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¶y«�¤�ª]¯ãÔ�°Ñ©1£Ð¶y¨�ªp£Ø¨
¶y«�¤�¦�¶y£ã¶1¸.¤�¥Eª6§�¨E¥Eªp«�ªyË ×Á¥Eª
·Ý©1¦�£Ý¯S¦<eÝ¹F®Eº�¤r°y¬:¦�£EªF¼:¦�§�¤�©1£\¤3¦�£Ý¤�¥Eª.´yº�¶yÔ%©1º�§�ªp¤�¤�¦�£E´+¶1¸
ÌÍ¶y£E´1³t²�¶o§�©�°�¤�¥Eªp¶y«�ªp·Ò¬S¦�§�¨E«�ª]¹F¦�§�ªpº�°�¯S®Eª.¤�¶
¤�¥Eª*£E¶y£S³t§�®E«�b(ª]¹F¤�¦�»:¦�¤t°8¶1¸�¤�¥Eª

Fn
Ë*×Á¥Eª�£E¶y£S³t¯Sªp´yªp£Eªp«�©y¹F°Í¶1¸

F
¦�§�£E¶Õº�¶y£E´yªp«�©Õ§�¦�·�¨Eº�ªO·Ý©1¤�¤�ªp«.¶1¸

©1¨E¨Eº�°:¦�£E´�A�®E«�­�¦�¤�>�º�ªp·Ý·Ý©OÔE®E¤Á«�ª]À�®E¦�«�ª]§�©1£Õ©1£%©1º�°S§�¦�§pË-fE¶y«�¤�¥E¦�§p¬:­3ª�ª]§�¤�©1ÔEº�¦�§�¥Î¦�£0§�ª]¹F¤�¦�¶y£Òì�§�¶y·�ª
·�ªp¤�«�¦H¹�¨E«�¶y¨
ªp«�¤�¦�ª]§Á¸`¶y«�¸{©1·�¦�º�¦�ª]§ ¶1¸�±�²�³µ·Ý©1¨%§]Ë ×Á¥Eªp°0©1«�ª+À\®%©1£�¤�¦ \ ª]¯Õ»yªp«�§�¦�¶y£%§�¶1¸,©�·Ý¶y«�ª�´yªp£Eªp«�©1º
¨E«�¦�£%¹F¦�¨Eº�ªOÏ ©1£�°Ý¸{©1·�¦�º�°*¶1¸3±�² ·Ý©1¨%§�Ô
ªp¤t­3ªpªp£ \ ¼:ª]¯0¥�°�¨
ªp«�§�®E«(¸{©y¹Fª]§�¦�§�ªp¦�¤�¥Eªp«Áª]À\®E¦H¹F¶y£\¤�¦�£�®E¶y®%§�¶y«
¯S¦�ºH©1¤�¦�£E´�¸`¶y«!©�­�ªpº�ºÅ³t¹�¥E¶o§�ªp£�·�ªp¤�«�¦�¹1Ëg×Á¥Eª \ £%©1º%§�¤�ªp¨ÒÂ`§�ª]¹F¤�¦�¶y£*Ü�ÊL¤�¥Eªp£�¹F¶y£%§�¦�§�¤�§g¦�£*¯S¦�§�À�®%©1º�¦Å¸`°�¦�£E´�©1º�º
ù ��þCÿ 
 þJÿ ¨
¶o§�§�¦�ÔEº�ª�«�ª]©y§�¶y£Î¸l¶y«Á¤�¥Eª.º�¦�·Ý¦�¤ ·Ý©1¨0¤�¶�¯Sªp´yªp£Eªp«�©1¤�ªyË3×Á¥%©1£E¾S§�¤�¶*¤�¥Eª.©1£%©1º�°:§�¦H§3¶1¸
§�ª]¹F¤�¦�¶y£ì:¬\©1º�ºE¤�¥Eª]§�ª�«�ª]©y§�¶y£%§3©1«�ª�«�®Eº�ª]¯�¶y®E¤!Ô�ª]¹p©1®%§�ª�¤�¥Eªp°+º�ª]©y¯*¤�¶O©�¯S¦�º�©1¤�¦�£E´.Ô
ªp¥%©]»:¦�¶y®E«!¶1¸�¤�¥Eª

Fn
¬\­�¥E¦�¹�¥

§�¥E¶|­�§�¦�£%¹F¶y·�¨%©1¤�¦�ÔEº�ª�­�¦�¤�¥6¤�¥Eª�¹�¥E¶o§�ªp£8«�ªp£E¶y«�·¿©1º�¦?>]©1¤�¦�¶y£%§pË�ÌÍª�­3¶y®Eº�¯6º�¦�¾yª�¤�¶Ý£E¶y¤�¦H¹FªO¤�¥%©1¤�¤�¥Eª]§�ª
¤�ª]¹�¥E£E¦�À\®Eª]§Á¶1¸I_(±�²�³µªF¼S¨Eº�¶o§�¦�¶y£%§ca�¨E«�¶�»yª]¯8©1º�§�¶�®%§�ªF¸l®Eº�º�¸`¶y«�¤�¥Eª�¦�£�b(ª]¹F¤�¦�»:¦�¤t°�¨E«�¶yÔEº�ªp· ¹F¶y£%§�¦�¯Sªp«�ª]¯0¦�£
ÃÅÄOZ:¬àÄ]ë>ÇµË
g^h GLðjilklï�mgï�H
ò ïjGon ¢'­�¶y®Eº�¯Vº�¦�¾yª,¤�¶�¤�¥%©1£E¾8f�Ë|è�ªp«�¤�ªpº�¶�¶y¤&¸`¶y«à¥E¦�§�·¿©1£\°�§�®E´y´yª]§�¤�¦�¶y£%§L©1£%¯V«�ªp·Ý©1«�¾S§
­�¥E¦�¹�¥Õ¥Eªpº�¨
ª]¯0¤�¶�¦�·�¨E«�¶�»yª�¤�¥Eª+¹Fº�©1«�¦�¤t°¿¶1¸g¤�¥E¦H§�¨%©1¨�ªp«pË
p ð+nON9nOqHðoGrM^N
GrmtsoðoGou�ïvGonOqlð�GIMxw

•

fE¶y«
z ∈ C

k Â k ≥ 2
ÊC¬%­�ªV£E¶y¤�ª

z = (z1, z
′)
¬E­�¥Eªp«�ª

z1 ∈ C
©1£%¯

z′ ∈ C
k−1 Ë

•

fE¶y«Î©$§�·�¶:¶y¤�¥Ø«�ª]©1º.¥\°:¨
ªp«�§�®E«(¸`©y¹Fª
M

¦�£
C

k ¬�­�ªÍ¯Sªp£E¶y¤�ª SPC(M)
¤�¥Eªâ§�ªp¤¿¶1¸O§�¤�«�¦�¹F¤�º�°

¨%§�ªp®%¯S¶:¹F¶y£�»yªF¼Õ¨�¶y¦�£�¤�§�¶1¸
M
Ë

•

ÌÙ¥Eªp£
M

¦�§3©0Â`§�¤�«�¦�¹F¤�º�°EÊ ¹F¶y£\»yªF¼¿¥�°�¨
ªp«�§�®E«(¸{©y¹Fª�¦�£
C

k ©1£%¯ q ¦�§�©+¨�¶y¦�£�¤3¶1¸ M ¬:­3ª�¯Sªp£E¶y¤�ª*Ï
æ



y ~N(q)
¤�¥Eª�®E£E¦�¤
£E¶y«�·Ý©1º�»yª]¹F¤�¶y«,¤�¶

M
©1¤
q
­�¥E¦H¹�¥�¨�¶y¦�£�¤�§L¤�¶�¤�¥EªÁ¹F¶y£\»yªF¼+¨%©1«�¤g¶1¸

C
k\M ¬

y Λq
¤�¥EªVº�¦�£Eª]©1«�¸`¶y«�·

Λq(·) = 〈 ~N(q), ·〉 ¬
y qε

¤�¥Eª�¨
¶y¦�£�¤
q + ε ~N (q)

¬
y Bε(q)

¤�¥EªOÔ%©1º�ºà¹Fªp£\¤�ªp«�ª]¯8©1¤
qε
¶1¸g«�©y¯S¦�®%§

ε z ¤�¥E¦�§�Ô%©1º�º�¦�§Á¤�©1£E´yªp£�¤�¤�¶ M ©1¤
q
¬

y B+
ε (q) := Bε(q) ∩ {Λq ≥ ε} Ë

•

ÌÙ¥Eªp£
Ω
©1£%¯

Ω′ ©1«�ª�¯S¶y·Ý©1¦�£%§�¦�£
C

k ©1£%¯ U ¦�§.©Î¨%©1«�¤.¶1¸
bΩ
¬�­3ª�§�¥%©1º�º,§�©�°6¤�¥%©1¤�©Î·Ý©1¨

F : Ω −→ Ω′ ¦�§ U ³µ¨E«�¶y¨
ªp«�¦Å¸ F ∈ C∞(Ω ∪ U)
©1£%¯

F (U) ⊂ bΩ′ Ë
•

fg¦�£%©1º�º�°y¬:­�¥Eªp£
D
¦H§�©�¯S¶y·Ý©1¦�£Õ¦�£

C
k ©1£%¯ λ ∈ R

¬E­3ªO¯Sªp£E¶y¤�ª
Dλ := D ∩ { ²�ª z1 < λ}
[bD]λ := bD ∩ { ²�ª z1 < λ}

{ |~}!�����,������¡����Á��¡���� ���8���3}��+}B�.�3}!�+ �}
fn �

ßàªp¤�®%§ \ «�§�¤�¯Sª]§�¹F«�¦�Ô�ªV©1£%¯Ò§�¦�·�¨Eº�¦Å¸`°*¤�¥EªV¨E¦�¹F¤�®E«�ª�¦�£Õ¤�¥Eªp¶y«�ªp·ÓÄ1Ë�±�©1º�º
a
¤�¥EªV©y¹p¹F®E·+®Eº�©1¤�¦�¶y£Õ¨�¶y¦�£�¤

¶1¸
(fn)

¦�£
S′ Ë�ß&ªp¤ p Ô
ª+©¿¨�¶y¦�£\¤�¶1¸ S Ë�×Á¥Eª*©1¦�· ¦�§�¤�¶ \ £%¯á©�£Eªp¦�´y¥\Ô
¶y®E«�¥E¶�¶S¯6¶1¸

p
¦�£
S
­�¥E¦�¹�¥

¦H§�±�²�³t¯S¦<;�ªp¶y·�¶y«�¨E¥E¦�¹¿¤�¶â©1£ã¶y¨
ªp£ã§�ªp¤*¶1¸�¤�¥EªÒ§�¨E¥Eªp«�ªyË$×Á¥E¦�§*¨E«�¶yÔEº�ªp· ¯S¶:ª]§*£E¶y¤�¯Sªp¨�ªp£%¯Ñ¶y£ã©
¥E¶yº�¶y·�¶y«�¨E¥E¦�¹V¹F¶:¶y«�¯S¦�£%©1¤�ª]§�©1¤

p
©1£%¯

a
Ë�A�ªp£%¹FªF¸l¶y«�¤�¥&¬�¤�¥Eª�§�¤�«�¦�¹F¤�º�°Î¨%§�ªp®%¯S¶S¹F¶y£\»yªF¼6¥�°�¨
ªp«�§�®E«(¸{©y¹Fª]§

S
©1£%¯

S′ ¹p©1£�Ô�ª�§�®E¨E¨�¶o§�ª]¯�¤�¶�Ô�ª � 
1ú
� ÷�� ¦�£�£Eªp¦�´y¥�Ô�¶y«�¥E¶:¶S¯E§ U1
©1£%¯

U ′ ¶1¸ p ©1£%¯ a «�ª]§�¨
ª]¹F¤�¦�»yªpº�°yË¢r£Ø¤�¥Eªá§�©1·�ªÒ­�©]°y¬�­�ªá¹p©1£�§�®E¨E¨�¶o§�ªÒ¤�¥%©1¤
Λp = Λa =

²�ª
z1
¬
U1 = S ∩ { ²�ª z1 < 1} ©1£%¯

U ′ = S′ ∩ { ²�ª z1 < 1} Ë�×Á¥Eªp£&¬�¤�¥Eªp«�ª+ªF¼S¦�§�¤�¤t­3¶ÕÔ
¶y®E£%¯Sª]¯á§�¤�«�¦�¹F¤�º�°Õ¹F¶y£\»yªF¼â¯S¶y·Ý©1¦�£%§ Ω
©1£%¯

Ω′§�®%¹�¥Ò¤�¥%©1¤
U1 = [bΩ]1

©1£%¯
U ′ = [bΩ′]1

Â`§�ªpªV¤�¥Eª�º�¦H§�¤Á¶1¸g£E¶y¤�©1¤�¦�¶y£%§�©1Ô�¶|»yª|ÊCË
=�¸`¤�ªp«Òªpº�¦�·Ý¦�£%©1¤�¦�£E´ \ £E¦�¤�ªpº�°Ð·¿©1£\° ¤�ªp«�·Ý§Õ¦�£ ¤�¥Eª §�ª]À�®Eªp£%¹Fª

