
����������	
���������
����������������������

��������	
����	

 !�!�������

�
	��
 ����
��
��
�������� �	
����	�

"!"!��������"!�!����#��

	
���������� �����
���

���������	
�������	
 �����������	
������������	
 �����������	
 �����������	

������������
�����������	
�������
����������	

��������� ��!	
 ����"#���	
 ����$����	
��%�&��'�����	
 ����(�)�������	

����(�*���	
 ����(��������	
����+������,	
����+- ��	

������)���
	
�������*�����	
��.�%�*��	
������ �� ��!	
��+��/� ����	

���������	
 ����0�1�����	
����0�1������	
 ����2���	

����3����4��
�����������	
�������
����������

	
��������������


�������)�� 	
 ��������'�	
������5�����	

���������	
 �������/6� ��!	
 ���������!	

����(�� /��/����	
 ��+�(�/���	

"�+������	 +���7������

	
���������� �����
���
�� � � � ����

��������	
����	

��(�(�����

�
	�������
��
��
�������� �	
����	�

����(����#���

+����4�����,	
 ������5�����	
�������/6� ��!	
 �������5/�!�	

������ ��'��	
��7����*��#	
 ����&����	
��+�(�8�4�	
 ����(������	
 ����(� ����	

����+�5���4��	
 ����+�5�� ��!	
����
����5���,	
�����������9����	

������/������	
 ��.�%�*��	
���������	��:��������4��!	

��+�����6� ��!	
 ����������� ��!	
����7������/	
 ��"�:��!��

$%�	���	&��'���	
����������(�#�(
�#��	������#������������	�)#�
*����	���&���(���#���

�+��
�������,�������������-

������������������	
��

������ �������	���� ������ ���
����
����� ��	���

����
�� � � � ����	� � � � � � � ����

.����	�	/

0�.��1

�2.��31  ���
�
�
� 

� 4�5����*���&	�4(&	��!���������	
����������
� .�	�6������
�%	�	
������*	�!	��
�������

� � � � �  � 	 � � � � � � � �

�� 7�	��#���&����!�	����������

� � � � � � � � � ! � � � �  � "

�� 8���%���9���:;9��<=�����<<;���>�
�� �	?	����
���%��9���:;9��@������@A;�����

� �� � 	 � � � � �

�� ���B(����	�����
��%��	����	&	��	�9�&�C���	6����

� � � � #

�� 8���%�
�� ���#�����	����!�!"�������9��	����#��:;A�
�� "���	�
�������	��	&�D�!�����������

#�� � � � � � ! � � � �  
 "

�� 9���B�������?5�B!������������

�� �����%	�#�	����	�	��	!����������

�� 35���&���E	���������?��#�D�	�����#�!����������

� � � 
 � � � � � � � � ! � � � �  � "

�� 3	�������������

� �  
 � �  � � 
 � � � � � � 	 ��� �

�� 9��	����#���������!��������������	
� !�����

� 	 � �  � � �� � � $ �  � 	 � 
 �  �

�	 �	�#�&�#��
���%����
�#�����6���	�����	6���%	�#�(
F�	�C��!���"�!���#��

� � 	 � � �  �

�� 9��	���&B�������	&��B6�F#
��	�������:�C���

�� ���	�B��#�
�������	?	���

�������.�#�����.���&�	��%��9�)�	���,@>-

� � � � $ � �� � 


G $��%�!�#�&	�	����	��
��������
GG ������#�&	�����������
GGG '�(����&	�!������

������GH  �)���	�	��������	��	�����(	��!�



� � � � � � � � � � � � ��

����������	
��������
��������
�������� ���

�
���	
���������%����������������	���
&'()*��+,-./(,�����.��'0.(,&&'1'��'2'3'��'2+/4�
&'().�+,-./(,��%�.567()&,�8'+9/3,�:;37+,<

= = =� � ��� � %

1-7���>�+,(()'?&.7�974-/�@7&)+,9.�A).B�'2+/4&'()7;C
:),�8'+9/3,�-'2,5D6,7)(?�6'�9&'1.B�5,-,E&.2,B� C��
&72')'+DB�2&.1,B= �9'4&'�&,;).�8'+9/3/�:;37+,�-3?
E7)D+7B/1'3*&.2,F�0+.�A)'9�/2,5,&,� )'3*2'� 5,6.(.�
9'()*�974-/�A).9.�673.E.&,9.%�&'�&7)�?6&'1'�6D+,47�
&.?�-3?�'-&';�.5�&.BC��(),7)�7()7()67&&D;�6'0+'(�>
9'4&'� 3.� 0'3/E.)*� ('')67)()6/GH/G�8'+9/3/� -3?
0+'.56'3*&'1'���/1'3*&.2,�I+,5/977)(?%�6D0/23'1'JK

�� &,()'?H7;� (),)*7� 9D
')67).9�&,�A)')�6'0+'(%�.
')67)� L/-7)� /)67+-.)73*�
&D9C��'2,5,)73*()6'� L/�
-7)�'(&'6,&'�&,�2.&79,).�
E7(2.B� (''L+,47&.?BC� �
&.9.�9'4&'�0'5&,2'9.)*�
(?�0'�2&.1,9 M %�,�),247�0'
&,N.9� 0+7-D-/H.9� (),�
)*?9�I(9C�!�6,&)"�OP�5,
=��=�1C�.�O��5,�=��P�1CJC
��-,3*&7;N79�9D�L/-79

/0')+7L3?)*�),2/G�(.()79/�'L'5&,E7&.;�.�)7+9.&'6�6
��/1'3*&.27�I+.(C�J<
��>�&'97+�A3797&),���/1'3*&.2,%
��>�+,-./(�'0.(,&&';�'2+/4&'().%
��>�+,-./(�60.(,&&';�'2+/4&'().%
�� �>�@7&)+�'0.(,&&';�'2+/4&'().%
=� �>�@7&)+�60.(,&&';�'2+/4&'().%
� =�� �>�3.&.?�@7&)+'6%
��>�+,(()'?&.7�974-/�@7&)+,9.� �� %� =� %

� �ρ � %
� �δ � %

�� �>���?�67+N.&,���/1'3*&.2,� � = M �� � � �� %
�� � �	 � � �� �>�()'+'&,���/1'3*&.2,� � = M �� � � �� %

�
 � >� )'E2,� 2,(,&.?� ()'+'&D� ��/1'3*&.2,� �	 � .
60.(,&&';�'2+/4&'().%

�� �� � �� �>�+,-./(�'0.(,&&';�'2+/4&'().%�0+'67�
-7&&D;�6�67+N.&/� �� %

=� �� � 
� �>�+,-./(�60.(,&&';�'2+/4&'().%�0+'67�
-7&&D;�6�)'E2/�2,(,&.?� �
 %

�� �>�(7+7-.&,�()'+'&D� �	 %
� � �� � 
� �>�-3.&,�')+752,�2,(,)73*&';%

� =� �� ��ϕ � � �>�/1'3�974-/�+,-./('9� �� �.�3.&.7;
@7&)+'6� � =�� %

�� � �α ϕ ϕ�� � >�/1'3%�0'-�2')'+D9�()'+'&,� �� �� � �
6.-&,�.5�@7&)+,� �� %

� � � � �ϕ ϕ ω�� �� �>�/13'6,?�(2'+'()*�+,-./(,� �� C

0��#��'���
�
���
���)�� /�
�/��#��'���
;!����

�,E&79�(�),2'1'�0'()+'7&.?C��/()*�&,9�-,&D�'2+/4�
&'()*�+,-./(,���(�@7&)+'9� �� �ILó3*N,?�'2+/4&'()*J
.� '2+/4&'()*� +,-./(,� �� (� @7&)+'9� =� � I97&*N,?
'2+/4&'()*J%� +,(0'3'47&&,?� 6&/)+.� 07+6'1'� 2+/1,C
�/()*� �� �>�0+'.56'3*&,?
)'E2,�L'3*N7;�'2+/4&'(�
).C� �+'67-79� 77� +,-./(
� �� � C��5�)'E2.� �� �0+'67�

-79�2,(,)73*&/G�2�97&*�
N7;�'2+/4&'().%�.�)'E2/%
6� 2')'+';� '&,� 07+7(7E7)
L'3*N/G�'2+/4&'()*%�&,�
5'679� =� C��&,3'1.E&'�0'�
3/E.9�)'E2.� M� �.� Q� �I+.(C
=%�%�JC��,9� LD�B')73'(*
0'3/E.)*� ('60,-7&.7� )'�
E72� Q� � .� �� %� ),2� 2,2� 6
A)'9�(3/E,7�9D�0'3/E,79
)+7/1'3*&.2%�60.(,&&D;�6
L'3*N/G� '2+/4&'()*� .
'0.(,&&D;�'2'3'�97&*N7;
'2+/4&'().C�
(3.�5,8.2�
(.+'6,)*��%���.�)'E2/� ��
&,� L'3*N7;� '2+/4&'().%
)'�),2'1'�('60,-7&.?�9'4�
&'�-'L.)*(?%�.597&??�+,�
-./(���I+.(C=%�JC
�,-,-.9(?� )707+*� 6'0�

+'('9<�L/-/)�3.�('60,-,)*
)'E2.� �� � .� Q� %� 7(3.� 6
(.)/,@..�&,�+.(/&27� =%�
.597&.)*�&,E,3*&'7�0'3'�
47&.7�)'E2.� �� K
�/()*�6�&,E,3*&'9�0'�

3'47&..� +,-./(� �� �
� �� �� 'L+,5/7)�(�3.&.7;

@7&)+'6�/1'3� �ϕ �.�.977)
/13'6/G�(2'+'()*� �ϕ� C��,;�
-79�/13'6/G�(2'+'()*�+,�
-./(,� Q� C�
(3.�/13'6D7�(2'+'().�A).B�+,-./('6�'-.�
&,2'6D%�)'�)'E2.� �� �.� Q� �('60,-,G)F�7(3.�A).�(2'+'().
&7� +,6&D%� )'� )'E2.� �� � .� Q� � 6� 0+'@7((7� 6+,H7&.?
+,-./(,� � �� � �+,5';-/)(?C

������

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

'�"���3��"���"��'����� #�����'��4��)�*���5&��%��6���78.�
9�����������������������:�;�<=��&��<�0�>"���?�����'�(

&�!��@���'"%�����"��'��&�!��A�6�%�&�A��)�*���,�������7B8�

������



� � � 	 
 � 
 � �  � � � � 
 � � � �  � �

�+.�+7N7&..� A)';� 5,-,E.�9D� L/-79� .(0'3*5'6,)*
97)'-D�2.&79,).2.�(3'4&'1'�-6.47&.?�)'E2.�.�2.&7�
9,).2.�03'(2'0,+,3373*&'1'�-6.47&.?�)67+-'1'�)73,
I(9C�!�6,&)"�OR�5,�=��M�1C�.�O��5,�=��P�1CJC
�,0'9&.9�62+,)@7%�E)'�(3'4&'7�-6.47&.7�)'E2.�A)'

77�-6.47&.7�')&'(.)73*&'�-6/B�(.()79�')(E7),%�'-&,
.5�2')'+DB�(E.),7)(?�&70'-6.4&';%�,�-+/1,?�>�0'-�
6.4&';C�'1-,�-6.47&.7�)'E2.�')&'(.)73*&'�&70'-�
6.4&';� (.()79D� ')(E7),� &,5D6,7)(?� 77� ,L('3G)&D9
-6.47&.79%�,�')&'(.)73*&'�0'-6.4&';�(.()79D�')(E7�
),�>�')&'(.)73*&D9�-6.47&.79C��'')67)()67&&'%�(2'�
+'()*�)'E2.�0+.�,L('3G)&'9�-6.47&..�&,5D6,7)(?�77
,L('3G)&';�(2'+'()*G%�,�(2'+'()*�)'E2.�0+.�')&'(.�
)73*&'9�-6.47&..�&,5D6,7)(?�77�')&'(.)73*&';�(2'�
+'()*GC
$'377�(3'4&'�0'&?).7�07+7&'(&'1'�-6.47&.?�.�07+7�

&'(&';�(2'+'().C��7+7&'(&D9�-6.47&.79�)'E2.�&,5D�
6,7)(?�-6.47&.7�0'-6.4&';�(.()79D�')(E7),�')&'(.�
)73*&'�&70'-6.4&';%�07+7&'(&';�(2'+'()*G�)'E2.�>
(2'+'()*�')&'(.)73*&'�&70'-6.4&';�(.()79D�')(E7),
)'1'�0/&2),�0'-6.4&';�(.()79D�')(E7),%�(�2')'+D9�6
-,&&D;�9'97&)�('60,-,7)�-6.4/H,?(?�)'E2,C
�������
703'B'-�03D67)�0'�+727%�,�0'�0,3/L7�.-7)

E73'672C��/()*�&70'-6.4&,?�(.()79,�')(E7),�(6?5,&,
(�L7+71,9.�+72.%�,�0'-6.4&,?�>�(�)703'B'-'9C�'1-,
-6.47&.7�E73'672,�')&'(.)73*&'�)703'B'-,�?63?7)(?
71'�')&'(.)73*&D9�-6.47&.79%�,�')&'(.)73*&'�L7+7�
1'6�>�,L('3G)&D9C��7+7&'(&D9�-6.47&.79�E73'672,
?63?7)(?�-6.47&.7� )703'B'-,�')&'(.)73*&'�L7+71'6C
�'')67)()67&&'<�,L('3G)&,?�(2'+'()*�E73'672,�>�A)'
71'� (2'+'()*�')&'(.)73*&'�L7+71'6%� ')&'(.)73*&,?�>
71'�(2'+'()*�')&'(.)73*&'�)703'B'-,%�,�07+7&'(&,?�>
A)'�(2'+'()*�')&'(.)73*&'�L7+71'6�)';�)'E2.�0,3/LD%
6� 2')'+';� 6� -,&&D;� 9'97&)� 6+797&.� &,B'-.)(?� E7�
3'672C
,247� 62+,)@7� &,0'9&.9� &72')'+D7� (67-7&.?� .5

)7'+..�03'(2'1'�I03'(2'0,+,3373*&'1'J�-6.47&.?�)67+�
-'1'�)73,C��/()*�03'(2,?�8.1/+,�-6.47)(?�6�03'(2'�
().%�2')'+,?�77�('-7+4.)C�'1-,�'2,5D6,7)(?%�E)'�0+.
3GL'9�&70'()/0,)73*&'9�-6.47&..�A)';�8.1/+D�I2'1�
-,�77�/13'6,?�(2'+'()*�ω�&7�+,6&,�&/3GJ�'&,�('-7+4.)
),2/G� )'E2/�C%� (2'+'()*� 2')'+';� 6� -,&&D;� 9'97&)
6+797&.�+,6&,�&/3G<� �DE �

�����
C�:),� )'E2,�&,5D6,7)(?

