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Based on N. E. Zhukovskii’s investigations of fluid flow in a pipe whose walls can expand, the basic hydro-
dynamic equations in such a pipeline have been found with the vector form of the Newton law for a viscous
fluid. The analog of the Poiseuille formula for the fluid flow rate in an elastic pipeline has been determined.
A comparative analysis of the viscous flow in elastic and rigid pipelines has been made. It has been shown
that the relationship between the maximum velocity of the fluid in the pipeline cross section and the cross-
section-average velocity is the same for elastic and rigid pipelines.
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Introduction. Investigation of flow of a viscous fluid in an elastic pipeline is a much more difficult problem
than studying an analogous flow of an ideal fluid. Certain of the primary aspects of such investigation have been
given in [1].

The present work seeks to analyze the influence of viscosity on the basic hydrodynamic equations in an elas-
tic pipeline. Flow in an elastic pipeline was analyzed by N. E. Zhukovskii [2] with the integral of the momentum
equation for water in a pipe whose walls can expand over the longitudinal coordinate x. If, as has been done in [3],
the momentum equation proposed by N. E. Zhukovskii is written in differential form, the term with fluid pressure P
must be in proportion to ∂(PSx)

 ⁄ ∂x, not to ∂P ⁄ ∂x. Within the framework of this idea, it is not necessary to consider
the stress tensor for description of viscous flow in the elastic pipeline, since the diagonal tensor components are equal
to the pressure rather than to the projections of the driving force.

Momentum Equation in the Elastic Pipeline. We write the momentum equation for the fluid flow in the
elastic pipeline in vector form using the second Newton law as

adm = − dFd − dFfr .
(1)

The friction force dFfr (Fig. 1) is opposite to the motion (acceleration) of the fluid; therefore, it has been taken with
a minus sign. The quantity determining the driving force is −dFd > 0. This is due to the fact that ΔFd = F2 − F1 < 0,
since the force F2 is less than F1 in motion of the fluid in the positive direction of the x axis.

Taking dm = ρdW into account and writing the total derivative as the sum of the local and convective com-
ponents [4]

a = 
dV
dt

 = 
∂V
∂t

 + (V⋅∇) V , (2)

we can represent Eq. (1) as

∂V

∂t
 + (V⋅∇) V = − 

1

ρ
 
dFd

dW
 − 

1

ρ
 
dFfr
dW

 . (3)

Equation (3) has been written for the arbitrary direction of the fluid velocity V. We consider first the term determined
by the friction force dFfr, i.e., by the fluid viscosity, on the right-hand side of (3).
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Newton Law for the Viscous Fluid. Traditionally the momentum equation for a viscous fluid is initially
written in tensor form [5]. Then a stress tensor that is related to the strain-rate tensor is introduced [6]. Such logic of
analysis is common for both the strain of a rigid body [7] and viscous-fluid flow. The only difference is that for the
rigid body, the relationship of the tensors is determined by Hooke’s law, whereas for the fluid, it is determined by
Newton’s law.

However in such an approach for the fluid, there is an ambiguity in the sign of the law relating the compo-
nents of tangential stresses in the stress tensor and the corresponding components of the strain-rate tensor. The rela-
tionship of the stress and strain-rate tensors in a form suitable for use in an arbitrary coordinate system, including the
case of rotation of the coordinate axes, must generally be represented with a plus sign [5, 6]. At the same time, in
solving specific problems, e.g., Hagen–Poiseuille flow in a pipe, it is convenient to use the minus sign in Newton’s
law relating the tangential friction stresses and the derivative of velocity with respect to the coordinate for the viscous
fluid [6, 9]:

τ = − η 
∂Vx

∂z
 . (4)

We note that with allowance for the sign of (4), the component of the strain-rate tensor in [6, 9] can be writ-

ten in the form τzx = τxz = −η
⎛
⎜
⎝

∂Vx

∂z
 − 

∂Vz

∂x

⎞
⎟
⎠
. In [8, 10], the sign ambiguity is compensated for by the modulus of the

derivative of the fluid velocity with respect to the coordinate. Physically the ambiguity in the sign, e.g., in calculating
pipe flow, is due to the fact that tangential friction stresses in the Newton law for a viscous fluid are directed stream-
wise, if we consider the action of a fluid layer that is closer to the center of the flow on a layer that is at a distance
from the center. If we bear in mind the action of the more peripheral layer on the layer that is closer to the center,
the friction force will be opposite to the fluid flow.

