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In the present paper, variational formulation of the three-dimensional initial boundary value
problem corresponding to the Green-Lindsay nonclassical model for thermoelastic bars with variable
cross-section is considered. An algorithm of approximation of the nonclassical dynamic three-
dimensional model for bar by a sequence of one-dimensional problems is constructed, when density
of surface forces and heat flux along the outward normal vector of the boundary are given on the
lateral face surfaces of the bar. The constructed one-dimensional initial-boundary value problems
are investigated in suitable function spaces, the convergence in corresponding spaces of the sequence
of vector-functions of three space variables, restored from the solutions of one-dimensional problems,
to the solution of the original three-dimensional problem is proved and under additional conditions
the error of approximation is estimated. © 2022 Bull. Georg. Natl. Acad. Sci.

nonclassical thermoelasticity, bar, double Fourier-Legendre series, approximation algorithm

One of the nonclassical models for thermoelastic solids devoted to elimination the shortcomings of classical
thermoelasticity was obtained by A. Green and K. Lindsay [1], which is described by a system of partial
differential equations of second order with respect to the time variable and depend on two relaxation times.
By applying the method of potential and theory of integral equations the problems of stable and pseudo
oscillations for the Green-Lindsay nonclassical model were studied in [2]. The problem of propagation of
a thermoelastic wave was studied and a domain of influence result was obtained in [3] in classical spaces
of twice continuously differentiable functions. The initial-boundary value problem with mixed boundary
conditions corresponding to the Green-Lindsay linear dynamic three-dimensional model for general
inhomogeneous anisotropic thermoelastic body was investigated in Sobolev spaces in [4].

Since boundary and initial-boundary value problems defined on two-dimensional and one-dimensional
space domains are frequently used instead of three-dimensional problems, it is important to construct
algorithms of approximation of the original problems by lower-dimensional ones. One of dimensional
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reduction methods for plates with variable thickness in the classical theory of elasticity was suggested by
I. Vekua in the paper [5]. Mathematical results on the relationship between the two-dimensional hierarchical
models constructed in [5] and the three-dimensional ones for static and dynamic problems in Sobolev spaces
were obtained in [6]. Two-dimensional hierarchical models for thermoelastic plates in the framework of
the Green-Lindsay model were constructed and investigated in [7]. Various hierarchical models were
constructed and investigated applying Vekua’s reduction method and its generalizations (see [8-14] and
references given therein).

This paper is devoted to construction and investigation of an algorithm of approximation of Green-
Lindsay nonclassical three-dimensional model for thermoelastic bar with variable rectangular cross-section,
which may vanish on the butt end, by one-dimensional problems. We consider the variational formulation
of the three-dimensional initial-boundary value problem for thermoelastic bar and construct a hierarchy of
one-dimensional problems in Sobolev spaces, when temperature and displacement vanishes along the butt
end of the bar with positive area and density of surface forces and heat flux along the outward normal vector
are given on the remaining part of the boundary. We investigate the existence and uniqueness of solutions
of the constructed one-dimensional problems in suitable spaces of vector-valued distributions with values
in weighted Sobolev spaces. Moreover, we prove that the sequence of vector-functions of three space
variables restored from the solutions of the one-dimensional problems converges in corresponding spaces
to the solution of the original three-dimensional problem and, if it possesses additional regularity, we

estimate the rate of convergence.
We denote by Wr*z(D) =H"(D) and H '(f"), r e R, the Sobolev spaces of order r based on the

spaces H%(D) = L3(D) and H®(I") = L2(I") of square-integrable functions, respectively, where D = R”,
peN, is a bounded Lipschitz domain [15] and I'<aD is a Lipschitz surface. We denote by
H™(D)=[H"(D)]3, H (D) =[H"(D)]°, L*(D)=[(D)}, L°@)=[L@)], s>1, r,seR, the corres-
ponding spaces of vector-valued functions. The trace operators are denoted by tr. : H'(D) > HY*(I") and
tr.: H*(D) — HY?(I") . For a Banach space X , we denote by C°([0,T]; X) the space of continuous fun-
ctions on [0,T] with values in X . L*(0,T;X), 1<g<o, is the space of such measurable functions
9:(0,T) > X that |g(t)], € L"(0,T) and the generalized derivative of g is denoted by g'=dg/dt [16].

Let us consider a thermoelastic bar Q with variable rectangular cross-section with thickness or width
that may vanish on the lower butt end, i.e. the initial configuration Q of the bar is a closure of Lipschitz

domain of the following form
Q= {X = (X, %, %5) € R% N7 (%) <% <7 (%), hy (%) <%, <h, (%), X el= (h;,h;)},

where h* h,* e C°(I)nCE((h;,h;]) are continuouson T and Lipschitz continuous on (h;,h;] together
with the first order derivatives, h'(x,) > h (x,) and h, (x;) > h, (x;), for x, € (h;,h;'1, h7(x,) and h; (x,)
are equal or different for x, = h; . The upper butt end of the bar Q , defined by the equation x, =h; we
denote by T, ={xeR*h (x,)<x, <h’(x,),a=12x, =h} and the remaining part of the boundary

I'=0Q wedenote by I', =T'\T,,.
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We assume that bar consists of homogeneous isotropic thermoelastic material. The applied body force
density we denote by f=(f),:Qx(0,T)—R® and the density of heat sources we denote by

f?:Qx(0,T) - R . The bar is clamped and temperature & vanishes along the upper butt end T, and, on
the remaining part T', of the boundary, the surface forces with density g =(g,)>,: T, x(0,T) — R® and the
heat flux along the outward normal vector of the boundary with density g’ :T", x(0,T) = R are given.

The nonclassical dynamic linear three-dimensional model of stress-strain state of thermoelastic body
obtained by A. Green and K. Lindsay in differential form is given by the following initial-boundary value
problem [1, 4]:

2 3 3
a LY — (ﬂZepp(u)aij+2ﬂeij(u)+n05ij+m1%5ij}=fi in Qx(0,T),1=123 (1)
=1 j =
00 aza 0% o _
Z[— J Z Z Z—GOU—Zepp(u)=f" in Qx(0,T), )
ot = 0X] ot

u=0 onT,x(0,T), ZEAZepp(u) +2yeij.(u)+7795ij+7771‘2t6'5ujn1=gi on I, x(0,T), (3)

J

%Jnj =g’ onT,x(0,T), 4)

6=0 onT,x(0,T) —23: K%
° | R ot

i
B0 =ty (0, 20 =1, B0 =600, L (x0) =000 Q. =123 ()

where n=(n)>, is the unit outward normal vector to T, d; is the Kronecker's delta,
u=(u)>,:Qx(0,T) - R® is the displacement vector-function of thermoelastic body, #:Qx(0,T) - R
is the temperature distribution, A, are Lamé constants, p >0 is a mass density, x>0 is a heat
conductivity coefficient, » >0 is a volumetric heat, n is a thermoelastic constant, £ is a thermal
coefficient, ®, >0 is a temperature of the medium in the natural state of no deformation, which is
considered as a reference temperature, z,,7, are relaxation times, and u, = (U,;)>, and u, = (u;);, are the
initial displacement and velocity vector-functions, 8, and &, are the initial distribution of temperature and
rate of change of temperature, e, (v) =1/2(dv, / ox; +ov, /x) , 1, ] =1,2,3, v = (v,).,, is the strain tensor.
Note, that in the case of 7, =7, =0 the nonclassical three-dimensional model (1)-(5) coincides with the

classical linear three-dimensional model for thermoelastic bodies.
In order to construct a sequence of one-dimensional problems approximating the dynamical three-
dimensional model let us consider the following variational formulation in the spaces of vector-valued

distributions, which is equivalent to the problem (1)-(5) in the spaces of smooth enough functions: Find
ueC’([0,TI;V(Q)), u' e L”(0,T;V(Q)), u”" e L*(0,T;L2(Q)), #C°([0,T];V’(Q)), 8 € L(0,T;V/(Y),

0" € L*(0,T; () , which satisfies the following equations in the sense of distributions on (0,T),
(PU" (V)2 gy +AMUC), V) +D(O) +7,0'(), V) = (F() V) s ) + @O T, (W) PV EV(Q), (B)

(270" () D)z o + (20 )is oy —b7 (O').0) +2°(0(),0) +

(7)
4 (0,0 () -0 U () = (170 0) )~ (0° Ot (D)) VoV (),
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together with the initial conditions

u@=u,  UWO=u, 6O=6. 0=,

8
where V(Q) ={v e H'(Q);tr(v) =0

on T}, V/(Q) ={p e H}(Q);tr(p) =0 onT,},
a(v,v) = I(ﬂZ € (V)Z €y (V) + Zuz e; (Ve (v)de wv, Ve V(Q),

a’(p,p) = sz oo 6q)dx Vo,p eV’ (Q),

Ql 1
0 ~ 5 op ~ s aVp 1 ~ 2 1
b’(p.¢) =B Za_ . b(@,v) =1 @ZR . VpeHY(Q),pe’(Q),veH(Q),
P Ji2q) VLI

(e Gegr G, and (1)e, are scalar products in the spaces L*(Q), L(Q), L°(T,) and
L*(T,) , respectively.

