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Abstract. In this paper we consider the existence and asymptotic behavior of solutions
of the following nonlinear Kirchhoff type problem

ugg — M /|Vu|2 dr | Au—6Au; = plul’%u  in Qx]0, oo,
Q

where

(s) a—bs forse |0, %],
[\/1 S) =
0, for s € [¢, 400l

If the initial energy is appropriately small, we derive the global existence theorem and
its exponential decay.
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1. INTRODUCTION

In this work we consider the following nonlocal problem

Ut — M( / Vu2dz> Ay — 5Aut = ,Lt|u\p72u in QX]O700[7
Q

(1.1)
u=0 on I'x]0,00],
u(g:,O) = uo(x)a ut(x70) = ul(x)v T e Qv
where  is a bounded domain in R™ with smooth boundary T', §, u > 0 and
—bs f a
M(s) = a—bs forse|0, %], (1.2)
0 for s € [¢,400],

a,b>0,p> 2.
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When M(s) =a+bs,s>0,a>0,b>0,6=0=pand Q is a finite open interval,
equation (1.1) was introduced by [16] in the study of nonlinear vibrations of the elastic
string and is called the wave equation of Kirchhoff type after his name. See also [17].
We should refer to [10,22] for a deduction of the model for a non-homogeneous material.
Moreover, it is said a degenerate equation when M(s) has zeros and a nondegenerate
one when M(s) > mg > 0 for all s > 0. The global existence for real analytic initial
data was proved in [5] and [33], while the global existence of small C* and Sobolev
solutions was established in [9] and [13]. The question of global solutions for arbitrary
data from Sobolev spaces is still open. When equations have some dissipative terms u;,
(—A\)ug, A%uy, ete., we can prove the existence of global solutions, and moreover some
decay properties. There are many contributions on various mathematical subjects
of the mixed problem (1.1) with M(s) > 0,6 > 0. The authors, in [21, 23, 28, 38|
studied existence results and decay rate of the solutions. Considering a polynomial
nonlinearity, global existence and stability results was proved in [43]. In [19], was
analyzed local existence and blow-up of the solution for nonlinear wave equations of
Higher-order Kirchhoff type. For a power logarithmic source, in [8,42] was shown global
existence and asymptotic behavior of solutions. For the degenerate case M (s) > 0,
it was investigated global existence and asymptotic behavior in [25,26,30,40]. Also in
this case, but with a more general nonlinearity, in [2] was considered the existence
and stability of the global solution. A large number of results on the solutions to
problem (1.1) have been established by many authors through various approaches and
assumptive conditions (see [1,3,4,7,11,24,31,32,41] and references therein). Some
papers with various kinds of Kirchhoff operators are shown in [34].

In [44] investigated the existence and multiplicity of nontrivial solution for the new
nonlocal problem

- a—b/|Vu|2 de | Au = |ulf"?u in Q,
Q

u=0 onl.

Also see [15,35,39] for generalizations of (1.3).
It is opportune to observe that when a = 0 = § the equation (1.1) becomes the
quasilinear non well posed problem

Ut + /|VU|2d$C Au:/~t|u‘p_2u in QX]O’OO[v
Q

u=0 on I'x]0, o0,
u(z,0) = uo(x), ug(x,0) = ul(x), T €,

which can be seen as a boundary value problem for the potential equation as in [20].
The example of Hadamard [14] is the case of the potential equation in R2. This question
has some interest in the study of the optimal control for singular distributed system
and it seems to be essentially open.
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Motivated for their works, it is interesting to investigate the global solvability
of (1.1) with the nonlocal operator given in (1.3). More precisely, under appropriate
assumptions imposed on the initial data and the source term, we shall establish global
existence of solutions by using of Tartar method [37] combined with suitable a priori
estimates including |Awu(t)| in addition to the usual energy estimate. To our best
knowledge, it is the first attempt to study the properties of the solutions for such kind
of equations.

The outline of this manuscript is the following. In Section 2, we prepare some
lemmas needed for our arguments and state the local existence theorem. In Section 3,
we prove the global existence of solutions and its exponential decay.

2. PRELIMINARIES
Throughout this paper the functions are all real valued and the notations are as usual,
in particular we shall denote the usual LP-norm by ||-||,, (p > 1) and the inner product

(u,v) = /uv dz. Moreover, C, C; (i =1,2,...) denote various positive constants and

Q
they may be different at each appearance.

