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Magnetic behaviour of a mixed spin-1/2 and spin-1 Ising model on the diced
lattice is studied using an exact star-triangle mapping transformation. It is
found that the uniaxial as well as biaxial single-ion anisotropy acting on the
spin-1 sites may potentially cause a reentrant transition with two consecu-
tive critical points. Contrary to this, the effect of next-nearest-neighbour in-
teraction between the spin-1/2 sites possibly leads to a reentrant transition
with three critical temperatures in addition to the one with two critical points
only. The shape of the total magnetization versus temperature dependence
is particularly investigated for the case of ferrimagnetically ordered system.

Key words: reentrant transition, Ising model, exact solution, star-triangle
transformation, uniaxial and biaxial single-ion anisotropy

PACS: 75.10.Hk, 05.50.+q, 75.40

1. Introduction

Over the last six decades, much effort has been devoted to determining the
criticality and other statistical properties of various lattice-statistical models, which
would enable a deeper understanding of order-disorder phenomena in solids. The
planar Ising model holds a prominent place in the equilibrium statistical physics
from this point of view as it represents a rare example of exactly solvable lattice-
statistical model since Onsager’s pioneering work [1]. It is noteworthy that an exact
tractability of two-dimensional Ising systems [2] is of immense importance due to
the convincing evidence provided for many controversial results predicted in the
phase transition theory. Moreover, the exactly soluble models provide a good testing
ground for approximative theories. It should be emphasized, however, that a precise
treatment of planar Ising models is usually connected with the usage of sophisticated
mathematical methods, which consequently lead to considerable difficulties when
applying them to more complicated but more realistic systems.
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The Ising systems consisting of mixed spins of different magnitudes, the so-called
maxed-spin Ising models, are among the most interesting extensions of the standard
spin-1/2 Ising model which are currently of great research interest. These models
enjoy a considerable attention mainly due to much richer critical behaviour they
display compared with their single-spin counterparts. Magnetic properties of the
mixed-spin Ising models can be essentially modified, for instance, by the presence of
single-ion anisotropy acting on the S > 1 spins. Indeed, this effect induced by the
crystal field of ligands may potentially cause a tricritical phenomenon, a change of
the character of phase transition from a second-order to a first-order one. Another
aspect which started to attract an appreciable interest towards the mixed-spin Ising
models can be related to a theoretical modelling of magnetic structures suitable for
describing a ferrimagnetism of certain class of insulating materials. Accordingly, the
ferrimagnetic mixed-spin Ising models are also very interesting from the experimen-
tal viewpoint, first of all in connection with many possible technological applications
of ferrimagnets (e.g. thermomagnetic recording).

Despite the intensive studies, there are only a few examples of exactly solvable
mixed-spin models so far. Using the generalized form of decoration-iteration and
star-triangle transformations, the mixed spin-1/2 and spin-S (S > 1) Ising models
on the honeycomb, diced and decorated honeycomb lattices [3], as well as on the
decorated square, triangular and diced lattices [4] were exactly treated long ago.
Notice that later on these mapping transformations were further generalized in or-
der to account for the single-ion anisotropy effect. The effect of uniaxial single-ion
anisotropy on magnetic properties of the mixed-spin systems has been precisely in-
vestigated on the honeycomb lattice [5] and on some decorated planar lattices [6].
Moreover, a more general form of the star-triangle transformation regarding the bi-
axial single-ion anisotropy has recently been employed to obtain exact results for the
mixed-spin Ising model on the honeycomb lattice [7]. To the best of our knowledge,
these are the only mixed-spin systems with generally known exact solutions except
the ones on the Bethe (Cayley tree) lattices, that can be studied within a discrete
non-linear map [8] and/or using an approach based on exact recursion equations [9].
Among the remarkable models for which a precise solution is restricted to a certain
subspace of interaction parameters only, one should further mention the mixed-spin
Ising models on the union jack (centered square) lattice that can be mapped onto
the eight-vertex model [10].

