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On the uniqueness theorem for one nonstationary 3-D inverse heat
conductivity problem in a layered domain
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Abstract: In this work, we consider the inverse 3-D heat transfer problem with any fixed » € N discontinuous heat
conductivity coefficients. At first with the help of conservative averaging method, we reduce the considered problem to
the 1-D inverse problems. Then we prove the uniqueness theorem for obtained 1-D inverse problem.
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1 Mathematical formulation of the initial

problem
In this paper we consider the 3-D problem for the
function U(x,y,z,t) in  the  parallelepiped

def
Dz{(x,y,z)e]R3 ;xe[O,xn],ye[O,Y],ze[O,Z]},

Let us the function U (x,y,z,¢) satisfies the following

conditions and heat conductivity equation:
U (x.y.z.0) =k, - AU(x,y,z.1), x&(x,.x, ),

_ (1)
ye(0,Y), ze(0,2), x,=0, j=1Ln, t>0,
U(x,y,z,t)L:O =0, )
U.(x,p, Z’t)L:O =0, 3)
[UGx,p,2,0+C-k,-U (x,p,z,0)]_ =v(0), 4)
U(x,y, z,t)L:X =U(x, y,z,t)LZX , j=lLn-1, ®)]

kj-U(x,y,z,t)|7: :kM-U(x,y,z,t)L:X , j=Ln-1, (6)

U,(x,p,20|  =U (020 =0, (7

U.(x,y,z0)|_, =U.(x,y,2,1)|_, =0. (8)
From the problem (1)-(8) we have to determine the
following data:
e the number neN that means a number of
discontinuity of heat conduction coefficient;

e the discontinuity points x, (j=1,n-1);

e the heat conduction coefficients k, (j=1,n);

e the constant C;
e the function U (x,y,z,t), where (x,y,z)e D, t>0.

In addition, it is proposed that we have the some
additional data. These data will be formulated in the next
section of the present paper.

Now let us introduce the function (as in the
conservative averaging method, see [9]-[11] and
references there)

@] Y z
u(x,t)=——[dy[U(x.y.2.0)dz,

Y-z 1 3
and we will integrate the basis equation (1), the boundary
conditions (3)-(6) and also the initial condition (2) on
variables y and z. Then we will use the conditions (7),

(8) in obtained expression. For example, after above-
mentioned procedure from (1) we get

=Y =7
1 [feul L oU
u,(x,0)=k; .u"(x,l)Jrﬁ{;‘,.g . dZ*!gzzo dy |=k;-u, (x,0),

from (2) we have

z

1 Y
U(x,y,z,t)‘t:U =0 u()c,t)‘t:U = ﬁ-jdyJ.U(x,y,z,t)dz‘t:U =
0 0

z

1 F 4
= ﬁ-!dyj‘U(x,y,z,t)\t:U dz=0,= ”(x’t)‘fzu -0.

0
from (6) we receive

. v 5 A
k ~—-|:J.dy.|’U\(X,)’,z,t)dz:|—k -—[—-jdij(x,}’,z,t)del =
Y-z L, Y-z ,

OX

ou(x,t) Ou(x,t) ou(x,t)
—_— k — e

J J .
ox ox .. Oox

and so on. As the final result, we receive the formulation
of the 1-D problem (9)-(14), which we will consider in
detail in the next section also.

Here, looking ahead, it should be noted that the
obtained problem (9)-(14) is a exact (equivalent)
statement of considered in previous section problem, and
the problem (9)-(14) is not an approximate statement of
initial 3-D problem.

Saying applied point of view we can interchange the 3-
D problem by our 1-D problem, where the precision of
this replacement (exchange) will depend on the precision
of replacement of the boundary condition (4) (where in

x=x,+0

the general case v =v(y,zt) and C= ) by some
h(y,z)
conditions, more exactly, by functions, which is not

depend on both space coordinates.



