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Diatomic molecules consisting of one spin-1/2 (o) and one spin-1 (S) atoms are put at each site of the Bethe
lattice (BL) of the coordination number ¢ = 3, 4, or 6. Alongside the ferromagnetic (FM) interactions of individual
atoms within a molecule, the molecules are permitted to engage in ferromagnetic interactions with their nearest
neighbors (NN) through diverse bilinear interaction parameters J. The spin-1 sites are also under the influence of
crystal field D. The phase diagrams on the (D, T) planes for a given g are obtained by investigating the thermal
variations of magnetizations for the case with zero external magnetic field (H). It is discovered that the phase
diagrams rely on g both qualitatively and quantitatively. The crystal field is also included which operates only
on the spin-1 sites. Three separate FM phases are observed with (o7, S) being (1/2, 1), (1/2,0) at the ground
state level and a phase region with small magnetization (SM) values at a higher temperature range. In addition
to the reentrant behavior in the transition zone from one phase to the other, the model produces first- and
second-order phase transitions. Additionally, the impact of H on the magnetization curves is examined, yielding
quite intriguing findings.

Key words: diatomic molecule, mixed-spin, Bethe lattice, recursion relations, phase diagram

1. Introduction

Spin models are often evaluated as a framework with a single spin at each lattice site, neglecting
structural complexity and any internal interactions. Attributing a singular spin value to any composite
material may be erroneous, as internal interactions, including the bilinear interaction parameter and
crystal field, together with external factors such as temperature and external magnetic fields, can alter its
behavior. As a result, it is possible to think of each lattice site as being occupied by two or more atoms,
either of the same or different sorts. In addition, diatomic molecules are molecules composed of only two
atoms, of the same or different chemical elements. If a diatomic molecule consists of two atoms of the
same element, such as hydrogen (H;) or oxygen (O;), then it is said to be homonuclear. Otherwise, if a
diatomic molecule consists of two different atoms, such as carbon monoxide (CO) or nitric oxide (NO),
the molecule is said to be heteronuclear.

Since the combined spin-1/2 and spin-1 model is the lowest conceivable mixing of spins and conse-
quently probably the simplest, it has been the topic of numerous theoretical study. Mean-field approxima-
tions (MFA) were used in the hexagonal nanotube two-layer system [[1], the Ising-Heisenberg model on a
honeycomb lattice with the effects of longitudinal and transverse crystal fields [2]], and a three-dimensional
Ising model with competing surface and bulk exchange interactions [3,4]. Additionally, phase diagrams
and magnetization curves of a magnetic superlattice [5], the impact of the crystal field on the honeycomb
lattice [l6], and a square lattice for different concentrations of magnetic atoms [/|] were studied by using
the effective-field theory (EFT). Additional studies under the EFT framework examine the diluted model
on a honeycomb lattice subjected to a transverse field [8], its critical behavior using the two-site cluster
approach [9], the tricritical behavior on honeycomb and square lattices [10]], the phase diagrams and
magnetic properties with the uniaxial and biaxial single-ion anisotropy on a simple cubic lattice [11]], the
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magnetic behaviors of the ground state (GS) in a diluted system [[12], as well as crystal-field interactions
on honeycomb and square lattices [13]] and [[14], respectively. A triangular lattice with two distinct spin-
value distributions on the three sublattices [[15], a plaquette of four-spin interaction on a two-dimensional
square lattice [16], the magnetic properties on a simple cubic lattice with crystal field [17], and a sub-
lattice system with rectangular structures [[18] were all studied using Monte Carlo simulations. Phase
diagrams in the presence of a crystal field [19]], the antiferromagnetic Ising model in two dimensions
[20]] and on a square lattice [21] were obtained using renormalization-group techniques. Various other
approaches were also carried out, such as the ones in terms of Oguchi approximation [22} 23], in the EFT
with correlations based on Glauber dynamics [24], the two-time Green-function technique [23]], clus-
ter variational theory within pair approximation [26], a generalized star-triangle transformation [27], the
double-time Green’s function technique within the random phase decoupling approximation [28]], the pair
approximation method [29] and by the transfer-matrix method [30, [31]]. Similar works are also supplied
by employing the exact recursion relations (ERR) to study the effects of a random crystal field on the
phase diagrams [32]] and to investigate the behaviors of the entropy and isothermal entropy change [33].