The purpose of this work is to provide an exact formulation of the mixed spin-
1/2 and spin-1 Ising model on the diced lattice and to establish accurate phase
diagrams of this system depending on the strength of the uniaxial and biaxial single-
ion anisotropies as well as on the strength of the next-nearest-neighbour interaction.
Exact results of this system are obtained by applying the generalized star-triangle
transformation constituting an exact correspondence with the effective spin-1/2 Ising
model on the triangular lattice. Finally, the effect of single-ion anisotropy terms
and the next-nearest-neighbour interaction on the temperature dependence of the
resultant magnetization will be clarified for the case of ferrimagnetic system.

The organization of this paper is as follows. In section 2, a detailed formula-
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tion of the model system is presented and subsequently, exact expressions for the
magnetization and critical temperatures are derived by establishing an exact corre-
spondence with the effective spin-1/2 Ising model on the triangular lattice. The most
interesting numerical results are presented and particularly discussed in section 3.
Finally, some concluding remarks are given in section 4.

2. Model and its exact solution

Let us start with considering the mixed spin-1/2 and spin-1 Ising model on the
diced lattice schematically illustrated on the left-hand side of figure 1. The mixed-
spin diced lattice consists of two interpenetrating sub-lattices A and B which are
formed by the spin-1/2 (empty circles) and spin-1 (solid circles) atoms, respectively.
The Ising Hamiltonian defined upon the underlying lattice reads:

6N 3N 2N 2N
Haced = =J 3 Sio7=J" > o107 = DY (S = B ) [(S)* = (S)), (1)
(i,5)CL (kl)ck i=1 i=1

where 07 and gio‘ (v = z,y, z) stand for the spatial components of spin-1/2 and spin-
1 operators, respectively, J denotes the exchange interaction between the nearest-
neighbouring spin pairs and J’ denotes the interaction between the next-nearest-
neighbouring spin-1/2 atoms. Finally, the parameters D and E measure a strength
of the uniaxial and biaxial single-ion anisotropies acting on the spin-1 sites and N
denotes the total number of the spin-1/2 sites.

A\ A

R

ooc==12 @S=+1,0

Figure 1. Diagrammatic representation of the diced lattice consisting of the mixed
spin-1/2 (empty circles) and spin-1 (solid circles) sites, respectively. The solid
(broken) lines depict the nearest-neighbour (next-nearest-neighbour) interactions.
Using a star-triangle transformation, the mixed-spin diced lattice is mapped onto
a simple spin-1/2 triangular lattice.

It can be clearly seen from figure 1 that the considered diced lattice belongs
to loose-packed lattices, i.e. it can be decomposed into two interpenetrating sub-
lattices A and B in such a way that all nearest neighbours of the spin-1 sites are the
spin-1/2 sites and vice versa. Consequently, a trace over spin degrees of freedom of
all spin-1 atoms can be performed before summing over all available configurations
of the spin-1/2 atoms. It is therefore very convenient to write the total Hamiltonian
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(1) as a sum of the commuting site Hamiltonians ﬂdiced = 7:[1», where each site
Hamiltonian H; involves all interaction terms associated with one appropriate spin-1
site residing " lattice point of the sub-lattice B:

ﬂz‘ - - giz‘](a-fl + 652 + &7;23> - (Szz)?D - (S«m
— JNG/0hH + 0505 + 05305) /2. (2)

The factor 1/2 emerging in the last expression arises in order to avoid a dou-
ble counting of each next-nearest-neighbour interaction when summing over all
spin-1 sites. On account of the commutability between the site Hamiltonians (2),
the partition function of the mixed-spin diced lattice can be partially factorized to:

2N

Zdiced = Tr{a} H TrSi exp(_ﬁﬂi>7 (3)

i=1

where 3 = 1/(kgT), kg is Boltzmann’s constant, T stands for the absolute temper-
ature, the symbol Trg, means a trace over the spin degrees of freedom of i** spin-1
atom of the sub-lattice B and the symbol Try,, stands for a trace over all possible
spin configurations of the spin-1/2 atoms on the sub-lattice A.

