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¤¥qtl�a�¦kp^i2n`p�e§p^i¨gj[kikcfe^bfp�p§vki�n�qtp§v�v�g§©�p^[¨n`p�ehgj[�g�e^iX\^[kcfvXp^[2ª�\§l�«�\^ik[kcf¬{_6p^«�p^m�i¨bfp§v2l�_`�p^[kiXv2n�_®a�l�[Xn
n�q _`m}n`l�«®gjcdm6p;vkik[kcfe^iXp^«�p^m�i�]6vXp^_6n`l�e§l�m{�pG¯`p[Xp^b°gjikcd�p^«�p^m{iAe§l�«�]%g�e^i�n�q _`m6p�gj[kcf\^iX\;n`p�±�iXp^cdm²vk_`[
bfp§vX¬{_6p^bfv�l�m²]�p^_`i3[X\§v�l�_6n�[Xpbrqt\§¬{_%gjikcfl�mon`p�³�gj_6eX´�©{µ�¶�cfp^«®gjm`m·i�gjm`ª�p^m�ikcfp^bdbfpNp^m¸iXl�_`iQa`cfn`p^ª�[X\�¹

±�l�cfp^m{i
Ω
_`mºn`l�«®gjcdm6p®[Xp^b°gjikcd�p^«�p^m�i�e§l�«�]%g�e^ih»¢¼²a�l�[Xn

C∞ n�q _`m6p®�gj[kcf\^iX\®n`p½±�iXp^cdm
X
n`p

n�cd«�p^m6vkcfl�m
n
»
n ≥ 2

»6p^i
ω
_`m}l�_`�p^[ki�e§l�m`m6pG¯`p;n`p

∂Ω
¼¾a�l�[Xn²bdcfvXvXp"n`\G¿6m`c,]%gj[

ω = {z ∈ ∂Ω | Reϕ(z) < 0},

l�À
ϕ
p§vki._`m6pÁ
l�m6e^ikcfl�m}´6l�bfl�«�l�[k]`´6p>vk_`[

X
¹�Â.m·]�l�vXp

E(ω) = Ω ∩ {z ∈ X | Reϕ < 0}
¹�sub,p§vki

gjbfl�[Xv�a`cfp^m®e§l�m`m{_/¬{_6p�iXl�_`iXp�Á
l�m6e^ikcfl�m/³¨¶Ãe§l�m�ikcdm{_6p.vk_`[
ω
v�qt\^iXp^m6n�p^m�_`m6p¨ÁÄl�m6e^ikcfl�m/e§l�m{ikcdm{_6p.vk_`[

E(ω)
p^i.´6l�bfl�«�l�[k]`´6p¾n6gjm6v

E(ω) \ ω
¹�³¨p�[X\§vk_`bdi�gjiAp§vkiAn`\^«�l�m{ik[X\>n6gjm6v>ÅdÆhÇÉÈ�»6bfl�[XvX¬�_6p

X = Cn »p^i�n6gjm6v;ÅËÊÉÈÌ]4l�_`[3_`m6p�gj[kcf\^iX\;n`pN±�iXp^cdm}¬�_6p^bfe§l�m6¬{_6p�¹%Z¢gj["gjcdbdbfp^_`[Xv�vkcÌl�m²e§l�m6vkcfn`Í^[Xp�b°g¾[X\§vXl�bd_`ikcfl�m
n`p;brqt\§¬�_%gjikcfl�mon`p>³�gj_6eX´{©�µ�¶Qcfp^«®gjm`mÎi�gjm`ª�p^m�ikcfp^bdbfp¾vX_`[

ω
]4l�_`[Qbfp§vQÁ
l�[k«�p§v�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v�³¨¶Ñn`p

e^b°g�vXvXp
C∞ n`p�a`cfn`p^ª�[X\

(0, q)
»
1 ≤ q ≤ n− 2

»%l�m·v'gjcdih»6n�qÒgj]`[XÍ§v>ÅdÆ x È�»%¬�_Ìqtl�m}]4p^_`iQ[X\§vXl�_6n�[Xp¾v�gjm6v[Xp§vkik[Xp^cdm6n�[Xp�bfpNn`l�«®gjcdm6p�»�e�qtp§vXiTµu¼Éµ�n�cd[XpN¬�_Ìq cdb7pG¯�cfvkiXp_`m6pNvXl�bd_`ikcfl�m·n`\G¿6m`cfp¾vk_`[
ω
iXl�_`iAp^m{ikcfp^["n6gjm6v

b°g�vkcdik_%gjikcfl�m²ª�\§l�«�\^ik[kcf¬�_6p�n`\§e^[kcdiXpcfe^cr»%vkc
Ω
p§vkiQvkik[kcfe^iXp^«�p^m{iA]6vXp^_6n`l�e§l�m{�pG¯`p�¹

s�b�p§vkiÓgjbfl�[XvÎm%gjik_`[Xp^b�n`pÔvhq cdm�iX\^[Xp§vXvXp^[Õgj_:]`[Xl�a`bfÍ^«�pÖvk_`cd�gjm{iØ×"p§vkiTµrcdb>m6\§e§p§vXv�gjcd[XpØp^iÙvk_�Ú�µ
v�gjm{i;]4l�_`[;]4l�_`�l�cd[;[X\§vXl�_6n�[Xp�brqt\§¬�_%gjikcfl�mÕn`p/³�gj_6e�´{©�µ�¶Qcfp^«®gjm`mºi�gjm`ª�p^m{ikcfp^bdbfp�p^mÙa`cfn`p^ª�[X\

(0, q)
»

1 ≤ q ≤ n−2
»�vX_`[�_`m®n`l�«®gjcdm6p

ω
n�_�a4l�[Xn�n�q _`m®l�_`�p^[ki�vXik[kcfe^iXp^«�p^m{i�]6v�p^_6n`l�e§l�m��pG¯�p

Ω
»�¼Aa�l�[Xn

bdcfvXvXpQn�q _`m6p.�gj[kcf\^iX\.n`pA±�iXp^cdm
X
»�p^i�]�l�_`[¨¬{_6p�iXl�_`iXp3Á
l�m6e^ikcfl�m¸³¨¶Ûe§l�m{ikcdm�_6pAvX_`[

ω
vhqt\^iXp^m6n`p.´6l�bfljµ

«�l�[k]`´`cf¬{_6p^«�p^m�i�¼3_`mNn`l�«®gjcdm6p2]6vXp^_6n`l�e§l�m{�pG¯`p2e§l�m�iXp^m{_�n6gjm6v
Ω
»h¬�_6p¥bfp¥a4l�[Xn�n`p

ω
vXl�cdi¢e§l�m{iXp^m�_

n6gjm6v�_`m�p^m6vXp^«�a`bfp.¤Ìp^�cÐµr]`b°gji�p^m®_`m�vXp^m6v2g�v�vXp^ÜQª�\^m6\^[�gjbÉÝA¤,g�e§l�m6n�cdikcfl�m�n`p�]6vXp^_6n`l�e§l�m��pG¯�cdiX\Avk_`[
ω
p§vki2¦�_6vXikcÐ¿%\§pN]%gj[AbrqÒgja6vXp^m6e§p>n`p>¤Ìp^«�«�p�n`p¾Z7l�cdm6ehgj[X\>]4l�_`["brqtl�]�\^[�gjiXp^_`[n`p�³�gj_6eX´�©{µ�¶�cfp^«®gjm`m

i�gjm`ª�p^m{ikcfp^b7v'gjm6v3´{©�]�l�ik´6Í§v�p;vk_`[3b°g¾Á
l�[k«�pn`p;¤Ìp^�cr¹
±�c
X
p§vXi"n`p¾n�cd«�p^m6vkcfl�m

2
p^i

Ω
vkik[kcfe^iXp^«�p^m�i]6vXp^_6n`l�e§l�m{�pG¯`p�»4iXl�_`iXp�Á
l�m6e^ikcfl�mÙe§l�m{ikcdm�_6p�vk_`[

_`mÞn`l�«®gjcdm6p
ω
n`p

∂Ω
vhqt\^iXp^m6nÓ´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i�¼²_`mÞl�_`�p^[ki�]6v�p^_6n`l�e§l�m��pG¯�p�n`p

Ω
p^iNbfp

a�l�[Xn·n`p
ω
p§vki.iXl�_�¦Tl�_`[XvAe§l�m{iXp^m�_În6gjm6v�_`m·vXl�_6vAp^m6vXp^«Na`bfp

H
n�q cdm{iX\^[kcfp^_`["�cfn`p�n`p

Ω
»�¤Ìp^�cÐµr]`b°gji

gj_ÖvXp^m6v>vk_`cd�gjm�i²×
Ω \ H

p§vXi¾[X\^_`m`cfl�mÖn`p¸n`l�«®gjcdm6p§v�]6vXp^_6n`l�e§l�m��pG¯�p§v�¹�ß�mÖpGÏ4p^ih»�l�mØv�gjcdi�¬�_6p
vkc

Ω
p§vXiA_`mÓn`l�«®gjcdm6p�[Xp^b°gjikcd�p^«�p^m{iNe§l�«�]%g�e^ih»Ì¼�a4l�[Xn

C∞ n�q _`m6p>�gj[kcf\^iX\�n`p�±�iXp^cdm
X
p^i
ω
_`m
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l�_`�p^[ki.e§l�m`m6pG¯`p�n`p
∂Ω

»`iXl�_`iXp;ÁÄl�m6e^ikcfl�mÙ³¨¶1e§l�m�ikcdm{_6p¾vk_`[
ω
vhqt\^iXp^m6n}´6l�bfl�«�l�[k]`´`cf¬{_6p^«�p^m�i¼

Ω]`[kcd�\3n`p�brqtp^m{�p^bfl�]`]4p3´6l�bfl�«�l�[k]`´`cf¬{_6p^«�p^m�i¨e§l�m��pG¯�p�n`p
∂Ω\ω | eGÁk¹�ÅËÊ�È � ¹�Z¢gj[2gjcdbdbfp^_`[Xv¥_`m�[X\§vk_`bdi�gjin`p�±�bfl�n���lh�v���c.ÅdÆ�ÊÉÈ¨gÉÚ�[k«�p®¬�_6p®vXc

X
p§vki¾n`p�n�cd«�p^m6vkcfl�m

2
p^i

Ω
vkik[kcfe^iXp^«�p^m{i¾]6vXp^_6n`l�e§l�m{�pG¯`p�»

Ω
]`[kcd�\>n`p�brqtp^m��p^bfl�]`]�p¾´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i�e§l�m��pG¯�p

∂̂Ω \ ω
n`p

∂Ω \ ω
p§vki.]6v�p^_6n`l�e§l�m��pG¯�p�¹

¤¥qtp^m6vXp^«�a`bfp
H

eX´6p^[XeX´6\Õp§vki²gjbfl�[Xv½bfp·a4l�[Xn n`pobrqtp^m{�p^bfl�]`]4pÎ´6l�bfl�«�l�[k]`´`cf¬{_6p^«�p^m�i·e§l�m{�pG¯`pÙn`p
∂Ω \ ω

]`[kcd�\§p;n`p
∂Ω \ ω

»6ehgj[3brq cdm�iX\^[kcfp^_`[
∂̂Ω \ ω

p§vXiQ]6vXp^_6n`l�e§l�m{�pG¯`p�ÅdÆ y È�¹
±�c
X

p§vki�n`p·n�cd«�p^m6vkcfl�m
n
»
n ≥ 3

»�m6l�_6v/m6l�_6v/]`b°g
�§l�m6v½n6gjm6v®b°gÞvkcdik_%gjikcfl�mÛª�\§l�«�\^ik[kcf¬{_6p
vk_`cd�gjm�iXp>×

Ω
p§vki2_`m¸n`l�«®gjcdm6pA[Xp^b°gjikcd�p^«�p^m{iQe§l�«�]%g�e^ih»`vXik[kcfe^iXp^«�p^m{i3]6vXp^_6n`l�e§l�m{�pG¯`p�»`¼;a4l�[Xn

C∞n`p
X
»
ω
_`m·l�_`�p^[ki"e§l�m`m6pG¯�pNn`p

∂Ω
iXp^b7¬�_6p

ω 6= ∂Ω
p^i
K
_`moe§l�«�]%g�e^iAn`p

Ω
n�q cdm{iX\^[kcfp^_`["m6l�m

�cfn`p"iXp^b,¬�_6p
∂Ω \K = ω

p^i
Ω \K

p§vki3]6v�p^_6n`l�e§l�m��pG¯�p�¹
 .l�_6v�e§l�m6vkcfn`\^[Xl�m6vQbfp§v3´�©�]4l�ik´6Í§vXp§vAgjm%gjbd©�ikcf¬�_6p§v�vk_`cd�gjm{iXp§v�×

|�! Æ ��" l�_`iXp¨ÁÄl�m6e^ikcfl�m/³¨¶Øe§l�m�ikcdm{_6p�vX_`[ ω vhqt\^iXp^m6n�p^m>_`m6p¨ÁÄl�m6e^ikcfl�m�e§l�m�ikcdm{_6p�vX_`[ E(ω) = Ω\Kp^iQ´6l�bfl�«�l�[k]`´6pNn6gjm6v
E(ω) \ ω #

|�!A~�� Z¢l�_`[3iXl�_`i�p^m�ikcfp^[ q » 1 ≤ q ≤ n− 3
»�p^i¨iXl�_`iXp

(0, q)
µ
Á
l�[k«�pn�cÐÏ4\^[Xp^m�ikcfp^bdbfp

f
n`p"e^b°g�vXvXp

C∞ »³¨¶ vk_`[
ω
»6cdb)pG¯�cfvkiXpN_`m6p

(0, q − 1)
µ
Á
l�[k«�p¾n�cÐÏ�\^[Xp^m{ikcfp^bdbfp

u
n`p¾e^b°g�vXvXp

C∞ vk_`[
ω
iXp^bdbfpN¬�_6p

∂bu = f
vk_`[

ω #

|�! Ç � Z¢l�_`[}iXl�_`iXp (0, n − 2)
µ
ÁÄl�[k«�pÓn�cÐÏ�\^[Xp^m{ikcfp^bdbfp

f
n`pÙe^b°g�vXvXp

C∞ »�³¨¶ vk_`[
ω
»3¬�_`c"�\^[kcÐ¿%p

∫
ω f ∧ ϕ = 0

»4]�l�_`["iXl�_`iXp
(n, 1)

