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eafirliolkfi 0,

which holds if the tensor gia possesses the structure

gia=gina,

where qi is the magnetic spiral vector and na is the spin
anisotropy axis. Substituting the latter expression into Eqgs.
(63), we obtain, according to Eq. (64), relations which deter-
mine the admissible form of the quadrupole order parameter
and the vector b:

i Triw,[T(b,d, Y),Pk(q,e,f)]]Qafi(x) = 0

i Tr[w,T(b,d,v)]Qafi(x) =0,

i Tr[w,Pk(q,e,f)]Qafi(x) =0

Using the quantum brackets (41) we arrive at equations for
the structure of the quadrupole order parameter and the ad-
missible values of the vector:

baK(x) =0, (b Xn)aC(x) =o,
VKQuv(x) = gknaFa (x), (65)
where
d Q uv(x)
Fa (X) = eaupQpv(x) + eavpQ pu(x) + ~afiyefi dey
dQ uv(x)
+ ~afiyffi
dfy

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

1

Quv(x) = Q(mu(x)mv(x) - 3 Sw

+Q "\ lu(x)Iv(x) - 3 Sw ), (66)

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

m(x) =e cos p(x) + fsin p(x),
I(x) = - e sin p(x) + fcos p(x),

p(x) =p- gx (67)

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

VKkmu(x) = - gklu(x), Vklu(x) =gmu(x).
Consequently
VkQuv(x) = (Q' - Q)gk(lu(x)mv(x) + Iv(x)mu(x)). (68)

On the other hand, since

dQ WO o4y (dumv(x) + dvmu(x))cos p(x)

dey

- Q'dy(dulv(x) + dvlu(x))sin p(x),
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dQuv(x) = Qdy(dumv(x) + dvmu(x))sin p(x)
dfy

- Q'dy(dulv(x) + dvlu(x))cos p(x),

we have

carty & UL 41 010E =_ Qb (cm Y

+ dvmu(x)) + Q'ma(x)(dJv(x) + dvlu(x)). (69)

In addition, we obtain on the basis of Eq. (66)

~aupQvp(x) + ~avpQup(X)  Q (~aupmv(x)

+ Zavpmu(x))mp(x) + Q'lp(x)
X (eauplv(x) + eavplu(x)). (70)
We find from the relations (69) and (70)

Féav(x) = Q(saupmv(x) + eavpm,,(X))mp(x) + Q'lp(x)

X (eauplv(x) + (~auplv(X)) - Qla(x)(dumv(x)

Q'ma(x)(dJv(x) + dvlv(x)).

+ dvmu(x)) -

Let the decomposition of the vector b in an orthonormal
basis have the form

b =ae+ fif+ yd.
It is easy to see that

C(x)ea= Fu(x)fa =0,

Fa(x)da = (Q"- Q)(lu(x)mv(x) + Iv(x)mjyx)). (71)

We seen from the relations formulas (68) and (71) that all
three equations (65) are satisfied if y=0 and Q ® Q".

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

In the two-axis case where Q 0, Q' ®0, and Q ® Q1
the quadrupole order parameter describes a magnetic state
which is a double magnetic spiral. The vector b =ae +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 parameter with
the magnetic state of a spin cholesteric.

VIl. CONCLUSIONS

In conclusion, we note that the problem of second-order
phase transitions, ordinarily studied on the basis of phenom-
enological approaches, is initially model-dependent. The idea
of unbroken and spatial symmetry of the equilibrium state
within the framework of the Gibbs approach combined with
the concept of quasiaverages makes it possible to formulate
an alternative approach which is free of any model assump-
tions. A classification of the equilibrium states of magnetic
media with vector and tensor order parameters was given
above. The admissible structure of the order parameters in
the equilibrium state and the form of the generators of un-
broken and spatial symmetry were determined.
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