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0 B03MOmHOCTII IICCneAOBSHIIR RAepHoro MarHeTII3M8 

B BaH¢neKOBCKII~ napaMarHeTIIKSX C llOMOllibiD pacceRHHR 

• HefiTpOHOB 

06cymaaeTCR B03MOmHOCTb IICCfleAOBSHIIR RaepHOrO MSrHeTII3M8 B 

BSH~neKOBCKIIX napaMarHeTIIKSX HS IIMllYflbCHOM peaKTOpe npll CaepXH113KIIX 

TeMnepa Typax. 
noKa3aHa nepcneKTIIBHOCT~ MeTOAS AH¢paKUIIII HeHTpOHO~, o6ycnoaneH-

H8R cpaBHIItenbHO 6onblliOfi IIHTeHCIIBHOCTbiD llHKOB, CBR38HHbiX C RAepHbiM 

ynopRAO'IeHIIeM, II B03MO>KHOCTbiD pa3neneHIIR s¢¢eKTOB nnephoro II sneKTpOH

HOrO MSrHeTII3M8 no yrnOBOfi 38BIICIIMOCTII pacceRHIIR. 
npennomeH no11cKOBblH sxcnepiiMeHT: npnMoe o6aapy>KeHIIe Raepaoro 

aHTII¢eppoMaraeTII3Ma a -IIHTepMeTannll'leCKOM cc~.elliiHeHIIII PrCu 2 MeT on oM 

1111¢paxuu11 HefiTp'oaoa np11 TeMnepaType HHX<e 50 \11uinurpanycoa KenbBHHa. 

0 \ 
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Coo6meHHe ·. OObe,llHHeHHOro HHCTHTY'I:B s.nepHhiX · HCCJte.nosaHHI. 

,lcy6Ha, 1973 

Hennig K., Sharapov E.I. 
· bl d f 1 M t · Pl4 - 7026 On Poss~ e Stu y o Nuc ear agne ~sm 

in Van Vleck Paramagnetics Using Neutron 
Scattering 

Possible study of nuclear magnetism in Van Vleck pa
ramagnetics using the pulse reactor at superlow temperatu-
re is discussed. 

Neutron diffraction method is shown to be perspective 
due to the comparatively high intensity of peaks connected 
with the ordering of the nuclei and due to possible sepa
ration of nuclear and electron magnetism effects through 
the scattering angular dependence'. 

The search experiment is suggested: direct observa-

I 

tion of nuclear antiferromagnetism'in intermetallic com
poundPrCu2 by the neutron diffraction method at the tem-

perature below 50 mK. 
Communications of the Joint Institute 

Dubna, 1973 

for Nuclear Research. 
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1. BeeoeHue · 

B nocne,!J,Hee BpeMH H3MepeHHH TennoeMKOCTH H MarHHT
HOH aocnpHHM'fHBOCTH pH,!J,a coe,!J,HHeHHH npaJeo,!I,HMa c BHcMy
TOM, TannHeM H Me,!l,blO ,!J,anH KOCBeHHOe yKaJaHHe Ha ynopH,!I,O
lfeHHe MarHHTHbiX MOMeHTOB H,!l,ep /H,!I,epHbiH MarHeTH3M/ 
c TeMnepaTypaMn Kropn nnn HeenH a HHTepaane /1 ~50MKI /I-73/. 
Han6onhlllaH TeMnepaTypa ynopH,!J,OlfeHHH o6Hapy)KeHa a Pr Cu

2
, 

B KOTOpOM cornaCHO /2/ O)KH,!I,aeTCH aHTH<lJeppoMarHHTHOe 
ynopH,!J,olfeHHe H,!l,ep np'n 54 MK • .H.nepHbiH aHTn<lJeppoMarHe
Tif3M 6btn anepBbie Ha6JJIO,!J,eH B . CaF 2 TaK)Ke KOCBeHHbiM 
MeTO,!I,OM B 3KcnepHMeHTaX no a,!J,Ha6aTH'feCKOMY paJMarHH
qnaaHHIO H,!l,epHbiX CnHHOB i)nopa ,!1,0 OTPHUaTenbHbiX TeMnepa
Typ 'flOPH.D.Ka Io-6 K I 41 . HpHMoe .noKaJaTenbcTao · aH:Tn
<lJeppoMarH.HTHoro ynopH,!J,olfeHHH · H.D.ep a Ca F 

