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1 $� 
Davey-StewartsonpY
2.fSZ�, Mu?`fSZ�R��)tY}*�?#[y�C�?R>��r". 9~$Ls, �I'!sY"du? [1]:

{
iψt + ψxx + µψyy = a|ψ|2ψ + bψφx,

cφxx + φyy = (|ψ|2)x,
(1.1)�R µ, a, b, c d/��, ψ(t, x, y) d`KB^, φ(t, x, y) d/KHL6. 
iX��=_1-_1� D-S pY, �Y" (1.1) R� µ = c = 1, a = b = −1.l. D-S pY�+4^?�= [2]. Ghidaglia v Saut[3] #Y` CauchylR9{^K� H1(R2)R?A�8H�. GuovWang[4] �=`_1-_1� D-SpY9 Hs(Rd) (�R

0 < s < 2, K�f� d = 2, 3) R?A�/DS8H�. Wang v Guo[5], Hayashi v Saut[6]�=`�So! D-S pYDS.?%(�P. Ohta[7], Cipolatti[8] 9�HU!s�=`[�?19�/kH�. Li A [9] �=`^� D-S pY?��.. Ghidaglia v Saut[3], Shuv Zhang[10], Gan v Zhang[11], Zhang v Zhu[12] 9 H1(Rd) (�R d = 2, 3) R�=` D-SpY��.?19�. Sulem[2], Papanicolaou A [13] Ok` D-S pY��.?�Km�.

Richards[14] Gv` D-S pY��.9 L2(R2) R?�R�P. Zhu[15] 9 L2(R2) ROk`
D-SpY��.	w�d. LiA [16] �=` D-SpY��.9 H1(Rd) (�R d = 2, 3)R?IZ��P. msZ :: Y" (1.1) ��.9BE;K� Hs := Hs(R2) (�R 0 < s < 1)R?�=�q+.5/&, W' Fourier Æ�, + △v = (|u|2)x, �Æ vx = F−1

[ ξ21
|ξ|2F|u|2

]
, �R F v

F−1 \�dH!9 R2 &? Fourier Æ�v Fourier }Æ� [4]. #+, �Æ� E(|u|2) =�j 2015 ~ 9 5 17 �:;, 2016 ~ 9 5 21 �:;	a.
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[ ξ21
|ξ|2F|u|2

]
, Y" (1.1) A�.

iut +△u+ |u|2u+ E(|u|2)u = 0, t > 0, x ∈ R
2, (1.2)

u(0, x) = u0, (1.3)�R id��7g; △ = ∂2

∂x2
1
+ ∂2

∂x2
2
d R2 &?P�PDI_; u = u(t, x): [0, T ∗)×R2 → C,�R 0 < T ∗ 6 +∞; E d�"�\I_, �_ud σ1(ξ) =

ξ21
|ξ|2 , ξ ∈ R2.!q9Y" (1.2) R�F�"�\{ E(|u|2)u, xp, Y" (1.2) d9E?YY[y�

Schrödinger Y"
ivt +△v + |v|2v = 0, v = v(t, x) : [0, τ)× R

2 → C. (1.4)+Y"9[y�n�R+T�?%', 4^?�?�=`Y" (1.4) 9�`�{^K�Æ�BE;K�R��.?IZ��P [17−22].
i;t�j Cauchy lR (1.2)–(1.3) 9{^K� H1(R2) R?-q. UKVI, +-Y"+!s?Q<zi: P^<z ‖u(t)‖L2 = ‖u0‖L2, (1.5){^<z H(u(t)) = H(u0), (1.6)�RXt H(u(t)) := 1
2

∫
R2 |∇u(t)|2dx − 1

4

∫
R2 |u(t)|4 + E(|u(t)|2)|u(t)|2dx. GgY" (1.2)?[� u(t, x) = Q(x)eit, �R Q(x) > 0 d!sY"?. [7−8]:

−△Q+Q−Q3 − E(Q2)Q = 0, Q ∈ H1(R2). (1.7)

PapanicolaouA [13] Gv`!s?e� Gargliardo-Nirenberg�A2:
∫

R2

(|u|4 + E(|u|2)|u|2)dx 6 2
‖u‖2L2‖∇u‖2L2

‖Q‖2L2

,�R Q dY" (1.7) ?�N.. fB{^<zh (1.6) I: !q%KU! u0 ∈ H1(R2) mb ‖u0‖L2 < ‖Q‖L2, ; CauchylR (1.2)–(1.3)?.DS19; !q%KU! u0 ∈ H1(R2)mb ‖u0‖L2 > ‖Q‖L2, ; Cauchy lR (1.2)–(1.3) I{9+w-� T ∗ < +∞ ��. +`, fBY" (1.2) ?g�Æ��Æ� [16], ‖Q‖L2 dY" (1.2) ?0��P^.Li A [16],

Richards[14] 9 H1(R2) R�=`Y" (1.2) ��.?�R�P.87,N.BE;K� Hs (�R 0 < s < 1)R? CauchylR (1.2)–(1.3),*.{^Xt H(u) �7d<z^, *Y?{^YS,�. #P, 9+BE;K� Hs (�R 0 < s < 1)R��.IZ��P?-q���q+. 
i9BE;K�R�= Cauchy lR (1.2)–