91&'67&&D9�@7&)+'9�(2'+'()7;�-,&&';�8.1/+D�I.&,E7
>�91&'67&&D9�@7&)+'9�6+,H7&.;JC
�������
�'37('�2,).)(?�0'�+73*(/�L75�0+'(2,3*5D�

6,&.?F�6�A)'9�(3/E,7�)'E2,�2,(,&.?�2'37(,�.�+73*(,�>
91&'67&&D;�@7&)+�(2'+'()7;�2'37(,C��+.�A)'9�(2'+'�
().� )'E72� A)';� 03'(2';� 8.1/+D� ),2'6D%� 2,2� L/-)'
8.1/+,�6+,H,7)(?�6'2+/1�&70'-6.4&';�)'E2.%�('60,�
-,GH7;� (� 91&'67&&D9� @7&)+'9� (2'+'()7;� CC� ,2%
(2'+'()*� �E

����

� &72')'+';� )'E2.� 0� +,6&,� 0'� 9'-/3G
D� ω� �.�07+07&-.2/3?+&,�')+752/�C0<� �E D��

���� ����

C
�/()*�')+75'2� � =� � �374.)�&,�0+?9';� � =FF �I+.(CMJC

�/()*� )707+*� 0+?9,?� � =FF � 'L2,)D6,7)� '2+/4&'()*
+,-./(,���L75�0+'(2,3*5D6,&.?�6�)'E27�2,(,&.?� �
 C
'E2.� �� �.� =� �/E,()6/G)�6�(3'4&'9�-6.47&..<�'&.
07+7&'(?)(?�A)';�0+?9';�.�-6.4/)(?�0'�A)';�0+?9';C
�� +75/3*),)7� (3'47&.?� A).B� -6.47&.;� 2,4-,?� .5
)'E72� �� �.� =� ��-6.47)(?�0'�'2+/4&'().�+,-./(,��C

	,((9')+.9�-6.47�
&.7�)'E2.� �� C��/()*
/13'6,?�(2'+'()*�0+?�
9';� � =FF � I()'+'&D
� � =	 � �� �)+7/1'3*&.�
2,%�374,H7;�&,�0+?�
9';� � =FF J�+,6&,� Fω C
'1-,�

� �F 	 	ω ω ϕ� � � C
,2�2,2�0+?9,?� � =FF
&7�0+'(2,3*5D6,7)�0'
'2+/4&'().�+,-./(,��%
(2'+'()*� )'E2.� �

I)'E2.�2,(,&.?J�+,6�
&,�&/3G�.�0'A)'9/�'&,
?63?7)(?�91&'67&&D9
@7&)+'9�(2'+'()7;�A)';�0+?9';C��'A)'9/�07+7&'(&,?
(2'+'()*� 07+E

��
� )'E2.� �� � 07+07&-.2/3?+&,� ')+752/

� � �
 � �� �.�+,6&,�
�07+ � � �F 	E 
 � �ω ϕ�� � C

�72)'+�
��E

���

�,L('3G)&';�(2'+'().�)'E2.� �� �&,0+,6�
37&�0'�2,(,)73*&';�2�L'3*N7;�'2+/4&'().�.�0'�9'-/3G
+,67&�

� ,L( � ��E E � �ω ϕ�� � � �I5-7(*� � �ω ϕ� � �>�/13'6,?
(2'+'()*�+,-./(,� � �� � JC
�)&'(.)73*&,?�(2'+'()*� ')&E

���

�)'E2.� �� �&,0+,637&,
0'�0+?9';� � =FF F�77�673.E.&,�&,(�&7�.&)7+7(/7)C
�'�)7'+797�'�(3'47&..�(2'+'()7;�.9779�+,67&()6'
,L( 07+ ')&E E E� �

��� ��� ���

C��,�+.(/&27�M�A),�(/99,�0'()+'7&,C
�.-&'%�E)'

� � �
')& ,L(07+ ,L( ,L(STU % STU

=
E E E E E

α�� ��

� � �

I5-7(*� �α � >� /1'3�974-/� +,-./(,9.� � �� � � .� � =� � JC
�'-(),63??� (G-,� /2,5,&&D7� 6DN7� 5&,E7&.?� 07+E � .

,L(E %�0'3/E.9�
�

�
� � STU

=	 � �
αϕ ϕ� �� C��'� � �STU

= =

	
�

α
� %�.

0'A)'9/

�

�
� � =	

	
�ϕ ϕ� �� C����������������������I�J

	,((9')+.9�,&,3'1.E&D9�'L+,5'9�-6.47&.7�)'E2.
=� �2,2�)'E2.�)';�47�()'+'&D� �	 �.�0'3/E.9

�

�
= = =	

	
�ϕ ϕ� �� ���I5-7(*� = � =� 
 �� JC�����I=J

'E&'�),2.9�47�'L+,5'9�0'3/E.9�,&,3'1.E&D7�('')&'�
N7&.?� -3?� /13'6DB� (2'+'()7;� ()'+'&� =	 � .� M	 � .
+,-./('6� � M� � �.� � Q� � C��)'+'&,� =	 �('()'.)�.5�-6/B
')+752'6�2,(,)73*&DB�2�9,3';�'2+/4&'().<

= = M = = = M	 � � � 
 
 �� � � C

�'� = = = � =� 
 � 
 �� � C��'A)'9/

� �= = M M = M	 � � � 
 �� � � C

�&,3'1.E&'%

M M Q M Q	 � � � �� � � � � �Q M Q� 
 �� C

�3?�()'+'&D� = M� � �0'3/E.9�+,67&()6,<

=

=
= = =	

	
�ϕ ϕ� �� ����������������������IMJ

.

=

=
M M =	

	
�ϕ ϕ� �� C���������������������IQJ

������



� � � � � � � � � � � � ��

�3?�()'+'&D� M Q� � �0'3/E.9�+,67&()6,

M

M
M M =	

	
�ϕ ϕ� �� �����������������������IPJ

.

M

M
Q Q =	

	
�ϕ ϕ� �� C����������������������IRJ

�+,6&7&.?�I�J�>�IRJ�9'4&'�5,0.(,)*�'-&';�()+'2';<

M� =

� = M

== = 		 	

	 	 	

ϕϕ ϕ
� � �

�� �
M� = Q

� = M Q� � � �

ϕϕ ϕ ϕ
� � �

�� � �
C����I�J

�5� +,67&()6,� � Q

� Q� �

ϕ ϕ
�

� �
� (37-/7)%� E)'� 7(3.� 3'9,&,?

'2,5,3,(*� 5,92&/)';%� )'� � Q� �� %� ,� 0')'9/� /13'6D7
(2'+'().� Qϕ� � .� �ϕ� � +,6&DC��)(G-,� (37-/7)%� E)'� 0+.
-6.47&..�0'�'0.(,&&';�'2+/4&'().�67+N.&D� �� �5,9�
2&/)';�3'9,&';�I)+7/1'3*&.2,J�77�5,92&/)'()*�('B+,�
&.)(?C

(3.� )+7/1'3*&.2� I.� 6''LH7�9&'1'/1'3*&.2J� -6.�

47)(?�974-/�-6/9?�'2+/4&'()?9.�),2%�E)'�'&�'0.(,&
'2'3'�'-&';�'2+/4&'().�.�60.(,&�6�-+/1/G�'2+/4�
&'()*%�)'�L/-79�&,5D6,)*�),2'7�71'�-6.47&.7�(2'3*47�
&.79�974-/�-6/9?�'2+/4&'()?9.�I.3.�0+'()'�(2'3*�
47&.79J%�0+'�2,4-/G�71'�67+N.&/�.�()'+'&/�L/-79
1'6'+.)*%� E)'� '&.� (2'3*5?)� 6-'3*� ('')67)()6/GH7;
'2+/4&'().C�,2';�)+7/1'3*&.2�I9&'1'/1'3*&.2J�L/�
-79�&,5D6,)*�)+7/1'3*&.2'9�I9&'1'/1'3*&.2'9J�:;�
37+,C

���#��#��'���
�
���
���)�� /�

'E&'�),2.9�47�'L+,5'9%�2,2�A)'�9D�(-73,3.�-3?
)+7/1'3*&.2,%�9'4&'� -'2,5,)*%� E)'� 7(3.���/1'3*&.2
I5,92&/),?�3'9,&,?J�'-&'6+797&&'�60.(,&�.�'0.(,&%
)'�0+.�(2'3*47&..�'-&';�.5�71'�67+N.&�0'�'0.(,&&';
'2+/4&'().�'(),3*&D7�71'�67+N.&D�L/-/)�(2'3*5.)*
0'�)';�47�'2+/4&'().%�,�71'�()'+'&D�>�0'�60.(,&&';
6�&71'�'2+/4&'().C
�7'LB'-.9,?� -3?� A)'1'� 5,92&/)'()*� 3'9,&';
� = ��� � � �� �'L7(07E.6,7)(?�+,67&()6'9�/13'6DB�(2'�

+'()7;�+,-./('6� � �� � �.� � ��� � � <� � ��ϕ ϕ� � �� C
�+.�(2'3*47&..�9&'1'/1'3*&.2,� � = �� � �� �97&?G)�

(?�673.E.&D�71'�/13'6�.�-3.&D�()'+'&%�&'�&72')'+D7
(6';()6,�&7.597&&DC���),2.B�(6';()6,B�+7E*�0';-7)
-,3*N7C��'2,�47�5,97).9%�E)'�-3?�&71'�('B+,&?7)(?
+,67&()6'�I�J%�2')'+'7�2+,)2'�9'4&'�5,0.(,)*�),2<

=
�	 �

� �

G
	 �

ϕ ϕ
� �

� �
���I��V��%�=%�W%��JC��������IXJ

�3'6,9.�A)'�9'4&'�(8'+9/3.+'6,)*�),2<�')&'N7&.?
=

�	

�	

ϕ�
�.� �

��

ϕ�
�+,6&D�.�&7�5,6.(?)�')�.&-72(,��C

�,3*&7;N.7�+75/3*),)D�L/-/)�'(&'6,&D�&,�(37-/G�
H79�!+/2'6'-?H79�0+.&@.07"<
 "!�"#H��� ���� !�"#HI����� ��"�"��"#H����� "!'�(
='!4����6����3�������������'"��"I�"���@'��!""'�"(
J�������I%��K'������#�&�������������!'���%���3@
��"�"��"#H���� �� '��"�� �"#"I������ �� �"'"�"�� K'"
!""'�"J�������A"%�'!4�!�����'�#H�"���"!'"��������(
�"����'��"���"#"I�������"�%����"�"��"#H����!����'(
��&���"'�"!�'�#H�"�#�����1��'�"�� � =�� �

�+74-7�E79�&,B'-.)*
('')&'N7&.?�974-/��%��
.���6�2'&2+7)&DB�(3/E,�
?B%�0'3/E.9�'-&'�6,4�
&'7�+,67&()6'C�	,((9')�
+.9�+.(/&'2�QC��,�&79
.5'L+,47&�A3797&)�9&'�
1'/1'3*&.2,%� ('-7+4,�
H.;� ()'+'&/� �	 �

� =� �� %�+,-./(D� � �� � �.
� =� � �.�+,-./(� = �� � 
� %

0+'67-7&&D;�6�)'E2/�2,�
(,&.?�()'+'&D� �	 �.�60.�
(,&&';�'2+/4&'().C
�/()*�/1'3�974-/�+,-./('9� � �� � �.�3.&.7;�@7&)+'6
� �� � �+,67&� �ϕ %�,�/1'3�974-/�+,-./('9� � =� � �.�3.&.7;

@7&)+'6� � �� � �+,67&� =ϕ C�'1-,�/1'3� �α �974-/�+,-./�
(,9.� � �� � � .� � =� � � +,67&� +,5&'().� A).B� /13'6<
� = � � = �� � �α ϕ ϕ� � � � C��D('),�)+7/1'3*&.2,� = � �� � �

>�')+75'2� � ��� �>�?63?7)(?�6�)'�47�6+79?�L.((72)+.(';
/13,�0+.�67+N.&7� �� %�0'A)'9/

� = �
= � � = =
� ��

α ϕ ϕ�
� � � %

.