After performing elementary calculations (see for instance [7]), one readily finds
an analytical expression for Trg, exp(— ﬁ?rlz) Moreover, an explicit form of the rele-
vant trace immediately implies a possibility of performing the familiar star-triangle
mapping transformation [3]:

Trs, exp(—BH:) = exp (B (0},05 + 0505 + 05307)/2]
X {1+2 exp(6D) cosh [ﬁ\/ﬁ(afl + 05 +05)° + EQ} }
= Cexp [BR(UiZlUfz + 0505 + 053051)/2] (4)

which establishes an exact correspondence between the mixed-spin Ising model on
the diced lattice and its equivalent spin-1/2 Ising model on the triangular lattice
provided that the transformation (4) is applied to all spin-1 sites (see figure 1). Notice
that the unknown mapping parameters C' and R are unambiguously given directly
by the mapping transformation (4), which should hold for all available configurations
of 07, 0%, 07 spins. According to this, one easily finds:

Cct=wnVy, BR=pJ +2In(V1/V3), ()

with the expressions V; and V5 defined as:
Vi = 1+ 2exp(8D)cosh <6\/ (37/2)% + E2>, (6)
V, = 1+2exp(3D) cosh(@x/(J/Q)Q T E2). (7)

Now, let us substitute the mapping relation (4) into the formula (3) gained for
the partition function of the mixed-spin diced lattice. After straightforward rear-
rangement, one easily obtains an exact relationship between the partition function
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Zaicea Of the mixed-spin Ising model on the diced lattice and respectively, the par-
tition function Ziang of its corresponding spin-1/2 Ising model on the triangular
lattice:

Zdiced(ﬁa Ja J/a Dv E) = O2N‘Ztriang(ﬁ’ R) (8)

With regard to this, the mixed-spin diced lattice is mapped onto the spin-1/2 Ising
model on the triangular lattice exactly solved several years ago [11-13].

The mapping relation (8) between the partition functions Zgiceq and Zijang rep-
resents a central result of our calculation. In fact, this relation can be utilized for
establishing similar mapping relations for other important quantities such as Gibbs
free energy, internal energy, magnetization, correlation functions, specific heat, etc.
When combining the formula (8) with commonly used mapping theorems [14], one
readily proves a validity of the following relations:

my = <a'7;z>diced = <6.iz>triang = Mtriang ; (9)
tA = <a-fé-;a-li>diced - <a-fé-;a-]§>triang = ttriang 3 (10)
mp = (S )ueed = 3malF(3) + F(1)]/2 + 264[F(3) = 3F(D)], (1)

where the symbols (- - )dicea and (- )triang denote standard canonical average per-
formed over the Ising models on the mixed spin-1/2 and spin-1 diced lattice and on
the spin-1/2 triangular lattice, respectively, and the function F'(z) stands for:

Flz) = Jx /2 2sinh(8+/(Jz/2)? + E?) . (12)
(Jx/2)2 + E? exp(—FD) + 2 cosh(8+/(Jz/2)? + E?)

It should be pointed out that the set of equations (9)—(11) makes possible a straight-
forward calculation of both sub-lattice magnetization m 4 and mpg of the mixed-spin
system on the diced lattice. According to equation (9), the sub-lattice magnetizati-
on my directly equals to the corresponding magnetization myyiang of the triangular
lattice, which is unambiguously given by the mapping relation (5). Note that the
exact result for magnetization of the spin-1/2 Ising model on the triangular lattice
was originally derived by Potts in his short note [12]:

1 1623 1/8
riang — & 1—- ’ 13
Mitriang = 5 (14 3z)(1 —x)? (13)

where x = exp(—FR). On the other hand, an exact knowledge of the triplet order
parameter Zian, is required in order to compute the sub-lattice magnetization mp in
addition to the single-site magnetization myyiang. Exact results of Baxter and Choy
[13] for the anisotropic triangular Ising model include, as specialization, the following
exact solution for the triplet correlation of the isotropic triangular lattice:

rian 2— 2 -2 1- 2 3 —1
Foiang — s | g T AV T v+ -1 (14)
4 (x — 2z~ 1)2
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In view of the results (13) and (14), an exact solution of both sub-lattice magneti-
zations of the mixed-spin system is thus formally completed.

