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Abstract: Monge-Ampere equations have important research significance in many fields such as
geometry, convex geometry and mathematical physics. In this paper, under some superlinear and
sublinear conditions, the existence of nontrivial solutions for a system arising from Monge-Ampere
equations with two parameters is investigated based on Guo-Krasnosel'skii fixed point theorem. In
the end, two examples are given to illustrate our main results.
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1. Introduction

In this paper, we consider the existence of nontrivial solutions for the following boundary value
problem:

NN = ANPNTLf (—u(s), —v(s)), 0<s <1,

"(s)NY = uNrN"g(—u(s), —v(s)), 0 <s <1, (1)
(0) =u(1) =0, 2'(0) = o(1) =0,

where N > 1, f, ¢ : [0,1] x [0, +00) x [0, 4+00) — [0, +00) are continuous, A and yu are two positive

parameters. The problem (1.1) arises in the study of the existence of nontrivial solutions to the following
Dirichlet problem of the Monge-Ampére equations:

u'(s
v

((
((

det(D?u) = Af(—u, —v) in B,
det(D*v) = ug(—u, —v) in B,
u=v=0 on 0B,

2. ( Pu \; ; ; 2. _ (% ; ; —
where Du = ( axiaxj) is the Hessian matrix of u, D*v = (W) is the Hessian matrix of v, B = {x €

RN| |x| < 1}.

Monge-Ampere equations play an important role in the study of geometric problems, fluid
mechanics, and various other applied fields(see[1]). Many researchers have done some investigations
related to Monge-Ampeére equations. Some scholars have studied the existence of nontrivial radial
convex solutions for a single Monge-Ampeére equation or systems of Monge-Ampére equations,
utilizing the theory of topological degree, bifurcation techniques,the method of upper and lower
solution, and so on. For further details, see [2-9,14-15,17-18,20-23] and the references therein.

For example, in [3], Ma and Gao investigated the following boundary value problem:

(W, ()™ = Ant" L (—u(t)), 0 <t <1,
{ w(0) = u(1) = 0 (12)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The boundary value problem (1.2) arose from the following Monge-Ampeére equation:
det(D?u) = Af(—u)in B,
1.3
{ u =0 on 9JB, (1.3)

where D?u = (agi-;‘x,) is the Hessian matrix of u, B = {x € R"| |x| < 1}. The global bifurcation
technique was applie]d to determine the optimal intervals for parameter A, ensuring the existence of
single or multiple solutions of boundary value problem (1.2).

In [4], Wang established two solvability criteria for weakly coupled system:

(W ())N) = NtN=f(—uy(t)), 0 < t <1,
((up())N) = NtN"Tg(—uy(t), 0 <t <1, (14)
u1(0) = u5(0) =0, uy(1) = ux(1) =0,

where N > 1. The system (1.4) arose from the following Monge-Ampére equations:

det(D?uy) = f(—up)in B,

det(D%uy) = g(—uq) in B,

u1:u2:0 on aB,

2

where B = {x € RV| |x| < 1}, and D?y; is the determinant of the Hessian matrix ( Ba?mglxn) of u;. The
existence of convex radial solutions of the weakly coupled system (1.4) in superlinear and sublinear
cases was obtained based on fixed point theorems in a cone.

In [5], Wang and An discussed the following system of the Monge-Ampeére equations:

det(Dzul) = f](—ul, cee, —un) in B,

;i.e.t(Dzun) = fu(—uy, -+, —uy)in B, (1.5)

u(x) =0 on 9B,

where D?u; = (a?:g;c]) is the Hessian matrix of #;, B = {x € RN| |x| < 1}. The system (1.5) can be

easily changed into the following boundary value problem:
(@ (r)N) = NV fy (—ug, oo —un), 0 <7 <1,

((ui’l(r))N)/ = NVN_lfn(_ulz' t /_un), 0 <r< 1,
uj(0) =u;(1) =0, i=1,---, n,

where N > 1. The existence of triple nontrivial radial convex solutions was obtained by using the
Leggett-Williams fixed point theorem.
In [6], the author studied the following system:

((Wh (r))N) = ANPNT fi(—ug, - —ug), 0<7 <1,

((”2(7’))1\1)/ = )\NT’Nflfn(—uh' =), 0<r <1,
ui(0) =ui(1) =0, i=1,---,n

doi:10.20944/preprints202401.2213.v1
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where N > 1. The system (1.6) arose from the following system:
det(D%uy) = Afi(—uy, - ,—uy) in B,

det(Dzun) - )\fn(_ul, ttty _un) il’l B,
u;=0on dB,i=1,---,n,

2,

where D?u; = (aig;) is the Hessian matrix of u;, B = {x € RN| |x| < 1}.
19%]

Using fixed point theorems and considering sublinear and superlinear conditions, Wang explored

the existence and two nontrivial radial solutions for the system (1.6) with a carefully selected parameter.

In [7], Gao and Wang considered the following boundary value problem:

(i (r)N) = MNINTIf (—ug, =g, - -+, —uy),
((uh(r))N) = NN (—uy, —up, - -+, —uy),

(1.7)
((u (PN = ANINT oy (=g, —u, -+, —un),
u(0)=u;(1)=0, i=12,---,n0<r<1,
where N > 1. The system (1.7) arose from the following system:
det(D2u1) = /\1f1(—u1,- .., —un) in B,
det(D2u2) = Azfz(—lzﬂ,' o, —un) in B,
det(D?uy) = Apfu(—u1, -+, —uy) in B,
u;=0on dB,i=1,---,n,
where D?u; = (%) is the Hessian matrix of u;, and B = {x € RN| |x| < 1} is the unit ball in
i0%]

RN. The existence, multiplicity, and nonexistence of convex solutions for systems of Monge-Ampére
equations with multiparameters were established via the upper and lower solutions method and the
fixed point index theory.

In [18], Feng has continued to consider the existence and uniqueness of nontrivial radial convex
solutions to the Monge-Ampeére equation (1.3). And the author also studied the following system:

det(D?uy) = A1 f1(—up) in B,
det(Dzuz) = /\zfz(—ug,) in B,
. (1.8)
det(D?uy,) = Ay fu(—u1)in B,
Uy =1uy---=1u, =0 on 9B,

where A;(i = 1,2,- -+ ,n) are positive parameters. By defining composite operators and using the
eigenvalue theory in cones, the author obtained some new existence results of nontrivial radial convex
solutions to the system (1.8), and also analyzed the asymptotic behavior of solutions to the system
(1.8).

Meanwhile, in recent years, some authors have studied the existence of nontrivial solutions to
other differential equations with parameters. For example, in [10], Hao et al. considered the existence
of positive solutions for a system of nonlinear fractional differential equations nonlocal boundary value
problems with parameters and p-Laplacian operator via the Guo-Krasnosel’skii fixed point theorem.
In [11], by means of the method of upper and lower solutions and the fixed point index theory, Yang
proved the existence of positive solutions for Dirichlet boundary value problem of 2m-order nonlinear
differential systems with multiple different parameters. In [12], Jiang and Zhai investigated a class of
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nonlinear fourth-order systems with coupled integral boundary conditions and two parameters based
on the Guo-Krasnosel’skii fixed point theorem and the Green’s functions.

Inspired by literatures [4-7,10-12,18], we consider the problem (1.1). In this paper, under
some different combinations of superlinearity and sublinearity of the nonlinear terms, we use the
Guo-Krasnosel'skii fixed point theorem to study the existence results of the system (1.1) and establish
some existence results of nontrivial solutions based on various different values values of A and y. Here
we extend the study in literature [4], and the main results are different from literatures [4,7,18].

2. Preliminaries

In this section, we give some preliminaries that will be used to prove existence results in Section
3. For further background knowledge of cone, we refer readers to the papers [4,16] for more details.

Lemma 1. (see [16]) Let E be a Banach space, and P C E be a cone. Assume that Q1 and () are bounded open
setsin E, 0 € Q1,0 C O, the operator A : PN (62\01) — P is completely continuous. If the following
conditions are satisfied:

(D] Ax|| < ||x]l,Vx € PNoy, || Ax|| > ||x||,Vx € PN aQY,,or
(ii) [ Ax]| > [|x]|, Vx € PNy, ||Ax|| < x|, Yx € PN oYy,

In order to solve the system (1.1), we give a simple transformation x(s) = —u(s), y(s) = —v(s) in
the system (1.1), then the system (1.1) can be changed to the following system:

(= (s)N) = ANsN=Lf(x(s),y(s)), 0<s <1,
((=y' (s)ON) = uNsNTg(x(s),y(s)), 0<s <1, 2)
¥'(0) = x(1) =0, ¥'(0) = y(1) = 0.

In the following, we treat the existence of positive solutions of the system (2.1).

Let E = C[0,1] x C[0,1] with the norm |[(x,¥)||[g = ||x|| + ||y|l, where ||x| = m[ax] |x(s)| and
s€(0,1

lyll = max ly(s)].

Define

P={(xy) € E:x(s) > 0,y(s) > 0,%s € [0,1], min (x(s) +y(5)) > 11| (xy)]le).

sely g

Then P is a cone of E.
By literature [4], we define the operators Aj, A; and A as follows:

A (%) / / ANTNLf(x(7), y(7))dT) M du, s € [0,1],

Ar(ey)(e) = [ ([ i g,y R, s € 0,1,

and A(x,y) = (A1(x,y), Ax(x,y)), (x,y) € E. Itis obvious that the fixed points of the operator A are
solutions of the system (2.1).
Similar to the proof of Lemma 2.3 in literature [4], we have the following lemma.

Lemma 2. A: P — P is completely continuous.

doi:10.20944/preprints202401.2213.v1
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3. Main Results

Denote (x,9)
o= limoup (e
fo = iyt L0
o= tmit N
o

11
F= / (/ NTN_ldT)%du,
0o Jo

For fO/gOIfOO/gOO S

2N
M= 5
1 GNfoo
2N
Ms= 3
GNg¢w

Theorem 1. (1) Assume that fo, 80, feo, §o €
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0= limep G
o = limint L
o= imint £
o =ty

3 u
G= /4(/ NTN_ldT)%du.
1 Vi

(0, 0), we define the symbols below:

1
My=———)
Z 7 ONFNf

1
My=——.
* 7 2NFNg,

1 € (Ms, My), the system (2.1) has at least one positive solution.

(2) Assume that fy = 0,20, foo, o0 €
system (2.1) has at least one positive solution.

(3) Assume that fy, feo, oo €
system (2.1) has at least one positive solution.

(4) Assume that fo = g0 = 0, feo, o0 €
has at least one positive solution.

(0,00), M3 < My, then for A € (M,

(0,00), then for A € (M,

(0,00),80 = 0, M1 < My, then for A € (M1, Mp) and yu € (M3,

o) and u € (Ms,

doi:10.20944/preprints202401.2213.v1
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(0,00),M1 < My, M3 < My, thenfor A€ (Ml,Mz) and

co) and p € (M3, My), the

o), the

o), the system (2.1)

(5) Assume that fo, 80 € (0,00), foo = o0 0r fo,80 € (0,00), 800 = 00, then for A € (0, My) and
u € (0, My), the system (2.1) has at least one positive solution.
(6) Assume that fo = 0,90 € (0,00), 800 = 00 0r fo = 0,80 € (0,00), foo = 00, then for A € (0,00) and
i € (0, My), the system (2.1) has at least one positive solution.

(7) Assume that fy €

(0,00),80 = 0,800 = 0007 foy €

and p € (0, 00), the system (2.1) has at least one positive solution.

(8) Assume that fo = go = 0,0 = o0 07 fo
the system (2.1) has at least one positive solution.

(0,00),80 = 0, foo = 00, then for A € (0, My)

= g0 =0, foo = 00, then for A € (0,00) and p € (0, 00),

Proof. Due to the similarity in the proofs of the above cases, we will demonstrate the case (1) and the

case (6).

