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Soon after the soliton solutions [1J for the ~wo-dimensional 

isotropic Heisenberg magnet had been found numerous attempts were 

undertaken to generalize these solutions to the anisotropic versions 

of the Heisenberg model (see [2] and references cited therein). 

Difficulties óf analytical obtaining of mentioned solutions stimu

lated their numerical search. By means of a compute r the localized 

distributions having soliton-like shape have been obtained and their 

main parameters have been calculated [21. But it is easy to demon

strate (see below) ,using scaling transformations [Jl,that the exis

tence of stat.ic soliton solutions is forbidderi within the framework of 

the discussed two-dimensional anisotropic modeIs. 

Conáider two-dimensional anisotropic Heisenberg model having 

rather general forro of the static Hamiltonian density: 

7l= o(~(q.5~~}~'l (l(~i)) +'{lF(q-:5~ = 'Jt, + ~ + JG ' , (1) 

here th~ anisotropy energy density ~~O, a non-negative ad~endum 

~ is of the fourth order in differentiation with respect to ~i ' 

q =d.r' O = 0.1 , jtljtl- =1, a =1,2,3, lX'.f and t" are conatant a,2 

Consider continuous localized distributions ~a. (..ti) wi th 

the topological charge Qt~1, here Qt is the degree of map from 

R2. (with the conditionJeOO) :;: J: taken into account) to the sphereS~ 

[4,21. The following inequalities are valid for such configurations 

H= f J(K. d~ ;> o~ K=~ 2,3~ H= ~ -+ Hz -f H3 >0' (~Ü 
K 

. Under scaling t r-anarormat ãone, :r (X)- 1f(lX), I-/ (a=1 ) is
L . 2 

transformed to 1-11..(1), H2.~a- "(1), H~(1)-if~(1). Such trans

formations determine- at I a -11«1 small variations of in~tial dis

tributions" ~a(Xt). It is nessesary for the soliton existence, that 
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we obtain the equation for the e (R) functíondH (1)=0, i. e. aq J'e ide_íL A). eap: + R dR. l RZ +:.L hJt fJ C8;f + 
H -/-I =-0 (3) (9)3 2 . +2f[~UlZe d 2(l + 5mB ~e íde)~ Wz2.e df27= O 

t ~ dR2. R.z· l d~ ----p- dI{} . 
One can see that Eq.J has no solutions at ~ =0, i.e. the func To find the soliton solutions of Eq. (9) with Lt = 1 one should 

t 
tional Hcannot reach even a local minimum,and,~ence, static soli- solve this equation with the fo~lowing boundary conditions : t1(0)=1G 

tons cannot exist in the model (1) with ~= O. V{hen~1 O, one can ~' e(00 ) = O (we assume that ;f:l'(GlO) =J;,). From the Eq. (9) we find 

·deduce from Eq.J, that the existence of soliton solutions to the that (}(/Ó = Jl-CR.+O(R~ when R-o. Using this expansion, 
1I 

equation ~= O is not exc luded a pr-Lor-í , and if they exist we solve (9) numerically, to get boundary conditiort t)(oo) = O 

the relationship ~= ~ is valid for them. satisfied we vary "the shooting parameter" C . 
As an example consider an easy-axis type anisotropy, ~=jÜttJ~ The numerical studies have been.made in the wide region of the f 

Chere e is the angLo between the vector .14 and t he 2: axí.s, parameter: from f#Ült. = 10- to fmax= 500. These investigations demon

Specify the addendum F as well , choosing i t in the Skyrme [5] strate, that at least the local minimum of the functional h..[ev()] , 
form h= ()(-2f'1ldzx , is reached on the obtained solutions f9;J(R.;f).rs = [(Oi jtt Oi -j a;2._ (ai j Q~.:1 -n . (lt) We shall prove in a separate paper, that these solutions give the 

Such the ~ optio~ is characterized by an absence of the abso lute minima of the energy h.. <p) in the sector Qt= 1. 

soliton solutions of the forro 

(] 
.) 

-;s3"=e-us(}, ~j.!= ~i.n- e -j2.= 0,-, 8= B(x" !f), (S) 

representing the Oi:- = O sector, since for the configurations defi

ned by (5) we have : 1;= o, H =O and therefore ~ (1) f o.3 

Now consider the distributions ~Q(x;..) having Qt~1.
 

Introduce the dimensionless variables X,Y, R: .
 
