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A new approach is proposed to calculate the thermodynamic potential,
which consists in reducing the relevant non-Gaussian functional integral
to its Gaussian form with a renormalized “density-density” correlator. It is
shown that the knowledge of the effective potential of electron-electron
interaction is sufficient to calculate the thermodynamic potential in this
approach.
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1. Introduction

The main task of the equilibrium statistical theory of inhomogeneous systems
is to calculate the thermodynamic functions and statistical distribution functions
[1]. Application of the functional integration method for these calculations [2,3]
enables us to obtain cluster expansion for these functions [1], based on the screened
potential of interaction g(rj,rs). The equation for g(ry,ry) is an integral equation
of convolution type whose analytical solution is a non-trivial problem.

This paper deals with the problem of calculating the thermodynamic potential
2 of an spacebounded electron gas using the method of functional integration. A
new approach is proposed to calculate the thermodynamic potential, which consists
in reducing the non-Gaussian functional integral to its Gaussian form with a renor-
malized “density-density” correlator. An integral equation has been obtained for the
“density-density” correlator in an approximation which follows the approximation
of random phases (RPA); in a low temperature case, its analytical solution has been
obtained in “constant density” approximation.
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2. The Hamiltonian of the system

We consider the system N of electrons in volume V' = SL in the field of a
positive inhomogeneously distributed charge o(R) = o(R|, Z), R = (X,Y"), where
XY € [-VS/2,+VS/2], Z € [-L/2,4+L/2], the condition of electric neutrality
being present

+L/2
/dRH/dZQ(R,Z) =eN, e > 0. (1)
S —L/2

The Hamiltonian of such a system is as follows:

H=T+ Ve + Ve + Vi, (2)
where
h2
T=—— A
2m — ! (3)

is operator of kinetic energy of electrons (m is mass of electron),

Z

z#] 1

|rz_r1|

is potential energy of electron-electron interaction,

= /dR/dR2 |R1_R2|) ()

is potential energy of positive charge,

Ve= =€) o)) (6)

is energy of interaction of electrons with positive charge, ¢(r;) is the potential cre-
ated by positive charge. Let us assume that this charge is distributed as follows:

o(R) = 0o0(—Z) + Ao(R), (7)

where g9 = 2le, 0(—Z) is Heavyside function, Ag(R) describes positive charge
distribution in the transitional layer from gy inside the metal to 0 outside the metal.
It is clear that this deviation is concentrated near the plane Z = 0 and, in fact, it
forms a single-particle potential for electrons, which we call a surface potential and
model it as a potential barrier. Taking this into account, we obtain:

oR) 1 o-2)
olr) = V/dR|R_r| V) o V/dR|R_r|, 0
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where

Ao(R)

V(r) = —e/dR‘R —

is surface potential. It is a difficult problem to determine Ap(R). Therefore, we sug-
gest that the surface potential V' (r) (which is related to Ap(R)) should be modelled
as some model potential barrier, thus making it energetically unfavourable for the
electron to leave the metal.

In order to calculate a grand statistical sum of this system, it is convenient to
present the Hamiltonian (2) as a secondary quantization representation. For this
purpose, we introduce single-particle wave functions W, (r) and corresponding ener-
gies F, of the electron in the field of the surface V (r):

{—%Ai + V(ri)} U, (r;) = E,Wo(r), (9)

which we use to construct the representation of the secondary quantization. Due to
the symmetry of our problem it can be assumed that V(r) = V(z), where z is the
electron coordinate normal to the plane XOY, r = (r|, 2), r|| is two-dimensional
radius-vector in a plane parallel to XOY'. In this case, the energy of the electron
may be represented as follows:

h2 2
By= o +ca, a=(p,) (10)
where hp is the electron impulse in a plane parallel to XOY', v is a quantum number

that depends on a specific form of the surface. The wave functions are as follows:

U,(r) = %eiprcpa(z). (11)

We model the surface potential as a potential step of the height W since this
model is relatively simple and adequately reflects the true surface potential. That

is, we assume that

V(z) = Wo(2). (12)

