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%)5��'"-	 "#�!7%"���8�

�%"0�(�%9�	 ","$%9�	+�("#)*�	#"6%)'�8.)�

#	 "�(�$%)�	 ,"$9	#	!�6()5%97	!�,)"%�7	/�0()�

� "�":��#"#�()	 "#94�%%"0+	)%��!��+	'	 !":(�2

0�	)60�%�%)*	'()0���	)	$"(,"#!�0�%%"0+	 !�$2

�'�6�%)8	 ","$9�

;%","(��%)�	'"(�:�%)*	'()0���	)	 ","$9�	'�'

 !�#)("�	�#*6�%9	�	,(":�(�%90)	1�'�"!�0)�	'"�"2

!9�	":(�$�8�	:"(�4"-	)%�!&)�-	)	 "<�"0+	0",+�

$()��(�%"	)	0%","'!��%"	#()*��	%�	1"!0)!"#�%)�
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�	�"3�(�%)8�	,(":�(�%9�	1�'�"!9	�.�	%�	$"2

����"5%"	)6+5�%9�	5�"	�#*6�%"	�	�!+$%"���8	 "(+2

5�%)*	"	%)7	)%1"!0�&))	6�	$()��(�%9�	 �!)"$9

%�:(8$�%)*�	�$%)0	)6	1�'�"!"#�	� "�":%97	"'�2

6���	�+.���#�%%"�	#()*%)�	%�	 "#�$�%)�	��0"�1�!2

%"-	&)!'+(*&))	��#�!%","	 "(+4�!)*�	�	�(�$"#�2

��(�%"	)	 ","$%9�	+�("#)*	'"%'!��%97	!�-"%"#�

*#(*���*	+,("#�*	�'"!"���	#!�.�%)*	/�0()�	="�*

��	'"(�:�%)*	)	%�	#�()')�	"$%�'"�	�",(��%"	>��	�?�

�"6$�#��09�	)0)	$�1"!0�&))	#	��0"�1�!�	)	$!+2

,)7	":"("5'�7	/�0()�	0",+�	 "#(�5�	6�	�":"-	6%�2

5)��(�%9�	�%"0�(�%9�	 !)!"$%9�	*#(�%)*�

��):"(��	*#%"	<�"	0"3��	 !"*#)���*	#	 "#�2

$�%))	��0"�1�!%"-	&)!'+(*&))�	��	<�"�	1�'�	+'�2

69#�8�	0%",)�	)��(�$"#�%)*�	�	5���%"��)	����

�)$"!�%'"#	#	!�:"��7	>@�	A?	 !�$(�,���	#	'�5���#�

7�!�'��!)��)'	)%��%�)#%"��)	,(":�(�%"-	&)!'+2

(*&))	��0"�1�!9	)� "(�6"#���	$�%%9�	":	)60�2

%�%)*7	+,("#"-	�'"!"��)	#!�.�%)*	/�0()�	�#"�	+�2

#�!3$�%)�	"%	"�%"#9#���	%�	 6�'"%�	 �"7!�%�%)*

)0 +(���	 B#	0���"!"(",))	C	+,("#"-	0"0�%�	)()

0"0�%�	'"()5���#�	$#)3�%)*	$(*	6�0'%+�97	�)�2

��0D�	�	 !)("3�%))	'	�)���0�	E��0"�1�!�	C	/�02

(*F	<�"�	6�'"%	+�#�!3$����	5�"	'",$�	#	��0"�1�!�

!�����	0"0�%�	)0 +(���	B+�)()#�8��*	6� �$%9�	)

"�(�:�#�8�	#"��"5%9�	#��!9D	#!�.�%)�	/�0()	+�2

'"!*���*�	�:.)-	0"0�%�	�)���09	E��0"�1�!�	C

/�0(*F	$"(3�%	 �"7!�%*���*�	G"�'"(�'+	0"0�%�

)%�!&))	 ��0"�1�!9	 B�A	 H����',0�D	  !)0�!%"	 #

0)(()"%	 !�6	 0�%�4�	0"0�%��	 )%�!&))	 /�0()