It should be emphasized that the phrase “heteronuclear diatomic molecules” refers to the experimental
realization of such diatomic molecules with two non-identical atoms. A molecule is generated by mixing
atomic orbitals with various energies when atoms or spins are different. Each molecule orbit in the
resulting polar bond receives an unbalanced contribution from atomic orbitals. Carbon monoxide in
which both atoms are second-row elements, and hydrogen fluoride in which the two atoms are from
different periods, are examples of heteronuclear diatomic molecules [34]. Additionally, it has been
established that the MnNi(EDTA)-6H,0O complex is an example of a mixed-spin system [35].

As can be observed in [37], the ERRs were applied in the same manner in this study, i.e., single-spin at
each site. Until recently it was the way to consider each site being inhabited by a single atom. Then, it was
supposed that each site is occupied by a molecule of two atoms. Thermal fluctuations in magnetizations
and magnetic phase diagrams of a diatomic molecule consisting of spin-1 atoms were investigated on
the BL with the coordination number of ¢ = 3 by using the ERRs [38]]. Then it was extended to the
investigation of diatomic molecules of either spin-1/2 and spin-1 [39] or spin-1/2 and spin-3/2 [40], each
of which is allowed to interact with its NNs. The diatomic molecules [41] and triatomic molecules [42]
consisting of spin-1/2 atoms were also considered. The diatomic molecules consisting of spin-1/2 and
spin-1 are again considered in this work for only the FM interactions between the atoms with various
coordination numbers ¢ = 3,4, and 6, and the thermal variations of magnetization of the systems are
obtained to map the phase diagrams on the (D, T) planes. The effect of the external magnetic field is also
considered.

This work is organized as follows: The next part covers the BL's molecular approach. The temperature
fluctuations in the magnetizations of the atoms and the potential phase diagrams are shown in the third
section, where some results are also discussed.

2. Formulation in terms of the ERRs

The studied Hamiltonian of diatomic molecules having one spin-1/2, o, and one spin-1 atom, S, can
be written in terms of various bilinear interaction parameters J by including the interactions between the
atoms of each molecule, i.e., between spin-1/2 and spin-1, J 5, and between the atoms of NN molecules:
Jss between spin-1 atoms, J, o between spin-1/2 atoms, and J/_; between spin-1/2 and spin-1 atoms and
the crystal field D and external magnetic field H acting only on the spin-1 atoms as

H= - Z Jos0iSi — Z -]ssSiSj - Z Jo‘o‘a-io—j
o @ (i)
= DI (0iS;+Si0j) =D Y ST—H Y (07 + ), 2.1)
(i i i

where the eigenvalues of spin operators o~ and S are +1/2 and +1, 0, respectively, and i, j count the
sites of the BL and tend to infinity in the thermodynamic limit as shown in figure |l Furthermore, (i, i)
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Ferromagnetic diatomic molecules

Figure 1. (Colour online) The schematic representation of the BL in terms of the molecules and their
atoms. Atoms are represented by solid circles, and molecules are represented by dotted circles. (oy, Sg)
denotes the central molecule atoms, while (o7, S1) are their NNs on the second shell and so on to infinity
in the thermodynamic limit. The J interactions between NN atoms are shown. The BL is only shown for
the coordination number of three.

denotes the interaction of atoms within the ith molecule, while (i, j) signifies the interaction between the
NN molecules.

