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(T`(Â),Z`(1)) = T`(A)
Q

uX
L

Y_[ ci q\X_]Y\c Xi|Ya_X`VY _ca
A

} Si iS[Y
ϕL : A → Â
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�� : ��� A� � �
����� F � 
�� � �� OXy ,an �B �A��� ��� ���C� A�A�
� A� F � ��� �C��
�C y 7→ dimHq(Xy,Fy) ��� ��B 
���C�
C�� ��� ��
����B �C� � A� � ���� �
 �� �� ��� ������B �C� ��C���C���
Rqf?F

��� ������B �C� �
��� �� �� � ��B ��
�C ��BB��� 3 ���� �� �C� �B �C� A� �����
� ����� !" #�� � sSXa �j� } $$$ Qd QPv Y[ $$$ Qd QPe Q

�

������ !" #�� �� ����� �  Y_ �`aY_ gY
f

|ZaX�Yi[
dimH1(f−1(y),Of−1(y),an) = 1

mcX_bcY ]Y _Si[ gY_
]Sca` Y_ ]SiiY�Y_ gY WYiaY \aX[TU Z[XbcY

1
Q RYV\ Yi[a\	iY } Wa
]Y \c [TZSayU Y j Qd QPe } bcY

R1f?OA′(C),an
Y_[

ci
OP1(C),an

�USgcVY Xi|Ya_X`VY � XV Yi |\ gY U �UY gY
L |P1(C)

} g h\may_ V\ aYU \abcY j Qd Qk Q zS[Si_
L→ P1(C)VY �`aZ |Y][SaXYV \i\V^[XbcY \__S ]XZ Q

kj
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L ��� ��� ����C�� � �� (L→ P1(C)) ∈ An(P1(C)) �

� ����� !" #�� � uSX[
(T

g
−→ P1(C)) ∈ An(P1(C))

Q GmmVXbcSi_ VY [TZSayUY gY ]T\iWYU Yi[ gY `\_Y maSmaY
Yi ]STSUSVSWXY ]STZaYi[Y \i\V^[XbcY �[TZSayU Y j Qd QPe� \c ]\aaZ ]\a[Z_XYi _cX|\i[ �

A′(C)×P1(C) T
h

fT

A′(C)

f

T
g

P1(C)

!i S`[XYi[ } Yi c[XVX_\i[ gY mVc_ V\ aYU \abcY j Qd Qk �

g?
(

L |P1(C)

)

= g?R1f?OA′(C),an = R1fT,?OA′(C)×
P1(C)T,an = L |T

Q

p\a ]Si_ZbcYi[ }
Γ(T,L ) = Γ

(

T, g?
(

L |P1(C)

)) Q  Y q\X_]Y\c Xi|Ya_X`VY
g?
(

L |P1(C)

) ]SaaY_mSig \c �`aZ |Y]�
[SaXYV

L ×P1(C) T → T
� ]SUUY gY mVc_ _Y gSiiYa ciY _Y][XSi \i\V^[XbcY gY ]Y �`aZ aY|XYi[ � _Y gSiiYa ciY

P1(C)
�\mmVX]\[XSi \i\V^[XbcY

T → L
} Si \ maSc|Z VY _Sc_�VYUUY Q

�

 \ maSmS_X[XSi j Qd Qk mYaU Y[ U\Xi[Yi\i[ gY ]Si]VcaY } ]\a VY q\X_]Y\c _ca
P1(C)

gY_ _Y][XSi_
C ∞ gY

L
Y_[

VY
OP1(C),diff

�U SgcVY Xi|Ya_X`VY
L |P1(C) ⊗O

P1(C),an
OP1(C),diff

�]YV\ _Y |SX[ VS ]\VYU Yi[ _ca
P1(C)� } Y[ gY U �UY

\may_ [Sc[ ]T\iWYUYi[ gY `\_Y Q
�

�/../ � �� ��� � �C � R1f?Z = R1f?Z �
� ����� !" #�� �  Y qSi][Yca gY �SiYg\ Z[\i[ mVYXiYU Yi[ �gyVY } XV Y� X_[Y ciY

P1(C)
�\mmVX]\[XSi \i\V^[XbcY

m : L→ A(C)
XigcX_\i[ V\ �y]TY

L → Aan
gY V\ _c X[Y Y�\][Y �r � Q p\a ]Si_ZbcYi[ }

R1f?Z
Y_[ aYmaZ_Yi[\`VY

�iSUUZUYi[ } m\a VY
P1(C)

�Y_m\]Y \i\V^[XbcY aZgcX[
M

maSgcX[ �`aZ gY
L

Y[
P1(C)

\c�gY__c_ gY
A(C)

} VY_
�y]TY_ XUmVX]X[Y_ Z[\i[

m
Y[ V\ _Y][XSi icVVY � Q $V Y_[ `XYi ]Siic bcY _ca ]T\bcY �`aY gY V\ maS~ Y][XSi |Ya_

P1(C)
}
m

Y_[ VS ]\VYU Yi[ ci X_SUSamTX_UY � ]SUUY
L → P1(C)

Y[
A(C) → P1(C)

_Si[ _c`U Ya_X|Y_ } ]YV\
XUmVXbcY bcY

m
Y_[ VS ]\VYUYi[ ci X_SUSamTX_U Y Q $V Yi |\ gSi] gY U �UY gY V\ maS~ Y][XSi

M → P1(C)
Q G Xi_X }

[Sc[Y
P1(C)

�\mm VX]\[XSi
C ∞ gY `c[

M
Y_[ \i\V^[XbcY } g hS� VY aZ_cV[\[ Wa
]Y � V\ maSmS_X[XSi j Qd Qk Q

�

"i�i } V\ maSmS_X[XSi j Qd Qk USi[aY bcY
Aan = Adiff

Q ¡ h\may_ V\ maSmS_X[XSi j Qd Qj Y[ VY_ VYUUY_ j Qd QPd Y[
j Qd QPP} V h\mmVX]\[XSi gY V hSm Za\[XSi

F 7→ F
� V\ _cX[Y �r � qScaiX[ V\ _cX[Y Y�\][Y gY q\X_]Y\c� _ca

An(P1(C))
�

0 R1f?Z L ⊗OAn(P1(C)),an
OAn(P1(C)),diff Adiff 0

�Y_[aYXWiSi_�V\ � V hY_m\]Y [SmSVSWXbcY
P1(C)

Y[ m\__Si_ Yi ]STSUSVSWXY �

H1(P1(C),L ⊗O
P1(C),an

OP1(C),diff) H1(P1(C), Adiff) H2(P1(C), R1f?Z)

 Y gYaiXYa [YaU Y Y_[ icV �VYUUY j Qd Q{� Q 	i
OP1(C),diff

�U SgcVY Y_[ ci q\X_]Y\c USc �Wa
]Y � V hY� X_[Yi]Y gY
m\a[X[XSi_ gY V hciX[Z� Y[ gSi] \]^]VXbcY Q p\a ]Si_ZbcYi[ VY maYU XYa [YaU Y Y_[ ic V \c__X Q !i \ \Xi_X maSc|Z �
��	
	��
�	� � �� ��� �

H1(P1(C), Adiff) = 0 �
 Y q\X_]Y\c

nA
Y_[ ]Si_[ac][X`VY } mcX_bcY aYmaZ_Yi[Z m\a ci _]TZU \ Z[\VY � g h\may_ VY [TZSayUY gY ]SUm\�

a\X_Si Yi[aY ]STSUSVSWXY Z[\VY g hciY |\aXZ[Z \VWZ`aXbcY _ca
C

Y[ ]STSUSVSWXY gY V hY_m\]Y \i\V^[XbcY \__S]XZ }
Si \ gSi] ci X_SUSamTX_U Y ]\iSiXbcY

H1(P1
C, nA) = H1(P1(C), nAan)

Q
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0 nAan Aan
n
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0 nAdiff Adiff

n
Adiff 0

�{ �
��C� �2 ����� ��

nAdiff = nAan �
� ����� !" #�� �  Y USamTX_U Y

nA : A → A
Z[\i[ Z[\VY �maSmS_X[XSi j Qe Q{� } V\ UcV[XmVX]\[XSi m\a

n
gY

A(C)
Y_[ VS ]\VYU Yi[ ci X_SUSamTX_U Y gY |\aXZ[Z_ \i\V^[XbcY_ Q RY]X maSc|Y V hY�\][X[cgY gY V\ maYU XyaY _cX[Y Q

GmmVXbcSi_�VcX V hSmZa\[XSi
F 7→ F

� g h\may_ VY_ maSmS_X[XSi_ j Qd Qj Y[ j Qd Qk } Si S`[XYi[ V\ _cX[Y Y�\][Y �

0 nAan Adiff
n

Adiff 0

$V aY_[Y � maSc|Ya bcY
nAan = nAan

Q  Y q\X_]Y\c
nAan

Y_[ aYmaZ_Yi[Z m\a V\ |\aXZ[Z \i\V^[XbcY
(nA)(C) =

A(C)×A(C)P1(C)
} VY_ �y]TY_ XUmVX]X[Y_ Z[\i[ V\ UcV[XmVX]\[XSi m\a

n
Y[ V\ _Y][XSi icVVY Q ¡ h\may_ V\ maSmS_X[XSi

j Qd Qk } XV _cD [ gSi] gY USi[aYa bcY mSca
T ∈ An(P1(C))

