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The phase behaviour of the restricted primitive model (RPM) is studied us-
ing a microscopic approach recently developed for the description of phase
transitions in binary fluid mixtures. For the model we obtain the explicit ex-
pression for the functional of the grand partition function. Based on the
functional we calculate the phase diagram of the RPM in the high tem-
perature approximation (HTA) and then we do this calculation taking into
account the terms of the higher orders in the effective Hamiltonian. In both
cases the phase diagrams demonstrate the gas-liquid (GL) and charge
ordering phase instabilities. In the latter case, the obtained value for the
GL critical temperature is in good agreement with the MC simulation data
whereas the critical density is underestimated.
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1. Introduction

In recent years, much attention has been focused on an issue of the critical and
phase behaviour of ionic fluids. For reviews of the experimental and theoretical
situation see [1-7].

The simplest model capable of capturing the main features of ionic systems is
the restricted primitive model (RPM) [3,5]. Early studies [8] established that the
model has a gas-liquid (GL) phase transition. A reasonable theoretical description
of the GL critical point in the RPM was accomplished at a mean-field (MF) level
using integral equation methods [5,9] and Debye-Hiickel theory [10].

For the last decade the GL critical point of the RPM has been much studied by
computer simulation methods [11-19]. The recent results for the critical parameters
obtained by different groups are as follows: 7)) = 0.0492 £ 0.0003, p} = 0.062+0.005
[16], T = 0.0489 4+ 0.0003, pi = 0.076 4+ 0.003 [17], T = 0.04917 + 0.00002, p} =
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0.08 4+ 0.005 [18], T = 0.05069(2), p = 0.0790(25) [19] and they are in reasonable
agreement with each other with respect to the estimated critical temperature and
density.

The universality class of criticality in the RPM has also been a subject of active
research [20-24]. Very recent simulation studies have found strong evidence for Ising
universal class [19,25].

The one more relevant issue concerns the full phase diagram of the RPM. The
stability analysis shows that another phase transition occurs in the continuum RPM
between the disordered and charge-ordered phases along a A-line [7,26,27]. But no
A-line was found so far in computer simulations for this model.

In this paper we address the issue of the critical and phase behaviour of the
RPM using the theoretical approach proposed in [29,30] for the binary mixture.
The theory has its origin in the approach based on a functional representation of
a partition function by means of the collective variables (CV) method [31,32]. Its
particular feature is a choice of the phase space in which the system is considered.
This phase space is formed by a set of CV and contains a variable connected with the
order parameter. The approach allows one to determine, on microscopic grounds, the
explicit form of the effective Ginzburg-Landau-Wilson (GLW) Hamiltonian and then
to integrate the partition function in the neighborhood of the phase transition point
using the non-perturbative renormalization group method [33]. As a result, non-
classical critical exponents and analytical expressions for thermodynamic functions
were obtained [33,34]. More recently this theory was developed for a binary fluid
mixture [29,30,35-38].

The paper consists of two parts. In the first part we obtain the functional of
the grand partition function of the RPM given in terms of the CV ¢, (connected
with charge density fluctuation modes) and in terms of the variables vy and hyx—g
conjugate to the CV ¢ and py—g, respectively (px—o is connected with the k = 0
mode of total number density fluctuations). Restricting our consideration to the
second powers of 7y (taking into account the higher powers of hyx_) we derive the
equation for the chemical potential. Based on the chemical potential obtained from
the linearized equation we calculate the spinodal curve. Its run suggests that two
types of phase instabilities can occur in the RPM. One part of the spinodal is of the
gas-liquid (GL) type while another one looks like a A-line. We obtain the following
values of the GL critical point: 7" = 0.084 and 7. = 0.005 which agrees with the
other MF theories [9] and we discuss the approximation used at this stage of our
study.

In order to study the nature of the criticality of the RPM as well as to get the
best estimates for its GL critical point we go beyond the above mentioned approxi-
mation taking into account the terms of higher orders in the effective Hamiltonian.
The second part of the paper is devoted to this end. First, we consider the Gaussian
approximation of the functional of the grand partition function. It yields the equa-
tion for the boundary of stability with respect to the charge density fluctuations.
Then, applying the procedure proposed in [29,30] we obtain the expression for the
grand thermodynamic potential in the vicinity of the GL critical point as a power
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series in the field hy_g (up to 54) conjugate to the order parameter. The expression
obtained has the form of the Landau free energy. We also calculate the phase dia-
gram demonstrating both GL and charge ordering phase instabilities. The data for
the GL critical point are found to be T = 0.0502 and 7. = 0.022.

2. Functional representation of the grand partition function of
the RPM

The RPM consists of N = N, + N_ hard spheres of diameter o with NV, carrying
charges +q and N_ (= N, ) charges —¢, in a medium of dielectric constant D. The
interaction potential of the RPM has the form

©e r<o

(qu(s)/DT, r>o , i = :f:(]. (1)

Uys(r) = {
We split the potential U,s(r) into short- and long-range parts

Uss(r) = ts(r) + (v,
using the Weeks-Chandler-Andersen partition [39]. As a result, we have

oo, 1r<o

Yyslr) = { 0, r>o’
_ | (¢a)/Do, r<o
vuir) = { (b T Se

This simple form for ®.5(r) inside the hard core changes the behaviour of the
Fourier transform for large & from usual Coulombic k72 to k=3 decay. As was shown
[40], this choice of ®.5(r) for r < o produces rapid convergence of the series of the
perturbation theory for the free energy. The Fourier transform of ®.5(r) = ¢*/Dr =
®(r) has the form

= , sinx
Br@o(z) = 246" 5~ (2)
where 3* = (3¢*)/ Do, 3 =1/(kgT), n = m/6pc? is fraction density, z = ko.

We start with the grand partition function for a two-component system (v, d =
+,—-):

(11

- Z Z H %/(df)exp [—gZZUw(%)la
L ¥o o ij

N;20 N_>0~=+,—

where (dI') = [, dl'y,, dI'y, = dridry...dry (v = +,—) is an element of the
configurational space of the yth species; 2, is the fugacity of the «th species:

o =exp(Bph),  py =+ B [(2mm, 5712 /07,
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ft is the chemical potential of the yth species. The second term in this expression
is obtained as a result of integration over the momenta. m., is the mass of the «th
species, h is the Planck constant. i/ is determined from the equation

0ln=
OB,

where (V) is the average number of the yth species in the grand canonical ensemble.

The correlation effects of different scales are connected with the potentials 1).,5(r)
and ®.5(r): the potential ¢,5(r) describes the behaviour of the particles at very short
distances and provides their mutual impenetrability. The potential ®.;5(r), on the
contrary, describes an attraction between the particles which takes place at long
distances. These effects are proportional to different parameters. In order to study
them simultaneously it is necessary to consider the system successively in two phase
spaces. First we write the grand partition function and the correlation functions of
the RS in the phase space of the Cartesian coordinates. Here the pair interaction
is described by the potential t,5(7). The thermodynamic and structural properties
of the RS are assumed to be known. Then the grand partition function of the full
system is constructed in the phase space of the collective variables (CV) by means
of the functions of the RS.

We introduce the grand partition function of the RS

= — Z Z H exp ﬁMOW w) /(dF)eXp _gzzw%(rij)]’
Y]

N4>0 N_>0 y=+,—
where pi9, is the chemical potential of the vth species in the RS.
Now we rewrite the attractive potential in the Fourier space

_ZZ(I)WS T” ZZCD“/‘; pr )p 5( k>_N'y(5~/5)a

where i)wg(k?) is the Fourier transform of ®.5(r). py, (k) is the Fourier transform of
the operator of the particle number density for the yth species

= <N7>7

pn, (k) =Y exp(—ikr]), v =+ —.

We introduce collective variables py
Pl = Py — iy
by means of the relations [32,306]
+o0
Py, (k) = / Pre0(Piey — P, (K))dpic -

[e.e]

—+o00
(k) = / o8, — P, ()}

(e 9]

+oo
ﬁNw (O) = / pO,vé(pO,v - ﬁNa, (O>)dp0,'y 5

[e.9]
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where
N, N,
P (k) = cos(kr)), i, (k)= sin(kr))
J=1 j=1

Here the indices ¢ and s denote the real part and the coefficient of the imaginary
part of both py. (k) and py; 6(- - ) is the Dirac delta function.
Now we present = in the following form:

(11
[1]