Finally, let us derive an analytical condition that determines a criticality of the
mixed-spin diced lattice. It can be easily understood that both sub-lattice mag-
netizations my4 and mp vanish if the magnetization Mmyiang of the corresponding
triangular lattice tends to zero. It is therefore sufficient to substitute an exact criti-
cal point of the isotropic triangular lattice [11] into the mapping relation (5) in order
to obtain an accurate condition for the criticality of the mixed-spin Ising model:

1+ 2exp(8.D) cosh (ﬁc (BJ/22 + E2)

B.J +21n
1+ 2exp(3.D) cosh (ﬁc (T2 + E2)

=1In3, (15)

where 3. = 1/(kgT.) and T, denotes the critical temperature.

3. Numerical results and discussion

Before proceeding to a discussion of the most interesting numerical results it is
worthwhile mentioning that the results obtained in the preceding section hold for
the ferromagnetic (J > 0) as well as antiferromagnetic (J < 0) nearest-neighbour
interaction J. For simplicity, we shall restrict ourselves in what follows to the lat-
ter case corresponding to the ferrimagnetically ordered system. It is noteworthy,
however, that the critical frontiers of the ferromagnetic model are congruent with
those displayed below for the ferrimagnetic model as a result of an invariance of
the critical condition (15) with respect to the transformation .J — —.J. It should be
also mentioned that the critical condition (15) does not depend on the sign of the
parameter F. Hence, one may also consider £ > 0 without loss of generality.

3.1. Ground-state phase diagrams

Let us first focus on the ground-state phase diagrams of the system under in-
vestigation. As the easy-plane uniaxial single-ion anisotropy (D < 0) reinforces, a
first-order phase transition from the ferrimagnetically ordered phase towards the
disordered phase should be expected to occur owing to energetic favoring of a non-
magnetic state S = 0 of the spin-1 atoms. It is quite interesting to ascertain, however,
that the biaxial single-ion anisotropy stabilizes the ferrimagnetically ordered ground
state as far as it enhances the critical value of the uniaxial single-ion anisotropy at
which both ferrimagnetic and disordered phases coexist together:

D, 3
[J]~ 21— (E/DE

This remarkable feature turns out to be in an obvious contradiction with the naive
expectations, since the biaxial term FE entails uprise of local quantum fluctuations
that manifest themselves in a quantum reduction of the sub-lattice magnetization

(16)
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mp. Actually, the arbitrary but non-zero biaxial single-ion anisotropy destroys a
perfect ferrimagnetic order even at zero temperature and the present quantum ferri-
magnetic phase can be characterized through its sub-lattice order parameters given

by:

1
my = ——, mp = 5 (17)

2 T O+ BT

As far as the effect of next-nearest-neighbour interaction J’ is concerned, one
should vigorously distinguish between the effect of ferromagnetic (J' > 0) and an-
tiferromagnetic (J’ < 0) interaction. The former interaction aligns ferromagneti-
cally the next-nearest-neighbouring spin-1/2 atoms and thus, the spin system re-
mains long-range-ordered independently of the strength of the uniaxial single-ion
anisotropy that acts purely on the spin-1 sites. On the other hand, the latter in-
teraction causes a spin frustration between the next-nearest-neighbours and con-
sequently it behaves in compliance with the uniaxial single-ion anisotropy in view
of destroying the ferrimagnetic long-range order. This synergetic effect can also be
viewed from a modified version of the critical condition (16) when switching on the
next-nearest-neighbour interaction J':

D, -3 J
J|  2/1—(E/D)? 2|J]

(for J' < 0 only). (18)

3.2. Finite-temperature phase diagrams

Now, let us turn to a detailed discussion dealing with the finite temperature
phase diagrams. For this purpose, figure 2 shows the variation of reduced critical
temperature with the uniaxial single-ion anisotropy for several fixed values of the

ratio £/D and J'/|J| = 0.0.
12 . . The quantum ferrimagnetic phase can

J/1=00 be located inside the depicted phase
boundaries, while above them the usu-
al paramagnetic phase becomes stable.
i , There are two interesting things to ob-
05 “l / serve here. Firstly, there is a slight sup-
pression of the critical temperature in
the region of easy-axis uniaxial single-
ion anisotropies (D > 0) for any E # 0.
This unusual feature can be interpreted
in terms of strengthening the quantum
Figure 2. The reduced critical tem- fluctuations caused by the non-zero bi-
perature against the uniaxial single-ion axial single-ion anisotropy. Actually, the
anisotropy at E/D = 0.0, 0.2, 0.3, 0.4,  greater the ratio £//D, the more impres-

