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Abstract

The author considered the strong instability of standing waves for the Lee-Huang-Yang

corrected dipolar Gross-Pitaevskii equation

i∂tψ + ∆ψ − a2|x|2ψ − λ1|ψ|2ψ − λ2(K ∗ |ψ|2)ψ − λ3|ψ|qψ = 0, (t, x) ∈ [0, T ∗)× R3.

When λ3 < 0 and 4
3
≤ q < 4, the author obtained the existence of strongly unstable

standing waves by establishing blow-up criterion.
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1. Úó

�©�ÄLee-Huang-Yang?�ó4Gross-Pitaevskii�§��Ü¯K{
i∂tψ + ∆ψ − a2|x|2ψ − λ1|ψ|2ψ − λ2(K ∗ |ψ|2)ψ − λ3|ψ|qψ = 0,

ψ(0, x) = ψ0(x),
(1)

Ù¥ψ0 ∈ Σ := {ϕ ∈ H1(R3),
∫
R3 |x|2|ϕ(x)|2dx <∞}, (t, x) ∈ [0, T ∗)×R3, 0 < q < 4, λ1, λ2, λ3 ∈ R,

0 < T ∗ ≤ ∞, ψ : [0, T ∗)× R3 → C ´E�¼ê. ∆´R3�m¥�.Ê.d�f, ∗´R3�m¥�ò

È. K(x) = 1−3 cos2 θ
|x|3 ´ó4�p�^Ø, Ù¥θL«R3¥�x�ó4¶n�m�Y�, �|n| = 1. �{

zÎÒ, b�n = (0, 0, 1), Kó4�p�^ØL��:

K(x) =
x2

1 + x2
2 − 2x2

3

|x|5
, x = (x1, x2, x3) ∈ R3.

P

F (u) = −λ1

∫
R3

|u(x)|4 dx−λ2

∫
R3

(K ∗ |u|2)(x)|u(x)|2 dx.
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�(�F (u) > 0, �©3©z [1]���^�e?1ïÄ

λ1 <

− 8
3
πλ2, λ2 > 0,

4
3
πλ2, λ2 < 0.

(2)

�§(1)äkéõ�Ôn�µ. �λ3 = 0 �, Yi ÚYou3©z [2]¥JÑT�.5£ãGross-

Pitaevskii²þ|Cq��SéA�ÀÚOÏd"và. �λ3 6= 0�, T�§�@�´£ãó4À

Ú-OÏd"vàNÄåÆ��#�., ¿�£ã
�§ó4-ó4�p�^Ú�²þ|�þfÞ

á(=Lee-Huang-Yang?�), �©z [3]. 8c, �λ3 = 0�, �§(1)®²3©z [4–8]¥�2�ïÄ.

�©Ì�ïÄ�§(1)�7Å), =/Xψ(t, x) = eiωtu(x)�), Ù¥ω ∈ R´ªÇ. u ∈ Σ ´ý

��§

−∆u+ a2|x|2u+ ωu+ λ1|u|2u+ λ2(K ∗ |u|2)u+ λ3|u|qu = 0 (3)

��²�). λ1 = 3a´n�{�³−∆ + a2|x|2�1��A��, �O(/`,

3a = inf{‖∇u‖2L2 + a2‖xu‖2L2 ; u ∈ Σ(R3), ‖u‖L2 = 1},

Ú
3a‖u‖2L2 ≤ ‖∇u‖2L2 + a2‖xu‖2L2 .

3b�ω > −3ae, k±e�ê��d5

‖u‖2Hω
:= ‖∇u‖2L2 + a2‖xu‖2L2 + ω‖u‖2L2 ∼ ‖u‖2Σ.

�A��^�¼½Â�

Sa,ω(u) :=
1

2
‖∇u‖2L2 +

a2

2
‖xu‖2L2 +

ω

2
‖u‖2L2 −

1

4
F (u) +

λ3

q + 2
‖u‖q+2

Lq+2 . (4)

½Âe¡��¼

Qa(u) := ∂λSa,ω(uλ)|λ=1 = ‖∇u‖2L2 − a2‖xu‖2L2 −
3

4
F (u) +

3qλ3

2(q + 2)
‖u‖q+2

Lq+2 , (5)

Ka,ω(u) := ∂λSa,ω(λu)|λ=1 = ‖∇u‖2L2 + a2‖xu‖2L2 + ω‖u‖2L2 − F (u) + λ3‖u‖q+2
Lq+2 , (6)