� � � � � � � � ��� � �� � �� �� � � � � � � = �
�= =

α ϕ ϕ
ϕ

�
� � C

:),�6D('),�(23,-D6,7)(?�.5�-6/B�')+752'6<

= �
� � � � YZS

=
�� � L L� � �

ϕ ϕ�
� � � �

I5-7(*�)'E2,�L�>�0+'72@.?�)'E2.� =� �&,�0+?9/G� � ��� JC
�'�67+&'�.�),2'7�+,67&()6'<

� = �
� � � = YZS YZS

= =
�� � � �

α ϕ ϕ�
� � C

�),2%�.9779

= � = �YZS YZS
= =

� � �
ϕ ϕ ϕ ϕ� �

� � C����������I�J

	,5-73.3.�'L7�E,().�&,��<

= � = �YZS YZS
= =

� �

� �

ϕ ϕ ϕ ϕ� �
� � C

�E.)D6,?�'L'5&,E7&.?�
�

�
ρ� %�

�

�
δ� %�0'3/E.9�),2/G

8'+9/3/<

= � = �YZS YZS
= =

ϕ ϕ ϕ ϕ
ρ δ

� �
� � C����������I��J

,2'7�47�+,67&()6'�6D0'3&?7)(?�-3?�3GL'1'�,&,3'�
1.E&'1'�A3797&),�9&'1'/1'3*&.2,%�)C7C

� �YZS YZS
= =

� � � �ϕ ϕ ϕ ϕ
ρ δ� �� �

� � ���I��V��%�=%�W%��JC

�I��J

:),�8'+9/3,�67+&,�2,2�-3?�5,92&/)';�3'9,&';%�),2�.
-3?�&75,92&/)';C�
(3.�3'9,&,?�5,92&/),%�)'E2,� ��� �
('60,-,7)� (� )'E2';� �� � .� 6D0'3&?7)(?� +,67&()6'

� � MR��ϕ ϕ� � � � C
�,E&79� )707+*� 6DE.(37&.7� ρ � .� δ � 6� 2'&2+7)&DB

(3/E,?BC

�����	



� � � 	 
 � 
 � �  � � � � 
 � � � �  � �

�-,� �����
��6
/��#��'����
;!���

�D�0'3/E.9�8'+9/3/�:;37+,�-3?�+,6&'L7-+7&&'1'
)+7/1'3*&.2,F�2,2�LD3'�(2,5,&'�+,&77�6�!+/2'6'-?H79

0+.&@.07"%�'&,�L/-7)
67+&,�-3?�0+'.56'3*�
&'1'�)+7/1'3*&.2,C
�,� +.(/&27� P� )+7�

/1'3*&.2� � = M� � � �+,(�
0'3'47&�(.997)+.E&'
')&'(.)73*&'� 3.&..
@7&)+'6�.� � =�� C
�-7(*� &/4&D7� &,9

('')&'N7&.?� 0'?63?�
G)(?�&70'(+7-()67&&'
.5� +.(/&2,C� �5� &71'
0'3/E,79�),2.7�+,67&�
()6,<

� = �

= �

YZS
= �

� 
 �

� � � �

α ρ
δ

� � �
� �

C

�+'97�)'1'%

� = � � = � =YZS YZS YZS� � � � � �α � � � � � �

V� � �� =

� =

�� � �

� � �
ρ δ

�
� � � � � � C

�'(2'3*2/� = �
�YZS =YZS �

=

α
α � � %�)'

� �
� �

=

=
= �
�

ρρ δ
δ

� � � �
�

C

�)(G-,�0'3/E,79�26,-+,)&'7�/+,6&7&.7

� � � � � �
= === � � � �ρ ρ δ δ δ� � � � � � C

�'3'4.)73*&D;�2'+7&*�A)'1'�/+,6&7&.?�),2';<

� �=�%P �ρ δ� � %

')2/-,
= =

�%P
� �

�
�

�
� C�������������������I�=J

79� (,9D9%� 9D� 0'3/E.3.� .567()&'7� ('')&'N7&.7
974-/�673.E.&,9.��%���.��%�,�.97&&'�8'+9/3/�:;37+,
-3?�)+7/1'3*&.2,C

�-,� �����
��6
,�/-�1�#��'����
;!���

�,� +.(/&27� R� .5'L+,47&� 60.(,&&D;� .� '0.(,&&D;
E7)D+7B/1'3*&.2%�(.997)+.E&D;�')&'(.)73*&'�3.&..
@7&)+'6� � =�� �I-73*)'.-JC
��A)'9�(3/E,7

� = �

= �

YZS
= �

� 
 �

� � � �

α ρ
δ

� � �
� �

%

,

= = =

= M

YZS
= �

� 
 �

� � � �

α ρ
δ

� � �
� � C

�+'97�)'1'%� � = �X�α α� � � %�)C7C� � = ��
= =

α α
� � � %�,�0'�

A)'9/

= =� =YZS YZS �
= =

α α
� � %

.3.

�
� � � �

= =

= =
�

� �

ρ ρ
δ δ

� �
� �

C

��I�MJ

�)(G-,�
� �

==
=

=

��

= �

δ
ρ

δ

�
�

�
%

.
=

=

� �

= �

δ
ρ

δ

�
�

�
%

.3.
= =

= =

�

=

� �
�

� �

�
�

�
C������������������I�QJ

:)/�8'+9/3/%�,&,3'1.E&/G�8'+9/37�I�=J�-3?�)+7/�
1'3*&.2,%�L/-79�&,5D6,)*�8'+9/3';�:;37+,�-3?�E7)D�
+7B/1'3*&.2,C

�-,� �����
��6
86/��#��'����
;!���

��A)'9�(3/E,7�&,B'4-7&.7�&/4&';�&,9�5,6.(.9'().
(/H7()67&&'� (3'4&77%� E79� 6� 0+7-D-/H.BC��� 'LH79
(3/E,7�'&'�(6'-.)(?�2�+7N7&.G�&72')'+'1'�2/L.E7(2'�
1'�/+,6&7&.?C
	,((9')+.9� 0?)./1'3*&.2� :;37+,%� (.997)+.E&D;

I('13,(&'� !+/2'6'-?H79/� 0+.&@.0/"J� ')&'(.)73*&'
3.&..� @7&)+'6� � =��
I+.(C�JC
�3?� +7N7&.?� 5,-,E.

6'(0'3*5/79(?� -6/9?
07+6D9.�+,67&()6,9.�.5
I��J%�)C7C�0+.���V���.���V
V =C� ,2� 2,2� 6� &,N79
(3/E,7� � �ϕ � �.�I0'A)'�
9/J� = �ϕ α� %�07+6'7�+,�
67&()6'� I0+.� �� V� �J
5,0.(D6,7)(?�),2<

�YZS
= �

α ρ
δ

�
�

%

,�6)'+'7�+,67&()6'�I0+.���V�=J�5,0.N7)(?�),2<

M � M �YZS YZS
= =

ϕ α ϕ αρ δ� �
� � C

�)'+'7�+,67&()6'�9'4&'�0+.67().�2�6.-/

� � � �M M� �� YZS YZS � STU STU
= = = =

ϕ ϕα α
δ δ ρ� � � � C��I�PJ

+7)*7�/+,6&7&.7�0'3/E,7)(?�.5�+,((9')+7&.?�+.(/&�
2,��<

M M
MYZS YZS �X� YZS

= =

α α
ϕ 	 
� � � � � �� � �

V� � �� M

� M

� 
 � �

� � �
ρ δ δ ρ

�
� � � � � � � � C

�,3*&7;N.7� 0+7'L+,5'6,&.?� ),2'6DC� �'-(),6.9
6� /+,6&7&.7� I�PJ� 5&,E7&.?� )+.1'&'97)+.E7(2.B

�����


������

������



� � � � � � � � � � � � �


8/&2@.;<

M M� YZS �
YZS

= = =

ϕ ϕ δ ρ� � �
� � %

M M� YZS �
STU

= = =

ϕ ϕ δ ρ� � �
� � %

� �

� �
= ==

=� �
=

�
STU � YZS �

= = ��

δ ρα α ρ
δδ

� �
� � � � �

��
.�0'3/E.9

� �
� � �

�
= � =

δ ρ δ δ ρ
ρ δ ρ ρ

δ
� � � � �

� � � �
�

C

�'(37�.5L,637&.?�')�.++,@.'&,3*&'()7;�.�&7(3'4&DB
0+7'L+,5'6,&.;�0+.B'-.9�2�/+,6&7&.G�)+7)*7;�()707�
&.�')&'(.)73*&'�ρ <

� �M = = =X Q �ρ δ ρ δ� � � � � � � � �
= M= == � � �ρ δ δ� � � � � C

:)'�/+,6&7&.7�/0+'H,7)(?%�7(3.�667().�&'6/G�07+7�

97&&/G�
=�

=
M

δ
ρ

�
� C� �)&'(.)73*&'� A)';� 07+797&&';

0+.B'-.9�2�/+,6&7&.G
M = = �M M M δ� � � � C����������������I�RJ

�().&&'()*�A)'1'�/+,6&7&.?�9'4&'�0+'67+.)*�-3?
(3/E,?�0+,6.3*&'1'�0?)./1'3*&.2,%�2'1-,� �δ � C��D
9'47)7�0+'-73,)*�A)'�(,9'()'?)73*&'C
�'3/E7&&'7�/+,6&7&.7�9'4&'�.((37-'6,)*�1+,8.E7(�

2.%�,�),247�+7N.)*�0'�8'+9/37��,+-,&'�.3.�.(0'3*5/?
)+.1'&'97)+.GC� �� A)'� )'47� 6D� 9'47)7� 0+'-73,)*
(,9'()'?)73*&'C

�-,� �����
��6
5� /��#��'����
;!���

	,((9')+.9�N7()./1'3*&.2�:;37+,%�(.997)+.E&D;
I('13,(&'� !+/2'6'-?H79/� 0+.&@.0/"J� ')&'(.)73*&'

3.&..�@7&)+'6� � =��
I+.(CXJC
�'(0'3*5/79(?�07+�

6D9.� )+79?� +,67&�
()6,9.� .5� I��J%� )C7C
0+.���V��%���V�=�.���V
V MC
,2� 2,2� � �ϕ � � .

I0'A)'9/J� = �ϕ α� %
07+6'7�+,67&()6'�5,�
0.N7)(?�),2<

�YZS
= �

α ρ
δ

�
�

%�I��J

,�6)'+'7�>�),2<

� � M �� YZS YZS
= =

ϕ α
δ� � � � M �� STU STU

= =

ϕ α
δ ρ� � C��I�XJ

+7)*7�47�+,67&()6'

Q M Q MYZS YZS
= =

ϕ ϕ ϕ ϕ
ρ δ

� �
� �

I0'(2'3*2/� Q �X�ϕ � � J�0+.6'-.)(?�2�6.-/

MSTU
= �

ϕ ρ
δ

�
�

C��������������������I��J

�'-(),6.6�I��J�.�I��J�6�I�XJ%�0'3/E.9<

M�STU YZS �
= =

ϕα
� � %���������������I=�J

.3.

( ) ( )

= =

= =� � �
� �

ρ ρ− + − =
− δ + δ

C�������I=�J

:),� 8'+9/3,� (.90,).E&,%� ,� 0'0D)2,� &,;).� ?6&/G
5,6.(.9'()*�974-/� ρ �.� δ �0+.6'-.)�2�),2'9/%�/6D%
&72+,(.6'9/�6D+,47&.G<

( )
=

== = =

M �
=

� � �=

− δρ =
+ δ + + δ + δ

C

�3?�9&'1'/1'3*&.2'6�:;37+,�(�E.(3'9�()'+'&%�L'3*�
N.9� R%� 9'4&'� 0'3/E.)*� /+,6&7&.?%� (6?5D6,GH.7
5&,E7&.?� ρ � .� δ � 6� &7?6&'9� 6.-7C��'3/E7&.7� ?6&';
5,6.(.9'().�974-/�&.9.�(6?5,&'�(�1+'9'5-2.9.�.�6+?-
3.�0+7'-'3.9D9.�0+7'L+,5'6,&.?9.C
�')'9/�9D�.�'1+,&.E.6,79(?�0'3/E7&.79�8'+9/3D

:;37+,� )'3*2'� -3?� )+7B�%� E7)D+7B�%� 0?).�� .�N7().�
/1'3*&.2'6�:;37+,C

&���,�

������
 ��
+��'�� "��!���"@� "�"#"� '����"#H����
"���I�"!'��#�I�'�������!���"@�"���I�"!'����3(
&�!#�'��"'�"J�������(
%��!"��K'�A�"���I�"!(
'�@�
������C�	,(0'3'4.9

)+7/1'3*&.2�),2%�E)'LD
'-&,�.5�71'�()'+'&�2,(,�
3,(*� 60.(,&&';� 6� &71'
'2+/4&'().� 6� @7&)+7
'0.(,&&';� '2+/4&'().
�� � I+.(C�JC� '1-,� A),

()'+'&,�L/-7)�-.,97)+'9
'0.(,&&';�'2+/4&'().%
,�(,9�)+7/1'3*&.2�>�0+?�
9'/1'3*&D9�.�+,6&'L7-+7&&D9C��'A)'9/

� � � = = �� � � �� � �� � � � � �= � =� � �� � � C

�)(G-,�0'3/E,79

�
�

= �
= �

�
�

ρ = = = −
+

C

������
 �
-'�"J�������!!'"4��4���I%��1��'����
���!���"@� �� '����"#H���� "���I�"!'�� �� "��!���"@
"�"#"�'����"#H�����"���I�"!'������%��!���"!#�%��@