Lemma 2.1 ([12, Lemmas 7.12 and 7.16], Sobolev—Poincaré Inequality). Let p be
a number with 2 < p < oo (n=1,2) or2 < p < 2 (n > 3), then there is a positive
constant c. = c(Q, p) such that

lully < el Vullz  for u € Hg(Q). (2.1)

Thus, the norm ||Vu||2 is equivalent to the usual norm in H}(Q).

Lemma 2.2 ([6, Theorem 1], Gagliardo—Nirenberg Inequality). Let 1 <r < g < oo
and q < p. Then the inequality

lully < Cllullfymallullz=®  foru e Wm™(Q) NL"(Q)

T

holds with some constant C > 0 and

g (Lo (L, m 1\
\r p)/\r N g ’
provided that 0 <0 <1 (0< 0 <1 ifp=o0).

Lemma 2.3 ([27, Lemma 3]). Let ®(t) be a bounded positive function on [0,4o00]
satisfying, for some constant kg > 0,

B(t) < ko(D(t) — D(t+1)) on [0,+00].

Then, we have
B(t) < ®(0)e ™t on [0, 400],

where k1 = log (%)
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Definition 2.4. A weak solution of (1.1) is a function u : [0, T[— H}(Q) N H?(Q)
satisfying

%(u(t),w) +M / \Vul|? dz | (Vu, Vw) + 6(Vug, w) = p(jul’~2u, w)
)
for all w € H}(Q) N H2(Q) (see [36]).

For the sake of completeness, we recall the following local existence result, which
may be proved by the Banach contraction mapping principle (see [29]).

Theorem 2.5 (Local existence). Let M(s) be a nonnegative locally Lipschitz function
for s > 0. We assume that f(u) is a nonlinear function such that f(0) =0 and

|f(u) = f(0)] < Ea([ul® + |v]*)|u— vl
with some constant ki, and
0<a<4/(N—-4)if N>5 (0<a<+ooif N<4).

If the initial data {ug,u1} belong to (HL(Q) N H2(Q)) x L*(Q) then there exists
T = T(|Augll2, [[Vuill2) > 0 such the problem (1.1) admits a unique local weak

solution u satisfying
ue C%([0,T); Hy(Q2) N H*())

and
u, € C°([0,7); L*(Q2)) N L* ([0,T); Hy (2)) -

Moreover, at least one of the following statements is valid:

(i) T = 400,
(i) [Jue(®))2 + | Au(t)]|2 — +oo ast — T~

Now, we set
l[ullp b _ By

) 1= ’ .
werd @) IVull2 4a pa
u#0

B, =

Following Tartar’s ideas, we define the function
2 4 3
h(/\) = -\ - ’}/1>\ - 5’)/2/\/).

Then

1 3
R'(A\) =\ (2 — 4y N\ — 2p'yg)\p_2> :

So, choosing A € R, such that

1
and 0< N\ 2< —

0< N\ < < ,
6072

1671
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we get that these \’s satisfy the inequality

1 3
S AN = SN2 >0
B Y1 2p72 =

and A'(A) >0 for 0 < X < Ay, where

A1 = min {(1671)—1/27 (6[)72)—1/(0—2)} .

Thus ~(0) =0 and h(N\) >0 for all A € [0, Aq].
From this, we get

1 1 1
ho(\) = 5)\2 — A — A > Z)\Q + 57N, YAE[0,M]. (2.2)
The energy associated with the problem (1.1) is given by
1
E(t) = Sllue(®)3 + J(u(t))  for u e Hy (%),
where

a 5 b 4 1 0

J(u(t)) = S IVu@®)lz = 7 IVu®)lz - ;IIU(t)H,,-

Multiplying equation (1.1) by u:(t) and integrating it over €2, we obtain

d 2
S E) + 0V @]l = 0. (2:3)

Therefore, E(t) is a nonincreasing function on ¢, and

E(t) + 5/ [V (s)|12 ds = E(0). (2.4)
0

From now on, for simplicity, we will take 6 =1 = pu.

3. GLOBAL EXISTENCE AND EXPONENTIAL DECAY

In this section we state the main results of this paper. Firstly, we give the following
two propositions.