(fn)n
¬�­3ª ¹p©1£ä§�®E¨E¨
¶o§�ªÛ¤�¥%©1¤

fn([bΩ]1) ⊂ U ′ ¸`¶y«+©1º�º n ∈ N
Ë8×Á¥Eª¿¹Fº�©y§�§�¦�¹p©1º ªF¼S¤�ªp£%§�¦�¶y£ ¤�¥Eªp¶y«�ªp·¿§V¸`¶y«*±�²�³µ·Ý©1¨%§+§�¥E¶�­ ¤�¥%©1¤

fn
ªF¼S¤�ªp£%¯E§*¤�¶Í©á¥E¶yº�¶y·�¶y«�¨E¥E¦�¹Ý·Ý©1¨$¸l«�¶y·

Ω1
¤�¶

C
k Â`§�ªpªÍÃçÆ>Çµ¬3¹�¥%©1¨&ËÙÄ]ëoÊCËÛÌÍªÕ§�¤�¦�º�º�¹p©1º�º�¤�¥E¦�§

ªF¼S¤�ªp£%§�¦�¶y£
fn
Ë0é�¦�£%¹Fª

Ω′
1

¥%©y§O©
p.s.h

¯Sª \ £E¦�£E´Õ¸`®E£%¹F¤�¦�¶y£
ρ
¬
¤�¥Eª�·Ý©>¼S¦�·+®E· ¨E«�¦�£%¹F¦�¨Eº�ª�©1¨E¨Eº�°8¤�¶

¤�¥Eª+«�ª]§�¤�«�¦�¹F¤�¦�¶y£%§�¶1¸
ρ ◦ fn

¶y£8¤�¥Eª�¹F¶y·�¨Eº�ªF¼Õ¥\°:¨�ªp«�¨EºH©1£Eª]§ {z1 = c} ªp£%§�®E«�ª]§�¤�¥%©1¤ fn(Ω1) ⊂ Ω′
1

Ë
=ä§�¦�·Ý¦�º�©1«�©1«�´y®E·Ýªp£\¤�¨E«�¶|»yªV¤�¥%©1¤

(fn)
¹F¶y£�»yªp«�´yª]§�®E£E¦Å¸`¶y«�·�º�°Ý¤�¶

a
¶y£

Ω1
Ë

f
¦�£%©1º�º�°y¬g¨E®E¤
y0 := (1/2, 0)

¬
yn := fn(y0)

¬
pn := fn(p)

¬ §�¶8¤�¥%©1¤
yn

©1£%¯
pn

¤�ªp£%¯$¤�¶
a
Ë

fg¦�´y®E«�ª�Ä.¦�º�º�®%§�¤�«�©1¤�ª]§�¤�¥EªO§�¦�¤�®%©1¤�¦�¶y£&Ë

Ω2 [bΩ]1
y0

Ω

z′p = (0, 0)
fn

z1

yn

Ω′

1 U ′ = [bΩ′]1

�v�
z1 = 1

pn

a = (0, 0)

�j�
z1 = 1

Ω′

fg¦�´y®E«�ª�Ä1Ï�]�ªp¶y·�ªp¤�«�¦�¹�§�ªp¤�¤�¦�£E´�¶1¸g¤�¥Eªp¶y«�ªp· Ä1Ë

�B�*� �.�4�*�o�R�*�I�T�`�(���9�-�(�v�T�4�T�o�� ��v�
ÌÍª�¯Sª]§�¹F«�¦�Ô
ª�©�¤�ª]¹�¥E£E¦�À\®Eª�¶1¸à¯S¦�º�©1¤�¦�¶y£�¶1¸à¹F¶:¶y«�¯S¦�£%©1¤�ª]§3£%©1¤�®E«�©1º�º�°�©y§�§�¶:¹F¦H©1¤�ª]¯�¤�¶O¤�¥Eª�¨%©1¦�«

(yn, pn)
¬

­�¥E¦H¹�¥6¦H§�©Ý§�º�¦�´y¥\¤�º�°¿·�¶S¯S¦ \ ª]¯Õ»yªp«�§�¦�¶y£6¶1¸,¤�¥Eª+¤�ª]¹�¥E£E¦�À�®Eª]§�¦�£\¤�«�¶S¯S®%¹Fª]¯ÒÔ�°Ò½!¦�£%¹�¥�®E¾ÞÂ`§�ªpªÎÃÅÄ�È�¬
É|ÇlÊCË
×Á¥EªO¨E¦�ª]¹Fª�¶1¸,§�®E«(¸`©y¹Fª

U ′ ¹p©1£ÒÔ
ªV§�®E¨E¨
¶o§�ª]¯0¤�¶�¨
¶o§�§�ª]§�§�©1£Õª]À�®%©1¤�¦�¶y£ χ = 0
­�¦�¤�¥

χ(z) := − ²�ª z1 + ‖z‖2 + a(z)‖z‖3 ­�¥Eªp«�ª a(z) ∈ O(1).

ì



×Á¥Eª�§�¹p©1º�¦�£E´O¨E«�¶S¹Fª]§�§ Sq,ε
©1¤�¨
¶y¦�£�¤

q ∈ U ′ ­�¦�¤�¥0¨%©1«�©1·�ªp¤�ªp« ε ¹F¶y£%§�¦�§�¤�§�¶1¸g©�¹F¶y·Ý¨�¶o§�¦�¤�¦�¶y£Ý¶1¸g¤t­3¶ÔE¦�¥E¶yº�¶y·�¶y«�¨E¥E¦�§�·Ý§�¶1¸
C

k ¬ Ψq
©1£%¯

Dε
¬%©1£%¯Õ¶1¸,©*ÔE¦�«�©1¤�¦�¶y£%©1º&·Ý©1¨

Φ
¶1¸

C
k Ï

Sq,ε = Φ ◦Dε ◦ Ψq,

• Ψq
¦�§�¹F¶y·�¨
¶o§�ª]¯�¶1¸L©O¤�«�©1£%§�º�©1¤�¦�¶y£¿­�¥E¦�¹�¥Î§�ªp£%¯E§

q
¤�¶O¤�¥Eª�¶y«�¦�´y¦�£Ý©1£%¯Î©O®E£E¦�¤�©1«�°�¤�«�©1£%§(¸l¶y«�·¿©1¤�¦�¶y£

­�¥E¦�¹�¥Ò·Ý©1¾yª]§�¤�¥Eª+¤�©1£E´yªp£\¤�¨Eº�©1£EªV¤�¶
bΩ

©1¤
q
¥E¶y«�¦?>p¶y£�¤�©1º�Â ÿ��l÷O� ¯Sª \ £Eª]¯ÒÔ\°Ò²�ª

z1 = 0
ÊCËÁ¢t£Ò¤�¥Eª]§�ª

¹F¶:¶y«�¯S¦�£%©1¤�ª]§p¬
χq := χ ◦ Ψ−1

q

¦�§Á¶1¸,¤�¥Eª�¸`¶y«�· Ï
χq(z) = − ²�ª z1 +Qq(z) + aq(z)‖z‖3 Â(Ä�Ê

­�¥Eªp«�ª
Qq

¦�§�¤�¥EªÕ«�ª]©1º�A�ª]§�§�¦�©1£$¶1¸
χq

©1¤
0
Ë¡=�§

U ′ ¦�§*¹F¶y£�»yªF¼
¬�¦�¤*¦�§*©á¨�¶o§�¦�¤�¦�»yªF³t¯Sª \ £E¦�¤�ªÎ«�ª]©1ºÅ³À�®%©y¯S«�©1¤�¦�¹�¸`¶y«�·å¶y£
C

k = R
2k Ë�×Á¥Eª+¸`®E£%¹F¤�¦�¶y£ aq(z)

¦�§�Ô�¶y®E£%¯Sª]¯6¸l«�¶y·å©1Ô�¶|»yª*¶y£
Ω′

1

¬
¦�£%¯Sªp¨
ªp£S³
¯E©1£�¤�º�°Ò¶1¸

q ∈ U ′ Ô
ª]¹p©1®%§�ª bΩ′ ¦�§ C3 Ë&¢�¶y¤�¦�¹FªO¤�¥%©1¤ Ψa = Id
¬
Qa = ‖ · ‖2 ©1£%¯á¤�¥%©1¤.¤�¥Eª*·Ý©1¨%§

q 7→ Ψq
©1£%¯

q 7→ Qq
©1«�ªV¹F¶y£�¤�¦�£\®E¶y®%§�Ô�ª]¹p©1®%§�ª�¶1¸g¤�¥EªV«�ªp´y®EºH©1«�¦�¤t°Î¶1¸

U ′ Ë
• Dε

¦�§Á¤�¥Eª
C
³µº�¦�£Eª]©1«Á©1£E¦H§�¶y¤�«�¶y¨E¦�¹�¯S¦�º�©1¤�¦�¶y£

Dε : (z1, z
′) 7−→

(
z1
ε
,
z′√
ε

)
.

=å§�¦�·�¨Eº�ª0¹F¶y·Ý¨E®E¤�©1¤�¦�¶y£Ð§�¥E¶|­�§Ý¤�¥%©1¤�¤�¥Eªá¯Sª \ £E¦�£E´Í¸`®E£%¹F¤�¦�¶y£
χq,ε

¶1¸
Dε ◦ Ψq(U

′)
¯Sª \ £Eª]¯ÙÔ\°

χq,ε :=
1

ε
χq ◦D−1

ε

¦�§�Ï

χq,ε(z1, z
′) = − ²�ª z1 +Qq

(
(0, z′)

)
+O(

√
ε).

• Φ
¦H§Á¤�¥Eª�±�©]°:º�ªp°Î¤�«�©1£%§(¸l¶y«�·

Φ : (z1, z
′) 7−→

(
z1 − 1

z1 + 1
,

2z′

z1 + 1

)

­�¥E¦�¹�¥¿§�ªp£%¯E§
Σ := { ²�ª z1 ≥ ‖z′‖2} ¤�¶ B := {|z1|2 + ‖z′‖2 ≤ 1} Ë£¢�¶y¤�¦�¹Fª�¤�¥%©1¤ Dε ◦Ψq(Ω

′)
º�¦�ª]§

¦�£O¤�¥Eª3¥%©1ºÅ¸l³t§�¨%©y¹Fª { ²�ª z1 > 0} Ô�ª]¹p©1®%§�ª�¶1¸E¤�¥Eª�¹F¶y£�»yªF¼:¦�¤t°V¶1¸ Ω′ Ë,×Á¥Eª�·¿©1¨E¨E¦�£E´ Sq,ε = Φ◦Dε◦Ψq¦�§�¤�¥�®%§�­3ªpº�ºL¯Sª \ £Eª]¯Õ¶y£
Ω′ Ë

ÌÍªÁ£E¶�­ã¯Sª \ £Eª�©�§�ª]À\®Eªp£%¹FªÁ¶1¸�§�¹p©1º�¦�£E´o§ Sn := Spn,εn

©y§�§�¶:¹F¦�©1¤�ª]¯+¤�¶�¤�¥EªÁ§�ª]À\®Eªp£%¹Fª
(pn, yn)

Â`§�ªpª
\ ´y®E«�ª�æoÊCËBfE¶y«�¤�¥E¦H§p¬\¶yÔ%§�ªp«�»yª�¤�¥%©1¤ {S−1

q,ε ({ ²�ª z1 = 0}), ε > 0} ¯Sª \ £Eª]§�©V¸l¶yº�¦�©1¤�¦�¶y£�¶1¸ C
k\TC

q bΩ
′­�¥E¶o§�ª�º�ª]©]»yª]§�©1«�ªVªp®%¹Fº�¦�¯Sª]©1£Ò¹F°�º�¦�£%¯Sªp«�§�¹Fªp£\¤�ªp«�ª]¯8©1¤

TC
q bΩ

′ Ï
Fq,ε := S−1

q,ε ({ ²�ª z1 = 0}) = {z ∈ C
k, d(z, TC

q bΩ
′) = c(ε)}.

é�¦�£%¹Fª
Ω′ ¦�§�¹F¶y£\»yªF¼�¬Eª]©y¹�¥0¨
¶y¦�£\¤ z ∈ Ω′ Ô�ªpº�¶y£E´o§�¤�¶*©O®E£E¦�À�®Eª�º�ª]©>¸ Fq,εq(z)

¬
εq(z) > 0

¬¤b(®%§�¤�¦Å¸`°:¦�£E´
¤�¥Eª.¸`¶yº�º�¶|­�¦�£E´�¯Sª \ £E¦�¤�¦�¶y£ÍÏ
¥ ï�¦-GIqYnOqlð�G¨§&õ`ó'õ2©r�S÷0ý�� ù �cÿ ú / Sn ù ýCý 
 �Fÿ ù øt÷ û ø 
 ø��S÷Îý]÷�#��%÷ ú ��÷ (pn, yn)

ÿ�ý û ÷�ª ú ÷ û ü � Sn :=
Spn,εn

�-�S÷Jþ�÷
εn := εpn(yn)

ÿ�ýâø��S÷«� ú ÿ�#��%÷âþ�÷ ù � ú �j� ü ÷Jþáý��C�	� ø�� ù ø yn ∈ Fpn,εn

�­¬�÷áý]÷Fø
Fn := Sn ◦ fn

5
Ω̃n := Sn(Ω′) ù1ú�û ỹn := Sn(yn)

�
×Á¥Eª]§�ªV¹�¥E¶y¦�¹Fª]§�¨E«�¶�»:¦�¯Sª�®%§�­�¦�¤�¥Ò©�§�ª]À�®Eªp£%¹FªV¶1¸,·Ý©1¨%§

Fn
§�®%¹�¥Ò¤�¥%©1¤+Â`§�ªpª \ ´y®E«�ª�æoÊ�Ï

Fn : Ω2 −→ Ω̃n

p 7−→ a = (−1, 0)
y0 7−→ ỹn ∈ { ²�ª z1 = 0}.