(1) For each A € (M1, M) and u € (M3, My), there exists € > 0 such that

N (fm—e) =
2N
GN(geo — ) =

1
NEN(fo +¢)’

1
NV (g0t o)
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By the definitions of fy and gp, we know that there exists r; > 0 such that
fry) < (fote)(x+y), 0<x+y<n,
goy) <(go+e)(x+y)N, 0<x+y<n.
We define the set Q1 = {(x,y) € E: ||(x,y)||[g < r1}, for any (x,y) € PN a0y, we get
0 < x(s) +y(s) < llxll + llyll =[x, y) e = r1, Vs € [0,1],
then
A )E) = [ ([ ANTY x(), (o)) et
< /O ( /O ANTN £ (x(7), y(7))dT) ¥ du
1,1
< [ AN fo ) (x(0) + (1) V) Vet
< o+ % [ ([ AN (] + [yl Nere) el
= (fo+9tak [[([ N anhau- ey e
ooyl
- 2
Therefore, )
[A1(x )l < 511G y)lle, ¥ (xy) € PR 3)
By applying the same method, we deduce
1 u
Aalx,y)(s) = [ (| TN g(x(r), y() ) Vet
1 1
< (] uNTN g (x(n), () ) H
1,1
< [T uNTN T (g0 + ) (x(1) + y() V) R
< g0+ [ ([ kNIl + gl V) el
= (ot b ([ N ) R ()
oyl
- 2
Therefore, )
[A2(x, )l < 5116 y)lle, ¥(xy) € PRI 4)
By (3.1) and (3.2) we have
[AGY)E = 1A ()l + [[A2(x Y)I| < [l(xy)lle, V(xy) € PNo0y. )

On the other hand, considering the definitions of fe and ge., there exists 7, > 0 such that
floy) = (fo—e)(x+ )Y, x+y >y

8(x,y) > (8o —&)(x+y)N, x+y >
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We take r, = max{2rq,47,} and denote () = {(x,y) € E: ||(x,y)||g < r2}. For any (x,y) € PN 90y,
we get

£E¥“ﬂ+y@)2iWLWM:imz@,
then 1 o
Al(x,]/)(z) :/1 (/[) ANTN?lf(x(T),]/(T))dT)%du
> [7() AN f(a(o), y(o)do) Ve
> /j (/lu ANTNil(foo _ s)(x(r) +y(7))NdT)%du
> (fOO _5)% AZ(/l” ANTN?l(}IH(x/y)HE)NdT)%du

1 o1 [i, N-1,L
= (e =¥k [F([TNTNTar) - () e
1 4

eyl
- 2

Therefore,
1
[A1(x )l = 5116 y)lle, ¥(xy) € PNy, (6)

In a similar manner, for any (x,y) € P N9}, we obtain

A ) () = [ ([ N g,y

= /; (/1u UNTN L (x(1),y(1))dT) Vdu
> /1‘?I (/l” UNTVN " (goo —€) (x(7) +y(7))NdT)%du

1o, 1,1 1
> (30— )% [(), iNTV GG lle) V) R
1 1

1 i
= (o =¥yt 1 NTVTdr)Rdu- | (x,p) e
1 Y1
el
- 2
Therefore,
1
[A2(x, )l = 516 y)lle, ¥(x,y) € PNy, 7)
By (3.4) and (3.5) we have
A Y)lle = [A1(x )l + [[A2(x,y) | = (%, y)lle, V(x,y) € P Moy, ®)

From (3.3), (3.6) and Lemma 2.1, we get that A has at least one fixed point (x,y) € PN (Q\Q)
such that r; < ||(x,y)||g < r, so the system (2.1) has at least one positive solution. The proof of the
case (1) is completed.

(6) Assume fy = 0,0 € (0,00), 90 = o0, then for each A € (0,00) and u € (0, My), there exists

¢ > 0 such that

4Ng

0t b TE o 1
ONENe” GN S S ONEN(g v e)
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Considering the definitions of fy and go, we know that there exists r3 > 0 such that
flry) <e(x+y)N, 0<x+y<rs,

g y) <(go+e)(x+y)N, 0<x+y<rs.
We define the set Q3 = {(x,y) € E: |[(x,y)||g < r3}, for any (x,y) € P N0Q3, we deduce

M) = [ ([ AN f(x(),y()de) Vet
< /0 ( /O ANTNT £ (x(1), y(7))dT) N du
< /01(/01 ANTN le(x(1) +y(r))NdT)%du
b [ ANT el 4yl Vi) b
1.1 11 1
= etk [ [ NTN ) b e

G, y)le
>

©)

IN

<

Therefore,
1
[A1(x, )| < 51(xv)lle, V(x,y) € PNoQs.