Proposition 3.1. If the local solution u(t) of (1.1) satisfies 0 < ||[Vu(t)]l2 < M
on [0,Tp], then
1 Y
(o) 2 o IV + Z1vaog) (3.1)

and

1/2
vuol < [250) (32)
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Proof. Tt is obvious from (2.2). In fact,
1 gt
Iu(t) 2 aho(IVuto)la) = o (FIVu0I + ZITuolf )
So (3.1) holds. Also
a
E(u(t)) > J(u(t) > 7[IVu@®)3,
which implies (3.2). O

Proposition 3.2. Let u be a local solution of (1.1). Under the assumption of Propo-
sition 3.1, the energy E(t) satisfies

E(t) < CrE(0)e™™, (3.3)

where k = In (kfﬂl), ko is defined in (3.8) and Cgp = max{l,00}, with oo given

in (3.10).

Proof. First, we suppose that Ty > 1. Integrating (2.3) from ¢t to ¢ + 1,
0<t<Ty—1, we find

t+1
/ Vi (s)||? ds = E(t) — E(t + 1) = F2(t).

t

Using the mean value theorem for integrals, there exist two points t1 € [t,t 4+ i] and
ty € [t+ 2,t 4 1] such that

IVu(t)|l2 < 2F(t), i=1,2. (3.4)
Next, multiplying (1.1) by v and integrating over {2, we obtain
al|[Vu(®)[3 = 0 Vu®)z — [u@®)lf

= Jue(t) 1 ~ (Vue(t), Vu(t)) ~ & (1), ().

(3.5)

On the other hand, it follows from the Sobolev—Poincaré inequality and (3.2) that

lu()ll < BplIVu®)ll5 < Bol| V()5 IVu(t)ll3

4 } (p-2)/2

< B LE(O) I9u(t)3

and

IVl <o | 250 IV
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Thus, we get

b Vu(t)|3 + llu()] <

(p=2)/2
B (3E0) 4 TEO)| @IVl

P \a

—~ Q| ~

—m0)(alVu(®)[3), 0<mno<1. (3.6)

See Remark 3.4 for the justification of condition (3.6). Then
noal [ Vu(®)[I3 < allVu(®)[3 bl Vu®)|l3 — lu®)ll) = 1(2). 3.7)

From (2.4) and (3.5), integrating the resultant inequality over [t1,?2] we have

ta
ma [ [9u(s)] ds
ty

to ta to
< / I(s)ds < & / |V ue(s)|3 ds + / (Vur(s), Tu(s))| ds — (ur(t), u(t))]2?
t1 t1 ty1
ta 9
< EF (1) + / 1) 2Vl ds + 2 3 [ Ve (te) ol Vult) 2
t =1
t+1 1/2 )
< EF (1) + / IVue(s)Zds |+ S IVu)l| suwp [Vu(s)la
=1

J sE[t,t+1]

1/2
<ar+ud+oro (S80)

where we have used (3.2) and (3.4) at the last inequality.
On the other hand, integrating (2.3) over [¢, t2], noting that E(t2) < 2f:12 E(s)ds
due to ty —t; > %, using (3.8) and the Young inequality, we have
to
B(0) = E(ta) + [ [Vun(s)]3ds

t

to t+1
< 2/E(s)ds+ / Vg (s)|3 ds
i t

t+1 to

< (@41 / IVue(s)| ds + a / IVu(s))2 ds
t t1

< (ci + 767(2) + 1) F2(t) + % (W)ZFQ(Q + %E(t).
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Thus
B(1) < ko(B(1) ~ B(t +1)),
where , L ot s DN 2
ko = 2 ((c§+;+1)+2<($\%)> 1. (3.8)
Then, noting (2.4) and applying Lemma 2.3 we have
E(t) < E(0)e™* for 0 <t < Tp. (3.9)
In the case when 0 < ¢ < 1, since F(t) is bounded, we have
E(t) < 00E(0)e " for some og > 0. (3.10)
So, from (3.9) and (3.10) we obtain (3.3). O

Theorem 3.3. Let N = 3 and 4 < p < 6. Assume further that {ug,u1} belong to
(HY(Q) N H2(2)) x L*(2) with

V|| < min { (%)”2 ,)\1} , AB(0)]Y2 < Ay, (3.11)

then problem (1.1) admits a unique global solution satisfying

u € C([0, +oo[; Hy () N H*()),
up € C([0,+oo[; L2(€2)) N L*((0, +o00[; Hy (%)),
and the energy satisfies
E(t) < Ce ™  fort >0, (3.12)
with some constant k > 0.

