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Abstract

In this paper, we mainly study the existence of radial solutions for the following p-

Laplacian problem: 
−m(‖u‖p)div(|Ou|p−2Ou) = f(|x|, u), x ∈ B;

u(x) > 0, x ∈ B;

u(0) = 0

where f and m satisfy certain conditions. We prove that the above p-Laplacian problem

has a radial solution through the origin mainly by means of upper and lower solutions.

Firstly, we make the auxiliary problem sequence of the original problem. Then we

get a monotone bounded solution sequence by solving the problem sequence. Then

we can get that when n tends to infinity, there exists a u, which makes this solution

sequencetend to u. Finally, we prove that u is the radial solution of the original

problem. The concrete proof is given in the third part.
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1. Úó

�©Ì�?ØXe�KÛÜ��p-Laplacian�§µ
−m(‖u‖p)div(|Ou|p−2Ou) = f(|x|, u), x ∈ B;

u(x) > 0, x ∈ B;

u(0) = 0

(1)

Ù¥§B = B1(0)�RNþ¥% u�:�ü m¥§N ≥ 2§p > 1"‖u‖p =
∫
B
|u|pdx§m:R+ → R

�ëY¼ê§f : [0, 1) × (0,+∞) → R ´�CÒ�ëY¼ê§�f 3|x| = 1 ½u = 0 ?�UÛ
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É"�XêÆ�ØäuÐ§ép-Laplacian¯K�ïÄ�Øä�z§��õêÆöa,��´p-

Laplacian¯K�)��35(k'§�ïÄ�±ë�©z [1] [2])§éÙ»�)�ïÄKé�(k

'Ù¦�»�)�±ëì©z [3] [4] [5])"3�©·�kéÑ)�¯K�9Ï¯KS�§2ÏLþ

e)�{(Ü�¼©Û��'�£(�©z [6]Ú [7])§���¯K�)�3"

¯K(1)�±�¤e¡~�©�§/ªµ
−m(Nα(N)

∫ 1

0
sN−1|u(s)|pds)r1−N (rN−1|u′|p−2u′)′ = f(r, u), r ∈ (0, 1);

u(r) > 0, r ∈ (0, 1);

u′(1) = 0, u(0) = 0

Ù¥§α(N) = π
N
2

Γ( N
2 +1)
§Ï�Nα(N)

∫ 1

0
sN−1|u(s)|pds ��N!pk'§¤±·��±-φ(N, p) =

Nα(N)
∫ 1

0
sN−1|u(s)|pds§l��eªµ

−m(φ(N, p))r1−N (rN−1|u′|p−2u′)′ = f(r, u), r ∈ (0, 1);

u(r) > 0, r ∈ (0, 1);

u′(1) = 0, u(0) = 0

(2)

3ù�©Ù¥·��e¡n�b�µ

(H1)é?¿�;f8E ⊂ [0, 1)§éu�½�L > 0§o�3ε > 0 é¤k�(r, u) ∈ E × (0, ε] kµ

f(r, u) > L

(H2)é?¿�δ > 0�3¼êhδ(r) ∈ C([0, 1); (0,+∞)) ∩ L1(0, 1)§�r ∈ [0, 1)�u ≥ δ �§

|f(r, u)| ≤ hδ(r)

(H3)é�½�0 < κ2 < κ1,κ2 ≤ m(‖u‖p) ≤ κ1.

½Â1.1µ¼êu ∈ C1[0, 1) ∩ C[0, 1]¡�¯K(2)�)§XJu3�;¿Âe÷v(2)ª"

k
þãn�^�§·�Ò�±�Ñe¡�Ì�(Øµ

½n1.1: 3(H1)!(H2)Ú(H3)�b�e§¯K(2)���3���)u ∈ C1[0, 1) ∩ C[0, 1]"

©ÙÄ�|�(�Xeµ�e5�Ü©Ì�ù�
ý��£9ü�Ä:·K§1nÜ©y²

Ì�(Ø§=½n1.1 �y²"

