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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

,țŗʌʌǶƉŗț ƕǶŗȭƨʚƨɼ ƨʌʚǶȭŗʚƨʌ Ƕȳ ɱɄʌǶʚǶ˙ƨ Ɖʯɼ˙ŗʚʯɼƨ

�ƨʚ (M,g) ſƨ ŗ ƉɄȭɱțƨʚƨ éǶƨȭŗȳȳǶŗȳ nࣽȭŗȳǶǑɄțƕࣖ

b2+ > 1 ) _B+ > (n- 1) ) b+�H > n(n- 1)

ÿǫƨɄɼƨȭ ࣯¡˦ƨɼʌ ࣙࡺࢆ࢚ࡺ $Ʉȳȳƨʚ ࣗࢊࢊ࢖ࡺ ó˦ȳǖƨ ࢎࡾ࢚ࡺ ǑɄɼ b2+ > 1ࣱ
tǋ _B+g > (n- 1)ࣗ ʋǣƣȩ /B�K(M,g) 6 ⇡ࣖ

ÿǫƨɄɼƨȭ ࣯,ǫƨȳǖ ࣱࢊ࢒࢚ࡺ
tǋ _B+g > (n- 1) ŗȩƐ /B�K(M,g) = ⇡ࣗ ʋǣƣȩ (M,g) Ǯɾ ǮɾȹȣƣʋɮǮƅ ʋȹ ʋǣƣ ɾʋŗȩƐŗɮƐ ɾɤǣƣɮƣࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࡺ ࢚ࡺ



óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

İǫŗʚ ŗſɄʯʚ b+�H > n(n- 1)ࣞ
¥Ʉ ǖƨȳƨɼŗț ƕǶŗȭƨʚƨɼ ſɄʯȳƕ ࣯n > 3ࣱࣗ ƨࣖǖࣖࣘ an-1 ⇥Rࣗ g =

q
n-2
n gan-1 + /x2

,ŗȳ ˦Ʉʯ ŗțʌɄ ̇ȳƕ ŗ ƉɄȭɱțƨʚƨ ȭƨʚɼǶƉ ɄǑ b+�H > n(n- 1) Ʉȳ hn-1 ⇥Rࣞ
¥¶ࣖ ࣯eɼɄȭɄ˙ँ�ŗ˝ʌɄȳ ऒࡲ࢖ʌࣱ

�ƨʚऒʌ ʚɼ˦ ŗȳ˦˝ŗ˦ ࣚ ƉɄȳʌǶƕƨɼ ŗ ˝ŗɼɱƨƕ ɱɼɄƕʯƉʚ ȭƨʚɼǶƉ g = '2g7H�i + /x2 Ʉȳ hn-1 ⇥R

 b+�Hg = -2(n- 1)

✓
' 0

'

◆0
- n(n- 1)

✓
' 0

'

◆2

İƨ Ɖŗȳ ŗƉǫǶƨ˙ƨ b+�Hg = n(n- 1) ǑɄɼ ŗ ʚǶȭƨ ࣚ
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éʯƕɄțǑ ńƨǶƕțƨɼ ࡾ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

,ɄȳȍƨƉʚʯɼƨ ࣯eɼɄȭɄ˙ऒʌ ſŗȳƕ ˝Ƕƕʚǫ ƉɄȳȍƨƉʚʯɼƨ ࣱ࢖ࡺࡲࡾ
�ƨʚM ſƨ ŗ ƉțɄʌƨƕ ƉɄȳȳƨƉʚƨƕ ȭŗȳǶǑɄțƕ ɄǑ ƕǶȭƨȳʌǶɄȳ n- 1 6= 4 ʌʯƉǫ ʚǫŗʚM ƕɄƨʌ ȳɄʚ ŗƕȭǶʚ ŗ ȭƨʚɼǶƉ ɄǑ
ɱɄʌǶʚǶ˙ƨ ʌƉŗțŗɼ Ɖʯɼ˙ŗʚʯɼƨࣖ �ƨʚ g ſƨ ŗ éǶƨȭŗȳȳǶŗȳ ȭƨʚɼǶƉ Ʉȳ V = M⇥ [-1, 1] ɄǑ b+�Hg > n(n- 1)ࣖ ÿǫƨȳ

rB/i?(V, g) = /Bbig(@-V,@+V) 6
2⇡

n
, ˝ǫƨɼƨ @±V = M⇥ {±1}.