µ
ÁÄl�[k«�p�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
ϕ ∂

µ
ÁÄp^[k«�\§p�vk_`[
X \K

»�iXp^bdbfp>¬�_6p
suppϕ ∩ ω

vXl�cdi;e§l�«�]%g�e^ih»,cdb¥pG¯�cfvXiXp>_`m6p
(0, n − 3)

µ
ÁÄl�[k«�p®n�cÐÏ4\^[Xp^m�ikcfp^bdbfp
u
n`p�e^b°g�vXvXp

C∞vk_`[
ω
iXp^bdbfp¬�_6p

∂bu = f
vk_`[

ω
¹

¤,g²e§l�m6n�cdikcfl�m |�! Æ � vkcdª�m`cÐ¿%p�¬�_6p�brqtp^m{�p^bfl�]`]4p®p§vXv�p^m{ikcfp^bdbfp®n�q ´6l�bfl�«�l�[k]`´`cfp�n`p ω p§vki�bfp�vXl�_6vTµ
p^m6vXp^«�a`bfp

E(ω) = Ω \K
n`p

Ω #
p^bdbfp"p§vki3n`l�m6eA]`bfl�m`ª�\§pn6gjm6v

X
¹�$¾qÒgj]`[XÍ§vÅËÊ�È�»�p^bdbfpAcd«�]`bdcf¬�_6pA¬�_6p

K
p§vkiQe§l�m�iXp^m{_În6gjm6v3brqtp^m{�p^bfl�]`]4p;´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{ie§l�m��pG¯�p

∂̂Ω \ ω
n`p
∂Ω \ ω

¹
 .l�_6v7]`[Xl�_`�l�m6v)n6gjm6v7e§p^i)gj[kikcfe^bfp | eGÁk¹ " ´6\§l�[XÍ^«�p ~ ¹ÒÇ � ¬{_6p�»ÉvXl�_6vÌbfp§v7´{©�]�l�ik´6Í§v�p§v |�! Æ � » |�!"~�� p^i

|�! Ç � »�brq cdm{iX\^[kcfp^_`[�n�_Ne§l�«�]%g�e^i K p§vkiÌ]6vXp^_6n`l�e§l�m{�pG¯`p�p^i7¬�_6p�bfp¥a4l�[Xn�n`p
ω
p§vki¢n`l�m6e�e§l�m�iXp^m{_�n6gjm6v

_`m/p^m6vXp^«Na`bfp
H ⊂ ∂K

¤Ìp^�cÐµr]`b°gji¨gj_�vXp^m6v�l�À
Ω\H

p§vki2[X\^_`m`cfl�m/n`p.n`l�«®gjcdm6p§v�]6vXp^_6n`l�e§l�m{�pG¯`p§vh¹
¶�\§e^cd]`[Xl�¬{_6p^«�p^m�ih»�vkc�n`p3]`bd_6v

K
p§vXi�_`m/e§l�«�]%g�e^i¨´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{iQe§l�m{�pG¯`p�»�bfp§v¥´{©�]4l�ik´6Í§vXp§v

gjm%gjbd©�ikcf¬�_6p§v |�! Æ � » |�!A~�� p^i |�! Ç � v�l�m{iQv�gjikcfvTÁrgjcdiXp§vh¹
¤¥qÒgj[kikcfe^bfp;p§vki3l�[kª{gjm`cfvX\e§l�«�«�pvX_`cdih¹�$"gjm6v�_`m6p"]`[Xp^«�cfÍ^[Xp"]%gj[kikcfp"m6l�_6vQ]`[Xl�_`�l�m6vQ¬{_6pAbfp§v�´�©{µ

]�l�ik´6Í§vXp§v¨n�qtpG¯�iXp^m6vkcfl�m�n`p§v�Á
l�m6e^ikcfl�m6v
CR

p^i2n`p�[X\§vXl�bd_`a`cdbdcdiX\"n`pQbrqt\§¬�_%gjikcfl�m�n`p³�gj_6eX´�©{µ�¶�cfp^«®gjm`m
i�gjm`ª�p^m{ikcfp^bdbfp½vXl�m{i>\§¬�_`cd�gjbfp^m�iXp§v¾¼}n`p§vNe§l�m6n�cdikcfl�m6v>n�qÒgjm`m{_`b°gjikcfl�mØp^i¾n`p®vX\^]%gj[�gjikcfl�mº]�l�_`[Nb°g²e§ljµ
´6l�«�l�bfl�ª�cfp¾n`p%$"l�bda�phgj_`bdin`p�brqtl�_`�p^[ki

X \K
p^iAn�_oe§l�«�]%g�e^i

K
¹�³¨p§v.e§l�m6n�cdikcfl�m6v\^iXp^m6n`p^m�i"bfp§v

ehgj[�g�e^iX\^[kcfv�gjikcfl�m6v�e§l�´6l�«�l�bfl�ª�cf¬�_6p§v�n`l�m`m6\§p§v]%gj[;¤Ì_`]%g�e§e^cfl�bd_Õn6gjm6v�ÅdÆ ~ È | �l�cd[�gj_6vXvkc3Å ~ È � vXl�_6v"b°gvXp^_`bfp¨´{©�]�l�ik´6Í§vXp |�! Æ � ¹
$"gjm6v)b°gAvXp§e§l�m6n`p¨]%gj[kikcfp¨m6l�_6v)]`[Xl�_`�l�m6v¥¬�_6p2vXc�bfp�e§l�«�]%g�e^i K v'gjikcÐÁ
gjcdi¢bfp§v
e§l�m6n�cdikcfl�m6vn�qÒgjm`m{_`b°gjikcfl�mÓn`pNb°g�e§l�´6l�«�l�bfl�ª�cfp�n`p%$Al�bda4phgj_`bdi"l�a`iXp^m{_6p§vn6gjm6vAb°g�]`[Xp^«�cfÍ^[Xp¾]%gj[kikcfp
gjbfl�[Xv ◦

K
p§vXiQ]6vXp^_6n`l�e§l�m{�pG¯`p�¹

¤¥qÒgj_`iXp^_`[Ng�n`\^a`_`iX\�e§p>ik[�g§�gjcdb�bfl�[Xvn`p>vXl�mÙvX\�¦kl�_`[¼/brq'&.m`cd�p^[XvkcdiX\�n`p>brqt\^i�gji;n`p%(Õg�vk´`cdm`ª�iXl�m
¼/±�phgjikikbfp¾p^m}«®gjc ~���� Ç�¹%sub,�l�_6n�[�gjcdiA[Xp^«�p^[Xe^cfp^[Acfe^c¢ßQ¹t¤¥¹�±�iXl�_`i.]4l�_`[.v�l�m}eX´%gjbfp^_`[Xp^_�¯Ùg�e§e^_6p^cdb¢p^i]�l�_`[Qbfp^_`[Xv3ÁE[k_6e^ik_6p^_�¯²\§eX´%gjm`ª�p§v�«®gjik´6\^«®gjikcf¬{_6p§v�¹
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±�l�cfp^m{i
X

_`m6p²�gj[kcf\^iX\}n`po±�iXp^cdm n`p}n�cd«�p^m6vXcfl�m
n
»
n ≥ 3

»
Ω
_`m n`l�«®gjcdm6p·[Xp^b°gjikcd�p^«�p^m{i

e§l�«�]%g�e^ih»�vkik[kcfe^iXp^«�p^m{i2]6vXp^_6n`l�e§l�m{�pG¯`p�»�¼Aa4l�[Xn
C∞ n`p

X
p^i
ω
_`m�l�_`�p^[ki2e§l�m`m6pG¯�p3n`p

∂Ω
¹ $gjm6v

e§p^ikiXp�vXp§e^ikcfl�mÎm6l�_6v�gjbdbfl�m6v"]`[Xl�_`�p^[;¬{_6p¾bfp§v"´�©�]4l�ik´6Í§vXp§v;gjm%gjbd©�ikcf¬{_6p§v |�! Æ � » |�!A~�� p^i |�! Ç � vXl�m{i\§¬{_`cd�gjbfp^m{iXp§v¼/n`p§v.e§l�m6n�cdikcfl�m6vn�qÒgjm`m�_`b°gjikcfl�mo]4l�_`[Ab°g�e§l�´6l�«�l�bfl�ª�cfp�n`p $"l�bda4phgj_`bdiAn�_Îe§l�«�]%g�e^i
K = Ω \ E(ω)

¹
 .l�_6ve§l�«�«�p^m �§l�m6v�]%gj[ehgj[�g�e^iX\^[kcfvXp^[�e§p^[ki�gjcdm6p§v;e§l�m6n�cdikcfl�m6v;n�qÒgjm`m�_`b°gjikcfl�mÕp^i;n`p>vX\^]%gj[�gjikcfl�m

n`p·b°gºe§l�´6l�«�l�bfl�ª�cfpÓn`p $"l�bda4phgj_`bdi²n�q _`m6pÎ]%gj[kikcfpÙe§l�«�]%g�e^iXp
L
n�q _`m6p·�gj[kcf\^iX\Ùn`pÓ±�iXp^cdm21 n`p

n�cd«�p^m6vkcfl�m
n
»
n ≥ 3

»�¼�brqÒgjcfn`p¾n`p;b°g/e§l�´6l�«�l�bfl�ª�cfp¾n`p $"l�bda4phgj_`bdi.n`pNbrqtl�_`�p^[ki
X \ L

»%]`_`cfv�m6l�_6v
[Xp^«®gj[X¬{_6l�m6v�¬�_6p�e§p§v¨e§l�m6n�cdikcfl�m6v¨v�l�m{i�v�gjikcfvTÁrgjcdiXp§v�bfl�[XvX¬�_6p

L
p§vki2_`m/e§l�«�]%g�e^i�n`p"±�iXp^cdmÌ¹� .l�_6v�bfp§v

[Xp^bdcfl�m6v�p^m6vk_`cdiXp�¼¾b°g�e§l�´6l�«�l�bfl�ª�cfp�n`p $"l�bda�phgj_`bdi.n`pbrqtl�_`�p^[ki
X \ L

»6¼>vk_`]`]4l�[ki�n6gjm6v3b°g¾Árgj«�cdbdbfp
Φ
n`p§v�ÁÄp^[k«�\§v�n`p

X \ L
»`¬{_`c,v�l�m{i3[Xp^b°gjikcd�p^«�p^m{i"e§l�«�]%g�e^iXv�n6gjm6v

X
¹

35476!896;:7<>=?<@6BADC;E�C!EGFBHJILKNM;O
X P MBKRQ7SJTNIVUWOXUZY[K\F!OXKNI@M]Y[K^YJI`_aKNMcb�IVHJM

n d n ≥ 3 d p P M]KNM!O�IVKNT d
0 ≤ p ≤ n d KWO

L P MBK0e�SJTWO�ILKgfhHJ_ge�S�f�OXK.Y[K
X

OXKNi@i�Kkj P K X \L
b�HJI@O%f�HJMcMlK m[Kon!pgiqHJT�b�i�KNbgf�HJM!YJI�O�IVHJMrb

b P I`Q7SsM;OXK�btbWHsM;OuU j P I@Q7SJivKNM;OXK�bxw

(C1) Hn−p,q(L) = 0,
bNI

1 ≤ q ≤ n− 1

(C2) Hp,q(X \ L) = 0,
bNI

1 ≤ q ≤ n− 2,
KWO
Hp,n−1(X \ L)

KNbNO0y5S P bWY�HsT`z .
{�KN_xSJT j P K¸Æ�¹ ~ n¥¤¥q ´�©�]4l�ik´6Í§vXpn`p"e§l�m`m6pG¯�cdiX\An`p X \L

mÌq cdm�iXp^[k�cfp^m�i�¬{_6pA]4l�_`[2]`[Xl�_`�p^[Q¬�_6p | ³ ~��cd«�]`bdcf¬{_6p
Hn−p,n−1(L) = 0

¹
|�UN_xHJMcbNO�T SsO�I�HsMBnQ¶.p^«®gj[X¬{_6l�m6vQiXl�_`iQn�qÒgja�l�[Xn¸¬�_6p�»�]%gj[3b°g>n�_%gjbdcdiX\n`p�±�p^[k[Xp�ÅdÆ � È�» | ³ ~�� p§vki3\§¬{_`cÐµ�gjbfp^m�i.¼

(C2′) Hn−p,q
c (X \ L) = 0,

vkc
2 ≤ q ≤ n− 1,

p^i
Hn−p,n

c (X \ L)
p§vki�}"gj_6vXn`l�[TÏ

.

