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∫

α

1

z
dz =

π∫

0

e−it · ieit dt = πi

K B=
∫

β

1

z
dz =

1∫

0

(1− t) + it

(1− t)2 + t2
· (−1− i) dt+

2∫

1

(1− t)− i(t− 2)

(1− t)2 + (t− 2)2
· (i− 1) dt = −πi
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QSR!TVUWR B@=4XZYB4:>X\[]J_^ K4` 9aX\:>F]b4:>X\;
γ : [0, 1]→ C, t 7→ t+ it K B=@X\[]c
de;<J

∫

γ
z̄2 dz =

1∫

0

(t− it)2 · (1 + i) dt =
2

3
− 2

3
i

Qgf2TVUWR B7Fihjc4[iX\: f J
γ1 : [0, 1] → C, t 7→ t K B= γ2 : [0, 1] → C, t 7→ 1 + it k
l R B4BWX\[]c
de;<J

` R B

∫

γ
z̄2 dz =

∫

γ1

z̄2 dz +

∫

γ2

z̄2 dz =

1∫

0

t2 dt+

1∫

0

(1− ti)2 · i dt =
4

3
+

2

3
i

Q h Tnm :>X\[H:>F]J ∫
γ
zez

2
dz = 0, o X\:<; 1

2
ez

2 X\:<BXqprJ R `s`utvK B4wrJ]:>A�B7:>F]J k
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x R hjc l XZYB4:<J]:>A�B@:>F]J

∫

α
f(z) dz =

b∫

a

f(α(t))α′(t) dt.



y�z4[(=O:>X{FiX{F(|}B�JiX\GI[ R ;�GI:<;<J Cy�z4[�~�X{=4X{F
ε1 > 0

XZ��:>FiJ]:>X\[]J_X\:<B
δ1 > 0 � FjAr= R FiF t z4[ {a0, . . . , aN} K B= {c1, . . . , cN} o :>X�:<B=4X\[(yA�[ `�K ;<:>X\[ K B4GD=4X\[(� K FiF R G!X�= R F(y
A�;<G!X\B=4X�GI:<;<J C

∣∣∣∣∣∣

b∫

a

f(α(t))α′(t)−
N∑

i=1

f(α(ci))α
′(ci)(ai − ai−1)

∣∣∣∣∣∣
< ε1.

l :>X�B
d�hicF]JiX�� K FiF R G!X o X\[i=4X\B o :<[ o X\:<JiX\[ K B�JiX\B�BA�hic f X o X\:>FjX\B k4� :<[ ` zFiFiX\B@^�X\:<G!X\B � = R FjF t z4[~�X{=4X{F
ε2 > 0

X\:<B
δ2 > 0

XZ�O:>F]J]:>X\[]J � FiA�= R FiF t z4[ R ;<;>X s, t, ξ ∈ [a, b] ` :<J s ≤ ξ ≤ t K B=
t− s < δ2

GI:<;<J
∣∣(α(t) − α(s))− (t− s)α′(x)

∣∣ < ε2.

l R ` :<J_X\[]c R ;<JiX\B o :<[ R K F(A f :<G!X\[�� f Fihjc
deJ]^ K B4G C
∣∣∣∣∣∣

b∫

a

f(α(t))α′(t) dt−
N∑

i=1

f(α(ci))(α(ai)− α(ai−1))

∣∣∣∣∣∣
< ε1 +Mε2,

o A f X\: M =4XZYB4:>X\[]J�FiX\: R ;>F
M = sup { |f(α(s))| ; s ∈ [a, b] } <∞ k� K4` 9aX o X\:>F�=4X\[ m :<; t F R K FiF R G!X�=4XZYB4:>X\[]J ` R B�=O:>X�y K B4w�J]:>A�B

ϕ : [a, b] × [a, b]→ C, (s, t) 7→ α(t)− α(s)

t− s , s 6= t

K B= ϕ(s, s) = α′(s) kU�R BWw R B4B�= R B4B�^�X\:<G!X\B � = R FiF ϕ
F]JiX\J]:<GV:>F]J k p�A ` :<J�:>F]J ϕ

R K hic�GI;>X\:>hjc ` de�I:<G�F]JiX\J]:<G k yA�;<GI;<:>hjcGI: f JDX{F t z4[q~�X{=4X{F ε > 0
X\:<B

δ > 0 � FiA�= R FiF t z4[ R ;<;>X (s, t), (s′, t′) ∈ [a, b] × [a, b] ` :<J
max { |s− s′|, |t− t′| } < δ

GI:<;<J

|ϕ(s, t)− ϕ(s′, t′)| < ε.

� dec4;<J ` R B7F]b�X\^{:>X\;<; s, t, ξ ∈ [a, b] ` :<J s ≤ ξ ≤ t K B= 0 < t− s < δ ≤ 1 � FiA t A�;<GIJ

|ϕ(s, t)− ϕ(ξ, ξ)| < ε.

l :>X{F f X{=4X K JiX\J Ref X\[HG!X\[ R =4X
∣∣∣∣
α(t)− α(s)

t− s − α′(ξ)
∣∣∣∣ < ε.

p�hic4;<:>X\�I;<:>hjc t A�;<GIJ(= R [ R K F

|(α(t) − α(s))− α′(ξ)|t− s|| < ε|t− s|.


