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Abstract. The theory of generalized thermoelastic diffusion with relaxation times, in the context
of Lord and Shulman theory, is used to investigate the thermoelastic diffusion problem in a
transversely isotropic thermoelastic infinite medium with a cylindrical cavity. The surface of
cavity is taken to be traction free and subjected to heating. The analytical solution in the Laplace
transform domain is obtained by using the eigenvalue approach. The numerical results of
displacement, temperature, mass concentration and stress as well as the chemical potential
represented analytical and graphically. An appreciable effect of relaxation times is observed on
various resulting quantities.

Keywords: eigenvalue approach, Laplace transform, Lord and Shulman theory, thermoelastic
diffusion.

1. Introduction

The generalized theory of thermoelasticity is one of the modified versions of the classical
uncoupled and coupled theory of thermoelasticity and has been developed in order to remove the
paradox of the physically impossible phenomena of infinite velocity of thermal signals in the
classical coupled thermoelasticity. The first of such modeling is the extended thermoelasticity
theory (LS) of Lord and Shulman [1], who introduced the concept of thermal relaxation time into
the classical Fourier law of heat conduction. Subsequently, modifying the stress versus strain
relationship as well as the entropy relationship with relaxation time, Green and Lindsay [2]
proposed the temperature rate dependent thermoelasticity (GL) theory. The theory was extended
for anisotropic body by Dhaliwal and Sherief [3]. Recently, [4-13] have considered different
problems by using the generalized thermoelasticity theories.

Diffusion can be defined as the random walk of an ensemble of particles, from regions of high
concentration to regions of lower concentration. The studying of diffusion became increasingly
important. This is due mainly to its many applications in geophysics and industrial applications.
In integrated circuit fabrication, diffusion is used to introduce “dopants” in controlled amounts
into the semiconductor substrate. In particular, diffusion is used to form the base and emitter in
bipolar transistors, form integrated resistors, and form the source/drain regions in MOS transistors
and dope poly-silicon gates in MOS transistors. The theory of thermoelastic diffusion is developed
by [14-16]. In this theory, the coupled thermoelastic model is used. [17] developed the theory of
generalized thermoelastic diffusion that predicts finite speeds of propagation for thermoelastic and
diffusive waves. [18, 19] studied the theory of generalized thermoelastic diffusion in an infinite
elastic body with a spherical cavity while [20, 21] investigated the diffusion in a generalized
thermoelastic solid in an infinite body with a cylindrical cavity. The counterparts of our problem
in the contexts of the thermoelasticity theories have been considered by using analytical and
numerical methods [22-29].

In this paper, the thermoelastic interaction with mass diffusion in an infinite medium with a
cylindrical cavity is investigated. Laplace transform techniques and eigenvalue approach are used.
The physical explanations are given seriatim corresponding to the distributions of the considered
physical variables obtained in this paper. An appreciable effect of relaxation times is observed on
various resulting quantities.
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2. Basic equations and problem formulation

Following Sherief et al. [17] and Abbas et al. [30], the governing equations for an anisotropic,
homogeneous thermoelastic diffusion solid in the absence of body forces, heat source and mass
diffusion source considered as:

— the equations of motion:

62ui 1
Cijkmeim,j ~ @ijT; = bijCj = p o7 W

— the equation of heat conduction:

d 0
KT = (a + 1, ﬁ) (pceT + agToexx + aTyC), 2

— the equation of mass diffusion:

a 92
DyibC;; = (& +17 ﬁ) C + Djibyye,i; + DyiaT;, 3)

— the constitutive equations:

0ij = Cijkmerm — [aij (T — To) + bi;C|5y;, 4

P = _bkkekk + bC - a(T - To), (5)
1

ey =5 (w; + 1), (©)

where ¢;jym are the elastic constants, p is the density of the medium, u; are the components of
displacement vector, T is the temperature, C is the concentration of diffusive material in the elastic
material, a;; and b;; are the tensor of thermal and diffusion moduli respectively and ¢ is the time.
T, 1s the thermal relaxation time, Kj; is the thermal conductivity, c, is the specific heat at constant
strain, e;; are the components of strain tensor, T is the reference temperature assumed to obey the

inequality |T;T° « 1 and a is the measures of thermodiffusion effect. 7, is the diffusion
0
relaxation time, Dj; is the diffusion coefficient and b is the measures of diffusive effects. §;; is the
Kronecker symbol, o;; are the components of stress tensor and P is the chemical potential.
Let us consider an elastic unbounded body with a cylindrical cavity occupying the region
R < r < oo whose state can be expressed in terms of the space variable r and the time t. (7, 6, z)
are taken as the cylindrical coordinates with z-axis aligned along the cylinder axis. We note that
due to symmetry, the only non-vanishing displacement component is the radial one u,. = u(r, t).
The strain tensor has the non-vanishing following components:
ou u

Cpy = —, e = —, 7

T or 66 r ( )

Substituting for e,.., egg into equations (4) and (5) we get:

ou u

Opr = 5115 + 12 T a1, (T —To) — by4C, (®)
u u

Ogg = C12 ar + Cll; —ay1(T —Ty) — by1C, )
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Ju u
_ .= — — 10
by, (ar + r) + bC — a(T —Ty), (10)

where ay; = (€11 + C12) @ + C13Q45 and by; = (¢ + €12)@q + C13Qc3, in Which @, a3 are
the coefficients of linear thermal expansion along the radial and tangential directions while and
a1, Q3 are the coefficients of linear diffusion expansion along the radial and tangential directions.
Thus, the equations (1), (2) and (3) can be written as:

de oT oc 0%u

— —qy——by—=p— 11

g, Ay T hua =P (1)
0*T 10T 0 0%

ula2 7757 = \ae T oo (pc.T + as1Toe + aT,0), (12)

Db 82C+16C 8+ 0? C+Dob aze+1ae 4D 0°T +16T 13
1=\ orz " ror Jt Tlatz 1o\ gr2 " ror 1 orz ror/) (13)

Now, we introduce the following non-dimensional variables:

(T', u’) = Cw(rl u)l (t’; T,o; T’ ) = ch(tl’ T’o; T’l); P’ =7

by4
a; (T — To) (077, 066) ; by, C
————, (0 0'99) =———, C'= :
C11 €11 C11

T' =

&
11
Using the above dimensionless variables, the equations (8)-(13), take the form where we have

dropped the primes for convenience:

C
where ¢? = % and w =

A AR A (14)
dr odr or ot?
0*°T 10T 3] 2
ﬁ—}_TaT at+TOm (T+ﬁue +ﬁCC), (15)
0%C +16C 6+ 0? c+ 6Ze+1ae 4 62T+16T 16
orz ' ror ve FIEETS Yu or2  ror e orz ror/) (16)
u
Opp = 6r+y__T C, (17)
ou u
0'99=]/E+;—T—C, (18)
P=x.C—-e—xT, (19)
ou u
e=——+— (20)
_ a%lTo _ aTpaqq _ C12 _ b_fl _ 1 _ ﬂ _ becyg
Wherea[j‘u - pCeCi1 s ﬁC - pcebiq s V - 11 s d’u - bciq s wc - bD11w s lzbt - baiq s XC - b%l )
_ 11
Xe = ajibig’

The solution for the present problem is completed by the application of the initial and boundary
conditions. The initial conditions can be expressed as:

6u(r 0) aT(r,0) ac(r,0) _

u(r,0) = =0, T(r,0) = Fram 0, C(r,0) = pn (21)

It is assumed that the inner surface of cavity is taken to be traction free and subject to a
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temperature which is decaying with time. The chemical potential is also assumed to be a known
function of time on the inner surface of cavity. Therefore, the boundary conditions may be
expressed as:

o+(R,t) =0, T(R,t) =Te %, P(R,t) =P H(t), t>0, (22)

where T; and P; are constants, @ is an exponent of the decayed heat flux and H(t) denotes the
Heaviside unit step function.

