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APRESENTACAO

Atualmente, notamos grande necessidade do desenvolvimento das ciéncias,
bem como o aprimoramento dos conhecimentos ja adquiridos pela sociedade. Sabe-
se também que as ciéncias tecnolbgicas, exatas e da terra cumprem um papel
importantissimo na construcédo de saberes ligados a humanidade. Tais saberes sO
se tornam possiveis por meio de autores responsaveis por desenvolver pesquisas
cientificas nas mais diversas areas do conhecimento.

Permeados de tecnologia este e-book contempla estudos na area da ciéncia
tecnologicas, exatas e da terra, mostrando a aplicabilidade destas ciéncias em
variados temas cotidianos. Temas ligados a Medicina, saude, agricultura e ensino,
séo abordados nos capitulos desta obra, entre outros temas relacionados a producéo
cientifico-metodologica nas ciéncias.

Para o leitor, esta obra intitulada “Ciéncias tecnoldgicas, exatas e da terra e
seu alto grau de aplicabilidade” tem muito a contribuir com estas areas, ja que cada
capitulo aponta para o desenvolvimento, e aprimoramento de pesquisas cientificas
envolvendo temas diversos, mostrando-se ndo somente uma base teédrica, mas

também a aplicacao pratica de varios estudos.

Boa leitura!

Felipe Antonio Machado Fagundes Goncgalves
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CAPITULO 28

ESTABILIZACAO DE UMA EQUAGCAO COM OPERADOR
A2P COM TERMO NAO LINEAR

Data de aceite: 17/03/2020

RESUMO: Nosso objetivo principal é estudar o
problema de controlabilidade exata do sistema

Ricardo Eleodoro Fuentes Apolaya

seguinte
lw+w’=0, emQ=Qx[0,T]
X W _0,  emz=8Qx[0,T] paraj=0,1,..2(p-1)
(*) av’
w(0) =w,, W(O0)=w, emQ
onde
o . LI ow
Lw=w"+A"w + > —(a,y,t) —)
L OX | ax_f

JEl
-
ow

" awl_l n
+ b,(y,t) — + d,(y,t) —
§ 0 Z1 Y

fix.

Palavras chaves: Equacéo de placas néo linear,
solugao ultrafraca, controlabilidade exata, ponto

STABILIZATION FOR AN EQUATION WITH

OPERATOR A*” WITH NON LINEAR TERM

ABSTRACT: Our main ojjective is to study the

exact controllability of

lw+w'=0, emQ=0x[0,T]
ad'w .
7 =0 em Z =3Qx [0, T], para j=0,1,....2(p-1)
ov
wi0)=w,, w(0)=w, emQ
Where
—_ (1) Ip . 5 aﬁw’
Lw=w"+A"w + > —(a,(y,t) —)
ialx, ax;

ow

i (31-1«-" n
+ b. ;t — + d st - .
g ) — Z} A

KEYWORDS: Nonlinear plate equation,
ultraweak solution, exact controllability, fix

point.

11 INTRODUCTION

Let Q be a bounded domain of R”with

regular boundary of type C*”, where
p = 1s0 that the origin of R’ .
Let us consider K: [0, +o[ ® R"

The function such that for each t associate

na orthogonal matrix
Kt): R ® R
We suppose K(t)

diferentiable for each t.
Define the subsets of R", as follows

Q,={x€E R ,x=K(t)y,yEQ}
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With boundary denoted by I, .
0
We denote by O the noncylindrical domain a set of R defined by

0
0= U Q, x{t}with lateral boundary > = J I', x{t}

0<t<T 0<t<T

21 NON LINEAR PROBLEM

Consider the non homogeneous problem

W) + AT u) +u®)’=0, in Q=0Q x[0,T]

J A

(‘z‘“‘: =0, on 3 =8Q x[0,T] for j=0,1,...2(p-1)
V-

o* w A

aVZ,n—l ! on Z

2.1)

Our objective is to solve the problem of exact controllability at the boundary of
problem, that is, given T, > 0 for each pair of initial data {u,, u,} of problem
before in a convenient space on Q, we will a function v in a certain space

of controls on El so that the corresponding solution u of problem satisfies the

final condition

ux, Ty)=u(x,T,)=0, in QT0

Therefore, to solve the problem of exact controllability of the problem (*) will,

through the transformation, solve the problem of exact controllability of
problema (2.1). We will initially approach the study of exact controllability
on the boundary of the problem

Lw+w’=0, inQ=Qx[0,T]

=0, onz=9Qx][0, T], forj=0,1,...,2(p-1)

w0)=w,, wW(O0)=w, inQ

2.2)

2.1 Equivalent Problem

Let the cylindrical problem follows:
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(2.3)

Lw+w? =0,

o'w

w=0, —
ov’

aZp—lu}

BVZ,')—I - L

w(0) =w,,

inQ=0Qx[0,T]

=0, onX=9dQx][0, T], forj=1

onk

w(0)=w, inQ

.....