In connection with the above remarks, in transformations of (3), we will not start from the tensor form of the
Newton law for the viscous fluid and will make the entire analysis in vector form without introducing the tangential
friction stresses. We write the vector form of the Newton law for the viscous fluid as

dFfr = ηdS × rot V . (5)

For the sake of convenience we perform all preliminary transformations in a Cartesian coordinate system. We note that
in potential flow, i.e., when rot V = 0, the friction force is dFfr = 0, i.e., the flow is isentropic [5]. Friction between
the fluid layers is absent not only in the case of an ideal fluid but also in the case of equal velocity of these layers.

Figure 2 shows the right-hand set of three vectors in formula (5). Using the rules of vector algebra [4], we
rewrite (5) in projections

dFxi + dFyj + dFzk = η 

⎧

⎨

⎩

⎪

⎪

⎡
⎢
⎣
dSx 

⎛
⎜
⎝

∂Vy

∂x
 − 
∂Vx

∂y

⎞
⎟
⎠
 − dSz 

⎛
⎜
⎝

∂Vx

∂z
 − 
∂Vz

∂x

⎞
⎟
⎠

⎤
⎥
⎦
 i 

Fig. 1. Forces acting on the separated fluid volume dW in the flow.
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+ 
⎡
⎢
⎣
dSz 

⎛
⎜
⎝

∂Vz

∂y
 − 
∂Vy

∂z

⎞
⎟
⎠
 − dSx 

⎛
⎜
⎝

∂Vy

∂x
 − 
∂Vx

∂y

⎞
⎟
⎠

⎤
⎥
⎦
 j + 

⎡
⎢
⎣
dSx 

⎛
⎜
⎝

∂Vx

∂z
 − 

∂Vz

∂y

⎞
⎟
⎠
 − dSy 

⎛
⎜
⎝

∂Vz

∂y
 − 

∂Vy

∂z

⎞
⎟
⎠

⎤
⎥
⎦
 k
⎫

⎬

⎭

⎪

⎪
 . (6)

Formula (6) yields

dFx = η 
⎡
⎢
⎣
dSy 

⎛
⎜
⎝

∂Vy

∂x
 − 
∂Vx

∂y

⎞
⎟
⎠
 − dSz 

⎛
⎜
⎝

∂Vx

∂z
 − 
∂Vz

∂x

⎞
⎟
⎠

⎤
⎥
⎦
 . (7)

For fluid flow between two plane walls, we can set dSy = 0 and ∂Vz
 ⁄ ∂x = 0 in the coordinates (see Fig. 1).

Consequently, in this case the Newton law for the viscous fluid will be written as

dFx = − ηdSz 
∂Vx

∂z
 . (8)

We integrate Eq. (1) over the entire volume W of the flowing fluid

ρ ∫ 
W

adW = − ∫ 
W

dFd − ∫ 
W

dFfr .
(9)

Let us assume that the driving force is absent, i.e., the flow is inertial in character, −dFd = 0. In this case we have

ρ ∫ 
W

adW = − ∫ 
W

dFfr = − η ∫ 
S

dS × rot V . (10)

Applying the rotor theorem [4] to the right-hand side of (10), we obtain

ρ ∫ 
W

adW = − η ∫ 
S

dS × rot V = − η ∫ 
W

rotrot VdW . (11)

In the volume integrals in (11), we can equate the integrands

a = − ν rotrot V = − ν (graddiv V − ΔV) . (12)

We have used the well-known formula of vector analysis [4]; ΔV is the velocity-vector Laplacian. In the case
of an incompressible fluid we have div V = 0 [5]. Thus, with account for (3) and on condition that −dFd = 0, we
have

a = − 
1
ρ

 
dFfr

dW
 = νΔV . (13)

The vector form of the momentum equation, which holds true for flow in both the rigid pipeline and the elas-
tic pipeline, appears as

Fig. 2. Right-hand set of three vectors in the vector product of Newton’s law
for the viscous fluid.
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∂V

∂t
 + (V⋅∇) V = − 

1

ρ
 
dFd

dW
 + νΔV . (14)

Poiseuille Formula for the Elastic Pipeline. In [1], it has been shown that the term −
1

ρ
 
dFd

dW
, which deter-

mines the driving force of the fluid flow in the elastic pipeline, must be written, in projection onto the x axis, as

− 
1

ρ
 
dFd

dW
 = − 

1

ρ
 
∂ (PSx)

Sx∂x
 . (15)

Representation of the term with pressure in the form (15) holds true under a relatively low strain of the walls
of the elastic pipeline where the contribution of the forces of reaction of the walls to the fluid in the direction of the
x axis is relatively small on the portion of length dx. When the drain of the pipeline is considerable, the stressed state
stain in the fluid becomes more complex and can be expressed only by tensor quantities. With account for (15), Eq.
(14) in projection onto the x axis has the form

dVx

dt
 + 

1

ρ
 
∂ (PSx)

Sx∂x
 = νΔVx .

(16)

For pipeline flow, it is convenient to use the hydrodynamic equations in the approximation of a boundary layer in cy-
lindrical geometry

dVx

dt
 + Vx 

dVx

dx
 + Vr 

dVx
dr

 + 
1

ρ
 
∂ (PSx)

Sx∂x
 = ν 

1

r
 
∂
∂r

 
⎛
⎜
⎝
r 

dVx

dr

⎞
⎟
⎠
 , (17)

∂ (rVx)
∂x

 + 
∂ (rVr)
∂r

 = 0 , (18)

where (18) is the continuity equation for the incompressible fluid [6].
Let us consider the manner in which we can transform the term with pressure in Eq. (17), eliminating the

pressure. We can do this on the horizontal plane plate in the boundary layer, finding the derivative of the Bernoulli

equation P + 
ρU2

2
 = const [6]:

− 
1
ρ

 
∂P
∂x

 = U 
∂U
∂x

 . (19)

The projection of Eq. (1) onto the x axis for an ideal fluid in the elastic pipeline appears as follows:

∂ (PSx) = − 
dVx

dt
 ρSx∂x . (20)

Denoting the velocity of the pressure wave as c = ∂x ⁄ ∂t, we find

∂ (PSx) = − ρcSxdVx = − ρc (∂Q − Vx∂Sx) , (21)

where the increment in the fluid flow rate in the pipeline is ∂Q = ∂(VxSx) = Sx∂xVx + Vx∂Sx. Using the relation c =
−∂Q ⁄ ∂Sx [1], we transform formula (21) to the form

∂ (PSx) = ρc
2
 
⎛
⎜
⎝
1 + 

Vx
c

⎞
⎟
⎠
 ∂Sx . (22)
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Formula (22) for the viscous fluid in the elastic pipeline should be written as

∂ (PSx) = ρc
2
 
⎛
⎜
⎝
1 + 

V
__

x
c

⎞
⎟
⎠
 ∂Sx = D 

⎛
⎜
⎝
1 + 

V
__

x

c

⎞
⎟
⎠
 ∂Sx ,

(23)

where it has been taken into account that the coefficient of elasticity of the pipeline walls is D = ρc2 [11]. Substitut-
ing (23) into (16), we find the momentum equation for the flow in the elastic pipeline

dVx

dt
 + 

D

ρ
 
⎛
⎜
⎝
1 + 

V
__

x

c
⎞
⎟
⎠
 
∂Sx

Sx∂x
 = ν 

1

r
 
∂
∂r

 
⎛
⎜
⎝
r 
∂Vx

∂r

⎞
⎟
⎠
 . (24)

Using Hooke’s law for the elastic pipeline in the form ∂P = D
∂Sx

Sx
 [11], we obtain

dVx

dt
 + 

1

ρ
 
⎛
⎜
⎝
1 + 

V
__

x

c
⎞
⎟
⎠
 
∂P

∂x
 = ν 

1

r
 
∂
∂r

 
⎛
⎜
⎝
r 
∂Vx

∂r

⎞
⎟
⎠
 . (25)

In this case, we should adopt the plus sign for the relative strain of the cross-sectional area of the pipeline ∂Sx
 ⁄ Sx in

Hooke’s law. The reason is that the cross-sectional area of the elastic pipeline increases with fluid pressure P in it. A
minus sign in Hooke’s law is taken in the case where the problem of occurrence of a vibrational or wave process on
the walls of the elastic pipeline is analyzed. Here the quantity P represents the reaction of an elastic wall to internal
pressure, i.e., is an analog of the restoring force in vibration theory [11].

Equation (25) directly contains the pressure gradient. Therefore, it is convenient for analysis of fluid flows in
the elastic pipeline when the pressure gradient and the flow rate are measured. Equation (25) becomes an equation for
a rigid pipe when c >> V

__
x, i.e., when the velocity of the pressure wave is very large compared to the velocity of the

fluid flow. This condition is observed in the rigid pipeline, when the coefficient of elasticity of its walls (and hence
their Young’s modulus) is D = ρc2 → ∞.