¢�¶y¤�¦�¹Fª.¤�¥%©1¤
εpn(yn)

´y¶:ª]§�¤�¶
0
­�¥Eªp£

pn
©1£%¯

yn
¹F¶y£\»yªp«�´yª�¤�¶

a
Ë

Ü



ÌÍª.§�©�°�¤�¥%©1¤�©+§�ª]À�®Eªp£%¹Fª�¶1¸
§�·�¶:¶y¤�¥¿¯S¶y·Ý©1¦�£%§
Dn

¹F¶y£�»yªp«�´yª]§Á¦�£Ý¤�¥Eª C2 ³t§�ªp£%§�ª�¤�¶*©*¯S¶y·Ý©1¦�£ D¶y£á©�¹F¶y·�¨%©y¹F¤�§�ªp¤
K
¦Å¸
K ∩Dn

¹F¶y£\»yªp«�´yª]§�¤�¶
K ∩D ¦�£Õ¤�¥Eª�§�ªp£%§�ªV¶1¸ ¤�¥Eª3A�©1®%§�¯S¶y«(¸,¤�¶y¨
¶yº�¶y´y°

©1£%¯0¦�¸L¤�¥EªV¯Sª \ £E¦�£E´*¸`®E£%¹F¤�¦�¶y£%§
χi,n

¶1¸
Dn

¶y£Õ¤�¥Eª�¶y¨�ªp£Ò§�ªp¤�§
Ui
¶1¸,©�¹F¶�»yªp«�¦�£E´�¶1¸

D
¹F¶y£�»yªp«�´yªV¦�£

¤�¥Eª C2 ³µ£E¶y«�· ¤�¶Ý¯Sª \ £E¦�£E´*¸l®E£%¹F¤�¦�¶y£%§
χi
¶1¸
D ∩ Ui

Ë
¢t¤�¦�§.­�ªpº�º!¾:£E¶�­�£Û¤�¥%©1¤V¤�¥Eª¿§�ª]À\®Eªp£%¹FªÝ¶1¸Á¯S¶y·Ý©1¦�£%§

Ω̃n
¹F¶y£�»yªp«�´yª]§O¤�¶Õ¤�¥Eª�Ô%©1º�º

B
¦�£Í¤�¥Eª C2 ³§�ªp£%§�ª�¶y£Ý¤�¥Eª�¹F¶y·�¨%©y¹F¤�§ ¶1¸

C
k+1\{z1 = 1} Ë ×Á¥Eª�¨E®E«�¨�¶o§�ª�¶1¸&¤�¥Eª�£EªF¼S¤3¨E«�¶y¨
¶o§�¦�¤�¦�¶y£�¦�§ ¤�¶+¹F¶y£\¤�«�¶yºÔ
ªp¤�¤�ªp«�¤�¥E¦�§�¹F¶y£�»yªp«�´yªp£%¹FªyË�¢r¤�­�¦�º�º�§�¥E¶|­ ®%§�ªF¸`®Eº&¦�£Õ¤�¥Eª�¸`¶y®E«�¤�¥Ò§�ª]¹F¤�¦�¶y£&Ë

® ñ|ð�¯ ð+MOq"nOqlð�G°§�õY§�õ0©r�S÷Výp÷�#��%÷ ú �C÷ 
 � û�
 � ù ÿ ú ý (Ω̃n)
� 
1ú
� ÷Fþ�/\÷�ø 
 B ÿ ú ø��E÷ C2 � ýp÷ ú ý]÷ 
1ú ÷ � ÷Jþ	�� 
 �±� ù �pø�ýp÷pølý 
 � C

k\{(1, 0)} �
² þ 
O
 �´³ =�§ εn ´y¶:ª]§�¤�¶

0
¬�¤�¥Eª�§�ª]À�®Eªp£%¹Fª�¶1¸�¯S¶y·Ý©1¦�£%§

Dεn ◦ Ψpn(Ω′)
¦�§�¾�£E¶|­�£Í¤�¶0¹F¶y£�»yªp«�´yª�¤�¶

Σ
¦�£â¤�¥Eª C2 ³t§�ªp£%§�ª*¶y£Í©1£\°8¹F¶y·Ý¨%©y¹F¤V§�ªp¤�§�¶1¸

C
k Â`§�ªpª0ÃÅÄ�È>ÇlÊCË+×Á¥Eª�¯S¶y·Ý©1¦�£%§

Ω̃n
Ô
ªp¦�£E´Î¶yÔE¤�©1¦�£Eª]¯

¸`«�¶y· ¤�¥Eª]§�ª�Ô\°á©1¨E¨Eº�°:¦�£E´0¤�¥Eª�±�©�°�º�ªp°6¤�«�©1£%§(¸`¶y«�·Ò¬&­�¥E¦�¹�¥Û§�ªp£%¯E§.¤�¥Eª�¦�£ \ £E¦�¤r°Ò¤�¶ {z1 = 1} ¬à¤�¥Eªp°¶yÔ�»�¦�¶y®%§�º�°�¹F¶y£\»yªp«�´yªO¤�¶
B
¶y£0©1£�°¿¹F¶y·�¨%©y¹F¤�§�ªp¤�§�¶1¸

C
k\{z1 = 1} Ë3¢r¤�¦�§�¤�¥\®%§�§�®9eÝ¹F¦�ªp£\¤Á¤�¶�¹�¥Eª]¹�¾¤�¥%©1¤

Ω̃n ∩ {|z1 − 1| < δ} ⊂ B[(1, 0), r(δ)] ∀n ∈ N,

­�¦�¤�¥
r(δ)

´y¶y¦�£E´V¤�¶�>pªp«�¶V­�¦�¤�¥
δ
Ë ×Á¥E¦�§!º�©y§�¤!¨�¶y¦�£�¤ «�ª]§�®Eº�¤�§!¸l«�¶y· ¤�¥Eª�¶yÔ\»:¦�¶y®%§ ¶yÔ%§�ªp«�»1©1¤�¦�¶y£�¤�¥%©1¤

Ω′º�¦�ª]§ ¦�£%§�¦�¯Sª�ªp»yªp«�°�¨%©1«�©1Ô
¶yº�©�­�¥E¦�¹�¥¿¦�§�¤�©1£E´yªp£\¤�¤�¶
bΩ′ ¶1¸g§�®9eÝ¹F¦�ªp£\¤�º�°Ý§�·Ý©1º�º�¹F®E«�»>©1¤�®E«�ªyË3½ «�ª]¹F¦�§�ªpº�°y¬¤�¥Eªp«�ª�ªF¼S¦�§�¤�§�©Õ¹F¶y£%§�¤�©1£�¤

c > 0
§�®%¹�¥Í¤�¥%©1¤

Ψq(Ω
′) ⊂ { ²�ª z1 > c‖z‖2} ¸`¶y«�©1º�º
¨
¶y¦�£�¤�§ q ∈ bΩ′ Ë=�¹F¤�®%©1º�º�°y¬�¶y£Eª�ª]©y§�¦�º�°�§�ªpª]§3¤�¥%©1¤

Φ ◦Dεn({ ²�ª z1 > c‖z′‖2}) = Ec := {|z1|2 + c‖z′‖2 < 1} Ë�×Á¥Eª­�©1£\¤�ª]¯6¦�£%¹Fº�®%§�¦�¶y£Î¤�¥\®%§�¦�·�·�ª]¯S¦H©1¤�ªpº�°�¹F¶y·�ª]§Á¸`«�¶y·

Ω̃n ∩ {|z1 − 1| < δ} ⊂ Ec ∩ {|z1 − 1| < δ}.

�×Á¥Eª�¸l¶yº�º�¶�­�¦�£E´�¨E¦�¹F¤�®E«�ªO¯Sª]§�¹F«�¦�Ô�ª]§Á¤�¥Eª+§�¹p©1º�¦�£E´*¨E«�¶S¹Fª]§�§pË

Fn

Λn

U ′

Fn(p) = (−1, 0)

µ+¶
z1 = 1

p

bΩ1

fn

Ω′

1

yn

pn
a

·I¸
z1 = 1

Ω̃n

(0, 0)
Ω2 y0

ỹn

Ω′Ω

fg¦�´y®E«�ªOæ:Ï�é�¦�¤�®%©1¤�¦�¶y£Ò©>¸`¤�ªp«�¤�¥Eª
n
: ¤�¥Ò§�¹p©1º�¦�£E´EË

¹ Ô%§�ªp«�»yªÒ¤�¥%©1¤�¤�¥EªÒ¨E«�¶y¨
¶o§�¦�¤�¦�¶y£ãæ:Ë�æá´y®%©1«�©1£�¤�ªpª]§Î¤�¥EªÕ£E¶y«�·Ý©1º�¦�¤r° ¶1¸.¤�¥EªÕ¸`©1·Ý¦�º�°
(Fn)

¬Á©y§�¦�¤
¦�·�¨Eº�¦�ª]§�¤�¥%©1¤

Ω̃n
¦H§�©�§�ª]À�®Eªp£%¹Fª�¶1¸g®E£E¦Å¸`¶y«�·�º�°ÝÔ�¶y®E£%¯Sª]¯Ò¯S¶y·¿©1¦�£%§pË

º ð�ñ|ð�k"k�NEñ¤P»§�õ?¼&õx©r�S÷+ý]÷�#��%÷ ú ��÷ (Fn)
ÿHý ùÒú�
 þ	� ù �v� ù �*ÿ"���R�3½B�Jøt÷Fþ�� 
 ý�ýCÿ ü ��÷¿÷��yø`þ ù �pø`ÿ 
yú 5���÷l� ùyú

ù ý�ý��j�Ý÷�ø�� ù ø Fn
� 
1ú
� ÷Jþ�/�÷Cý8� ú ÿ � 
 þ������+ø 
 F : Ω2 −→ B 
1ú ø��S÷¾� 
 �±� ù �pø,ý]÷Følý 
 � Ω2

��¿ 
 þ�÷ 
�� ÷Jþ�5ø��E÷£� 
 ��� 
 �!ÿ ú / ù ��øt÷Jþ ú
ù ø`ÿ � ÷�� 
 � û ý���À�ÿ`ø��S÷Jþ F ø ùUÁ ÷Cý �>ù �1�%÷+ÿ ú ýCÿ û ÷ B 5 
 þ F (Ω2)
ÿHý ù � 
 ÿ ú ø 
 � bB �

KÎï�òÂNEñ h §�õ<Ãàõl©r�S÷�ÿ�� ù /\÷ 
 � U ′ ü ��ø��S÷�ý�� ù �cÿ ú /6��þ 
 ��÷Jý�ý ù ø q ' a 
 �T� ù þ ù �Ý÷Føt÷Jþ ε� 1
ÿHý ù ��� ��%÷Jþ�ý	��þ�� ù ��÷&�!ÿlø�� ü 
 � ú�ûoù þ�� 
 � C

k �! Jølý ü 
 � ú�û\ù þ���ÿHý ú�
1ú+� ÷	�±�
ø�� ù1ú�û ü ÷	� 
yú />ý�ø 
�ù�ú ÷Jÿ</U� ü 
 �:þ�� 
O
]û

 � (1, 0)

�-� 
 ý]÷ û ÿ ù �Ý÷Føt÷Fþ±/ 
 ÷CýOø 
´Ä ÷Jþ 
 �!ÿ`ø�� ε �

ë



�-��� Å« +��ÆT�j�R�*�r�~�(���@ÇT ÂÈ��R�(ÉÊ�* +Ë»�
×Á¥Eª*¨E«�¶:¶1¸3¶1¸3¤�¥Eªp¶y«�ªp· Ä�¹F¶y£%§�¦�§�¤�§�¦�£á§�¥E¶�­�¦�£E´0¤�¥%©1¤

Fn
¹F¶y£\»yªp«�´yª]§�¤�¶Õ©¿ÔE¦�¥E¶yº�¶y·�¶y«�¨E¥E¦H§�· ¸`«�¶y·

©0£Eªp¦�´y¥�Ô�¶y®E«�¥E¶:¶S¯â¶1¸
p
¦�£

Ω
¤�¶6©Î£Eªp¦�´y¥�Ô�¶y®E«�¥E¶:¶:¯Û¶1¸

(−1, 0)
¦�£
B
Ë�ÌÍª�ªF¼S¨Eº�©1¦�£á¥Eªp«�ª�¥E¶|­ ¤�¶

¯Sª]¯S®%¹Fª�¦�¤�¸`«�¶y· §�¶y·ÝªO¹F¶y£\»yªp«�´yªp£%¹Fª*¨E«�¶y¨
ªp«�¤�¦�ª]§�¶1¸!¤�¥Eª�¦�·Ý©1´yª]§�¶1¸
Fn

©1£%¯6¶1¸!¤�¥Eªp¦�«�¦�£\»yªp«�§�ª]§
Gn

Ë
ß&ªp¤�®%§ \ «�§�¤�§�¥E¶|­ ¥E¶�­ ¤�¶¿¯Sª \ £EªV¤�¥Eª]§�ª�¦�£�»yªp«�§�ª]§pË
Ì ï�ò$ò.NÍ§�õYÎ�õ�öL÷pø

D
5
D′ ü ÷Ûø�� 
 �'ý]÷	� û�
 � 
1ú
� ÷�� ûR
 � ù ÿ ú ý6ÿ ú C

k �!ÿ`ø��ãý�� 
O
 ø�� ü 
 � ú�ûoù þJÿ{÷Jý��¬0ÿ`ø��*ø��E÷ ú�
 ø ù ø`ÿ 
1úx
 ���Ï�"Ð�5 ù ýCý��j��÷�ø�� ù ø D1 ù1ú�û D′
1 ù þ�÷¾� 
yú%ú ÷��pøt÷ û�ú�
1ú+� ÷	�±�
ø���ý]÷FølýL5 ù1ú�û [bD]1

5
[bD′]1 ù þ�÷¿ýJø`þJÿ��]ø��1�7� 
1ú
� ÷��R�Ñ©r�S÷ úÐùyú �d� 
 � 
 � 
 þ4�+�\ÿ�� [bD]1 � ��þ 
 �E÷Jþ0� ù � F : D1 −→ D′ ÿHý ù� 
 � ù � û ÿ )�÷ 
 � 
 þ4�+�\ÿHý�� 
yú D1