����"�
�

�
δ� ��������A������1�A�#�I�'���#3�K'"�"

'����"#H����N
�������
�@7&.9�'-.&�.5�/13'6�-,&&'1'�)+7/1'3*&.�

2,� � = M� � � �>�0/()*�A)'�L/-7)�/1'3�0+.�67+N.&7� �� %
2')'+D;� 9D� 'L'5&,E.9� 2,2� α � I+.(C��%�JC� '1-,

STU
=

�

O

α
� %� 1-7� �� >� +,-./(� 60.(,&&';� '2+/4&'().%� ,

= �O � �� C� �+.� (2'3*47&..� )+7/1'3*&.2,� 5&,E7&.7� O

�����

������



� � � 	 
 � 
 � �  � � � � 
 � � � �  � �

97&?7)(?� ')� &,.97&*N71'� 5&,E7&.?� [TUO � �� �
I+.(C��%�J� -'� &,.L'3*N71'� 5&,E7&.?� [\]O �

� �� � �I+.(C��%�JC��'A)'9/� [\]

[TU

STU
=

� �

O � �

α
� � �

�

=
�

ρ
δ�
� .� [TU

[\]

STU
= �

� �

O � �

α ρ
δ

� � �
� �

C� ,2� 2,2

=�

=

δρ �
� %�)'� [\] �

STU
= =

α δ�
� �.� [TU �

STU
= =

α δ�
� C

�)(G-,�')67)<�
� �

=\^YSTU =\^YSTU
= =

δ δ
α

� �
� � C

$���&��������
(3.�0'9.9'�5&,E7&.?�δ �5,-,&'�),247
5&,E7&.7� ρ %� )'� A),� 5,-,E,� .977)� .� -+/1'7� 0+'()'7
+7N7&.7� >� &,;-.)7� 71'C��+.� A)'9� 0'3/E,7)(?� L'377
2+,(.6D;�')67)<

� � � �\^YYZS \^YYZSρ δ α ρ δ� � � � C

$���&�����.���@7&.6�'-.&�.5�/13'6�)+7/1'3*&.2,%
9D�)79�(,9D9�'@7&.3.�3GL';�/1'3�(2'3*5?H71'�)+7/�
1'3*&.2,C
707+*�+,((9')+.9�,&,3'1.E&D7�5,-,E.�-3?�E7)D+7B�

/1'3*&.2,C
������
!�
-���I�"!'H�����!����4���&�'3��A��"#H(
����P@#�������"A"%�'�&���6�1��'��"��!���"@�"�"#"
���"� "���I�"!'���Q��������"� "'�"J�������%��!"�
K'�A�"���I�"!'�@N
:)/�5,-,E/�6D�(9'47)7�(-73,)*�(,9'()'?)73*&'C

�)67)<� P =ρ δ� � � C
������
"�
-'�"J�������!!'"4��4���I%��1��'����
���!���"@���&�'3��A��"#H����"���I�"!'����"��!��(
�"@�"�"#"�&�'3��A��"#H�����"���I�"!'������%��!�

�"!#�%��@�����"�
�

�
δ� ��������A������1�A�#�I�'���#3

K'"�"�&�'3��A��"#H����N
�������
�,�+.(/&27�R�E7)D+7B/1'3*&.2� � = M Q� � � �

(.997)+.E7&�')&'(.)73*&'�3.&..�@7&)+'6� � =�� C��7+�
N.&,� (2'3*5?H71'� E7)D+7B/1'3*&.2,�:;37+,� 0''E7�
+7-&'�5,&.9,7)�0'3'47&.7� � = M% %� � � �.� Q� C��,2�.�0+.
(2'3*47&..�)+7/1'3*&.2,�I5,-,E,�=J%�/1'3�0+.�67+N.�
&7�E7)D+7B/1'3*&.2,�-'().1,7)�9,2(.9,3*&'1'�5&,E7�
&.?� [\]β %�2'1-,�+,(()'?&.7�')�@7&)+,�60.(,&&';�'2�
+/4&'().�-'�A)';�67+N.&D�9.&.9,3*&'�.�+,6&'���)��
I6�67+N.&7� �� J%�,�9.&.9,3*&'1'�5&,E7&.?� [TUβ �>��2'1-,
A)'�+,(()'?&.7�9,2(.9,3*&'�.�+,6&'���R���I6�67+N.&7

M� JC

�E76.-&'%�E)'

� [TU =STU YZS
= = �

β α ρ
δ

� �
�
%

�,

� [TU �YZS YZS
= = �

β α ρ
δ

� �
�
C

�'A)'9/

� [TUSTUβ �

[TU [TU=STU YZS
= =

β β
� �

=

=

=

�

ρ
δ

�
�

C

�'-(),6.9� (G-,� 5&,E7&.7� =ρ � .5� 8'+9/3D� I�QJ� .

0'3/E.9�
=

[TU =

�
STU

�

δ
β

δ
�

�
�

C� �'(2'3*2/� [TU [\]β β� �

�X�� � %�)'
= =

= =

� �
\^YSTU �X� \^YSTU

� �

δ δ
β

δ δ
� �

� � � �
� �

C

������
#�
���J��3� �� ��� Q� �J�!'���"#H�����P@#�(
��� � = M Q P R� � � � � � �#�I�'����#�����1��'�"�� � =�� �S!��
��!�TU��C�%��!�"��!���"@�"���I�"!'�����������V"��(
I�'���&'"� � M	 	 .�� � �S � � =	 � �� �� M M Q	 � �� U�
�������
�9779�),2.7�+,67&()6,<

= �
� = STU = STU

= =
	 � �

ϕ α
� � %

Q M
M = STU

=
	 �

ϕ ϕ�
� � M M�X�

= STU = YZS
= =

� �
ϕ ϕ� �

� C

�)(G-,�0'3/E,79%�/E.)D6,?�/+,6&7&.7�I=�J%

� M
� M = STU YZS =

= =
	 	 � �

α ϕ	 
� � � �� � � C

������
$�
 �!'H��6��!'�3�1��'��#H�3����#3� �α �
�"%��"'"�3���!'"�"�3���"�"��"#H�����P@#������%(
�3� �6� 1��'��� "��!���"@� "���I�"!'��� Q���� ����"
"'�"J�������%��!"�����!���"@���"��!���"@�"���I(
�"!'�@N
�������
 �9&'4.9� 2,4-'7� .5� +,67&()6� I��J� &,

�STU
=

� �ϕ ϕ� �
�.�(3'4.9�0'3/E7&&D7�+,67&()6,<

� �

�

STU YZS
= =

�
� � � �

�

ϕ ϕ ϕ ϕ� �

�

� �
��

� � �

� �

STU YZS
= = =

� �
� � � � � �

� �

+ + +

= =

ϕ − ϕ ϕ − ϕ ϕ + ϕ= ρ + δ∑ ∑ C

�+7'L+,5/?�A)'�6D+,47&.7%�0'3/E.9

( )�
�

�
STU

=

�

� �
�

+
=

ϕ − ϕ =∑

( )�
�

� �

�
STU STU STU

= =

� �
� �

� �
� �

+
+

= =

ϕ − ϕ= ρ + δ ϕ − ϕ∑ ∑ C

�'� � ��
�

STU STU
�

� �
�

ϕ ϕ�
�

�� � V� �� I/E.)D6,?%� E)'� ��ϕ � �

�������



� � � � � � � � � � � � ��

�MR� ϕ� � � JC���),2�2,2� �� � �ϕ ϕ α� � � %�0'3/E.9

�

�

STU

= STU
=

�

�
�
�

�

�

=

=

α
ρ =

α

∑

∑
C�������������������I==J

$���&������ 
(3.� 9&'1'/1'3*&.2� :;37+,� ?63?7)(?
)+7/1'3*&.2'9�(�/13,9.� % %α β γ %�)'�8'+9/3,�I==J�6D1�
3?-.)�),2<

� �

STU = STU = STU =

= STU STU STU

α β γ
ρ

α β γ
� �

�
� � C������������I=MJ

������
%�
Q�'3��A(
��"#H����P@#����4�#4(
�'!4�'����1��@�S��!�
��U��$��4� δ ����@%�'�
��"#�α ���I%�����%���"(
��#4���
�������
�(&'%� E)'

)+,07@.?� � = M Q� � � � � >
+,6&'L'2,?C� �1'3� α
+,67&� 0'3/(/997� -/1%
2')'+D7� 6D(72,G)� &,
'0.(,&&';�'2+/4&'().
-.,1'&,3.� � M� � � .

= Q� � %� )C7C� � �� M�%Pα α α� � C� ,2� 2,2� /� )+,07@..

� Mα α� %�)'� �α α� C��E76.-&'�6D0'3&7&.7�+,67&()6,

Q =
� �X�

=

α αα α �
� � � � %

1-7� Q
� � Q=
�� 


α
� � %� =

= � ==
� � 


α
� � C��,;-79

Q = Q = Q =YZS YZS YZS STU STU
= = = = =

α α α α α α�
�� � C

�5�+.(/&2,����(37-/7)

Q � Q

� �

YZS
=

� 
 � �

� � �

α ρ δ�
� � � � %

= � =

� =

YZS
=

� 
 � �

� � �

α ρ δ�
� � � � %

,�0')'9/

= =Q =YZS YZS
= =

α α ρ δ� � C

�,;-79�)707+*� Q =STU STU
= =

α α
<

Q =STU STU
= =

α α
� � � � �

= = =� �ρ δ ρ δ ρ� � � � � C

'1-,

=Q =YZS
= =

α α δ	 
� � �� � � C

�2'&E,)73*&'�0'3/E,79<� =YZSα δ� %�.� =\^YYZSα δ� C
������
&�
Q�'3��A��"#H����P@#��������!�"#HI����
!'��"��'!4������"'"�3���"���'3���������'����1�(
�@� S��!��.��U� �#�� %�#H'"�%"�� S��!��.��U�� �� ���"�
!#�&�����"�������'�����HJ�N
�������
�/()*� 6� )+,07@..� � = M Q� � � � � � = �� � 	� %
= M =� � 	� %� M Q M� � 	� %� Q � Q� � 	� C��'(2'3*2/�)+,07�

@.?�'0.(,&,�'2'3'�'2+/4&'().%�(/99D�0,+�77�0+').6'�
0'3'4&DB� ()'+'&� +,6&D<� � M = Q	 	 	 	� � � C� �'A)'9/
07+.97)+�C� +,67&� � �� M= 	 	� C��'� � M	 	� %� .� 0')'9/
07+.97)+�C�+,67&� �Q	 C�,2�2,2�)+,07@.?�60.(,&,�6

'2+/4&'()*%�)'� �
� = STU

=
	 �

α
� C���0+7-D-/H7;�5,-,E7

9D�0'3/E.3.�+,67&()6'� =
�YZS YZSα α δ� � C��'A)'9/

=�
�

� YZS
= = �

=
	 � �

α
δ

�
� � � %

.

=Q = �D � δ� � C

�� -73*)'.-7� � = M Q� � � � � � � = �� � 	� %� = M =� � 	� %

M Q M� � 	� %� Q � Q� � 	� C�
1'�07+.97)+�+,67&

� � � �� � M � == =D 	 	 	 	� � � � �

V� � == = STU = STU
= =

� �
α α	 
� �� � �

� =Q STU STU
= =

�
α α	 
�� � � C

,2�2,2� � = ��
= =

α α
� � � %�)'

� = = =

= M

STU YZS
= =

� 


� �

α α
� � �

�

�

� �

ρ
δ

�
� �

%

= � = �

= �

STU YZS
= =

� 


� �

α α
� � �

�

�

� �

ρ
δ

�
� �

C

'1-,

� =

X
Q

� � �

�
D �

ρ ρ ρ
δ δ δ

	 
� � �� � �� � �
C

�'-(),6.9�6�A)'�+,67&()6'�
=

=

�

= �

− δρ =
+ δ

�.�0'3/E.9

� =

Q =

�

�
D =

+ δ
C

�)'LD� 6D?(&.)*%� 2,2';� .5� &,;-7&&DB� 07+.97)+'6
97&*N7%�&,;-79�')&'N7&.7�07+.97)+,�)+,07@..�2�07�

+.97)+/� -73*)'.-,C��&'�+,6&'� Q� �δ� � C��'3/E,�

7)(?%�E)'�07+.97)+�)+,07@..�97&*N7�07+.97)+,�-73*�
)'.-,C

�������������������

�������

�������



������������������
��	�����


����!"#���

��)��
��
���/�/'
�
�� �� 
��
��*��5���
5��<

��)7E7&.7�9&'1.B�37)�A)')�6'0+'(�6'3&'6,3�.567()&'�
1'�+/((2'1'�/E7&'1'�.�.5'L+7),)73?�6�'L3,().�,A+'��.
+,27)'-.&,9.2.��C:C�.'32'6(2'1'C��&,E,3,� '&�0D�
),3(?�'L'(&'6,)*�6'59'4&'()*%�,�0')'9�>�&76'59'4�
&'()*�),2.B�0'37)'6C���)'3*2'�6����M�1'-/�/E7&D;�-,3
'2'&E,)73*&D;�')+.@,)73*&D;�')67)�6�(),6N7;�23,((.�
E7(2';� +,L')7� !�((37-'6,&.7� 9.+'6DB� 0+'()+,&()6
+7,2).6&D9.�0+.L'+,9."C
	,((E.)D6,?� &7'LB'-.9D7� +,597+D� N,+,� 9,((';

