
Chapter 13
Nonlinear Theory of Cardinal Rearrangement
of the Solid Body Structure in the Field
of Intensive Pressure

Eron L. Aero and A.N. Bulygin

Abstract A nonlinear theory of microscopic and macroscopic strains is developed
for the case of large inhomogeneous relative displacements of two sublattices mak-
ing up a complex crystal lattice. The standard linear theory of acoustic and opti-
cal oscillations of a complex lattice is generalized, taking into account new addi-
tive principle of internal translational symmetry—relative shear of two sublattices
leaving deformation energy invariant. As a result, the force interaction between the
sublattices is characterized by a nonlinear periodic force of its mutual displace-
ments. The theory describes large microdisplacements due to bifurcation transitions
of atoms into neighboring cells. As a result, the theory predicts defect formations,
switching interatomic bonds, phase transitions, formation of nanoclasters, etc. Some
examples of resolutions of nonlinear equations of equilibrium are presented.

13.1 Introduction

Now considerable attention is called to the problem of structural and phase transi-
tions in nano-structured materials, degradation of material properties under loading
(ageing and fatigue) and to with it connected processes of generations of defects of
the structure and other damages of it. A well-developed approach to the solution of
the problem is based on an artificial introduction of concrete, previously designed
elements of a damage of a crystalline structure with subsequent monitoring of their
evolution under intensive power and temperature influence. A more universal ap-
proach, following a remarkable work of Cosserats [7], is based on an introduction of
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internal degrees of freedom into a continuum model of a solid. Numerous attempts
of its realizations revealed new effects in the framework of linear theory. Main new
results concern an appearance of new optical oscillations, spatial–temporal disper-
sion of elastic features and border effects in statics.

However, this approach is not adequate enough to the new problems arising while
studying the formation and control of the structure of new materials. Small varia-
tions in the internal structure described by the linear theories, simple precise vari-
ations in the macroscopic geometry of the lattice, giving only re-normalization of
material constants. Hence a model of a complex structure is reduced to that of a
simple one. The cardinal rearrangements of the structure appear beyond the linear
approach. The transition to the essentially nonlinear equations yields a possibility to
predict drastic structural rearrangements, lowering of the potential barriers, switch-
ing of interatomic connections, arising of singular defects and other damages, phase
transitions.

There is a limitation of a phenomenological theory. Indeed, internal parameters,
like micro-strains describing structural deviations, may be incorporated into the the-
ory, they could be even estimated. However, their physical sense might be under-
stood provided that an initial structural state of the body is defined, and material
scales of length and time are introduced. The last is skipped in the continua theory.

It turns out that simultaneous description of discreteness and nonlinearity of the
model allows us to formulate a new principle of translation invariance of the en-
ergy. A similar principle was introduced for the first time by E. and F. Cosserat for
a medium with rotational degrees of freedom. A model of complex lattice may be
used as a base of a suggested theory. The complex lattice consists of two sub-lattices
which coincide or merge into one by a shift for a constant structural vector u0, ap-
pearing as a parameter of the complex lattice (Fig. 13.1). The model is known in the
physics of solid state, however, it was developed in a linear and anharmonic limit.
Two equations arise in the linear theory of crystalline lattice of Karman and Born-
Huang [6], one for the acoustic (U) and the other for the optical (u) displacement.
The physical mechanics of non-ideal crystalline lattice with defects has been devel-
oped in the works of Kosevich [8]. A linear nonlocal theory of complex crystalline
lattice was developed by Kunin [9] where a long-range action was refined.

Here, in the local nonlinear theory [1, 3, 2, 4, 5, 10], the main attention is paid to
the effects of a short-range action responsible for the cardinal variations in the struc-
ture, in particular, for the generation of defects, new phases and the so-called recon-
structive transitions or changing of the class of lattice symmetry. The employment
of essentially nonlinear equations gives rise to predicting the lowering of potential
barriers and switching of interatomic connections.

