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o (Vz) P(z) = Q(X) Z (Va: P(z)) Q(z) &7,
FIZIX (Vo) z>0=>20+2>2%2 Vo a>0)2+2>2% V>0 z+1>2¢
KT,

e (3z) P(x) AQ(X) % (3x: P(x)) Qx) &&KT,
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DLOLRNA Y FRELELBDOES (R OREGHE, SR EVEL, b
WV, PO ESICH D). BOICEVA ¥ FaEHO TR AP SRNES S h b,
HTIRB B IFERR,

il

BTzl

HRZLHOERRIEO B 2 EREA. Moy nlRERE KBz IERIBER & M3, IERIBEEK
DI (R OMIE D OFlEw) TH 5 EABEEGED Z DOMfERD T —<TH 2,

0.1 BEEDRLA
(#DELICAR DD, ZOHBBIMHR 1] 2HREIIREL TS5, )

BEROKENE EIRBEEY 720, 3FE L R2EEOX A buvicid, TBEEGE (WEGH) ). TR
RRNT) DB OO bDDVZ W, il TR AM 11 S| H#gihiam o X511, #
MEDAFIFBICEERTVWE I b D 5,

Bz TR () #ém ¢85 v, HEBROHEREZIET I EIWCHERELE S,

BARRRADEME, 8k H (p. 302) Z R X,

0.2 NZF2a—rETF - CORBEOBMIXAD ?
Cauchy QAL TIN5, ERIBIEICOWTORI (EH)
o) = L f@dg(ﬁﬁﬁﬂ%%ié)

271 C C —
EZDHR, BIZIE c DEFETIERIZBEE f 23

—Ooa z—c)", a _f(”)(c)_i MO
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N J
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0.3 EBRHY - EXBEHEHEOESE

0.3.1 Cardano

JEEL (EBTRWEZRE) 2R FHIDTES LDid2 XA TR <. 32Xk
RL T o7, Cardano (¥ =B ZE « HILX—/ Gerolamo Cardano, 1501 3 7 /I %
N, 1576 4Fu —<TET %) 13, FF Ars magna de Rebus Algebraicis (1545)7 (Z D& A b
ME MEKRZ2E ] DXIWCREINZZenH b)) OFT, 3RGER, 4 RGEXOME (@
DARIN) ZR LTz,

3XFFER 22 + pr 4+ ¢ = 01X LTS,

sl q @ sl q @  p
1 S 8 L _ /i e
(1) v \/2+\/4+27+\/2 Vi a7
DREY 1729,

FiE, 3XHERCHHHK IR 200D 5, TOHEIX

A= — (27¢° + 4p*) = —108 {(g)z + (gﬂ (108 = 22 - 3%).

hzHwse, (1) FROES5F=2HZLNS:

v = i’/—%Jr\/%ﬁL\d/—%—\/%.
A HRHIRKOZICSED L, RDZ & T,
o A>0 & HELR S 3FEREFD,
e A=0«& HIRZFBE, POITXRTORIIEHTDH 5,
e A< 12DFERY, EVICHELZZERZ RO,
(ZOHEFEAKRZ, METZHWTAEZICHEHAT 2 Z 31k, M3 2R X, )

A<0DLER, (/-5 BIFAEDOEHTHZ, WRIZ, (1) D 2 132 ODFEMD 3 FRD

MTH206, EHTDH2, $2bb, (1) 3FEHEMEZE5R2%, FIC A<D Zid, Zh
DME—DREIETH %

MEIZ. A >0 (e ¢?/4+p*/27T<0) DHFETH D, EFRB3TTERX 22 +pr+¢=070
R 5 3 FERZEOHEE. Cardano DA (1) WWEBDPBHNTLE 5,

ZoYER, IEITOYE ] (Casus irreducibilis) & RS,

Cardano @ Ars Magna 121, A > 0 &R 2HNIHE > TRV, £S5 W5 RENH L Z &

X (MR Ao TwizeBbid, Cardano &, B8R TELTI10, 2T 40182 =20
Bix?) twSHEHL, 5+V/-15 LB ZIERLTWVWSDIE (LD PDF 7 7 4 LD 67 R—
YH), ZOZ 2R LTWS b s,
DBV FRIEZAH, TV LA TR BEAACEER L) EEX. LWSEHNd 5, FHE
FRDITE, ERD LS BENATE, KNSR TTE R ST BBl b a2 ED 2 DEND %
Dl ZifEbhd (Fbi/z?), ThEE X2 LT, BREEGHOERE Cauchy DS ARETRY
DA TIIRIIPGRNCED, X2 TERDOLDIESNTEZHTHEET 2 L5, tWVWIZeE2EoTW0abHIY
THs,

"http://www.filosofia.unimi.it/cardano/testi/operaomnia/vol_4_s_4.pdf

8az3 +br’ +cx+d =0 (a #0) BEASNI Z, fHHLALIET ¢* +py +¢=0 OO HFERICRET
% Z)o ﬁ:ﬁ 2 %Ecko

93 XIEAL (BEEZAD THR 2 )3 20 (1)) 8o, 1 ORFII, &IZ 2201, 2 XTEAZMRE
FIERES, EE 262X TRITORBHHETH 2, M6 2R
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5+ P B m. 1§.
s 3. &o n\. i SI

2§. m.m. 1§, quad. eft 4¢.

1: LT 10, 2213 T 40 725 2803 54 /15 (Ars Magna 22 5)

SXABERDIEEDHAEDN R TH 20 VWO FmBH 2 TN, ZRUEBVWTEL (9
Py AFFE I AR, 3R BEICE T 28I RN AZER (HhR) L
DA Cardano TH 2 Z L IIEITH 5,

=T T(ERRE D)2 KGEIT, R EDGER. FRDEH TIEMRIIIEE LRV,
EEZBEANT 2 . BBOEHMTIIMEBHFET 51 LHiHEh L, ZRHKEZE-Z<IELW
D, ZNRITIEHOIOIREE VI bD2E Z 2B 70 DI W (BEIRR A THRITIE
RV DTRROD? 205 YROFEMICEZ 2 0END ), REFE 3 KAGERXDFEL R %
Blne & BORKO—FTTRBOBENS (N zllT 5 2 L IdHRERV) WS HEED
FMIEMTRNEZTERY, EEZ D,

Bl 1. BLT 10, 22T 40 &5 28 %K & (Cardano DFIFE),

MURD 5 >OREX, 3XGERICET 20T, HEEROSHZOEEIZOWTOMNE
MDD F D E L W (B2 T AURAE < BB R W),

(FFT2RDFEBE0ICT2DIEHATH 2 Z L 23T 5, )
R 2.

(1) f(x) X 3RZBHERX, o FEBRE T2, XA 2T ENRA B,C,D % f & aTERDE,

fz)=A(x —a)’ + B(x —a)* + C(xr —a) + D.

(2) AN 3RZHKX 2+ ar? +br+c WML T, y=2—a WS EHEHT
P tart+br+e=y  +py+q (2ROHEDLWV)
EWVSTBIZEET 5121 a ¥ 9E N XV (Cardano Ei),
(FRZEZ p. 220)

((p/3)% + (q/2)* DFFSTRROHRIDHKS Z & 2R T 51 )
3. p g 2ERET 2%, RO L ERY,
N . . e p\3 q\?2
(1) 3XAFER 27 + pr + g = 0 BHER 3 3EREHO=DHITIE (g) + (5) <0 HBNE
+4TH 5B,

3 2
(m3%%@ﬁx%ﬁﬁﬂzOﬁ3%ﬁ%%Ok@K@\@)+(9 <0 PREHTH 2,

OR8] 6 (2) DIAMEIEREE TR %,
VA =-3-22[(p/3)> + (¢/2)?] & 2°+pz+q OHHIXTH 2,
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cﬂ3m§ﬁﬁx-Hm+q—o#kﬁ#owim%ﬁo0@@2mm@ﬁfﬁé)k®mm\
(g) +(g) >0 PRETHTH 5,

Bl 4. XB+Y3+ 28 -3XYZ=(X+Y+2)(X?+Y2+22-YZ—-7ZX - XY)=(X+Y +
-4+¢$t

)X +wY +0?2) (X +w?Y +wZ) pEFEXTHZ 2 2mtE, XL w:i= 5

T3,
RS9 5. p,qZ’Pé’é;&“C( ) +(2) S0 RWEETEE. P hprtq=0 OFERERD X,

(& z \/———l—\/ \/——— = =) — ZADINIIX Cardano DE

ERTHPEERDLES
EVh 3 v, 0,8 r=a+8 ZfHITE X

&auﬁ:_qﬁx>a5:_§ = PH4prtq=0 ($HD5 I3

MDD, o+ 3= —q, 3% = — <§>3 i3 o, f BT,

Fﬂe()ﬁ5f%muﬂ@2o®#@%ﬁ®;
(2)p & g D—BROBERBOHZEI. 22 +p2+q¢=0 DITXRTORERD K,

0.3.2 Bombelli

Bombelli (7 7 7 TV« RNV | Rafael Bombelli, 1526 4£ A % 1) 7 @ Bologna 12 T4 F 41,
157244 XY 7@ Rome I2TRT %) I3FH Algebra (1572 4F) OHFT 3G BEADOTETTD
BB L%,
23 = 152 + 4
YW AR (ZHUEERER H1E, RBEEEAWT 2 =4, -2+ /3 2f#lF %) 12 Cardano
DRRNEHEHT 2 L.

T = {’/2—1—\/—121—1—6/2—\/—121

PEHN 20, EEICET 2R EEAZEALL BT, Thn 4 1IZF LW, il ",
D%, ZLDOADPBEEE VT ICNEITD 3XGERZMET 5 L8 Ln, b it
T HLERTAAMRETH 2 2 & X TAtA S N7,
(mwmp1ﬁ WEHZETHE L TAT, Bombelli ZOWTIRERESTTH B KU, i
DMz Uiy & 5D LIARZBEDND %, Wikipedia I K % &, Klein [3], Smith [4] 251
77 I/‘/XGZ@ZPO’CL\%)O Algebra ® PDF 7 7 A A\DVY 7 b H 5, )

RyEBNTHBZH200E, ZOEEDOIIG T, B 3 FRIIMEI —EICHEELRVDT, 41ZFLL
LWIET B 2 i3k,

12



0.3.3 de Moivre

de Moivre (7 77 —24 + K « €7 7/, Abraham de Moivre, 1667 &£ 7 Z > 2D Citry-le-
Francois {4 F 4, 1754 FH[E D London 1T T %) 1&. 1730 4FIC

—1 —1 -2 —
cosnr = cos" r — Msirﬁxcos”_%c + n(n=1(n—2)(n = 3) sinfzcos" Mt — -+
1-2 1-2-3-4
—1 -2
sinnz = nsinzcos™ 'z — n{n 7 2)(7; ) sin® xcos" B+ -

EWVWHIRAEE R, ZHUIVWDWSE R < EFTILORR (de Moivre DA
(2) cosnb + isinnf = (cosf + isin )"

52281258, BREERW2 EHBLNIELR2E L REHTDH 5,

0.3.4 Euler

Euler 2§, Euler 2§, % Z 2o 300721 e 5Nz Euler (LA YL - F
A 2 —, Leonhard Euler, 1707 £ 2 4 A®D Basel I F 4., 1783 EHRER S 7 DY 7 b RT
VTN ZIZTET 5) 1E. Euler DRAR L FIIN S
e = cosf +isind

EWVWOFHLBERA TR AL, MERUTTER L,

FER B R R (BRER OB IR TUL, AR BERED 2 Z 030D %,
e =cos —isinh LB LIETSANBEDT

et 1 oif 0 _ it

cos = ——— sinf = :
2 21

BERIEREIRNC O W THREQERIZ A % &, de Moivre AR H LR E K 5,
BENBEIRIC OV TEFRF DD - 7205, Euler IS TH 2 Z 2R L (ZHIZD
WIS [5) 2 R &),
Euler I3FEMBEEBICOWTHBABEELRFEREZ LTV,

0.3.5 Gauss

Gauss (#'7 &, Johann Carl Friedrich Gauss, 1777 %4 A 30 H — 185542 H 23 H, BL K A
Y @ Brunswick I F 4, FHF A4 YD Gottingen IZTHET %) 13BZ O ROFHBEFEET
HA 5,

Gauss ETSH . RBFEDEXRTFEIBIZKD OV AIFW X 5725315, Gauss 132 DEEMNZ
aoak UCy ATETH A LA Z R U7, BRANCEERZ FER L ST, F2ERB T RAE
2R TR oD, X1 U LEDEREOERKZENAX, 1 RE 21T 2 ROKBIT o FE
N2 DEIBNER07Z5TH 5, (REFOEAEHIZ, BFATE PRI EOoEER

Bafe iz d AvF Y LARWEET, UL 2d LOLERA, FEIFEHR (2) 2D DX, de Moivre D
BV DIEH - TVRY, DL T,

14 jesez Euler, Liesez Euler, c’est notre maitre & tous. Laplace 23T o 72 SN2 HHREE, TGRS
5. “Read Euler, read Euler, he is the master of us all” 72 % & 2

BEIZIE 77 Y ZANEREEEOFEAREHD Z ¥ % d’Alembert DEHE F5Z25THh 5, 72 Gauss DAEA

FEROEMETIFIA » ZFED S v e b, Gauss DANDHEZNFEFHL TWiz e, ZOFDiED 0L H S
AT,
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DERFHZIHERNIZ, P b —DODEFHOREFD (FiF. BEHEZADT, broY
n HOBEBBOREFFD, %)) eFEPNLD, HIEREEDRVE, TZEFTHRTE
20 )o

DR TIE. RBFEOEAEM D, EREAEGRZ WG ZET 5 (BAEGH D E# X
:—:1*—“6%5%

Gauss . ZEEE LTHRR LR o720, EHIEBRED DEFRSC. Cauchy OFEDEH, EAI
BAR D FEEEHAIREE R 2 R LFEF L TV T (FAK 6] @ TEEGaiE) (€D WWW
T A MER) 2R X)), 205 % 7MCTER LT & 25T (FSFBIEL, 8 Talgk, MeEErs
RO ERRY) 21778 57,

(Gauss OEHBIEGHICDOWTIX, FH [7] 25FE LV, )

FERTFMEIZ. Gauss FEE bMIIN 5, Gauss HHDFERK (1811 FFH) K D B SEiZ Wessel
(V' = v, Caspar Wessel, 1797 4F), Argand (7 /L4 >, Jean-Robert Argand, 1806 %) 23
HEELTWLEWVWIDBRIALNATVS, (FFEDHFTIX, the Argand plane, an Argand
diagram EWI DIFRE 27 —TH 3, )

Gauss lZBERICHBWTH, Gauss DL (a+ bi (a,b € Z) DIEOBDOZ L) ZEAL Tz,

0.3.6 Cauchy

Cauchy (27— —, Augustin Louis Cauchy, 178948 H 21 H — 185745 H23 H, 75 > X
D Paris IZAEF A, Sceaux I2TET 2) 13 ERIFESD OER. Cauchy DFEFEIEE. Cauchy
DFES L. Cauchy-Riemann DR ¥, ZOERTHEIEERI L DEZL BZHE LT,

Cauchy [ FERD DM—HRETRIEZER T 2 8BET, ZhLDfRICERELLE VWS 2

5 LW, Cauchy ZEBICE 5 WS ML EB VL2 OWTIE, M4 - B 8] 28814 3,

0.3.7 Abel, Jacobi

Abel (7 —~L, Niels Henrik Abel, 180248 A5 H —~ 18294E4 A6 H, / L'¥ = —® Frindde
WWEEN, /LY 2 —O Froland I2THE T %) I3EMBOMETHHEH/ATHHH (ZD#HFKRT
HENHEFLR), ¥EMABEEERE Jacobi (v 2 ¥, Carl Gustav Jacob Jacobi, 1804 4 12 A 10
H - 185142 A 18 H, B F 4 Y @ Potsdam IZAEF 4, FA YD Berlin I THET 3) LHiHT
% XD LT, MEMBEBIIERBER Y LTERIT 2 2 ToHREE WO AREDHS
D78 %, FEMBIEGE & 2 i < RBESBERIE. 19 HidBFZEoEL B EbIhTV 5,

0.3.8 Weierstrass, Riemann

Weierstrass (VA4 L)L 2 + 7 X, Karl Theodor Wilhelm Weierstrass, 1815-1897, ¥l F 4
@ Ostenfelde 12 F 4, Berlin I2 T3 %) [ IFEMBEIEGH, FAEUC X 2 iz, REEIEK
DOHERR ETEEREEDD 5,

Riemann (V) —<~ >, Georg Friedrich Bernhard Riemann, 1826 49 H 17 H — 1866 4 7 A 20
H, 3 KA Y D Breselenz IZAEFA., £ XY 7D Selasca IZTET %) &, B2 KReEEr
B2 RKEFEETHY, BAEGED 7E TlX, Cauchy-Riemann D BRI E TTIC U 7= B GH D%
A 2H GRS, Riemann HOMER ORI ¥ O¥ERED D 5 (=il [5]) BBEZITR D), ZHLSHC
. Riemann BA[FZNEELRFEMTDH 5,

fEFRERGE, RBEIEBGERDFZEIC OV TR, HHlE 5 X 2/AK DEMEERZ  ([6]) »F
BTHHD (FHOEeTHI 777550, REIZE > TENEGHALZ T TETLDITLW
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rEBbhd, xRFHOBERPRMESIZ L 02 EBECKOEE (B2 [9) e PfFdT 2 2
EEED 5,

0.3.9 E=EFH¥

B BIREEGR 222 A CTEBZEDHIETY 7AREREICE 5720 2 OEEEEDF TRV
RO TV BT 20770, H28REEYEE L. RDEHITE> T\,

(a) ZNIEVFTEHIBRZZIIANS Z LIFHRZ W (HIEBUIMEFTIED 2208, BTHHL
T, HIBBE VB8 MED W0,

(b) BFHFIIZE S LTHBERBDPBET, MHFEE L L TRERBERZ I ANI %215
QAN

BEIZHRT 2 &, A (WHEHACHELLRVOT) ZOERES U & OEK - S HRZ
W, BEDEDICEVWTBLRETH B,

1 ERBOERCEOME

BRBOER. WAL BRI, FHR BER n iR LW R XU EX—-FREEE T 5,
(BHFEFROBFAIN A7) BEELH T 2H0E TRV Bbdh, Bk /NG
#o TWD =R [10] [FHBRE S Fid 2028 LRV,

1.1 B TE-l-C%zirhiER3
(—EESELROTRROBRELESICBVT, ZZoTBEHEZS, )

BRBUIERB S THD - 7213F (?) ROEITE, BRBFEOHABFIIEZbA L LER
BENTHSELEEWIIWV, TH, TR ENZEZILVLTALD,

i? = —1 72 28 (BEESL the imaginary unit) i Z8A L. a+bi (a & bIFELK) &F
28 % BEE (a complex number) ¥ W19,

a+0i WXHIZ a, 04+ bi WEHIZ bi, a+ 1 1EHIZ a4+i &EFELZ8ICT 5, 04+0i 10,0+ 14
Fi, 14001 eFEL kTR,

ZLT

(a+bi)+ (c+di) = (a+c)+ (b+ d)i,
(a+bi) - (c+di) = (ac — bd) + (ad + bc)i

THEEEED S,

DI EGERR XS0, i 22 T22HEA LTEHEL, BT 2 »ENEZS -1 T
BEZZ, LWIOIAL—LTHETZ RV (AUHERIMESLNS),

a+i0 % a 2ELL e, ERERDIR OV, TF—H) LTWwWbZrilksd, —DODHE
BERBRE LTRLZDDIRDT 20, HEBE LTELEDDIIZDT2DL, MHRIE
FCIZ7 5 DT, FETETHRW,

F5F22 RCC Aaitd, HOFGHEZER» IR L2 ITHR 5,

BZolh OXFEEZENERT, —K [10] ZFHAL L. BFN¥OZeHENTH o, —MEEDETIY
TEEBPMEDLNZ L FEEL L EZTVWE X7,
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DLEDERBEETOERETDH 205, D VWIIRT, ERLIEF VIV (FVTnT
b KB DEN),
FHAL LLERIZ. KHATERSZLIZT 5,

Rk 1.1 (BBBEUZRIES) BEHEAMBMHEEEO XTI i cFrN 205, Bk i &
FELWIHTIE ] eEFErNLD T 5, JIS (HATERR) Tld. #HRZIIACLTi H5
Wi j eELZLICESTWS (25 THD),

RRDRRTH DD, 07 I V7 SiED Mathematica Tld. BEENZ I THRIT, £
72 MATLAB T3 i, j OB ERHHMEZR L, i ® j 2EBHBE LTHWTER 2 EE
HDYTHGED 11 R 15 FBEHMAERT, =

BEBO2EEZ C eEL, C={a+bi|a,beR}

FRHTROVEBED Z & ZEH (an imaginary number) &R, DF D EB X, a + bi
(a,bER,b#0) EHFEITZHDZEWVWI,

a=00Dt %, PEM (a purely imaginary number) EFERZ & 235 517, Z DFEFRTIIA
R WD BEEIIMEDRN T L ITT 5o

BEBOERL 2, w, ( BREDXFETREIND I LDZ WV (CFE—X, FhiFVz—&E
FLL)o

z=zx+iy (z,y € R) TN LT 2,y ZZNELN 2 DEER (the real part), BEEHP (the imaginary
part) PR, Rez, Imz T&T:

r=Rez, y=Imz.
(BRI FAYXXFZHAWT, Rz, Sz B VWD, REEHEVMEONLRI KR oTETNEE, )

R 1.2 (R8P - BBERINXFEDEBIE) » OEI - BIE, FhPh o,y TRIBETH S
P, w DI - FEE, FhPhou, v TRLU, ¢ OFEH - B, 2hzh ¢ n TR

z=x+1y, w=u-+iv, (=E-+inm
Bl132=1-2i DL E, Rez=11Imz=-2 RDESZdbEI 3,
Re(1—-2i) =1, Im(l—2i)=—-2m

IEDHAITTIZ 0 = 0+ 04, /IEDH[ITIX 1 =1+ 0i TH %,
BRI, 0 TRWVEREOHTEIE SRS, 2 =0 +iy #0 (zv,y € R) I LT, GRIEI
B3 2) WtERD IS, w D 2z OWILL X

2w =1

Zii7zT eV I, w=u+iv (u,v eR) B, (z+iy)(u+iv) =11

rxu—yv =1
v+ yu =0
522, 0=0+0 IIMBEHTH D, 2OBEHTERN, WS 22 IiZk? (EAMCIZEEE PEL KL
%) a=022Db#0 DHETHBER LR, LT 20ED D20 (FEDOEROEF I OHRETIEZO X
ICHIHINT VWS L 57, EBRICIE (RILZRVWOT?) b Tuwink 572, MEHY WS SEIHD
NZGEE. b=0 DFEHADT (DFD a=0 DI NE720T) MEREHATNVE X5 TH S, iz
1 TELZRITHNDEEMHEIE TR THERTH 5,1 VWO EHTIE, 0 PMERTHZ 2 Z2REL TV 5,
ISR, (REF) 13, 2505 A Y X FOHABEMNHREE A DD L EDEED S KFETHZRL Ko
7ok 5T, (BR) 2505 2 dHoT, FLDFAEDPFEFBEOHELKDHAZTZTEHH L TNS I LIZTDWNT
. FABLET,

16



EWVWSHEN I XGEREFETH 2, ZDOHEROMIZ
z Y

$2+y2’ U__a:2+y2
THb, WRIT 2 DMIC w T—EANFEL T

w = —1
x2+y2 I2+y2

TH b,
7. 2OZeZ2EID K,

HTTE e TEL,

) 1 T — 1y
+ 0 YeR) = — = .

fER CXRI#RICR 2, C O Z & ZEREBE L TR,

BRE 2, B n LT, 2" EEREFIT &5 EF]T 5,
fl 8. i" (neZ) ZRd X,
M 9. (1+49)%° 2K X,

1.2 CDE»ALLEES
C ZERT D HFKNED 2 H 22, FAOBEDHIE Hamilton DHETH 2 (kDWW
DN O FIRHGR LB L . PAETH 5),

Hamilton &3 C DEHE R?2 = {(z,9) | 2,y € R} IZ2O2WVWTE, FRZ MLDESL LT
BECIEZERLTH 20 (ZhLANCH, ZA T —F5, NHE, /LR EEERLTH 50,
Z ZIWZHTZTRD XD ICRIERERT %,

(3) (a,b) - (c,d) = (ac — bd, ad + be).

f } ™
88 1.4 R2 13, Ik

(a,0) + (c,d) = (a+ ¢, b+ d)
. (3) TEFEIFREICL T, AJHA L2 %, IMEDHEATTIZ (0,0), RIEDHALITIE
(1,0) T, (z,y) # (0,0) DFIEICEAT 2H7C (2, y) " 1

-1 _ x -y
($7y) - <x2+y2’x2+y2>'
N J
AR A KD R DD Z e 2R T 57210, =

Yn BERBZSIE 2" En D 2 Off, 20 =1 (0° ZERLEVI L DB EH, BRI D an2" &Y, 2°
n=0

BPER : OB EZ 22 E1F, 2 =0 FTADT 0 =1 2T 200%M#), n VADEBOHEZ., 2 #0112
LT n= L
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B9 10. 2O Z & &R,

AR 1.5 (RO, IEFEDORIE) L WIENERSNLES K V. K (FIHRME, field) %
R eE. DURD (1)~(9) DD Z e 2 WS (MHEZDOWTHHHETH D, BLZRNT
FIEIZOWTHHREETH D EERIZ w72 F),

(1) (Va,b,ce K) (a+b)+c=a+(b+c)

(2) (0x e K) (Vae K) a+0x=0x+a=a

3) (Vae K) (3d' € K) a+d =d +a=0g

4) Va,beK) a+b=b+a

(5) (Va,b,c € K) (ab)e = a(be)

(6) (g € K) Vae K) alxk=1ga=a

(7) (Va € K\ {0x}) Ba" € K) aa"=d"a=1g

(8) (Va,b,c € K) (a+b)c=ac+bc, a(b+ c) = ab+ ac
(9) (Va,be K) ab=ba

((2) DD L &, 0k F—BINCEEZE DT T3, (3) D 0x lFZD 0 DIk
ZIT, ZTHIX 1 OWTHFEETH 2, C TRERINEDHNITE 0 1TEHD 0 THDhH., F
FEDOHNIT 1 (EFED 1 TH 53, )

AHBEROES Q, RBEROES R BAMATH 2, Q & RIFAMHYATH 5721 T
L NEFREONE (KTh b, 2IEFEETH D, HFBERMADINE - RIKLWILT 2) %
o, $7%4&bDb

(1) Va,be K) (a<bVb<a) (EE®D2ICIXLLBATHE)
(2) (Va,b € K) (a<bAb<a= a=D)

(3) (Va,b,c€ K) (a<bAb<c=a<c)

(4) (Va,b,c€ K) (a<b=a+c<b+c)

(5) (Va,be K) (0<aAn0<b=0< ab)

DD LD, —F. C BIEFRAETIER Y, =

SEFTR Do WBFEED 2D o TWizn, & [11] EICA -7, HBEH DA
RN 2 LoD EIZFATHLES EWVWHBE T, Hamilton 1T &2 ERDPENTIN
TWho — 322 2BEDOLET (v FT7 27 AAHE), FLERDOANZRDITSL
DRV (25 HIERDTHTD T ),

BEBEPERTE200, FALSNDORD HIZOWTHHEICHEMN L TE L,

VHAMFRDPREBICH > TWAFHFETH %, http://mathsoc. jp/publication/tushin/backnumber.
html
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TZRAVWTESR T2 > Twiud

(Z _ab> (a,b € R)

DEEL L TCERZERTIIEHHEKS, 1 & i ITHIET2DIE. #Fheh
I::<1 o)) _ (0 —1)
0 1 1 0
CHD T TP = T HIRD o, F7 e 1S B O3, [ R 2575 (COS@ —sin 9)

sinf cos@

TH s,

ZIEARDERRELTER REEEEAT, B AT 7 AR > TR, RO XS
EET DL UKD, ERBZHEAOSKDRTAHIR Rz]) 2. ZOMKA T 7L TH 5
(22 +1) TEH> TE-> FIRE Rlz] /(22 +1) ¥ LT C ZERT %, WKL T 7N K BFER
BRIZAMATH 2, L WHEARNREEYEH LD T, C AR THL Zehnh b, ZD
R HEEFIRMOERMOEROHE L F AR DRVD, ZOHTHN L3205
DHDS>H, —HFEMPZLBE (20D LD) LWVWIDIFERNTH S, LirL, BRPeA
T T ODOWTESEEDHIUL, BOROH L TATRL,

R 1.6 Hamilton (William Rowan Hamilton, 1805 %7 A /L7 > K@ Dublin 124 £41, 1865
LIFAT S 72w

£ Dublin ITRT %) 1&. NIV b > OITTEUE (the skew field of Hamilton quaternions) &

WA % JERTHRYA
H:={a+bi+cj+dk|a,bcdecR}

ZREEA LU (18434F), 22T, j, kX
P ==k =ijk=-1

Rl THE (00D ij = —ji =k, jk=—kj =i, ki = —ik = j 28N 3), HD
LT (a éJaESrEfoﬁ) ERES,

H 3, AHEOMED S5 (1)-(8) iz 325, (9) iz Shnko, Ak Tidk<,
FERTHUYR  FRZN 5,

H FREDOZHAXIZOWTIE, TRETO XS RF DB RS, FBEHII D 72720,
FR 22 = —1 DD +i DN HIFET 5,

Gibbs % Heaviside 12 & 2 X7 FIUENTICH > TROH SN2 T, PATTEIKIE 3 KITHZEIC

bRAFHIN TV, 5T 3XTEMOMEEEZR LD T 27DI1ffbi s,
PUEBUC OV T, R [12], 55 [13] 255 E LWV, =

1.3 EOfth: EF LR
FRERDES RIZ A TH BT TRL, EFMEZR > T2, ROMWHEPERNTDH %,
(i) (Va,b,ceR)a>b=a+c>b+c

(ii) (Va,b,ceR)a>bH»Dc>0= ac> bc

19



BREBIIHL TR, 20X BHEZEOIERFIEERTERVW I RIS NTWS,
—H T 28 2, w DR d(z,w) Z d(z,w) = |z —w| EERHK S,

2333

U Al (=152 s
O (AR %) | X (EFRICZS720) | O (d(z,w)

1. HERBUA C DRREEE (7)

= [z —wl)

COEOICHHEZED L E, CIITEHTH L I ZRTHEAT 2 (ZHEIET TR O
FRELFECTH5), 2FELMORE THEAMHNT) T R B2 DlEFART, Eiio
N ZmT, CHA LD, (FHEESERETH 2056) C BIEFERE WS & 2 AT
Tedwn, EHEATELERW,

1.4 #EXRF@E

(ZHUIEETIE. C, R 2F VT, FHORZHIWT, 6L, K bW\, HEDHEAL
LLFREI ROV RWL, )

R 2L AhE 3 (IR ) & 510, R? #FH L A3 ( EEPHE) ) 2 2 i3hes
BR X CHl> TV BT TH 5.

RO DHEYE: FH I, FEEMERILIZTE2—DODEM O &, O Z@YAVICERT
% 2 DODEEKEEN © Hl, y D, BOoEIZRD L, RP={(z,y) |7 €R, ye R} D
BEH (a,b) T LT, o PEIEDY a, y FEEEDS b TH LR ZMEEE 58T, FHLEDOKRE
R? DEZD—W—XEhE o3, 2D &R ZEEEMLIERDTH - 7=,

(BAID T OFAER M) ? L EZTAD L, IDiam BIEPBEEL XS 2720
DD B, BEEHNZIEX, R2 ZOBDEFEHEERTIILICRDIESD, )

C={r+vyi|zeR, yeR} & R?* = {(z,y) |z €R, y e R} ORI, HARZ2HGH
0: C—oR2 plr+yi) = (v,y) DFAETEDT, C VML AKRT LIRS,

Dt E C 2EERFm (HFELCEH, the complex plane) 3 % WEH D XFME (the Gauss
plane), 7JILH V@A (the Argand plane, FHIZFFEDERMZ KR L7 d DX an Argand
diagram) & PFE3

R? OHE o il y B A%, SR8 (the real axis), B8l (the imaginary axis) &
I

R 1.7 (ERFE vs. ERETFM) P> T, HROEROBIEOHFIETIX, EE
) TR TEBECEH] 2 WHFEERMS Z ik > T3,
—K [14] &, TEFBBCEHIiZ WS ) 2 Lz kT

il THEBFME 2WVWID, ZOREE. 20D0EBK ¢ n ONTREHEIND (4
ZoLD) ZEEOERICH b s, ZOMHBTH IR, BREEBCFHEIX 1 Zto T8
REM THS. RlT 2D ZORTIE EREBCOFHE] 205 22T 5.

YIEZ DTV 3,

KA WEETIE “Komplexe Ebene”, “Komplexe Zahlenebene”, “Gauflsche Ebene”, “Gauflsche
Zahlenebene” 72 ELHES Z 5 TH 2H (Zahl X BUZ KT N4 VEETT). EFETIE “complex
plane” & “complex number plane” @ HIRIZ, EFIENCHTE D SV G LIZ Google THN
7256 100X 1 < HBWVWiEoz),
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STHHRDORFEDEHFA DT F A FTIE TEFRFH) 25 dDOBZ 0V, KO E
Ho TV DA D
(2024/6/30 JBEC) FEREEKBICEE L W REFIC K 2BEGRO 7 X X + [15] dEBHL T
XLEXRTIRTLTWVWBRORETNE, 2E TEIBLBCEH ) 2EROBREITRS L0200
TOFEDHE > TV 5 (p. 3 llliE), AICIFEMBERFEROTI ZWRIFGIHLZWINRE, Z
IV b, LELTVWS, =

1.5 FAHIE

ce CIIMLT, 22 =c Ziii’ed 2 € C & ¢ DFFIR (a square root of ¢) &ML,
RDOEFNRT £ 912, EEOERM c LT, c DFSTWRMBFEEL. (PHERTE - 72)
FEEHKD / EHOTRT Z kK5,
-

i 1.8 (BRHBOFEAR) TEOEFBIFHREZRF D, TROBEED ce CIiTxt L\
T, 22=cZ2ffilcd 2 e CHFET %, c=0 DFEEFLE—D2=0DH&A, c£0 D
BB EH X obHD, ZRLEEWIIMD - 1{5TH2, EEc=a+bi (o, €ER) &
THeE

(VS ) g
(4) ° = (B=022 a>0)

+/—ai (=052 a<0).

_ J

(4) oFBEHENS /) OFHE a2+ B2 +a iZFAERTHE I EEFRLTEI I,
BEBR (REDPRAHDA) z=a+yi (r,yeR) B, 22=clE(z+yi)’=a+pi. Z
DA D EEBREER % L U T 72

(5) o' -yt =a, 2ay=p

ZEZ, ZhZBRIIEV, =
MRt IO (4) 2R/ A 2083, FHIRZHE T 2HENE 6. ZOHE
(r+yi)*=a+ pi R 2 2#D 5,

Bl 1.9 22 =1+ Zii/-THEER : KD X,
(f#) 2=z +iy (v,yeR) B, 22=2?—y* +22yi THDBNH
P=1+i o 22—y’ =1A22y=1.

2zy=1 &b, yz%. Ik 2 —y?=11RALT

4zt — 422 — 1 =0.
TERTHEINS 22>0THAZLICTFEET B L
o 24+V22H4 24202 1442
= 4 — - .

X



N AN 5
2z 2V 2v2 + 2 22 + 2
72720 2,y ZRIARDESIEIIXRTHIETH %, WZIZ

\/2\/2§+2 . \/2\/2_—22,) .

Y

z=x+yi ==

R 1.10 (fESRIE - #5ER) ESFAIE |, THEEE CWH BELD S,
(a£b)(ctd) (BEEER

gl

=
(a+b)(c+d),(a—>b)(ct+d),(a+c)(c—d),(a—0b)(c—d)
DA4DEEKRLTWT,
(atb)(cFd) (E=SIFIH)

S
(a+b)(c—d),(a—0b)(c+d)
D2DOEERT LD, ZO5WVIRDTHS, ZOEHER, B TEAEZIEL TWD L ZiZ
HZTze T, BRFLZH > TN E I, TV Do THETHIDHLD0N? LWVHD
DRUTIZ > Ty PTHRET % . HEFNEIE. double sign in same order & 7* double sign
correspond W9, EWIFANH TR D I 51, FEHD 400 2T -TWB L, fiio
TVBANZHARADBZ WV, 5 —A. BroELW,
B DOFFERBICOWTIE, AR S
/N BAE FRSR, REERLR A ECA BRI ST T SEMRRR SRS, U0 - fdefEn) 4t
SEHIRR (1979/7/16, MRk 2016/2/25)
WHBMEHIZR o TR ITRE. Z2hicid MESRFEIIE 3o Tukun,
(%> b Tl double sign correspond I FESEREZEDPEIAETVWADLT, T2—o-
(BRATEIRDAILEAS??2?)) elhoteb, he EE) o S tEIADZ W,
BROFEREILG, 5] 7255, )=

B 11. (5) 2. (VB2 =8 THBILITHEELLS, )
f 12. —1 DFEFBRERD X,
R 13. i OFEHBRERD X,

PERBEDOER (FEE) FHOTFHRIIOWTIE, FERTRD Z L BEAEY, ceRIC
LT a?=cZili/2T 2 cRPIFETE/2DICE, c>0THEIeIRBETHTHD, £
DEE x>0 Zied v (FFADFEAR) 137721 2T, 21k Je e RTEHNHRT 2, ¢c=0
THIUX, ¢ DFFIRIZFZ 0 DAT, Je=0. c>0THhIUE, /c>0ThDH, c DFHIRIZ
Vel —\/cD2D fEED ¢p,c0 > 01X LT

Ve = /ae
DI D LD,
Fl:ﬂ 14. C1,Co Z 0 (‘:j—% Z %\ \/C1Co = \/a\/C_Q 75§)ﬂibﬁ01 Z%ﬂ——\"@.—o
R ARCBFHRFEZRFILRVTT TR (K),
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SRBEDEYE AT BEOFEB cITHL T, Vei=—ci EEBRLED BIZE V1=,
V=3=1+31). ZOHFBETE. TOBRIFHALRLVILIZT 3%,

RERTRALR VIEAFEH EWSEESIIEVEIT 3D
BRTZREALR VA CWSESIIED R LICEDLL,

B 15. BDOEE c 1T LT, e & o= /—ci TERLZEGA. Jac = Ja/e DD
SRV ED D B B,

BEREYEETIE - c> 0058 FICHDORWVIED, Ve L WHEEIE. THETHED
(PR LLRD) ¢ DIFEDFETIRZRT ONEETDH 5%,

c M DEZE (0 L EDEBTRVWEHEZL) OFAIIE. e DERIE, TDL Z2i2ifi-
TV TR 200N EETH 2, SRR 2, —RBRERII LRV, ZoM
HE LT BIZERDZeRDIToNE, c D2OHBFEHBRDI B, —HE S FWVWL—L
TEAT, ZHE Jc bRITZLIZLT,

Veae =vae

MBORUTKLT % & D IR W FRER1S),
c>01ﬁmi B e EVIHEEDRHTERELS, E50VIEWKD, HFELZLS TERLR
o BLABGEDND B,

(a) v/c T c DEFRD S LEDRFED—2% (IHLDIL—ILEZDEL ERDT) £T
(D) Ve T e DFHRRDIBbDEL L0 ZRT (5 5 TH 2 0EEHZL—MIFRDZW)
(¢) Ve T e DFIROM T RS

BIZIE V/=31F V3i 2B LAV L. —V3i b LARWVWL, £V3i DA ZIELTWA 0%
Liw, EEDBNETH 5,

2 XABROWORKTIEZ / B £ 25T+ 2WIETHEHAZDT, LOER
ZPRALTCORILLARERT. E5oTHbDRWVWEASS,

-
R 1.11 (BRFHD 2 XARERDIR) ERHFED 2 XK a2’ +b2+¢=0 (a,b,c € C,
a#0) 1%, HEROHH T2 O00WRERD, Lol

~

B —b £+ Vb?% — 4ac
— 5 )
N ¢ Y,
SEBH  FEHROHED 2 XA T M & F L FERRIC
9 B i 2_b2—4ac
az+bz+c=0 < (z+2a> = Tl

”:@Em\@%@%%t%éif\Rﬁi%itﬁij®;vm CERRBICEIEDVET,
BIEE] 2V DI, DRICEI LIRS RV, KIRDOBEE (FRCHi D OB WERIZIZFEAY) 325
7L EVWIERTH B,

NI r5 IV IEEOLEEE. TIDBF o TVHLNRVDT, V2= /]z[e!28%/2 L ED B I HEN KD
ThH 3D, ZHIBFEL IHOFETH 5,
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S o

ﬁ%ﬁ%oH—&w@?ﬁﬁ@5%@ﬁ%@#0%#&—&wZ%?Z%\b

Vb2 — 4dac
2a

R + TH2 2RLTHERTZ2), WAIZ

b b2 —4
az?+bz+c=0 @z+—:i—ac.
2a 2a

R 1.12 02 —dac DFEFIRDOIBDIEED—2% V12 —dac L ET L X ODRIIRD LS
Wi T 522dTE S,
b? — dac 2_b2—4ac
2a  4a2
DD LDODT

2 2 2 2
—4 2 _ 4
(z+£) ! “@(Hi) _(—Vb ) 0

2a 4a2 2a 2a
b b2 —4 b b2 —4
B 7o Y O Rl T W
2a 2a 2a 2a
= Vb? — 4dac
N 2a ’

COMERBEN LS TN TH BT TR, RORDIFHICHHHTE 3,
—b+b% — 4ac) (z B —b— Vb — 4ac>

2a 2a

a22+bz—|—c:a(z—

o, 2RGEROBZ o, B T BLE, a2’ +bz+c=a(z —a)(z—p) L RBIETE
LZEDBTNDB, SHIT, TN OB EIRBDOBEREZELL DIZRL H25EDHTH 5, LE-
TWeDED, REDEROBARIEZ. BMORKEZRTHLL

—b+\/b2 4ac — Vb2 —4dac  —2b b

Oé—i—ﬁ - = T

2a 2a a
5o —b+ v 62 — 4ac — Vb2 —dac  b*— (V> —4ac) ¢
a = = = —
2a 2a 4a? a

CWORE TR RBOBFREER T 200 DXL 5 TH S, 51T, TH ZHUI2XTT
BREresTE3 22T, BEEN VIR, =

1.6 HIZEEH
ER R R

z=x+yi (2, y ER) WXL T, z—yi & 2 DHIZEERE (the complex conjugate of 2) &
L, 7 TR,

R 113 THE) 3oTAlE THEE) e F W, T (CU0E)2HICT 2] b WHIEKTH S
o (T EXIF 4. BRYORBMURELHLGH, 45, #*ﬁm%é%m%méﬁ%
DERIETH 2 — U4 FXRT 4 7)), W) PWYUHBEFICAS R o/, THHE) 2 T
% TREATAZLICKSEF5TH5, n
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EED z,w € CIINLT, UFRHPRIALT %,
HIGE RO HBRERBUITTOERZRELTD 5,

zZ==z.

2ODERBOM, 72, M BORRERYI, 22 IREREOM, £ . BTH 5,

i 16. 2o ZtEDd D X,
z=c+iy (z,yeR) ETDLE Z=0—1iy THIH0H

24z Z—7Z
6 = =
(6) T 5 Y= o
BWZ 5L
(7) Rez:Z;Z, Imz:z;iz

o g oY P
(VzeC) (z=2z <« z€R).
6) £D. 2 & y 2o TREZDDIE. 2 &z ZHRAIREZ 230D 5,
M 17. BRFHNOEEDOERRI. 25 acC\{0},yeR ZHWT
az+az+vy=0
YRED IR, (BROM19 bRTAZZL, )

Rk 1.14 Ed, BEBZOVWToHERNIE, EHTHFZMZ 5. (EHBLEHT) 22007
R GEV SRR 50T, SEROBESE, ARESPERESICRS. 2w BT
B, BEBIZOWTOHBEANER (HRES) 2RTOIEIRELZSS?
Bl17C. a % o tBEET L, HENZ
az+az+v=0 T7%bH Re(2az+7v)=0

*ETSZ, ~RLTEHIERIOWTOHERTH 20, FENZERIZTOVWTOHFERTH
B, EERB7EAD, m

1.6.1 HEHBIERDIR

RO n =2 DEFER. ERE2XGTERXDRORKDLSHLLTH 20, n=3 D
XA TR AMBEINGMETH 5, Tard + b2 +cx +d =0 (a,b,c,d \FEE) »°
r=a+i8 (o, f FFER) ZRIEFTEX, z=a—if BETHZZ L 2R,
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M 1.15 neN, f(z) =ap2"+a2" '+ +a, ER[z], c€C, flc)=0 T B E,
fe)=0. bbb ERBZHEADL D 2ERZB R T5L &, ZOHEERLBIRT
b5 1o

SRR o DEBTH 205, aj=aq; THEILIXFET 2, EED 2 € CITHLT

f(z) =apz" + a1z 1+ +a,12+a,
=ap2" + 2"+ Tz,

Gzt ozt a,

=" + 2" a1z +ay
=f(®)
TH205. flc)=f@). WA fle)=0%5F f(@)=flc)=0=0TH5, =
FARRZTER Db D ICEFBAEER f(2) = 42 (P(2),Q(2) € R[2]) T, f(2) = [ (3)

ViR RVASN

Ml 18. FOMBEIIERE T TEERBLTHRDIID, DFD. ¢ f(2) D m BERZSIE, ¢ b
f(z) Dm BIRTHZ, ZOZZAAT X, (¢ f(z) Dm BRTHZ2 052 %2E5
RoTRATERTD., LWIHOIHMETHZ, BREDL ZWCR/ZZ 23D 2133 T, 2hzBu
BFIUIRIRT 2135, )

1.7 $ExiE

HELDHMEZEAL £ 5,
z=x+1y (r,y € R) I LT, 2z O#FE (the absolute value of z, the modulus of z, the

magnitute of 2) |z| &
2] = |z + iyl = va* + ¢

TEDD, THER? OERE (z,y) DRZ (VL) TH S,
RiZF a5 (BHEFHEOMBHHNTAS LRV,

(=2l =12, [2] = [2]

AP S)
- 2
2Z = |z|

DD LD, EEE 27 = (x4 yi)(z — yi) = 22 — y?i2 = 22 4+ y® = |2,

R 1.16 HFEOEZ A TEHEL & =2, THHE) DRBEICR 57256, “absolute value” %
5 DRV, BRTHTEKS “the maximum modulus principle” @ & 512, modulus % FW
T-HEEDH % DT, modulus HHEEZ LT Z L HHATELDHBRW,

magnitude £V FEIIMETHHIED, TRE2Z) ETHIRIREHFETH 5, oW
TZOBENMEDNZGER. HHEZEKT 2, BEGRO 7 F X FTIEM (2 Wo 2, Ei
Rz ZeD700) TH B3 RKDRARITIRDH, ¥ Ial—>ar Y7 +D MATLAB O
HAGE~ =2 7L Tld, BREITOWT (HEXHMEZEKRT %) magnitude ZfEHT 2 205 +
YTERFERE LTEKRO T HRWVEIAIZR o TLE 2TV 53) DEEEMRD -7z =
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_ 1 z - N .
R 11T 2= 2 2B, 2£0DLE = S B HEBEHETENTHE LR

2z H

75, Fiﬁﬁz%%ﬂw)m:&i ST T BT 0. RHIEY | LEHKS L -
Hb, n

M 19. BEFHENOEREDOMIE, % ceC,BeR, < |c|> ZHWT
2Z—cz—cz+pF=0

ERE D ERYE,

4 ™
fied 1.18 EHREDHMEIHMEIZ N L TR D LD,
(i) [2] > 0. 5 < 2=0.
(i) |2+ w] < 2]+ |w]. (EAFER, AFFRL L LI 5, )
(i) |zw] = J2| ol (RELT |2 —|i
- Y,

SEBH o +bi € C OHeXHEIX. (a,0) ERZ DEX (JVA) THHZeh 5, (i) & (ii) 1FK
D CHEHS 2 ZED 72,
(ili) Z7R9e z2=a+ib,w=c+id €T 2L E, zw=(ac—bd) + (ad+ bc)i THEHH

|zw| = |(ac — bd) + (ad + bc)i
= /(ac — bd)? + (ad + bc)? = Va2c + V2d? + a2d? + 22 = /(a2 + b?) (2 + d?)
= Va2 + Ve + &

= [2[ |w].

(BIFERR) REEBONE 27 = |2)° 2 RLTHVEDT
|zw]? = 2wzw = 2wz W = 220w = |2|* |w|* = (|2| |w|)?.

COMAD \/ ZHoT 2w = 2] |w|. =

1.8 EXREHEHO (FAIL)EA

z=x+yi (z,y € R) ITHLT
(8) e =expz:=e”(cosy+isiny)

EBVWTHZERER exp: C - C ZERT 5, (RTENMETHVCTERLETD., 205
SIEEY LTELNAR (8) %, & o TIRERL AR LCHRT 3. )

(8) DHEMD e 1F, FER L L TORMBEKTH 5,

2 BEBDGE. $hbOE y=0(z=12) DHFEIE cosy+isiny=1THI0N5, ¢ =e”.
D F D BRIEHEBII EIE BB DOYRIZIR o T\,

fagaEH|

(9) efltee — %122
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i?ifﬁjj—éo %B%‘\E\ 21 :xl—i—yli, Z9 :Ig—i‘yg’i kl§< t

e T2 = M2 (cos(yy + 1yp) + isin(yr + o))
21 22

= e"1e" [cos Y1 cos Yo — siny; sinys + 4 (siny; cos yo + cos y; sin ys)]

= e"e" (cosyy + isiny;) (cosys + isinys)

= e*te*.

et =e =V =1 ThHoENH
1
(10) e #0, e*=—.

62

z BB BDOEEEEZ LD, =i (0 €R) DL &

(11) ¢ = cosf +isin6.
ZHUIE47 Euler DR TH 5, FRIZ
(12) eil=i, =1 eTi=—i =1 (NEHM).
EJ
(13) cos) = Ree”, sinf =Ime”.
351
e " =cosh —isinf
THE056
i0 | —if 0 _ —if
(14) cos@z%, sin@z%
RDOGEHEHZHNT, 2OME —HIIEZATE LRV,
(15) e’ =1, E@::e—wzzg%.

BRI DM HEIC DWW T, |e?| = |e®] - [cosy + isiny| = e®y/cos?y + sin®y = e* T
D205

(16) le*| = efe?,

KI5 E DFERIER o = (a*)? OBEFRIEBEIBADIERIZOWTIIEAR T 205, Kl
wEEe LT
e = ()" (neZ, zeC)

DD ILD, neN OHEIF

z1+tzo++zn 21 ,22 z

€ =eeE e

MOAHTE 223, (10) ZHWS 2, n € Z DFEDBRD IO e BT 5,

AR 1.19 ((9)" @ n ZBHICIRZER) FZEBOL 213, (7)) =™ (HDWVWIED o ¥ —fi
12 a ZIEOE LT (a®)! = a™) LW IEEGERIS o 7253, ERBEEITH LTk, HEK
DREFELFELERLTOVRVWIEDH->T (Z4UL §§4.2 TERTS), 250 IH0XEEZ 3
DRV, BT S L5, BEROFERIEHOMEERD (2t VWD) HEXRH
D, KBICZDLUTHEZR 2 DIXBRHERDBER I TH 2, ZOHBEDNREIAT 2 Z 13K
FRTHARERD TR ThAL, EWVWS 2 TH5, )n
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R 1.20 (e I e D 2z FTTIFRW?) BT 0> 0,2 e RIIHLT, “a D xR a* D
EFRIN, ZORAIEGE L LT, e PMbih/ze 22T, — KD a IS LT o* ZERT
ZDTERL, 2 ZER L. ROELS, Te D 2 F) LHAlRD, ERIZZ ST A
HZ VD, I TODLEE ] PWEZRSNTZDIF TR WD T, £33 DIEEYI TR,
CWHRERDMD B,
§§4.2 T, 0 THRWHEZIEL a. HIEL b I LT, o ZERT 20, ZIUIHEIXZAETH
D, a=e b=z DEFAHIT, ® ZZT D e* (ZHUIDRIC—l) LE L HDTERY, =

R 20. (FEFEH OEBWRIE) e = (e") (n € Z, z € C) 13K H ILDD?
PERDLE, =i L LTRAMELN S,
e = ()"
EWEZ 5L
(17) cosnf + isinnf = (cos +isinf)".

ZHUIE 7 de Moivre DR TH 5,
fl 21. BEOERE 2 X LT, UTFD (1)~(4) BRDHILDZ & &2t

(1) e* #£ 0, 6—12 = 2QFEEDneZITHMLT, ()" =e" (3) e =¢

(4) |e7] = efe>
f 22. XD Z & &R,
(1) EED 2 € CIIML T, =1« 3k € Z) z = 2kmi.

(2) FED 2,w e CIZHNLT, & =€ & (Ik € Z) w =z + 2kmi.

P9 23.0=0,7,7, 5,7 20 8% 57 5 3% or gy xIC o OfEERD X,

)60 4237929 39 40 6

M 24. fEED e RITHLT

‘67,9| =1, E: 6—19, 6_19 _ 6—19
MR D LD Z & R HERE K
Il 1.21 cos50, sinbf &, cosh & sinf DZBIHN L LTRE (RLGIE—@ED TRV, R
1 DEDFHERW),
(feE)

cos 50 + isin 50 = ¢’ = (ew)5 = (cosf + isinf)®
=cos’ 0+ 5cos* 6 -isinf + 10cos® # - i?sin? 6 + 10 cos® 0 - i>sin® 0 + 5cos O - i* sin* @ + i° sin® 0
=cos’f — 10cos® Osin® O + 5cosfsin® 0 + i (5 cos* Bsin 6 — 10 cos® # sin® 0 + sin® 9)

THE05

cos 50 = cos® § — 10 cos® @ sin® 6 + 5 cos f sin 6,
sin 50 = 5cos? #sin @ — 10 cos? fsin® O + sin® H.m
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B 25. cos30, sin30 % cosd, sinf) DZHADIFIZER Y,

5l 1.22 cos®0 % coskf, sinkd (k=1,2,3,4,5) I Z{HoTRYE (LOFIOHFDLS72Z k
ZLTHALI )
(FRE)

e 4 e\ 1, . oo S L .
COS5 H = ( 5 ) — 3_2 (6529 + 5647,96—19 + 1063206—219 + 1062196—320 + 567,96—419 + 6—519)
— ﬁ (6519 + 56310 + 10610 + 106—19 + 56—319 + 6—519)
1 1
=5 (2cosbf +2-5cos30 +2-10cosf) = T (cos b8 + 5 cos 30 + 10 cosh) .
(cos® 0 @D Fourier FIBFAZ RO LIHZ->TWVD, )=
KiF& DRI, [EED 2 € CIIILT

ez’z + 6—iz . eiz _ e—iz
o8z = ——p——, sinz=——pr— (2 € C)
i

DD ALD (BibT5).

1.9 BRI

HAEBOWE NI OWTHIL L5, (—FTHIT 5 &) HEREE (ERFHETO) MHEE
EHWTERLERXTH 2,
£ T2 RTCMERIZOWTEEL LS, £ED (z,y) e R2ITHLT

(18) (x,y) =r(cosh,sind), r>0, #ecR

Wiz 3 r, 0 DFEET %,

& (z,y) EIEAE OHRE /22 + 42 TH D, 013 x MIOIEDER D & KIFEHE D 12l 5 72
AETH 2, 01X 1 DIZEE SRV, (1,y) # (0,0) DFEE, 2r DEBEDEEFRNT
EFE D, THDD

(ricosfy,rsinfy) = (rocosby, rysinfy) < (1 =ry A (3k € Z) 6 — 0y = 2kn).
MERERBICOWTEWRZ 28, RDX S5, EFED 2 CIIMLT
(19) z=r(cosf+isind), r>0, AeR
ZWT r, 0 BT %, EREBEBER WS &
(20) z=re? r>0 60cR

EHFEIT B,

rid 2z JRAE DEEE 2| = /22 + 2 TH O, 0 ZFEHOIEDE 2 SR> 72HETH 5,
0 X 1DITEL SRV, 2 #0 DEHEIE 2r OBBIEDEZFRNTEE %,

0 DZ % z DIRA (an argument of z) EFELR, argz & ETF,

( MRADERE? ) LilbNo, 025 DIRATHZLE, z2=re r=|2[,0 eR %
7232 TH5], )
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(19) % (20) D &L D12, 2z ZZDOHHME r IRA 0 ZHWTRLERXZ, 2 ORI (the
polar form of z) &3,

(BT 212 2 ofERIE. 2 ZWEBE TR LKz Th D, THEAZRkDZI V] &
WS MR, EEMCEMEEZ RKDIRE N, WS e THd, )

0 DEENZHEAZ, 0<O<2r® —71<0 <71 DX, MEH 2 OFFHXEIFRIUR,
O F—EMITIRESINS, FIZ —7 < 0 <7 OHFFTEA 0 2. 2 DIRADEE L ML,
Argz TR,

Rk Mathematica @ Arglz] TEFETZ 2DIX, Tl Argz TH %,

WIQSA@Uﬂ%%:gﬁhyl—ﬁz—gﬂﬁﬁ—Lﬂﬂz%LA@@J—Oz—%%l

Bl 1.24 2 = -1 — i OMER, Argz Z3RKD K,

2l = V(=1 + (-1)? = V2.

R 01
o0 — K 1

1
L1,
2 V2 R
iz THTH 5, [0,21) THEILD 0= Zﬂ', (—m, 7] TEIKES 0= —Zﬂ'. (TRTHER
5. %ﬂzm (n€7) LEHH, BIURIZEEE 1 > BIUIHEE S DT, FATH
CENITR, )

i omfERe LT
2 =/2e'7
z = \/Qe_i%r
PELND (EHELMEATHD, EE02BFXATHIEMRTHS), RADEMIF —1<0< 7
P T OO THEING ;

s
A =——n
rg 2 1

R 1.25 (TRAFOEREZLTAHB L) (19) & (20005 L MERL LTRDINE L E
SUNE. HEMLED SI1E (19) B o=TARVRS LRV (ZOHHBEYITH2), &
WIHKDBLTWS, RIKHENT 2 LD RERVEI S0, EEZRDE0 50,

—14 V3 oFERERD &1 LW R LT

—1+3i=2 (cos 2; + isin g) (FAREEDY cos, sin TiED | MUERXTIE R0 1)
e Tz=re? 2322 %z OMER2RD Xy 1T LT
Z=r(cosf —isinf) (LI IELWEXZD, METIE v )

EDEZBANDHERNT, (Woidh) B A TLE, n

R 26. 1+/3i, 4, —1 OMERZRD X,

ﬁzZzzmwzﬁaz%\zzé(tﬁbz¢oz¢5>@@%ﬁ%*@\Eﬁ%;o

31



1.10 #EZHOEREOXR

HNZDOWTIE, X7 MLOMEFED SHATIAE V=D D LD, TH8bbH 0, 2,
21 + 29, 20 IEFBVFH L THTIAEZ %3 (Rz2%ERT 22 &),
2 O0DMIERDOEILX., BHHRICHERDOFICEEH 5N S:

retf . rzew? = 7‘17“26’(91+92).

(7’1,7“2 > 0, 01,(92 cR&ITBHEE, 1Ty > 0, 91 +92 ERTHA :t&:‘@f%ﬁo )
N5 2DODEER 2 = r1e, 25 = 1y DFEIZOWT, RDBRH LD D005,

(a) 21, 2o DHEMEDREIZ 2120 DHOIHE (|2120] = |21] |22])
(b) 21, 20 DIRADFNL 2129 DI
1 DI VWEEEZLTEL, (b) DFEHEE
arg(z129) = arg z; + arg 2o

PEXILBED (ERICEDEIIICENTHETFRA D HEH), WA arg 131 20% L
LTEZZ2DIFTIERVWDT, ELWEIFEZRWV, EXbd 212k, Bl Z21E 2 OEEUE7-
FEZZ2BDEEHTIZLWVWIHNEEZTI2XELD 5, GRNZH > TWiIUE

arg(z122) = arg z; + arg z2  (mod 27)

CRIT L ehnHikS,
R 28. £ME Arg 251X, 72120 LTEZS, #2T

Arg (z129) = Arg z; + Arg 2

YRy FVMEBENWTHZ, FOZ L BHEID X,

FRCEZ P LD 2 ZHEADOEDDIC 0 [MHERT 2121E, 2 1 2T UE LV, 2 = 2+yi
(1.y€R) ¥ 5L

ze" = (x4 yi) (cosf + isinf) = (xcosf — ysinf) + i (zsin b + y cos b)

Thb, 179 % H o7 EEEZH > TWb ANl
cosf —sinf r\ (xcosf —ysind
sinf)  cosf y] \zsind+ycosh
rRERS 2 R,
90° (= 2) A3 31Tid, €2 =i ZDTIUIRVWI e 305,

1.11 n EIR

HETHD, AR ZATHEYHT, EBAELTRARX—FIXRET, stAEEVWL TEWT
VGV

2D EoBERE D & HEB TN LT, 2" =c i TEIER > DZ % c D n TR
(an n-th root of ¢) &ML,
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v

2 ogrp =vre'Y

* 2
@) -2 \ ¥ T
0 NO
0
Hyh Br

z
AR B AR e 0.\'3? aToRulto}
e O ko ¥ l) St7'th z o
* h 2yp3Y, e
TFX (1" Th
e‘x-& %! o B = o> Q“b' & pA ™
A * P2 Ii o
Je*t® 1= e” 575 (eflre

( &hedn.ed )

’ T =4 %1‘_6(0
i k3 (~ /ﬁ/
o N
R\%}-\G‘ -
7

Tre” w0

‘__
~

'Is*—\.j

2. ZFDSHH TikZ THEIZEL
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2" =c WO TEDO X Z 2IBAIETN (binomial equation) & W5 (FFTZRE 2 2 B
AQAY

DolE5 A

c D2FRLIE, c DFEARDOZIETH D, c DIFARDZ L% ¢ DILHHR (a cube root of
c) & HIER,

@%ﬁ@n%m®5%\n:2®t%($ﬁ@)d\$$&f?ﬁﬁ\/_@f_®¢3@#
BER) FRHWTRT Z 23R (M 1.8). n >3 DL &, n D2 DEDEHEE (n =2™)
%%DT\%@i5&:t(%ﬁ@ﬁl@\/_%ﬁmfﬁTlt)ﬁﬁ%&hﬁﬁ%ﬂo%
&)

Bl 29. ceCD3FEIRE, c=a+bi,z=2+yi (a,b,x,y € R) &BWVWT, iz KX

(x4 yi)’ = a+ bi
EENTRDZ I EZOND (FHRORDTOEMTH 2), £I5220EREE

M 30. —fRIC ¢ D 4 U ¢ DFFIRDOFIRE LTRD NS (¥R ?) T ZHWT,
—1,1 D4FRZFTRTKD X,

L2 ULEERZ oAU, 2D n i LT, n TRIFRD L 5 ICHHICKRD 5N 5,

4 N
i 1.26 (0 THWERKMD n FTiB) n 2 2L EOEREE T2, c=pe (p>0,0 € R)

DR 2 n FARIZ
e GHER) (k=0,1,-- ,n—1)

THd (bxdE nflFET2), ZASFERTFHTHELAFD. FE ¢/p OFED n 5§
DRTH5 (n >3 OHFE, AT THEREIEn AEIHIT 2),

J

(/pldrm=p,r>0 2T r (—EIHFET D) 2RI, )
BEBR 2 =re? (r >0,0 eR) B L, 2" =clIRLFETH %,
n zn@

r —p€

HADHNMEEZZEZ D L " =p. WA r= y/p. Thze LOHTERIAATL L

ein@ — eiga‘
CHIREFETD 5,
nf = ¢ (mod 2m).

ERAY. 05!

(Fke€Z) nb—p=Fk- 2m.
Wz 12 5

Gkez) 6=21k

n n

WZIZ ¢ D n FTFPBIZ
e GHREE) (k€ 7).

BEERITENTORVE G2 DIIWES I, 2D ZF RDESIWTEZTHAE S, cosnf+isinnb =
cosp +ising 6. cosnf = cosyp DD sinnb = sin p.
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—RUTEREDZ X 57205 k2% 18R 5T LIRAD 2r/n $OMWMUT, k23 n X
% LTSRS DT, kLT n THL I nh %, WAIZ k=0,1,...,n—1 72T
XTI NRTERLSC L, ZREEDRV, TRDDE 2" = c ORI

(21) v = pe ) (k=0,1,....,n—1)m
T 1D nFEBTH S, Tk w TRIFEDD 2, EREET, 3R 2 =1
DIR _1+\/§Z weELDDL, ZOEBIESTDDTH %,

4 N
2127 (1 DnFER) n 2 2L ELOBRBE TS, 1 DHER S n FRI

27rk

ent (k=0,1,---,n—1)

TH? (br58 nFET2) w=cn EBLE, W (k=0,1,...,n—1) XFT L
\ﬁm%éo

J

i 1.26 D ¢ = pe® D n FMUI. ¢/pe?/"wh (k=0,1,...,.n—1) tE L T HIK2,
SEEA @iRE 126 T, p=1,0=0 235723 TH5%, m

B 1.28 2L EOEBR n ITHLT, wi=e7 B E
M =1=(-DE-w(z-w’) (2 —w"
MDD, =
Bl 1.29 (1, -1 D n TiR) n VP WVEHEIC 1 O n FiR, -1 O n FRERDTAH L S,
en=20r%, 22=10ME T =e* (k=0,1) THEDH =1, ™ = —1. HE
Z—1=(z2+1)(z-1).
2= 1 ofig GHE) = o5 (1 =0,1) THEDE., &3 =i, ¢F = —i. K

2 +1=(2+14)(z —1i).

en=30rE, =10ME T (k=0,1,2) THEHID, £ =1, % = =LEV3
T = _1+[ SRR

Bl (DRl = (2 1) (Z—_”—“/g) (z—_l_—“/g)

2

(2k+1)7'r

A= 1 oz 5T = THEHP, ¢F = S8 oF = 1 ¢ = 1505,
KPR

Prl=(z+1)(2-2+1)

A ZIﬁwﬁmliwr

en=40DLE, 2=10E T = %% (k=0,1,2,3) THEHS, =1, 5 =4
e = —1, T = —i. FE

A—1=F+DEP-1) ==+ (z—i)(z+1)(z—-1).
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— 1 offiz GEHT) — T Thp e, ¢ = Tﬁa e V2

eT:§§
A= (22 i) —9).
22 =i, 22 =1 BRI RSBV
2
A4 l=2r422241-22= (22+1)2— <\/§z> = <22+\/§z+1> <z2—\/§z+1)
3R, 220D 2 X GERDIBE LT
—V2+ivV2 V2£iV2
2 ’ 2 '
D) THEHhS, =1, ¢

en=5Dr %, =10 T (k=0,1,--,
Toohelk /) B TERBARETH 5,

Z?.
P—1=(z-1D)E+2+2+241)

THdHN
4 3 2 2 1 1
242+ 242+ 1=0&2 —I—z—|—1+—+—2:0
z oz

1\?2 1
slz+42) 424-=-1=0.
4 z

X=z41tBE X2+ X -1=07T, 28I

X:—ﬂivﬁ
2
LR B
T e eV R B S G
z 2 z 2
VAR
224+ (1—-V5)z+42=0 V 222+ (1+V56)z+2=0.
IR FEETH %,
Z_—ﬂ—w@yti10+%f-41+¢aii 10 —2v/5
B 4 ’ 4 ‘

—Tiv # = —1 Offia dGHE) = ® (k= 0,1, ,4) THEH . ef, %,
¢F = 1,65, %, bl EfoTERBAKETH 5,

P+l=(z+1)E"—L+22—2+1)

TH 5D,
9 1 1
z+1=0& 2 —Z+1——+—2:0
z oz

1\? 1
Slz+-] —|z+=-)—-1=0.
VA z

36

z4—z3+z2—



X=z+1¥28¥E, X?-X-1=07T., 24

X_1i¢5
2
CRRT B,
Z+1:1+v§ Vv z+1=1_¢5
z 2 z 2
YRR
222 —(1+V5)z+2=0 VvV 22— (1-VB)z+2=0.

