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e Klein-Gordon FFRER O KB D FIE
X9 5 —EE

HA - HFEIT* FIUHR—BR (Soichiro Katayama)

§1. Fp

A Klein-Gordon AR DOWEIMERIEIN T AHFFEIEE L S K S
NTWAEY, I TREEDLDLERILOGEICEZLHEL T, RD

MHEREZZ R 5:
(11) (EI + l)u(t,x) = F(u(t,x),Du(t,x)), (t,z) € (0,00) x R",
T w(0,2) = ef(x), ui(0,7) = eg(x), z € R". _

2,0 =92 -3 92, Du = (8, 05u, -, 0p,u), T F =
j=1
F(u,q) i (u,q) € R x R**! DS » BT, (u,q) =0 DEFET

F(u,q) = O(Jul* +]q|*)

CRBRTALDETE(A=2,3,--). &(>0) I I/NSBINTA=F—,
FoEEDD f,ge CERM) &T 5.
n>2A>20BEIE, BED f, g e CCR™) XL, 5
o> 0) BEAEL, ¢ < o 1 5 (L1), D—Fhe CoRn® (B ) Kk
“BEOFE: MLk - $F




RIS 5 2 LA 5T 5 (Klainerman — Ponce [11], Shatah
[15] (n > 5), Klainerman [9], Shatah [16] (n = 3,4), Simon — Taflin
[17], Ozawa — Tsutaya — Tsutsumi [14] (n = 2); n = 2 OFFFI R
HlIZoWTIE Géorgiev ~ Popivanov [3], Kosecki [12] $ 2RO &).
(B BFBEOFEEEIRCHONTWE LS, KIBBOHEEEZRTS
2, HAEOT S A)EHMEEEL Z EAFEEICR L. UTT, b
AL LELLFEHEICOVTHBE L. [11], [15] T, S8 Izms
N7 # & Klein-Gordon AR OEOEEIZE T % WM & = v
Foffli xMETAILICL )T TV VFFEEB TS, FH%E
179 DI, HHRBBEHEICIEIEE (ZO%E, JEREE F) O L/
WADENDTD FIIA=2 LT HLBOBREEZDE L TIIED
WKFIBTAZENHELVILTHAE. COFETIE, n=2,3,40
WE IR TR SBOBENAT TR I2ORKBBOFEERT I L
MHHERV. n=3,4 DFA, (9] T, TT O+1 &HRIZE B VL
OPOWMOSERZELYEAL, TAL X HVAH LWBESME AL T
W5 (Z OFFffIZ IS Hormander [4], Georgiev [2] 12 & ) —f#&DXRIT
ISR E R TV A). COFHEiE TRV F-ARER L EALEDELZ &
LD TSI VEESBELNS. BUOFEIIERM, FEREKE S
BROEICAEIHV: 517z (Klainerman [8] 28). LT, 22T
(2 DFE# invariant norm D HEEMERZ LI2T 5. A, [16] T
X, RAOBEZERL, BEFMET 3 RO+ —F —OFEHHLHEE D
Klein-Gordon AEXOBEDOFHMIZIFEE S &, &I [11], 15] DFE%:
BHTAZ LI T IF)FEA2E TS, 2N normal form
DHEL IR S.
n=2,\=20REIEDOHFETE HBEEAIVN SV 720, invariant
norm M J5#E, normal form D FEE L IZFNZT 2@EHL THIARTS
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T 7UFVEEELES Z EHRER . [14] T, [16] & FEkIC
normal form DFHTERIILT 25, Z D1k, [11], [15] OFELERT
584 0 I invariant norm O HEIZFFZAH Z LI Y HEEZ R LT
W5, SOOI, £ L invariant norm D FETHENLMHOERE
DA DFEHNEREIIRS.

PETRAZEIIC n>2 DHFEE, §ZXT0HRELOHT
3D — BB RIEREEICH LT, NS L& G 2 FH2%HE ORI
BOBEOREIIBRENTWVELERSL. €T, RiZn=1DE4
IZOWTER Lz, Z O, BB OBEILD/2DHIT (1.1), %

(12). { (83 -9%+ 1)u = F(u, us, uz), (t,z) € (0,00) xR
. u(0,z) = ef(x), u:(0,7) =eg(z), T €R
EELZEIZT A, LR E FRRIC (v, q1, q0) = 0 DIEBET Fu, q1, ) =
O(lul +lau]* +1@2P) &3 5. [11], 18] i2&fuid, A > 4 25, +
SINE Tz e IH L (1.2). D CoBABEBMABBIFET 5 2 Ldvhp
5. FERZ, IO LiE A=2,3 OBFICITRICIPFTEI V. 4
Z43,

