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Abstract The fractional generalization of Nambu mechanics is constructed by using the dif-
ferential forms and exterior derivatives of fractional orders. The generalized Pfaffian equa-
tions are obtained and one example is investigated in details.

Keywords Fractional derivative · Hamiltonian mechanics · Nambu mechanics · Fractional
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1 Introduction

Fractional calculus deals is as old as the classical calculus and it deals with derivative and
integrals of any order [8–11, 13, 14, 21, 23, 27]. Derivatives and integrals of fractional order
have found many applications in the recent studies in science and engineering [1, 2, 4, 16,
24–26, 30, 31]. For example, it includes chaotic dynamics [32, 33] mechanics of fractal
media [5, 19, 29], quantum mechanics [12, 17] and etc.

This formalism is shown to provide a suitable framework for the description of non-
integrable systems [22]. Several authors have fractionized the Hamiltonian systems and ap-
plied it to several systems [25, 26, 31]. For example, Riewe has shown that Lagrangian with
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fractional derivative lead directly to equations of motion with non conservative classical
forces such as friction.

In 1973 Nambu proposed a generalization of ordinary Hamiltonian mechanics which is
now called Nambu mechanics. Nambu systems were investigated by several author [6, 7, 15,
18, 20, 22, 28]. The connexion between Nambu and Killing-Yano tensors was given in [3].

In this paper we have shown that fractional Nambu systems can be proposed as general-
ization of the fractional Hamiltonian systems.

Section 2 contains a brief summery of fractional derivative, especially Caputo derivative.
In Sect. 3 we explain briefly the classical Nambu mechanics.
In Sect. 4 we obtain the fractional Hamiltonian equations from the fractional form by use

of generalized Pfaffian equations.
In Sect. 5 we obtain fractional Nambu mechanic from the fractional generalization of

the above mentioned 2-form and we show that fractional Nambu mechanic can be proposed
as generalization of the usual fractional Hamiltonian systems. All of these equations were
found consistent with Liouville theorem [30]. One example in investigated in details.

Section 7 contains the conclusions.

2 Basic Tools

The fractional derivative has different definition [23]. The classical definition is called Rie-
mann Liouville derivative. Due to reasons, concerning the initial and boundary conditions,
it is more convenient to use the Caputo fractional derivative. Its main advantage is that the
initial condition take the same form as for integer-order differential equations. The Caputo
fractional derivative is defined by

Dα
x f (x) = C

0 Dα
x f (x) = 1

�(n − α)

∫ x

0

1

(x − τ)−n+α+1

(
d

dτ

)n

f (τ )dτ, (1)

where α is order of derivative such that n − 1 ≤ α < n.
Using Dα

xk
xk = �(2 − α)xk

α−1 and the definition

Dα
xk

= {Dα
xk

xk}−1Dα
xk

= �(2 − α)xα−1
k Dα

xk
,

we get Dα
xk

xk = 1 [30]. Using the rule

Dα
xk

(fg) =
∞∑

k=0

(
α

k

)
(Dα−k

xk
f )

∂kg

∂xk

and the relation

∂k

∂xk
{(dx)α} = 0,

for example, we have

dα{Ai(dxi)
α} = {Dα

xj
Ai}(dxj )

α ∧ (dxi)
α

xj is arbitrary variables.
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3 Classical Nambu Mechanics

In 1973 Nambu proposed a generalization of ordinary Hamiltonian mechanics [18] which
is called Nambu mechanics. In this section we study Nambu mechanics in terms of exterior
differential form [20].

Here a Nambu bracket, which is a generalization of the usual Poisson bracket is explained
and we outline the canonical formulation of mechanics by use of the Poincare-Cartan 1-form
�(1),

�(1) = pdq − H(p,q)dt, (2)

and we introduce 2-form for Nambu mechanics: for three-dimensional case it is, �(2)

�2 = qdp ∧ dr − H1dH2 ∧ dt.

In standard analytical, the equations of motion are

q̇ = ∂H

∂p

ṗ = −∂H

∂q
.