(1.3) ?/���.7[�+�v+ !?. +`, �=Y" (1.2) ��.?d�MzQ`.[y�{Rs+�"�\I_ E.
i;tW' Colliander A [23] Q&? I-YS, #Y` Cauchy lR (1.2)–(1.3) ?�EA�8H�. �-, 6'i [24–25] R�E{^ H(INu(t)) ?�}((<zh, Gv`�E{^ H(INu(t)) ?=�B.�E?I{^ ‖∇INu(t)‖2L2 , A79BE;K�R�=/���.?l i�J�. e|, $�}((<zh/�NÆ\PC-y, ms=:`
CauchylR (1.2)–(1.3)/���.9BE;K� Hs(R2) (�R s > s0, s0 6 1+

√
11

5 ) R?��T�IZ��P, �N	w[:�P^�R�L2 �	w?�19�, A��Pe&`
Cauchy lR (1.2)–(1.3) /���.?8rJ�.
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2 %k)�
A . B �3mb�A2 A 6 KB, �R K d��, S d Schwartz K�, Lr := Lr

x(R
2)dV�? Lebesgue t�K�, �Rt� f : R2 → C, �V�d ‖f‖Lr

x
:= (

∫
R2 |f |rdx)

1
r7+w? (r I� r = +∞); �--KK� Lq

tL
r
x dH!9 J × R2 &?t�K�mb

‖u‖Lq

t∈J
Lr

x
:= (

∫
J ‖u‖qLr

x
dt)

1
q < +∞, �R q � r DI�:n�4, 9 q = r -, �� Lq

tL
r
xd Lq

t,x; � k± dmb k ± ε ?��, �R ε > 0 d� ~?E�.H! Fourier Æ�d Ff = f̂(ξ) :=
∫
R2 e

−2πix·ξf(x)dx. H!\�-b\I_ Dα d
D̂αu(ξ) := |ξ|αû(ξ), �R α d� /�, SGCH! 〈̂D〉αu(ξ) := 〈ξ〉αû(ξ), �R 〈a〉 :=√
1 + |a|2. \�H!	- SobolevK� Ḣs v[	- SobolevK� Hsd ‖u‖Ḣs = ‖Dsu‖L2v ‖u‖Hs = ‖〈D〉su‖L2.w" 2.1[18] �N (q, r) d R2 &? �N, 9Æ59+�N (q, r)mb 1

q +
1
r = 1

2 , 2 6

q, r 6 +∞.ms�j���I? Strichartz i� [18].	� 2.1 e (q, r) v (q̃, r̃) dQ �N. !q u(t, x) mbY"



iut +△u = f(u), (t, x) ∈ I × R2,

u(0, x) = u0(x),
(2.1);

‖u‖Lq
tL

r
x(I×R2) . ‖u0‖L2

x(R
2) + ‖f‖

Lq̃′

t Lr̃′
x (I×R2)

, (2.2)�R ′ �3 Hölder N�L�.X-, ms
��� Littlewood-Paley \.Tk. P�C, e ϕ(ξ) dH�9 |ξ| 6 2 &?n~ bump t�, �K9 |ξ| 6 1 &zd 1. N.rd N ∈ 2Z, H! Littlewood-Paley I_
P̂6Nf(ξ) := ϕ

( ξ

N

)
f̂(ξ),

P̂>Nf(ξ) :=
[
1− ϕ

( ξ
N

)]
f̂(ξ),

P̂Nf(ξ) :=
[
ϕ
( ξ
N

)
− ϕ

(2ξ
N

)]
f̂(ξ).SGC, msH!I_ P<N , P>N v PM<·6N := P6N − P6M , �R M v N d dyadic �.�� P6Nf d f6N , �MI_�SGC��. �j!s? Bernstein v Sobolev ��A2.#� 2.1 ) 1 6 p 6 q 6 +∞ �Æ s > 0, +

‖P>Nf‖Lp . N−s‖|∇|sP>Nf‖Lp,

‖|∇|sP6Nf‖Lp . Ns‖P6Nf‖Lp,

‖|∇|±sPNf‖Lp ∼ N±s‖PNf‖Lp,

‖P6Nf‖Lq . N
1
p
− 1

q ‖P6Nf‖Lp ,

‖PNf‖Lq . N
1
p
− 1

q ‖PNf‖Lp .



246 A�~F 38 C A �e N > 1, H! Fourier !_ IN
[23] d ÎNu(ξ) = mN (ξ)û(ξ), �R mN n~<}N��t�mb

mN(ξ) =





1, 9 |ξ| 6 N -,
( |ξ|
N

)s−1

, 9 |ξ| > 2N -.u�, IN d�iK� |ξ| 6 N &?zAI_, P9b�K�&��q/ 1 − s *?\�-�\I_�N. P�C, IN d. Hs : H1 ?&(, A0=msI�$ H1 Tk%':I_ IN ?|&. stms9�I_ IN ?���P [23].#� 2.2 ) 1 < p < +∞ v 0 6 s < 1, ;+
‖INf ||Lp . ‖f‖Lp, (2.3)

‖|∇|sP>Nf‖Lp . Ns−1‖∇INf‖Lp , (2.4)

‖f‖Hs . ‖INf‖H1 . N1−s‖f‖Hs . (2.5)H! Strichartz V�d
‖u‖S0([0,T ]) := sup

(q,r) admissible

‖u‖Lq

t∈[0,T ]
Lr

x
. (2.6)