Ù¥uλ(x) := λ
3
2u(λx). �Ä4�z¯K

dω = inf{Sa,ω(u) : u ∈ Σ \ {0}, Ka,ω(u) = 0}, (7)

¿½Â¯K(7)�4�zf8Ü�

Ma,ω = inf{u ∈ Σ \ {0} : Sa,ω(u) = dω, Ka,ω(u) = 0}. (8)

duΣ(R3) ↪→ Lp(R3)3p ∈ [2, 6)�´;i\, Ïd�±)û4�z¯K(7).
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�C, äk�Å³���5Å½��§�rØ½53©z [9, 10]¥®²�2�ïÄ.

�∂2
λSω(vλ)|λ=1 ≤ 0 �, Ohta3©z [10]¥y²
7Å)�rØ½5. 3,
b�^�e,

Zhang3©z [9]¥ÏLïá��ØC6/, ïÄ
äk�Å³���5Å½��§�rØ½5.

©z [1]¥ïÄ
�λ3 = 0��§(1)7Å)�rØ½5. eØ�Ä��^�, Dinh3©z [11]¥

ïÄ
��Ø½G�(2)e7Å)�rØ½5. �λ3 < 0Ú0 < q < 4�, Feng, Cao ÚLiu3©

z [12] ¥ïÄ
�§(1)�½7Å)��35. �´3T�/e, �§(1)�7Å)�U3k��

mS�», ´Ä�3�A�rØ½�7Å)Ò´����ïÄ�¯K.

�©ÄuT¯K, Ì�ïÄ�§(1)7Å)�rØ½5. du©z [9]¥�ëê�6u¼

êg(λ) := S0,ω(λv)3(0,∞)Sk����.:, �§(1)TÐäkT5�. Ïd, (Ü©z [9]�©

z [10]¥��{, ÏLÄ�)�C©�x, ïá�»OK, l¼�Ä�7Å)�rØ½5. Ì�

(JXe:

½n 1 �0 < q < 4, λ3 < 0, λ1, λ2 ∈ R, �÷v^�(2), Kdω > 0, u ∈ Gω��=�u´4�z
¯K(7)�).

y3, �Ä���å4�z¯K

dm = inf
u∈M

Sa,ω(u), (9)

Ù¥M := {u ∈ Σ \ {0}; Qa(u) = 0,Ka,ω(u) < 0}. Ó�½Â

da,ω := min{dω, dm}. (10)

�âÚn2.2, ¼�da,ω > 0.

½ÂK := {u ∈ Σ \ {0}, Sa,ω(u) < da,ω, Qa(u) < 0, Ka,ω(u) < 0}, ïáe��»OK.

½n 2 � 4
3
≤ q < 4, λ3 < 0, λ1, λ2 ∈ R, �÷v^�(2).eψ0 ∈ K, K�§(1)±ψ0�Ð��

)ψ(t)3k��mS�».

½n 3 � 4
3
≤ q < 4, λ3 < 0, λ1, λ2 ∈ R, ¿�÷v^�(2).

(i) edm ≥ dω, ¿�uω´�§(3)�Ä�, K�§(1)�7Å)eiωtuω´rØ½�.

(ii) edm < dω, K�3δ > 0, �ψ0÷v‖ψ0 − uω‖Σ > δ, ¦��§(1) �7Å)3k��mS�

».

2. ý��£

½Â 1.1 (rØ½5) �ψ(t, x) = eiωtuω(x)´�§(1)�7Å), é?¿�ε > 0, �3ψ0 ∈ Σ

¦�‖ψ0 − u‖Σ < ε, ��§(1) ±ψ0�Ð��)ψ(t)3k��mS�», Kψ(t, x) = eiωtuω(x)´r

Ø½�.

½Â 1.2 (Ä�)) eu ∈ Aω´Sa,ω38ÜAωþ�4�zUþ), K

Gω := {u ∈ Aω, Sa,ω(u) ≤ Sa,ω(v), ∀v ∈ Aω},
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Ù¥

Aω := {v ∈ Σ\{0} : S′a,ω(v) = 0}.

Ún 1.1 [1] �0 < q < 4, λ1, λ2, λ3 ∈ R, ψ0 ∈ Σ, K�3T = T (‖ψ0‖Σ)¦��§(1)���

)ψ ∈ C([0, T ),Σ). �[0, T ∗)´)ψ(t)�4��3«m, eT ∗ <∞, K lim
t→T∗

‖ψ(t)‖H1 =∞. d	, é

?¿�t ∈ (0, T ∗), �§(1)�)ψ(t) ÷v�þÅðÚUþÅð, =

‖ψ(t)‖2L2 = ‖ψ0‖2L2 , E(ψ(t)) = E(ψ0).

5 1.1 �Å��äka2
1x

2
1 + a2

2x
2
2 + a2

3x
2
3�/ª. ÀJn = (0, 0, 1)äk�½�K�, §¬î

K�XÚ�1�, äN�ûuai��. ~X, XJn = (0, 0, 1) Úa3��ua1Úa2, KXÚ�~½.

Ïd, ÔnÆ[Ï~�ÄO��½O��AÛXÚ, Ï�3DAÛ(�¤kaiÑ���)´�~Ø½

�.

5 1.2 ó4Gross-Pitaevskii�§�Uþ�¼ØÉe���. ÏdÃØ´Ä�3�Å³, o�

3¦XÚ�$�Ð©G�. duó4�p�^³�/G, XJl��LuÛ�z�Ð©G�m©,

éA�Å¼êÒ¬� ¤��:. XJ;��¥¿�a > 0, du�Å³��^, XÚò[�Ø¬�

¿(3§Ø¬ò���mÃ��¿Âþ).

3. Ä�)�C©�x

Ún 2.1 �λ1, λ2 ∈ R, λ3 < 0, 4
3
< q < 4,¿�÷v^�(2),K�3u ∈ Σ\{0}¦�Ka,ω(u) =

0ÚQa(u) = 0.

y² �â±þ^���, �3u ∈ Σ \ {0} ¦�u ´�§(3)���), �Ka,ω(u) = 0. é�

§(3)üà¦±x · ∇u, �Pohozaevð�ª

1

2
‖∇u‖2L2 +

5a2

2
‖xu‖2L2 +

3ω

2
‖u‖2L2 −

3

4
F (u) +

3λ3

q + 2
‖u‖q+2

Lq+2 = 0. (11)

duKa,ω(u) = 0, KQa(u) = 0.

éu4�z¯K(9), Kk±e(J¤á.

Ún 2.2 �λ1, λ2 ∈ R, λ3 < 0, 4
3
< q < 4, �÷v^�(2), Kdm > 0.

y² Äk, y²M 6= ∅.

�âÚn2.1��, �3u ∈ Σ \ {0} ¦�Ka,ω(u) = 0ÚQa(u) = 0. ½Âuλ(x) = λu(x), d(5)ª

Ú(6)ª��, é?¿�λ > 1, KKa,ω(uλ) < 0ÚQa(uλ) < 0.

� 4
3
≤ q ≤ 2�, é?¿�µ > 1, ½Âvµ(x) = µ

2
q v(µx). (Ü(5)ªÚ(6) ª, ��

Qa(vµ) = µ
4
q−1(‖∇v‖2L2 +

3qλ3

2(q + 2)
‖v‖q+2

Lq+2)− a2µ
4
q−5‖xv‖2L2 −

3

4
µ

8
q−3F (v),
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Ka,ω(vµ) = µ
4
q−1(‖∇v‖2L2 + λ3‖v‖q+2

Lq+2) + a2µ
4
q−5‖xv‖2L2 + ωµ

4
q−3‖v‖2L2 − µ

8
q−3F (v).

� 4
3
≤ q ≤ 2Úµ > 1�, kµ

4
q−1 ≤ µ

8
q−3. (Üµ > 1, K

Kω(vµ) =µ
4
q−1(‖∇v‖2L2 + λ3‖v‖q+2

Lq+2) + a2µ
4
q−5‖xv‖2L2 + ωµ

4
q−3‖v‖2L2 − µ

8
q−3F (v)

≤µ
4
q−1Kω(v) < 0.

�X, ½Â

f(λ, µ) := Qa(vµ) = µ
4
q−1(g(λ, µ)− µ−4λ2g(1, 1)),

Ù¥

g(λ, µ) = λ2‖∇u‖2L2 +
3qλ3

2(q + 2)
λq+2µ−4‖u‖q+2

Lq+2 −
3

4
λ4µ

4
q−2F (u).

