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hEEZS¥E 0175.27, 0343.5

Xiktnstg A

XEHS 1000-8314(2010)02-0161-12

1 5| sMEELER

ARBTFE SN, XTI B 7 R BME W E R W O6E, BB/ NE S e A FR I E
PR (=31 BRI, 4R R MEAT I R T . — S Y 25 B BB B & 4 kB, /e
YU, SHER RN S R AR S T RA, BAREX KL 0.
Sideris T C fl Agemi R £ HUEH T AR &34 3 1 % 7 R A TE T B & 55 (4B Cauchy [H]
551 14 22 Sl f g A A7 A 1011,

—MAEOL T, I BBt 512 vT DAR G- AL B AR e 10 5 AR M R B SRR R L.
IR AR AP TE T R F PR B A S i R ARMEAC FRAY . A T iR —RME, X FIEZtE
W R, Christodoulou DY fl Klainerman S F|H T KHRER AL, KT
Morawetz C S FE3C [12] H45 I AIARSER. X PPy ik FBMO8 T3 3h - F A Lorentz A
Atk ST LR RA, KT H Kubota K fll Yokoyama K #LHY & it 1), &4
Keel-Smith-Sogge B & A1 Huygens JFFE 14, Metcalfe J 245 H T 0 1E 0 ZE A5
H L A48 T AR & A R AR R =k TR fh T, TS H 2 S R A 7E.

AL EBH B RS S R N EH, ERETEE v v BREN
TR BT L AE R AL 7 F2 4] Cauchy [WBIHY S LR A ERIE7ENE. 53 [11] M H, R
FEETLRMTEAH o X v FRERR. N T M o, FB) Hardy A%, &BITH o
HISE L2 BAGTE o B9 L2 B RIUHT XRER G, BEIASERA, WM TR &
/N 22 S f AR AR AE

Z BTN B TR R Cauchy [R] -

Lu = F(u,du,d?u),
u(0) = f, Ow(0) =g,

HA Lu=02u— c3Au— (2 — AV @ Vu, T 0 < ca < ¢1. IFLRBETHUTER:

(1.1)

F(u,du,d®v) = N(Vu, V?u) + H(u,du, d*u) + P(u, du), (1.2)
H
Ni(Vu,Vu)= > BPY 0/(0mu?0,u*), i=1,2,3, (1.3)
1< mengs
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Hi(u,du,d®u) = Y Cy(u,du)dadsu’, i=1,2,3. (1.4)

1<5<3
1<, 3<3

X H Cifb(u,du) = O(Jul|du| + |du|?), P(u,du) = O(|u||du|? + |du|?) 7E (u,du) = 0 FHIL.

HITFERIL, BAIZIN 2o =t M o = 0. FHh du = v’ = Viu FRE-ZTE FFE
(1.3) T (1.4) By 2R KB A2 T T B X AR 2% 1«

Biyyn = Bih = Binins (1.5)
Cy(u, du) = CIy(u, du) = CF, (u, du). (1.6)
KT BRI RIS, BRI R0 T 0 & 5
ByY &&i€r&ibmén =0, VE €S2, (1.7)
1.1 EX
/Q‘\
aF:%,eﬁzg%, (1.8)
0= (00,V) = (0o,01,02,03), V = (01,02,05). (1.9)
AHRETUET K
Q=(01,2,0)=zAV, (1.10)
Hot A S — TR, 231 SR LA AMRAR I & f A R
V:;&—;AQ, (1.11)
Hetr = |z], 9, = £ - V. &2 ARG Y
Y=WI+U, 1=1,2,3, (1.12)
Hrf

0 0 0 00 -1 0 1 0
=10 o 1|, Uso=l00 0 |, U3=| -1 0 0 |, (1.13)
0 -1 0 10 0 0 0 0
WAECEPRFIEEIEM.  Scaling HFE XN
S =10, + roy, (1.14)
W EMNSHA
S=5-1. (1.15)
4T =g, ,I7) = (8,2,5). BT PEEEHM LT MIELN 0, BATET 3K
I 73 (] ﬁﬂ%ﬁm VHATES T ATRWAE V k2= mF, idh
[V.[]=V. (1.16)
H—LH, T (a= (a1, -, ar) BARBEFHE=|a| MEY: T*=T, - Tq,.
AT LR A RE B R
1