ZHUIREFMET D %,

C(1+VB) +£iV10-2V5 (1—V5)£ivV10+2V5

B 4 ’ 4 '

en=060DrE, THEBEICTAIZLRDHBIDT. T IIZIFEDLZ,

.n=7@t%oz_1®ﬁmeﬂwk:aL 6) THEMB, ¥ =1,¢7, 7, el 7,
G G G T — 1 offg (FHF) = ¢ (%H)w (k=0,1,---,6) “C%E)i)’fo e,
a¥m%id7:—1e%wﬂﬂe¥':m%m(1—1%%mf v/ %@9;21

RERZOVZ RSN TWVS (£ 50\ M Z —fRHICHEIR L 72D1d Gauss TH B ),
en=8DLE, INHHEBEWLTZILDBHZDT, TIWXEHEILV, =

M 31. 1, -1 ® 6 FBEKD K,

M 32. 1, -1 D8 FRZKD K,

AR 1.30 (—ROEZHRD n FRE 1 D nFTIR) ZDIH (§1.11) ODEAIT, n 232 ODETDH
ZEEERROT, —ROERB c D n BIREIFEBOHED ¢/ ZHOTERT Z 23k
L b7z,

L2l c=10HARIOIIdETITES T, %ﬁ@fl@vr'oiDVEﬁ%&
ZHWTERT ZEDRHREED T 2D THS GELIERDFRHZ R KX), A% RR L 7%
WEIIZLTHRLY, =

R 1.31 (EnBEOEAREAVNRICEBER) U EOFEE, EREa Y RIZKBIE n
AEOIEX L BRD3D 5, Gauss . EARE 2V RATIEn AEMEKTE 2720120F, n D3

Fx fHER B 7 2 ~—F F, O

DEZ L TW2E Z B A TH 5 Z e ZFEIL (B (6], SBIR [16] , ML [17]) n =17 = F
DY EWEREER L (0F D, E1TAFIZERE a2 A TERIATRETH 520, {EXIATHE
n BNSWEPSRTE n=3,4,5,6,8,10,12,15,16,17,20, - - -

Tl —FHI. BECTHIEIBR TN E,=2""+1 D TH3, Fy=23,
Fi =5 F, =17, F3 =257, F;, = 65537 l3WVW3§Nd 7 2V~ —FTH 20, F5 IIFLTHRV
(F5 = 4294967297 = 641 x 6700417 & REBIRERK 2 (€ > THRETIZRW) 2 &% Euler
DHEALRZ), =

2 1
Weos 2L — G (—1 +VIT+ /34— 2ﬁ+2\/17+3\/ﬁ— V34 — 217 — 2\/34+2\/ﬁ> TH2 LD ()
BTRT L. 0.93247222940435580457 - - - ),
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R 1.32 (sin1°, cos 1° ZRHT) EFR T, 30°, 45°, 60° D sin, cos ZFAN, EHAFED
ER D B TR 2 BIET, 36°, 72° D sin, cos HRDE=T D20 Lk, Thbid
Vo RS TREHKR TV S, PADAREMS &, 18°, 15° D sin, cos # / TRHTE
%, IMEEHEZMFS v, 18° — 15° = 3° O sin, cos bRDHN B,

ZRTIE1° D sin, cos FEIEA3?2dLIhD / TR, TEOARE n 2
$FLT n® D sin, cos d \/_’C‘ﬁéﬂ%

ZOMEIE, THO=5%57 tBFRIPDH D, Hifmz K FDITBRZ &, 1° D sin, cos & \/_
THRT Z 2Tk W,

TN H—=—= (V¥ b —R XY=y T 4=V T H—— 1380-1429, )L ¥
DEFE - KFEE) 1F. 3 XN sin3° = 30 — 42° ZEEMNICHEL 2212k > T, sinl°
ZRDI (v [18]). =

1.12 C DifEt. ERBIIDUNER

WETIE, ZZEEHRICEEELADPRVTHAS, R2ZEFEIULTHE, LRTES, [EY
et ) THEAR I EIMES D, EREHOERD DD HBEOHEOEEITS L EE T 5,

2€CITHMLT, z:=Rez,y:=Imz, z:= (z,y) £BL &, z e R% HT 2z = (v,y) € R?
WXLT, z:=x+iy £BLE, 2€C (0FHHLWTH2) 2oL =

2| = Vo2 +y? = |2]
THb, Do, 2HMOEHICOVTHEMNIELTWE Z By b, FHEE
2 =x1+iy1, 2o =To+1iy2  (T1,y1,22,y2 € R),

zZ] = ($1,y1)7 Zy = (552,92)
i W -1

|Zl — Zgl = |Zl — 22‘ .

C NOBHNDHRL, C DETREZ EFIB L 7 2B OMIR - #Eierti, C 2B 2 ik
PHRIBICER SN LD T, R2 B2 EHOMNICYINELNS Z 2125, 21X Bolzano-
Weierstrass DEM, Weierstrass D AMEEH 2 €23 C TH LD LD,

{zn)nen DEERFITH 3 213, RER n 1ITHLT, EEK 2, MEEF->TVWE I L, B
WHEZ 22 Non— 2, cCOBH{THDZ L E2 VI,

BREI {z,} PERE c PR T 5 213,

lim |z, —¢| =0
n—oQ

DD LD " WI, THUF e-N GiETH TR
(Ve>0) AN eN)(VneN:n>N) |z,—c<c¢e

B OO BEEKT S,

Zn, C &
Ty :=Rez,, ynp:=Imz,, z,:=(Tny), a:=Rec, b:=Ime, c:=(a,b)
TEDD L X

lim |z, —¢| =0
n—oo
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DD DOZ L L[EMETH Y

lim z, =a »2 limy,=0>

n—o0 n—oo
MDD e HEETH %,
[ lmz,=¢c <& lmz,=c < <limxn:a/\ limyn:b>. }
n—00 n—00 n—00 n—00

1.13 SRRORIE

M 33. = —v3—V3i T LT, (1) % (2) z DFE, (3) 25, (4) z DFSHR, (5) Logz %
Kb Ko
(2) LME a+bi BHBWIE a HBVIE i (a,b € R) WINDLDFITERYE, (p. 225)
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2 HEREHRCEOMmR. EIMY

(REHELREL ZAEDPWL Db D, )
QCCr2EHFERE TS, HEPEOBEK f: Q - C DI L 2EZREH TN,

2.1 HREBHDOREER - EEP
BHEBE [ Q= C(QIE CoHNEE) vEZbEE LIFLIE
u(z,y) :=Re f(z+iy), v(z,y):=Im f(z+iy)
TEFLIFEEB v, v 2EZ 220D 5, UNTREHDLD, v & v ZEhZR f DHE
. BEREMERZ 12T 5,
u, v DEFHRIBUL
Q:={(z,y) eR? |z +1iy e Q}
TH2, Thbbuv: Q=R TH3, (Qr QW PHMFLLTE FAL” bOTHS L
EZTRVWEAS, H2WVWEC e R ERI—HLEEE, Q=0Q)
Bl 2.1 (1) f: C— C, f(2) = 22 DIFA. f(2) = (v+iy)? = 22—y +2izy £ D u(z,y) = 22—,
v(z,y) = 2zy.

1 1 1 T — 1y x
2) Q:=C\{0 Q- C = - DA, - = = =
( ) \{ }7f — ,f(Z) P =] P x+2y 5172—1-3/2 ‘J:D U(l’,y) x2+y2’
)
v('r?y) :_x2+y2'

(3) f: C—=C, f(2) =e* ("t = e"(cosy+isiny)) DEFA. f(2) = "t = e* (cosy + isiny)
£ D u(z,y) = e* cosy, v(z,y) = siny. m
Bl 34. LLFDEZ f: Q= CITNUT, f DFEHE - B u, v Z3KD Ko
(1) f(:) = (:€C) () [(2) = 5 (- €C\ (&Y () S(2) = 5 (% +e7) (€ T)
(B MER SRV, (3) TEIE f(2) = cosz TH B LAETHMD . ERLEETH S, )

2.2 KLKESES-EE
ceC,r>0INLT, c ZHbt T 2EFE r ORFE D(c;r) ZXXTED 5:
D(c;r) ={2€C||z—¢| <71}
QCCIMLT, Q DA (the closure of Q) Q XN TED %:
Q:={zeC| (Ve >0) D(z;6) NQ#0}.
QCcCedsrLx, Q5 C DORES (an open subset of C) TH 5 &1
(Vz € Q)(Fe >0) D(z;6) CQ

i A RVAS N AR P
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-~ R* DHBERFAC LS5 R D2H o7 ~
a € R r> 01X LT, b a, ¥F r OFRIEIAATEREI N

Bla;r) :={z eR" | |z —a| <r}.
QCR" LT, Q OFAARERXXTERI N
Q:={zeR"| (Ve > 0)B(z;e) NQ # 0} .
QCR"232LE QR OMEETDHD L. ROFMEMBRD DI ZRWVS:

(Vz € Q)(3e > 0) B(z;¢) C Q.

2.3 PR &Rt

(Z BRI L2V, AT A4 FEMTHEZEEZVL B0, )
BERBADOICR (HR), H#RHIERBE R U & S IcER S, EIZFEH & EHOICR, #
wiltk & [FMET® %,

fi%zz(@%%&@@mtﬁﬁﬁ)Qchﬂ%+Ct760 h
(1) c€EQreC T2, 25cDLE F(z) Dy IIERT 2 213,
(Ve >0)(36>0)(V2€Q:|z—c| <8) |f(z) =] <e

ﬁﬁbjo:k%m5o:@:t%ggﬂazytﬁﬁo

(2) ceQ¥rT3, f8cTHBETHS LIZ
lim f(2) = f(c)

MEDVIOZ RN,

(3) [ QTHEHFBTHD LIF. Q DIEEDH 2 T fHAEBTHSE I L2V, )

utv%@bedﬁb»ﬁ%ﬁtbf%iétﬁm%@ﬁ%éoMTL@6<%h%f
rELL, Q- R2TH S,

c=a+ib(a,beR),y=a+if (o, €R), c= (Z),'y: (g),z: (Z:) EIHExE

)= floa = (42 _ [uley)
== (49) - (22)

2 —cl=lz—c|=(z—a)?+(y—0)7?

|ﬂ@—ﬂ=ﬂﬂ@—vﬁ=%W@w%-@AHM%w—BV

Thh
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THbd, ®ZIZ

limf(z)=v & limf(z)=v & lim wu(z,y)=a »D lim w(x,y) =p.
z—cC

s (2,y)—(a,b) (z,y)—(ab)

N g
[ cTHl < f2c Tl < utviﬁc:(Z)“Giiﬁ.

I HIZ
FAQTHER o F2QTHERE o u koot QTHERE

k72 g7z e, bEOIERBBERHBHTHEMIZILAER WV, EBEFRX 5,

ROurElE. FREBDO L = L RIMBICEEAT 2 2 e ks L. 22T FVEBIE f 12
DWTD LD (TR ) TREEA) 2o b3 E6N 5,

e ™
il 2.3 (EXREHOM - EZ-B-BOWR) Qc C,ce Q. Q0 —-C,g:Q—-C»

2= cDEEMBEEFEOL &

lim (£(2) + g(2)) = lim f(2) + lim ()

z—C

I (/() = 9(2)) = lim () — lim ().

z—cC

lim (f(2)g(2)) = lim f(2) - lim g(z),

f(z) I f) .

ilifi a02) = Eglg(z) (772U g%g(z) #0293 3).

N J
SEER (TRt A) BUARET O — b (FEH [19])) 12k, ERROGEOMmE (dE 3.7) &
BFEWTH D, ZOD &b amike HWGEH L FIRRIC L CRERIS 2 2 2 B Ik 2,

—7. MIET 2FE 2B EE X, ZEBEBOMIRICE T 2mBlmE T 2 Z & ik
%, BREZEEDGEWCHLEHLTEL, f=u +ivy, g =uy +ive, fg=1us+ivg €T 5&
X U3 = UiUg — V1V, U3 = UUs + V1t TH D ug, v3 1& up, usg, v1, va 22HH + 72 - FEZE -
THALTOHNTWVS ZEWKHEETHUUIRY, =

% 2.4 (BREGEBOM - £ - B - BOEGN) SR EREROM - 2 - B - 1 (72
LABHE 0 AR VWHAIIRELTER D) I3EKTDH 5,

ZIEABE. AR OGO OWT S EEBOGEA L RAETH 3,
EROERFEZIER p(2) I LT p(z) TEDLNZHE f: C— C, f(2) =p(z) (2 € C)
X C 2R THBTH %, FEBE. EBEE f.(2) = ¢, HEEBR fa(z) = 2 DEHRTH 2 Z 21X
TRAHZDT, R 24056, fOEFGEZEBIEONS, BHEIE fOZez2Hicp bF
LT EMBW,

B 35. f., fia DEREE -0 GRS & D AEHE X,

m@ﬁﬁi%ﬁﬁgﬁfﬁét§\oibﬂ@:%%%t@épgmwoquﬁﬁﬁjé
L&

Q:={zeC|p(z) #0}
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EBE f2)=7r(2) (2€Q) TEDR f: Q—=C %, r(z) TEDOLNIZEHEAKEMER, Z
NTERR Q 2THETH 5, FB p(2), q(2) 258D 5N 3 ZIERB p, ¢ 13 Q Tl
GTHD. p(2) £0(:€Q) THBILDb, f:]% PHETH B Z L BIH B,

W25f@%:§@{zecw#ﬂ}ﬁﬁﬁfﬁéol

) 2.6 (5B - DEFHM) (D LF 7> v 7 LTWBEFH) —KiC To: R — R 2%
HIX. R?23 (z,9) = o(z) ER PR (2,y) — o(y) € R EFTH 5,1 DD ILDODT,
filz,y) = €® fo(x,y) = cosy, fz(z,y) =siny &FTB&. fi, fo, f3: R? = RITEHTD 5,
f(z) = e* DFEER, BHITZNZN f1fo, fifs THEIDD, 1T C TEBTD 5,

%T NCRBEREIIICRH ONEF T AIRE) WO EHZMENT 5, Zhe

z - z"
n=0

oAU e DEHBABTH L BT oD e Th %, m

2.4 W9

e N
EH 2.7 (WMo aHEE, EA) DD, QX COEEL L, f: Q= C,ceQ 2T 5,
f7Hc CHOREETH % & id. kR

feth) =10

h—0 h
PIFET DI x2WVI, ZOLZXZOMRE f/(c) ERL. f D c ITBIT M FRE W
AT ¥, ZOMEEKLEDFEDMENFIIEBEBO L X L RRICERT %,
QO DEEDR 2 LT, f2 2 THMAREETH S & =, f1F Q TIER (regular, A
holomorphic) TH 3 &\ 5,

J

R 2.8 ( TEAL WS EE)

o 1 c TIEAIE WIS B WHETA2Ze0H %, 2 c 280D ZHES U (CQ)
PEELT, flp: U — CPERITHZ, LERIND, ZOHERTIZZDEVITIEMH
DI,

o [EAL EWHFELIZIZF UEMRZFIOFE L U TR (analytic) EWH D2H 3 (Z
AUITCA I B R DOEHE TR T 2 BRBICEMTE 2. EWHIEKRTH D, [ERIME L fE
WEDEETH 2 Z 2k, o RICKR > THOLIMHTE 222 TH D),

o JTAZ regular DFREEHIEHI, holomorphic DFREENEATH 25 (6 L), 1EH| & BAY
ZHARZ e, ERIZES OPHAGEDOTF A M LTIEETH 508 (277, Ao
W TBA 22N ? ) EWVIHIHBVSH o L b T %), #EETIE holomorphic
2D DOBEBETH 5 (regular 25 KRIIFEEZDHE D B FR0), ZORIBEER
HT5, =
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Bl 2.9 f(z) =~ (EBERK) 32 %, FED € CITHLT
f(z+h) = f(2) V=

. 1 LT B
L R
h#£0

Thbb f(z)=0. FfiZ f 13 C TIEAITH %,
f2)=2F5& fEED z2eCIIXLT

L FEEh) = f(2)

h—0 h h—0 h h—30

Thbb fl(z)=1. FZ f 12 C TEAITH %, =
Bl 36. f(z) =22 1& C TIEEHIDD f/(2) =22 THZ Izt

-
B 2.10 QX C DHEA, ceQ. f:Q=Ck g:Q—=Cldc THMPARETH IS
@\f+gf—gf%§(kﬁbﬁ@¢ot?%)%cf%ﬁﬂ%f%b

N J
sEBA  RBEROLE LR TH 5, =

-
%211 (1) EEOBARE LT LT, f(z) =2F & CTIERIT, f(2) = k2"
(2) EEOERFRBZIERDOED 2881: C LTIERIT %,

n ! n n—1
(Z akzk) = Z kapz"' = Z(j + 1Daj127.

k=1 §=0

(3) 0 THRWEEDOHERFRBAEMK r(2) = ]% (p(2),q(z) € Clz]) DEDZBEE r: Q =
{zeC|piz)#0} 3z r(z) e CIFIERITS %,

J

ZROHIZE N

EWVWHISHZEBITEN TEL 2R ETH %,

M 37. %2.11 ® (1) ZiFHE &,

fE 38. GBI OMITEZFEHE X,

[ 39. MBI OMDTER (BIEL f OWREEL ! MFEL. f 25 ¢ Ty f71 B f(c) T AIHE

ﬁ%@\UIquD:fiﬁﬁﬁbjO)%ﬁ%ﬁio
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2.5 Cauchy-Riemann OFER
2.5.1 EERBOMAFTREROVETIEHE

4 A
EIE 2.12 (BREHBD WA < 5B - BEHMOEIgEN D Cauchy-Riemann FER
QIXFCOMER. [ Q—>C,c=a+bicQ(a,beR) &T 5, fI c THIAIRETDH S
7eDIZE f OFEE u EEER v B (a,b) TWATATRETHD

(¥%) ugz(a,b) = vy(a,b), wuy(a,b) =—vy(a,b)

Zii/z 3T ZEBRETITTH S,
N J

(¥) % Cauchy-Riemann MOFFER (the Cauchy-Riemann equations, the Cauchy-Riemann
relations) & PES,

COFEBEINT 2. TOBREROES [f SEAE I uy = vy, uy = —v,) %
T CWWET B HEEMMALE S,

[ c=a+ib(a,beR) THITAREROIX, u & v X (a,b) TIRMITAIRETH D

(¥ /(€)= tafa,b) + i, B) = (1 (a,8) + vy (0, )

KZI)S‘& DD, FRTHEES - BE % L LT u,(a,b) = vy(a,b), uy(a,b) = —v,(a,b). J

() % ' = o = -f, LEABL S, EBOBALTD 527, BREMRICL5LTL
Bint LR, )
SEBR [ 5 ¢ THATTREY I

iy _ e Sleth)— f(c)
fie) = Jim h
DPFET DL TH b, h=h,+ihy, (hy, h, € R) OB HiHZ XD 58 D IZHIR L7235
E2 5,
(a) h=h, (h, € R) (ERDMEZ I ZIS, THhbDE b, =0)
flc+hy) =u(a+ hy,b) +iv(a+ he, b) WHEET S &

6 = tim LT R) = 1) _ ) (ulatheb) +iv(a+ hab)) = (u(a,b) +iv(a,b))
};lezﬂg hm he—0 hz
~ lim (“(“ T hab) Zulab) | olat he,b) = vle, b))
hz—0 hx hx

= u,(a,b) +iv,(a,b).

(b) h=ih, (h, € R) (MEHRDELZFZH S, THbDB h, =0)

52X EI L. fI3ER » OBRFBEKTH > T, E¥ z, y DK TERVDT, f,, f, LWVIFEHIX
BTH B, Floy) = flo+y) EBOT. Fo+yi) = Fula,y) = %Fy(x,y) PENESED S,
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fle+ihy) =u(a,b+ hy,) +iv(a, b+ h,) ITFEET S L

(c) = lim fle+ zﬁy) —fle) _ 1 (ula,b+hy) +iv(a, b+ hy)) — (u(a,b) +iv(a,b))
e ihy 1 hy—0 hy
_ 1 lim <u(a, b+ hy) —u(a,b) N Z,v(a, b+ hy,) —v(a, b))
1 hy—0 hy hy

_ %.(uy(a,b)4—ivy(a,b))-

BLEA B
F(¢) = wa(a, b) + iva(a, b)
::-%[uy(a,b)4-¢vy<a,bn — uy(a,b) — iuy(a,b).
FEH - EEl A LEER LT
wa(a,B) = vy(a,b),  va(a,b) = —uy(a, b).m
FEOIH [ 25 ¢ THOTHETH 3 L i3

f(c—i_h]i_f(c)_(p_i_zq) -0

(F,¢ €R)  lim

MR D IO L R EKRT B,
h = hy +ihy (he hy €R) B ¥

(p+iq)h = (p + iq)(hy + ihy,) = (phy — qhy) + i(qgh, + phy),
flc+h)— f(c) =u(a+ hy, b+ hy) —u(a,b) +i(v(a+ hy, b+ hy) —v(a,b))

TH205
c+h)— f(c )
f( 2 ﬂ)_@+w>
_ | fleth) = fe) = (p+ig)h
Al
um+hmb+mg—umﬁy—@m—qm)+iwa+hmh+%)—dmw—%Ww+p%)
NGED V2R '
W 21
, u(a + hg, b+ hy) —u(a,b) — (phe — qhy,)
3 R 1 AdAEL ’ =
e THARE < GpgeR) o R 0
73])0 hm 'U(a/ + hzv b + hy) B 'U(CL, b) — (qh’z +phy) — 0
(ha;hy)—(0,0) z\/ h2 -+ hzz/

< (Ip,q € R) u & vl (a,b) TP AIRE
ux(a7 b) =D, uy(a, b) = —q, 'Uz(CL, b) = {q, Uy(aa b) =D
& u & viX (a,b) THWOAIHET
uz(a,b) =vy(a,b), uy(a,b) =—v,(a,b)m
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B 2.13 f(z) = 2% (z € C) BZEREMTH 505, C 2ATEATHS, z,ycR LT3
v

fx+yi) = (x+yi)® = 2®+ 32%yi 4+ 3z - (yi)? + (i) = 2° — 3zy® + 32y — )i
THBINH, f DELR u, BH v Ik
u(z,y) =2 —3ay®,  v(x,y) = 32’y — y.

lob d
uy = 3% — 3y2, uy, = —6xy, v, =0ry, v, = 322 — 3y2.
fi21Z Cauchy-Riemann 7R u, = vy, uy = —v, Zifi7z5, =
il 2.14 f(2) = 1 (2 € C\{0}) I3AHBIKTH 2006, EFRHC\ {0} £2RTEHITH %,

22

r,yeR &35 %

o+ yi) = 1 _ 1 _ 2 —y? — 2zyi :xz—y2—2xyi
(w+yi)® 2P —yH2nyi (a2 —y?) 4 (22y)” (@4 yP)

WX f OFEE - Bz 2R Zn u, 0 E T2 L E

@)= v(ey) =
u\r,yY) = ———> nW,Y)=—"3
(22 + y2)° (2 + y2)°
THEH0H
22(3y? — %) 2y(y? — 3x2?) 2y (32 — 1?) 22(3y? — 2?)
T = T, o .3 = T .3 Ve = —F——— Q3 = T 3 -
@+’ " (@) (@ +y2)° T (@)
fi21Z Cauchy-Riemann 5 u, = vy, uy = —v, Zifi7z5, =
w215ﬂ@:626 (- €C) 13 C RAETERTH 2, 1,y cR LT 2L %
L e p ey . .
flz+uyi)= 5 =5 (¢” (cosy + isiny) + e (cos(—y) + isin(—y)))
o et —e "’ . .
= 5 cosy +1 5 siny = coshx cosy + ¢sinh x siny.

WZIZ f OFE - e ZhZhou, v 8 T2LE
u(x,y) = coshxcosy, wv(r,y)=sinhxsiny
THo2H156
u, = sinhxzcosy, wu, = —coshxsiny, v, =coshwsiny, v, =sinhxcosy.
f 2212 Cauchy-Riemann X u, = vy, v, = —v, Zii7z9, =

B2 o BBDIERITR W Z & 2783 5 72912, Cauchy-Riemann AIERZF = v 73
5 EDENBBEDD B,
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5l 2.16 fi(z) = Rez, folz) =Imz, f3(2) =7, fi(2) = 2|, f5(2) = Argz &, EFRBIET 2
RO ETHMATRETIX 72V (FRCIERITIE A W),

BAID 3 DDBAEL f; (7 =1,2,3) IZDWTIE, EH - BEBE R? 2K T O~ iz o TH Al
HETH 50, R? DIEED KT Cauchy-Riemann R D /2B WZ e300 5, WZIZ
FERED 2 € CITXMLT, f; 1F 2z THOABRETIEZR W,

f1 DFEEL - BEZ u, v T B X, ulr,y) = V22 +y2, v(r,y) =0 TH 5, uld (0,0) T
EAFTRETR WD S, fy & 0 TIEMAATRETR WV, —71, R?\ {(0,0)} T u, v M9 AlHE
THDH

Uy Uy = vy = 0.

z Y
= — U, = —
/22 + 42 Y /22 + 12
(z,y) # (0,0) IZHFEET % &, Cauchy-Riemann FREAD - IR N DT 5, DRI
C\ {0} DERDR z ITHL T, fi & z THMIATRETR W, fiifm. f & C DEEDRTHMY
AA[RETH 5,
FREIC LT, C\ {0} DIEEDMT f; BMDAEETRNZ LD H %, =

IEAITCIE R WS, MO TZXBPNERTFET S, WO T —Rb D 5,
Bl 2.17 f(2) = (2)° (2 € C) OWMBATREMICT OV THANRE S5, 7,y cR & T2 L =
fle+yi) = (t+1iy)° = (¢ —yi)? = 2% — 2wyi + (yi)® = 2> — y* — 2y,
W2 f DEHR - B u, v 1
u(z,y) =2 —y*, w(z,y) = —2zy.
B EZHEHABEMTH 200 O HKTHB, 2L T
Up = 2T, w, =2y, vy=-2y, v,=—2u

[ W AIRET ® % 72 12id. Cauchy-Riemann X v, = vy, u, = —v, 273 2 L2340
ZtnThs, ZhiF
20 =2x, —-2y=2

THY, I rz=9y=0. WXIT fIT0 THPAIRETDH 20, ZHNLHND S TIIMAAIEET
AL AN

M WERICR LAY TIEHL 2w FHEIX, RS L 0HEERR) LOFEREDRA
T RRETH 2551, ZOESTIEHITH 3, WO XS IHSEETHLDT, 2D
fIZIEAITIE R, =

Rl 40.
(1) f:C—=C% f(z) =|2]> TEDDZ, [ ODWITAIRENEZ AN X,
(2) f:C—C% f(2)=¢" TEDS, fIEC TIERIT, fl(2)=¢ THBIL%Zrt,

2.5.2 IFRIBABHDEHBERE & 5158

(KAEDBIBGHD T F 2 MZ#H > T\ 2@ 2.23 2N T 2D0HMNTH 205, fiH2.20 %
TBUEENT ) CRFEATE TWARVLWD T, KEICRBEHIID LELDICHAT 20 LA
2w, TERS ) | MEEL X2 0RBBCHTRZ DT, BEICIERLRVWTHA S, )

48



BANCR: f=07%613, [ ZEBEIBIZA 507

FT R 1 EBOEBAE,»HEZ LD,

TCR, f: T =R f=0%LTRol, fIEIEEEABLEEZE0?) LWVWOHDOE
& No TH2, I =R\{0} 25X, f(z)=1(x>0), f(z)=0(x<0) TEES fIXELH
BTROWH, ff=0 23,

I BPEXHETHR, =000 f 2EBEIBTH % Z & 28T 2 GERIEH X FEDE
HERHW3),

ZEBOGECHORAL XS5 % LT, #iEEOBERSBREIC R 5,

/Eﬁ 2.18 (AESE, fBiE) Q C RY (HSWVWE Q C C) HElERE (pathwise—connected,\
arcwise-connected) &%, Q NWOEED 2 KD Q NOHFRTHINS Z & 209,
(375, Q DIEED 25 a, b 1K LT, SRS 0: [0,1] —» Q Ty (0) = a, (1) = b
BT LODPEET L E, Q WIEETHZ L0, )
(KzHETSZ L, )
SIVELRS 72 B R & 2 SR (region) & FES, J

EFHFNZE, FHKE Q 29GEETH I 21 QOB 1 ODELLRIETHLZZLTH B,
R OB EE I DGEETH 27-2D121%. [ PXETH 2 Z e R BE+5TH 5,

£ 2.19 GEEOERICOVT 2 DOENVEE) (1) WEIE. EEREESD C L 2Ry
IER%, Ll

o MIFEEITY o T, ERIMIFINERTE L D BRIz <,

e RER C DBHESDEAIZ. BETHAZ L eIEETH A Z LIXEETH 2D T, 8
HERIGEAE LRSS E ER L CTHEEANR ATV,

CWOHOHENS, ZOMEBETIIINEMSLHEETHS e 2HEBOERE L THEHL .
(2) MWFEPRAEGHTIX. () HAERFEESD Z L 2HEBOERL T 55, A THHHI
o Tk, () ERRHES TRV DEHERE FERGERDH 5, »
CDHWETIEIROEEEZZEDD I LICT 5,
D E B.1(p. 262)

QN RCBHBZWEC OHEBTHIUR, Q NDEED 2K o, b1d Q ND C! O pFE TR
N5,

(TGEAE D ERDSMA TR, HFRICIE 772 Dl E UAMRE L TWiRWwDs, C ko if- Iz HY
DEEE, LWL THD, )
ISR GESIIHTE 3,

fRE 2.20 Q Z R OFE. u: Q — R BMAATEET, o/ =0 (uy;, =0 (j = 1,2, ,n))
iz TR0, u IXEBITFE LV,

BEFEIEDERIE. iR B (p. 262) #iz K X,
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f 41. XD L D, a8 2.20 ZEEHE Lo Q NOEED 2 /& a,b I LT, a ZHEA.
b ZHRE T2 CHHRDOHIFR ©: [0,1] > Q (DD 0(0) =a, p(1) =b) ZH o722 Z, u(p(t))
WBEBEBRTH 2 e 2md, (&I p. 22812H3, )

il 2.21 QX C o (IERLFHES). f: Q- CIEEHL (V2 € Q) f'(2) =0 23K
DALDOR B, fIRERERTH B,

SEBH f OFEH - BEZ u, v EFTBEE, f=0&D W =0, =0DWDIID, ER

0= (e + i) = wel,y) + iva(,y) = & (uy(2,9) + vy (2,9))

THEDPD uy =uy =v, =v, =0. A& 220 25, u & v ZFEHEAHTH 2056, [ DEK
B TH5, m

AR 2.22 (D WEETS 1T CERER) WD 0 72 O ERERE Y W S EEIE. 1 B OER—B DS
ETEEEDEHEE W TS %23, EREROGE X EEEDED LD L7220 DT,
FIFRICEER S 2 Z LI ARAJRETH %, ZEBOEBBOGEICIFIE IR, WO 22 TH
5, 1

M 42. (LoFERICEHE WL TERERTIFIEDO DD 770y DOFERR) f(z2) = €,
a=0,b=2m 522 %, f(b)— fla) = f'(c)(b—a) ZiilzT c FFLELRV & ZHED
» Ko

ROMEZ. BEGHDIFLALYDTFAMIH>TWVWBEHDTH S,

4 N
il 2.23 QX C O (ERRHES). f: Q— CIXIEAlE F 3,

(1) f DFHE7NIERRERBEL 2 013, f BEPEBERTH 5, FHIFEBUIES 721
ARERUE D 1ERIBE RN BBIRL L D7,

Q) | EBBRS I, [ AEAERIETS 5,

J

S Q= {(z,y) eR? |z +yicQ} B,

(1) FEHDERBAR DG EZAAT 5, [ OFEE. BEHEZZNZN u, v EFT DL E RED
5u=C (ER) TH3D5. uy =u, = 0in Q. Cauchy-Riemann OHFER (¥) 2D
MODT, vy = —uy = 0,0, = u, =0in Q THED5, v IFEHEKTH2, ©ZIC
f=u+iv=u DEHEBLTDH 3,

(2) |fl=C (CEER) tBL, C=0THHI f=0(inQ) TH225, fIFEKELT
HBHo LR C#02T 5, |ff=C*=u?+0> ZWHLT

2uuy + 2vv, =0, 2uu, +2vv, =0 (in Q).
Cauchy-Riemann FIERZAA LT (v DIREREBEZIHEL T)

uuy —vuy =0, uu, +ovu, =0 (in Q)

ERAS SRS}



0

TED (1,y) e QIXBVT, 24+ 2=C2>0ThH20b ()# (0 W ZIZATAIE
0 DSErN, FED

FETH2256 (b LIERITHIUL, S THZErLL T TCu=v=
Hinh3)

w+u2=0 (inQ).
ZAHD Uy =u, =0 (in Q). WA u ITERERTH 2, (1) &b fIIERBETH 2,

B 2.24 Rez, Im 2, |2|, Argz DSEFRBREOEED A 2 1S LT, 2 THORTEETRWE LI,
2,16 TRLTH 37, ERBNOEROMESTEATRANI 2IE, LOME223H557F
QI B, FEBE. FRIERTH 205, dLHIHERTEATHIUI, ZOMEBR T
BB 1ZTTHEIDN., TRV CIWIRB O3, B

2.5.3 IERIEA% & FAMBIEL

DUNIZIAR 2 Z EI3GBERNCIE 7 54 ¥ 7 TH 20837, lEHK 2 F 5 &, % T Cauchy-Riemann
FREXOEEICREL22L DD E2DT, HATI ZTitAT 5,

( N
el 2.25 (ERIRMOEMEIZATMBARTHS) Q 13 C OES. f: Q — CEIEH
ZT%Z% f@%ng ):E'nBU,U&i

U (2, Y)FUyy (2, y) =0, vy, y)+vy(z,y) =0 ((z,y) € Q.= {(m,y) € R? ‘ T +iy € QF)

R VD
_

J

AEEA BT f 2 Q NOREEDRO T/ 1B CEMBUERMEIR 2 Z & HEEIATZ 2 (&

fi?ﬁl)o I(@)X_\-U vl C® f\&‘fjééo x_.\_.“C(zi %0) K%E @Tn%uﬁﬂj_é
Cauchy-Riemann /T3 v, = vy, uy, = —v, DIWHDILDODT

Uz + Uyy =

0u 00u_00v 0 ( 00\ _ O O _
oxdx  Oydy Oxdy Oy ox )  0xdy Oydr

BEBEDEFEENRDZODIF, v 2 C2/RTHZZ iz (v D2 FEREREEIRM D DI
WK BRW),
Vg + Uy = 0 WDV THFAKTH 5,
n BRI u(xy, ... 2,) D
" 0%

(#) > 52 =0

/o3 %, u (ZFAFMBIRK (harmonic function) TH 3 W5, F7 () % Laplace F1g
I (Laplace equation) W9,
Laplace fEF % (Laplace operator, Laplacian)

9TFHIBEEL DSEER « BEER u, v 1Z. BT C WTH 20, ZOIZ L DIFHHIZ T - 2B S0 E Hkz W,
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ZEALT, (1) %
Au=0

EELIEDNZV (A DRDLYIZVEEELZLEHDH DY),

FowEiid NERIBIK O EE & EERIGFRMBERTH 21 R 2 Z RS, RIEED
FHFIREENE. BANCIE D 2 IERIBE D FERIC 72 - T\ 3 DT, HERBEEGHIZ 2 2o FmE
¥ Thdr bR 5,

R?* OBEE Q TERSNAFMBEAEL w 120 LT, Cauchy-Riemann 2R (%) 27z 7
B v D Z 2, u OEIGFAMBEE (a conjugate harmonic function of u) & FER, 1EH]
BAR D EFRIEE T O TR TH 2 2 VWS 2k iZhk b,

R 43. v 25 u OREIZFAMBEIKTH 2 & =, v i v ORFZFFANBEEATH 2085 0E X L. (B
3 THEEFMBER RS RV, RETLED ?)

Q BT HIUE, PR v ZED Z, u OHEFFABEKIE (b LIFET 2K 51F)
ERAZRNT—EINICEE 3,

Bl 44. 2O Z e ZEEAE ko (RT MBI ZHATZNIE, BT TR ) v 2 u ZHWVWTER
KT BERERD K

RiX 2.26 (EHEBHERBAHERZRITS) EEOERIBEKOETETHLFFMELTH S, &
Wl BFEEDE X (D5 30FEL LEbHETO Z ), HEOBHBERHRETHR» I
FET, 5 & o EBOVHED, ¥ W RAFRENIR CH 572D o7z, Cauchy-Riemann /5
EREBE e LTS TR WD, u, v 23 C* fRTH 2 Z & IFGBDHTRWVD, & D Cauchy-
Riemann FERIIZDHFTEM LD (LN LE f/ = f. = %fy EWVWoiEamr L) u,
v CPIRTH B DIRRIEEDI B o7 (2D ZOZEFEFE TR — B rxo
FR0), BB BZBEDIEIHEZES ZIFERLTOWRL 52008 LKV, ZDHD
HIRTE, LEEEEHE CHERHHAL D 5 BEEE LT > TV A REAREITEST, HEL v, =

Cauchy-Riemann FERICBBRMIEL . WWHLEDERD D 256803H 5 130 E (2 XITOiHE
7% LIFERETRARDBRE R T > v L« TR E 22). 2 2 TR 2 LMK DT, 22
TYUID BT, 22828 T5 (2505013 NEHEREE CTHIALET),

2.5.4 REHER
[:Q=>Cc=a+ibeQ (a,b€R) T ELE, ZOEK - BHEZENZN u, v & L.
. (Z) rBLE. fOSRTHD, f = (“ “y> THBHbB.

Vg Uy

J 13 ¢ THOTTTRET f'(c) =p+iq & f & (a,b) THOTATRET f/(ab) = (5 _pq>
E HIZRAHED LD,
(22) det f'(a,b) = /()]

FR
det f'(a,b) =p-p—(—q)-qa=p*+¢* = |f' (o).

307 . (Vu) = divgradu = Au TH 30 5,
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N BRC
det f'(a,b) #0 <& f'(c) #0.
’h# 1205 . IERIBAE O WBEIBUE I, EEA 0@ 2RO U ZIUIEH L < 72
o FEBE f:Q > CHERIT, fdERr T2, Qo RIZCLRTH S, f'(c) £0
Z?ék<ﬁf@bhﬂ)ﬁﬁ P NFEREBNCE T 2 WK EHE D 5. f 1E fa,b) DT
SNEIBERET CF OR[N RN ER £ 2ED

(f-l)’<f<x,y>>=<f’<x,y>>1=p2iq2 (_pq Z) pi=up(a,b), qi= —uy(a,b).

D5 f B f(c) DT/ NS REEE TR ZZYEE ! 2Fb. 20 f~! & Cauchy-
Riemann OBRAZMZT 2 & 239053, @22 f~HIXIEAITH 5,

- T, IERIBAE D EASUERARETH 2 L WS EH 74 ZEFH LT L £ 213, B HE
HTHBZ BT BDT, FAIBEBICOWTOWBEBOEHOIHANE T 7125,

2.5.5 FAMN
fllo)=p+ig£0 T3 ZE, flc) DIRAZO L THL

f'le) = p+ig = /p*+ g%,
N AT cosf) —sinf
f(c)_<q p)_ P <sin9 cos@>'
fle+h) = fle)= f(e)h
DFSBUR
f(e+h) = f(e)= f'(c)h
oAb, ZNEFNh & h %
o RIX% PP+ BLT
o A 0 OEELE L7

bDTH5B, LA Z EBHEKDS (%:%M: )o
IV VSN EW%ﬁﬁf()#OT%h@\ b2 2MIRORAZZEZ N WS HE
(FAM) 2RO 0h D

Rk 2.27 FMFHRIZOVTIE, ROEHEPEHTH %,

31Cauchy-Riemann OBFERIE. ¥ 2 BATFIOR KD (1,1) BT L (2,2) KD) B L. (1,2) KITD —1

%ﬁ@J)ﬁﬁf%%\Kmﬁ%#fﬁéopliw(ﬁz;)@%®%#%ﬁtLTméo
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~ X3 T7DER ~

D3 C O, f: D — C 25k, fITERBEKTRVWE T2 & XD (i), (i) X FE
TdH 5,

(i) f & D CIFHITH 3,

(i) D NONIES E BFELT, fIE D\E T “$f4” Thb, (F272L. 22T %
1 2, HERE D OHIRD f Ik 2 BIIHFREZR D, 2 DD D B HifRHIH I HEAR

L ERTCE. ZORTAHABAZZADTALETHS., LWVWIEKRTH S, )
J

AR Z . 2R K, =

ZOXETE, (HeZOBBERDOTF A MR ZSI LTVELII) Wde I f(2)£0
Zimi7z 3 IEHIBEEL f 2 FEABR (conformal mapping) LIFERZ 2 ITF 5,

RDI-: 1 REH:
2\ [p —q)\ (=
Y q p Y

. ARIO LS WIEAEZIEAICS OF (MEHid Zk), —Mic 1 REH UL, FEDIEARTE
ZATIAIC S D50, SOHEREAFICS ©F, (TEKIOES: xy FHT (0,0), (1,0),
(1,1), (0,1) ZTEHR & 3 21EHF. 2y FHET (0,0), (p,q), (p—q¢,p+q), (—q,p) ZTHRE T
LIEAEE#L, )

2.5.6 HREEIZETO Cauchy-Riemann HTED

(Z USRI D B B
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IWHRFED 1, 4 OFEBBOMZDT, p=1. =

Bl 3.32 (EATHRVAEDEH D OERKER) ﬁ %1 O D CEEMENRLTALS,

z—l

B 1 1 1 _1§:
z+3 (z—1)+4 4 1+(z—1)/4 4 1_(_2;1) 44~ 4n

ZDEBEHIR & Rt <1 e |-(z-1)/4 <1e[z-1 <4 THIHh5, ITRFEFRI
4 T, PCRAE D(1;4). m
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PCORFEDF R PRMHENT 2 261 %2 5T TH L,

—23 4322482+ 14
22 —-22—28

#l 3.33 (INRFEHFLVWERFZMZ 358D LFEADDDSB) f(2) =
Z1DEDLY TRIBUERL X 5. 7 f(2) OB BRI

L5
242 z—4

f(z) =

HIAZ RREURR S 5 &

o l—2=—(2—1). ZOIEFEIX +o0.

—3 _ - (_1)71—1 n - Mz £
. Z+2_n§ TG Z DI 3.
5 = -5 W s
o 2_422371“(2'—1) . ZOIHRAED 3.
n=0
MEz&bET

f(z):—g——z—l +Z

WD BEIRBUERNE SN B, PEREEPFE LW (FI23) 2 0DFEMEE IR 72729, IR
DT T T 5N,

O-JIOW

(z—1)"

1)1 _ 5
an :( 1)3n 5 (n>2)
LB EE,
g L)Y mrdEsorE) 1
V'“"":sx{ (B rmtorE) 3 "

@ 212 Cauchy-Hadamard DEHEH 547
1

"7 im ]a]

n—oo

=3m

%C. R OFAESMEICRZ e BHEDT, —OFEREEZ L TEL (B L T
FELC TWOTHIFET 2] ZEAEZ ),

e ™
% 3.34 (NREHRBORITEARIIFEEEARZED) {a.}w0 ZEHEFEHEI, ce C T 5,
FRRECD " an(z — o) DI p 23 p > 0 Zii7z T L &, FRBOM f(2) 1ZICRM

n=0

oo

D(c; p) TR F(= Zn‘fz (2 - o) B,
N ) " J
B F(2) = Zn‘f’:l M B, PEHERIE p L, Fl(2) = f(2) Rilil2F, m

47 lim lan] BFELZWVWDT, d’Alembert OEIZ# o TIGRPFRZRKD 5 Z 2 IFHEKZ WV,

n—00 |an+1|
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Bl 3.35 (BRBOBREER) f/(2) ﬁ £(0) = 0 Riliz B f OBABUER % K

» Ko

(=1)F2* (2 € D(0;1))

]
O

I
—
+ | =
N

no

I
NE

B
Il
o

ThodH1H

© 1Nk
f(z)=E + Q(kj—)lz%ﬂ (z € D(0;1)).
k=0

f(0)=025EHZ0 THZ, WA

(8T, 2O f 20D 3B arctan THZZ DTN 5, ) ®
IR DR TEIBUIIZ L A IR 4 ZEHED K 2,

 3.36 (0, B’ n OBBEROLED Y a,2" OM) T > n’" OMERDTAHL S,
n=0 n=1

—(z—-1)"

2o LT, N
an” l=(2-1)"?
n=1

z 2T

oibﬁ%bf\z%#wéztf\~%ﬁmn%#ﬁéztﬁm%éo@zm
DN (R P
(z-12) (-1

ZADHIERD ke NISHLT, Bl Y n*=" OMBREZ L2052, =

n=1
3.3.4 WAHEXNOBERBE
5l 3.37 (MAHRXOBEHREEE) FriduDOPCREREL f(2) 2:%21 f'(z) = —f(2),
f(0)=1, f'(0) =0 ZH7=FTdDEKD X,
(W
f'(z) = Znanz” Y
n=1
()= nn—1a,z" %= Z(n +2)(n + 1)an22".
n=2 n=0
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SO —f(2) IELWZ e b, BRI LT

(VneZ:n>0) (n+2)(n+1)apis = —an.

> ) _ Qn — — — / = = 3\/\
@zkmﬁr_(n+mm+n. O =1&Da=1,f0)=0&D a =0 225N
5DT,

asp—1 = 0 (k) S N),
=D~
A2k = (2k)' (k - 07 17 27 )
W Z 1

— (—DF o
ﬂdzzzamﬂ'

k=0
ZDPRFFEIE 400 TH S (Al — HIZBHZRo72 28 23H213F ), dHKROVTWVH L
BoD f(z) =cosz. =

Z OBIDMIr TN, EBBRBEIE M TENXL DT (2 W5 2 HIRE O TR LD TH
EE o THRV), BREE#ORVTO MBI Z KD, T DTTRIFERFRIK
DD TTRERDGEITSHES T ehttikz, REE B oM Z DTTETH I,
Z DY UTH LWBEIEL FEE) S EICEA I N, PRI Gauss (@R MH 77

z(1—2)y"+(y—(a+B+1)a)y —afy=0
Dffr L CBRARAM, F, (o, 3;7;2) ZEA L. Bessel I& Bessel D77 /512
2y +ay + (2P —a®)y=0

D LT Bessel B8 J,(z) ZEHAL 7z,

3.4 BBICLZVFBEBDES: ¢, cosz, sinz, cosh z, sinh 2

ST, R W ER T 5 28T, ~RUSHR 2BBDMEZ 5, T 2 TRAIFR
B B8R LTEEREL LS,

o0 Zn
25 2 _ N
(25) ¢’ = expz 2£%7u’
_ - (_1)n 2n . - (_1)71—1 2n—1
(26) COSZ—Z @) z=", smzzz (2n_1)!z ,
n=0 n=1
(27) coshz = i Lz% sinh z = f: ;z%_l
= (2n)!" 4~ (2n — 1)! '

NS EFFDOIHRERE +oo TH D, Al C TERIZBEETH S, 2 c R I LTI, &
KRR R ERICHED THA BRI —E T %,
FiF z e R T—HF 2 EAIBEE. C 2R T—HT 22800 5DT (RABDEMIS —
M—HOEH | — 12k 3), HIEFEFEGROIIGD» 5, Zho TR EZ TRV,
e* = expz IZDWTIE (LLHT e = €% (cosy +isiny) EEFRLTZDT) FHERE KR DD
Dl =BT 2 Z e 0 h 5%,
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BB X B EHEDAEHNT, TE A>TV HE FEEGEAL IEEH, ©» otk
BRI — 7 RS cosz DIEORNDERD 1/2 £ LT (KEWNFEREZHWT) ERTE
5 (B Z 3G [21) O 1ES6 fid4d), ) ZEL e dHkS, HEL (@RI L5 THHE
LW, AERR I THS (BARIEDEEPHKRT, 77=v 70z %) £ Bbh
B0, ZAUZEIRHEICRBIIIZNDT, ZOEBTIIERKL, EERL A HEHZSKREZ
AEHEEMETHRD LiFsice 8o 5,

elZ _"_ 6—12 eZZ _ e—Z

R 52. zGC&ZiﬂLL“Ccosz:T, sinz = 5; ThHsZ xRt
(AHEDOXZERBTERL TAHAIUIR W, )

B 53. (e*) = €7, (cosz) = —sinz, (sinz) =cosz TH B Z L EMHEID L,
(EAE T T HUE RV, )
B 3.38 FERUEAN e1722 = e®e ZIRH,
() —fRIC DY a, > by BEBINCRL, 27 & d—H oIS 572 513
n=0

n=0

(i an> (g bn> = i < > akm) = i (zn: akbn_k>

n=0 n=0 \k+{l=n n=0 \k=0

DD ILD. 1 WS EENCEE S 2 EHA D LDDT (il A.25, p. 248).

n X _n o0 kL 0 n kn—k
i) (Eaty)

(oo}
ete”? = g
n=0 n=0 n=0 \k+l=n n=0 \ k=0 ’
o0 n o0
1 n!
k _n—k n
= E — 212 = — (21 + 29
n! kl(n — k)™ n!( )
n=0 k=0 n=0

ZOEHBEHEOIICGEEAT 2 IO VWTIEX, XOfMER L, =

B 54. (1) f(z) =€ D f'(2) = f(2), fF(0) =1 27T 2 ZHVWT, FED ce CITHL
T, f(2)f(c—2)=f(c) THEZrZmt, (2) FED a,b € CITHLT e’ =™ TH 2
Z Rt

Bl 55. (¢* ZREMHMTER LX) 2,y e RITH LT, e = ¢% (cosy +isiny) THBZ
2t

BRIEHEE T (25) THERLLDUIED, BINZ 8) TERLL DL —HTHI
D HNFzDT, BRIEHBEBICOVWT I ETHEOLNLERIIETEN R Z LD 5,

£5% 3.30 (JEHEROD 5 —DOERE) ST

e’ = lim (1+%>n (x € R)

n—oo

EWIHREH Do LW, ZOR) HFEINEL T, EEOEFEL 2 1T LT

(28) e = lim (1 + E>n
n

n—o0

Te* BERTHILDAETH S, TOUDETERLZ 2 EFELVWILERTOIED ko
Y LIEEMETH 2 (R CHAT S Logz 2213, —HT 2L 2RTORMHETHB),
(28) Te* ZIERT 2D HFITOVWT, 5D LEFHELWVWI EHID Z2WHER &l [22] O
IXTffEE \EL A A LD, Bk 23] ZR2 LRV, =
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fl 56. (1) sinz =0 ZfElF,  (2)sinz =2 ZfT ( R L] TERWV),
Z DERFETHEHIRZZ VDT TR Wwd, BRTHBEIS 2R RELPRLK5D T, fi
4.7 ZH &,

fil 57. cos(z 4 yi) = cosxsinhy — isinx coshy, sin(x + yi) = sinx coshy + i cosxsinhy TH
5Zr%mt, (EVHAT r,yeR ELTIAE K, 2,y € C THMDILODIFED )

CNOHDEBIZOVWTIE, EDHRATRELE > TRVWES S,

IRRIGREENEBRTH 2 b DITONWTIHRS,

o0

(1+ZPE:§:(Z)f/(p|<1)

n=0

tﬁu(i)mmﬁfﬁ%éma—wzﬁ%&f@a

Cv. ala—1(@=2)--(a=n+1)

n n!

Bz BED VIitz=(1+2)"2 LT, ZHCEDDH RS, )

tan~! z = g ( 2 (2] < 1).
— 2n+1

3

mw+azzﬁ?ﬁw (2] < 1).

INHDREIZOVTIE, FRELMEDITFRBBOLNLEITE ARV (2 2ITHF VLN
RHEADHTHREBDERZFODT), XHITHIRDZDEND 5,
tan~! 2, log(1 + 2) DWW T, EBEKOHIP T

Todt

Todt
tan 'z = [ —— log(l+az)= [ ——
an_ x /0 og(l+ x) Tl

241’

THo7DT, MAZFET LS RS, ZRdT20he. LIELBRELZ,
tan 2 OFEMBBHDZIHITRZ VD, ZRUCDOVWTIEERIART 2 (A 7.15 Z R X, tan DIE

HZOLOIE. EEEOL Z AL tanz = oF 2H2EHHROT, MTRIEIE R ).

COS 2

3.5 BEBRBOUCRARELDORTOIGRAERN, Abel DIRBERE, Abel DE
Wi eI
EEDOFEMRBUOWTIRHANIEET 2 L WO EM (EH 3.3) ZAEAA L 7223, Z ORI,
IRF D(c; p) DBEFTHEHE {z € C ||z —c| = p} LD 2z TOPRFEHUIOWTIE, ]
BERLTOEV, ZRUDOVWTERL LS, Mamze S CTaAT2 L “Ur—2 - NAf - F—
A TH 5,
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3.5.1 E93HIH5

Zz Z Z— LS R 2 DTl 2 B,

TR LS, Zz" IZOVWTIRINHCERE | TH 225, S L L Ciltah2 K
T, ib#b(Wd<1@szﬁJ# 7% %umﬂ||_1h®?«f@£f%%?5

Z—c_owtae BRUCREED 1 THB LB B. A, = Bn;:ﬁ}:m

n? n2’

N |z|:10)2‘c”<

n

2" _ 1

n2

EX ZB = Z 12 FIRT 20 WACERMOEHAHATET, 2| =1 DL E ) A, =

n=1 n=1
e}

Z ﬁ IR 2 (B % W0 id. Weierstrass @ M-test 25 &, BAFAR D(0;1) T—HIC
n=1
HOIR ST 2 28 d 00 5), FIC |2l =1 EOFTRXTOETIRT %,

Zﬁ ZOWTH, PORFED 1 THEIE T D02, 2=1 DL X

n
n=1

2"
D
n=1 n n= 1
THEZLERELHAONTVS, 2=-1 DL X3,
e e
n=1 n n=1 n
1, —MIEDHEHEDS 0 1IPORT 2 SZRBETH 206, PORT 2 (FFHNE —log2 TH ),

T, |zl =122 2 £ 1 Zifi7zTEED 2 1T LTI OEFBIIINKST 2, ZDZ & D
B 2 2 EFEFAN T 5o

3.5.2 Abellc&kBd2DDFEE

(I A6 dRZZ L, )

Ham PR EE R DT (R D05, WETIIEKTL220HD 55, Pl
HEtHE (18T 2B o THBWVT, FHRIEHREEATLRR. TOHARI WV, W EEENH:
DEW,

3. EOVSIHARD B0 EENTEL,

[e.e]

e ST Ur =12 £ 1 BT 2 1SOVTUCRT .

n=1

o RDE LI DRI DFERAS

Tt o

4 3 95

10g2:1_1+1_..
1 2 3

BInod, MBS TREBICHET 2 2 L AR LA, WRBEBDIIGD 513, IERIBR O FIUER AR
MOWETS & ORI =832 LW EE Y, Abel OHEFRIEEIZE S D202 DR T,
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Y5 50EM Abel ORBEREE HWT, HEIAESICFHEHTE 5, Z UIMEES OE5
# PEDEG (FH) N—2a vy BB eBHEKRD (M «— BZE B [« Y),.

~
*ﬁ 78 3.40 (Abel @%&ﬁzﬁxﬁ KM, summation by parts) %] {a,}nso,
{Bulnzo BBB Y E, 5, 1= Zak rBL L,

n n—1
Z apfr = Spfn + Z Sk (Bk — Br+1)
k=0 k=0

) AIRTASR
\_

%.[EEH ag = So, A, = Sk — Sk—1 (kZl) THDH05H,

> B = s0bo + Z (k= k1) Br = 5050 + Z siBe— Y Sr—1f
k=0 k=1
n—1 n—1
= Sofo + Z SkOk — Z SkBr+1 = S0P + (Z Sk + Snﬂn) - <8051 +) Skﬁkﬂ)

—_

= Sy (60 — 61) + Sk(@k - /3k+1) + $nfn

1

3

—
B
Il

= 5(Br — Bry1) + s m
0

IO ROEHPBF LN,

3

=
Il

g 3.41 {an}n>0 EER DRI FREZEIN. {8, nso FHFHEA LT 0 1IPCRT 2%
Fles 5%, Z@nﬁn IR T 3

n=0

BEBE s, = oy EBL Y ARES S (3M €R) (Vn €N) |s,| < M. Abel DL
k=0
i)
n n—1
Z arBr = Z Sk (ﬁk - ﬁkﬂ) + 80
k=0 k=0

GIAHE 2HITOWT, s,8,] < MB, = 0 (n — o) THE20H,. n — oo £T5EE,
SpBn — 0.
FHIE 1HIZOWTIE

n

sk (Br — Bra)| < M (Be — Brt) M (Br — Bry1) = MBy — M By — Mpy
=0

n—1
THHEINE, BREOEHLID, n =500 DE X ZSk (Br — Bry1) PR T 5,
k=0

WZIT n— o0 DEEL D By BINET 2, =

k=0
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5l 3.42 Zi—n 2l =1,2#1 23 2 WHLUTPERT 2, EBE, o, :=2", 6, :=— &
=1

BlrE.

S|

n

IEE

k=1

z(1—2")
1—=2

2l (1 + [2")) 2

|1 — z| —|1—z|

THBDS {0} OHAFIFERTH D {8, } REFHD LT 0 RS 5. WRIES anf, =

n=1
SO T 5. .
n=1
H472 Abel O EHZREHS 2729012, i 3.40 2D L—&ILL X5,
4 —
I 3.43 B {0n}uso, {Butnzo BB L E MEED m € NITHLT, s, = Y oy
k=m

(n>m) LB L.
n n—1
Z By = 5p8n + Z Sk (Br — Br+1)
k=m k=m

i RIRVAON
_ y
SERR  flifE 3.40 DAY AR TH 5, =
~

EIE 3.44 (Abel DEFMHEIE (Abel’s continuity theorem)) FAEL

f(z):Zanz"
n=0
Hz=R(R>0)TIWRLELT S, TOLE, EED K >11ZMLT,

1-2/R
2] < R, i—iLl<K}

Oy =
w={zec IR =

e, B f(2) 13 Qr U{R} TR %, W RICBAEL f 11X Qx U{R} Tk
Thb, Fr

lim () = £(R).

I HIZ
lim f(z) = f(R).

z€[0,R)
z—R

\_ J
(Qx @ 1B R FHUE, #l 21X Mathematica TR=1; Manipulate[ RegionPlot[ x~2 +
y°2 < R"2 && Abs[1 - (x + I y)/R1/(1 - Abs[x + I yI/R) <= K, {x, -2, 2}, {y, -2,
2}1, {K, 1, 10, 0.1}] &§%, K ZR&EL T Bt )

2| <RDEZE, |1—2/R|>1—|2|/R>0TdH5»05H %
KIRLT, Q ZLeFAUCATERT L, Qx =0 TH %,
BB K ZEEDIEOEE 5, 2 & Qi DEROEFZL T35, FED ne NITHLT

>1. WIS K<1Xk%

n

ay, = a,R", B, := (}%)n, ful(z) = Zakzk
k=0

84



K e { )

48 | D I+][=I=] =]

M3 R=1K=48 DEED Qr &M 2| =R

(\f_ﬁ<o akzk:akﬁk "Cjéb\

fn<z) = Zakﬁk‘v fn<R) = Zak-

k=0

o= () <1

nio%‘ﬂn—ﬂwrﬂzi‘(%)n(l—%)‘Z%§K<oo.

RED & lim fo(R) = f(R) THZ5 5. {fa(R)},ey & Cauchy FITH2DT, RADK

YRVASEEN

2| < R TH3H 5.

Ed-

(29) lim sup|f,(R) — fu(R)| =0

n—++ajz>n

mneEN m>n 35 %x, fif343 256

fm(2) = fu(2) = Zakﬁk - Zakﬁk = Z apBy = Z sk (Be = Brr1) + SmbBm-
k=1 k=1

k=n+1 k=n+1

OEBOERK ¢ LT, T9KREW N W22, nom > N O |[fu(R) — fu(R)| < e. WZIZ
igplfe(R) — fa(R)] <e.
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k n
RREU sp= Y o BV sp=Y aj— Y a;=fi(R) = fu(R) THZD S,
j=0 j=0

j=n+1

skl = |fe(R) = fu(R)] < sup |[fe(R) = fu(R)].

() = fa(2 <D Ikl 1Bk = Breal + |5l 1Bl

k=n+1

< S£1>1P | fe(R) — fu(R)] ( Z |8k — Brr1| + |Bm|)

k=n+1

< (K+1) sup |[fe(R) = fu(R)].

lim fn(2) = f(2) TH2DT (ZHIBUTGEHEADOEH 2> THRWL, ZOTELH) S
{fa(2)},,cn 23 Cauchy FITH 225K T 5, L LTHRWV), ZOREXTm >0t LT

1f(2) = fu(2)| < (K + 1) Sup |fe(R) — fa(R)] .
2 IZDOWTD FRZHE - T

sup [f(2) = fu(2)| < (K + 1) sup[fe(R) — fu(R)].

2€QK >n
(29) &b, BIEF {f.} & Qg T fIT—RRICRT %, =
R 3.45 (Stolz DEE) £ DT XA M T, Abel OEHEIEEH I,

T € (0,7/2) Zii7z SHERD o I LT, |arg(z — R) — 7| < a Ziifi/z L&D
b,z REFTEHEEX(ZDOZ % Stolz DEEICI>T 2z — RETH] EWI),
f(z) = f(R) DS D 3D, |

rWwWHETEZLNTWS, DFD

(30) lim  f(=) = f(R).

Fix, 2z VBIE
{z€C||z—R| < Rcosa, |arg(z — R) — 7| < a}

RT3 E (AL

1—z/R| _ |R—z] S DT see — L
/R~ R4 <2seca (BDI®: sec = cos)
DD LD (REPAIZENE S 2, 3k« /MR [24) D p. 91 I - T3, )o ThDB, K 1= 2seca
B 2 Qg DD ILD, ©RICEOEM 344 ZHVAUR, (30) 13T CIWCEEATZ %, =

Bl 3.46 (BRBIL IV — - STy VERIZDOLT)

(31) f) = oAk gz <)
k=0
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B, PEPREL 305, ©ZIT £ D(0;1) TIERIT® 5.
FE f(2) 1& 2 =1 TUURT 2 DT (FEHED B LT 0 IR T 2 A= 005).
Abel OEGHEH L D

st = (1) = T f()

z€[0,1)

R, z=2¢e(-1,1) D& TFEFEED tan "tz =T 5 Z LIFFFALSR TV (Z ZTIEER
BT D) tan R 5> RITEHTH 2 26, GIUOMRIE tan™! = ZIZF LW

4

W EOFREIEN S L ERITH 5 (2 < OBREICFCRIENEL 20T, 2 5FHIHET5),
:@%E%@bfm\%ﬁﬁ@ﬂﬁﬁﬁf%:l—%+~~@ﬂ%ﬁﬁ%&mbﬁf@ﬁ
WA ([H5RD A9 R X), S LFMAED25 L, —RIELICVHERICRD BB TS, o

R 3.47 (Abel ZIFES WS A) Hid, Abel ZELK L TR BRI THE0WH L
Z, FEBRHA s TWREES DRFE. ®LE SV DIZBWADNZWE S KT 20
T, PLHNALTBL,

Niels Henrik Abel (1802-1829, / Vv = —) 1&. B DICRAERTUTOWTOEMEZTET L
7o (B 3.23, i 3.40, £ 3.40), EhbLlFhc

1. a D—OBERBTH2E2D (1 +2)* O (—i% 2 THEH) DAL
2. 5 U EDOREGERIERE DPYHI » AR TIXET 2 2 & DFERA
3. feMEaEGH

BREDHEZRITo7z, BODZDIF, BETAVIHRIETRIBARMAETH S, (K%
BB, o DARIZ AR L RZREBEMINT, B3R 2 ENOHEBMD KEWZ e’
2w, LTV, Abel ZRWHITH 2, \m

4 EZERERE L TONHREHR L EEH

Z DEITIE, XEEIECE EBEEBUHLRE T 203, ZHUIERD 1 DDfEICHN LT, &
BDMEDNTIET 2 ZMBEIE L 72 5, 4L, AiETE TICim L 7-2TENE. AR, 1550
B, A MR Z R oo 2RETH 3,

T, FEBEB w =2 (a € C\ Z). F=ABE WA D MR E k20, Zho
BB R > TREINE DT, 6B, NEBIE D Zifith %8 U CHfET
2%, (HfiT, W ODBEKIZ. ZD Taylor EOINFEENER TIEHEMD C 2KT
F0, LR 0L HERAD B, )

ZOHNIHENINE BIEFFICERTH %,

SRy | 0o © Nk
SO1EHE) log(1+2) = Z %z”, (1+2)" = Z <Z) 2" tan"lz = Z 2(k}|—)122k+1' IS FAIL DI
n=1 n=0 k=0

HRERIITNRT 1 TH 5,



4.1 fERFEHEIE log ~
4.1.1 log @ Taylor BB (DERLICEZDTAFYyFLTHRL)
log @ Taylor EFIZDOWT, HIEDOARIZK {#HoTWVWB DI,

) tog (142 =3 U et o5~ CU ) <)

n

Ths, THZ

[e.9]

1”—2 =Y =1 (2l < 1)

n=0 n=0

IE/DJUKﬁ L?L%)@T%%o phﬁ)gﬁﬂ&%@?ﬁféﬁcu LT

TL—

(h) log (1 Z 2" ([z] < 1)

n=0
CEBRTDAIEDNEZOLNDID, ZEOHFHAIFEE 1 OHIRONZDTIE, METERW,
HEdHE log IZDOWT

lim logz =400  (D%D 111111 log(1+ z) = 400)

r——+0 T——

THI00, () D 2= -1 TEEREZRLZZOVDIZ, H2EKRTHARRVDE, TH o HI2fT
J213T) THE, ZHIERZBITHER T 2 7D ICENBEHICEH 7205 3 F R %,

4.1.2 BHER v =2 ZfE<

FERE L LTD log 13, log: (0,00) = R TH D, 5B R > 2 — e* O TH - 7=,
ThbbyeR, xe (0,00) ITXLT

y=logr <& xz=2¢".

Z T, BB OWBEB e L THBBERZ ERTHILEFR LD TDLDITIE,
ze C\{0} 526N &2 HENX 2= & w ITOWTHIBEDLD 5,
w=u+i (u,vER) EBL L, e¥ =¢%” £RD. TOHAFERITGEND T, 2 Z il
B TERITONREZSTH 5,
z=re” (r>0,0€cR)
B,
z=e" & ref =ete®

asr=c"Ae? =",

(RD7D, BEHW: re? = eve™ OMEOMMEZINS Z X Tr = e* 2§60, Thz
re? = e'e IWRALTHELT e = 2182, )

5Lz nbishc, S hiéﬁﬁk@x—/——% BT 520300 b b5,
29I DHIZ 0 ISR BBV AR TVEDT, 240 55,
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z=e"<su=logrAv=40 (mod 27)
S u=logrA(GneZ)v==0+2nw
& (IneZ) w=logr+i(0+2nm).

Dol TEL,

4 N
EIE 4.1 (V=2 Z8<) FED 2 e C\{0} BEZ NI Z, w IZBT 2R v =2
DIFFFIEL. ZNDld 2z OMERXZ 2 =re? (r > 0,0 eR) T3 L& X,

w=logr+i(0+2nm) (neZ)

eRIND, T

w = log |z| +iargz

LESIEHIHIKS,
\_

il 4.2 (o< DENLD) (AL 2 DEIIXT L. ERIZ ¥ = 2 DfEZRDTA LS,

e’ =0 DFRFFIELR WV (ETHRo% L eve ™ =" =" =14£00256d0D05),

e =1 OIF w=log 1| +iargl = 2nmi (n € Z).

eV =2 Ol w=1log|2| +iarg2 = log2 + 2n7i (n € Z).

r>08T2LE e =0 ORI w=logz +2nmi (n € Z). DF D 2nmi &< o D2FHUL
R,

eV = —1 OFRE w=log| — 1| +iarg(—1) =0+ (2n — )mi = (2n — 1) 7 (n € Z).

e = —2 DfRIF w=log| — 2| +iarg(—2) =log2 + (2n — 1) (n € Z).

e¥ =i OfEE w=logli| +iargi =0+ 2n+ 1/2)mi = 2n+ 1/2) 7 (n € Z).

e? = 21 DX w = log |2i| +iarg(2i) =log2+ 2n+1/2)7i (n €Z). m

4.1.3 EBEZEBEW log: ODEHE

T, ZTNTIIEZEB logz ZEHIERLEZLRVWD? LD v = 2 D% RAUX, 2 D
R argz ZEIERT DD EIFEALRUTHEZ N5,

(Z ZTIEEBD log TR Z DT, BTRAIL TR, FEBEE L TOMNBKBIBITIE (K
FETIEA). EEZMBEEE U TOMEBEIBUIIAR, EYIRADMEZHIFRL T (Zoh Gk
i x B%) —MiBEEUC L7z DX E. FHC (0,27) OEFICHIR L7z d i3kt (RETIEE M),
ZORDHADBRVEFELTWA DI TIE R, BEERFPTH S, t6F a—2I1FRI VW
BbdHsL., EOMAELDHDL, )

(i) KATE K e =2 Zifi/cd w TRNTERT LWL TALI, DD

log z : = log |2z| +iarg 2
=log|z| +i(0+2nm) (ne€Z).
EED 2 € C\ {0} X LT, logz WS RIIMREOERRIEZ R T Z L 1T 5, log

FEFEDOREIRTIEHEE - BERTIEZR WA, ERSMEIR I 2, L. ((ER
D z 121 DODEZIHFIGT %) E@EDREZ (ML X8 2 HKT) —MRE L Vo,
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—J7. WYL —V T, 2z DIRAZELE—OENERZLICE D, HRBEK logz #1E
Al —HiRE% e LTERT D Z e dHiks, 25 Lt &, 2oz, 2K

KA L

log z DGHL (branch) ¥ FEX,

(i) TE 2 OFBXE I 28RN, HIZIE T =[0,27) [ = (-7, 7] RE, (—LT 2L,
acR LT, I=a,a+21) % [ = (o, a+27].)
EED 2 € C\ {0} TR LT,

z=re? (r>00¢€l)
ERDBr, 0 B—ERNCEES, 2D r, 0 ZHWT
log z :=logr + i#

EED D,
log: C\ {0} = CTHD, I {ut+iv|ueR, vel} THd,

(a) FRC [ = (—m,m] & LTz &, 2D log » ZXBIRDEME M, Logz &RT,
TbbH

Logz:=logr+i0, 772L z=re? (r>0, -1 <0 <n).

