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Abstract: In this work, we consider a generalized coupled system of integral equations of
Hammerstein-type with, eventually, discontinuous nonlinearities. The main existence tool is
Schauder’s fixed point theorem in the space of bounded and continuous functions with bounded and
continuous derivatives on R, combined with the equiconvergence at tco to recover the compactness
of the correspondent operators. To the best of our knowledge, it is the first time where coupled
Hammerstein-type integral equations in real line are considered with nonlinearities depending on
several derivatives of both variables and, moreover, the derivatives can be of different order on each
variable and each equation. On the other hand, we emphasize that the kernel functions can change
sign and their derivatives in order to the first variable may be discontinuous. The last section contains
an application to a model to study the deflection of a coupled system of infinite beams.
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1. Introduction

Integral equations are of many types and Hammerstein-type is a particular case of them.
These equations appear naturally in inverse problems, fluid dynamics, potential theory, spread of
interdependent epidemics, elasticity, . .. (see References [1-3]). Hammerstein-type integral equations
usually arise from the reformulation of boundary value problem associated of partial or ordinary
differential equations.

Hammerstein-type integral equations in real line play an important role in physical problems
and are often used to reformulate or rewrite mathematical problems. For example, the propagation of
mono-frequency acoustic or electromagnetic waves over flat nonhomogeneous terrain modeled by the
Helmbholtz equation

Ap+Kre=0,
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in the upper half plane D = {(x1,x2) C R?: x, > 0} with a Robin or impedance condition

oA

2 4 ikBe =

ox, T kBE = 9o

on the boundary line 9D, where k is a wave number, § € L®(dD) is the surface admittance describing
the local properties of the ground surface 9D and ¢y € L*(dD) the inhomogeneous term, can be
reformulated as Hammerstein-type integral equations (see Reference [4]). In fact, the authors have
shown that the above problem is equivalent to Hammerstein-type integral equations in the real line

too
u()— [ k= y)2@)um)dy = y(x), xR,
where ¢ is given, k € L' N C (R\ {0}), z € L* is closely connected with the surface admittance 8
(z = i(1—pB)) and u € BC is to be determined. In Reference [5] new variants of some nonlinear
alternatives of Leray-Schauder and Krasnosel'skij type were introduced, involving the weak topology
of Banach spaces. Along with the proof of theorems on the existence of solutions, profound constructive
solvability theorems were proposed with analysis of branching solutions of nonlinear Hammerstein
integral equation presented in Reference [6]. Interested readers can find explicit and implicit
parameterizations in the construction of branching solutions by iterative methods in Reference [7].

However, due to the lack of compactness, there are only a few studies in the literature on
Hammerstein integral equations in the real line compared to works in bounded domains.

By reviewing existence results for various types of functional, differential, and integral
equations, in Reference [8], Bana$ and Sadarangani use arguments associated with the measure of
non-compactness and illustrate applications in proving existence for some integro-functional equations
in the set of continuous functions.

Information on the utility, and some mathematical tools used to address Hammerstein-type
integral equations in real line or half-line can be found in References [9-14].

We also highlight recent works, not necessarily in real line or half-line, on Hammerstein-type
integral equations, with several approaches and applications in References [13,15-22] and the
references therein.

On the other hand, Cabada et al. [23] deal with Hammerstein-type integral equations in
unbounded domains via spectral theory. More concretely they study the existence of fixed points of
the integral operator

Tu(t) = /+°° K(t,s)n(s) £ (s, u(s))ds,

—00

where f : R? — [0, +00) satisfies a sort of L*—Carathéodory conditions, k : R> — R is the kernel
function and 7(t) > 0 for a.e. t € R.
IThan and Ozdemir [24], study the nonlinear perturbed integral equation

x(t) = (Trx)(¢) + (Tox)(t) ./Oﬂou(t,s,x(s))ds, teRT,

where the functions u(t, s, x) and the operators Tix, (i = 1,2) are given, while x = x(t) is an unknown
function. Using the technique of a suitable measure of noncompactness, they prove an existence
theorem for the mentioned system.

Based on several fundamental assumptions and some necessary and sufficient conditions under
which the solution blows up in finite time, in Reference [25], Brunner and Yang investigate the blow-up
behaviors of solutions of Hammerstein-Volterra-type equations

u(t) = p(t) + /Otk(t—s)G(s,u(s))ds,
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where f : [0,00) — [0,00) and G : [0,0) x R — [0,00) are continuous functions, the kernel k :
(0,00) — [0, c0) is a locally integrable function and u is an unknown continuous solution.

