] 100

HRERERE

ggoooobobooobotboooooooooooooboo,bbbbodgoooan
000000000000000000.* 00,00000000,000000000
go,djjgoooooobobobobboboddooooobobbbbbbboUooUooo
000000*00,000000000000. 00000000000000000
g, ggpoboboooobboooobbbooobbbooobbboooon.

101 OOOoOOO

ggobboooobbooo. it zy,ybO0,000 z0O0000DQ0DDOO

z=x+1y (10.1)
000,i0+#=-1000000000.00000
2t =z —1iy (10.2)

000000. 000,000 |2|=+/22+42000, |22=22*00000. 0000
00000000000000000O0 (0). 000,00000,00000000.

0000000006000 0D0,0000 cosh =x/|z|,sinf =y/lz]000. OO
0,0 (l0.1)0000000000000O0

2= +iy = |z|(cos§ + isinf) = re? (10.3)

000, |zl =r000,Buler 000 € =cosf+isind0000. 00, z=re® 00
ooooOoooooooo.

*1opoo o
2 0p00000000oo.

83



84 0100 0000

) T 7=x+iy

Y

-1y ZF=x-iy

0101 0ODOO.

102 OOOOODOOO

000 z=2+4 0000000000 f(2)0000. f(2)00 20000000
00000000000, f(:)00 2000000000. 000, 00000000
oo 0ob,dd0db,d00ddduun bbb, 0obobobbbbo
gooboodob. oobobboooon.

00 1021 f(»)=z=z+iyO0O000D00OO0O0OO.

(00D0) f(2)0 2000000

. fz+AL2) = f(2) . ozt DNz—2 AV
! — = _— = _—
Fiz) = Al,lzm—m Nz N Alirgo Az Allm—ﬂ) Az 1 (10.4)

gooobooooooboooobo,boooon.
00 1022 f(z)=z2"=z—iy0O0O0O0O0O0O0OOOODO.

(00D) f(2)0 2000000

. fz+A02)— f(2) N A A
/ _ — _— = —_—
Fe=m = =™ a ~ A (109

000, Az=Axz+iAyO0O,
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Ax — iy

/ _ .
fa) = i T iay (10.6)

gob,0doogoooooooobn.

(000)0000000U0. 00oO0,Ay=0000 Ax—0.
(000)0DO0O0DOUDOO.0D000,Az=0000 Ay —0.

ggooood
Ax
/ pu— 1 —_— =
f(z>_Alslcg0Aw ! (10-7)
gogooood
/ _ _iAy__
f(z)—Alngi y 1 (10.8)

000,000000000000000, f(2)=2*000000000000.

ggoboobooooooooood,

flz)=1/z0,z=000000000000.

ggoooooad.

10.3 00000 Cauchy-Riemann 00 0O O

gobggo,oobboooobboo. bboobobboooobboobobbooo
g, gdbobobuoooobbuoooooob.

1031 OO0ODOOOO

1000200000 f(2) U0 z=200000000,0000000 f(zx)ODOO
o0l10boooooboobooobogoooo

f(x) = f(xo) + ah (10.9)

000,h=(x—29)000. 00,0000, 000000 2000000000

0oo
a= lim flao + h})L — ) _ %(mo) (10.10)
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0100 0000

2000 2,y0000 f(z,y) 00 z =29,y =y 0000000,0000000,
00 1000000000000000

f(z,y) = f(zo,y0) + alx — z0) + by — yo) (10.11)

000, b0000,0000000000000000O

a= %(Q:O,yo) (10.12)
0

1032 ODODOODOO

000,0000 z=z+iw00000 f(2) =ulz,y) +iv(x,y) OO0 2o = xo + Yo
oooooobgoobob,0obooobgo,0b1b0o0ob0oboboobDoobooo

f(2) = f(20) + oz — 20) (10.14)
gob,cd0000,0000000000000000

_df
- dz

O00,a=a¢+¢%00,0000000000000000O0O

& (20) (10.15)

u(z,y) = u(zo, yo) + alz — xo) — b(y — yo) (10.16)
v(@,y) = v(zo,yo) + bz — xo) + aly — yo) (10.17)