Similar to the proof of (3.7), we have
1
[A2(x, )l < 511 y)lle, ¥(xy) € PNoQs,

then
A YEe < [(x,y)lle, Y(xy) € PNoQs. (10)

On the other hand, since goo = o0, we know that there exists 74 > 0 such that

| =

gxy) > —(x+y)N, xy>0, x+y>7y

We take r4 = max{2r3,47,} and denote Oy = {(x,y) € E: ||(x,y)||g < ra}, for any (x,y) € P N0y,
we get minse[%%](x(s) +y(s)) > 1l(x,y) g = 174 > Fa, then

A ) () = [ ([ N g,y

> [ ([, NN g,y

>/ () e () ) e

l 1
&

1,1 1 _ 1
L [N N e )
1 1

> [[(x )l

>

/—\

/ /P‘NTN 1(f||(x y)|le)NdT) N du

Therefore,
A y)le = |A2(x9) ) = [[(xy)lle, (x,y) € PNoQa. (11)
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From (3.8), (3.9) and Lemma 2.1, we get that A has at least one fixed point (x,y) € PN (Q4\Q;3)
such that r3 < ||(x,y)||g < r4, thatis, (x,y) is a positive solution for the system (2.1), so the proof is
completed. O

For f/B,g\O,j}\w,g\w € (0, 00), we define the symbols below:

S T —
'TGNR P oNENE,
2N 1
Qs Y Q4 INENG

Theorem 2. (1) Assume that ﬁ),go,fm,gw € (0,00),Q1 < Q2,Q3 < Qy, then for A € (Q1,Q2) and
1 € (Qs,Qu), the system (2.1) has at least one positive solution.

(2) Assume thatﬁ),ng,]?oo € (0,00),%00 = 0,and Q1 < Qy, then foreach A € (Q1, Q) and u € (Q3, ),
the system (2.1) has at least one positive solution.

(3) Assume thatfo,go,goo € (0,00),]?oo = 0,and Q3 < Qy, then foreach A € (Qq,00) and yu € (Q3,Q4),
the system (2.1) has at least one positive solution.

(4) Assume that fo,o € (0,00), foo = Goo = 0, then for each A € (Qy,00) and p € (Qs3,0), the system
(2.1) has at least one positive solution.

(5) Assume that fe,Geo € (0,00), fo = 00 0F foo, Goo € (0,0),8p = oo, then for each A € (0, Q) and

€ (0,Qu), the system (2.1) has at least one positive solution.

(6) Assume that fg = 0, foo € (0,00),80 = 007 foo € (0,00),80 = 0,39 = oo, then for each
A€ (0,Q)and u € (0 o), the system (2.1) has at least one positive solution.

(7) Assume that fg = 00,3 € (0,00), foo = 007 Goo € (0,00), 80 = ©0, foo = 0, then for each A € (0, o)
and p € (0, Qq), the system (2.1) has at least one positive solution.

(8) Assume that foQ =380 =0, fo = oo or foo = %0 = 0,30 = oo, then for each A € (0,00) and
i € (0,00), the system (2.1) has at least one positive solution.

Proof. Due to the similarity in the proofs of the above cases, we will demonstrate the case (1) and the
case (6).
(1) Foreach A € (Q1, Q) and u € (Qs, Qy), there exists € > 0 such that

2N 1
—_— <A —,
GN(fo—e) 2NFN(foo + )
AN S
GN(go —¢) SH= 2NFN(g +¢)’

