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�!". $ E %;#& Banach '$, %(<&� ‖ · ‖. )*+=��
u = λLu + H(λ, u),

,' L %;#�,'+=, H : R × E → E %'�� H(λ, u) = o(‖u‖) > u = 0 ())*� λ

;?+-. >� [14]', Krasnosel’skii @,A. L�/)0�5-BC�%��.. Rabinowitz

>� [17] '/;0A.0D����)11!2. Rabinowitz �����3(��&�24�
�	�
�,3BC�� (�� [1, 4, 10, 12, 13, 18]).

)�4E
�,5���Æ�F�6/ Ambrosetti 5 Prodi �6G [2]. 4E
�,��5
778H�Æ9
�� [15]. Fučik :% Fučik [11] 5 Dancer [7] >Æ��4E
�,5�8�
,;I��<2=�.

)9:;���, Fučik >� [11] '<=�0�:�>J?@. (>, Drábek [9] );A
p-Laplacian -<=0�:�>J?@. ��?, )*BC��{ − (ϕp (u′))′ = μϕp (u+) − νϕp (u−) , t ∈ (0, π),

u(0) = u(π) = 0,
(1.1)

,' ϕp(s) = |s|p−2s, 1 < p < +∞, u+ = max{u, 0} � u− = max{−u, 0}. $

πp = 2
∫ (p−1)1/p

0

ds

(1 − sp/(p − 1))1/p
.

K/L3, B" μ = ν =: λ, �� (1.1) );D&@A3BC λk = (kπp/π)p (�� [16]). Drábek

>� [9] '@,A.�� (1.1) )
EBCD�ED λ := (μ, ν) ∈ E , 0F E FG (1.1) � Fučik

:, H���GMBC
E = {(μ, ν) ∈ R

2 |μ = λ1 HN ν = λ1} ∪
( ⋃

k∈N

γk

)
∪

( ⋃
k∈N

γ′
k

)
∪

( ⋃
k∈N

γ′′
k

)
,

,' λ1 % − (ϕp (u′))′ �O3BC, )I;# k ∈ N,

γk =
{

(μ, ν) ∈ R
2

∣∣∣∣ k
p
√

μ
+

k
p
√

ν
=

1
p
√

λ1

}
,

γ′
k =

{
(μ, ν) ∈ R

2

∣∣∣∣ k
p
√

μ
+

k + 1
p
√

ν
=

1
p
√

λ1

}

5

γ′′
k =

{
(μ, ν) ∈ R

2

∣∣∣∣k + 1
p
√

μ
+

k
p
√

ν
=

1
p
√

λ1

}
.

G�IJ�, $ γ′′
0 :=

{
(μ, ν) ∈ R

2 |μ = λ1, ν ∈ R
}
5 γ′

0 := {(μ, ν) ∈ R
2 | ν = λ1, μ ∈ R}.

�>, )*BC��{ − (ϕp (u′))′ = μϕp (u+) − νϕp (u−) + g (t, u, u′) , t ∈ (0, π),
u(0) = u(π) = 0,

(1.2)

,' g : (0, π) × R → R %;#KPJ�, L�

lim
s→0

g(t, s)
|s|p−1

= 0 ) t ∈ (0, π) ;?+-. (1.3)
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B" μ = ν =: λ, Dai 5 Ma [5] @)�� (1.2) S-�AT11��G�, U�24� Dancer )

�,+=��S-�AT11��G� [8]. K/L3 DancerHAT11��G�% Rabinowitz

AT11�����ST (�� [5] V,	)�R).

S X = W 1,p
0 (0, π) %(<T;�&� ‖u‖ =

(∫ π

0
|u′|p dt

)1/p
. $ E WU Banach '$

C1
0 [0, π] %(<&� ‖u‖1 = max {‖u‖∞, ‖u′‖∞}, ,' ‖u‖∞ = maxt∈[0,π] |u|. K/L3V=

X ↪→ E %'�. + S+
k WU E 'W) k − 1 #XX
YYZ.�> t = 0 Z[[TC�J�\

], U$ S−
k = −S+

k 5 Sk = S+
k ∪ S−

k . \� S+
k 5 S−

k % E '�^_]\. V>, + S WU�

� (1.2) > R
2 × X '
EBC\�`a.

>� [6] ', bW/ Fitzpatrick c^�d	�	���G� [10], Dambrosio )�� (1.2) S

-�BC�AT11��!".

XY 1.1 $ g : [0, π] × R
2 → R %_Z (1.3) �KP[`, �$ λ0 = (μ0, ν0) ∈ E . �a,

GM[` h(x, y) = ν0x − μ0y : R
2 → R �$ Γ = h−(0).