Bourgain[17] e&`!s?By�n~i�.#� 2.3 ) ψ ∈ L2(R2) mb ψ1 = PNj
ψ, ψ2 = PNk

ψ, ;N. Nj 6 Nk, +
‖eit∆ψ1 · eit∆ψ2‖L2

t,x(R×R2) 6 C
(Nj

Nk

) 1
2−‖ψ1‖L2‖ψ2‖L2. (2.7)� u d Cauchy lR (1.2)–(1.3) H!9 [0, Tlwp] &?.. e uj = PNj

u, �R j = 1, 2,

N1 > N2, ;+
‖u1u2‖L2

Tlwp
L2

x
6 C

(N2

N1

) 1
2−‖u‖2S0([0,Tlwp])

. (2.8)!q$ uj T�d uj , (2.8) ���Y.W' Hmidi v Keraani[26] Q&? H1 K�R+0b Profile \.Tk, Richards[14]=:!s?8r4�-q.	� 2.2 ) {vn}+∞
n=1 d H1(R2) K�R+0bÆmb

lim sup
n→+∞

‖∇vn‖2L2 6M2 v lim sup
n→+∞

∫

R2

(|vn|4 + E(|vn|2)|vn|2)dx > m4, (2.9)�R 0 < m, M < +∞. ;19b {xn}+∞
n=1 ⊂ R2 �Æ {vn}+∞

n=1 ?_b, mb
vn(x+ xn)⇀ V (x) 9 H1(R2) R#9℄, (2.10)�R ‖V ‖L2 >

m2‖Q‖L2

M
√
2

, Q dY" (1.7) ?�N..st, ms9��"�\I_ E ?�P.#� 2.4 )�"�\I_ E ?H!d F [E(ψ)](ξ) = σ1(ξ)F [ψ](ξ), �RPCt�
σ1(ξ) =

ξ21
|ξ|2 , ξ ∈ R2, F 7 R2 &? Fourier Æ�. 9 1 < p < +∞ -, E mb!s�P:

(i) E ∈ L(Lp, Lp), �R L(Lp, Lp) �3. Lp : Lp ?+0y�I_.
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(ii) !q ψ ∈ Hs(R2), xp E(ψ) ∈ Hs(R2), s ∈ R.

(iii) !q ψ ∈ Wm,p, xp E(ψ) ∈ Wm,p Æ ∂kE(ψ) = E(∂kψ), k = 1, 2.

(iv) E mb
- translation: E(ψ(· + y))(x) = E(ψ)(x+ y), y ∈ R2;

- dilatation: E(ψ(λ·))(x) = E(ψ)(λx), λ > 0;

- conjugation: E(ψ) = E(ψ),�R ψ d ψ ?`gg�.

3 �'v�nx�
+e& Cauchy lR (1.2)–(1.3) 9 Hs(R2) R?�EA�8H�.	� 3.1 e 0 < s < 1 �Æ u0 ∈ Hs(R2), ; u0 7→ u(t, x) dH!9�� [0, Tlwp] &?&(, Æ+
Tlwp = C0‖IN 〈D〉u0‖−

2
s

L2 , (3.1)

‖IN 〈D〉u‖S0([0,Tlwp]) 6 2‖IN 〈D〉u0‖L2 . (3.2)6P, N� ? t ∈ [0, Tlwp), +∫
R2

|u(t, x)|2dx =

∫

R2

|u0|2dx.( fB�℄?8H�Tk [18−19], Cauchy lR (1.2)–(1.3) A�.!s?�\Y":

u(t) = eit△u0 − i

∫ t

0

ei(t−s)△(|u|2u+ E(|u|2)u)(s)ds. (3.3)N.eH? u(t), � (3.3)?,d Φu0 [u],M
Gv Φu0 [u]d BL4
T
L4

x
:= {u : [0, T ]×R2 →

C | ‖u‖L4
T
L4

x
< ρ} &?�J&|, �R ρ bh~. 5/&, 
�Gv

‖Φu0 [u]− Φu0 [v]‖S0([0,T ]) 6
1

2
‖u− v‖L4

T
L4

x
,�R T 7l. ‖IN 〈D〉u0‖L2 ?, Æbh~. 5/&, W' Strichartz i� (�wR 2.2), +

‖Φu0 [u]− Φu0 [v]‖S0([0,T ]) . ‖|u|2u− |v|2v‖
L

4
3
T
L

4
3
x

+ ‖E(|u|2)u − E(|v|2)v‖
L

4
3
T
L

4
3
x

. (3.4)N. (3.4) ,MD 1 {, W' Hölder �A2, +
‖|u|2u− |v|2v‖

L
4
3
T
L

4
3
x

6 ‖|u|2u− |u|2v‖
L

4
3
T
L

4
3
x

+ ‖|u|2v − |v|2v‖
L

4
3
T
L

4
3
x

. (‖u‖2L4
T
L4

x
+ ‖v‖2L4

T
L4

x
)‖u− v‖L4

T
L4

x
. (3.5)N. (3.4) ,MD 2 {, W'�"�\I_ E ?�P, +

‖E(|u|2)u − E(|v|2)v‖
L

4
3
T
L

4
3
x

6 ‖E(|u|2)u − E(|u|2)v‖
L

4
3
T
L

4
3
x

+ ‖E(|u|2)v − E(|v|2)v‖
L

4
3
T
L

4
3
x

. ‖E(|u|2)‖L2
T
L2

x
‖u− v‖L4

T
L4

x
+ ‖E(|(u+ v)(u− v)|)‖L2

T
L2

x
‖v‖L4

T
L4

x

. (‖u‖2L4
T
L4

x
+ ‖v‖2L4

T
L4

x
)‖u− v‖L4

T
L4

x
. (3.6)