As is known there are many real practical problems
where mentioned approximate is generally accepted. If we
will consider hydrodynamic problems where our layered
body can be interpreted as a lamellate solid, where there is
a fluid flow, then we can neglect a dependence of a heat
change, which is an inverse value to a conditional
thickness of the boundary layer (see [1] and references
there). But in this case it is necessary to remember that
such neglect is possible depending on the concrete
conditions of considered real physical problem, for
example, depending on a characteristic sizes (on Y,Z)

and so on, but we have not to abused such neglect.

2 Formulations of obtained 1-D direct and

corresponding 1-D inverse problem

So let us consider the following boundary problem for
heat equation with the piecewise coefficient of heat
conduction:

u(x,t)=k -u; xe(x_,x) j=Ln; x,=0; t>0 (9)

u(x,t)|’:0 =0, xe [0 = xo,xn], (10)
u (x,0) =0, t>0, (11)
u(x,0)| _ +C-k u(x0|_ =vt), t>0, (12)
where 0”< C <o, ”

”(X’t)L:x;o = u(x,t)L:xﬁ0 ; j=lLn-1 t>0, (13)
kou (e =k u(en| sj=La-Li>0.  (14)

x=x —
j

In the problem (9)-(14) we assume that
e the function v(¢)e C*[0,+x) satisfies the condition

|v"(t)| <constas t>0;

o v(0)=0;

* k(x)=k >0 xe[xj_l,xj], j=Ln.
The direct problem (9)-(14) should be determined
identically with the help of following initial data:
e the function v(¢);
e the constant C;
e thenumber ne N ;

e the parameters &, (j =1,_n) and x, (j =1,_n).

Now we will formulate the following corresponding
inverse problem: having the following a priori
information
e the length of segment (where is considered this

problem) is known, i.e. x, is known;

e the function v(¢), t > 0 is known;
from the (9)-(14) we have to find the following unknown
information:
e the number ne N that means a number of
discontinuity of heat conduction coefficient;

e the discontinuity points x, (j=1,n-1);
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o the heat conductivity coefficients k, (j =1,n);

e the constant C;
e the function u(x,t) when (x,7) €[0,x |x[0,+0];

e the additional information

u(x,t)|_, =T(), t20; (15)
the following important additional su_ppositions:
u,(x,0) e C{[x, ,x,]x[0,+0)}, j=1n; (16)
u (vt)e C{[x, .x,|x[0,+0)}, j=Ln; (17)
X, <x, j=ln; (18)
k. %k, J=2m; (19)
u(x,t) e C{[0,x ]x[0,+0)}; (20)
u(x,) e C{[xox [x[0,40)}, j=1n; 1)
lu(x,0)|< 4 -e"', xe[0,x ], >0, 4 -const; (22)
lu, (x,0|< 4e™ xe(x,,,x),j=1n;t>0, (23)
A, - const .

Definition. The solution of the inverse problem (9)-
(23) is called the number ne N, 2-n parameters

{xl_(jzl,n—l);k/_(jzl,_n), C} and the function u(x,7)

satisfying conditions (9)-(23).
The following theorem establishes the uniqueness of
the solution of formulated above inverse problem (9)-(23).

3 Uniqueness theorem for the solution of

the formulated inverse problem
Theorem 1. If two sets

{u(x,t); neN; xj(j=1,n—l); k/(jzl,n); C} and

{ﬁ(x,t); me N, )E/(jzl,m—l); lgf(jzl,_m); é} are the

solutions of the inverse problem (9)-(23), and if x =%,
then the following statements are correct:

— n=m:
- x, =% (j=Ln-1);

-k =k (j=1n); (24)
- C=¢;

- u(x,t)=i(x,0), (x,0)e[0,x ]x[0,+0).

Before to prove this theorem, we will try to interpret
the physical significance of this theorem.