3. Solution in the Laplace transform domain

Applying the Laplace transform for above equations define by the formula:

f© = LF@1 = [ feat 23)
0

Hence, the equations (14)-(22) take the form:

d’u 1du u dT dC

.- - 25 24
dzr_2 + rdr r2 dr dr st @9
d“T 1dT _ _
—_—t = o 25
ar? + rdr s(1 + st,)(T + B e + B.C), i i (25)
d*C 1dC _ a1+ )C_'+ dzé+1de' + d2T+ 1dT 2%
dr? + rdr Wes St Yu dr?  rdr Ve dr?2 rdr) (26)
du u _ _
= g Z_T_ 27
O-TT drd-l_ yr; T C' ( )
u u - -
Gog =y —+——T — 28
60 y_dr +- k C, (28)
P=yx.C—ée—yrT, (29)
du u
e=—+—, (30)
dr r T p
,(R,s)=0, T(R,s)=——, P(R,s)=—. 31

s+a’ s

Differentiating equation (25) and (26) with respect to r and using equation (24) we get:

d? (dT +1d dT 1(dT . d7_"+ dcC (32)
dr?\dr rdr\dr r2\dr | GutG dr G dr’

d? (dC +1d dC 1/dC _ L+ dT+ dcC (33)
dr2\dr rdr\ dr rz\dr |~ Salt +4s dr & dr’
where (1 = Szﬁus(l + STo)’ 2 = 5(1 + STO)(l + ﬁu): 3= 5(1 + STo)(ﬁu + ﬁc),
( _ s+ Wu )l ( _ S2 Py + Wy +Pe)ds ( _ s(L+sT)Y 2Py + Py +P {3

47 1+ 75T 1+ 16 1+1hy '

Equations (24), (32) and (33) can be written in a vector-matrix differential equation as
follows [31]:

LV = AV, (34)
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a2 1d 1 = —~ = au af ac]T s 11
whereLEm+;; T2,V= uT C o ar ar andA=|0; ¢ (5.
o G s

4. Solution of the vector-matrix differential equation

Let us now proceed to solve equation (34) by the eigenvalue approach proposed by [31]. The
characteristic equation of the matrix B takes the form:

B+ 22 (=0 — {6 — 52) + A({65* — {1 — 4 — {305 + (206 + {o52)
+020s — 0300 — 105 + 0106 + (30552 — {5065% = 0.

The roots of the characteristic equation (34) which are also the eigenvalues of matrix A may
be written in the form:

(3%

A = /’{1’ A = /12, /1 = 13. (36)

The eigenvector X = [X1, X5, X3]7, corresponding to eigenvalue A can be calculated as:

X1=0L—-4—4, 37
X, =={ — (A —5?), (38)
X3=0+((G—-DA - 52)- 39

From equations (36)-(39), we can easily calculate the eigenvector X, corresponding to
eigenvalue ¢;, j = 1,2,3. For further reference, we shall use the following notations:

X=X, %=[,_ . %=[X]_. (40)
The solution of equation (34) which is bounded as r — oo, is given by:

V= lelKl(mlr) + )?szKl(mzr) + )?3B3K1(m3r), 4D

where m; = \/A_l, m, = \/A_z, mg = \//1_3, K is the modified of Bessel’s function of order one,

By, B, and B; are constants to be determined from the boundary condition of the problem. Thus,
the field variables can be written for r and s as:

u(r,s) = x; B1K1(m17") + X1 BZK1(m27") + X3 B3K1(m3r) (42)
T(r,s) = __B1Ko(m17’) - —B1Ko(m27") - —B3Ko(m37’) (43)
C_(T, S) = — m_lBlKo(mlr) - m_ZBlKO (mzr) - m_3B3K0(m3T), (44)

_ (—mixi +x3 + x))Ko(myr) — (n — DxiK,(my7)
o, (r,s) =B, +

my T

+B, ((—mﬁxf + x5 + x3)Ko(m,r) 4 (- 1)X1ZK1(sz)) @5)

m, r
(—m3x? + x3 + x)Ko(mar) (1 — Dxi Ky (m37)
+Bs m + r ’
3
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_ (=mmixi + x5 + x3)Ko(myr)  (n — Dxi K, (myr)
Ggo(1,8) = By -

my T
—nm3x? + x% + x2)K,(m,r — Dx?K,(m,r
+Bz(( nms;Xxy 2 3)Ko(m, )_(77 )xiKi(m, )) (46)
m, T
1B (—r}m%xf + x23 + x;)Ko(mﬁ”) (- 1)x13K1(m3r)
3 m T ’
3] By 1 2.1 1 B, 2 2.2 2
P(r,s) = — (={cx3 + mixgy + {ex3)Ko(myr) + — (={.x5 + m3xi + {ex3)Ko(myr)
my m; 47)

