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1. Let us consider the system described by the f o llowi ng 

Hamiltonian 
H~_n\Sx_J\SzSz _B\SxSx -\f SZ-."SU SX (1)

L, L I 1+1 L 1 1+1 L 1 I L l I' 
1 I 1 1 1 

whe r e 1 i s changeable particle interaction. n is the tunnelling 

pa rame t e r (tunnelling frequency), "B" is the tunnelling movement 

interaction in neighbouring cells, f is the interaction withl 
exte r na l field, 6~ au Q(Xo+u ) lu ' Ul is the shift of the i-th 

l I I 1=0 

pa r t ic l e from the equilibrium position X~.
 

It is a s sumed that "X"-axis is directed along the arrangement of
 

s p i n ma s s cent e r , s =;.
 

Le t us pass to the Fermi-representation by using the usual
 

formul ae /1/:
 
I - 1 I - I 

SZ=!_n I sX ~.!. n (1-2n ) (a++a) sY=.!. n (1 - 2rl )(a+-a );
I 2 l 12k I l' 1 2 k 1 . I 

k=l k ~l ' 
a +a +a a +~o n =a+a , (1-2n =elrrnk (2)

f 9 f q " " f q' . k k k k) 

We note that just this choice of the spin operators s~, s~, s~ in 

ter ms of the Fermi operators a follows from hierarchy of 
l 

Hami l t on i a n parameters (1): J »Q»B; (below all the calculations are 

va l i d for rigid lattice 6=0) . 

The external action fl(t) has an impulse character an the solution 

of the corresponding equation in "free regime" (as will be seen 

below) should join the solution at fl"'O. But this will be the 

s Ub j e c t of a special research. 

SUbstituting (2) into (1) we obtain after usual but bulky 

c a l c u l a t i on s the following operator equation for ap(t): 

1<3. =[a H]=(J+f l- - !![a +a ]-!![a+ -a+ ]-J(n +n )a + 
p p _ p P 4 P + 1 P - 1 II p + 1 p - 1 p+ 1 p - 1 p 

+9[n +2L e ( . - p ) (a ++a)n (l-a - 2n )J+!!lu n +2L e ( l - p ) (a++a)U
2 P 1 1 I 1-1 P P 2 P P 1 1 1 1 

. I i rm 1 
xn (l-a -2n) , n ~ne k = n (1-2n ) (3) 

I - 1 P P 1 k =l ' k =1 . Jc,.J 
2. pa ssing to the differential equation for the probability 

amplitudes' 'P(x,t) in the contiriuum limit 'P,(t)=<ola,ll/J> ~ 'P(X,t)., 

L ~ l Fdx , we use the "reduction procedure" /2/. 
, 0 

~ e~-btill l~t: IlribjS lllicTm"l' ., 

~ 1J1l~~}]~ RCC3fl1estloofl 1\ \ ..' 

::Jt:}SIlfN1TF.=UA 

x 



Using the leadings terms according to their unlinearity and 

dispersion we obtain 

Ih~1 (x , t) = [.1+f (x It) JI{! (x , t) -~ [ 2 I{! (X It) +a ~ I{!xx] -2.1 [ II{! I2+...J'cP (x , t) + 

n (1' I A 2 I Ba a - ( I I ( I I { }
+'2TI +'2n -4 I{! x n = n I{! (x, t) , U (x, t}; I{! (l; , t) (4 )I 

l l ln ' , 1= 1 , 2 is an integral analogue of two last terms in fJ) will 

be written down below aft~r some scaling. 

3. For the following discussion of mathematical structure· (4) we 

shall perform the scaling 

t=a1:; x=bz; I{!=rq,i h=fl(J-
D
/ 2) . (5) 

With the use of the parameters' according to (7) equation (4) 

,becomes 

• 2 •
1~1:= (l+h (z, 1:) ) t/!-¢zz-I ¢ I ¢-etq,z+wP +8P2 (6)

1

where 
1 B 1 

h n .1-'2aO(_B)2 ~(_B)~a= --B J' b=- B 2 B ' r=(~ )"2 . 1 

.1-'2 2 .1-'2 .1-'2 \1'-2 

_I (.1,:,.~ ) 2.-
1 

d-- __ 2 1 (B) 2' 2nv'J .Jl O=2fJ.v'J fJ. 
2 2.1- 2' J • w=(2J_B)3/2 (2.1-B) 3/2

.1h .1\1'--; 

(z-1)a 00 (~-z-1)a 

2J 41- (f;' ,t)+q,(f;' ,t)xPI={1-etlliIlI2d~+~ld~ Je£a~' o(l;')d~' [l-~q,(~' ,t) 1 
V2 

2
x (1- ~r(~,t)- It/!(z,t) 1 ) } (7) 

(Z-l)et 

P 2 ={ (u (z , t) -1) ( I-aItq, «. t) 1 
2d f;) +P 1 } £ > O. 

with the adiabatic'ap~roximation/2/ it is not difficult to derive 

the equation for the field shift u(x,t) but as it has been 

mentioned above the main features are indicated for the rigid 

lattice as 'well (u=O). 

3. From the hierarchy of the above - mentioned Hamiltonian 

parameters it is possible to conclude that 

et«li w«ai A~w . (8) 

As far as we are interested in parti~le-like solutions the 

last two terms in (6) may Q~ omitted for ~he first approximation. 

2 

f,~,:,------------ ~ 

certainly, the validity of this procedure may be checked by 

substituting the corresponding solutions and evaluating integrals. 

As a result we obtain 

~J
n

-lq,I 2q,-et¢l~=(l+h(z,1:) )¢-q, (9) 
zz z 

For h=O a similar equation was obtained in /3/. It was shown (vide 

supra /2/ and vide infra notes to this paper) that "small" 

perturbation ~et¢· changes cardinally the spectrum of solutions (9)z • 

at et=O. For the case h=O in /4/ a partial solution was found (9). 

It is represented by the formula 

A A2 I etA A z 
iet> (z ,1:) =Aosech [~ (Z+~COS21:)Jexp{-I (1- ~) 1:-;fiOt h ~~ 1sin21:} . (10) 

It is appropriate to note that this solution is valid for 

ex A «1, « 1 , A =\1' 2 ( l-W) , ( 11 )A
2 

where w is the parameter and it cannot be restored even in the 

frame of th~ perturbation theory generalized variant /5/. 

4. The function h(z,1:) may be approximated in evolutional 

equation theory eithEr by the step function or by narrow 

concentrated Gaussian distribution. 

The solution (9), where h(z,lr)"O must be "joined" with (,lD} 

and may be used in physical applications. 

It gives me pleasure to thank V. K. Fedyanin for discussing 

some details of the paper. 
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