The BL is built so that ¢ NN molecules of o and S, the initial shell molecules, interact with the
center molecule, i = 0, with o and Sy. Each molecule in the first shell is then connected to (g — 1)
molecules in the second shell, o» and S,. This routine is repeated until the thermodynamic limit is
reached, i.e., the number of shells approaches infinity [38139].

To acquire the ERRs of the model, one should start with the partition function given as:

z=Yy e PH = > P(spo), 2.2)
Spc

where the inverse temperature is 8 = 1/kT, and P(Spc) can be thought of as an unnormalized probability
distribution over the spin configurations (Spc) [43]]. It can be written for the central molecule as:

q
P(00, So) = P05 PS) ] 0, ({0, So} {1, S1}), (2.3)

Jj=1

where

BUos1514DSY) o B(JssSoS1+ oo 0001)

% eﬁJU-S(U'QSI'FU']SO) x eRest of the mteractlons. (24)

0n ({00, So}{o1, S1}7)

It is obtained by severing the BL at the first shell, which comprises ¢ molecules, each of which has g — 1
NN from the second shell. Thus, it is given as:

0n({00, Sl {01, 81}) = BUn@SIHDS])  BUSSiHrr Tver)
g-1
% eﬁfas((fosl"'("lSO)nQn_l({O'l,Sl}l{O—Z,SZ}k)' 2.5
k=1

This process is repeatedly employed until the thermodynamic limit is attained, which is accomplished by
iterations until the computations are stabilized.
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In order to get the ERRs, one needs to calculate equations (3)—(6) over the possible spin configurations
in the same form as for the central molecule

gm({o0, 500 = D Qul{ov, So}l{er, $1}) (2.6)
{o1,S1}
and for the first shell molecules
gn-1({o1,81}) = Z On-1({o1, S1} {02, $2}), 2.7
{02,852}

in which the first is computed for the values of o and Sy and then summing over o and S|, while
the second is calculated for the given values of o and S| and then summing over for 0%, S>. Since the
diatomic molecules can have one spin-1/2 with two possible eigenvalues, +1/2, and one spin-1 with
three possible eigenvalues, +1, 0, then one gets six g, ({0, S}) functions, which yield five ERRs for each
diatomic molecule. They are found from

nl’l nlso nl»_l
9(2) X_g(z) X:g(g )

E)

Xi=——F—, 2= ) 3
gn(_%a_l) gn(_%y_l) gn(_%,_l)
1 1
gn(=3.1) 9n(=3.,0)
4 = - 12 ) XS = ‘ 12 ’ (2'8)
gn(=5.=1) gn(=5.-1)
which are given explicitly as:
X, = [eﬁ(D+0.2SJUC,+0.SJ(TS+J(’,S+JSS+1.SH)X{? + eﬁ(0.25100+0.51[”+0.5H)X§
+ eﬁ(D+0.2SJUC,—O.SJm—JSS—O.SH)Xé? +eﬁ(D—0.2510(,—O.SJUS+JSS+0.5H)Xf