~·l�m�ik[Xl�m6v�¬�_6p | ³ ~�� cd«�]`bdcf¬�_6p | ³AÆ � ¹±�l�cfp^m{i
f
_`m6p

(n − p, q)
µ
ÁÄl�[k«�p>n�cÐÏ�\^[Xp^m{ikcfp^bdbfp�n`p>e^b°g�vXvXp

C∞ » ∂ µ
ÁÄp^[k«�\§p>vk_`[A_`mÎ�l�cfvkcdm%gjª�p Un`p
L
p^i
χ
_`m6p;Á
l�m6e^ikcfl�m·n`p¾e^b°g�vXvXp

C∞ vk_`[
X
»�¼®vk_`]`]�l�[kiAn6gjm6v

U
p^i.cfn`p^m{ikcf¬�_6p^«�p^m{i;\^ª{gjbfp>¼

1gj_/�l�cfvkcdm%gjª�p"n`p
L
¹ ! ]`[XÍ§v¨]`[Xl�bfl�m`ª�p^«�p^m{i�]%gj[ 0

¼
X \U

»�b°g;ÁÄl�[k«�pAn�cÐÏ4\^[Xp^m�ikcfp^bdbfp
χf

p§vXi¨n`\G¿6m`cfp
vk_`[

X
p^i
∂(χf) = ∂χ ∧ f

p§vkiN_`m6p
(n − p, q + 1)

µ
Á
l�[k«�p/n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
∂
µ
ÁÄp^[k«�\§p�»¢¼²vk_`]`]4l�[ki

e§l�«�]%g�e^i.n6gjm6v
X \ L

¹
±�c

1 ≤ q ≤ n − 2
»�cdb�[X\§vk_`bdiXp}n`p | ³ ~ q � ¬{_Ìq cdb.pG¯�cfvkiXp²_`m6p (n − p, q)

µ
Á
l�[k«�p}n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
g
¼Îvk_`]`]�l�[ki�e§l�«�]%g�e^i/n6gjm6v

X \ L
iXp^bdbfp²¬�_6p

∂g = ∂(χf)
¹�Z¢l�vXl�m6v

h = χf − g
»�e�qtp§vki�_`m6p

(n−p, q)
µ
ÁÄl�[k«�p�n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

∂
µ
Á
p^[k«�\§pQn6gjm6v

X
¹�³¨l�«�«�p

X
p§vki¥_`m6p3�gj[kcf\^iX\�n`pA±�iXp^cdmÌ»�cdb%pG¯�cfvkiXp

_`m6p
(n− p, q− 1)

µ
ÁÄl�[k«�pAn�cÐÏ4\^[Xp^m�ikcfp^bdbfp
u
n`pAe^b°g�vXvXp

C∞ vk_`[
X
iXp^bdbfpA¬{_6p

∂u = h
¹�³¨l�«�«�p

g ≡ 0p^i
χ ≡ 1

gj_²�l�cfvkcdm%gjª�p�n`p
L
»`l�m}g

∂u = f
gj_¸�l�cfvkcdm%gjª�p�n`p

L
¹

±�c
q = n − 1

»�cdb7[X\§vk_`bdiXp>n`p | ³ ~ q � ¬{_Ìq cdb)pG¯�cfvXiXp�_`m6p (n − p, n − 1)
µ
Á
l�[k«�p>n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

g
¼

vk_`]`]�l�[kiQe§l�«�]%g�e^i.n6gjm6v
X \ L

iXp^bdbfp;¬�_6p
∂g = ∂(χf)

vXc
χf

p§vXiQl�[kik´6l�ª�l�m%gjbfpNgj_�¯
(p, 0)

µ
Á
l�[k«�p§v
n�cÐÏ4\^[Xp^m�ikcfp^bdbfp§v3´6l�bfl�«�l�[k]`´6p§vQvk_`[

X \L
¹`±�l�cdi

ϕ
_`m6p

(p, 0)
µ
Á
l�[k«�pn�cÐÏ�\^[Xp^m{ikcfp^bdbfp"´6l�bfl�«�l�[k]`´6pvk_`[

X \ L
¹7³¨l�«�«�p

X
p§vki�_`m6p��gj[kcf\^iX\/n`p/±�iXp^cdmÞn`p®n�cd«�p^m6vkcfl�m

n ≥ 2
p^i
X \ L

p§vki�e§l�m`m6pG¯`p�»
ϕvhqt\^iXp^m6n�p^m>_`m6p

(p, 0)
µ
Á
l�[k«�pQn�cÐÏ4\^[Xp^m�ikcfp^bdbfp3´6l�bfl�«�l�[k]`´6p

ϕ̃
vk_`[

X
]%gj[�bfp¨]`´6\^m6l�«�Í^m6pQn`p�}Agj[kiXl�ª�vh¹

Â.m}l�a`ikcfp^m{iAn`l�m6e
∫

X\L
∂(χf) ∧ ϕ =

∫

X
∂(χf) ∧ ϕ̃ =

∫

X
∂(χf ∧ ϕ̃) = 0,



y ���������
	�����������������������

ehgj[
χfϕ̃

p§vki�¼>vk_`]`]4l�[ki�e§l�«�]%g�e^i�n6gjm6v
X
¹%Â.m}e§l�m6e^bd_`i.gjbfl�[Xv�e§l�«�«�p;]`[X\§e§\§n`p^«�«�p^m{ih¹

~·l�m�ik[Xl�m6v"«®gjcdm{iXp^m%gjm�i;¬{_6p | ³AÆ � cd«�]`bdcf¬�_6p | ³ ~�� ¹��A[���e§p>¼�b°g®[Xp^«®gj[X¬{_6p�ÁrgjcdiXp�p^mÎn`\^a`_`iAn`pn`\^«�l�m6vkik[�gjikcfl�mÌ»6cdb,vX_�Ú�iQn`p]`[Xl�_`�p^[ | ³ ~ q � ¹±�l�cdi
f
_`m6p

(n − p, q)
µ
ÁÄl�[k«�p¸n�cÐÏ�\^[Xp^m{ikcfp^bdbfp¸n`p½e^b°g�vXv�p

C∞ » ∂ µ
Á
p^[k«�\§p�»)¼ovk_`]`]4l�[ki�e§l�«�]%g�e^in6gjm6v
X \L

»
2 ≤ q ≤ n−1

¹ ! ]`[XÍ§v�]`[Xl�bfl�m`ª�p^«�p^m{i�]%gj[ 0
n6gjm6v

L
»
f
n`\G¿6m`cdi2_`m6p

(n−p, q)
µ
Á
l�[k«�p

n�cÐÏ4\^[Xp^m�ikcfp^bdbfp.n`pQe^b°g�v�vXp
C∞ » ∂ µ
Á
p^[k«�\§p�»{¼vk_`]`]4l�[ki�e§l�«�]%g�e^i¨n6gjm6v X ¹�³¨l�«�«�p X p§vki�_`m6pQ�gj[kcf\^iX\

n`p�±�iXp^cdmÌ»�cdb)pG¯�cfvXiXpN_`m6p
(n − p, q − 1)

µ
Á
l�[k«�p�n�cÐÏ4\^[Xp^m�ikcfp^bdbfp�n`p>e^b°g�vXvXp
C∞ »4¼®vX_`]`]�l�[kie§l�«�]%g�e^in6gjm6v

X
iXp^bdbfp¾¬{_6p

∂g = f
¹6ß�mo]%gj[kikcfe^_`bdcfp^[

∂g = 0
vk_`[._`m}�l�cfvkcdm%gjª�p

U
n`p

L
p^iAn�qÒgj]`[XÍ§v | ³AÆ � »cdb,pG¯�cfvXiXp"_`m²�l�cfvkcdm%gjª�p

V ⊂ U
n`p

L
p^iQ_`m6p

(n− p, q − 2)
µ
ÁÄl�[k«�p�n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

h
n`pe^b°g�vXvXp

C∞vk_`[
V
iXp^bdbfp"¬�_6p

∂h = g
vX_`[

V
¹�±�l�cdi

χ
_`m6p.ÁÄl�m6e^ikcfl�m¸n`pAe^b°g�vXvXp

C∞ ¼�vX_`]`]�l�[ki�e§l�«�]%g�e^iQn6gjm6v
Vp^i¨cfn`p^m�ikcf¬{_6p^«�p^m�i�\^ª{gjbfp¼®Æ"gj_½�l�cfvkcdm%gjª�p"n`p

L
»�l�m½n`\G¿6m`cdi

χh
vk_`[

X
p^m�b°g;]`[Xl�bfl�m`ª�phgjm�iQ]%gj[

0
¹

¤,g>Á
l�[k«�p;n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
u = g − ∂(χh)

p§vki.gjbfl�[Xv�n`p�e^b°g�vXvXp
C∞ vk_`[

X
p^iQcfn`p^m�ikcf¬{_6p^«�p^m�iAm�_`bdbfp

gj_¸�l�cfvkcdm%gjª�p;n`p
L
p^iQv�g¾[Xp§vkik[kcfe^ikcfl�mo¼

X \ L
p§vki3_`m6p

(p, q − 1)
µ
Á
l�[k«�p;n�cÐÏ4\^[Xp^m�ikcfp^bdbfpN¼>vk_`]`]4l�[ki

e§l�«�]%g�e^i.n6gjm6v
X \ L

¬{_`c,�\^[kcÐ¿%p
∂u|X\L = f

¹
s�b�[X\§vk_`bdiXp²n`p²b°gÓn�_%gjbdcdiX\}n`p·±�p^[k[XpÞÅdÆ � È.¬�_6p�»�]�l�_`[/n`\^«�l�m{ik[Xp^[�b°gÙvXp§e§l�m6n`p²]%gj[kikcfp·n`p¸brqÒg�vTµvXp^[kikcfl�m | ³ ~ q � »Ìcdb2vk_�Ú�i�n`p�]`[Xl�_`�p^[�¬�_6p�»�]4l�_`[;iXl�_`i�e§l�«�]%g�e^i K n`p

X \ L
»
Dn−p,n

K (X \ L) ∩

∂Dn−p,n−1(X \L)
p§vki)_`m>v�l�_6v¢p§vX]%g�e§p2�p§e^iXl�[kcfp^b�Á
p^[k«�\�n`p

Dn−p,n
K (X \L)

¹�±�l�cdi
f
_`m6p

(n−p, n)
µ

ÁÄl�[k«�p�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp/n`p�e^b°g�vXvXp
C∞ » ∂ µ
Á
p^[k«�\§p�¼½vk_`]`]4l�[ki;n6gjm6v K »�iXp^bdbfp�¬{_6p f = limj→∞ ∂gj

»
l�À

(gj)j∈N

p§vkiN_`m6p/vX_`cdiXp/n`p
(n − p, n − 1)

µ"Á
l�[k«�p§vNn�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v�n`p�e^b°g�vXvXp
C∞ ¼}vX_`]`]�l�[ki

e§l�«�]%g�e^i.n6gjm6v
X \ L

¹��A[���e§p;¼>b°gNÁ
l�[k«�_`bfpNn`p�±�iXl
��p§vh»
∫

X
f ∧ ϕ = lim

j→∞

∫

X
∂gj ∧ ϕ = 0, | Æ�¹dÆ �

]�l�_`[.iXl�_`iXp
(p, 0)

µ
ÁÄl�[k«�p¾n�cÐÏ4\^[Xp^m�ikcfp^bdbfp
ϕ
n`p�e^b°g�vXv�p

C∞ » ∂ µ
ÁÄp^[k«�\§pNn6gjm6v(1>¹�³¨l�«�«�p
X
p§vXi�_`m6p

�gj[kcf\^iX\�n`p�±�iXp^cdmÌ»¢cdb2pG¯�cfvkiXp®_`m6p
(n − p, n − 1)

µ
Á
l�[k«�p½n�cÐÏ4\^[Xp^m�ikcfp^bdbfp½n`p/e^b°g�vXv�p
C∞ »7¼²vX_`]`]�l�[kie§l�«�]%g�e^i.n6gjm6v

X
iXp^bdbfp;¬{_6p

∂g = f
¹%Â.m¸iXp^[k«�cdm6p¾gjbfl�[XvQe§l�«�«�p;n6gjm6vQbfpehg�v�]`[X\§e§\§n`p^m{ih¹

¶�p^«®gj[X¬�_6l�m6v;¬�_6p�vkc
L
p§vki"_`mÕe§l�«�]%g�e^i�n`p®±�iXp^cdmÌ»Ìcdb¥v�gjikcfvTÁrgjcdiAbfp§v�e§l�m6n�cdikcfl�m6v�\§¬�_`cd�gjbfp^m�iXp§v

| ³AÆ � p^i | ³ ~�� n`p�b°g®Z¥[Xl�]�l�vkcdikcfl�mÔÆ�¹dÆ�¹�s�b¢vhqÒgjª�cdiAn�q _`mo[X\§vk_`bdi�gji"e^b°g�vXvkcf¬�_6p�»%¬�_6p�brqtl�mo]4p^_`i�ik[Xl�_`�p^[n6gjm6vÅ ~ È�»�p^i�n`l�m{i3m6l�_6v¨[Xp§n`l�m`m6l�m6v3_`m6p"n`\^«�l�m6vkik[�gjikcfl�mÌ»`¬�_`c4_`ikcdbdcfvXpAb°g�Z¥[Xl�]�l�vkcdikcfl�m¸]`[X\§e§\§n`p^m�iXp�¹
���	�
���ZC;E� E(FBHJI�O

L P M^f�Hs_(erS�f�O Y[KkF!OXKNI@MRY�� P MBKkQ7SsT�ILUWOXUtY[KkF!OXKNI@M�� Y[KtYJI@_aKNMrb�IVHJM
n d n ≥ 2

n
pgiqHJT�bue�H P T OLH P O�KWM;O�IVKWT

p d 0 ≤ p ≤ n d
(C2) Hp,q(X \ L) = 0,

bNI
1 ≤ q ≤ n− 2,

KWO
Hp,n−1(X \ L)

KNbNO0y5S P bWY�HsT`z .
|�UN_xHJMcbNO�T SsO�I�HsMBn $>qÒgj]`[XÍ§v®b°gÎZ�[Xl�]�l�vXcdikcfl�m�Æ�¹dÆ�»�cdbQvk_�Ú�i®n`p½]`[Xl�_`�p^[ | ³AÆ � ¹¥Z¢gj[�n`\G¿6m`cdikcfl�mÃn`p§ve§l�«�]%g�e^iXvQn`p�±�iXp^cdmÌ»�cdb�pG¯�cfvkiXpA_`m6p"vk_`cdiXpn`\§e^[Xl�cfvXv'gjm{iXp

(Uj)j∈N

n`pA�l�cfvkcdm%gjª�p§vQvkik[kcfe^iXp^«�p^m�iQ]6vXp^_�µ
n`l�e§l�m��pG¯�p§v½n`p

L
iXp^bdbfp}¬�_6p

U j+1 ⊂ Uj
p^i
L = ∩j∈NUj

»¥e§p·¬{_`c.cd«�]`bdcf¬{_6po¬{_6p
X \ L

p§vki
e§l�m`m6pG¯�p�¹

±�l�cdi
f
_`m6p

(n−p, q)
µ
Á
l�[k«�p2n�cÐÏ�\^[Xp^m{ikcfp^bdbfp

∂
µ
ÁÄp^[k«�\§p�vk_`[7_`m¾�l�cfvXcdm%gjª�p

U
n`p
L
»
1 ≤ q ≤ n−1

¹
s�b{pG¯�cfvkiXp�gjbfl�[Xv

j0
iXp^b�¬�_6p

Uj0 ⊂ U
p^i2»h]`_`cfvX¬�_6p
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X P MBKRQ7SJTNIVUWOXUZY[K\F!OXKNI@M]Y[K^YJI`_aKNMcb�IVHJM
n d n ≥ 3 d p P M]KNM!O�IVKNT d
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X
n��0HsMrb�IVY[UNT HJMrbtivK�b f�HJM!YJI�O�IVHJMrb.b P I`Q SJM;OXK�b�w

(C2) Hp,q(X \ L) = 0,
bNI

1 ≤ q ≤ n− 2,
KWO
Hp,n−1(X \ L)

KNbNO0y5S P bWY�HsT`z .
(C3) Hp,q

Φ (X \ L) = 0,
bNI

1 ≤ q ≤ n− 2,
KWO
H

p,n−1
Φ (X \ L)