} [Sc[Y
P1(C)

�\mmVX]\[XSi
C∞ g : T → (nA)(C)

Y_[
\i\V^[XbcY Q RY]X Y_[ ]V\Xa mcX_bcY V\ maS~ Y][XSi

(nA)(C) → P1(C)
Y_[ VS ]\VYU Yi[ ci X_SUSamTX_U Y } Z[\i[

gZgcX[Y gY V\ UcV[XmVX]\[XSi m\a
n

_ca
A(C)

m\a ]T\iWYUYi[ gY `\_Y Q
�

RY VYUUY USi[aY bcY V hSi \ U �UY
H1(P1

C, nA) = H1(P1(C), nAdiff)
Q  \ _cX[Y Y�\][Y �{ � qScaiX[ ciY

�y]TY
H0(P1(C), Adiff) → H1(P1(C), nAdiff)

} gSi[ V\ maSmS_X[XSi j Qd QPj USi[aY bc hYVVY Y_[ _ca~ Y][X|Y Q G Xi_X }
[Sc[

α ∈ H1(P1
C, nA)

Y_[ XigcX[ m\a ci
S ∈ H0(P1(C), Adiff)

Q zSc_ \VVSi_ U \Xi[Yi\i[ Y�maXU Ya VY_ Yi[XYa_
\__S ]XZ_ �

α
\mm\a\X__\i[ g\i_ V hZiSi]Z gc [TZSayU Y j Qk Qr Yi qSi][XSi gY

S
Q pSca

T ∈ An(A′(C))
} iS[Si_

OT,diff,an
VY q\X_]Y\c _ca

T
gY_ qSi][XSi_

C∞ � |\VYca_ ]SUmVY�Y_ gSi[ VY_ aY_[aX][XSi_ \c� �`aY_ gY V\
]SUmS_ZY

T → A′(C) → P1(C)
_Si[ \i\V^[XbcY_ Q zS[Si_

OAn(A′(C)),diff,an
VY q\X_]Y\c _ca

An(A′(C))
gZ�iX

m\a
OAn(A′(C)),diff,an(T ) = OT,diff,an(T )

Q p\a V\ _cX[Y } \�i g h\VVZWYa VY_ iS[\[XSi_ } Si Z]aXa\ _Sc|Yi[
OA′,an

}
OA′,diff,an

}
OP1,diff

\c VXYc gY
OA′(C),an

}
OA′(C),diff,an

}
OP1(C),diff

Q
uSX[

g : X → P1
C

ci [Sa_Yca _Sc_
A

Q RSUUY VY_ �`aY_ gY
g

_Si[ ]SUm\][Y_ }
g?OX′,diff,an = OP1,diff

Q ¡Y
m Vc_ }

OP1,diff
Z[\i[ USc } VY WaScmY

Hi(P1(C),OP1,diff)
Y_[ icV mSca [Sc[

i > 0
� V\ _cX[Y Y�\][Y Y�mSiYi[XYVVY

U Si[aY gSi] bcY
H2(P1(C),O?

P1,diff) = H3(P1(C),Z) = 0
Q

" VVY U Si[aY \c__X bcY
H2(P1(C),O?

P1,an) = 0
Q G Xi _X } VY_ _cX[Y_ _mY][a\VY_ gY  Ya\^ mSca

g
Y[ VY_ q\X_]Y\c�

OX′,diff,an
Y[

OX′,an
qScai X__Yi[ VY gX\Wa\UUY ]SUUc[\[Xq _cX|\i[ } gSi[ VY_ VXWiY_ _Si[ Y�\][Y_ �

0 H1(P1(C),O?
P1,an) H1(X ′(C),O?

X′,an) H0(P1(C), R1g?O?
X′,an) 0

0 H1(P1(C),O?
P1,diff) H1(X ′(C),O?

X′,diff,an) H0(P1(C), R1g?O
?
X′,diff,an) 0

�� �

��	
	��
�	� � �� ��� � �� B ��� � 
�B � ��C�C
��� (L )|P1(C) −→ R1f?OA′,diff,an
��� �C 
��B ��� � 
�B ��

� ����� !" #�� �  \ qSi][XSi a\[XSiiYVVY
x

_ca
A′(C)

mYaU Y[ gY q\][SaX_Ya
f

Yi
A′(C)

g
−→ P

p
−→ P1(C)

}
S�

p
Y_[ ci �`aZ maS~ Y][Xq Y[

g
ci aY|�[YU Yi[ a\U X�Z gSc`VY } Y[ V hSi \ \VSa_

g?OA′,an ≈ OP,an ⊕ OP,an(−2)VS ]\VYUYi[ _ca
P1(C)

mSca V\ [SmSVSWXY gY =\aX_# X �|SXa �ke� } $$$ Qe� Q GgUY[[Si_ bcY
g?OA′,an⊗OP,an OP,diff,an =

g?OA′,diff,an
�Si mYc[ VY |ZaX�Ya � V h\XgY g hZbc\[XSi_ VS ]\VY_� Q RSUUY

g
Y_[ �iX }

g?
Y_[ Y�\][ } Y[ XV _cD [ gSi]

gY maSc|Ya bcY
R1p?(OP,an(m))⊗OY,an OY,diff = R1p?(OP,diff,an(m))

mSca [Sc[
m ∈ Z

} _X
Y

Y_[ ci Sc|Ya[ gY
P1(C)

} Yi iS[\i[
OP,diff,an(m) = OP,diff,an⊗OP,an OP,an(m) �VYUUY j Qd QPP� Q uSX[ i ciY _Y][XSi gY

p
_ca

Y
Q  \

_cX[Y Y�\][Y
0 OP,an(m− 1) OP,an(m) i?OY,an(m) 0

Y[ VY VYUUY gY_ ]Xib mYaU Y[[Yi[ gY _Y a\UYiYa � V\ maSmS_X[XSi _c X|\i[Y Q
�

��	
	��
�	� � �� ��� � � �
�C� Y �C ��
��� A�
P1(C)� P = Y ×P1(C) �� p : P → Y �� � ��B 
��� � ��� ���
�C �

�C C��� F �� � �
����� ��� P A�� � �C ��
�C� C∞ 3 
������ ��B� ��2 ��� �C��@�
���� ��� ��� : ���� A� p � � ����
R1p?F = 0 �
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������ !" #�� � uSXYi[
U = {(t, z) ∈ Y × P1(C) ; |z| < 2}

Y[
V = {(t, z) ∈ Y × P1(C) ; |z| > 1}

} Z[\i[
Yi[Yigc bcY V hSi \ ]TSX_X ci mSXi[

∞ ∈ P1(C)
Y[ bcY V hSi XgYi[X�Y _Si ]SUmVZU Yi[\XaY �

C
} ]Y bc X gSiiY

ci _Yi_ �
|z|

mSca
z ∈ P1(C)

} Yi ]Si|Yi\i[ bcY
|∞| = +∞

Q  \ _cX[Y Y�\][Y gY x \^Ya�s XY[SaX_ mSca VY
aY]Sc|aYU Yi[ Sc|Ya[

(U, V )
gY

P
_ hZ]aX[ �

(p|U )?F |U ⊕ (p|V )?F |V
α

(p|U∩V )?F |U∩V R1p?F R1(p|U )?F |U ⊕R1(p|V )?F |V

$V _cD [ gSi] gY USi[aYa bcY
α

Y_[ _ca~ Y][X|Y Y[ bcY
R1(p|U )?F |U = 0 �Yi Y�Y[ }

U
Y[
V

Z[\i[
Y

�X_SUSamTY_ }
R1(p|V )?F |V = 0

_ hYi gZgcX[� Q
uSXYi[

Y0 ⊂ Y
ci Sc|Ya[ Y[

g : Y0 × (U ∩ V ) → C
ciY \mmVX]\[XSi

C∞ } \i\V^[XbcY _ca VY_ �`aY_ gY
p
Q

uSXYi[
gU : Y0 × U → C

Y[
gV : Y0 × V → C

VY_ \mmVX]\[XSi_ gZ�iXY_ m\a

gU (t, z) =
1

2iπ

∫

γU (z)

g(t, w)

w − z
dw

Y[
gV (t, z) =

1

2iπ

∫

γV (z)

g(t, w)

w − z
dw

}

S�
γU (z) �aY_m Q

γV (z)� Y_[ ci ]Ya]VY g\i_
U �aY_m Q

V � m\a]Scac g\i_ VY _Yi_ gXaY][ Y[ Yi[Sca\i[
z �aY_m Q

i hYi[Sca\i[ m\_
z� Q RY_ Xi[ZWa\VY_ iY gZmYigYi[ m\_ gY_ ]Ya]VY_ ]TSX_X_ Q  Y_ qSi][XSi_

gU
Y[
gV

_Si[
C∞ Y[

\i\V^[XbcY_ _ca VY_ �`aY_ gY
p
} Y[ V hSi |ZaX�Y _\i_ m YXiY bcY

gU − gV = g
_ca

Y0 × (U ∩ V ) �Xi[ZWaYa _YVSi ci
]Si[Sca m\a]Sca\i[ VY_ gYc� ]Ya]VY_� Q p\a ]Si_ZbcYi[ }