2 
c noMOI.QhiO 

pacce.RHHH HeHTpOHOB, npe,!J,nO)KeHHOe B /sf, OKaJanOCb ue
B03MO)KHbiM, TaK KaK ,!J,OnonHHTenbHbiH BKna,!J, B ceqe,He pac
CeHHHH npH ynopH,!I,OlfeHHH cnHHOB <lJTopa oqeub Man 6/. 

HH)Ke o6cy)K,naroTcH MexaHH3M H,nepHoro MarHeTHJMa 
B COe,!J,HHeHHHX npaJeO,!J,HMa H B03MO)KUOCTb ero npHMOro 
o6Hapy)KeHHH C nOMOI.QbiO ,!I,H<lJpaKUHH HeHTPOHOB ripH caepx
HH3KHX TeMnepaTypax Ha HMnyJJhCHOM peaKTOpe. 0Ka3biBa
eTCH, 'ITO TaKHe nccne.noaaHHH ,na)Ke npn TeMnepaTypax Bhillle 
1 MK MoryT 6biTb nepcneKTHBHhiMH, TaK KaK.HHTeHcHBHOCTh 
nnKoa, CBHJaHHbiX c ynopH,!I,OlfeHHeM H,!l,epHhiX MOMeHTOB Pr , · 
npHMepHO TaKoro )Ke nopH,!I,Ka, KaK HHTeHCHBHOCTb 06bi~IHbiX 
CTpyKTypHbiX pe<lJneKCOB,a HX yrJIOBaH 3aBHCHMOCTb noJBOnHT 
paJ,!J,enHTb B03MO)KHbie BKJJa,!l,bl MarHeTH3Ma KaK H,!l,epHoro, 
TaK H JneKTPOHHoro nponcxo)K.zieHHH. KpoMe 3Toro, HM_nynhc -- -· · 
HOCTb peaKTOpa npH TaKHX 3KCnepHMeHTaX C HCnOJJb30BaHHeM 
pe<lJpH)KepaTopa pacTaopeHH.R 3 He a 4 He .naeT npenMy
I.UeCTBa no CpaBHeHHIO CO CTaUHOHapHbiM peaKTOpOM. 



2. YcuAeHHbiU JlOepHbiU Mazuemu3M 

ITo cpaBHeHHIO c H,IJ;epHbiM MarHeTH3MOM B CaF 2 , r,IJ;e 

qHCTOe ,IJ;HnOnbHOe B3aHMO,IJ;eHCTBHe Me:>K,IJ;y MarHHTHbiMH 

MOMeHTaMH H,D;ep Be,IJ;eT K ynopH,D;oqeHHIO npH oqeHb HH3KHX 

TeMnepaTypax 110-6 Kl, B coe,IJ;HHeHHHX npa3eO,IJ;HMa He

npxMoe B3aHMO,IJ;eiicTBHe Me:>K,IJ;Y H,D;paMH Pr, ocyiQeCTBn.ae

Moe C nOMOIQbiO 3neKTpOHOB, npHBO,!J;HT K 6onee BbiCOKOH 

TeMnepaType ynopx,D;oqeHHH. EIQe B pa6oTe I 7/ 6Mno 

o6pameHO BHHMaHHe Ha TO, qTO .BCne,IJ;CTBHe. CyiQeCTBOBaHHH 

cBepxTOHKoro B3aHMO,IJ;eiicTBHH B napaMarHHTHbiX no BaH 

cl>neKy HOHaX BOJMO:>KHO ycnn(mHe H,D;epHbiX MarHHTHbiX MO

MeHTOB. l3a 3THM npcne,IJ;oBaJIH npe,D;no:>KeHne lsi n 3Kcne

pnMeHTbi 1,10 ncnonl.3oBaHHIO no,IJ;o6HbiX coe,IJ;HHeHnii npn nony

qemin CBepXHH3KHX TeMnepaTypl. 