0
D/l

0.5 in ascending order along the direc- sive reduction of T; can be observed.
tion of arrows. The case E/D = 0.0 is  Secondly, the insert of figure 2 clearly
plotted as a dashed line for visual effect. demonstrates that the system exhibits
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interesting reentrance in the vicinity of the critical value D./|J| given by the condi-
tion (16). For the uniaxial anisotropies slightly below this critical value, one starts
from the disordered ground state before entering the ordered phase at lower crit-
ical temperature and finally, the ferrimagnetic long-range order disappears due to
thermal fluctuations at the upper critical temperature. Notice that such pure reen-
trant transition with two consecutive critical points have not been reported in the
analogous mixed-spin system on the honeycomb lattice [7]. This observation would
suggest that a presence of the reentrant transition can possibly be attributed to
higher coordination number of the spin-1/2 sites.
The influence of the next-nearest-
neighbour interaction on the phase 1.0
diagrams is illustrated in figure 3.
As one can see, the spin system re- =
mains long-range ordered for arbitrary < 0.6F
strength of the ferromagnetic next- <

J1 =02

nearest-neighbour interaction (J' > 0). 4
When small ferromagnetic coupling J’ 0.2f
is taken into consideration, however, A = =) =
the critical temperature versus uniaxi- %% s [51;.(‘?] ‘ 05 0.0

al anisotropy dependence can be char-

terized by the S-shaped indi- .
acterized by the S-shaped curve indi Figure 3. The reduced critical tem-

cating an occurrence of the reentrant
transitions with three consecutive crit-
ical points (see the insert in figure 3).
It is noteworthy that this reentrant be-
haviour gradually vanishes as the ra-
tio J'/|J| strengthens. Even more inter-
esting situation emerges when assumi-
ng the antiferromagnetic next-nearest-

perature against the uniaxial single-ion
anisotropy at J'/|J| = -0.2, —0.1,
—0.05, —0.025, 0.0, 0.025, 0.05, 0.1, 0.2
in ascending order along the direction of
arrows. The case J'/|J| = 0.0 is plotted
as a dashed line for visual effect. A dot-
ted line shows the line of compensation
temperatures.

neighbour interaction (J' < 0). In the

latter case, the displayed critical lines imply an existence of reentrant transitions
with either two or three consecutive critical points before approaching D./|J| giv-
en by equation (18). Notice that a range of the critical boundaries corresponding
to the reentrant transition with two (three) critical temperatures overwhelms at
relatively smaller (greater) values of |J'|/|J|, while the reentrance completely dis-
appears from the critical lines above certain boundary value of |J'|/|J|. Finally, it
is worth mentioning that similar influence of the next-nearest-neighbour interaction
on the criticality is observable even if a non-zero strength of the biaxial single-ion
anisotropy would be considered.

3.3. Temperature dependence of magnetization

In this part, the temperature dependence of magnetization (to be further abbre-
viated as m(T") curves) will be explored in particular. When both kinds of atoms
are stochiometrically taken into account, the resultant magnetization reduced per
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one lattice site of the mixed-spin diced lattice can be defined as m = |m4 +2mg|/3.
Figure 4(a) depicts the effect of uniaxial single-ion anisotropy on the shape of m(7T)
curves. The downward curvature observed for strong negative uniaxial anisotropies

(@) E/D=0.0 (b) E/D=02

0.5 0.5

D/ =20 1

=20 |

0.4 0.4

g

g

0.3r 0.3}

0.2 0.2

0.1 0.1}

0. ' : 0. ' : :
0o 03 06 09 12 0o 03 o6 09 12

Figure 4. Temperature variation of the resultant magnetization as the uniaxial
single-ion anisotropy varies and the ratio J'/|J| = 0.0. The parameter of biaxial
single-ion anisotropy is fixed to be: (a) E/D = 0.0; (b) E/D = 0.2.

