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1 �
B�W�
_�A℄mz�
6,bpj3 Neumann �PmW

{
u′′ + ρu+ f(t, u) = 0, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(1.1)H<M?>� _<�A�g4(�F�ÆW ρ ∈ (−∞, 0) ∪ (0, π2/4) e,H�#��Jg
_4RM9��+ [1–4]  Æ'Ojx�.DjxO)MY��Je\V31\�N$YTV℄ [5].
B� [6] �FgB�
bpM^Mmz� Neumann �PmW

{
−(p(t)u′)′ + q(t)u = f(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(1.2)m	e< H<M?>��ÆW p ∈ C1[0, 1], q ∈ C[0, 1]ua p(t) > 0, q(t) ≥ 0, t ∈ [0, 1],

f ∈ C([0, 1]×R,R). 9)^
\℄s�vj/`g Neumann �PmW (1.2) m	e< H<M?>�9�� [6] WMmz�} f >�
M�Q�to=� `�.Djx℄ Neumann �PmWH<?>�M�F[>>m�C��tA�M�℄/�C��t Neumann �PmWH<?>�M�F�{℄1/ (+ [7,8]  Æ'Ojx). #���C��t Neumann �PmWH<M�Hp��w-��F	�*/:��j?\Oo
6 Neumann �PmW
{
u′′ = f(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(1.3)H<M�Hp���j`&V

(H1) f : [0, 1]× R → R eb
�H�,/z�mW {
u′′ = 0, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0-m	e< u(·) ≡ c ∈ R,O���jOOoMmW (1.3)>�CmW�A�%�, (H1)QLmz�} f >�
M�>to=M�B0�℄mW (1.3) H<?>�M�FBW1AMU��:_�>ÆP�PY-tM,bpj3�PmWH<M�Hp���
_eA�F	�+ [9–14] Æ'Ojx�D>��/-jx�Fmz�
6,bpj3 Neumann�PmWH<M�Hp���jM�F0�A�%qu
6,bpj3 Neumann �PmWH<M?>�℄s�



3� -)��t&7�fW|�a4*`ni2 Neumann �NkUF:K�Gn� 517

2 �h���70�?z�mW
{
u′′ + a(t)u = 0, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(2.1)M{i�H#RsÆ�U�&2�H a(·) ua

(H2) a ∈ C[0, 1] � 0 < a := inf
t∈[0,1]

√
a(t), a := sup

t∈[0,1]

√
a(t) < π

2 ;�A
(H3) a ∈ C[0, 1] � a(t) < 0, t ∈ [0, 1].�� 2.1[15] &2�H h(t, u, v) > [a, b] × R × R .b
�#�bpj3

u′′(t) + h(t, u(t), u′(t)) = 0 (2.2)J-�t�U	
(i) O-6PmW>E|�( [a, b] .?>
�<�
(ii) (2.2) Me|$[M<>�( [a, b] .M��T$_/�|�!"�Q��PmWM<
��'�?>M��2 v e>�( [a, b] .ua v′′(t) + h(t, v(t), v′(t)) ≥ 0 M
;b
Qb�H��
(1) '� ue (2.2)M<��1 v >�T t0 ∈ [a, b]MP1�pL{N��℄/ t 6= t0,- v(t) ≥ u(t);

(2) '� u e (2.2) M<��1 v > a, b MP{N��℄/ t 6= a, b, - v(t) ≤ u(t).�.}:M$N
Q��&RF	W��� 2.2[16] &2 (H2) 0`�2 ϕ � ψ p!>6PmW
{
ϕ′′ + a(t)ϕ = 0, t ∈ (0, 1),

ϕ′(0) = 0, ϕ(0) = 1 {
ψ′′ + a(t)ψ = 0, t ∈ (0, 1),

ψ′(1) = 0, ψ(1) = 1M
�<��
(i) ϕ(t) > 0, t ∈ [0, 1], � ϕ′(t) < 0, t ∈ (0, 1];

