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COMPARATIVE ANALYSIS OF SOME FORMULATIONS

OF THE STABILITY PROBLEM

UDC 531/539.3P. V. Trusov and O. V. Shishkina

Various formulations of the problem of stability of uniaxial tension of a band under superplastic
strains are analyzed. A more general formulation (as compared to those available) is proposed; criteria
of stability are obtained. Various methods of describing the behavior of materials in the superplasticity
regime are considered.

Key words: stability, uniaxial tension, superplastic strains, methods of motion description.

The basis for the mathematical model of all physicomathematical processes is known to be the constitutive
relation (CR). There are numerous constitutive relations obtained empirically for the description of superplasticity
(SP) (see, e.g., [1]), but it is still a difficult task to choose a necessary CR among this set in studying a particular
process. Therefore, a procedure should be developed for evaluation of CRs from the viewpoint of their applicability
for describing the regime of superplastic deformation (SPD). In this paper, we analyze the available formulations
and solutions of the problem of stability of the deformation process to small or finite perturbations of the current
configuration of the sample [2] and their applicability for the description of the SP process.

In the present paper, we consider only the process of uniaxial tension of the sample, because of its high
sensitivity to free surface perturbations. Stability of homogeneous deformation with respect to small perturbations
is analyzed; hence, the approach described is inapplicable to materials that experience SPD under uniaxial tension
due to inhomogeneous strains. We also avoid considering materials where SPD occurs in stable inhomogeneous
regimes of uniaxial deformation (for instance, those with a “running neck”). Moreover, only those materials where
the so-called structural SP is observed [1] are considered in the paper.

In SPD research, the method of motion description (Lagrangian or Eulerian) is of great importance. Klyush-
nikov [3] noted that there is a problem of choosing the method of motion description in studying stability of liquid
flows. Thus, it seems reasonable to analyze the previously proposed approaches and the results obtained in more
detail.

Analysis of Hart’s Formulation of the Stability Problem. Hart was one of the first researchers who
proposed to consider SP as a deformation regime stable to small perturbations of the sample geometry. Using the
Lagrangian approach to motion description, Hart considered unstable regimes of homogeneous deformation and
derived a criterion, which implies that the capability of materials to long tensions is retained even if there are
inhomogeneities in the sample geometry [4]. Uniaxial tension of a homogeneous sample was considered under the
following assumptions:

1) dependence of the “true” stress σ on the loading history and linear dependence of its small variations on
the plastic strain ε and strain rate ξ ≡ ε̇;

2) homogeneity of deformation, which implies that the stress σ at each point of the sample is equal to the
ratio of the tensile force F to the cross-sectional area S at the current time: F = σS;

3) material incompressibility: SL = const (L is the sample length at the current time).
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Under these assumptions, the problem of deformation of a geometrically inhomogeneous rod in the SP regime
was solved. A sample with a small part having a cross section was considered. The area of this cross section differs
from the area of the remaining part by δS (the so-called “neck”). As a stress–strain state arises in the course of
deformation of the inhomogeneity, the assumption 2 is not completely correct: Hart noted that this assumption
induced an error of the same order of smallness as δS [4]. It should be noted that this statement is not completely
correct either: Hart [4] did not say anything about the perturbation geometry, which is an important characteristic
of the sample and which determines the inhomogeneity of the stress distribution.

Hart formulated the stability criterion as follows: the deformation is stable if (δṠ/δS)F � 0 and unstable
if (δṠ/δS)F > 0. In other words, the growth rate of the variation of the cross-sectional area δṠ and the area
perturbation δS should have different signs for the perturbation to decay; otherwise, the perturbation is enhanced.
As the force F is identical at all points of the rod, we can obtain the following relations using the assumptions 1–3:

δF = δσ S + σ δS = 0, δσ =
∂σ

∂ε
δε +

∂σ

∂ξ
δξ,

δε =
δL

L
= −δS

S
, δξ ≡ δε̇ = −δṠ

S
+

Ṡ

S

δS

S
.

The third equality follows from the property of incompressibility. Combining these relations and taking into account
that ξ > 0, we can write the stability criterion in the form

(δṠ

δS

)
F
∼ 1 − γ − m

m
� 0. (1)

With respect to phenomenological parameters, criterion (1) can be written in the form γ + m � 1. Here γ ≡
(1/σ)(∂σ/∂ε) is the strain hardening parameter and m ≡ (ξ/σ)(∂σ/∂ξ) is the sensitivity of the material to the
strain rate. In the general case, these parameters are material functions. For viscous materials, γ = 0; therefore,
the stability criterion takes the form m � 1. Hart told that the stability criterion was the main reason for the
existence of superplasticity [1].

