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1. Introduction and main results

Discuss the following p-Monge-Ampere equation

det(D(IDul"~>Du)) = g(Ix)) f(Ixl, —u) in B, (1.1)
u=0 onJB, ’
and system
det(D(IDuil’*Duy)) = gi(Ix)) fillxl, —ur, —ua, . .., —u,) in B, (12)
u; =0 on 0B. ’

Here p > 2,ie€l, :={1,2,--- ,n}, g, g € C[0,1) are all singular at 1, B := {y € R" : |y| < 1}, and
m, n > 2 are integers.

A new operator proposed by Trudinger-Wang in [1] is p-Monge-Ampere operator, which is denoted
by det(D(|DulP~2Du)). And such operator just is Monge-Ampere operator when p = 2.
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Let M be a m X m real symmetric array, and

M) = > e

1<iyj<-<ij<m

denote the /th elemental symmetric function, where uy, 5, . . ., i, are the eigenvalues of M.
If u € ®7(Q) satisfying (1.1), then u is said to be a p-convex strong solution. Here

OP(R™) := {u € W2T"(R™) : |DulP2Du € C'(R™), A(D:(|Dul’~>Du)) € T, in R™},

loc

where 1 < g < %, and
I,:={1eR":0y)>0,le{l,2,...,m}}.

Now, we review several excellent conclusions related to p-Monge-Ampere Dirichlet problem (1.1)
and system (1.2).

Results of equations and systems involving p-Laplacian operator:

We refer to the following articles [2—16] for p-Laplacian equations and systems. We need to
specifically mention here that Hai-Shivaji [17] investigated

{ —-A,v = Af(v) in D, (1.3)

v =0 ondD.

Here p > 1, A denotes a positive parameter, and D denotes the unit ball in R” (n > 1). Since a positive
solution of (1.3) in the unit ball is radially symmetric, so the authors resolved the problem of ordinary
differential equation
Vv'(0) =0, v(1) =0. (1.4)
The authors mainly used a sub-super solution method to demonstrate the uniqueness and existence of
positive solution for problem (1.4).

Recently, Feng-Zhang [18] employed the eigenvalue theory to discuss the existence of positive
solution for the p-Laplacian elliptic system

{ (PIWPRYY = A ),

—Ale = /lll’ll(l)Cl)Zg in D,
~A,2 = Lha(IX)Z in D,
21=2 =0 on dD.

Here A;, A, # 0 are parameters, @, § > 0, and D denotes the unit ball in R"” (n > 2). The authors
obtained a uniqueness and approximation result by iterations of the solution.
In [19], Lan-Zhang considered the system of p-Laplace equations

Apu; = filx,uy, —ua, ..., —u,) in Q, (1.4)
u; =0 on dQ, ’
where i € {1,2,---,n}. The authors obtained new existence results of nonzero positive weak solutions

of (1.4) under some sublinear conditions by employing a well-known theorem of fixed point index on
cones for completely continuous operators. The other recent results concerning p-Laplacian equations
and systems can be found in Ju-Bisci-Zhang [20] and He-Ousbika-Allali-Zuo [21].
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Results of equations and systems involving Monge-Ampere operator:

We observe that large numbers of mathematicians care about the existence of solution of equations
and systems involving Monge-Ampere operator; see [22—-37] and the bibliographies. Particularly,
Cheng-Yau [40] considered the following Monge-Ampere problem

20 _ o —(nt2)
{ detD“v = v in Q, (1.5)

v =0 on 0Q,

where n > 2. Employing the Legendre transform and the approximated method, they derived some
existence results of solution of (1.5).
In [41], Feng investigated

u=0 ondQ, (1.6)

where p 1s a positive parameter. He use sharp estimates to verify that (1.6) admits at most one nontrivial
radial convex solution.

On systems involving Monge-Ampere operator, we only find a few results. In particular, Zhang-
Qi [42] considered

{ det D*u = puf(—u) in Q,

det D*v; = (=1,) in Q,

det D2V2 = (—Vl)’B in Q,

v1 <0, v, <0 in Q,

Vi =WV =0 on(?Q,
where a and 8 are two positive numbers. Using the index theory of fixed points on cones, they obtained
several existence, nonexistence and uniqueness results of radial convex solutions when € denotes the
unit ball in R".

In [41], Feng considered a more general system

det D2V1 = /l]f](—VQ) in Q,
det D2V2 = /lzfz(—\/g) in Q,

: (1.7)
det D*v,, = A, f,(—v)) in Q,
vi=va=...=v,=0 onoQ,
where 4; > 0 (i € {1, 2,...,n}) are parameters. He got some new existence and nonexistence results of

(1.7) by means of the eigenvalue theory on cones.
Recently, Feng [43] derived some existence, nonexistence and multiplicity results of nontrivial
radial convex solutions of

det D*v; = Ahy(|x]) fi(—v2), in Q,

det D*v; = Ao (|x]) fo(—v1), in Q,
vi=v, =0, on 0Q

for a certain range of 4 > 0.
More recently, in [44], Feng discussed the existence of nontrivial solution of

(1.8)

det(D(|Dv|P=2Dv)) = Ah(|x]) f(|x], —=v) in Q,
v =0 on dQ,
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where A denotes a positive parameter. We also refer to Xu [38] and Lian-Wang-Xu [39] for the related
results of p-Monge-Ampere problems.

Remark 1. There is almost no article except [44] studying p-Monge-Ampere equation. But, in [44],
the author only dealt with the existence of nontrivial solution, not the multiplicity of nontrivial
solutions; and the author only studied single p-Monge-Ampere equation, not system of
p-Monge-Ampere equations.

Inspired by the above, we first search the multiplicity of nontrivial p-convex radial solutions of
(1.1). Our proof makes use of the fixed point index theory on cones, which is completely different
from that used in [41] and [44]. Then we seek existence and multiplicity results of nontrivial solutions
of (1.2) by employing the theory of fixed point on cons when f; (i € I,) satisfy some new growth
conditions.

The article will be organized as follows. In next section, we are going to study the existence and
multiplicity of nontrivial p-convex radial solutions of (1.1). In addition, many nontrivial p-convex
radial solutions are also studied. The third part will search nontrivial p-convex radial solution of
system (1.2).

2. Multiple nontrivial radial solutions of (1.1)

Let us seek multiple nontrivial radial solutions of (1.1) in this section. In [45], Bao-Feng pointed
out that one can change (1.1) into

I-n[ 1/, n\(p—Dn ' — _
r (n(u) ) g f(r,—u), 0<r<l, @.1)
u'(0) =u(l) =0.
Setting v = —u, then one can rewrite (2.1) as follows:

rl‘”(%(—v/)(p‘””)l =g(nf(r,v), 0<r<l,
Vv (0)=v(1) =0.