In closing, we find the rate of flow of the fluid through the elastic pipeline, i.e., the analog of the Poiseuille
formula that is used for rigid pipelines. In the stationary case Eq. (25) appears as

1

ρ
 
⎛
⎜
⎝
1 + 

V
__

x
c
⎞
⎟
⎠
 
∂P

∂x
 = ν 

1

r
 
∂
∂r

 
⎛
⎜
⎝
r 
∂Vx

∂r

⎞
⎟
⎠
 . (26)

In accordance with [5], we integrate Eq. (26) twice for a constant pressure difference on the portion Δl of the pipeline

Vx = 
r
2

4η
 
⎛
⎜
⎝
1 + 

V
__

x

c

⎞
⎟
⎠
 
ΔP

Δl
 + a ln r + b . (27)

The constant a is equal to zero since the fluid velocity on the pipe axis is finite. The constant b will be
found from the condition Vx = 0 at r = R. Consequently, we have

Vx = − 
R

2
 − r

2

4η
 
⎛
⎜
⎝
1 + 

V
__

x

c

⎞
⎟
⎠
 
ΔP

Δl
 , (28)

where the minus sign reflects the fact that Vx > 0 at ΔP ⁄ Δl < 0. The fluid flow rate will be found from the formula

Q = 2π ∫ 
0

R

Vxrdr = − 
πR

4

8η
 
⎛
⎜
⎝
1 + 

V
__

x

c

⎞
⎟
⎠
 
ΔP

Δl
 . (29)

Setting Q = V
__

xSx = V
__

xπR2, we find, from Eq. (29), the flow velocity average over the pipeline cross section
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V
__

x = − 
1

1 + 
R

2

8ηc
 
ΔP
Δl

 
R

2

8η
 
ΔP
Δl

 . (30)

Formula (30) holds true only when −R2

8η
 
ΔP
Δl

 < c. Otherwise, the average velocity in the pipe becomes negative. Physi-

cally this means that for large pressure gradients, the flow in the elastic pipeline loses stability and a self-oscillating
regime of flow occurs [12]. Using (30), we can find the rate of flow of the fluid in the elastic pipeline:

Q = − 
1

1 + 
R

2

8ηc
 
ΔP
Δl

 
πR

4

8η
 
ΔP

Δl
 = 

QP

1 + 
R

2

8ηc
 
ΔP
Δl

 , (31)

where the flow rate in the rigid pipe is determined by the Poiseuille law [6] QP = −πr4

8η
 
ΔP
Δl

. We find the fluid velocity

on the pipe axis from (28) for r = 0:

Vmax = − 
R

2

4η
 
⎛
⎜
⎝
1 + 

V
__

x

c

⎞
⎟
⎠
 
ΔP

Δl
 . (32)

Solving simultaneously the system of equations (30) and (32), we can show that the relation Vmax = 2V
__

x which is true
of the rigid pipeline also holds in the elastic pipeline.

Figure 3 (curve 1) plots the ratio of the average velocity of the viscous fluid to the velocity of the pressure

wave c as a function of the dimensionless number γ = − R2

8ηc
 
ΔP
Δl

 determined mainly by the pressure gradient. The plot

is constructed according to formula (30). Also, the figure shows, as an example, the straight line 2 illustrating the
Poiseuille law for the rigid pipe. A characteristic feature of the elastic pipeline is the nonlinear dependence of the av-
erage fluid velocity on the pressure gradient.

Figure 4 plots the rates of flow of the fluid in the pipes as functions of the radii; the plots are constructed
according to formula (31) and the Poiseuille law respectively. In calculating, we have adopted the following values of
the quantities: pressure gradient −ΔP ⁄ Δl = 100 N ⁄ m3, pressure-wave velocity c = 8 m ⁄ sec, and coefficient of viscosity
of the fluid η = 0.001 N⋅sec ⁄ m2.

Fig. 3. Ratio of the average velocity of the viscous fluid to the velocity of the
pressure wave c vs. dimensionless number γ in the pipes: 1) elastic pipe; 2)
rigid pipe.