4 A physical interpretation of the

main Theorem 1
Usually Newton boundary condition (so-called the
third type boundary condition) for heat equation has a



following form (see [2], [3]):
[k -u +h-ul_ =h-6, (25)

where 4 is a coefficient of heat exchange on Newton, and
@ is a temperature of environment. It means that the
condition (12)

u(x,0)| _ +Ck cu (x| =vt), t>0, 0<C<w»

1
coincides with the condition (25) if we will take C=—
h

and v(¢) = 6(¢) . Then the physical matter of the Theorem 1
is following:

. .
® [f we change a constant C =— (inversely proportional
h

to the coefficient of heat exchange) and if we change
backwards a temperature of environment as many the
same then we can change no thermal or geometric
properties of given layered material;

® [f we cannot change (there are different technical,
physical and others reasons for it) any characteristics
of our layered material then changing the
characteristics of heat exchange we have to change a
temperature of environment inversely proportionally.

5 Proof of the Theorem 1
Applying the Laplace transform

+0

U(x,p)= Ief‘” -u(x,t)dt

to the equalities (9), (11)-(14) we get that the function

U(x, p) is the solution of following
problem:
pUx, p) =k U (x,p)=0;x e (x_,x,);j=1nx =0, (26)
U'(x,p)|_, =0, (27)
Ux,p)|_, +C-k, -Ulx,p)_ =V (p), (28)
where
def *°
vip) = | e -v()dt,
0
Ul(x, p)|m/70 =U(x, p)|m/+0 ;o j=Ln-1, 29)
kU'Gop)| =k, Utap)|_, 5 j=Ln-L (30)
Thus we have the problem (26)-(30), which
decomposes into the following interconnection

subproblems under each fixed ;j=1,n. Moreover the

condition (27) involves only in the first subproblem (i.e.
under j=1), and the condition (28) involves only in the

last subproblem (i.e. under ;=n), but the conjugating
conditions (29), (30) involve in all subproblems except for

the last subproblem (i.e. under j =1,n-1).
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Subproblem 1 (j=1):
pUG,p) =k Ulx,p), xe(x,x),
Ul(0,p) =0,

U(x,-0,p)=U(x, +0, p),
k -U(x,—0,p)=k,-U(x +0,p).

Subproblem 2 (j=2):
pUG,p)=k,-Ullx,p), xe(x,x,),
U(x,-0,p)=U(x,+0, p),

k, ~U:(x2 -0,p) =k, -U;()c2 +0, p).

Subproblem n-1 (j=n-1):
p-Ux,p)=k -U'(x,p), xe(x_,x ),
U(x,,=0,p)=U(x,, +0,p),

k_ -U'(x_ -0,p)=k -U'(x_ +0,p).

Subproblem »n (j=n):
p-U(x,p)=k -U'(x,p), xe(x, ,x),

{U(xn»l?ﬂ Ck,-Ul(x,,p)=V(p).

The solution of the subproblem 1 is

U](x,p)zB]l- e\[' +e\ﬁ' R

where B' is a yet unknown constant.

The solution of the subproblem 2 is

kl

Uz(x,p):Blz~e B +B22-e ,
where B’ and B, are a yet unknown constants, and they

have a connection with the constant B' by the following

relation:

B =e'" B -|ch £~xl + |—-sh £~xl ,
kl k2 kl

2 \/kz.x' 1 k

B, =e'" -B -|ch £~xl — |-+ -sh £-)cl )
kl k2 kl

Thus we can determine the solutions of all
subproblems 3 -, but this way is too difficult and for this
it is necessary more computations to find a corresponding
constants, which involve in the solutions of each
subproblem. Besides the relation connecting these

constants with the constant B' will become complicated

after passage from the present subproblem to the next
subproblem. Therefore having the initial problem (26)-
(30) we will use another way, precisely from (26)-(30) we
will select the following problem for consideration in
detail.



Let us we have the function V(x, p) that is the solution

of the problem (26), (27), (29), (30), i.e. we have our
initial problem without condition (28), but in addition we
suppose that

V(0, p)=1. (31)
It is not difficult to show that

V(x,p)+C-k,-V/(x,p)=0 if
Since the functions U(x,p) and V(x,p) satisfy the

Rep=0.

condition (27) then we can write

V(xs p) = U(Os p) : V(x’ p)

Then from (28) we get

U0, p) = v(p) : .
V(x,,p)+C-k,-V(x,,p)

Since (see to the condition of the Theorem 1) the function
i(x,t) is also the solution of the inverse problem (9)-(15)

then if we realize the similar transform for the function
i(x,t) we receive

v(p)
Vi, p)+C-k V', p)

U(0, p) =

where x =% and the functions U(x,p), V(x,p) are

determined by analogy with the accordingly functions
Ux,p), V(x,p).

