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OAHOMepHOM MarHeTHKe HCC!leAOBaHO noBeAeHHe BeKTOpa n!lOTHOCTH 
HaMarHH4eHHOCTH Ha OCHOBe KnaCCH4eCKOrO ypaBHeHHR ABH*eHHR, KOTOpoe 
B AnHHHOBOnHOBOM npeAene CBOAHTCR K ypaBHeHH~ CHHyc-rOPAOHa. 06CY*Aa
eTCR 3aBHCHMOCTb napaMeTpOB CO!lHTOHHOrO peweHHR 3TOfO ypasHeHHR OTXa
paKTepa aHH30TpOnHH B pea!lbHbiX KBa3HOAHOMepHb1X MarHHTHbiX CTPYKTypax, 

a TaK*e OT Be!lH4HHbl npOAO!lbHOrO MarHHTHqro nO!lR. npeAflO*eHa .Q,OnO!lHH

Te!lbHaR B03MO*HOCTb nOATBeP*AeHHR B 3KCnepHMeHTaX no pacceRHH~ HeHT
pOHOB Cy~eCTBOBaHHR CO!lHTOHHOH MO~ B KBa3HOAHOMepHbiX MarHeTHKax THna 
CsNiF 
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Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKO~ ~3HKH OH~H. 

Coo6meHHe 06bellHHeHHoro HHCrHryra SIJlepHbiX HccnellOBBHHA. Lly6Ha 1979 

Fedyanin V.K., Yushankhai V. Yu. P17 - 12896 
The Contribution of Onedimensional Magnetic 
Solitons into Neutron Scattering Spectrum 

The behaviour of magnetic density vector in onedimensional mag
netic has been investigated on the basis of the classical motion 
equation which is reduced in the long-wave length limit to the sine
Gordon equation. The dependence of soliton parameters of 
this equation on the anisotropy type in real quasionedimensional mag
netic structures and on the value of longitudinal magnetic field has 
~een discussed. An additional possibility for conforming the soliton 
mode existence in quasionedimensional CsNiF3 type magnetics in neu
tron scattering experiments is suggested. 

The investigation has been performed at the Labotatory of Theo
retical Physics, JlNR. 
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I. B pa6oTe /I/ 6una pa3BHTa TeopHH ~BRXeHKR CITHHOB B O~OMep
HO~ MarHHTHon CHCTeMe, OITHCHBaeMO~ r~bTOHHaHOM 

"? .., I: ~).t )( 
.'ft."' -:J ?- .S, £' .. ~, T J ~ l s .. / -;J~ s 13-?; S,._ _. (I) 

H ITOKa3aHO, 'ITO !Ipl'I :J > 0 , # ) 0 H He O'leHb 60JII>IIIHX ITO-
JIIIX 8 YJlaBHeHHe ~ueHKR KJiacc:I'I'lecKoro BeKTopa emma S:, c 

KOIViiiOHeHTaMH 

s: =sf ni. e... {·i)~sy.. tiJ_, "'· .. g_ (i);.-..1,. ('-)_, ccs y ... e:oj 
B ~HHOBomtOBOM npe~e~e CBO~TCR K YJlaBHeHl'IID CHHYC-rop~oHa. Cnrrw
TOHHOe pemeH:I'Ie 3TOI'O YJlaBHeHKR COOTB6TCTByeT ITOBOpOTY BeKTopa B 
rurocKocTH XY Ha yroJI £, ~ BOiq>yr ocR aHH30Tpomm Or . C'll'ITaJIOCb, 
'ITO OCb aHH30Tpomm COBna,naeT C HanpaBIIeHHeM UeiTO'lKI!. B rrpe,nnOJI04 

EBHHH 0 ConETOHax KaK 0 paspexeHHOM rase HaBSaHMO~e~CTB~ 
'l8CTHU C MaRCBeJIJIOBCKHM TeMIIepaTYJllmM pacrrpe~eJieH:I'IeM 6uno BWl:BIIe
HO KX BHRHHHe Ha ~PMY UeHTpaJibHOI'O nHKa rrpo~OJibHOft '!aCTH ~aMH

'leCKOI'O cTpyKTypHoro ~Topa MarHHTHo! cHcTeMH. 
raMWibTOHHaH (I) !IpH S• f , .1~ ,l~ 6 •...t, /I~S "/( 

8,1leKBaTHO OITHCHBaeT KBa3HO~OMePJIY10 MarHHTHYIO CTPY!WYPY TCTM
~a Cs AI.· 6 npR TeMIIepaTypax b"K< T :S ./5" 0