000,00 (10.11) 00, u(z,y) 0 v(z,y) 00000 (z0,9) 000000000000
ooooo.
000,00000 0 —h00000000000OOOOO0

ou Ov

727 10.1
or 0Oy (10.18)
ou ov

-7 10.1
dy ox (10.19)

O00000o0oooooo. O (10.16) 00

a = 0u (10.20)
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—b = dyu (10.21)
00,0 (10.17) 00

b= 0, (10.22)

a = Oyv (10.23)

000,0 (10.18) 0 (10.19)000D00. O (10.18) O (10.19) O Cauchy-Riemann O
uboobd.oboobuooboboobobo,oboobooboboan

00 1031 f(>»)00O0OODOOOO0DODOOOUDOOOOUODOOOODOOOO,0000
u(z,y) 000 v(z,y) 0000000000000, OO Cauchy-Riemann O 0O 00O
(10.18), (10.19)0000000000.

00 1032 00 DOOOOOOO0 f(2) 000 (holomorphic) 00000, 0000
0000000000000000O0OO.

00 1031 e000000ODO0ODOOODOODOO.

(000)0 e* =e" = e%cosy +ie®siny 00 u=e%cosy, v =e"siny 00 0. O
O0,«w0000000000. 00, dyu=e*cosy, Oyv = e*cosy, Oyu = —e”siny,
0,v =€"siny 00 Cauchy-Riemann 000 00000. 000,e* 0000 20000
goooo. oo, goobgooga.

10.4 CauchyO OO OO

Cauchy-Riemann 00 0O (10.18), (10.19) 0 Green D00 D 0OO0DO0O0O0OOODO
g, ggoobdooooobobogoobobooobobobbooooboboooob

00 1041 0000 z=2+4y 000000 f(2)=u(z,y)+iv(z,y)000. 000
0,0000 DO0O0OODO COO0O0O0, f()0000000,0000000.

f f(z)dz =0 (10.24)
C

O000,00000 f(:)0 CO00 DOOUOOOOO, f(;)OO0OO0ODDOOOOO
g, gggoooobo,obobodgg. bob,bbbooooooobobbooooog
ggobboooobbboooub,bbbooobbboooobo.
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0100 0000

0000000000.0000 z=2+i 000000 f(2)=u(z,y) +iv(z,y) O
0000

]i f(z)dz = jé (u+ iv) (dz + idy) = ]{; (udz — vdy) + i 72 (vdz + udy)  (10.25)

0000000000 GreenO OO

%Fdx: —/ 0y Fdzdy (10.26)
C D

j{de:/ 0, Fdxzdy (10.27)
C D

0ooo,0 (10.25) 0000000000

]{ (udx —vdy) = —/ (Oyu + Ozv)dxdy (10.28)
c D
j{ (vdx + udy) = / (Ozu — Oyv)dady (10.29)
c D

000, f(z)0 COO0O0DOOOOO0OO, Cauchy-Riemann 0000 (10.18), (10.19)
000000,000000000.0000000

000,00 1021000000 :0000000000,000000000000
oo.

00,1/20 »=000000000.0000000000000000000,00
000000000000.000,000CO,Jz/=r(>000000000000
000 -0000000,000000 2=0000000000000000000
00,000 CO0|z2—1=0100000 (1,0000000000 010000000,
000000 ,=000000000000 1/:00000000000000000
0o.

000000,0000000000000000. 000000000 CO |2 =
r(>0)00,0000000000

f[i; 2dz (10.30)

gooo,oon z:T’ewDDDDDD,DDDDD 0<6<2r000,00 dz/df =
ire 00 dz =ire’dd 00O,

2m 2m
% zdz = / reire® 9 = ir? / % d6 (10.31)
c 0 0

O00,Euler0000€e™ =cos20+4sin2000,000000000000.
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000000000, (pr000)0000000000000000000000
0000,000000000000000. 000000,00 " 00000000
000,00000000.