Pe3IOMHpyeM KpaTKo TeopeTnqecKne npe,D;cTaBneHHH 

o MexaHH3Me ycnneHHH H,D;epHoro MarHeTH3Ma /1+3/, Pac-

JtMoTpH~ BaH<pneKOBCKHH. napaMarHeTHK, T.e. BemecTBO, 

y KOTOporo OCHOBHOe .. COCTOHHHe HOHaB ~<,pHCTannnqecKOM 

none_ CHHrneTHO. Bo3bMeM B KaqecTBe npnMepa HeKpaMep

coBCKHii HOH Pr 3 + B Ky6nqecKOM KpHcTannnqecKOM none, 

B KOTOpOM OCH()BHOH MynbTHn:neT npa3eO,IJ;HMa 3 H4 pac~ 
IQennHeTCH Ha 4 YPOBHH: rl' r 4 ' r 3' H r 5 • HH:>KiiHii 

ypOBeHb HBnHeTCH CHHrneTOM,. 3HaqHT, HeMarHHTHbiM ypoB

HeM, n o6ycnoBnHBaeT napaMarHeTH3M BaH «l>neKa •. Ecnn He 

yqHTbiBaTb MarHHTHbiH .MOMeHT H,D;pa,. TO npH ,IJ;OCTaToqHo 

HH3KHX TeMnepaTypax - 06biqHo npH renHeBbiX - B OT?YTCT

BHe MarHHTHOrO nonH BeiQeCTBO CTaHeT HeMarHHTHbiM. 

YqHTbiBaH CBepXTOHKOe B3aHMO,IJ;eHCTBH~ H BHeWHee 

:MarHHTHOe none npH nOMOIQH raMHnbTOHHaHa 

A A AA A A 
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n , Hcnonb3YH TeopHIO B03MymeHHH, nonyqHM -paciQenneHne 

OCHOBHOro YPOBHH r 1 BO BTOPOM npH6nH:>Kemm: 
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B ypaBHeHHH 111 A o6o3Haqaer nocTOHH:Hyro CBe.pxTOHK~ro 
B3aHMO,IJ;eHCTBHH Me:>K,IJ;Y nonHbiM MOMeHTOM 3neKTpOHOB 

I H cnnHoM H,D;pa 1; BTopoii H TpeTnii qneHbi orincbiBaioT 

B3aHMO,IJ;eHCTBHe 3neKTpOHHOrO MOMeHTa · H H,D;epHoro CnHHa 

· C MarHHTHbiM noneM COOTBe'rCTBeHHO. IIepBbiH qneH B' 121 -
C,IJ;BHr YPOBHH r1 , BTOpOH qneH- 3eeMaHOBCKOe pacmenneHHe 

H TpeTHH qneH - nceB,IJ;03eeMaHOBCKOe paciQenneHHe ypOBHH 

r ' K - C,!J;BHr HaiiTa. Bcne,IJ;CTBHe .OTHOCHTenbHO 6onbWHX 

3Jaqemiii A ,D;nH pe,IJ;K03eMenbHbiX 3neMeHTOB • I A = 
~-52,5 MK ,IJ;nx Pr 3 + I n OTHocnTe,nbHo ManbiX BenHqHH 

paciQenneHHH Ei -E1 {10-lOOK) qneH nceB,IJ;03eeMaHOBCKoro 

pacmenneHHH HBnHeTCH CaMbiM 6onbWHM B ypaBHeHHH 121. 
·0H MO:>KeT 6biTb Ha ,IJ;Ba nopH,D;Ka 6onbWe OCTanbHbiX qneHOB. 

TaKHM o6pa3oM, npn Hannqnn CBepxTOHKoro B3aHMO,IJ;eiicTBHH. 

