


 

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


�� ����� ��!���"   

 #��$%&� 	�� '( )*+��� ,*!��� ,�������� .� � 	����
 ,��
����� /�0�� ����1� '(� ,�2�3�4�� ��$�4�� ��5 '(� ,��(������

'(� '�� 6�+�7� 89� �����:�� �2	�� );2 	���: 
6�;<�� 8=���� .�:>�� �?9 @ : ������ �	
� �� ������� ������

��������B�
*��� ������ C�D�� E	�� 8(F G�HI�J E?��@: ���2 ��� ;��
 �	� �� 	��� �� ���K��
	�� ��H<�� B L� ;����2� �$�2 ��� �� �� � N� O� 

�2&� �?3 P Q�<(� RS�T� �:�� U���V��� �+�� ;�� �D�� ����� P )
 �
 W��!��� WS���� X;��� ��  �YZ [���T �� ��\S ]�V��� 6& ^�Z�
 ���� E�;<(� _�9<��� .�:Y '( ��  	�:� 	F� ,�� �D�� `3?���
 ���a� ,��( #�<b�� '( R��c�� ,��� �D�� ��d� ��( R� =; E?�� ��

 ��3��e� �� ���� �<���D�� `�4f(� _�:���� �<0
`:>�� �
" 
 U�J�$ �
 � ������ ����� .�;�� �Y ]�V��� �?3 ��:a� 	F�

 U*
��
�W��� '<�
� �(9� ,��$� �!:f
 .;(�g�  �� #�a 6��
 �� h�:<2 ��Y ,8����� �< �<0:+2 i� 8(��� `��K .�:>�� �?j h�:<2

,������ �S���� ,��$>��� ��0!��� 
 �J �� ,'�g  h�S 	F .�:Y �
 ����  ,[���T �� ��\S� ]�V���

 .�$D(� [�\
� X�k i� ,�d���% �
 #��(��� �
� ,���b
� �
 .�$D�� J�k�
#*$<�� #��(��� �(b
� �
 [*b
� ,#*l���" 

8����� �� 6��$� �	���� �� 6��$��" 
 )����� �9a �
 �a���� R$+�� );2 ���mnopq3 

r �;���sntmutsumv) 
������� ������ �� 	��
. 

1



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

 ���� w;�$��� '( )*+��� ,*!��� �������� =.� � 	����
	��� ,����S� �$�1� ��5 '(� 	��
 �%	�� ������(�: 

 U�	H:+
 �>� �9:��H:�� �l:�2 �3J;(T� ��2�D�� X��Y 67 

� ��k�;%� �!��� 	F �?3� ,�9�( �
� x�&� �� w�2 );2 '�� �(Y�D

 �� ,��k�<�� 8>� '( ���	�� ��2�!�� y;!<�� X*T �
 [*�  r��c
 X;1&�� zJ�$��� �� ,�9<
 {�$<:�i�� J�9:Si� |�K X*T �

 P ]�V
 X�� P �� �D�� )�
}� ��( 	Y� �
 �?3� ,�9<
 �S�f:+���

����� X;1� 8(@������� ;3�B X�F ~�� @: �3� �
 	�g� X\<c R+�( 
 �� X�F �9�  �	9�� ��$� '( ���	��  �� .�:Y P� =i� ��k�% �� �2J

'���c� ���$c :��� �̂]�\�[�Z�Y�X�W�V�U�T
c�b�a� �̀_���� (j :m*  

X�F� :��i�h�g�f�e�d�c�b�a�`�_��

� (l :��* �l2� �� �D�� )�
}� X;�2�@ : ���  8(+�� X\% �
 �Y
 ��  6�Y �Z� ��(� ,,J;S;
 ��iJ ��  r��� ��$� '( �� ,)ki 8>�
 ��$� '( ��i	�� `(K �<��� ��  �>2 8� �Z�� ,��$c� `S� 8>� �<���

J�9:Si�� ��  r���B""" 
 �l2� X�F�@ : �j 89�	  X;��� J�$��� '( =�
 ���<� �S �� 6�

�� '�� ��$+�� 83�	3� ,](:f��� ��� |���� '(��iJ� �!% r� B
 ,�3����� w���� ��J { ,�Y�a 	��� C�D�� r���c ,������� hS��2

y@su ,npp ,vum B 

2



 �
 J�9:Si� '( �2�J���� �
 W��!�� ](+�� ��� �?3 '(�
 �� ,y;!<�� '( ��k�<�� 6;���2 �;%�Y ~�� ,�����:��� ����!��

 ^�Z ��	S� 67  ���S}�−K��a� �2\<:�� ��  ,���
 h
 �−  �;��% 	� 
 P �9�2 6� '���c �� #�a� ,J�9:Si� |�K r � ��	9:S� i�� ,89:�0G�
 �;% =�J �2?�� �2	9:H��� #�9���� ��$Y �
 �;�H
 E�H9�� ��b�� 6����
 ,Q�<�� ���� #��(��� 8��
 ��� �;��%� ,8�?
*c �% =�J �� ,899� 

83� ,��$>�� ����&� ��d&� 89��� '( #iV9  :}� ,���<� ;�� )�

 �� ���� 83��e� 	��� )�
}�� ,�� �D�� )�
}�� ,^��
 )�
}��
 8����� P U��:�� ':� 89$3�?
 U�D:%� ~�� ,����S 89�( '���c
 8��
 W$1�� ,E�H9�� h����� 6���� �2�	�� ~��b�� 6���� �T��� ?<


 ,�� 89��� ����&� #iV3 ��  '( �k;
 �
*�}� 8����� i�
 ��;%� 8���� J�9:Si� h4�<2 8� ~�� ��<3 �
 �� �<3 �
 U�J�9:S�

����+�� �;!��� P" 
 8�?
*c� 8j��1�� ����&� ��d&� #iV3 �<� ��c  	� 
 �9<
 ,J��:�i� `H2 �� �9Y�c� �9���3� k;H2 i ���� ,��� 83;���c�
 �� X��3� 6�J� ,X;$�
 ��e �2	�c� R��
 `!�c 6�J �>��

$c��3*>  ,��f@�42��c� �K�� � B ��S E?�� ��;�� �9<�� ]��f

X��c X��  ��( �
&� �?3 '���c �� :���^�]�\�[�Z
e�d�c�b�a�`�_� (~��� :mno* 

]�&� h
�  �2��:�� �9<
 8(��� �$(K 8��
 ��� ��a �%7  	2	D��
 �:�d� '(� ��( �Z*�� );H9��� �$3?��� ����� ��f$c '( 8d����


 �� ���:Y ����F ��%�� ,	�� ����� �
 �;<>�:2 8� );( �$(K ��� �$F �

3



 �9<
 P ����� �2?�� #��(��� ��� ��	(F� ,~2	��� `:Y �
 ����:Y
 	��
 C�D�� �(�l  �YZ ��Y #iV9  ,��*l��� �	$�� ,�d�J h��;c
 P ,?c��� �;�$1�� ,��$!�� P �;�(�c #iV3 6� ,�� ���� ���\0��

�����(�� P #��(��� �;�S�3� ,�!" 
 ,R����� `!�:��� �2	�:�� �9<
 �9� �9<��� �?3 ����
 P�
 ������;%�
\�� ��0:� ,���
 6�J 6;���+�� ��YZ �
 '( J;�H���
 ��f��  ,�2\<:�� �� � ,���l:�i� �� � ,��>�:�� ���� i� ,X�;�&��

�:�i� '( 8d���� X	:���� ��;�� �9<��� P ��d�J ��
 �;!��� ,J�
 �� ��d��:%� 6�Y #�;� J�9:Si�� 	2	H:�� h
 ,6;���+�� �%���( �<� �Y�c

��d�D%�" 
 ,�� �D�� )�
}� `3?�� �1*T ;3 �
	F� E?�� .�:>�� �?3�
 ���2 Z�:�&� ������ �&� ���V
 ��  )\:�� ~�� ,����� ��( ��:�� �
�

 6�� �K��
	�� ��H<�� �� 	��� ��@ �Y?2 i �3� �:�!� )\S �
 =i�
6��ci�� W�S��� �3� ��� ���  �;:��� ��(� ,6� ����� W��!:��B ,

 ���:T�� ,��f(:�� ~�� �
 [i�?$
 �$�K [�	9S ��  U	S� 	F�
 �� h�%� ,[���T '���c �� ��\H  ,����;�� �0(��� ,�(+�� .;(�&�

�2	�� );2 �c�<+� 6�\�
 P �(�S� ,���(+���� )*�}�" 
8(�� �$�1� ��5 '(� 	��
 �%	�� '( �� �1� 

�$:Y 
�"J "�e�J ����� �2	�� ���
 �( 

���(+��� #��(�� ������� J��c*� )���� ��
&� 
w;�$��� #�: *� ����&� �(H��� ��d� `d�% 

4



������� ������ �!�"� �����  
! �+,-�� !-�.�� /���-01 $2 &-'� $2 &- 3 

����qqq��� .� � 	qqq���� ,�2	qqq��� ��%	qqq�� �;qqq
� 'qqq( ���:qqq+% �qqq�� ,�
� �qqqq$<�� 'qqqq( 8(qqqq�� �� '(qqqq1�&� �qqqq
& �qqqq0�� �qqqq�5 'qqqq(� ��qqqq


 );qqq2 'qqq�� 6�qqq+�7� 8qqq9� �����qqq:��� �2	qqqa���� ����qqq1�� ��
�qqq����
	�� �
� �2	�� : 

 �qq����� C�qqD�� �(�qql  .�qq:Y �qq
 _Z�qq�% ��qq+�� X�qq� R��qq!c 	qq�( 
8��qqq��� t�qqq>
 P �K��
	qqq�� ��qqqH<�� 	qqq��� �qqq� �qqq��2  P �qqq
�>���

� �qqD��� P )��qq��� 	Hqq+���& 8qq�% �qq:���g  6�qql
� �9qqa �qq
 �qqT��
qq =�V���;qq�� ] qq I�V��� 8qq�%� ��qq� ]4���� �	
55� �55� �55������ �55�

�����55��� ���55���6 " ��qq+�
 �� �qqD�� `3?qq��� )	qq�2 �qq �� .�qq:Y �qq%�
9qq+
*  W(qq!2 h
�qqS� \qq��:
 E�qq! .;(qq�g� �qq�;$
 �qq$c�
 *�	qq


�� Q��	qqq��� P �2�	qqq:(� `�qqq!�� ��?qqq2� 	qqq��$�� .�qqq�2 U�qqq�
�H�
 �� �qqqqD�� `3?qqqq��� #�qqqq�( J;qqqq9S �(qqqq+(+� ���qqqq$
 	qqqq9S ;qqqq3�
 ,��: ,�qq!��� �?qq3 `qq��<2 �qq�� ]2�qqD�� `3?qq��� �qq
	f� ,J	qq�:���
 U�qqq
;(��(� �qqqa�$��� J�qqq+��� ,��qqqc� , .�;qqqH��� X�Vqqq+�� .;(qqq�g�

�(�9qq+c� �qq$2?�� ��qq�
 .�qq:Y #�qq�:%�� ,��qqc� , " �qq����� �qq92� ^%�	qq 
�:����T �qqqqq�*� Rqqqqq��S ^qqqqq<� �qqqqqj �qqqqq�c �qqqqq�9�  �qqqqq1& ���qqqqq1

 �qq� � �K��
	qq�� C�qqD�� �(�qql  ���qq2 �3�4qq�� �qq9H�J� ,�qq1������

5



X;qqq$��� �qqq��V��� �qqq� `qqq:Y� �J�k� �qqq� W:qqq � �� " �qqq92� Rqqq2�� 6��
 X�qq�>��� �qqD$�� 6gqqa �qq
 �qq%7  ^qq� R�qq1� �qq
 6�J 82�qq>�� z��qq���

�qqqd��$%�� �(qqq��� ��qqq!���� �	qqq�� � " �qqq%� ]qqq�V��� `qqq+�� X?qqq�
 �qqq2J P �qqq��:�� 	qqq2�2 �qqq�� �qqq(�(S �qqq
	T� ��;>qqqD
 �J;qqq��
 �	qqq9S

� `3?qqqq
 'qqqq( '��qqqq�c ��} �� �qqqqD�� �qqqq2�J� �qqqq� 	qqqq��
 )�qqqq

 �qqq �qqq:�� �qqq2��f�� �qqq<� J;qqq!���� 'qqq�� 8(�:qqq��� �qqq1;c �qqq$(4���

 	qqq��
 '�4qqq!��� �<�;qqq��� �%	�qqq� #�qqq�(���� #�qqq9���� )�qqq
� �qqq9<−
qqq+��� ,*qqq!�� �qqq�(* )−�qqq�;�� :4�� J�qqq2 �qqq
  P �qqq9��2 ��qqq�T �qqq�

�2	qqq��6"6�f�qqqD�� �qqqS�T�"rqqq� ;:�� ��qqq�� "�4 �	qqq���� �� 6��$qqq�
8����� �� 6��$�6 �������� .� � 	���� 6� 83�;J �T5�  " 

 '��qq�c �� 'qq�� �qq����� 	qq$��� ��(qq+
� ��(qq!
 �	qq
�� �qq$:Y� :J" 	qq���
 �2�	qq:�� �qq��3 ;qql ���$qq!��� �qq�9H�� ����qq�� �qq� 	qq��
 �qq�


 J	 P��(f��� ����� U��
�S �" 
  hqqq�H�� �qqq��S P �qqq
�>��� �qqq>
sp  ���qqq$��� 6�qqql
� �9qqqa �qqq


mnov�� �;2� �sv  ;��;2sumn)" 

6



������� ��"� �����  
(����� )�*� �+ �,��� ���  

 	qqqqq�����  8qqqqq� ,X*qqqqq���� )��qqqqq��� ���qqqqqa� ,X*qqqqqH�� EZ
 	qqqq��
 ,�
�qqqq9:�� '�4qqqq!��� �qqqq$<�� 'qqqq( �
*qqqq� hqqqq
 �� ,*qqqq1

�
 EJ�9�� X5 ��T� `�!�� ��a�� X*l�� "	�� �
� 8�: 
  i ]qq�Y ,�qq���� 8qq( ;qq3 	qq$��� �qq� �0:qqD2 �qq
 ��qqa� �qq
 67qq 

X;qq�2 )*qq+��� ,*qq!�� �qq�( �qq$<��� :� P �qq9��2 ��qq�T �qq� �� J�qq2 �qq

�2	qq�� �8(qq+
� E��qqf$�� �qqS�T��  �qq� �0:qqa� �qq�(H�� 8qq(��� �?qq3�

 �qq��� �?qq3 �qq�d� �qq
 6�qqY� �b2	qq�� ��2	qqF 8qq(��� �qq3� ,�qq�d&� )�qq
�
 8qq(�)*qq&�)�	qqF&� Cqq��� �� �qqD�� )�qq�9�� )�qq
}� , " �qq� 	qqF�

 #�qq�(���� 8qq(��� �qq$(K �qq
 �qq��e hqq�S �:qq��	
 P ?qq�(:c� �qq�( �qq

 'qqq:� �qqq�*K �qqq
	T� `3?qqq��� �qqqD:%�  ,)�qqq2&�� 6�qqq
k&� �qqq
 'qqq(

.�qq0���� |�qqD��� J*qq� `3?qq��� ��qqK " U��<qq!��� �qq�  R�<qq1�
i;qqq4
 6;$c�qqq>�� �qqq�  `qqq:Y� �qqqY P �	qqqe 'qqq:� ,U��qqq!:f
� U
U��?qqa 8qq(��� �?qq3 �qq
 Rqq���  hc�qq��� .�qq:>�� 'qq( Rqq�(K� 	qqF�

 . );qqq�;��� ������555��� ���555��� �	
555� �555� �555������ �555����� � ,
 hqqq:
�� �qqq� �qqq�� hqqq�% ��qqqH<�� �qqq��2 C�qqqD�� �(�qqql  hqqqd���� `qqqc�>(�

�qqq�(�� " ,J�qqqS� .�qqq:>�� �qqq
 �qqq�( E�qqq�% hqqqF� �qqq��  Rqqq2�� 	qqqF�

� ��;9qqq� ,,J�qqq ���qqq���� �4$qqq� ,�qqq%�� " ]qqq�V��� 	qqq�:� 	qqqF�− 

7



��qqq��2� �qqq$�2 �qqq�� �� �qqq� �−  �qqq
 �qqq!:T�  `3?qqq��� P 	qqq�:����
 X�qq<��� �9qq� .�qq:>�� 6;qq>�� ,.�qq<K� �qq�e �qq
 6�J� ,X*qqT� �qq�e

�qqd	:$
� 8qq(��� `qq��4� " �qq$(K �qq
 �qq�b>�� ��qq<�:2 6�qqY �qq
 �qq�  Rqq2���
 �qqq ���� �:��qqq� �qqq�  	qqqH2 �qqq!:f
 ]<qqq!
 'qqq( X;qqq!�(� 8qqq(���

� E?qqq�� `3?qqq��� �?qqq3 ,��� �qqqD�� ,J�qqq+�� `3?qqq
 P 	qqq�:���� X;qqq��
 Z�?qqq &�� U�qqq
���� �qqq�  �qqqT� J�qqq$��� .;qqq(F P �qqq�� J*$qqq�� J�qqq�
 �qqq�  �qqqH���� ���	qqq��� �qqq�(>�� `��qqq1 �qqqH��� )�qqq
}� �� 8��qqq 

 �� 	��
 �;3	�� �%��2�� �;!������ �D�� �2�J" 
  6�� ,��qqq�bY �qqq�(T .�qqq:>�� �?qqqj hqqq�<2 6� Xgqqq�� ��� rqqq ;2

 6;qq>�� �qq�(H�� 8qq(��� �?qq9� �qq
	T �qq�� 	qq9S 	qq2\�� �qq��2 C�qqD��
 ,��qq!� 'qq( �qqcJ�$ �;<qq+��� 8qqj� )�qq>�� Q�qq<�� 8�qq(�c P 89qq� �qq�
 ,82;qqF �qq� �qq>� J	qq+���� ��qq���� 8qq�%� '�;qq��� 8qq�% �qq%� ,8qq9 �

�������� .� � 	������  
#�qq�(���� 8qq(��� `qq�
 �qq�� �qq
 ;qq���� `qq��K �qq$:Y� :	qq�� �;:Y

�� 	���� ��� E�f  �� �2	" 
 	qqqq�&� );qqqq2v  ,	qqqq���� EZmnov  rqqqq �;��� ,�qqqqH9(�om  .5

sumn )" 

8



 
 
 
 

 NX O;qI4�� L� N�q Ol L��� L� , N)� L�q OY N}� L� NX L*q LH�� ENZ NJ� I;q LH�� /�qL$�� N�q(N� G	 O� L���
�q La I��� N��N$q L� 'q L�N� ENJ�q L9�� ,NJ�q La O� N}� L� N]qO4�(�� NrN��q LT , N)� L+ NH�� N�L< N��� L� ,NJ

�N  N� �� L�I:(N� Nr/ L; G��� T� L� N�qN� L]qL4 L� O� L
 N�2 /	�� L�qL(O�L� G� G	q L� O�L� ,NJ�qL$ N��� L�qN
 G� L��qL:
 G� L( L� OaL� L� G�� LY OkL� L� G� L( L� OYL� L� �	 O� L�" 

 , G�� I� L0�� G82 N� L>�� G	 N�� L;�� ,G� L� L̂ 2 N� La Li G� L	 O� L� G�� IiN� L� L�N� Li O6L� G	 L9 OaL� L�
 L� L� [�qq L� O� L� w;qq G�O$ L��� ,G�qq G(�N( LT L� G�qqG$�N$ L� L� ,G� G�;qq G� L� L� G� G	qqO$ L � [	qq I� L� G
 I6L� G	 L9qq Oa

 L��qN� I�L&� 'qL( L �q Il L� G��� , N�N: L��q L� N� L� N�qNc L; O LJ N8�q N� O�L:N� ' L�L4q O! G��� ,�� N� L�� L�O(N�
 [�qL$NK�LF L�� N� L��q L��� 'qL( L � I�q LD G��� , N�qN: I2 N�L� O�qN
 L�2 N� NT�� L�  , N�N: L� L�q La NX; G�q GDN�

 N�q L0 L��L$ G�O(N� N�qN: I
G� Nr�N O;L:N� ) I� L> G��� , N�N: L�2 N� La N� L�� L� L� L� N�N: I(N
 N	�N2OgL:N� y; G! Of L���
 'I(q L1 , N�qN: I
G� 'q L�N� N�qN� L� N� O�G� � L
 N��N(O$L:N� N)�L� N��� L� , N�N: L�2 N�LK L� N� NS� L9O<N
 N�� Ll2N� �N 

 L L� N�qqO� L( L G�� N�qqN�5 'qqL(−  N8qq L
G&� NW�N��qq L! L
 , N��qq N�L��� N#�qq L� L( G� L� N�2 /	qq�� N#�qq L� L( GT
 N�O�qq L�Nd� LJ � [
 L*qq L� L� [, L*qq L1 , N8qq L> N��� Nk;q G
 G� L� N8qq O( N��� Nk;qqG< GY L� , N) L�qq L>�� NW�Nc�q L� L
 L�

 G	 O�L� � I
L� , N) L� L>�� L� N8 L�/<�� N)� L� L	N� N�O� L
 Nk L*L: G
: 
 N���qN� LX� L0N:q Oai� I6N7 L  /8q L3L� L� , NU�q L�I4�� /�q LSL� L� N. L�q G��� N�q LlO L� O�qN
 N8O(

 , NU�qq LF O�L&� G�Nd�qq L�L% N�qq�N  ORqq L� N�O%G� �qq L
 'qq L� O�L� L� , NU� LJ�qqL$ N��� N	qq LY5 L� N�qqO� Lf�� N�� L;qqO%L�
 'q L�N� L� LJ�qL� L� , NU�qI�NY I\�� N�q G�O%L&� G.� L�q O1L� N�q�N  N� �> L�I:�� L� N�NY� L� OJN� �N  L� I� La L�
 ; G�N$L:q O+ G
 N�qN� �/( L�I:�� 'L�N� L� L�� L� L� , NU� L
 G� O> L��� 'L�N� L6; G N�� L+ G��� N�N� N)� L�N: O3i�

  
  

�������  

 

9



 , NU�q L�2 N� L>�� N65 O�q G��� NU�qL25 O�N
 �� O� GS G� Gc O� LY LZ � L
 'L( L L� L3�L�Lc O	 LF L� , NU� L�O� Lf��
 Li L� , NU� L�; G9q OD L��� N� I2 N;L$I<�� N� L�� N� I!�� N~2NJ� L�L&� L� N.�qL< OK N}� 'q L�N� L, L�� G�q L� 

 NU�I�N( LH�� NU� L� N�� L;�� L�N
 � L9N% O; L>N� �L< G3 � L3 N� OY N?N�" 
  N��qq L�N: O Ni ;G�qqI� N9 O� N��� G�Nd�qq L+ L��� N6�qq L
 OkL&� N� N?qq L3 �qqN  N8qq O( N��� N�� L;qqO%L� �8qq L3L� L�

 N�� L>Lc � L9I%L� Lh L
 , NU Li� L��� Nh� N� LS �N  � L9O� L�N� NQ�I<�� Nh� N� LS ORqL%� L>L  ��q Ll O� L
 ]�
 NU� I�N9 G��� N8 O3L� O�N
 " L�N
 N�� G� G��� �N  N]�N< O!I:�� L�N
 N�I� N�N � ID�� G#� L9 L� G  L�Lb OYL� O	 LF L�

 N	qq N� L; L��� L� N)�qq L> O�L&� L�qqN
 �qq L9�N  �;qq G LJ O�L� L� , NU� L�qq L!L: Of G��� L� NU�LK;qq G+O$ L���
 N�Nd� L�I<�� L�N
 � L3 N�O� Le L� N� I�NJL&� L�  N�q O3L� L	qO< N ��; G9q OD L
 �);G( O� L
 L; G3 � L
 , NU L*�N( LH��

 NU�L2�L< N��� " Lh L
 ,U� L� NDL:O< G
 OU L�� L!L  N, L�Ob L>�� L�N
 �� L2� L9N% �N  O8 G9Gc� L�I< L! G
 ORL%� LY L�
 Nhq O� LHN� 'L��q L�Lc G�� �N< L� I L;q L  , NU� L��qL�N: OTi� �qN  N� L*N:q OTi� L�qN
 N�qO� L( L L� N3 � L


 L:NY G�G:O� I� L� /�N�N � ID�� N� O� N��� �N  �.�� Gf�� N, LJ�q I+�� Ǹ L3 O?q L
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G� L� �N�LgN�

 LX�LF ? GX; G�Lc � L
: � 9� !57:;�92 ;& 7��92 8P <�8�� <aD <I93 9$;�592 9l ;&5 9��92 �5 9- 9? 9p�59%�9E 9m 9$;�592
 9$ 7� <r9�;29L� <k ;D8b�� �8�9: <% � 9- 9? � 9%�9E 9��� 9$ 7� !7: B� 9K 8P <�8�� , 7k7# ;G 9-�� 9� 7u7# ;� 9-��

 7� 9#9+�� 9� 7t;8b�� 9� 7]� 9-��72 9p�9%�9E 9m ;/ 7� ;"� 8P <�8�� , 7O9K 8&��6YUZS 
 @v 7,9% 7N� 9D ;K9L� 7� 7
 9	 @/ <? 9�  7t;8b5�� 9]�5 9� 8X71 � 9�72 <# @�9E8>�� d/�5 7, ;� 9Q 7�5�7� : O6N7q L  

 IWq L1 N�O(Ibq�� N, L��q LT L� L� N8q O+ NH�� N, L�� L�q L� L� ¡�q L� N, I	q NDN� N; Ol G��� 'L( L G�O(Ib�� LX� L�
 N; Ol G��� 'L( L N#� L��� N6�L2 L� LS NX; G! G�N� ; G#; G� G;��" 

                                                  

YTZ  J��J ;�� ����@©© B E?
����@©© B ��q�
 �q��� 	q��� )�q
}� ���q1 	qF� ,�<q+��
���� )\� ����  ��$��� ��f(c ��%� ,Ek;H��@mtms B r���:�� W��<c�@mts�"B 
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� �N  IW N!L2 O8 L� O� N+L2 O8 L� O6N� L� ,G�qO<N
 N�;q G+ O� L��� GWq O+ L
 �W N!L2 L� , NX; G+ O0 L��
 G, L��N$ LH�� L� �] Gf�� L� GQO� I��� L; G3 L�" 

@S3?T� :0���JK 4���2E0�2�0�<U :  

  N� L(q O+ L0�� LY �w L	 L� O� L N, L�� L9I4�� Nx O�L  �N  G� L� O�L: O+ G��� G��N( L��� G#� L��� L; G3
q L ��qHL% N�q L�� LkN� �qN  O�L� , N�q�N  'L��G&� G�qO� Le �� N3�q LK L;q G3 L� , N. O;qIb�� N�L� N6 L	qL$�� N�

 �rL(O4 G
 G�O� Le G�I%L N& ;� [+HL% G�2 N\L2 Li L� � [� L	 L� GhL O�L2 L*L  , �� /9L4 G
" 
 O�qL� ,�[�N%� L� L� L� O�L: O+ G��� L#� L��� �; G� L� OHL2 O8 L� O8 N9 N3�L�N
 N� I(NF Lh L
 L]L( I+�� I6L N& L�

 I:�� 'L�N� �;G( L�L:O%� �� L? O�L: O+ G
 G�I%L N& ; N. O� �D(N� G�;G( L� OHL2 O8 L� � L� LY , N8 ��L�" 
 L�qN
 �	q LaL� L�q L�� LHI<�� I6L N& ; ��;q G9L4L  N�O�qL: I( GF L�qL(L$ L  G� L� O�L:q O+ G��� Lhq N� GS O6N7 L 

 N�O�qL: I( GF L�qL(L� 'qI: L� Lhq N� GS O;q L� G� =HL<qL: G��� G#� L��� L� , NX� L� O�N: O�i�−  L0Lc Li L� OEL� ��q��
 N�N�− 'L� O�L� G� L� O�L: O+ G��� L  ,� [�O4LF � [�; G9LK L�� L1" 

@S8�VW :0���JK 4���0XA�4Y :  

 ��qq /9L4 G
 L� ,[�qq L�� LHL% Lrqq O( L2 O8qq L� G�qqI%L N& ; N�qq N+ O�L% �qqN  �� N3�qq LK L;qq G3 L� : Ghqq L O�L2 OEL�
 , N�O� L( L N#� L��� N8 O�� N| L*OKN� N#� L�L$N� L� LHI<�� G�2 N\G2 L� Lw L	 L��� � [92 N\O< Lc � [ O� La G� L� O>G2 L�

 �qN  N6 L	L$�� �N  G� G�� L� O�N: O�� G� L� O>G2 OEL� , G� O� ID�� G�O:L< If L� � L
 OEL� , G� I� LD G��� G#� L���
 �. O� Ga L� �� OYLg LY ,� L3 N�O� Le L� N, L�� L9I4��" 

 L� N3 �{� G� Ga G� L� L*L� N�N: L3� L� L>N� G{ L�L: ODG2 O�N> L�: 
T−  �J L*N$N� L6; G>L2 O6L� OEL� ,�, I�� L� : ��q L�� L� 'q L�N� N�qN: L�� L� O�q L G� O�q ID�� G�G$N( O� Lc
� L� OTG�" 
U−  L| N�qGK �q L
 ��q GY L�q N3 L� , N�O2 L	q O�I<�� N�qO� Le ��q L�N$ L4O< G
 ��qL�N%5 �qN  L6; G>L2 O6L� L�

 N� N; O�L% L� NQ� L��<�� LY" 
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x−  N� L� O� ID�� I6L N& ; N�Nc L�� L� L� NX� L� �N  L� L� O�L: O+G2 O6L� L� G�O<N
 G� N! O�Lc � L9Nc I	 N�
 N�qO� L( L L�N$q O� Lc O6L� L]q� NT � L9N:L%; Gfq G+N� L6 L	qL$�� NRqLF Li � LZN7q L  , L#�q L��� ;G( O�Lc [� L
; G3 Gk

 Gy L�L$�� G� G! O�L� L  G) I	�� L�N$L: O�L� L  YTZ"  

0�3+�T� :0���JK 4���2*0�8!<Z :  
 O�L� , �� N3�L4N� � [4N(L: Of G
 L6; G>L2 O6L� � I
N� L; G3 L�  �� LHL<N� � [4N(L: Of G
 L6; G>L2" 

 FX 8�93 : 7# 7	�8E��72 7̂ 79> ;� <-�� <P ;= <  : 
� LZN� G#�qq L���  �� N3�qq LK �# O�qq La N�qqN� L�L(L:qq OT�−qq L� L��qqN: I( N�N� N�qqN� O�qqI� L0L: L2 O8−  OhqqL< O�L2 O8qq L�

 N�NF L*OKN� 'L( L �|�L� L#� L��� I6L N& ; N�N� L, L�� L9I4��" 
 9[7� 9
 9? 9� LT � LZN� G#� L��� �4�� LY G�qO<N
 Gk� L�N: O�i� G�N> O�G2 Li �� N3�LK G� L4 L�� Ǹ q G( O�−

 N~ O> G��� NX;GK O�N
 L#� L��� ;G( O�L2 G� Ll OTL� �# O� La L; G3 L�−  GRqG$O< L2 �q L
 N�Nd�q L� L� /\q Lf�� L�
 GW2 /�q�� G�q G( N� O�Lc O�L� , N#�q L��� �N  G� G� O+L2 E N? I�� N� LH ID�� G| L� L� L̂ N� L? LY L� , N#� L��� �N 

 G: L  �qN  N�q� N� O(G: L  ,N� N;q O�L% L� N�O$q/:�� L� N6� L	q�N��� L�qN
 GX;G�q �+�� G�qG� N? OHLc �q L
 L� , N��N  N�� N� O(
 G#�q L��� N�qO� L( L � L�q LS � LZN� N� N�qO� Le L� NRq2 N�O$N>�� LY , N#�q L��� N�� L�q LF �qN  L;q G3 �q L
 L� , N#� L���

 L��� G] N�L2 �N: I�� Nx O�L&� �N  L6� LY O�L� , N�N� L�I� L0L: L  ; N�qN� G�q �9L4I:�� Gk; GHL2 G�I%N7 L  ,� L9�N  G#�
 G�O<N
 Gk �� L�I:�� �r GDL2 G�I%L N&" 

 <�55;: 9� <y� 9#557> ; X� <$557= ;-<% d# 7	�55 9A <�559E9�� 9m p 7
558�� <]�55 9-�� �55 8�93− �6� L�qq L� O L\ LY
� L� N3 N; O�L% L� N6;G�� I!�� L�−  L0L: L  N�N � L1 O�L� G	 L�L� N�N� L�I� − O; L� O�L� G�q G� O�LK G�q G�2 N� O�L� G�qG%− 

 L8q O> G� GhL O�L2 Li L� �w L	 L� NhO L� O�N
 �, L�� L9LK G�O<N
 �W N!Lc Li , �� /9L4 G
 G�O� Le �� N3�LK G�I%N7 L 
 O8qL( L  ,G�qO<N
 Gk� L�N: O�i� G�N> O�G2 ��; G9L4N� L�O� L� � L
 N� L4 L�� Lf G�N� L�I� L0Lc �#� L
 G�I%L N& ; N~L$ Lf��

 ; N�qqN� G#;qq G� G;�� O\qq GHL2 ,G�qqO< L Gk� L�qqN: O�i� G�qqN> O�G2 �� N3�qq L4N� L#�qq L��� L{ L*N:qq OT� I6L N&
 G| L*OK N}� G� G�L< O�L2 ,N� N; O�L% L� N6� L� L� O I\�� LY" 

                                                  

YTZWS� �>� 	�:���� ;3 �?3 �3��>�� )	 E�;<�� )�
}�" 
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 O�L� � [�� N+L2 N� N3�I4��N� G� G��� L0Lc L6� LY O6LgN� , N�O� L( L N#� L��� N8 O�� L| L*OKN� OhL< O�L2 O8 L� O6N7 L 
 N1 �N  L#� L��� GrN � L;G2 � L�N� ;G�L:I2 N�; G9LK G̀ N( O+L2 L*L  , G� O�I� L0G2 O8 L� L� ,NJ O� L;�� N#� L� LY N�Nc� L�

 N� N�O� L0N� �� /9L4 G
 L; G9L " 
�F�7K� 9z : CO.9:72 7̂ 79> ;� <-�� 7]� 9-�� <P ;= <  : 

 N�qq�N  ORqq L� LF L� � LZN� L�qq�Nb L>�� L� L�qq�N( L��� L#�qq L��� I6L� 'qqL( L N8qq O( N��� G�qq O3L� Lhqq L� OSL�
 L0 L  �� L�� LHL% L̂ N� L? LY L)� LJ � L
 ��HL% G�I%L� � [�2 N� O�L� �[% O; L� O�L� � [� O�LK N#� L�O(N� OU L�I�" 

 , 7�7�� 9� ;�93 <& 9 93 ;#8� 9G9> 9% ;P9� 9� d� 90� 9.9K <�;>9E9�� 9m � 9{71 � 8�93 [*�qN( LF G#�q L��� L6� LY O6N7 L 
 G� IHL<L: L2 Li � [��Nb LY L6� LY O6N� L� , L� IHL<Lc" 

 N1� L��� �	 L��� L� , ���Nb LY L; G9 L  N�O�L: I( GF L�L(L� � LZN� L#� L��� I6L� N��Nb L>�� L� N��N( L��� L�O�L� G�
, ���N( LF L; G9 L  IiN� L�  Bp7# ;,-��72 7J�9> 8 <��� 9�||} ,�F+%7# ;� 9Q F�;A 9�  ;�93U}~ 7�� F#;> S 

�N� E N��qq L+G2 L� �qq [
� L� Ge ;qq G(�NY L��N�qq O+Nc L� N�O�qqL< O�� L� [�qq Ld�N
 E N��qq L+Gc L� Ǹ qq I� L> G��
� [� O� G L� � [� O� L L� [i;GK � [�G� G� L� � [� L�NZ"  

 9#55 9- <� 7$55;2� 7j% 7&55 9'7� �  8!557+8:�� 8J93 W !557� <JD55 <=9% 7]�55 9-�� 7$55 9� 9/7o55 <0
 9a�5 9I Bk� 9� 8&5�� 9� 7N�9+5 B��� 9$ 7� <�<2D<: 9% � 9� 9� 7� ;�9L� 9$ 7� 7� 9� 9��� : 7�� <aD5 <0 9� 9a�5 9� 9�

W :4 <]� 9-�� 9J� 9? � 9{71  9j59+ 9�;�� ;/5 7- ;'9% ;P59� 7$;�9> 8 <I6  C�5 9%� 9� 7� !57� 9�: 4 <�5 ;� B.9: <% ;P59�
 d] ;! 9H�YTZS  N~2 N	 L��� G); G9 O� L
 L� : O;q L� L� L� IHL<q Lc N�O�L: I( GF O�N
 I�LFL� G#� L��� L6� LY � LZN� G�I%L�

 L, L�q O2 L� G3 ;qG�L� � L� L� � L
 N); G9 O� L��� � L? L3 'L( L IX LJ L� , O�I� L0L: L2 O8 L��  I�qN$I<�� I6L�W 
 LX�qq LF :4  �558> 9  7]�55 9K 7�� !557� <� 9&55 9% ;O55 7- ;G9% 9�55 9� 7�55 7�D9K ;$55 7� ;P <? <&55 9 93 9� 9�;�9>55 ;0� � 9{71

 <� <&5 9% ;�59Q�92 9$5;%93 p 7� ;&5 9% 9X <� 8Kh 9� � Fz9�9z � 9� 9 7� ;G9%�YUZ " O�qN
 L¬ N�O�L:q O+ G��� 'q L9L% O	q L� L 
                                                  

YTZ v�'� : �d�q+<�� ����@mtn© B J��J ;q���@©o ,©n B P ��q$�&� ���q1� ,83�q�e�
 J��J ��� �<� W��1@v©"B 
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 �;q L( Lc L�L�q OD LT N� O� L0�� N� L N�N
 O;L% I6L� �);qG( O� L
 L� , N�qI�Nd O� L��� N�qO� Le N�q L�� LHI<��N� � N	q L2 Nw
 O8q L� N,� LF L* G��� NJ I� LH G�N� G� G+ /HL< Gc � L9I%L� Li O;L( L  , L#� L��� G�/� L0Gc Li N�I�Nd O� L��� L�O� Le L� L�� LHI<��

 L̂ N� LZ O� L G� L9O< L2" 
� 9$ 7� � 9��7� � 9� <��9+7> ;H� 9� !7K� 9�9L� <� 9�7> ;m� 7O 7.8:�� 7]� 9-��72 7�D <�8E�� 7]� 9-� : 

 , ��;q G9LK �#� L
 � L9 Nl O�L� �N  L6� LY L� �, L��� LH G
 L{ L*N: OT� �N%� L�L&� NRL4L(L: OT� � LZN�
 G� L� L, L� O	 GF Li L� , N� Of ID�� 'L( L G� O
L&� L�N$G: Oa� L� , �� NHL% �#� L
 N� LT�� N�O�L$�� �N L�

 ��; G9LK L� LT5 �#� L
 NJ� LH2N� 'L( L  GJ�q L9N: OSi� N�qO� L( L G̀ q NHL2 ,� L9q Nl O�L� �qN  E N? I�� N�O� Le
 G�q I2 N�; G9LK N�q/< L� 'qL( L L̀ q L( Le L� L	q L9L: OS� � LZN7q L  ,�q L9O<N
 N�;q G9I4�� N� L N� O� L�N� E /� L�I:�� L�

 L*L  IiN� L� , N�N� G� �9L4I:�� G� L� Lk� LS G� L9O�Lc �� L
 L* L�N� � L� N3 N	 L�L�" 
 
 

����� 
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 93 FX 8� : <�%7# ;�8>�� : 

 <�9�7K�� : C]�9K71 <n ;- 9e : G� L�O� Le L̀ N O;L: O+L2 O6L� G�N> O�G2 �� O�L� �� GY L; G3 L� , G#� L N;�� G#�L% N}� L�"  
 7�9�7K�� <n ;- 9e 9� : �6� L�L�" 

�F�7K� 9z :� L9�� L� O�N: O�� G~O� L� O�N
 N�L�N%�� G)� L> O�L�" 
 <a 8�9L� <N ;D8:�� : 7� 9	 8
�� <�9�7K�  7� 8q 7��� 9� : 

'qLbO< Gf�� L� N,L� O�q L��� L� N� GS I��� 'L( L N� Il N��� L� Ǹ L3 I?�� N�L�N%5 GX� L� O�N: O�� G) G� O�L2 
� L�N�  B!7+8:�� 7$ 9� 9p 7� <�W  9a� 9I <� 8K93 :4 9X 9� 7�5 8q 7�;�� 9� 7� 9	 8
5�� 7�59�7K� !7� �D<2 9# ;�9Q 9X

 7� ;P <�9� � 9� 8K7h 9� � 9�7�� 9' 7� !7� �D< <?;c 9Q 7� 9# 7m�� !7� �9:9� 9� �9� ;K @&�� !6YTZ" 
 7�557� ;D 9�72 9�W :4 9��55 9K 7�557:;E92 !557� <#55 7e ;# 9.<% �55 9- 8K71 7�55 8q 7�;�� 7�559�7K� !557� <k 9#55 ;�9% p 7
558��

 9P8: 9� 9e6YUZS 
 G� L9 O�L� � L� G9I%L N& ; N� OY /?��N� � I! GT � L�I%N� L� ,� L� N9O� L( L N. O� �D�� L� N� OYL&� G�O� Le GQ� L� G2 L�
 � L
 'I: L� N�� N0 I!�� L� N��N$ L>�� N#�L% N}� L�O�L� L| O� L  Li L� ,� L9G$ L( OeL� L� NX� L� O�N: O�i� N�; GS G�
 N�O� N���N� N�N<O� L N# L* LS 'L�N� G_�L: O�L2 O6Lg LY �, L�� G� LlN� IiN� G�O� N��� L� , G�L%�L< O�L� N�N� G�/( LfG2

 G�O<N
 G#; G� G;�� L� , G� G�� L� O�N: O�� G��L$G� L  N� N�O� Le O�L� �X; GYOg L
 O�N
 G�O<N
 GZ; GTOg L��� L� , �W� N� L1
 N#� L�N� G̀ �� L4I:�� G) G� O�L2 L� , L�NY GZ � L
 Ny; G! GfN� Li NX� L� O�N: O�*N� L82 N� O�I:�� I6L N& ; �X L* L�

 �, L� L� OHN
 'L( L N#� L;N: O�i�N� G� �fL$I:�� L� , L�NY GZ � I�N
 �#�L%N� O�N
 N� N; O�L% L� NJ O� L;��  6�L� OcN� O�L� , G�O<N

 �	 O�G� O�N
 Li �. O� GF O�N
 � L9N: L�Nd� L�"  
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!7K�8b�� <N ;D8:�� : <�9+8+ 9q <-�� 9� <� 9q 8q 9� <-�� <�9�7K��YTZ  7� 9	 8
�� 9� 7� 8q 7���72 : 
 , ��q IlN  O�L� �̀ L3 L?qN� G�q L3 I; L
 L� ,N� N�qO� Le O�L� �	2 N	 L� O�N
 [#�L%N� L? LfIc� N; L�

 O�L2 L6� LY O6N� �# O�q La G�qO<N
 G�q G!− 93 d] ;!5 9H <�5;: 7� <n5 7-9> ;.9% ;p−  Nx O� L���qN�
 G) G� O�L2 L*L  IiN� L� ,G� G�� L� O�N: O�� L) G� L� , N��I<�� 'L( L" 

 L6�q LY O6N� L� ,� L�q O>G2 O8q L� N�q LS� L�O(N� [*�qN( LF L6�q LY O6N7q L  N�q Il N���N� G̀ I$q Ll G��� � I
L�
�Nb LY L6� LY O6N� L� , L� N� GY N�L<2 /\(N� L� N� GY N� LS� L�O(N� L6� LY O6N� L� , L) G� L� � [�" 

 <j7��8b�� <N ;D8:�� : 7� 8q 7��� 9� 7� 9	 8
�� 7#;� 9" ;$ 7� <� 9�� 7�8:�� <�9�7K�� : 
 N�O2 L	 O�I<�� �O� Le , N� L+� N�I<�� N6NJ� L� L��� L�N
 N, L? LfI: G��� �N%� L�L&� GX� L� O�N: O�� Gk; GHL2

�� L� N_ Lk� G�qqO� L��� L� NU;GF�qqL��� LY ; N_�qq LS �\�� L� N�;qq �(L$�� L� N	qq LS O�L� I\�� L� NJ ��qq G
 �\�� L� Nrqq� N� L�
 N�O� L( L ' L�O$L� L  �� N��� L� O1L&� I6L N&" 

 
 
 

����� 
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 <]� 9.;:7> ;0X� : LhqL4LF G�qI%Lg L>L  ,�q L9G: O�L4LF OEL� L, L� LHq ID�� GU O;q LHL% O�N
 �X� L� O�N: O��
 N� N+ O�L% O� L �LZL&�" 

 �Z; GTOg L
 L; G3 L� LJ� L�L� O�q L
 I6L N& ; Nx O�L&� L�qN
 Lhq L� Lc O�� �q L
 L� N3 L� ,N, L; OHI<�� L�N

� L9N� L�L:L: O�� N� LS� L��� L#� LlLF"  

 7]� 9.;:7> ;0X� <P ;= <  : 
 N�L� N#�qq L���N� ��Nd�qq Le O�L� �X O;qqL� O�qqN
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 G� G��L�I:�� N��N  Ì N�G: O�� � L3 /	 NlN� L6� LY � L
 L� , N��2 L\I:�� L� N82 N� O>I:�� N.�L� O�N
" 

 
����� 

                                                  

YTZ  J��J ;�� ����@ou B J��J ��� W��1 P ��$�&� ���1�@so"B 

29



 
   

 9! 7	 <� 9#;E 7��� : �qN: I�� N, L�O4 N���qN� �q L9G( N� L  L]q N!�c� ORqL(N� G  � LZN� �N: I�� GX� L! Nf��
 N�q L� OYL� 'qL( L L6;q G>L�N� ; O8 G9 L� � L9I$ L�L: O�� L� ,� L9O� L( L O8 G9Ib L� L� ,� L9O� L( L LJ�L$ N��� G�� L�L4L 

 �, L�; G1 � L+ O�L� L� NU� L� /!��" 
 L: OT� �N: I�� G� L�2 N	 L��� G�I< �+�� L� N3 L� , GhNd� L�q ID�� �q L9O� L( L ORL� L� Ic� L� , G#�L�N$O%L&� � L3 L��

 N�O� L( L �� G�N4G  ®�($S �� O
L� � L9I%Lg L>L " 
� 9�;: 7� , d� 9&% 7& 9� <j%7�� 9 93 7� 9#;E 7��� 7a� 9, 7m !7� 9� 9� 9� ;& 9I 9� : 

T−  9� 9#55 ;% 9# <	 !557293 ;$55 9��  8!557+8:�� 8J93 W 9a�55 9I :4 dO55 ;- 9m <� 9#55;E 7���: 
 <J�55559> 7��� @�5555 9I 9� , 7��5555 9� ;�9 ;L� <P�55557 ;� 9Q 9� , 7̂ 5555;2 7�� <�5555;> 9K 9� , <�� 9& ;'7>5555 ;0X� 9� ,
U−  9# 9- <� 7$;2� 7$ 9� 9��  8!7+8:�� 8J93 W 9a� 9I :4 7�5 9K� 9�;�� <̀ ; 9  7� 9#;E 7��� 9$ 7�

 7k 7�� 8��� @�9I 9� 7�� 9� ;�9 ;L� <P�7 ;� 9Q 9��YUZ" 
x−  9� 9�7�� 9� ;$ 9� 9��  9I � 9� 8K93 ;�59�� : 7�� <aD5 <0 9� 9a�5 9IW :4 9$5 7� d#5 ;� 9�
 7� 9#55;E 7���:  , 7]�55 9-�� <u�55 9�;:7> ;0� 9� , <�� 9D55 B��� 9� , 7�559� ;'B�� <]�55 9� ;�71 9� , 7k 7��55 8��� @�55 9I

 ;�� <̀ 5 ; 9 9� , 7̂ 72 7�� <�;> 9K 9� , 7P 7e� 9#9+�� </ ;� 9" 9� , 7�� 9� ;�9L� @�9I 9� <��5 9�7> ;K� 9� , 7�5 9K� 9�
 7]�55 9-;�� −55 ;0X� !557: ;�9%]� 9.;:7>−  7j% 7&55 9'�� 7�� 9� <� <&55 9 93 d�9�55 ;, <� a�55I:  <��55 7�9K 9�

� 9q 9- ;q 9-�� 9JD <=9Q ;J93 8X71 9� 9# 7H� 9���6YxZ" 
 
 

                                                  

YTZ  E��f$�� ����@v��m B 8(+
�@svp"B 

YUZ  E��f$�� ����@v��u"B 

YxZ  8(+
 ����@s©m"B 

4;0+ 3�0C4� 890�L78_��  

30



 9! 7	 7j%7�� 9 9L� !7� ;l 9#7? <{ !7>8�� 7a� 9, 7��� <ND <- ;. 9� 9� : 
T−  G6�L: Nf��" 
U−  N�L%� L��� GrO( L� q GJ� L	 O�N: O�i� " 
x−  N. N�� ID�� ��LF " 
|−  G]O:L%  N�� N}� " 
V−  N�� L� O�L&� G8�N( O� Lc " 
R−  N8 NS� L�L$�� G� O+ Le " 
}−  G|� LDO<N: O�i� L� G� Ll L� Ol L��� 
�−  N#� L��� Gy� L�N:O%�−#� LHO<N: O�i� OEL�− " 
�−  N�L� O�/(�� G#� L� ON� " 
T~−  G�� L; /+��" 

 9!7� 9� � 9� 7�� 9= ; 93 <J�9�92 � 8�93 :  
&` 8*��0�<= :  

 F�9G<� <J�9> 7��� :�'LbO%G&� L�N
 N,� L;I<�� L� , N� LY I?�� L�N
 N� L�O( G��� GhO4LF L; G3 L� , N�O: Lf�� L�N
 G8 O�i"  
 GX� L� G2 � L� LY :�[<O: LT � L� G9G<G: OfL2 L� � L� G9G<N: OfL2 L� L2 N�� LH�� L� L) L* G0�� L�L: LT" 
 <a� 9�<% 9� : O: LT �� L2 N�� LS L� �) L* Ge L� ,��L%;G: Of L
 �� L2 N�� LS L� �6;G: Of L
 �) L* Ge6�qL< " �q L� LY

 L�q O� Lf�� L� N� LY I?q��N� L�O: Lf�� O8 G9 Gl O�L� I� LT L� , G�� L? O N}� L� G�O� Lf�� N�O� L( L GrL(O4G2
� L� G9L<O�L� �� L�L: OD G
 G�� L? O N}� L� ,'LbO%G&�N�" 

 /� N; L0�(�� 'L< O� L��� N� L �� N� L*N4 O1i� 'L< O� L��� G_ G� OfL2 Li L�" 
 7J�9> 7��� <P ;= <  : 

 L: NT G̀ NHL2 N�qL$ O� G� L| O;q L  L�q N3 L� N_ O�q L��� 'L( OLgN� N� L� O�I(�� L�N
 �# O\ GHN� N,L� O� L��� G6�
 GhqO4LF �q N� O>L2 L� ,N,� L;I<��q LY � L9G(q O1L� L� N�L� OR L�N4GF � LZN7 L  , N̂ 2 /	�� L� O� G G�N$ ODGc NX O;L$��

 G� LlO L� G� G(�N( O� Lc L� , G8 O�i� N�O� L( L Gh L� L2 � L
 " 

31



� G6�L: NT G̀ NHL2 L� G. L	qO< G2 L� , N¥;qG(G$�� L	q O�L� G�L: L�q LD L� �q/4 L0G2 �q L
 NhO4 L�N� N� GS I��
 Li ¡�q N� �qN  G�qL<L: LT O�q L
 L� , L� /TG� N�N�� L�N: O�� N� L L]� L� O6N7 L  , N� N�N�� L� �N  G� G(� NH O�Lc

 L*q L  ®�qN� L� G�qL<L: LT L� G�q L( L�L: O�� N6N7q L  ,� [	qN�� L� IiN� �y�q L!NF G�q L
 N\ L� G�( N�L: O�L2 , L6� L�q L� 
 N6;G: Of L��� NX� L
 �N  G� Gc L� OSG� L�" 

 N6�L: Nf�� N.; GS G� 'L( L G��N� I	�� L�!79% � 9� : 
T−  9P� 7	� 9#;271 7� 8 7� ;$ 7� 9J�9> 7��� 8J93÷ : <P� 7	� 9#5;271 9$9>59> ;m� 7& 9I 9� ÷  �5 9- 9?