F=uvlu, +cud+cu? (c,c2€R)
bl t/o:o fo()g(2)dx >0 b e EEARIINELTY C®
RIIRIBRIICHFE LW EARENT WS (Yordanov [19] ZROZ
). TOZERL, MLIPOHRE F O 3ROIEICHS 2T TK
BEOFEEIRIES N LN L3 D 5. Yagi ([18]) FEREOHE
(2, Moriyama ([13]) IZ¥#MFEOBEIZ, [16] LBEUOEREH VAL Z
LX)V BROFBLEDO A ZROHENXIIRESYE, 77 )+ JGFF
Mizfgrz. 72720, 2 ROBEEZHETHELIEIRLD, 3 ROELHTE
BRI ERITRD -EBDBR LT LIRS v, o T, ;R
5IEREHIIFNHD S EAMITRKD SN ERPBEKR 2RO D DT
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WRONABZ LI b, EBICEZ, ZHATRASNAGETHRTITLY
HELDEFIIh D, BAMIZIZES DFETHRZ 5 DI3EETROB
BICBET S L

F = c(.—u2+3u]§2 —~ 3uf), ceR

DIEDLDIZELNS.

RO HE, LTINS EIC L 52 E# L& invariant norm D
FEEHAELEDLZEICLD, SVEVI T ADOFEREELED =
ETHAH. &k LTI, Kosecki [12] DFEIZHE) 2 L2k 5.

ER 1.1. MHERIRE (1.2), I2BVT, F RO L HITKEND LR
ET H:

F=¢ (—u2+3uf—3uf)+(cgut+03uz) (—3u2+ut2—uf)+H(u, U, Uz ),
7272010 C1, C2, C3 € R, 7 (u,ql,qz) =0 @i’i{%’(“
H(u,q1,¢) = O(!U|4 + |t + |Q2|4)

THaH. ZOLIEED f,ge CPR)IIHL, HDHIES « BEEL
T, RO e < g XL, (1.2). OKIGE v € C=([0,00) x R) 7
5.

(1) LOEETHELNBu KHL O+ Dw=0 2E7¥ w
PHIEL T,

[ (w = w)t, )

ERBIEOREDL. T FRB LV IFIRERT LAFAICY, L
DEH & FERDFERDWY D & ) RIFRVIED 7 5 AN HF L TW

o+ (@ = w9, = 0, (¢ > o)
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5. FHICOWTIE [7] aBRENLW,
(ii) Yordanov [19] ®FEE AT

F=u? 4 bulu, + cud
#EZT:EED>0,c>0 %6, / fe(x)g(z)dz >0 DEE, EA
BT e RS LTOABBER 2\ EWRED. MK, Lo

BIoEuT b= -3, c= -1 25, AEVIEEMFIH LTIIHEIC
KEREHOI LI D, THRIZFREVERICEDNS.

§2. RIFADHIEE
i—;s Z1 - Iat+t61-, Z2 = at, Z3 - &,; C‘_’.%%j—z«) [D + 1,Z}c] = O
(k =1,2,3) £% 5. multi-index o = (a1,a,a3) TRAWT Z° =
ZMZ3793 LESZEILT A, E 2,

(2.1) wit o)l = X |(Z7w)(t )],

lal<k
22) )l = |l k], g, 1<P <00
LEHTD.

ST, u% (12, D0<t<TIZBIBBETE. ZOLX
0<t<TIIHLT

(2.3)  e(t) = sup(l+t+ |z ult, 2)|rm
zeR
+(1+ 1) #{fJut, k2 + 1 Du(t, )ll2xz }

YEHT D 7L Du=(upu), kW k>5 &b ELLER 4
F0<pu<1/2 b bBYELRERTHAL. $77,

(2.4) E.(t)= sup e(s), 0<t<T

0<s<t



173

Y3 a. UTFTR, B E(T) <1 LIRET 2. BRI, (T RO
BNEG e BN AR) EER C BEELT '

(2.5) E(T) < C(e + E.(T)?)

ERBILERTIETHS. L (25) DBRILEREE, TH/ME
W i LT E(t) BBEPFEETIRVARICEEL Z LARE S,
COT 7 )F ) E BAROFEEE L HASbE N, KiE#ED
BE, ThbbBADORDLEHEERELZ LI HES.

(2.5) DREFHIIRDOFNMEIC L 5. LLFTE, kK ICIMKET 25, T &
U+a/hdv e LI3MVRERITIET, G EELZLIZTA. T,
# I Klein-Gordon AR TAIANTF—-AER LD
(2.6) lu(t, )ll2e,2 + | Dult, -)|l2k,2

| : |
< Ci (E +/0 IIF(u, U, ug ) (7, -)||2k,2d'r)

4185, F AEADEET 3 KOF—¥ —Chb o LI EBT 5L

IIF(uvutauz)(Tv ')”2k‘,2 < Ck”u(T")“k2+1,o<:

X (llu(r, lzrz + 1 Du(r, -)l|2x.2)
< G+ E (TR, 0<7<T

2 /_AENL, (26) LD

(2.7) (1+6)7#{|lu(t, Mlarz + 1Du(t, Yoz} < Ce(e + E(T)?)

E% b RITL®-7 VADFM T2V, D721,
v=1u— (clu + coulu; + c3uu, )/2

EEFET L. BMEREICID, O+ 1v=0L+L k5. ZZIC
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(28) oL = —2c2u(ututt — UplUyyr + uut)
—2C3u(ututﬂE — UpUgpy + uum),
(29) L = H(u,u;,u;)— %c1u2F — ¢y (uutF + %uth)
—C3 (uumF + -;—uze)
Thb. L1 (u,u, Uy, Us, Uty, Ugz) P 4 RDOF—F —DRITT2 B Z
EIEBT L L, |

(2'10) |I2(t’x)|k < Cklu(tvx)l[?c/2]+2(|u(tv x)lk + IDu(t’ x)|k+1)

185, I, 1 3 ROESEDS, OB ORENEEI RS, (O+1)u =
FEAVAE,

(2.11) Uy — UpUpy + Ul = Uslpy — UpUsy + U F

2185, QU,V)=UV,-U,V;, £ B & (2.11) DHBIE Q(u, uy)+uF
LREND. FRIC

(2.12) Ulpy — Uplge + Uz = Q(u, Ut) + U F
LETSE. Z, BB L

(213)  QU,V) = (U(Z1V) = (ZiU)V,) [t, (72721 t #0)
bLLIE

(214) QU,V) = ((ZiU)V. — Un(21V)) [z, (72721 z # 0)
YEXET LRS-

Z°QU, V)= Y. C5.,Q(2°U,27V)
1Bl +v]=lal
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DALY B (Cg, 3ER). Tho VDL, wF, u,F 13 4 ROF —
¥—ThHbIZ LIZEELT
(2.15) |L(t, )|k

< Ck {(1 +1+ |$|)—1|U(t»x)|[?c/2]+2 + |u(t, $)|f’k/2]+2}
X (Ju(t, ©)|s1 + [ Du(t, ©)]is1)

2182 ([9), (1]; [5], (6] BBOZ ). 2T, 4], [2] OEF Klein-
Gordon HRERDHD L=~ S+ EHT 5 &, |

RRA. ZZI20,=100,2, Q; =242 (j>1) THB. k>5 1
LT, [(F+4)/2] +2<k+1,k+4<2k THBILIZEETS
X, (2.10), (2.15) 55

(2.16) (1+¢+ |2)"*|v(t, 2)|esa

< Gy (e+z sup (14 7+ DI(A + B)(7,)|ksa
j=0 T€[0,t]NQ;

<Ce(14+7)V2E(TY, 0<7< T

| @+ 7+ DI+ B)(7, i, <

oo

EVIFHEEES. Y sup (147)7V2 <400 B, #R,

i=0 relodng,
(2.17) (1+t+ |20t 2)|ksr < Ce(e + Ec(T)?)
VLTS, EC, v DEHRLD

lu(t, 2) k1 < [0t 2)|esr + [t 2| g ([0t 2l + 1 Dut, )i
%155 %%, Sobolev DIEDIAA D6

fult, ©)liss + | Dult, )l < Cellult, Mesaz + I1Dut, N2



THHBD, k> 5 EET A
(14+t+|z))2|u(t, 2) |1 < Q+E+|2))2|u(t, 2) |1 +Cr(1+2)H E3(T)
BOLt<T THWIATH. u<1/2 bR, (217) L0

(2.18) (14t + |z))?|u(t, 2)|ep1 < ék(e + EXT))

185, (2.7) & (2.18) 25 (2.5) BPELILBELNS.
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