��21%�&,0'3&7&&'1'�6'-'+'-'9%�2')'+D;�9'1�LD�0'-&?)*
��21�0'375&'1'�1+/5,�&,�6D(')/�=��29%��.'32'6(2.;
0+.N73�2�5,23GE7&.G%�E)'�!W-,47�0,0.+'(&,?�L/9,1,
L/-7)�6�P�+,5�)?47377�)';�9,)7+..%�2')'+,?�-'34&,
LD)*�/0')+7L37&,�&,�&,N�,A+'(),)C�,2,?�9,)7+.?%�6
0+.97&7&..�2�,A+'(),)/%�&76'59'4&,%�0')'9/�E)'�'L'�
3'E2,%� (-73,&&,?� .5� &77%� L/-7)� +6,)*(?� .� (.3*&'
0+'0/(2,)*�1,5"C���-,377<�!�)'�47�(2,5,)*�'�0'-&?)..
0+.L'+'6� &,� L'3*N/G� 6D(')/K� 	,597+D� ,A+'(),)'6
-'34&D�LD)*�7H7�5&,E.)73*&'�L'3*N7%�&'�&7�&,-'�0+.
A)'9�5,LD6,)*%�E)'�(�/673.E7&.79�+,597+'6�6'5-/N&'1'
N,+,�+,5+D6,GH.7�'L'3'E2/�(.3D�6(7�L'377�.�L'377
L7+/)�07+767(�&,-�('0+').637&.79�9,)7+.,3,C��,�0+7�
-73D�,)9'(87+D�0'-&?).7�0+.L'+'6%�(�0'9'H*G�6'5�
-/N&'1'�N,+,%�+,5/977)(?%�('6(79�&79D(3.9'W"
�),2%�0'�9&7&.G��.'32'6(2'1'%�0'37)�,A+'(),)'6�6

2'(9'(�&76'59'47&�B')?�LD�)'3*2'�.5�5,�')(/)()6.?
-'(),)'E&'�)'&2.B�.�0+'E&DB�9,)7+.,3'6�-3?�'L'3'E72
,A+'(),)'6C
�+'N3'�L'377�(),�37)%�.�(7;E,(�('5-,&'�-'6'3*&'

9&'1'�9,)7+.,3'6%�'�2')'+DB��.'32'6(2.;�&7�9'1�.
97E),)*C�,2%�.(0'3*5'6,&.7�0'3.A).37&'6';�037&2.
)'3H.&';�M%Q�929�-,3'�6'59'4&'()*�?0'&(2.9�/E7&D9
.5��&().)/),� 2'(9.E7(2.B� .((37-'6,&.;� .51')'6.)*
()+,)'(),)�'L_79'9� MR�����9 �I-.,97)+'9�P��9J%�9,((,
2')'+'1'�('(),6.3,�6(71'�MP�21C���9,7�=��=�1'-,�A)')
()+,)'(),)�/(),&'6.3�+72'+-%�0'-&?6N.(*�&,�6D(')/
PM�29�(�0'375&D9�1+/5'9�'2'3'�P�21%�('()'?H.9�.5�-6/B
)7376.5.'&&DB�2,97+�.�0+.L'+,�-3?�'0+7-737&.?�6D�
(')DC��+,8.2�+72'+-&'1'�0'-_79,�A)'1'�()+,)'(),),
.5'L+,47&�&,�+.(/&27��C
,2.9�'L+,5'9%�+,56.).7�)7B&'3'1.;�0'2,5,3'%�E)'

0+'+'E7()6'� �.'32'6(2'1'� 6� ')&'N7&..� 6'5-/N&DB
N,+'6%�6''LH7�1'6'+?%�'2,5,3'(*�&7�('6(79�67+&D9C
�7-*�&,�6D(')7�PM�29�03')&'()*�,)9'(87+D�('(),63?7)
97&*N7� �`����� ')� 77� 03')&'().� &,� /+'6&7� 9'+?%

0'A)'9/�9'4&'� (E.),)*%� E)'� (� 0'9'H*G� 6'5-/N&DB
N,+'6�0+.L'+D�5,�0+7-73D�,)9'(87+D�6(7�),2.�0'-&?�
3.a�,2%�9'47)�LD)*%�6''LH7�&7�(/H7()6/7)�67+B&71'
0+7-73,� -3?� 6D(')D%� &,� 2')'+/G� 9'47)� 0'-&?)*(?
()+,)'(),)K��'0+'L/79�')67).)*�&,�A)')�6'0+'(C

=4�������
>��#��
�8� ���9�#� 6
�/�� ?���#�
 /����

�A+'(),)�-6.47)(?�667+B%�0'(2'3*2/�(&.5/�&,�&71'
-7;()6/7)�6D),32.6,GH,?�(.3,��+B.97-,�('�()'+'&D
'2+/4,GH71'�6'5-/B,C��'-&.9,?(*%�,A+'(),)�'(6'L'4�
-,7)�0'-�('L';�97()'%�2')'+'7�5,&.9,7)�6'5-/B%�6D)7(�
&7&&D;� ,A+'(),)'9� (67+B/C� �')7&@.,3*&,?� A&7+1.?
A)'1'�-6.4/H71'(?�(67+B/�6&.5�6'5-/B,�/97&*N,7)(?%
.�E,()*�A)';�A&7+1..�07+7B'-.)�6�97B,&.E7(2/G�A&7+�
1.G�()+,)'(),),C�
(3.� \W �>�9,((,�07+797H,GH71'(?
,)9'(87+&'1'� 6'5-/B,%� ,� ,� >� B,+,2)7+&,?� 6D('),
()+,)'(),),%�)'�9,2(.9,3*&,?�A&7+1.?%�2')'+,?�9'47)
LD)*�07+7-,&,�()+,)'(),)/�')�'0/(2,GH71'(?�6'5-/B,%



� � � � � � � � � � � � ��	

+,6&,

[\] \X W YZ� C

�5� (0+,6'E&.2,� 0'
8.5.27�9'4&'�/5&,)*%
E)'� 03')&'()*� ρ � 6'5�
-/B,� 6� ,)9'(87+7
/97&*N,7)(?�(�6D(')';
[�0'�A2(0'&7&@.,3*&'�
9/�5,2'&/�I+.(C=J

�
�[\ρ ρ �� %

1-7� M
� �%=M� 21 9ρ � �>

03')&'()*� 6'5-/B,� &,
/+'6&7�9'+?%� ��%����M�9� �� >�2'&(),&),%�(6?5,&&,?�(
03')&'()*G� �ρ %� /(2'+7&.79� (6'L'-&'1'� 0,-7&.?

=�%X� 9 YY � �.�,)9'(�
87+&D9�-,637&.79�/
0'67+B&'().� 5793.
\ ����2�,] � �('')&'�
N7&.79� � \� Y ]ρ� C

(3.� 9,2(.9,3*&,?
03'H,-*�0'07+7E&'1'
(7E7&.?�()+,)'(),),�6
1'+.5'&),3*&';�03'(�
2'().�+,6&,�̂ %�)'%�.&�
)71+.+/?� 6D+,47&.7
-3?�03')&'().�ρ %�371�
2'�&,;).�9,((/�07+7�

97H,GH71'(?�(67+B/�6&.5�,)9'(87+&'1'�6'5-/B,<

�
\W ^

�

ρ
� C

�'-(),63??�A)/�9,((/�6�8'+9/3/�-3?�9,2(.9,3*&';
A&7+1..%�0'3/E,79

� �
[\]

Y Y
X ^Z E

� �

ρ ρ
� � %

1-7�E�>�'L_79�()+,)'(),),C

��)��
��
��� �#��
8�����/'
&����
��
 /�/� /�/�<

�+,6&.9�A&7+1.G�'0/(2,GH71'(?�()'3L,�,)9'(87+D
[\]X �(�A&7+1.7;� bbX %�2')'+/G�&7'LB'-.9'�07+7-,)*

)73/�9,((';�_%�E)'LD�&,6(71-,�6D67().�71'�5,�0+7-73D
)?1')7&.?� �793.%� 0+.-,6� 79/� 6)'+/G� 2'(9.E7(2/G
(2'+'()*� bb ��%=� 29 (` � C��'4&'�0'2,5,)*%�E)'

bb �X _Y�� %

1-7� � RQ���29� � �>�+,-./(��793.C�
(3.�(E.),)*%�E)'
6(?�A&7+1.?�'0/(2,GH71'(?�()'3L,�,)9'(87+D�07+7B'�
-.)�6�2.&7).E7(2/G�A&7+1.G�0'-&.9,GH71'(?�)73,%�)'
A)'�)73'%�0'-&.9,?(*%�9'47)�-'().E*�6)'+';�2'(9.E7(�
2';�(2'+'().�0+.�/(3'6..

bb [\]X X� %�.3.� M M�

�

�%P �� � 21 9
_

E ��

ρ �� � � C

:)'�'5&,E,7)%�E)'�/37)7)*�-,372'�6�2'(9'(%�5,)+,).6
)'3*2'�A&7+1.G�,)9'(87+D%�9D�(9'479%�2'1-,�&,/E.9�
(?�5,0'3&?)*�0'E).�&767('9D7�.�'E7&*�0+'E&D7�()+,)'�
(),)DW�6,2//9'9C��,0+.97+%�7(3.�.51')'6.)*�5,0'3�

&7&&D;�6,2//9'9�()+,)'(),)�9,((';���21�.�'L_79'9
M�����9 %�)'�),2';�1.0')7).E7(2.;�()+,)'(),)�6�0+.&@.�

07�9'1�LD�/37)7)*�&,6(71-,�6�2'(9'(�0+.�/(3'6..%�E)'
,)9'(87+,�&7�L/-7)�('0+').63?)*(?�71'�-6.47&.GC
�'&7E&'%�6(7�A)'�.5�'L3,().�8,&),().2.%�&'�67-*�.

�.'32'6(2.;�()'�37)�)'9/�&,5,-�)'47�8,&),5.+'6,3C

(��,���
?��/�*����/'
�
�4�������
��� ����'��
��*��)���
�- �/�
8��@���

 /�/� /�/�

�567()&'%�E)'�'L'3'E2/�()+,)'(),),�&,�57937�5,0'3�
&?G)�3.N*�E,().E&'%�.�6')�0'E79/C�
(3.�(+,5/�0'3&'�
()*G�&,-/)*�()+,)'(),)�173.79%�0+.-,6�79/�N,+''L+,5�
&/G�8'+9/�.�/673.E.6�-'�0+7-73,�0'-_79&/G�(.3/%�)'%
0'-&?6N.(*�6D('2'%�'&�9'47)�3'0&/)*%�&7�6D-7+4,6
+,5&'().�-,637&.;C��'A)'9/�')+D6,GH.;(?�')�5793.
()+,)'(),)� 0'B'4� &,� -3.&&D;� (9'+H7&&D;� E/3'2%
(3712,�+,(N.+?GH.;(?�267+B/C��'-&.9,?(*�6�+,5+7�
47&&D7�(3'.�,)9'(87+D%�()+,)'(),)�0'()707&&'�+,(�
N.+?7)(?�.�0+.&.9,7)�8'+9/%�L3.52/G�2�N,+''L+,5�
&';C� �@7&.9� 9,2(.9,3*&/G� 6D(')/� 0'-_79,� ),2'1'
()+,)'(),),C
�)+,)'(),)�07+7(),&7)�-6.1,)*(?�667+B�.�-'().1&7)

9,2(.9,3*&';� 6D(')D� [\][ %� 2'1-,� (.3,� �+B.97-,
'2,47)(?�+,6&';�(.37�)?47().C���A)'9/�6+797&.�()+,�
)'(),)�+,5-/7)(?�0'3&'()*G%�71'�'L_79�L/-7)� [\]E %�,
(.3,��+B.97-,�(),&7)�+,6&';

[\]
c � [\]

�[a \ E Yρ �� C

�/()*� 9,((,� 'L'3'E2.� .� 'L'+/-'6,&.?� ()+,)'(),),
+,6&,�*%�,�9,((,�173.?%�2')'+D9�LD3�5,0'3&7&�()+,)'�
(),)�&,�57937�0+.�)7907+,)/+7� \ =�M��b � �.�&'+9,3*�
&'9�,)9'(87+&'9�-,637&..� \] %�('(),63?7)� 1 1 [TU_ Eρ� %
1-7� M

1 �%��� 21 9ρ � �>�03')&'()*�173.?�.� [TUE �>�5,&.�
9,79D;� .9� 'L_79C� '1-,� (.3,� )?47().� ()+,)'(),),
L/-7)�+,6&,

� �) 1 1 [TUa W _ Y WY E Yρ� � � � C

�+.+,6&.6,?� (.3D� ca � .� )a %� 0'3/E,79� (37-/GH77
6D+,47&.7�-3?�9,2(.9,3*&';�6D(')D�0'-_79,� [\][ 17�
3.76'1'�()+,)'(),),<

� [\]
[\]

1 [TU

�
dU

E
[

� W E

ρ
ρ

�
�

C

�5�8'+9/3D�-3?� [\][ �(37-/7)%�E)'%�E79�97&*N7� [TUE %
)79�6DN7�0'-&.97)(?�()+,)'(),)C��-&,2'�/97&*N,)*
[TUE �9D�9'479�)'3*2'�-'�)7B�673.E.&%�0+.�2')'+DB