(3)

The temporal development of any function f (p,q) can be written in terms of the Poisson
bracket as

df

dt
= {f,H }. (4)

The Poisson bracket {. , .} can also be written in terms of the Jacobian [6]

{f,g} = ∂(f,H)

∂(p, q)
. (5)

Noticing this form, Nambu generalized formally the equations of motion (3) to

df

dt
= {f,H1,H2} = ∂(f,H1,H2)

∂(q,p, r)
, (6)

where p,q and r denote a triplet of dynamical variables and H1,H2 are two Hamiltonian
with argument q,p and r . Equation (6) is a natural generalization of (4) and extended Pois-
son bracket {. , . , .} is called the Nambu bracket.

Substituting the triplet (p, q, r) for f respectively in (6) we have

q̇ = ∂(q,H1,H2)

∂(q,p, r)
= ∂(H1,H2)

∂(p, r)
,

ṗ = ∂(p,H1,H2)

∂(q,p, r)
= ∂(H1,H2)

∂(r, q)
, (7)

ṙ = ∂(r,H1,H2)

∂(q,p, r)
= ∂(H1,H2)

∂(q,p)
.

Now we outline Hamiltonian mechanics in terms of exterior differential form as preparation
for treating Nambu mechanics. Let us begin by considering the following 1-form �(1)on
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Rn+1with coordinate q,p and time

�(1) = pdq − H(p,q)dt,

the exterior differential of �(1) is [20]

d�(1) = θ ∧ ρ,

where

θ = dp + ∂H

∂q
dt,

ρ = dq − ∂H

∂q
dt.

(8)

This indicate the close relation between the fundamental 1-form and the Hamiltonian equa-
tions of motion because the Pfaffian equations θ = 0 and ρ = 0 are exactly the Hamiltonian
equations (3). Now we will restrict our selves to three dimensional case. The fundamental
1-form in Hamiltonian mechanics can be generalized to the following 2-form �(2) on R4 of
dynamical variables q,p, rand a time t ,

�2 = qdp ∧ dr − H1dH2 ∧ dt. (9)

The reason why we choose the above 2-form in Nambu mechanics is shown as follows. The
differential of �(2) is written as

d�(2) = θ ∧ ρ ∧ σ,

where

θ = dq − ∂(H1,H2)

∂(p, r)
dt,

ρ = dr − ∂(H1,H2)

∂(r, q)
dt,

σ = dr − ∂(H1,H2)

∂(q,p)
dt.

Now the Pfaffian equations θ = 0, ρ = 0, σ = 0 are equivalent to Nambu equations [20].

4 Fractional Hamiltonian Mechanics

The form

�(1) = pdq − H(p,q)dt, (10)

is called the Poincare-Cartan 1-form. The fractional generalization of this form can be de-
fined by

�(1)
α = p(dq)α − H(p,q)(dt)α. (11)
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Note that �(1)
α is a fractional 1-form that can be called a fractional Poincare-Cartan 1-form.

Using

dαp = Dα
t p(dt)α + Dα

pp(dp)α + Dα
qp(dq)α

and identities

dαH ∧ (dt)α = Dα
t H(dt)α ∧ (dt)α + Dα

pH(dp)α ∧ (dt)α + Dα
qH(dq)α ∧ (dt)α,

(dt)α ∧ (dt)α = 0, (dt)α ∧ (dp)α = −(dp)α ∧ (dt)α,

Dα
pp = 1, Dα

qp = 0 and Dα
t p = 0,

we have

d�(1)
α = {(dp)α + Dα

qH(dt)α} ∧ {(dq)α − Dα
pH(dt)α}.

Then by generalized Pfaffian equations, we get

(dq)α

(dt)α
= Dα

pH,

(dp)α

(dt)α
= −Dα

qH,

(12)

which is called fractional Hamiltonian equations.