(2.2)

We make the following suppositions:
(Cy) g:[0,1) — R, is continuous, g(¢) # 0 on any subinterval of [0, 1), and

1
f g(Hdt < o0,
0
where R, = [0, +00);

(Cy) f:[0,1] xR, — R, is continuous.
Remark 2. It is not difficult to see that there are some elementary functions that satisfy (Cy). For

example .
s =——.
oVl —r

where c is a positive real number.
Obviously, g : [0, 1) — R, is continuous, and g(¢) Z 0 on any subinterval of [0, 1).
. . 1
Next, we verify that g satisfies fo g(t)dt < +o0.
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In fact,

fol g(rydr = fol m/lc_7dr
= lim [ —f—dr

b—0+ aV1-r?
= < lim [arcsin ]}~
T oo+

= £ lim arcsin(1 — b)
T b0+

’

357 [

which indicates that [ g(f)dr < +co.
Let J = [0,1] and E := C[0,1]. Then E is a real Banach space (RBS for short) with the norm
denoted by

llxIl = max |x(?)].
teJ

Lemma 2.1. If (C,) and (C,) holds, then v is a solution of (2.2) when and only when v € E is a solution
of

1 T ll)rz
W(t) = f ( f ns"‘lh(s)f(s,v(s))ds)(p_ dr, (2.3)
t 0

and |
min v(¢) > ZIIvII. (2.4)

13
te 17

Proof. Similar to the proof of Lemma 2.1 in [44], we can prove that Lemma 2.1 is correct.

Let K C E be .
K={ueE:v(t)=0,t€J, min u(t) > leull}. (2.5

1 3
jxi<d

Define an operator 7' : K — E as

1 T l1 n
(Tv)(t) = f ( f ns"_lg(s)f(s,v(s))ds)(p_) dr, v e K. (2.6)
t 0

When (C;) and (C;) hold, one can verify that 7 : K — E is compact.

We shall apply the well-known fixed points index theorem to discuss problem (2.2), which can be
found in Amann [46]. In addition, we use i(A, P N Q, P) to denote the fixed point index over P N Q
with regard to P in Lemma 2.2.

Lemma 2.2. Let E be a real Banach space. Suppose that P C E is a cone and Q C E is a bounded open
subset. Let A : PN Q — P be a completely continuous operator, which admits no fixed points on <.
Then the following three conclusions are correct:

(1) Suppose that there is a vy > 0 so that v — Av # tvy, Yv e PN 0, t > 0. Then

(A, PNQ,P)=0.
(2) Suppose that Av # uv forv e (PN 0Q) and u > 1. Then

i(A,PNQ,P)=1.
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(3) Suppose that U is open in P so that U ¢ PNQ. Then A admits a fixed point in (PNQ)\(UNQ) when

(A, PNQ,P)=1andi(A, U N P,P) =0. The same conclusion is also correct when i(A, P N Q, P) =

Oand i(A,UNP,P)=1.

Remark 2.1. From Lan-Zhang [19], it is obvious to see that Lemma 2.1 is difficult to be applied

to demonstrate the multiplicity of solutions of (2.2). In the present paper, we will use Lemma 2.2 to

search the multiplicity of nonnegative solutions of (2.2). This needs some new ingredients in our proof.
For p > 0, we set

1 1 1
Q, = {v € K : min (1) < —p} - {v € E: vl < min () < —p}
rel1,3] 4 rel1,3] 4
We also set
K,={veK:|pl|<p}

According to a result of Lemma 2.5 in Lan [47], we can demonstrate that Q, is an open set relative
to K and
() K 1, C Q,CK,;

2 v e 0(2 if and only if min v(¢) = 4,0,
rel7.3]

(3)if v € 0Q, then ;p < v(1) < pforr € [1,3].

Define 'y 1
t,u
0 _ oo 2
i, = mm{t?[‘]“s‘] pDn [4” p]}
St u)
A= max{rrtlea}X T Tu€ [O,P]},
t, t,
[ = lim sup max it u)’ Jfoo = lim inf mljn oA u)
U— 00 u u—oo te u
=L
“ndy,” T nd,’
where

3 1
d, Zf g(s)ds, dp :f g(s)ds.
1 0

by

Theorem 2.1. Under conditions (C;) and (C,), if there are py, p2, p3 € (0, ) satisfying p; < ipz and
P2 < p3 so that

(C3) fy' <lor f? <1, and

(Ca) 77 > L,

then (2. 2) admlts a positive p-convex solution v with
veQ,\K, orveK,\Q,.

Proof. For all v € 0Q,,, we assume that

v—Tv #6. 2.7

Otherwise, then there is v € 0, so that Tv = v.
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According to (C3), we deduce that

i 13 1
fev)> Loy ™" V€[, 71 v € [7p2. 02l 2.8)

Setting w(t) = 1, Vt € J, then w € K with ||w|| = 1. We claim
v—=Tv#w (Yv€0Q,,, {=>0). (2.9)

In reality, if there are vy € 0€2,, and ¢, > 0 so that vy — Tvy = {yw. Then (2.7) indicates that {, > 0.

So, for any t € [%’ %], we derive from (2.6) and (2.8) that

1
(p=

l)n dt + Low(s)

vo(® = [ ( 7 5" g(5) G5, vols))ds)

> f%l ( f; ns”‘lg(s)f(s, vo(s))ds)(pl)n dt + Low(s)
> f; (ﬁ“ ns”_lg(s)Lp(zp_l)"ds)de + Zow(s)

> [Ln(}‘)"_l]wipz(ff g(s))a’s)ﬁ + Low(s)

w1 . TR
Ln(3) ldl] 102 + Low(s)
= p2 + Low(s).

This indicates that p, > p, + {j by the property (3) of €, which leads to a conflict. So, (2.9) is correct.
Hence it yields by (1) of Lemma 2.2

i(T,Q,,,K)=0. (2.10)

Moreover, by the definition of ;' and fj' < I, we derive

fev) <lp"™" Mt e J, ve[0,p].

Next, we demonstrate that
YveoK,, u>1=Tv+puv. (2.11)

Actually, if there are v; € K, and y; > 1 so that T'v; = vy, then we derive from (2.6) that

1
(p—Dn

i = [ (05 g visnds)”dr
< fol (fol ns”‘lg(s)f(s,vl(s))ds)md‘r
< fol (fol ns"“g(s)lp(lp_l)"ds)mdr

< (ln)(Pll)”pl(jc;l g(s)ds)(P—l)n

< (Indy) ™ p,
=pi1, VL€ J,
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which indicates that u||v;||l < p1. We so derive that yp; < p;. This shows that u < 1, which contradicts
u > 1. Hence (2.11) is correct. From (2) of Lemma 2.2, we derive

i(T, K, ,K) = 1. (2.13)

1°

In addition, one can similarly demonstrate

i(T,K,,, K) = 1. (2.14)

3

Noticing that p; < yp,, we have I_(pl Cc K,,, c Q,,. It so follows from (3) of Lemma 2.2 that (2.2)
possesses a positive p-convex solution v satisfying v € Q,, \ K,, orv € K, \ Q,,. So Theorem 2.1 is
correct.