+ oB(-025050-0.57,,~0.5H) y P +e/;(D—O.25JM+0.51M—J;,S—JSS—1.5H)]/X
5 9

’
X, = [eﬁ(D+O.25JUU+O.SJUS+O.5J(TS+1.5H)X1p+eﬁ(0.251mr+0.5H)X£7

+

B(D+0.257 55 —0.5055=0.50,=0.5H) y P | B(D=0.25]0 =051 754057 +0.5H) x P
3 4

p— - — p— 4 -
+ eﬁ( 0.25J 5o 0.5H)X5P+CB(D 0.25J 5 540.5J 55 =0.5J ¢ I'SH)]/X,
— D+0.25J 5 5+0.5J s —Jss+1.5H) v P 0.25J55—0.5J. +0.5H) v P
X3 - [eﬁ( oo os ss )Xl +eﬁ( oo os )X2
+ eﬁ(D+O.251mr—0.5Jm—Jé,S+JSS—0.5H)X§’ + eﬁ(D—0.25JmT—O.SJ(TS+J(’TS—JSS+O.5H)Xf
+ eﬁ(O.SJ;,S—0.25J(,¢T—0.5H)X5p 1+ B(D02515 5405055~ 15H) | /X
_ D-0.25J5540.5J55+Jss+1.5H) vy P 0.5J,.-0.25J5++0.5H) y P
X4 = [eﬁ( oo osTIss )Xl +eﬁ( os oo )X2
4 BD-025050-050rst Tl =Jss=0.5H) P | oB(D+0.25) 5 =0.5] s =455 +0.5H) x P
3 4
+ BH025I5 =050, —0.5H)X§v + BP0 40,5055~ T5s=15SH)| /X
’
Xs = [e(ﬁ(D—o.zstm.SJm—0.5J(TS+1.5H)X1p +eﬁ(—0.251(nr+0.5H)X£7
+ PD-025055-057534051;~05H) yP | of(D+0.25)55=0.5] 55 =057 +0.5H) y P
3 4
eﬂ(O.ZSJmT—O.SH)Xé? 4+ B(DH025 4050554050 =1 5SH) | /X
with
X = eﬁ(D—o.251N+0.51m—J;,S—JSS+1.5H)Xf9 +eﬁ(—O.ZSJM—o.SJ;TS+0.5H)X;

+ eﬁ(D—O.ZSJm,—O.SJ(,S+JSS—0.5H)X§7 +eﬁ(D+o.251W—o.51m—JSS+0.5H)Xf

(0.257 05 +0.50", . ~0.5H) v, B(D+0.25] 00 40.5Tors s o+ s —1.5H)
+ €8 XP+ef ,
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where p =g — 1.
The partition function, which is a key component of practically any statistical technique, can be
obtained from the definition given as

7 = Z eB[JU'S (TOS()+DS§+H((T()+S())] [gn(o-(L SO)]q7 (29)
{o0,50}

and then it is calculated in terms of the ERRs by using the eigenvalues of the o and S spins as

Z= [gn(—%,—l)]qu’, (2.10)

which will be used in obtaining the magnetizations. Here,

_ D+0.505s+1.5H) vq | 0.58H v4q
z = [ VX{ + PR
(D=0.5J5~0.5H) v (D=0.5J0540.5H) vd , ~—0.58H v
+ e X7 +éf X! +e X3
¢ SISl SH) | @.11)

We are now able to calculate the magnetizations of each atom for spin-1/2 as

My = = oeBlIrs C0SHDSHH (00tSO 1 [ (o0 §)]4
{00,S0}
1
Y/ [eﬁ(DJrO'SJ”H'SH)X{] + eO'SﬁHqu + eﬁ(D—0~5Lrs—0.5H)X3q
eﬁ(D—O.SJgs+O.5H)XZ - e—o.SBHXSq _ P (D051~ 15H) | 2.12)

and for spin-1 as

1
My = o 3 speflmasensitonso] g g0y
{00,S0}

_ % [P (D031 41.5H) 0 _ (D051 =0.5H)

+ eﬁ(D—o.51“+o.5H)XZ _ eﬁ(D+0.5Jm—l.5H)] (2.13)

and thus the average magnetization of a diatomic molecule is just given as
1
Mys = E[M(,-+Ms]. (2.14)

After obtaining all of the formulations of the model in terms of ERRs, we can now compute its
variations for given values of J and D under temperature change to derive various phase diagrams of the
model.

