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L
2
φu− τLφu = Γu, B Ω�,

(1− σ)
(∂2u

∂~ν2
−∇φ · ∇u

)
+ σLφu = 0, B ∂Ω0,

τ
∂u

∂~ν
− (1− σ)[div∂Ω(Proj∂Ω(D

2
φu · ~ν))

−〈Dφ,Proj∂Ω(D
2
φu · ~ν)〉∂Ω]−

∂Lφu

∂~ν
= 0, B ∂Ω0,

(1.1)LbD2
φ := D2−〈Dφ,D·〉In, In r n54tFO, D2u3�~P u< HessianFO,�P σ, τr:P, div∂Ω r ∂Ω0<+MXk, ~ν r� ∂ΩG)<<4tpV	i�,Xk Proj∂Ω �>8Æ; ∂Ω<�,0<T0l/. z}/BC 2.27�iU�: 5 τ > 0, σ ∈

(
− 1

n−1 , 1
)
,

|φ| 6 B (Lb B rZ` P), � |Dφ|2 6 A = min
{

1−σ

2eB
√

n(C+1)
, 1−σ+σn

2eB
√

n(C+1)

} 8 (i(:	u, C r#[8 n 9 Ω < P, IeQ,uGC 2.2 7), �wb (1.1) \4^+�, ��^+�<=W (�^PY) Q%�'�4F�+X=?��n:

0 = Γ1 < Γ2 6 Γ3 6 · · · ↑ ∞.Q8 (Rn, 〈·, ·〉) <4;z�1Æ�; Ω, Brandolini, Chiacchio� Langford[1]Nsk'�< Neumann-�^PYwb 1:



∆2u− τ∆u = λu, B Ω �,

∂2u

∂~ν2
= 0, B ∂Ω 0,

τ
∂u

∂~ν
− div∂Ω[Proj∂Ω(D

2u · ~ν)]− ∂∆u

∂~ν
= 0, B ∂Ω 0,

(1.2);8k'�< Kröger-�0;t!:
m∑

i=1

λi 6 (2π)4
n

n+ 4

( 1

ωn|Ω|
) 4

n

m
n+4
n + τ(2π)2

n

n+ 2

( 1

ωn|Ω|
) 2

n

m
n+2
n ,Lb wn �> (Rn, 〈·, ·〉) 4t�e<e�, |Ω| �> (Rn, 〈·, ·〉) �; Ω <e�. pp,){^MT�, (1.2) <#�iwb (1.1) <�i#�()!^.q�, Li � Mao[2] Nsk'�< Neumann-�^PYwb:




∆2u− τ∆u = Λu, B Ω �,

(1 − σ)
∂2u

∂~ν2
+ σ∆u = 0, B ∂Ω 0,

τ
∂u

∂~ν
− (1− σ)div∂Ω[Proj∂Ω(D

2u · ~ν)]− ∂∆u

∂~ν
= 0, B ∂Ω 0,

(1.3)Lb, (1.3) <#�iwb (1.1) <�i#�()!^, σ �> Poisson �. 5 n = 28, (1.3) Q%0YSÆI4Zo Poisson�<	�<MI (, [3, Section 2] <9B). (p,

16 n = 2 9, (1.2) R&1ZT�
�=NJ, �Q τ )9�?
�=�
Ig�M$eN=�Z
(- [3, Section 2] =:C). )q, Chasman[3, Section 4]V�l:τ > 0 9, �x (1.2) ℄5_,�, ��_QZ[a.
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Chasman[4, Section 4]U�k: 5 τ > 0, σ ∈
(
− 1

n−1 , 1
) 8, �wb (1.3) <Xk ∆2 − τ∆4^+�, �b�[4^PYI44�eP, �Q�'�4F�+<X=?��n:

0 = Λ1 < Λ2 6 Λ3 6 · · · ↑ ∞.Q8�wb (1.3), 0 Fourier ��<��, BrC�5<�F~P<�&0, Q%;8'�< Kröger-�t!:
m∑

i=1

Λi 6 (2π)4
n

n+ 4

( 1

ωn|Ω|
) 4

n

m
n+4
n + τ(2π)2

n

n+ 2

( 1

ωn|Ω|
) 2

n

m
n+2
n . (1.4)�R8�,Laplace Xk<��bQ%�FoF8%�<���	ug�rJyB1J���rJ4!LX~<or, IeQ,u [2, 5–12]. KL�or<�U, z}m"�w: Li � Mao[2] < Kröger-�0;t! (1.4) �℄oF8%�<��? �EAT�wb (1.1) <�5^PY�A℄4 Kröger-�0;? x8Ljwb, /�AUG<. �:0,z}Q%;8'�<8w.| 1.1 5 Ω r (Rn, 〈·, ·〉, dµ) <4;z��;, Γj r�wb (1.1) <C j j^PY. ) τ > 0, σ ∈

(
− 1

n−1 , 1
)
, |φ| 6 B , ��-BT P A, <; |Dφ|2 6 A, �

A = min
{

1−σ

2eB
√

n(C+1)
, 1−σ+σn

2eB
√

n(C+1)

}
, �{

m∑

i=1

Γi 6 e2Bnm
{ (2π)4

n+ 4

( meB

µ(Ω)ωn

) 4
n

+
(2π)2

n+ 2
(τ +A)

( meB

µ(Ω)ωn

) 2
n
}
, m > 1. � 1.1 BG` 1.1 <'5�, Q;

Γm+1 6 min

r>2π
(

meB

µ(Ω)ωn

) 1
n

nωnµ(Ω)e
B
{
rn+4

n+4 + (τ +A) r
n+2

n+2

}

µ(Ω)ωne−Brn − (2π)nm
, m > 0.> 1.1 Colding � Minicozzi II B\}I4e�/�f<wu [13] �~�kB3>k%�Xk Lφ Q8�D	K�ur<I4R�=e�E!<mGZ<e��.G(Q,, �DXk Lφ <�x�wb�A�4�<, �4()<. ^�B, '} φ = |x|2

4 , �{Mi�MV( (Rn, 〈, 〉, dµ) En�rfUGZvek (Rn, 〈, 〉, e− |x|2

4 dx), ��-< Bakry-

Émery Ricci �u (�%� Ricci �u) r Ricφ = Ric + Hessφ = Hess
( |x|2

4

)
= 1

2 . �Y�
|x|2 6 4A′, Lb A′ rxp=k A′ = min

{
1−σ

2eA′
√

n(C+1)
, 1−σ+σn

2eA′
√

n(C+1)

} <T P, �{mG�uC 2.2 7<℄wm"Q%W:fUGZvek0xp?Of. |x|2 6 4A′ <4;�; Ω 0<�wb (1.1) 4^+�.Q8�wb (1.1), z}Q%k$�BfUGZvek<4;�;0I4n��=<
Kröger-�t!.| 1.2 5 Ωr (Rn, 〈·, ·〉, e− |x|2

4 dx) <4;z��;, Γj r�wb (1.1)<C j j^PY. ) τ > 0, σ ∈
(
− 1

n−1 , 1
)
, ��-BT P A′ = min

{
1−σ

2eA′
√

n(C+1)
, 1−σ+σn

2eA′
√

n(C+1)

}
,
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m∑

i=1

Γi 6 e2A
′

mn
{ (2π)4

n+ 4

( meA
′

µ(Ω)ωn

) 4
n

+
(2π)2

n+ 2
(τ +A′)

( meA
′

µ(Ω)ωn

) 2
n
}
,� m > 1. � 1.2 BG` 1.2 <'5�, Q;

Γm+1 6 min

r>2π
(

meA
′

µ(Ω)ωn

) 1
n

nωnµ(Ω)e
A′{ rn+4

n+4 + (τ +A′) r
n+2

n+2

}

µ(Ω)ωnrne−A′ − (2π)nm
, m > 0.