—_
— —
— —

0—1,

where = is the grand partition function of the RS. Then =; can be written in the
form of the functional integral [36]

5 = / (dp) exp[B ) i14P0 — % > (k) prapsslJ(pro o). (3)
Y vk

Here px + (px,—) is the collective variable. Each py 1 (px,—) describes the value of the
k-th fluctuation mode of the number of ~-th species particles and (dp) is a volume
element of the CV phase space:

H dpo, ’YH dpic 4 dPic -

k£0

The prime means that the product over k is performed in the upper semi-space. ji1 5
is a part of the chemical potential of the yth species

1 -
1y = 1, — Moy + G > D (k), (4)
k

which is determined from the equation

8 In El
OB

J(p) = J(ps, p—) is the Jacobian of the transition to CV averaged on the RS:

LY S T O fianyen |5 vt

o Ny >0 N_>0y=+,—

x T (o0 — pw,( 0))H,5(pm—ﬁm(k))‘

y=+,— k#0

= (Ny). ()

Substituting the explicit forms for delta functions into the expression for J(p), we
obtain

J(p) = / J(v) H exp(i2m Z Vi Px~) (dV),

v
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where the variables vy, are conjugate to the CV py ., and have the form

1 c 28
Vky = a(yk,’y + 1Vk,’y)7 k # 07

and (dv) is a volume element of the phase space of the variables vy ,
/
(dv) = [ [ dvor ] ] dvi,dvi . -
¥ k+#0

J(v) has the form:

Z Z H exp ﬁ,uO,’Y )/(dr)eXp [—gzzwvg(ﬁj)]

ON-y->0N >0 7=*,—

X H exp(—i2mvi o, (k).
v,k

We present J(v) in the form of the cumulant expansion

J(v) =exp Z _127T Z Z My, k1,---,kn)l/k1,~,1---an,%] :

nz1 ) Y1--7n k1.
Y1725+ -5 V0 = +7 -

Here 9., ., is the nth cumulant which is determined from the formula

o n J(v)

aykla'Yl a’/k2,’v2 s aykn In

m'Vl---'Yn (k1> s ’kn) =

Vi ;=0

and is connected with S, ., (k1,...,k,), the n-particle partial structure factor of
the RS, by means of the relation

MKy k) = /Ny Now S (Bt Kon) Oty ik

where i, 1.4k, is the Kronecker symbol.
Now we pass in these formulas to new variables py and ¢y (according to wy and
7x) by means of the orthogonal linear transformations

V2

V2
e = 5 (et + o)y = (s = =)y

2
V2 V2
7<Vk’+ + V), Y = 5 (Vi — Vi)

Wk = 5

The variables py and ¢y are CV connected with total density fluctuation modes and
charge density fluctuation modes, respectively.
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As a result, we can present the functional of the grand partition function of the
RPM in the form:

=== [ ac)ex (5#1{)0 Iy @(k)) Hpo. (©)

In the case of the RPM, the RS is a one-component hard-sphere system with the
diameter o (potential 1.,5(r) = ¢ (r)). For 1 we have (p1 4+ = p1,-):

pr = (4 + Ml,f)/\/5 = \/§M1,+ = \@Ml,— (7)
and equation (5) is rewritten as
Oln= N
5 _ 2 )
OB \/i

For the RPM J(p, ¢) has the same form as that for the symmetrical binary fluid
with g, = up [30]:

1
J(p,c) = /(dv)(dw) exp {127T Z(wkpk + YeCk) — iQWE Z Em(lo)wkék
k k

(—i2r)? 1
2l 7 > O wnw s+ M neyae)
) k
—i27)% 1
( 3! ) ﬁ Z (mtf(go)wklwkgwks + gmi(’,z)wkl’yk{yka)ékl-i-kﬁ-ks
) ki,ko k3

(—1271')4 1 (O) (2)
+ ey Z (m4 Wk Wk, Wk Wky +6m4 Wk Wka ks Tk

4
+ I Y Yoo Vs Miea )bt 44

—i27)° 1
( ) - -5 Z (méO)wklwk2wk3wk4wk5+10m(52)wk1wk2wk3'7k4'7k5

5
51 2 e

4
+ 5931(5 )wk1'7k2'7k3'7k4'7k5)5k1+...+k5

—i27m)6 1
+ ( ) T 6 Z (méO)wklwk2wk3wk4wk5wk6 + 15mé2)wk1wk2wk3wk47k57k6

6
6! 2 i

+ 15mé4)wk1wk27k37k47k57k6)5k1+---+k6 + .. } . (9)

