e

http://nalab.mind.meiji.ac.jp/~mk/complex2/

HE ph5E

katurada @ meiji.ac.jp

20153 H 12 H, 20224 7H 11 H

BIBGROEIERIEHD 9 b, THERE THHTEL» 57 b D2V ODEY 77y 7L
Thd, TTIKHERELLDDLH 2D, 29 ThvbDb L\ (T, GO FHE, 1E
. Riemann OEMREBDFAZL L), HBE DT IZHRER TIEHWD D23 % R T,
(EHEEHH D) ¥EfFD IO D AT & L TOWEKITE,

RBEE T g (S8R TERBSL & D 37k DR,

H X
0 TNEUMIC, 5
1 ¥ BREEDOIA 5
1.1 SAEEMEREBORE (5E) . ... . 5
1.2 ERESOFE 6
1.2.1 Wg;r:’iﬁé%}u TEEALEDD . 7
1.2.2 / flz)dr . o000 7
0
1.2.3 / af(x)de . .o 10
O .
1.2.4 812”3 Ar 12
13 BOROMOIE 14
L3 HEGE . 14
132 ) fn), Yo (“D"f(n) .o 16
133 ) fm)e™ o 19
1.34 %:5)7{130)% ................................. 20


http://nalab.mind.meiji.ac.jp/~mk/complex2/

2 IERIR#¥ORERE — |EMCEERE 21

2.1 U DIT . . 21
2.2 () —BRICKE . . ... 23
2.3 WHIBBIIDIAE MR . . . . ., 26
2.4 REEBBOIRDOBIER .. 30
2.5 HEBRIERE . . . Lo 35
2.6 Mittag-Lefler OB . . . . . . ... 41

3 #H|REM & Riemann KA (ERESZMEICANDS) 42
3.1 EFEMIOELA L 43
311 EUDIT . L, 43

3.1.2 lm & 00 . ., 43

313 PHHL ., 46

3.1.4 A A — — Riemann BRIAT . . . . . . .. ... ... .. 47

305 CUMHZEEA . ... 48

3.2 MEFRENUCOMEEE . .., 51
3.3 MERREERSCOREL . .. 56

4 HBHHEBEHK 59
4.1 BEBIB OIS IR . 59
4.2 BHEBEEOREE . . 63
4.3 HERIBEEC ... 65

5 1RPPZEHA 67
5.1 TETR L 67
5.2 W . 69
5.3 SPATREL. EEAE. KR . ... 70
54 C O .. 71
55 EEOMEZ2 3NEZEEOHEZRZ 3UCET ..o 72
5.6 GBI (L) L 73

6 FAERKR 75
6.1 ZUDIT . o 75
6.2 Wi D, OFEMEAR, Schwarz Offidd . . . . . . ... L 76
6.3 EMREBOZEMGM ., 79
6.3.1 BBICEED . . 79

6.3.2 BEmIUAS S Jordan SEIODOEMEGER . . L 80

6.3.3 HLZFME . ..o 80

6.3.4  EFAFAR . ... 82

635 LEoEEZLIEDRAE | 83

6.3.6 Cassini DI . . . . . . 84

6.3.7 MEfii: Joukovski 22 . . . 85



6.3.8 DS . . 86

6.4 HAHBEROTEEEZDSOT oo 86

7 IERIBE#EH S B D IERE 87
7.1 ¥Eff: Ascoli-Arzelrda OB . . . . 88
T FESREEE 90

7.2 IEBUR 90
7.3 Montel DERE . . . 90
7.4 Hurwitz DEFR . . 91

8 Riemann OEREHE 92
8.1 Riemann OEAREMDEIH . . . . . . 92
8.2 H2AM]: —BEACERE . . . 94

9 MEIFIESR (analytic continuation) 94
9.1 —HOEHOEE EEBMNTEE . . . . . 95
0.2 PBIBEEEZ DI O TS, Weierstarss DENEIS . . . . . . . .. . .. 96
9.3 WEEHBOMNTEEGE . . . ., 97
0.4 ZDIE 99
10 Schwarz DFEHRDIFE (Schwarz reflection principle) 99
10.1 EfiZ2# 2 CTOIRIE . . . . 99
10.2 FIRZBBZ COIRIE . . . . . 102
10.2.1 FHSBET 2856 . . . . . 102

10.2.2 BT % Schwarz DEEOEE . . . . ... 103

10.3 TR Z B2 CTOIRIE . . . . 103

A BE 104
B &% 107
C BSAXTE: BEER, 71015 — 109
D REAY—FD Cauchy DESEE 110
D.1 PO E ZOMWE . . . . 110
D2 FAEVY—IED Cauchy DESEE . . . .. . ... 112
D.3 R EHo e —NEY . . 115

E BEEFEEEOSHEMT 117
F misc 120
F.1 Wirtinger DR E 0/02,0/0z . . . . .. .. 120

G RADFREE, Rouché DEE 121



S - S

R P ENUNOE ey
C [CES ENUNOE

AV MES R COFDEEHR a7 ERZERAEEGETHE Z &
(—Mici:, EEORBE IS L CHRS S HENFEET 52 L)

D(c;r) {zeC||z—c|<r} (cHbs, ¥ r DBIFER)
D, D(0;1) 2 & (BT 2 TRV ERLZ HE).
Clz] 2 DEFRRBEL N (02" + a12" + -+ + ap12 + a, DIEDI) DR



0 TXUSHIC,

2PN R LT 5 THERBIS FTEE ) OWNAIX, BILROA R & 2 BBGH A
M (FBEH O R ZIGH £ T) &, 2o (FATXTZIHT 2, Lw) L) Thot,

ERBBEROMEIE, T D%, Riemann BRI, Riemann I, fEBI%, 2258 GH, HFE
IR D T T RES, AR, e DAL, - EIAKRITIED > T %,

DERAEZEREL Tk, IOH, FRCa v Ea— Y —2F A Z IR PEY 7 AZ LD
DEACIRIT B (£ 5 BHTTH 2), (116 2DOMIKT MRS FMNEEALED, 20
I EGRICHEDS 3 £ 09 2Tk < BT LT, KUISH30 5 &9 Bilide T2
EERHREL TV S,

AVEL—=F=MEZ =TV TY XLDH %, L) I LT, WROMEHBANRE, G4%
Henrici D7 % A b “Applied and Computational Complex Analysis” ([1], [2], [3]) D % #LITiE
W Lk,

WX F 72 BN T, Oh-ol Meiji ICHETH B> 7R LIZNENRE D 2 A[HEED
O,

ZOGEIF, 2D ) BT, MKIEF OBISGRO T X A MElsnTwes ¥y 7 Z2iEA
THHLTH 5,

Laplace I AOBEFUERTE (R 7 v > v VRTE), EEIEE, BAER 7 O 3RGE3Hifi 10
TG - AR, ERoBBEEIC W T, HlicKEERHET S,

CIHOVIHIBHDLEDTEE\: Ef % Riemann HDH A REZE L WS, 2O
L,

1 ¥ BEEEDIE

LRV LEEE) &, ERBEGHRIHETROREEAGR TR HEEI N, 2o
RNRBZELRIISZDTEB LA, THZIHI V) ZEIFEDHZTHICE LT, R
ZOHDENH, EDLHICLTZNDELNL D% H T, MEEHOMNIZEELTHH
W7z,

1.1 BEEEEBHOHE (BY)

( THEFEBEL R — P Y oEUHI»rSDKEEFEETH D, )
MEERE CRRDIBOEEEE 5.2 72,

'http://nalab.mind.meiji.ac.jp/ “mk/complex2/complex-2019-syllabus.pdf
2 L. IR BRI AT R O BIR BB A HZ OFABIZ Y L kv (8D 70),

>



4 N
Rl 1.1 (BYEE) D 13 C NoFRME T, ZDER 0D 1ZX 51y O #lak A HLidEH
HifRE 972 (IMEIF VDR IIEDMEZ ET5), £ ¢, ¢y, -+, ey & D NOMHEZL %58
Thh, QIF D cCQEHLT COBEA. f:Q\{c, e, ,en} = CRIEAMET S,
DL E,

N
f(z) dz = QWiZRes (f;¢j)-
oD

J=1

\ D
RO DT, MY 2 L 2B LTH DI,

/ﬁ%L2ﬂﬁ®@®%#)mﬁf@%ﬁlﬁ@@&%@\ A
) Res(f¢) = lin(z — O)f ().

N y

- 3
S 1.3 (FEBROABO 1 HOBAICHITZBE) /(2) = gz; P) E Q) 1

DEFHTIERN, ¢ 1k P(2) D 1HDOZFER L 51X (Pc) =022 P'llc) #0 EE-5THRW),
clx f OFE% 1 M OMET

(2) Res(f;¢) =
N

-
WRE 1.4 (BOBE) c 2 f OEL kMol 513,

AN

1 g\ .
Res(:0) = lim 7 () [t
N J
ROamEIE, THEEREE CIREEMER N Z >, BOBITLIXLIE p(2) =logz & 5
WiE o(2) = s;(2) (s; DEFITER) & LTRIHT2 2 LItk 3,

g 1.5 (1 {UDBZRHOEHE EABBOBDOEY) c 13 f D 1O THY, ¢ & ¢
DFEFHFTIEAIE T 5, ZDLE

Res (fi;¢) = ¢(c) Res (f5¢) .

B (207 ORI TY)

Res (f;¢) = lim ((z = ¢) f(2)¢(2)) = lim ((z — ¢) f(2)) lim ¢(2) = Res(f; c)p(c) m

z—cC zZ—cC z—cC

1.2 FEIDEE

EED T BEICHABEHEMEZ 2BARH B LIZH>TWATHA ), EZEFTPHoTHF
VDRWEEETH 203, HE AR D OT EEEH CHHE ko bnz2 =, =AML T

6



<

1.2.1 TNEXREHL TREAREHD

SN E THBIL £ ISR L / I dr/ F@)ei™ do Offi% AR L CaET

L) % 2R AT
DU D 2 oD@ EEERs 2 H W CGGEH I N 5 ( THEBEG 8/ — F 4] o 12fi%

R,

[ Q) |
ﬁ%1ﬁ1%4@@)e@4d%P@)z®ym@+2Jme©P@)¢Qf@y_Pé)
LB L E, N

/ f(z) dv = 2mi Z Res (f;c).

k Im >0 j
[ o) |
ﬁ%lj}%QQ@)QQ%d%P@)Z¢gQ@H4ﬂerwl%w#af@)zpéy

a>0ET2EE,
/ f(x)e® dx = 2mi Z Res (f(2)e";c) .
K Imc>0 j

1.2.2 Awf@wm

C oI, HEBE £ DKM [0, 00) LORY /’f ) de D% IET B/ EH
N5,
(r@$%WJ % f AMERE OB O /“f ) dy = & / F@) dz £ LT, (—00,00)
B L, BT B0k, f A S A A0 T 5 )
- N
ined 1.8 f(z) = P) ZZT P(2),Q(z) € Clz], deg P(z) > deg Q(z) + 2, (Vx € [0,00))
P(x)#0 DY DETE, ZDEE

(3) bémf@ﬂdx:—— S Res(f(2)log#:c).

ceC\[0,00)

\ﬁﬁtkg@@ﬂ\@%ﬁ@ﬂﬂ@ﬁﬁﬁ%%i5ﬁﬁbﬁ

fEOFEIIC A B HiIC, EEEE LTD log IZOWTHEHEL L9



~ B BEIE log N
z=re (r>0,0€R) £THLEE, ¥ =2 Zhi7T w i,

w=1logr+i(0+2nr) (neZ).

(22 Tlogr (3FEHBE L TONBEBERT ET5, UTFD loge bZ)TH5, )
% logz ERT, HRIZI SADMEDLH 2 2 LICHERDIBHETH S, )L XX, &
Z B2 RE U<, BB EG: (RERMICIERNC 2 2) £ 5 X ) I1cfliz 129 £ &
RT3 ZEDB%0,

z€C\[0,00) THIUL, 0 € (0,2m) EHLD,

log z = logr + 6

EED D ER,

r>0¢E9BLEE,
lim logz =logz, lim logz=logz + 2mi.
Im z2>0 Im 2<0
( TBIEBIRL IR DB O™ S . L\ IR L, 2 e C\ (—o0,0] DB

2, 0 e (—m 7)), logz=logr+i0 &3 25D, WNEEAEDFME Log ’C%Oto )
N\ J

%ﬁlg(ﬁ&ﬁﬁwifwﬂm):®iifi EFNBEIEE, T Log 2>, W% [0, 27)
®@l’ﬁh%“& EHOMEML GRS L% \n, LA TarYa—4y—n7ral

SUUEEICIE, TELHE ?hfu&m% D%\, 220, A x R XL FEEH
mf%<\kw7%bﬁ#%%o%

| s@ e = o [ etog-s a:= = 3 Resr( Log(—2))

c 3 f O

DL D SED (B - IR [5] pp. 160-163 7% &), AERNCIIFEL Z & T, b A AFRBRICEEAT
5, m

SEER JiEHE. 0<e< R, 0<d<mtd e R OICHLT, f(2)logz 2K (HEfiH) DPH
Mk CL + Co + Cs +Cy IZh> TR L, HEEMHZHWT, § 20 & LT, 20D 6 ¢ — 0,
R—o0td5%,

~ HDRH DI <
MZHDRESL I HDT, LDHZTAEHNTEEET,

Ci:z=te® (¢<t<R),
Cy: 2z = Re” (0<46

< 2m =),
—Cy: z=1t'®% (e <t<R),
—Cy: 2z =¢ee" (0 <6 <2m—9)
\ J




e, 6 BH/ANE L, RO AEFIUE, f(2)logz D (C\ 10.00) 125133 R ()
. FATHIM Cy+ Co+ Cy + Cy DBOHERICE SN2, BECERDS

f(z)logz dz = 2mi Z Res (f(z)logz;c).

/C'1+C'2+03+C4 c€C\[0,00)

0—=08EFTBE, 6<0<2m—6 THHRDH, 0<0<2r 45T LEDNPLD
R
f(z)logz dz — / f(z)logx dz,
Ch €

R
f(2)logz dz — —/ f(z) (log x + 2mi) d,
Cs e

2m
f(z)logzdz — / f (Re”) (log R+ i6) - iRe™do,
Co
(ﬂﬂ@m&% / %) (loge +i0) - ize™df.
RHID 20156, § -0 LT5EE

R
f(z)logz dz + f(z)logz dz — —27ri/ f(z) dx
C1 Cs e

FE M DEEL T, FPOREEED R ITXL T,
LT EE,

f(Re)| < % CHBHB. R — 0o

log R+ 27

0.
7 —

2 2
/‘f@%%0%3+wyﬂwwdg%&mgm+umDR/ df = 27 M
0 0

FEE M DEEL T, TN WEED 12X L T,
5 &,

f(sew)‘ <M THIDP6, e =0T

2

27
'—/ f (e€”) (loge +i0) - iaewd@I < M'(|Jloge| + |27m'|)5/ df = 2r M’ (Jloge| + 2m) e — 0.
0 0
FLHBE, e—>50, R0 £THLEE,
—27m'/ f(z) dz = 2mi Z Res (f(z)logz;c) .
0 ceC\[0,00)

=21 CHIDHEL T, #2425, =
DLl logz 23 C\ {0} TOERHEKICIEESRWI L2 ) FLHMHLA, EBEX5EHE
Th 5,

SCZEHMHEZA LKL TH 2, HH [4] ITiE, PPBEEATITIEH 200, A FICHECTH 5,

9



*  dx

#l1.10 1 = sl (2 S Z S EIRBIBAI T D 2 DTESICEHRETE 5 L, MBGER 2
fii9 iz Lf%ﬁﬁﬂf%%#% i 1.6 29 Z EBHKED, 22 TlkfMndE 1.8 ZfioT

Hb, )
log 2 log 2z
[=— E Res(z2+1;c):— E Res(22+1;0).

c€C\[0,00) c=1,—1%

i, =i X 1D TH L0 5,

logz . log z log z /2 w
R ) =1 _ _
‘*(£+1”) RS ] s T
logz . log z log z 3mi/2 3
R - — ]. = = = ——,
%(ﬁ+4’l) R G s B J e & 1
W 21
4 4 2
#l 1.11

P 4+1=0 DRI 2 = ™3 ™ 5T THBDH,

log z log 2
I =— Z Res<3+1' )—— Z Res(m;c).

ceC\[0,00) c=emi/3 i bmi/3
c=e"B e ST DEE, A =—-1THEI05,
log z log 2z log z zlog 2z
Res| ——;c| = ————— = - _
23+ 1 (234+1)] _ 322 | _, 3 |_.
W2 I
1
I'= 2 (2logz|,_ers + 2log 2|, _omi + 2108 2], _omiss)
11 1—+31 b5 2¢/3
L(L4v3i = i (-1 i+ V35 L) _2veT
E 2 3 2 3 9

1.2.3 /00 2 f(x) dz
0

LBl L F URrEgZ2 e iEim T, ROFRPFONS (LOPIL D b IH 5D H4
b Liewhy, ZO@REOHE T, LOBOFHZEEL., CE5I3AKT LI LIChs L

>

BIs ).

10



4 N
el 1.12 (Mellin F#) 0 < o < 1, f(z) = , P(2),Q(z) € Clz], deg P(z) >

deg Q(2) +2, (Vz > 0) P(z) # 0,0 1 f D4 1O (1 M2OME 7213 EHIR) &35
LE,

K7’1:f:°b 2% = 1087 log z DI, KEEAY (0,27) OHIPHICH 2 L ) ITED S, )

SEBH logz # EDOBIEFEIL X ) ITED, 2% % 22 =182 TED L, >0 T HLEE, 2
Z BB L ToRBBE LT,

lim 2% =z lim 2% = z%e?v™,
z—T zx
Imz>0 Im z<0

(LA UM, B3R o e g, kol sid, mE 18 U b D2, )

/Clzaﬂz)dH/ERx

/Cz f(z)dz — — 27r""'/R:Eo‘f(:c')cl:v,

/ dZ—>/ logR+Zc9)f Rez@) Z.R€i0d9,

/ Ydz — — / o(loge+i0) ¢ 5ei6) ciee'?dp.

27

DEzx izt

R
(1 . 627rai)/ Z(]af(:L’) d$+iRa+1/
€ 0
= 273 Z Res (2

e<|c|<R

27
zaGf(Reza) 29d0+@g / emef(sew)ewdﬁ
0

fRe <M wpzm5. R oo

KM BHELT, P RECLED RICHL T, 7

L5 LE,

27 27
Rt / e’ f(Rew)ewdQ’ < R % / df = 2r MR~ — 0.
0 0

SH M PEL T R Cy 1T \f\<%rmzp 5 oo kT BLE.

2 ] ) ] M/ 2
50‘“/ ew‘(’f(aew)ewde‘ <goth. —/ df =27 M'e* — 0.
0 € Jo

PLEXD .
(1—e™) / 2 f(x) dov = 2mi Z Res (29f(2);¢) .
0

c#0
HOBEL GEH»E T 7%, =

11



Bl 1.13 0<a<l1l &tT5EE,

RO 2mi Lo o |
[ i e (R () e (5))

B 2 <e7rai/2 637rozi/2)

1 — e2moi 21 21
T (eﬁai/Z _ 637rai/2) T
- 1 — e2mai - 7o |
2 cos 5

ZDHNZDWTIE, Mathematica, Maple & T 7% G TZ % (24121 Integrate[x~a/(1+x72),
{x,-Infinity,Infinity}], integrate(x~a/(1+x"2),x =-infinity..infinity) & AN ¢
%), m

Bl 1.14 0<a<1 t3T5LE,

] I'a_l T
= - i |
o l+x sinma

(k)

o
1.2.4 t/ ST e
0 X

ETHHARMD

I:/Oosinxdx:z
0 xXr 2

2 HFBEEGR 2 MIH L CHERE L TA 5,

DUT DFEHIE 250 Foll L 3L DT, GEHIC A B RTICA LEZ TH S,
ZDIRFERGDIPHT 2 2 L &M D 5 DIRZAZICHL < v, BRUIBIBIIHBIETH
%#E\I:%/‘smxdrk%%??%ﬁiﬂnﬁzﬁﬁ@ﬁfﬁﬁﬁ%*ﬁlzﬁ@ﬁ®k

xr
IEISA

%\mm4uﬁ§?&bﬁé®@\:nifwiﬁt(m£16®£%@ﬁoti5&)ﬁm
A L 22w, 2 2T (il 1.7 OPITH o 7)) Fa

sin x e
=Im —
T x

2fi) 2 aERL, PIZIE

I = 1/ i dx = %/ Im— dr = —Im/ —dx (RBDOHEFIIMELH 3).

X

ot iz_o%1u®ﬁ WZFRFO DT, AUDOFE T IEEE DR TIZITR L 22\, 1]
bI%#M%T%%O

12



LX-FH!'EE (FEFTIFRIEL T, .%EHHGC@Z)): INZHATVRE AL, Wb 3 TEED
. BT LI L (ki 55 %ﬁ%ﬁﬁ%%&%%@yﬁo%@ﬁma)&mv L

%%ﬂo’(b)ﬂ
p.v./ € dz = lim (/ e—dx—i-/ e—da:)
e T e=+0\J_o T . T

LIRRRT AU S £ <7< (L 2mi Res (_o) =i LEFETEZ), DFTIR, EERS LV
BENMHEI VA, REMICIEZNEZFHEL TV I LICk D,
SIEBA f@%z%%zé@\@”&%(o0<5<R%ﬁk?5J%KﬂLT

Cr:z=Re" (0c]0,n]),
C.:z=ce (00,7

EBE. K (HEfT) OPHIRE C.r 1T > THT T % &, Cauchy DT ERMD S |
R —e
Oz/CE’Rf(Z)dz:/E f(z) do + CRf(Z)dz—i—/_R f(z) dx — Cgf(Z)dZ
W2
R —€
4 y o o ]
() [r@ass [ Cpwan= [ - [ e

(4) OLE (BB 2% v = —t LEHRS L )

R _ix R _—it R _:
iM—/e ﬁ:%/smﬁm
x 1> t g

N T

(4) DAEAFE1HIZ e - +0D L E 7 ITPURT 5, FEBE

%1 1 iz_l
/f )dz —mi = 6—dz—/—dz:/e dz—0 (¢ — +0)
c. ? c. # c. %

6

TH (2

4
u@nngmmﬂ/ . dng/ﬁmpﬂmmmﬁo@ﬁ+mﬁ&bjmo
Ce Ce
(4) DAIFE2F UL R — oo D EE 0 PR T 5, FHER

™ ei(Reie) ) T _ w/2 _
/ — iRe’g S / efRsmH do = 2/ efRsmH de.
o Re 0 0

Jordan DA sinf > %9 (6 e€l0,m/2]) &P

Dis, 0 2B BB O CIEIITH 305, 0 DUEHHT (3M € R)

e’LZ

f(z) dz| =
Cr

/2 . /2 , - 1 — 2R
A ehMMSA RQM——%Jeka:ﬂji—léo(R%+w)

13



DEhzgstwsdet, e +0, R— +oo DEZE

R .
) sin x )
21 dx — mi.
R T

“Nho 1:% 5%, =

ER 1.15 ((4) OAEDE 1 BEOREBEHEICDOWVWT) (2 WiER2 O TRAIZMELR L TRV, )

LT

i ei(sew) o . T » m 0 . T .
f(z) dz-/ o - lee’ d@—z/ e d9—>z/ e’ d@—z/ df = mi
C. o &e 0 0 0

DEICTEERONED, BHED — DIELEBD LEHL Wb Ltk v, Lebesgue 457
DODOE TR EHZ A > TOLIUIFHETH 203 =

1.3 HREBOMDEHE

(2 ZIBHANE M, ETH, )

ZOHOWNREIE (BHATHD, ax 2RIZH S T0 5D, 1ZIFTRT 6] oo 72,

% ZRERD DB R W CGGHREHESE 2 0 L 2IFFRR I, oz 8 5% e CRHE TR
LLG0H 5,

a, D3 n O “fEEL” X (BRI, f 2 IERIBSE LT, a, = f(n) DELAIC

Z a, F7iF Z (—1)"a,
ZRMEL X9,
1.3.1 #f&

m

- =N
(5) s1(z) == T (mcosecmz £ HFENPND),
(6) So(z) 1= TeoRTE (reotmz & bFEPND)

sin 7z

EBL TR TEVCTNG B (0% ) C ARTIER) TH 5, 7Bk p(z) =sinwz D
FErlEn=0,41,£2,--- THHL ZoMF 1 THB (EEE TED n e Z ITxL T,

ez _ =iz

=0 e =1s2iz=logl+(0+2nm)i (n€Z) < 2=nr (n€Z) THHH»
i
5, sintz=0% z=n (n € 7).

d6inz =0 &

14



p(n)=mcosnmt = (—1)"1 £ 0 THEHD5), WAIZ, TNHIF 51(2), s2(2) DEA 1 LD
ThHY (TT #0TH206, EiF1OMTH2), BEU

T T
R M = —— pr— p— —1 n
es(si;n) (sinmz)|,_ T COS NI (="
Res(sy: ) — 7T.COS7TZ/ _ meosmz 1 men)
(sinmz)'|,_,  wcosmzlz=n
S1, S92 ’E?ﬁﬁﬁgﬁ%m‘ﬂ“(?%?k
27_(_7; B 2Z (eiﬂ'z + e—iTrz) ' 1 + e—27riz

01(2) = G T () =73 (e —eimm) 1= rme

D6, z=Rez,y=Imz £ T2 L&, ROFHEPFONS (§ CEROBD DM T
27 %),

(7) lyl=N+1/2 = |[si(2)] <2me™™, |s2(2)| < 27,
(8) 2| =N+1/2 = |si(2)] <

cosh Ty <7, [s2(2)| < 7 ftanhwy| < 7.