()+,)'(),)�(/977)�')'+6,)*(?�')�5793.C���.97&&'%�0'2,

[TU

� 1

�E

W ρ ρ
�

�
C

�73.E.&,� 6� 0+,6';� E,().� 0'3/E7&&'1'� &7+,67&()6,
'E7&*� L3.52,� 2� 7-.&.@7C�,2.9� 'L+,5'9%� ()+,)'(),)
9,((';�Q��21�IL75�1,5,J�-'(),)'E&'�5,0'3&.)*�173.79�6
'L_797� MQ��9 %� .� '&� 97-37&&'� 0';-7)� 667+BC��'� &,
(,9'9� -737� [TUE � -'347&� LD)*� &,� 0'+?-'2� L'3*N7
+,(E7)&';�673.E.&D%�),2�2,2%�5,0'3&??�()+,)'(),)%�9D
-'34&D� 71'� +,(0+,6.)*C� �&,E7%� 0'-&.9,?(*� 667+B%
&75,0'3&7&&D;�N37;8�()+,)'(),),�9'47)�5,0/),)*(?C
�+/1.9.�(3'6,9.%� 173.;�'L_79'9� [TUE �-'347&�'2,�

����������������� ��������������!�"
#$���%$����&

������� ����#��$&�  ��'��� %� %����(
) �����*�� ��#��������� ��� ��)� ����
*���



5,)*(?�6�67+B&7;�E,().�()+,)'(),),C��)'LD�(-73,)*�),2%
(''+/4,G)� (07@.,3*&/G� 03,)8'+9/%� &,� 2')'+';� .
5,0'3&?G)�()+,)'(),)C
$/-79�(E.),)*%�&,0+.97+%�E)'� [TU [\] ���E E� C��'-�

(),63??�6�6D+,47&.7�-3?�9,2(.9,3*&';�6D(')D�*�V
V Q�� 21%� M

[\] R�����9E � %� M
[TU R���9E � � I0+.� A)'9

M
[TU �P� 9 21E W � J%�0'3/E,79� [\] QX%=�29[ � C
�),2%�&,N,�'@7&2,�0'E).�('60,3,�(�+72'+-&';�6D('�

)';�0'-_79,�'L(/4-,79'1'�?0'&(2'1'�()+,)'(),),C
��9'4&'�3.%�5,0'3&.6�)')�47�()+,)'(),)�97&*N.9

'L_79'9�173.?%�-'L.)*(?�(/H7()67&&'�L'3*N7;�6D(')D
0'-&?).?K� �'3'4.6%� &,0+.97+%� M

[TU Q���9E �
I M

[TU ��9 21E W � J%� 0'3/E,79� [\] P�%M�29[ � %� E)'
6(71'�&,�=�29�L'3*N7C��,3*N7�/97&*N,)*� [TUE %�'E76.-�
&'%�/47�&76'59'4&'C
�-&,2'%�2,2�(37-/7)�.5�8'+9/3D�-3?� [\][ %�E)'LD

0'-&?)*� ()+,)'(),)� 7H7� 6DN7%�9D�9'479�&7� )'3*2'
/97&*N,)*� [TUE %� &'� .� /673.E.6,)*� [\]E C� �,;-79
5,6.(.9'()*� [\][ � ')� [\]E %� (E.),?%� E)'� [TUE W �

M��� 9 21� �.�()+,)'(),)�&7�0'-&.9,7)�&.2,2'1'�0'375�
&'1'� 1+/5,C� �/()*� 0'3&'()*G� +,5-/)D;� ()+,)'(),)
.977)�8'+9/�N,+,�+,-./('9� [\]� C�'1-,�0'67+B&'()*
A)'1'�N,+,�+,6&,� =

[\]Q �π %�,�9,((,�'L'3'E2.�('(),63?7)
=

Y [\]QW � �ρ π� � %�1-7� (ρ �>�03')&'()*�9,)7+.,3,�'L'�
3'E2.�()+,)'(),),%�,���>�77�)'3H.&,C�	,5-73.6�E.(3.�
)73*�.� 5&,97&,)73*�-+'L.%�')�2')'+';�L7+7)(?�3'1,�
+.89�6�8'+9/37�-3?� [\][ %�&,�*%�0'3/E,79

[\][\]
��

Y
[\]

[TU [TU
1 1

M� �
dU dU
� �

�E
�W[

E E� �
W W

ρρ ρ

ρ ρ
� �

� �
C

�,6.(.9'()*� [\][ �')� [\]E �0'2,5,&,�(03'N&';�3.&.�
7;�&,�+.(/&27�M�-3?�()+,)'(),),%�(-73,&&'1'�.5�0'3.�
A).37&'6';�037&2.�03')&'()*G� M

Y ����� 21 9ρ � �.�)'3�
H.&';� �� V� M%Q� 929� 0+.� /(3'6..� E)'

M
[TU ��� 9 21E W � C��.-&'%�E)'�(�+'()'9�9,2(.9,3*�

&'1'�'L_79,�()+,)'(),),�/673.E.6,7)(?�.�9,2(.9,3*�
&,?�6D('),�71'�0'-_79,%�&'�6�-.,0,5'&7�')�R�����-'

M�=�����9 �A),�6D('),�6'5+,(),7)�3.N*�&,���29C���)'
47�6+79?%�.(0'3*5'6,&.7�L'377�)'&2';�037&2.%�&,0+.�
97+�)'3H.&';�=�929%�-,7)�/673.E7&.7�6D(')D�0'-_7�
9,�0'E).�&,� P� 29�-3?� ()+,)'(),)'6 3GLDB�+,597+'6
I(9C�0/&2).+&/G�3.&.G�&,�+.(/&27�MJC

=4�������
 ��� /'
8��@���
 /�/� /�/�

�)+,)'(),)�?63?7)(?�&75,97&.9D9�/()+';()6'9�-3?
0'(3';&'1'�.5/E7&.?�,)9'(87+D%�0'(2'3*2/�'&�0'-&.�
9,7)(?�667+B�-'6'3*&'�97-37&&'C�,2%�&,0+.97+%�/0'�
9?&/)D;� ?0'&(2.;� ()+,)'(),)� -'� (6'7;� +72'+-&';
6D(')D� 0'-&.9,3(?� L'377� )+7B� E,('6� 0+,2).E7(2.
+,6&'97+&'�('�(2'+'()*G�'2'3'�=R��9`9.&�I(9C�+.(C�JC
�)� 2,2.B� 47� 0,+,97)+'6� 5,6.(?)� (2'+'()*� .� 6+79?
0'-_79,�()+,)'(),),%�.�9'4&'�3.�.B�'@7&.)*�)7'+7).�
E7(2.K
�,�()+,)'(),)�-7;()6/G)�)+.�(.3D�>�(.3,��+B.97-,%

(.3,� ('0+').637&.?� 6'5-/B,� .� (.3,� )?47().C� �.3,
�+B.97-,%� )'32,GH,?� 667+B� ()+,)'(),)� 'L_79'9�E%
&,B'-?H.;(?�&,�6D(')7�[%�+,6&,

c �
�[a EY \ EYρ ρ �� � C

�.3,�)?47().�()+,)'(),),%�5,0'3&7&&'1'�173.79%�LD3,
&,9.�6D67-7&,�+,&77<

) 1a WY EYρ� � C

�.3,�('0+').637&.?�6'5-/B,%�-7;()6/GH,?�&,�()+,)'�
(),)� 0+.� 71'� +,6&'97+&'9� 0'-_797� ('� (2'+'()*G�`%
+,6&,

=

('0+ =

`
a �^

ρ
� %

1-7�^�>�03'H,-*�0'07+7E&'1'�(7E7&.?�()+,)'(),),%�,
��>�L75+,597+&D;�2'A88.@.7&)%�&,5D6,79D;�2'A8�
8.@.7&)'9� ,A+'-.&,9.E7(2'1'� ('0+').637&.?%� 2')'�
+D;�-3?�N,+''L+,5&';�8'+9D�()+,)'(),),�('(),63?7)
�%=QC�I�'-+'L&77�'L�,A+'-.&,9.E7(2';�(.37%�'-&';�.5
('(),63?GH.B�2')'+';�?63?7)(?�(.3,�('0+').637&.?%
9'4&'�0+'E.),)*�6�2&.17��C�C�),(7&2'�!�.5.E7(2.7
'(&'6D�0'37),"�>�6D0C���!$.L3.')7E2.�!�6,&)"CJ
�,97).9%�'-&,2'%�E)'�6'5-/B�.1+,7)�7H7�'-&/�+'3*C

�+.�/(2'+7&&'9�-6.47&..�()+,)'(),)�6D&/4-7&�0+.�
-,6,)*�/(2'+7&.7�&72')'+';�9,((7�6'5-/B,%�&,B'-?H7�
1'(?� 07+7-� &.9%� 0'A)'9/� 9,((,� ()+,)'(),),� 2,2� LD
/673.E.6,7)(?C�:)'�/673.E7&.7�9,((D�&,5D6,G)�0+.('�
7-.&7&&';�9,((';C��,2�0'2,5D6,G)�+,(E7)D%�0+.�/(2'�
+7&&'9�0'-_797�N,+''L+,5&'1'�()+,)'(),),�0+.('7-.�
&7&&,?�9,((,�+,6&,�0'3'6.&7�9,((D�6'5-/B,�6�'L_797%
5,&.9,79'9�()+,)'(),)'9C
�),2%�6(7�(.3D%�-7;()6/GH.7�&,�()+,)'(),)%�'0.(,�

&D%�&'%�07+7-�)79�2,2�'@7&.)*�(2'+'()*�0'-_79,%�&,9
&7'LB'-.9'�'0.(,)*�.597&7&.7�8'+9D�.�'L_79,�()+,�
)'(),),�0+.�0'-_797C
�/()*�67+B&??�E,()*�()+,)'(),),�6(71-,�.977)�8'+9/

0'3/(87+D�+,-./('9��%�+,6&D9�+,-./(/�0'07+7E&'1'
(7E7&.?�()+,)'(),),%�,�&.4&??�71'�E,()*�0+7-(),63?7)
('L';�0'3'6.&/�A33.0('.-,�6+,H7&.?�(�0'3/'(?9.��%��
.�F� I+.(CQJC� �+.� -6.47&..� 667+B%� 2'1-,� -,637&.7
6'5-/B,�(&,+/4.�0,-,7)%�'L_79�()+,)'(),),�/673.E.6,�
7)(?%�03'H,-*�71'�0'07+7E&'1'�(7E7&.?� =�π �+,()7)%�,
67+).2,3*&D;�+,597+�F�/97&*N,7)(?%�0+.L3.4,?(*�2
[\]� C���2'&@7�2'&@'6�()+,)'(),)�0+.&.9,7)�N,+''L+,5�
&/G�8'+9/�(�+,-./('9� [\]� C��)'LD�'0.(,)*�6(7�0+'97�
4/)'E&D7�8'+9D�()+,)'(),),%�9'4&'�(E.),)*%�E)'�-3?
&.B�(0+,67-3.6'�(37-/GH77�+,67&()6'<

[\]=� F �� � C
�������+��#��������)���%�������,�%$���$� ��'������#�����������
�*����������,��*���-'���

� � �  ' 
 ( 
 � � ( � 
 ) �  � � 
 � � � � * � �  � ��



� � � � � � � � � � � � ���

�+.�A)'9�'L_79�()+,)'(),),�+,67&
=
[\] [\]

Q Q

M M
E � � ^�π� � C

�'� 0'2,� 'L'3'E2,� ()+,)'(),),� &7� &,)?&/3,(*%� 71'
'L_79�9'4&'�6DE.(3.)*�0'�/+,6&7&.G��3,07;+'&,>
�7&-73776,%�(E.),?%�E)'�-,637&.7�.�)7907+,)/+,�173.?
+,6&D�('')67)()6/GH.9�0,+,97)+,9�6'5-/B,�(&,+/4.C
�712'�0'2,5,)*%�E)'�0+.�0'-_797�(.3,��+B.97-,%�-'�)7B
0'+�0'2,�'L'3'E2,�()+,)'(),),�&7�&,)?&/3,(*%�'(),7)(?
&7.597&&';�.�+,6&';�67(/�6'5-/B,%�6D)7(&7&&'1'�()+,�
)'(),)'9�/�0'67+B&'().�5793.<

\ 6
c 6 6 [TU [TU

\

]
a _ Y E Y E Y

�b

Μ
ρ� � � %

1-7� 6 =�� 1 9'3*Μ � �>�9'3?+&,?�9,((,�6'5-/B,C�'1-,
'L_79�()+,)'(),),�-'().1,7)�(6'71'�9,2(.9,3*&'1'�5&,�
E7&.?� [\]E �&,�6D(')7

� [\] 1 � [\]

c 6 1 [TU

� �
dU dU

E Y E
[

� a � E

ρ Μ ρ
Μ ρ�

	 

� � � � �

C

�3?�?0'&(2'1'�()+,)'(),),�(� M
[TU M���9E � �6D('),

[� %� 6DE.(37&&,?� 0'� A)';�8'+9/37%� ('(),63?7)� E/)*
L'377�Q��29�I�)'E&77�>�Q�%��29JC�,2.9�'L+,5'9%�07+6D7
Q��29�()+,)'(),)�0'-&.9,3(?�0'-�-7;()6.79��"!'"4�(
�"@� (.3D� �+B.97-,%� 0'(37� E71'� 77� 673.E.&,� (),3,
/97&*N,)*(?%�),2�2,2�'L_79�()+,)'(),),�/47�&7�9'1
/673.E.6,)*(?%�.�7H7�E7+75��M�29�(.3,��+B.97-, '2,�
5,3,(*�+,6&';�(.37�)?47().�>�()+,)'(),)�'(),&'6.3(?C
�0+7-73.9�(2'+'()*�-6.47&.?�()+,)'(),),�&,�/E,(�

)27�0'-_79,�(�0'()'?&&';�(.3';��+B.97-,C��,2�/47
1'6'+.3'(*%� (.3,� ('0+').637&.?� 6'5-/B,� 5,6.(.)� ')
0+'.567-7&.?�^ρ %�0+.E79�0+.�6(7B�.597&7&.?B�8'+9D
.�'L_79,�03'H,-*�0'07+7E&'1'�(7E7&.?�()+,)'(),),�^
(6?5,&,�(�71'�'L_79'9�('')&'N7&.79� � � [\]M Q^ E �� C
��/E7)'9�A)'1'�-3?�(.3D�('0+').637&.?�0'3/E,79

=
=

('0+ 6
[\]

M

= X

]E` �
a �^ `

� �b

ρ
Μ� � � =\ [TU

6
[\] \

M

X

] E�
`

� �b
Μ C

�)(G-,�(37-/7)%�E)'�9&'4.)73*�0+.� =` �.597&?7)(?�(
6D(')';�),2%�2,2�.597&?7)(?�2'A88.@.7&)��C��&,E,3,
,A+'(),)�.977)�2,0376.-&/G�8'+9/%�-3?�2')'+';�2'A8�
8.@.7&)� ,A+'-.&,9.E7(2'1'� ('0+').637&.?� 6'5-/B,

�%�Q� � %�,�6�2'&@7�0+.'L+7),7)�N,+''L+,5&/G�8'+9/%
-3?�2')'+';� �%=Q� � C�
H7�+,5�'L371E.9�(7L7�5,-,E/%
(E.),?%�E)'�6�(+7-&79� �%�Q� � C
�'0+'L/79�(&,E,3,�0+7&7L+7E*�0+.('7-.&7&&';�9,(�

(';C�'1-,�.5�+,67&()6,� � �c ('0+ 1a a W _ Y� � � �9'4&'
0'3/E.)*�(37-/GH77�6D+,47&.7�-3?�(2'+'().�0'-_79,

()+,)'(),),<

[\] 1

6

X
�

M

Y� W _
`

� _

	 
�
� �� � �

%

1-7� 6_ � >� /47� /0'9.&,6N,?(?� 9,((,� 6D)7(&7&&'1'
()+,)'(),)'9� 6'5-/B,� &,� 57937C� �3?� &,N71'� !0'-'�
0D)&'1'"� ()+,)'(),),� (� [\] =P�9� � %���V� �%�Q%�*�V
V�Q��21%� 1 RX�21_ � %� M

[TU Q���9E � %� 6 Q�=�21_ � �0'(�
37-&??�8'+9/3,�-,7)�`�V� M�%M�9`(�V��X�X�9`9.&%
E)'�6���+,5�L'3*N7�+7,3*&';�(2'+'().%�2')'+/G�9'4�
&'�6DE.(3.)*�.5�-,&&DB%�0+.67-7&&DB�&,�+.(/&27��C
�&,E.)%�&,-'�(E.),)*�E7()&'%�)C7C�/E.)D6,?�0+.('7-.�
&7&&/G�9,((/C

�,�/���
 ��� /'
8��@���	
�,�/-��6
8� ����������
��  �

�E7()*�A8872)�0+.('7-.&7&&';�9,((D� 0W �-'6'3*&'
3712'<�-'(),)'E&'�6�8'+9/3/�-3?�6DE.(37&.?�̀ �0'-(),�
6.)*� 0W W� �697()'�*C��'�'(&'6&/G�)+/-&'()*�0+7-�
(),63?7)�0'-L'+�8'+9/3D�-3?�6DE.(37&.?�(,9';�0+.�
('7-.&7&&';�9,((DC��2,5,3'(*%�E)'�5&,E7&.7�(2'+'().
0'-_79,�()+,)'(),),%�0'3/E,79'7�(�/E7)'9� 0W %�L3.47
6(71'�('')67)()6/7)�-,&&D9�+.(/&2,��%�7(3.�(E.),)*%
E)'�0+.('7-.&7&&,?�9,((,�('(),63?7)��%���9,((D�6'5-/�
B,%�6D)7(&?79'1'�()+,)'(),)'9C�:)'�5&,E7&.7�&7�6D5D�
6,7)�/-.637&.?%�0'(2'3*2/�-3?�N,+,�'&'�-'34&'�LD)*
�%P%�,�-3?�@.3.&-+,%�-6.4/H71'(?�07+07&-.2/3?+&'
(6'7;�'(.%�>��%�C
,2.9�'L+,5'9%�&,�0+.97+7�()+,)'(),),�9D�0'2,5,3.%

E)'�+,((E.),)*�-6.47&.7�)73�9,3';�03')&'().�6�(+7-,B
L'3*N';�03')&'().�9'4&'�)'3*2'�6�)'9�(3/E,7%�7(3.
/E7()*� A8872)� 0+.('7-.&7&&';� 9,((DC� �&,3'1.E&'
(37-/7)�0'()/0,)*�0+.�'L(/4-7&..�-6.47&.?�0/5D+*2,
6'5-/B,%�6(03D6,GH71'�6�4.-2'().C���6')�37)?H.;�6
6'5-/B7�2,97&*%�B')?�.�6'6372,7)�6�-6.47&.7�&72')'�
+/G�9,((/�6'5-/B,�07+7-�('L';%�&'�03')&'()*�6'5-/B,
6� )D(?E.� +,5� 97&*N7� 03')&'().� 2,9&?%� .� 0'A)'9/
A8872)� 0+.('7-.&7&&';� 9,((D� 6� A)'9� (3/E,7� L/-7)
('6(79�&75&,E.)73*&D9C

�
� ��
8-#��/'
�*
 /�/� ?�-
��
&����<

�97&&'�),2�(-73,3�,97+.2,&7@��4C�.))7&-47+��R
,61/(),���R��1'-,%�(0+D1&/6�('�()+,)'(),),%�0'-&?6N7�
1'(?�&,�6D(')/�M��29C���)7E7&.7�07+6DB��M�(72/&-�'&
37)73�6�(6'L'-&'9�0,-7&..%�0')'9�')2+D3(?�9,37&*2.;
(),L.3.5.+/GH.;�0,+,NG)�-.,97)+'9��%X�9%�2')'+D;
3.N*� (3712,� 5,97-3.3� (6'L'-&'7� 0,-7&.7%� &'� 5,)'
0+7-')6+,).3�(97+)73*&'�'0,(&'7�5,2+/E.6,&.7C�,2
'&� 37)73� 7H7� Q%P� 9.&/)D%� '0/().6N.(*� -'� 6D(')D
P%M�29%�&,�2')'+';�/47�+,(2+D3(?�'LDE&D;�0,+,NG)
-.,97)+'9�X%P�9C
�'1-,�(6'L'-&'7�0,-7&.7�0,+,NG).(),�0+'.(B'-.)�6

6D('2.B�(3'?B�,)9'(87+D%�1-7�6'5-/B�(.3*&'�+,5+7�
47&%� 71'� (2'+'()*� 9'47)� -'().1,)*� 'E7&*� L'3*N.B
5&,E7&.;C���A)'9�0'37)7�(2'+'()*��.))7&-47+,�603')�
&/G�0+.L3.5.3,(*�2�(2'+'().�56/2,�.�('(),6.3,�L'377
����29`EC��'A)'9/�6B'-�0,+,NG).(),�6�L'377�03')&D7
(3'.�6'5-/B,�9'4&'�LD3'�+,((9,)+.6,)*�2,2�()'32&'�
67&.7%�('�6(79.�6D)72,GH.9.�')(G-,�0'(37-()6.?9.C
,2%��.))7&-47+%�!/-,+.6N.(*"�'�03')&D7�(3'.�6'5�

����	�� ���������� !�#�$� �� �-'���� �����,��*�� ��#���������  #�
 ��'���



-/B,� &,� 6D(')7� =M���� 9%� 0'E/6()6'6,3� 07+71+/52.
'2'3'��%=YC�:)')�0+D4'2�-'�(.B�0'+�?63?7)(?�&7'8.�
@.,3*&D9� +72'+-'9� 0'� 6D(')7� (6'L'-&'1'� 0,-7&.?C
�-&,2'%�0'(2'3*2/�0+D4'2�LD3�('67+N7&�0+.�0'9'H.
(),L.3.5.+/GH71'�0,+,NG),%�'&�&7�LD3�5,+71.()+.+'�
6,&�2,2�+72'+-C
�'4&'� '@7&.)*� 9,2(.9,3*&/G� (2'+'()*� 0,-7&.?

�.))7&-47+,%�7(3.�(E.),)*%�E)'�(),L.3.5.+/GH.;�0,�
+,NG)� &,� 6D(')7� [� V� M����� 9� (-73,3� 71'� 0'37)
+,6&'97+&D9%�)C7C�(.3,�)?47().�LD3,�0'3&'()*G�(2'9�
07&(.+'6,&,� (.3';� ('0+').637&.?� 6'5-/B,� &,� A)';
6D(')7C�'1-,�8'+9/3,�-3?�5,6.(.9'().�71'�(2'+'().
')�6D(')D�L/-7)�),2';<

�

� �

= �[W Y
` \

�^ ρ
� %

1-7� �W �>�9,((,��.))7&-47+,�697()7�(�0,+,NG),9.%
('(),63?6N,?�'2'3'�=���21%� �^ �>�03'H,-*�0'07+7E&'�
1'� (7E7&.?� (),L.3.5.+/GH71'� 0,+,NG),� -.,97)+'9
�%X�9%�,���>�2'A88.@.7&)�,A+'-.&,9.E7(2'1'�('0+'�
).637&.?�0,+,NG),%�2')'+D;�9'4&'�(E.),)*�+,6&D9
7-.&.@7C�
(3.�0'-(),6.)*�6(7�A).�-,&&D7�6�8'+9/3/%
)'�9D�0'3/E.9�`�V�=P��9`(�V�����29`E%�E)'�'E7&*
L3.52'� 2� +7,3*&D9� 5&,E7&.?9� (2'+'().� +72'+-&'1'
0+D42,C
,2.9� 'L+,5'9%� 0+.� 0'37)7� �.))7&-47+,%� 2,2� 9D

.�0+7-0'3,1,3.%�0+.('7-.&7&&,?�9,((,�&7�'2,5D6,7)
(/H7()67&&'1'� 63.?&.?%� 0'(2'3*2/� 03')&'()*� �.)�
)7&-47+,�6�-7(?)2.�)D(?E�+,5�L'3*N7�03')&'().�6D�
(')&DB�(3'76�,)9'(87+D%�1-7�'&�/(),&'6.3�(6';�+7�
2'+-C

( � 
 ( * � �  ( ( 
 � � � � ( ��

( � 
 ( * � �  ( ( 
 � � � � (

��������������
#��#��$% �

�
�	��������ef�g���#�
����g���
��g��
.5'L+7),)737;%��(+7-.��2')'+DB���&-7+(���'&,(
�&1()+79�I�X�Q>�X�QJ%��'1,&&7(�	.-L7+1�I�XPQ>

����J%��6,&)7��++7&./(�I�XP�>��=�J%�g,&&7(��3*867&
I���X>���PJ%� L3.(),G)� ),247� .97&,� �+.()'87+,
�'3*B79,� I�RR�>��P�J� .� �&-7+(,� �73*(.?� I����>
��QQJC��6'7�0'(37-&.B�/-'()'7&D�E7().�LD)*�0+7-(),6�
37&&D9.�&,�9'&7),B�.�L,&2&'),B�A)'1'�(2,&-.&,6(2'1'
1'(/-,+()6,C
�&,97&.)'1'�97B,&.2,�.�.5'L+7),)73?�?��!'"c���
 "#HA����7H7�0+.�4.5&.�(+,6&.6,3.�(��+B.97-'9�.
�7'&,+-'�-,��.&E.C���6'5+,()7�N7()&,-@,).�37)�'&
0'()/0.3�6��0(,3*(2.;�/&.67+(.)7)%�1-7�.5/E,3�9,)7�
9,).2/�.�8.5.2/%�('B+,&??�0+.�A)'9�13/L'2.;�.&)7+7(
2�97B,&.27�.�.&47&7+&D9�&,/2,9C�
1'�07+6D9�0+,2).�
E7(2.9�-'().47&.79�(),3�+79'&)�(),+.&&DB�,()+'&'�
9.E7(2.B�E,('6�2,87-+,3*&'1'�('L'+,�6��0(,37%�('�
5-,&&DB��7)+/('9��()+'&'9/('9�6��P�R�1'-/C��(07B
A)'1'�0+7-0+.?).?�0+'.5673�(.3*&'7�607E,)37&.7�&,
�'3371.G�1'+&DB�0+7-0+.?).;�6�#67@..%�.��'3*B79/
LD3'�0+7-3'47&'�('5-,)*�/()+';()6'�-3?�0'-_79,�.
)+,&(0'+).+'62.�+/-D%�2')'+'7�60'(37-()6..�.(0'3*�
5'6,3'(*�&,�6(7B�N,B),BC��0'&(.+/79D;�A).9�67-'9�
()6'9%��'3*B79� 'L_75-.3� 6(G�
6+'0/%� (� )79� E)'LD
0+.6&7().�6�#67@.G�&'67;N.7�)7B&.E7(2.7�-'().47�
&.?C����R���1'-/�6��)'21'3*97�'&�'(&'6,3�97B,&.E7(�
2/G� 3,L'+,)'+.G%� 1-7� &7� )'3*2'� A2(0'&.+'6,3.(*
&'6.&2.� )7B&.E7(2';� 9D(3.%� &'� .� '(/H7()63?3,(*
0'-1')'62,�.&47&7+&DB�2,-+'6C�:),�3,L'+,)'+.?�(E.�
),7)(?� 0+7-N7()67&&.2'9� 5&,97&.)'1'��'+'376(2'1'