The eigenfunctions and eigenvalues of this potential are given by the following
expressions:

val(2) = Cy [— sin(az — v,)0(—2) + %exp(—%az)(‘)(z) , Eaq= Z;L , (13)

where the domain of the values of the coordinate normal to the plane XOY is half-
closed interval [—L/2,+00); o is quantum number, it assumes values that can be
determined from the following equation:

L
%+arcsin%:mr, n=1,2 .. (14)
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which follows from the condition that ¢, (—L/2) = 0; quantity s is related to barrier
height W: W = h%s%/2m; ~, = arcsina/s, s, = V52 — a?. Constant C, can be

determined from normalization condition

+o0
[ dzlea@P =1 (15)
—L/2
and it is as follows: 9
Cp = ———. (16)

L+ 2
In all the real problems, the potential barrier height is greater than the Fermi
level, that is W > pu [4].
In the secondary quantization representation constructed by means of wave func-

tions (11), the Hamiltonian of the system becomes:

H =3 Ea(p)al(p)as(p) NZ (al0) + QSLZ ka ~r(=a);

(17)
where _
pe(@) = Y (ale™[a)al(p)ay (P — q) (18)
p,o,0f
is mixed Fourier-representation of local density of electrons,
+L/2
(ol -} = [azeie) (), (19)
—L/2
viqlz—2') = %e“ﬂz—z/‘ is two-dimensional Fourier-image of Coulomb interac-
tion, 4 = (¢, Gy)s Qwy = %mw, My, = 0,£1,£2, .. 1(q) = 471'62/( 24+ k%) is
Fourier-image of Coulomb interaction, k = #n, n = 0,+1,£2,...; al(p), a,(p)

are operators of electron creation and annihilation, respectlvely, in the state (p, «);
N=> .0 al,(p)a,(p) is operator of the number of particles. The stroke near the
sum in formula (17) means the absence of terms for g = 0, which is due to the
condition of electric neutrality (1).

3. Functional representation of a grand statistical sum

The grand statistical sum

Z =Spexp [-4(H — pN)], (20)

that determines the thermodynamic potential of the system: 2 = —In=//3 and other
thermodynamic functions, in the interaction picture becomes:

= =Zpexp <%NZ/V((1|0)> Eint (21)
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where 2y = Spexp(—3Hj), Hy = Ho — uN, Hy = Y , Ea(p)al,(p)a,(p) is Hamil-
tonian of non-interaction system, p is chemical potential,

S = (S0, (. Jo = Eiosp<exp(—5ﬂg)...), (22)
B

S(8)=Tesp |—5gz 43S S wlamlald)p s(-ald)| . (29
0 a k

p(alB) = ™ Mopy(q)e 7, (24)

where T is the symbol of chronological ordering of “times” 3 = 1/6, 6 is thermody-
namic temperature.
For further calculations it is convenient to go over to spectral representation:

B
pelalv) = 5 WS on(@l), el =3 o). (29
where v = %”n (n=0,%£1,£2,...) are Bose frequencies. Then (23) becomes:
(00~ o |58 5T Dntamistonat-al - o

In order to simplify approximation S(3) according to (22) we go over to func-
tional representation for S(/3) [2,3], using Stratonovich-Hubbard identity [5]

1 N
exp [_5 Z An,mynym] =

n,m=1
T dz 1 al al
= det(A)"Y/? / H i = oxp [ Z T (A7) @+ innyn] , (27
n,mzl n=1
where i is imaginary unit, A = ||A,, ,,|| is symmetric matrix, then for (26) we obtain:

- T ()
« [ e [—5 35> (gmq))_l (o i(—a] - u>]
3 z;wkmmmm] , 29

X T exp
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where (dw) is phase space element

dwi(qlv) dwi(qlv)
SIEEEE o

wr(qlv) = w/i(CIIV) +iwi(alv), (30)
wilaly) = wii(=dl —v),  wilgly) = —wii(=a| - v). (31)

Note that due to the fact that operator variables px(q|v) are in (28) under sign
T-ordering, it is impossible to integrate by 5 in (25).

For convenience we introduce the following notation: x = (q, v), then averaging
S(f) according to (22), we obtain:

—-1/2
st =TT T (i)
1, 3 -
X /(dw) exp [—5 g (ﬁ’%(‘ﬂ) wi(alv)w_k(—a| - V)]
X exp [ i Z, Z mgl,...,kn(l‘h s >xn)w/€1 (l‘l) - wkn(xn)] ’ (32)

where ,‘Jﬁkl _____ ko (15 x) = (T pry (21) -+ Py (Tn))0,e ~ Ozy4..tan0 are the so-
called irreducible mean values (cumulants); the stroke near the sum also means that
q # 0, and consequently My, (1) = 0. Calculation of My, k. (z1,...,x,) is made
in [6]. For convenience we introduce the following notations:

-1
]- — (w17 kl)) 2 - (l'Z) ka)) ceey 51-{-2 - 5m1+m2,05k1+k2,0a ‘/1_1 = (sLykl(ql)) )

then, the integral from expression (32) becomes:

J@anw = [@es

1
3 Z (‘/1_151+2 - m(iz) w1ws

+ ; —~ 12 n] , (33)

Calculation of integral (32) is a complicated problem due to the exponential index
having terms with n > 3. Their elimination results in a Gaussian approximation (or
the so-called approximation of random phases). There are various approaches that
aim to go beyond this approximation, that is to take into account the terms from
n > 3 [1,7,8]. As a rule, this is done by means of series expansion of the non-Gaussian
part of the integral (32) with subsequent averaging in Gaussian distribution and
partial summing up of the terms which give the most important contribution. In
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order to avoid these complications we approximate the non-Gaussian integral (32)
with the Gaussian one, introducing the unknown function D o:

/(dw)Jg(w) = /(dw) exp [—% Z (Vi '6142 — Dia) wiws | , (34)

1,2

which we shall seek from the condition that the mean value from wyws, calculated
with non-Gaussian distribution J;(w) is equal to the mean value calculated with
Gaussian distribution Jy(w):

Wiy = (wiw2)a (35)

where we introduce the following notations:
—  J(dw)Ji(w)... J(dw) Jo(w) ...

T T donw T T e ) (36)

The mean value of (wiws)g is quite simple to calculate since the averaging is
done with Gaussian distribution:

(wiws)g = (V71 = D);; = G2, (37)

where G 5 is effective potential (with an accuracy of up to factor 5/5), D = || D2,
V= [V 0]

Calculation of the mean value of wiws is much more complicated, and for this
we use the approach developed in [9,10]. The mean value of Wiw; is directly related
to the two-particle correlator ﬁm = i%(Tp1p2), where the averaging is done with
the Hamiltonian of the whole system as follows:

= So(elBH — ko) Sp( expl=BHYIS(B)Tpipn)
Y SeenlAH Nl T s (explopmy ()

Jaesp |48 eren | iy (e [ pan))
i@y |45 Vo] (e [i500]

0

= v {V;lm - 61+2] : (38)

Function w—jw—3 is unknown, and in order to find it in [9,10] a system of equations
was proposed which are treated in the next chapter.
In matrix form, (38) can be written as:

ww =V + VMV, (39)
and from (37) we find that

(ww)e =V 4+ VD(ww)q . (40)
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From the condition of equality of mean values of (ww)g and Ww (expression (35))
we obtain:

M=D (I+ VM) (41)

or
D= (1+VM) ", (42)
where I is the unit matrix. Thus, an important result has been obtained: in order to
go beyond RPA one may be confined to the Gaussian form of the functional integral,
substituting the two-particle “density-density” correlator (in which the averaging
was made with the Hamiltonian of an ideal system) with the renormalized “density-
density” correlator in which averaging was made with the Hamiltonian of the whole
system.
Then, we obtain the following expression for the thermodynamic potential:

[T det (G(x))
Q=0 — N y(q]O) L In == (43)
29 2011 (grvn(@)’
q
where G(z) = [|G12(2)||, Q0 = —InZy/F is thermodynamic potential of non-

interacting system.

4. Calculation of effective potential

As shown in [11,7,12] for a correct description of exchange-correlation effects it
is sufficient to be confined to four-particle correlations, i.e. in expression (33) to put

i)ﬁ(l) =0, n=>=05.