1( • B pa6oTe I I npz

BO~atca pe3y~I>T8TH 3KCITepKMeHTOB no HeynpyroMY MarHHTHOMY pac
CeRHHD HenTpOHOB Ha STOM Iq>HCT~e R ITOKa3aHO, 'ITO B cneRTpax 
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Hapa~ C ~MH OTHOCHTenLHO Y3RHMH ITHKaMH paCCeRHHH Ha CITHHOEHX 

BOJIHax CYlli6CTByeT lllHpoKHft U6HTP8JILH!>Iit ITHK. B TO BpeiWr KaK )!.lUI 3a

BHCRMOCTH lliKPHHI>I U6HTp8JILHOro ITHKa OT B6HH~ BHeWHero MarHKT-

HOro n~ ~ ~eeTcn HHmL Ka~ecTBeHHoe cor~acze c TeopeT~ecKRM 
npe~CKa3aHR6M /I , TeMOepaTypHaR: 3aBHCHMOCTL mmm Haxo~TCH 
B xopomeM KOnH'!eCTBeHHOM cor~acHH c BHBO~aMH I/o B03MOXHOM BrrKR
HHH COHHTOHHHX Mai'HHTHHX B036~eHHA Ha lf>c>PMY U6HTP8JILHoro ITHKa 

B cneKTpax pacceRHHH. TaKRM o6pa30M, HanpalllHBaeTCH BliBO~ 0 TOM 1 l!T0
1 

KaK H B ~ae {!s/Vt" Cl , B ®J3~6CKH6 CBO!CTBa pe8JILH!iX KBa3HO~
HOM6pHHX Mai'HHTHHX CTPYKTYP HaPfl~ c KBa3H~acT~ B036YJK,neHHH

MH OCUWIJUITOpHODO THna ( CnHHOBllMH BOJIHaMH) BHOCHT BKna,D; H l!aCTH

U600~06HHe B036~eHHH (MarHHTHHe COHHTOHH). B HaCTOHme! pa60Te 

6y~eT OOKa3aHO, 'ITO ypaBHeHHe ~HlteiDIII MJI CITHHOEHX CTeneHeft CB0-

60~ e,.. (i:) , :/~o.. (-t) B KOHT:IIHYaJILHOM npe~Me CBO~TCH K ypaB

HeHHD CKHYC-fop~OHa MJI MO~e~LHHX MarHHTHHX CHCTeM, OnHCiiBaeM!iX 

r~LTOHHaHOM 60Jiee o6mero B cpaBHeHHH c (I) ~a. 

2. By~eM HCXO~TL H3 B!ipaaemm MJI SHeprHH MarHHTHOft CHCTe

Mii, npe~cT~eHHoro B BH~e 

J _,! (ro,ui): r ;f()..AJ~ ;.t (rovt~!l J j.t W-= eli J.i 01-, cl..t! ~ ror,· I + ro ~- ; + 
... 

+f( j/~~ -!If )/X-~ Jl/. 
3~eCL .)./ 

1 

{,;;; 1:) - ~ - aR: ~eKapTOBa KOMOOHeHTa MOTHOCTH B6K-

TOpa H&larHH'l8HHO CTH 1 o/_ ~ H o(., ,t - 06MeHHHe KOHCTaHTii, j3 -KOH-

CTaHTS SHli30TponHH, fl.t H fl.t - nonepe'lliaR: H npo~OJILHaR: KOM-

OOH8HT!i BHeJDHero Mal'HHTHOro 0~. 

BoSMOlKHOe pa3Jili'Die MeliJC' d,:t H ot.t , KaK K H~e MOTHOC

TH aHKsoTponHH j3(~i)l,o6y~1o~eHo yqeTOM panHTHBKCTCKHX BsaKMo

~eAcTBHA MarHKTHHX MOM6HTOB B KPHCT~e. ITpH BliKmDqeHHQM nonepe~

HOM TIOJI6 ll:f " 0 3H6pi'Wl W KHBapHaHTHa OTHOCHTenLHO TIOBOpoTOB 

B MOCKOCTK XY BOKPyr ocR Or: . 3aMeTRM, ~To ocL aHH30TponHH 

He OOR3aTe~HO ~OJilKHa COBn~aTL C ~eneHHHM Hanp~eHHeM B KPKC

T~e,~OJIL KOTOporo 06M6HH06 B38HMO~e!CTBHe HaH60Jiee HHT6HCHBHOt 

sa O~eT l!ero H npoHCXO~T o6paSOBBHHe KBa3RO~OM6pHOro MarHBTHOro 

yno~o~eHHJI. 
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BHpaxeHHe MJI aHeprHH MarHHTHoft uenol!KH /nrr.yq~eecn B KOH