2. ý�Ü©

�
y²½n1.1·��k�Äe¡>�¯Kµ −m(φ(N, p))r1−N (rN−1|u′|p−2u′)′ = f(r, u), r ∈ (0, 1);

u′(1) = 0, u(0) = a ≥ 0
(3)
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Ù¥a�ëê"

½Â2.1µXJ¼êu ∈ C1[0, 1) ∩ C[0, 1]÷ve¡�§µ −m(φ(N, p))r1−N (rN−1|u′|p−2u′)′ ≥ f(r, u), r ∈ (0, 1);

u′(1) ≥ 0, u(0) ≥ a
(4)

K¡u�¯K(3)�þ)§^ū L«"XJ^�u�uÒ�Oþ¡��u�uÒ§K��
e)�½

Â§^u L«",�§·�½ÂC[0, 1]���f«m〈ū, u〉µ

〈u, ū〉 = {u ∈ C[0, 1] : u ≤ u ≤ ū, r ∈ [0, 1)}.

éu?¿�n ∈ N§·��ÑXe½Âµ

En = [
1

2n
, 1], Ẽn = [(

1

2n
)

p
p−1 , 1]

w,§En ⊂ En+1,Ẽn ⊂ Ẽn+1§db�(H1)��3εn > 0 é?¿�(r, u) ∈ En × (0, εn]§¦

�f(r, u) > L"Ø���5§·��±b�{εn}∞n=1 �üN4~S��

lim
n→∞

εn = 0

éuþ¡�«m§·��±é���¼êγ(r) ∈ C1[0, 1]�

rN−1|γ′(r)|p−2γ′(r) ∈ C1[0, 1]

¦� 

γ′(0) ≤ 0, γ(0) = 0

γ(r) > 0, r ∈ (0, 1);

γ(r) ≤ ε1, r ∈ E1.

γ(r) ≤ εn, r ∈ En\En−1, n ≥ 2

(5)

�e5·�3½Â��¼êµ

q(r) =


εp−1

1 , r ∈ Ẽ1

εp−1
n , r ∈ Ẽn\Ẽn−1, n ≥ 2

0, r = 0

Kq(r)3[0,1]þ4O§,�·��µ

q1(r) =

∫ r

0

q(s)ds

q2(r) =

∫ r
p

p−1

0

(

∫ s

0

q(τ)dτ)
1

p−1 ds

¤±q1(r) ≤ q(r)§�q1(r)´[0,1]þ�ëY¼ê§q2(r)´î�4O�§�
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q2(r) ≤
∫ r

p
p−1

0

q
1

p−1 (s)ds

≤ (q(rp/(p−1)))1/(p−1)

=


ε1, r ∈ E1

εn, r ∈ En\En−1, n ≥ 2

0, r = 0

3r ∈ [0, 1]þ§-γ(r) = q2(r)§Kγ(r)÷v(5)"¤±§·�kµ

f(r, u) ≥ L, (r, u) ∈ [0, 1)× {u : 0 < u ≤ γ(r)}

γ′(r) = (
p

p− 1
)r

1
p−1 (

∫ r
p

p−1

0

q(t)dt)
1

p−1

dd��§

rN−1|γ′(r)|p−2γ′(r) = (
p

p− 1
)p−1rN

∫ r
p

p−1

0

q(t)dt

ØJwÑrN−1|γ′(r)|p−2γ′(r) ∈ C1[0, 1]"-g(r) = −m(φ(N,p))
rN−1 (rN−1|γ′(r)|p−2γ′(r))′§Ï�q(r) >

0�4O§l

lim
r→0

g(r) = − lim
r→0

m(φ(N, p))
N( p

p−1
)p−1

∫ r p
p−1

0
q(t)dt

r
= 0

Ï�g(r)3(0,1]þ�k3r = 0?ÛÉ�g(r)3(0, 1]þëY§¤±g(r)3[0,1]þk."�e5·��

Ñ�
k^�½n"�
�B§·��Ñe¡�½µ

K0 = min{1, L/(|g|∞ + 1)}

·K2.2µb�¼êh : [0, 1) × (0,∞) → R´ëY¼ê§é¤k�(r, u) ∈ [0, 1) × (0,∞),h(r, u) ≥
f(r, u)"�v ∈ C[0, 1] ∩ C1[0, 1]´e¡�§�)§�é¤k�r ∈ (0, 1),v(r) > 0µ −m(φ(N, p))r1−N (rN−1|v′|v′)′ = h(r, v)

v′(1) ≥ 0, v(0) > 0
(6)