B 1. (7), (8) Zt, (&L p. 104)
R 1.16 (7), (8) 1F. — [6] 2 HIR- DS, FHIFRDBKD L Z 57,

T

yl=N+1/2 = |si(z)] < 56_”, |s2(2)] < 2,
T <

T
coshmy —

2| =N+1/2 = |s1(2)] = , |s2(2)] = m[tanh(7y)| < 7.

(7), (8) DS T VB HIFTEA, m

Fric, EEOHARB N TR LT, R:==N+1/2 L LT, +R+iR % 4JHR L T 21EHE
DZIEDOME T 2H#%E2 Ty £T5 & (MEfivikve-)

9) ze€ly = |s1(2)] <27, |s2(2)] < 2

DY ZD T LT CRTHG 5,

15



1.3.2 > f(n), > (-1)"f(n)

n=—oo n=—oo

a N
il 1.17 P(2),Q(z) € C[z], deg P(2) > deg Q(2) + 2, (Yn € Z) P(n) # 0, f(2) = ggz;
ETBHLEE,

. fm) == Y Res(f(2)ss(2);0),
n=-—00 cl f Dk
YD) == Y Res(f(2)si(2);0)
n=—o00 c ¥ f D
722U s1(z) = m7r , S2(2) = W(;ESWZ.
L sin 7z sin 7z )

SR TEOHAE N TN LT, I'y ZHIEHDOEAMIR E 75, f Ok c 25 Ty EiZZRIN
W, FHBEBED, j=1,212200VT

N
f(2)s;(2) dz = 2mi Z Res (f(2)s;(2); k) + 2mi Z Res (f(2)s;(2);c¢).
'y k=—N cl3 f 0)@@5:’?

[ OWIIERME L 227D T, N A REWEGIX, Ty BPHUHIPHICEENS, ZOL

N
(10) f(2)sj(z) dz = 2mi Z Res (f(2)s;(z); k) + 2mi Z Res (f(2)s;(2);¢) .
I'n k=—N cl¥ f ofi
N — oo DEE FdOREITIE 0 ICHORT 5, FEEE, H2EH C BFEL T, TaRE W
D N IS LT, |f(2)] < % (:€Ty") LHBDT.

< max |f(2)s;(2)]- Ty DEZ) < % 2m-4(2N +1) — 0.

zel'n*

A f(2)s;(2) d=

—75, @ 15 2fHvs &
Res (f(2)s1(2):k) = f(k) Res (si3k) = f(k) - (—=1)" = (=1 f(k),
Res (f(z)s2(2); k) = f(k)Res (s2;k) = f(k) - 1
D353 % DT,

N

S fk)y== D" Res(f(2)sa(2)ic) + == [ f(2)s2(2) dz,

k=—N cl¥ f ot Iy

Z (1) f(k) = — Z Res (f(z)s1(2);¢) + — f(2)s1(2) d=.

k=N it f Ol Iy

16



N300 £T5E

Dot == Y Res(f(2)sa(2);0),

n=-—00 cld f D
D D) == Y Res(f(2)si(2);c)m
n=-—00 cl f ot

Bl 1.18 a >0 T 5L =

[e.e]

1
S=2 e

ZRD K,

(&) f(2) == pe g i, il 117 O, £ f BEEBTH 205,
S fm) =D f(=n)+ f0)+ ) f(n) =S+ 5+85=25+—.
n=—oo n=1 n=1

f DIRIE +ia T, RO IMDERTH L6, fiEH 1.3 12Xk >T

1 ) . 1
=—=——, Res(f;—ia)= %

‘ 1
Res(fria) = 5 %4 2a

2z

z=ia z=—1a

firdd 1.17 £ D

Z f(n) = — (Res (fs2;ia) + Res (fsq; —ia))

n=—oo

= — (Res (f;ia) so(ia) + Res (f; —ia) so(—ia)) (fimeE 1.5 ZH\»iz)
=— [—i - meot(ira) + - Wcot(—iwa)]

2a 2a

v v s
= —cot (ima) = — - (—1) coth (wma) = — coth 7a.
" cot ima) = ™ - (~i) coth (ra) =

1 1
S = 5 (gcothwa— E) 1]

R 2.

(1) cosh (iz), sinh (iz), tanh (iz), coth (iz) Z =fABRBTERE,

(ZBFFMEIZ cos z, isin z, i tan z, —i cot 2)

(2) cos (i2), sin (iz), tan (iz), cot (iz) % WHHFREIETRY,

(B FZMAIZ cosh z, isinh z, i tanh 2, —i coth 2)

17



fid 1.17 TE, (Vn € Z) P(n) #0 LW IHIREZ BV D, ZNH7 S s iGa bk
Wb (10) %

A f(2)sj(z) dz = 2mi Z Res (f(2)s;(2); k) + 2mi Z Res (f(2)s;(2);¢)

_IJD\T(%;C#SON c L;J:FLOZ)%%’)%

EEIET UL

(11) D f)== ) Res(f(2)si(2)i0).
P?nE)Z#O c X f O

(12) Y (=D)"f(n) == > Res(f(2)sa2(2);0)
P?f)zéo c ¥ f ok

DBRSNZDT, P(n) =0 &3 GRMED n 1200 TR IUT R,
B 1.19 (Basel BI%E) Euler 8%/ L 722 &£ CHA4A %

ZMZ S, (11) 20T

1 1 1 1 mcot mz
=3 X gt (TE0).
n=1 neZ,n#0

cot z IFMEFHE 0 < |2] < 7 TIEAITH 57225, % T Laurent EFATE 228, ¢ (R ThE
DB E)IT, ZDERYID 3HIZ

1 1
(13) cotz:;—§—4—523+--- (0 < |z| < m).
w2 IZ
Tcotmz 1 2 7r4z+ (0<| |<1)
== - — — — z
22 23 3z 45
g W Y=Y SN ,
mecotmz —T
ReS< a2 ) =3
W Z T
=1 1 w2 w2
— = -] =—n
n?2 2 3 6
n=1
(17) DIEEH: 0< 2| <7 D& F,
$= U Sl
COS 2 P (2k)! 1 — (2k)! )
cot z = — = —= . =-—= . , W=z
sin 2 Z (—1) k1 7 Z (—1) Wk
—~ (2k + 1)! = (2k + 1)!

18



THHD, HAUADOE 2/ IE, B w OBIEE LT, 0 DiLfF D(0;7?) TIEHITH 2025,

— (CDF

;%@mﬂj = 2
= (—1)F = ;Ckw (Jw] < 7).
§:@k+nﬂj )

k=0

TR > T

(=D k . —1)F k - 2 2
5 e - (Sie) (Eov) wiem

k=0 k=0

B DB T EE T 5 &

S w——w——i— =c +<c—@)w—|—< —ﬁ—i-c—o) i
2 " 24 6 -0 Y6 > 6 120
&R i L C
1 Co 1 c1 o 1
=L AT T Ty 27 T T w
s
1 1 1
Cy = g =——, ¢ S —
0 ) 1 37 2 457
w2 IZ
cot 1 1 v w2+ : Z3+ ]
Z = — - - —_ - -
z 3 45 z 3 45
%l 1.20
= (=)t 1 (=)™ 1 s 2
Z n? 2 Z n? 2 s Z22sinmz 12
n=1 ne€Z,n#0
TR
7 B 1 7T2+77T4Z+
Z2sinmz 23 6z 360
ThHHINPH

1.3.3 fifmww

n=—oo

Fourier Z#AD 7T DEIHEICHEBOI MM TE 72 & 9 12, Fourier #%L Z cne™ DMDEHE

WHIHTE 22 EbH 5,

19



fnE 1.21 (3% Fourier fREIDF) P(2),Q(2) € C[z], deg P(z) > deg Q(2)+2, (Vn € Z)\
P) 20, f() = 2 gz s

P(z)
(14) Z f(n)e™ = Z Res(f(2)s3(2)e*;¢) (0 € [0,2n)).
n=—00 cld f ot
7272 L s3(2) i= s9(2) —im = 6273;1 T

- Y,
SEHDHIC, s, TH . ZNEBIELE 53 2V 2BHZFHET 5, / F(2)5a(2)e™ dz

PR 2EZTHE I, 0€(0,27) CR THEH 5, &%u+wWﬁ>wef%b

‘ezz6’| _ ‘el(aﬂrzy)@‘ — efye.

ZHE, y>0DEE 1L THASNDD, y— —c0 DEEZEIL (040 THUR) +oo ICFHKT
5, ZDEE, 2 ITDEHRIC |so(x +iy)| — in LR DDT, By illﬁliLtc(tc% zZ
THROHDIT 59 25 i ZFR\ 7z s3 ZHW S

FlEEA

1+ e 27 1) _ 2mie % 27

33(2) = SQ(Z) — T = (1 — e—2miz B 1 — e—2miz - e2miz _ 1°

s3 1d. so RIS, HRIE n (n€Z) T, ZDMEUE 1, Res(sg;n) =1 THED 6,

f(2)s3(2)e" dz = Z f(n)e™ + Z Res (f(2)s3(2);¢).

Iy n=—N c it f ofi
c 3 Ty ONER

I'n DR kT
o y=—N—1 DEZ|s3(z)] < 2me 2™ (2 TITHH).

e y=N+15 DEE, |s3(2)] < 2.
2
B 1
° |x‘—N+§ DEZ, Js3(2)] < 1+ e-27y"

WFROBE D [s5(2)e™| < 2mem LEHTHIZ SN D, WA N » o0 ET5 L, A 0
IR L, (14) 2502, -

1.3.4 ZF0DtaHl
Bl 1.22 2 EFRBOETHKSH)

() neN, keZ 0<k<nt¥T2Lx (“):L/ L+2)" ), g,
=1

k 21 Zk+1
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2
@H4:1&¢5a%\(rza ggﬁ%%:k%ﬁﬁo
= [2n\ 1 y
(3) ;(n); R X,
(fR)
(142)" R (n) Y (") k-1 1 / ¢ 1 (£=-1)
1 =z 2 = 27 Thh, — 2t dz =
(1) Zk+1 j;o J = \J 20 =1 0 (¢#-1)
A . 1 (I+2)" n n
THBIG, 5;%/221 — dz::(j>];k4_1::(k).
(2) |z| = 210) k)? |(41 +2)?=1+2P <A+ 2))?=(1+1) =4, |5z| =5|z| =5 TH 5 »
+ z
5 5z = 5

ZnJrl

2n
(3) £9 (1) &b Qn) = L/ Mdz Th b, (2) DiHHli & Weierstrass D M-test
|z|=1

2\ N
P65, |z = h?}j(u+@) DRRIE T % 2 L ISR L T,

[e.9]

= (2n) 1 1 14+2) 1 1 o 1 ((1+2)%\"
—\n on = 2m Jip=r 27 om 2m = =1 2 %4
(14 2) 1 1 1
=5 -
27rz/||lzz< ) 27rz'/|2:12 (1427 :

1 dz 1
2 Jlyy 22 — 32+ 1 2 %(£—3z+1”> Vin

2 IFRIBAEORIE — R & EFRTA

(’@%@Wﬁ IFELCHHLIBD 2 L XV 0DT, H4CHEABOMHMTE DTV
DEBIEFD D o2 n e &9 bIRRHIIICHIEARZ -, )

2.1 EUMIC

Taylor JEBH. Laurent LM &, (IERI, HEE) B2 RB ST 2 HEddH 2, L)k
295,
(Cf LA DB, FREAX DI 73BT )

FWF2ERI. WO TR & ERIIATERICK U 7223, AXRTAS B4 & HARZLAIC
T%T\EQ&Vﬁ#%% EZRHBIZONTIELEVWLLDTH S,

N

1 I = 2
meotmz = lim :_+Z_Z

Nooo z2—n  z 22 —n?’
n=—N n=1
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OB = — n (n € Z) T (08503 167, B2 1 FEL 1) b 5 h
5. Laurent FEFHD FER1Z L T, Z06 LA TH I, ARSI LVEIR ! BB,
z—n
2 1 1
- + ThHb, )
22—n? z—n z4+n

cot ZHIL W ADTZ®IZ

1 -
cotx = = BT tan (/2 —x). 77 713X 1 (p. 22)
tanr  sinw

FESIIZ X, RAD tangent &\ 9 & TREE (cotangent) & I N7,

FRR 2.1 HEL L DARIZ cot DETTHEIREADIE > T 303, cosec DT EIEEHIE A L —
LTH LR L, HF [7] IZ#i> T T, BOuEZ2RH -7,

1 I = (—1)"2z
cosecz:,—:;—i-ZlQ—.

sin z 22 — n2x2
95&
- (=D)"2mr 1 = (—1)"22
cosec = — + 5 5 — — .
g T ;(ﬂz 2 —n?n? z+n2_: 22 —n?
| HEEN R 10

1 EEEEELTD cotx DT T 7

RDERIT Euler 12X % D720, “NHEDR O L) XT, WHTHS EARFELRHIR
ZRHOANLEZ VAT,

= i o (1) (143) (1-3) (1) (- 3) ()
_mH(1——),

(sinmz X 2=n(neZ) 2 1 MVOEFERETEDT, (z—n)=-n(l—z2/n) ZREE LT
CKDHE2 2 EIEHHE 0, FXDIED ZODIEFHHRICIFEL stk v, )

22



(A& BEuler 1%

=1—"—+-——--- (Maclaurin FB)

DD

oo 2
LRI T, 22 DEORHEWET 2 26Ty % = T R CEYIL (1748 46). )
n=1

2.2 (H8) —HRIE

¥F—U—F TR 1220, B H2HHET 2, HEEOXI RLDIZEL DA
WX ZDEEZRILIL THEbR VL, BETHLAX Yy T35 L9,

/E§22(%ﬁﬂwﬁﬁﬂﬁs—ﬁﬂﬁ)ﬁQ—NlitVneNKwaﬁﬁQ%C
ET 5%,

(1) {fu}nen 25 f 1T Q EBRYER (pointwise convergence, pointwise convergent, converges
pointwise) § % & (%,

(foe®) lim f(@) = /@)

ie. (VreQ) (Ve >0) (3N eN) (VneN) n>N = |f.(z)— f(z)| <e.
(HBHWVIE (Ve>0) (Ve eQ) (ANeN) (VneN) n>N = |f.(x)— f(z)| <e)

(2) {futnen D3 L f IZ—HRYINER (uniform convergence, uniformly convergent, converges
uniformly) 9% & I,

lim sup|fu(z) = f(x)| = 0.

n—oo e

ie. (Ve>0) (AN eN) (VneN) Vz€Q) n>N = |f.(z) — f(z)| <e.
(Ve>0) (AN eN) (VzeQ) (VneN) n>N=|f.(z)— f(z)] <e.)

J

Bl 2.3 (ERFREEETIDERIRERIEER TIXEWVWHE) {f.} 28 fFICERIET2 EwH 72
FTUE, f, BTRTEGFETH-TH, [ IEETHEVI EDHY I 5,

1
L (== ﬁ>1 1 (x>0
fu(@) =¢ =1 (z < _ﬁ) flz) =< =1 (z<0)
nx (—% <z< %), 0 @=0)

EBEE, {f,} 13 fIREFICET S, f, ZTXRTHEFETH DD, f 1F v =0 CTHEHT
b5, =

23



Bl 2.4 (BRPCREE T TRIFBEADEELGWDHS) {f,} 2% fITHERNKET 5 £ 21T
F. HRIR T BSHRZ w b Lk,

n’x (0< g%)
fulz) = ¢ —n? (x—%) (%s g%) fl@):=0 (zeR)
0 (x<00rx>i)

EBLEE, {f} 1T fIZBRIET 2, £T2AT,
2 1 2 2
/Ofn(a:)dx:§~ﬁ-n:1, /Of(:v)dx:

lim 2fn( )dle;éO:/Oini_r)gofn(:c) dz.m

n—oo

THEHN5,

iRl 2.5 (EFRREHBTIO—RICRIERISEGRREES. —HRICRI NIFERED A6
(1) HHEBIBAN 23— IR § USRI & 3@ TH 2,
(2) —RRINR g 4UE, 90 & lim (ZRHAT[REC©°H 5,

SiFEA
(1) Ve >0, INeN,VneN n>N = sup|f(z) - fulz)| < =
c €N 3 e
3 Va € Q2 LT, fy l1F a THifEZDT
30 >0,Vy € |y—al <= |fn(y) — fn(a)] <

ZIT |y —al < 27z $ERD y ISR LT,

1F(y) = f@)| = [f(y) = In(y) + Fn(y) = fN(a)+fN(a)—f(a)|
<[f@) = In@W) + [fn(y) = fn(a)l + [fx(a) = f(a)l
< E—FE—FE =e€.
-3 3 3

))dx

L/m o)) da

§/ sup |fn(x) — f(x)|dez = sup ]fn(a:)—f(a:)]/ dx

me[a b] .Z‘E[a,b}

/n M—/f

= (b—a) sup |fulz) = f(2)] =0 (n—o0)m

z€la,b]

24



BEEHBEDTICOWTHRETH 2, il ¢ ok C* o LT, {f,} kR fICIUET 3
%61,
/fn(z) dz—/f(z) dz
C C

[ﬁﬁ 2.6 (HEIMH —BIES NISERIMATEE) X [ c R Lo ¢ OB { fn}}

< sup |f,(2)— )] [ 1d: =0
2€C* C

DY ISR L, {1 Egla—RRIRT 242013, fI3CTRT, f=g9

SFBl a el ZEEICEET S &
ful@) = fula) + / £t di (xel)

DDV D, n—o0 T 53L&,

W2 f'(x) =g(z). m
Z DLW & FRRIC L TP

C O Q _EDIERIBIEBIN { f,.(2) bnen 25 f(2) ICKRIR L, BBIBDI {g,,(2) }nen
DY g(2) IC—RRIDUR S 2 %2 61, fIZIEHIC, f/=g.

LS GIEDE S LB DS, FEE D o EIROEHEANL D 120 (f 2.9),

EE 2.1 (BE—HRIRINISHEBIHIDHEES) Kb 2.6 DIERED 515, {f} 13
I 2T g IT—HRICRT 2 081374 (. BRDH Z5EHF THRICET IRV, T4b5,

Vacl 3V :a DFERE) st {f/} &V T—HRIZ g IZPCRT 2
EGE L THR USROS 15, KX,

fula) = fula) + / R dt (e V)

7o )
f(2) = fla) + / g(t)dt (zeV)

Do, I n fl(r) =g(x) (x € V) DELPNLD 06, BTIXRAITNGEETHS I L
DBAENTH %,

I DERDD 5IEHETRRICET 5 &0 ) FEE, D2 v 37 MES ET—RRIGRT
BE0) ZELAETHS, DI L% [ THEBEB—HRINERT S LV, EETIE, “uniform

convergence on every compact set” & 72>, “uniform convergence on compacta” &>,

SPEIRA 72 X 9, F = f LB F BEET 284 / £(2) dz = F(b) — F(a) (a, b 322N C DI
C

L) ThH DS, / FLOE = fulz) — fula).

25



HHEICOWTHHE IR TH 2, T4abb Q LOEGEMBI {f. ey 75 Q LTIARE
—RRIC fIDBRT 2% 512, f 13 Q Tt TH 5,

HMIZEI &, INETIHN L@@ D ) BT, IR RRIRZZ 1T TIEERE & D1 (—HRIX
WO DL, HHIES7Z T TH S, =

—RRIROHEE L LT, ROEHICHED b DPMENTH % (Z1Ud—2 D+ 0T
H o TREFEMETIE RO, EFICL DA OE T RRICRDFEEATE %),
4 . N
fniE 2.7 (Weierstrass M M test) ZM" IR T 2 IEIEBEC T, {fodnen 1E2E TR

n=1
B4 Q FEESINEEBIEOBEESI T,

VneN,VzeQ  |f.(2)] < M,

BIRY L7 51D fulz) 1E Q BRSNS 5 (BRIC—BRIGRT 5 L, #8020
n=1

EASHENIR Y %),
\_

)
AEBE TR 2 R SRR 2 DT, V2 € QML T, ) fulz) RIS 2, Al
% S(z) EBL. "~

> M, oMz U LBk,

n=1

Ve>0,3NENVREN n>N=U-» M;<e.

k=1

ZDEZE, Ve QI L T,

> h(z)

k=m+1

S(z) =) ful2)

<> AEIS DY My=U-Y My<em
k=1

k=m+1 k=m+1

ER 2.8 BRICHIMINE T 22 &, TAD5 D [fu(z)] B Q E-RUURT 2 2 L b5,

n=1

AR DINRH DOFAE, DRFAWNTIAZE RO T % 2 &, ICRMEAN O FRIcIh 9 #80 TH
MBS ERS Z &, u—7 VB L TORROMENSE O NS Z L1 THEEBEE Tl
BHLTH 3,

2.3 RIS DLEE—HRIGR

IERIBS % & 72 ZBIBANIC D TH | T RRIDGR 9 USRI /e 25029 %, 27
T ROMEDIELD 3L,

26



fRE 2.9 (EERIEBIINLR—IRIR I NISTEBIHS FIRE) Q (& C DFIELT, {f,}nen &
Q FOERINIERIBIED S % B850, f: Q> C &35, {fu}uen D Q L TAE—
BRIC FICURT 2% 61, fIEEHIT, f(2) = 11_1}11 f1(z) (z € Q).

(—MIC, fICERINR T 2 O KBRS {f,} DOEBIEIND g AT HRINKT 24 51, f
X CHIRT ff =g W) DD 555 IEHIBBUC O TIE, BRIBSIIINEH § 2 RE D E
SHVEMSSH S, LI, )
BEER 9 f Y Q CHEETH B T EEHSHTH B (—MUHEHITERIES D )4 7RI AR R
IEEETH 20 5),

a€Q 9%, Dia;e) CQ i e>0%M5, fFED 2 € D(aje) ZBEET 5, Vn €N,
Vk e NU{0} IR L T, Cauchy DBEITAHD 5

(k) p :k_! fn(C) dc.
8 f9(:) ./|a|5—(C o

2me — 2

k=0 D%HEIC, n—oo &T5EE, BBTEEBIL | —al = ET—HRINKT 5, FEFE,
di=e—|z—a] EBLEAd>0T, |(—a|=¢ ZHWiTHEED CITHLT

[C=22|C—al—la—z[=e—]a—z[=d

EBBDT, QNDav T MESG {(eC|¢—a|l=¢} BT, {fu} 13 fIT—RRIKT % Z
EITHERELT

0 FO 1
‘Cili‘lis (-2 (—2°4d |¢§3\Iie |fa(Q) = F(O =0 (n— o0).
W 212 X O
PO 0 e tc- o
BREoNSE, WZIZ f1F D(a;e) TIEAITH b |
Wy kD f(Q) :
0 EeN) U =gn [ i (€ Do)

migic, [ o e 3 RE RINRTH B 2 L 2RT,

9 - P < 5 sw 1©) - fule |/ -

|C z|/€+1
K:=D(a;e/2) LBE, 2€ K £ 5, |( —a|=¢ 2l THEED ¢ ITHL T

K—zhﬂC—a+a—42K>np4a_4zg_g:g

< : < (= . 2Te.
¢ — 2" T \e c—al=< |¢ — 2" T \e
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9\ A1
5161[13 ‘f(k)(z) — fék)(z)| < k! (E) 5‘Csu|11 1f(Q) = fu(O)] =0 (n— ).
i (Y K RIS A 2 LR ERT 2, =

B2 Q T—RRICKR T 272 51, UALNS Q TAEBRICRET 2 (LA LT 5
RXL), fE>T, XD EBRY LD,

% 2.10 (EERIEBIIL—HRICR I NIFIERIMA FIEE) Q 1 C DFIT, {f.}wen 12 Q I
TERI N IERIBIED S R B850, f: Q- C T 5, {fulnen 28 Q ET—BRIC f
KRS 57 61, f WIEHIT, f/(2) = lim f,(2) (2 € Q).

2 ETOEEIE, 2N DIcR T, Rt o705, KRBTl 2EE L L
T, UToborfioni,

KEEE 2.11 (Weierstrass D ZEHRBERE) O LoIEHIBI%D S 72 2 B85 {f.} 25, Q J:\
T fICIAFERRICR T %2 £ &, f & Q CTIEHIT,

(VE e N) fB(z) = lim fB () (Q TIhFE K.
X512 C NDOEEDXZINCH S 2l ¢ 12k L <,

Jgrc}o/cf"(@ dz:/of(z) dz.

