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Abstract Within the framework of Gaussian equivalent representation method a new proce-
dure of obtaining equations of state for simple liquids is discussed in some technical details.
The developed approach permits one to compute partition and distribution functions for
simple liquids with arbitrary form of the central two-body potential of inter-molecular in-
teraction. The proposed approach might become of great use for computing thermodynamic
and structural quantities of simple particle and polymer systems. We believe that this tech-
nique can also provide an interesting possibility to reduce the sign problem of other methods
of computer simulation based on a functional integral approach.

Keywords Self-consistent-field methods · Macromolecular and polymer solutions ·
Polymer melts · Swelling

1 Introduction

The calculation of partition and distribution functions is a basic problem of statistical
physics [1]. All thermodynamics characteristics of statistical systems are determined by
these functions. As is well known, the calculation of those quantities is a formidable prob-
lem [2–4].

In this paper we develop a functional integration method for systematic approximate
calculations of classical partition functions of two-body potentials with positive and negative
Fourier transforms over the entire density and temperature range.

The Gaussian equivalent representation method has been recently introduced by Efimov
and Ganbold in the context of quantum-field theory and statistical physics to compute inte-
grals over Gaussian measure [5–7]. The GER approach has already been proven to be very
effective for computing thermodynamic properties and structural quantities of simple clas-
sical many-particle systems interacting with purely repulsive potentials like the Gauss-core

D. Bolmatov (�)
Department of Physics, National Tsing Hua University, Hsinchu 30013, Taiwan
e-mail: bolmat@phys.nthu.edu.tw

mailto:bolmat@phys.nthu.edu.tw


766 D. Bolmatov

or the Yukawa potential, possessing positive Fourier coefficients [8–10] as well as for cal-
culating the thermodynamics properties of flexible polymer systems [11, 12]. Moreover, it
has successfully been employed to reduce the numerical sign problem in conjunction with
Monte Carlo simulation [13, 14]. In the meantime, the real liquid description demands of
considering the potentials having both attraction and repulsion parts [15, 16]. In the present
work the author extends the approach for systems, where the particles interact through poten-
tials with positive and negative Fourier coefficients. This increases the range of applicability
of this method for computational simulations [19–22].

2 The Equations of State in the Theory of Simple Liquids

The simple fluid of the particle density n = N/V is thought of as a dense cloud of N

particles occupying the volume V and interacting via two-body potential of the form V (x −
x′) [17, 18]. Thermodynamics of such a system is described by the partition function

ZV =
∫

V

dx1

|V | · · ·
∫

V

dxN

|V | exp

[
−β

N∑
i<j

V (xi − xj )

]
. (1)

For given two-body potential V (x − x′) the free energy of the system can be computed and
can be written in the form

E(n,β) = − 1

β
lim

|V |→∞
lnZV . (2)

For systems of particles interacting via the two-body potentials having attraction V1 and
repulsion V2 parts the total potential can conveniently be represented in the matrix form

V −1 =
(

V −1
1 0

0 V −1
2

)
. (3)

The differential operator V −1(x − y) satisfies the equation

∫
dyV −1(x − y)V (y − x′) = δ(x − x′), or V −1V = I (4)

and has a form

V −1(x − y) = 1

Ṽ (−�)
δ(x − y) =

∫
dk

(2π)3

eik(x−y)

Ṽ (k)
(5)

where Ṽ (k) = ∫
dxV (x)eikx is the Fourier-image of the potential. The identity

∫
Dφ

CV

e− 1
2 (φV −1φ)+i(bφ) = e− 1

2 (bV b) (6)

with

b(x) = √
β

N∑
j=1

δ(x − xj)
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permits one to represent Boltzmann factor as

e
−β

∑N
i<j V (xi−xj) = e

N
β
2 V (0)− β

2
∑N

i,j V (xi−xj) =
∫

Dφ

CV

e− 1
2 (φV −1φ)+i(bφ)+N

β
2 V (0)

=
∫

Dφ

CV

e− 1
2 (φV −1φ)

N∏
j=1

ei
√

βφ(xj)+ β
2 V (0)

=
∫

Dφ

CA

e− 1
2 (φV −1φ)

N∏
j=1

...ei
√

βφ(xj)
...V (7)

where the following notation is utilized

(bφ) =
∫

V

dxb(x)φ(x), (8)

(bV b) =
∫

V

∫
V

dxdyb(x)V (x − y)b(y), (9)