�´¿ 
 þ�÷ 
�� ÷Jþ�5�ÿ � F ([bD]1) ⊃ [bD′]1 ù1ú�û F|[bD]1

ÿHý+ÿ úOÒ ÷��pø`ÿ � ÷�5�ø��S÷ ú
F (D1) ⊃ D′

1 ù1ú�û F � ù ý ù þCÿ</U��ø3ÿ ú
� ÷Jþ�ý]÷ G : D′
1 −→ D1

� ÿ��`÷$� F ◦G =
 û D′

1

���
² þ 
O
 ��³ ÌÍªp«�ª F £E¶y¤L¤�¶�Ô�ª�©�º�¶S¹p©1º�¯S¦<;�ªp¶y·�¶y«�¨E¥E¦�§�· ¶y£

D1
¬1¤�¥Eª�¹F«�¦�¤�¦�©1º\§�ªp¤ { Ó ©y¹ F = 0} ­3¶y®Eº�¯OÔ�ª©1£0©1£%©1º�°:¤�¦�¹�§�ªp¤�­�¥E¶o§�ª.¦�£\¤�ªp«�§�ª]¹F¤�¦�¶y£¿­�¦�¤�¥

[bD]1 ⊂ SPC(bD)
­3¶y®EºH¯¿Ô
ª�ªp·�¨E¤t°ÒÃÅÄ]É>ÇµË ²�ª]§�¤�«�¦�¹F¤�ª]¯

¤�¶�¤�¥E¦�§�©1£%©1º�°�¤�¦�¹.§�ªp¤p¬'¤�¥Eª.¸l®E£%¹F¤�¦�¶y£ − ²�ª z1 ­�¶y®Eº�¯0¤�¥Eªp£Ò»:¦�¶yº�©1¤�ª.¤�¥EªV·Ý©>¼S¦�·�®E· ¨E«�¦�£%¹F¦�¨Eº�ªyË
f%«�¶y· ¤�¥EªO§�¤�«�¦�¹F¤�¹F¶y£�»yªF¼:¦�¤t°0¶1¸

[bD]1
©1£%¯Õ¤�¥EªV¦�£�b(ª]¹F¤�¦�»:¦�¤t°Ý¶1¸

F
¶y£6¦�¤p¬S¦�¤Á¸l¶yº�º�¶�­�§Á¤�¥%©1¤

F|[bD]1¦�§�©�±�²�³t¯S¦<;�ªp¶y·�¶y«�¨E¥E¦�§�· ¶y£0¦�¤�§�¦�·Ý©1´yªy¬S­�¥E¦�¹�¥Õ¹F¶y£\¤�©1¦�£%§
[bD′]1

Ë ×Á¥Eªp«�ªF¸`¶y«�ªy¬%¤�¥Eªp«�ª�ªF¼S¦�§�¤�§�©�±�²�³
¯S¦<;�ªp¶y·�¶y«�¨E¥E¦�§�·

G
¸l«�¶y·

[bD′]1
¤�¶

[bD]1
§�®%¹�¥Ñ¤�¥%©1¤

F ◦ G =
¢r¯
ËÛ×Á¥E¦�§+·Ý©1¨

G
ªF¼:¤�ªp£%¯E§*©y§

©
[bD′]1

³µ¨E«�¶y¨�ªp«�¥E¶yº�¶y·�¶y«�¨E¥E¦�¹�·Ý©1¨E¨E¦�£E´
G : D′

1 −→ D
ËÔfE«�¶y·Ó¤�¥Eª¿·¿©>¼:¦�·�®E· ¨E«�¦�£%¹F¦�¨Eº�ªy¬L¦�¤�§

¦�·¿©1´yª�¦�§�·�¶y«�ªp¶�»yªp«Á¶yÔ\»:¦�¶y®%§�º�°*¹F¶y£�¤�©1¦�£Eª]¯Î¦�£
D1
Ë ×Á¥Eª�·Ý©1¨E¨E¦�£E´

F ◦G ¦�§�¤�¥Eªp«�ªF¸l¶y«�ª.­3ªpº�º
¯Sª \ £Eª]¯
¶y£

D′
1

¬g©1£%¯ ¹F¶y¦�£%¹F¦H¯Sª]§�­�¦�¤�¥Û¤�¥Eª�¦H¯Sªp£\¤�¦�¤r°á¶y£
[bD′]1

ËÎ×Á¥EªÝ®E£E¦�¹F¦�¤t°â¨E«�¦�£%¹F¦�¨Eº�ª*¤�¥\®%§�§�¥E¶�­�§O¤�¥%©1¤
F ◦ G =

¢r¯
D′

1

ËÛÌÍªÕ¹F¶y£%¹Fº�®%¯SªÎ¸`«�¶y·Ó¤�¥E¦H§+Ô
¶y¤�¥Ñ¤�¥%©1¤
F (D1) ⊃ D′

1

©1£%¯Ñ¤�¥%©1¤
G
¦�§�¤�¥Eª0«�¦�´y¥�¤

¦�£�»yªp«�§�ª�¶1¸
F
¶y£

D′
1

Ë
�×Á¥E¦�§�º�ªp·�·¿©*´y®%©1«�©1£\¤�ªpª]§�¤�¥Eª�ªF¼:¦H§�¤�ªp£%¹FªO¶1¸�©1£á¦�£�»yªp«�§�ª

Gn
¤�¶
Fn

£%©1¤�®E«�©1º�º�°Ò¯Sª \ £Eª]¯á¶y£â©Ý·Ý©>¼:³
¦�·¿©1º
§�ªp¤.¶1¸3¤�¥Eª*¸`¶y«�·

Ω̃n,t
Ë+×Á¥Eª�¸`¶yº�º�¶|­�¦�£E´¿¯Sª \ £E¦�¤�¦�¶y£áÔE«�¦�£E´o§�º�¦�´y¥\¤�¤�¶0¤�¥Eª�¨E«�¶y¨�ªp«�¤�¦�ª]§�¶1¸�¤�¥E¶o§�ª

©1¨E¨Eº�¦H¹p©1¤�¦�¶y£%§p¬:¶y«�«�©1¤�ªp«�¶1¸,¤�¥Eªp¦�«�¦�·Ý©1´yª]§p¬S­�¥E¦�¹�¥Õ­3ª+­�¦�º�º
¥%©]»yªO¤�¶�¹�¥Eª]¹�¾
Ë
¥ ï�¦-GIqYnOqlð�GV§�õ?Õàõd¬*÷ û ÷ úo
 øt÷ ü � K(Fn)

5 O(Fn)
5 K(Gn)

5 O(Gn)
ø��S÷T� 
 �"� 
 �!ÿ ú /6��þ 
 �E÷FþJø`ÿµ÷Cý3³

• K(Fn)
³
Fn

� 
1ú
� ÷Jþ�/�÷*ø 
¿ù � ù � F ÷Fø
F (Ω2) ⊂ B

5

• O(Fn)
³�ø��S÷Jþ�÷�÷��1ÿHýJø ù � 
 ýCÿ`ø`ÿ � ÷Vþ�÷ ù � ú �j� ü ÷Jþ λ ý	�9�	�Òø�� ù ø Fn(Ω1) ⊃ Ω̃n,λ

� 
 þ ù ��� n ∈ N
5

• K(Gn)
³
Gn

� 
1ú+� ÷Jþ�/\÷*ø 
Îù � ù � G ù1ú�û G(Bλ) ⊂ Ω2
5

• O(Gn)
³�ø��E÷Jþ�÷�÷��1ÿ�ýFø ù � 
1ú�
 ø 
yú ÷�� 
1ú ø`ÿ ú � 
 �\ýT�	� ú �pø`ÿ 
1ú λ′ :]0, λ] → R

+
∗
ý	�9���Õø�� ù ø

Gn(Ω̃n,t) ⊃ Ωλ′(t)
� 
 þ ù �"� n.

ÌÍªV©1«�ªO£E¶�­ ©1ÔEº�ª�¤�¶�¸l¶y«�·�®Eº�©1¤�ª.¤�¥EªV¨E«�¶y·�¦�§�ª]¯¿«�ª]¯S®%¹F¤�¦�¶y£ÛÏ
® ñ>ð+¯3ð+MOq"nOqHðoGt§&õ�Ö�õ6 "�Vø��S÷Oþ�÷ ú�
 þ	� ù �cÿ Ä ÷ û ýp÷�#$�E÷ ú ��÷ (Fn)n ùyú�û ø��E÷�ý]÷�#��%÷ ú ��÷ 
 �Vÿ ú
� ÷JþCýp÷Jý (Gn)n�	�E÷�� Á ø��E÷T��þ 
 �E÷JþFø`ÿ{÷Jý K(Fn)

5
O(Fn)

5 K(Gn)
5
O(Gn)

ø��S÷ ú ø��S÷6�cÿ���ÿ`ø�� ù � F : Ω2 → B
÷��yøt÷ ú�û ýø 
$ù CR �xû ÿ )�÷ 
 � 
 þ4�+�\ÿHý�� ü ÷Fø���÷�÷ ú ùÞú ÷Fÿ×/U� ü 
 �:þL� 
X
]ûØ
 � p ÿ ú [bΩ]1 ùyú�ûÑùÛú ÷Fÿ×/U� ü 
 �:þL� 
X
]ûØ
 �

(−1, 0)
ÿ ú bB �

² þ 
O
 �¾³ ×Á¥E¦�§!¨E«�¶y¨
¶o§�¦�¤�¦�¶y£�¦�§!©V¹F¶y£%§�ª]À�®Eªp£%¹Fª�¶1¸à¹Fº�©y§�§�¦�¹p©1ºS¤�¥Eªp¶y«�ªp·Ý§ ¶y£�ªF¼S¤�ªp£%§�¦�¶y£%§3¶1¸
ÔE¦�¥E¶yº�¶y·�¶y«(³¨E¥E¦�§�·Ý§�¤�¶�§�¤�«�¦�¹F¤�º�°¿¨%§�ªp®%¯S¶:¹F¶y£�»yªF¼Õ¨�¶y¦�£�¤�§pË ¢r¤�«�ª]§�®Eº�¤�§�¸`«�¶y· ¤�¥Eª�¸`¶yº�º�¶�­�¦�£E´+¤�¥E«�ªpª�¸{©y¹F¤�§�Ï
F
¦�£%¯S®%¹Fª]§�©�ÔE¦�¥E¶yº�¶y·�¶y«�¨E¥E¦�§�·

F : G(Bλ)
∼−→ Bλ,

Â{æoÊ
Ωλ′(λ) ⊂ G(Bλ) ⊂ Ω,

Â{ìoÊ
F
(
Ωλ′(t)

)
⊂ Bt

¸l¶y«
t ≤ λ.

ÂlÜ�Ê
Z



=�¹F¤�®%©1º�º�°y¬:ÂlÜ�Ê&¦�·�¨Eº�¦�ª]§
¤�¥%©1¤
F
¥%©y§L©�¹F¶y£�¤�¦�£\®E¶y®%§gªF¼S¤�ªp£%§�¦�¶y£V©1¤

p
§�ªp£%¯S¦�£E´

p
¤�¶

(−1, 0)
Ë,×Á¥Eª�¨�¶y¦�£\¤�§

Â{æoÊV©1£%¯�Â{ìoÊO§�¥E¶|­ ¤�¥%©1¤
F
¦�§+©ÒÔE¦�¥E¶yº�¶y·Ý¶y«�¨E¥E¦�§�· Ô
ªp¤t­�ªpªp£Ñ¯S¶y·¿©1¦�£%§�¸`¶y«O­�¥E¦�¹�¥

p
©1£%¯

(−1, 0)©1«�ªâ§�¤�«�¦�¹F¤�º�°Þ¨%§�ªp®%¯S¶S¹F¶y£\»yªF¼�¨�¶y¦�£\¤�§pËÙf%«�¶y·�Ã�È�Çµ¬�¦�¤�¸`¶yº�º�¶|­�§�¤�¥%©1¤
F
¥%©y§0©.A±Úyº�¯Sªp«¿¹F¶y£�¤�¦�£\®E¶y®%§

ªF¼S¤�ªp£%§�¦�¶y£á¤�¶0©¿£Eªp¦�´y¥\Ô
¶y®E«�¥E¶�¶S¯á¶1¸
p
¦�£
bΩ

¦�£\¤�¶
bB
Ë&¢�¶�­ ©¿¤�¥Eªp¶y«�ªp· ¶1¸�è�ªpº�º�Ã Ü1Ç ©y§�§�ªp«�¤�§�¤�¥%©1¤

¤�¥Eª�§�·�¶�¶y¤�¥âªF¼S¤�ªp£%§�¦�¶y£â¤�¶Ò§�¤�«�¦�¹F¤�º�°Ò¨%§�ªp®%¯S¶S¹F¶y£\»yªF¼Í¨�¶y¦�£\¤�§.¦�§�©Õ¹F¶y£%§�ª]À�®Eªp£%¹Fª�¶1¸Á¤�¥Eª�¹F¶y£\¤�¦�£�®E¶y®%§
ªF¼S¤�ªp£%§�¦�¶y£&¬:§�¶

F
ªF¼S¤�ªp£%¯E§�©y¹F¤�®%©1º�º�°�¤�¶*©�±�²�³t¯S¦<;�ªp¶y·�¶y«�¨E¥E¦�§�· ¸`«�¶y· ©+£Eªp¦�´y¥�Ô�¶y®E«�¥E¶:¶:¯Ý¶1¸

p
¦�£
bΩ¤�¶�©�£Eªp¦�´y¥\Ô
¶y®E«�¥E¶�¶S¯0¶1¸

(−1, 0)
¦�£
bB
Ë,ÌÍªV¤�¥�®%§�¶y£Eº�°¿¥%©]»yªO¤�¶�¨E«�¶|»yªÎÂ{æoÊC¬
Â{ìoÊ�©1£%¯ÞÂlÜ�ÊCË

fE«�¶y· ¤�¥Eª�¥\°:¨�¶y¤�¥Eª]§�¦�§
O(Fn)

©1£%¯¿º�ªp·�·Ý©Væ:Ë�ë:¬:­3ª�¾�£E¶|­Ð¤�¥%©1¤
Gn

¦�§�¯Sª \ £Eª]¯Ý¶y£
Ω̃n,λ

¬�­�¥Eªp«�ª
¦�¤Á¹�¥Eª]¹�¾S§VÏ

Fn ◦Gn =
¢x¯
.