(COBCIEQHNDavy 7 MEAGTHIDSE, {fu} 13 CF LT fIt—HRINEKT %2
IR L, )

J

o, (. v—7 VLIS O) ik BRIz 1R D g 2 L8k 5,

#l 2.12 (Riemann QE—7BEE) (LT TIE, n € NIZWL T n® =exp(zlogn) LERT
%, 2T Tlogn IZFMl, ZOHEIIETEIClogn e R &7%45, BB TER L ADIHEH
BELTONEBIBE —ET %, n* 13 C2ETIEA LB TH 5, )

(=3~

n?
n=1

DEADENE, I D = {2z € C;Rez > 1} TIEAIRBEEZ R T I L2 TITRY, I
' Riemann QOE—¥BEEFEIIN, FEFICHHTH 5,
EED a>1 ZEELT, Dy:={2€D|Rez>a} THEZ 5,

In*| = |exp (zlogn)| = exp Re(zlogn) = exp [(Re z) logn] = n"* > n®.
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T—>+00

M 3. lim f(z) =400 FEI) T ER?

r—r—+00

4. > 400 DXDIC 5 —0 £T B L ?

REDEOICHEBELTEL, co 3EEH TN,
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EREROBE [ AEEMK Q5 C(QCC),ael, AcC LT 2,

mf(z)=A & (Ve>0) (36>0) (V2€9Q) |z—a| <= |f(z) — Al <e.

limf(z)=c0 & (VUER) (36>0) V2€Q) |z—a|<d=|f(2)]>U.

zZ—a

lim f(z)=A

Z—00

[e]

Q.
o

€

(Ve>0) (BReR) (V2€Q) |2|>R=|f(z) — Al <e.

Bl 5. lim f(z) =c0 (FEHI V) T EN?

Z—00

Bl 3.1 EBEEDLH

. 1
lim —
z—0 I

1 N
IIFET 5, lim — = 400 TIEHRWI LICHEET 5,

z—0 I

) 1
lim — =400, lim — = —00
x—>+0 x——0

WD LD, —J7 . BEBEBDL A,

lim — =0
z—0 2

DD VD, =

M 6. 2N &kt &,

1 .
f{ 7. lim — =0 254,

z—00 2

Bl 3.2 (553 UFHULU K EREBDIBIREDHEER) W)ind 2 ERIB DR & Db 708 1T
Bis2leL,

DU, 4R, B L & < DRI DT, FFCH o 2R D, BROAENC 2 2
M7 a8 @R, « Z BG83 KK E T 5,

n € N AR LT lim 2" = co. (Cf. hIJP 2" = +oo, lim 2" =doo (n BMHBADEF +,n
DEED EE —))

£ D —fikic Aﬁﬁluh®%ﬁﬁ(iﬁf&w%ﬁﬁ)()mﬁLf\hmP@y:m.

n e NITHLT hmi = oo. (Cf. n DMEEKZSIF, hmi = 4o00. n DHELL S

z—0 zn z—0 "

1 1
lim — =400, lim — = —00 THEHNH, hm— FEEL Vv, )
z—4+0 " z——0 " z—0 ™
lim exp z 3FFIEL %2\, (CL hr_{l e’ =400, lim e = =0.)

b5 AHA hmslnz =0. ®ZIZ lim

= oo. [AERIZ lim cosz =0, lim tanz = oco. m

2z—0 sin 2 z—7/2 z—7/2
ﬁ;&@ﬂi{ﬁ Logz 12DV, C1\1<m Y Logz = oo, Cl\l(m Logz = oo. logz 13%4AliTH
z€ oo z€E

%753, Relogz = log|z| (FFidD log FEBIEE LT log) DT, |logz| > log|z| (f
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D log 1FFEEE L LTD log). WAICEIFFMICREL 2 TH, D lim logz = oo,

Z2—r 00

lim logz = oo.
zeC\{0}
z—0

FHREC\{0} 22— 22 b—MRITIILAMBIETDH 523, a € R DEHEIF |29 = |2|* (HLIF
FRIE L L TOHIE) THE0 5,

(i) a>0DEZ, lim 2% = o0, h;nz =0.

Z—00
z—0

(i) a<0DEZE, lim 2% =0, hmz = 00.

zZ—00
z—>0

CIWCHWTHE2AZEAL)I EEBNTHILRE#HO LW, &L A, a Tk?&%#%
DPOLNDE GIETES) X)L TELIRETH S, ZoOHEF=MEAKIIrsLAKEZLEZ
FCHAZLEVIFHEMT S, MHEICHATET 22K (24U iAu.J:o’C,E'e&Z)B) i
5, DR E E) P> TES DERET2O0EE L v,

(|log z| > log|z| FHXHEKICHZ DD b, )m

M 1DEE (VWER) BRcR)(Vzecl)o>R= f(z)>U. m

M2 DBE FIZAIE lim f(z) = —cc i, VLER) (36 >0) (Vzel)|r—a| <5= f(x) < L.

T—a
|

Bl 3DEE (VWUER)(GRER) (V2€Q) 2| >R=|f(2)|>U.m

B 4 DEEE lim— — oo ZUEHT 2, 2 s © c;c Q= C\ {0} DERECTH B, (FED

z—0 z
k%(&\5>OT\M<5%ﬁh?ﬁ%@zeﬁmﬂbf

UeRIZXHLTH:=
Ul +1

1

z

11
B

=U|+1>|U|>U.

S lim L =00 ZTLTVYS, m

z—0 2
5 DEEE zHZCiQ—C\m}ﬁﬁ%ﬁT%% EED e>0ICNLTR:=1 &S
& RER T, |2| >R ZHiZIHERD 2 € QITXH LT
1 ‘ 11
|

(| B
2 z| R °

1 .
L lim —=0%22-LTn%, =
z—00 2
BEF DL AL, sin, cos DIMEEHIIERAED &L ELLRIEHICHA TV 6N 5 L) BDT (b ARAIC tan X
FRXTT), WOLZINHARAY—FT20, ANCk->TiE, A4 7 —DAHK e = cosh +isinf (& FEIEH])
%\Eﬁwibbwﬂﬁ%%Tﬁﬂ<®w _$mv(&ﬁﬂ@%@ﬁ%)#62&—%?%#%Lm&wo*

sinf  cos6

Tibo bl SADBRZHH R HEATEITS, EVWIAbWEES),
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3.1.3 MA|

RIEIZ TR 2 oo IFML L 72 Z FFO € / Tl 4\ (co HITH TR Z b IF T4 { T,
T 4o 00” BB lim = D E VI TETERN, ZHUIHRMED E AR E D HRE S
B EV)EERTH 7).

0o ZH LWV (00 g C) ELT, CIRZNEZDIMATHELZbD% C H2WVIEP &
=<

C=P' =P (C) :=CU {oo}.
(SN (RS PY(C) tF 0L &) 1, 1 RTEERHBER TIN50 TH 208, 22Tl
#CIERUTHINT % TRiemann By EMPONF 2 C L 2H#ifET %, )

R 3.3 EHHOMETIZ, TFAMTESoTE, RIZ +00 & —0c0 ZIRINL 72, HREHR
EffR=RU{+oco,—o0} ZEHATZ2HD0H%, m

co DA lim & TH9H ) XHICRDEIICEDEILELDH S,
(VaeC) a+o0o=00+a=o0.

(Vbe C\{0}) b-oo=o00-b=oc.
(Vae C\{0}) 3
b

b — =0.
(Vb e C) s 0

= OQ.

L#wa+m%w4mg€§w%%b&w(oUoiﬁéﬁiiﬁﬁim%&w%

C = CU {oco} IETIFR . BIEDMES SIFAB IR,
ZA DT OBITNED 2 B Z1F 1 Ry B il
_az+b

f(z) = p—— (a, b, ¢, d 13 ad — be # 0 Ziili 7z TEHEBDER)

I, C ORIFAICEZ 2 L, EHTIARVELDHZ L, BEEOL LV L2NEE 20, C 28
AT 3L, f: C— C DAEMBS (SRS OMES) 12752 GEHICT &0 L3 3),

w34«ﬁ@b1w1ﬁﬁﬁﬁﬁtanfwyzéiikh“%ﬁﬁ”%i%&\z¢—§mﬂ
LT%%T?%OOin%N{—ﬂw+C@%%O:hu%%(a#@ ) £
ﬂ@»@%éﬁ\é%@u&mo%%\ﬂ@:%%ﬁkﬁzuﬁﬁtﬁwgirizéu
3(2+2)=32+4 LFAMET, ZHEEERCRCI LIEBYSR), EIAT

: e 1+2/2 1 : _

Jw fz) = Bm ooy =g i )=

z——4/3

WALBTHLIHK),
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ThHhHZEIWFEHLEY, 22T

:iii.<z€@\{—§}>

1
3

LElE, f:CoCo, fiI3eNgIchs, $

.7 > 4 . >
ngﬁf@)—f(—g), lim f(z) = f(o0)
THZDT, HBTCIT (TDlim EBAT2) HZED S & f ddiftichs, Hix f!
[FRED 1 KZ2Ha12 75 2 D TEife T, f: C — C IZEBEER (homeomorphism) 1274 %, =

3.1.4 EHMFHA A—Y — Riemann EREH
C & 3 RICZEMNOBKE & F—#HTE% 2 2 L2 3HT 2,

Si={(x1,22,23) ER® | 2} + 25+ 23 =1}, N:=(0,0,1)

EBL, Flozym Pl (23 =0) %2 H TRL, HEVHC LHE—MT 2, DL (11,15,0) €
HIZ 2y +ize € C ZRIBIHE 5,

VP e S\{N}IZx LT, N & PZM2EMRE, HEDRR P B—2EE%, PIT
P B3 558 o S\{N}>Pw— P € H=C %, N » 6 DIFHF (stereographic
projection) & W55,

P = (z,y,0)=z+iy £ T2 &, flilAGHE (2o 282 2EMRE, 52607
& DR ZRKD BEE) ITXD

1 T2 T1 + 122

—z YT 1-4 Ty

].—.1‘3 )
Bl 8. oz LZHEND L,

0: S\ {N} - H BEHFTH 2, TDI LIFHMENA X =52 TH B D5,
z = <,0<5L’1,5132,5U3) 733\;)/_’\0) c]: ‘5 CCE{ZISE/WC .Tl, LIZ‘27 ZZ'3 CC’)UBT%J:U'Z) : &ﬁ)‘; %)ﬁj\i))%lf)o
H2_1+x3 IREEES! 2+ Z —i(z — %)

T3 = , X1 = y L2 = — o5 -
\z]2+1 ]z|2+1 ]z|2+1

1—553’

2 2 2

+x 1—=x 1+ 23
Banid, PLEOTEL, 22 +2d+2i =1 THEH5., |22 =224yl = L2 2 = .
o m1+x|z+x3 [ ="+ (1—23)2 (1—a3)2 1-—ua3
zI©—1 2
T B 1 -3 = ———— PEPNLDT, =z(l-— =
|22 + 1 AP = a(l —2s)

z+Z 2 z4+Z z2—Z 2 —i(z — %)
. = . AR ﬂ: = 1— = . — A
2|w+1|w+1n% vr=y(l=2a) = == o5 7 = TEra

INE x3 IZOWTIRNT, 23 =
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e(AEEBR) = {2z € C | |2] > 1}, (i) = {z € C | |2| = 1}, o(FFER) = {z € C | |2| < 1},
o (FAtl) = 0 23R D 370,
2D @: S\{N} = C D ¢: § > C=CU{o0} %

O(N) =00

TERT S WRLAZEREFRLUTE ¢ ZHOTRLTVS), 20D p ERIEH)EHHTH 2,

ZHLT, C=CuU{oc} EXIEDF7ERM S ®Z &% Riemann IRE (the Riemann
sphere) &5,

LELEP S NDEE, o(P) =00 THED5, COMMHZEYICERTIUS (2D,
ERRICZNZITI). o & N CHlEE 22 LR CES2, FF p: S5 C b p:C— S
LEHETH D, OFD o BEMEGETH D, MHIIZH CliE S LA—HTES (2 2 TiEM
HNRELIR S L T\ %), 22T C H&% Riemann BRI EFRZ & H S0,

R 3.5 2%, Riemann BRI S O3, AlCX->THRE S, S 13 23 + a2+ (x5 —1/2)° =
(1/2)2 TH 5 & L7, b h ISR & DNIRRE 2 72D (B> L EBFHEE [10] &
CobTL&h) AR BNV L= a3 b, m

ZDUIFavEL—F—%Hi>7T, 9 Ttk whri, EEIDEITE---

6 DEEE N(0,0,1) & P(xy, 29, 73) %2 EMREDHERIZ

T 0 zy,—0 txy
z 1 3 —1 txs—1)+1
. 1 5
¥E220k®ﬁﬁﬁd\WQ—U+1:0iDt:1 LW
T T2
T = = .
1—233’ 4 1—I3
W Z S o1, 20, 73) = ¢ + iy = Dt
1—273

3.1.5 C ICRIEEEA

MANORPRS, oA FTER I N ORG24 2 @& T 5121E, A &
XN 2HEEZ ERT 201D 5,

ClZOWTIE, FEED T 21,20 DB |21 — 20| ZHOTHMHZER L7z, THUIE R ®
R" DL ZELEFRIKDOPLH AT, HNTLL2OTOrYPTwERLNLD, BEGHRDOE DT
¥ 2 b Cld, RSSO SEARTER AFiICED 2L TC OMHEERELTWVD, B
TZ2ReBWL LI (29I EENAFPDTRTE 2 X 91245 TIEL W),
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C DFM a I LT (BT a DEREFHR EFIENS 2 LITh ) O U, ZRXATE
D5:
(26) U, :={U(a;r) | r > 0}.

2T U(a;r) (. a D r it EMFIENZEAT, ROXIICEHEINDS,
(a) a € C (a BEFER) D5E

U(a;r)=D(a;r)={2€C||z —a| <7} (CHUIBLLCADPS ).
(b) a =00 DYGH
Ula;r) :=U, :={2€C||z] >r}U{cc}
(Joo| = +oo EHRHELT. U, DT L% Ur:{ze(@‘r< 2] §+oo} LbET, )

KEDIZARZH, 2O U, T, XD XS 12 C OBEA. SAIOIEE (HR). Bk
M2 EHRT 5,
a N

E3 3.6 (C OBEA. SFOIR, BROEREYE) (o) Qc C 2 C oMES Y (Vo e
Q) 3UeuU,) Ucq.

(b) C DI {2, nen 25 a € CIRINKE (VU € U4,) AN € N) (vn € N: n > N)
zn € U.

() QCcC, f:Q—=CacQtd2LE, f28a Tl L (VW el QU € U,)

fUNQ) cV.
/

/§&%a®6@%é&w&fﬁi5 ~
FOEBRELRPLT TS0, HEfORbLDICHBEZH>TCERELELTH S,

(a) QC C 2 C DBIES Y (Vae Q) (Je > 0) D(aje) C Q.

(b) C D EF {z}nen 28 a € C IR E (Ve > 0) AN € N) (Yn € N: n > N)
zn € D(a;¢).
(i |2, —a|<e EFHLETAZ, 2,€ D(ase) EESHZTH S, )

©QCC, fiQ—>CacQeTaex, 3ot (ve>0) (3 >0
f(D(a;0) N Q) C D(f(a);e).
(il (V2 € Q: |z —a| <0) [f(z) = fla)| <e DEHIITES EZAH%Z, f(D(a;0)NQ) C
D(f(a);e) L HEHATH S, )
- J
CDEIHITEET L E, LT D,
o BHELFZDORNMISHRALT B,
a@

1631) 0 iﬁﬁmm, (i) = o DL DOI@EER Iy IZFAES, (iii) LG 6 B 2EAE {Usjren DEDF
U U» 1354
AEA
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e O CCOEEIZ. QOWC DHESTHLILEC OMHEATHZZ L IZFAMTH 2.

¢, cCneN),acCTHBLE, {2} MCTalllWRHTZIEE, C TalllRi
T3 LRFAMTH 5,

¢ 2, €C(MEN) THBEE, {2} BC Too lTIHTZZ L L
(VReR)(ANeN)(VneN:n>N) |z >R
DK D LD EIFAfETH B,
Ml 9. 2OZL%EMEND X,

R 3.7 (EBAEPBICIK) i, Gi2onEE X ITHL T, 200 SFIORS,
Bl oifitE 2% 2 51213, i &I 2 iE2Z V5, X OFHZE#ET2D1E, X D
FIEGR (FEGDORNE) 2ED 290 HERHATEZ L% 0, X DK o I LT, a
DHAEFR EWHEN 2 EEGIREED DD HbH 5, T o0 TiE, MHEMOFELHD
TXAL (BIZXETFD D B [13] . WA ERT X A L TH SHH - = [14]) 2 KA
5ERV, =

EEB o I LT, CTalcURE VI DI, THFETERLUEE (CTal2lR) T C
T oo PR EV) DIE, THET — oo (HERKRICHK) LEFE>TEHLI EITHYT 5,

(CNFT, Tl THahSwv e Zokdiz, "o RE W Ry BSWIGT 2 DI3ENED
HHEMID, Z2HZ S -6 imEDOFIAUZ TRE V), VW) L) FEEFIA->THZRW
ZExRBEWHZY, )

%38f@ﬁréugz:0?@%?%%o%%\L@ﬁ%mibfmﬁb%:a%

121301 f(z) =00

z—0

THEHNH, lig(l)f(z) = f(0) DR LD, FERIC flF 2z =00 THEBTH S, m
HEiF C=CU{oo} 1. RATERINS d ZFHlEE L CHREEZRII % %

(27) d(z,2') = |l¢7'(2) — ¢ ()] -

3
(2L, o S — C EEIET, ||| ER OR7 FLOES |2 = | o2 %7, )

=1
ZHUTET BT, 2,2 € C Ol . ®IE9 2 Riemann B S Fo 4 0 1(2), o7 1(2)

DRIICEBITLHEEE L TERLTEIDITTH S,

Bl 10. KFIC 2,2 € C DEHIZ, RD X HICFEFIT B I L 2R,

2|z — 2|

VIR A+ B

ZOWHE d(-,) 5 C DIHZED 5 2 EAHK S, 21U LORAEER TED 7 r
HERUTHS I EDVFHTE 2 (22 TIFEKT %),

d(z,2") =
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XE (BloLricEerkboriioTkRE, )

iz ED 51213, FHEEGZERT UM, FROBREERZED S, EVIPH IR
b5, HETRTHIT 2,

X 3ZBTROVERLEL, X DR 2 1T LT, X OWDEEE B(z) DEE->T»T, M
T O&MN (BFREEROAR) 23 LT 5,

1. (Vo€ X) Blz) £0. 512 (Vo € X) (YU € B(z)) « € U.
2. (Vz e X) (VU,V € B(x)) W € B(z)) W cUNV.
3. (Vo € X)(VU € B(z)) (3W € B(x)) (Vy € W) (AU, € B(y)) U, C U.
ZDLE, X DETHEE QIZOVT
QuEBES Y (VreQ)(WU eB@) UcC

EERT 5 L. FESOEFRIINMEDAR L7 3 (fHEMO T X A P2 R L),
ClZBWTIlX, aeC izl T,

B(a) :=={U(a;r) |r >0}, Ula;r):=D(a;r)={z€C||z—a| <r}

EED D LR LDNI - X4, ZNDED BHiMHIZ, HEED C DMl Th %,
Bi7-12 Bloo) ZED T, B(a) (a € CU {oo}) DIHEANEZRDONI %7 T 2 & 2HERT
2. C O EHETE S,

B(oo) :={U(oo; R) | R € (0,400)}, U(oo;R):={z€C||z| > R} U{cc}.

3.2 HERERTOER

PLE A DR ICE T 5 TRFERE) L) bD2EAT S, Zhzlv5s 2 & TR
RCOMGTREMEZR EDWERTE S (KD IE L o0 Ltk EiF 21U Riemann
HO— w2 5K T 05, ),

z =00 D f(2) OD?JILL%ﬁJﬁ\ IEAAD (BREWTRERF R A, i, (A7) EMRRATH 5.

LSRRI, 2 = i CERIERL - g(w) = f (l) D w=0 COWETEDS, 7L
w
HEIZOWTIEA LIEEBBHETH 5,
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a X

EE 3.9 (co BMIFERR. EAR, B, EERERER) o 28 f OMILFER (iso-
lated singularity) To % &%, (IR € (0,+00)) {z € C| |2| > R} 1T f DEEBIE 1,
ZZTC fIRIEHITHD LRV, TDLEE,

o) =1 () O<lul<p)

EBCE, 01F g DINVIEMRREAL LS, 20D g 2fli>7T, f DINIFHRE 0o DIT
¥ET5,

(i) oo 2% f OBRETFTEEFER (removable singularity, IEBUF, regular point) TH % &
X, 0% g DRREVRRR[FTHE I L2V,

(ii) oo 2% f DB (pole) THH EIE, 023 g DMTHE I LZWV), 025 g D k DK
THHEE, 0l fDEMDIMTH S L),

(iii) oo 2% f @ (MMIL) BEMFFER (essential singularity) TH 5 & 1%, 0 2% g DIZEN:

REETHIL I LRV,
. J

(R B {z € C||2| >R} DI %, R<|z| < +oo ERT I EDDH B, {ze@‘ 2| >R} =
{z€C||z| > R} U{oc} EXHITH7DIT, 2| <+o0 ELTH S, )

4 N

R 3.10 (cc DFDOD D Laurent B EZNICEDKMIIKHERDSEE) o 28 f D
MV EERRA LT L E, EEICK>T 3R € (0,+0)) f 1F R < |2] < oo TIEH]
VG‘%%ZI)S\\ (E“{an}nez)

(28) f@:}f%+%+zp¢lm<m<+@
n=1 n=1

DR LD, FEiE
1 f(©)

(29) d{ (n€Z;R<r <o)

n = 271 I¢|=r @
Ths, SHILLTD (1)~(3) HY 2D,
(1) 0o 2% f DFREREREN < (Yn eN) a, =0.

(2) oo ¥ f D & (Fk €N) [a #0 2 (Vn € N: n > k) a, =0].

(3) oo ¥ f DEMKRM & (VEEN) (3n e N: n > k) a, #0. J

SEER TR C. FIBRTEIK A(c; Ry, Ro) (0 < Ry < Ry < 400) TIEAIZBI%UE Laurent
JEBADMIR B 2 & 2RI A TH 5, A(0; R, +00) IZDOWTHEM LT, (28) Ziii7zd {a,} 2%
—REIHEEL, (29) 29D 2D Z L3I 5,
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—7i. g ¥ A(0;0,1/R) TIEHITH 2025, 0 (% g DINVEFRFR KT, (3{b,}nez € C%)
oo o0 bi
gw)=> byuw"+b+ Y — (0<|w|<1/R).

FIF0<r<1/R ZHi7TEED r ITHLT

1 g(w)

b, = —
270 J = W

dw (n€Z).

w|=

nro

o0

f(z) =g(1/2) = 2; 2—2 + by + ib_nz” (R < |z] < c0).
(28) DIEDIHBUEF D—EMED 5 - -
(VneZ) b_,=a,.
W 21
e 00 D f DIRENRERIEN & (YneN)b_, =0« (VneN)a, =0.

o 0o f Dl (FkeN) by 20D (VneN: n>k) by =0 (IkeN) [a £0
22 (YneN:n>k)a, =0

e co W f DEMKNER & VeeN) (neNn>kb,#0 < VkeN) (IneN:
n>k)a,#0 =
(28) %, f DI co DED Y D Laurent BEI. 72> a,2" 22 OEBLILE,
n=1
HARINZ a, ZRDDDIZ, (29) 1&H T DRI L%, f BEHBEROEE X
Wl 2 A B B (RT3 ),
ceC OBE LAk, IR EOEIL, lim f(2) KXo THETE 2,

Z—00

4 N
g 3.11 (MMIFFERR oo D lim ICXBFHDF) oo 28 f DINRRFATHZ LS. X
D (1),(2),(3) 23D 32,

(1) oo 2% f DIEHIA & lim f(2) & C N THIRE R (FI3 ap IKHEL 0T LB50925)

zZ—00

(2) oo 2 f Dt & lim f(z) = o0.

z—r00

(3) oo 2% f DEAERIRA & lim f(2) 3 CHTPRL AV L, =00 TH AL (C cIUR

L&L)> zZ—r00

y
ST z=%®%%ﬁ%%k§\z%am#w%OT%%#E\ﬁ@&mﬁ%£ﬁ®%&d
FOEHD O S P THS, =
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#& 3.12 % T Riemann H (1 XGEELHEE) 2225 L . C = CU{oo} #3 Riemann i,
" ~ - . 1

oo DFEREERE Uy = {z eC ‘ R<|2| < oo} 2B BRI w = - Th % LHMTS

5, m

ﬂ313f@%:%¢iz:mm%E%ﬁ(%iﬂ%ﬁ%ﬁ)k?%o%W\

glw) = f (%) -

B ow =0 Z RIS A 6, 2HUE Tim — — 0 (HIRORIE 1) 225 W55 TH %,

z—00 Z

= w

Bl 3.14 f(2) =z X, 2 = co ZHRIZFFD, FEEE.

g@ﬁ:f<%)=%

Zw=0ZRICF22056, 2L lim z=c0 26 bHLLTH S, =

Z—00

- 8: c c C TO Laurent ER. BEEEHR ~N

c € C DEFERE f OMIFER (isolated singularity) TH 5 &1d, (e > 0) f I
{zeC|0<|z—¢ <e} (Z0UF D(c;e)\{c} &DFIT ) zEEBIEA, Z T TIEH]
THHIER VI, TDLEE, (Hantnez € CP)

=Y az -+ Y (Z“_—j:)n 0<|z—c <e).

