W A W 5 iR 5 7 AR

7
R )

2021 £ 6 H (1BITHR)






it

5l

—\ HwEiRAA

AR TG K AR B0 BRI 5 (s ) AR 5 e
S, TS R T 7B S R4 T R OB, U SUBT & BRI AR E R
BT AEA, S FTSUS % SR, R RIS B, 5 R 7.
RRN ST 025F  BE 1 T — R R4 51, XA AMIE VRN T A AR, Rt
5h, AP AR OISR B B SR

M L2 ¥ 6 F IR AT RO 5 b R 3. (RS A o, A B —
LR R b o BT S MR, PR B DE K. B, EAS TR 47
VIR, R TR, R RO RO, BIAIRESAET &, 22 2] g Bl 2
7AW, BUR T B R R A R EE W2 4T R T
U02). SRR L, VARISIHT S SE S (R AT RE R IERE S, HEHE I (SRALAE) AT
WORE AR, BFUER B, BEETE33), BRI R R R S, LA
PP 5] SRR RE AL 6. FTRLA T T I BN, Wt RFME S BT, T At
RIS, B S 0 B B SIS AR, AU (VR
FAD RS, B =), R Y — A A — B LA KR E . BEAE, A1)

TG Z LCEER RN EEORE . Fs2E, ikoh, NE ORI R, B — D1
TR BRG], AT AR SRR, I MCR LB R 2.

ARABGE [F A A TR M 42 1 B i A s AR, IR 50 17 S8 R ORIz R 20 T £
—SEFCRR NN, AP RR L. LP #¥(A] Banach 7S [H] . HESREMEH THRIGIEIRSE. TERTISY
JIREJT AN T ZE A R, FATBO A4 1 P () SR BORiR.

2010 AT 2011 i f2E 2ok 55 . AR RN L @ Rk2 . BEb e E & AlfTie . A
A FRRER . S H SRR 0 ISTRX SO, AT SR A B T AT B TR I
F o LA, AR IR R



ii
—. HMSHNE

CYRAN G AT 1) 2 B AR R RN BR A SRT L A IR SR &M i AN R S R AL IR L A
PRAE B R AR LA 210 RY LR AN oA b i B A T B AR 5 S8 i S B i
DOTRERRINE, EEATFEUTILTHRNE  (—) SRS R R0 73T,
£U45 Fourier ¥k, Fourier e+ MAHK S T1%; (=) Littlewood-Paley 43 fif 5 bR 225 [A];
(=) B S Ao 57

(—) BRAE 5 SRS 2R H T i

Fourier 2 #tF1 Fourier 3¢ 12 AL BN H REUW G T RRILA DT R, 12 a&)
(B 21(&) )N R EL u(x) (1) Fourier A8 #t (8%, Fourier WiA8#r). 4558 & 4Bk a(8), £ e R, #kA
Fourier &7, 5& X (Tu)(x) = (a(£)a(E))Y. H Plancherel 5&F [ fI# (&) &A Frl I 5
B, M T: L2 — L2 RF R T, 7ESPr i 8P 2R (TEX T a(&) ME ik
F)TRIPMRY (1<p<oo) LHIERETF. Ak, Wil B, K T BEHESIEAMEHA G

FRET, FHSERTIERAEN. Beoh, M B TS m T Rom AE G BT X
SEFR X T IRABIE T G o 77 FE A A B 3 IR AR 1 e G T E i AR 0 A% Y R AL
P ot 20 ] AR AR 73 B IR S
FESEAR T, FEW R

e Hady-Littlewood M KB (55 (1,1) ) &-Fhor 18] ()78 55 5| BEAN bR 25 A 2 18] 1) 23 i 5|
E;

o JHHTEH: HH KA Riesz il & M Marcinkiewicz ffifH €. EfIZRIEHETH
FEsEA 71 L A;

e BMO %[ fil H 2% )2k,
e Ay AR,

TER T HNR, BATE TR EN AT SCRBEEL.

(=) Littlewood-Paley 73 fi# (L-P 73 fif) F1 ek %5 7 [A]

Fourier AZ # AN T 505 51 RS8R 77 TR, T H7E 2 o 0% T 1 A R 07 (8]
(IR 3E Iy T AT & A5 R MR AR5 AATdEE — RFURF I Fourier 61 51 NS 2= (0] 4



iii
SCRRE I TE 23 i, M S ekt 77 fl b 25 Y Sobolev 7% [A] . Holder 7% [8] 45 FH R £ [A]
e Sy M. T Fourier A4 A] LARIINEE AL 51 MG B4 FH 25 (| 1) 5 S, BT AR
2205y T R il AT A T AR PR SRR 3 7 T2 8 1 LR 4t 7 5

(=) WM B o H1

W7 572 3T Fourier 361k FE E K 1 F SR Al e SR BN & 5 B E DG 1) 2 Al
SRR LA, B Fourier e T #cHE ARMAE, Btk T x, & 3372 C* GBI BREL a(x, &),
FLl R A 10505a(x, E) < Cap(L+1RY"F . T ST (Ta() = F, (alx, i),
FRANRAE a(x, &) SRR 5T

B, 5t R 7 FE A1 (x)dx, 1+ An(X)dxy i+ -+ Ag(x)dx,u= f, HH Ay, Ay, ..., Ay €
Mis(R), u €R", W a(x,€) = T A(x)& ;.

— R T L A SRR N — KA A AR ST L A A

Vit S RAEAN TR L-P A sEmh bR R (0 F i v B IR E U 1 (W 8
W2) Z AR5 77 T2 ) R R I8, W — 2R M XU 7 28 Aq (1) + Ao (1) Oxyu +
oo+ Ag(u)dy,u = f. FIF Picard 4R A1(0)dy,u + Az(0)xyut + -+ + Ag(v)dx,u = f, 1%LE
PE 7 SR AR AT A R 2 M 1) R ) SR AR (O s PR ERE ), BRI P 2 7 1) RIS s P BV A s 11 e
N:v—-u A E v=u KAFENER . BT WVF2 50 O 2 5TE — B Ol T 1002t XU
TR A= ROGHE I, Hv AREZ C™ R, AT EIR AR TT R RAE a(x, &) BARKT
ELIE, BKT x A AT REA PRIZ AT (140 a(, &) € WE(R?)). @i — PRGBS T
RX, XFRAEERR (RYa)(x, &), EXT x,& & C° M, MIfiEAL N — SRRk s>
SRR ) R

5 Fourier 4 Fourier 121, Mo 85 A0 sk 7 557 B BB A4S 7T AT ST
HT I A RIS I8 TR N T AR i J e B RECZ B, T A AR o i) s oK
PR IT .

AL EZRZABEAR XERE LR T FRYH T A LF 2] LayE 5 m a2 8,

AT AT, EEAORE=ES. SRS\ UE TEMER, SRR+
W AERETRRE T, BT =028 1 T IIN ARSI s R IR H T EE.



iv
SRR AT & DR Ay: BT =R T A 46T BMO ZF (AR HY 2= [l
SERRANR, SEONIE R ARSI (HY, LY A1 (L, BMO) 5 A R4 ;2 S ER+-
L/ 48 Calderén-Zygmend 5T K HMKSLTH LP (p #2) Bk H+/\EE —+—
PHIERA T T(1) E#, 41 T Calderon-Zygmend H7 L2 5 R INFE /0 B, et —
T I T ST A S L S AR R e AR BT AR

FEHCE A b, W25 RSB UE (FR7.1°709) Amifa ek N A% 2], s —5
G, WTEENE =y, Kb ISR T U478 BCP JR 3R AR (RISE T E 2E4).
Ak, S ATI A A MO, B TR T A U WA AR (9
5 R HEA E A, AR ATAE— S ] (607 ) 8.

R [F) AT AN A 245 H AR5 ) fE B A R AR R BN 2 2 Ak, DA e 3!

TR

E-mail: hryuan@math.ecnu.edu.cn

2014 £ 3 H 23 HAIF.

2021 5F 6 A15BEITHRR: (1) Ay A i T A AR 37, BB R 3 1 HERR
1 (2) BE T E— R R . ST AECEEHE SRR, (3) 45 A B LA 22 AT
S5, #hTe T AT RIS (4) #hFEs BT T 2 SR

PE R IRIEAFAE B IR B IR AL, B AL H A FIRIE, AL Ja #E P 4R s 21T T
IE!



79k

% 8 if

%131#]

%510 f
R 5 I \)1 U
%11 9 )
RS [%171#] l%wm}lﬁ
12 i
— [%201#
AV 4

[%221#]

1 AHEHZE KA.




vi



F—E EuEmR

F—i
1.1
1.2
1.3
14

1.5

B
2.1
2.2
2.3

24

B
3.1

3.2

S
4.1

4.2

EHH
5.1
5.2

5.3

Fourier T #

LY R ER Fourier A8 . . . . . . . .
Plancherel & ¥ & L2(R?) I Fourier &84 . . . . . . ... ... .....
Fourier M ARMER . . . ...
REFHZSB .
Sobolev ZF Al HS(RY) . . . . . . .

gE=7145, Lopatinskii &, MBI UFHIMIES L2 it

e AR 7 MR AL R BRI AR
Kreiss-Lopatinskii 25/ . . . . . . .. . ... ... ...
;R I IR T R R E T . . L
WREA S PR RIS R At .

I~ MR (—): BTN A MR

-
)<
&‘F
Eﬂ+
i
i)
5
g

&

G
S

Ed

I XERB(Z): MHEFREKREN Schwartz #ZEIE

R E R .
PRAZHETFEST R .
Schwartz FZ B . . . o

KB Fourier 284 . . . . . . .

13

13

16

19

22

37

37



viii

FEN
6.1
6.2
6.3

6.4

Bt
7.1
7.2
7.3

7.4

S\
8.1
8.2
8.3

8.4

H

AEEE

FEHALTEFE Fourier 5+

HTRESEHIRESE
FRABET AN MPARY) .
MULRY) FIMP2(R™) MIZNE . .
Fourier e 77 My(R") . . . ... ... .

Hardy-Littlewood ] A iRk

Hardy-Littlewood B2 KER%L . . . . . . . .. .. . L
PR BRI R SRR BRI
MBS RER LP SRR . . .o

vel

Calderon-Zygmund 73f# . . . . . ...

F_WMn HFREFRANET

Bh
9.1
9.2
9.3

94

B

EREGFRIETRA L AF M

Calderon-Zygmend &R0 . . . . . ..o

WRESETFHL I<p<oco) HERM .. ... o

WMATFEHEFIE R MR Hormander-Mihlin 3 FEIE

101 HWRFRBRDE TR MESTFRRIE TSRS . .

10.2

Hormander-Mihlin e 7583 . . . . . . . . . . .

K
73
73
77
78

81

87
87
88
90

93

97
97
101
104

106

111

113
113
115
116

121

129



B X ix

10.3  MFHZEB . . 137
FBt+—if FRERBFFHSET; Riesz THEA Hilbert T 143
111 FREBRGRDET 143
11.2 Riesz Z8H . . . . 149
11.3 Hilbert 288 . . . . . o 152
B+ DB PDETS Newton iU 157
121 BRI E T 158
122 FWERBGRESETRISE o 161
12.3 Poisson HREMISRME . . . . 163
124 EREZDFTHRINE . . 165
F=Ey FERUFRHESET 169
F+=i BMO F[a) (—): EXKIFHRHSTEFH (L™, BMO) & 171
131 Sharp R FESBMOZIH . . .. oo 171
132 FHABRBOETH L, BMO) AL . . .. 177

F+MU# BMO =g (Z):

John-Nirenberg FE32#1 Sharp IR K EIE 183
141 HIRPFHRRBEIES ..o 183
142 NH: BTl 2B R 2 5 FE ) Moser-Harnack A% . . .. ... L. 190
143 Sharp HRFEHE . . . o 191
144 [F 5BMO ZHEFIEFHMEEE . . .. .. 195
F+AHi# Hardy =& H(RY) 197
151 Whitney 73 . . . . o o 197
152 HUEREIRRFZIE . ... 198

153 #WRBDETFHR(HL, LY R 204



154 HYFNLP SREIETIEE . . . . . o 206

155 BMO & H IRHEZRIE . . . 207

B+t FERBEFERPETF():

Calderén-Zygmund HEF R EBF M4 211
161 FREZEHRE TR Schwartz % . . . .. ... 211
162 Calder6n-Zygmund HF . . . ... ... . 216
16.3 Calderén-Zygmund 5 77E L°(R") FAERMIESL .o, 217
16.4 Calderon-Zygmund HFMERE . ... ... oo 220
B+ttt FEERBFRRSETFCO): RAEFHERM 227
171 MRE AR Cotlar HE . .. .. ... 227
172 BEETROWSME .. . 230
%B+/\# Carleson JES BMO &% 235
181 Carleson MUEEMIE S . . o o oo 235
182 ALV KRS Carleson M . . . . oL Lo 236
183 BMO Mi%5 Carleson M . . . . .. . ... . 240
E+hi AR 245
191 PIRRHIESL . 245
19.2 R Q2 M 248
193 HRUETHIR . ..o 249
194 FRETELERMER .o 252
FZTiH JLFEXSEFAIMM 257
20.1 Cotlar-Knapp-Stein JLSFIEASEEL . . . . ... .o L 257
202 BAAEFEIRIME Lo 260

H

203 JUPIEREFHISRMBEESER . 266

0



B X

B+—i TQ) EIE

21.1

21.2

221

22.2

TA) I .

REFIZSE . o
BT NS EFRHE LV EEH

UM T RERIE .

Y KA T Schwartz #% . . ...

Soo FMMAR THI L2 ERE .o

22.3

224

MCRKEIS

SR

S0, AWM BT 10 L2 5 1

xi

269
269

275

279
279
281
284

286

292

297



xii



B—ERm

FAlEIH

\






#—i# Fourier T

W d & IEEH, MRS ) RY, X —#FA15I N LY(RY) 5 L2(RY) p& %) Fourier 28
Bl X, NAEREEMER, For 2B A% 0 T B — 2L 7 [,

— LYRY) LAY Fourier ik

% u(x) € LYRY) , Ao F(u)(y) = — [poe™™Yu(x)dx % 3 Fourier % 4,
(2m)2

EXL [ a(y); #F L) (y) = L5 [pee™ u(x)dx % 3 Fourier # E#, Rith i(y).
(2m)2

FERGE N vy Fom REPFHEADNAE x, vy AR BT ue LIRY), FRBIHRL0T
SR, NI SE AR SEANARHER B Il < lulls, B Fourier ()48 #e 2 L1 5| L™ 147 5
VST, FHRINEHES o L8R —BUEs ) HIE L7 m BB B ML NIRRT
X, Yo — A EE KT

BIL SHES 150, & (e F)\@) = (1)fe T,

ERR. 1. TR b>0, aeR, BT [ ™0 dx. i1

—z2

) )
e gy = e f C_dz (2= V- —)
»[1; F:{zeC: Imz=—4% \/E 2 \/E

2%}

I
)
&

F([erar] = s avcny Fiem

2. NI, RHERE t >0, Al
f IXy t|y|2 dy Hf XY= ty] dy ﬂ)%e lflltz.
IR 5 S, (7 LR x 30 —x,) BIN (e~ ) A (x) = (ya%. 0
N ) 58 LR AE F Fourier 4381 /7 72410F B Sobolev ik 5 ¥R 45 45 14 st e 35 B F.

EE1. 3% fe LI(RY), M f A= f AR RY b oy — Bk 49 4.

3



4 % — ¥ Fourier % #

UERH. AR#EEE

flc+h) - f(x) =

1 —ihy _ —ix-
00

BT (AT LA Lebesgue 45 il W S0€ B ELFAIER] h — 0 B Ul R M)

fc+h) = f(2)

IA

Cdfwlf(y)lle‘ih'y—lldy
C If()lle” Y —1)dy +2C | ()| dy.
fw - fWlle y jl; . f(y)ldy

IA

SHER M) e >0, ATHLr 7800 KA S — TN T & XHXFERUE R v, 4 1) 7850/, wh ] DA
Cle ¥ —1| < &; VERRE || KNG x T3 WNTTBRAVER] |f(x+h) - ()] < A +]fll;)e.
XHIER T £ — 0% o £ IRER 5E AR . O

EH2 (Riemann-Lebesgue 5/ #). % f € LY(RY), M) limyg o0 f(£) = 0 E limygo £(£) =0

SERR. EIEIEAE. 1 AR F) = X (), IR [0, b] ORHEREL, B
eE

ﬁﬁ uénlbb&j.
2. FIH Fourier 248 &7 B IR, 4 f(x) = H?zl X(aj, b;](X) € LY(RY), 4

e ibjéj _ oia)é;

—iéj ¢

Em.

f(&)=—
(2n)2

i1
Pt LAEERARIR AL (FE |E] — oo AR RN & & = 0 BYTl, A LIEEN, WIEAA
F&E, NS RAL). R, EEERR T R ¢ (A BRI AR B8 B LR
&) VyPR L.

3. HISEARRBAIN, IHMERLEM f e LY(RY), WMERE e >0, FrEMRRHRE ¢ #15

If =gl < e it

FOIIF=)EI+IE < |f — 8|1 +13E) < e +13(E)

FRHA limsupy, [f(E) < e. R e FALE/MERFTE. % Fourier 3345 # 1T X AUT
. D



= Plancherel % # % L?(R%) t Fourier % #: 5
—  Plancherel EE X L%(R?) L Fourier &

i ue L'OLARY), W 4, i € LA(RY), H AL A2 F X
EIE3 (Plancherel & F1). ”””LZ(]Rd) = ”LA‘HLZ(]Rd) _ ”ﬁ”LZ(]Rd)-

SRR, DL 7 520 R ) 0 A B, S 60 ) 2 0
ST,
1. # v ,we YN LARY), WAL
| paear= | wwowa. (1)
R4 R4

Fek, T o, well, MW o, @eL®, FrEA EPILFG % FIH Fubini €3, 13

0 1 —ix-
fR dv(x)w(x)dx= 2 jﬂ; ) v(x) f]R dw(y)e Y dydx
= —(2711)‘71/2 f}R dw(y) j]l; dv(x)e—ix-ydxdy: ‘[]R dw(y)@(y)dy.

DL AIE B (0 S5 S A S RS R (K B A o A o2 0 3R EUN Gauss 1, w [IBEELS u K.
2. % v(x) = e~ (e>0). FIFHI1, (vo)\(y) = (g—e)ze-@ RN (1), 133

f]Rd ZTJ(X)e—dx'z dx = (Zle)z ‘[l;d w(y)e_% dy. (1.2)

3. XFEHALER u(x), 2 v(x)=i(-x), w(y):(u*v)(y):f]Rd u(y —x)o(x)dx, WS

BN

PUR 52 (F5IE, 52 I B A 37 V7 R e o FH 4] k)
1) w(x) € LY NL®(RY); 2) w(x) HELE; 3) @=(2n)
FIF & SUAS e R

o(x) = L f}R de‘ix'yﬂ(—y)dy=(%)% fR de‘i"'yu(y)dy=ﬁ(x),

Frbleh 3) 53, @ = (2n)
4. F Pk FRIELAN (1.2), 153

flu(x)lz bt qy = ( )fdw(x)e i dx.

L e—0, Ll Levi 2B, AR REBUNARNER KT e HIRYE, 52

S/

() dx = f lim ()6~ dr = im [ [aGoPe " dx.
]Rd ]R —0 ]Rd



6 % — ¥ Fourier % #

AR P SE B S T, BAL

NI

x2
2135( 471w) fm d w)e Fdr=w(0),  (HE) (1.3)

Ml w(0) = fou #(=y)o() Ay = fpau(=y)ia(=y)dy = fouu@)a(y)dy = fpu lul dy = llull7,. FTEL,
12ll2 = llully2. SALTT%F Fourier 325 Hsd HHIRE .
5. FHAEW® 34 1) 3. ok, RIS FH AL Fubini &2, tu, ve LI(RY),

W
' f f u(x = y)o(y)dy dx
_fleLu(x )
sﬁdﬁd|u<x—y>||v<y)| dydx
wa'v(y)'(Ld'”‘x‘y)'dx)dy

<llullpllollp,

M B0 R A E A
= ol < llullp Jollp: (1.4)

NUEH w e L°(RY), FHEAE uel? W% FIF Holder A%, A

[ ey
( f u(x—y) P dy)%( f () P dy)%

||u||22 (X B T R B PR AR )

| w(x) |

IN

T flewllpes < IlullZ, .

6. FHIEBH 345 2) 3, M3 AGE T AR, F5a %8 u e CO(RY) IS, Bt
FIF Lagrange HE & 8, B4R w RESN. HHEMHF. BT CPRY 7£ L' nLARY)
PRBE I, WV e LN LA(RY), Juy € CP(RY), (13 wy — u (K L2 00K, R, 7
TE k TSR R C A llugll2 < C. X wp(x) = fpg e~ y)i(—y) dy, X LTHiA



= Plancherel % # % L?(R%) t Fourier % #: 7

x, 8oL

IA

| (%) = w(x)]

' f]R e = ) = = p)l-y)idy
+ jﬂ;d we(x = y)(ie(=y) — i(=y)) dy'

(f |uge(x = y) —u(x - y)|2d]/)2 (f |H(—y)|2dy)2
R4 R4

+lugellp2 lluge = ull2

IA

IA

(lgelly2 + Nl 2) g = ull 2 < C g — ually2,

Hp#E C 5k ok, ERWIES RIS (wy) — BB v, T2 w ZESREL.
4 3) 3\ Fourier A2 ) — M EZNE TN, K545 N i€ HE 4 o3 LLIEY.
7. fJEUEW] (1.3) 3. X HBARBL 1 AKYE B o8 BOA [ AN [R50 AR 230 LA 23 fige e
FERIEEAT L. B, Wik AL

1 2
df e e dx=1
(47e)2

M R R IER

2
hrn f lw(x) — w(O)Ie"% dx =0.

e—>0

i, B w(x) 78 x = 0 RBESNE, SHFE 6> 0, fR7E R > 01814324 |x| < R I [w(x) —w(0)] < 6.
A4,

4dme

(—)Zf lw(x) —w(0)|e” = dx

4me

_k 1 xf?
S(——)2 2 dx+2 w(—)2 e d
G [ e E ezt [ e Fax

5+ 2wl ()% f e dy.
T JlyI=R/(2 Ve)

B e — 0, 55T, Wh o MERNE, BIFHITIE. -
1{25@51‘2%}&%%& f]Rd |ew( \/4_gy) —w(o)|e—|yl2 dy, FIH w ALK VP AL L € > 0 I » \/4_éy) _w(0)
RASUSEEIE, 4 Lebesgue 42 HilUS Sk e Bt n] B 45 B 4518,

(L8 f| )= © o ()t f| R 5 dx

IA

IA




8 % — ¥ Fourier % #

Plancherel & ¥ 1185 Fourier 8% F : LIN[2cl? > 12 R2E N 1 E R E
T. BT L'NL2 £ L2 8%, i Banach e A A& E TATE SR &M, 7T L2 5K
$se XH: Fourier 48, HARFFLZEEAAS: || Fu 2=l ull2. 2P E X L? L Fourier ¥
A e RIE .

= Fourier THPE KR

EI4. AT & u, ve L2(RY).
1) Fourier & ¥tk 4% L2 A 4R: f]Rd uodx = f]Rd nodx;
2) % Du e AR (3t % o & % E547), M Do = (iy)*a(y);
3) 3% u, ve L' NLARY), W i+ = (2n)3 a0,

4) (M) = u.

ii%::, XTJ%E%E*B—:(X = (ali' e rad)r y= (yll' e ,]/d) € ]Rd/ ﬁ‘(1y)0( = (iyl)al . .(iyd)ad'

P 4) Sebs FULH T Fourier 2842 L2(RY) IfREE I, 1Mi Plancherel i ¥ 7]
WA S e BRI —Fh ™. MEB 2 )28 Fourier ZAHM N EE M EK. —J5H, ©RM
Fourier 28 #t i] LAJEHEIE (00 R R BR) iz AL iR 25 el N B0 5 (i), Amial
LLE SR 8N 38 I AR T RBOR i i a7 B FE AR A 0 5575 3 — D7 T, Bl R
(FHLHY) e AR IAEIL Fourier ZZ4AT M40 (ly| 7870 KI) HOSE0kE. RT3k it Bt
P, BT AR A A Fourier 728 # A 4 HL fa] vvt T 78 e Bl ' T4 K ek K 18] A AL .
b4, REEE N —/ MR Z R R 30T Fourier A8 #e A L6, BT LA 5T Fourier
A AN BRI R AT AT B Sy k. IX BB e Fourier A8 HUre i il 73 77 FEWT 78 Hh B A Bl
HEAF AL

MERA. 1. Fourier A2t ¥ J& Hilbert 25[A] L2 FHIMRIEEA FEH T, W HZ RO 4518 (AL
THET), ©HRERNR, B (Fu, Fo)2 = u,0)2, WNTIPER 1) 431IE.



= Fourier & #: # 2 R M i 9
2. HEIEREAEIEN 2). HER ue CPMRY), 133

Dau(y) = @n)? f e Y DYy (x)dx
]Rd

(~1)l2m) fR DY u(x)dx

(-1 2m)~2 ﬁ{ d(—iy)“e"ix'yu(x)dx

(iy)*@r)~2 j]l; e u()dy
= (iy)"a(y).
SRJE R KMERE Do e L2(RY) H L2(RY) OB o, S bR 1 B 6 5 T T LA
B WER 1 € CO(RY), 873 w55, Do 5 Du. FIF Fourier 447 L2 F4LIHER,
HAFu S Fu, F(Dup) S F(0%). AT, 18 RIS R JLTF b b 7 3
FHSEH. AT CUE E AR T g I EURIR k — oo BT,
3. BT (uro)(x) = [ ux—y)oly)dy, EEIHAZ]

o) = (@n) fR de—i’"é( fR du(x—y)v(y)dy) dx

@n)"? Ld (ju;d e ey — y)dx) e Co(y)dy
)2 (E)5(E).

4. FIHAER 4). 1%, 4 u, ve L2(RY), orin FaR

[ e = | swutay (15)
R u, ve Ll NL2RY B 55 1 HiEH (1) — R BB Fourier ASHu i SURIE. X4
u, vel?, WA fug), log) € LUNL2 B3 k — oo W% L2 J58 ue > u, x> 0. FIF
Fourier A8 #uf L2 {4 % Holder A%, #MAFE] [, di(x)oe(x)dx — [, il(x)o(x)dx. H
LEE ] PLUERH (1.5).
ok, RAE
() = @) \y).

St v e L 15X o] B AL IE:

Hil = (2n)‘%f e-iX'yi(x)dx:(Zn)_%f e Vo(x)dx = ¥(y) = £34.
R4 R4



10 % — ¥ Fourier % #

— R EL R AR R, 25E ERm AR, RIS Vo € L2 5T

fﬁvvdx:fﬁédxzfﬁ@dx:fu%dx:fuvdx.

X R =S ME] T Fourier R ARMERT 1). T2 M v KEEM 2Y =u. IEHE. O

M RAEZES

Fourier A4 ff) N F B RIEHANF1H: 1) B3R IER,; 2) FH Plancherel & #
BRI L2 WAl BEEASER). J5— SrE ARGt i B 7 R SN R, AR
ik X BEIRATRE AR H A R fa s 1

2. & 478 B AABE R AL —Autu=f M ELR, L fel2(RY).

fiR. XTRRE u, LA A AR EAE Fourier A4 /38 |yPa+a=f, Al ot = 1+J|(y|2_ g 1
WA u = @r) 3B+ f. SKik B LA IO . R T DL

Y Ny o0 o 2

FERE Ya> 0 R § = [Ferdl. Ma=1+yP, W o = [Te 00 dr, Miiar

1+
515 Bessel /i3 B N

eix~y dy

_ o1 L —éf
B = F (1+|y|2)—(27'() 2 ]Rd1+|y|2

(27'()_%ff e~te~lM el dtdy
R? Jo

(271)_%[ e_t(f eix'y_”y'zdy)dt
0 R4

(o¢] X2 00 X2
(2m)? f (Pleteirar =274 f Fiehr dt.
0 0

F  Sobolev Z[8] H*(RY)

FIF Fourier ZZ ML, 7T LAJTEHE SUERER ) (FEF5IKR) Sobolev 258 H3(IRY).
X AR G 2 R Z M R TAE R A 5l NH, 8 B AR H o 5 2 24 25 )
(an R TR 2 AL Sobolev 73 [E]) B A,



. Sobolev = |5 H*(R?) 11

EN2 K 0<s<oo, Auel?(RY). 2L ueHRY) HARE (1+|E)a(E) e L2(RY), £3&

Il rey = |1+ 1E)]| 2 ey
A LAIEWT HS(R?) J& Hilbert %5 18]; & 19 AR Gl R 458

1 1,
(W, V) pgs(rey = (L+1EF)21, (L+1E)20) 2Ray-

N B A B HS(RY) Hf S ] B AEL H Sobolev #8[A] WE2(RY) (k=1, 2, ...) H—Fhif
JULBRANENZ, FeE X, ue WR(RY) M HAY u KB D] k 5855 DY (ol <k) B2

1

W 2
LR B, H ez = (Sl D02 )
WL 3 k=1, 2, ..., H/(RY) = WrF2(RRY).

JERR. HRAE u e L2 /& Wh2 g 304 BAX Y (1 +1EF)a e L2(RY), B u e HE.
1. B ue W2, Il Vial <k, D*u e L?, Tii%f u e CP(RY), ML

Dau(E) = (i&)*a(&).

M E LT RN e Wh2 W8T, 2 FRAAH GE) (&) e L?, Vol <k. FriH, x0 <1<k,

FIH &P < CYipl=i |EPI2 F11 Plancherel £ 3, 5153
[ jePaorae<c [ Y ihaePde= [ plutds
R R4 R
RFT 1= 0 A0 1=k %, B0

f (1+[EMAUE)P AE < Clull, s,
R4

E]] ue Hk H ||u||Hk < C”ullwk,Z .

2. Rz, ¥ ueH WX |al <k,

IGE) AT, < f EPa@)PdE < C f (L+1& (&) dE < eo, (1.6)
R4

R4

28w € CF R we —»u W), W g - a (L%, TRA T u, — i a.e. LH D%y — D (L?) %n
(&)l = D — Do (L7), WTTHF5, RPN u, 643 (&), - Dinae. TRFIMJLT ALk
SRARIROME—1E, #35] ()0 = Dou



12 % — it Fourier % #:
B g = F G AEN], W EXBH T uy € L2
FHEAEW u, 39 38R SR DY, 3k, Yo e CP(RY), HiSLmar
d(D“go)adxzfﬁx?pﬁdng(ig)a(pﬁdg
R
= o [pErade= 0 [pmac=up [ pimd
R4
M (1.6) FATEE] |Dull;2 < Cllullgg, T4 lullyea < Cllullge. EEE O
i, ATC LY T Fourier ZHeF R 205, (HE WA NBAHERIS & 56—, HAefE

A lE) L A (R S5 B RO AR PE I X 3B 5E S Fourier 83 3 55—, 1RAEFI K
AbFRAE L2 28] Bt

3 Fourier A2 #ft ({134 A AR B (AR T AL & R 7R B AL ARER T A7 A BRI 23 1) BAT JE L8R A1
I AR IVE BT, AT 23R DX SRR A SRR R R R B IR



Ei REETA9Y, Lopatinskii &%, MBI FHMES
L* fhit

3K — U 3 @ R A 7 S5 35 B R Fourier 284 78R UL AT 45 51 B 40 75 . i)
fER) L2 ki drid, BATE S B S K RE R A T, T AR S AN RS 51N A
3BT ITVE T LASERE W ) 20 A DAOSUH B 5 R A AT E i) RS € PE ) Kreiss—Lopatinskii 2514
BN G RRTEAR BT 777 (Normal Modes Analysis); F 5t — A~ A4 SEB 4 A VR4 A 28
APHATKe Ta) R GR) B4 IR T B A ESORT 5238 bR B R R R I 0 BRGS0 5 R AL o0 il s 5%
Y7k A1 Plancherel & #LA53 H L2 i i1, 3X L5757 AL T Fourier 2841 B Kk /), LA
AN Fr It 7 ) R AR RS 4R B A

— BEEROFHE: XNIRRLE &AL AR

REE AR TSR 5V Kk, HECy B EEAR AR R R BOR s U B RIFMER
(W B B BCCERDEH M), Wi e A WA R e DL U (B U 1 BR 2K, 7E45 240 X 38
FR 3 I8 73 FRAR 40 A0 7 R 2 BRI P 5 4, 13- 2156 T U s R E AN IR e R =
P IR AR AR TG T N RS 8], FER) P 4 5 5 e R 250E H b 1 0 2 e s i B8 4
iz bR RE 03 B — I T L2 At
VERI¥, FRATTZE 58— B 2 Pt Ak 70 77 R 40 (¥ a2 41 )
LU = Agd;U + ZAa8aU+ DU=f teR x=(@/xg), x>0,y R, (1)

a=1
BU=g, teR, x=(y,xy), x4=0,y eRY, (2.2)

Hor Aj(j=0,1, -, d) D J& nxn 5E, U KRR n gEmB8ERE. AR —iE, @il
I — MR I SR e, FATATBR X ¢ = 0.
JFE(2.1) BILFN S U /E R* AR, 452

(Aodil,U) + ) (Aedall, U) + (DU, U) = (£,UD). (2.3)

a=1

13



14 % 9 L2 M4, Lopatinskii &, HUR M T oML S L2 £t

BATRIL, 9 7 B4, /R T U XARIE, BAHE S EP 8 R 8EE; e K
Ag (a=0, -, d) BXITFRIERE. £EBL25FF RROL

da(AuU, U) (AadoU, U) + (Axl, dal) + ((daA)U, U)

(Aadall, U)+ (U, Aadal) + ((dada)U, U)

2(Andal, U) +((daAa)U, U).
KR THIT Ay BRSSO K BLR R Ay € WY, T2 (2.3) &H (9 = dr)

d d
prwLw%QpﬁwLmﬂwﬂﬂmukaw,

R HAE Q = {xg > 0) LR, P U e CR(R™) i, A5 21

- [ A Wladys [ eu wan=2 [ ¢, wa (2.4
Rd-1 Q Q
St
d
p= D+DT—ZaaAa
a=0
SRR

TAVRE (2.4) FiLRIENN, L LEX R 1) P 2 Q ERIEEHEE (P> AL,
A>0); 2) £ kerB I (AU, U)<0. HMEAERMEIN L2(Q) =08, XA 5
Cauchy-Schwarz A5 A 15 2

MU ) < 2{| 20 WUl

U2 < C”f”LZ(Q)'
AU 9 Rt & FE A BAR PR O IEXSRRT AR BEAE |, & mT LA ORI 72 Vi 2 VR & B 7 R IR A48 i)
.
DU, RN FITE Ag R 1EE K, A — BRI AT HERF 2] P A2 1EE R, - LY
REEAR D IR R, IR — N E AR “InB” v A B IRA I B S k. &y > 1
et e HIER &, JFE

=e7U




— BEMS F ik RN E R RARL T &M 15

YO T 36 A2 20 1]

d

LU = Apd; U1 + Z AndoU+(D+yA)d=e7f, in Q, (2.5)
a=1

BU=0, on 0Q, (2.6)

HAHRIFERE P = 2pAg+ P, NITTIEHR p 7850 K, RE Ag IE5E, #i AT BARAE P IEE: P> yl,.

TEMT R, A — Tt o A2 28 (2.1) A ARR B A EY, R Ay (=0, -, d) ¥

AT AR, B Ay & EE .

5 ERGT AR S, AT A2, B ED R B JATRILFAE
[ B JES9FERNIN, & 7E ker B | IRA (AzU, U) <0 CEfUE). Bt af LIRS T U iR
IBUS T F74E vo M C> 0, 459248 v > yo B AL

- 20 _ Y7
V“u”;@) < 5 le ytf”iZ(Q) *ts ”uHiZ(Q)’

4
V”u”i%(o) < ;anig(o)' 2.7)

XA A G ] L3(Q) = {u il ) = [le™ ] o g < oo}.

SR 1. EH 13(Q) & — > Hilbert % [ O
N TSRS H HIA T R ARLNE R R, BAVEAE T 25 2 U 25 Bl IXghERkn

TR SRFERL LKA (AgU, U) 7E ker B _LERTE ker Ay Z AMAZIT“HE F17E. 1 & AH2Y T2

RAFAEIE MM B C A e 73 0 w > €| Agw]? + (Agw,w) — CIBw]? - FsE HALTE ker Ay I

N2 BRI T A SR SR,  (2.4) BATHA AT

[ty <3l g+l sl @8)
U FREA i 2L 432 A ) i 5 ) — K2 ker Ay C ker B.
2UERH. AEEME. BT kerAy Cker B, X HLE LRI TER! B(u, v) = e(Aqu, Agv) + (Aqu,v) — C(Bu, Bv) 1
kerA; N EEE Ay BRI, FrelE EZEMME R = R(A) D kerAy. ¥ w=w, +w;, H
w, € R(Ay), wi €kerAy, I4 B(w,w) = Bw,,w,). TMNATFUEHIFEE e f C {15 B(w, w) 1E R(A,) L™
B fE. X EIL S R(Ay) 18 A IMIREE.
BT, BB LIS X, AATEAETFI] (wn), wn € R(Ag), lwnl =1 13 L1A w00+ (Agwo, wn) 2
m|Bwy,| > 0. JERARYE L WG RS AE T, A /ER(Ay) = R/ ker(Ay) — R(A ) FIFIM, ATLATER(Ag) LA,
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Zie LR, JATAIEERREER AR M IR B TR R LT R
(R FZEUE T W), (HILET AR BORFRANRR, 10 L FA R FERL R
A JE— L, AR ZEL R BN AL, Om R RS SR A A o B 5k AN A T ik

—  Kreiss-Lopatinskii $5F

AR HERE 7 M (Normal modes analysisi) 77725k H XU 74 7 #8241 47732 18 1]
RO AL R PE BRI — AN L B4 Kreiss-Lopatinskii 25F. T30 (2.7)(2.8) it
SRS S E MR AEFIRIR f A1 g B CGERMD) 21, PrLL Kreiss-Lopatinskii s /213 2 6E
BT LB, FTBRIERE R T 0%, AUt e R 4 B A B 46 T BORAS Il jL ) —
SO R SRR I . I SRR AR T B AR B G M — BRI R SR A A B R K

A 5 X

1. W EhE

G JEIE R (2.1)(2.2). BT RIME— BUE EAE F R Ao ARET 7, AT AN K — 5Lt DA
—F%Ig& AO = In

E X2 (W), #r—Hr 74248

d
8tU+ZA“8aU+DU:f (2.9)

a=1

A Ay, &
d

AQ) =) A%, E=(&, -, &)

a=1

KT &ET—83F A, LA4Fie a3 A F 4

A(&) = P(§)~'diag(py, -+, pn)P&), pjeR;

IPON|PE)|<C  vEeR”,

A, T2 R(Ay) &S, MWITHET {w,) 288, AR—H, 1% w, —» w(m— ), Il weR(A;). X B
wekerB, lw| =1, 1MH (Agw, w) >0, 5mFERTME T JE!
ot BAR.



— Kreiss-Lopatinskii % 1 17
258 SORVR T 6 2 BAREUCF Y P 7 FE (Maxwell 524, v K45 Euler /7 F241%%) 1
£ 5 ()41 5 R Fourier 04T (0 elA—9)g fUATIEMRIIAEAENE). Bt LAZR MU 2L 05 A& &
FIRAI 2 B 7 R I
PAR #F5 ZARBL A 2 W HOERE. AR R EUH L & Z W B s J 1 LA
2. %KIEE\"E\

S Kreiss-Lopatinskkii (K-L) Z&H B T: X neR*!, teC, %% (29) 4
D =0, f =0 I M BB AR

U(x, t) = exp(tt+in-y)U(xy). (2.10)

AT H 2 ZHR R 78 70 26 A ARAIEAFAE A AR E VE At B SRR, BIE e (2.10) 89 X T
IREE >0 8K, X T 20 L E PR KRB E 45 M. Xl 2K

y =Ret > 0. (2.11)

— HIRATHR BT Fh 2% A, FL S TH At R 1A MH ) (2.1)(2.2) FasE B 22564, B K -L &1
% (2.10) fRA BT 29) (K D=0= f), H/EF]

AtQUGD AU =0,
dxd

Forb A(n) = T971 A%, AT, FEFRAVUIATE (xg = 0} FAFERITEIE, B det Ay #0
AN e =

A(t,n) = —(A) Yz, +iA(n)),

ERHUR L o NSHE) B IR SR o> T 24l (ODE)

dLI(xd) _
dxd B

Alt, U (2.12)

3. BRIFFRE AR RIS

SIFPL. X H T 9+ ¥, A%, AR A6, M Vi e R, Ret > 0, 4814 A(t,n) & A 4 B 34
HEAEAR; AR Y HEAEAE (BP SR 30 QAR AEE) a9 (R EAOHE) T A7 6Y B4 LR
A2



18 % 9 L2 M4, Lopatinskii &, HUR M T oML S L2 £t

MERR. 1. % w A& AT, ) MAREERHMEE, B P(w; t,1) = det(wl, — A(t,1)) =0, W @ 3 2
det(tl, +iA(n) + wA?) = 0. HRHIAEL )& X, T B AEEL, S5158% Ret > 0 T /5.

2. T2 P ; 1, n) BEHKHT ©, n, WERIREESKBT (1, n) 3, N
ifiFIF (Ret > 0} x R (fii@th, RIE (fi) SRS SEM. Wr=1,n=0 M
A=—(AH7L, AT AT, n) B AESSBEIER Ao A7 TERREE AN O

H R 5| BE, ATAS2E A C a0 B4 iR

C"=E(t,)EPE-(z ), Rer>0,neR",

Hrp Es(r,m) 5398 A, n) BIFE/AKEE T 25 18] (S50 8 17/ 1 R AR T L (R RFAE [7) &
) SURFAIE R 5K BB 23 8]), B8 A, n) BAZRF2E. 12 ne(t, n) 508 L&
SHEERER C 2] Eo(t, n) FIBEH T, A nA=An. Xad Ux(xy) = na(t, n)U(xz), W

ODE (2.12) HIRAMAA £ = AL, #5515
U (xg) = exp (xa AT, 1))U(0),

M U=U_+U. FEEREIE UL0)=0, B0 U (xy) HTE x5 — oo FHEEUINK:,; 1 U_(xy) 7E
xg — oo I SR TR BRI ZF . T HATE R B RIAAR T ML R AR AL 23 18] 7 1) BE 3808, P LAGR
ITH UL.(0) = 0, Bl U(0) € E_(t, 1). J3—J5 1, % & (2.10) E&ip 2 5K IL T 564 BUly,=0 = 0,
4 UQ) € kerB. i LLUIRIEAE Ret >0, n€ RT! {15 kerBNE_(7, n) %A EEHE,
ARFRATT I AT R 3 L I A SRR A J5 SO R I AR S8 3 B Hardmard  AEEETE. B
PAFRATIAF 3] 1 a0 K-L 5644

TE N3 (K-L&AF). Araxdy A 7 A2 403245 A4 (2.1)(2.2) i & K-L %, % YRet >0, ne R,
HR A%, 2

kerBNE_(1, n) = {0}. (2.13)

s SUR U, AMEFIE. Ak, & el(z, ), -, &t n) /& E_(t, n) l— 413

31, [21] %5 26 T, Theorem 3.9.1.




= fl: BERHRE AN IRE LR ST 19

(513 1, RARAFE, P S H Rer >0, ne R 1Y), 5]\ Lopatinskii 17512k 4

A(t, ) = det(Bel(z, 1), -, Be' (1, 1)),

W K-L 212 F 25K A(r, ) £ Ret >0, ne R BTSN, #E—35, & A(r,n) %

Ret >0, ne R F#0EA % A, WIAR—50 K-L 2% or.
4. Holder Z=8)% Hadamard F~FaEM: RET

XHREE (2.10), RIS SR T ¢, x B S — B S BN s, BA M A2 #e, 1381 —

WMo, ) = u(Ax, Af) = MYy (M), A>0;

TR 2 (2.9) (Bith D = £ = 0), LUK FIREIIL R4 AT
BuMx, lx,=0 = €N MYB(u(0)) = 0;

(EV=E S G

uM(x,0) = MY U(Axy).

A[LAE H A — oo IHIMELE Holder %A C(R,) HEH 11} (x, 0) I~ ONY) EENZ
AN K. BRI, X FALRIEER £> 0, i u)x,t) = e - MU ,) TEALFTZE R CH(R,)
P16 F A AR KA. BT AR AT RSB AL Holder ORI u(x,£) HIHEA
Holder V%, X %N T M 1B %E D7 Holder 2 FIHER FRAREM. 7 LHEY
{E Sobolev ZE[AHES e i AR, FTRATRA U K-L S A& i W AR E (REfs 2UAS i) Y
WELRAE. JETHAT A B, CAERAREE R YRHEZ —Fh 7 & At

= f: BEERHSEMIER AR EM T

B i — A AR 7R R /s an A R A Fourier 72845045 2100 it 21 77 #1248 7] 1Y) e =
ittt X AR B BRSO T AR UL R, ST — R A SRR R
X p R Ay IERFAEE A E ST Q BRFIE RN, LA, I AR AR RORERE B I RR AL 2

K& p, AR )R 4 A R REAFAE S PHE—, Jir UK BLTF S5 —p x pAE RS (147 51 5K
AT S AT R AR A A
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Supersonic flow (I): (u, v, w,p, p)

Y
o L/—\
x
Contact discontingity

Supersonic flow

Static gas (II): (0,0, 0,p,p )

Bl 2.1 %Ak a7 (% 5 E &)t @ Emag A8 FaR RS T A 89 AR AT R

1. F27SAIEHE Euler 51248

AT FE IR 19 R AR Bh 77 2 b e U BRI P o T ) RV AR E A (L 2.1).
XBRAMB B 7 B R W =48 5E W W] k46 Euler J5 FE4:

(pu)y + (po)y + (pw); = O,
(pu®+p) +  (puv), + (puw); = 0,
(puv)e  + (pv*+p)y + (puw): = O,
(pwu)y + (pwo)y + (pw’+p). = 0,
(puE)xy + (pvE)y + (pwE); = O,

Hp E= @2+ +u?)+ 5L,y > 1 REH (HERLH0 1.4). SERME (1, 0, w)
RAKTIE, p RAKIER o BAKEE, RETEE p=A@)pY, HH s 1, i %
A(s) = exp(2). FHE N c= y'plp.

XA, SIS, EiR Euler J7 R4 AT S i R AR

Ay ()3:U + Ay ()9 U + A39,U = 0,



= fl: BERHRE AN IRE LR ST 21

HhUu=@w, v, w p, )7,

A= 0o 0 pu 0 O A= 0 0 pv 0 0|

1 0 0 % 0 01 0 % 0
pc pc
0O 0 0 0 u 0O 0 0 0 v

Asw)=[ 0 0 pw 1 0

o 0 1 &% 0

pc?

0O 0 0 0 w
EE BB AFTTER A B RA A FEN, fr AL LS THE P ASREE R i sk
RFAEAE S A A — e 2R ORAE B A AR R S 4 A B A BE AR N, O e BRI FE X SR B[] 7t
I e BRI AL

SRR 2. BRI x d oy B EF IR, B u>c>0, N L3R Buler 77 12 48 2 5t #7 W it 4. O

2. LM BRIA A B

i 2.1 frow, ATHEEIX L {x > 0} Rz 3h. SR (3L BTN z =
W(x, y) (0, y) = 0), MESRIRIXK L (x>0, 22 (x, y)), I HELRAT % U {573 Euler

A (FEE S B T) BOL. BA MR B RERNE x 307 19 9 & 3E K (u > o),
FrUAME {x =0, z> 0} EROZGYIESRM, BI (1, 0, w, p, s) #B% €. /£ H AT EREEWA%
T, BUR O R SARSE, p = p, PASGHY H I TURIRIE BN %, B (B, by, —1)(1, v, w) =0,
HE wpy + oy, = w. FHGEARLNE H B G BRI, XA A — MR (U, ¢ =0),
Hop i E AR AN, BB RE U= v 0, p, p, ) %€, Mk TR B4 17
50, 0,0, p, p ) 47E; WIFR T (x>0, z= 0. FICHRAREM BRI 5.