TRHY8JILHOM npe~ene H3 (I) H HC~e~OBaHHOe B fl , BliT8Ka8T H3 (2), 
eCHH nMOJKKTL d" = J.~ > o , /' :> 0 , H J- = 0 , a TaiOKe npH y~o
BHH. 'ITO Harrpa~eHHe uenol!KH COBna.n;aeT 0 OCLIO arrsoTpomm Oz>- • 
BupaxeHHe (2) HBnReTcn ecTeCTBeH~~ o6o6meHHeM I/ H onHC!iBaeT 

6o~ee lllHpOKHH &naco MarHHTHHX MO~e~LHHX CKCT6M. 

ITpeuecCM MOTHOCTH MarHHTHOro MOM8HTa 

llpoRCXO~T TIO SaKOey 
-:> ...... 

!().)j_ = Jj!§ ! jJ,.fi] rv t t , (3) 

r~e B6KTOP a~KTHBHOro MarHHTHOro n~ OOJ!Yl!a6TCH no lf>c>PMY~e 

"" S'JV' ii (f!, t )= - f:iii;.; f) (4) 
-> 

3aTIKC!iBaR: KOMTIOH8HT!i B8KTopa Jl/ ~epes n~pHHe KOOp~aTli 

.iJ = JJo {;.n e (~t )CI)sfCi-;t ),· ,,;. 67{1;t},;.yt~;t), cos 9{r;tJj , 
(5) 

r,ne Jlo - paBHOB6CHaR: MOTHOCTL H~6HHOOTH, H3 (3) TIOJIY'!HM 

,nBa H63SBHCRM!iX ypaBH6HRII MJI fJ~GJ{f?, t) R 1"' 1~ SJ: 

h. Y't cos \9"' 4r)•\od.~ ~ [ ~k.t e W~)]- ~ fo H 1 ~-..~9 ~· ... '3' ;, 

t<vt~ ... -~JoJJ.oJ~co ... 9(v'!)~+ (6) 

-d! r., Mo :"' G ld 4 h"'tg -\d.a. c.0~?·e] (vJ.. 9) ~ 

~ ~ ro JUo (cJ.'l-J.~)eo<:.9·(9e)~lrroMojc..0!.8.,. 

4J.foH:1c.o"'~ c..o~g -O-ro \-lot· c:tt-t 6=1ro va~. (7) 
j ~·lAg / ()l ' '()r-

ITpe~OJiomiM, ~To B KPHCT~e RMeeTcn KBaSHO.nHOMepHoe MIU'HH'l'-... 
Hoe yno~o~eHHe B~OJIL Hanp~emm, s~eMOro BeKTo~M e . 06os-

Hattaa: ~epe3 'U.- KOOp~aTY B~~ O~OIHS ueno~eK, 6f,1(6M JICKaTL 

pememm (6) H (?) B ~e ~'lf[(u-vt)JLj • ezG(Cu-v'i)/\!] 1 

Tor~a B ,wnnmoBOJIHOBOM npe~ene a;L ,'YL" << l\o.~~/<1, \If,. \o.t~fd.~ \\ \().\~h~~~l ~) 
H He o~eHL 60JibiiiRX nonepe'lliHX nOJIIIX ,1-l~ « :tj Mo , ypaBHeBlle '(?) 
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IJpRBO.I(HTCf! K BH,JJY 

8 t \-\, 
CJ£>S. :. y ~+-

'-'~f.,Uo "-.) ~~..Uo 
Orp~BaH B03MOXHHe aHa~eHRH napaMeTpa 

t qJo ij. • ~ << { 

v 
(8) 

HepaBeHCTBOM 

(9) 

R no.ncTaB7IIUI (8) B ( 6), n~ ypaBHeHRe cmzyc-rop,noHa wm 
<llYHKlWR ~ lu, ~): 

-:}::---> - - ~ l'lo< ~ ..,."' '-" 
<()1LQ ~ ro~ 
~uL ~ ~ z J 1 (IO) 

r.ne 

C:tti~t-.t(:. 'J\l:tJ_\1- (_ t{~ \~] \ cl 0 0 ;tl \ :J. (l M o ) .J 
(II) 

z H1 
M ~ > 

~vU d. fi- ( ~l,q "~.t. 
0 ~ \~~J..Io J 

\-\~ < ~lMo , 
( I2) 

CoJmToHHoe pemeHRe ypa:mteHRH ( IO) .naeTCf! B!lpaliteHReM 

e-o~~ (u;\) :: 1.- ~ se.J.. .t ~ O ( tA- ·d: -u o ) , ( I3) 

a. - -4,-~ 
r.ne 0 -:: [ 1- \_Y/~) ] R Y <C. • I<aK BH,D,RM R3 (II) -
(I3)tB~a C BMeeT CMUcn rrpe,ne~HO~ CKOpoCTR ConHTOHa, Be-

J.(ltqm{a Y>'1... , JIITP8DIIaH po.1Il> MaCCH, o6paTHO nponoptniOH~Ha nmpRHe 

COJmTOHa. 