§2 %� (1.1) {;����{��*85 Ω r (Rn, 〈·, ·〉, dµ) <4;z��;, L2(Ω) �> Ω 0x8�M dµ <	XQ�~P�. 5 p = k = 2 8, x8�M µ < Sobolev V( W k,p(Ω) #r H2(Ω), (8 L2(Ω)� H2(Ω) <WP#*G)r
‖u‖L2(Ω) :=

( ∫

Ω

u2dµ
) 1

2

,

‖u‖H2(Ω) :=
[ ∫

Ω

(u2 + |Du|2 + |D2u|2)dµ
] 1

2

.�u, B��7^��<�X�, rkX��Y/ ‖ · ‖L2(Ω) *#r ‖ · ‖.

§2.1 #� (1.1) y:�B	�7, z}/9BÆ;f.<�`�, %�LJ�sn�B`9�wb (1.1).\V8u [3], G)'�S���=:

a(u, υ) =

∫

Ω

(1− σ)D2
φu : D2

φυ + σLφu · Lφυ + τDu ·Dυdµ, u, υ ∈ H2(Ω), (2.1)Lb
D2

φu : D2
φυ :=

n∑

i,j=1

∂2u

∂xi∂xj

∂2υ

∂xi∂xj

−
n∑

i=1

∂2u

∂xi∂xi

n∑

k=1

υkφk

−
n∑

i=1

∂2v

∂xi∂xi

n∑

k=1

ukφk +

n∑

k=1

ukφk

n∑

l=1

vlφl, (2.2)

D2u : D2υ :=
n∑

i,j=1

∂2u
∂xi∂xj

∂2υ
∂xi∂xj

. (p, Q8�wb (1.1), � Rayleigh . Q[u] <�=r
Q[u] =

∫
Ω(1 − σ)D2

φu : D2
φu+ σ|Lφu|2 + τ |Du|2dµ∫
Ω
u2dµ

=
a(u, u)

‖u‖2 .) τ > 0, σ ∈
(
− 1

n−1 , 1
)
, |φ| 6 B, � |Dφ|2 6 A 8, \V8 Chasman[3, Section 4], z}/BuGC 2.2 7U�: a(·, ·) A�a<, (8, %(^PY Γj KAZ`P, j = 1, 2, 3, · · · . *
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(
− 1

n−1 , 1
)
, |φ| 6 B , � |Dφ|2 6 A 8, z}Q%
vS���= a(u, υ)qt�\</�, a(·, ·) QX4Ær

a(u, υ) =

∫

Ω

(1− σ)D2
φu : D2

φυ + σLφu · Lφυ + τDu ·Dυdµ, u, υ ∈ H2(Ω). (2.3)) u r^PYwb (1.1) <*9, 3 Rayleigh . Q[u] <�.=%�=k (2.1)–(2.3)'W:

a(u, v) = Γ

∫

Ω

uvdµ, ∀v ∈ H2(Ω).3+MG`Q;
∫

Ω

Lφu υe−φdx =

∫

Ω

∆u υe−φ −Du ·Dφ υe−φdx

=

∫

∂Ω

∂u

∂~ν
υe−φdS −

∫

Ω

D(υe−φ) ·Dudx−
∫

Ω

Du ·Dφ υe−φdx

=

∫

∂Ω

∂u

∂~ν
υe−φdS −

∫

Ω

Dυ ·Du e−φdx,[%
∫

Ω

Dυ ·Du e−φdx =

∫

∂Ω

∂u

∂~ν
υe−φdS −

∫

Ω

Lφu υe−φdx.7*r
∫

∂Ω

Lφu
∂υ

∂~ν
e−φdS

=

∫

Ω

[D(e−φ
Lφu) ·Dυ + Lφu∆υ e−φ]dx

=

∫

Ω

[Lφu∆υ − Lφu Dφ ·Dυ +D(Lφu) ·Dυ] e−φdx�
∫

∂Ω

υ
∂Lφu

∂~ν
e−φdS

=

∫

Ω

[D(e−φυ) ·DLφu+ υ(∆Lφu) e
−φ]dx

=

∫

Ω

[υ∆Lφu− υ Dφ ·DLφu+D(Lφu) ·Dυ] e−φdx,[%
∫

Ω

Lφu · Lφυ e−φdx =

∫

∂Ω

(
Lφu

∂υ

∂~ν
− υ

∂Lφu

∂~ν

)
e−φdS +

∫

Ω

L
2
φu υe−φdx.A0h*+MG`, Q;