(φV −1φ) =
∫

V

∫
V

dxdyφ(x)V −1(x − y)φ(y). (10)

Let us consider the partition function in the form of functional integral

ZV =
∫

V

dx1

|V | · · ·
∫

dxN

|V | e
−β

∑N
i<j V1(xi−xj)e

β
∑N

i<j V2(xi−xj)

= 1

|V |N
∫

Dφ√
detV1

∫
Dψ√
detV2

e− 1
2 (φV −1

1 φ)e− 1
2 (ψV −1

2 ψ)

[∫
V

dx
...ei

√
βφ(x)e

√
βψ(x)

...V

]N

= 1

|V |N
∫

D�√
detV

e− 1
2 (�V −1�)

[∫
V

dx
...ei

√
β�(x)J

...V

]N

= N !
2πi

1

|V |N
∮

dz

zN+1
IV (z) (11)

where

�(x) = (φ(x),ψ(x)), J =
(

1
−i

)
,

(12)

IV (z) =
∫

D�√
detV

e− 1
2 (�V −1�)+z

∫
V dx

...ei
√

β�J
...V .

Following the line of argument of the GER, the integral IV (z) is written as follows

IV (z) =
√

detD

detV

∫
D�√
detV

e− 1
2 (�D−1�)− 1

2 (�[V −1−D−1]�)−(�V −1�0) (13)

× ez
∫
V dxi

√
β(�(x)+�0)J+ 1

2 (V1(0)−V2(0)) = eW0(z)

∫
D�√
detD

e− 1
2 (�D−1�)eWI [�], (14)

where

(JV J ) =
∫

dx
∫

dyJδ(x − x′)V (x − y)J δ(x′ − y) = V1(0) − V2(0). (15)
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As a result, we obtain two equations

Equation I : 1

2

∫
dx

∫
dy(�(x)[V −1(x − y) − D−1(x − y)]|�(y))

+ 1

2

∫
dx

∫
dy[−β(�J)2]ei

√
β(�0J )+ β

2 [J (V −D)J ] = 0 (16)

or, more specifically this equation reads

∫
dk

(2π)3

eik(x−y)

Ṽ (k)
−

∫
dk

(2π)3

eik(x−y)

D̃(k)
= −zβ(J )2ei

√
β(�0J )+ β

2 [J (V −D)J ]

�⇒ 1

Ṽ (k)
− 1

D̃(k)
= −zβ(J )2ei

√
β(�0J )+ β

2 [J (V −D)J ], (17)

Equation II: − (�V −1�0) + iz
√

β

∫
dx(�(x)J )ei

√
β(�0J )+ β

2 [J (V −D)J ] (18)

or

�0i = iz
√

β

∫
dx(�J )ei

√
β(�0J )+ β

2 [J (V −D)J ], i = 1,2. (19)

Assume �0i = ici/β , where

ci = zβṼij (0)Jj e
−ciJi+ β

2 [J (V −D)J ]. (20)

Making use of (20) in (17), we obtain
(

1

Ṽ (k)
− 1

D̃(k)

)
11

= − c1

Ṽ1(0)
,

(
1

Ṽ (k)
− 1

D̃(k)

)
22

= c1

Ṽ1(0)
, (21)

(
1

Ṽ (k)
− 1

D̃(k)

)
12

=
(

1

Ṽ (k)
− 1

D̃(k)

)
21

= − c2

Ṽ2(0)
. (22)

This can be combined in the matrix

1

D̃(k)
=

⎛
⎝

1
Ṽ1(k)

+ c1
Ṽ1(0)

c2
Ṽ2(0)

c2
Ṽ2(0)

1
Ṽ2(k)

− c1
Ṽ1(0)

⎞
⎠ = D̃−1(k). (23)

Thus, we obtain for D̃(k)

D̃(k) = 1

�

⎛
⎝

1
Ṽ2(k)

− c1
Ṽ1(0)

− c2
Ṽ2(0)

− c2
Ṽ2(0)

1
Ṽ1(k)

+ c1
Ṽ1(0)

⎞
⎠ , (24)

where

� = det

(
1

D̃(k)

)
=

(
1

Ṽ1(k)
+ c1

Ṽ1(k)

)(
1

Ṽ2(k)
− c1

Ṽ1(0)

)
−

(
c2

Ṽ2(0)

)2

.