)7B&'3'1.E7(2'1'�.&().)/),C
�+/0&7;N.9�-'().47&.79��'3*B79,�(),3,�0'3&'(�

)*G�,6)'9,).5.+'6,&&,?�8,L+.2,%�0+'.56'-.6N,?�(,�
9/G�+,5&''L+,5&/G�0+'-/2@.G�.�.(0'3*5'6,6N,?�3.N*
6'-?&/G�A&7+1.GC�g')?�0+'-/2@.?�8,L+.2.%�(2,479
E,(D�.3.� 6.(?E.7� 5,92.%� ')3.E,3,(*� 6D('2.9� 2,E7�
()6'9�.�&.52';�@7&';%�+,L'E.7�')&7(3.(*�2�8,L+.27�L75
6(?2'1'�A&)/5.,59,%�(0+,67-3.6'�0'3,1,?%�E)'�L75-/N�
&D7�9,N.&D�('�6+797&79�5,97&?)�.B�/973D7�+/2.C��
2'&@7�2'&@'6�8,L+.2,�(1'+73,%�'-&,2'%�6''-/N7637&�
&D;� .-77;� )7B&.E7(2'1'� 0+'1+7((,%� 2'+'3*�#67@..
�,+3�hbb�'(6'L'-.3�.5'L+7),)73?�')�/03,)D�&,3'1'6�6
2'+'376(2/G�2,5&/C
�75,6.(.9'�')��4.+'3,9'��,+-,&'�N67-(2.;�/E7�

&D;� .5'L+73� 2,+-,&&'7� ('7-.&7&.7%� 2')'+'7� 6� 71'
()+,&7� &,5D6,3'(*� /53'9��'3*B79,C� �,4&D;� 623,-
�'3*B79�6&7(�6�+,56.).7�(.()79D�6'-&DB�2'99/&.2,�
@.;C��&�/E,()6'6,3�6�()+'.)73*()67�2,&,3,%�('7-.&.6�
N71'� 5,0,-&'7� .� 6'()'E&'7� 0'L7+74*?� #67@..%� .
(0+'72).+'6,3�-3?�&71'�+?-�1.-+')7B&.E7(2.B�(''+/�
47&.;C��7+/��'3*B79,�0+.&,-374,)�)+/-D�0'�97-.@.�
&7%�A2'&'9.27%�'LH7()67&&D9�&,/2,9%�17'3'1..�.�,()�
+'&'9..C
�797;&';�)+,-.@.7;��73*(.76�LD3.�5,&?).?�,()+'�

&'9.7;%�0+.E79�&7�6�2,E7()67�B'LL.%�,�6�+,&17�0+'87(�
('+'6��0(,3*(2'1'�/&.67+(.)7),C��97&&'�A).�0'5.@..
5,&.9,3.�'L,�-7-/N2.�('5-,)73?�)7907+,)/+&';�N2,�
3D�I�,1&/(��73*(.;�.��&-7+(��0/37J%�,�),247�71'�')7@
I�.3*(��73*(.;JC
0�%��!�+�#H!�@�LD3�.5L+,&�0+'87(('+'9�,()+'&'�



� � � � � � � � � � � � ���

+.,&(2'1'�2,37&-,+?�6�#67@..C��7+6,?�0'0D)2,�5,97�
&D�e3.,&(2'1'� 2,37&-,+?� 5-7(*� LD3,� 0+7-0+.&?),
7H7�6������1'-/%�2'1-,�03,&.+'6,3'(*�/L.+,)*�0'�-&G
.5�6.('2'(&DB�37)�(������0'���Q��1'-DC��'1-,�47����Q
.����X�1'-/�LD3.�'L_?637&D�0'�'N.L27�6.('2'(&D9.%
#67@.?� 67+&/3,(*� 2�e3.,&(2'9/� 2,37&-,+GC� �47
0'(37��73*(.?�#67@.?�6673,�&'6D;�2,37&-,+*%�(-6.�
&/6�(),+D;�2,37&-,+*�(+,5/�&,����-&7;C
�3?�97)7'+'3'1.E7(2.B�&,L3G-7&.;��73*(.;�(2'&�

()+/.+'6,3�(6';�5&,97&.)D;�)7+9'97)+%�1-7�6�2,E7()67
&/376';�)'E2.�')(E7),%�)C7C�5,���1+,-/('6%�LD3,�0+.&?),
)7907+,)/+,�2.07&.?�6'-D�0+.�&'+9,3*&'9�,)9'(87+�
&'9�-,637&..%�,�6�2,E7()67�����1+,-/('6�>�)7907+,)/+,
77�5,97+5,&.?C��47�0'(37�71'�/B'-,�.5�4.5&.�N2,3,
�73*(.?� LD3,� 'L+,H7&,� 2� 77� ('6+797&&'9/� 6.-/C
$3,1'-,+?�)'E&';�8.2(,@..�97)'-'6�.�/(3'6.;�.597+7�
&.;%�N2,3,��73*(.?�-,6,3,�L'3*N/G�6'(0+'.56'-.�
9'()*�.�)'E&'()*�0'�(+,6&7&.G�(�.(0'3*5'6,6N.9.(?
)'1-,�N2,3,9.��,+7&17;),�.�	7'9G+,C�����QX�1'-/
7-.&.@7�)7907+,)/+&';�N2,3D�LD3'�'8.@.,3*&'�0+.�
(6'7&'�&,.97&'6,&.7�!1+,-/(��73*(.?"C
g')?�)7907+,)/+D�2.07&.?�.�5,97+5,&.?�6'-D�0+.�

L3.5.)73*&'�')67E,G)�('6+797&&D9�0'&?).?9�1+,-/.�
+'62.%�8'+9,3*&'�.(B'-&'7�'0+7-737&.7�)7907+,)/+�
&';�N2,3D��73*(.?�)+7L/7)�2'++72).+'62.C��73'�6
)'9%� E)'� )7907+,)/+D� 2.07&.?� .� 5,97+5,&.?� 6'-D
5,6.(?)� ')� ,)9'(87+&'1'� -,637&.?%� 2')'+'7%� 6� (6'G
'E7+7-*%�5,6.(.)�')�'0+7-737&.?�)7907+,)/+DC���('6+7�
97&&';�)+,2)'627��%��ij��/(),&,63.6,7)(?�6�)+';&';
)'E27� 6'-D%� ,� 1+,-/(� �73*(.?� +,67&� �`=�M%�R� ')
+,5&'().�974-/�)+';&';�)'E2';�6'-D�.�,L('3G)&D9
&/379� )7907+,)/+DC� �'13,(&'� A)'9/� '0+7-737&.G%
'-.&�1+,-/(�0'�N2,37��73*(.?�0'�,L('3G)&';�673.E.&7
+,67&�'-&'9/�1+,-/(/�0'�N2,37��73*6.&,C
�3?�0+7'L+,5'6,&.?�N2,3D��73*(.?�6�N2,3/��73*�

6.&,�&,-'�.(0'3*5'6,)*�('')&'N7&.7���V�=�M%�P�k��%
1-7� �� >� )7907+,)/+,� 0'� N2,37� �73*6.&,%� ,� �� >
)7907+,)/+,�0'�N2,37��73*(.?C��3?�0+7'L+,5'6,&.?
N2,3D��73*(.?�6�N2,3/��,+7&17;),�&,-'�.(0'3*5'�
6,)*�('')&'N7&.7�l�V��%X���k�M=%�1-7�l�>�)7907+,)/+,
0'�N2,37��,+7&17;),C�#2,3,�	7'9G+,�6�&,()'?H77
6+79?�0+,2).E7(2.�&7�.(0'3*5/7)(?C

9..�6��0(,3*(2'9�/&.67+(.)7)7�6���M�� 1'-/C��'(37
A)'1'�'&�0+7-0+.&?3�-3.)73*&D;�6'?4�0'�76+'07;(2.9
'L(7+6,)'+.?9%�1-7�6()+7E,3(?�0+,2).E7(2.�('�6(79.
67-/H.9.�,()+'&'9,9.�(6'71'�6+797&.C
�(2'+7� 0'(37� (6'71'� 6'56+,H7&.?� 6� +'-&';� 1'+'-

�73*(.;�0+.&?3�/E,().7�6�A2(07-.@..�8+,&@/5(2'1'
,()+'&'9,��C�'07+)G.�&,�(767+�#67@..C��73*G�A)';
5&,97&.)';�!3,03,&-(2';"�A2(07-.@..�LD3'�.597+7�
&.7�-3.&D�579&'1'�1+,-/(,�6-'3*�97+.-.,&,�6�&70'(�
+7-()67&&';�L3.5'().�2�0'3G(/�.�('0'(),637&.7�0'3/�
E7&&'1'�+75/3*),),�(�-,&&D9.�,&,3'1.E&';�A2(07-.�
@..�6��7+/�6L3.5.�A26,)'+,�I(9C�(),)*G�!g'+B7�g/,&
-7��,&),(.3*?"�6�!�6,&)7"�OM�5,�=��R�1CJC�:2(07-.�
@..�0'-)67+-.3.�1.0')75/��*G)'&,�'�)'9%�E)'�8'+9,
�793.� 0+7-(),63?7)� ('L';� /03'H7&&D;� &,� 0'3G(,B
A33.0('.-%�,�/E,().7��73*(.?�6�A)';�A2(07-.@..�(-73,�
3'�71'�5&,97&.)D9C�:)'%�6�(6'G�'E7+7-*%�0'56'3.3'
�73*(.G�0'3/E.)*�-'(),)'E&D7�(+7-()6,�')�N67-(2.B
63,()7;%�E)'LD�'(&,().)*�,()+'&'9.E7(2/G�'L(7+6,)'�
+.G�6��0(,37�&,.L'377�('6+797&&D9�'L'+/-'6,&.79C
�,()*�'L'+/-'6,&.?%�0+,6-,%�LD3,�5,2/037&,��73*(.�
79�7H7�+,&*N7�6'�6+79?�-3.)73*&'1'�0/)7N7()6.?�0'

6+'07C
�L(7+6,)'+.?��73*(.?�')2+D3,(*�6���Q��1'-/C���)7

1'-D� 5,-,E7;� 0+'87(('+,� ,()+'&'9..� (E.),3'(*� &7
)'3*2'�&,L3G-7&.7�5,�5675-&D9�&7L'9%�&'�.�97)7'+'3'�
1.?%� .� 17'1+,8.E7(2.7� .597+7&.?C��&%� 6� E,()&'().%
6&7(�6,4&D;�623,-�6�2,+)'1+,8.G�#67@..�.�/(),&'�
6.3%�E)'�/+'67&*�57973*�(767+&DB�()+,&�7H7�('�6+797&
),?&.?�37-&.2'6�97-37&&'�0'6DN,7)(?�&,-�/+'6&79
9'+?C� �,-'31'� -'� (6'71'� 0'(37-'6,)73?� $.+273,&-,
�&-7+(��73*(.;�0+.N73�2�0'&.9,&.G�)'1'%�E)'�(767+�
&'7�(.?&.7�'L/(3'637&'�9,1&.)&D9.�?637&.?9.%�0+.�
E79� ),2';� 6D6'-� '&� (-73,3%� &,L3G-,?� ')23'&7&.7
()+732.�2'90,(,�6'�6+79?�A)'1'�0+.+'-&'1'�?637&.?C
�73*(.;� '0/L3.2'6,3� 2,),3'1� M��� 5675-%� .(0'3*5/?
('5-,&&/G�.9�(,9.9�8')'97)+.E7(2/G�(.()79/C��-7?
A)';�(.()79D�5,23GE,3,(*�6�&,3'47&..�-+/1�&,�-+/1,
'-.&,2'6DB�0'3/0+'5+,E&DB�03,().&'2C�,2%�-3?�.(�
23GE7&.?�(67),�')��.+./(,%�?+E,;N7;�5675-D�&,�&7L7%
79/�0')+7L'6,3'(*�=P�03,().&'2C
�73*(.;�LD3�,2).6&D9�()'+'&&.2'9�667-7&.?��+71'�

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

�*�*$�%���� �&�� ��������	� ��������	 � ��+����	� ������&� ����� ������
$����������� ������#������������� ������
�� � ������	� �������&�� ������� �
�����������������
���������"���!����� ������	�%����	�������������������
���	��������������*

������������!�������������������
����������������������!�������������
����%����!�*�����������������������������	�������+������� �������������������
',������
	� ����
������)� ��� ������ � ������������ �&��� �������� -� ����!�� � �
��	����
��� ��
��������"���� �������%�� ������	�*

$&� �� 
�����!�����	� �������!� �� .��	� ����	�&	 � ��� ����!� ������&	� �
��������&	���������	*�/�	��
��������!����������!��������������!������$�%�#
���*

������.�����)������*�)/�#����.����$&���%��/
�#����.�)�0�#�����12%���3

���/�
�� ��'���,
��)���

�ABCD
E
FGGH�


