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Abstract

Boundary value problems of difference equations with nonlinear boundary conditions

have many important applications such as in strengthening Bridges with polyurethane

cement wire ropes and solving positive radial solutions of elliptic equations in annular

domain. In this paper, by using the fixed point index theorem and the method of upper

and lower solutions, we obtain the existence and multiplicity of positive solutions to

the above problems for sufficiently small parameters when the nonlinear term is a

positive function and superlinear growth at infinity. The results provide a theoretical

method for numerical solution of boundary value problems of differential equations.

Finally, we give an example to illustrate the validity of the main results.
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1. Úó

���5>.^���©�§/�©�§>�¯K´�a­����5¯K,É�
NõÆö�

ïÄ [1–11].1998c,DUNNINGER D RÚ�°ÿ [1]$^þe)�{ÚÿÀÝnØïÄ
���5

>.^�����©�§>�¯K
u′′(x) + λh(x)f(u(x)) = 0, 0 < x < 1,

αu(0)− βu′(0) = λg1(u(0)),

γu(1) + δu′(1) = λg2(u(1))

�)�õ)5,Ù¥λ > 0, f : [0,∞) → (0,∞)ëY�f∞ = lim
u→∞

f(u)/u = ∞, g1, g2 : [0,∞) →
(0,∞) ëY.d�,ùa¯K�)��35Úõ)5ïÄ¼�
´a�¤J,ë�Umezu, Kenichiro

[2], Abdou K.Drame,David G.Costa [5], Shivaji� [6, 7],êX�� [9]�ó�9Ùë�©z.AO
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/,�h(t) ≡ 1�,Abdou K.Drame,David G.Costa [5]$^�mN��{¼�
¯K
−u′′ = λf(u),

−u′(0) + u(0) = g(u(0)),

u′(1) + u(1) = g(u(1))

�)��35,Ù¥λ > 0��ëê, f : [0,∞) → R´��ÛÜLipschitzëY(��5)¼ê,�f(0) <

0, g : [0,∞)→ R´��ëY���5¼ê.

Cc5,�X�ÆEâ�uÐ,�©�§>�¯K�A^+��5�2�,'XO�Å�Æ,²L

Æ, ²�ä,)�Æ9��Ø�Æ�L§¥Ñy
�þ��©�§ [12, 13],ùÒI�é�©�§

?1��\Ú2��ïÄ.AO/,�©�§>�¯K�)��35Úõ)5Úå
éõÆö�,

� [12, 13]. 2013c,oý,/Ô4 [10]$^Guo-KrasnoselskiiØÄ:nØïÄ
���ëê��5�

©�§>�¯K {
∆2u(k + 1) + λa(k)f(u(k)) = 0, k ∈ [1, T ]Z,

α∆u(0) = 0, u(T + 1) = βu(k)

�)��35.2014c,´ý ,êX� [11]$^©ÜnØïÄ
���5>.^�����©�§{
−∆[p(k − 1)∆y(k − 1)] + q(k)y(k) = λa(k)f(y(k)), k ∈ I,
−∆y(0) + αg(y(0)) = 0,∆y(N) + βg(y(N + 1)) = 0

�)��Û(�,Ù¥α, β ≥ 0�~ê,I := {1, · · · · · · , N},p : {0, 1, · · · · · · , N} → (0,∞), q, a : I →
[0,∞), �k ∈ I �,a(k) > 0.

Éþã©z [1, 10,11]éu,�©?Ø���5>.^�����©�§>�¯K
∆2u(t− 1) + λh(t)f(u(t)) = 0, t ∈ [1, T ]Z,

αu(0)− β∆u(0) = λg1(u(0)),

γu(T + 1) + δ∆u(T ) = λg2(u(T ))

(1)

�)��359õ)5,Ù¥α, β, γ, δ ≥ 0, % := αδ + αγ(T + 1) + γβ > 0�ëê, λ > 0, [1, T ]Z =

{1, 2, · · ·, T}, h : [1, T ]Z → [0,∞) �h 6≡ 0;¿¼�
¯K(1)�)��35Úõ)5(J.

½n1.1 b�e�^�

(A1) f : [0,∞)→ (0,∞)ëY;

(A2) g1, g2 : [0,∞)→ (0,∞)ëY;

(A3) f∞ = lim
u→∞

f(u)/u =∞
¤á,K�3��λ∗ > 0,¦��0 < λ < λ∗�,¯K(1)��kü��);�λ = λ∗�,¯K(1)��k�

��);�λ > λ∗�,¯K(1)Ã�).

½n1.2 b�f ≡ 0�(A2)Ú

(A4) (g1)∞ = lim
u→∞

g1(u)/u =∞, (g2)∞ = lim
u→∞

g2(u)/u =∞

¤á,K�3��λ∗ > 0,¦��0 < λ < λ∗�,¯K(1)���3ü��);�λ = λ∗�,¯K(1)���

3���);�λ > λ∗�,¯K(1) Ã�).
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2. ý��£

d�©�§�nØ�£ [12],´�¯K(1)�)�du¯K


∆2u(t− 1) + λh(t)f(u(t)) = 0, t ∈ [1, T ]Z,

αu(0)− β∆u(0) = 0,

γu(T + 1) + δ∆u(T ) = 0

(2)

�)Ú¯K 
∆2u(t− 1) = 0, t ∈ [1, T ]Z,

αu(0)− β∆u(0) = λg1(u(0)),

γu(T + 1) + δ∆u(T ) = λg2(u(T ))

(3)

�)�Ú.ÏLO���¯K(2)�)�

u1(t) = λ

T∑
s=1

G(t, s)h(s)f(u(s)),

¯K(3)�)�

u2(t) =
αg2(u(T ))− γg1(u(0))

%
t+

(δ + γ(T + 1))g1(u(0)) + βg2(u(T ))

%
.

ÏdØJ�y¯K(1)�duÚ©�§

u(t) = λ(P (u(0), u(T ))t+Q(u(0), u(T ))) + λ

T∑
s=1

G(t, s)h(s)f(u(s)), (4)

Ù¥

P (s, t) =
αg2(t)− γg1(s)

%
, Q(s, t) =

(δ + γ(T + 1))g1(s) + βg2(t)

%
(5)

���¼ê

G(t, s) =
1

%

{
(δ + γ(T + 1)− γs)(β + αt), 0 ≤ t ≤ s ≤ T + 1,

(δ + γ(T + 1)− γt)(β + αs), 0 ≤ s ≤ t ≤ T + 1.
(6)

Ún2.1 �G(t, s)´(6)¥½Â���¼ê,KG(t, s)÷vXe5�:

(i) G(t, s) ≥ 0, t, s ∈ [0, T + 1]Z;

(ii) G(t, s) ≥ 1
T+1

G(τ, s), t ∈ [1, T ]Z, s, τ ∈ [0, T + 1]Z.
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y² dG(t, s)�½Â�

G(t, s) ≥ 1

%
δβ ≥ 0 t, s ∈ [0, T + 1]Z.

AO/,� t ∈ [1, T ]Z�,k

G(t, s) ≥ 1

%


(δ + γ)β, s = 0,

(δ + γ)(β + α), s ∈ [1, T ]Z,

(β + α)δ, s = T + 1.

,��¡,éu?¿� s, τ ∈ [0, T + 1]Z ,k

G(τ, s) ≤ 1

%
(δ + γ(T + 1)− γs)(β + αs)

ÏdG(t, s) ≥ 1
T+1

G(τ, s)¤á.

Ún2.2 ¼êP (x, y)t+Q(x, y)÷vXe5�:

(i) P (x, y)t+Q(x, y) ≥ min{Q(x, y), P (x, y)(T + 1) +Q(x, y)} ≥ 0, t ∈ [0, T + 1]Z, x, y > 0,

(ii) P (x, y)t+Q(x, y) ≤ max{Q(x, y), P (x, y)(T + 1) +Q(x, y)}, t ∈ [0, T + 1]Z, x, y > 0,

(iii) P (x, y)t+Q(x, y) ≥ 1
T+1

(P (x, y)τ +Q(x, y)), t ∈ [1, T ]Z, τ ∈ [0, T + 1]Z, x, y > 0.

y² w,,éz�x, y ≥ 0�g1, g2´�K¼ê�^�e,éP (x, y)t + Q(x, y)?1©Û,éu?

