,02. K CO)I(aJI€HHlO, H3-3a 6JIH30CTH 3MIIJIHTy.ZI paCC€FIHHH rep6HH H HTTpHH H€HTpOHOrpa¢mqecKH€ JJ;aHHbl€ He II03BOJIHIOT H3M€pHTb CO,U€p)Ka!IJ1€ T€p6HH B CBepX-
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PHc. 5. 3xcnepHMeHTaJJbHblii cneKTp nponycKaHHR 1fepe3 nocnenoaaTen~>uo pacnoJio)f(eHHhre o6pa3IJ;hi MeTannHlfecxoro ronhMWI n Tb0 ,2 Y0 ,8 Ba2 Cu3o7 _x· llo OCH a6CIJ;HCC- BpCMH llpOJICT8 B KaH811ax ITO 4 MKC. 

PHC. 6. ~¢l¢eKT nponyCKB.HHH B o6na
CTH pe30HaHCOB 3,92 3B (MeTaJIJlHllec
KHH: roJibMHii) H 3,34 3B (Tep6Hif B 
Th0 ,2 Y0 ,8 Ba2cu3o7_x). • - 3xcne
pnMeHTaJibHhte TO'IKH npH H "" 1,35 Tn, 
T"" 0,035 K; cnnoumaa KpHBaR:- pactteT 
npH R.D;epHblX ll~JIRPH38IJ;HRX ~O =:: 0,8 
H f~b ""0,25. 

E 
0.5 

'·' 
0.3 

0.2 

0,1 

"' 600 

llpOBO,llJI~el1: ¢la3e, XOTH OHM- H He IlpOTHBOpeqaT HCXO,ll,HOMy COOTHOWeHHID Tep6HH H HTTpHH. 
fiOCKOJihl<:Y HH3KOJTe)f(aiUHe pe30HaHCbl rOJlbMHH H Tep6HJI npaKTH'tleCKH He rrepelCpbiBalOTCH, ,[:VIR: 3KOHOMHH BpeMeHH H3MepeHHH B K'IDKJ];OM 3KCIIepHMeHTe B Hei:fTpOHHhriJ ny'LIOK ycTaHaBJIHBa.JIHCJ:, JJ;pyr 3a JJ;pyrOM JJ;Ba 06pa3u;a: O.D;HH rOJII:.MHeBLI11:-H O.D;HH Tep6HeBiilli. Ha pHC. 5 npHBe,n;eH THfiHliHblif cneKTp nponyCI<aHHR:, a Ha pHC. 6 - 3QJ<!JeKT nponyCKaHHH € B 06JiaCTH pe30HaHCOB 
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3,92 3B (MeTanJIHtiecKHll Ho) H 3,34 3B (Tb B BTCTI). EoJihWaR eeJIHqHHa 
3cfJQ:leKT3 B OKpecTHOCTH 530-ro K3HaJI3 COOTBeTCTByeT BbiCOKOi1 H,Uep1-10H 
ITOJUlpH33UlUi rOJtbMllJI (fN = 0,8) B <fJeppOMarHHTHOM MeTaJIJie. 3<fJ<fJeKT 
nmr Hnep rep6HJI B ceepxnpoeonmueM o6pa3u;e e paHone 57 4-ro Kanan a 
3HatiHTenhHo MeHhllle, onnaKo erronne 3aMereH. 

OBCY~llEHHEPE3YflbTATOB 

Ha pHc. 7 H pHc. 8 npHeenenbr pe3yJILT3Thl H3MepenHH HnepHoH nonrrpH-
33UHH B p33JIWnthlX COe.UUHeHHHX 1 COOTBeTCTBeHliO, rOJibMHR (ITO pe30H3Hcy 
3,92 3B) H Tep6HR (no pe3omrncy 3,34 oB) npH TeMnepaType T ~0,035 K 
H B ITOJIRX H = 0,135, 0,45 H 1,35 Tn. nocKOJibKY B If3JiaraeMhiX 3KcnepH

1,0 

fN 165 Ho 

0,8 

~-
' 2 

0,6 

0,4 

0,2 

OLLoL~LL~LLJ-~.-L~--~ 
0.2 0,4 0,6 0.8 1,0 1,2 1.4 T~c~O 

H 

0,0 

0,4 

0,2 

159 Tb 

~~ 
0,2 0,4 0,6 0,8 1,0 1.2 1.4 TtC/\0 

H 

MeHTax OCHOBHoe BHHM3Hiie 6biJIO 
HanpaeneHO na npoeepKy MeTOJJ;JiKH, 
6onee neTaJihHaJI 33BHCHMOCTh RIJ;ep
HOii fTOJIRpH33l~HH B ceepxnpoBOIJ;
HHK3X OT BeJIHtiHHhl BHeWHerO ITO
JIH H TeMneparyphi He H3Mepmracb 