Motivated by the works above, we consider the following generalized coupled systems of integral
equations of Hammerstein-type

wr () = [Tki(t5) g1(s) fi(s,ua(s), ..., ul™(s),uz(s), ..., ud" (s)) ds,
@
ur(t) = [T ka(t5) ga(s) fals,ur(s), ..., ul"™(s),un(s), ..., ul" (s))ds,

where k, : R2 — R, 1 = 1,2, are the kernel functions such that k, € W1 (Rz), r, = max {m,n},
with m,,n, > 0, g, € L' (R) with g,(t) > 0 for a.e. ¢t € R integrable, and f, : R™+"*3 — R are
L*—Carathéodory functions.

The main existence tool is Schauder’s fixed point theorem in the space of bounded and continuous
functions with bounded and continuous derivatives on R, combined with the equiconvergence at
+oo to recover the compactness of the correspondent operators. To the best of our knowledge, it is
the first time where coupled Hammerstein-type integral equations in real line are considered with
nonlinearities depending on several derivatives of both variables and, moreover, the derivatives can be
of different order on each variable and each equation. On the other hand, we emphasize that the kernel
functions can change sign and their derivatives in order to the first variable may be discontinuous.

The outline of the present paper is as follows—Section 2 contains auxiliary results and assumptions
of this paper. In Section 3, we present an existence result. Lastly, an application to a real phenomenon
is shown—a model to study the deflection of a coupled system of infinite beams.

2. Auxiliary Results and Assumptions

For:=1,2,letr, = max {m,, n,} and consider the Banach spaces defined by E, := BC" (R) (space
of bounded and continuous functions with bounded and continuous derivatives on R, till order ;).
The spaces E, defined above are equipped with the norms || - ||, where

lwlle, := max { V]|, i = 0,1,..., 7.}

and

[0l = sup Jw(t)].
teR

Besides, E := E; x E; with the norm

3, u2) 2= max { g, ez, |
is also a Banach space.
Definition 1. A function h : R x RT — [0, 00), for q a positive integer, is L* —Carathéodory if

(i) h(-,y) is measurable for each fixed y € RY;
(ii) h(t,-) is continuous for a.e. t € R;
(iit) for each p > O, there exists a function ¢, € L* (R) such that,

\h(t,y)| < @p(t) fory € [—p,p] andae. t € R.

Next lemma and theorem give, respectively, a criterion to guarantee the compacity on R and the
existence of solution via Schauder’s fixed point (see References [26,27]).

Lemma 1. A set M C X is relatively compact if the following conditions hold:
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(i) all functions from M are uniformly bounded;
(ii) all functions from M are equicontinuous on any compact interval of R;
(iii) all functions from M are equiconvergent at oo, that is, for any given € > 0, there exists te > 0 such
that
x(i)(t) — lim x(i)(t) <€ V|t|>te, i=0,1,...,r,and x € M.
t— o0

Theorem 1. Let Y be a nonempty, closed, bounded and convex subset of a Banach space X, and suppose that
P :Y — Y is a compact operator. Then P as at least one fixed point in'Y.

In this paper we consider the following assumptions:

(A1) For:=1,2, the functionk, : R> = R, k, € W'! (R?), verify forall T € R,

i
lirﬂ? k.(ts) €R, 11rn

t—+oo

k,
5 (t,s)’ €R,

fori=1,...,r, se R, and

o'k, o'k
S = S (w)

— =0, forae.seRandi=0,1,...,7,
ot

lim
t—=T

(A2) For: = 1,2, there are positive continuous functions ¢, j=0,1,...,1, such that

(t5)

‘ak §4>,]-(s)for tecR,ae.seR

ot!

and

+o0
/_ $j(5)8:(s)pip(s)ds < +ooforj=0,1,...,7,

with ¢,y given by Definition 1.

3. Main Theorem

This section is dedicated to the main result of this article, that is, its statement and its proof and
provides the existence of solution of problem (1).