EKMU%:§AJWWGW+%@VMUF+Uﬁ—%NV~M0FM% (1.17)
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= > Ei(T*(u(t), k>2. (1.18)
la|<k—1
i
A= (A, A7) = (V,Q,r0, — 1), (1.19)
He A B5 T RM SERIeeMmt, FH A S T HHERMSHRER. X
Hy ={f € L*(R%)*: A°f € (L*(R?))?, |al < K} (1.20)
HIEE
115 = D IA“F G2y (1.21)
la|<k

SRS FIE(T) dikgzs, th Coo((0, T): O (RP)) sy OE?ETEE(““” 52440
CE T e

k—1

Hﬁ(T)c{ (t,2) : du(t) € () C7(10,T); HE™'~ J)} (1.22)
7=0
TADETE L*-T%L
2
Z || (cat — ) PaO*Tu(t)|| 2. (1.23)
XHE e, A
() = (1+p*)2, (1.24)
p AMEBUE M. EXRERT P P B CH
Piu(z) = ; ® %u(:ﬂ) = %<§,u(m)> (1.25)
Zill
Pou(z) = [I - Pilu(z) = _f A (% A u(x)), (1.26)

Hr () #=m R ARy

1.2 FRE®

EIE L1 BOMRRIERME (1.5)-(1.6) AR M (L.7) e, FFH k> 9, MAFEER R
e il A, (EfFE T R EHIER L

AEy_5(u(0)) exp{ A{2E,(u(0))}? + 2AE,(u(0))} < 3¢, (1.27)
A2 Cauchy [ (1.1) 77 7EME—#BAR R
Er(u(t)) < CEL(w(0)(H)°TC | Ey_s(u(t)) < 4¢2, (1.28)

YRRt > 0.

ASCEHNT . TR 2 TIPS 1 — 8B AR, 5 3 R HILA I L2 5
v PSR 2 WS 3 e fhTt, WATES 4 Thaa s 1.1 giEsl.
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ARG B IUA 2 T H TR 51 B LA R Z KA E X AL Sobolev-BIRE .
HENAT MEGSHET L B3CHER:
[L,0)=[L,Q =0, [L,S]=2L. (2.1)

N TREIRERAS T, BOPEHeEY T SRR sc bR, ML, RATHE
WERAF S TE T T RA AL,

S38 2.1 (i) MEEM u,v,w e HET) f T, F

T“N(u,v)= Y  N(T%u,T) (2.2)
b+c=a
IH(u,v,w) = Z H(T%u, T, IMw). (2.3)
b+c+d=a

(i) 4 u % (11) BOOCHAE, WIXHEREY T2, &

LT = > NTwT)+ Y  H, I, M) +T"Plu,du) + [L, T (2.4)
b+c=a b+c+d=a

i XF (2.2), W3 [11] AR 3.1 (2.3) BIEMIERL. HERF] LD = D Lu+[L, Tu
@), BATTURE] (2.4) BIIEH.

T 8T BRI RE R R SCHEMER . MR Z &M (1.7) ByARLR I A
BB/ R, B8 2.2 F1 2.3 fIERA A2 03¢ [11).