¿�t ∈ [0, T + 1]Z, τ ∈ [0, T + 1]Zk

(1) �P (x, y) ≥ 0�,P (x, y)t+Q(x, y) ≥ Q(x, y) ≥ 0;

(2) �P (x, y) < 0�,P (x, y)t+Q(x, y) ≥ P (x, y)(T + 1) +Q(x, y) ≥ 0,

Ïd5�(i)¤á.Ón�y5�(ii) ¤á.

ey5�(iii)¤á.éu?¿�t ∈ [1, T ]Z, τ ∈ [0, T + 1]Zk

(1) �P (x, y) ≥ 0�,

P (x, y)t+Q(x, y) ≥ P (x, y) +Q(x, y) =
1

T + 1
(P (x, y)(T + 1) +Q(x, y)(T + 1))

≥ 1

T + 1
(P (x, y)(T + 1) +Q(x, y)) ≥ 1

T + 1
(P (x, y)τ +Q(x, y));

(2) �P (x, y) < 0�,

P (x, y)t+Q(x, y) ≥ P (x, y)T +Q(x, y) ≥ P (x, y)(T + 1) +Q(x, y)

=
1

T + 1
(P (x, y) +Q(x, y)(T + 1)) =

1

T + 1
(P (x, y) +Q(x, y)T +Q(x, y))

≥ 1

T + 1
Q(x, y) ≥ 1

T + 1
(P (x, y)τ +Q(x, y)),

Ïd5�(iii)¤á.

Ún2.3 ( [14]) �E´Banach�m,K ⊂ E´E¥���I.é?¿�r > 0,PKr = {u ∈ K| ‖
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u ‖≤ r}.b��fT : K̄r → K�ëY,�u ∈ ∂Kr�,¦�Tu 6= u.

(i) eu ∈ ∂Kr�,÷v‖ Tu ‖≥‖ u ‖,Ki(T,Kr,K) = 0.

(ii) eu ∈ ∂Kr�,÷v‖ Tu ‖≤‖ u ‖,Ki(T,Kr,K) = 1.

-E = {u|u : [0, T + 1]Z → R} ,KEU�ê‖ u ‖= max
t∈[0,T+1]Z

| u(t) |�¤Banach�m.

½Â8ÜK0 = {u ∈ E|u ≥ 0},KK0�E¥��KI.½ÂEþ�IKXe:

K = {u ∈ E|u ≥ 0, min
t∈[1,T ]Z

u(t) ≥ 1

T + 1
‖ u ‖}. (7)

´�K ⊂ K0,�(4)���ØÄ:�§Tu = u, Ù¥�fT : E → E½ÂXe:

Tu(t) = λ(P (u(0), u(T ))t+Q(u(0), u(T ))) + λ
T∑
s=1

G(t, s)h(s)f(u(s)). (8)

Ún2.4 T (K0) ⊂ K,��fT : K0 → K�ëY.

y² éu?¿�u ∈ K0,�t ∈ [1, T ]Z�,dÚn2.1(ii)ÚÚn2.2(iii)��

Tu(t) ≥ λ 1

T + 1
{P (u(0), u(T ))τ +Q(u(0), u(T )) +

T∑
s=1

G(τ, s)h(s)f(u(s))}

≥ 1

T + 1
Tu(τ), τ ∈ [0, T + 1]Z.

Ïd

min
t∈[1,T ]Z

Tu(t) ≥ 1

T + 1
‖ Tu ‖

=Tu ∈ K,�T (K0) ⊂ K.qÏ�E�k���m,¤±df�ëY5,´yT : K0 → K�ëY.

3. �)��35�Ø�35

½n3.1 b�(A1) − (A3).K�λ > 0¿©��,¯K(1)���3���);�λ > 0¿©��,¯

K(1)Ã�).

y² -

M = max
(t,s)∈[0,T+1]Z×[0,T+1]Z

G(t, s), m = min
(t,s)∈[1,T ]Z×[1,T ]Z

G(t, s),

KdÚn 2.1�,M,m > 0,é?¿�q > 0,P

I(q) = M max
u∈K,‖u‖=q

T∑
s=1

h(s)f(u(s)) > 0.