K

v(r) ≥ K
1

p−1

0 γ(r), r ∈ [0, 1] (7)

y²µ½Âω(r) = v(r)−K
1

p−1

0 γ(r)§Ï�v(0) > 0 = K
1

p−1

0 γ(0)§¤±ω(0) > 0"kyω(1) ≥ 0§d

�y{§�ω(1) < 0§K�3r1 ∈ (0, 1)¦�µ
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ω(r) > 0, r ∈ [0, r1);

ω(r1) = 0

ω′(r1) ≤ 0

(8)

ér ∈ (0, r1)§d(H1)ÚK0�½Â�µ

−m(φ(N, p))r1−N (rN−1|v′|p−2v′)′ ≥ f(r, v) ≥ L ≥ K0(|g|∞ + 1)

2dg(r)�½Â�µ

−m(φ(N, p))r1−N (rN−1|v′|p−2v′)′ > −K0m(φ(φ(N, p)))r1−N (rN−1|γ′|p−2γ′)′

(rN−1|v′|p−2v′)′ > (rN−1|K
1

p−1

0 γ′|p−2K
1

p−1

0 γ′)′ (9)

ò(9)ª3(0, r1)þÈ©2d|x|p−2x�üN5�

v′(r1) > K
1

p−1

0 γ′(r1)

=ω′(r1) > 0§gñ"¤±ω(1) ≥ 0"�e5,·�b�(7)ªØ¤á§K�3λ3 ∈ (0, 1)§¦�

ω(λ3) < 0

2dω(0) > 0Úω(1) ≥ 0�µ 
ω(b1) = ω(b2) = 0, b1, b2 ∈ (0, 1)

ω(r) < 0, r ∈ (b1, b2)

ω′(ξ) = 0, ξ ∈ (b1, b2)

(10)

^þ¡Ó���{�(9)ªE,¤á"é?¿�r ∈ (ξ, b2)ò(9)ª3(ξ, r)þÈ©2d(10)ª�µ

ω′(r) > 0

òþ¡Ø�ª3b1�rþÈ©�µ

ω(r) > 0

ù�(10)ªgñ§¤±(7)ª¤á"

·K2.3: �u, ū©O�¯K(3)�e)Úþ)§XJ§�÷ve¡^�µ

(i) 0 < u ≤ ū < +∞, r ∈ [0, 1]

(ii)�3¼êh(r) ∈ C([0, 1); (0,+∞)) ∩ L′(0, 1)§�(r, u) ∈ [0, 1)× < ū, u > �

|f(r, u)| ≤ h(r)

K¯K(3)���3��)u ∈ C[0, 1] ∩ C1[0, 1)�éur ∈ [0, 1]§u ≤ u ≤ ū.
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y²µÄk½Â��9Ï¼êµ

f∗(r, u) = f(r, β(r, u)) + β(r, u)

Ù¥

β(r, u) =


u(r), u ≤ u(r);

u, u(r) ≤ u ≤ ū(r)

ū(r), u ≥ ū(r)

(11)

w,§f∗ : [0, 1)×R→ R�ëY¼ê�β(r, u)k.§¤±§·��±��µ

|f∗(r, u)| ≤ h(r) +M, (r, u) ∈ [0, 1]×R (12)

Ù¥M = sup
r∈[0,1)

ū(r)§�e54·��Äe¡¯Kµ

 −m(φ((N, p))r1−N (rN−1|u′|p−2u′)′ = f∗(r, u), r ∈ (0, 1);

u′(1) = 0, u(0) = a
(13)

d©Û{§�yþã¯Kk)§�Iy�3u÷vþ¡�§§¤±^~�©��{9^�(H3)éþ

ªÈ©�µ

−|u′|p−2u′ = r1−N
∫ r

0

sN−1f∗(s, u(s))

m(φ(N, p))
ds (14)