∫

Ω

D2
φu : D2

φυ e−φdx

=

∫

∂Ω

Dυ · (D2u · ~ν)e−φdS −
∫

Ω

DLφu ·Dυ e−φdx−
∫

∂Ω

(Dφ ·Du)Dυ · In · ~νe−φdS
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=

∫

∂Ω

Dυ · (D2
φu · ~ν)e−φdS −

∫

Ω

DLφu ·Dυ e−φdx

=

∫

∂Ω

{(∂2u

∂~ν2
−∇φ · ∇u

)∂υ
∂~ν

+ υ〈Dφ,Proj∂Ω(D
2
φu · ~ν)〉∂Ω − v

∂Lφu

∂~ν

− υ div∂Ω(Proj∂Ω(D
2
φu) · ~ν)

}
e−φdS +

∫

Ω

L
2
φu υe−φdx.q	, S`;8

a(u, υ) =

∫

∂Ω

{
τ
∂u

∂~ν
− (1− σ)[div∂Ω(Proj∂Ω(D

2
φu · ~ν))− 〈Dφ,Proj∂Ω(D

2
φu · ~ν)〉∂Ω]

− ∂Lφu

∂~ν

}
υe−φdS +

∫

∂Ω

[
(1 − σ)

(∂2u

∂~ν2
−∇φ · ∇u

)
+ σLφu

]∂υ
∂~ν

e−φdS

+

∫

Ω

(L2
φu− τLφu)υ e−φdµ

= Γ

∫

Ω

uvdµ.380=Q8%(< υ ∈ H2(Ω) K"e, ��;8




L
2
φu− τLφu = Γu, B Ω�,

(1− σ)
(∂2u

∂~ν2
−∇φ · ∇u

)
+ σLφu = 0, B ∂Ω0,

τ
∂u

∂~ν
− (1− σ)[div∂Ω(Proj∂Ω(D

2
φu · ~ν))

−〈Dφ,Proj∂Ω(D
2
φu · ~ν)〉∂Ω]−

∂Lφu

∂~ν
= 0, B ∂Ω0.

§2.2 �	�B	�7, z}/℄w^+�<-B�wb. I�, 0 Cauchy-Schwarz�?=Q;'�8w.)7 2.1 Q%(~P u ∈ H2(Ω), 4 (∆u)2 6 n|D2u|2.S���= a(u, v) 4�T5� |D2u| � |∆u|, *(, z}℄w^+�<-B�wb8, �b 2.1 �?=<-0A�Q2<./ 2.1 Q8�wb (1.1), '}�P τ > 0, σ ∈
(
− 1

n−1 , 1
)
, |φ| 6 B, �

|Dφ|2 6 A = min
{ 1− σ

2eB
√
n(C + 1)

,
1− σ + σn

2eB
√
n(C + 1)

}
,�{Xk L

2
φ − τLφ 4^+�, �|j=W (�^PY) I44�eP, ��Q�'�4F�+<X=?��n:

0 = Γ1 < Γ2 6 Γ 6 · · · ↑ ∞.
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a(u, u) =

∫

Ω

(1 − σ)D2
φu : D2

φu+ σ|Lφu|2 + τ |Du|2dµ

=

∫

Ω

(1 − σ)|D2u|2 + σ|∆u|2 − 2∆uDφ ·Du+ |Dφ ·Du|2 + τ |Du|2dµ.\�U�T*� a(·, ·) A4;��a<.�U4;�. \hd�X℄w:

(i) 5 0 6 σ < 1 8,

a(u, u) 6

∫

Ω

(1− σ)|D2u|2 + σ|∆u|2 + 2|∆u| |Dφ ·Du|+ |Dφ ·Du|2 + τ |Du|2dµ

6

∫

Ω

[1 + σ(n− 1)]|D2u|2 + 2
√
n|D2u| |Dφ ·Du|+ |Dφ ·Du|2 + τ |Du|2dµ

6 [1 + σ(n− 1)]‖D2u‖2 + 2
√
n ‖D2u‖ ‖Dφ ·Du‖+ ‖Dφ ·Du‖2 + τ‖Du‖2.7*r |Dφ|2 6 A, � u ∈ H2(Ω), '; a(·, ·) 4;.