3. BRI

T IR PRSRARIX A E R AE, AT BOEIE SR z - d(x, y) - z ZRIARPRAE R X



22 % —V &2 4, Lopatinskii &, # A HAF AL S L2 it

AN (x>0, z> 0}, i E BB AREEN (z=0, x> 0}. RIGHEY ML, IR W)
A A6 BT IRE 5 2 A 2P S5 R A3 A oA, 1 R UL AL 1T, sl A3 B LR R Bk ki
1R 7] /85

AU U +Ar (U, U +As(U)d.U=f, z>0,xeR, yeR,

(2.14)
p=p z=0,
Forb U AR me g, RRACRE RN RS, T3 B iR § RN
Eli" +Q‘b = W|;=0-
Kot — s 7 i, HAME %A gb(O, Y=
SRR 3. IR fE A A (2.14) i =0} BFAEUF, LA F 542 FARETEBARDN.
(kerB = {p =0}, (As(U)U, U) = 2pw % kerB t 71 Z (2™ # 1 .) O

FH S AT AN RAT T AN RE 48 B 5 18 1) g B AR 43 7V A URERATT lp=o AT, TTIX Ml TH 02 5K
it DLTEIE T SCIRAT TR A 28 a0 o] R Y AN AT ZE AR 38 T 32 s A X R A F15 B B A
THH T IR OX — R e A B e AT EH A K-L 264, Nl S gs 1 5RiE K-L 46 4F
ST AL — MRS, DU AT E B K-L 25 Bz mT LS Bl BRAT TR 316 1= 350 i X
T
SIER 4. Ux, t) =™ eMVeM I R (2.14), £+ Ret >0, ReA <0, U & HE, it&
Lapatinskii 17 7| X 7 42 & K-L &2 % f L. O

NAERH, URERAHE U 58 UL

N HEEBILSHHREFREENEEHTT

—TWMEK, RE Ue CO(RY) MBRBR, i@ (2.14) 4t p, @ 7E z =0 &1
L2 vk, 7R 7 iiid Fourier 8 3 inl BEAREUIL, 7R 2% [A1E sl M) i FR AL T, Jlid

ODE ft&E 1% J Plancherel € ¥15 1 a] G 4t i1 =K.
ONHERBR X S e B i) R ] 6 A7 AE AN [F) B B R A Ak T =X, 9 o id sk oK B AR 4, #5381 e AR

FRTXR XO HE 2L, 76T [0 3 57 2% A0 2 SR AR ).
T f R, — EURRE ) BRI B T, BB A AT E I R T AR B BT ) BRI 20 A2 FA A

T B L— I AR A0 i bR B EAf T B — s X




Wtk R ERAL S X AR AL T R A 3 BB & At 23
1. BRI T ENLT Az(U) XAk
2 VE 1) (2.14) SR E TY BRI R, BT ISR B &2 0] 58 A R ) . ) ansE i

00000
00000
As(U)=|0 0

00100

[

1 0}

00000

B R EES AT, (H2 B A A e, S eI B ML u m RN E
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LV =(Vy, Vy, V3, Vg, V)T, N

Vi = 1,
Vo = 9,
w P

Vs = — ,
3 2c " 2y'p

_n P
Va = 5 2y'p’
Vs = 5,

1M (2.14) #EEAN

B1(U)dyV + By(U)d,V + B3(U)d.V = Qf, z>0,
g

v'p’

Hrpp=(1, -1), V= (V3,Vy)T, 1M

e = z=0,

Bi(U)=QA(t)P=( 1 0 2u 0 0 |

Bo(U) =QA(LDP=( 0 1 20 0 O |,

Bo(U) =QA2(UD)P=[{0 0 2¢c 0 O
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2. it
By >0,4 VeV, NG
yB1(U)V +B1(U)dxV + Bo(U)dy, V + B3(U)d.V = e 7*Qf, z>0,

8

Y

e = e71* z=0.

ERIXE y s AR EL 2 e 1 IEE DRI SCHE (B AR) B2 At vme
N, BATHRTEHIE f =0 MfHE. Lk, %5 e B &

|z=0'

YBUU)V” + By ()3, V' + By(U)d, V' + B3(U)3, V' = e 7*Qf, z>0,

(0,0,1,0,0)V’ =0, z=0.

i B=(0, 0, 1, 0, 0), A\ifij ker B ={V} =0}, Il
BV, V') =2e(V;" = V/}) 1F kerB L,

FIFLA -k 1 A SR AR AP e P 2T S V|
o A = V] it
FFF LA TR 5 6 i

T S L 1 I 4

V= V-V, R VO

yB1(U)V +B1(U)dxV + Bo(U)d, V + B3(U)d.V =0, z>0, 215
Ve =h, z=0.

3. Fourier T — ODE + ¥ HE

P (2.15), HF R U ZEIO6HEN, iI% x e R, y € R i Fourier 44t id
ﬂ—)é, y—)q(v(x/ Y, Z)) = V(é, 1, Z) %D T(g) = g, 75%%’%7'3

A

(y +i6)By(U)V +inBy(U)V + B3(U)i—‘z/ =0.

L r=y+i6, by >0, WAFHILL (7, 6) NSHHITTHE

B3(U)(ji—‘; +(TBy(U) +inBa(U)V =0 z>0, (2.16)

,BV”C:fz z=0,

XH 1eC, Ret>0,neR. HT By @3¢, X241 ODE AMREUTT FER & I R 4L
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4. K¥7H1E5 ODE ##3

HEH(2.16) & TIF, FIH

ut +2wn 0 . r 0

c

ut+1ion . .
0 2 in in 0
©B1(U) +inBa(U) = T in 2(ut +ivn) 0 0 ,
-7 —in 0 —2(ut +1ivn) 0
0 0 0 0 Ut +ion

HRE— = RAT, AREOT R

(ut+ ivn)Vl +1c2(V3=V,y) =0,

(ut +ion)Vy +inc?(Va—Vy) =0,

(uT+iv17)V5 =0;
N tion
dVs ion v, =0,
dd‘; 1 Ut +iv
S+ 5 (Vi +inVa) - Ty, =o.

HAREOT Rt 7, Vo /RN ODE #8145, 3 ###E 1% ODE:

e A
dd =B(t,n)V"™, z>0,

dz (2.17)
Ve =h, z=0,

N
/|
=
:

_ g b g
B(1,1) = a(t,1m) b(t,1n) ’

—b(T/U) a(Tﬂ?)
2—12  ut+ion c PP -1°

cn -t _¢
2 ut +ion c b(T'n)_ZuT+ivn'

a(t,n) =
AR H A (2.17) AU R 1) FEE B(t, n) 1 ut+ion =0 4H Mk 2) B(r, 1)

KT (1, n) IEFIR—IK, B B(tr, tn) =tB(t, ), Yte R*. Ja—PEFEERNT AT DA —NE

£ L={(t,n): 1€C Ret 20, n€R, [t +n* =1} L5 EH Mo 7 R REE A L
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5. Kreiss-Lopatinskii &1

#%%% ODE [ (2.17). it E_(7, n) A B(z, n) WEE 7250, Ex(t, n) NEARE 7=

B ILFFHUE K-L 2% 1F:
kerB ﬂE_(T, n)=1{0}, VRer>0,nelR.
XA T Lopatinskii 174124
A(t,n) = det(Be_(t,n)) #0,

He_(t,n) /& E_(7, n) MEK.
NI e AR, & det(Al - B(t, n)) =0 15

1
2 _ _ 2 2 N2
Ac=(@+b)a-b)=n"—-1 +CZ(uT+1vn).

2 2 2
‘_£'m=1,n=oa¢,A2=—1+(%) :>A_=—,/(%) 1, A= w/(%) _1. # T Ret > 0, %

HHEAFEAL, 1 2 ReA_ <0, H ReAd, > 0.
STR b Yl W O = 114 (1< oL

A_+a -b A_—a
r-=0=r_=
b A_-a -b
+iovn)?
A_(ut +ivn) - E(172 —-7%) - (ur+ fon)”
= e_(1,n) =r—- (Ut +ivn) = 2 c
~= (P -1?)
2
b
[FIEL RS, (T, 1) = (uT +ivn)
Ay +a
SRS, AT AFGER (b, A-+a)T EARE FZEEHER? O
)i
Ut +1iom .
AT, 1) =Pe-(t, ) =(A-— (ut +ion).
= u’[+ivr]’ I
+ivn)?
w =)\2=r]2—’c2+clz(u’c+ivr])2:>172:TZ:>T:J_r|n|,
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fiRet > 0, Mz = || € R*. FfLA Red_ = ? >0, 551 ReA_ <0 FJf!

v b Ae AR EET A~ O = R

Ut -+

c
1) Lopatinskii 17428 A(t, n) = ut +iovn;

2) Lopatinskii 257, B Ret > 0 B} A(t, ) # 0;
3)—ﬁLqmmwﬁ%#X&jznr%?%A@nhﬂ%—mgﬁnﬁﬁ%%%ﬂ,
%4 SRR I — W SR
6. MBERRTFAL T

ARAT B L) ] L2 X ODE

dvre .
e =B(t,n)V", z>0,
ﬁV“C = i:l, Z = 0
N . N N —-a b
132 Vo WAl XHE Ve =V"(z; 7, 1), B=(1, 1), B(z, n) = -
-b a

TE X4 (Kreiss Xf#RET). TR E
Y= {(T, T]) :1€C, Re(1) >0, ne R, |T|2 + |T]|2 _ 1}.

&’ (19, o) B L NEZ—8, HHE (19, no) & L L&AV Fo C° BH T, 1, LF

T: V—GLyC), r: V— Hy(C) (=M Hermite 461%), % X TF 3| &4 A% 4k, C>01£4F
(1) Y(t, n) €V, Re(r(t, n) T(t,n) B(t,n) TN (1,n)) > kylp, & ¥ y = Re(1);

(2) Y(r,n) €V, r(T,m+CET () (BT (z,n) 2 I,

W AR r(t, ) A (To, No) ML —A (B3R) 3 FALF

N4> = AT 4 BIRE ST FRAL 7 D (o, m0) /2 Z I 55, @ (To,m0) /2 = WA F H
A(To, o) # 0; @ (10,10) /& L HIIAF s H A(zo, 19) =0.
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RO HATE LS EN RBITEIE, B (10, no) € L, Re(to) > 0. ATAFKE] (19,10) HI—4
IRV, 115 VY (T, 1) € V, T Re(t) > 0.

sE— s F T(r, ) 5204 B(x, ) KL
T, T4
T T
e =(A-a -b) ex@m=(b A,+a) .
LU T(z, 1) = (e—(t,m), es(z,m) L, T

A_(T,n) 0 ]

T(t,n)B(t,nT(t,n) " = [
0 Au(zm)

H 5B 1, FRATAT I 445/ V, AL IR I 5 28k i 2 0 T 225K ReA—(7,1) < —k, ReA(t,1n) >
k, Y(t,n) V.
FZL HIEXNFR T, B Hermite B r(z,7).

-1 0
ﬁ&r:[ S HP K> 0 NG EER. A EE K>1, #H
0 K
-1 _A—(T/ TI)
Re(r(7,n)T(t,n)B(t, )T (7,n)) = Re
KA+)(T,7)
| ~Re(A-(7,1)
KRe(A+(7,1))

v

k
kK

Ki>kyl  (0<y<1)

v

TR TIUEEK 2).
R, Bl 17 EHRH Lopatinskii 2644 [FI112 A(t,17) # 0 < ker BN E_(t,17) = {0}, Ht B

AR &, dimkerf =1, dimE_(t,n) =1, T7&

kerp@®E_(1,1) = C>.
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M EARE RS R, 1 E_(1,n) — CARAFMME. 75 C2 AR W =TV F (Hix
HEREA A (e—, e4) IK), E_(1,n) =(z1, 0)T, E+(1, ) =0, 22)7, 21,22 € C, T p AN BT

4

zp ||, AHERHL P & b5k, I

pT"!

F X LE LR, 8 C? — C2 MR P: Z= [Zl] —
2

Z2

T HH 2 AT . BT AAEAE Co > 0 fH75
IZI* < ColPZI? < Co(lzal* + BT ZP).
BXTT C=2Cy, K=2Co+1, #H FHIEXNAZELR, FATH

Zr(t,MZ+CIBTIZP = —|z* + (2Co + 1)|zo* + 21Z]* — 2Cozo/?

|1Z[2.

\%

XA BT B (T, ) + Co(BT (T, n))* (BT (z,n)) > L.

B HATHZEE Lopatinskii /75 A AZFRIBLLL T A (10, no) € Z, Re(tp) =
0, A(to,10) # 0.
X HEFRATZ0 0 = Fh i 118,

(udg +vmp)? .

2 2
0170+(50> 2

(ubg + vno)z

XM T, Ay ==+ \/ 3 +0%— , FBL A(to, o) BIZRIEL V c Z K IEE k, A
B Y(1,n) €V, Re(A-) < —k, Re(Ay) > k. X5 O 4HMH.
(udg + 0170)2.

C2

XMIEIL T Ay =0, 56 B(t,n) Aaext Ak, BT AT FRRAL T 1 LL e & 2, A TmE &3
AR (W[23]).

o 77%"'6%:

(udg + TJT]()) )

® 1 +62 2

5 2
BRI T, A = \/ (0 M0y, 1 A TR, AT 1=y +i0
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M2l pR 2. ARTERT P2 5 RE4, JA T

dReA_ _ JdImA_
or (t010) 96 (7o,10)

% \/ (ud +on)? )

= +— ]/ —————(n?+62
d6 c? 7 : 6=060,n="0

_ (u? = c?)d +uwn I

= + - T
P \/(ué +2017) ) 5=00,1=1o

c
XTI A AR T

o (W2=cA)o+uvn>0, T As

Il
H+

S0 +vnp)?
1\/(” 0 UT]O) —1]2—6(2);

c2

udg +v
o (U2=c)o+uvn<0, TiE A=+ \/% 15— 6.

F S I R I (12 — )6 +uon = 0, FiLl gy 2Rl <0. KhitEs

8)/ - |(T0 10)

JReA
x +|(T0 m0) = 0.

X T, r BIRIE R @ —FE, BN e 15 (To, 1o) HILBIERPI AT 72 3¢ ME— X I7E T-153)

—Re(A_(t,1))
Re(r(t, )T(t, Bt T (z,n) = [ o

KRe(M(T,n))]
J5, BRI | 0 1) 2 0, HALE (ro,n0) BN Reduler ) 2 £k

'%Hg@ (’Co, 170) € Z, Re(’Co) = O, A(’Co, 170) =0
HEREE B(t,n) 1 (to,n0) BI— AR OABRA AT, 4 m=ut+ion, BT m>(A- -
-1

2(170 &) m(A_-—a)  mb

a)? + m?b? =

|(To o) * 0, NmrE X T(t,n) =
—mb (A-—a)

] , BT UK

A

T(t,)B(t, )T (1,1n) =

A_(t,n) 2b(t,n)
0 Ae(T,n)

HF A (ido, no) = + ,/ +0%2 € R HAHHE, ATEATE (o, no) I/NAEIH V N Ay ESE, HAFEE
Xk 15

ReA_(t, n)<—k, ReAi(t,n) >k, VY(t,n)eV. (2.18)

XX E B IA RERE R TR T, K53 ODE 70 F 34 5t 26 A ELRRAS 2 A 1
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7. R 35 ODE KIgE 2 it

T BT Al S, X S A SRR DR B SRRV, A R ARG T
BE T, G & AT E S T ZRRE, BAEARTESR V), Vo, .., VL T
e, HMNET A IRTE i RO (xa, xo, - xg), B 0<x; <1, suppx; c V), T
ngl(vj, HEX: =1

BTV B r, T35 v, Tj 4 ri(n), Ti(tn), xj(tn) BEEFREL %,
I3 EATE XA Ret >0, n€R L.

BUETFIRTE V) BRI 6564 Witz o) = X T Vi o n), B4 (2.17),

AVIETN) o o Ble T o) W >0
dZ - ](T,T]) (T/T]) ](T,T]) ](Z/T/n)/ Z ’

:BTj(T/ U)_le(O} T, 77) = X]'(T/ ﬂ)fl(T/ 77)/ z=0.
XV AR R R TR RIS, FRIFR AL T,

4wy = Ly wer
dz( Vi) = dz( Privi+Wirj dz
_ * —1\* . * -1
= W](T]BT] )T’JW]+W]T]T]BT] W]
_ o —1\* . * -1
= W].(r]T]-BT]. )W]+W].r]-TjBT]. W;

_ * -1
= ZW].Re(TjT]'BTj )W]

\%

2ky W2,

IR 2 — oo I W, — 0 BB B2 1,

IN

o w0 d
2Ky i Wiz mPdz < [T —(WirW)dz

= —(W;T]W])

z=0
—|w,-|2‘ +CWH (BT 1) (BT )W

z=0

IA

—|W(0; T, )P + Clx (t, )h(z, n),
el
2ky fo Wiz, T, mPdz + W0, 7, mI* < clx (T, mh(z, ).
HHAH T; R IAE suppy; B3 TEECH 7, A 1453
xi(T, V"™, )P <Clx j(T,Tl)fl(T, e, (2.19)

Horh O ALKV .
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MR B Bl BV REE BN (1) ud+on =0} AR, Hd v =y +id.
[EZRANTE T T 18

d| Wietn | | A(mn) 26y || Wiz
| Wz 0 Aon || WAz

(2.20)

2_ .2
Hrhb = %un’[ +i:117’ ATERAZ =2 =12+ Clz(uf +ion)?. MRHE (2.18), X A VEIEFFIR—IKEES,

FIFEIXF Ret >0, n € R, BT

ReA- < —k[It2+In?,  ReAs >k[Itl+ .

MAEER (2.20) H 5 A T7HE
dW? )
? = A+W] .

HARAE im0 WJZ-(Z; 7,1) =0, HAMELITNZE: WJZ.(O, 7, 1) =0, ATk sz.(z, 7, ) =0. | T

(2.20) B — T R A2
W o
? = /\_W] +2bW],
&@
AT AT W]? =0 {HEm A, 152 - = A_w}.. T2

d|Wi?

it 12
4 - 2Re(A)IWT,

[=1Z,
" m(A- —a) mb _
T () = , HY m=ut+ion.
—mb m(A- —a)
LA
. _ _ m(A- —a) mb le.
TTW 0t = (1,-1)
—mb m(A-—a) || O
wi
= (nuA_—a+m nub—A_+a)) J
0

= m(A_—a+ b)le. = hxj.
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R m(A_—a+b) = A(t,n)S(t,n) ", H S(z,n) #0, M
A(T, 17)W]1.(0, 7,1) = 5x(T, n)fz(’c,r]), (t,n) €V

X A(T,n) = ut+ion, 7£ Vj ERIRWSL AT, )| > ey, BHTIEFFIRFRIEH °13

AT > ——2—, (1,7) €R*XV;.

7|2+ nl?

7|2+ nl?

FERIX AT —Fr SESUR KRR, T2AH S i AL, |W1(0 Tl <c . ,

DGRRRGR +1n)
W0, < G T, s,

) PR (T + )
XTIV 0,7, < ¢ 7 . (2.21)

B 2&{&1t: Plancherel EIE K /Nt Sobolev Z3[H]

ERE |+ 0P >y% % (2.19) it (2.21) =T j M1 8] ] RA, w5
12 2 2
0,7, < CW’ (= y+id).
KT 6, n A R* EBr, W

. 1 ~
f L 2|V(O,T,n)|2d6dn§c? f jﬂ; 2 (1% + 61> + [n|*)dodn.

XA Plancherel & 15

f [V (x,y,0)* dxdy f le™*V(x,y,0)]* dxdy

R2 RR2

< 212 (112 2 2 AC 0
= ffR Ry 1o+ nfPydodn & i,

XAANEE W IRATI N 45 8]

(2.22)

IA

%
H,(R?) = {”: el ) = (fIR2 |ﬁ(5,72)|2(|7/|2+|5|2+|T]|2)d6dn) < +oo},

1
2
sz/(]Rz) = {u: llull;2 r2y = (ff e‘Vxlu(x,y)lzdxdy) < +oo},
Y R2

ST T AT IEFFIRFUGES, BT LAEAL A B AUR IEFHRFIIE, BRE LR ERIEFR—IK
(. [RIFEXT S AR IR IREF IR AE .
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FIE (2.22) 7T LAfR HHE Ny

XA BA I il ZE Al 12K

v

L3 IR2)_ 2

Sl

H3,(R?)’

35



36

%

ok BEL

HE =

4, Lopatinskii 4, # B # x H AL F o€ 5 L2 £t



B T XEH): B MERER

I SCRRECER N TR T A B 5 RE R A REIR B T — MRON TR H DO FE A% (2

) WIS, A& ZHR . X PR AR T LR BN — SRR IR, el C™

PR B ol PR 00 1 R i ) ) SO R LA (S, Il ) b (ISR VRV R i
AT SRR ARJE ) SRR B AR S Fourier AR 5518 55 J2 HAME .

— W R =S ]
1. Schwartz R % #2518 S(RY)
EX1. % f AR E6) C° ZAEHH, EEES X o, f, AL
Pa, p(f) = sup [x*0 f(x)| < +oo,
xeR4

M AR f & —A Schwartz J48. A Schwartz F# 40% 69 & 43254 S(RY), #xH Schwartz &
Ml 2 1], X A& — AN .

EKH {paph & SIRY) LM —HeFTEH. S(RY) 2&—A> Frechet ZS[a) (7 & & A4 1 58 % 1)
Fdiit s $h e ks a)), BRI

o AIEEAMN: &Hf, g€ S(RY), & XIEE

v Pi(f-9)
d(f,o)=yY 27/~ _°° 3.1
2l ;‘ L+pi(f-8) G-

Horbt i pag BB, AL d 2 S(RY) b0 AL (AL IE 2 1 L Wk
= RAER).

o KT d e AT — Cauchy FI#EL;
o RIS JERE ML {f 1 pa, p(f) <7, K reQ, a, p N EIBIF.
Bi1. e P e S(RY), e ™ ¢ S(RY).

2. & f e S(RY), M3 % F 1547 o, B, RZIf, P f € S(RY).

37
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f53. % f1 e SR™), f, € SR™), 1]
A® fa(x1, X2, o) Xnam) = f1(x1, X2, .., %) fa(x1, X2, ..., Xm) € S(R™™).

1 feSRY) oV £ BT a, B, 10*(Pf(x)| < Cap. O
FHRS RS G S2 .
B2 feSMRY) LHRL VY £EHTa, BREN, FEFH Cyn>0 FEHE [0°f(x)] <

CaN(1+x)7N. 0
k— o0

E N2 (8). & fr e S(RY), fe S(RY), % Va, A ;}ii?o pa, p(fe—£) =0, M4k f = f (S(RY)).

VERE, I (3.1) IR ST Y, L T 1 TE BRI £ 75 4/, % 1 A A PR,
RAEH, LRI SRR d(.,-) WU,
SIEE 3. EH RS RULETA . kS A % T AL, o

fla. B xpeRY, feSMRY. %L fix) = fx+2), 1 £ 25 £ (SRY)).
EX3 (B, =% f, g€ S(RY), = L eMeyEAaA
(9w = [ fe-pgudy
R4

FEL 4w E f, g SRY, M(f+g)(x) € SRY) B 9(frg) = frg = frdg.

IERR. 1. JGIE 9j(Fxg) = 9;f * g, 1AL BT HeST

- (fr@)xthe)) — (F*g)x)
lim
1
= fw[f (x+hej—y) = f(x=y)g(y)dy
= fw[f (z+hej) - f(2)]g(x ~z)dz
= f dif(z)g(x—z))dz
R4
= 9djf*g

h—0 h
1
= f }llin(l)%[f(z+hej)—f(z)]g(x—z)dz (Lebesgueds il I sk e £ ) |
R4 n—
I 9;0j(f*g) = 9i(djf*g) = 0id;f *g. KEAFIVAGNIEI 0*(f+g) = 0" f+g= f+ge C™.
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2. frg WTALAZTAZER, FHEMTES K N, 214

f £ - ligidy
]Rd

CNjﬂ;d(1+|x—y|)_N(1+|y|)_Ndy (BN > d)

IA

If = g(x)l

IN

< Cy f 1+l —y) N+ |y Ndy
lx—y|>3Ix]
+Cy A+x-y)™N(+lyhNdy
lx—y|< 3]
2 L +D.

XH
I <c(1 m)_N N N
1< + > I+[y)"dy <Cn@+Ix)™.
R4
S I, BEI x| = |yl < lx—yl < 31xl, A |yl > x|, Mifif

I

IA

C(1+ 5N f A+ -y Ndy
—yl<3 ]
= C(1+B&hN f (1+1z))™Ndz
l21<3x]
= Cca+5hyN f (1+z)™Ndz < Cn(1 + |x)7N.
]Rd
I, |f +g(x)] < Cn(1+Ix)™N. T2433]
10%(f +8)(x) = 10% £ + g(1)| < Can(L+x) 7Y,
MM fxgeS. O
EIH2. Fourier % # (1% % ) & S(RY) L&y R 4.

WEEA. 1. ATFEUE: @ ue S(RY) = 11,11 € S(RY); @ Fourier () A8 # & 2k M i 5, H.
A3 @ EEAE: ue > u(S(RY)) B 1y — 0 (S(RY)) LLK . — 11 (S(RY)).

2. FiF QueSMRY = 0eSMRY). B, AUEEH 9*0(E) = Fro e[ (—ix)*u(x)(E) 71E,
Bl e C™. HIR,

Pap(@) = supl|E¥oPal

EelR4
= Csup|£*(xPu)| = Csup |97 (xPu))|
EeR4 xeR4

IA

CNIO* Fu)llaey SC' Y. P (1) < +oo.
la'|<m

|B'|<n
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EKHEm=|pl+d+1, n=|al,

3. BN ScL?, ALl Fourier A8 #emlili H LW 572 Fourier W48 #e.

4. FUE @ ux — 0, W 13 — 0, BEXHEMEIEHF o, B, kh—{];a Pap(ily) =0. L,

IA

lim €0l < C lim e

IA

C lim ||a“(xﬁuk)||Ll

Chm Z Pa’ ﬂ/(uk)

Ia |<m

IB’|<n

IA

FIHIZE 1 DU 2 5. 53 PR oy i SO T/ f () = fx—1y).

5. 5 e S(RY) Z ej=(0,-+,0,1,0,++,0),h#0, % h—> 08, (t"ip—¢p)/h 2L SR
69 36 1M 4t ) g—f
WERA. 4 @ € S(RY) RAEEMIZ EEFR o, B, FH Taylor 230 (BT 2IFRT),

agh (T_hef P(x) —p(x) 890(x)]

2*@(x + Ohe;
S Sup |xaaﬁu .
x€R4 ox j

(M)

sup |x
xeR4

h 8xj

< Clhlsup x*dPp| >0, (4h—0,)
xeR4
Skt 1Bl = 1pl+2,0 € [0,1], R T h— OB by = | Lo L. 0
Xj

EMREHZ=E: CYRY) F CP(RY)
W 7 L3k Fourier A5 5 & 5 fi11) Schwartz %5 8] S(R) 4b, 764k sy J7 BRI 4
T P R 20 7 DA M R s
O CRMRY) = {ue CORY :u HIHE R EHE].
WeSlhE. ¥ f e CO(RY), {fid /& CO(RY) Hg— 5l k%, BAFESSE K (175 supp fi c K.
A TART 2 B ARRR o, #PROL

hm sup|d®(fi — f)(x)| =

k—eo veg

MK fie 76 C(RY) FFULSLE] £, hE fi - f (CORY).
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O C®(R%).
WSk, B f e CO(RY), {fi) /& C*(RY) HiI—FIk %L, 5 Va, YN € N BT
kllglo PaN(fk—f) =0,
WFR fi £ CORY) HHICERE f, iC1E fi = f (CO(RY). X EPH 5, v E SN

PaN(f) = sup |0° f(x)].
[x|<N

file. & ¢ € CY(RY), X @p(x) = (x—k)/k. 7] o JLFRASEIER, B g — 0 (C),
12 @ A CY Plsk, LRE S Tk,

1 _ESRSCSE FRATTAE W R SR AR &R, HAT& 1R 5 & 2 B

CycScc™. (3.2)

Z T XEREEREEAREGE
1. I~ X R AN E X R f5)
I SRS 7€ SCAEDN G pR 07 6] Y IE S22 b
o " XK D'(RY) = (CPRY)Y;
o R NEH: S(RY) = (SRYY;
o BAAESEMT XEE: & @RY) = (CPRY)).

PATHICLNEZ B8 u AF TR EL f SAF u(f) 2w, f).
NHEEERA AR ZIEESLE, EER M T 2.

N2, X u AR AL MK A 18] LA iz, T

1) ueD'(RY) & YKCRY, K# %% ImeN, C>0, & KuH<C L [|0°f]| ey
la|l<m

i feCPRY) HsuppfcKk.
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2) ueSR)3IC>0ke NmeN, EF u, HI<C Y  papg(f) HHEE feSRY

lal<k,|Bl<m
B R

3) ue&RY) e IAC>0,keN, NeN, 1£4F [(u, f)| <C Y, pan(f) #HEFE fe C(RY)

la|<k
AR

SRR X LD 2) AL T . !

ZEHE SO SR PSR 2 S, ARTT DA “=" (Fisrih).  FiE B

TAEZ, B BT RIEIEN (X, T) KIHIME, LXFEEMIFE UeT Kxel,
FAEV e BAEMG x e V C U, B B IFAEIE I SR T UG 2] T W LR TP AL, RARTESE
HZEI) (X, d) o, BPAER B(x,e) AL T B d U5 ORI I — AR . IURRYE WU u
FIFESENE, LUK I T2R1E, u(0) = 0, MTTT (=1,1) FIJFIRAERIZ 2 65 BB — A T4, T
FETEAE S(RY) H— A8k B(0,0) ST f € B(0,0), AL [u, f)l < 1.

FRAERT I S(RY) MEERS (3.1) M X, x LIRMER 6> 0, WIHE] k, m e N i3
FE (f e SRY) : Vial <k, Bl <m, pup(f) <6/2} #& B(0,6) M—/F4E. (BEE d(f,0) =
F2, 27PN s IR = ] FEARAHER 27 < 6/2, WERTUME | IRITRRITL AR KT 6/2.
L ] R AR k AT m, B p; & itipg i) — N AI%.) SPERRATHERS 7 3k, me N, 6> 0,
i3

Viel<m, BI<k, pap(f) <6/2=[u,f) <1.

BA fe SRY, 4 = —L——=8 Wil EkbETA (@, Pl <1, TR

Bi<k Pap(f
whl = fus Y e AP|=2 Y, pusDluf
u’f - 1/[,6 paﬁff - 5 paﬁf l/l,f
<, BI<k <, BI<k
3 3
< 5 Z paﬁ(f)-
lev|<m,|BI<k|
FRLMIL C = 3, BT AHE. .

7. X 69 A3V e CPMRY), (So, f) = £(0), M 69 € D' (RY).

LAEER 1) BER, S K B C° BREUE C* (ke IN) AR 72 v B AL ).



= X R P AR

AR AR 0p 2 C BN H. B fi — £ (CTRY), W (50, i) = /(0) — £(0) =

B8, BT ARB A ¢, AE B TR R Z L &K LS

L= [ feogeoas

T4 g A L.
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(50,f>. O

Fln: 1, |x? e S'(RY), 1, e*” € ©/(RY) 4. #5314, LP(1 < p < oo) HHER T AT B0

LRI LRI
519, *HAEAT -7 [k &) Borel M p, 8 idde FARSG R & LAMZ L
L= [ feduto)
FTATT I u FAEE T LdH. 2 f — f (SRY)) = Lu(fi) — Lu(f).
R, Lebesgue MRy — G238 SLRRI%L.
B110. ¥ %% # log|x| € S’ (RY).
B11. 3 F K% o(x), 4% AC, k, HFIEFM x, A
1801 < C(1+x]),
N g € S'(RY).
IERR. RIH v 2 2), AT f e S(RY), Hiar

ILs ()l

' ‘[]R ) f(x)g(x)dx
C Y pao(f).

lal<m

X E O m 78> KA R IR,

<[sup 1+|x|)m|f(x)|] f (1 + x| dx

xeR4

IA

f5112. R _EREIE K30 UIEM & 69 % 37 Uk 3 9 15) F.

w H=tim [ oS =tim [ -y 0

20 Je<lr|<1 X &0 gyt
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WERR. ARy,

f(=¢e)—f(e)
2¢

1 1
(u,f) = —f f’(x)lnlxldx+lin(1)251n|g| = —f £/ (x) In|x|dx.
-1 E— -1

FRBL (1) #8508 LT — MRtz eh. H (1) WESEM u() <2|f|,- AIHE fi—

f (CO°MR), W u(f) — u(f), B —EEgZw. el f fmsdondk f

A5y, WASRET AR A oA BB . O
XFI SCeR B A, 3RATT R L 39 e SOtk

EXA. M) LRF T (D (Fp S, &) dlueD (A S, &) &3 T4
T feCy (AR H S, C®) Ak =

lim (g, £) = (u, ).

KoE N LERBI IR 2 ME—R. Ibabh, B (3.2), Baran SR
gcScoD.

2. EREE®

]

I SCRR AR (1 BRI AR AE FAEAR KPR E A AMUALEE 7 AR 2 HABE Ut R (3 1), 1 H
HAFE NS MAIZE (55%). NI R BN — 2% Wi 5 Rk . 3R] £ 2
LA S il Bt i,

L3RS BueSRY, MMIBLZEHG o, € UG M ueS WT: VfeSWRY),
@ u, fy = (=1)"u,0f).
2. Fourier Z&#t:  u e S'(RY), } Fourier 2t 1 € 8" M it € 8’ & L M: Vf e S(RY)

@, )=, fy, G, =uf.
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3. BT YueS(RY), i LIHPH tlue S Ju:
(t'u, f) = (w7 f).
XH Tt f(x) = f(x—t), T t € RY JE455E [F) ..
4 MPGEET: Vu e S'(RY), 58 LHAGN 6°(u) € S
@ (u), f) = (w055 (f)).
XH 6 f(x) = flax), M a > 0 ;4552 I SLHL.
5. REET: Yue S (RY), & Xt ie S N
(i, )= (u, f,
K f(x) = f(=x).
6. HM: Vue S'(RY), he S(RY), EXHEM hsueS N
(hxu, f)=u, hix f),
Hrh f e S(RY).

TR MG ST BEEE R RY (BB ARRE, B LA LA 2 T 58 ST 7RI LS (4447)
AT R BB I R IRE ST OB BN IR RTE Y, B QIR Bk
SE S A

5113. K &g 4 Fourier % 3%.

ﬁg. j\j <(§0, f> — <60, f> — f(O) —_1 j];{d e—ix-Of(x)dx — ﬁ f]Rd f(x)dx, ﬁﬁw\ 50 - _1 % O

(277)% (2n)
5114. £ 926y % Fourier % 3%.
. BT
(%60, f) = (=1)*(60,0* f)

(~1)19 f(0) = —— f}R (0" f)d,

(271)2

((0%00)", f)
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JITLL (9%60)" = —L—(ix)%. 0
@2n)2

MIX A7, AEAE R 525 (1 BR80T Fourier 284t R (8] EL A 3. BT DL a5t —

A (7 X) R Fourier AR # T AT 5T, FEIRIRH (7 X) BREUR 5.

B15. % he S(RY), K hxby,.
. A X,

(et ) = (O e f) =GPl = [ xo= )ty
| ry=x e,

FITEL| (h+ 6x)(y) = h(y — x0) | O
VERE, X MBI PN SR B, BUAE IR AT R B8 DA R IR AR ) 5E S, BT BAAE B
AN SCRR B ST b ZiURE ) /N L. R T TG AR S Fourier 224 i iz 5.

3. BB R

SRR BRAE IR B B iz o, BRE R ARR BRI, AR e B AR R 2 W 5
AR HUE . ER, I I e B R L, B SRS DA FT) SRR AR AR R (A ) — 2T
& ERIPERT. XA T U0 R SRR .

EX5 FueDRY), 2Lu X EH (EEXIRERERAE)

suppu ={ |{Ke: K <R, Ve € C2(RY), supp ¢ K, M(u, ) = 0},
Bl suppu 2R DEFAEM, % e CP(RY) WX ESH M RAH, (u,p) =0.
ffl16. &% (Ox,, f) = f(x0), W supp Ox, = {xo}.
ENX6. & h ATRHH, Ay AFEV LFERTh EVpeCPRY) HsupppCV, s
(u,p) = f]Rd hodx.
AER3. 1) K ue&E RY), Msuppu H%%E;2) FueD RY), Lsuppu H%%E, W ue& (R,

IEBA. 1. Vf e C(RY), &8t 775 C, m F1 N {13

[ AISC Y pan(f), ol pan(f)= sup 10°f(0).

la|<m x€B(0,N)
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# A f(x) W2 supp fNB(O,N) =0, M gy N(f) =0=u, f) =0, \Ifi supp u C B(O,N). HE
X, supp u MR, MITIETSE 2R 5.

2. ¥ supp u C B(O,N); & ne CP(RY) Wi ZR: 1£ BO,N) L n=1,7EBO,N+1) Z
4h n=0. % f e CY(RY), MTE BO,N) L f(1-n)=0, fLA

<u/f> = <M/77f> + <u/(1 —U)f> = <u/77f>

T, Yo € CORY), FIE S (u, @) = (u,np); HIELLTE L5 n MIEHCER, H (FIARS
(1] Leibniz AN AT n SRR

@) = K@) <C Y sup 10*(9)(x)] < ATIA pon(p) ZF,
|a|£1’HXEB(O'N)

Fithueé&. 0
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FUH T XERE(Z): ER5 Fourier Tik

R PFEAT RGN A A R LR BEEARAN Fourier 224 () — L BOMIR N HIVE .

— T XERBFMER

1. S5 S WER
FIEL % ueS (R, p e SR, M

1) @rueC(RY, AR AR %q+u) = (9%Q)*u = @+ (@u);

2) pru BHAAEZTN FHAE x| > oo B, S UL AR K, BPiEE T 47 o, Cy, ky >
0, 1£4F [0%(¢p + u)(x)] < Co(1 +|x|)ke;

3) % ue& R, M grueSRY.

ERR. 1. % ueSRY), o, e SRY), MAMIEE L, M GERXSSHEG) R ETE
FIB BRI B AR )

(pru, Py = (u, @) [HH @(x) = p(—x)]
W, fR G- PRdy) [ FyEH]

f G-y R RiemannfIZE S o1]
IRT!

f}R (@ PNpdy DR ) = g y)
f u(@)yp(y)dy A u(tV@) NRT y Mk
]I{Vl

JITEA (IS5 AE N e B 2 22 R 21)

(p*u)(y) = u(t’P),

B @ u A A B IR X B Riemann FI7E S IS AESS 5 25 F LLIRIIE.
2. FiE (p*u)(y) € C°, NILIIE (p*u)(y) € Ct. HSFHATRHETE X,

(@*u)(y+hep) = (*u)(y)  u(rV™ig) —u(tVd) [zy”’e}‘(p - mp)
h - h N )

49
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Fr LR | — U] 5 1451,

lim

(pxu)(y +hej) = (pru)(y) _ }Emu(ﬂ”“f(f) - TWPJ
-0

h—0 h h
y+heja _ ¥ ATV
S il i 2 B A ?0) . @.1)
h—0 h 8y]

MR X, JAA

AP _ IPr—y) _ dpy—x)

X 9;¢ Fxt Bl g IER [ A BARRR N FH. T RIS E

=)y -x =00 -y =T'Pp)(x).  (42)

——

dj(p*u)(y) = u(t’(d;p)) = (9jp) * u(y).

KIEY] T 9i(p+u) = (9@ *u).
PATEFAEM 9@ =u) = @+ (dju). M (4.2) FHIINES HA, BOL

I TYP(x))

J
= a —_ = —-— —_ ,
@ip)(y—x) 8x]'((P(y X))
M, $2 1 (4.1),
P
dj(p*u)(y) = <u,—§((p(y—x))> = (o”ju,@(y—x)) = ju(t!@) = o+ (Jju)(y).
]

VE BRI BB TY0(x) = G(x—y) = @(y—x). EFIFIIghE, 3 FAL 2 EAGHE o, 7]
2 0% *u) = (*p+u) = @ =), H p+u € C™.

3. TUEZR 2). H u LS I @ ML, (FERLA Fu, Fm u RIEHEM x A H
AR BRI R A T SRR, AR )

10%(¢ *1)(y)] = [u(tYD*p)| = (11, (- = y))] = Kk, O (y — 1))

C Y, W ey =0l
[yl<m, |Bl<k

C Z ||(y—Z)Vag+ﬂ(P(Z)||L°°(R;’)
lyl<m,|Bl<k
CCuMII(Iyl+ 2™ (1 + 121 ™Ml rry

IN

IA

IN

Co(L+ly)™ (M = m).
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wJa—BHH T X a, b>0, L a+b< (1+a)(1+D).
4. Xt ue & (RY), Bl p+u e S(RY), HFEE: Ya, M >0, #L

10%(@ * )] < Copa(1+ 1y ™.

L, @ MR, TR C 1, MAFTE N I m, 173

(@*0)@] = Kito@ly=x)<C Y sup 3%p(y—x)|

la|<m xeB(O N)

< Cpm sup (1+|y—x|)_M
xeB(0,N)

< Cwm (4 |yl = 2N B, BT x| < [yl/2, W yl/2 < |yl = x| < |y —x])

1
(1+yl/2M
1

= O
FALHBXT O (@ = 1) P 45 AH . 3 el 14 45 18
5. BJEHATUAZ 1 25HF1 Riemann 1% S S K74k [-N, I\Qn 7
ppURSY S I\l, [ 2N2)" AR Qu, 8 ym N Qu B, W Riemann £l (ZNZ‘) P(x—
Ym)P(Ym)|Qml. "
(N

RMFEIEYIMER a, B, Riemann Fi Z KOG = Y)Yy Qi) He L¥(RY) 15

e f @B — yyw(y)dy, BI (5 A e ARIHME R\ A)

(2N%)" (N2
Y R @E- yu e Qul) = Y f (- y)(y)dy
m=1 m=1 m

- f -y’ S0, MNow.
([-N,NT")¢

i
(2N2y" (2N?)"
=Y - nvuia- Y, [ e nyway
m=1 m=1 m

I = f 3o — YY)y,
([-N,NT*)¢

BT 1L ERRIXAER M > 0, AL

1 < f (- y)Y(y)ldy
([_N/N] )C

IA

1 1
Cplx[™ f dy.
M (=NNpye (L+[x=yDM (1 + [y /
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X IEHIR R RMELE T x, y BT DAAES K, BT IAMEAE S 4. 0 RO, 25 [x—y| > —l,

X
2
g

1 < 1 <C ;
L+ f—yDM = L+ [x/2M = M@+ M’

M,

1 cco 1 1 . 1 1
L+ = DM@+ DM = M A+ DM @+ DM~ M@+ M2 (1 + [y))M/2

S I =yl < -yl < B M < 2lyl, EFE—T, A

1 1 1 1
<
L+ —yDMA+ )M = A+yDM A+ )2 (1 +|y)M72
1 1
M+ M2 (1 + |y M2

2y

1

1| < Cy o]l ————— f — 4 (4.3)
M )M gy (L yDM2 Y

7 (43) o, B M > 2la] B A2—4 S+ 1, WA sk, 3ta )

, 1
|1 <C f —  _dy—>0 H N> .
M Jenngmye (L+ |yhM/2 Y

F—J71, FIHHEEH, AL (& = Oy, +(1-0)y, 6€[0,1])

(ZNZ)n

1 = Z x* fQ [053(x = Y)W (Y) — Dop(x — y)(y)]dy

m=1 m
(@N?)"

- Z x“ f vy[aﬁ(p(x—y)l,b(y)]ly=a(ym—y)dy
m=1 m
(2N2)n

- g V1 1 L4

- r; TN o A H = EDM (1+]EYM /

(@N?)"

, o V1 1 1

< CM n; |x| N Lm (1+|x|)M/2 (1+|E|)M/2dy
Vi [ —t

< Cuy mZ; CArgyedy B M =2l
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S L = AT RS 16 07 0 I AR B — R (B2 Jx— &) > [xl/2 A [x— &] < Jx]/2. % T

A, R &l 1 1
Ja— MG, BOL (& 2 |xl/2). BT 1+]E[ > 1+ 5 A (1+ M2 < (1+]&|/2)M/2’ L

o \/—(2N2)"
H=c Z f (2+|5|)M/2 y @

SGEBBIROL y=E—0(ym—y), 0 € [0,1], M4 N 7850 KEF [yl < [&]+[ym —yl <&+ 1. AR

A (4.4) =, 15

2N2)”
, \n 1
I < C 2 y<C 1
' f (1+|yl)M/2 MN Juzerg, (Ll

” \/_ 1 w1 s\
S N o Trpm¥ <Gy =0 BN
O
KT S(R) b1 Fourier 48 Hulg 354048 Jy ki, Tl
EIE2. HEE Y @ € S(RY), ue S'(RY), M @it = (2n)I¢i.
SRR, ST ¢ e SRY), BATH
(@i, ) (2r)2pn, )
=(p=u, ) =(2m) (1, py)
=(u, > 1) =(27m) 2 (u, (PP)™)
=(u, p*1).
FrLA N FENER ¢ = ¢, 5 ¢ = ¢, i 52 S B4R 0

2. HEEH
LEEATERE T L% & (RY), S'(RY) SHFEEL (SR™) MBERL F9 b, 2L
TSR ATt T P SUE R

e uc&R"), veS'R). B ATLUE L urv: (urv, ) =(v, i+p), Yo € SR™). HAHTIH
SERLATAN i+ @ € S(R), B HWAE u+v e S'(R").



54 F W XK (Z): %5 Fourier & #

o M ue& (R, ve D (R It

(uxv, ) =(v, =), ¥ ¢ € Cy(R")

XENER urve O'(R"). RAEE LW RBEMEF D H T AN M2 (%
B EHFH supp i+ C supp i +supp e KITEFCRERIE 7+ ¢ € CP(R").)

o ue D'(R"), p € CP(R™). BLIF AT LLE X uxp(x) = (uy, p(x—y)). AT LLIEH] uxp € C*(R").
(FAESTREL) X L wy, Rom u AAETERL y A ERE R L) SCREL

X B E LRI, #RAL AT 0% (u*v) = (0%u) *v = u*(9%v).

3. EHRINA: HE M

BATVRIIE CX(R™) fEVF 2 R (] (FLAnS(R™), LP(1 < p < 00)) A, & N =2
— PETRATR R 8 XA R R Lk E] ' (R™), S'(R™) 1 D/(RY), FAMGIA A LA
WX AR, SRR, BRATTAE R e B

EI3. CO(RY) £ & (RY), S'(R"), D'(R") +#%.

JERR. FATHAEW] C2(R™) 7 O'(R™) HHi%E. 5 #:
1. iEBH C®(R") 7F O'(R") 5.
BRI T @, BIZER @ € CO(R), 9 20, [, pdx=1,¢=0. % ¢:(x) = mp(2), ¢ >

0. TRENF

Ue(x) = ux@e(x) = (uy, pe(x—y))eCRY).

RATEFES: (e, ) = (1), Vap € CX(RM), B e — u (D/(R™)). HETAT4T C(R™) 15
DR 2.
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Lk,
o= [ = ppoaa= fim ¥ =000
= Jim <uy,z(pg (i —)Pe)AD  [HT suppy B4k, Ak A BRAN]

= (uy, lim, Z%(xl PYE)IAD  [Riemann RIZE C(R") Ak, 5 1F =1 i

=Gy, [ = ppdn = Gy, [ gly-09d
= () S ). DRI e 75 CO(RY) FRUSIE] o, 1 1 ]
TRWr S oL, X 5E R T IEH 58—
2. BUEIERH C2(RY) £ O (R™) H %,
RHFRA1ZE FE R BT 5. By € CR(R™), 2 7E B(0,1) & ¢ =1; 7£ B(0,2) 4 ¥ =0.
2 () = (), L {ug) C CO(R™) 1675 O (D/(RY). B, BATE Yyt € C2(R™).
BATS: Prag =5 u (D' (R).
HE L, MERE @ e CO(RY), RS k 70 KME1F suppe € B(O,k) i ¢- (Y —1) NZE,
TR

(Wrug, @) = (ug, Prp) = (ug, @) + g, (P — 1))

= (ug, ) +uy, 0) = <uk,<p> S (U, ).

= M REFD Fourier ZHR

1. Fourier TH®E S’ E[E#

EIF4. Fourier T F £ S'(R") L& 4 & MR H.

WERA. 1. BRF, 71 S'(RY) —» S'(R") AL MERT.

RO N LR R supp @ *1h C supp @ +supp .
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2. F, F L S'(R") - S'(R") RELEM. Bl B — u, BN
<1/z\k/f> = <uk/f> - <u/f> = <ﬁ/f>

T LA iy — 4.