The introduction of variations of a local topology in the theory by means of in-
ternal degrees of freedom (u) turns out efficient, provided that the generation of
the linear approach is done as follows. Consider arbitrarily large displacements of
sub-lattices u and put an additional element of translational symmetry, typical for
complex lattices but have not used before in physics of solid state. Certainly, the
relative displacement of one sub-lattice for one period (or for its integer number)
yields a merge of the sub-lattice with itself, and the structure of the complex lat-
tice is reproduced. It means that its energy should be a periodic function of the
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Fig. 13.1 (a) The complex
crystalline lattice consisting
of two sublattices. (b) Macro-
scopic deformation without
a relative shear of sublat-
tices. (c) Microdeformations
at twinning. (d) Bifurcation of
the structure of an elementary
cell during microdeformation

relatively tough displacements of sub-lattices u which are invariant to such a trans-
lation. Certainly, a classical principle of translational symmetry is kept, that yields
an invariance of the energy of the lattice to the shared translation U of both sub-
lattices for one period of the complex lattice. The approach allows us to introduce
new parameters of a crystal in micromechanics, that makes possible a description
of micromechanisms of the cardinal rearrangements of the lattice such as charac-
teristics of the short-range order, potential barriers, typical sizes of the elements of
structure and interphase boundaries, bifurcation parameters.

13.2 General Equations

Let us introduce a displacement U of the center of inertia of a pair of atoms (ele-
mentary cell) and their relative displacement u inside the cell (due to variation of
u0) as follows

U =
m1U1 + m2U2

(m1 + m2)
, u =

U1 − U2

a
. (13.1)

Here U1 and U2 are the displacements of atoms with masses m1 and m2 of the first
and the second sub-lattices, respectively, a is the period of a sub-lattice.

The development of a three-dimensional theory requires explicit introduction of
an energy invariant both to the mutual displacements and rotations of sub-lattices.
The basic idea is in the development of a scalar periodic function of the simplest
rotation invariants of the vector field. This might be done by choosing it as

Φ →
(
1 − cos

√
uiαikuk

)
, αik = a−2

1 kiki + a−2
2 mimi + a−2

3 nini, (13.2)
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where αik is a tensor of inverse periods of the lattice (a1, a2, a3), while k, m, n are
the unit vectors of crystallographic directions.

The force of interaction of neighboring atoms reads

Pi =
∂Φ

∂ui
− ∂Φ

∂uR

∂uR

∂ui
− ∂uR

∂ui
sin(uR), uR = (uiαikuk)1/2. (13.3)

Simpler relationships arise for the crystals of cubic symmetry (a1 = a2 =
a3 − a),

αik = a−2(kiki + mimi + nini), u2
R = u2;

Pi = li sin(u), li = ui/u,

u =
(
u2

x + u2
y + u2

z

)1/2
.

(13.4)

Here u is the absolute value of the vector of micro-displacements, li is its basic
vector.

It is easy to see that both functions are periodic along the directions k, m, n with
periods equal to a1, a2, a3, respectively.

General equations for macro- and micro-displacements U(t, x, y, z), u(t, x, y, z)
follow using the Lagrangian

L =
∫ t

0

∫

V

[
1
2
ρU̇nU̇n +

1
2
μu̇nu̇n − 1

2
λikmnU(i,k)U(m,n)

− 1
2
Kikmnui,kum,n + sikU(i,k)Φ(uR) − pΦ(uR)

]
dV (13.5)

and they read (due to the variations of U̇i, u̇i, U(i,k), ui,k, ui)

ρÜi = λikmnU(km),n − sin

[
Φ(uR)

]
,n

, (13.6)

μüi = Kikmnuk,mn − Pli
∂Φ

∂uR
;

li =
∂uR

∂ui
; P = p − sikU(i,k).

(13.7)

Here commas in interlinear indices denote spatial derivatives, their inclusion in
parentheses denotes symmetrization, and a period on top corresponds to the tem-
poral derivative.

The first equation is useful in rewriting the equation of mechanics of a continuum
medium in the standard form:

ρÜi = σik,k, (13.8)

where the stress tensor σik is introduced as

σik = λikmnU(m,n) − sikΦ(uR). (13.9)
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Equations (13.7)–(13.9) correspond to the translation invariant equations of the dy-
namics of the double continuum. Equation (13.9) allows us to consider the stress as
a sum of an elastic part (the first term) and an inelastic part caused by a microstruc-
ture of the lattice. The latter disappears at small micro-displacements and achieves a
maximum value equal to sik, when u = π, or at the shift of atoms from the potential
holes to the peaks of interatomic potential barriers. Certainly, the value of the mate-
rial tensor sik is the limit of inelastic stresses corresponding to the loss of stability of
the lattice. The plastic strains as well as interphase transitions and other bifurcation
processes are possible further. They are defined by the field of micro-displacements
that is obtained from (13.7).