00,000000000000000000000000000. 00000000
0COo000 |zl=r(>0)000.

f L (10.32)
C

z

goooooooobbon,

1 27 . . 27
7{ —dz = / rle”Yire'? df = z/ df = 2mi (10.33)
c < 0 0

00000000000. 0000000 ™ 000000000000000000
000,000000000000.C:|z=r>00000
(i)n =0,1,2,3,--- 000

}{ 2"dz =0 (10.34)
c
(ijn=-1000
7{ 2"dz = 2mi (10.35)
c
(iti)n = —2, -3, —4,--- 000
% 2"dz =0 (10.36)
c

000,n=-10000000000000.0000000000. 00, @()000,
0000000000000, Cauchy 000000 DD0O0000. (i)000000
0 (10.33) 000. (i) 000, 2”0 1/22000 »=0000000000, Cauchy O
000000000. 000000, ¢ 000000000000, Euler000000
000000. 0000000

00 ()0 (i) 0000000000000000000. 00 ()00000000
000000, 00 () 0000000000000, 0O00,00000000000
0,000000000000000000.000000, CauchyDOOOOOOODO
oooooooo.

105 OOOoOOOOd
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90 0100 0000

I A T A O T Iy
gobobooooboboooobbooooobooog

xr __ 1 2 1 3

e _1+x+am +§x +oe (10.37)

inz=2- 2%+ = a8 10.38

Sing =2 — 5o +a$ — (10.38)
PRI I S 10.39

cosz=1-x —1—130 — (10.39)

000000000000000000000000. 00000000, 00,00
0000000 f(z)00O000

f(z) = ap + a1z + agx® + azx® + - - (10.40)
OO0D0O00 eDO000000D00D0O. z2=00000000
ao = f(0) (10.41)

U, 0ogog,0bbbobbbbb,000ooouoooooooooobbbbn

goodooooon
f(z) = ay + 2asx + 3agz?® + - - (10.42)

0000,z=00000000
a1 = f(0) (10.43)

3000000000000000000000. 00,0000 (10.40) 0
/ 1 " 2 1 iz 3
f(z) = f0) + f[(0)z + 53 f(0)2" + o f7(0)2” + -+ (10.44)

00 1051 0000 f(zr)=e*0000000000O0ODOO.

ooooo
ap = f(0) =1 (10.45)
a = f/(0) =1 (10.46)
4y = % £7(0) = % (10.47)
a5 = — F7(0) = — (10.48)



106 ODOO0O0OO0O0O0O

00,0 (1037) 00000000000 OOOO0.

0(1040)0000,20 z—p0000000
f(@) =ao+ai(z —p) +az(x —p)* +az(zx —p)* + - - (10.49)

0 (1040)00 2 =000000 ¢;000,0 (1044)000. 00000, O (10.49)
00 z=p000000000000000

f@%zﬂm+ﬁﬂmm—p%+%fﬁmx—m2+§ﬁm@ﬂw—m3+~~ (10.50)

0 (10.50) 0 f(#)0 x =p00000000,0000 Taylor 000000000
0000.000,0 (1044)0 x=000000000, 0000 Maclaurin 000 O
0D00000000. 000 Tayleer 000 p=0000000000 Maclaurin 000
oo.

106 OOQOQOQOoOooOonO
oo, 0dgooooogad f(z)DDDDDDDDDD
f(z) =a_ 9z ?+a_12" +ag+ a1zt + axz? (10.51)

0000000000000 C:|zl=1000000

]{f(z)dz (10.52)
c
O (10.34), (10.35) 000 (10.36) 00, 00000000000000, 1/200000
noooo,
]{ f(2)dz = 2mia_y (10.53)
c

gogoboobooogbobooon.