3. F: S(R") - S'(R") Ll Fs: b, Vues, fes,
(@)", fy=K@"), f*y=u, (f")')y =, .
B V) = u. [FEE (") =u O
2. & L Fourier T# & Paley-Wiener-Schwartz EIE

X—WEHRZERENEEMAEITREBMER. % QcC" 2K (E#IT4E), &
BpR L f 2 Q— CFONRMNTH (BA2i), RIS z = (21, -, za) € Q, fFRSEAHH, H
df = Xy a3 = 3(5 -iL), dzy = dvy+idy;, 3k 2 =+ iy, 3, € R Sl
7€ SUIRAE) SRR EUE U AL Cauchy-Riemann J5 24

of 1(df .9f\
7= 2{5% vi3) o

i1 m
A LAE X £ 75 A B 5, D58 Cauchy B AT 15 20 € Q YA T LAEFF Ayl
S % TETEIH T 00z -2 HAb, %0 AR Bl — AR B R, 16T 4 A0 4
AR A% T A SR AL RN, AT 20 € O AHIE 1 <k <n, X TR
2 € C IIBHL g(z) = f(20, 20220, e, 20) BURKT 2 AN, W f AR O
Al X T AR BT BT M TR A A R B — i TN, T4
CAE A AR K P AT KR 1 T 7T 2 1, [20, 537351,

EHS. i ue &R, M 4(E) = (%)2 (1, €Y, & T A 450 € Lt 4ty B

ERA. X @ eS, FIFRD [, p(&)e ¢ dE MERZATE CO(RY) Tllsi (F1F 1), A3 %

&), &) = (uy, @)=y, —— | @(&)e™™4dE)
(2m)2 Jrr
1 ixe
= X7 w d 7
P ]Rn<u e " )p(&)dE



— 7 X %A Fourier 7 # 57

DT () BT ()te ™ e CO(RY), FTLAE X F@) = (ir, 7). TR
HEC > h— 0 I (81 1)

e—ix~(z+hej) _ e—ix-z 0

- — a—zj(e_ix'z) = —ix;e™* (£ C® ),
FIt LA BT
9°F(z) = (uy, (—ix)¥e 12y,
WRYE 2 5 8 1R BRI E X, F(z) 2 S MNTH (SORRAE 44 1). O

EIB6. (1) (EXABREE Paley-Wiener-Schwartz EIB) % u € CX(R"), suppu C B(0,A),

W 4 T 4s A C" L&A R 3 F(z), Bk &
(P1)  YNeN, 3 #% Cy>0, /%
IF(z)] < Cn(1 +]z]) NeAlml,
Rz, % C" L&A 8 F(z) %2 (P1), W AE ueCO(R"), suppu C B(0,A), 1£4F
(&) =F(&), YEeR™
(2) (BT XEEH Paley-Wiener-Schwartz E¥E) & u € 8'(R"), suppu € B(0,A), W 4 T
HIBH C" LayaT 4 F(z), ik

(P2)  AC, N>0 H% %, 1£4%
IF(z)| < C(1 + |z)NeAml,

Rz, % C" a4 F(z) # % (P2), M A& ue& (R, suppu C B(0,A), 1£4F

i(z) = F(2).

(DAEYIERR. SRiE “ = 7 AV LU L. AFER N, RATEE 2 Fourier A8 4 A
T1/(2m)2.

B—5: BATHA. ERIXMER CeRY, A 0(8) = [, u(x)e ™ dx. T T LUK
R

F(z) = f u(x)e™*dx, zeC"
lxl<A



58 F W XK (Z): %5 Fourier & #

XA, KN

—ivz| _ |grImzg-ixRez)| eAllmz|. (4.5)

le le e

B F(z) € C(C). Hflivhal (4.5) PLE u B E S, BATAT IS HR T 577 I
¥, TR F(z) € CO(C). Fealih, F(z) /£ C" L@

E: W F(z) & C" LT R IER CO(R") 4k 49 Fourier TH-IRTRLA % L & (M)
FRERIE). B RR, AR FRHE—ANTFELAR AM F=0, TAufFEd

FEPU: UEY] (P1) AL SRR 2 HI8HR o, FIH - EBER 5

% u(x)e 2 dx
|x|<A

<C f |0%u(x)| |e_i"'z| dx
|x|<A

|z°F(z)| = C

@(z)‘ e

< CaeA|Imz|,
PSITEE]
(1 +1z)NIF@) < Cye™ v NeN.

HEAZ A3 (P1) BRAL.
HIE“ <" WC" LRI TR A F(E) 2 (P1), IATHH Fourier 28 T R”

TSR
u(x) = (%)2 f eTER(E)dE.

TRATRE 7 1 20 41 B At A 4 ) R L
F—H: ueCOR"). MMEBHEIRIR a, B F(E) HIZERM, TR & &N, [FE)| <

Cn(A+|EN7N, BIN > |a| +n+2, H4
o 1
e (27’()

:(2171)

< 00,

NIS

f () F@)de

f (i&)* (™) F()de

NIS

FirBL u e C*(R™).
BIL u AFREE.



Z— ] X %A Fourier & # 59
XD ok, SRl B T EE M x, LRAEEBCEM n= (11, -+ ,1mn) € R?, BOL

FH R HAALTC &, G, Fl— o224l ) Cauchy Fp€ 2,

feianF(gll. o /5]'—112) dz = 0/
T

H T2l Imz=0,Imz=mn, fl Rez = +a HEMHILEL. T E Y z=2a+is (s fz T 0 M
N Z A1) I, dz = ids, M F A93EmE, BRI s il T

'eii”x”_x”sF(él,--- ,5]'—1,5!4‘15)' < CNe_Sx”+A|S|(1+|Ll|+|S|)_N < CNe_Sx”+A|S|(1+|El|)_N,

TRy | 7 emso Al ds| < C, 3 C 5 a 3%, T 24 Jal — oo B

. C
f e ZF(E - g] 1,z)dz Mo
{Rez==a,Imze(0,1,)}

ﬂHmN

EAE T
feixnénP(gll...,E]._llgn)dgn:feixn(£n+ir]n)13(£1’...’Ej_1,5n+ir,n)d€n,
R R

MM,

) f VER(E) A
) f iz?—_lleéf(feix"é”F(EL“',Ej—1,5n)d5n)d51“'d5n—1
Rn-1 R

5 n—-1 . .
2 f Zj:l x;&j (f elxn5n+177n1:‘(51,... /éj—lzén‘i'inn)dgn) dél"'dén—l
Rr-1 R

u(x) =

(L
27
(L
27
(L
27
1 e (E4i(0 e )
(=) | o onipE i, 0 de,
B & MUA 2, FREF 3R AMEBIN nuy, MRIKHE, LR85 (o).
t (a), AU H!
()] < Ce™ f IF(E +in)ldé.
BN R, 515 A+1E+ )N <@ +1&)™N "R, FRFIF F M &, [E+in =
VIEE+ P ~ &1+ 1)),

. dé =~ A
|u(x)| < Cne x”*“"”'f = Cye A,
W< Cx re (LHIEDN ~ Y




60 F W XK (Z): %5 Fourier & #

A 0 =t £> 0, 13
lu(x)| < Cne!@1 wis 0.
PRI, 2 x| > A B, &+ — co Bl u 1E B(0, A) 24K 0, B suppu € B(0,A). O

(2) HOAERR. SEAE * = " BT 7 AR 5 . SLETATIER F2) 2T (P2).
o, WL € C(R), EHE (o0,1/2) FHULH 1, 76 (1, o0) HFIRANE, B

Pe(x) = e Y (IE|(Ix] - A)) € C,
TAE u 3 (] < A) A8 5 o€ —3. TRtk sl i,
IFE)I = Ktz pe(eDI <C ), sup D )l

lal<N ¥

IR e SCHRALE Ixl < A+ L, BTEL
e~ < AT EImEl _ (Allmel+1
1M DYps(x) 22T (] 122 BRI, HOCBox B N F6]. Br L (P2) BoL.
BiE“ <. {EREEM Fiz) £ R LHUER a7
IFE) < CA+IENN, VEeR™

TR F(E) € S (R, HAFTE u e S'(RY) 143 2(E) = F(£).
B @ WiseH 3 e LM%, M suppe. € B(0,¢), H uxq, K Fourier 4k
Qr)"20¢. B C* LRENTES F2)@(z), 2 (X B M RAEEK R

IF2)@e(2)] < C(1+ [z))NeAMm2l. Cppy (1 + [2]) =M Netlma!

— CM(1 + |Z|)—Me(A+e)|Imz|.

FH A% 8 BRI 28 — 3053 (B SOGIE EY) Paley-Wiener-Schwartz € EE) AI A1, ux @, & C K
i H supp(u*p:) B0, A+e). & e—0, HT ur@p. > u (D), FIA XERECLER & SR
% suppu c B(0,A), N\ ue&'. m



FRH T XRY(Z): MoEFHEKENK Schwartz #% €18

X PATE e A BT IR, Kl Laplace 57 MZEAR, 285724
AP AR R TR RIS I E B LA Schwartz 1% € B X 2645 JAR KT
SCRBOREFRT T, W5 R EEG R KA ARG R0 5 4G E A

— BARUEMEROSEFHELRME
EXL A7 LHHEcD'(RY) RFE(E)EHMPEF P=Y a,0% 89—AK A&, % PE =6,.

W ST (A ) S EAPE AR B LR I R B u, fe &' (R™), W

E =+ (Pu) P(E*u) = (PE)*u=0p*u=1u,

P(Exf) = P(E)+f=f.

XANHE 3K 3 5 B AR (P S RAIE. IX P SRR I, SRR E SCERR, BEaE P A,

W2 P R, 5 AR, RER S| — AR, M AXHERR f e &(R"), JiE Pu= f 5t

H R 1 =Exf e D'(R), T LT LB — 2, B £ (9 ENPES B3] o (I

S HE—TEBEREFETF o WEAE. O
N Laplace 7 HIFEAME. X2 FAT)E AT IT R G AR &5 AR 70 S 7 O B K

Wz —.

EIEL. B

- Inx|, x € R%\ {0},
E(x) =

X", xeR"\{0}, n>2,

T (n— 2)c

HF o, R B Rz HREGE @A AR A 8]'E A ey 3T ARy £ x]'lxl‘”/cn, H
— 2 _
AE= Y PE=6.
=1
WERA. 1. B @ € CP(R™), M e 2 HCSOE BT Gauss A 3,
(diE,p)=—(E,djp)=— lir% E(x)djp(x)dx = f P(x)d;E(x) dx+1irr(1) E(x)go(x)— ds.
E2Ux>e R" eV n|=¢

61



62 FHH T XEE(D): Mo & TWEKRME K Schwartz ¥ = B
BJa— T2 O(e) (n>2) 8¢ O(e|lnel) (n = 2) mZK, IiT e — 0 B FR NZE. #) Lk
W HL o E FIR RS AT AR B 9 E(x) = x| ™" /o

2. VERY x £ 0K, B, MASZAGL AE(x) = 0. ik, FIFEITFIZE — Green AR,
BATH

(AE,p) = (E,Ap)=Ilm (EA@p —pAE)dx
20 Jpx>e
= lim |x|=8<goVE—EVgo,%>dS
= lim |x|:€<(pVE,%>dS+lii%O(elne)
= lim cne” ‘ﬁd:g@(x)(x'%)ds
= lim— | ewds=p0
JE BRARIIE. O

224 1 =2 W, FE5PH 2 b, S A =455, DR

JEZ) a1 o, 11
4 0z _48z4nlnlzl T nz
VINIiT]
9 (11
(z)=00

B Cauchy—Riemann 5.1 (14— B B 7 FR4H) WBEAMZ 1/ (nz).

— FBAEETST XEHHER

EM2. & X AR L& B ARG EEZN. A X AXTFBEHAG, EVfeX VzeR",
RETFeEXTRX Y RBAAXRTIFHHAGEEZN,T: X>Y REMELT. KT HF
HBAREHET, &

™(Tf)=T(t"f), ¥xeR".

i1 LP(R") (1 < p < c0) &% T A5 3 492 1),

Tepe 2 S (T f)(y) = fly—x), f(x)= f(=x).



= FBARETE XEKENER 63

12 CFEAEH FRIBMER). K 1<p, g<oo, T A LF(R") - LI(R") &9-FH5 LK
REMET, W& EE—8 veS(R), 13

Tf=f+v, VfeSR".
XA 8 BRI 55 200 ORI RN 51 B DR AR A i UE .

51381, & he LI(R") (1<g<o0), BAEE S EHAF ol <n+1, sz 9*he LI(RY), ARA h
JUF AL A% T — ANk S B H, ST R % X
HON < cng Y, 10%Hllaqre.
laj<n+1
EIE 2 WOIERR 1. BGIEW]: Vf € S(RY), a REEIREF, ROL 9(Tf) = T@f). Atk H3HE
I{Tf) =T(;f).
FIZ AR g € S(RM), 24 h — 0 I T

T_hejg _ g
h

—djg (S(R")).

iUk,

—hej
OTf)9) = —<Tf,8~g>=—lim<Tf,T £ g>

= -lim f (TH)

T

(x) dx

(Tf) x)g(x)dx  [ZE4r o A2

he; ¢ _
= lim T(T 'f f](x)g(x)dx R A AR ]
h—)O IRn _h

= lim
h—0 R"

| T@inmse =@, o). 1T i)

HAEN T 9,(Tf) = T@;f).
2. 58 L uhy S(RY) FHILNES &: 2

(u, f)=(Tf)O).

2] LA R U5 i€ 7 3



64 FRV T XEE(Z): M HTHEARM K Schwartz % 7 2

Yo, B 125, VEERR a, YfeSRY), T a%(Tf) = T(9%f) € LI(IR™). #RIE5FE 1, 7T 40
(TA)O0) AT X, FTbL Lk SCEEL IRk, B8 (u, f) KT fRREMER). Bk, H5I8E 1, for

IA

, HI=ITHON < eng Y IO THllawn =g Y, ITE Fls

la|l<n+1 lo|<n+1

CoglTllois Y, 10% Flraey

lal<n+1

IA

IA

Tl Y pap(f),

lal<m, |l<k
R T u e S'(RY).
3. Bo=i, W Tf = fro. L E, 1 E—PHEHBRIRIER,

Fro() = (o, =@ =, v f) = G, f(x+)
(u, 7 fy = T(£)(0) = (TX(TH)O) = (THX).

4 WE—E. EATER SRS 01, 0o 78 Tf = fro1 = frua, MAMEE fe SRY),

AL f# (01 —0p) = 0. WIAHL Fourier ZH it 33 v —vp = 0. O
N IFRATEIEB RG] #E 1

ST 1 H9IERR 1. ¥ h e LIR™). 1FAR T ek %

Ix| <R
Dr € CX(R"), Dr(x , M dgh e LYRM).
[ 0, |x|>2R
FIF LY s %) Fourier (39) A8 e —UE S R 3L, PLK Fourier (19)48 42 LI(IR") — L®(R")
(4 R T, REBETE Drhe LIRY), 16 Orh = (Oph)Y 7555 %, LUK T = AR

S50 X B BAR R FDGH M B e, B s e OGP, X 2 A Fourier 43
HTIE B 3 11 Sobolev ik N\ & FE At 5t A H i
2. AW FRT 2o R A A

/¥
1

Forr 585 — 2 URT UM A 1 22 R BUE SR BRTE {|x] = 1) B RS e/ ME DN BAIE B, i 56 — AT

IA

Ck,n Z|a|:k |x¢],

Cn(1+ 1) L e (=207,

IA



= FBARETE XEKENER 65

ARG A IECEEIEY. t2E —a, AS B (EE LT Se IR DGV i)

IN

OrR() < en(1+Il) DY (i) Drh()

lal<n+1

ca(1+ )= Y IDADRA) ()

lal<n+1

IA

IA

Cu(1+ ) DY IDHDRA 1 oy

la|<n+1

1
ca(1+ )~ N 1D (DRA) s (2R)") 7

lal<n+1

Cng,R(1+ [x))~" D) Z ID*(PrM)||La(rr)

la|l<n+1

Cng R(L+) DY Dl

lal<n+1

IA

IN

IA

AT [ ORI ot < g R Dpapnss 1D Hllpaqrey.  HHELEIE

<Cugr Y, ID%HllLagee).

la|<n+1

H(0)] = [PRh(0)| = ] f D) d

O

FEIT. EH 2T 0 e S M TS = fro (UUHER f € S(R") BB HE, Hbit ik,
f W B R K. (LA L2 (R) — LY(R) B R AT

R
Xi{feL“’(lR;C): @(f):gg&%fo f(t)dt T;Ea%}cL“’(lR),

M @) N X EHEFREHEZR: |D(f) <||fllLe. H Hahn-Banach 72 FRZE3HEBE, @ A {RIEIE
RN L(R) EHZE ©:L°(R) - C; EJ/RAHN L°(R) LA R LM T

O 2 FHALN). X2F A VreR,

D(r*f) = D(f) = D(r"f - f)
= O(t*f-f)=0.

(" f) = TD(f)



66 FR T XEE(Z): BT HEARM K Schwartz # = #

XHREFEENFEER xeR, ©¥°f-feX. HELE,

pm 11z f f(t—x)dt - f f(t)dt)

= |1im f(t)dt— f f(t)dt)‘

R—oo R —x

- il [ [ o

1
< Lm =||flle -2
< lim S llfllz -2l

I
f
I

R
lim %I) (T°f - f)dt

R—>o0

= 0.

HEEBVf e S(R), FMAL O(f) =0, FTAEFAE ue S'(R) ffif3 O(f) = f+u, WMAIRH u=0.
FrlhBF L™ AR 701, H SCREIE R B RERIR L LT FRAARG AL H
T

= Schwartz 2 EIE

Schwartz 1% € Bl 1 AT DUEIR 2 i — RIS SR e M 5 1 FH e AR s ) L) SO BORER
. R EATCLG BEAEAE PR G R 7 ARG HEE X
1. I~ XERHRIKER

SR SCR B SR B RORE . B TR PE 4 h g ME—PRIER s AT 15 8] Schwartz #

s BT e X B SRR AN 2, (HUE R AR R R .

EM3. X XCR", YCR" HAFE, o, y) eCOXXY), LAELE X WETEKEFAE
x ¢ K, stk = @(x,y) =0, AR 4 Yu € D'(X), 3

yr M(QD(', y)) € COO/

H u(e(, ) = u(@ye(, v))-

3DY(X) & CP(X) L& F B2 B sy i A 5609 &, R AT I X Bay) Ui X2
Cr(X) AL HEA X 89 CPR") HEL AT FF LR po(u) = sup, g [0%u(x)| #) Fréchet = ]




= Schwartz #% & & 67
HWEER. HUE ye Y, ¥ @ 7E (x, y) mAE Taylor &I, 15 2

sy =gt )+ Y1, 220D

j=1
SE R Z IR a, FEZR T @ Bl 0%(x, ), EVIOL. EEBICEK @ KT AR x A
B, MRS Iy,

+y(x,y,h).

supldyp(x,y, ) = O(h), 4 h—0.
IR u Lk,

<P( y)

W,y +m) = ul@C,y) + Y hilw,=5=)+ O(hP),
j=1

H G —ORMH T u ELMER. B, S w(et,y) T vy 2%ELR, mA
(-, v)) = u(dy, (-, y)). BILIEAIAG, (8 9y, (., y) MUE @), WAHEI ELEILE 1. O

/HZE>‘(3. X X,‘ cR" (i= 1, 2) 7%9:1—’%, U; € C(XZ) 2 3L uy 5 [Z5] fy K= AR UL ®uy € C(X1 XXZ)
A

U1 ®up(x1,x2) = ur(x)uz(x2),  xj€X;.
AHEIAE, RHEE @; € CP(X;), AL T4
f (111 ®u2) (1 ® P2) dxydxy = f“l(Pl dxy fuz(Pz dxz. (5.1)
EIB4. K u;jeD'(X)) (j=1,2), WNAARE—E) LhHue D (XgxXp) 47
uw(@1®p2) =ur(pua(p2), @€ Cy (X)) (5.2)
b, u iR R
u(p) = ur[uz(p(x1, )] = ualur(p(x1, 22)), ¢ € CF (X1 X Xp), (5.3)

j/:j:_cl: M]' 4’?#]& X]' Vo) EI Tay k4 k.
Fujef,j=1,2 Mt peC® LR Mimz u il u 5 up WKER, THE

U =ui®up.



68 FAW T XEBE(Z): WMo HEFHEKRER Schwartz % € #
TR Z e BLEE R AN E S 3 2R, RS T R BN 5184 B R B, T (5.3) BT %

TEHR R IRAR 5 Fubini @21 T .

WERR. 1. ME—PE. BNERTE u e O(Xy x Xo) XHEM @ € CF (X)) #BILAL u(pr ®@¢2) =0, N

0.

u

BB v e RY, ¢;20, [¢;dxj=1, Hsuppy;cilxl<1). B

We(x1,x2) = €772y (i—,l)lﬁz (%) =1, @Y.

B2 (E—drEE 3IERRE P EIE) B e > 0B, X T Xy xXo KEERAENETEY,
FRAL Weru — u (D/(Y)); B—J7H

(Wexu)(x1,x2) =u(We(xy —-,x2—)) = u(h1,e(x1 =) ®Y2(x2—-)) =0,

TREY B u=0. B Y KESEMERTRIE X xXo b u NE.
2. fRfERE. B K N X, R
i@ <C; Y supld®pl, @€ CY(K).
|C¥|Sk]'

# @ e CP(Ky xKyp), IR4EE 2 3, A
Ip(x1) = ua(p(x1,°)) € C5 (K1),
117 H. 9% Ip(x1) = u2(95, @ (x1, ). M up FIESEPE, AT

sup [0y, Ip(x1)| < Co Z sup I8§18§2(p(x1,x2)|.
H IBlsky 172
B g AERIT Tp(xr), MIFIESAEA_EHIASE K,
() <CiC Y| supldt e, x2)l
o <ky |Bl<ky ¥142
HI, 78 X u(p) = u1(ly), W u e D' (Xq X Xo). BIE (5.2) M (5.3) 58— [AFERT A
B3 ve D' (X1 x Xp) W2 (5.2) M (5.3) Mg — A, FIFHME—1E, F u=o0, NI u # 2
(5.2) 1 (5.3).
3. RTFHILG®, Blue & MEE, nTEALLER. O



= Schwartz % & # 69
2. Schwartz #% EE

25 5E K e C(Xq X X3), ANHMESEAIF
(Kp)(x1) = f K(x,:)()dxy, @€ Co(Xa), x1€X4
E X T M Co(Xa) B C(Xq) M— MG HEF 4, T HARar =0 CF K MAET SR
(Ko, ) =K@op), ¢eCiX), ¢elyXa). (5.4)
NHEATRAE, 25 KHE —A LR, T € C(Xo) I, Ko P AifE—AST SCRR3L.

EHE5 (Schwartz EH). sAEEL R Ke D'(X1xXp), (54) RXT—4A CQ(Xz) 2
D' (Xy) W& B WA K (B j £ C(Xp) P A8 E] 0 B Ko £ D'(Xq) FAC4LE] 0).

Bz, =428 CPO(Xo) 2l O'(Xy) #9E S RERH K, # AL L H
Ke D' (XgxXp) 14%F (5.4) sz, T %k K A4 me gt K a9 4.

HERR. 1. K Ke D/(Xy xXp), IBAmEESE, W T X; MWETHEK;, j=1,2, FEFH
C>0 MBERE ki, ko, BEAFXER p € CP(Ky) Tl @ € CP(Ky), BALAEER
K@ep)l<C Y.  supldtplidk,ol
lal<ky, [Bl<ky ¥172

XERWH @ [H5E, WENMEZ R ¢ - K@) MilfiE 17— D'(Xy) I XREL, idE Ko, #%
BT SRR H S A B B B S, A (5.4) BOL. 2 o AE DIt ek B i i, b A
FRILRY] TR T K ESE.

2. NHERE B ARy, X ME— I, IERIATUEHE 4 PRSE e (Blu =K - K,
I %A BB, IEWu = 0.)

3. FHEFUAIFBAEERE. 65, XHERL M X; METHK, j=1,2 FFERHHC>0
FEREL Ny, No A5 s r i s ASE

(Ko, ) <C Y supldy ¢l Y supldhpl, VP eCP(Ky), peCy(Ka).  (5.5)
la<Ny 1 Bl<N, 2

HIEBESEVEIS, R xo E—DMEE L, 0 FE45 R R LRI L, IR K o — 20

Befk.




70 FR T XEE(Z): BT HEARM K Schwartz # = #

FsL b, BB, R
Co (K1) x C7°(K2) > (¢, 9) = (Kep, )

KTFAR ¢ Bl @ A BIELN (0 @ [EREENET p B85, v LBEFNET o 55,
(LS P 56 43 4 RS0 5 B85, Fréchet 5[ ( ELR (AR R 4R 25 1 5% 4 M 2 1
W 585 = 4088 b (00 T35 B 40 TSR 8 M O TR R 5 T A5 Rt . St
@ET (5.5).

4 OWGE X BT Y, FFIUEEE K Y, B A LR (1, x0) € Vi X Yy

e>0 B

K, 32) 2 77 (Fg(220), 4 (L20)), (5.6)

&

Horp g 2B 4RI E UKD EL (AXEIER], KR KT &, x1, 22 1 C* BHL)
= e NT Y B KS (K AME) AR, (5.6) A E L. RIANIT (5.5), AHERE,

XF = nq+ny+Np+No, T
Ke(x1, 1) < Ce ™, xj€X;, j=1,2. (5.7)

ERBIMBAT S (5.4) BRKT LR E K AL, ARIEEIRE L, i Ke =K«W, =
K (11,6 ®2¢), MM & — 0 IFRIZAE D(Yy X Ya) H Ke — K. 3200 &, ) R sl 2
EWI® e — 0 I Ke BSEAE D (Y1 X Ya) TUlesl, HILAEARRE, FEREL f(e) ££ 0 mMHalE

Taylor & JT, BB H3KE] f 2 e — 0 B IHRER.
PRI SRR [24, p. 69]: BE X A IRINANEZ ], ANRER IR AT SIS T IR B AR AR (RIEE
NER). BT, : ae A} 2R X BIAIRVELEMEZ (8] Y FIEELLMUN. LB ERE ac A, v, y € X, IROL

ITa(x + I < I Taxl[ + | Tayll, [ Ta(ax)ll = allTa()ll, Ya = 0.

WAMRES (Tox : a € A) MR NEER) x #A G, W x - 00 Tox KT ae A —FbE Y i)

X B BIZ BT iSRS A6 P A SR A4 Baire 4058 A H 6 4 FE RS 1A 55 AR, U T LR 2
[ 2 5 A BURK B2 s Y. BEHUE—A Y - Ry MERECh, R ZR 1) h(x) =0=>x=0,
i) A7LEIEFIH S C 75 h(x + y) < C(h(x) +h(y)), Yx, y €Y, iii) h(kx) < [klh(x), Vke K,x € Y.

THELE UG I A, X, Y, T,, FSENS SE BRE ] L3 5 T XML ) i@ 7.



= Schwartz % = & 71

5. HEE I’D e C®(R"), T ¢£(x) x*xT (g,x) K155 IK —n W\T@ﬁ[ﬁ,{) |5/ya (ﬁ%&
X = (xl/"'/xm))
1% j J _
ea—gl,bg(x) +Zj:x EI’DE(X) = —npe(x),

Wit
- (g—w(g)) =% Z(ewd) pw=-vpw. 68)

MAESAE: (5.5), AHMERIE Z2 - UEWIX (5.6) AR, 1 HSRSAT LR () AR K #5. T

re R (5.8), 1%

dKe(x1,%2) v IL{(x1,%0)
de B Z ox,

Forbt v B (x1, x0) (5T ARBR M (x], - - xq:, Lo ), 10 LY REAE (5.6) 1A gy 5Ky e
i ="y B —x"y, BN FER. TG (5.5) % LY 53R 2. PERE I L AT UK S50 0,
SRR, A x5 g BN 1) 2 T AR ST £,

6. AL FiRR G, TAEE KD (v, o) = ZK0L2) iy i R (5.5) S
B j Y SBER. BLEERUE 773/ M 6> 0 fl e > 0, A U1 R4 Cauchy & Taylor &
Ev

H
1 1
K. = Zﬁ(e 5)/KY + (3—5)#” f Kf;:() 51—t
]:

HIPUE @ e C(Y1x Y2), A= e — 0 I, oL

u

. 1

(Ko@) = (Ko @) 2 ) o
i=0

bR R ES KD o)1 -prde o [EED 0y - prde Ak, w7

Kt sy B0 e+ 1 W5 8 (R R AR 6 TR B 1) #6550 © 1 b, LRI (5.5) 0
flitt, BT

oo A-opet [T, -

CA-tHd+He—-0))* <CoH,

M H Lebesgue il SioE 2, UL FHE © 1) Hi [H k5 2458, FIH Ko B RidRE
2, AHERTE & X, PLI (5.5), BilE Ko € D'(Y1 X Y>).

CRREL f(x) FRN k IRFEIRE, WRXHER ¢ >0, f1 f(tx) = thf(x). ZNWAXT ¢ 76 =1 KT, ¥
x-Df(x) = kf(x).




72 BARY T OLRE(Z): B B THI &AM E Schwartz % < 2
7. DUFEIER] Ko FSE/2TE AL (5.4) 19 LB WL ;e C(Y)), A4
(Ke, 1®¢2) = f f Ke(x1,22)1(x1)p2(x2) dixq dxy.
SR 0 (x) = e j(—x/e), WIME T K A (, ) fktk,

[[ Ko mpstin i = [ [~ xpae . -3y dn de
R A A7 5 9 Riemann A1, A KA, ) BRESENE, /TLUEMAR S5 () &2 T
& AT

(Ke,p1©92) = (K(p2*P2.), ¢1%P1,e).
BIA € — 0 1 ;o 76 CO(Y;) Fss) ), T35
(Ko, p1®@2) =(Kp2, 1),  ¢j € Cy(Y)).
T Y, R X, MR T4, A, .
fl2. % X & R 9 F T BEWS T: CP(X) - C(X) a9HA K T HZ 6 L K:
(K, @) = fx D(x,x)dx, DeCT(X,X).
EERIEK X EAMTAR {(x, x): xeX) L.

B3, & f: Xy — Xo RELWSM, L Ko =gof, ¢eCPXp), MEH K b4 T 77 XA
.
K 0= [ o feyds, ©eCR0,X),
X1

TRKMEEA B ((x, f(x): xeXi) E.



Pt AEEE

BT o 77 RE ) B BT VE 2 —, JEAETE 2 R HU [A145 2 & B (B B A 1128, 15
) G RS SR AR 6 RIS, 3304 A X %7 35 00 W 5 e 2 P B 38 24 23 1) 22 [ (1145
FrME. F A s HE T DU B BA I e AN 5 B8 — el ) SRR IR (1 9, kA9 B e — AR
THA A, BRI 1A ST 1A i T A

FEAIE B 7 V2 R T ST TV A B 3 T T vk, AR M B A0 A S A (A S (T 2
# I AR E Marcinkiewicz i € B, J5 % ) AL 2 Riesz—Thorin ffifHEH. €
AT J5 B AR 70 51 B rh ) 8 JE 8 B S M (. A, XA E BRI AR
Ja KA, (B BTPk.

— DHEH5SE Y EE

1. AT

B (X, ) AT, £(o) £ (X, ) ERATIER S BTz 4 R 0 B 1P s
&
EXL (X, p) = {f(x) FC) e (f LF@Pdu)? < oo},1 <p<o; % p=oco i,
L¥(X, 1) = { () £ 1 @) llLo(x, )= esssup,eyl f(0)] < oo}

EN2 (AR, & fRTHEHK, 7 LT BN

dp(@) = p(lxeX:|f(x)|>al), Ya20.

IR dy RIS R L TR A eR HUR RE SR R BRI R, AN RE S L SR
P AR B RS L

1. % f(x) =1, x€(0, o), B u % Lebesgue M &, M d¢(a) = |{x € (0,00) : |f(x)| >al|=|{x €

(0,00): x < %H =L E&EX 2 Ul 2TE4 U4 Lebesgue M &

o

N
SR A TR EEK, RESHERK: ()= ¥ calm,(x), REM, X EFNFE, c,€C,

a=1

M Iy &% 4 M I AFE B 4K O

73



74 FAUt HERE
WAL GEAMR). 1) |fI<Igl=df <d,

2) ceC\{0}, M dep(a) =dp(L);

3) dpigla+p) <dg(a)+dg(B);

4) dfg(oz[a’) < df(oz) + dg(ﬁ)

WERR. X HLREW] 3), FEAR NS, HGE S I | f () + g0l < | f ()l + 1g(x)| 745

drrglatP) = (v e X:|(F+g)(0)|>a+pl)

u(lx e X [f()+18()| > a+B})

IN

IN

p(ix e X:|f(x)| > alU{x e X :|g(x)| > B})

IA

u({x € X |f (0l > af) + u(fx € X [g(x)| > B})

= dg(a)+dg(p).

@2 & felPXu) 0 <p<), M fly, =P [ e ld(a)da.

JEBR. FH Fubini 23, 5

pj(; ap_ldf(oz) da

pf(; a"’_l(f};l{xexjf(x)lm}(x)dy(x)) da
Lf@l
fx(pfo “p_ld“] du()

pFN 5 )
[l du = [ 1P duce

— p
- ” f ”LP(X,‘U) .

O
L1 % ¢ A (0, co] LayE LT LRBIGHE, B p0)=0, M [ o(f)dulx) =
Iy ¢ (@)dg(a)da.
H IR S50 TT UL, R 40 sk £ e e 77 (B T H 5 R 80 R BRI & B 2 JT R EUR
3 0] A R B A I 52 R /IN IR — AN AR B 9 T B (JUART) ). B B bk 4 s
R R MEA B, R U RoRES U B Lebesgue M JE.



— DHEEEH L Z 75
1512 (Good-lambda A% 3R). % u, v & & LA R" Ea94E A K3, 9 B inf(l, u} #= v e LP(R").
EHAE >0y e[0,1) B2 (L+e)Py < 1ARFMAET A >0 4k =

Hx e R" :u(x) > (1+e)A, v(x) < A < yl{x e R" : u(x) > A}, (6.1)
AR A
lully < Cp, &, 7)Mol -

MERR. 1. i |lullpy < oo, B4

(oe]

IIuIIFZ,, = pf(fo AP {u(x) > AJ|dA = (1 + g)P[) p)\p—1|{u(x) > (1+¢e)A}dA

= (1+¢) foo pAP {u(x) > (1+¢€)A, v(x) < AU {u(x) > (1+¢)A, v(x) > A}|dA
0

IA

(1+¢) f Oop/'\p_ll{u(x) > (1+e)A,0(x) < AYdA+ (1 +¢) f oopAP—H{v(x) > A}dA
0 0

IA

y(1+ ey f pAP {u(x) > AJ|dA + (1 + &) f pAP{o(x) > A}|dA
0 0
= YA+ lull], + (L +ey ol
BT y(A+e)l <1, FFH |lullpy < oo, TATHIAFZ

hp, < —a+e’

p
D=1y +e) el

2. 5 inf{1, u} € LP(RY), MIARHEIUES TAERE m > 1, #HSL inf{m, u} € LP(R™):

f Iulp+f |u|p+mpf Sf Iulp+m”f
u<l 1<u<m u>m u<l u>1
m”f |u|”+mpf = m"||inf{1, u}||€p<oo.

u<l u>1

WAL, inflm, u) P33R 2 1 (6.1). T L, & L+e)A >m, WA MR EE, SR, &

(L+e)A <m, WA A <m, TTH {inflm, ul(x) > (1+e)A} = {u(x) > (1+e)A}. FILAK inflm, u)

\linf{m, u}l,

IA

FIH EAIES 1R, §iAF 2] |lully = limy—e |linf{u, m}llrr < C(p, €, V) |0l O
2. §§ [P Z3)8)

EX3. 1) 33 L°(X, p) =L (X, y) 2 L(X, );



76 o mERE

2) H0<p<oo, 5 LI(Xu)= {f5 f R X a9 TS, 58 || flle x, < 00},
H

7N

. c?
I flp g, = mf{c: dr@)< =, Voz>0} 6.2)
= sup {rdf(r)!l? :Vr> O} (6.3)

SIEE 2 dy(0) < S © adp(a)r <c, T b THR#UZ S EH (62) 7 (63) %, O
RATVERLT P 208 (1< p < oo) FIMIRTELIEZ I, B |- [lip o, g AR—ATEHL, T
i 0 R

o FFIRME:
1 r\p
1 kf llpeo(x, wy = sup {rdkf(r)r’ : Vr > 0} = sup rdf(m) :Vr>0
r r ;
=sup{ —d (—)p-k :Vr>0
mefM|" }
o\
p
= |k| sup{mdf(m) s Vr> O} = Ikl f llzpeo(x,u) -
o M || f lpepn=0 = ¥r>0, rdNF =0 = dp(r) =0 = f=0 ae.
o =ZAAFXARL, HEX Cp = max{l, 2r=1y, fart
I f+ g lpeocw< Colll f llpeocpy + 11 & llpexm)-
3. M 0<p<oo, A LP(X, p) S LY ®(X, ), 12 L=(X, p) = L (X, ).
WERR. 1. LPcLP™. % felr, N
I W= [ 1P duco> [ o dpu(x) = aPdf(a), Ya > 0,
f vew— Jx f : (xeX:{f()>a) : /

1
01 Va >0, adg(@)F < f ey = I f lpesl flle. BTLL f e 1P,

VAIRI Vp > 0, AL (a+b)P < Cp(aP +bP), LAK A B AL 58 =/ PE TN DL EE.



Z RHHEE 77

2. B —AEEL h(x) , 75 h(x) € 1P, {5 hx) € [P, NHECh() = x[ 77, xe X=R",
p BU Lebesgue W5, M
_ “1
[h(x)|Pdx = lx|™"dx = f —dr-|c,| =
R” R o 7

FIteA h(x) ¢ LF . {2

dy(a) = |{x eR": |h(x)| > a}| {x eR": x|<a %} =ncya ",
LA B || ppeo= sup(adh(a)ll’) = (ncn)rlJ <00. 0
a>0

SR8 3.[Kolmogrov £~ % K] #% u € LV°(IR"), M 3¢ R* #F & — > E A H RN E B T 0 F %
E AT 6 € (0,1), # &L

0 1-6
[ de < S Bl

(Hor: FH

[wpar=s [ we ks ueor> anar<s [ Aé‘linf{lEl, ”””A”'”}ou,
E 0 0

SRIEREAR I 5 PR 73 TH 5.

— Je#uAmfE

FHEL £ 0<p<g<oo, fFELPNLI®X,u), M Vre(p, q), Az fx)eL'(Xu), B

1

P
I_1
P

-1 1
q r
1.1
15 3 (725 5 A I

1.1 1
FEE0=11, M1-0=1"
r q

Pq
WERR. FE AR (R Sl e A 17 € S8 ik, LUE B =S 70 i
IE.

1. g<oco . BN felP™nLi™, MiE X,

1 1
Va>0,  adg(@)? <|l flle,  ade(@)? <|| f o



78 o mERE

FIrLl,

df(a) < min {”f”;pm, ”foljfm}.

A, FUFE I G 5,0 = 7 fo @ dg(a)da, BB B HEH, it

| f 1 ||f|| .

£ sy { b 1 an]
L Wy IS W

_ { Sy, f i }da

”f . {nfuwl IIfIIW}da
B ab i
B (o¢]
: ”f [ f ra" " Pdac+ | 1l f ra’ " ~da
B

= — ” f ”Lpoo Br_p+q_ ||f ||quo BT—[].

SURSH B WL | I BP =l £II],. B, ) B = (”j:::”“) M4 A
P/
A1\
I £IIF,< (—+—)|| [ w( ”“’) :
fl poq fl 1P

e 2 5 EIR B 2 R,
2. g=co . WLIXIF a>| f I, AL dy(a) = 0. FRIFA dp@) < a||f|},e

(S
, [
Il < 7 [ @t da
= AL AL
EIA5 P iiE. O

= ESCiH{E A Marcinkiewicz 1B EIE

NS4 Marcinkiewicz ff{H € P, ©idH TR E T8 1—RE T

EXA4. & (X, p) A= (Y, v) AR EZNE, T A (X, p) LT HH £ (—AT%)

ST, BUAA (V) LTl R, B TS ceCAMET AR f, g M
2 K T B, P AT s e A R A0




= SHE1H 77 i Marcinkiewicz 1518 © 38 79

o T(f+8)=T(F)+T(),T(cf)=cT(f), W T #xH &EHT.
O |T(f+ QI IT(HI+ITQI, IT(H = el T(F)I, W T A H ok & HF

O T(fF+ I < KITHI+ITQN , ITcHI =IelIT(F)I, W T AxAmE&EHT. XEZKAL f, ¢
T K 89 £

NS H R ARE.

EX5. MHETFTT, EAEFHCHANTS o< Cll f I M T ARAZ (p,q) RHET;
E T HRNTS oS CNl f i AT AR AR (p,q) RET

Marcinkiewicz Jfi{l & ¥ AN AL IE LA N =M A, Ao A i s .
T3 R AR

EIE2 (N A1 E Marcinkiewicz e & ). & (X, p) A= (Y,v) AN E 2, T 2 X

yea LPo(X, [J)ﬂLpl(X [J) 0< po<p1 =< 00) Lok ABET. RALETH Ag, A 1E1F

I Tf lroyn< Ao ll f llroxwy, Vf € LPO(X 1),

I Tf lpieyn< Arll f i, Y € LPX w).

M Vp € (po,p1), fePX,p), #RZNNTf lleym< M f e, 2 F

1_1 11

1 PP P07

MiZ( L )pA”lo AN
p-po p1—-p) ° !

E: ARG, 5 T ONEIES T, AT UESR T 38 AE (X, ) 1) LR 5K L

MERR. 1. W py < oo XF feLPo NIt AUERE s > 0, {E /iR

fx), & If(x)]>s, o f(x))>s,
fo(x) = fikx) =
0, o f()l<s, ), # ()| <s,

WIH T fI < T fol +IT fil, BOL

() = drylt) < dig(t/2) g (112) < f oo dp+ (222) f P d



80 o mERE

NI}

f ITfPdv=p f 1 u(t)dt
0

< p(zAO)Pof tP—l—Po(f |f|P0d”) dt+p(2A1)P1f p=1-p (f |f|r71 d[.l) dt.
0 |f1>s 0 Ifl<s

2. BUHUs Nyt MR BTt = As, Horb A 9F5 2 IMIER 4L 3 4

f ITfPdv = p2Ag)° AP f Sp—l—po( f |f|Pody) ds
0 |f1>s

speayrar [ ([ g as
0 Ifl<s
R Fubini &,

N I
f =1-po (f HE dy) cls:\flfl’”0 duf sP17Pods = L*f|f|pd‘“f
0 fl>s 0 pP—pPo

Al

f p-1-p1 (f |f|P1dy) ds:flflp1 dyf sP=1=p1 dS=Lf|f|def
. s i pi=p

NI}

fEWMS{£4MWMW“-p(MM%W}meM
P—pPo p1—p

3. WS A fifG LRI T W AREUE B HeD. BT A KT, AHER 2
S\ R
A= 2AO Pl_POAfl_PO'
R RN BT, #55 Wt 2 MP.

4 p=oco il EIESIHE. o

EIE3 (= M1EIE Marcinkiewicz i ER). & (X, pu) 5 (Y, v) LAANAME=E, T A
B E DX, g) NI, p) ERIMEEE T, BAAH (Y, v) L TaEH. % 0<p #
p1 <00, 0<qgo#qy <oo, B T &35 (po, qo0) BA35 (p1, q1) & (BF T: LPO(X) — L1*(X),

T: [P(X) - L1™(X)). AR 23 0< 0 <1,

1 1-6 ©0 1 1-6 06
- = +t— —=—+—, p=q,
p 0 q 0 71

P’
SIX— DR UE B R IR B 2 2B B, X £ AR B s RS, KT H— 1S E ¢




W & %18 7% Riesz—Thorin #E18 & # 81
THA (pq & 0% fETOZBF, WNTf o< Cl fllpe - 2R T REEFT, €

TUARTERE S A LP(X, p) — LI(Y,v) 89 R & H T

WEBAEE T Lorentz 75 (A28, 7T I [12, p. 62].

M E#H{EF7A: Riesz—Thorin {H{EEIE

1. Riesz-Thorin {G{EEIE
E 24 (Riesz-Thorin ffif{HE H). & (X, p), (Y, v) AMEZE, T ZXEHET, < LE (X, w)
HEEHHEE BUAR (Y, v) ESTRHEK. BR T A (po, q0) B # (01, q1) &, HF
1<po, g0, p1, g1 S o0, B

IT fllzaocyy < Mo llfllrocxy, N fllLaryy < Ma I fllze x)-
WTH(pg) & L

IT fllzscyy < My~ MY 11 fllerx).

XEZHEAR(p, ) B TFRAZ, £ F0<O<1:
1 1-6

1-6 6
—+_, —_ -
po P14 qo0

1 0
- +—.
p q

—F, A SR L P OAEN, T TUEdEH LP(X, 1) - LIY, v) 98 R & T,

BHFFEENTpp 0 < M(l)_QM?-
€ BIUE BRI T R B dr il

EIB5 (Phragmén-Lindelof f A JEEE). % f(z) £FKREHR D={zeC: 0<Rez<1} L4
%, £ D LEERR, FLAELETHEMER

If(z)[<M, VzedD={zeC:Rez=0}U{zeC:Rez=1},

MR 2SHEERY z€D, M |f(2)| <M. Hdbh, BHE 2o € DA |f(zo)l =M, M f(z) AFALE



82 o mERE

WERA. % |f(2)| £ D ERI—A ESCN B X ne N, & L ASER %L

- y2 2ixy

fu(2) = f(Z)e" = f@)e 7 e,

MIZE 9D I |f,(2) < Me?, i z € D B |fu(2)] < Bebe—r, WiliatB500 n, 745 R > 0, {572
Yl > R |fu(2)] < Behe ™™ <M. % fu(z) 76 D {[Tm 2 < R} b K e 4 6 44 16 25 o
JEI, BT | fu(2)] < Mein; TRAETCTEE D AT [fu(2)| < Meii. 4 n — oo AFEILE D
W 1f(z)] < M. 1 zg € D AL | f(z0)| = M, W B RS () B KA R B, St NTE f(z) TN %L O

EIB6 (Hadamard =£E#H). X w(z) MR D LA R EL L4, £ D Adth, B
£ {Rez =0} L#H 2 |w(z)] < By, £ [Rez=1} E#HE [w(z) < B. 2 FHEZE zeD, mz

1-RezpRez
lw(z)| < B,™"¢*B*.

iERR. AWk Bo, B RIEHL (%, ATELEITIE ). BRI f(2) = Bﬁ:;y BAREAE D
W4sdl, BAE D BESEE R, X |f(iy) <1, |f(1+iy)| <1, \Ti7E D L |f(z)] < 1. O

EIBAROIERR. 1. HL f(x) = YL, ape® Iy, (x) & X EIRI R REL, Hob g >0, ax € R, A /2
X MBI RA A RNEZ T4, T 14 ZEE A RR DAL RIS e X R

] CERX RN ¢ 2 q MILETE s q—+ L 1)
Ty = 1P {\ fy T(H(X)g(x) dv(x)|: g A2 1}
BATATHE g Bk g= 27:1 b].eiﬁj[Bj, Hrp b]' >0, ﬁ]’ eR, B]' 52 Y I E AR BB A PRI

[R5

2. g4

P(z) = p0(1 z)+pﬂlz Q(z):Z—:(l—z)+q—,’z.

0 1

R P0)=1,Q(0) = 1. X z € D (i & B E LAY I IX ), & AR

F(z) = fy T(£)()g(0) dv(),

=

m n
— Z af(Z)eiaklAk, 9= Z b]Q(Z)elﬁ]IB]
k=1 j=1

R AN B RS2 3 BT T, 2 B AR 5 N 4= 20 B K, AT AT DA 4 40 R B e 2 3% — B R, 4
6 € [0, 1] XA s Al _E B Ay DX 8] A A S A AT T #0812 X8 D B (AR & 2.




W & 4&1H 7 3k Riesz—Thorin 1 = # 83

BRz=0W f,=f, g. =g FEPFIEL Fz) M.
3. FIIZME, AN

m n

F(z) :Z a (Z)b?(z)ei“keiﬁfLT(IAk)(x)IBj(x)dv(x)'

k=1 j=1
M, VEREE ay, b; > 0, W F(z) 76 D 440, 15 D F¥ESE, 3 HA R (BT £ F g).
4. M Rez =0, i Ax A 0l =a™ wkn || L[5 = £, Fuidt, pesr
=l =l = Rez =108, e ]l = I, o2 el = sl 421t Holder
NS, £ Rez = 0 i

F < TG0 0, < Moll v e, = Mol 1 IIgI '

i, /£ Rez =1 i

@< T el <M A ||8||qu -

5. R4 Hadamard = £k, X} O = Rez, AL
7 1-6

|P<z>|<(Monfn Pk ] [Mlllfli sl ]=Ma-9M$||f||Lp||gHm/-

0

512 P(0) = Q(0) = 1, \ifii F(0) = [(Tf)gdv, FIA |g]|,, <1, 55

A1l < Mg ~"m7 | ]

L’
RIS BT iLE. O

2. N FAEE

FEIR7 (Schur jE ). & K(x,y) AR E 2 (XXY, pxv) L&y B3 TREL4, B

sup | [K(x,y)ldv(y)=A<oo, sup | |K(x,y)ldu(x) =B < co.
xeX JY yeY JX

B TGO = [ K@, y) f(y) dv(y) (f € L(Y,v) B A% 2 5) TH464 LP(Yv) > DP(X, ) Lo #
Famis, B
ITI< A 7B7, (1<p<w).
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WERR. HIZE1E S A
(TH@X < Allflle, YxeX,

MIMSHTF T 52 (o0, 00) B TUET N (1, 1) AL

IA

fx\ fy K(xzy)f(y)dv(y)‘ du(v)

[ ( [ IK(x,y)Idu(x))If(y)ldv(y)
Y X

Bllfll:-

IT I

IA

IA

FIH Riesz ffifE & BRI 4518, O
3. LP(R")(1<p<2) L4y Fourier & #.