é?¿�r1 > 0,PKr1 = {u ∈ K| ‖ u ‖< r1}.é?¿�u ∈ ∂Kr1 ,�3¿©��σ > 0÷v

σ ≤ r1
2I(r1)

, σmax(Q(u(0), u(T )), P (u(0), u(T )) +Q(u(0), u(T ))) ≤ r1/2.
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�λ ≤ σ�,é?¿�t ∈ [0, T + 1]Z,dÚn2.2(ii)�

Tu(t) ≤ r1
2

+ σM
T∑
s=1

h(s)f(u(s)) ≤ r1
2

+ σI(r1) ≤ r1,

=‖ Tu ‖≤ r1 =‖ u ‖, u ∈ ∂Kr1 .dÚn2.3�

deg(T,Kr1 ,K) = 1.

é�½�λ ≤ σ,Ïf∞ = ∞,��3~êp > 0,¦�é?¿�u ≥ p,kf(u) ≥ ηu,Ù¥η > 0¿©

��÷v

λmη

T + 1

T∑
s=1

h(s) ≥ 1.

�r2 ≥ max{(T + 1)p, r1 + 1},PKr2 = {u ∈ K| ‖ u ‖< r2}.�u ∈ ∂Kr2 ,�, min
t∈[1,T ]Z

u(t) ≥ 1
T+1
‖ u ‖≥

p. Ïd,é?¿�t ∈ [1, T ]Z,k

Tu(t) ≥ λm
T∑
s=1

h(s)f(u(s)) ≥ λmη
T∑
s=1

h(s)f(u(s))

≥ λmη

T + 1
‖ u ‖

T∑
s=1

h(s) ≥‖ u ‖,

=‖ Tu ‖≥‖ u ‖, u ∈ ∂Kr2 ,dÚn 2.3�

deg(T,Kr2 ,K) = 0.

dØÄ:�ê��\5�,deg(T,Kr2\K̄r1 ,K) = −1,Ïd,�fT3Kr2\K̄r1���3��ØÄ

:,=¯K(1)���3���).

d(A1), (A3)��,�3��~êc > 0,¦�é?¿�u ≥ 0,kf(u) ≥ cu.b�¯K(4)�3�

)u ∈ E,dÚn2.4�u ∈ K. �¿©��λ > 0,¦�

λmc

T + 1

T∑
s=1

h(s) > 1.

Ké?¿�t ∈ [1, T ]Z,k

u(t) ≥ λmc
T∑
s=1

h(s)u(s) ≥ λmc

T + 1
‖ u ‖

T∑
s=1

h(s) >‖ u ‖,

ù�b�gñ.Ïd,�λ¿©��,¯K(4)Ã�).

4. õ��)��35

�
¼�¯K(1)õ��)��35,·�Ú\¯K(1)�þe)�{.
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½Â4.1 eū ∈ E÷v
∆2ū(t− 1) + λh(t)f(ū(t)) ≤ 0, t ∈ [1, T ]Z,

αū(0)− β∆ū(0) ≥ λg1(ū(0)),

γū(T + 1) + δ∆ū(T ) ≥ λg2(ū(T )),

K¡ū�¯K(1)�þ);eu ∈ E÷v
∆2u(t− 1) + λh(t)f(u(t)) ≥ 0, t ∈ [1, T ]Z,

αu(0)− β∆u(0) ≤ λg1(u(0)),

γu(T + 1) + δ∆u(T ) ≤ λg2(u(T )),

K¡u�¯K(1)�e).

e¡�Ñ¯K(1))��35(J.