B3
+m_(_€cx§ +m3x? + {x3) Ko (msr).
3

To complete the solution we have to know the constants B,, B, and B by using the boundary
conditions (31) we can obtain:

By Hyy Hy, His ‘1/ 791\
(2)-Cn i o)

B, Hy1 Hy, Hy st+a | (48)
B3 Hs; Hs, Hgg E
s
where:
_ (=mix{ +x; + x3)Ko(myR) . (n — Dx{Ky(myR)
Hy; = e + R )
_ (e 433+ xDKo(meR) (= DK, (myR)
Hy, = oy + R )
(—mjx} + x3 + x3)Ko(m3zR)  (n — Dxi Ky (m3R)
Hy3 = - + R )

X3 x5 x3
Hyp = _m_lBlKO(mlR)' Hyy = _m_zBlKo(mzR), Hys = _m_333K0(m3R),
B, 1 2.1 1
H3y = m_(_(cx3 +mix; + {x;)Ko(meR),
1
B;
Hs, = m_(_fcxé% + m%xlz + th%)Ko(mzR),
2
B3
Hss = m_(_fcxg +m3x} + {x3)Ko(m3R).
3

5. Numerical inversion of the Laplace transform

In order to determine the conductive and thermal temperature, displacement and stress
distributions in the time domain, the Riemann-sum approximation method is used to obtain the
numerical results. In this method, any function in Laplace domain can be inverted to the time
domain as:

N
Kt 1._ _ i
== [Ef(e) +Re D (=1)"f (e + ?)l (49)

where Re is the real part and i is imaginary number unit. For faster convergence, numerous
numerical experiments have shown that the value of ¢ satisfies the relation et =~ 4.7 [32].
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6. Numerical results and discussion

The material was chosen for purposes of numerical evaluations and the constants of the
problem were taken as following [30]:
Kg

— 10
c13 =8.0x10 m'—SZ'

Ci1 = 18.78 x 1010 Cip = 8.76 X 1010

m-s2’ nlg-sz'
€35 = 182X 1010 —25 ¢4y = 5.06 X 107 _gsz, Tp = .293 x 103 K,

a; =298 x 105K, a3 =24x10°K™Y, a;,=21x%x10"*m?,
3 2 5

ty =25 x 107 g =24 x 10* b=132x 10°

e ™ Kg’ ' s2Kg’ ' s2Kg’

—8954x10° & Kk —0433x10° —— K, = 0450 x 10° —

p=8954x10° o, Kiy = 0433 X10° 1T, Ko = 0450 X 10° 2o,
_g Kg's

D11=0.95x10 m3,

t=03, R=1 T,=1  17,=001, 1,=002 p, =1

The effect of the exponent of the decayed heat flux a on the distribution of all quantities
through the thickness of the medium is investigated. The numerical technique outlined above was
used to obtain the temperature, displacement, concentration, radial stress, hoop stress and the
chemical potential distributions respect to distance r at t = 0.3 for different values of the decayed
heat flux a. Figure 1 show the temperature decreases with the increase of the distance. It is noticed
that the temperature always starts from different certain values according to the value of a and
terminates at the zero value. Of course, T decreases with the increase of the exponent of the
decayed heat flux «a. It is obvious from figure 2 that the displacement is negative at r = R where
its magnitude is maximum. The displacement increases from the negative value to a positive value.
In the positive values, the displacement has a peak value that depends on the values of the decayed
heat flux a. Figure 3 show the distribution of concentration with distance r. It is noticed that the
concentration have a maximum magnitude at the boundary then decreases with the increasing of
distance r while it increase when increasing the decayed heat flux a. Figure 4 display the variation
of radial stress with distance r for different values of a. Its magnitude increases from zero to a
maximum value after that decreases rapidly as r increases and then the stress reduces to zero
which agree with our theoretical boundary condition. Figure 5 display the variation of the hoop
stress with the distance r for different values of @. Figure 6 show the variation of chemical
potential with the distance r. From figure 6, it is seen that the chemical potential starts with its
maximum value, which satisfies the boundary conditions and decreases with the increasing of the
distance r.