Though Hart performed an engineering analysis (for instance, the assumption 2 is a rigorous assumption,
because the strains and stresses cannot be considered as homogeneous if the cross-sectional area is not identical
along the sample), his results are in good agreement with experimental data.

Following Hart, we analyze the possibility of using the solutions of the stability problem to check the adequacy
of the SP constitutive relation. The papers of Il’yushin [5], Ishlinskii [6], and Keppen and Rodionov [7] considered
below, which describe the formulations and solutions of the problem of stability of deformation of samples made of
a viscoplastic material, have nothing to do with SP at first glance. It should be noted, however, that SPD is most
often described with the use of viscoplastic models; for this reason, we analyze here the results of [5–7].

Analysis of Il’yushin’s Formulation of the Stability Problem. The problem of stability of a vis-
coplastic flow with the use of the Lagrangian method for motion description was posed and solved by Il’yushin
[5]. The motion is unstable or stable, depending on whether the perturbation is amplified or decays with time. In
contrast to [4], Il’yushin [5] described the problem formulation in more detail and presented a universal method for
solving this problem.

The problem of uniaxial tension of a viscoplastic solid in the form of a band of length 2l and width 2h under
the action of forces ±2P applied to the band ends and aligned in the opposite directions is solved. For convenience
of comparisons of the results obtained, we consider here a uniform formulation of the stability problem, which can
be easily transformed to the formulation used in [5]. The formulation includes the equation of equilibrium, the
condition of incompressibility, and the CR for a linearly viscoplastic solid:

∇̂ · σ = 0, ∇̂ · V = 0,

σ = −pI + (τ(ξ)/ξ)D, τ(ξ) = K + μξ.
(2)

Here ∇̂ = êi ∂/∂ζi is the material operator of the gradient in the current configuration, êi is the vector of the local
Lagrangian basis in the current configuration, ζi are the Lagrangian coordinates (for a two-dimensional problem,
i = 1, 2), σ is the Cauchy stress tensor, D is the strain rate tensor, p is the hydrostatic pressure, I is the unit
tensor of the second rank, τ =

√
2σ′ : σ′ is the intensity of shear stresses (the prime marks the deviatoric part of σ),
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τ(ξ) = K + μξ for a viscoplastic medium, K is the plasticity coefficient, μ is the viscosity, ξ =
√

D : D/2 is the
intensity of the shear strain rate, and V is the vector of motion velocity. All fields of the variables are functions of
the Lagrangian coordinates.

The boundary conditions have the following form:
— on the side surface [x2 = ±h(t)],

n̂ · σ = 0 (3)

(n̂ is the outward normal to the sample surface in the current configuration);
— on the end faces of the sample [x1 = ±l(t)],

σ11 = P (t)/h, σ12 = 0. (4)

In Eqs. (3), (4), x1 and x2 are the spatial coordinates that are functions of the Lagrangian coordinates ζ1

and ζ2, respectively.
Using the method of solving this problem, which was described in [5], we can obtain the stability criterion.

Equations (2) and the boundary conditions (3), (4) are written in terms of perturbations of the stress function and
stream function, which are expanded into the Fourier series near the state of the band under uniaxial tension; as
a result, Eqs. (2) reduce to a system of linear differential equations with respect to unknown perturbations. The
solution of these equations satisfy the boundary conditions (3) and (4), including the conditions along the surfaces

where the total perturbation δ̄ is presented in the form of the Fourier series δ̄ =
∞∑

n=1

δn cos (πnx1/l), and allow us to

find the velocity components. Instability of motion depends on the sign of the velocity components V2(h) of motion
arising on the perturbed surface: the sign may coincide with or be the opposite to the sign of the perturbation δ̄.
Thus, the study of flow stability reduces to studying stability of individual components δn cos (πnx1/l) of the
perturbation δ̄: the qth component is stable (i.e., increases), and the motion with respect to this component is
unstable if the inequality V2(h) cos (πqx1/l)/δq > 0 holds. If the qth component is the only stable component, it
starts to prevail over all other components with time; finally, the shape of the boundary transforms to a cosinusoidal
curve forming q waves along the band. Band deformation is unstable if the only component of the perturbation is
stable. Solving the last inequality, we finally obtain the criterion of stability of the component and instability of
motion in the form