Â{ëoÊ
ÌÍªÎ¯Sª]¯S®%¹FªÝ¦�·Ý·�ª]¯S¦�©1¤�ªpº�°Õ¸`«�¶y· Â{ëoÊV©1£%¯

O(Gn)
¤�¥%©1¤

Fn(Ωλ′(t′)) ⊂ Ω̃n,t′
¸l¶y«

t′ < t ≤ λ
ËÕ¢r£

»:¦�ªp­Ù¶1¸L¤�¥Eª.¥\°:¨�¶y¤�¥Eª]§�¦H§ K(Fn)
¬S­�ª�´yªp¤

F (Ωλ′(t′)) ⊂ Bt′ ∩B ⊂ Bt
­�¥Eªp£0¨%©y§�§�¦�£E´+¤�¶*¤�¥Eª�º�¦�·�¦�¤pË

×Á¥EªO¨�¶y¦�£�¤OÂlÜ�Ê�¦�§Á¤�¥Eªp£6©1£Ò¶yÔ�»�¦�¶y®%§�¹F¶y£%§�ª]À�®Eªp£%¹FªV¶1¸g¤�¥Eª+¹F¶y£\¤�¦�£�®E¦�¤t°Î¶1¸
λ′
Ï

F
(
Ωλ′(t)

)
⊂ Bt

¸l¶y«
t ≤ λ. (4)

ÌÍª.©1º�§�¶�´yªp¤�¸l«�¶y· Â{ëoÊ ¤�¥%©1¤
Gn ◦Fn =

¢r¯¿¶y£
Gn

(
Ω̃n,λ

) ©1£%¯Î¤�¥Eªp«�ªF¸`¶y«�ª.¶y£
Ωλ′(λ)

¤�¥%©1£E¾:§�¤�¶*¤�¥Eª
¥�°�¨
¶y¤�¥Eª]§�¦�§

O(Gn)
Ï

Gn ◦ Fn = Id
¶y£

Ωλ′(t)
¸l¶y«

t ≤ λ.
Â�ZoÊ

¢�¶�­�¤�¥Eª�¥\°:¨�¶y¤�¥Eª]§�¦H§ K(Gn)
©1º�º�¶�­�§�¤�¶+´y¶�¤�¶�¤�¥Eª�º�¦�·�¦�¤!¦�£8Â{ëoÊ3Ô
ª]¹p©1®%§�ª

Fn
¹F¶y£�»yªp«�´yª]§�®E£E¦Å¸`¶y«�·�º�°

¤�¶
F
¶y£8¹F¶y·�¨%©y¹F¤�§�ªp¤�§Á¶1¸

Ω2
Ë ÌÍª�¤�¥�®%§�´yªp¤VÏ

F ◦G =
¢x¯ ¶y£

Bt
¸`¶y«

t ≤ λ.
ÂµÈyÊ

fg¦�£%©1º�º�°y¬�¤�¥EªO¦�£%¹Fº�®%§�¦�¶y£ÍÂlÜ�Ê�ªp£%©1ÔEº�ª]§Á¤�¶Ý´y¶�¤�¶�¤�¥EªVº�¦�·Ý¦�¤3¦�£ÛÂ�ZoÊ�Ï

G ◦ F =
¢x¯ ¶y£

Ωλ′(t)
¸`¶y«

t ≤ λ.
Â{ÉoÊ

×Á¥EªO¦�¯Sªp£\¤�¦�¤r°âÂµÈyÊ�¤�¥Eªp£8§�¥E¶�­�§�Â{æoÊ�­�¥E¦�º�ª�ÂlÜ�ÊÁ©1£%¯ Â{ÉoÊÁ§�¥E¶�­ Â{ìoÊCË
�

Û ÜS|°Ýv����Þ��àß�áâÜS|°Ý\��¡����Á��¡������
�

¹ ®E«�¶yÔ9bxª]¹F¤�¦�»yªy¬E­�¥E¦H¹�¥Ò­�ªO¯SªF¸lªp«�¤�¶�£EªF¼:¤�§�ª]¹F¤�¦�¶y£&¬%¦�§Á¤�¶�¹�¥Eª]¹�¾Õ¤�¥EªO¹F¶y·�¨%©y¹F¤�£Eª]§�§�¨E«�¶y¨�ªp«�¤�¦�ª]§Ê_ K a©1£%¯ã_ O a{¸`¶y«O¤�¥EªÕ§�ª]À�®Eªp£%¹Fª]§ (Fn)
©1£%¯

(Gn)
Ë8ÌÍª0£E¶|­ ªF¼S¨Eº�©1¦�£Þª]§�¤�¦�·Ý©1¤�ª]§O¶y£$¯Sªp«�¦�»1©1¤�¦�»yª]§�©1£%¯

¦�·Ý©1´yª]§�¶1¸�±�²�³µ·Ý©1¨%§V­�¥E¦�¹�¥Þ­�¦�º�º,ªp£%©1ÔEº�ªÝ®%§O¤�¶6¹F¶y£\¤�«�¶yº�¤�¥Eª]§�ªÎ§�ª]À\®Eªp£%¹Fª]§]ËÎ×Á¥Eª¿·Ý©1¦�£Í«�ª]§�®Eº�¤O¶1¸
¤�¥E¦H§�§�ª]¹F¤�¦�¶y£Õ¦�§�©*¨E«�ª]¹F¦�§�ª�«�ª]©1º�¦?>]©1¤�¦�¶y£0¶1¸,¤�¥Eª�¸l¶yº�º�¶�­�¦�£E´�¨E«�¦�£%¹F¦�¨Eº�ª�Ï
=ä§�ª]À�®Eªp£%¹FªV¶1¸ ±�² ·Ý©1¨%§ÁÔ
ªp¤t­3ªpªp£ \ ¼:ª]¯Ò¥\°:¨�ªp«�§�®E«(¸{©y¹Fª]§�¦�§Áªp¦�¤�¥Eªp«�ª]À\®E¦�¹F¶y£�¤�¦�£\®E¶y®%§�¶y«�¯S¦�º�©1¤�¦�£E´

­�¦�¤�¥Õ«�ª]§�¨�ª]¹F¤�¤�¶�¤�¥Eª+±�²�³t¯S¦�§�¤�©1£%¹FªyË
×Á¥Eª8±�²�³t¯S¦�§�¤�©1£%¹Fªy¬�­�¥E¦�¹�¥ã­3ªÒ¦�£�¤�«�¶:¯S®%¹FªÕ£E¶|­�¬Á¥%©y§*¤�¥Eª6©y¯S»>©1£�¤�©1´yªÒ¶1¸ \ ¤�¤�¦�£E´Í·+®%¹�¥Ø·�¶y«�ª

¤�¶ã¤�¥EªÞ±�²�³µ´yªp¶y·�ªp¤�«�°�¤�¥%©1£ ¤�¥EªÛªp®%¹Fº�¦�¯Sª]©1£ ¯S¦�§�¤�©1£%¹Fªy¬�ÔE®E¤6§�¤�¦�º�º�¯Sª \ £E¦�£E´Ð¤�¥EªÛ§�©1·�ªâ¤�¶y¨�¶yº�¶y´y°
¶y£$§�¤�«�¦�¹F¤�º�°á¨%§�ªp®%¯S¶S¹F¶y£\»yªF¼ ¥�°�¨
ªp«�§�®E«(¸{©y¹FªyËÒß&ªp¤

X
Ô
ªÝ©6§�·�¶�¶y¤�¥Þ§�®EÔE·Ý©1£E¦Å¸`¶yº�¯â¶1¸

C
k ¬ x ©1£%¯ y¤r­3¶Ò¨
¶y¦�£�¤�§.¶y£

X
Ë*ÌÍª�¹p©1º�º ¹F¶y·�¨Eº�ªF¼6¨%©1¤�¥ÍÔ
ªp¤t­�ªpªp£

x
©1£%¯

y
©1£\°á¨E¦�ª]¹Fªp­�¦�§�ª C1 ³t§�·Ý¶�¶y¤�¥â¨%©1¤�¥

γ : [0, l] −→ X
b(¶y¦�£E¦�£E´

x
¤�¶
y
¬�©1£%¯á§�®%¹�¥á¤�¥%©1¤

γ̇(t) ∈ T C

γ(t)S
­�¥Eªp£Eªp»yªp«.¦�¤�·Ý©1¾yª]§�§�ªp£%§�ªyË�×Á¥Eª

ªp®%¹Fº�¦�¯Sª]©1£+º�ªp£E´y¤�¥�¶1¸�¤�¥E¦�§g¨%©1¤�¥�­�¦�º�º�Ô
ªÁ¯Sªp£E¶y¤�ª]¯
`(γ)

Ë,ÌÍªÁ¤�¥Eªp£�¯Sª \ £Eª�¤�¥Eª�±�²�³t¯S¦�§�¤�©1£%¹FªÁÔ
ªp¤t­3ªpªp£
¤r­3¶¿¨�¶y¦�£�¤�§

x
©1£%¯

y
¶1¸
X
Ô\°áÏ

d äUåX (x, y) :=
¦�£S¸ {`(γ), γ ¹F¶y·�¨Eº�ªF¼0¨%©1¤�¥ÕÔ�ªp¤r­3ªpªp£ x ©1£%¯ y}.

È



ÌÍª�­�¦�º�º%£E¶y¤Á­�«�¦�¤�ª�ªF¼:¨Eº�¦�¹F¦�¤�º�°�¤�¥Eª�¯Sªp¨
ªp£%¯E©1£%¹Fª.¶1¸
d äUå ¦�£ X ¦�£Ý£E¶y£S³t©1·�ÔE¦�´y®E¶y®%§Á§�¦�¤�®%©1¤�¦�¶y£%§pË!×Á¥Eª

¹F¶y«�«�ª]§�¨
¶y£%¯S¦�£E´�Ô%©1º�ºH§Á¶1¸,¹Fªp£�¤�ªp«
x
©1£%¯Õ«�©y¯S¦�®%§

δ
©1«�ªV¯Sªp£E¶y¤�ª]¯

B ä¤åX (x, δ)
Ë

×Á¥Eª�±�²ã©1£%¯�ªp®%¹Fº�¦�¯Sª]©1£*¯S¦�§�¤�©1£%¹Fª]§!©1«�ªÁ¥E¦�´y¥Eº�°�«�ªpº�©1¤�ª]¯O¦�£+·�¦�£E¦�·Ý©1ºo¥�°�¨
ªp«�§�®E«(¸{©y¹Fª]§�Â ÿ��`÷$� ­�¥E¦�¹�¥
¯S¶:ª]§à£E¶y¤g¹F¶y£\¤�©1¦�£+¨E¦�ª]¹Fª]§à¶1¸E¥E¶yº�¶y·�¶y«�¨E¥E¦H¹,¥\°:¨�ªp«�§�®E«(¸{©y¹Fª]§CÊCË,¢t£+¨%©1«�¤�¦�¹F®Eº�©1«p¬>º�©1«�´yª�±�²�³µÔ%©1º�º�§&¹F¶y£\¤�©1¦�£
º�©1«�´yª!ªp®%¹Fº�¦�¯Sª]©1£�Ô%©1º�º�§pË(f%¶y«
§�¤�«�¦�¹F¤�º�°�¨%§�ªp®%¯S¶S¹F¶y£\»yªF¼V¥\°:¨
ªp«�§�®E«(¸`©y¹Fª]§]¬|¤�¥E¦�§à¨E«�¶y¨�ªp«�¤r°�¦H§&©�»yªp«�°�§�¦�·�¨Eº�ª
¨%©1«�¤�¦�¹F®EºH©1«Á¹p©y§�ªV¶1¸g¤�¥Eªp¶y«�ªp· Ü�¦�£ÍÃÅÄFÜyÇµË
® ñ>ð+¯3ð+MOq"nOqHðoGæ¼&õ`ó'õ´©r�S÷.ø 
 � 
 � 
 /@��ÿ ú�û �9��÷ û ü �*ø��S÷´%(' �(û ÿHýJø ù1ú �C÷8� 
 ÿ ú �Fÿ û ÷Cý6�!ÿlø��Ýø��S÷¾�\ý	� ù ��ø 
 � 
 � �

 /@��� 
 þ�ý	� 
X
 ø��¿ýFø`þCÿ��pø����6�'ýp÷�� ûR
 � 
1ú
� ÷��^�����E÷JþCý��:þ"� ù ��÷Cý+ÿ ú C

k �! ú � ù þJø`ÿ����j� ù þ�5 ù1ú � ü 
 � ú
û ÷ û0
 �E÷ úý]÷Fø 
 �.ý	�9��� ùyú �����E÷Fþ�ý	��þ�� ù ��÷�ÿHý d çXèo� ü 
 � ú�û ÷ û �
¢r£�»�¦�ªp­ ¶1¸O¤�¥E¦�§Î¨E«�¶y¨
¶o§�¦�¤�¦�¶y£&¬�¤�¥Eªâ¨E«�¦�£%¹F¦�¨Eº�ª8§�¤�©1¤�ª]¯�©1Ô�¶|»yªÍ¦�·�¨Eº�¦�ª]§�¤�¥%©1¤0¦�·Ý©1´yª]§�¶1¸+£E¶y£S³

