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e a fi^ liO lk fi 0 , 

which holds if  the tensor q ia possesses the structure

q ia = q in a ,

where q i is the magnetic spiral vector and n a is the spin 
anisotropy axis. Substituting the latter expression into Eqs. 
(63), we obtain, according to Eq. (64), relations which deter
mine the adm issible form  of the quadrupole order param eter 
and the vector b:

i Tr[w , [T (b ,d , Y),P k ( q , e ,f)]]Q afi(x) = 0, 

i T r[w ,T (b ,d ,Y )] Q a f i ( x )  = 0 ,

i Tr[w, P k(q , e, f)]Q afi(x) = 0

Using the quantum  brackets (41) we arrive at equations for 
the structure of the quadrupole order param eter and the ad
m issible values of the vector:

b a K ( x )  = 0 , (b X n ) a C ( x )  = 0 ,

VkQ uv(x)  = qkn aF a (x)  ,

where

F  a (x) = e aupQ pv(x)  + e avpQ pu(x)  + ^afiye  fi

(65)

d Q uv(x)

dey

+ ^ a fiyffi
d Q uv(x)  

d f y  '

We shall show that the solution of the system of equations 
(65) is the following form  of the quadrupole order parameter:

1

(6 6 )

Q uv(x)  = Q ( m u( x ) m v (x)  -  3 Suv

+ Q '\ lu( x ) l v (x)  - 3 Suv ) ,

where the coordinate dependent vectors m(x) and l(x) are 
given by the equalities

m (x) = e cos p(x) + f  sin p (x ) , 

l(x) = -  e sin p(x) + f  cos p (x ) ,

p(x) = p  -  qx  (67)

and the vector n  is collinear to d . First, we shall check the 
third relation in Eqs. (65). By virtue of the definition (67) the 
vectors m(x) and l(x) satisfy

Vkmu(x) = -  qklu(x) ,  Vklu(x)  = q m u ( x ) .

Consequently

V k Qu v( x )  = (Q ' -  Q ) q k ( l u ( x ) m v ( x )  + l v ( x ) m u ( x ) ) .

On the other hand, since

d Q uv(x)

(6 8 )

d e y
■ = Q d y ( d u m v ( x )  + d v m u ( x ) ) c o s  p ( x )

-  Q ' d y ( d u l v ( x )  + dvlu(x))sin p (x ) ,

dQ uv(x)

dfy
= Q d y ( d u m v ( x )  + dvmu(x))sin p(x)

-  Q ' d y ( d u l v ( x )  + dvlu(x))cos p (x ) ,

we have

dQ uv(x) ,  dQ uv(xM ( )( , ( )
e afiy ê̂ ~de--- + f fi~ldf---/ = _ Qla (x)(dumvix)

+ d v m u ( x ) )  + Q ' m a ( x ) ( d J v ( x )  + d v l u ( x ) ) .  (69)

In addition, we obtain on the basis o f Eq. (6 6 )

^aupQvp(x) + ^ avpQ up (x) Q ( ^aupm v (x)

+ Zav p mu( x) )mp (x )  + Q'lp(x)

X ( e aupl v (x)  + e avplu(x)). (70)

We find from the relations (69) and (70)

F “av(x) = Q ( s a u p m v ( x )  + e avpm„(x))mp(x) + Q'lp(x)

X (e aupl v (x)  + (^auplv (x)) -  Q l a ( x ) ( d  um v (x )

+ d v m u ( x ) )  -  Q ' m a ( x ) ( d J v ( x )  + dvlv(x)).

Let the decomposition of the vector b  in an orthonorm al 
basis have the form

b  = a e  + fif  + y d .

It is easy to see that

C ( x ) e a =  F u: ( x ) f a  =  0 ,

F ua ( x ) d a  = (Q ' -  Q ) ( l u ( x ) m v ( x )  + l v ( x ) m j y x ) ) . (71)

We seen from  the relations formulas (6 8 ) and (71) that all 
three equations (65) are satisfied if  y = 0  and Q Ф Q '.

In the uniaxial case, when, for example, Q Ф 0, Q ' = 0, 
the solution describes magnetic states which, according to 
Ref. 21, we shall call spin cholesterics. The vector b  = ae  
+ f i f  is also orthogonal to the spin axis d.

In the two-axis case where Q  Ф 0, Q ' Ф 0, and Q  Ф Q 1 

the quadrupole order param eter describes a m agnetic state 
which is a double m agnetic spiral. The vector b  = a e  + fif is 
also orthogonal to the spin axis d.

If  Q = Q ', then vector b  is arbitrary, and this situation 
corresponds to a uniaxial quadrupole order param eter with 
the magnetic state o f a spin cholesteric.

VII. CONCLUSIONS

In conclusion, we note that the problem  of second-order 
phase transitions, ordinarily studied on the basis o f phenom 
enological approaches, is initially model-dependent. The idea 
of unbroken and spatial symm etry of the equilibrium  state 
within the fram ework of the Gibbs approach com bined with 
the concept of quasiaverages makes it possible to form ulate 
an alternative approach which is free of any model assum p
tions. A  classification of the equilibrium  states o f magnetic 
m edia with vector and tensor order param eters was given 
above. The adm issible structure of the order param eters in 
the equilibrium  state and the form of the generators of un
broken and spatial symm etry were determined.
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