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n'+�/jh%.+�8'(+%,^,%+',`%+\N�.*.�(*,`v%�
('%�`,/&(%&/c�1/.*1](/c��!��9�

�,*&'1*� j%P/^*\(/f/� Q%n\`jh%.+(/f/
`^,*&1%('N� &� a+*1/((/c��� 0%./Q^/P',`�
i+\N� +*.n%� ^/� `^,*&1Nik'Q� \`jh%.+*Q�
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.*n0/c�j1/d(/c��!���*0*&*+]�+*.`i��!�Q/n�
(/� Q(/n%\+&/Q

" "

�

� �
&

�

� !

!=

Ω = Ω ⊆� �8"�9
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P(*./&�0/^`\+'Q/\+'�*&+/,'P*-''�a.&'&*1%(�
+(/�8,*P,%v%((*N�^/P'-'N�V�'\+'((/%�P(*�
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�'\.,%-'/((`i��!�(*������\%+'�Q/n�
(/� P*0*&*+]� \/f1*\/&*((_Q�^/� a+'Q�^,*&'�
1*Q�Q(/n%\+&/Q�,*P,%v%((_b�̂ /P'-'c�8���g
�!)�/�!!� ^,%0\+*&1%('%9�

	*P,%v*ik%%� ^,%0\+*&1%('%� 0'\.,%-'�
/((/c��!� (*� �����\%+'� '(e/,Q*-'/((/
'Pj_+/d(/� &\1%0\+&'%� 8" 9V8"79)� +�%�� 0'\.�
,%-'/((`i��!�Q/n(/� /0(/P(*d(/� P*0*&*+]
(%� +/1]./� Q(/n%\+&/Q� &\%b� ,*P,%v%((_b
0*((/c� �!� ^/P'-'c)� (/� '� (%./+/,_Q� %f/
^/0Q(/n%\+&/Q)� ^/� ./+/,/Q`� Q/n(/� /0(/�
P(*d(/� &/\\+*(/&'+]� &\%� Q(/n%\+&/�� �1N
`\+,*(%('N� '(e/,Q*-'/((/c� 'Pj_+/d(/\+'
&&%0%Q��#�L�#��������!�f�!�����#!��!����g
"�!-�����.� 1� ��� l	��g�!��)� P*0*&*%�
Q/%� ^/\,%0\+&/Q� �#�L�#����������� 0��d!g
����� "�Ω � ����!)!����� f���-�.)� ./+/,/%
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/������	10� +��$����l	��g�!��� ��g
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"� "�� � � � � � � �
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� � # � � #

# # # #

α α′ ′ ′′ ′′= ∈ Ω ∧ = ∈Ω ⇒

′ ′′ ′′ ′⇒ ⊄ ∧ ⊄ 8##9

+/� %\+]� 01N� 1ij_b� 0&`b� ^/P'-'c� /0'(*./�
&/c� *&+/,'P*-''� 'P� f1/j*1'P/&*((/f/� Q(/�
n%\+&*�,*P,%v%((_b�^/P'-'c�'(0%.\�/0(/c
'P� a+'b�^/P'-'c�(%�Q/n%+� j_+]�^/0'(0%.�
\/Q�0,`f/c�

/������	 &0� ��2"�!� f��0��d!����

"� �Ω ⊂ �0��d!���������!)�/����f���-�.

� � l	��g�!���� +���#!����2/�!!� h��i�

�������%�������!������!.��#�L�#��������!

������K+L��������������+0���������
����"�������&���!0%!�"�
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��������	��������%

����	 �����������	 ��	 ��	  !"#$%

����0�,/L�2����"�!-�����2� 1����l	��g

�!��� �0!!�� ���!� !������!���!� �#�L�#���g

�����!�f�!�����#!��!�

�P*'Q(/�/0(/P(*d(/%�\//+&%+\+&'%�Q%n�
0`� 0'\.,%-'/((_Q'��!� (*������\%+'� '
^/0Q(/n%\+&*Q'� Q(/n%\+&*� ,*P,%v*ik'b
^/P'-'c)� `0/&1%+&/,Nik'Q'� 8##9)� `\+*(*&�
1'&*%+\N� f1/j*1'P/&*((_Q� ^,%0\+*&1%('%Q