Ún4.1 �u, ū ∈ E©O�¯K(1)�e)Úþ),�÷vu ≤ ū,K¯K(1)�3��)u÷

vu(t) ≤ u(t) ≤ ū(t), t ∈ [0, T + 1]Z.

y² �	9Ï¯K
∆2u(t− 1) + λh(t)f∗(u(t)) = 0, t ∈ [1, T ]Z,

αu(0)− β∆u(0) = λg∗1(u(0)),

γu(T + 1) + δ∆u(T ) = λg∗2(u(T )),

(9)

Ù¥

f∗(u(t)) =


f(ū(t)), u(t) ≥ ū(t),

f(u(t)), u(t) ≤ u(t) ≤ ū(t),

f(u(t)), u(t) ≤ u(t),

g∗1(u(t)) =


g1(ū(t)), u(t) ≥ ū(t),

g1(u(t)), u(t) ≤ u(t) ≤ ū(t),

g1(u(t)), u(t) ≤ u(t),

g∗2(u(t)) =


g2(ū(t)), u(t) ≥ ū(t),

g2(u(t)), u(t) ≤ u(t) ≤ ū(t),

g2(u(t)), u(t) ≤ u(t).

´�¯K(9)�duÚ©�§

u(t) = λ(P ∗(u(0), u(T ))t+Q∗(u(0), u(T ))) + λ

T∑
s=1

G(t, s)h(s)f∗(u(s)),

Ù¥

P ∗(s, t) =
αg∗2(t)− γg∗1(s)

%
,

Q∗(s, t) =
(δ + γ(T + 1))g∗1(s) + βg∗2(t)

%
,
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G(t, s)´�éA���¼ê.-

T ∗u(t) = λ(P ∗(u(0), u(T ))t+Q∗(u(0), u(T ))) + λ
T∑
s=1

G(t, s)h(s)f∗(u(s)),

dÚn2.4´y�fT ∗ : E → E�ëY.duf∗, g∗1 , g
∗
2 ´k.�,ÏdT ∗k..�â SchauderØÄ:½

n�,T ∗k��ØÄ:u,=u�¯K(9)���).

e¡y²¯K(9)�)u÷vu(t) ≤ u(t) ≤ ū(t).

Äky²u(t) ≤ ū(t).b��3t0 ∈ [0, T + 1]Z,¦�u(t0) > ū(t0).Kk±eo«�¹:

(i) u(t) > ū(t),t ∈ [0, T + 1]Z.k

f∗(u(t)) = f(ū(t)), g∗1(u(0)) = g1(ū(0)), g∗2(u(T )) = g2(ū(T )),

Ïd

∆2(ū− u)(t− 1) ≤ 0, α(ū− u)(0)− β∆(ū− u)(0) ≥ 0, γ(ū− u)(T + 1) + δ∆(ū− u)(T ) ≥ 0,

�â4���n [13]�,éu?¿�t ∈ [0, T + 1]Zkū(t) ≥ u(t),gñ!

(ii) u(t) > ū(t),t ∈ [a, b]Z, a, b ∈ [0, T + 1],�u(a− 1) ≤ ū(a− 1), u(b+ 1) ≤ ū(b+ 1).

K

∆2(ū− u)(t− 1) ≤ 0, t ∈ [a, T + 1]Z,

α(ū− u)(a− 1)− β∆(ū− u)(a− 1) ≥ 0, γ(ū− u)(b+ 1) + δ∆(ū− u)(b) ≥ 0.

2gd4���n [13]�,éu?¿�t ∈ [a, b]Z,ū(t) ≥ u(t),gñ!

$^�q��{�?n±eü«�¹:

(iii) u(t) > ū(t),t ∈ [0, a− 1]Z, a ∈ [0, T + 1]Z,�u(a) ≤ ū(a).

(iv) u(t) > ū(t),t ∈ [a+ 1, T + 1]Z, a ∈ [0, T + 1]Z,�u(a) ≤ ū(a).

Ón�yu(t) ≤ u(t), t ∈ [0, T + 1]Z.l
u(t) ≤ u(t) ≤ ū(t).Ïdf∗ = f, g∗1 = g1, g
∗
2 = g2,=u´

¯K(1) ���).

du·��Ä�´¯K(1)��),5½�u < 0�,kf(u) = f(0), g1(u) = g1(0), g2(u) = g2(0).

Ún4.2 �(A1)-(A3)¤á,-I ⊂ (0,∞)�;f8,eλ ∈ I,K�3~êbI > 0,¦�¯K(1)�¤

k)u÷v‖ u ‖≤ bI .

y² b�{un}∞n=1´¯K(1)�),� lim
n→∞

| un |6= ∞,λn ∈ I.dÚn2.4�un ∈ K.df∞ =

∞�,À�η > 0¿©�÷vλnη
T

T∑
s=1

h(s) ≥ 2. K�3��p > 0,¦��u ≥ p�,f(u) ≥ ηu.