-ϕp(x) = |x|p−2x§^�½Xê{�¦�§��¼ê�ϕ−1
p (x) = |x|

1
p−1−1x"¤±§

u′ = −ϕ−1
p (ϕp(u

′)) = −ϕ−1
p (r1−N

∫ 1

r

sN−1f∗(s, u(s))

m(φ(N, p))
ds)

u = a−
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1f∗(s, u(s))

m(φ(N, p))
ds)dt

^XL«C[0, 1]§½Â���fA : X → XXeµ

(Au)(r) = a−
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1f∗(s, u(s))

m(φ(N, p))
ds)dt (15)

¤±Au ∈ C[0, 1]§d(15)ª! h(r) ∈ L1(0, 1)Ú(H3) �§Au´k.�§ÏL(15)ª·�ry

²u´(13)�)=�¤y²u ´Au�ØÄ:"

|d(Au)(r)

dr
| = |ϕ−1

p (r1−N
∫ 1

r

sN−1f∗(s, u(s))

m(φ(N, p))
ds)|

≤ |ϕ−1
p (r1−N

∫ 1

r

(h(s) +M)sN−1ds|

≤ |ϕ−1
p (

∫ 1

r

h(s)

κ2

ds+
M

κ2

)|
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¤±§Au´�ÝëY�§dArzela−Ascoli½n�§A(X)´���é;8§2dSchauderØÄ:

½n�µ�fA�3ØÄ:§¤±u ∈ C[0, 1] ∩ C1[0, 1)´¯K(13)�)"

�e5·�y²u ≤ u ≤ ū§Äk§y²u ≤ u§·�-d(r) = u(r) − u(r)§d�y{§b�

�3r∗ ∈ [0, 1)÷vu(r∗) > u(r∗)§,�de)�½Â§·�k:d(0) ≤ 09d′(1) ≤ 0§y3·��

âd(1)�ÎÒ·�©e�ü«�¹µ

�¹�µd(1) > 0

bXé?¿�r ∈ [0, 1]§d(r) ≥ 0ð¤á"�âu(r)´e)Ú(11)ª�µ

−m(φ(N, p))r1−N (rN−1|u′|p−2u′)′ ≤ f(r, u)

= f∗(r, u)− β(r, u)

Ï�m(φ(N, p)) > 0§¤±��µ

(rN−1|u′|p−2u′)′ < (rN−1|u′|p−2u′)′ (16)

òþª� �lr�1È©2dd′(1) ≤ 0�µ

rN−1|u′|p−2u′ < rN−1|u′|p−2u′

=

u′(r) < u′(r)

2òþªl0�rþÈ©�µ

u(r) < u(r)

=d(r) < 0gñ§,��¡§XJd(r) ≥ 0Øð¤á§=�3r2 ∈ (0, 1),¦�d(r) < 0"qÏ

�d(1) > 0§¤±d":�3½n�µ�3r3 ∈ (r2, 1)§¦�
d(r) ≥ 0, r ∈ [r3, 1);

d(r3) = 0

d′(r3) ≥ 0

(17)

3«m(r3, 1)þ��þaq�?Ø��(16)ªE,¤á",�23r3�1þÈ©Ú� �µ

u′(r3) < u′(r3)

=

d′(r3) < 0

�(17)ªgñ§¤±�/�´Ø�U�"

�/�µd(1) ≤ 0
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Ï�d(1) ≤ 0�d(r∗) > 0§¤±�3λ1!λ2 ∈ [0, 1]§¦�d(λ1) = d(λ2) = 0§�é?¿

�r ∈ (λ1, λ2)§d(r) > 0. ¤±d¥�½n�µ�3ξ ∈ (λ1, λ2)¦�d′(ξ) = 0éN´�y3r ∈
[λ1, λ2]þ(16) ªE,¤á"é?¿�r ∈ [ξ, λ2), ò(16)ª3ξ�rþÈ©�µ

rN−1|u′|p−2u′ > rN−1|u′|p−2u′

=é?¿�r ∈ [ξ, λ2)k

d′(r) > 0

2òþª3r�λ2þÈ©�µ

d(r) < 0, r ∈ (λ1, λ2)

ù�é?¿�r ∈ [λ1λ2],d(r) > 0gñ"¤±§dþã?Ø��3[0,1]þu(r) ≤ u(r)§²Lþ¡a

q�?Ø��§u(r) ≤ ū(r)§¤±u(r) ≤ u(r) ≤ ū(r)§y."