Log: C\ {0} = CTH®b, fEHEZ{u+iv|ueR, —t<v<7} TH3,
Log IXRADFEME Arg ZHWTHRE 3:

Log z = log |z| + i Arg z.

Log . BDEHK2IK N ={2€C|2<0} LOEREDOETHERTH S, (v %
EEOEDFEK LTI E, 2% TLE) 26 2 W &EfMfiF5 8 E ImLogz — 7, 2
Z N 25 2 13N %2 Z ImLogz — —.

lim Logz =log|z|+im, lim Logz =log|z| —in.
WoT z— 2 DEZE Logz 3R ZF 720, )
(M ETH %, )
s Mathematica THTAX S ~
Turo Iy EHEOEZEMNBIBIIFEEZFE T 2008 ETH 5, Math-
ematica Tl Log[] THEPBIR D FEIFHETZ 5,
ImLogz D7 F 7I3MEHEFEER D X 5 72 & U,
Plot3D[Boole[x"2+y~2<4] Im[Logl[x + I yl]l, {x, -2, 2}, {y, -2, 2}]

(Boole[] FH L THRV, )
YURTT I 7%O0FEZATHDNLTAD KTV DNS,
DWTIZ ReLogz D77 7 bHiVTA LS, HiKHNTEBRTEZ 27259 D
L HERRZAMREI L log 2 1ITOWT, Imlogz DF 7 7 RMBRLTAHA LD, )
Lo L, BOFEE 0 ZBRVWZES C\{z e C| 2 <0} IZHIFRT 2 &, 1EAI (4
IREAT) 1278 B,
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CHURFEBEIEE Q= {w e C| -7 <Imw < 7} IZHIR L 7= F%
f: Q(_ﬂ.m) — C, f(w) =e" (w S Q(_ﬂ-,ﬂ)>

DU TH 2 (BH TRV E/NSWESICHIR T 2 2 & THENZ L TFRIE
ZE2. LWVWORKDHDBETH ), ERBEBITH L TH, HRBOMY. WRIEK

FEBUIE D ZDOD TS, Log WRIERITH B Z 0%, 2 = f(w) £ T 2L E,

dz =V =2z THEIDNH. dw = 1 ERASPR5}
dz z

dw
d 1
2 el N
(32) dz Log 2 z
DIF D ALD,

o HHHD S 5,
INHRAfEDNLEZRD TN, = DIRMA%Z [0,2r) OHEPFIGER (Zhz FHE
MERANDBNWBZITH D), 2FD z=re? r>0,0 €0,21) ¥ LT,
z = logr + it

9%,

:C\ {0} —» C (BEDBIE) TH2H, EOEKEKR P:={zeC|2>0} L
DEEDORTHNEHTH 5, Lo L. EOEKL 0 ZFRVEEE C\{z e C| 2> 0}
ZHIRS % &0 BRI CYRERE) 12725,

CHURFERBEIRZE Qo ={w e C|0<Imw < 27} IZHIR L 5B

g: Q(0,271') _>Ca g(w) =e" (w GQ—ﬂ’,T()
DB CH B, = — g(w) LT B L %, %—ew—zfzf%#a ‘fl—f—% 57
bbb

(33) Llogz=-

DI AL,

(ii)-(a) @ Log ¥ (ii)-(b) @ log &, FERAE L LTD log DIIRICZL o TWB, DFD

(Vz € (0,00)) loga = Logx = log .

(ZNLHNDIEED log IZDWTIE. ZOBHRDIAELD D L IEBR SRV, )
K (7): (i)-(a) D Log & N TAEE, (ii)-(b) D log & P THREHEL B &, Kb E
W BT D LRV, BRTZORNEGEZRA LA EZIT R 572D F 5,

RiX 4.3 (B AREN dy/dx = ay ZFEL) a ZERE T2 =, BEMOHER dy/de = ay
DIE y = Ce™ (CIHMERER) VI DIE, Hill ke Z2he, ThERD X 5 1I2fE<

AW B,

SRR O EFIIBRFF R TIE—RICEEH L T Wi wngs, FEEBNER B ERTH 205, 2.5.4 DiFim/=
THRBEBMNIEAITH 2 Z e DFEHTE %),
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/% = /a dr £V logly| = ax + C (C 3D EE). @RI |y| = et = e, B R
12y =Fee® = Cle®™. 72721 +e & O BV,

FHOMAIZ T TEZ 258 (5D 0 IR 2550MELEVTBIHE) ZhTHHEOR
Wi e, BBOERZ T THERBZMESGEE. 2ROHEL W e NE7A 50 7?
Lok DEZTAD I 2ED D, REDWMITTERDIZETIE, ELREBEIEH M 72K
WX T RREROGEL VWS DEHDZETHROT, ZhEM5 X5l L5, =

- FEEAEDD (2B BIIY—UF B) N

DL E GRS EEEE D FEICBR &5 720, 18 2r DR DFHRME I = [a, a + 27) H 2 Wik
I=(a,a+2m] ZFAT, z2=re? (r>0,0€el)ITHLT

log z = log r + (6 + 2nm)
LEDIlog b, N %
N, = {rem | r > O}
EBWVWT C\ N IZHIRRT 2 & IERIEERICZ D .

1
log ) = —.
(log 2)' =

FTTITIRNT X 51z, —fflifIBUZ L7z log Z X EBEABD R EFERD, N D XS, #
=
NERL ZETIOON0FEERD T Z 223 T & 2R (HEIX PERCRD BIER) %,

HTo¥A
DIEHR (branch cut) & RS,
\ J

4.2 FEEH -~

(ZDETIZEREBE logz BN 2, HIHEHDO XS ICBTRBT 2DEXIES, 5Z DL
ENEI VWIS EBEKRTHEDLOA TV [XXHREHAN > T) OB ERD 5, )

FH a, b I LT, a Db FEa ITVOTHERINDE DI TIERL 72 (1) I FWVWLD?
ALV LA, >0 DHEEIR
(34) ab — ebloga
YizoTWe, ZOBREEIEBICIRL T, BEBOEBE 2 ERL LS,
Bl 58.a>0,bcRDEE, ab=cblose RPE{HITDZ & BRE,

INEFTERLTDHE2DDEXAIT 270, LIS 22 THL p(z,a) £ELZLIZTS
(p 3% (power) DFHXFDDOH D),
aeCIlTHLT

(35) p(z,0) == e (2 € C\ {0})

eBL, logz ZEZRBEHTHD, =D EEIZHS L., 2K T2 dD
%, FIEDGER p(z, ) IZUAR—AREETH 5, BEDHEI p(z, o) X2 LD 5
20, —BE#OHEbH 5 GEL JIEXLIRITENS),

MIZEBOTIDERL DI RLRPEEZ TV Ed Doy
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z DMER 2 =re? (r > 0,0 eR) ZHWS &,

alogz _ ea(logr+i(9+2n7")) (n c Z)

p(z,a) =e

fHEDTD. BIE a e RDEZDAEZDZLIZT S, DL X alogr € R, a(f+2n7) €
RTH2, %7 e?l8” = (") = r* TH D DT,
p(z,a) = ree®fe?™ne (n € 7).
X IS WVWHEZELD 5 20 HEDT T L THRNTAS,
(a) c EZDEE, na €L THEHhH, 2™ =1. WZIZ
aiof _ @ a

p(z,0) = r*e = (re’)" = 2.

(2D 223, a>0%56 X aflD 2 D, a <0 R51E —a flD 2 OF 7 O %
K9, )

b) a cQ\Z DY %,

(36) a = (peEN,qEZ, p>2,pk qlFHWVICH)

TR

L RED (BHIARETR). 2555 Y
p(Z,Oé) — ,r,aeiaee%ri% _ Taeiaﬁwnq (TL c Z), W = 627Ti/p
p & gDPHWVIRTHEDT, n BZ ZHLE, ng % p TH-ZLRDIZIE 0,1, ...,
p—1BFTXRTHEHNSE?, wld, 1, w,w?, ..., WPt ODEDEDEES, DRI
p(z,0) = r*e®wf (k=0,1,...,p—1).

1 N
ZHSEME |2l =r* D p FEPRTH 2, KT « = ZHIE 2 D p FBHITFEL W,

(c) a € C\Q RBIZER plz, o) ZEREDMEERS, (ZOBEEDEDEDRVESS 7
5. AIZERT 3, )

- p(z,a) ZX/RT % Mathematica 7’1275 A ~
plz_, alpha_, maxn_] := Modulel[{r, t, w},
r = Abs([z]; t = Arglz];
w = r-alpha*Exp[ alpha t];
Table[{Re[w Exp[I n alpha 2 Pil], Im[w Exp[I n alpha 2 Pi]l}, {n, maxn}]]
g8=ListPlot[p[1,1/8,8], AspectRatio->Automatic, PlotStyle->{PointSize[0.03]}]
groot2a=ListPlot[p[1, Sqrt[2], 100], AspectRatio -> Automatic]

groot2b=ListPlot[p[1, Sqrt[2], 1000], AspectRatio -> Automatic]

Manipulate[
ListPlot[p[1, Sqrt[2], n], AspectRatio -> Automatic], {n, 1, 1000}]

/

GRIZ. D p(z,a) =82 DT WD 2L 2 LEL, Fhha=L neNDLZE,
W t%)%<o 4%017122@8%031\/5 Z%<o
PHEEE. p & qEEWVICETHE00, Bkl eZ) kp+lg=1. WIIWIEED m X LT, mkp+mlqg = m.

WZIZ (ml)g % p TEI-72RDIE m THZh 5, wmdi=um,
BXSZDFET, n:=ml BL L, Wl = wmld = =mkpym = ym,
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20
%

4: p(1,1/8), p(1,+/2) (1 < n <100 @ 100 1H), p(1,v/2) (1 <n < 1000 @ 1000 f)

Bl 4.4 (V-1 1EEHN?)  (=1) =1-¢e™ XD log(—1) = logl +i(r + 2n7) = (2n + 1)mi
(n€Z) TH2BHI5,

/1 — (_1>1/2 — phlos(-1) _ 3@ntDmi _ (ntg)mi _ i(—1)" = +i.

V—1=+im
Bl 4.5 ZI0HIERVWEEI R, @ ZROTA LI, i OMERITZ i=1-¢"2 THE05H

1
logi =log |1] + (g—l-er) = (2n+§> i (n€7Z).

W 2T (a’ = ePlose 12X 5 0)

i — pilosi _ gi(2ntg)mi _ —(2n45)w (neZ)m

- ZETRAD2ItDEED ~
(a) a €Z 7BIE, 22 1F, ThETHE-TELEILF LR LEKRICK S,

(b) a € Q\Z 251, a@%ﬁ/\*ﬁﬁﬂ“%a—p(pel\l qEZ) £TBHE., 2 pffl
B TH D, p HOEIERTFEHANDFERFOOMED p ENRTH 5,

\(C) a € R\ Q Z&HIE, 2~ 3R ZHEEKTH %,

J
DR FTHEEPRETHL e RHET 2, 22 =82 ¥ logz = logr +i(0 + 2nm)
(72720 z2=re? 3 2) 22 BRIBMELRFHETDH 2, o 2B FHEEL zhlAc
2%,
(Vz =212 OFf% L7z e ISR IR T, MBI 52 & =&, fiBg%k, )

R 4.6 (0° ZH<SHT (RWVEE)) BFEEFATOLT, T0° 132 7 1 2 WS EEHRE &2 KTk
%, B (BE) a® 12OV T, be N OBEAIKFE AR SRV, Z 5 TROVEAI,

°7¥>755/u b@@a@ﬁtmﬁgﬂiﬁkﬁi% — I RAERETEZNL, BTRVWEES (B RAXZHKXPLITH7%
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BTHEMTH 2 LHIWCERT 5. LWVIERTGEH TR > T3S, MOFFENLREAHIER & [
BRIz, B OFEE OMITITIND KO ICEREZIERL TIT< s BMOREFRIZOWT, XTI
FTEELEDT, 0V IOWTEZTALD,

Wikipedia (%FERR) 12

Zero to the power of zero
https://en.wikipedia.org/wiki/Zero_to_the_power_of_zero

PWIORENHD, BLFrEoTW3,
BIIDNZ 7T 73 TDEHITR->T WD,

Zero to the power of zero, denoted by 0°, is a mathematical expression with no
agreed-upon value. The most common possibilities are 1 or leaving the expression
undefined, with justifications existing for each, depending on context. In algebra
and combinatorics, the generally agreed upon value is 0° = 1, whereas in mathe-
matical analysis, the expression is sometimes left undefined. Computer programs
also have differing ways of handling this expression.

CNRB BB TedleB5, BRI 2. BIRUTDL S22 THS 5,

0D 0F (I° eRINB) X, AERINEERT-RVWENTT, &b EEZATRE
HiZ, 1 TH20, ZOREZRERDETFICLTEL, EWVWHIBHDTIT, WIhd
YR X > TIEYZREHZD D £3, REFHAGDERETIE, °=1TdH
e, —RINMCERINTVWET, L2 LEETE. 2ORFLIELIERER L
ENFET, avV¥a—&X—0D7FurI7ALTH, ZORIFALLIDIFLNGTHLH D
75,

Wikipedia DFEHEICIE, TEX ORFEHE &£ L THFENTH HHK D. Knuth (BFEHED»D
computer scientist) (&, 00 =1 EERIRZITH L2 HHL TWVWD L0, BAHEHVEFEDH-
TV, ZOXEZBEGHDOME — M TH 05, BFEDILE VS bDEFHMAL TAH
X9,

TP MBS OEED»OWBD K5, BEBOMAED E2FEIE Z, ULNOHNEE L 725
b LW (AT TECEENT) W ORETEET Z 2320,

Q:={(z,y) eR? |2 >0Ay>0A(z,y) # (0,0)} LT 2L X, f(r,y) =2 ((z,y) € Q) T
Ko TERINBIE [ 1,

(#,9)—(0,0 z—0 (@,y)—(0,0)
y=0 z=0

. 1 1 0 __ . 1 IRT v _

%723 DT, @BE( l)in%oo)f(x,y) EFEELR WV, WZIT, [ % (0,0) ZETHRE F Tl
Z,y—) b
BEE Y LTHRIR T 2 2 I TERL,
RIZHELEPOEZEBEBGR OGP O R TA K S, G a® = ebler x5 BFRAZ A
T, HEROHFAICE TEFEEZILRLEZD, a =0 DHARERL TCOWARVWI L EZFEELTE
ARETHA9, 0ldlog T > THIEMOFEF[THLDT, TZTTORHHITa=0 D5
BETIRTZ2ODPHE LN L IZHBETE 2 TH A,
(D UBRRICIR 253) 0l =1 WO A, BEGRONEN ST 28, AU~ © 1 TO
ER 1 TH2(I'(1)=1) 2o, BALKITEZ 2D L I3NRAYZERTHT 5%,

SRR DELFET 2 > 0 IS LT () = / et dt ERIN. 0> 1 BT ne NIIHLT
0

I'n)=Mn-1)! TH2ILIFBEHHATE S, I'1)=1TH206, I'h)=n-1)! VI A n=11

DWTHILT ZI2E, 0 =1 EERTIUIRV, F ¥ vBEBUIERBRCIR XN, 1 IERRATIER Y,
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https://en.wikipedia.org/wiki/Zero_to_the_power_of_zero

Wikpedia DFEHET MMEHTETIE. CORBFLIELIERERL INE T LH M, KER
3 AHEX. BBURALD 2 0DFEPBRICR - TVWBE EEEZHNEY,
DEDXSREEF I BFEEZRP-oTWVAE XX 00 = 1 1IREERE ] LWV EENE
CZIBDT, ZIETmALZANZ. 3IDVLEEICOEH->THRIW,

AT EOHIZHRENEIDH 2, FIZ 00=1 2 WVWH Z LR fHoTWwWa, FHZIEMBESTD
Taylor J& B

) (g
(37) f) =3 gy
S IHEH
(38) (a+b)" = CDMWT

o

REDADEM TS, (37) T n=02Dr=aDLZE, (38) TE. r=05Da=0
DeE, FlEr=nr2b=00 %, " 2EHETZ, ZNHDOHAE. WIhd =1L
fRIRT 2 Z 21T o TV (£ LIRWEERXDL LRV,

REDIH TR ZHKX (H20VEZOMRIEH»S), LFHHAT 202 Lk, filz
1A » DZHER LI,

apx” +arz" M+ Fan 1z +a,

EWVWHEE LD Z e 2 X3, ZhUdE@E Y 2HWT
Zaj:c”_j
§=0

EREND, j=n T BIEIZ a,2° THBED, THDa, ERT7ZDITNT 2 =1THHH
B b, 1=0ERATESDITE 00 =1 TRINUIKE SR,

REA TR, ZHRAZEARTOEARTH 206, IBEFERHASOEEFTIE, °=1T
HBr, ~RNCERINTVET, ) LH2DFHFETE 2,

(FAE DA OVTIE, 2 2 TEFEHTER WA, Wikipedia 12 D. Knuth 23HT¥k
72 DT Graham-Knuth-Patashnik [25] Z ®HIFTH <, )

EAHZS, BHEOEREBRE S,
00 % 1 LERTZL. RERLT22IEURICEK 3,
o 2EMEBOBBOMEE LTUIER LRV E WSV HFED 5 (EFEEEENIC %
BIRNVDT),
o LAHAL (BIZR) Y i3 RoMTHNS 0F 2onTid, 0° =1 LEH
k

ERAR

— /7T, —HRIZ =1 EERBLTHMEDRV (KT EXUIE 72 RV, 2¥ 1
(0,0) THEKE L 72 203, ZAEREHMEL COAUIMEIZECRWIETEr S, HAR
HI 72 BRI BRI S DD H 5> THHEDRVIZA S, ab = ebloss L IO 5
BB ITNE, FETA2HDITHRL, 2RIV,

ERT DL TR BREZSERT S0HHEHMAT 2 I NBVH, ERLBRLDDIZOVWTIE, REEFRL
BWHHHZHAT S 28 IEEAERVOT, TR TLE I, ZHRELANLTVRVERS,
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FERDE 22, Wikipedia IZEWTH 2 2k LIZIFED SRV, R BEIFRIEHELESRD
HELEWVWSHIFTTIRBEWVWDT, —~MOEDHFTH, EIIEVWTHEINTED XA, LW Z
Y CTH5, )

BEOHL, ZLOBEEDRLC LSO BERZLBEGT 5, MEDTOHERIET Taylor ED
APHTREZLE, (2-0a)’=12F2205WDEXE, AKINZZ N2V (125 T,
ZHAELLEDZIREA S, ZARDIIHEMSZ) LEIADPEZZ S — B TIEZEA
(BR) % 3 TEHLRVALITER),

FDHNCER - T, 58 ((37) Tk n, (38 TlE r o n—r)) PEHINCELT 2D TRV
5, CWIOBBHBHEKZ 2D LAV, DFD 2¥ (y 1IZEE) TR, 2° (0 ITEKR. 22Tl
b=0) ZEZTWVWS, LWVWHILTH3, ZHIZOVT, 5 2R FEVTHELLL (bxo
LLDOZW?)

n FEARBErTLrE  (2") =na"!

LENWTHEZ3DF LIZLIEHIRTAINE. n=10222=0D 22U 1-0°12725D
T, BLD 0O ZRERETEE, (") =na" ! LWVWIRIE (2B L n=00Dr XlE z+£0
Y35 bW LESOIREICKRS, 2OV RKEND L EIX

=1 (zeR\{0)

72T
=1 (r€R)
ETBIMAyFVTHLEITNE, WD, BITEORMICD - & b ERANIINRT &

OFERFRLIEINET

5HDIFESTH, LWV I ehk, SR N

fl 59. 0<a<1ZHLIEED alZXLT, limz, =0, lim y, =0, lim (z,)" = a %
n—oo

n—oo n—oo

725 KRB {x,}, {y.} DFIET B Z 2t
B IOV DRIAENLES I, Rk, IHZMEZRITIIUIRVWTL & 9,
il 60. ¢: (0,+00) — (0,+00), ¥: (0,400) — (0,400) 23 tl_i}rfgg@(lf) =0, tl_i}rf()lb(lf) =0 %

VA MR- 1N

i P(t) —
Ay e =1

THENEIDEZ K
(FE T p. 230 ICH B, )

4.3 PFEBLI—ILE

= AR, WEIRREEE 2 ¥, FEEBIE - W TR X N 3 W2 \Whs, BITE RIS
DWBEIHIT H 2 W BEEUE (HRBEE LT) ER LI 8T, 205 5B MBI
B - WTRT Z e 23k 5,

Bl 4.7 (1) sinz =0 Zf#lF,  (2) sinz =2 ZfiY,
1z e—zz

(%%ﬁmz:i—g——fﬁéo

97



eiz_efiz ) ] )
sinz:O<:>T:O<:>e“:e_”<:>e2”:1
i

& (Ine€eZ) 2iz=logl+i(0+ 2nm)
& (IneZ) z=nm.

WZIZ sinz =0 DX 2z =nr (neZ).

(2) w:=e* BL &,

ez'z_e—iz ) ] 1
SiIlZZQ(:)T:2<$€ZZ—€_ZZ:4Z'<=>U)——=4i<:>w2—4iw—1:0
7

w
s w=2i+ (2i)2+1:2ii\/§i:<21\/§>6”/2
< (IneZ) iz=log (2 + \/§> +i(m/2 + 2nm)

s @neZ) z=—ilog (Qi\@) +(1/2 + 2n).

WZIT sinz =2 DL 2 = (2n+1/2)r —ilog (2£V3). =

ZOHE—ILL T, we CHEILNILE X, w=sinz % 2 IZTOVWTOHENRE LTHE
<&,
z = —ilog (z’w—l—\/l—w2>.

BRCZEATE & 90c, =ABECe iR BIRIE. eI e o TRT Z e ks, 1Eo
T, =ABBC R DT 2 (TR DRI TH %) M BEBE L > TEEZ D
3. HEBERBRIRIANLNLETHS 5, stilllZENT 20, LUFD L5125,

arcsin z = sin~! z 1= —ilog (@z +V1-— 22> )
arccos z = cos ' z 1= ilog <z —1v1—= z2> = g +1log (ZZ +v1-— 22> ,

arctan z = tan~ ' z := — (log(1 — i2) — log(1 +iz2)).

N | =

arcsinh z = sinh ™' z := log (Z + V22 4 1) ,
arccosh z = cosh™ 2z := log (z +Vz22— 1) ,

arctanh z = tanh™' z := 1log :
2 1—=z
(—2 L BV S TAHESD ?KHT arcsinh 1ZR T %02 59)
fE- T, TEEEBIR. MBI, zhe / (Zhd log & exp T 2z =82 REBITh
o) BRELCFARNIERWL, EEZX N5,

60/ \/x(jxiﬁ—k = log ’x + V22 + k| EVWISRRDH DD, k>0 DE X arcsinh % ¥ 5, Mathemaitca
|3 ArcSinh[] 2o TEZ %, k BEDEER. FFEBAHLEGER. log(x+ Va2 +k) EEZX 5,
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R 61. XX EHEDPD K,

cosh(iz) = cosz, sinh(iz) =isinz.

R 62. XX E2HME»ID K,

1 1 1
(arcsin z)’ = — (arccos z) = — — (arctan z) = L
-z -z Z
. / 1 / 1 i 1
(arcsinh z)” = , (arccoshz) = , (arctanh z) = :
22 +1 22 — 1— 22

COEIDHEDHDIC

BEOEEIE. B o LR oDPVWREED T 20N E D, BPRPEEZSIZ, LKL T
bOATEAID. FFLTHETHERERI DR A TP TL %,

5 #RES
WEWEBEGHOERDAD ITH 20, FHEHDL b Z5THo LT, Moy
DD HEL LB TH 5,

(P oiE%z b a brEo TEBEROA D ICERE, ZhrHbAE—FZ EiF5. 250
S, RENZALAZDS, )

BEEBOMRED ZEAT 5, SEIDVEETH Z2HAIZ, 200 OMHEICHY 3
MOETHDL, FEEMEIZRLD, HREBIIEETH - THFLHRBEENFEEST % L IZR 5 7%
Vo JFEGEEBN Y S WO GEIWIFET 20, BELBWVWEGEIZE S WS Z eI 20, 20
PHRET 20N D HEERBEE oOLTH %,

5.1 HREIODEZRCH
5.1.1 &I3HL
WEWEIRED ZERN, ZORDIRFETIE., BORESLEN S, Bl 213,

o ZOMERHIZBVWTRDEELTEHIX, Cauchy DB EHTHEEZONED, Z
AUIHFRTICEET 2 EHTH 5,

o WL X 9512, Zoi#EE Tk, TERIBEIIENRUERRGETH 5] VI EHEZR
FTZeAEELHED—DOTH S, ZOTEHOYrZIZy FED) L WHEBITHTI RV
D FOFEINIEE M 2o Thah b9,

o WEMHEROS M D. BRI log 2 — / d—f%‘:‘fﬂﬁbf@ﬁﬁf% 5.
1

CIEEETIE. TSHIERVWI WX ZOMBROBDE T ICHN 2 DT, BANCHEXEL £ 5.1 5, £V EK
DI EEIET,

62 THRfE) RO VIS H 25 LW, To BRI TREINEZDIDT, —RCEDEHHSANT
WERWESTH 2 (FAMIMBETHODZ ZIE > TET (58)). Ahlfors [26] ITHFWTH o 725 ?
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(R#: BAREIRD TEREGRHZE] ([6] ITIER) I2H B8, 1HB koL DHVANHRy L
ANDOFHDOGIHZFHATA LI, ZOHRD WWW ¥4 b (https://m-katsurada.sakura.
ne.jp/complex/) ICHETH %, MALEIIBTIRDIZR>TH S, 50FLEFE->TWS
DT, EEE7 ) —T3, )

(ZAUIIEE ?) CIlE R2ISIEWVWDT, BT W Db H 50, HRBEEGHTEADHE
27325 Z 3T, DERDIIRETOHTH 2 (MHERD D 2 BT DHE L 72 5),

6 LIXS < DFElE

1. ETHMETEER. flzHes

2. REE—F

3. D OHEARWLRIEE 2R & L TR 3
LD 5, Cauchy DFEITEMOMERZ TS5 LT 5,

5.1.2 BEDTDER

ZRTIR, BSOS EERLLS, 2EH 2, BES DIXROBDOTH 5,
(RIBREHL 2, Brhdor, i, AL VWS SHELBEZ AL, brsor [HhHY
WEPFALTHEE EADHE] LS5, )

; N
ER 5.1 (HIRISESRIRST) QX CoOREE. f: Q — Cl3EE. C : 2z = ¢(t) (t € [, B])
FQ NORXZHNZ Cr oM 5, 2o Z, fiift C 1Tiho7z f ORFES (line
integral) Z XN TED %,

B8
(30) /C f(2) dz = / £ () &' (8) dt

TERAS

Kc®:t%ﬁﬁ%zW$o

v

RDIEDKRIETT & ENT T2 Do

< ™
FE 5.2 Q13 C OBES, f:Q— ClHH. C: 2 =0 (tela b)) & Q NDOREH
2OV ORI Y T 5, ZOL E,

(40) /f a2 = /fds—/f (1) dt.

N J
iz f=1 Dy &, oib/ﬁmxowmﬁtmé)

HER. X2HNC C i Y DEEICOWTIE, Mo TV A2V IRT 22, 3BT
AT %,

F(t) == f (o) ¢ () \ZEBEEBEBTH 5, WD TIEEBUERBORES LrH TR
o T LW, Ut) :=ReF(t), V() :=Im F(t) £ BT,

/ﬁF@)ﬁ:i/ﬂaKﬂ+wV@»ﬁ::/ﬂU@ﬁﬁ+i/ﬂV@)ﬁ

63 Tl 2 WH DI, MEOKE - R, FREZDOEWEA. L WIEKRTT,
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THPZERT S EZNERV, (ZHRFEBEBICMoRETEBIZHE > TH 5137,
P2 MESNHE Y 77—V =284 @ Fourier (REDEER Y, )

B B
ﬁG&ﬁvmﬂ}%Cm@ﬁtTét%\/qﬂwmfa/UWNﬁ%%@o
AR 5.3 (lHMVWER — BETRELFZEISIHVLDD) (LED t ITH LT ¢/(t) BERER
XNBZDI TR (TR BDT), (39) BALEREDES S, ? ¢ o, f] > Q DK

TTHNT CF DR E 1. ¢ [, B] = QIEFT, Ht; ) st a=to <ty <--- <t, =f,
¢ & I = [t 4] WCHIBR L7 ;= |, & I; T CT &, CEFREIND, WA

| 1o

J

FRTE R CEFRSND (BRI [t t)] THFROT, FOWEETH D, EHEET

%64)0 (39) X
/Cf( = =3 [ Flo) ) d

j=1Yti-1

CEBRTIONHETH DL EZ50d LAV, L#Lﬁ NIBEBDER I N T W57z
D, FEBETH 2 XS5 RENEDTFEEFLTEZ 2008 (1HY) 20T, Lo k5 1E
WTBW=, BOUEETH 2 e 2HEID 2 I1I2E. T 2B W XS RERPDEICR S,

BE 5.1 (BPOERDRE) EREBDOFEIT I Riemann FMIOMFRE L TER S N5 D3 E

ThHs:
b n
| rayde= i 3o 56)5
a ]_
Arji=x;—xj1, &€ [rj1,5],  [Al:= max (z; — ;).

1<j<n
HERBR D HIFRITIA 5 BT B FIRRICERATRETH %,

dz = li )AZ;.
Léﬂ@ Zﬂ%;;ﬂ@)%
~
Azj =z —zj_1, (€212, |A|l:= max |z; — zj_1].

1<j<n

(TTT 51z & 28 2, 2 BWEE T 2MEHRT, BRI OWRE-RAY 25507
FY. EHLD TS, )
2, (G BE I B D NI RX—=R—DXE D5 E|

a:t0<t1<---<tn:5
CENKRED ST EDEAT A
§ ety (G=1,...,n)

ZFHWT
zi=oltj), ¢ =e&)

=T o3 t=t; THOFRETRNIEDDD 5% (¢)(t;) # @)1 (t;) THBEE, @3 t; THIARET
B0, ZOHE. flet)e'(t) i t=t; ’Cﬁqxéﬂfhiﬁh\
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ETL2ODPHRTHAS, THL

f(&) =1 (&),
Az = o(t;) — @(tj—1) ~ ¢'(&) At
Atj = tj — tj—l

THEIH15H,

> f(G)Az =~ Zf(so(é}))w (&) At

Z DA EZE DB t — f(o(t))¢'(t) D Riemann IR 5 TWA DT, |A| := max (t;—

1<j<n
B
)%OKﬁﬁHtﬁ@Eﬂ@ﬁ@d/ﬂﬂﬂWd@ﬁKﬂéZZﬁﬁ%f%5o@i%

ﬂ@@ﬁu 19 KRFE D @aéﬁ#
H 5 —DD I OFRFED

[ sz = [ g as - i, 3 7(0)185.

(f =1 OHBER. Riemann FIFTHRORZ TR > TVWAH I LITHEE, ) m

5.1.3 #RE7DEA
Bl 54 f(z)=22(2€C),ClE o) =¢? (e0,r]) LT HL X

/ dz—/ fle d9—/ (ei9)2-iei0d6:i/ e dp
0 0

320 a e3m —60 —-1-1
{32 L -

2
3 3 3
(RiZZofE7E. FBEABZAHLTHAET 2208 TE 5, Ribk$ %, \m

il 5.5 f(2) = — (€ C\{0}), C & p(0) =€’ (0 c]0,2n]) T B X

2 1 ) 27
/f M_/j‘ w—/ 7¢ww:d"w:%u
o ¢ 0

itz 2= 7 X—=X—D” D TEZHILHZW,

l\z||—t

B 5.6 f(z)=|2| (z€C), Cix z=(1+2)t (te[0,1]) £F 3,

/1 dz—/‘f ——dt /wu+awﬂ41+%)ﬁ

:(1+2z‘)\/5/ |t] dt:(1+2i)\/5/1tdt:%_

FRIBDENTEL RS LI, dz = (1+2)dt 2FENWT, ZRERATEEIICHZIZD
BRWEAS, =
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5.1.4 [RIaEAHOEFET 35

e ™
FIE 5.7 (MESOEAERE (D&L55H0)) Q5 C OBES. F: Q - C ZEHL C©
X Q NORSHNC CF FOMIERT, BA5ED o, AP b LT 5 L &,

| P d:= PRI = FO) - Fla)
N ¢ J
SR O 2= o(t) (L€ [0, 8]) T 5o ¢ 8O ROBEE.

B B
[P iz= [ Pemee = [ R0 a= Pl
— F(4(9) - Flpla) = F) - Fla).

© DB DX ITANS C RDGFERE, C #TH 2 X5 /P EIL T, FXBETLEE
FRLtZeZLT

[ F@ =3 [ Pl o a3 ()~ F o)

tj—1 j=1

= F(p(tn)) = F (p(to)) = F(b) — F(a)m

COEHZRT, RDXSITEZE0D LR,

a7z, EEBOL 2RISRV ?
HEDNZRARREIR D o TVAUX ZNETERIU/E, LarL, OB 5.10 TRZ X 51T

HRBA T, JRIBBARBDFEE T 2 L IFR 580,

W ZFIEBEBDTEAET A 1E. IREL LTEZ B3N ERDH B,
Z DJF AR O EEREIC W T, R ZEMT TS 2 2 212k %,

Cf. [a,b] Z R ORME T B L E, f:[a,b] » R 2EFZ S, fIRLTFIARBIEEFD, ¥
bbb AF st. F' = f. FEE,

PAE Y DA E R
f:[a,b] — R 25HEfER 51X

& [ rwa=t@ e,

ﬁﬁDﬁO#%\F@y:/jﬁﬁﬁZBH@Mme®%ﬁ%ﬁT®%o

a

VAP SN
b b
/j@ﬁmzwwsz@—Fm) <?&b% /PWQM:F@—FWO
HMBETOEAREHE MING, THHIXET 51T,

(SZREEL T, DARI) My EETIEHWICHEETH 2
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EWVWIHIZEEF-oTWVWD,
BRBETHIRCID S BED D EETH 2 AL, ( T2RIZ) TRERWITNE) M55 DHiE
HBYih52306Thb,

EE 5.8 NI MIUBIREDELE) Zodh7-b 0FEEE, X7 MBI THRELTTH S, ITE
DR M FITHLT, FORTYIY LV (VE=F 2ili7lcdT FOIL) BFET S LI

e, b LIFETIUL, / fodr—=F(b)— Fla). m
o

Bl 5.9 (R ZFIALIEBESOHE) Hl5.4 ZHBEBEZHWTEHRELTA LS, T4k
b f(z)=22Cldz=¢" (0 e0,n]) 55, F(z) := % & f OFGREKTH 5 (R
F'(2) = f(2) Zii7zF), 72 C OIGR. BREFENRZNL -1 (=00 E z=1,0=n7
DEE 2=-1)ThHdHIH

[t = G = M _mr. 2,

W5ﬂﬂﬁ%ﬁﬁﬁﬁﬁbﬁuﬂ)ﬂd—%ﬂzeQ&C\mﬁkTéo:@f@ﬁ%%
BOITEE LT, 1. & LS BRI F AT 27 51, Cr 2 = ¢ (0 € [0.2x]) 13 9
WD C! KEARER (IERDHEERD 2=1) THHD05H

[ 1) = = (P = ) = FO1) =0

t:%ﬁ?@ﬁ%tiim/j@ﬂh:%mf@ébg\%Eﬁ%u5o@imfwﬁ%%
C

BUITEE L2\,
COMETICOVWTIE, EHE57T ZEATERWI 2R S, DITD L 512 “Er”
WHS 2 Z N TE S,
Q:=C\ [0, +00) IZBF 2 MBEAD I logz . 2 =7re? (r > 0,0 € (0,27)) LT

log z := logr + 6

CEDD, TDEE F(2):=logz (2 € V) 1F QY TEAITH D, Fl(2)=— (2 € Q). DD
FliX foQ ~OFIR fl, DFEBEKTH 2, 0<e <7 ZMLTERED c 1ITHLT,

(\z|b—t

Co:z=¢" (0cle2rm—¢])

B, T CIF Y N C iR

2—ei(2m—¢)

/ f(z) dz = [F(2)|_. = log ¢'®™=) _loge®®
Ce

= (21 —¢e)i —ic = 2(m — €)i.

C@@@\5%+O®Z%®@@%mﬁ\/f@ﬂh:%nm—ﬁ?5®m%ok%%bmo
C
|
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~ Z 2Tk ~

Z DADHEEZ. ATEHIOEFZNBBEIRDFEITHEL %, RHD O W Bbsh, it
W9 %,

F(z) :=log z 3ZHREE T, BAE L 13D oW DEEKRT F'(2) = f(2) &
729,

BIE f DEFIHE D L/INZ WS DICEZHZ 5 &, [FmBEBIIFET 2 20 dH 5, B
21X, BB FHED S EHMOIEDE T ZEROVFIK QO . =C\ {2 €C|z>0} Ti&

F(z)=logz=logr+i (z=re” R 0% (0,2r) DRENCHLZ)

D f DA S, ZZT0<e<1IMULT, Coiz=p(f) =e? (0 € e, 2 —¢])
L35, C. DB QO ITEENZDT

; f(z2)dz=F(p2m —¢€)) — F(p(e)) = (logl +i(2m —¢)) — (log 1 + ic) = (2w — 2¢)i.

::fe%+0&?5&%ﬁﬁﬂﬁﬁéo:mﬁ/f@w&m%bmwdiﬁfwéﬁ
C

290 (Z5LTHHRALIZLZMFRELTVDS), =

=

J

Bl 5.11 (2" OFERD) n€Z, f(2) =2" £ 3%, n=—1 DFEDBLOHITHEH. n#—-1T
n+1

@m@\F@y:; YBLE. Fl2) = f(z) THEIPE.

+1

bn+1 _ an—l—l

/Cf(z) dz =F(b) — F(a) =

n+1

B FARRAR R0 8 5 oo, fEHHIC D5 Z & b RTE L,
o ZERBIBZ (n >0 LAMTHREVOT) BEEREEEE Ho,
o FEMMBUIIH O NER T3 3 FARRIE E o,

oﬁ@%ﬁ?(%%ﬁ&%@ﬁbgﬁﬁf%%#—x(;éat#\%ii%ok%i%
6&1( 1&—1.)K%Lm®f\ ! KIREXIND LS TRV LARW)
2\z+1 z—1 zZ—a

R, T REEEEEET 5,

o R NFEMBEKZROLOIEAITH L) ZeHRTHD S, fito TIERIBKTZ L
r=Rez y=1Imz, |z|, Argz BREFFEHEBEEZHF 2720, =

R 5.12 (BERXEE) HEPOMEMEZ N T IIGORERELHHT 2 &, FaaEED
MBIGEE. EHE 5.7 1Ko T, FEDIIEHICEIHETETL 2V, T OERICESNT
FHHET 5 2 OB S 0D T, FIEBEBDFEE LR WL T Z 2232 wv, 2oz
(z, |2| D& S57%) IERIBEETR OB EED D Z 03D 505, BEBGHTHEBICE S WS BB
BAPH TR Z1EHENDZL VDT, HEDDORME) IR ETHE (D LE
HRSFBICKD), =
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5.2 HRICEAT 2HAEBOER

Z ZIEEBH S 2 DICKERERFE DS 000 2 03, BHZ ERICY RZ2DI3H LWV, A 74 R R4
DLTHEERZED (ot SADME R4 FICEDIREND S ?), TREEZ T
W (EF o T, HHEEBIEIRE L CTRMZ2TTLE S, )

a N
EE5.13 QX COBFEST, C:z2=9() (t €[, f]) & Q NOEIFRE T3, (2
o: [, B] = QDEHLE VWD ZEZEKRT 5, )

o B o DIEH {p(t) |t € [, B]} D Z & ZHHHR C DI (the image of C). 3 2 \WIXHF
(the spur of C) £\ 5, LIXLIFEES C* TKT,

o HIHR C 25 C MRBHIRTH B LIE, o B C' WTH 2 2. Thbb 1 [HIA[RET.
HER o DERTHE IRV,

o Wi C 75 O BMERBHRTH 2 L1k, o 25 C WTHD. (Vi € [0, 8]) () £0 %
W3z 20w,

o R C BRXSIHIC O MRDBIRTDH 2 213, o, ] DD 20 {t;}7_, T & [tj1. 1]
Iz (2 %%”KEI./?—: QOl[tj717tj] 755\ Cl %‘&Eﬁ%ﬁf%% %)@iﬁﬁﬁj_é Ze %L\5o

(t; TEFAMBAFRELOLFEELRZVD2S LARWY, EWS 2 THD, )

o iR C DRSHIUC O MOERHIRTDH 2 L3, 5 {t;}_, TH [tj—1, 4] T 0 &
HIBR U7 ol 0y 28 CH FUERIHIFRTH 2 0 OBFET 2 2 82 5,

o IR C DRARAKR (closed curve) TH 2 LIF, MR EBEDIFLWVWI L, TiRDD
ola)=p(B) THBHILEWVD,

o R C S EHEHRER (2 simple curve) H % W& Jordan Il (a Jordan arc) TH 3 & 1%,
— (R BAMIR TR WEE) ¢ PEFTH L. ThDB
(Vi1 € [, B)(VEs € [, B])  t1 # ta = p(t1) # ¢(t2)
/eI RV,
— (HhERDEAMIAR T H 2358) o 2 [o, B) THHTH S 2, ThbDDH
(Vi1 € [a, 8))(VEz € [, B)) 11 # b2 = @(t1) # p(t2)
il IRV,
(BB THTEBERZDLRWZ ] TH D, )

o HAMMPAHNAR C DIEDQRZT O TD 2 2 1F. ETHAOLEFIC C HFHTLH FAH
PRZBZEE2WVI,
(B S WA THEH, LGSO 2DANS DT, BiLIZELRVTHS 5, )

SEHEAN O BATEAR#RZ Jordan BAfR & MR, EE D Jordan HifR C 13 FHE % 2 D OmEEIZ
. FD5B0—IFER. MFRIFERE D, EE L 0HEBOEERD C* TH S (Jordan
HIREE (EH E.9, p. 293) — FFHADEHE LW Z 2 TEH)., BAREEO % Z O hiip e
Jordan FEIE & L,
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iR % 2.3 BT 5,

B 5.14 (BA) cecC,r>02F%, C:z=9(t)=c+re? (0 €[0,2n]) €T 2&., ClZC!
WIERIHARTH 5, X HICHHMPEAMAR T, EDMZXTH S, C DI c ZHD e T 2FE r
DOHE {zeC||z—c|=r} TH 2%,

ZOR C ZHICEHS |z —c| =r TRT LD D5, HlZIX f(z2) dz 6i/ f(z)dz
|z—c|=r C
EWVWHEKRTHS, m
B 64. DT ZhEH»D K,

il 5.15 (IEAFDRE) HfR C: 2 = ¢(t) (t €10,4]) &

t (t €[0,1])
B ) 1+ -1) (te1,2])
2= ell)= 14+i—(t—2) (t€]2,3))
i —i(t—3) (t € [3,4])
TEDDE, COBT0,1,1+4,i ZIHEE TIEAOETH %, C IXXZTHNC C* HUIE

QIR TH 2, O ICHMARFR T, EQMETH L, =

1€ Al—i-z

5. IETEDORAZIEDA T %

C! FOERIMHHERTIX, MR FDORIET 0 THRWERRR Y MLDTEE L. ZFOEERTZ b L
DEGNCELTE2DT, KL LTHELLTHD, RLTEDNE Z DRV,
XHNC Cr fROBIfR 2 Z 2 2HHIX. 2D XD BEZAELCITNEREZINS 2O TH 5,

EE 5.16 (C ZBAIICL —C) HIER C: 2 = o(t) (t € [0, 8]) KHLT. 2 = o(—t)
(t e[, —a)) TEZ2HEE, C BWFEICLEMRE Y, —C TR,
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4 N
E% 5.17 (Hﬁ 01, 02 7&’37’33\»\75 01 +CQ) Hﬂ%ﬁ 012 Zz = gOl(t) (t < [Oél,ﬁl]), OQI z =
©a(t) (t € [az, B2]) Ty C1 DERE Cy DIRRDBEFELW (01(61) = pa(an)) TH 2 LT 5,
Dt =

(,O(t) = 901<t> (t € [0517/61])
ot — Br +a2) (t € [P, b1+ P2 — as))
TEF L 2MHEZE. CL T Cy ZORWEHFRE ML, C, + O, TERT,
(BEREEFETIE, G0 ERL TS, o dRMHDH 2EFZ /RO, HHENRKRES
KZ&i%iﬁb\O)’C\ COMRTIZ O +C, £ELZEITT S, ) J

Co

Cy

6: Cl O);‘%g)f—\r'\ = CQ @;lél\){_?\jz fo@i Cl + CQ Z’)S'ﬂzhé

(IR - T, O DD Cy DI TRWE I RIGEICDH, C1+Cr, BEZ S5 X511
5, WhWwd THIIREH] W5 DTH DD, ZORELERITZ DR TIXFHL W,
COBIFIESRE A )

5.3 HREoOME

- ™
ﬁ%518a)[kﬂ@+m@mz:lj@yk+zﬁ@yu

(@Z}ﬂ@m:ALﬂ@m
[ < /C ()] |d2].
4)/Cﬂ@dm:—lj@ﬁk

o [ = [ fed [ 1@
C14Co C C2
N J
S (1), (2) BHBHTH B,
(3) —HNTHESRESL F: [, ] — C 1M LT,

[Frwal= [ oo

MDD Z e BZEBDIUL, F(t) = f(o(t)) @' (t) IZOWTHEH LT,

) at| < / Feye@ld= [ 1) lasl.
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(4) z2=p(—t) (t€[-B,—a]) EF B L, dz=—¢/(—t)dt THEDB,

—a B
/_ RO / CCOREEIE / F(—6) g (—t) dt.

s=—1t2BLY. t=—aDEs=q,t=-—PBBDLEs=4,dt=—ds THIHIHND,

/_Cf(z) dZ:/(ffOO(S))go'(s).(_1)d82 _/Cf(z) i

(5) fEZOTHEMEL T2, »

SR 5.1 BT 2 5 /i(\m\L/fwk.mf%()()@ﬁﬁﬁéo
(3), (4) WOV TEFETOFEENIRLETH 5, HlZIR

/ NOICE / 7(2) |z m

[ﬁ%520ﬁﬁ£Wi%ﬁCHDm§% PRIV X — R — TR S T, ]

f5il 5.21

Ci:z=¢" (§e0,n)),

Cy: z=¢" (te]0,1]),
Cs:z=e™  (tel0,1]),
Cy:z=—t+ivVI—12 (te[-1,1))

L35, HROBRIAZFEILFH {zeC||z|=1, Imz > 0}. FLAZBFECTHS (I
;miL%ﬁu_no¥m@ﬁ%fﬁ%émtfmﬁuf\/f<yku# B2 5,

Cj

M 65. C5: z=t+iv1—12 (te[-1,1]) T DL &, f(z)dz & | f(z)dz DREIODE
C5 C4
RISV D,

find 520 12 & D, BRI TRl a 225 R D G\_F'fli)35rff‘7? IR Hezhbe LT, ¥FEro
FE L2 EDr X IC—E 3 280881 O L TOREDD, BRI ST X =2 —F1) ¢ ZI5E
LBWTHMEET 5 Z D005,

FARAR DG EIX, MEZIEEL TOWRWEEIE, EDREXTH S THHBERONL—LNDH 5,

(ZDF, DEDEMNCHEFELS T2, KT 22 eddd, AR - REZIEET
TRV cws Huvoxid, PAMROEEIRNS Z itk s, ZRTRICKEIZDITRD,
MEDHZ] R =) CWOSFEZEMLEDT2DITHE, ZRTLSIR RN E
S5, HERX T 2HIfICOWTIE. 5 LATHLRVD T, fmld 7 X —& —HiF Z2HE& 5
ZDIMITHZ, WX okb T X =2 —ff1F) LHEHIZANLTEI S, )

KEFR DG AN T—hRIDCR s S I XIERIRE T AT RE) DSRRD 32D Z & 2Rl L7208, R D
FRFEICOWT S D LD, ROEH 2 FHRIMBICHES L iTix s,
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4 N
fhRd 5.22 (—HRIKR % SIFIERESDAEE) Q 13 C OBHEAT. C 1k Q WO Ct
WD {fr}nen & C D% O LTl B & 72 2 BIESIT, C* TR f 12—
RIRT 2235, O ZE

n—oo

N J
sEBA  f . —RRINKR S 2 EGRI B OMIR TH 2225, HHTH 5,

/Cfn(z) dZ_/Cf(Z) dz

lim Cfn(z) dz = /Cf(z) dz.

< /C Ful2) — £(2)] |d2]
< max | fa(€) — £(O) /C dz].

geCx

/ |dz| 13 C DIMRETH S, —HRIREIE, n— o0 DE X ?é%}f‘f”(o — (O] = 0 ZEEKT
Z)COD’C\
/ fn(2) dz — / f(z)dz (n—o0)m
c c

5.4 BF: R* TEETBHED (N7 MILER CDRER)

MERS R VRN ZBIE L7224 IS. X7 PVETICHN 2o 2 Bnl L
T, EXBEB O L OBGREHALTAH L S,

Y
/ /Q f(z,y)dudy,

[

f= <P>, C DHEAFERERZ bt 1T LT

Q
Lf'dr:/(jf-tdSZLde+Qdy.

(Green OFEHL, Green DR RIN) C BHEMEAMFRTH D, H2HFEE D 2 A, C DA
EBETHELT D, THOVIHAI, C DI D tE L ZenB0P, ZOr &

f-d'r:// rot f dx dy,
oD D

MR Z RSB 2 MR

BBV (REEEZEZT)

/8DPd:v+Qdy=//D(Qx—Py)dxdy.

65 R 7 RN TIE. Green ORI, Gauss ODFEEERE., Stokes DEF L WS HELEMHAH 2
B, 2B E—RELT, SHEOAR / do= [ wTERTZLHHKS (BAHSER->TLESH, 0

M oM
INFBEEDY Stokes DEH L FHIN D), ZDVHENLT DL, SOHEE D =M,C =0M = 0D X673 %,
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7272 L
L P
rot f = det (v f) — det (Z% Q) Q.- P,
HEEBUERRE f OFEER. Bzt u, v & T5HE X,

Lf(z)dz:/c(u+iu)(dx+idy):/<udx—vdy>+¢/c(udx+udy>.

/g[dz]:/gds.
c c

6 Cauchy DEDEIE

IS, ZOHEBRIKDDLETDIRTIE. H2EKT Cauchy DEDEH L ZDILH
(H2BWVIFENDSEPNBHER) TH S,

6.1 IL®IC
Cauchy OFEDEHIZ. HifmDCIIfHHT

/f(z) dz=0
c
EWVWIHDTH5,

BOEDHET D 553, HilIZRXD3DOTH D,
(a) fIFIERIBEE, M DO-DERIIT C O Q ¥ LTBL,
(b) C & Q WO, FEHDOZDHXTINC C e LTHL,
DLEE D D30, ROEFE
(c) C @ TPTe) HPAIC Q DRTRHROVE (f PVERBINTOVRVE) DRV,

(a) & (b) ZITRERRT. 7 (c) D& S REMPBIER Z LI,

/| © _oriz0 (0EH Q=C\ {0} f(z)—é,C’:Z—ew (0 € [0,27]))

z|l=1 #

EEVWHT LD ((a), (b) BT 02, /f(z) dz = 0 TIEHRW),

Lol () O B BHOECT, T 5O —(LHRETH 5,

C 2HE D & 5 7z fE R cH UL, EBICHE - T THT) ZHRLTHEEVITEZ X
BWH, D TRWGERMWIRZ L H 5,

C DHAUEAEAR (Jordan HifR) 72 51X, Jordan MHREIEICLD. C DR C* (KB LT
DA X C OHZ2ERER D OBRATHE22 e300 5DT, ClE D ZELEE->TH

S6piRIcR 2Ny, EEOREELEDBROCADPHOFIIIIEEN S (ZARDEH L 2RV, EFWVLR
%)o 2 XARRDRDORNRE 2iE, MITNIIREZEZ SN2 ANEZVWEEA 500, HUTHEIOLNRVA
CBWhrrEbNd L H 2, TENEDORLI—A DEHE », ESUHEOT Y ) o3y T o7
FEH Y, BRAFIEAVICHENZTNE, ©57225, BEGHZ L 1E ) Cauchy OFEDEHE D2,
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RBW7Z2A 55, Jordan HAREHD X 5 R KEE (?) 13D FE DV RWLY, ¢ »HHlIT
BWEEBEZRDOWRIZLIEL, WS ey dH b,

v b B RS2 5B 5,

() Q BEHZE o7 RO VBRI R B2 5, BTRRT 5 [HME 25 & 2
5, [0 » C OEBEEERTHINL. O TIEARITEORKE . O HOMLEOKA O
mﬁﬂﬁcwcﬁbf\/f@ﬁ&:oﬁﬂbﬁomlZmiﬁ@%ﬂ%f%éo

C

(ii) 1% OB C 251 DDMEPT L WS &% S £ CERLTHDE Db 2. B
DEDE D OEERR L VS AR 2 212k 5.

ZOHETIE. (1) oY AZHRHT 2, BMRGE» S5 ED TV L,

6.2 ZAFOAICSESRRTDSRE

=MD XS RHEMARNKEOSEE. WEL L A2 & 0 T EIC R 2, ROME
. ZFOIBAE ¥ HICIEFICHERLTH %,

4 N
i 6.1 (Goursat, Pringsheim) Q 13 C OB&ES. f: Q — C EHL A X Q ND=#
Bedse i,

f(z) dz=0.
oA

K::T@A@\Eﬁ%AQ%%E@ﬁ%K#E?%%@ﬁT%&

J
(BAREHTH 20, ZOREHEIZOWTIE Gray [28) ZH X, Goursat (ZA¥—) OEH &
FERADIZ WA, @K [29] TlX Pringsheim & W5 EHTZ HIF TV EHENRL 57025, iR
RAEHTH 205, T ZIATEEL S THRMITE D -2 e 00 %, )

AEICEDN D DI, (a) ZAIED AR S B, 78I L THRZ/N=AEDJEIZih 5 18
TOMTH 5. (b) M TE2eWd Zeid. RN 1 KRBTV 5 THRER <l
TEZLWVWS 22 TH5. (¢) 1 REIBOBARFRICTIR S FETE 0 (1 RBIE az + b 3 FARREEL
§22+bz BFOD D), £\ 3DDFERL XMEHEINETH 505, 216 DMAGH DT
H5b,

SEBR (R NHEZZETIEHT % & 40 ORI HBEICR 5, ATHLCETEBL 2, )

M = f(z)dz| £BL M=0ZmRL7ZW,
oA
Ng:=A T B, Ay DEUOHRZEFIE, 4 DO=AICTE N5,

Ao = Ag1 UAga UAgz U Agy.

O0g; 1F. 0Ny WWEENDMIT L. Z 5 TRV (M % FRWT Ay DNENICE TN 281577)
MOIRBM, BEE j=1,2,3,4 TXRTEEZ L, 20BN, ZASIEEWVICHRZIZR -
TWVWBDT (KPLWV), MESZAET22 3 v VAL L THATLE I 2 b,

(2) dz = (2) dz + (2) dz + (2) dz + f(z) d=.
0N OAo1 0Ao2 0Ap3 0Apa

67Jordan HIAREF D VAN H 2 L WIS FREIMAENHIC L2 2 13dH %, 21X Brouwer DB EH %
fioT 3 R—T W55k (Maehara [27], Brouwer OAHHEMDE L T2V 7 2GR H 250 L 6, ), FR&A
3 S BB F LD LAV THRT 2 2 5 iEHIEHA & 72w,

112



4
M = z)dz| < z) dz|.
REEERES
D 4ODIE (2)dz| DS BbEKEEGZ 2 =M Ay THolk LT, £h%
0A0;
Al Zj:3< Z\
M <4 f(2)dz|.
0A;
W 21
f(z)dz| > %
N 4

DUR, [ERRIC L CEAFROE 2Kl 5:
A:AoDAlDAQD"'
DL EMLED ne NIZXLT

>

f(z)dz 4%”

0An,

X R/ NE D JEFHIC & b
(FeeC) (Aw={c}.

neN
cENg=ACOQTHAERILITHFEET 3,
1 RIS RIRR R R Fr o DT, ORISR OB 0 TH S, DRI
(2)dz = / () - Jdz.
OA, 0N,

ORI Z g(2) B k.

f(z)dz

0Ap

/ 9(2) d=| < max |g(2)] / dz.
oA, zEOA}, oA,

/ 2| 1% OA, DIMETH 5, 2MF L, LB L. A 1 A LHEBTHD. n A1z
OA,
5azm§éﬁh9%mm5#6\%:é%ﬁmbﬁoo

7 DEFE lim JE = I f()ickoT,

zZ—C Zz — C

lim 9z) = lim f(z) = (f(e) + f'(c)(z — ¢))

z—c 2 — C z—cC Zz — C

=0

TH500, EEDOIEDH c ITHLT, 2% 6> 0 HBFELT,
lz—cl<d = |g(2)| <elz—(|.

c€N, THHDT, TTAREREED n LT, A, CD(c;0) BRDILD, ZDXD7%n
WXt LT
< _
g%wkﬂ_ggﬁk cl.
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“AFOERIFARLNTITH 25

max |g(z)| < eL,.

2€0A},

Wz Iz )
M L
— < f(z) dz §5Ln-Ln:€—
4n oA, 4n

THHMH

M < eL?
M ET

(Ve>0) 0< M <elL?
DAEFH T &7z, WZIZ M =0.m

AE 6.2 (LOEFADIXRDEE) o ZiHiis 2Dz, BLfES DI

) de| < ma 1) [l

0Ap

EWVWHIRERTH 0. LTI

(2) dz
oAy,

< EHOx L, = SR x
EWVOFHEI L 2 7RV, f(2) 205 1 TGERIER f(e) + f(e)(z — ¢) ZBRWTz g(2) ZHWT

g(z) dz| < max gz/ dz
[, o] < masclote | e

EFTHDIFKOFICSWVWLRTH S (max | f] 1F/PE L RWVD, max|g] 1ZNEL7&B),
—7. dLD f 20O RIRET. f7 2NEKE THIUL, Taylor DEHIC K - T

f(z) dz

OA},

1
< Z " 2
nax 9(2)l = 5 ‘gggélf ()] Ly,
NELNT,
1
2)dz| < = max |f"(2)| L3,
[ 1G] < 5 mas 17
B
" L?

WO FHINE SN B, 2O BRNIMBEIIZ M =0 DBELNTAVYFAL TN Y. SORAT
W08, f Y 2 B FTRE L WO Z EIFEEHHSR TV AR WD T, 2O D TR S % D13
Thb, 1EDAIREL WHIRED S

(Ve >0) M <el?

W) il E < Lo iR, Rl TH L, =

Bl U0 ERLTWS LS5, IERIBEIEE IR RIM A PRETH % Z L % T &1 52— Cauchy DFE
DEFERI Y LT (ZhEffo 2 bfERmAICELTLE D),
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%D Cauchy DD NARDFHICH WS 72, REEZD LI Lzt L TH <,

4 N
% 6.3 (BRLRNDOHDESfE) LOMEG1 DEMFT, fHQ TEHI WS 22 A%,

FlE Q TEkE, 158 aeQ ZBRWTIEH

r@BHTH, | f(z)de =0 DHD D,
OA

- J
ERRZE, Q THEFT, 1 SEZROWTEAI WO HE, RZZ20RTHMIAIEET. Q 28T
FERIE 2o TLES (BRABADBREMRERRREA L WS bDIIH25), OF D, ZAUIMFEE
BT 27-DDHE. £WVWH I LiTikb,

B o ¢ A BoiX. EOIEHHDOEEF TRV, a € A DHEIX.

(i) a 25 A DB BTEMIT—IK

(ii) a 28 A DTHEHF[ATIEFRWL EIZH 2
(iii) a 23 A OWHERIZH 2
DWINICHEHIN S,

() (i) (i)

O_\\ v/
T a B=AE A DY ZIZHEHNTHEDT (THR, L, NEE)

(i) DHBE. A DHIOEZIID/NIWEEDER c I LT, KDXSIZ A %23D0D=f
WHEIT 2, a ZBFERVEAEAL A TlE, B S BETOMEIZ 0 TH 5056,

/ f(z) dz:/ f(z) dz+ f(z) dz+ f(2) dz:/ f(z) d=.
oA 0. DAL BN 0.

W2 (OA, DEDEIN 4e LR TH S Z ITIEEL Q)

(z) dz

f
oA

< [ @I < maxl s [ e < gm0

e — +0 ZT%CK"C“/ f(z)dz=0.
O0A
(i), (iii) DHE D, KD XS X=AEZ20EIT 2 . F=ALT (i) BEHTE T, HED
DIED 0 TH2Z e EIPND, =

REX 6.4 Cauchy DD NXEZEL 72012, EHIHDOREEZED B EHEBL 7FA b
DR DD, LOFEODDIEE S5 EME [21] RS LW (F2# [30] T [21] A3dITF 50
TWV3), =
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i 6.1 & ZDREAHZEES 2 & Bz, BER f 2 A S 28 0REATEARS

13, Yo ORI - 7B / F(2) dz = 0 THS 2 L WERICEMET S 5 (Reh 513, S
O¥¢

M= A, ORICHHITE, K= A, IS8 LT / () dz = 0 DSRD T Z ¥ A
oA

5. / £() dz = 0 ZEAR ),
2 U5, Bl ¢ OBASAHOIEIC R > TV Th, C HEBHERAY ¢ LT f 2
ERENTERS 512, /f(z) C 0 LR EHEHTE B, CAANHWS Cauchy O

c
HOEMEDTH 50, EbALERMULL TAEAT 2 DREAN CH#H LV, —F—EATITL
bl N S

R 6.5 ZHUIRDEFE, K¥F 2L, BFRNSEZ 2RO D20 0hE, BA
RELTZOZEZEHEDOMEETT SNZ20E S0, BohkU-L Wi LTWE, 12k
DEEE (EEDP 45 WNWD T T AT), ik 6 ADHEER L7 (BUERHE LW Z 21K
WT, TEFEBICIRS Z 2 22 AN, BRI HRTF ) L WSFEEBVTWT, BAH %S
RABPIHICKEZ2DTIE, eBZNTWEDE, ZI3R5RVEIIC, BIICTEZ L THRE
WKDZEATEDEZTE, BAID1a~T3 » HOHEDR R RIZEBEELDH 720, LOHIIS
= 7R, MOBRE D, FEAPHTRERDZ &,

BHREBAFGROBR L ZHE L TV DD, BEPRZETLOEMOIAZ LT\, N
a7 TR [29] TPEBEATH 72D T, BRI > TUIEEE 720, (b, Z
DEMDIFHIZRIEDEL WV, b o 8EEEFIT 2V KU T2,

D E, FHERZTZED [Z0FIRZ RTHHETRVWIUL, BFEEHRIT D 2%
ZBELEABRV] EWIBEKRDOKEEL Lz, 57076 NT XXV b ianizb L%
570 (BREZECTLEVES), 20r ZOEDRMAIbI XS BEN L (EdH. &
HOERPEZ L LTS, MrZEUCLNDPEAZHT2 e 2EZBEIRITRL, W0
Z2iZiE. mEMCE R S BWIThY),

Z D%, BFEOHF T, ZOEHOAANZEIZ E ES N, FICZNUIED Z 2T TR
WAL TTAWE S5 LW 80 o72DT, HOEEDHESIZIELWVWEEIXUIHRWVWITINE,
TH, FILIIWCERLEZADBVE, WS 22 TFh, n

R 6.6 (Green DEBEZRAWBRIEERR) EIZAEXRRIEEHADL D 5, 2RI MV
THHZRZRD Green OEHZFHWS
-~ Green O EH ~

D 3 R? OftFRFEIRTH D, QI1F D Z2ETHES. f = (g) Q- R2ECHRET S

L&
o paean) - [ (52 )

k7”:7’:“L 0D 1%, D OERZEDHEICIE5HMIRTH 5,

=M ONERIHEGRIEIR TH 2 DT, ZOEHIEH KT

8Af@w&:iésu+moux+uw) /)mdx—vmﬁ+i/ (v dz + u dy)

[ o airar s [ o N
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fFIERITH 2226, Cauchy-Riemann OFERX u, = vy, uy = —v, BIEH LD, DRI

aAf(z)dz://AOdal:dy—l—i//AOdaeoly:O.

Z DFHED AL T 512id. [ OEfiE 2 IRE T 2 BEDD 5, BNMUEILE L WS BERT
. EHEE LTI 2525, Green OFEBICTHERTWIUR, ZAFMANDZ  OFEE
12X LT Cauchy OFETEHDT CIHINRTE %, ZAUIBHINTEK T 65N d0d Lt w,
FITBRE (MR (1)) B ZOREHERHA L TV, RERHAS CGreen DEMOFIAIED %
DEELLSARV, ZOHHDS LIZELPNLTVWEIAD S BT, RO BEIDIX. I [31] TH S
(Green DEHD TWRWRFHHANEH > TV 5),

Green DEFUTDOWTIE, FIZIZHF [30] @ VI3 AFEL W, Z ZICIEMERRGEI T 2w,
XD —RDEHICH TS Green DEHDEH > T W5, n

6.3 RIREHHEFE < EEOHBRICSE S BRB/ADH0
Cauchy D7 E M DRI

BRGSO 1SS [ OREI A 0: / F(2)dz =0
C

ENI TS o 72 T f DIFIGBIR 2 Tl TR SL0, MDREfRDID 2 DTES 520 ?
Q% COoOMHEE, f: Q- ClERE T2 E LUIFD3DDEFDBERITONWTIHNE 5,

(i) f 2 Q COFMBALZRD (IF: Q = Cs.t. F' = f)
(i) O FOEEDR A O RS C 12T, / F(2) dz = 0 B D 370
C

(iii) f 1% Q TIERITH %

TTIZ (i) = (i) 1 FHI o TV B 59 X (i) = (i) DY LD, FEHIZEEL < WD T,
ZDFTETIERS (fif 6.10),

FiE (1) = (i) TH 2, ZHUE Cauchy DD EHZHNTHESNS TEAIZLHIX &R
DFETEIEELN KRS C WO EMTAZOHBROEELERE) 226, F IZAETH I T
X2 BEDT, FHICT F 2RO ARETH 2 2o, f=F WA TESLNHT
H2, IR E 512 (1) & (i) ZEEZO T, (i) = (i) DR YLD, THRbS QWD
(DR ORI C 1200 T, [ () dz =0 BIRD T2RBIE, [ 13 Q TEAIT

C
Hb,] ZAULEE Morera DFEIR L MIEN 5,

(ZAUIBRICE > TH 3 Z 272 (iii) = (i) E—MRISEW D Tz, Z4Ux Q = C\ {0},

£(2) :% LS Bl B4 B (BDTD: /f(z) dz = 2mi £ 0
C

CZEXTeReddL.

(i) & (ii) IFFEMET (iii) & DFEL
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(iii) 1252 R LT (i) ZE L DA Cauchy DD EHTH S, LHZ L. FoE DT 5,

QD (RECTERZIIAT %) Bl T D 2 5513, (i) = (i) 23D 322 (EHE 6.12),
Z iU Cauchy OFEZEHD 1 DOFHRBRIETH 5 (72720, ZOHWBBCTiEHE ZHLA L T2
REFEISRIBD D 2 I DD B2 W0), W XIS

BEEmEgIc L TiE. (i), (i), (iii) IZFETH S

R 6.7 (NI ML ZEELT=AIZ) Fid. X7 PUEITICS 2h e b T 256035 %7,
(1) 28 TRZ "G f DRT Vv v %BFD] , (i) A / f-dr =0, (iii) 25 rot f =0, £\
C
XD, (i) & (i) EEET. (1) (B0 (1) 205 (iii) 2598 205, WiE IR
DiL7=3, BEFGHEBR AW B ILT 2, CWVHDIEFRLTTH S, =
F 55

R 6.8 (ERBOHERIIEASH) BAREIEOMBHHER [20] 1E. DIV DZ L ZRD XS
EVWTHZ, (i) & (i) KHET2Z% pDICESAREE WS 22 I LTA LS - (F
%) TZDEKICEWT, BREOMERTIE, MOrREDELI D AEETH S, BT
NEHLHLE ) DB, HIRHBEEWEILEZTE FHo T NIEXZFHL Z L 2#o %
T). FEER EOFMHDPBRVEFRIE TRV IFEREL LS, =

R 6.9 RIITED f I LT (iii) = (ii) 2K DO SHIIE, Q FHERSTH 2, =

(i), (ii), (iii) DZD XS REARZIZ-> XD IV 20DH, ZOEBOHERERFTETDH %,

Tl (i) = (i) ZEEFAL & 5,
MRS &0 D FHEBIX. EFR 2.18(p. 49) TEALTH %,

i 6.10 ((FEDOXZHY C! B IRICASIEBROH 0 B S IXFEEEAHKZIFD) Q 1k C
DI F: O — C IGEEET. O NOEEOXA O SIS O 125 LT, /f )dz =0
MDD T2, T =, HHIEAIRAK F: Q - CHEEL T, F' = f.