2n < 2q
h

l

√
χ

χ + ξ0
< 2n + 1, n, q ∈ Z, χ =

K

μ
, (5)

where ξ0 is the strain rate in the case of uniaxial tension of the sample and Z is a set of integers.
Analysis of Ishlinskii’s Formulation of the Stability Problem. Ishlinskii [6] presented the solution

of the stability problem for a viscoplastic flow of a band with the use of the Eulerian method of motion description.
By analogy with the above-performed analysis of Il’yushin’s results, we use the results obtained by Ishlinskii in
studying the stability of the flow of a linearly viscous sample to verify the adequacy of the SP constitutive relation.
For convenience, the mathematical formulation of the problem is written in the same form as in [5] [Eqs. (2) and
boundary conditions (3) and (4)]. The difference of this formulation is that all fields are functions of the Eulerian
coordinates xi (i = 1, 2 ). We study the flow of a rectangular band whose edges perpendicular to the axis x1 have
a straight-line form at the initial time. The edges parallel to this axis are subjected to a small “perturbation”
described by the equations

x2 = h + δ cos (ax1), x2 = −h − δ cos (ax1),

where h is the half-width of the unperturbed band and δ is the perturbation amplitude, which is small as compared
with h. The perturbation of the boundary has a sinusoidal form symmetric about the axis x1. The band length is
assumed to accommodate an integer number of perturbation half-waves a = πq/l (q is an integer number and l is
the sample length). If the perturbation of the band edges parallel to the axis x1 has a more complicated character,
it can be presented as a sum of simple sinusoidal perturbations by using the Fourier series.

The perturbation has a tendency to increase if the velocity component V2 has the same sign as the per-
turbation η = δ cos (ax1), i.e., if V2/η > 0. Solving this inequality, we can write the stability criterion in the
form
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2n < 2q
h

l

√
K

K + μξ0
< 2n + 1, n, q ∈ Z. (6)

Criterion (6) coincides with Il’yushin’s stability criterion (5), though it was obtained by the Eulerian ap-
proach. Thus, by an example of papers [5, 6], we demonstrated the equivalence of the Lagrangian and Eulerian
approaches to solving the problem of stability of uniaxial tension of a band made of a linearly viscoplastic material.

Analysis of Keppen and Rodionov’s Formulation of the Stability Problem. The logical con-
tinuation of Il’yushin’s research was the paper of Keppen and Rodionov [7], where they considered tension and
compression of a band made of a nonlinearly viscoplastic material. In contrast to Il’yushin’s paper [5], which im-
plied a linear dependence between the strain rate ξ and the shear stress intensity τ , Keppen and Rodionov [7] used
a more general relation

τ(ξ) = K + μξ0g(ξ/ξ0), (7)

where g(ξ/ξ0) > 0 is a certain function of ξ.
Similar to [5], the stability criterion is sought for a problem whose formulation can be reduced to the form

(3)–(5) with allowance for (7): band tension is unstable if

2n < 2q
h

l

√
1 − τ ′(ξ0)ξ0

τ(ξ0)
< 2n + 1, n, q ∈ Z. (8)

We analyzed the results of theoretical papers where the SP process is considered as a stable process of
tension in the case of imperfections on the side surface. Hart’s paper [4] gave an impetus to the development of this
research direction, but it had some drawbacks (one-dimensional analysis of neck development was performed, and
rather rigorous restrictions were imposed on the process considered). Il’yushin [5] described details of a universal
method of solving problems of stability of tension of a viscoplastic sample. With the help of this method, solutions
of a two-dimensional problem of neck development for a linearly viscoplastic sample were obtained in [5, 6] on the
basis of different approaches (Eulerian and Lagrangian). Keppen and Rodionov [7] extended Il’yushin’s problem to
the case of a nonlinearly viscous material and solved the resultant problem with the Lagrangian approach.

In the present paper, we propose a more general formulation of problems of band tension and compression
in the case of a nonlinearly viscous rheology of the medium. Such a formulation allows us to use various types
of perturbations, and all formulations described above follow from the formulation proposed here. Moreover, all
problems of stability of uniaxial tension considered above are geometrically linear. A homogeneous process of
evolution of geometric imperfections of the sample are considered in these problems. As was shown by Wray [8],
however, the real process is more complicated (growth and interaction of “necks”); hence, the perturbations of the
configuration cannot be neglected. A geometrically nonlinear formulation of the problem of stability of uniaxial
tension of a sample made of a nonlinearly viscous material is proposed in the present paper.