(ii) 5 − 1
n−1 < σ < 0 8,

a(u, u) 6

∫

Ω

(1 − σ)|D2u|2 + 2|∆u| |Dφ ·Du|+ |Dφ ·Du|2 + τ |Du|2dµ

6 (1− σ)‖D2u‖2 + 2
√
n ‖D2u‖ ‖Dφ ·Du‖+ ‖Dφ ·Du‖2 + τ‖Du‖2.�", a(·, ·) 4;.�~z}YU� a(·, ·) A�a<, �\�U�-BT P A1 � A2, <;

a(u, u) + A1‖u‖ > A2‖u‖H2(Ω).3 Poincaré �?=, z}4
C

∫

Ω

|D2u|2dx >

∫

Ω

|Du|2dx,Lb C r#[8 n 9 Ω <T P, D
∫

Ω

|D2u|2dµ > e−B

∫

Ω

|D2u|2dx >
1

Ce2B

∫

Ω

|Du|2dµ.\hd�X℄w: (i) 5 − 1
n−1 < σ < 0 8,

a(u, u) >

∫

Ω

(1− σ)|D2u|2 + σ|∆u|2 − 2|∆u| |Dφ ·Du|+ τ |Du|2dµ

> (1 − σ + σn)‖D2u‖2 − 2
√
n‖D2u‖ ‖Dφ ·Du‖+ τ‖Du‖2

> ‖D2u‖[(1− σ + σn)‖D2u‖ − 2
√
n‖Dφ ·Du‖] + τ‖Du‖2.(8, \� |Dφ| < 1−σ+σn

2
√
nCeB

, �Q;8 (1− σ+ σn)‖D2u‖− 2
√
n‖Dφ ·Du‖ > 0. *(, a(·, ·)A�a<;

(ii) 5 0 6 σ < 1 8,

a(u, u) >

∫

Ω

(1− σ)|D2u|2 − 2|∆u| |Dφ ·Du|+ τ |Du|2dµ
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> (1− σ)‖D2u‖2 − 2

√
n‖D2u‖ ‖Dφ ·Du‖+ τ‖Du‖2

= ‖D2u‖[(1− σ)‖D2u‖ − 2
√
n‖Dφ ·Du‖] + τ‖Du‖2.w5 |Dφ| < 1−σ

2eB
√
nC

8, (1− σ)‖D2u‖ − 2
√
n‖Dφ ·Du > 0. *(, a(·, ·) A�a<.o0[N, S���= a(·, ·) [Q-<^PYwb (1.1) -B*9�=k$<^P~P, �-<^PYA4�e<, Xk L

2
φ − τLφ 4Z`^+�.

§3 <,}Æ{4�| 1.1 y3� 	7, z}/<0u [1] <3<XVYm7G` 1.1 k$<t!. 5 φ1, φ2, · · · , φm �> H2(Ω) Q-8^PY Γ1,Γ2, · · · ,Γm <^P~P. G)
Φ(x, y) =

m∑

j=1

φj(x)φj(y).0 Φ̂(z, y)�> Φ(x, y)x8�i x<_b ��,<; Φ̂(z, y) = 1

(2π)
n
2

∫
Ω
eix·zΦ(x, y)e−φdx,� (2π)

n
2 Φ̂(z, y) =

m∑
j=1

φj(y)
∫
Ω
eix·zφj(x)e

−φdx. 5 hz(y) = eiy·z, QW
(2π)

n
2 Φ̂(z, y) =

m∑

j=1

φj(y)

∫

Ω

eix·zφj(x)e
−φdxA~P hz(y)B3 φ1, φ2, · · · , φm H"< L2(Ω) kV(0<T0l/. � ρ(z, y) = hz(y)−