3. Ì�(Ø9Ùy²

�
y²½n1.1·�I��
Ún"y�Xe�½§é?¿�n ∈ N§�

en(r) = max{r, 1

2n
}, r ∈ [0, 1]

f̃n(r, u) = max{f(r, u), f(en(r), u)}

é²w§f̃n : [0, 1)× (0,∞)→ R´ëY��

f̃n(r, u) ≥ f(r, u), (r, u) ∈ [0, 1)× (0,∞)

f̃n(r, u) = f(r, u), (r, u) ∈ En × (0,∞)

�éu?¿�;f8K ⊂ [0, 1)§éN´��3K × (0,∞)þf̃n → f",�·�½ÂS�{fn}∞n=1X

eµ

f1(r, u) = f̃1(r, u)

f2(r, u) = min{f1(r, u), f̃2(r, u)}

...

fn(r, u) = min{fn−1(r, u), f̃n(r, u)}

dd��§{fn}∞n=1�½Â3[0, 1)× (0,∞)þ�ëY4~ê�§=

f1(r, u) ≥ f2(r, u) ≥ · · · ≥ fn(r, u) ≥ fn+1(r, u) ≥ · · · ≥ f(r, u)

,	§·�5¿��(r, u) ∈ En × (0,∞)
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f(r, u) ≤ fn(r, u) ≤ f̃n(r, u) = f(r, u)

=

fn(r, u) = f(r, u), (r, u) ∈ En × (0,∞)

¤±§é?¿�;f8K ⊂ [0, 1)§3K × (0,∞)þfn → f"y3·�?Øe¡¯K(2)�9Ï>�

¯KS�µ  −m(φ(N, p))r1−N (rN−1|u′|u′)′ = fn(r, u), r ∈ (0, 1);

u′(1) = 0, u(0) = εn
(17)n

é²w§(17)n�)´(17)n+1�þ)§e¡·�2�Ñü^Únµ

Ún3.1µé?¿�c ∈ (0, εn]§un = c´¯K(17)n�e)"

y²µÏ�u(r)�~ê§¤±(17)n�>�0§=�yÚn3.1�Iyé?¿�c ∈ (0, εn]§fn(r, c) >

0"3ùp·�^êÆ8B{µ

n = 1�§f1(r, c) = f̃1(r, u) = max{f(r, u), f(e1, u)} ≥ f(e1(r), c) ≥ L > 0.

b�n = k > 1�(Ø¤á"K�n = k + 1�§

fk+1(r, c) = min{fk(r, c), f̃k+1(r, u)}

qÏ�

f̃k+1(r, u) = max{f(r, u), f(ek+1, u)} ≥ f(ek+1(r), c) ≥ L

dþ¡ü�ªf��µ

fk+1(r, c) > 0

u´��é?¿c ∈ (0, εn], fn(r, u) > 0§¤±(Ø¤á"

Ún3.2µ¯K(17)n(n = 1, 2, 3 · · · )���3��)un ∈ C1[0, 1) ∩ C[0, 1]�÷v�n ≥ 2�§�

3ηn ≤ un(r) ≤ un−1(r)"

y²µ^êÆ8B{§�n = 1�§�M > 0�~ê§db�(H2)§�3¼êhM ∈ L(0, 1) ∩
C([0, 1); (0,+∞))¦�µ

|f(r, u)| ≤ hM (r), (r, u) ∈ [0, 1)× [M,∞)

�éu,��~êM0kµ

|f(e1(r), u)| ≤ hM (e1(r)) ≤M0, (r, u) ∈ [0, 1)× [M,∞)

·�-G(r) = hM (r) +M0KkµG(r) ∈ L(0, 1) ∩ C([0, 1); (0,+∞))§�÷vµ

|f1(r, u)| ≤ G(r), (r, u) ∈ [0, 1)× [M,∞)