5138 2.2 R¥ u,v,w € HY HIFLET N WREZRM (1.7). 2 N = {(a,8,7) #
(1,1,1),(2,2,2)} FIEILIRIERL, WA

[(u(z), N(v(z), w(z)))]

< @) Y (V8@ [Vu(@)] + [V w() Vo)
la|<1

+ V20 (@)[[Q%w ()| + |V w(z)2v(z))]
+CZ|P u(@)|[|PsV*0(2)|| Py V()| + | Ps Vi w(z)|| Py Vo(@)]], (2.5)

XEMFE o, 8,7 = 1,2, C FRIEWEL
5|3 2.3 S ucH} A=BA+(E-3)VaV, Nl
|Pa[Au(z) — 3 07u(2)]] < ;HVQU( )| + [Vu(z)|]. (2.6)

I 24 XMNTEEH ue CP[R?),a>0,4H
(r)}IDu(t,2)| < CEEp (ult)), (2.7)
(r)|Or* (u(t, 2))| < CER, (u(t). (2.8)
<r><cat — )3P0 (ult, )| < CLEE 4 (u(t)) + Migss(u(t))] (2.9)
() cat — )| Pad?T* (ut, 2))] < OMiq 4/ (u(t)) (2.10)
(1)} (cat — )| PadT* (u(t,2))| < CLER o (u(t)) + Miasa(u(t))] (2.11)

% v Y T RO R
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W (2.7)-(2.9) BIEBIILSC [11] Framid 3.3. FATHBTFEIEN] (2.10) A1 (2.11). HET
T B A2 AR B TE RO K

r%( |v(rw|4dw) < CO|[Vo| 2. (2.12)
SQ

2o > 1EF, B (2.12) fi1 S? ) Sobolev ik A & P15
r3|{cat — ) P20 (u(z))| < C Y m( 108 (cat — )Pl (u (m))|4dw)Z
|b]<1
l{cat — T>Qb81"“u||H1
ST olorule + Y l{eat — 1)OVIPul| L2

[bl<al+1 [bl<al+1
< CEaHQ( u(t)) + CMjaj13(u(t)).

1, 4 |z < 1A,
0, 24 |z| > 2 K.

<
<

Yo 1R, 2 @ AJEH. REEH, @(2) = { H1 Sobolev ik A\ 72 2

153
[{cat — m)OT%u(t, x)| < C(1 + t)|POT |
2
SC(+1) > IVH(®Or*u)| 2
\b| 1

<C(l1+1) Z [VPOT U 2|2 |<2) +C sup (1 +¢t)|0T%u(t, x|
bl=1 <|z|<2

2
<C D lcat = )VPOru|| 2+ C sup |{cat — r)OTult, z)]

= 1<|z|<2
< CIEE gy (u(t)) + Migsa(u(t))]
B (2.11) R4E. BUAEIERT (2.10). X TAERE w e CORP)?, r=|af, p=1|y|, A
rlcat =mu@)| < C Y lcat = PO ull2(yzn +C Y cat = P2 ull L2y 50

la]<1 la|<2
o> 1EF, A Pad?Tou 3 HIERF 0, fl Q5 Py W3S, SLEPATLAEE] (2.11). &
M r <1m, A
(Cat — T)|Pad®Tu(t, 2)| < C{t)|®O*T u(t, )| < C(t) Z VP (@O T %) | 12
lb<

t) Z ||82VbF“u||Lz(‘z‘<2) < CZ Z ||<Cﬁt - T‘>Pﬁazvb1—‘au||L2 < CM‘GHAL(U(LL)).

|b]<2 B |bl<2

(2.11) .

3 hn# Lk it

AT, FATRHE B Eé(u(t)) X My (u(t)) By L? BAEMGTT, EERITESH—
MEHBEEHA%ERX, 5 Klainerman 1 Sideris!'® 2 H i A2 X465 501
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5|38 3.1 (Klainerman-Sideris AEFR,) 24 k> 2 B, FHEHHAFR
My(u(t) < CEF(u(®)) + C S (¢ + ) L0 u(®)]] 2 (3.1)

la|<k—2
XHAERGHE KB u L, BEAFXAHTEECER.
W B [11] HE|HE 3.4, F
> Z” Cat — 1) PadVT%(t)|| 12 chf(u(t)Ho > HILT ()| .