α
Y_[ `XYi _ca~ Y][X|Y Q

 Sa_bcY
g

Y_[ ciY qSi][XSi
C∞ _ca ci maSgcX[

A×B
S�
B

Y_[ ci Sc|Ya[ gY
C

Y[
A

ciY |\aXZ[Z gX�ZaYi[XYVVY }
Si iS[Ya\

∂g
V\ qSi][XSi _ca

A×B
S`[YicY Yi \mmVXbc\i[ V hSm Za\[Yca

∂
c_cYV _ca ]T\bcY �`aY gY V\ maYU XyaY

maS~ Y][XSi } ] hY_[���gXaY �
(

∂g
)

(t, z) =
∂g

∂z
(t, z) =

1

2

(

∂g

∂x
(t, z) + i

∂g

∂y
(t, z)

)
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��� A�
Rq � r �� R A��2 ����� �
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�C� ��� �
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��� �C�
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A� ������ C∞ � ��� �� ��� ∂h = g|M×∆(r) �
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M
Y_[ ci mSXi[ } ]Y VYUUY Y_[ `XYi ]Siic �VYUUY gY ¡SV` Y\cV[ } ]q Q �ed� } " Qe� Q \ maYc|Y T\`X[cYVVY _ h\mmVXbcY _\i_ \c]ciY USgX�]\[XSi � V\ _X[c\[XSi maZ_Yi[Y Q
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 Y VYUUY maZ]ZgYi[ USi[aY bcY V\ _cX[Y

0 F |U OU,diff
∂

OU,diff 0

Y_[ Y�\][Y Q RSUUY
OU,diff

Y_[ ci q\X_]Y\c USc } ]Y[[Y _cX[Y Y_[ ciY aZ_SVc[XSi \]^]VXbcY gY
F |U

Q pSca USi[aYa
bcY

R1(p|U )?F |U = 0
} XV _cD [ gSi] gY USi[aYa bcY V\ _cX[Y aY_[Y Y�\][Y \may_ \mmVX]\[XSi gY

(p|U )?
} ]Y bcX

gZ]ScVY gc VYUUY _cX|\i[ Q
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f

Y_[ ciY qSi][XSi � |\VYca_ ]SUmVY�Y_ _ca ci Yi_YU`VY
T

Y[ bcY
T0 ⊂ T

} Si iS[Y
‖f‖T0

= supt∈T0
|f(t)|

Q

������ !" #�� � uSX[
rn = (1−2−n)R

Q zSc_ \VVSi_ ]Si_[acXaY ciY _cX[Y gY qSi][XSi_
hn : M×∆(rn)→ CgY ]V\__Y

C∞ } |ZaX�\i[ �
PQ
∂hn = g|M×∆(rn)

�
e Q mSca

n > 2
}
‖hn+1 − hn‖M0×∆(rn−1)

6 2−n �
k Q mSca

n > 2
Y[
t ∈M0

} V\ qSi][XSi \i\V^[XbcY
(hn+1 − hn)(t, ·)

\gUY[ ci �ZaS g hSagaY \c USXi_
n

Yi
0�YVVY Y_[ \i\V^[XbcY ]\a

∂hn+1 = ∂hn
\c |SX_Xi\WY gY

(t, 0)� Q
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 Y VYUUY j Qd QP� \__caY V hY� X_[Yi]Y gY
h1

Y[
h2

|ZaX�\i[ V\ ]SigX[XSi PQ pSca
n > 3

} _cmmS_Si_
h1, . . . , hn−1]Si_[acX[Y_ [YVVY_ bcY VY_ ]SigX[XSi_ P � k _SXYi[ |ZaX�ZY_ Q uSX[

ϕ : M ×∆(rn) → C
gY ]V\__Y

C∞ [YVVY bcY
∂ϕ = g|M×∆(rn)

�VYUUY j Qd QP�� Q RSUUY
∂(ϕ− hn−1) = 0
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