B" (μ0, ν0) ∈ γk ()b# k ∈ N), \e>c#U (μ0, ν0) ��=�d*`Kef C± ⊆((
R

2 × S±
2k−1

) ∪ (E × {0})) ∩ S .

B" (μ0, ν0) ∈ γ′
k ()b# k ∈ N ∪ {0}), \e>U (μ0, ν0) ��=�d*`Kef C− ⊆((

R
2 × S−

2k

) ∪ (E × {0})) ∩ S .

B" (μ0, ν0) ∈ γ′′
k ()b# k ∈ N ∪ {0}), \e>U (μ0, ν0) ��=�d*`Kef C + ⊆((

R
2 × S+

2k

) ∪ (E × {0})) ∩ S .

] 1.2 4^� [6, G� 2.7] �Xgf^ag (μ0, ν0) ∈ γ′
0 ∪ γ′′

0 h_�`i, hiG��A
.)0ah_-%)j�.

-��O6k�%Æ��lb Fučik :
�,5� p-Laplacian ��!.C�e>,. ��

?, mn)*BC�;A p-Laplacian ��{ − (ϕp (u′))′ = f(t, u), t ∈ (0, π),
u(0) = u(π) = 0,

(1.4)

,' f % (0, π) × R o�KPJ�, L� f(t, s)s > 0 )p^� t ∈ (0, π) 5 s 
= 0 +-, �

f(t, s) =
{

a0ϕp (s+) − b0ϕp (s−) + o
(|s|p−1

)
, s → 0,

a∞ϕp (s+) − b∞ϕp (s−) + o
(|s|p−1

)
, |s| → +∞

�/ t ;?+-, ,' a0, b0, a∞ 5 b∞ %T;�.

-�jqBC: k 2 X�, A.�� (1.4) !.C�e>,; k 3 X�, Æ�;�9rTC�
11��!2.

2 cdefghi
-l+G� 1.1 A.�lb
�,5��� (1.4) !.C�e>,. O6!"%:

XY 2.1 S λ0 = (a0, b0) 5 λ∞ = (a∞, b∞), \)
(1) B" λ0, λ∞ �ms/ γk ()b# k ∈ N) �cT, \�� (1.4) )c#C u+

k 5 u−
k , L

� u+
k > (0, π) XWn) 2k − 1 #@AZ.�> 0 Z[%T�, u−

k > (0, π) X-W) 2k − 1 #

@AZ.�> 0 Z[%o�.
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(2) B" λ0, λ∞ �ms/ γ′
k ()b# k ∈ N∪{0}) �cT, \�� (1.4) );#C u−

k , L�

u−
k > (0, π) XWn) 2k #@AZ.�> 0 Z[%o�.

(3) B" λ0, λ∞ �ms/ γ′′
k ()b# k ∈ N ∪ {0}) �cT, \�� (1.4) );#C u+

k , L

� u+
k > (0, π) XWn) 2k #@AZ.�> 0 Z[%T�.

jk mnlA. (1), 1G (2) 5 (3) �A.%�t�. uv, Æ�BC p-Laplacian 3B
C���11���	 {

(ϕp (u′))′ + λf(t, u) = 0, t ∈ (0, π),
u(0) = u(π) = 0,

(2.1)

,' λ > 0 %;#	�, f �%�� (1.4). \�, �� (2.1) 
cp?mG{ − (ϕp (u′))′ = λa0ϕp (u+) − λb0ϕp (u−) + λg(t, u), t ∈ (0, π),
u(0) = u(π) = 0

�

lim
|s|→0

g(t, s)
ϕp(s)

= 0 �/ t ∈ (0, π) ;?+-.

1�, wq (1.3) +-. +G� 1.1, 
� (λa0, λb0) ∈ γk % S �;#��.. \�, e>x;�
.

(
μ0

k, ν0
k

) ∈ γk ∩ {(μ, ν) |μb0 − va0 = 0}. �a, e>c#U λ∗ = μ0
k/a0 ��=��d*`K

ef C±
k ⊆ ((

R × S±
2k−1

) ∪ (μ0
k/a0, 0)

) ∩ S .

\��� (2.1) �_B (1, u) �C u -%�� (1.4) �C. CfA. C ±
k l� R×X '�r

Ef {1} × X. ^y;s,, mnt$ λ0 s/ γk �nT� λ∞ s/ γk �oT, u
k

p
√

a0
+

k
p
√

b0

>
1

p
√

λ1

=
k

p
√

λ∗a0

+
k

p
√

λ∗b0

.