3 35 4

r
Fig. 1. The variation of temperature with distance r
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Fig. 2. The variation of displacement with distance r
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Fig. 5. The variation of hoop stress with distance r
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Fig. 6. The variation of chemical potential with distance r
Acknowledgements

This project was funded by Saudi Basic Industries Corporation (SABIC) and the Deanship of
Scientific  Research (DSR), King Abdulaziz University, Jeddah, wunder Grant
No. (MS/15/181/1434). The authors, therefore, acknowledge with thanks SABIC and DSR
technical and financial support.

References

[1] Lord H. W., Shulman Y. A generalized dynamical theory of thermoelasticity. Journal of the
Mechanics and Physics of Solids, Vol. 15, Issue 5, 1967, p. 299-309.

[2] Green A. E., Lindsay K. A. Thermoelasticity. Journal of Elasticity, Vol. 2, Issue 1, 1972, p. 1-7.

[3]1 Dhaliwal R. S., Sherief H. H. Generalized thermoelasticity for anisotropic media. Quarterly of
Applied Mathematics. Vol. 38, 1980, p. 1-8.

[4] Abbas I. A., Zenkour A. M. LS model on electro-magneto-thermoelastic response of an infinite
functionally graded cylinder. Composite Structures, Vol. 96, 2013, p. 89-96.

[S] Abbas L. A., Othman M. 1. A. Generalized thermoelasticity of the thermal shock problem in an
isotropic hollow cylinder and temperature dependent elastic moduli. Chinese Physics B, Vol. 21,
Issue 1, 2012.

[6] Abbas I. A., Othman M. I. A. Plane waves in generalized thermo-microstretch elastic solid with
thermal relaxation using finite element method. International Journal of Thermophysics, Vol. 33,
Issue 12, 2012, p. 2407-2423.

[71 Abbas I. A. Generalized magneto-thermoelastic interaction in a fiber-reinforced anisotropic hollow
cylinder. International Journal of Thermophysics, Vol. 33, Issue 3, 2012, p. 567-579.

[8] Abd-alla A. N., Abbas L. A. A problem of generalized magnetothermo-elasticity for an infinitely long,
perfectly conducting cylinder. Journal of Thermal Stresses, Vol. 25, Issue 11, 2002, p. 1009-1025.

[9] Ezzat M. A., Youssef H. M. State space approach for conducting magneto-thermoelastic medium with
variable electrical and thermal conductivity subjected to ramp-type heating. Journal of Thermal
Stresses, Vol. 32, Issue 4, 2009, p. 414-427.

[10] Ezzat M., Zakaria M., Abdel-Bary A. Generalized thermoelasticity with temperature dependent
modulus of elasticity under three theories. Journal of Applied Mathematics and Computing, Vol. 14,
Issue 1-2, 2004, p. 193-212.

[11] Sherief H. H., Youssef H. M. Short time solution for a problem in magnetothermoelasticity with
thermal relaxation. Journal of Thermal Stresses, Vol. 27, Issue 6, 2004, p. 537-559.

[12] Sherief H. H., Ezzat M. A. A thermal-shock problem in magneto-thermoelasticity with thermal
relaxation. International Journal of Solids and Structures, Vol. 33, Issue 30, 1996, p. 4449-4459.

[13] Sherief H. H., Anwar M. N. State-space approach to two-dimensional generalized thermoelasticity
problems. Journal of Thermal Stresses, Vol. 17, Issue 4, 1994, p. 567-586.

[14] Nowacki W. Dynamic problems of thermodiffusion in elastic solids. Proceedings of Vibration
Problems, 1974.

[15] Nowacki W. Dynamical problem of thermodiffusion in solids. I. Academie Polonaise des Sciences,
Bulletin, Serie des Sciences Techniques, Vol. 22, Issue 1, 1974, p. 43.