H, MarHHTHOrO nonH ypoBeHb r 1. npno6peTaeT MarHHTHbiH 

MOMeHT 2 A A z 1 z g 
1 

/L 8 ' , • npoMe:>KyToqHbiH no . BennqnHe. 

Me:>K,IJ;y /LN H /L 8 • 

AHanH3 CHCTeMbl BHe MarHHTHOrO. nonx, HO C yqeTOM 

06MeHHOrO B3aHMO,IJ;eHCTBHH Me:>K,IJ;y CnHHaMH 4 f - 3neKTpo

HOB TaK:>Ke npHBO,!J;HT K · ll<lHBneHHIO ycnneHHbiX MOMeHTOB 

I i = 2 A A z I z • B pe3ynbTaTe o6MeHHoro B3aHMo.rieiicTBHH 

Me:>K,IJ;y HJIMH, raMHnbTOHHaH . KOTOporo MO:>KHO . 3anHCaTb 

B BH,IJ;e 

J{ 
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C llOHH>KeHHeM TeMnepaTyphl B CHCTeMe MO>KeT B03HHKltYTb 
MarHHTHhiH nop.H.n;oK. B paMKax npH6nH»<eHH.H MoneKyn.HpHoro 
non.H .n;n.H TeMnepaTypbi ynop.H.D;Ol.JeHH.H nonyqaeTc.H cne.n;yro- -~ 

I.Uee cooTHoweHHe I 3/: · · · 

k Tc 

r.n;e 

Ko 

..!_ K0 ( 2A A ) 2 I (I+ 1), 
3 % 

I K
11 

I 

/7/ 

/8/ 

,D;n.H aampneKOBCKHx napaMarHeTHKOB K 0 "" 1 °K , 'ITO 
npHBO.D;HT K T,eMnepaType ynop.H.D;Ol.JeHH.H Tc ~ 1 MK. OTMeTHM 
TaK>Ke, 'ITO B cnyqae HeKy6Hl.JeCKOH TOl.Jel.JHOH CHMMeTpHH 
·p, BMeCTe C llC,eB.D;03eeMaHOBCKHM pacLUenneHHeM B03HHKa
eT eLUe H ncea.n;oKaa.n;pynonLHoe pacLUenneHH~, KOTopoe To»<e · 
YCHIIHBaeT .H.D;epHbiH MarHeTH3M. 

, Bhlpa:>KeHHe /7 I .n;n.H TeMnepaTyphl .H.n;epHoro ynop.H.D;?l.Je
HH.fl nonyl.JeHO B npe.n;nono>KeHHH, 'ITO o6MeHHOe B3aHMO.D;eii
CTBHe MeHbWe KpHTHl.JecKoro JHal.JeHH.H, pa3pywaro~ero He
MarHHTHOe CHHrneTHOe COCTO.HHHe HOHa H npHBO.D;.HLUero 
K B03HHKHOBeHHIO :meKTpOHHOrO ynop.H.D;Ol.JeHHOrO COCTO.HHH.H. 
Cor nacHo I 91 3TO HacTynaeT npH ycnoBHH .. _ 

4K 0 Az = 1 . '/9/ 

KaK OTMel.JeHO. B. hi, B HHTepecyiOLUeM Hac coe.D;HHeHHH 
PrCu 2 o6MeHHoe B3aHMo.n;eiicTBHe, no-aH.n;H~IOMy, aecbMa 
6nH~Ko K KPHTHl.JecKoMy. Cne.n;oaaTenhHO, npoc.Ta.H TeopH.H 
MOneKYn.HpHoro non.H .D;OII>KHa 6b1Tb MO.D;HcPHUHPOBaHa. , 

3Ta Ja.n;aqa 6blna peweHa B . /zo. HI .n;n.H BaHcllneKoa
CKoro napaMarHeTHKa C 3cPcPeKTiiBHbiM CllHHOBbiM raMHIIb
ToHHaHoM a:H.n;a 

A'' .'_A·,\ A A, . A 

J{ = J{ c + I I 
11 

. S 1 S 
1 

+ A I S 1 I 1 + -H I ( ll 
1 

S 1 ' + ll N I)'' 
tl/ ' l . 

