3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Global stability of the Euler-Bernoulli beams excited by
multiplicative white noises

Zhenzhen Li
Division of Dynamics and Control, School of Mathematics and Statistics, Shandong University of Technology, ZiBo
255000, China

E-mail: zzlicncn©@163.com

Kun Zhao
Beijing Electro-Mechanical Engineering Institute, Beijing 100074, P. R. China
E-mail: zhaokunhit@yeah.net

Hongkui Li

Division of Dynamics and Control, School of Mathematics and Statistics, Shandong University of Technology, ZiBo
255000, China

E-mail: Lhk8068@163.com

Juan L.G. Guirao

Department of Applied Mathematics and Statistics, Technical University of Cartagena, Hospital de Marina, Cartagena
30203, Spain

Financial Mathematics and Actuarial Science (FMAS)-Research Group, Department of Mathematics, Faculty of
Science, King Abdulaziz University, P.O. Box 80203, Jeddah 21589, Saudi Arabia.

E-mail: jlgarcia@kau.edu.sa

Huatao Chen*
Division of Dynamics and Control, School of Mathematics and Statistics, Shandong University of Technology, ZiBo
255000, China

E-mail: htchencn@sdut.edu.cn

Reception: 05/01/2023 Acceptance: 10/03/2023 Publication: 30/03,/2023

Suggested citation:

Zhenzhen Li, Kun Zhao, Hongkui Li, Juan L.G. Guirao and Huatao Chen. (2023). Global stability of the Euler-
Bernoulli beams excited by multiplicative white noises. 3C Tecnologia. Glosas de innovacion aplicada a la pyme,

12(01), 386-412. https://doi.org/10.17993/3ctecno.2023.v12n1e43.386-412

386| 1ttps: / /doi.org/10.17993 /3ctecno.2023.v12n1e43.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

ABSTRACT

This paper considers the global stability of the Fuler-Bernoulli beam excited by multiplicative white
noise. Based on the theory of global random attractors, the Hausdorff dimensions of the global random
attractors for the system is obtained. According to the relationship between Hausdorff dimensions and
global Lyapunov exponents, the global stability of the stochastic beam is derived.
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1 INTRODUCTION

The dynamics of the beams are important problem in the elastokinetics [1]. Tajik [2] proposed the
stability analysis of motion equations of unbalanced spinning pre-twisted beam. Dai [3] investigated the
limit point bifurcations and jump of cantilevered microbeams according to Galerkin method and modal
truncation. The bifurcation and chaos for transverse motion of axially accelerating viscoelastic beams
was studied by Chen [4]. Pellicano [5| analyzed the linear subcritical behavior, bifurcation analysis
and stability of a simply supported beam subjected to an axial transport of mass. Based on the direct
method of multiple scales, Mao [6] dealt with problems of stability and saddle-node bifurcations for
supercritically moving beam. Using Melnikov method [7]|, Zhang [8,9] investigated the multi-pulse
global bifurcations of a cantilever beam. Zhou [10] studied the chaos and subharmonic bifurcation of
a composite laminated buckled beam with a lumped mass. Applying the phase plane and positive
position feedback approach, Hamed [11] investigated the stability and bifurcation of the cantilever
beam system which carrying an intermediate lumped mass, to name but a few. For more details, one
can see refer to Refs [12-15| and the references therein.

Stochastic stability is one of the most important issue in the research areas of stochastic dynamics [16].
It is well known that, when the problem associated with stability are considered, there exists a very
useful tool named Lyapunov exponents which can be distinguished as local type and global type [17].
Generally speaking, the solution of system is stability when biggest Lyapunov exponent associated is less
than 0. With respect to the investigations on the stability and other dynamics behaviors for the beams
by using local Lyapunov exponents, one can refer to the Refs [18-20] and the references therein. Similarly,
the global Lyapunov exponents are also the powerful tools in studying the global dynamics for stochastic
beams. Unfortunately, calculating the global Lyapunov exponents is not an easy thing, but if we only
consider the global stability of the system, we can use the Hausdorff dimension of global attractors
associated with system to describe the signs of the biggest global Lyapunov exponent. The method
which can be used to get the Hausdorff dimension estimations associated with the global Lyapunov
exponents was due to Debussche [21|. Employing this method, together with the support relationship
between global random attractors and probability invariant measures proposed by Crauel [22,23]. Chen
et al [24] consider the global dynamics of the Euler-Bernoulli beams with additive white noises. With
respect to investigation on the global dynamics of the nonautonomous the Euler-Bernoulli beams by
global attractors theory, see Chen et al [25].

Let D = (0, L), this paper consider the Euler-Bernoulli beam equation excited multiplicative white
noise in the following form

g + a(ug) — A%u+ [B]|Vul® — p] (~A)u = oulV, (1)
with the hinged boundary condition
T=0:U=Upe =0;2 =L :uU=1uUp; =0, (2)
and the initial value
t=171:u=up,u = uy, (3)

where u = t(t,z),x € D is the lateral displacement of the beam, @(u;) denotes the damping, 5 > 0,0
are constants, the negative and positive of p € R can show the stretch and compress of the beam. HVuH2
denotes the geometry of the beam bending for its elongation. W is the one dimensional two-sided
real-valued standard Wiener process, cuW represents the multiplicative white noise.

Let [lull = Jullpapllulls = lullms oy v) = (40) g2y, 0)s = (4, 0)g(py, where H(D),
H§(D), s € R are the usual Sobolev Spaces,for more detailed, see [26]. A = A? with boundary
condition (2), then D(A) = {ulu € H*(D) H}(D), Au = 0}, and then A is self-adjoint, positive,
unbounded linear operators and A1 € .Z(L?(D)) is compact. then, their eigenvalues {\;};en satisfy
0 < A1 <Ay <---— oo and the corresponding eigenvalues {e;}2°; form an orthonormal basis in L?(D).
Following the the mechanism in [27] p55, the power of (—A)® s € R can also be defined,particularly,
D(A%) = H} (D) H%(D). Moreover, for any s1,s2 € R, s1 > 52, D(A®!) can be compact imbedding in
D(A*2), and the following holds

81—389

[ullsy = A0 lulls,, Vu € D(A™). (4)
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Suppose a@(u;) = aA%ut, here o > 0 is a constant, A%ut is called the damping with strongly form, then
following abstract form of Euler-Bernoulli beam equation excited multiplicative white noises

uy + aAzuy + Au+ (Bl Vul|? = p] (=A)u = ouW,
r=0:u=Up =0;2 =L :u=uy =0,
U(m‘,T) = UO(I’),B{M(%,T) = Ul(.@)

()

The rest of paper is organized as follows. Preliminaries and main lemmas are listed in Section 2. Section
3 is devoted to derive main results and proof associated. The proofs for the main lemmas are given in
Section 4. Finally, the conclusions are presented in section (4).

2 PRELIMINARIES AND MAIN LEMMAS

2.1 PRELIMINARIES

Let Ey = D(A%) x L*(D), Ey = D(A%) x H} (D) equipped with Graph norms and the induced inner
products, then they are all Hilbert spaces. Let (X, || - || x) be a complete separable metric space with Borel
o-algebra B(X) and (€, F, P) be a probability space. We consider Q = {w | w(-) € C(R,R),w(0) = 0}, F
is the o-algebra and P is the Wiener measure. Set a family of measure preserving and ergodic
transformations Oiw(-) = w(- +t) —w(-),V t € R, Consider the following system

{ jfjog;d:f; " (6)

and the solution of system (6) is given by
0
z (fw) = —,u/ et (Gw) (1)dr. (7)

z(Ow) is Ornstein-Uhlenbeck process (in Short O-U process). The following results on O-U process
belong to Fan [28|.

Lemma 1. The Ornstein-Uhlenbeck process z (6ww) defined in system (7) satisfies

1 1
E[z (0 :—,E[ 0 2]:—,
(|2 ()] N |2 (Bew)] o (8)
and there exists a constant t1(w) > 0 satisfying
[ s < [ wwpas < )
z (Osw d3<t,/ z2(Bew)|"ds < —t,V t >tq, 9
—t VTR St 2p
and the mapping t — z (Qyw) grows sublinearly, i.e.
im 209
t—+o0 t
Moreover If u > 23,8 >0, then
E (eﬂfss”‘Z("fw)‘QdT) <en VseRE>0, (10)
when p2 > 1%, r >0, the following holds
E (erf§9+t|z(97w)‘d7> < e\%,v seR,t>0. (11)

The following is Random dynamical system which is due to Aronld [29].
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Definition 1. The flow {0;: Q — Q,t € R} is a family of measure preserving transformations in
probability space, such that (t,w) — Oyw is measurable, 0y = id, O;4+s = 0, 0 0 for all s,t € R. Then
(Q,f, P, {et}teR) is called a metric dynamical system.

Definition 2. A random dynamical system (RDS) on Polish space (X,d) with Borel o algebra B(X)
on (Q,F, P, {0:},cr) is a measurable mapping

dRTxOx X —>X
(tw,z) = (t,w)z

such that P — a.s.

1. (0,w) = id on X.

2. ¢(t+ s,w) = ¢ (t,0sw) o ¢(s,w) for all s,t € RT.
The theory of global random attractors is as following, one can refer to Crauel and Flandoli [22,30] and
Schmalfuss [31].

Definition 3. A random set K(w) is said to absorb the set B C X for a RDS ¢, if P — a.s. there
exists tp(w) such that
¢ (t,0_4w)B C K(w), Vt>tp(w).

Definition 4. Let B C 2% is a collection of subsets of X, then a closed random set A(w) is called
random attractor associated with the RDS ¢, if P — a.s.

1. A(w) is a random compact set.
2. A(w) is invariant i.e. p(t,w), A(w) = A (6iw) for all t > 0.
3. For every B € B,
lim dist (¢ (¢,0_w) B, A(w)) =0,

—00
where dist (-,-) denotes the Hausdorff semidistance defined by

dist(A, B) = sup inf d(z,y), A, B C X.
zcAYEB

The following random fixed point is important in investigating the global stability.

Definition 5. [29, 32 Let o(t,w) be a RDS, a(w) is a random set and consists of one point (P — a.s).
a(w) is called the random fized point if the following holds

o(t,w)a(w) = a(fw), VteRT,

The coming theorem is very useful to verify the existence of global random attractors in this paper.

Theorem 1. [2/] Suppose S:(t,w) is a RDS on Polish space (X,d), and suppose that ¢ possesses an
absorbing set in X and for any nonrandom bounded set B C X,t liin Se (t,0_w) B is relative compact
—+o0

P-a.s. Then ¢ possesses uniqueness random attractors defined by the following

(W)= | Asw).

BeX

where union is taken over all bounded B C X, and Ag(w) given by

Apw)=Jot 0_w)B.

s>0t>s

390 https://doi.org/10.17993 /3ctecno.2023.v12n1e43.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

Some powerful transformation on system (5) are derived as following. Set v; = uy, we get

Uy = 1,
Vi = —aA%vl — Au — [BHVU||2 — p] (=A)u+ cuW, (12)
r=0:u=u=0;2=0L:u=uy =0,
u(z, 7) = up(x),v1(x, 7) = ui(x),
let vo = v1 + €u, here € > 0, we have
dU
— = QU + X1(w,U), Ur = (uo,ur +euo)” . (13)

where
—el, 1

o= (1) (2) @ (cavcfon F 1)

Xn(w, U) ) < 0 )
X (w,U) = = ).
1w, U) ( Xi2(w,U) — [BIVul|? = p] (=A)u + ouW
System (5) and system (13) are equivalent, thus, the dynamical behavior of system (5) can be reflected
by system (13).
Set v = uy + eu — ouz (Gw), where z (6;w) O-U process formulated by (6), it gives that

av
ﬁ =QV + X, (Qtw) + X3(V)7 V.= (an u1 + eup — oupz (9tw)>T7 (14)

v=(w)=(0) 200= (30 )= (- pvur can )

Biw) \ ouz (Gw)
(Ow) ) N ( o (,u — A2 42 — oz (Gtw)> uz (w) — ovz (Bw) ) '

where

System (14) is a system with random coefficient, which can be studied w by w.

2.2 MAIN LEMMAS

In order to obtain the global stochastic stability of the system (13) based on the global random
attractors theory, the first step should be utilized to verify the system (13) can induce a RDS.

Lemma 2. For any 7 € R and initial value V ; € Ey, system (14) possesses a unique local mild solution
V(t,r,w;V,)eC(r,t+T],E),te[r,7+T),VT>0.

Let ¢(t,7,w) be the solution mapping determined by system (14), which means V (¢, 7,w; V) =
o(t, 7,w)V -, we have ¢(t,0,w) = ¢ (0, —t,0;w) ,V t > 0,V w € Q. Defining

S(t,w) == @(t,0,w), Vt>0,Vw e,

gives the RDS associated with system (14), which together with the relationship between ¢z : (u,v1)? —
[y, 01 — ouz (Bw)]T = (u,v)” implies that system (13) can also generate a RDS S.(f,w) with the
following from

S.(t,w) =171 (Bw), S(t,w)i(w) : By — By,

is the RDS induced by system (13). The following are very important in proof for the existence of the
global random attractors for the system (14).
Let

1
o} (8)\14 — 12p)
1 1 1 ’ (15)
Al (10)\{‘ —15p + 4a2)\f>

=

A

p < , 0<e=min<¢ 1,

W N

then
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Lemma 3. For any given U = [U1,Us]" € Ey, the following holds

€ € 3p£
(QU,U)g, < —§\|UH%E1 - 1Ua|? — =410, 2.