(@ J'/|J=0.05, E/D=0.0 (b) J'/|J=0.05 E/D=0.0

D/ =20 1 . D/ =-16

041 s 04}
. >
0.3 £ 03
=
02 E 92
0.1 0.1
0.0 - - - 0.0
0.0 0.3 0.6 0.9 1.2 0.0

k, T/

Figure 5. The effect of small ferromagnetic next-nearest-neighbour interaction
J'/|J| = 0.05 on the temperature dependence of magnetization. Figure 5(a) shows
the variation of the resultant magnetization, figure 5(b) depicts in addition to
the total magnetization (solid lines), the temperature variation of the sub-lattice
magnetization m4 (dotted lines) and mp (dashed lines), respectively.

can obviously be attributed to a more rapid thermal variation of the sub-lattice
magnetization mpg, which is thermally more easily disturbed than m,4 under the
condition D < 0. In accordance with the phase diagrams displayed earlier, one
finds m(7T') curves exhibiting the reentrant transitions with two consecutive criti-
cal points slightly below the critical value D./|J| given by the condition (16). For
comparison, figure 4(b) illustrates how the biaxial single-ion anisotropy affects a
temperature variation of the resultant magnetization when the ratio £/D = 0.2 is
fixed and D/|J| varies. It is quite evident that the most ultimate difference between
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the m(T) curves depicted in figures 4(a) and 4(b), respectively, rests in the zero-
temperature limit of the latter ones that do not start from their saturation value
owing to the quantum reduction of the sub-lattice magnetization mpg caused by the
biaxial anisotropy.

Next, the effect of next-nearest-neighbour interaction J’ upon the shape of m(7T)
curves will be clarified. The effect of biaxial anisotropy is neglected here for sim-
plicity, however, it worthy to note that the curves displayed below remain qualitati-
vely unchanged even if the biaxial anisotropy term would be non-zero. Figure 5(a)
shows typical m(T') curves under the assumption of small ferromagnetic interaction
J'/|J| = 0.05. The most remarkable differences compared to the m(7T) curves dis-
cussed earlier can be found in the vicinity of the boundary value D./|J| = —1.5,
which is strong enough to force all the spin-1 atoms towards their non-magnetic
state S = 0 in the ground state. For illustration, figure 5(b) depicts the sub-lattice
magnetization of two most striking dependencies in addition to the resultant mag-
netization. As one can see, there appears m(7") curve with one compensation point
if the uniaxial anisotropy is chosen slightly below its boundary value (for instance
D/|J| = —1.6). The compensation phenomenon arises on account of thermally in-
duced increase of the sub-lattice magnetization mpg, which overwhelms the sub-
lattice magnetization m 4 above the compensation temperature. When the uniaxial
anisotropy is taken to be even more negative, there emerges m(7') curve with three
consecutive critical points instead of the one with the compensation point (the case
D/|J| = —1.63). Notice that a further decrease of the uniaxial single-ion anisotropy
shrinks the temperature range between the second and third critical point until the
ordered phase completely vanishes from this higher-temperature region.

(@) J'/|J] =-0.05, E/D=0.0

0.5 D/ =20 1 1Of I =-005 ®)

E/D=00

0.4 2
s .|

N 2 06[ D/ =-147

2 4 cwitriveee,. TN
0 0 i )
0.1 0.2 .

00 03 06 oo 12 %o

Figure 6. The same as in figure 5 but for the case of small antiferromagnetic
next-nearest-neighbour interaction J'/|J| = —0.05.

At last, we shall briefly discuss the effect of small antiferromagnetic next-nearest-
neighbour interaction (J'/|J| = —0.05) on the temperature dependence of the mag-
netization as shown in figure 6. According to equation (18), the critical line ter-
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minates due to the spin frustration already at D./|J| = —1.475. It is quite ap-
parent from figures 6(a) and 6(b) that the magnetization exhibits two reentrant
transitions for uniaxial anisotropies slightly below this critical value, for example at
D/|J| = —1.5. Contrary to this, the resultant magnetization may show the reentrant
transition with three critical temperatures when the uniaxial anisotropy is selected
slightly above this boundary value (the case D/|J| = —1.47). Whether the reentrant
transition with two or three critical points is observed, however, depends very sensi-
tively on the relative magnitude of all interaction parameters. It appears worthwhile
remarking that both kinds of reentrant transitions disappear as the magnitude of
next-nearest-neighbour interaction is considered to be strong enough.