LW=W”+A2PW + |:n|£(aj (y, t) %)"' |:n| bi(y! t) DW' + |:n| di(ys t) %

1,j=1 Dxi

[

Let L* be the formal adjoint operator of L, defined by

L*z=2z"+A"z + |:n|£(aj (y, t) i)+|j b,(y, t) D.Z' +c(y,t) 2’ +

AD=

Il
LR

1,j=1 Dx,‘

d, (v, 1) [% +H(y, 1) 2

We consider the operator

Rz=z2"+A"z +

AD=

Il
LR

l,j=1Dx,‘
[k
d.(y,t) = +f(y, t
(Y )Dk +1f(y,t) z

1 0

(a,-(v’t)[%ﬂlj b.(y, Y

v, "~ &= [k

I:kl
[k

+c(y,t)z’ +

where the operator coefficients verify

a,€C'(Q)suchthata,=a, anda, € L?(Q), ij=1,2,..,n.
b..cdfeWLOT L Q) PeLdq).

we want to determine a solution to the following problem

(2.3)

Rz +2°=0,
o'z -0
aov’
z(0)=z"

inQ=QxI[0,T]
on Xz =4d0Qx][0, T], forj=0,1,...,.2p-1
Z(0)=z" inQ

Theorem 2.1 (Strong Solution) If{z°, 2", h}€ H" (Q) N H*” (Q) N L*(Q) x

H:7 (Q) x W (0,T, L*(Q)) then exist a unique strong solution z = z(y, t) of the

non linear problem in the class

z € C([0,T], H27 (Q) N H* (Q) N L*(Q)) N C'([0,T], HZ” (Q))

and satisfies

Rz+z°=h a.e.inQ
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Proof: Galerkim method and two estimates are used.

Theorem 2.2 (Weak Solution)1 If{z°,z',h}E€ H? (Q) NL*(Q) xL*(Q) x
L'(0,T, L*(Q)) then exist a unique weak solution z = z(y, t) of the non linear
problem

1.- The weak solution check the following equality

Zﬁv

ij 8 ay
j(c(y,r)z'm,v)qafr + j (d,-g,v)wr + I(f(y,r)z(r),v)qadr . j (2 (1))t =

i

j(z (1), )@'dr + I(Azf’z(r) AVt + J'( V)t - j(b 2(1), —)qxlr +

0
[ (). )it for all v € HY7 (Q), 9 €D(Q).

2.- Exist a unique weak solution z = z(y; t) such that

z € C([0,TI, H (Q) NL*(Q) N C'([0,T], L*(Q))
3.- The linear application:

{z°,z2',h} — z
is continuous in their topologies.
4.- The weak solution satisfies
DZ(S)

E@t) = HDV 2(s) d + %H%Z‘(s) 2(s) d - EFB (s) 2'(s) d +

[ (h(s). 2 ())ds

Where Pz = c(y, t) Z'(t) + d. (y, 1) 12

i

+ f(y, 1)z

And E(t) = %( 2O + P2 P) + %Iz(t)l“

Remark 2.1. For the results of existence, uniqueness and regularity the method

of galerkim is used.

31 LINEAR PROBLEM

We want to determine a solution to the following problem
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Rz=h, inQ=0Qx]0,T]

i
92 20,  onz=8Qx[0,T],forj=01,. . 2p-1
ov’
z(0) =z Z(0)=z" inQ

(3.1 )

Theorem 3.1 (Strong Solution) ) If{z°,z",h}€ H? (Q) N H*(Q) x H}” (Q) x
W' (0,T, L*(Q)) then exist a unique strong solution z = z(y, t) of the

linear problem in the class

z € C([0,T], H{" (Q) N H*(Q) ) N C'([0,T], H{” (Q))
and satisfies
Rz =h a.e.inQ

Proof: Galerkim method and two estimates are used.
Theorem 3.2 (Weak Solution) If { z°, z', h}€ H? (Q) x L* (Q) x L'(0,T, L*(Q))
then exist a unique weak solution z = z(y, t) of the linear problem

1.- The weak solution check the following equality

: Lr(z'(r),v)ga'dr + }(Az”z(r),Az”v)gadr+ j(auﬁ—‘“ S 'y)qadr j

J.m

ﬁ} gadr+

j(c(v 020t + | (d = v)qur . f S = [Chie)vyds

forallve H2" (Q), j €D(Q).