3. The results and conclusions

Before presenting our illustrations, a few words are in order about the nature of parameters. Since
we are dealing with the spins only along one axis, call it simply the z-axis. The thermal agitations (7'
drive the model into the paramagnetic (P) ordering, since the spins are randomly oriented along the
z-axis. J > 0.0 aligns the spins along the z-axis in the FM ordering. The spins have the tendency to
align with the H which is along the z-axis. Since D is only effective at spin-1 sites, its positive values
drive the spins to the GS values of +1, while its negative enough values pick the O GS value. Therefore,
it is in a very critical role in the model since it affects the behaviors of phase transition properties.
First we illustrate some characteristic magnetization curves obtained when ¢ = 3,4, and 6 with the
given values of D and all J = 1.0 corresponding to the FM interaction when H = 0.0. They are given
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Figure 2. (Colour online) Thermal variations of magnetizations M and Mg. They are obtained for all J
values set to 1.0 to represent FM interactions when H = 0.0 for given D as (a) 3.0, (b) —3.4, (c) 3.5,
and (d) —10.0 for ¢ = 3.

in figures [2a)—(d), figures 3[a)—(d), and figures 4(a)—(d) for ¢ = 3,4, and 6, respectively. Figure [J[a),
figure [3[(a), and figure [f(a) show that My’s start from 1.0 while M, ’s start from 1/2 as expected for the
D > 0whenT = 0.0; thus, in total, we see the behavior of a spin-3/2 model. As the temperature increases,
magnetizations decrease to enter the P phase. The transition between the FM and P phases is continuous
and therefore it is called the second-order phase transition, seen at a temperature 7,.. The magnetizations
are seen at higher temperatures as g gets higher. When D = 3.4, see figure 2Jb), one observes Mg = 0.0
and M, = 1/2 for ¢ = 3 at the GS level. As T increases, Mg gains some value and then presents a
discontinuous jump at the first-order phase transition temperature 7; towards the value of 1.0, where M,
also presents a small jump. As T increases further, M, and Mg intersect with each other. Then they
diminish at the common 7. Figure c) is similar to figure b), but now the T is not seen; instead, Mg
starts from zero, gains some value with increasing 7', and then disappears at the 7. continuously as M.
In figure 2[d), we see that M is always zero as it is supposed to, since D = —10.0 is large enough to
drive spin-1 to its zero GS value. In figure3[b) for ¢ = 4, the magnetizations start as in that of figure 3(a)
and terminate at the 7, but then they start to gain some value as 7 increases, albeit they are small,
and with further increase, they disappear again. Therefore, the FM-P-FM-P type transitions appear. The
small magnetization regions start with the 7. and terminate with the 7, again. Therefore, all together
one sees three Ts. In figure3]c), one also observes a visible jump at the T; in Ms where M, presents a
very tiny jump at low 7 in addition to the behaviors observed in figure 3[b). It should also be noted that
in figure [3[c), the low temperature phase transition is of the first-order which accompanies the phases
given as (1/2,0) — (1/2,1). In figure[3(d), the magnetizations initiate at the GS values of (1/2,0). As
temperature T rises, Mg consistently increases, while M, initially decreases, approaching zero (albeit
small, it is not zero, i.e., it is not a phase transition point) with increasing 7', before subsequently rising
alongside Ms. Both magnetizations converge to zero at the critical temperature 7. For ¢ = 6, figure[d{b)
shows the same behavior obtained in figure [3(b) for ¢ = 4. This time phase regions are clearer and seen
at higher T, since ¢ is higher. Figure @{c) first presents a 7; at low T, then the P phase is reached as in
figure 3(d) of ¢ = 4 again. Note also that M, decreases again, approaching zero as in figure [3[(d); even
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Figure 3. (Colour online) Thermal variations of magnetizations M and Mg. They are obtained for all J
values set to 1.0 to represent FM interactions when H = 0.0 for given D as (a) 3.0, (b) —3.65, (c) —4.0,
and (d) —6.0 for g = 4.