WfelP(RY)(1<p<2), fEnfR f=g+h H gell, he 2 0F:

f A fl=1, 0, & Ifl=1
g= h =
0, #HIfIsT; f #fl<1
%€ 3 f [] Fourier 22 ¥
f=¢+h

EANE SGRE ), RIS T Bk i, S5k b, BRIAFENDN D f=q+h =g +h.
M4 g1 — g0 =hy—h1, MIfi g1—82 = hy—hy. FIF LY J% L2 | Fourier A#eiiLk i, st
S-S =hy—ly, B & +h1 =&+

BT Al < Iflls, B F R (1,00) B X F 2 L(RY) — LAR") REHT, |F] =1, B
F e 2,2 M WMrs

_1-6 6
- -

—_

1-6 . 6
X

=1-0 + §+5 =1 TRARZARATA I F 455

1
g
W LF—- L7 H|IFlI<1, K

1 1
1A, &) < M fllp@e, H ;+’?:1, 1<p<2.

fld. X T H£RE Young 7~ K. & f e LY(RY), geL'(R"), 0|

If*8llrwey < fllpagrey N1glILr @R, 1<r< oo
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WEBH. € AN BRI AEAT ) T Tr(g) = f+g. AR —PHRATHHEY T
T8l rry = I1f * 8llLrrey < Ny 8111 R
TyHM IR AL
ITfgllreorry = I1f * 8llLeorey = H‘fw f(x—y)g(y)dyHLm(]Rn) < ANl grey IS Lo (R

FITBA T ¢ BEAE (1, 1) 2, B2 (oo, 0o) 2, 1 HLEEFYEH Mo = | fllp1, My =Ifllp. AR <
p< oo, Tp Ay (p, p) i ITsglhr < fllsliglh, EVFTE. .

f5l5. % FHARE Young 7% X (4). & f € LP(R"), g € LI(R™), 1]

If = gllerrry < Nfllparey 11gllEare),

SERR. 1. 035 T Ty(g) = feg. BE—BI, Ty & (1, p) M
ITegllr = 11f*&llr = I fllerligllpa, FA Mo = I fllrr.
2. #q=p, Wi Holder N5, Tf y (p/, 00) B, H
Tyl = 1ol = | [ Fle=v)swidy] < Iolglhr, 36 My = 1l

3. T #&H Riesz-Thorin ffifEEBH Tf & (q, ) 8, BB FEA KT (|fllee, Hb

1 1-6 6 1 1-0 0
—:—+—’ _= — 4 —
g 1 p 1 p
B A
—+—:1—6+—,+1:1+ﬂ:1+—
P 9q p p r

IEEE. O
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Fti FBALTEFS Fourier ¥

X— PRI BH P AL E T K H Fourier e EA MR, HhHF RIS (3t
BE) LLK (2,2) BPRE AT Fourier 361 (1 2 i £ A 5 AR 70 555 IR BIE 78 T 31

— BETRHieREE

FEVZ BRI X AT ) 5 ST o, JRATTRNAE — N2 25 18] X BRI s 8] X A2 E 78 XA B ) B

FERMEE 7, WHZ R atrsse, HEME T T2 Y - X WEREHE 7, D8 75
[F: TN = 1Tl % T8 LP(R™) 2516, 32 B HEFIE SO (f, §) = fpu f(%) g(0)dx, FAIHE
TE(f, g) =(f, ) X HE LP(R") =[8], AT 5 p =20 WAL SUHFF, 12 BRAE R 2 SCh

(flg)=(g fr= 80 fx)dx.

HHT-3X B2 ek A 77 X208 1 X, A1 5 1 AR Mk A B AN A ks (NAR) =51a], &
(Tf, §)=(f, T'g), AWK T’ f& T [yt B 57 352 (WBY) %08, 5 (Tf | 9) = (f | T°g), WK
T & T HHLhes .

NN E — LT AT E T

BiL. 3% (TH®) = fpu K@y f(y)dy, 3£ Kx, y) #4 T 4%, 0l
(1) T %94 A K(y, x);
(2) T 8945 K(y, x).

WERR. (1) BT

(.19 = (5,9 [ soar | Koy

) dy f K(x,)g(x) dx,
R~ R

Frlh (T 9)(y) = f]Rn K(x,y)g(x)dx. W T’ %N K (x, y). (EZEEHR x 2y 15

T = [ Kengodr= [ Kungody
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FTLA, K’ (x, y) = K(x, v). (2) AIAIE R B 1 >3 /. O

B2, 3% TF(x) = (m(E)f(E)Y (x), £ Hik m(&) "4k £F T & Fourier &5, 0|
(1) T’ & Fourier F&-F A m(=&);
(2) T* % Fourier &5 4 m(&).

R, (1) RIS [uo = [ o, 35

1, 9)= [ @ ac= [@p gac
fmfgdész(mg)’\dé.

(f, T'g)

TR T'g = (mg)", \ifit

A

(T'g)" = (m@)™ = mg = mg = g = m(-&)g,

Bl T’ ) Fourier -1 /& m(=&).
(2) A Plancherel & #,

(FIT'g) = (Tflg)=fT_fgd£=fT:f§dé
= [wigac= [Fangrae= [Fema,
B Tg = (@) 0
Z FEBATETFZIE MPARY
AT X

MPAR") = T € BLP(R"), LY(R") : Tt*=1"T, ¥x € R"}

PR E A IR (p, q) BAFEEE AR B, R (T, =

Ty —ra. HITRTELHIZ B TS5 18, AT A MPA(R™) /256 %5 1, Bl Banach 43 [H].

LR TSR F2) = £ B = f 8 f= D Bk, FNW = by f fleeEde =
T Jro S0 dE = o fo f(E)e74 dE = f)



— PEAZRETFEE MPAR") 89
EIEL £ 1<g<p<oo, W MPA(R") = {0} .
IERA. 1. E%, BAIMS: & felP(RY), 1<p<oo, mdl}him I f + fllry = Z%Hf”LF’-

Fe b, BEIRRT f e CO(RY) BRI 2

E—RIETE, REGELL I INFIER: VfeP(R"), 1<p<co, e CYRY), fi— f (LF);
Bl Ve>0, AKe N, M k> K, |Ifi— fllr <e. FIA=MAAERX, VheR", oL

I"(f = fi) + f = fills
I"(f = fll + 11 = filly

21f = frllr < 2e,

T f + fllr = 17" fi + fillor |

IN

IN

FHE N fio + fillr —2€ < 1T f + flie < 1T fic + fillor +2€. %> |h| — oo, WA
Z%ka”U’ -2 < lli}ffljgflhhf+fllm < liﬁjgp||¢hf+f||m < 2%||fk||Lp +2¢, Vk>K
B4k — oo, 153
27|/l — 2€ < 1m£f||7hf+ fllor < limsupll" f + flloy < 27| flluy +2¢,

|~ o0

H e BEEME, RIFSATE.
2. M T WP Re AR TEMZNE, 47

1T F)+ T fllea = ITE" f + Hlia < I TlprpallT £+ flly-
1,1
A 1l = oo, N 27118 <1, I —BHILE L, WEF
_1,1
IT fllzs <278 P Tllp— ol flle-
, IS _1,1

TRAZ T IEEIE S T p - <2 ’7+p||T||LP—>L‘7, M T =0. O
EH2. % 1<p<qg<oo, M MPAR") = MTP(R?), b T+5=1.

XANE B MP AR FI M P (R?) Hosz 2 “PEa s, —BEAN D7,
WERR. 1. 2B Rk, ATEALUER 1 1E I 7E 8 F i 20 8] _E R FRA LR E-F I GEIR RN X
Te MP 9, (EAEME— ueS 3 VfeS, oL | Tf = frul

U1 feC, M4 7 RKHE, 7 F L f HOSCEEANAIAS, BEAb, Ve LRI 25 0 Lo o $R SRR L
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i
T'g=g+i, VgeS. (7.1)
Fy b,
(fITQ) = (TfIQ=(frug =(f+u,g)=(u,f+&) =@ =@ (f+3")

= (i,f*3)=(4,3*f)=(g*1,f)=(f,g+).
KEFMAT(F+9)~(x) = (f*9)(—x) = f*§(x). M4, HZRHFINLEHE, T e MIP (R H
||T||p,q = ||T*||q’,p'-
2. BATHBA T TR X ALY L, BELI N Lege X 5B %E [P Lige L—F. B
e, THELT FAJinF e X

Tf=Tf.
EAERt feS X, REFI RSN, BiZHE TN LY. 3, %t feS, B (7.1), KT

<T*f=, 8> = (f*il, &)= <f* & ={f+u, & =(Tf, &-

IIH

FiT LA R B3 (¥ M — P, 76 LT N LP o R B980T 48 A 10 5 =0 A R 1.

3. BURWEM Tllpq = ITllg pr- CHRINTllpq = T g pr, FTRARTEIE Tl = 1Tl - £

f
1Tl = sup A U [Tl = sup 'Hﬂj‘ B LR FRELERATIED] T MPA  MI
O FRIE, [FIEE AP MI P MPA, 58 BRI O

= MVYR" FA MR HIZIE]

— A RATE BT SCRE w PR Z S A MR A MP2(RT) B A
SEFE.
FATE &2 R FATREAE Borel AL Banach 7% [H] M(R") , ‘B & Coo(R")
Y048 25 8]; 1T Coo(IR™) 2 R b3k HAE TG 75 L AW SA 3 O 11 bR i 5 KA H0R) Fe )
Banach Z¥[A]. ¥ u € M(R™), N

el = sup
fECOO(IRn)
[Ifllco=1

) f)du(x)]|.
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BAVERFNEN b [ h(x)dx, Fh M cR" 4y Borel £, AT h € LY(IR™) Jy IM(R™) rf 1yl
%, HER

Willoe < Wl ey -

B LA SR LY(R") — M(R).
EIHE3. Te MV(RY) 4 BAR S Au € MR 4EFF Tf = f*u. oLz ||T|l1 1 = el

IERA. 1. FortE B p e MRY), BT (THW) = [ fxr—y)du(y), B T &AM, A

[ ree=waue
| [ 7= piasauc

IWKLEMWSWMWM-

dx

Lﬁwmwm

IA

T T e MY H Tl < llull.
2. I X Te MY, F7fEME—1 ue S'(R"), 15 Vfe SR, B Tf = f+u. N
TAEE u E R, ARASTEEESIER . SEE e >0, Mf(x) = Se ™, i+ 575

_ 2
Ifellp = lle™™ )l =1, H
T fellpr < Tl allfellpr = 11T,

FTUAAT fe} £ LY(R™) H—80A 5. 1T LY(R") — MR") = (Coo(R")), FTEMTfe} ££ M(R™)
A 5

KA Coo(R™) 2RI 431, Hi Banach—Alaoglu B, {Tf.} 7 M 25T = 51 K1, RIFELE
ueMc S MTF) e — 0, 813 Vg e S c C,

<Tf€k/ g> - <‘Ll, g>
51, PR £+ g — g 15 S ThUEL, R4
(Tfe @)= (ferrtt, §) =i, for+g) =, fo,*g) — (U, g).

ORI 1 = g, TR g BOE— i pl o O M.
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3. B HT
14 T 7
K, " lim KT fe, g>|Slim Tl
gl e—0 |Igllre x—0
< Tl lim [l fe I = 11T 1,
Ek—>0
FrlA lpllon < Tl 1. FEEE S — B IEATER, A2 (T, = llully. UE5E. O

THFATHFTE MPA(RY) (BZE. XA BT UG I U&7 AR 0 57 A 2

4. Te M¥(R") % BAXY & Tf = fru, W 0 € LY(R"), JEERZ [Tl = CllillLeowrn),

X® C=(2n):.

WERR. 1. oM. Ve S(RY), ueS'(RY), #5 4 € L°(R") H Tf = f+u, WHi{E Fourier

A5, 193] T = Cfn. H Plancerel & FE,
ITfll,2 = ITfll2 = Cllfall 2 < CllallesliAll 2 = Clializs 11l 2,

FreA TN 212 < Cllllpes.

2. DAEME. BATEH, X T e M?2, fF1EME—) u e S'(RY), {153 Vf € S(RY), KL
Tf=fxu. M4 Tf=Cfn, FHEEUE 0 € L®(R").

W @ e CO(R™), suppp € B(0,2), HfE B(0,1) £ =1, 0<p <1. % gr(x) = (%), N
Corit = (TeR)". BT @rel?, ¢rel? H TeM??, LA Ter € L2. A5 Plancherel &
#, B3 (Tor)" € L2, T/ prit € L2 XM T g r) = (pﬁlB(O,R) € L2(B(0,R)). Hi R HIE
B, R ael? (RY).

FHE— LU n e L®. & fe CYRY), Mk

C? | |fafdx (TfHPdx < |ITI2,_ LIIAR,
R" R”

ITIR 2 =TI, [ I
Rk
[ =B ipax <o
]Rn
H f EEE, DR LT-ab b ESisr C2|a)? < ||T||%2 M 4 e L® H ClldllLe < ||Tllpo. M4k, 4
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M0 Fourier =58 M,(R")

XA T BB T 5 T M Fourier 3T A E, BIEFZ u 1Y) Fourier 25
(R E, BTS2 (8] MPP(R™).

ENX1. &3 LP—Fourier -F = 18] 4T :

My(R") = {m € L*(R"): Vf € SR, Touf = (mf)’ % (p,p) BEMHT),

HieH LA ||m||/\/(p = [TwmllLp—rp-

% 1& Fourier 31 IR T E R H T HE OV B RAL (Gl 1) (K8 B0 5, i
FA AR W E B R AR 3, AR AR AT AR BRI T4k, D9 bR A IvE i AR DY 2% 00 W 5% 2
(B A E L E S E):

e me My & T, € MP?P,

o mimy < Ty, Ty = Tinymy,

° M = T:nl = Tm_1/

o kmy & kTy, = Ty, keC.

HEAY R IR T Fourier 31, ks /2 X% N 1Y) Banach fREUE AN K, WA BT ok e T B
ANE. XK R E SRR R 2 —.

3. 1) Mi(R") = F(M(R™) C L¥(R");

2) Mp(R") = L*(R").

Fg b, g 3, BT

10| = ‘ f ne‘”“E du(x)| < fR 1duCol = Il

FITBA 1) JOT. 2) 2 e 2 4 iR

fila. MHEE 1<p<oo, A m=e? e My(R").
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ERR. BN Touf = e £(8), BTk

Tuf = (eié'bﬂé)w:(é fR ne—“"‘b"éﬂx)dx)

(% f}R e W fy+b) dy)v =F{(Fyfy+b) = f(y+D),

FELA (T )(t) = f(t+D). BIF 1T fllr = flle, BT Ty € MPF, 113 €16P € M, (R). O
EIE5. (1) F 1<p<oo B, M,(R") = My(R");

(2 & 1<p<g<2 ®H, MM, S M M=L".

WERR. 1. SR EL 2, MPP(R™) = MV (R™), T Mu(R™) = My (R?).
2. FIE My S My, B My = FORY) BYme My, B Tuf =(fm)¥ = f+u/CH (1,1)
(ST IHON Nl /C), Forr e MRY). 55— 5,

ITfle = g| [ Fr=y)du] <l [ 1duiz = Elbpiaenifiie,

Bl T}y, 52 (0o, c0) 8. FTLAHI Riesz-Thorin il €2, T, € MPP H || Tyllyp < %”‘U”M(]Rn). ¥+

A}

& me My, IEROL
1
lliag, =W Twmllpp < FlElye = 1Tmlly = limllpg,

3. THE M, C M. & me Mg, Wl T, e M3 = MIA . i Riesz-Thorin it & ¥,
T, € M22. FFLL, me My =L1L%, H.

Imllat, = I Tmll22 < W Tllg,q = limllpm, -
4. w&Ja, BB p<q<p, W M, S M, FIIER 55 =20 2K0L O
EI6. M,(R") #:& $ k2 —A Banach KA

AR 1. B EHWIE M, RARYEEN, T ||y, 2 FUE M, X TRk i
mi, my € M, = mymy € My, B |lmimy|| < lmallllmoll. XREBEN (EREXTWLER M, 6

2, WIp L BT YA

lImamall = 1 Tomymoll = 1Ty Tony | < Ty Ty || = Nima [lllma2 -
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2. SE&ME UM, ' Cauchy 51 {my}, A4
k}]iinmllmk—mjllm,, =0.

A My = My =L, firbL {my} W2 L* 11 Cauchy #1; T24F(E m e L®, {15 my —
m (L®). FEAFIE a) me My; b) m —m (My).
NUER a), MR fe S, iFER

T f () = % f fleymy(&)e de,
Rn
4k — oo, i Lebesgue %Il Si e 2,
T f3) = Tof () = | femeerds ae

Fir L Fatou 513, A

f T f)Pdx
]Rn

f Liminf| Ty, f(x)Pdx
R

n Mp—m

IA

liminff T, f(x)IPdx
]Rn

mg—m

. P
I}nr?_%f(IIka||p,p||f||LP) :

IA

XA m e M, H
llp, < Himin ey,
WU 2 0 7, R (e} &40 {my —myh, R EARTS
= mjllg, < lmin{lme —mjl|p, -

1T g} /& Cauchy 51, 4 j — oo, I8 Tim [lm;—mily, = 0. iEEE, 0

5 My A My 41, 3l M, LA — A EL A RA L, H
U TS B B A R B4 /404 5B TR, BLJ% Hormander-Mihlin 7&
TR BN T —REREE T (o, p) BT KA, ERBA R % E B L
il
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%/\i# Hardy-Littlewood K& 2k

ZeRd i B HE &, AT TELAE T AR HE RN 73 S AR R B A% Lo L7

— Hardy-Littlewood TR BB 3]

1. RARHEIE X BRKETFHI (00, 00) B

E X (ho5AE Ol oRRE). & f el (R"), &+ 54k & Hardy-Littlewood (H-L) #
KFH A e LA

M f(x) = SUP B b lf()Idy;
Mf(x) = sup |f(E)IdE.

x€B,(y) B, ()| B,(y)
X E Bi(x) AVAx AFS, r AF1ZG9FFHRAK
XA PR R 380 1) AT DA sl E AR ], B M f(x) < Mf(x) < 2"Mf (x). SEBR b, 2
x € B,(y), W44 B,(y) C Bar(x), T#2

1 1
dé <
IBH (I I, ) Fends IBr (W)l JBy, (x)

1 " 1
= Ba fB 2r(x)lf(é)lclé_z e Bz,<x>|f(£)ld£'

I3 R B R FERIAS. BEANANHER AR ST M A — MRS T, 2 (0o, c0) .

|f(E)lde

IMf QO < Ifllze.

2. BESIESMAEFHE (1,1 E

FIL MAS (1,1) 2 | [(Mf) > )l < %n Flla gy

XA s BEAME Q5 SCARREAT VF 22 N, 0 ELA P 7 i 0 THER 5 It AR R A Ty
2. T HYE/ 4 Vitali 78 55 51 2.

i=1"

SIE1 (Vitali 55 51 22). 3% (B, & R" P A IRAF R, Mot 230k 5 T AT 2R (B )]
i
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98 % /\# Hardy-Littlewood % A & %
AT S RS

WERA. 1. A5 Byl > [Bol > -+- > |Byl. IS FH U 4035 42 R — 5 1oy 100 ) 3 B 2 11

{Bji}i'zl'

W Bj, = By. 18 Bj,, ---, Bj, CiksE, A4 Bj,, f&in TR GEHL:

2) >3

e ©5 By, -+, Bj B,
o LT {Bj}’];1 H15 By, -+, By, BIAAHAE BT R ol B R KA — A~

T k< oo, DA LSRRI AT IRAD SR 45 0K, BIAEAE [ < o0 1643 VB, ¢ (BN, Bj 445 (Bj)_|
PR — N ERAE AL

2. PR 1) H BA S M BOARIN T RO FIRIE 2). %656 F, 54 By ¢ (B,
WL FEFERAS B, 43 |Bj| > |Bj| H B;,NBj#0, ' M\ifi B; C3B; 2mr. mubml4fEH

k )
U B]' C U 3B]'r. il I8

j=1 r=1
k ) 1
UB]' < U3B]’, < ZBB]}'
j=1 r=1 r=1
l )
= 3" Y 1Bl = 3"UBjl.
r=1 r=1

XAMIE BT S8, AR R E—FF, # R 8 HOR”. IX R AL BV 22 )l ) OC B .
EIE1AYIERR. 1. ££5 Ey={xeR": Mf(x) > a} 2T XEF RN x € Ey, HAEF 0K
KEREE X, WAFAE— R By, 115

e x€ By

o 51 Jp fWIdy>a.

JilAVyeBy, A
1 1
Mf(y)—supﬁﬁlf(z)ldzz@Lxlf(z)ldz>a,

yeB

T, #5155 B; HIACHUER B;, #SEL B; /N, Mt By, S stk KOS/, 5 2 S5 WI7E IR B, B, BERY

AL B; M ANZBUAE R Bj,.
*kB Ron5 B [Al, (HA2 A B 42 k A AUERIE.
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MITAEAE x 1) — D BRI By 15 By C Eq.

2. B K E, MRS T YxeK, 3By CEo, % g5y [, If)Idy > a, FTLh
{Bxlxex MR T K B—IF R 5. H1 K U5E, f74E K E’J /\ﬁlﬁﬁ?éé {Bi}*_,. FIH1 Vitali
T 5 B, AL ELASHISE I B}, < (B, B ngji 23—”|jL=J13,-|. P

K]

IA

k
UBi <
i=1

3" 3"

= Jis |f(z)|dzs;fEa f(2)ldz, (8.1)

i=1 !

ek K< 3 [, 1f@)ldz < T fll. i1 Lebesgue JEE [P IENIE, HIfS

l l
1
DNIEED W AT
i=1 Bj;

i=1

: 3"
|Eq| =sup{|K|: KCE,, K2 %%} < ;llfllm-

O
KN M EBERFS (1,1) B, & (00,00) Y, B Marcinkiewicz ffi{d /€ ¥, M2 (v,p) Gt

(1<p<o0).

51 (Kolmogorov A4#3X). % feLl (R"), 2]

Cy
s Mf() > All < == [f(y)ldy.
{x: Mf(x)>A}

MERR. XAAZEXATLIH (8.1) B . X HLH 5 —MIEW].

WEy={x: Mf(x)> AL XTERE fF1ENR f=fi+ fo, BB 1= fxe,, fo=fxrmg,. ¥
fE3% x € Ey, 1 H-L BOKBRBUNSE S, #7463 x IOBR B, #8643 4 [11f1> A, TR BCEy, M
IM7E B L f=f, MAA M(f)(x) > A XERIERA T

E)Cix: Mfl(x) > A}
MM M55 (1,1) B, 4R f WK, BirS 2

C C
Eu< Tl =5 ) oty

R i AR, S 3w A oo, AT ASSE SUATI AR AL m
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2. % fe LV°(R"), ECR" MEAHR, L0<p<1. iE#:

fire s Tt

EBR. 1 Ey={x€E: [f(x)| > A}, B4 |Exl < |E| B EAl < || f]|10- TRAMIER 6> 0, L

f P = p f APUE dA
E 0

o) 00
pIE] f A dA+p | fl] e f A2 dA
0 0

p .
&P |E| + iy (¥

IA

55 = || f]|, 1.0 /1E| BRI BITALE. O
SIER 1. % L M, f(x) = [M(fP)0)]7. FIR £k 5 B4 03E 9, 7 0<p<1, M, 2 LV® L&
FHEF, B [Mpf]|1o < COLP [ Fl e O

f5I3. £ 2 1 < p < oo, Hardy-Littlewood # X 35 5% LP°(R") ] LP°(R") &Y% 4 p 4t

MERR. 1. R 2 f)5 0k, AHEUER LA R S8 3% (X p) AME R E], Ec X B u(E) < co. X
& felP®Xu) (¥ pe(0,0), M3t 0<g<p, R

P
fE 1) = P @) ]

HH A5 3]

._;

sup u(E) ?_%(flf x)lqu) S( ) HfHLnoo'
E: 0<p(E)<co
THKEXT =1, p e (1,00) FIHIALE

2. ¥ fe PR CLL %)(EA_{x Mf(x)> A}, WK ER = {x: MF(x)> Ajn{ld <R,
JaEMEARR. IARIEE 1 DR,

R f N < 22|
4 R — oo, it 153
1_
B [ 17eotax s S

] 1, B
1 1_
MEAP <GalEAlP ™ | 1f()ldx.
E)



Z BAEBKER L R ASRS AR A BB 101

NI]
NEAP < Co g [l

BT A > OB EBT, BIED T MF] e < oy [l =

— MARRHHINA: STSEESBIR KRR

1. F Hardy-Littlewood R AE FIZHIH ERAEF

Hardy-Littlewood # K 5711 Jyxt b £ B A8 2 s o B (8P S I 5K, W] AH
KA e — L PSR T, B ISR B E T, mE M TR A 2 M.

EIF2. % kA [0, co) LB, ARSI ELEIE R KK ik K(x) =k(x]) & T
LY(R"), 3T Ke(x) = ZK(E). )

sup(|f]+ Ke)(®) < Mc f)IKllp1 ey, Vf €LL (R"), x€R".

e>0

WERR. 1. RN KA 5SS HOELRE IR, i — M K, TR 2 Lk 26 0 K B [
FIEIR K, AR 251 T Levi SRCsioe #A5 H. th4h, T 26 x = 0 UEBH, —MIE T A4l
TR AN, IR f(e+ 1) B f(x) RIAT.

2. T Ak XTEX%EI’erL (R"), f

f]Rn |f(y)Ke(—y)|dy = MCf(O)”K”Ll(]Rn)

Hep=(1, -, 0), Wl Ke(=y) = Ke(lyler). i€ F(r) = [, OO, a(r) = [} F(s)s"'ds,
H3a(0)=0, Ke A53EE, 57]

_ - n-1
[ reketenity= [ [ igeouKeenriaear
f F(r)Ke(rey)rtdr = f a’(r)Ke(req)dr
0 0

a(r)Ke(re1)ly” - L a(r)dKe(rer) = fo a(r)d(=Ke(rey)).

AL B J5 — T Lebesgue-Stielges #1747, KN

fo fsn_l f(s6)Id0s""ds

f |f(y)Idy < |B/(0)IM£(0),
B,(0)

a(r)
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it 38 w, = B0, 1)), A "1 R TAN nw,, B

F+Ke(0) < f PeuM.FO)d(~Ke(re)
0
= MeFQan(()Kelre) + [ Ketreynrla)
= nw,M.f(0) f OoKe(rel)r""ldr
0
_ < n—1
= MCf(O)‘f0 Ln_lKe(rel)r dodr
= M FO)Kelly = McfO)IKIp 0
=23 0

W1 % @ HEH D O || <D, B OeL(R") #1216 3 #1338 1 8 09 & 42 5 2, 0

sup(|pel *[f(x) < Mcf @Il VfeLy, xeR"

e>0
2. BTSSR AR K oF B
B (X w), (Y,v) ZREZER. X e>0, B Te A& XAE LP(X, ) L, BUEA (Y, v) Far il
PRELIZR YRS . e SRR

(T f)(x) = sup|(Te f)(x)]-

e>0

PR R ASUESHIROR R EOE 1R, R LP(X, ) B TR f, BOL (T f)(x) =
Sk, M4 T, 1053 (p,q) BURATHE R — R4 £, Tef tLTAbbls. ™45k, Al
5 BUF R EL

3. D & LP(X,p) BAFFE, {Tedeso £ D L9 —kZBETF, %

o %4t B>044F ||T.fllLo(vy) < Bl fllorx )

o MALEM geD, £ v IMEETLT, HILFHMAM x, € — 0 1 (Teg) (0, (FLH MR
A(TIpg)(x), A2 T — A A BAT Tip),

M VfelP(X ), Tef £ v MEZLTILFLALMSETEAN TS s &HmS T £ Tlp £
LP(X,u) Loy —%&itds, BAE5 (p,q) &

3(x) RARM T |xl.




= BRABRBEEA: RSB A E SO 103
MERR. 1. 450€ felP(X p), MER yeY, EX
Of(y) = lim Lim |(Te /)(y) = (To ()]
WA Of(y) < sup, goo(ITe f(WI+ITof(W)) < 2T.f(y). FHTUEW: Vo >0, A
v({y € Y: Of(y) > 6)) =0. (8.2)

5 (8.2) KO, WA Op(y) T ME v-JLUTAbAb Yy 0, WTTATHEH {(Tef)(y)eso JLT-AbAEy
Cauchy 4.

2. WIFHME, Vn >0, dgeD, 3 |If—gly <n. FASMARERGE Oy <
Of_o(y) + Ogly), T H15E B 4 A1FT 7 Og(y) = 0. FFLLR T

v({lyeY: Op(y) >0l < v({yeY: Ofo(y) >0}
v(fyeY: 2AT(f - g)(y) > o))
(-] <(32).
ZXHEAT T. 25 (p,q) 2. HH n FHEE/ME, 552 (8.2).

3. M {Tef(y)} JLF-AbAb A Cauchy 5140, % v UEE R JLTHTA Yy, B {Tef(y)leso K
S, I HARIRA TF(y). Xathfe Tval ks TA(y), AT TEREERET T P(Xp) -
[RI5E X A TF(y)l < Tof(y), B Te 255 (p,q) B, HE SCGRATRE] T 255 (p,q) B iEE. O

IA

IA

3. EWS EEFHINH
NI E S e HE 3 R R B (RFREIR) 7 BN H.

EI24 (Lebesgue 7 & HH). & f € Lioo(R™),

f ( )f(y)dy =f(x), ae xeR"

lim
R—0 [BR(X)| Jpg(x

1845 2 Xk 289 & x WA f 89 Lebesgue .
MERR. E45 N >0, @ik f EDUR SO0, N +1 8 BRRIER By (0) SMEZRES, v AL

W feLP(R"). X R>0, & XEMHE T Tr t0F: (Trf)(x) = |BR<x)| fBR(x) |f (y)|dy. & XK
REFH

T.f(x) = sup lf(Wldy = Mcf(x)

R>0 |BR( )l Br(x)
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Wi, I T. /255 (p,p) B4, X THELEREL g, 2 R — 0 I, S 2E |v] < N FER x AL
3 (Trf)(x) = g(x). HEESREAE LP(RY) B, e 3, AT AT RM f € LP(RY),
Tf(x) = HmRs0 ey f o F Iy JUTARAEAELE, M LT A8 W 0 R3E E 46, AT
FEMEEE. X HUE WAFE— Lebesgue F 4L Sy C By(0), *F x € BR(0)\ Sy, HOL
limg_ IB;W fBR(x) f(Idy = f(x). BIEL S = UY_ SN, ‘B2 Lebesgue ML, A XMERE
x € R"\ S, R img 0 gy fBR(x) If(y)ldy = f(x). O

T RIX BLBRAR Br(x) £ AR E x BESE TR I ERIR BT 7K, F 56 4 A8 [F) R IE BH
g, WATUES 518 L. BT LI R nl AR R 2L £, JAT145 21

()| <Mf(x), ae xeR"
FATERES LP(R?) (1 < p < oo) Z (A 4 AR 2 S X B e BB — A 1P
BRI BT o R AL P 20 A I 2 AR TR LR IO S M 1) e 7h, St — B P R 250 £ ) A 2 5
Lebesgue £, /& FA R4 F000 & T EL TG0t e 1) ) . 3K 5 L 56 405 w2 bR 501 LAk Ry LA
B
L2, & Tef = froe, @ B2 @eLNR"); [, pdx=a; ¢ A —a@stAR$ 8 @R L
LY(IR™) T AR 84 & G 42 ) 4 ©. NI AHALZ Y f e [P(RY), 1<p<oo, AL
Tef(x) —=af(x) ae.

IEBR. 1. Z5iBR fe Co(R™) BARHST. AT

T.f(x) = sup|f = @el(x) < sup|f|* De(x) < M f ()Pl

e>0 e>0

55 (p,p) B, HEHE 3 HPTSHE. O

= WEEGIER L B{E[EE

RIGRAT R $HT 0 A L7 3480 Laplace J7F2i9 Dirichlet /. ix % il 75
T L 52— T 7 L I8 5 2 S T 5 5 25 S 1 P 23 1
P00 B 43 MO LT S A 5 D T T E AR 2, SO R (W) 340k 1 A
Lipschitz Y1, Ml S {2 P 4L,
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HA 175 P8 A o] H 1 T, DLIRAS AT I 6 ) Al B AR IR, %5 & Laplace A2

Dirichlet |7 {5
Uy +Au = 0, (x,t) GRnXR+,

u(x,0) = f(x), x € R"™
4 felP(R"), 1<p <oo, IR EAM? HAHM ulx,t), M2t — 0 W, u(x, t) 5 RS

A f(x)?

1. RASHE

H 7 77 R 1R, FRATTENIE Laplace 77 F4E b7 [A] (] Dirichlet [a] @ X} ] Green

PR HUNTN R Poisson #

) 1
n'T (1+R)E

WL Pl ey = 1. % Pr(x) = 5 P(5), 7T EABE

P(x) =

B Py(x) 2R T (x,t) BIFMEREL. IR Laplace J7 % Dirichlet [A] i (1] fif i &
u(x,t) = (f + Py)(x).

SRR MBATAR A, FT LA LE Limyo [, 8) = f| ey = 0 BRI, 3L f € Co(R™), F
A — U AL 3 Gauss #1757 (FAJTHE Cauchy 17]#), 7] LAIEF] u(t,x) — f(x) (t — 0)
Fi—J7iE, HUEH 2, (If1*Pe)(x) < Mcf()IIPllr = Mcf(x), BTEL (T, f)(x) = sup| fl* Py(x) <

t>0

M f(x). XFERAEEHL 3, VieLl, 1<p<oo, 17 u(t,x) = (f*Pr)(x) = f(x) JLFALAERLAT.

2. IETIEIEL

B F(x,t) /& R = {(x,t) : xe€RY, t> 0} EHRTIN e, AT E SCERIITE N a >0
) AED) 17 B K R

Fa(x) =sup sup |F(y,t)l,
t>0 |y—x|<at

B F M T,(0) = {(v,0) e RIF: [y—x| <at] LI EHS
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EIE5. % ¢ AAZEsARey Lk gidmay BT LI(RY) 9463 O, M FHE fe
Ly (R"), E F(x,t) = pi+ f(x), I8 2 % 3

loc

Fo(@) < Cug(I1®ll1 +10O))Mef ().
X ¥ M f(x) £ f 89 Hardy-Littlewood ¥ 5 #% K %
SERR. IR 2 SE WIS R, RFRET: XHERE 2] < ae, M3
f]R NF@IPez =)l dy < CoaMe fO)( 1Dl +IDO)]). (8.3)

HEL L, 4

©(0), x| <a,
W(x) =

O(|x|—a), |x|>a,
)W () 3L supy, ., 1O — 10)] BT — AN IR S FL AT ARG B AL, T2 [ De(z— )l =
ey —2)| = e"D(e 7y —e7'2) Ssupy, e D(e Ty —u) SeTMW(eTy) = We(y) = We(-y).
B2 AEHES 2 25 CVAUETS | fl* We(0) < CuMF(0) [Vl FHILAETEE] (8.3) KoL O
¥ R e B, A A A H, 24 o(x) /& Poisson #% P(x) i, LA f € LP(R") (1 <p <o) Nill
(BLFR b2 [R) (R T R0 R KR (o, 1) AEDD 1A LA A ST f(x), BDXEL-F TS x e R, X T A
a>0, T

lim u(y,t) = f(x
Ia(x0)3(y,5)—(x,0) W:h= 1)

4 Calderon-Zygmund %3 fi#

&, BN BRILEER) Calderon—Zygmund 7 fif 2 2, ‘B 454 T B HUETE 2 (R0
G3AR, AR R A S B BB o AR A B AN A IR AE A JE B AT AT A
ET IS (1,1) BUR R SCREAE .

EN2 (). R F i1k A 2K & i) F4T F & ARsh 69 IE 77 4k
[25my, 25 (my + 1)) x [26m, 2K (113 + 1)) X - - X [ 2K, 25 (11, + 1))

A TR Xk, my, -, my F AR
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[ 5 k, 470 () AT X R ) Bk A 5, BB DU SRR 5T

(@ = k AHFEI, EATH M BEARAE;

(b) 4 k AR, A —MELES — D EEAMAL.

ZEIE6 (Calderon—Zygmund 43#). & f e LI(R"), a>0. WA £ R" Lo &3 g A= b, % 2L

1) f=g+b;

2) igllzr = MIf1lzr, NIl < 2%

3) b= Zb], £ supp bj &S EFEAZHETRQ; ¥, B QiNnQr =0k # j);

4) fQj bidx =0;

5) lIbjll gy < 2" alQ)l;

6) %IQ;’I < 2lfllps

ﬂa<§%vamhsTw

8) Vx e R"\ (U;Q)), &2 |f(x)| < a.

VERR. 1. MG BRI 1.
RNl ey < 00, FTHLLFE53 K, MEAF AT RE I KA 2 (97544 Q, #BASL Q1> LI £l
KRR BAR A 0 £7 1, HAEGILHE Go.
WHFA Q € Go, KFAFAL 2538 20 AN K, LK 270, B A 1 ROT1E,
BALAE Gy
IR N AR R R (k=1,2,---):

o XFEH kARUTR Qe Gy, #

1
|—Q|fQ|f(x)|dx>a,
M H Ak, T LR, e A Ok R Es kA7 Sy

o XA R k RIT1E Q € Gi\ Sp, R HAFIL 55052158 k+ 1 A5, P28 k+1
RITHEECNE Giyq.
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X k=1, 2, -, FRBRALERGET F &, 40 S = U S, ot RAEEER 3) i BLH 7
s B

2. MG A ARAER) D).

MITEH Q €S, & bj(x) = f() gy Jo, LfW)Idy , WP 4) BIRFKOL. 4 b= ]Zlb,, n
3) AL

L g=f—b, WML 1) i 2.
4. FIGUETERT 5). ME AT AN fQj |bjldx <2 fQj [fldx. By Q; #hikerb, 645 Qp li45E
FOURS 5 A3 E) Q;, W 1Qy ] = 2"1Q)1 B Q) < Qp; 1T Qp 2 T BABLAM R, J PR AL B2

e, BUROL oy fQ f()ldx < a, 5% fQ f()ldx <2"alQl. T3 FI fQj Ibjldx < 2" 1alQ,|.

FERING, %5 Qj € 8, M a < gy o 1fldx < &7 [ 1f ()l cbx < 2% HE 7) -,

5. TUEMERT 6). # Q€ 8, M 7 [, If()ldx > a® T2

;IQjI<$Zj: e By LS

6. FIRUETET 2). By

_ b= f’ x¢UQ]1
§=f-b= s |
Q1 Jo, f(ldx,  x€Q;

FITA

18l

ZL[@L'|f(x)|dx)dy+Ln\UQ}|f(x)|dx
J ] j j

|f(x)|dx.
]Rl’l

SO x € Qj, H TR AP AL Q4% Q; H Q7 /YR — KA E, AT

1 2 )
50l < 57 | < I, oy <2

ST, T x ¢ JQy, MAHEFIQ;),, 73 Qje G, HxeQ), NQ;={x), IQj1—0.
Fit LAH Lebesgue {443 & #2, Fi |Ql_]-|fQ]- f(0)ldx < o XX F Qj BISL, & j— o0, B Q)] =0,

YEEATA S 0 AT R A E T
SINTIAE Q) L BAL M (x) > a.
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EE
lim — If(x)ldx— If()] < a.
0;-01Q;1 Jo

XHCIE R T MR 8), MM EOT [g(x)| < Z”a. UEEE. O

R BRECRN C-Z 32 AN A Fh e BB 2 —. R A — M7, 5 B R K
fla. % fe LY(R"), YA A >0 AR f 48 C-Z o, Frigarkic A {QF), M

x e R": Mcf(x) > 7"A}| < 2"2 Q).

S {xs [f@)> A}l MF() > A} < (UQHUZ, Ko |1Z) =
ERA. 1. WHER Q) 2 Q) A Q) MAMEK NI AR Ty . R UL AR
X ¢ LkJ(Q,f)*, H M f(x)<7"A, BlF x ¢ LkJ(Q,f)*, MSHAER L x NF ORI Q, BAL:

= fQ Fldy <7°A,
4 PR T 1
2. Qc 1R”\(ij Q). WM XMEE xeQH |f()I<A = |1@ fQ
3. F QuEHA QF MZE. M x 7E Q ' H x ¢ (Q)), FTLAL Qr € 3Q, (3Q 4
DL Q fyrhb gy, WKy Q MUK 3 fEHITTE), TRMFTE S Q AR Q) B, iar

UQ} c3Q. M4

If(x)ldx < A <7"A AT

[ oy = [ Fwdy+ [ iy
Q Qﬂ(lR”\LkJQQ) Qﬁ(LkJQ,f)
< AlQl+ f [f(yldy
U@ngp)
< /’\|Q|+f If(x)|dx (XHid A={k: Q;(‘OQ?&(Z)})
U @b
- A+Y f Fwldy
ke A
< AIQI+ Y 2" Q] (o o fQA|f<y>|dy<2”A>
ke A
= AIQI+2"A ) 1Q}1=AIQ| +2”A| Lo
keA keA
< AQI+2"A-3"IQ] = A1 +6M)IQ| < A7"|Q)
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JEEE. 0



— &R







h

Fhit EREFFRIETRHELD AFM

S UFRANIF A BT 25 S B0 — R, 5K SR BT Ut S
1w = [ Ka-nfwdy,

s 5 RARBUY B K(2) = 0 AT 45 (B K195 ) L K(o) € /RY) (1 < p <

oo). FTBA_E B SRS AR, ATV L0, RATIEAR Vo E TR

o KN K 1E x =0 &btk BE £ e CO, RidT e b o st R il k. Fir DA 22
FEHRERT K WEEE R E - RIKT, 45 a0 B 178 3
o £ KWt %M, ke XMET T 2 (p,p) 822
HENA T BIRWRG, BT — R IR TN ZERRER I T E 55 IR & AR T, BLK Riesz
AR Hilbert A8 3. 78708 B R TG 253 5 AR 00 5571z bt IRAE AR B 70 77 R AR RE 7 .
PUGTEN4A T Hardy = (8] H(IR™) Al BMO(R") =% 8] J&, ARG FI F 13X — TR i F 50 7
FRV T — B, RFTAE SR BB A T, AT R R A o BT A e
T L A EEER.

— Calderon-Zygmend & 5+ %3 97 #%

1. Calderon-Zygmund & FF1 5%

ZE M1 (Calderon-Zygmund #F 575 4%). 3% K(x) £ XA R\ {0} L LAEETR SR 5

R ) I 32820 RO OE < G Sl 2 2 A Aq,Ar, Az >0 1E 45 VAT 2 m&, 32

1. MR EFH: sup IK(x)|dx = A1 < oo;
R>0 JR<|x|<2R

2. HERMEM: sup =Ap < oo;

g,N>0

f K(x)dx
e<|x|<N

3. Hormander % H % 4F: sup f IK(x —y) — K(x)|dx = A3 < oo,
y#0 Jx|=2[y|

113



114 FAW EMBFRERIETRAL ARHK
WAk K A 7 X Calderon—Zygmund 5%, @AR"C-Z%", ¥ A1,Ar, Az A C-ZF 5"
1. K(x) = 1/|x/" R A2 C-Z #.

2. XF“C-Z#%" FH4riE

ik C-Z Bl = A /MtF&ﬁiznT 10195 40 2 PN 25 T 150 o T PR 1, 25 0 B,
O FHHETRIE R F TSI sup f K()lx|dx = By < oo.

R>0
[x|<R

. X ;
WERR. Fer k. RN |1<(x)|dx§f |K(x)|m <on

R<|x|<2R R<|x|<2R x|<2R
FrbA Ay < 2By.

TR, AR A PR R R SR A AE I AR AR s, 3K BRI O 2 RSO T 2 il i — 4%

|K(x)||x|dx-2 < 2By,

5.
x| KGar - 1i f Kllde
R Ix[<R R 2-k-1R<|x|<27kR
1 v k
< = K)|(27*R)dx
R ;Lk—1R5|x|52—kR| Gl )
1 o0
< Ekz 27FR)A; = 24,.
FITLA By < 2A;. IEEE. 0
@ AFMESRE SRR AR 7 2K sup |[K(x)||x|" = C1 < 0.
x€R"
HERA.
1 n—1
IK(x)|dx < Cq —dx Cq — " dr
R<|x|<2R R<rj<2r X" R<r<2R "
2R
=Cylnr| =CiIn2.
R
== 0

@ Hormander 254178 7 2614

a) BEEEZRAF: f7(E Cp > 0 S XHER x # 0, B [VK(x)| <

| |n+1'

b) Lipschitz £f: 745 Co >0 1 6 >0, fHEXHMER x| > 2lyl, y #0, BT

lyl?

|x|n+6'

IK(x—y)=Kx)| < C2
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MUERR. 4) = b) = Hoérmander 2514
1. a) = b). MHPEEH,

Cilyl _2"'Culyl
|x—ty|”+1_ |x|”+1 '

[K(x = y) = K(x)| < [VK(x = ty)llyl <

XH te[0,1], FAFATHT x> 2yl > 0, L. Jx -ty > x| -yl = |x|/2 > 0.
2. b) = Hormander &4 HiZIMHEEE

lyl° 5 1 ..
|K(x— )—K(x)ldxsf Co———dx < Clly| f —" 7 dr
LI>2lyl / w>2lyl e 2Y r>2ly| 10
CI

=C, Iyléf r170dr = —2 < oo
2 r>2yl 620

1E+ O

= FEZER
TR KT B2 R A T 3 B B

EIRL % K& C-Z 4 WAL WeS(RY), €& R0} L% F K # Tf=W=f(f € SR"))
AW K ARG —ANFFRSHET. WINT IR L (a0 H5FE S A G4FIERE):

a) TA@22)%: sup sup (K(x)X{e<|x|<N})A(é)| <Cp, T 2s22 Gy
O<e<N<oo E£0
b) T A5 (1,1) AT ||L1_,L1,ooS Cy;
0 TApp) & 1<p<od) BTy < cgmax{p, p%}
XE Cq,Cy,C3 —RARM T C-Z & A= M 4 n 09 % 3.
XA E FRRE B B IR N T
1) WHHATWI S XERE W e S'(RY) BIAFALEME, 45 B 27 TR 0 T A% 58 X
2) H Fourier ZZ#iE#H (2,2) #Y;

3) [Benedek-Calderon-Panzone/fi¥f] Fl C-Z 4 fi# A1 Hormander 514iEM (r,7) (r>1)

M= 55 (1,1) 2



116 AP ERBFTRRSETRAL ARM
4) ¢ Marcinkiewics flifEEH = T2 (p,p) B, 1<p<2;

o MHETIE ST R (p,p) B, 2<p < co.

NTUHIX fell (1<p <o), AT LMEJLPAEAL T SCR 52 (T f)(x), FATER] S 2SSk
KRB, 9T EA 57 7 AR 70 B0 L PR AR BB 5 AR R 51 B 8 S A F 1.

= FARRPETFHEX

1. C-Z #iHERIT R
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j>x=1 1>[x]>0;

+p(0) [ K@)dx=I+IL+Is.
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HEH

f lh(x—vy)—h(x)|dx = 0.
x1=2[y]



120 BNH ERMEFRFMRIETFREL R
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8. BT Iz, X BEAR G FEAZ I e — y| BOOR/ME X380 A

I = [ -
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I = f lh(x—y)—h(x)|dx < f |K(x —y)— K(x)|dx < As.

2lyl<|x|, e<|x|<N, |yI<N, e<|x—y|<N [x|>2]y|

N FEHEPEFHLD 1<p<co) BARM

1. Fourier T#H5 12 R4
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HFHEWH—ANH, uEE LR H B Hormander—Mihlin €12 2. ‘€& M Fourier
e+ A FERT B R B BB B 5 — Pl k.

— BRAXFFRAPETHEFESTRRTEFHRSEE

FIBL %K) A C-Z#, M T 2 (p,p) 2 (1<p<oco), BEF IR T C-Z % Hcha's

] 44 n AR p.

T HRFT T*F(0) = SuPo auiancs KON % FOOI, HHTERRLNE 1, AT ALY
NIHFEHE T, B U R IE AT E BT p > 2 12 (p, p) B NHCKH T M EA(E
., f&B) Hardy-Littlewood % K5 7k %) Calderén-Zygmund 7%, IEBHE X p > 2
W @ p) M FEEE—URER 6 U 7 T 4255 (1,1) Y. Bz T ik B I 15 5%y fa] ek
p=1AEH.