)

Therefore, in our work we shall confine ourselves to the same approximations in
order to calculate the mean value of wiws .

In this case the mean value of Wiws is in a complicated way expressed through
the mean values of Wiwsws and Wiwywswy, for which in [9] a chain of equations was
proposed, there being a certain arbitrarity in the choice of the concrete forms of
those equations, which is to a certain extent similar to the ambiguity of splitting of
Green’s function. In [10] a regular procedure is proposed for break and closure of
this chain of equations. Similar to [10] we choose the following equations:

(2 o 1oz »

J=1

where
0
im -V 51+2 wlwg—kg n' g i)ﬁ PW1 - W (45)

(see in (33)).
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We solve the system of equations (44) seeking solutions for wiws, wiwsws and
Wi1WoWwswy, as:

—_— —0 —1
Wiy = Wiws +wiwz + ..., (46)
—_— 0 1
WiWowsg = WiWoWws + W1Wows + ... s (47)
—_— 0 1
WiWowzwys = WiWaWswy + W1WoWszwy + ... s (48)

where notation - means solution in the approximation of zero sums in z = (q, v),
all the sums in k being taken into account (we cannot confine ourselves to a finite
number of sums in k since index k is responsible for the inhomogeneity of the system,
and the series will not coincide in the domain of rapid change of electron density).
Unlike this, vector q is responsible for the homogeneity of the system (q is a vector
parallel to the interface) and expansions will be made in plasma parameter A =
(T)/7rr, which is equal to the ratio of the mean distance between particles to the
Thomas-Fermi screening radius (mean distance (1) = (3/47n)"?, Thomas-Fermi
screening radius 7rp = 1/3¢1p, 1 is concentration of electrons).
For further discussion it is convenient to introduce the following notations:

L=k, 2=koy...; 1=um, 2=1m9,...; im?,g(l,Z) =M 4, (21, 32), ..
O(L+2) = 0uytun 05+ -5 0142 = Oy ko 05 - - - - (49)

In the approximation of zero sums in x equation (44) for [ = 2 in those notations
becomes:

MY (L, —1)d(L+2) — Vi (1)d(1 + 2)d142

+ VTV, 2wor(—1)w-_o(—2)
P2V DT (22 Jor(—Dwi(—D)’
+> oML, —l)mtl/z(—z,2>w1/<—2)w2/<—l>° =0 (50

where P;2(1,2) is the operator of cyclic permutation. It acts on arbitrary function
f12(1,2) as follows: Py 2(1,2) f12(1,2) = f12(1,2)+ f21(2,1). We solve equation (50)
by iterations, assuming that

0,0

0,1

Wfl(—l)w—z(—z)o =w 1 (—Dwo(-2) " +wi(-Dwa(-2) +..., (51)

where notation -.." means the following: approximation of zero sums in x and
i sum in k. Substituting (51) into (50) and collecting the whole infinite series we
obtain:

w_1(—1)w_o(— ) =Vi(1)Va(1)0(1+ 2)Ry2(1, —1), (52)

where function R o(1, —1) satisfies the following integral equation:

Ryp(L,—1) = Vi ' (1)d14a + Z MY (L =DV (1) Ry 2(1, —1), (53)
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then, the irreducible mean value of ﬁ?z(l, —1) (in approximation of zero sums in
x) according to (38) is:

M (1, —1) = Ryo(l, —1) =V (1)5140 = Zsmn/ DVi(1)B15(1, 1), (54)

taking into account that Ryo(1,—1) = ﬁm(l, —1) + V7 1(1)6142, we obtain for
ﬁ?z(l, —1) the following integral equation:

<570

—0
gﬁl,z(la ) 93?(1) 2 Z ml 1/ Vl’( )m 1/,2(la _l)- (55)

Note that in a case of a homogeneous system (that is when ﬁ?g@, —1),
MY y(1, —1) ~ 0d142) integral equation (55) transforms into a common algebraic
one whose solution is as follows:

0
_O m17_1

m, = 56
1, 1 1_‘/13]{(1)7_1 ( )

which coincides with the expression for the cumulant correlation function of an
interacting system [11].