At large N we can use Stirling’s formula

N !
|V |N �⇒ e|V |(n lnn−n) = e|V |fn , where fn = n lnn − n. (25)
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It is convenient to introduce function

|V |R(c) = |V |fn + W0 − N ln z (26)

where

W0 = 1

2
ln

detD

detV
− 1

2
Tr[D(V −1 − D−1)] − 1

2
(�0V

−1�0) + z

∫
V

dxe−cJ+ β
2 (J [V −D]J )

= 1

2
|V |

∫
dk

(2π)3

[
ln

�−1(k)

Ṽ1(k)Ṽ2(k)
+ Tr(1 − D̃(k)Ṽ −1(k))

]

− �2
01

2Ṽ1(0)
− �2

02

2Ṽ2(0)
+ c1

βṼ1(0)
(27)

and

ln z = ln
c1

βṼ1(0)
+ cJ − β

2
(J [V − D]J ). (28)

After some algebra we obtain the partition function in the form:

ZV = 1

2πi

∮
dz

z
e|V |R(c(z))

∫
Dφ√
detD

e− 1
2 (�D−1�)eWI [�], (29)

where

WI [�] = c(z)

b

∫
V

dx
...e

i
√

β�(x)

2

...D. (30)

The partition function integral has been derived in a similar form in Sect. III of reference
[23] for potential models with positive Fourier coefficients (see (29)–(31)). As a point of
interest, we consider the lowest approximation partition function having the form

Z0
V = 1

2πi

∮
dz

z
e|V |R(c(z)). (31)

In the case V −→ ∞ integral (31) could be done using the steepest descent method

Z0
V = 1

2πi

∮
dz

z
e|V |R(c(z)) �⇒ 1

2πi

∮
dc

c
e|V |R(cm) �⇒ e|V |R(cm). (32)

The point of global maximum cm is defined by the equation

d

dc
R(c) = I1(c) + I2(c) + I3(c) + N. (33)

The explicit form of functions I1(c), I2(c), I3(c), N reads

I1(c) =
∫ ∞

0

dk

(2π)2
k2

[
1

�(k)Ṽ1(0)( 1
Ṽ1(k)

− 1
Ṽ2(k)

)

]
,
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I2(c) =
∫ ∞

0

dk

(2π)2

k2

Ṽ1(0)�2(k)

(
1

Ṽ2(k)
− 1

Ṽ1(k)

)

×
[

1

Ṽ1(k)Ṽ2(k)

(
2 + c

Ṽ1(0)

(
Ṽ1(k) − Ṽ2(k)

))
+ 1

]
,

I3(c) =
∫ ∞

0

dk

(2π)2

βk2

2

n

�2(k)Ṽ1(0)

(
1

Ṽ2(k)
− 1

Ṽ1(k)

)2

,

N(c) = 1

βV1(0)
− n

c
− n

(
1 − Ṽ2(0)

Ṽ1(0)

)
− c

Ṽ 2
1 (0)β

(
1 − Ṽ2(0)

Ṽ1(0)

)
.

The final expression for R(c) is given by

R(c) = M1(c) + M2(c) + P (c) (34)

where

M1(c) =
∫ ∞

0

dk

(2π)2
k2nβ

(
Ṽ1(k) − Ṽ2(k)

)[
1

�(k)Ṽ1(k)Ṽ2(k)
− 1

]
,

M2(c) =
∫ ∞

0

dk

(2π)2
k2

[
ln

1

�(k)Ṽ1(k)Ṽ2(k)
+ 2

− 1

�(k)Ṽ1(k)Ṽ2(k)

[
2 + c

Ṽ1(0)

(
Ṽ1(k) − Ṽ2(k)

)]]
,

P (c) = n

(
lnn − 1 − ln

c

βṼ1(0)

)
+

(
1 − Ṽ2(0)

Ṽ1(0)

)(
c2

2βṼ1(0)
− nc

)
+ c

βṼ1(0)
.

All other thermodynamic functions may be found from E(n,β) by the Maxwell relations in
thermodynamics

P = −
(

∂E

∂V

)
T

= 1

β

(
∂ lnZ(n,β)

∂V

)
T

, S = −
(

∂E

∂T

)
V

. (35)

In particular, from above it follows

R(n,β) = P (n,β). (36)

where P is pressure of system.