Based on the Lemma 3, we have

Lemma 4. For any given bounded set B € Ey, there exists a random variable r1(w) > 0 and Tp(w) > 0,
for¥ t > Tg(w), the following holds,

15:(t, 0—w) Bl g, < r1(w).

Furthermore,
E (r}(w)) < occ.

Lemma 4 shows that S (¢,w) has a global absorbing set. In order to obtain the existence of the global
random attractors for the system S.(¢,w), besides the existence of the global absorbing set, we need
verify that the S.(¢,w) is asymptotically compact.

To begin with, we decompose the solution V' generated by system (13) with the initial value
U, (w) = (ug, u1 + cup)’ into two parts U = U® + U = (u®, u¢ + eu®)” + (ub,ub + 6ub)T, where U
solves o7

e _ gy + <O,Uu“W>
(16)
Us(w) =0,

and U? solves .
b .
WG — QU+ (0, [BIVul® =~ p] (~A)u + oulW)

(17)
U?_ = (UO, ul + €UO)T

Split the solution V' of system (14) with the initial value V' ; ( ) = (uo, uy + eug — oupz (0—rw))’ into
two parts V = Va4V = (u?, v )T+(ub,vb)T = (u® uf +eu?) (u ub 4 eub — ouz (Gtw))T, where V¢
solves

. T
Ve —QVe + (au“z (Ow), o (,u, — Az + 2 — oz (Htw)> uz (Qpw) — ovz (Gtw))

(18)
V?(W) =0,

and V? solves

T
% =QV'+ <0ubz (Ow) , o (/L — QAT 4% — oz (Gtw)) Wbz (Ow) — ovbz (Htw))
T
+ (0, [B]|Vul® - p] Au) (19)
Vb = (ug, w1 + eup — oupz (0_,w))T .
For the solutions of system (18) and (19), we have the following priori estimates respectively.

Lemma 5. The solution U® of system (16) satisfies

lim )Aan —0.

t—4o00

Eq
Lemma 6. There exists ra(w) > 00, Ta(w) > 0, the solutions U® satisfies

U <rw), Vit>Th(w).
E

Lemma 7. There exists r3(w) > 0,T3(w) > 0, the following holds

|4t

<rsw), Vit>T3w).
Ey
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The variation equations of system (13)

% - QU + X(U)T, (20)
where R R
3 o Xl(U)vXS(U)
X = ( Xa(U), Xa(0) )

0,0
( [81Vul? ~ p] (~A) - +28(Vu, V) (~A)u + o W,0 ) |
On the other hand
d—t =QV + X, (V) V + X3(V)V, (21)

here V = {V1, 4},

oz (6w),0
o(p—a+2e—o0z(0w))z

(
X3(V) = ( Xa(V), Xas (V) )
(

(O1w) , —0z (yw) ) ’

52(V), X34(V)

0,0
[BIIVull? = p] (=4) - +28(Vu, V) (=A)u,0 > '

Let U = [(A]l, (Afg} be the solution of system (20) with initial t = 0 : ﬁo € By and V= [171, 172} be the
solution of system (21) with initial value ¢t =0 : Vo=IcE,.

Let UM = [ 1(1), Uél)} ,U(2) = {Ul(z), 2(2)} are two solutions of system (13), then

i -u (v -U®) 4+ x, (UM) - x, (U?), (22)

Analogously, let V(D) = {‘/1(1)"/2(1)} = [ug,v1] VO = {‘/1(2),1/2(2)} = [ug,v3] are two solutions of
system (14) with initial values V(()l)7 V(()z)7 where V[()Q) = V(()l) +1I,I=1[,1,] € E, then

dv — y@
b AR A M _y® my _ 2
dt Q(V v )+X2 <V ) X2 (V > (23)
+ X5 (V(1)> ~ X, (V(2)> .
In addition, set I' = [I'y, PQ]T =uW® _py® _ ﬁ, we have the following two Lemmas.
Lemma 8. ForV uj,us € D(A%), there exist constants c1(w), ca(w) in (51), such that
~ ~ 1 1
_ < S04 — A2
HX32 (1) = X2 (UZ)Hz('D(A%),LQ(D)) s aw) HA2u1 AQUZH’
(24)

| Kz (1)

) < co(w).

z(D(A%),B(D)

Furthemnore,
E (c1(w)) < 00, E (c2(w)) < 0.
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Lemma 9. Let S;(w) := S:(t,w), then Sc(w) is uniformly quasidifferentiable on of (w).

The following relationship between Hausdorff dimension and global Lyapunov exponents which will

be used to assert the global stochastic stability.

Theorem 2. [21/Suppose that, for k = 1,...,d, sup wg(DSz(w,u)) is integrable. Then we can

u€A(w)
generalize the notion of global Lyapunov exponents introduced in Ref. [17] by setting

Ay =E[In sup wi(DSc(w,u)) | —E[In sup wrp_1(DS:(w,u)) |,
ucA(w) u€A(w)
for k> 2 and

A =E|[In sup wi(DSc(w,u)) |.
ueA(w)

And it is easy to see that there exists Wy satisfying (26)(27) if and only if

AM+...+Ag<0.

3 MAIN RESULTS AND PROOFS

By Lemma 4, we get that S¢(¢,w) has a global absorbing set, which along with Lemma 5, Lemma 6 and
Lemma 7 gives that S.(t,w) is asymptotically compact. Thus, employing the Theorem 1, it is asserted

that there exist global random attractors .7 (w),w € Q for system 13.

Based on the results and the estimations on global random attractors, the Hausdorff dimension of
the global random attractors <7 (w) can be got by the method proposed by Debussche [21]|. The outline

of this method is as follows.

Firstly, it is verified that S.(w) is almost surely uniformly differentiable on A(w), i.e. for Vu € A(w),
there exist a linear operator DS.(w,u) in .Z(H), the space of continuous linear operator from H to H,

such that if v and u + h are in A(w):
|Sc(w)(u + h) — Se(w)u — DS (w,u)h| < K(w)|h/*Te,

where K (w) > 1,w € § is a random variable, and a > 0 is a constant.
Secondly, there exists an integrable random variable @y, such that

wi(DS:(w,u)) <wg(w), VYued(w), P—a.s,

and
E (In (wg)) < 0.

Thirdly, there exists a random variable @ such P almost surely
ay > 1; al(DSa((«U,U)) < al(w)a Vu € 'Q%(w% P— a.s,

and
E(Ina7) < 0.

Finally,
E(lnK) < oo.

If the (26),(27),(28)(29) and (30) hold, the Hausdorff dimension of < (w) is less than d.

The main results in this paper is given in the following Theorem.

(25)

(26)

(27)
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Theorem 3. Let

8 =2 2M- 2M;
52 (07 +pl)" — 2k -k

163274 ’
1

4
EA]

1~ -1
— mi +
d=min{n €Z |n51)\i2<
1=

when M7, Mg are constants described by (56) stated in Section 4, then the Hausdorff dimension of o (w)
dp (o (w)) < d.
Obuviously, employing and Theorem 2, we have that when

8 (=2 2 oM 2M,
Gl k. Rl

168274 ’
1

4
EA]

A

D=

<

the Hausdorff dimension of for system (13) is 0, which indicates that the global random attractors
consists of only one random fized point which is global stability.