KNbNO0y5S P bWY�HsT`z .
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»�brqÒgj]`]`bdcfehgjikcfl�m�m%gjik_`[Xp^bdbfp

i : Hp,q
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�0HJMrbNI�Y[UWT HJMcb.ivK�b�� ��e�H�O!�#"�b�KNb�SJM!SJi$�sO�I�j P K�btb P I@Q7SJM;OXKNb�w
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»�brq ´{©�]�l�ik´6Í§v�p"gjm%gjbd©�ikcf¬�_6p |�! Æ � cd«�]`bdcf¬{_6pA¬{_6p (u1 −u2)|ω
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C∞ vk_`[
ω
¬{_`c{�\^[kcÐ¿%p
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gjcdiXp§v"]`_`cfv�¬{_6p
Ω
p§vki"]6vXp^_6n`ljµ

e§l�m{�pG¯`p � ¹±�l�cdi
f
_`m6p

(0, q)
µ
Á
l�[k«�p/n�cÐÏ�\^[Xp^m{ikcfp^bdbfp/n`p�e^b°g�vXvXp

C∞ »,³¨¶ vk_`[
ω
»
1 ≤ q ≤ n − 3

»Ìn�qÒgj]`[XÍ§v
bfp " ´6\§l�[XÍ^«�pNÇ�¹ z n`p®Å��jÈ�»`b°g¾m{_`bdbdcdiX\¾n�_²ª�[Xl�_`]4p;n`p;e§l�´6l�«�l�bfl�ª�cfp H0,q+1

Φ (X \K)
cd«�]`bdcf¬�_6p;¬�_Ìq cdb

pG¯�cfvkiXpQ_`m6p
(0, q)

µ
Á
l�[k«�p�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
F
»
∂
µ
Á
p^[k«�\§p�»{n`pQe^b°g�v�vXp

C∞ vk_`[
X \ (K∪ω)

»�¬�_`c6vhqÒgjm`m{_`bfp
p^mÎn`p^´6l�[Xvn�q _`mÓe§l�«�]%g�e^in`p

X
p^i¬{_`c)]4l�vXvXÍ§n`p¾n`p§vpG¯�iXp^m6vXcfl�m6vn`p¾e^b°g�v�vXp

C∞ » F+ p^i
F− »4n`p
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eX´%g�¬�_6pAe���iX\An`p
ω
�\^[kcÐ¿�gjm{i

f = F+|ω −F−|ω
¹`±�_`]`]�l�v�l�m6v¨¬�_6p

F− e§l�[k[Xp§vk]4l�m6n`p¼;brqtpG¯�iXp^m6vkcfl�m
n`p

F |X\Ω

»)bfp¸vk_`]`]4l�[ki®n`p
F− p§vki�n`l�m6e¸[Xp^b°gjikcd�p^«�p^m�i�e§l�«�]%g�e^i/n6gjm6v

X
¹2³¨l�«�«�p

Ω
p§vki�_`m

e§l�«�]%g�e^i¥n`p3±�iXp^cdmÌ»jcdb�[X\§vk_`bdiXp�n�_�¤Ìp^«�«�pÆ�¹ÒÇ.p^i)n`p¨b°gAZ�[Xl�]4l�vkcdikcfl�m¸Æ�¹ y ¬{_Ìq cdb`pG¯�cfvkiXp�_`m6p (0, q−1)
µ

ÁÄl�[k«�p>n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
G− n`p>e^b°g�vXvXp

C∞ vk_`[
(X \ Ω) ∪ ω

iXp^bdbfp>¬{_6p
∂G− = F− vk_`[

X \ Ω
¹4¤,g

[X\^ª�_`b°gj[kcdiX\/n`p
G− ¦T_6vX¬{_ÌqÒ¼

ω
vXp�n`\§n�_`cdiNÁ
g�e^cdbfp^«�p^m�i¾n`p®b°g¸«�\^ik´6l�n`p/n`p§v�a�l�v�vXp§v | eGÁ�Å z È � ehgj[ Ωp§vkiNvkik[kcfe^iXp^«�p^m�i>]6vXp^_6n`l�e§l�m��pG¯�p½p^i

q < n − 1
¹)±�l�cdi

G̃− _`mÕ]`[Xl�bfl�m`ª�p^«�p^m�i�n`p/e^b°g�v�vXp
C∞ n`p

G− ¼
X \K

¹�¤,g;ÁÄl�[k«�p"n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
F̃ = F+ − ∂G̃− p§vki3gjbfl�[Xv¨_`m6p

(0, q)
µ
ÁÄl�[k«�pn�cÐÏ�\^[Xp^m{ikcfp^bdbfp

∂
µ
Á
p^[k«�\§p�»%n`p;e^b°g�vXv�p

C∞ vk_`[
(Ω \K) ∪ ω

iXp^bdbfp;¬{_6p
F̃ |ω = f

¹`Z¥_`cfvX¬{_6p
Ω \K

p§vki3_`m}n`l�«®gjcdm6p
]6vXp^_6n`l�e§l�m��pG¯�p�»

f̃
p§vki

∂
µ�pG¯`g�e^iXp¸n6gjm6v

Ω \ K
p^i�e§l�«�«�p

Ω
p§vki�vkik[kcfe^iXp^«�p^m{i/]6vXp^_6n`l�e§l�m��pG¯�p�»

ª�[���e§p¾¼®b°g�«�\^ik´6l�n`p¾n`p§v.a4l�vXvXp§v�»`cdb¢pG¯�cfvkiXp�_`m6p
(0, q − 1)

µ
Á
l�[k«�p>n�cÐÏ4\^[Xp^m�ikcfp^bdbfp
U
»
∂
µ
Á
p^[k«�\§p�»�n`p

e^b°g�vXvXp
C∞ vk_`[

(Ω \K)∪ω
iXp^bdbfp¬�_6p

∂U = F̃
¹�¤7g;Á
l�[k«�pn�cÐÏ�\^[Xp^m{ikcfp^bdbfp

u = U |ω
v�gjikcfvkÁ
gjcdiQgjbfl�[Xv

b°g�vXp§e§l�m6n`p�g�vXv�p^[kikcfl�mÌ¹
±�l�cdi

f
_`m6p

(0, n− 2)
µ
Á
l�[k«�pn�cÐÏ4\^[Xp^m�ikcfp^bdbfp;n`pe^b°g�vXvXp

C∞ »6³¨¶&vk_`[
ω
»�¬{_`c4�\^[kcÐ¿%p ∫

ω f ∧ϕ =

0
»)]4l�_`[>iXl�_`iXp

(0, 1)
µ
Á
l�[k«�p}n�cÐÏ�\^[Xp^m{ikcfp^bdbfp

ϕ ∂
µ
ÁÄp^[k«�\§p¸vX_`[

X \ K
»¢iXp^bdbfp¸¬{_6p

suppϕ ∩ ω
vXl�cdi

e§l�«�]%g�e^ih¹  Al�_6v2gjbdbfl�m6v¥m6l�_6v�[�gj«�p^m6p^[¨¼Abrqt\^ik_6n`p.n�_®ehg�v¥]`[X\§e§\§n`p^m�i2p^m�]`[Xl�_`�gjm{i¨¬{_6p
f
]4p^_`i-7^ik[Xp

[Xp^]`[X\§vXp^m{iX\§pNe§l�«�«�p;bfpv�gj_`iQn`p;n`p^_�¯�Á
l�[k«�p§v�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v
∂
µ
Á
p^[k«�\§p§vh¹

s�b6p§vXi¥a`cfp^m®e§l�m`m{_ | eGÁT¹`ÅdÆ§È � ¬{_6p f ]4p^_`i-7^ik[Xp3[Xp^]`[X\§vXp^m�iX\§pQbfl�ehgjbfp^«�p^m{i�e§l�«�«�p3bfpQv�gj_`i¥n`pQn`p^_�¯ÁÄl�[k«�p§v¢n�cÐÏ4\^[Xp^m�ikcfp^bdbfp§v
∂
µ
Á
p^[k«�\§p§vh¹�sub{pG¯�cfvkiXp¥n`l�m6e¥_`mN�l�cfvkcdm%gjª�p

W
n`p
ω
n6gjm6v

X\K
»�[Xp^b°gjikcd�p^«�p^m{i

e§l�«�]%g�e^iQn6gjm6v
X
»�_`m�[Xp§e§l�_`�[Xp^«�p^m{i�bfl�ehgjbfp^«�p^m�i�¿6m`c

(Wj)j∈N∗

n`p
W

p^i3n`p§v
(0, n− 2)

µ
Á
l�[k«�p§v
n�cÐÏ4\^[Xp^m�ikcfp^bdbfp§v

Fj
»
∂
µ
ÁÄp^[k«�\§p§vh»)n`p/e^b°g�vXvXp

C∞ n6gjm6v
Wj \ ω

»¢¬{_`c2]�l�vXv�Í§n`p^m{i�n`p§vNpG¯�iXp^m6vkcfl�m6v>n`p
e^b°g�vXvXp

C∞ » F+
j

p^i
F−

j

»�n`pÙeX´%g�¬�_6pÙe���iX\Ùn`p
ω ∩ Wj

�\^[kcÐ¿�gjm�i
f = F+

j |ω∩Wj
− F−

j |ω∩Wj

¹
Z7l�vXl�m6v

W0 = X \ (K ∪ ω)
p^i
F0 = 0

¹�¤Ìp§v�ÁÄl�[k«�p§v�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v
Fi − Fj

vXl�m�i®gjbfl�[Xv�n`p§v
ÁÄl�[k«�p§v/n�cÐÏ4\^[Xp^m�ikcfp^bdbfp§v

∂
µ
ÁÄp^[k«�\§p§v�»�n`p²e^b°g�vXv�p

C∞ vk_`[
Wi ∪ Wj

»
i, j ∈ N

»�p^i
(Wj)j∈N

ÁÄl�[k«�p
_`mÖ[Xp§e§l�_`�[Xp^«�p^m�i/bfl�ehgjbfp^«�p^m{i®¿6m`c�n`p

X \ K
¹2±�l�cfp^m�i

(χj)j∈N

_`m6p¸]%gj[kikcdikcfl�m
C∞ n`p¸brq _`m`cdiX\

vk_`a�l�[Xn`l�m`m6\§p½gj_Ó[Xp§e§l�_`�[Xp^«�p^m{i
(Wj)j∈N

p^i
H =

∑∞
k=0 χkFk

»
H
p§vkiN_`m

(0, n − 2)
µ�e§l�_`[�gjm{i

vk_`[
X \ K

¹¢ß¥mÖ]�l�v'gjm{i
G = ∂(Fj − H)

vX_`[
Wj

»
j ∈ N

»�l�mÖn`\G¿6m`cdi�_`m6p
(0, n − 1)

µ
Á
l�[k«�p
n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

∂
µ
Á
p^[k«�\§p�»�n`pe^b°g�vXvXp

C∞ vk_`[
X \K

¬�_`c�vhqÒgjm`m{_`bfpp^m¸n`p^´6l�[XvQn�q _`m²e§l�«�]%g�e^iQn`p.1>¹
s�b6[Xp§vXiXp�¼«�l�m�ik[Xp^[2¬�_6p

G = ∂E
»�l�À

E
p§vki�_`m6p

(0, n−2)
µ
Á
l�[k«�p.n�cÐÏ�\^[Xp^m{ikcfp^bdbfpAn`pQe^b°g�vXv�p

C∞ vk_`[
X \K

¬{_`c�vhqÒgjm`m�_`bfpp^m½n`p^´6l�[Xv�n�q _`m²e§l�«�]%g�e^iQn`p.1¾»�p^i
F = E +

∑∞
k=1 χkFk

n`l�m`m6p^[�g¾bfp"v�gj_`i
eX´6p^[XeX´6\�¹�Z¥_`cfvX¬{_6p

H
0,n−1
Φ (X \ K)

p§vki�}Agj_6v�n`l�[TÏ)»
G
p§vXi

∂
µ�pG¯`g�e^iXp�vkc�p^bdbfp�p§vkiNe§l�m�iXp^m{_6p¸n6gjm6v

brqÒg�n�´6\^[Xp^m6e§p3n`p2brqtp§vX]%g�e§p
∂bD

0,n−2
Φ (X\K)

»�e�qtp§vkiTµu¼Éµ�n�cd[Xp�vkc�]�l�_`[¢iXl�_`iXp
(n, 1)

µ
Á
l�[k«�p3n�cÐÏ4\^[Xp^m�ikcfp^bdbfp
ϕ
»
∂
µ
Á
p^[k«�\§p�vk_`[

X \K
»`iXp^bdbfpN¬{_6p

suppϕ ∩ suppG
vXl�cdiAe§l�«�]%g�e^ih»%l�mog ∫

X\K G ∧ ϕ = 0
¹�Z¢gj[

n`\G¿6m`cdikcfl�m·n`p
G
l�m·g

∫

X\K
G ∧ ϕ =

∞∑

j=0

∫

X\K
∂(Fj −H) ∧ χjϕ

=

∞∑

j=0

∫

Wj∩ω
χjf ∧ ϕ− < ∂H,ϕ >

=

∫

ω
f ∧ ϕ = 0.