COEUDRE ", [ D cllBITS (c DEDH D D) Laurent $RE. ZOifHiz Kk 5
E% f % clZBWT Laurent BT 5, L9,
[ OISR L ¢ IZBUTD 3 DI TE 5,

(i) c 2BRETTHEIFE S (removable singulariry, IEHIAT, regular point) T % &1, (Vn €
N) A_p = 0 75§E‘Z b j/) Z k %l/) 3)0 :z/LCj:}j(O) (a) J‘@ (b) & lﬁ‘”ﬁf\%%o

(a) (Fe€ (0,8)) fFIF0<|z—¢|<e TEARTH S,
(wggf@MiCW@@@%%@W%uggﬂdza&

(ii) ¢ 2B (pole) THH LIF, Gk e N)a , 02D Vn >ka, =0 BEHVID
ZERWV) (ZDEE |k z2hR c DNE (order), c 13 f D k Mot & FELR), 20l

ligl f(z) =00 EAMETH 5,

(iii) ¢ % (MMIL) EMEFRFRER (essential singularity) TH % L%, (Vk € N) (In > k)
a_p # 0 DD DZ EZ V), TN llinf(z) 2 C NCHR%Z K723, 2o
lim F(z) = 0o THRWI EZERT 2 (C OHIRZHRiZAG, EbEVHEZ5Nn3),

z—c

o4



[ D c BT 2BE (residue) Res(f;c) %
Res(f;c) = Res f(z)dz:=a_

TEET S, cDEDLYZIEDAEIZ AT 5, KWW 5227 D(c;e) NOEA#RE C
XL T,
/ f(2) dz = 2mi Res(f; ¢)
c

N A RYASN
~ J
5 3.15 (:ﬂﬁii)3)9[,%%0)%%%753\%%“6\@&“73)?7]‘y }wg‘g)ﬁ)?) f(z) — Z;i L
5L &,
1
w) L ltw
w

ik w DBAFE LT w=0 DEHFTIEATH 206, f 1 2 =00 DEHFTIEHTH S (b
A A ILm f)=1Tdbs06, LES>THRWV), £/ f(co)=1. WZAIT g(z) = Logzli
b 2 =00 TIEHIT g(o0) =0. =

#1316 neN t32LE, n REHEKX P(z) =apz" + -+ +a, (ag #0) IZD2WT,
ai

P(L) =8y w0
w

Fw=0I1Fn OS5, =0 T PDnlfiDMTH2, =

Bl 3.17 2 = 0o &, sinz, expz &L, LHATHVWEREED (M) BEEREETH S, H
B%. f: C — C MBI © 13X,

(Hantnzo) [f(2) = Zanzn (= €C).

n=0

AN TRV EV) LR, a, #0 27T a, DERED 2 &) 2 TH B,

f(%) :i%mo (w e C)

n=1

X, wes f Now=o DEbLHYTOR—F VEFTHLIPE, w=013ZDRE%D (M
w
V) BRI TH B, DA oo i f D (L) BEMERRSTH S, =

95



3.3 HERERTOEH

4 M
EE 3.18 (BAHOMIIFER oo ICBITZBE) Q 25 C DHELT, f: Q — CIIIEHI
oo 3 f DIIFFERFET S, 2DOLEE (AR (0,+0)) (F{an}nez € C?)

f(z) = Zanz” + Z% (R < |z| < +00).
n=0 n=1

WO SLOD, —ay & [ D oo ICE I 2B MU, Res(f;00) X721 Res f(z) dz T
xR,
N

J

r>0&LT, z=re™ (0 el0,2n]) TEEBMMIREZ C L L LI, THFERZFLE
54 r oMM Lz, REHEID I 2l TH 2, RTDICk->TLE)ID, C &
co DAY ZIEDA S I T2 L), D CITHLT,

1
(30) Q—M/Cf(z) dz = —a_; = Res(f; 00)
DR D 32D (SRR A DO D Z 1B M 12— 8T 2 FAlh#R IS > TRI% 2 L <. 27 T
Hz EHBDMEOND),

Y& ZUDIFRRIEL oo b Litg vy, C % Riemann EKIAT S (W9 & (BRIAID
e 5 RT) ALk N o b % KB EHE D 1o T BB & B, E7 w = % LED w
WHEICETE, 0 DAY ZMA {we C| |w| =1/r} IZH-> T, KIKFHEI D (23 2 EAhft
2725,

LFoFEAZ, 2 FHTEZTHI2 %2, w FHICELTEZTHRD LI ITHEIT 5,

w=1/2 £T3LZE, dz=—dw/w®> THEP5, f(z)dz= —%dw SN

o [ 1@t = ot [ g (< )aw

211 C 211 |w|=1/r

_ 9 ot D = by = —a,.

w?

ER 3.19 (BRI D A) Res(f;00) 1. Laurent ED FEEHDOERYDHDHRE o) TS %
WL, Res(g;0) THRWIEITHEREL X9, MIREAERIA (Yn e NIZHLTa,=0) T
Ho>ThH, Res(f;0)#0(—a_1#0) EWVWIHTEDBHD IS, =

EE 3.20 (BEERITESICOWVWT) BADBERIE L LT 2R [10] TlE, BEZ Res(f;c)
T in_ecsf(z) dz EFE, BETPEEE, B f T <L o f(2)dz IR L TES
IND, LEZDZDDBHARTHI S, LLTHD, LoL, ZOTZHRHALTHELT XA
MEHFEDL B (—IRBEDR [6] ([TiF, BEIFFIIBATBRN L TEEI NG LD
EHOVTH AP, ilFIEZ ) BoTwiw), LIFNEHESDRKA LA LETHASH, L
L. 2OHDIE, BREOSOONRRI D15, =
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& o
&
=

I s BIERE BT 5efir Th b
T E.

2: (FEDHRKICEESMEZ X9, 2 Vi, w FH, Riemann BRI D 3 2 Z VT, )

L s o — oo CIEHITH 2,

%321ﬂ@:;
Res /(2 de = Reg |~ T | dw =~ Reg 2 =
w
bLAHA. fz) = Zanz" EHRT, a,=0(n# -1),a; =1 2KDT, R:eosf(z) dz =

nel

—a_1 = -1 k LT%)EK()O ||

Bl 3.22 (FERAHMD co TD Laurent BEDEEZIMEBHDOKDT) HHEIED o TD Lau-
rent JEFHD FEFE &L FBDOKD T2 BITHHL X 9.
21 4+1022+9
) U T
Zofmo ¢ woobin =Y <pp, o EYVT 5 1TV, 4o

la| =8| =2TH 555, D(0;2) T Taylor BB, A(0;2,+00) T Laurent EFHIK %, %
HTERD DL ERL,

(x) DEADTFDLIAN 24 + 102249 2, TRDOLIERK 22 — 2+ 2 THIOVET 2 L. W
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24249, R T2-9THE05, RDLIHIILER+ ESBRDOBICETE 5.

(=242 +2+9)+T2 -9 72 —9
(31) ) = 22— 242 _Z+Z+9+zz—z+2'
P4+2-2=(2—a)(z—B) LHBFHETEZ 5DT,
-9 A B

z2—z+2_z—a+z—ﬁ
Zii7z 9 A B DT S, 72—9=A(z—B)+ Bz —a) 56,

9-Ta L, _T8-9

A== B=g—

A 1 B 1
_ 2 2 A
f(z)==z= —|—z+9+z 1_a/z+z Iy

AS 2 B /B)\?

:z?+z+9+zgg<%>4~zgg(;)

ﬁnl
Z

Zn

::f+z+9+A§:a

(2 < |2] < 400).

_z-+z+9+§:

n=1
N f D oo DD D Laurent B TH 5, BHEIE

9—Ta+78—9

" -7

Res(f;00) = —(A+ B) = —

H 50T g
Z —

(CoBliE, DETEAEEGZ LT, 0ECHD ¢ EVLp ) HTHEL TV, ).

AR 3.23 (ﬁiﬂﬁﬁﬁ@ o IEHBTS Laurent BREDETMEBHOEHE) % o5 TURVIES
&, BEBEIE D, oo I2ET % Laurent EBHID EHP & FEUT—MLIC A@J:“) Il B 22 RTR
% %, (Laurent BHEDRBUIETRLINC 22 2 LIFHFE D T, HEI Ao UITHBR
D% ZENL DT, ETHENTH S, )

GHEE f = % D oo 1B} % Laurent BHOEFIZ, O HORZEIET 2 2 & TkZE
%, 2% D Q(2) = q(2)P(2)+r(z), degr(z) <degP(z) ELT, f=p+5 EBDB pDIX

DL EDOHEZED T b DD Laurent BHD EHTH 5, F7HBUL. Res(f;00) = — lim er(2)
IFHICHHRTH S, =

38



4 BIFEH

[ DEEEH (rational function) TH 5 L1, f(2) 22z DFBEATHAL I L, DFD

Q=)

(3P(2),Q() €l f() = 35

(P(2) #0 £%2% 2 € C)

DD IDZ EEVIDTH o7,

P(2) £ Q(z2) DIRAAKIZEAZRDT, ZNTHIHVHET 2 Z LIck ) (BRETTRRRAD
IEAIRIC 2 2720 9 208, BIEGRIVICIZE LR WIT) . P(2) & Q(z) BPEHWICETHSH I L
ZRETE S,

4.1 FEBEROIH DI E

(BEFE [10] 1I2Z2 9 VI NEPHEINTW 2 DIX, Mittag-LefHer OEMZ &2 &KL <
WHEDIAH) P ?)

AHEAEDER P EBE (partial fraction decomposition) &, T DEZET, M
BIBDOANER T 2R T 2 L ZITB R UATHA ), I TIEEABEGROBLND S WAL
TH b,

JeIC iR 2 BRI E VW TR < &

EEENBODAOBOEIE. C AOITRTOEICHF S Laurent EEDOEIOMICZEL W,
HHEIH f %

Q(z)
P(z)’

f(z) = (P(2), Q(z) IZH\NICEREA RS IHN)

EERT, f(z) D CHDHRIZ P(z) DERTH DT, ARMETHZ, 2% cf, ..., ¢, 5
I, & ¢ KB 3 FHEH %

() ()
ek a’]
f3(2) = (z — cj)ki o zZ — ¢
I S
R:=max{|c1|, - ,|e;|]}+1 £EL &, fIF R<|z] <oo TIEHITH 2025, F{a,}nez st
) o, () .
f(z):z_:lz—n—i—aoqL _lanz (R < |z] < +00).

2

THIZIE, P(2)=2,Q(2) =22 DL E, f(2)= % DEFEEZ C\ {0} EALETH, f(z) =2 LRHFEMLT
C AT, BAEWNIIRECTH 205, BIEGHE L TIXAIL 22w,

Bzt i3, EEBOHMECTHMT 2 X )12, HHEPETH 2 X9 % 2 XKADBIN D) L7edd, EEREK
DA, FROLEHAI 1 XRROBIc oI Nt o, bo Lfiifick s,
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IN%Z f D oo DEbHHD Laurent JEHH, FIEROHEZED 7

[o@)
= E an2"”
n=1

Z. fDoo DEbHHD Laurent BEHDO T EMFELRDTH > 72,
n:=degQ(z), m:=degP(z), N:=n—m £E L&,

hmM: ay #0, (VYn>N) a,=0

2—00 ZN

DI NLD T EREZ TS, R

N N
= a,2" (NSODEE, Y =0LEXD).
n=1 n=1

SN
Z f] oo (Z eC \ {Cj}§:1)

k%(k\gﬁéfﬁ%ﬁk?\i%&l%ﬁ%@%&
BIZ g 13 COHATH B, TR lim g(z) = ap BHEDTH 025,

(3R >0)(VzeC:|z| > R) |g(2)| < |ag| +1
DDV E, V2 e Clzxf LT,

9()] < max{MJao] + 1}, M = max|g(2)].

W 212 Liouville DEBED 5, ¢ IXEBBIETH %
(3C € C)(VzeC) g¢g(z)=C.

200 DMIRZHZEZ D L, apg=C. WZIC

N

F(2) = (a0 + f(2) + ) _ fiz) (2 € C\{g;}y).
j=1
TIUEEE f(2) OIS IBOIRICA 5\, 2O L BB 27200 TSRO
— &M, 2Rz,

AP EAPBO—BMY BRI OWTIE, RD X I IEAEADS W E- b s,
BOHHR f(2) BE5L6NEEE, H2FIE H>TR2ETHRDTI I TIREKT 225,
LA oA IIE LA LEEL GIETES L)1 LT#S(%%%%%) IZFHED LT
AET L RD (1) OIWICEETET, 20MEE f(2) O IR S, FHETFIE
ZRANCLT, TH 3, DMpIcEsz2EbE 2L, ROEHEBPESNTVREI LIRS,
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~ BEARHCATBAD W5 Y O R .
(ERO IR f(2) 1AL T,

(3N € NU{0})(FHan},Zo)Gr € NU {01 He k=) Glms =) Glasnd 1= )

Zanz +Z o) (z€ C\{g}isy), N=0F7%lkany #0, ajm, #0.
1 k=1
N " J
CCTHIEZ FIRL T3 {a.}, 1, {¢;}, {m;}, {a} ITIE, LNISRTEKTCO—-BELH
5, DI EZZDIMADT A T4 7 & —HEICHIIL L9,
ZIHADREUDO—BEIEELEAH > T2 TH A9, Thbb,

Z%Z bez (z€eC) = (ap,ai1,...,ay) = (bo,b1,...,bn).

COFEEIFMOL LFEHOM DD 20, I TIEFMREHVWE S, £9, (REOXZBIHL %
N

Z(an —by)z" =by—ay (z€C)

n=1

Tz— o0 & LT, FHDOMBEVWERTH 7D a, —b,=0(n=1,2,...,N). T35LLE
iﬂci 0 0:7&%0)’6\ Eiﬂ:bo—ao =0. }"ﬁg% (a07a17"'7aN) = (boablw")bN)'
EED a1,...,am IZOWT

N
DD VO C LISHET B L. WA HSMO SRS 3 a,2" O—HHEEE ok AU

HECHEL Z ks,
512, (i) am #0 THIUR,

" a
ilgiz (2 —kc)k -
k=1
(ii) ¢ # ¢ THIUR,
e ag _ . Qg -
;%kzm —Z (C’—C)k (*%Ca.ﬁlgﬁ)
=1 k=1

2o (i), (i) “o0HFEEZHV2 &, LHAFITUNDEITICOWTS —BEBEIN 2,

Bl 4.1 (FEBE#D Laurent ERDEPZEH TEHH B BEZKRDD)

22 4+32-1
(z—=1)(z+2)

f(z) =

61



OB f DT RTOMICE T S Laurent JEFHD T2 KD 5 2 & T f(2) DET DB R
ZROTHE) (FBRIZZD f(2) DT DBIIRZ KD 2121, MBI TESTILTY AL
DFFWEHRTH 2 DT, LTOFHEIIH T, LOMEROMHRZ T 270D bDTH5),
21 f(2) DABD IBDERTHLIN S, f D 1HMOMTHD,

A 4+32-1 (-2)*+3-(-2)—1 16—-6—-1

Res(f;—2) = lim (2 +2)f(z) = lim =

= 1.
z——2 2——2 (z — 1)2 (—3)2 9

WZIZ f D -2 DEHYD Laurent BHID ETBIZ, [ o(2) = ZL—FQ ThHb,

11X f(z) DBED 20 DERTH L6, [ D2MDMTH S, ft>T fD1DEDLD

@ Laurent R,

by R .
ﬂd:XZ—D2+Z—1+g;%@_1)

DIEZ LTS, ZUr6RKHIC

(e 1)2 _
by = lim(z — 1)°f(2) = lim ——— 3 1,
1 d\* d (#432-1
1= 1) =i — —1)? =lim— ——
b = Res(fi) =l oyt () (= 027 =t (S
. d (4 2 9 . 2 9
=lim—(2"—-22"4+42—-5+—— | =lim (32" —-42+4— ———
=1 dz z+2 z—1 (z+1)2
9
:3—4+4—§:2.
. . 1 2
WZIZ f D1 DEHDD Laurent HEHDTIIZ, fi1(2) = + Th 5,

(z—1)2  z-1
f(z) 13 2<]z] <oo TIEAITH % (C NTHRIZ —2,1 DH) 225, FHay ez s-t.

() =3 % Tag+ > ans (2 < |z] < 00).
n=1 n=1

EZAT ) DT A +32-1 %208 (2 —-1)2%(2+2) =22 -324+2 THZ &, B2 2, R
D322 4+2—-1THD05

. 3224+ 2—1
() f(z) = TR EET

(1) & (b) & B,

WCHEET 5 E



W 21
a=0, a;=1, a,=0 (n>2)
BFLNE, WRIZ f D oo DEDDD Laurent BHHDETIZ, fo(2) =2 THD, 2T
B ROTEL &,
322+ 2-1

Res(f;00) = —Zli_gloéz(z 1 2) =-3.

Rz 7z X912

1 1 2

R A ey A S

DD LE, TDS f(z) DETTEITETH D, =
M 11. s c¥sTiEzZ T, Eoflo [ Z2 800 8orid X,

4.2 FEBEHOBEH

f@yzgg,(H@Jﬂ@@ﬁwm%&@%%ﬁ%ﬁﬁ)

£E9 %, f(z) DCHDMRZ ¢1,...,cxy ETH(N=0bHD1F2). R>07% {c1, - ,cn} C
D(0; R) Ziii7= 3 X )T RECHS (FIZAIX, N > 1 DEHEF R = max{|ci|,...,|en|}+1
EBITIFRWV),

ZOLE, MBERLD,

1 N
— f(2) dz =" Res(f;c)).

210 |2 =r

—J7. o0 ICBIFAHBOERIC L > T, EldlE —Res(f;00) TH D, > TROaEZ S,

a N
i 4.2 (BEBAHO Riemann BREAAD IR TOBHOMIE 0) FHEIE f © C ND
TXRTOME ¢, -, ey ET DL E,

N
> Res(f:¢;) + Res(f;.00) = 0.
j=1

N Y
C DRIEE - H M DR (trivial) TH 2 & I BEAT 20 LAk, EihE 29 Tl
B, COWICELDTEDNRVE, ADEDEADNDIELHETSH 2,

B 4.3 (BEICETE U TH S HITHER) 1 4.1 TRI%

22 +32-1
(z—1)*(z+2)

f(z) =
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2DV TFARTDY (Laurent BEFAD T8 %2 K 5 & B BTN K S, &) T & DR
ZT5DBHINTH > ), [T

Res(f;1) =2, Res(f;—2)=1, Res(f;00)=-3
D33 e, WEDT
Res(f;1) + Res(f; —2) + Res(f;00) =2+ 14+ (=3) =0.m

Bl 4.4 a, b, c, d IZTHWICHELR 2 4 ODEFERET S L &,

bed acd
(32) (a—0b)(a—c)(a—d) * (b—a)(b—c)(b—d)
N abd n abce L1=0
(c—a)c—b)c—d) " (d—a)(d—b)(d—c)
R,

(f#) 9> EHRIREARTIOTFO TEHRMEE) PHEEINA L), 2ESTEE,
a,b,c,d DTS 0 THRVELTRT (WTNd 0 ThEEEIZHET (32) 25IEL W
DT,

abed

fz) = GC—a)z—b)(z—)(z—d)
EBLSE, fDOCHDHRIZ a, b, c,d, 0 THY, WTNDMNED 1 THD, HlAIXald, f
D 1O TH 505

1
z

' i abed 1 _ abed 1
Res(f;a) = lgx;(z —a)f(z) = l_m (z=b(z—c)z—d) z (a—b)(a—c)la—d) a
B bed
(a—b)(a—c)la—d)
Rk LT
acd abd
Res(f;0) = (b—a)(b——c)b—d) Res(f;¢) = (c—a)(c—Db)(c—d)’
abc
Res(fid) = =@ —na=o-
Il
. — lim abed _ abed _
Res(f30) = Iy =/ (=) = Iy o e e =G —d) ~ o —a=d) -

fit>T. (32) DFEAIZ, f D C HOWIZE T 2HBONTH 5, W2 ITHIAIE —Res(f; 00)
ICFELVIETTH D,
f[(2) 13 2 DEREGHEADHWETH 25265 zlggo 2 f(2) = 0. FfiC Zliglo 2f(z) = 0. XRDfwE
45120,
Res(f;00) = — lim zf(z) = 0.

W2 I (32) DSEEBHS N, m
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ROfmEIE, FEWIC OO T L THVZ (BDO7DIZESHTE L),

e 4.5 co 2% f DANEIFFEREI T, lim 2f(2) DEROMERME A ZHFTE, Res(f;o00) =
—A. Kl lim 2f(2) =0 % 51F, Res(f;00) = 0.

SEER f D oo DEH D D Laurent B %

oo

f(z) = Z ap2"
ETBHLEE, N N
2f(z) = Z a, 2" = Z Ap_12".

200 DEE, HROWR A 2F>Z 06,
(VneN) a,1=0 A A=a_.

W Z1Z
Res(f;00) = —a_1 = —Am
SEE 4.6 (@45 OED) FIE (e C A f OMTERAT, lim(z — ) f(2) DY IR

zZ—cC

fiti A ZFF27% 61X, Res(f;e) = Ay LWV MEDIKD V2D, =

ER 4.7 ( "EA = BEUF 01 & oo IEDWTRARERIL) BIROEHRL ¢ ¥ f DIEHIFKTH %
EZ. Res(f;0)=0THBD, f D oo DLHFTIEAITH>TH, Res(f;00) =0 ThH5 LI
S A, BIAE f(2) = % DLE lm f() =0 THBMBE, [ 1 oo TIEHITH 525,
Res(f;00) = =1 # 0. _EDOfm@EIZ, Res(f;00) =0 D7D L+ 05252 THWAHHT
fifitn3d %, m

4.3 HHEREH

GHBAE L HEERTRITW 5, FEBIBEZHENT 5, A IZMOELD Foo izl
DT, ZNEZHEEA LI BOTHEICANTALI), EVWHIZa2 TV RA?

4.8 (BEEEH) D # C = CU {0} DK ETZLEE, f 8 D CTHER
(meromorphic) &3, MWMZFRWTIEHITH S Z L2\ ) (BREARRNENLD 5256,
Z OB EREBIEL T, EAITH2 #2323 ), T4bL, BECD)D\E X C
DFIET, f: D\ E — CIZIEHI Vee EIZXHLT, cld f DWiTH 5,

MEERDEG E=03dHDH 2 (2TI0IGEZENAL Twiw) o, NEHIBEEIZ A
MBI TH 5 1,
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AR 49 EOBRIFINIETH L, FHE, cc B ET5LE, ¢l f OMTHD, RN
FRATHEDPE, (GR>0) f13{z€C|0<|z—c] <R} TEFEIN TV TILEHITH %2>
5. D(R)NE ={c}. m

[ﬁﬁ%ﬁ 410 (HEBSIE Riemann RTEER) HHEE C CHEMTS 5. ]
S f(2) — % (P(2), O(z) R\ I ELEERMOSER) L+, P2) OBAE o)

..-7CN &j—%kg\ fcj: C\{Cl,,CN} T‘IEEUT\%D\ fﬂi Cj %1:@:&@_% (j:172’,N)O
—F. 2 =00 IZOWVWTHAXRE I,
1
g(w) .=f(a)

B w DEIAF
9(w0) = o EER
EHEEHETIEDHEKS, HE w=0 ZMFELRREIBRRELALE TS, WAIT f(2) &
z=o00 ZME 7 IXIEHISN & T 5,
(BEDRIEEN: R = max{|ci],...,|en]}+1 EELEZL R>0T, R<|]z2<o00 T f I
EHITH 06, oo & f DIIFIERSTH 2,
lim f(2)

z#00

1Z oo ERBEMOEEHTH 2 I LBED TS, BIEDEHE o 1T f DT, BHEDY
froold f DREVRERENTHS, )n

FIZmE4.10 O D 37D,

EBLEE, ISR

[ﬁ%4il@@ﬁ@@&%ﬁuﬁﬁ%ﬁf%%o j

(FIFAEHDE X, #l 4.1 OiFwmEFAL TH S, )
S fSC CHERET 2, EFENS, fOTRCOMOESAE2 ECC LT2LE, C\E
T fIZIEHITH %,

Fi3E BAREATDH D, EE b LERESZLSIX. Heutuen sit. YR €Ng, € E, 2D
Vi ke # o C EBHRICAMTH 25 3287 LT {e ey BIGHESTIZ >, 2
DIR%Z ¢ £ 5, ¢ BHTH->TDH (le. c € E), ¢ DM THL TS (ie. c€ E,cld f DIE
HIF), dR>0st. fl30<|z—¢|< R CIEAIE 2%, T#3 ILm cn=c EXIET B,

E BHREATHEDT, &, (j=1,2,...,N) 1051} 3 Laurent BRI F f, %4

N

DT, f-3 [ #EZBE, Lo ARICERERE 22, ZOERE C LB

j=1

&) =3 He)+C (zeC).