 9� 9#55 ;% 9# <	 !557293 7j% 7&55 9  ;$55 7� 7$;� 9'� 7'55 8,�� !557� � 7�� 9aD55 <0 9� 8J93 W55 9I 9a� :
4 <P� 7	� 9#;271 9$9>9> ;m�÷  7\� @& 9���72 F�9: 90 9$�7K� 9- 9z <$;2� 9D <	 9��YTZ" 

 9a�5 9I ;& 9I 9� � :���}|�{�z�y�x�w�v�u� (l :
TUx*  N�N: I(N
 O�N
 G6�L: Nf�� L�" 

 ��q O�N  /�q GY L.� LH2N� � NlL: O� L2 � L? L3 L� ,G� L( L� L  � L��N  N� N�L$ /c� �N  �� L�2 N� L1 G�L2��L 
,G� L( L� L   L�q N�G% O	 LF L� ,N� N; O�L% L� N�� L; /+�� LY �L< /� L� �N  ��I< G� G�I%L� 'L( L G��N� I	�� L)� LF � L
 IiN�

 L8� N3� L�O�N� 'L( L [�L$ NS� L� ORL%� LY N, L�O4 N��� LX� L! NT I6L�÷"  
U−  B!7+8:�� �9�71 d/ <e 9� 9]� 9e W 9a� 9� 9� : 9a�5 9I , <� ;-95 ;093 ;&5 9I :4 9[5;: 9� 7̀ 5;� 93
 9# 9� 9H  ;$7>9> ;m� 9� 7# ;� <=;��6YUZ  G�qO<N
 ) L\q O( L2 Li N��q ID�� N#�q L� O�N� �N  N. O	I<�� 'L( L G� G( O� L� L�

 N� LT�� �N  N�O� L( L G� G( O� L�" 
x−  L]qq OD LY I6L N& ; G, L� O;qq L��� G�qq L� OR L�qq ND GY �qq L� L� �qq[$ NS� L� O�qq G>L2 O8qq L� O;qq L� G�qqI%L N& L�

 ORL� ND GY � I�L( L  , �) I� L� G
 N, L� O; L��� N�N�; GS G� 'L( L L̂ N� LZ IX LJ G, L� O; L��� G� L�" 
                                                  

YTZ  E��f$��@omp� B 8(+
�@sopu"B 

YUZ  J��J ;qq�� ����@ov© B �qq�9�$���@mtmps B #���}� �qq�%� �	3�;qqD� ��qq$�&� �<qq+��
@mtp� B h
�H�� W��1�@�vmtmsvm B �?<��� ���� ��Y;D��� E�;<�� ���� 	F�

 W:��� P ¬ �����@mutovn"B 

32



-` 0�L!4M 0���0?8�) :2�I�8�2b0�4��(  
 <�55 9K� 9��� : , N�qqO� L� L; L� L� N�qq GS I��� N�qq LY LZ L| O;qq L  E N?qq I�� G��qq ID�� N�qqL%� L���N� GJ� L�qq G���

 N,L� O� L��� �L�� L; L� E N? I�� G�� ID�� L̂ N� L? LY L�" 
 NHL2 Li ,��I< G� N�L%� L��� GrO( L� L�� L9 GS O� Lk � L3 L� L
L� � LZN� N� LS O� I\�� 'L( L IiN� G̀" 


` @QDd AX��3�3; : 
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 G� L3� L� L>��" 
                                                  

YTZ  E��f$�� ����@v��s B 8(+
�@sv�"B 

YUZ  8(+
 ����@s©u"B 

34



 9a� 9I 8P<zY : d� 9&7�� 9� Z 7J� 9�;�5 8��� 9a� 9I : G�qO�� G�q L� L�L: O� L� , N�qL� O�/(�� GrqO( L� G� L�q O>G2
 I�N�N �qq ID�� I6LgqqN� N�qqL�N � L>�� N�L�qq Na� L� �qqN  N�qq L� O /����  �qqN  I�qqL%Y B\<L� B 'qqL( L

 N82 N� O�I:��" 
 @! 7� 9? ;� 8��� 9a� 9I : GX�q I� L��� G� GZ�L:q O�L� L� N6�q L�2 N}� Ǹ L�q Ga �N  �� N��N( L��� � L? LY L�
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G&� NR L� L� OSL�" 
 , �.� L�q Gc O�L� �#�q L
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 7�7+ ;K 9{ ;$ 7� 9\ 8& 9� 9Q � 9�6YUZ" 
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 7� 7�� 9� ;�93 7� ;'9Q ;$ 7� 9� <# ;�9Q �8> 9  7� 7& 9� 9e ;$ 7� <�� 9%�9E 9m ;� 9e 9# 9m 9]D <g <D���YxZ" 
 7]D <g <D�� <�� <# <H : 
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 G) L\O( L2 � L
 L; G3 G{ O� ID�� GJ; GS G;�� N�NJ; GS G� O�N
 G) L\O( L2 Li L� G) L	 L��� N�N
 L	 L O�" 
 d� 9z 9�9z 7]D <g <D�� <�� <# <H 9� : 

T−  , 7�572D <e <� !57� d� ;# 9H 9D <	 � 9� � 9�;: 7� G.;q GS G� �q L9O� L( L G]qIF L;L: L2 �q L
 L�q N3 L�
 N� Of ID�� 'L( L G, L�� L9I4�� NRL$ LS L� OR L� L�L: OS� � LZN� � L
 L� N3 O�L� , N#; G� G;��" 

U−  , 7�7> 8'55 7� !557� d� ;#55 9H 9D55 <	 �55 9� �55 9�;: 7� 9� G� I�qq N1 �qq L9O� L( L G]qqIF L;L: Lc �qq L
 L�qq N3 L�
 O�qL� N�O� L O;qI<�� L�O�qL� �) Gk L*qLc Li L� ,�q L9N� IiN� G, L��q L9I4�� �Wq N!Lc Li �q L
 L�q N3 O�L� , N#; G� G;��

 ®�N9 OS L� �); G� G � L� G9L<O�L�" 
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  FX 8�93 : 7]D <g <D�� 7kD <e <� <�� <# <H : 
T−  <�D55 <<+�� : 'qq L( L G̀ qq NHL2 L*qq L  , N#;qq G� G;�� N.;qq GS G� �qqN  �{ O�qq La G¥;qqG(G$��

� � I
L� , N� N1� L��� N]�N( O>Lc N) L	 L�N� /�N$ I!�� G��; G� G� �W N!L� L  G\/� L� G��� ��N$ I!�" 
 U−  7�D <�8E�� 7̀ 9;E <-�� 7]� 9-�� <�D <e <�:  G�qI%LgN� G8O( N��� L� NrL(O4 G��� N#� L��� GJ; GS G�

 N��L$N: Oai� L	O< N �¢< L� O; L� L� �rL(O4 G
 " 
x−  7M 9&55 9'�� <�D55 <e <� : �{ O�qq La N#;qq G�;O(N� Ǹ qq NS; G��� Nw L	qq L��� GJ;qq GS G�

�� N.; GS G;N� G��; G� G� O�L�O< G2 O8 L� E N? I�� N£ /� L;L: G��� 'L( L G̀ NHL2 L*L  , N#; G� G;" 
 � [� L
 NROF L;�� NX; GT G	N� L� Nw L	 L��� N_� G� GfN� N#; G� G;�� N.; GS G� GROF L� L�" 

�F�7K� 9z : 7]D <g <D�� 7� 8' 7� <�� <# <H : 
 T−  L� NX;qq G+ O0 L���N� G�qq N!I: L2 � [# O\qq GS NX;qq G+ O0 L��� Lhqq L
 L�qq N+ O0L2 O6L� N�qqN� L��qq N�G2

 NX; G+ O0 L��� G.� L��N: O�� N�N� Lr I� L�L:L�N�" 
 U−  7&5 9� 9.�� �59�71 7]�5 9-�� 9aD5 <� <� <n9: ;-9% � 9� <a� 9� 9y : 'qL( L L6;q G>L2 Li O6L� L�

 'qL( L G�� ID�� N�N� G� I+ L�G2 E N? I�� Ǹ � /4�� �ObN
 � ¢� Nl G
 � [��� L0Lc L#� L��� G�/� L0G2 � L
 N; Ol G���
 O	 LF G�I%L� G�G: L�� LkN� G̀ NHL� L  N�NK�L$ O(N� N#� L��� LX; G1 G� GhL< O�L� L  G] LDO< L2" 
 x−  7� @g 9D8>�� 9a� 9  7M 9& 9'�� <N�9E 7� ;K� : N_� G�q GT LX� L� G#; G� G;�� �W N!L2 L*L 

 �Wq N!L2 Li ��NF�qL% �6L*L� L� L� �X O;L� N�; G9G�N� G�I%L N & ;N� N; O�L% L� N� LY I?�� /�L
 O�L� Nw L	 L���
 O�� G#; G� G;" 

|5  7]D <g <D�� 7�8� 7�;� 9=72 <P; 7��� : L�O�L� N\�N� O�I:�� L�N
 N£ /� L;L: G�O(N� I	G� Li G�I%L� 'L< O� L�N�
 G� G( N1� L� , L̂ N� LZ �N  ��� N! O�Lc 'L( L N�N<L< G� L� N#; G� G;�� Nx� G�G  : 

 GY G� L	q L�L: O� O�L� N�N<L< G� O�N
 N#; G� G;�� Lx� G�G  L\I� L
 'L: L
 G�I%L� IWq L1 �q [�� G�G  G�q I(
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 ,�q L9L<O�L� O\q/� L�G2 O8 L� L� �[<L< G� L� � [�� G�G  N��N  I6L� L8N( L O�L� ,�[<L< G� G� I( GY G� L	 L�L: O� N6N� L�
q L�N� L	 L�L: O� L� L�q4L� , [*q O�L% ��I�q L� G
 �x O�− <]D5 <g <D�� ;p93−  N8N��q L��� L�qN
  , /�N
�q L��� L�

 N6�Lc L�; G1 N6�Lc� L3 L�" 
 �x O�q L�N� O	q N�L: O�L2 O8q L� L� �q L9L<O�L� O\q/� L�G2 O8 L� L� �[<L< G� L� � [�� G�G  N��N  I6L� L	 L�L: O� N6N� L�
 ?��I<q G� O)L� �x O�q L  L;q G3 O�q L3 G�qO<N
 �# O�q La O�q L L�N�q G� �q L�I( GY L6� LY O6Lg LY , [* O�L% ��I� L� G


 GX;qq G� L2 : OJL� Li IWqq L1 ,E N�− <]D55 <g <D�� ;p93−  N� N?qq L3 L� , N8N��qq L��� L6� GJ /�N
�qq L��� L�qqN

 �, L	 N�� L� �, L�; G1" 

 N6�qqL:L< O�� L� , N8N��qq L��� L� /�N
�qq L��� L�qqN
 N6� I�qq N!Lc N6�qqL:L< O�� , ��qq O� LT G� L;qq �!��L 
 N8N��qq L��� L�qqN
 G�qq G4O$ Lc L� /�N
�qq L��� L�qqN
 �Wqq N!Lc �, L	qq N�� L� L� ,�qq L� G9O<N
 N6 L*G4O$qq Lc � L?qq L3 L� ,

 N) O;qq I!�� L� N, L*qq I!�� LY NU� LJ�qqL$ N��� Nhqq� N� LS �qqN  ®)�qq L N��qq N! O�I:�� � L?qq L3 Lhqq L
 G{ O�qq ID��
 I� L��� O8 G9 Gl O�L� 'L<ObL: O�� L� , L̂ N� LZ N; O�L% L�" 

V−  7]D <g <D�� 7$ 9� 7� 7�� 9,�� <\ 9& 9� :�q [� O> G� N�qI�/<�� N)� L� L	N� G�O< L G�I$ L�G2 L� : O6LgqN�
 L�NcOg L2 Li  �r�N( O�Lc O�L� �, IJ N� LY N�I�/<(N� ���L< G�N�4 <�� 9]�5 9H ;J716  �hqO4LF O�L� , N� ��qL$I:�� N�qI�N<N� Li

 � L9 L�L4LF O;L( L  , N�I�/<(N�−�8�B:�� ;p93−  N#�q Ll OL&� N�qI� N�L� �qN  L_�qL: O�� N#; G� G;�� N#�L< O�L� �N 
 �, L	2 N	 LS ��I�N% 'L�N�" 

R555  7]�55 9-�� <p ;#55 9e 7D55 ;q<��� �55 9 9� : L;qq Ol G��� I�qq L�L2 O6L� �qq N� O>L2 L*qq L 
 [*q O+ Ge ' I�q L+G2 Li G�qI%L N& ; G#� L���− G�; GY O?q L��� ��q L��� OEL�−  L�; G
Ogq L��� I6L� L�

 G� O+ G0�� N� L�2 N� ID�� N� L2�� �N  N�N�" 
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T−  <\ 9� ;07�� : L*L   �W N!L2  N
 N�O� L( L G̀ NHL2 Li L� N�N � L>�� L�"  
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x−  Cs�5 9�7K 9� Cr;�5 9  ;$ 7� 9]D <g <D�� !7��9: <% � 9� <N�9E 7� ;K� : �N �qL< G2 �q L
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q LY NRqOF L;�� NX; GT G	N� G#;q G� G;�� L�qL4L� NRqOF L;�� NX;q GT GJ L�qO$ LF Lgq I� L;Lc � LZN7q L  , N8 ��L�I:��
 O6 LZN� N�O� L�N� L� LS� L� Li G�I%L N& ; N8 ��L�I:�� LY N�N�; GT G	N�" 
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 L� Lc N� N� O9G4N� G{ L�L: ODG2 N� L�� LHI<�� N� L�� LkN� G) �	" 
 9[7� 9
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 �qq L� G9L<O�L� G, Li L;qq G��� L� , N¬ �� L�I:qq�� L� N#� LHO<N:qq O�i� L�O�qqL� G, Li L;qq G��� L�− ]� 9.;:7>55 ;0X� ;p93
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 �# O\qq GS NX I�L� N�qq O+ Le L	qqO< N

 N�L� N�� L��� N�L< �+�� 'L( L G.�Lb G2 Li L� , N�L$ NS� L;�� NU� LJ�L$ N��� " 
 7�5 9z 9�9z 9&5 9 93 9p 7D5;: 9% ;J93 7�572 9�5 8 7� 9X � F-�75 90 <�5 Bg 9D9> <-�� 9J�5 9? ;J71 � 9�<>8� 7�;� 9? 9�
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 L, L�� L9I4�� N�L� , Nw L	 L��� LhO L� LE N;O< L2 O6L�" 
!7K�558b��:  IiN� G��qqL$ G2 Li �qq I�N
 �qq L3 N�O� Le O�L� N, L*qq I!�� L� L��L$N:qq O�� LE N;qqO< L2 O6L� O�L�

 N, L�� L9I4��N�−  7� 9' ;, <-�� BO 9� 9� 7�� 9D8E�� 9?" 
 <j5557��8b��:  Lx O�qqq L  LE N;qqqO< L2 O6L� O�L�  L6�qqq LY O6N� L� N#;qqq G� G;�� L#� LJL� O�L� N#;qqq G� G;��
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  LE N;qO<L� L  [�q L�� L�L: O+ G
 ORqL%� LY O�L� NX O;qL$�� G�L( L� N�N� O� L� LY ,�� I( N N�N� O� L
 � I
L� L�
 Li L� ®� N�L:q O+ G
 Lw L	q L��� I6L N& ; Nw L	q L��� Lhq O L� LE N;qO< L2 O6L� �Wq N!L2 Li L� ,L� L��L$N: O�i� 

 G� G� O L� G� I; L!L:G2" 
!7K�8b�� <� ;# 9��� : 7� ;e 9D�� </ ;� 9" : 

 ; N#;q G� G;�� Nx� G�q G  O�qN
 �x O�q L  [, I� L
 N�N(N
� L>N� N� OS L;�� N� N3� L� G� O+ Le 7�57� ;D 9�7�
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 � L� G3 L� ; N�O�L� O�=(�� � LT5 L� ,�[$N�� Le NQO� I��� N� O� La NRN��L< L
 L�O�L� � L
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 N6 GZG&� �N  � L� G3 G� /T LV G
 L� , N�OF I?��" 
  N�O�L% GZG&� L�O�L� � L
 � [� O� L G� �	 L� L�" 

 N�O� L�N� N#� L��� GX� L!2N� L̀ LS L� �]�Nb LY O�L� �]� N� LT �� O� La N� OS L;�� 'L( L L6� LY � LZN� L�
 G�L: O�Lc �N: I�� N, L� LDL$�� Lh L
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 O6N� G�qqL� O�/(��  G�qq O+ Le G̀ qq NHL2 Li L� �qq L3 N� N3� L� G�qq O+ Le G̀ qq NHL2 G�qqI%N7 L  [�qq L��Nb LY ORqqL%� LY
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 7k� 9#@>��72 8$ <	 9X�<3 Cl� 8# 9� 9n;+ 90 <� 9 7� ;G9% ;J93 <�; 9=�� 7��7� 9�9� 9��YTZ"  

 G� L� Li =	�� L   N~2 N	 L��� L�N
  L�q L
L� �q L� L� �q [+ NHL% O� G>L2 O8 L� O; L� G�I%L N& ; �, L� N3� L� NX I�L&�
 L�qN
 L� , NX� L��� N� L� L�N� O� L �L<� N9G% O	 LF L� , �X� L
 L� L*OcN� �?N�L<� N� G6; G>L2 G�I%L N& , N�N: LF� L�N7N�

 �w L	q L� O�qN
 G6;q G>Lc L, L��q L9I4�� I6N7q L  ,�q [lO2L� �, L� N3�q L� �N%�Ib�� N~2 N	 L���  ��q NHL% O�L�
 N� NHI<�� G, L�� L9LK ORL<I� L�L: L  Nw L	 L��� N, L�� L9LK 'L( L �L< G3 G� O� L��� L� I? L�Lc O	 LF L�"   

 NX� L;q O�L&� �qN  N�qN� N��q L�N:O%i� N82 N�q O�L:N� Ǹ O( L>�� L�N
 [i� L� G� L; O�L� G�2 N\O< Nf�� L�
 I	q�� IX LJ I8q G� , �X�q L� �qN  Ǹ q O( L>��N� N�� L�N:O%i� k� L; LS L� Ǹ q O( L>�� N�q L�� LHL% 'qL( L G��N�

 ;'L� O�L� N�2 N\O< Nf�� G� L�� LHL< L �9�� 9�9Q 7�7� ;D 9�7� :����~�}�|�{� " 
 �, L� N3�LK � L9�( G>L  NU�L%� L;L� L��� G�Nd� L� � I
L� L�"  
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qq L �qq L
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� L� N3 N	 L�L� O�N
 L	I� L;Lc � L
 L� ,�2 N\O< Nf�� L� ; B!7+8:�� 7a ;D9�7�W :4 ;&9�9� <k� 9	7�� 9�72 <� � 9{71 9# <�9A�YTZ 
 @!7+8:�� 8# 9� ;& 9I 9� W 9a�5 9� 9� , 7� 9I 9&5 8,�� 9$5 7� 9�5 9KD <-;� 9-7� d� 9X ;D 9� � 9�;>9�7E ;�<3 C�9>;� 9� C�� 9H �9 9�
 7�� <aD <0 9�W: 4 9	� 9	 7&5 ; 7.72 ;P<>5 ;� 9�9> ;K� 8� ��D<��5 9I :,d�59>;� 9� �5 9�8K71  9a�5 9I :4 9\ <#5 9  �5 9-8K71

� 9�< ;?93�  C� ;�9� !7� 9� :4 7�72 ;P<> ;� 9�9> ;K� 9� <�D <-<> ;G92 9& 9� � 9�92� 9	71 ;P<Q ;
 9m93 8� 9	�YUZ" 
 I9L4G2 O6L� Lk� LHL  �� L�� LHL% N�O�L( L OUL� L�LK �� N3�LK �	O( NS G�I%L N& L� L� IHL<Lc � LZN� N,� IY L? G��� N	O( NH LY L� "  

&
– 0�0	<� 0�4, 2�@�<U @�2b4�4� 0	0�@� 4, 2�@�<U @�2b4�4� :  

; N| L*qOK N}� 'L( L �� NHL% G� G� O�L� G� LY OVG2 Li � L
 L� G� G� O�L� G� LY OVG2 � L
 Gw L� L� 
 C�D <� ;� 9� 7$;2� 7j% 7& 9'7��  9a�5 9I <� 8K93 :4 @!57+8:�� �59Q93W 5 9G�� !7K 9# 9�9c5 9� 9̂ 7��

 ;P55 9 9� 9j557��8b�� <�55 ;� 9-9>;�� 9� 7$;% 9#55 9. 9  <l ;&55 9e 9D 9� , C��55 9. ; 93 7�55 9z 9�9b72 <�559�7Q� ;J93
 9� 9z ;� 8#�� �9�;�93 9� 7$;% 9# 9. 9'�� 9
 9m9c 9� ,� 9�72 <�<>;� 9Q9c 9� F� 9z ;� 9� <l ;
 9m9c 9� , <� ;& 7e93 9a�5 9I 9�: 

 dO;? 7� � 9
 9	6Yx Z ;�93:  �� NHL% " 
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'L�� L�Lc N�N� O; L�N� ;�� L+ NHL% � L9�( GY GU�L:O� L��� :�A B C�  G82 N� O�Lc L� 
 L# O�q ID�� I6L N& ; N�N:q L�� LHL% 'qL( L �X G	qL2 ��q OYL� �qN  L, L�� G�q L� Li L� G� L� L� L
 O� G� Li � L


 � I
N� G) G� O�L2 � L�I%N� N�N: L�� LHL% O�L� N� N� L� LlN� O�L� N�N: L
 O� G�N�" 
  N{� G�q Ga O�qN
 �{ O�q La N�q�N  I�qL: OT� L� N�q N�O%L� L]O: L� LU� L
 O� L
 �� GY G�L:O� L��� L�

 � L?q LY L� ,N� N;q O�L% O�L� �8qO� L�N� LWN� GZ � L
 L� N)����� L� /� N�; GH L��� N� L��N� L? LY N�L�NY O?I:��
 G� LY OVG2 Li � L
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 N�� L� L�'L<ObL:q O+G2 L� ,��I� N O�q La �,�q LYLZ N�O� L0N� G�c�L� L� ORL�� Lk � L
 G�L:O� L��� LX;G�Lc O6L� �� 
 GJ� L� LH�� L� Ĝ L� I+�� NU�L:O� L��� L�N
" 

 <[ 9-55 8��� �55 8�93 : 7#55 ;'9+�� !557� <\ 9�55 8��� 9� <� 9�55 8,�� 7�55;� 9 9� 7�557� ;D 9�7 9� :4 9D55 <	
 <�<>9>;� 9� @/ 7'�� <� <i� 9� <�D <�8E��6YTZ" 

 <�� 9# 9.�� � 8�93 9� : 7�7� ;D 9�7 9�W :4 <�� 9#5 9.�� 9� <[ 9-5 8��� 7J�59>9>;� 9� �59:9� ;�8 7 <36 
 ;� F#7��5 9? ;�93 9J�5 9? � F-75 ;� <� 7l ;D 9-��572 <O <.;:9% 9X <� 8K7h 9� � Fq;%93 @! 7� 9��� �9:;b9> ;�<% 9�

�9��5 9�9Q 7�7� ;D9�7�: ��b�a�̀ �_~�  Li O6L� N82 N�q O>I:�� G�I�q NlLF L�  L8q L> O�G2 
 , N�N: L�� LHL<N� 9� 9#;% 9# <	 !7293 ;$ 9� 9� �  7�� 9aD <0 9� 8J93 W d�5<: <e 9D <	 9� <�9� 9a� 9I: 

4 <O <.;:9% 9X 9$ 7� ;� <-�� 8J71 7�� 9J� 9';+ <06YUZ" 
2��8�0�<�� 0���0�8� 8�3j (0�@��8� AC��0\0�8� :  

 L�� LHI<�� L�N
 �# O� La N� L�� LkN� �N  GJ L	 L��� G̀ NHL2 Li Ǹ q O( L>�� N¥;G� G� �N  IiN� , NU�
 ; N.� L��:��qN� I� G3� L	q O�N� �U� I�q L
 LhO$ L� � L� N3 N	 L�L� O�N
 O�L� � L� G9O<N
 L	 I� L;Lc � L
 L� N�2 N\O< Nf�� L�

 B!7+8:�� 7a ;D 9�7�W :4 9n;+5 90 <� ;5 7� ;G9�7� 8P<z <� ;I7#<� ; 9� ;P <? 7& 9 93 7]� 9K71 !7� <�; 9=�� 9�9� 9� � 9{71
 C�� 9# 7� 6 9� C� 9%� 9� 7� !7�: 4 9n;+5 90 <� 9 7� ;G9% ;J93 <�; 9=�� 7��7� 9�9� 9� � 9{71 ;P <? 7& 9 93 7]� 9K71 <�D <�9A

 7k� 9#@>��572 8$ <	 9X�<3 Cl� 8# 9��YxZ  O�L� N�qN� O;L� O�L� N�q Ne;G� G;N� L� IHL<qL: L2 O6L� L�O�qL� L| O�q L  Li L�
qqN
 L̂ qqN� LZ N�qqO� Le O�L� N� N��qq La O�L� N�qqNF L� L O�L� N�qqN
 LJ G�qqI%N7 L  , N�Nc L*qq LlL L� N�qqNd� L\ OSL� Nhqq� N� LS O�

'L� O�L� O�L� � L? L3 �N  Ǹ O( L>�� LY N�2 N\O< Nf�� L� , N.� L��:��N� I� G3� L	 O�N� � [�O$ L� G� L+ O0G2" 
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 7� 90� 9.8:�� 7/ ;� 9" <�8� 7�;� 9?: 
 G��� L� N3 L� , N�O� L���N� [, L	 L3� LD G
 ORL%� LY O6N� N� L�� LHI<�� N� O+ Le G�I� N�O� LY L� G,� I� L+

 O�L� �6 O; L� O�L� �8 O�LK O�N
 � L9N � L1 O�L� NX� L� Lk N� L� L�� L� G
 L� � L9N<O� L NX� L� L\N� G6; G>Lc N�I�N<O� L���N�
 I� GlL2 O8 L� G� G�� L� Lk L� G+ L �W2 N� O�L� �6 O; L� O�L� , I� L� N� L�� LHI<�� G8 O�LK L� N�L� O6N7 L  ; �W2 N�" 

 G
 L�O� Le G� L�� LHI<�� NRL%� LY O6N� L� �q N� O>L� L  N�qI� N� O> G���N� G,� I�q L+ G��� L�q N3 L� �, L	 L3� LD
 [, L	 N�� L� [, I� L
 O; L� L� � L9N� N� =HL<L: G��� 'L( L N#� L��� GE O� LS" 

�75 90� 9.8:�� 9$ 7� <�;: 9� � 9� ;�<% � 9� : 
 7J�92 ;# 9g <� 90� 9.8:��:  N�q�N  G�q L�O<G� L  N#� L
 /	q�� G�qO� Le �q I
Lg L  , �#� L
NJ G�O� Le L� �#� L
NJ O6N7q L 

 G� O�qq I4�� G�qq GY N� O	G2 � [� N?qq LF L6�qq LY− G�qq L!L$�� OEL�−   �rqq GDL2 Li G�qqI%L N& ;G�qqO< L L]qq O�G2 O8qq L�
 G� L� O	qG2 Li G�qI%L N& ;G�qO< L ' L� O�G� L  G� O�I4�� G� GY N� O	G2 Li � [� N? LF L6� LY O6N� L� ,G�O<N
 Gk� L�N: O�i�

 NS O� /+�� N��L$ G0 LY G�O< L L� N� G� L  N� O�I4��N� N�� " 
 � L� G9 L9L$q OaL� �q L
 L� ~� Ne� L�L$�� L� N� I� G��� ) LJ L6� LY O6N7 L  � L9�N  G�L�O<G� L  G#� L
 /	�� � I
L� L�
 Irq La G�qO< L L]q O�G2 O8q L� O;q L( L  ,G�qO<N
 Gk� L�qN: O�i� �rq GDL2 G�qI%L N& ; N�qN(�N( LF O�q L 'q L� O�G2 G�I%N7 L 

 , L|�qq L� L��9��55 9� 9Q <�� 9a�55 9I ;&55 9I 9�: ���|�{�z¢¡���~�}�  �qqN L�
 Lr N�O�Ggq L  Ǹ qN�� L0�� �qN  G�qO<N
 Gk� L�qN: O�i� �rq GDL2 L�O<q NH�� � L?q L3 I6L N& ; L̂ N� L?q LY N� N��Nb LY
 L;q G3 L� , N�qN(�N( LF O�q L ' L� O�G� L  NU�L%� L;L� L��� L�N
 � L� N3 N�O� Le ) LJ L6� LY O6N� L� , N�N$N�� L0N� G� G�NJ�L%

 GQ�qqI<�� G��qq L � L�L: L2 E N?qq I�� G� O	qq L��� �, L�qqObL� O�qqN
 ;qq G( OfL2 Li L6�qq L+O% N}� I6L N& ;N, LJ�qq L��� �qqN 
 G�O< L L� N� G� L  G� O	 L��� � L? L3 � L9O<N
 G_ G� OfL2 �� I> N� L�" 