JERR. 1. BARER® 1 <p<oo. Xt fe L°(RY) HEAGEBCCENEBE, HiE xe R, BAl
AW

TN () f Ky
e<|x—y|<

f K(x-v)f(y)dy - f K(x-y)f(y)dy
e<|x—y|

[x=y|>N

f | I[K(x—y)—K(zl -If(y)dy + f K(z1 -y)f(y)dy
e<ix—y

e<|x—y|

_ f [K(— 1)~ K(z2— )] f(y)dy - K(z2 - 1) f(y)dy
|x—y|>N [x=y|>N

f | I[K(x —y)— K@z =If () dy + T(f)(z1) = T(f X x—1<e)(z1)

e<ix—y

- f| | N[I<(x — ) = K(z2 = 1 f () dy = T(f)(z2) + T(f Xjx—1<N)(22)-
xX—1y|=

129
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&, 13070 b K 5 A BRI B T0U6F I 2 AT IR 25 1R 1) 21, zo YR AR AT 5 X, Y
2. ¥ R TFARSE KT 21 2o I7E B(x, §) 1 B(x, §) EEGRO-FH). 70180558
& TEN(F)(x), AL RT =3RRI T

s oG S e kel
1 (2\"
< w—(g) A1l f| 1_%%[ f| _y|28|1<(x—y>—1<<zl—y>|dy]dzl
1 (2\"
< =3I f| ] f| o K=Ky~ ]
< A3||f”L°°; (H Hoérmander 2514)
s () [ mreide < M
Wp \€ |z1—xI<5
wos () [ 1_%%|T(f;ax_-|s€>(zl)|dzls(win(é)n Jo o TP |

< ||T||LpﬁLp(wi(§) f| N |f(zl>|f’dzl)”s||T||Lw(Mc<|f|f’><x>>%.

n

SEARAI, K & BN, 21 HOR 2o, 07 ZIEA it
Jal < As||fll,; Vsl <MTHG); sl < Tl Me(FP) ).
[FHZ3X B 455 Mc(f) 2 Hardy-Littlewood i KR %L BT DAFRAT 15045 240~ B 2L 4% 11

IT*f(x)] <243 f Ile +2M(Tf)(x) + 2| Tl p - (Me(lf If’)(x))% : (10.1)
Sp(H)
3. FATE A (10.1) UEW T* 4255 (p,p) L. BT M 1 T # 52 (p,p) 24, FEA Sp(f) B9

Yl BTz~ < e/2, TP =yl > e B |z =yl > =yl = |z =21 > e/2, FTARLY 1= |
Y f(y)dy < co. 73— 751, SHTSCE XL Th Ffbl, AAERALE

K(z1 -

<x—yl

I=, lim | KON y)(f@)Xly-=c) Ay,

BT

I=_lim KON (z) — ) f(y) dy-_ lim KON (z) — ) (FW)X1y-si<e) dy =1 ~ Io.

6—0,N—>oo —0,N—oo

PUOMIZHE fe !, ATt B g S, L = T(f)(z1), L = =T(fxp—1<e)(21)-
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—WiE (p, p) B4, 5340, M H-L BORE7E88 (1,1) B,

|{x : (Mc(lflp)(x))% >l = s M(fIP)(x)) > p}|<cn||fr” r

i
|||, = sup(rite: @A) > A7) < CapI£]-

r>0

BI S,(f) S TS5 (p, p) AL BTRARLIISKE S, & (UZRER) 2 55 (p,p) B, FLE TIEHUN
KHT p, n F1 C-Z WAL HHET (10.1) XALHE—TURZIS (p, p) B0, BT LAFRAT 75 R
NG B ARl AT £ i SR /NREE 23 R (10.1) ATt 178 5 435 53-8 T
(10.1)=X, FIH T* 1955 (1,1) BLfkit.

4. felP . XEEMN a>0, AT DME f = fo+ [, EF fo = fXf<a/0649),

£ = fXifsaiaeay)- W fo € LPOL®, f¥e LINLP. R34, BT

Il = [ 1rpnrer < (16“‘3) 1Al (102)

B, WA ay # C-Z 70, B3] f¢ = g%+ b, H y >0 15E, ¢¢ AIFHIA S
RIER Iy, b AEIRMIER . P ABRATT e 4 Uk 70 fié

f=fat+tg*+0b%,
M, FIHET S, KT (I 2),

e T f)>all < lfx: T'(fa+8%)x) > 5 }|+|{x () (x) > }

IA

s 245 | fat 82+ Spfi+ 81 > SN +lx: T'E)@) > S

IA

s 243 fall o + 285 ()@ > T+l 245 g +285(8%)) > )

by by
+Hlr: TE) > 5)

b3

AL

1
F

[M(If + 8PP < [2PMIfP +1gP) @1 < 2M( )@ + Mg @17 < 2MfD )] + Mg 1),

Sp(f +8) <25,(f) +25,(8)-
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5. b-YREH 5 CZIEM T &5 (1,1) B, AR (b2 < 2|, LA & (10.2) 775
fi it

[T T 117,
a/z < 4C o < C(n,p,A)7

<2A37exs 164, =a/8, FIH SP kb (» p) R4T]
felly A1
aP al

b3 <C

4, BT 243 £

Lo —

by <lx: Sy(fa)(x) > %}I < C(n,p,A) < C(n,p,A)
Ffelsth, By = 24 Az)7, i C-Z S REITERT 2),

2A3 ||g“||Lm <2A32"ay < a/8.

o Il 1Al
by < [{x: Sp(g7)(x) > E}ISC(n,p,A) e <C(n,p,A) R

KA R DEAH T~ it CR=MAFSH T (10.2)):

Il < = el < @t = (s | () e, =
TRBATEH T ” )
{x: T f(x) > al| < C(n,p,A)%,

BT 259 (p, p) B
6. BUFIEW T' 23 (p, p) B RATCGHGE T 255 Q@p, 2p) BAIF (1, 1) B,
Marcinkiewicz {8 & 3, SLEITRAN T 258 (p, p) M. TR E FLEH, 7N ER fel?
ESLTf. (AR T RAE RN, (EARYE H e X, X PRI PRk A2 BT IP).) GEEE. O
HIL1. X felP (1<p<oo), MTENF S TFALFRLEELT A LP &L FHARZL.
MERA. 1. H SIS R B EGE, 77— 1R W2 2 BIE AT
2. WEEN f e lP, HT limeo N0 TEN f(x) = Tf(x) JLFAbAERGE, B
TN f(x) = TF(x)P < 2°(T" f(2))
AR R R, Wt Lesbegue & ilU i #, 153
s, =o

JEEE. O
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&4 4k

J[OR =] = |

Ba, BAHERTTH TS5 e M— B 45 % K& C-Z %, MIAFE—AN LR W e S'(RY),
fE R\ {0} E&&[FT K, A axs R f, misE AR RanET Tf(x) = Wsf(x) =
lim, o N—s o0 KEN 5 £(x) = lim, 0 Nosoo TEN f(x). HTF T A TEN) RARSKMKE T T 52 LP
AR (1<p<oo) HES (1,1) B EMME TR S n, p M1 C-Z EEA K. K T L
% LP TR, TR felr, TONf B LP {uSi®) Tf, wi BAE LT & SR
WIS

— Hoérmander-Mihlin F I8

BATFI AR & 7 A0 B -7 HASIE B Hormander—Mihlin e 1@ . 7y F 0 13
W R A %4 B 5T TR 785 A%, XS @ 22 M Fourier 31 (AL B
I R Fourier A8 4t) £ B2 45 H I W xof B & AR T B S I 78 43 26 4. & BIIE B A

T Littlewood—Paley & 73 figt ity JEAH.

EIE2 (Hormander-Mihlin & 7 5E#). & m(£) € L°(R*\ {0})), L& & A>0, #£3#% 2 TF 7

FZ—:
a) (Mihlin %1F) 14T % L4547 a, |af <[5]+1:

0 m(E)| < AT,

b) (Hormander %A4F) AT % E 4547 a, ol <[5]+1:

sup R™"*2 f 0" m(E)PdE < A%,
R>0 R<|&|<2R

) me My(R"), 1<p<oo, H

1
lImlpm, < Cpmax {P, pTl}(A +|lml|re). (10.3)

X Ty %5 (1,1) 4, B

1Tl S pre < CuA +[|m]|Le).
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MERR. 1. BT M Mihlin 54477 B Hormander 254, 3411 R TR 1E G & BOL 264 T
ESER. XHT m AR, W=m NNIRERET T, L2 2,2) M. frilan ik
AIREA T T, 7255 (1,1) B, W B Marcinkiewicz #i{E € B, B2 (p,p) B (1 <p <2), B
me My =My, 3 1/p' +1/p = 1. FTUA ARSI T, 2 (p,p) B (1 <p < oo) M4

2. NTUEM T, 255 (1,1) &, th BCP JREE, ATR FUEH W 7 R"\ {0} L% T—
AR AR EL K, 1K i 2 Hormander J6iE VST, F52 1, XTIl &2 suppb € B(xo, 1)
H [bx)dx =0 W% be L' nL?, ATLGENFRER BT A 275 b} c CPR")
34E LY A1 L2 U3 be — b, H. suppb, € B(xo,r +2¢), [be(x)dx = 0. 25T T, (158 X,
Tbe(x) = (W, T%b;). 5T x € R*\ B(xo, Cor), 24 & /T (Co = V)r/2 BHE S A AE supp T°b,
. 3 BT LAHSERROT. Toube(x) = (K, T%b:) = Kb (x). BT ELRIE T, & (2,2) B, Brbas
T, % e — 0, WAL

Twmb(x) = K=b(x), x€R"\B(xg,Cor).

HH I 2k o] LURI A Hormander 25 14R58UFE BCP JR3 S — AN &G 1 (S8 E—ib e
5 FRIE).
3. R HE MR R\ (0} bR PR R A K. B C SN IRIR X (] < 1] < 2)
HIUETE [0,1] 7 C™ iy, 19
Y ieio=1, &=o.
iz

XtjeZ, &

mi(&) = mE27TE),  K;=;.

T4 R LR LT N

K WA B W. F52 |, SHMEE ¢ € S(RY), ##fi Lebesgue
P W SUE B,

<iK"(P>=<im1f¢>—><m,¢>=<W,<P>, N — co.

=N =N

ST b (y) = be(x —y), BISCEERERE {(y: x—y—xol <r+2e <Cor}, 2 |x—xo| > Cor I}, y BEARER

JE A
HER AN E ) &, X BARAIRAN. £ g(6) = X ez 0(278), 2 & # 0 R EAAAEE, 1M HXHER K

Bk, HROL g(27%€) = g(&). W4 C(&)/g(&) i 2 ix B EK.
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AL, R K B Fourier 22445 5504, TLA K; /& C= AL
4. it ng = [4]+1. FHBEHAZLER S C, 115
sup | IK;()I(1+2/]x)? dx < C, A,
j€Z JR"

sup2~/ f VK;(0)l(1+ 2|y i dx < C,,A.
jez n

5. JGiF (10.4). 15k,

f IKj(0I(L +2/]x) T dx = f K011+ 27y (1 + 27|y 7
R" R"

1
. 2 . 2
< ( f IKj(x)|2(1+2]|x|)2”°dx) ( (1+2J|x|)—2"0+%dx)
R” R"

135

(10.4)

(10.5)

(10.6)

FERFITR n RASBULRFE, #L —2n0+ 3 < —n, WITERL T y = 2/x, LIS I50A]

B
. 1 , 3 .
( (1+2f|x|)-2”0+%dx) =2-f”/2( (1+|y|)—2”0+%dy) < C,27n?
Rn ]Rn

P, 6T (10.6) A5 35— 10, I B I

(1+20xl)0 <Cy Y 1)),

[y|<ng

84, i Plancherel &3, VE& 3 K; = mj, 133

f IKj()P1+2xl? 0 dx < Cy Y f IK;(x0)P22 M2 dx
R" R"

[yI<ng

< Gy ) 24 fR NFOR)@Pdx=Cy Y 22 fIR " mi@)P de.

lyl<ng lyl<ng

N TG — R, AHEE 2 BRIy < no, FIH Leibniz A3, PLAGE P, 155

0V mi(E)PdE = an 27 =0lgr=0¢(271£)(9Pm)(&)* d&
R” o<y R"
< Y a2 f P m(E)RdE
b=y 2i-1<g|<2/+
< Z Cs27 2112211010 A2 (i yn=201 = &, A20Jn0-2i1,
o<y
EFERATAR 2] T

1
2

( f |Kj(x)|2(1+2j|x|)2”°dx) < C,A27.
]Rn
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EHTER T (10.4) FHED].
6. XIF (10.5) ATLASRAIIEY: K Eifl K; #4E 9,K;. BT

F(1x9,K;(x)) = Cu21d (27&,L27TIENm(&)) = Cu2ld? (G2 7TIENm(E)),

P 5 5 BRI R 8 C etk G = &,0(8) Ja b HR s & —Ff, HRTTH &2 —4 2/ [HF. Frbh
(10.5) A2 % —A> 277 [RF R P4l

7. BUEUEWAT x # 0, W Y ez K; WOSEI— A~ R 2L, BA TR Z 04 Ko F58 b, R K
€ X A1 Fourier 28311 (1,00) 7Y,

IK(0)] < |||+ < llmllpo f {Q2718)dE << Cpllmllp 2. (10.7)

KR T Y jco Kj 41 L WS HAT F¢. Besh, FIA (10.4), XHMER 6> 0 A1

(1+2/6) f IK;(x)ldx < C,A,
[x|=06

FITEA Y o TEB AT HATAT — 4RI S0 T AR, BT LA L AR Ak A BR.GXHE, BATsE 1 K 2 —
AR\ (0} BRI RS, M H XK 7E R\ (0} FERE T L LT s, prls ik
S WS 555 3 DA, Rl 7 EBRZIN K=W =i

8. HIFEUEM K = Y.;K; i & Hormander %14 °
f IK(x—y)—K(x)|dx < 2C;,A, Yy=#0.
=2yl

ATHUER y # 0, fA7EREH K A48 27F < |yl < 271 4R#E (10.7), A1 I(x) = T i Kj(x)
RAE R RUR AL, Ji(x) = X i Kj(x) TEIR R ASMEIE L B SOROE, 10 K(x) = T(x) + T (%)
16 5B SCR AL, FrbAFIH = AAZER,

f IK(r— ) — KG9l dx < f (- y)— ()l dx + f e =)= Ji()ldx = I+ ]
[x|>2]y| [x|>2]y|

|x1=2ly]

PRI H ARSI AR MR SCT W, Fr AR BRI 2% T sl 3SR B = M AN S5 U A M IE ]
it

Z f IK;(x—y) - K;(x)|dx <2C,A, Yy #0.
ez [x[>2[y|
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9. JeflivtBgr I T ix B RS R IR, 4k 2R A = A5, Mo (R Jyl < 27%H)

I < Zf IKj(x—y)—K]-(x)ldx:Zf fl—y-VKj(x—Gy)ldex
i<k [x|>2|yl| j<k [x[>2|yl
< szk“f VK;(x - 0y)|(1+2/|x - Oyl dxd6
0 ]<k
< CnA22f—k+1sC;A. (F1 7 (10.6))
j<k

10. FAETHESY J. BTLE x> 6 b (X 6 > 0 RALREM) LjsoK; 1% LI({Ix] > 6)) T5%
sk,

m
Vel = Jim || 3 K| < lim Z Il = Z 1Kl
j=k+1 Il ] =k+1 ': k+1
Fir A
s [ Gl endrs2 [ ids
22 =1y
<2 [ a2y [ kel L2 o,
j=k+1 Y 2yl j=k+1 Y xI2lY] 1 +2]|y|)4
< 2C,A Z <2C,A %SC;A.
j=k+1 (1 +2]|y|)4 j=k+1 (1 +2/7k)1
KHEAR T |y = 2755 F X IE T K i 2 Hormander 51 O
SIRE L BB ST e My, X2 1<p<oo, HTER. 0
= RNRZ)

T4 Hormander—-Mihlin 3 7€ ¥ i) — /NN H, E B TSR 1y 2 X 38 _E 2R PEAR
(53 700 5 A A re LA e S PR AR F) LP Ao

1. RS FiRL E el
Z55E h> 0, 58 SO i B R IX 48k

Bi{(x,y)e]RZ: x€R, ye (0, h)},

Fo={(, 0): xeR},  Fy={(xh): xeR]}.



138 T MAH RN H T A TR Hormander-Mihlin 5§ < 2
7€ X B L R A R T BT
Lu = dyyu+dyyu+adcu+bu, a,beR
RILR Fj FRIGHET
Mjuiaj8yu+ﬁj8xu+/\ju, aj, B, LR, j=0, 1.

5 R IUAE IR 8L (P)
Lu:f, E B Ij\], M]-u=0, E F]‘ J:

PN H SR B R 2 a, b, o), Bj, Aj DT R IIZRAT, (ERAAERE R C, LUSRAIAGE
lullp gy < C| f||Lp(B), (10.8)
Hr1<p<oo, il felLP(B).
2. B HisE RS
NI, % u € HA(B), % u %F x € R 1 Fourier &4
a(&,y) = \/Lz_n f_ :u(x, ye ¥dx, EeR, ye(0,h).
TR H IR A 7> 75 R R R IR R LA O (&, y) KT y W B 2t o) 7 AR AR i)
i, Hh £ e R 2S4L:
0"+ (- +iaé+bya=f, ye(0,h),

aptt’ (£,0) + (iBo + Ag)id(E,0) = 0, (10.9)

(& ) + (iBr + A)A(E ) = 0.

e 3 5377 LA Y Fredholm #6—k ( 22, % 26 45, % 248 7)), Lkl iy
ME—fi 24 A S S5F R ail RA = . B e IR T 2
0"+ (b+iaé - Ez)v =0,

BRI R

v1(y) =sinpy, v2(y) =cospy,
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p= (b+ia£—£2)%

(FRATIE I 5 P T 3 2 s e U BR ). BT LAAS 2138 i
o(y) = w1o1(y) + u202(y), 1,z € C.
FIFH o W2 L A& ((10.9) ), AT EIRT wy, o M Je—R 24

[0v7 (0) + (iBo€ + A0)v1(0)]p1 + [@0v5(0) + (iBo& + Ao)v2(0)]p2 =0,
(10.10)

[a10](h) + (if1€ + A1 )o1(M)]ur + [a10)(h) + (iB1€ + A1)va(h)]p2 = 0.

[RI78 00 b Z5 A R BT A AR E

8

B RA %

F(&) = (sinph)[agarp? —BoB1E* + Aoy + i(Alﬁo + /\0,31)5]
—p(cos ph)[agA —ag Ao+ i(ozoﬁl - alﬁo)é] #0, VéelR. (10.11)

PANMBGR F(E) A SRR, B4 (10.9) HIERT AR A

h
e, y) = fo K(&,y,2)f(&,2)dz, (10.12)

HA K, y, 2) (& RSH) RF R T mILE ) Green B% (S I [22] 26 75, 251
W), Bz>y NEXN

Fre+ sin p(z —h)],

i A
K(&,y,2) = % lao cospy — lﬁoij O sin pyl [al cosp(z—h)—

M z<y BEN

iBoé + Ao

sin pz)] ,

K(,y,2) = % lal cosp(y—h)— i1 €P+ M sinp(y — h)l lao cospz —

o
sin ph

6 = (a[iBo& + Aol — aolipr & + A1]) cos ph + (aoas p? + [io& + Aol[iB1€ + A1])
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3. RFEES [P f&it

X T u € WP(B) N\ W22(B), BA 1A B FI A (10.12) iE B a1 FAR%E

ltlly gy < CllLullpr(p) - (10.13)

ik, FATTER AN 5] #.

SIEBL K &y, 2 K&, y, 2) RAF B, B

h
max [ max{IK(&, 1, +EIDK(E, v, bz < (1019
h
max fo max(IK(&, 21+ IDEK(E .2} dy <o (10.15)
AW
h A~
e, y) = fo K(&,y,2)f(&,2)dz (10.16)

RXEELT fouf [P(B) ERA R, F pe(l,0).

MERR. € LR
M(y,2) = max{IK(E,y, 2|+ ID:K(E, y, ).
83 A Riemann A& #143(10.16), Mihlin e 1 &3 (T K(E,y,z), HHXMN n=1 ¥,

My, z 2. FE M(y,z) B8R0 E R E e —4~ B, 20 (10.3), LK
Minkowskii AN, FIFIXAEE p € (1,00), fEEHE C {H15

(f u(x, y)lpdx) <Cf M(y,z)(f |f(x, z)lpdx)_ dz. (10.17)

P AT AR 53 5 LA Schur 232 (W AVEERL 7, M(y,2) B, T | £C,
AR SR TR (p, p) ), A 2L, O
B, NGRS T L (P) o T 45

EH3. % b>0, a0, L4 () =0 %A FAR, AR AMAEE p e (1,00), HA 3% 4 Co £33

F B4 (P) #9#% ue W2P(B)NH?(B), s =14 X, (10.13).



= N AER 141

MERR. A @X Grenn pA 4L K 30k B 51 PRG54 FL b, itF AR T L 15

L
IK(&,y,2)| < HeXPIpl(wz—Zh),

IEIIDeK(E, y,2)| < Lexplpl(y +2z —2h),

T4 |&] = co i |p| ~ &, €= 0 p~ Vb 3EZ a0, b>0 $HIE T p(&) #0, MTTEAIEM
T O
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O

B+—ift FRERBERMHSET; Riesz T#HA Hilbert ik

N
7’

A FH AT AL ) — R, I RN ARG AT R AR ST RIS R, DL
i BB NHERRY Riesz 24l Hilbert 72 4.

1. 28 Calderon-Zygmend 1%
PLRAC ™1y n—1 4 {7 BRIH.

EXL % Q) R R* P EFRERFHHT, Qe Ll(S" ), Bk il kb &8

Q(x)dS, = 0, (11.1)
gn-1
N AR K(x) = ﬁiﬁﬁ) A %3 Calderon—Zygmend (3 5+ 424>) #.

R B E X, &t Calderon—Zygmend (77 54773 B AR £ H Lk 5E L) C-
Z . AR C-Z AR T LY(IR™); A58 i 2 A3 LB BE S A A SR M 26 A, i LAE i o —
NI LR EL Wa, 7T RAZ /D FE 8 2 o6 B 8] B e — N w R T To. AH
AT U A — e R4 18, A 14 T 45 R

EE1 % Q#H = T —AN%HE Calderon-Zygmend (¥ F425) #% K, B Q i&i#h 2 4= F Dini %

1
1
f @ds < 00,
0 S

HF w(p) =sup{lQ() - Q)| : x, y €™ Blx—y| < p|. W K H C-Z B B3 &4 FARpH
T T AAMKIT Ty, #4435 (1,1) 2= (p,p) 2 (1<p <o)

WERA.  HFRISAE Hormander e tE 2545, 43 LU =25,
1. ﬁ%lﬁ%—/l\)l{ﬂ‘é%i@ Z R" ¥ R A & X,y 2 |x| > 2|]/|/ A

X—y x

_X| L
lx—yl |x|

x|’

TRIXHER k> 0, BOL Q(kx) = Q(x).
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N T AEBIEANGE I, BATE E JEE A0 x 8, PAK 0 < r < [xl/2. WUEER B(x,r) FRERE—
iz, WO, x Az i — AP HHIE T y=x—22 BT |E- X RITEK, RRT
% 2 € OB(x,r), Bl v 15 2 T (LI 11.0). FERHAKy 1, Ty 0 ISEHE= 5 o i IE

K111 221 ) UT8e5+5R8.

SLEH, A

Z X

1zl |x|

_osin0 1yl 1 |yl
sin(”T_G) sin(“T_e) x| cos(6/2) |x|’

BT LT RAE cos(0/2) > 1/2. Ak, FIFI = A R cos() = /10, LIJE x| > 2]y,

039=E= Ix—y] S x| =yl =1—M21,
|| |x| |x| x| ~ 2

FItLA cos($) > V374 > 1/2, Wi J LA i 75 A

2. EE w(p) A FRE G r &2, ATRIR lim,_o w(p) #A14E. 1AL, Dini 251 &0k
# limy o w(p) = 0, FTLLE A H Q £ "1 EIESER M. 5, TATH Q] < .

3. HUE y e RM\{0}, U

IK(x — 1) — K(x)|dx =
j|;|>2lyl * ]/) (9l j|;|>2ly|

f : n|0<x_y>—n<i> dx+f
w>2ly 1 = Yl Ix—yl |x| Ii>2ly]

= I+]

0D )

lx —y|" ||

X 1 1
Q= —— )4
(le)(lx—yl” |x|ﬂ) x

2ERRAL |yl = |z —x] <7 < |x]/2.
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X F B G() = e, I VG () <
S A (BRIE A1), BT

J < 1Q||p f
[x|>2]y|

xR I, MR Dini 26 4F, A

R 2 LA 4 T Hormander 564410 — AN 78

1
x—y[™ |x|"

dx < ClQ|.

I < f 1 w@M%x(wﬁﬂﬁ%%)
|

w2l X =yt ]

2" lyl
L[ ( y}n =yl 2 eIyl > )
x>2ly] e\
[ FelBrams
gn-1 |]/| ke

R )
a)nZ”f w(—lyl)—dr

2|yl r r

0

" Iyl _2lyl

w2 f w(s )2| = —5ds (s==5)

znwnf wls )dS<Cn
0 S

UEEE. O
AP KL Q HIRFIRTE, 7E 2530 Dini & AFRITIE T, Bl SRR E S, ] DAEW To
LRI LP A G X7 1 B — A MRS R AR T ISR — /N A H,

IN

2. Fourier ¥

BANTCOLF 2, Kt s 24 5 171 Fourier 261, vl DL i AR EAIF B 3 1A
HHEZ oo, NHENTES M C-Z ¥/ Fourier A8t

EIE2. & n>2 Qe l'(S" ) E k&4 (11.1). A2 a3t R 69 C-Z % K AR89 3L
& 3 Wq 8 Fourier & 3% ¥ 4o F JL-F 40 &0 A PR 69 8 0 45 oy -

BRI 9)) ds. (11.2)

— 1
W) =cn [ 00)log 753

X W K —_1 3
IXE '% ')’01( Cn - (27'()71/2'

XA e BRI 7R R BCE A T o SR B Y. BATAE R A
SUE ROX AN A2 H A S — PH T 20 5E (¥ Fourier A2 #e /8 3755 119
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(1. S ERASFRRA S ERSMFS &k n>2, f RF¥FHEA R kE RS Ly
SOE | A A

f F)dS(x) = f f . f60ds \/ﬂ (11.3)

XANGER AT DU Bk A AR 22 SRR (W [12, p.441]).
T (11.2) 25 HK W (&) JLTAR A B (P B AR R B 2 L %), I Q
9T M 2 A R R e, R R R & e S™71, HiE B

1
fs QO log i dSg <0
J9t, AR4E Fubini & ¥, N5 EIEH

o)1 dS,ds Q0 1 ds: |ds, < 114
fsnlfsnl |°g|g At fSH' ()l(fsnlogg ] ‘5) g<co.  (114)

FL b, W E=ATE , A NIEZHRE. BT (ATE, 0) = (&, AB), A

1 ,
f 1og|5 9| dséE fsn_l(log—|AT5'-6|)dsé

_ f oglgl g )dSe CRAHERAO =1 =(1,0,--,0)7)

=f (loglé, )ng
ff ds
155"2 1—82

cnf llogsll(1-s%)" T ds < 0.  (n>2)
-1

10 — dS@

ISI

(2). RPE_FREEE 4% f, ¢ &[4, b] L Riemann TR LHHK, B ¢ £ 2P, N5
f & €a, b] 1£4F 5k 2

b 3 b
dx = d b dx.
fuf(x)g(x) X g(a)fu fx)dx+ g( )L f(x)dx

3). BE=ARHNEARXE ELRERSPVHEE—BERMEIT waecR\{0}, 0<e<
N < oo, ML R &5 18 a7
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L oqm [ cost@—cosry g 1
€—0, Nooo J |a|
N p—
2 | [0 <afog L, (0<e <o
€

N

) sin(ra) T
3. 1 dr=— ;
E_)Ollrz\r}_)Oo ) r 2sgn(a)
N .
4, f Smr(m)dr <3, (0<e<N<w)
€
N _—ira :
e "™ —cosr 1 in
i -  dr=log— - — .
> €—>O}Il;fn—>oo € r dr 08 |11| 2 sgn(a),

6. <3+2 , (0<e<N<o).

N o=ird _ cosr
—dr
c r

—ira

1
logm
SERR. T e —cosr _ cos(ra) —cosr —
(R B,

1. X B R E o i Ak oy B AR 73 PR s R AR 73 A 45 “ RDE A6 17 (4505, T
cos(ra) = cos(—ra), LA AL a > 0. T2

N B N a N plal

fe costra)—cosry, f %( 1 (—sin(tr))rdt) dr=— f fl sin(tr)dtdr
Ja| N. B la cos(tN) — cos(te)

—fl (‘fe sm(tr)dr) chf—f1 ; dt
4l cos(te) "l cos(tN)

|a] |a|N
t 1
—f cos( e)dt+f oS! 4t S In—.
1 t N t |al

KB AJE A, 5T e — 0 FHIEHIEIUE R, 5 —TiX N — co FIBID 5 —H1E

JE T

X N cos(ra) — cosr lal 1

2 b bt | [ Sy < [
€ 1

3. XRHCEA A E I AR e R TSR AR B SR A [ L X a > 0, D

I(a)if SINY —ox g
0 X

isin(ra . e U RN
U9) e R PR B PR 1

< = 2[In|al|.

HE U SE HE, I(oo0) = 0. B4k
1

I'@) = ——,
@ 1+a?
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T2 I(a) = % —arctana, AIfi I(0) = . * XEtiE#H T fOOOSi%xdx = 5. Hk, A sin 277 B
#,
N gin

dr=sgn(a) lim —dr= —sgn(a)

€—0, N>oo lale r

N

sin(ra
lim ( )
€—0,N—oo

€

4 M 0<e<1 i, 2 S0 <1, SR | [ S < 1. $34b, BB R e A,

x|

AT%N AE € (a,b) 13 LLT 2T Az

b 3 b
1 1 1 1
f idaliad dx —f sinxdx + —f sinxdx = —(cosa —cos &)+ —(cos & — cosb)
2 aJ, bJe a b

X
= (%—%)cosé+%cosa—%cosb.
JIrPAKE N > e > 1, o7
fsmx ‘ __l+1+l<%<2.
B N ¢ N ¢
FFLIHER 0<e <N <oo, I | [ $B3dy| <1+2=3. . 0

EIE 2 BNERR. A T TR TAE, JATAT DR TRHIIEIERE 2 1. XHEE @ € SR™), H)™
SCEREUT Fourier 841152 X, UL R Q B RS (FTHSE S NES)

Q&
W) = (Wo, @) = lim f ) 9
_ (i)‘l (le)f (e *4ded
a 21 elil'(l) >|x|>€ |X| ]Rn(p € x

QX
(i)zhm (P(E) f Ln')e—ixfdx]dé

1>lxf>e |x|

. L —ir0-&
(so)4tim [ () f %ds@dr]dg
2117 e—0 R" € gn-1

% —ir6-¢ _cosr
f Q(0) f ———drdSg |dE
Sn- 1

n 1 .
(E)Zf]Rn(P(é) ot Q(G)(m—ilsgn(e-é))dSQdé

- <<§)¥ |, 00 (g~ Fisene-0)dsa qo>-
L] Timg o, 1) = 10), %58 | 822 (e —1)d| +| 77 882 e — 1) ], X J5— I, FUR H B4 10
Dirichlet #5lli%, BIN 78 73K, & ME =N, S HT— 31, FH Lebesgue #HIUSIE R, 0 — 0+ FERIHK
PRw e %,

I
—~
~ Al
NS
:
5
‘6
—~
o
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TR AN S ST R T Lebesgue S isie 28, Forh Fbl M0
|¢@xxeM4+mm+——MeL%R>xLRS"5
BIABES I (11.4). KHIEW T Wo = ()2 [0 QO) 5oz - Fisgn(0-6))dSe. O

3. FRERBEFFANET LV BFMHN—MRER

e

0 = 31009 - Q=01+ 51000 - O],
DL T2 8 C-Z BT DL SO B O, DL R B 0

FEIE3 (I ATRENE). % Q A s BE ST BT 0 To AEMKHET Ty AR

pp) B (1<p<o.)

A (ABREIETY). En>2 B Q% "1 LR85, &8 & &4 (11.1), #
H

cq = f 1Q(6)|log™ 1Q(6)|d6 < co.
n—-1

LRI R A FRYSETF To 2 (pp) B (1<p<o), LEFEHKESEH ¢ymax{p?,(p -

1) 2}(cq +1).

X AR Dini 2608, UEB AT L [12, pp. 272-278].

—  Riesz THa

NEBA A BRI SR AR E . BTS2 A R ST R
R LT FERS R, A s 23 T R AT VE 2 .

REN2. HEFRH 022 B Qi) = nfg, (=1, ,m), A Kj(x) = culy , M4 Kj & C-Z

¥ R SR FARD T Ri(f)(x) = cu pov. fRn = y|n+1f(]/)d]/ AR A % j A~ Riesz X #k.

AMER Y Qi 2 Dini 261 (ER w(s) <), FTELR; 5255 (1,1) Z4A (p,p) B (1 <p < o).
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1. Fourier 3&F

FEIE5. o RI ¢, = 2m)8 U2 Ak 4 R(P)(E) =

T(T

SERR. 1. HT Q) RAEA, HEH 2, RATH

(—) (——)1(2 )2

n+1)

= 1)[ Osgn(0-&)dSg = —1E
2

N R e — N85 0L, R 2R

f Oisgn(0-&)dSg =
gn-1

ARt X AR €] = 1.

A BB T, Riesz & #:#41 Hilbert i #:

- f(e).

G [ cudisgn(o-£)dsi

(n+1

n+1 ) f stgn(Q -&)dSg
sﬂ

€]

271% i
Ty el

2. IR R BB 73 XS A3 X B, 5 5 T T 4518 L

f sgn(6x)0;dSg =
gn-1

Fg b, Yk j B, BT 0; 78 SN0

0, k#j,
Jon11071dSe, k= .

0} L REAREL,

f sgn(@k)edeQ = f doS@ —f GJdS@ =0-0=0.
Sn-1 S"-1N{0;>0} S"=1N{0,<0}

3. BUE Ee S, A IR A =

(ajk) ’ /@E?ﬂa‘ Aé'] = (51152/“-511)1— = CS J‘Z‘ L

e
=

FAWE IR (1,8 EnT =& R, a; = & BHTT, R 5

f Oisgn(0-&)dSg
Sn—l

j;nl 6sgn(6 - Ae;)dSg = j;nl 6sgn(ej-AT6)dSy

— f stgn(ATG)deQ (1E2AE 40 = AO')
Sn—l

f (AQ’)jsgn(Q;.)dS@/ (20" 5 1%.6)
gn-1

n

fsn_l Z:‘-(”f'ke")sgn(ef')d% =) i fs ~_ Oksgn(0)dSe

k=1

;
ii 0ds 0i|dSe.
o | oo =L [ iojaso
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PTELAR T R IE

4. MHAA(11.3), 7

1
s d
FRED = f f nglsl >
\/1 —s sn -2 _
- f f Is|(1 —s2) 52 dst@
Sn— -2 —S
= Wy 2f(1—52) 2 ds? = w,— zfa—t) 7 dr
~ 2 d ~ 27_(;121
= Wy Ou u= n—lwn_z_r(”T“'
WEEE. O

TEN EIREE RN, FATIEY]

n
1. R" & Riesz T3 R, AKX AR Y RE=—I, b [ RISFHF.

=1

SERR. RO f e SRY). BN Ri(F)E) = —isd f€), Fibl

o no___ n & n |€|2 R R
2 27 _ 1D 7 _ ] _
;ij— ;ij—zl ahs =~ L=
J= J= ] J=
H Fourier 284 1) T 10 M 15 21 4518 O

2. N FZEA
EIB6. % feP(R"), (1<p<oo) B Au=f, M [ID?ullpy < cl|flly
SERR. At Au = f Fii2{F Fourier 468, [FRTTRLL Tol =it st/ 51

5J —iék 4
&

- EJ —i&y

2 —
s — (1EMag) =

— (9.

Ejﬂ = —T(a]aku) , Ejﬂ = 7’~(R]'ka) ’ F):FU\ 8]'8ku = —R]'ka . ?% ||D2u”LP < Cn”f”LP . lﬂf

ke, O

XAGE IR B L I IR E R AL AR WP BRI R LTRSS T [11]
=

FTF H Newton 117 K fi# Poisson /7 R IA] &8, A IE N — B2 1E4IN 4.
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= Hilbert T
AL SR ) 35 5 5> 5 — Hilbert A8,

EX3. iR ECZMK(x) = @1 L g b FARr T

H(f)(x)_hmHEf(x)_hm flx— y y dy

Iylze
#% Hilbert % # .

1R ST K(x) = 221 Jy9c /2 C-Z 1, A Hilbert ¥ S R MR S48 2 55
(1,1) BRI (p,p) B (1 <p < 0).
EIR7. Hilbert % 4% % HF(E) = —isgn(E) £(E).
MERR. W K #E T SR B0y WL R R4, BEREHE, YHER ¢ € S(R), #RAAL

(W, Py = (W, (p)—hmﬁfll —(p(x)dx

e—0

— ix-&

B }II—I}(I) Tt ‘£<|x|<1 X f (P(E)e dédx

— 1 e ix¢

B ll—rf(l)ﬂf@(é)(\fe;xk— dx)dg

= lim—f(p(é)(f —[cos(x-é)—isin(x-é)]dx]dé
e=0Tt e<lx|<i X

= lim— f o(E ( f Sm(x"f)dx]dg
e—0 T e<lxl<l X

—2i ] € E
= lim Rﬁo@"(fe = )dx)dé

-1
- 2 [ o Fsenene
= (~isgn(&), P(E).

Kt W = —isgn(&) . iELE. O
H_ R THRTFIEE, FIF [—isgn(8)]? = -1, A& &7 H? = -1 Bb4h, B2 T, T, T

[¥] Fourier 2§43 73129 m(&), m(&), m(=&). FrbAXt T Hilbert &4, ii5r. H* = -H, H' = —H.

S % fe LIR). E#A: # ki Hf € LNR), WA [, f(x)dx=0. O
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o B Hf = —isgn(&) £(&) RELER L, WL £(0) =0. B Fourier 25#t
& R4

2. % f, xf € LAR). iE#A: F R [, f(x)dx =0, Il Hf € LI(R). O
MUERA. FIH

[inac<( farewwra) ([ g <cdsl o

AT f e LY(R). B1F Hf € L2(R), X FEFIE x(Hf)(x) € L2, 8 xHf = —d:(sgn(&) (&) € L2,
MTIXH £(0) =0 & dcf € L2 (B xf € L2) 7] LURAE. 5 0
Hilbert Tt 5 £ 4 sk HuA & 0]

Hilbert 484 54 40 s BOLE 17 VA & B VJHC R B8 T Cauchy-Riemann J7 F 20 1E
EFIH Q={(x,y) € R2: y >0} {9321t il R

Ju dv

g - a_y - 0/ %E Q W/
ay = =0 EQW,
u(x,0) = f(x) £ 0Q F.

FATE KA % ) Lt 2 AR B BORR, XA T TR AR F(2) = u+iv, z = x +iy 15
2 z R T (B y — 0 1) HSEES u (FEREA RN T) W8] f(x).
5 Cauchy FA7) € # 5 K, FATH

F()—— &dtl > 0.

RZ—t
TEBIXAS B Iz > 0 AL SR A E S, T HLR T DU AR - A2 . N IRAIE F(z) 558
JE AR (11.5) .
B, IR F(z) MRk, RARMAL £ =0, B Fz) &4 404 FTl C-R JAR4LAL.

Hk, BT

i f(t) i x—t—iy
F(Z)_; ]Rx—t+iydt_ L(x t)2+y2f

FIrA

iV

EN dt = Py * f(x).

u(x,y) = ReF(z) = J f =
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FMZXE Px) = 1+ 1x 162 —4ETGIE I Poisson %, X MARAE AL Hml 2 Py (x) = %P(%) -
ryr PTRAHDEIE S PR S i S WS R %, Vf € P(RY), 1<p <oo, LR

JUFAb A i SCH AR BT

limu(x,y) = f(x).
y—0
XA 1 1 5 AT AL
R LR e T

ot ) =1mr@) = 1 | = Qe ).

XH Q(x) = 725 FROAIEHE Poisson %, HMHAEAZ A Qy(x) = nyﬁ - MRERK
FEE, v(x,y) 2y — 0 RS EIRERNE SO RISk, ABAMRBR 2442 BARIXA
PR NIZ T f R, I8 A TR E ML AT A2

ERB Q AET LIR), ATARER FLELTIESE. LA L i@ % 20 A2 B0 2 W

fr.

5. Vf e LP(R), 1<p<oo, £LP(R) AIJLFAAF & L T AR Z € — 0 B
Qe f(x)—Hf(x) = 0.

WERR. R Qe f(x) — HE f(x) R RABE—ANSCSICE 2 1A B a6 AR -

Qe* f(x) —H f(x)

1 x—t 1 )

- _fﬂ;(x t)2+€2f _;Ltbeﬁdt

1 x—t L1 £
} _Lfke(x pprel Ddrt Lﬂx((x t>2+e2f() )

1 t / 1

= gen f)

K e = 29(2), T
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= Hilbert 7 #: 55

RANET LUR) B7T 4L, FTLL fo p(o)dx = 0. TR

lz%”%*f(x)“mm) =0.

N T U] RS, R R

1, <1,
W(t) =

1
@y H21

& Y ARSI LY AR R K. BT DA R RS SR R R BE R Qe+ f(x) —
Heé f(x) = 0 JLTAb b T, i . O

A HE X RLFIRR BT B 7255 (p,p) B, AT HE f(x) — (Hf)(x) theE)LFAbAb
L (1 <p < oo) B X FROL, AT T 4518 X f e LP(R) (1 <p < o0), MJUF4E 48 A&
Z Qex f(x) = Hf(x). ;eI (1 <p<oo), Mz MIRAE [P(R) & LT k. Wit 2, b5
ARG IAAE f AR A B B E Y A sk B B89 R 3R89 A 15T H .
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B+ SDBUXFPETS Newton i#

Poisson J7 FEAE w173 77 A2 IR AN N B o B -+ S b AL. X T2 AR AE = J7 1HI.
T, VB AR R BT SR R T R 22—, e (R EE A Bl T3 4R AN BT 70 58 A 4% ) 1l it Lk,
Z HE WAV TR, 40 Navier-Stokes 724, #E S H Laplace 515 =, £
T A T B R 75 SR Poisson 7 A2 ERRAE N TR, fEX—3F, TA TR 20 BURFR 4>
HF A AR B ER, B8] Newton £ #5245 HH T Poisson J7F2 R, FF H O AT
LP flivh. Aoy fgRs, 1IX BN S50 KOTEER T 2 N .

& R" 7 Poisson J5 &

Au=f.

HFIH Laplace H¥ A, u T LUEE 41T Newton £ #4387
w9 = [ Na-pfy,

XE (wy £ R PERALERIER, nw, 2RI

L In|x| n=2
2 7 4
N@x)={"
-1 1
n(n=2)wy |x|"=2’

v

n>3.

TATE W 458

EEL ZQCR RERER, fell(Q) (1<p<oo), M Au=f HMu=NxfeW2PQ),

CARILFRA T LT iHATA. I, BHEAERRMT n, p A |Q| 49%F & C, 47

lullwzp ey < CHfHLP(Q)'

T N & VN #ET L (RY), Bl f BRI, u = N+ f A Vu(x) = VN * f(x) #
BOCCEATR R 2 — R A A 55 a SRR 57, SO B By E
FERF] V2N AUR T Lioc(R™\{0}), BT LATFEL u 1) i S8 D?u Wi 4151 N33 5 A1 57
NHE SN BB T T, ReESaR o 2 ERGIAN. RIE5GPRa e
AT LAUE e B 1.
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FIF Fourier ZFHIITERR, Af = —ERF(E), B —Af = (ERFE)Y .

XA #R Laplace 5+

B9 AHATA KT S Newton {1 %
— DBRRNET

—A)2f = (EFF(E)Y = (IEF)Y + f.

B SRR, B (—A)Y(=A)F = (-

A)OrE N TIRATSUER (1EF)Y =

Xt zeC, ®ATAE

Chzlxl™2 N T

PRAE |x ™ e L (R") H. [EF € L] (R") (£ s BY), 5K Re(-n—z) > —n, Rez > —n , Al

—n<Rez<0.#H%z=-seR NERO<s<n.

BEE6. (1517 £(£)" () =t Jpw i dy.

MERR. A AR S B e, AHEIEY] & # 0 I s arsE

f e MNP A3 1g) = |€|‘Sf AT =TG/2eT
0 0

TR, FUZAR (10)” = e’ x0”, BLE ()" (x) = (&

Cus f eix*f( f e‘MéFA%—ldA) f(&)de
n 0

(T £(E)Y (x)

/2 L
)Ce W4

- f 131 ( f el e MR fi(5) dé) W
0 R

(©e]
= Cn,sf

0

(o]
= Cn,5f A

AT fa (e MRV () dA

Nl

f e H dyda

NI

2
- o [ S f 2 daay
Rl’l
s _ _ 2

= Cngs f
RVI

= Cpgs f fy)lx -yl dy.
Rn

KEE MR- NESHM T (12.1).

ENL. A L f(x) = (~A) 2 f(x) = Cps f]R o

— yl”l—s

) dy O<s<n)| A f &%

(12.1)

> HOR R, [AR
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(p,q) BUEHRIRE A IABAERN B SH T8 (LP(RY), LIR™) A5 BT %
FEFFIR s—n KM, B REIEIE R” FRGE 250 (15 £)(x) = f(0x), 6 > 0 KWfETET (p, q) 751
JEIR BTG A T TR T BT R R 1, SRR S i 7E 2 A A B 2 LT (p, ) BUARBRAOYE
B, 2B 7055 B 23 7 R 0 2 8 i et ) A R0 V.

SHBAEAR e (05 f)(x) = f(Ox), 6>0, HEEHHA

(mg-1Lsmts f)(x) = jﬂ; |x y|n- sf(éy) y= f — Syl Sf(éy)d(éy)'éln
= 6_5‘[1; fe )_ dz =07°(I; f) (%),

n |x—z|ts

LAK

s Al = ( N If(éx)l”dx)p - ( N If(z)l”dz-é‘”)p =7 Il

FITEL, K Is 52 (p, q) B, p # oo, g # oo, BLALAL

n n sph_n
s flly = O°lims-1Lsms fllpa = 607 |Is7ts fllra < Wsllpp ra 0°07lImts fllr = sllp pa 0™ 7 Pl £l

HEFIEEE X 6 >0 AR E M, X gk s+4-8=0, i

= |-

:Im

N
q
<p<

|—=

EFE2 (Hardy-Littlewood-Sobolve fE#E). % 0<s<n, L felP(R"). R

A

s
n’

=1
p

=

l)@mWKCMWMJW“'M%hm%@ngi(gEMmmmf%mm%
Littlewood S K & #k.)

2) Fl<p< g/ 7 s fllza < Cn,p,s”f”U’ .

WERR. 1. AWK f(x) > 0. 0

L = [ oty = [ oy

1
—x_)+f —f(x—y)dy =1+],
jh‘/lSr lyl" sf( Yy e ly" sf( y)dy
$oft > 0 AR IS

% 1,0(}/) = M%lelﬁl ,

1 1
X<y =7 |y|n—sX{|y|Sr}‘

Pr(y) = —1/1( %)=

r”l |ns



160 S+ 2#AR L HE T 5 Newton (L%
LT = 7+ f. S A TR L1 ATR R 5, 4

=7, f(x) < CPMcf@IPIL = (CasMef(0))r,
2L\ 3 2.

2. XEUY ], B Holder A4, (b2 + 5 =1),

v

1
p
] = f ——flx—y)dy < ( If(x—y)lpdy) ( f ly|~ W dy)
ly|>r |]/| lyl>r lyl>r
~ —(n—-s)p’+n-1 F% s—2
C”/P,S |f(x_ y)lpdy A p dA = Cn,p,sr P ”f”LP-
R” r

KEATE— MRS, fE n—(nm-s)p’ <0, Bl p<n/s.
3. 4k, Lf(x) < Cusp(rMe F@) +7 N fll). B 43 PR flly = PMf(x), B r =

(7 }ﬁr(x))“, FIRCE

1
I

IA
=

M. f(x)
1/l

FE R H-L RS T 989 (1,1) B4, EONHE (6.3) X, AHEEHESR W [ 999 (1, ;%) 2.
4. M 1<p<u, M H-LWKE T (p,p) B, A

1 0) < Cong Mef ) ) = CuspllflMef .

s f (0)llza <Cnsp||f||Lp (f M, f(x)! qu) ,

ﬁ‘ﬁ(l—%)ﬁ]=n sp( ) P 2
ps q ps £ po E
ILf(lls < QWMN&([A@ﬂ@Mﬁ = CaspllfllpIMefllfy < Caspll A IFIIE,
P5+P
= Cnsp“f”Lp Cl’l,S,p”f”Lp'
EEE. .

HiL1 HQCR' RARRHM, felP(Q) (I<p<oo),u=N=xf,6 N

lullr ) < Cp il flir,  [IVullr) < Cp il flliy-



Z FRERBEFRASE TN HE 161
WERR. 1. ¥ f(x) FERF R . KN Q| HIR, H Holder 553, f e LPNLY(RY). HEAMRHE
X, u=N+f=(=A)"1f BIRT s =2 MIHEBIRBHT .

2. B 1<p<n/2. WU =12, W g>p. th H-L-S @ HATH u € LIR") , Ak
S lullr@y < Craypx llliaq) < Ciaypn lulliawey < Cpgniill fllr@) -

3. Wn/2<p<oo MLIHUEFR r 13 L=1-2 0 p>r FIAH HLS @B

1
p r

L'(Q) < Caypn ”f ”LP(Q) :
4. MIEE N, Vu=VN=f = (- A)‘if FERTRET s =1 B EIRA 3 . Bt AR 45
1< p<n Hin< p<oo ﬁﬁj%ﬁﬁ, gtn] LLE R ||Vu||Lp(Q) < Cp,n,|Q|”f||LP(Q) . UEEE. O

lalloricy < Wallorey < o || Fll ey = G 1

— FREREFRANPETHNSH

W K e CO(R"\{0}) ZFF K 1—n IRINREL, WAMERTEA T IRERFIRE Qk), B
mM%ﬁmﬁﬁswrtmcwgﬁcwmﬁ%,@%szuﬁﬁEyfgﬁﬁﬁwn
K(x) € Lioo(R"). 1E x # 0 Ab3K S, M| VK(x) € C®(R" \ {0}) N5 —n &, BT LA VK(x) 785

A VERR, ANFE Lo (R") BRI

B K R nr i, 20%) f e CO(R™) AT LLE XU H T R(x) = K= f(x) , B
B H2 9j(RA)(x) = (9jK)* f NERAL (K 9K A2 Jai rI AR, J5 — R0 AU, B AR 5
ANATREFIAR 43 0 7).

A, B SRRSO, JATA

Rf(x) = K f(x) = K(z"f) =(K, ©*f),

BB IIUEETE 1, 9j(RAQ) = (9jK)* F() = @)K, T°f) , i BIELIF—A 9K R K5 j A
SRR ST RO S8 !

WERX—Batigrh, KEERANERIX 7 0K 2GR K ) LR HL, 152 43453 3CT € UAE R\ {0)
ERIbEEE



162 B+ AR SHEFE Newton fiL #
T K. % ¢ e COR™), B4

ik, )= (K )= [ Kodpdr=lim [ Keopida

|x|>€e

e—0

= lim( fl i Ij(K(@)p(x))dax - " 8]-K(x)(p(x)dx)

= lim(f K(p-_—xde) lim diK(x)p(x)dx =1-].
|x|=€

e—0 X e—0 Ix|>e
TR B =55 ROLEM A T Lebesgue 7 il Y SUE P,
NS AR T R fe] f T, LK K IFRIR 1 —n k1, WA

I = —lim K(ye)y] (ey)dSy:—hmf K(y)yjp(ey)dSy

e20Jly=1

(— fl l_lK(y)ydey)(P(O)=—Cj<5r ®),

=
i
o

Cjzflle(y)ydey. (12.2)

XFFRT RN IR 1% 0K (FEEIXE ) FRR 2 M SN 3L, BTl 0K 25
AN ), T E PR E A A C-Z .

x

|

\

0.%%%%&%%&4;

EH3. it P=9K TAF k), i A X P(x) =

f P(x)dSy =0 Q(x)dS, =0.
lx|=1 sn-1

HERA. 1. B K RFIR 1—n 4k, BT K(tx) = 17K (x), Fisinst x; 3RT, 25 5 545 9K &5+
—n IR BT LT i B 25 A AT

2. FTHSGAEE KA. BEAEGUREL p(r) i 2 p(r) € C2(R), suppp C (A,B) C (0,00) .
HH AR E 2,

_ ‘ _ , ﬁ | _
0= L<|x|<B aj(p(lxI)K(x))dx j];n P (lxl) Y K(x)dx + jﬂ;n p(x)diK(x)dx = I + .
X5

I

f f p'(r)0K(ro)r"1drdSe = f f p' (N0 "K(O)r"1drdSe
sn—l 0 S”_l 0

= f 6;K(0)dSe f o’ (Nr~1dr = 0,
Sn-1 0
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3!
L - f f oK) drdS = f f p(NAK(O)r " 1drdSg
sn-1 Jo st=1JJ0
gn-1 o T
i [ 22dr#0, FiLl [, ,d;K(O)dSe =0. i . -

KAE—OR, T RH oK A A PR R R SR AR RV 26 A, et e 1A LR s

W(;],K =p.v.diK:

(W, ) = lir% diK(x)p(x)dx = p.v.f JdiK(x)p(x)dx, ¢ e CZ(R").
E— R"

lx|>e

FTLA
J=(pv.diK, @).
BEAMER T [xf = 1 B Q(x) = P(x) = 9K+ (x), AT B K FIOEHE, Q(x) BRI H 6 e %L, 1
#& Dini Z&fFOL. BTEL 9K 24~ C-Z #%.
Lx Lo, AR BIES LR LT,

8]-I< = p.V.ajK + C]'(S,

X SRR SO R, A o IR 2 i SR G B AR SRR A, B I
& Dirac MPE. FATE 2N SCeRECS HoT DUE 4 s 20 m ok e 23 4. X LA S 2 T4
P HOE REVER, M0 SR B BEAT B ME IR T (e R ) Mg ). =, Xt
Rf =K= f, ZAHFH] 1 73 fif:

di(Rf) = (@iK)* f = (p.v.diK)* f + C;6= f = p.v. (djK)* f + C;f. (12.3)

B (p.v.dK)+ f B HIEE 0K B2 H97F SR BT

= Poisson FFIEHIKE

FHYIE u= N+« f 28 Au= f BEH 9500 < Co o
B, X n > 2 HORT

2 1u(x) = — f I3 ey,

nwy Jre lx—yl"



164 B+ 2o EFE Newton fi #

FTLL K(x) = Kj(x) = O;N(x) == -1

nwy |x|™*

AR O, R EH H— IR EIL, A 1 407
8jku = pV(aJkN) *f + C]kf
PR,

o Lk, REMIPFEE oK, = ZLI0E TiHEI(12.2), K

wp |x|"+27

1
Ci= f x:xpdSy = 0.
jk naw, et jAk Uox

ic T]k N C-Z #% akK 8]kN Eﬁﬂiﬂﬁé#%u/\ﬁ¥ BillE78

Iju(x) = T f(x),

TR [lojull < Gl
1 1 x2.
o Mk=ji, RAMISHGF 9K, = P__ j

EHE T R R
x3dSy. FTEA

x|1]

|x|n | |n+2

Ty B T 0K, oﬁﬂfﬁﬁﬁ%ﬁq]
8]]1/[(3() = T]]f(x) + C]]f(x)

AT 18 D20 e LP(Q) FLSZBI AT DA B8 (|0ju]|,, < Co||f]

LP’ = ’...

Y Tjif() =pv.() K+ f =0.
=1 =

F‘ﬁ PAAu = ’]-1:1 8]]u = f

ZAFRATRHE N 1 E B 1 AUE]. 8L e REGR”, £ RN T R 5
JiRE B RS RN A R BRI R SRR, AT DGIERE 1 IR A LP A TE S —
F2 ) B e B TUEAT S £ 2R B B R R AR T, X AN AN Schauder BEig—#F, X T-iF
FOWAIR L5 A AR EE AR .
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M EE=EZSTPiINA

Poisson J5 &} Newton 7 A 7 &I HIE T A, & v = (v1, vo, v3) &€ XAE R3

bR, B R R

divo = dy, 01 + dx, V2 + 0y, U3,

=
&
R
Pt
ar
1]

curlo = (dy,v3 = x;V2, Ox;01 —0x, U3, Oy, V2 —0x,01).

HIUE, Jig JSE AT [e) 537 22 T) BRAL AR B g 1E 5 5

| V(divo) —curl(curlo) = Ao. | (12.4)

ERHTXANRAR, MFATA CLAH R &3 808 e EF1E B, (B & i 7k, @
i Poisson J7 F& 3K fift HH [\] &7

R 7 F2LR AR R
Ve B AVREG, 25 RR AN — ik e iR [ L 7 PR 40
curlo=w, divo=0 7£ R® W, (12.5)
Hm gy wix) € R® B0, 1M v(x) € R 2 AFR .
EI4. ZwelP(R R (1<p<3). W (12.5) AL HAE £ L HHELTRL
divw = 0. (12.6)
&L Xz, W v dde T 77 XA 2
v = —curly, (12.7)
HF &2 K Y & Poisson T AR

AY = w. (12.8)
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v(x) = f]Rs Kz(x—y)w(y)dy, (12.9)

A Kz & 3 W41

1 xxXh

R Vhe R3.

Ks(x)h =

IERR. 1. B (12.5) BRI 0. - TE% diveurlo = 0 757 LM ST IH
L, BT AL AR EE R div = 0.

2. R, 3 (12.6) oL, IATER, R (12.7)(12.8) Wi I v & (12.5) KIfE.

5, FIH Newton {7 #A11E

Y(x) = ﬁ YD 4y e W2 R,

]RS |x_ yl loc

RHZRAERA 5 RS, R G B, 9t B4 3] (12.9), 36 H. 0 = —curly € WP (RY).
FAEZ R div(curly) = 0, A E] divo = 0.

3. #E—BFHERIE curlo = w. L, XF ¢ A (12.4), REZIEY divy =0. FE L, It
i w = Ay = curl(—curly) = curlo.

WIS T RS, AR E

1 1 1 1
divi(x) = 4nf Vx(w)-w(y)dFEfﬂjy(m)w(y)dy-

FIH A divw = 0, WHER ¢ € CP(R?), #BKAL

fR Vv w(y)dy =0,

(RERE Ly KA y A CPR) 1, T B e RS A IR BT I 3l 2% v, 7
THiRZE, YR ZE AT AP BT/,

AL EINBUETE [0, 1] BT R EL @1, @2 € CF(R®) {13 supp @1 € R\ B(0,1), supp g, €
B(0,4), H#E R\ B(0,2) - @1 =1,7E B(0,3) £ o =1. TRM TEEN >0,

4
supp @1(x/e)pa(ex) C {s <l|x| < E}'

RAZEHI {26 < x| < 2} E gi(x/e)pa(en) =



W A 16 & 37 AT B AL A 167
(e(x—y))

PR T s i , g PO/

=yl € CX(R?), FrLURIF diveo = 0 7£)
BT HE, B

f v (@1((96 ~y/e)pale(x—y))
Y
R3

o )-w(y)dy =0.

HHEEIRZE, M Leibniz U FE E AT o8 BN SCRK A,

1—i((x—y)/e -
f Vy( P1((x y)ié)@z(f(x y)))w(y)dy'
R3 |x ]/|

[ ey, [ el deely,
(i<2elully=3/e) 1Y fe<iyi<2e) €Iyl Bayisdy Iyl

=

IN

L+ +]15.

X, MAER 2 UERIEE 1, 2 BT (B n =3, s = 1), 135

3_
I < CMcw(x)e + Cpe? ewllpy -

il

HEIX T E p <3 WM X L B8R40/, X I3 il Holder A48, 5152

1
I < 2 lw(x —y)|dy < CeMw(x),
lyl<2e

Is < Cye lwll» (f/grz_p/ dr)””' el p=3r2, =3
3e Coe 7 lwlly, p<3, p#3/2.
T L B ST
L+ + 13 < CeMcw(x) + Cpgg—l ol

HF Mew(x) € LP, Bt AT LA B x, Mow(x) A BRI T 255 2

im [ v, (1 —p1((x—y)/)pa(e(x—y))

e J-way=o.

e—0 JR3
XFUER T divy = 0. UFEE. O
SIER 1. A (12.3) #1 (12.9), iE FA

1 w(y)xh i{[(x—y)Xw(y)]®(x_y)}hdy+1w(X)><h-

Do(x)h = —p.v. - e x—yP T n o=y 3

X B (z@w);; = zjwj, Bl z@w =z"w. O



%+ HHRBEHET 5 Newton 1%

168









£+=i# BMO =[d (—): EXEFHFRSEFH (L~,BMO) &#

Calder6n-Zygmend #5540 5 FAR & LO(R") 3 H & FESL R T, XHt ik
B RE LG T TR 10 0 R T IR . A, X EA A ST AR R R0a A, B BMO(R™)
[REAE T, HEUERA C-Z A A M L™ B BMO [PESEE. BRAE T o 7 72 H 18
b, BMO A0 T ARG AR 7 7 AR BT HR B K e e s BRI

— Sharp R AEF5 BMO =g

1. Sharp RKEF

B QIR s, 3 f Ll (R, 2 fo = o [ fdx| 4 £ 1 Q LTI B
Q

.1
for15 fQ £~ foldx

A fAEQ ERITF 3RS, 35 XL f ) Sharp W KEECA fA(x) = sup fo, B
xeQ

P = sugliQI fQ )~ foldy.

B R AR x BT RIS, RS B f — fF i Sharp # KT

A1 (Sharp WK HTHIMISNEIR). (@) & X F s sharp K F# fA(x) = sup fop, FF
QUx,r) Avhx Kb, r ik etk M fix) < fhr) <21 (). r>0

(b) 3 xeR", A fi(x) <2Mf(x), iX 2 M % Hardy-Littlewood # Kk HF. # # % 55
(1,1) &A= (pp) B (1 <p < o).

© (fDH) <24 ).

WERA. 1. Wtk Q A x, H Q LKA r, 1E Q= Q(x,2r),

1 1 )
@fglf—fgldy < @Llf(y)_féldy+@Llfé_fddy

27’l
= fQ 1f = foldy+1fp— fol
2" () +1f5 - fal.

171

IA

IN



172 F+ = BMO =i (—): EXRFFMRLHEFH (L®,BMO) &

H—J71H

1 1
‘@ fQ (f(y)—fg)dy's@ fQ ()~ foldy

Z _r n 4
< = fQ () - foldy < 2" i)

fo-fol

BT LA 2230 B AR A (x) < 2m L oo T R (v) < Fh) 2 AR .
2. SHMEER—NMEE x WK Q, BRI A

1 1 1
@Llf(y)—ledy @Llf(y)ldy+@f|fQ|dy

1

= MFW)+Ifol <MFO)+ fQ Fw)ldy

IA

IA

2MF(x).

FIFEA F4(x) < 2Mf (%)
3. R = AL, s
1
Ifal=1flo| = ‘@ fQ (|f|—|fQ|)dy‘

1
= fQ 11— folldy

L (- b
< |Q|fQ'f foldy < F).

IA

1 1
" fQ IFI-Volldy+ fQ Ifol - floldy

llﬁ fQ 1f = foldy + 1fal = Iflo
24 (x).

|1@ fQ F @)= Ifloldy

IA

IA

m
SRR 1. AR AR LB 4 8 Sharp % A B %K fg (R = X+ 77tk Q #& 43K B)
SEFE— L EHAXFE MR E N Sharp RABEEFNH: FEFH ¢, ¢, £7F

cnfH(x) ng(x) <) fh(x). O
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2. BRFIRENF K ZEE BMO(R")
E X1 (BMO(R). % f € Lioc(R"), % fH(x) € L°(R"), WA f A A J-F %35 & 4 (Bounded

Mean Oscillation, & # BMO F4&). BMO & £k &AM i 89 &t = 18 48 A BMO(R™).

E. 75 BMO B Bl U85 1| £ llamo=l f* lleqrey, BLEIES Ky

||f||BMo=sup|1@ f £ foldx,
BB L FAEAHER i Q . TERCEL | £ lpmo=0 = £ RHHE FF DLAE B B LT
o 4L, i 7E BMO BACK T3 NS “fi ~ fo = fi— fo= BHC I, IHiswo
SR IR SR FTBLRRATI40%, BUR FFRR BMO 23161 5B bi i 0 2,
BAE_LIRVEECT ORI 4 1 25 1.
Bebh, A 75 3 st X, A BB Q HONER B, BF A B S .

ffl1. L*° c BMO(R"). AR A fA(x) < 2MF(x), 2 || llano < 2)|f]l -
f52. WI(R") c BMO(R").
WEER. SE[RMZEK B Poincaré A%
B EHH CAEFST R PHEE R Bx,r), & ue WP(B(x,r), 1<p < oo, N
It = up, ) lLr B, < Cupr || Dut|lp B, -

P F u e WHI(R™) ¢ WYL(B(x, 7)), FIF 124N AT Holder 452X, k45 2

1

|B(x/ r)l B(x,r)
Cyr
|B(xl V)l B(x,r)

|u— uB(x,r)ldy

IA

|Du|dy
1 1

C”r(f |Du|”dy)n(f dy)”' (G 1+l/ - 1)
r B(x,r) B(x,r) n.-n

1 1

- ) n IDul"d
rn—l( ) B(x,r) Yy

1

cn( |Du|”dy)”
]Rn

IN

IA

IN

Cnllu ||W1,n(]Rn) .



174 %+ =49 BMO %8 (—): E X F#FFM4HEF8 (L°,BMO) £
FEIBXT x € R" Flr > 0 BU LA I, J-FIFHAEH 0 Sharp #)% K 28 £ AT 4 o0y Sharp A K R 2%
il (HDIF_ 1) FUERA 7 | u |[sMo< Cy || u ”Wln (R") - O

AL E SCHAE— G2 BMO B, 5 Bt EAERE TR BRI -7, 1K — AR
PR A%, Dyt FAT4s T e B

EEL & feLio(R"), W feBMOR") & A#& C>0, #it& Q, A& ag € R, 1£47
1

<2C

SE. 1. = Bag = fo WA [0 <
2. . H,

|Q|f|f fQIdx |Q|f|f aQIdx+|Q|fIaQ—fQIdeCHaQ—fQI.

S

1 1
|fQ—uQ|—‘@L(f—aQ)dx S@Lv—ﬂddxﬁc,

1
JLh @fQ |f = foldx < 2C, B ||| g0 < 2C. O
f513. In|x| € BMO(R"). 45 #l3b, L® & BMO#) A F = ).

WERR. 1. XFER B(x,r), 24 |x| < 2r i, BUE ¥ ag = Inv, 50A

1
|B(x/ r)l B(x,r)

_ G ( f
" \JBo,1)

= cnf |1n|f+z||dz:cnf Injxo+2zlldz (X xo = 2, |xol < 2)
B(0,1) B(0,1) r

[In|y|—apldy

|x +rz|
r

In

dz) (XL y=x+712)

r

- cnf Inlyldy (y=x0+2)
B(JCO,l)

3
Cu f lIn|ylldy = Crwy f |Inrr"~tdr
B(0,3) 0

1 3
= Cyhwy (f (—lnr)r”_ldr+f (lnr)r”_ldr) <C.
0 1

IN
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2. x| > 2r I, B B(x,r) CBIFFEL, Inlyl FZ0 Infx) 360, HTLIEL ap = Injx], #i4

1 f |x + 7z
|In|y| —ag|ldy =C f In dz
1B | I r) J It B(0,1) ||
- cnf In|> + Z| dz:Cnf Injxo+ —z||dz  (x0= )
o1l Xl x| B(0,1) |x| |x]|

r rz
— G [ by (v )
BTN R ]
< C,sup sup 6‘”[ lInlylldy (FEAE B(x,0) LT [Infyl| < 1n2)
lxol=106<1/2 B(x0,0)
< CnanSupé_”f dy
5>0 B(x0,0)
< C.
2% b, ASHE In|x| € BMO. m

xR HE BMO pR A SR RUACER, BRI LR A 3ATT 70 A L BMO R0 — .
N HEATUEY] BMO %2 8] (1 78 4 1%, 3R] MR b8 0 BT (K 4518 8+ BMO 23],

EIE2. BMO = 18] 2 4 £ % %% 8 Banach = 19].

ERA. BATHRFUE e &M 1% {f0), & BMO 7 [i 1) Cauchy 41, ZIEHFZLE f € BMO
B 1m0 g =0
1. H Cauchy #5E X, W{E& € >0, fF/EN, Zm, n> N K, || £ — £0 |lppmo< €. K551

(|| £ |pno ), —BUE 5. 11 BMO FEHH5E X, ML TC R,

|17|fll(f(n)_f[(n))_(f(m)_fl(m))|dx <e.

FFLL (£ — £y g LY(D) 11y Cauchy #1. 3% B BTERE N 5 T %,
B LY(D) I 5e & tE, 72AE fl(x) e LNI) 161324 n — oo BELE LI(I) T

£ FO) s gl (13.1)

B: SRR € > 0, 776 N/ (RIS T 1), 6454 n > N B, [0 — £ — flidx <e.
2. FHHIENRIR RS W ] c R Ak, HIc ], Wik LR #EE, 777E e LY(J) c L),
H¥n— oo i, 78 L1(J) W or

£ _f](") — fl. (13.2)




176 F+ = BMO =i (—): EXRFFMRLHEFH (L®,BMO) &

I GHI (" = f), ERAG. HE L,

1 n 1 n n
T [ - < o [170- A

Jl 1 ny_ g < e oo
< g A Y lvos €. <

FTARE 6 R s T IEE 55 W51 (i, 1643 £ = ™ > Cpp. 1T

57 =)
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), vnay>a (146)

VERE QF AMRELSTE Q 9; BRI QF IIFELERE B 1Q,] < oo {RIE.

EAE 1Q)) RFTH x € Q0 X BIHOWE 2 (14.6) IBA 7 (RIS T 3t Rk 1
AIE, et FLAELS, BT MR ACHE, 7 (2 I T A, BEah, thFA Q)
15 Q) 1, AR UQ; c Q. B, B xe O MEATERA Q 2, B Q) cUQ;,
B LA

Q) = U]Q] .

HERBIROL (x e R" 1 Myf(x) > 24, fAx) <yA}cQy, ATIEW (14.5), Filf A ZHED

{xeQj: Maf(x)>24, fix) <yAJ| < CaylQ)l. (14.7)

AP T jRAN AT LS B (14.5).
2. BUERE j R x € Q1513 Myf(x) > 24, A fA(x) < yA. FERFIE

1
Maf () = sup fR Fbldt = 22) (148)

, ERRFRER L x A R R BUN. B Q;NR# 0 (B x), A DUARYE 2t )7
PR E X, XK R 8 B Q) BB WALSE Q; .

B (14.8) P E#AFAE R IR, 45 R B8 Qj H R" # Qj, MAK: (14.6) 1 QF #fft R’ &
FKIBARSL. X3S Q) B APET . BT BAL AL R € Q;.

XRE—OK, FATATLATE (14.8) s f #efil frq, TASSAEILAE, B3 T

Ma(fxg)() > 2).
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3. i Q AR AR Q; K HIL K Q) MifEIIARAS —BEJ7 1K, &2 ME— 3
. FIH Q; HIRRKAE, T

Ifol < Iflg <A

1 = A A e U 7
M((f - foxg;)®) = Ma(fx)@) ~Ifol 224 =1 = A,
X R RA T T
fre Qi Myf(x)>2A} cfreQ;: My((f - folxg, )x) = A}.

AL E B EE, R My H55 (1,1) 2, st At

IA

freQi: Mil(F-foro) =) < fQ 1)~ foldy

C2"Q)l 1
101 )0 ~faldy
ci0)

IA

IA

FiE), veeQy.

n|Q]

x€Q;: Maf(x)>2A, fAx) <yAll < (yA) = CuylQjl-

2. Sharp R KEE

TEIE5 (Sharph KEH). %0 <pg < oo, W] Vpg < p < oo, HAF £ Cyy p AT X Myf € LP0
AR R AL f, ARax 2

M fllr ey < Copll Fllrge)-

R "My f € Lo Hibg T AR W HR AL, LIRS0 2 A 2.
JMERA. 1. X N >0, 5& X4

N
I = f p/\p_ll{x e R": Myf(x)> A}|dA.
0



194 %+ W# BMO =4 (Z): John-Nirenberg 7 #2 f1 Sharp 1% A & #
M Maf € LV, Iy RAFRIY:

pNFP~Po PW

N
Iy < f poAP ix € R : Myf(x) > AJldA < IMafl75, <
0

2. EERATATEASS Iy N
N

Iy =29 f AP e R : My f(x) > 2A)1dA.
0

H Good-lambda fiit, xS 3]

IA

N
Iy < 2 fo PP e RY s Myf() > 24, i) < yAlIdA

N
o f CpAP e R FAr) > pAlldA
0
N

2PCpy f i pAP{x e R": Myf(x) > A}ldA
0

IA

N

4P f TP e R ) > pANdA
0 .
w7
< 2PCypyIn+ ﬁf p/\p_ll{x eR": fﬂ(x) > A}dA.
0

By = 1/(Cu2P+Y), FIF Iy < oo, R AT LA 5]
NCnp

? p-1 n. 8(|P
IN<Cp pAPHx e R : fA(x) > AJldA < Cup || £,
0
TRAALAR, Wik N — co, ¥ifF 2

IMafllp < Cop 7], -
== O

BJRVER RN |f(x)] < My f(x) a.e. oL, BT f € LP(R™) (1 < p < o0) BB KFE
Il < CrpliMy flly < Copll Pl

SE 1. & f € LlPNBMO, ZUPRE RS p € [po, ), o fell B ||f”LP < Cuppo ||f||LPO ”f”BMO'
x B % = p‘—o. O
R i ([, < Copp |l 1P, 223050 Sharp Heksizsn, BRI

Sharp R RFT =2 (po, po) ZLRIT]. O
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M 1r 5 BMO ZEHE FHEEIE

EIB6 (L=, BMO) HYWHEEH). T2 (p, p) & (1<p<oo)Fe (L%, BMO) & 49 &+ H

T, 0T A2 (q,9) & (p<g <o)
JERR. SE LT f = (TR VERE Ty NIREMEE T
o Ty & (p,p) &: FIH E—iar 1 gipkor
IT1fllr < CuplM(T Iy < CoupllTflly < Crpllfllzr-
o Ty & (0c0,00) AU IXJE[K Ny
IT1 fllLe = T fllzmo < ClIfllLe.

H Marcinkiewicz ffi{E €, T 2 (9, 9) 2 (p < g < o0). #ARHE Sharp K€ B,

ITflls < CICTF¥llza = CIT flls < Clifllzo.

=1

1 & feLP(R"), 1<pg < oo, MAEE f 1F C-Z 4 MEE| 771k {Q}), 12 HA) = LIQ}, T
k
HERA>O0, kI

2

HA) < Hx: fAex) > 5 Zt(z—”—lA).

E. FIH

1
1 1 p
. - p
) Q| fgg o< (IQQI f@ e dx) '

Xt f € 1P T LA C-Z 578,
MERR. DARRE p=27"""A X f AR C-Z OhiR, 437K (QY) IERMTR A Q) BN
Q) AHES ve U QL SR fﬂ(x) > & (@t T, 38 x ¢ r e UQ

k

_\_

fiw> 31 = xelreUQ)s A < 7). RATFIEALERBIL AL,



196 £+ BMO =|d] (Z): John-Nirenberg = ¥ 71 Sharp % X & #
BRI TEE S

i A
gl < Q'] f FOgldy <2 =27 277 = 5.

i ) < — fQH |f(x) - nyldx< %.JH:%,

IQ”

| >

A A
fQ 0 fgpld2 fQ el fQ Mogldx= Q1= Z1Q¢1 = S IQ¢ 1

2=k Qf c @, Fre Q) i o< ), W

Y S s Y fQ 09~ feldx

keﬂj ke‘ﬂ

f ) gl < 101

IA

2 N, Dy,
- ¥ |Q,§|SZ|Q§’|. X j R, A
kEﬂj

erQk f’i<x)<

<) Y i< 2 Y10 =21,
j

j keA;



$+AHH Hardy =8 HY(R")

XA 77 4 R I A AR 2SR A 48 Hardy 781 HY(R") 158 X% E
TR, e AR e & P iE e, TR E TN (HY, LY B, &
J&, FATUEHT HE X 23 6] 2 BMO. 1 {4 3 1] LUF F 2 BR 43 A1 Hh i K PR e A8 5 vk ik 9t
BMO 1 H! 5],

— Whitney 77 fi#

FAVEA UL R TP EIT 784G H3 0 96 T 71K K) Whitney 70 € B, & 0]
LA BIEATE A HY e B o 7R T AL

FEIE1 (Whiteney 752 ). X & UCR", F=R"\U # 0, M A4 T 7|4~ 14 LR A8 R 49
=3t (H) 7% QI AR (9 1(Q) A7 Q89 K):

a) U= Qj;
j=1
b) Vke N, A vnl(Qy) < dist(Qx, F) < 4 Vnl(Qy);
O FERFTHKQNQ#0, M 1< —<5
d) M=k Q) £EFA 15" Mtk Qr AR
MERR. 1. MJE AR, B R" LKA 2k (k € z) () 3t 778 25 . i Dy X Fh 7 1k
{c=(er, 00 €RY s m2F < < (mj+ )27} (mj € Z)

(R4, R RN )y A Gy 838, BRI LAR ] 27 A Dyyq TR
2. MEREEEL K, 2 Uy = { eU: 2yn27% < dist(x,F) < 4yn27k } M U = Uz Uy. B
E LTRSS
F' = QR AEERR K (13 Q € Dy HUNQ % 0),
W w7 A A2 TE SR b).

197
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L, W QeF!, M I(Q) =27 Bl x e QN Uy, A4 AT
Vn27F < dist (x, F) - Vnl(Q) < dist(Q,F) < dist(x,F) < 4vn2.

Xt b).

3. MHMERT b), W1 Uger-Q C U. 5 —J71H, WAER x € U, WIRAFAE k flifF x € Uj; X
—EAFE Q€ Dy fifF x € Q. THRIIL Qe F/, MM U C Uger Q. EHUEM T UgerQ = UL

VERAT RSN ) —E 5 PR s A AL, B — AN S TE S Ah— ANz . BTLA
SHERBER Qe F', AAIEME—IMK TR Q e 7/, BEAH QR Q) < dist(Q,F)+1(Q) <
). it F N F IS N AR T A R, W F AR R IS AS R T AR 9R (A
F) HAEAE. PR B TIE, AMERFET Uger Q = U XHHIEY] TR a). 1T F 77, B
DL J5E b) KT

4. W Qj QreF HAREML, ERFX x € QjNQ, HAL dist(Qj,F) < dist(x,F) <
diam(Qy) + dist(Qy, F), M4

Vnl(Qj) < dist(Qj, F) < Vnl(Qy) +dist (Qx, F) < Vnl(Qx) +4 Vnl(Qx) = 5 Vnl(Qy)-

FIF Q) Qi HISTRRYE, SAEWI T o).

5. JbJE, FERTEUER Q€ Dy 645 3" —1 4 Dy e Ak 5 2 MRS (IS SR 1k
SR A TR, SO TR K Q =iy RIAE =545, T ki) i 1
A TR 37— 1 MALK 7 5 HAIAR), T4 Q € Dy 0 51 MUK N 1(Q)/5 Hi/h 7 fA,
WU o), BEH (3" 1)5" < 15" A7tk Q A% .

— H' ZEETFZIE

1. (1q) BF5 HY =z

EX1((1, q) JiF). H1<g<oo,a &R LT KA, HL: 1) LEFMH: suppacQ;
2) KAFAE:lallg < IQlé_l; 3) HRFE KA an(x)dx =0, WAk a(x) £ —4 (1,9) RT .

FIH Holder AEXTTHIZE 1<r<q, W (1, q) EFLA A, r) JGT. ANERSL [all;: < 1.
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X2 (H %), L HP R = {f = X Aja: g & (L) BF, A€, LAyl < oof, 3K
k=1 k=1
||f||H§q> =inf{ZMk|2 f= Z)\kak, a % (1,9) /?%}
k=1

RGBS AL 1A, HY RE ST L (1) GERX AR f= T Ay £
k=1
15 LY 3 SUF BT HY).

EIE2. ng)(]R”) A& Banach 7= 4],
IEBA. 1. % {fu) £ HY 41 Cauchy 1, WIFTHUT 51 {f,,), 443

k) (k
Jre = fry = Zl/\§ )ag' )/
]:

Horf §|A§.">|< LRI H < LY, BROL W fa = for o llpn < 2, AT Y (fy = f) 7 L 18
j=1

L[5 & AT RITEEE e L1 (7 k§ o= o) = = foo.
=1
2. FiEW fe HY. F92 b, RATE MR

f=fo=Y Fn=Fu) =Y, > APl =3 wby, (15.1)
k=1 k=1 j=1 k=1
B e €, b ft (1Lg) BT XN
Ylwl=Y" ) W< Z = <oo, (15.2)
j=k k=1 j=1

FRLMRAE & S, 3R F = (f = fuo) + fp € HY. TEE (15.1) th3p =A% S (FHHE) WL, 2
FIFH T (15.2) R4t kst 1 Tonelli-Fubini 5 #.
3. WRIFUEWIE HY SEHURSE fu — f (n — oo ). XS Ny

Il < Y Y A< Y 2
i=k

i=k j=1

L
~ k-

l\)|>—\

FREL Tim [1f = follo = 0. A (ful 2 H{P o) Cauchy 51, BFUA lim f, = . -



200 %+ #Z# Hardy =[5 H(R")
) 00

2. H? =1 = 1
FHEIEERY: V1<q<oco, 20 HY Kb —REf. XA Hardy %01 H(R").

EI3. AHEE 1<q<oo, HMz HY =H™, 89 3C,, C, 23 Vfe H?, 2
Cillfllym < ||f||H§oo) < Cllfll -
1 1

ERR. 1. BT (1, 00) BT &R (Lg) BT, FrbdeiE s, i f = Z/\kakeH( ) w4
feH?, M HS cHY. M X, SRR

inf{ZMkl f= Z/\kak, a7 (1, q)J?¥}

k=1

inf{Zl/\kl D f = Z/\kak, a 7& (1,00) E?} = ||f||H(°°)-
k=1 k=1 !

IIf gz

IA

iUl R A AR HY ¢ B BAR%R | fllyer < Callfll o

i T EB AR R T — A HY SRR (1, 00) BUTHIRL. A%k —Mett, T
R g =2 25 HUEB. — B T K 706 T Tk B RO 4 42 el P AT

2. BATELFRATIE 1, 2) ETF2ER (1, co) JR TR a 22— (1, 2) JET, A
supp a C Q. il Ma(f)(x) = (M( f2)(x))?, £t M & Hardy-Littlewood B AHL T 5 Xk %L

b(x) = |Qla(x).
B EA IR

b2, <1Ql, supp be Q, fQ b(x)dx = 0.

3. VA>0,ic

Uy = fx: Ma(b)(x) > A} = {x: M(IbP)(x) > A%}

KRE—NFE. M A RO KRE, B Uy c2Q. FL b, MMERE x¢2Q, R vsupp bc Q,

IbIe,
f bRy <9 _g

2\(y) —
M(IpI")(x) = sup = Jdist @, Q" = (Vnl(Q)/2)"

xeQ)’ |QI

FITLAE A > ¢, MIALA x ¢ U,y



Z H ZEWRE T E

4 % Uy BifFl Whitney 4MEEH, 8% Uy = U Q, H val(Q) < dist(Q;, U
j=1

201

U

4nl(Q;), M dist(C;, US) < (9/2) Vul(Q)), (Cj Ttk Q HaHH L) FRELA (10Q)N(US) # 0.

EKHR UG =R\ Uy, ¥ x e (10Q) NUS, A M(b?)(x) < A2, T AFAFFE]
|b(x)|*dx < f Ib(x)[Pdx < A[10Q;] < ¢z A%Ql,
Qj 10Q;
N
! |b(x)[>dx E <.
|Q]| Q]
5. b KT {Q) Mo

b(x) = go(x) + Y _ hj(x),
j

go(x)

hi(x) = [b(x)—@ f b(x)de)(Q].(x).
Y

FIFH Lebesgue 1y & EAIAZE (15.3), AT 1 |go(x)| < cud. XAKIERE X, WARRLAL

supp go €2Q, supp h;CQj, L hj(x)dx =0.

j
Ak,
(I o |h (x)lzdx)z < 2[|Q1] |b(x)|2dx]2 < 2¢, .
s, I o b(dx =0 u& hohij(0dx =0, HAE [, go(x)dx = 0.

6. %

bj() = 5—hj(x),

W BRI SSR, V), oL SRR

supp b, Q; fQ bi(dr=0, b2, <IQjl

i

- (1
b n — b(x)d (%),
(VXR \UA(x)Jr;‘[IQ]'I L; (x) x);(Q](x)

(15.3)
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FITEL b i 2 5 b ARG, Xt by BEAT 5 L3R5 3 W RIE 5 RN 7 i id RE, AT Agh75
R 7 2
b(x) = g0(x)+20aAg;,() + (2cuA)® Y | gjojn (1) + Qe Y gjojijes ()
Joj1 joja-jk-1
+e Y b (),
joji-jk
J\XE supp bjojl"'jk - Qjojl"'jk’ EF*E‘ jojl ]k Z:EJHTJ‘E’Q’S Qjojl"'jk :ELZ:*HQ .[Hﬁﬁl\

U Qj0j1"'jk = {x . M(lb]o]l Jr— 1|2)(x) > Az}/
J

1 2
| Joj1- ]kl dx <1

|Qf0j1"'fk| Qlojr i
i Hardy-Littlewood i KHE 11155 (1,1) 2,

(20,11 f Z bjgji-i (DA (Levi SRISIGE FLR Holder AA255)

Jojijk

(2CnA)k+1 Z |Qj0j1"'jk|%[f

Joji fk—1k
eV Y 1Quiil
Jojrrfk=1Jk
@,y Y {x:M(|b]~0jl...jk_l|2)(x)>A2}'

Joj1rfr—1

c
(ZC” )k+1 Z f |b]0]1 - 1(x)|2dx

Joj1frk=1

1
2

IA

2
| Joj1- ]kl dx]

Joi ik

IA

IA

IA

= (2c,0) A2 Z f 1By (V) dx
jojr i1 Qo ik
@en YA Y Qjpjg ]l RIS, FA8E)
Joj1 k=1
(e MY (eA2)2 Z 1Qijsjeal <
Jjoj1 k=2

2en Y (A2 Y Q)] = (20, ) (c172) 120

jo

IA

IA

IA

IA

2 k
2an|2Q|( C”C)

(15.4)
2 A > max{1,2c,c} i, FaRAIRTE k — oo ITUSIEI %, Xtz U,

@en Y Y by )

Joj1jk
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76 LY thifie 8T 0. AT LA A iR =X

b(x):go(x)+2cn/\g]-0(x)+(ZCnA)zzgjoh(x)---+(2cn/\)k Z Siojr-jeg () ++
joj Jojijk-1

7. HIHTHI 0, PR bR TR A s

(1) supp joji-ji € 2Qjojr-jes
(2) LQiOfl"‘fk gjo]-lmjkdx =0

3) |g]'0]'1...]'k| < cp.
é\
1 1
jojyji (X) = %—Amgm--jk’
W 2 il < 2Qjid ™ BN @ipjg, 2 (100) BT EIBCR AT B AR (H1Z
b(x) = |Qla(x)):

cpA
a(x):l”—Q|{|2Q|ao+(2an)Z|2Q]-0|a]-O+~~-+(20n/\)k+1 Y |2Qj0]-1...]-k|ajojl...jk+---}
jo Joj1

é Z Akﬂk.
k

R

Y =22 {IQI+(2cn/\)Z|Q]~0|+---+(2an)k+1 y |Q]-Oj1...jk|+...},
k jo

jOjl"'jk

IMA7E (15.4) FEAIHE L 252

Y 1Qijiejl < (€A™)12Q1 = 2"1QI(eA ),

Joj1jk
Fir A

Y < 2”an{1 +2”Z(ﬁ) J
k k=0

A 7853 Kainl {5

Z gl < Cp < o0, (15.5)
k
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FCrb R C FURIST 23 RIS n. IXEEHT T a e HE H. all

H(°° =

8. fJ, EHIXHEER feHD, 4 feH™ mH | Fllyger < Cal f||H§2)

L, Ve >0, FHE IR (12) BT {ad 166 £ = ¥ A, B DI < fllg +e. BN
= by 35 by S (L o) T, T HEIE (15.5), £l < o, BT £ T (1,0
BFHINEAL 8 X Agtu b, 328, TR

Al < Y Al < Cu Y A4l < Collfll g +€) < 09,
k,j k

el HP < B, f e B 2t BT 4 H B 9 A A et 0

= FFRNETHH, LHE

EI4. 2 T AE C-Z H K HEEREBFFRSHETF, W AC>0 1247 Vfe H, Az

T fllzr < Cllfllg-

IERA. 1. a2 (1,00) AT, Mael®nL!, H Ta HEX. B T & (2,2) RIS a TR
[MHE C, 515 ||Tall2 < ClIfll2.
¥t supp a < Q. it Q° JELL Q ftl: Co Ml iR Q 1 2 FH 771, T4

fQ ITa(vidz < (IQ*I fQ * |(Ta)(x)|2dx)2 < CIQI all2 < C.
MHEANN x e R*\Q*, yeQ, A
[v=Col 2 5 VAl(Q") = VAil(Q) 2 2y~ Col,

B ARTE Hormander 2644, XHMEE y € Q, BT

f IK(x —y) - K(x— Cg)ldx f IK(x—Cq—(y—Cp)) - K(x — Co)ldx
RH\Q* RH\Q*

IA

f |K(x = y) — K(x)|dx < K3,
[x|=2[yl
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BEI, M a 72 (1,00) BT,

f |Ta(x)|dx ' f K(x—y)a(y)dy|dx
RM\Q* IR”\Q

_ | f (K(x—1) - K(x = Co)a(n)dy
lR”\Q* Q

dx

IA

f f IK(x )~ K(x— Co)ldxla(y)ldy
Q JR™MQ*
< Kngla(y)ldySKg.
B TIPS, SHEE T
I Tall,: < C. (15.6)
DI RE— B, Ve HY, Ve>0, BATHE f H (1,0) R FHRA f = §Akak, H
k=1

ZlAkl <\ fllgn +e. LRI f = § A FEFE LY B SCT RSLI, TR T 1083 (1,1) 2,
?M]Tuii AN L ﬁ (W N 3 25)

(TF)(x) = Z A(Ta)(x), ae. xeR" (15.7)
k=1
IR LY 6800 = A%, i
IT il < Z Al Taglls < CZ Al < Cllifllgn +e).

ZEEFHAT (15.6). H e B’JEJ”“T%IJTT’Eﬁénm
3. FHEM (15.7). SHE&E u >0, BATH
(TH) —ZAkmzk)(x) > u}
> —} {x

{x eR":
{x Y Ali(Ta) (0l > —}

N
{ (TH) - Y AlTa) )
k=1
H/2 k=N

Il -
L] ‘o f kan(nk)(xndx
k=N

=1
CLZ|A,(|—>0, N — oo i

IA

+

ZAk<Tak)<x>

g

+
L1

IA

IA

KHEHB]T (15.6), llagll;x =1 BLA Chebyshev A%l Levi IS5 B, T2 (15.7) 15
k. O
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M A FERNEFEE

SI¥B1. X fell, 1<p<py<oo, M Ya>0, & f 89— f(x) = g(x)+b(x), 1277

g€ LP2(R"), be HY(RY), Hi#k 2
gl < CaP>PlIfIL,  Nbllgn < Ca' PIIfI,.
KEFEMCH fRALSMER,

WERA. 1. LLUR f ASRZEREL X |fPP e LY & fE of 1E C-Z i, FAA:
(1) R" =QUF, QNF =0;
(2) Q=UQj, Qj RIEAHZMIHk, Hili i 10l = X101 < aPIIfIl;
J ]
(3) ¥Qj, H a < (ﬁﬂ lo! f(x)lf’dx)ﬁ <2ba;
(4) XJLFFrfA xeF, A f(x) < Cpa.
X NEIPN
f(x), x€F;
g(x) = b(x) = f(x) - g(x) = Y (f() - fo,(Nixg
fQj(x): |Q1_j|fij(x)dx/ erj' j

2. MH Holder A&EA K BB TER, miA

P2

0 . .
Zlfg,-l”lejlSZ%| fQ lflpde Qi< Y @ ayiQ) <2 a s,
j j J j

FIrA

Il fQ g2+ f gP2d < f PP+ Y o Q)
F F -
)

npp
< a7 [ipavs2Fanrigp
F

np _
< an PR +CP)IfIL.
3. BHEH be M1, R

a;(x) = @) QT () - fo,()xg,
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& (L, p) BT Rk, TS SRR AR, TR (a+b)y <27 YaP +bP),

% N | N %7
(|Q]| |a](x)| dx) 2 ra) Q) [leleUc fol dx)

R T P v|
20" a) Q) (lel fQ 1 dx]

22" ay QI 2P a < 1Q)7Y,

IA

IA

KN R RS, 7B b(x) = 22*Eaa,(x)|Q]|,ﬂ||b||ﬁ1<zz " alQjl < Crpa PIIfIE. O

EIE5. K 1<pr<oo, TAR" T K X Lo R AMHET. ZFT 25 (, p1) B, XA£H
(HY, LY & (Bpak HE 2] LV k%), M Vi<p<py, TR (p,p) A

WEBA.  XF felf, 1<p<pi<oo, HIIH 1/ f(x) = g(x)+b(x), Hh ¢ge P (R"),
be HU(RY). H T KRG [(TH) < (T +|(THE). FH

e TH>all < [{x: [(T)(x)] > }|+|{x |(Tb)(x)| > }

P
gl ||b||7{1 <C||fL|p,

< G5 2—3— <
(F)P1 5

FrUA V1 <p<p1, T 2255 (p, p) BL. B Marcinkiewicz i €3, SREE T 2 (¢, p') &, H
hp<p’ <pr. BT p ATBUERSEL 1, BTbLp’ € (1, py). -

f BMO 2 H! BxH{BZsg]

EH6. (H') = BMO (B A4 —A M (H)* ] BMO % 5 % 1k B #).
IERR. 1. JEUEH] BMO < (HY)* = (H")", Hrt 1< g < co. HAEAULAL ) @ € BMO & H?
[ — B s kg HY B — N SR iR
id
W=(feH": f(1,q) FTHHEREAR).
MIE SCAERNTE W R B3, B W g HY 1A s 125 ).
SRR @ € BMO, #it W _E I S48

G =N = [ s, view (158)
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XA E SR AN, FE b R a — (1, q) BT, suppacQ. idag NafEQ LI
SR FIME, IR S BV R 25 A, ag = 0. HULTHESS

‘fﬂa(x)go(x)dx = 'La(x)@(x)dx

‘ f (a() - aQ)p(x)dx =| f () ~ pQla()dx

K, a)|

==

Q1 llals |<P pol” dx| < lipllBmo-
IQI

N
=1. X feW, f=Y Ma, Hba 2 (1,9 5 T, B4
k=1

f arpdx
Rn

FIFLARRIM IS R SCARRE - gl 1A A8 PTRE || 22800, 34945

N N
K, Pl = <Y dliglsvo.
k=1 k=1

Ko, /)l < Cllplismollfllgr, Ve W. (15.9)

B, BAEZ R (@, - ) 1E W _EIELE il W B2 1, 0i2 o T CAME— M e 300 H ik
LAEZ I £y, B ||Co| < C|l ]| ppgo- SEHETT EMIEBIFERUST @ > £, 7P AL BMO < (HY).

2. N, BATERZ R ¢ € L°(R") c BMO(R) i}, (15.8) %t T f e H' c L' 5 € 3. Bl
TEBE @ € L C BMO, AL f = Ny Apag € H (a RJET, STHETE Qi 1) H Yl < 2|0,
HERE Y Ay 76 LY AL £, 5kor

Ko, A = ‘ f F)p(x)dx| = Z{/\k fQ kak(x)<(p(x)—(ka)dx
< ZI/\kI f ak(0)(p(x) - g, ) dx
< 2C||fIIW1||¢IIBMo-
It LA (15.9) JkoT.

3. %f @ € BMO, i2 @y, = max{—m, min{p, m}} € L (X" m=1,2,3, ---), Il i BMO
BRI i (LS =P 2),

||(Pm||BMO < 3||('0||BMO'
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NATTAEE f e W, #R¥E Lebesgue % i SiE B, 17

m (pw, f) =<9, .

KRN, # f R— NIRRT, W o f JUTFREEE] of, B low fI < lofl, T fe L2 HEX
5, @ RERT I Al AR, I @ f £ supp f _ERTHA.
T

Ko, A = limsup K@, A < 2C ||l [l lsnio < CllFllya o

XA — ARG AER] 1 (15.9).

4. k2, FHBAVEIEHAMERSE M € e (HYY, FAEME— ¢ € BMO, 15 ¢, = ¢.
SEBR AT HUE 2 I R R (B A4S € .

N, AR I, 2

IMOE {fem(f) : flfdx = 0}.
LR f e LD, 4 a() = IF1;907 o), W a & (1, q) BT B4 acHY, iiif

<
lall o < 1.

KA € e (HY, 15 L% S0
T = IfliN' 7 @), Y € L), (15.10)
FIFE € (2, RN F IR (D) | S M iR I, s
O < =71l (15.11)
H Riesz FnEH, 7778 ¢V e LT (I), 15
Ii(f) = j; fgdx, VfeLlD. (15.12)

5. R gD FEAZE—AE IR SCT &M, S5 b, 25 N R R S, R AT
(22 b, WX TAERE f e LI(D), T f— fie L), BiaL 0= [(f - fohdx = [ f(h—hy)dx, FT
PA h=hy LA E L

6. BHEE LIRS I8, WA E I C iy H R = UL BI— N 7RIE (I, £33 — R4
I (TR H (WP Y, (845 g0 55 o) FUR 22— /N4 ?i%ﬂ%)‘(@%& @ 73 @Iy, = gl
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7. BT R" AR L AL m 848 1 C Ly, BN, Vf € LD, AL (B — P ASE

5 H (15.11))

~ _1 _1
= [i(F = | < W31 = Fillos < 20910 Al

fl (- fas| =] fl (F - fpdx

T, 4

7=1-

7

= =

1
7

(l f (@‘@I)q/dx)q = sup |17
I Jr Ifllg=1

BT A0 5 1 IR, WA @ € BMO, H llgllsmo < 2llI-

8. WHERM (1,9) T a, # suppa c I, WRIK a € LI(D), 1M AR (15.10) F1 (15.12),
AL €(a) = [japdx = (p,a). HILRHERALE fe W, WHKABOL €(f) = (@, ). EHIEN T
t="¢,.

9. WIEUIIRSE e (HY, iR ¢ MrE—E S, B @1, @2 € BMO 15
o, = Coy =€, MIY(1,q) BT a, BOL (@1 — a,a) = 0. RIS 3 257715, il LUIEMIFE suppa
Fp1—@p 2 FEL M a RN, BURT ap 1 H SRR AR L 6 DERE) I h, 5t
A DUIERALE 245 10] @1 F1 qp # A ZE — DN EEL FrAE BMO B @1 = @o.

XFERATHUEA T @ > £, /& BMO 5 (HY) Z[H MR RESEI FR. (IR 5 5%
WE.) EHLEE. O

B FA TR R, BMO Ml H #AR A [ 25 [, Bl BMO® # H.

Vﬁ@—@ﬁﬂxs2ML



B+t FERBEFERIEF():
Calder6n—-Zygmund ETRHEER M

R RA N ARG R AL A 5 AR 55T 1 O AR 1P S5 284 i s 1) B (A k.
HERME RS E 7R, O ES5 2R g AR KRR R E T, i %
PRI R T B4 P AR R 5P R 220 1 57 (R v S5 R 2R e, 5B R A R R 5
F R KAF S, TG Fourier A4, i B AR B & Rl 70 710 L2 A FUE A
B2, ProfESH\FE Ao, WATRIEN TQ) €28, el 17— RS T 2R
BT L? A SR 4 A

— EZSEFR Schwartz #%

1. ¥R EZ
EXL % Kx,y) &2 UE RIXR\ A L8 BETAREH, £+ A= ((x,x)xeRY. % K i#
VAT 4%

a) FAWRE M4 BEA>0EMF

A
Kx,y)| < ——; 16.1
Kl < o (16.1)

b) ERIHEFA: A 6>0427% % [x—x'| < Tmax{lx—yl, ¥/ - yl} B A=

Alx—x'|°

IK(x,y)— K(x",y)| < ; 16.2
(x, y) =K', y) (e yl+ v =y (16.2)
L ly-yI< %max{lx—yl, |x—y’|} B &
, Al _ /lé
KCx, )~ K,y )] < Y (16.3)

(Ix =yl + [x —y’|)n+o’

WA K LA HH O, A8 KRR . A BA w406, A 094REA4% 0 & 5904F SK(6,A).
W K(x, y) € SK(65, A), T &4%
K'(x,y) = K(y,x) € SK(5, A), K'(x,y) = K(y,x) € SK(5, A).

211
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x/

6 g
X y
].6.1

1. % px—x'| < fmax{lx—yl, ¥’ - yl}, W

max({lx —yl, [x" —yl} <2minflx—yl, |x" - yl}.

WERR.  HI x A BIXARYE, AW x—y| < | —yl, TRAFUES ¥ -yl < 2lx—y|. HB

Bl lx—x'| < 3l —yl, TRA
/ / 1 /
IX' =yl <|x—x"|+|x-y| < Elx -yl+Ix—yl
BRI |’ — y| < 2lx—yl.

2. &% K(x,y) = |x—y|™, ¥ x £y, M K(x,y) € SK(1, nd"*1).

MERA. K(x, y) R0 2 A vham 261 (16.1). HIXFRME, FAT R TR K(x, y) Wi 2 1B % 2%

% (16.2).
L Y x—x| < fmaxflx—yl, [x" —yl} i, B P E e EERATE

|x_xl|/

- n
|K(x,]/)—K(x ,]/)l - |6—y|n+1

Hrh o=tx+ (1 -1y, t€(0,1). AW = AL
1 p
10—yl > Emax{lx -yl lx=yl}.
H i,
1 ,
10—yl = ;L(Ix—y|+|x =y,
RN (16.4), 113

lx — /|

(= yl+ " =yt

IK(x,y) — K(x',y)| < nd"*1

HP K(x,y) € SK(1, nd™t1).

(16.4)

(16.5)

(16.6)



2. FHEHIEWNE (16.5). WK 16.1, 250 'y, xx'y, x'yx N a, B, y. AWk
b=yl < ¢’ —yl, B HTE 10 -yl > 31— yl. B x—x'| < gmax(be—yl, [~ yl}
= x| < L —yl, A 1 AT -yl < Y -yl <20x—yl, TR

1
lx — x| Silx’—yl <lv—yl < =yl

HH azpzy. BAEZMY X0y, RIVERE B2y 2 ox/y0, B 10—y 2102, M
2|9_]/| > |9—]/|+|9—x’| > |x'—y|, EI] |Q-y| > %'x/ _yl H‘ﬁ%"/{ﬂa‘ﬁE -

3. % K(x,y) i# 2

’

IViK(x, y)l < | Vx, yeR", x £y,

X — y|n+1 ’

N K(x, y) # % E 0454 (16.2).

WERA.  Hh AR E BN AL

lx— x|

IK(x, y) = K(x', )| < Alm,

H o=t +(1-t)x, t€(0,1). (16.6) 5 iFFHA

lx —x'|

IK(x,y) — K(x',y)| < A’4"*1 ,
Y y (|x _ ]/| + |x/ _ yl)n+1

B K(x, y) 2 RN R (16.2) (A 6 =1). O

fil4. % A & R E&9 Lipschitz F3%, |A(x)—A(y)| < Llx—yl. =X

1
(x—y) +i(Ax) - Ay))

0|8 1457+ VK, RedadE K e SK(1,4+4L).

K(x,y) =

5. & A X LB b e S, AR ER m > 1, 2 L m W Calderon-Zygmund 35

L1 (AR-AWY' 1
x—-vy Y '

Km(x/ ]/) - 7_(1 x_y _y

@i F VK, RAEIRIE Ky, € SK(1, 4Q2m +1)L™).
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2. FREREFRRI T SR

EX2. & W e D'(R'XR"), 2 Wirixrna = K, y) € SK(©, A), WA W % K 1€ 46135145 1

FATEERE AR A AU bR AL # T LA 9] SURHL, B o AT (R4, Dot
A2). WA, [Fl— AR e AT REAE SO AN RIS SCeR B WSS b, 5 WO KBRSk
B IBA W + 65—y R K IR SR X (Spxmyy, (1)) = [0 (x,) dix

6. % K(x, y) it R F M58 B &4 (16.1) A= £ M M &4 (16.2), LLEA R ARME, BP
K(x,y)=—-K(y,x) Vx#y, x,y € R".

W] K ik R A4 (16.3), BT 460 R"xR" E&9 ) L.

MERR.  ERATERPE, KRR L %A (16.3). FIEHATIEH N R X R" L IIZRIET SLR%L.
1. E X
(W, Fy = lirr(l) ff K(x,y)F(x,y)dydx ¥V Fe S(R"xR"). (16.7)
&= [x—yl|>¢

U RS R BRAAAE. T A R R A, FAT A FED

lim f f K(x,y)F(x,y)dydx
e=0 e<|x—yl<1

f71E. BT
L= [ KewRcpdyd
e<|x—yl<1
= ff K(y,x)F(y,x)dxdy
e<|ly—x|<1
= - f f K(x,y)F(y,x)dydx,
e<|x—yl<1
HIEES
1
= —ff K(x,y)(P(x,y)—F(y,x))dydx.
2 JJecp—yi<1
2. &

fy) = @+ xP + 1y F(x, ),
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uy

£ y) = f(y, %) = L+ 1P+ 1y |F(x, y) - F(y, x)

Ji— 51, B TR E e B O PR,

|f(x,y)—f(y,x)| = |Vx,yf(£/r[)’(x_]//y_x)|
< 2|V fllrelx =yl

n+1
<2lx—y| sup V[(1+|x|2+|yl2) ’ P(x,y)]'

x,y€R"

< Culx—yl.

Trdie 2

K _
Ie < Cn ﬂ (x, y)lx y1|1+1 dydx
e<lx—y|<1 (1 + X2 + |]/|2)

<C,A ff L — L — dydx.
e<pr—yl<1 X =yl (1 + xR+ |y|2)

FH 1Ry lim, Lo I 7775, Bl (16.7) A& L.
3. FIH Lo 77k, AMERAE (16.7) #iSL4h € T — N S'(R" X R™) T LK% (M
M 24585 D' (R" xR™) F17 Lk %). O

3. EFH) Schwartz #%
EREELEMHE T T: DR") - D'(R"), H Schwartz #% & #, fFAEME—T LR
W e D' (R" x R™) i /&

Hi (fo)(x,y) = f()e(y). AR L W 2%F -+ T 1) Schwartz #.
AT B RIXFEPESELEYER T T DR — D' (R"), & Schwartz # & (R" xR")\ A

L a4 K(x, v) € SK(5, A). IXEME X (16.8) H U1 FFFRIR

1 )= [ [ Kenfwewdy,

Kb f, ¢ € DR™) Hiwi & supp(f) Nsupp(p) = 0.
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—  Calder6n-Zygmund HE-F
EX3. X T: DR") - D' (R") AELEEWHT. # T £ Calderon-Zygmund #F, %

a) T 7T ikstds % LA(R") L9 REF: ||Tf||,. < BJ|f]

12’

b) A4 0<06, A<oco AR KeSK(5, A), A1EE f e CP(R"), M

TOW= [ Kefody, ae x#supp(f
siHiT A T e CZO(®, A, B), ## K & T Fi X B 6945 K4,
1. #FTRS K ABKWET, U T 81 Schwartz % W #£ R"xR"\ A E% T K. O
f517. 0 SK(5, A), 5 K(x,y)=0 RKWHEFAEHLFT O UREBELTL

#ER1. % TeCZO®, A, B) 5 KeSK(5, A) (B HEF. NMitE fel® (FF fe
L™, B f A& % X %) ABILFHA 8 x ¢ supp(f), mzde FR) AT

(W= [ Ky (169)

A A, £ TH 5T T I SCERIAGE X3 19 C #7217 LY.
MERA. 1. 50K (16.9) Zaxtiie s, X &N ARATH

K, ) f(y)l < Ad"If(y)l,  HA dy = dist(x, supp(f)).
2. W f, p €LY, d = dist(supp(f), supp(p)) > 0. W%

[ tpwemax= [ [ kenfmewdy (16.10)
]Rn ]Rl’l ]Rl’l

MH ¢ FEEMERATF 2] (16.9).

3. ME(16.10). X4EER £, o € LY, BEAIKISZEELE BO,R) . B f, ;€ C(R™) (FTH
PREIBE Y SEIN), 230 SCHETE f, @ HISCERI/NGRIR L. EAT—80H A H. f LN P Yo,
[EERCREVIR R 0= QN &/ 8

. d .
dist(supp(f;), supp(p;)) = 5 >0, Vj=0.
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wARI (16.10) Xt f;, @j AL, BIAT
f T(F) (), () dx = f f Ko ) fi()pj() dydx
R” R JR"
T ) L2 47 FRERT 50 T(F) - (), 27

[ thweidr - [ Thwewds
R?l R?l

f ) j}; ) K(x, )(f@)e@) - fi(y)ej(x)) dydx
:«fll;” f]I;nK(x/y)f(y)((P(x)—@](x))dydx

* fR fR K, )0 f(n) ~ fi() dydx
=L+

T ‘K(x, nf (y)(<P(x) - (pj(x))' < CNAA" f () xBr) @l FIRFERMSIOE R, A% I —
0 (j — o). [AIFEHL, FATHAT I — 0 (j — o). T3 (16.10) il O

= Calderén-Zygmund HF7 L°(R") H{ERABIE X

HF C(R™) £E L*(R™) H B, Bt AN BE fi] 5108 L 557 RV e ok e A 2B
BFAE L°(R") LRIE. N T 4 H Calderén-Zygmund H-F7F L®(R") L1246 X, 5l
NS Gl

Do(R") = {(P € D(R"): j}; ¢ = 0},
I THYE DR —FREI. il DR N Dy(R") LHELEL T i 4k, R oL
D' (R") € DY(RM).

f5i8. BMO(IR") € D (IR").

IERR. HUE be BMO(RY), & X £(@) £ [, bx)p(x)dx. % b #h b+c, ¢ Ji s, ERAHM
SYAAE, FTBASE SCAEE, R FE £0) LT Do(RY) _ERI—ASESLIES 5. 2k R AR
. FITBIIHELEIE. ¥ g — @ (Do(R"), B 3K < R" K771k, supp(py) € K, Vk, H
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Fe AT SHRATE K b — B0k @ RILHIR S 3. BUBHE fpp) — (). T, BT
Pr—@e D()(]Rn), FATH

[ vor-grax

S\fwb—kahﬂ¢k—¢MLm
K

=] (b~ b) (@i~ @) d
]Rl’l

<IKllibllsmollk = @l — 0 (k — o0).
. 0

EX4. & T: DR") - D'(R") A&LEXEHT, & Schwartz %A W, B W|rixro\a =
K(x,y) € SK(5, A). ¥ fe L®(R")NCO(R"), 2 X T(f) € D} (R") 2T Vo € Do(R"), &

supp() € B(xo,R). B € C2(R"), 0< <1, B lwoary = 1. % X
(T(F), @) = (T(f1),p)+ j}; n fR K@ e daf(y)(1-1(x)dy. (16.11)
Rt BHIZOE SURE B BRI, 20 B
o (16.11) A ¥ = X
o 5 n BEIEK;

o ¥ fe D(R"), MkE X5 LAHTE AR .

1. H fel®NC® &l fne DMR™). X T N DR") F D'(R") HELLME T,
@ € Do(R™), # (T(fn), o) HEX. FHHHAR D

= [ ([ kg - n)ay

&
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HERE M yesupp(f(1-n)) B, |xo—yl = 2R > 2x—xol, #FIH @ BITH KRR IE L4,

i=| fm oW fR K y)f)(1 - 1) dydx
-| fIR e fR (KCx ) = K(xo, ) F)(1= () dydx
< f f K=K pIFI(1 - 1) dyip) d

1 Jy—xo|>2|x—x0

|x xol°
2| || (x)| dydx
‘]];”v[y —x0|>2lx—xo| Ixo y|n+o fWllp@)ldy

<2AIflli f e x0Plp ()|

P
ly—xol=2lx—xo| Y0 — Yl

< Colflie f = x |<p(x)|( f r_”_5+”_1dr)dx
2|x—x|

~Cafe [ wsolipl( ] s
R”

2|x—xp|

=CA,n,5||f||L°°f]R = xollp(x) I = x0/~° dx

< Canslifilellell,

BT (16.11) A A7 75 3. IX AL THREAE T T 28 L

2 BECCS, Eppan =1, 0<E<L, M 15 (&) M T AH 2, LRl 1,
(T(f- (-8 f f KCo 9) f0)ny) - £ dy () dx.
WILFET, 4 (16.11) 450 n BelE & R BERY, L5007 B o IR

3. M fe DY), N fn, f-(1-1) € DR,

<T(f)/ (P> = <T(77f)/(P> + <T(f(1 - 77))/§0>

SR SRR 1 B, UL £ € DRY) I S5 s 35
R, BANHERS, 2 T TER L2 S0 S04 BT, W 1, 46 E8 fe 1 %
T X
@, =, o)+ [ | Keppwdse(i-nm)dy
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i HA X

KT(F), @) < IT@AHNlll2 +Coaull@lipallflle < oo. (16.12)

XHEXFE 2 TS T ST 2] T dist(supp g, supp f(1-1)) > R, T4& K(x,y) <AR™. |
TR FRATT I T A9 FH ) 45 2R

P4 Calderén-Zygmund HFHIE R M

EFR1. % K(x,y) € SK(5, A), T & X5k K(x,y) 49 Calderon-Zygmund 55, # % ||T|| 22 < B

(BF T € CZO(6, A, B)). 1

(1) T T 465 LYR") - LV>(R") ey &£ L& HF,

TNl 1o 10 < Cp, 5(A+B); (16.13)
2) THA (pp) & (A<p<c),
1
T < Cy 5max{p }(A-I—B) (16.14)
(3) T % (HY, LY) A&,
ITllgg1p1 < Cps(A+B); (16.15)
(4) T # (L*,BMO) &,
ITll.~ 87O < C,, 5(A+B). (16.16)

55 (1,1) 2UpYIERR

PATHFLIHEIE ) BCP JiR BE:
EIE2 (Benedek-Calderon-Panzone JRiH). & T & —ANK &M H T, AT 4

e T 235 (pp) B, 1<p<oo, FHELEFH CLIEMFESE fell, milx: [Tfx)|>A) <
p.p p

A1,
Cl AP /
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e HEKT18%# Cy,C3, A% 132+ T ivh &
suppb C B(xo, 1), f b(x)dx =0
B(xo,r)

S LINLY HE b, k2

f ITb(x)|dx < C3|bl];1 .
R"\B(xo,Cor)

Wt F AR RBELEORH TR f(x), A

Iy

b ITFOOI> Al < €=

Wik f(x) e L= HEAEIEE, suppf C B(xo, 1), H ff =0. % x ¢ B(xg,cor), (X H (cp > 1),

A2 T e 1 UERY AR 72RO,

TF() fB Ky

fB K=K ) )y

f ITf@)ldx

B(XO,Czl’)C

f f K (e, ) — K, x0)l| f()ldydx
B(xg,cor)¢ JB(xo,1)

f If(y)l( f KCx,y) —K(x,xo)|dx)dy
B(XO,T) B(XOICZV)C

f If(y)l( f Aly = ol 6dx) dy
B(xo,7) B(xg,co7)¢ (o = yl +|x —xo[)"*

(2 ly—xol < 5 maxlle—yl, [v—ol) B, LIRS HE L,

IN

IA

1 1
By =2, WE ly—xol <7< Elx—xol < Emax{lx—xol, lx =y}

A f lf(y)lly—xolé( f (Ix—xol)‘”“sdx)dy (16.17)
B(xo,1) B(xg,co1)°
= 4 f If(y)lly—x()lf’(a)n f S_"_és”_lds)dy
B(Xo,T) 2r

<A iR Sier ey
B(xo.") 0

IA

A
< 5 Cullfll,

FH BCP JR#RI A1 T 55 (1,1) 2.
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(p, p) B (1 <p < oo) HIIERA
WARNMOLHE T & (2, 2) B (X2 e H M%), 55 (1,1) B, Marcinkiewicz fH1{H &
ERRAL TR (p, p) B (1 <p<2). 1T TR L (1<p<2) LHREMET, HEHE X
5LV ERRERESR T T, iX B F%Jr % = 1. WEEE T W RI%A K(y,x), B K(y,x) € SK(5, A)
VobsifERZ. 3L T 5% (2,2) B, T\l 202 = 1Tl 2 2 = B, FTEA T* € CZO(6, A, B). R EIR

WHETTH T & (p, p) B (1 <p<2). LR FEFIH (T =T, AT & (¢, /) B 2 <p’ < o),
L TR, T A (p, p) 8 (1< p < oo), BLATAHR T30 M0 -
(H*, LY) BYHIIERR

TAVFE ol Sardl 1 2800, Xt felP B TF s 7 FEMIR RIS

fai2. X T € CZO(5, A, B) X Bty AR /EHA K(x,y), M Vge LP(R"), 1<p<oo, 4k suppg
A R"OAFTE, RLTT ae x e R"\suppg, KL

9w = [ Keygdy. (16.18)
MERA. 1. 1T suppg & R" M4, MIXT x € R"\suppg, ML
dist(x,suppg) = > 0.

F A PR SR RS 25 |K (v, y)| < =2 %01 (16.18) ' K(x,y) A 7, T (16.18) A7 i f 43 4 X e 84

=yl yl”
2. & gk(®) = )X gk X i<k, W gr(x) € LE(R™), FF H gi(x) i & suppgy S suppg,
PARAE LP(R™) (1 < p < 00) 1 g — g (k — oo, F| ] Lebesgue 2 il it S5 FE).

3. M1,
Tgr(x) = jﬂ; ) K(x,y)gk(y)dy, x ¢ suppg.

T Ik T 5259 (p, p) 24,

— p p
HWR” IT(gk— 8)(x)|>A}‘ ( L AgnL)’

W4 Tgi() RIMERET Tg(x), k— oo, NTTHFE— /T8 (R UM Tgp), 73 k — oo
i Tgi(x) JLTALARIEET Ty ().
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4. —J7mH, MEER x, # 1 <p < oo,

‘ f]R K(x, y)(g(y) = 8(1)) dy'

1 1
.\ b1 1
< ( f IK(x, )l dy) ( f ng(y)—g(y)l”dy) [XH-+—=1]
suppg R pp
1
, r’
< A( f -y dy) gk - gl
suppg
o 1
, 14
< Acn,p( f s S”‘ldS) 18k — 8l @' >1)
< Cn,p,r“gk_g”U’_>0°

% p =1 BT RIAASEE (1 CIRAE). BT, Te) = fo, K(,y)g(y)dy JLTA R

O

FHEIFEIES T & (H', L) B,

1. WayH FE L2 JET (B (1,2) BT, W2 suppac Q. it Co N7k Q [y,
Q* =2 \/EQ/ I)_]‘U

ITa(x)Idx:f |Ta(x)|dx+f |Ta(x)|dx =1+11.
R Q RN\Q*

bS5V A

~
IA

1/2
|Q*|1/2( fQ |Ta(x)|2dx) < CulQIY2Bljal| 2

CuB.  [FAllallp2 < 1Q17"/]

IN
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SFIL R A 2 LU [a=0,

A n\@l J K vty

f f IK(x, y) - K(x, Collla(y)ldydx
"Q*JQ

f la(y)l ( f K(x, y) = K(x, CQ)IdX)dy
Q R\Q*

Aly—Cgl®
la(y)|dy —pax
Q ng (X =yl+lx=Col)

[ 1y~ Col < 5 max{be—yl, be—Col) I, EHA%HRAIL

II

dv = f | f (K(x,y) — K(x, Co)a(y)dy| dx
R"\Q* |VQ

IN

IA

. n 1
FEL L, Jy-Col < T\/—IQ, lx—Col > EZQ* = Vnlg]

—Cphl®
< Afla(y)ldy(f W—(Ql(sdx] (F (16.17) B1/71%)
Q rR\Q- [x = Col™*

A

IA

CnsAllall;x < CypA.

R BRI llall2 <1QI7Y2, TR llallp < 1QIV2( [, lalPdn? < 1.

o5 LRI, RMER (1,2) JR T 0, #OROL

ITall;x < Cp, 5(A+B). (16.19)

2. VfeH! IMERGTEM >0, f= ZAJ“J' (H ek, For a; g HY R 12 5
j=1
T DA<\ fll g + e RS, B F HECLY R TS5 (1, 1) B, W Tf € LV (RY).
FAVSAXS JLT- A B x, B

(TF)(x) = Z Aj(Taj)(x). (16.20)
=1

ik, R (16.19), HALE—TFE T LY, Bl T Y1) < oo, MATIAMK LT 8L, Mifi

Tf e LY (RM). 1£ (16.20) Pl HL L 5%k, 15
ZM(T@) < Z A ([T
j=1 =l

Crs(A+B) ) 1A
j=1

IT Al

IA

IA

Cuus(A+B)([[ 0 +©)-

e AER/ME, S E] ITllgnopn < Cro(A+B), BI T A (M1, L) 2.
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3. (16.20) FIIERH. ATHE

xeR": |Tf(x)- ZAj(Taj)(xn > y}

=1

N )
H U
< RITfw =Y AiTape) > 5} . {|ZAj(Taj)(x>| > E}I
j=1 j=N
N ‘Ll ) )
< |T(f—Z/\]'a]')|> E + — Z/\]Ta]-
P | = |
2 N 2 &
< STl pe||f =Y Al += Y ATa,,
H R P

IN

N
f—ZA]‘ﬂj

j=1

2 (S¢]
;(||T||L1%1,m +Crp(A+B)Y |Aj|].

L j=N

N
4 N oo, 11T Y Ajaj— f £ LT b F AR, BTLL

=1

=0, VYu>0.

{x eR": |Tf(x)- Z A(Ta) @)l > y}

j=1
X2 (16.20).
(L*, BMO) ZH47ERR

L gLy O R RA RSO AR T 0 19 L2 Atk 55 L] 18 HE i,
JRRET: AR L2 T8 T L, il L2 ST A IR & R T L], RN L2 )57
A PRAL G HE 2.

BEAh, BHZ VY f e L2(R"), Tf BFA € X, Wi Vo € L%IC, (Tf, o) BAE L (I (16.12)).
PAVEFER B0 458,

A3, X fel™, pe L%’C, 0] A%, 55
(Tf,0) = fR T )0 f(x) . (1621)

WERR. w4, B T AI T 2 (HY, LY B R The e LY, Rk (16.21) Al AR o4 vt s, BY
(16.21) Hi& X.
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PH ne CO(RM L 0<n <1 KAE suppp b n=1. I

(16.21)=\4H 1

| Tmsaxs [ Tea-nyax
Rn Rn
T+ [ Tlpa-nfdr

FITBL, H5E 4, BE RTE (& [¢ =0)

| Tea-nmswmay

B fn ]Rn(K(x’y)_K(xo’y))(P(x)dxf(l/)(l—Tl(y))d% Vxg € suppp.  (16.22)

b E R SEBRUNCR, TR y ¢ suppe, WTTRIZB
| =Ko g ds
R, T, R A 2,
[ @ -Keopwd= [ Knpwds=Tp0m,
HIsk (16.22) BARBL.
2. FIH (16.21) A5

KTf, @) < Il lT @llps < 11l Co (A + B)lillg,

B TF & L2 (R") € M1 EHA RAHET 8. 11 Banach I BEH @8, Tf ATAEH 9 MO LA

FEMEZ B8, TR Riesz Fn g3 (A (H1)* = BMO), A %1 Jby € BMO, {15
o (Tf,0)= [ubrpdx, Voe L3 (R™);

® [IbsllBmo < ClIT fllgny < Chs(A+B)lI fllr.

SR D/ (RY) I L TF ST by € BMO; 25 5% T fllsmo = [byllyy 0 <

Cns(A+B)lIflice, B T 7 (L*, BMO) & . w3 1 ik5e.



E+tift FERBEFFRSEF(O): MAEFHEFM

E PRGN A TR C-Z F A FERNSE, nE TN f e 1P, T AUX
sl TR T E S (AR E B E SR X0 T BARTH R T F ARAN T 8. X —JHE
W, FRATTRT AR AT AR 20 37 R RS ST Tf . 1K 75 SR AH SR R 715 248 Al 1

— MKRKETFHERM: Cotlar EIE
E N1 (BWriZ 58 E ). 2% KeSK(5, A), #E& e >0, & LI
K (x,y) = K, y)Xe-yie-
hr kB ENET T: DRY) - D'(RY), &EAFH K MEE >0, R LE BB HETH
TN = [ KOy
XA R KETF A

TY(f)(x) = sup [T (F)(x)!.

e>0

EETE, TOHRXT feUigpen P(R") RIFE LH.

ZEH1 (Cotlar). & K(x,y) € SK(6, A), # T € CZO(5, A, B) A X% K(x,y) % Calderén—

Zygmund T %% re (0, 1), W AC(n,8,r) M3 Vf e U LP(R"), &

1<p<oo

IT* F)| < Cn, 6,n) [ M(ITAT) )" + (A + BIMF (),
# 9, M & Hardy-Littlewood ¥ X H-F.
WERR. 1. HUE re (0, 1) LK f e LP(RY), (1 <p < o). X e>0, X
£ @ = f@xpro@),  fS@) = F@XC B )

KR KLLR C(B) Rndis B HIFME.

227
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2. SHERIMz € B(x,e/2), BT z ¢ supp f5*, FIFH L—ikdr i 2,

T(F2)() = f}R Kz, 1) f5 () dy = f Kz, ) f () dy = TP,
n Yy

|ly—x|>¢
R, T(fe™)(x) = T(f)(x).
3. Xt zeB(xe/2), A lz—xl <¢e/2 < |x—yl/2, WTTHFHFR 1% B R %A, BLE

|Z_]/|Z %/

(TSN ) = (TS )|

f| (ke —Kenp) )y
y—x|=ze

Alz—xf ol
n+6 y
Ve (e =yl +1z - yl)

\° f(v)
= A(%) L_ng (4 +y%|)n+5 dy

IfW)l
AC, -0 — - d
166 \[|;_;m2é ( )7’1"‘6 y

IA

Ix—yl+e
< CusAM ) (x).
KFwE—MA%ES, KHEE X
n+o 7 |x| 2 1/ Lﬂ_ﬂg, |X| =€,
o) = | (1) pe) = (1+2)
0, x| <1, 0, Ix| <&,

TG A () 7 15 [ X iRz s ok 1) o] A4 1) R 4

1
w21

D(x) =

1
m+67 |X| S 1

Fir CART A TF U0 — 20T Al f]+ e (x) < AC,, sMf(x) FE .
4. M\, Yze€B(x,¢/2), B

(T /)

IT(F5) @)
TS -TEH@)| +ITESHR) (EfR%ER)

IN

Cu s AMf(x) +IT(fy )@+ (THE)I-
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M rel0, 118, %Fa, b>0, M AZER (a+b) <a +b, Nl
(TEHET < C sATMFE) +IT(fy )@ + (TN

Wb G T 2 75 B(x, e/2) FAERUSFY, 545 2

1
IB(x, €/2)| JB(x,e/2)

MTFIF (@ +b+0) <3P(@ +bP +c) (p=1>1,a,b, c>0), 13

(T HEN < C A Mf(x) + IT(fy ) (@)I" dz+ MI(THI1(x)-

(THE) < 37 CmaAAdfC@'*( HKfE“XZN’dz)r+(A4HCFfNﬂ(XD7J.

1
|B(x,e/2)| B(x,c/2)
5. BLRABHEAG LRGN B r KR

1 1 ”
T 2) dz = rf AN ex(A)dA
B el Sy 00 T B el i)

1 ©0 Tl e || N
[r f P s I Hle)\+r f A UB(x, e/2)|dA
N

IA

IB(x,¢/2)] A 0
oo TR .
VRBHN = g =L B 5 5]
= xwm& NI+ NTBG e/2)]
_ (- )rHTH 1l (1) s
- xe/2)| IB(x,¢/2)|"1 1-r) |B(x,e/2) °
PN
‘ o 1T
IR < zrl—r |B(x,€/2)|
1
< Cn'é'r(A+B)|B(x,€/2)| B(x,g)|f(Z)|dZ
< Cuor(A+B)Mf(x).
5 T B, O

HERL T 2355 (1,1) 2= (p,p) & (1<p <o), B AC, 147

IT" fllpreo < Cu(A+B)lIfl,

" 1
1T fllr < Cn(A+B)max{p, pj}llfllm, (1<p<o).

VAT A SN r AL



230 Frtit FERBETRRLHET(Z): BRAETHAFE

WERR. 1. ERRAIIE: # 0<p, g<oo, W [[IA1]|, e = |[FIl - 2B
)

%} _ (su(})) {rlof1>n

1l = suplrdyn(} = suprfufi > 11y

r>0 >0

sup {#]{Lf1 > 1)

r>0

= (Al

i

M, B2\ B 3 SLEl] H-L #KHFAE LP® (1 <p < 00) LA 5, FIA_EIRPERR,

g e

|MATf1") i

CH,V”Tf”Ll,oo = C;z,r(A"i'B) ||f||L1 ’

1
< Coe|IT 1|7
e b <Gl

B f o [M(TFNI7 255 (1,1) AL 254 M 255 (1,1) ), e 7 T W25 1,1) 7.
2. Wor=3, Mt 1<p<oo, FIF T (p,p) B, LI

2

[maarshe| = |marsd)

! <may L

L%

1 ) 1

Cn,pmax{p, pTl}”Tf”U’ < CW(A+B)max{p, pTl}”f”U’
SRR 7 T 2 (p, p) . =
T E eI St

EIE2. % KeSK(5, A), m TeCZO(S, A, B) 2 XE K 89 C-Z H-F. % K i & &tk L
il x € R, # Ik

lim K(x-vy)dy < oo

=0 e<lx-y|<1

B, M3HERE f e LP(R"), 1<p<oo, Ik

lim(T* () =lim [ KCx,)f(y)dy

[x—yl|>¢

JUF R4 B . #t—F, A& b(x) € L°(R") 124

Tf(x) = b0 f(x)+lim K(x,y)f(y)dy

[x—y|>¢

JLF A Ak 22, % 1 <p<oo it EX A LP(R) & LT ALk .
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WERA. 1. HJRIEM, X @ € DRY), IR Tép(x) JLT-AbAAFAE. B [K(x, y)| < A/lx—y|"* A%
oy flx—y|21 K(x, y)o(y) dy 4axis s, ifi

f K(x, y)p(y)dy
e<x—yl<1

- f Kyl —p(ldy o) K(x,y)dy,
e<|x—y|<

e<lx—yl<1
Hor 5 —THURR A 52 HL A A, o JLF- BT x HSUCSI, FL AT — 50 P AR B b % i, AT
PRSI IXARIE T lim,—o(T @) (x) JLFAAEAE. ICHIRIR Y (Tog)(x), Ho Ty 2 Fik
W BRI AR E 1 — D25 T

2. BT DR £ LF(R") %, FHESEES R REGE, fTRX f e LP(RY),

1 <p < oo, EBMMAL FAAYEL
lii%(TS HE)=(Tof)x), SILTFHER xeR"

XH Ty ORI L &, B2 (pp) 2 (1 <p <oo) MFG (1,1) AL
3. FHIERALE LF(R™) (1 <p < o) HHHENAL lim, o TE f = Tof, BP

lil’l’(l) T f(x) —To f(x)IF dx = 0.
E— R”

T 56, R RS S U EZ; HR, R T A To 19 (p, p) 284, |T¢ f(x)— To f (x)IP < 2P(T* f(x)P +
Tof(x)P) /2P FAER %L BT LAHH Lebesgue #4 il S0 #ERI 43 4518
4. FEEY supp(f) Nsupp(g) = 0 B, EATZ B FIFEES A IE R 5, AT

[ ropwsedr=tim [ THWsE
R~ &= R”

= lim fR n fm nK“f)(x,y)f(y)dyg(x)dx

q—w

- [ [ kewrosmdds
ES)ld
T = [ Koy
BIFRATIEM T2 To 2 5 K %3889 C-Z JF. #M14 Ty % T # &6 Calderon-Zygmund

¥ A H T (CZSIO).
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5. JJFUEMA Tf(x)—Tof(x) = b(x)f(x), HH be L°(R).
W g AR HA R, QR NI, TA W & oL

(T - T) (gxQ)(®) = xo() (T - T)()(x), Vx¢adQ, & FI/. (17.1)

Wk, % x ¢ Q, W x ¢ supp(gx). TR

(T9-T)(gx0)™) = fR (KO y) - K y) (sxo) ) dy
_ f| _ K pisramdy (172)
x—y|<e
—0(e—>0)

ERER AR € < dist(x,supp(gro)) M, R (17.2) A% AT x ¢ Q I
= (17.1) Jor.

#x¢ CQ, Bl x € IntQ I (A & Ut x /& P £X), 7

(M9-T)gxedw = [ Kensxeowdy

[x—yl<e

=0, (He<dist(x CQ) i)
T, X x € IntQ,

(T9-T)(©)x) = (T ~T) (8100 + 810
(T9-T) (gxc)@ + (T~ T) (gx))

= (T(é) - T) (gXQ)(x)/

xo(T¥=T)() = (T ~T)(gx0),

Wi (17.1) 7588 AL
£ (17.1) H 4 ¢ — 0, i J L PAb b sl ar 55K

(To—T)(gx @) = xo(To = T)(g)-
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6. B To-T Mtk XMERMBEE f= Y agxg, BAIA i HAT SN BH

HIRA
o, JUT AL AR T

To—-T)(gf) = f(To—T)(9)- (17.3)

P To—T A2 (2,2) B4LLR T SRR e L2(RY) A& M, 50 TR f e L2(RY) KB R
HA B SRR g #RAL.
7. LLB(O, ) iCBAJE SR, jORAERIER. X j < 7 B SL

(To—T)(xB(,j)) = (To = T)(XB(0,)XB(©,j)) = XB(©,j)(To — T)(XB(,77))-
X FWAEE— A RE LR EL b 815
b(x) = (To—-T)(xp,j)), x€B(,}).
K § = xp,j) LASHELE B0, j) ERUBREL £ RN (17.3) 1331
(To=T)(f) = f(To—T)xp,j) = b(x)f(x).

FH o 5ol 2R 3 ke B f bf s Lz(]Rn) AR T HA 16ll;2-12 < | Tollp2—r2 + 11 Tlr2- 2
*E*E%’bl#)l é@lﬁ"] Fourier /lﬁ%‘@}ﬁ; ||b||Loo < ||T0||L2—>L2 + ”T”L2—>L2' ﬁlﬂ:ﬁdl]ﬁzﬁi?ﬁﬁ 2
FIE B O
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F+/\i# Carleson JES BMO F#;

WX — IR IRA TN BA KA G RS E I L2 A S R 18 T — U2t
FEH RV TR — A B RSB T e L2 A SR Carleson I FE 1 M5 iE
WA ), 10 2856 S I LT IR 22 M DL AR 1100 L2 A5 S, AT LAIE B ARAE SRS R AR 43
B L2 HAMNE A T(1) 3.

— Carleson JIERENX

EMX1 (WKiZ). 4% R" $3K B=B(xy, 1), # T(B)={(y,H) e R*™*': yeB,0<t<r} # B
WREMIRE. £, 2 Q=0Q(Co Q) £ R" ¥, ¥ Co LKA Q) # 71k, 4F
T(Q)=QOx[0,[(Q]c R A Q # ki,

TE X2 (Carleson £ 5 Carleson ii%}). R eyl & u #&H Carleson M &, =
”‘UHC = sup |Q|(U(T(Q)) <o
QcR”

() £ sup f@mn@)
Q3x

% Carleson 3. 224 [|ul| , = IC(wIL~.

AR X

linder ,
160 2 sup < u(T(B)),
BCIR"

RIARTEER]: £77E Cu, Cp H648 Cullulle < Il ™ < Cllullc.
1. R L Lebesgue M 72 Carleson M .
AR, B1Ql = ((Q))", IT(Q)l = Q)™ B AT supQTQ =sup,[(Q) =

2. L2 R?> E—K%ray A& s R2 L6y TME A, 2 L u(A) A AL 89—% Lebesgue
MR, Wy A& Carleson M.
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SRR 50 [T(Q)NLI < V2U(Q), T supy T < sup, Y24Q < 3, # p /2 Carleson i

JE. O
B3, £ay, LA R n E4F@ VACRY RTME, 2L p(A)="ANL & n %
Lebesgue M ", M| u 5 Carleson M L.
Z EVIERKE S Carleson U E
B F(x,t) /2 R BB mrilsRge. 5t x e R, 38 T(x) A& Bh x TR AL, T KN 14

T(x)={(y,t) e R : ly—x| <1,

IR Lg%
F'(x)= sup [F(y,b)I (18.1)
(y,Hel(x)
N F FAEYIEMRKER . X MESENES \HFeandid. B8 F(x) =0aexeR" =
F(y,t)=0.

— T FRATESL AR A K B %5 Carleson W [R] (B 2. NI, e B2 58+ FL 41
i) Whitney /e H: X F % UCR", F=R"\U#0, M A&7 R EL 48389 =
B QI #R: 1) U= fj Qi ) VkeN, # Vil(Qy) < dist(Qy, F) < 4 VallQy); 3) %
AR QiMNQr#0, N (Q) <5 4) SR Q) ESA 15" Nk Qr B AR
ROk, JAgs i A g

EIRL. AC, > 0, /33 R E3E R &y BAEST—AS p-"Ta B3 F, Ak 2

u({e ) e R 2 F(x, 1) > a}) < Cy f C(u)(x)dx. (18.2)

{xeR"™: F*(x)>a}

XEZBRET a>0 L {xeR": F*(x)>a) 2 R" 9 AF 4.

WEAR. 1. i Qo = {x e R": F(x) > a}. SLiFEHERITEE.
W xp € Q, M F*(x0) > o, T A(yo,to) € T(x) H75 F(yo,t0) > a. ML H z € R ffi45

[(2) 3 (yo,to), W F*(2) > a. % (yo,to) € T(z), W z i 2 |z—yol < to, B z € B(yo, to) CR". A
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MA4L: Vze B(yo,to), F*(Z) >, &l B(yo,to) c Q,. %_‘ﬁﬁ, H |x0 —y0| <ty g3 X0 N
B(yo, to) BTN AL, AT LAFELE xo BIFEADNSDIRE ST Q. 1 Q) 2 FTEE.
2. BUAERE Q F Whitney 5, 31—k Q.. XHEE xeQy X

Sa(x) = dist(x, CQq), M Vz € Qp, A
ba(2) < Vnl(Qy) + dist(Qx, CQa) < 5 Vil(Qy).
T Q. FAMTIE Be = B(Cr, LUQ) I Qe HIE/INER. TR z € Qp BT |2 Gyl <
YUIQi) LA 8a(z) <5 vml(Qy), M Vy € B(z, 54(2)), AT
ly—Cil < gl(Qk) +5Vnl(Qx) < 6 Vl(Qy).
XA R
B(z,04(z)) C 12B = B(Cy, 6 Vnl(Qx)),

NI
T(B(z,0a(2))) € T(12By),

T | Bz 62(2)) € T(12By). #—BXBTH k B, 135

z€Qk

| TBGE 6. || T(12B)).

z€Qy k
3. FHUERA
() e R |F(x, 1) > af € U T(B(z,5a(2))). (18.3)
z€Qy

H9z b, W () € {(x, ) € R |F(x, £)] > a), B |F(x, £)] > a. ARTTHEB A &1 F(y) > a,
Yy € B(x,t). Rk, B(x,t) C Qq = 04(x) > t. HIKZERIE X, (x,t) € T(B(x,00(x))). FH (x,t)
(R E, SENTE (18.3)HKAT.

4. EIATH A8, 83 {(n ) € R |F(x, )] > af € U TA2By). 8T p AR5,

u({en e REL: P, 01> af) < ) p(T(A2By).
k

I Carleson BREL & X C(p)(x) = sup ﬁ@y(T(Q)), A
Q3x

C(u)(x) > |121—B](|H(T(12Bk))’ Vx € Qi C 12B;.
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BRI,
u(T(12B) < 12y inf C(o)(),

NI}

u({e ) e RE:F(x, 1) > af)

IA

D 112By] inf C(u)(x)
p x€Qk
1
< Zk:'lsz'lel C(w)(x)dx
= le’” d C([J)(x)dx

DY fQ s

G [ Ctwas

Qq

5E BAFIE. m
HEIRL. & u & Carleson W&, W
u({et) e R 2 Fx, ) > af ) < Cu ]| '{x eR": F'(x) > a}‘ .

AR 4 (xeR": F'(v) > a) = R" B BRI % (xe R : F(x) > a) & R ITH
I A FH E HE 1 A1 Carleson M 1) € X EI15. O

#EiL2. xH4E— Carleson M p A ]R”Jr1 AT —AN u-"T R4 F, A
f RGP dute ) < C[ul, f F@Pdy, 0<p<co.
R+ R"
SERR. T 5345 66 KR 2 54

[ verdue =p [ tues @ > aar
R” 0

m
N E R PR S A A
2. X @ AR Eoykf, BBEAE0<C 0<oo 217
C
()| < (18.4)

(1 + xf)yr+e”
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& ou A R &Y Carleson M, W) V1 < p < co, ACyu(u) 1243 Vf € LP(R"), i

f e+ FEP Ao, £) < Com(u) f P dx, (18.5)
]RT—l R”

I o F 2 Cpu(p) = Clp,n)llullc:
RZ,#% @>0 %2 (184) XE f“xlsl}(p(x)dx >0, % pu A R EaydE g, L5k
EApe(l,00), AC, (1) %4F (18.5) K3H4E— f e LP(R") Ak 2, W & Carleson M &, H

lulle < Cp,n(.u)-

WERA. 1. % p & R Carleson JUFE. 5t F(x, t) £ @p* f(x), BHES\HE, AT AT %
NS

F'(x) = sup sup lops= f(y)l

t>0 |y—x|<t

BE#% Hardy-Littlewood KM% Mf(x) FrfEthl: F(x) < C,Mf(x). T2 Hardy-
Littlewood W KSTE (p,p) # (1 <p < o0) WAF |||, < Clp,mfIF,. AT BT 2,

IA

f e, P dux,f) < Callulle f (P dx
IRT'l R”

Cp,n([vl)”f”zp-

IA

2. PLFEHEE AR, BB = B(xo,7) C R, % Y(x,t) € T(B), &

(¢t * x28)(x) f]Rn Pi(y)x2B(x—y)dy

f pr(y)dy
yex—2B

pr(y)dy
B(0,1)

f p(y)dy=Cop>0
B(0,1)

FRE AL BIG®R: & (xt) € T(B), W B(O,t) c x—2B. F3L L, X Vz e B(0,t), T

\%

Ix—z—xg| < |x—xo|+ |zl <r+t LLE t <7, 5t x—2z € 2B = B(xo,2r), Bl z€ x—2B.

I,

f o xo(P du(x,f) > f pre s P Ao )
]Rn+1 T(B)

Cou(T(B)).

vV
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Con(i) fR s dx < (2B
FU (18.5) 2%, B f = o BLH

Cou(T(B)) < Cpu(u)2"1B],

Cpn X ,
Wi “(lTB(lB)) <on ”C(“ ) Wil B LR, BRI 1 Carleson WU, 1 A
0

llulle <2"CyY Cpulw)-

O
= BMO ¥ 5 Carleson N E
N HIE B AT B A R A
EIE3. % be BMO(RY), ¢ & R" L-F¥15H 0 69T AR K 4
- gbdx =0, |¢(X)| < W (186)
(X)) = t7"YP(F), Ai(f) = fy-.
a) X
su P27 E)> < B? < oo, 18.7
sup Z P7%) (187)
FIT 8,y-i(t) & t =271 &89 Dirac M, W) AC, 5 1213
du(x,t) = Z - % b(x)Pdx - (t) (18.8)

jEZ
A R By Carleson M, B ||ullc < Cys(A+ B)? ||l 10
b) %
sup f |1,@(t‘£)|zg <B?< o0
EeR" t
W] Eig du(x, t) T 5 R E 48 X do(x,1):

do(x, t) = [ *b(x)lzdx%.
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A R L4y Carleson M &, E |vlle < Cps(A+BYIIbI3, 0

c) &R 6A>0, {Kilso 7 R'XR" L&9K%, B V>0, (x,y) e R"XR", x #y, &L

A0
IKe(x, )| < =g

1% Rt %éi‘fiﬁ%

(Ref)(x) = f]R ) Ki(x, ) f(y)dy, (18.9)
CatEE fe | ] LR AL L R(1) =0,¥t>0, B IB>0 124
1<p<oo
& dt
[ [ RwParTE < B g, 7 € L2RY (18.10)

N Vb e BMO, Ml & [Ry(b)(x)? dxd— A Carleson M, AEAEZE % A C, 5(A +B)2||b||BMO.
WERR. 1. EIRIE a). X u—ml il e %L F(x, t), BOL

[ Fenduten =Y [ 2 i bk a811)

j€Z

% R ALK Q, 12 Q" =3Q. B E(x,£) = yri)(x,£), MM (18.11) 5 735]

wT@)= Y [ iy sewiar= ¥, [ apwpar

277<I(Q) 277<I(Q)
2. I b i

b= (b-bo)xg +(b-bo)xco +bo-

BT [¢pdx=0, A ¢, +bo=0. T2

uTQ) = Y f [y +(0=bQ)xg) + ¥+ (0~b)x o )| dx
277<IQ)
<2y f|¢2,*((b bolxg)Pdx+2 Y f|¢2]*((b bo)xry)? dx
2-1<I(Q) 2-7<(Q)
2 +]L
3. TATH
bo —bo| < b—boldx < b—bold
lbor ~bol IQlfl oldrs ||f' aldr
= b—bold
|Q*|fQ*' o ldx
< GullbllBmo- (18.12)
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%+ /\# Carleson | & 5 BMO &%

i1 Plancherel € ¥ A Levi B iAW SCE #, 3R FH 444 (18.7), 1oL

i JE — A

2 ¥ f|A [(0-bo)xa] (x)‘ dx
sz IAL(b-bo)xo][ dx

/\| dé

ey

= 232f I(b—bQ)XQ*Ide:ZBZLIb—lezdx
R” *

= ZBZJQV*l(b—bQ*)'F(bQ*—bQ)lzdx

I <
27i<IQ)
<
JEZ
<
jEZ
<
< 4B%Q* |(
<

B TH (18.12), 3

IQlf Ib—bo |2dx)+4B2|Q llbg- — bl

CuBIQI bl -

T TP T BMO BB 2 SR E 3.

4. FHETHRRIY I &5, AIHZAT (18.6), FA1TH

[rr-i+ [0 - by

- Uﬂ;n Po-i(x = I —bo)x (@l () dy

2-10lb(y)—b
. f ' Ib(y) QI6 ay
©) @77+ x—yh"*

FEEFE xeQ yeCQ, MHT ly—Col =3+nlg/2, Ix—Col < Vnlg/2, 4

27+ x—yl > lx—yl>ly—Col-lx-Cgl

3
—|}/ Col+ \/_Q_ilQ

\/_
= E(ly—CQ|+TZQ ,

\%
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T

II

IN

Y 2 Ib(y) - bol 2
C A2 2]6f ‘f 2 n+o6 dyl dx
@ (ly—Col+1lgl)

27i<I(Q)

b(y)—b 2
Cn,éAz(lQ)zéf(f | (y) Ql bdy) do
o\J@y (ly—Col+Ig)™*

b(y) - bl ?
CnsA%(10)% |( f d )

Cr,sA%1QI Bl Epo -

IA

IA

KB AFESHA TP E 1.
5. mARNFE]

w(T(Q)) < Cys(A% + B2)IQIIIbIIEN 00

MM e 2 Carleson W, H. llullc < Cys(A+BPIbIZ,0.