(ii) ψ(t) > 0, t ∈ [0, 1], � ψ′(t) > 0, t ∈ [0, 1).ej��+�nx~8:"℄MJ~�( >:�~8 (i) MJ~� (ii) [℄QJ��+z�mW
{
x′′ + a2x = 0, t ∈ (0, 1),

x′(0) = 0, x(0) = 1
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�< x(t) = cos at, t ∈ [0, 1]. , (H2) QL cos at > 0, t ∈ [0, 1]. l�jz�
(cos at)′′ + a(t) cos at = −a2 cos at+ a(t) cos at = (a(t) − a2) cos at ≤ 0, t ∈ [0, 1].,"℄ 2.1 QL� cos at ≤ ϕ(t), t ∈ [0, 1]. !:� 0 < cos at ≤ ϕ(t), t ∈ [0, 1]. <`�

ϕ′′(t) = −a(t)ϕ(t) < 0, t ∈ [0, 1].B9�=7 ϕ′(0) = 0 QL ϕ′(t) < 0, t ∈ [0, 1].�� 2.3[16] &2 (H2) 0`��℄"�M y ∈ C[0, 1], z�mW
{
u′′ + a(t)u = y(t), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(2.3)N'/�pj3

u(t) =

∫ 1

0

G(t, s)y(s) ds, (2.4)ÆW
G(t, s) =

1

ψ′(0)

{
ψ(t)ϕ(s), 0 ≤ s ≤ t ≤ 1,

ψ(s)ϕ(t), 0 ≤ t ≤ s ≤ 1.
(2.5)� 2.1 ,"℄ 2.2 QL�{i�H G ua G(t, s) > 0, (t, s) ∈ [0, 1] × [0, 1].V�

m := min
(t,s)∈[0,1]×[0,1]

G(t, s), M := max
(t,s)∈[0,1]×[0,1]

G(t, s). (2.6)�� 2.4 &2 (H3) 0`�2 α � β p!>6PmW
{
α′′ + a(t)α = 0, t ∈ (0, 1),

α′(0) = 0, α(0) = 1 {
β′′ + a(t)β = 0, t ∈ (0, 1),

β′(1) = 0, β(1) = 1M
�<��
(i) α(t) > 1, t ∈ (0, 1], � α′(t) > 0, t ∈ (0, 1];

(ii) β(t) > 1, t ∈ [0, 1), � β′(t) < 0, t ∈ [0, 1).( �~8 (i) MJ~� (ii) MJ~[L�[�H α(0) = 1 :
g?> 0 M.j2 U(0), 9J α(t) > 0, t ∈ U(0).nxÆ.
α(t) > 0, t ∈ [0, 1]. (2.7)f2?> δ ∈ (0, 1], 9J

α(δ) = 0 � α(t) > 0, t ∈ [0, δ), (2.8)
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α′′(t) = −a(t)α(t) > 0, t ∈ [0, δ). (2.9)℄ (2.9) e�< 0 H t ∈ (0, δ) �p�;9�Y- (H3) QL

α′(t) > 0, t ∈ (0, δ). (2.10)/>� α(δ) > 1, B1 (2.8) v^�!:� (2.7) 0`�A�%�, (H3)  (2.7) QL α′′(t) = −a(t)α(t) > 0, t ∈ [0, 1]. B9�=7 α′(0) = 0 QJ α′(t) > 0, t ∈ (0, 1], />� α(1) > 1 � α′(1) > 0.�� 2.5 &2 (H3) 0`��℄"�M h ∈ C[0, 1], z�mW
{
u′′ + a(t)u = h(t), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(2.11)N'/�pj3

u(t) =

∫ 1

0

K(t, s)h(s) ds, t ∈ [0, 1], (2.12)ÆW
K(t, s) =

1

β′(0)

{
α(t)β(s), 0 ≤ t ≤ s ≤ 1,

α(s)β(t), 0 ≤ s ≤ t ≤ 1.
(2.13)( BuJ~ (2.11) M
�<Q�, (2.12)  ;�,"℄ 2.4 QL α(0)β′(0) − β(0)α′(0) = β′(0) 6= 0, O�bpj3 u′′ + a(t)u = 0 -e|�LMz�o�< α  β. ,,H��dQJ�mW (2.11) M
�<e

u(t) =

∫ 1

0

K(t, s)h(s) ds, t ∈ [0, 1],ÆW{i�H K ' (2.13) V��l�jz�, (2.12) QL
u(t) =

∫ t

0

1

β′(0)
β(t)α(s)h(s) ds+

∫ 1

t

1

β′(0)
β(s)α(t)h(s) ds, (2.14)

u′(t) = β′(t)