Problem of Stability of Uniaxial Tension of a Flat Band Made of a Nonlinearly Viscous Ma-
terial. We consider a geometrically nonlinear problem of stability of uniaxial tension of a flat rectangular sample
with a constant relative velocity of its ends to small normal perturbations of the configurations at a fixed time
(that is why the time is not included into the list of independent variables). The problem is solved for the case of a
plane strain state. The mathematical formulation of this problem includes the equations of motion, the constitutive
relations of the general form, and the incompressibility conditions:

∇̂ · σ = 0, σ = −pI + (τ(ξ)/ξ)D, ∇̂ · V = 0. (9)

Here τ(ξ) is an arbitrary nonlinear function of intensity of the strain rate tensor ξ (the formulations for a linearly
viscous sample given above can be derived from this formulation with τ(ξ) = K + μξ).

The boundary conditions have the following form:
— on the side surface,

n̂ · σ = 0 (10)

(n̂ is the outward normal to the side surface of the sample in the current configuration);
— on the end faces of the sample,

V1

∣∣∣
x1=0

= 0, V1

∣∣∣
x1=l

= V0 > 0, σ12

∣∣∣
x1=0

= σ12

∣∣∣
x1=l

= 0. (11)
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Let us use various approaches to motion description and compare the resultant stability criteria.
Let us first consider the Lagrangian approach where all fields of variables are functions of the Lagrangian

coordinates. Let the fields of velocities, pressure, and Hamiltonian operator (variation of the configuration) experi-
ence small perturbations at a certain time: Vp = V + δV , pp = p + δp, and ∇̂p = ∇̂ + δ ∇̂. Then the formulation
of the problem for perturbations has the form

δ∇̂ · σ + ∇̂ · δσ = 0, δ∇̂ · V + ∇̂ · δV = 0,

δσ = −δpI + (τ ′/ξ − τ/ξ2)δξ D + (τ/ξ) δD;
(12)

δn̂ · σ + n̂ · δσ = 0. (13)

Here δD = (δ∇̂V +∇̂δV +δV ∇̂+V δ∇̂)/2 and δξ = ((D11−D22)(δD11−δD22)+(D12−D21)(δD12−δD21))/ξ. The
difference between the geometrically nonlinear analysis presented here and the analysis of the previously available
formulations is the perturbation of the configuration (perturbation of the nabla-operator). From the kinematic

relation ˙̂∇ = −Lt · ∇̂, we find the perturbation δ∇̂ using, instead of the differential, the variation δ∇̂ = −δu Lt · ∇̂;
δu is the variation of the process parameter and L = V ∇̂ is the transposed velocity gradient. Using the relations
Ḟ = L · F and ∇̂ = ∇ · F−1 (F is the transposed place gradient) or the relations written in variations

δF = δu L · F ⇒ δu L = δF · F−1 = (δr̂∇) · F−1 = δr̂ ∇̂,

we can find the variation of the nabla-operator δ∇̂ = −(∇̂ δr̂) · ∇̂. Then δ∇̂ ·σ = −((∇̂ δr̂) · ∇̂) ·σ ≡ 0 (because the
components of σ are homogeneous in the ground state). Substituting this expression into Eqs. (12) and (13) and
taking into account the first and third equations in (9), we obtain the final form of the problem formulation for a
nonlinearly viscous medium:

∇̂ · δσ = 0, δ∇̂ · V + ∇̂ · δV = 0,

δσ = −δp I + (τ ′/ξ − τ/ξ2)δξ D + (τ/ξ) δD.
(14)

The stability criterion is determined in accordance with the approach proposed in [5]. We use perturbations
in the form

δr1 = ϕ1(ax2) sin (ax1) eλt, δr2 = ϕ2(ax2) cos (ax1) eλt,

where r̂(r1, r2) is the radius vector in the current configuration, a = πq/l (q is an integer number and l is the
sample length), x1 and x2 are the spatial coordinates, which are functions of the Lagrangian coordinates ζ1 and ζ2,
respectively, and λ is the decay decrement. Then, we obtain the stability criterion in the form

λ = ξ0

(
− 1 +

2 sin (2b
√

1 − m )
m sin (2b

√
1 − m ) +

√
m(1 − m) sinh (2b

√
m )

)
> 0, (15)

where ξ0 is the strain rate in the case of uniaxial tension of the sample, b = ah (h is the sample half-width), and
m ≡ ∂ ln τ/∂ ln ξ = ξτ ′/τ .

Let us now consider the Eulerian approach.By analogy with the material derivative for the function specified
in the Eulerian coordinates (0 = d∇/dt = ∂∇/∂t + (V · ∇)∇), we obtain a variation of the Hamiltonian operator
in the form δ∇ = −(δr · ∇)∇, where the right side characterizes the changes caused by the relative motion of the
material and spatial points coinciding at the moment. In this case, the problem formulation coincides with (13)
and (14), and the stability criterion coincides with (15). Thus, two approaches to solving the problem of stability
of tension of a nonlinearly viscous sample in the SP regime are equivalent.