BI��H��@�',0�D�	09	6�0�5��0	()4�	#�!)�&))	$#)2

3�%)*	 ��0"�1�!9	C	 )60�%�%)�	 �'"!"��)	 #��!��

��!)�&))	#!�.�%)*	/�0()	%�	6�0��%9	$(*	#"� !)2

*�)*�	�7	+$����*	!�,)��!)!"#���	()4�	�	 "0".�8

�"%5�-4)7	���!"%"0)5��')7	 !):"!"#	)	0��"$"#

!��5����	��0	%�	0�%��	"'�69#����*	(�,5�	)	%�$�32

%��	" !�$�(*��	%�	 '"(�:�%)*	0"0�%��	)0 +(���

/�0()�	�	)60�%�%)�	�+�"5%","	#!�.�%)*	/�0()�

J(�,"$�!*	<�"0+�	)	#	�)(+	�"7!�%�%)*	0"0�%��

)0 +(����	)0����*	#"60"3%"���	 "	$�%%90	"	%�2

!�#%"0�!%"��)	#!�.�%)*	/�0()	 !",%"6)!"#���

'"(�:�%)*	)%��%�)#%"��)	 (�%���!%"-	&)!'+(*2

&))	��0"�1�!9	)	!�4���	%�'"�"!9�	,)$!"0���"2

!"(",)5��')�	 6�$�5)�	 ��'	'�'	�'"!"���	#!�.�%)*

/�0()	!���5)�9#����*	6�!�%���

K�(�8	$�%%"-	�����)	*#(*���*	"&�%'�	#()*%)*

+,("#"-	�'"!"��)	#!�.�%)*	/�0()	%�	1"!0)!"#�2

%)�	&)!'+(*&)"%%","	!�3)0�	��#�!%","	 "(+4�2

!)*�	�	'�5���#�	)�7"$%97	$�%%97	)� "(�6"#�%	�!2

7)#	��&)"%�(�%","	&�%�!�	��0"�1�!%97	)��(�$"2

#�%)-	L	��&)"%�(�%","	&�%�!�	 !�$�'�6�%)*	 ","2

$9	B!��%�()6	MNOPL	MNO
D�	 !�$���#(�%%9-	�!�$2

%�0��*5%90)	6%�5�%)*0)	,�" "��%&)�(�	%�	���%$�!2

�%97	)6":�!)5��')7	 "#�!7%"��*7	 γ �	�����	I���	Q���
����	@���	�������	,G��	#	4)!"�%97	6"%�7	ϕ 	��#�!%"2

,"	 "(+4�!)*�	A��	���	���	Q��	I�	��4�	R�%%9�	�%)0�2

()��	#	+6(�7	!�,+(*!%"-	���')	4�,"0	��7��"�	G�!)2

"$	�3�0��*5%97	%�:(8$�%)-	�"���#)(	A�	(���

R(*	*%#�!*	)�7"$%9-	!*$	6%�5�%)-	,�" "��%2

&)�(�	
1000

,40,j,t λ=ϕΗ 	 %�	  "#�!7%"��)	��2����,G�	 )

4)!"��	ϕ SA�"	#"	#��7	+6(�7	��#�!%","	 "(+4�!)*

Bλ S	��T�@��"D	)0�(	#)$�
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�%�(",)5%9�	!*$9	��!")()��	)	$(*	"���(�%97

 "#�!7%"���-	 γ �	4)!"�%97	6"%	ϕ 	)	'�(�%$�!%97

0��*&�#	 V�

R�%%9�	":	+,("#"-	�'"!"��)	#!�.�%)*	/�0()

��'3�	 !�$���#(�%9	�!�$%)0)	0��*5%90)	6%�5�2

%)*0)�

																						 1998,11960,11959,1j,t ,...,, ννν≈ν 										B�D

;�3$+	�"#"'+ %"��*0)	B�D	)	B�D	$(*	"$%")0�%2

%97	0��*&�#	V	!���5)�9#�()��	 �!%9�	'"<11)&)2

�%�9	'"!!�(*&))	 [ ]1000
,,j,tj,t ,R λϕΗν �


�6+(����9	#95)�(�%)-	$(*	*%#�!*�	%�	)6":�2

!)5��'"-	 "#�!7%"��)	��2����,G�	#	!�6()5%97

4)!"�%97	6"%�7	 ϕ 	 !�$���#(�%9	%�	!)��	��

G"	"�)	"!$)%��	"�("3�%�	#�()5)%�	'"!!�(*&)2

"%%"-	�#*6)�	 "	"�)	�:�&)��	C	 "!*$'"#9-	%"0�!

$"(,"�9	 ( )36,1=λλ �	�(�$+��	 6�0��)���	 5�"	 !)