Remark 3.4. It is easy to see that, from (2.2), the condition (4E(0))1/2

< A1 implies

E0) <1,

4 )(102)/2 4b
+ —
a

=B’ | -E(0
5= 5z (260
which will be used in the proof of Theorem 3.3.

Proof. Let u(t) be a unique solution of the problem (1.1) in the sense of Theorem 2.5

on [0, Ty[, with Ty the maximal time where the solution exists. First, we note that

under the assumption (3.11) we get, from (3.7) that I(¢) > 0 for ¢ € [0, Tp|[.
Multiplying (1.1) by —2Awu and integrating over € we obtain

d
— ||Au||372/utAud:E + 2a|| Aul|2

a
Q (3.13)
_ / P 2wt de — 2|V |2 + 26|Vl 2| Aul2.
Q
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Multiplying (3.13) by €, 0 < € < 1 and multiplying (2.3) by 2 and adding them
together, we get

d o
T E 0 + 201 = 9| Vu®)[13 + 2ae]| Au(®) 13

< —2¢ / [ul?2uluda + 26| Vu(t) 3] Lut) 3,
Q

(3.14)

where
E*(t) = 2E(t) — /ut(t)Au(t) dx + €| Au(t)]|3.
Q
As I(u(t)) > 0 and

2e [ ue(t)ult) da| < 2l @) + 51 2ut)
Q

we have

E*(t) 2 (1 = 2¢)|lus(t)[I3 + el Au(t)]]3-

Now, choosing € = % we have

E*(t) > é(”ut(t)”% + 1 8u)|3).

On the other hand, we see from Lemma 2.2 and (3.2) that

2

2 [ Jup~2ubuds| <200 - D)2, IVult)
Q

< 2e0(p = 2)|[Vu(®) 5?1 Au(b)]3 < CroE* (1)

and

4
IVu@) 3l Au®]s < —

E0)E*(t),

where

Cio = 10cf(p — 2) (

Hence, integrating (3.14) over |0, t[ we get

E*(1) < E*(0) + / Cu1E*(s) ds
0

where Cy1 = % [010 + 10b (%)] Then, by the Gronwall inequality, it follows that

E*(t) < E*(0) exp(C1at).

Therefore, by Theorem 2.5, we have Ty = co. Moreover, from Proposition 3.2 we obtain
the decay estimate (3.12). O
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Remark 3.5. It seems to be interesting to study a global solution for Kirchhoff
equation with nonlinear source and boundary damping term or with nonlinear boundary
damping and source term, i.e.

ug — M / \Vul|? dz | Au— Dug = |ulP"?u in 0x]0, ool
Q
u=0 onI'ox]0, o0,

0 0
M /|Vu|2dx 2 + ol = g(uy) on I'y x]0, o0f,
Q

u(z,0) = u’(z), wi(z,0) =u'(z), z€Q,

and

Uy — M /|Vu|2dx Au— Auy =0 in 2x]0, 00],
Q
u=0 on Iyx]0,o00],

0 0
M /|Vu|2dx 2 + Pt = |u|’~2u  on Ty x]0, 00l
Q

u(z,0) = ul(x), wu(z,0)=u'(z), =€,

with M(s) given in (1.2). In [18] the authors considered the global solvability with
these boundary conditions, but with M(s) =~ a + bs", for all s > 0, a,b > 0, r > 1.

Acknowledgements

The author wishes to express his gratitude to the Reviewers for reading the paper care-
fully and making several corrections and remarks. This work is partially supported by
the Proyecto de Investigacion N° B23141701, VRIP-UNMSM, R.R. no. 011136-R-23.

REFERENCES

[1] M. Aassila, A. Benaissa, Existence globale et comportement asymptotique des solutions
des équations de Kirchhoff moyennement dégénérées avec un terme nonlinear dissipatif,
Funkc. Ekvacioj, Ser. Int. 44 (2001), no. 2, 309-333.

[2] F.D. Araruna, A.L.A. Araujo, A.T. Lourédo, Decay of solution for degenerate Kirchhoff
equation with general nonlinearity, Math. Methods Appl. Sci. 43 (2020), no. 5, 2695-2708.

[3] F.D. Araruna, F.O. Matias, M.L. Oliveira, S.M.S. Souza, Well-posedness and asymptotic
behavior for a nonlinear wave equation, Recent Advances in PDEs: Analysis, Numerics
and Control, vol. 17, Springer, 2018, 17-32.