ﬁEHﬁJ QO NDOEEDH o ZHS, Q DIEETH 200, FED 2 € QIIHLT, a Z24h
M. 2 ZRREE T2 QNORXRSINC C HoifR C, DMFET %,

F(z) = ; f(¢) d¢

LB, F(z) DfEIE C, DED FIZIF X570, EBE o ZIHR. 2 ZREE T2 QND2
IR O, O BB B L E, Ci=C,+ (—C) 2B L. C ZHEHRTH 20T, &6 (i) 75

0= [ 0 ¢ - /f ic— [ 10
DD LOPHTH 5,
CDF D fOFBEBTHSEILE2RT, EED 2 € QITRLT, 32 >0 D(z;¢) C Q.

WZIZ |h| <e ZMiTHEED R ITRHLT, 2000 2+ h ZADPOIT [2,2+ 1] 1T QIEZE
Nd, Coopy, ELTC, + 2,2+ h] ZERZEIZED,

F(z+h) - F(z) = /C o 0 /C podc= [ o

R MM OBEE, 70— - 7 v TIN50 (i), (ii) B, BEGETIE (i), (i) 25778 —X -
7w TEINDEDEFRERDIES S ? Cauchy DFEDEHDE N ?
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/ ac = [ = b
[z,2+h]

THBhb, f(z)dC = f(z)h THBDT, h#£0 T 2L %
[z,24h]
F(z+h)—F(z) 1 B
) o= FO=reni
Wz Iz
\””’” “FE o< L[ 10 - el
h ‘h| [z,2+h]
S T cduax, 1£(¢) = f(2)] - |d¢| = (Jnax 1£(¢Q) = f(2)].

Xz THEHBETHS205, 2OHLF. h—= 0D X 0WRIRT 2, ©ZIT F'(2)=f(2). =

6.4 EXTHEE, BHEEE

Cauchy DR EID B 5 E 44 (B 6.12) ZRNT 5. LLFMAHD 570, BHET
R T T 2 RIIRVEEDN LA FELVZ 3R E5 2R E). FHICHV2 7
4T 4 7OV TIE, @tHERAS,

ZITR. BRELHFEOHNZIT I,

4 N
EF 6.11 (HER) Q2 R"DH20IE C" DY T 5, Q23 EERE (simply-connected)

TH3LE, QNOEEDOHMGAERMER (1§25 1 5T H 2 #fH) 1< Q NCEFEIICE
JETE2Z2%5 9,

AR = = (1) (L € [0, B]) P% Fla € QIT. QW TEBAINCEHTES L3, HoH
BLREEL F: (o, B] x [0,1] D (t,8) = F(t,s) € Q BIFEELT

B DILDZEE VI,
N /

a N
EIE 6.12 (BEGHEIHICH TS Cauchy DIRSTEE) Q13 C O THER,. f: Q — C
FIERL C 3 Q WOXpRY Ct fRPAfFR 375 & &,

/C f(z) dz =

N J
SRR (8% E i (p. 282~) 2SRE L, )=

il 6.13 HuEEELRMEHOM e LT, 2Z%M R, B B(a; R) = {x € R" | |z — a| < R}, “FH
W HMIEARIER (Jordan PHRIFR) A3PHEMEEL, 2 & FEMRZFRN . 3 Xtz T
1 HOMEE R\ {a} REDDH B, BRTIEHT 2 & 512, (huiisl, 2R S BdERi R T
H5s,
BEAS CTROWEBOF & LT, 2XTZEMTO 1 ROMEE R?\ {a} (BRFEHTOD 1K
DEA C\ {c} DAREMCHL), MERFER {2 € C| R < |z — | < Ry}, R3\ ¢ (L IXFM A
WHERRICO 72 1ERD), BWIRME (b —F X, torus) OWNH (K—FVRIOFHEE) REDH 5. =
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ZoflodicEn Ty, TER) w5 FEZHAL THL,

KE%GJ4@LE¥)Q@Nﬁb»%ﬁ@%%ﬁét?éo

(1) Q 254 (convex) TH 5 LIk, KDBWLDIDZ LE VI,
(Va e Q)(Vbe Q) [a,b] C Q.

(2) Q HEHE (star-shaped) TH 3 L1, KHEDILDZ &2V,
Fac Q(VbeQ) [a,b] C Q.

Hizczorx, Qi alZoWTERTHE VS,

BZESLHL, MW EEIIIICHI > TWAADBZNTH A,
it BTl

(

e

v

8: MhiHIER, TR WD AR A X —

BANZOWTRL BHBHAIC, RDOE5RDJDOBH 5, QPEHEORWMOKTH S T3,
HMEBERAREIAZ T 2012, 129D54 FEITTRED BGENERIT, 25 THRWESIZE
BICRW, DFED, HBHNCTA b 2BVt & RO TATATITHENEL L5 I1THK
251X, ZOHFE o & LTERDFEDMZEINE, WS Thb,

i 6.15 (MMESDH]) 2 C, M D(c;r), BAMER D(c;r), ZAE (WNHd 2 WIZNE e
EOED). IEZATE (N 2 WIENE e AoE0) 13 TH 5, =

Bl 6.16 (EREEDH) ZThWHES (&P C, B, BAME, =fAIEoNE. =AE
(NEBE H D&, EZABONELRE) ZEMTH 5, e FEROEES. HlZIXC 2
o Bl 72 B D BRu 72 E I
C\{zeC|=z<0},

BEMTHZ (U, DBbIETESRT%), 52 Q0:=C\{z€C|z2<-1Vvz>1} 3 EH
ThHs, ZLT (bBAA?) “BDIE” Y« ODNTEH BRITDH 5,

—77. C 2 BEAZRWMEE C\ {0} EERTERW(EZIZI74 PZ2EVWTSH, HAD
FAZIR B EMDEK D), »
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X 9: EQORIZEREE: 2 1806 ITXRTOEPRZI N5

&8 6.17 QI R /213 C 0BT, QA0 LT 5,
(1) Q 28513, Q BEETH 3,
(2) Q BEME S, Q IFHEETH B,

slEFA

(1) QPMERET 5. Q#D THEHDD a € QDBFAET S, FED b QITXHLT, QB
MTHBI Db, [a0,b] CQ W QIFEMTH S,

(2) QDVEBERET S, 5 a € QHPFELT, FEED be QITHLT [a,b) CQ TH 5,
Q NOEEDOHIHR C: 2 = ¢(t) (t € o, 8]) IR LT,

F(t,s) :=sa+ (1—3s)p(t) (te€a,p],se]0,1])

B, F(t,s) €la,p(t)] C Q. WZIT F: o, 8] x[0,1] = Q THB, THIZF IFHE
LTSN
Ft,0) =), Ft1l)=a (t€lnp]).

D% DI O IEEC R o ICETHTE 2,
B3 66. FEMO=AHOME. BMEMERTH 2 = & 2IEHE & (A p. 230).

6.5 ERFEHICHITS Cauchy DIEHFEIE

T4 D HEE, FOEGEBICEIT 2 Cauchy OFEDEM (EH6.12) TH DA, ZITIEE
RN —Y a Y RFAT 5, ZAUIHLEFTIN OGS OFEHOERIC B 72 5, 512,
ZORICEZTWS, IEHIBSBOMWE 2N 2HmIC b AHE N5,
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- N
EiE 6.18 (BRWHICH TS Cauchy OBHEIE) Q& C 0 BRI (K ZIX=MED
PRI PSRRI ¥ DIV EIR). £ O — C RIERIY T2 2 %, | OFRMEATEE
53,

® 712 Q OFEE DR O B C 126 LT / £() dz = 0.
C
EAEHED pg € Q KHLT, p, q & ZHZAISE. KA T 2R L Rl O
iR S S / £(2) d= DIfiE. p & g DATEE S (M C OED HIZ X BTN,
C
f23Q TCEREWSIRER, acQ LT, f:Q— Cl3EH. Q\ {a} TEHL %
| DTHRLHEIRD 120.

/
GEHDOH 5T LE—E TR 2 L, ETTHEEEEZES, tWwWH e THs, EEK

DHED % / F(O)dt = f(o) R4 BHEESHTT 5 OHFERTH B, )

A QURERTHZHDH. DD ac QPFELT. FEED 2 € QI LT, [a,2] C QD3
KD iLo, I T

F(z) := f(z)dz ([a,20) & a ZER. 20 2R T DHR7)
[a,z0]
EBLIEIWED, F: Qo CHOHERTESLD, HIZ F=fPRHIDZZDIRNITRT,
QUEBHARETDH 200, EED 20 € QTN LT, HIIER ¢ HFEL T D(zp;¢) C Q.
WZIZ0< |h| <e ZilZTHEED hITHLT, 20+heQ. ZOL X

(41) (2) dz +/ f(z)dz — / f(z)dz=0
la,z0] [z0,20+h] la,z0+h]

MDD, 38 a, 2, 20 +h P—EMREICH ZEEOIEHRTH S, 35 a, 20, 20+ h
B, —EHRLICRVWEEE. Tho2HRET2=AF (Az2a88) 2 A t3dL. ACQ
(ZDZ & DREREFEICEE 2) 2D ILE. (e LTD) [a,20] + [20, 20 + h] — [a, 20 + ]
. ZAK A ORE TR TH 200 (MZXIETHEEEIHZ L, £ THRL
%ﬁ%%éﬁ\mfﬁmbf%)ﬁﬁﬁlmiof/,ﬂ@dwﬂlbfﬁ@%ﬁ (41) 28
oA
RDILDZ DB DH 5,
lob dd
F(zo+h) — F(z) = / f(z) d=.
[20,20+h]

(2226, il 6.10 DAEFHERICTH 5, —IBEVTEL, ) Thrs

h) — F(z) 1 1
h B f(20> N E /[zo,zg—i-h] f(Z) dz = E /[270,20+h] dz f(zo>

1
-2 /[ EICERCES

~
&
+

W2
F(zo+h) — F(z 1
(20 + 1) (@-—f@@ < — max |f(2) = f(z0)] |dz|
h ’hl z€[z0,20+h] [20,20+h]
= max |f(2)— f(20)]-
2€[20,20+h]

[z CTHHETHZ2025, h—- 0D EET 0 WKINET S, wXIZ

p Flao+h) = Fzo)
h—0 h

= f(20)-
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j_fd:b% F &j: 20 VCT’TL& T%T F,(Z()) f(Z()). |

M 67. LOREBHOHICHNT: a, 20, 20 + h ZTHRE T2 =AF A (ZAEIOEZNTVWEY;
BLEZDL) D QICEEND Z L BAIAE X,

S 68. (% f%afiam;auuﬁx YRV, ) £ Q- C ARSI, 2 € QITH
LT hs0 DY &2 (O d¢ — f(2) THB I & ERYE,

h [z,2+h]
(REZZ 01TEMT 2 & &, FPERIIICRT 2. WS BEGHICRS TRAHTEKRS
MmCHb, )

4 N
% 6.19 (ABBEHICKN T D Cauchy OFRAEE) D & C oM@, f: D —» C Xk
Hi* 322 %, D NOEREDOXSH C HREArKR C 1c LT

/ f(2) dz =
C
DI D 37D,

\}HiDT@ﬁT\DW®1ﬁ%%%E% EREZRFIHTH R UHGFRSK D LD, )

J

sEEA  FMRMEBII RIS TH 555, =

B 6.20 (1/2 DEFRIHEEIEL) (B 5 Log ZHI> TWBHIZTE) B f: C\ {0} = C, f(z) =
AR S (1 / G omi 207 h), FRQ = C\{z€C|=><0)

lz]=1 %
F. R 1TIRDWTERTHEDT, f %2 QICHIFR LB flo 13EEEIEL
d
Fo) = [ foa=[ %© eo
[1,2] n,: €

ZFRO (ARSI D FMHE Log 2 ICF LW — R, - =1 ToErZhZL—
KT oh5). . C 5O HOEEORSN C HREHEE 513 / f(2)dz = 0. m

ROFNZE THEETH S, BNZ EERIEFHBEICD 22T D0, BpNCEHEAT %2 Did—
tHETH 3,

Bl 6.21 (ﬁ DRRAICASES) a,ceC ¥ 2L %,

(42) / dz ) 2mi (le—=a|] <)
smeler 2 — @ 0  (le—a|>r).

NP RTASH
T, Ja—c >r DHBE. R:=

% yBELL. r<R<|a—c T. E5IT

1
z—a

i& D(c; R) TIFAI

TR ZISEECERE (85 X 5 S, HEEITD B, Ko, BB —— AERVERIFAIC, i |- o = -
EEIC TG LTI |2 — af = 0 ICHR B 55, dz :/ % 3% Cauchy DS
\

lz—c|=r # — @ z—a|=6 7 — @

R f(2) /C— d¢ % f=1 L THVS
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o |z —c| =7 3 D(c; R) NDOEARAR
DD 3D, FIEMEEICEIF % Cauchy OFESEBICE D,

dz
%;CTZ_G_O

DR, la—cl<r OBEZEZ S, BHRRTHER2EREIZR SN TNSDT, fERIEZNIZ
EG LRV, BREOTERRT, &ETlE. (Fifa), (J7iEb) ZHNT %,

(F71% a) 10 O & 5 Zfhi#R Chi, Chay Co1, Cop, Ty, Ty ZIBEAT 2, Oy + Cha, Cop + Cop &
ENEN |z—c|=r,|z—a|=0 THED»H.

X 10: V1 D3AAE ANT - ODMEOM Y LTHET

d d
(43) / z / z
Cii+Cr2 7 — @ Co1+Cop # — @

Z T AUX R W,
CH — FQ — 021 — Fl Gi\

TEAE & 2 BRIEBA OFRFR T H 25 5.

dz
/ 0.
C11—Ta—Co—Ty # — @

SIEA2 & 2 BRIEHBN OFFRTH 25 5.

dz
/ 0.
Cia4T1—Cop4Ty # — @

/UJIJKZD & Fl, | J:O)ﬁ X v b ILEINT

/ dz _0
C11+C12—C21—Coz # — @

ZHUE (43) BRLTW B,
(7 b) (B8 [21) THlo 7o ) |z — ¢ =r ZHGZTEED 2 1L T,

012 + Fl — 022 + F2 Gi\

1 1 1 = (a—c
z—a (2—c)—(a—c) z—c 1— nzz—c”“'



—c la — |

ZAUIEHE T [ Ak = —| =<1 (z &RV !) THI05,

Weierstrass @ M-test & D \z—c] =r ET—HRIORT 27, W2 ICIHEBIFETHA]
BET

o0

/zcl Z_“_Z/z o|=r z—cn+1dZ:Z<a—C> 20,0 = 27i.

n=0

(ERRMEDIE () OFCR 225, n = 0 OHEEREZ 0 THH, n = 0 DIHIX
(a—¢)2mi =27 TH B, )

(777 ) BERE (FR [1]) &, Green DD HRDED Cauchy DFETEHZENTWS T,

D ¥ C O T. ZDEFUIHERMED H I3 H 6 WG & 77z Bl EA bR
Mo D, 0D IETHROEFICHEEE R 2 XS XmEROFLNTWS, f

ciE:DuaD%ﬁﬂﬁﬁLTE%tTék%\/ F(2) dz =0,

oD

1
o ED:={z€C|lz—al >4 |z—c <r} DEAWRZZLHEBTIEAT, DD

BSE O |z—cl=1r & Cy: |z—a| =0 DBELLRD, C, — Cy &, ETHAD
EFIZD ZRZMZZK5TVEDT

/ dz / dz / dz
0= — — N |
ap 2 — C lo—c|=r Z — G |z—al=5 # — @

R 69. (13) £Rt, (LIc—IEEWTH 22 (55 BRI 3, FBALRTIL, )

6.5.1 Rk: TIE6.18 ICELD / f(z)dz=0 ZEEEAT B Z2EZX %
C

(LIg s < THh)

FARRAR C 1Rt LT /f(z) dz = 0 R L720WEA. ETHEANA Lz i3 2
Cauchy DR ER (EFH 6.12) (HERITH 555, W CIEWF 2RI 0T, BEGA
BUTRF % Cauchy OFEDEH (EH6.18) TLRTAIE2EZXTAL D,

1@&9L%ﬁéﬂk£%%ﬂft\QW@%%@CW&W/CQ/fzdz:o%ﬁ%L

FNEE. O C O C O BT R O 2 Eo bR, /f()z—O#ﬁmT%éo

BRI, O b LTS ATG 0 MNERe PR ¥ o m i, (2 AU BT B ) AR
OMBIENDH DL, ZHUTELEZLT WV,

HEED RO 672K T, BAEEBNEE ST 25805 505, e Ao 2Dk ENR

LIS L,

O DEMTHZ22E. BB acQ DEFEHELT

(Vze ) Jfa,z]

2 DERFET. TR TIE Weierstrass D M-test 9. [—HEINEZ SIXTEBIFESRIRETH 5] Z e BFHHLTY
b L wh, REIOEROFEIICHEIIC L 2 DT, B3 HT %,
73%53#14\ ZeZED L. Green DA EHWS 729, [1] TRIERIBEEOE R ITERK O#EHiE 2R E L Tw

A¥EN - DEFEBITERTDH 2006, MEIFET RN,

z —
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DD DI THIM, Bl a ZIBATAT, a 22H “BRIRW Q DEEZITRTERWED
DE QL LTEH, DL O CU BB / F(2) de = 0 BIREB. L3 DH 100D /T

C
Ho,

BlzZiE, Q=C\{0},a=1F2L%E, a2bRIRVAE (ADFEE) & Q 25 FTXTER
e, @ =C\(-00,0] &2, ZHUF (Log REDEFEL LTEDNZ) K<HONE
RISEIT®H %

FRRIC, D 5B ZFR W25 Q .= C\ D(¢; R) IZEHR TRV, (TED a € Q
WA LTy a ORALBWER D ZRS & BRI O 25 TZ %, EBRE. Lol |z—¢ =R
IHAR 2 AR D Z) ZEINT, 200 T EN S, MHOMICR 2D ZRINIR WV, (K%
HEL XS, )

HHWE, Q=C\{1,-1},a=0, T2 Z, aPbRALVEEZ Q2L ITNTERL &,
V=C\ ((—o0,—1JU[l,+0)) &% 3,

BIEGHTIE, IR R CTHR Iz “N L7 —A VR BOEES LI ULIRESE T 2™, c e C,
0 S Rl < RQ S +OO, qbl c R, qbg < ¢1 + 27 Zj—é Z%\ B(C;Rl,RQ,QSl,QbQ) %Wﬁfﬁ%
35,

(44) B(C; Rl,R2,¢1,¢2) = {C+7’€i9 | R <r <Ry /\¢1 <0< §Z52} .

INDRED LS BRIGEICER 250, BRIl TAL D,

4 N
2 6.22 (AEEDSHIMDE |2 — ¢ < RZEFRVEEROERM) ccC,R>0, Ap €
(0,7/2) 53 L %,

Q={ctre” [r>RA0E(p—Ap o+ Ap)}

R

BEATHZ, EBR=0DLZEp=1,R>0Dt &I p= oA LT L:=pe¥
EBTIX
(V2 eQ) [L,z] C .
ITRHDE QOEEDORIX L »6RZ 5%,
_ J

GEER  (THH) R> 0 DEEZEZ 5. L=pc? 2B |2 — | = R IZEHRZGI, L &%
M2 FGATAE O3, pcos® = R Ziii/cd, R 00 LIZHBZ d=Ap THH, ZD
% pcosAp=R. =

i 6.22 25, ROEHDBFLND,

N
I 6.23 (NITLI—AVBEREHOERM) c € C, 0 < R < Ry < +o00, Ap €

(0,7/2) €3 %0 cosAp > BHIX(DFED 0< Ap <cos™ ' L B HIF)
B(C;Rl,Rg,gp—Ag0,<p+Ag0):{c—i—'r’ew|R1<7’<R2/\6€(90—Ag0,<p+Ag0)}

ERESE T B 5, [HUE (9 527 —~ Y FARER) 3B b Rile s, 4
PR B

J
BB po= S Li=pe® £ %0 REXD Ri<p< Ry WA LeQTHDH, L25H
{re’ | Ri<rAbc(p—Ap,po+Ap)} BREES, m

INY LY —AVFEHOMEE ZEDBIITITEoTVET,
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4 N
% 6.24 (NI LY —ANVEEBEHORASDEFETENLGEKICDOWVWTO Cauchy RO EE
CE(C, 0< Rl <R2 < +00, ¢1 GR, ¢2 <¢1—|—27T c:;ﬁj‘LVCB = B(C;Rl,R2,¢1,¢2) &g
%, B 2B UHEASTIEAIR ficxfLT

f(z)dz=0
OB

N—"

2R D AL,

N v
iR FVDMRO LB 2 ERR TY > T ARBONAY L7 —AVEEK B; (i = 1,--- ,n)
CEDEIT B & KDY LD,

. f(z)dz= ; - f(z) d=.

n BRI REFIUI, B = B(c; Ri, Ry, ¢4, ¢2,) 2D TR B(c; Ri—¢, Rote, pr—e, dote) (e
M$éﬁ£ﬁ%ﬁ%@ﬁﬁﬁt%@fﬁﬁ%ﬂ8ib/’f@ﬁkzow@ﬂ:/ f(z) dz =0.

0B; OB
|

6.6 TPHROEH, (1), BEREBEIHICH TS Cauchy DR TEIEDIEHD H
5y

IERIBAEL f DRRFEITEBWT, f AYERI R #iPH TR B 2 e I ETE L T b iy O fE

WBEDLIW, WS ERA D LD,

FE B DA

[ PIERIZEFT C, 25 Cy 1T TEEHIK S 251, f(z)dz= [ f(z)dz.
Ca

C1

HLLEI L, RD2DODGEEDD B,

(a) FTEEDIAR & FRIFZEZ ST ([BEE U TC). By BEIRs R 72 $iPH TR0 8 & HE R IS
ZIELTH, MODEIZED S0,

(b) B PAFROLZ AR (Ia. BEBKITE D). a7 BRI 2 #iPH TR 2
FHNCEZ LT, MO DOHEIZED SR,

C, A Gy
f e [ 2 e /—\

7 " ;/ B

F,» ‘ @ £, J

| q '. /
e —— \\U/

11: f(x)dz= [ f(2)dz 19: ) dz= | f(2)dz
C1 Cy c, Cs

LA, EH61S ZHWTHSKOZENIEL (LT 3,
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(b) % —HEIC3D 3 b, BEREERIC BT 3 Cauchy OB FH (28 6.12) 585N 2,
BOEREAEIRCIZ. P O R (2 = o(t) = ¢ (t € o, 8], STEIICIEEA 1 A v
5 2 0) ICEGHNC AT E . RIS BN 0 TH 25 5, SELVHINE. (15 E
% H X,

7 FRICHEITS Cauchy ODFED AT IEHIBEHOERNERH
G5 e
(2020 FEEEDH#EFE T, ZODLDEFEETo/2e THHIZT 4 — FNY 7 ITRETH B0,
DYLEBNS S, ZHBETHRORATA FEHAT RV, )

ZOfiidEWITh e, JERICERRIGTH %,

7.1 P®BICEHEITFS Cauchy OFBESTLAR

Eﬁ71(ﬂﬁt8”%(ﬁmﬁy®ﬁﬁﬁﬂ)MNLR>OKWLT\D;:D@R)K\
B QWX COMEAT. DCQZifilzl, f: Q- CIIERIE T2 &% {EFED 2€ D
WX LT,

1 f(©)
(45) 1O=55] %
N J
(R ZHICHL 22, )

BEE HRR (- =R Z C 2RTZLITT 5,

f/

9(C) = C—z

(2 (¢=2)
eBL e, g: Q- CldERT, Q\ {2} TEAITH 3,
TN EVIEDE ¢ ZHB &, D(;R+¢) CQ k725, MBI D(c; R+ ¢) (3 ERIHEIK
THH05, EREBICEIF % Cauchy OFEFTEHICE D,

Kﬁ@ﬁmzo

&—&:z d—czm'z
o= [ fra =1 [ o2 =2

(BEDOEFEFIX, #1621 ZHW, )EIDELT
L/ &(K:f(z).l

211 C{—z

Wz Iz
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7.2 1ERIEMOERNERIEEME

CDET, ZOHED 1 ODKELAEEERT 5, Bob —RIEKRT % 7% 51 XEBIFE)
AlRE) 2= T\,
-

~
il 7.2 (—HRINR 9 BB 5IFIRFIRSDEIEE) C 13 C WX RS O fohift. {f.}
& C* EoEBI 5 5 EBHIT, O b fICRIGRT 272613

lgm fn dz:/f(z) dz
N i J
SEFA n— o0 D& E,

w—/f )dz

BE f S, ERBANDOEZR DD 505 CHERMEEMTE 5 & %, [ IZBAH (analytic) T
H5 eV, RN LB D T & % #FBIEK (analytic function) &PEER,

/ﬁh — 7 1de] < max | fu(z) - L/Md%@l

AR 7.3 (BB, BIREHROSEIHV) BT VI FEIE, DI ZIZEWLEKT
Huwohads, B e W FIEIZ, MBI TH 2888 v o DISNC, st (IR TER
TB)ICEDEZHHH. LVIERTHVLAZ I b D%, =

4 N
EIE 7.4 (ERIBEHKISHEE, ERIERISERBRERMAE) QI3 CoREST. f: Q- C

FIERL, c€Q, R>0,D(c;R)CQ &35k X,

S N9
(46> QAp = 270 C—e|=R (C . C)n—i-l d<

SRR

Zanz—c (z € D(¢; R)).
n=0

N J
RDGIZLTBIHEE D o707 TQIEC OBEST. f: Q= CIIEHL ce Q,0< R < o0,
D(¢;R) CQDWDIDET D, TDLE, 0<r <R ZHMLIERED r IZHLT

1 f(©)

0 " g C o

LB, N
— Zan(z —co)" (2€ D(gR))

DD D. ) — REFEIE S TI0EZ LD,
B D :=D(¢;R), C:=0D £BL (CFNT X=X —fhift ( = c+ Re? (0 € [0,27]), B
BWVWEZEDBR C*={(eC||(—c =R} Z2KT), EED 2z € D IZX LT, Cauchy O
N WIS

1 f(Q)

f(z) =5

270 Jic—o=r C — 7

dc.
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r=Ed s 0gr<it B0 cec LT, |2 —r Tha b,
1 1 1 1 1 = /z—c\"
C—z_(C—C)+(C—Z)_C—c'1_ﬂ_C—c;(C—C> '
(—c -
Wz

fldCr THETHEI0E, M= 22%)5‘f(C)‘ DIFEET %

e

r".

- R

M, = %r" B, ZMn IR 3 % DT, Weierstrass @ M-test 12 & D, M

n=0
JA C* E—HRIIOR T %, W ZITIHBIFE D KT,

0= [ (=) =X G [ gm) e
ERAY.PX5! N
f(z) = ;% an(z—c)".m

(46) DELDOEDNI. —H RIKFT 2 X570, 25 TRV IREREL LS, OF

D. c BEDEEZ. R>0, D(c;R) C Q Zifi7z5 R IIWEIHEET 205 a, DEZDHD
X RICELTEE R, 2D Z kiF, FHik

DD DZEDROTDED, RDEICLTH D5 (ZOREDEZTTBIRTHEEITR

%)o 0 <Ry <Ry, D(c;Ry) CQ ETHEE, HFEADBIED D={CeC|R <|(—c| <Ry}
DEZ LD 2HEATIEAIRZ &5,
n! f(©) P f(©)

2mi ~omi Sl d¢ = 0.
2m |¢—c|=R2 (¢ —c)ntt 211 C—c|=R; (¢ — c)ntl

(*)

& 70. (*) %%75)55 Ko

[?FE 7.5 1IERIBRNATE T H M IRET H 2, ]

SEEA  NREHREE D ED 2 BRI, TORHOWE TMEITH MR TH 2025, =
[% 7.6 ERBBDFIRRER e R0 72 513, RIZEAIBEETH 5, J

SEEA  HEEBIE fICHLT F = f 26723 F EELI-E T 5, FIZIFEAITH 205, &
RO AIRE T, FHC 2D AIRETH 2006, f = F/ I3 1AM AIRE. 372 bBIERITH
5, H

§6.3 TRD IEMZHIF. (1)=(il) ZAAL TH o 7,
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(i) f 2 Q TORGHBAERS 3F: Q = Cst. F' = f)
(i) © NOEEORSH O SIS O 120, / £(2) dz = 0 B D 7
C

(iii) f & Q TIERITH %

THE L (I)=(il) (TR 7.6) 3o LT E 2, W 21T Morera DFEE ((il)= (iii)
EWVWINE) HALATE 7,

AR 7.7 ((46) DREZXAH) AR (46) F. UTFD LS CHZAZ L RV2D LARW,

Cauchy DD AITIE, BAELE FOMD ZMEITH T Z LK S, DFHHEED
2€D, neNIIHNLT

(48) Fz) = SOy

210 Jie—gep (¢ — 2)n !

DD ID, TDOHEHE%Z Goursat DEBLIERZ 23D 5,
IHHE, fDcDEDDDREBEIERN f(2) =D an(z— o) DFREUE

n=0

fMe) 1 f(Q)
L= - AV
‘ !/L—d—J%(C e

n! 2w —c)

THUF TR LZZAE &, BRI e WS T2 il b,
FEREER ORI TR I ANE, RARCVWEEL 200 LAWY

Cauchy DD LRAZ n FI LT, 2 =c ZRAL T, n! TH - 7K

WS ZeRMoTEe, BEVHLRTLAS LKL, =

Rk 7.8 (REBDIZS DR vs EREIMSIEIEE (BVWEHRFETRS)) MBI WD
SEIEBERBICHLTOHVWLN S, ZOHEEBITNEE 27D 5,

HWRBBUTOWT TT=M7rIEE) & R721E0 D THh 20, EBEECOWT, e
WA ATREDRNC K Z 7B VDD 2 Z L IEHL D TH 5, LTI, MRHTIN & SRR B FTRED
BDEWNIE S A ?

FIRNTRY . SR BB ) ATRE T & 2 (IR FEARE D HERR [BIH) AlAe 7 2 L 13 FERIELT D
JEDALD Z E BB 5),

Zoii, D% b TEREIM ) ATRER HIZFETHY ) 3D L0725 502 ? & Z21d No TH 5,
ROVIBEHTH D (WHETDT F X M- TWVWD),
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®

ZDfiE R 2R T O® T
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il T (25 THB L ZAMAT 501, MBHOB x o & LIHERE), dLb [ 27
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DD IO, THUE 2> 0T flz) =€ 2 >0 THBILRFIET 5, WRIC £ RN
TRV,

I ZETIHEBNZEETH 20, UTETBERRRE VI DHERTH S (D2 ANDEIEKL D
EH o HER),

Loflix, C°HTH D, Taylor FELDUCRLENERERTH D, 2D (0) 23b & DEIEL
fEELLRBRV, EWVWHIDTHEH, C° HKTHD., Taylor FELDUIHRFAEN 0 TH 5H
Bofe LT

> cos 2"x
fla) = Z !
n=1 :

BBHB (N F— - TF— [32])s

—fy[33] (BN? DL TRERE?) kD THF ap, a1, -, ap, - BEo LR
5258 %, (—00,00) Ty C* T, EDONT—R a ITBWVT

fP%a) =a, (n=0,1,2,--; fO(a) = f(a))

AT XOBREE f(x) ZIFB 2D TE 5,0 GEHIEZ. AREE O~ REKED extension,
B (HABEERMR), 5 525 (1953), p. 91-92 O L filcH %, )

X512, EFEBROL S CERRIMOTRERDIZ, W25 & 2 A TR TRV X S 2D
f#1E 3 % (Kabaya(Imai)-Iri [34]), =

7.3 BREBEROIRFRE

FEL DRI DWW TR, ¥ FHW72A3K (ratio test (d’Alembert DZ33X) X Cauchy-
Hadamard O/~3) Z &AL 72,

EEOIEHIBIEE., ERBICE T 2EEDO RO D ICHENERTZ 2 220 o7 (E
H74),

TTIRAAN L2 T 21213, FEUERORBDEARNIZF o Tunin e v
W TEOBBDIEE 20 LR 0 R 2 & R,

—fRAVLEB M T SRS, FHITEZ LS, Bl

Q:=C\ {i,—i}. f@):Z;¥1 (€9), c=0.

[e.9]

(%%5h‘ﬂ@:§] 1)F22% DRBURBT. DR p = 1 &3k 245, BARRICRR

k=
ﬁ@ﬁb&mf\%®lt%ﬁbféi5\Zm5:tf®50)

0<R<1%ZMZIEED RIZOWT, f & D(0;R) TIEAIT, D(0;R) C Q 25 D LD
DT, EH?? £ D, f1Z D(0;R) TEMBEMTE 2, $4bb. 5 {a,}ns0 HHFELT

(49) (Vz € D(0; R)) Z%n

R OWD HITEEHEDDZH. {a,}nso AERIE R CXOFTIEE S BDIKELICRZD
an = f™(0)/n! TIHIRLETH 3),

EED Re (0,1) IR L T, (49) AR D ILDODT, KADHED LD,

(50) (Vz € D(0;1)) }:%
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p>1DEF BN, Fidp=1THs, EBINE FE |z-0=1 D EIC f OFRES +i
BHEIZDPOETHZD, EBALRED,

p>1tﬁibf%ﬁ%§<oE)Wﬂmwﬁmlmmﬁfmﬁf\%@&@ﬁip>1#
n=0
5iecD0;p) THZHPD, 2 —i D EARBEREBICIRT %, R

[e.9]

lim g apz" € C.
zZ—r1
z€D(0;1) n=0

ETAM 2 =i DEE f(2) = 55 — 00, KR

2241

lim f(2) = 0.
26275;1)
X (50) ICFET %,
PLEoiEEmE— R T E TROEHBIB[ SN S,

TR 7.9 (ERBERONRFER) QX C oBEA, f: Q= CIEERL ceQ, R>0T
D(c;R) C Q. FHE |z —c| =R LT f OFFRA 20 (2 Z Tl lim f(z) DFELRW, &

SOEK) BEETIROIE. f D c BT 2FRBEMOICRYZRIE R TH 5,

b5 =DM L TEL,

e R
EIE 7.10 (BRHEROIGRFERZD2) QX C OFEET, f: Q— CIXIERL ccQ
&35,

. > H e §
A:{Rewﬁﬁ»|Lmﬂw(ﬁw&%ﬁFtaewiﬂﬁﬁﬁbf\}

D(c;e) T f=F

KZ£< CE. f DDA D OEREEROICEEE pldsup A IZFEL W, )

B Z X g(2) = Lig(2) (ZEXEBIEL) 13, 8E [1, +o0) ZIE#EHr e LT, C\[l,400) T
FHIEEREI NS, 0 TORMBURIK

9(z) =) — (€ D).

n=1
CDFENBDICRFREIZ 1 TH 205, 5 R>1DPFEL T, ¢gix D(0;R) TIERIE WS
ZEH NV (ZOZ e BHZZEMNBEREN SR T2 5),

—H. ZOEFRBUE D0;1) T—HINEKT 2D T, ¢i& D0;1) ZHIR T2 &, (1 bEDHT)
@ﬁf%%:t%ﬁ#%oﬂ@:%+1®ﬂﬁ¥ﬁﬁlﬁﬁézk%\ﬁ@?QK%me
RUTD, [ CHET Z OB DOPERFED 1 THZ Z 2 IIRER,

Liy I22WT, Mathematica TRIf{L L TA S &
Plot3D[Re[PolyLog[2, x + y I1], {x, -2, 2}, {y, -2, 2}]
Plot3D[Im[PolyLog[2, x + y I]]1, {x, -2, 2}, {y, -2, 2}]
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1wzn(ﬁﬁ%&@%ﬂ&@ﬁ@wi¥&yma—%%%wuwm@eCMJ%ﬂZQ@)

WEHWZER) T2 %, P(2) DITRTOWR ay, ay, ..., a, ZBRVTz Q:=C\{ay,as,...,a,}
T fIRIERINTERITH %,
—F. & je{l,2,--- ,n}ITRLT, lim 1f(z)| =00 THZDT, z=aq; ZE&HTIEANZ

JLET 2 Z 2IdHRR W (o BB TERTL2EEZME L. f OWMTH ),
WZIT, Ve e QIHLT, f Dec Db BEHFREERDOIGHERIZ min |a; —c] TH2
SJsn

(B D OFEE TOBBCE L), o

5l 7.12 (HFZE p. 81) EEIEK ,
f(x) = 152

X R 2R TEBNITH S, THhbHB, Voo e RISHLUT, f1d zg TEIERTE %:

(Fr > 0)(FHantnz0) (V2 € (0 — 1,70+ 7)) f(2) =D an(z — o)™

L L =0 TORMEERH

flxy=1—2 42" -0 ... = Z(—l)"x%
n=0
d—l<x<:1?L#Wﬁbﬁm(@mﬁ%§%1y7€bo%ﬂdf@%:;%iz
L 275370, D0:1) TRIGHL. {eC||z|> 1} TRRERT 2L ho0hs. =
B 7L (s) = oo B o= 2 OFD D CHRAIEN LI b & OIRERE (KIRCHREE

FAE3I2) K X,

z

Il 7.13 (Bernoulli MDOBEBDOYRIER) f(z) = P LB,

(SRRSO ZH - T0iUR, 01 f OFREFTRERIE A, 2nmi (n € Z\ {0}) & f D
IO THZZ TS, f i D0;2n) TIERITH 205, 0 DR D OFENEERH
v HELICHHRTE S, )

3R S FIRERREEL (C 2R TIERI) Td 5,

DRk —1=0 < (In€Z)z=2nm
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THEP5. f1& Do:=C\ | J{2nri} TEARBREED 2.

nel
EED 2 CITMNLT
. B 2" B z
n=0 n=1
ThHhdPo, 24011 LT
e — 1 B Zn—l B i o
z N n=1 TL' n=0 (TL + 1)

FILDEFIL DK FARIE 0o TH B DT,

:Z(n—l—l)'

n=0

(z €C)

cBe, BEM g DPEFE S, g(0)=1#£01CHEETS L.

g(2) =0 & z#£0ANef—-1=0 & (IneZ\{0}) z=2nm.

D:=C\{2nmi|ne€Z, n#0}=DyU{0},
. 1
= — eD
fo)= == (e D)
yBE, D CRIEANCRY, f OfRICKR S (0 THEHRTER),
FRiZ 2| < 2 TIEAICTH 57226, 3{B,} s.t.

- > B, ,
(51) f(Z):ZFZ (2] < 2m).
n=0 ’
ﬁﬁ\jg_ @%qnfﬁéﬁa\z:i%wfwﬁ%@:0®t%tﬁﬁmyﬁ%mﬁ

FITDHILICEoT, IOREVEREOMETIEANCAR % X 5 ik wvw, @wziZ (51) O
INHERRIE 2 TH B,
DLEA, B 7.9 OFHABIDFET. ZORIIRHKTD %,

B, 1& Bernoullifk ¥ N, %< OEEARIGH2H 5 (BIRA Y K OART, tan & cot
k=1

o0

= T 1
D EE LGN Z % DF, Euler-Maclaurin DR, ete.)o

%*ﬂ@ﬁlﬁ%%b\fﬁ%

1 1 1 1
BD:]‘7 Bl:_§7 B2:67 33207 B4—_% B5:O, 36257
B, O—fBIEE R TEHELRITH SN TRV (2D, ZOREMEOIHEE%E, Cauchy-
Hadamard OEMZH > TKD 2 Z & IFH L W), Bernoulli BIOERDLEF TV O0H 3

P, LOFRIZZDIHbD—DOTH %,
n 2
mi:k AH§%+1 ZMB ijlv 7Y DORREMRCHRM, 2N

—‘ﬂxﬂi Lt/\fﬁ) Bernoulh MEHNTESNS,




- FRAER (3L 0) ~

f(z) = ==

HTH ),
N\ Y,

s Mathmematica Tih$ ~
f(z) 20 DFEDHDIZ 10 RDIAE T Taylor B L TH S,

&, B, := f™(0) % Bernoulli {2\ 5 (0 1% f OFREARERFE

Series([z/(Exp[z]-1),{z,0,10}]

DS B, Db b,
Hord, £bZH Mathematica 1Z1Z. Bernoulli #(, Bernoulli ZIHNXZ51H 3 2
# BernoulliB[n], BernoulliB[n, z] BHEINTWVWS DT, EFIHEDHERGEIC
Taylor JER S 2 EIEXR W,
Table[BernoulliB[n],{n,0,103}]
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f2) + g HEBBR DT, B, 2R E, FEKOEDE Byyy (n>2) 130 THZ LD
2 (FHIZMBAIAE -2 O BRI IRRIT = 3 2 L 2HER),
5213 Bernoulli O EFICIZEL RIED D 5, —b6. LTERLLDOIR XY v =72 E
ATUBHT, HABUITHBIE VO, [() ORDDIC [(:) + 2 ERV ST N
52HDT, Z535L. B OB LOERLELD, B = = ztcéo YT FAD Jacob

T h g

Bernoulli (1655-1705) S BHZEH (1642-1708) 32 H 6 ZHW/A % 5 TH % (Bernoulli HE%
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WEOTERL TV, (1) WS REEZDIT7D, By, > 0DID D, =
B 72. 0 O CIERIZEBEENL 22 OFNBICER NS Z & 2Ry,
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R 7.14 (Bernoulli IDIGA) Bernoulli 23t 4 REARN RO EZR T -0I1I2fibi
5, W ODFANL XD,
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th — n 22n 2n,
Z CO z ngzo —<2n)' z
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X 92n(92n __
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=
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a N
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o0 2k 92k
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1
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2%(2% — 1)BZk 2k—1 -
(2k)!

F18N

2k Bk 2k\ 2k—1 k—1
(g =2 = 3 )
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1
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b |z| <1 TIERIT® 223, FEid h 13 |2| < 2 £ CIERNCHLRATRETH 5, Z4UT g(2) DOFB
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0<e<R—|c—al ZHWiTHEED c ITMNLT (c—a| < RTH3H»H R—|c—a|>0T
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7.4.3 SFVWPDHAH
C,Cy ZRI1IT D XD ICED D 2. B 5B XM C o BHMEARITETH D .

ﬁalz =0, ﬁdz =0
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7.4.4 Green DTFEIBZFES

Green OEM (ROHTHAT 2) 25, LT X5 RiHADEZ NS,
0<e<R-—|c—al Zif/THEED e ITHLT,
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LB, DO D F. ZODHE |z —c| =R, |z —al = 675, 0D ZIEDAXIZ
TBHITUE. |z —a| = DFITEHE LA EF (KEHEID) 1ITHS,
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ZORYFIFRMLBRERWD, Cauchy DFEST NN EZIEHT 2 R0 [/ O RE T
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BEGRO 7 % 2 1 OCiE, BMOEREOREIC, BT T% < . BRI O
PEERLT, COMHEERAT 50055 5.

7.4.5 ANDXDHHFDORFADERA

IR OERIE, TRICEERWNRHIRICOVWTR2581%, ZHUIEHL (3R WVw, H 5
BEOEEMELH 255G, To0Z D2 bAL LEHAZT 201 B CHELVWH DT
%%O
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ZZE FHWT, IERIBEE DM EDRE 72121X. Green DEMZ H W7z Cauchy DFEDE
M- oAb SRz fliS Z k5,

@B BEGHRDOTF XA PDELIE, 20D ZEBNLRFHHTREDDUIZDDHNZ W, LAL,

SFEHL £S5 3282, hrbhro/kdlo/720FT5DIFERHY bDTH 2, BEGHD
ﬁ%%ﬁé?%ijk&of@% BEHINZH b h T3, REORMAR AT 22D
k2 X RFHE Licwe o T, ia ke h A2 L TR, oL, H2EERHESR
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SERBARAHR O, ..., Oy DIBROBHHCR 5> TWT, & C, (j = 1,...,m) DHEFTHIA
D TEF) kD%’:E%J:OkZﬁo’CL\é}:TZ)O ZDEE, D’EE’:U@%’)F’EJ &7T Ct
WDREEL P, Q 1T L T,

/ Pd:r—i—Qdy—// . — Py)dx dy.
8D

N )
AEE Z ZEF TRV, R D FEDDN D Wo T BRIV, FIZIEHH [30], 5
JR 37 CH %, m
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18: I D DS 0D 1% Cy + Cy + C3 IZFHE LW

EIE 8.3 (HHEMEIHICH TS Green DRT) R? OFI D &, (z BHAME723 y $EH7:7FLJ\
cp) AR TH D, ZDESR 0D 13, XK C* #kith#t C OBz oTWT, C Ot

FTABDEFIC D BRI ZEIICKR->TVWEET3, ZOLE, D2E0LHIMEAT
01 W DBEEL P, Q \Zx LT,

/ de—l—Qdy—// . — Py)dx dy.
oD

_ J
SERE  LEEME T, 2 OMBES OBRIFEICEH - TV B ( THEREEY 0ERREDZI WV
SDERTREIWV), FIZIEHER [38] (ZAUIBES DR — ) 2R X, =

EH 8.3 Z Db DI FHEIFH LR, Bl 21X TR S 2 BRI D IIMERAEIR T
WOT, EHOREERT X2V, LHrL, ZO5VWI585d, D Z@E4 I “9El35” ¢
T F/NEERDERE 8.3 DIREZRT/ZT LD T 5 Z 3L Bz 2232w (FERFED

FlE 20T THATENSHEGRERL 27, 4012083 12 DD H RIS HERR
nﬁiﬁu £725%)e £D XD GEIR. (56) DK D LD,

IR, D 28 THES LT O foEEOBE P, Q 12Xt LT (56) 29D iD2& 5% D
%. Green DN D ILOFHIBE WS Z 21T 5,

8.2 Green DA ICE DI < Cauchy DFESDEIE, Cauchy DFEI L

a N
EIE 8.4 (Green DA D IIDMEIH TD Cauchy DELEIE) D 13 C DHEE T, R?
DOFIHE F—MH L7 & =, Green ORADED VOHEHTH 2L T2, ZOLE D %2E
L d HBRE TIERIZRBIZL f 120 LT,

f(z)dz=0.
\ i Y,

80/ Pdm+Qdy—// s — Py)dzdy ZINZ % & (56) D55,
oD
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ZOEMIF, #EDZEZ M LT, B D OBEFICR>TW0WE 5D LHINRICLT
WRWDT, MENTHEMA UZER 6.12 L EERTEOWDIT TRV, 550biFTtd i, Z
DEFMERHEZ 2H5EDHZL VDT, LA— b =12 TEL LEWL,

AERR f OFEER, EEE ZN N u, v £ B &, Cauchy-Riemann HERK u, = vy, u, = —v,
D RVASIONG

an(z)dz:/aD(u%—w)(dxjtzdy) /(udx—vdy)+i/ (v dx +u dy)

oD

://D(_ d:cdy+2// ) d dy
://D()dxdy—i—i//Ddedy:O.

B “HHDOFEZIZOWT, 3D LHHL LS5, 0D 25, C NDX7pH) CT DR
z=(t) (t€[a,B]) T DL E,

() :=Rep(t), nt):=Imep(t), @t):= (f(ﬂ)

SRR

:/jf
:/ﬁu (p(8)) + v ((t)) - (€(t) + inf (1)) dt
|

B

B
— v (p(t)) '(t))dtJri/ (v ((2) §'(t) + u () 7' (t)) dt
:/BD(udx—vdy)+i/8D(vdx—|—udy).l

4 N
EIE 8.5 (Green DRHMEDILDMEIHTD Cauchy DFRFARN) D & C DT, R?
DML FA—FH L7t &, Green ORRMWD VOEHKTHZL T2, ZOLE D 2E
T d 5 FARE TIERIZRBIE f 120 LT,

(Va € D) f(a)—% 8D%d

N J
SEBA fEED a € DL T, +4 /J\é RIEOE r ZELB 2. D(a;r) C D B D LD,
0<e<r ZTEED e IZOWT, D, :=D\D(a;e) £BL 2, D. b Green DNHHK
DT ORI BB (AMMT? 2 ),
OD.=0D—-C,C:|lz—a|=c TH05, EH84IZLoT
1 f(z) 1 f(z) 1 f(z)

0= dz = — dz — — dz.
omi Jop, 2 —a " 2mi Jypz—a ' 2mi -

|z—a|=¢

e, L 1 .
|z—al

21t Jop 2 —a 20 J,_gee £ — @
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(Y
(v
)

b FE) g
L%E dz — f(a)

211 zZ—a

1 2 0 1 27
= ‘%/0 fla+ce )d@—f(a)%/o dG‘
1

o

<1 max ]f(a—l—eew)—f(a)‘/o%dé
E

Aﬂ(ﬂa+aﬁ)—fm»d9

27 6€[0,2n)
“£E§Jﬂ@+5€) f(a)

e—= 08 TREAMI0INFHET 3,
Wz A2

L (2) dz = f(a)m

21t Joap 2 —a

8.3 MIHRDER (2)

O OE (MR S ERIBE O . BB IE R 72 855 © phi 2 @i 1 £ L
Td, METOMIEIZEDSRV) 12V TIE, BRC6HiTdENZ (o b, FFLWVWILIX
5% (BE) ELTH3),

Z 2T, WL onfilEEMNS %,

8.3.1 HAAFEDBEEDEENDS

271 z—a
S 1 TIED D 2 LISk o T, MU RORMBI 02 RD X (A HE LI LB
TRB L),
dz dz dz
! 2 3 /— MX +1+ ZTHAE T5IE
( ) /|v21 Z(Z+2>2 ( ) /Z—|—3|2 Z(Z+4) ( ) r Z(Z+2)2 (
T DJE)

5l 8.6 M#EIZHE T % Cauchy DFEITLNIK f(a) = L/ /() dz (REZ ZZIZELD
|z—c|=r

(1) ce=0,r=1,a=0, f(2) = ﬁ 55 e, MBHEEICET 2 Cauchy DDA D
%M (a € D(e;r), 22 f & D(e;r) BT HHHES (D(0;1.5) &2 C\ {0,-2}) TIE

HITH 3) Hilil- &N 5, ©ZIT

az f(2) ; ' 1 1 m
/;142+®2 /;drz_az mif(a) = 2mi O0+r22 1772

1 .
(2) c=-3,r=2,a=—4, f(z) = - &35, MBHEHEIZE} S Cauchy DFEZTLKXDSE

2
t (a € D(c;r), 22D f & D(c;r) &L HBEE (D(-3;3) &2 C\ {0,-3}) TIEH])
D7 S Nd, DRI

d 1 )
‘/ z _:/ -igldz:Zwi,ﬂa):2n¢u__::_fﬂ
|z+3|=2 Z(Z + 4) lz—c|l=r # — @ —4 2
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(3) WIS m 3. FR C\ {0, -2} TIEHITH 5. 2O TRAE T X

2| =1 XEFTES, WX (1) DFEREHWT

/ dz _/ dz _7r_i
ra(z+2)?2 Joaz(z+22 0 27

EDEIIR2E0, BEIAABRYTBHD 5, RENLRDBDE3IORLET,

1 WETEZBALIALDE,. BRFEBN T, R EEANED 507 5 XihiR %
EXEZTEW, CWHEMPIITTHR, ZhzflioT, EAOREZMENCEZ 57
DITIE. KD 4D DEFEZIEDIZE W,

BIZIZE 1 RBOFE K, 1+ ZHOLE LT, FEP LI (1 EDKREL  1+i 20 &
DFFRE 2 X DINE W) OFBEMER (ZAUFER) O 2EZE T, Q THES B
FHITT (0, 2 BEZRVDE), 2L T, EAFORT 0f LSS T, &, FEC D
HLEERD O IZEENE T, TI26. I 2 C KBEEXHZoNET,
HORBTHEMIC —1+i TOLOMZEZET, —1+i & 0, -2 £ O V2 2D
T, HIRBO L ZFTHE 1.1 TR, EAEOE T ok B Ty 1d. FHE C
DEEERS Co B EBI N E T,

FIRR (I3 & Cy), HAZRR (I'y & C)) THIAEL

2. % JITHLT, Ty & C; 3MEREI (D; £ 3 %) 2T DT, HERBEBIKD Green @
R AT,

/ij(Z)dz — /ij(Z)dz = 0, f(2)dz=0 ®WZIZ /ij(z)dz _ /Cj F(2)dz

ETHFENRDHDET, Green DEHBE AL TR oTWVDH LWV NIZE. THET Y P
b L7,

3. HHOKFDATIE HEHENEE) L W50 %T 5 ZehEW0, C\{0,-2} OFT. IE
F e mG N MR AR T 254 (KT M —EREIER) 2155, ZOEHITE L
EICEN E 528 (JHAIZIAD o THED 2 &L — K 3), HF P E—FE)rHIUL, HED
BEBEXHZONS, WO EHIIRETEIEBFHICH LAZT T, dHIELTVuEEA
(B — FORICIED % (EADEZE p. 290, EHE.3)), ZAUTE &k o & BN
WEEDTR

8.3.2 HAFERD Green BH (B%) OEHICIRN I B EROER
5l 8.7 (Fourier fEMT THRALGH) BAFER wi(z,t) = upe(x, t) DEERME U(x,t) =

% Fourier Z# 72 W TR 25 HICHON S, IFEITHERZHITD %,

heR&TDLE, . .
/ e~ @) gy — V= / e " dr.

—00

1 o2

e 4t
Vit

(FHl R SIS TS, h 2T ESEER {o+ih |2 € R} SRS FSY 2% LW, Fourier
fEMTC. AU 7 D Fourier 225t HE T2 L 2R N2 TH 3, )
S f(z)=e " (z€C) B, fI3C TEAITH 3,
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ingz:= phi[th_] := {Cos[th], Sin[th]}
ngsj= psi[th_] :=Which[th <Pi/4, {1, Tan[th]}, th<3Pi/4, {Cot[th], 1}, th<5Pi/4,

{-1, -Tan[th]}, True, {-Cot[th], -1}]

ing4= hom[t_, s_] 1= (1-s) psi[t] +sphi[t]

ings)= Manipulate[ParametricPlot[{phi[t], hom[t, s], psi[t]}, {t, -Pi/4, 7TPi/4}],

{s, 0, 1}]

out[ss]=

=10}

19: IEAGIEDE T 2 A C IEBRNCEL S 2

{EED R > 0 1ITHL T,
FLR = [-R, R], FQVR = [R,R—f—lh], F37R = [—R—f—lh,R—l—’Lh], F47R = [—R,—R—I—Zh],

F'r=T1r+Tor—1T3r—T4r

B, Ty XEMMEE C 2B 2R TH D, f1d C TIEAITH 555, Cauchy OFES
EHIZX - T.,

(57) 0= /FR f(z)dz = /FLR f(z)dz + /Fm f(z)dz — /F&R f(z)dz — /FM f(z)dz.

Meplidz=2(x€[-R,R|) £XFX—=X—([IFJTEZDT, dze=dx &V

/Fl,R f(z)dz = /_};f(g;) de — /_I; 7 d.

ZOFENITOVTIE, R— oo DX, /7 KICRT 22 ePHLNTWVWS:
R

(58) lim e dr = /7.
R—o0 _R

[FERIC Tsp td z =2 +ih (1 € [-R,R]) T RX=R—(IJTELDT, dz=dr &

R

R
f(z)dz = / f(x +ih) dz = / o~ (@tih)® g
T3 r —-R R
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Dopld z=R+ith (t€]0,1]) £8F X=X —{IFTX 2D T8,

1F(z)| = 7| = eRe(—27) — Re(—(Rith)?) _ —R+£207 o —R+h?
lopdie
/FQ’R f(2)dz| < max |f |/ Idz| < o RN A
W 2
(59) lim [ f(z)dz =

R—o0 I

[FRRIC Ty 1& 2= —R+ith (t €[0,1]) £XF X=X —{JIFTEXZDT,

1f(2)] = || = Re(=2) = Re(—(-R+ith)?) _ —R+207 ¢ R
f(2)dz| < max |f(z)] ldz| < e B+ ||
F4,R ZGF;R 1_‘47R
lopdie
(60) lim f(z)dz=0.
R—o0 Tyn
(57) 5
/ f(Z)dZ = f(z)dz + f(Z)dZ _ f(Z)dZ
T3 r I'ir Ty g Tun
THE056

-1/ z ez — 7+ /F RCCS /F g
< /Rerd:c—\ﬁ_T +
“R

(58), (59), (60) 2B, R— 00 DEE, HiF 0 WTIRT B e mnd, UbErs

f(z)dz| +

/ e~ @t gy = /7w

8.3.3 HBIE ([1]) HIRE 3.24

ROFNIBRZFICH > TVWEdDTH S (BIfE 3.24 12, 2mi B2 D). FEFITIH S ##
X, iﬁkioffﬁbiﬁtﬁétﬁbhﬁ\9®WT@ WEAE S BERS IE RN 22 i P T
A EEET 5 Z 2T, 2200MENCH S BETORICRE L TWb, ZHuk, BTHAT
6”&%@%%mfﬁ%?%@kt/&v®m\1%5#\M?®J%ﬁ%®W§%%WDL
72H DI o> TW\WB,

81h >0 THhHUuF 2 = R+iy (y €[0,h]) EFTHERVWITFIAE, h<0 DL ZIERNEYRDT, z=R+ith &
Lf:o
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fl 8.8 (RTH o LBEICESITNY) C ZF5M 2 =2cosf +isinf (0 € [0,27]) LT 5L =

ZRD XK,
BHETEAEZ f(2) e BE, BT BIRLTHL:
2z 2z 1 1

f(z):zQ—lz(z+1)(z—1)_z+1+z—1'

ER e LT, z2=1+¢ee? (0 €0,2n]) & Cyc, 2= —1+ee? (0 €[0,2n]) 2 C_;. £BL
o e /TR C, Cre, Cor BEWIIRD B R,
ZDLE

2?2
D::{z:x—i—iy'§+§<1/\\Z+1!>8/\\Z—1\>5}

rBL e, DIFHEET
0D =C—Cy.—C_y..

DIX1, -1 %28FRVOT, fIZD2E&0HIHESTIEAITH S, W 212 Cauchy DFED
SEH (GEBE 8.4) H 5,

Oz/an(z) dz:/cf(z) dz—/lﬁf(z) dz—/mf(z) dz.

dz dz
dz = =04 21 = 2ms.
Cl,ef(Z)z /c Z+1+/01,52—1 + 2me )

l,e

1
(11X, C1. ¥ {z€C|Rez >0} IZE&FN, 1 3% ZTCIEAIT® % Z & 225, Cauchy
DHEPEHELD 0 TH S, H2HIFOESTH 5, )

[FkkIC LT
dz dz
dz = = 271 = 27i.
/C_l,af(z) 2z /c*_l,gz+1+/c*_1,52_1 wi+ 0 = 2mi

I= /Cf(z) dz = .. f(z)dz + /clyg f(z)dz = 4mim
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S#0AHEAE (Z2B0r > FO)

INFE T, EHIBEEO ENEERPGETH A 2T e RELHETH S, -
TET, 2Rz, Cauchy DEDEMD, $HEDH—MNBRITETHNATEZL
For—BE., VWO A, FNTEHRDEDHRNEBBENICHHET 5,

(i) (FERBURRZAMA L) ERIBBOMEE DR LWt

(i) TIAERACHH U Cauchy ORI ARZFIFA LT, MR ADH D O Laurent B

B (the Laurent expansion) Z& <, I FFESD ’ég ﬁi (residue) ZEFEL T, EETD
FFEANDOICHZ AT %,

9 1FHIBSHMDMEE
9.1 IFRIFA#OES DMK
ZIERICH LT, PREZOHEEEL VI O ERINTWS A, EHIEEECH L TH Fh

HWTA

WCHY T2 (—BRILICR>TWV5) BREZOMBE VI DDHH 5,

/ri% 9.1 (FRIEBOES, BRDOGE) ccC, f & c DEFHCERRBEKY T2,
(1) ¢ 23 f DEHE (zero) TH B LIE, f(c)=0 2T IrzWn,
(2) ¢ f DEHT, kENH

flo)=fle) == ") =0 2D fO(e)#0

ZimlzT e X k% f OB c OO (order) LR, £/, ¢l f D k IDFRT
HdEWVI, )

Bl 9.2 (a) f(z) =sinz T. mr (me€Z)F 1NUDEFELRTH S, EE.
f(mr) =sinmr =0, f'(mr)=cosmr=(—1)"#0

TH200, mrld f DINOBERTH S, H5WVIE Taylor FER

sinz = (—1)"sin(z — mn) ) Z — m)?"
n:O 2n—|—
ZHM LT,
sinz = (z — mm)g(z), = mz 2n—|—1 (z —mm)®™
n=0

EZEELT, g(mm) = (—1)" #0 ZiEDTH B,
(b) f(z) =cosz—1T. 2mr (m € Z) FZ 2/ DEHRTH 5, FFE.

f@2mm) =cos2mr —1=1—-1=0,
f'(z) =—=sinz, f'(2mn) = —sin2mr =0,

f"(z) = —cosz, f"(2mm) = —cos2mm =—1+#0
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THB006. 2mr (m € Z) F 2MDBRTH 5, H2WE, Taylor FERH

cos z = cos(z — 2mm) = % &;31 (z — 2mm)™
ZHA LT,
cosz —1=(z—mm)?g(z), g(z):= nz:l ((;737(2 — 2mm)nb

r£L. g(2mr) = —% £0 RHEDTHEN, =

-
nniEE 9.3 (kTUDEBERDERM) ceC, fEc OFERE U CTIEAL keN T3 %, XD
miﬁummﬁfﬁéo

(i) U CTIERIZRBEE g DFEL T, f(2) = (2 — o)*g(2) (z € U) 2D g(c) # 0.

i) f(c)=f'(c)=---= f*D(e)=022 fF(c) £0.
L (i) f(c) = f'(c) (0) (¢) )

AR K BT AIRINAT (1) < (i) 23, EWVWODHARETH %, MUNTIE—5UCEENA
\T%O

(i) = (i) DA, f 1X ¢ DEFHTIERIZD T, ¢ DEID T Taylor BTE %, 3K8bH
AR > 0, Han} s.t.

Zanz—c (|z — ¢| < R).

(n)
_‘)t?&@: Ay = f n'(C) T@%ﬁ)g\ ﬂiii b\ g = a1 =+ = Ap—1 — 0, Qg 7&0 @%.@:

= Z an(z — )" = (z — ¢)* Zan(z —o)"F=(z =) Zan+k(z

N
(R
A

)= Y anslz — 0"

tBLE, ZhUI |z — ¢ < R TIERIZZEA% T,
f(z)=(z=0)9(2), g(c)=ar #0.

(i) = (ii) DI, f(2) = (2 — c)Fg(2), glc) # 0 T 5, h(z) == (z —)F B &,
2). 0<m < kX LT, Leibniz DEANC KD

m

1) =3 (7)),

r=0

BHOPZr <k—1ThIUX, h(c) =0 THEZILWXHEETIL, 0<m<k—-17%51%
A(e)=0(0<r<m) THdZr, it h(2) =kl 25,
f“”)(c):Z(m) 09" () =0 (0<m<k-1),

r

790) = () Mate) = Kg(e) # 0m
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(Z D Prop. DREIECEND UKD S, )
ZHADOHE, FRROGEISREBUEH & IFmNiETE» NS,

4 N
el 9.4 (K EROEMY) f(2) €Clz], ce C, ke N ¥ 22 & KD IFKMHIFMET
»H%,

(i) c & f(z) DIRT, EEEIZ L TH S,
(Thbb, f(2) % 1 RABORHEDMR LIz Z, (2 —c) 3B x5 ¥ k AEA
5 —k=10Ea, ERTERVDIED, EEE 1 RS 2L TBL)

(i) Jg(z) € Clz] s.t. f(2) = (2 — c)kg(z) 2D g(c) # 0.
) 0= )= = [V =0 2 S £

SR (REMCERBYETHZDT, ERIETHH I, ) n

(RO DEREETIZ, B WO SERF TV, b LIFERE VI SERMS
DONREETH > 72, WEOREEDOTIC [ERoTWB I 2RI DIFHEE T, EREER
FHfdmEo T3 L FMIE S, )

0 THRWEZIEAZ, B LT C 2ARTERTHD., MEFBRIEZ—EHT S (c D f(z) DIR
S f OFEH), FBc DEEE (HRORIZ 1 & 33) 1k, FS c o —KT %,

c OEFETIERIRBIE f 23 f(c) =0 Z{fi/T & E. RD2D0DWTUL—FADBEDILDZ
EINEGZTDB

(i) (Vn € NU{0}) f™M(c) =0. (ZDLE f 2 c DFEDD DEREIEFHOICRIT 012423
AL, HiX WA 0 RXFE LW EHIRABDO—HDOEHTH D5, )

(i) (k€N f(e) = f(c) == f"V(e) =0, fB(c) #0.

J

9.2 —HOTEIE

0 THRWZEKNIIEREOR (FR) ULrFilzRws, 0 TROWIERBERITEREOR R %
Fib82 (sinz 92D ZWEITH ), L L. ROIEFICEEREH ( FAPEMTR
FIFEFEINCE] L WIHNR) DD LD,

4 N
EIE 9.5 (—XDFEIHE (the identity theorem), —RIEHDEIE) D (& C OHEE (9
FRBEEE). f: D= C & g: D— CIIIERL c e D, EELBI| {2, ey E M

0 g =c

(i) Vn e NIZXW LT 2, € D 22D 2, # ¢ 22 f(zn) = g(2,)
ZiiZesedsL & D 2IAT f=y.

(B 21X D NOFRDRIERIBFRD BT f = g 23D 2o Tw0iud. =504 (), (i) 2k
K?@%ﬁﬂ@ﬁﬁ@%%#f%é@f\f:gﬁﬁbﬁoo)

J
SEER f—g B2 f EEWVWTEZD I LT, g=0 DEEIGEHAT IRV 03905,
DIIFEAETDH 255, (Je>0) D(c;e) C D. FH 7.4 XD, {an} a0 DFEEL T,

) =Y a(z =" (2 € D).
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EFTZOME D(c;e) Tf=0THBIL %R,
FIIEED n I LTa,=0Thb, EE dLEITRVEIRET S, Ine NU{0}
st.a, #0. ZDEI B n DB, PhOdD%E k BL &,

ap=a;=---=ar_1 =0, a;F#D0.

KR R
Zan z—c) z—ckZan+k z—c)" (z € D(ce)).
n=0

n=k

z) = Zan+k(z —)"1& 2z € D(c;e) TPIRL.
n=0
f(zn) 0

9(zn) = (zn — C)F = (Zn ~ c)k =0.

W Z 12
ap = g(c) = lim g(z,) = lim 0 =0.

CHEFETHZ, DAIEED n b:i(ﬂ‘n:iz U = o.nb;ooic:
f(z) =0 (z€D(ge)).
()
Dy:={z€D|(VvneNU{0})f™(2) =0}, Di:={z€D|@neNuU{0})f™()+#0}
v B e (AR OBAIE FWT)
DyUD, =D, DynD;=0.

) EAGRATH B Z e s, Dy IZFEETH 2 Z e 055,
—7, Dy bHEATD S, FEBE 20€ Dy £ T2 %, (3R> 0) (F{an}nenvgoy € CVV)
(Vz € D(z0;R)) f(z) = Zan(z — )" B TAW 2 € Dy kb, FED n IHLT a, =

I )(' )—01%575)6 f(z) =0 (2 € D(20; R)). 2D BEHIT D(20; R) C Do 3535 %6
Pﬁ)xk Dy I3BHEETDH %,

¥/ ce Dy THBEHNS, Dy 0.