© JVE INTERNATIONAL LTD. ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635, KAUNAS, LITHUANIA 183



[16]
[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

132]

184

57. THE EFFECT OF THERMAL SOURCE WITH MASS DIFFUSION IN A TRANSVERSELY ISOTROPIC THERMOELASTIC INFINITE MEDIUM.
IBRAHIM A. ABBAS

Nowacki W. Dynamical problem of thermodiffusion in solids. II. Academie Polonaise des Sciences,
Bulletin, Serie des Sciences Techniques, Vol. 22, Issue 3, 1974, p. 129.

Sherief H. H., Hamza F. A., Saleh H. A. The theory of generalized thermoelastic diffusion.
International Journal of Engineering Science, Vol. 42, Issue 5-6, 2004, p. 591-608.

Aouadi M. A problem for an infinite elastic body with a spherical cavity in the theory of generalized
thermoelastic diffusion. International Journal of Solids and Structures, Vol. 44, Issue 17, 2007,
p. 5711-5722.

Elhagary M. A. Generalized thermoelastic diffusion problem for an infinite medium with a spherical
cavity. International Journal of Thermophysics, Vol. 33, Issue 1, 2012, p. 172-183.

Sharma J. N., Kumari N., Sharma K. K. Diffusion in a generalized thermoelastic solid in an infinite
body with a cylindrical cavity. Journal of Applied Mechanics and Technical Physics, Vol. 54, Issue 5,
2013, p. 819-831.

Zenkour A. M., Mashat D. S., Abouelregal A. E. Generalized thermodiffusion for an unbounded
body with a spherical cavity subjected to periodic loading. Journal of Mechanical Science and
Technology, Vol. 26, Issue 3, 2012, p. 749-757.

Zenkour A. M., Abbas 1. A. Free vibration analysis of doubly convex/concave functionally graded
sandwich beams. Journal of Vibroengineering, Vol. 16, Issue 6, 2014, p. 2747-2755.

Zenkour A. M., Abbas I. A. Magneto-thermoelastic response of an infinite functionally graded
cylinder using the finite element model. Journal of Vibration and Control, Vol. 20, Issue 12, 2014,
p. 1907-1919.

Abbas I. A., Kumar R. Interaction due to a mechanical source in transversely isotropic micropolar
media. Journal of Vibration and Control, Vol. 20, Issue 11, 2014, p. 1607-1621.

Abbas I. A. A GN model based upon two-temperature generalized thermoelastic theory in an
unbounded medium with a spherical cavity. Applied Mathematics and Computation, Vol. 245, 2014,
p. 108-115.

Abbas 1. A. Fractional order GN model on thermoelastic interaction in an infinite fibre-reinforced
anisotropic plate containing a circular hole. Journal of Computational and Theoretical Nanoscience,
Vol. 11, Issue 2, 2014, p. 380-384.

Abbas I. A. A GN model for thermoelastic interaction in an unbounded fiber-reinforced anisotropic
medium with a circular hole. Applied Mathematics Letters, Vol. 26, Issue 2, 2013, p. 232-239.
Othman M. I. A., Abbas 1. A. Effect of rotation on plane waves at the free surface of a fibre-reinforced
thermoelastic half-space using the finite element method. Meccanica, Vol. 46, Issue 2, 2011,
p. 413-421.

Abbas I. A. Natural frequencies of a poroelastic hollow cylinder. Acta Mechanica, Vol. 186, Issue 1-4,
2006, p. 229-237.

Abbas 1. A., Kumar R., Chawla V. Response of thermal source in a transversely isotropic
thermoelastic half-space with mass diffusion by using a finite element method. Chinese Physics B,
Vol. 21, Issue 8, 2012.

Das N. C., Lahiri A., Giri R. R. Eigenvalue approach to generalized thermoelasticity. Indian Journal
of Pure and Applied Mathematics, Vol. 28, Issue 12, 1997, p. 1573-1594.

Tzou D. Y. Macro-to Micro-Scale Heat Transfer: the Lagging Behavior. CRC Press, 1996.

JOURNAL OF MEASUREMENTS IN ENGINEERING. DECEMBER 2014, VOLUME 2, ISSUE 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