B l.JaCTHOM cnyqae .D;II.H 3cPcPeKTHBHOro CllHHa .3neKTpOHHOH 
CHCTeMbl s. paBHoro e.n;HHHUe, H .H.D;epHoro cnHHa I= 112 • 
3.n;ecb nepBLtii qneH onHChiBaeT pacLUenneHHe ypoaHeii KpH-
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CTannHl.JeCKHM noneM; BTOpOH - 06MeHHOe BJ~HMO.D;eiiCTBHe, 
ocTanLHhie qneHhi-. a:HanorHl.JHLI qneHaM ·a /1/ .· 

Pe 3YIIbTa Thi pacl.JeToB KPHTHl.JecKoii TeMnepa TYPhi· noKa
·3aHLI ila:- pHCYHKe·;·3aHMcr:BoaaHHoM H3 I ul. ,D;n.H cnyl.Ja.H 

' ( 11121) :> 1,05 oH:H a.nnp~KCHMHpyroT'c.H clJopMynoii 
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3Hal.JeHH.H oTHOCHTenLHoii KPHTHl.JecKoii. TeMnepaTyphiB 3aaH
cHMOCTH OT OTHOCHTenhHbiX _BeiiHl.JHH o6MeHHOrO H CBepx
TOHKOro B3aHMo.n;eiicTBHii, pacc'IHTaHHLie B /11/. ITyHKTH
poM noKa3aHbi ··pe3ynLTaThl pacl.JeTOB· no clJopMyne /10/. 
06o3Hal.JeHHe D Ha pHcyHKe .To»<.n;ecTBei:IHO cHMBony. 11 - · B. 
TeKCTe. . 
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r,IJ;e 11 = E 2 - E 1 • ITyHKTHPOM Ha pncyHKe. noKaJaHbi ,IJ;JIH 

cpaaReHH11 peJyJibTaTbi pacq(noa no $opMyJie 17 I, npH ycno-· 
BHH f = K

0 
• . .:_ . . . 

06naCTb ( 11 I 21 ) < 1 COOTBCTCTByeT HH,IJ;YUHPOBaH-

HOMY :meKTPOHHOMY MarHeTHJMy. IIpH T. = 10mK noJIHPH-: 

JaUHH H,D;ep 3,!J;CCb MCHee 0,10/o. 06JiaCTb ( 11121) > 1 Ha· 

JBaHa o6nacTbJO H,IJ;epHoro MarHeTHJMa;· OcHOBHhiM pe3yJib

TaTOM 3THX pacqeTOB HBJIHCTCH BbiBO,!J; ·o CYIUCCTBOBaHHH 

npoMemyToqHoro cnyqaH 3JieKTPOHHo- H,D;epHoro MarHeTHJMa. 

0H HMCCT MCCTO, KOr,IJ;a o6MeHHOe B3aHMO,IJ;CHCTBHe IIpH6im

maeTCH K BCJIHqHHe pacmenneHHH ypOBHeii KpHCTaJIJIHqeCKOrO 

IIOJIH 1112 , oc:raBaHCb HCMHOrHM MCHbWe ero. B 3TOM cny-

qae npH T < T B o6paJue, noMHMO npaKTHqecKH nonHoii· 
C· 

H,D;epHOH rtOJIHpH3aUHH, 6y,IJ;yT CYIUCCTBOBaTb BbiCTpOCHHbiC 

3JICKTpOHHbiC CIIHHbl C BCJIHqHHOH MarHHTHOrO MOMCHTa 

0,1 + 0,2 p. B. 

Heo6XO,IJ;HMO OTMCTHTb, qTo_ He TOJibKO "H,IJ;CpHaH", HO 

H "3JICKTpOHHaH" 06JiaCTb ( 11121) < 1 npe,IJ;CTaBJIHCT CaMo

CTOHTCJibHbiH HHTepec ,!J;JIH HCCJIC,!J;OBaHHii; 3KCIIepHMCHTaJib· 

Hoii npoaepKe no,IJ;nemaT TeopeTnqecKH npe,D;CKaJaHHaH cHnh

HaH JaBHCHMOCTb KpHTHqecKOH TCM~epaTyphl H BCJIHqHH~ 
MarHHTHOrO MOMCHTa B HaCblfUCHHH OT napaMeTp~B 06MeHHO-

ro B3aHMO,!J;CHCTBHH H KpHCTaJIJIHqeCKOrO IIOJIH l 2/_• . 
, 

3 . .JloepHbli1 MazHemu3M u pacceJtHue Hei1mpo11oe 

KonneKTHBHoe ynopH,D;oqeHHe H,D;ep B aaH$JieKOBCKHx 

napaMarHeTHKax npn T < T c Mmimo o6HapymHTb c noMOIUbiO 

,IJ;H$paKUHH HCHTpOHOB MCTO,!J;OM, aHaJIOrHqHbiM npHMCHHCMO· 

MY npH HCCJIC,!J;OBaHHH 3$$eKTOB IIOJIHpH3aUHH JI,D;ep B MarHH· 

ToynopH,D;oqeHHbiX cpe,D;ax. 

PaccMoTpHM npocToii cnyqaii .aHTH$eppoMarHHTHoii 

CTPYKTYPhi I,IJ;nH Pr Cu 2 O)KH,IJ;aeTcH aHTH$eppoMarHHTHoe ·: 

ynopH,IJ;oqeHHel C MarHHTHOH 3JICMCHTpaHOH HqeiiKOH 60JibWe 

aTOMHoii. Hannqne H,IJ;epHoro MarHeTHJMa ,IJ;OJI)KHO npnaecTH 

K UOHBJICHHIO ,!J;OUOJIHHTCJibHOrO BKJia,IJ;a B MarHHTHbiC MaKCH· 

MYMhi KorepeHTHoro pacceHHHH Ha HeiiTpoHorpaMMe. ):(nH r 
3THX MarHHTHbiX pe$neKCOB CTPYKTYPHbiii. $aKTOP Fhke 

MOmHo JanncaTb I 13 I B BH,IJ;e 

8 

F 
hke 

1 ·~ . 211i(hxi +kr1 +ez, J 
-l: (pi qi·+2binc IPN)e • 111/ 

... 
3,IJ;eCb q - _.BCKTOp ~arHH~HOrO B3aHMO,IJ;CHCTBHH, paBHbiH 

k X (h X k ) , r,IJ;e k H h - C,!J;HHHiiHbiC · BCKTOpbl B Ha·· 

npaBJICHHHX BCKTOpa paCCCHHHH HCHTpOHa H HaMarHHqeHHH 

HOHa; pi - .aMnnHTy,IJ;a. MarHHTHoro pacceHHHH, aen»qnHa 

KOTOpoii B e,IJ;HHHUaX 10 -l 2 CM paBHa p = ~0,27 (l l • {(k),r,ZJ;e 
fl. l - 3$$eKTHBHbiH MarHHTH~H MOMCHT pe,IJ;K03CMCJibHOrO 

HOHa B MarHeTOHaX :Sopa, { (k) - MarHHTHbiH $opM$aKTOp; 

b inc . - HCKOrepeHTHaH aMIIJIHTy,IJ;a· paCCCHHHH ,IJ;JIH H,D;pa ,. 
CO . CUHHOM 1 H BCKTOpOM UOJIHpH3aUHH p N • 3HaqeHHe 

b inc onpe,D;eJIHCTCH aMUJIHTy,IJ;aMH b + H b- pacceHHHH 

HCHTpOHa Ha 11,D;pe C UOJIHbiM CIIHHOM CHCTCMbl I +1 12 H 1-1/2: 

' 2. 
21+1 (b+ -b:....). b. 

lnc 1121 

IlpH OTCYTCTBHH 3JICKTpOHHOrO· MarHeTH3Ma (pi =0 )oc
TaeTCH TOJibKO BTOpOH qJieH. B CK06KaX B.bipameHHH 1111, 
a ,IJ;aJibHeiiweM o6oJHaqaeMhiii qepe3 § • OueHKY o nony

qnM H3 HCKOrepeHTHOrO ceqeHHH 

2 
a . = rr I (I + 1) b i we nc 1131 

.D;nH rrpaJeO,IJ;HMa /141 ainc =1,6 6apHa, OTK'y,IJ;aaennqnHa 
1 . 

Q paBHHeTcH 0,3 6apHYJ • B 3TOM cnyqae BKJia,IJ; a ceqe~ 
HHC OT MarHHTOYIIOpH,D;OqeHHhlX H,D;ep CpaBHHM C BKJia,IJ;OM 

oT o6hJqHoro KorepeHTHoro pacceHHHH I b c =0 ,44 6apH I. 
3TO 3HaqHT, qTo H,D;epHbiH MarHCTH3M ,!J;OJI)KCH XOpOWO rrpo,

HBHTbCH npH ,IJ;H~paKUHH HCHTpOHOB Ha H,D;epHO • MarHHToynopH

,IJ;oqeHHhiX coe,IJ;HHCHHHX Pr, HanpHMep, PrCu 
2

• 

, ., f{H,IJ;YUHPOBaHHbiH . MOMCHT · 4 { - 3JICKTpOHOB B H,D;epHOH 

'o6n~~TH I g] fl. B 2 A A% I% = w-2p. B ,ZJ;JIH Pr Cu 2 I ropa3,IJ;O 

MCIJ~me 06bJqHo Ha6JIJO,IJ;aeMbiX MOMCHTOB MarHHTHbiX Be

IUCCTB ( p. J {Pr 3 +) = 3,5 fl. B ) , II03TOMY O)KH,IJ;aeMbiH BKJia,IJ; 

OT HH,IJ;YUHPOBaHHOrO MOMCHTa 3JICKTpOltOB B ceqeHHe paCCCH

HHH Man. B 3JICKTpOHHO- H,D;epHOH o6naCTH MarHHTHhlH MOMCHT 

3JICKTpOHOB, B03pacTaH Ha nopH,D;OK, no-npe)KHCMY ,IJ;aeT 

9· 
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cpaBHI!TeJihHO MaJihiH B!CJia,n .. B . Pi. • Enaro,napH TO:My, 'ITO 
8 He· 3aBHCHT oT yrna pacceHHHH, a i,-: noKa3biBaeT cunb-

. . . J . 

HYIO 3aBHCHMOCTb OT yrJia pacceHHHH, 3JieKTpOHHbiH H H,D;ep-:-
HbiH'BKJia,D;bl MO)KHO pa3,D;eJIHTb H TeM CaMbiM peWHTb BOnpoc 
0 Cyll{eCTBOBaHHH · H,D;ep:Horo HJIH 3JieKTPOHHOrO MarHeTH3Ma 
HJIH 0 HX COCyll{eCTBOBaHHH. . 

Bo3HHKaeT Bonpoc .o ponu Heynpyrux MarHHTHhlX npo
ueccoB B CBH3H C O'IeHb HH3KOH TeMnepaTypoii ynopH,D;O'IeHHH. 
B o6bl'IHOM ypaaHeHHH .nsoiiHoro .nud><JiepeHuuanbHoro ce'IeHHH 

· .D;JIH o.nHoMarHOHHbiX npoueccoa I !Is/ , d>opMyna 19.27 I cne-
,nyeT 3aMeHHTb p 2 Ia HaWHX 0603Ha'IeHHHXI Ha b 2 ,nml 

inc 
H,nepHbiX MarHOHOB. ,lJ;JIH 141 Pr npu 3TOM npoucxo,nHT 
TOJibKO Hecyll{ecTBeHHoe H3MeHeHHe ce'IeHHH. TeMnepaTyp
Hbtii dJaKTOp, kT/T , TaK)Ke onpe,neJIHIOII{HH O,D;HOMar
HOHHOe ce-'IeHHe pacceHHHH, .D;JIH P r Cu