In (9) the cumulants M) with 4, = 0 are connected with the nth structure
factors of the RS [36]:
MO = (N)S,,.
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Structure factors S,,(0) with n > 2 can be obtained from S5(0) by means of a chain
of equations for correlation functions [41]. Cumulants with i,, # 0 can be expressed

in terms of M (see also formulae (4.8) in [36]):

my = gl wmy =3, oY,

n

MmO = 15mY, — 30m?, + 16mY, (10)

First we integrate in (6) over CV py. This integration leads to the delta-functions
[T 0wk + %51(). As the result of integration over wy we obtain

(0) )
= = Zgexp <Z 93,; ) /(dc) exp <_§ Z @C(k:)ckc_k> J(e, hy), (11)

n>1
where
hn
‘](Ca hO) = /(dIY) CXp (127T Z Tk Cx + Z TkV-k Z 9:nn2—|)—2
n=0
—i27)* 1 h
( A1 ) ? Z 7k1/7k2’7k3’7k45k1+---+k4Zgﬁgirél 0>’ (12)
ki,..., k4 n>0
B
hx—o = hg = —= 13
k=0 0 NG (13)
and condition (8) has the form:
Jln El
= (N). 14
= ) (14)

Expressions (11)—(12) do not include the “field” variable hy with k # 0. As one can
see below, this fact will give rise to the Landau type free energy of the RPM in the
vicinity of the GL critical point.

Formulas (11)—(14) are the initial formulas in our study of the phase behaviour
of the RPM.

3. Phase diagram of the RPM in the high temperature approxi-
mation (HTA)

Restricting our consideration in (12) to the second power of v and assuming
93?7(1212% > 0, we first integrate in (11)—(12) over 7, and then over . As a result,
we obtain for =;

1/2
= H[H— P&k agx‘)) exp (F(ho)). (15)
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where the following notations are introduced:

mo OF (ho) mY
F(ho) = ; Tho’ “Ohy ; mho : (16)

and formulas (10) are used for min.
Using (14) and (15) we can obtain the following equation for the chemical po-
tential

= OF (h 0
1 é@c(k) _ 81(100) _ img ) — hy (1 _ li)ﬁ_éo)ho + ) (17)
z 0F (ho) 02F (h - 0 R B
SO 2o

where

(18)

Phase diagram in the HTA. We solve equation (17) in the simplest approxima-
tion. Neglecting terms hZ, h3 etc. in the right hand side of (17) and setting

OF (ho)

= om” 19
8h0 1 ( )
in the left hand side of (17) we obtain for py 4 (= p1,—)
1
o = (), (20)
where 5
v Pc(k)
a(f) = — = : (21)
Zk: 1+ Ld¢(k)m”

On the other hand, we can get the same result for p; ; taking into account the
terms proportional to v and v%hg in the exponent of (12) and setting ,‘Jﬁf) =0in
the final result (M is the coefficient of v2ho). To this end we neglect in (11)—(12)
the terms proportional to h3, kg, MeY-kh3, Vi, ViaYksVka, €bC.. In this case =; has
the form:

© )
=1 = exp (Z 93:5 hg) /(dc)(dy) exp {—é Z O (k)exe_x

n<2

. (—1271')2 1 (2) (—i27T)2 1 2)
+ 127 Z VxCk + 9] ﬁ Z YY1 M7 + 9] ﬁ Z YY-xhoM3" o .
k k k

(22)

Integrating in (22) over 7y and then over ¢, we obtain

- 0) my B = ) @, |7
21 =exp | M ho + —-hg 11 L+ 5 0o (k) (9,7 + 97 ho) . (23)
’ k
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Figure 1. The phase diagram of the RPM calculated from (25) (see the text for
explanation).

Then the equations (23) and (14) yield

=13 7 (k)
2471+ Lo (k)(m?” + my )

(24)

where the equalities E)ﬁ(z2) = 97250) (im(lo) = (N)) and 93?;2) = im(;)) (see (10)) are
used. Setting i)ﬁ(zo) = 0 in (24) and taking into account (7) and (13) we again arrive
at the result (20)—(21). Since (21) does not include the coefficients M) with n > 2
we may say that p;  given by (20)—(21) is obtained in the HTA.