ª]À�®E¦�¹F¶y£\¤�¦�£\®E¶y®%§V§�ª]À�®Eªp£%¹Fª]§.¶1¸�±�²�³µ·Ý©1¨%§�¹F¶y£�¤�©1¦�£W_tº�©1«�´yª�a+ªp®%¹Fº�¦�¯Sª]©1£âÔ%©1º�º�§pË�¢t¤.«�ªpº�¦�ª]§�¶y£ãA�¶y¨S¸O:ç§
º�ªp·Ý·Ý©S¬�­�¥E¦H¹�¥ÒÔ
¶y®E£%¯E§Á¸`«�¶y· Ô�ªpº�¶|­ ¤�¥EªVÔ
¶y®E£%¯E©1«�°0¯Sªp«�¦�»>©1¤�¦�»yª]§Á¶1¸,¨E«�¶y¨
ªp«�¥E¶yº�¶y·�¶y«�¨E¥E¦�¹�·Ý©1¨%§]Ë
Ì ï�ò$ò.Nx¼&õY§ÂD�éÕð+¯�ê@Q]õ�öL÷Fø

D ü ÷ ù�ûR
 � ù ÿ ú ÿ ú C
k ùyú�û χ ∈ C1(D) ù p.s.h ��� ú �pø`ÿ 
1ú 5 ú ÷�/ ù ø`ÿ � ÷


1ú D ùyú�û �-�\ÿ��	� �|ù1ú ÿHýL�S÷Jý ù ø q ∈ bD
��öL÷Fø

ε
ý	�9�	�Õø�� ù ø Bε(q) ⊂ D ù1ú�û M := min{|χ(z)|, z ∈

B+
ε (q)} �l©r�S÷ ú 5 χ(qt) ≤ −Mt

8ε

� 
 þ t ≤ ε ù1ú�û ø�����ý ‖~∇χ(q)‖ ≥ M

8ε

�
ÌÍª�£E¶|­ ¹F¶y·�ÔE¦�£EªlA�¶y¨S¸O:ç§.º�ªp·�·Ý©Î¤�¶Ò©Õ¤�«�©1£%§(¸`ªp«�¶1¸Áª]§�¤�¦�·Ý©1¤�¦�¶y£%§.¶y£Í£E¶y«�·¿©1º3¯Sªp«�¦�»1©1¤�¦�»yª]§.¤�¶

¹F¶y·�¨Eº�ªF¼â¤�©1£E´yªp£�¤�¦�©1º�¯Sªp«�¦�»1©1¤�¦�»yª]§V¦�£Þ¶y«�¯Sªp«*¤�¶á´yªp¤+¤�¥Eª0¨E«�ª]¹F¦�§�ªÎ»yªp«�§�¦�¶y£Þ¶1¸�¤�¥EªÕ©1Ô�¶|»yª0¨E«�¦�£%¹F¦�¨Eº�ª
­�¥E¦�¹�¥8­�¦�º�ºà¨E«�¶�»yª*®%§�ªF¸`®Eº�º
¦�£6¶y®E«.¹F¶y£\¤�ªF¼S¤pË.ÌÍª+«�ªF¸`ªp«�¤�¥Eª�«�ª]©y¯Sªp«�¤�¶¿¨&Ë�ì�¸l¶y«�¤�¥Eª�£E¶y¤�©1¤�¦�¶y£%§�®%§�ª]¯
¦�£0¤�¥Eª�¸`¶yº�º�¶|­�¦�£E´*§�¤�©1¤�ªp·�ªp£\¤pË
Ì ï�ò$ò.NÙ¼àõ?¼&õ*ö
÷Fø

Ω
5

Ω̃ ü ÷6ý	� 
X
 ø������ ü 
 � ú�û ÷ ûØûR
 � ù ÿ ú ýÒÿ ú C
k ù1ú�û U b SPC(bΩ) ü ÷ ùyú


 �%÷ ú ýp÷Fø*�Vö
÷Fø W ü ÷ ù1úã
 �E÷ ú ý]÷Fø 
 � SPC(bΩ̃)
ý	�9���8ø�� ù ø Λx

ÿHý!� 
 ýJÿlø`ÿ � ÷ 
yú Ω̃
� 
 þ ù �"� x ∈ W

�
¬�÷ û ÷ ú�
 øt÷ κ1 ù1ú�û κ2

ø��E÷Ýý�� ù ���Å÷CýFø ù1ú�û � ù þ�/\÷JýJø+÷Jÿ</\÷ ú+�|ù ���E÷ 
 �Ýø��S÷�ö
÷ � ÿI� 
 þ	� 
1ú U ù1ú�û Wþ�÷Cý*�%÷��pø`ÿ � ÷	���@�Íö
÷Fø p ∈ U ù1ú�û ε, τ ø�� 
 � 
 ýJÿlø`ÿ � ÷¿þ�÷ ù � ú �v� ü ÷Fþ�ý�ý	�9��� ø�� ù ø B çXè (p, τ) b U ùyú�û
Bε(q) ⊂ Ω

� 
 þ ù ��� q ∈ B ç¤è (p, τ) �ö
÷Fø
F : Ω −→ Ω̃ ù U � ��þ 
 �E÷Fþ&� 
 � 
 � 
 þ4�+�\ÿ���� ù �áý	�9�	�6ø�� ù ø F (p) ∈W

�^¬*÷ û ÷�ª ú ÷3³

M := min
{
|Λx(z)|, x ∈W, z ∈ F

( ⋃

q∈B çXè (p,τ)

B+
ε (q)

)}
.

©r�S÷ ú
F
(
B çXè (p, τ)) ⊃ B çXèW

(
F (p),

[
κ1

8κ2

M

ε

] 1

2

τ

)
.
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F
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W
Ë,×Á¥Eª�§�ª]¹F¶y£%¯

§�¤�ªp¨Ò¹F¶y£%§�¦�§�¤�§Á¦�£0¦�£�¤�ªp´y«�©1¤�¦�£E´�¤�¥Eª]§�ª�ª]§�¤�¦�·Ý©1¤�ª]§pË
² þ 
O
 �´³´À�ýJø`ÿ�� ù ø`ÿ 
1ú ý 
1ú ø��E÷ û ÷JþJÿ �>ù ø`ÿ � ÷Cý 
 � F � ßàªp¤ q Ô�ª*©Ý¨
¶y¦�£�¤�¦�£ U §�®%¹�¥á¤�¥%©1¤

F (q) ∈ W
Ë

ß&ªp¤�®%§�§�¥E¶�­ ¤�¥%©1¤�Ï
‖F ′(q)u‖ ≥

[
κ1

8κ2

M

ε

]1/2

‖u‖, ∀u ∈ TC
q bΩ.

Â{ÆoÊ
=�¨E¨Eº�°:¦�£E´�º�ªp·�·Ý©Áì:Ë�æ�¸l¶y«&¤�¥Eª ¸l¶y£%¹F¤�¦�¶y£ −ΛF (q)◦F

º�ª]©y¯.¤�¶�¤�¥Eª ª]§�¤�¦�·Ý©1¤�ª ‖ ~∇ [ ΛF (q) ◦ F ](q) ‖ ≥ M
8ε

Ë
=�§ ~∇ΛF (q)

(
F (q)

)
= ~N(F (q))

¬%­�ªV´yªp¤VÏ

nq(F ) := 〈F ′(q) ~N(q), ~N (F (q))〉 = dΛF (q)[F
′(q) ~N(q)] = ‖~∇[ΛF (q) ◦ F ](q)‖ ≥ M

8ε
.
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ßàªp¤ L(ϕ, a, u)
¯Sªp£E¶y¤�ª.¤�¥Eª�ß&ªp»:¦�¸l¶y«�· ¶1¸
©�¸`¶y£%¹F¤�¦�¶y£

ϕ
©1¤Á©O¨
¶y¦�£\¤

a
¬S©1£%¯0©1¨E¨Eº�¦�ª]¯Ý¤�¶�©O»yª]¹F¤�¶y«

u
Ë

¢�©1·�ªpº�°y¬
L(ϕ, a, u) =

∑

1≤i,j≤k

∂2ϕ

∂zi∂zj
uiuj .

×Á¥Eª�Ô
¶y®E£%¯E©1«�°ÕÔ�ªp¦�£E´Î§�·�¶:¶y¤�¥8©1º�¶y£E´
W
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ψ
¶1¸

Ω̃
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Ô
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F (q)

¬%­�¥E¶o§�ª�´y«�©y¯S¦�ªp£\¤�¹p©1£ÕÔ
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ª.¶1¸g£E¶y«�·
1
©1¤
F (q)

Ï ~∇ψ(F (q)) =
~N(F (q))

Ëë=�§.¸`¶y«ÝÂ(Äpê\ÊC¬L­�ªÝ§�ªpª�¤�¥%©1¤ ‖~∇ψ ◦ F (q)‖ = nq(F )
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ψ ◦ F ¦�§�©Õ¯Sª \ £E¦�£E´
¸`®E£%¹F¤�¦�¶y£6©1«�¶y®E£%¯

q
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bΩ
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q bΩ
Ï

L(ψ ◦ F, q, u) ≥ κ1‖~∇ [ψ ◦ F ] (q)‖‖u‖2 = κ1nq(F )‖u‖2 ≥ κ1M
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‖u‖2.
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L(χ ◦ F, q, u) = L(χ, F (q), F ′(q)u) ≤ κ2‖F ′(q)u‖2.
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[
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8κ2
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Ô
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¶y¦�£\¤+¶1¸

B ä¤å (p, τ) ¬!¤�¥Eª¹F¶y£E£Eª]¹F¤�ª]¯¿¹F¶y·�¨
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F (p)
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γ
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½!«�ª]¹F¦H§�ªpº�°y¬�¤�¥Eªp«�ª3ªF¼:¦�§�¤�§ l ≤ `(γ̃)
©1£%¯

γ : [0, l] −→ B ä¤å (p, τ)¹F¶y£E£Eª]¹F¤�¦�£E´
p
¤�¶
bB äUå (p, τ) ©1£%¯8§�®%¹�¥8¤�¥%©1¤ F ◦ γ(t) = γ̃(t)

¸`¶y«�©1º�º
t ∈ [0, l]

Ë�=�§
γ(t)

Ô
ªpº�¶y£E´o§
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‖F ′(γ(t))u‖ ≥

[
κ1

κ2
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8ε
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2

‖u‖ ∀t ∈ [0, l], ∀u ∈ T C

γ(t)bΩ.

A�ªp£%¹FªF¸`¶y«�¤�¥&¬

`(γ̃) ≥ l =

∫ l

0
‖ ˙̃γ(t)‖dt =

∫ l

0
‖F ′(γ(t))γ̇(t)‖dt ≥

[
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M

8ε

] 1
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∫ l

0
‖γ̇(t)‖dt ≥
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M
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`(γ).
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Aε(p, τ) :=
⋃

q∈B ä¤å (p,τ)

B+
ε (q).
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×Á¥EªÎ¸`¶yº�º�¶�­�¦�£E´6¨E«�¶y¨
¶o§�¦�¤�¦�¶y£$§�¨�ª]¹F¦ \ ª]§Oº�ªp·Ý·Ý©6ì:Ë�ì8¤�¶â¤�¥Eª¿¤�¥E«�ªpªÕ¹F¶y£%¹F«�ªp¤�ªÒ¹F¶y£ \ ´y®E«�©1¤�¦�¶y£%§*­�ª
­�¦�º�º3¥%©]»yª6¤�¶8¸{©y¹FªÕ­�¥Eªp£ã¨E«�¶�»:¦�£E´ K(Fn), K(Gn), O(Fn)

©1£%¯
O(Gn)

Ëâfg¦�´y®E«�ªÒì8¦�º�º�®%§�¤�«�©1¤�ª]§
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® ñ>ð+¯3ð+MOq"nOqHðoGÙ¼àõ×ÃLõ.ö
÷Fø

Ω
5
Ω̃ ü ÷ ûR
 � ù ÿ ú ý+ÿ ú C

k ��öL÷Fø U ù1ú�û W ü ÷ 
 �E÷ ú þ�÷	� ù ø`ÿ � ÷��1�2� 
 �±� ù �pøý]÷Følý 
 � SPC(bΩ) ù1ú�û SPC(bΩ̃)
�0¬�÷ ù ý�ý	�v�Ý÷+ø�� ù ø Λx ≥ 0 
1ú Ω̃

� 
 þ ù ��� x ∈W
�

ì ÿ<�ë� 
 ÿ ú ølý p ∈ U
5
a ∈ W ù1ú�û þ�÷ ù � ú �j� ü ÷JþCý ε0, τ > 0

ý��C�	�Þø�� ù ø B çXè (p, τ) b U ùyú�û
Aε0

(p, τ) ⊂ Ω
�

ö
÷Fø Fp,a
ø��S÷(� ù �*ÿ"��� 
 � U � ��þ 
 �E÷Jþ�� 
 � 
 � 
 þ*�+��ÿ���� ù �R��ÿ ú />ý F : Ω −→ Ω̃

� 
 þ��-�\ÿ��	� F (p) = a
�

í �0© 
Îù1ú �^� 
 �±� ù �pø�ýp÷pø K 
 � Ω̃
ÿ�ý ù ýCý 
 �pÿ ù øt÷ ûÕù � 
yú ýJø ù1ú ø c(K) > 0

ý	�9�	�Òø�� ù ø
∀F ∈ Fp,a : F (Aε0

(p, τ)) ⊂ K =⇒ F (B ç¤è (p, τ)) ⊃ B ç¤èW (F (p), cτ).