�ɱɱɼɄŗƉǫƨʌࣘ
bɄɼ ʚǫƨ ʚɄɼʯʌ ŗȳƕ ɼƨțŗʚƨƕ ȭŗȳǶǑɄțƕʌ ˙Ƕŗ ȭǶȳǶȭŗț ǫ˦ɱƨɼʌʯɼǑŗƉƨ Ƕƕƨŗʌ ࣯eɼɄȭɄ˙ࣱ
ĬǶŗ ʚǫƨ ʌɱǶȳɄɼ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ ࣯,ƨƉƉǫǶȳǶࣗ ńࣱࣖ
ĬǶŗ एµࣽſʯſſțƨʌऐ ࣯eɼɄȭɄ ࣗ̇ éŪƕƨࣱ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢂ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

�ɼƨŗࣽƨ˥ʚɼƨȭŗțǶʚ˦ ɄǑ ʌɱǫƨɼƨʌ ਀ ÿǫƨ țɄȳǖ ȳƨƉȕ ɱɼɄſțƨȭ

ÿǫƨɄɼƨȭ ࣯�țŗɼʯțț ࣱ࢖࢚࢚ࡺ
�ƣʋ (M,g) Żƣ ƅȑȹɾƣƐ ƅȹȩȩƣƅʋƣƐ ÞǮƣȣŗȩȩǮŗȩ ɾɤǮȩ ȣŗȩǮǋȹȑƐ ȹǋ ƐǮȣƣȩɾǮȹȩ n > 2 ŗȩƐ b+�Hg > n(n- 1)ࣖ
òǣƣȩ ŗȩ˖ ɾȣȹȹʋǣ ŗɮƣŗ ȩȹȩࣽǮȩƅɮƣŗɾǮȩǐ ȣŗɤ f : M ! an ȹǋ ȩȹȩࣽˢƣɮȹ Ɛƣǐɮƣƣ Ǯɾ ŗȩ Ǯɾȹȣƣʋɮ˖ࣖ

,ɄȳȍƨƉʚʯɼƨ ࣯eɼɄȭɄ˙ऒʌ țɄȳǖ ȳƨƉȕ ƉɄȳȍƨƉʚʯɼƨࣱ
�ƨʚ (M,g) ſƨ ŗ ƉɄȳȳƨƉʚƨƕ ƉɄȭɱŗƉʚ ɄɼǶƨȳʚƨƕ éǶƨȭŗȳȳǶŗȳ ȭŗȳǶǑɄțƕ ɄǑ ƕǶȭƨȳʌǶɄȳ n > 2 ŗȳƕ
b+�Hg > n(n- 1) ŗȳƕ f : M ! an ſƨ ŗ ʌȭɄɄʚǫ ŗɼƨŗ ȳɄȳࣽǶȳƉɼƨŗʌǶȳǖ ȭŗɱ ʚǫŗʚ Ƕʌ țɄƉŗțț˦ ƉɄȳʌʚŗȳʚ Ƕȳ ŗ
ȳƨǶǖǫſɄɼǫɄɄƕ ɄǑ @M 6= ;ࣖ yǑ

/Bbig(@M, bmTT(/f)) > ⇡

n
,

ʚǫƨȳ f ǫŗʌ ˙ŗȳǶʌǫǶȳǖ ȭŗɱɱǶȳǖ ƕƨǖɼƨƨࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢆ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

¶ɱʚǶȭŗțǶʚ˦ ɄǑ ʚǫƨ țɄȳǖ ȳƨƉȕ ƨʌʚǶȭŗʚƨ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢊ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