For the formulated initial-boundary value problem (6)-(8), corresponding to the Green-Lindsay dynamic
three-dimensional model, the following theorem is valid [4].

Theorem 1. Suppose that Q is a bounded Lipschitz domain and x>0, 34+2u>0, p>0, k>0

7>0,7,>0, 7,>0.If f,fe*(0,T;L*(Q), 9.9,9" € L*(0, T;L**(T)), £9,£7  L2(0,T; 2(Q),
gg gg! gg!l

e 2(0,T;L**(r,)) and initial conditions u, e H*(Q)NV(Q), u, e V(Q), 6§, e H*(Q)n

V°(Q), 6, eV°(Q) satisfy the following compatibility conditions

1=12,3,

3 3
g,(0) = Ztl’rl [Azepp (uo)é‘ij + 2tueij (uy) +77‘90§ij +7771915ij Jn'v
j=1 p=1
, 50 ©)
g’(0)=-D tr. [’f—°+ﬂé’1jn,—,
= L oX

then the initial-boundary value problem (6)-(8) possesses a unique solution

In order to construct an algorithm of approximation of the Green-Lindsay nonclassical three-dimensio-

nal model by one-dimensional problems, let us consider the subspaces Vle2 (Q) c H*(Q) N V(Q)
Vi (Q cV(Q) and H ;. (@) = L2(©), N* = (Nf,N;,N3), N”=(N7,N;,NJ), consisting of polyno-
mials with respect to the variables x, and x,,

5 L1 .1 , 1 rlr2
_h hooh o b+
where (hlh)llz . ELZ(I) OSriagNia, Za:Xah ha’ ha:%, a:%’ 0,’:1,2,

1=12,3, and P is the Legendre polynomial of order r e Nu{0}. We also consider the subspaces
a2 (Q)c HH(Q)NVA(Q), Vi . () =V(Q) and H, . (Q) < L*(Q), consisting of the functions

Ny Ng l 2
gDN},NH Z Z ( )(rz +E ¢N§N§ F)|.1 (Zl)Rz (Zz).
rt=or? O
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1.2

where (hh,)™? Pz € L*(1), 0<r'<Nj, 0<r®<N2.

Since the functions h; and h; are Lipschitz continuous together with their first order derivatives in
the interior of the interval 1 , from Rademacher's theorem [17] we have that h°, h,, (h7)", (h))’", are
differentiable almost everywhere in | and h;,(h}),(h;)"eL*(I"), a=12, forall 1I"=(h;",h/"),

h, <h;” <h;”" <h{. Therefore, since h;" and h, are positive | we have that, for any vector-function

rte? —

Ve = Ve Do € V22 (Q), the corresponding functions vhilliN2i eH?(1), for all I", I"cl, ie.
i ] o ) w2 .
Vi € Hoe (1), 0<E <NP, 0<r2 <N?, 1 =1,2,3. Similarly, if v, . € V,,.(Q),then v, . e H'(I")
forall I, I' 1, ie. vhilliNzi eHi (1), 0<r <N}, 0<r? <N/, i=1223. Similarly, for functions from
the spaces VN”};ig (Q) and th’;N(3 (@) we also have ¢, e HZ.(I), if Puin eVN”é'i‘g (@) and

1.2

rr
Py € Hie (1), if @, 2 €V (Q), 0< r' <N,, 0<r?<Nj; . Moreover, the norms || nd

-

3 1,2 - 12
SUNI+(N? +1), and @, €[HE (DY, @ €[Hie (D1, NGZ = (N7 +1)(NZ+1) such that

i=1

H2(Q) ! "'”Hl(g) a
i ||.||H1(Q) in the spaces H*(Q) , H'(Q) and H*(Q) , H'(Q) define the weighted norms |||,