DFCRI@mEIC XD, Di=0,Dy=D. ®ZIZ f=0inD. m

EFDRATHE o 7zamd 2 i T TH <,

i 9.6 (EFLRHAESITERS) D 13 C OEERMAESE. Dy & D, X C" OF%EA
TD0UD1 D, Dole —Q) i I N DO e D1 @L\?ﬂﬁ)ﬁ)%%{:}’c%%o

WE: ZOREETIE, —HROERE (o@D DB WHESICHEI L e & —7H8T
EEBICRDZIL) 2EDTITHEEEL OB Do, ﬁ?)%'bi@ ZeWhoTLE o7,

2L 20 €D TR E, T DAEATHE DD, (30; >0) D(20;61) C D. £72 (3n € NU{0})
fM(z0) # 0. &= |[fM(z)] &BL e >0 THD, fO BHEFETHEH5, (35, > 0) (Vz €D :
|2 — 20| < 82) [f(2) = f™M(20)] < e. TDYEL[FM(2)] = [fM(20) — [ (20) + M (2)] = £ (20)] -
|f(M(20) = fM(2)| >e—e=0. WZRIT f(W(2) £0. > T z € Dy. §:=min{61,05} £BLEL, §>0 5D
D(z;6) C Dy. WZIZ Dy 3HEATH 5,
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{;/b\

\ Co
~N

X 20: Co ne C1 Q\-:I:%L\ ?(ﬁ&\- D(] %Hjé A gO(to)
(p(to) bi Do, D1 O)Z% 6&:@ L/T %%Eiﬁib %o

D7 THEM IS FFEHER 2 TN (22 VWIHFEHD BN TARLIINY), ZHUIDH 512
FEFRZD2T 25 X DIE, BEEHRICRK 2 THEEE L HIM L7,

AER HEEZHWS, Do £ 05D D1 #£0 EIRELTHEEREL, ¢ € Dy, ¢ € Dy ZHL
%o Jp:[0,1] = Q, ©(0) = co, (1) = ¢ & 7% ZEHREE o DEN S,

Ip:={t€0,1] | ¢(t) € Do}, Ii:={t€[0,1]]p(t) € D1}
Bl
ILhul,=[0,1, IynL =0, 0€l,, 1e€lI.
Dy, Dy DEEA T, o DHEHTH 555, 36 >0, 30, > 0s.t. [0,0)) C Lo, [1 —61,1] C 1.
to ;= sup Iy

EBLEL0<ty<l ty & 0,1 &DEREE d:=min{ty,1 —ty} >0 TH 2,

to € In DG, Je1 € (0,d) st (to—e1,to+e1) Cly. THE tg=suply >tog+e ERD.
FIEDBEL %,

to € [ DHE. Jeg € (0,d) s.t. (tg — €2, to +e9) C I1. I EHEET DI Iy D BRI
DODNENCHZDEIFIETH %, =

% 9.7 (BEBUCH T 2) FRIBSIGEREBICE LR VIR D . 2 0B AZH WIS L
TW5, THbE ¢ WEBTHEWEABEBOES (f(o) =0 ZiliT) %513,

(Je > 0)(Vz€ DN D(c;e) \{c}) [f(z)#0.

SR WEEEEG S, SRESETS L.
(Ve > 0)(Fz € DN D(c;e) \ {c}) [f(z)=0.
S e NIZHLT. 0< |2 —d < % Flo) = 0 %H72F 2, € D BEUR 50 —F ORI B

f=0in D &IN5, THUIFTETH5, =
—HROEHOERRIGE L LT, ROMENKRLT %,

e N
% 9.8 f: C — C 2EHIT,
(VzeR) f(z)=0
Z 7z 378 B,
(V2€C) f(2)=0
DR D AL,
\_ J
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5 9.9 (REBZIEAICIEET 31H1F 1 DLHAEW) 2R T, WIFEBuCOVWT, M
S TIE b7z Taylor BE O Z FAWT, EHIBIBUCHGRE L 72, il 213

— (-1)" 2n
cosx = Z ((2713! " (z eR)

0o
- -1 2n
(%) cos z = nz% ((271;! 2" (2 € C).

398556, I[ERIZR f: C— C T, f(z)=cosz (z € R) ZHiZzTdDIX, FETEIRHIE—
HTHs, VA2 Y. cose DINRIC, EAIEZZERT 2R D, (¥) & 2D
F20, =

B 9.10 (BIHBARAEDRIE (REFETIFEDEWV ?)) I IXEELEL D E8ER]
(61) et =e"eY (x,y €R)
DD Do Z LB & LT,

et = ¢%e? (2w € C)

D DILDZEHRE D,

SHERPAE L MRIEBEIR 2 RIF T 2 LR 70 DIT KR 20T, LIEH S HREHE
Boe” 13 E(z), EIREEIEZ e tFENT 2 2 LITT 5, EREHEIFI R OILR
Thz, 2%

(Ve eR) E(z)=¢€"

MDD Z =D Tikam 3 55
TEDyecR ZEELT, A f:C—C*%
f(z) =E(z+y) - E(z)E(y) (2€C)

CED B, B E BEHITHEh 5. f13C CEATHD, £/ 2—2cRDEE, (61)
b
f(z)=f(zx) = E(x+y) — E(x)E(y) = "1 — e"e¥ = e"e¥ — "¢’ = 0.

W2 —BOEMIZED
(V2 C) f(z)=0.

ERAS9X5)
(62) (Vy € R)(Vz€C) E(z+vy)— E(2)E(y) = 0.
RMEED ze CZEELT, B g:C—C %

g(w) == E(z + w) — E(z) E(w) (w € C)
TEDD, ZD gl CTIERITHZ, £/, w=yecRDEZ, (62) &D

g(w) =g(y) = E(z+y) — E(2)E(y) = 0.

8B ZDHWETIE, EED 2,y e RITNL T, E(x +yi) :=e"(cosy +isiny) LEDz. ZDHAE, EED
z € RIIMLT E(z) =e” BWHIDILBALNTH 5,
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W2 —BDOEHIT XD
(Vw e C) g(w)=0.

ERAY.PX5!
(VzeC)Vw e C) E(z+w)— E(2)E(w) =0.

W ZZHEEUERT E(2 + w) = E(2)E(w) DD, =
74, —ARBOIEEHEZAEHE X,
M 75. Q=C\{reR|2<0} T2 =

21 EQN2p€QNZ20€Q = Log(z122) = Log z1 + Log 23

DD ILDZ & BRt,

9.3 FHEDTER Y RAKERIE

a N
fied 9.11 (FHEEDMHE (the mean-value property)) Q & C OMFHET, f: Q - C
FIERL c€Q 2 F22 %, D(gr) CQ EHATEED r > 012X LT,

2
fle) = %/0 f(c+re) do.

K(Eiﬂ@i\ Mlz—c=rTD fDFHETHZZ LITHEER)

BEBA  Cauchy O ARZ 2 =c TH#HAHL T,
1

N 271 |C—c|=r C — C

dc.

(=c+re? (0€[0,2n]) ERNTRA=K—=DFT B L,

1 f©) jo . 1 [T fletre®) o sy 1 [T ;
_/ dC = —-Zreed0_2—\/0 f(C+T€9)d9..

270 Ji¢—emjer C— € -2 ret? T
R 9.12 (BEMTIT) FEREB u=u(x) = u(zy,...,2,) ITOWVWTIX,
u DPFEEOMEZR D < Au=0 (u IZFMBIE)

DI D LD (Gauss DEREFIGDEEE & 2 D),

IERIBEEL f DFEE - FEHE w, v (u(x,y) == Re f(z +iy), v(x,y) := Im f(x +iy)) ITDWTIE,
Au=Av=0DEDILDODT, FHFHMEKDFHEDEED &, IERIBIOFEEOEE %2
HLZEBHRETH %,

ROTAMEFEEITH Y F 2l & FFBIEIRD I DD, IFHEICEHTDH S, n

SURMA ARERDTF A b, H 2 WVITHEH [39] @ 3 F 5 Hik & SRE X,
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i 9.13 (RAERIE (the maximum principle, maximum-modulus theorem))
Q1 C DR, f: O CRIEHL 2 € Q,

(Ve Q) [f@I<IfG)l  (If(20)| & [f| DEABETH S, W5 ZL)

DI D ALDIR B IR,
(FC € C)(Vz € Q) f(z)=C.

k(EEUB@ﬁ@%@?ﬂEﬁi\ HBNRTRAMEZIAUS, £ ORBIIEITEREREKTH 5, )

SEBH M = |f(20)| £ B,
QUEBEAETHEH 5. (e >0) D(2p;6) CQ. pi=¢/2 £BL &, D(z;p) C Q.
0<r<pR2IEDriIRLT, FIHEOMNEED S

1

2 .
f(z0) = %/0 f (20 +1e™) db.

W Z 12 ) 2
1 " ; 1 i

M=l < o [ 17 Gotre®) o< 5 [ aran =
FRE ARk, FEBRTRTHEETHEY, Fo

1 2

; 1 2
o ), \f(z0+rea)\d9:%/0 M db.

|f(z0+re?)| < M T, 0 |f (20 +7re”)| BERTH 255,
[ (o +re®)[=M (Be0,2n]) ie  [f()=M (z—z|=r)

r DERED .
[f() =M (|z = 20| < p).
i 2.23 2260 f & D(zp;p) TERBIRICFEL W (3C € C) f = C on D(z;p).
—HDOEHID, Q2T f=C. =

AR 9.14 (RIMEICDOWVWT) EETRWVIERIBEE f 1T LT |f] ENAETHRAMEZ IS 72
WV, EWVS RN, |f| APETEMEOZ DD I LIdH Y 5 B (B R EOERERIE-
SADD), 2L DEBTRWIERIBIE f i LT, |f] BHNAT 0 TRVWER/IMEZ F7 7%
W XETHS (1/f 2BEZXDZTEDICHHETES), =

S5 0.15 (BNEROBABETE) FHEHICOWTIE. 21D FHEDEEART L (24
BOBEZEIBEROFIHED EROSEROEREIAUST CEITE ), 2hmd TEK
CRWIRIBIE u 13, PATRAR,. BMEZES RN, | AELNZ,

b b
85f < g on [a,b] Zﬁ%@/ f(z)dz < / g(@)de. LD, THIT f & g 25T, g € [a,b] f(x) < g(x0)
(V2 — STHFER) HHD 1ok 513, / f@) do < / o(z) do. FHEEIB Y. f v g AT

/f d:c—/ 2)de BHIE f=g.
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9.4 Liouville OFEIE

[;’i'% 9.16 (BEH) C 2ARTIERIZZBIE > B (an entire function) &\ 5, }

5 9.17 (BB DH) ZIHABIEL. FEEEIEK 2, =ABIEK cos 2, sin 2 I3 TH %, tanz,

Log 2, WFEBIETCIE RV, =

14 22

EIE 9.18 (Liouville DFEIE (VU J« ADEHE, Liouville’s theorem)) H 572 EEI%L
FERBERUCIR 5,

SRR f: C - C IXIFAIT. (3M €R) (V2 € C) [£(2)] < M DD 30 2 RET %,
ERDOER RISHL T, 53 {a,r}ie, BFHFELT,

oo

f(z) =) anrz" (2 € D(0;R)).

n=0

FHBEFORBO—BEDL S, {anr}ly & R IKELZWZ DD D, WA {a,}2,
DMEEL T
Z&n (z € C).

Vn e NIZWHLTa,=0%nRZ9, VR>0IZHNLT, Cauchy DFEZTLRD S

_ 1 f(Q)
" 5 fon

L 1) 1 /(O] 1
g—m/m:R@dc‘< 27r/< R|C|n+1| (<5 / Rn+1| d¢|.

/ |d¢| =27R T®H %h 5. Cauchy DFHER & MHIN 2 RXDOAELXEE S,
CI=R

ThHEIHN5H,

an| =

M
63 n < R

WZICR—>00&LlTa,=0(mneN). @I (V2€C) f(2) =ap. m

RECEOERKEMOIIAZE Z X5, ﬁﬁtbf ZIERD 2 = oo TOFHFEZFXRTE
o FBICE DD L, 2| DREWVE ZA TR, RERXDENZENTH 5,

4 N
i 9.19 (BEADELFTOEH) n € N, {q;}], € C', ay # 0, f(2) = apz" +

a2 a1zt a, ETBEE,
(Ve:0<e<1)(BReR)(Vz€C:|z| > R) (1—2¢e)|ag|z|" <|f(2)] < (1+¢)|aol|z|".

K2 (V2 €C: 2| > R) f(2) 0D ILD, /s LD n> 17261 lim |f(2)] =

|z| =00

N J
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FEER 240 & T B L X,

) _ g @ e al
apgz agz agz apgz
Vm e N iZxf LT Z—m—>0(|z|—>oo) TH506, i (];(2—1. W24
Z—00 0
o L
z=voe [a)| 2]
Zhmb, (Ve>0) GRER) (Vz €C: |2| > R)
QI 1‘ ce e 1-e< AL 4
|ao| |2| |ao| |2|

TEERINZTHROAFADSFE LN S,

%9.20 n N, {a;}7 (€ C" ag #0, f(2) =apz" + a2" "+ + a1z +a, £33
L&,

(M eR)EM € R)BReR)(Vz € C: 2| > R)  M|2|" < |f(2)| < M'|2|".

SR MR 919 B e =1/2 I L CHAT % &,
1 3
§|a0||2|" <|f(z)] < §Iao||2|" (Iz| = R).

M = |agl/2, M" := 3|ag|/2 £ BIFIZEV, =

i 9.21 (REZEDOEAKXTFIE (the fundamental theorem of algebra)) P(z) Z#E3H
FREBDZIHENXT, ZOXBnlZ 1 LEE T2 E, P(2) 32 —D20WZFD,

AEH%E — 25 2 TEB <,
SEBE (RAICHE > TV BFEH) HHEEEZHWS, (V2€C) P(2) #0 ERET 2, ZDk

x. () ::% ST 5. W 019 D, I [P(2)] =00 TBEMD,
(BRER)(W2€C:|2| > R) |P()| > 1.
Wz

[f(2) <1 (lz] = R).
—77 D(0;R) = {2 € C | |2| < R} 3 C OFHRHLETHD, |f| 3EHEETD 205,
Weierstrass D AMEEHIZ K o T, |f| ERANEZED :
(3M € B)(V= € DO:R) |f()] < M.

WZIZ (V2 € C) |f(2)] < max {1, M}. Liouville DEMD &, fIFEBEHRTH 2, ©ZIT P
HEBBARTH L0, I n OB 1 LETHB I e FET 2, =
BB (BRIFOAEDLEBIELTH S, ) BHIEEZHWS, (V2€C) P(z) #0 &RET

B, COLE f(2) = % BT 5 5,

86H L age" +a12z" 1+ tan1z+a, (ag #0,n > 1) DEBTHIUL, apz" ' +a12" 2+ +a,_1=0
TH2, 0 DRALWT (BAWVFEIDHE) ITXoT ap1=ap2="=a1 =ag=0DF5N, ag #0 X
FIET 5,
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fHifE 919 X b,
(3M > 0)3R* €R)(Vz € C:|z| > R*) |P(2)| > M|z|".

VR > R* IZ™ LT,

1 1
< .
M|z|* = MR

(©) (VzeC:lzl = R) [f(x)] <

|f| i& D(0; R) THRAMEZFOM, RAMEOFEEN S, 21U 2| = R TORKEL —KT %,
%ﬂmmDKiDK%ﬁTWKEﬂéo%%\M@ﬂé (:€C). R>oobFBE.
F(2)] = 0. WRIZ f(2)=0. CRRFETHS, m

MR™

REX 9.22 (AFTHETIE) FOFEHIZE. f(z) =01 LT, PREDH1IODMRE (a £BX)
DFET S e 2 FRLTOVWARFED, KBEM (ERFEEZHEATHHD D) ZHWS
. f(2) iF z—a TEIDYINS Z EDELN, KEBUZOWTORNEIZE D, f(2) & n @D
1 REEDFREIC I REND Z D30 b, DFED

Gla}is €€ f2) = (z—a)---(a—an).

{a;}i_ DIEEFEZANER ST, [—HEI) THEILZmTOEFHL <720,
B DHTOE SR E B VLI SIEbN S0 b LW, EIFFATELLT
D KD BEEED TR DRT T IIH o TV Z e 3D %,
PuTTEUA
H={a+bi+cj+dk|abcdeR}
IZBWTIZ,
2 — j2 — k2= 1

MDD WS ZeZhs, HARERX 22+1=013F +i, +j, +k 2V 6 HDEEHD, 2K
HREAD (D7 L b)) HER S 6 OB ZRODIEBEDR? 22+ 1 = (2 —1i)(2+1) THIUI,
2= BRALTO=(j—i)(j+1i) THE225, WILEEZXS LT (ZHUIHMETH 3
CEDOHEEENBIETE). j=i FE = —i DEPNZDTII RV ? ZHUIHHS A
BRLESREITNRE, CIHBEES>TWEDES S0 ?

LY MIRDZESIRILIFEVEDT, AR LTBELATEWL, =

9.5 Schwarz DA

(ZAUIH Y P LE S, 1 RDBER 2. FAFEREZHIT 2 & 2200w, HH
[40] IZTEBEVWTHD ET, )

10 Laurent B, RS, B

(FeZWETHEAR, FH2ODFEZ—Y LT, ROEDEEBRONEZHWTOERS L
TWVET, LIXHLK, e ZA0 o Twa e Ebh kT, )

ke TRREREL oM

o0

ZO an(z—c)" + Zl (ZG—_Z)"
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DIIZE T 3 8% Laurent f{E L FER, 2 DB L HITINH T 23 & &, ZD Laurent
HHEOIPR L, ZDFNI 2 DD DIITH 3 L BFT %, 220D E DV &b —TFD%
M3 5L XX, 2D Laurent FFUIFHHRT 5. L ERT %,
ZNENDOHDBIRT 2720 DFH%2EZ 5., »HMEREEETICEL, ZDAEETIEFHEE
TR ENTD D,
2

Wi@f@ﬁ:@_D@_QQtm5ﬁ@%ﬁ@\C\HQ}TEQT%D\ZZLQTM

ERINTOVARY, 1,21 ZRABRVWHTH S0, FHZZDR c=1,2 DEDHH T Laurent HEX
JE R

[e.9]

fE) = ml =+ 3

n=0

DR 2, ZHUID B ERT Taylor B (FAEUER) O—f(LTH D, A2 T L ITKILD,

10.1 Laurent EH

COHDONAZ—ETE D5 MEREFEETIERZRBIZNE Laurent B TE %, T, K
c DERANGERE D(c;e) \ {c} TIEAIZREAEE Laurent BT X %, )

4 M
EE 10.1 (FAREH) ccC,0< Ry < Ry < +oo ITH LT,

A(c; Ry, Ry) :=={2 € C| Ry < |z —¢| < Ry}

EBE, I ¢ 2HDE T A2EIRMEE (annulus, annular domain, annular region) &
M3,
s

A(c;ry,re) ={2€C|r <|z—c| <ro}

r B,
N )
MR LW BEICSZIDLVDIE, 0 < R < Ry < 400 DFELEITEAS, L L.
Laurent fEL DK - FEE 2/ S & =13, RO L = 2[HEEEIC R =0 X Ry = 400 DGHE
BEZDLDONEMNTH %,
FIE R =0 DEEIHENT 5, ZAUIFE D(c; Ry) 226 ¢ ZBRW b DTH S, TRhDH

A(c;0,Ry) = D(c; Ro) \ {c}.

FHZ A(c;0,Ry) C D(c; Ry) TH %,

&R D(c; R) TIERIZRBARNIFEAEERA IR 7253, FIRMEIR A(c; Ry, Ry) TIERIZREIEL
¥ Laurent fREVEFHIR 5,
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4 N
FIE 10.2 (FRMEE TIERGEAKIE Laurent BRAEES) c€ C, 0 < R < Ry < +o0.

FI3 A(G; Ry, Ry) TERSHTOWTEHIL T2 2% 55 {a,}nes € CF B—FEINIAE
LT,

(z =)

(64) ) =Y anz -+ Y (2 € A Ri, Ry))

DI RYASNR

EADFENE Ry <1y <71y < Ry BHiFZFEED v, I LT, Alc;ry,ro) T—HRIC
MR S %

(64) DL DIIDE &, Ry <r < Ry M= TEED r IR LT,

b f(z)

(65) I = 5 o —(Z mpT dz (n€Z)
DD LD, (ZORLZTHRZ L a, Fr WKEFELZ DD, BZED r € (Ry, Ry) X
LTHIRCIHEIZR 5, )

GEREICW S & f:Q—=C D, A(¢;R1,Re) C Q, 2D f|A(c;R1,R2) WFIERI,
_ J

FREE R TN (65) &L D(c¢; R) TIERIZEIED Taylor EBHOHRHMDOK LR TCEEZ L TW
5, MBEZ6NRV] EXT7 v T LRVE DI,

CDEMDOHD T—HRICHTCR ] DOFD DREAIE. BHZEICOWTOEH 321 &, XD
i (FEREAERICIEN S, p. 258) 26186405,
e N

W 10.3 (BOERO “BRH OIER) Y (Z“_f;)n IZOWT, KD 3DDVTh» 1
n=0
DIV RILT b,

(i) V2 € C\ {c} WML TIRT %, VR* € (0,00) IZNLT, {zr€C||z—¢c| >R} T
— BRI S %,

(ii) IR € (0,00) s.t. {z€C ||z —c| > R} TPERL. D(c; R) THMT %, VR* € (R, 0)
WH LT, {z€C||z—c| > R} T—RRICHIMRT 2,

(iii) Vz € C\ {c} I L THEKT 3,
\_ J

FIE10.2 DFEEA  HmHNREUC DOV TOEK (65) ZAEHT %, m ZEREOREE L 35, (64)
DOMid% (z — )™ TH|-T

Z;%%%%?T:: 53 an(z = )" (2 € Al Ry, Ry)).

n=—oo

(66)

Ry <r < Ry, ZWil=3EED r 1T LT, (M 103 BERTOTEEL2S) A |z — ¢ =r ET

Laurent 03 —RRIUT 5 DT, HRE —— %37 (66) d—HIGRT 5, WZIC,
SRS HAHETH D |

(z — o)mtt
1 f(2) 1 o o0
= Y — _ el g, s
21 /|Zc|:r (Z— c)m-‘rl < n:Z_OO 270 /|zc|:r a’n(z C) zZ Z AnOnm Ay,

n=—oo
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A5 (64) Zi/z 3 {a,) O—ENE (FETIUIZ—D2LD2RW) &, (65) DFEZD r i
oWz b nhd

LUR. (64) 2723 {a,} DFETEIIEZRT, 1,10 & Ry <1 <1y < Ry Zii7z31E
HOBE T2, D:=Ac;r,m) £BL Y, [ D 2EUHES A(c Ry, Ry) TIERHITH %
MO,

(67) 16 =50 [ Lac ey

21 Jop C — 2

NS (B2, EH 85 ZHWTAEATE 2, %7, ERFEHICHIT 2 Cauchy DR
EHEFHWZFEH % §10.1.1 THIAT %, ).

D71 | /) . )
1= % /l;_C’V‘Q E dc, Ji= _% /IC—C|7“1 ¢~z .

fey = = [ LD ey

211 Jop C— 2

Bk

I3 EB T 2 RIS D Taylor R & [F] U T,

= n 1 f($)
I = Wz=O)", a, = — — L.
E;G(z o 270 Jic—ojmry (¢ — 2)" " ‘

JKO“T@~K—d=TﬂDK%E:E::pﬁd<1f%5# (E U OO AT
)
1 . 1 B -1 1 B OO(C_C)nl
g_z_(C—C)—(Z—C)_z—c'l_%__;w
MEPND DT
1 o0 _oan—1
(68) J=5= S = reyac.

211 Ji¢—ej=r, = (2 —¢)

M:= max |f(Q) &BLE|(—c=r &olX

|¢—c|=r1
|£1£¥ds%<lLy

(z =) |2 — ¢l

DK D SLDO DT, Weierstrass M-test 23555 T = T, (68) DA B HENE FE | — ¢ =
ET—RRINR T %, W2 ICIERIFET DS RIRET

=1 £(¢) I
J = Z 278 / C—ecl=r (C_C)_n+1 dg(z_c)n o Z (Z—C)n

n=1 n=1

TeHdH L

(r1 < |z —c| <r9).

= Z an(z —co)"

ri,re PERTHD I b, ZORENX A(e; Ry, Ry) TIRT %, =
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(Za_’;)n IZOWT, KD 3ODS B, Yhh 1D (1) B Do,
(i) FED 2 € C\ {c} N LTIEF 2,
(ii) % R € (0,400) DIFELT, |z —c| > RZBFPH, |2z — | < R R OIXFHMT %,
(iii) FEED 2 € C\ {c} IR L THIT %,
i) DeER=0,(1li) D& E R=+0c0 £T 5. WITNDHED
lz—¢c/>R = WK, |z—c <R = Hi
B r> R EMEZTERED r LT, {#€C||z—c >r} TRRICHMERT 3,
SR D 2 € C\ o} HLT, ¢ = ZL LB,

—C

=104 1RO Z
n=1

0 a 0
SRS S
n=1 n=1

lz—c|>r < |[(|<-

lz—c<r < |[(|>-,

e el

fmd=r & fl=1
MDD Z e o, FEHFDDOFERBDOICK - HEUCmESNL DT, IZFEHATH 2, =

Laurent B Z IV FRREADEDD DS DR T7F A M b H 5D, T 2 TIXHIREKTIE
HIZ2 BABUCH L TERE L TB L, FRCEAIED FH D D Laurent R, B EREIND Z
2127 D, Laurent ERIX Taylor BDO—ILTH 2 Z LIk 5,

a R
E& 10.5 (AREIHICH TS Laurent B, SDFHDD Laurent BRAL EZ - BH)
C E (C, 0< R <Ry < +00, f =% A(C; Rl,R2> ’C'I‘:E%é Z"L“CL\“CEEUZT% =1

(%) f(z) = ;an(z —on ; (ZG—;Z)" (2 € A(c; Ry, Ry))
Zi7z 3 {a,} D—EINFETET 5,
ZD (x) Z f D A(c; Ry, Ry) ICHTS Laurent (#kE) BRI & X,
FRCR=0DEE, fDcDEDDD (c ICHITHB) Laurent (F%EH) BRA - X,
X BT Z (a—”n % Laurent (%) B O EER (FZHF. the principal part), a_; %

— z—c)

[ DB 28 (residue) &ML, Res(f;c) TRT:

Res(f;¢) = a_;.

(FEE: Ry >0 DFEE. EM HEE WS FEEIMEDRV, ) J

DI Z iR ICHN % Laurent EFAD 9HILL LA, KO EH D D Laurent BT, 25T
2V (Ry > 0TdH %) MERMEEICET S Laurent BHIZ, HEDEH LRV, ZTHUX (LRI
BAT3) MVFRRADEIRLRZEVWTH L, DT F R MEFRATY S NIFEEDL
WERS LR (T F R MK o Tid, MEREBICE T % Laurent BAZEFREL TRV
DHHB),
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AR 10.6 (MDWVWER) R =0 0%56% le PMNIRERTH 256 LE-o TRV LR
FELES, c PERIETHIEEDIADTWS, 25 LTHL e, HIZIE Tedd f OIEAIA
251X Res(f;e0) =0 EEATEFNTHS, m

BRTBVWBWEDS Z 2 TH 5D, FEiX Laurent EHNPHR 2 Z L IXEETH 523, Laurent
B O EBRIEDRNEN/22 Z 8 3HED RV (BTN T 2EEDL 02U T THLZ eh
%), LUR. Laurent B % BARHNIKD 2 72D DF7EZ WL OHAHENT 205, BRI HGE
EEFELRV, WOIBEZEO2H LRV, ZNTHHEOVRLRVWDITITH %,

%3 Taylor EBHDEGEED

0 (¢
f(z):Zan(z—c)", an:f () (n=0,1,2,...)

n!
DEZEDIRTH 5 X 5 BB ARIIFEE LRV, T,
i 10
y = — — > ez
‘ /|< (o (e

- 2mi —c
YWV NRUE, a, D—EWERT DK - 720 (BE), a, & EARINKD 2 HINZIEAL
TN e 2N (BT 2B T 20 LIXLIRE L W),
LS PDFET

o0

fR) =Y az—c)" (Ri<l|z—c| <Ry)
Zii7z S {a,} BELNIUI. O f D A(c; Ry, Ry) 2B % Laurent JEFTH 5 (—EME
Lk 3)., LW HERAFT 2 HANZ,

(EEOHBIH [ &, WHTHOIRT 5T LI k0T, SMRE —
EREETEIT 2, 20niE, Bl A33 TRZ XS CHFIBHOMORRNEFH LD, My
& Z 5 Z T Laurent #BUERDKE 5, 25 L TRKRDLERDT TR EDKIHD Laurent
R ZTFERD S Z & T, f @D Laurent EFHE LN 5,

DIEDIED

i 10.7 (i ® Laurent EBR) f(z) = i ® Laurent B TD X 51TKF %,

(1) f1F A(a;0,00) TIERITH 20256, fld a DEH DT Laurent BHHET, ZHUI f(2)
DERARDLGLZDHDTH 2, DFD
1

f(z):z—a (0 <|z—a|] <o0)

DfDaDEDYD (A(a;0,00) IZBIF %) Laurent B TDH %,

(2) c£a tFBE, fldcDiifs D(c;la—c|) TIEAITH 20256, fldc DFEDH D T Taylor
BHTZ 20, 200 f O cDEb DO (FEREE A0, |a — ¢|) 1B %) Laurent &
FATH %,

1 1 1 1
z—a (z2—c¢)—(a—c) _a—c.l_z_c
a—-c

:_aicg (Z‘C)n KR & |(z — ¢)/(a — )| < 1)

a—C

:_Zﬂ (0<|z—¢ <|a—¢]).

— (CL o C)'rl—i—l
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f 10.8 (BB A E7BED Laurent BiZFEEH T Laurent BT 3)

1 1 1 1

1 1
f(z>:z(z—1)(z—2)25.2_2—1—1_5'2—2

35, fIEC\{0,1,2} TIEAITH 3, f Z 0 A& T 2 HEREET Laurent B LT
H KD,

(1) f 1 A(0;0,1) TIEAIT®H 3225, % ZT Laurent EHHIK 2133 TH 5,

1 1
- = - 0< <
S =~ (0<lal<o00)

n=0
1 1 1 NG n
22 2 Z:_§Z<§) :_Zznﬂ (I <2)
2 n=0 n=
THH05
1 < = 1y, 11
D=5 1+ -5 Y=Y (1o 51 O<ld<D)
=0 n=0
(2) f1% A(0;1,2) THIERITH 5025, £ T® Laurent BFATEZ %,
1 1 1 =1
1—— =0 n=1
y4
W Z AT
I 1 1k =" v 11 X1
5 S e gy 2w (I<ld<2)
n=1 n=0 n=0 n=2

(3) f 1% A(0;2,00) THIEAITH 5025, £ T® Laurent BFATZ %,

1 1 1 > on o0 on—1
—5 = 2 ;Z Zan:Z pon (2 < 2] < o0).
- =0 n=0 n=1
VA

W Z1Z

11 <1 1ot 1 2n2 X on=2 _ ]
6 =gty = (5-1+5 +Z =2 T <<

n=1 n=1 n=2

Dy A(0;2,00) IZBIT S f D Laurent B TH 5, m

10.1.1  (67) DFEBRICDOWVWT

(Ligs < THH, )
HERDRKIT (67) BBRERDODD, 0Hh 3 EICHHLTELY, EEbh7zDT, #
HHL TA %,
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Mﬁ%ﬁ\&%n®iﬁﬁﬁgf\@U%ﬁ%?%@miofoﬁféétﬂbfmé®ﬁ
HEE BEGREEE T AANICE o Tl Green DEHIZ L THHME IZFE ARV (2D
uﬁﬁﬂ¢\-+ DREEZENT RV, 2D ZHHMERIB OHEIHICA o TWRWL, 25050085 HH
briEbhd), UTFTIE HEBREIENOD self-contained ZHf§ L. Green DEHIIMEHFIT,
SEHL6.18 &\ B 6.23 & i o A 2 @S 5,
>0, D(a;e) C Alc;r,mg) £ T B2 &

(69) /|z—c|7"2 j(_z)a dz — /|Z_C|le zf(—Z)a dz = /|z—a6 ngz)a dz

ZIRE Do AP MEEIC BT 5 Cauchy DFET AT LD, 27if(a) ITFELWI &30
%o WZIT (67) DI D (2% ( a% 2 ITEZWZ Z),
a=c+pe¥ p>0,peR T3,

0

Ci:z=re” (0€p,p+]),
Cip: z=11e" (0 €[p+m, o+ 2n]),
Cor: z=12¢" (0 €[, + 7)),
Car: 2 =1¢" (0 €[p+m, o+ 2n]),
Nniz=a+ee? 0¢lp o+,

’}/QZZ:CL—F(“:@ZB 96[(,0+7T,S0+27T]7
Li:z= tei(‘””)(t € [r,72]),
Ly: z=te"” (t€r,p—¢

]

),
),

Ly:z=te"” (t€|p+e,r

I'y:=Cy — Ly —Cy1 + Ly — 71 + Ls,
I'y:=—Ls—v — Ly —Cia+ L1 + Cy

E T, Ty ZERT D2, EHHHHMIRTH D, T + Ty ITIH o K HED T, 1E1E T 2488
(£L1, £Lo, £L3) KRS DHFTHHL H-T0IZRZ DT,

[ O] e .
4Ty 2 — @ Co1—C11—71—72—Cr2+Ca2 # — @
= / M dz — / / 2) dz
Co1+Cop = — @ Ci14+Ci2 # Y4y 2 T A
= / ﬁ dz — / Z) dz —
|z—c|=r2 c—a |z—c|:r1 —a

FIO R B (C

r,2—a r, 2—a

\

|z—al|=e

HEHN 5, LUK

ERT, A TENR

B fz) f(2) f(2) f(2)
0—/F1+F2Z_adz—/|z_6|TQZ_adz—/|Z_C|le_adz—/|2_a|sz_ad2

o, BHHIZED (69) ME6N 5,
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DUR., Bl T, 2. EOOMEEZEZ T, BPEMERICEENS L5 T KA T
5 Z RN,

Ri, Ry £V, AE 200 LURDIEEDNT L7 —A~AVFHEBPER 7225 X 57 Ap > 0 5
EFE D (EM6.23),

cB oy NERESIE, ZORAE o4+ T3 (HERD 2 = c+ el xS EKT
55

LN E T s —~ R BT [ T as = 0 mk D SrodT. Ly Oy 0

9B 7 — @

EHERDB S o+ 1 2OL (Ap UT) Bz cbmy [ L9 0 ofazbenu, 2

r, 2 —a
DEWEEDIRET Z LT, MADHEZEZTIC. o+1 DL ID% p+0+ 22 KEZDHI Y
BTE3B,

Ly, Ly DIZ. EH 2 = c+te™ (t > 0) DBRICEZN 2D, HEOKEEL LT, FiER
2= c+te@H=5) (1> 0) DIRICAEND XSICTE S, bHAARMIC Oy &y OES D
ZHT 5 (On EEELD, 1 OB ERTEL L EHICRZ2DT, ZEHELDB), —
D EiZ a 28T, 20522 TH S,

25 LT BN MR T 1. Z D8 B(c; Ry, Ry o+ — 52,0+ 0 + 52) W& FEN 5,
ZOHEBIZERTH DT,

f(2) f(2)

—dz = ~——dz = 0.

i< [ L9 g — o prmcE 2.
FQZ—a
(B 72 AR, EHE??7 X 2B L T L 213, BRIEKZE D 2 720 THES B DL A3 HHE
TEL200, 29 LTCESETHAZE L DWEEAITC, £HFK ED - 5L NI2h 7
DR DIcl{hoTW3, tEbh 3, )

10.2 iR =

COHONEZFHEICTe» 2 e, NEAIRE, MVRFREZERL, MNIRREZFRER
RERPEL AR, M, EMRRACHET 5, A c ORRINEGECIERIRBEE f IS LT, ¢l f O
FRR R 723N R R R TH 5,
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& 109 (MIIBERDOSEE: REFRISES, & EMEES) O 2 C O)Fﬁ%é\\
[:Q—=C,ceCtd%, c» fOMIFESR (an isolated singularity) TH 2 &
F. HBEDE ¢ BEEL T, f1F A(c;0,¢e) TIERITH D (0% D Ac;0,e) C Q 22D
A(c;0,e) DERT fIEMITAIEE). D(c;e) TIFIERITR W (f I ¢ TERINLTWVARWL
My flE e TERINTOVWTD, ¢c THMPATRETRWV) %25 5,

D&, H5 {a,} € CE PF—EINFEL T,

[e.o]

=Y az ="+ Y~ (2 € A0,¢))

— (z—c)

DD LD, D {a,} ZHWTINIRRAZUTD X 5132108 T %,
(i) ¢ f OREAERER (removable singularity) TH % & 13,
(VneN) a_,=0
DD IO EWVS,
(ii) ¢ 2% f D& (pole) TH 5 ki3,
(FkeN)a_, #0AN(VneN:n>k) a_,=0

DBRDIIDZeRVD, E/IDEE, k% f O c D (order) L, c X f
D k DBTH 2 WV,

(iii) ¢ A f @ (ML) EMRFE S (an essential singularity) T» 2 ¥ 13,

VEeN)(FneN:n>k) a,#0

MEHIIOZ R VD,
\_ )

OWVWTIZ TIEHE ) P WO EBERERLTEBE IS,

D(c;e) 1X f OERBUICEEN. f X D(c;e) TIERIT® % (TRODBEED 2 € D(c;e)
T fIMIAIEETH 2) 2 ZWVI,

z € A(;0,e) &F L DIRHEFIZRENCEID D DIZ VDT, EEROWETIE. 0< |z2—¢|<e¢
WS AMERSGHTEEHZ 2 Z 2320,

R 10.11 (MUIUBFESTHEVEER) EED ¢ > 01T LT, f 23 D(c;e) TICRRERENS
ERTERVWE E, cld f OFRALER,

MVREAIGERTD 20, INRRATRRWRERDFET 2, IR INIFRA
ﬁ%ﬁbfméﬁ(ﬂ@:}muﬂ)@z:Oﬁ%5m5ﬁ%

F 7z, ZAMEAEL (multifunction, multi-valued function) D PR E VWS Db H 5, AU
5T, AREGTIE R ST IR R, BB IR R (transcendental branch point) @ 3 D27 FHE 1
%0 f(z)=Logz £FBLZE, 2=01F f ONBIAIERTH %, =

AR 10.12 (1) ZOMVRERDOERII, BREDERL IR S, HRFETIE TH5IED
e DFELT, f 2 A(c0,e) TIERITHZ 281 ERoTWT, ¢’ f DIEAIRTH %
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Yia . MNIRFRAD SR L Ty (IEAIRIZBREARTRERF R R WS T2t d), &
DH7= i, BRFOMEI VIR BN s, ZOMEBETIIZRIRICNES ZiTl,

(2) (¥ ThR) FERD) (i) O%HE

lim f(2) = o0

z—cC

z#c

D WRVASHEES" NIIE & 2 ¢ (ENIRL] AN OO
0o k
. n __ a_p -~ a—f
£1_>rrén2:0an(z—c) = ay, Z(z—c)" o — o0 (z2—=0)

n=1

v7%, FiE

(a) ¢ % f OIREFTHERFIA & W lin /(=) DIFIET B

(b) ¢ B3 f O & lim f(2) =

(¢) ¢ 7% f DEMEERA o lim f(2) EREELZWV (EBL. =00 THRWL),

B D IO (= FFTHRL, WhE « S22 LHEETH ),

(a), (b) ® = DFEHFHHETH 5, (3) D = DFEAAIIZIZ, D L% (EBE?7?(Riemann
DFREFTRER R REM)) BN ETH 5, (ZNUE T DFERDORIERICR D, TR,
< FZ—FIWFEEHTZ %, )

(3) EMRREA L VWI EEIR. MNIRERATRWEE I bR S (]10.24), 2 THAK
BEMRE AL TN EMRRA) R 8AR7200d LKy, u

£ 10.13 (a), (b), (c) . VWOWBR PR > TWVWR I EKKHERLELD, Z25WVWIHHEI
(a)= (A), (D)= (B), (c) = (C) YL TIE # (A)= (a), (B)= (b), (C) = (c) BT K
iz (B2, (A) BRDIIOERET S E, B L (a) TRIFNE. (b) £721F (¢) T
HBM, (b) 2513 (B), (¢) B5IE (C) Ty (A) THEILIFET 3, WAIT (a) ALY
D)o

BREET, RO 2 XN ax? + b+ c=0 2HHIR D = b — dac \ITOWT,

(a) D>0< 202X 2 DOMHEL 2 EHRE RO,
(b) D>0e ZD2XHERNF 1 OOEM (ZHFXER) 2Ho,
(¢c) D< 0« Z02XAERX 2 DDMHER 2 EEE L RO,
MDD, Z OISR UmESHEZ 5, =

10.3 Laurent B, MIFER. BEOH
10.3.1 IEBISmICHEWT Taylor BRIE Laurent BRI TH 3

AE 10.14 (Laurent ERIX Taylor BED—ARILTH D) f 25 c DiEf5 D(c; R) TIEAITS
E) t %\ %5 {an}nzo i)i\ﬁﬁ LT\

=> an(z—0)" (2 € D(;;R))
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¢ Taylor JER (FEHEVERM) k2, 2D %, a_,=0(neN) B L,

[e.9]

— Zan(z —c)" + Z (ZG_ZW (2 € A(¢ 0, R))

DD LD (A(c; 0, R) C D(c; R) ICHERET %)o 2F D, Taylor FERIIEHEMIC Laurent B
TbH5 (2 € D(;R) & Al;0,R) ICHEEMZ 272037), Z0HAEE, Laurent FEHID TH
Z0T. fDciZBIF2EED 0TH3,

(BDFEWNST%Z S % &) Laurent EHHIE Taylor BHO—BILTHZLEX 2, =

5 10.15 (Taylor BRI Laurent BRI %3, IEAIR)
Z Z—T (2 €C)
n!
n=0

THH06. f(z) =€ D0 DFEDD D Laurent MREERHIZ

Zn' (z € A(0;0,400))

n=0

| N

TdH5, m

10.3.2 [RETEERER
¢ f OREFTRERRETHD L&, HBEM e &\ {an},o0 PFELT

o
Zanz—c (0<|z—c| <o),

n=0

ZDEZE, 2€ D(ce) IZLT

IR T 3 DT, [l D(c;e) TIEHIT,

f(z)=[(z) (2 € A(c0,¢)).

o) = { ) (< A0 1)

THEIEDDHD, DFED, 2=cT f D% ap TH D ESTEBRELMBIELT f1d. D(ce)
TIEAIT® %,

BREFIAE) L WO BED =27 Y ANTH 5,

BB, ag=1lim f(z) THDHILITHERET %, 7 Res(f;c) =0.

z#c

sin z

Bl 10.16 (FRERTEENES, BRAH) f(2) =
TH 5,

(€ Q:=C\{0}). 01& f OIIFFE S

L s (D o (-
f(z)_;-smz—;kzo (2k+1)!22k+1_;(2k+1)!22k (z € Q).
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ZHUE f D 0IZBIF S Laurent BFATH 5, ZOEHRIF 0. WZIT 01F f OFREFTRERFE A
TH5,

o0

iy 9 -1
k=0 2=0
{ sin z Z c (C \ {0}>
Z Qk: 0 (z € C).
k’:O +

2O fiF C TEAITH 3 (BHFEEDIEE D(0;+00) =C), ®
i 10.17 (FREFTEENER)

f(z):{ ;2+1 (=#0)

L35 E 0F f OMNIRREATHD (ER f 13 0< |z -0 <400 TIERITH D, 2=0
TIIWAATRE TRV, BRERERREATDH %,
0 COME2 % 1 ICZAH L =B

1Z0 IR E T2 (FRTD 2 CIIHMLT f(z)=224+1TH2 I LIIHEEE L), =

ZDEST, BEMBERRSATOMEEZEL T, ZOADFAIETHZ EOICHKS, 20D
e ERMD AT I GENZ W,

10.3.3 #&

5l 10.18 (ZD F F Laurent EBM) f(z) = 33 (z€Q:=C\{3}). f & Q TIEHITH %,
WZIZ 31F f DINZRFEKA T, ZALUNS f OINIR R FIEFE LRV,
C\ {3} I FFIRTIH A(3;0,400) TH S, f D3 DEDOD Laurent B, f(z) = % H
HBTHb, E,
a1:=2, a,:=0 (neZ\{-1})

rBlk

— Y az-3r+ Y (z“_"é)n (2 € A(3;0, +00))

n=0

DR RYASY NN )

:@men£%®i%uzjgfﬁéo3@f®1ﬁ@@@@0\f@3K£H%%ﬁ
X Res(f;3) =a_; = 2.

lim f(z) = o0 (lig:l))|f(z)|:+oo Vo5 Z)m

z—3
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B 10.19 (ZD% % Laurent BB 20 2) f(2) — % (:€Q:=C\{3)). f12 QCF

HITH 2, @Z2IT 313 f OIMNVFREAT, 20 LA0NT f OIRFRSIZFEL RV,

C\ {3} 13FIRAEL (30, +00) TH. [ O3 D% Lauent RIS, f(2) = _23)4

g%?%éo %B%\%\
a_y =2, a,:=0 (neZ\{-4})
rB
n A—n .
FE) =2 anle =30+ ) g (€ ABD+o0)

N DR RYASY IS )

Z @ Laurent FERIDFHEIX 7 THb, 313 f DALOWMTHD, f D3 ITBITLH

L

BE Res(f;3) =a_y =0. IED li_rgf(z) =00. N

" 37224262 — o "
Al 10.20 (SIRBER) HEBIE [(-) = _7§Zj+ 2;30 . KD & 5 HH B T
x5,

f(z):zg—722—|—262—30:1+ 2 n 3 _ 4
28 —5224+32+9 2—3 (2—-3)2 241
fIEC\{3,—-1} TEEAITH % (57 -  FIIZEAXLZDT C 2KTIEAIT, 2#3,-1 D&
2RI 0 TRV,
3¢ -1 f DINIRERRNTH %,
SIHEHL LS. 3DEAD D Laurent FERA & 1&

[e.9]

FE =Y anz =3+ T (0< ]z -3 <)

— (z — )"

n=0

DR LERTH S,
zl—s + ﬁ X3 TIC3DEDLDH D Laurent EBRHOEE L TW5,

Zh S DEG 1~ % ZEZED, THUT D(3;4) TIEAITH 5 (4 =3 & —1 DiFEHE),
WZIZ3DED D ICERIERTE 3,

- ZLH _ nzl (_ZZ_ (:—3)" (=€ D(3:4)).

W Z 1
F =3V ey 28 g < dhe 2 e A3:0.4)
z —n:1 TG P R P z e z :0,4)).
AN D3 DEDYD Laurent B TH B, WRIZ 3 f O2MOMTHS, 2LT
Res(f;2) = 2.

Z DEAZ DL, Laurent B Z BARINIKR D2 T, RAIDED 73 B3R DERFE TR
ATVWEZEIEREL XS,

1% f DR RETH S, —1 DJAD D Laurent EFINIKD L TH, 1 MO TH 3
ER b, FEEE

FE) = )+ fa=), filz) =14+ —— 3 4



YORT B Y. fi 1k D(—1;4) TIERIT® 2556, —1 O D ICEHRIERTE 3: (3{d,})
filz) =) d(z+1)" (z € D(-1;4)). ®ZIZ

o (e A-10.4)

—4

MDD, 2T f D —1 DD D Laurent B TH 5, TH b, —1

z
1 f OMT. ZOAMENZE 1. Res(f; —1) = —4. ({a,} ZEKHNTRD 2 BED72NZ p LI
e, )m

5l 10.21 (—ROBIEEAK) HFHEIED Laurent JER. I FFRAZHNRE S,
P(2),Q(z) € Clz], P(z) & Q(2) ZEWIZE, P(2) # 0 £33, P(z) DHEZ 2%z
ar, ..., 0, , TUENDOEEEZE my,...,m,, P(z) ODEREXFRERZ a0y T DL,

k=1
NEDRE-N
roomg A .
Q) _ g 4 b pym€C
P(z) o (2~ o)

WS TRIZHE I BT R R B 6
o, &iQ:C\@m~wm}TE%T%mcmm%&n%ﬁ®@fﬁéltﬁ

| @

%#50%@@@ﬁu§§@Ew£f%5 B, P(2) ¥ Q(2) BEVCELRE Lm b
T BLY P £ QL) AR ML SSIIRE RO S8, (ENATAL) BATiEH

FEHBND (il f(z) = ERSTARVREARERS RS TH 2),
Db o, FHERD ¢ @ib D @ Laurent EHZKD 2121F. f(2) = E _la)m D c D
FH D D Laurent ERIAK FIUXE W,
(1) m=1DHBEFLEIRLIZ LI
@c:a®2%\ﬂ@zziazzicm<p—d<+m):ﬁﬁ%ﬁa@ibb@
Laurent BB T» %,
ﬁﬂc#a@h%(ﬂ)—;éa@D@mwwDTE%T%é#6\cME%ﬁf%D\
FPREFHETS R TH %,
1 = —
) === =7 Z_ e (0<lz—d<la—d)

n=

e DFEDHDH D Laurent EFHTH 5,

(2) m>1DHEE. m=1DFED Laurent BHZM D TIUIKE %,
SN 1
WJK@i\ f(Z):m Zj_%o
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(i) c=1DE, clI fO2MNDMWMTHD, f(z) =
D fDecDEDHODD Laurent B TH 5,

(i) c=2 D& E, fiZ D(2;1) TIEAITH 205, cid f DIEAIETH D, BREFTRER
RETH 5,

(2_11)2 (0 < |z — 1] < +o0) HE

f(Z)Z(Z_ll)Qz—(Z_1> in "z —2)"!

n=1
S

m+D(=1)"(z—2)" (]z—2| <1).

IO f D cDFEDLYD Laurent EFATH % (]2 — 2| <1 THD IO SR, HRK
0<|z—2|<1THDIID, )o

INT, EEOEHBEE Laurent BT 2 HER D> 72,

PRRIZI2 205, f(2) = (z——11)2 D, A(2;1,+00) IZHBIF % Laurent B DHRDTAH LD,
1 1 1 - ( )”
z—1 (z—=2)+1 z2-2 14 1 QHZ:O z2—2
z—2
B o (_1)n71 B
_2(2_ (1< |z—2| < +o0)

n=1

THE05

= (—n) (=)' K (n—1)(-1)"
Tl g — 2 gy (k<o)
BN OBEBOmOH E BT XL 5,

sin z

il 10.22 f(z) =

& C\ {0} = A(0;0,+00) TIEAIT® %, sin D 0 DEbH H DEKRIK

JEERH o
sinz = (1" 22 (2 € 0)
—~ (2k +1)!
05
_sinz — (=DF 2%k—1 _ — (DF .
(x)  f(z)= = —§(2k+1)!z _;(Qk:—l—l)!z + - (z € A(0;0,+00)).

(> TR - THEZMRAZ2LRLAD, ) T f D0 DFDD D Laurent EBFTH %,
eSS

_1\k
(=1) (n>0,n BHHDOLE, k=" eBL kL IFBETn=2k—1)

(
1 (n=-1)
0 (£ hLS)
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a_p

DEZELTWS
o)

LB (1) OHELR DY anz—0"+ > G
n=0 n=1

%72, Z® Laurent B D FHIZ é THH, 0% f D1ILLOM, Res(f;0)=1. m

10.3.4 EMEFES

] 10.23 (MILEMHER) f(2) = oxp — 0:]: Q:=C\ {0} = A(0;0,+00) CTIERITH %, W
ZIWZ 01X f O RESTH %,

exp( = Z (" (C€Q)

THHD2H
1 oo
f(Z) = eXp; = né_o n' Zn = E_ O < |Z‘ < +OO)

1

D f D0 DEDLDOD Laurent JEFTH 2 (FEFE. a, =0(neN),aq=1,a_, = ]

meN) eF3e. f(2) Zanz +Zl/”'

n=0

O Laurent JEH® :H01& Z li THY. (0 THRWEAERIED 5 0T) 013 f Ot
#%E%}ﬁf%%o if: Res(f, ].) — % — 1
lim f(z) DEELARV S, BAHCEOHIT b 575
lim f(z) = lim €Y = +o0,

xz—0 y——+00
z>0

lim f(z) = lim e’ =0m
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[ 76. (BFLE (1] p. 85 ORIZUGE) LT D (1), (2), (3) ZAEHE K.

1
(1) Ya € C\ {0}, Ve > 0, 3z € A(0;0,¢) s.t. exp — =

(2) FH{zn}tnen st hm zp =0 2D lim exp — = oc.

n—oo ZTL

1
(3) I zntnen st hm 2, =0 22D lim exp — = 0.

n—00 Zn

Bl 10.24 (FRIBERATHVENISES)

i 2= 0 CEBINAVC LWL HTHBH, 2RI sin% 0 ¥%RB 2 ITHLT
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(i) c=at&Fb&. flX A(;;0,400) TIERIT, f D c DF DY D Laurent EHHIZ

f(z) = L (z € A(¢; 0, +00)).
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(ii) c#£a &35, fi& D(c;la—c|) TIEAITHZ DT, ¢ DEH D T Taylor B TZ, %
N f D cDFEDDOD Laurent BETH %, ZOIEIFILATD R - TH 25 DTHIERK

FEL L .
Fe) ==X e (A0 Ja )
E
1 1 1 1 1 o (z—c\"
f(z):z—a:(z—c)—(a—c):_a—c 1_2_0__a—cz;(a—c>
a—-c "
THE0 5, )

— . [ A(c; la—c|, +00) THIERITH 2, 2z € A(c;la—c|,+o0) DE E, |z—c| > |a—C]|

THEHE, T LMD LOOT, FURKOMOARERNT
B 1 1 1 1l o fa—c\" & (a—o)n
f(z)_(z—c)—(a—c)_z—c 1_G_C_z—cn22(z—c> _nz;(z—c)"ﬂ'
z—c B N
ERASPR5)

i =S (Al +oo))

n=1

I f D Alc;la —c|,+00) IZBIF % Laurent EFATH %, =

f 77. (BEE (1] p. 84) RO D 22 O RE R A BT 2 FEERII D,

2

COoS 2
. _cosz o, SN gt e _ sin(z?)
B 78. (1) f(z) = . WAL T, 013 20O BEOMNRIRED. (2) f(2) 0 —cosa)

WHRLT, 0 S WOREEOINVRRLD. (3) r > 0 DBEARIT/PES LTS, A(g0;r) 1
BWT 1320 LADITRTOEBHMEZI S & L 2R,

10.4 R FDUHMDFFEDIT

&3, e FDME%E Laurent R %Z FAWTETR L7223, Laurent BB Z KD 2 DI1xLIX
UIXHEEI DT, b o LR HEERD 5 L EMTHE, ZZTEZEhEZBRLES,

ROMEE, BRICHET2ME 9.3 LHBLTAZ LRV, ZOMED (i) = (1) DFFA
R, MOEDHD D Laurent R %KD 2 I, Taylor ER %K 2 HEICIFAE S 1
22005, BBRRHBES (L) EMRREADED D D Laurent EBRICOWTIE, M7z &
572 Z LAF RV,
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iRl 10.26 (BDFEDIT) ¢ PIEHIBEE f: Q — C OIVFRIRA, ke N 2 T3 ¥ &,
XD (i), (i) FEWICFEETS %,

(i) c & f @ k DL
(ii) c 22T d 2HES U TIERIZZEE g BEEL T,

f) = 2 Gevnie), oo 40

N

&t (i) &, ROESEMSF (U 20 LERWZIC L) LRETH % i3 mpI eIy
ARRAR

\_

(i7) (3R > 0) (3g: D(c; R) — C 1ERN) f(2) = (ZQEZZ)/% (0< |z —c| < R) 22 g(c) #0.

(i6)" (3g: QU {c} — C IEA) f(z) = (zgfzi)k (z € Q\{c}) 72D g(c) £0.
(ZHZ (2= )Ff(2) ¥ c ZBREFIRERIRA L T2, LWIOIADBRVARS, )

SEB ¢ D f DIMREREWS 2206, ¢ DEDHD T Laurent JEFTE %, ThDH
AR € (0, 00|, IH{an}tnez s-t.

o0

f(z)= Z an(z—¢)" (0<|z—c| <R).

(i) = (ii) DFEH, ¢ 25 f D k (DM 5 1F,

ap#0 22 (YneN:n>k) a_,=0.

Wz
f2) =Y an(z =)
n=—k
= a_k o a_l - _— 2 DY J—
G T T Tt almdtaiz—di (0<]zoe <)
THDH0H,
(z =) f(2) = ak+ap(z—c) + Z&nkZ—c (0<]z—¢| <R).

CORMFERET, 0<|z—c <R THRKRT20D7E006) ICRFFEE RUELETHZ, Z
ZT

= ani(z—0" (z—c/ <R)
n=0
8L k. gl& D(c; R) TIERIT,

(z—0)"f(2) =g(2) (0<l|z—c|<R).

f<z):(z—c)k 0<l]z—¢/<R) 2D glc Zankc—c) =a_y # 0.
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(ii)==(i) DA, (ii) ZIRET 2 L. IR >0, 3g: D(c; R) — C s.t. g WXIEHIT,

10 =2 0<l-d<R, g0 #0
g & D(¢; R) TIERIZE D5, Taylor B TZ %, 372bbH
Hantnso st g(z) = Z an(z—c)" =ag+a(z —c) +ay(z—c)?+--- (|z—c| <R).
n=0

WZIZ0<|z—c| <R ZiliZIERED 2 IR LT,
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f(z):(Z_C)k:(Z_C>k+~~~—|—Z_C+ak+ak+1(z—c)+ak+2(2—c)2+---
00 k
_ _ n Ak—n
RPNy

ZLT, ag=9g(c) 20 THE3D5, clF fDOLNOMTHS, m
AR 10.27 FLETETEL) @ME 9.3 TRZEIIE, ¢ f O kK MDOFEHLIE.
f(z)=(z=0)g(2) (lz—c <R), glc)#0

Zim7z 3 IERIBEEL g: D(¢; R) > C BMEET 5 Z & F/zfd 10.26 TRAX S ¢ f D
k AL e 13,

F) =2 o<l <R). g0 #0

Zhi7z TR g: D(c; R) = COFET A2 &, BLAERE S, =
Laurent R %Z L2 < TH, M ¥ 50, ZONEIIMD, 505 I EPEETDH 5,

5 10.28 ( )2( s
z—3)(z—4
f“):z%z—n%z—m
01X f D3O, 11 f D2MDM, 21& f D1IMDOM, (2 2h g BAITH2H, T8
THZE, )DOVTIZ, 3 fD2MDEME, 413 f D3NDOEHTH 5,
Zh Tk

(2 =2)(2 —3)*(z —4)°
9G) = AL e —9)
13?2 I3RIFRETREFNRATDH 5, FHEE
(z =3)*(z —4)°
hz) = 23(z — 1)2

X 2 DEFE D(22;1) TIERITH 2005,

(Hantnzo) h(z) =D an(z—2)" (z€D(21)).

g(z)=h(z2) (€ C\{2}) TH23»H
z) = Zan(z —2)" (z€ A(2;0,1)).

WZIT 21d g DIREAIRERIRFTH 2, =
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21029 Pk Qlxc DEFHTIEAIT, cld P D kDER, Qc) #0 TH2HIX,

Y ::% Dk ROTH 5.

SEBR c P D ENDBEEATH205, c DB CTIERILZER R FHEL T, P(2) = (2 —
OR(:), R £0. ZOLE g2) = DD LB ¥ gl e DIEHFTERIT, glc) = 20 £0,

f(2) = 2 (c OB BBRIBELHT) A

HbH, m

R(z)
(DL, iR 10.26 12X 5Ty ¢l f D k fiOMT

Bl keN ceC, fldcDrfETCEAE T2 X, ¢ f DEMNOELATHE2DHICIE. ¢
ﬁf%@@f@5:2ﬁﬁg+ﬁf%512%ﬁﬁo

smh z

Bl 10.1 f(2) := DIFTNTOME ZDREE KD Ko

(%) Q(z) = smhz P( ) i=sinz {F& BT C 2R TERIZEHTH % (sinhz = (expz —
exp(—2))/2, sinz = (exp(iz) — exp(—iz))/(2i) 2Hb7H 5 L. FRAIZEIF % Taylor EHD
PRAEED 0o THE L ZHERLTHRWV), ce CHMTH 270D121F, Plc)=0TH3
ZEDPRMETH S, sinc=0& Ine€Zst. c=nm Plc)=cosnt=(-1)"#0TH2H» 56,
c=nr & P DINDERTDH S,

(i) n£0 D& ZE, Q(nr) = sinhnr # 0 (sinhny > 0 IHFER) THEH06. LD Cor. IZ
FoT. nrld f=Q/P D1iOWMTH %,

(i) 01 P D1NDFEHATHSH2 5, 3P, st. P iE 0 DD 3 (C T OK) TIEHIT,
P(z) = 2P(2), Pi(2) 20 (0 < |2| < 1). FARRIC 01X Q D 1AL LEDBERTH 205,
Q1 s.t. Q11X 0 DILE (C TOK) TIERAIT, Q(2) = 2Q.1(2). ZTDEE, 0 DD SR
BPE (0< |zl <1) T

fo) = Q&) _2ie) _ Qi)
P(z)  zPy(z) Pi(2)
COFAE |2| <1 TIERITH 205, 01F f ORERREREEATH S, WZXIC 01 f
DMTIX2WV, =

10.5 MARFERSD lim (& 28T, Riemann OFREGIFESTEIE,
Casorati-Weierstrass O EIE

~
R 10.30 RETHHEROME) QX CoMEA. f: Q= C,ceCTHD, cld f
DEREFTRERIRATH S L Z. KD (1), (2) DD LD,

(1) lim /(=) WHRBEETD 5 (HROBRSTFET 5).

z—cC

(2) 3R € (0,00], 3f: D(c; R) — C EH s.t.

f(z)=fz) (0<|]z=¢ <R).
Frbb, fldc £ TIHDTEIHIETE 5,
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SEER ¢ f OIRIRATHZ 25, JR>0st. flX0<|z—c| < R TIEAITH 5,
W 212 IH{a,} s.t.

(0<|z—c| < R).

= i an(z —c)" +
n=0 =

e f ORREAIEFERTH L L VIRED»S
YneN a_, =0.
Wz N
:Zan(z—c)” (0<|z—¢| <R).

GHOHENE 2 = c THPCRT 5 ({ i ap) TEWRERELT,
=> an(z=0)" (z—c <R)
n=0

r3L e, f: D(¢;R) = ClE (WREMEZOT) FRITH D, BT 2 = c TEBETH 205,
lim f(z) = lim f(2) = f(c) = aom

z#c z#c

z—cC z—cC

AR 101 ¢ f ORRAATRERNRNTH 2 L E FHCKTD %< f % D(¢ R) EOIERIZRBI%K
fICEERI THRATIZENZ N, 20D fIE,

~ f(z) (0<]z—cl<R)

f(z) = lim f(z) (2= o)

z—cC

CREOT 5 bHKS, =

nAnEE 10.31 (#u’ﬁwri’ﬁ) QWX COBES. Q> C,ceCTHY, ¢ fOMThHh
. lim f(2) =
zF#c

z—cC

REBH e D f DINIRRETH 205, IR > 0, Ha,} s.t.

=% az—a+Y (Za_";)n (0 < |z — ¢ < R).

MONEZ kedTd, a 202D NVneNn>k)a,=0THdH)56,

=Y az =" +Y e (0<|z—c| < R).

n=0 n=1 (Z o C)n
Al & ARk
121751;1 Z an(z — )" =ap
z—c n=0

(:i B, 2#4c,2—>cDEE (— o0 Ty

ZZ_C Za nG"
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ME 9.19 12Xk b,

lim a_p,(" = oc.

h;rénf( z) =ag+ 0o =oo.m

z—c

fi28 10.32 (Riemann DMREFEEIHERTEE) c 13 f OINIFKER L T2, HDIEH e
PEELT, {zeCl0<|z—c|<e} T fORERTHNUI. c & f DFREAIRERFEAT
Hb, KT lim f(z) WEREETHR, cld f DREREERIERTH %,

z—c

BEAA  (Liouville OEHM (EH 9.18) DFFAH L RELARTA S L HIHW, ) f EF & W HRE
25, IM eRst. |f(2)| <M (0<|z—c| <e).
f 23 A(c;0,e) CTIERIT®H 5 Z &h 5, El{an}nez s.t.

flz) = Zan (z =)

(0<|z—c| <e).

n=0
E%@né%O<r<e%ﬁkTEE@rKﬁbf
1 f(¢)
a, = — BTV,
2m1 |—c|=r (C - C)n+1 C
W ZIZ
1 f(Q) M / _ M _M
ol < 50 [ | |11 € o [ 1= 2=
Bz, EED ne NIZR LT,
|a_n|<r%n—Mr 0<r<e).

ri0&3%52¢Ta,=0nNeN). ®IIZ fDclBIF2u—7 VEMDELRF O TH S
DT, cld f ORAFARERNERTDH S, =
BUEE  (AERFBRNZ & WD NFNFST) f 23 A(c; 0, R) TIERIT®H % 23 5,

g(z) == { (()z —¢)2f(2) Eg : Z —¢c| <R)

Y5, g BB 0< |2 — ¢ < R TIEAITH 275,

g'(c) =lim 9(2) = 9le) = lim (2= 9"f(x) -0 =lim(z —¢)f(z) =0

z—cC zZ—C zZ—c zZ—C z—c

THENE (ZZT fRERTHZZEHWE), gl&c THMOARET, KR |z —c| < R
TIEHIT® 5, W22 DHEHIPHCTICR S 2 BAEUCEMTZ 5.

Hanknzo st g(z) =) an(z—¢)" (lz—c <R).

STV S5 HZF 5 WVS AN B AV, HARNIZIEZ. Riemann OEHOARERZ FHWZFFHHIX. Liouville O
@ Cauchy #HiiZ WAL R LT, HHWEEL 207100, 25 TRVADBWE S LWV, ZOFEEICSH,
EBolHHEIXETSNZITINE -
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g(c)=0,d(c) =0 THE2D56. ap=a; =0. ®ZIZ

= Z an(z — )" = (z — ¢)? Zan(z — )" ?=(z—c)? Zan+2(z —o)" (lz—¢ <R).

INnro .
z) = Zan+2(z —o)" (0<]z—¢| <R).

WZIZ clE f DBREEERIESTH S, =

4 N
a8 10.33 (Casorati-Weierstrass, EMFESOMEHE) O 13 C oBESE. f: Q- C,

ceCTHY, clid f DIV EMRERE T5E X,

(VB € C)(Hzn}nen) ((Vn eEN)z, #£cA hm zn =c A lim f(z,) = 6) :

n—oo

J
ZDOEBOFIHIZE L TH 2 A2 W0, UM 2 L5 I ZRIFERWVAFIFIZHER WV,
GEBA flX0<|z—c < RTIEHIE 35, VB € CITR L TRDHAD LD,

\(%ﬁ% B=00 THRWVWIXIZH 5, )

Fik
[ (Ve > 0) (Vr € (0,R)) (3z € A(¢;0,7)) |f(2) — B| < e. ]

HLINDREATEAUE, n=1,2,--- ITXLT, e=r= % ELTHWT., FH{z,tnen st

1 1
(Vn € N) O<\zn—c|<ﬁ A ]f(zn)—ﬁ|<ﬁ
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PUR, EoFRZFHEYZHWTHEAT 2, ZOLDMD LR WERET 5 &,
(Je > 0)(Ir > 0)(Vz € A(c;0,7)) |f(2) —B] > e.