D=20.0 D=6.0
a=6
0.8
0.6
M
0.4
0.2
b
! ; . 0.0 ( ) : ; .
0 2 4 6 8 0 5 10 15 20 25
104 D=-6.0 0.5 D=-60.0
q=6 q=6
0.8 MS 0.4 M
M c
0.6 0.3
M
0.4 0.2
0.2 0.1
c (M N\
0.0 . ; i ( ) 0.0 - -
0 10 20 30 T 40 10 20 30 . 40

Figure 4. (Colour online) Thermal variations of magnetizations M and Mg. They are obtained for all J
values set to 1.0 to represent FM interactions when H = 0.0 for given D as (a) 20.0, (b) 6.0, (c) —6.0,
and (d) —60.0 for g = 6.
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Figure 5. The phase diagrams on the (D, T) planes with all J = 1.0 and H = 0.0. The solid and dashed
lines correspond to 7 and 7; lines, respectively. They are obtained for a given ¢: (a) 3, (b) 4, and (c) 6.

though very small, it does not disappear; therefore, it is not a phase transition point. Figure f{d) shows
that My starts from zero, gains very small values around the first 7, and then tends to zero along with
M at the first 7. Both magnetizations become zero, and a further increase in 7' leads to the appearance
of both magnetizations at the second T, and a further increase leads them to be diminished again at the
third 7. It is clear from these magnetization curves that the characteristic behaviors of magnetizations
are similar for each ¢, but the temperature of the critical temperatures is seen at higher temperatures as
mentioned before.

The detailed analysis of the magnetization curves when H = 0.0 leads to the phase diagrams on
the (D, T) planes with all J/ = 1.0 when g = 3,4, and 6 as shown in figures [5(a)—(c). In figure [5[a), for
q = 3, a phase diagram similar to the phase diagram of spin-3/2 [44] is obtained but with different phase
regions. The phase is the FM (1/2, 0) phase at low negative D values. As D is increased towards positive
values, My starts gaining some values; therefore, the 7. temperatures increase, and one also observes a
T;-line separating (1/2,0) and (1/2, 1) FM phases. The latter phase adds up to give a phase region of
3/2 of spin-3/2, which is very logical.
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(a) H=0.5 e D=50
0.5 1 _ + D=80
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<( ) : 0.104(d) ;D=0

Figure 6. (Colour online) Thermal variations of magnetizations M, and Mg when H # 0.0. (a) and (c)
show M, and (b) and (d) show Mg. They are obtained for all J being 1.0, (a)—(b) for H = 0.5 and
(c)—(d) for H=1.0 when D = -5, -8, —-10, —15, -20, and —30.0 for all four and g = 4 only.

When g = 4, figure [5|b), one sees again for high enough D, i.e., the right-hand side of the figure,
the FM (1/2, 1) phase is the evidence giving a total of phase 3/2 again. The T;-line is now shifted to
the left, and the critical temperatures are higher in comparison to figure [5fa). The 7,-line decreases as
D decreases; after making a dip, it instantly starts rising in the phase region of SM, where SM means
the region of very small magnetization values. The FM phase region increases, and then after making
a peak, starts decreasing to take the phase (1/2,0) again. The last phase diagram obtained for ¢ = 6
and shown in figure [5[c) is similar to figure[5(b), with critical temperatures seen further up high and the
T;-line shifted further left. The story of the 7,.-lines for ¢ = 4 and 6 is as follows: When D is high enough
towards its positive values, our system acts like spin-3/2; then as D gets smaller, the inclination of My
preference for the zero spin state of spin-1 intensifies as D becomes increasingly negative. This lowers
the T, values. Therefore, as D becomes more negative, the control of the system is left to spin-1/2 atoms.
Thus, when Mg suddenly becomes very small, the interaction of spin-1/2 atoms with all its NNs causes
arise in T.. As D gets further negative, Mg now totally disappears, and the 7,-line becomes constant,
leaving the phase with (1/2,0). It should be noted that the drastic change when one goes from ¢ = 3 to
higher ¢ is actually needs detailed arguments.