BRDDIZHEDTELSE, ¢, 2 cTHBHIENSE, ANENst. Vn>Ne, —c| < R. ey & cyyq (FHHE
7D, EBICEDRTHLEDSE, D(;GR)NIZ2DOD EDRDBH LI LICKD,
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Laurent BFDEEL f; 1dwvInd : OFHEKTH 26, [ HHHEKTHS, =
ClzBW»Td, INHEDINZ Kz 2 GAIDAET 2, ZUIFEIZHTH TR RESIT
&b % (Bolzano-Wierstrass DEBZHVEZ ), 2D X9 B Rdld, oo ITHHET 5 & 9 %288

~

TR OD, CIlTEWTIE, 23T oo ITIRT S 2 EITHEREL £ 9,

AR T VB e L Tid, BEMERRAZR OB, TR 2 R oBE D 5, EME
R, ZRRATRVERICOERT LI L2HERELTH L,
-

~
EE 4.12 (—mROEMRERDER) c ¢ C, R > 0, f & A(0,R) =
{zeC|0<|z—c| <R} THMMLTZ, c 2 f DEMIERTHS LI, fIE D(;R) =
{z€eC||z—¢c| <R} TIIAHMTERHI L2V,

e f OINIFRFETH D EE, BEUFFRENDO T OOERDEMFIZFHAMETH 5, FEEE. ¢
23 f DIEFFE A (3R > 0) f 11X A(;0,R) = {2 € C|0< |z —¢| < R} TIEHN) &5
HifED b & T, (a) (BRETRREL), (b) () DWTNDEAED . f X D(ce) THIER
THO, —77 (¢) INZEMREL) OLE. f1d D(ge) THEM LIZZ 540,

J
e f OEWFRHRETH S LIE, BT 212, ¢ T f DREWRBRFEEACHRTIEZR W E W)
ZETh3B,

EHE 4.13 (Picard) f 13 0< |z —c| < RTHMEMT, clF f OBEMFRRE L T2 L 5,
O0<|z—c/|<R 2 f(2)#w

TH2rIhweC BEETIELTCLELX 20Th 5,

B (BT 5., BIARED (15 2R K, )
C\ f(A(;0,R)) DEHEHIE 2 LT TH 3.

Bl 4.14 f(2) = expé I3 0 ZEMEERAICE S, C\ f(A(¢0,R)) = {0, 00}

5 1RDEEH

T OMFT 1 RBAE f(2) = ax + b DEARNTH S Z L3O THH25THAHH, [
B, C OMFCIE 1 RBEIBDEARR, LE-5THRLLL Lky, C oRciz, 22T
T 2 1 ROTEEHDFERNTH 5 |

51 TE&H
IRSEEHE X, ~ICE) . w=22 ODIBORTEE S C 25 C ~DEHRTH S,

cz+d
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4 R
EE 5.1 ad —bc# 0 %727 a, b, ¢, d ZFHNT

(i) (c#0 DL

b (2= —d/c)
Ple) = éz +0b o
o d (z # —d/c,0)

(ii) (c =0 DEH)

00 (z =00)
o(z) =< az+b

cz+d

TEDS5ND ¢: C— C % 1 ROMEHM (linear fractional transformation) & 2 13
Moébius & (Mobius transformation) & FESS,
-

J
oo TOER, —d/c TOfEIX, WRE L TERINTVEEZEZLDDHZIPT W,
K%Hﬂﬁ)b)%l‘77 \
(a) c£0 DL Z, z—>—g DEZ cz+d—0, az+b—>—&—d—|—b:—ad_bc7é0 2
c c c
%LT\
. az+b . az+b . a+b/lz a
1 = 00 = o(—d ] ~ _ 4 .
jilﬁi cztd pl=dfc) ;g}% cz+d zgloloc—I—d/z c #(o0)

(b) c=0DEE, ad—bc£0 THBEHE, a,d#0, WA 3720“6%571»6

N

lim E + 9 = 00 = (9(00)
ZZLOO dz d ’
%

c=0DHEHEIEF, —d/c=00 THHDT, IR VD 25 (—d/c & o00) =BT 5T LI
HEEL X9,

ad —be # 0 1%, EHEATHROIDDENTH 5,
ad —bc =0 S I XEBBIETH 5 Z £ DA

. . ad — bc az+b b (ad— bc)?
! = ——--- l/3 — = __— = —
XYLV RED. P2 = o BBCR e() —e(0) = o - g = b
5wm%b%tr%gm%ﬂa:%_lf”‘f@mfn@%@m

c cz+
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5.2 48

B 5.2 (LED 1 X EWUL, C 55 C ~0mlEElNTH 2 (B TRHGHTH 2 S
ERADD),

SRR o 2D LRGP E T2 L E, Ve C IIHL T,

lim ¢(2) = ¢(20)
z#2Q
Z*}ZO

ZARRIERV, 20 € C DD g +d#A0 DEAIEZHSD, =00 HD50IE czp+d =0 DY
iz, Eo THlwF v 7 o005, nm

a b _ _az+b R _ .

A= eGL@C)uﬂLT\wﬂ@,%%+dak<oAk+%uiGLQC)ﬁ61
RDBIHABEANDREH TH 5,
4 N

ﬁii%g 5.3 (1) A, B e GL(Q,C) EolX PAOC PR = YaB.

(2) I= <é (1)> IR LT, ¢ =id (C DIESE).

(3) A€ GL(2;C) %5 1% a1 = (pa) L.
\ ! Y
E:
(thzc g,B:(pq>eGuzC)a¢5ag\

c d r s

A - [ b p q\ [ap+br aq+bs
“\e d)\r s)]  \ep+dr cqg+ds)’

2€C,rz+s5#0,cpp(z)+d#£0 £T 5L E,

JLrta
010 08(2) = g (pn(2)) = a (20} = rzds 0 alpzrg) #blrzts)
rZ+s LPEEG Ly clpz+q) +d(rz+ )
rz+ S
ap + br)z + (aq + bs
_ (ap+br)z+ (ag )=<pAB(z).

~ (ep+dr)z + (cq + ds)
. AREDEZ AT, paopp(2) = pap(z). C o HMMED S Z KR 7E41E, C
THETH DT, FHRERDFIH S 040 0p = pap.

0 N(X,d), (X',d) ZHEZERE T2, QI3 X OMELBIEGLET 2, HRGHR - X > X, 0: X > X/
22V,

Ve f@)=g()

ND A BVASY AN ES
vVee X f(x)=g(x).
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(2) c=0 DHEITHET2DT, EED»S

o) > (z = 00)
2i2) {z (z # 00).

2z o B C LOEEFERTH B 2 L E2RT,
(3) Ac GL(2;C) D& &, A e GL(2;C) TH 3,
PAOPA-1 = aa-1 =@ =1d, Pa-10P4=Pa-14=pr=1d.

WAIT a1 =(p4) " m

[?& 5.4 fLHED 1 XM o: C — C 3 EHHTH 2, j

REE  WEBRBIHET 205, =

5.3 FTBE. EHE. R

VAT E) Ty(2) == 2 + b 1,
1-240b

:O-z—i—l

z+b

EHIT D6, 1 RTBEWRTH 5, 1141 ((1) li) DIXET B,
EBUE M, (2) = az (a € C\ {0}) IF,

a-z+0
az =
0-2z+1

EHT B0, 1 ROTBEMTH %, 1151 g 2 DXIRT %, ZHUII BT 2200 L 7205

DA TV ANZ Y, 2FD a=re? (r >0,0 € R) LB THE, w=az =re?
. (=% w=r( EMBTS L,

CZ eiez
FIERPLOME 0 DREEZFEL .

w =1
FIER (r > 1 %) £REHD (0<r <1 DHH) 28T (r=1 DL FIEFEGRHR),

1 0-z+41

z 1-240

EHIT D6, 1 RITBEMRTH %, 1151 (? é) DAIGT %,
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Plbdo, BHTRE), @8 (HArhDolbls 5K - fid), MR 1 RBELH, Th
203, WHITRDIK D LD,

[ﬁiﬁg 5.5 {LED 1 XL, FTBE), B8, KIEOGR TEINS, ]
SIEEH
(a) c£0DHE, az+b % cz+d THIVET S &, W a/e, RO b—ad/c THED5,
ad
az—O—b_g_b_?_g_l ad—bc__ad—bc 1 +g
cz+d ¢ cz4+d ¢ ¢ cz+d c? z+6—i c

c

Td/67 R, Mf(adfbc)/c% Ta/c ?EJIIEC:ﬁELf: ZEick %o

az+b_az+b_gz+é
cz+d d d d

THBHE. My, Tyg ZMICHEL 722 E 1055,

54 C ®H

COMER, CO (FED) [ EEROBRITTH 2, —fRIC, |2 —ac >0 ZWi7zT a,c € R,
BeC zZHNT
azZ+ pzZ+Bz+c=0
DK% L1 ARSI s (FHBE [10] p. 9 DHE1.4), a =0 RS IXEMR, a#£0 &SI
DMz,

[ﬁ%aﬁﬁ%®1%%ﬁ£@u\E%@@@H%@@Hmﬁﬁo j

SRR VATRE) T, ©. ESUFIERIC, WEOMIBREOMICE I N,
ERNG M, (a#0) T, EFZEHRC, FEOMIFEOMIIEI NS,

Bl w = R(z) = - T ABD. WAk, 2= L EARRICRATS L,
1/1 1 —
a—(—)+6<—) 51%—0:0.
w \w w w

a+ Bw + fw + cww = 0.

d=a, (=05 d:=c

ww Z T

kj%( k\
dww + B'w+ Bw+ =0.

HECOMICELZ L #E%RT S5, m
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(T4,
{2 €C;azZ+ BZ+ Bz +c=0}
D w="11ck5En
{w e C;d'ww + Bw+ Bw+ =0}
EVI) ZEEFRLTLEO DD, AHIZED (BEER) Lo Tuhkn, XH%2E
INOHEET 2, )

Bl 5.7 (HfiH)

5.5 EEDHERLGS3REZEEDHRELGS3RICET

4 R N
e 5.8 o, B,y c CHERZ3METE LE,

\%‘?ﬁﬁf:? 1 RITEEA © D3—RINITHETS 5,

SEEA  (FAFE) BRI L TAE 5,
a, fB,7 € C DL,

B = oo DAL

v = oo DY

ETHUTR,

(—BME) p1, pp DIEDITa, B,y Z2ZNZN1,0,00 ) DT IRTBEMRLE TS E, p:=
w0t 1L p(1) = 1, 9(0) = 0, p(c0) = 0o ZWi7zT, p(oo) = co £V, Ja,b € C s.t.
0(z)=az+b(2€C). p0)=0&D b=0. p(1)=12ZHVTa=1. D6 p=id. W
ZIZ o1 = @y. W

R 5.9 ¢(z) Z BMAICERL %

=

a—vy z-—
a—p - o
%z, a, B,y DIFFAFALE (cross ratio) LW, (2,0,8,7) ERT I EDH 5!




UL EDIEDRH DD, T ZTIRIEAD L, =

4 N R N
%510 o, 8,y € CHMHELZIRMET S, £z, o/, 8,V €C BHELRL3/HET S,

DL E,

pla)=d, @B)=45, o) =9
K’E‘?ﬁfc?‘ 1 RDBEW o DSHFIET 5,

J
RERA i 5.8 D 1 RBEMZ popy, ERT I EICL T, 0= @y 0papy EBLEL @
3R ZM 7T IR TH S, m

BIRE 5.1 1,2, 32N 2,3, 1 IC5ET 1 RyEERZRD X,
() R 23/ o, B,yeCZZNENL, 0, co ICETHBEW 0, 5., 13,

()=221.2270
@ zZ) = :
801677 a_/@ Z_’y

THEHNH,

1-3 2-2 2(z-2) 2z—-4
1-2 2—-3  z2-3 -3’
2—1 z-3 z—3 —z+3

901,2,3(2) =

90273,1(2):2_3'2_1:_(3—1) z—1

1 -3 —1
0= 902_7%)71 0123 THDH, ZHUITSI

13\ (2 -4) 1 -1 -3\ (2 -4\
1 -1 1 =3) (-1)(-1)-3-1\-1 -1/ \1 =3/

THA SIS | KA HIERT,

CNSEL AL, 2nEn (2 _4>, (‘11 3) CH B, KD 1 REIEW o 13,

ola) = 2

5.6 Bl (THEH)

MEE 5.11 C % C OMEA3ER. D % C 2R LT 25 (HONE or 48 or 2
Vi), f & LRSBEEMRE T2 EE, f(D) 13 f(C) 2BRET2HETH 2, 51T 2
M C L% DEEFICRBMZICEH L3, f(2) 1] £(C) LE f(D) #ETFICR2FIC
<,

iR f DFEMHEBRTH S I Lo, TROAFPESKDZO, ..o m
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A R N N
ERE 5.12 (C DAICET ZRKDAE) C 12 COITHH, P,P'eC LT 5,

PEPDBCOMHCIKEHLTAWIIHERDOMEICHS LIE, P &P DM C OFL O
DoJT 5 —AROLEMR EICH ST, LrdOP-OP = (HC DFE)?2 3 H > &
2V, Mot o E1I3ZDOMICBE L TEBOMEICH 3 L ALT,

P, P 3ERE C 1T L THWICEHROMBEICH B £, P & P23 C I L THfiohz

BIChHBI LRI,
_ J

e R M
R 5.13 (1 ROVZROFKORIE) C 12 COM, P L P I3 CIBIL THWIZHG

DIIEICH D 21, fIFTROBEELE T2 EE, f(P) & f(P) & f(C) IBAL THWIC
\%@@ﬁﬁm%éo

J
SERR f DATREE) Ty 2 2+ d, BAR - HEADN R M, 2 az DL ZIXBH S ITHD 37
D, E LS ICE D, fBKEE R: 2~ L DEZITED IO I L 2EPOIUTR G, . a

#R 5.14 1 ROBEMZIERML 2 Z 2 %0, Thbb, ERO—RIELEMR fIH
S

— B

(z,a, 8,7) = (f(2), f(a), £(8), f(7))
N AVRYASN

SRR f(a), F(B), f(y) & 1,0, 00 ICET 1 ROEEME o £33 L,
f(@), f(B), f(7)  (weT).
poflda,B,v% 1,0, 00 ICET 1 RGEELTH 05,
P(f(2) = o f(2) = (2,0,8,7) (2€C).

p(w) = (w

w2 Iz -
(f(2), f(a), [(B),9(7)) = (2,0, 8,7) (2€C)m

fiRE 5.15 (RUMABREHMARICET 1 ROWEH) 1 X95LH f: C — C23 f(D,) =
D1 %ﬁf:j‘ﬁ % Li‘\
zZ— 20

(FeeC:le|=1)(3z0 € D1)(Vz € D) f(z) =

=c —.
1—2y2

R 5.16 12T, ZoaEEL D bER, ANE 6.6 ZFEAT 20T, ZOdaEE, G
Fhwhb Ltz wdd, §EHO 7 A T4 78S EZIC k5D THELTE L, .
SEB f(D) =Dy &9 (Fz0 € Dy) fz) = 0. SHEDBEI LD, 2 OBl 2 = — 0 f

PR
L5300 THD, TNDD
(FceC)(V2eC) f(z)=c TR ET®

z—1/7 1-7%z
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2
=t edpex, s L1y

z z

|z — 20| = |2| |1 —20/2| = 1|1 — 20Z| = |1 — Z2|

THEIDH, |f(2)=c]. WA |¢e|=1.e:=—c &BLE, |e|=1THbH, D

B Z— 20
fE) =e—
[ﬁ%517%%Ru@m}%ﬁﬁﬁﬁmioﬁlﬁﬁﬁﬁﬁﬂm ]

sEEA (YEfih)

fhRE 5.18 ¥ FlZzZHZ7HED FICET 1 R

_az—i—b

= ET0 d—be=1.
v cz+d’ 4 ¢

sEBA  (HEfi)

R 5.19 PPl H = {2z € C|Imz > 0} ZHMHEIC) 5T 1 X8I

o(z)=a—=, |a|=1, Imf>0.

sEBA  (HEfiH)

6 FAEXR

COffizdl <, HEVHRNDEEZFL &S 2 8M6M8 D0;1) 2B $T250T, D, &
HLZEieT 3,
D, :=D(0;1)={2€C| |z < 1}.

U, VIBCORES, p: U=V £T5LZ, o ’IEAN (biholomorphic) TH 5 & 1%, ¢
DIERID DO EHET, o 1.V - U bIERITHE T EE2 VI,

6.1 FUSHIC

EE 6.1 (Riemann OERERE, 1851 F) C NOEE DO HEFEFE D (£ C) &, Hf7
Mg D, 12 TEMICEIND ), THbLRHH o1 D — D, T, ¢ & ot ORFTHIEH]
THBEHLDPHFET S,

ZDXHIT, BASN/E D IS LT, D 2o fzM#ED X ) & THEHENZ ) HRA~D
BIEHIGAR o 3% % L &, ¢ &2, I D OFAERD 2\ T BHREH & T35,
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C DSERIABARINIC b R CH 5%, TAEIIC b [ & 2 - TV AR D OS5 E
o2 LERAEADS . 2OFERRTT 5 COEHMENEI T3 (L9 TH2),

BB, BEEOBE LAENTHALT ¥ 2 F %08, % IEEROBA I b A0S
R (772 LRI A PG 72 ) DR 2 REE T BB B

EE 6.2 (FABMKRER) f:Q - C & 2 € Q, 2 ZEIMWS 7R C, C) 1T LT,
wo := f(z0), Co & C1 DB f(Cy), f(C1) ZIEBEE. Cy & C, DTAME f(Cy) & f(Ch)
DETHAPELVEE, i 2 THEMAL VLI,

FIMNDO R TEHEMTH 2701, f DIEHIT, [/ #£0 DD 2D 2 LB+ T TH
22 EPHIGNTVS, o

6.2 H{IME D, ODFEAEH, Schwarz DEE
ROBFEZAHL X9,
Dy 925 Dy ~OBUERI 2 BB o — i 1%

(33) f(Z) = 81_—2_027

72720 €, 20 1F. Je| =1, |20| < 1 ZWi7c THFELTH 5,
9. (33) TED f D f: Dy — Dy BIEHITH % 2 L DREHIZ, HMiZAFIR TR %,
Bl 12, 20,6 €C, |2 <1, |e| =1 £TBLE,

Z— 20

zZ— 20

w=¢€ —
1—%2%

TEZE D 1 XOBEHIZOWT, LD 2R,
(1) 1 —z_oz|2 — |z = 20\2 = (1 — ]20|2) (1 — ]2\2)

(1= l=0l) (1= 12)

11— 22|

(2) 1 uf* =

; N
fiiRE 6.3 ((33) TEOfc f FEMABDEFEAERR) ccC, c|=1,20€ D, £THLE,

Z— 20

f(z):=¢

1—2pz2

&#5( é’.\

2l <1 & [f(2)| <1,
lzl=1 & [f(»)|=1,
2l >1 < |f(2)]>1

HIR DD, BT f(Dy) = Dy T flp,: Dy — Dy EWERTH 3,
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B f:C — C I3 1 XOEEHmTHh 25, WIFAITHS 2 LicHET 2, 12 &0
(1—20f*) (1= |2%)

11— z52|”

L= |f(2)]" =

MDD, 1—|2)° >0, |1 —Z2]° > 0 TH 205, EUDFFIF 1 — |2)° D5 &K
T 5,

2l <1=|fR) <1 &V f(D)CDy |f(z)] <1=l|z| <1iE, Jw<l=|f1w)]<1
ZEWT 0T YD) C Dy WZIT Dy C f(Dy). WAIZ f(D))=D,. m

Wz, BAMBOEARGHRIL (33) DIEZ L bDIRS 2 E2AMHL X9,

ZDI-OIcF4 7% Schwarz DffiEZHET 5,

KiﬁiEE 6.4 (Schwarz DffRE) f: D; — C (ZIEHIT
(Vze Dy)|f(z)l <1, f(0)=0

27975 5 1%,
(Vze D) [f(z)l <], |F(0)] <1

DD, I 51T

(*) (Fz1:0 < |z <D |f(z) = |z]) VvV [f(0)] =1

DX D LD 51,
(FeeC:le|=1)(Vz€ Dy) f(z)=cz.
N : J

CDtmEZAEIT 5 72 Iz, IERIBB DR EIR NI 2 5, ( THRBIEL CfRET
HDIFTTH L) Do, HELTEI ),

[
fnE 6.5 (IERIRAEDRKIERIE (the maximum modulus principle)) Q (& C D
k. g: Q — CIZIEHL, 2 € Q,

(Vz2€Q) lg(2) < lg(z0)l (ie., [g(z0)] 1 |g] DAAH)

DA RVASY Y E N
(Fee C)(V2 Q) g(z) =c

K(%EE‘&’G‘EE'JBﬂ%&@%’éiﬂl’éﬁi‘ﬂ%jﬁﬂﬁ75:Hlmczfl KRIFELBEABTH %, )

Schwarz DFfEIZLDL T D X 9 ICFEHHK 5,
A g(-) = 1 g o0 AREMRRRE L T 0T, D TIEME L TR,
0<r<l1 ’E?ﬁﬁ:‘@‘{f%ﬁ@%%ﬁ r iU, g DD0;r)={2€C||z| <r} ITBIT 2K
fililx, mAMEEMICE>T, FHE 2| =r LTHEIAINLZ L0035, ThbE

(Fz € C:la| =r)(vVz2 e C: 2| <r)  [g(2)] < lg(=0)l.
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96:)| < laCea)] = L2 < 0
Kric

(eCill<n) o) <
nnn

(Vze Dy) |g(2)| <1
DEoNS (HHEZMZ I/, foHEC L

(Vze Dy)  |f(2)] < 2]

72 g(0) =limg(z) = limM = f'(0) TH 295,

z—0 z—0 z — 0

1f'(0)] = |g(0)] < 1.
(%) DD SIOBEEEZ D, (x) 1 g THRT L,
(FzeDi) lg(z)| =1

TH b, THUIHE D, CIEHIBIE DA |g] DIRKEVPEET 5, L0wIH) T EE2EKRT 3
DT, RAEDFIIC X > T, g ZTEHEBIETH -

(Jee C)(Vz € Dy) g(z) =c.

max|g(z)| =1 THHP5 |¢|=1ThHb, DRI f(z)=cz (2 € D). =

z€D1

il 6.6 (RUMBOFAFTKROFHMT) f: Dy — Dy PBUEHITHIUL

Z— 20

(FJeeC:le|=1)(F20 € D1)(Vz€ Dy) f(2)=¢

1 -7

GEHHIC 26 5 . SIS 3 > ORI 2 <, )
SEBR (D) =D1350 XD, flz) =0 2Mi7eT 2 € Dy BEET 3,

zZ— 20

o(z) == F(z) = f(¢7(2))

1—7%z2’

£ &Y k\ Q. D, — D, & f: D, — D, i)§ﬂIEE”T‘%Z) Z &75)?9\ F: Dy — D %)WIEEUVG‘
bbb, 2L T
F(0) = f (¢7(0)) = f(2) = 0.
|F(2)| <1 (2 € D) &b Schwarz Offi2N#H CTE T,

[F(2)] < |z[ (2 € Dy).
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—J5 FY(Dy) =Dy TH 505, 13 h Schwarz DHEASET T T,

‘F’l(w)‘ < |w| (w € Dy).

2| <[F(2)] (2 € Dy)

[F(2)] =1[z] (2 € D1).
O Schwarz DfiEIZ & - T,
(FeeC:le|=1)(Vz€ Dy) F(z)=c¢z.

F=fop ! THirhro,

6.3 ARNZEFEHDFAEER

Dy:={z€C||z|<1},H:={2€C|Imz >0} £T 5,

6.3.1 RYIICEE

TTR (ceC, el =1, % €C, |5 < 1)

w=c¢ —
1—"22

o H 7o H ~OMIFHIERIZ

b
w:az+ (a,b,c,d € R, ad — bc > 0).
cz+d

e H 75 D ~DOIIERIEGIZ

zZ— 20

w=¢ (eeC, |e| =1, z € H).

z—=Z
o Cassini DI Q = {(z,y); [(z + 1)° + 2] [(z - 1)° +y?] <a'} (a>1) 226 Dy ~OD
XIE R EAAR 1F

az

v=I= e
(f(0) =0, f(0) > 0) Z DG

79



6.3.2 IEFH/AEER: Jordan SEIEDEAEEKR

C N Jordan PAHMARD P A FAH1E Jordan FHIK & WXL 5,

CND C 137 2RO FERERER Q 12 LT, Q 226 Dy ~OIIEHI 2 BARDEAET
% (Riemann OEARER),

Q ZEED Jordan fHIk E T2 L&, QI3 C EIXEL ZBEEHEIBCHE06, Q06 Dy
~NOBIEHN 22 BAR f DMEAET 5,

I6I1, fI1E Q25 D ~OFEBEEHRICHREZI 1% (Osgood-Carathéodory DEM),

20 € Q ZAEEIZHLD

f(z0) =0, f'(2)>0

EVI)EMEZBRTE fII—RNICES %, 2 D&MZIERMLSEM LTS,

6.3.3 H{IMs
Dy 75 Dy ~ORIERI 7 G D — Iz 1k

72720 |al <1, |g| = 1.
1ERUZEAE

( SE RN
a==z, =1

LEED, TDLE

zZ — 20

f(z) =

1—%Zz

ROFEDPS f X Dy % Dy WWBIEHNCE T Z L3905,

e N
i 6.7 c,20€C, |e| =1, |z <1 £T5 L Z,
L zZ— 20 .
f(z) '_gl—z_oz (z e C\ {1/z})
k#s( k\
lz[ <1 & |f(a) <1,
lz[=1 & |f(&)=1,
2| >1 < |f(2)] > 1.
P@i&: f’Dl: D1 — D1 CiﬂEEUVC‘})Z)O
\ J
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SRR

N e R e P
1—|w|"=1- — = —

|1 — Zpz| |1 — Zoz|

_(-Z2) (1 -%2) - (2—-2) (z—2) (1 =%2) (1= 2%72) - (2—2) (Z-%)

11— Zp2[’ 11— Z52|”
(1 —1lzol”) (1 = I21%)

= e i |

|1 — Zoz|

~

FHRE 6.8 1 KyKLH f: C — C A f(Dy) = Dy 2Wat=37% 512,

(FeeC:le|l=1)32eC:lz<1) flz)=e—r 2 (zeD).