Fig. 4. Rate of flow of the fluid in the pipes vs. pipeline radius: 1) elastic
pipe; 2) rigid pipe. Q, m3 ⁄ sec; R, m.
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NOTATION

a and b, integration constants; a, fluid-mass acceleration, m ⁄ sec2; c, pressure-wave velocity, m ⁄ sec; D, coef-
ficient of elasticity of the pipeline walls, N ⁄ m2; Ffr, friction force, N; Fx, Fy, and Fz, projections of the friction force
onto the coordinate axes, N; Fd, force driving the fluid, N; Fi, forces acting on the fluid at different points i of the
flow, N; i, j, and k, unit vectors in the direction of the axes x, y, and z; Δl, length of a portion of the pipeline, m;
m, fluid mass, kg; P, pressure in the fluid, N ⁄ m2; Q, rate of flow of the fluid in the pipe, m3 ⁄ sec; QP, rate of flow
of fluid in the rigid pipe, m3 ⁄ sec; R, inner radius of the elastic pipeline, m; r, radial coordinate, m; S, surface of the
boundary of the fluid of volume W, m2; dS, differential of the contact-area vector of the fluid layers, m2; Sx, Sy, and
Sz, projections of the area vector onto the coordinate axes; in the pipe, the first projection is equal to the cross-sec-
tional area of the pipeline, m2; t, time, sec; U, longitudinal velocity of the external flow in the boundary layer,
m ⁄ sec; V, fluid velocity, m ⁄ sec; Vx, Vy, and Vz, projections of the velocity vector onto the coordinate axes, m ⁄ sec;
Vr, radial velocity of the fluid in the pipe, m ⁄ sec; V

__
x, fluid velocity average over the pipeline cross section, m ⁄ sec;

W, fluid volume, m3; x, y, z, Cartesian coordinates, m; η, dynamic coefficient of viscosity, N⋅sec ⁄ m2; ν = η ⁄ ρ, kine-
matic viscosity of the fluid, m2 ⁄ sec; ρ, fluid density, kg ⁄ m3; τ, tangential friction stresses, N ⁄ m2; τxz and τzx, stress-
tensor components, N ⁄ m2. Subscripts: d, driving; fr, friction; P, Poiseuille; xz and zx, coordinate planes; max,
maximum.

REFERENCES

1. A. N. Volobuev and A. P. Tolstonogov, Hydrodynamics of flow in an elastic pipeline, Inzh.-Fiz. Zh., 77, No.
5, 88–93 (2004).

2. N. E. Zhukovskii, On a Hydraulic Shock in Water-Supply Pipes. The Classics of Natural Science [in Russian],
Gosizd. Tekh.-Teor. Lit., Moscow–Leningrad (1949), pp. 9–32.

3. B. M. Budak, A. A. Samarskii, and A. N. Tikhonov, Collected Problems on Mathematical Physics [in Russian],
Nauka, Moscow (1980), p. 14, pp. 159–161.

4. G. Korn and T. Korn, Handbook of Mathematics [Russian translation], Nauka, Moscow (1970), p. 160, 167,
168, 169, 171.

5. L. D. Landau and E. M. Lifshits, Hydrodynamics [in Russian], Vol. 6, Nauka, Moscow (1986), p. 35, 37, 71,
72, 81.

6. H. Schlichting, Boundary Layer Theory [Russian translation], Nauka, Moscow (1974), p. 25, 60, 64, 66, 127,
227.

7. L. D. Landau and E. M. Lifshits, Elasticity Theory [in Russian], Vol. 7, Nauka, Moscow (1987), p. 15, 23.
8. I. V. Savel’ev, A Course in Physics. Mechanics and Molecular Physics [in Russian], Vol. 1, Nauka, Moscow

(1989), p. 142.
9. L. D. Landau, A. I. Akhiezer, and E. M. Lifshits, A Course in General Physics. Mechanics and Molecular

Physics [in Russian], Nauka, Moscow (1969), p. 368.
10. A. S. Monin and A. M. Yaglom, Statistical Hydromechanics [in Russian], in 2 parts, Pt. 1, Nauka, Moscow

(1965), p.42.
11. A. N. Volobuev and A. P. Tolstonogov, Nonlinear Schro

..
dinger equation in a hydroelasticity problem, Inzh.-Fiz.

Zh., 66, No. 2, 222–225 (1994).
12. A. N. Volobuev and A. P. Tolstonogov, Dynamic instability in a problem involving hydroelasticity, Inzh.-Fiz.

Zh., 56, No. 4, 692–693 (1989).

755



<<
  /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 [594.000 792.000]
>> setpagedevice