Ude,0og,bbbbbbbbbObOo0b0. bbbbbbL, 000000 oOon
oobo,0bb0 2 0bO0oo0boboooobboo0. obbobooob, oo
oo oooooobooboobobobobb.obbbbboboobb,00d
gogobobooooooo.

10.7 Laurent 0O O0O0D0OOODOOOO

gogoooooobobooodoooouooob. ooouooo,oooooooono,
oooooo 1/z0000000. 000, 000000000 DOOODOOOOOO
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0100 0000

OO00D000O00b000O0DbO000O0DO0DbOo0b0.000bO000 Lawrent 00O OO

0oo
f2)=-+a oz +ta 127 fag+arzt +ag2® + - (10.54)

000000,00000 Maclaurin 0000 ag+a12' + a2z +a3z®+--- 0000
00000000 Lawrent 0000 000. 0O00DO0,00 e, 000000.

0 (10.54) 0 Laurent 000 2 =000000000000000,0000 z2=s0
00000000000000. 00000, MaclaurinO0000O Taylor 0000000
000,20 z—s0000000000

f(2)=-Faos(z—8) 2 +a_1(z—5) " +ag+ai(z—s) +az(z—s)?+--- (10.55)
gog,0o0o0boboooooo0dooogooon

00 10.7.1 f(»)0000 z=s0O Laurent 00O

f(2) :Zan(z—s)" (10.56)
ooooo,1/(z—s)000e; 0 z=s000000000.000000,
a_1 = Res[f, s] (10.57)

00000, ResO residueD 00000000, 00000, 00000, Res0000
0.000,0 (10.53) O

7{ f(2)dz = 2mi Res (10.58)
c

goo.

OO0 1: 0J00b00o00obo0oboobooooboobooooobo. o
002 0 (1057 000000000O00O0O. 00O,dz0000000. O

ub,0b0 e 0onoooo. oggn
f(2)=a_127 4+ ap+ a2’ (10.59)

0000.00000 (10590000 .~ '00000000 1000000000. O
O0000Db0 =0000,000000000.0000,000000 10000
ooobooobooobooboo0o.obooboobOo,2=0000000,000D00
Oob0.00,0000 :=000000000000.000,z000000000D00

goobog
2f(2) = a_1 + apz + a1 2° (10.60)
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ob00000000000,00 ey 000O0O

lim zf(2) = a_1 = Res (10.61)

z—0
100000000, 00000D000DO0O0O0O0DOODb.
0o,
f(z)=a_9z?4+a_127t +ag+ a2t (10.62)
oooo. (10.62) O 220000000000,2000000000.000000 %
000000000 2000000,a2"'0000000.00,2200000

zzf(z) =a_9+4a_12+ apz® + a12> (10.63)

ooo0,00b o0 z:000000,000000 e120000.000,000000
g, dbobobuooooboooooooodg

d
&[fo(z)] = a_1 + 2apz + 3a1 2> (10.64)

oo0o,0bdoob 2000b00000D0O0D0 ey 0DODOO
limi[fo(z)]:a_lzRes (10.65)
z—0 dz

200000000, z2000000D000DODODODO.

00000,00000 (10590000 27100000000 1000000000.
000, (10.62) O »720000000000,200000000000. 000,n0
goobbooooobooo

1 dnt!
(1)1 2 1
O000o0. 0000 2=00000 2=s000

oy (e - o) (2) = Res (10.67)

[2"f(2)] = Res (10.66)

ggo.

gbobogobooboobobbobobo,o0gbooboobobb,00bad
(10.66), (10.67) 0 000,000 Laurent 00000000 ResODOODOODODOOO
ggooooooooo.