Comparison of Criteria. Relation (15) is the stability criterion for the sample in a geometrically nonlinear
case. If we consider a geometrically linear formulation (in this case, there is no variation of the nabla-operator),
the stability criterion is a particular case of (15) and has the form

λ =
2 sin (2b

√
1 − m )

m sin (2b
√

1 − m ) +
√

m(1 − m) sinh (2b
√

m )
> 0.
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Solving this inequality and introducing the notation b = ah, a = πq/l, and m ≡ ∂ ln τ/∂ ln ξ = ξτ ′/τ , we obtain the
stability criterion in the form

2n < 2q
h

l

√
1 − τ ′

τ
ξ < 2n + 1, n, q ∈ Z, (16)

which coincides with the criterion proposed by Keppen and Rodionov (8). Assuming that τ(ξ) = K + μξ in Eq.
(16), we obtain the criteria derived by Il’yushin (5) and Ishlinskii (6).

To check the geometrically nonlinear criterion (15), we compare it with Hart’s criterion (1) with a → 0
[the parameter a = πq/l characterizes the number of half-waves accommodated on the sample length (in Hart’s
paper, q = 1), and its tending to zero corresponds to the process of homogeneous deformation considered]. Using
L’Hospital rule and reducing the like terms, we obtain

λ = ξ0(1 − m)/m,

i.e., stability is observed for λ < 0, which is equivalent to the inequalities m < 0 and m > 1. Thus, in the limiting
case with a → 0, the result obtained agrees with Hart’s analysis [4].

Conclusions. In this paper, we analyzed various formulations where the process of superplastic flow is
considered as a stable process of tension of a cylindrical sample with imperfections of the side surface. Hart’s paper
[4] gave an impetus to this research direction, but its drawback was a one-dimensional analysis of development
of the “neck.” A universal method of solving stability problems was proposed in the papers of Il’yushin [5] and
Ishlinskii [6], though they seem to have nothing to do with SP at first glance. It is proposed to use this method
to check SP constitutive relations at which the existence of stable regimes is possible. We compared the criteria
derived by Il’yushin and Ishlinskii and demonstrated their equivalence.

All available formulations of the problem of stability of uniaxial tension are geometrically linear, but the
real mechanism of growth and interaction of the “necks” can be much more complicated; hence, perturbations of
the configuration (geometrical nonlinearity) cannot be neglected.

In the paper, we proposed a formulation of the problem of stability of band tension in the case of a nonlinearly
viscous rheology of the medium, performed a geometrically nonlinear analysis, obtained stability criteria with the
use of the Eulerian and Lagrangian approaches, and demonstrated their equivalence for the problem considered.
All formulations and criteria considered above are shown to follow from the formulation proposed here and criterion
(15). This formulation allows various types of perturbations to be used.

This work was supported by the Russian Foundation for Basic Research (Grant No. 07-08-00352a).

REFERENCES

1. P. A. Vasin and F. U. Enikeev, Introduction into Superplasticity Mechanics [in Russian], Gilem, Ufa (1998).
2. O. V. Shishkina, I. E. Keller, and P. V. Trusov, “Stability of a superplastic flow to small perturbations of the

boundary,” in: Advanced Problems of Mechanics of Continuous Media,, Proc. 9th Int. Conf. (Rostov-on-Don,
October 11–15, 2005), Vol. 1, Rostov-on-Don (2005), pp. 222–227.

3. V. D. Klyushnikov, Lectures on Stability of Deformable Systems [in Russian], Izd. Mosk. Univ., Moscow (1986).
4. E. W. Hart, “Theory of the tensile test,” Acta Metallurg., 15, 351–355 (1967).
5. A. A. Il’yushin, Papers, Vol. 1 (1935–1945), Chapter 3: Tension and Compression of a Band and Similar Motions

[in Russian], Fizmatlit, Moscow (2003), pp. 162–182.
6. A. Yu. Ishlinskii, “Stability of a viscoplastic flow of a band and a circular rod,” Prikl. Mat. Mekh., 7, No. 2,

109–130 (1943).
7. I. V. Keppen and S. Yu. Rodionov, “Tension and compression of a band made of a nonlinearly viscoplastic

material,” in: Elasticity and Inelasticity [in Russian], Izd. Mosk. Univ., Moscow (1987), pp. 97–105.
8. P. J. Wray, “Tensile plastic instability at an elevated temperature and its dependence upon strain rate,” J. Appl.

Phys., 41, No. 8, 3347–3352 (1970).

98



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 225
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 [612.000 792.000]
>> setpagedevice