DL E,

(z € A(¢;0,1))

LH Y (DEA 0 1SRRI LICHER). ¢ BRI A(c0,r) TERITH 3, ©AIC o
& g OUNTHEATH 3D,

9(2)| < = (2 € A(;0,7))

m | =

W09 FHiAI A D SO DT, Riemann OEM (i 10.32) 12X o T, ¢ IFPREFTRERFI R AT
Hb, THE glF B(c;r) TIERIZBEBUCHNRTZ 5, EED,DS g(2) #0 (2 € A(c;0,71))

Thb,
_ Bg(z) +1

B zpFRkE, THOMMEFAMEE S>o TRV, DFED, -6 THEZIZ/bDTH 5,
89 L (proof by contradiction, reductio ad absurdum)
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THH05, ¢l f OREERERELIIMTH 2 (c 28 g DERTRIFNUL c X f DFR
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e N
FIE 10.34 (MIFERD lim ICKBEOT) 2 f O EATHZ L 5, IO
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z—cC

(3) ¢ f DI EMREFRTH 2 72D1213, lzigel f(z) DERMEETSH 2L, lzii? f(z) =0

z—cC z—cC

THRWI PR E+TH 5, )

sEFA REMII ETRLAE 3 oo (FRAAJRER RS OMH, MoMH, EMRFRLOMN
H) TOh 5, 7o T0waZ e, +0HEHS, m

5l 10.35 f(z) :=exp (—%) WZOWT, 01F f DIV EMRRLATH 2, —Kawmdr o 2 — 0
DEED f(z) DMFRIIFEL RV, EE

lim f(z) = 0,
z—0
lim f(iy) = o
y—0

DETGEDFHFITE-T, 0WIHRLZZD, o0 IHEMWEDT S, m

%X, Casorati-Weierstrass DFEFH LD b dH o 2. XOEHEHI D L DOZ e HI SN T
W3, L2LEH 10.34 2155 791213, Casorati-Weierstrass DETH 3R DT, XDIE
B OFERIZENE T 5 (B 213 Ahlfors [26] 125 %),

g 10.36 (Picard OKEIE) c I f OMVEMRERLE T2 Z, JecC, (VU: c D
FROMERS). Vo € C\{e}, Iz € U st. f(z)=v. — @A —DDRIMEZFRE., c DERED
ERAMGEFFICBWT, ZDEEZE S,

Z D Picard DEHITOWTIE, —H [41] A BELEFENTDH 5,
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~
EE 10.37 (Laurent #&#) c € C, {a,}nez € CZ ZHWT,

00
a_

Zoan(z —o)" + Zl e —r;)"

v RXN B EBOEREE. ¢ T r T3 Laurent $3 Y .3,
2ODMEDE BIZINRT A ¢ =, ZFOD Laurent fBUIINE L. ZORNX 2 2D E D

THDBEEFRT D, 20DWEDD1 &b —DFERMT 5 & =, ZD Laurent fHEZ

RT3, LERT D, J

e (%%if) ~
P “BEREC WERRETH B, T

MO TIEAIT, 2 — co @ & =572 BEHUE.
DB, ceC,0<R< oo, B f 20 {2 € C| R < |z —c|} TIEAIR S, F{an}, st

f(z>—ao+zajc+(z_c ZOZ_C (R < |z —cl).
_ " Y,
ZNFNOHDBPERT 270 DKM %2EZ 5, HAHMBREMTICE L., Z DA TIIFER
TBEHID B,
e ™

FIE 10.38 (Laurent #EDINREEHE, “IRHE" D) Zan z—c)" Z
=1

WKDOWT, KD3DDSHEDWTND—DDHD D,

(1) 0 S E'Rl < HRQ S oo s.t. FEJ}%%E\E& A(C; Rl,Rz) VC”X% L\ %@&*%B‘/G&i%\é%&j_éo
Ry <1y <71y < Ry BHiT=TIERED ri,re LT, Ae;ry,ry) T—HRICHENIR

‘—3-%)0

(i) 0 < IR < cost. M |z —c| = R DETHROVEDPEAS LTI L., ZOMEATIX
FEHLT %o

(iii) C EW/=2 & ZATHRMT %,

D RIF—EINZEE %, )

(i) DJBED Ry ¥ R,, (i) DHFE

N
sIEEA Zan(z — )" IZDOWTIE, 5% Ry €[0,00) U{oo} DIFEEL T, |z — | < Ry TPCK

n=0
L. |z —c| > Ry TIEFRT 5,
3 (Z“_—Z)n IKOWTE. 5 Ry € [0,00) U{oo} BEEL T,
n=1
|z —c| > Ry TEIHKT 5,
R, < Ry THAUZ, Laurent FFUE A(c; Ry, Ry) TUCRL, ZDAE {z € C| |z —¢| <
Ry or |z —c| > Ry} THET %,
Ry = Ry THAUX, Laurent H {» € C | |z c| # Ry} THENT %, {2 €C||z—c| = Ry}
RS ECIRNR T 2 AR D 205, HDEAEDEESL VI ZdDHD 5 5,
R, > Ry, THAUX. Laurent f#ifx C J:ODL\?’:%) CIATHNT S, m

|z — ¢ < Ry THHLL.
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M 79. LOEHD (1) DHBEI. Ry, Ry % a, ZAWVWTERDE,

10.7 Laurent B BEHMOBEIE
(ZNBRHEOHDE? H R Z e 20 h e, ENFVTHL2ARTHICLBRWESIZEAS,

REDO—EMZHHAT 527-DDFHED X FMHEYRFFEEEEZ 5, )
PIRICHAR 2 Z 13 F 5w

[ZFBEEL D Laurent EEIIFBRDIE 132 5725, HEIELD Laurent FEBAIXEEL
RDIATZF 572 D FHTHEBUX0TH %, |
CFEEDT, REBRBRIIECRVTHAH, ZhEeFBRDZ LIk, BREER (Taylor &
F) IZDOWTHRILT %,
JRAIZOWTHIRES Q ZERBER OB - Q- ChrH3L 35, fBAHEMTH
RN
f(=2)=—=f(2) (r€9Q)
MDD Z R WS, Tz f DHEEEETH 5 213,
f(=2)=f(z) (2€9Q)
VA R AR
Q25 C OB A0; Ry, Ry) THY., fHBIEAITH 258, 5 {a,} DFELT

oo

fz)= ) an2" (2 € A(0; Ry, Ry)).
f DEEE T H R o
S at = f(E) = —f) = 3 a2
_ i (1) a2 (2 € A(0: Ry, Ra)).

Laurent B DR O—E M2 5
(Yn€Z) a,=(-1)""a,.
Zhns n PEELSE a, = —a, THEDPD a, =0, T7205 f D Laurent EFIIFEX

DIFZ I 57525,
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Laurent BB DR O—E M2 5
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::fj@nwmﬂn(zemmRbm».

Laurent JEBH DR O —E M2 5
(Yn€Z) a,=(-1)""a,.

Zhpo n WMEEZSE a, = —a, THEDH a,=0. T2HD5 f D Laurent EFIIFEX
DA I 6725,
[FREIC. f 23 c ieoW TRk THIR

(VneZ) a,=(—1)"a,.

DS n BEEE S ap = —a, THEDD a,=0. T2HD5 f D Laurent FEFIIHEECX
DR TS5, FHZ f O clTBIF28ET 0 TH 3!

Res(f;c) =a_y = 0.

11 BEFEIHE (residue theorem)

11.1 BEEIE

JEH FEEZ TEBUEM ) 3IEHICERTH 20, RBBALABAN=Ta DD 5, KITHN
52 DIE EBICHE S 5E T MERT, GEHS 7 DR T W (ERBMELTNEBDTH D),

EIE 11.1 (BHEE (the residue theorem)) D & C OFFHEE T, R* OB E A%
L7z & Green OEFDHALT 5 &5 2 (B2, KOANC CHkDBBD 75 7 THEh
ToMERR TR, £ 721% 0D I3HREDX ) O #abERIBEMEAfh#R 572 %), C :=0D (&
fTAMDEFIC D 2H2AE) B, Q& COREET, DcQ zililz3. {¢},
& D NOMHERZET, f:Q\{c1, - ,en} > CIUIIEAIE T35, ZOE X

N
/ f(z) dz = 27riZRes(f; cj)
c =

A BRTASR
\_
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8P,

/AR SN

5,

}"'\\ "
)
-

C

4

g

ol
COEHEYAZ—F5, BEGIE THRBLIBL RS, TNETHTREBTDE

HDS55, BRI S DE, KIEZhTHD 5, Hl 21X Cauchy DFESZ AKX EZEL 7DD
HELRHET

d 1
(70) la—cl<r = © :27riRes<Z_a;a):2m'.

|z—c|=r Z—a

%7z, Cauchy DEZARD
(71) 1 f(z) dz = L - 271 Res ( f(z) ;a) = lim(z — a) /(z)

2mi Joz —a 2mi z—a

= lim f(2) = f(a).

z—a zZ—a z—a

bHAA. KERIIBWT, IS5 DEROIEFRICEHEEZHVS DI, BRREICHE>T
LEWRBITHZH, 0hReTWVWTHA,

(mmwmﬁﬁﬁﬁ%@%?5t®@ﬁ?tUQE%K&%L&:&@%%%ﬁwf/ Z@ng
|z|=1
@X/ v, SREERES LMK S (BREThER T 1),
ot3=2 2(2 +4)
é%KCw&y@ﬁﬁﬁﬁfﬁ%U&#ok/ﬂ ;éﬁgﬁma%%ﬁfgéiﬁmﬁéo
|z|=1
dz 1 N o, 1 R
[;dﬁ@+zy_QMR%(ﬁ@+2yﬁ)_2m3%<2ﬁ@+ay)‘2m<z+2320
g 2T
= 4Tl 23 = 2
B 11.2 (Goursat DRNZBHEETEL) Goursat DRH: ne N T2 L X
n! f(2)

dz = f™(a).

2mi Jo (z— )t

FEE (Goursat DAz BBUEH 2> TAEAHL TA KL D)
Feill = 271_' - 2mi Res <L a)

i (z —a)rtl’

=t () [ - o 2]

BECEHIZIE, A RIIALD 5,

Z < OARIZRD & 5 I2#amic & LD E - T\ 5,

& DEDODICHIMZINT, ¢; DEDD ZESLRVESK [T Z1ED. 2HIZDOWT
Cauchy DFE5 &M / f(2)dz=0 ZHEHAT %,

[R5 RURYE T 5.
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5% \
\
!
LY 1:: ;
%, ] v IIIIIl
s =
I OHNEBIZ X1Z WD T
/f(z) dz=0.
r
I D& = MRS ENCHET 5.
N
cl—/ dz — / dz = 0.
[reras= [ s Y R CL

FETZ XYL TADT

/f )dz— Y /;m4f@yh:0

U/f dz-}j/;m4 (&—QME:mﬁfg

(XPRDFFIE Laurent BHDBREIZOWTORKT, n=-1 DHEETHV, )
CORHIZEI E DD R T VA, N HIREL B o TH ZOREHIZERT 275507 85

THUIIFNRISRE LN L7255, ~ROGEICZDIHZEHA L EL DI, BAEL L

(FEFHI23HEBRALDBX T 7y I T5Z Ik o72),

PURTIZZheiZES S DTt T %,
SRR TN WVIEDE ¢ BELD & AEED jIZX LT D(cj;2e) C Q 5D D(cj;2¢) MIC
cr (k#7) EEFEhR0,

flE0<|z—¢j|<e TIERITH 2256, ¢; DA D T Laurent BT ZE 5:

05

o0 o 0
Glatue) fl2) =D alG—e) +) oy 0<lz—gl <o)

ZoEHE f; £BL:




ZHUE C\ {¢;} TIEAITH 3,

N
9(2) = [(2) = 3 _fi(2) (z€Q\{er, - en})
j=1
B g BIEIIT® 5, SHRMAED jITHLT, ¢ & g DFRAATRERESTH 5. HPE
ERD j LT

g9(z) = (f >
= Z a,’ () (z—c;)" Z fr(z
n=0 1<k<N

THIEE LI D(cje) TIORT 2HBECTHD. Y fulz) EC\{er, -+ ¢jm1, i on}

1<k<N
k#j

TIEHITS 5,
WZIZ g lE QTIEAIE LTRW, Green DEMIZHEH S Cauchy OFEDEH L D

0= [ = [ 1) dz—i/ fi(z) d

(Vje{l,--,N}) /ij( /Z e il<zfjij)ndz—a(3i/czfzcj.

(nt—1DrE, — 1 FEREEE DT, BB S SR 0 TH 5. )

(2 —¢j)"
Wz
N ) dZ N
dz = _j/ = ) /
/Cf(z) z Zl g s(fi¢)) o
aicox, [ T 0SB C R |z-o| - THERZ SRBOERDIUL. (HIZ

c?—¢

211 TH DD 5.

N
/ f(z)dz= 27riZRes(f;cj).l
c |

Rek 11.3 (BREEO—ML) XoH O kEARIR C DB [MHH 2 8 D OISt e —

BL., C ORI ENEDHZTH S, EWVWIFRMEDD LTI WGEICBINREI NS,
PHIIAR 2 2 WIZBHRIAREE C ¥, a € C\ C* LT, #RfED

1 dz

2mi cZ—a

n(C;a) :=

E. C IZB3 % a DIEEL (the index of a with respect to C). H2WiE a DD D C D[ElER
# (the winding number of C' around a) &IN5, ZAUIEBANIEZ. C 25 a OFD Zf
B> TWE2ERITHT, HIR BIRETHL ZHRALNTV S,

C 7, BH&ES QLT 0 IZZREO—Z (homologous to zero) & i&.

(Va e C\ Q) n(C;a)=

DBRDIIDOZ 2 WS (HRAEDEREDHRZEISKRY — C X (D2EKRT) MEEORZHA
TWRW),
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Cauchy ODFERTEIE C OBEAR Q NORXZH CH kDA 70 C B, QIZOWT 0 IZhHE
D-ﬁ(ﬂ@ﬁmm®n%ﬁ6ﬁm)t?ét%LE%%ﬂwa+Ckﬂbf/j@ﬁh:Q
C

—RAESNI-BHEE QX C OB Tocy, -+, en E QNOHELR 2R f: Q\{c1, - ,en) —
CWEIEAL ClEQRNOHA 7T, QRELTORKER—IT, D¢ bELRVET
RN
1 N
— [ f(2) dz:Zn(C’,cj)Res(f;cj).
j=1

211 C

(RIFHEHE Lo =151, )

R 11.4 (BHREEOIBADMLA) LOFEAT, f @ Laurent D EHZFRWZEE ¢ %
EZDBEWVWITAT 4 7E HN [42] D BHFAT,
EH 84 ZRD B L,

N
= U (cjie) (>0 tm/hEw)

WOWTCHHAT R Z 8T, BRICHHT 2 Z e K325, AFHDHBIZ EH 4 Z WS Z
AT T2 o T2

LYy

X 21: R ¢; 23S 28088 T Z21E%

11.2 BHOHAEOLA
11.2.1 Laurent BRMKRFZE 51X

Laurent JEFD KX 2 D72 61X, ERIZ X o THBUIFEHITKRD 515 ({a,} DHFDLS ay
ZHD T,

wlLsf@y—%szC\gn)zﬁéo:@i%ﬁ%@%@ﬁfo>omxwémem

BHEZoTWT (ol =1, a, =0 (n #£0) 2T 38, f(z Zan (0 < |2] < 00))\

Res(f;0)=1. m

192



WlLﬁf@):emrg(zEC\ﬂﬂ)kﬁéo

1 /1\" 1 11 11
=35 (3) =1+ i gagm

n=0

W Z1Z Res(f;0) = 1. Res(2f(2);0) = %, Res(2%f(2);0) =

1
3!
[230<|z—¢c < RTIERIT® 275613, &M 4.16 (FIRMEETIERIZZBIED Laurent &
F) 12X o T

=

_ 1 f©)
a, = 2_7'['7, el Wdc (n € Z, O<r< R)
TH2EH 56,
1
(©) Res(fie) =an =g JQEC ©<r<R)

(—c|=r

filC —1 BHD a_y HKEIE WS L. —1 FBHD (F(O))(C— )" ehTHIT) f HY
DIETIRZDEINHTH 5, £ 52HHIZ

gy — 21 (n=—1)
[ e { 0 (mez\{-1})
IZH %

f DIFRIR (ZDOmROEHET f PEAITH 2 L5 MDZ L), REMREREMAICBIZH
BiZ0TH3, 2 THRLENFRSATOREBDRIEICKR S,

5l 11.7 Res(f;c)=a_1 €35 Z, Res(3f(z) +cosz;c) ZRdD X,
(FRE) f— Res(f;c) 3MEITH 2, ThbBE KIS

Res(f + g;¢) = Res(f;¢) + Res(g; ¢),
Res(Af;¢) = ARes(f;¢) (72721 A e C)

DD IO (REDPHEHPTEZTHRL L), ®ZIZ
Res (3f(2) + cos z;¢) = 3Res(f; ¢) + Res(cos z;¢) = 3a_; + 0 = 3a_;.
ZZT @2 c DirfFTIEAIR HIE Res(p;c) =0 TH B Z e ZHWE, m

REK 11.8 (BULER Mathematica OFIRA) B f O RA ¢ DA D D Laurent &
FOD, —IE (FnlHE T 5) DR KD 5121E. SeriesCoefficient[f[z],{z,c,n}] &
5, PlZIE

[SeriesCoefficient [z/(Expl[z] - 1), {z, 0, n}] ]
¥¥aE. nz0ors PIOMUPE bognuyx 0 Las,

—77. BARW T n OMEIZXT LT, BEL f D c DEAD D n RDIEE TD Laurent ERI%Z K
» 5121, Series[f[z],{z,c,n}] & FTHIRV, Series[1/(z Sin[z]1),{z,0,10}] &F

bk
i+1+7_22+ 3124 n 12728 n 7328 n 1414477 10
226 360 15120 604800 = 3421440 = 653837184000

CWOHKERESS, =

+0(z'")
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L2 L. Laurent BEIZKD 2 Z 21T LI UIXEE LW, Laurent EEI%Z LR WT, EEEK
DONIGEDEL., ZOHEEYRARX—FT 25 e PEEIIRKR S,

il 11.9 EFEDFEDOL ZAT )
I = / cos?™ 0 db
0

ZRD I, LWSHENHTRZ N, Z2D7=0HI121F

Res <T, 0

BHOPIUIRWZ LTk d, ZHEM KD

EINCIR S (ij) 2

k=0
THHH1H
) 1 2n 2n 9
—(2 ;:H) = Z (;) 22—l (0 < |z] < 40).
k=0

k=norzommz Y can, chrs
(22 + 1) 2n
Res (W,O = n |

11.2.2 WEICHITZIBHDORDA

CDIETIX, ¢ D f DWTHBLHAEIT, Res(fic) B3R 2 HEEHFT 5,
ROEHIZ, BTHENTA2MELILI ICEENTLES DT, NI AETH 20, 77
PHRITL, BRARTVWOT, MV L7 TRTZRIZT S,

B 11.10 ¢ 2% f DEA 1 MO 513,

(72) Res(f;¢) = lim(z — ) f(2).

z—cC

(cH f DEAZ LMD E WS DX, ¢ f D 1OMD, /203 f OREATRERESTH %
ZrxEWVWI, )
BB ¢ f OF A 1o THIUE, IR >0, I{a, )2 st

f@:%MQﬂwﬂilm<pﬁRm.

(e f DINDOTHIUX ay £0. ¢ DY f ODFRERIRERIEATHIUL, a_; =0.)
(z—c) ZHFBL
(z—e)f(z) =a_1+ap(z—c)+a(z—ec)*+--- (0<|z—c|<R).
lim(z —¢)f(z) = a_1 = Res(f;c).m

z#c

z—cC
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1 1

11.11 - ) ERD S, __ Y sxae
il f(2) (f;i) ZRD XS, f(2) TG0 HB5D
5. i X f DO 1IOMTHS, @RI

A T 1
Res(f; s >_£1§(Z_Z)f(z>:?§fz+i_z+z‘zzi_2z’_ 2™

FERCEHET 2121, (ME 11.10 DRTH %) ROTEDORADPMERTH 2 5EPZ 0,
r R
S 11.12 () = 2B Py v ) 1% c DEETIERL ¢ 1& P(2) O 1 0%z S

P(z)’
W (Pe) =022 Plc) A0 2W0WH k) cld f DE4A 1O THH
(73) Res(f;c) = g/((cc))
N J

GSEBH c 3P D 1MDFERTH 205, dgs.t. gl c DEFBFETIERIDD P(2) = (2 —¢)g(2),
glc) #0. 2D L &,

Q) _ QR _ha) . QG

P(z)  (2—c)glz) z—¢c 9(2)

hid c DB TIEAITH 206, cld f DEA 1 UOWTHS (HLD Q(c) #0 THiUI 1
NOMTHH., Qc) =0 THIUIREARERIERTH %), amd 11.10 I X o T,

f(z) =

T i (2=00G) Q) Q)

(74) Res(f;c) = lz%rccl(z —o)f(z) = IZ%IC: W = ggi P(z)— P(c) P'(c)
z—c
72721 Plc) =0 ZHW\W/, =
Bl 11.13 f(z) = — (f;i) KD X,
A — 1 S YANI S
(%) f(2) = EESEE EEIEE THY, i ZHD 1 NOERTH D, DRI
, 1 1 1 1
Res(f;i) = ('24—_1)’z:i:4_i:'):4_i4‘:_.

5l 11.14 n € N, f(z)zznl—_l. M 2z = (w: —exp@ k=0,1,--- ,n—1) T, IXT

DR -1 DI NOFERTH S, WRIC ((WF)" =1 maza L)

1
(zn — 1)

z

nzm

w
= —.n
z=wk n

Res(f;w") =

z=wk

(n)
f @ Taylor &R f(2) Zanz—c “Can—f ()“CZféé L ZEL D EABRDAIE
T, ROEHE»IE LN 5,

W 11.15 ¢ DS f DE 4 k (O 51X,

. 1 N )
Resf:0) =i g () (=000,
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SEBR ¢ A% f OFE& kIOWTH 225, 3R> 0, 3Ha, )22, sit.

f(z) =

G oF

+ --+%+ao+a1(z—c)+--- (0 < |z—c| < R).
NS iINCNE

(z—o)ff(z)=a+ag-n(z—c)+-+ai(z—c)f " +aplz —c)f +ai(z — )T 4 -
a_y DEBHOBRBICHNZ LT, 2D k-1 HMIT 5L,

(diz) : [(z=)ff(2)] = (k—1)la_y + llg—!!ao(z —c)+ (k ; 1)!a1(z —c)? 4

z—=ceLThoidz (k—1) TEHAUIRWV, =
COIFRE R A . 11101, ZOMEOROBETH LI B 0h b,

5l 11.16

YIBLE. 3IEFD2MNOMTH2Hh 50,

1 d\2! ! n-1—-1-
Res(f;3) = hgl o= (E) (2 = 3)%f(2)] = hgl (zj—l) — 1212)} (2 +(Z)+ = z

z—3

! 1 1 1 .
= 11m - - T4

WET)? BriE 16

z—3

Bl 11.17 (B& - EALBBDZEBLX>THD) f(2) =
@J:‘BO

z=01% 2 iOMT, 0 TD Laurent EFAIZ. Hl LI ZEREOFEDOKRD T ((18% D) %i#H
HLT

35L& %, Res(f;0) ZK

zsin z

1 1 1 722
= == = 0 9).
f(z) 2oyl 26 360 (0 <lzf <m/2)
W Z.1Z Res(f;0) = 0.
HBHWIXaE 1115 Z@HA LT

Restr30) = i () [0 L] S (2
ik (2—1)‘z%0 dz © isinz| 250 \sinz

LFIZOWTIE,

sinz—zcosz—i ! _ ! (—1)k22k+1—z—3—z—5+ (2 €C)
N2k (26)! 330

/ . silnz —zcosz
=lim —M——

z—0 sin? z

THE300, 03D FDINDEETH D, —H. 013756 sin?z D2MNDELTHI05

. sinz — zcosz
lim — s = 0.
2—0 sin” z

Laurent BRH%Z ¥ 5o TRKD 20, MREZESFHHET I, Y5035 x-o8FEIATLE
I23, FEiX f IXMEBEEIZD 5. Laurent EBHIC —1 XDIEIZR L, BED 0 TH 5 Z i3
L TH5, =
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f 80. f & 0 < |z| < p TIEHIT,
f(=2)=[f(z) (0<]z] <p)

iz T35 X, Res(f;0)=0TH5sZ &%z,

ﬂllm(ﬁ@hﬁvotbwk#mubtoﬁ)M£sz:>%X@i

tan z

(FRE) 0 1% tan D 1 NIDBRTHE05, 01 DINDOMTH %, WZIZ

tan z 1 , d\* stan z 1. tan 2"
(22 2] 2 (2

tan z

DD ILDD, 01

tan z 1 . d\*! Jtanz 1 m
(75) Res (7,0) = mi_}o (d,z) |iZ A :| = g (tanz) ‘z:O

DD, B L TRELTHRWH, BREDHDBTLDRT VNS LT,

:ﬂﬁ%%ﬁﬁ@%*ﬁ%@%%ﬁbt@t#\WELKMELTM RD & 5 7% Laurent
B R BUERD 2 EREZME LTV L 2 A%EDERIZ. 013 wz®4u®ﬁt#
(75) B D LD, LW S DWED o Fz, TALDOM | 1ZRBENTE D, rw4u®mjf%%#
5 (75) OB, Zb DB L, Yo,

DA ANOMTH 2005

fFO)=0, f(0)=1, f(0)=0, f"0)=2, fW0)=0, f0)=16

o 2 16
tanz =z + —2° + —2° + - (|z] < 7/2).
3! 5!
W 21T . L
an z
o 3z+152+ (0 < |z| < 7/2)

TH 255 Res (ti“z 0) = % T AUTHEDC %f@(()) WL ((75) IS ). m

W 11.19 c I f OFEA LMOWTH D, pldc DIEFETEAE T2, 2O Zcld fo
DE A 1 LOTHD

Res (fg;¢) = Res (f;¢) ¢(c).

SR 7 f ORA LIOWTH S 2 b b, c OILHECIEAVIE g HHFE LT, f(2) = L&)

Z — C
BRD S50 F(2)p(z) = ﬁ?ﬁlf@b BT g(2)o(2) 1& 2 = ¢ DIEFETIERITH 555,
go ¥ cZ@mAc 1 OME 35, WAIZHE 11.10 12X > T

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

z—cC z—cC z—cC

Bl 11.20 (T.HHF) f(2) = mcotmz DML FEE T RTRKD X
(7711) (W 11.12 ZHW3) P(2) :==sinmz, Q(z2) :=mcosmz £ BL &, f(z) = i{('z) g
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HAEBHIZ P(2)=0& Ine€Zst. z=n. P(2)=Q(2) TH5, Q(n)=P(n) =mcosnr =
T(—=1D)"#0. WX nlX f D 1O THS, LT,

Q)
Res(f;n) = Pln) 1.
(5152 BHRE p. 88 — ZD 5 BHHDIAL) m
. B 1
B 11.21 (ZRIE pp. 88-89) f(2) = s y—

RiK 11.22 (c BBDIFEIC. B Res(f;¢) = a_y EIFTEHRL. a, ZKROB) ¢ f DEA
k ALOMT HAUI,

S S RS LS B < .
f(z)= o (z—c)’f—1+ +z_c+nzzoan(z o) (0<|z—c| <R)
EFITEN, (g BFTHRL) a, ZRKDZRABEONS,
‘ 1 d n+k i

(76) o =i e (%) le-orsa).
eV

(z—c)ff(2) =a_p + a—(h-1)(z2 — )+ a_g-9)(z — ) + - -

= Z an(z — )"t = p-r(z—0c)™ (0<|z—¢| <R)
n=—k m=0

Zogz) £BLE, g(2) & (2 =c FTHIRTZT) FFEANCIERIBAZTH D, Taylor EMD
m RDOEDREL ap,— 13

aw%:¢Mftﬂmhi(ﬁ>mﬁz—@W@ﬂ.

m/! =2 ml \ dz

z—cC

m—k%ZnBIFIEEWVL, =

11.2.3 #EHLD
Bz ROBEEBIFERLI-OD ?  AVREAICE EMRER WS O0RH o7, 2D
AE FC I T2 283 TERY, Bro#iLw, DFE D, FREFTRER R A L I
DWTRT, IRFFRTE . 20 RIICH 5,
RBRAFNT D

o ¢ f OFREKFIRERIERR or f 2% ¢ DEHFTIER] (¢ 8 f DIERIR) = Res(f;¢) =0

k—1
.cﬁ$f®%&kﬁMﬁﬁzﬁR%UwF:%j1ﬂggC%) [(z =) f(2)].
- Qo)

KRl a e LT, f = %, P(c) =0, P'(c) £ 0 72513, Res(f;c) = o)
e f DEmk 1ALOML, © 25 ¢ DI TIEAIZR 51X, Res(fp;c) = Res(f;c)p(c).

o ¢ f DEMREN = ZDX5RU~A FiEERV,
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#H0IEHR Mathematica OFJA  Mathematica T,
e Residue[I\, { Z#, IR 1] THE
o Series[R,{ 2%, MR A, ZH Y] TEOXBETOu—F VIEM (ARREE)
e SeriesCoefficient [, { 2%, M FiHRA, K&} TZOXE D0 —F » EHADHRE

PKRE S, IFIEME LT Infinity DEETZX %, 728 Apart [R] THD 0 &R H
K5

Residue[z/((z-2) (z-1)"3),{z,1}]
Series[z/((z-2)(z-1)"3),{z,1,10}]

12 TRSHEADOBEHROISH

12.1 1FLOHIC (COREZED LIFR3BERLLEBRADICOVTOIEER)

b b Cauchy DERBEGHEZ®E 272 LKL, EED O EZ, L2732
FEEfoTTAD LI T 2D oZE5THS, 5 LTHIGNLHmIZEETFIRE L
WO HRZEZ T, RKERTLILRXRoTDTHEH, —/TCIOHITHATSL X574 (B
FEHREICHED ) BT OFEEER. VW 2723 72D BEGR O BRE L IEHIVET, HOO
HERICAT DR 2HDPIRNDPDF =y 7DD RWEEREZRL TIN5,

(R bBAA, ZHIFAEOHBEZFHA S T 2MlIc > THRVEEE WS Z & T,
KEEBEARDR =% —F 2 b TREMEE - I-HEPHEI N e b b, FHOWVIFEE 2
B3 2580, FRNC TR Hr L TBlZE, )

TR Yy N TRENLBEZIZONWT, BRAXRLTVRAWIZHIAST 2 Z % Hig
L7

S5k 12.1 (—MMEREDEE) ROBXUCAD TH 248 DEERHT) [14] © NELAE 1
RDLIEZDDH 5,

ZOKEEET VR4 Y FED L LT, TERIER—S OFF B o o
EHIRBE Rk, ¥ CHERITO L 03 HIOWTTH 5.

2L Do ThdE, ZOiGEITFEHEINEZMBRT Y OBERF IR D »
PN eBbhrolz, BEROEEEZMME LT, ZOFWSEEIIEMHL XS
CEoTH, HEVIDHZL O NER) RS BETH D, Lrd @D
BRETREZNOPMNTLIZBEALBIZIOLNTVWRVWEENZVDTH S,

HNEZ UDWBEBGR OB L DvF o TRV, ZO—MIEEDFHEITIZRWIZEHIT 5, E
MOFRICC o K DD HE Z & T, IBRWVBEIEGR O HERDOEE LK S, u

£ZAT, UMY BT 2R D2

[Zf@ym

DIEZE L TWT, WHOBWAILRRESTH B, ZHUIZOVWTHLEEZLTBEL,
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Z ZTHY EIFBHITCIX. #iRESBER £ 13EETH B0, O XBENIEERTH 5 DT,

Ri,Ro—00 | _

o0 Ry
(77) /_ f(z) de = lim . f(z) dx,

TERINS, (TbH, LEMEDOME 1%

R>
(V€>O)(3R€R)(VR1 eR: Ry ZR)(VRQGRRQZR) ‘]— (ZE) dx
—R;

<é€

/e TH 5, ) XD M & Bim 2 HONZICHRRIT S 2 2 L 2 EE T,

) R
(78) / f(x) dx = Jim / flz)de (—HRITIFIEL < 20R)
oo —oo J_p
TRV L Z2HRET 20D 5, .

(25 THRNE. ARMIHSHIEE LA / v de DT, A 0 L WS BRI L B

—00

2

TLES, {LN:%E&:/

1 xr 51752_>+0 1 x

1 . e 21 . .
—dz DHBb, lim </ —dx +/ - dx) DEFR T, B HF
€9 x

—€ 2
EL72WV] DIELWAL lim (/ 1(Jlsc+/ id:c) CLETE T2 L. log2 EWHEDH S, )

e——+0 1 X

— T, DAEFMEDEDILDOHEIF. (78) TAHELTHHMDLR WV, ZDRDDEMAL LT,
RD2O%EIFL DRI TUIVIT R,

(a) f BEBIET. FEVPEDLSLRW (DRI O ETH S0, £iE2012 0 BAN),
(FEDDFEET 2 DIE. 400 —00 ICRZEWVWS Z LT, ZHF lim ¥ LTIZ 222
k2, )

(b) INFBELTDBPERT 2 Z e 03D 60 UDM O DHIETH 1o 756G, REWRDIX, JLAFE
T HHEMINKR T 5, F72bb

INCIE

DD DG ETH B,

JOE 12.2 THY FIF 2 AR OB DICOWTIE. FIFEFE DN T 2 2 L A3l
BIZ D572 (78) ZFHWVWTWB D, R4AIH 12.3 THD B2 HHEIE xe'* OFEZITOWV
T, —RICEEFEE TSI L 72w, (77) z HWTW 5,

ORI, IRFEET O EHHT 2B TIERVOT, £ 2 EM2 GBRT 2 REIEE
RO, MELTHLWVWWZ e TH S,

12.2 BEFEHO R LOBES /OO f(z) dz

DUR Clz] &, 2 » OERFHZHEAO 2K ZER T, P(2) € Clz] KM LT, P(z) DR
% deg P(2) T&T,
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- p
I 12.2 (BEEKOEHSHETORES) P(2),00) € [, f() — ? deg P(2) >

degQ(2)+2, (Vx €R) P(x) A0 &5 5 & &,

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

Imc>0

2T Y W fOMcD5B, Imc>0 il TdOTRTUTOWTOMERS Z &
Imec>0

ZEIRT %,
N

J

PUR ofEZ HAUX, FERIZ LT

/00 f(z) de = —2mi Z Res(f;c)

Im ¢<0
HREHCE B 20392 %. Eix ) Res(f;c) =0 AR DD (BECEHD & B
TRTOM ¢
TE3%),
SEFR RE XD
()  (MeR)ER ER)(VzeC: 5| > R) P()#£0 »2 |f(2)] < %

iﬁﬁibjoo il}%% P(Z) = aozn _I_alzni1 + - +an7 Qo 7& Oa Q(Z') = b()zm ‘l’blzmil + - +bma
b #0 &35 %, (i 91906005 K512)

- . aol | 30l \m
(3R™ € R)(Vz € C: |2| > R™) |p<z)|2\70||z|7 Q)] < !20\|Z|

DD ILDDT, P(z) #0. ¥72 R* := max{l, R*}, M := % B, |z > RITHRLT,

b
%Mm ~ 31bo

el oo

ol 1 _ M () ooaEms),

= aol 1217 J2f?

| |Z’mfn

F(z)] <

(%) &b, BDIHEHIERL T

00 R
/_OO f(z) dx = RETw/_Rf(x) dx.

oo Ry
(V: — MR [ LT, / fayde= dm [ ) de THBH, TS
—00 1,{t2—+00 Ry
R
cesmpiuE, Jm [ f()de ¥ LTHETE 5, )
—oo J_p
R > R* 27z ${EED RITHLT
I'r:z=2 (x€[-R,R)),
Cr:z=Re"® (0c]0,n]),
Yr:=Tr+Cg
LBl

/ Sy de= [ f(z) de,
—R I'r
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M M M
< [ 1@l < g5 [l = g nRr =T 50 (R +o0)

f(z) dz
Cr

BBUEHEIZ LD

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

Imc>0
W 21
R
[ swar= [ fera= [ a6
-R I'r R Cr
= 2mi Z Res (f;c) — f(z) dz
Imc>0 Cr
— 2mi Z Res(f;¢) (R — 4o00).m
Imc>0
i 12.3

< d
1:/ = -
|

BROC, tan o (& OFBBBEFATOT, ZREMN Y
I = [tan_l x}iooo = g — (—g) =T.

—F. EE 122 25 XD L5 1TRkDHND,

P(z):=2241,Q(z) =1 B &, P(2),Q(z2) € Clz], deg P(z) =2 =deg Q(2)+2. z € R
DeEPlr)=22+1>0+1=1 &Y P(x) #0. c PHEETHEBEOM < Pc)=2+1=0
Sc=4i. TDIH Ime >0 Zili7zTdDIE c=i. EH12212k5T

I = 27i Res (%,z) :

Hif:z%@l{ﬁ@@“@%é#%
Res(f;1) = lim(z — i) f(2) = lim —— = ~
€S 32 —ZILT%Z 7 2_21224—2_22

HBH0E 06)
. i 1 1
Res(f;i) = ()~ 22 T %
Wz

1
I=2m -—=7m
T 22 e

REX 12.4 Mathematica 72 51X Integrate[1/(x"2+1) ,{x,-Infinity, Infinity}] & Uit
HTE5%, Maple 2 51F int (1/(x"2+1) ,x=-infinity..infinity) m
il 12.5
I /°° de _ m
et V2
) " " " . . - 1
W T THHEREBOIRMBEBIIHEREB O TR E L) T BFEAR, EE ]

+1
JFRRBAEZ RD B Z e K, ZREHWT [ 25E T3 2L AJEETH 205, FHEIEILI

HHEEITH 5,
P(z) =2 +1,Q(z) ;=1 £ BL &, EH12.2 DMK L0 (HERDOBRITEIET 2).
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\\Q i(E+k2E i 1—i —1+44i —1—i
Cﬁ)F@@@P(C):O@C=€(4+k4)(1{520,1,2,3)@6:%,%, RV

Ime>0 R30I, ¢ =2 ¢y = LZhnik = -1 izl PO 1LAIDOEST

HBNH 0 )
Y. . I
Res( ’CJ) Ple;) 4@ 4 T4

J

1 =27 (Res <%, cl> + Res <%, CQ))

o ( 1)( o) w2 T
=2mi-(—= ) (i +¢)=—— —==—.
1 1+ e SRRVNG,

IR 12.1 f AEEEOS /mﬂ)dx:%/mﬂ@dxﬁ#B‘¥ﬂﬁﬁﬁﬂlm)mﬁ
I RN D C ORI BT, -

EF12.2 5.

1‘2

4+ 522 +6

1 [ x?
=3 e ®
P(2) = 24452246, Q(2) =22 £ BL & deg P(2) =4 = deg Q(2)+2, (Vz € R) P(z) > 6 > 0
XD P(z) #£0.

1 L OB P) =06 (@ 2)(+3) =0 e = +v2£VE

5l 12.6 (Ahlfors [26] p. 173) I := /OO dr. BHETBEBUIHEBERTH 2026,
0

Ime >0 272D, ¢ =+2i,V3i. EH12.2 15

/ Q :1 2mi (Res (%ﬁz) + Res (%\/ﬁ@))

RIZEBZHRE T 2723 TH 5,

QW) 22 z VR V2
Res (f \/_’) TP (V2i) 4P 10| 4224 10|_5 -8+10 2
B ) oz VB V3B
Res(f’\@)_ P(V3i) 42 +10z|_ 5 42410|_5 12410 2
ThdH75H
I—m'-(\/__\/g)i—ﬂ\/g_\/g
B 2 B 2
’@%%MEL;;QEZ%%H%OI

BERADH (H5 < 158)
Bl 12.7 ne NI LT

*  dx T
I = o = — B
o Lt nsin —

2n
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FX 12.8 Mathematica Tl

[Integrate [1/(1+x~(2n)),{x,-Infinity,Infinity}, Assumptions->Element[n,Integers]&& n>0] ]

(1 + (eQi"”)_i) T cosec =
2n
B 12.9 n e N TH LT,

WXL T %iR$, FullSimplidy[] 3 2 LffiHick %, =

e dx (2n — 1)!!
I = —_— =7
/_oo T+ " 2o

Rk 12.10 (BALERTHRE) Mathematica T

[Integrate [1/(1+x°2) " (n+1), {x,-Infinity,Infinity}, Assumptions-> n>0] ]
i R
1
ﬁ[’ (TL + §>
I =
I'n+1)

EWVWIEDPIRSTHKS, ['(z)=al(x—1) Z#DIRLHWT,

(D) (D) (D) o= (-3) (-8) e

P 1) = = 220!
THHEDH
I Vo (2n—1D)/m/2"  w(2n — 1! .
B (2n)!1/2n o @2n)t
i 81. LANDRET %KD &Ko
dx s
o _ e T
(1) ¥ a LT, —/ waa B
" _ dx e T
(2) A a XL T, T = / i ()
oo 128 _ _ v e T
(3) IESZ&CL &\-itl‘l/"c —/ (.1'2+CL2) (':" 2&3)
" _ dx e 2T
(4) IEE a 1TRL T, =/ o ab drv. (% %)
o ) _ ae T
(5) F¥ aiTxfLT, I = / e +a2 (5 T6a8)
v - B e, DV2T
(6) F¥k a I LT, I = / T ai)p +a4 - & )
_ e dx . 7(2n — 3)!!
oR % = — &
(7) IE%& a, gn\\ﬁ n ;CI‘L’C\ 1 /_OO (IQ—FCLQ)n. ( a2”—1(2n— 2>”)
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‘ , S .

(8) T4 a, BAR n XL, z:/ U R
—e Tt a na2r—1 sin2—

n

00 ZE2 —z+2 %) :L‘2
82. (1 ————dx (2 —d R (Ahlf 1
A @ /oox4+10x2+9 v (2) /0 (22 + a2)? T, ac (Ahlfors p. 173)

12.3 HIEEH < O R EOfFES /OO f(z)e"™ do (BIERAED Fourier

xiR)
R f zHHBERE 5 & {BHEIB e G AHEY
/OO f(z)e” dx

BEZ B, THUIISH EIEFICEER Fourier Z2#2, 1 Fourier 244
() f= o= [ fwertar (cem),
(F) i) = o= [ aleetas (@eR)
ZRDBZ EIHHTE 5,

ESc
(79) (Va € R) elaz = ¢ cos(ax) = Ree®, sin(az) = Im e™®

ZRVWHLTEI I,
;- N
FIE 12.11 P(2),Q(2) € Cl2], f(2) = %, deg P(z) > deg Q(2)+1, (Vx € R) P(x) # 0,

P(2)
a>0t3BEE,

(80) /_OO f(x)e™® dx = 2mi Z Res (f(2)e";c) .

Im >0

ZZT ) B fOM(HBVE f(2)e DRI EoTHRALIL) c D55, Ime> 0
Imce>0

K%ﬁt?%@?dfﬁohf@ﬁ%@%iZ%%%?éo

)

AR 12,12 RGE deg P(2) > degQ(2) + 1 1%, EH 12.2 DKL D 550, deg P(2) >
degQ(2)+2 THBHEIFZ. a>0ITHLT (DFD a=0 b OKY) [LFED DT H
52 HfHITRES L, O E LT, i8R g =Tr+Cr ZHRH L CAIATZ %, %7

lim f(2)e* dz =0
R—o0 Cr

DFFIA -
lim —/ e~ Rsinb g9 —
R—oo R 0

NV DFEF. FIETRLEARICR S,
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WIRE XN, fiHTHS (0<e Bl <1 XD 0< /7T e~ ftsinlgy < 1 MEHNB),
Cf. / 9, / O bR, / ST I B (ORI L),
1

SFBA  EF 12.2 DI k Rk
M

[E)

(M eR)ER € R)(V2€C: || > R") P(:)£0 7o |f(2)] < —

AB>R &35k %,

Cap r:z=x (ve€[-A B,
Cap #:2=DB+iy (yecl0,A+ B]),
—Cyp r:2z=2+i(A+B) (vec[-A B]),
—Cyup rz=—A+iy (yel0,A+ B)),
Y48 =Cap v +Cap t+Cap ++Cap x
£B<L,
P ODFER cld |c| < R* Z{i7z 3T DT, Imc > 0 ZHi7z 5 DIXEAMIR 45 OHOREGF
mEicEEN S, FEE IO T, BREHICX-T

/ f(2)e"* dz = 2mi Z Res el )

Im >0

B
/CAILT f(2)e'" dz = /_A f(z)e"™ dx.

Capt Tl |2 = /B 42 > B THB 7 b,

i

FE < — <

M
|z B’

E
Re (iaz) = Re[ia(B + iy)] = —ay, |eiaz| — eReliaz) _ —ay

THE00 (|dz| = dy WWIEELT)

wnaz < wnaz < —ay < —ay — .
/c f(2)e** dz _/C | f(z)e™?| |dz] < 5 /0 e Ydy < 7] /0 e~ Ydy B
A,B, f

AB, H
Cup n Thy IREFACLT

Cap + T |2|=y2>+(A+B)2>A+BTHdh5H

M M

IO < a7 E

N
Re (iaz) = Relia(z + i(A+ B))] = —a(A+ B), [¢“*|=e Re(iaz) — g-a(4+B)
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THE05 (|dz| = do ITHFEELT)

/ f(2)e"* dz
CaB, t

Wz

= Aéi_rgroo (/WABf(z)emZ dz — /CAB Ef(z)em dz —/C f(2)e* dz —/C

A,B, E A,B, k&
= 27 E Res ez )

Im >0

' M B
< / ‘f(z)elaz‘ |dz‘ < A—/ e~ UATB) 10 — Ve~ UA+B)
A,B, k + B _A

f(z)e dz)

COFFAEMET T2 2, a <0 DX &I, (80) DAL LRWI 230D 5%, a <0 DA,
KD DITRDD LD,
a N
% 12.13 P(2),Q(z2) € C[2], f(2) = Q) deg P(z) > degQ(z) + 1, (Vx € R) P(z) # 0,

P(z)’
a<0&3BEZ,

/ f(z)e"® do = —2mi Z Res el )

Im <0

\_ J
L. RI2132HS5 D TR, FFEOTIRICED., EH 122 WREZXETTWVWSETFR
F A2V, ZHUCOWTIE, IRl R X,

5l 12.14 o ZEK T =

(81) I= / — ———

|

a>0 DEGEZ. EH 1211 25

eiaz iaz
I =2mi R — 1| =2m
T hves (22+1,1) YwA 2%

a=0DEEF, EH 122056 (2W0WH XD Bl 12320 D)

—a

= Tre

z=1

1 1
I =2mi R ——t | =2m —
1 Res ($2+ 1,@) m 5

a<0DEX, % =¢iar _q> 0 I ZEELT, EH 1211256
o e—iax 6o e—iax ] e—iaz ) ] e—iaz
I:/m$2+1d$:/oox2+1d$:27TZReS(ZQ—H;Z):27TZ. P

DlEEFe®T (81) 2185,
2B, (81) OEFEES &

z=1

*cos(ax)
/_OO o] dr = me
HEOLND, =
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R 12.15 (Mathematica THEHE Y % £ FIZ) Mathematica TEHHET 2B, « OFEE
HZ 51203, HlzZR

Assuming[a>0, Integrate[Exp[I a x]/(x"2+1),{x,-Infinity,Infinity}}]
HBH0Z

Integrate[Exp[I a x]/(x"2+1),{x,-Infinity,Infinity},Assumptions->a>0]
DESITTHERV, =

5l 12.16

X rsinz T
I = dr = —.
/0 211 %

BRE TR EBEBTH B b, sine =Ime® THDZ 20D

]:—/ Lo dx:—/ Im e da::—Im/ re dzx.
2 ) cx?+1 2 ) o 22+1 2 Lo+ 1

P(2):=2>4+1,Q(2):=2,a:=1 & F 2L, EHL DFEMEIED LD, WZIZ
I =i (2mim > ) =t (i 2 _ b ( 'Z’Q>—1-
— 2 m T hes 22 + 16 32 = 1m | m? 22 ' = 2 m |\ me = 26.

HEADA
Bl 12.17 a >0

4+ 1
(GRHDD > 72, 25 AL B & TIIAES, ) u

> rsin ax T o
I :/ dr = Ze=/V2gin —.
0 2 V2

1. UToEDZRD K,

—ax

(1) T a, o 1K LT, I:/dem (g TS

oo X2+ a? a
(2) E¥ a, a LT, T = /Z % ar. (& U +22§)6m)
(3) IE# a, a IZXLT, I = /_Z % de. (&: %Z;ﬁ (COSCL—\/O% + sin %))
(4) IE# a, « ITHLT, [ = /_Z % v (& #Sin a—\%)
R 2. /OOO;SI—E; dr (a€R) (& ”e;l
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2
124 SABROEEEROEEES / r(cos 0, sin 8)d0
0

EROWIET THAT LI, r(v,y) Z 2o &y DFHAETI L = /r(cosG,sin@) o

d@%%ﬁ?*i%ﬁ\%%@ﬁﬁ@#&bﬁ@ﬁﬁé:kﬁ%moL#L%K%Eﬁmﬁﬂ
Loy (ARRSD) owTIE, BEE AW Tl ICHETE 3,

~
iR 12.18 (ZABBOREEBOBAMRERS) r(v,y) & o,y OFHEAL T L =,

2w
(82a) / r(cosf,sinf) df = 2mi Z Res(f;c).
0 le]<1
272U f I
1 22+1 22-1
(82b) fe)=gr ( 22 2iz )

TEKL. f(2) BEAIFIE |2 = | Ricliefiline 32, 7 ) 3, f Oflic

le]<1

55, HAMEN 2| < 1 ITJET2DDTARTUIOVWTOMEZEKT 5,

J

ETIZ. 2O (82a), (82b) IIMMERL T 2D TRV &,
z=¢e" (0€l0,2n])

D ZERZAR T,

—1
2o VE g xn ap= E
21 1z

1
cosf = %/Z, sinf =

EHRT, BAFRNOBEOMOF BRI 2 Z e 2@ #i3 2. UTOEAZ ¥ 5 X i3,
BIDF M A 2 7T R WA D LR,
FIERA ,
I::/ r(cos,sind)df
0

. z=¢? (0 €0,27]) £F 52 LT,

, dz

dz = ie®ds, do =

1z
e_ei9+e—“’_1 L1 241
TE Ty TP L) T T
, L L | 1 22—-1

sin=—=—|z2——- | = —
21 21 z 21z

THE0 56,

2241 22—-1)\ dz
[ - —_— = d
/|zl " ( 2z 7 20z ) 12 |z|=1 f(Z) :

BEEMICE o T, ZOEDE 2| =1 NEBOMUCEIT 5 f OBEBOMTHETZ 2,

I=2mi ) Res(f;c

le]<1
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ST 12.2 (RRORSJUEN5) Tl

e 4 e 54 271 . e —e 0y 71
cosf = = , sinf = ; = ,
2 2 21 21
EEWVWTWS D,
il L e=i0 L% . ol _ =it L _ %
cosf = = , sinf = , = ,
2 2 21 21

LEWTAEL BRI IATHS (FAMHELEL 22, 2RD OO ENZS LT
ZEeHBoT. Sbs) LAL

2

TERLR 13 (FHRESEERVC) ERIRRICZ 50T, BEEHEZMS Z 2 25Hk
%725, =

) 12.19 1-—/2Wd—9 R &
' " Jo 5—4cosf °
(FRE) 2=¢" (0 €]0,1]) &BL k.
1 1 1
J:/|Z|:15_4.Z+Zl Z_ZdZ:_/| 152’—2 ZQ—F]_ /|| 1222—5Z—|—2
2
—i/ dz —i~2m'ZRes( )
=1 (22 = 1)(2 = 2) et (22‘—1 )(z—2)
1 1 . 1
:—2WR€S(<22_1>(2_2>,§) :—27Til_r>% (z——) 22— 1) (=2
= -2 ! —2—7TI
Ty T 3
27 d@
B 1220 0<r<RYFBLE, z::/ S R & (MR
R? + 12 — 2Rr cos

0
YIRKREIEIN, KTy v Vi CEBERZBEKTH 3),
(fRE) 2 =€ (0 € [0,2n]) EBL &,

]_/ 1 d_z_l/ dz
=1 R2—|—7‘2—2R7"22+1 iz i e (R?+712)2 — Rr(22 + 1)

2z

/ dz / dz
=1 =1 .
o= Brz? — (R?2 +12)z + Rr s=1 (Rz —7)(rz — R)

MECER % FWT
1 1 T
—i-2 R ) =—27R L
= m% es< Rz—r)(rz—R)’C) T es((Rz—r)(rz—R)’R)
— o lim z—r/R _ 2 1 27

Z%T/R(RZ—T)(TZ—R) _E.T.T/R_R:RQ_TQ'.
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BEROH
Bl 12.21 a >0 T B & %=,

/2” dé _
o 1—2acosO+a2 |a2—1|

Bl 12.22 a>1 T 2L %=,
/7r do T
= R |
o a4+ cosb a2 —1

Bl 12.23 0<e< 1 XL T

/27r dé B 2m
o (1+ecosh)® (1—e2)¥?

(Mathematica (&, Integrate[1/(1+e Cos[x])"2,{x,0,2Pi}, Assumptions->e>0 && e<1]
TR LTINS, ZHUT Kepler EEFDEIADETHICHELEITTH 5, ) m

DIFOREDZ 1%, #EFR [43] pp. 80-81 R ED S - 7z,

2w 2w
3. (1) BAB niTRLT. I = / cos® 0 df. (2) BB n ML T. [ = / sin?" 6 df.
0 0

" 2 do . I df
) EM 0 b HLT, T = [ oo ) @R 1= [
2
(5) (S, Ak, k. AK) T = /0 s fimos S0 <r <R ()R

df
R? + 12 — 2Rr cosf)?

(a>b>0). (9) BARE m, E£ r,

R 1 R+ re® e
27 de

R(r<R)IZXLT, I+iJ ZFIHEL I, J ZRD X,

2 cos mb 2 sin mé
/0 R?+1r2 —2Rrcos ' / /0 R2? + 12— 2Rr cosf

(10) ¥ a, B n LT, [ +4J 2EEL I, J 2RD X,

2 2
I = / e®% cos (asin® —nh)do, J= / % sin (asin ) — nb) db.
0 0

mE () Lo O nok O 0F Opts 01 0 a—ay
& O =@ (5) /=0 001="F =0

Bl 4. a? >0+ kii7z35 a, b, c ITNLT,

/Qﬂ dx
o a-+bcosx+ csinx

§ oy 2
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/2 dx T sign a
3 5. : @ e, TSIBN A
Rl 5. (Ahlfors [26], p. 173) /0 g la| > 1 ( 2\/m)
12.5 FEEAHD R LORES (R#MLICHBEIERD 1 {LOENH 315T)
(EECTIREICREDVRVWEEE. COHZEKT L Ze0D 5, )
Fl EOXM [a,b] LT CT #ROBEEL fITH LT LA

REACOIF R (L&mf@)@w-b fw)mﬁ

o T—C e1,62—40 x—c ctes

F—MBRICIFFETE LRV (f(c) # 0 THIUIFHEET 5), L L
c—¢ b
lim (/ M dx + M d:p)

e—+0 rT—c ere T —C

" f(x)
p.V./a w—cdm

¥ & L. Cauchy DIBFES (the Cauchy principal value) & FE3,

BIFEET %, ZOMEEE

Bl 12.24 a,.b>0 ¥ 3L X,

b
[1 - d—x
N
EFEELT B D5,
b dx b
I, =p.v. — = log —
—a T
FERR

et d bd . b
/ ?I +/ % = [log |z]]_* + [log ]x|]g2 = loge; — loga + logb — log ey = log o + logi—:

a 2

THEHH, e1,60 = +0 ELTHBIERLRVA, gy =gy =¢ &L Te— +0 UL log?

RS 20 RIS I IR LW, ]Flogg -

=2 (P(2),Q(2) € Cl2)) Iext LT
(Vo €R) P(z) 0
PWHEEEEDT, TPIER ETEA 1 NOBLLIRRV] T3 %,
/wﬂ@dx(kﬁbmgﬂdzd%Q@HQL
/mfukmdx(kﬁbmgﬂdzd%Q@HJ)

WFEBEDILFERE D L U TIFELRWD, FEEIFEL, LOEM ez X 5 REFD K
YRVASR
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-

N
FI 12.25 P(2),Q(2) € C[2], f(2) = ?)8 PR FETHEA 1 MOBESLPHEROE
j—éo

(1) deg P(z) > degQ(z)+2 &35 & &,

(83) p.v. /OO f(z) dv = 2mi Z Res(f;c) + mi Z Res(f;c).

Im >0 Im c=0

(2) deg P(2) > degQ(z)+1 £T2L & fEED a>01THLT

(84) p.v. /_OO f(z)e™ dx = 2mi Z Res (f(2)e"*;¢) + mi Z Res (f(2)e'"%;c) .

K Ime>0 Im c=0

J
SRR (1) OBSEEZR RS, EHEICHZME ¢ <cp < <cy T 50 Dlcj;e) BDEWVIIK
OOLRBNEIIC e>0 2T/ <H5,

RZTHRELWMD, IXNTOMD 2| < RDOHIZHH, —R<c;—¢, Oy +e < R Ziii/z
TET 5,

Fop:=[-Rc—¢]+ Z[Cj +e,¢i41 — €]+ [en + €, R,

—C.;z=¢ +ee” (0 €]0,n)),
Cr:z=Re? (0e0,n]),

N
Ye,R ‘= Fs,R + Z Os,j + CR

=1

2 & DR (3H) ZED B,

HECEHIC & D
/ f(z) dz = 2mi Z Res(f;c).
Ye.R Imc>0
FEliZ

[ [ 1 -3
IR /

i=17~

F)dz+ [ f(z) dz
Ce 5 Cr

CfRTE S,
R— 400 D &, A% 3IEIX0IWCINET 5,
e — 40 DL x|

c1—¢€ N-1 Cj41—¢€
. (z) dz = /R f(x) de + ; /cj+s f(x) dx + [j+1+5 f(x) dx
R
V. dx.
— p.v /Rf(a:) x

e—=>+0 DL E,
/ f(z) dz — miRes(f;c;).
e

€,J
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o N
p.v./_ f(x) da:—mZRes(f;cj):%Ti Z Res(f;¢).

Imc>0

BIETIIRD 2551 %2152, =
5l 12.26 (Dirichlet &43)

I:/Oosinx dle/oo sinx .
0 x 2 )«

CHIFEEDLEFE T LTINKET A IR T2, ZRUIFEERED e —T 3,

I =— p.v./ Tl == p.V./ Im < dz =~ Im p.v./ C dr).
2 o T 2 o €T 2 o T

EH12.25 (2) ZHWT
1 , eiz' 1 N
I = élm (mRes <_z ,O)) = §-Im(m-e ) =3

(@%a)/ :rdxwﬂﬁﬁémﬁéﬁfﬁéﬁ\/ o IR T, EMES LA
(L0, (2) C OERASIZHERE (1)) T, EERS L5 SEEEbTICHH L TH
Bh5, ERICR > TV AR L L AL THD. ZOBILBNC S FERSIE LIE LIZEST 5
DT, FEMPZEHOWIHHEZ T, )n

> sinx

12.6 & FIF: TIE12.11 OFIEEA
(M WVEEICR 2 DT, RETIIERHIHTIREE 2RV, )

EF 1211 %2, Cr+Tr CWVWOBEPEEHWTIHHT 2 2 k2, ZLOARTHRAIN
TWAHIETH 2D, BEEIZRITT2DE, UTICRZ X5 IC0RHETH S, (FREICTE -
TRFRAETH 2 LB SD) KEBRART, ZORH HICHEET2MEEZHET 2 250
HBDT (DAEHEFRTERY), —JOEIH L TEIXRETH 5,

AERE. IRFRED DR T 5 Z & 2D D 7% T

R
(85) lim / f(z)e"™™ dv = 2mi Z Res(f(z)e™; c)
oo )k Imc>0
2RSS FIHIZK 5,
deg P > degQ+2 EfREZES LTI TFRAMbDH D, ZDHEIILFRED DGR
52 D TiHamHHHICL 2,
JRFHEDDIUCR T 2 Z & DA Z SIEo T2 KRS H 5,

12.6.1 LERDHPEEITIL

P(z), Q(z) € Rlz] ZIRE L TIEHAT %, deg P(z) =n, m :=degQ(z) £BL &, P(x) =
apx™ + -+ a, (ag #0), Q(x) = box™ + -+ ay, (bp #0) EFIF 5, n>m+2 THIIIA
FHEDDHEFR T 2 Z L IZHL D TH 3 (|P(x)e| = |P(z)| T, EHE 12.2 OFFH L [F UAE
HHDIHK S )e LR, n=m+1 &3 %, Jh(z), IM € Rs.t. Vo #£0

fl@) = (14 (o), b)) <
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IR .
/ 0 pioz o
— oo 0T

DK 2 T ek, FREARICOEL T, N Omz W Tikd 5N, —J5
/ b—oh(x)eiax dx

0o AT

BT 3 L SEHIMD SNB, OLHBD [ flo)e™ do HHEL,
] ) R .
/ f(x)emac dx :/ f(l,)ezaa: dz.
— 00 R

12.6.2 (85) MDEEEA

ET, IM € R, AR* € [1,00) s.t. f(2) DB P(2) DFERIZ |2] < R* IZ&F N,

()] < % (2] > R*).

R e [R,o0) KHNLT,. g &% 2=2 (z € [-R,R]), Cr & 2 = R (0 € [0,7]) TED.
Yri=Tr+Cr 8L, Pz) ODFRIFZHEHATDH 220 5ARMET, A% 2| < R ITEEH
(W 2T FAEFHEICH 2 B DIE. yp DNERNCFET %), RE & D 5 Ficidzwy, 2hsid
f(z)e" DMFETFREFIRERRATH D ZO6ADKTIE f(2)e IZIERAITH 5, £/
e GFHEAPABRTH 206, BEEHZHWT,

/ f(2)e"™ dz = 2ri Z Res(f(2)e'*; c) = 2mi Z Res(f(2)e"*; ).

c X vp DAER Im >0

Crlx z2=Re? (0 €[0,7]) EXF A=K =D TE %, dz=1iRe" df T,

f(2)e" dz = / F(Re®)e e iR df,
Cr 0

iaRe” = iaR(cos@ + isinf) = —aRsin b + iaR cos o),

Re [iaReie} — —aRsin 97 eiaRew — eRe[iaRew] — e—aRsinB
THE056,
iaz " 0 iaRe | |- i0 M " —aRsin@
f(2)e'** dz §/ | f(Re )|e |iRe ‘d@g—-R/e do
Cr 0 R 0
— M/ e—aRsinG do.
0
ESEN
(86) lim [ e 0 gy =0

R—o0 0
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ThHs, Ihziddtud,

R—oo

9] R
r)e” dr = lim r)e " dy = 2)e"* dz
| s | @ [ 1)
= / f(2)e" ™ dz — f(2)e"* dz
YR Cr
= 27 Z Res(f(z)e"**:c) — f(2)e'* dz
Cr

Im >0

— 2mi Z Res(f(2)e"*;¢) (R — o0)

Imc>0

v LCHEIDYSE T 5 %0 (86) 18DV Tidk. RT3 @D 0% 52 2%, u

(86) MEERA [1] Lebesgue 77D Lebesgue OYREE Z A > TV 572 513,

|6—aRsin9| <1, / 1d =7 < 0, lim e—aRsinG _ 0 (9 S (0777)) =0 (a‘e_)
0 R—00 1 (6=0,m)

ThHhIHbH,

1 1 1
lim / e~ aRsing gg — / lim e *fsinfqp — / 0df =0.
R—o0 0 0 R—o0 0

2] (-0 BTN TV 2HEE, B2 ERTHERLRAE) 0 < V6 < 1/2 1 LT

™ . /2 ) 4 . m/2 )
/ efaRsm Hde -9 / efaRsmGde —9 / efaRsm Gde 4 / efaRsmGde
0 0 0 1)

. /2 .
S ) ((5+ 6ou’%smé/ de) S 2(5+ ﬂ_efaRsm&
6

DD DI s, BINC § BT/ NS Lo THIAF 1HE/NILL LTBWTHhS, R %
KREL L THUFE 2E/NSL T 5,
3] Jordan DARFX

(87) smezgg(ogegg)

™

2 .
Be —Reing < — 2 psmpnz o

s
w/2 ) w/2 /2
(88) 0 < / e—RsmﬁdO < / 6—2R0/7rd9 — [_16—2R0/7r] — l(l . e—R) <
0 0
:O)ﬁf R — +00 Z jﬂéo ||

12.7 Laplace EHDFETHRDIREDT DEHEAE
(LIZ5 < THR L 15 FE)

9 Jordan DAERIE, y =sinf & y= % D7I 7% 05, MM EOEZEERETD

77
5o LDL, ZORERE L > ZWCHATIORELVWDT, HSATWS 2, ik THHTE I IR D,
Jordan DAFEX L WS Hid. FHH [44] (p. 17) THI- 7=,
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BAEL f:[0,00) > CIZX LT, HE2REDRE?ZBL &
89 F(s) = “SUE(E) dt
(89) (s) / e f(1)

THHZBK F 2EE 2, 2O E, F % [ @ Laplace &t &N Lf(s) X L[f(1)](s) &
EDRLETRT:

(90) Lf(s) = LUFD)(s) == / et f(t) dt
s=z+iy, v,y € R LT, g(t) == e ™ f(t)xpo0)(t) EBLE (x FREDERBEE DD
D)

[e.o]

F(s)=F(z+iy) = /000 e f(t)e Vidt = / g(t)e ¥dt.

—00

ZHU, y DR L TR F(x+iy) 2% g @ Fourier Z#TH 2 Z L R L TW5, f 1345
BA—&Z— a, [ IZRDENCHEBEEIRE ST S &, BT 2 =Res > a THXTIGRT %, T4
HE g 1IFHENAFES TH %, Fourier D KERANFN &K D%

1

%/_ eV F (2 + iy)dy.

(2 BEBHNLTWBEZEIZER)ds=idy &P

g(t) =

1 00 1 r+100

_ xt (:B—Hy)t ts
ft)=g(t)e o | F(x +iy)dy = i) e F(s) ds.
ERAY. 05!
i 1 T+iy tsF 4
(91) ft)= lim o— e F(s)ds.

r—1y
ZNE#7L Laplace 2D KER/NRKTH %,
FIiZoWT, @Y REZB . ZOEDIIEBEEHZHNWTEIAETEZ % (£257%):

= Z Res (e F(s); c

(ZNZEET 2101, THBALIREZBXRZEHEZHEIRDEDH L7255, GEHL L 22
& DY Schiff [45] IZHEWTH 2 ITNE, FRP T o XD FARNL Y, ETHTREZD2ITT
R ZRAT, ML ZZIZEBELTNE, 0WDIZRERH )
VAR A%
tn—l " 1
(92) £ {ﬁe t} (8) =

n—1)! (s —a)"

EWVWHIHHRBRRK (ZN—DTIFLALTHDED %) 1I220WT, GHOHEHZRDTAHAX I,
HilE s OB e LT, s=a ZHE—DMUICEH, ZOMNET n TH2056

e () () -t () [

IR R L 7z

”i(%%@ﬁ\%5%§amﬁbf\GMGR)WHJQmDU@MﬁM&wﬁWDjO\t?éitf\
BlE Res > a Zifi/eTHEED s € CIIf LT, F(s) ZERT 2D E T %,
93’ IHAZTIEEE 5IZFEL) T, ZEFREEPHILTETOVRY, 8 —K— a W5 DIE. —OHl
DHEICE NI 725 L BT 200 e, REARZZOHAY SV EHEMELTVZD0R,
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R 12.27 Laplace ZHUIE S Do H o700y, KON S X 5127 > 7=DIXES & &
ok S TH5 (Heaviside DIHBEFEDIEHLTHRD IR TH S ?), MDBEAED & Zid,
HFEHDKEFIZPHOLDNTORVHIRZZ T 72, WEHDRRUIFHA TV T F X MZ—Ib#E -
TWwiidhye, Marf5 0L 251 nwd Eﬂ%{%%w‘t bDTH 5 (BRBIOHE D
72 o7z, HEERNIN (92) DA & DEHID, FTETHR Ao T TORDE =T
CHEBICBEELE S, =

f 83. RORKHHNTARITOWT, LOFTREFUT LS ITHEHRL TA X,

s : w
L [coswt] (s) = T L[sinwt] (s) = 212

12.8 FOfth

(ROBIFA, D% I F UL, 1D / RS0 g9 DFEILE B, B
5 O T2 O CHB LTH <o ) ’

[
0 T 2

(N3 2 HEINEIE LR WARE S Ol 2 LT, WMETOBREZEDOFNCED EiFsh s Z
EHZWENTH D, RETOREEDONIE DM TTH, 1M ORRD D 355 D FERE T O UL
DA R, ZAUEEEOEBEHOEHIEWE 2A0H D, HEMNTH 5, )

Bl 12.28 (Bl 12.26 BE)

I.r:z=2z (z€lgR]),

Cr:z=Re? (0e0,n]),

' gpeciz=x (v€[-R,—¢]),

C.:z=¢ec” (he|0,7]),

Yer = lep+Cr+ T g+ (=C)
EBL (MEfirzwne), f1Z0ATIEAITH 206, f OB 1.z (0 1ZZDIMINCH
%) 2 #ETI1E. Cauchy OEDEHIC L -5 T 0 TH 5,

6 0=[ fx)de= / f(2) dz + / fea+ [ fGas= | g a:

Ye,R

Fi
(B) AE&>CRf@)dz:O.
EEN

m _iRe'? -
f(Z) dz = / € = ,l’ReiB do = Z/ eiR(cosGJrisin@)de
0 Re? 0

THEHE, (88) ZAHVT

f(z) d =

< / ‘eiR(cosﬁ—‘risinﬁ)‘ Ao = / —Rsm@de < 2_ — Z - 0.
0 0 R
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—J3

—c piz e it R it
z)dz = —dx:/ -—1dt:—/ dt
/F_R_Ef() | Sa= [ e =
THDHDIH

R iz R _—it R _:
() / f(z dz—l—/ f)de= | “ da —/ ° dt= Qi/ T g,
ER r_ R,—¢ £ x £ t £ T

(b) lim [ f(2)dz="in

e—0 C.

7 i(ee'?) ) T
f( )dz_/ — ~i€ewd6—i/ e'e<”) qp
0 0

cet?

Th 5%, FHERE.

THBDT, w\zeLEE\L’C\
z2)dz —im| = <ei(sew)— ) dQ' < rmax |e* — 1| = Tmax C_n
) cl=e = 1] Icl=< Zlnl
11" — "
< mmax —=7(e=1)—=0 (g—0).
_WZ =rd =120 620
W 212 161?0&/ f(z
(%), (
. Rging . )
2i dx = f( Ydz — f(z)dz > mi—0=mi (¢—0,R— ).
5 x I'r
Wz

B 6. fldcDirf5TIERIE T2, Co z=c+ee? (W e[0,n]) T 5L X,
lim f( )

e—+0 C. Z—C

dz = mif(c).