From the additional information (15) it follows that
U(0, p) = U(0, p). Therefore we can write

V(x,p)+CkV (x,,p)=V(E,, p)+Ck, V(% , p). (32)

It is clear that the relation (32) is correct for all values of
the parameter p, because all functions V(x, p), V/(x,p),

V(%, p) and V:()E, p) are an integer functions under the

fixed variables x, ¥x. We will consider in detail the

function V(x, p) only under real and negative values of
the parameter p,i.c.under R> p=-1, 1>0.

Let us designate by B(1) and B’(1) the constants
defining the function V(x, 1) in the interval (x_,x ). The

defined above function V(x,A) is the solution of the

problem (26), (27), (29), (30), and it has the following
form:

\/7( -x) —i-\/z(x,—x,,,>
V(x,4) = B)(1) e +Bl(A)-e 1" .

Now taking into account in this expression the formulae
(29) and (30) we receive the following system with respect

B and B’

. /+
\/k/T[B:H(Z) - Bjﬂ (ﬂ)] = \/EI:BJ (l)e‘\/;(jy ) ~
-B}(Me " ]’

to unknown constants
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A A
i-\/:(x’ -x,) —i-\/v:(x/—x_y)
B (A)+B:,(A)=B(Ae " +B(Me " ,

or introducing designations

g x/_—x/,_l . 1—

===, Jj=Ln,
k,/'
k.

Uj: - ’ ]=1,n—1,
k/‘+1

we can rewrite this system in the following equivalent
form:

i1 i

B!, ()+B’ () =B!(A)-¢""" +B(1)-e

j+l

j+1

B (A)-B (W) =7, - [B(/l) it —B(2)-e i }

Solving this system relatively B (1) and B’ (1) we
will get

1+ . 1-n. ./
B'.(A)= (—2"’ eV jB}(ﬂ) " (_277, e jBi(z),

(33)
B,(1) = (1_2" f‘jB}m){HT’”e"'ﬁé’jBf(z).

From the conditions V'(0,p)=0, V(0,p)=1 and also

from (33) we receive that

B'(A)=B (1) =,
2 (34)

B (A)=B(A), j=1ln.

Conversely from (33) and (34) we get

NG)
B}M)— 20(1)
5 NG) }r(/)
Bj(ﬂ)— Zem
where
N(j)<2™;

7, () #7, (j) under [ #/,;

0.(j),7,(j)eR' and these coefficients are not depend on
the parameter A, and furthermore

Zf = max 7,())
and

—Zé = min 7,()).

I=1,N ()



Now we will take into account these representations of
constants B)(4) and B’(4) from (35) in the expression for

the function V(x, p), xe[x ,x ] we get

1 Yo \/kz(xfxﬂ)ﬂ'\/;r,(n)
Vix,2)==>.0,(n)e"" +
2

I=1

1 N(n) 7\/,{2(%,&‘ Hx/;z,(n)
+Ez 6,(n)e V" .

I=1

Now we can calculate the

V(x,,A)+C-k -V'(x,,4):

expression

N(n)

V(x,. 4) + Ck, V!(x,. 1) = . 0,(n) cos| VA(£, +2,(n) |-

(36)
N(n)

NONI0) sin[\/z &+, (n))].