1—72z2

SEBH (D) =D, TH5E056., f(2)=0 2T 2 € D) BFAET 5, BROFHIZ K -

1 .
<, 20 @fﬁ{% ig = — O){%ﬁ'iﬁ 0o & &%@T\

20 | 20

Z— 20

flz)=¢

1—2pz
%ﬁt?a@@ﬁﬁﬁ?%:&ﬁﬁ#%oM:lk?ék?\zzéﬁ%éﬁé

L= 20/ _ | 1L=z0/2]
£ = el o = el o = el

WZIT|e|=1.m
ZD2ODFEDORDMENR S NS,

4 A N
RE 6.9 1 XOEEHL f:C— C W f(Dy) =D, 27 T7-DI2I
(FeeC:le| =1)(Fz € C: |20] < 1) ﬂ@:gff? (z € Dy)
— 20 %
DRENTTH S,
N )
4 N
E® 6.10 f: D, — D; WEAITHIUL
(FeeC:lel =1)(3z € C: 2] < 1) ﬂ@:gff? (z € Dy)
— 20 %
N )
SEEA £ (Jz € C: |z < 1) f(z0) = 1.
Z— 20
o(2) —



EBLEE, F: Dy — Dy 3BUERTT, F(0) = 0.
|F(2)] <1(z€Dy) THSH5, Schwarz DRIEL D |F(2)] < |z].
|F~Y(w)| <1 (we F(Dy) = D,) TH5H» 5, Schwarz DFEL D |F~H(w)| < |w]. @A

F(z) > |z] (z € Dy).
W 22 Schwarz DS (e € C: |e| =1) F(z) =ez (2 € D). ®ZIZ

6.3.4 LF¥FH

H:={2e€C|Imz >0}

% BV & RS
1 R B

Z—1
(34) f@)=z+i

I¥ Cayley &L I3 %,

- fR=1- 20 () -1 - B
zZ+1 zZ+1 ( )z +
(z+0)(2—1)—(z—0)(Z+1i) zZ+iZ—iz—* — (22 —iZ+ 12— %)
ERRiE a ERRiE
~2i(z—2) 4Imz

R

ThHH15
Imz>0 < |f(2)] <1,
Imz=0 < |f(2)]=1,
Imz<0 < |[f(2)]>1
Inhro,

f(H) = D(0;1),
fFR)={2€C|lz]=1Az#1}, f(RU{oo})={2€C]||z|=1},

fH{zeClImz<0})={2€C||z| > 1} U{o0o}.
f B H %2 D(0;1) @ EICEIIIEHIGHRTH 5, 2D, Cayley ZHF EH-FIE D

BEREETH 5, KT Cayley ZH#ai%FHh 2 FifzHEICE T,
RRTH DD, AT PV, HOHMRIEHFED “Cayley 287 2% unitary ZH#IC72 5 |

L) i E B e R 2 R T,
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1 0 0 —1 -
= = k% . 1 IA:
. N . J . 1151 (C

[+t EVIBRBIRD IO EE, a, b, e, d % t DATEE,
$ ¢ BIRAEREIC L E, B ; ! i CEE B (1,y) BHTTE B
xRk, InxzKREL, (1977 FEHE A AGARNE)
R & BRI AN O BUIE R 72 BAR 0 — i 1%

a

5l 6.11 Z)k%ﬁtmﬁLAU—uU:

az+b

f(Z):m, ad—bc>0.
6.3.5 BLB&o2EEZXIEDAE
Dy 725 Dy ~DOBUFHIGHR I
. Z— 20 .
(35) QD&ZO(Z) - 51 —2_02’ ’€| - 17 |Z0‘ <L

COWEBRIZFCIEZ LTw 3133 CH 508, FEDIC

zZ— 20 _ —
w = — &S w—wizr=¢ez—¢cz < w4ez=(+Zw)z
1 -2z
& 2= w+i20 & z:EL__EZO).
€+ Zow 1 — (—ezp)w
H 75 H ~OBIFHIERIZ
(36) Paped(z) = ?jicl;’ a,b,c,d € R, ad—be> 0.
COWEBRSFEUHEZ L TWw3IETTH 208, fEDIC
_ dw —b
gpa,é,c,d(w) = —cw + CL'

—1
¢ b 1 d _b VAT oY
- —(=0){=¢) =aa— ICHE .

(<cd T\ e o ) T da— () (—c) = ad —be> 0 ISHET 2. )

H 75 Dy ~OIIFEHIEIZ
Z — Z

(37) Ve r(2) =€ _0, Imzy >0, |e]=1.
Z— 20

FEF %2 TR 2 7 D Ik o 38

wa,zo(z(]) =0, ws,zo (EO> = 00, ¢€72’0 (OO) = ¢, ¢€,z0 <2 Re [(1 — E)ZO]) -1

1 —ef
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| =]

e DREL:
z— 2
€ PN z—Zg=ez—¢€z < (l—¢)z=% —e¢z
Z— 20

_ 1 —2)(z —
o z:ZO 820_( 8)(,202820)
1—c¢ |1 — ¢l
T+ 20— (€20 +E%)
1—ef?

T+ |el? 20 — (e2 + E)
1—¢]”

=

Ve g DGR

_ WZzZy — €2
38 ! = —
(38) voh(w) = =

iU Dy 6 H ~ORMIEAIGHRO—ETH 5,
ST, w=e DYl DM D & (HEDIC . z(00) = D5,

H, 22D, FRICBOANDRITIUL 20 =i LB LRHRTROWZEAS I, v T e,

z2—1 _ —iw — i€ wHe
Ve,i(2) :€z+i’ ¢a'}(w) T w7

w—¢

o LHICLZTIUR, 2p=i,e=1(e=i DIFBRVRN?) LLT

' oz 1 __,w+1_,1+w
vri(z) = z+id wl’i(w) B Zw— 1 —Zl—w'

(2N Cayley ZHaD K72 AT, )
BOANDD 55513 20=Ri, R>0 &

6.3.6 Cassini DEH

a>0,b>0&F2, 2N (£a,0) 25 DHEEDOTED b2 TH % s OWEFD 7RI

V(e —a)? + 92/ (z +a) +y? = b
| aE:

r* — 2a%r® cos 20 + a* = b*.
RRC a=b DEAIE (124 12)° =202 (22 —¢2) LR BDT, V2 2HIT a EBL L,
(2 +y°)* = a*(a® — y°)

E D, Wb B lemniscate IZ—ET 5,

e a>b%5IX2 DD, a <b%5IX 1 DOHEFEKS T, Cassini DR (Cassini
DINEAR, Cassini’s oval, oval of Cassini) & P15,

e a=07%5I1F8 DFH,
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e V2a >b>a 7% 6 I XHIKRE T, MARDH 2 HIRE T,
o b>/2a % 5 IXPAINKL T, MW E B T,
2ERZ (£1,0) EL (INEFTDaZ 1 EL), bZF/ICa EHZETLE
(x+1)2+9?) ((x — 1)* +3?) =a".

a=11R VA=A =T, a>1 %5613 Jordan PR T, HOEEEMEE Q 2P, o < V2 &
51 QIZMARDH 203, a > V2 % 561F Q IFNMEETH B,
f(0) =0, f/(0) >0 Ziili 7 §XAEAEH f: Q — D(0;1) 1&

az

16 = o=
I 2z =+Va' — i PWRENTH S (TBUR L) NED),

BRI
4
Fw) = Y
T, 2T w=ta DFEETH A,
6.3.7 #{i: Joukovski it
1
flz) =2+ Z
2| >1 % C\ [-2,2] ICHEANCERT %,
p>1ETHLE, |2 =p DB
{L‘2 y2

1o (-1

1 +1
w=-z+-].

2 z
22— 2wz+1=0

z=wEVw?—1.
z=w+vVw+1lvw—1

EWVWIHFEHTH 5,
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6.3.8 [EEHNS
D(c;r) ={2€C||lz—¢|<r}, H:={2€C|Imz > 0}.

Ml 13. 0<a<2r 95, Q:={2e€C|0<argz<a} Z D(0;1) ®LICEMEEHRT 2
w= f(z) ZRKd X, (BEIZ p. 106)

M 14. D(0;1)NH %2 D(0;1) ICHEAGHRT 2 w=f(z) ZKd X,

M 15. Q:= D(0;1)ND(1;1) % D(0;1) ICFHMERT 2 w = f(2) ZRKD X,

B 16. ROEMERZ BAITT DA {w e C | jw| > 1} ICHEABERT 2 w= f(2) ZKD X,
(1) {zeC||z|<1}n{zeC||z—2| > 1}

(2) C\{z€C||z|=1, Imz >0}

M 17.p>0 32L&, {z=a+iy|y?—4pr >0} & D(0;1) ICEMABHRT S w = f(2)
ZRD K,

Ml 18. a>0,92LE, {z=x+iy|2?—y*—a®>>0} 2 D(0;1) ICFEAGHRT 2 w= f(2)
R X,

1,2 2

Y
(c+1ﬂﬂ2+(c—1/@2

Ml 19. c>1&¢95%L 3, {sz—kiye(:‘
FAGHRT 5 w=f(z) ZKD X,

>1}%$ﬁﬂ@ﬂ%m

Ml 20. 0<a<p &T%LE, {zcC||2-a? <p? 2 D0;1) CEABHRTZ w=f(2)
ZRD K,

2

2
%+2«u}%zmm)m%ﬁﬁﬁﬁéw:ju)%*

21, MO NE {z:x—i-z'y 7

o X

6.4 FABBKROERZHSHOT

FHEMR (conformal mapping) &) FEIF, BIEGHICE EE ST -RITHV61 2
BET, “BTwI) L, Kb OATAZEZ L, L) KRl TERD I LT
b5,

(conformal transformation (& "HFEZEH, L HRIND, THHEF 2RSS TR D
N3 ?2ERMEZPRESN TR, BBGHOFEMERHR EHLE > FIRTHfibns 2 L’
HbHLITHDH, HAFED "M, ", BRLTT T2 k) RHIRLH 5, Z0UDH
BRI, )

INZYEHETZ L, HRaEENEDEATH S L1, IEHITWRE LT A /40 2
T, EWw) T IS, FHE RO EDVKD IO,
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BOTIEANC 2 3 72 0 D BA35M 1, D NOINIEAZRWT D DK ET f 23%A
BRIZR5ZETH D,

EE 6.12 (A3 T7DFER) il D TERI N EBTHRVERHEIE f(2) 2%, D c:}

[?& 6.13 it 2 R EFEAGEHRTH UL, FIFTIEHIEKTH 5,

BIBGROBFETA V> a 7OEBUICE R T 2 DHEIZ D 6, SFMHE/RE L, BRI
BoWIEHIBIED 2 & LEIHT 2 O fEHF2 D Ltk v,

EZATEMBBRDOERIC, SSICBEHBPHHATH L I L2E02MMEND S, 75 LM
T FEAGHR) EEoEE, E)VIERTH S TR 303 EERREE VW) Z itk 3,

AN, BEDERTIE DUEAT L) FEZHVWE ) 58T 2, 29T
maLh e\,

IEHIBESS g ch UL, ERIEN 01262 WI EDEPNDE, V) HEICHERE TR
ETH D, HHZIEREIE D Z & %2 BERIS (univalent function) LM Z EHAWIHL T
BI9,

a N
i 6.14 (ZILEY VYV DER) C WO TIAE—ARINE § 2 HIERIESI D MR H3E £

KB%%(“G‘& Faud, MRS HIETH 2, y

4 N
EIE 6.15 (FEAYER) fig D CERINLIEMEE w = f(2) B D, wy = f(x),
f(20) #£ 0 THIUL, 20 DTN RBHER U & wo DT/ RBES: V %8212 55 R
HhﬂiU#EVVM?ﬂHﬂlgﬁﬁ\%@ﬁgﬁg@VTﬂﬁwﬁ%oﬂwﬁz1

f'(z)
N A RYASN
_ )

[EEE 6.16 (AE®ROERE) L TH VW IEAIPIBUIPHESG 2 EGICER T 5,

R 6.17 WIS D ECEMDOMIE (= # 2 > f(2) # f(2) %K f & D 25
f(D) O E~DOfHFEEIT, W5 f~1 1% f(D) TIEHITH 5,

IO, BEOBRPELALEE > TR TAKFE Y BIEGRIHS o dH 5
1 ?),

7 IERIBIED 575 5 1IEIE

FTWRHTHDOAEE LT %, HETHHT LI EIZho76, BRI N—2 3
N (N
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7.1 #E{@E: Ascoli-Arzelra OFEHE

B4 7 Ascoli-Arzelra OEHZ AT %,

Ascoli-Arzeld DERLZ, Hio H X OWIAMERE D RO FFFEZ EET % Peano DEMD
ZEPHS>. Schauder OAENEEHOIEHICH W 6L 5, BT E > T, BT R EHT
H5,

4 R
I 7.1 (Ascoli-Arzela DFEE (1 RJT/IN—Y 3>)) BHIXH [0,1] Lo FEE R %L
2 O([0,1];R) DETES F 25, ROSM (1), (i) 27z L Tw5 &7 5,

(1) (—BAFE) GM eR) (Vf e F) (Ve €[0,1])  [f(2)] <M.

(ii) (—HRFEIFREEEERGE) (Ve > 0) (30 > 0) (Vf € F) (Var, 29 € [0,1]: |21 — 29| < 6)
|f(z1) — flz2)| <&

ZDLE, FNOMEEDI {f,}, o KX LT, [0,1] TRRIGKT 25855 {fo}pen D
Kﬁﬁﬁ@“%o

SEEE (0,1 NQ BFHEELATH L5, {r, | ne N} ERT I LEDHEKS,

BN {mon},en & Mo =n (n €N) TED 5,

{fonon (1)}, oy BEFHIINTH 2025, {mon},cy PEII {min} ey T {fmn () en
DN T 2 b 0)75>E27h%

{fonn(r2)}, oy BESIINTH 2026, {myn}, oy PEII {mon} ey T {fman(72)}
DI T 2 S DDHN S,

WU LT, b =3,4,- - 1S LT {mym1n}, oy PEBDI{mun}, ey T {frmn (70) }
DINHRT 2 S DDHN S,

{frnn S ren B ASotneny OEAFIT, EED ke NICNL T, {fom,, (1)}, oy BIHT 5,

EED e >0 LT, & (Gi) D 6>0 %25, TORELE NN ZINS L,

neN

neN

min |z —r;| <0
1<j<N

DIK D 3D,
je{l, -  NPIENLUT, {fn..(r)}, o FPESITH 255, IN' € Nsit.

p7qZN/ - |fmp,p(rj>_fmq,q(rj)}< (]:17277N)

Wl M

Vo € [0,1] IZR LT, |z —r)| <d 27T 5 2

|fmpp fmqq ‘ ‘fmpp fmpp TJ ‘+‘fmpp T]) fmq,q<rj)|+|fmq’q(rj)_fmq,q($)‘

§+3+§_6

w2 IZ N = Mg &j—“CiEV)O |
EE R OHRAIRC LT bRBRICRT 5 (L - AMA [16] 1213 C O REICHED
nTwiz),
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FoEHO—BiL2EZ 5,

B oEREEZ, RP D3y 87 MES K ICLTHHD D ERIZIFHHTH 253, (T
B a8y P2 X S LTORY 2o, UT, TR Z 9 (Banach 22 % L 2
BIZIC L CHED D EAVRE AN, DU TR FESE, HERBERESE T %),

2y 87 MR X EOBEEEE (F 713 EE) @B o 2 E O(X) £ T 5, W
DD E 2 H T —f5%

(f+9)(z) = f(z) + g(z),
(Af)(z) = Af(z)
S S YN - WIPA
171} := max|f(z)]

Db LT CO(X) 13 Banach 22[H & %2 5,
C(X) \ZPHBEZEROREZ RO DT TH 205, PRIZVHW 3 —RRIETH D, ARITVDH
W3 —ERTHZ I LITHERL X9, —C FREEGEZ, BEZEROZETRE R,

EE 7.2 (Ascoli-Arzela OFER) X 13287 MEEZM, O(X) 13 X Eo@EELE

HHER B AR D> & 72 5 Banach Z2[H]. {fu}weny (& C(X) NOEINET 2, {f,} DEHR

(ie., sup || full < 00) D> D> —BRFEIFEEEEFE (ie. (Ve > 0) (35 > 0) (Vn € N) (Vo,y € X:
neN

d(z,y) < 6) |ful@) = fuly)] < &) BIE, (—8) KT 2250 {f., been DIFET S,

COEMIZ, EH 7.1 EERICEEIITE 5, X OWE L AFEITEABINEIC R 50, Th
IZDWTIE, ROMEZ R ITR G,

[?ﬁi! 7.3 2 87 MEEEZER X BR[O TH B, TaDL X ORRETES S T X T}

W2 b DVFIET 5,

SEBA 7€ X, r >0 LT B(a;r) 2 X BT 290 o, P r OBBRE T 5!
B(z;r) ={ye X |d(x,y) <r}.

FneNIRLT, {Ba;l/n) |z X} 13X OFIBETH 22, X ©av 87 MM
kb, B WE sn:{3<x;n>;1/n> \ 1gkgkn}7bs‘ﬁaﬁm Thbb

k
n 1
3k, e N3z, ... W ex) x=||B[z™:.2).
( € )( Il? 7=Tkn€ ) H .Tk 7n

zZ7T
S = {:L‘;,n)

EBCE SBAREATHY (MEMOHREGDEH TH2H26), 52D X THETDH 5,
FE RO 2 e X, ERBD e >0 ICH LT, ToREn 2B L, L <e DD, S, 13
X O#ETH L5, W e Xst. we BM;1/n). 2" e S THY., d(z,2V) <1/n<e
WD LD, WZIT S 1E X TH#ETHZ, =

nengkSk*
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7.1.1 EBRESE

BFECICoWT, HIYSEZED 2 L L, BRADPZ ) o kil )2 THbok, 7L x
[17] DCERY A FIZ#> TV 72 Z 9 T, Google Books TAFHRETH %,
Giulio Ascoli, 1843-1896

Ascoli, G., Le curve limite di una varieta data di curve (1883-1884), pp. 521-586.

Cesare Arzela, 1847-1912

Arzela, Cezare, Funzioni di lincee (1889), pp.342-348.

7.2 I1E3RIE
FPIEHBDOERE G5 A 5,

EE 7.4 (IEMFE (normal family)) D C R", D # 0, F i3 D LOEFELAEE KR E 4
K C(D;C) Db 2ETHEAELET S, F BIERKETH 2 L3, F HOERDIN{f,},cn D5
D TIRFE—RIK§ 5 &R o751 {frs Hren RO EZWV),

290V bDERW) oD TR I TWT, BEBURITOEBBIEGH 7 £ CHEIMEE DD
5, LD HATHERDOAZIT,
D DY R™ @ compact £ K THIUL, fe C(D;C) IxfLT

£l += max|f(z)

B EL CD;C) 13 |||l 2/ V& E LT Banach 22[#1 & 7% %, T Banach ZEHICE T 5
NHE. D LRI TH 5,

D 73 R" DFEAETH 254, D D compact iILPSI {K,} 2% &, C(D;C) & |||,
(neN) Z2x I/ )NVALET S Frechét Z2E & 7% 5, T D Frechét ZEMICE T 2R IZ, D LD
IR TH %,

7.3 Montel DEHE

(IEHIBIBFN DA RN IOV T, BEIC 2.3 Tk->Tw 3, )

D %5 C Ofc. BEE F &% D Lo FRBECH 256, F HSIERETS 20
£ i DHEICO T, KO ERDS 5,

2lhttps://blog.goo.ne. jp/kei_matsuura2007/e/bleae56382662e3c4e93585cfIb6f4f6
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4 M
EE 7.5 (Montel DE®E) D # C O, F 13 D FERI N IERIBE kD EE L
T3, TOLE, XD (i), (ii) IZFETH %,

(i) F IRIEMGETSH 3,

(ii) D DIERED compact #7HEE K I LT, F i K T—RAR (ie sup mez}?<|f(z)| <
fer *
+00) TH %,

J
SERA  (Efh, BIBGROPPREOE VT X X MTIEKIEEWTH %, Hl 2 IXERE (18], &£
I [19])

7.4 Hurwitz OTEE

(ZOHEDOHFIZ, §§2.3 ICAN D, ZOEICANDE D, D Lko7hs, L S dBRB L5
DS D TELZDT, HAMNZ §§2.3 1IZBTT, T THEHTLI LI, )

LT D 320X, ENd Huwitz DEBEMIENL T EBHD (TFAMTE>T, &
Nk Z IPRDIRES), 30D OEHAS, KD Riemann OEREMOZEII LI 5.

- N
EE 7.6 (Hurwitz DFE¥E 1) D 2 C O, {f.} & D O1EAIBIEKDIIT, D L fI
IR RRINR T 2 L 95, (f WEHEIE 0 THL)ce DV f DO mADOFERL S,

(3po > 0: D(c;p0) € D)(Vp € (0,p0))(IN e N)(VEEN: k> N)
fu \& D(c;p) THEEZIADTSL &9 Em EDOFERZFFD

Kﬁ@bﬁoo§6K3ﬂ%®%ﬁﬁk—mn®&?\cKW%?%O

SEEA  (CEfE, WADKEMHIZX S, )
DTo2o0EMIZ, COEHDRTH LD, BEFEEHLTHE2TFAFHEL 0,

EE 7.7 (Hurwitz DFE¥E 2) D %2 C OB, {f,}nen & D DIEAIBEBDIIT, D L f
WA RRINR T 2 &2, fEED ne NIZHLT, f, 13 D TEEZRLLVERSIE,
f i D CHELEERZ WD, 7203 f 13 D THEHZHFWIZ 0 1I2F L,

SEEH  (Efmh)
BN 22 IEHIBI% D & %2 BAEERS#X (univalent function) & M5,

EE 7.8 (Hurwitz DFEME 3) D 2 C DB, {f,}nen 13 D TIERIDDHIEL IR S
%557, D E fFIAERIET2ET2, 2OLE fl3 D CHIETHZD, i
& D CEHBIETH B,

;EBA  (HEfi)
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R 7.9 Adolf Hurwitz (1859-1919) 13 BI%G. IRBEEA 2, BEEm I KM H %, Klein
(1849-1925) DT, Hilbert (1862-1943) 5> Minkowski (1864-1909) & DBH D HiEV>, m

8 Riemann OE&EIE
(T0h, B TIRAE S, )

8.1 Riemann OE{REEDIEA

#RE 8.1 D 1 C DHHFEGEIR, DAC 95L&, HIERMERERK Q c C & WE
HIBR o D — Q DEET 5,

G 0 e C\ D Z{ERIC1I DY f(z)i=2—a B, THTUIEHIT, D TR0 I%5
T, D IFHERECH 206, HAIEHIBIE g: D — C BHFEL T, f(2) = g(2)% (HET 51
Vz—a D—ERIZ2 58 g B35, )

g BHHETHS (bLZ)ThRINL, f=¢> SHFTRILD, FEPEL ),

Dy :=g(D), Dy:=—g(D) £BL &, DiNDy=0. (bLZH)THINZLX, 5 2,20€ D
DFEL T, g(21) = —g(z2). TDEE z1—a=g(z1)? =g(z)?=2m—a ZNDPDL 2 = 2.
T2E g(z1)=9g(20)=0. WAIZ 2y =2=0a WA aeD. TNEIFETHS, )

be Dy LEEREC 1MUY, h(z) = ﬁ LB L hiE Dy CEAI DTS B,

D(b;r) C Dy Ziili7e§ r M2, ZDEE, z€ Dy 5513, |2—b] > r. WAIT|h(2)] < L.
L7357, (D)) ITEHRTH 5,

Q:=hog(D), ¢:D—=C, ¢(z):=h(g(2))

ETHULQ, p 3EMFZHT, =
Q&
QcC D(0;1), 0€Q

Zii7c T &I Il G, EBIX, Dc D(0;1),0€ D & L TEEHTIUTR W,

(39) F={f )] f: D— D(0;1) 1EHI, f(0)=0}.