 
����� 

94



 
    

IA	@� 4{2�0b��:  
 45,3�2�01 3{nn�n�0b�� :  

 F� 9G<� <r;� 9'�� :, 9�� 9  <� 9& ;, 9�  , Lx�qL  � LZN� G�O�q I+�� Lx� L� GX� L�G2 NRq L�� L� L�
� G, L� G� I+�YT Z G,L� O� L��� NR L�� L� L� ,� L9 G0 O� L1 LX� L� � LZN� :� L9 G
 LJ LX� L�" 

� F� ;# 9H 9� : �� I(N$ NS G) LJ L; G3 L� −� 9��7+ 9A 9� � 9� ; 7m ;p93−   N8 N� L� ' L!OFL� O�N
 G_ G� OfL2
 G( O� L
 �U�LF O�L� �N  �̀ L$ L� N�O� Le O�N
 N� I� /!�� N��N$ L� 'L( L � L9 Ne;G(G� L	 O�L� N,L� O� L��� �� L
; " 

 <�93 ;# 9-�� 7��7� <r� 7'9Q !7>8�� @$ B��� : 
 �qN  ORqG$Ob L2 O8q L� G�qI%L N& ;�qI2 N� L�LF L��N<q N� Ghq O+Nc G,L� O�q L��� N��N  G�� N�Lc ¡� N� ��LFL�
 L�N��q L� Li L� N� O�q ID�� �qN  LJ L� L� � L
 I6L N& L� ,� L9L(O$ LF ��O� L� 'LbO%G N& N, LJ� L��� L� NJ; GS G;��

 N O� La G� L�J; GS G;�� N��N  GhL$I: G2 ®E N; L0 G� Li L� ®�" 
 <�93 ;# 9-�� 7��7� <r� 7'9Q C& 9�93 <#9b ;?93 : 

 G�qqI%N7 L  , N6� L	qq O(G$�� �qqN  NU�LJ�qq L��� 'qq L�N� N�qq�N  G�;qq GS ���� �qq L�I%N� L� , ®	qq L� G�qq L� L�O�qq L�
� NJ L*L$q�� �qN  N�O� L��� L�N
 GQOgL��� G�� O+L� L  ,� L9N L*N: OT�N� �]N(L: Of G
 G� ITLgqL: L2 L� N, I��q L��

 N, LJ N��L$�� NJ L*L$�� �N " 
 7r5;� 9'�� <� 9#;>5 9� : 

 O6N7q L  , I�N9�N��qL� L(N� � [
 O;L2 L� LD L L� L+ O� LT G� G�Lb OYL� L� ,��L(O� L� L� �) O;L2 N�O� L��� ��LFL�
 N�O� L��� G̀ N�� Le � I
L� ,�� L�� L�N: O�� L; G9 L  L̂ N� LZ 'L( L LJ� Lk O�L� L̂ N� LZ O� L I�LF  L; G9 L 
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 7a ;D 9�7�  B!57+8:��  W 9�59: ;- 9'7�  7�5;:72  C¡5 ;' 9e � �5 8-9�  <�;>9�9c5 90: 4 !5 7q8� 9'9Q
 ;&5 9I 7[58K93 7�5;%93 9� � 9{71 �58> 9  !75 7�9> ;"� 8P5 <z ,7�� 7P5 ; 7� !7� C\�8%93 9� 9�;+ 90 �3 C\�8%93 9�8> 70

55 ;0� 9� 7l ;#55 <� 9A F�55 9;�9� 9$%7#55 ;� 7� 9� �55 F�92 ;�93 �3 F�55 9;�9� 9$%7#55 ;� 7� 9� �55 Fz 9�9z !B55 9,9� 7l;c 9�;:9>
 �5 9- 9? C# ;�5 9H B/5 <? !57� !7 9� ;��5 9� 9[7� 9
 9? 9� , 7[% 7� ;.9% 9[7� 9{ 8J7h 9� ! 7�D <� 9� � 9� 9��8%93 9�

 8$ 7	7# ;�<A 9� 8$7� 7q;� 9  <l� 9�� 7� 9J ;# <�;E9% � 9- 9? 9� <]� 9�B:�� <r� 7'9Q6YTZ" 
 <� 8& <� #75 ;�@E�� : 

 �N  G�� N�Lc O	 LF L� , [* O1L� G�� N�Lc Li O	 LF L,L� O� L��� I6L N& N� O9�4�� N�Lb OYL N& I	 L� Li
 �q [
 O;L2 L�q LD L L�q L+ O� LT L; G9 L  N�O�L: LlO� L��� L�O�L� N� O9�4�� ��LFL� � I
L� L� , [, L	 N�� L� [, I� L
 N�L< I+��

 L� O9qq ID�� I6L N& ;�qq L9�N��L� L(N�  G�qqLb OYL� L6�qq LY � LZN� L� , ��qq O9GK L� ��O�qq L� O�qqN
 ;qq G( OfL2 Li �qq[$N�� Le
 L̂ N� L? LY N� O9�4�� ��LFL� L6; G>L2 O6L� L) N\ L� L� LD L L� L+ O� LT N�O� L���" 

 d\� 9= ; 93  <̀ 8 9�9> 9Q  7r;� 9'��72: 
T−  �qN  ��O�q L�N� �q L+O� L� L� , ��O�q L� N�O�q L��� N)�q I2L� �N  G, L� O	 G>�� L� G, L� O� �!��

 Le N�O� L��� N)�I2L� N�O�" 
U−  G� GK� G� Ga OU L�L � L;Lc � LZN� ��O� L� N�N
� L��� L�N
 GX N\O< L2 E N? I�� G) I	��" 
x −  N�Nd�q L��� N	 L+ LS G, L�� L9LK,  �q L9 NfO$LK N�q OYL� Gk� L;q LS L� ,� L3 N� OVq G� L� �q L9NF L� L L�

 L� � L9 L� L
 G� OYL&� L� , NU�L�Nd� L��� L�N
 G�O: I+L
 � L
 L� ,� L9N< OH L L� �� L3� L� LY N�O� Le O�N
 � L9G:L< LY� L+G
" 
                                                  

YT Z J��J ;�� ����@s�p B E?
����@ms� B �S�
 ����@vmu B 8Y�����@mtsp� B �q�9�$���
@mtoo� B 	����@©to�tno� B �	<+
 P �� �D���@mtnp B 83��e�p
5�#>�� a�I� :

 � [	��
 R�g�� ,W��1 �+� ~2	�−p���+�� !:�%− a�5�� j%&5'�� �
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| −  Li L� L) O;q I!�� �N �qL<G2 G�I%L N& ; NU� L�� I� L>�� N) O; L1 �N  LhG��L:I:�� GhL4O�L2 Li G�O� L���
 ��L4 LT N��N  NQOgL��� /� N� 'L�N� G�� NTOgI:�� L� ,�[$N�� Le N� O9 ID�� �N  N#� L�OFL&� GU�LZ G�O< L ;G( OfLc" 

V −  Nd� L�O(N� ;�q L9O�L( L �q [�� N� OfLc ���LJ L� N�� L;LK L*N� L� N� L!O<Lc O6L� N� 7j% 7&5 9'7�
 9� 9�7�� 9� �  9�8� 7� 9� 8J93 �  ;� 9g� 9  :4 @!57+8:�� �5 9	 9# 9�9c 9�ª  9�7#5 9,;: 9Q ;J93

 CN� 9� 9� 9�726YTZ" 
R−  L$ OY ���� L6� GJ L� N, I� �+�� L| O;L  � L��N  N�Nd� L��� L�N
 N��L: O�N: O�i� Gk� L; LS N�" 
} −  OR L� I�L�Lc � LZN� [#�q L
 	Oq NHLc O8 L� L� � L9 GlO� L� LhL4 L�O%� � LZN� N�Nd� L��� G# O{ L� �� N�L2" 

 7r;� 9'��72 <\ <# ;'9% � 9�: 
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�� NZN� ;� L9O<N
 G, L* I!�� �W N!Lc Li L�� L9L�; GS G� GhL< O�L2 G�I%L� � L� LY ,� L9N: I� N!N� �hN%� L
 G�O� L�" 
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 N�Nd� L��� 'L( L G) O; I!�� G) G� O�L2

 �q L9O<N
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; N�LbN��Ib�� �N  G� Lc O; L1 �	 G�L2 L� , �U� I� L
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 N.� L;qq I!�� L�qq OS L� G	qqO$ L��� E N� O	qq L2 Li �qqN: I�� N�;qq G
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 <k�9>7=�� � 8�93 :�9�� 9�9Q <�<� ;D 9� 9� :��u�t�s�r

~�}�|�{�z�y�x�w�v��b�a� �̀_
�m�l�k�ji�h�g�f�e�d�c

r�q�p�o�n� (e:x|,xV*S 
� �qN  I6L� 'L( L N	2 N	 ID�� N	� N L;�� � L? L9N� N6�L:L2�� OR L9I$L< L �q ¢� L� N�q Il N��� L� Ǹ L3 I?q� 
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 O89 N�N(qq O+ G
 NQ�qqI<�� L�O�qqL� �� LY L�L:qq OD G
 L�;qq G
G&� N� N?qq L3 I6L N& ; �6�L4O(qq G� O�qqN
 ���qq L4N: OF�

 N#� L��� LY , O83 N�N � LY L�  N L̄ L>�� L�4 9 7L 9� 7�� 9aD5 <0 9� 9a9c5 90 Ca�5 8- 9  9$5;2 9r9�;29L� 8JW 
 9a� 9I ;�93 <� 9�7E ;�<% ;J93 9�� 9�9c 9� 9k 7�;c 9� 9v; 7� <� 9�7E ;�<% ;J93Yp 7�� 8#�� Z <�� 8%1 <� <�9E ;I93 <�59� 9a� 9� 9�

 d/ <e 9�:  B&7��� 7]� 9-�� 9? <� 8K1Y 7k ;
 9��� ;p93 Z ;J 9{1 9�9� 9a� 9I6YUZ"  N��q L4OFN� L�O�L� L| O� L  Li L�
 N|�L O� N}� N��L4OFN� L� N̂ �N( O�I:��" 

 G_ G�qq OfL2 Li �qq L
 L;qq G3 L� , G�NK�qqL$�� G6 N	qq O� L��� L�−#55 9�;�9% 9X ;p93−  G� G� L3 O;qq LS  IiN�
 �U;GF�qq L2 L� �k� G�qqO� L L� �Q�qq L�G% L� �y�qq L1 L� L� �	qq2 N	 L� L� ��qq IlN L� �̀ L3 L?qq LY �_ L*qqN�N�
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 L� �X� L� �N  LU�L  �) O; L1 �q L� LY , G� G��q LlLF Ò q NHL2 O8qL( L  , ��O�L<qN� G]�N( O>I:�� N��N  L� L�

 N� O� G>�� L� N� L0 /!�� NX� L� �N  LU�L  O; L�" 
s−  7\�9� B,�� 7J� 9? ;�93 ;$ 7�  : G8Nd� I!�� : G� GK� G� Ga OU I� L
 O	 LF L� " 
o−  NU� L�N4 O� G��� N� L G�� L+ O
 N}� � L3 G� OYNZ �Nc��" 
 

����� 

322



 
 
 

 ;D 8,�� <$9: <0� 9� @- 9	93 d� 9#�7b 9? <� <Q�8+ 9'9> ;� <� 9� 7\ : 
T−  7�D <'  ��� : B!7+8:�� 7a ;D 9�7�W: 4 F� 9? 9#92 7�D <' 8��� !7� 8J7h 9� �� <# 8' 9�9Q�YTZ" 
U −  7O9K93 ;$ 9� 7$;� 9'� 7' 8,�� !7� � 9-7� ;7# 9' 8��� 7�;I 9� �9�71 7�D <' @��� <#� 7m;c9Q 7$5;2
 C[7�� 9� �  72�9z 9$;2 9&;% 9y 8J93 <�9z 8& 9  C�: 4 B!57+8:�� 9n5 9� �� <# 8'5 9�9Q ;P5 <�8K93 W �D <��5 9I 8P5 <z

 7� 9� 8,�� �9�71 <�; <I :?� 9- <�9:;�92 ;P9?  9a� 9I:  F�9%� !7: ;�9% , 9$�B> 70 �3 9$� 7� ;- 9m <� ;& 9I6YU Z" 
x−  7O ;-55 8��� 7k� <#55 <" 7̀ 55 @� 9'9Q 9&55 ;�92 7��559E ;� 7�� </55� 7. ;�9Q @� 9'9>55 ;�<% : !55 7� 9�
� 7' 8,�� C& ;�5 90 7$5;2 7/ ;�5 90 ;$ 9� 7$;� 9' �  7�� 9aD5 <0 9� 8J93 W 9a�5 9I: 4 <a� 9�5 9% 9X

 9#;E 7��� �D< 8. 9� � 9� C#;� 9�72 <s�8:���YxZ  'qL< O� L
 L*qL  G��q L9I<�� L; G3 N) O; I!�� I� N� L
 I6L N& L�
 N�O4 N��� N�� NTOgL:N�" 

|−  Cl�59+ 9A <� �9 9� <��9E ;� 7�� 9JD <=9% ;J93 @� 9'9> ;�<% 9� �5 9 9� 9� ;&5 7.9% ;P59� ;J7h5 9� ,
 C[7�� 9� 7$;2 7O9K93 ;$ 9� <� <#;� 9" 9� 9� <�� 9� D<293 <�� 9� 9� � 9-7� ; 7]� 9-�� �9 9� 9� ;& 7.9% ;P9� ;J7h 9� ,C# ;- 9Q

�  9a� 9I: 4 7�� <aD <0 9� 9J� 9?W  ;J7h5 9� , 9!B5 9,<% ;J93 9/5;+ 9I Cl�59+ 9A <� �9 9� <#7E ;�<%
 9Q �9 9� 9� dl�9+ 9A <� ;$ <=9Q ;P9� C]� 9� ;$ 7� Cl� 9D 9� 9  � 9� 9  ;$ <=9Q ;P9� ;J7h 9� , Cl� 9# 9-6Y|Z" 

                                                  

@mB  E��f$�� ����@m�so B 8(+
�@mu�v"B 

@sB ����  E��f$��@vpv ,m�sm B 8(+
�@mu�p"B 

@oB  E��f$�� �S�T�@m�vp B 8(+
�@mu��"B 

@nB  J��J ;�� ����@sov© B E?
����@©�© B��$�&� ���1�" 

4�0C4� 3.2�A��� 4�41AP0b0�2E4�0	 

323



V−  9aD<�9% ;J93 @� 9'9> ;�<% 9� : <#5 ;e9L� 9�59+ 9z 9� <u� <# <��� 7�89>;2� 9� <c 9-8��� 9� 9	 9{
 9a� 9I 9# 9- <� 7$;2� 7$ 9� 9� <�� 9� D<293 <�� 9� 9� � 9-7� ;7�� 9]� 9H ;J71: 4 7�� <aD5 <0 9� 9J�5 9?W  � 9{71

 9E ;�93 9# 9a� 9I : <�� 9]� 9H ;J71 <# ;e9L� 9�9+ 9z 9� <u� <# <��� ;�89>;2� 9� <c 9-8��� 9� 9	 9{�YTZ" 
R−  7� 7��9E ;�71 9&;: 7� 9� C�;I 9� B/ <? !7� <P7�� 8,�� 9D <� ;&9% ;J93 @� 9'9> ;�<% 9�: 

 9� 9#55 ;% 9# <	 !557293 ;$55 9� 9� �  9a�55 9I : 7�� <aD55 <0 9� 9a�55 9IW: 4 Cl� 9D55 9� 9� <M 9�55 9z
 92� 9.9> ;� <� dl�:  7#7�� 9� <-�� <� 9D ;� 9�� , 7\D<;� <-�� <� 9D ;� 9� 9� , 7P7�� 8,�� <� 9D ;� 9�6YUZ" 
} −  9J� 9q 9� 9� !7� 7#;� 9��� 7/;�7� ;$ 7� <��9b ;?7�� 9� <�� 9�7> ;eX� 9� <�D <.�� @� 9'9> ;�<% 9� : 

 N�q OD L��� �qN L� , G	q LY5 L6�q Ll L
 L� �N  L; G3 L� , �ROF L� /� GY �N  ®̀ L�L: O+ G
 GJ; GH��
 L�L&� N�� NX;q G� L�N� [#� L	qN: OF� , G�q LlO L� N� NT� ª �]2 N�q La �� O9q La G�qI%L N& L� , N]L(q I+��N� L�

 N, LJ�L2 Nk L� O8 N9N
�L� N!N� N��N  L6;G(0L: ODL2 LQ�I<�� I6L N& L� ;N� N�O� Le O�N
 G� LlO L� N��N  G�L< L+ L���L 
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 L.� LH2N�  ; ���q L� OSN� Li L� ®�qL% N�q�N  IWq N!L2 O8q L� L� N� O� ID��N� IiN� GRG$ObL2 Li �8 O> G� N) O; I!��
 8!7+8:�� 8J9 7L 9�W: 4 Ca� 8D 9H ;$ 7� 7a 9�<L� 9# ;�9��� 9� 9=9> ;���YUZ"  L��q L>N: O� GX L��L<L:L2 � L? L3 L�

 L� L) O; I!�� I6L� N�N: I� N1 O�N
 G) L\O(L2 L� , N	�N��� N) O;L2 L�O� �{ O� LDN�"  
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2�I�8�0�<�� 8�2�I� (8�@B8� :  

, N��qq L>N: Oi� �qqN  G{� L�N:qq Oai� �Wqq N!L2  9aD55 <�9% ;J93 9[557� 9{ 9�: � �qqN� Lx L�qq L O6�
 G_� G� Gf�� L�N� L6� LY �x N�� L �'qL( L � [��L�NF  <�5 9�7�� 9� <�5 ;Q 9� 9� �5 9� �  ;�59�� 9I :4 9/5 9m9�

 7�� <aD55 <0 9�W  @��� 7�55;:72 9� 9��9+55 <g �55 9 9� 7#55;�92�55 9�9� 9a�55 9� 9�:  ? 8t55 9'�� 7l;� 9�93 7[55 8 9�9�
 ;�9�� 9I:  , F� 9� 7e 9� 8X71 !7K <& 7e93 9X 7�� 9�� 9�9� 9a� 9� 9�:  !7A7#9> ;H� 9� ! B. < !7�D5 <I: 4 8P5 <�8��

!7:9> ;�9+ 9  <j;� 9  !B 7' 9�6YTZ" 
 �J;q G! O� L
 ���qL$ G
 �x N��q L�N� L_� G� Gf�� G]N>L: O� G��� L{ L�L: Oa� � LZN7 L  ���qL< G
 N�qO� Le

 G{ O� ID�� IW L1 N�� L>N: O*N�" 
 L6� GJ G�q L� L_ L�q LT N�2 N�q L��� N, LJ�qL� N� LY Nx� L� OeL&� L�N
 ¡y� LfN� G� LK L�L: Oa� N6N7 L 
 G�q L� Gx L�q O�G2 �� O0q GD LY ¡)�q L ��q O
L N& G� LK L�L:q Oa� N6N� L� ,G�qO<N
 I8 L3L� G� G�O� Le L6� LY O6N� L� N� N�O� Le

 ¡8qq N9 G
 /�qq G>N� L_ L�qq LT  N#�qq Ll L� LY ���qqL$ G
 ¡E N;qqL�O% GJ O�L� N�qq L� L� LH�� L� N�qq L� G� GH�� LY ¡�qqN<2NJ
 �) I� L� G
 �� O
L N& G_� G� Gf�� G� L� L�O� L� L� , N82 N� L0��" 

0�4, L_FE4� 2�I�8�@B0� :  

T−� <N� 9- 7.� : N�q N�2 N� O�L:N� �q [�N�� L N��q L>N: O*N� � [�NY� LZ G]N>L: O� G��� Lh L
� LS � LZN�
 L>N: O� L�L4L� N#�q Ll L�N� N�q NS� G� GT L	qO< N O�L� N	 NHq O+ L��� �qN  G�q G� L� NS L6�q LY �#� L;q L� ,G� G �

 ; G_� G� Gf�� � L9 L� Gk; GHL2 �N: I�� N�� L? OL&� L�N
 N� N; O�L% L� N� LS� L����9��5 9� 9Q 7�7� ;D 9�7�: ��v
a�`�_�~�}�|{�z�y�x�w� (~: 

T�}*"  
�q LS O�L� �[�q N��L% G�q LcL� L� O
� Lh L
�q LS O6N� � I
L� ;G�q G � L>N: O� O	q G+ O�L2 O8q L� N�q N�2 N� O�L:N� [* N3
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 B!7+8:�� 7a ;D 9�7�W: 4 7�5;� 9 9� �D <	7# ;=<>5 ;0� � 9� 9� <J�9� ;�B:�� 9� <c9E 9��� !7> 8�<3 ;$ 9� 9n7� <��YTZ 
 L�� L>N: Oi� O	 N+ O�Gc O8L( L  L) O; I!�� G	 N+ O�Gc Li �, L� La�L$ G
 � L9I%L N& L�" 

  L6� GJ � L��N  L� La�L� O6N7 L   L�qL4L� L� N�O� L( L L) G� L� �, L; O9 LDN� L� L� L� O�L� L�I$ LF O�L� N_ O� L���
 G�G4O$ L2 L*L  OX N\O< G2 O8 L� O6N7 L  , N� L2�� N); G� G�N� LX L\O%L� � LZN� G� G � L>N: O�" 

U−  7& 7. ;� 9-�� 9$ 7� <�� <# <��� : 
 N�qqO� L0N� L6�qq LY � LZN� N,L� O�qq L��� L� N�qq GS I�(N� N	 NHqq O+ L��� L�qqN
 G_� G�qq Gf��  G�qqI%N7 L  ��qq LS� L�

 I6L N& ;� [�qq�Nb LY O)L� � [��qq N+L2 G_� G�qq Gf�� L6�qq LY �#� L;qq L� , L̀ qq NS� L;�� L��qq L>N: Oi� G	qq N+ O�G2
 , G�qq�Nb L>�� L� G�q�N( L��� N�qq�N  E N;L:q O+L2 L# O'q ID�� �N �qqL< G2 �q L
 L� , L~qqO$ �(�� �N �qL< G2 L_� G�q Gf��

�� �N  Nw L	 L��� L� N) O; I!�� �N  N. O� �D�� L� N� OYL&� LY N� O9�4" 
 N6�qq L+O% N}� N�qq LS� L� LY G�qqO<N
 I	qqG� Li �qq L
 L;qq G3 L� ��qq LS� L�N� G_� G�qq Gf�� L6�qq LY � LZN� �qq I
L�
 �q L9O< L 'I L;qL: G��� N, I	q N N#�q Ll L�N� L� N�L<O: N��� N� O; LfN� L� N�� N�I<�� L� N�L��L< LH�� L�N
 N� O+ G0�� L�

q G4O$ L2 L*L  NQ� L�/<�� L� N�O� L��� N� OSL N& L� � L9 GS O� Lk �q L
 'qL( L L6;qG<O$ L2 L� G��q L>N: Oi� G�
 N�I�/<�� N	2 N	 OHLc Lh L
 L) I	 L� Lc" 
 9� 9�7�� 9� 7a ;D9�7� �: 4 7�� <aD <0 9� 9J� 9?W  !57� 9D5 <	 9� <�5 90;3 9� 8!5 9 9� </ 7m ;&5<�9�

� F�7=9> ;� <� 9J� 9? � 9{71 C� 9e� 9'7� 8X71 9�;�9+�� </ <m ;&9% 9X J�9? 9� <�< Be 9�<c 9� 7& 7. ;� 9-��6YUZ" 
 � 9�<� ;D 9I 9��: 4 �5 9-7� 8X71 C�5 9e� 9'7� � <#5 ;�9% 9X ;J93 7�57=9> ;� <-�� �5 9 9� <�8: @���

 <�;: 7� 8&<2 9X6YxZ" 
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 7� 9� <- <.�� 7� 9� 9,7� <�� <# <��� : 
 �	 NHq O+ L
 �qN  L]q L>L: O� L� �q [�N��L:L: G
 G�q G � L>N: O� L6� LY L� G� L� G� GH�� N�O�L( L ORL$ LS L� O� L


�� N��N  G)� L�Gc Li �q L9I%L N& N�q L� G� GH�� N, L*q L!N� G_� G�q Gf�� N�qO�L( L G̀ q NHL2 L� �8qN�5 L;q G9L  G�q L� G� GH
 N�qqqO�L( L L� G�qqq G � L>N: O� L	qqq L+L  N�qqq L� G� GH�� N, L*qqq L!N� G]qqqN>L: O� G��� L_ L�qqq LT O6N7qqq L  , �x O�qqq L 

�qN  L]qN>L: O�L2 O6LgqN� , N_� G�q Gf�� L�qN
 Gk� L�qN: O�i� G�G<N> O�G2 G�I%L N& ; G��L<O�N: O�i�  N	 NHq O+ L���
 L_� G�q Gf�� L{ L�q La O;q L� � L
 'L<ObL: O+G2 L� ,G�G � L>N: O� L�L4L� L_ L� LT L� O� L� O�L2 O8L� � LZN7L  , NhN
� LH��

 N� NS� G� GfN� G�G � L>N: O� G�G4O$L2 Li L� �W N!L2 G�LK O� La I6N7L  , N� L� G� GH�� N, L* L!N� N�N � L>N: O� �N " 
 9� 9� � 9g ;# 9-�� 7� 9��9� 7�7� <�� <# <��� 7� 9y�9: 9.�� 7� 9� : 

 G� G � L>N: O� L6� LY � LZN� L\Nd�L< LH�� G	 L9 ODL2 Li L� L�2 N� L��� G]N>L: O� G��� GJ; G�L2 Li
 �N  N, Lk�L< LH�� 'L( L G, L* I!�� G�< L> O
L� L� � [ �;L4Lc G�� L>N: Oi� L6� LY O6N7 L  ,�[$ NS� L�

 G� Gf�� N� L �� O0L: O+ G
 G�I%L N& , O_ G� OfL2 O8 L� N	 NH O+ L��� L_ L� LT G�O<N> O�G2 O8 L� O6N� L� , N_� " 
 L]LF L� O6N7 L  �, Lk�L< LS 'L( L N� N�2 N�LK �N  'I( L!L  N� LS� L��� N#� Ll L�N� L_ L� LT O6N� L�
 �N  � L9O� L( L 'I( L1 O6N� L� ,G� G � L>N: O� L�L4L� � L9O� L�N� N� N�2 N�LK O� L LX L	 L O�L� � L3 G�N�L:O< L2 � L9 L�

 GF G� N�O� Le O�N
 N� N�2 N�LK �� L
 Lk G�I%L N& ;G� G � L>N: O� G�G4O$ L2 Li � L9O� L�N� �X� G	 G Li L� � L9 L� ��;
 G� L� O_ G� OfL2 O8 L� L� ��� N+L2" 

 �q L9I%L N& ; N�2 N�q L��� N, LJ�qL� N�N� N� �;qL4I:�� N��q L>N: O� N�qN
 L_ G� OfL2 O6L� Gk; GHL2 L�
qq L  ,�qq L� G9L<O�L� L�qq/� GfL  , �� �;qqL4Lc G��qq L>N: Oi� L� �� �;qqL4Lc L�qqL4L� L_� G�qq Gf�� L��qqL: OT� N6N7