Absolutely analogously computing the expression
V(z,,2)+C-k, -V'(X,,A), where k =k ,
we get

N(m)

V&, 2)+Ck, V/(5,.2) = Y, 6 (mycos| VA, +7,(m) |-

—«/lgm-/I-C'-l%)é(mysin[\/;-(fm+f1(m))] . 37)
Here the numbers é/(m)» 7, (m), f and N(m) have a

similar to the numbers 6,(n), 7,(n), £ and N(n)

interpretations.
Now let us return to the equality (32):

V(x,p)+Ck V'(x ,p)=V(FE ,p)+Ck V'( ,p), ¥ =x.
In this equality that is a relation between the integer
functions V(x, p), V/(x, p) and corresponding functions
V(x,p), V'(x,p) at the fixed points x=x and x=7% ,
considering the formulae (36) and (37) we get finally

i‘: 0 (n)cos [\/;(5,, +7, (n))J _\/ECN(Z”:) 0,(n) %

N(m)

«sin [\/Z(gn + z’,(n))] =3 G,(m)- cos[ﬁ (& + f,(m))] -

N(m)

—Jak, €Y 6, mysin[Na-E +5my | (38)

It is clear that without loss of generality we can
suppose the summation index in formula (38) is taken

ascending order for z,(n) and 7 (m). Then from (38) it
follows that N(n) = N(m) and also

-k, =k, (39)
r(m)+& =7 (my+& (40)
6,(n) =0 (m). (41)
Let / =1. Then from (40) we have 7,(n)+¢& =7 (m)+ efm
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Now let / = N(n) = N(m). Then from (40) we have

Ty, M+E =7 (m)+E .

From these two equalities we get that £ = ¢ . Taking into
account this statement in (40) we obtain

r(n)=7(m), 1=1N(n). (42)
Now we will designate as C'(1) and C’(2) the constants
determining the function V(x,1) at the segment [% ,% ].
Then from (41) and (42) we get that

C'(A)=C.(A) and C:(2)=C’(4).

From the conjugate conditions (29), (30) for the function
V(x,1) and also from (39) we receive that

V(x  —0,2)=C(M)+C(A)=C (A)+C(A)=V(Z_ —0,2);
C-k Vix —01)= C-\/k—”-i-\/;[cn‘(ﬂ)_cf(g)] =
=C- \/k_ SRR [Cw-E¢w] =¢k Vi -0

From here
V(x  —-0,A)+C-k ~VX'(xn_1 -0,4)=
=V(E,  -0,)+C-k  -V'(E  —0,2).

We observe that this equality is absolutely identical with
the equality (32). Then repeating previous calculations we
can write

C: (2)=C ().

C (A)=C_ (D),

m=1

é:,,,l = gm,l 5

Repeating this process still (n-1) times we get finally
the following three statements:

nem, 43)
c- b, =C- k. vi=Ln . (44)
£=E, Vj=Ln. (45)

Further we will proceed on the following way: for each
fixed j=1,n we will multiply the equality (44) by the
equality (45). Then we will summarize obtained equality

on j=1,_n: ic-\/ITfff =ZC~'\/kT/§/

Let us rewrite this obtained expression with regard to
our designations

X, =X, X —X

Then we haveC-x =C-% .

Since x =X consequently

C = C. Then from (44) we get k, = /gj ,Jj= I,_n Therefore

from

X, =X z xj_ij’l ; 5
& = and & = —— it follows that x =x for
Je JE
each Vj=1Ln.
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Thus we  have  obtained n=m; c=C,

kj :/;j(jzl,n); X, :)Ej, (jzl,n).
From here u(x,t) =i(x,t), xe [O,xn] and 1 >0.
The Theorem 1 is proved.

6 Some important notes
Remark. The condition x =% in the Theorem 1 is

very important, and we have not to ignore this information.
The following example illustrates this fact.

Really, if we assume n=m=1 (i.e. we have no any
discontinuity points of heat conduction coefficient) we
receive

| e
Vix,p)+k -C-V(x,p)=—+ et eVt |+
' 2
¢ il
+—-/Pk - el —e V|
2

From here it is obvious that the equality V(0, p) = V(0, p)
will be correct if we will suppose x, =1, k =1, C, =1 and

% =2, 1€1=4,é=%.

Theorem 2. The statement of the Theorem 1 is valid if

we have the condition ”(X’t)L:o =0, ¢>0 instead of the

condition (11), and also if we have another additional
information & -u_ (x,t)|X:0 =v(t), t=20 instead of the
condition (15).