#E 8.2 D 13 C OHUEFEHEAT, D#C,0e D 2T T2, Fl (39) TED
%, BUEAIZ foe F DEL T2 L

1/6(0)] = max [f(0)].

fer
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SRR fo € F OIWIERITH -7 T2, fERHD fe FIIWNLT, h:=fofy! £ L,
h: D(0;1) — D(0;1) (ZIEHIT, h(0) =0 %7z T, W AT Schwarz DR X D

(Vz€ D(0:1)) |h(z)] < 2], [R(0)] < 1.

hofo=f THEDE
|£'(0)] = [I'(0) fo(0)] < [£5(0)] m

[%ﬁEE 8.3 D I3 C OHUHIFEHEST, D#£AC,0€ D Ziililzd &35, F & (39) T‘%&)\
5. foeF ol
|fo(0)] = max|f(0)]
iz 61X, fo(D) = D(0;1).
N %
BEEl HHURICK %, fo(D) #D(0;1) EIRETSEHS ae CHFELTO< |of < 1] 2
Dad fo(D).

fo(2) — a
fi(z) = afo(21)
EBLE (fy & BAMEEBAMBICET IROBERD I B, a Z2FHICET LD, LD
HH). fi 1 D TIERIT, |fo(2)] < 1, (V2 € D) fi(z) #0.
D FHHEEECH D206 fr(2)? = fi(2) (z € D) Zii7z TIEHIBIE fo: D — C YFHET 5,
Bi=f(0) £BLE, B2=a THDH

L f2(2)—5
S TTE I
LELE e F Loan
"(0 (0
0 = (oF =0 0. 70 =12 o) - L0
ThHHDH
1

£1(0) = *g“'m )

Wz 1
201 = L o) > 1701

218
CNEFETHS, m

B84 DIICOREATac D £T 5, H(D) IZ. D TIEHIZBBEERDOESEIC,
INF—RRIR DA 2 Adi7z Frechét 22l & 5, CDEE H(D) > f— f'(a) € C (FH#
Th 5,
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SERA  SIRHEFEEZ R IE R, {f,) 2 H(D) HDIIT, n > 00 DEZ f, — f Ziii7§
bDETE, r Z /NI RIEOEE LT, v(t) :=a+re? (0 e0,2n]) LB L

@ =g [

2T

R T A C)
Jia) = 270 /'y (z — a)2dz
DK LD, v DETER f, 13 fFIC—RINKRT2DT, n—> 00 DEZE fl(a) > f(a). m

EEBOIFHE 0c D, DcD0;1) & LTAEHTIUIR,
Fo:={f € H(D) | f EHH, £(0)=0,[f(0)] > 1, f(D)C D(0;1)}

LB,
fo 7& @ (%Kf—%\ f(Z) =z & fo b‘:}%j—%)o
[F5R] Fo 1 H(D) DEREDEEGTH 5,
(REFA) {f,} 28 Fo WDFIT, H(D) I2B VT lim f, = f DBEDILDET B EE, EED
2€D,neNINLT |fu2)] <1 THZH5, [f(2)] = limne |fa(2)] <1. 2L T
F(0) = Tim £,(0) =0,

L) = lim ()] = Tim |£;(0)] = 1.
fIFEEBIETIE R VDT, AMEDIFEIIZED |f(2)| < 1. £7. Hurwitz OEHIZE D, f
FHHTH B, UEDS feF. (LEDER)

Fo l3BEHRTH 26 (0 |f(2) < 1), Z2TH compact ZZE]TH 5, 2T, H5 foe Fo
DML L T,
| £5(0)] = sup | £'(0)].

feFo

W83 ICX D, fo(D)=D(0;1) (Z?27%¥??). WAIZ fo: D — D(0;1) IZMEHITH 2, =

8.2 HZMH: —E{tEE

—B{LER (the uniformization theorem) MEEDHUHES Riemann Hild, HAZMEE, #H3E
Vi, Riemann BRI VT NAICEAIEBETH %, 2 OEMIE, Riemann Bl C OFEKIC
faUZ, Riemann OEMRER TIZIFIRRT 5, Z 9 0 B TIZ, —BLEMIE Riemann D
BgEeMo—tth s, EEZ 5,

(Abikoff [20])

9 iR (analytic continuation)

(BIRF R CIER ICH W E, MEL TS ERE2ED 572010, FTEL, HloxXFE=Z
HEF T, ZOTRREVP LS5, THLHICYIALTPETH S, )
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9.1 —HOTEEDEYE L EIZEITIES
9 TN, ) SEZEVWHLTE I,
[E%gi(EMﬁuﬁﬁ%&)%%%ﬁzmccyﬁiﬁémt%&fﬁﬁﬁﬂ@mmwmi}

TH5 LXK, D DERDERET, [ DPIHEREICBITE S22 259,

R 9.2 (BB vs IEBI) MATREZE X, D LIF ETHlRZ LI ICTA 7B TE 2
B LEh, FIFIERIBEE (1 RIS WRE 2 WEBIE) THh s 2 L LFETH 5, NEBEI%
DE YT, "L L EEZATRTTBROEEVRH S (w= f(z) 12D 2 IEED w 25Xt
B EA, TBBL EMEEXRETERL, LWL H D52, BIEGRTIE T41liBd
B RO LEADL ), THMBEE 2O 254, 12D 2 18T E 12D w 2R HS
L WEOB%D Z &2, man LT TUfiBI% &S, MHTEIE & WESEAIE LIS LIE (W
0 7 <) SAMBEEZ FF 25, IEHIBIE & WS 6 IR MBS 2 37 S 2w (LliBIE) Baai% s
£9)THs, B, MiE, ol L TIEHEG Li3EbARVWE)ITHSE, 2D 91T
(k. TREATREE (L MERSEUCER B (722 S IERIBE E WS TSR Vb Ltk s, 4 b
VDS TIRITEERE ) O, BRETH TS L LTH2), m

[Eﬂ 9.3 (B18) —HDTEHE (identity theorem)) D 1 C OfElk, f & g ¥ D ’C‘%\
2 I N EHTEIEL (IERIBSED) . B {2, }hen ERD (1), (i) 27T &7 5,
(i) ILm Zn = Q.

(i) Vn e NI LT, z,€ D, 2z, # a, f(zn) = g(zn).
ZDOEE,. DRKRTfE glE—HT %:

(Vze D) [f(z)=g(2).

N J
[%&4%%ﬁﬂ@%%ﬁ@ﬁ%ﬁ*ﬁ?%%ﬁ%ﬁfkgﬁ\é@?#ﬁ?%o ]

4 N
% 9.5 EHRBND D iR (772 LELMIFR T 2w e §2) ET—309 2BI% f &
\g X, BFET-HT 5, y

a N
F 9.6 HFWIZ 0 T WENTBIB DR RIZHERINTH 5, FEBE o DSIHITEIE f DFER L
T5EE,

(Ir > 0)(Vz € D(a;r) \{a}) [f(z) #0

N A RYASN
N )

B 9.7 (REABDERBEBADILR) 71 7 —EG (FERBURH) 2SATRERFZB% o [ — R
(I3 R OXH) 1, EEFHEHNOHE D (D) Z &R E T 2% f: D — C ITHRRE
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N5 (fH o DIRTH B LIE, Ve e T ITHL T, plx) = f(z) BRDIZEDE NG T L) DY,
EREZEET R, —BNTHE, 2F0, MBI g: D — C 312D ¢ DIVKRTH
261X, f=g o, WEREE (ZHEABIS. ARSI, MBI, FRBEI%. WEES
B, WMz S O BIE) (X, WEREKLE LT HEINICERDIHEET 2 (DFD
FRBTIN &9 St 2 D BIR D . SRR IZARE IS/ 72—E) Lrkwo T, XEMkZk
VW), m

4 D
T 9.8 (EEMITIER) D, D, % D, C D, Zii7z¥ C OFEIET, fi: D, — C &
for Dy — C I3fRHTRIEE § 5,

(Vz € D1)  fi(z) = fa(2)
Kfﬁhﬁ DD EZE. fold fi D Dy ~D (1EE) BRTER (analytic continuation) & /55,
BT, INEIXEL DTS RS, FOEXNT B 72 O I EEENT R £ MEIX LD,

[?& 9.9 (—RIERORIE) MhTiid (b LIFAET 245613 —HNTH 5, ]

9.2 BEAHEFROHIRICH S EBITIES. Weierstarss DEFITRIEX

—fEw & L CTEHVTH 205, ROWBEIB O 62 RBIcHi & R,
IWHFEREL h(z) BEZ o6& LT, ZOUKM%Z D =D(c;R) £ 9%, Yae D IZEW
T h IFFENBUERTE %:
= Z an(z —a)".

CONKM%Z D' =D(a;r) £T5E, ridr>R—|a—c Zii7cTHTH 5, FlZr > 0.
LIFLIE D & D ZIZAHT (D’\D#@)o ZDLE,

hogz) (z € D),
J(z) = Zan(z —a)" (€ D'\ D)

X, h D DU D' ~O (1EE) irHke & % 5,

LU Z&% D\ D DD 1RTHETT S, COFHEZEYIRT LT, EEEEZDLTO
AT % AfREED B %

Weierstrass (&, INHRFEREL h(z) & ZDIKM D = D(c; R) DM (h(z), D) Z. ¢ ZHul
LT HBEMEBER LA,

2 d 2l Lo i 2l > CRIEEERE 2 Tt L T < 2 L 2, BRIRICE S BRfriEk &
= 7o

HIFR C 2% 2 = p(t) (t €[0,1]) THRZEND LT D, K tel0,1] ITHLT, o) ZHib&
T BBBEE (h(2), D,) B3> T. %M
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(Vt € [0,1]) (36> 0) (Vs € [0,1]: [t — 5| < 8) DsN D, #0 % hy(2) = hy(2) (z € Ds N D).
BT EE . (h(2),D1) & (ho(2), Do) @ C 109 KT TH 2 L v 9, 1 D DR%K
PEIPSHFEL T, Ho5WHHIFRICIH> THBERIR D f@ifrEifi z 1o TS ohn s TR%, %

Weierstrass DR & W58,
20D C & C BIBBEDIAE o L#&m b 2RO L E, o 2D E T HEREEE, O

émmofbiﬁ%ﬁ%ﬁbkag\%em5%ﬁ%%%%n?numaim,@mmﬁﬂ
LT E. NS IERALZURMEND D, ZOLE, 1ODM b IO hi(b), hi(b) A3
JEL 9 20T, EZ T3NSI S MBS 7% 5.,

9.3 XHEBRL DEFTEIRT
mA TEEGERE, ([21]) 2R3 2L2BHOT %,
FERIE logar % o = 1 T Taylor BT % &

logz = Z (_;)n(x - 1)"
(x—-1)? (z—=1)°

=(x—1)— 5 + 5 (-l<z—-1<1)

EB%2, 22T

ho(z) =3 T oy

n
n=0
EBLE, TNRICRENET, DURMIE Dy := D(1;1) = {z € C; |2 — 1] < 1}. /W5
DT
Vo € (0,2) ho(x) =log .
(ho(2), Do) 25 HIFE L T, Weierstrass DENTEIEZ1EA 9,
%@y—éﬁ%%:&K&%?%&\

() = d_g (v 12 Do 9T 1 & = 25RO S b7 i)
v
B D LDy D . v DID F ik tk BB, 0 2 G LI Dy NICh 22 Lo,
PNEBATOBBSOMIEED S BV L IR L X5 (RBETVOER)., Cokink
B, DRI, %c:/%/ L,
1

T, eC\{0} EL. Ciz—p(t) (L€ [0,1]) %, C\{0} HT1 & = ZFEIXAMIC

WoPREEOMRE T2, (h(2),Dy) % C ik TG L 72 (hi(2), D1) 13,

Dy :={z€eC;lz—z"| < |z*]}, Mh(z) :/C%—i-/Zd—g (z € D), HIC hl(z*)Z/C%

%:®%ﬁﬁﬁbﬁozkﬁwwﬂ%@\@gm%:%#%%%hakgx:/f?%@ﬁ@ﬁ%ﬁ@%&
S RIS Taylor EIITH 5 < & 2 20 bEH T 5. '
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THEZoNS I EZFHL K9 (h(z) DEZROLAHE 2HHIZ, 2* 26 2 IZYH Dy NDIX
STHNCHE & D R ISR ) B TH 2), 2D, K te (0,1 1T T, h(z) & D, %

d d
Dy = {2 € Ci|z — p(t)] < |o(t) /Cg / d

EEL, ZEL C . C D, N7 X=8=230,t] ODEIFD (1 DAERL. o(t) DHERD) 5
i

[0,] 3 s+ ¢(s) € C
DZETHY, / Z. Dy T p(t) 2 z LRGSR S 2 flifk (B 2 13 kT T

bRWV) TH b, t_10)a% WHCERLTH S Dy, by IC—BT 22 LITHERL &9,
h(2) 12, o(t) ZHOICERBIERTE 2 2 E2MED LB, 1/C 13, D, IKBWT,

1 1 _ 1 1 - { — ()
C_w(t)JrC—w(t)—w(t)HC p(t sot; ( (t) )
so(t)

EIRE—IRRIDNR % FARBUC BT E 5, W 2 ICTHAIRE 7 IC & - T

TAC_ LN e (S e LSS T D
/so(t) ¢ et [Q(t);( Y ( o(t) ) dq s0(,5);0/@@ S0 (€ — (1) dC

Y S Geny

OEZ

¢ p(t)H

I (EHERZDY) TifED C%ﬁ;&@ﬁﬁf% %,
o DHEHNEDPS (e — § FWIED € = |p(t)] & LT).

w(t) X (=1 (2 — n+1

36 >0,Vs € [0,1],]s — 1] <& = [p(t) — p(s)] < |e(t)].

ISR LT,

s [ iﬂ/;%—(/;(“%w;ﬂ %) LLE

i, BB 1/¢ . D, W@Eﬁﬁﬁaﬁ iR %%f Vc%%@% 0 ’%Lm 12 hy(2) = hy(2).

BIEAEIII S 22720 6 FERBIRFIHIKE 2 D137 DI, LB F R 5725, 2 2 TR FREIRR L T
A5,
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1

iR 2 1 BN b I TR R WD, (ho(2), Do) 2> 5135415 Weierstrass DT RIEUE
dg

f<z>:=/:? (zeC\ {0))

5%, msu/ . C\{0) 9T 1 & = ZRERICATIIICHE & A7 ik C 130 5 S

(28]
1
BEWT S, : ZEELLZEEL, C OWMY FIdthscsH D, £72 C DR HFIZXk>T, 5
TOMEITEL B,

i

9.4 FD%k

EE 9.10 (E/ FOX—%EHE (The Monodromy Theorem, Monodromiesatz) €
FHERTTIER, o e U, f 13 o ICB T 2BBER T, Q WOEE DB > T EE R
TE2LT5, JOLE, fI3QTAHMEMZRIBZED 2, (TQICBIT 2 f OEEE
BESHAET B 1 DI /e ?)

T/ Fwa 3 —@ i, —litEEB L iEns 2 b,

10 Schwarz DIFEHRDIFE (Schwarz reflection principle)

FRTHPT, EIAEIARDBPECTHEDT, BAALEAIZ, BICREZ 20 TE
S\,

Schwarz DFERDOFEIIIELTH 505, LA L#-> TR WAL v, #ioTnTh,
R ELDPIHHL T nd D% n»,

Conway [22] 23FE L\,

10.1 SEHZBZ TOILR
COHETIE, ACCITRL T,
A" ={2z€C;z e A}

B, bbb, A3 A ZFENCBIL TIFDIRL BB TH 5,
A =ATHsLE, AREMEHAL THRTHE, EEHTLICT S,

[ﬁﬁlalehC®%%égfi%»CmE%k?%&%\ h
O ={zeCzeQ}
EEE, [ —=-Cx L
[(z)=[f(z) (e
TEDS E, f* IZIEHITH 3,
N J
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B ceQr T2 e, ceQ fIFQ TIRHIZED S, Je >0, Ha,}nso st

Zan z—0)" (z€ D(ge)).

n=0
CDEE,.Vze D(ce) ITNLT, z€ D(ce) THEDH,
Zan (z—72)"
n=0

o0

F@=l@=) a(EzZ-0"=) @l —c)"

ZUC f* 1% D(c:e) TIEAITH 3, v@z FUE QO CENTH S, m
RIS w28 Q TR &1, ui(z) == u(z) ¥ O THTH 2,

#RE 10.2 Q13 C OFERT, Q#0, O =Q (Q ZFHNBIL TR £92LE, QI
Fo X%z &,

A QNR#) TH5, FEFE DL QNR =0 %53,
Ot =QnHY, Q =QnNH, H" :={2€C;Imz>0}, H :={z€C;Imz <0}
£ 5L E,

Q=0"uQ, QT nNnQ =0.

T Q OHEFTEICFPIET 5, WAITONR # 0.
reNQNR ETHE, QVHEATHELI LS, Je > 0st. D(xe) C Q. TDEE,
I'=(@x—cax+e)={teRz—ec<t<z+e} £BLE, ICOQ =

%R 10.3 Q |& C DFEI T, Q#0, Q* = Q (Q 1FFHHHBY L THFR), f: Q — CIZIEH,
Filih Lo b HXMET f I3FEBEEZNS ET5, DL E

f2)=fF (zeq)
S MWD S, BIKE [ C R BEEL T, f(o) €R (z e ).
9(z) = f(z) = f3) (:€9)
EELE, g3 Q TIEAITH D,

g(x)=0 (zel).

—HDOEHNPS, g=0in Q. WA f(2)=f(Z). =
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/EEE 10.4 GRAMIBYMOFBKROFE) Q 1 C DFIHT, Q#£0, Q" = Q (Q FFEHEhIBIL
TR &5 5,

Ot =QnH", Q :=QnH , H':={2€C;Imz>0}, H :={z€C;Imz <0},
oc:=0NR
EEL, 1P Uo={ze XImz >0} — R DHFHT
Av=0 inQf, v=0 onco

N A RYAS AN+
_Ju(z) (z€eQfU0)
V@”_{—ma (z € Q)
EBCE AV =0in Q. TbbHEi ET 0 TH % FMBIEIL AT BIEILEE THRANHLE
_TEa

~

)

A AV =0in Q" BHHSRTHS, rpeo & LT, AV(x) =0 K% H. D(wg;e) C
E7% >0 BN, '
Py(z) = %/Izng

Q

Py i3 |z — 20| <c THHITH 225, V — Py 122 0ME0 E2E5, TEHD 2020 oM

MTHs, V-P ZHEAETOTHS, MBENOEE (Co) TRV =v=0, £7ET
NP S Py =0 THD06, V- Py =0. dANBEBORKERIE? S V — Py (38
By THETTOIREL Y, WAV =Py KT AV(2g) = APy(20) =0. m

R 10.5 (FRFIEBO “BREABILE’, “TFRBIEER’) LofizF L L TRTALI,
(5 &I, IEHIBEE F il LT, &5, Bz 2 ZF N u, v 8L, 2FD
flx+iy) = u(z,y) +iv(z,y), z,y,u(z,y),v(z,y) €R.
DLt E
f(@+iy) = f(z —iy) = u(z, —y) —iv(z, —y).
u & v DY S, u(r, —y) & —v(z,—y) DIMTH 5, WEPITZIUIHS D7,
u, v QT Uo THNTHEETHLEE,

_ Julzy)  ((zy) Q" Uo)
v { u(z,—y) ((z,y) € Q7),

o v(w,y) (x,y) € QT Uo)
Vi) = { —v(z,—y) ((z,y) € Q)

B, £T U IFQ THMTH S, V IidAE»D LNy, @i Th 57Tl

V=0 ono
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THERNERH B, W ZDEMEDBRH > THwBEX, VIZQ THITH S, 1 255
BOMBBABILRE., FREEINEDWH S X DFRICELA T35, n

LoD IERIE R, % & L TDHH L, Morera ODEM%Z 2 5EH &,

10.2 HMHilZ8Z TR
10.2.1 HMHICEY 38 &

BRVFHNDOM C: |z —a| =7 ZHEET 2,

M CIZBILT, 2z e C oHB (HHEA, BHERE) 25w TH 2B EIE, a, 2z, w B—HM LI
DIAON

|z —a| - |w—a| =r?
Zii7c T ERT ), 2 DHEBR w X 2 26 —~HWIIEE S, I, Iz 2 EFHCI LI
ERCE
()" =2

DD ARVACTEE 3 N

limz* =00, limz*=a
zZ—a zZ—00

DD V0, (GATICIE TS ) o OBHRIE 0o, co DEHEI o L EHRT B
a* =00, o0 =a.

C:=CU{oo} 9%, R(2):=2"12kV, R:C - CH»EE3, THIRFAMHERTHY,
R'=R.
z#a THIUR,
(2 —a)(z—a)=1r?

DK LD, o

*

zeC & zZ'=z

DT DD,
AcCCHH C B LTHETh 2 L Ix,

R(A) = A

BROIHDOZ LRI,
-~

WEE106 acC,r>0:92%LE RCoC2MC: |z—al=r KT 285 ET
5, ZDOLZE, ) 9

S(z):=a+ T_a, T(z):=a+ L

z

LB L, SIEC\{a} T T C\{a} TIFAIT,

zZ—aQ

R(z)=S(z)=T(z) (z€C\{a}).
g (2) =5(z)=T(2) (2€C\{a}) J




10.2.2 HICBE T % Schwarz DOIFGDRE

RIEHDREIR 2 FHIK Q 23 EEFEWNICE 0., FEl EOBIXE o 2385 00 O—ff L % -
Tw3EE, Q CERSINLEAREED, TFHADOLAZRIRRZRIET 2 E &5 A
EREPFHERORD DI C ONECESMALERZ2EZ X ),

Cr:={2€Clz—a1| =m}, D ={2€C;lz—a| <m},
Cy:={2€C;|lz—as] =m}, Do:={z€C;|z—as] <r},
QcCc Dy, oc:=00NnC;,=C; or {a+r16i6;9€(a,5)}, B —a <2t

f:Q—C,
f(Q) C Dy, flo)CCy

£ET %,

f(z) — f(Z) (Z S g)
Ry(f(Bi(2))) (2 € Ra(€2))

Q:=QUo UR Q) 1FC, ICBIL THRFARESRT, [ 12 Q TIERITH 2, FBE. ERIBI%K
S1: C\{ai} - C, Ty: C\ {az} — C T,

Rl(Z) = 51(2), RQ(Z) = TQ(Z’)

27T b DBFIET 5,
Ry(f(Ri(2))) = Ta(f(51(%)))
‘6\37’)%%7“;\ ﬂRl(Q) CiJ‘_EEIJT\%%o

10.3 fEFHIRZEBZ TOILR
(e )
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A BE
BE1lr=m+1/2(meZ) DLE
eiﬂ'z _ eiﬂ'(m+1/2+iy) _ e*ﬂyeiﬂ'(m+1/2) _ e*ﬂy(_l)mi’

eI = V(1) (i) = (~1)" e

(2) 2mi 2mi 2m (—1)™ ™
S1\%) = 7 3 - — — (— ,
! etz —emimz emmy(—1)mj — em(—1)mtli  (=1)m (e 4 e™Y) cosh 7y
Tz —iTz =Ty (_1)"y (1] m—+1,; —TY __ ,TY
SQ(Z):T(ie‘ re R (=1) zﬂ—e (=1) Lo i ¢ = —im tanh 7y.
eIz _ p—inz 6—7ry<_1)ml _ ewy(_l)m—i—ll e Y 4 ey
WZIZ (r=N+1/2, -(N+1/2) (NeN) D& &)
1) = g ST Isa(2)] = wltanh(ry)| < 7

y=(N+1/2) Dt &

eimr — ez7r(:t+(N+1/2)z _ e—ﬂ'(N—i—l/Q)emrx _ 6—7r(N—&-1/2)67,ﬂ':z:7

e~ imr — €7r(N+1/2)e—z7rx'

21 21

S1 (Z) = e—m(N+1/2)gitz _ om(N+1/2) p—imz o e(N+1/2)m (_e—iwx + 6—71'(2N+1)6i7rq;>’

< 2T . N» 2e~ /2
|51(2)‘ = e(N+1/2)r (1 _ e—7r(2N+1)) =me 1 — e—m(2N+1)"
2e /2 < 2e /2 B T < 1
1 — e m™2N+1) — | — -7 o em/2 _ e—m/2 — 5
—mN
e
[s1(2)] < —
‘ _eﬂ(N+1/2)ei7rx 4 67r(N-&—1/2)€—i7rac 1+ e—27r(N+1/2)627rix
s2(2) = M r(N+1/2) gime _ gr(N+1/2)g—ima "] _ g—2n(N+1/2) g2riz
1 +e—27r(N+1/2) 14e ™
[s2(2)] < Uy I p——
Y= —(N+1/2) D& =
eifrz _ eiﬂ'(xf(NJrl/Z)i _ €7r(N+1/2)ei7r:1:
e—ivrz _ G_W(N+1/2)€_i7m.
27 27T7:6—(N+1/2)7r6—imc

s1(z) = on(N+1/2)gine _ o-n(N+1/2)p—inz | _ g—(@M+1)mp—2miz"

27T€—(N+1/2)7r 26—7r/2

o —Nm
51(2)] < 1— o—CN+Dr Te 1z o~ @N+D)r"
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So(z) =im

"
Ip
&
&
=
+

®
Ip
o
&
=
+

&
%
b
&
=
+

B
I
e
g
=
|

&
Ip
3
B
=
=)

2e72 _ 2e7 2 1
1 — e m™2N+1) — | — -7 o em/2 _ e—m/2 — 5
—mN
s1(e)] < 7

_€7T(N+1/2) el =+ 67r(N—H/2)€—i7rac

14+ e—27r(N+1/2) e2mix

or(N+1/2) gine _ gr(N+1/2)g—ime "] _ g—2r(N+1/2) g2miz
1 +e—27r(N+1/2) 14+e ™
|82(Z)| < ﬂ-l — e—2m(N+1/2) < 7-[-1 — e T <2rm
z —* h h 1
, sinhz = ¢ , tanhz:sm Z, cothz—C(,JS °
cosh z sinhz  tanhz
cosh (iz) = ¢ —Ze = CO0s 2,
sinh(z’z):e IR L —— = isinz,
2 21
T (i .
tanh (iz) = o (ZZ) = E _ tan z,
cosh (iz)  cosz
coth (iz) = - = —icot 2.
ttan z
cos (iz) = cosh (i*z) = cosh(—z) = cosh 2,
1
sin (iz) = = sinh (i°z) = —i - sinh(—z) = isinh 2,
i
1
tan (iz) = ~ tanh(i*z) = —i - tanh(—z) = i tanh z,
i
1
cot (iz) = — coth(i®z) = i - coth(—2) = —icoth z.m

—1
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R 10. (2RI HBIUEHA TP THALLLWTRVER ), ZARICEHL SRV, )n
RE 11. (A

BE 12. (H)
BE 13. ( =2/ &, Cayley £t w = % ZEKTIUER W,
2l g
1C) = Zmgs

(72721, FEBAEL 2P 13, 28 = exp(Blogz), logz = log|z| + 46, 0 € [0,27) LEET S, )m

BE 14. F(2) .= £ 13, F(-1) =0, F(1) = oo, F(0) =
F(Q):{Ce@]()<arg§<7r/2} WZIT F(z) 1= F(2)? = (&
Ik Cayley £ G(¢) = & 2GR THUT X\,

C+i

F() =4 27z d, WAIT
) i3, F(Q)=H %W 7

BRE 15. 20 2| =1, [z~ 1| =1 DXKF a=1 — L b=L1 43 F(z):=28 Lt B
(e Fla)=0,F(b)=0c0. M |z| =1,z - 1| =1 IZFEME co Zi L DM, DF hER
255,
(1,8 1,3 i
F(l) — ! (2 3 ) <2 T 2 > — € /33 7,27r/37
1—(%—1—2’73) (% z@) e~in/
a e—iﬂ'/3 o
_ _—i27/3
F(O) b - eiw/3 - '
W Z (T

2 4
F(Q):{wEC‘§7r<argz<§7r}.