8~ 

.x ~ ;~ 6'= ,-y R= VX~ y2.. (6) R 
fI o At>Using the well-known ansatz, Fig.2Fig.l 

j2.= 1Uz. e y j3=CM8 (7)jf== 1út e X e=e(R)~ The radial functions ~ cR.) are displayed in Fig. 1. ~ The soli.R ~R.. " ~ 

ton half-width R-j mcno t onousLy increases with the increase of thewe find 
-2 -6 Rparameter p; (;f~4.10A.-2J{(K.) = íde \2+ -4. SiJI 2e+- ~2-e +~ 1riJt2.{) (dB) 2 

(s) when p-o R~-o R at p= 10 , -.s~0.4 
r (dR. 7 R Rf- Cf!{ ) 

where \ f = p:lt2{)(-'I is the dimensio~l1ess parameter. \~ at p = 1Õ
2 

, so when p -O the half-width R · is proportional toj 

( ( p'Y, here V =.4 ). The soliton energy h/f) is the mono t onouaây
Calculating the variation Wi{), when 7f cR.) is given by (8), 
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increasing function of the parameter p too (se e Fig. 2), the curve 

h., ep) is described at f.<<:1 by the formula 

h~(p)= 8Jr + B p~ B X 3 7-.J ée%O.'1. 
The soliton solutbns Bj(R) found numerically in this paper 

may be investigated analytically at small values of P by means of 

the perturbation theory in the parameter p, and the localized solu"'" 

tions of the zero approximation equation are the Belavin-Polyakov 

solitons in the isotropic Heisenberg ferromagnet [1]. 

In conclusion we note, that in the course of the sector Qt=2 
investigation the soliton-type distributions have been found at alI 

P having the energy less than the double energy of the QI; =1 so

liton; this circumstance proves the existence of the bound state of 

two solitons with Qt= 1 within the frameworks of the model under 

consideration. 

The authors are grateful to Profs. E.P.Zhidkov, V.G.Makhankov 

and the participants of the LeTA seminar on the nonlinear math~ma

tical physics for their interest in this investigation. 
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Boronw6cKaH A.A., Boronw6cKHH M.n. ES-87-867 
O ,IJ;BYMepHbIX TOIlOnOrHtIeCKHX corra'roaax 
B aHH30TpOIlHb~ MarHeTHKax 

llOKa3aHO, tITO B ,IJ;BYMepH~X MO,IJ;enHX MarHeTHKOB reH3eH6ep
rOBCKoro THIla C pa3nHtIHb~H BH,IJ;aMH aHH30TpOIlHH He Mo~eT 

6bITb CTaTHtIeCKHX conHTOHHbIX pemeaaü , OIlHCbIBaWII.I,HX nOKallH30
BaHHwe paCIlpe,IJ;eneHHH TpeXKOMIlOHeHTHoro IlonH sa(x), a = 1, 
2,3, sasa = 1. BKllWtIeHHe B raMHnbTOHHaH MO,IJ;enH CKHpMOBCKO
ro cnar-aenor-o ne.nae r B03MOJKHb~ CYII.I,eCTBOBaHHe YCTOHtIHBbIX 
TOIlOnOrHtIeCKHX conHTOHOB. C IlOMOII.l,bW 3BM HCCne,IJ;YWTCH CTa
THtIeCKHe conHTOHbI c TOIlOnOrHtIeCKHM 3apH,IJ;OM' Qt = 1 B ,IJ;BY
MepHOM nerKOOCHOM MarHeTHKe. 

Pa60Ta BWIlonHeHa B na6opaTopHH BWtIHCnHTenbHOH TeXHHKH 
H aBTOMaTH3a~HH ORHM. 

Ilpenpmrr 06'he,nHHeHHOrO HHCTHTYTa anepasrx HCCJIe,noBaHHH. ,Uy6Ha 1987 

Bogolubskaya A.A., Bogolubsky I.L.	 ES-87-867 
On Two-Dirnensional Topological Solitons 
in	 Anisotropic Magnets 

It is shown that in two-dirnensional Heisenberg-type 
rnagnets with various anisotropy forrns static solitons, 
describing localized distributions of the three-cornponent 
field sa(x), a = 1,2,3, sasa = 1, cannot existo Inclusion 
of the Skyrrne addendurn into the Hamiltonian of the rnodel 
rnakes the existence of the stable topological solitons 
possible. By rneans of the cornputer we investigate the sta
tic solitons having the topological charge Qt = 1 in the 
easy-axis two-dírnensional rnagnet. 

The investigation has been perforrned at the Laboratory 
of Cornputing Techniques and Autornation, JINR. 
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