13 %;&nﬂﬂuo)’fé

Hiffi £ TT. HARDOHM T ROFR Ttz SN 2 5 ERN 2 BIEGER O WA KRR K 72, (f
DN EED L., BT 2, SRGROFEHE 2, 1 ROBEHL Y 7>, Riemann [H D 24Nz
WO, @Ko TWSES, )

BIEGRIZ Z D, EWVIHELD LD, F—U—Fz2dIFTHL,

Mznhd L—E DD 512, Cauchy OBA AR EIEEBEMT 210 20D 2 5h 50, C. &
FHETH B,

PigL TREEGHEE -7 W0WI RS, YRH->TVRETTTR) hBoLe b0 aThy, ¥R
FIEBUIR SN TWE DT, HER 5 Z IdHkRER A,
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o TEFIEIEL. AEEAEL. Riemann [H
Gauss, Abel, Jacobi, Riemann, Weierstrass & KEFHZDI D #HA, Z DAERIZ 19 tH
FOEFDIHE Y HIEIN S,

o FEFRBEEL
JOH LS EETDH 25 (R TR DB EZ R 3 O $ %), BRI E TR
THEAHIFESN TV S,
o ZZRIBIRGH
lﬁgfkﬁL (1901-1978) DRV EHTD %,
o ERE IR
WMAEDTDHEHIITZ S &5 ICEABE R 28R 3 2 BE%GR & L T, Laurent Schwartz
(1915-2002) DEERIEL (distribution) A3 K LTV 253, R (1928-2023) DEEKEL
(hyperfunction) HHTH %, BRI, BB O “GFED A" L L CEEaK
ZERT B,

14 [BOMRE

(ZZEWVWEDE 23, 2L AFF+HTT, IICHEMHEEEARLTH- T, ZH55DHD
REEDPRDBEFLTHZ2DT, ZH0ERTREWV, )
BE 1. (ZZ0EZXHEERMTH 5, )r+y=10, 2y = 40 OfFRIX t2 — 10t +40 =0 D 2

10++/102—-4-1-4 10 £ v — 10 £2v/—1
Bt= 0 \/02 O: 0 5 60: 0 5 5:5i\/—15. $ibb 54+ /15,
5—+v—15. m
RE 2.

(1) D= f(a), C = f'(a), B= f"(a)/2, A= fO(a)/6. (BICETE 23N, BT 31
ZHUE f D alZBIF S Taylor B TH %, )

(mf%®:0i06a+m:0ﬁ§#ﬂé®f\a:—%l

FRE 3. BRLNLVOMED TR 2 (FE. ERFOARBEICHEI N 02 /i e
H5) EET2, =m

BRE 4. X3+ Y34+ 22 -3XYZ=(X+Y+2)(X?+Y2+22-YZ - 7ZX — XY) IZERE
FOHERFICEHSL Z e 2 VWARTH S FEHT 2123, A2 EML TELI—HTE L
ZHEPDIUIR), (ROMZELZTRLIE. IARTTHRTH S, BRDDITE HITH
Btz iED 5, )
W2 +2+1=0DIRTHSZLIHEKTHESR, EoT
(X +wY + 0 2)(X +0?Y +wZ) = X2+ (WY +w’Z +w’Y +wZ)X + (WY + w’Z) (WY +wZ)
=X+ (w+w) Y +20) X+ Y+ 2%+ (w+w’)YZ
=X*-(Y+2)X+(Y*+2%)-YZ
=X’ +Y*+ 22 -YZ-ZX - XYVm

220



RE 5. TITEBDIFRICOVWTEE L TEL, FEOELEITH LT, 3=t Ziu/z3%E
B s Z—BMFEEL, Zh%E VI TRT (2T Ww3), —fikic

(©) Vit = V06, VP =t

DALT %, (BEEDY A THRVIEDEIEN, t BEBDO L EiX. t D 3FRIIF
T 20 —BMHERL, LED>T vVt 2VIRE MY R LICEE®RISHEEE T, (O) D&
5 AR NI Z A0, )

o,

(#) @+ =—q af= —g
iz Y = —a, Z =B B

x3+px+q:x3—3aﬁx—(a3+53) =2} —3YZ+ Y3+ P =3 Y3+ 2% - 32YZ
=(x+Y +2)(z+wY +w?Z)(z+ Y +wZ).

WRIZ 2% +pr+q=01F

Y +2),—(wY +w’Z), — (WY +wZ)
= o+ B,wa + wB,wia + wph
LIRS,

LU (8) 2729 o, 6 &2 (D72 b 1) KD 2 Z e ZHEEICT 5,
S (8) &7z R 53

t&rﬁﬁ

3
() o'+ 5 =g, o't =~ (%)
MDD, @RI A:=a3 B:=p3 Bk, (A+B=—q, AB:—(§)3 i A RYASIY

T) A, B 1%
t2+qt—<§>320

—q £ 4/¢*+ 5P > 3
I
R N O GRS W OO}

(h2) Q= %7 ﬁ:\s/t_2
LBCLE, CHBEEMTHD. o b fIE (1) i, T

D 2R

QP+ B =t ty=—

aff = Vtity = \/ - ((Q) BESTVS).
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BEZFEDHEE. o, 8% (1), (1) TEDELE, z=a+ 85 (H—0)ERTH2, T

S 9X5)
A0 (100
(BRD7=DIT) a, f DBERETD 272513, D) EFMETH %, LU a, f DEELS
ai(mt(wmﬂﬁfmtm ZD7=9, %ﬁ mL@%Lﬁéo-
fRE 6.

(1) HIBOBES o+ pr + g = 0 DI
e R R RO

A O

N N CRT R EEN OO

D3IDTHH, WmHID 1 OMWEKT, HBD2OMVEHMTH 5,

(2) &t (9)°+ (2)° =0 2R DL T o, (1) ITEI LT o HIRTH 3 2 LIFEZITH D
(97 +(2)° <0 e =, b, 4, ZEECR D, BTHIT 2 X512, £ @f%&é:ﬁb

2

T, 3EIRDEET 2 (—EMEFRD I RB0) MR, ZoZ e 2D TitiritED 5,
a%t DIFWR (D12) TH2LT5, ZOL =

[

~—
(V)

+
IR
I3
~—
o w

N [
[\l et

N———
no
+
/N

—p/3
g 23
(0%
Bl BRaBf=—p/3THEN
_(r)? 3
a3+63=a3+&=t1—wz---=—q. (BIDIABDDPP 5T DTERLET, )

043 tl

(v) Zifi72 5 «, 8 BEOLNTDT, BOFEmI LE R T (KBD#E) TEL. 23 +pr+q¢=0
DFFIZ
T =a+ f,wa+wB wia+ ws

THb, m
mE .
THHNH

()62 0= 0 ()

x? + y?

222



1 (n=0 (mod4))
P i (n=1 (mod4))
—1 (n=2 (mod4))
—i (n=3 (mod 4)).

BE 9. (1+0)2=12424+2 =2 Tha25 (1+0)0 = ((1+0))" = (20)"0 = 21010 —
1024 - (—1) = —1024.

PR 10. (%)
BBE 12. z=x+iy (r,yeR) B, 22=—-11F 22 —9y>=—-1 0D 20y =0 L[FfHT
HEPH, v=0,y==+1. ®ZIT 2z = 4.

(BlfE) 22 +1=(z+1i)(z—1i) &D. 22=—1 DIRIE 2 = +i.

(K% i LOEDPROVADINS, ) n
BRE 13. 2 =a+iy (n,y eR) B, 22=ild 22— y* =022 22y =1 L[A{ETH
5, T EMENT (x,y):i( LRI zz:l:(

1 1 1 7
7575) 75*75)‘

ﬁ@% 15. C1,C < 0 tj—é t gg\ C1Cy > 0 T%%ﬁlg\ 4/ C1C2 &i C1Co @E@I‘Zﬁ*ﬁ"@%%zﬁi‘
\/a\/g = \/—Cli © 4/ —Cli = —4/ (—Cl)<—62) = —4/C1C2 &i C1C2 @/@\O)ﬂ?ﬁﬁ*ﬁf%%o E'MSE/‘J
BEIE LT, cr=ca=—-18 32L&, Jau=+/(-12=1,/ag/a=ii=-1.m

RE 16. Cu=zw OWR) 2=z +iy (r,yeR), w=u+iv (u,v eR) LT H L X

2w = (rx+1iy)(u+ 1) =zu+zx-iv+iy-u+iy-iv=(rxu—yv)+i(zv+ yu),

ZW=(r—iy)(u—iv) =zu+x-(—iv) —iy-u —iy - (—iv) = (zu — yv) — i(zv + yu)
ThHhdH715H
Zw = (zu — yv) —i(xv + yu) = Z W.

(zfw = = OWER) HEH 5

THE05
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RE 17. RO Z LIZEKRTEATWS,

/ZW$EW®E%®ﬁﬁd\%5(@@6Rﬂ{@mkéeR%%mf h
ar+Py+0=0
YREIND, FH, AEED (o, 8) € R2\ {(0,0)}, § e R I LT
arx+ Py+6=0
km zy FHNDOERZ LT, )

a=a+if (o, €R), z=x+iy (x,y eR),v:=20 B L&

azZ+az =azZ+ az = 2Re(az) = 2Re[(a+if)(x — iy)] = 2ax + 20y.

Lob dd
az+az+v=0 < ar+py+6=0.

¥ a#0e (a,6) #(0,0).

FRE 18. ¢ f(2) D m EIRTH 2 7=-0I121F
f@=fl==f"D=0 A f()#0

DD NLDZ e BRBEN D TH 2, T
fOo=Fl)==fm0(c)=0 A f"(c)#0

CEMETH D, f(z) PERBZEATHL2 L 0WHEHDH LT
f@=r@=-=r""e=0 A [f™(@#0

YHEMETH 2, ZHE D f(z) DOmEBERTHZ2LVWISKMTHZ, =

BRE 19. Tz o, FREZ r 8358, |z — =1

lz—cl=r <lz—c?=r?

S(z—c)(z—c)=1?
Szi—ci—cztcc=r"

Szi—ci—cz+|c)f —r*=0.
B=lcP—r* B, f<]|c]* =

RE 20. FHICEZRS: [z 23— RDGE. GAMMZEKRT 20, BHREATERINL TV
WV, ~fROBERMOFARZERLLBED, G4IE 2 € Z TRVRD 2T, ~liTH2E
HEeFEL LR DFRV,

FiE. EDON=arThb,

D7D, HEEHEBE [ eELZLITT5: f(2) =€ (z € Z).

DI e = (e")” DE e X f(nz) ERE D, THUIERD T - ZOHEET 5, —
J. B (en)E. f(n)? ERET, a:= f(n) OBERIIMERSHEET 223, o IAZ2RT
725 9 D
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— R DEZER o DEBERIFBLICER L THAZ e 2EVWHZES, w212, 3L 2€Z T

HIUT, FRIIMEET 2, £/ BUTRLTH S
e =(e*)" (neZ,zeC)

BHATESDT (n & 2 #ANELS | ). FROKTITEZL 5003

T X 2 b OB ST, BETROWESE L IS L T, a,b DFEE o IZERIN TV,
WX, 2 € Z THIUL o EREZRTHD., e = (") WVIHIREZ D ZDEHER2W,
BOH T, — D acC\{0},beCITXLT a ZEFRT D5, 2L beZ THRWVIRD
%MTbéo@zm()Z%zeZTammb§m6@50—ﬁx%5@f@5wngﬁﬁb

TELL) e = f(n2) F—liTH2, @RIT ™ = (") WFWD LRV, =

PR 28. 2T 21 =20 = €7 2T 2L, Argz; = Argzy = I TH B, 22y = €5 = eTi%

TH205, Arg(z122) = -5 (5 & (—m, 7], £ € (—m, 7] ITHER), WRIZ

T, 37
Arg(z + 2z9) = D) =+ o = Argz + Argz,.m

R 29. (%fEh)

FRE 31. WWW IZB L PDF IZIEEDRW,
R 32. WWW IZB L PDF IZIEED 70,
R 33. (RO A, MREMERF, )

1_ V3 V3
z 6 6
(2) z=+6e 1™
RAE—ENTRL, 2=v6ei™ 2 LTHHEL,

(3) 25 = —216i

i\/ﬁ\/m)

HEICHT EELLEZONEADZ VA, ARG TEX 77 v 7325 ADZ W,

1 3 3
(5) Logz = §log6— Zm’ H 2V Logz = log v6 — Zﬂ”

EREICH T EIELLEZ BN ADZ WA, HIRGABRITIE Logz = $1log6+ 2mi W5

BT 5, =

2= (v + iy)3 =23+ 32% iy + 32 (zy)2 + (iy)® = 2® — 3wy* + i(3x2y — %)
THHD5. ulz,y) =2 — 3y, v(z,y) = 322y — y°.
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I 1 B 1 =y 41— 2iay
241 (r4iy)?+1 22 —y2+1+2dxy (22 — Y2 +1)° + da2y?

THHH15
IQ—y2+1 —2$y
u(x,y) = 5 5 2 2. 2 v(:z:,y): 2 2 2 2. 2"
(22 —y?2 4+ 1)" + 422y (2 —y2 4+ 1)" + 422y
1, . 1. ., Lo 1 , .
5 (ezz +e zz) _ 5 (ez(ac—i—zy) + e—z($+zy)) _ = (e—yem + eye—za:)
1
=35 (e7¥(cosz +isinz) + €’ (cosz — isinz))
ey+€_y L. e_y_ey
= COoST +isinx 2
= cos x cosh y — i sin x sinh y.

fR% 40.

(1) (5HE1L) f O - Bz ZREN v, v & T D,

[z +iy) = |z +yil* = 2® + ¢
THH056
u(z,y) = 2>+ 9%, w(z,y) =0
ol (ZHABBTH205)R2 TCCHRTHE, BRI () WIRIRETDH 5,
Cauchy-Riemann R Z Mz $0F v 7 LK,
Ua:(%y) = 23:7 Uy(l',y) = 2y> vx(x>y) = Oa ”Uy(l’,y) = 0.
(z,y) = (0,0) DE &, u, =0=10v, 2D u, =0=—v, DK DIZDD T, Cauchy-Riemann
FREADED LD, WRIZ flF 2=0 CTHWIAIRETDH %,
(z,y) e R2\{(0,0)} D& E, 240 FRWB y#A0TD2, 2 #£0DEFF u, # vy, y #0

DEFX uy # —v,. WINDHE D Cauchy-Riemann SFERIIE D L0, W2 I2E
HD 2z C\ {0} IZBWT fIIMAATRETIZ AW,

(Fi£2)2€eC,heC\{0} tTBL =

flz+h)—f(z) |2+ h)* — |2 _(z+h)(z4+h)—2Z  2Z+zh+hz+hh— 2z

h h h h

=z2— +Z+h.

= =

h|=|h| THZ2HB. h 0D EZ4+h -7 WRIZ

lim
h—0

fz+h) = f(2) HINH < lim zﬁ DR,
h h—0 h

h WERILOE h=hTH2H»6 L=1. h 2PMEBRSE h=—-h THE,PS L=—1
© 212 Tim IR LR,
h—0 h
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(1) = # 0 THA lim LEF h]i G Lo, £ s THATRETER .

(z+h) - fz) _+

(b)z:O@k%f , =h—=0(h—=0) THd2b, f1F0 THMIAIEET

b5,

(ZDHE2EZ. (WDPEBOGE. MEROLELE X 5K T) fiAld Cauchy-Riemann
HERXD 1 20BHIEIGEV, HE DRV TIERVWO2S, 2FAMTES, )

(2) (FFiE1) f(2) = e* DEIB u, BB v 1X
u(z,y) = e®cosy, v(x,y)=e"siny.
EBICRETCRTH 205 () MAAIRETH 5, £/
Uy = e cosy, u, = —e*siny, v, =esiny, v, = e®cosy
T®H %% 5 Cauchy-Riemann XD D 2D, WwZIZ f 13 C TIEHITH %,
TTIWWRLTH S LHiz, EHIEE £ oL T—#ic

f'(@ +yi) = up(2,y) + ivg(z, y)

DR D SLD (f = uy + iv, = +(uy + ivy) D) BRI
(x4 yi) = e"cosy +ie” siny = f(x + yi).

ITRD5 fl(z)=f(z) =¢*. m

(V7% 2) ESRIREEENC O W T HIEEGEANZEEH L TH 5 DT, 2D 2 € C, h € C\ {0}

XL T
f(z—i—h)—f(z)_ez+h—ez_ezeh—ez_e eh —1

h h h h
h = hy +ihy (hy,hy € R) B h—0DE & (hy, hy) — (0,0) TH S,
h—1 1 [
‘ . —1:E(ehw(coshy+isinhy)—1—(hz+ihy)) :R—;Z :
7z7zl
R:=¢"cosh, —1—h,, I:=¢c"sinh,—h,
LBV,

R=c¢e"cosh, —e" +e" — (1+h,) =e" (cosh, — 1) +e" — (1 + hy,).

e = O(h,), cosh,—1= O(h2), e — (1+h,) =02 ((he,hy) — (0,0))
THBENH
R=0(h2+h2) ((hahy) = (0,0)).
E
I = el sin hy — sin hy + sin hy — hy = (ehz — 1) sin hy + sin hy — hy.
" —1=0(h,), sinh,=O0(hy), sinh,—h,=O(h})
THBHENH
I = O(hy)O(hy) +O(h3)  ((he,hy) — (0,0)).
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\hohy| < B2+ 02, kS =|hy| (k2 + h2)

I=0 (2 +12).

e —1 ‘ O (k% + h7) /
— 1= =2 =0(\/h2+h2) ((ha,hy) — (0,0)).
h NCE ( ) ’

Wz Iz .
lim &=L 1,
h—0
Wz Iz
lim fleth) = 1) =e* -1 =¢"
h—0 h

WZIZ fIECTERITHY, (e2) =e* (BhRhHEEITH 53, )

B 41. ¢ = (il) Y55 BB OME X D\%u(gp(t)) = u'(p(1))¢'(t) = (us uy) (90/1
2

(0 0) ?Eg =0. WU u(p(t)) WFEBRIKTH 206, ula) = u(p(0)) = u(p(1)) = u(b).
2
W2 w ZEBEBTH 2, =

FRE 42.
fb)—fla)=e™ —e"=1-1=0.

AW fl(z)=e*#0(2€C) THS0H
f(e)(b—a) = e*(2mi — 0) = 2mie’
FEAL ce CIIMLTH 0 IR HRVDT

f() = fla) # f'(c)(b—a)m

FRE 43. —fRITIEZ D TRV, up = vy, uy = —v, DD Vo TW0WEIEE U:i=0,Vi=u &
Bl
Up =0z, Uy=wy, Vpo=1u, V,=u,

ThodH»H

Up=v,=~uy=-V,, U=v,=u, =V,

THdhro, U,V IZET % Cauchy-Riemann 2
U, = ‘/;;7 Uy =V

CEEVES, B
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BRE 44. 0 8V D u, = v, =V, uy = —v, = =V, ZWiZeTROIE w = v -V &
wy, =w, =0 27T DT, wTEHTDH2, Thbbov W DEIEHTDHS, (a,b) €Q
ZEET 2 & EED (z,y) € QIIH LT, (a,b) ZIR, (z,y) ZHHEE T2 Q NDOWES
DL iR C 1T LT

v(z,y) = v(a,b) + / (vzdx + vydy) .
c
Cauchy-Riemann DD 2074 51X

v(z,y) = v(a,b) + /C(—uyd:c + uydr).m

FRE 45. (1A SWEEIMIDIZH S 72012, LIEs S BRIEABICLTBE%T, )
FRE 46. (2"} 3Rt - OFHEFITH S, QRAWHMEED ne NITHLT

1 — Zn—H

”Zk: — (41 DL X)
kzg {n+1ﬂZ (=10t %)

1z <1 THHE. |2 =[] =0 (n = 00) THZ2H

ERAS PR

—H. |2 > 1 THIE n—> 00 DEE 2" IF 0 WKEICELARVDT (HL 2" — 0 THiL
F 2" =z > 0| =0 THB, 2" > 1 THBIPLFET 5. ) Y 2" BIHL AW,
n=0

LLERS, [z <10 &, ZOLEKED D 2" 3kT s, =

n=0
MRE 49. LOREATIE, [f(2) — fn(@)| & |fn(z0) = fr(z0)| DEB LB sug!fzv(y) — W)l
ye

TRHI L CTH 205, |fn(2o) — f(zo)| & {fu} 25 f ICHKRNKT 2 e HiHiicE %, ME
X |f(z) — fv(x)| T FRICRT 2 8 RET 2720 Tld, EREO 2 el Ttnz/hal
T5Z KRR (o) B/hEVE, N ZRELEWSREVEWVITRV), =

fRZ 52. RIUTHRZI1IT, BT 2, Z5VIDIZHANTHETAZ L ICE®DLH S, n

fR% 53.

/
: o0 o o0 nzn—l o Zn—l o o .
W'Z@a) B D Sy AaD BEst

cos z, sin z & [ARRICFANBUER Z EHRM T 32 Z & TR T X 575,
( )/ eiz + efiz ! Z'eiz + (_Z')ef'iz .eiz - efiz 6iz . efiz g
— — = = —dinz
o8 < 2 2 S 2

DEIICLTHEV, =
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% 54. (B&fE) (1) ¢ ZEROERKE T2, MOWITE SHRBEEOMIEZHWD L.
(

(f(2)f(c—a))=0(2€C)2EBND, WA f(2)f(c—2) IFEBBIELTDD. f(2)f(c—
= f(0)f(c=0) =1-f(c) = fle). (2) EED a,bec CITHLT, c=a+b B,
f(2)f(c=2) = f(e) (z € C) BWDILDDT, z=0a ZRALT, f(a)f(b) = flc). WA
e

loga

¥=a <& ylogr=loga & t=
log

THBCLIEET . ne NIZHLT, x:%ﬂ rB Yy

_loga  —loga
v logz  log(n+1)
ZZT
1 —loga
Tp = ) n =
nt1 7 log(n + 1)
SRR

lim z, =0, limy,=0, z/"=a (neN).
n—oo

n
n—oo

WZIZ lim 2/ =a. =
n—-+oo

BRE 60. —fICIIM D V720, DS TS %, (BODo70fLWREEHEE Z
o )m

FRE 61. (MEfH)

fRE 62. (MEfH)

RE 66. (L) FHZEZRFEE LT, MMABRIMERTH 2 2 L Z3HT 2,

Q=D(cr) eBL, —MICHMABIIHAEETH 206, QIXCOMEEGTH S, 21,20 € Q
Y55, EED t [0, 1] I LT2i=(1—t)z +tzn EBL L,

|z —c| =[((1 =)z +tz2) —c| = [(1 = t)(21 — ¢) + t(z2 — ¢)|
S —tlar =+ |tz —cf < (L=)r +tr =7

WRIT 2 €0 WRIT [21,2] C Q. ZAUR Q BT HZ 2 L 2T, THIULILERETH
BB, Q EMAOBEEDOIER TS 5, WA Q ZNERTH S, =

BRE 67. [20,20+h] C D(20;6) CQTHDY. [20,20+h] LOERDR z+th (t€[0,1]) & a %
KGRI [0, 20+ 1h] 12, Q25 a KOVWTRETHE RS, QIEENB, A= | 0,20+

te(0,1]

ThdrH, ACQ. m
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B 69. c=a DY ZMHETHZ, U T c#a T 5, p=lc—a| EBLL p>0.
a=c+pe? b ¢cRHBPEINS,
p=lc—al<r THELH., §:=(r—p)/2BlE. §>0THYH. D(a;d) C D(cr).
z—cl=r,|z—a|=0 TOEPTH—ET LI 2T,
0<e<Z Zii/kd e ITHLT,

Cieiz=c+re?® (0€[p+e o+2m—g]),
Coe:z=a+6e" (0€[p+e ¢+2m—¢]),
T.:z=[(1—t)(p+0)+tr] et (¢t €]0,1]),
I z=[(1—t)(p+0)+tr] @2 (¢t c[0,1)),
Co=T.+ 01— T, = Co

EBLE, Colde>0 DL ZIEMFI

Q:=C\{a+re?|r>0}

HOBIETH D . ZL 37 2 CIERICH 3 06

—a
d
/ o
CEZ—CZ

e—=0352%T,=I) IFEELQ)

/ dz _/ dz _0

Cio 2 — 0 02702’—@_ '
d d

[t ]

|z—c|=r c—a |z—al|=d c—a

d d 27 1 )
/ Z:/‘ i :/ — -ide’d) = 2mim
|z—c|=r # — @ |z—al=6 < — @ 0 oe!

BE 71, fIEC\{i—i} TERINTIERTHS, f D cDEDD DEBEBEMDIR

H1E p I
p=min{2—i|,|2— (=)} = V22 +12= V5.

RE 73.

e +e”® 2e™* 2z 2z >\ Bon on on
zcothz-zez_ez—z<1+ )—?+622_1—g(2z)— WQ L

[e=]

n—

RE 74. (MEET)

96 - RIS DITEEEY T 5,
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fRE 75. (YEfE)

FRE 76. (M&fF: a=re (r>0,0€(0,2m)) &3 %, eXp1 =a=re? &
2

1
dneZ st. — =logr+i(0+2nn)
z

CHEETH %, WZIC ,

- logr + (0 + 2nm)

YEMETH 2, 22T n 2 FHOKRE CHAUE(2), (3) I8DWVTIE w, = 1/2, £BVT. w,
WKOWTHEZ B, fHHRTEERNRHBREOD S, )n

BRE 7. (YEfHET)
fRE 78. (LEH)

IneZ st. z

-1
BRE 79. Ry = (limsup Vi |an|) , Ry = (limsup Vi |a_n|). |

K 82. (1) & (2)
12 16[af?
fRE 83
s _1( 11 w11 1
24+ w2 2\s—iw s+iw) 24+ w? 2 \s—iw Ss+iw
N5

(ei‘”t + e_m) = cos wt,

DN | —

6ts ets
(Res ( : ;iw) + Res ( : ;—iw)) =
S — 1w S+ w

1

2

1 ts ts 1 ) )

— [ Res ¢ —: 1w | — Res ¢ — —iw = — (e“"t — e’m) =sinwt.m
21 s — iw S+ iw 21

15 HAFREBRD %R

TARIEEL, LWV KRBT B ITINE,

15.1 HtEH S5

IR 2RO HEFEL L5, FREIMCHE LD Lih 572D T 2DIFHETH 5,
HRIZE > TWaFhe, HFRZ DT 25373V, ZRTHHFEZI - TV AEEIZL T
DD,

o HEITARNERKETDH, HRERS VDI SIXHET 2 081370\, L& 2 2ENEEN
P BWESRDOT, BFFEICHBEINTVWAEERETIR. HET2E3 12 Ly v —
%ipbj’“(%65\ Z/%ELOTL\%O
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o BRENEEDHE LRI EH IV EE>TWS (2RO X 51, ARiIEMHEAT
RENRSEERS 2D ZARNDELTOH W),

BILIIHRE X ADLD DB FIIREITHTWATL x5 LW IRENRLH D, Zh
WD, WS Db DL (MIrEKRATWIZR),

EEB R > THRVWTIRH L £ 5, HER, HEZREETHE LTHLTH 2550 L
AETHZ, (RETH-T-ZZIBFEAL LRV ZRHMD &5 RMENZ . RBAZANIZ
EoTIBHEEELIE LGNS LAKWL, LBRLTW2ORT Y, EBIL) %
FolKEHL TV IO LI BERNRNLEZ WV, SV LRERZR L IHBELLERES
ATZ T E,

—OERLTEL, HEZEETICHAMTHEL DRIPD &5, FEEPITEERNATICES T
505,

15.2 EHEHIE-LTHS

FNIHIRGABR DB L © ZDFFIIN T2 Z 2L TWT, 2k Riu, MEzEEr#
Z TP TWED, —HBEARZEESTWEDREITE, 2R EILTILDIZ VAW
o WFRDE LD 2 NIIIEABRDD B,

A B EITREPTET 212, L LAEEICHZBEZEET 208012 0nhrd L
Nz, PARFEBRE R 2D ER I DIFL AL TR, BEOFIHEHNS X512l T
HoT, ZOREDRHTHALEHE L THZObDTHS (xR LWHEL THES
EoTVWET),

TEFET DRBEE AWFEIX, FHORRICH TR2 2, BEGROEREFIEY v A X — {3k
72 DHEZSZEDLLVWEEZTWADT, BIHERLTHRLYL, ZOEEMICOVWTIE, %
EFMEDERLTWVEOH D ETINY, ZOMERETREEMEZ TRTWVWS L5 72K
MNT 5, VI DITT, Faltld, DI EIHFEL TV (FHREHFICLTVWS X
5 T

15.3 (ERADHBIZEIC) BHA

BB E T 25505 5, OB R E O8I - 7258, —BERE R Z 2k, Kk
BROERZRIT 22 TH %, EEE->T, FHRIIICLLL T HFEZT 2D LAWY
ne, FE»rHV 7T A MHIUX, ATREREDEZERZ AL THHAT LI Z L ICLTWS, &
IE. EHEIR->TH, XMH U THHAT 2REPBRNBR WSS H 5 (BEHME O DY D 1k
XA ML, THORBBA-72DF 5 L, ZREFRLBE LRI DOMD & IFIFERZDT),
ZIWIHEEIE, A= VTR (Y OREXM R TH - 7205%) 2R TRIW,

EFNZE LRWTHEAL LMz LTH (AANEZ AR o T0528 D) LALRWT
ne, Zbo6R e NR2ENPSHEE | AWiR), B8 2 ATREMEIZR D720 < 7R B IR0,
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T5C LIFAHEE TIEEE TV ADT, EREICHNL &5 LT 5. BaBunolEritL
WE I AHBDH B,

FE L 2 HI3ASP (FEF) CHIT 225 253 CRhVWE ZAEMRCEDT I LIl
Foo MHERCEBVTHZ LG, BIUICHERE ZRHIDLUCLELTHRVEES, HFEr L
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MBEFHTH %,
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AT THRAR I CRBERBRAEDETH S I,

o BH| - HADMIRDESR L AN M E, Bolzano-Weierstrass OEM, [ FicH R H
AEINEBNINOR T 5,1 &,

e R, R" D5,

o G, MRGOEREANLME, THESRZZIUIE N2 BN OMIRZ 2463 &

©o ) Fo
o BIR (ZEENRY MUVEREEE G Tr) OMIFR, #fitEDEsR & EARNLME, Weierstrass
DI KREE

o T DESR, TPHXM FomEiBIIIE D AlRE. )

—J7C VEEERNT ) THATE Rh o722 8id. ZOMBROPTHHAT 2 X5 1IZFDTW2,

A BEBUICOWTORERE

FReANT ) Tl SEREDERE . R DERTH 2 2 ZAI L 72LUNT, FELWwZ
AT E 222 72D T, FBOIK - FBUCOWTIE, HREEET HERERL o Tt
HHS 2 Z2ITLTW3,

KD HIRNWESITEREZ T 2DIE, AFLLR2 LEHFELOLLRS LRWITIhE, 25 L TEL &,
TolEDEID YN THERIIRA TS, BEEOEMTIFIRL TV Z EITHIMIFEL W,
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A.1 C D5t

E&E A.1 (Cauchy %)) C (R, R, C* TS OK) NOHEH {a,} 2. Cauchy FITH 3 k3.
Ve>0) BN eN)(VneN:n>N)(VmeN:m>N) |a,—an| <e

MR DITOZ BN,

[ﬁiﬁ A.2 C (R, R C" TH OK) NOEEDIRSIE Cauchy 5 TH 5, j

A {a,) DY a ITINHT 22T %, c ZIEBEOERETEL X, /2> 0. [CROERD S,

(INeN) (VneN: n>N) |a, —a| < % WZIZn>N,m>N Zii7z3HEEDn,m e NIZ
X LT, .

5
|an—am|:|an—a+a—am|§|an—a|+|a—am|<§+§:a

Wz {a,} & Cauchy ¥ TH 2, m
FIZZOMEDOMP D LD, D% IC (R, R CETH OK) IIRETH S, 2\,
—IAEE D Cauchy DK T 2 X 5 L HHBEEERIIFTR/TH S & Vo,

[Tiﬁ A3 R, C, R CHRSERTD 3, ]

SERR BEEEZERME LCCWER? &y CHIERY ERIUADT, ROV TEEATIUIR W,

{z,} Z R* ® Cauchy 5§23, ZNHNCRFTZ2 L, SR 2 L MRMPFEET 2L
ERTONHETH 5,

{z,} PERTHZ T2 (HEREL T 5),

{z,} DEFRTH % DT, Bolzano-Weierstrass DEMIT K o T, PORFRFVINFEET 5, F
2B (Ja € RY) (Han, tren: {2,} DEBZHI) kh_glox”’“ = a.

e ZEEDOERE T 5, {2,} » Cauchy #ITH2056. (3N € N) (Vn € N: n > N)
(Vm € N: m > N)

|Tp — T| < €.

k>N 23RO EeNIZHLT, ng > k>N THE325, (m D& A n, BIRA
T&T)

|Tp — Ty, | < €.

k—oco 35
|z, —al <e.
Z ILm T,=a THEZZRLTWVWS, ORI {z,} FIHINTH2, =

il 84. Cauchy FiFHEHRTH 5 Z & Z/RY,

B 85. R* @ri%l {z,}, a,c € R, r > 0 2% lim @, = a, (Vn € N) |z, — c| <r &2/ L TV

5%, la—cl <r BERHIDZ L ZRE,
(ffdn: BHNTHNX |v, —c| <1 E c—r <z, <c+r LRERDT, T#H {z,.}, {v.}
2B limz, =a, limy, =b, (Vn € N) z, <y, Zii7cT RO a < b EVIEHDIS

n—oo

c—r<a<c+rPBIFE0, FIIDGEEZE S TIUEIRWDL, EWHRETH %, )
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WGz o &, FANNET 2 Z e ZAATZRERLIXLIZAET %,

AR DEZRBBGERTIEZ. KD 2 oD EHE B H UL, 90% FEEIIUEAEETH 2, W&
WBREAMTWT, BA2 22D FEHICE LD TLES Z L HAEETIEH B, ZNTIf
NRTHEZZ 2T 3,

a N
EHE A.4 (Weierstrass @ M-test (M HIEZX), AXHPDEE 77) K 2R TRVWES
Y35, K TERINZ (EEREZIS) BIRUEREK Zan(z) (z € K) 2nfL T,

RD 2520723 {by ey DIFAET AU, Z“n ) & K T—RRICHINR S %,

n=1

(i) (VneN) (Vz € K) |an(2)] < by,

(i) Y by EIHT B
n=1

N /)
4 N

EE A5 (BRBOEE) HH ﬁ@ﬁﬁi}%kﬂbf RD 25MF %W F {bn ey 29
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Z(Jg AB = Za] B.j—Y ap=Y_a;j(Bu,_j—B).
j=0 =0
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SEBH BT g & (RFTENIERBEEI O — IR TH 200 6) Hft TH 2 Z & 2 iF
HLTBL, ce QZERECEET %, 2€ QIIHRLT, ¢ ZIEAE. 2 AL TEIEEDOKX
THNT C DR O, ELS & X

tlﬂmxzn@—n@-

LGl T F A PR RTARES, HEEEEICLIDOLESTHT, HEAVWDDOEREEWELE — 2
. PLEELLWE WS e R EunE T,

250



FIE, C, DT A= —JF v: [o, 0] = Q EHVWS &
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< sup |g(¢) —g(2)].
CE[z,2+h]

g DHEfEHELD, h =00 &, G301F 0 W ZPERT 52D T,
f(z)=g(z)m

e ™
R A28 BRI an(z— o) ODUEREREE p > 0 T2 L E, D(cp) THEMEIIIE
n=0

qiIc,

n=0
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;’Bn_ﬁnJrl'—;( ) 1_@ SK
R

L7235 7T Abel DM EHTE 2, (TED ne NI LT,
1f(2) = fu(2)] £ Apy1Bnyy < ApiBo < KA1 (2 € Q).
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z€[a,00)
T, DD
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F-BUNZ 2B DD, DOHEEBEOMEZE B,

J
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1 n—1 (_1)21.271
1+ 22

(x € R).

F0)=0TH2H5

0+/%f@Mh:0+Ax(2}_ﬁﬁ+£}%%i>ﬁ

k=0
n—1
x t2n
2( 2k+1 _1)n/ : tz dt.
k=0 o LT

—“1<z<1%Z5iX

z g2n || $2n |z| |x|2n+1 1
(96) L/.___dtzi/ ﬁfg/‘t%dt: < —0 (n— o).
o L+1¢? o 1412 0 2n+1 7 2n+1
lob d
- (_1)n 2n+1
= " —1<z<).
f@) = L g™ (Lo

2S5 LT f(x) 20 DFEDIC Taylor BRI TE T, EBHHAD -1 <2 <1 THDIZDZ LT

73))‘9 7‘\—_’.0
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DL EDFEDEMIX (96) 12H %, FIRIE% Lagrange DEIRIE TR L, B EH->THRRT S
T, BUOFHMEAHEICE SN, —1 <o <1 THE, —1<z<1  TEBTZ2Z:H
BNz DIFFRES LW (Abel OEFEEID BMHERITR S FTIHEAR),.

ZOREMNENE, EREBHTRL TE A =, PORHE LD 2 Kz = +i (0 13BN
DIAVTIIICR T 2 TH 5 (GERHIZ XT3 ),

B EREM

TR ENT ) CERERIDE D 72 CHEBMRIEEHTE TV, FEICX>TIE N ERRm
J— | THHLTHBZAEEDITHID, &DH, DLENWTEL,

o NHHZEM X 2HVERE (connected) TH 3 2%, X OBESOM U, Uy TX = U, UU, H
DU NU, = (Z) ’E?ﬁf:?‘%@&i U, = X, Uy = @ VRN U, = @, Us,=X @L\?‘Z’L#K_BEB
NdZerxWno,

o NVAHZER X OEDES ADHERETH 2 213, A WCHMHEZEA L &, A H3ERE
A ZERICR A BV, DOFD

AV, Vo X OFER) Ui=ANnVy, Uy=ANV,,

A=U,UU,, UNUy;=0

DD oTVEHOIR, U =0 $2E Uy, =0 BRDID E, AFEMETHS L
W,

o NiFHZEM X 2VERE (IGESS) TH 2 ik, X NOMEED Zmd X NOEHIHRT
FERD (Vo,y € X, Jp: [0,1] = X st o 1FHEHDD p(0) =z, p(1) =y) TEEWVI,

o R DERNES I DEIETH27-D121F. [ BXBTHL IR EFITH S,

o (WD B HHEMED ER D —fR(L) MG AHHZ2H OE R L 2 BIERTH %, I
G 72 A 22 R 0 BAAIT K B IRIFTINERETH %,

o HEAG R ZEHNTERE T H D,
o JHE 22 D RARAINERS 72 22 3FERSE T H B, FFIZ R* DOEFGLFARSIIINEFETDH 2,

AHT, R* OJERELRHAESITEMSTDH S Z L 2N TAA L 72 (/& 9.6), ZOMi%
RDOETHBANTEL &, BBGEHDOME L L TRRTT R IR 2 IREI2 4k %,

(ﬁ%BJRﬂ@@%ﬁ%%é@&%@:@ﬂﬂﬂ@@ﬁf%déo ]

AU BB TEE OFICA - TWRWA (MHZERGROARIC S ErR TRV L2
2\, DEfGE 2D JHATERS 2 S 1 350EAS ) 2 WS EHE O B AU EICHRIR T 5, Z
ZTIEZD R OFREN—Y a vy 2idN X 5,

E B2 Q%2 R OHEELHESLTIEE. QHNOEED 25 o, b1 Q NOHFRT
RN TX 3,

sEEA
Qo:i={reQ|ak 1% Q NOHFTHENS },
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QG ={reQ|alt z1FQ NOHI TRV}

e, PHonll
QoLJQl:Q, Qoﬂ91:®, GEQ().

EiT Qo ZBHEATHZ, EREFEED € Q IHLT, 2€ Q22 QIXHESTH L2056,
de >0 s.t. B(x;e) C Q.

B(z;e) NOMEEDR y & o LHEXRZDT, a EBBRILDHTES (a0 & v BB o
Yoy BREIEHIRE ORI I V), WRXITye Q. TRDOE Blr;e) CQy THEDH, Q) ik
FHEETH 2,
MRS LT Q) BBHEETH S, FEBE EED 2 Q IXHLT, 2€ Q20 QIIFHEAT
HBEDH.
de >0 st. B(z;e) C Q.

B(x;e) NOEEDR y i x EFRZDT, a LIFMEIZEDBTERY (BL y & a BHEAX
R, ZofhiRE ¢y ¥ o ZEIHIICOR VT a & 2 2RI LR DFETS), ©Z
ICy e Q. THbB Blaje) CO THEE, Q BHEATH S,

QODPHEETHE205, Q=022 0 =0. DXICald Q NOEEDH /R NPT
5, |

COFFAT TQ NoRiFR) two 2 r%, QN C ok, TQ NOXaHIiz C!
WophiR). TQ NOIEANZ Ct A DibfR . TQ RO BN AT R D2 672 23kt 72 2T
BEX CTHEHIEE -2 20 THEHT 2 (BER B(a; ) NOEEDHZZOHLE BV
MHEZR - MR THRIND Z 22 2DV TWn3),

C TERAHABOASIEFE

FZETHIAT 2 24 TLHNCH., Bk CICHBE SN EBI DR H 2, L HZATIZITA
NTHBLIN, TEZBEE BEBRICERZL2ZEHD TWSE DI TRV,

C1 1ox HEESOES / T f(2)da
0

BHEBEB f ¥ 22 (0<a<1) EOFED [0,00) LTS
[:/mxaf(a:) dx
0

ZRDE S, BERE—FICEeDd L, 2 OZMMEEZAHL GIHRET 5. 45,
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e Bﬂi& z¢ ‘igﬁﬂgﬁfﬁé ™

o ZEROEBE T2, FEB 22 13, v <0 TREEERSIOZVWI e 2BWTEZS,
MEZRBIBL LT 2> 13,

2% = exp (alog 2)
TERT DI LIRDH ZHFEBOBIETIEZR T, (logz D&HMEIC K - T) ZAfi
BETH 2 L IERET 2 (H 6 LoFERZE, ASBESICHT2EATH ),
z=re? (r>0,0€0,2m) T3 X,

logz =logr+i(0+2nmw) (n€Z)
THo7 (ZOHEAD logr FEBEYE LTD log Dff), @212
2% = exp (a (logr + (0 4 2n7))) = roei?ei2onT,

HbL acZ THHUUX. VneZ IZHLTnaeZ THEhbH, 2" =1 ThH->T. LD
NI n LW 1 DOEBEBEED D, LU agZ DEFEE. EE (LIEUIRER
i) OEZE S, HHEIZ DWW T,

2% = 1% = |l

(GLD 2| I3FERBEABELTD a ®KTHS, )m
KR LT, 2 =exp(logz), 2% = exp(alogr) THE0 56, ROBIZHARIELLNETHA S,
\_ J
Q = C\ [0, 00) IZBIF BHHELBEEL log 2 &, [EHB € (0,27) £722 XD I EIERZ L TER
T2, SROB, 2% 2=re? (r>0,0¢€ (0,2n)) LMPERTRRLIZE &, logz = logr+if.
Iz HWT,

a « za@

2% = exp (alog z) = exp(a(logr + i) = r%
(BRI T 503 0 b HINR 0D, £RYZDHEITIE R, BIcEWHRICESWTW S
TERER)

- COIETHWS ¢ (7z7ZL a € (0,1)) ~

re? (r>0,0€(0,2n)) €3 BEL X, 2% =% |22 = |z|*
€ (0,00) DIHZE

(©) (=) pevmneomm = () Lyvmme omm X €
K“C\‘Z’é% (XTI ZRNTEHA),
J
e N
fhed C.1 (BIEEHBOX) VEH) f(2) = ggj Z 2T P(2),Q(2) € Clz], deg P(2) >

deg Q(2) +2, Vx € (0,00) P(z) #0, 0% f OIEHISF /2 d@E4 1 iofiz L, 0<a<1
Y55, ZDLE,

/Ooo xaf(x) dr = 1 _27;;{_0”; ZRGS(Zaf(z) c

c#0
\_ J

BB 0<e< R O0<d<nmRbe R 6%FMBUPFTe—=0,d—=0,R—00&3F%)
C:=0C+Cy+C3+Cy, C 1F z=1te? (t € e, R]), Cy 1% 2 = Re? (0 € [5,2m — §]), —C3 1%
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z =19 (t € [¢,R]), —Cy 1& z =€ (0 € [6,21 — §]), £ T 5,
HBEMD» S, /NS WVERD ¢, §, TORZFWERED RIIH LT,

(%) /C1 2% f(2) dz + /02 2% f(2) dz + /C3 2°f(2) dz + /04 2f(2) dr = 27?2';Res(zaf(z);c).
Cy i 5 #AET
R R
« dr = W0\ 0\ | 10 dt = i(a+1)8 a is @t
/Clz f(z) dz /E (te) fte?) e’ dt=e /E tf(te') dt

6= 0DLE, L€, RITDWVT—HRITtf(te?) — tof(t), £z @t 5 1 TH B 5,

R
/ 22f(z) dz — / t*f(t) dt
C1 g
Cy 1Zia S MRAET I,

2m—0 2
/ 2°f(z) dz = / (Re)*f(Re) - iRe™ df — / (Re™)*f(Re™) -iRe® d§ (5 — 0).
Co 1) 0

7272l 0=00Dt % (Re")* = R* 0 =2r D& X (Re¥)® RO‘ mei » BIRT (25T B M
BT [0, 2] L ooE#REREIRIC R D . BT DPCRBEZ T H 5 ),

2m ) ) ) 2w ) M
/ (Re™)® f(Re™) - iRe” d@' < Ra“/ | f(Re”)| do < R QWﬁ
0 0
2mM
=S 0 (R oo),

—C3 120 2 BHED IR
R
/ 2%f(2) dz z/ (te(Qw—é)i)af(te(Qw—é)i) L o2T=0)i gy
—C4 -

= e(2r—d)aip(2m—0)i /R tof (te>m ) gt = ¥reiem(Ita)d /R tf (te™%) dt.
§=0DEE, tele, R ITODWT—RRICt f(te™®) = tof(t) TH R0 5,
/C 2 f(2) dz — ™ /Rto‘f(t) dt
—Cy 1210 5 BRI
/C 2f(z) dz = /62W_5(€ei9)af(€ei9) —ice df — /O%(Seie)af(sew) ice® df (5 — 0).

U:L f=0DLE ()= =21 DL X (ec¥)* =¢ eQmi YART (£5F 5 L iE
ST BEENZ [0, 2] L@ﬁﬁ%ﬁaﬁu_ﬁ D, HEDOICRBEZZ D 5),

2w /

o ‘ , , M
/ (ee)* f(c€®) - ice™ d@‘ < 50‘“/ ‘f(se’g)‘ df < et .op—
0 0 €

=2tM'e* -0 (¢ —0).
¥, ) TI—=02LTHD, e—=0,R—00 LT,

/0 £ F(#) dt — 2 /Ooo (1) dt = 270 S Res(=2 f(2); o).

c#0

/0 T p(e) dt 1 fzm S Res(=*f(2);c)m

c#0
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kR4 LoitHERELERZE, § 20 DE =

/01 29f(2) dz — /ERtO‘f(t) dt,

R

/_C[ 2°f(2) dz — 62”‘”/ t*f(t) dt

b, Y553 LTRFEUHED [, R LFOBITH 22 rhrbb 3., HARVE
WV, 5IWTHHBHEHLEDLRWE ZIARIVTH S,
PIRDOFENRZ BN EET 3 L,

R
2mi Z Res (f(2)logz;c) = / f(2)logz dz = (1 — &*™) / f(z)dz + FIRIE.
c Ce,r 0
(TS C. g IZRITHEIK DHfEHL, )

> gt T
dr = — .
o l+4+=x sin o

Bl C.1 (2B TV oTNE, 0<a<l EIRETZ2DH7R7?)

<o xe 2mi z“ 2¢
dv=——— (R i) + R ;—i
/0 1122 x 1_627“”( es(1+2272>+ 68(1—1—22’ z))

27 (67rai/2 63#&1/2)

BlClo<a<lodrx,

1 — e2rai 21 21
T (eﬂai/Q _ eSTrai/Q) T
1— 627rozi T yiyes -
2 cos >

Z DHNZDOWTIE, Mathematica, Maple 3 C & @7 { FHRT % % (£ 24 Integrate[x~a/ (1+x72),
{x,0,Infinity}], integrate(x~a/(1+x~2) ,x =0..infinity) E AT %), =

m 7. (Ahlf 174
i (Ahlfors p.174) /0 2

C2 EEBMOLESLEOES / " ) da
0

TN T 2 0REE > TORVWALZ WV, ZLORIZHZ DX, [ rHEEHTHI L &
(ZAUIFRWRATH 270, BHHEPIILZ DL IRoTLE D).

/Ooof(ac) dxz%/_if(w) dx:%-Qm' Z Res(f;¢) = mi Z Res(f;c)

Imc>0 Imc>0
3200, RIFMEEAK TR WY fFILTdH, HEERCTHESZRD 2 Z L HEK 2,
FRICGEHOELOREE T2 L. 2 € (0,00) DFED

(108 2) ppn e omm = (108 2) Lpmmn e omm + 270
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20 I ER LTRSS
R
27i ZRes (f(z)logz;c) = / f(z)logz dz = —27m'/ f(z)dz + FIRIE.
C CE,R 0

(FETH C. g 1ZXTHEI K DAfEHL, )
4 N

S8 C.2 (HEEBOLERLOES) f(-) — %2 T P().0() e Cl,

deg P(z) > degQ(z) +2, Vz €[0,00) P(z) # 0 72513,

/Ooof(ar) dr=— Y Res(f(z)logzc).

c€C\[0,00)

7272 L log & Imlog € (0,27) TH 2 X 57277k 25, )
GEBA f(2)logz Zamd C.1 R CHEDEEICIH > THDS %, ¢, 6 B T0/hE LK. R+
RETFHUX

Z/C_f(z)logzdz:%i Z Res(f(2)log z: ).

ceC\[0,00)

§—> 0Dk, .
f(z)logzdz — / f(t)logt dt,

C1

R
— f(z)logzdz — / f(t) [log t + 2i] dt.
Cs e

WZIZI—0DE X, .
/ f(2)logz dz — —27rz'/ f(t) dt.
C1+C3 €

/20 —-00Dk %,

21
f(2)logz dz — / f(Re)(log R 4+ i0) - iRe™dp,
Co 0

2T 2T
/ f(Re)(log R + i6) - z’ReiadH’ < R(log R + 27) / | f(Re™)| db
0 0
M
< R(logR+2W)-ﬁ-2w—>O (R — o0).
[ Cy LoD D e 20D E 0 WRICRT A9 0 5%, ®DXIT

—2m’/ f(t) dt = 2mi Z Res(f(z)log z; c).
0 ceC\[0,00)
W%z —2mi THl-o THREZ/F S, =
7 - 2B [50] pp. 160-163 121,

| s@ie= o [ etog-s ds == 3T Res(7() Log(—2)).

cl¥ f O
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CENTHS, 2T CIEEMOIEDED ZIED M X I HEMMEAMRE T, C BXUZDON
BB (ZEHh oo IEDH 7 DBhES) TIERIE 725 X 5 I1TH S,

DRDOIY T2 WBEWBEHH L2 THETD & 512 (7). FEfE (principal value) Log % T
W3 (ZOHRDOD Log(—2) DEIBRDLIALDOHLVWHDZRES Zi12kd — avBa—
R — 7 d S RHIER R D2 ? ),

FRZ T N THOHAIMR T H AR,

/0°° f(x) de =— Z Res (f(2); ¢) Log(—c).

clE f OfE

Bl C.3 1= /” W2 d 7 b BB B OTERICHETE 5 L, MECERE
0

2 +1

WL THHEBEBTH o oamd 122 25 Z L BHK 5 D3)

logz logz
I =— Z ReS(ZQ—H’C) ZRes<22+1 )

c€C\[0,00) c=1,—1

i, =i X 1D THZ0 5,

logz . ) . logz log 2 Ti/2 7
Res(z2+1”> e s Sl [ TS
logz . log z log z 3mi /2 3
R - - 1 fy = ——
es (22—1—1’ Z) zgr—lz(z—i_z)ZQ—i-l z—i|,__, =2 4
lob d
T 37 T
_[ — — —_— — _ —
<4 4> 2"
#l C.4

3 +1=0 @*E&i y = e7m'/3’67rz"65m'/3 TH 3D 5.

log z log z
I =— Z Res(zg+1;c>:— Z Res(zg—_{_l;c).

CGC\[0,00) C:eﬂ’i/3,e7ri’€57ri3

A=—-1THohb,

—zlog z

3

log z
T332

zZ=cC z=cC

Wz Iz
1
I = 3 (zlog 2| _oniss + 210g 2| _ni + 2108 2| _ smiss)
11 1-3i 5 2/3
L (R PR DU S L0 ) B g
3 2 3 2 3 9
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C.3 {BEE x (logx)" ﬁ/ z)(logx)" dx

(HERDS N EL, )

Q={ze€C|Imz >0}, g ¥ Q OHIHEFICBVT, AREORZERCTIERL Sk
WHRE LIRS, Ve e R g(—2) = g(z) 2723, R— 00 DE X, 0 e [0,7] ITDOVWT—Fk
12, g(Re®)RlogR — 0. ZD& &

2/ g(x)logx dl’+i7l’/ dx = 2mi Z Res(g(z) Log z; ¢).
0 0

Imc>0
Logz iZWbw 2 £fH, F74b5 Im(Logz) € (0,27).

* logx WloaHﬂ
g 2 R

Bl C.2 a>0WHLT, 1:/ dr =

o x2+a? 2a

< logw Y | Logz . - -
2/0 R da:'—i—'m/o md:c—%mRes(m’m):E<1Oga+§z>

XD, . 1
/ 0BT gy TR0
0 T2+ a? 2a
<] 1 —-1) ..
B C.3 0 >0 THLT. z:/ _logz _, _mlogaz ) e
o (22+a?) 4a?

< > 1 L
2/ L%d$+27f\/ ﬁda?:%riRes (%,m)
o (z%+a?) o (22+a?) (22 +a?)

d , Log z
= 2 7 <(z — za)Q—“>

(22+Z) z=1a
z41a U
—2Logz (1 —loga — —i)
- — = 2
(z +ia)? —2a3
Xh. m
* logx 2loga — 7/2) .,
WJ C.4 a>003§(ﬂLL’C\ [:/ % .’L":ﬂ-( & 37T/ )gé/T\\
0 T'+a 44/2a

2 / 2L de+in / dz = 2mi (Res | oo ae™/* ) + Res (=722 e/t
o rr+at 0o xt+at 24+ a? 24+ at

:...:L[(Qloga_gwrm]

Ehom

B C.5a>010f LT, 1:/ logz_ . _ m(loga—2m/V3) SR

o a%+4al 3ad

2
2mi Z Res() (2 loga — %gw + Zﬂ')

Imc>0
EIRBEDT??7 m
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i 8. (Ahlfors p. 174) / log @

dr (%: 0
o 1+ a2 @ )

C.4 BEBH x(logz)" OFES /OO f(z)(logx)" dx
0

(5 & EIHERADRE, )
BRERL L (IR & WA FRBIRL f ISR LT

/ f(z) (logx)" dx

0

ZRDD (n=0 DEFEH C.2),

2 HHlI log ZFE-TREINZDT, TDXRA I TH 5,

C.5 HBHEFAHOEREEOES

ZOHEDFHHIX, EH T [14] AT h o7z,
a<b&TBExE,
d(z) —Log

-
X z=0a,b ZRIRE T 5, FEOWEDN L, (C\[a,b]"CIEHU“CZééo x € (a,b) &I 3L E,

) = —2m
z=x—1€

THb, fH[a,b D (CIZBF)BERE D CEAITHZ &, C % [a,b) ZIEDMAZIZH
2 D NORXHNCTE & 272 AEAfhR e 32 .

b P
[ r@ s = o= [ e mos =

AL— R TRoThb, fOEHEBEKT, [o,b]) LITELZRVWE T2, KOENZHE S 272
HifR O T, ZADFOHEED f OMEEZET. [0, 2B XS BROODEET %, x € [a, ]
WX LT,

fz)

27rz Cz—:c
THDE0 56,

/f dx—/ (2m 0% )dx:%/cf(z)q)(z) dz,
).:/a zd—xx:Lng:Z

CREAEA “REL” LTWL, fOMc 2R 5T CIHETDEIZZEDZIINY, B
ZENHERW, . TOREWEED R LT,

— Log

z=x+1ie

lim (Logz_a
z—0b

el

—b

flx) = o—

/ f(z Res (f(2)®(z);¢) + L f(2)®(2) d=.

cE(C\[a ] 2 Jjo\=r
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200 DEE, B(z) :Logi:z S0THBIE, f(2) _OG) (z = 00) THBZ L
B, R0 DL & F(2)®(2) dz = 0. @ ZIWZRDEH RS,
|z|=R
e N
EE C5 f(2)= ggg, P(z), Q(z) € C[z], deg P(z) > deg Q(2)+1, (Vx € [a,b]) P(x) # 0
ETHEE, ,
/ f(z) de = — Z Res (f(z) Logz;z;c) .
a c€C\[a,b] 2
\_ J
il C.6 1
dx
= /1 4+ 1
ZOHEIF O(2) = Logit; cWA+1=0DRTHZE X, clI f(2) = o D 1D
ThHh.,
1 c c®(c)
Res (1) = 8(e) Res(fi6) = B(e) gy | = 0le) g = 0le) g7 = =
THE05H
1 s
I =— N _HZZ_H N Res (f(2)®(2);¢) = ELog (1 + \/5) + ﬁ

C

V2 V2 V2 V2

(B0 & = 2 EAMY T N e h, BB L 5% AR EZ5, ) n

C.6 *Eoft BRERSD

5l C.7 (Fresnel (7L xIL) OFED) f(z) :=exp(—22/2) D C :=C, +Cy+ Cs, C; =T x,
Cy :=Tx a1ix, C3 :=Lsixo (X € (0,00)) IZIHo TOETEE RS Z LT,

/000 cos (x2) dr = /000 sin (xz) dr = %

ZRE03,
(f) fIIEBIRTH 206, BRI C IR S BEDIE 0 TH 5,

Oz/cf(z) dz = . f(z)dz+ CQf(z) dz+/03f(z) dz.

_Csf(z) dz:/c1 dz+/02 dz.

103 Augustin-Jean Fresnel (1788-1827) D% % i X417z Fresnel 7 C(z) = / cos (t*) dt, S(z) :=
0

/ sin (t2) dt D x— oo TOMERTH 3, Fresnel (XD EFHT O FH W=,
0
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Cildz=2(re0,X]) EXTX—=RXR—DIFTED0bH.
X 2
f(z) dz:/ e~ /? dx.
Cq 0

v/V2=t L BIT B Y, dr =2t THZDb,

XNVeoo o0
f(z)dz:/ e ! -\/§dt—>\/§/ e’
Cq 0 0

Cold z=X +iy (ye[0,X]) ¥R RA—R—STE 3,

ro] 3

2 XP -y 42Xy

5 = 5 , dz=1idy

THED D, .
f(z)dz = / e~ (XPVHRAXD/2 G gy
Co 0

)e—(X2—y2+2iXy)/2

=2 (X2 )= (X +9)(X —y) < —X(X —y) THE2b,

X s X
S/ﬁewxﬂvmyg/‘gxaww@/
0 0

0 X 5 <
= / e Xt/2 (—1)dt — / e X124 — {__ . e—Xt/2:|
X 0 X

0
2
=—x <6_X2/2 — 1) =0 (X — 00).

—C3l& 2= (1+i)t (t € [0, X]) TR =R —=DIFTE S, 22 = (1+i)%? = 2it?, dz = (1+1)dt
WKWHERLT

f(z) dz
Co

b X
f(z) dz = / ot (I1+4d)dt = (1+ z)/ (cos(t?) — isin (%)) dt.
—C3 0 0
MExedT,

(1+4) </0X cos(t?)dt — z‘/OX sin(tQ)dt) = ﬁ/OX/ﬁe‘tQ dt+/02 f(z) dz — \/g (X — 00).

WZNIEHAD ZODETD X — 0o D& = DOHMIR S 1FEIEL T,

%0 o0 1 1—i
/ cos(t?) dt — z/ sin(t?) dt = 2= Z\/E.
0 0 2

1+i\ 2 2
Kb, B E A - T

/00 CoS (t2) dt = /Oo sin (tz) dt = ﬁ.l
0 0
ffl C.8 Va e RITH LT,

2 _ .2
e T T2 — 7\ /7.

—00

FEHE, MEER 2L - T,

/ e cos(2az)dx = e~ /T, / e~ sin(2az)dz = 0.
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DL %R,
(FRE)a=0 D BRZRIAONTERTH 2 (WA FOHEBEICH >TVWD), [LFEME

BOHEZD S DIXHSITH S ( e / e dr < 00 THBH B, HHHT

ﬁ?é%a>O@%éiﬁ%?ﬁ@+ﬁfﬁéit%§gmﬁbéM<O@Z%\a@ﬁb
DIZ Ja] IZ2OWVWTEZIUIRWV),

f(z) = exp(—2?) £BLsa>0, X >0RNLT, O :=T_xx, Oy :=Txxyia, C3 :=
Cxtia—xtias Ca =T _xyia-x, C:=C1 +Cy+ C3+ Cy &BL, fIFEEET. O 1ZPAMMHR
THIh b,

—2r244
e r°+i2ax

Oz/f(z) dz= [t det [ feyde+ [ f&) de+ [ f2) de
C C1 Co Cs Cy

/f(z)dz— f)ydz+ | f(z)dz+ | f(z)d=.
—-C3 o} Cy Cy

Cildz=z2(re[-X,X]) ERXTAXA—R—DIFTEHDT,
X 2
f(2) dz:/ e " dx.
C1 -X
Cold z=X+iy (ye0,a]) €T RXA=R—=DIFTZE, —(X +1iy)? = —(X? —y?+ 2iXy)
ThHhIHN5H, .
f(2) dz:/ exp [—(X* — y* + 2iXy)] - i dy.
Cy 0

X>a 8RETS L. ye[0,a] ITXLT,

Re [-(X? -y +2iXy)]| = (X’ -y ) = (X + (X —y) < —X(X —y) < —X(X —a)

ThHhIHMbH,

a

S/ jexp [—(X? = y* + 2iXy)] | dy :/ e dy
0 0

f(z) dz
Ca

< / e XX gy — ge= X9 50 (X = o0).
0

FREIC LT,

f(z) dz
Cy

—O5 1z = +tia (v €[-X,X]) ERFA—X—BITET,

—0 (X — o0).

exp(—2°) = exp [—(z + ia)’] = exp [-2® + @® — 2aiz] = e e (cos(2az) — isin(2ax))

THDE056,
2 X 2 X 2
f(z) dz=e" (/ e " cos(2ax)dr — z/ e’ sin(2am)dm) :
—C3 —-X -X

DElzgsedse,

2 X 2 X 2 X 2
e? (/ e ” cos(2ax)dx—z’/ e ” sin(2ax)dm) :/ e’ dx—i—/ f(z)dz+ | f(2)dz

-X -X -X Ca Cy

— V1T (X — 00).
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Wz 12 .
/ e~ cos(2ax)dz = e~ /T
BB, ZOLFEITOFEZDSDRIASLTH D, ELMEDIEBITEETH L Zeh b
BH & 2012 -
/ e~ sin(2az)dz = 0.
HBENVE—DITF DT, .
/ e e dy = e\ /7.