(2π)
n
2 Φ̂(z, y) r Γm+1 < Rayleigh .<�F~P, ρ(z, y) ∈ H2(Ω), D4

Γm+1 6 Q[ρ(z, y)]

= inf
r

{∫
Br

∫
Ω(1− σ)D2

φρ : D2
φρ dµydµz + σ

∫
Br

∫
Ω |Lφρ|2dµydµz∫

Br

∫
Ω |ρ|2 dµydµz

+
τ
∫
Br

∫
Ω
|Dρ|2dµydµz∫

Br

∫
Ω
|ρ|2 dµydµz

}

:= inf
r

{N

D

}
,� Br = {z ∈ R

n | |z| < r}. �~, z}/\�Q\k\�?�!X.\� D !X'�:

D =

∫

Br

∫

Ω

|ρ|2dµydµz

=

∫

Br

∫

Ω

[hz(y)− (2π)
n
2 Φ̂(z, y)][hz(y)− (2π)

n
2 Φ̂(z, y)]dµydµz

=

∫

Br

∫

Ω

|hz(y)|2dµydµz − 2(2π)
n
2 Re

{∫

Br

∫

Ω

hz(y)Φ̂(z, y)dµydµz

}

+ (2π)n
∫

Br

∫

Ω

|Φ̂(z, y)|2dµydµz
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= µ(Ω)

∫

Br

dµz − (2π)n
m∑

i=1

∫

Br

|φ̂i(z)|2dµz.�~!X\k N:

N = (1− σ)

∫

Br

∫

Ω

[|D2hz(y)|2 + (2π)n|D2Φ̂(z, y)|2 + |Dhz(y) ·Dφ|2

+ (2π)n|Dφ ·DΦ̂(z, y)|2]dµydµz

+ σ

∫

Br

∫

Ω

[|∆hz(y)|2 + (2π)n|∆Φ̂(z, y)|2 + |Dhz(y) ·Dφ|2

+ (2π)n|Dφ ·DΦ̂(z, y)|2]dµydµz

+ 2(1− σ)Re
{∫

Br

∫

Ω

[−(2π)
n
2 D2hz(y) : D2Φ̂(z, y)−∆hz(y)Dφ ·Dhz(y)

+ (2π)
n
2 ∆hz(y)Dφ ·DΦ̂(z, y)]dµydµz

}

+ 2σRe
{∫

Br

∫

Ω

[−(2π)
n
2 ∆hz(y)∆Φ̂(z, y)−∆hz(y)Dφ ·Dhz(y)

+ (2π)
n
2 ∆hz(y)Dφ ·DΦ̂(z, y)]dµydµz

}

+ 2(1− σ)Re
{∫

Br

∫

Ω

(2π)
n
2 Dφ ·Dhz(y)∆Φ̂(z, y)− (2π)nDφ ·DΦ̂(z, y)∆Φ̂(z, y)

− (2π)
n
2 Dφ ·Dhz(y)Dφ ·DΦ̂(z, y)dµydµz

}

+ 2σRe
{∫

Br

∫

Ω

(2π)
n
2 Dφ ·Dhz(y)∆Φ̂(z, y)− (2π)nDφ ·DΦ̂(z, y)∆Φ̂(z, y)

− (2π)
n
2 Dφ ·Dhz(y)Dφ ·DΦ̂(z, y)dµydµz

}

+ τ

∫

Br

∫

Ω

|Dhz(y)|2dµydµz − 2(2π)
n
2 τRe

{∫

Br

∫

Ω

Dhz(y) ·DΦ̂(z, y) dµydµz

}

+ (2π)nτ

∫

Br

∫

Ω

|DΦ̂(z, y)|2dµydµz.mG*�= a(u, v) �uXk<G), z}Q/\k*�r
N = −2(2π)n

m∑

i=1

Γi

∫

Br

|φ̂i(z)|2dµz + (2π)n
∫

Br

∫

Ω

[|Dφ ·DΦ̂(z, y)|2 + τ |DΦ̂(z, y)|2]dµydµz

− 2(2π)nRe
{∫

Br

∫

Ω

[(1− σ)Dφ ·DΦ̂(z, y)∆Φ̂(z, y) + σDφ ·DΦ̂(z, y)∆Φ̂(z, y)]dµydµz

}

+ (2π)n(1− σ)