As final illustrations, the magnetization curves are graphed for given values of D < 0.0 when H # 0.0
and g = 4. Figure |§Ka)—(b) and figure |§Kc)—(d) are obtained for H = 0.5 and H = 1.0, respectively. These
curves correspond to the SM regions. M, starts from 1/2, while Mg starts from zero at 7 = 0.0. There
are some peaked regions first, and then they tend very slowly and continuously to zero as expected when
H # 0.0. The dips are seen at lower T for higher H. The jumps are clear at low 7', indicating first-order
transitions. The continuous peaks also shift to the left for higher D. Again, D, thus, the appearance of the
zero state of spin-1 is responsible for all these dips and peaks. The appearance of peaks after the dip is
again caused by the J values, since each atom interacts with its three NNs and spin-1/2 gets the control
of the model.

The present work has revealed new results for g = 4 and 6. As a final remark, it should be noted that
the SM phase is unique in that it manifests at extremely high temperatures with low magnetization values
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and a second-order phase transition into the PM phase. As far as our literature search is concerned, we
were not able to find any study of diatomic molecules containing spin-1/2 and spin-1 for comparison
reasons.
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Ferromagnetic diatomic molecules

depomMarHiTHi ABOATOMHiI MOos1eKynU 3i 3MilLaHUMU CiHaMW
1/2T1a1

E. Anbaipak

YHiBepcuTeT Epgxiec, disuuHnii pakynstet, 38039 Kaiicepi, TypeuunHa

[lBOATOMHi MOJIEKy/N, LLIO CKNAAaThCS 3 OAHOT0 aToMa 3i cniHoM 1/2 (07) Ta ogHoro atoma 3i cniHom 1 (S), pos-
MilLleHi B KOXHOMY BYy3Ai rpaTkn beTe 3 koopanHauiliHumM ynciom g = 3,4 a6o 6. Mopsag 3 pepomarHiTHIMU
B3aEMOZIIMU OKPEMUX aTOMiB Y MOJIeKYi, OCTaHHi MOXYTb B3aEMOZIATA 3 HANBAMXKXUNMY CyCigamn Yepes pi3Ho-
MaHiTHI 6iniHiiiHi napameTpu B3aemogii J. LleHTpu 3i cniHOM 1 TakoX 3HaX0AATLCA Mif BNAVBOM KPUCTaNiuHOro
nons D. ®a3osi giarpamu Ha naowmHax (D, T') Ana 3agaHOro g oTprMaHi LWASXOM A0CifKeHHS TeN10BUX 3MiH
HaMarHiuyeHoCTi NPy HyNbOBOMY 30BHILIHLOMY MarHiTHomy nosi (H). BuseneHo, wo ¢a3osi giarpamu 3ane-
XaTb Bif} ¢ K AKICHO, TaK i KiJIbKiCHO. TakoX BKIHOUYEHO KpucTaniyHe nose, ake Ai€ AvLie Ha LeHTpax 3i cniHom 1.
CnocTepiratoTscs Tpy OKpeMi GpepomarHitHi gasu, ge (o, S) craHosasTs (1/2, 1), (1/2,0) Ha pisHi ocHoBHOro
CTaHy, a pa3oBa 06/1aCTb 3 MANMMM 3HAYEHHAMMN HaMarHiYeHOCTi iCHYE y Aiana3oHi BULLMX TemnepaTyp. Okpim
peeHTpPaHTHOI NOBeAIHKM B NepexifHiii 30Hi Bif ogHI€l ¢a3mn JO iHLWIOI, MOAeNb TakoX AeMOHCTpye da3oBi ne-
pexoAu nepLLOro Ta Apyroro pogy. Kpim Toro, Aocnigxyetocs Bnams H Ha KpyBi HamarHiyysaHHS, L0 NOKa3ye
JOCUTB LjikaBi pe3ynbTaTu.

KnrouoBi cnoBa: gBoatomMHa Mosiekyna, 3MiLluaHuii CriH, rpatka bete, pekypciiiHi cniBBigHOLEeHHS, pa3oBa
Aiarpama
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