The course and idea of the proofs of the Theorem 1 and
the previous theorem are not differing essentially.
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which have helped me in this work their counsels.

I want to express special gratitude to Professor
A.M.Denisov from Lomonosov Moscow State University.

References:

[1] A.Likov. Heat exchange. — Moscow: “Nauka”, 1978.
[2] A.N.Tikhonov, A.A.Samarsky. Equations of
Mathematical physics. — Oxford/New York: Pergamon
Press, 1963.

[3] H.S.Carslaw and J.C.Jaeger. Conduction of heat in
solids — UK, Oxford: Clarendon Press, 1959.

[4] S.Gustafsson, E.Karawacki and M.Khan. Transient
Hot-Strip Method for simultaneously measuring thermal
conductivity and thermal diffusivity of solids and fluids. —
Journal Phys. D.: Appl. Phys., Vol.12, 1979, pp.1411-
1421.

[5] R.Model and U.Hammerschmidt. Numerical methods
for the determination of thermal properties by means of
transient measurements. — Advanced Computational

Methods in Heat Transfer, Vol.6, WIT Press, 2000,
pp.407-416.

[6] U.Hammerschmidt and W.Sabuga. Transient Hot -
Strip (THS) Method: Uncertainty Assessment. —
International Journal of Thermophysic, Vol.21, #1, 2000,
pp-217-247.

[7] A.Buikis and Sh.Guseinov. Conservative averaging
method for solutions of inverse problems of mathematical
physics. — Book of Progress in Industrial Mathematics,
Springer, 2004, pp.241-246.

[8] A.Buikis, M.Buike and Sh.Guseinov. Exact analytical
solution and some of its approximations for two-
dimensional systems with rectangular fin. — Journal of
Transport and Telecommunication, Vol. 5, #1, 2004,
pp-141-149.

[9] A.Buikis. Modification of Formulation of Problems of
Mathematical Physics with Discontinuous Coefficients in
Complex Regions. — Electronic Modelling, Vol. 8, #4,
1986, pp.81-83.

[10] A.Buikis. Conservative approximation by splines of
differential equations with discontinuous coefficients. —
Numerical Analysis and Mathematical Modelling, Banach
Center Publications, Vol. 24, PWN - Polish Scientific
Publishers, Warsaw, 1994, pp.487 — 491.

[11] Sh.Guseinov, A.Buikis and M.Buike. Analytical two-
dimensional solutions for heat transfer in system with
rectangular fin. — Advanced Computational Methods in
Heat Transfer, Vol. 46, WIT Press, Southampton, 2004,
pp.35-46.

[12] Sh.Guseinov. One method for solutions of wide
classes of mathematical physics inverse problems. —
ICIAM 2003: 5" International Congress on Industrial and
Applied Mathematics, 07-11 July 2003, Sydney, Australia,
Book-2 of Abstracts, ICC 04,A-05: Inverse Problems and
Enterprise Modeling, p.100.

[13] Sh.Guseinov and A.Buikis. One method for solution
of classes of inverse heat transfer problems in layered
media. — ICIAM 2003: 5" International Congress on
Industrial and Applied Mathematics, 07-11 July 2003,
Sydney, Australia, Book-1 of Abstracts, ICP 09;A-079:
Modeling and Simulation for Industry, p.264.

[14] Sh.Guseinov. One simple method for solution of
some class inverse problems. — Journal of Computer
Modeling and New Technologies, Vol. 7, #1, 2003, pp.55-
58.

[15] Sh.Guseinov and A.Buikis. On a non-homogeneous
inverse heat conduction problem for coefficients in a two-
layer domain, Latvian Journal of Physics and Technical
Science, # 4, 2002, pp.56 — 67.

[16] Sh.Guseinov and A.Buikis. Inverse heat transport
problems for coefficients in two-layer domains and
methods for their solution, Mathematical Modeling and
Analysis, Vol.7, #2, 2002, pp.217-228.

[17] Sh.Guseinov and A.Buikis. Calculation of  the
thermal diffusivity for two layer media, Latvian Journal of
Physics and Technical Science, #4, 2001, pp.17 — 26.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