¥Ʉɼȭŗț ɼŗƕǶʯʌ ƨʌʚǶȭŗʚƨʌ

� ƉɄțțŗɼ ƉɄȳȍƨƉʚʯɼƨ
�ƨʚM ſƨ ŗ ƉɄȭɱŗƉʚ ȭŗȳǶǑɄțƕ ɄǑ ƕǶȭƨȳʌǶɄȳ n > 2 ʌʯƉǫ ʚǫŗʚ Ƕʚʌ ƕɄʯſțƨ /M = M [@M M- ƕɄƨʌ ȳɄʚ
ŗƕȭǶʚ ŗ ȭƨʚɼǶƉ ɄǑ ɱɄʌǶʚǶ˙ƨ ʌƉŗțŗɼ Ɖʯɼ˙ŗʚʯɼƨࣖ ÿǫƨȳ ǑɄɼ ŗȳ˦ éǶƨȭŗȳȳǶŗȳ ȭƨʚɼǶƉ g ɄȳM ɄǑ b+�Hg > n(n- 1)ࣗ

`�/}(@M ⇢ M,g) 6 ⇡

n
.

yǑ b+�Hg > 0 ɄȳM ŗȳƕ >(@M,g) > 0ࣗ ʚǫƨȳ /M ŗƕȭǶʚʌ ŗ ȭƨʚɼǶƉ ɄǑ ɱʌƉࣖ
࣯eɼɄȭɄ˙ँ�ŗ˝ʌɄȳ ࣗࡲ࢖࢚ࡺ �țȭƨǶƕŗ ࣙࢊ࢖࢚ࡺ ʌƨƨ ŗțʌɄ $Ūɼँpŗȳȕƨ ࣱࡲࡾࡲࡾ

�ǖŗǶȳࣘ hn-1 ⇥ [-l, l] ˝Ƕʚǫ g = '2g7H�i + /x2ࣗ '(x) = +Qb(nx/2)
2
n ࣗ ʌǫɄ˝ʌ ɄɱʚǶȭŗțǶʚ ࣖ˦

éʯƕɄțǑ ńƨǶƕțƨɼ ࢎ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

yȳƕƨ˥ ʚǫƨɄɼ˦ ɄǑ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼʌ
(M,g) ࣚ ƉțɄʌƨƕ ࣯ƨ˙ƨȳࣽƕǶȭࣱࣖ éǶƨȭŗȳȳǶŗȳ ʌɱǶȳ ȭŗȳǶǑɄțƕࣖ

 óɱǶȳɄɼ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼࣘ /Dg =
nX

i=1

+(ei)rei : *1(M, /SM) ! *1(M, /SM)

BM/2t( /Dg) := /BK F2`( /D+
g )- /BK F2`( /D-

g ) = b�(M) ࣯�ʚǶ˦ŗǫँóǶȳǖƨɼࣱ

óƉǫɼɒƕǶȳǖƨɼँ�ǶƉǫȳƨɼɄ˝ǶƉ˲ ǑɄɼȭʯțŗࣘ /D
2
g = r⇤

grg +
b+�Hg
4

b�(M) 6= 0 =)M ƕɄƨʌ ȳɄʚ ŗƕȭǶʚ ŗ ȭƨʚɼǶƉ ɄǑ ɱʌƉࣖ
b�(M) 6= 0 ŗȳƕ b+�Hg > 0 =)M ŗƕȭǶʚʌ ŗ ɱŗɼŗțțƨț ʌɱǶȳɄɼ ࣯ŗȳƕ ʚǫʯʌ _B+g = 0ࣱࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢒ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