From the proof of Theorem 2.1, one can obtain the following conclusions.

Theorem 2.2. Under conditions (Cy) and (C,), if there exist py, 02,03 € (0,00) with p; < }—‘pz and
p2 < p3 sothat fi' < [and f;° < [, and (C,) holds, then problem (2.2) has two positive p-convex
solutions vy, v, with

vi € Q\K,,, v2 € K, \Q,,.

Corollary 2.1. Under conditions (C;) and (Cy), if there are p,p € (0,00) with p° < 1p so that

6’/ <, fgp > Land 0 < f* < [, then (2.2) admits two positive p-convex solutions in K.

03

0 <.

Proof. We just need to verify that 0 < f* < [ yields that there exists a p3 such that
Setn € (f*,[). So there is r > i so that

m%xf(t, v) < nv, Yv € [r, +0)
te
because of 0 < f* < [. Letting
v = max{max f(t,v) : v € [0, r]} and p3 > maX{L,p},
1eJ -7

then

max f(t,v) <mv +y <nps +y <lps, ¥v € [0, p3].

te

This indicates that f3* < I.
Similarly, one can derive the following result.
Theorem 2.3. Under conditions (C;) and (C,), suppose that there exist py, 0,03 € (0, 00) with p; <
P2 < p3 so that
(Cs) fy? <1, f' >Land f{° > L,
Pl iP3

P
then (2.2) admits two positive p-convex solutions vy, v, with
V) € Q,Dz\l_(pl’ vy € Kp3\Qp2.

The following conclusion is a special circumstances of Theorem 2.3.
Corollary 2.2. Under conditions (Cy) and (C,), suppose that there are p’, p € (0, c0) with p' < 3—‘p such

that f <[, f} ;, > Land L < f,, < +o0, then (2.2) admits two positive p-convex solutions in K.
7
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Moreover, one can generalize Theorem 2.2 and Theorem 2.3 to derive many solutions.
Theorem 2.4. Under conditions (C;) and (C,), if there are

(ol € (0,00) with py < yp2 < p2 < p3 < ¥Pps <+ < Pang

so that
(C) p2N1<l, ff;:N>L,N€{1,2,...,NO}’
7

then (2.2) admits 2N, positive p-convex solutions in K.
Theorem 2.5. Under conditions (C;) and (C,), if there exist

(P} € (0,00) With p < yp2 < p2 < p3 < ¥YPs <+ < Pan,

so that
(C)p2N1<lfp2N >L, Nef{l,2,...,Ny},

then (2.2) admits (2N0 — 1) positive p-convex solutions in K.
3. Main results of system (1.2)

In this section, we are gonging to discuss the existence and multiplicity of nontrivial p-convex
solutions of system (1.2). Using a conclusion of Bao-Feng [45], we can change system (1.2) into

rl_n(%(u;)(p_l)n) = g (r)f(r —Uuy, —Uz, ..., —I/tn), O <r< 17 (3 1)
u:(0)=0, u;(1)=0, iel,
Letting v; = —u; for i € I,, then one can rewrite (3.1) as
a1y 0-0n) = o (P) £
r(Le) = @G, 0<r <L, a2
vi(0) =0, v(1)=0, iel,.

For each i € I,,, we assume that g; and f; gratify
(G) g : [0,1) — R, is continuous, g;(s) # 0 in any subinterval of [0, 1), and

1
f gi(s)ds < +o0;
0

(F) fi : I xR} — R, are continuous for i € /,, where

n

J=10,1], Ry =[0,+00), Rl =R, X R, X--- xXR,.

Let v(t) = (vi(?), va(?), . .., vu(2)). Then v() is a positive p-convex solution of system (3.2) iff v(r) is
a solution of

vi(r) = f (fo ns" ' hi(s) fi(s, V(s))ds) dt, Nrel,iel, (3.3)

Let |-| denote the maximum norm in R" defined by |v| = max{|v;| : i € I,,}, where v = (v{,v5,...,v,) €
R”, and set
(RY); ={veR]:|vleJ},
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where J = [I;, L] if [1,1, € [0,00) with [} < [, and J = [I, ) if [, ], € [0, oo] with [; < [,.

We also let Y = C(J;R"). Then Y is a RBS of continuous functions from J into R” with norm
Ivl] = max{||vllo, i € I,,}, where || - ||p denotes the supremum norm of C[0, 1].

Under conditions (G) and (F), if v is a positive solution of (3.2), then from Lemma 2.1 of Feng [43]
we derive

) 1
minv;(r) 2 Zlvilo. (3.4)

where Jy = [4, 7l
Hence one can define a cone P in Y as

P={v=w,va....v)) €Y vi(r) >0, rel}. (3.5)

LetT = (T, T»,...,T,) and (G) and (F) hold. Then we can show that T : P — P is a compact
operator. We understand
Tv =T v, Tov,...,T,V),

where

1 t #1),1
(T:v)(r) = f (f ns”_lgi(s)fi(s, V(s))ds)(p_ dt, i€l, 3.6)
r 0

Denote a fixed point equation by
v=T(), ve P. 3.7

Our main goal is to look for nonzero fixed points of operator T because (3.2) is equivalent to (3.7).
We will apply a well known fixed point theorem for compact maps to tackle system (3.2), which
can be found in Amann [46]).
Lemma 3.1. Let E be a real Banach space. Suppose that ; and €, are two bounded open sets in
E with 6 € Q; and Q; c ,. Suppose that P is a cone in E and operator A : P N (Q,\Q)) — Pis
completely continuous. Let one of the following two conditions
(a) there is a ug > 0 such that u — Au # tug, Yu € PN 0Qy,t > 0; Au # uu,Yu € PN OQ,u > 1,
(b) there is a up > 0 such that u — Au # tug, Yu € PN oQy,t > 0; Au # puu,Yu € PN oQy, u > 1
be satisfied. Then A admits at least one fixed point in P N (Q,\Q)).
Forie I, let

. fi(s, Ji(s, V)

G = Timsup max S (A = liminf i (0
f( V) _ . f(s’ V)

(/) = lim supmax ;CCH, - (flo = lim inf min D27,

fO =max{(f)”, i € L}, fo=max{(f)ew, i € L},
O =max{(£)°, i € L}, fo=max{(f)o. i €L},
(Fi)o = lim fi(s,v) uniformly for s € J,

[v|>+00
and .
D,; = nd;, Dy, = [(Z)pn_lndio],
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where

1 :
d; :f gi(s)ds, d;, :f 8i,(s)ds.
0 !

Theorem 3.1. Under conditions (G) and (F), if in addition there exists iy € I, such that

l)nifoo <l< Dnio(ﬁo)(),

then we derive:
(1) (3.2) has a positive p-convex solution v = (v{, vy,...,v,); and then
(i1) (1.2) has a nontrivial p-convex radial solution u = (uy, u,, ..., u,), where

u;(|x|) = —vi(r)fori e I, and r € J.
Proof. We assume that there is /; > 0 so that
v—-Tv+6 ¥Yve P O0<]|v| <. (3.8)
If not, then there is v € P, such that
Tv=v.