∫

Br

∫

Ω

|D2Φ̂(z, y)|2dµydµz + (2π)nσ

∫

Br

∫

Ω

|∆Φ̂(z, y)|2dµydµz

+

∫

Br

∫

Ω

[(1− σ)D2
φhz(y) : D2

φhz(y) + σ|Lφhz(y)|2 + τ |Dhz(y)|2]dµydµz .3(Æ;f., Q;
N = −2(2π)n

m∑

i=1

Γi

∫

Br

|φ̂i(z)|2dµz +

∫

Br

∫

Ω

[(1 − σ)D2
φhz(y) : D2

φhz(y) + σ|Lφhz(y)|2
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+ τ |∇hz(y)|2]dµydµz +

∫

Br

∫

Ω

[(1− σ)D2
φΦ̂(z, y) : D

2
φΦ̂(z, y) + σ|LφΦ̂(z, y)|2

+ τ |DΦ̂(z, y)|2]dµydµz

= −(2π)n
m∑

i=1

Γi

∫

Br

|φ̂i(z)|2dµz +

∫

Br

∫

Ω

[(1− σ)|D2
φhz(y)|2 + σ|Lφhz(y)|2

+ τ |Dhz(y)|2]dµydµz,w
N 6 −(2π)n

m∑

i=1

Γi

∫

Br

|φ̂i|2dz + µ(Ω)

∫

Br

(|z|4 + |z|2|Dφ|2 + τ |z|2)dµz .7*r |Dφ|2 6 A, [%
N 6 −(2π)n

m∑

i=1

Γi

∫

Br

|φ̂i|2dz + µ(Ω)

∫

Br

{|z|4 + (τ +A)|z|2}dµz.Q;
Γm+1 6 inf

r

−(2π)n
m∑
i=1

Γi

∫
Br

|φ̂i|2dµz + nωnµ(Ω)e
B
{
rn+4

n+4 + (τ +A) r
n+2

n+2

}

µ(Ω)ωne−Brn − (2π)n
m∑
i=1

∫
Br

|φ̂i|2dµz

, (3.1)+S�!;B�� {
r|r > 2π

(
meB

µ(Ω)ωn

) 1
n
} 0�;. Q|j i,

∫
Br

|φ̂i|2dµz �"4;, �Y<;
∫

Br

|φ̂i|2dµz 6 1, (3.2)LA�"Q%"e<. 3u [1, +`A1](pQ,u [14]), Q;
m∑

i=1

Γi 6 inf

r>2π
(

meB

µ(Ω)ωn

) 1
n

nωnµ(Ω)e
B

(2π)n

{ rn+4

n+ 4
+ (τ +A)

rn+2

n+ 2

}
,*(5 r → 2π

(
meB

µ(Ω)ωn

) 1
n 8, �Q;8G` 1.1.�~, z}*4U�G` 1.2.| 1.2 y3� 3G` 1.1 <U�QW,

Γm+1 6 inf
r

µ(Ω)
∫
Br

[|z|4 + (τ + |Dφ|2)|z|2]dµz − (2π)n
m∑
i=1

Γi

∫
Br

|φ̂i|2dµz

µ(Ω)
∫
Br

dµz − (2π)n
m∑
i=1

∫
Br

|φ̂i(z)|2dµz

, (3.3)Lb φ = |x2|
4 . i`, mG (3.2) �u [1, +`A1](pQ,u [14]), Q;

m∑

i=1

Γi 6 inf

r>2π
(

meA
′

µ(Ω)ωn

) 1
n

nωnµ(Ω)

(2π)n

[ rn+4

n+ 4
+ (τ +A′)

rn+2

n+ 2

]
.*(5 r → 2π

(
meA

′

µ(Ω)ωn

) 1
n 8, Q;8G` 1.2.
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