"�Ω �� �*0*&*N� %f/)� Q/n(/� ^/\+,/'+]� ,*P,%�
v*ik%%� ^,%0\+*&1%('%� "�Ω � a+/c� n%� �!
\/f1*\(/� 8#"9���1N�a+/f/�(`n(/�01N�.*n0/c
^/P'-''�'P� "�Ω �&.1id'+]�&� "�Ω �%%�\*Q`�'
&\%� ^/P'-''� +/c�n%� *&+/,'P*-'')� '(0%.\
./+/,_b�N&1N%+\N�^/0'(0%.\/Q�0*((/c����g
f�#�!��!����"�!-�����.� 1����l	��g�!��

\�,*P,%v*ik'Q�^,%0\+*&1%('%Q� "�Ω �/P(*�
d*%+O

" �)$� � � � : �� � � � ����� � # � 0 #α α∀ = ∈ Ω = 8#29

+�%��('.*.*N�,*P,%v*ik*N)�(/�(%�,*P,%v%(�
(*N�0*((/c��!�^/P'-'N�(%�Q/n%+�\/0%,n*+]
/jh%.+���+/�'(+%,^,%+',`%+\N�.*.�(%&/PQ/n�
(/\+]�(%1%f*1](/f/�01N�P*0*((/c�0'\.,%-'�
/((/c��!���0'\.,%-'/((/f/� 0/\+`^*����g
�+)!��!� h�"�+�#$��!� �#�� f��!�-��#$��!i

���"�!-�����.� 1����l	��g�!��� \� ,*P�
,%v*ik'Q�^,%0\+*&1%('%Q� "�Ω �b*,*.+%,'�
P`%+\N�*.+`*1](/c�'1'�^/+%(-'*1](/c�\'+`�
*-'%cO

" �)$� � � � : �� � � � ����� � # � 0 #α α∃ = ∈ Ω = 8#$9

+�%�� (%./+/,*N� ,*P,%v*ik*N)� (/� (%� ,*P,%�
v%((*N� ^/P'-'N� \/0%,n'+� /jh%.+�� �+/� '(�
+%,^,%+',`%+\N�.*.�(%1%f*1](_c�01N�P*0*(�
(/c�0'\.,%-'/((/c��!���0/\+`^�

��).*�( '���%�R S�#��
^%� R��� �#�����&���,�%#�

�� a+*1/((/c��� f*,*(+',/&*('%� P*0*(�
(/c�0'\.,%-'/((/c��!�0/\+'f*%+\N�^/00%,�
n*('%Q� \//+&%+\+&`ik%c� 1/.*1](/c��!���
a+/Q�\Q_\1%�Q/n(/� f/&/,'+]�/j����+-���g
������ �����!����+/�!.� #�"�#$��.� f�#�g
��"�.�L!��f����������������+!0�.����"g
�!-�����.� f�#���"�� L!��f�������� �� t��g
#����.������*+%Q*+'d%\./c�Q/0%1]i�a+/f/
N&1N%+\N� *(*1/f'd(/%� '(0`-',/&*('%� (*
�����\%+'�

!`0%Q� f/&/,'+])� d+/� #�"�#$��2�  1� �Ω
��� l	��g�!���� �f�!�!#!���2� %!�!�� h`�i�

���+-��+!�����"�!-����+/� 1����l	��g

�!���������!)�/��0�f�!�����#!��!0� "�Ω �

�f�!�!#!���0�%!�!�� h`ji)�%\1'�&_^/1(%(/O

� "� � � � ��� � � � � � ���
�� � # � � � #α α∀ = ∈ ∈Ω ⇔ = 8#�9

�*.� .*.� \/f1*\/&*('%� ^,'P(*./&� 0/^`\�
+'Q/\+'�*&+/,'P*-''�a.&'&*1%(+(/�\/f1*\/�
&*('i� ,*P,%v%((_b� ^/P'-'c)� \`k%\+&`%+
&P*'Q(/� /0(/P(*d(/%� \//+&%+\+&'%� Q%n0`
'(0`-',`ik'Q'�1/.*1](_Q'��!�'�'(0`-'�
,`%Q_Q'�0'\.,%-'/((_Q'��!�
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��!0!��� t��� �������2� ���"�!-�����2�  1
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����!"�����.���+��.�h��%�#$��.i�0��"����g
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(*d*1](/c�&�,%P`1]+*+%�(%./+/,/c�^/\1%0/�
&*+%1](/\+'�^%,%Q%k%('N�/jh%.+/&)�^,'d%Q
^,'� .*n0/Q� +*./Q� ^%,%Q%k%(''� /jh%.+*
j`0%+�&_^/1(N+]\N�P*0*((*N��!�
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(N�\/0%,n*+�/jh%.+)�(/�('.*.*N�'P�/\+*1]�
(_b� ^/P'-'c� �����\%+'� (%� \/0%,n'+
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-%\\/&�&�a+*1/((/c���
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+/� %\+]� &\%� ^/P'-''� 'P� f1/j*1'P/&*((/f/
Q(/n%\+&*� ,*P,%v%((_b� 0*((/c� 0'\.,%-'�
/((/c��!�^/P'-'c�\/0%,n*+�/jh%.+)�(/�('�
.*.*N�'P�/\+*1](_b�̂ /P'-'c������\%+'�(%
\/0%,n'+� /jh%.+�� �*.`i� Q*,.',/&.`� ���
���\%+'�Q/n(/�'(+%,^,%+',/&*+]�.*.�,%�
*1'P*-'i�0'\.,%-'/((/f/�0/\+`^*�.�,%\`,�
\*Q� a+*1/((/c��� \� ^/1(/Q/d'NQ')�Q*.\'�
Q*1](/� ^,%0`\Q/+,%((_Q'� P*0*((/c� 0'\.�
,%-'/((/c��!�

/������	(	���������	�������	����4%

����	���	�����������	��	��	 !"#$%

����0�K#2�#/L�.��������.����"�!-�����.� 1

��!����0�d�����"��f�!�!#��$�����!)�/��!

f��-!�+����� f��-!�+���f�!�L��������2���

l	��g�!���� %��� ���+-��������2� �����.

���"�!-�����.� 1�0��"����"��l	��g�!��

�"�d!��2� �����d�0�.���� "���!��.�0��"�g

���"������0"������+-��+/�!.�����+/����"g

�!-����+/� 1�#�"�#$��.� 1�

�\(/&(_%� +%/,%Q_� j%P/^*\(/\+'� '� 0/\�
+'n'Q/\+'� 01N� 0'\.,%-'/((/c��!� (*����
���\%+'�'Q%i+�%\+%\+&%((`i�'(+%,^,%+*�
-'iO�01N�1ij/c�P*0*((/c�0'\.,%-'/((/c��!
a+*1/((/c���/0(/P(*d(/�/^,%0%1Ni+\N�̂ /0�
0%,n'&*ik'%�%%�^,*&'1*�j%P/^*\(/f/�Q%n�
\`jh%.+(/f/� `^,*&1%('N)� ^,'� &_^/1(%(''
./+/,_b� &/PQ/n%(� 1%f*1](_c� 0'\.,%-'/(�
(_c�0/\+`^�'�(%&/PQ/n%(�(%1%f*1](_c�

�1N�Q*+%Q*+'d%\./f/�Q/0%1',/&*('N�Q%�
b*('PQ/&� ^/00%,n*('N� P*0*((_b� ^/1(/Q/�
d'c�0'\.,%-'/((/f/�0/\+`^*�.�/jh%.+*Q�(*
`,/&(%� e'P'd%\.'b� ,%\`,\/&� �)� &&%0%Q
^/(N+'N�'(0`-',/&*('N�f1/j*1](/c�^/1'+'�
.'�j%P/^*\(/\+'�0'\.,%-'/((/c�'�1/.*1](/c
^/1'+'.*Q'�j%P/^*\(/\+'�(*������\%+'�

!`0%Q� f/&/,'+])� d+/� ���"�!-�����2� 1
���#�L�#��������0�f�!�����#!��!0� "�Ω ���g

�+-��+!�� �#�L�#$�+/� 1����l	��g�!��

�Ω )�%\1'� � "�Ω = Ω �
�� \'1`�+%/,%Q_�2�&\N./%�^/0Q(/n%\+&/

"� �Ω ⊂ �Q(/n%\+&*�,*P,%v*ik'b�^/P'-'c)
`0/&1%+&/,Nik%%� 8##9)� /0(/P(*d(/� P*0*%+
f1/j*1'P/&*((/%� ^,%0\+*&1%('%� (%./+/,/c
0'\.,%-'/((/c��!�� �/0Q(/n%\+&/� � �Ω ⊂
`0/&1%+&/,N%+� 8##9)� +*.� .*.� &\%� %f/� ^/P'�
-''� /+(/\N+\N� .� /0(/Q`� 8^%,&/Q`9� `,/&(i�

�/a+/Q`�1ij*N�f1/j*1](*N��!�'(0`-',`%+�
\N�%0'(\+&%((/c�0'\.,%-'/((/c��!�(*����
���\%+'���� /(*)� &� \&/i� /d%,%0])� '(0`-'�
,`%+\N�(%./+/,/c�1/.*1](/c��!�

!`0%Q�f/&/,'+])�d+/��������2�#�"�#$��2
 1����l	��g�!������+-��+!��������+/

�#�L�#$�+/� 1� ��� l	��g�!��)� %\1'� '(�
0`-',`ik*N�P*0*((`i�f1/j*1](`i��!�0'\�
.,%-'/((*N��!�'(0`-',`%+\N�P*0*((/c�1/�
.*1](/c��!�

�*.�.*.�1ij*N�f1/j*1](*N��!�'(0`-',`�
%+\N� %0'(\+&%((/c� 0'\.,%-'/((/c� �!)� *
1ij*N� 0'\.,%-'/((*N� �!� '(0`-',`%+\N
%0'(\+&%((/c�1/.*1](/c��!)�+/�1ij*N�f1/�
j*1](*N��!�'(0`-',`%+\N�%0'(\+&%((/c�1/�
.*1](/c��!��
%f./�&'0%+])�d+/�&_^/1(%('%
'(0`-',`ik%c� P*0*((`i� f1/j*1](`i��!
0'\.,%-'/((/c��!� /P(*d*%+� /0(/&,%Q%((/
'�&_^/1(%('%�P*0*((/c�f1/j*1](/c��!�
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�!������+-��������.� �������.� �#�L�#$��.

 1)� %\1'�0*((*N�Q*,.',/&.*�'(0`-',/&*(*
0'\.,%-'/((/c��!)� '(0`-',`ik%c� P*0*(�
(`i�f1/j*1](`i��!���1N�1ij/c�f1/j*1](/c
�!�'(0`-',/&*((*N�%i�Q*,.',/&.*�/^,%0%�
1N%+\N� /0(/P(*d(/O� &\%�^/P'-''�'P�Q(/n%�
\+&*�,*P,%v%((_b�̂ /P'-'c�\/0%,n*+�/jh%.+)
(/�('.*.*N�'P�/\+*1](_b�^/P'-'c������
\%+'� (%� \/0%,n'+�� �+/� Q/n(/� '(+%,^,%+'�
,/&*+]�.*.�,%*1'P*-'i�0'\.,%-'/((/f/�0/�
\+`^*�./�&\%c�'(e/,Q*-'')�(*�./+/,`i�'Q%�
i+\N�^/1(/Q/d'N�0/\+`^*�

/������	-	���������	�������	����%

4����	���	����������	��	��	 !"#$%

����0�K#2�#/L�.��������.��#�L�#$��.� 1

��!����0�d�����"��f�!�!#��$�����!)�/��!

f��-!�+�����f��-!�+���f�!�L��������2���

l	��g�!����%������+-��������2������.

�#�L�#$��.�  1� 0��"����"�� l	��g�!��

�"�d!��2������d�0�.����"���!��.�����0g

"������+-��+/�!.�����+/��#�L�#$�+/� 1

#�"�#$��.� 1�

������K+L��������������+0���������
����"�������&���!0%!�"�



"��

����������)�%,'NO�4'P'.*���*+%Q*+'.*)� #33�)�R #

�\(/&(_%�+%/,%Q_�j%P/^*\(/\+'�'�0/\+'�
n'Q/\+'�01N�f1/j*1](/c��!�(*������\%+'
'Q%i+�%\+%\+&%((`i�'(+%,^,%+*-'iO�01N�1i�
j/c� P*0*((/c� f1/j*1](/c��!� a+*1/((/c��
/0(/P(*d(/� /^,%0%1Ni+\N� ^/00%,n'&*ik'%
%%�^,*&'1*� j%P/^*\(/f/�Q%n\`jh%.+(/f/� `^�
,*&1%('N)�^,'�&_^/1(%(''�./+/,_b�&/PQ/n%(
1%f*1](_c�&�,*Q.*b�+*./c�f1/j*1](/c��!�0/�
\+`^�'�(%&/PQ/n%(�(%1%f*1](_c�

���SZ"%��%

�/\+,/%(*� Q*+%Q*+'d%\.*N� Q/0%1]� �!
a+*1/((/c��� &� \Q_\1%� ����)� 01N� d%f/
/^,%0%1%(_�,*P1'd(_%��!�(*������\%+'O
f1/j*1](*N)�`,/&(%&*N�0'\.,%-'/((*N)�`,/&�
(%&*N�1/.*1](*N)�j1/d(*N)�1/.*1](*N�'�0'\�
.,%-'/((*N�� �^,%0%1%(_� \^/\/j_� 'b�e/,�
Q*1](/f/� P*0*('N)� 01N� 0'\.,%-'/((/c��!
^,%01/n%(_�0&*�^,%0\+*&1%('NO�,*P,%v*i�
k%%� '� f1/j*1'P/&*((/%�� �*+%Q*+'d%\.*N
Q/0%1]��!�a+*1/((/c���f*,*(+',`%+��b/�
,/v'%��\&/c\+&*�d*\+(_b��!�(*������\%+'
'�^/P&/1N%+�^/1`d*+]� aee%.+'&(_%�`+&%,�
n0%('N�801N�&\%b�('b�,*P,*j/+*(_�0/.*P*�
+%1]\+&*)� ./+/,_%�(%�`0*1/\]� P0%\]�^,'&%�
\+'� &&'0`� /f,*('d%((/\+'� /jh%Q*� \+*+]'9�
�,%n0%� &\%f/)� a+/� /\(/&(_%� +%/,%Q_�j%P/�
^*\(/\+'�'�0/\+'n'Q/\+'���*.'%�`+&%,n0%�
('N�b*,*.+%,'P`i+�Q*+%Q*+'d%\.'%�\&/c\+&*
�����\%+'�.*.�Q/0%1'�j%P/^*\(/c�+%b(/�
1/f''� -',.`1N-''� '(e/,Q*-''� &��)� \1`�
n*k'%� '(\+,`Q%(+/Q� ,*P,*j/+.'������
�%Q� \*Q_Q)� ^/\+,/%((*N� Q*+%Q*+'d%\.*N

Q/0%1]��!�a+*1/((/c���0*%+�Q*+%Q*+'d%\�
./%� /\(/&*('%� 01N�e/,Q`1',/&*('N)� 'P`�
d%('N�'�,%*1'P*-''��!�a+*1/((/c��)�d+/
\/P0*%+�\`k%\+&%((_%�+%/,%+'d%\.'%�^,%0�
^/\_1.'�01N�,%*1'P*-''�./(-%^-''�a+*1/(�
(/c���&� \Q_\1%������&�^,*.+'.%�,*P�
,*j/+.'������

�����
���	���	�

"��K+L������������,%j/&*('N�.�\`jh%.+(/Q`
(*^/1(%('i�a+*1/((/c�*&+/Q*+'P',/&*((/c�\'\�
+%Q_�̂ ,'�/,f*('P*-''�'P/1',/&*((/c�̂ ,/f,*QQ�
(/c�\,%0_�oo��\%,/\��(*`d��^,*.+��./(e���/&,%�
Q%((_%�^,/j1%Q_�j/,]j_�\�^,%\+`^(/\+]i�O�j�
Q*+%,��8,*0'/+%b(��(*`.'9��V��/,/(%nO�������
	/\\'')�#33$��V����$V���

#��
���������������$����������,f*('P*-'N�'
/j,*j/+.*� \+,`.+`,� 0*((_b� &� &_d'\1'+%1](_b
\'\+%Q*bO��d%j�� ^/\/j�� 01N� &`P/&��V���O��_\v�
v.�)�"7 ;��V�#$ �\�

2��K+L������ ����� �����\%+'� .*.� *^^*,*+
Q/0%1',/&*('N�j%P/^*\(_b�+%b(/1/f'c�-',.`1N�
-''� '(e/,Q*-''� &� *&+/Q*+'P',/&*((_b� \'\+%�
Q*b� o���� �� �`j,/&'()� ��� ��� `Q'(� oo��*+%,�
�JEEE�/+d%+(/c�(*`d��./(e��P*�#33$�f��V��/,/(%nO
�/,/(%n��f/\��+%b(/1��*.*0�)�#33���V����2��V���7"�

$��K+L������������/1'+'.*�j%\./(e1'.+(/f/
Q%n\`jh%.+(/f/� &P*'Q/0%c\+&'N� &� a+*1/((/c
Q/0%1'�P*k'k%((/c�*&+/Q*+'P',/&*((/c�\'\+%�
Q_� o��� ��� �`j,/&'()� ��� ��� `Q'(� oo� �%/,'N
./(e1'.+*�'�%%�^,'1/n%('NO��*+%,��EEE��\%,/\�
(*`d��+%b(�� ./(e��V��/,/(%nO��*`d(*N� .('f*)
#33$��V���22"V22$�

����!�L�"�����&���&%0%('%�&�+%/,'i�'�^,*.�
+'.`�./Q^]i+%,(/c�j%P/^*\(/\+'��V���O�'P0*+%1]
�/1f*d%&*����)�#33"��V�2�#�\�

��!0���%!�"�2�0��!#$�f�#���"��L!��f��������t��#����.�����0������������.�����!0�����




