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TKa<JeHKo E.A., Ky3eMcKn:li A.n. P4 - 7947 

· Paccesmne MerineHHbiX ae:lirpoaos aa reMarnre 

B CllllbHbiX M8I'HIITHbiX nonSIX 

BbJ'IIICnHeTCll ce'IeHIIe ynpyroro 11 aeynpyroro pacceSIHIIll MenneHHbiX 
llefiTpOHOB B reM8TIITe npll HII3KIIX TeMneparypaX B Cllnbl!b!X M8I'HIITI!b!X 
nonl!X H .J. (111), np11 KOTOpb!X BeKTOp 8HTIIcpeppOM8I'HeTII3M8 CK8'IKOM 
nosopa'IIIs'aercSI B 6a311CIIYIO nnocKOC'rh. l1cnonb3yercH 'IeTbipexnonpeweroq
naH Monenb fep6epr!l/ 1,2 I 11 np116n11lKeane cso6onl!hiX cniii!OBbiX sonn. Pe-
3ynbraTbi cpasansarorcSI c SKcnepiiMei!TOM no aeynpyroMy pacceSIHIIIO nelir
ponos. 

llpenpHHT 06be,llHHeHHOr~ HHCTJiTyTa H):lepHbiX Hcc.ne,noBaHJdt 

,ll;y6Ha, 1974 

.Tkachenko E.A., Kuzemsky A.L; 

Slow Neutron Scattering in Haematite 
in the Strong Magnetic Fields . 

P4 - 7947 

The elastic and inelastic slow neutron cross-sections 
in the low-temperature phase of haematite in the strong 
magnetic fields H-1. [Ill], in which the antiferromagnetic 
vector is reversed at the basal plane, are calculated. 
Herbert•s/1, 2/ four-sublattice model and free spin-wave 
approximation are used. The results are compared.with the 
neutron inelastic scattering experiments. 

Preprint. Joint Institute for Nuclear Research. 
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· 1. B nocne,I(uee; upeMJI ·rep6epTOM 11 ~ 21 6LJna paJBHTa· 

MHKpOCKOnH'IeCK~UI TeOpH}f cnHHOBhlX BOnH B MOHOKpHCTanne 

· reMaTHTa (a- Fe2 0 3 ) B o6nac'tH HHlKHX··TeMnepaTyp. Hc

nonLJOBanacL 'leThlpexno.I(pemeTO'IHa}f MO.I(enL c TeHJopHhlM: 

B3aHMO,I(eHCTBHeM reii3eH6eprOBCKOrO THna;.~ Ilpe,I(hl.I(yll(He: 

paC'IeTbl CnHHOBhlX BOnH 6blnH OCHOBaHhl Ha .I(BYXllO.I(peme

TO'IHOH MO.I(enH, B KOTOpOH OfiTH'IeCKHe MO,I(LJ He npHHHMa

IOTCJI so BHHMauue /a, 5/. HcnonLlOBaHHe :'leTLipexno.I(peme

TO'IHoii MO.I(emi B pa6oTe rep6ep~a/1,,2/ • · 6LJnO CBH3aHO 

C npe.I(nono>KeHHeM, 'ITO OfiTH'IeCKHe CnHHOBhle MO,I(LI 

B a - Fe203 MoryT HMeTL :meprHIO, cpaBHHMro c 3Heprneii 

a~yCTH'IeCKHX MO.I(. Il03TOMY B pa6oTa'X/l, 2 BhlCKa3aHO 

coo6pa>KeHHe, 'ITO liJaJoBLiii nepexo,I( MopHHa ( Tm"' 260°K) 
MO>KeT 6LITL CBJI3aH C HeCTa6HnLHOCTLIO HH3KOne>Kall(eH 

OfiTH'IeCKOH MO,I(hl /MHrKaJI MO.I(a/, a He aKyCTHqecKOH, KaK 

B · .I(Byxno.I(pemeTO'IHoii MO.I(«:nH. Buemuee MarHHTHoe none 

BO BHHMaHHe. He llR_H,HManOCL. 

113BeCTHO / 6 - O, O,I(HaKo, 'ITO npH TeMnepaTypax HH>Ke 

TO'IKH MopHHa fiOCTOJJHHoe MarHHTHOe none H, npHnO>KeHHOe 

. nepneH,I(HKynJipHO OCH rill] , MO>KeT npHBO.I(HTL K TOMY, 'ITO 

BeKTOp aHTH!IJeppOMarHeTH3Ma CKa'IKOM fiOBepHeTCJI U 6a-

3HCHyiO nnOCKOCTL. 'IlpoHCXO.I(HT. HH.I(yiJ;HpOBaHHLIH MarHHT

HLIM noneM lbaJOBLiii nepexo:rt nepuoro po.I(a /no.I(po6HLiii 

o63op CM. B pa6oTe /10 I/. EcnH o6o61l(HTL paccMoTpeHHe 

rep6epTa .I(nJI cnyqag c uuemHHM Ma.rHHTHhlM non eM( H 1[111]), • 
TO MO>KHO HaUTH KpHTH'IeCKyiO· BenH'IHHy nonJI, npH KOTOpoii 

npOHCXO,I(HT fiOBOpOT BeKTOpa· aHTH4JeppoMarHeTH3Ma B 6a-

3HCHYIO nnOCKOCTL. 3TOT llOBOpOT TaK>Ke npHBO.I(HT K Ha-

6niO,I(aeMLJM 3~eKTaM B Ce'leHHH pacceJIHHJI Me,I(neHHhlX 

ueiiTpouou. BLI'IHCneHHe ce'leHHJI pacceJIHHJI Me,I(neHHhlX 
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HeBTpOHOB H cpaBHeHHe ero C 3KCnepHMeHTaJILHLIMH !IeiiT

pOHHLIMH HCCne,noBaHHJIMH CDHHOBLIX BOnH B reMa THTe 
11

• 
12

/ 
npe,ncTaBnJieT oco6eHHLIH HHTepec B. CBJI3H C He,naBHO 

DOJIBHBWeHCJI KpHTHKOH pa60T rep6epTa. ,IJ.eno B TOM, 'ITO 

HeCTa6HnLHOCTL ODTH'IeCKOH MO,nLI B TeOpHH· rep6epTa 

B03HHKana BCne,nCTBHe yqeTa MarHOH-MarHOHHLIX B3aHMO

,neBCTBHH, DOCKOnLKY B npOCTeiiweM CDHH-BOnHOBOM npH-

6nH:>KeHHH B03HHKaromaJI nepeHOpMHpOBKa 3HeprHii CB06o,n

HLIX MarHOHOB E 
0 

oxa3LIBanacL nponopiJ.HOHanLHoii(E0 )-
1 

Y'leT B3aHMo.neiicTBHJI Me)K,ny MarHo~aMH . B npH6nH:>KeHHH 

xaoTH'IeCKHX lfla3 /13/ npHaen K nepeaopMHpoaxe nponop

IJ.HOHanLHOH·~E0, T·.e. o6paTHOH pe3ynLTaTy rep6epTa. Baa

CTOJIIIJ,eii pa6oTe MLI DOKa)KeM, 'ITO ecnH B paMKaX TeOpHH 

rep6epTa npHBeCTH 'IHCneHHLie mieHKH 3HeprHH 'ODTH'IeCKOH 

CDHH-B.OnHOBOH MO,ItLI B npH6nH:>KeHHH 6nH:>KaHWHX coce,neii, 

TO nony'leHHaJI aenH'IHHa 6y,neT nopJI,nKa 10
3 

OJ<, 'ITO cooT

BeTCTByeT 3KcnepHMeHTanLHOMY 3Ha'leHHIOI
12

/. Tio3To:My, 

,na)Ke B paMKaX CllHH-BOnHOBOH TeOpHH, cne,nyeT- CKnOHHTLCJI 

B nonL3Y coo6pa)KeHHJI o TOM, ·qTo nonpaBKa 3a c'leT 

MarHOHHLIX B3aHMO,IteHCTBHH ,ItOll)KHa 6LJTL Mana. 

06Cy)K.J:teHHIO yKa3aHHLIX BOllpOCOB H· DOCBJimeHa HaCTOJI-

maJI CTaTLJI. 

·2. liy,neM HCXO,ItHTL H3 MO,ItenLHOr? JaMHnLTOHHaHa, 

HCnonL30BaBruerOCS B pa6oTe rep6epTa I • ,no6aBHB qneH . . 

B3aHMo.neiicTBHS c BHeWHHM MarHHTHLIM noneM H i[lll] 

-+ -+ -+ -+ -+ -+ 
J( = I/2 ~ { J f. s ~ P. s ~ P. + J :r s :-r s ~ Y + -t. s ~ _r s ,_r + 

ij 11 1 1 11 1 1 11 1 1 

+ Jl:'. s:vs~:v+ Kl!.·s:.zp.s~.zp.+ KY.. s:zy S~-zy+ 
. I] 1 ] 11 1 1 11 1. 1 

+ KL s~.zr s~zr + KV. s~zvs~zv + Df. (S'xp. S'Y·Y 
11 1 ] 11 1 ] Ij i j /1/ 

- S~~YS:Yil) +D:. (S~xr S~xv ~s:xvs~yr)} 
1 1 1) 1 l 1 1 

- g11 H ~ S' x-y 
B i i • 
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raMHnLTOHHaH /1/ 3aDHCaH B DCeB,ItOCDHHOBLIX nepeMeHHLIX, 

BBe,neHHLIX ILE.,lJ.3JinOWJ!liCKHM/14/ B KpHCTannorpaifJH'IeCKOH 

CHCTeMe KOOp,nHHaT, CBJI3aHHOH C OCJIMH CHMMeTpHH KpH

CTanna, 'ITO OTMe'leHo WTPHXOM npH ncea.nocnHHOBLIX one·

paTopax.· HH.nexcLI p. .' y, r , v ·ganJIIOTCJI HH,nexcaMH ncea

.nocnH~OBLIX DO,nperueTOK. 
BxmoqeaHe MarHHTHoro nonJI npHBO.ItHT K .nononiiHTenL

HLIM CnO)KHOCTJIM npH paC'IeTe cneKTpa CnHHOBLIX BOnH. 

,IJ.eno B TOM, 'ITo nepexo.n K_ 6o30HHLiM onepaTopaM ocy

mecTBnJieTCJI B cHcTeMe KBaHToBaHHJI cnHHOB Ka:>K,noii. no.n

perueTKH, T.e. ee OCL ,ItOll)KHa COBOa,naTL C paBHOBeCHLIM 

HanpaBneHHeM Hall.tarHH'IeHHOCTH no,nperueTKH. ilpH yqeTe 

nons OCL KBaHTOBaHHJI CnHHOB 3aHHMaeT HeKOTOpoe OpOMe

)KYTO'IHOe nono)KeHHe Me:>K,ny poM603,ItpH'IeCKOH OCLIO H 

6a3HCHOH nnOCKOCTLIO, xapaKTepH3yeMoe yrnoM 0 • Ilo3-

TOMY 

s'X = s X 

S'Y = SY cosO - Sz sin 0 /2/ 

S ,z = SY sin 0 + S z cos-O 

Tiepexo,ng .nanee K 6o30HHLIM onepaTopaM c noMOIIJ,LJO npe

o6pa3oBaHHS ,IJ.aucoua- Maneeaa H .nuarouanu3upys xaa.npa

TH'Ino-naueiiuyro qacTL raMHnLTouuaua, nony'IHM raMHnLTo

HHaH B CDHH- BOnHOBOM npH6nH>KeHHH 

J( E .,.. ( 11. + y + r + 11 .. -'+ ) /3/ 
= 0 + ..:.. .\k Ilk Ilk + .\k Yk Yk + .\k rk rk + ,\k 11 k 11 k • 

. k . 

CneKTP cao6o.nHLIX cnHHOBLIX aonH B reMaTHTe c yqeToM 

nons HMeeT BH,n: 

(,\l~a) =1/4 S2 N[ jll(k) +JY(k) -2J 11 (0) +sin 
2
0 K 11 (k) + 

• 11 .2 2·.y 11 p. ·2 
+ 1 cosOD (k)} - 1/4 ~ N[J (k) -J (k)- K (k) sm 0 

-- i cos 0 D p. ( k) ] 2
: fc /4/, .. 

s: 



~ 

(1\~8 ) 2 
_= l/4.S2N[JIL(k) +.'fY(k) -2JIL'(o) +sin2 OKY~k)

- icos 0 DIL(k)] 
2 
-i/4S 

2
N.[Jy (k) - JIL (k) ~ K y (k) sin2 0 ~ 

- i cosO DIL ( k) ] 
2 /5/ 

0/: )2 =1/4S 2N[ J 7 (k) +Jv(k) -2JIL(k)·+sin 2 0ir(k) + 

T 2 · 2 V' · T . T · 2· · 
+ i cos 0 D _ ( k) ] . :- l I 4 S N [ J ( k) -:: J ( k) - K ( k) ·sin 0 -

T 2 
- i cos 0 D ( k) ] /6/ 

(Avko) =l/4S 2N[Jr(k) +Jv(k) -2JIL(O) +·sin2()K~(k) 

T 2 2 V T· V 2 
-icosOD (k)] -l/4'5 N[J (~) -J (k) +K (k) sin 0-

· r 2 
.:... i cos 0 D ( k) ] • /7/ 

Hu~eKcLI:'a''H "o" 03Ha'laiOT, cooTBeTCTBeuuo, aKyCTH'IeCKYIO 
H OUTH'IeCKYIO BeTBH cneKTpa. 3ueprHJI OCHOBHOrO COCTOa· 
HHH pasHa 

E
0
:=·4S(S+ l) I jiL +.4S 2 cos0 I 'K!': +E 1 

' ij ij 1] 0 

2 2 ' . 2 • 2 ' 

/8/' 

2 I/2 I/2 IL BH sin 0 cos 0 Jl 
E'-=3S N A·l/2{1-A)- [g 2 + K (0)] 

o · 4S 2N . N -, 
. . . 

/9/ 
Y IL 1L 2 1L y 1L 2 -1 

A=(J (0) -J (0) -K (0) sin O)(J (0) +J (O):+K (O)sin 0). 
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. 3. Onpe~eneHHe .3aBHCHMOCTH yrna () = · O(H) .11Bn11eTc11 
• - • < • • : • • •• ' ~ • " • ' '. ,. • - : ~ 

Ba)KJII.IM MOMeHTOM, UOCKOHLKY 3:ro~ yron. HrpaeT POJIL 
Maxpocxonu-qecxoro . napaMeTpa,- onpe~enJIIDIIlero. xapaxn!p 
HH~ynupoBauuoro noneM ·clJa3ouoro. nepexo~a. Ilocne MHHH~. 
MH3anuu · TepMo~uuaMuifecxoro: noTeunuana. _<I> -,-no xoidno..:. 
HeHTaM BeKTopa _·. '4JeppoMarH~T-H3Ma ; H a:iHMyTanL,HOMY 
yrriy ¢ /eM. /14/ I ·,u€mu...Hua' ''<I> MO:>KeT ~6LiTL' npe~cTaB:. 
ne"ua • u ·. su~e · t~Jyuxnuu ·e u H. Mo)f(J{o 'no:Ka3aTL; 'ITo 
a<I>(O, H) /aH- cosO .H. a 2<I>(cos0: H) /aH -acosO/aH,oT· 
xy~a BH~Ho, 'ITO xapaxTep 4Ja3ouoro nepexo~a 6y.zieT onpe
~enJITLCJI noue~euueM cos(J(H). · JI~xro B~eTL, 'ITo· · 

cosO =_L<S'ZfL>= ~S(<SYIL>sinO + <SziL>.cosO} ,/10/ 
' '. 2S . '.. . -' ; ... : . •, ' .·>1 .. ,, ,f • ' ' .·· .·, •.• _· ·._, .•. ·' 

OTKy~a He~ocpe~CTBeHHO cne~yeT, 'ITO ypaBHeHHe~nJI on· 
pe~eneuu.i:' O(H} u:Mee_T BH~: •.· ' . ' :. . ' ' 

<. sz·IL '> = 2S ~ 
. _;_.--.; /II/ 

'..',• 

.. · 

., ' 

B"TepMHHaX onepaTOpO·~ c'nHHOBLIX' BOHH :J+o ypaBHeHHe 
npHHBMaeT crie~yro0.yl0 t})opMy;· . . .. , . . ' .. , .· 

·''. ····-' • '··:- \ : ..•. .' i' -. •• ' • '.•1' 

.~-- ·- . : .. '.,. ; \. --~. - -- '-~ --~- ----~ 

l: t<l~ t 1 <ti; Ilk> +<lr )-:-1 <rtrk>+Tl~>:-1 
<'r:•ic. > +· 

k 

. · v·'-i'·•·+ ·>:l ·.2'. -2-· .. 2. ---z-" 
•+·'(lJ()· <vk·vk>+mk+m_k +pk+·.pk J =N(T), ·., 

. ~· ; { . ~ '~ - :-. . . - '! . ~ -: .. ..,, 
-~ ... ., ' .·_· .... ·! • I~-~'\; ,-, ! 

r~e· ; J :1 !;• -~- rJ 

,· 

Y . : . IL · 2 ,. ' 1L '· 
J (0) - J . (0) +sin 0 K (0) · . . 

' ' . ·; . ,, .. . 2 '2 ; 2 ', 

16S(JY(o)-JIL(o))KIL2 (0)sin40 g ILsH + 

.,. 

N(TI 

·, /12/ 
. ; ~ ~ . 

.JY (0) -JIL(O) +sin 2oKIL(O) 

+S . -s 
· 4(JY(o) -JIL(o) )·sin20 

JY(o) -JIL(o) +sin 
2

oKIL(o) 

· 4(JY(O) -JIL (0)) 

7 



# 

·(t,•- . - . ,·. '" 

- -·cpe,i:riiee '"'B:cno cnHH:o:BLnc oT1910HeHB:ii: Y;qHTLIBaH TeiiepL, 
-.~T'o'.lkP.\o) !k<lJ r"<oll''. -~.TJW({)f! ~ /c~f.;/1; 2 /l·a·aB:.zteM: 
:B:i.tpa>Keiille' i:tn1F 1q)HfB:tie:pKoro ii'oiis '11.3 ycnoaHJi o6pameiiiiH 
a·'Jiyn~> '-~-;~io~noueuTw1 :BeKTopa·;'aliTHilJeppo:MarueiHi:Ma·'l ;; . 
T ~-e~ 'it:3 y'cnolmH;. sin_ 8 .;;,-1'-!; Haxo.zi:X H3 1 /12/ awpiDI<eHHe:)i.iiH 
~ill.2:0 ::H· npiipaBHHBaH 3aTeM':sirt (1 e)~HHHti~, noey'IHM,''ITO 
ae'ml'IHHa'i<pB:r:Hilec:Koro noJIH paBIU:( ''.' . . : - \ 

;.,,._::·.-.-~ ~_-;<;·~::_:} ;_: ---~,~~-;;_ '!..\ 

. _., '' .. ' ' II y '' p.·~ ·. .• . 2. 
Ii . = K~ (o) .·_n _, s_u, :JQ) :-.J . (9) )[2_S~{~;t:-s.] ., •.. ,1131, " 

KP gp.'B .. , l .;, J Y(dl +' Jfl <of+ k.'IL·<or. ::· ,. ,·_;,n.,:. ,,~ 

. t. 
.: 

Ka:K .:~H.n;uo-·H3 /l3/,· '·H_>}q:l ·'no riops,n;Ky iienH'Ili~w paauo 
31i>4JeKTHBHOMY nomo aHH3oTponHH. HeTpy,n;uo npoaepHTL, 
'ITO n'poH3BOh~ag"c1 sfn'8 ;a H ''iepriHT CKa'-.lhl<''a'Totike· H,;;wK·p· 
TaKHM 'o6pa3oM, npH6niDKeHHe ciio6o.n;lli.ix ciiiiHoaLfx:·:Bo.irn 
npHBO,IJ;HT K 3aKmo'leHHJO, 'ITO HH.IJ;YUHPOBaHHbiH noneM c1Ja-
30B~H nepexo.n; HBnHeTcH c1Ja3'oawM nepexo,n;oM BToporo po.n;a; 
npH'IeM B Ka'lecTae Manoro napaMeTpa B pa3no:>KeHHH Tep
M:o.IJ;HHaMH'Ie cicoro :noieiiuillilia · · :Mo~iio B:cininL3oi3'a 1-~ · ·BenH·.: 
'IHHY ~s 0. Ilo.n;po6uwii auanH3 ci>aso'Bhix c''cicTOJIHHHKpHCTan
noa THna reMaTH'I'a ao auemue~ MarHHTHOM none c yqeTof 
MarHHTHOH CHMMeTpHH,MO:>KHO HaRTH B pa6oTaX /10, 14- 18 • 

._, ;, .;. • _·;.· <' 

4. B uacTo.Rmee apeMH pacceHl_JHe Me.n;neuuwx ueii:Tpo
HOB illHPQKO HCnOllb3yeTCH ,IJ;llH, H3y'leHHH .CT~TH'IeCKHX H 
,n;HHaMH'IeCKHX caoiicTB · :ManiHToynopH,n;o"lfeuuwx KPHCTan
noa /19/, BonLmoe 'IHcno pa6oT 6wno nocaHmeuo Hccne.n;oaa
HHIO AHclJpaKUHH HeHTpOHOB B reMaTHTe f20~Ce'leHHe Heynpy-. 
roro pacceHHHH B !ter.raTHTe 6blllO H3MepeHO TOllbKO B CaMOe 
nocne.n;uee apeMH 12• )J;H4x1JepeHUHanLuoe ceqeuHe P,acceHHHH 
Me.n;neuuwx. ueiiTpouoa a re:MaTHTe· H:MeeT_ ail.n; /19f: 

2 
d a 2 

dildEp' =(roy) p'/p~,F1• (q) F.,(q) x 
ll l . 

-iq(r. -r,,) ~ -iq(r -r,){[ ( . (} (}) 2] / h · x e J J · ~ e · n n · l- e sm + e cos · l 2rr x 
, y z 

n,n 

8 

}J 
I 

!\ 
~ ,. 

00 

X I 
-oo 

·./h(E -E ,_) t<S' z 
1 p .. p hj e 

Z .... C' '~" . ~· 2~~:\ -
O).Sh'j'(t~ ~- dt + (l-~\)~l/2rrh x 

·~ .. 
~ _: 

·I. i/h(E -E,li.:..s ·x<o.:)· s x (t) > dt .+ 
x e P P ··' hj · . h 'j' 

•'. 

/14/ 

+.[i-(e· cos(}+,e ·.sin0) 2 )1/2rrh x . y. . . ·. , z.· , ",. ' •c i~. 5 • 

.. 
.... _,_ •. •• ;_ !<-"' 

. ·~. :-·: ' . c~:·J .. 
oo i/h(E -E )t . •> ,,":. · ,,_:,.. · :· ·" , ..... - . , . y y ' , __ - ,. '·' 

->C:f·-·e-:'7·;. P:. e·.<S/ (O)S.-, .;.(t) >.dtl •.. , .. ,,. ..,. __ . 
-::£;;;, • - , .i < .- .:: hj ~. L: <- , '-:.<. :,~; :, -. ,, " , ·' .,: o•-•·> 

,-··. -'~~~ ~.~~'-·--;,-!-· 
-.~ _,., ..,,..._. '" · ... "::. .·-~· 

CeqeuHe pacceHHHH /14/ 3anHcauo c yqeTOM npeo6pa3oB~:;· 
· HHH /2/. CyMMHpOBaHHe ae,n;eTCH no no,D;pemeTKaM j(j :da, b, c; d) 
H no :JneMeHTapHhlM gqeii:KaM n. Ce'leHHe ynpyroro pacceH
HHH. :Me.n;neuuwx· ueiiTpouoa._ onpe.n;enHeTCH .nepBLIM cnarae
MLIM ~B /14/, .KOTOpoe nocne HCnOllb30BaHHJI:npH6niDKeHHH 
CB060.IJ;HbiX'CnHHOBbiX BOllH npHHHMaeT clJopMy:. 1 . :- • -i , < • ·., ·, 

;~:, ;.,_,;:·! ·.;rl . 

2 
·(. d a -. 

' . . -- ,· ) 
. dUdE·;; ' 

p 

' ... _ ... .,._ ~.r;;;,J;. .. ~ _:_.;'' ' ~ -_, ;'$ ~ .j --: J; .. ~ 

't -- ':~ ~ 
.. "-/:·• . . -. 

'... -~ -~ ~ 

3 .... .· .(2rr) •N.: :.· ··2 . : .•' • ·,--- , .•. , ..... -~21 :='(r jt) . _ ., RF (q)[1-(e slnJ}+e ;r::osO)-Jx 
;. o . -.-· f"o ... __ ......... ·. ·- ·Y· .:· .... z •. _,, 

'" 
.. \; ~ i-!;l, ~..,·_; ,--~ 5:-..l"'-.~~-: ;.~,.~ :;_:-:;·.r.; 

• •.,j' ~ ... 
: ~-,. "-: ~·- t .: ~! . .. . t: 

X I•·a; a . .:exp[..:.iq(r. -r.,)] I 8(q-r) 8(E ...:E' ;), : '' -·/15/.,. 
jj',.J .. J·, .. -J. ]· T.:. _-,• P ;·P_ , •·. 

·'~ 
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r.n;e· 

2 -2 2 .. · . . . ' . ' 
R = s -5/16 NB + (32N) B + l/l6N X [ B/32N- S +l164N X] 

X, ~-X . n k._ 
- = -~ -ks 8 

ks 
B = I ''l'ks 

ks 

~' ~ _, 

/16/ 

')17/ 
~- ~ '·,. ' 
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f' 

~ 

e 2 2 
+ m \ f m k -k . -k 

f '. '+;;; 2 ) 
\ m l mk 

- -k X - - • 'I' - . -ks-l n2 + p2 ' 
.. - ~· • I /18/ 

-k -k . 
- 2 - 2 
n_k + P_k · pk 

3~ecL e I ' m l ' . n f . p l - napaMeTpLI YHHTapuoro 
npeo6pa30BaHHB onepaTOpOB BTOpHqHoro KBaHTOBaHHB, BB-
HLIH BH~ KOTOpLIX BLinHCaH B /1, 2/. . . 

Yrnoaoe nonmKeHH~ Ka)K,I:toro pecl>.ileKca ua 'ueiiTpouo
rpaMMe onpe~enBeTcB ycnoaueM BynLcl>a- Ep:Jrra, u uu
TeHcHBHocTL 6y~eT nponopnHouanLHa Mo.nymo CTPYKTypHoro 
cl>aKTOpa. 

· . 2 2rri(hxj +ky. +ezj) 
l<hkf=(r0 y)F(q)y'I-(cy sinO+ez cosO) -~aj ~, · ;i9/ , 

:. :;. .. .J ,I 

r~e ·X f ; · Yj , z j '- napaMe~pLI, onpe.nenBIOUUie nono)l(eHHe. 
pacceuaaroiQero' neuTpa.j •, B cny_qae cna6wx cl>eppoMarHe':', 
THKOB, K KOTOpLIM npHHa.,nne)I(HT reMaTHT, pacceBHHe.MO)I(HO 
CBB3aTL C ~BYMJI BeKTOpaMH: cl>eppo- m H aHTHcl>eppoMarue
TH3Ma l , 3a~aroiQHMH MarHHTHyro cTpyKTYPY. c KWKALIM 
BeKTOPOM CBB3aH CTPYKTYPHLiii cl>aKTop. TaK KaK m 2 «e ~ 
·To "u3- 3a ;py.,nuocTeii o6uapy)l(eHHB cna6oii cl>eppoMaru&iiloii 
qacTH · o6wquo uccne~yeTcB TORLKO aHTHcl>eppoMaruuT:uag 
qacTL MarHHTHoro pacceBHHB. H3 /19/ all.i:tHo, qTo no yn;. 
pyroMy pacceBHHIO HeiiTpOHOB MO)I(HO, B npHHI{Hne, CHBTL 
3S:BHCHMOCTL 0(11) • B·, ~ocTaToquo cHnLHLIX MarHHTHLIX 
nongx, T.e. II== H Kp BenHqHHa F hkf CTaH~BHTCB' npo-

nopnHoHanLHOH v' 1- e~ • TaKHM o6pa3oM, no .nocTH)I(eHHH 
KpHTHqecKoro 3HaqeHHB nong HHTeHCHBHOCTL MarHHTHO(O 
pacceBHHB, onpe~enBroiQerocg BeKTopoM aHTHcl>eppoMarue
TH3M~, ~OR)I(Ha H3M.eHBTLCB. 

·' 5. ,ll;Hcl>cl>epeunHanLHoe ce'feHHe ueynpyroro nonepequoro 
pacc_eBHHB B reMaTHTe, onpe):teRBIOIQero. cneKTp cnuuoawx 
BORH, HMeeT BH.,n; 

JO 

"" 

d2 ' 
dO :E -~· Heyn'p. = (roy) 2 p'/p F 2 ( q) (217-)3 N (..!..~I 2_)2 ' 

P· • v 2 v x o N 

2 . . 
x{(l-e ) ~ exp[-iq(r. -r.,)] ~ 

X • _, . J J . 
JJ . k, s,r 

w <X.l • w < k) x 
-ksj -ksj )20/. 

I • 

X [ n ks o( E ·..:. xks )o( q- k - T) + ( 1-n ks) 0 ( E +Aks) o( q + k - r) l-

[ 
· . • 2 . · . ( x} · ( y) 

-1-(eJcos0+e 2 smO) ]~exp[-tq(r.-r.,)] ~ W ·• w~ .x 
jj'- · J J · ksr. -ksJ -ksJ 

X [ nks o(E->.ks) o(q-k-r) +O+nks) o(E + \s) o( q + k- r)]}' 
J 

(x y) . 
r.ne W k;j - MaTpHnw 4 x 4, onpe.nenBJOUUiecg aenuquuaMH 
mk , f k , Pk', n k , JIBHLIH BH~ KOTOpLIX MLI He BLinHCLIBaeM 
H3- 3.a HX rpOM03~0CTH. HHTeHCHBHOCTL nHKOB Heynpyro 
pacceBHHLIX HeiiTpOHOB nponopi{HOHanLHa MO.QYnJO.QHHaMH
qecKoro CTPYKTypuoro cl>aicl-opa. B .naHHOM. cnyqae uy)l(uo 
onpe~enHTL ~sa CTPYKTYPHLIX cl>aK!opa Mx(q) H MY (q) ; qTo 
CBB3aHo c TeM, qTo aueumee MarHHTHoe none uapywaeT 

·-. \ - ' -~ . ' 
CHMMeTpHIO pacceJIHHB no X- H Y -KOMnOHeHTaM CnHHa. 

:<{ 

M ( x) ( q) = y'(l - e 2 ) ~ e -iqr j W ( x) '/21/ 
-ks x , -ksj 

. ·. /22/ 
y . · -iqr ( ) 

M k ( q) = -.j[ 1 - ( e casO + e sin 0) 2 ] ~ e i W y 
- s Y z • , -ksj . 

. '· . . : l : ··. . ' : ~ 

HHTeHCHBHOCTL nHKoB. nponopnHoHanLHa I M -~ s ( q) 12- I M_Yks(q)l ~ 
Bu~Ho, qTo npH .nocTH)I(eHHH KPHTuqecKoro nong, T.e. npH 
sin: 0=1 HHTe~CHBHOCTL UHKOB ,Heynpyror:o pacceBHBJI: :raK)I(e ; 

MeHBeTcB. TaKoe noae.neHHe,nuKoa,ynpyr:oro,u He,y~pr:ro_ro 

\II 
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pacce.IIHH.II B CHHLHLIX MarHHTHLIX ITOH.IIX npe~CTaBn.lleT HH

Tepec ~n.11 conocTaBheHH.II pe3ynLTaTOB 3KcnepHMeHTOB no 

ynpyroMy H HeynpyrOMY pacce.IIHHID HeHTpOHOB Ha MOHO

KpHCTanne reMaTHTa. 3To no3BOnHno 6LI onpe~enHTL noae

~eHHe ClleKTpa CITHHOBLIX BOHH B 3aBHCHMOCTH OT ITOH.II H 

onpe~enHTL 3aBHCHMOCTL H P( r) ~n.11 HH3KOTeMnepaTyp-
~ A.. K 

HOH 'l'a3LI reMaTHTa. 

)J.n.11 cpaBHeHH.II TeopeTH'ieCKOrO cneKTpa CITHHOBLIX BOnH 

c 3KcnepHMeHTanLHLIMH pe3ynLTaTaMH Ca:My3nLceHa H illH- -

paHe /l2/ o~eHHM aenH'IHHLI 141-17 I -B npH6niDKeHHH 6niDKau_

wHx COCe~eH. BBO~.II TpH OCHOBHLIX TpaHCH.III{HH poM603~-
..... .... _. -+ -+ -+ -+ 

pH'ieCKOH .ll'ieHKH t I , t 2 , t 3 H BeKTOpa PI , P 2 , 

P 
3 

, P 
4 

, onpe~enJIIOll.\He ll03HI{HH MarHHTHLIX HOHOB B 

3neMeHTapHOH .ll'ieHKe, 3aiTHWeM BenH'IHHLI j/1 ( k) , JY ( k) , 
j T ( k) H Jfl ( k) qepe 3 KOHCTaHTLI cynepo6MeHa B np~6nH
:>KeHHH 6nH>KaiiwHx coce~eu J I , J 2 , J 3 , J 4 I eM. II I I. 
CornacHo pe3ynLTaTaM H3MepeHHii CaMy3nLceHa H IIIH

paHe 

\ 
JI=6,0±1,6°K; -J

2
=1,6±0,6°K; -J

3
= 29,7±~0°K 

1231 
-J 4 =23,2±1,0°K, 

BenH'IHHLI J (0), i = /1, y, T, I' paBHLI 

Jr(o) =l;y"N[-6JI-4J 3 -2J 4 +4J 2 l 

y -
J _ (0) = 1/yN [ 6JI + 4J 3 + 2J 4 + 4J 2 ] 

.}
1 (0) = 1/ 'v'N[-6J -4J + 2J - 4J ] 

- •, 1-- - 3 4 2 
- ,• : .. - ~ ~ - .. -

/24/ 

Jv<o> = 1/v'N[ 6J + 4J ;;.. 21 - 4J 2 1. 
_ I 3 4 

no~cfaanB.II- 124/ a I 41-17 I, '- Haii~eM cneKTP cnHHoBLix 

BOnH B npH6nH:>KeHHH 6nH>KaHwHX ·coce~eii ,. -~-' -

12 

,• 

/ 

- 2 -

Of
0
a) 

2 
= ~- [ 12J

1 
+~U3 +: 4J

4 
+-;si~ 2 IJKIL(o)] 2 - _ 

2 s - - 2 4 - 2 
7[12J1 :t-8J 3 + 4J 2 -sin OK (0)] 

(.\ ya) 
0 -

- 2 
S - 2 ·Y 2 

_--[12J + 8J +41 +sin OK (0)]-
4 1 - 3 4 

2 s - - . 2 y - 2 
4[12J

1
+8J

3
+.4J

2
-sm OK (0)] 

'_ 1251 

1261 

(.\1'0 ) 
0 

52 - - 2 1- 2 
-[-16] + 12J + 8J + 4J + sin 0 K (0)] -

4 2 , --I 3 2 

2 , s 2 1 - 2 
--[12J -+8J -4J -sin OK (0)] 

4 1 3 2 _-
1271 

(X'o) 
0 

2 s - - 2 - 2 
4[-16J

2
+12J

1
+8J

3
+ 4J

2
+ sin OKv(O)]-

2 s - 2 v 2 
-- [ 12-J 

1 
+ 8 J 

3 
- 4 J 

2 
- sin () K ( 0) ] 

4 -
1281 

HcnonL3Y.II 3Ha'leHH.II /23/, oneHHM aenH'IHHLI 1211, 1281, 
Hl8/ -

E 0 "' 4 s (S + 1) {:- 6J 1 - 2 J 4 - 4 J 3 + 4 j 2 ) "' 9 78 °K 

A r,v o, 61 oK 

Ar,vo + E "' 1040 °K, 
0 

1291 
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H3MepeHHOe 3Ha'ICHHe 3HeprHH onTH'ICCKOH BCTBH B pa-
6oTe pauugnocL, , 1125° K u. cna6o 3auuceno oT TeMnepaTy
pLI. IIonyqeuuaJI ·ou;eHKa /29/ no nopJI~KY Benuqu"iiLI.rtOBoni.
HO XOpOWO cornacyeTCJI C 3KCnepHMCHTanLHLIM 3Ha'ICHHCM, 

-ecnH npHHJITL BO BHHMaHHe, ''ITO MarHOHHLIC B3aHMO,IteH-
CTBHJI He Y'IHTLIBanHCL. . , 

6. TaKHM o6pa3oM, npoue.rteuuoe B uacTOJI~eii pa6oTe 
0606UlCHHC TCOpHH rep6epTa ,I{JIJI cnyqag C BHCWHHM Mar
HHTHLIM noneM H [III) nb3_BOnHJIO paCCMOTpCTL CC'I~HHC 
paCCCJIHHJI MC,ItneHHLIX HCHTpOHOB' B CiiJILHLIX MarHHTHLIX 
nonJix, T.e. npu H"' HKP• npu KOTOpLix BeKTop auTu«Peppo
MarueTB3Ma cKa'IKOM nouopaquaaeTcJI B 6a3ucuyro nnoc
KOCTL. HHTCHCHBHOCTL nBKOB ynpyroro H ueynpyroro pac
ce Jlli'HJI TaK:lKC MCHJICT.CH, 'ITO n03BOnJieT HCCne,ItOBaTL, o6-
naCT_L 4la3ouoro nepexo.rta. Oco6euuocTLro MaruuTuoro pac
ceJIHHJI npu uanB'IHH BHeWHero MarHBTHoro nona JIBnJieTca 
TaK)f(C aCHMMCTpHJI PL\CCeJIHHJI Ha nonepC'IHLIX KOMnOHCHTaX 
cnuua. TeMnepaTypuag 3aBHCHMOCTL pacce.IIHH.fl onpe.rtenx
eTca TCMnepaTypHOB 3aBBCHMOCTLIO KPHTH'ICCKOrO nona 
II KP ( r) no «PopMyne I 13/. IIpoue.rteuuLie qucneuuLie ou;eHJ<H 
3Hepruu onTH'IeCKHX MO.rt xopowo cornacyroTCJI c 3Kcnepu
MeHTanLHLIMH 3Ha'ICHH11MH. 

~n.fl 6onee ,ItCTaJILHOro noHHMaHHSI KapTHHLI «iia30BOrO 
nepexo.rta Mopuua u ponn aHH30TponHLix B3aHMo.neiic, :mii 
HC06XO,D.HMO Y'ICCTL B3aHMO,lJ.CBCTBBC M~)f(,Ity MarHOHaMH. 
Xonl nonyqelJHLIC OUCliKH BCJIH'IHHLI 3HeprHB onTH'ICCKOH 
MO.D.Ll noKa3LIBaroT, 'ITO nonpaBKa 3a C'leT Maruou-Maruou
HhiX B3aHMO,ItCHCTBHB ,ItOJIIiilia 6biTL Mana, 3TOT BOnpoc 
Hy)f(,I{aCTCR B ,lJ.OnOnHHTCJILHhiX TeOpCTH'ICCKBX H 3KCnepu
MCHTaJ1LHLIX BCCJIC.D.OBaHHJIX, TaK Kal< 3KCnepHMCHTaJILHLIC 
3mi.'ICHH11 Benuquu J I ~ J 2 , J 3 , J 4 B l<OHCTaHT aHH30Tp-o• 
nun uenL3JI C'IHTaTL TBep.no ycTauouneHHLIMH. Cne.rtyeT . 
TaK)f(e OTMeTHTL, 'ITO MeTo.n IIBK o6na.naeT orpauuqeuiioii 
o6nacTLJO npuMeHHMOCTH. MeTo.rtoM, no3BOJIRJOIUHM · pac
CMOTpeTL 6onee WBpOKBB HHTepuan TeMnepaTyp, RBnJICTCJI 
iipu6nH)f(CHHe xaoTH'ICCKHX «Pa3. MLI npe.nnonaraeM 6onee 
no.npo6uo paCCMOTpCTL 3TH BOnpoCLI B ,ItaJILHCHWCM. 

B 3aKnro'leHHe BLipa)f(aeM rny6oKyro 6naro.napuoc.TL 
H.Koueuy, B.B. HuTuy, A.IIaunuKoucKoMy u H.M.IInaKH.rte 
3a UCHHLIC ,D.BCKYCCHH. 
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