[4] A. Benaissa, L. Rahmani, Global existence and energy decay of solutions for
Kirchhoff—-Carrier equations with weakly nonlinear dissipation, Bull. Belg. Math. Soc.
Simon Stevin 11 (2004), no. 4, 17-26.



Global solutions for a nonlinear Kirchhoff type equation with viscosity 699

[5]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(17]

18]

[19]

20]

21]

S. Bernstein, Sur une classe d’equations fonctionelles aux derivees partielles, Izv. Akad.
Nauk SSSR Ser. Mat. 4 (1940), 17-26.

H. Brezis, P. Mironescu, Gagliardo—Nirenberg inequalities and non-inequalities: the full
story, Ann. Inst. H. Poincaré C Anal. Non Linéaire 35 (2018), no. 5, 1355-1376.

M.M. Cavalcanti, V.N. Cavalcanti, J.A. Soriano, J.S. Prates Filho, Ezistence and asymp-
totic behaviour for a degenerate Kirchhoff-Carrier model with viscosity and nonlinear
boundary conditions, Rev. Mat. Complut. 14 (2001), no. 1, 177-203.

S.M.S. Cordeiro, D.C. Pereira, J. Ferreira, C.A. Raposo, Global solutions and exponential
decay to a Klein—-Gordon equation of Kirchhoff-Carrier type with strong damping and
nonlinear logarithmic source term, Partial Differential Equations in Applied Mathemat-
ics 3 (2021), 100018.

P. D’Ancona, S. Spagnolo, A class of nonlinear hyperbolic problems with global solutions,
Arch. Rational Mech. Anal. 124 (1992), no. 3, 201-219.

G.M. Figueiredo, C. Morales-Rodrigo, J.R. Santos Junior, A. Suérez, Study of a nonlinear
Kirchhoff equation with non-homogeneous material, J. Math. Anal. Appl. 416 (2014),
no. 2, 597-608.

M. Ghisi, M. Gobbino, Global existence and asymptotic behaviour for a mildly de-
generate dissipative hyperbolic equation of Kirchhoff type, Asymptot. Anal. 40 (2004),
no. 1, 25-36.

D. Gilbarg, N.S. Trudinger, Elliptic Partial Differential Equations of Second Order,
2nd ed., Springer, Berlin, 1983.

J.H. Greenberg, S.C. Hu, The initial value problem for a stretched string, Quart. Appl.
Math. 38 (1980), no. 3, 289-311.

J. Hadamard, Le problémes de Cauchy et les equations auz derivées partielles lineaires
hiperboliques, Paris, Hermann, 1932.

M.K. Hamdani, N.T. Chung, D.D. Repovs, New class of sixth-order nonhomogeneous
p(x)-Kirchhoff problems with sign-changing weight functions, Adv. Nonlinear Anal. 10
(2021), 1117-1131.

G. Kirchhoff, Vorlesungen iiber Mechanik, Leipzig, Teubner, 1883.

J.L. Lions, On some questions in boundary value problems of mathematical physics,
[in:] Proceedings of the International Symposium on Continuum Mechanics and Partial
Differential Equations, North Holland, Amsterdam, The Netherlands, 1978.

X. Lin, F. Li, Global existence and decay estimates for nonlinear Kirchhoff-type equation
with boundary dissipation, Differ. Equ. Appl. 5 (2013), no. 2, 297-317.

G. Lin, Y. Gao, Y. Sun, On local existence and blow-up of solutions for nonlinear wave
equations of higher-order Kirchhoff type with strong dissipation, Internat. J. Modern
Nonlinear Theory Appl. 6 (2017), 11-25.

J.L. Lions, Some Remarks on the Optimal Control on Singular Distributed Systems,
INRIA, France, 1984.

M.P. Matos, D. Pereira, On a hyperbolic equation with strong dissipation, Funkc. Ekvacioj
34 (1991), 303-331.



700

Eugenio Cabanillas Lapa

22]

23]

24]

[25]

[26]

[27]

28]

[29]

[30]

31]

32]

(33]

34]

[35]

(36]

37]

[38]

39]

L.A. Medeiros, J. Limaco, S.B. Menezes, Vibrations of elastic strings: Mathematical
aspects, Part one, J. Comput. Anal. Appl. 4 (2002), 91-127.

L.A. Medeiros, M. Milla Miranda, On a nonlinear wave equation with damping, Rev.
Math. Univ. Complut. Madrid 13 (1990), 213-231.