Theorem 2. Let for 1 = 1,2, f, : R™*+"+3 — R pe L —Carathéodory functions, such that, for some t € R,
fi(,0,...,0) #0,and g, € L' (R) with g,(t) > 0 fora.e. t € R.
Consider that assumptions (A1), (A2) hold, and, moreover, assume that there is R > 0, such that,

forj=0,1,...,7,
—+oo

R > max{ . $ij(5)8:(s) @ (s)ds}, (2)

where g € L® (R), y € R™+"+2 with |f,(t,y)| < ¢r(t), a.e. t € R. Then problem (1) has a nontrivial
solution (u, v) € E1 X Ey.

Proof. Consider the operators T; : E — Ejand T : E — Ej such that

Ty (w1, u2) (8) = [T ki (5) g1(s) fu(s,ua(s), ..., ™) (s),un(s), ..., ul"™)(s)) ds,
(3)
Ty (11, u2) (8) = [ ka(t5) g2(5) fa(s,ua(s), ..., ul"™ (s),un(s), ..., ul"(s)) ds.

Next, we will show that the operator T : E — E defined by T = (T}, T) has a fixed point on E.
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The proof will follow several steps, presented in detail for operator T; (1, v). The technique for
operator T,(u, v) is similar.

Step 1: T is well defined and uniformly bounded in E.

Consider a bounded set D C E and (u,v) € D. Therefore, there is p; > 0 such that

1(,0)[[g < p1- @)

By the Lebesgue Dominated Theorem, (A1), (A2) and because f; is L —Carathéodory function,
follow that, fori =0,1,...,rq,

(mq)

(i) - oo 9k s,u1(s), ..., u; V(s),
I7: () e = sup | [ 09) 166 f ( wale), . s) ) *
teo SVor (s s,ul(s),...,u(ml)(s), s
< /;oo 4711( )gl( ) ‘fl ( uz(s),,”,ugnl)(s) )‘ d
</ j 915(5) @10, (5)g1(5) ds < oo,

Taking into account these arguments, T, verifies similar bounds and || T(u,v)||; < 400, that is
TD C E is uniformly bounded.

Step 2: T is equicontinuous in E.

Consider t;, t € R and suppose without loss of generality, that t; < f. So, by (A1),
fori=0,1,...,1,

(1 (1,u2)) D (1) = (T (1, 12)) 7 (1)

+o0 | ik, ¥k s,1(s), ., u{" (s),
< T t ,S - N, t /S ds
= /foo o (1:5) = Gy (12r5) fl( (s, g™ (s)

I

Therefore, T1D is equicontinuous in E;. In the same way it can be shown that T;D is
equicontinuous on E;. Thus, TD is equicontinuous on E.

|81(s)]

o'ky d'ky
G (t1,8) — w(tzls)

g1(s) P1p, (s)ds — 0, as t; — tp.

Step 3: TD is equiconvergent at oo .

Consider (#,v) € D C Eandi=0,1,...,r1. For the operator T;, we have by (Al),

[(T1 (1, 12)) D () — lim (Tq (1, u2)) 7 (1))

t—+oo

+o0 | 9k, diky s,u1(s), ..., ul"™)(s),

< / —(t,5) — — (00,5 s 1 ds
L o )~ 5 (o)1)l 'f1< ua(s), ..., ud"(s)
“+o00 i i

</ aal;l(t,s) - aa’;l (00,5)| 1(5) @1p, (5)ds = 0, as t — oo,

T1 D is equiconvergent at £oo. By similar arguments, it can be proved that T D is equiconvergent
at +co. Moreover, TD is equiconvergent at £c0 . By Lemma 1, TD is relatively compact .

Step 4: TQ) C Q) for some Q2 C E a closed, bounded and convex set.
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Consider
Q= {(u,v) € E:|(u,0)|g <p2},

with pp > 0 such that, fort =1,2andi =0,...,r,

primmax{pr, [ i()o0m ()5}

with p; > 0 given by (4).
Following the arguments used in Step 1 we have, for (1,v) € Q),

IT(u,0) 1(Th (4, 0), Ta (u,0))[|

max { |71 (u,9) g, 172 (w,0)lg, | < o

So, TQ) C ), and by Theorem 1, the operator T (u,v) = (T (u,v),T> (1,v)), has a fixed point
(4, v) € E1 X Ey, that is, the problem (1) has at least one solution. [J

Remark 1. If, for1 =1,2,
lim k,/(t,s) = lim k,(¢5),

t——oc0 t—+o0

then the solution of (1) is a homoclinic solution, otherwise it is a heteroclinic solution.