3 Summary

The developed procedure of computing the equation of state can be summarized as follows.
First, we solve (33), and, second, the obtained roots are inserted in (34) which is the equation
of state. Thus, the developed procedure permits one to get the equation of state for simple
liquids, composed of particles interacting via two-body potential with attractive and repul-
sive counterparts and having bound states. The application of this procedure to the simple
liquid models with specific potentials is the subject of forthcoming article.
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We hope that the techniques presented in this Letter can also be useful for other fields
of computer simulation, where the sign problem does occur. We can contribute in this way
to establish the auxiliary field methodology as a standard tool for computation and this
technique can also provide an interesting possibility to reduce the sign problem of other
methods of computer simulation based on a functional integral approach.

This work has been initiated by discussions with Prof. Garry V. Efimov to whom author
is very indebted.

Acknowledgements We thank anonymous referees for valuable comments and suggestions.

Appendix A: Normal Form of Functional

Let us introduce normal form of functional with respect to Gauss measure. Consider the
equality: ∫

Dφ

CA

e− 1
2 (φD−1φ)+i(bφ) = e− 1

2 (bDb) (37)

and identity: ∫
Dφ

CA

e− 1
2 (φD−1φ)ei(bφ)+ 1

2 (bDb) ≡ 1. (38)

The normal form of functional with respect to Gauss measure with Green function D will
understand multiplication

...ei(bφ)
...D ≡ ei(bφ)+ 1

2 (bDb). (39)

This definition is identity and valid with any b, therefore expanding both hands of (39) with
respect to b we obtain

...φ(x)
...D = φ(x),

...φ(x1)φ(x2)
...D = φ(x1)φ(x2) − D(x1, x2),

...φ(x1)φ(x2)φ(x3)
...D = φ(x1)φ(x2)φ(x3) − D(x1, x2)φ(x3)

− D(x2, x3)φ(x1) − D(x3, x1)φ(x2),

. . .

We can use the functional in normal form as:

∫
dσφ,D

...ei(bφ)
...D ≡ 1,

(40)∫
dσφ,D

...φ(x1 . . . . . . φ(xn))
...D ≡ 0.

In particular:

...ei(bφ)
...D = e

1
2 (b[D−B]b)

...ei(bφ)
...B
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where

I (g) =
∫

Dφ

CA

e− 1
2 (φA−1φ)+gW [φ] =

∫
dσφ,AegW [φ] (41)

with normalization:

I (0) =
∫

Dφ

CA

e− 1
2 (φA−1φ) =

∫
dσφ,A = 1.

Any path integral over Gaussian measure for analytical φ can be written in normal form
with some Green function D:

W [φ] =
∫

dμηe
i(bφ) =

∫
dμηe

− 1
2 (ηDη)

...ei(ηφ)
...D. (42)

This path integral convenient to represent in the form:

W [φ] = W0 + i(W1φ) − 1

2

...φW2φ
...D + ...WI [φ]...D

where

W0 =
∫

dσηe
− 1

2 (ηDη),

i(W1φ) =
∫

dσηe
− 1

2 (ηDη)i(ηφ),

1

2

...φW2φ
...D = 1

2

∫
dσηe

− 1
2 (ηDη)

...(ηφ)(ηφ)
...,

...WI [φ]...D =
∫

dσηe
− 1

2 (ηDη)
...e

i(ηφ)

2

...D = O(
...φ3

...D),

ez
2 ≡ ez − 1 − z − z2

2
.

Appendix B: Equations

Let us consider path integral (41) and make use of the following equivalent transforma-
tions. First, we shift the variable of integration φ(x) −→ φ(x) + ξ(x). Second, we write the
functional of interactions in the normal form with respect to Gauss measure for new kernel
B−1(x1, x2), we obtain

I (g) =
∫

Dφ

CA

e− 1
2 (φA−1φ)−(φA−1ξ)− 1

2 (ξA−1ξ)+gW [φ+ξ ]

= CB

CA

∫
Dφ

CB

e− 1
2 (φB−1φ)e− 1

2 (φ[A−1−B−1]φ)−(φA−1ξ)− 1
2 (ξA−1ξ)+gW [φ+ξ ]

= CB

CA

∫
dσφ,Be− 1

2

...φ[A−1−B−1]φ
...B− 1

2 ([A−1−B−1]B)−(φA−1ξ)− 1
2 (ξA−1ξ)

= egW0+ig(WI φ)− g
2

...φW2φ

...B+g

...WI [φ]
...B . (43)
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The major contribution to the functional integral gives Gauss measure dσφ,B , therefore the
linear and quadratic terms over the integration variable φ(x) should be absent. Thus we
obtain two equations

Equation I: − (φA−1ξ) + ig(WIφ) = 0, (44)

Equation II: − 1

2

...(φ[A−1 − B−1]φ)
...B − g

2

...(φW2φ)
...B = 0. (45)

For more details see [5, 6].