Ï lim
n→∞

| un |= ∞,�é?¿�p > 0,�3N > 0,¦��n ≥ N�,k min
t∈[1,T ]

un(t) ≥ 1
T+1
‖ un ‖≥ p.Ï

d

un(t) ≥ λn
T∑
s=1

h(s)f(un(s)) ≥ λnη

T + 1
‖ un ‖

T∑
s=1

h(s) ≥ 2 ‖ un ‖,

gñ!Ïdb��Ø,�·K�(.
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-Γ = {λ > 0 |¯K(1)�3���)},�-λ∗ = sup Γ.d½n 3.1�Γ 6= ∅,�0 < λ∗ < ∞.e

yλ∗ ∈ Γ. �λn ∈ Γ�λn → λ∗.Ï�λn´k.�,¤±dÚn4.2�λn�éA�)un´k.�.dÚ©

�fΓ��ëY5�λ∗ ∈ Γ.

-λ∗´¯K(1)����)u∗¤éA�ëê,�½Â

f̃(u(t)) =


f(u∗(t) + ε), u(t) ≥ u∗(t) + ε,

f(u(t)), −ε ≤ u(t) ≤ u∗(t) + ε,

f(−ε), u(t) ≤ −ε,

g̃1(u(t)) =


g1(u

∗(t) + ε), u(t) ≥ u∗(t) + ε,

g1(u(t)), −ε ≤ u(t) ≤ u∗(t) + ε,

g1(−ε), u(t) ≤ −ε,

g̃2(u(t)) =


g2(u

∗(t) + ε), u(t) ≥ u∗(t) + ε,

g2(u(t)), −ε ≤ u(t) ≤ u∗(t) + ε,

g2(−ε), u(t) ≤ −ε.

-

T̃λ(u(t)) = λ(P̃ (u(0), u(T ))t+ Q̃(u(0), u(T ))) + λ

T∑
s=1

G(t, s)h(s)f̃(u(s)),

Ù¥

P̃ (s, t) =
αg̃2(t)− γg̃1(s)

%
, Q̃(s, t) =

(δ + γ(T + 1))g̃1(s) + βg̃2(t)

%
.

�	

Ω = {u ∈ E| − ε < u(t) < u∗(t) + ε}.

Ún4.3 �u ∈ E,�3��¿©��ε > 0,�0 < λ < λ∗ �÷vT̃λu = u,Ku ∈ Ω̄.

y² w,u ≥ 0.�
y²u ≤ u∗ + ε,Äk`²u∗ + ε´¯K(1)���þ).Ï�u∗ ≥ 0,¤

±�3��~êc > 0,¦��t ∈ [1, T ]Z�,kf(u∗(t)) > c.ÏL��ëY5,�3��ε0, ¦�

�0 ≤ ε ≤ ε0�,k

| f(u∗(t) + ε)− f(u∗(t)) |< c(λ∗ − λ)/λ.

K

∆2(u∗ + ε)(t− 1) = ∆2u∗(t− 1) = −λ∗h(t)f(u∗(t))

= −λh(t)f(u∗(t) + ε) + λ[h(t)f(u∗(t) + ε)− h(t)f(u∗(t))] + (λ− λ∗)h(t)f(u∗(t))

< −λh(t)f(u∗(t) + ε) + ch(t)(λ∗ − λ) + ch(t)(λ− λ∗) = −λh(t)f(u∗(t) + ε).

Ïd

∆2(u∗ + ε)(t− 1) + λh(t)f(u∗(t) + ε) ≤ 0.

Ón,�ε > 0¿©��,dg1, g2���ëY5��

α(u∗(0)+ε)−β∆(u∗(0)+ε) ≥ λg1(u∗(0)+ε), γ(u∗(T +1)+ε)+δ∆(u∗(T )+ε) ≥ λg2(u∗(T )+ε).
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�u∗ + ε´¯K(1)���þ).�âÚn4.1�u ≤ (u∗ + ε).