4. Application to Fourth Order Coupled Systems of Infinite Beams Deflection Model

Recently, in Reference [28], the authors studied two-beam coupled structure as two infinite beams
and considering the coupling between the bending wave and the torsion, the conversion of wave types
at the coupled interface, as well as others details on the coupling of beams.

Motivated by the concept of very large floating structures and ice plates in waves, in Reference [29],
Jang et al. consider the inverse loading distribution from measured deflection of an infinite beam
on elastic foundation. They express the relationship between the loading distribution and vertical
deflection of the beam in the form of an integral equation of the first kind.

An efficient method for the static deflection analysis of an infinite beam on a nonlinear elastic
foundation is developed in Reference [30], where the authors combine the quasilinear method and
Green’s functions to obtain the approximate solution.

Motivated by the works above and, specifically, in Reference [31], where the authors analyze of
moderately large deflections of infinite nonlinear beams resting on elastic foundations under localized
external loads, we consider an arbitrary family of nonlinear coupled system of Bernoulli-Euler—v.
Karman problem composed by two fourth order differential equation

E1Liu™ (x) + nu(x) = m {%ElAl (' (x))* 0" (x) +w1(x)} , x€R
©)
Ex o™ (x) 4 120(x) = m [%EzAz (o' () (x))* u” (x) + wz(x)}
and the boundary conditions
u(+oo) =0, v(too) =0, ©)
u'(£o0) =0, v/(£o0) =0,
where
w(+o0) := xlirilmw(x).

We also emphasize that:
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e E; I;,i =1,2 are the Young’s modulus (the elastic modulus of the material) and the mass moment
of inertia of the cross section of beam 1 and beam 2, respectively;

e n1u(x), 120(x) are the spring force upward of first and second beams, respectively;

e A, A are the cross-sectional area of first and second beams, respectively;

e wi(x), wy(x) are the positive localized applied loading downward on the corresponding beams.

In fact, the differential system (5) and (6) can be rewritten as the following system of
integral equations

u(x) = [Tk (x,5) ﬁ% 3E1Ay (1 (5))* 0" () + wi(s) + mu(s)| ds,
(1+5?) ”

v(x) = fj;" ka(x,8) - —L1 |:%E2A2 (v’(s)u’(s))2 u”(s) + wa(s) + Uzv(s)} ds,

where the kernel functions ki (x, s) and kx(x, s) are given, respectively, by the corresponding Green'’s

functions
e—tuls—x

ki(x,s) = NG sin (ocl|s—x|—|—z), 8)

4

L

with ¢, = % Y %fort =1,2.

Forj=0,1,2,:=1,2, and defining

o, (s—x) ;
k;(x,s) L (ac[(x —s)+ 71(3]+1)> ,

Noxmra 4
a,(x—s) ;
k;(x,s) = 65773 sin (D([(S — x) + ﬂw) ,
\ﬁ /“t - 4
we have N oo
) (x) = [ Ky (x,9)Fy(s)ds + (~ 1) / K (x,)F (s)ds, )
and X +00
o) (x) = K Ky (x,5) Fa(s)ds + (~1)/ / K5 (x,5) Fa(s)ds,
with
R(s) = — 5 |2EaA (4(5))*0"(s) +wi(s) + mau(s)
1+s2 (2 !
1 3
F(s) = 112 {E2A2 (¢ (s)u'(5))* " (5) + wa(s) + 7720(5)} :
+s54 |2
The system (7) is a particular case of (1) withr; =rp =my =my =ny =np =2, ¢1(x) = ﬁﬁ,

9(x) = ﬁﬁ Eil; >0, Exl, > 0and

fl(x/yll ~--/]/6) =

3
112 {2E1A1y§y6 +wi(x) + 171%} ,

1 3
folx,y1, -, y6) = 172 {2521‘\2 (ysyz)2y3 +wy(x) + 772y4] .

The functions fi, f, : R” — R, respectively, are L®—Carathéodory functions, as, for p > 0
such that

max {|y1|, [y2l, ysl, [yal , |vs] lvel} < p,
there exist functions @1, ¢, € L™ (R) verifying
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and

1 |3
16y, -0, 1) < ~E1A10° +supwi (x) + m1p| = pr(x),
Aty Yo) < T | g Fr/ae” Tsup me| = 9ip
1 |3 3
faXy1 -0 Y6) < 75 |G E2Aep” +supwa(x) +imp | = gop(x).
xeR

Note also that (A1) and (A2) are satisfied, since, fort =1,2and j =0,1,2,

Ik,
xgliloo oxJ (X,S) =0,
ok, 1 -
) < G VR

/,t:o $,i(5)8.(5) @ip(s)ds < +oo.