Z 2T F(z) = a3 L4 5 L

2
F(Q):{wEC‘O<argz<§7r}.

Gw)=w*? E&KRT 2
GoF(Q) ={CeC|Im¢>0}.
Cayley Z48 H(() = &5 = 1— 25 LRI B &, BIE D(0;1) Lk %:
HoGo F(Q) = D(0:1).
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-2

(ﬁ6—2m/3)3/2 4

flz)=1+

V2T ERTH S, m
R 19. Joukovski ZHATH 5,

BEE 20. (LDDHZT) (ZNEBERD |2 +al-|z—a] =p? L9 T LT, Cassini DIEIF

_ _ Pz VT LA A
73:0 a-ll’.@‘%k?\ f(Z)—\/ﬁ &ll W)L.&ﬁ_‘ﬁi/}\-o)
Z=zlatBlE, Q={zeC||2-a®|<p’}D{ZeC||Z? -1 < (p/a)*} 2B, C
H | < 1 eBTon, we — V2 g
ol — 152
Clzla  _

Vip/a)t =1+ (z/a  \/p'—at+a22?

CABEL VLR EIDRAS AV, RITLHOTHZDES T, ) n

B (&

ZOHEFRTIE, EFICOVTER T UL, MHEZEROT X A (Fwidhe, Kiko 2 &
DHEFITECTH 2 b D & LT, MIK [13], M - =4 [14] 25 TEL) THEL L), &
WIRZ VAR NE, SEOTEHRL SWVWIEFFHHLTE ),

DI, —id— M2 2R 0FE & LCEBHT 228, X =C Lo THdid+n0Th 5%,

a )

E&E B.1 (ROERE, SEER) (1) X Z20MHZEM, ac X, UC X 5%, U D a DIFE
(a neighborhood of a) TH % L3, X DFAEE V T, a €V C U 27§ b DI
ET2Z L2V, UDBHEETHIEAE. U 3 a DRMEETH S L),

(2) X 22/, o€ X T2 L E, o DAFEEOESEZ a DIEER (the complete
system of neighborhoods for a) & M55,

/

R B.2 (BBAEREDAE) HTh, HAEAIIHLTH, ZOEHEVPEREI NS,
X Bz, ACcX, UcCX £5%, U A DEFE (neighborhood) TH 3 ElF, X D
BEAV T ACV CU 2300 FET LI ERZ V), B

— D T, 1ZAS L T, TelifE W) SEIRZIA>TVRIANL WL ERRT S, «
D et L3, a Z2HiD & T 5EE e DFAME D(a;e) TH B,

Bl B.3 (ciEEIFAEFETHD) acC,e>0 L T2LE, aDeilith U := D(a;e) 1F a DHL
HFChHhb, EE.V=U tBE, VIZFFEAT, acVCU. WZIZU IF a DEEEHET
Hb, m
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Bl B4 acC,UCCDEE, U aDEHETHDDITIE,
(Fe >0) D(ase) CcU

THHIEPREFDITH S, (BENZSVELIZZSD, o lZHmEvuRiEbnizl&A
TWLARDWEHETH 5, ) TOFEMEZ AT, MEGOEREZBOHTALL VW ERE S, HES
X, ZNUCBET AT EDNOIHETH S, =

M1 ZoZlZzZitHek,

M 7T0BE UPaedilitit 5L, H5HEAV PFEL T, acV CU. HHEGDER
5, (Fe>0) D(a;e) C V. ®ZIT D(a;e) C U.

WHZ, (e > 0) D(a;e) CU DRDIZDETBHLEE, Vi=D(a;e) EBL L, V IIHHES
T, aeV CUDKDIZD, o

4 N
EE B.5 (HZEMED 1 ROEREFER) X 2HEM, ce X 5, X OMWTHES

U D, a DEAREFERE . RO2EEDVBRDIHOIEEZF I,

() U DILEDIE U 13 o DIEETH 2 (U 1 o 2atd BEGEED),

\(@(Wévua®ﬁﬁuﬂuoncv. )

HARN 2L, TERDIMITEETH 205, FEA. RIIOMIR, BIBOMER - it &
DHEITIE, HEAREHERZ T H UL+ ThH % (Riemann BRADOHEDEE 3.6 2 H X)),

5l B.6 (HDdRZHDETIIRDIEIF. ZODRDEXREFER) ac CLTBLEE, {D(a;e)}em0
¥ a DIARTHERIZES, =

M 2. ZOZEZIHY L, (ETasfil CbhsoT, HHEICFD, )

b, 60 UMHBRE > TS (FHEARVPEAZSNTV2) BEDEETH 503,
FAHDPE L > TV ARVEASICN LT, EROIEREFR ELINSELAKEZE5 25 2 LT
ZED 5 T EBHK S (Riemann BRI MHDOMRED F S ITZNTH > 7).

ZDODHMEL 15 5 DVBRDETH %,

fmﬁB7 BEH X OFF 2 1T LT, X OFfrEE A#%&%%Q%B@wﬁﬁigmf\
WT, ROFGMZW-TEE, X OB —BNICHEEL T, Z1UT20»T, Bz) i o
DHAEFR L7 5,

FERD ze X LT,

(i) Bx) #0.
(ii) (YVi, Va € B(z)) (3U € B(z)) U C Vi N Va.

iii) 0 ¢ B(x).
k() ¢ B(z)
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(R, (i) FVV eB@)zecV ETRED??)

3. Zollzilek, (THOFM: FEAZEIERTNUIRVY, TEWOLT
HbH), Z2DLE, M (FEAR) ORMDED 2D Z LIFHRICHEZRTE 5, ZOHES
R GafFZER L2 L E, B(r) V2 DEREHERICE>TWE I LE2HERT 5, —&
PEIZ )

fS 8 DERE (1)

B0 DREE (W)

C HAAXE: &EER, 71415 —

2R X & Z DU o 3D 5 & ZE, a D% (the complete system of neighborhoods,
the neighborhood filter) &1, a DIEHFREDELTH S, TITE U(a) EFEL T LITT 5,

HLE51 B(a) 23 a DEEAREER (a neighborhood basis for a, a filter base of the neighborhood
filter) &1k, RDZODEM: (i), (i) 2T & EERT %,

(i) B(a) C U(a).
(ii) (VU € U(a)) (3V € B(a)) V CU.

B(a) 28 a DEARELRTHIUL, a DIFEFHERIZ, Bla) DEFEZEL L) hEEGORKT
b5
Ua) ={U | (FV € B(a)) V CU C X}.

PREEZE (X d) I2B VT,
B(a) = {B(a;1/n) | n € N}
THEES Bla) 13 a DIEAEHFRTH S, (Bla;r) = {z € X | d(z,a) <r}.)
PIEFES (X <) DI EEDGE F BN7 4 V7 —Th 5 Lk
(a) F # 0.
(b) (Vo,y € F) Bz € F)z<z Az<y.
(c) (VxeF) WweX)x<y=vyeF.

74NT =D E LT, %R X, 0 € X I LT, a DIEFHR Ua) b s, FHEE
(a) U(a) FEFES 2%, C) DEAEADHETHD, X cU(a) THE2 5, Ua) # 0. (b)
UVeUa) LT2LE W:=UNV ET2E, Wecld(a), WCU, WcCV. (c)UcUla),
VX, UCV &6IXV el(a).
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D REAY—FOD Cauchy DIES EE

TEEEIEL G/ — b oA THEEE % {5 72 Cauchy O ER, BAARK. HEGEH,
6: < — \\/\\ ‘d— E) %io

D.1 FH#ROEEGEHE ZDHE

£ TPHIAR SIS HERE TH 5 (MR ZIE L 2 \») B DERZHNT 5.,
a€C & aZBoew CHOBMME C: 2=p(t) (tel =|a,p]) B2 ET S, (CDa
ZEORWVEWV)IDIE, ag C* ={pt)|tel} )T LTHS, )

r(t) =) —al (te€l)
EBLE, r X 0120 RWEEREETH B,
(40) o(t) —a= T(t)ew(t) (tel)

Ze i 72 EREREEL 0: T — R DSFEET 2 (REFHEfR ),
PHHAR CH 2 2 £ 225 ¢(a) = o(B). 2D 6 r(a) =r(B) 2> 0(a) = 6(B) (mod 27). W

> )

ZAZ

0() — 6(e)
2m
FEEETH B, n(C,a) & a IZBHT 2l C OEIEEE (winding number) ¥ 72 [3$E# (index)
é: H%ZVS;O
AR (FR8) 2R Tl I3 ST, n(hifd, &) (X Ahlfors TSN TV 3
DTH5 (LD DHATHERVANIHE>TEL),
CHBCHfkZeoiXr0 b CFikTHH, C BT C e o1 r,0 XN C #HTh 5,

(41) n(C,a) =

A D.1 Wik C XM O fkTh 2 L E, n(C,a) IFEITRIND:

2mi z—a

(42) n(C,a) = —— /C dz

SEBR (IR TiE, C 2 C #oBGEDIEHZE P, Ko C koSG DiEH S < A
FT—=FzvITHL, £ H DA )
z=7r(t)e?®D XD dz=1r'(t)e?D +i0' (t)r(t)e?Ddt T

1 1 B . i0(t) s/ i0(t) 1 B /
1 dz / ' (t)e" ™ 00 (t)r(t)r gt — _/ (r (t) +i9’(t)) @

omi Joz—a  2mi r(t)e?® 211 r(t)
= o (a2 + i 02 = "2 o)

Z 2 B2 X C ISR > T, ZOEITFRR (42) ZHEEBOERE L TH LT F A
]\ %)%711)0
(40), (41) 25, EBYITIE,
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BI85 1(C,a) i C B o DEbDEAE (REEED I2) B35 ERLTWS,

Y TTNERIETCIRERE KT 3 2 LNEr D NG, (BEHIZ IR R D ?)

a N
i D.2 (FHROBEHOEFNZMEE) (1) n(C,a) e Z

(2) C:z=a+re? (0 €0,2n]) DEEn(C,a) = 1.

)
(3) n(=C,a) = —n(C, ).
(4) C*C D, ag D k%5 RIGHEE D BAHET 575513, n(C,a) = 0.
(5) T3EL D a ITHLT n(C,a) =0. ThbLLLEEDOHEKE C I LT, 3R e R)

(Va € C: |a| > R) n(C,a) =0

6) beC\{0}, ceC EFTBEE, p(2)=bztc £BL E. n(p(0),¢(a)) =n(C,a).
\(7) n(C,a) 1& C\ C* DEMSER S L CEHTH 5., )
SRR

(1) &b RS OB AR L Th 2.,

(2) BLAISNFEETH 2, dz = ire®d) THB5,

1 2T . 10 1 21
n(C,a) = / (Ldez— o = 1.
0

2mi a+re?) —a 27 J,

(3) Wil E ORISR O BT I —1 512k 5,

(4) ag D THLHH, D>z % € C 3iEAITH %, D i%ﬂ%ﬁf@m;) h. ClE DN
DX C BRI CH 20> 6 . BIFHIICN T 2 Cauchy ORI ERIC L > T

1 1
n(C,a) = /  _ 1 -y
C

2m zZ—a 271

(5) C* 13 C DHAMEATH 216, THREVIEH R 25 L, C* C D(O;R). D =
D(O;R) £ E, fEED a € C\ D IZALT, n(C,a) = 0. FIZ |a| > R B 1F
n(C,a) = 0.

6) f:C\C* =R % f(a) :=n(C,a) TEDS L., @I THS, BEEMEL PSRV EH
5, C\ C* DT TERTHS, =

Bl D3 ceC,r>0,C:z=c+re? (0 €0,2r]) LT5LE,

_J 1 (aeD(cR))
n(Ca) = { 0 (a¢C\D(cR)).

tax AN B8, I C\ CF DAWRERS L CERE D> T0 3 LR TH S, m

111



-
EE D4 (VITREOY—RME) Q 2 C OFA%A. Q 2 D NOX oM Ot HREAH &

ER-E
(Va & Q) n(C,a)=0

DD EE, CIEFQNT (IZBELT) 0 IREAY—RIE (homologous to zero) & %
Wid C i QWNTREA—J0 L), )

n(C,a) 0 DR VEDZ % TCEaDFEbLYZMEZ L) EIZTDHE,
CHDNTOILEERY—[fELIZ. C D DHESDEDODEDLY ZHSH NI &,

HH VI
CHBDWHNTOICHFERY —[fELIZ. TC DEH>TWBEIFNT D ICET 3
EEZ D,
L T5E n(Ca)A0WBRDOZER TCRazME, EbF 0 hzh, T,
EVI) BEIILZBGICERLEVANRRIZITH DL (BOEED.10 R X),

~ B
T D.5 (LRT) Fray, 1), ¥4 2 ILOEEL)

(1) C HOHBMHD XS O BHEROIERR C = Cy + -+ C, % C WD 1 RIEF A
LS,

(2) C NOHREDX 3 C kAt C = C, + -+ C, 2 C HD 1 XooY
ATIES, ZOBRC =Cru---UC ITEI B\ ae C T LT,

n(C,a) = Z n(Cj,a)

j=1

Z o BT 2 C OEEEH (%) MRS, )

ALFZZ2DH2ETVRRVLIZRSEBVEVBTRVDEN (SDEELE, 200F =4 v
DELOLDREI DL FE EHICERTETLARY), Ahlfors 23] THFVIRZHOTY R >TH
2L, BHELALEF O THIERZHATOLHICT S,

Abhlfors 3HFE P E—Z2—UffibR T, METE2EZ 5 & &, MBI Ct ke

REL T3 X7,

C=0C1+(-C) DBIZ C; eDh, ZNED C~0 RDEDE, 1R ED, HEALIE
ZBDD??

ZIHNATIRIC K 2012 RILEE 2 DD 5,

D.2 HREOY—FD Cauchy DESDEE

RDEBIZ, Ahlfors [23] 1213, Artin % Beardon (Z X 25EHD#E > T 5, RIEDHEHT
(&, BURIZEIMY % Dixon [24] (1971) DEEHADY “HERIY” D X 9 REFEMKIEL S5 7z, M
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FHTH, 1979 FFOEM (18] KR INTw3, LirL, 20X DRBRICEINLEZH [19] T
l%. Beardon DR IN TS (E72A95 ?), ENZ2EHT 20 13K OMEL D
b Lk,

‘i’\@%@ﬁ FLIFLIEFA SN2,

?ﬁmﬁDGQ%C@Eﬁﬁm\ f: Q= CIFERIZHLT, g: OxQ—=C % h
o= { B G20
f'(2) (z=¢)
TEDD EE, RD (1), (2), (3) BHD LD,
(1) V2, € QI LT g(2,¢) = g(¢, 2).
(2) V¢ e QITRLT, Q320 g(2,¢) € C IZIEHITH 3,
(3) g 13 Qx Q CHFETH 3,
(K%, g 13 QxQ TEATH S, ) )

SFBA
(1) EEROWD WS 1 TH 5,
(2) Q\ {¢} TIEHITH h, ¢ THEFETH 205, ¢ THLHHWETSH 2,

(3) g DIRAMESDHIEA THIE TH 5 2 LIFHO D TH 5, (20, 20) TOMEFGEN:Z fED 0
5, TN r>0%2H5LE, D(zo;r) CQ 2, € D(20;7) IZH LT

_ 1 J) o ey b fw)
f(0) = - /|w ) )= /|w )

270 Jip—sol=p W — C 270 Sy s |y W — 2

THEPE, 2£(CDLEE

2=(DEZE

dw.

9.0 = F'2) = o /w n

IND5 (2,0) = (20,20) D& E,

1 f(w) _
9(z,¢) = 9 /Iw—zo| sdw = f'(20)

THHIEDR TS, =

|

HREIFAD AL TH M o 7 (EEAEDORIIBGEL 57137203, #lloTw 3 2 Lickoift»d, GEH
IZh ko EFH LB OIEDH B),

i
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I—h, B2 EIFVELDTDDH B L) %, NAESDOMHEEGTIEAITH 5 2 LI1FH S %
(B, 2ZBBBIZ S, IEHIE W) DZPEZ TR DD78), Vzp € QIS LT r = ienan|z—zo|
EBC L,

1 f(w) w ( -
00 =55 | o™ (¢ D)

TIN5 g B OxQTIEHITH S, T LTh, Hif [18] DAEIHIZTEEETH 5,

4 . N
EE D.7 (REOY—FD Cauchy DFEFEE, Cauchy DEFAR) Q 1 C DHIE
AL CEQHDIRITTYA 7L TQNTOIRFERY —[H (e, a g Q= n(C;a) =0).
[ Q= CRIEHIET 2L E, XD (1), (2) DD 32D,

(1)

/f(z) dz=0.
c
(2) FEED ac Q\C* ITXHL T,

n(C,a)f(a) i/c /) dz.

271 zZ—a

N J

fFRR ¢ OxQ—-C =%
fQ) —f(2)
0:.0 { § #9

(—=z
(2) (z=¢)

TEDD, EED (e QITHLT, Q32— g(2,() € CIZIEHIBIETH D, ¢ 13 O x Q Tl
WMTh 5,
E:={acC\C"|n(C,a) =0}

LB L EBHEATH Y (HEEDT DA 5).,
(FReR) {z€C||z| >R} CE.

TEHORELD Q“Cc EThrhr6, C=QUE.
2EQNE ET5E, 2€C* n(C,2)=0THsH05,

B (S e 1 YO (S NN o (5]
ot ac= [ HE=HEq 2mi-n(C.2f() = [ Hlag

cC—z cC—2
w21

LM%O%’&E@
h(z) := )

/f(C d¢ (2 €F)
cC—2

LECE (BADTTERL THABFELCERTET). h 13 CRKTENTH2, 2L T

lim h(z) =0

|z]—o0
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LD D, FEBR.

muMSnmﬂﬂomMﬂfégzj«++o<vw+m»

(eCr ¢eCc*

Liouville DE L D h IZEE T, FEiF 0 ITZL v,
ZzeQ\C* LT5B L,

0=h() = [ a0 de = Cg@gx—f@»2mmcw>
iql))
(€21 = 5 [
’ 21 Jo C— 2z

UL (2) BIRDEDZ L Z2ERT S (2 2 a, ( & 2z EEZERITRWV),
a€eQ\C* £3%, fORDOYDIZ 2z (z—a)f(z) ITOVWTRIRLAZ EZET 5 L

(98

(€A (- a) = o [T ag enven

z:a%ﬁ)\L’C/f(g)dC:O %15, =
C

D.3 HHNLGEEOREAY—RAEY

ZDHEDOWNEIX, AEMIC Ahlfors [23] 225 DIREFEETH 2,

HOPLWLTF AT, T L) FERLHEICH>T S8 25idlL Tw5, 2
CCIEREEDOETEZMWT THE, L) BEZEAEICERL T HWHRINAREHDOY 7 4 —
K%Y,

FE [19) Cld, TH-—HEfS ) LW IBESZEERHCGEA L Gaim L T b, J USRI
LIRETH 2 2 EAHIHT 5,

( MERDOHIMFRICDOWT, 0 ICAEFE—[FAfE = 0 IchERY —[Ffl, TH S5, Hiul
fiZe o I H-E#iETh 5, LAV C 230 IchERY —FETH->TH, 0ITKE
E—[FfETd 2 L IFRE L, 72006 B L 6 ITHEREZE D Lo L v ) Dk, 213
EHHTIZ R VDI TH 5, £ [19] Tld, BE—EREFIEIC OV T Riemann OGEER 2 Gk
HT 52T, ZNDHETETH S 2 ERFEHAL T, RZBERID ORISR H 5, )

4 M
E& D.8 (il [19) DEMB) D 2 CHOMHEE T %, D PE—EETHL LI1E, DN
DIEBDOX S CF BEAER ¢ 2 D NC o lkchEuy—[Hiichs 2L, T4bb

ag¢D = n(Ca)=0

BN IIOZ LRV,
\_
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% D.9 D % C NOH-—iifE24H %, f: D — CIZIFEAl, ¢ %2 D NOXH C #EAih

ET B EE,
/fuwk:
C

SEBH D 2H—HifETH D06 DW@E"E@C%&F%HM%@B%C 3. DHTOICHE
oY —[EETH S5, @ZIEM D.7 I

/f@ﬂk=

C

4 N
EE D.10 (T 7 ILH%EIEZEE, Ahlfors[23] §5.1 E&4) D # C O, C % C
DIRTLIAINVET S, CH D z2zBE LI,

1 (a€ D)

(Va € C\ C7) n(C,a):{O (a € D\ C*)

DR IIOZ LRV,
J
D2F0D,. CHBD EHELER, DOEOENIZ1INZTFEDLY, DIZEEFNZVEDOEAD X
FboWVnIEEEI,

4 B - )
EIE D.11 C D 1RITY A 7V C ¥k D #B A, f 23 DUC* OEFHTIERZ 61X

JECLS
C
THH, fTED 2 € D ITHL T,
1 f(©)
1) = 5 [ £5
D WIZH IR RS 2T f 25 DuC* TIEAIZ 513,

27rz/f dz-ZResfa].

\_ J
SEER  f 2SIEHIZ, DUC OBHEEZ Q £ 93 (DUC* C Q TH5H I EICHEE), a €0
(a€eQ) BolXac(DUC) =D N(C*)=D\NC* TH5D6 n(C,a)=0. ®2IT C I
QToIcHhERY —[MfHTH 5, WAITEH D.7I2X->T,

/Cf(z) dz=0, (MaeQ\C*) n(C,a)f(a)= f()

2mi Cz—a

BELD, 2e D %51En(C,2)=1THE25,
1
16 =5 [ L dcm

21 Jo ( — 2
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ER D12 fEE D ZPHEY A 7L C DR O 1&, D DA HZRRERIY 2R
D ={2€C| (Ve >0)D(z;e)ND#G A D(z;¢)N(C\ D) # 0}
Z2EOM, MFIELS W (DS C* BHD I %), =

Bl D.13 8 OFHFLIZFERAZPHE RV, =

13T7% ? Green DEHD X 912, FHIE D OERIERFED X731 C1 HEAMR <. &Kl
DT HADETFIZ D BRAIZBEHIChk>T0wAREE, 0D 13 D #HEr 2 LE25EHHTE 2D
72AHID?

MA LIEXREERS- L) TREGHIZIRMTH DL LI DIE, 290 EWRED)
dh?

E BEEERERORFHMT

i (18] D §3.5 ICH B,
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/
EE E.1 D2 CHNOfEEE T 3,

(i) D NOEEOPAIRESY 1 sUCHERNICEETE %,
(— D HUEF D EFITE N, )
(i) D NOEEDEAME v 12, D AT O IchERY —[Ffl, 5V 2 L Veg DX
LTn(y;e) =0 (7 1Z c DD 2[5 Zw).
(B3 [19] Tld. ZOFMIMY oL & TH-—Hifh ) LIEAR, )
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