The full chemical potential u, is equal to (see (4)):

1 -
= - — Dk
Pt = Ho+ + Hi+ o1 ; o(k),

where pig 4 (= po,—) is the chemical potential of a one-component hard sphere system.

The equation ﬂp%‘—; =
of the RPM in the approximation considered. Using (2) for ®¢(k) and the Percus-
Yevick approximation for the RS, the equation for the spinodal curve can be written

. *  2(sinz)’dz w (14 2n)? o5
/0 (3T* 4 24nsinz)2  24n (1 —n)t" (25)
The phase diagram calculated from (25) is shown in figure 1. The obtained data
for the GL critical point are T ~ 0.084 (T} = 1/5) and 7. ~ 0.005. It is evident
that in the considered approximation we get the overestimated value for the GL
critical temperature and the underestimated value for the critical density. But, in
contrast to the previous results, the spinodal curve changes its run (at n ~ 0.047) and
then it directs to the higher temperature. The second positive slope of the spinodal
indicates another type of the phase instability appearing in the RPM (similarly to
the A-line in a symmetrical binary fluid). Below, we shall calculate the phase diagram
of the RPM taking into account in (12) the terms of the higher orders.

0, where p is the total number density, gives the spinodal
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4. Phase diagram of the RPM: beyond the HTA

As was shown above, the spinodal (25) can be obtained as the result of the
trick, namely: the integration in (12) was accomplished taking into account the
term proportional to v2hg and in the final result the coefficient at 72hy was set
equal to zero. Below we will sequentially take into consideration in (12) the terms
of the higher order.

Now let us rewrite (11)—(12) as

=, = exp (F(ho)) / (de) exp (-é > éc(k)ckck>

: —i27)? OF (h
X /(dv) exp {127r E VkCk + ( 12‘7r) g VxV-k 82 o)
K : K 0

(—i2m)* 1 PF(ho)  _O0F(ho)
Al ﬁ § 3 Yki Vka Vks Vky 3 8h% -2 8h0 5k1+...+k4 ) (26)

.....

and the notations are the same as those in previous section.

Charge ordering phase instability. First, we restrict ourselves to the Gaus-
sian approximation which corresponds to neglecting the terms proportional to hy,
YeY—xho, YY—xhd, I, etc. in the exponent of (26). After integration in (26) over 7y
we obtain

= = e (Fo) IT ()"

K
CkC_k B~ (0)
X /(dc)exp{—zW <1+Vq>c(k)zm1 )} (27)
K 1
As is seen from (27), the equality
1+ ééc(k)zmg“) =0 (28)

holds at some values of the wave-vector k, temperature and density. Equation (28)
determines the boundary of stability connected with the charge fluctuations (the
field variable 7y is conjugate to the CV ¢y):

sin x 1
T* = —24p—= T = — 29
=z 5 (29)
or .
. cos T
Te(@",m) = —8n—5-, (30)

where z* is determined from the condition

*

x
t = 31
ana’ = (31)
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which yields z* ~ 4.0783. Substituting z* in (27) we obtain the boundary of stability
with respect to fluctuations of the local charge density

Tr(x = 2") ~ 0.285n. (32)

C

A similar result (for another choice of interaction inside the hard core) was obtained
in [7,26] within the framework of the field-theoretical approach. The possibility of the
charge-ordering transition in the continuous-space RPM model was also discussed
in [27,28].

It is worth noting that the RPM does not demonstrate the GL phase transition
in the approximation given by (27). In order to obtain the GL spinodal curve we
should take into consideration the terms of the order higher than the second one

(v2h, v2h?, etc.).

GL phase instability. We restrict our consideration in (26) to the terms of the
fourth order. In this case = has the form:

= = S exp (F(ho)) / (de) exp (-é Zéc(k)ckck>

. —i2m)?
X /(dV) exp {1277 > e+ ( 2 Z TV—k (mgm + oMY + hgfmgo))

21V/2

Z Vi1 Vi Tk Vs <3SJT(O 293?@) 5k1+...+k4} ) (33)

.....