½n1.1�y² -0 < λ < λ∗,Ï�u∗Ú0©O´¯K(1)�þ)Úe),¤±dÚn4.1�,¯

K(1)�3���)uλ÷v0 ≤ uλ ≤ u∗, Ïd�0 < λ ≤ λ∗�,¯K(1)�3���);�λ > λ∗�,¯

K(1)Ã�).?�Ú,dÚn4.3�,�0 < λ < λ∗ �,uλ ∈ Ω.

PB(uλ, R)�E¥±uλ�%,R��»�¥.é¿©��R,dT̃λ3λ�;«mþk.�,

deg(I − T̃λ, B(uλ, R), 0) = 1.

e�3u ∈ ∂Ω,¦�u = T̃λu,Kf = f̃ , g = g̃,=u�¯K(1)�1��).b�é¤k�u ∈ ∂Ω,ku 6=
T̃λu,�deg(I − T̃λ,Ω, 0)k½Â.dÚn4.3�,T̃λ3B(uλ, R) \ ΩþvkØÄ:,dÿÀÝ��Ø5�

deg(I − Tλ,Ω, 0) = deg(I − T̃λ,Ω, 0) = 1.

,��¡,dÚn4.2�,é?¿�½�λ ∈ I,¯K(1)��U)k.,Ïd

deg(I − Tλ, B(0,M), 0) = c,

Ù¥c´~ê,M > 0�¿©��~ê.Ï��λ > λ∗�,¯K(1)Ã�),¤±c = 0.dÿÀÝ��Ø5

��,

deg(I − Tλ, B(0,M) \ Ω, 0) = −1,

Ïd�0 < λ < λ∗�,¯K(1)�31���).

½n1.2�y² b�¯K(1)¥f ≡ 0.3ù«�¹e,¯K(1)�du�f�§u = Tu, Ù¥

Tu(t) = λ(
αg2(u(T ))− γg1(u(0))

%
t+

(δ + γ(T + 1))g1(u(0)) + βg2(u(T ))

%
).

e^±eI�O3(7)¥¤½Â�I

K1 = {u ∈ E|u = at+ b, a, b ∈ R, t ∈ [0, T + 1]Z},

KT (K0) ⊂ K1�ëY.?�Ú,eu ∈ K1,P‖ u ‖= max{u(0), u(T + 1)}.

|^^�(A4)¥�g1Úg2��A�OO�kc^�(A3)�f�O,e¡�y²�½n1.1aq,d

?Ñ�.

~4.1 �	��lÑ>�¯K
∆2u(t− 1) + λt(u2(t) + 1) = 0, t ∈ [1, 8]Z,

αu(0)− β∆u(0) = λeu(0),

γu(9) + δ∆u(8) = λu3(8),

(10)

Ù¥h(t) = t ∈ [1, 8]Z�h(t) 6≡ 0, f(u) = u2 + 1.N´�y

lim
u→+∞

f(u)

u
= lim

u→+∞

u2 + 1

u
= +∞
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¤á,=^�(A1)-(A3)¤á.Kd½n1.1�é¿©��λ > 0,�3��λ∗ > 0,¦��0 < λ <

λ∗�,¯K(10)��kü��);�λ = λ∗�,¯K(10)��k���);�λ > λ∗�,¯K(10)Ã�).

e�f(u) ≡ 0�ØJ�y

lim
u→+∞

g1(u)

u
= lim

u→+∞

eu

u
= +∞, lim

u→+∞

g2(u)

u
= lim

u→+∞

u3

u
= +∞

¤á,=^�(A2)Ú(A4)¤á.Ïdd½n1.2�é¿©��λ > 0,�3��λ∗ > 0,¦��0 < λ <

λ∗�,¯K(10)��kü��);�λ = λ∗�,¯K(10)��k���);�λ > λ∗�,¯K(10)Ã�).

Ä7�8

I[g,�ÆÄ7�cÄ7(No11901464, No11801453),Ü����Æ�c���ïUåJ,

Oy�8(NWNU-LKQN-2020-20),[���c�EÄ7Oy�8(21JR1RA230),[��p�Æ�

M#UåJ,�8(2021A-006).
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