$ŗȳƕ ƨʌʚǶȭŗʚƨʌ ŗȳƕ ɼǶǖǶƕǶʚ˦ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ
6ƨ̇ȳǶʚǶɄȳ
� ſŗȳƕ Ƕʌ ŗ ƉɄȳȳƨƉʚƨƕ ƉɄȭɱŗƉʚ ȭŗȳǶǑɄțƕ V ʚɄǖƨʚǫƨɼ ˝Ƕʚǫ ŗ ƕƨƉɄȭɱɄʌǶʚǶɄȳ @V = @-V t @+V ʌʯƉǫ ʚǫŗʚ
@±V ŗɼƨ ʯȳǶɄȳʌ ɄǑ ƉɄȭɱɄȳƨȳʚʌࣖ

ÿǫƨɄɼƨȭ ࣯,ƨƉƉǫǶȳǶँńࣖ ऒࣱࡺࡾ
�ƣʋ (V, g) Żƣ ŗ ÞǮƣȣŗȩȩǮŗȩ ɾɤǮȩ ŻŗȩƐ ɾʠƅǣ ʋǣŗʋ b�(@-V) 6= 0 ŗȩƐ b+�Hg > n(n- 1)ࣖ
ࣖࡺ tǋ >g > - i�M(nl/2) ǋȹɮ ɾȹȣƣ 0 < l < ⇡/nࣗ ʋǣƣȩ

rB/i?(V, g) = /Bbig(@-V,@+V) 6 2l.

ࣖࡾ tǋ ƣɪʠŗȑǮʋ˖ Ǯɾ ŗʋʋŗǮȩƣƐࣗ ʋǣƣȩ V Ǯɾ ǮɾȹȣƣʋɮǮƅ ʋȹM⇥ [-l, l]ࣗ

g = +Qb(nx/2)2/ngM + /x2,

ǋȹɮ ɾȹȣƣ ɾɤǮȩ ȣŗȩǮǋȹȑƐ (M,gM) ʋǣŗʋ ŗƐȣǮʋɾ ŗ ɤŗɮŗȑȑƣȑ ɾɤǮȩȹɮࣖ
ࣖࢂ tȩ ɤŗɮʋǮƅʠȑŗɮࣗ rB/i?(V, g) < 2⇡/nࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢖ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

6ǶǖɼƨʌʌǶɄȳࣘ éƨʌʯțʚʌ ˙Ƕŗ ǫǶǖǫƨɼ Ƕȳƕƨ˥ ʚǫƨɄɼ˦

âɼƨƉʯɼʌɄɼ ɼƨʌʯțʚʌ ࣯ńࣖ ऒ࢚ࣗࡺ ,ƨƉƉǫǶȳǶ ऒࣗࡲࡾ ńࣖ ऒࣱࡲࡾ
İƨ ɱɼƨ˙ǶɄʯʌț˦ ɄſʚŗǶȳƨƕ ʚǫƨ ƉɄȳƉțʯʌǶɄȳ rB/i?(V, g) < 2⇡/n ʯʌǶȳǖ ǫǶǖǫƨɼ Ƕȳƕƨ˥ Ƕȳ˙ŗɼǶŗȳʚʌࣗ ƨࣖǖࣖ ǶǑ ʚǫƨ
éɄʌƨȳſƨɼǖ Ƕȳƕƨ˥

↵(M) 6= 0 2 EPn-1(*⇤⇡1M).

,ɄɼɄțțŗɼ˦
aɮȹȣȹˉऒɾ ˍǮƐʋǣ ƅȹȩȃƣƅʋʠɮƣ ǋȹɮ V = M⇥ [-1, 1] ǣȹȑƐɾ ǋȹɮ ŗȑȑ ȣŗȩǮǋȹȑƐɾM ˍǣǮƅǣ ŗɮƣ ȹȩƣ ȹǋ ʋǣƣ ǋȹȑȑȹˍǮȩǐࣖ