248 A�~F 38 C A �-* (3.4)–(3.6), +
‖Φu0 [u]− Φu0 [v]‖S0([0,T ]) 6 C(‖u‖2L4

T
L4

x
+ ‖v‖2L4

T
L4

x
)‖u− v‖L4

T
L4

x
6 Cρ2‖u− v‖L4

T
L4

x
. (3.7)#+, � ρ < ρ0 (�R ρ0 d�du2��), + Φu0 [u] d� B(ρ) &?�J&(.6P, H! Duhamel G6b {uj}+∞

j=1
{
u0(t, x) = eit△u0,

uj+1(t) = eit△u0 − i
∫ t

0
ei(t−s)△(|uj |2uj + E(|uj |2)uj)(s)ds, j > 1.Z : {uj}+∞

j=1 9℄:Y"?. u(t, x), M� ‖eit△u0‖L4
T
L4

x
< ρ0. 5/&, W' Hölder �A2�Æ Sobolev �A2, +

‖u‖L4
T
L4

x
6 C

(∫ T

0

‖〈D〉su‖4Lr
x
dt
) 1

4

6 CT
1
4− 1

q ‖〈D〉su‖Lq

T
Lr

x
, (3.8)�R q > 4, 2

r − 1
2 = s �Æ (q, r) d �N. +- 1

4 − 1
q = s

2 . -y (3.8) v Strichartz i�,I=
‖eit△u0‖L4

T
L4

x
6 CT

s
2 ‖eit△〈D〉su0‖Lq

T
Lr

x
6 CT

s
2 ‖IN 〈D〉u0‖L2

x
. (3.9)� T = Tlwp = C0‖IN 〈D〉u0‖−

2
s

L2
x
mb T

s
2

lwp‖IN 〈D〉u0‖L2
x
< ρ0, 6' Strichartz i�, +

‖u0‖S0([0,Tlwp]) 6 C‖IN 〈D〉u0‖L2
x
. W'G6b?�x9℄�,

‖INu‖S0([0,Tlwp]) 6 ‖u‖S0([0,Tlwp]) 6 C‖INu0‖H1
x(R

2). (3.10)stGvY".E;�?#?�. N (3.3) !�I_ 〈D〉IN , �W' Strichartz i�,I=
‖IN 〈D〉u‖S0([0,Tlwp]) . ‖IN 〈D〉u0‖L2

x
+ ‖〈D〉IN (|u|2u+ E(|u|2)u)‖

L
4
3
Tlwp

L
4
3
x

.Z :N.K+? s > 0, !_ 〈D〉IN 7�=?. W'\�-b\I_?�E Leibnitz S;, N� ?t� F ∈ C1, + ‖〈D〉INF (u)‖Lr . ‖F ′(u)‖Lp‖〈D〉INu‖Lq , �R 1
r = 1

p + 1
q ,

3
4 = 1

2 + 1
4 , 6P

‖〈D〉IN |u|2u‖
L

4
3
Tlwp

L
4
3
x

. ‖|u|2‖L2
Tlwp

L2
x
‖〈D〉INu‖L4

Tlwp
L4

x
. ‖u‖2L4

Tlwp
L4

x
‖〈D〉INu‖L4

Tlwp
L4

x
,

‖〈D〉INE(|u|2)u‖
L

4
3
Tlwp

L
4
3
x

. [‖E(|u|2)‖L2
Tlwp

L2
x
+ ‖E(|u|)u‖L2

Tlwp
L2

x
]‖〈D〉INu‖L4

Tlwp
L4

x

. ‖u‖2L4
Tlwp

L4
x
‖〈D〉INu‖L4

Tlwp
L4

x
,A�v

‖IN 〈D〉u‖S0([0,Tlwp]) . ‖IN 〈D〉u0‖L2
x
+ ‖u‖2L4

Tlwp
L4

x
‖〈D〉INu‖S0([0,Tlwp]). (3.11)e|i� ‖u‖L4

Tlwp
L4

x
. fB IN ?H!, +!s?\. u = u<N +

+∞∑
j=1

ukj
, �R u<N?K��iH�d 〈ξ〉 6 N , ukj

?H�d 〈ξj〉 ∼ Nj = 2kj (kj d. [logN ] E1?\ÆD�, �L� j = 1, 2, · · · ). Z :
‖ukj

‖L4
Tlwp

L4
x
. N1−s

j Ns−1‖INukj
‖L4

Tlwp
L4

x
, j = 1, 2, · · · . (3.12)
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‖u‖L4

Tlwp
L4

x
6 ‖u<N‖L4

Tlwp
L4

x
+

+∞∑

j=1

‖ukj
‖L4

Tlwp
L4

x

= ‖INu<N‖L4
Tlwp

L4
x
+

+∞∑

j=1

‖ukj
‖εL4

Tlwp
L4

x
‖ukj

‖1−ε
L4

Tlwp
L4

x

. (3.13)fB ukj
?H!, +

‖INu<N‖L4
Tlwp

L4
x
. ‖INu‖L4

Tlwp
L4

x
, (3.14)

‖ukj
‖L4

Tlwp
L4

x
. N1−s

j Ns−1‖INukj
‖L4

Tlwp
L4

x
, j = 1, 2, · · · (3.15)�Æ

‖ukj
‖L4

Tlwp
L4

x
. N−s

j Ns−1‖〈D〉INukj
‖L4

Tlwp
L4

x
, j = 1, 2, · · · . (3.16)-y (3.12)–(3.16), +

‖u‖L4
Tlwp

L4
x
. ‖INu‖L4

Tlwp
L4

x
+

+∞∑

j=1

N−s+ε
j Ns−1‖INukj

‖εL4
Tlwp

L4
x
‖〈D〉INukj

‖1−ε
L4

Tlwp
L4

x

.� N bh4, 0= Ns−1 6 1, $ Littlewood-Paley �A2%': ‖INukj
‖Lp . ‖INu‖Lp

(1 6 p 6 +∞), N.K+? s > ε, +
‖u‖L4

Tlwp
L4

x
. ‖INu‖L4

Tlwp
L4

x
+

+∞∑

j=1

N−s+ε
j ‖INukj

‖εL4
Tlwp

L4
x
‖〈D〉INukj

‖1−ε
L4

Tlwp
L4

x

. ‖INu‖L4
Tlwp

L4
x
+ ‖INu‖εL4

Tlwp
L4

x
‖〈D〉INu‖1−ε

L4
Tlwp

L4
x

. (3.17)$ (3.17) %': (3.11), +
‖IN 〈D〉u‖S0([0,Tlwp]) . ‖IN 〈D〉u0‖L2

x
+ ‖IN 〈D〉u‖S0([0,T ])‖INu‖2L4

Tlwp
L4

x

+ ‖IN 〈D〉u‖3−2ε
S0([0,T ])‖INu‖

2ε
L4

Tlwp
L4

x
..P, * (3.10) = ‖INu‖L4

Tlwp
L4

x
≪ 1, �R Tlwp bh~. 6P, W' bootstrap �A2, I= ‖IN 〈D〉u‖S0([0,Tlwp]) . ‖IN 〈D〉u0‖L2

x
. G�.W'wR 3.1 vM?Gv, ms+!s?℄k.�� 3.1 e 0 < s < 1 v u0 ∈ Hs(R2), ) u(t, x) dY" (1.2) 9�� [0, T ∗) &?.,;+

‖〈D〉su(t)‖L2
x
> C(T ∗ − t)−

s
2 , (3.18)�R t bh)7 T ∗.

4 tqj��v~���
+W'�E{^?�}((<zh, =: D-S pY/���.9K� Hs(R2) (0 <

s < 1) R?	w[:. fB Colliander A [23] ?Ez, � N = N(T ) bh4QLO�E



250 A�~F 38 C A �{^ H(INu(T )). ℄�C%, ms$Gv H(INu(T )) ~.�EI{^ ‖IN∇u(T )‖2L2, �R s bh)7. 1. *wR 2.2 ?4�-q: INu(T ), I�=: D-S pY/���.9
Hs(R2) K�R?#	w[:.92'X�-qJ�, ms
�$6���u:

Λ(t) := sup
06τ6t

‖u(τ)‖Hs , Σ(t) = sup
06τ6t

‖INu(τ)‖H1 .W'�E{^?�}((<zh, ms+!s?wR.	� 4.1 )%K u0 ∈ Hs, �R s0 < s < 1. !q u(t, x) 7 Cauchy lR (1.2)–(1.3)?��., �R 0 < T ∗ < +∞ d��-J, ;19 p(s) < 2, N� ? 0 < T < T ∗ �Æ
N(T ) = C0Λ(T )

p(s)
2(1−s) , (4.1)0=

|H(IN(T )u(T ))| 6 CΛ(T )p(s), (4.2)�R C = C(s, T ∗, ‖u0‖Hs), s0 6 1+
√
11

5 �Æ p(s) = 6+2/s
−(4+2/s)(1−s)+2−2(1− s).( �) T < T ∗ )7 T ∗. e N = N(T ) �Æ δ = C0Σ(T )

− 2
s > 0, �R C0 d (3.1) R?�H��. Z : δ dwR 3.1 R�GA�8H��Y?-�, Σ(T ) d�EI{^:3?-J T ?e4K. 6P, I$�� [0, T ] \.d J = C T

δ d δ-~��, 0=9rd~��&A�8H��N�Y, � [0, T ] =
J⋃

j=1

Ij , Ij = [tj , tj+1), t0 = 0, tj+1 = tj + δ, ÆNrd tj , +!si�:

‖〈D〉INu‖S0([tj ,tj+1]) . ‖〈D〉INu‖L2
x
. Σ(T ). (4.3)AV
��E{^ H(INu(t)) ?�}((<zh (�i [24] R?wR 3.1).#� 4.1 e u0 ∈ Hs(R2), �R 1

4 < s 6 1. ) u(t, x) d CauchylR (1.2)–(1.3) H!9 t ∈ [0, Tlwp] &?., ;
sup
t

|H(INu(t))| 6 |H(INu(0))|+ CN− 3
2−‖IN〈D〉u(0)‖4L2 + CN−2−‖IN 〈D〉u(0)‖6L2 . (4.4)� δ bh~, 9rd~�� Ij &, W'�E{^?�}((<zh (�$T 4.1), I=

|H(INu(T ))| . |H(INu(0))|+
T

δ
[N− 3

2−Σ(T )4 +N−2−Σ(T )6]