On the one hand, it yields from the definition of (f;,)o and D, (fi)o > 1 that there are &; > 0 and
[, > 0 such that

fo(5, V) 2 (fi)o — €DVIP™", Vs el, vedP,, (3.9)

where g, gratifies that
Dnio((ﬁo)o - 81) > 1

Fori € I, letting w = {wy,wy,...,w,} with w;(s) = 1 for s € J, then w € P with ||wlp = 1. Next,
we demonstrate

v—-Tv#{w (VYveoP, {>0), (3.10)

where

0 <1 < min{ly, L}.
In reality, if there are v € 0P, and { > 0 so that v — Tv = {w. Then (3.8) shows that > 0 and
Vip = {wiy + Tiv = {wj,.

Let
& = sup{dlviy = {w;y}- (3.11)
Then
2= Clwigllo < Iigllo = 1 < b < [Dig(fiy)o — £1)] 777
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Therefore, for any r € J, we derive from (3.6), (3.9) and (3.11) that
Vi, (r) = f ( f ns" g ()£, (s, V($)ds) T dt + {wi ()
> f ( f ns"gi (5)f, (5, V(s))ds)T T dt + Cwiy(r)
> f ( f "1 ()(fi)o = DIV P ds) T dr + Lw (r)
> [ s g (o — 0l (NP5 T + L (1)
> [ s g (O o = 0@ wi()Pd) T dr + i ()
> 1oy ((fi)o — D17 ( ff 8in()ds)T + L (r)
1 (3 (o = D7 + i (1)
= {*[Dnig((fiy)o = D17 + Lwip(r)

>+ wi (1)
= (" + Dwi (n),

which conflicts with the definition of £*. So, (3.10) is correct.
In addition, by the definition of f* and D, f* < 1 we have that there are &, > 0 and /5 > 0 so that

ﬁ(sa V) < ((ﬁ)oo + 82)|V|(p_1)n, VS € Ja vV E (R:l-)[l},OO)'

Define
Li= max fi(s,V).

sel,VeR)0,5]

We so derive

(s, V) < (f)° +e)V[P™" + L, Vs €T, ve R, (3.12)

Set )

LD, p=in
R>{l\,( iZoni ) } (3.13)

"\ = Du(((f)° + £2)
foriel,.
We declare

Vv E€OPg, u>1=Tv # uv. (3.14)

Actually, if there are v € dPg and u > 1 so that Tv = uv, then for each i € I, it follows from (3.6),
(3.12) and (3.13) that

wi(r) = frl(ftnsn_lgi(s)f,-(s, V(S))ds)ﬁdt
< [ ns™ gils) fi(s, V(8))ds) T
< fol (fol ngi(s) fi(s, v(s))ds) 7T dt
< fol(fol ngi($)((F)° + &)V P + L)ds)#mdt
< (fol ngi($)((f)® + &)|v||P~Dr + Li)ds)ﬁ
= ()™ + DIVIP D + LT ([ gi(s))dds) 7

= [ndi((f)™ + &)IVI[P~" + L] 7w
<R,
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which shows that u||v;|lo < R, and then we have u||v|| < R. We hence derive uR < R. This indicates that
u < 1, which conflicts with 4 > 1. So (3.14) is correct.

From Lemma 3.1 (b), it hence yields from (3.10) and (3.14) that T possesses a fixed point v in Pg\ P,
satisfying / < |[v|]| < R. So (3.2) has a positive p-convex solution v satisfying [ < ||v|| < R. Hence we
finish the proof of Theorem 3.1.

Remark 3.1. Although the essence of Lemma 2.1 and Lemma 3.1 is the same, the specific processing
technique of Theorem 3.1 is different from that of Theorem 2.1.
Theorem 3.2. Under conditions (G) and (F), if in addition there exists i, € I, such that

Dnifo <l< Dnio(ﬁo)oo,

then we derive:
(1) (3.2) has a positive p-convex solution v = (vy, vy, ..., V,); and then
(i1) (1.2) has a nontrivial p-convex radial solution u = (uy, u,, ..., u,), where

u;(|x)) = —vi(r)fori e I, and r € J.

Proof. We assume that (3.8) holds. Considering the definition of (f; ), then there are &5 > 0 and
R > 0 with R > [, so that

fo(5:¥) = (fi)o = &)V (Vs €T, v E R 4o0))s (3.15)

where &5 satisfies that

Dnio((ﬁo)oo - 83) > 1

Fori € I, let

W= {WlaWZ’”"Wn}

with w;(s) = 1 for s € J. Then w € P with ||wj||. = 1. Next, we demonstrate that
v—Tv#{w (Vv e€OPg, {>0), (3.16)

where R = 4R.
In reality, if there are v € 9Pg and ¢ > 0 so that v — Tv = {w. Then (3.8) shows that { > 0 and

Vip = {wjy + Ti,v > {wy,.
In addition, for v € 0Py we derive
. 1 1 ) N
vi(s) = minv;(s) = —llvillo = — max{||villo, i € I,} = —|Ivll = R.
s€lp 4 4
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Let £* be defined as in (3.11). Then, for v € 0P and r € J,, we derive from (3.6) and (3.15) that

vi(r) = f ( f 15" 1y (5) fiy (5, V($))d )T dlt + {wiy ()
> f ( f sl gi (8) £, (5, V(S))ds) Tt + Lwi ()
> [} 5™ gu (5N = eV "ds) P dr + i ()
> [, ' f F s g (N(fi)o — 3V (P T dlt + Ly ()
> f ( f ns" g, (9)((fig)o — 83)@ Wip ()P~ s) T dt + L (1)
> Loy ((fi)o — e)17( f 8 ()ds) T + L (r)

= L2 (ndiy ()" ((fig)o — 81T + {wi(r)
= £ [ndi (5P ((fiodo — a)]ﬁ + Zwiy(r)
= £[Diy(firo — )17 + Lwi (1)
>+ wi (1)
= (" + Owiy(),

which conflicts with the definition of {*. So, (3.16) is correct.
In addition, by the definition of f° and D,;f° < 1 we know that there are &4 > 0 and [ > 0 with
[ < I; so that

£(5,9) < (F)™ + e)V[Tm, Ys €T, ve R, (3.17)

where g, satisfies
2070 D((f)° + &4) < 1.

We declare that
VveodP, u>1=Tv #puv. (3.18)

Actually, if there are v € dP; and u > 1 so that Tv = uv, then for each i € I, it follows from (2.5)
and (3.17) that

i) = ([ ns a1, v(s)))ds)(”'l‘”’dr
< [ (f s eofcs v(s))ds)”l“"dr
<Kk ng,-(sm(v(s))ds)(”l‘”’dr
< (£ ns@hr + eovsie 1>"ds)” T

(J(‘) ngz(S)((f)"" + 54)||V||(p l)nds)(p l)n

= [((f)~ + &4)] w—wnlnvn( I gis)ds) ™
= [ndi(f) + &)1 7T V|
[D((£)™ + &7 |Iv]

1 1
< vl = 1 <1,
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which shows that u||vi|lp < I, and then we have u||v|]| < I. We hence derive ul < [. This indicates that
u < 1, which conflicts with u > 1. So (3.18) is correct.

According to (b) of Lemma 3.1, it so yields from (3.16) and (3.18) that operator T possesses a
fixed point v in Pg\P; satisfying [ < ||v]| < R. So (3.2) has a positive p-convex solution v satisfying
[ < ||v|]| < R. Therefore Theorem 3.2 is correct.

Theorem 3.3. Under conditions (G) and (F), if in addition there exists iy € I, so that

Dnio(ﬁo)o > 1 or Dnio(fio)oo > 1
and there is b; > 0 so that

1
max  fi(s,v) <
s€l, VE®RD(0.6;] ni

b; (3.19)

for each i € I, then we have:
(1) (3.2) possesses a positive p-convex solution v = (v, vs,...,V,) in P; and then
(i1) (1.2) possesses a nontrivial p-convex radial solution u = (uy, uy, . .., u,), where

u(|x)) = —vi(r)forie I, and r € J.
Proof. Here we only consider the case D,;,(f;,)o > 1 and (3.19). We choose [ with 0 < [ < b; for each
iel,
If D, (fi,)o > 1, then
v—-Tv#{w (VYVvedP, {>0). (3.20)

The proof is similar to that of (3.10). Therefore, it is omitted.
On the other hand, by (3.19), we can define

Li= max f(s,v) <D/ pP" (3.21)

SETVERD)[0,6,] e
Let
b=max{b;:iel,}. (3.22)
Next, we prove that
VYvedP,, u>1= Tv #puv. (3.23)

Indeed, suppose that there are v € dP;, and u > 1 such that Tv = uv, then for each i € I, it follows
from (3.6), (3.21) and (3.22) that

1
(p-Dn

i) = [ [ ns i) s, veonds) "
< fol (fol ns"gi(s)fi(s, V(s))ds)mdt
< (' nefics. vinds) "

1 p=Dn
< (fo ngi(s)L,-ds)

_1 1 _1
= (nL[.)(p—l)n ( J(; gi(s)ds)(l’—l)n
= (nd;L) 7
= (Dm'Li)ﬁ
< b,’ <b.
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which indicates that y||v;|lo < b, and then we get u||v|| < b. Thus we derive ub < b. So we have u < 1.
This conflicts with 4 > 1. Hence (3.23) is correct.

So, by (3.20) and (3.23), it follows from (b) of Lemma 3.1 that T possesses a fixed point v in P,\P,
with [ < ||v|| < b. This follows that (3.2) has a positive p-convex solution v satisfying [ < ||v|| < b. So
Theorem 3.3 is correct.

Similarly, one can derive the following multiplicity conclusions.

Theorem 3.4. Under conditions (G) and (F), if in addition there is i, € I, so that

Dyiy(fi)o > 1 and Dyjy(fig)eo > 1

and there is b; > 0 so that (3.19) holds for each i € I,,, then we derive:
(1) (3.2) possesses two p-convex positive solutions v* and v** in P with

0 <[IV'll < max{b;, i € I,} < [Iv"I;

and then
(1) (1.2) possesses two nontrivial p-convex radial solutions u* and u** with

w:(|x]) = =vi(r) u*(|x]) = —v*(r) forie I, and r € J.

Next, we consider the nonexistence result on system (3.2).
Theorem 3.5. Under conditions (G) and (F), if for each i € I, fi(s,v) < Dimlvl(’"l)” for all s € J and
v € R, with |v| > 0, then (3.2) possesses no positive solution.
Proof. Conversely, suppose that v is a positive solution of system (3.2).

So, for r € J, v € P with ||v|| > O we obtain that

1
(p—Dn

wr) = [ ns aito) s, visds) e
< [ (£ st i, v(s))ds)”"l”"dt
< (' nefes v(s))ds)“"l”"
< (U nes VN Tras)
< ||v||(DLmn)“’]""( 5 gi<s>ds)(”l”"

1 (p-Dn
= Wl )
= |Ivl.

1
(p=Dn

This shows ||v;]lo < ||V||, and hence we derive that ||v|| < ||v||, a contradiction. So Theorem 3.5 is correct.
Remark 3.2. It is interesting to point out that, for i € I, if we define

JY) oy liminfmin 255
|V| [V|[>+00  s€T |V|

(f)” = limsup mz}x

[V|>+00
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(7" = tim supmax 25V (), = tim inf min 205:Y
|v|—0* sel |V| [V—0+  sel |V|

o =max{(f)%, i € L}, fo=max{(fw, i € I,},
0 =max{(f)", i € L}, fo=max{(f)o, i €L},

)

then we derive:
Theorem 3.6. Under conditions (H) and (F), if in addition there is iy € I, so that

D;f* <1 < Dj,(fi)os

then we derive:
(1) (3.2) has a p-convex positive solution v = (v{, vy,...,v,); and then
(i1) (1.2) has a nontrivial p-convex radial solution u = (uy, uy, ..., u,), where

u;(|x|) = —vi(r)fori € I, and r € J.
Proof. We assume that there is /; > 0 so that
v—-Tv+6, ¥Yve P, 0<|v| <. (3.24)
If not, then there is v € P, such that
Tv=v.

On the one hand, it yields from the definition of (f;,)o and D, (f;,)o > 1 that there are &; > 0 and
[, > 0 such that
fio (8, V) = (fi)o —€Dlvl, Vsel, vedP,. (3.25)

For i € I, letting
W = {WI’WZ""awn}

with w;(s) = 1 for s € J, then w € P with ||w;]|o = 1. Now, we clare
v—-Tv#{w (VYveoP, {>0), (3.26)
where
O0<l< min{ll, lz}
In reality, if there are v € dP; and ¢ > 0 such that
v—Tv=/{¢w.
Then (3.24) indicates { > 0 and
Vi = {wjy + Ti,v = {wy,.

Let
" = sup{llvi, > {wi, ). (3.27)

Then
= wigllo < Nvigllo = 1 < I < [Diy ((fig)o — €1)]7 0T
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Therefore, for any r € Jj, we derive from (3.6), (3.25) and (3.27) that

ip(r) = f (fy 75" 80 (5)fo (5. V(DA Tt + i (r)
> [ f 1" g1y () (5, VSNAS)T Tdt + {wiy (1)
> [ 5™ g (5X i = £0V(s)d) 75 e + 2wy (1)
> [ s 8o = 0l () FTdr + 2wy (1)
> [ ns g - sog*w,o(s)ds)ﬁdt + O (1)
> {0 (fao = 08 17T f 8u()AS)TT + Lwi (1)

= Hdin()" ™ (fi)o — 81){ 17 + Swig(r)
= [Dmg((ﬁo)o 81){ ](p l)n + é{W,O(I")

> "+ Ewiy(r)

= (" + Owi(r),

which conflicts with the definition of £*. So, (3.26) is correct.
In addition, by the definition of f* and D, f* < 1 we know that there are &, > 0 and /5 > 0 so that

Jils,v) ()™ + &)Ivl, Vs €, v € (R ;.00

Define
L= max fi(s,V).

SEJ,VG(RK)[Q@]

We so derive
fils, V) S ()T + &)Vl + L;, Vsel,veR]. (3.28)

Take R large enough (say R > [3) such that

nd;((f))™ + &)|vl + nd;L; <1
Rpn—n—1 Rpn—n

(3.29)

foriel,.
We declare
VvedPg, u>1=Tv # puv. (3.30)

Actually, if there are v € P and u > 1 so that Tv = uv, then for each i € I, it follows from (3.6),
(3.28) and (3.29) that

uvi(r) = frl(ftnsn_lgi(s)fi(s, v(s))ds)Pmds
< fol(fo ns" gi(s) fi(s, ¥(5))ds) T dt
< fol (fol ngi(s)fi(s, v(s))ds) T dt
< fol(fol ngi()((F)° + &)V(s)| + L)ds) 7 dt
< ([ ngd ()™ + eIVl + Lds)T
= [ + eIVl + LT ([} gi())ds) 7

= [ndi ()™ + e2)IVll + LT
<R.
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This indicates that u||v;|lop < R, and then we have y||v|]| < R. So we derive uR < R, which shows that
u < 1. This conflicts with 4 > 1. So (3.30) is correct.

By (b) of Lemma 3.1, it so yields from (3.26) and (3.30) that operator T admits a fixed point v
in Pg\P; satisfying [ < ||v|| < R. Therefore (3.2) possesses a p-convex positive solution v satisfying
[ < ||v|]| < R. Hence Theorem 3.6 is correct.

Remark 3.3. It is not difficult to see that the technique to prove Theorem 3.6 is different from that used
in Theorem 3.1. However, we can not apply this technique to prove:
Theorem 3.7. Under conditions (H) and (F), if in addition there exists iy € I, such that

Dnifo <l< Dnio(ﬁo)oo’

then we derive:
(1) (3.2) has a p-convex positive solution v = (vy, vy, ..., V,); and then
(i1) (1.2) has a nontrivial p-convex radial solution u = (uy, uy, ..., u,), where

u;(|x|) = —vi(r)fori € I, and r € J.
Theorem 3.8. Under conditions (H) and (F), if in addition there exists iy € I, so that

Dnio(ﬁo)o > 1 and Dnio(ﬁo)oo > 1

and there is b; > 0 so that (3.19) holds for each i € I,, then we derive:
(1) (3.2) possesses two p-convex positive solutions v* and v** in P with

0 <[Vl < max{b;, i € L,} <[Iv"l;

and then
(1) system (1.2) possesses two nontrivial p-convex radial solutions u* and u** with

w:(|x]) = =vi(r) u*(|x]) = —=v*(r) forie I, and r € J.

Remark 3. The conclusions in Theorems 3.1-3.8 can be generalized to the system of p-k-Hessian
equation
{ T (AD{(|IDur|P2Djuy))) = hy(Ix) filxl, —ur, —uo, . .., —u,) in Q,
u=0 on Q.

Here k € {1,2,--- ,n}, p > 2, hy € C[0, 1) is singular at 1 for each I € {1,2,--- ,n}, f; are continuous
functions, Q@ = {x € R" : |[x| < 1}. There is only a few results on problems involving p-k-Hessian
operator; see Bao-Feng [45], Feng-Zhang [48], Kan-Zhang [49] and Zhang-Yang [50].

4. Conclusion

In this paper, we study the singular p-Monge-Ampere problems: equations and systems of
equations. we first analyze the multiplicity of nontrivial p-convex radial solutions to a single equation
involving p-Monge-Ampere . Then, we establish some new criteria of existence, nonexistence and
multiplicity for nontrivial p-convex radial solutions for a singular system of p-Monge-Ampere
equation.

Communications in Analysis and Mechanics Volume 16, Issue 1, 71-93.



90

Acknowledgments

This work is sponsored by National Natural Science Foundation of China under Grant 12371112

and Beijing Natural Science Foundation, China under Grant 1212003.

Use of AI tools declaration

The author declares that he has not used Artificial Intelligence (Al) tools in the creation of this

article.

Conflict of interest

The author declares there is no conflict of interest.

References

1

10.

. N. Trudinger, X. Wang, Hessian measures. II, Ann. of Math., 150 (1999), 579-604.
https://doi.org/10.2307/121089

Z. Guo, JRL. Webb, Uniqueness of positive solutions for quasilinear elliptic
equations when a parameter is large, Proc. Roy. Soc. Edinburgh, 124 (1994), 189-198.
https://doi.org/10.1017/S0308210500029280

. Y. Du, Z. Guo, Boundary blow-up solutions and the applications in quasilinear elliptic equations,
J. Anal. Math., 89 (2003), 277-302. https://doi.org/10.1007/BF02893084

J. Garcia-Melidn, Large solutions for equations involving the p-Laplacian and singular weights, Z.
Angew. Math. Phys., 60 (2009), 594-607. https://doi.org/10.1007/s00033-008-7141-z

. F. Gladiali, G. Porru, Estimates for explosive solutions to p-Laplace equations, Progress in Partial
Differential Equations (Pont-4-Mousson 1997), Vol. 1, Pitman Res. Notes Math. Series, Longman
383 (1998), 117-127.

A. Mohammed, Boundary asymptotic and uniqueness of solutions to the p-
Laplacian with infinite boundary values, J. Math. Anal. Appl., 325 (2007), 480-4809.
https://doi.org/10.1016/j.jmaa.2006.02.008

. L. Wei, M. Wang, Existence of large solutions of a class of quasilinear elliptic equations with
singular boundary, Acta Math. Hung., 129 (2010), 81-95. https://doi.org/10.1007/s10474-010-
9230-7

. M. Karls, A. Mohammed, Solutions of p-Laplace equations with infinite boundary values: the
case of non-autonomous and non-monotone nonlinearities, Proc. Edinburgh Math. Soc., 59 (2016),
959-987. https://doi.org/10.1017/S0013091515000516

. Z. Zhang, Boundary behavior of large solutions to p-Laplacian elliptic equations, Nonlinear
Anal.: Real World Appl., 33 (2017), 40-57. https://doi.org/10.1016/j.nonrwa.2016.05.008

Y. Chen, M. Wang, Boundary blow-up solutions for p-Laplacian elliptic equations
of logistic typed, Proc. Roy. Soc. Edinburgh Sect. A: Math., 142 (2012), 691-714.
https://doi.org/10.1017/S0308210511000308

Communications in Analysis and Mechanics Volume 16, Issue 1, 71-93.


