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In this paper a version of linear theory for a body composed of two isotropic mate-
rials suggested by Green-Naghdi-Steel [1], [2], [3] is studied. For this types of shallow
shells is consider following three-dimensional problem: the stresses is given on the
upper and lower faces and on the portion of lateral surface, and remainder part of
boundary is clamped. By asymptotic analysis method (Lions, Ciarlet, Destuynder [4],
[5]) is obtained and studed corresponding two-dimensional problem. It is shown, that
the limiting mean of particular flexures of two components of the mixture are equal
one another, when ¢ — 0 (the semithickness of shell € be a small parameter). In case
of plate will obtain analogous equation of classical bending biharmonic equation with
corresponding boundary condition [6].

We assume that an origin and orthonormal basis {e;} have been chosed in the three-
dimensional Euclidean space. Let w be a connected domain with Lipschitz boundary
in the plane spanned by the vectors e, (Latin and Greek lower indexes take value
accordingly 1,2,3 and 1,2. Under repeating indexes we mean sumation). For each
e >0, let

O i=wx] —e,ef, 'L =wx{e}, TC =wx{-¢},

2° 1= (2%) = (w1, 12, 25) is any point of the set QF,

2

13 8 13 8
O =05 and 05 := e

“ Oz,

The middle surface of shell will define following

W= {(9017%796(951,%)) e R’ (z1,19) € W}a
where 6° is C?(w) class function for all positive ¢.

For each ¢ > 0 the mapping ©° := (©5) : O —>_]R3, will define following form
O (1) = (21, 9, 0° (1, 13)) + x5a5 (21, 22) for all 2° € Q°, where

a5 = {a} 7 (=00, —0uf°, 1), af == |016° |2 + |0u6F)? + 1.

It mean that for each ¢ > 0 the mapping ©° : O — @E(ﬁg) is a Cl-diffeomorphism.

If Q° := ©°(€¥), then {ﬁe}_ = ©°(Q). 7° = (7°) is denote any point of {(AZE}_.
5= 2
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Let 79 C Ow, lengthy, > O0; f“g = O°(Iy), T§ := v x [—¢¢]; fi =
e (I%), I'C :=6%(I7).
Let the domain €2° is composition of isotropic material of binnary mixture. Then

variational formulation considered problem have form P (Qa)problem: Let E-E € (LQ(Q‘E))Q,
g = (g5, 9.°)7 € (L*(I=. UT=))% Find

e V() = {v& = (0F, 0, 08, 0,5, 055, 05°) € (HY(Q))®, ¥v$ =0 on I% }

such that satisfies the variational equations

qq J ¥

/ {(Aaaf @), (%) + 2 (Mee, (@) & (%) — zxzﬁgj(af)ﬁ;(vf)} i

= / (FEYT 05 dae + / (G)T0zdl® forall v° € V(Q°).

Qe rs ure

i

/\/ o~ . . . .
Here i)\j = (vf, Uja)T is a column matrix of the components of partial displacement;

(A RN ~
N AN ~ ~ . . .
€ = (ef, eif> =3 <8fu§ + 8j€uf) is a column matrix composite the components of

. Te s~ 1 e~ NN NN ~__JI
the strain tensor; hg; (V) = 5 <8fvj€ — 050, + 0;v;° — 8fvj5> - components of so called

rotation tensor;
&g 15 3 €
v () e (1),
3 N2 M3 Ha

AL, A5, A5, AL, g, ps, ps - elasticity modulus.
Theorem 1. Let satisfies following condition
g g 2 g € g 2 €
g <0, )\1+§u1>0, detM*® >0, det A+§M > 0,
then for each € > 0, problem P(Qs) have one and only one solution.

The problem P (5\25) be transformate into a equivalent problem posed over a domain
independent of ¢.

Q:=wx| =11, T'y:=wx {1}, Tg:= x[-1,1].
7 x = (2;) € Q— a° = (25) = (w1, 20,673) € X

The functions U°, v° € V() associate with the scalar field u(e) and the scalar
functions following form

U,(7°) = e2uq(e)(z) and VE(XF) = e?v,(x);

u5(7%) = eus(e)(z) and V5(X°) = evs(x); for each 7° = ©°(7°(2)) € {QE}_ :
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Let there exists the constants A;, A4, p; and the functions g; € (L*(I'yUl'_))?, F; €
(L?(2))?, independent of € such that

(e}

Xe= ), AN = 1 = gy, FE(TF) = E2Fa(x), Fi(7F) = £ Fy(x)

forall X° = ©°(1°x) € O,

T5.(7°) = e%ga(z) and 85(X°) = e'gs(x) forall ¥ € O°(n°x) € [ UT".

(M A [ M M3
'_<>\3 /\2>’ M'_<M3 Mz)'
The function 6 be such that 6°(x1, z2) = £0(x1, x5) for all (z, x2) € W, where § € C?*()
is independent of €.
Denote by u(e) the solution of problem P(e;€2) which is equivalent to the problem
P(QF).
Define the matrix

A — ( i}‘ is ) =A—AN+2M) A = 2M (A +2M) A,
3 2

Established following
Theorem 2. Let, satisfies following conditions

2 2
Ay <0, >\1+§u1>0, A1+ >0, detM >0, det(A+§M)>O.

(a) As e — 0, the family (u(e))eso converges strongly in the space

V(Q):={ve(H(Q) v=0 on I'y},

1" 1" 1

15 Usg, Us) = ling u(e) is such that u, = (u,,u. )" = (4 — 130,Cs
e—

and uz = (uz,uz)" = (G5, ()7, where G = ((;,¢)7, also = ¢ = G

(b) u = (uy, up,ug, u

!

Ci= (GG, G5, G) € Vi) o= {m = (0w i 3) € H ()

X H'(w) x H (@) x H'(w) x H*w), n, =, =5 =1 =0 on o}

(c) The vector field ¢ is a solution the following limit two-dimensional problem P(w):

¢ € V(w)and — /maﬂaaw}fdw + / {(nap) " ap(n) — 4Ashap($has(n) } dw

= /(pa)Tnadw + /(pé + py)idw — /(q; + ) Oy dw

w w w
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for any m € V(w), where

2~ 4 .
Map = — {g)‘AC?’(SO"B + gu&w@} s

Nag = 2N €55(C)dap + 4Meas(C),
A=A 20+ A5, =+ 203 + o

_n

) 1
€ap = (€up eaﬂ)T = 5(%(5 + 03Ca + 0a005(3 + 0300,(3),

has = =(0als — 95C, + 05C, — 0aly),

1
2
1

’

bi = <p7,7 p;',)T = /de3+gj+gz7 gzi = gz(a :I:l)a

-1
1

Gua ::/$3Fad$3+g;—_g;'
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