Proof. The solution mapping of system (20) denoted by DS.(t,w,U), and DS(t,w, V) signifies the
solution mapping of system (21). Moreover, let DS, (w,U) := DS.(1,w,U). By Lemma 9, we attain
Se(w) is almost surely uniform differentiable, and the conditions (25) and (30) hold. In the light of (90)
and (91) stated in the proof of Lemma 9 in Section 4, the (28) and (29) are satisfied. On the other
hand, we have

(DS V) = swp o (1 [ THQ+ KalV) + Ka(V)) 0 Qulois )

~0 ~0
where Q,,(s) = Q», (s ViV, Vn> is the orthogonal projector from F; onto the space spanned

by Vi(t ) V (t), here V = S(t,7)V > and V1, ...,V ,, are the solution of system (21) with initial

~0
values V' = Vl, ...,V respectively. For any given time s, V;(s) = {ui(s),vi(7)},i=1,...,nis an
orthonormal basis of Qn(s)El, then

n

TH(Q + X (V) + Xa(V) 0 Quls) = Y- ((Q + Xa(V) + Xs(V)Vils). Vils)) -
i=1
In term of Lemma 3, we get
9 9
@V Vi)g, < =5 IVillh, = 5 Il
and L
(X:sVi, Vi) oo ([BIVull? = p] (=A) s, vi) — (28 (Vu, Vi) (—A)u, vy)
<) [BIVal® = p] (=2 ||uzu + 126 (Vu, Vi) (=)l [4]
<1819l — pl Npall il + 2 A 9] o (31)
)‘1
8, _ 2 163274
<= (67 + pl)* Al + I95ll? + 5 Il
5/\4
1
moreover, we have
e~~~ 9 ~ 112 ~ 112
(X2, V) < (M 12 0)] + M= @) (|, + %2, ) (32)
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where M7, Mg defined by (57) stated in Section 4. Hence, we can obtain
Tr(Q + Xo(V) + X3(V)) 0 Qu(s)

€ 8, 2 16,62 7
< - §HVz'H2E1 +2 (872 + |p])” | Apl” +

IV p])*

5)\f
(o - 00f) ([, + 7L
< St Oy
eEA] =1
+on (M7 |2 (Bi0)| + Mg |2 (Gtw)|2) .

Thus,

Wn(DS:(w,V)) = sup eXp (1 /Ot Tr(Q + /X\Q(V) + 3(\3(1/)) o Qn(s)ds>

1 [t ne 168774 <~ —1
= exp t/ —7+f(ﬂr +1pl)” + 5; Z&-2+2n(M7!z<9tw>\+Mslz(9tw>|2)ds :
0 A} i=1

I

which together with (9) gives that 3 Ty(w) > 0,V t > Ty,

Wn(DSe(w, V))

2nM7  2nMs 1685 (< -1 33
n 7+ n 8_|_ 65°T Z)‘ 2 | (33)
VTTH 2p s)\4 i=1

ne 8n, _ 2
< exp —74‘?(57“24‘“9‘)

Let
1 0
T(0w) = < oz (fw) 1 ) '
Clearly, T'(6,w) is a linear operator from FEj to itself, then we have
DS, (t,w) =T (0ww)DS(T,w).

Let O, be the space spanned by eq,...,e, for any n € N, then the quadratic form x € O, —
|]T(9tw)xH2E1 is well defined, continuous, and nonnegative on O,,. Let ay > --- > a, be the eigenvalues
associated with x1, xo,. .., xn € O, satisfying

(T(0:w)xi, T(Orw)xj) p, = 36
Set x; = (§j,77j)T ,j=1,2,...,n, it can be derived

= (T(Oww)xi> T (01w)xi) s,
(§5:&) g2 + (02 (0w) §5 4 15, 02 (Bw) & + 1)
(&5, &) gz + (g, mi) + 202 () [ 1€ Inj || + 0212 (Ow) [ (£5,&)

1
< €152 + Ins1* + =1 (alz (6iw) | + 0° | (Buw) P) 1€ 2 + ol (Bw) | I 1

IAINA

)\2
o2
<1+ |z (0w) |+ Tz (0w) 2+ A7 + Aol (6w) |.
{ A7
So
1
h’lOéiSln Ul‘z(atw)’_i_ U;‘Z(Qtw) ’2+K+7|2(9tw)‘ ’
2A7 2X7
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for any 1 < i <n. Since
wn(T(Ow)) = arag . .. ag,

we obtain

Inw,(T(6w)) < 1In n01 |z (Brw) | —1— S |z (Brw) |2 + —+ 7|z (Ow) | |, (34)
2\? 2\? ”

which combine with Lemma 1 gives that

E (wn(T(0))) < E [ —r ]2 (6i) | + 12 (6) 2+ 55— + o2 (6hw) |

Y N7 ”1 2 (35)
< M97
where My given by (58) stated in Section 4. Since (33) and (34), we get that

Inwy, (DS (w,U)) = Inwy,(T'(0:w)) + Inw,(DS(T,w))

no
<In |2 (Ow) | —l— T \z(&tw) ]2 + K + —|z (Orw) |
¥: ¥:
onM;  2nMsg 16827t <~ 1L
—E+—(6 T ppl)? 4 2 20y | D5 g
2 VITH 2u el =1

then

o no n
12 (0) |+ 2|2 (0) P+ 5+ 5|2 (0)|
272 272

InM7;  2nMsg 1687 <~ -
n 7+ T; 8+ 517“ Z i
VITH K eN] =1

X exp —%8 + — (,6’7" + |p\)

Employing (35), we obtain
E (@n(DS:(w,U)))

oM,  2nMg 16627 <~
n7+ng+ BT A

< ME | exp f”—5+—(6 +1p)* +

T i
VTTH 2p A =1
Let
8 onM;  2nMg 16827 <~  —1
Wn(w) = My exp —n—8+—n(5?2+|p\)2+ et Blr A

2 e VT 2p el =1

then
E (@n(DS:(w,U))) < E (wWp(w)) , (36)

and

E (Inw,(w)) < 1n My

nM7;  2nMs 1687 <~ -
n 7+ T; 8+ 577“ Z i
VTTH H eA] =1

8
<E |+ = (87 +1pl)" +

together with Lemma 4 we find

onM;  2nMsg  168%F <~ 1
In My x E —%€+—(ﬁr +lpl)? 4 2200, 20by PN 07 < tov
VTH H eN) =1
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Therefore, we get dy (%7 (w)) < d. Especially, if

8 (=2 2 oM 2M,
5 (B +pl)” — -
163274 ’
1
z—:)\;4

1
2
A<

dpr (7 (w)) = 0, which merges with the Theorem 2 shows that the largest global Lyapunov exponent of
Se(w) is
A =E (11151 (w))

2M7;  2Mg  168%F <~ -1 38
7+28+ BIZAZ.Q <0, (38)
VTTH K eN) =1

thus, we can conclude there exists a random fixed point of system (14) which is global stochastic
stability.

e 8, _ 2
<E| -5+ (87 +1p)" +

4 PROOFS FOR LEMMAS

This section is intended to complete the proofs of Lemmas listed in subsection 2.2.