 O�qN
 G�q L� G_� G�q Gf�� Gk;q GHL2 �q L�N� L_ L�q LT O6N7 L  , N�O� L�N� ¡�L4 Ol G
 G�O� Le G�I%L N& ;G� G � L>N: O�
 O8qq L� L� N�q N�2 N�LK �qqN  N�2 N�q L��� N�qq L LXLgq L+L  N�qq OYL&� L� N6�q L+O% N}� N�qq LS� L� N#�q LlLF

 G � L>N: O� O�G4O$ L2 O8 L� L� Lk� LS O_ /� L�G2 ;G� G � L>N: O� L�L4L� L]LF L� O6N7 L  ,G� ;$5 9� 9p 7� <� � 9-7�
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 9� 9�7�� 9�����  ;�9�� 9I � 9�8K93: 4 <r%7#5 9-�� 9� 7�5 9e� 9';7� 9�;�9+�� </ <m;�9 9L <�;: <? ;J71
 d� 8�� 9� � 9K93 9� 8X71 <�;: 9� <a9c ;093 � 9- 9� 7��7��YTZ" 

  G� Gf�� Gk; GHL2 L*L  G�� G?O< L��� G�� L>N: Oi� � I
LgL  I6L N& ; N�2 N�q L��� N, LJ�L�N�N� G�O<N
 G_�
 G�q L� �̀ L�L:q O+G2 L� , ��I<q G� 'q L�N� G�O<N
 G_� G� Gf�� Gk; GHL2 L*L  �̀ NS� L� L�� G?O< L��� L�� L>N: Oi�
 N�q N�2 N�LK �qN  LJ�q L�L  N�q LS� L��� N#�q LlL�N� L_ L�q LT � LZN� �q I
L� , N	 NHq O+ L��� �N  ��2 N� L
 G, LJ�L� N

 O8L� O6N7L  � [l2 N� L
  L�q L!L:OF� O�qL� � L9N$L$q L+N� N�q N�2 N�LK O�q L LX L	q L Li L� N, LJ�L�N��� Ǹ L$ L+N� O]N�L2
 L�qq LDNd� L N~2 N	qq L�N� GhN��qqL:L: G��� G�� G?qqO< L��� G�qq G � L>N: O� GhqqN4 L�O<L2 Li L� Lk�qq LS NX� LVqq �+�� 'qqL( L

 L]qq LF L� O6N� L� ,N�N$L$qq L+N� �qq[%� L
 Lk OU /;qq L�G2 O8qq L� G�qqI%L N& L� ; NrN��qq I+��  L�qq L4L� LX�qq LKL� L� N, LJ�qqL�N�O(N�
 G�G � L>N: O� G�G4O$L2 Li O�N4G2 O8L� O6N� L� ,N, LJ�L�N�O(N� L_ L� LT O;L� � L� LY G�G � L>N: O� " 

0�4, 0P4� 8�L!4�2�0�85B 0	0�4, LB0�4R @�4� :  
T−  <\ ;D558:�� 9� <k ;#55 @��� 9� </55 ;?9L� : G. O�qq �D�� L� G�qq OYL&� N]qqN>L: O� G�O(N� G��qqL$ G2

 L� N	 NH O+ L��� �N  G) O;I<�� " 
U−  7& 7.55 ;� 9-�� !557� <n7��9:55 8,�� 9� <�D55 <� <��� : L�qq NHI: L2 O6L� N]qqN>L: O� G�O(N� L�O�qq L�

 ,G�q L� �q L
 �qN  N]� N� Lf�� N� O
L&�N� L� G
Og L2 O6L� IiN� N| L*qOK N}� 'L( L N� L�O< I!��N� L̀ N+L: O>L2 L�
 ���Lb OYN� N�O� Le O�N
 E N�L: ODL2 L� Gh�N$ L2 L�" 

x−  <�5 ;- 8,�� : O�qN
 L�O�q L� G�qI%L N& ; N�qO� I(�� 'q L�N� GR O� I!�� N]N>L: O� G�O(N� G� L� O>G2
, N) L* O� N}� N� L�2 N� La  C\ 7y� 9  !7293 <$;2 <O;� 9I 9a� 9I: 4 ;$5 7� C�93 9#5 ;�� �5 9 9� C#5 ;=92 D<293 9/ 9m 9�

 <P55 8 9=9Q 9X �55 9	� 9# 9� <�559: ;% 9y �55 9�9� <a�55 9� <% 9O55 9- ; 93 9a�55 9� 9�:  9� �55 9� ? <P55 8 9=9Q 9X �55 9��D<��55 9I: 
 , F�9> 7-55 ;, <� ;�55 8. 9 �55 9�9� 9a�55 9I:  7/55 9- 9� ;$55 7� � 9
55 9	 , @/55 7'9% 9X � 9
55 9	 8J7h55 9� !55 7- 8 9=9Q
 ;� 9-8 9=9> 9� , 7�8�7 7	� 9.���YUZ" 
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 �!557 9� ;$55 9� 9� �  9a�55 9I:  7�� 7aD55 <0 9� ;$55 9� <�55;� 7� 9  W 9a�55 9I <�55 8K93 :4 9X
 7/;� 8�� �9�71 C\ ;D9% 9l� 9- <��YTZ" 

8�L�4� F�� 0	A���<9� 0	8Q0�fK�<9 <���2�8=]:  

 , N65 O�q G��� G, L#� L�qNF L� , G, L*q I!�� L� ,'L��q L�Lc N�� G�q OYNZ N]qN>L: O� G�O(N� �̀ L�L: O+G2
 �qqN  L	qqO$ L��� G̀ qq /e L�Gc �qqN: I�� N~qq2NJ� L�L&� NW� N�qq L1 L� NU�qqL2�� N);qq G� G�N� L̂ qqN� LZ L�

 L*qqNc L� N, L*qq I!��N� NX� L0N:qq Oai� N;qq O�L% L� N#� L �	qq�� L� 'L��qq L�Lc N�� N�qq OYNZ L� N65 O�qq G��� N, L�
 N� Ll O� L��� NU� L�I4�� L�N
 L̂ N� LZ" 

 L N& ;L�q O� N��� N�L� L~2 N	 L��� N�L� L65 O� N��� G� G�� L�OFN� �̀ L�L: O+G2 L� LX� L0N:q Oai� I6
 N8O( N���qqN� − G�qq G��N( O�Lc L� G�qq G��( L�Lc−  G�qq LlO L� L;qq G9L  , ��qq L2� L�NY Gx O�qq L   N, L*qq L1 O�qqN


 G�q L� O�L% I6L N& L� ; NU� LJ�qL$ N��� L�qN
 �q L3 N�O� Le L� N, L* I!(N� �W /� L!G
 G�I%L N& L� ; N�L(N �I<��
 NX� L0N:qq Oai� N��qq Nl O�L:N� G~qq2NJ� L�L&� OU L� L3�qqL�Lc O	qq LF L� , NQ�qqI<�� 'qq L�N� ¡	qq L�L: G


 N� L(N �I<�� N, L* L!N� NX� L0N: Oai� 'L( L N8O( N���N�" 
0	LQ4� 4�4|3o� 4���2�0�8B85 0���2E3\0� :  

 N�q OD L��� LY ��D L L�� L>N: O� L� L?L% O�L� L6� Ll L
 L� LY N�N<O� L�N� �� O9 La L�� L>N: O� L� L?L% O� L

 'q L��G&� N�N: L(O� L� L�O$ LF G� L� L>L: O� G
 L� LT LJ � [ �;L4Lc L̂ N� LZ LJ� L�L� O�L� , L6� Ll L
 L� O�N
 N, L�� NTL&�

 ID�� N.� G� Ge L�O$ LF OEL� N)�q L> O�L&� Ǹ q �c L� Lc N��N� L	qN� N�q L(O� I(��N� G� GT O	L2 G� O9 ID�� NZN� ; N� O�
 Li �q L
 L� , N�N� N�O� L� I( L� G��� N|�L: N��� L� N| L*I4�� N�;GF G� L� N�O2 I	�� NX;G( G� O�N
 N�N� N� L� I( L� G���

 Ì q L�L� � LZN� � L?q L3 'qL( L� L  , �̀ q NS� L� L; G9 L  N�N� IiN� G̀ NS� L;�� �8N: L2  L�q OD L��� L]qN>L: O�L2 O6L�
 � L	q O�N� N�q L(O� L� O�qN
 N� O�q ID�� N.� G�q Ge L�qO$ LF L� LT LJ � [ �;L4Lc L6� Ll L
 L� O�N
 L� NT� L�L&�

 ; L�2 N� OD N L� Bp 7� ;& <��� C&�7� 90 !7293 ;$ 9� 9p 7� <� � 9-7��  7�� 9aD <0 9� 8J93W  9J� 9?
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 9J� 9q 9� 9� ;$ 7� 7̂ 90 ;�9L� 7# ;� 9��� !7� <�7=9> ;�9%  9�5 9;�9� 9J�5 9? � 9{71 �58> 9  � F�� 9� 9� 9=9> ;�� 9�
 7�557�� 9=7> ;�� 7$55 7� � 9�7> 9'�7+55 9� ;$55 7� <� <#55 ;�9% !557>8�� <�55 9;� 8�� 9!55 7	 9� 9$%7#55 ;� 7� 9� � 9&55 ; 71

 9a� 9I:4 9# 7m� 9�9L� 9# ;� 9��� ;�7=9> ;�9� ; 9� !7� 9� 9� 9=9> ;�� 9J� 9? ;$ 9�6YTZ" 
 7. ;� 9-�� 9$ 7� 7�7=9> ;� <-�� 7�� <# <m <�;I 9� 7&: 

 L	q O�L� G�O<N
 G_ G� OfL2 G�I%N7 L  L6� Ll L
 L� O�N
 L� NT� L�L&� L� OD L��� L]N>L: O�L2 O6L� LJ� L�L� O� L

 �qqN  N	qq� N��� L�qq L(O� L� L~qq G> O�L2 O6L� G�qq LlO L&� L� , �X� I;qq La N�qq L(O� L� O�qqN
 N� O�qq ID�� N.� G�qq Ge

 L_ G� OfL2 O�L� N	�N��� L, L* L1 N��N  L�/( L!G2 'I: L� N	 NH O+ L��� N, L*q L!N� 'I(q L! G��� 'q L�N� G�O<N

'I( L! G��� �N  � L3;=( L1 O6N� N	�N���" 
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012�3�45, 0b��k�n:         
 F� 9G<� @t 9'�� : �8I� L� G
 'L�N� G	 O! L��� "� F� ;# 9H 9�:  NX� L� OL N& N)� L� L��� NRO�L$�� G	 O!LF

 N̂ G+�<��" 
4�LB4en 0b��k�n :  

 N6�qq LY O�L� O�qqN
 ��qq OY L� ��qq L���  �8N(qq O+ G
 /�qq GY 'qqL( L ��O�qq L Gx O�qq L L� , N) L*qq O� N}�
 N�I<qq �+�� L� N.�qqL:N>��N� G�G:qq Ll2 N� L  ORqqL:L$ L� O	qq LF L� , [, I�qq L
 N�qq O� G��� �qqN  �h�N4L:qq O+ G
 �]qqI( L> G


 N�� L� OS N}� L� : 
 <k�55559>7=�� �5555 8�93 :�9��5555 9� 9Q 7�� <a ;D5555 9� 9� :���¢�¡���~�}�|

�®�¬�«�ª�©�¨�§�¦¥�¤�£� (_ :�}*" 
 9��9�� 9� 9Q 7�� <a ;D 9I: �¥�¤�£�¢� (~ :T�R*" 

 <�8: @��� � 8�93 9�:  9# 9- <� 7$;2� <j% 7& 9  � 9�;: 7- 9�  � B!57+8:�� 7$ 9� W 9a�5 9I :4 9!57:<2
 CO55 ;- 9m �55 9 9� <\ 9�55 ;07��:  ,7�� <aD55 <0 9� � F&55 8- 9' <� 8J93 9� <�� 8X71 9�559�71 9X ;J93 7� 9�� 9�55 9H

%71 9� ,7� 9� 8,�� 7\� 9I71 9� 9J� 9q 9� 9� 7\ ;D 9� 9� , Bt 9'�� 9� ,7�� 9? 8��� 7]�9>6YTZ" 
 9� 9#55 ;% 9# <	 !557293 ;$55 9� 9� �  9a�55 9I : 7�� <aD55 <0 9� �559:9+9E 9m W 9a�55 9� 9�: 4 �55 9�@%93

�D5 @. <'9� 8t5 9'�� ;P <=;�5 9 9� <�� 9� 9#5 9� ;&5 9I <s�8:��6 " d/5 <e 9� 9a�5 9� 9�:  �q L2 �)�q L I�q GYL�
 LF 'I: L� LR L> L+L  ?N�� LX; G� L� ,� [� L*L� � L9 L�� 7�� <aD <0 9� 9a� 9� 9�W: 4 ;P5 9� 9K <�; <I ;D9�

                                                  

@mB  E��f$�� ����@� B 8(+
�@m©"B 

  

8�0�4; k�0b�� 

365



 9a� 9I 8P<z , ;P<> ;�9E9> ;0� � 9-9� 9� ;�9+ 9e 9D9� : 9J�5 9? ;$5 9� 9[59 9	 �5 9- 8K7h 9� ;P <=<> ;? 9# 9Q � 9� !7K� <� 9{
 <=<Q ;# 9�93 � 9{7h 9� , ;P 7�7��9�7+ ;K93 �9 9� ;P 7�7� 9�7> ;m� 9� ;P 7�7�� 9� <0 7� 9#;b 9=72 ;P <=9;+ 9I �D<Q;c5 9� C] ;!5 9�72 ;P

 <�D <� 9& 9� C] ;! 9H ;$ 9� ;P <=<>;� 9� 9K � 9{71 9� ;P<> ;�9E9> ;0� � 9� <�;: 7�6YTZ" 
 <N� 9- ;e7�� � 8�93 9�:  N�q O� G��� �qN  /�q L��� N.;q GS G� 'qL( L G�q I
G&� NR L� L� OSL� O	 L� L 

 N�2 /	q�� L�qN
 N�q L
;G( O� L��� N�;q G
G&� L�qN
 L;q G3 L� , Nh�N4L: O+ G��� 'L( L [, I� L
  ,N, L�� G�q Il��N�
 G� G	 N�� LS G� G� O>L2" 

4	4H4;� 0b��k� 0�@!A��� p0�8|�(:  

 'qL( L N) O\q L��� N{ O� LDN� Gk; GHL2 � L�I%N� G�� NTOgI:�� L� ,� NT� L�I:�� 'L( L G̀ NHL2 �� L���
 L) G�qq L� N�qqN�� L
 L� L*qq L3 L�qq ND LT O�L� L\qq OH L��� L�qq ND LT O;qq L( L  , N�L$ O�L:qq O+ G��� �qqN  N�qq O� N���

 OgI:�� N�� LX; G� L� I6L N& ; G�� NT ª  �E O	q L3 G�q L� L
 O�q G>L2 O8q L� O� L
 N�� LJ L;�� N� IH L� �N  L� L
L�
 N�� NTOgq Lc Nk� L;q LS �qN  �W2 N�q L1 � L?q L3 L� , [, L� O� G G� L( L� OHL2 L� /� L���N� L)� L� O� N}� LWN:L: O� L2 O6L�

 N� �> L�I:�� Lh L
 /� L���" 
 ��L< L� O�N
 G� L� ITL� � LZN� G�I%LgN� L�  /�q L�O(N� �q [2 /J LV G
 ' I�q L+G2 G� L( L� L L� �Lb OYL� O�L� ��L< L� 'L�N�

 [#� LJL� Li [#� LlLF L6� L> L� G�� NTOgI:�� L) G� L� O; L� L� , L�� N�N( O+ G��� N�� L� OSN7N� �[� N��LF Li" 
 G� Gc LJ� L9q La �J L�q Gc Li G� L( L� L  I8G� G� L� ITL� L� /� L��� L�N
 L� I> L�Lc � LZN� G�I%L N& L�  L�O�qL� �q L��N 

 L#� N+ G��� N�N�� L>Nc O� Ni OUIJ G� L� L) G� L� O; L� L� , N|� L�/ci�N� N�N( O�N L� N� N�� NTOgLc"   

4�4�<�	 @�3�0",8� 0b��k� :  

 L6;q G>L2 O�q L>N� N6�q L+O% N}� �N  � L3 G�� L;Lc G̀ NHL2 �U� L� N1 /� L��� G{� G� Ga
 N�O� L( L � [�� G� O� L
 , /� L��� N#� LJLgN� �[$ L��L4 G
 Li {� G�q �D�� N� N?q L3 L	 L�L� L	 L�L  O� L�L  ,

                                                  

@mB  8(+
 ����@moop"B 

366



 , N�N� �[$ L��L4 G
 G6; G>L2 Li L� , �� L��� N�O� L( L G̀ NHL2 9!5 7	 d� 9�+ 90 <�� <# @��� 7� 7
 9	 9�: 
 G�qL�N( OfLc L� NJ� I\q�� L� N� L( N�� I��� GJ; GS G� L� G�I2 /� G��� L� G¥;G(G$�� L� G� O� L��� L� G) L* O� N}�

�� G6� L> O
N� L� Nr2 N�I4�� N�O� I+@ G� L�L4N: O�i� OEL�"B 
 F� 9z 9�9z � F�� 9� ;I93 <P 7�9�;: 9Q <�� <# @��� 7� 7
 9	 9�: 

 � 9�;: 7�:  G� O� L��� L� G) L* O� N}� L; G3 L� N� I� /!�� L� N.; GS G;O(N� �{ O� La L; G3 � L
" 
 � 9�;: 7� 9�  G� I2 /� G��� L� G¥;G(G$�� L; G3 L� N#� L\ OS N}� L� N.; GS G;O(N� �{ O� La L; G3 � L
" 

 7� 9�� 9�;:  G� L�L4N: O�i� L; G3 L� O� L�L  N.; GS G;O(N� �{ O� La L; G3 � L
" 
 Bt 9'�� 7� 9q%7# 9� 7�� <# <H ;$ 7� <a 8�9L� <� ;# 8��� : <\ 9� ;07�� : 

 Li L� N) L*q O� N}� G�q IH L� N�qO� L( L G̀ q NHLc L̂ qN� LZ L	q O�L� L8L(q O�L� I8G� G�N � L>�� I� L� O; L�
�� NX�q L� �qN  I� L� � L�N� �	L: O�G2; N�q O� G>  B!57+8:�� 7a ;D5 9�7�W: 4 8P5 <z 8t5 9   !572� 9# ;�93 �5 9-@%93

� 9# ;m<3 F� 8. 9  8t <'9% ;J93 7�;� 9 9� 9� 9# 9e� 9	6YTZ"  I8q G� N) L*q O� N}� L�qO$ LF I� L� � LZN� G�I%L� �N< O�L2
 N, LJ�L$ N��� N� O3L� O�N
 L�O� L� G�N � L>�� L� �, LJ�L$ N I� L��� I6L N& L� , L8L( O�L�" 

 8���!7K�8b�� <� ;# :/<5 ;� 9��� : 
 G{ O�qq La L�qq O� L��� I6L N& ; [*NF�qq L G6�qq L+O% N}� L6;qq G>L2 O6L� /�qq L��� N�I�qq N� O� L�N� G{ L�L:qq ODG2
 G�q �H L�L  G6;qG< OH L��� I�q L� O;qL(L  , N]q�N( O>I:�� N�q O3L� O�qN
 L�O� L� G6;G< OH L��� L� , N]�N( O>I:��

 [* O3L� L�O� L� G�I%L N& ; �W� N� L1 G�O� Le N� N	q Oa G� 'L�N� L|�L L� L� N� N� L� L
 O�N
 L� N� Ga O6N7L  ,N, LJ�L$N�O(N� 
 ; N) L* O�N}� G� IH L� N�O�L( L G̀ NHLc B!7+8:�� 7a ;D9�7�W: 4 7P7��58:�� 7$ 9� C�9z 9�9z ;$ 9� <P9 9��� 9n7� <�

 9  7JD<: ;. 9-�� ;$ 9� 9� 9P79> ;'9% �8> 9  B!7+ 8,�� ;$ 9� 9� 9�7�;�9> ;�9% �8> 9  9/7� ;�9% �8>6YUZ" 
                                                  

@mB  ���&� P ���4�� ����@otmnu B ��>�� P ��9�$���@ntosv B ��q$�&� ���1�
 h
�H�� W��1 P@sps�"B 

@sB  J��J ;qqq�� ����@no�� B ����qqq1 P �qqq�2\T �qqq���@nton� B P ��qqq$�&� ���qqq1�
 #���}�@suno"B 

367



 <j7��8b�� <� ;# 8��� : <�D<<+�� : L.�qL4 NT Li G�I%L N& ; /�N$ I!�� 'L( L �� L��� G̀ NHL2 L*L 
 ;�q [ �;L4Lc L6�q LY L� G�q �H L� IWq L1 I� L� O;L� G�I%L� IiN� , �� L��� G� G
 L\O(L2 L*L  ;N�O�L( L � 9� 9� �5 9-7�

 Cs�58+ 9� <$;2�  � 9a�5 9I: 4� ;�5 9� 9� 9��5 9�9� ���7+5 9� d�93 9#5 ;�  ;�59�� 9� 9�:  ,7�� 9aD5 <0 9� �5 9%
 ? ¥t 9  � 9
 9�7�93 9a� 9I:  d# ;e93 7[9� 9� , ;P 9�9K6YTZ" 

 <�5 8. 9  7�5;� 9 9� 9�5 9e 9� 7�5 7"D<<2 9/5;+ 9I 8t5 9  ;& 9I 9J� 9? 9� @!7+ 8,�� 9�992 � 9{71 <� 8K93 8X71
 B!7+8:�� 7a ;D 9�7� ; 7� 9q%7# 9���W: 4 8,�� 8t 9  � 9{1 � 9{7h5 9� 9/5 7� ;�9% �8> 9  d� 8. 9  <�9� 9!7� 9� @!7+
� 9# ;m<3 d� 8. 9  7�;� 9 9� 9� 9/ 9� 9�6YUZ" 
 <n572� 8#�� <� ;# 8��� : <� 8% B# <'�� : 

 N�q L
 O	 NT �qN  �| N� O0L:q O+ L
 G�qI%L N& ; N�;qG( O� L��� N	qO$ L��� 'qL( L ��q L��� G̀ q NHL2 L*L 
qq L� �qqN  G�q �H L� IWqq L1 I�q L� O;qq L( L  ,N� N	/�q L� Lrqq: L � LZN7qq L  ,�q [ �;L4Lc G6;qq G>L2 L� /| /�q�� NX�

; N) L*q O� N}� G� IH L� N�O� L( L L̀ LS L�  B!57+8:�� 7a ;D5 9�7�W :4 9̀ 57> ;�<3 8P5 <z 8t5 9  &5;+ 9� �5 9-@%93
� 9# ;m<3 d� 8. 9  7�;� 9 9� 9�6YxZ" 

  <O 7�� 9��� <� ;# 8��� : <� 9��9E7> ;0X� : 
 Lc O� L
 'L( L IiN� �� L��� G̀ NHL2 Li L�� I6L N& ; N� L�L4N:q O�i� GX�q L! NT N��N  G� L � L;L:

@'L�� L�Lc B /� L��� N.; GS G;N� L� L�L4N: O�i� L{ L� La�9��5 9� 9Q 7�57� ;D 9�72: ���~�}�|
�¦¥�¤�£�¢�¡��� (_ :�}*" 

J� 9-5 ;�7I Bt5 9'�� 7kD5 <e <D7� <� 9#9>5 ;�<Q !7>8�� 7� 9��9E7> ;0X� <�� <# <H 9� : �{� G�q Ga
 LS /�(N� �� I
� L L#� L+/<�� �� GfLc �{� G� Ga L� , N#� L+/<�� L� NX�" 

                                                  

@mB  8(+
 ����@moo©"B 

@sB  ����qq1 P �qq�2\T �qq�� ����@nton� B 8Y�qq����@mt©vv B P ��qq$�&� �� I�qq1�
 h
�H�� W��1@n�v"B 

@oB v�'�: )	�c"  

368



 <a 8�9L� <P ;�7��� : 7]� 9�B:�� 9� 7a� 9e B#7� d� 8�� 9� d�� <# <HS 
 Ca�5 9, 7m <n92 ;�93 7� 8�� 9��� 7� 9��9E7> ;0X� <�� <# <H : 

m−  N.;q GY ���� N� L�5 L� NJ� I\�� 'L( L G, L� O	 G���" 
s−  N6 L	qL$�� G�q I� N1" 
o− 2 N�I4�� G� O
L� Nrq" 
n−  N�O�q I+�� G6� L> O
N�" 

�9��<L� <� 9 ;, 7���:  N.; GY ���� N� L�5 L� NJ� I\�� 'L( L G, L� O	 G���" 
 �qq L� L�I<�� L� N.;qq GY ���� N�qq L�5 L� NJ� I\qq�� 'qqL( L G, L� O	qq G��� /�qq L��� N.;qq GS G;N� G{ L�L:q ODG2

 ���� N�q L�5 'L( L N, L� O	 G��� G{� L�N: Oa� ��L: OfL2 L� ,�[�� L2N� L� �[�� L3 LZ � [	q�N�L� L6�q LY O�q L�N� N.;q GY
 L� I> L
 O� L" 

 N�� LX; G� L� I6L� LJ L� L� O	 LF L�ª  � L� L� L  , N� L( N�� I��� L� NJ� I\��N� L� L�L4N: O�i� L� I+L 
 ��L%L� O� L ��N< O4GF�� I	���  7�57� ;D 9I !7��: ���¦¥�¤�£�¢�  9a�5 9I: 

 ? G��N$ I+�� � L
 N�� LX; G� L� �L2 L��NF 9a� 9I: 4 8��� <� 9 7 � 8#�� 9� <��6YTZ" 
  ��N$I<�� L� I+L  O	 L� L ª  ;�q [�� N� LS N�q L( N�� I��� L� NJ� I\��N� L� L� G� OD L��� L� L�L4N: O�i�

� L� N3 N	 L�LgN� G� L�L4N: O�i� GRG$Ob Lc L*L  " 
 N
 Li � I�N
 G� L��L� N}� NRL%� LY � LZN� N� L( N�� I��� L� NJ� I\�� N� L��L�N7N� �� L��� G̀ NHL2 L� G� L� L�I<

 N��N�L N& L� L( N�� I��� L� LJ� I\�� LX L?L� � LZN� N�O�i� LY ,G� L� N��L$ G��� 'L( L" 
4�4�<�	 A���8�� 0	@�]8� D���<�3;� :  

3−  N�qN�� L3 LZ �qN  N�qO� L�N� G_�qL: O�L2 �q L
 L; G3 N�O� L( L G, L� O	 G��� G{ L�L: ODGc E N? I�� LJ� I\�� I6L�
                                                  

@mB  �<4F��	�� ����@stsm� B #���}� P ��$�&� �� I���@���"B 

369



 L� �X; GYOg L
 O�N
 N� N; GS G� L� Li L� �q L9�N  L�� L�q O�N� Li ��q L� L� ��q L� L�L<N� �, L; O+NY L� �.� G� OD L

 G�qqL$L: O�G2 Li G� LJ�qqL: O� E N?qq I�� N�qq L� L;�� L�qqN
 'qqL% OJL� � [J� Lk Gh�N4L:qq O+L2 L6�qq LY O;qq L( L  , L�qq�N: O� Lc

qN
 N�qO� L�N� G_�qL: O�L2 �q L
 �q [lO2L� NJ� I\q�� G{� L�N: Oa� G� I� LlL:L2 L� , /� L�O(N� � [��N4L: O+ G
 NU Li5 O�
 G�O< L 'L< O0L: O+G2 Li � I�N
 NJ� I\�� L� N)� L�I4��" 

k−  O�L� �#� L�q NDN� �q I
N� , N�qN(Ob N�N� GWG(q O!Lc � I�N
 L6; G>Lc O6L� N� L( N�� I��� �N  G{ L�L: ODG2
 N��� N�q L�L� O�qN
 �Lb OYLgqN� � L3 L	 LS L� O�L� � L3 O	 NHL2 O8 L� O6N7 L  , N� N; GS G� L� N�N�� L3 L?N� �#� L�N>N� N�qOb