ɾǮȣɤȑ˖ࣽƅȹȩȩƣƅʋƣƐ ȹǋ ƐǮȣƣȩɾǮȹȩ > 5ࣗ
ɾɤǮȩ ŗȩƐ ƣȩȑŗɮǐƣŗŻȑƣࣗ
ɾɤǮȩࣗ ŗɾɤǣƣɮǮƅŗȑ ŗȩƐ ɾࣖʋࣖ ⇡1M ɾŗʋǮɾ̃ƣɾ ʋǣƣ ɾʋɮȹȩǐ �ȹˉǮȋȹˉ ƅȹȩȃƣƅʋʠɮƣࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢚ ࢚ࡺ



óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

ÿǫƨ țɄȳǖ ȳƨƉȕ ɱɼɄſțƨȭ ˝Ƕʚǫ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ

ÿǫƨɄɼƨȭ ࣯,ƨƉƉǫǶȳǶँńࣖ ऒࣱࡺࡾ
�ƣʋ (M,g) Żƣ ŗ ƅȹȣɤŗƅʋ ƅȹȩȩƣƅʋƣƐ nࣽƐǮȣࣖ ÞǮƣȣŗȩȩǮŗȩ ɾɤǮȩ ȣŗȩǮǋȹȑƐ ˍǮʋǣ ŻȹʠȩƐŗɮ˖ ȹǋ b+�Hg > n(n- 1)ࣗ
ˍǣƣɮƣ n > 2 Ǯɾ ƣˉƣȩࣖ �ƣʋ f : M ! an Żƣ ŗ ɾȣȹȹʋǣ ŗɮƣŗ ȩȹȩࣽǮȩƅɮƣŗɾǮȩǐ ȣŗɤࣖ çʠɤɤȹɾƣ ʋǣŗʋ ǋȹɮ ɾȹȣƣ
0 < l < ⇡/n ʋǣƣ ǋȹȑȑȹˍǮȩǐ ƣɾʋǮȣŗʋƣɾ ǣȹȑƐࣘ

/Bbig(@M, bmTT(/f)) > lࣖ
>g > - i�M(nl/2) ȹȩ @Mࣗ

òǣƣȩ ʋǣƣ ȣŗɤɤǮȩǐ Ɛƣǐɮƣƣ ȹǋ f Ǯɾ ˢƣɮȹࣖ

eɼɄȭɄ˙ऒʌ țɄȳǖ ȳƨƉȕ ƉɄȳȍƨƉʚʯɼƨ ǫɄțƕʌ ǑɄɼ ࣯ƨ˙ƨȳࣽƕǶȭƨȳʌǶɄȳŗțࣱ ʌɱǶȳ ȭŗȳǶǑɄțƕʌ ࣯ƉɄȭɱŗɼƨ ,ƨƉƉǫǶȳǶ ऒࣱࣖࡲࡾ

éʯƕɄțǑ ńƨǶƕțƨɼ ࡲࡺ ࢚ࡺ



óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

¥Ʉɼȭŗț ɼŗƕǶʯʌ ƨʌʚǶȭŗʚƨ ǑɄɼ ʚǫƨ ſɄʯȳƕŗɼ˦

ÿǫƨɄɼƨȭ ࣯,ƨƉƉǫǶȳǶँńࣖ ऒࣱࡺࡾ
�ƣʋM Żƣ ŗ ƅȹȣɤŗƅʋ nࣽƐǮȣࣖ ɾɤǮȩ ȣŗȩǮǋȹȑƐࣗ ˍǣƣɮƣ n ƣˉƣȩࣗ ˍǮʋǣ ŻȹʠȩƐŗɮ˖ @M ɾʠƅǣ ʋǣŗʋ Ǯʋɾ ƐȹʠŻȑƣ
/W = W [@W W- Ǯɾ ƅȹȣɤŗƅʋȑ˖ ƣȩȑŗɮǐƣŗŻȑƣࣖ �ƣʋ g Żƣ ŗ ÞǮƣȣŗȩȩǮŗȩ ȣƣʋɮǮƅ ȹȩW ɾʠƅǣ ʋǣŗʋ

b+�Hg > n(n- 1)ࣙ
>g > - i�M(nl/2) ǋȹɮ ɾȹȣƣ 0 < l < ⇡/nࣖ

òǣƣȩ
`�/}(@W ⇢ W,g) 6 l.

tȩ ɤŗɮʋǮƅʠȑŗɮࣗ `�/}(@W ⇢ W,g) < ⇡/nࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࡺࡺ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

óƉŗțŗɼࣽȭƨŗȳ ƨ˥ʚɼƨȭŗțǶʚ˦ ɄǑ ŗȳȳʯțǶ Ƕȳ ʌɱŗƉƨ ǑɄɼȭʌ

�ƨʚ (M, g) ſƨ ʚǫƨ nࣽƕǶȭƨȳʌǶɄȳŗț ʌǶȭɱț˦ࣽƉɄȳȳƨƉʚƨƕ ʌɱŗƉƨ ǑɄɼȭ ɄǑ Ɖʯɼ˙ŗʚʯɼƨ  2 Rࣖ ,ɄȳʌǶƕƨɼ ʚǫƨ
ŗȳȳʯțʯʌ ŗɼɄʯȳƕ ŗ ſŗʌƨࣽɱɄǶȳʚ p0 2 M

�t-,t+ = {p 2 M | t- 6 dg(p, p0) 6 t+},

˝ǫƨɼƨ 0 < t- < t+ < t1 ˝Ƕʚǫ t1 = ⇡/
p
 ǶǑ  > 0 ŗȳƕ t1 = +1 Ʉʚǫƨɼ˝Ƕʌƨࣖ

ÿǫƨɄɼƨȭ ࣯,ƨƉƉǫǶȳǶँńࣖ ऒࣱࡺࡾ
�ƣʋ n > 3 Żƣ ȹƐƐ ŗȩƐ g Żƣ ŗ ÞǮƣȣŗȩȩǮŗȩ ȣƣʋɮǮƅ ȹȩ �t-,t+ ɾʠƅǣ ʋǣŗʋ

g > gࣗ
b+�Hg > b+�Hg = n(n- 1)ࣗ
>g > >g = ± +i(t±)ࣖ

òǣƣȩ g = gࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࡾࡺ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

âɼɄɄǑ Ƕƕƨŗʌ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢂࡺ ࢚ࡺ
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óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢆࡺ ࢚ࡺ

✗ : V → [ - e, e] 1- lipschitz lends

s.tk . ✗ Izu = I e.

☐ = D + f-G) or

B- = D
'
+ f- IN

'
1- f 't ) d÷!o_g

,



óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

Z

V
|Bu|2 pQHV =

n

n- 1

Z

V

⇣
|Pu|2 + b+�Hg

4 |u|2
⌘

pQHV

+

Z

V
hu, (f(x)2 + f 0(x) +(/x)�)ui pQHV

+

Z

@V
(n2 >g ±f(x)|u|2 pQH@V .

˝ǫƨɼƨ P⇠u = r⇠u+ 1
n +(⇠[)Du ࣯âƨȳɼɄʌƨ ɄɱƨɼŗʚɄɼࣱ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢊࡺ ࢚ࡺ

ueolom / BAD
at bae ( Bx )

a-
- 0÷

1-1×1=11*1%1 =¥
f-ki - e-

' 1×1=-1-0 Idxl=1



óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼ

�Ƕʚƨɼŗʚʯɼƨ

ࣷ,ƨƉࣹࡲࡾ óǶȭɄȳƨ ,͛̈́̈́΋ΐκΐࣖ ए� țɄȳǖ ȳƨƉȕ ɱɼǶȳƉǶɱțƨ ǑɄɼ éǶƨȭŗȳȳǶŗȳ ʌɱǶȳ ȭŗȳǶǑɄțƕʌ ˝Ƕʚǫ ɱɄʌǶʚǶ˙ƨ ʌƉŗțŗɼ
Ɖʯɼ˙ŗʚʯɼƨऐࣖ yȳࣘ eƨɄȭࣖ bʯȳƉʚࣖ �ȳŗțࣖ ࢊࣖࡲࢂ ࣱࣗࡲࡾࡲࡾ࣯ ɱɱࣖ ࣖࢂࡾࡾࡺँࢂ࢖ࡺࡺ ΐЅЅκࣘ ķࣖࢂࢆࢆࣽࢎࡺࡲࡺ ͎ϊΐࣘ
��������U�����������������ࣖ