4. Concluding remarks

In the present paper, the mixed spin-1/2 and spin-1 Ising model on the diced
lattice has been exactly treated within the generalized star-triangle mapping trans-
formation. The main focus of the present work is aimed at the effect of the next-
nearest-neighbour interaction, uniaxial and biaxial single-ion anisotropies on the
magnetic behaviour of the system under investigation. It has been found that the
single-ion anisotropy may possibly cause the reentrant transition with two critical
temperatures only. On the other hand, the ferromagnetic next-nearest-neighbour
interaction may lead just to the reentrant transition with three consecutive criti-
cal points, whereas the antiferromagnetic next-nearest-neighbour coupling may be
considered as a possible cause of both kinds of reentrant transitions.

Another interesting finding to emerge here consists in the fact that the biaxial
single-ion anisotropy is confirmed to be a possible source of the quantum reduction of
magnetization. Our further observations suggest that the biaxial anisotropy cannot
qualitatively change the character of the reentrant transition caused by the uniax-
ial single-ion anisotropy term or the next-nearest-neighbour coupling. Finally, we
should remark that a combined effect of uniaxial and biaxial single-ion anisotropies
with the next-nearest-neighbour interaction is responsible for manifold temperature
dependencies of the resultant magnetization by assuming the ferrimagnetically or-
dered spin system.
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Mepexoaun noBepHeHHA ana mopaeni I3iHra 3i
3MiluaHUMM crniHaMU Ha rpaTui TNy rpanbHoro Kyoika

M.Awyp, N.Ctpeuka

Binain TeopetnyHoi @i3nkn Ta acTpodisnkm,
dakynsTeT Hayku, YriBepcuteT im. MN.1.LLadapika,
040 01 Kouwliue, Cnoeaubka Pecnybnika

OTtpumaHo 18 nunHs, 2005

MarHiTHa noBsegjHka 3MmiwaHoi cniH-1/2 ta cniH-1 mopeni I3uHra Ha
rpaTui Tmny rpanbHOro Kybika A0CNIAKYETECS 3 BUKOPUCTAHHSIM TOYHOIO
NEepPETBOPEHHS CMiBCTABMEHHS 3ipKa-TPUKYTHUK. OTPUMaHO, WO SK YHi-
akcianbHa Tak i GiakCianbHa aHi30Tponia ioOHa, AiloYn Ha By3NU 3i
CMiHOM-1, MOTEHUINHO MOXYTb CHPUYMHUTK Nepexin MNOBepHEeHHA 3
OBOMa MOCNIAOBHUMU KPUTUYHMMW TouYkamu. Ha npoTusary LUbOMYy,
edeKT B3aeMofii HaCTYMHUX 3a HANBAMXYMMKN CycigamMn MixX By3namm
3i cniHamu-1/2 MMOBIPHO NMPMBOAMTL OO CNAaAHOro NMepexody 3 Tpboma
KPUTUYHMMW TemnepaTypamu 00OaTKOBO A0 nepexoay 3 nuwe aBoma
KPUTUYHUMMK Todkamu. dPopma 3anexHoCTi NOBHOMO HaMarHiYeHHs Bif,
TeMnepaTtypun OOCNILXYETbCHA, 30KPEMa, 4N BUNagky depiMarHitHo
BNOPSAKOBAHNX CUCTEM.

KniouoBi cnoBa: repexig noBepHeHHs1, MoAes1b I3uHra, To4Hu
PO3B'S130K, NNepeTBOPEHHS 3ipKa-TPUKYTHYK, YHIaKkciasibHa T1a
biakcianbHa ioHHa aHi30TPornis

PACS: 75.10.Hk, 05.50.+q, 75.40
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