. |H(INu(0))|+
T ∗

C0Σ(T )−
2
s

[N− 3
2−Σ(T )4 +N−2−Σ(T )6]

. |H(INu(0))|+N− 3
2−Σ(T )4+

2
s +N−2−Σ(T )6+

2
s . (4.5)-' Sobolev �A2v ‖u‖Hs . ‖INu‖H1 . N1−s‖u‖Hs , +

Σ(T ) . N1−sΛ(T ), (4.6)

|H(INu(0))| . ‖∇INu0‖2L2 +

∫
(|INu0|4 + E(|INu0|2)|INu0|2)dx

. ‖∇INu0‖2L2 + ‖INu0‖2L2‖∇INu0‖2L2 . N2(1−s). (4.7)-y (4.5)–(4.7), +
|H(INu(T ))| . N2(1−s) +N (4+ 2

s
)(1−s)− 3

2−Λ4+ 2
s +N (6+ 2

s
)(1−s)−2−Λ6+ 2

s .
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|H(INu(T ))| . N2(1−s) +N (6+ 2

s
)(1−s)−2−Λ6+ 2

s .� N2(1−s) = N (6+ 2
s
)(1−s)−2−Λ(T )6+

2
s , +

N = Λ

6+ 2
s

−(4+ 2
s
)(1−s)+2− .#+

|H(INu(T ))| . Λ(T )p(s), p(s) =
6 + 2

s

−(4 + 2
s )(1 − s) + 2−2(1− s).6P, *�) p(s) < 2, + 10s2 + (−6 + 2−)s− 4 > 0. #+ s > s0, �R s0 6 1+

√
11

5 .st, W'wR 4.1 I�=: Davey-StewartsonpY��.9 Hs(R2) K�R?#	w[:.w� 4.1 e u0 ∈ Hs(R2), �R s > s0 �Æ s0 6 1+
√
11

5 . !q u(t, x) 7 CauchylR (1.2)–(1.3) ?��., Æ 0 < T ∗ < +∞ d���-J, xp, 19 U ∈ H1, mb
‖U‖L2 > ‖Q‖L2, X-19b {tn, λn, xn}+∞

n=1 ⊂ R+ ×R∗
+ ×R2, mb tn → T ∗ (n→ +∞)�Æ ∀n > 1, λn . (T ∗ − tn)

s
2 , 0=s2�Y:

λnu(tn, λnx+ xn)⇀ U(x) 9 H s̃−(R2) R#9℄, (4.8)�R s̃ := s+1/s+1
−2s+2/s+4 , Q dY" (1.7) ?�N..( �-�b {tn}+∞

n=1 mb tn → T ∗ (n → +∞), Æ� ‖u(tn)‖Hs = Λ(tn). *
u(t, x) d Cauchy lR (1.2)–(1.3) 9 Hs R?��.I, 9 n → +∞ -, Λ(tn) → +∞.e Un(x) := λn(IN(tn)u)(tn, λnx), �R N(tn) ?H!� (4.1), +-, � T := tn �Æ
λn :=

‖∇Q‖
L2

‖∇IN(tn)u(tn)‖L2
. �II=

{
‖Un(x)‖L2 = ‖IN(tn)u(tn)‖L2 6 ‖u(tn)‖L2 = ‖u0‖L2 ,

‖∇Un(x)‖L2 = λn‖∇IN(tn)u(tn)‖L2 = ‖∇Q‖L2.u� Un(x) ∈ H1
x �Æ {Un(x)}+∞

n=1 9 H1
x R+0.W'℄k 3.1, +

λn .
1

‖u(tn)‖Hs

. (T ∗ − t)
s
2 . (4.9)W'�}((<zh�Æ p(s) < 2 (9 s > s0 -), I=9 n→ +∞ -,

H(Un) = λ2nH(IN(tn)u(tn)) . λ2nΛ(tn)
p(s) . Λ(tn)

p(s)−2 → 0.-y{^Xt H(u) ?H!+, 9 n→ +∞ -,∫

R2

(|Un|4 + E(|Un|2)|Un|2)dx = 2

∫

R2

|∇Un|2dx→ 2

∫

R2

|∇Q|2dx. (4.10)$wR 2.2 %':b {Un(x)}+∞
n=1 & (+-, � M = ‖∇Q‖L2 �Æ m2 =

√
2‖∇Q‖L2), msI<: 19b {xn}+∞

n=1 ⊂ R2 �Æ U ∈ H1(R2), 0= ‖U‖L2 > ‖Q‖L2, Æ9 n → +∞-,

λn(IN(tn)u)(tn, λnx+ xn)⇀ U(x) 9 H1
x(R

2) R#9℄.6P
λn(IN(tn)u)(tn, λnx+ xn) = U(x) + εn(x), (4.11)



252 A�~F 38 C A ��R εn(x) ⇀ 0 #9℄. H1(R2). N� ? k < s, +
‖λn(IN(tn)u(tn)− u(tn))(λnx+ xn)‖Ḣk = λkn‖P>N(tn)u(tn)‖Ḣk

. λknN(tn)
k−s‖P>N(tn)u(tn)‖Ḣs . Λ(tn)

−kΛ(tn)
(k−s)p(s)
2(1−s) ‖P>N(tn)u(tn)‖Hs

. Λ(tn)
1−k+ (k−s)p(s)

2(1−s) .-y p(s) ?�32, +
1− k +

(k − s)p(s)

2(1− s)
< 0 ⇔ k < s̃ :=

s+ 1/s+ 1

−2s+ 2/s+ 4
.#+, 9 n→ +∞ -,

‖λn(IN(tn)u(tn)− u(tn))(λnx+ xn)‖Hs̃− → 0. (4.12)6P, -y (4.11)–(4.12), + λnu(tn, λnx+ xn) = U(x) + hn(x), �R hn(x)⇀ 0 9 H s̃− R#9℄ (9 n→ +∞ -).w� 4.2 e%K u0 ∈ Hs(R2), �R s > s0 Æ s0 6 1+
√
11

5 . !q ‖u0‖L2 = ‖Q‖L2�Æ u(t, x) d Cauchy lR (1.2)–(1.3) ?��., Æ 0 < T ∗ < +∞ d��-J, xp19b {tn, γn, λn, xn}+∞
n=1 ⊂ R+ × R × R∗

+ × R2, mb tn → T ∗ (n → +∞) �Æ ∀n > 1,

λn . (T ∗ − tn)
s
2 , 0=s2�Y:

λne
iγnu(tn, λnx+ xn) → Q(x) 9 H s̃−(R2) R�9℄, (4.13)�R s̃ := s+1/s+1

−2s+2/s+4 , Q dY" (1.7) ?�N..( e Un(x) := λn(IN(tn)u)(tn, λnx). 1�HT 4.1 ?Gv, msI<: 19 U(x) ∈
H1(R2) �Æ xn ∈ R2, 0=9 n→ +∞ -,

Un(x+ xn)⇀ U(x) 9 L2(R2) R#9℄,�R ‖U‖L2 > ‖Q‖L2. -y#9℄?s�\Æ�Æ�) ‖u0‖L2 = ‖Q‖L2, +
‖U‖L2 6 lim inf

n→+∞
‖Un(x+ xn)‖L2 6 ‖u0‖L2 = ‖Q‖L2.#+ lim inf

n→+∞
‖Un(x+ xn)‖L2 = ‖U‖L2 = ‖Q‖L2, �Æ9 n→ +∞ -,

Un(x+ xn) → U(x) 9 L2(R2) R�9℄. (4.14)-* Gagliardo-Nirenberg�A2�Æ {Un}+∞
n=1 9 H1(R2) R?+0�I, 9 n→ +∞ -,∫

(|Un − U |4 + E(|Un − U |2)|Un − U |2)dx 6 C‖Un − U‖2L2‖∇(Un − U)‖2L2 → 0.6P, 9 n→ +∞ -,∫

R2

(|Un|4 + E(|Un|2)|Un|2)dx→
∫

R2

(|U |4 + E(|U |2)|U |2)dx. (4.15)* (4.10), (4.15) �Æe� Gagliardo-Nirenberg �A2, +
‖∇Q‖2L2 =

1

2

∫

R2

(|U |4 + E(|U |2)|U |2)dx 6
‖U‖2L2‖∇U‖2L2

‖Q‖2L2

= ‖∇U‖2L2.W'#9℄?s�\Æ�I, ‖∇U‖L2 6 lim inf
n→+∞

‖∇Un‖L2 = ‖∇Q‖L2. #+ lim inf
n→+∞

‖∇Un(x+

xn)‖L2 = ‖∇U‖L2 = ‖∇Q‖L2, Æ9 n→ +∞ -,

Un(x+ xn) → U(x) 9 H1(R2) R�9℄
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U ∈ H1, ‖U‖L2 = ‖Q‖L2, ‖∇U‖L2 = ‖∇Q‖L2 v H(U) = 0.W'Y" (1.7)?�NÆ\PC,VrT�H!$LÆ�I� λ = 1,+ U(x) = eiγQ(x+x0),�R (eiγ , x0) ∈ S1 × R2, �Æ
λn(IN(tn)u)(tn, λnx+ xn) → eiγQ(x+ x0) 9 H1(R2) R�9℄. (4.16)-y (4.12), +

λnu(tn, λnx+ xn) = eiγQ(x+ x0) + hn(x), (4.17)�R hn(x) → 0 9 H s̃− R�9℄ (9 n → +∞ -). ;HT 4.2 ?-kI* (4.16)–(4.17)=:.- 4.1 �msKI, Y" (1.7) ?�N. Q(x) ?����7�dElR. 5/&,l.�+?_1Y"�N.?��a��R..?<}N��) (� [18]), 87, N.�"�\I_ E 7[A�?, Æ/�\Æ��I&�, #+, �{VrT��)�	~?<}N��.

5 tqj��v L
2 ~�
+R, ms;t=:/���.9 L2(R2) R�	w?�19�.w� 5.1 )%K u0 ∈ Hs(R2), �R s > s0, s0 ?H!�wR 4.1. !q u(t, x) d

CauchylR (1.2)–(1.3)H!9�� [0, T ∗) &?��.. xpN.�xmb!sU!?b {tn}+∞
n=1: 9 n→ +∞ -, tn → T ∗, ; {u(tn)}+∞

n=1 9 L2(R2) Rq+�	w.( �'UGS. �)19b {tn}+∞
n=1, 0= tn → T ∗ (n → +∞), Æ u(tn, x) 9