Proof for Lemma 2: Firstly, we display Xo(U) + X3(U) : Ey — E; satisfies local Lipschitz
condition. Since

[ X3(U) = X3(V) + X2 (U, bw) — Xo (V, 0w) ||,
<[ X3(U) = X3(V)llg, + X2 (U, 0w) — Xo (V,00)|| g, »

let ¢ > 0,7 € R are given constant, for VU,V € Ey, |U||g, < ¢, ||V|E, < ¢, combining Lemmas 4 and
7, we get there exists a positive constant C1(T, 7,w, ¢) such that

[ X3(U) = X3(V)llg,
=||(81vta? = p) ((~2)01 = (~a)3) + (BIVTAI = BIVVAIP) (-2
< ‘ﬁ VU, |I? —P‘ AUy — AVi[| + B([[VUL|| + B[VVAI) [AV[| |[AUL — AVA|
<Ci(T,7,w,c)||U — V||g,.
On the other hand, by Lemma 1, there exists a positive constant Cy (7T, 7,w, ¢) which satisfies
1 (U, 612) — X (V.01
= loz (0w) [ |UL = Vill 2 + o2 (Biw) | [ V2 — Un|
Fllo (i + 2 — 0z (0w)) 2 (0w) (Uy — V1)|| + |oaz (0w) | HA%V1 - A%U1H
< loz (9w) ||| 432 — 4301 | + oz (B) | | 4Bvs — ad0n |
(n+2e—0z(6w)) z (Orw
A
< Co(T,1,w,0)||U — V| g,

Lo U|latvi - adw|| + 1oz (0) 12 - 2]

The indicated above conclude Xo(U) + X3(U) : Ey — E; satisfies local Lipschitz condition.

The semigroup method (Theorem 2.5.4 in [33]) is employed to achieve the existence and uniqueness
of solution for system (14). Based on Lemma 3.5 in Ref. [24] and Lemma 2.2.3 in Ref. [33], we have Q is
m-accretive in &1, then it can induce a linear semigroup of contractions formulated by e@*, ¢ € RT, which
together with the assertion that Xo (U, 0w) + X3(U) : B3 — Ej satisfies local Lipschitz condition can
guarantee the system (14) possesses a unique local mild solution with the form

t
V(t, T, w; Vi) =RV 4 / QU9 (X5 (B,w) + X3(V)(s))ds,
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where, t > 7,t,7 € R.

Proof for Lemma 3 : Since
(QU7 U)El
1 1 2
< e |ULl} + e 0ol + ca||A2Un | U] - 2 |03 [021] - o | A3 T2

1

€ 1.2 ca?\3 12
< —e |U1ll5 + & T2l + 5 : HA2U1H + =2 )? - a HA4U2H
2)\f 20\ = 3p
€ 9 9 ex )\ 3p5 9
< Ve + e NI + 22 ) — a4t - 2ty
27\ —3p
2
£ X" )\ 3pe . 1
<UL+ |~ e+ | Ul - ATy
2 Al AT — 3p 4
€ € 3pe
< IO, - S 10a)” — 2= atva

where, p and ¢ satisfies (15). Thus complete the proof.

Before deriving the other proofs for Lemmas, the following estimations and quantities are introduced

2 (= [s|atal] = o] abu) < - o 4 [1atu -]

28 di
5p2 3p5 1 9 & 19 2
+ o7 + 5 Asu]l” = S8l A%u|” - pl
43 " 2 43 (39)
10220 [0 1 0 1?
wg PlATIP —p]
92 2 0 2
2 (aA%uz (Oyw) ,A%u) < abu2 4 2O a4 e
2 €
2 (a (u +2 —aA? — oz (Htw)> uz (Qw) — ovz (Gyw) ,1))
2 5 20112 L Elil12 1 2 2 (4 12 € 2
<207z (0ww) Pllvll™ + S 10l” + o™ [z (0w) ™ { Zllull” + vl (40)
€ w2 a?
#2020 (LD g+ St
92 2 0 2
92 ((TA%uaZ (Htw) ,A%ua) < §||A%ua||2 + UZ(EMHAéuaF, (41)
2 (U(M 42 —aA? — oz (Orw))uz (Bw) — ovz (Brw) ,A%va>
2 a €. a 2 4 a €i,.a
<20 0) PP 4 51001 402 = ) (21l + 51071 )

€ + 2¢)? a? 1
#5101 + 8020 (2D i 4 e

399 https://doi.org/10.17993 /3ctecno.2023.v12n1e43.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

(-2 [ﬁnAiuu? —p| Abut, A30")

O bt abue I%,

)\2
+2—HA2U H 4 2¢2 HA2U H + 202 |2(0yw) |? HAQU‘

2 [BlA%ul? - p| (43wl Ade?)
=-2 [BHAiuH2 — p} (A%ub Az + sl — ouz (Orw))
<~ 2 [o1AvulP - p] A3 + D Ab Pl
2 (a (u 2 —ad? —oz (Qtw)> u’z (Ow) — ovz (Bw) ,A%vb>
202|2(0yw)|?
£

E, ,3 1 2 1 €, .1
§§||A4ub|\2+ | ||A4ub\|2+*02|2(9tu))|2||A4vb||2+ §||A4vb|!2

£, .1 + 2¢ a3
FE AR + 407 (00 ((’“‘)HA P+ St
4 €
+0? | (0)? (HAbP + S1akep?),

and
B 1 B
§\|A2U\ISIIUtH < §||V||?}~;1(Hv|| + lleul| + [louz (Bw) |)

B
< SIVIE (Ve +ellVile +olz (0) [V ]6)

< (255 4 Slo ) ) IV I,

By Lemma 4, Lemma 5 and Lemma?, M\(t, T,w) defined as follow is bounded,

B, 1
1%, + §HAQUH3||Ut”

P 2
M(t,rw) = 2 Abult | abur
A

3
- <2s2 - %5 +2—e+2 |p\> |Azul|% < 400,

8a2+2 8 2)2+4 2
M():maX at + (,U"’ 51) * ,*"‘i 5
&

3 2
EAT

S8(u+26)24+6 8a® 2+8 8

M = S\ ee) 7O, O S
max 5)\% + e de e’
1
1
4812 (w) + 3|p|Af
Ml:ﬁ1(>;‘p|17
2\
30r ep?
My = B8 g2+ L
Aj b
e Au+2)2%+2 4a® 2|p|+4 €
My = max 1+4(“1)++ plrd, e\
D% € A 4N?
6 72 2
e1(0) = max d 1. 6r11(w)  ea(w) = max Lréw)JF Bml(w) 7
Al AL

(43)

(44)

(51)
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]-7 p g _25
C(p) = i_ 52
D=0 ey, popoiiz (52)
A
1 1
o (u+2€+2/\f +a)\12>
qg= T , (53)
2)7
—My = —¢ + c2(w), (54)
1
(,u + 2+ a)\f)
My = T + |o] (55)
2\
_ 2 645%7
Mg =¢—— (87 + |p|) Tt (56)
eA]
1
(M + 2+ a)\f) 2
M7—O'+7+ 1 ,Mg 19 (57)
A? 2)0{ 207
M9 _ no + no n no + L (58)

2/ T 20 /T 4H)\1% 21

Proof for Lemma 4 : Taking the inner product of V by V = [u,v]T in E;, we get that
d 1 1
VIR, <2QV. V), +2 (0A¥uz (9w), Abu)
112 1
w2 (= [ofjat] -] abuo) (59)
1
+2 (a (,u + 2 —aAz —oz (Htw)) uz (Qw) — ovz (Qyw) ,v) .

Set, B , o ) o 2
H(t,7,w) = H(u,v) = 2 [B HAMLH —p} + HAQUH + [Jv]].

By (40) and Lemma 3, we find that

= €p 402 |2(0w)|? 1o 2
- i 1o Sl 2l A —
S (u,0) gt e Bl )
a? +2 (1 + 2e 1
PAAY 2o 0) P Al
EA] (60)
2 €
(2 Q 2z (6) P
2
< - %ﬂ(u, v) + Mo?|2(0;w)|*H (u, v) + Z%,

where M is formulated by (47). Then, for any ¢ > 0, the following holds

2 0
(0, —t,w) Se—gt+f_0tMg2\z(9sw)\2ds7_t<_t7 _t’w)+(€4pﬁ/ o= 55+ Mo?|2(0rw)Pdk g
—t
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Since v = u; + eu — ouz (Gw), we get

2
||UH2E1 <2 HA%UH +2||ut + eu — ouz (Guw) 12 + 2||ouz (Htw)H2

2 (61)
a 2 2
<2 | 1+ —|z(6w)” | VI, -
Al
Thus, we have
2 o’ 2 2
1U (0, =t, )|, <2 | 14+ —[z(6:w)]” | [V (0, —t,w) ||,
1
2 -
<21+ %\z({%w)|2 e—§t+f7t MO'Z‘Z(GSUJ)PCZSH(_t’ —t,w) (62)
Al
o? 5\ ep? [ — 251 [0 Mo?|2(6yw)|2dk
+ [ 1+ —|2(0w)] 2% e 2 )s ds.
AL —t

Since the random variable z(f;w) is tempered, along with Lemma 1, we can infer that

952 c40 [0
O |2 (Buw) [Pe SR MO dsqy (g g ) 0,8 — +oo,
A
and 2 2 o
20112(9tw)|25p/ e 55t M zO0w)Pdk g () ¢y 4o,
A 48 )4
similarly
95t/ Mo2Os)Pdsqy (gt w) — 0,¢ — +oo,
and 2 0
ED [ st Mo a(0pw) Pk g g o o
28 )
Let 2 [0
. 0
p1(w) = % . o~ 55+, Ma®|2(0xw)?dk g (63)

According to (59) - (63), we obtain that there exists 77 (w) > 0, such that

1Ot 0-w)llp, = U0, —t,w)|lg, <ri(w), Vi=Ti(w), (64)

where 71 (w) = v/p1(w).

On the other hand, utilizing (10), we obtain

2 0
E (pl (OJ)) — 6& e*%S]E <6Mo-2 fSO ‘Z(ka)|2dk) ds

28 )
2 0 2
e / o5
28 J_w
2 0 e sMo2 2 T _ 52
:gp/ P L P e<6+%)sds (65)
28 JF 28 J_w
= Mo'27
[Nt T
2 Il = Mo?
T 203 <6+ m )
< +400.
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Proof for Lemma 5 : Taking the inner product (-,-)g, of (18) with Azve gives
(66)

%HA%VGH%I =2(QV, A2V p, +2(0A2u’z () , Au®)
+2 (a(,u +2 —ad? — oz (Orw))uz (Bw) — ovz (Brw) ,A%va> .

Substituting (41) and (42) into (66),, we infer the following by combining with Lemma 3

d . 1 .9 €0 aleran2 4 e\ o 2 4% ay2
GV <= SRR, + (24 ) 0% 0) Pl
8a? 4 2

+—3

8(u + 2¢)?
B(u+29? , 8a? 4
EN? C e ex?

3
o 2(0uw) [ ATu|,

_l’_

hence J
1o 4 € 1o 4
ATV, < (=5 + 000 ) ATV,

where M) is given by (46). Thus, we have
0 €
| ATV, Selm Tttt M ALy, w) |,

Since the random variable z(6;w) is tempered, along with Lemma 1 states

0 £
el=e =5t O EMods ) paya( ¢ w)|3 — 0, — 400,

Thus, it can be obtained that
. 14 _
[0 0.0, =0

Proof for Lemma 6 : Taking the inner product (-,-)g, of (19) with V? gives
(67)

LIV, <TO £ 1),

here
T =2(QV?, V?) +2 (cAbulz (Bw) , Atu’) +2 <— [/a’ HAiubHQ - p} Azul, v")

+2 (a (,u +2 —ad? — oz (Gtw)) u’z (Qw) — ovz (Bw) v ) , (68)
oo - o) s (ot ] ).

in which T® is bounded. On the other hand
2 1
-r) (-t )

2
—p} <A§u, ;vb> +2 [ﬂ HAiu — Ay

Y@ — o [ﬂ HAiu — Adye

2
w2 (= [ofat] - p| a2u0t)
b
plA a
S AVIE Ve +

B a
2|V + 2|V + 5

B
S IVIP+ ol | V]
At

1
3lpIad \
L ‘pﬁ'l Hiub, o).

+—1
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Set, X , Ly ,
H (t,7,w) = H(ub, o) = 5 [/3”1 bH “p +HA%ubH 42,

taking account into (67), (68) and (69), we can get

d £ 15}
A ) < = SR + | S IVIE+ il | IVIE+ S

b Ub) (70)

2/8 /8 a Ay
+ MUZIZ(GtW)IZJr?||V||2+€HV I+ 3Jp] | H(u
)‘1 A1

1
28| V|I? +28||VY* + [p|\E .