∫ t

0

1

β′(0)
α(s)h(s) ds+ α′(t)

∫ 1

t

1

β′(0)
β(s)h(s) ds, (2.15)

u′′(t) = β′′(t)

∫ t

0

α(s)h(s)

β′(0)
ds+ α′′(t)

∫ 1

t

β(s)h(s)

β′(0)
ds

+ β′(t)
α(t)h(t)

β′(0)
− α′(t)

β(t)h(t)

β′(0)
. (2.16)<`

u′′(t)+a(t)u(t) =
1

β′(0)

(
α(t)β′(t)−β(t)α′(t)

)
h(t) =

1

β′(0)

(
α(0)β′(0)−β(0)α′(0)

)
h(t) = h(t).
��, (2.15) %��J u′(0) = 0 � u′(1) = 0.



520 # ' E � � � 35K� 2.2 ,"℄ 2.4 QL�{i�H K ua K(t, s) < 0, (t, s) ∈ [0, 1] × [0, 1].V�
l := min

(t,s)∈[0,1]×[0,1]
K(t, s), L := max

(t,s)∈[0,1]×[0,1]
K(t, s). (2.17)
��nx�D�|�/'H�mz�M^j3H<��M�H9�M9��:9�e Dancer �Hp�V℄ (+ [17, V℄ 2]) M℄s�&2 E e�|7 Banach S(�Æ.hHe ‖ · ‖. m K ⊂ E e�|\��|mz�&0 A : [0,∞) × K → E 2d>HM�'� A([0,∞) × K) ⊂ K. .Dmz�&0 A 2d> K- �b
M�'�M^ A b
�� [0,∞) × K WM-=^�&e EWM{℄?��
���|V�> E .MHz�M^ V 2d> A Mz�,�H�'� A(λ, u) ≥ λV (u), (λ, u) ∈ [0,∞)×K.℄/V�> E.Mb
z�M^ B, nx) r(B) ;M^ B M��E��� 2.6[11] &2

(i) K -mS�&� E = K −K.

(ii) A : [0,∞) ×K → E e K− �b
MHM^�℄"�M λ ∈ R, - A(λ, 0) = 0;℄"�M u ∈ K, - A(0, u) = 0, � A(λ, u) = λBu + F (λ, u), ÆW B : E → E eV�> E .M�Hz�?M^�ua r(B) > 0, F : [0,∞) ×K → E ua	E ‖u‖ → 0 6�
‖F (λ, u)‖ = ◦(‖u‖) ℄ λ H&�S0`��?>��

DK(A) =
{
(λ, u) ∈ [0,∞) ×K : u = Aλu, u 6= 0

}
∪

{
(r(B)−1, 0)

}M�|o=bZ^� C, 9J (r(B)−1, 0) ∈ C. A�%�+ A -�|z�,�H V , �?>�| (µ, y) ∈ (0,∞) ×K, 9J ‖y‖ = 1 � µV y ≥ y, � C > DK(A) ∩ ([0, µ] ×K) W?>�
3 ��{wx��V�\

P+ =
{
u ∈ C[0, 1] : u(t) ≥ 0, t ∈ [0, 1], min

t∈[0,1]
u(t) ≥

m

M
‖u‖∞

}
,ÆW ‖ · ‖∞ = sup

t∈[0,1]

u(t). ℄,H 0 < r < R, V�
γ∗(t) :=

f(t, m
M
r) + a(t) m

M
r

m
M
r

, Γ∗(t) :=
f(t, M

m
R) + a(t)M

m
R

M
m
R

; (3.1)

f̃(t, u) =






Γ∗(t)u, u ≥
M

m
R,

f(t, u) + a(t)u,
m

M
r ≤ u ≤

M

m
R,

γ∗(t)u, 0 ≤ u ≤
m

M
r,

(3.2)
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γ(t) := min
{f(t, s) + a(t)s

s
: s ∈

[m
M
r, r

]}
,

Γ(t) := max
{f(t, s) + a(t)s

s
: s ∈

[
R,

M

m
R

]}
; (3.3)