00 1071 C:|z/=10000

7{ L P (10.68)
C

22
OO00O0. 0000D0,000000000000D000D00ODO,0000 ResODOO
0.0000 (1058) 00,00 ResO 200000 OKODOO.
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0100 0000

000000cosz/220000 2=00000 Laurent 0000000

CoS 2 1 0 1
_ = — 4+ - — — 4+ ... 10.69
22 22+z 2+ ( )

obo,00 e, 0oboboo. bbb booon.
OD000O0DOcosz/220000 »=0020000000000000, 00 (10.66)

oo
d ,cosz

] =1lim(—sinz) =0 (10.70)

z—0 dz 22 z—0

goooooooob,ooooooooo.

108 OO OO

goboo,dgobobboodobooboooobbooo. oo, obbbooboboboOon
gooobodood. ggoooog,gguboobbouooobooooag.

00 1081 0000 f(2)0000 CO000,000 s,---,sy0000,0000
000, 0 (1058) 00000

fc f(2)dz = 271y Resl, 5] (10.71)

Ooob.0obo,000b0boo,obooboobog,bob 2ee0000ODOO.

00 1081 C:|z/=50000
j{;dz (10.72)
CZ2+3Z+2 '
ooood.

0000022 +324+2=(2+1)(24+2) 000000, 2=-1,2=-2000 1000
000.000000000000000000DO0. OO0 ResO,00 (1067)00,00
00 lim,,_1(2+1)/{(z+1)(»+2)} =1000 lim,,_o(2+2)/{(z+1)(24+2)} = -1
O00.00000,000000,0000 27ri(1—-1)=0.

00 1082 C:|z/=1.50000

1
4 10.
74022+3z+22 (10.73)

gooo.
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C:

X -1

0102 O0OOO C

ooooob »=—-1000000D00O0DO00O,z2=-2000000.000,000
0000 z=-1000 OKOOOD.OOO,0000 2000,

109 OODOODOOOOoOoOoOoooooDO

0000000000, 0000000000000000.000,00000000
000000, 000000000000000. 000000000000
00o00,0000 22+100000

& 1

gogoo. bbb 00obbbbboooooobbbbboooog. bbbooooon
000000,000022+100000

f L 4 (10.75)
C

2241
dooo.ddd z=:,—ooooooooon
odooooo 10200000000000,2z=¢00000000000000. O

000000000000 (000000 D0O0). DoD0o0oUo0oD C=0C;+0C, 0
gooo,b0boooobooan

1 1 1
dz = d d 10.76
7{czQ+1z /0122+1Z+/0222+1z (1076)
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0100 0000

Oo00,00 c;000000000000000,0000D00D00000O00O00OO

00
1 S| 1

dz = d d 10.77

jizhrlz /_R:c2+1 x+/0222+1z ( )

000,R—o0o0000,000000000000O (10.74)00000.000000,
| 1 1

dz = dz — d 10.78

/_oox2+1x 7€;z2+1z /(;2z2+1z (10.78)

0000000000000. 000,0000 R—»oo000000O00O00O0D00O
0000000000000000000 OKOOO. 000000000000, O.
ooog, oo,

& 1 1
dz = d 10.79
/_009324—13j 7{Cz2+1z ( )
000,000,000 1/2)000,7~000.000,
o 1
= (10.80)

Oo00. 0 (l0.79 0000000000, (1074 00000000000 DO0OOOO.
gooboooon

/CZ Zzlﬂdz g/@ Z211)|dz] (10.81)
z=Re", (0<0<m) 0000, dz=1iRe?dd 00
dz| = |i| |R||e”| =1R1 =R (10.82)
00, la+b] > |a]—[b|00
21 ‘_ Lo (10.83)
2241 22| -1 R?2-1

goo,boodn

1
d
/022/24—1 c

000 R—ooUDO,0000000.000,0000D00000DOOOODODOO
goooogooood.

™ R Rm
< = 10.84
_/O R2—1d9 I (10.84)

OO0D0DO00O000O000D0 —D00D00D00,Resd —ResOO0O. OOOOCOO,
0000000000, —R(=-0)00 R(=c0)0000000OO0OOO,000000
goobogoboobdooopooboo,goobobooooobobooooon.