6. b) A RALIHB IR,

7. %), i b=(b-bo)xg +(b—bo)x (@) +bo. FIH Ri(1) =0, RFX Rel(b—bo)xor]
{8 Q1B L2 A5, 3 RIO-bo)xi@y] 4 C(Q) 14 L2 fiiF. 41515 ) WAEWIZERL O
SR 1 EH: F P HR (18.6) R E [P+ VYl < A(L+Ix) ™0, T (18.7) K A3 .



244 %+ /\# Carleson M| E 5 BMO %



S+ AR
PIRASE T — MR R T S A ) AR AR 7 e AR B (R B 07 o B 7). 3RAIT
#iEid Carleson MR E/2 (2,2) B, FHIGUEE & C-Z #. X 7] DL RAE I — 1
T(1) 2. Nk, At E A TR 7 L ILHE () H4E 1 BRER.
— ARMENX
PR & i8I % R ) Littlewood-Paley 73 fif & . NIt FAT16 /i 2240 L-P 73 .
1. Littlewood-Paley 43 f#
& (&) € DRY) = C(RY) S — A2 11 % Fik L1 26 Ik 1 B 48, 196 J2 2% A

(P(E) = 1/ % |£| < ~7
0<p@E) <1, % %s|é|<1,

p&)=0, #H [&=>1.
HAl1E X
PE)=P(E/2)— (&) =0 1 Pp(&) =y (27FE), peZ.
75 5 Ik

suppip C {% <lél< 2}, supp iy C {21"1 <& < 2P+1},

suppypy Nsuppy; =0, PpiPg=0, Flp—ql=2,

1=} (), £eRN\(o).

peZ

245
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H A 75
<Y (&P <1, VE#O.
ez

N =

S u e S(RY), 24 & # 0 I T

() = ) PpOne), (19.1)

=
Hor i = F(u) /& u ¥ Fourier A8, yER W RMR B u /£ RY R FHIAE, 4 0(0) =0,
W (19.1) %FF & € R HRRAT.
E X L-PHT
rpu() = F2 (0p(0AE)), pez,

BATAR RN L% u 1 5k Littlewood-Paley (L-P) % f#:

o0
u= Y s
p=—00

X ueS, KRBT Apu #HGZCHREL Xt g € Z, BATE CHRT AN

q-1
Syl = Z Aput = FHpQRTIE)D).

p:—oo
R supp ¥ (Squ) C {1&] < 27),
thE X, AHMET ue S,

F(aqu) =gt H F(Squ) = g4l

b @ = (2798). BLBCEFF M W M O 15 W =y, &= . FIFHAI (F(@)E) = ¢(tE),
H @y(x) = t"p(x/t), t >0, A

Aju = \I"ij *U, S]-u = (I)zfj *1U. (19.2)

HT @, W ARARFIRARA, PTEL a; A1 S; HREXRE 7 (SR ER 7H%). &5, T
(0) =0, Aifii [, P(x)dx =0.

e Ip = Lo qma ¥r©) h=Y 2o ¥p(©), MA1=To+0)? <2I3+1). HZF= Lo fms Vp(€),
B= L, 2% (). THH ¢y €0, 1] RIFFE5 L.



— R EX 247
2. {AFA

BATVEIE, — R, ST LR 1, v e S'(RY), EATHRTRIN uo & Toka B L.
SR, R L-P 3R, AT LLEE R AT AL 52 SR @ AN R B FR, 152 BE %
IR BT TR

Wu=Y2 otpl, 0= Y00 o dg0 39 u, v ) L-P 3. AR LA

uo = Z ApquZ)

pPaEZ
[o'e) p—3 (] q_3
= Z Z Apquv+ Z Z ApquZ)+ Z Apquv
p=—o00g=—00 g=—00p=—00 |p_q|§2
= Z ApuSp—o0 + Z AqUSg—ouU + Z ApULgO.
p=—c0 g=—00 p—ql<2
EXL. %% g, R X RET Po(f) A
Po(f) =Y 1485, af. (19.3)
g=—00

TRAMX EFATG U T XRFREI 57

‘ uv = Py(u) + P, (v) + R(u,v),

Horp R

R(u,v) = Z ApUAGO.

lp—ql<2
MREXEEMY Oy 7 U LR OR A2 SGE & B, FATIRE BT (FiFourier 22
WS IS 4E). 3 H b, suppF(ag0) € {2971 < |E] < 2741}, supp F(Sq-ou) € {&] <2972}, T2
MRAEE IR, BT

supp ¥ (840Sq-2u) C {}12”’ <lél< qu}. (19.4)

XAt % u, v e S'(RY), (19.3) FHIZEAE D/(R™) |~ SCEREURI R SCR AU, M
(19.3) A= X.
2DRAERME Y u, ve S WRTFIRESG 5T X, B0 F 5 S wo — SR VIR & 5. B e R s — Y

A TSR CUEAER ), ik, XA GRS E B W R I, TiX— oA SR VFI.
SPRATVE 2T 10 & € BRI P ) — A S0 R, B 5 SR U U 1 SCAR .
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— FRETFReH

EHEL RE be BMO(RY) A= f € L2(RY), M4 ¥ 1m A0S j2f % M — oo B L2 d sk,

THARIEA Py(f). B Le9FF Py £ L2 AR, HFHk

IPpll;2—12 < Callbllgmo -

IERR. 1. Xf b e BMO, 5 S
du(o )= ) 1)) dxdy2(0)
jeZ.
A E—3HE 2 R L) Carleson M, H. ”””c <C, IIbIIZBMO. SR ER f e L2, JA1H
BT
F(x,t) = (Dr = f)(x).
FEBSMERE k€ Z, T F(x,27%) = S()(x), M (19.2).

2. PRI A(b)Si—o(f) A L2 Ji%k. %f M, N € Z H M > N, Hi Plancherel &

i, i
Y (8/0@S-(h®)" @

. = |
R™ R IN<ljl=M

TR I £ £ AR (19.4) IR, TR & F— R
MNP EZH A NE. + F 2@ Carleson W EMIPER (3R 2), 53
A
Y (8,0)®52(h®)" ©

2
fIR” N<|jl<M

+ Y[ s @k

N<ljl<M

4Z;£Awwaamwewa

jeZ

4Y, [ 18005 2P dx

jEZ

d [ FwRdnG ) < Culblhyo [ PP
R+ R"

2 2

Z Aj(b)(x)S j—2(f)(x)

N<[jl=M

d&.  (19.5)

dé

IA

IA

IA

SHH AR Cauchy-Schwartz NS5, O (L, ap)® <nXi_ja7, THH n=4.
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2, 17 © € S(RM), T 7726 7 i ot B A 26 8 0k 1) FT B 42 B K ()] < Coo/(1 4
)L F 2 Fr(x) < CuMf(x), M

" IF*(x)*dx < C, fR n IMf(x)?dx < C, fR | F(x)l dx.

A5 T AR
sY [ U520 @ de < Calblfyo [ If0Pds (196)
jeZ

3. MM EHEIAZER, TR TAER e > 0, f£1E No {32 M > N > Ny it

e

XAk BT A {z| i<m Aj(B)(X)S o ( f)(x)};z=1 & L? F1f) Cauchy %1l iCHARFR A Py(f), 5548
BRT foRgthny. shh, AR (19.5) 1 (19.6), U N =0, 43 2

2

2

Y, 2B®S; (k)

N<|jl<M

dred Y [ o080 ©Pde e

N<[jl<M

< Callblnso 1]

L2

Y 2i0)Sja(f)

=Y

[Py = lim

I Py, 5 L2 B RS T B FHEA KT Caliblismo. =

= RETFH%

X4 € ) b e BMO, fiRHE T P, & —Fit B 3EE A Calderon-Zygmend #73&
T Hez b, FEIRATE S K Schwarz #IRHIZE R x R™\ {(x,x) : x € R*} & —AMhrifk
.

BATH S B j, BT £ o abS)of WHL A F

Aib(x)Sj-of(x) = f]R ) Litx, ) f(y)dy,

=

Li(x,y) = b+ W, (x)2"0 222 (x - y))

R R PTA BR L O9 T A THE RIS, AT E R A FL A i
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1. %t b€ BMO, A& sup ey ”AJ'bHLOO(IR") < Cullbllmo -

HERR. i Q = Q(xo,27/) B LA xo Ay, K € =277 751K, bg 9 b 7 Q LIRS,
W W R e L, 1 HAR O E, A1

AbGo)| = " fm nb(m—y)\lf@f'y)dy'
= |om f}R (blxo- y)—bQ)‘I’(ny)dy'
< o fR (b0 - 1) - bW @yl dy
< t"”fw I(b(XO—y)—bQN#ﬁwwdy
= ¢ [ 106 -bol g ds
< Culibllpmo -
L — AR R T 55 F ISR 1. oA 0

R _Eab e, LAR @ B A, SERor

2Jn
(1+2J]x —y|n+1’

I HAMER ERAS a M1 B, IRYE Leibniz 320, AHERIE

ILi(x,y)| < Cullbllno

2j(n+a+ﬁ)
(1+27x — ylyre 1N’

10290L0, )| < Ca v llmno0

XH N> |a|+|Bl.
B x#y N, TATE
ojn 2in 2/n
Z (1+ 2J|x —y|)n+1 B Z (1+2J[x —y|)+1 " Z (1+ 2J|x —y|)+1 (19.7)
j€eZ j: 2x—yl<1 i 2 x—y|=1
=I+1I. (19.8)

X 5 — I, AR S5 L g R A4S 2

1< Y 2"<Cl-y™
ji 2/ x—yl<1

X e I, 152

< |x—y ™1 Z 27T < Cplx—y[™.
ji 2 x-yl>1
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T XL, y) #Extiiesh, A

Z Li(x,y)

jEZ

AL

2
< . < < —y|™.
< ) Lto ] < Cullbllpio ) 2y = Crlllevolx =yl
j€Z JEZ

Lyx,y) = ) Li(xy).

jEZ

SHTHREL, X x £y, B

)3

JEZ

Crapllbllemo X — yI™

jn+a+p)

IA

Y BALixy)
jEZ

2
8§8§Lj(x, y)‘ =CuapN ”b”BMOZ 120
j€Z ( +

(n-+lal+Bl)

IN

T2 Ly(x, y) AFEWOR T, M H3A T &M 1

L6, y)| < oo bl b — i1, (19.9)
H I, HUE x ¢ supp f, Hi% supp f & %46, W H Lesbegue % il Sl e 2,

PH = Y0060 =Y, [ L= [ nensmds

jEZ JEZ
BT AR Py IIAZAURE Ly(x, y), M0 H A (19.9). EAFFATHUEN 1

EH2. GARHET Py 9B AMERZ, B P, £ CZO H 7.

AT Py OB T P B2 C-Z Ho, i e M2 Ly (v, y) = Ly(y,x). 53— 771,
UGB T,

(8 P = (Pol(®), )= [Z AbS; 28, f] =Y (AbS;28, f)

jeZ. j€Z
Y (Si28 Ab)f) =Y (8 Si2Ah)f)

j€Z j€Z

= (g, Zsj_z«Ajb)f)],

JEZ

FTEL Pi(f)) = Ljez Si2((Ajb)f). Hisldh, HIEANHFEs 1, PR (MY, L) B,
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M AREFE 1 LMER
N TAER] T(1) B, JATTH Z T 458,
EHE3. %% be BMO, P, 3 28945 #HF, M Py(1) =b e BMO, P(1)=0€ BMO.

HERR. 1. BUE @ € Do(R") (B NER) CP(R") &%), LK —ME—B0H SR B SCER
JEHE R )Y, BN - oo B, gy — 1. AR, ATRETA R ny 1E B(yo,3R)
AR 1. X B B(yo,R) D suppe. FATATLLE X Py(1) (5 ny BHEBCLK), 45 VN > 1 &
AL (B WS (16.10) )

(Pp(1), )

S T apcossmmpwars [ ([ nmpwar)a-moay

jEZ
I+1I.

2. JeBEBUFIL BT [dx=0, FIf (19.9),

I} ' f Lb(x,y)—Lb(yo,y))fp(x)dx)(l—nN(y))dy‘

A
f f v |n+1 I1—nnW)!l-lpx)|dxdy

lyo —
ly—yol=3R |x—yo|<R

IA

1-nn(y)
< Alx—yol-|p(x)|dx f d
f Yol Ip) y—yor1 Y
lx—yol<R ly—yol=3R
1-nn(y)
< AR
”(p”L1 |y_y0|n+1

ly—yol=3R

41 N = oo B l;_”ﬂfﬂ XF y LTRAUATE,

1-nn(y) <
ly —yol™1 ~ |y —yol™*!

e L'(CB(yo,3R)),

H Lebesgue il i &Ue 2, T — 0.
3. L RFIEH - fb(x)(p(x)dx (N — o0).

PAWERHOL S;(1) =1, V]eZ FHLE,

S](l) = 1*@2_,' = fq)z_]’(y)dy =1.
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R S; A HERA BRI, RSB PR, s

ffS]-(g)dx:fgSj(f)dx, VieLl, geL®™.

BUE, X p € Do(R") c H! (FERERA (1,1) R PR, ®I1E

[ Y apsiampd:
R JEZ

- Y fR (OIS nIpdx Ty € L2, FRRAGLEAE 12 sinficsl, L e 1]
j€Z
-y f INSia(Ap)p)dy  [S; SR T]
j€Z R*
= fR n’?NZSj—Z((Ajb)QD)dx [g¥re LY Aliesh, FIR ST Py iy (HY, LY )
j€Z
- f ZS]-_Z((A]-b)go))dx (N — o0)  [Ffilik s e #1]
R* ez
- Y fR Sja(Ajblp))dx [FLEAE LT siicsi]

JEZ

- Z j}; nS]-_Z(l)(Ajb)(pdx [S; XS FRI 1]

j€Z
= Zf(Ajb)(pdx=Zf bAjpdx =) (b, Ajp)
jez Y R" jezVR" ez
= (b, Y Ajp)=(b,g).
jEZ

X RGNS REN Zz Ajop 16 H IS @ (WL [13] H3ET L-P 40fifxd H! (K50
JE
2 X), LK (HY)* =BMO. T N — co W5 [ — (b, ). EFERATHIEM T Yo € Do(RY),
AL (Py(1), @) = (b, @), BITE BMO 7 [H]H Pp(1) = b.
4. PAREW Pi(1) = 0. H5E X,
(Pi(1), ) = fR Y S -2 O (@) dx + fR ( | tewew dx)(l —n(y)dy = T+10
n ]EZ n R‘ﬂ
588 2 30 —F, WTLLIE N — oo B 1T - 0.

5. HT @2 H B —A (1,1) T HREAEE, 3Py AP #RE (HY,LY) B, FirEd
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Pb((p) € Ll, }‘Aﬁ N — o HTJ‘ fT]NPb(gO)dx - be(go)dx. T2

I:f%WWM=fwm@weJEWMx

FLL R R f Py(@)dx = 0.
6. Etlﬂ: Pb IEIL: (7‘[1,L1) ;@, (OXS '7‘[1, F‘ﬁué&ﬁ Z A]'(b)S]'_z(gO) E L1 EF”I&@’I (ﬁ’[%‘E‘FE
j€Z
97 95 HBAEY) i,
[ Pitorax= [ Y a0sia0)dx=Y, [ a8
R" R" iz iz R"

ST j € Z, FIF Aj(b) Rl Si_o(p) ¥ Fourier A4 (¥ 3L HEAAHAL,

fm Aj0)S)-2(p)d (A;®)S-2(9)) " (0) = culs(B) * S12(@)(0)

anNEXBWﬁﬁibx—wdy=0
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=I-1I.
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BV M — +oo B, [ 0. FEEF
(SMLSm(f)—L(f), &
=(LSm(f), Sm(8)) —<(L(f), &

=(L(Sm(f) = f), Sm(g) +(L(f), Sm(8) - &)
=(L(Sm(f) = 1), & +(L(Sm(f) = ), Sm(8) — &) + (L(f), Sm(g) — &)-

KA ge8, MM — +oo i} Spy(g) £ S sk ®l ¢ LA
(L(f),5m(8) ~ 8) — 0.

FIFEHL Sp(f) — f (7E S 1), XL & S(R") 3 S'(RY) MIELLL MR T, W L(Sm(f)— f) = 0
(£ S’(R™) o), AT (L(Sm(f) - f), §) — 0. FF i Schwartz & 2, & L i@ HiZ2 W, U

(L(Sm(f) = f), Sm(9) — &) = W, (Sm(f) = f)®(Sm(g) - g)) — 0.

Kt M — 400 I T — 0.
4. FHE L W f, g8, H f, § WXEREEM, WL N - —co B, RAEEY]
Sn-1(f) = 0 (/£ S ), AKAE S 1 Sy_1g — 0, T4

KW, Sn-1(H) @ Sn-1(9)))]

<C Y papGn-1() Y, pra(Sn-1()

la |1BI<M y1161<Q

—0.

NI NI
(Sn-1LSn-1(f), &) = {LSn-1(f), Sn-1(8)) = (W, Sn-1(f)®Sn-1(8)) — 0.

KB, BARERH 75 FAEEE T S H Fourier B L EANE RS f, AL L(f) = L(f).
FIFIXFER R B AR 2 1, BATH L=L, B

SmLSM(f) = SN-1LSn-1(f) = L(f), (fEL*H)

FAIA (21.2) 2153 |IL(F)ll2 < Crs(A + B)|I fll 2, AT 2 BEAFE.
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T R FER (21.2) # (21.3).
5. FIFIQ21.1), 18 Lj = AjLS), L) = Sj 4 LA, j€ Z. HEX, B f+ @, [ Riemann
£ S #hA4h T sk,
Li(£)(x) = L(f » @p-j) * Wp-j(x)
= <L ( fR fPyi(u-y) dy)rTx(\Pz—f)(“)>
~(w( [ sy - parferer,)
= ]Rn<W, f@)@y-i(u—y) @T(¥,-)) dy
= j}; W, Oy = y) @ T (Y5-)) dy
- [ @@ -y, v nay
= SOULTY (Dy), T(Wo-)) dy,
M Lj R K, ) A
K;(x,y) = (L(T¥(Dy-j), T (Wp-1))-
Kl L RN K (e, y) N
Ki(x, y) = (L(T/ (W5-)), T (Po--0))-
6. WAIWr =
IK(x, )| + 27/ |VK(x, y)| < Cpo(A+B)2" (1 +2]x — yl) =), (21.4)
X} K (x,y) BT R
TEAEBINT 5 (21.4) Z 81, TATS R (21.4) IEBISERTHINT S (21.2) M1 (21.3). Ak, il

Wb E—dhE B 2 &M (y =1 15F). i (21.4), TA1H

2

Ki(x,y)| < C,s(A+B . ,
| ](x y)l ,(5( + )(1+2]|X—y|)(n+6)

(73 PRI 25 1)

2(n+1)]'|x_x/|
(1+2][z— )+

IKj(x,y) = Kij(x", y)l < IVK;(%, y)llx = x'| < Cpp 5(A + B)
< Cps(A+B)2"2/x— x|,

Ki(x,y) = Kj(x, )| < Cup(A+B2Y2x—x'|.  (IEMIPERAE)
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A, BT Si(1) =1, Aj(1) =0, BAJ L(1) = L(1) =0, Ul

Li(1) = A;LSj(1) =0, L;(l) =S;L'Aj(1) = 0;
L(1) = Sj-1LA|(1) =0, L;.t(l) = AL'S;4(1) = 0.
X R AR SL, T2 E—dhe L 2,
M
Z(L]' + L;) = SmLSMm — Sn-1LSN-1
j=N

M — +co, N - —co i}, 7E L2 P88 THEA L, HA
ISMLSM(f) = SN-1LSN-1(Hll2 < Cps(A+B)lIfll 2, YMeZ, N<M.

XELUER TS (21.2) A1 (21.3).
7. THAEWWE (21.4). 2 HFEIE.
1B a): [x—y|<5-277. FIH L Mg54E 73, o

(LY (@), T (W)
= (L@ (@), ), ()|

<C2M|LlIlwg ~ (RIEEMST R=27)

(1+5)"+0
(1+2J[x —y|)r+o

<C(A+B)2"
=Cpu5(A+B)2" (1 +2/|x - y|)~"+0),
B b): [x—yl>5-277. Bl ©¥(D,-)) 5 t5(V,-;) XEEAMHA. #
Kj(x,y) = f]R n jn; Dpi(0 = y)K(u,0) Wy (u —x)dudo.
BRI W BP0 0, 1)
Kj(x,y) = fIR ) f]R Dp-j(0 = y)(K(1,0) ~ K(x,0) Wp-j(u — x) dudo. (21.5)

ERE

lu—x| <27, [v—yl <27, Ix -yl >5.277,
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F u—o| > x—yl—ly—ovl—|x—ul > 3-27], FEMH [u—x| < Su—ol, LK ju—o| > |x—y|-2-277 >

x—yl—2lx—yl = lx—yl. thik, FIH K € SK(5,A), #li1H

lx — ul® 2-J0
|K(u,v) - K(x,0)| < Am < CupA

¥ LSO (215) B
27/
Kol < Cond [ [ i o Iy (-l dudy
27/
< Cn’éAW
2"
< Cuo(A+B )2(n+6) Jlx = y|n+o
< Cop(A+B—2" (1+2jlx—yl)”+6
ST 2y 2y
M
< Cnlé(A'i‘B)

(1+2J]x —y|)n+o’

HAd, BT 9K (x, y) = (L(T/(@y-1)), 275V ), 9yKj(x,y) = (LRITY (D)), T(Womy)), (X

BV =-0,¥, &=-0,D), | FATEATIEH
27IIVK;(x, Y| < Cp (A +B)2" (1 + 2] — yl) =0+

TRBATUEH T 5 (21.4).
2, FATERC T T(1) & BEATUEA. O

Rz F 2451

1. % K € SK(5,A), B K RaH#R: Vx 2y, K(x,y) = —K(y,x). X T HMKE T K 4% 4 &%

HF, M T AL EARSHRY T(1) e BMO.

KTy RS, 5 LB E T (20— @) /h 2 h— 0 WAE S RS L: S — S HIESHE.
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WERR. BT T =T, Bt TRER T 3 2 558 SR 00 X f, ¢ RpnifEf,
KT(T* fr), T0gR)I

1 X0 X0 X0 X0
= 13 fm ) fR HK(x,}/)([T (FRIW[T(gr)]1(x) = [T (fR)1(X)[T (gR)](y))d_ydx

1 Y—Xo, ,x—XQ X—Xxo. Y—X0

2R fB(xo,loR)fB(xo,lozz)K(x'y)(f( R SR R8sy

- 13 f f K(xo + R, X0+ Ry)(F(1)3(0) — F()g())dydx|  (T#FHERRIE 2 £F)
B(0,10) J B(0,10)

[ #K]

IA

1 1
g - —g(y)lldxd
R" meO) fB 010 1= ylnllg(x)llf(y) FOOI+ £ (@)lIg(x) — g(y)1dxdy

d (If () +1g(x)]) dx
R™ Jpa0) Ix—y|"1 J B(0,10) / §
C/A

Rm°

IN

<

53¢ LR 708 LR B, T (£G6) — f(y)l < Cle— . o

12 (Calderon 22 #t1). % A(x) & R L9514 Lipschitz % 42695 %, B
A(x)—A
AM - AW _

L£su 1.
x£Y |x — ]/l
A4 R BEET
1 _ 1 i (_iA(x) ~A(y) )m
X-y+i(AX) -Ay) x-y = x—y '
& X Calderon X #:-5 A

(L f)) = o lim

Ax) =A@ \"
( (x) (y)) fw) dy.
[x—y|>e xX—=y xX—y
B S TFEEmM>0, by AR L2 EARKWET, M BAE R>0EFRL [Eull2o2 <

CR™L™. X & C A3 .

WERR. B HAgNELE S T(1) e 3.
1. m=0Ht, Lo w2 Hilbert Z8#: H [3EAEEL, M [[Eoll 22 < C.
2. WA m > 0 B, BUEW m+ 1 15 .
I T(1) E# % Ly B RLI RO RRAE, BSE

Emtllzorz = C1 (I Wllpvio + £ Dl o + Emsllw)

= C12|Em+1(Dllpmo + [Em+1llwg)-



= N A= 277
N EBWAUE AT A £y BIAR 4% )8 T-26 SK(1,16(2m + 1)L™), AT E ) 1,
IEps1llwg < C316(2m +3)L™ L.
PR R RGL
Eyp1(1) =Em(A'),
XEH A e L®(R) 72 A(x) 195 (WBR_EIHE, Bor
f (A(x) —A(y))’”” Ly,
p-yl>e\ XY Xy

[ (A@ —AW™T
[x—y|>¢ (x - y)m+2
1

_ m+1
pl— |x—y|>e(A(X)_A(y)) (

d
(x _ y)m+1 )y Yy
1

- = _ m+11s
= i ), A0 -Aw) ]y(

1
d
(x—y)’“”) /
al A W) )
Ax)-A d
L ORI ((x_y)m+1

A(x)=Ay)\" A’
_ f ( (xi— (y)) _(y) dy.
|x—y[>¢ Y xX—y

XTI B 7RI BN R AR L ERE SO SCREH K, R R
1) T2

s (Dllsymo = [[Em(A")| o < LIEmllzs—mo-
PEENT
IEmllLo Mo < C2(16(2m + )L™ + byl 2 12),
NIIEEES
IEpsillizz < Ci[2LCo(16(2m + )L™ + |[Epllr2_ 2) + C316(2m + 3)L™ 1]
< C1[2C2(16(2m +1) + CR™ + C316(2m + 3)]L™
< CR™ILmH,
X BEBARAT LA S m TR H L R (645
R>3C;, R™1! > (96C1Co/C)(2m+1), R™1 > (48C1C3/C)(2m +3),

M B3¢ i — AN A AL m
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B+ RRHSBEFRE [P EEMH

YENAESBIR A Calderon-Zygmend R4 EFHIR I — AN H, X — AT HIUT 5>
T WA & S A LP 28 18] T IESAE. U0 57 B RAEBE B2 © 2 i AE R o 7
R BAT )2 N ) B B B, Bk N R 52 T LA SR [6] [2] R [8] F R k.

— URPETFRERIE

1. D EFHIEX

EX1. #meR, 0<p, § <1 ARBE 0(x, &) € CO(REXRY) H S £ AL, ZIHMEZ T AT

o, B, B e B Cop 1543

950} 0(x, )| < Cap(1+ | PP (22.1)
*toesn, KT
1 ~ .
Ts(f)(x) = —f o(x,cf)f(é)elx"gdé, feSR") (22.2)
2m)"/2 g

WA B GAE o I T, T T, LA oo, D). m AN 4E 0 RAR B LT T, 6
i

AT U EiRE S (22.2) A ERME, A TR A0 T A,
il X o(x,&) € C°, m BIMEAT EH647 a, B, #A LT R Cop, Mapg EFF
500 0(x, &) < Cap(1+E)"™s,  x,E€R,
A4 T, 2 S(RY) a9k 4 & 5T

IERR. B2, % f e SR, AAEF W o(x, &) F(E) WkT & M—ANFHEBEEH, Fril
Tof € L NC(R™). K, FIF Fourier 22 # (1) 14 J5i A M IE B3~ 25 =

[o(x,D), Dj]=i0((x,D),  [o(x,D), x;] = —=ic"(x,D).
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X1 [A,B] = AB—BA RHT A, B WISTHT, T 05 (x, &) = 92950 (x, ). MR o(x,D)f €

B)
S(R"), v F H Y £, £ S(R") HFILSEIZER, o(x, D) f, HAE S(R™) HIEEIZE, M IEEE.
WEEE. O

fI1. 3% m, te R, M (1+ER)20m0 e 5m
2. 5 ARETF Py, 3 HAE 0p(x,8) = Ejez A ()02 72E) ¢ 57

FL b, N

Py(f) =Y ASiof = Y ABOF (7 TDE)f(E))

j€Z j€Z

=7 Y Ape@ 28 /),

j€Z
113 op(x, ). BT 0%Ab(x) = 2/01((97W),-; ) ~ 21191, LUK

(9§(P(2—(]'—2)5) =27 1Fl(GP )2 U2 g) 27Tl

FE g SEIEMEIR, 27 ), WITTAEE] 10800y (x, )] < Coglel B0l - & = 0 LEFFIE, 0,
A FAERE S BIRIA 20 RF, 0 & #IE T, M 0y €50
Bl3. 5 A T8 RIHT

fig. ATLUE (22.2) 25 N

1 .
@n)" fR fR o(x, &) f(y)e* Y dydE.

MR TI0E S, (Tof, @) = (f, Tog), (BIEH L2 HAM), AT LSS

To(f)(x) =

T5(8)(x) = (2711)" fR ) jﬂ; ) o(z,1)g(z)e* =2 dzdn.

2. FERHEET
X PRI A KRB S AE LP A ARSI ) —Le 25 . AR 2 —
m M 5H-F4E Soblev' ¥ A8k Holder 7% [A] b (3ESME. Xf 52, s R, EEA LN LR

.



= S0 S HURA K T Schwartz £ 201

SHRIE S0, K QARSI 5T 1) Schwartz B C-Z ¥ (U F I H 3), 2
—RORBLR L L2 F, FTOLR AR C-Z 0T LT O B4 57 M 0

S05 (0<p<d<1) HRAE: KARRAM IR 57— A L2 LIS

BREIE S, (0<p<1): WELIEMBIIEA ST 124 510 0L F £ 2), A
H Schwartz Bk U4 C-Z 1, FT MBI C-Z BEF. A — AR BT ST
I RO JEFF— IR ANIE . I 250 HBLER #7122 ST B 4 h Cauchy-Szegd
W ST S S

Shs (0<0<p<1) HGIE: T S) S, MKRAX BN 5772 12 LiEL:
i1, 1 p < 1R C-Z 57 AR RAEH S

S0 (0<6<1) HRIE: MT Y, S0 NSO, K QIER R MM HL 7 C-Z 517
AN, BT BT IR AL BT, (A5 BRATT AT AR FH 50 1) A 402 SR 90 5 T IR 4, &2
HEIZH. XA 2 Fourier 36T H8 HE .

FRAERAE 5(1)/0: TR IS GAE XTI ) A e 17 B, A S ) V2 i — R B, XK E
TR C-ZET.

= s, IS E F B Schwartz #

FATUER SO BT Schwartz BUZFAER. It 5I NI Littlewood-
Paley /3 fifik i 1. 55T IUFRRATCENHKFFIK Littlewood-Paley 7L, H
FEAE SR R AN P F AT SCEE .

ELSE A% TR R L BRI bR B 1 € CP(R™) AEAFLE BB B1(0) 1= =1, 7E By(0) 4b
n=0. & XEE &) = n(&) — Q&) = 0, T4 % T A ST

1=n()+ Z 52778,  VEeR™

j=1
BIK suppo(27/€) C (271 < g < 27H).
Bo=n"eS M [C@dx=1 id W=6"eS M [Wdx=0. HEZ @, (&) =nQ27&),

W,(8) = 6(278), M Wy = By = Dy,
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SE GRS T Si(f) = f+ Dy, LI A(f) = Si(f) = Sjo1(f) = f+ Wy IBARATEWT
JEF UK L-P J3fif: 1

I=5, +ZA]~.
j=1
% feS, AMEIZREA Si(F) 24 1 — o BHE S HILSE f.
N AR IR PR AN R

EEL Lo eS),, MAEDH K, y) € CORY\(x,x): x € R")) i#h & da F 1A

1) AT EAEHR o, B, BAET H Anp 1T

02K, )| < A gl =y 71 (22.3)
2) 3 f e D(R") #= x ¢ supp f, & 3
T = [ K iy
MERR. 1. AT T =T, N
Ty = Tso+imj s iTG],.
j=1 j=0

X 0p(x, &) = o(x, EN(E), 0j(x,&) =0(x,&)6(277&), j=1,2, ... FTEEBX j=1,2, -, 0j K
T EMICERAE (271 < g] <271} o, NTTIARAE 0 € S |, AHERIE

|af(9gg].(x, £ < Ca,ﬁzi(lﬁl—lal)'
2. RATAHBAHT T, BHIFASBA TR
(T 0 = [ Kyox-2)fE)dz

HL b, BT oj kT ERARE, MHRT &I, Frid

1 .
T f00 = o [ [ oite e 7% ) dzde

= (2711)” f ( f ffj(x,é)ei("‘z)'gdé)f(Z)dz,

RN F R R 1= L2 A,
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A
. iy-&
ik = s [ o) de.
3. SAHEW, 4 M > 0, SHEBTAGHT a, b, THEHH Avpa MRS
10503k (x, Y)| < Apg plyl M2 MHaRHED, (22.4)
9 I, VR
B8l ) = C, [ 16y o eVt (225)

X =1, 2, o, BUMK R (271 <8 <271, WU KR £ A2 2, TRER 6 5L
By 200al+B=YD 2581 L

[y 19505 T x, w1l < 270rlel+ =,

R AL [yl = M IFTE BAEHR y SR, BT [yM < Cy Tpppomly?|, LS (22.4).
N j=0R (22.5) PR BCI AL (1S < 1), WA . T2 (22.4) P8R OT.
4. it

k(x,) = ij(x,-).
=0

BATEM k(x,z) € C(R™ x (R™\ {0})), 11 H.E%A7

1050%K(x, 2)| < Ag glzl 79 2 %0, (22.6)

Nk, RFRz # 0 EH]

3 10593k, (x,2)] < Ag plzl 11
=0

ST AR 27|z <1 HIREEL j, 76 (22.4) FELM = 0, IBATER R n+lal+181 > 0, A

Z |8§8?k](x,z)| < Aa,ﬁzj(n+|a|+|‘8|) SAO(,ﬁlZ'_(nHaHI‘Bl)'
7:21<1/lz|

0 A 201z) > 1, B M {5 0+ lal + 1Bl - M < 0, HA

N 10508k x,2)] < A glal M0t
j: 27>1/lz]

SAa,‘g|Z|_M|Z|_(n+|a|+|‘6|_M)

Aa,ﬁ|z|—(n+lal+lﬁ|).
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XHLUER] T (22.6).

5. X feD, M f=S0f + L2 Aff 1ES kgl NI G 1, T2 To, f £ S
WCSHE] Ty f. 55— 5T, XF x ¢ supp f, X.;kj(x,x—z) KT z € supp f AbAbSCEI B2 AR 4
— A 5. FTLAM Lebesgue #5 iUl 8 e #L15 2]

§:T%f:z:j}ﬂnx—@f@yu:qu%x—nﬂadz
j=0 j=0
XK
T = [ K2 fe)de

EH K(x,z) = k(x,x—z). MHEGRECKRS, M (22.6) #LAT LIS 2] (22.3). O

= S ARMAETH 2 AR
THFATHM A Cotlar-Knapp-Stein 511 J L~ IR 58 14 7€ LA Schur J& BERIIE 58/0 %
PR HF 10 L2 5 St
EIE2. % oes?

0,07

AR R H T

N B ZAE o 69 FF T, TAEAZLE SR LitdsA [2(R") £

JEAA. 1. i Plancherel 523, R FHUFHHE T

T = [ otwmaseede

& L2 5.
WE A 5 O B (&), BT Q = [-1,1" k, i HL.2

Z px—j) =1, VxeR".
jez"

Xt j, keZ", 5& X BAE
ij(x, E) = (P(x - j)a(x, 5)(,0(3(7 - k)

2IXFER @ AL BIIUE — AR o € C(Qu) 17 o £ 3Q1 EHUESR 1. IBA ¥ jezn po(x - )
SRR LR T, 36 T AR BN A AT 1 B . TR I o(x) = 228 fiwf

Yjezn #o(x) )




= S KIS TR L H A 285
BT
T = [ anteofEde
W
T,= Y Ti

ANHEIE B BEXCE AT AE S(R™) 55758 IKSL, BV f € S(R™), £ S(R™) HERAL

dm ), Tif =Tof

ljLIkI<N

2. N TRMH CKS JUFIEA e BATFIEW: VN eZt, T

-2N
Cn(1+1j-j1+1k=K1) (22.7)

IA

]k]

[T
Horp Cy RAKHBT N fln, 5 j, 7/, k, K K.
BATFEED A+DA+s) < (L +t+5)% (t s=0), NITH N>2n+1) N, A

1
Z (L+11+ kDN Z‘(1+|]|+|kl)N Z‘Z‘(1+|]|1\’/2(1+Ikl)]\’/2

[2—]2

-2N
< CnN(1+1j-71+k=K1) (22.8)

12—]2

jkez jkez jEZ keZ"
2
- 3 | (] ;dx)zm
S N2 |7 Ure (L4 RN '

T2 M CKS JUT-IEAS M e RS 45 18
3. FHIEH (22.7) 1 (22.8). &ATEH

Tl 0= [ Kot i)y,

oA
Kjkjre (x,y) = L n 0 jk(z,%)0 i (z,y)e= V™ dz. (22.9)
I E 4
eiz.(y_x) _ (I — AZ)N(elzo(}/—X))

(1+|y—x?)N
X (22.9) VE AR 4y, w45 2

px—k)p(y—k)
R (1+x—yP)N

Ky (6, )| < (- AN (p(z - otz 2)o(z, gz - )| dz
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FIH @ BISCEEMERT, W2 |j— /| = Cy (THL 4 vn) B @(z— j) Bl p(z— ') KTz BISCEE B AR

A8, NI A3 K (x, ) = 0
M- < Cy B, FFRFIH @ PISCEMER, (86 [x—y| - k—K'|, Aifi

p—Re-K) _ . px=bely-k) _ . p-kply—k)
A+le—yPN =7 A+k=kPN T 1+ k-kDA

T o M @ BIPTAT 3B S KR AR [ e 2z, H supp o 2 TEATIRER, 4

.

P BABATIAS Bt

(p(z- oG )0 yez- )| dz < C.

Plx—Kk)p(y k)
(1+lk=k>N -

Ky (2, )l < Cop

\

T ERPFE LR G K, s 2

p(x—k)p(y -k’
Kikire <Cy R .
it Co < o T = ke

4. BUAEAHEAL T H

Cn

su |K ] ,(x, )|d < - - ,
e SR NS = (T i k= kN
Cn

su K x, )| dx
S S SN < G e

Fr LIRSS Schur 7€ 2,

CnN
oz = (= T+ k=R

HTJkTJ L4

X (22.7). HT p=06=0, o H x 5 & MALETEAXHK, W (22.8) FIUEZEMBR. O

P9 S, KA BT L2 R

85 S BA IR =+ P2 B 4, Schur 5L, PLK ETH S)  FAUBO 57 ¥ L2 54, K
UER] S ) (0< p < 1) MBS T L2 A FHE.

FEIE3. K aeS), (0<p<1), MAZIE a 9D HT T, TARWE AL SR") Litdz

A LA(R") Loy A R &M 5T
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MERA. 1. RAEHMT. ¥ y(x, &) e CPR"XR") HY x| <1, E<1 y=1; x| >2, &]>2
iy =0. % ee(0,1], &

ae(x, &) = a(x, )y (ex, €€).
MAZH 21, BT (]2 A+[E)/2, UL ac(x, &) BISTERMT elx] <2, el <2, AT

|3§9ga5(x, I < Ca'ﬁﬁzﬁ Z< |0’)§10')tg1a(xlé)lglal—lal|+|ﬁ|—|ﬁ1||a§—ﬁlag—a1y(sx,gé)l
1Spar=a
< Cagpy (1 +&])Platl+plBal glal=laa | +IB1-IBi]
< Capy (1 +|&|)~Plaal+plfrl| g |lal+las =B+
< Capy Z Z (1 +|&|)~Plaal+plfrl—lal+lar[=IBl+Ipa]
pi1<pai=a

< Ca,ﬁ,y(l + |5|)—P|01|+P|ﬂ|.

HIE<THE, FH1<1+1E1<2, LA e <1, fE ERAEE AT HREZANE ¢, A 152 —FEHA
% KLY ac €SO, MHMKFHHS & LK.

BEAh, 5 feS, FIF e — 0 B SASEROL y(ex, &) — 0, F f (R B R LR a(x, &) K122
1, PR 42 U BIE B R M IRAEAE S 1, %4 e — 0 I RAE To, (f) = Ta(f).

PR, 75 BA R IR B FRFRATIFBR X a(x, &) 5T x F & # B A K3 (AT AT F 2 5 AR 0 15
PIERRPEAG ), T H TGRS ¢, BONFT TS5 ¢ TR

2. BTk M L-P ok, ATH

T, = Z To = TuSo+ Y Tudj,
=0 =

b ag(x, &) = alx, En(E), LHELE (&l <2, WX j>1, aj(x,&) = alx, &) W(2718), LHELE
2t <jg < 2 o ORI 0 € SO ), HAHSEH ALY jIEK.
- BUROARIA S = Phe 3 4, JATR ZUEW (T, } 19 LT B PR — 20 1.
NAH L-P 73 8ISV, JATHE T, 208N
T, = Z Ta,+ T,,.
e B e T

R s A2 BN L2 A S, VR o AR R i AL A2 B AR QP T T 101 Fourier

A B SCRAML.
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4. JUPIERME. ERE j2a 50 skRA. HuE: & j+k
To,T,, =0.

RN To T, = Tal AT, TR R Ay FIA (371308 AL,

5. JLTIEALPE(%R). ToTa|,,_ . BT
TG = o [ a0 dyde,
R?xIR"?
T = o [ aGmetIgedzdy
R?xR"
i
(TN = [ K sy,
o

K(x,y) = cu f f f ar(z,maj(z, &)l EN-1ED gz dnde. (22.10)

H Schur &, ATl K(x, v).
6. X BRI —Fh RFHA, 5 R0 FEAE R S, A PR HL T ) A R T kA %o
MR 2, 1, & FMT AR5 (IEMZHE AR R ECR 'R SC4E). 1% N € N RiOT

(I-A)N
(1+|E=n)N

RN (22.10), 4338357 Ja w45 2

1 -
Koy = o f n f n f T e o)

ell& @y =121 3, dndé. (22.11)

elE)z — gie-n)z.

FIH
(I=ApN
(1+|x—2z)N

RN (22.11), 4358845y JE w45 3

_ N1 A WIE
Ky = f f f : (1+|x W=~ ((1+|&—n|2)N(I A [“"(z’”)a](z’é)])

xelleC=1E=0lqz dnde. (22.12)

i(x—z)1n _ ei(x—z)n’
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e, FIH
(I-A)N
(1+ly—zP)N

RN(22.12), 7 &8R40y 5 A5 2

m”_%LLﬁmmame#W

(I- AE)N{(I A’?)N(—lz)]\](l Az) [ak(z naj(z, 5)])}

el@y)é — ei(z—y)-él

(1+]E
xelleE=-1E=0 4z dndé. (22.13)
7. 5
1 -
(I-AN {(I — A (m(l — A)N[ak(z, m)aj(z, 5)])} :

T aje Sy, AT & Rl n BERT G EAE FIIFABIRZ AR T & n B8R (B A R
T A+1E-nP)™N BLMRE), X z RN SH S TR M —AE T 1 +(E+n)P. T2H
aj BISCERIETR, |E] -~ 2/, Il - 2, TAREROL

1

‘(1 Ag)N{(I— n) (m(l_AZ)N[ak(Z/n)aj(Zlé)])}‘

(1 + €]+ |nl)>NP

< C 22max{k ]}Np2 2max{k, ]}N
M lE- PN

XEMMT

(1+1]E- 17|)—1 . z—max{k,j}’ A +]&]+1n)) ~ ymaxik,j}

FAL, KT &, n B KN EE 5 B ¢, 20" A e, 2,
8. HHUL, IATUERA T, %5 k# j, W

IK(x, y)| < CN22max(k,j)Np2—2max{k,j}N22max{k,j}nf Q(X—Z)Q(y—Z) dz,
R‘VI
Hr Q) = (1+1xP)™N. 32 Ko(x,y) = fr, Q@ ~2)Q(y —2)dz, T4

N 2
fKO(x,y)dy:fKo(x,y)dx:[f(%W) dx] < o0,

# 2N > n. IXFE, #¥5 Schur E#, 5 A

TZk Ta]. || < Cn,szmaX{k/]'}[Np—N+n].
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BN 13 N > n/(1-p), JFic e =N(1-p)—n >0, y(j) = Cun2, B4

T3, T | < Cun272m X0 <y ).

SGERED jRIER S, MR L) AR X TE R T LT IEACE 23 R E.
9. —EAFE. FHAEW T, (¥ L2 EISTE8—B0h 5t vk, #4245

aj(x,&) =a(x, VT € ),

(HUNERES

aj(x, &) = a;(27Px,20PE) = a2 /P, 2P )W (2P ),

T4 THERAE @) € SO T EANEA M S j D

A5k, BHT
Aj(H)(x) = f(2Px),
L
To; = ATa AT,
L%
It =272 Al (AT L =272 e

FITEAE S ) FSIMMAY BT L2 45 5, O || Ty || < || T ]| < A < o0, Fort A 15 j JE06. ik
VEWI T X500 Tageyy & L2 1A FHLEHEST T
10. FIAER Y52 Toy, A& L2 BHERLNEHT. W T, 2 L2 FHERGHHET. O

SRR X T & S TR |e] - 270,
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SCHERER

F—i

XN AR AT LK), 20 [10] 55 4.3.1 7, 5.8.5 5. X B T EER IV & 1) 2
oy 5 R, B BT BRAS Th ST € X 1 F i € X Fourier 284, 11 A1 23 #r 5
KZXKH

flo)= [ e
]Rn

K5€ X Fourier 3. b2 SHUFE L e H oA 20 (WZE+— P ) Riesz B #H2E) %= —
WA T
F

5T i 4 U i 78 T R 2 WA ) A B AT 1) L) RS HEE, BF [8]. NALFEAE R %L
)R, Bt R B — 25 5 N T O B, R ERATTE X — B2 B, Ab P
& ) T B 2R PR AR BRI B PR BS A T R . XN MR TR e — T I8 &
R ) 2E R, 5 BAE 5] 5 R, REERAVE R 2 7 AR, 9T B2 3 8 8 fi 7] Wr ()

AEIE 183 [23].
F= FWUH
KT NURBOHIRZ LENA (B0 [1, 4]). XWHHMEENEIE [12] 2.2 F12.3 7.
Paley-Wiener-Schwartz &2 FJUEHELE [1] 1.3.4 1. ZEBEABEIASHE], HEER
ZIE ST R B B e, A TR
FHIF
KTHAMEZANA, aT W [1] 24 7. FRATHFHEHERR A [12] 2.5.1
7. Schwartz 1% & # & HAFBIELE [16] 56 5 .
Epayt::
XN A FERE [12] 1.3 75,
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FHi

XE N AT ER A [12] 2.5.2—2.5.5 5.
£\

KRG PR LA THE RO WA, EEICE [12] 2.1 1540 4.3.1 5. T AT %L
B P HED RSk R #E, I8 FT S5 [5] 4.2 15,

EYiRs::

XA RGN RS H I ONE, BUE [12] 4.3.2 1581 4.4 75, L) [5] 4.2 15
5.4 Fi. X BIRATEER RN R B G R A E e LEF A0 51, 8 T @ ab
A E LA TR 7 AT RE AT R AN A
B+

WK E T HE FEIE B E [12] 4.4.4 5. Hormander—Mihlin 38 & B 13E B HLE [12]
5.2.3 %1, T Marcinkiewicz &1 & # X HAE# (FEI T Littlewood-Paley 43 fi#), 7 2 ILi%
5 5.2.1 191 5.2.2 715, K Bochner-Riesz 3+ € #, Z: Il [9] £ 8.5 1. % Hormander—
Mihlin e BE S, T WL [14] 4.2.1 75,

E+—if
XAy AL [12] 4.1 150 [5] 5.4 75,
E+Zif
X—UFAAILE [5] 55 2 % 5.1 1 5.2 45, LK [18].
F+=i FE+TH
XAy AL [5] 25 7 %, LA [3]. Sharp oK BRAJIEBHELE [13] 7.4.2 5.

ETHi

Whitney 73 fift 2 BEECEH [12] B J, AW AERA [3].
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IXER S NAHUH [13] 8.1 A18.2 7.

XE N AECE [13] 8.3.1 A1 8.5.3 7.

X N ARELE [13] 8.5.4 F1HI [19] 26 6 &, 5 7 &. KT SR H T IEH I 2 H

A FPESE R, AT [19] A [6] S8 AR BT b 11 18 9T 51 SCHR.
FRRESRHNEEANR
AASEATIS BT SRR S At 73 5 R 1 E 2 N AT

(—) BREOGIEPER Littlewood-Paley 73 fiff 2| S AH K Besov 4 [A] 56 Y BL I8 XK AT 73

BT T 22805 @ B 5 FEWE W) LS e MR £ B k2 —, T 3% [7].
(=) W HF AR H T EWE, 7 T2% (6] [2] & [17]. RTIRZIR T, ZF [19].

(=) A, BEHEL. AL Sobolev %%[a], IR [ J5 15 55 75 1A ¥F 2 M HT, Z I [13] [5] [9]
[19] 2.
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