5 Fractional Nambu Mechanics

The fractional generalization of the 2-form (9) can be defined by

�(2)
α = q(dp)α ∧ (dr)α − H1d

αH2 ∧ (dt)α. (13)

The fractional exterior derivative of the fractional 2-form (13) is

dα�(2)
α = dα(q(dp)α ∧ (dr)α) − dα(H1d

αH2 ∧ (dt)α). (14)

Using identities

dα{q(dp)α ∧ (dr)α}
= Dα

t q(dt)α ∧ (dp)α ∧ (dr)α + Dα
qq(dq)α ∧ (dp)α ∧ (dr)α

+ Dα
pq(dp)α ∧ (dp)α ∧ (dr)α + Dα

r q(dr)α ∧ (dp)α ∧ (dr)α,

and

dαH2 = Dα
t H2(dt)α + Dα

qH2(dq)α + Dα
pH2(dp)α + Dα

r H2(dr)α,

dαH2 ∧ (dt)α = Dα
t H2(dt)α ∧ (dt)α + Dα

qH2(dq)α ∧ (dt)α

+ Dα
pH2(dp)α ∧ (dt)α + Dα

r H2(dr)α ∧ (dt)α,

dαH1 = Dα
t H1(dt)α + Dα

qH1(dq)α + Dα
pH1(dp)α + Dα

r H1(dr)α,
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we get

dα�(2)
α = (Dα

q H1D
α
pH2 − Dα

pH1D
α
q H2)(dq)α ∧ (dp)α ∧ (dt)α

+ (Dα
q H1D

α
r H2 − Dα

r H1D
α
q H2)(dq)α ∧ (dr)α ∧ (dt)α

+ (Dα
pH1D

α
r H2 − Dα

r H1D
α
pH2)(dp)α ∧ (dr)α ∧ (dt)α.

By the definition of

∂α(H1,H2)

∂α(p, r)
= (Dα

pH1Dα
r H2 − Dα

r H1D
α
pH2),

∂αH1,H2)

∂α(q, r)
= (Dα

qH1D
α
r H2 − Dα

r H1D
α
q H2), (15)

∂α(H1,H2)

∂α(q,p)
= (Dα

qH1Dα
pH2 − Dα

pH1Dα
qH2),

we get

dα(�2)α =
{
(dq)α − ∂α(H1,H2)

∂α(p, r)
(dt)α

}
∧

{
(dp)α − ∂α(H1,H2)

∂α(q, r)
(dt)α

}

∧
{
(dr)α − ∂α(H1,H2)

∂α(q,p)
(dt)α

}
. (16)

Now we get the generalized Pfaffian equations

(dq)α − ∂α(H1,H2)

∂α(p, r)
(dt)α = 0 (17)

(dp)α − ∂α(H1,H2)

∂α(q, r)
(dt)α = 0 (18)

(dr)α − ∂α(H1,H2)

∂α(q,p)
(dt)α = 0. (19)

By analogy of integer order these equations are called Fractional Nambu equations.

6 Example

As an example we consider a coupling two symmetric tops. The coupling introduced is
proportional to the r component. In the following equations are the generalized Nambu
functions corresponding to our example, namely

H1 = 1

2
(q2

1 + p2
1 + r2

1 ) + 1

2
(q2

2 + p2
2 + r2

2 ), (20)

H2 = 1

2

(
q2

1

Iq1

+ p2
1

Ip1

+ r2
1

Ir1

)
+ 1

2

(
q2

2

Iq2

+ p2
2

Ip2

+ r2
2

Ir2

)
+ cr1r2. (21)

Where qi,pi, ri (i = 1,2) angular momenta of the tops in their respective body coordinates
and Iqi

, Ipi
, Iri are the moments of inertia about the qi,pi, ri axes respectively. The constant
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c depends on the initial orientation on the tops in the laboratory frame. Using (17), (18) and
(19) we obtain

(dqi)
α − ∂α(H1,H2)

∂α(pi, ri)
(dt)α = 0, i = 1,2 (22)

(dpi)
α − ∂α(H1,H2)

∂α(qi, ri)
(dt)α = 0, i = 1,2 (23)

(dri)
α − ∂α(H1,H2)

∂α(qi,pi)
(dt)α = 0, i = 1,2. (24)

It follows easily generalized coupling two symmetric tops equations

(dq1)
α −

{
1

4

[
�(3)

�(3 − α)

]2
p2−α

1 r2−α
1

Ir1

+ c

2

�(3)

�(3 − α)

�(2)

�(2 − α)
r2r

1−α
1 p2−α

1

− 1

4

[
�(3)

�(3 − α)

]2
p2−α

1 r2−α
1

Ip1

}
(dt)α = 0, (25)

(dp1)
α −

{
1

4

[
�(3)

�(3 − α)

]2
q2−α

1 r2−α
1

Ir1

+ c

2

�(3)

�(3 − α)

�(2)

�(2 − α)
r2r

1−α
1 q2−α

1

− 1

4

[
�(3)

�(3 − α)

]2
q2−α

1 r2−α
1

Iq1

}
(dt)α = 0, (26)

(dr1)
α −

{
1

4

[
�(3)

�(3 − α)

]2
q2−α

1 p2−α
1

Ip1

− 1

4

[
�(3)

�(3 − α)

]2
p2−α

1 q2−α
1

Iq1

}
(dt)α = 0. (27)

Also we can obtain for q2,p2 and r2 the same equations as follows:

(dq2)
α −

{
1

4

[
�(3)

�(3 − α)

]2
p2−α

2 r2−α
2

Ir2

+ c

2

�(3)

�(3 − α)

�(2)

�(2 − α)
r1r

1−α
2 p2−α

2

− 1

4

[
�(3)

�(3 − α)

]2
p2−α

2 r2−α
2

Ip2

}
(dt)α = 0, (28)

(dp2)
α −

{
1

4

[
�(3)

�(3 − α)

]2
q2−α

2 r2−α
2

Ir2

+ c

2

�(3)

�(3 − α)

�(2)

�(2 − α)
r1r

1−α
2 q2−α

2

− 1

4

[
�(3)

�(3 − α)

]2
q2−α

2 r2−α
2

Iq2

}
(dt)α = 0, (29)

(dr2)
α −

{
1

4

[
�(3)

�(3 − α)

]2
q2−α

2 p2−α
2

Ip2

− 1

4

[
�(3)

�(3 − α)

]2
p2−α

2 q2−α
2

Iq2

}
(dt)α = 0. (30)

Remark The standard case corresponds to α = 1.

7 Conclusion

The fractional dynamics started to play an important role in various fields of science and
engineering. The fractional mechanics was found suitable for describing the phenomena in-
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volving friction. The approaches to generalize the classical mechanics are different, one is
based on fractional forms and another one is based on the fractional generalization of the
classical mechanics, namely by using the fractional variational principles and the fractional
Legendre transformation. In this manuscript we used the method based of fractional differ-
ential forms and the fractional exterior derivative of the fractional 2-form. The generalized
Pfaffian equations are obtained. The example represents a coupling of two symmetric tops.
The corresponding Pfaffian equations are obtained and in the limit α = 1 the classical case
is obtained.

References

1. Agrawal, O.P.: Formulation of Euler-Lagrange equations for fractional variational problems. J. Math.
Anal. Appl. 272, 368–379 (2002)

2. Agrawal, O.P.: Fractional variational calculus and the transversality conditions. J. Phys. A. Math. Gen.
39, 10375–10384 (2006)

3. Baleanu, D.: Killing-Yano tensors and Nambu tensors. Nuovo Cim. B 114(9), 1065–1072 (1999)
4. Baleanu, D., Muslih, S.: Lagrangian formulation of classical fields within Riemann-Liouville fractional

derivatives. Phys. Scr. 72, 119–121 (2005)
5. Carpinteri, A., Mainardi, F.: Fractals and Fractional Calculus in Continuum Mechanics. Springer, New

York (1997)
6. Cayley, A.: Collected Mathematical Papers, vol. 3, pp. 156–204. Cambridge University Press, Cam-

bridge (1890)
7. Fecko, M.: On a geometric formulation of the Nambu dynamics. J. Math. Phys. 33, 926–929 (1992)
8. Gorenflo, R., Mainardi, F.: Fractional Calculus: Integral and Differential Equations of Fractional Orders,

Fractals and Fractional Calculus in Continuum Mechanics. Springer, New York (1997)
9. Kilbas, A.A., Srivastava, H.H., Trujillo, J.J.: Theory and Applications of Fractional Differential Equa-

tions. Elsevier, Amsterdam (2006)
10. Klimek, K.: Fractional sequential mechanics-models with symmetric fractional derivative. Czechoslov.

J. Phys. E 51, 1348–1354 (2001)
11. Klimek, K.: Lagrangean and Hamiltonian fractional sequential mechanics. Czechoslov. J. Phys. E 52,

1247–1253 (2002)
12. Laskin, N.: Fractional quantum mechanics. Phys. Rev. E 62, 3135–3145 (2000)
13. Magin, R.L.: Fractional Calculus in Bioengineering. Begell House, Redding (2006)
14. Miller, K.S., Ross, B.: An Introduction to the Fractional Integrals and Derivatives-Theory and Applica-

tion. Wiley, New York (1993)
15. Mukund, N., Sudarshan, E.C.G.: Relation between Nambu and Hamiltonian mechanics. Phys. Rev. D

13(10), 2846–2851 (1976)
16. Muslih, S., Baleanu, D.: Hamiltonian formulation of systems with linear velocities within Riemann-

Liouville fractional derivatives. J. Math. Anal. Appl. 304, 599–606 (2005)
17. Naber, M.: Time fractional Schrodinger equation. J. Math. Phys. 45, 3339–3352 (2004)
18. Nambu, Y.: Generalized Hamiltonian dynamics. Phys. Rev. D 7, 2405–2412 (1973)
19. Nigmatullin, R.R.: The realization of the generalized transfer equation in a medium with fractal geome-

try. Phys. Status Solidi B 133, 425–430 (1986)
20. Ogawa, T., Sagae, T.: Int. J. Theor. Phys. 39(12), 2875–2890 (2000)
21. Oldham, K.B., Spanier, J.: The Fractional Calculus. Academic, New York (1974)
22. Pandit, S.A., Gangal, A.D.: On generalized Nambu mechanics. J. Phys. A: Math. Gen. 31, 2899–2912

(1998)
23. Podlubny, I.: Fractional Differential Equations. Academic, New York (1999)
24. Rabei, E.M., Nawafleh, K.I., Hiijawi, R.S., Muslih, S.I., Baleanu, D.: The Hamilton formalism with

fractional derivatives. J. Math. Anal. Appl. 327, 891–897 (2007)
25. Riewe, F.: Nonconservative Lagrangian and Hamiltonian mechanics. Phys. Rev. E 53, 1890–1899 (1996)
26. Riewe, F.: Mechanics with fractional derivatives. Phys. Rev. E 55, 3581–3592 (1997)
27. Samko, S.G., Kilbas, A.A., Marichev, O.I.: Fractional Integrals and Derivatives Theory and Applications.

Gordon & Breach, New York (1993)
28. Takhtajan, L.: On foundation of generalized Nambu mechanics. Commun. Math. Phys. 160, 295–315

(1994)
29. Tarasov, V.E.: Continuous medium model for fractal media. Phys. Lett. A 336, 167–174 (2005)



1052 Int J Theor Phys (2009) 48: 1044–1052

30. Tarasov, V.E.: Fractional variation for dynamical systems: Hamilton and Lagrange approaches. J. Phys.
39(26), 8409–8425 (2006)

31. Tarasov, V.E.: Fractional statistical mechanics. Chaos 16, 033108–033115 (2006)
32. Zaslavsky, G.M.: Chaos, fractional kinetics, and anomalous transport. Phys. Rep. 371, 461–580 (2002)
33. Zaslavsky, G.M.: Hamiltonian Chaos and Fractional Dynamics. Oxford University Press, Oxford (2005)


	Fractional Nambu Mechanics
	Abstract
	Introduction
	Basic Tools
	Classical Nambu Mechanics
	Fractional Hamiltonian Mechanics
	Fractional Nambu Mechanics
	Example
	Conclusion
	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