 , ��q L��� G�q O
 L\O( L2 O8q L� �q9Nc L� OSG� O�L� �q L9N< L�L� O� L L\ LH L O�L� N�Ob N��� N, L� OSG� O�N
 �Lb OYLgN� O�L�
 Li O)L� G� Lc LJ� L L6� LY L� N� OD L��� 'L( L L� L	 LF �#� L; L�" 

�−  �qq I� L [*qq N��L  L6;qq G>L2 O6L� G{ L�L:qq ODG2 N�qq O�I<�� �L(�qq N� L� L� NJ� I\qq�� L̂ qq O(N
 I6L�
 Lc N�N�� L2N� L� N�N�� L3 LZ L, I	 G
 G�I�N( O1L&� G� LS� L��� N�O� L�N� �� L�" 

 7�8�7 ;�9L� 7�e� 9'�� <a� 9, 7mS 
 dM 9�9z 7�8�7 ;�9L� 7�e� 9'�� <a� 9, 7m : 

T−  L�qq L� L�I<�� I6L N& ; N�qqN�� L2N� L� N�qqN�� L3 LZ L, I	qq G
 O8 G9G:qq L� L�L% G�qq G
 L\O( Lc O�qq L
 L� N�qqN��L� N G�qq L� L�L%
 /( L�L: G
�; G�� NlL2 I*L�N� G	 LY5 O8 G9 �� L� L� , G_ L; O�L� O8 G3 L� L��/�N
 LJ�� N|; G� G�N� �� L�" 

U−  N)NJ�q Lf�� LY N�qN(Ob N�N� I	G� Li � I�N
 L� , �� L> O+ L
 O�N
 G� G( O3L� L� L; G3 N�O� L�N� G_�L: O�L2 � L

� L	N: Oi� N� O	 L�N� N�N��L�N� L� N� N� L� L L� N� N� L* N� L� NRO�L$�� Nw�L�L� L� L̂ qN� LZ �qN  Ǹ q N��L< G��� NX
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 7�7#;� 9" �9 9� 7�� 9# ;� 7�� 7/� 7q ;�9Q <� ;# 9H 9� O6N7q L  , N�N:L<q L� �qN  L�q N�L: O�L2 I8G� I� G�L2 O6L�
�� N�L< L� O� L L, L� O� G��� L� ITL� L*qN� G�qO<N
 G� LlO L� N6� L� N��� L� Nh�: L�I:�� L�N
 �	 N�� L� �� G>L  /� L�

 ��� G� O> L
 /� L��� N�L< L� O� L N, L� O� G��� L�� NTOgLc I6L N& ; �� L* NT" 
0N2�4) A���0�D�3u 0	8���0�8=� :  

 IiN� L� L	q NS G� O6N� � [2 O	q L3 LWL� O?q L2 O6L� N6 N�� L��� L� Nh/: L�L: G��� 'L( L G̀ NHL2 G)�L�q /!��L  
�9�� 9�9Q 7�7� ;D 9�7��Ó�Ò�Ñ�Ð�Ï�Î�Í�Ì�Ë� (~ :T�R*" 

 9# 9- <� <$;2� 9a� 9I 9� �: 4 7�� 7aD5 <0 9� 9n 9� <s�8:�� 9n8> 9- 9QW  �59�71 7� 9# ;- <���572
 �5 8- 9 9� 7&5 ;�<% ;P59� ;$5 9� ;P <�;:5 7� 9� 9p ;& 9��� 9u� 9�9� � 9& ;	93 ;$ 9� 7s�8:�� 9$ 7� 9J� 9= 9� Bt 9'��

 <0 9� 9\ 7& 9I 7�� <aDW  9� 8= 9� 7s�8:7� 9a� 9I: 4 @/5 7'9% 9X <�5 8K7h 9� � 9&5 ;	93 ;P <=;:5 7� 9J� 9? ;$ 9�
 ;�5<E9� ; 9� � 9&5 ;	93 ;P <=;: 7� ;$ <=9% ;P9� ;$ 9� 9� ,<� 8. 9  9! 7q;�9% �8> 9  <�;: 7� 9\ <# 9  C] ;! 9H ;$ 7�

 8P<z ;/7 ;'9�;� 9� ;# B,9�<�;� 9� 7� 9� ;# 9-�� 9� � 9� 8,��72 9� 7�;�9+��72  ;$5 9- 9� , 7&5 ;�<�;� 9� Bt 9'��572 8/7�<�7�
 7�57 ;	93 �59�71 9n5 9e 9� � 9{71 F� 9�;+5 90 9� Bt 9'�� !7� C\�8%93 9� 9z 9�9z ;P <,9� ; 9� � F% ;& 9	 ;& 7.9% ;P9�6YTZ" 

, Nhqq/: L�L: G��� N8q O> G� �qqN  G6 N��q L��� L�  I6L N& ; Nhqq�: L�I:�� N.�qL� O�qqN
 G6� L�q N��� L�qq N� GS �q L�I%N� L�
 L2 L6 N�� L��� ,� L� OTG� /� L��� 'L�N� L� [, I� L
 N, L� O� G��� 'L�N� N� L� I+�� �N  Ǹ L!I<�� N6��N� GhI: L�L:

 'q L�N� I�q L��� I8q L� L� , N�qNc� L��N
 O�qN
 �, L	 N�� L� /� G>N� O) N� O�G2 O8 L� L� ,� L� N9N� O� LHN� GhI: L�L: L2 L�
 ,N, L�qq O� G��� 7�� 7a ;D55 9I 9�55 ;'9Q 9/ 9m 9&55 9��:  ��Ò�Ñ�Ð�Ï�Î�Í�Ì�Ë
Ó� (~ :T�R*  N�O� L>q G+G% L�O�qL� Lhq L� LS G�qI%L N& Nhq/: L�L: G��� 'L( L L̀ LS L� � LZN� G�I%L N& L�

 N)� L� O� N}� �N  � L� G9L<O�L� Lh L� LS O	 LF L� N6 N�� L��� 'L( L G̀ NHL2 O6L N̄ L  ,� L� N3 N	 L�L� NROF L� �N 
'L� O�L� N.�L� O�N
" 
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 C� 9# 9�92 <n;+ <0 ;�93 d�� 9H <� 7e� 9D�� <p ;& 9��� 9�  ;�93 F�5 9K 9&92 9#5 9'9K ;J7h5 9� , C�5 9K 9&92 <n;+ <0 ;�93
 d#72� 9e � 9� 9� � 9-7� ;� F#;� 9m 9�� 9y ;& 9� 9� F� 9# 9�92 9v92 9{ �  9a� 9I: 4 7aD5 <0 9� 9n5 9� <n58> 9-9> 9K �58: <?

 7��W � 9��7� <�7#9> ;�9K C� 9�;+ 90 ;$ 9� 9� 9# 9�9+�� <v92 ;
9: 9� 7� 9# ;- <���726YTZ" 
 9I 9� 9# ;- 9e !7293 ;$ 9� 9� 9a�: 4 Cs�8+ 9� 9$;2� <�;�9c 90�  �5 9�72 !7K 9# 9�9c5 9� 7� 9�;> <-�� 7$ 9�
 7p ;& 9��� 7$ 9� <�<>;�9c 90 9� 9a� 9� 9�:  C\ 9� !7� d� ;# 7H ;�93 d�� 9H ;�93 d� 9# 9�92 ;�93 d�� <� 9e � 9��7�6YUZ" 

 7J� 9# 7��� 7p ;& 9	 <� 7eD <�S 
 G�qqO<N
 G�qq OYL&� G�qq L� Gk;qq GHL2 L*qq L  , ��qqO$ LS G) LJ N6� L�qq N��� G) LJ G| �	qq L!I:�� G̀ qq NHL2 O�qqL� ,

 N� N�� N� LHN�" 
fn+0�<o 0����n3)�:  

 G� L	q LS L� O�L� G�qL< L�L� L	q L� L  O�L� � L	q L� L  O6LgqN� LE O	q L9�� O	 NHL2 O8 L� � LZN� G6 N�� L��� L� Gh/: L�L: G���
 L�O$q L� L� /�q L��� �qN  �)�q I2 L� N�q L� L*L� N)�L� N1 'L�N� G� N�L:O< L2 N�N(ObN
 N� L�L� O�N
 �Lb OYLgN� , Lhq LS L� � LZN� ��

 L̂ N� LZ L� �9�� 9� 9Q 7�� 7a ;D 9�7�:  ��×�Ö�Õ�ÔÓ�Ò�Ñ�Ð�Ï�Î�Í�Ì�Ë
�äã�â�á�àß�Þ�Ý�Ü�Û�Ú�Ù�Ø� (~ :T�R *  N~2 N	qqqq L�N� L�

 NrN�� I+�� L� L� G N�O��" 
  G�qq L� Lk�qq LS N� N�qq N� O; L
 �qqN  G�qq L
 N	 L 'qqL: L�L  , N� N�qq N� O; L
 �qqN  G, L� O	qq G��� G�qqL$L: O�Gc L�

� 'L�N� GX� L�N:O%i� , �RqIF LV G
 G�qL�; GS G� I6L N& ;N� N	q L(L� �qN  N�qO� L( L � [�NJ�q LF L6� LY O6N� L� N)�L� /!�
 �qqN  N#�qq L��� LY , N� N�qq N� O; L
 �qqN  N�qqO� L( L G, L� O	qq G��� OU L�qqN$G: O� �qq[: IF LV G
 G�qqG�; GS G� L6�qq LY �qq L
 L�

 N.� L��:�� 'L�N� L� L�L:O%� N�N%� L> L
 �N  G� L
 N	 L � LZN� ,N, L�� L9I4��" 
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 Li L� �qq L9N� LJ L� L� L�qq O
L&� I6L N& ; NE O	qq L9�� LX L	qqL� N)�L�qq /!�� �qqN  GhG��qqL:I:�� G̀ qq NHL2
� [�2 N� O� Lc Li L� � [� O� LS � NlL: O� L2 Li L̂ N� LZ L� ,� [� L( O4 G
 " 

0	LQ4� k���0�3. 0	0�@B4?4� :  

 FX 8�93 : 7� 9z 9�8b�� 7\� 8%9L� <\�9� 7� : 
 Ib�� G)�L� N1 L6; G>L2 O6L� �̀ L�L: O+G2 L�q L L� L N) O;L2 L) O; L1 I6L N& ;L� L L� L N) O;L2 L�O$ LF N� L� L*

 ¡̀ L�L: O+ G
 G�O� Le L� L L� L�N�" 
 ; /� L���qN� N)� L�q O� N}� 'qL( L �q L9O<N
 �) O;qL2 O�L� N� L� L*Ib�� G82 N	 O� Lc Gk; GHL2 Li L� 7�57� ;D 9�7�

�9�� 9� 9Q: ���Ü�Û�Ú�Ù�Ø�� L	 O�L� /� L��� �N  G6; G>L2 � L�I%N� L� , , N�q�N  N�� G� �D�
 N�qN�; GS G� NROF L� 'L( L G� G�2 N	 O� Lc O\ GHL2 O8L( L  �̀ NS� L� �)�L� N1 G�I%L N& L� ; N)� L� O� N}�N� L̂ N� LZ L�
 O\ GHL2 O8L( L  GX L	O$ G��� N��N  Gk; GHL2 Li �ROF L� G� L(O$ LF � L
 I6L N& L� ; Ǹ NS� L;�� N)�L� /!�� N�Nd� L+ LY

 N� N)� L� O� N}� L�O$ L� LY , GX L	L$�� N, L� O� G���" 
 G�qq L9O�L2 Li /� L���qqN� O) N�qq O�G2 O8qq L� �qq L
 L� , N�O�I<qq(N� � [�qqO$ LS L̀ qq LS L� �, L��qq I� LY G) LJ G�qqI%L N& L�

 G�O�I<��" 
 N� O�I<�� G) O;L2 'LcL� 'I: L� G) O; I!�� G� Lc� L  � LZN� L�  � L9 G
;q G!L2 L� 'q[<N
 L)�I2L� G); G!L2 L*L 

 ; Nr2 N�q ODI:�� N)�I2L� L	 O�L� 8J9 7L  8!57+8:�� W 9a�5 9I: 4 Ck ;#5 <H 9� C/5 ;?93 <\�5 8%93 �5F: 7� <\�5 8%936YT Z
 N� O�I<�� N) O;L� LY NE O	 L9�� N� L � L9 G
; G!L2 L*L  N� O�I<�� G) O; L1 � L9�N  Gk; GHL2 Li � L9I%L N& L�" 
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 q L9L<O�L� � L9Nd�q LlLF �qN  G| /�q L� G2 L� �)�q I2L� L, L�q LD L L̂ qN� LZ L	q O�L� G);q G!L2 � L?q L3 'L( L� L  �
 �)�q I2L� N�q L�L� O�L� N� O	 L�N� N� L�O$ I+�� L�O�L� L�@ Nr2 N�q ODI:�� N)�q I2L� L� N�q O�I<�� N) O;qL2 B N6�q L> O
N� , I	q G
 L�

 �) LJ N�O� L( L G̀ NHL2 Li L� J�L: O� G��� �O� I+�� N�N( O3L� 'L�N� N�O� I+��" 
�F�7K� 9z : 7� 9�;+ 8��� 7\�8%9L� <\�9� 7� : 

 O$ L� Gh/: L�L: G��� G); G!L2 N�qN� O; L�N� ; L, L� LD L��� L� N� O>G�N� /� L��� L�N
 Lh LS L� � LZN� �)�I2L� L� L�
'L�� L�Lc :���àß�Þ�Ý� L� L�O$q I+�� L);q G!L2 O6L� Gk; GHL2 Li L� ,  O�qN
 N¥� L�q L��� L�qO$ LF

� LF N}� � L;qL% � LZN� IiN� N�q O3L&� 'q L�N� N�; GS ���� L	 O�L� IiN� Gk; GHL2 Li L� ; /� L��� NX� L� O L� L�q L

 L� I> L�N��9�� 9�9Q 7�� 7a ;D 9�7�: ���àß�Þ�Ý�  O8 G>�N( O3L� 'L�N� O8G: O� LS L� � LZN� OEL�" 

 9# 9- <� <$;2� � 9� 9� � 9-7� 9��  8!7+8:�� 8J93 W 9a�5 9I: 4 �F% ;&5 9	 ;&5 7.9% ;P59� ;$5 9- 9�
 7�7 ;	93 �9�71 9n 9e 9� � 9{71 F� 9�;+ 90 9� Bt 9'�� !7� C\�8%93 9� 9z 9�9z ;P <,9� ; 9�6YTZ" 

 4�4�<�	 A���0�D�3u :  

3−  Bt 9'�� �9 9� 7� 9# ;- <��� <P% 7& ;� 9Q : 
 , /� L���qN� N)� L� O� N}� L�O$LF N, L� O� G���N� L) N� O�G2 O6L� N�O�L( L G{ L�L: ODG2 Gh/: L�L: G��� �NcOgq L2 L�

�� L� N, L� O� G���qN� L) L�q O�L� O;qL( L  , /� L���N� N)� L� O� N}� L�O$ LF N, L� O� G��� NX� L� OLgN� �q [� L
 /�q L�
 �q L� N9N�� L� OL� �qN  N�� G�q �D�� L�qO$ LF N, L� O� G��� 'L( L I� L��� L� LTOJL� O�L� NU� L�� N��� L�N


�[% N�� LF GWN$ O!G2" 
k−  Bt5 9'�� 7#5 <� ;H93 !7� <� 9# ;- <��� 9JD <=9Q ;J93 : 

� N6N7q L  , /�q L��� N� G9q OaL� �qN  G�qGc L� O� G L6; G>Lc O6L� Nh/: L�L: G�O(N� G{ L�L: ODG2 �qN  L�q L�L: O
 G6;q G>L2 Li /� L���qN� L) L�q O�L� I8q G� /�q L��� N� G9q OaL� L�qO$ LF �q L9O<N
 I� L� L� /� L��� N� G9 OaL� N�O� Le
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 ORq L�LF L� �#� L;q L� ,�q [�/: L�L: G
 O� G>L2 O8 L� /� L��� N� G9 OaL� N�O� Le �N  � L9N� L) L� O�L� � LZN� L� ,� [�/: L�L: G

 /�q L��� N� G9q OaL� �qN  �q L9 G�� L� O L� N)� L� O� N}�qN� 'qLcL� G�qI%L N& ,N� N� G9q OaL� N�qO� Le �qN  O�L�−  L;qq G3 L�
 N�N� IiN� G, L� O� G��� �8N: Lc Li �̂ G+G%–  O;q L� �q L� LY ,� [�/: L�L: G
 O� G>L2 O8L( L  /� L��� N� G9 OaL� N�O� Le �N 

 N�O� L( L L) LJ Li � L? L3 'L( L L� , /� L��� N� G9 OaL� N�O� Le �N  L��LK" 
�−  <J ;D 9? C& 7 � 9� C\� 9� !7� 7� 9# ;- <��� 9� Bt 9'�� : 

 N6N7q L  ,�, L	q N�� L� ��L<q L� �qN  ��q L��� L� G, L�q O� G��� �IJ LVqGc O6L� Nh�: L�I:�� �N  G{ L�L: ODG2
 L�O�q L( L  L�qN�� L��� L)� L��� I� L� O�L� , L)� L��� L̂ N� LZ I� G�L2 O8 L� L� /� L��� N� G9 OaL� �N  L� L�L: O�

 L� O6N� L� �h/: L�L: G�N� L� N�  L̂ qN� LZ L� ; N�qL�N%�Ib�� N�L< I+�� 'L�N� N�N
� L� O�N� 'L( L �9��5 9� 9Q 7�� 7a ;D5 9�7�: 
 �ÔÓ�Ò�Ñ�Ð�Ï�Î�Í�Ì�Ë� (~ :T�R*  �qqqqqq NlL: O� L2 � L?qqqqqq L3 L�

� L� G9L<O�L� L, Li� L; G���" 
 9a�5 9I 7�B� 9� <-�� <$;2 <&�7� 90 � 9� 9� � 9-7� 9� :4 7�� 7aD5 <0 9� <k� 9'5 ;�93 9J�5 9?W 

 7� 9J� <# 7-9> ;�9%�� <& ;�<% ;P9� 9[7� 9{ ;P 7� 7�� 9� ;$ 7� �D @. <'9% ;P9� � 9{7h 9� , Bt 9'�� 7# <� ;H93 !6" 
 O8q L� � L?q L3 L� , NU�q L�� N��� L�N
 /� L���N� N)� L� O� N}� N� O�L:N� G̀ NHL2 � L�I%N� L) I	�� I6L N& L�

 L�qq I> L�N� L)�qq LFL� O6N� G�qqI%N7 L  , NU�qq L�� N��� L�qqN
 /� L���qqN� L)� L�qq O� N}� O� G�qqO: L2  G�qq I> L
 OU L��qq L1
 NU� L�� N��� L�N
 L) L� O�L� O	 L� L  LJ� L L� N� N	L(L� 'L�N� Lh LS L� O6N� L� ,G� Lc� L��N
" 

�−  Bt 9'�� 9� 7� 9# ;- <��� 9$;�92 7# 9� 8��� <\ 9& 9� : 
 L) L�q O�L� E N? I�� NU� L�� N��� 'L�N� LJ� L O;L( L  , NU� L�� N��� 'L�N� LJ; G�L2 Li O6L� G{ L�L: ODG2

 N, L� O� G���N� G�q G
 L\O( L2 Li L� �q [�/: L�L: G
 G6; G>L2 Li /� L���N� L) L� O�L� L� N�N(ObN
 N� L � L+ L
 'L�N� O�L� G�O<N

 N|� L� /ci�N� �) LJ" 

 N�O� L( L L) LJ L*L  � [
 N� O� G
 NU� L�� N��� 'L�N� L̀ L3 LZ I8G� L� I> L
 O�N
 N�N� L) L� O�L� O; L� L�" 
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5	− � 9/;+ 9I 7� 9# ;- <��� 9$ 7� </@ 9'8>�� Bt 9'��72 7\� 9# ; 7� : 
 /� L���N� N�N
� L� O�N� L�O$ LF N, L� O� G���N� N�N
� L� O�N� O�N
 I� N�L2 O6L� Nh/: L�L: G�O(N� G{ L�L: ODG2 " 

 �–  7\� 9# 9'�� 7& 7. ;� 9-�� p7# 7g� 9  ;$ 7� 9JD <=9% 9X ;J93 : 
 O	q LF OZN� , N)� L�q L��� N	 NH O+ L��� E N� N�� L� 'L( L G̀ NHL2 Li Nh�: L�I:�� G) LJ  G�� I�qL%

 N�qqN��L:NY �qqN  'L��qq L�Lc <� 9K� 9';+55 <0 7�557� ;D 9�72: ��ë�ê�é�è�ç�æ�å
�íì� (~:T�R*  O�q G! O�L2 O8L( L  ,G� I> L
 G� Gc� L��N
 N)� L� L��� N	 NH O+ L��� L� N�� L� I6L N& L�

 Lg L  N�Nc� L��N
 O�N
 /� L���N� L) L� O�L� G�I%L N& L� ; N�O2 L� L� I+�� N	 L�LgN� G� � L�I:�� G� L� LJ N� O� G��� L�L$ Oa" 
4���0�4�� 3+0b8m3�0��� )2E3\8� 0b��0�3.� :  

 � L9�N  G� L! O�Gc Li �� L � L+ L
 G�L<O�L� O� L
 L� N) L� L��� G� O3L� N)� L� L��� N	 NH O+ L��� � G� N�� L�
 G, L* I!�� " 
4�4�<�	 0�8���8=� :  

 <a 8�9L� <� ;# 8��� : 9# ;- <��� 7�� 9D9A 9/;+ 9I Bt 9'��72 9\7# ;'<% ;J93 7� : 
 ,N, L�q O� G��� 'L( L G� L( LT OJLg L  /� L���N� L) L� O�L� I8G� N, L� O� G���N� L) L� O�L� � LZN� � L��N  L̂ N� LZ L�
 NRqO�L$��N� G�q G � L;LK L6;q G>L2 O6L� N{ O�q LDN� �q[% N�� LF GWN$q O!G2 L� , �W� N� L1 � L? L3 G� L
� L� O�N� I6N7 L 

 G) L\O( L2 � L
 G� G
 L\O( L2 L� ,N, L� O� G��� N�� L;LK L�O$ LF � [� L
 � L� N9N� I� L3L� O� L
" 
 �Wqq N!L2 Li G�qqI%N7 L  /�qq L��� 'qqL( L L, L�qq O� G��� L�qq LT OJL� I8qq G� /� L���qqN� L) L�qq O�L� � LZN� �qq I
L�

 N, L� O� G���N� G� G
� L� O�N� " 
!7K�8b�� <� ;# 8��� : 7� 9# ;- <��� 7�� 9� 9� 9/;+ 9I Bt 9'��72 9\7# ;'<% ;J93 : 

 I8G� N, L� O� G���N� L) L� O�L� � LZN�  �q L9 LF O;L  N�qN� L) N�q O�G2 L� �q L9O� L( L /� L���qN� L) N�q O�G2 O6L� LJ� L�L�
 [� L�� N� L1 G, L� O� G��� L6; G>Lc O6L� N�� LJ O� N}� N� I� N!N� G{ L�L: ODG� L " 

 /� L��� N� G9 OaL� �N  N, L� O� G��� 'L( L /� L��� GX� LT OJN� L6; G>L2 O6L� G{ L�L: ODG2 L�"  
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 <j7��8b�� <� ;# 8���:  L2 Li O6L� GX�q LT OJN� L6; G>L2 O6L� G{ L�L: ODG2 ,N, L� O� G�O(N� L��LK L6; G>
 O;qL( L  ,N, L�q O� G��� N�� L;qLK �qN  N�� G� �D�� L�O$ LF /� L��� N� G9 OaL� �N  N, L� O� G��� 'L( L /� L���

 /� L���N� G� G
� L� O�N� �W N!L2 Li G�I%N7 L  �, L;O4 GfN� O; L� L� N�� L;I4�� �N  L� L� La" 
@�2�8_A�<� FG�2�0�3.� 4���2E0�0bAP<� :  

 G�qq L�� LkN� G�qq L� �̀ L�L:qq O+G2 �qq [� L
 �qq L� N9N� O�L� �, L�qq O� G O�L� ¡�qq L�N� L) N�qq O�G2 O6L� LJ� L�L� O�qq L

 ��q O+ Ge N�q� N� O>L2 �[$G< GS L6� LY � LZN� L� , N)� L� O� N}� N�I�N<N� L� N+L: O0L2 O6L� L� , N� N� O+ NS O� L N~L�I:��

�� N�qq L�� LkN� N�qqI�N<N� �	qq N�� L� L̀ qqI� L4L: L2 O6L� 'qq L� O�L&� L� , L̀ qqI� L4L: L2 O6L� L� , N)� L�qq O� N}� L� N�qqL��L< LH
 'qL( L N�O� L(�q N+ Le O�L� N�O2 L	q2 N	 LS N�O�q L��N�L% N�O�L� O; L� �L$O( L2 I8G� ,G� G
 O� NS ' L�O$ L2 Li �̀ �N4N�

 O(L: L  G,L� O� L��� � I
L� L� ,�� L�Nd� L� G� L� ��O$ N!N� N�O� Le;G$ O! L
 �L%; G>L2 IiL� �q L9Lc L� O; L G�G:q O+L2 � L
 G�L$
 N�O�qL: L� OY L� �/(q L!G2 I8q G� , N�O2 Lk�q I� G��� G�L$q O( Lc Li L� G̀ q N�L:O< Lc L*L  ,� L9O� I� LY L� � L9 L9 OS L� IiN�

 N�N%� L+N(N� LX�LF L� N�N$ O( L�N� � L;L% � L� G9 I�LcL� O6N7 L  , N)� L� O� N}� N�I�N<N� : I�q L��� G	q2 N�G� �q/%N� I8 G9I(��
 L� L �/$ L( G2 I8G� ,�/<N
 G� O(I$ L� Lc L� �N� G� O� /+" 

 <aD <�9� 9� 9� 9# ;- <��� <&%7#<% 9J� 9? � 9{71 9�:  �qN� � L3 O�q /+L� L  , L, L�q O� G��� G	q2 N�G� �q/%N� I8 G9I(��
�/$ L( G2 I8G� ,�/<N
 � L9O(I$ L� Lc L�" 

 N, L� O� G��� L� OYNZ L) /	 L�G2 O6L� �̀ L�L: O+G�L  �[% N��LF L6� LY O6N� L�  Li 'qI: L� /�q L��� N� OYNZ 'L( L
 GX;G�L�L  , /� L��� 'L( L L, L� O� G��� L� LTOJL� G�I%L� L�N$L: ODL2:  I�q L��� L� L, L�q O� G��� G	q2 N�G� �q/%N� I8 G9I(�� 

""""  N)� L� O� N}� G)� L> O�L� N�O�L( L E N� OHL2 L� ,� [
 N� O�G
 L̂ N� L?N� G�� N!L�L  ,�/$L(G2 L� , OCL�N�" 
 L6� LY � LZN� L� N�N%� L+N� L� N�N$ O( L�N� L̂ N� LZ L�/� L�G2 O6L� I	G� L*L  N� N�O� Le O� L L, L� O� G��� L� I� L��� E/J LVG2" 

 <� 9�D<z;c55 9-�� <� 9G�55 B,�� � 9�7G9�55 7� </55 9q;�93 9� , 7�559�7+ ;8>�� 9$55 7� <��559b ;? 7�� <�559� @$55 9�<% 9�: 
4 9� 9[59� 9[%7#5 9H 9X 9[;�8+9� , 9[;�8+9� 8P <�8�� 9[;�8+9� 9[59� 9�5 9- ;�B:�� 9� 9&5 ;- 9'�� 8J71 , 9[5;�8+

 9[9� 9[%7# 9H 9X 9[; <-�� 9�6YTZ" 
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8t@_<� @�0�FK� 0b��k� 3+@B2�8_A�818� <�!̂0� :  

 7$;� 9- ;�7I �9�71 � 9�7�� 9�93 7P ;� 9� 7/� 7� ;�9>7� Bt 9'�� 9a� 9- ;�93 <P B�9� <K 9� : 
3−  L� I> L
 N)� G	GF 'I: L� /� L��� GX� L� OL�" 
k−  L� L� I> L
 N)� G	GF L	 O�L� /� L��� GX� L� O" 
 FX 8�93 : 9� 8= 9� 7\� <& <I �8> 9  Bt 9'�� <a� 9- ;�93 : 

 N�qqN
� L� O�N� �qqN  E N;qqO<L2 L� ,N)� L�qq O�N O�N� NJ� L	 O�N:qq O�i�N� G� G�qq ODL2 G�qqI%N7L  I�qq L��� LJ� L�L� O�qq L

 O6N7q L  ,�q L9O�L( L /�q L��� L#� LJL� G	q2 N�G2 �qN: I�� L�I� N�O� L>�� LJ� L�L� O6N� L� , I�q L��� � L;qL% LJ� L�q O N}� LJ� L�L�

 L) I	 L�Lc � L� LY O�L�L  L, L� O� G��� � L;L% Lh�: L�I:�� LJ� L�L� O6N� L� , I� L��� L� L, L� O� G��� � L;L% L6� L� N���" 
 N�qqL$ O� L>�� 'qq L�N� L�qq IS L;Lc L� N)� L�qq L��� N	 NHqq O+ L��� 'qq L�N� L�LJ�qqL� L�qq I> L
 L�qq LTLJ � LZN7qq L 

 L�I� L� G��� ,NJ L;q O�L&� N�q LH L��� L�N
 N�� L;I4��N� G� L	O$L2 L� , NX L* OSN}� L� N�; GD Gf�� N�L2� L0N� N�
 N)� G	 G��� G�� L;LK L; G3 G�� L;I4�� � L? L3 L� , �{� L; OaL� L� L�O$ L� G�;G4L�L  , /� L���qN� NJ N� O� G�O(N�

 L6� LY O6N� � I
L� ,� [�/: L�L: G
 L) L� O�L� O� L�N� N, L� O� G��� G�� L;LK L; G3 L�  N�� L;qLK O� L Gh L�L� L  �[% N��LF 
 N)� G	 G���" 

 GJ N�qq O� G��� �qq L9 G�L4 O�L2 Li L� , N�� L;I4��qqN� N� N� G�qq GDN� L�qqL�N$ O(I:�� Ghqq/: L�L: G��� Ghqq L4 O� L2 L�
 N� O�I<�� L) O;L2 N� O
 I��� �N  L� G� ODL2 'I: L� G6 N�� L��� L�" 

 G(/$ L� G2 L� N�N � L;LK N#� L	N:O�� �N  L� LH L��� G8N(L: O+L2 L� I�q L
 � L�I( GY G�  L̂ qN� LZ L�q I+L�Lc O6N� N�qN�
 IiN� L� ,G�q L(I$ LF L� �q L9N� G� G>q N+ O�G2 �# O� LDN� O�L� N� N	L�N� G� L+�L� IiN� L� , �	 L�L� N#� L?2N� N�O� Le O�N

 �qqN  LhN$L4qq OlL2 O6L� G�qq L� ��qq L+G� L  G� L	qq O�L� L� O�qq I+�� G	qq2 N�G2 L6�qq LY O6N� L� , N�qq O2 L	L�N� L��qq LaL�

 N{� L;qq OaL�  L�qqN
 O�qqNb O>G� O� L� ,'qq L��G&� N�qq L� L*Ib�� �qqN  G�qq G
 O�L2 L� ,�qq L9/( GY � L?qq L3 N�qqN � L;LK
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 /�qN$I<�� N�q L �;G�Og L��� � L�I� N� Li L� , N�/( GY N�N � L;LK �N  N� OY /?�� L� N#� L �	��ª � LZN� L� ,
� L�O�N� N)� L� L
 L	O< N N�� L;I4�� N�L: L� OY L� 'I( L1 N�N � L;LK O�N
 L¥ L� L  I8q G� , L�q L> O
L� O6N� L8� N3

 L� L�O$q L� N, L� O�q L��� L� � L�q I!�� L�O�L� ' L� O+L2 L� ,� L� I!�� 'L�N� G̀ L3 O?L2 L� O� I+�� LJ� L�L� � LZN�
 N�q L Ghq L�L2 G� O�q I+�� � L? L3 L� ,G�L�� LJ5 L� N� O� I+�� L)� L> O�L� L̂ N� LZ �N  �[� N� L� G
 �{� L; OaL�

 N, L� O� G��� N� L L� NJ N� O� G�O(N� /� L���  N6 N�� L�O(N� N, L� O� G��� L� /� L��� N� L L� Nh/: L�L: G�O(N�" 
  ,N�qN
� L� O�N� O�qN
 I�q L� O	q LF L� G� /!L�G2 O�L� N� O� I+�� L	 O�L� G� L�O� L� Gh/: L�L: G��� GrN( O�L2 �L< G3 L�

 NX� L� OLgN� L*I( L�L:L2 O6L� 'L�N� � L�N9N
� L� O�N� 'L( L � L� G9L  G6 N�� L��� L� GJ N� O� G��� � I
L�  N� O�I<�� N) O;L2" 
�F�7K� 9z : 9� 8= 9� 7\� <& <I 9& ;�92 Bt 9'�� <a� 9- ;�93 : 

 L�Nd�q L� LE/J LVqG�N� N�q L2 N� O�I:�� N) O;qL2 'q L�N� N)� G	q G��� L	q O�L� L� I> L
 �N  �_� L��� G~ G> O�L2
 , N̂ N��L< L���!79% � 9- 9? , C\�8%93 7�8> 70 !7� 7� 7
 9	 Bt 9'�� 9a� 9- ;�93 9p B� 9�<% 9� : 
 ;D9% 7� 9% 7� ;#8>�� <\ : 

 ,'qq[<N
 'qq L�N� G_�qq IH G��� N�qq�N  GrqqN(L4O<L2 L� ,N�qq IH N��� ENZ O�qqN
 N�N
�qqIb�� G) O;qq L2 L;qq G3 L�
 L6;qG:�N$L2 L� ,�q L�N9N
� L� O�N� 'qL( L �q L� G9L  G6 N��q L��� L� GJ N�q O� G��� � I
L� , /� L���N� Gh/: L�L: G��� G) N� O�G2 L�

 �( L!G2 L� ,N�I< �+(N� � [�L$/cN� '[< N�N� �U� L;L( L1 L� O� LT � L9�N  L6; : L. N�q O0 L��� L� L�q O!L��� L� L� O9����
 L�L L� L N) O;L2 G� OHL  � L? L3 L� , L� OHL��� L� L#� LDN��� L�" 

 9� 9� 9# 9� <\ ;D9% : 
  /�qq L��� L�qq OY G� L�qq L L� L�N� L�;qq GF G;�� G_�qq IH G��� N�qq�N  E/J LVqq G2 �8�qqN� L �) O;qq L2 L;q G3 L�

 Nc� L; L  �L( L G]IF L;L: L2 E N? I�� N� L�N� LJ O\ G���N� GR�N$ L��� I8G� , /� L��� G6 L*O4G� N�" 
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3−  9� 9� 9# 9�72 <�D<I <D�� : 
 , N�q OH L��� N�;qG( GK L	q O�L� L�q L L� L 'q L�N� 'q[<N
 O�N
 �_� L��� L_ G� OfL2 O6L� �� L+G2 N��N L�

 L�L% L� G L�O4L� IiN� �]NF O; L
 � L9�( GY G� L L� L L� B!7+8:�� 7a ;D 9�7� ;W: 4 9� 9# 9� d�57I ;D 9� � 9�@ <? <�
 9� 9K 9# <� 7$;E92 ;$ 9� �D <� 7�9Q ;�� 9�6YTZ" 

 L�qq O9���� Lhqq L� OHL2 O6L� L	qq O�L� L� NX� L� I\qq�� L	qq O�L� IiN� L�qq L L� L L� GT O	qq L2 IiL� ��qq L+G2 L�
 �� N�L:q O+L2 L� ,G�qL�� LJ5 L� G�L<L<q G� L� G�q L
� L> O�L� �q[� N� L� G
 L�q L L� L�N� G]q N�L� L  ,� [�2 N	 O�Lc L� O!L��� L� 
 N�qN ;GF G� �qN  N�� 'q L�N� G�q IS L;L:L2 L� ,G�L(O$ LF L�L L� L Gk�L: OHL2 Li L� , N� O� ID�� N.� G� Ge 'L�N�

 L�L L� L O�N
 Lh O	L2 'I: L� N�L�N$O(I:�� L� N65 O� G��� L� N� OY /?�� L� N#� L �	��N� � [ N�� L� � [� Na� LT" 
k−  7� 9�7� 9� ;� <-��72 <��7+ 9-�� : 

 G� O� La ORL� L� Le � LZN� N�q L�N� LJ O\ G��� 'q L�N� L�q L L� L O�qN
 �_�q L��� G��q N+L2 L�q L L� L N) O;qL2
 L�qq OH L��� �/(qq L!G2 I8qq G� ,�qq L9�N  GRqq�N$ L2 L� � [�� NTOgqq Lc L#�qq LDN��� L� L. N�qq O0 L��� �qq L9N� Ghqq L� OHL2 L�

 ¢	q NS L� N�q O+G2 'qI: L� �q/$ L( G2 L� G�q/( L9G2 L� ; G O	qL2 �q [�NF� L� �� N�L: O+L2 L� , N#� L �	(N� G] N�L2 L� L� ,�
'[<N
 'L�N� OrN(L4O<L� O�" 

 L�� L� NH�� L� G�O( L2 O6L� G� L� �̀ L�L: O+G2 L�–�� L0 /!�� U�L� L! L���–  ; N�q L�N� LJ O\ G��� L�qN

 N� O�I<�� L) O;L2 � L9N� �N
 O�L2 � L�O$ L+L  IiN� L� , N� /( GY N� O
 I�(N� L6; G�O$ L� � L3 GJ L	 L L� ,� L9N� L�N
 O�L�N�" 

e5−  7# ;'8:�� <\ ;D9%Y 9% 7&�7��� <\ ;D:Z  'q L�N� N�q L�N� LJ O\ G
 O�qN
 �_�q L��� LhL O	L2 O6L� �� L+G2
 N)�q I2L� G�qLb OYL� L;q G3 L� , N�q O�I<�� LX�q L� OL� LE /J LVG�N� N� O� ID�� N�;G(GK L�O$ LF N� O�I<�� L) O;L2 '[<N


 I:�� L� N�L�N$ O(I:�� L� N� OY /?�� L�N
 N�NY �� L�Lc �N  G�Nb O>G2 L� , [* L� L /� L��� N��N$ O>" 
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 9! 7	 \ ;D9��� � 9
 9	 <a� 9- ;�93 9� : 
3−  7�9+ 9� 9��� 7� 9# ;- 9e <! ;� 9�:  N, L� O� LS G� O
 L� N) O;L��� � L? L3 �N  /_� L��� 'L( L G̀ NHL� L 

 G�q/$ L>G2 L� , �U�L�q L! L� NhO$q L+N� � L9�N
 O�L2 ,� L�O$ G>�� L, L� O� LH�� ' I� L+Gc L� ,� L3 L	 O� L� N�L$ L� L���
 L2 L� ,�,� L! L� /� GY Lh L
 N� O
 I��� N#� L	N:O�� Lh L
 L�L�N$ O(I:�� GhL4 O�" 

k −  7p ;& 9��� <# ;'9K :� L� N3 N�O� L0N� ��I< G� , N6 N�� L��� L� Nh/: L�L: G��� 'L( L �̀ NS� L� L; G3 L�" 
e5−  <#�5 7,;�8>�� 7�93 <̀ 5 ; 9'�� : [�q L3� L� LY ��� G�q O> L
 , NX�q LS /�(N� G�q LlO L� GrqO( L��� L�

 N#� L+/<(N� [, L	2 N	 La" 
�−  <�� 9D9A  7� 9��9% B��� : 

, 7�55 9g� 9� 7�� 9�� 9D55 9A � 8-55 9�<% 9�  , N� L�N��qq I+�� NX�qq L� OL&� L	qq O�L� G�qqG$�Nc O� Lc �NcOgqq L2 L�
 OEL� , �_� L��� G��N�G�L  : N� OY ��q�� G�� L;qLK L; G3 L� ,L, L��L2 /\�� L�;G4L�N� L� I> L
 'L�N� G� L� O�L2 �qN 

 L*L  L� O� I+�� L) I	 LF O	 LF L6� LY O6N� L� , /� L���  ; N�� L;qI4�� � L?q L3 �qN  G� G
 O�L2 Li L� GhN$ L4 OlL2
 N�� L;qq I4�� L	qq O�L� Lhqq O+L� O( L  I� O�qq I+�� O) /	qq L� G2 O8qq L� O6N� L� , G� L	qq O�L� �� O�qq L� LrqqO$ L2 O8qq L� G�qqI%L N&

 �� O� L� G� L	 O�L� ��� L;LK /� GY �N  G�I< �+�� L� N3 � L� LY L� , N�N � L;LK �N  � G
 O�L2 L� hN$ L4 Ol2 L�" 
  5	−  8��� 7� 9� ;# 9-�� 9� � 9� 8,�� 9$;�92 <! ;� : G�O$ LF O�N
 L� O� I+�� O) /	 L� G2 O8 L� O� L�N�" 
�−  </@ 9'8>�� : 

 N6� L� O+NF L; G3 L� ,� L3�L% O� LY LZ �N: I�� NX� L� OL&� N#� LJLgN� G�! O�L2 L� : 
  <#9+ ;?9L� 7�93 !7K�8b�� </@ 9'8>�� 9� , <# 9G ;�9L� 7�93 <a 8�9L� </@ 9'8>��:  N� /�q L�O(

 , N�� L;qI4�� L� NrqO( L��� L� N�L$ L� L��� N, L� O� LS N� O
 L�N� N6� L�I( L�L: L2 �6�L� L� �X I�L� N6 L*�( L�Lc
 GX I�L&� G�q�( L�I:�� G�q G! O�L2 L� , N6 L*�( L�I:q�� �qN  G�q L� L� LT O	 L
 L*L  G� O�I<�� � I
L� L�

� L9O<N
 N�O�L< O�� �ELg L  , N� L� L*Ib�� L�N
 N�O�L< O��N�  , GX I�L&� G�q�( L�I:�� L�q L! L� � L� N9N� 'LcL�
 G�q G! O�L2 L� ,�q [�O( L� L� �q [ � L;LK O�L� �q [ � L;LK L� �[� O
 L� O�L� � [�O( L� L� �[� O
 L� �L%� LY �#� L; L�

 N� L� L*Ib�� L�N
 �NF�L$�� N� L� L���N� �N%�Ib�� G��( L�I:�� " 
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 9a 8�9L� 9/@ 9'8>�� <v�7+ <% � 9�: 
 I�L&� G��( L�I:�� G� G��N$G2 Li G�I%N7 L  N_ O� L��� �N  L# O{ L;�� IiN� NU� L�;G� O� L��� GW�N$G2 GX " 

 7̀ %7# ;�8>�� 7\� 8%93 !7K� 9z 9� <a 8�93 : 
!79% � 9� � 9- 7��7� ,7# ;'8:�� 7\� 8%93 <j7�� 9z 9� !7K� 9z � 9- <	 : 

3−  7$;� 9� ;D8��� 7$;% 9
 9	 !9> 9;�9� �F: 7-72 <��7+ 9-��:  �̀ NS� L� L; G3 L�" 
k−  7M 9�8b�� 7�� 9- 7.�� <! ;� 9� : 7��7Q ;#8>�� �9 9� � 9�� 7� ;#9%:  N�L� 'L��G&� , L� O� LH��

 G, L�q O� LH�� I8q G� ,'q[< N�N� N]qO� Lf�� N	 NH O+ L
 'L�N� NU� L� L� LH�� G. L�OFL� L� N3 L� ,� L� O0 �!��
 N�qL$ L� L��� G, L�q O� LS � L�qO$ G>�� G�qLbN��Ib�� I8q G� ,'L4 O� G;�� N�L� G�L�N%�Ib�� �, L	q N�� L� I�q GY �qN
 O�L2 ,

 N�O� Lc L� O� LS /� GY L�O�L� ; G O	L2 L� , �U�L� L!� NhO$ L+N�" 
e5−  <a 8�9L� <# ;�8:��:  N)�q I2L� O�qN
 �N%�qIb�� N) O;I��� L�� L� LS ' L
 L� � LZN� /_� L�O(N� �� N�L2

 N) O;qL��� G�q O
 L� G�qO< L G� G�q O+L2 L� ,L�q I> L
 'q L�N� L� L� O�L2 O6L� Nr2 N� ODI:��  Lk L��q LS � LZN� N~qN��Ib��
 N� O� ID�� N.� G� Ge L�O$ LF '[<N
 LJ� G	 G�" 

�−  <��5 7, ;'8>��:  Ǹ q I! L� G���N� �_�q L��� GX N\qqO<L� L  , ®̀ L�L:q O+ G
 L;q G3 L�YTZ  L	qqO< N
 L�/( L!G2 L� N��N  'L�� L�Lc L�� L� GY O?L�N� G� L� L� I+L� Lc O6N� L� I> L
 N�N�; G1 G�"  

 7# ;�8>�� 7\� 8%93 <j7�� 9z 7̀ % : 
 7��7� 9� ,7# ;'8:�� 7\� 8%93 <n72� 9� 9D <	 9� : 

3−  <! ;� 8#��:  , L� ITLgLc O� L
 'L( L N) O;L��� � L? L3 �N  Nw L*Ib�� N�� L� NH�� G� O
 L� G̀ NHL2
 [#� LJL� L� [#�q LlLF �q [lO2L� �q �( GY N�q O
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  Ǹ q NS� L;�� N#� LJL� O�q L N\q NH L��� N]I( L> G��� N� L N_� LH O� N}� N.; GS G;N� G{ L�L: ODG2

 L� N6 L	qL$�� LW� N�q L1 L6�q LY O6LgqN� N�q N+ O�L<N� N#� LJL&� 'qL( L � [�NJ� LF L6� LY O6N� G�I%L N& ; N�O� L( L G�q L�
 G�O< L N� N�O� Le �� L� Gk; GHL2 Li �X� L
 " 

 </ 9-55 ;�9% 9�– ;p93 : Bt55 9'�� 7]� 9�93 ;$55 9� 7� 7e�55 9��� 7�55 8 9= <-�� 7$55 9� <��55 9. ; 7��
 7�;� 9 9� 7� 7e� 9D��– !7 9% � 9� : 

                                                  

@mB v�'�: �H2�fc r$�" 

@sB v�'�: �H2�fc r$�" 

423



3−  G� L�q Ll L� L� N�q N+ O�L<N� /� L��� 'L( L ��NJ� LF L; G3 L� �� L��� N�O� L( L L̀ LS L� O� L
 I� GY
 GU O; L��� L2 , Ny;qG2 O8q L� O)L� N�qN� 'q L1 O�L� �#� L;q L� ,N�qN�� L
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 N)�qq L�L:N� IiN� N�qN
� L� O�N� O�qqN
 L_ G�q OfL2 IiL� L��9��55 9� 9Q 7�557� ;D 9�7�: 
�¦¥�¤�£�¢� (~: T�R*  N)�q L�OcN� L�O$ LF N� L! O� G�O(N� G��( L�I:�� Lk� LS O�N> L�

 I	q�� N�qO� L( L IX LJ �q L�N� , N�q O1L&� � L?q L3 O�qN
 [#�L<ObN: O�� N�N
� L� O�N� Ǹ NS; G
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 G̀ NS� L;�� � I
L� ,�[<I� L� G
 Gh�N$ L���  L$N� N�q I
 /?�� �N  �q[$� N� L
 L	q NS G;L  L�N$q GF � LZN� �8L(q L� O�L� �hqO�
 �q L��N  G� O;q L��� GRqG$Ob L2 �q L�/%N� L� �q L� /��� 'qL( L ��;GF O; L
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 LhLF L� O; L� G� O3 I��� �W N!L2 L̂ N� L? LY L� :

 Ib�� � L? L3 �N< O�N� GhNd�qL$�� LX�q L� L  ,L� L� I+�� N� N? L3 � L9N� L̂ O< L3 O�L� L� , �� O9 La 'L�N� �� Ld� N�N� L. O; :
 LX�LF O�L� , GRO< L9Lc O�� L� L̂ G: O�N� O�L� , GRO(N$ LF : �q L9N� L̂ qO< L3 O�L� L� , ��L<q L� 'q L�N� � [� O�L� �N< O� N�OFL�

 LX� L� L  , L, LJ� IH I+�� N� N? L3 : O�� L� L̂ G:q O� L�OFL� O�L� , GRO(N$ LF ; G O	qLc L�q LS� L��� I6L N& ; GRqO< L9Lc
 O� I> L�L:q L2 O8q L� �q L�I� G� N�O2 I	q�� NU;qG$ G� Lh L
 G� OK N�L: ODL2 L� L̂ N� LZ O	 N� O�L2 O8 L� O;L( L  , L̂ N� LZ 'L�N�
 GU;q G�L� L  , N�O2 I	q�� NU;qG$ G� L	q O�L� N� O3 I��� N	 O� L�N� Nx�L: O� G��� O�L� E N�L: OD G��� N)� L\ O�N� O�N


 I:�� �N  G� �� L� N�N< O2 LJ O�N
 Nr�� L; " O�L� /rq L��� NU;qG$ G� L�qO$ LF N� O3 I�q�� G	q O� L L� L! L� � LZN� � I
L�
 �q L
 L�qN�� L� G
 � [�L: L
 G� LS O� I\�� NRL< L9Lc O�� N; L� � L� LY , �W N!L2 Li G�I%N7 L  G�G$ NS;G2 E N? I�� N	 O� L���

 L� , �� L(N$ O� G
 �)�I2L� �N  �� L� L�L% O�N
 � L9 L� GRG$ObL� L� O�L� , G��q I2N� G�q G� N� O�G� L� �q L�N� �[�O�q La L� L9Lc O�� O�
 ; G	q N� L�O< L2 Li L� �Wq N!L2 Li NU Li� L��� N� N? L3 �N  L� O3 I��� I6N7 L  ,G�O<N
 �2 N�L: ODL� L� � L
 N� L�LbN�

 L2 L*q L  �hN��q Lc L� , N�qNc;G$ G� 'qL( L G) I	q L� Gc L*L  /r L���N� �� L��N� L� L� O3 I��� I6L N& L̂ N� LZ L� ,G��N$q O+
 G� L�N$ O+Lc Li L� N�O� L( L NJ; G9 OD L��� NU;G$ G� L�O$ LF G) I	 L� Gc L*L  N, LJ� L9 ID�� LY" 

o−  I6L� LRqqL$ L� O;qq L( L  ,[� L�qq N1 L� � [� O	qq LF N�O2 L	qqNF� L�O(N� �qq [
;G( O� L
 G�O2 I	qq�� L6;qq G>L2 O6L�
qq G3 �qq L
 G�qq L9 OHL2 G�qI<N> L� , N� N3� I�qq�� N�qq I
NZ �qqN  �qq[< O2 LJ N�9Lc O�q G�O(N� L; : O)L� �� I2 N�;qq G� �U� L�qq�N�L�

 I6N7qq L  ,�qq L9N� �[�O�qq La G�qqL< L9Lc O�� L  ? N6�qq L� O�L� O)L� �]qq O�L� L�qq N3L� ,� L3 L� O	qq LF G�qq L9 OHL2 O�L� ?��qqI�NY O�Gc
 Li O)L� � L9L: L�q N1 L� � L3 L� O	q LF �N%�qIb�� G	qNF� L��� L8N( LL� �#� L; L� , �W N!L2 Li L� O3 I��� " L̂ qN� LZ L�

467



�N: O�� N� �? L�L:N� ORq L��N� � LZN� N�qL%; G3 O� L��� N�O�q L��� N�q L�L� O�qN
 NX;q G9 OH L��� N�O2 I	�� � L? L3 N#� L�
 N#� L L;�� N) L	 L L	O< N"  

2?�8�@_4> A���8N�3� 3+0��2�4N8=�:  

  L̂ qq O( N��� G�qq2 N\G2 N�qqN% OZN� N�qqO� L0N� N�9Lc O�qq G� O�� N�qqO� Le Lhqq L
 �� ��qq L!Lc N� N3� I�qq(N� L�O�qq L�
 NhqO�L$�� L� N�L$ N9�� LY  N]qOF L;�� L� " N6 OZN� N�qO� L0N� L6�q LY � LZN� [*NK�qL� G� G ��q L!Lc L6�q LY L�q L� L  O6N7q L 

 L̂ qN� LZ L� ;N�qN�� L� 'qL( L G� O3 I��� L� N�L� L� , ¡�N O� La ��L�L� �EL� N�O�L( L Ò Ic L�L:L2 O8L� L� , N�9Lc O� G���
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 O� G! O�L2 O8 L� N��N  6�GZOg L��� L� �� L!I:�� I6L� � L� L�� LK �|�L�,  N�qN% OZN� O�q L Ohq NS O�L2 O8q L� � LZN7q L 

 I:�� L6�qq LY � LZN� G� O3 I�qq�� L�qq L4L� L� , G� ��qq L!I:�� L?qq L�L% G� N3� I�qq�� L� I�qq L!Lc L� G�qq2 N\G2 G� ��qq L!
,� L3 N; O�L% L� N�L$ N9�� LY L̂ O( N���  L̂ N� L? LY O� G>L2 O8 L� � LZN� L�− Li �q I�N
 �q L3 N; O�L% L� N, L�� LS N}� LY

 L̂ O(��� G�2 N\G2−  N�N�� L� 'L( L G� O3 I��� L� N�L�" 
 #�qqqL<N$�� Li ,'L< O>qqq �+�� L� N.; GY ����qqq LY G�qqq G! N�O< G2 Li ���qqq L�N:O%� ��qqq GY N� N3� I�qqq(N� L�

�� L� G� G! N�O< G2 G�I%L N& Q� L�N0" 
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 G� L�q L� L� �q L� L(L: OT� N6N� L� , Lk� LS L�Lb OYL� O�L� �X O	 L L	O< N N� O3 I��� Lh O� L� �LK L� La O; L� L�
 �X O	 L L	O< N G8NY� L���" 