In order to find the next term of expansion of Wiw; (46) we consider equation
(44) for [ = 2, retaining the terms which are proportional to one sum in z:

1

Cha(l, —1) + Vfl(_)szl(l)w—l(—l)wd(l)
—P12(1, -1V, Zm wr(1 )wfl(_l)l

+) M0 (L, =DM, (L —Dwr (Dwy (—1) = 0, (57)

1
Cia(l,=1) = 5 D> Mpup(L 11, =1 )wr()wy (1)

1,12

1
+ 5731,2 (1,-1)

<SS T, (1, 11— 1M, (1, —Dr (L) (—Dwy (L — 1)
1/72/73/ l/
1 B 0
—5Pra(l 1) Y My (1, =1 1= 1)V (e (U)wo (—Lwy (1-17 .
l/71/73/ (58)

Solving equation (57) by means of iterations (similar to finding w,l(—l)w,z(l)o),

we obtain the following solution:

w1 (—1)w_o(— ) =—-Vi(1)Va(1)o(1 + 2)
3 R DV oL ~DVo (D Fpa(L -1 (59)

1,2
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1

The expression for w_i(—1)w_o(—2) (59) includes the mean value from three
field variables w in the approximation of zero sums in z. In order to find this mean
value we consider equation (44) for [ = 3 in this approximation:

Cra3(1,2,-1-2) = Vi ' (DV; (2 >vz;1<—1—2>w 1(—Dw-_a(—2)w-3(1 +2)
+ Pr2s(1,2, -1 = 2)V (1)V Zsmgg/ (—1-2,1+2)

X W 1(—1)w 2(—2)w3/(1+2)0

~Pras(l,2,—1— (1)) Mg, (2
2/ 3/
) M (—1 — 2,1 + 2wy (—L)war (—2)wy (L + 2)
0
+ MY (L —1)IMS (2, —2)MG 5 (—1 — 2,1+ 2wy (—L)wa (—2)ws (1 +2) =0,
1/,2/,3/ (60)

where the following notation is introduced:

Cr5(1,2,—1 —2) :93?(1)23(1 2,—1—2)
—Pr2s(1,2, -1 -2)V" Zgﬁym 1,2, -1 = 2wy (—=Lwi (1)

Solving equation (60) by means of iterations, we find an expression for

woi(—Dw a(=2)w_3(=3)

in the approximation of zero sums in x:

(w5 (2w 5(—3) = Vi(L)Va(2)V5(3)8(1 + 2 + 3)

X Y Rip(L=D)Vi(DRyp(2,—2)Var (2)Rs (3, —3)Var(3)C 1/ o (1, 2,3).
1,23/ (62)

2
Similarly, one can find w_;(—1)w_o(—2) ; for this purpose one must consider
equation (44) for [ = 2 in the approximation of two sums in z, find

(Do s (D 5(—3)

from equation (44) for [ = 3 and

o1 (—Dw5(—2)w_s(—3)w_a(—4)

from equation (44) for [ = 4 and so on.
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Thus, we have found an expression for effective potential g 2(1) = (S/8)G12(1)
as series

G1,2(l) = Vl(l)vz(l)Rm(l, —l)
—Vi(1)Va(1) Z Ry (L -)Vi(1)C v (1, 1)V (1) Ry o(1, 1) + ..., (63)

1,2

where the first term of expansion was found in the approximation of zero sums in
x, the second one in the approximation of one sum in x etc. The effective potential
calculation problem has been reduced to finding functions R; o(1, —1) or ﬁ?z(l, —1)
(since they are related to relationships (54)), which satisfy integral equations (53)
and (54), respectively. Remember that 9, 5(1, —1) = i2(Tp;(1)pa(—1)) describes an
electron-electron correlation, the averaging being done with the full Hamiltonian.
Whereas in the function MY ,(1, —1) = i*(T'p1(1)p2(—1))o the averaging is done with
the Hamiltonian of an ideal system (that is without taking into account Coulomb
interaction). Calculation of 901, 5(1, —1) is dealt with in the next chapter.

Substituting expression Ri5(1,—1) = V; '(1)6142 + ﬁ?z(l, —1), into (63) we
obtain:

Gi(1, 1) = Vi(D)d12 + Vi(D)D (L, —DVa(1) = Vi(1)Cr2(L, —1)Va(1)
— Vi) Y oo (1, —1)Va () 5(L, ~1)Va(1)

= VA1) )9 (L, —D) Vi (1)Cor (L, —1)Va(1)
VD) Y (L L)V (L) Oy (L —1)Var (1) (L, ~1)Va(L) + ... . (64)

Solving integral equation (55) by means of iteration procedure, one may represent
the solution as an infinite series (in matrix form):

M = M° + MOVIR + MOV .,
then, the first two terms from expression (64) can be written as follows:

V4 VIRV = V 4 VIOV + VIROVOROV + .. = V 4+ VIR® (V + VIOV 4 ..) .

Taking into account that
(GH t=v'!-m° (65)

or as:

G’ =V 4+ VMG =V 4+ VIV + VOnROvom'v + . ..

is effective potential of electron-electron interaction in a common Gaussian approxi-
mation, that is, dropping the terms with n > 3 in the exponential of expression (33)
we obtain:

V4 VIV = G, (66)
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Finally the effective potential of electron-electron interaction becomes:

G1,2(l, —l) 1 _1 ZGl 1 Cfl’ 2’(1 _1>G (l> _l> +.. (67)

17,2/

where the first term corresponds to the approximation of zero sums in x, the second
term corresponds to one sum in x.

In particular, in a case of a homogeneous system we have the following effective
potential:

0 E 0
G17_1 = GL_l S)jtl -1,1/ _1/G1/7_1/

E 0 0 0
1 ,1 E)jt 71,171/9321,71/,1’71G1/,71/Glfl’,l/fl _|'_ ceey

where GY | = V1 /(1=ViOMY _,) is effective potential of electron-electron interaction

in RPA.

5. Calculation of two-particle correlator in approximation of
zero sums in x

As shown above (see (55)), two-particle correlator ﬁzhkg (x,—x) (in the approx-
imation of zero sums in z) satisfies the integral equation

—0 =0
My, ey (T, —2) = fmku@ Zi)ﬁ (@), (z, —2).  (68)

Proceeding to (q, z)-representation, we obtain:

+L/2 +L/2

T (a1, 22) = Malon, 2) + 5 [ds [0 0Galan, 2holals - )T (ol ),
~L/2 —L/2
(69

where the following notations are introduced:

Aalor,22) = 3 exp (ikiz1 + ko) Ap (e, —2), A= {D '} (70)
k1,k2
+L/2 +L/2
1 . .
Ak ey (2, —2) = I /d21 /d22 exp (—ikyz1 — ikoze) A(z|21, 29). (71)
—L/2 —LJ2

In a case of modelling the surface potential as potential barrier of finite height and
in the approximation of “constant density” (which consists in substituting function
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|0a(2)? with (1 — pa)0(—2) + pad(z), where p, = sin(2y,)) for f — oo second-
order integral equation (69) transforms into first-order integral equation (boundary
transition L — oo has been made within the integral) [6]:

—0
M (q,v=0|z,2) = Emo((lﬂ/ = 0|21, 22)

+oo
1 —
- 5o [GAr=820(=20) + A0()] [ dzexpl=gla—s) (. = O]z, (72
where
+o00 5
9 26
G dp dad(n — Ea(p)), (73)
12 [ _

Ax = ?/dp/da(S(,u—Ea(p))smvacosva. (74)

Calculation of the function IM%(q,v = 0|21, 22) was done in [6], its analytical
expression in “constant density” approximation being:

Mg, v = 0|21, 22) = 4§L; [ (4 — 85) 0(—22) + Dse0(z1) (2 —2). (75)
Equation (72) can be solved analytically, its solution being:

ﬁo(q,I/:O]zl,zg) =M (q,v = 0|21, 22) (76)
i (ke — AP0(=21)0—2) + AsH)0()] sl v = s, 22), (7T

where go(q,v = 0]z, 29) is screened potential in the approximation of “constant

density” (go = —GO) which is the solution of integral equation (65)
90(q, v = 0|21, 22) = v(qlz1 — 22) (78)
+oo 4o
+gp 4[4 vl - 290a =0, 2)gnlaur = 0fz ). (79

In [6] it is solved as

2me? Q1 — Qy
, =021 <0,20<0) = —Q1lz1—22| L . @1 (z1+22) 30
go(a |21 2 ) 2] { 2] Q2 (80)

2me? [ Q1 — Qs
,v=0z1 20,20 >0) = e~ Q2lz1—22| _ e~ Q@2(21+22) (81
9o(q |21 2 ) 0, 91 92 (81)

dme’ Q121—Q222
gO(q7 V= O|Zl < 0722 > O) - Q T Q € ) (82)
1 2

dme? Q122—Q221
gO(q7 V= O|Zl > 0722 < O) - Q I Q € ) (83)
1 2

where Q1 = \/q2 + shp — A, Qo = V@ + Ase.
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Function 9(q, v = 0|21, 22) describes electron-electron correlations, one of which
is in the point z;, and the other in z5. There being no Coulomb repulsion between
electrons M(q,v = 0|21, 22) (75) has an abrupt minimum - this corresponds to
the impossibility to find two electrons in one point. Coulomb interaction taken into
account (expression (77)) there occurs additional repulsion, which results in blurring
of this abrupt minimum (the electrons feel each other at a distance).

Thus, the problem has been basically solved concerning the calculation of the
effective potential in a low temperature case, and concerning the thermodynamic po-

tential based on it, since substituting the found function ﬁ?z (1, —1) into expansion
(67) we have got the effective potential of electron-electron interaction.

6. Conclusions

A new approach is proposed to calculate the thermodynamic potential, which
consists in reducing the relevant non-Gaussian functional integral to its Gaussian
form with a renormalized “density-density” correlator. This study is the first to
have obtained a general expression for this correlator (42) for the case of an inho-
mogeneous system. For the case of a homogeneous system, our results coincide with
those obtained in [12]. It is shown that the knowledge of the effective potential of
electron-electron interaction is sufficient to calculate the thermodynamic potential
in this approach.

An expression for the effective potential has been obtained in the form of an infi-
nite series and it is sufficient to find a two-particle correlator in approximation of zero
sums in x to calculate it. For this correlator an integral equation has been obtained
which was solved analytically for a case of low temperatures in “constant density”
approximation. Thus, the problem has been basically solved regarding the calcu-
lation of the thermodynamic potential in an approximation in which four-particle
correlations are taken into account.
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HoBui nipxip A0 po3paxyHKy TepMOANHAMIYHOIo
noTeHuiany HeoAHOPIAHOIro eNIeKTPOHHOro ra3sy

MN.MN.Koctpobin, 6.M.MapkoBuny

HauioHanbHuin yHiBepcuTeT “JIbBiBCbKa NosiTexHika”
79013 JlbBiB, BYNn. C.BaHgepu, 12

OTpumaHo 4 6epe3Hsa 2003 p., B oCTaTO4YHOMY BUMNALOI —
21 TpasHa 2003 p.

3anponoHOBaHO HOBUI Niaxia ONs PO3paxyHKy TePMOAMHAMIYHOrO Mo-
TeHujany, 9KMin Nonsrae y 3BefeHHi BigNOBiAHOro HerayCiBCbKoOro gyHk-
LiOHaNbHOrO iHTerpany Ao rayciscbkoi GopmMu i3 NnepeHOPMOBaHUM KO-
penaTopoM “ryctmHa-ryctnHa”. NflokasaHo, Lo B UbOMYy Niaxoni ans pos-
paxyHKy TepMOAVHaMIYHOrO noTeHuiany 4OCTaTHbO 3HATU ePEKTUBHUIN
noTeHLUian MXXKeNekTPOHHOI B3aEMOi.

Knio4oBi cnoBa: epektvBHUI noTeHuian, QyHKLIOHaIbHW iHTerpas

PACS: 71.45.Gm
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