2 
HMeeT npu.MepHo 

O,D;HHaKOBYIO. BeJIH'IHHY KaK ,D;JIH 3JieKTpOHHOro, TaK H H,nep
HOrO MarHeTH3Ma. llOCKOJibKY B ,nudJpaKUHOHHbiX 3KCnepHMeH
TaX no :meKTpoHHOMY MarHeTH3MY npu T < T c BKJia.n 
Heynpyroro MarHHTHOrO pacce.HHHH MaJI, TO MO)KHO O>KH,D;aTb, 
'ITO B ynpyrHX 3KCrrepHMeHTaX C Jl,nepHoynopH,D;O'IeHHbiMH 
COe,i:J.HHeHHJIMH . npa3eO,D;HMa HeynpyrHH dJoH OT MarHOHOB 
HMeeT He 3Ha'IHTeJibHY10 BeJIH'IHHY. 

4. K 3KcnepuMeHmy 

llpe,nnaraeMbiH nOHCKOBbiH 3KCrrepHMeHT - · llpJIMOe . 
o6Hapy)KeHHe .H,nepHoro aHTHdJeppoMarHeTH3Ma B . PrCu

2 
npu 

TeMnepaTypax < 54 MK - MomHo npoBeCTH Ha 30-MeTpoaoii 
6a3e HMnynhcHoro peaKTopa Hli P- 30, ucnoJib3YJI 3 He/ 4 He
Kpuocfa T, C03,D;aHHbiH B JIH~ /J 6~ TaKHe HCCJie,noBaHHJI y,no6-
HO rrpoBeCTH Ha OTHOCHTeJibHO 60JibWHX nOJIHKpHCTaJIJIH'IeCKHX 
o6pa3uax Pr Cu 

2 
• . 

HHTerpaJibHyro HHTeHCHBHOCTb I.N o'ipa>KeHHJI hke 
3afiHChlBaeM, KaK 06bi'IHO, B BH,D;e 

!.N 

I. 

I~ 

2 
·V·Fhke 

. \4 2 
J (A). 1\ •• L(O)·A(O)·vo ·1141 

c ~-

:"' .. . ' I ',·: .. 

• 3.necb . I(i; - na.naro~W~H . nOTOK,. y - o61ioeM . o6pa3ua, 
• I L(OJ.''-: reoMeTpH'leCKHH d>aKTOp, 'ire)- nonpaBKa.uanorno"-. 

: II{eHHe,. ~o . -. 06'beM 3JieMeHTapHOH. JI'IeBKH, ·Fhke :-. BblllH-: ~-· 
·caHHhlH B /11/ CTPYKTYPHb!H I)JaKTOp. llpH 3TOM MeTO.D; Bpe
MeHH npoJieTa HMeeT 60JibWOe npeHMymeCTBO no cpaBHeHHlO 
C H3BeCTHbiM MeTO,D;OM Ha CTaUHOHapHOM peaKTOpe, TaK KaK 
nOJIHaa HeHTpOHOrpaMMa Ha6.riro,naeTCJI npH O,D;HOM yrne pac
CeJIHHJI C O'IeHb XOpOWHM pa3peweHBeM 'rrp1fo60JibWHX ,D;JIHHaX . '. 
BOJIH A I llA!A .no 10-s npu .. A =4 A 1. KpoMe Toro, 
3dJdJe:KTHBHbiH nOT OK · [ {>..) • A 4 

.. B. MeTo,ne BpeMeHB npoJieTa 
· i:IpaKTH'IecKH He na.naeT ,nnH 6onbwux A , ,nnH KOTOpbiX pa3-
. peweHHe ynyqwaeTCJI. Xopomee pa3peiueHue cyll{ecTBeHHO . 
,D;JIH TaKHX cTpyKTYP IHH3KOii CHMMeTpuul; KaK PrCu2 • · 

3a UeHHhle 06Cy)K,neHHH aBTOphl 6Jiaro,napHbl r .AKOnHHY,. 
B.ll.AndJuMeHKOBY, H.M.~paHKy;.ICI>.JI.llanupol ~ K.3nbKy. 
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