AL
Thus,
1
—£t+ [0, Mo?|2(0sw) >+ L1 (4”Vll +2[[Ve +3lp‘k )d
H (0, ~t,w) <e o H (—t, —t,w)
1
0 —5s+[) Mo?|z(0kw) >+ (4IIVII +2/ve| *mM )dk
+/ e 2)\1
—t
1
28|V +28[V)* + |p|A{ BHVH p*
1 LV +1ve)?) + +lpl |V + 2| ds.
A i 4/3’

Applying Lemma 4 and Lemma 5, we obtain
5t+fgt MJQ\Z(OSw)|2+M1dsH’(_t ¢ w)
) )

Hl(oa _tyw) <e
0
+ M2/ 67%s+fso MC’2|Z(9kw)\QJeralde7
—t

where M;, My are defined by (48) and (49) correspondingly. Since the random variable z(6:w)

tempered, together with Lemma 1, we find

~EHIS M@ P Mdsgy ! (y g ) 5 0,¢ = 400,

and 0
MQ/ e~ 55t I) MAP|2(0k) P+ Mrdk g o
—t
Let 0
pa(w) = MQ/ o= 55+ Mo?|z(0pw)| >+ Mrdk g (71)
—t
As indicated above, we obtain that there exists To(w) > 0 such that
Ul g, (t,0-1w) = |Ullg, (0, —t,w) < ra(w), Vt=To(w),
where ro(w) = /p2(w).
Proof for Lemma 7 : Taking the inner product (-,-)g, of (19) with A2V? gives
d
CHATVYZ, <2(QVP, A V) 42 (aA%ubz (,w) ,Aub)
(72)

2 (= [s|ata] - p| atu aie)
+2 ( (,u, 12 —aA? —oz (Gtw)> ulz (Byw) — ovz (Buw) , A2 >
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Set,
_ 1
Ha(t,7,w) = Hi(u,v) = |B|ATu|? —p— 2| |AZd|? + AT V|2, (73)
we find ) ) ) ) )
Hi(t,mw) = |ATVPE, + Bl Azl ATu)? - p||AZul||? — 2] A7 ub|?
2
> [ ATu)? + Bl AT ATu)? + (1 — 222 atut)?
A
> ||ATub|? + Bl Azl || ATu))? + C(p)|| AT
>0,

where C(p) is given by (52), which along with (43), (44) and (72) states that

d— _ __ —
ﬁle(u,v) <-— %’Hl(u,v) + Hi(u,v) + M(t,7,w)

1 1
0|z (6w) [* |BllATul? —p —2] 43P

Ap+2)2%2+2 4o 2p|+4 € 3
%“‘74’ |’; + 1 UQ‘Z(etw)‘z“A4ub“2
X2 < A 4N
2 ¢
+ ( + > o?|z (Bw) 2| AT
e 4
< ST (,0) + (14 Moz (0) ) Ty () + BT 7,0),

where M(t,7,w) and Mj are defined by (45) and (50) respectively. Then by Lemma 4, Lemma 5 and
Lemma?7, the following holds

(0, —t,w) < e—%t+fft(1+M3cf2|z(93w)‘2)dsH1(_t7 —t,w)

0
+r / o= 55+ (14 Ms02|2(0kw)[2)dk g
—t

Since the random variable z(6,w) is tempered, applying Lemma 1, we find

e SIS (Mo 2O dsqy, (y g ) 5 0, ¢ — oo,

0
T/ o= 55+ LU Ms0?|2(04w) )k g o
—t
then we get
HI(OJ —t, CU) < /030(0'))7
where p3g(w) = Tf_ot 6_%5+ISO(I+M3U2|Z(6kw)|2)dkds,

Exploiting (61) and (73), we can obtain

1 1 1
IATVPIE, (0,—t) + BllA2u’|* (0, —t) [|ATul]* (0, 1)

12 3
< paolw) + LE ) ATub)2 (0 — 1)
A
+2
< paolw) + PEZ ) AVOY%, (0, 1),
A
then 49
P 1
(1= =) |ATVP|F, (0,—t) < p3o(w),
A
utilizing (52), we get
1762 )‘%
|ATVP(|E, (0, —t) < —/————p3o(w). (74)

A —p—2

405 https://doi.org/10.17993/3ctecno.2023.v12n1ed3.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

By (72)-(74), we obtain that there exists Ts9(w) > 0, such that
1
1ATVPI[E, (0, 1) < p3(w), V¢ > Tyo(w),

1

p30(w). Since the relation between HA%UZ’HE1 and ||AiVbHE17

where, p3(w) =
Al —p+2

iyt
”A4 HE1 Oa t,UJ)

u:-H

<2 2(Ow)|* | || A3 ,w) 12,

o2

§12747A4 1+ |2(6,w)[? / S5/ (14 M302|2(0rw)|?)dk g
A —p+2 )\1 —t

Since the random variable z(f;w) is tempered, we get the following holds by Lemma 1,

2rg?

——|2(6w)|? /0 e~ 55 (Mo 200Dk g 0,t = +o0,
Al —p+2 -t
and )
1 2r\{ /0 o 55 2 Mso?|2(00) )b g o
Al —p+2
Thus, there exists a constant T5(w) > 0 such that

HAiUb  (h0w) = HAiUb] (0, —t,w) < r3(w), ¥t > Ty(w),

£y

Proof for Lemma 8 : For V k € D(A%), we find that

H ()?32 (1) — X2 (uz)) HH
<[ (BIVurL]? = Bl Vul?) (=A)k|| + 126(Vur, Vi) (=A)ur — 28(Vug, Vi) (—A)us||
<B ([[Vur]] = [Vuz|) ([[Vur]] + [Vuz|) [[(=A) x|
+2B8 [|(Vur, VE) [ [(=A)ur — (=A)uz|| + 28 [ (Vur — Vug, VE) [|[[(=A)us|
<B ([Vur| = [Vuzl]) (IVur || + [[Vuzl]) [(=A)x]]
28 [[Vur || [VE[ [[(=A)ur — (=A)uz|| + 28 [ Vur — Vuel [|[VE[| [(=A)uz],

Merging Lemma 4 with (51), we find

| (K2 (1) = Kz (u2) )
<B (V]| = [Vusl) (| V|| + [ Vuz|) [|(~A)x]|
< (lAur]] — | Ausll) 2r1 ()| (~A)s]

At
28

+pri() Ak [(=A)ur + Aug| + 20 A — Ausl| Ak )
Al i

<c1(w) || Aug — Augl|||AK|, Vuy,us € D(AZ),

along with Lemma 4 demonstrates E (¢1(w)) < oo, hence

HX32 (ul) — X3 OLQ)H,%(D(A%),LQ(D)) - Kesplii%) D(A%)

< c1(w) Az — A%ugH .