î � ì ÿ<�
λ > 0 ù1ú�û 0 < η < λ

�´©r�S÷Jþ�÷*÷��1ÿHýJølý ù � 
1ú ýFø ù1ú ø c(η) > 0
ý	�9���Õø�� ù ø

∀ε ≤ ε0, ∀F ∈ Fp,a :

F (Aε(p, τ)) ⊂ {Λa ≥ λ} =⇒ F (B çXè (p, τ)) ⊃ B çXèW

(
a, c(η)τ√

ε

)
∩ {Λa ≤ λ− η}.

Ð��.öL÷Fø
y ∈W\{a} ù1ú�û η < d(a, y)

�^©r�S÷Jþ�÷�÷��1ÿ�ýFølý ù � 
1ú ýJø ùyú ø c(η) > 0
ý	�9�	�Òø�� ù øÊ³

∀ε ≤ ε0, ∀F ∈ Fp,a :

F (Aε(p, τ)) ⊂ B(y, η) =⇒ F (B çXè (p, τ)) ⊃ B çXèW

(
a, c(η)τ√

ε

)
\B(y, 2η).

¿ 
 þ�÷ 
@� ÷Jþ�5�ø��S÷l� 
1ú ýJø ùyú ølý c(K) ù1ú�û c(η) ù þ�÷ 
1ú ��� û ÷4�E÷ ú
ûoù1ú ø 
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 ��ø��E÷OöL÷ � ÿÏ� 
 þ	� 
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U ù1ú�û W ��©r�S÷!� 
 ÿ ú ølý í 5 î ù1ú
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 þ¾� ù � �&� 
1ú ýJø ù1ú ølý8�-�S÷ ú Ω, Ω̃ ù þ�÷�þ�÷4��� ù ��÷ û ü �ý	� ù �"�j�E÷FþJø��:þ ü ù ø`ÿ 
yú ý � ÿ úÔïVù �\ý ûR
 þ�) ý]÷ ú ý]÷ð� ù ý&� 
1ú / ù ý U ù1ú
û W ù þ�÷Oý��cÿ×/U�:ø��1�&�E÷JþFø���þ ü ÷ û ÿ ú ø��S÷
C2 � ýp÷ ú ýp÷$�
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p

F (p) = a

F (p) = a

U

y0

Ω

F
(
B äUå (p, τ)

)

Aε(p, τ)

F W

Ω̃

W

Ω̃

F
(
Aε(p, τ)

)

{Λa = λ}
{Λa = λ − η}

{Λa =
3

4
}

F
(
Aε(p, τ)

)

y {Λa = 0}
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²�ª]¹p©1º�ºE¤�¥%©1¤
(Ω̃n)

¹F¶y£\»yªp«�´yª]§�¤�¶
B
¦�£�¤�¥Eª C2 ³t§�ªp£%§�ª�¶y£�©1£�°�¹F¶y·�¨%©y¹F¤3§�ªp¤�§!¶1¸
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2\{(1, 0)} Â`§�ªpª¨E«�¶y¨
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n ≥ n0
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¦�§�¨%§�ªp®%¯S¶:¹F¶y£�»yªF¼á©1£%¯
Λx
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¶o§�¦�¤�¦�»yª�¶y£
Ω̃
¸`¶y«

x ∈ [bΩ̃n]3/4
Ë�×Á¥Eª+¯S¶y·¿©1¦�£

Ω
¦�¤�§�ªpºÅ¸
Ô
ªp¦�£E´ \ ¼Sª]¯Ò©1£%¯6§�¤�«�¦�¹F¤�º�°0¹F¶y£\»yªF¼�¬

¨E«�¶y¨
¶o§�¦�¤�¦�¶y£Õì:Ë ÜÝ¤�¥Eªp£Ò©1¨E¨Eº�¦�ª]§Á­�¥Eªp£ {U,W} := {[bΩ]1, [bΩ̃n]3/4}
Ë

óT�*� ô^�R�-�(�&�(��õ K =⇒ O ö �
K(Fn) =⇒ O(Fn)

Ï =�¨E¨Eº�°Þ¨�¶y¦�£�¤ÒÄ0¶1¸�¨E«�¶y¨
¶o§�¦�¤�¦�¶y£Øì:Ë ÜÍ¤�¶
Fn
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U := bΩ1
©1£%¯

Wn :=

[bΩ̃n]3/4
ËÝé�¦�£%¹Fª

Fn(p) = a
©1£%¯

Fn(Aε0
(p, τ))
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Fn

(
B ä¤å (p, τ)) ⊃ B ä¤åWn

(a, cτ).
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¢t£V¤�¥Eª�£EªF¼:¤L¨%©1«�©1´y«�©1¨E¥0ÂlÜEË�æoÊC¬1­3ª�¨E«�¶�»yª K(Fn)
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ªp£%¯E©1£\¤�º�°�¶1¸S¤�¥Eª�«�ª]§�¤à¶1¸E¤�¥E¦�§L¨%©1«�©1´y«�©1¨E¥&Ë

¢r¤g­�¦�º�ºS©1º�§�¶�ª]§�¤�©1ÔEº�¦�§�¥
O(Fn)

Ë ¹ £%¹Fª�¤�¥E¦�§g¨E«�¶y¨�ªp«�¤r°+¦H§L¾:£E¶�­�£�¤�¶.¥E¶yº�¯�¬yº�ªp·Ý·Ý©�æ:Ë�ë�´y®%©1«�©1£\¤�ªpª]§3¤�¥Eª
ªF¼S¦�§�¤�ªp£%¹Fª�¶1¸
©�«�¦�´y¥�¤�¦�£\»yªp«�§�ª

Gn
¸`¶y«

Fn
¬S¯Sª \ £Eª]¯0¶y£

Ω̃n,λ
Ë!×Á¥Eª�§�ª]À\®Eªp£%¹Fª�¶1¸
¤�¥Eª]§�ª�©1¨E¨Eº�¦�¹p©1¤�¦�¶y£%§

ÄyÄ



¦�§�£E¶y«�·Ý©1º
Ô�ª]¹p©1®%§�ª�¦�¤�¤�©1¾yª]§Á»1©1º�®Eª]§�¦�£
Ω1
Ë£=�¸`¤�ªp«�¨
¶o§�§�¦�ÔEº�ª�ªF¼:¤�«�©y¹F¤�¦�¶y£&¬E¦�¤�¹p©1£0Ô
ª.©y§�§�®E·�ª]¯�¤�¶*Ô
ª

¹F¶y£�»yªp«�´y¦�£E´+¤�¶�©V·Ý©1¨
G : Bλ −→ Ω1

Ë£=�§ Ô
ªp¥E¦�£%¯�¬�­3ª.©1«�ª�´y¶y¦�£E´+¤�¶+§�¥E¶|­Ù¤�¥%©1¤�¦Å¸
G
¤�©1¾yª]§�»1©1º�®Eª

¦�£
Ω2

¤�¥Eªp£
O(Gn)

¥E¶yºH¯E§pË
K(Gn) =⇒ O(Gn)

Ï =�¨E¨Eº�°Õ¨�¶y¦�£\¤*ÄO¶1¸3¨E«�¶y¨
¶o§�¦�¤�¦�¶y£8ì:Ë Ü0¤�¶
Gn

­�¦�¤�¥
Un := [bΩ̃n]λ

©1£%¯
W :=

[bΩ]2
ËOé�¦�£%¹Fª

Gn(p) = a
©1£%¯

Gn(Aε0
(a, τ))

¹F¶y£�»yªp«�´yª]§�¤�¶
G(Aε0

(p, τ)) b Ω
¦�£6»:¦�«�¤�®Eª�¶1¸3¤�¥Eª

¥�°�¨
¶y¤�¥Eª]§�¦�§ K(Gn)
¬%­3ªO´yªp¤VÏ

Gn

(
B äUåUn

(a, t)
)
⊃ B äUåW (p, ct) ∀t ≤ τ.

Â(ÄFÜ�Ê
é�¦�£%¹Fª.¤�¥Eª+±�²�³t¯S¦�§�¤�©1£%¹Fª.¦�§�ÔE¦�´y´yªp«�¤�¥%©1¤�¤�¥Eª�ªp®%¹Fº�¦�¯Sª]©1£Î¶y£Eªy¬%­�ª�¥%©]»yª

B äUåUn
(a, t) ⊂ [bΩ̃n]t

Ë Ú8¶y«�ªF³
¶|»yªp«p¬

B äUå (p, t) ⊃ [bΩ]At2
­�¥Eªp«�ª

A
¦H§�¤�¥Eª*·�¦�£E¦�·�®E· ¶1¸ ¤�¥Eª*ªp¦�´yªp£�»>©1º�®Eª]§�¶1¸3¤�¥Eª*ß&ªp»:¦
¸`¶y«�·å¶y£

[bΩ]1
Âl¦�¤.¦�§�¤�¥Eª*·�¶o§�¤�§�¦�·�¨Eº�ª+¹p©y§�ª*¶1¸�¤�¥Eªp¶y«�ªp· ÜÕ¦�£$ÃÅÄFÜyÇlÊCË�×Á¥Eª�¨E«�¶y¨�ªp«�¤r°

O(Gn)
¤�¥Eªp£Í«�ª]§�®Eº�¤�§

¸`«�¶y· Â(ÄFÜ�ÊÁ©1£%¯Õº�ªp·Ý·Ý©�æ:Ë�ë:Ë
�

²�ªp¨Eº�©y¹F¦�£E´
p
Ô�°Õ©1£8©1«�ÔE¦�¤�©1«�°0¨
¶y¦�£\¤

q ∈ [bΩ]1
¦�£Ò¤�¥EªV¨E«�¶:¶1¸,¶1¸ K(Fn) =⇒ O(Fn)

¬'­�ªO´yªp¤�©
§�º�¦�´y¥\¤�º�°�§�¤�«�¶y£E´yªp«�¨E«�¶y¨
ªp«�¤t°0¤�¥%©1£

O(Fn)
©1º�¶y£EªyË ¢t¤�­�¦�º�º�©1ºH§�¶*Ô�ª�®%§�ªF¸`®Eº�º�¤�¶Ý§�¥E¶|­ K(Gn)

Ë
Ì ï�ò$ò.NWÃàõ`ó'õ± "� K(Fn)

� 
 � û ýVø��S÷ ú ø��S÷Fþ�÷*÷��1ÿHýJø!� 
1ú ýJø ù1ú ølý c, τ > 0
ý��C�	�Òø�� ù ø+� 
 þ ù �"� q ∈ [bΩ]1ù1ú
û n ü ÿ×/0÷ ú�
 �@/U�R5

Fn(q) ∈ [bΩ̃n]3/4 =⇒ Fn

(
B çXè (q, τ)) ⊃ B ç¤è

[bΩ̃n]3/4

(Fn(q), cτ).

ó£��� ô^�R�-�(�&�(� K(Fn)
�

è�ª]¹p©1®%§�ªÕ¶1¸�¤�¥EªÒ©1º�¤�ªp«�£%©1¤�¦�»yª0­�¥E¦�¹�¥ã´y¶|»yªp«�£%§�¤�¥EªÒ¹F¶y£�»yªp«�´yªp£%¹Fª6¶1¸
(Fn)

Â`§�ªpªÒ¹F¶y«�¶yº�º�©1«�°Þæ:Ë�ìoÊC¬�¦�¤
¦�§�ªp£E¶y®E´y¥Í¤�¶Ò§�¥E¶|­ ¤�¥%©1¤V¦�£á¤�¥Eª�§�¦�¤�®%©1¤�¦�¶y£Í¯Sª]§�¹F«�¦�Ô�ª]¯á¦�£â§�ª]¹F¤�¦�¶y£ æ:¬

ỹn = Fn(y0)
«�ªp·¿©1¦�£%§�¦�£Í©

¹F¶y·�¨%©y¹F¤+§�®EÔ%§�ªp¤V¶1¸
B
ËÎß&ªp¤V®%§O¨E«�¶:¹Fªpª]¯ Ô\°Í¹F¶y£\¤�«�©y¯S¦�¹F¤�¦�¶y£ ©1£%¯ ©y§�§�®E·�ª�¤�¥%©1¤

ỹn
¹F¶y£\»yªp«�´yª]§�¤�¶

y∞ ∈ bB
Ëg×Á¥Eª�§�ª]À\®Eªp£%¹Fª

(Fn)
¤�¥Eªp£+¹F¶y£\»yªp«�´yª]§,º�¶:¹p©1º�º�°�®E£E¦Å¸`¶y«�·�º�°�¤�¶

y∞
Â`¹F¶y«�¶yº�º�©1«�°Væ:Ë�ìoÊCË!×à¶.©1£\°

ε > 0
¤�¥\®%§g¹F¶y«�«�ª]§�¨
¶y£%¯E§
©1£V¦�£\¤�ªp´yªp«

nε
§�®%¹�¥O¤�¥%©1¤

Fnε(Aε(p, τ)
)
⊂ B(y∞, 1/4)

Ë-=�¨E¨Eº�°:¦�£E´�¨
¶y¦�£\¤
ìO¶1¸
¨E«�¶y¨
¶o§�¦�¤�¦�¶y£0ì:Ë Ü�¤�¶

Fnε

­�¦�¤�¥
U := [bΩ]1

¬
Wnε := [bΩ̃nε ]3/4

¬
η = 1/4

ªp¤
(a, y) := (a, y∞)

¬
­�ªV´yªp¤�Ï

Fnε([bΩ]1) ⊃ B äUåWnε

(
a,
c(η)τ√

ε

)
\B(y∞,

1

2
).