{�KN_xSJT j P K/Æ�¹ x n  .l�_6v��p^m6l�m6v2n`p.n`\^«�l�m{ik[Xp^[3¬{_6p�»�n6gjm6v�bfp.e§l�m{iXpG¯�iXp�ª�\§l�«�\^ik[kcf¬�_6pAn�_ " ´6\§l�[XÍ^«�pÆ�¹ z »�brqtp^m6vXp^«�a`bfpn`p§v3e§l�m6n�cdikcfl�m6vAgjm%gjbd©�ikcf¬�_6p§v |�! Æ � » |�!"~�� p^i |�! Ç � p§vki3\§¬�_`cd�gjbfp^m�i�¼>eX´%g�e^_`m6pn`p§v
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n�cÐÏ4\^[Xp^m�iXp§v.e§l�m6n�cdikcfl�m6v"e§l�´6l�«�l�bfl�ª�cf¬�_6p§v | ³AÆ � » | ³ ~�� p^i | ³�Ç � »%e§p�¬�_`cÌª�\^m6\^[�gjbdcfvXp;bfp§v " ´6\§l�[XÍ^«�p§v
~ ¹dÆ�¹ ~ p^i ~ ¹ÒÇ�¹ ~ n`p�Å ~ È�¹

Â.m¸]�p^_`i3\^ª{gjbfp^«�p^m�i�n`\§n�_`cd[Xpn`p"b°g¾n`\^«�l�m6vkik[�gjikcfl�m}n�_ " ´6\§l�[XÍ^«�p�Æ�¹ z bfp"e§l�[Xl�bdb°gjcd[Xp;vk_`cd�gjm{ih»¬{_`cÌe§l�[k[Xp§vk]4l�m6n�»`bfl�[XvX¬�_6p
n = 3

»6gj_ " ´6\§l�[XÍ^«�p ~ ¹dÆ�¹dÆ;n`p�Å ~ È�×
� 6;4 6������c<`4 � C!E��BE FlHJIVKWM;O

Ω P M Y�HJ_xSJI@MBKxT KWiqSsO�I@Q KN_aKNM!Ogf�HJ_ge�S[f�O d bNO�TNIVf�OXKN_aKNM;O0e;b�K P Y�HofhHJMcQ K m K d�8� HJT Y
C∞ Y�� P MBKgQ7SJTNILUWOXUtY[KgFBOXKNI`M

X
Y K.YJI`_aKNMcb�IVHJM

n d n ≥ 3 d ω P M^H P Q KWTNO fhHJMcMBK m KtY[K
∂Ω

OXKNi
j P K ω 6= ∂Ω

K�O
K P M fhHJ_ge�S�f�O�Y[K

Ω
OXKWi j P K ∂Ω \K = ω

KWO
Ω \K

K�bNO e;boK P Y[Hof�HJMcQJK m[Kon pgi�HJThb
i � KNMrboKN_ � i�K Y[K�btf�HJM!YJI�O�IVHJMrb.SsM!SJi$�JO�IVj P K�b ��p�%'�xKWO �@p���� KNbNO U j P I@Q7SJivKNM;O � f ��S�f P MBK Y[K�b5f�HJM!YJI�O�IVHJMrb
f�H���HJ_xHJi�H �JIVj P K�b b P I@Q7SJM!OXK�b�w

H0,q(X \K) = 0,
bNI

1 ≤ q ≤ n− 2,

H
0,q
Φ (X \K) = 0,

bNI
1 ≤ q ≤ n− 2.

� ��������� �!������"$+
	0�g'�	%��B�h,k-�/0"

$gjm6v�e§p^ikiXp�v�p§e^ikcfl�m�m6l�_6v2gjbdbfl�m6v¨n`l�m`m6p^[�_`m6p3]`[Xl�]`[kcf\^iX\�ª�\§l�«�\^ik[kcf¬{_6pAn`p§v¥]%gj[kikcfp§v2e§l�«�]%g�e^iXp§v
n�q _`m6p¥�gj[kcf\^iX\�n`p¨±�iXp^cdmÌ»É¬{_`c{�\^[kcÐ¿%p^m{i¢b°gQe§l�m6n�cdikcfl�m>e§l�´6l�«�l�bfl�ª�cf¬{_6p | ³AÆ � n�_ " ´6\§l�[XÍ^«�p.Æ�¹ z ¹� .l�_6vp^m®n`\§n�_`cd[Xl�m6v�_`m6p�e§l�m6n�cdikcfl�m®ª�\§l�«�\^ik[kcf¬�_6p�n`p�]`b°gjikcdik_6n`pQm6\§e§p§v�v�gjcd[Xp^«�p^m{i¨�\^[kcÐ¿%\§pQ]%gj[¥bfp�a4l�[Xn�n`p
brqtl�_`�p^[ki

ω
n`p
∂Ω

n6gjm6v�b°g>vkcdik_%gjikcfl�m²ª�\§l�«�\^ik[kcf¬�_6p�p^i.gjm%gjbd©�ikcf¬�_6p;n`\§e^[kcdiXp;n6gjm6v3brq cdm�ik[Xl�n�_6e^ikcfl�mÌ¹
����� 6;4��	� ���lE�C!E�FBHJI�O

K P MBK0e�SJTWO�IVKkf�Hs_(erS�f�OXKtY � P MBK�Q SJT�ILUWOXU.Y[K�F!OXKWI`M
X

Y � I`M;OXUWT�ILK P T�M!HJM QoIVY[K
KWO j P I Q UNTNI 4�K

H0,q(K) = 0
e�H P T 1 ≤ q ≤ n− 1 d SJi�HJThb.i � I@M;OXUNTNIVK P T

◦
K

Y[K
K

K�bNO P MlKtQ7SsT�ILUWOXU�Y[K
F!OXKNI@MBn

|�UN_xHJMcbNO�T SsO�I�HsMBnQ¤7g�n`\^«�l�m6vkik[�gjikcfl�m¸n�_/ik´6\§l�[XÍ^«�pAp§vXi2ehgjbf¬�_6\§p.vk_`[2b°g]`[Xp^_`�p"n�_ " ´6\§l�[XÍ^«�p y ¹dÆn`p�Å x È�¹
 .l�_6v¾gjbdbfl�m6v;[�gjcfvXl�m`m6p^[N]%gj[�brqÒgja6vk_`[Xn`p�¹)±�_`]`]�l�v�l�m6v�¬�_Ìq _`m6p®e§l�«�]4l�v�gjm{iXp/e§l�m`m6pG¯�p

D
n`p ◦

KmÌqtp§vki3]%g�v�_`m6p"�gj[kcf\^iX\n`p;±�iXp^cdmÌ¹`sub�pG¯�cfvkiXp;gjbfl�[Xv�_`m¸]4l�cdm{i
p ∈ ∂D

p^i3_`m½�l�cfvkcdm%gjª�p�l�_`�p^[ki
U
n`p

p
n6gjm6v

X
iXp^b,¬�_6p"iXl�_`iXp"Á
l�m6e^ikcfl�m¸´6l�bfl�«�l�[k]`´6p�vk_`[

D
vhqt\^iXp^m6n`p´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i¼

D ∪ U
¹

� _`cdikiXp®¼�[Xp§vkik[Xp^cdm6n�[Xp
U
»�l�mÕ]�p^_`i;vk_`]`]4l�vXp^[;¬�_Ìq cdb¥p§vki;e§l�m{iXp^m�_Þn6gjm6v_`mÞn`l�«®gjcdm6p�n`p�ehgj[kiXp�n`p

X
¹  Al�iXl�m6v

N
_`mÙ]�l�bd©�n�cfvX¬�_6p�e§p^m{ik[X\®p^m

p
p^i;e§l�m{iXp^m{_Ôn6gjm6v

U
»Ìgjbfl�[Xv

N \ K
p§vki;n`p^m6vXp�n6gjm6v

N \
◦
K
¹¥Â.mÔ]�p^_`i�n`l�m6e�ik[Xl�_`�p^[�_`mÔ]�l�cdm�i

p0 ∈ N \ K
p^i>_`mÔ]�l�bd©�n�cfvX¬�_6p

N0
e§p^m{ik[X\¸p^m

p0
»

e§l�m{iXp^m%gjm{i
p
p^i2e§l�m{iXp^m�_¸n6gjm6v

N
¹�Z)gj[2_`m�eX´%gjm`ª�p^«�p^m{i�gÉÚ�m6pAn`p�e§l�l�[Xn`l�m`m6\§p§v¨n6gjm6v

U
»�l�m®]4p^_`i

vXp�[�gj«�p^m6p^[�gj_Ôehg�v¾l�À
p0
p§vXiNbrqtl�[kcdª�cdm6p½p^i�b°g·n�[Xl�cdiXp�]%g�vXv�gjm�iN]%gj[

p0
p^i
p
p§vXiNe§l�m{iXp^m�_6p¸n6gjm6v

V = {z1 = · · · = zn−1 = 0}
¹4³¨p§v3m6l�_`�p^bdbfp§vAe§l�l�[Xn`l�m`m6\§p§vA\^i�gjm{i�¿`¯�\§p§vh»6¼�eX´%g�¬�_6p;«�_`bdikcÐµrcdm6n�cfe§p

Im = (i1, . . . , im)
n`p�bfl�m6¬�_6p^_`[

m
»
1 ≤ m ≤ n

»,iXp^b�¬�_6p
1 ≤ ij ≤ n

»7l�mÖg�vXv�l�e^cfp®b°g²Á
l�[k«�p
n�cÐÏ4\^[Xp^m�ikcfp^bdbfp�n`pa`cfn`p^ª�[X\

(0,m − 1)

α(Im) =
(m− 1)!

|z|2

m∑

j=1

(−1)jzjdzi1 ∧ · · · ∧ d̂zij ∧ · · · ∧ dzim

¬{_`c�p§vki>n`p/e^b°g�vXv�p
C∞ n6gjm6v

U \ {0}
p^i¾¬�_`c�p§vki¾gjm�ikcfvk©�«�\^ik[kcf¬�_6p¸p^mºbfp§vN\^bf\^«�p^m�iXv�n`p

Im
¹¢¤Ìp§v
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ÁÄl�[k«�p§v
α(Im)

�\^[kcÐ¿%p^m�i

∂α(Im) =

n∑

k=1

zkα(kIm) si m ≤ n − 1,

∂α(In) = 0.

s�b¢[X\§vk_`bdiXp>n`pNb°g®vk_`cdiXp>pG¯6g�e^iXp�bfl�m`ª�_6p>n`pG~Îg§©�p^[Tµ �Acfp^iXl�[kcfv¬{_Ìq cdb)pG¯�cfvXiXp�_`mÎcfvXl�«�l�[k]`´`cfvk«�p>n`p
OX

µr«�l�n�_`bfp�p^m�ik[Xp
H0,q(X \ {p0})

p^i
H0,q(N0 \ {p0})

]�l�_`[
1 ≤ q ≤ n

¹Ì³¨p^i;cfvXl�«�l�[k]`´`cfvk«�p
p§vki3cdm6n�_`cdiQ]%gj[QbrqÒgj]`]`bdcfehgjikcfl�m·[Xp§vkik[kcfe^ikcfl�m·vk_`[3bfp§v3ÁÄl�[k«�p§v.n�cÐÏ4\^[Xp^m�ikcfp^bdbfp§v.n`pe^b°g�vXv�p

C∞ ¹
 .l�iXl�m6v

f1, . . . , fn ∈ O(X)
bfp§v>Á
l�m6e^ikcfl�m6v�´6l�bfl�«�l�[k]`´6p§v�ª�bfl�a%gjbfp§v/¬{_`cQn`\G¿6m`cfv�vXp^m{i�bfp§v®e§ljµ

l�[Xn`l�m`m6\§p§v
z1, . . . , zn

¬�_6pNm6l�_6v;gh�l�m6vA¿`¯�\§p§v"vk_`[
U
¹4Z)gj["brq cfvXl�«�l�[k]`´`cfvk«�p>]`[X\§e§\§n`p^m{ih»,l�mo]4p^_`i

g�vXvXl�e^cfp^[¼�e�´%g�¬{_6p¾Á
l�[k«�p�n�cÐÏ4\^[Xp^m�ikcfp^bdbfp
α(Im)

_`m6p
(0,m − 1)

µ
ÁÄl�[k«�p�n�cÐÏ�\^[Xp^m{ikcfp^bdbfp
α∗(Im)

n`p
e^b°g�vXvXp

C∞ vk_`[
X \ {p0}

»%¬{_`cÌp§vki�gjm�ikcfvk©�«�\^ik[kcf¬{_6pNp^m²bfp§vQ\^bf\^«�p^m{iXv.n`p
Im

p^iQ¬{_`c��\^[kcÐ¿%p

∂α∗(Im) =
n∑

k=1

fkα
∗(k, Im) si m ≤ n − 1, |
~ ¹dÆ �

∂α∗(In) = 0. |
~ ¹ ~��
$Ap·]`bd_6vh»¨l�m ]4p^_`i�]`[Xl�_`�p^[/Árg�e^cdbfp^«�p^m{i | eGÁk¹.Å x È � ¬�_6p}]4l�_`[�e�´%g�¬{_6p·«�_`bdikcÐµrcdm6n�cfe§p Im+1(n) =
(i1, . . . , im, n)

n`pNbfl�m6¬{_6p^_`[
m + 1

»
0 ≤ m ≤ n− 1

»%iXp^b)¬�_6p
1 ≤ ij ≤ n

»�cdb7pG¯�cfvkiXpN_`m6p;Á
l�[k«�p
n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

β(Im+1(n))
n`p�a`cfn`p^ª�[X\

(0,m−1)
»jn`p¥e^b°g�vXvXp

C∞ n6gjm6v
N0\{p0}

p^i¢gjm{ikcfvX©�«�\^ik[kcf¬�_6p
p^m²bfp§vQ\^bf\^«�p^m{iXv.n`p

Im+1(n)
»��\^[kcÐ¿�gjm{i

∂α∗(Im+1(n)) = ∂α(Im+1(n)) +
n∑

k=1

fk∂β(k, Im+1(n)) |
~ ¹ÒÇ �

vk_`[
N0 \ {p0}

»6]�l�_`[
0 ≤ m ≤ n− 1

p^i

α∗(Im+1(n)) = α(Im+1(n)) +

n∑

k=1

fkβ(k, Im+1(n)) + ∂β(Im+1(n)) |
~ ¹ y��

vk_`[
N0 \ {p0}

»6]�l�_`[
1 ≤ m ≤ n− 1

¹
 .l�_6v¨gjbdbfl�m6v2e§l�m6vXik[k_`cd[Xp�_`m6pQÁÄl�m6e^ikcfl�m

Λ
´6l�bfl�«�l�[k]`´6pgj_��l�cfvkcdm%gjª�pAn`p

K
»{¬�_`c%p§vki2vkcdm`ª�_`bdcfÍ^[Xp

p^m
p0
»`e§p;¬�_`cÌn`l�m`m6p^[�g>b°g�e§l�m{i�g�n�cfe^ikcfl�mÎeX´6p^[Xe�´6\§p�p^m}e§l�m6vXcfn`\^[�gjm{i�b°g¾[Xp§vXik[kcfe^ikcfl�m·n`p

Λ
¼
D
¹

Z�[Xl�_`�l�m6v¸]%gj[¸[X\§e^_`[k[Xp^m6e§pÙvk_`[
l
»�¬{_6po]4l�_`[�iXl�_`i½«N_`bdikcÐµrcdm6n�cfe§p

Jl−2 = (j1, . . . , jl−2)
n`p

bfl�m`ª�_6p^_`[
l − 2

»
2 ≤ l ≤ n

iXp^b.¬�_6p
1 ≤ jk ≤ n − 1

»¥cdbApG¯�cfvkiXp}n`p§v�Á
l�[k«�p§v/n�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v
ωn−l(Jl−2)

n`pAa`cfn`p^ª�[X\
(0, n− l)

»�n`pe^b°g�vXv�p
C∞ gj_��l�cfvXcdm%gjª�pn`p

K
»�¬{_`c�vXl�m�i�gjm{ikcfvk©�«�\^ik[kcf¬�_6p§v

p^m²bfp§vQ\^bf\^«�p^m{iXv.n`p
Jl−2

p^iQ¬�_`c��\^[kcÐ¿%p^m{i

∂ωn−2(∅) = α∗(1, . . . , n)

∂ωn−l−1(j1, . . . , jl−1) =

l−1∑

k=1

(−1)kfkωn−l(j1, . . . , ĵk, . . . , jl−1)

− (−1)l+j1+···+jl−1α∗(1, . . . , ĵl−1, . . . , n− 1, n) si 2 ≤ l ≤ n − 1.