So, by Theorem 2, there is at least a nontrivial solution (u, v) € E; x E; of problems (5) and (6).

In addition, by Remark 3 the solution is a nontrivial homoclinic solution.

Author Contributions: Investigation, EM. and R.d.S.; Writing—review & editing, EM. and R.d.S., the authors
equally contributed to this work. All authors have read and agreed to the published version of the manuscript.

Funding: This project was supported by Fundacao para a Ciéncia e a Tecnologia (FCT) via project
UID/MAT/04674/2019. The second author was also partially funded by the Calouste Gulbenkian Foundation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Agarwal, R; O'Regan, D.; Wong, P. Constant-Sign Solutions of Systems of Integral Equations;
Springer International Publishing: Cham, Switzerland, 2013.

2. Agarwal, R; O’'Regan, D. Integral and Integrodifferential Equations: Theory, Methods and Applications;
Gordon and Breach Science Publishers: Amsterdam, The Netherlands, 2000.

3.  Guo, D.; Lakshmikantham, V.; Liu, X. Nonlinear Integral Equations in Abstract Spaces; Kluwer Academic
Publishers: Boston, MA, 1996.

4. Chandler-Wilde, S.; Lindner, M. Boundary integral equations on unbounded rough surfaces: Fredholmness
and the finite section method. ]. Integral Equations Appl. 2008, 20, 13—48. [CrossRef]

5. Djebali, S.; Sahnoun, Z. Nonlinear alternatives of Schauder and Krasnosel’skij types with applications to
Hammerstein integral equations in L! spaces. J. Differ. Equ. 2010, 249, 2061-2075. [CrossRef]

6.  Sidorov, N.A. Solving the Hammerstein integral equation in the irregular case by successive approximations.
Sib. J. 2010, 51, 325-329 [CrossRef]

7. Sidorov, N.A. Explicit and implicit parametrizations in the construction of branching solutions by iterative
methods. Sb. Math. 1995, 186, 297. [CrossRef]

8.  Bana$, J.; Sadarangani, K. Compactness condition in the study of functional, differential and integral
equations. Rev. Mat. Univ. Complut. Madr. 2013, 2, 31-38. [CrossRef]

9. Agarwal, R.; Banas, J.; Banaxsx, K.; O'Regan, D. Solvability of a quadratic Hammerstein integral equation in
the class of functions having limits at infinity. J. Integral Equ. Appl. 2011, 23, 157-181. [CrossRef]

10. Banas, J.; Martin, J.; Sadarangani, K. On solutions of a quadratic integral equation of Hammerstein type.
Math. Comput. Model. 2006, 43, 97-104. [CrossRef]

11. Cabada, A.; L6pez-Somoza, L.; Tojo, F. Existence of solutions of integral equations with asymptotic conditions.
Nonlinear Anal. Real World Appl. 2018, 42, 140-159. [CrossRef]

12. Minhés, E. Solvability of generalized Hammerstein integral equations on unbounded domains,

with sign-changing kernels. Appl. Math. Lett. 2017, 65, 113-117. [CrossRef]


http://dx.doi.org/10.1216/JIE-2008-20-1-13
http://dx.doi.org/10.1016/j.jde.2010.07.013
http://dx.doi.org/10.1007/s11202-010-0033-4
http://dx.doi.org/10.1070/SM1995v186n02ABEH000017
http://dx.doi.org/10.1155/2013/819315
http://dx.doi.org/10.1216/JIE-2011-23-2-157
http://dx.doi.org/10.1016/j.mcm.2005.04.017
http://dx.doi.org/10.1016/j.nonrwa.2017.12.009
http://dx.doi.org/10.1016/j.aml.2016.10.012

Mathematics 2020, 8, 111 90f9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Minhés, E; de Sousa, R. On the solvability of third-order three points systems of differential equations with
dependence on the first derivatives. Bull. Braz. Math. Soc. (New Ser.) 2017, 48, 485-503. [CrossRef]
O’Regan, D.; Meehan, M. Existence Theory for Nonlinear Integral and Integrodifferential Equations; Kluwer
Academic Publishers: Dordrecht, The Netherands, 1998.