�e5§4·��Äe¡¯Kµ
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 −m(φ(N, p))r1−N (rN−1|u′|p−2u′)′ = G(r), r ∈ (0, 1);

u′(1) = 0, u(0) = M
(18)

ØJwÑþªäk±e/ª���)µ

uG(r) = M −
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1G(s)

m(φ(N, p))
ds)dt < +∞

Ï�G(r) ≥ f1(r, uG(r))�u′G(r) < 0 min
r∈[0,1]

uG(r) = uG(1)§Ï�uG(r) > 0§¤±�3η1 ∈ (0, ε1]§

¦�µη1 ≤ uG(1)§2dÚn3.1 �§η1 �¯K(17)1 �e)§¤±N´��µ

0 < η1 ≤ uG(1) ≤ uG(r) < +∞

,�db�(H2)�§�3¼êhη1 ∈ L(0, 1) ∩ C([0, 1); (0,+∞))¦�eª¤á"

|f(r, u)| ≤ hη1(r), (r, u) ∈ [0, 1)× 〈η1, uG(r)〉

2d·K2.3�§¯K(17)1�3)u1 ∈ C1[0, 1)∩C[0, 1]�÷vη1 ≤ u1(r) ≤ uG(r)"¤±(Ø¤á"

b�n = k�§¯K(17)k�3)ukÚηk§¦�ηk ≤ uk ≤ uk−1K²Lþ¡Ó��?Ø�µ�

3Gk(r)¦�µ

|fk(r, u)| ≤ Gk(r), (r, u) ∈ [0, 1)× [M,∞)

�n = k + 1�§dþ��§-Gk+1(r) = Gk(r) +MkÙ¥M÷vµ

|f(ek+1(r), u)| ≤ hM (ek+1(r)) ≤Mk, (r, u) ∈ [0, 1)× [M,∞)

KGk+1(r)÷vµ

|fk+1(r, u)| ≤ Gk+1(r)

,�§²L�n = 1��q�?Ø��µ¯K(17)k+1�3)uk ∈ C1[0, 1) ∩ C[0, 1]�÷vηk+1 ≤
uk+1(r) ≤ uk(r)"¤±(Ø¤á"
�d��½n1.1�y²Xeµ

y²µdÚn3.2�§¯K(17)1�3)u1(r) ∈ 〈η1, uG(r)〉§Ï�f1(r, u) ≥ f(r, u)§¤±d·K2.2

·���µ

u1(r) ≥ K
1

p−1

0 γ(r), r ∈ [0, 1]

b�un´(17)n��)§ÏL8B{��éu?¿�r ∈ [0, 1]÷vµ

un ≥ ηn, un(r) ≥ K
1

p−1

0 γ(r)

dÚn3.1·���ηn+1un©O´¯K(17)n+1�e)Úþ)§�ηn+1 ≤ ηn ≤ un§Kd(H2)§�3

¼êhηn+1
∈ L(0, 1) ∩ C([0, 1); (0,+∞))¦�µ

|f(r, u)| ≤ hηn+1
(r), (r, u) ∈ [0, 1)× 〈ηn+1, un〉
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2d·K2.3�§¯K(17)n+1�3)un+1�éur ∈ [0, 1]kηn+1 ≤ un+1(r) ≤ un(r)",	§dfn+1(r, u) ≥
f(r, u)Ú·K2.2�µ

un+1(r) ≥ K
1

p−1

0 γ(r), r ∈ [0, 1]

¤±§ÏL8B§·��±��¯K(17)n�)S�{un}∞n=1÷vµ
un(r) ≥ K

1
p−1

0 γ(r), r ∈ [0, 1];

εn ≤ un ≤ un−1, r ∈ [0, 1]

u′n(1) = 0, un(0) = ηn

(19)

w,§{un}∞n=1´üN4~�k.S�§¤±�3¼êu¦�é?¿�r ∈ [0, 1]§�n → ∞�§
un → u"�§

K
1

p−1

0 γ(r) ≤ u(r) ≤ un(r), r ∈ [0, 1] (20)

�e5§·�y²u´(2)�)"Ï�un´¯K(17)n�)§¤±§�±�¤e¡/ªµ

un(r) = εn −
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1fn(s, un(s))

m(φn(N, p))
ds)dt

Ù¥§m(φn(N, p)) = m(Nα(N)
∫ 1

0
sN−1|un(s)|pds)�

u′n(r) = −ϕ−1
p (r1−N

∫ 1

r

sN−1fn(s, un(s))

m(φn(N, p))
ds)

é?¿�;f8K = [σk, 1] ⊂ [0, 1)§�3���êN∗ > 0§¦�K ⊂ EN∗§Ké?¿�n ≥ N∗,

fn(r, un) = f(r, un), r ∈ K

¤±§·�kµ

u′n(r) = −ϕ−1
p (r1−N

∫ 1

r

sN−1f(s, un(s))

m(φn(N, p))
ds), r ∈ K

duγ(r)3[0,1]þî�4~�γ(r) > 0§¤±�3δ0 > 0§¦�3KþkK
1

p−1

0 γ(r) > δ0"qÏ

�é?¿�r ∈ [0, 1]un(r) ≥ K
1

p−1

0 γ(r)§,�·��±��µ

un(r) ≥ δ0, r ∈ K

db�(H2)§�3¼êhδ0(r) ∈ C([0, 1); (0,+∞)) ∩ L1(0, 1)¦�

|f(r, un)| ≤ hδ0(r), r ∈ K

5¿�hδ0(r)3Kþk.§¤±éu,���6K��~êMK§·�kµ

|u′n(r)| ≤ |ϕ−1
p (r1−N

∫ 1

r

sN−1hδ0(s)

m(φn(N, p))
ds)| ≤MK , r ∈ K
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dArzela-Ascoli½n§·��±��µ3K¥un → u�u ∈ C(K)"Ï�un ´¯K(17)n �)§¤

±§äk±e/ªµ

un(r) = un(0)−
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1f(s, un(s))

m(φn(N, p))
ds)dt, r ∈ K

,�·�éþª�4�§2d��Âñ½n�µ

u(r) = u(0)−
∫ r

0

ϕ−1
p (t1−N

∫ 1

t

sN−1f(s, u(s))

m(φn(N, p))
ds)dt, r ∈ K (21)

lþªéN´�±wÑ§u(r) ∈ C1(K)�÷v(2)�1���§§2dK�?¿5§��u ∈
C1[0, 1)§ÏL(21)ª��u′(0) = 0§,	§

u(0) = lim
n→∞

un(0) = lim
n→∞

εn = 0

y3·�y²u(r)3r = 0?´ëY�§Ï�{εn}4~�ªu0§¤±é?��θ > 0§�

3N̄ > 0§é¤k�n ≥ N̄k
εn < θ

·��n = N̄§�uN̄ (0) = εN̄ < θ"2duN̄ (r) ∈ C1[0, 1) ∩ C[0, 1]�§�3v
��δ > 0¦�µ

0 ≤ uN̄ (r) < θ, r ∈ [0, δ)

2dê�{un}∞n=1�üN59(20)ª��µ

K
1

p−1

0 γ(r) ≤ u(r) ≤ uN̄ (r) < θ, r ∈ [0, δ)

dθ�?¿5Úlim
r→0

K
1

p−1

0 γ(r) = 0��§ lim
r→0

u(r) = 0 = u(0)§=u(r)3r = 0?ëY§¤±u ∈
C1[0, 1) ∩ C[0, 1]"l�u´¯K(2) ����)"

� �

·{�òCü���mªurù�Ø©��
3ùã¿÷¯Ì�{§¥§��·�Æ))ã

Ã��-�ÚÂ¼"3Ø©���L§¥��
Ãê�(JÚæN§Ñ3ÓÆÚP���ÏeÝ

L
"3�ãÖ,�é]���ÿ§ãÖ,�P��·Jø
éõ�¡�|±��Ï§vk¨�

é·?1
Ø�Ù����Ú�Ï§Ãh��·?1Ø©�?UÚU?§Òvk·ù�Ø©��

ª�¤"3d§·���Ú�ÏL·�P��L«�©%�a��

Ä7�8

2Ü�Æ�ïÄ7�8(XGZ160535)"
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