(—127r

A2

where the summation in (16) over n is restricted to 4.

Now we follow the programme proposed in [29,36] for a two-component fluid
system. First, we separate the two types of variables: the essential variables (which
include the variable connected with the order parameter) and the non-essential vari-
ables. Then, integrating over the non-essential variables with the Gaussian density
measure, we construct the basic density measure (the GLW Hamiltonian) with re-
spect to the essential variables.

For the RPM in the vicinity of the GL critical point the variable hq (conjugate
to the CV pg) turns out to be the essential variable [30]. Thus, we can present (33)
as

—-1/2

= = H <779ﬁ§0)> exp (F(ho)) /(dc) exp (—é Z @t)c(k;)ckc_k>

n 1 -
x (1 + A+ AT > exp (- > Ckc_k/m§0)> : (34)

k

where
92

aCkC k

A= (h m + 2o )
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After integration in (34) we get

1 h{
El = = exXp Mn_0> ) (35)
1;[ V1t 8N (k) (; n!

\%4

where

M, = MY + AM,,,

A, are the corrections obtained as the result of integration over variables cy:

1 . 1.
AM, = 5s.m;%(ﬁ), Am:éaﬁg%(ﬁ),
Amg = O, ASUL;EO (36)

and a(f) is given by (21).

It is worth noting that the non-zero corrections A9, (see (36)) are those which
include only one sum over k.

Next, the shift is carried out in order to eliminate the cubic term in (35)

ho = ho + A,
where A = —Mj3/My. Then (35) has the form

_ - hp
= =Cexp (Z an(:) , (37)

n>1

where

)\ 2 (0)y2
C = H 1 exp mgo)_}_l (m?’ ) (méo)_ (E)ﬁfﬂ ) )

~ 0 0
(/14 82200 (k) 2 \ oy 4y
1. 0) (mth))g
+ 2(1(5) (S)ﬁ2 + 2(&)@(}0))2 )
(0) (0)\2 (0)2
S @ o  (M37) 1 o (M)
M, = m 0 (zmQ o) J(8) | 2 20 )
~ m(o) 2 1~ _
My = m® 3(0)) +-ap)my,  My=m.

290, 2

In (37) hy is the field conjugate to the order parameter for the GL critical point (see
(1.8)~(1.10) in [34] and (15)—(20) in [30]).

Now we can obtain the grand thermodynamic potential of the RPM in the vicin-
ity of the GL critical point

Q— Qo+ kgTInC = —kgT (Z Mf—?) : (38)
n.

n>1
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Figure 2. The phase diagram of the RPM calculated from (37) (see the text for
explanation).

The right hand side in (38) has the form of the Landau free energy expressed in
terms of the field o conjugate to the order parameter. From the equation My = 0
we obtain the equation for the GL spinodal curve

ﬂﬁ(o) m(o)
mgm Em510)
or
2 /°° ?sinzdr 252(0) ~ S3(0) (39)
T Jo a3T* +24nsinz  ~S3(0)  S4(0)

where 5,,(0) is the nth structure factor of the one-component hard-sphere system at
k=0.

The phase diagram of the RPM is shown in figure 2. The curve with the maximum
is the GL spinodal calculated using (39). The Percus-Yevick approximation is used
for S5(0) (the expressions for S3(0), S3(0) and S4(0) are given in Appendix). The
straight line calculated by (32) (the Gaussian approximation) corresponds to the
charge ordering phase transition. The GL critical point (the maximum of the GL
spinodal) is located at T = 0.0502 and 7. = 0.022. While the value for T is in
good agreement with the recent data of computer simulations [15,18] (7, ~ 0.05),
the critical density is underestimated (p} ~ 0.04). The same phase diagram for the
RPM was obtained in [42] by means of the Hubburd-Schofield method [43].

We can also obtain from (38) (using (14)) the expression for p 4

1
2o + toma(s) -

Hy1 = — (40)

If we set Qﬁéo) = 0 the expression (40) reduces to (20).
It should be pointed out that the above described scheme of integration in the
vicinity of the GL critical point cannot be used in the region close to the line defined
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by (32) (dotted line in figure 2): the variables . appear to be the essential variables
in this region.