2

ili 12 12
. Oof vector-functions V., =(v,.)e[HL (D", V.. e[HL D", N, =

|, and

V

e

o*

[

=V =|V 7 7 . in
NINZ [ " N'N? (12 () NINZ ||« N'N? [l () ! (pN},Ng q)N;N; Hz(g)’ ¢N},N§ (/)N},NS HY(Q) Using

the properties of the Legendre polynomials [12], we can obtain explicit expressions for the norms ||||H
Jor |4,.. and |-

.~ » particularly, the norm

. is given by the following expression:

9

1 2

" LA 1 )| [ Ve 2
"VNlNz R :;;)ﬁzo(nl+§j(nz +§j —'_?IINhZ +;

(1)

i 1}1— G
ke += |————x
kZ( 2) hh,h,

1
hh,

+

ke ik’
x ((2 =)Vt (@ =DV ]
()

i &) . i
[(VNlNZi) - :1h_(ri +1)VN1N2i_

a

2

a=1k%=r*+1 h

d i a

53 Z (k %) (h,) = (=" (h,)’ ((2—0{) v +(a-1) v B

L

where we assume that the sums with the lower limit greater than the upper one equal to zero.
13 r'r?

For components v, .. and Pz of v, and Pz , Which possess the properties ||V

e [l-<0 and

I ¢N},N§ |l,~< o, we can define the traces for x, =h, . Indeed, the corresponding vector-function of three

. 3 .
space variables v, , =(V,,)in and function Prinz belong to the spaces Vv, .(Q) < H'(Q) and

rilriz rlrz
V@Ng (Q) = H*(Q) , respectively, and using the trace operator tr., we define the traces of v, .. and e

for x, =h;, in particular,
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1.2
i

: h b
t, M) = | [ 05, (e )P (2P (2,)dxx,, 11 =0,.,Nf 17 =0, Nf,i=1,2,3.
hy

Since the vector-functions v, . = (v, N2) from the subspaces V., ,(©2) and H_, ,(Q), and the

NINZ NIN?

r1rz rir?

functions Prinz from Vg1 N2 (@) and H"1 N2 (©2) are uniquely defined by functions v, . and Prinz of one
space variable, on the constructed subspaces we obtain the following hierarchy of one-dimensional initial-

boundary value problems: Find w,, . eC°([0,T]; VNlNz(')) W €L7(0,T; VN (D), W . eLl7(0,T;

Hue 1) Ce €CTMOTIVE (1), Gl € L7OTVE (D), € € L7OT;HY, - (1)), which

satisfy the following equations in the sense of distributions on (0,T),

NlZ (W 1N2 5\7N1N2 ) + aNl.Z (WNlNZ IVNINZ ) +

+Bgenis Cpg + 5 Vone) = L Ol Wi Ve (1), a0
Rle (70 v+ Sz 1 Pusn) ~Dhie Sl Bung )+ 8o (G B )+ an
b (B Caane ) = Oobysene Py Whon) = Lie (Gpans): Ve Vo (1),
and the initial conditions
W (O =W W O =W L =G0 S O =Cys (12)
where V, . (1) =V, . = (VNNI)e[Hloc(I)] S A <oo,trr€(v:r;m) 0,0<r" <N/, a=121i=123},

2

Hope () =, € [ (D15 (hhy) 2 vN'l'Nz_ e 2(1),r* =0,..,NL,r? =0,..,N2,i =1,2,3},

12

rir 12

<0t (@) =0, r*=0,..,N;,r’=0,..,N’},

AOESCYRES I CERO) ks o
HY Nz(I) ooz = (goN Nz)e[LZ(I)]N“ (hhy)™? (oN s € L2(1),r' =0,..,N;,r* = N7}, the bilinear
4 0 - . ~
forms R .., a., bNé,zNu, v2» Dyszr @yso are defined as follows R, (leNz,leNz)=(va1Nz,vN1N2)LZ(Q),

N12 (VN1N2 ! NZ) a(VN1N2 * U NIN? )’ bNé'ZNl'z (éN},Nﬁ 'VNlNZ) = b((ﬁN;N; ! VNlNZ )’ Rz;‘z (éNg,Ng '¢N;N§) = (léN;Ng !
(oNéNg)LZ(Q)’ bZM (¢N1N2’¢N1N2) =b’ (wN},Ng’(Z)N},N;) ! aZm ((;Nlm2 ’éNlNz) =a’ ((BNi,Nﬁ ’(DN},Nﬁ) , for all vector-
functions V... Ve € Ve (D Ve € Hine (0, BB Vi (1) B € Hi (1), corres-
ponding t0 V.,V e € Vi (), V. € H e () Puinz Putnz EVN;Ng Q) Pz € HZN (©Q), res-
pectively. The linear forms L ;. and qu;vz are given by the following expressions:

. SN N Y, 1 Moo (e W
LN1,2 (VNlNZ) :zz . (rl +§j(l’, +Ej h{EVNlNZi fi +gN1N2i

7 i

T 9 - 71‘7 (_1)rl T 0w

1
5

1,+

rot gNlNzi

2,+

Yy o+

l—-1,+ l—2,+

1.2

- o 1 rie? [
. 72 (1" de3+ Z T O U (VNNl) ,

Xa=hy ,h, >0 hh,
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N 2 1
4 - % 0 1 . 1 et rlr; 4 r 1+ 4 r 2,+
LN},‘Z (¢N;N2 ;)ZB E h,[ hh, Pring o= gmgmg - 7= gN},Ng 2o ro-
r? rt , I,Ulrz )
n o I _ -
_gN NG |- 7D - N N2 . yo (DR {dx Z gN},Nf, Pring

Xg=hg ,hhy >0 h1h2

1,2

h;
where 7% = I+ (1)), T* ={x = (%, %, X;) € T;;X, = hZ (%)}, I I ) (2,)P., (2,)dx,dx,,
b hy

K%

v, = jva . (z,)dx,, forall functions ve L'(Q), v, e LT )uLl(**), k',k* eNU{0}, @ =12,

and vector-function Oy = (G )i and function g?, . is defined as follows

3 3
Gy (D =G (O + Dt (ﬂzepp (W20 )05 22085 (W 20) + 118012005 TT1T18 ooy .,j 9(0),
j=1 p=1

5 IS winzo
gz;ms(t):gg(t)_ztrn K 699 +ﬂ§NN1 n; - 9°(0).

where =123, n=(n)’, is the unit outward normal vector to TI,, and W in2o evNiNz (),
ir € Vi Q) gz €V (Q), $nn eV .(Q) are restored from the initial conditions
72 7 P 70,2 P 70
NlNZ eV NZ(I) Whaneg eVNlNZ(I)’ gNéN 50 VN NZ(I)’ é’N}JN ;1 EVN NZ(I)'
For the constructed one-dimensional initial-boundary value problems (10)-(12) the following existence
and uniqueness theorem is proved.

Theorem 2. Suppose that functions h and h; are such that Q c R® is a Lipschitz domain, x>0,

34+2u>0, p>0,x>0, y>0, 7, >0, 7, >0. If the given functions satisfy the following conditions

(hhy)™* r'11:':6'—2(0,T:|-2(|))y (fhhz)‘l'z(n}n:) L*(0,T;L°(1), 0<r" <NJ*, i=123 a=12,

( {1+)3l4 —1/4 dk " ( a,— )3/4 -1/4 dk !
3-a dtngNll—«+’ adtngNl

e L2(0,T;L*3(1)), k=0,1,2,

re-
rir2

(hh,)™? fgeLZ(OT L2(1)), (hlh)l’z(f ) e L*(0,T;L%(1)), 0<r“ <N“, @ =12,

r37u rﬁfa

s d" . d*
(A R e o Gz | )N = prc G |.

e l’(0,T;L**(1)), k=0,12,

- 72 - 7 > 70,2 P 70 e
where W, .. €V (1), W, . €V.() ¢ GVN;Ng(I)’ ;N;Ngl EVN;Ng(I)’ then the initial-boundary

N3NZO

value problem (10)-(12) possesses a unique solution.

So, we have constructed an algorithm of approximation of three-dimensional model for thermoelastic
bars by well-posed one-dimensional problems and in the following theorem we give the results on the
convergence of the algorithm, where we use the following anisotropic weighted Sobolev spaces

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 3, 2022
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H;%‘:'O(Q) ={v;hfolve *(Q),0<k <s}, H%:’O(Q) ={v;hidkve L*(Q),0<k <s}, seN,
H;lf'l(Q) ={v;h* "0 "0lve L’ (Q), @ =1,2,i =1,2,3,r =0,1,h**(h?) "0k v e L’ (Q), 1<k < s},

HE?(Q) ={v:n 04 0100y e L(Q), i, 1 =1,2,3, r,F =0, 20kv, i *(h) dv e LE(Q),
h¥*(h:) o v e L2(Q), hi ™ (h; )05 70,0,v, hE(h:)'0Xa,v, h¥?(h:)'(h)'0 v e L*(Q),
et (h?)/(he)'0K10,0,v € L2(Q), 1<k <5, hith2 108a%, hithi(h?)akaky e L2(<),
hihz ™ (h)'(hy)'opo2ve L2X(Q), a=12, 1,1, >1 r+r,<s}, s>2,

which are Hilbert spaces equipped with corresponding norms.
Theorem 3. If Q c R® is a bounded domain with Lipschitz boundary, >0, 34+2u>0, p>0, k¥ >0,
250, 7,50, 1,>0, f,fel’OT;L2(Q), 9.9,0" 2(0,T;L**(I,), %’ c2(0,T;2()),

9%,9”,9” e FO,T;L3(,), U, e H2(Q)NV(Q), u, eV(Q), 6, eH* QNV(Q), 6 eV’(Q)
satisfy the compatibility conditions (9) and the functions w EV,ilNz (©Q), w € V2 (Q),

IN?0 N'NZ1

$inzo EVNO},ig @), o EVNO;Ng (Q), corresponding to the initial conditions W ., €VZ . (1),
Wse € Ve (D1 Sz €Vimz (1D ey €Vigsys (1) Of the one-dimensional problems, tend to ug, u, ,
6, and 6, in the spaces H*(Q), L*(Q), H*(Q) and H'(Q), respectively, as N :Eigr;{Nil,Nf,N;,
N/} — o, then the one-dimensional problem (10)-(12) possesses a unigue solution and the sequences of
vector-functionsw , . (t) and functions ¢ NENZ (), restored from the solutions W, . (t) and ENW (t) of

the problem (10)-(12), converge to the solution of the three-dimensional problem (6)-(8)

W2 (B = u(t) in H' (), {N;Ng(t)—>6(t) in HY(Q),

/ , L , , — forall te[0,T], asN,,, — .
Wi (1) = U'(t) in L7 (Q), Cxinz (t)—>6'(t) inL(Q),

Furthermore, if d"u/dt" e L*(0,T;(H**(Q))°), u”e L*(0,T;(H2**(Q))*) or u" e L*(0,T; (HX=*(©))°),
d'o/dt e P(OT; HI¥'(Q), r=01 0" el’QT;HI@Q) or 6el’(O,T;H* (),

SosceN, k=012, 5,,5),5,8/>2 and U, e (H2S*(Q), u,e(HFPQ), 6, eHI¥* (@),

&80 g &9 g0 & &b 0 . L . .
6, e Hhﬁz (Q), 5.5.5 €N, §,5 =23, § =2, then, for suitable initial data W, .., W, Cuinzor

¢ .y the following estimate is valid

’

o

—w' +||U_W +
NN fleo qo T o) NN le? qorri @

1
<
c@riH @ (N )

’ ’
-G

O(TagyrgahltahztleyNzl N;a N;)l

+o-
COM0.TTL () NoNj

where s=min{s,-3/2,s,—-3/2,s,,8) —=3/2,5, =3/2,s5,§,-5/2,8) -5/2,5' -3/2} and o(T,Q,T,,
' hy,N',N?,N;,N2) -0, as N, — oo.
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6596330 356bogmEos (335¢gdso 3390l MYMHIMPAMY3I9EO dgErgdol yMob-ewoboligol s6s-
3ebo3gMo dm@oeols dglsdsdolio LsdysbBmTowrgdosbo Lsfyol-Lslsbmzgmm s8mEsbol gsMos-
(300 GMmOHIYWog0s. dgerol 5653eslo3MMo ©obsdogMo Lsdysbbmdomgdosbo dmmgmmo-
Lsomngols 53900)e0s gMoysbbmdomgdosbo s8mEsbgdols 80dpgzmmdom s36Hmglsodsgools seram-
60330, OHmEs LEBW3OOL 239MHOm BYP30MYdDY Im3gdwyeos BgEs30MHMEo dsegdols odzz-
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33300l 39JGHMO-BbJ0900L dodgzmmdols Bglisdsdol bogMggddo 3Mgdsmds Lsfigolio 1sso-
396Bmdowgdosbo s9mEsbols smbsbliboliuggb s ©sdsGIdom 30MHMdgdTo Bgxsligdmmos S3Gm-
Juodsgools gomdowgds.
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