http://dx.doi.org/https://doi.org/10.2307/121089
http://dx.doi.org/https://doi.org/10.1017/S0308210500029280
http://dx.doi.org/https://doi.org/10.1007/BF02893084
http://dx.doi.org/https://doi.org/10.1007/s00033-008-7141-z
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2006.02.008
http://dx.doi.org/https://doi.org/10.1007/s10474-010-9230-7
http://dx.doi.org/https://doi.org/10.1007/s10474-010-9230-7
http://dx.doi.org/https://doi.org/10.1017/S0013091515000516
http://dx.doi.org/https://doi.org/10.1016/j.nonrwa.2016.05.008
http://dx.doi.org/https://doi.org/10.1017/S0308210511000308

91

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. J. Su, Z. Liu, Nontrivial solutions of perturbed of p-Laplacian on RY, Math. Nachr., 248-249
(2003), 190-199. https://doi.org/10.1002/mana.200310014

Y. Zhang, M. Feng, A coupled p-Laplacian elliptic system: Existence, uniqueness and asymptotic
behavior, Electron. Res. Arch., 28 (2020), 1419-1438. https://doi.org/10.3934/era.2020075

R. Shivaji, I. Sim, B. Son, A uniqueness result for a semipositone p-Laplacian
problem on the exterior of a ball, J Math. Anal. Appl, 445 (2017), 459-475.
https://doi.org/10.1016/j.jmaa.2016.07.029

K.D. Chu, D.D. Hai, R. Shivaji, Uniqueness of positive radial solutions for infinite semipositone
p-Laplacian problems in exterior domains, J. Math. Anal. Appl., 472 (2019), 510-525.
https://doi.org/10.1016/j.jmaa.2018.11.037

Z. Zhang, S. Li, On sign-changing andmultiple solutions of the p-Laplacian, J. Funct. Anal., 197
(2003), 447-468. https://doi.org/10.1016/S0022-1236(02)00103-9

N. Papageorgiou, Double phase problems: a survey of some recent results, Opuscula Math., 42
(2022), 257-278. https://doi.org/10.7494/OpMath.2022.42.2.257

D.D. Hai, R. Shivaji, Existence and uniqueness for a class of quasilinear elliptic boundary
value problems, J. Differential Equations, 193 (2003), 500-510. https://doi.org/10.1016/S0022-
0396(03)00028-7

M. Feng, Y. Zhang, Positive solutions of singular multiparameter p-Laplacian elliptic systems,
Discrete Contin. Dyn. Syst. Ser. B., 27 (2022), 1121-1147. https://doi.org/10.3934/dcdsb.2021083

K. Lan, Z. Zhang, Nonzero positive weak solutions of systems of p-Laplace equations, J. Math.
Anal. Appl., 394 (2012), 581-591. https://doi.org/10.1016/j.jmaa.2012.04.061

C. Ju, G. Bisci, B. Zhang, On sequences of homoclinic solutions for fractional discrete p-Laplacian
equations, Commun. Anal. Mecha., 15 (2023), 586-597. https://doi.org/10.3934/cam.2023029

H. He, M. Ousbika, Z, Allali, J. Zuo, Non-trivial solutions for a partial discrete
Dirichlet nonlinear problem with p-Laplacian, Commun. Anal. Mecha., 15 (2023), 598-610.
https://doi.org/10.3934/cam.2023030

J. Ji, F. Jiang, B. Dong, On the solutions to weakly coupled system of k;-Hessian equations, J.
Math. Anal. Appl., 513 (2022), 126217. https://doi.org/10.1016/j.jmaa.2022.126217

A. Figalli, G. Loeper, C' regularity of solutions of the Monge-Ampere equation for optimal
transport in dimension two, Calc. Var., 35 (2009), 537-550. https://doi.org/10.1007/s00526-009-
0222-9

B. Guan, H. Jian, The Monge-Ampere equation with infinite boundary value, Pacific J. Math., 216
(2004), 77-94. https://doi.org/10.2140/pjm.2004.216.77

A. Mohammed, On the existence of solutions to the Monge-Ampere equation with infinite
boundary values, Proc. Amer. Math. Soc., 135 (2007), 141-149. https://doi.org/10.1090/S0002-
9939-06-08623-0

F. Jiang, N.S. Trudinger, X. Yang, On the Dirichlet problem for Monge-Ampere type equations,
Calc. Var., 49 (2014), 1223—-1236. https://doi.org/10.1007/s00526-013-0619-3

N.S. Trudinger, X. Wang, Boundary regularity for the Monge-Ampere and affine maximal surface
equations, Ann. Math., 167 (2008), 993—-1028. https://doi.org/10.4007/annals.2008.167.993

Communications in Analysis and Mechanics Volume 16, Issue 1, 71-93.


http://dx.doi.org/https://doi.org/10.1002/mana.200310014
http://dx.doi.org/https://doi.org/10.3934/era.2020075
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2016.07.029
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2018.11.037
http://dx.doi.org/https://doi.org/10.1016/S0022-1236(02)00103-9
http://dx.doi.org/https://doi.org/10.7494/OpMath.2022.42.2.257
http://dx.doi.org/https://doi.org/10.1016/S0022-0396(03)00028-7
http://dx.doi.org/https://doi.org/10.1016/S0022-0396(03)00028-7
http://dx.doi.org/https://doi.org/10.3934/dcdsb.2021083
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2012.04.061
http://dx.doi.org/https://doi.org/10.3934/cam.2023029
http://dx.doi.org/https://doi.org/10.3934/cam.2023030
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2022.126217
http://dx.doi.org/https://doi.org/10.1007/s00526-009-0222-9
http://dx.doi.org/https://doi.org/10.1007/s00526-009-0222-9
http://dx.doi.org/https://doi.org/10.2140/pjm.2004.216.77
http://dx.doi.org/https://doi.org/10.1090/S0002-9939-06-08623-0
http://dx.doi.org/https://doi.org/10.1090/S0002-9939-06-08623-0
http://dx.doi.org/https://doi.org/10.1007/s00526-013-0619-3
http://dx.doi.org/https://doi.org/10.4007/annals.2008.167.993

92

28. X. Zhang, M. Feng, Blow-up solutions to the Monge-Ampere equation with a gradient term:
sharp conditions for the existence and asymptotic estimates, Calc. Var, 61 (2022), 208.
https://doi.org/10.1007/s00526-022-02315-3

29. X. Zhang, Y. Du, Sharp conditions for the existence of boundary blow-up solutions to the Monge-
Ampere equation, Calc. Var., 57 (2018), 30. https://doi.org/10.1007/s00526-018-1312-3

30. A. Mohammed, G. Porru, On Monge-Ampere equations with nonlinear gradient terms-
infinite boundary value problems, J. Differential Equations, 300 (2021), 426-457.
https://doi.org/10.1016/j.jde.2021.07.034

31. Z. Zhang, K. Wang, Existence and non-existence of solutions for a class of
Monge-Ampere equations, J.  Differential Equations, 246 (2009),  2849-2875.
https://doi.org/10.1016/.jde.2009.01.004