Â(Ä]ëoÊ
é�¦�£%¹Fª3¤�¥Eª�§�ªp¤�§

[bΩ̃n]3/4
¹F¶y£�»yªp«�´yªÁ¤�¶

[bB]3/4
¦�£V¤�¥Eª C2 ³t§�ªp£%§�ªy¬|¤�¥Eªp¦�«,±�²Á³t¯S¦�©1·Ýªp¤�ªp«�§L©1«�ª3®E£E¦�¸l¶y«�·�º�°Ô
¶y®E£%¯Sª]¯�Ë3¢r¤Á¸l¶yº�º�¶�­�§Á¤�¥%©1¤Á¸`¶y«�§�®9eÝ¹F¦�ªp£�¤�º�°¿§�·¿©1º�º

ε
¬LÂ(Ä]ëoÊ�´y¦�»yª]§�Ï

Fnε([bΩ]1) ⊃ [bΩ̃nε ]3/4 \B(y∞,
1

2
).

Â(ÄOZoÊ
fE«�¶y· £E¶�­ ¶y£

ε
¦�§ \ ¼:ª]¯Í©1£%¯Û­3ª�­�«�¦�¤�ª

n
¦�£%§�¤�ª]©y¯â¶1¸

nε
Ë¿é�¦�£%¹Fª�¤�¥Eª�·Ý©1¨

Fn|[bΩ]2

¦�§.©Ò¯S¦<;�ªp¶1³
·�¶y«�¨E¥E¦H§�· ¶y£ ¦�¤�§V¦�·Ý©1´yªy¬

Fn([bΩ]1)
¦�§V¹F¶y£�¤�«�©y¹F¤�¦�ÔEº�ªyËÒ×Á¥Eªp£�Â(ÄOZoÊV§�¥E¶�­�§+¤�¥%©1¤

Fn([bΩ]1)
·+®%§�¤

¹F¶y£�¤�©1¦�£
[bΩ̃n]3/4

Ë!ÌÍªO¤�¥\®%§�´yªp¤VÏ

b
[
Fn([bΩ]1)

]
= Fn(bΩ ∩ { ²�ª z1 = 1}) ⊂ [bΩ̃n]+3/4.

Â(Ä�ÈyÊ
×Á¥E¦�§Î¦�£%¹Fº�®%§�¦�¶y£Ðº�ª]©y¯E§¿¤�¶Ø©Ñ¹F¶y£�¤�«�©y¯S¦�¹F¤�¦�¶y£ Ô
ª]¹p©1®%§�ªâ¤�¥EªÍ·Ý©>¼:¦�·+®E· ¨E«�¦�£%¹F¦�¨Eº�ªâ©1¨E¨Eº�¦�ª]¯Ù¤�¶ã¤�¥Eª
¸`®E£%¹F¤�¦�¶y£ − ²�ª z1 ◦ Fn

§�¥E¶|­�§�¤�¥%©1¤
Fn(Ω ∩ { ²�ª z1 = 1}) ⊂ Ω̃+

n,3/4

¬Á­�¥Eªp£ØÔ\°Ø¹F¶y£%§�¤�«�®%¹F¤�¦�¶y£
Fn(y0) ∈ { ²�ª z1 = 0} Ë �

Ä]æ



óT�"÷ ô^�R�-�(�&�(� K(Gn)
�

ø�ª \ £Eª
λn := sup{t ∈ R | Fn(Ω1) ⊃ Ω̃n,t}

Ë!é�¦�£%¹Fª
Fn

¦H§
©�º�¶S¹p©1º:¯S¦?;
ªp¶y·�¶y«�¨E¥E¦H§�· ¶y£
Ω1

Âlº�ªp·�·Ý©
æ:Ë�ëoÊC¬L¤�¥Eª�Ô�¶y®E£%¯E©1«�°8¶1¸

Fn(Ω1)
¦�£

Ω̃n
¦H§�©Õ§�®EÔ%§�ªp¤.¶1¸

Fn(Ω ∩ { ²�ª z1 = 1}) Ë�è�°8¯Sª \ £E¦�¤�¦�¶y£â¶1¸
λn
¬

inf
{ ²�ª

z1 ◦ Fn(x), x ∈ Ω ∩ { ²�ª z1 = 1}
}

= λn.=�¨E¨Eº�°:¦�£E´�¤�¥EªV·Ý©>¼S¦�·+®E· ¨E«�¦�£%¹F¦�¨Eº�ª.¤�¶ − ²�ª z1 ◦ Fn
¶y£

Ω ∩ { ²�ª z1 = 1} §�¥E¶|­�§�¥Eªp£%¹FªF¸`¶y«�¤�¥ Ï
∃z′n ∈ { ²�ª z1 = 1} ∩ bΩ, Fn(z′n) ∈ { ²�ª z1 ≤ λn}.

Â(Ä]ÉoÊ
é�¦�£%¹Fª K(Fn)

©1£%¯
O(Fn)

©1«�ª�©1º�«�ª]©y¯S°á¹�¥Eª]¹�¾yª]¯�¬,­3ª�¾:£E¶�­ ¤�¥%©1¤+©1º�º,º�¦�·�¦�¤�§�¶1¸
λn

©1«�ª�ÔE¦�´y´yªp«�¤�¶
λ > −1

Ë.=�¸l¤�ªp«*¨
¶o§�§�¦�ÔEº�ª¿ªF¼:¤�«�©y¹F¤�¦�¶y£&¬ ¤�¥EªÕ§�ª]À\®Eªp£%¹FªÕ¶1¸�·Ý©1¨%§
(Gn)

¥Eªp£%¹FªF¸`¶y«�¤�¥Ð¹F¶y£�»yªp«�´yª]§�¤�¶
G : Bλ∞

−→ Ω1
¬S­�¥Eªp«�ª

λ∞
«�ªF¸lªp«�§�¤�¶*¶y£Eª�¶1¸
¤�¥Eª�º�¦�·�¦�¤�§,¶1¸

λn
­�¥E¦�¹�¥¿¦�§�¶1¸
¹F¶y®E«�§�ª�´y«�ª]©1¤�ªp«�¤�¥%©1£

λ
Ë
ÌÙ¥Eªp£

λ∞
¦�§g¨�¶o§�¦�¤�¦�»yªy¬1¤�¥Eª�§�ª]À�®Eªp£%¹Fª

ỹn
¦�§!¹F¶y·�¨%©y¹F¤!¦�£

Bλ∞

ÂlÔ
ª]¹p©1®%§�ª K(Fn)
¥E¶yº�¯E§JÊCËgÚ8¶y«�ªF³

¶|»yªp«p¬
Gn(ỹn) = y0 ∈ Ω2

Ë�A�ªp£%¹Fª�¤�¥EªVº�¦�·�¦�¤�·Ý©1¨
G
¤�©1¾yª]§�»1©1º�®Eª�¦�£

Ω2
Ï K(Gn)

¦�§�¹�¥Eª]¹�¾yª]¯�Ë
ÌÙ¥Eªp£

λ∞
¦�§�£E¶y£S³µ¨
¶o§�¦�¤�¦�»yªy¬�­3ª*¨E«�¶|»yª�Ô�ªpº�¶|­ ¤�¥Eª*ªF¼S¦�§�¤�ªp£%¹Fª�¶1¸�©Î§�ª]À�®Eªp£%¹Fª

(xn)
¬�«�ªpº�©1¤�¦�»yªpº�°

¹F¶y·Ý¨%©y¹F¤V¦�£
Ω1
¬
©1£%¯Û©6¹F¶y£%§�¤�©1£\¤

η0 > 0
§�®%¹�¥Û¤�¥%©1¤

Fn(xn) ∈ Ω̃n,λ∞−η0

¸l¶y«V©1£�°âÔE¦�´Õªp£E¶y®E´y¥
¦�£\¤�ªp´yªp«

n
Ë�=�´o©1¦�£&¬ K(Fn)

¦�·Ý¨Eº�¦�ª]§�¤�¥%©1¤ {Fn(xn)} b Bλ∞

Ë�×Á¥E¦�§�¤�¦�·�ªy¬%¤�¥Eª*¹F¶y£%¹Fº�®%§�¦�¶y£Õ¸l¶yº�º�¶�­�§
¸`«�¶y· {

Gn[Fn(xn)]
}

=
{
xn

}
b Ω2

Ë
fg¦Å¼

τ > 0
§�®%¹�¥Ñ¤�¥%©1¤

B äUå (p, τ) b [bΩ]1
ËÛ¢t£Ñ¶y«�¯Sªp«*¤�¶Í§�¥E¶�­ ¤�¥Eª0ªF¼S¦�§�¤�ªp£%¹FªÎ¶1¸

(xn)
¬ ¦�¤�¦�§

§�®9eÝ¹F¦�ªp£\¤�¤�¶�§�ªpª�¤�¥%©1¤�¤�¥Eªp«�ªVªF¼S¦�§�¤Á¤t­�¶Ý¨
¶o§�¦�¤�¦�»yª.¹F¶y£%§�¤�©1£\¤�§
ε0, η0 > 0

§�®%¹�¥Ò¤�¥%©1¤VÏ
Fn(Aε0

(p, τ)) ∩ Ω̃n,λn−η0
6= ∅ ∀n� 1.

=�«�´y®E¦�£E´0Ô\°â¹F¶y£\¤�«�©y¯S¦H¹F¤�¦�¶y£&¬à­3ª¿©y§�§�®E·�ª�¤�¥%©1¤.¸l¶y«V©1º�º
ε, η > 0

¬à¤�¥Eªp«�ª�ªF¼S¦�§�¤.©1£Í¦�£�¤�ªp´yªp«
nε

§�®%¹�¥
¤�¥%©1¤

Fnε(Aε(p, τ)) ⊂ { ²�ª z1 ≥ λnε − η} Ë&=�¨E¨Eº�°�¦�£E´�¨�¶y¦�£\¤�æ�¶1¸3¨E«�¶y¨
¶o§�¦�¤�¦�¶y£8ì:Ë Ü0¤�¶ Fnε

­�¦�¤�¥
U := [bΩ]1

¬
W := [bΩ̃n]1/2

©1£%¯
(λ, η) := (λnε , η)

­3ªV´yªp¤VÏ

Fnε

(
B ä¤å (p, τ/2)) ⊃ B äUåWnε

(
a,
c(η)τ

2
√
ε

)
∩ { ²�ª z1 ≤ λnε − η}. Â(Ä]ÆoÊ

é�¦�£%¹Fª ¤�¥Eª�§�ªp¤�§
[bΩ̃n]3/4

¹F¶y£\»yªp«�´yª�¤�¶
[bB]3/4

¦�£O¤�¥Eª C2 ³t§�ªp£%§�ªy¬>¤�¥Eªp¦�«,±�²�³t¯S¦�©1·�ªp¤�ªp«�§L©1«�ª�®E£E¦Å¸`¶y«�·�º�°Ô
¶y®E£%¯Sª]¯�Ë3¢r¤Á¸l¶yº�º�¶�­�§Á¤�¥%©1¤�¸`¶y«
ε
§�·¿©1º�º�ªp£E¶y®E´y¥&¬
Â(Ä]ÆoÊ�´y¦�»yª]§�Ï

Fnε

(
B äUå (p, τ/2)) ⊃ [bΩ̃nε ]λnε−η.

×Á¥E¦H§,º�©y§�¤,¦�£%¹Fº�®%§�¦�¶y£+Ô
ªp¦�£E´.»>©1º�¦�¯+¸l¶y« ©1«�ÔE¦�¤�«�©1«�¦�º�°O§�·Ý©1º�º
η
¬\¶y£Eª�¶yÔE¤�©1¦�£%§ ©>¸`¤�ªp«!¨
¶o§�§�¦�ÔEº�ª�ªF¼S¤�«�©y¹F¤�¦�¶y£ÕÏ

d ä¤å
(
bFn

(
B äUå (p, τ/2)), [bΩ̃n]+λn

)
−→
n→∞

0.
Â{æ1ê\Ê

Ú8¶y«�ªp¶�»yªp«p¬&­�ª�§�ªpªO­�¦�¤�¥á¤�¥Eª+¥Eªpº�¨6¶1¸ º�ªp·�·¿©�ÜEË�ÄO¤�¥%©1¤�¤�¥Eª�±�²�³t¯S¦�§�¤�©1£%¹Fª+Ô�ªp¤r­3ªpªp£Í¤�¥Eª�¨�¶y¦�£\¤�§�¶1¸
bFn(B äUå (p, τ)) ©1£%¯Ý¤�¥E¶o§�ª�¶1¸ Fn(B ä¤å (p, τ/2)) ¦�§ Ô
¶y®E£%¯Sª]¯¿¸l«�¶y· Ô�ªpº�¶�­�Ô\°

cτ/2
Ë3ÌÍª�¤�¥�®%§Á´yªp¤

¸`«�¶y·ÓÂ{æ1ê\Ê�¤�¥%©1¤
Fn(B äUå (p, τ)) ¹F¶y£\¤�©1¦�£%§ [bΩ̃n]λn

¸`¶y«�ÔE¦�´Ýªp£E¶y®E´y¥
n
Ë�×L¶y´yªp¤�¥Eªp«�­�¦�¤�¥$Â(Ä]ÉoÊC¬
¤�¥E¦�§

ºH©y§�¤Á¨�¶y¦�£�¤�¶y¨E¨�¶o§�ª]§�¤�¶�¤�¥Eª�¦�£�b(ª]¹F¤�¦�»:¦�¤t°�¶1¸
Fn|U

Ë
�

|»}B�$},�Ï}!�+ �}B�
ù[úFû¾ü(ý+þ ¸cÿ������4ÿ�����ÿ
	 ý���
 ��������� ý�� ����� 
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 �

C
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