Pnc. 7. 3aancHMOCTh nnepHoH nonnpH3attnn 

ronLMHJI oT nnemnero MarnHTHoro nonn 

npn TeMnepaType 0,035 I<. 
1- Me·rannn'leCKHH ronLMHH; 

2- Ho2Mg3(N0
3

)1224H
2
0: 

3- HoBa 2Cu
3o 7 _x; 

cnnomnLJe t<:pHBhie annpot<cHMBUHn 

¢yut<U,HRMH BpH11JUOena. 

8 

Pnc. 8. 3aancHMOCTL ftJiepnoH nonJtpH3RLU·m 

Tep6H.R OT Bllf!llUtero MarHHTHOro OOJIR npH 

TeMnepaType 0,035 I<. 
1-Tb

2
0

3
; 

2- Tbo,2 Y o,ana2Cu307-x; 
3- Tb

2
Mg

3
(N0

3
)
12

24H
2
0; 

CnJtOllillhle KpUtJhte annpOKCHM8UHR 

¢YHKUHRMH BpHnmoeHa. 



H 3H3lJHT€JlhH3R tJ3CTh BpeMeHH 6hUI3 IIOTpatieHa H3 I<:OHTpOJihHbie 3I<:CII€pHMeHThi ( H3Mepem'IH C HeiiOJIHpH30B3HHhiM HefnpOHHhlM IIYlJI<OM, Q:>oHOBbiX YCJIOBHH, 3tlJQ:>eJCTHBHOCTH CIIHHOBOfO poTaTopa H T . .n;.). TeM He M€H€e pR,II: 33KJuotJeHHH o MarHHTHoH crpyKrype pe.n;Ko3eMMLHhiX BTCn npH HH3KHX reMneparypax MO)f(eT 6hiTh c.n;enaH 11 111 yJKe rronyt~eHHhiX JJ;3HHhlX. 1. H.n;epaaH nonHpH33IJJ1H B HoBa
2 Cu

3 0
7 _x B nonHx .n;o 1,4 Tn 3aMerao H¥DK€, lJ€M B t!JeppOM3fHHTHOM M€TaJIJIHlJeCKOM fOJlhMHH H aapaMafHHTHOM fOJibMHH-MarHH€BOM mupaTe. TipH 3H3tJ€HHR:X BOCilpHHMllHBOCTH HoBa

2 Cu 3 0 7 , paccmiTaHHhiX B
15 1 

113 H.3MepeHHH BHYTPHKpHcra.tnHtJecKHX 3Jl€KTpHqeCKHX IIOneH, H ,UJIR: B€JlHtJHHhl 3¢ltlJ€KTHBHOf0 3TOMHOrO M3fHHTHOf0 MOM€HT3 fOJihMH.R nop~Ka 8 Mar'HeTOHOB Eopa
16 

'
71 

.R,n:epHafl IIOJIHpH33QHH Ho B napaMafHHTHOM COCTOHHHH JJ;OJIJKHa 6hUI3 6biTh B HaWHX ycnoBHR:X 6JIH3Ko:H K e,n:HHHQe. Ha6mo,n:aeMaR: HaMH IIOBhillleHH3R M3rHHTH3H )f(eCTKOcTL ronhMHeBoro BTCn MO)f(eT 6biTL cBHJaaa c a.HTHQ:>eppoMarnHTHLIM ynopH.UOqeHH€M, B COfJI3CHH C pa60TOJi
18 1

, f.ll;€ M€TOJJ;OM .n;HtlJpaKUHH aeihpoaos (B HyJiesoM none) o6aapy)f(eHo y.o.BoeHHe nepHo.n;a pellleTI<H rro-ocH a c reMnepaTypoH Q:>aJoBoro nepexo.n;a 0,14 K. 2. Er.u:e 6onee HH3KYlO IIOJIHpH38..IJ;HlO BO BC€X HCCJI€.1l;OBaHHhiX o6pa3u;ax HM€lOT HOHhi Tep6HH. )lJIH OKHCH Tep6HH 3TO 6e3yCJIOBHO CBH33HO C aHTIIt!JeppoM3fH€U13MOM, noHBJIHIDII.\eMcH y)f(e npH reMnepaType )f(HAKoro a30Ta
19 1

• Tio-BHJJ;HMOMy, 3HTHtiJeppOM3fHHTHO€ YIIOpH.r:J;OlJ€HH€ IIO OJJ;HO-My 113 KpHCTaJIJIOrpa£j:>Htf€CKHX 
Tb0 ,2 Y 0 ,8Ba

2 Cu3 0 7 _x, aecMoTpH 
JI€HHOCTh Tep6HeBOfr IIO.r:J;p€1ll€TKH. 

H3IIpaBJI€HHJi HM€€T M€CTO H JJ;Jl.R 
H3 onpe.n;eJieHHylO MafHHTHYlO pa363B-

Heo.uaopo.n;aocTL sayrpeaaero rronH B o6pa3l.le, HanpHMep,_ H3-3a era IIOJIHKpHCTaJIJIHlJHOCTH H aHH30TpOITHOCTH HJIH H3-33 BHxpeBofi CTpyKTyphi B CBepXIIpOBOAHII.\€M COCTOHHHH, MQ)f(€T npHBOJJ;HTh K lJ3CTHlJHOl1 A€IIOJIHp11<Jat.J;HH H€H:TpOHOB C Bp€M€H€M JJ;€IIOJIJipH33UHH (B IIpH6JimK€HHH MaJlhiX BH€IUHHX nonefi) 

(9) 
r,ae "f = 1,9·10_. C- 1 fc- 1 

- rHpOM3fHHTHoe OTHOW€HHe aeihpoHa, (6fi) 2 -Cp€,UHIU1: KB<l,npaT ¢mlOKTYat.J;HH: BHyTp€HH€rO TIOJIR B o6pa3Qe, T - XapaKTepHoe speMH KoppenHQHH rrpH npoxo)K)J.eHHH HeihpoHa qepe3 o6p33eu, KOTopoe MO>KHO IIOJIO)l{HTb paBHhiM BpeMeHH ITpOJieTa HeJirpoHOM paCCTOJIHHH d Me)Kll.y COC€.1l;HHMI1 Heo.n;HOpO,ll;HOCTJIMH. Tor,n;a Q:>aKTOp AeiiOJIH:pH~ 3at.J;HH ¢ d 6y,n:eT paaeH 

(10) 

rne T - speMH npoxo)f(JleHHH HeHrpoaos llepe3 o6pa3el.l TOJilllHHOH D, m
0 

-
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Macca HeHrpoua. l13MepHrr 3HepreTHqecKyJO 3aBHCHMOCTL creneHH nenom-r
pH3aUmi npomenwero l!epe3 o6pa3eU HeHrpomwro nyqKa, Mo:>KHO nonyqrnh 
HHcf:JopMaUHJO 0 CTelleHH OJlHOpOJlHOCTH BHyTpeHHHX OOJINf, aHaJtorHqHyiO 
peJyJILTaTaM pSR-Merona. 

OpeneapHTeJILH<:HI o6pa6oTK3 pe3yJILTaTOB H3MepeHHH nnn BbiJ.UeJie)f(a
lllHX pe30H3HCOB rOJThMHfl H Tep6HR ITOK33hiBaeT, liTO B npoeeneHHhiX 3Kcne
pHMeHTaX ¢aKrop nenonRpH3aUJ·m HeihpoHoB 6JJH30K J< emumu;e (r.e. 
HeT 3aMeTHOJ1 ,ueriOJIHpH3atiJ.iH), XOTR ,UJIH HeKOTOphtX o6pa3UOB MO)f(eT 
yMeHbl113TbCR llO BeJIHqHHbi!fld:::: 0,9. 

Eonee neTaJthHhre Hccnep_oeamm MarHHTHoil cTpyKryphr BTCO c noMo
ll.lhto 1101IRpH30Ba.HHhlX pe30HaHCHhiX Hei1TpOHOB OJla.HHpylOTCR HaMH nocJJe 
MO.[(epHJ.i3<lUI-1H H ITOBbiiJ1€HHR CBeTOCHJJbl HCITO.fiL3yeMOi1 ycTaHOBKH. 

Aeropbt Bbtpa)Karor npH3HaTeJILHOCTh C.B.Bop3aKoey, C.H.Heroeenoey, 
B.A.PonHOHOBy H n.K.Yrpo6HHY 33 ITOMOillh B npoeeneHHH H3MeperntH. 

Pa6ora noDJlep)f(lmaercR 1-IaytflrhrM coeeToM no npo6neMe BTCn H BhT
nonHeHa a paMJ<ax npoeJna N? 421 rocynitpcTeeiiHoH: nporpaMMht "BbtcoKo
reMneparypHaR ceepxnpoBODHMOCTb ''. 
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