ࣷ,ńࣹࡺࡾ óࣖ ,͛̈́̈́΋ΐκΐ ŗȳƕ éࣖ ń͛ΐ͎ά͛ϼࣖ óƉŗțŗɼ ŗȳƕ ȭƨŗȳ Ɖʯɼ˙ŗʚʯɼƨ ƉɄȭɱŗɼǶʌɄȳ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼࣖ
âɼƨɱɼǶȳʚࣖ ࣖࡺࡾࡲࡾ ŗɼķǶ˙ࣘ ���������� =OCVJ�&)?ࣖ

ࣷeɼɄࣹ࢖ࡺ ¡Ƕʌǫŗ eϼϊζϊлࣖ ए¡ƨʚɼǶƉ ǶȳƨɸʯŗțǶʚǶƨʌ ˝Ƕʚǫ ʌƉŗțŗɼ Ɖʯɼ˙ŗʚʯɼƨऐࣖ yȳࣘ eƨɄȭࣖ bʯȳƉʚࣖ �ȳŗțࣖ ࢂࣖ࢖ࡾ ࣱࣗ࢖ࡺࡲࡾ࣯
ɱɱࣖ ࣖࢎࡾ࢒ँࢊࢆࢎ ΐЅЅκࣘ ࣖࡲ࢒࢚࢖ࣽࡲࡾࢆࡺ ͎ϊΐࣘ ��������U���������������\ࣖ

ࣷeɼɄࣹ࢚ࡺ ¡Ƕʌǫŗ eϼϊζϊлࣖ bɄʯɼ �ƨƉʚʯɼƨʌ Ʉȳ óƉŗțŗɼ ,ʯɼ˙ŗʚʯɼƨࣖ ࢚ࣖࡺࡲࡾ ŗɼķǶ˙ࣘ ����������X� =OCVJ�&)?ࣖ
ࣷńƨǶࣹ࢚ࡺ éʯƕɄțǑ ń͛ΐ͎ά͛ϼࣖ $ŗȳƕ ˝Ƕƕʚǫ ƨʌʚǶȭŗʚƨʌ ˙Ƕŗ ʚǫƨ 6ǶɼŗƉ ɄɱƨɼŗʚɄɼࣖ �ࣖ 6Ƕ˽ƨɼƨȳʚǶŗț eƨɄȭࣖ ࣯ʚɄ ŗɱɱƨŗɼࣱࣖ

࢚ࣖࡺࡲࡾ ŗɼķǶ˙ࣘ ���������� =OCVJ�&)?ࣖ
ࣷńƨǶࣹࡲࡾ éʯƕɄțǑ ń͛ΐ͎ά͛ϼࣖ एİǶƕʚǫࣗ țŗɼǖƨȳƨʌʌ ŗȳƕ Ƕȳƕƨ˥ ʚǫƨɄɼ˦ऐࣖ yȳࣘ óye¡� ó˦ȭȭƨʚɼ˦ yȳʚƨǖɼŗſǶțǶʚ˦ eƨɄȭࣖ

¡ƨʚǫɄƕʌ �ɱɱțࣖ ࢎࡺ ࣱࣗࡲࡾࡲࡾ࣯ âŗɱƨɼ ¥Ʉࣖ ࣗ࢒ࡾࡺ ࣖࢊࡺ ͎ϊΐࣘ ��������5+)/#���������ࣖ

éʯƕɄțǑ ńƨǶƕțƨɼ ࢚ࡺ ࢚ࡺ