γ(t) := max
{f(t, s) + a(t)s

s
: s ∈

[m
M
r, r

]}
,

Γ(t) := min
{f(t, s) + a(t)s

s
: s ∈

[
R,

M

m
R

]}
. (3.4)q� 3.1 &2 (H1), (H2) 0`�2?>,H 0 < r < R, 9J

f(t, u) + a(t)u > 0, (t, u) ∈ [0, 1] ×
[m
M
r,
M

m
R

]
, (A+)�EY-

(i) µ0(γ) < 1 < µ0(Γ);

(ii) µ0(Γ) < 1 < µ0(γ)M�0`6� Neumann �PmW (1.3) -�|H<�ÆW µ0(β)  ;z�TDPmW
{
u′′ + a(t)u = µβ(t)u, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(3.5)MYTDP�� 3.1 &2 (H2) 0`� β(t) > 0, t ∈ [0, 1], � µ0(β) > 0. A�%� µ0(β) >)CM�#�Q℄%MTD�H ψ0 ∈ intP+. =7.�mW (3.5) N'/M^j3

u(t) = µ

∫ 1

0

G(t, s)β(s)u(s) ds =: µAu(t), t ∈ [0, 1]. (3.6)!e G(t, s) > 0, (t, s) ∈ [0, 1]× [0, 1], />
A(P+) ⊂ int P+. (3.7), Krein-Rutman V℄ [5] �L.D9s0`�� 3.1 �(# �~8 (i) MJ~� (ii) MJ~[L�eg�FmW (1.3) H<M?>��nx	�Oo'H�mW

{
u′′ + a(t)u = µf̃(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(3.8)[�H f̃(t, u) = γ∗(t)u + ξ(t, u), f̃(t, s) = Γ∗(t)s+ ζ(t, s) �

lim
u→0

ξ(t, u)

u
= 0, lim

s→+∞

ζ(t, s)

s
= 0, t ∈ [0, 1]./>�mW (3.8) Q�x�e

{
u′′ + a(t)u = µγ∗(t)u+ µξ(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0.
(3.9)
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{
u ∈ C1[0, 1] : u′(0) = 0, u′(1) = 0

}
, Æ.hHe ‖u‖ = max{‖u‖∞, ‖u

′‖∞}.m
Φ+ :=

{
u ∈ C1[0, 1] : u(t) > 0, t ∈ [0, 1], u′(0) = 0, u′(1) = 0

}
.,"℄ 2.6QL	?>mW (3.9)<M�|bZpK C+,� C+ > Φ+Wb3 (µ0(γ

∗), 0)Ho�3�A�%� C+\{(µ0(γ
∗), 0)} ⊂ Φ+.tz�nxpe%WJ~�V℄�p 1 j nx0J~bZpK C+ > Φ+ Wb3 (µ0(γ

∗), 0) H (µ0(Γ
∗),∞). />�mW (3.9) R/-�|H< u.&2 (ηk, yk) ∈ C+ �ua |ηk| + ‖yk‖ → ∞, k → ∞. nxBuJ~ {ηk} -=�=7.�, f̃ MV� &2 (A+) QL	?> e ∈ C[0, 1], e(t) > 0, t ∈ [0, 1], 9J

f̃(t, s)

s
≥ e(t), (t, s) ∈ [0, 1]× (0,∞). (3.10)nxÆ.	+ ηk → ∞, � yk >�( [0, 1] .�
�,/ y′′k (t) + a(t)yk = ηk

f̃(t,yk)
yk

yk, V�z�M^ Lyk := y′′k (t) + a(t)yk, �
Lyk = ηk

f̃(t, yk)

yk

yk.9�=7 (3.10) QL ηk
f̃(t,yk)

yk

yk → ∞, k → ∞. />�, Sturm �1V℄QL℄5pAM k, yk >�( [0, 1] WR/-�|kT�B1 yk > 0 v^�!:� {ηk} >-=M�A�%� ‖yk‖ → ∞, k → ∞.w>� {
(ηk, yk)

}
(k ∈ N) ua

{
y′′k + a(t)yk = ηkΓ∗(t)yk + ηkζ(t, yk), t ∈ (0, 1),

y′k(0) = 0, y′k(1) = 0.
(3.11)m vk := yk

‖yk‖
, �

{
v′′k + a(t)vk = ηkΓ∗(t)vk + ηk

ζ(t, yk)

yk

vk, t ∈ (0, 1),

v′k(0) = 0, v′k(1) = 0.
(3.12)

(3.12) N'/
vk(t) = ηk

∫ 1

0

G(t, s)
(
Γ∗(s)vk(s) +

ζ(s, yk(s))

yk(s)
vk(s)

)
ds,m wk(t) := Γ∗(t)vk(t) + ζ(t,yk(t))

yk(t) vk(t). !e f̃(t, yk(t)) = Γ∗(t)yk(t) + ζ(t, yk(t)), , f̃
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∣∣∣
ζ(t, yk(t))

yk(t)

∣∣∣ ≤
∣∣Γ∗(t)

∣∣ +
∣∣∣
f̃(t, yk(t))

yk(t)

∣∣∣

≤
∣∣Γ∗(t)

∣∣ +
∣∣γ∗(t)

∣∣ +
∣∣Γ∗(t)

∣∣ +
∣∣a(t)

∣∣ + max
{∣∣∣
f(t, yk(t))

yk(t)

∣∣∣ :
mr

M
≤ yk(t) ≤

MR

m

}

≤
∣∣Γ∗(t)

∣∣ +
∣∣γ∗(t)

∣∣ +
∣∣Γ∗(t)

∣∣ +
∣∣a(t)

∣∣ + max
{∣∣∣
f(t, τ)

τ

∣∣∣ :
mr

M
≤ τ ≤

MR

m

}
,/>�?>�|$�X/ k M�H σ ∈ C[0, 1], 9J ∣∣ ζ(t,yk(t))

yk(t)

∣∣ ≤ σ(t), t ∈ [0, 1]. !:�, (A+)  (3.1) QJ {
wk(t)

}
(k ∈ N) > C[0, 1] W�S-=�#��$��J

{
ηk

∫ 1

0

G(t, s)wk(s) ds
}
⊂ C1[0, 1],B9�=7 C1[0, 1] ?�( C[0, 1]  ~	?> vk M^h ($k#$e vk), 9J℄�| v∗ ∈ C[0, 1]  η∗ ∈ [0,∞), - vk → v∗ � ηk → η∗ (k → ∞). 9) Lebesgue TTA
V℄QJ

v∗(t) = η∗
∫ 1

0

G(t, s)Γ∗(s)v∗(s) ds.B:
g v∗ ∈ C2[0, 1] �
{
v∗

′′

+ a(t)v∗ = η∗Γ∗(t)v∗, t ∈ (0, 1),

v∗
′

(0) = 0, v∗
′

(1) = 0.
(3.13)/>� η∗ = µ0(Γ

∗). !:�bZpK C+ > Φ+ Wb3 (
µ0(γ

∗), 0
)  (

µ0(Γ
∗),∞

)
.p 2 j nxJ~ u �7e Neumann �PmW (1.3) M<�e:�nxQ	J~mW

{
u′′ + a(t)u = f̃(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(3.14)w-H< y ��uaY- ‖y‖∞ < r � ‖y‖∞ > M

m
R.=7.�+mW (3.14) -�|H< y ua ‖y‖∞ < r, �, (3.2)  (3.3) QL

f̃(t, y(t))

y(t)
≥ γ(t), t ∈ [0, 1]. (3.15)!e 



y′′(t) + a(t)y(t) = 1 ·

f̃(t, y(t))

y(t)
y(t), t ∈ (0, 1),

y′(0) = 0, y′(1) = 0

(3.16)� {
w′′(t) + a(t)w(t) = µ0(γ)γ(t)w(t), t ∈ (0, 1),

w′(0) = 0, w′(1) = 0,
(3.17)