U�) λ∗ = μ0
k/a0 > 1.

$ (μn, yn) ∈ C ±
k , yn 
≡ 0 _Z μn + ‖yn‖ → +∞. 4^� μn > 0 )/)� n ∈ N, p/

(0, 0) % (2.1) D λ = 0 <�x;C, 1� C ±
k ∩ ({0} × E) = ∅.

q 1 r mnA.e>;� M , L� μn ∈ (0,M ] )v�w� n +-.

�$ limn→+∞ μn = +∞. 4^�
−(ϕp (y′

n))′ = μnf̃(t)ϕp (yn) ,

,'
f̃(t) =

⎧⎨
⎩

f (t, yn(t))
ϕp (yn(t))

, B" yn(t) 
= 0,

a0 H b0, B" yn(t) = 0.

xywqzUe>T;� �, L� f̃(t) > � )v�w� n 5p^� t ∈ (0, π) +-. mnp�
[16, 2� 2.5] 
�, D n v�w<, yn > (0, π) XÆy{�r� 2k − 1 {, �0s yn ∈ S±

2k−1

z|.

q 2 r A. C±
k l� R × X '�rEf {1} × X.

pk 1 0
3 ‖yn‖ → +∞. $ h ∈ C((0, π)×R), L� f(t, u) = a∞ϕp (u+)− b∞ϕp (u−) +

h(t, u), ,'
lim

|u|→+∞
h(t, u)
ϕp(u)

= 0 > (0, π) o;?+-. (2.2)
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>��
− (ϕp (y′

n))′ = μna∞ϕp

(
y+

n

) − μnb∞ϕp

(
y−

n

)
+ μnh (t, yn)

�cT}* ‖yn‖p−1 �$ yn = yn/ ‖yn‖. p/ yn > X '%)*�, mn) yn ⇀ y )b#

y ∈ X +- (~6<
t=D). p/ J %;#{|� L(λ), H %'� (�/ J , L(λ) 5 H �G

M53,
�� [6]), /* yn → y > X '+-, � ‖y‖ = 1. p (2.2), mnu�
lim

n→+∞
h (t, yn(t))
‖yn‖p−1 = 0 > (0, π) o;?+-.

/;0, 
�

− (ϕp (y′))′ = λ∗a∞ϕp

(
y+

) − λ∗b∞ϕp

(
y−)

,

,'
λ∗ = lim

n→+∞μn.

\�) y ∈ C±
k ⊆ C ±

k 1G C±
k > R × X '%`�. 1�, (λ∗a∞, λ∗a∞) ∈ γk. λ∞ s/ γk

�oTzU
k

p
√

a∞
+

k
p
√

b∞
<

1
p
√

λ1

=
k

p
√

λ∗a∞
+

k
p
√

λ∗b∞
.

U�) λ∗ < 1. 1�, C±
k l� R × X '�rEf {1} × X.

3 vwfxyz{
>0;X�, <=G� 1.1 �};#.+. )*BC9r⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

−u′′ = λu + f(t, u, v), t ∈ (0, π),
−v′′ = μv + g(t, u, v), t ∈ (0, π),
u ≥ 0, v ≥ 0,
u(0) = u(π) = 0,
v(0) = v(π) = 0,

(3.1)

,'
f(t, ξ, η) = o(|ξ − η|), g(t, ξ, η) = o(|ξ − η|).

$ w = u − v. T�@A��+, 
3�� (3.1) cp/{ −w′′ = λw+ − μw− + F (t, w), t ∈ (0, π),
u(0) = u(π) = 0,

(3.2)

,'
F (t, w) = f

(
t, w+, w−) − g

(
t, w+, w−)

= o(|w|).

^~�= u = w+, v = w−. 1��� (3.1) );)TC (u, v) D�ED�� (3.2) );#

EBC w. .+G� 1.1, mnu�BC!".

XY 3.1 B" (λ, μ) ∈ γk ()b# k ∈ N), \ (3.1) �TC\e>c#U (λ, μ) ��=�

d*`Kef C ±.
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B" (λ, μ) ∈ γ′
k ()b# k ∈ N∪{0}), \ (3.1) �TC\e>U (λ, μ) ��=�d*`Ke

f C−.

B" (λ, μ) ∈ γ′′
k ()b# k ∈ N ∪ {0}), \ (3.1) �TC\e>U (λ, μ) ��=�d*`K

ef C +.
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[10] Fizpztrick P. M., Massabò I., Pejsachowicz J., Global several-parameter bifurcation and continuation theo-

rems: a unified approach via completing maps, Math. Ann., 1983, 263: 61–73.
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