3. AHruma nOJIY'IeHHHX peayJI:oTaTOB (IO)-( I3) rrpRBO.nRT K cne

.l!YDllet.1Y BHBO,ny: OIIIiiHOBaH ,ll;IIHB.MRR8 MarHRTHOi!: CRCTeMI>I C 3HeprHei!: 

(2) OIIRCHBaeTCf! ·ypaBHeHlleM ClJHYC-rop,noHa (IO), r.ne .,.,_ .t > 0 , 
~1;. o , c pememiRMR (I3), eCJIR J..t :> 0 , J > 0 , T.e. 
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rrpR qeppOMarHHTHOM xapaKTepe ynopa.no~eHKR CITRHOB B Jierroo! nHOC

KOCTH '£Y. Ilocne,ItHee COBITa,ll;aeT C rJiaBHHM BHBO,Il;OM pa60TH /I/, HO 

B ,norronHeHHe K/II,aaMeTHM 1 Bo-nepBHX 1 qro nerKaa rrnocxocr:o IY raxoM 

CHCTeMH MOXeT OKa3aT:&CH ITpOH3BOnbHO OpHeHTHpOBaHa ITO OTHOmeHHD K 

HarrpaaneHHD MarHHTHO~ ~erroqKH ~ ; BO-BTOpHX,pe3yn:&TaTH He 3aBHCHT 

OT BenHquHH ITOCTOHHHORc(t 06MeHHOrO B3aHMO,neMCTBHH B,non:& OCH aHH-
30Tpornm o~ 1 KOTOpoe, KaK BH,nHO H3 (6)-(7), ,naeT BK1Ia,ll; B 

pememre B cne.IJYIIli1RX rrpPI6JrruKeHKRX no ManOf.1Y napaMeTpy o../ l 
B-TpeTl>P!X, BKil!l'Ietrne ITpo,ll;OJil>HOro Mal'HliTHOro nOJIIl t{ ~ npRBO,Il;RT 

JIPlWl> K J'MElH:&WeHmO BeJIH'llfi!H rrpe,neJI:&HOil: CKOpoCTR C , poCTY MaCCH 

m. R ::mepnm ConHTOHa. 

PaCCMOTpHM, KaK ITOCJie,nHee o6CTOHTeJil>CTBO OTpa3PITCf! Ha 

cneKTpax Heyrrpyroro pacceHHKR Heil:TpoHoB. HHxe aHeprHID 6y,neM 

RaMepHT:& B e~ax d..a.~2 ~'rsL<i's: , a .wmey- B e~ 
rrocTOHHHoil: pemeTKH Q. • CorJiacHo /Il aHeprHH COJIHTOHa ( I3) paBHa 

~ m. 0 , r.ne () -=- f 1-\.Vc )1 J _._, , nnorHocr:o • coJIHTOHOB rrpR HR3-
"' -!...!1. KHX reyrreparypax \"\.. ... 4M- (\'VI. tT.~T) Le ~<T B CJIY'Iae MaJIOil: 

ITJIOTHOCTH, 'ITO ,ll;OCTHraeTCf! npR ,ll;OCTaTO'IHO HR3KOi!: TeMITepaType 

K T ~ 0,~-.., MOJKHO rrpeHe6pe~:& B3aHMO,Il;elcTBReM Me.l!UIY COJIRTOHaMR. 