The value of P in (13.7) corresponds to an effective potential barrier of the rear-
rangement of the lattice, depending on the strain gradient Ui,k. It might be excluded
expressing through σik. This gives another representation for P

P = p − smnλ−1
mnikσik. (13.10)

Choosing the periodic function Φ according to (13.2) and taking into account
(13.3), the governing equations are rewritten as

ρÜi = λikmnU(mn),k − siklk sin(uR), uR = (uiαikuk)1/2, (13.11)

μüi = Kikmnuk,mn − Pli sin(uR), P = p − sikU(ik). (13.12)

These equations correspond to the crystal of any class of symmetry but they are
too complicated for an analysis. Therefore, a more simple case will be considered
further.

13.3 Two-Component Two-Dimensional Micro-Fields in Cubic
Crystals

Consider a plane problem with the strain field of the form

Ux = Ux(x, y, t), Uy = Uy(x, y, t), Uz = 0,

ux = ux(x, y, t), uy = uy(x, y, t), uz = 0.
(13.13)

According to (13.4) for cubic crystals uR = u = (u2
x + u2

y)1/2, (13.11), (13.12)
read as

μüx = −Plx sin
(
u2

x + u2
y

)1/2 + K1ux,xx + K23uy,xy + K3ux,yy, (13.14)

μüy = −Ply sin
(
u2

x + u2
y

)1/2 + K1uy,yy + K23ux,yx + K4uy,xx, (13.15)

ρÜx = σxx,x + σxy,y, ρÜy = σyy,y + σyx,x. (13.16)
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Here the components of the strain tensor are expressed according to (13.9)

σxx = λ1Ux,x + λ2Uy,y − sxx

(
1 − cos

(
u2

x + u2
y

)1/2)
, (13.17)

σyy = λ2Ux,x + λ1Uy,y − syy

(
1 − cos

(
u2

x + u2
y

)1/2)
, (13.18)

σyx = λ3(Ux,y + Uy,x) − syx

(
1 − cos

(
u2

x + u2
y

)1/2)
. (13.19)

Further simplifications are needed for obtaining analytical solutions.

13.4 Thin Layer Assumption. Statics

Consider a static version of (13.16) with the defining parities given by (13.17)–
(13.19).

Assume that a layer is directed along the OY axis, while the solution is local-
ized in the vicinity of this axis, then besides the conditions Ü = ü = 0 a natural
assumption may be suggested

Ux � Uy, ux � uy, lx � ly, ∂()/∂y � ∂()/∂x. (13.20)

Equations (13.20) allow us to write leading order equations defining two-dimension-
al stationary fields of macro- and micro-strains Ux(x, y), Uy(x, y); ux(x, y), uy(x, y).
The substitution of (13.17)–(13.19) into (13.16) allows simplifying them with the
help of (13.20). Neglecting the terms with derivatives Ux,yy , Uy,xy , ux,y in the equa-
tion for the x projection and terms Uy,yy , uy,y in the equation for y projection, one
obtains two equations of the second order that may be integrated once with respect
to x, giving

λ1Ux,x + (λ2 + λ3)Uy,y − sxx

(
1 − cos(uy)

)
= ε0(y), (13.21)

λ3Uy,x − syx

(
1 − cos(uy)

)
= σ0(y). (13.22)

Here σ0(y), ε0(y) are the constants of integration with respect to x. Then the system
of two equations appears for the macroscopic fields Ux(x, y), Uy(x, y) connected
with the micro-field u(x, y). Then a consideration of the static reduction of (13.14),
(13.15) is needed. Leaving the left-hand side in (13.14) and changing u with uy in
(13.15), we rewrite the system (13.14)–(13.15) as

0 ≈ K1ux,xx + K23uy,xy, (13.23)

μüy ≈ −Ply sin(uy) + K1uy,yy + K23ux,yx + K4uy,xx. (13.24)

The term ux,yy is skipped in (13.23) due to smoothness along the layer. It is
integrated once with respect to x, giving the first order equation