524 # ' E � � � 35KÆW w e µ0(γ) O℄%MTD�H� w > 0. ℄mW (3.16) Mj3e�[1� w, ℄mW (3.17) Mj3e�[1� y, ℄OJMe|�j3e�< 0 H 1 �p� �d(QJ
∫ 1

0

[ f̃(t, y(t))

y(t)
− µ0(γ)γ(t)

]
y(t)w(t) dt = 0.B9� (3.15)  ~ µ0(γ) ≥ 1. D>�B1&2 µ0(γ) < 1 v^�[�O�+mW (3.14) -�|H< y ua ‖y‖∞ > M

m
R, �, (3.2)  (3.3) QL

f̃(t, y(t))

y(t)
≤ Γ(t), t ∈ [0, 1]. (3.18)!e 




y′′(t) + a(t)y(t) = 1 ·

f̃(t, y(t))

y(t)
y(t), t ∈ (0, 1),

y′(0) = 0, y′(1) = 0

(3.19)� {
z′′(t) + a(t)z(t) = µ0(Γ)Γ(t)z(t), t ∈ (0, 1),

z′(0) = 0, z′(1) = 0,
(3.20)ÆW z e µ0(Γ) O℄%MTD�H� z > 0. ℄mW (3.19) Mj3e�[1� z, ℄mW (3.20) Mj3e�[1� y, ℄OJMe|�j3e�< 0 H 1 �p� �d(QJ

∫ 1

0

[ f̃(t, y(t))

y(t)
− µ0(Γ)Γ(t)

]
y(t)z(t) dt = 0./>� µ0(Γ) ≤ 1. D>�B1&2 µ0(Γ) > 1 v^�V�

b(t) :=
f(t,− m

M
r) − a(t) m

M
r

− m
M
r

, B(t) :=
f(t,−M

m
R) − a(t)M

m
R

−M
m
R

; (3.21)

f̂(t, u) =





B(t)u, u ≤ −
M

m
R,

f(t, u) + a(t)u, −
M

m
R ≤ u ≤ −m

M
r,

b(t)u, u ≥ − m
M
r,

(3.22)

b(t) := min
{f(t, s) + a(t)s

s
: s ∈

[
− r,−

mr

M

]}
,

B(t) := max
{f(t, s) + a(t)s

s
: s ∈

[
−
MR

m
,−R

]}
; (3.23)

b(t) := max
{f(t, s) + a(t)s

s
: s ∈

[
− r,−

mr

M

]}
,

B(t) := min
{f(t, s) + a(t)s

s
: s ∈

[
−
MR

m
,−R

]}
. (3.24)[L/V℄ 3.1 MJ~�nxQ��J
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f(t, u) + a(t)u < 0, (t, u) ∈ [0, 1] ×

[
−
M

m
R,−

m

M
r
]
, (B+)�EY-

(i) µ0(b) < 1 < µ0(B);

(ii) µ0(B) < 1 < µ0(b)M�0`6� Neumann �PmW (1.3) -�|t<�V�\
P− =

{
u ∈ C[0, 1] : u(t) ≥ 0, t ∈ [0, 1], min

t∈[0,1]
u(t) ≥

L

l
‖u‖∞

}
.m µ0(β)  ;z�TDPmW

{
u′′ + a(t)u = µβ(t)u, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0MYTDP��, Krein-Rutman V℄ [5] QL	+ (H3) 0`� β(t) < 0, t ∈ [0, 1],� µ0(β) > 0. A�%� µ0(β) >)CM�Q℄%MTD�H ψ0 ∈ int P−.V�
q(t) := min

{f(t, s) + a(t)s

s
: s ∈

[Lr
l
, r

]}
,

Q(t) := max
{f(t, s) + a(t)s

s
: s ∈

[
R,

lR

L

]}
; (3.25)

q(t) := max
{f(t, s) + a(t)s

s
: s ∈

[Lr
l
, r

]}
,

Q(t) := min
{f(t, s) + a(t)s

s
: s ∈

[
R,

lR

L

]}
. (3.26)[L/V℄ 3.1 MJ~�nxQ�J~q� 3.3 &2 (H1)  (H3) 0`�2?>,H 0 < r < R, 9J

f(t, u) + a(t)u < 0, (t, u) ∈ [0, 1]×
[L
l
r,
l

L
R

]
, (A−)�EY-

(i) µ0(q) < 1 < µ0(Q);