By the definitions of fo and gp, we know that there exists r; > 0 such that
fy) = (fo—e)(x+y)N, xy>0x+y<n,

gxy) > G —e)x+y)N, xy>0x+y<r.
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We define the set Oy = {(x,y) € E : ||(x,y)||[g < 1}, for any (x,y) € PN 00y, we get
1 1 u _ 1
M) = [ () ANT T (x(0),y()de)
1
3y .
> /1 N /1 ANTN=LF(x(7), y(7))dT) ¥ du
1 1
3 u =R
> /j ( /1 ANTV (o — ) (x(7) + y () Ndr) N du
> (fo—o)t / (f; AN Gl b
_12 iy [1 N-14.\4&
—4(fo—€)NANA (f; NNk eyl
2 eyl
- 2
Therefore,
1
J41 ()l = 51y e Yixy) € PNAOL. (12)
In a similar manner, for any (x,y) € P N0y, we deduce
1 1 u _ 1
Aa(xy)(g) = [, ([ uNTTg(x(x), y(m)de) P
1
3 u B 1
> /1], iNTNIg(x(1), y(o)dr) Ve
1 1
3 u R 1
> ([ iNTN (@ — &) (x(7) + y() VT Vel
1 1
> (@ -o)t / (e Gl b
1, 101 _ 1
et [N N e b )
1 1
- el
Therefore,
1
| 42059 = 51 Cxp)le, ¥(xy) € PRaoy. (13)
From (3.10) and (3.11) we deduce
lAG e = A1+ 1Al = @) le Y(xy) € PRacy. (14)

Let f*(u) = max f(x,y), g"(u) = max g(x,y), then we have

0<x+y<u 0<x+y<u

flx,y) < f*(u), x,y>0, x+y<u,

g(xy) <g*(u), xy>0, x+y<u
Similar to the proof of [10], we have

limsupf (u) <foo, llmsupg (1) < Qeo-

oo Ul notoo UV
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According to the above inequality, we know that there exists 7, > 0 such that

fr(u) fr(u)
uN

—— < limsup —i—sgfoo—i—s, u >y,

*
uN U—r—+00

%
. u ~ _
ghmsupg (N) +e<g0teE u>"t,
u
u——+o00

g (u)
uN

then
) < (fo+o)u®, g°(u) < (o +e)ul, u>r.

We take r; = max{2ry,72} and denote (2, = {(x,y) € E : ||[(x,¥)|[g < r2}, for any (x,y) €

PNoQy, we get
Fs) +y(6) < £ Il 8x(E) +v() <8 (I )e),
then Lo
M y)E) < [ ANT L () |)dr)
1 41 N X

< [FCf ANT T (Fo 4 (1) 1)) Vet

= Gutobad ([ N 3

< Isle
Therefore, 1

Iyl < 51wl Yixy) € PNa,. (15)

In a similar manner, for any (x,y) € P N0, we have

Al y)s) < [ ([ NV g (1) ) e
1 rl 1
< [ N @ + (5 1) V)

1 1
= @+ o) ([ N R au- ()l

e yle
- 2

Therefore,
1
[A2(x, )l < 5116 y)lle, ¥(xy) € PNy, (16)
From (3.13) and (3.14) we deduce

[AGY)E = 1A (o)l + [A2(x )| < [l(x y)lle, V(xy) € PN o0y (17)

Hence, by using (3.12), (3.15) and Lemma 2.1, we conclude that A has at least one fixed point
(x,y) € PN (Q\Qq) such thatry < [[(x,y)]| < 7o

(6) Assume ]?0 = oo,J?c>o € (0,00),%0 = 0, then for any A € (0,Q2) and y € (0,00), there exists
¢ > 0 such that

4N¢

ﬁ</\<

1
T~ 0 < < N = NT
ONFN(foy +¢) W= ONENe
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Since J?O = oo, we know that there exists r3 > 0 such that
flxy) = %(Hy)N, xy>0, 0<x+y<rs.
We choose the set Q3 = {(x,y) € E: ||(x,y)||g < r3}, for any (x,y) € PN 9dQ3, we deduce
Al (g / (f; AN () ()i
> /1 i /1 ANTNTL (x(1) + (1) V) Yl
> ()% / (AN Gl b
1z N-1
=% / (f, NNl
> [1(x ) llE-
Therefore,
[AG e = A1 (eIl = 1 y)lle, V(x,y) € PN oQs. (18)
Let f*(u) = max f(x,y), g"(u) = max g(x,y).Similar to the proof of [10], we have
0<x+y<u 0<x+y<u
* *
limsupfi(Nu) < foos limsupg (130 =0.
u—too U u—+oo U

Hence, for above ¢ > 0, there exists 74 > 0 such that

f g\?) <11msupf (1) +s<foo+e U > 7y,
u u—r+o00
gu(zsl) < limsup gu(l\bjl) +e=¢ UuU>7y
U—r—+00

then
f(u) < (foo—l—s)uN, ¢ (u) < eulV, u > 7.