$�%%"-	$()%�	#9:"!')	BW	S	A�	(��D	)	X�Y	$"#�!)2

��(�%"0	)%��!#�(��	6%�5)09-	'"<11)&)�%�	'"!!�2

(*&))	 [ ]1000
,,j,tj,t ,R λϕΗν 	�"���#(*��	��@�

�6	�%�()6�	!)�+%'�	#)$%"�	5�"	#	*%#�!��	#	��2

#�!%"0	 "(+4�!))�	<'��!�0+09	'"!!�(*&)"%%97

1+%'&)-	 !�� "("3�%9	 #	 &�%�!�(�%97	 !�-"%�7

�#!�6))	 BX�2���"	#�$�D	)	��#�!%"-	�0�!)')	 B���2

X�"	6�$�D�	��):"(��	#9�"')-	+!"#�%�	'"!!�(*&)"%2

%"-	�#*6)	BP	S	��AX2����D	%�:(8$����*	%�	4)!"��

ϕ SA�"	��4�	G!)5�0	6%�'	<�"-	�#*6)	 "("3)��(�2

%9-�	�	+#�()5�%)�0	4)!"�9	#�()5)%�	�#*6)	+0�%�2

4����*�	�(�$+��	��'3�	":!��)��	#%)0�%)�	%�	�"�

1�'��	5�"	"�	83%97	4)!"�	'	��#�!%90	<'��!�0+0

'"!!�(*&)"%%"-	�#*6)	�0�.����*	'	#"��"'+�

��	��!!)�"!))	"�	�"��"5%"-	�#!" 9	Bλ S	��"	#�$�D
$"	6� �$%97	,!�%)&	�"��"5%"-	�):)!)	Bλ S	I�"	#�$�D
%�	4)!"��7	 ϕ S	��"	��4�	 !�":(�$���	"�!)&���(�2

%9-	6%�'	�#*6)	�	#�()5)%"-	%�6%�5)��(�%"	 !�#92

4�8.)0	 "!",	6%�5)0"��)	PZ2��@�	��	"���(�%"-

��!!)�"!))�	$�3�	#$"(�	83%97	4)!"��	6%�5)09�

�#*6)	#	*%#�!�	%�	":%�!+3�%9�	G!)	<�"0	":%�!+2

3�%"�	5�"	#	<�"0	0��*&��	%�	4)!"��7	ϕ S	A�2��"�	#

!�-"%�	�)7","	"'��%��	6%�'	�#*6)	"�!)&���(�%9-�

�	%�$	��(�%�)5��')0	"'��%"0	C	 "("3)��(�%9-�

�!)#�*	!�� !�$�(�%)*	'"<11)&)�%�"#	'"!!�2

(*&))	%�	4)!"��7	ϕ SQ�2I�"	)0���	0���"�	 !�'�)2

5��')�	!"#%9-	7"$�	0�%*8.)-�*	#	%�6%�5)��(�%97

 !�$�(�7	B"�	���X	$"	2	���XD�	��	��!!)�"!))	"�	#"�2

�"5%97	:�!�,"#	��(�%�)')	 Bλ S��"	6�$�D�	 #'(85�*

#�8	�#!" �-�'+8	��!!)�"!)8�	$"	#"��"5%97	!�-2

"%"#	�)7","	"'��%�	Bλ S�@�"	6�$�D�	'"!!�(*&)"%%�*

�#*6�	)0���	 "("3)��(�%9-	6%�'�	%�$	"���(�%"-

��!!)�"!)�-	C	"�!)&���(�%9-�

�	$�(�%�-4�0	%�0)	)6+5�(�*	#" !"��	'�'	#92

*#(�%%9�	6�'"%"0�!%"��)	#	*%#�!�	 !"*#(*8�	��:*

#	$!+,)7	0��*&�7	6)0%�,"	 �!)"$��	�	<�"-	&�(�8�

$(*	4)!"�9	ϕ SA�"	��4��	%�	'"�"!"-	#	*%#�!�	":%�2

!+3�%9	 %�):"(��	 #9�"')�	 +!"#%)	 �#*6�-

[ ]1000
,,j,tj,t ,R λϕΗν �	 $" "(%)��(�%"	!���5)��%9	 �!%9�

'"<11)&)�%�9	'"!!�(*&))	$(*	$�'�:!*	)	1�#!�2

(*�	 !�$���#(�%%9�	#	�" "���#(�%))	%�	!)��	��

�6	�%�()6�	!)�+%'�	�(�$+���	5�"	#	��5�%)�	#��2

,"	6)0%�,"	��6"%�	,�",!�1)5��'"�	 "("3�%)�	"�)

'"!!�(*&)"%%"-	1+%'&))�	!�� "("3�%%"-	%�$	/�2

 �$%"-	)	�"��"5%"-	�):)!�8	Bλ SX�2���"	#�$�D�	"�2

����	��	
�� !�$�(�%)�	 [ ]1000
,,j,tj,t ,R λϕΗν 	%�	��2����,G�	#	*%#�!�
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�����*	 "��"*%%90�	%"	"�	0��*&+	'	0��*&+	 !")�2