L2(R2) R19�	w. *�) u(t, x) d Cauchy lR (1.2)–(1.3) 9 Hs R?��., +
‖u(tn)‖Hs → +∞ (n → +∞). e U(tn) := IN(tn)u(tn), �R N(tn) ?H!� (4.1) (�R
T := tn). ;

‖u(tn)‖Hs . ‖∇IN(tn)u(tn)‖L2 = ‖∇U(tn)‖L2 → +∞ 9 n→ +∞ -. (5.1)W'�}((<zhv Gagliardo-Nirenberg �A2, ∀n 6= m, s > s0, ∃ p(s) < 2, p(s) ?H!�wR 4.1, +
‖∇U(tn)‖2L2 . 2‖∇U(tn)‖p(s)L2 +

1

2

∫

R2

(|U(tn)|4 + E(|U(tn)|2)|U(tn)|2)dx

. 2‖∇U(tn)‖p(s)L2 +
1

2

∫

R2

(|U(tm)|4 + E(|U(tm)|2)|U(tm)|2)dx

+
1

2

∫

R2

(|U(tn)− U(tm)|4 + E(|U(tn)− U(tm)|2)|U(tn)− U(tm)|2)dx

. 2‖∇U(tn)‖p(s)L2 +
‖U(tn)− U(tm)‖2L2

‖Q(x)‖2L2

(‖∇U(tn)‖L2 + ‖∇U(tm)‖L2)2

+
‖U(tm)‖2L2

‖Q(x)‖2L2

‖∇U(tm)‖2L2 . (5.2)d�Yt, * U(tn) ?H!I, N.bh4? m 6= n,

‖U(tn)− U(tm)‖2L2 . ‖u(tn)− u(tm)‖2L2 . (5.3)



254 A�~F 38 C A �fB�): 9 s > s0 -, + p(s) < 2, -y (5.2)–(5.3) �ÆP^<z, ;N.kH? m,

‖∇U(tn)‖2L2 6 C‖u(tn)− u(tm)‖2L2‖∇U(tn)‖2L2 + Cm, ∀n > 1, (5.4)�R Cm �R. m. -*�) u(tn) 9 L2 R+�	w, ;19ED� k, 0=� ?
n > k, m > k, C‖u(tn)− u(tm)‖2L2 6 1

2 . #+, 9 (5.4) R� m = k, ;N� ? n > nk,

‖∇U(tn)‖2L2 6
1

2
‖∇U(tn)‖2L2 + Ck.&2�v ∇U(tn) 9 L2(R2) R+0, A/ (5.1) oO. G�.stms�= Cauchy lR (1.2)–(1.3) /���.? L2 	ws0i�.w� 5.2 e%K u0 ∈ Hs(R2) mb s > s0, �R s0 6 1+

√
11

5 . ) u(t, x) d CauchylR (1.2)–(1.3) ?��., 0 < T ∗ < +∞ d��-J, �Æ a(t) > 0 d� mb!sU!?t�: 9 t→ T ∗ -, (T∗−t)
s
2

a(t) → 0. ;19 x(t) ∈ R2, 0=
lim inf
t→T∗

∫

|x−x(t)|6a(t)

|u(t, x)|2dx >

∫

R2

|Q|2dx, (5.5)�R Q dY" (1.7) ?�N..( fBHT 4.1 ?Gv, msI<: 19 U ∈ H1(R2), �R ‖U‖L2 > ‖Q‖L2 �Æ19b {tn, λn, xn}+∞
n=1 ⊂ R+ × R∗

+ × R2, �R tn → T ∗ (n → +∞), 0= ∀n > 1,
λn

(T∗−tn)
s
2
. 1 (s > s0), �Æ
λnu(tn, λnx+ xn)⇀ U(x) 9 L2(R2) R#9℄, 9 n→ +∞ -. (5.6)* (5.6), N.� ? K > 0,

lim inf
n→+∞

λ2n

∫

|x|6K

|u(tn, λnx+ xn)|2dx >

∫

|x|6K

|U |2dx,A�v
lim inf
n→+∞

sup
y∈R2

∫

|z−y|6Kλn

|u(tn, z)|2dz >
∫

|x|6K

|U |2dx. (5.7)-* (T∗−t)
s
2

a(t) → 0 (t→ T ∗), -y (5.6), + λn

a(tn)
→ 0. #+, N� ? K > 0, +

lim inf
n→+∞

sup
y∈R2

∫

|x−y|6a(tn)

|u(tn, x)|2dx >

∫

|x|6K

|U |2dx.6P
lim inf
t→T∗

sup
y∈R2

∫

|x−y|6a(tn)

|u(tn, x)|2dx >

∫

R2

|U |2dx >

∫

R2

|Q|2dx.-* ∀t ∈ [0, T ), t� y 7→
∫
|x−y|6a(t) |u(t, x)|2dx 7\Æ?, Æ9n�3(�. 0, ;19

x(t) ∈ R2, 0=
sup
y∈R2

∫

|x−y|6a(t)

|u(t, x)|2dx =

∫

|x−x(t)|6a(t)

|u(t, x)|2dx.o������
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Abstract This paper deals with the dynamical properties of the rough blow-up solutions,

which are the solutions in the lower regular space Hs with s < 1, to Davey-Stewartson

system. In this case, there is no conservation of energy. By using the I-method and profile

decomposition argument, we obtain the limiting profile, non-existence of L2 strong limit

and L2 concentration of the rough blow-up solutions in Hs(R2) with s > s0, where s0 6
1+
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5 ≈ 0.8633.
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