2.- Exist a unique weak solution z = z(y; t) such that
z € C([0,T, H” (Q) ) N C'([0,T], L*(Q))
3.- The linear application:
{z°,z',h} = z
is continuous in their topologies.

4 .- The weak solution satisfies
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" X 1 ¢ Ob f
E(t) =E(©0) - [ (%[au ai( 1,2(s))ds + 5 ju(;_j_z'(.s),z'(s))d.q- [ (Pz(s),2'(s)dls +

[ (h(s).2'(s)ds

Where Pz =c(y, t) Z'(t) + d, (y, 1) ?—Z +f(y, 1)z
0y;

And E() = [ 20 +|0'Z0)P)
Theorem 3.3 (Direct Inequality). If z = z(y, t) is the weak solution of (3.1) and

h =0, then

L| Nz > d5 < CE(0)

If x,€ R", we denoted by

mXx)=x-x,=(x, -x")=(m,), I=1,2,..,n, R(x,)=MaxlImx)ll,x€]

M(x,)={x€r mx).nx)J0}
where n (x) unit normal vector to I, directed towards the exterior of Q.

We shall sets

( Xo) =I- r(xo)’ Z(XO) =(0, T) x r(Xo)a 2" (Xo) =2- z(Xo)

Theorem 3.4 (Inverse Inequality). If z = z(y, t) is the weak solution of (3,1) with
h =0, exist T ,> 0 such that

[ 0’zF d00COT, E©)

Now we are interested in studying the solutions of the inhomogeneous problem
in the frontier of the type

Lz=0, inQ=QxJ[0,T]

z=0, 5 ; =0, onX=0Qx][0,T]forj=1,.,2(p-1)
1%

aZp—lZ

5,7 =g, onZk

z(0)=z,, Z(0)=z, inQ

(3.2)
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Theorem 3.5 (Ultraweak Solution) If {z°, z', g} € L*(Q) x H®?(Q) x L*(2)
then exist a unique ultraweak solution z = z(y, t) of the linear problem such that
z€C([0, T, L*(Q)) NC'([0,T], H*"(Q))

Moreover

H
Il zIl +11Z’ 1l <C{llz,l +1lz,ll +1lgll

€(0,7,(0) cqor1H®r (@) () 1 mr) (@) ¥

Theorem 3.6 (Regularity) If {z°, z', g} € H;? (Q) x L*(Q) x H{ (0, T,L*(IN),
then there is a single weak solution w such that

z€ C([0, T], H**(Q)) N C'([0,T], L*(Q))

which is also an ultraweak solution.

4| METHOD THE FIX POINT

Let v is weak solution of

Lv=-¢', inQ=Qx][0,T]

o'v

v=0, P =0, on £=0Qx[0, T], forj=1,...,2(p-1)
v

82;)711)

P =g, onZk

(4.1)

Let w ultraweak solution of

Lw=0, inQ=Qx[0,T]

o'w .
w =0, P =0, on Z=0Qx][0, T], forj=1,..,2(p-1)
|4
o w
oyt =g, on z

(4.2)

We observe that y = v + w is solution of the
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Ly=-¢’, inQ=QxJ[0,T]

1y

y=0, 2{ =0, onX=8Qx[0,T] forj=1,..,2(p-1)
'V

a?.p—ly

5,77 =g, onk

y0) =y,, Y(0)=y, inQ

(4.3)

Checking the stability condition y(T) =y’(T) =0 in Q.

Denote by

W ={w € C([0, T], H** (Q)), w’ € C([0, T], L*(Q)), w = 0, on I™*( X,) }
With norm

IIwIIW={IIwIIZC(0TH2p(D) +”W,”20([0T]L2(|:|)}1/2

We have define the application in B, [] W such that
U.:B, ® B,
O.F)=v+w

Is a contraction.
We observe, in (4.1) result that

EM) s K[ () V() dt
By condition, ¢ =0, in[™*(x,) we have
E() < K[1V4n)F [V | dtsCT [ ¢ I3 v,

f 1l gll, <e then NvIZ<2CT Mg, lvIl,

| —
Therefore

llvil, <2CT el g,

We chose the appropriate e so that [], is contraction

1 ) 1
2CT ¢'<— & g'< ——

By similar form, llwll, < i g,
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