la|<k—2a=1 la|<k—2

B, i M((0) 97X, 5 TIEN (31) R AB T
S 3 et - )P0

la|<k—2a=1
A Lu=EAut,z)+ (3 - E)V(V - ult,z)). BiE
0:Su — Ogu = tdPu + rodyu, (3.2)
0rSu — Opu = r0%u + 10, 0su. (3.3)
504
t(0;Su — Oyu) — 7(0,Su — dpu) = t202u — r*92u. (3.4)
B LA
(22 — r?) 2
t20%u — r20%u = 0‘782u—|— Lu—l— (Lu—c 0*u), a=1,2, (3.5)
Hp
2 2
(212 —r?)0%u = 2 | (t202u — r20%u) — —Lu— = (Lu — 29%u )} (3.6)

M (2.6) AJLATRE] |cot — 7||PadPul < C[|OTu(t, )| + |Vu(t, z)| + r|Lu(t, z)|]. E#E—1EH#,
Gipl

S 3 lewt - 9ROl < B + 3 L]

la|<k—2a=1 la|<k—2
3|5 3.1 18iE.
513 3.2 % u A (1.1) @alme, &k > 8, K = [552) + 3, MXEEM
la| <k-2,H
It + P LT u(t)| 12 < CLER (u(t) My (u(t)) + B (u(6) My (u(t)) + Epo (u(£) Ma(u(2)
+ Ep (u(t) E (u(t)) + ER (u(t)) My (u(t) EZ (u(t))]- (3.7)
iE W51 2.1 AR
LT u(t)| < Ct > || VI uV T ul| 2
b+c<k—2
+Ct Z {ITPudT ud?T %) 12 + || O udT “ud*T%ul|| 12
btetd<k—2
+ |ITPudT “udT || 2 + ||OT udT udT )| 12 }. (3.8)

T ol
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X (3.8) S 1 FAIERT AT LAZ: 0L3C [11) #5135, 54k, i m = [551]. m3l
B 2.4 il Hardy AER, B
| TPudT ud®T )| 12
2

<O () (cat — r) Pal P udTud® T u| 2

a=1
3 [Tl | (0T | (cat = ) Pu0Tul 2, by < m,
<O S T O ul () et = 1) Pa T, b mid < m— L,
Al 0T ul [ ot = ) PaT e, e Smd <
< it {E (OM(u(t). be<m,
EZ (u(t)) My (u(t)E2 (u(t)), b<m,d<m—-1, c<m,d<m—1
A

| OT udT ud*T || 2
2
< O™ () {eat — ) PadT udT “ud*T ul| 2

[e3%

| (r)OTbw|| oo ||{r)OT Cul| oo || {cat — 7) Pa0?T %l 12,  b,c < m,

e ™

| (r)OT u|| oo |OT u|| 2 || () (cat — ) Pad?’T || foe, b<m,d <m—1
B (u(t)) M (u(?)), b,c <m,
B2 (u(t) My (u(t)EE (u(t), b<m,d<m—1.

Yob<m, d<m BEY b<m, e <m BEFRRLL, XHERLHY b<m, e <m Bt
HIIERT. T

||Fbu8FCu8qu||L2(

/AN
Q
=
L
/_H /—/_\
Q Q
1M 0

r< (cgt) )

n
Q
=

|
M)

[[{eat — r)PanuBFCuBI‘duHB(Tg@)

Q
Il

VA
Q
S
L
—_——
Q -
”&M”

Q
Il

1(r) 2 TPul| oo [|(r) 2 (cat = ) PadT ul Lo 0T Y] 12, b, < m,

[ £T0wl| p2 ||rOTul| £ || (r)2 (cat — 1) Padl%|| e, ¢, d <m
1

[N

 (u() (M (u(t)) + B2 (u(t) BE (u(t)),

||I‘bu6I‘cu6qu||L2(r>@

<CH)'E

x

)

2
<O ()T udr udl ul| s
a=1
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2

> 1[(r) 2 T0ul| oo |[(r) 2 (cat — 1) PaOT ul| oo 0T % 2, b, c < m,
<O 1%

Z 1370 2 PO ul| Lo | (r)OT Yu]| v ¢, d<m

<o {E% ()M (u(t)) + B (ult) B (u(t)), b, <m,
Ep (u(t)EZ (u(t)), c,d < m.
MRS, KAt B D<m o< T

| OT udT udT || > < C(t Z | () (cat — r)OT udT udT u)| 12

! Z ()2 OT%u]| oo || () % (et — 1) PaOTCu| Loo ||OT %0 12

< O~ By (u() B (u(t)).
5| HEEEE.