(75)
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On the other hand, since

wp | (s

_ IHBIVull? = p] (-A)k + 28(Vu, Vi) (- A)u|

H)A(?,z (U)Hg<D(A%)vL2(D)> )

[Ax]
_ BIVul? = p] (=A)8ll + [[28(Vu, Vi) (=A)u|
- 1Ak
2p
< [BIVul® = p* + =l Aul*.
AL
In term of Lemma 4 and (51), we find
~ T (w) 28
HX?’Q(U)H,%(D(A%),B(D)) =y 7 \5 ri(w) = eafw),
1

and

Proof for Lemma 9 : Taking the inner product of (23) by v —v® in B illustrates

2
B (Q (Vu) _ V(2)> v V(2>)
+ <X2 (V(n) _ X, <V<2>) v _ V(2>)

(X32 (w,u1) — X32 (w,u2) ,v1 —v2),

1dHV(1> _ V(2>‘
2 dt

Eq

_l’_

Merging with (24), we have
1
X2 (0, 1) — Xz (w, )| < 2|42 (ur = wz)]|
Furthermore, we get

(X32 (w,u1) — X32 (w,u2) ,v1 —v2) < || X32 (w,u1) — X32 (w, u2)|| |vr — va]

< cafw) |42 (w1 = ua) | o1 = e

< 02(2“’) va _ V(?)’

2
B
and
( X, (Vm) - X, (V@)) vy .
< loz (Ow) (u+ 26 — oz ((9ltw)) | + 2)\1% loz (6w) |
2M7

+|aozéﬁtw) | (HAé(u” B “m)H2 o — ’UmH2>

(™ = u™ [ F + 0" = ™)

1
oz (Oyw — 02 (0iw)) | + 222 |0z (Biw
(102 0) (4= 02 0 |+ M1 l0= @) |1y
2X7

0’|z (Bw)[?
< | dlz (0w) |+ ——7 | IVa = Vaullz, ,

2A?

(80)
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here ¢ is defined by (53), and
€ €
(@(v-v®) v —v®) < ZIvO - VO - oy — 0. (81)

Substituting (79), (80) and (81) into (77), we get

dHVu) _ V<2>‘ ?

dt

52
B < | = + eo(w) + 2¢]2 () | + — |2 (Bw)]? HV(I) — V(2))
AQ

2

B
thus, we have

I, —Mat2q|2(05w)|+ 25 |2(0sw) *ds
[ve —vol o-tw<e 11, (52)

Ey

taking into account the between ‘ % and ‘ U
1
, ;2 S0y =M 2q|2(0) |+ 21 2(0w) ds
o —ve], <2 {1+ =@ | SERT
E1 Al

here My > 0 is formulated by (54). Combine assertion that random variable z(6;w) is tempered with
Lemma 1, we find

2
952 J2 4 = Mat2q|2(0s) [+ 71 [2(0s00) ds
2 \2Z
|2(0iw) e i —0,t — +00,

and

f_ot—M4+2fJ|Z(9sw)|+L1 |2(8s) | ds
3
1

>

2e < 00,

2
then, 3 ),V t > th, HU<1> — U(Q)‘ .
1

< p}, set p; = max{1,p|}, we obtain

2 2
|[v® v 0, -t,w) = [v0 U (t,6-w) < pillT]5,:
Ey Ey
and
pi(w) = LE(p1(w)) < o0, E(In (p1(w))) < oo, (83)

On the other hand, taking the inner product of (21) by V in F, which together with Lemma 3 shows
~ 112
@V V) < —SIVIE -5 |7 (34)
and DA
(Xsv. V)
Eq

_ ([5||VUH2 —p] (—A)Vl,f/\é) — <2ﬁ (Vu V‘Z) (—A)u, ‘72)

<l - a7 uwug o] 7]

: ) (85)
<2 (v i)« 2 (Zraurfan]) + 5|
<2 o o+ Wﬁm«u o
s
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with the similar calculation of (80), we have

~ o~ 2 112
(X2V.V) < | Mol 0) | + "z 0) 2 | |V (86)
1 Ey
where M5 is given by (55). From (84), (85) and (86), we get
d| V|3 5 o’ o2
< e[V, + 2 | | Mslz 0) | + 1z (0) 2] ||V
1 Ey
2\
8 _2 2 ~ |12 64ﬁ2?4 ~ |2
+2 | 2 (572 + 1)) AT+ =5 AT (87)
c DY
0-2 2 ~ [|2
< | =Mo + 2051z (00) [+ Trlz 0 | [V
A4 Eq
1
where Mg > 0 is defined by (56). Thus
~ e, —M6+2M5|z(95w)|+%|z(95w)|2ds
Vile <e M1 [
112 112
by the relation between HV‘ and HU‘ , we have
E1 El
112 o2 ~
o] =21+ Sz | 1913,
Er A4
1
2 /e, 7M6+2M5|z(95w)\+%|z(65w)\2d5
<2 [ L4 g [=(0w) | e M 1] 2, -
)\Z
1
The random variable z(6;w) is tempered, which together with Lemma 1 gives that
> [0, ~Mo+2Ms|2(0:w) [+ T |2(05w) [2ds
20 2 AZ
+|2(Ow)|"e 1 — 0,t = 400,
Al
and )
J2, —Me+2Ms|2(8sw) |+ 21| 2(6sw)[2ds
2e A < 00,
112
then, 3 ¢, ¥Vt > t,, U‘ . < ph, set po = max{1,phL}, we obtain
1
112 12
o] 0 -twy =0 ©06-w) <palls, (88)
E1 Eq
then we can get
E(p2(w)) < oo. (89)

In the rest paper, the value of U at t = 1 is still denoted by fj, and ﬁ(l) = 53’5 (w, U(l)) I, where
53’5 (w, U (1)) is the linear solution mapping of system (20).

According to (84) and (89), we get that

(90)

_ IDS: (w, UD) 1
HDS*E(“’U(D)Hg(EI,Eﬂ:feug’l 6<HI||E1) &

409 https://doi.org/10.17993 /3ctecno.2023.v12n1e43.386-412



3C Tecnologia. Glosas de innovacion aplicadas a la pyme. ISSN: 2254-4143 Ed.43 | Iss12 | N1 January - March 2023

and
p2(w) > 1,E (In (p2(w))) < oc. (91)
On the other hand, I satisfies

IT@le < 1T -=UD|g, + | - Ullg,

< (p1+p2) Mg,
< (@)

where ¢(w) = max{1,p; + p2}. Obviously, when ¢ =1
IP(L W)z, < @)z,
Combining (91) with (89), we have
E(Inc(w)) < 00, E (c(w)) < 0.

Since S:(w) := Sc(1,w), merging with (88) and (25), we can conclude that S:(w) is almost surly uniform
differentiable on o7 (w).

CONCLUSIONS

This paper consider global stochastic stability of the Euler-Bernoulli beam equations excited by
multiplicative white noise. The system can induce a RDS which owns global random attractors,

1 e 8 —92 2 2My 2Mg
. . . . . -3 §_E<BT 'le) T /7E 2n
moreover, Hausdorft dimension of the attractor is finite. Specially, when A\, * < T ,
1
EAIZ

the Hausdorff dimension is 0, which indicates that the stochastic Euler-Bernoulli beam possesses a
random fixed point which is global stochastic stability.
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