32. Z.Zhang, Boundary behavior of large solutions to the Monge-Ampere equations with weights, J.
Differential Equations, 259 (2015), 2080-2100. https://doi.org/10.1016/j.jde.2015.03.040

33. Z. Zhang, Large solutions to the Monge-Ampere equations with nonlinear gradient
terms: existence and boundary behavior, J. Differential Equations, 264 (2018), 263-296.
https://doi.org/10.1016/j.jde.2017.09.010

34. A. Mohammed, On the existence of solutions to the Monge-Ampere equation with infinite
boundary values, Proc. Amer. Math. Soc., 135 (2007), 141-149. https://doi.org/10.1090/S0002-
9939-06-08623-0

35. H. Jian, X. Wang, Generalized Liouville theorem for viscosity solutions to a singular Monge-
Ampere equation, Adv. Nonlinear Anal., 12 (2023), 20220284. https://doi.org/10.1515/anona-
2022-0284

36. H. Wan, Y. Shi, W. Liu, Refined second boundary behavior of the unique strictly convex
solution to a singular Monge-Ampere equation, Adv. Nonlinear Anal., 11 (2022), 321-356.
https://doi.org/10.1515/anona-2022-0199

37. M. Feng, A class of singular k;-Hessian systems, Topol. Method. Nonl. An., 62 (2023), 341-365.
https://doi.org/10.12775/TMNA.2022.072

38. H. Xu, Existence and blow-up of solutions for finitely degenerate semilinear parabolic
equations with singular potentials, Commun. Anal. Mecha., 15 (2023), 132-161.
https://doi.org/10.3934/cam.2023008

39. W. Lian, L. Wang, R. Xu, Global existence and blow up of solutions for pseudo-
parabolic equation with singular potential, J. Differential Equations, 269 (2020), 4914—4959.
https://doi.org/10.1016/j.jde.2020.03.047

40. S.Y. Cheng, S.T. Yau, On the regularity of the Monge-Ampere equation det((0°u/0x;0x;)) =
F(x,u), Comm. Pure Appl. Math., 30 (1977), 41-68. https://doi.org/10.1002/cpa.3160300104

41. M. Feng, Convex solutions of Monge-Ampere equations and systems: Existence, uniqueness and
asymptotic behavior, Adv. Nonlinear Anal., 10 (2021), 371-399. https://doi.org/10.1515/anona-
2020-0139

42. Z. Zhang, Z. Qi, On a power-type coupled system of Monge-Ampere equations, Topol. Method.
Nonl. An., 46 (2015), 717-729. https://doi.org/10.12775/TMNA.2015.064

Communications in Analysis and Mechanics Volume 16, Issue 1, 71-93.


http://dx.doi.org/https://doi.org/10.1007/s00526-022-02315-3
http://dx.doi.org/https://doi.org/10.1007/s00526-018-1312-3
http://dx.doi.org/https://doi.org/10.1016/j.jde.2021.07.034
http://dx.doi.org/https://doi.org/10.1016/j.jde.2009.01.004
http://dx.doi.org/https://doi.org/10.1016/j.jde.2015.03.040
http://dx.doi.org/https://doi.org/10.1016/j.jde.2017.09.010
http://dx.doi.org/https://doi.org/10.1090/S0002-9939-06-08623-0
http://dx.doi.org/https://doi.org/10.1090/S0002-9939-06-08623-0
http://dx.doi.org/https://doi.org/10.1515/anona-2022-0284
http://dx.doi.org/https://doi.org/10.1515/anona-2022-0284
http://dx.doi.org/https://doi.org/10.1515/anona-2022-0199
http://dx.doi.org/https://doi.org/10.12775/TMNA.2022.072
http://dx.doi.org/https://doi.org/10.3934/cam.2023008
http://dx.doi.org/https://doi.org/10.1016/j.jde.2020.03.047
http://dx.doi.org/https://doi.org/10.1002/cpa.3160300104
http://dx.doi.org/https://doi.org/10.1515/anona-2020-0139
http://dx.doi.org/https://doi.org/10.1515/anona-2020-0139
http://dx.doi.org/https://doi.org/10.12775/TMNA.2015.064

93

43.

44.

45.

46.

47.

48.

49.

50.

M. Feng, A class of singular coupled systems of superlinear Monge-Ampere equations, Acta Math.
Appl. Sin., 38 (2022), 38, 925-942. https://doi.org/10.1007/s10255-022-1024-5

M. Feng, Eigenvalue problems for singular p-Monge-Ampere equations, J. Math. Anal. Appl., 528
(2023), 127538. https://doi.org/10.1016/j.jmaa.2023.127538

J. Bao, Q. Feng, Necessary and sufficient conditions on global solvability
for the p-k-Hessian inequalities, Canad. Math. Bull. 65 (2022), 1004-1019.
https://doi.org/10.4153/S0008439522000066

H. Amann, Fixed point equations and nonlinear eigenvalue problems in order Banach spaces,
SIAM Rev., 18 (1976), 620-7009. https://doi.org/10.1137/1018114

K. Lan, Multiple positive solutions of semilinear differential equations with singularities, J.
London Math. Soc., 63 (2001), 690-704. https://doi.org/10.1017/S002461070100206X

M. Feng, X. Zhang, The existence of infinitely many boundary blow-up solutions to the p-k-
Hessian equation, Adv. Nonlinear Stud., 23 (2023), 20220074. https://doi.org/10.1515/ans-2022-
0074

S. Kan, X. Zhang, Entire positivep-k-convex radial solutions to p-k-Hessian equations and
systems, Lett. Math. Phys., 113 (2023), 16. https://doi.org/10.1007/s11005-023-01642-6

X. Zhang, Y. Yang, Necessary and sufficient conditions for the existence of entire
subsolutions to p-k-Hessian equations, Nonlinear Anal., 233 (2023), 113299.
https://doi.org/10.1016/j.na.2023.113299

\ ©2024 the Author(s), licensee AIMS Press. This
E is an open access article distributed under the

MS AJMS Press

@ terms of the Creative Commons Attribution License

Com

(http://creativecommons.org/licenses/by/4.0)

munications in Analysis and Mechanics Volume 16, Issue 1, 71-93.


http://dx.doi.org/https://doi.org/10.1007/s10255-022-1024-5
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2023.127538
http://dx.doi.org/https://doi.org/10.4153/S0008439522000066
http://dx.doi.org/https://doi.org/10.1137/1018114
http://dx.doi.org/https://doi.org/10.1017/S002461070100206X
http://dx.doi.org/https://doi.org/10.1515/ans-2022-0074
http://dx.doi.org/https://doi.org/10.1515/ans-2022-0074
http://dx.doi.org/ https://doi.org/10.1007/s11005-023-01642-6
http://dx.doi.org/https://doi.org/10.1016/j.na.2023.113299
http://creativecommons.org/licenses/by/4.0

	Introduction and main results
	Multiple nontrivial radial solutions of (1.1)
	Main results of system (1.2)
	Conclusion