B8 3.3 4 k>9H p=k—2 [ ue HET) % (L1) {0, WEEERH <,
e 4

s B (u(t)) < <o (3.9)
B, H
M, (u(t)) < CEZ (u(t)), Vte0,T), (3.10)
My (u(t)) < CEZ (u(t), Vte[0,T). (3.11)
iE BRE>9,H8 K=" +3<k—2=yp W55 3.1 M5 3.2, /[ LB

M, (u(t)) < CEZ (u(t)) + CLEZ (u(t) Mu(u(t)) + Ef (u(t)) My (u(t))
+ B (u(t)) My, (u(t)) + By (u(t)) EZ (u(t)) + B2 (u(t) My (u(t) E7 (u(t))]

< CE (u(t)) + coM,(u(t)) + My (u(t) + e < CEj (u(t))

-

ﬁl
M (u(t)) < CE (u(t)) + CE (u(t) M (u () + + E7 (u(t)) My (u(t))
+ B (u(t)) My (u(t)) + B (u(t)) B (u(t)) +E2< () M (u(6)) EF (u(t))
< CEF (ult)) + 2o Mi(u(t)) + 2M(u(t) + £ E7 (u(t)) < CEF (u(t)),
% oo FE4H /N

1 BB
(RS T, RTAL A Wt R A B w(t) € HIE(T) S (1)

W R To o4 t B LS, HAP 720 <t < To 7% E,u( (t)) < 2e WAL R T TR/

(9 e EARILTIRE 3.3 75 0, To) Lmar, ROTHEIEN B2 (u(t) < 2¢ MK 0<t < T
WL, DT AT A J5 0 A S8 4 21 A 7 B[]
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e Sideris T CU T, BATHBELH H—X R TR AER En(u(t)), k> 9 K
BrAERt B (u(t), p=Fk—2 BAR%EX4, I
d ~

S E(u(t) < OO~ (Ba(u(t) + B (u(t) B (u(t)
d

S Eu(u(t) < O (Bi(u(®) + B (u(t) B (u(d),
Het B (u(t)) #1 B, (u(t)) 3 FHE LB EREE.

®BI1AE
Z / (8, 1%, LT%u)

la]=1—1

T wol=

/ Blzfnknﬁl O D! 0, u*) 0, T Az
l< <'§

+ Z / C (u, du)0n 05T u w0, T dr + Z / bu, Tu ), O u)dx
1< <'a btc=a
la b#a

+ > / (H(T%u, Tu, M), T u)da + / (T P(u, du), 9,0 *u)dzx
btctd=a JR? la|<i—1 R
d#a

+ ) / (L, T%u, &,Tu)dx: (4.1)
la|<I—1

EXTFRIERAE (1.5)-(1.6) A2, HiTERA

Z / fonal O u? Oy u )8,51” i 4+ Z / (u, du)0,05Iu W9, u'dx
1< <a < R3
al= 2

=-—— BjY 0,0 8, u* O u'd
la \Zl 1
+— > / Bj¥ 9,097 9;0,u* 9,0 ' da

1<i<3
\\ll

+ 55 Z (u, du)n3 OpT*u" 0, " u'dz
R

- / 9aCl5(u, du)dpl *u' 8;T *u de—i—— Z / 0 Cl5(u, du)pl*u' 9, T u' du,

1<i<3

\a\:lfl lal=l—1

HAr o = diag{1,-1,-1,-1}. & BIEREEN

Ey(u(t)) = Ey(u(t)) + Z / ;;fna %% 9, uk T “u' da
i<i<s YR3
lal=t-1

1 % et a,,i a,,t
—5 Z ‘ Chp(u, du)n0sl w0, u' d. (4.2)
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AN AEE

cEx(u(t)) < Ey(u(t)) < CEx(u(t)). (4.3)
U, AfgaEs N, F
3 { Y VT udVIeul|

la|<k—1 = bteze
+ Z (T udT “ud?T || 2 + ||OT udT ud*T %u)| 1]

b+ct+d=a
d#a

+ Y [||Fbu8Fcu8qu||L2+||3Fbuafcuafdu||Lz]}||8Fau||L2. (4.4)
b+c+d=a

T (44) £TEE 1T, HisC (1) W AR E]
VI udVT U 2 < Clt) 7 B (u(t) B (u(t)).
F—7, KIS 3.2 sk, 31 3.3 WL EE
ITPudTudMu 2 < C1)~ B (u(t)) EZ (u(t)),
IO w0 ud?T a2 < C(t)~ Eu(u(t) B (ut)),
TP udTudTu|| < C{t)~"E, (u(t)) EE (
ot udr udT ] 12 < C(1)" wmﬁwm
KT EM ARG, TLEE

Eu(
)

B (u(t) < () (Bulu(t) + B (u(t))) Ex(u(t)). (4.5)
T K RER. B (4.2) F
Ej, (u(t))
< > {Z VI udVT ul 2 + Y [ITPudludTul g2 + [0 udT “ud®T ul| 2]
|a|<u 1 bhe=a btotd=a

d#a

+ Z ||1"bu81"cu81"du||Lz+||8Fbu6I‘cu6I‘du||Lz]}||8Fau||Lz.
b+c+d=a

B3¢ [11], % T N (Vu, V2u), BT [ VIPudVTul| 2 < O3 EP (u(t) B (u(t)). T
AT E AT, BRI RS MBS {(2) : o] < S22 f1 {(t,2) : 2| >

M}
20},

Yol WHbr2<pu—1+2=p+1<kHe+3<pu—-1+3=p+2=k,
A (2.7), (2.8) #l My (u(t)) ByE AKX GIHE 3.3, 1152

||I‘bu6I‘cu62I‘du||L2( > Legn))

3

-3 Z ()2 (cat — ) PaTPudTud®T || 12

< c%ty-%j{j|ucat-r>faazrdunL2no»ar“uanwur>%rbuan

a=1

< O@) ™2 B (u(t)) Bx(u(?)).

T
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R, H

0T udT wd Tl eger) < CLE) 2 B (u(t)) Ei (u(t)),

I udT UL |, gy < O™ 2 B (u(t)) Ex (u(t)),
|0 udT wdT | o, o g ) < C8) B (u(t) B (u(t))
o> L2 gt BN e+3<k B b+2<k 0 (27)-(28) AE[HE 3.3 55

IT*udT “ud*T )|, (r3 fe30))

3

V2 (Cot — 1) PaTudT ud®T || 12

<ol ﬂ(» c(ult)).
PR B0, FTLAARE)
JOTPudTud* Tl o gy < OO B (ult) Bi(u(t)),

b c d
[IT°udT udl u||L2(T2 (e30) )
10T udT udT | s, ey < C8) EZ (u(t))Ex(u(t)).
Z72
Zr LA

By (u(t) < ()~ (Bu(u(t) + B (u(t) B (u(®)), (4.6)

Bl (u(t)) < C) =3 (Br(u(®)) + EE (u(t)) Eu (u(t). (4.7)

MR (4.2) FESETRER SR MERT RE LB SO, X T/ M BAT1SL B AT AT 2 R T By
oy A A

= MI»—A

Ep(u(t) + E7 (u(t))) Ex (u(t)),
EL(U(t)) <Ot)y3( k(U(t))+E§(U(t)))15u(U(t)),
AT A3 e 2 1.1
s R ORI BB ERB RS BUnm .
& £ X W
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