Ï�g(1, 1) > 0, ¤±é?¿�λ ∈ [1, 1 + δ)�µ ∈ [1, 1 + δ), �3δ > 0¦�g(λ, µ) > 0. (

Üf(1, 1) = 0, é?¿�λ0 > 1�µ0 > 1, �3�A�(λ0, µ0)¦�f(λ0, µ0) > 0. ,��¡,

kf(λ0, 1) < 0. Ïd, �3µ∗ > 1¦�Qa(vµ∗) = 0, =vµ∗ ∈M .

�2 < q < 4�, é?¿�µ > 1, ½Âvµ(x) = µv(µx). (Ü(5)ªÚ(6)ª, Kk

Q(vµ) = µ(‖∇v‖2L2 −
3

4
F (v))− a2µ−3‖xv‖2L2 +

3qλ3

2(q + 2)
µq−1‖v‖q+2

Lq+2 ,

Kω(vµ) = µ(‖∇v‖2L2 − F (v)) + a2µ−3‖xv‖2L2 + ωµ−1‖v‖2L2 + λ3µ
q−1‖v‖q+2

Lq+2 .

�2 < q < 4Úµ > 1�, Kkλ3µ
q−1‖v‖q+2

Lq+2 < λ3µ‖v‖q+2
Lq+2 , ��

Kω(vµ) = µKω(v) < 0.

duT�¹� 4
3
≤ q ≤ 2��¹aq, K�3µ∗ > 1¦�Qa(vµ∗) = 0. Ïd, vµ∗ ∈M ,KM´���.

�e5, y²dm > 0.

�v ∈M , duKa,ω(v) < 0, Kv 6= 0. Ï�Qa(v) = 0, e 4
3
≤ q ≤ 2, K

Sa,ω(v) =Sa,ω(v)− 2

3q
Qa(v)

=
3q − 4

6q
‖∇v‖2L2 +

ω

2
‖v‖2L2 + a2 3q + 4

6q
‖xv‖2L2 +

2− q
4q

F (v). (12)

e2 < q < 4, K

Sa,ω(v) = Sa,ω(v)− 1

3
Qa(v) =

1

6
‖∇v‖2L2 +

ω

2
‖v‖2L2 +

5a2

6
‖xv‖2L2 +

2− q
2(q + 2)

λ3‖v‖q+2
Lq+2 . (13)

� 4
3
≤ q < 4�, duv 6= 0, (Ü(12)ªÚ(13)ª, é?¿�v ∈ M , kSa,ω(v) > 0, l��dm ≥ 0.

3e©¥, ¦^�y{y²dm 6= 0.
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b�dm = 0, �â(12)ª��, �3��S�{vn} ⊂ M¦�Qa(vn) = 0, ¿�Ka,ω(vn) <

0Ú lim
n→∞

Sa,ω(vn) = 0. (Ü(12)ª, �n→∞ �, Kk

‖vn‖2L2 → 0, ‖xvn‖2L2 → 0, F (vn)→ 0,
4

3
≤ q ≤ 2, (14)

‖vn‖2L2 → 0, ‖xvn‖2L2 → 0, ‖vn‖q+2
Lq+2 → 0, 2 < q < 4. (15)

,��¡, �âKa,ω(vn) < 0, Kk

1

2

(
‖∇vn‖2L2 + ω‖vn‖2L2 + a2‖xvn‖2L2

)
< F (vn)− λ3‖vn‖q+2

Lq+2 (16)

≤ C3‖∇vn‖3L2‖vn‖L2 + C4‖∇vn‖
3q
2

L2‖vn‖
4−q
2

L2 .

z{��
1

2
≤ C3‖∇vn‖L2‖vn‖L2 + C4‖∇vn‖

3q−4
2

L2 ‖vn‖
4−q
2

L2 .

duTª�(15)ªgñ, �dm > 0.

4. �»OK

Ún 3.1 �λ1, λ2 ∈ R, λ3 < 0, 4
3
< q < 4, ¿�÷v^�(2), KK ´�§(1)���ØC6/.

eψ0 ∈ K, Ké?¿�t ∈ [0, T ∗), �§(1)±ψ0�Ð��)ψ(t)÷vψ(t) ∈ K.

y² �ψ0 ∈ Σ, ¿�ψ(t)´�§(1)�). �âÚn1.1, Kk

Sa,ω(ψ(t)) = Sa,ω(ψ0) < da,ω, ∀t ∈ [0, T ∗). (17)

Äk, y²é?¿�t ∈ [0, T ∗), kKa,ω(ψ(t)) < 0. b�(JØ¤á, �âëY5��, �

3t1 ∈ [0, T ∗)¦�Ka,ω(ψ(t1)) = 0, KSa,ω(ψ(t1)) ≥ dω ≥ da,ω. Ï�Tª�(17)ªgñ, ¤±b�Ø

¤á, =é?¿�t ∈ [0, T ∗), kKa,ω(ψ(t)) < 0.