—00

Bl C9n,meN, m<niZXLT,

B oo gm—l B /n

f—/o 52 © % Satmr/n)
FRZIE OB D TH 205 (LN O T BB DID 7753 n IIKIFL TWA DT, THREZE
HI2DIFHLV), BANRICHPDD, Z2LDTFAMIH o TWBHITH %,

/m dv 7 /w /‘ B
o l+a2 27 Ji 1423 3¢‘ 1+x4_

/°° dv 4 > oo /°° dx B T

o 1+2° 5/10-2v5 Jo 1+$6 37 Jo 1428 422
/°° dx _(\/3+1)7r /°° dx _(\/_ V2)m

o 14210 10 ), 1422 12 '

B, AEEr e (0,1) LT

/ < ar d T
- r = —
o 14z sin(rm)

ZAEFHST 2 DICHHHTES (r=m/n &L T, 2" =u VI BEREETEZ T 3),

m—1
(TR f(2) = 1': o rBL, T, expM (k=0,1,...,n—1) ZHix UTHbH,

ZHLISNDOFFTIZIERITH %, w = exp % e, fomE W (k=0,1,...,n—1)
ERED, W =1, w" =1 DY IO,
R € (1,00) IZRL T,

Cy:=1Iog Cy:z=Re? (0c]0,2r/n]), Cs:= Iy, C:=C1+Cy+Cs

B, O EHMERT (O, ORED Rw? TH S L ITHEE), 20 LI f ofdizd. W
WicH s f O w 7P TH S, FEEHDS

(%) f(z) dz+ f(z) dz+ f(2) dz = 2mi Res(f;w).
Ch Co Cs

FTwid fOINOMTH 2050,

m—1

m—1 o

ya
(142

nzn—l

Res(f;w) =

Z=w Z=Ww

IAERRCR S THHRILT 5, RTHIDHTIETRT,
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Cildz=z (x€[0,R]) L RTA—X—(FIFITEZ25,

R R xm—l
le(z)dz:/o f(x)dxz/o T dx

Co 1230 2 FFE D /
2n/n
f(z) dz = / f(Re™) -iRe™ df
Ca 0

TH2, HDIIER M, R* BEFEL T, [f(2)] < M/|z)* (|2| > R*) &\ 5 FHliRE D LD D
T. R> R 1L T,

27 /n A M 2 /n 20 M
0 _
g/o | f(Re )\-Rd@gﬁ-}%/o df = —— =0 (R — o).

f(z) d=
C1

—C31F 2 =tw? (t €[0,R]) £ T X=X —{JIFHKZ 5,

R R 2fm—lw2(m—1) R m—1
f(2) dz:/ f(tw?) - w? dt:/ —_— W’ dt:me/ dx
oA 0 o 1+ trwn o l+an

(1) WARALT,
(1—w*™) /R o de+ [ f(2)dz= —27m'£
o l+am o n

R—oo &35, FlEH 2 0 1TPCRY 2 DT, 5 1 HOMIRAHFE L T

o) m—1 m
(1— w2m)/ ’ dr = —2mi—
0 142 n

DD LD, W RIT

/°° xml —2miw™ w21 T
dx = = — = — i
o l+av n(l —w?)  nwm™—w™™) nsin(mr/n)

il C.10

q q q q % pa! T
r(fr(1-4)=p(%1-7)= .
(p) ( p) (p’l p) llé T+ 27"~ sin(rq/p)
BUIDESIESLR B(a,B) =)L (B)/T(a+p) & I'(1) =112k 3, ELREDFESIZ.,

Foflicksz, UF. BAFDOESEZRT,
T3 P =u WO E#HEHWT,

00 q—1 1 oo ,.q/p—1
(97) / v dr = —/ Y du.
o l4ar pJo 1+u

—J7. N— BB DERN

1
B(p.q) / (1= 2) de
0
CBWT, o =t/(1+1) LERERT 5

(98) B = [ (ltp—_ldt

+ t)pta
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PEH s, THhb

[e'e) qfl 1
/ ’ dx:—B<€,1—Q)
o l+a? P \P D

HEOLND (BEATOEFES DD D),
PZMEDRERIC X 5T, Vo e (0,1) iTxfLT

Ix)r(l—=x) = Sn(ro)’

fATHEREIC K o T C IR THALT %,

e~ ? O ez/k

(v 1& Euler DE)

z o 1+z/k
XD,
e~z VA o0 e?/k 0 ek 1 0
I')ria—z =-—
()I'(1=2) 22 Hl—l—z/kHl—z/k: 22H1 z/k
k=1 k=1 k=1
W 21T
. T 2T 2 = 2
sinmz = ————— = —72 1—(z/k)*) = -7z 1—(z/k)°) m
)T (—2) E( ) g( )
il C.11 _
I :/ logsin @ df = —m log 2.
0
> log(1 + z?%) 7r

dr (0 <a<?2) (&

9 9. (Ahlfors p. 174) / )
0

rlta asin(am/2)

D EHREBoEH

FAIOMENZ, BIEGRH Z LA DITRBEART]RE WV DI TRBRVDEZTNE, HloTWwd
AL ODT, BWHLICSWHIETDH %,

FHRBOMDRNATHBEL TW202 BRI DH 25, HBHTERI o7 (fc#K->T
WD 0Tzl ? ),

D.1 EREOINE — FREOEDREFRI

£, g B c DIEETIEAIT, flc) £0 DL &, F = % 1% c OB TIFRITH %, B
DEEX. f, g, F OENEEFE DR OENICEBRAIE S5,
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4 N

fidd D.1 (ERBOBDOE) —fic. 0 OEFICEHIT 2 NRFEREL

f(z)= Zanz”, g(z) = Z b,2", F(z)= Z Cp2"
n=0 n=0 n=0
LT, F(z) = % P SBIEN BB L E (IS £(0) £0 BIELTWOS).
bn - Zakcn—k:
b _

(99) co = a—z Cy = ’“—alo (n € N)

DD LD
\_ /

(99) % ¢, ITOVWTOHFEREEZDLE, n=0,1,2,... DIRICAEZITRTF 5 Z & ZHfEL
X9,

G g(2) = f(2)F(2) TH 206, MK BUZ DWW TR D 2D

(Adog+ A1+ A+ ) (Bo+ Bi+ By + -+ ) = AgBo+ (Ao Bi+A1 Bo)+(Ag Ba+ A1 Bi+Aa By )+ - -

ERASPR5}

IHB g(z) = by EELVOT, FREEILEL T,
n=0
by = ayco,

by = apcy + aco,

by = apcy + arcq + asco,

b, = apc, + Z apCnr (n €N)

k=1
BELNZNE, E2rb
bn_zakcn—k
b by — by — arcy — -
CO:_O’ 01:1 CL1Co7 o = 2 — 1€ 612007 e ey = k=1 (nGN).I
ag ap ag ag
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D.2 Wronski DT

Wronski DA E WD DD 5 % 572 (https://math.stackexchange.com/questions/1264615/
inverse-rule-for-formal-power-series),

oo; = f: bt"
Z antn n=0
n=0

aq Qo 0 0 tee 0 0 0
a9 aq Qo 0 ce 0 0 0
as (05} aq Qo cee 0 0 0
=
(100) bn = T
0
Up—2 Qp-3 QAp4 Qn-5 -~ ap ag 0
p—1 Qp—2 QAp—3 Qp—gq4 -+ QA2 Q1 Q
ap  OGp—1 Qp—2 GQp-3 -+ dg a1 Q)

Henrici [51], Theorem 1.3 IZ& > TW5 &2 (BB, Henrici 2. £ WKL),
TEARIIA Y FAVTT 7 RRATED L

M. H. Wronski, Introduction a la Philosophie des Mathematiques: Et Technie de
I’Algorithmie, Chez COURCIER, Imprimeur-Libraire pour les Matheooatiqtte, quai des
Augustins, n° 57, Paris, 1811

https://gallica.bnf.fr/ark:/12148/bpt6k6225961k

RIS HR Iz & ZICTARTA LD QIOR=JDARDE ZIZH > TWVWBEDRH ), “quai
des Augustins, n° 57, Paris” I&HRAEDEFR S LW (2 W5 Z 8 % ChatGPT IZHZATH H -
T. Google Map Tifi7bh L7z lEATVWET),

D.3 tan OBEHRBERDRVIOBIEZ KD B
f(2) :==cosz, g(z) :=sinz & C 2R TIERIT, f(2) =cosz #0 (Jz| <7/2) THEH b,

sinz  g(z)

Fle)imtanz= o2 =45
% 2] < g CTIFHITH D,
FO=Y 0 (<)
Y Taylor BHAHK 23T TH 5. _
FER. R T.14 THALIZ K S0,
Bernoulli % {B,} %. ezz_ - = ni_o% %z" TEDB L X,
e 3 U Bty g,

278


https://math.stackexchange.com/questions/1264615/inverse-rule-for-formal-power-series
https://math.stackexchange.com/questions/1264615/inverse-rule-for-formal-power-series
https://gallica.bnf.fr/ark:/12148/bpt6k6225961k

L2 L. Taylor BB DA DEIHE

tanz:z+lz3+£z5+£z7+---
3 15 315
Z3RKD 372037 H1F, Bernoulli 8% W 2 REZ 7RV, FANTRFIUR, f 27 LT f™(0)
(n=0,1,2,--+) ZRDTWIHIRWAH, ZHREFREIHEET, TIATEFEE S, 2 2T
HE D1 OARK (99) THWTHELTAL S,
cos, sin D 0 DFHH D Taylor FERH

_ - (_1)n 2n : _ = (_1)n 2n+1
cosz—z (2n)!z : 81nz—nzzo(2n+1)!z (z € C).

n=0

EEBERTE LTHW S, |2 < 7/2 Tl& cosz # 0 DI D ILDD T,

R SR TR TS U SO SOOI
tanz = — 0 120" 5040 .. 6 120" 5040 (2] < 7/2).
1—522+ﬂz4—%26+--- 1—522+ﬂz4—m26+---
HFIADE 1 DT 2 ZEROIEH D DR - 771, 2° OFAINTH 5 DT,
1—122+%z4—%26+~~ o o
e

2 24 720

Y REZETTHS (tanz EFEEL O THEEROEIRAZ L, ©2IC ta:z ICEFER D
BN, EWVWS e ThH5), w=22 £BL L,

1 1 1 1 1 1
2 3 2 3 2 3
(1= Z - — e ) = 1 — St — e —
(ap+ayw+asw+azw’+- - ) < 5 + 5 ¥ + ) 6w+ 720Y " E010” +

5
ag = 1,
ao . 1
2 +af1 — 67
Qo ay 1
24 2 77T 120
ag aq (05} . 1
720 24 2 TP 5040’
ErBEIC
ag = 1,
1 Qo 1
ag=-=-+-=7,
6 2 3
1 aq Qo . 2
7 120" 2 24 15
1 a9 aq Qo 17
as - = = o
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W Z 1
tanz:z+lz3+£z5+£z7+--- .
3 15 315
DFTIETH#EBASICE WS Fur oI v VEETTur 7 22 L T, R LTA%S,
L BWVEGED, FIETFIERfHREL DT EV AL —2a YDHEDH S, it BASIC
PRALZEAZ. UFOZ s 7ul s ADEBHEL B2 5TH S,

o it BASIC TlX. BEEGIENARETH 5, 53572012, Fu T LADHENNIT
“C OPTION ARITHMETIC RATIONAL ¥ EE7T %,

e cos, sin @ Taylor B ORENX. H@EIX#H{LXTEHET 2 D EIZ2, 3 BASIC
Wi FEREE T ~ . BEREFITRE T 2BEB FACTO PRI TV,
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~ cotangent.bas

OPTION ARITHMETIC RATIONAL
DECLARE EXTERNAL SUB INverse
DECLARE EXTERNAL SUB conv
LET maxn=20
OPTION BASE O
DIM c(0 TO maxn),s(0 TO maxn),IS(0 TO maxn),cotangent(0 TO maxn)
FOR n=0 TO maxn

LET c(n)=0

LET s(n)=0
NEXT n
FOR j=0 TO maxn/2

LET c(2*j)=(-1)"j/fact(2*j)

LET s(2*j)=(-1)"j/fact(2*j+1)
NEXT j
PRINT "z/sin(z)"
CALL INverse(s,IS,maxn)
CALL PRINTc(IS,maxn)
PRINT "z cos(z)/sin(z)"
CALL CONv(IS,c,cotangent,maxn)
CALL printc(cotangent,maxn)
END
REM --———————————
EXTERNAL SUB printc(a() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

PRINT a(n)
NEXT n
END SUB
REM -
EXTERNAL SUB INverse(a(),b(),maxn)
OPTION ARITHMETIC RATIONAL
LET b(0)=1/a(0)
FOR n=1 TO maxn

LET s=0
FOR k=1 TO n
LET s=s+a(k)*b(n-k)
NEXT k
LET b(n)=-s/a(0)
NEXT n
END sub
REM -

EXTERNAL SUB conv(a(),b(),c() ,maxn)
OPTION ARITHMETIC RATIONAL
FOR n=0 TO maxn

LET s=0

FOR j=0 TO n

LET s=s+a(j)*b(n-j)

NEXT j

LET c(n)=s
next n
END sub
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N

OPTION ARITHMETIC RATIONAL
LET maxn=40
DIM a(0 TO maxn+1),b(0 TO maxn)
REM sin(z) O~ ra—1V VEE
FOR n=0 TO maxn+1

LET a(n)=0
NEXT n
FOR j=0 TO maxn/2

LET a(2%j+1)=(-1)"j/fact(2*j+1)
NEXT j
REM f(z)=sin(z)/z D~ vu—1) VJEH
FOR j=1 TO maxn+1

LET a(j-1)=a(j)
NEXT j
REM 1/f(z) OD~Z7 1 —1) R
LET b(0)=1/a(0)
FOR n=1 TO maxn

LET s=0

FOR k=1 TO n

LET s=s+a(k)*b(n-k)

NEXT k

LET b(n)=-s/a(0)
NEXT n
FOR n=0 TO maxn

PRINT b(n)
NEXT n
END

D.4 Bernoulli#Zz AU\ tan OEREER
NV R — A BUZOWTIE, Bl 7.13(p. 134) THAM L7z,

E Cauchy OFBE7DTEIE Bl

(HEfr )

E.1 H5—E#RDiRS

Cauchy OFEDEH L IZ. HHLED &,

-

N

Cauchy DFE% EH
BRFHANORAMIR C . C o k. C OMTHEIPTIERIZZEEE f 12 LT,

(Lf@ym:o

(cﬁﬁ@ﬁﬂmf@%iﬁﬁtﬁh@/}@ﬁk:m
C

a

WS FIRTH 5,
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T C/ C/

22:/f(z)dz:0 23:/f(z)d27é073”6 24:/f(z)dz;£07b“6
c c c
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TN o HELAGRIE N,
e MOTBOEE (Thro X HICEBIEHL N[ oNS)

f DIERIZEPT C) 25 Cy 1T TEEHIKS ) 1251, f(z)dz= [ f(z)d=.
Cy

C

C. k i Cy
¥ o " / i N
( J [ O \J
\ AN 2 \ \_/__.___h_ a/
25: f(z)dz= / f(z) dz 26: f(z)dz= [ f(z)dz
C1 Cy C1 Co
C
r ol E"{‘

/‘;"“\, e
LY Ci = -"'___“—-..___/IJ
\\., "

27: JH: f(z)dz= [ f(z)dz+ | f(2)dz
Cq Co Cs

IAMNTHT] bW Z e 2BFENCEREL XS 352, BEAMCHEH LW, RITHIWT
LEZBHALPICARZZ2Z22d, RTRESI T2 RYLODLBVANZVDTIERNSEA
3 D

BlzZiIasa— XX E LS T3, TRAUIHG) THEELIS T IDIX
HHTHZ (ZNTE TR0 2ELIPREH LV, 2020 TIE R, D UMM
mBe. ANETH—HREZTTIEHM KL 125,

X 28: HifR C 13/ TV DEZHA TN S ? HIBIZH LW,

L) 2 ST 20, ZDRIREKIT—E D TIERWV, ZD7 Cauchy DFETEMIC
F, BEON=Ta v 5,

284



COHITIIAN (5i#H3R) O TR DIRL 7. BUEFTEBICH T 2 Cauchy DRETEFH D
HILREAZAT S, ZhE%RL, HOMADAD T &) T2 L Bbh s,

e ™
T B.1 (BEEEEICHTS Cauchy RS EE (FE6.12 Bi8)) Q 1 C MR
SRR, £ Q — CUZIERL. C 13 Q NOXAH O Rl 52 » =

] (Lf@yu:o )

BEJE LT, Bl (M) & o R ZER v (BIEGERLIMCS K SHITKRS)
2ODEBERMRTFERZ LITIZ D,

T HGEAT T H 2 LW D BRI 3 2203, E#EICIE TEAER 72 < 72 5 K 5 & f&E
EV (O vy EnwH e TH B,

E.2 AXDOHAEICDOWT
(ZZREDEIRPFEEDONEZRD Iz WVWS, BLIRD XS RFETT, )
—[1Z TCauchy DFEZER ) , Cauchy DFEZRI WwH iy, HidtakizN—Y 3

VDB,
2D XN T 20, AEZ ETRXD XS,

L EAIMEEEIC MBI RIRETH S 2 ) EERT S (EF 2.7).

2. H#47% Goursat-Pringsheim 12 K % T=AEOxfECIERIZEE 2. BIZH - THRED
T30 LWVWHEH (I 6.1) 2HRAX—=1F 5, RED ZOFEHIFHEN L TELIR
XTHAI,

3. BREHEIC BT 5 Cauchy OFEEM (EH 6.18) ZFEIHT 5, ZAUIKFr &k < (HBED
S h L, RN EORE ) AR T, BVt H %,

%2@\¥E#6¥ﬁﬁ%%mtﬁﬁm%ﬂﬁ®f\CWﬁecugoyﬁéwﬁﬁﬁ
e LT, S ERTE 3,

4. FABEBIC BT % Cauchy DRETARN (EH 7.1) 23T 5, 20 o IERIBIOEHR
BbAn et (€8 7.4) D3 %,
(2 ZETIIHTANICHEATWS, )

5. Green DNFUZFHED L Cauchy OFEDERE (EH 8.4) N T 5.

o HDHIZIZ, Green DARFITHKD K Cauchy DR EHIZ T TINTEEEE ST
FAMBEET %o (Green DRI —MMZIGECHEAT 2 DIFKE T, WMIEDT
DR TR EH A SRR WO 3 @72 D C) HAKNT Z DR D JTITE R L 7%
W, —ATENZEHTI2ODRIBVWEEZ S, (Green DO FEHMEZ
BHHIR 2 L. #IC Green DR TIEIRMERRDE D2 WD Z e ZHiAT %
Rz 5, )

o ZOHEBEDFHDED T TIE. Z 2 FTCTIERIBBUIEREM D AIRETH 3 Z & H3EF
HTETW20DT (EH 7.4 OffiHLR). BED C RTH 2 0 H M2 IRET
B NENE TN,
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o MIRFEIUC I % IEHIBEEDY Laurent ERIHISR 2 Z & %, Green DRFUTFHD <
Cauchy DFED EM % AW TREH T %,
(IR ER KD EH D D Laurent BHIZERE T4, BRIEBIZBIT 5 Cauchy O
FED EBZ W T FICAEHT X 223, ISH%Z# 2 % & FEREE OGS IZE
AL TEBE =WV, MEREBICET S Laurent JERIZ., FEENKZ WO T, ERMHE
BUZ3 21 2E F—=FY 2/l U2 BEDPAET %, Green DNFUTFHED < Cauchy
OFEEM 2 i Z IR T 5, )

6. FEDTEE DA DWW T EICHIAS %,

(a) HHARDLAM LR B X 31T, HIFRZ N CEBINICEE L b &, ffED O
EHIXZED S 70,

(b) PRz BRI CHEBIHNC AL L7z & & BED DIEIZZED 5720,

RS 5 e THHEEREBAN ORI S #RFETI1X 01 WS, Cauchy DFETEHD
BanErt 5, ZOEHOIIAEMSR ESICEb L, KX TIEFFHL WD T, MUF
WKHTR 2 EHDFIICIIE DN, HoTHEL L2 THRBELIEL,

ZD 5 Cauchy ODFEDANAR DI OWT, BHIRIK?? THALZZ X512, 7R3 01
RBREHFDICRERT S, BVWHEEZ L EPRELEE TS, 20 HHDIEHALD %,
THUEA X =YD CTRESIRY 7205, BB 0 B3 0 & 78 5 R TiIAD THifEIZ /2 5 T
% W BEERHZERH L 72,

HEGEHIZOWT, FESDE DI AN K H 20, 266 bHHETERDT
DT R, BERINCIE Laurent O EFBZHELD £ 2 &\ 5 FECUHE T 5,

MB Goursat-Pringsheim 12 X 2 EHEZFREHTDIX. BHOMANBEBRICEEINT
W BHEDTROD S LRV, BEGEHDZ < DFERZE 1T, Green DA 5 HFEL T,

f(2)dz=0 WS IED Cauchy ODFEDEMZEZ, Cauchy DED LA D. a € D ITxf
aD
LT fl@) = o ;Egn@%f%i@éﬁﬁﬁﬁ@%ﬁﬁ&éx5@%@?50ﬁ%@

oD % —

RENCEDN TV B EWES S, — T, BEABOERAREFED LS5 R5Eb AL
EZBE, OD RUITHEEZIDIEFITAAL X225 DT 5, AARVERDLTEL LTV,

E.3 IERIRSEOEGIRICE D RESD
(ZOHEBFRZETEEWY o ThHY + 52, 1D Tatlre 23, KIHE4 FTRAFy 753
DD, )
:mifﬁ@ﬁ/j@y&%%i%%@Jﬁ@cmzﬁmmcﬂmfaaauf%toL

C
P Ly I CTHIFROEFIIETE 2 S 72, KM O v 5 &b 2B 2 BN D 5, 1
%ﬁ%ﬁfﬁﬁ%f@%%ém\@ﬁ/}@y&wﬁ%%\ia&@ﬁ@ﬁoifm%f
C
X5, ZOZeZHAL K5,

ZOHEDHEE. FIZRL B BT, HlZE ot f =0 /T2 LG f o, E
RSB S FHED DER (FEH [38) DfF8Rk B.2) kMU TH 3, FIOTEBLZL ZE DI
Cwhd Livkwngy, —EEESTIEOERO T, YRR T 2 2 28D 5,

TR TR %, £ T IEHIEROERESBVEETH 25825
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E.3.1 EREMEHICH|T S ERRBEBOEGIIRICAD (LK) D
TAT 4 7 FRRREAE RS |

f PEFEE Q NTERITH S & &, f XREEKER D, $hbb IF: Q — C st.
F'=f.

EED a,b € QWML T, F(b) — F(a) DfEE F OFECFICEI SRV, FEBE F:Q — C,
Fo: Q5 CH F =F)=f Zlk3263 Giz) = F(z)— Fi(z) (€ Q) eBLEE,
G'=F~F=f-f=0T»23»5,GlEQTEHRTHZDT, Frb)—F(b) = Fy(a)—Fi(a).

FIT fOCIRSIREED L(f,C) %

L(f;C):=F(@0)— F(a) (a,bld C DR EFER)

TEDS (F DD FIZ X o FTHUDEDIMEE S 2 DT well-defined TH 2),
C BRSO WOMIRTH 5 ¥ %, L(f:C) = / () d= BN ST D, EHEC DN
C
DXGHNC CHIRDBIFRTH 2 L &, F % [ OFEBEE LT

/ F(2)dz = F(b) — Fla) (a, b 13 C RS Y $H)
C

DR DO ZLIFRAHSNTVS, Thbb, RS L(f;C) & C DRI C )
THBYL EE (CRETEATER) %ﬁ%ﬁﬁ/ﬂz) dz b —3F 3 ( TR LIRRDIC X
C

HL),

E.3.2 —fROME/ICH|TSIERIBROESBRICES (k) RS

Q% C oBEA. f:Q— CIRERL O Q NOHIRT. 2= o) (t € [o, B]) ZE DS

FRX=Z—FF, O = {pt) |t € |a,p]} (WVD®DB C DF) T3,
QACDEEZEZEZS (A=C DHFAEIF. UTFD e Ze=00 & LTHAMKIKZS).
Fix

(101) €= zeciggeas) |lz—¢| >0

DD D, TDeZ C* & o0 DR, — FITHBRFHTDH 5,

- (101) FFBHO B 53 L ~
C OB C*iF. ary 7 MRS (CHNOERALE) TH 5 (a7 MEE [a, 8] D
FiR o ITX BB THEH5),

€= Zlencf* d(z), d(z):= cle%fﬂ |z — (|

THOH., d: C* 5> RITEHETW=2 L ZAEDHEZIRZDT, ary 7 vVEE C* ETIE
DE/IMEE RO, ZHDRER ¢ 12tz & 72w

e =mind(z) > 0.
zeC*

K(%iiéb U, Y2 >y [47, B2 WIEEH [52) offst H 2R X, )
J
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o WXESFARXM [o, 8] THEETH 205, —HEETH L, DRI

(30 > 0)(Vt,t' € [a, B] : [t =t < &) |o(t) — p(t)] <e.

Oé:t0<t1<"'<tm:5
BT HILAE A — {4}, % [, 8] O5H,

A= max (t; —t;-1)
ZaHE A O & FER (Rieamann F8677 D HEE),

Al < 0 ZlZTEEOTE A = {t;}", 22, £ED j € {0,1,...,m} ITHLT,
zi = (t;) B FREED je{l,... m} TRLT, #fR 2 = p(t) (¢t € [t;-1,8]) & C;
B CF = o([tj-1,t;]) CQ(zj56) CQTHD, fIFEIEHEIK D (z5;¢) TIERITHZ Z &
Mo, L(f;C;) BEKRERD, 22T

m

(102) L(f;C) =) L(f;C))
j=1
YBE.LHC) B f D CITH D IEREED L IR,

(102) %3 well-defined TH 2 Z &, TROBDE A = {t;}7) DEDITITE5FIT (102) D
GHDMEDEE 2 Z e 2mdiid. FEIOMED 6 K H/NXWEREDODENH LT, @D
NEEZDIEWCEDAATE S, 7HIZMILTH (102) OGELDHEIZED LRV 5T
b5,

C BXIFHNC Ct /T H 2HEI.

/C f(2) dz = Z /C ) de= ;ﬁ(f; C,) = L(f:0)

f@é#a\zuxmm%@@ﬁ@%/j@ﬁ&@mﬁfﬁao
C

AE E.2 L@, HEEMOERE T2 S ICHWARE Y=L, iR RE I —TH 2
Mo, BEOWMED T 57-0DX 01 O iR D £ FTIEXBENET 5, 2072012, 1
FE 0 2 IR IO U CTHRIR L7228, ERIIROMHEE HWSE L WS RIRFED H 3,

s R

Co: z=po(t) (t €[, 8]), Ci: z=1(t) (t € [, ]) ¥ D NDOXI3H) C* #ephFR T, D AN
THREMC—[FETHZ LTS L ENNC R WEES 32X CHkORE -5
BORET 5, THROBEHRE ©: (o, 8] x [0,1] - D T

(a) B tela, Bl ZEELE Z (0,1 3 ur— O(t,u) FXTH C! #&
(b) Fuel0,1] ZEELLE Z [a,8] 2t O(t,u) IZXTH C* %

(c) @(-,0) = o
(d) ©(-,1) =¥
e) (Vue |0,1]) P(a,u) =P([,u
k()(6[])() (8,u) )

AEFFIEIE)I] [31] pp. 154-155 IC#{»> TW53, (A4 RAFAEDH 2 D72, =
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E.4 REME—FD Cauchy DFEDEIE

QZCHOMEEL T2, Q ND 2 0DPAMIR Co: 2 = po(t) (t € [a,f]), Ci: 2 = ¢1(t)
(t€la,p)) BBHBEE, CoH CLIZ Q NTEHKRICERAIRETH 2 &1k, HitEHR

F:la,p] x[0,1] = Q

T.
(103) F(a,u) =F(B,u) (ue€l0,1]),
(104) F(t,0) = ¢o(t), F(t,1)=wpi(t) (t€lapf])

DD LDOBDHBEET DT LWV,
(EED uw i LT F(-,u) XEARRT. F(-,0) =g, F(,1) =9 EWVWI 2 TH5, )
ZDEECor CLiE QRBEMLTKREME—RETHZ LDV, Co~C EXRT, Th
12 Q AR IC O W T ORERGRTH %,

infi}= phiO[%_] := {Cos[t], Sin[t]}
nz= phil[t ] = {3Cos[t], 28in[t]}
inE= Pt , u ] = (1-u) phiO[£] + uphil[t]

= Manipulate [ParametricPlot[{phiO[t], F[t, u], phil[t]}, {t, 0, 2Pi},
PlotRange -+ {{-3, 3}, {-3, 3}}], {u, 0, 1}]

048 e [+|[A]=]—

A ) /
Out]s]= /

T 2 3

29: M @o(t) = (cost,sint) ZFEM ¢1(t) = (3cost, 2sint) WHEHHNTETE

0o, p1 BEATHEAALTALD
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4 N
FIE E.3 (Cauchy OO EIE (FEME—F)) Q& C OBEAT, f: Q — CIXIEHL
Co & O 13 Q NOFRT, Q ITBELTHRE MY —[AfEL 5, 2O %

f(z)dz= [ f(z)dz
Co C1
KRz C) DERHIRR (C) D182 1 /) 72 513,

f(z) dz =

Co

(EB1RA: Q TIERR £ & Q B L TEBHhFRIC AT + ¥ —RHEZRPAfIER Co 1T LT,
/ f(z)dz=0.)

Co
N J

(RD 7= D EHHFIC O WTH - HIfR C: 2= (t) (t € [0, B]) LT, B3 2 € C 2%
ELT. ot) =2 (t€a,f]) EHRoTWVWEEE, C ZEHMHIREIESR, pla) =¢(B) TH2
o, C MR TH 2, ¢(t)=0TH2H05. ClI C RO TH D, EED fITHL

. /f@) dz = 0 B D D, )
C
SEBE (MCHAT 2 b fifif, N TEL CEMICRZ 2D, o TR Z RIS Y I T
Hb, MEH>ELIfELZ L, )
Co, Oy DRI R =R —{FFETNZI 2 = @o(t), 2 = 1(t) (t € o, B]) £ T 55
Co=C, THENS., H25EHHE O (o, 8] x [0,1] = Q DFEL T,

(Vu € [07 1]) q)(a7u) = q)(/gau)v (I)(" 0) = $o, (I)(" 1) = 1.

[ = [0, x[0,1] B, $-HAM N BETEDZ) EHLT. 4 = a+ —(f - a)

(2 = 0,1,"‘ ,N), U; ‘= —= (] = 0,1,"' ,N), LJ = [ti—lati] X [uj—lauj] (Z = 1,2,"' ,N,
=12, N) EBL,
(t,u) DEAE I OFZEORAEZIC—EATLLE2D O(t,u) ZHIE C EZ S, TibH

®(a+ (6 —a)s,0) (s €10,1])
ois) = 2B 1) (s € [1,2))
(B —(6—-a)(s—2),1) (s€2,3])
(e, 1 — (s —3)) (s € [3,4))

TED p: (0,4 = Q EARTX—X—{JIF T 2HERE C T 5,
ﬁ%m\@u)#ﬁﬁﬁﬁj@ﬂ%E@ﬁ%k#ﬂTét%@@( u) ZHIKR C; EEZ 5,
ERAS/9X5)
Dty + (t; — tic1)s, uj—1) (s €
(tisuj—1 + (uj —uj—1)(s — 1)) (s€
Oty — (L — tima)(s — 2), uy) (s €
D(tio1, uy — (u; —uj1)(s = 3)) (s €
TED 0ij: [0,4] = Q BT X=X =11 T 2% C; £ T %,

/ dz—ZZ/ /(2

i=1 j=1

i

wij(s) =

i A RVASH
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T IR OFFRALEETHD, ©: 1 - QITHEKETH 2056, O(1) 1Z C OFFRALET. Q
EEND, ®(1) ¥ 00 L DHHEE c 2T B, >0 (EBOI) NN =0, &(1) IFEFEH
£E, 00 BHEETH 200, HHHIIETH D).

O: [ - QTFEFTH 205, EF—HEHETH D, (35 > 0) (V(t,u), ¥, u): |(t,u) — (¥, u)] <
§) |®(t,u) — ®(t', )| <e. N2 THRELEWD L, [;; DEREDN § KD/ RE, ZOr %
Cy; C O(1;;) C D(®(t,uj);€) C Q. D(®(t;,uy);e) IFFMRZDTEFHEKTH D, f 132 T

IERIT® 205,
/ f(z)dz=0.
Ci]'

/Cf(z) dz = 0.

Lot 2 =P(a,u) (ue[0,1]), ' z2=0(B,u) (ue(0,1) T2, C=Co+11-C,—Ty T
HoHH, BRI Ty ' BALTHS056

Wz 1z

/ f(z) dz = f(z)dz+ | f(z)dz— | f(2)dz— | f(2)dz= f(z)dz— [ f(z)d-z.
C Co Iy Cq To Co Cy
W2 | f(z)dz= [ f(z)dz. m

C() Cl

R EA (mRzHETS3EVICKRE M—TLHRICK T 331857, BOBROER) Mo
h75C. PAMBRCRVHRZE DS e dHIK 2, Q & C OEE. C) : 2 = ¢o(t)
(t € [,f0]), C1 : 2 = pi(t) (t € [a,8]) & Q NOHIRT, BBREERDBZENZH—ET
5. I17bb

vo(a) = p1(a), »o(B) =¢1(B)

DEDILOE T 5, MR F: [0, 8] x [0,1] - QT
F(t,O) = SOO(t)7 F(ta ]-) - (Pl(t) (t € [a7ﬁ])a

F(a,u) = 900<O‘)7 F(ﬂau) =po(B) (ue [07 1])

2T OOPFET L X, Cy & C 13K E =7 (homotop, HIRZETEATHE) £ W\, F
Z Cy & C, DREIDKRE FE— (homotopy, ZBIEER) MR, Zor %, Q CIEAIREEK f
(e S PN

f(z)dz= [ [(z)dz
Co C1

DD ILD, — MR ERRR 28 S 72T AU, ST % 0k 50 BERCHS LE Rl 72 8 B Codige Y 1
AL THHBETDHEIEZZED S0, »

E.5 BEGHEIEICE|TS Cauchy DRI EE

(AXHD 6.4 DFEZITHY T %, )
RITHDER T, PARARAY 1 i (EBAR) \HEBANC AT RTRE & W S S TR 03, 1
BNz

DL NI TR, R ORAfRE 1 A (ERhHR) (ER I AT T RE

291



EWVWSFIRBBELONDTHA S,

B OSEMIC THER 2 WO HRTZDOIT2ZI2T 5,

IR, 2L —REL T, R % C" OFEBICET 2 HGEL L TERT 5 (HHANCEE & W»
5 D% C NOMFRIZH LT LIERL TWRWD, ZO—RILIZESIC TRk 2 LB S),

KE% E.5 (BHER) Q Z R"DH2WVIE C" O T 5. QPEERE (simply—connected)\
Th s i, QNOEEDEAMMD ERBHHIIC Q N THEBHICEIFTE LI 2F 5, D
ED., PAMRZE 2 = o(t) (t € [o,p]) & T2 E, D2EHEAE F: [o, 8] x[0,1] 5 (¢, 5) —
F(t,s) € Q T,

Ziiti7e 3 b DOBEET 5,
N J

e N
FIE E.6 (HEFEIEICHITS Cauchy ODFESDEE) D 13 C OFEBTHEN, f: D — C
ZIERL C 1 D NOF#hifRE 33 & &,

] /C () dz = 0. )

(Rl T E3 OB¥THH. iFHEATH S, =

[;v,z E.7 D i3 C OWBRCHERS, f:D - C SEAL T2 5, [ 3FUAREE RO, j

Bl E.8 (AXHICHEWVWTH>T. ##DERLICHEDIThY) HEERHEEO E LT, 224H
R™, B3k B(a; R) = {x € R" | | — a| < R}, MBI, BERIGEEC, V5N O HEME iR
(Jordan PAMIFR) PO, 3 KL= TO 1 HOMEE R\ {a} REDD 5.

HLUEASTRWIEEOM e LTIE, 20T2EMTO 1 ROMERAR?\ {a} (EFRFHTD 1 KD
RS C\ {c} EAREMICFELT), R*\ ¢ (CEHTTANCHERRIC D 7z 1EHR), EREREDOWHEE (F—
FYRIOER) REBHL. =

f 88. (1) R" I&MFEKRTH 5 Z & 2Rt (2) BAEK B(a; R) 1M TH % Z & 2Rt
(3) IHMEIUZERITH 5 Z & nt, (4) BREEBDGHERTH 5 Z & 2Rt

DFD
PR E IR = ™ = B = BEi
BEDOL ZAIZHD 12Eh ZFR XS,

I D BN ORN "2 AT &, D ZA#iE (contractible) £\W5, Je¢ € D, IF: D x
0,1] — D %, F(-,0) = idp, F(z,1) = ¢ (z € D).

1050 A id, Q NOEED 2 HEFIRIHR QWICEENL L 2E S, T48bB (Vo,y € Q) (Vt€0,1])
(1—-t)x+ty e

1060 PEML K, QWNDOH 2 15056 QNOERDORNREES 22205, Wz 5L, (Fae Q) (Vo Q)
(Vt €[0,1]) (1 —t)a+tx € Q.
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R9 89. (1) BTS2 & L &Rt (2) AIMRERIIEEETH 5 2 L Bnt,

BEHINE, QEEE 21X Q OHFNICEAIRD R 725 K 5 RIEEVBFEL RV E
WHZEeTHb,
EEOBEMEAMIRIHOREBIXFEE CTH 5, ZIUIHLLITEZ 200 LR WA, 241
FEHATIERL, BEBREHE > TV,

. N
EIE E.9 (Jordan FHREIE) “FHIND Jordan PR C 235 2 & =, H D0 BE; 7
I Gy EIEESUHIR G, BFAEL T

R*=G,UG,UC*, GiNGy=0, GiNnC*=0, GyNC*=4.

\kﬁb\ C*lZCDBRET 2, THITC*IF Gy, Gy DHEBEDHEATH 5, y

Gy ®Z % Jordan FARMAR C THAZH 2 MY W, Jordan B E MR L H 5,
HO7 XA MTIE. 20 Jordan HIFEHZ T RICL TR & 5 ez Az,

-
HEFHNOX 21 C RO HMEARKR C . C PHOCHEBOM T 250D %S
TIERIZRBIEL f TR LT
/ f(z2)dz=0
C

DI D 3D,
N J

THES Y IV TRZARTWVA, Jordan BIFREH & W\ 5 REM (FEFR TAEH 3 % ORI
HlR S HE L W) ZRET 20EDDH 2 DT, Hilr (20 HICERFLIRE) OREGERDO 7 X F T
EHT 5TV 3,

E.6 XEEE

(Cauchy DD EHD 5B, EDEDDD%E ED X SITHENT 20, E2 TR, £5
EIRLZEHZS S DULHALTEL, )

Cauchy OFEDEHIZ, DD EIIRDETHERLNDE ZDED -T2 5 TH 5,

EE E.10 EREOXJHNC O e BaPAtR ¢ v ¢ OMTEE D 0@ D 28

(55) BEEATEAR £ ISR LT, / F(2) dz = 0.
C

HRIPARMERDS DT H M Z T & & &, GERA IR 2 & 2 idAR I TWiah o7, 191
FLDRE, ZAUIAS D72 2 & TR FEAZE S 2 Z e 2 La8iiEd N5 X 5127 D Camille
Jordan (1838-1922) BRHNCZ DFEHE AL Z L ICb A, ZDEHIZS TIX Jordan B
FREIE (Jordan curve theorem, Jordan PAHMBREM) AN TWS (W IHEIAZ — [2]
THALZ DD, ZIFFEH LTWBE, Wikipedia I2& 2 &, BRONTEALL DI,
Bolzano-Weierstrass O EM THA L Bolzano TH 2 & 0% )o

Jordan HAREHIZ, AL L DEZ 2 ZD0FROMHEI DL SIFMGTERWIZY, AT
2DOPRETH %,

ZDEVPERGHD 7 F X M Tk, 20 LR S, R4 Jordan HIFRETE DA 25k
5 &95127% b, 5TlE Jordan HIFREBZHIHEE 57 F XA MEIHE D R0,

(R BEGRTIX. HIRIZX I CT DD DIZR > TH 1T, £DHEIE Jordan HifR
EFS L HICEERITZ 5, E WO ERDOAD VB AL, )
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ZRTREI TV &, REDL, RDZDODRD DD %,

(1) LR (ZAECRATEORE & o), EHREE (FREES 2REE) 220G, £
NTHEICE T 5 Cauchy DFETAXZENTLE 5, EHIBIEOMER Laurent FEH.
BHROFRZ T 2D ENT T TH S, £HLE BEDIDHIUI,

o AR C D a DD DEHREL n(Csa) ZBALT MR Y Ais (MAHRMER
72) PIE LT 5

e RE MK —ED Cauchy DENEHEFEAT S
BEEITI,
(2) Green DNFUTHD { Cauchy DFESEH»H AKX — bF 5,

CDHEDEFRD 1D LT, Green DEMIX, D DR, BREDOE VKDL R
WHAIEARIAR DM TH 2 G WINR L ZTETHRROENTWBE Z e BNE L, Zhzfis L
Cauchy DEDEMOERRIBICRE ZeBHIFoN 5,

—J. e LTRERODDOBDIFEN 5,

(a) D Green DLRTUR, gy, uy, vy, v, DEFNEIIBRE T 2 DT, Cauchy OFETEH
DIRE. F7 3B f OIERIMEOERIC, EREE [ Otk e B 2 BN D 517,

(b) Green DRROFAINITZNZ D DFRD D005, TT2EITHNED Lo HE
LW, Green DRNUIBFEDTES 27206 & F o T, AR ARITHIZT LT
LEST7FXFRAMDHE0, MEMLETH2EbNd,
Z DRIEIZDOWT, /NE [54], H8)11 [31], 5FBR [37] IFFEIHL L TW 3, [31] Tl
Green DNREHLIGEIIR T, EBbA AL, 2% HWTEEH L 72 Cauchy
DT EEZ - TG EER L TW31%, [37] &, 1 O5RSmLIERER .
PREEOEREZ > T—HREDEWED Green DARZEEHL TW5, ZIUIHIF
HRZEFARWD, HEBREBELFATNCE o T, IEEISZE RS L BD
N2, (BRAIKHE[30] TiE. BEEBGERD S— b T > TRV, —17%% Green
DARZAHLTH 5, )

(c) BhfRDS, FBOHGREZ LT DDIROENE DT, FIZIZKRT Yo ¥ VEMK LD T
5= LHEENCE S,

BABEZRIC, (1) & 2) DEBLEIRLRLIPDAFERATL I L, AX— 1D
HLIXSKIE (1) oiRzED ., IERIBOFERBER AT RE 72 H72 D T, (2) DD
Ji%Z@HA LT, Green DARUTH &< Cauchy DETANRDFHIAZ T 5, Green DAFUI,
— 2B R LR FAUSEEIRE T H 2 L. Z 5 W 5 RO LD 587z Cauchy O
B EMTH->TH, 2RDOBNERIET 5,

WIEB O ET 272 51X, ZOEkHE S FRIRFICRE T 2 D0EARTH S, L WIHIERDEED VD,
DL ITh B, ERIBSBOER - B v, v OIREEBOER DT <2257 T, Cauchy-Riemann 7
BX»S, v +uy & up — v, FEHIMEFRC 0ICHFLVWI P ELNLDT, INHHEBUIERTH D,
Goursat-Bochner DFEHIZ & - T

/ udvady:f//(varuy)dxdy, / Ud:z:+udy:—//(um7vy)dmdy
oD D aD D

B DIID, LI A b H 2 (—H [53]).

1084281272 205, LIRS Z2HMS LTz &, B2 E X 72KIZ, Green DN TEE L2, FEH L
IR HEICEOG AR D . B2 ORERDOERIZ T 2o Tilin e B L7z, Rt ZheRL It 2 g
UERVE WS 22720, Z5VSHEHZHEZ L TOVEIALRELDHE DRV, [31] OiGRDOED TIIHES /2.

294



xS5O . RO EEEE W2 ED Cauchy DD RNREIEN Lz o720, Z0%
BAED Z2NEIC, 5 ELWDRALHIEDN RO SR80 57, (EHERFXRKEHERIZAZE DD
b3 WL, Cauchy DS ANRSLEECEHDREAD T - & b k2 DIXIEF I TH 5,
HfE7R Z e DZL ZEEHEESND, EWVWIIEKUHNT 5, HERBOMHLHEFEIHE
HoRAIUK, 2Nzl T 2HMBOHRZ S BRKDBLTVWED, SDEZARYT 4 VT, ) [H
HECE - W7z Cauchy OFEZAFUTOWTIE. Ahlfors [26], —K2 [2], @il [21], #27/ [30], HITRE
[55], B9AY [56] 72 ¥ 03D B,

E.7 — [2] (1957) D VIE§4H55|H

BAT—ERNLTH,rEH, BAOSETEZET Z t#&%%@twk\@£m$£k%
LTREZES WS 2R hO056 K (flIPpVWRHOFICKRELEEDLIBATHWED LET),
@J%?% CIRLTVET (220 DIEFRAF ¥ Y TRLET, F—FK— b#6&47xﬁb

) —H 2] 2HDLEDDOFIHE LD TTH, WWW IZEL DIFRLBRVWEES DT,
CTCIRREFEEA (BT2ICHAANTITY), 2] BHREAFVHL VO T, [R5 7HR0
7b)7£\ LEoTWBEDTI D,

E8 FIvyviIINREH

Dixon DFEHH & ZDREIZDWTIX, Dixon [57], Loeb [58], [59] % R &
Olsen [60]
Gray [28]

F [z fE>7c Cauchy ORI EE, BHR, BHEE

(LHEH, H55130TT, ZOHITIE., FERY—HOSEL MRPH) foTnd
2. BIPLEBALRDLTNR, BALRSEE, FIAIEMNEE [55] 2l R\, )

F1 Fxa1>ey414oI)
Hi%R C1, Cy, ..., Cp ZIBZORWT1IDDMIR C =C, +Co + -+ C, DELND & X,
(105) / fyde= [ fde+ [ fz) de+- / 1z
C C1

D RYAON
HifgBORIT o 2icdh, R CL+Co+ -+ 0, T HIIFEBIRB O

C:a101+a202+"'+an0n (alaaf27"'7an€Z)

BEZ, INEFTA LS,
ZDF A Y CITHLT

/f(z)dzzal f(z)dz+as [ f(2) dz+---+an/ f(z) dz
C C1 Ca n

THEPEERT %, il DEHICRE2DFIEIZET WY,
F A4 ORI Z-IEC 5,
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F2ADHIBT, AMBROME LTEEZD DAL IILEESR, Fo A VB A ZILT
H27=DI2iE. SHBROEEORREEEORRIEEELZIADTELWI QX EA+ST
%%O

F.2 [ElE#

C NDOXZINC CLHRDBAMKR C . a € C\C* TN LT, C BT 2% o DI (H2
XaDFEDLYD C OEIEE) n(C,a) %

1 dz
n(C’,a).—% czZ—a
TERT %o
fd F.1 n(C,a) 13K TDH 5, j

S C DARIRA—R—FRE 2= o(t) (t€ [0, f]) ¥ T Do

F(t) = /at #(s) ds

p(s) —a

rBLLE, /

F(a) =0, Fwy:ma@,zw):¢%@a
lob A

C (e O(p(t) — ) = O (1) - ((t) — a) + O - (1)
= —e " [F'(t) (p(t) — a) = ¢'()] = 0

lob A

e "D (p(B) —a) = e "D (p(a) —a) = p(a) — a
W2

FB) _ ©(B) — a
pla) —a
p(a) =p(B) TH2Hh 5, 0D =B =1 WZITn(C,a)€Z. m

FHEZENE. VA 2N U TEBICHIRTE, 25 L THEEEEZE S,

F.3 [OE#zAV: Cauchy DD EIE, B

TSR THRDEGED Cauchy DD AR EIBXRTIEHAT 5 DT, XOEILEmHEANIE R
HChH B, AEMAENTHZ I 2HET 20T Z2DT,. HI TR,

4 N
e F.2 (AEICHT B Cauchy DFEFLRN) f & Q:=D(c;r) TIEAIT, C & Q ND
XENC C RDOEABIRE T2 2 Z, FED a € Q\ C* ITNL T,

n(C,a)f(a) = L G dz.

C2mi Joz—a
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ALFA W%L%H%Cw@y@ﬁ‘ﬁ@kib o 1 Rz bR E IR C 12
B0 THEHS

fZ) fla 1 f(2) 1 dz
27m/ z—a T omi Cz—ad 2= fla): 2m/cz—a

@ 4 fan(Cra)m

T omi cZ—a

~
E& F.3 (1) COBEEE QANDOYA 70 C A, QLT 01ZhER—72 (homologous

to 0) &,
(Va e C\ Q) n(C,a)=0.

(Q ODFEEDTRTORZ 0 [ZITEEET 5, )

(2) C OHEE Q NOH A 7 C,Co IANLT, C) & Cy 23 QL THRER—IT
bH3 Z&i\ Ci—CyDBQREALTOIRARER—=TTHEZZ2WVI,

J

CHQRELTORAER—ZLWVWID%E, C~0 (mod Q) LELZ LD 2,
(REPE=ZH>TVWBEANIZ) C, & Cy 5REME—FAERSIE O & C i EQIEALT
j‘%m'—ﬁv@%%o

4 N
EIE F.4 (Cauchy DRSO ERE, BALR (REAOY—R)) C OBES Q NO¥ A 71
CH. QRBELTOWKRER=ZLFT DL E (1), (2) DI,

téfkhkz

(2) f: Q= CHEAILRSIX, acQ\C* ITRLT

(1) f:Q — C PEARSIE,

n(C.a)f(a) = 5 Cjﬂi

. Y,
(1) 1d Q DA 2L C ISR L TRDD 3D, W05 2L TH 5,

waGC\mn«mnﬁéé dz zo]ﬁ[erom»Lj@ﬁk:ﬂ.

Z—a

(CﬂiTrCﬁf®i%ﬁﬂ@ﬁ%ﬂi&Hﬂ@\/f@ﬁkzOﬁWbﬁOJZ%of%

C
723, TO 3 a ZBER WV 23 n(Ca) =0 2 W5 BRIRATRINTVWE, EFZX 5, )
fEBA  (John D. Dixon [57]) C 2PAMIFRTH % & L CAEFHTAUIR W,

2z, €0 WXL T, f( ) f(C)
gwxw{ ¢ 79
£(2) (=0

EBLEE K (e QZEET S ZLIZ, (Riemann DFRERBEFFEAEMIZED) 2 — g(2,()
X QTIERITH D, gl Qx Q THEETH D (FEB),

E:={aecC\C"|n(C,a) =0}
By, EEFEET. C\C* DIEFREERS Qo ZE&T,
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CHQIZEHLTO &Cﬂ‘\%ﬂb—ﬁzlﬂ5®0i\@\9 CEEWHZLThb, W2IZC=0QUE.
*ZT
/C 9(2, Q)¢ (=€ Q)

h(z) :=
/C f©) SO 4 en

(—z
B, eQNERMLT, HEELTERINTWT, FELZRWVODELIZZ 225 h X
well-defined TH 2, EB. 2c QNE &322 (n(C,2)=0ThH2050)

[ 1O fC) [ 1© [ 1O
Jatoac = [ T ac— [ Bodac— pemie.s) = [ Ll

hix C TERINTWVWSEH, HIIEEKTHS, 2L T

lim h(z —hm/f d¢ = 0.
(—=z

Z—00 Z—00

(R
F(O) ?é%ﬂf( )|
‘C—z ~ min|¢ -2
CEHfCES5DT, 2 — 00 D& EF, max EiO) —0.)
cecr | — 2z

WZIZ h IZERTH S5 5, Liouville DEFHICE D, h Z3EHTH 2, L 2> 00 TO
WIR S 226, h=0.
WZIT 2 Q\CHITHLT

N £ 4o .
0‘/09( Qi = [ F0dC = (0,21 (2)
fo 1 [ fQ)
o [ 2Ekic = (e 1)
—5 2eC\QDHERF 2€ ETHEINH
(/f@%K h(z) = 0 = n(C, 2) £(2).
cC—2

W R T (2) DIRALT 5o
RIZaeQ\C*&T2LE, 20 (2—a)f(2) I (2) DFRETHVE L

C.2) (- f() = o [ =g

c=a B, (1) HEHPNG, =
ZOFIETIR. 7 (2) BIEICHALED, L (1) 2RI, MBEBOLE & Ak

&\‘:109
0= / w dz = /) dz — f(a)n(C,a)
c

crR—a

r LT (2) BN G,

1090 (ZF LW Z 2 BT DI, MBHEBOSGE . TEOMKR C IS5 0 TH S Z & 2,
TIXEBZ —RICTA3RHDIC. CAQWELTOWRFRER—2Z WS EERHL =,

(Y
(Y
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F.4 B¥EE

FIE F5 QX C OMHEET, ¢, -+, e & QANOMHELRZRL f:Q\ {1, ,cn} — C\
FIERL ClE QADH A 7T, QIBLTORKER—ST, ¥D Cj HELLVWET
RN .
%/Cf(z) dz-jzln(C,cj)Res(f;cj).
N J
fEBH fHHETH 2, m

F.5 {AARNZGEE

[AERE 2 FHOWRWERDS D 5 ClE. EBEoHT TR orfic MEED] EWH FEED
FES LT, (Fo7{EERHTIIRD 202D BN REMEERET 2DENPEL, £
CTEHIDPREL TS, EWIHIDED S, EEDISHTIE, 1FAEDGE. KE DB
HIARDS B DON R 22 DT, EHPREREKICKR > TVWBEEHNT 5,

AU LT, FERECZ W25 D Tl oS EB oM RoOIcHN 5, FEFE
W 2 &2 OEIFRIC O W TEERBUZ TR TIUIR WO T, BB I5 81 (2 L TRIK
DGEEZL I oTWVW3) T AEEHIIZ,

ZORDYHFEPDTHIo 7z 2ld, BEZEEEIC EFSHULMT . $20 ! & —BEL
723, D ZD, FAREN BT ARBEIEIRI-2T-D72, 59,

0IZHhRER =7 WS RERY —DHERD, BEREE WS BARNRETTRHATES 28I
KOWDIX Artin THE 5 LW, ZIREF S LRV,

Dixon DFEH%E B 5D U AW THIHTE 3 X 512 LT, 20 & BRI 72 BRRFR o [a] 5
BOTENHEICHFK 2 X 5 RfEHE2E TR, AUH> TWF30d Lk,

G FEAOISDTDHEIHE
HEROHIDIOIBSEL o TOROAD NS £ 5 BOT, MBIHILTH
HE

23— 722 4262 — 30
23 —522432+9

(106) f(z) =

ZHNZELD _EiF 5,
DFDZHER 22 — 7224262 — 30 20RO ZHER 22 — 522+ 32+9 TH|IZ 2. BRI
FREFENL —22 4232 -39 THED5H
1-(22 =522 432 —9) + (—22% + 232 — 39) —22%+ 232 — 39

107 = =1 '
(107) f(2) 23 _ 52243249 +z3—522+32—|—9

—22%2 4+ 232 — 39
23 —522432+9

Z5LT. f(x) BZER 1 L. HTORK < HEFOXIKCTH 3 HHERA
DN RT E 7=,
ZOPE ACFIET, ROFHRAN, ZHERL. HTFORK < HEHORKTH 2 A
DFNZHETED Z D5,
—222 4+ 232 — 39

R DI EHZ
X 23 —5224+32+9 B

2 —522432+9=(2+1)(2 — 3)?
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DI 1IRZEKXOBEOMICHE TR TZ 2 ((REFOEATHIC K - T, (FEOZHEAIX
SRR 1 RZIEEROBOBICKB G TE S — o b EMRHNRIETRD L ZMNT
X200, FBIOMETH B),

I MED T, EREEHEXONEE D ZEIE T 25813, ERBZHEAO#HFH TR S
ZREEN D B H, EEBEETCIX. EREZHERCE 3 08T HERBEZEAZHVWS Z
LR Z DT, 1 XRZEXROBEOFICHETE 3,

Wz 2

—22%2 4232 —39

(108) &) =14 g

I TROEHDEDVDZ LICERT %,

/EEE G.1 (PBIPEVVCRBEBROBEBTHNIIDRTES) fi(2), fo(z) & 2 @%I:a:ﬁ\
T, 0 TR, EWRETH 27253, FEOZHEK r(r) KHLT, H2ZHEK g (z),
go(z) BFFEL T

riz)  _ g@) | g
filx) fo(z)  filz)  faz)
DD LD, KHTHEAT, BT ORI < mEOXRBTHNIE, HGHOBHIIOWTH Z
375 K7 gi(x), go(x) BIFET o

J

SEER  —fRIC. d(z) 23 fi(x), folz) DERRAKNZEATHS & &
fi(@)hi(z) + fa(2)he() = d(2)

27z 32 hy(2), he(z) DIFEET 2 (HikNR Z L RDTRD B Z2I12F3), fi(z), fo()
PHWIIRTH 255, dz) =1 LEXXSDT,

filx)fa(z)  folz)  filz)
DD IO, TP SHFRVPIELWI ERENNS,

PLE. FELES BIZEEEHE [61] KE-oTWa, =
COEMERHWS &,

—222+232—39  az+b N C
(z=3)2(z+1) (2-3)2 z+1

/e SERE a, b, C BFET DI EDBTH 2, ZOLE

(109)

Q) (A, BeC) az+b=A(»—3)+B
DD YLD, W RS
az+b  A(z-3)+B A B

G327 (=32 -3 (z-3p
BT A B AEET B (0) BN O LIdd LEZIUZH D 5. & D—iic, HH

R(z) = , Q(z) =m—1XUTDZIHEK
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WX LT, HEIEFH A, -, A, DIFELT
Q(Z> = A1(Z — C)m_l + A2<z — c)m_2 4. 4 Am7

W 21T s ) 4
p— ! 2 oo m
R<Z>—z—c—i_(z—c)Q+ +(z—c)m

DD IO Z eH, RDOEFHD HFEATE %,

f(x) =gz —a)
DAL D IO,

FE G.2 » DZHEK f(z) LEEDOE o TR LT, H2ZIHA g(x) BFEL T }
JH

BB y=z-a B, 2=y+a f2)=f(y+a) PEDILOW, fly+a) Dy DZ
R D L BB THS 5. ZNE g(y) LB L

fl@)=gly) =g(x —a)m
Bl G.3 f(z)=234222+3x+4,a=18F%, f(z) ®z—1 DZHEATRT I y=2—1
EBE x=y+1D25
flz)=2*+22° +3x + 4

=y+1)>°+2y+1)°+3(y+1)+4

=y* +3y° +3y+1+2y° +4y +2+3y + 3+ 4

=% + 592 + 10y + 10

=(z—1)*+5(x - 1)+ 10(x — 1) + 10.

(L) f &2 2 =1 DFDDH T Taylor BT %, 3XZHEAKRDOT fW(2) =0 ThH2 I
FEETZ2L. AROFREZ 01K 0H 5, DRI

fl@)=fO)+ Wz -1)+ %(1)(33 — 1)+ fg—fl)(x — 1)
ZAUT f(1) =1, f'(1) = 10, f"(1) =10, f"(1) =6 ZIRAT B &
flz) = 1+10($—1)+§(x—1)2+g(:c—1)3: (=1 +5(x—1)24+10(z — 1) + 1.

(ili£2)  —1 THIZ Z e 2B DBEL T, HEDZHMEITH I,
1 2 3 4

1 1 3 6
1 3 6 [10]
1 1 4
1 4 |10]
1 1

s ¥+ 202 +3x+4=(z—-1)3+5@x—1)2+10(x - 1)+ 10 TH %, EFE,

2+ 2% + 32+ 4 = (2® + 32 +6)(x — 1) + 10,
2+ 32 +6=(z+4)(xz—1)+ 10,
r+4=(r—1)+5.
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ZTh ez

2 +32+6=((r—1)+5)(z—1)+10= (z — 1) +5(x — 1) + 10,
2 +20° +3r+4=(((zx—1)+5)(z—1)+10=[(x —1)>+5(x — 1)+ 10] (x — 1) + 10

= (z— 1) +5(x — 1) +10(x — 1) + 10.

(FEBRNCIE, BE2 BIRNTH 5, ) m
DLED» o
—222+23z—39_ A N B n C
(z—=3)2(z+1) 2-3 (2-32 =z+1

BT SHHIA, B, C DIHET 5 2D T2
W Z 12

(110)

Alz=3)(z+1)+B(z+ 1)+ C(z —3)* = =222 +232 -39 (2 € C\ {-1,3}).
2 XTI 3 A LFELRVDT, FED 2 € CIIXLT
(111) A(z=3)(z+1)+B(z+1)+C(z — 3)* = —22° + 232 — 39

NI AIRYASR
(111) PMEFERICRZ L5 A, B, C ZRDZDIIEHETH %, EFEHE (2 =3, -1 21K
ALT, 2ROBEZ L T--) I3ER LT

A=2 B=3 C=-4

W 21
—Q¥+2%—39_1+ 2, 3 4
(z—=3)2(z+1) z—3 (2—-3)2 z+1

f(z) =1+

H BEEXR

BAEGRIZR WAL 7S ZADH Y 7,

GEBERFIGEATZMNR [1] BUARRVWATT, LA RLRVWE S IKEREZIAVDD, &
DIEDWETAERICETER L TH S, BLOVATT, —HREEIRNZLIAHDHDET
b (Laurent ERHDERD, FIODFEROGETHHIN TV ERE— FHIZZI S WVWHTH
BRIEIREIATDEDL), BEAFVEGLAOFTHAREL LTRAMEEEZTW
£,

L I —HEFRT 20D BRBVWEEVWET, Z50WHEAE. ©ULARELIIDL
BDEST-AREEREEBVWTL & 95, KEFBHESCKEXREFIEIT > THAFIZE->THL o
TAT. HOOHFALE 102 T e 2HDE T,

FDHI > TOWBARPSE, P 31] ZHNALTEEXET, ZUEx, —DOD#FREY. HEP
WHE7 VT —PONBEETADT—MORINEXL /2 W BDT, == RNETT, &
RHLE—BALZ BT T, FIOEZCTVRAVRHAESE s TWS, EWVWIHIRZHRH £, Green
DEH %> T Cauchy DFEZEHZEL L WIHHFHTEIPNTVWET D, ZD Green DIE
HOBMHBERIHEES L BngE 310, GHIERICH T, SIATW TR 2I1ZEED
N5 Z eI T. ZORERDPTI OB OFIIMoT—#iLTAS I ZBEDLET,
10Green DEHDFHIHIE X ZDARICTEEZD ., LRAIZ—RZIED Green DEHZF 572D T 2 K23Z 0N

T, ZOARTIX, Cauchy OFEEHDOFHINHE D72 TED Green DEHIIH LT, HEFD A X —T DA
. VIR E B Z TVE S,
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TRETIEEAFHICAD 271 L EROBFDOHAE (FFRERE?) IKES e Ehs Z
Do T B Y - I SARETR TR [29] 13, MED AMEZSEZE L LTED
X222V 20 DIEHEDRVOTTA, BAEGEmICE L CEFERnAL L BnEd, BlcE-
THoTHMLTWVAEEIRANE, ZOEBITHI—ER=IZDHL o TADL I ZE#IDE
T, BbrO¥Y MEZRBE THELIDLEEZITVAIHNAN, a7 bOEBICELED S
NTVWET, ZNZHATHBREKRZ725 (A WVWE WS BARIZR 4 B2 72 W T H R0,
Co<l D EBWHMHATATTIE,

A0 oo zRfIC, FEDICRZEH YR - A=A AR LTE. il T AFTIL
[30] 2D F T, EHCEEGH., RN VIEPA > TVRWL (ZAUIENTR D A L
TIR), ZEBRDOKRRBICHZ2DTRBIINLE T, BIEBEBGHOHFHICOWT, FHIC
FTELLEAETT, iz AW, —#7% Cauchy OFTEMENENTH D 29,

MRS L2 Wnwo N, R [43] 2F = v 7 L TAT IV, FHE/HEHORMED
5. HERMRE (REEAROMED» SEAL LS RS D) £T. BERMEEI > TWT,
U AT OV TV E T,

BIEGRICDOWT, £ WD Z e D Lo, FEENREHRZ KD TV EHEIE, HEFED
REEZH > TWB TN - /MR [24], HEWEE [62) ZRZ2 EB00d LLEEA,

BIRGRDRILICBE D - 7 MM B EGR O FEEDERICOWTIE, &K [6) B/ RHRAYTT
D, ENZHAT MAIPTITZS) LBoTH, HEIRLDHLLBRV2D LOLFEEA, il [5]
DD RTVTT,

BHRECE ZRTE, BUEE I -0l ¥ & oK [63] RWAFIEZ E BuE g,
MRS [64] BB T HF XA P TITH, PARDAFLEZAVORRIZIRT T, FAREHRTDH S
(B TIEFE TV w7« FXALVICEPOTWS) TTH [65] 2O b R0hd LALERANLL,

BRI DB T L £ 5 13 e, MR - T AR o MBI 2 b » & -
K [67) BRIOHEBE S DH 24K TT, MHAEZEOENLTH [68) BEHEHWTT,

HIDLFEETHRELI-VLAIC

HAY [42] 1&, ZET MR THI 2R WITh e, D LEALNE (@i, 242 Riemann
M. FAGMHE, B — B3 2 TR OER) 2RI LWEDOTHRLTH Y 3,
IR (37] 1k, EAEEE (V —~ Y, EHIBEE - AHEEKOFERE, K7 v h LEtE, 15
MBI - £ 2 7 —BIE) 28 L GGEDIAALRL DT 2ATT, MUCTEBEYIN LD TED
WL Do oD TTH, 2016 FFICHEL FEENHICA DT LREG L IFIAFTEZ S AR
E5 (KBICEID 5NZE ST,

AYDERL LAIS

ALZDZARMORE RF 87 D ZRHENRBHIHR T, EE [69] ZFICH -7, T o
PUHT I EEY I TH- 222D 5, ZORIEEMEDL o720, Wb 2 HEE R &
TREBEWEES D, FIFEOHBOL Y MR D ZES R IeREAFNTH S, BHFAICED
DTV e o7z,

(BRI TR 205, TAE D T /MK [70], [T1] R8BI X SR 2ADDH B, FENI I WD
AREBEHREMNIFICHE E5IXRD E0V0DEIT Y, )

MENEENEHEI 2 Y FTRAELTWAL, X7 VU w7« FXAL VDR TELEZTHWIDTITH, I
BAFTERLB>TWS &S TTR, MDREND 700k, L LTRUMHALED [66] D R&EIZWAH
MTLED, 2BEBIAYFTvY FHRT, 5 TH AFARETT,
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EDFHLVADLS

A [72] 13, BRIFBICERALZZMR [1] LT 50VORY 2 — AT, L3 <A
b, NERETHZW (DX D (1] BWEAROTHEVTHLENSZETY), (1] & [72] A
EEEED & OBITARILT T, M OMD ELED LI RKDBLET, BLWVWAD [1] HiEh
T, HLWHOD [72] BZRFETRNZRVDERMATTHRR WS LRwiIne. [72] 238
FITHATERVDIED o720 W (2 2 LTRL W),

TV YRS VOB HEROS ) — X LTHIRENTRA XA Y &S v VT (73] 1. B
KIFNT OFCFA DM & DREED L4 B2 5 X5 W ENAART, BEWRD £7T,

ZEREBRGR . 13— [74] (2R B 1o 2R EIC S WHE [75]) K BV LAFIES
HHFEFATULRD (N2 Y X — [76] IFHEMEF CHARIKAEZ L), Balmid. &k [77], KiR
(78], BF O [79] By, AHMRIATOE T, KR [80] &, B3 FEHRAY T L Fid b
b LNEH A

WhHW B TEARIGEHDZDIZIEE S WD & ZAZMERT 202 DOW T, B KFETAEH
FREWS ) — XD [81], [82] BBEIWRD £F, BMEHBOERDGLARRLITY v a3
EANIZ BB A TN, ekl ehar oy M X TV 3 DIXf5E
W7 BVWE 7,

Boftld, WWW _RICE#R/ — FOEBIEALA NI TOWE TS, ZO0HFICIFREBEL LWV
DHHH £F, BHEOBEBEROEERDOILZW - 72K [84], FHE [85] IZRWVITBEILKR ST
L&,

IED &K S ICEAEERZE FATD

MIPDBEICKEZ0H LAKVDT, 22T, B (BEH) 23850 KEFHA THHRL
= EENTEBL,

U O THEEERICAN-DIX. EAK [29] DFEFICF v LI LTV ETHS, ZOK
3D b AR O, TERM, E3ESEE 30 x 3 =907 0iEE T, WED. B
BiGm. Fourier DI 2 R T 2BONBZ D25 D T, BEGHICHTHNIZR—
PHEHOTHhTHEP, BHEHICFLDHOLNTVWEIEES, TATWTHHIHPo/2, T ZIZ
EVWTCHLI2EBALHIMNITI TV, ZOBRBTOBEGROMHFKIZZNATTHTEE X
L0, FAUX TR RBNE L WL S BT B,

WS OIT, EEMCE, HH [44] 2HA TR L 72 (FHEEE TFE0KR ([86]) @
FHELTHEHATH D), ZNFFFHORWAT, HRETHELZZFEL LZORVWEAL X
THELEADBWED T2, I NE oD T, BERICITICHIFBHEL ZeBEE T, L
OB X THOEEE Lz, Mihvwk sy a vy iZnhrnTna DT, 2 L3 ofaicH
ATIT DIZEFITH - 72,

BARNEEDPNE LT, WEWEERETHEEGRZ FRZ 8 Ik o> BRic, ZRE I ES
NI DDEH Ahlfors [26) TH o7z, HRETH - =D THD % HDHL L 7228 (£ 7255 F AL
DEERDH T Wi o7z, BIRRARIZZE D EEREI D DL, SMET2ADS 5F L

W2z 50w e iELL . HEEHOBKE L oz 57200y, FiE [83] (BAKREH) RYX,. T¥ENE
WEATHZINE, ZOFOXADDF L5080, 20570, BIROHGHHLZoTWwS (RIBLTW3)
EXORMEMND 5,

BAtdH, 1a~x 900 T, EHORB LD 15 MIBENL TV BDEL WS “TATFIv - Ior—X—" %
CTEHIGEA LT, EZED 30 BN TEREED. ZD DB DI HIBIOBR L TOANELE —fH oD
HTHBBRLILLEIGHLD S (oA 1 HBXICHEL T 60 7OMEEIEIHE, TXRTONEZREL 2
EDHR T & D),
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W, BEIOTH 2, ). bbb HFORIFIIITIITEREZEZARDVOLHL LIROVDT, &
T Bl oz L L, BIZE->T IHAIIE ZIZEVWTHE2D0? | 7878
Ko THTDIE, HEABORIZHNTHLLDE L2 o5UTT 5, TORIETEAK [29] & HA
2. fTEDBDHEDEBNTWERL T, PARDDIEHEITEBLALEINTVAEESI N, 2D
. BERE ZAIEET 2 ETOR=—JENZL (FHOHEHD, SiBEDPRINHIFREED
MHEIZESER T2 S, Cauchy DD EHISED, WD THo2BWVWHZDIEH 20
7). TORZREMICHAT S Z 2 IXHREOENIH L o7 (BT 2IHICEDRV),
NI T2 b Lvwy,

BEGR TP IBRE, SR T 7=y 7 0EBIEETH S, ZD/DITEH [44] 13ZEHN e fif
WIZ 2 oTze 2D ZHHBEIRICK D EETOEZRD 2 LW 5 EHFD MBI T 2 fiFan
MBZ LW, Ahlfors 72 EED0 78 D R=IBZEINT WD DD, ik, £DOFOFEME I
/NIE [46] Wz, ZHUIEIE W F Do T, RKETHEARARZFITHE - THARTRITGEA
FrafBLTnady, ROWERE >/, LI eDHL > TAT, HhEHSEDEZHTIER
WINY, KERZEDRB2AL B ISRANETHD, ADTRVWATH S LE -7,
BRIHIZZOWIERNZS 5TV BEERVWALIT YA,

L L. BEGROIZEDEE IITWDW 2FEAMEDZ <. FHREMEIXIZE AR 57,
I THED oz, BRI LN T Y Ve R e, Wb 32 EH4 % EMOGEARMEDN
ATOVT, Z5WODRENTIRI o722 3B o2 BS5, ZRo0EHE %
BanDSEE (B Z035E - /MR [24)) THLH LT, 22iCEHEWTH2EHERERE L, Z DR
DRMNDOFTHEDR WIS ICHEEZHZ L XIICITNETH o7, CHIEDBBEDD 5B,
HRAZZ WS Z WS X oh o7z, £H. BT DICKRATEHIKL TWibiFi,

TR 24] 3G RO TEEZANPEL T, ZOFEETEET VAN, KERE A
BHBEAABERAL LTWS, BALRKERS IHCE LD o TW» 2 EREFHL (2 VWS &
DIZEHEEF) T, EFICERRATH 2, =720, #Blo TV 2MEER D SIEICHEN TV -
T, FUADESIMESIARTIERY, 250D Z 2 ikERkE HTh o ZUT Rz > Tw
BOEHME, FREL Do TV o7 (BRAZT Y Y OHREFTTIE, [24] 3V WVA
ZOoNTWE— ZHUIHMZRIREZ7AEWAT . B & o ERYREFER),

(2021/9/23 18EC Amazon 2> 6 dT WFEDTH Z T, BEIXEFHEICR o TWd, B2 LRaH
PIEZNTRWI ETEH 20, dWFHliZ HICHIFRT 2 205 DIV D Db, )

Z5VO DI THILARZEZ L TWeh, dHEZ T TH HRUTHEMIEZ<NEDHDT, &
b & z 3 i,

SR o THEGROM X DMETH o 72, 3K DR L 2 I OHEBE T =, AEIZ
Riemann OFREH L 5, €/ FaI—¥th, AiFEEE 0L (BLALRKRIZH > TWD -]
AT ?). BEIREONRIIB s AR EROT bR oTz. D LBRL T, AHE
[87] ZFHALZD LD LV 2 ORHAIE A N — TS0 %M (+284K), H o 7
R HDICE o TEEROTENTATWT, BEGROMBIC 0 RREA X T otz
DG L END,

KEEBED AGREMERGHD 2 Z 12k D, G [21] ZHiAshD. HEE [43], [88] Z AW TiHY
MRz T RFEBED AR TR, AL BEGR ORI CTH 2 LI KU T\, B2 5
RDiIERoT, BT D DIERZIES I BRI EE S,

B [21] EEOR=IVBOFIZZ L ONBEDIEI»NTOT, BEREUNT 2, RINIH
O LW EEDN S, —EWR L -EPHEROEREZ T 5701 oIc@ Y72 e A
o TLREDEL, MNP N TV EDREAFHFEPRVWL, X DFHATOTELVWAT
ol

Mel [43], [88] & BIBGRDIEE D7z DIZKRZERNL o 720 REBED NGRHEE D & 8 Z
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