We take ry = max{2r3,74} and denote Oy = {(x,y) € E : ||(x,¥)||[g < ra}, for any (x,y) €
P NoQy, we get

f(x(s) +y(s)) < fUIxylle), g(x(s) +y(s)) <& ([I(x,)lle),

then
Al )e) < [ AN k) ) e
< [T AN G i) ) Vete) et
~ 1.1 1 1 _ 1
= o+ ®a% [1([ NTN ) v () e
< 1Dl
Therefore,

1
[A1(x )l = 511G y)lle, ¥(xy) € PNoQy. (19)
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In a similar manner, for any (x,y) € P N9Qy, we have
vt N—1_x* L
Aaey)(s) < [ ([ uNTN g (1) 1))
1 M
< [ N e () 1) V)
0o Jo
1
—etud [ NN ) ()
0 Jo
_ eyl
- 2
Therefore,
1
[A2(x, )l < 511 y)lle, ¥(xy) € PNoQy. (20)
From (3.17) and (3.18) we deduce
A = [1A1 o)L+ A2 )| < (o y)lle, V(xy) € PNoQy. (21)

Hence, by using (3.16), (3.19) and Lemma 2.1, we conclude that A has at least one fixed point
(x,y) € PN (Q4\Q3) such that r3 < ||(x,y)||g < r4, that is, (x,y) is a positive solution for the system
2.1. O
4. Applications

Example 1. We consider the following boundary value problem:
5))?) =3As’f(x(s),y(s)), 0<s<1,
y(s)), 0<s<1, (22)
(0) =x(1) =0, ¥'(0) = y(1) =0,
N

Tuke f(x,y) = (x+y)N*2, ¢(x,y) = (x+y)N + (x +y)
get My ~ 0.0625, and

e¥tY, where N = 3. By a simple calculation we

fo = limsup L'y)N = limsup(x +y)? =0,
x+y—0* (x+ ) x+y—0t

go = limsup % = limsup(1 + e tY) =2,
x+y—0*t (x ) x4y—0+

e foy) 2
fo = I G ypv — IRy = oo

Then, for each A € (0, c0) and p € (0,0.0625), by Theorem 3.1(6) we obtain that the system (4.1) has at
least one positive solution.

Example 2. We consider the following boundary value problem:

), 0<s<1, (23)
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N
Take f(x,y) = _xty) g(x,y) = xlTy’ where N = 3. By a simple calculation we get Qp ~ 0.1962, and

tan (x+y)N’
]?0 = liminf L'y)N = liminf ;N = oo,
x+y—0t (X +y) x+y—0+ arctan(x + y)

g(xy)

0o = limsu =limsup ————— = y
g x+y—>£ (x+y)N x+y—>o§ (x +y)N+1
foo = lim sup 7f(x'y)N = limsup v N = E
rhy—oo (X FY) x+y—oo arctan(x + y) T

Then, for each A € (0,0.1962) and p € (0, c0), by Theorem 3.2(6) we obtain that the system (4.2) has at
least one positive solution.

5. Conclusion

The system of Monge-Ampeére equations is significant in various fields of study, including
geometry, mathematical physics, materials science, and others. In this paper, by considering some
combinations of superlinearity and sublinearlity of the functions f and g, we use the Guo-Krasnosel'skii
fixed point theorem to study the existence of nontrivial solutions for a system of Monge-Ampere
equations with two parameters and establish diverse existence outcomes for nontrivial solutions based
on various values of A and y, which enrich the theories for the system of Monge-Ampeére equations.
The research in this paper is different from reference [4], and can be said to be its generalization.
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