Ùg, y²é?¿�t ∈ [0, T ∗), kQa(ψ(t)) < 0. b�(JØ¤á, �âëY5��, �

3t2 ∈ [0, T ∗) ¦�Qa(ψ(t2)) = 0. Ï�Ka,ω(ψ(t)) < 0, ¤±ψ(t2) ∈M , KSa,ω(ψ(t2)) ≥ dm ≥ da,ω.

duTª�(17)ªgñ, Kb�Ø¤á, =é?¿�t ∈ [0, T ∗), kQa(ψ(t)) < 0.

�e5, y²½n 2.

½n 2�y² �âVirialð�ª, k

d2

dt2
‖xψ(t)‖2L2 = 8Qa(ψ(t)), ∀t ∈ [0, T ).

�âà5��, �Iy²�3δ > 0¦�Qa(ψ(t)) < δ. Ï�K3�§(1)��^e´ØC�, ¤

±é?¿�t ∈ [0, T ), kKa,ω(ψ(t)) < 0ÚQa(ψ(t)) < 0. �½t ∈ [0, T )�Pψ = ψ(t), ¦�ψ÷
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vSa,ω(ψ) < Sa,ω(u), Ka,ω(ψ) < 0ÚQa(ψ) < 0. éuλ > 0, �ψλ = λ
3

q+2ψ(λx), Kk

Sa,ω(ψλ) =
1

2
λ

4−q
q+2 ‖∇ψ‖2L2 +

ω

2
λ

−3q
q+2 ‖ψ‖2L2 +

a2

2
λ

−5q−4
q+2 ‖xψ‖2L2 −

1

4
λ

6−3q
q+2 F (ψ) +

λ3

q + 2
‖ψ‖q+2

Lq+2 ,

Qa(ψλ) = λ
4−q
q+2 ‖∇ψ‖2L2 − λ

−5q−4
q+2 a2‖xψ‖2L2 −

3

4
λ

6−3q
q+2 F (ψ) +

3qλ3

2(q + 2)
‖ψ‖q+2

Lq+2 .

Ïd, (ÜQa(ψ) < 0��, é?¿�λ ∈ [1, λ∗), �3λ∗ > 1¦�Qa(ψλ∗) = 0ÚQa(ψλ) < 0. é?¿

�λ ∈ [1, λ∗], duKa,ω(ψ) < 0, KKa,ω(ψλ)k±eü«�¹:

(i)é?¿�λ ∈ [1, λ∗], kKa,ω(ψλ) < 0.

(ii)�3µ ∈ (1, λ∗]¦�Ka,ω(ψµ) = 0.

éu1(i)«�¹, kQa(ψλ∗) = 0 ÚKa,ω(ψλ∗) < 0, KSa,ω(ψλ∗) ≥ dω ≥ Sa,ω(u), �

Sa,ω(ψ)− Sa,ω(ψλ) =
1

2
(1− λ

4−q
q+2 )‖∇ψ‖2L2 +

ω

2
(1− λ

−3q
q+2 )‖ψ‖2L2

+
a2

2
(1− λ

−5q−4
q+2 )‖xψ‖2L2 −

1

4
(1− λ

6−3q
q+2 )F (ψ), (18)

Qa(ψ)−Qa(ψλ) = (1− λ
4−q
q+2 )‖∇ψ‖2L2 − (1− λ

−5q−4
q+2 )a2‖xψ‖2L2 −

3

4
(1− λ

6−3q
q+2 )F (ψ). (19)