IloCJie,nHee cymecTBeHHo o6Jie~aeT pac~eT R3MepHeMO~ B aKcrrepKMeHTe 

rrpo,nOJI:oHo~ qacTH ,ll;RHaMR'IecKoro CTPYKTypHoro ~opa, orrpe.neJIHeMo~ 

KaK 

~1 (y,w) ;(J.~f jj JfJu €Jxf{;9u-wiJ}<cDsyC~t)wsy t~ o)> , 
( I4) 

r,ne :yrJIOBHe CK06KPI 03Ha~am ycpe,II.HeHHe no CKOpoCTHM V H 

Ha~aJibHHM nOJIOJKeHRHM 'U.o CO CTaTRCT~eOKHM BeCOM ~/"'l.tl"'f/ttT). 
IIo.ncTaBRRH B (I4) pemeRHH (I3),B peayJI:&TaTe rr~ 1 : 

J;, q,w)={i-t ;::} t(y}t~)+ 
:J .t 

+ e~xf(-3 ... /,er ){.i6 €JJ<. f ,p ... w.{j if/ J-_ ) (I5) 

t2 7 r-T li r (e,j.k-T ;.1.-/._ :ri,.__ • 
K8Jt Jm,ItHM, CYl!l6CTBOBaHJIIe COJIHTOHHHX BOS6~eHBI ,ll;OJmHO Ilpl!BeCTR 

K J'ME)Hl>WeHH!l mrreHCRBHOCTR 6psrroBCROro IIRRa 1iJ ITOSil!JteHH!l KllBSJI

ynpyroro paccemnm c IIIRpHHOil JIJIHJm no eHep:rmt AW!' ~f(~tT) ·~ ... J~B 
_no BOJIHOBOf.1Y BeKTopy J~ ~--ff, ( f - BOJIHOBOI AeKTop B HarrpaB-
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Jiemm neno'IIJQI e ) . YtteT B ( I4) ocUHJIJU~TOPHHX pememrlt .naeT 

WJ8 ,ItOITOJ!HliTeJIL~ IIH.Ka Ha CIOOI-BOJIHOBHX "i8CTOTax. 

B pa6oTe 121 npe,ncTanneHH ,naHHHe o saBRCHMOCTR oT TeMnepaTy-

PH T :H BeJill'mHH nonepettHoro Mai'Hl'ITHoro nOJIR II.{ RHTerpSJILHOI 

:HHTeHCRBHOCT:H j du) $11 c-pw) ~ S1J aeynpyroro pace emma: H umpRHH KB89R

ynpyroft ROMnoHeHTH B cneKTpax pacceJlmm HeitTpoHoB. KaR o6cYE.na

~ocL BHme, HMeeT MeCTO B ,ItOCT8TO"iHO!t CTeiTeHR xopomee COrJ!aCRe 

c pesyJILTaToM ( I5). MOlltHo npe,nnOJioJmTL eme O.nHY BOSMOJKHOCTL no.n

TBe~eHRR cnpaBe~CTH pa9BRTHX BHme npe,ncTaBJieHRft - 8TO 9K

cnepRMeHT8JILHSR npoBep.Ka Ha npHMepe KBasRo,nHoMepHoA cTpyKTypH 

(!5 fl't ~ SaBRCHM:>CTR napaMeTpoB COJIRTOHa 111-, a R ero SHepnm f»t( 
OT BeJm'IDl!Hll npo,nOJILHOI'O Mai'Hl'ITHOI'O ITOJili 1/J.- • KaR B:H,It!IO R9 (II) 1 

( I2) , 38BHCHMOCTL 9T8 HMeeT 60Jiee CJIOJKHH1!: B CpaBHemm C 38BHC:H

MOCTLIO OT nonepe"iHoA ItOlffiOHeHTH nOJIR II :t. xapaKTep. KattecTBeH

HO ze ,n~O Ha6JID,naTLCH cyxeHRe KBasRynpyroil: KOMITOH8HTH BCUeKT

pax pacceJlmm c pocTOM rrOJm fl;._ H BllpoJK,neHRe ee B 6parroBcrorll: 

IIHR B npe,neJie npR ~ -'l>J.f>,)./- • 
BMecTe c TeM rrepettHCJieHHHe s.necL pesyJ!LTaTH R BHBO.nH nos-

BOJmm Ha.zte.RTLCH, 'ITO Iql:HCT8JIJI Cs If,: I} HBmleTCH Jiliiiib o,nHRM 

HS npe,ItCTaBRTeJieil: WRpoROI'O Kn8CC8 KBaSHO,ItUOMepHHX MarHHTHHX C:HC

TeM c Hemme!Hoft ,nmtaMRRoil:, ormcHBaeMOft yprumeHReM cRHyc-rop,noHa. 

Eme O,ItHHM B03MOZHHM npe,ncTaBRTeJieM 9TOrO RJI8CC8 1 H8 npRMepe KOTQ

poro MOrYT 6HTL npoBepeHH paSBHTHe BHme npe,nCTaBJieHHH, no HameMy 

MH8HHil,MOllteT O.K838TLCH RPRCTSJIJI R~ Fe. ee~ (eM. o6sop 131). 
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