B ≈ K1ux,x + K23uy,y. (13.25)
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Here B is a constant of integration. Differentiating (13.25) with respect to y, one
excludes from (13.23) the mixed derivative ux,yx; this gives rise to

μüy ≈ −Ply sin(uy) + K4uy,xx + K5uy,yy. (13.26)

Its right-hand side may be simplified using (13.23) and the assumption ly ≈ 1.
Due to the smallness of the component ux, the equation may be finally written as

μüy ≈ −P sin(uy) + K5uy,yy + K4uy,xx, K5 = K1 − K2
23/K1. (13.27)

Here P is an effective potential, depending on deformation gradients according to
(13.7). For cubic crystals we get

P = p − sxxUx,x + syyUyy + (sxy + syx)(Ux,y + Uy,x). (13.28)

Then the equations for macro- and micro-fields become coupled, which strongly
complicates their analysis. However, according to (13.21) and (13.22), the deforma-
tion gradients are expressed through two arbitrary functions σ0(y) and ε0(y) that
may be replaced with constants. Then only one of the three functions Ux,x, Uy,y ,
Ux,y remains in (13.28). It simplifies a choice of useful hypothesis for obtaining
solutions.

It is useful to transform to the dependence of the effective potential barrier P
on the stresses according to its equivalent definition (13.10). For cubic crystals,
following (13.17), (13.18) and (13.19), we have

P = p − σ̄; σ̄ = ε1σxx + ε2σyy + ε3σyx + Ŝ
(
1 − cos(u)

)
. (13.29)

Here ε1, ε2, ε3, Ŝ are complicated combinations of the material constants
(λ1, λ2, λ3) and coefficients of striction (sxx, syy, syx). The three components of
stresses are expressed through two constants σ0, ε0 according to (13.21) and (13.22).
Then the useful hypothesis may be chosen for construction of particular solutions,
assuming P does not depend on the coordinates under certain boundary conditions.
The stress is a constant in the one-dimensional case when only dependence of one
coordinate is taken into account.

13.5 Some Particular Solutions

One of the solutions of (13.26) reads

tan(uy/4) =
A cn(xK1/H)

sn(xK1/H) dn(yK2/B)
≈ A

sh(x/L) dn(yK2/B)
. (13.30)

Here K̄1 = K̄1(ν1), K̄2 = K̄2(ν2) are complete elliptic integrals of the first kind.
The arguments ν1, ν2 play the role of constants of integration in the present theory,
while sn(), cn(), dn() are the standard notations for the Jacobi elliptic functions.
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The second equality in (13.29) is obtained in the particular case ν1 → 1, ν2 → 0,
when the form of the elliptic functions is simplified. The function sh(x/L) describes
a variation of the structure within a contact zone of the width L. One gets obvious
limiting relationships

|x| → 0, | sh()| → 0, tan(uy/4) → ±∞, uy → 2π,

|x| → ∞, | sh()| → ∞, tan(uy/4) → 0, uy → 0.
(13.31)

The first relationship means that structural variations in the center of contact
zone x = 0 are maximal, and the atoms move for an integer number of the periods
of the lattice. The second one means that the atoms remain in the initial state of
equilibrium, ±uy = 0, far from the contact zone. These relationships are the basis
for the statement of the boundary conditions.

Using the field found and substituting it into (13.24), one obtains the solution for
the second component of the displacement of the form

K1ux = K23

∫ [
arctan(uy/4)

]
dx − ε0x. (13.32)

Using these relationships for the dependence of macro-displacements on micro-
strains and stresses, one can obtain the distortion of the size and shape of the plate,
calculating the micro-displacement Ui. The employment of (13.16), (13.17) and
(13.18) allows us to obtain the stresses σxx, σyy , σxy . A tribute of the structure in
them is described by the formula

1 − cos(u) =
8A2 tn2(xK1/H) dn2(yK2/B)
A2 + tn2(xK1/H) dn2(yK2/B)

. (13.33)

Another particular solution of (13.27) reads

tg(uy/4) = A dn(xK1/H) dn(yK2/B),

A2 = 1/
(
1 − ν2

1

)(
1 − ν2

2

)
.