7"$)�	'"(�:�%)�	+!"#%*	�#*6�-�	��'�	"�	$�'�:!*	'

*%#�!8	�#*6�	!������	$"��),�*	0�'�)0+0��	�	�	*%2

#�!*	 "	1�#!�(�	C	 �$����

��()5)%�	1+%'&))	 [ ]1000
,,j,tj,t ,R λϕΗν 	#	<'��!�0+0��

'"�"!9-	#	$�'�:!�	)	*%#�!�	!�� "(�,����*	%�$	6�2

 �$%90	 ":�!�3��0	�0�!)')�	#	��5�%)�	#��,"	<�"2

,"	 �!)"$�	"������*	#9�"'"-	BP	S	����D�	�	#	1�#!�2

(�	"%�	��'	3��	'�'	)	%�$	�#!�6)�-�	 "%)3����*	$"

���I�	G!)	<�"0	 !")�7"$)�	 "��� �%%"�	�0�.�%)�

"�)	 6%�5)0","	#()*%)*	+,("#"-	�'"!"��)	#!�.�2

%)*	/�0()	�	#"��"'�	%�	6� �$	B"�	 λ S�@�"	6�$�	#	$�2

'�:!�	$"	 λ S���"	6�$�	#	1�#!�(�D�

��$	�'#��"!)�-	"'��%"#	6)0"-	6%�5)09�	'"!2

!�(*&)"%%9�	�#*6)	"��+���#+8��

R(*	+���%"#(�%)*	7�!�'��!�	#()*%)*	+,("#"-

�'"!"��)	#!�.�%)*	/�0()	%�	!�� !�$�(�%)�	 ,�"2

 "��%&)�(�	#	(��%)-	 �!)"$�	%�	!)��	@	 !�$���#(�2

%"	 !�� !�$�(�%)�	 '"<11)&)�%�"#	 '"!!�(*&))

#$"(�	4)!"�9	%�	)��(�$+�097	6"%�7	#	�#,+����

�6	 !�$���#(�%%","	!)�+%'�	":%�!+3)#����*�

5�"	#	"�()5)�	"�	6)0%�,"	 �!)"$�	7�!�'��!%"-	"�"2

:�%%"���8	(��%�,"	 �!)"$�	*#(*���*	%�()5)�	%�$

'"%�)%�%��(�%90)	+5���'�0)	��#�!%","	 "(+4�2

!)*	6%�5)097	"�!)&���(�%97	�#*6�-�	%�$	"'��%�2

0)	C	 "("3)��(�%97�	���%"��	�#*6�-	#	(��%)-	 �2

!)"$	,"$��	 "	�!�#%�%)8	�	6)0%)0)	0��*&�0)�	%�

#��7	4)!"��7	+#�()5)#����*�	G!)	<�"0�	#	"�()5)�

"�	 6)0%�,"	 �!)"$��	0�'�)0+0	'"!!�(*&)"%%97

�#*6�-	"�0�5����*	%�	4)!"��7	��2��"	��4�	)�	 !�2

)0+.���#�%%"�	 %�$	 �'#��"!)�-	�)7","	 "'��%���

����!�	
�� !�$�(�%)�	 [ ]1000
,,j,tj,t ,R λϕΗν 	#$"(�	4)!"�9	SA�"��4�	#	6)0%)-	 �!)"$	,"$�
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��):"(�4�0+	#()*%)8	BPS2����D	%�$	'"%�)%�%��(�2

%"-	5����8	 "$#�!3�%�	��!!)�"!)*	"�	G!):�(�)2

')	$"	�"��"5%"-	�):)!)		Bλ S��2I�"	#�$�D�	;�'�)2

0+0	�#*6)	%�	4)!"��	 	 ϕ S	��"��4�	%�:(8$����*	+

:�!�,"#	/� �$%"-	�#!" 9	Bλ S��"	#�$�D�	�	%�	4)!"2

��	ϕ S��"	��4�	C	#	!�-"%�	�!�(��	��	4)!"��7	��2A�"

 !")�7"$)�	�0�.�%)�	("3:)%	�	��#�!�	%�	8,	#	#"2

��"5%"0	%� !�#(�%))	"�	 λ S��"	#�$�	%�	 ϕ S��"	��4�

$"	 λ SQ�"	#�$�	%�	ϕ SA�"	��4�
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