References

1. Hill, T.L.: Statistical Mechanics. Rinehart, New York (1954)
2. Tsonchev, S., Coalson, R.D., Duncan, A.: Statistical mechanics of charged polymers in electrolyte solu-

tions: A lattice field theory approach. Phys. Rev. E 60, 4257 (1999)
3. Matsen, M.W.: The standard Gaussian model for block copolymer melts. J. Phys., Condens. Matter 14,

R21 (2002)
4. Schmid, F.: Self-consistent-field theories for complex fluids. J. Phys., Condens. Matter 10, 8105 (1998)
5. Efimov, G., Ganbold, G.: Functional integrals in the strong coupling regime and the polaron self-energy.

Phys. Status Solidi B 168, 165 (1991)
6. Efimov, G.V., Dineykhan, M., Ganbold, G., Nedelko, S.N.: Oscillator Representation in Quantum

Physics. Lectures Notes in Physics, vol. 26. Springer, Berlin (1995)
7. Efimov, G.V.: Bound states in quantum field theory, scalar fields. Eprint arXiv:hep-ph/9907483 (1999)
8. Efimov, G.V., Nogovitsin, E.A.: The partition function of classical systems in the Gaussian equivalent

representation. Physica A 234, 506 (1996)
9. Baeurle, S.A., Efimov, G.V., Nogovitsin, E.A.: Calculating field theories beyond the mean-field level.

Europhys. Lett. 75, 378–384 (2006)
10. Baeurle, S.A., Charlot, M., Nogovitsin, E.A.: Grand canonical investigations of prototypical polyelec-

trolyte models beyond the mean field level of approximation. Phys. Rev. E 75, 011804 (2007)
11. Baeurle, S.A., Nogovitsin, E.A.: Challenging scaling laws of flexible polyelectrolyte solutions with ef-

fective renormalization concepts. Polymer 48, 4883–4899 (2007)
12. Baeurle, S.A., Kiselev, M.G., Makarova, E.S., Nogovitsin, E.A.: Effect of the counterion behavior on

the shear-compressive properties of chondroitin sulfate solutions. Polymer 50, 1805–1813 (2009)
13. Baeurle, S.A.: Method of Gaussian equivalent representation: a new technique for reducing the sign

problem of functional integral methods. Phys. Rev. Lett. 89, 080602 (2002)
14. Baeurle, S.A.: Grand canonical auxiliary field Monte Carlo: a new technique for simulating open systems

at high density. Comput. Phys. Commun. 157, 201–206 (2004)
15. Hanson, J., McDonald, I.: Theory of Simple Liquids. Academic Press, New York (1986)
16. Pablo, J.. Yan, Q., Escobedo, F.: Simulation of phase transitions in fluids. Annu. Rev. Phys. Chem. 50,

377 (1999)
17. Feynman, R.: Statistical Mechanics. Addison-Wesley, Reading (1981)
18. Balescu, R.: Equilibrium and Nonequilibrium Statistical Mechanics. Wiley, New York (1975)
19. Baeurle, S.A.: The stationary phase auxiliary field Monte Carlo method: a new strategy for reducing the

sign problem of auxiliary field methodologies. Comput. Phys. Commun. 154, 111–120 (2003)
20. Fredrickson, G.H., Ganesan, V., Drolet, F.: Field-theoretic computer simulation methods for polymers

and complex fluids. Macromolecules 35, 16 (2002)
21. Cardenas-Lizana, P., PinYi, H.: Stick-release patterns in stretching single condensed polyelectrolyte

toroids. Macromolecules 42(8), 3211–3214 (2009)
22. Baeurle, S.A., Martonak, R., Parrinello, M.: A field-theoretical approach to simulation in the classical

canonical and grand-canonical ensemble. J. Chem. Phys. 117, 3027–3039 (2002)
23. Baeurle, S.A., Efimov, G.V., Nogovitsin, E.A.: On a new self-consistent-field theory for the canonical

ensemble. J. Chem. Phys 124, 224110 (2006)

http://arxiv.org/abs/arXiv:hep-ph/9907483

	Equations of State for Simple Liquids from the Gaussian Equivalent Representation Method
	Abstract
	Introduction
	The Equations of State in the Theory of Simple Liquids
	Summary
	Acknowledgements
	Appendix A: Normal Form of Functional
	Appendix B: Equations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