(13.34)

Some features of a super-structure are caused by the boundedness of the Jacobi
function dn(∗). Therefore, the right-hand side of the solution does not apply at
infinity, though reaches large values at ν1 → 1, ν2 → 1. It means that uy < 2π, and
the atoms do not jump into the neighboring holes, as it happens at the appearance of
singularities. The corresponding micro-structure has the form of two-dimensional
periodic system of nanocrystals separated by wide boundaries, when the lattice is
disordered to some extent. No singular defects arise, contrary to the previous case.

One can find more particular solutions in [1, 3, 2]. Similar solutions of (13.14)
and (13.15) may be obtained in the dynamical case of plane waves propagating with
constant velocities and depending on the phase variables χ = x − V1t, η = y − V2t.
Some dynamical problems were studied in [4, 5, 10].
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13.6 Conclusions

An important feature of adequate structural rearrangements should be an essential
nonlinearity of the processes that may reach the points of bifurcation of the structure
and give rise to the cardinal variations in the existing properties and the arising of
new ones, including possible description of the process of the defect generation. The
development of a theory is possible on the base of the known model of a compli-
cated lattice whose elementary cell contains more than one atom. Existing theories
are linear as a rule, however, they could describe anharmonicities of low degree
as a last resort. The presented theory allows describing some interesting mecha-
nisms of structural rearrangements by the exact solutions of nonlinear governing
equations. Some nontrivial effects are revealed for the first time, like switching of
interatomic connections by lowering of potential barriers under an influence of ex-
ternal stresses. As a result, the theory predicts an appearance of surface defects in
initially ideal structure, its fragmentation with singular boundaries, loss of stabil-
ity of homogeneous strains beyond the threshold of intensive action on the body,
inelastic diffusionless strains, loss of long-range and short-range orders which are
the micro-mechanisms of the surface reconstruction. It is interesting to note that in
the complex stressed state the lattice hardening is also possible besides an inverse
effect of softening. The criteria of the transitions in the form of bifurcating depen-
dencies of the amplitude of microscopic field on the stresses and the domain sizes
at the surface are obtained in [3, 2]. Further development of the theory is required to
connect with the problem of thermodynamical stability of defects both in the fields
of stresses and temperatures.

Acknowledgements The work has been supported by the Russian Foundation for Basic Re-
searches, grants Nos. 07-01-00213 and 09-01-00469a.

References

1. Aero, E.L.: Structural transitions and shear stability of polyatomic layers. Inorg. Mater. 35(8),
860–862 (1999)

2. Aero, E.L.: Micromechanics of a double continuum in a model of a medium with variable
periodic structure. J. Eng. Math. 55, 81–95 (2002)

3. Aero, E.L.: Inhomogeneous microscopic shear strains in a complex crystal lattice subjected to
larger macroscopic strains (exact solutions). Phys. Solid State 45(8), 1557–1565 (2003)

4. Aero, E.L., Bulygin, A.N.: Strongly nonlinear theory of nanostructure formation owing to
elastic and nonelastic strains in crystalline solids. Mech. Solids 42, 807–822 (2007)

5. Aero, E.L., Bulygin, A.N.: Nonlinear theory of localized waves in complex crystalline lattices
as discrete-continuum systems. Vichislit. Mech. Sploshn. Sred 1, 14–30 (2008). In Russian

6. Born, M., Huang, K.: Dynamic Theory of Crystal Lattices. Clarendon Press, Oxford (1954)
7. Cosserat, E., Cosserat, F.: Théorie des corps déformables. Hermann, Paris (1909)
8. Kosevich, A.M.: Theory of Crystal Lattice. Vyshcha Shkola, Kharkov (1988). In Russian
9. Kunin, I.A.: Elastic Media with Microstructure. II Three-Dimensional Models. Springer,

Berlin (1983)
10. Porubov, A.V., Aero, E.L., Maugin, G.A.: Two approaches to study essentially nonlinear and

dispersive properties of the internal structure of materials. Phys. Rev. E. 79, 046608 (2009)


	Nonlinear Theory of Cardinal Rearrangement of the Solid Body Structure in the Field of Intensive Pressure
	Introduction
	General Equations
	Two-Component Two-Dimensional Micro-Fields in Cubic Crystals
	Thin Layer Assumption. Statics
	Some Particular Solutions
	Conclusions
	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