(ii) µ0(Q) < 1 < µ0(q)M�0`6� Neumann �PmW (1.3) -�|H<�
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p(t) := min

{f(t, s) + a(t)s

s
: s ∈

[
− r,−

Lr

l

]}
,

P (t) := max
{f(t, s) + a(t)s

s
: s ∈

[
−
lR

L
,−R

]}
; (3.27)

p(t) := max
{f(t, s) + a(t)s

s
: s ∈

[
− r,−

Lr

l

]}
,

P (t) := min
{f(t, s) + a(t)s

s
: s ∈

[
−
lR

L
,−R

]}
. (3.28)q� 3.4 &2 (H1)  (H3) 0`�2?>,H 0 < r < R, 9J

f(t, u) + a(t)u > 0, (t, u) ∈ [0, 1] ×
[
−
l

L
R,−

L

l
r
]
, (B−)�EY-

(i) µ0(p) < 1 < µ0(P );

(ii) µ0(P ) < 1 < µ0(p)M�0`6� Neumann �PmW (1.3) -�|t<�
��nx0I^I~>V℄ 3.1 W�Y- (i) µ0(γ) < 1 < µ0(Γ)  (ii) µ0(Γ) < 1 <

µ0(γ) >�J (1.3) J-H<M
+Y-�� 3.1 Oo Neumann �PmW
{
u′′ = cu, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0
(3.29)H<M?>��ÆW c > 0 e5p~M,H�v � f(t, u) = cu uaY- (H1). �H,H c1, c2 ua c1 < c2 <

π
2 − 1

8 . ���H a ∈ C[0, 1] �ua 1
8 + c1 ≤ a(t) ≤ 1

8 + c2, �Y- (H2) 0`�/>�,"℄ 2.3  [ 2.1 QL{i�H G ua G(t, s) > 0, (t, s) ∈

[0, 1]× [0, 1], <`�
0 < m := min

(t,s)∈[0,1]×[0,1]
G(t, s) < M := max

(t,s)∈[0,1]×[0,1]
G(t, s).!e f(t, u) + a(t)u = (a(t) + c)u ≥

(
1
8 + c1 + c

)
u > 0, u > 0, O��Y- (A+) 0`�OomW {

u′′ + a(t)u = a(t)u+ cu, t ∈ (0, 1),

u′(0) = 0, u′(1) = 0,
(3.30):6� γ(t) = a(t) + c = Γ(t) � µ0(γ) = µ0(a(t) + c) = µ0(Γ).D)C#M�TDPmW

{
u′′ +

(1

8
+ cj

)
u = µ

(1

8
+ cj + c

)
u, t ∈ (0, 1), j = 1, 2,

u′(0) = 0, u′(1) = 0
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µ0

(1

8
+ cj + c

)
=

1 + 8cj
1 + 8(cj + c)

, j = 1, 2.9)=7
µ0

(1

8
+ c1 + c

)
≤ µ0(γ) = µ0(Γ) ≤ µ0

(1

8
+ c2 + c

)
< 1QL	C� µ0(Γ) � 1 q~�D>�mW (3.30) $;-H<�r��+ u emW (3.30)M�|H<�℄mW (3.30) Mj3e�< 0 H 1 �pQJ c

∫ 1

0
u(t) dt ≡ 0. v^�� 3.2 [L/^ 3.1 MRsQL�V℄ 3.2–3.4 WMY-Le
+Y-�k ~ 
 �
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Abstract In this paper, we are concerned with the existence of positive solutions of the

following second-order Neumann boundary value problem

{
u′′ = f(t, u), t ∈ (0, 1),

u′(0) = 0, u′(1) = 0,

where f : [0, 1] × R → R (R = (−∞,+∞)) is continuous. By using Dancer’s global bifurca-

tion theorem, we estabish the global bifurcation of positive solutions of the above problem.

Moreover, we obtain several optimal sufficient conditions which guarantee that the above

problem has at least one positive solution.

Key words Neumann boundary value problems; Dancer’s global bifurcation theorem;

positive solutions; optimal conditions
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