Æ � ���������
	�����������������������

Â.m²]�l�v�p^[�g�gjbfl�[Xv

Λ =
n−1∑

k=1

(−1)kfkω0(1, . . . , k̂, . . . , n− 1) − (−1)n+n(n−1)/2α∗(I1(n)).

¤,g"Á
l�[k«�pQn�cÐÏ�\^[Xp^m{ikcfp^bdbfp
α∗(1, . . . , n)

p§vki
∂
µ
Á
p^[k«�\§pQvk_`[

X \{p0}
»{¬�_`c6p§vki¥_`m®�l�cfvkcdm%gjª�p�n`p

Kp^i�]%gj[�´�©�]4l�ik´6Í§vXp
H0,n−1(K) = 0

¹�s�b7pG¯�cfvkiXpNn`l�m6e;_`m6p�ÁÄl�[k«�pNn�cÐÏ4\^[Xp^m�ikcfp^bdbfp
ωn−2(∅)

n`p�e^b°g�v�vXp
C∞ gj_²�l�cfvXcdm%gjª�p;n`p

K
iXp^bdbfp�¬{_6p

∂ωn−2(∅) = α∗(1, . . . , n)

p^i¨n`pA]`bd_6v¨ª�[���e§p¼;brqÒgjm�ikcfvk©�«�\^ik[kcfpn`p§v2Á
l�[k«�p§v¨[Xp^b°gjikcd�p^«�p^m{i�gj_�¯/\^bf\^«�p^m�iXvQn`p§v¨«�_`bdikcÐµrcdm6n�cfe§p§vQp^i
¼ |
~ ¹dÆ �

−∂fj1ωn−2(∅) = (−1)2+j1∂α∗(1, . . . , ĵ1, . . . , n− 1, n).

±�l�cdi
2 ≤ l ≤ n − 1

»)vk_`]`]4l�vXl�m6v�¬�_6p
ωn−l(Jl−2)

pG¯�cfvkiXp�]�l�_`[>iXl�_`i>«�_`bdikcÐµrcdm6n�cfe§p
Jl−2 =

(j1, . . . , jl−2)
n`pbfl�m`ª�_6p^_`[

l − 2
p^i.¬{_6p

∂

l−1∑

k=1

(−1)kfjk
ωn−l(j1, . . . , ĵk, . . . , jl−1) = (−1)l+j1+···+jl−1∂α∗(1, . . . , Ĵl−1, . . . , n− 1, n).

³¨l�«�«�p
H0,n−l(K) = 0

]%gj[´�©�]4l�ik´6Í§vXp�»4]4l�_`[;eX´%g�¬�_6p>«�_`bdikcÐµrcdm6n�cfe§p
Jl−1 = (j1, . . . , jl−1)

n`p
bfl�m`ª�_6p^_`[

l − 1
»6cdb,pG¯�cfvkiXp;n`p§vQÁÄl�[k«�p§v.n�cÐÏ4\^[Xp^m�ikcfp^bdbfp

ωn−l−1(Jl−1)
n`pa`cfn`p^ª�[X\

(0, n− l − 1)
»%n`p

e^b°g�vXvXp
C∞ gj_²�l�cfvkcdm%gjª�p;n`p

K
»`¬�_`cÌp§vki�gjm{ikcfvk©�«�\^ik[kcf¬�_6p�p^m¸bfp§vQ\^bf\^«�p^m�iXv.n`p

Jl−2
p^i�¬�_`c��\^[kcÐ¿%p

∂ωn−l−1(j1, . . . , jl−1) =
l−1∑

k=1

(−1)kfkωn−l(j1, . . . , ĵk, . . . , jl−1)

− (−1)l+j1+···+jl−1α∗(1, . . . , Ĵl−1, . . . , n− 1, n).

$ApA]`bd_6v�ª�[���e§p;¼NbrqÒgjm{ikcfvX©�«�\^ik[kcfp;n`p§v2Á
l�[k«�p§v�[Xp^b°gjikcd�p^«�p^m{i"gj_�¯�\^bf\^«�p^m{iXv�n`p§v�«�_`bdikcÐµrcdm6n�cfe§p§v�p^iQ¼
|
~ ¹dÆ � »`_`m}vkcd«�]`bfp;ehgjbfe^_`b | eGÁT¹�Å x È � n`l�m`m6p

∂

l∑

k=1

(−1)kfjk
ωn−l−1(j1, . . . , ĵk, . . . , jl) = (−1)l+j1+···+jl∂α∗(1, . . . , Ĵl, . . . , n− 1, n).

¤,goÁ
l�m6e^ikcfl�m
Λ =

∑n−1
k=1(−1)kfkω0(1, . . . , k̂, . . . , n − 1) − (−1)n+n(n−1)/2α∗(I1(n))

p§vki
gjbfl�[Xv2´6l�bfl�«�l�[k]`´6pgj_��l�cfvkcdm%gjª�p"n`p

K
n�qÒgj]`[XÍ§v�e§pA¬{_`c�]`[X\§e§Í§n`p | ehg�v l = n− 1 � p^i¨vk_`[ N0 \ {p0}l�m·g

Λ(0, . . . , 0, zn) = −(−1)n+n(n−1)/2α∗(I1(n))(0, . . . , 0, zn).

Z¢gj["gjcdbdbfp^_`[Xvh»`m6l�_6vQn`\§n�_`cfv�l�m6v�n`p |
~ ¹ÒÇ � ¬�_6p

Γ(z1, . . . , zn) = α∗(I1(n))(z1, . . . , zn) − α(I1(n))(z1, . . . , zn) −
n−1∑

ν=1

zνβ(ν, I1(n))(z1, . . . , zn)
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n`\G¿6m`cdi_`m6p�Á
l�m6e^ikcfl�mÎ´6l�bfl�«�l�[k]`´6p�vk_`[
N0 \ {p0}

»4¬�_`c�vXp�]`[Xl�bfl�m`ª�p>´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i>¼
N0]%gj[Qbfp"]`´6\^m6l�«�Í^m6p�n`p5}"gj[kiXl�ª�v3]`_`cfvX¬�_6p

n ≥ 2
¹%±�c

zn 6= 0
»%l�m}g�n`l�m6e

Γ(0, . . . , 0, zn) = α∗(I1(n))(0, . . . , 0, zn) − α(I1(n))(0, . . . , 0, zn).

~ogjcfv�]%gj[Nn`\G¿6m`cdikcfl�mÞn`p§v;ÁÄl�[k«�p§v¾n�cÐÏ�\^[Xp^m{ikcfp^bdbfp§v
α
»Ìl�mÔg

α(I1(n))(z1, . . . , zn) = −zn

|z|2
p^iNgjcdm6vkc

α(I1(n))(0, . . . , 0, zn) = − 1
zn

¹ ! bfl�[Xv Λ(0, . . . , 0, zn) = −(−1)n+n(n−1)/2(Γ(0, . . . , 0, zn)− 1
zn

)p^iQb°g¾[Xp§vkik[kcfe^ikcfl�m·n`p;b°gNÁÄl�m6e^ikcfl�m
Λ
¼
V = {z1 = · · · = zn−1 = 0}

]�l�vXv�Í§n`p"_`m²] ��bfp;¼�brqtl�[kcdª�cdm6p�»
b°g>[Xp§vkik[kcfe^ikcfl�m}n`p

Λ
¼
D
m6p;]�p^_`iQn`l�m6e]%g�v�vXp"]`[Xl�bfl�m`ª�p^[�´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i;¼

D ∪ U
¹

� ��� A <`=?<@6!A �lE �lE3±�l�cdi
Ω
_`m�n`l�«®gjcdm6p�]6v�p^_6n`l�e§l�m��pG¯�p.[Xp^b°gjikcd�p^«�p^m{i3e§l�«�]%g�e^i�n�q _`m6pQ�gj[kcf\^iX\�n`p

±�iXp^cdm
X
¹�&.m¸vXl�_6v�p^m6vXp^«�a`bfp

H
n�q cdm{iX\^[kcfp^_`[Qm6l�m½�cfn`pAn`p

Ω
vXp^[�gNn�cdi 5 KNQoI

1
e!i�SsO¨vkc

Ω \H
p§vki�_`m6p

[X\^_`m`cfl�m·n`pn`l�«®gjcdm6p§vQ]6v�p^_6n`l�e§l�m��pG¯�p§vh¹
����� 6;4��	� � �lE� E5FBHJILKNM;O

Ω P M Y�HJ_xSJI@MBK�T�KNiqS�O�I`Q KW_xKWM;Ogf�Hs_(erS�f�O d bWO�T�IVf�OXKN_aKNM;O e;b�K P Y�HofhHJMcQ K m K d��� HJT Y
C∞ Y � P MBKGQ7SsT�ILUWOXU Y[K�F!OXKWI`M

X
Y[KxYsI`_aKNMrbNI�HsM

n d n ≥ 3 d ω P M H P Q KNTWOgfhHJMcMBK m KaY[K
∂ΩOXKNi j P K ω 6= ∂Ω

KWO
K P M f�HJ_ge�S�foO(Y[K

Ω
Y � I@M;OXUNTNIVK P T MBHJM QoIVY[KGOXKNi0j P K ∂Ω \K = ω

KWO
Ω \KK�bNO e;b�K P Y�H?f�HJMcQ K�m[Kon

�0HJMrbNI�Y[UWT HJMcb.ivK�b�� ��e�H�O!�#"�b�KNb�SJM!SJi$�sO�I�j P K�btb P I@Q7SJM;OXKNb�w
�@p&%'�)(!H P OXK+*�HJM!foO�I�HJM � { fhHJM;O�I@M P Kub P T ω b � UWOXKNM!Y KWM P MBK,*WHJMBf�O�I�HsMaf�HJM;O�I@M P K b P T E(ω) = Ω\KKWO-��HJi�HJ_xHJTXe.��K�Y�SJMrb

E(ω) \ ω /
�@p����0
�H P TgOLH P O9KNM;O�ILKNT

q d 1 ≤ q ≤ n−3 d KWO OLH P OXK (0, q) 1
*�HJTN_aK5YJI zgUNT�KNM;O�ILKNi`ivK

f
Y K.fWiqSJbhb�K

C∞ d
� { b P T ω d I`i%K�mJI>bWOXK P MBK

(0, q − 1) 1
*�HJTN_aKGYJI zgUWT KNM!O�IVKNi@ivK

u
Y[KGf�iqS b�b�K

C∞ b P T ω OXKNi`ivK�j P K
∂bu = f

b P T ω d
�@p2�	�3
�H P TZOLH P OXK (0, n − 2) 1

*�HJTN_aK YJI zgUNT KWM;O�IVKWi`ivK
f

Y[K fWi�S bhboK
C∞ d � { b P T ω d j P I�Q UNTNI 4uK

∫
ω f ∧ ϕ = 0 d e�H P T OLH P OXK (n, 1) 1

*WHsT�_aKxYsI zgUNT�KNM;O�ILKNi@i�K
ϕ ∂ 1

*�KNTN_aU�K�b P T X \K d OXKNi`ivKxj P K
suppϕ ∩ ω

bWHsI@O(fhHJ_ge�S�f�O d I@i K mJI`bNOXK P MBK
(0, n − 3) 1

*�HJT�_aK YJI zgUNT KWM;O�IVKWi`ivK
u

Y[K fWi�S bhboK
C∞

b P T ω OXKWi`ivK�j P K ∂bu = f
b P T ω d

SJi�HJThb5ivK � HJT Y\Y[K
ω

K�bNO�f�HJM!OXKNM P Y�SsMrb P M KNMrboKN_ � ivK
H

5 KNQoI
1
eBiqSsOXn

|�UN_xHJMcbNO�T SsO�I�HsMBnQ¤�qtp^m6vXp^«�a`bfp
H = ∂K \ (∂Ω\ω)

e§l�m��cfp^m�ih¹�ß¥m/pGÏ�p^i�bfpQa4l�[Xn�n`p
ω
p§vki¨e§l�m{iXp^m{_

n6gjm6v
H
p^i
H
n�cd�cfvXp

Ω
p^m

Ω \K
»6¬�_`c,p§vki3]6vXp^_6n`l�e§l�m{�pG¯`pN]%gj[Q´{©�]�l�ik´6Í§v�p�»%p^i ◦

K
»6_`m6p[X\^_`m`cfl�m

n�qtl�_`�p^[kiXvQ]6vXp^_6n`l�e§l�m{�pG¯`p§v.n�qÒgj]`[XÍ§v�bfp§v " ´6\§l�[XÍ^«�p§v�Æ�¹ z p^i ~ ¹dÆ�¹
Z7l�_`[.]`[Xl�_`�p^[Q_`m6p"[X\§e^cd]`[Xl�¬{_6p]%gj[kikcfp^bdbfp�n`p;e§p"ik´6\§l�[XÍ^«�pm6l�_6vQn`p^�l�m6v�cdm{ik[Xl�n�_`cd[Xp;¬{_6p^bf¬�_6p§v

m6l�i�gjikcfl�m6v�p^i�n`\G¿6m`cdikcfl�m6vh¹
Â.mÃm6l�iXp

O(U)
brqÒgjbdª�Í^a`[Xp}n`p·w`[X\§eX´6p^i½n`p§v®ÁÄl�m6e^ikcfl�m6v®´6l�bfl�«�l�[k]`´6p§v�vX_`[®brqtl�_`�p^[ki

U
n`p

X«�_`m`cfpAn`p�b°g;iXl�]�l�bfl�ª�cfpAn`pQb°g�e§l�m{�p^[kª�p^m6e§pA_`m`cÐÁÄl�[k«�pAvk_`[2iXl�_`i2e§l�«�]%g�e^i3n`p
U
¹�±�c

S
p§vki¥_`m½vXl�_6vTµ

p^m6vXp^«�a`bfp¾bfl�ehgjbfp^«�p^m{iAÁÄp^[k«�\¾n`p
X
»�l�mon`\G¿6m`cdi

O(S)
e§l�«�«�pNb°g�bdcd«�cdiXpNcdm6n�_6e^ikcd�p>n`p§v"gjbdª�Í^a`[Xp§v

O(U)
»`bfl�[XvX¬�_6p

U
n`\§e^[kcdi�brqtp^m6v�p^«�a`bfp�n`p§v�l�_`�p^[kiXv�n`p

X
¬{_`cÌe§l�m�ikcfp^m`m6p^m{i

S
»`p^i�l�m²«N_`m`cdi

O(S)n`p�b°g½iXl�]4l�bfl�ª�cfp�bdcd«�cdiXp�cdm6n�_6e^ikcd�p/e§l�[k[Xp§vk]�l�m6n6gjm�iXp�¹)Â.mÕm6l�iXp
S̃
bfp�vk]4p§e^ik[Xp�n`p�brqÒgjbdª�Í^a`[Xp

O(S)
»

e�qtp§vkiTµu¼Éµ�n�cd[Xp>brqtp^m6vXp^«�a`bfp�n`p§vA´6l�«�l�«�l�[k]`´`cfvk«�p§v�e§l�m{ikcdm{_6v�»4m6l�mom�_`bfvn`p�brqÒgjbdª�Í^a`[Xp
O(S)

n6gjm6v
Cp^i

g : S 7→ S̃
brqÒgj]`]`bdcfehgjikcfl�mÕn`\G¿6m`cfp¾]%gj[

g(x)(f) = f(x)
]�l�_`["iXl�_`iXp

f ∈ O(S)
¹ÌÂ.mÎ«�_`m`cdi

S̃n`pb°g¾iXl�]�l�bfl�ª�cfp;cdm6n�_`cdiXp;]%gj[3b°g>iXl�]4l�bfl�ª�cfp"Árgjcda`bfp;n�_²n�_%gjb
O′(S)

n`p
O(S)

¹
±�c
S
p§vXi¨_`m¸l�_`�p^[kiQn`p

X
»�l�m¸v�gjcdi | eGÁk¹�ÅÒÇÉÈ � ¬�_6p g p§vXi¨_`m6pgj]`]`bdcfehgjikcfl�m²a`c ¦kp§e^ikcd�pn`p S vk_`[ S̃vkcÌp^i�vXp^_`bfp^«�p^m�i�vkc

S
p§vkiQ_`m6p"�gj[kcf\^iX\;n`pN±�iXp^cdmÌ¹



Æ ~ ���������
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¤Ìl�[XvX¬�_6p
X
p§vki"_`m6pN�gj[kcf\^iX\�n`p�±�iXp^cdmÌ»4cdb)p§vXigjbfl�[XvA´%gja`cdik_6p^b¥n�q cfn`p^m�ikcÐ¿%p^[

X
p^i
X̃
]%gj[brqÒgj]�µ

]`bdcfehgjikcfl�m
g
¹�¤¥qÒgj]`]`bdcfehgjikcfl�m¸[Xp§vkik[kcfe^ikcfl�m¸n`p

O(X)
n6gjm6v

O(S)
cdm6n�_`cdi�gjbfl�[Xv¨]%gj[¨ik[�gjm`]�l�vkcdikcfl�m½_`m6p

gj]`]`bdcfehgjikcfl�m·n`p
S̃
n6gjm6v

X
»6¬�_6p"m6l�_6vQm6l�iXp^[Xl�m6v

π
p^iQ¬�_`cÌ�\^[kcÐ¿%p

π ◦ g = id¶�p^�p^m6l�m6v�gj_Óehg�v�l�À
S
p§vXi;vXp^_`bfp^«�p^m{i;bfl�ehgjbfp^«�p^m{i;ÁÄp^[k«�\�¹,±�l�cdi

(Un)n∈N

_`mÓvk©�vkiXÍ^«�pNÁÄl�m�µ
n6gj«�p^m{i�gjb)n`p�l�cfvkcdm%gjª�p§v�n`p

S
iXp^b,¬�_6p

U0 = X
p^i
Uj+1 ⊂ Uj

]4l�_`[QiXl�_`i
j ∈ N

¹6¤¥qÒgj]`]`bdcfehgjikcfl�m
[Xp§vkik[kcfe^ikcfl�m®n`p

O(Uj)
n6gjm6v

O(Uj+1)
cdm6n�_`cdi�]%gj[�ik[�gjm6vX]�l�vkcdikcfl�m®_`m6pQgj]`]`bdcfehgjikcfl�m®e§l�m{ikcdm�_6p

πj+1,jn`p
Ũj+1

n6gjm6v
Ũj
¹ÉZ�_`cfv�¬{_6p2n`p�«®gjm`cfÍ^[Xp2ª�\^m6\^[�gjbfp¨bfp�n�_%gjb�Á
gjcda`bfp¨n�q _`m6p�bdcd«�cdiXp2cdm6n�_6e^ikcd�p�n�qtp§vk]%g�e§p§v

bfl�ehgjbfp^«�p^m�i"e§l�m��pG¯�p§v"p§vki.b°g�bdcd«�cdiXpN]`[Xlj¦kp§e^ikcd�pNn`p§vAn�_%gj_�¯²Árgjcda`bfp§v | �l�cd[h»�]%gj[.pG¯`p^«�]`bfp�»7ÅdÆ z È � » S̃p§vki�b°g"bdcd«�cdiXp3]`[Xlj¦kp§e^ikcd�p�n`p�b°gAÁrgj«�cdbdbfp
(Ũj+1, πj+1,j)j∈N

¹{¤Ìp§v)ÁrgjcfvXe§phgj_�¯
jO

n`p§v¥ª�p^[k«�p§v¥n`p�Á
l�m6eGµ
ikcfl�m6vN´6l�bfl�«�l�[k]`´6p§v�vX_`[

Uj
]4p^[k«�p^ikiXp^m{i�gjbfl�[Xv>n`p/n`\G¿6m`cd[¾_`mÞÁ
gjcfvXe§phgj_Ôvkik[k_6e^ik_`[�gjb¨´6l�bfl�«�l�[k]`´6p

vk_`[
S̃
¬{_6p;brqtl�m¸m6l�iXp^[�g

s̃O
¹6¤,p"[X\§vk_`bdi�gji�vk_`cd�gjm{i�p§vXi3]`[Xl�_`�\�n6gjm6v;Å y È�¹
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S P M bWH P b KNMrboKN_ � ivK iqH?f�SJivKN_aKNM;O *oKNTN_xU\Y�� P MBK Q7SJTNILUWOXURY[KaF!OXKWI`M

X
n

5 K�b�S�e[e!i IVf�SsO�IVHJMrb
g

KWO
π

bWS�O�I>b!*WHJM!O SJi�HJT�b.ivK�b�e!T H�e!TNILUWOXU�btb P I@Q7SJM;OXK�b�w
S � 5 � S�e�e!i I�fhSsO�I�HsM

π
Y[K
S̃

Y�SJMcb
X

I@M!Y P I@O P M
I`bWHJ_xHJTXe.�[I`b�_aKaSJi � U � TNI�j P K Y[K
Oπ(x)

b P T s̃Oxe�H P T OLH P O x ∈ S̃
n

� � 5 � S�e�eBi IVf�SsO�IVHJM
g

K�bWO P M ��Hs_xU�HJ_xHJTLe+�[I>bN_aK�Y K
S

b P T g(S) d j P I0I`MBY P I�O P M I>b�HJ_xHJTLe+�[I>bN_aK
Y[K-*WSJI`bWf�K S P Y K

s̃O|g(S)
b P T O|S d b�I HJM IVY[KNM;O�I 4uK

S
SJQ K�f

g(S)
n

f �RF;I
E(S)

Y[UNb�I �JMBK i�S fhHJ_ge�H bWSsM;OXK\Y[K
S̃

j P I�T KWM!f�HJM;O�T�K
S d i � S�e�e!i IVf�SsO�IVHJM T K�bWO�T�IVf�O�IVHJM

g∗ :
Γ(E(S),

S̃
O) → Γ(S,O)

K�bNO P M I`bWHJ_xHJTXe.�[I`b�_aK�SJi � U � TNI�j P Kon
� ��� A <`=?<@6!A �lE��lE"±�c

K
p§vkiQ_`m·e§l�«�]%g�e^iAn`p

X
»%l�m}n�cdiA¬{_Ìq cdb,p§vXi �l�o���o�\� 	�� ����������� ����g��� �� ��� �vkc

g(K) = K̃
¹

$gjm6voÅ y È�» }"gj[k�p^©Ãp^i (Óp^bdbfv¸l�m{i¸n`l�m`m6\ob°gÕehgj[�g�e^iX\^[kcfv�gjikcfl�m&e§l�´6l�«�l�bfl�ª�cf¬�_6pÙvk_`cd�gjm{iXpÎn`p§v
e§l�«�]%g�e^iXv

K
´6l�bfl�«�l�[k]`´`cf¬{_6p^«�p^m�i"e§l�m��pG¯�p§vN×

����� 6;4��	� � �lE�� ExFBHJI�O
K P MlKGerSJTNO�ILK f�HJ_ge�S�foOXK Y � P MBK Q7SJTNILUWOXU Y[K F!OXKNI@M

X
n 5 K�bZfhHJM!YJI�O�I�HsMrb

b P I`Q7SsM;OXK�btbWHsM;OuU j P I@Q7SJivKNM;OXK�bxw
�LI �

K
KNbNO-��HJi�HJ_xHJTLe+�[I�j P KN_aKNM!O�fhHJMcQ K m K d

�LI@I �
Hq(K,F) = 0

e�H P T OLH P O q > 0
KWOuOLH P O *�SJI>b�fhK S P SJM!SJi$�sO�I�j P K�f�H��rUNT KWM;O

F
b P T K n

s�b4p^m½[X\§vk_`bdiXpAª�[���e§p¼�brq cfv�l�«�l�[k]`´`cfvk«�pn`p $Al�bda4phgj_`bdi3¬{_6p.iXl�_`i3e§l�«�]%g�e^i
K
´6l�bfl�«�l�[k]`´`cf¬�_6pGµ

«�p^m{i.e§l�m��pG¯�p�v�gjikcfvTÁrgjcdi3b°g�e§l�m6n�cdikcfl�m

(C1) Hn,q(K) = 0,
vkc

1 ≤ q ≤ n− 1.

����� 6;4��	� � �lE��BE5FBHJILKNM;O
Ω P M Y�HJ_xSJI@MBK�T�KNiqS�O�I`Q KW_xKWM;Ogf�Hs_(erS�f�O d bWO�T�IVf�OXKN_aKNM;O e;b�K P Y�HofhHJMcQ K m K d� � HJT Y

C∞ Y � P MBKaQ7SJTNILUWOXU\Y[KaF!OXKNI@M
X

Y K\YJI`_aKNMcb�IVHJM
n d n ≥ 3 d K�O

ω P M H P Q KNTWOtf�HJMcMlK m[KRY[K
∂Ω

n	��M b P e�e�H boKGj P K�i�K � HJT Y Y[K
ω

KNbNO�f�HJM;OXKNM P Y�SJMcb P M
KNMrboKN_ � ivK
H

5 KNQoI
1
eBiqSsO�KWO�HJM M!HsOXK

Ki�K�f�HJ_ge!ivUN_aKNM;OLSsI`T�KGY�SJMrb
Ω

Y[K iqS f�HJ_ge�H b�SJM;OXKGf�HsMcMBK m[KGY K
Ω \H

f�HJM;OXKNMBSJM;O
ω
n

F;I
K

K�bWO P M\f�HJ_ge�S�f�O ��HJi�HJ_xHJTLe+�[I�j P KN_aKNM!O f�HJM;Q K m[K d ivK�b � ��e�HsO!�#"�boK�b�SJM!SJi$�sO�I�j P K�b��@p&%'� d �@p����KWO ��p��	�Gb�HJM;O0b�SsO�I`b6*�SJI@OXKNb�n

|�UN_xHJMcbNO�T SsO�I�HsMBnQZ¥_`cfvX¬{_6p
K
p§vkiQ_`moe§l�«�]%g�e^iA´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i;e§l�m��pG¯�p�»�b°g�e§l�m6n�cdikcfl�mÎe§ljµ

´6l�«�l�bfl�ª�cf¬{_6p | ³AÆ � p§vki�v'gjikcfvTÁ
gjcdiXp�p^i�bfp�ik´6\§l�[XÍ^«�p®[X\§vX_`bdiXp®gjbfl�[Xv�n`p�b°g²e§l�m6n�cdikcfl�mÞvk_�Ú®v�gjm�iXp®n�_
" ´6\§l�[XÍ^«�p®Æ�¹ z ¹



� �
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{�KN_xSJT j P K ~ ¹��cnÌ¤¥qtp^m6v�p^«�a`bfp H \^i�gjm{i¥¤Ìp^�cÐµr]`b°gjih»jbrq cdm{iX\^[kcfp^_`[�n`p¨b°gQe§l�«�]4l�v�gjm{iXp3e§l�m`m6pG¯`p¨n`p
Ω\He§l�m{iXp^m%gjm{i

ω
p§vki3]6vXp^_6n`l�e§l�m{�pG¯`p�p^i3]%gj[�e§l�m6v�\§¬{_6p^m�iQbrqÒgj]`]`bdcfehgjikcfl�m·[Xp§vXik[kcfe^ikcfl�m

H0(K,O) → H0(K ∩ ∂Ω,O)

p§vki2a`c ¦kp§e^ikcd�p"n�qÒgj]`[XÍ§v"ÅdÆ�Æ^È�»�e§pA¬�_`c�cd«�]`bdcf¬�_6p"¬{_6p
K
p§vki�e§l�m{iXp^m{_²n6gjm6v

π(K̃ ∩ ∂Ω)
¹�¤�q ´{©�]�l�ik´6Í§vXp

K
´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{ie§l�m{�pG¯`p;vXp"ik[�g�n�_`cdiAgjbfl�[XvQ]%gj[

g(K) = K̃ ∩ ∂Ω
¹

$"l�m`m6l�m6vQ«®gjcdm{iXp^m%gjm�iA¬�_6p^bf¬�_6p§vQpG¯�p^«�]`bfp§v.n`p;e§l�«�]%g�e^iXvQ´6l�bfl�«�l�[k]`´`cf¬�_6p^«�p^m{i"e§l�m{�pG¯`p§vh¹
$>qÒgj]`[XÍ§v�¶�l�v�vkcÌÅdÆ y È�»�vkc K ]4l�vXvXÍ§n`p3_`m®vX©�vkiXÍ^«�p¨Á
l�m6n6gj«�p^m{i�gjb4n`\^m6l�«�a`[�gja`bfp"n`p3�l�cfvXcdm%gjª�p§v�n`p