M. Milla Miranda, A.T. Louredo, L..A. Medeiros, Nonlinear perturbations of the Kirchhoff
equation, Electron J. Differential Equations 2017, Paper no. 77, 21 pp.

S. Mimouni, A. Benaissa, N.E. Amroun, Global ezistence and optimal decay rate of
solutions for the degenerate quasilinear wave equation with a strong dissipation, Appl.
Anal. 89 (2010), no. 6, 815-831.

T. Mizumachi, The asymptotic behavior of solutions to the Kirchhoff equation with
a viscous damping term, J. Dynam. Differential Equations 9 (1997), no. 2, 211-247.

M. Nakao, Asymptotic stability of the bounded or almost periodic solution of the wave
equation with nonlinear dissipative term, J. Math. Anal. Appl. 58 (1977), no. 2, 336-343.

K. Nishihara, Degenerate quasilinear hyperbolic equation with strong damping, Funkc.
Ekvacioj 27 (1984), 125-145.

K. Ono, On global existence, asymptotic stability and blowing up of solutions for
degenerate nonlinear wave equations of Kirchhoff type with a strong dissipation, Math.
Methods Appl. Sci. 20 (1997), 151-177.

K. Ono, On decay properties of solutions for degenerate strongly damped wave equations
of Kirchhoff type, J. Math. Anal. Appl. 381 (2011), no. 1, 229-239.

K. Ono, Global existence and decay properties of solutions for coupled degenerate dissi-
pative hyperbolic systems of Kirchhoff type, Funkc. Ekvacioj 57 (2014), 319-337.

D.C. Pereira, C.A. Raposo, Global weak solution, uniqueness and exponential decay
for a class of degenerate hyperbolic equation, Comm. Adv. Math. Sci. 5 (2022), no. 3,
137-149.

S.I. Pohozaev, On a class of quasilinear hyperbolic equations, Math. USSR Sb. 25 (1975),
93-104.

P. Pucci, V.D. Radulescu, Progress in nonlinear Kirchhoff problems, Nonlinear Anal.
186 (2019), 1-5.

X. Qian, Multiplicity of positive solutions for a class of nonlocal problem involving critical
exponent, Electron. J. Qual. Theory Differ. Equ. 2021, Paper no. 57, 14 pp.

J.E.M. Rivera, Smoothness effect and decay on a class of nonlinear evolution equation,
Ann. Fac. Sci. Toulouse Math. 1 (1992), no. 2, 237-260.

L. Tartar, Topics in Nonlinear Analysis, Publications Mathématiques d’Orsay, Uni.
Paris Sud. Dep. Math., Orsay, France, 1978.

C.F. Vasconcellos, L.M. Teixeira, Strong solution and exponential decay for a nonlinear
hyperbolic equation, Appl. Anal. 55 (1993), 155-173.

Y. Wang, X. Yang, Infinitely many solutions for a new Kirchhoff-type equation with
subcritical exponent, Appl. Anal. 101 (2022), no. 3, 1038-1051.



Global solutions for a nonlinear Kirchhoff type equation with viscosity 701

[40] S.T. Wu, On decay properties of solutions for degenerate Kirchhoff equations with strong
damping and source terms, Boundary Value Prob. 2012 (2012), Article no. 93.

[41] S.T. Wu, L.Y. Tsai, On the existence and nonezistence of solutions for some nonlinear
wave equations of Kirchhoff type, Taiwanese J. Math. 14 (2010), no. 4, 1543-1570.

[42] Y. Yang, J. Li, T. Yu, The qualitative analysis of solutions for a class of Kirchhoff
equation with linear strong damping term, nonlinear weak damping term and power-type
logarithmic source term, Appl. Numer. Math. 141 (2019), 263-285.

[43] Y. Ye, On the exponential decay of solutions for some Kirchhoff-type modelling equations
with strong dissipation, Appl. Math. 1 (2010), no. 6, 529-533.

[44] G.S. Yin, J.S. Liu, Ezistence and multiplicity of nontrivial solutions for a nonlocal
problem, Bound. Value Probl. 2015 (2015), Article no. 16.

Eugenio Cabanillas Lapa
cleugenio@yahoo.com
https://orcid.org/0000-0002-8941-4394

Instituto de Investigacion, FCM-UNMSM
Av. Venezuela S/N, Lima, Perd

Received: February 17, 2023.
Revised: May 7, 2023.
Accepted: May 10, 2023.