�â2 ≤ q < 4Úλ∗ > 1��,

Sa,ω(ψ)− Sa,ω(ψλ∗) ≥ 1

2
(Qa(ψ)−Qa(ψλ∗)) =

1

2
Qa(ψ). (20)

éu1(ii)«�¹, kKa,ω(ψµ) = 0ÚQa(ψµ) ≤ 0. A^½n 1, KSa,ω(ψµ) ≥ Sa,ω(u). (

Ü(18)ªÚ(19)ª, Kk

Sa,ω(ψ)− Sa,ω(ψµ) ≥ 1

2
(Qa(ψ)−Qa(ψµ)) ≥ 1

2
Qa(ψ). (21)

Ï�Sa,ω(ψλ∗) ≥ Sa,ω(u) ÚSa,ω(ψµ) ≥ Sa,ω(u), (Ü(20)ªÚ(21) ª, é?¿t ∈ [0, T ∗), Kk

Qa(ψ(t)) ≤ 2(Sa,ω(ψ0)− Sa,ω(u)). (22)

� 4
3
≤ q < 2�, �ψλ = λ

3
4ψ(λx), �

Sa,ω(ψλ) =
1

2
λ

1
2 ‖∇ψ‖2L2 +

ω

2
λ

−3
2 ‖ψ‖2L2 +

a2

2
λ

−7
2 ‖xψ‖2L2 −

1

4
F (ψ) +

λ3

q + 2
λ

3q−6
4 ‖ψ‖q+2

Lq+2 ,

Qa(ψλ) = λ
1
2 ‖∇ψ‖2L2 − λ

−7
2 a2‖xψ‖2L2 −

3

4
F (ψ) +

3qλ3

2(q + 2)
λ

3q−6
4 ‖ψ‖q+2

Lq+2 .
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duT�¹�2 ≤ q < 4��¹aq, Kk'��O(22)ª, ½n2�y.

5. rØ½5

3��!Ì�y²7Å)�rØ½5, =y²½n 3.

dudm ≥ dω,Kda,ω = dω. �âÚn2.1��,KkKa,ω(uω) = Qa(uω) = 0. -uλω(x) = λuω(x),

du

Qa(u
λ
ω) = λ2‖∇uω‖2L2 − a2λ2‖xuω‖2L2 −

3

4
λ4F (uω) +

3qλ3

2(q + 2)
λq+2‖uω‖q+2

Lq+2 ,

Ka,ω(uλω) = λ2‖∇uω‖2L2 + a2λ2‖xuω‖2L2 + ωλ2‖uω‖2L2 − λ4F (uω) + λ3λ
q+2‖uω‖q+2

Lq+2 ,

K�§Ka,ω(uλω) = 0ÚQa(u
λ
ω) = 0k����")λ0, =λ0 = 1. é?¿�λ > 1, �

Qa(u
λ
ω) < 0, Ka,ω(uλω) < 0.

,��¡, 5¿� d
dλ
Sa,ω(uλω) = λ−1Ka,ω(uλω). Ïd, é?¿�λ > 1, kSa,ω(uλω) < Sa,ω(uω). d

uSa,ω(uω) = dω = da,ω, é?¿�λ > 1, kSa,ω(uλω) < da,ω, Ka,ω(uλω) < 0ÚQa(u
λ
ω) < 0. ùÒL²

é?¿�λ > 1, Kkuλω ∈ K. �ε > 0, �λ1 > 1¿v
�C1 ¦�

‖uλ1
ω − uω‖Σ = (λ1 − 1)‖uω‖Σ < ε.

�ψ0 = uλ1
ω (x), Kψ0 ∈ K. Ïd, �â½n 2��, �§(1)�)ψ(t)3k��mS�».

�e5, y²½n 3(ii). �da,ω = dm < dω�, duuω ∈ Σ \ {0}, Ké?¿�λ > 1, k

Sa,ω(uλω) < Sa,ω(uω) = dω.

Ï� d
dλ
Sa,ω(uλω) = λ−1Ka,ω(uλω) ÚKa,ω(uω) = 0, ¤±é?¿�λ > 1, k d

dλ
Sa,ω(uλω) < 0. ,�

�¡, kSa,ω(uω) = da,ω. �λ → ∞�, kSa,ω(uλω) → −∞. Ïd, �λ > λ0�, �3λ0 > 1 ¦

�Sa,ω(uλω) < Sa,ω(uλ0
ω ). é?¿�λ > λ0, KkSa,ω(uλω) < da,ω, Ka,ω(uλω) < 0, Qa(u

λ
ω) < 0,

½uλω ∈ K. �δ = (λ0 − 1)‖uω‖Σ, é?¿�λ1 > λ0, -ψ0 = uλ1
ω (x), K(Ø¤á, ½n 3�y.
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