±�iXp^cdm>gjbfl�[Xv
g(K) = K̃

»�p^m¾]%gj[kikcfe^_`bdcfp^[�vkc
X
p§vXi7_`m6p2�gj[kcf\^iX\¨n`p¨±�iXp^cdm�p^i¢vkc

K
p§vki

O(X)
µ�e§l�m{�pG¯`p�»

cr¹tp�¹
K = {x ∈ X | |f(x)| ≤ ‖f‖K ,∀f ∈ O(X)}

»�gjbfl�[Xv
g(K) = K̃

¹
$"\G¿6m`cfvXvXl�m6vQ_`m6pe^b°g�v�vXp"]`bd_6vQª�\^m6\^[�gjbfp;n`p�e§l�«�]%g�e^iXvh¹

� ��� A <`=?<@6!A �lE�� E¾±�l�cdi
X
_`m6p¸�gj[kcf\^iX\�»2l�mÃn�cd[�gÓ¬�_Ìq P M f�Hs_(erS�f�O

K
Y[K

X
e�H bhb " Y[K P MBK � S b�K

Y[UNM!HJ_ � T S � ivK5Y KgQ7HJI`b�I@M!S �[K�b.Y[K(F!OXKNI@M^UWOLSJivU�bAvhq cdb�pG¯�cfvkiXpQ_`m6p�vk_`cdiXp
(Vn)n∈N∗

n�qtl�_`�p^[kiXv¨n`p
X
iXp^bfv

¬{_6p
V1 ⊃ V2 ⊃ · · · ⊃ ∩j∈N∗Vj = K

p^ih»`vkc
Ṽn

n`\§vkcdª�m6p"brqtp^m{�p^bfl�]`]4p�n�q ´6l�bfl�«�l�[k]`´`cfpNn`p
Vn

p^i
πn

b°g¾]`[Xlj¦kp§e^ikcfl�m¸m%gjik_`[Xp^bdbfp�n`p
Ṽn

n6gjm6v
X
»

π1(Ṽ1) ⊃ π2(Ṽ2) ⊃ · · · ⊃ ∩j∈N∗πj(Ṽj) = K
&�m·e§l�m{ik[XpGµ�pG¯`p^«�]`bfp¾n`l�m`m6\�]%gj[��"¹�±�iXp^m6vXl�m6p§v¾ÅdÆ �ÉÈ7n6gjm6v

C2 «�l�m{ik[XpN¬{_6p;vXcÌ_`m}e§l�«�]%g�e^i K]�l�vXv�Í§n`p_`m6p�a%g�v�p;n`p;�l�cfvkcdm%gjª�p§vAn`p¾±�iXp^cdmÎ\^i�gjbf\§vh»%cdb,m6p;]4l�vXvXÍ§n`p;]%g�vQm6\§e§p§vXv�gjcd[Xp^«�p^m�i"_`m6p;a%g�vXp
n`p�l�cfvkcdm%gjª�p§v�n`p�±�iXp^cdmÌ¹
35476!896;:7<>=?<@6BA �lE�C�� E�FlHJI@O

X P MBKkQ7SJTNILUWOXUtY[K(F!OXKWI`M^KWO
K P M^f�Hs_(erS�f�O Y[K

X
OXKWilj P K g(K) = K̃ dSJiqHsThb

K
e�HJbhb�"�Y[K P MlK � S b�K�Y[K Q7HJI`b�I@M!S � K�b�Y[K5F!OXKNI@M UWOLSsi�U�bon

|�UN_xHJMcbNO�T SsO�I�HsMBn  Al�_6v/gh�l�m6v��_Ã¬�_6p¸vkc
K

p§vki�_`mÃe§l�«�]%g�e^i/n`p
X
p^i

(Un)n∈N

_`mÃvX©�vkiXÍ^«�p
ÁÄl�m6n6gj«�p^m�i�gjb¥n`p��l�cfvkcdm%gjª�p§v"n`p

K
iXp^b¢¬�_6p

U0 = X
p^i
Uj+1 ⊂ Uj

]4l�_`[AiXl�_`i
j ∈ N

»
K̃
p§vXi�b°g

bdcd«�cdiXp]`[Xlj¦Tp§e^ikcd�pNn`p"b°g¾Árgj«�cdbdbfp
(Ũj+1, πj+1,j)j∈N

¹6Z)gj[�e§l�m6vX\§¬�_6p^m{i
π(K̃) = ∩j∈N∗π0,j(Ũj)

¹
±�_`]`]�l�v�l�m6v�¬�_6p

g(K) = K̃
¹ ! bfl�[Xv K = π(K̃) = ∩j∈N∗π0,j(Ũj)

¹

� 	�� 	 �l/0��#%/0"

ÅdÆGÈ ! ¹ ! m6n�[Xp§l�ikikc7gjm6no³A¹ $>¹c}�cdbdbr¹¨³¨l�m{�pG¯�cdi�©}gjm6n¸ik´6p5}¾¹`¤Ìp^�cÌ]`[Xl�a`bfp^«²¹%Z2gj[ki.sA×`¶�p§n�_6e^ikcfl�m
iXl�ik´6p"�gjm`cfvk´`cdm`ª�ik´6p§l�[Xp^«�vh¹ pgM;MBn FBf P HJi�S
	 HJTN_xn F P e n 
�I>b�S�» ~�x ×ÒÇ ~�z�� Ç x Ç�»,Æ ��Ê ~ ¹

Å ~ ÈNßQ¹ ~º¹4³2´`cd[���g/gjm6noßQ¹t¤¥¹Ì±�iXl�_`ih¹A¶�p^«�l��gja`bfp¾vkcdm`ª�_`b°gj[kcdikcfp§v"cdmoik´6p�a4l�_`m6n6gj[k©�¹.sum �0HsM;O�T�I � P 1O�I�HsMrb�OLH �0HJ_ge!ivK mxpgM!SJi$� b�I`b�SJM!YxpgM!Ssi �sO�IVf�(K HJ_aKWO�T ��»��l�bd_`«�p¾ß ~�x ljÁup.bLerK�f�O@b H *�� SsO!�rK
1_xSsO�I�fWbG»�]%gjª�p§v y Ç � Æ �jy »,Æ � � y ¹

ÅÒÇÉÈN¶�¹Ë³A¹ �A_`m`m`cdm`ª&gjm6n }N¹A¶�l�v�vkcr¹ pgM!SJi$�JO�IVj P K�b * P M!f�O�IVHJMrb H *
b�KNQ KWT SJixf�Hs_(eBi�K m Q7SJTNI�S � i�KNbG¹
Z�[Xp^m{ikcfe§pGµX}"gjbdbr»¢Æ � x�z ¹

Å y ÈN¶�¹�}Agj[k�p^©½gjm6n½¶�¹ËÂ¾¹ (Óp^bdbfvh¹)³¨l�«�]%g�e^i3´6l�bfl�«�l�[k]`´`cfehgjbdbd©½e§l�m{�pG¯¸vk_`a6vXp^iXv�ljÁ¢g¾vkiXp^cdm�«®gjm`cÐµÁÄl�bfn�¹ (rT SJMrbonBp�n�� nqFln°»4ÆhÇ x × z�� � ��z Æ x »,Æ � x ��¹
Å z È �>¹o~º¹�}.p^m���cdmNgjm6n��%¹h¤Ìp^cdiXp^[Xp^[h¹�ptM!YJT�K HsOVO�I

1
�T S P KNTNO O!��K HJT � � �gI@M;OXK�JT SJi *WHsT�_ P iqS b^»^�l�bd_`«�p¨Ê yljÁ�
�T H �sT K�b�b�I@M�� S�O!��n��¨cd[���´%g��6vXp^[h»ÌÆ � � ��¹



Æ y ���������
	�����������������������

Å x È�}N¹ �"¹)¤,gj_�ÁÄp^[h¹ÕÂ.mÔvk´6phgÉÁ.e§l�´6l�«�l�bfl�ª�©Øgjm6nÔp^m{�p^bfl�]4p§v�ljÁ�´6l�bfl�«�l�[k]`´{©�¹ pgMcMBn�H * � S�O!��nf»
� y ×dÆ ��~�� Æ�Æ ��»,Æ � x�x ¹

ÅËÊ�È>³A¹�¤,gj_`[Xp^m{iTµ " ´`cf\^a%gj_`ih¹�±�_`[)brqtpG¯�iXp^m6vkcfl�m�n`p§v7Á
l�m6e^ikcfl�m6v�³¨¶Øn6gjm6v)_`m6p2�gj[kcf\^iX\�n`p2vXiXp^cdmÌ¹;pgMcMBn
� SsOXn 
 P T SGpue�e!ivnf»,Æ z�� ×dÆ ��~ Æ�»,Æ � � ��¹

Å��ÉÈ>³A¹4¤,gj_`[Xp^m{iTµ " ´`cf\^a%gj_`ih¹ ( ��U HJTNIVKaY[K�b *WHJMBf�O�I�HsMrb���HsiqHJ_xHJTXe.��KNbGY[Kke!i P b�ILK P ThbGQ7SJTNIVS � ivK�bG¹�±�gÉµ
�l�cd[Xv.g�e^ik_6p^bfvh¹%s�m�iXp^[Xß¥n�cdikcfl�m6v � ³  A¶A±¸ß�n�cdikcfl�m6vh»6Z)gj[kcfvh»,Æ � ��Ê�¹

Å��ÉÈ>³A¹¥¤,gj_`[Xp^m�iTµ " ´`cf\^a%gj_`i½gjm6n �%¹¥¤Ìp^cdiXp^[Xp^[h¹ " ´6p ! m6n�[Xp§l�ikikcÐµ �Ap§v�p^m{ikcdm`c"vXp^]%gj[�gjikcfl�mÖik´6p§l�[Xp^«
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Á
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y Æ x��{y Ç ��»,Æ � ��Ç�¹
ÅdÆ � È>³A¹�¤7gj_`[Xp^m{iTµ " ´`cf\^a%gj_`i.gjm6n �6¹�¤Ìp^cdiXp^[Xp^[h¹¢Â.m²±�p^[k[Xp.n�_%gjbdcdiu©�¹�� P i`ivnlFlfWIVn � SsO!��n°»%Æ ~jy ×���Ç � Æ ��x »

~������ ¹
ÅdÆ�ÆGÈ �>¹{¤Ì_`]%g�e§e^cfl�bd_Ì¹7Â.m®ik´6pAp^m{�p^bfl�]4p§v2ljÁÌ´6l�bfl�«�l�[k]`´�©®ljÁ,vkik[kcfe^ikbd©�¤Ìp^�cÐµ�e§l�m{�pG¯/´{©�]�p^[Xvk_`[TÁrg�e§p§vh¹

s�m �0HJi@iqHoj P KtY�� SJMBSJi � boKtf�HJ_ge!ivK m[K SJM!Y��[U�Hs_xU�O�T�ILK d � SJT�b�KNI@i@i�K d�� SsMcQoILKNT�%��
� �{»{�l�bd_`«�p ~ Æ�Ê�ljÁpkbWOXUNT�I`bWj P K^»%]%gjª�p§v;Æ ��Ç � Æ � ~ »,Æ � ��Ç�¹ÅdÆ ~ È �>¹`¤�_`]%g�e§e^cfl�bd_Ì¹2³2´%gj[�g�e^iXp^[kcdÜ�gjikcfl�moljÁ¢[Xp^«�l��gja`bfp�vXp^iXv�cdm²vkik[Xl�m`ª�bd©�]6vXp^_6n`l�e§l�m��pG¯¸a�l�_`m6n6gÉµ[kcfp§vh¹ pgT��Jn � SsOXn°»6Ç ~ × y{z�z��{y Ê�Ç�»,Æ � � y ¹
ÅdÆhÇÉÈ �>¹�¤�_`]%g�e§e^cfl�bd_½gjm6n �>¹ " l�«®g�vXvkcdm`cr¹ &.m�ik´6p§l�[�gj«®g�n�c6p§vkiXp^m6vXcfl�m6pQ]4p^[�bfp.³¨¶3µ
ÁÄ_`m`Ü§cfl�m`cr¹ pgMcMBn

� SsOXn 
 P T SGpue�e!ivnf»,ÆhÇ�Ê�× ~�z Ê ��~�x Ç�»,Æ � � y ¹
ÅdÆ y È�}N¹�¶�l�v�vkcr¹ }Al�bfl�«�l�[k]`´`cfehgjbdbd©�e§l�m��pG¯�vXp^iXv¨cdm¸vXp^�p^[�gjb�e§l�«�]`bfpG¯/�gj[kc°gja`bfp§vh¹0pgMcM!SJi bkH * � S�O!��nf»

Ê y × y Ê ���{y ��Ç�»,Æ � x Æ�¹
ÅdÆ z È�}N¹ }¾¹%±�eX´%g�pGÁ
p^[h¹ (!H�e�HsiqH �sI�f�Ssi Q K foOLHJT5bXe�S�fhK�b^¹ ~Îg�e^«�cdbdb°gjmÌ»  Ap � µ���l�[���»,Æ � x�x ¹
ÅdÆ x È�~Þ¹ µ�³A¹3±�´%g � ¹ Lp p§vkikcd«®gjiXp§v/ÁÄl�[/bfl�ehgjbAvXl�bd_`ikcfl�m6v½ljÁ
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«®gjm`cÐÁÄl�bfn`v�¹ � SsO!��n pgM;MBnf» ~ � �¸×ÒÇ z���x�~ »,Æ � � � ¹
ÅdÆ�Ê�È��¢¹�±�bfl�n���lh�v���cr¹ ! m%gjbd©�ikcfeNvXp^iTµr�gjbd_6p§n½ÁE_`m6e^ikcfl�m6v"gjm6n}vX]�p§e^ik[�g�¹�� SsO!��n pgMcMBn°» ~�z�x ×ÒÇ x Ç � Ç � x »Æ � ��Æ�¹
ÅdÆ �ÉÈ �"¹%±�iXp^m6vXl�m6p§vh¹2±�iXp^cdm²m6p^cdª�´�a�l�[k´6l�l�n`vh¹ � S�O!��n��%KNI�OXnf»�Æ � z × y Ç�Ç �{y Ç x »,Æ � ��Ê�¹
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