5. Conclusions

We use the recently developed approach in the study of the phase behaviour of
ionic fluids. For the RPM we obtain the functional of the grand partition function
given in terms of the CV ¢y, which are connected with charge density fluctuation
modes, and in terms of the variables vy and hy—y conjugate to the CV ¢ and px—o,
respectively (CV pi—o is connected with the k = 0 mode of total number density
fluctuations).

We conclude that within the framework of the same approach the following
results are obtained for the RPM:

e the phase diagram in the HTA which consists of two parts: the part corre-
sponding to the GL phase transition and another one looking like the A-line,
the parameters of the GL critical point correlate with those obtained by other
MF theories;

e the explicit expression for the grand thermodynamic potential in the vicinity
of the GL critical point as an expansion in terms of the field A conjugate to
the order parameter (up to ﬁé). The expression suggests the classical critical
behaviour which disagrees with the findings of the recent simulation studies
[19,25]. Thus within the framework of this approach the criticality in the RPM
needs further investigations.

e the GL spinodal in the approximation when the terms of the higher order (hy,
YY-kho, Yy—kh3 and hj) are taken into account in the Hamiltonian, the value
obtained for the GL critical temperature agrees well with MC simulation data;

e the boundary of stability with respect to the charge density fluctuations (in
the Gaussian approximation of the functional integral). This result confirms
that obtained in [26]. As was discussed in [27,28], in continuous systems a
fluctuation-induced first-order order-disorder transition can occur when the
instability is associated with fluctuations characterized by k # 0.

It is worth noting that this approach can be applied to the case when both long-
range and short-range interactions are involved into the model simultaneously (the
RPM+SR model). This task will be considered elsewhere.

Appendix
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(1 —n)"(1 — Ty —6n*)
S5(0) = ,
5(0) (T
(1 —0)1°(1 — 30 + 8172 + 1401 + 601*)
54(0) = } .
(1+2n)
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da3oBa noBeaiHKa NPUMITUBHOI MOAENi eNeKTPOoniTiB

O.B.MauaraH

IHCTUTYT Pi3nkm koHaeHcoBaHMx cucteMm HAH Ykpainm,
79011 JlbBiB, Byn. CBEHLiUbKOrO, 1

OtpumaHo 4 cepnHsa 2003 p.

®as3oBa noeepniHka NPUMITUBHOI MOAENI €NEKTPONITIB BUBYAETLCS, BU-
KOPMCTOBYIOYM MIKPOCKOMIYHWUI Nigxig, HeAaBHO PO3BUMHYTUIA A9 ONUCY
dazoBux nepexonis y 6iHapHMUx GnoigHnx cymiwax. Ansa uiei moaeni Mu
OTPMMYEMO AABHWUI BUpPa3 4ns PyHKLUiOHANy BEANKOT CTaTUCTUYHOT CyMU.
Ha ocHoBi uporo dyHkuioHany Mn obumncntoemo GasoBy aiarpamy npu-
MITUBHOI MOAENi eNeKTPONITIB CroYaTKy Y BUCOKOTEMMEPATYPHOMY Ha-
OnuXeHHi, a noTiM, 6epy4u 40 yBaru YieHn BMULLOIo Nopsaky y ebekTns-
HOMY raminbToHiaHi. B 060x Bunagkax ¢a3osi giarpaMmm 4EMOHCTPYIOTb
HecTabiNnbLHOCTI TUMy ras-pigvHa i TNy 3apsA0BOro BNOpsaKyBaHHS. B
OCTaHHbOMY BUMAAKYy OTPMMaHE 3HA4YEHHSA KPUTUYHOI TeMnepaTypu ras-
pionHa pobpe y3roaxyeTbecs 3 pe3ynbrataMn KOMM'IOTEPHOrO MOZENIO-
BaHHA MeToaoM MoHTe Kapno, Toai 9K 3HaYeHHS KPUTUYHOI NYCTUHU €
3aHuXeHe.

Knioyosi cnoBa: rnpumitviBHa Moe b e/1eKTPOJITIB, ra3-piguHa
KPUTHUYHA TOYKA, 3apsiA0Be BropsaKyBaHHS, METOA KOJIEKTUBHUNX
3MIHHUX

PACS: 05.70.Fh, 05.70.Jk, 02.70.Rr, 61.20.Qqg, 64.70.Fx
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