Abdolmaleki, E.; Najafi, H. An efficient algorithmic method to solve Hammerstein integral equations and
application to a functional differential equation. Adv. Mech. Eng. 2017, 9. [CrossRef]

Cianciaruso, F; Infante, G.; Pietramala, P. Solutions of perturbed Hammerstein integral equations with
applications. Nonlinear Anal. Real World Appl. 2017, 33, 317-347. [CrossRef]

Figueroa, R.; Tojo, F. Fixed points of Hammerstein-type equations on general cones. Fixed Point Theory 2016,
19. [CrossRef]

Graef, J.; Kong, L.; Minh6s, E. Generalized Hammerstein equations and applications. Results Math. 2017,
72,369-383. [CrossRef]

Infante, G.; Minhos, F. Nontrivial solutions of systens of Hammerstein integral equations with firsrt derivative
dependence. Mediterr. ]. Math. 2017, 14, 242. [CrossRef]

Lépez-Somoza, L.; Minhxoxs, F. Existence and multiplicity results for some generalized Hammerstein
equations with a parameter. arXiv 2018, arXiv:1811.06118v1.

de Sousa, R.; Minh6s, F. On coupled systems of Hammerstein integral equations. Bound. Value Probl. 2019,
2019, 7. [CrossRef]

Zhang, X.; Liu, L.; Wu, Y. Existence and uniqueness of iterative positive solutions for singular Hammerstein
integral equations. . Nonlinear Sci. Appl. 2017, 10, 3364-3380. [CrossRef]

Cabada, A.; Lépez-Somoza, L.; Tojo, F. Existence of solutions of integral equations defined in unbounded
domains via spectral theory. arXiv 2018, arXiv:1811.06121.

Ilhan, B.; Ozdemir, I. Existence and asymptotic behavior of solutions for some nonlinear integral equations
on an unbounded interval. Electron. ]. Differ. Equ. 2016, 2016, 1-15.

Brunner, H.; Yang, Z.W. Blow-up behavior of Hammerstein-type Volterra integral equations. J. Integr. Appl.
2012, 24, 487-512. [CrossRef]

Agarwal, R.; O'Regan, D. Infinite Interval Problems for Differential, Difference and Integral Equations;
Kluwer Academic Publisher: Glasgow, Scotland, 2001.

Zeidler, E. Nonlinear Functional Analysis and Its Applications, I: Fixed-Point Theorems; Springer: New York, NY,
USA, 1986.

Hu, W.; Chen, H.; Zhong, Q. Research on transmission coefficient property of coupled beam structure.
Vibroeng. Procedia 2018, 20, 305-310.

Jang, T.; Sung, H.; Han, S.; Kwon, S. Inverse determination of the loading source of the infinite beam on
elastic foundation. J. Mech. Sci. Technol. 2008, 22, 2350-2356. [CrossRef]

Ahmada, F,; Ullahb, M.; Jangc, T.; Alaidarousb, E. An efficient method for the static deflection analysis of
an infinite beam on a nonlinear elastic foundation of one-way spring model. Ships Offshore Struct. 2014,
12,963-970. [CrossRef]

Jang, T. A new semi-analytical approach to large de?ections of Bernoulli-Euler-v.Karman beams on a linear
elastic foundation: Nonlinear analysis of infnite beams. Int. J. Mech. Sci. 2013, 66, 22-32. [CrossRef]

® (© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s00574-016-0025-5
http://dx.doi.org/10.1177/1687814017701704
http://dx.doi.org/10.1016/j.nonrwa.2016.07.004
http://dx.doi.org/10.24193/fpt-ro.2018.2.45
http://dx.doi.org/10.1007/s00025-016-0615-y
http://dx.doi.org/10.1007/s00009-017-1044-1
http://dx.doi.org/10.1186/s13661-019-1122-3
http://dx.doi.org/10.22436/jnsa.010.07.01
http://dx.doi.org/10.1216/JIE-2012-24-4-487
http://dx.doi.org/10.1007/s12206-008-0822-x
http://dx.doi.org/10.1080/17445302.2014.956381
http://dx.doi.org/10.1016/j.ijmecsci.2012.10.005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Auxiliary Results and Assumptions
	Main Theorem
	Application to Fourth Order Coupled Systems of Infinite Beams Deflection Model
	References