0+2�4u 0���2�4N8=�: 
 G��� L̀ L�� LK L� ,G� L� �#� L L� N� N3� I��� L	O< N O� G>L2 O8 L� L� N�O2 I	�� G� LSL� I� L� � LZN� L�9Lc O�

 N�N: L��NF O�N
 G�O2 I	�� 'L O;L: O+G�� G6; G3 O� L��� Lh�N� , N�N�" 
 G� G(�NY L� L� G� L� Ĝ N�� L��� L; G3 G�I%L N& ;G� G(�NY L� O�L� G� N3� I��� L; G3 N� N�O�L� �r L� G� L� E N? I�� L�

 G� L� I6L N& , N�9Lc O� G��� G6 OZN� � L? L3 �N  G{ L�L: ODG2 � L�I%N� L� ,G�O< L �̀ Nd�L%  OEL� , N�N:I�N�� L
 �N  � ¢� L�
� L9O<N
 G�G< O2 LJ 'L O;L: O+G�N� , N�N: L��NF �N " 

 G� L�qq L
L� L� , N#�qq Ll L��� 'qq L�N� G�qq O
L&� LhqqN G� N�qq N�O�L� �qqN  G�9Lc O�qq G��� O6 LZOgqq L2 O8qq L� O6N7qq L 
 N6 OZ N}�N� � N�� L���  O� L2 O8q L� O6N7q L  , N�O2 I	�� L�N
 N� N3� I��� N#� L�O�N� O�L� N� N�O�L$N� O�qN
 �[�O�q La O�q L�

 N�q L N� L�q Il(N� �q [� O LJ , N�qN< L�L� O�qN
 G�qL< O2 LJ G��q I L� L� ,G�qO< L �q [� Oe G� G8NY�q L��� G�q L�L� L̂ N� LZ
 N� N3� I��� " I6N7q L  , N�q L�� L��� N� N?q L3 �N  N6; G3 O� L��� NhO�L� O�N
 G� N3� I��� LhL<L: O
� N; L� L̂ N� L? LY L�

 I	�� N#� Ll L�N� G� G
 N\O( G2 � N�� L��� � [� Oe G� G8NY� L��� G� L�L� 'L�L� O6N7 L  , N6; G3 O� L��� NhO�L� O�L� N�O2
 G�O< L N� L� Il(N� � [� O LJ , N�N< L�L� O�N
 G�L< O2 LJ G�9Lc O� G��� 'I L� L� ,G�O< L" 

 O8q L� N�qN< L�L� O�N
 G�O2 I	�� 'I L;G2 L� L��L$ G2 O6L� �N> O�G2 G� LT5 ���L: L
 N� N3� I�(N� L6� LY � LZN7 L 
 L$ OHG2 L6;q G3 O� L��� I6L N& ;G�qO<N
 #� L L;�� L� N� N�O� Le NhO�L$N� L̀ Ne L� � LZN� , N6; G3 O� L��� NhO�L� 'L( L O�

 L| O�q L  L*q L  , N�2 N	q L��� NX�q L
 O�qN
 N�O2 I	q�� G#� L L� L̀ NS� L;�� I6L N& L� , N#� L L;O(N� O�I� L�L: L2 O8 L�
 O� G>L2 O8 L� O; L� � L� LY ,N� N�O� Le L� N6; G3 O� L��� L�O�L�  N�qNd� L L;N� �I�q L�L:2 Li G�qI%N7 L  , ��q O3 L� N�O2 I	��N�

 �X� L
 L6� GJ �X� L
" 
 �qN  �q L9 L�L� � LZN7q L  ,L�qL%; G3 O� L��� L�O�q L��� Lh�N$ L2 O6L� N�9Lc O� G�O(N� G� N3� I��� L6NZL� � LZN� L�

 IW L1 N� N3� I��� N, L� Ol L� q L Lhq NS O�L2 O6L� Gh�N4L: O+L2 L� N3� I��� I6L N& ; GhO�L$�� L�qO$ LF N6 OZ N}� N�
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 N�qL$O� Le �qN  G�9Lc O�q G��� L��qL� � LZN� �q I
L� ,G�q L� �q[<O$ Le NhqO�L$�� �N  I6L� L	 LS L� � LZN� N	 O� L��� N)� L�O�N�
 G8 L9I:qG� L  , N�N< O2 LJ G#� L��N: O�� L; G3 L� , N� N+ O�L% Nx L� L0N� G� L�O�L� I6L N& ; GhO�L$�� �W N!L2 L*L  N� N3� I���

 N�qqL$O� Le LX�qq L� N� L�L(qq O! L�N� N¬ �� L�I:qq�� L� E /� L�qqI:�� N) L	qq L L� NX� LH O�N:qq O�i�N� N� N3� I�qq��
 N� N�; Gl G� NX� L� �N  G� G! O�L2 Li � I�N
 , N� N3� I���" 

 O�qq G� L2 O8qq L� L� , L� L�Ibqq�� G�qq L� O�/�qq L�G2 O8qq L� L� ¢i�qq L� G�O2 I	qq�� L6�qq LY � LZ� L̂ qqN� LZ ��qq N� L

 L  , N�N< L�L� O�N
 L̂ I� L� N� O;L: O�� L� L�Ibq�� G�q L� L�I�q L O�L� , IWq L1 [* IS LVq G
 G�O2 I	�� L6� LY O6N7

 N� L� O9�:�� N#� L�N:O% Ni IW L1" 
 Ca ;& 9� 7&9% �9 9� 7JD <	 ;# 9-�� <n ;g 9�: 

 N�N�qqq O� L� 'qqq L�N� G� N3� I�qqq�� ��N�qqq L�O4L2 Li L� ,N�qqN<O2 L	N� �qqq[< O3 L� G�9Lc O�qqq G��� G̀ qqq G(O4L2 O	qq LF
 L N6�qq L� N�I:L�L  ,N� N	qq L2 �qqN  N�qqN� N6�qq L�NbL2 �6�qq L+O%N� L	qqO< N N�N�qq O� L� 'qqL( N�qqN: L�� L	 L�N� ; N�N%�L�qq L� O�2 L�

 GX O	qq L���L  , NQ�qqI<�� NWN��qq L!L
 N�qq L2� L N� 'qqL( L N�qq N1 O� N� L� N�qqN:L%� L
L� L� N�Nc L��qq N� N�qq O+ G� L� :
 N� N3� I�qq�� L�qqN
 ®�qq GY N�qqN� 'qq L� O�L2 E N?qq I�� G��qqN
L&� G�qq L�/b�� L;qq G3qq LlL�N� , N�9Lc O�qq G��� L� � L�

 L�qqL%; G3 O� L��� L�O�qq L��� G� L	qqO< N " L̂ qqN� LZ G8qq O> G� L� : G��LK L�qq La �LZN� ��� G�qq OD L
 L� �\Nd�qq LS G�qqI%L� N�L�
 G	qq O� L I8qq Lc L� G�qq GlO$LF IWqq L1 L�qqL%; G3 O� L��� L�O�qq L��� L�L$qq LF � LZN7qq L  ,N�qqO�L( L �qq L� L�Ic� , N� O3 I�qq��

 O$ L��� �N  N�9Lc O� G��� N� L G*�NY L� L̂ N� LZ �N  L6� LY L� N�" 
 L� N3 L� , �)� L> O�L� NX O	 L��� N	L2 'L( L N6; G3 O� L��� Nh O� L;N� GrI( L�L: L2 L�: 

m −  N�L� N� N3� I�qq�� 'qq L�N� L�qqL%; G3 O� L��� L�O�qq L��� LhL O	qq L2 O6L� NX O	qq L�O(N� L�O�qq L� N�9Lc O�qq G���
 N$ N��qq L1 N	qq L2 �qqN  N�N�qq O� L;N� Lx O�qq L2 O8qq L� �qq L� G9O<N
 ¢*qq GY I6L N& , N�qq LT�� N6OZN� L*qqN� , [i I�L� N�

 �rqq L�L  , N6; G3 O� L���qqN� G�qq �� L� Lrqq I( L�Lc O	qq LF �qq L� G9O<N
 �	qq N�� L� I�qq GY I6L N& L� G¬qq O� N� N� N3� I�qq��
 N#� L��N:qq O�� N�qq OSL� O�qqN
 Grqq �� L;I:�� N�9Lc O�qq G��� �rqq L� L� ,G�qqL< L�L:Od� N�qq L
 N	qq L2 �qqN  N�qqN>O(
 , N�O2 I	qq��

 �	qq N�� L� Irqq L� L�qqN4O$G2 O6L� G�qq L� L�O�qq L(L   �qq L� G9O<N
 � LZN7qq L  ,N�qqN% OZN� N�qqO� L0N� N�qq LT�� 'qq L�N� N�qq N�O L	N�
 Lk� LS L̂ N� LZ �N  L6NZG�" 

470



 L��qq L1 L� ,�[2 /	qq L�L: G
 L6�qq LY N�qq LT�� N6 OZN� N6� G	qqN� � L� N3 N	qq L�L� 'qq L�N� G�qq L� L LJ � LZN7qq L 
 OR L�N( Lc � LZN� � L9L: L��NF G� L� OlL2 , N�L%; G3 O� L��� N�O� L�O(N� �[<N
� L�" 

s−  L3 � LZN� ���qqq N! O�Lc Li L� ¡	qqq L�Lc L*qqqN� N� N	qqq L2 �qqqN  G�qqqL%; G3 O� L��� G�O�qqq L��� NRqqq L>L(
 �qq L� LY ��qqL%� L
L� G	qq L2 N�9Lc O�qq G��� G	qq L2 L� ,�qqL< G3 N�9Lc O�qq G��� G	qq L2 G� L	qq L2 I6L N& ; O� L�qq OlL2 O8qq L�

 N�9Lc O� G��� LY L� N� L� L� I!LF O�L� � I	 L�Lc � LZN7 L  , LR�N( L" 
o−  N$ L2 O6L� NX O	qqq L�O(N� L�O�qqq L� N�qqq LSL� NX;qqq G( G� L	qqqO< N L�qqqL%; G3 O� L��� L�O�qqq L��� Lhqqq�

 , L� ��qq L!I:�� Li N��qq L+ O
 N}� Irqq L� G�qq L� L*qq L� LS �qq L� G9I%L N& ,N�qqNd�L L� N� �?qq L�Lc L� N�O2 I	qq�� IiN�
 , GX O	qq L��� G�qq L��N$L2 O6L� N	qq O� L��� �qqN  �LK L�qq La O�L� , L̂ qqN� LZ 'qqL( L G��L4I(qq L� � LZN� � L3 L	qqO< N L�

 G�qqq L� Gk;qqq GHL2  G#�qqq L�L� L�qqq O1L O&� I6L N& ; N� N3� I�qqq�� G�qqq L� LS� L� G
 N�qqqO�L( L G̀ qqq NHL2 Li L� ,G�qqq G�O�L�
 Ô qqN( O�L2 O8qq L� L� ,G�qq G� O\ L IWqq L1 NhqqO�L$�� N�qq L G� N3� I�qq�� G�qq L� L\ L O6N7qq L  , NX I�L O&� N6OZ N O}� LhqqO�L$��

 �?qqNd L	O< N " L̂ qqN� LZ O�qq L G�qq L+ O�L% LX N\qq O�L2 O6L� NX O	qq L�O(N� L̂ N� L?qq LY L� NhqqO�L$�� L�qq O
L� L� G�qqO: L2 L� ,
� L� G9 L�" 

n −  N�qq L� � LZN� N� O3 I�qq�� L�qq L��NF GX O	qq L��� L� − ,N�qqN L*OcN� �qqN  �qq2 /	 L�Lc Ǹ L$qq L+N� O�L�
 OZN� N6� G	qqN� N�O�L< N3� L�qqL: G��� N	qq L�L� 'qq L�N� N�qq N�O LJ N� N	qq L2 �qqN  L]qqN(Lc L� N�qq LT�� N6 −  OU L?qq NTG�

 �[< O3 L� ORL(N� GS I8G� G� L�� N��� G�O<N
 N� N�O� Le L	O< N ORL(N� GS O�L� , G� L	O< N �	2 N	 LS O�N
" 
v−  L��qqqL� � LZN�  L� L�Ibqqq�� L�L$qqq LF L� GX O	qqq L� O��  N6� L�qqq L� O�qqqN
 G� L	qqqO< N G� L�Ib��qqq L 

 O�qqN
 G6;qq G>L2 N� N	qq L2 �qqN  L]qqN(Lc �qq L�L  ,G�qqG<�N
L� GX O	qq L� O�� L� G�qq G>O(N
 G�qqI%L N& ; N� N3� I�qq�� N6� L�qq L�
 �� N�L:qqq O+L2 L� N̂ qqqN�� L� O�� L̂ qqqN� LZ  G� N9Lc O�qqq G� O�� G�qqq LlN$ O� L2 'qqqI: L�  GX O	qqq L� O�� 'qqq L IJ� O6N7qqq L 

 N�qqq� N� L  G�qqqL<I�L� O6N� L� , N�qqqN<� N�L�N� L| /	qqq G1 L̀ L$qqq I+�� O�/�qqqL$ G2 O8qqq L� L� G� L	qqqO< N N� L�Ibqqq�� L]qqq L( Lc
 N� L�2NJ L; O�� �N  �Nc O�� G�� N! O�I:��" 

 O%Lgqq L  N�N9Lc O�qq G�O(N� G� L�I(qq L� G�qqI%L� 'qq LIJ� O6N� L� I6L N& ;N�qqN<� N�L�N� L| /	qq G1 L� L> L�qq O1L O&�
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 G� N3� I�qqq�� Lhqqq LS L� N� N3� I�qqq�� 'qqq L( L N�qqq N�N( L� L	qqq O�L� Lhqqq LS L� � LZN� L� , N8�N(qqq O+I:�� G) L	qqq L
 O8qq L� O�L� N�qq�N  G�qq L� L6NZL� O	qq LF L6�qq LY O�L� N8�N(qq O+I:�� �qqN  G� LF I	qq L1 O;qq L� L� , NX O	qq L� O�� 'qqL( L

 L:N� NJ� L9qqq Oa N O}�N� G� O� G
Ogqqq L2 NJ� L9qqq Oa N O}� N� O�qqqL:N� N� N��qqq N! O� " G�qqq L� LX�qqq LF O6N7qqq L  : GU O	 L9qqq OaL�
 G�qq L� LX�qq LF O�L� , G� N3� I�qq�� G� LF I	qq L!L  ,�;Gc�qq L
 O�L� GJ; G9qq �D�� L.�qq Le L� : O�L� , O	 N9qq ODGc Li

 G�qq L� N�qqN% OZ N N} L� , N�O�qqL� L��G O&� �qqN  G�qq L� N�qqN � L�N: O Ni Ohqq NS O�L2 O8qq L� N� N3� I�qq�� N, L�qq Ol L�N� �IJL� 
 N� L�N�� I��� �N  N� N�� N! O�L:N� L� , N�Ib��Ib�� �N " 

 O6N7qq L  , Lhqq�N$ L�O�� G6;qq G3 O� L�O�� Ir L�L:qq O�� I8qq G� NX O	qq L�O�� N	qq L2 �qqN  G�qqG< L�L� L]qqN(Lc O;qq L� L�
 'qqL( L Lhqq LS L� L#�qq La O6N� L� ,N�qqO�L( L N� N	qq L2 Nhqq O� L;N� NX O	qq L�O�� 'qqL( L Lhqq LS L� E N�L:qq OD G�O�� L#�qq La

 LHO� N N} N� N3� I�qqq�� O;Lc N8qqq O> G�N� NX O	qqq L�O(N� N8�N(qqq O+I:�� 'qqq L�� � [ O�qqq La E N�L:qqq OD G�O�� N�qqqNd� ,N�qqqN(�NY
 N�O�L( L G�� L� L� O�� L�  − N� N3� I��� OEL� −  N�O�L( L N�N
 O� Ge L	 O�L� GX O	 L�O�� Gh NS O�L�L  , L�NYGZ � L�N�" 

 L� N� N	L(L� N	 O�L% O�N
 ¢i� L� N�Ob N��� N� L�LbN� X O	 L��� Gh�N$ L2 � L�I%N� L� L, L	L2� L\ G��� G�L$ O� L2" 
 ��� LH OaL� N� O� L� N, L� OSG� L� ��I�� LJ N]L( L L� N�Nc L; O+Y L� N�N: L� L�L% O�N
 N� O3 I��� G�L% OV G
 L�
 �[�S N̂ N�� L� O�� N� N3� I��� 'L( L L̂ N� LZ N; O�L% L� �rN�5 /J L� L� � L9 N�� N� OHLc L� ��� L�N� NJ� L	 NS L�

 L��N� L; O(N� � [� O� N� N�N9Lc O� G� O�� /r L�N� N�"  

 C� 9K� 9�93 <&9% 7$�9Q ;# <-�� <&9%: 
   O8q L� ���q N! O�Lc Li L� ¡	 L�Lc L*N� L]N(Lc O;L( L  , N�9Lc O� G��� N	L2 �N  ��L%� L
L� G6; G3 O� L��� L�

 G� G�q O+L2 Li L� , G� O3 I�q�� IWq N!L2 O8q L� �[%; G�q Ol L
 G�qG% O; LY L{ N�q Ga O;q L� L� , I� L
 � L� LY O� L� OlL2
 O2 LJ O�N
 �# O� La N� N� L(L:N� Nr�� L;I:�� NhN
� LHN� N�� N� L>�� NU O; L� LY N�N<" 

 ; /J I��� �N  G| I	 L!G2 Li L� , N�N<� N�L�N� N]L(I:�� � L; O LJ �N  G�9Lc O� G��� G| I	 L!G2 L�
 �N  | I	 L!G2 Li L� NSOgL: O+ G��� I6L� � L� LY , N��N�L: O+ G��� LY N� N+ O�L% Nx L� L0N� G� LlL$ LF G�I%L N&

 L( L /J I��� � L; O LJ N� =SV G��� '" 

472



 L; G3 /J I��� �N  N�N<� N�L�N� G| I	 L!G2 � N?I�� G�N�� L� L� : 'L( L IJ I��� ' LIJ� ���N
L� �� GY N� L

 N]L(I:�� �N  N6�LF I	 L!G2 � L� G9I%N7 L  � NSOgL: O+ G��� L� �9Lc O� G��� IiN� N�N<� N�L�N� G| I	 L!G2 G�L< L�L: Od�

 L� � L� G9I%L N& , /J I��� �N  Li� L� N9 N+ G�O%L� Nx L� L0N� L�O� L��� � L? LT" 
2|�8�4�� A���8N�3� 0	4���2�013��:  

 LX�q LF O6Lgq LY , N� O3 I��� N� O1L� �N  G�9Lc O� G��� L� G� N3� I��� L]L(L: OT� N6N� L� : �qN<L:O< L3 L�
 LX�LF O6Lg LY ,N� N� O	 LF �N  O�L� , L� L>O%Lg L  � L? LY : L  ,� L3 N�� LH OaLgN� Lx O�L&� �N<L:O< L3 L� LX� L� : O�qL�

 N�N<O� L �N  O�L� , O�L�L  x O�L&� : LX� L�L  , N	O$ L��� � L? L9 LY : N6;q G3 O� L��� � O	q LF O�L� ,�qL2 N�� LH�� N�qL�
 LX� L�L  , N�O�L: Ld� N� LY N�N� : G� N3� I�q�� L| /	q G1 ;�q Ld�N
 O�qL� −  OEL� :^qN�� L��� −  L6�q LY O6N� L� N�qN<� N�L�N�

 I6L N& ; N�9Lc O� G��� N	L�N� G6; G3 O� L���  G�9Lc O� G��� N�� N I	L2 � L
 G) L	 L L� O1L&�" 
 LX�q LF L� , N�9Lc O�q G��� N	q L2 �qN  O�L� N� N3� I�q�� N	L2 �N  L6� LY O6N7L  N� NlO$LF �N  � L�L(L: OT� N;L� L�

 G� N3� I��� : LX�LF O6N� � L? LY L� N�N<� N�L�N� G� N3� I��� L| /	 G1 G�G:O$ L! Le :� L� OTG� �� L9 NS O� L G�G: OlL$OFL�" 
4�4H4>� A���8N�3� 8�( 3jL�3?8�:  

 LX�LF L� N6 OZ N}� N� L Lh LS L� L� Lh�N$ L  N6; G3 O� L��� NhO�L� �N  L6NZL� O; L� : L�qO$ LF GRq O� LS L�
 G� N3� I��� LX�LF L� , NhO�L$�� : N�N<� N�L�N� G�9Lc O� G��� L| /	 G1 , G� L	 O�L� O�L�" 

 L� �IJLgq L  ��q O3 L� � L� N3 N	q L�LgN� N6� L� O�L� N�O� L( L O� L
 L� LX�q LF L� �q [� O� : N]q O�L� O�q L G�qG: O2 IJL�
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 OL&� LY Ǹ qq O! L0��N� [�L%; G�qq Ol L
 O6N7qq L  , Li O)L� �¦ O�L� L̂ qqN� LZ Lhqq L
 L6�qq LYL� �#� L;qq L� , N6�qqL�
 N.;q G! O0 L�O(N� L6�q LY O�L� ,�q L9G(N�� L� G2 �q L�N� �, I	q G
 I�q GY L� N� L� �, I	 G
 �N  G� LSG&� ORLc L�� L� Lc
 Nhq� N� LH�� G, L� OSLgq L  IiN� L� ,�q L9 G� O� LS O�qN> O�G2 O8q L� O6N� �q L3 L* OL� G, L�q OSG� L̀ LS L� GhNd�L< L1

525



 O�L� �̀ q O( L> LY �X� L
 L�O� Le N�N% O; L>N� G� IS LVG2 Li � L
 � I
L� , N65 O� GF N8�N( O�Lc L� �� L�� L� N� L� �� LK�L� Nf LY
 ,G�G: L� L�O< L
 G� L� OlGc L*L  , N.;G$ G��� LY L̂ N� LZ N�O� L0N� O�L� , N; O9I(�� NU Li° LY � [
 I� L� G
 N�N% O; L>N�
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 Ǹ N�� L0�� N� O� G��� 'L( L" 
 7� 9#92� 9� <-�� <P ;= < : 

  <� 9#92� 9� <-�� @v 7,9Q 9X 9�YT Z 9! 7	 9�:  �q L9O<N
 G_ G�q OfL2 �q L
 N�O�L$qN� Nx O�L&� G�q L� L*N 
 �Wq N!Lc Li L�q N3 L� G� L L�� L\ G��� L�N9L  N̂ N�� L��� L�N
 G� O?L$�� L6� LY O6N7L  , N�N
� L��� L�N
 G� O?L$�� L�
 N, L��q LS N}�N� ��qL<N> O� G
 Nx O�L&� � L� L�O< L
 L�� N! O�Lc I6L� � L�N9�N  NhO< L��� �N  'L< O� L��� L� ,� [lO2L� 
 N� LHq ID�� N� L*q NfN� ,�q Na� L; L��� LY �q L9O<N
 G_ G�q OfL2 �q L
 N�O�L$qN� � L9O�L( L G� L� L��� O\ GHL2 O8L(L 

 N� LS� L�O(N� G,�LF� L+ G��� NU Lk /; GHL  N�O�L( L N, L�� LS N}� G	 O� L G�N> O�G2 Li G�I%N7 L " 
 /c� N�� NfI<�� L�O�L� L6� LY � LZN� Nx O�L&� �N  G� L L�� L\ G��� �W N!Lc L� �Wq N!Lc � L� LY , ��� L+

 N�qq OfI<�� NJ� L�qq O N� N�qq O+ G L� N�qqN
� L��� NJ�qq L�/c� N{ O�qq LDN� N�qq� NfI<�� � L?qq L3 �qqN  G,� LF�qq L+ G���
 L) /	qq L� G2 Li O6L� L� �qq L� G9L<O�L� L�qq N! O�L2 Li O6L� G{ L�L:qq ODG2 L� ,N, L��qq L� L���N� Nx�qqL�L$�� L� N� O�qq �+��N�

�qqqL�L$�� L�qqq�Nb LY I6L� L� ,L�qqq L L�� L\ G��� N# O\qqq GH�� E N��qqq L+Lc G{ L�L:qqq ODG2 Li L� ,�qqq(�N( L� LY Nx
 N,� LF� L+ G�O(N� � [�L$ Lc L�N�� LfG2 O6L� Gk; GHL2 Li L� , N� O� I\�� L� N� L�Ib�� L�N
 N{� G� OD L���" 

  7�� 9I� 9� <-�� 7& ;� 9� <P ;= < :  
 L� L� L��� I6L� hN
� LHN� ,N, L�� LS N}� LY N�O�L$N%� LH�� L�N
 �) Nk Li �	 O� L G,� LF� L+ G���  �q L� N9�N 

� L9N�� L�N� ' L�O$ Lc �6�L� OL� �N " 
                                                  

YTZ  ;q�� �q��\���� ,���qf��� ��q1 �q�2\T �q��� ���q4f��� �?q<��� ���� E�;<�� ��:T��
 ~2J��� �;��gc� ��!&� h��S P ^�Z '( Q�<�� ��� ,��3��$T� ��!� ;�2J��<


Z� �
 '( �9<����T� �T�� �<��
 ��4F ��k 	��;� {�a �" 

545



; N�O2 L	NF� L��� N� L�L( O! L
 G,� L� L� G
 � L9N
� G\ G� G� OS L� L�  � L9 Gfq O+L  N�N
� L�O(N� L6� LY O; L� OZN�
 N�q �> L�Lc N) L	q L�N� ;� L9q Nl O�L� O�L� N, L�q L�Ib�� NU� L;q L�N� Ĝ qN�� L��� L� I� LlL: L� N� L� L��� N)� L�Lc L�O$ LF
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 Li L� N#�qqL� O� N}�N� Ĝ qq L( O�G2 Li ,'qq [� L� N��qq LH O�L� L� �)� L�qqN� L� L#�qqL�N
; G
 L� ��qq LF L� �Rqq2 N�O$NY L�

 ���L4OFN� Li L� �� �H L�L:N� �y� L!N: OT� N��N  GRG$Ob L2" 
 <$7A�559+�� <J 7&55 ;� 9-�� 9�:  ��qq IlN L� �̀ L3 L?qq LY , �_ L*qqN�N� IiN� G_ G�qq OfL2 Li �qq L
 L;qq G3 L�

 �Q�qq L�G% L� �	qq2 N	 L� L� N	qq O! L�N� �U� L;qq L
 �qqN  L6�qq LY � LZN� N�qq L� L��� L� N� O� L���qqN� Ĝ qq L( O�G2 Li ,
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 Ò N1G� O8 L� L�L$O� LfN� � [� O�L� : ;J71
 9 ;�93 9� ;�9+ 9  9�;o 7H ,� 9�72 9�;I 8& 9,9Q 9� � 9� LX�q LF : G��qL$ G2 Li G�qI%L� G�q L� G �q L9N� L| I	q L!L: L 

 N.�LF /��� �N L� 'L� O� G� O�� �N L� N#� L� L� G� O�� �N  � L9N� L| I	 L!Lc L� , Gw L�;G2 i� G̀ L3;G2 i�
 L� �q L9L�N� L� O�q L
 'qL( L L��qL< GS Li N]O� Il�� L� N��N$ I+�� N�O�� L� N�� N��N$ L� �N L� L�q GYOg L2 O6

 LX�LF , �X /; L�L: G
 L�O� Le L8N�O4G2 L� N�� G� O����N� � L9O<N
 : LX�q L� L  , L�2 N�� N� L�O�� N�N� GRO� I	 L�L  :
 [i� L
 ��/�LgL: G
 L�O� Le�YTZ " 

 d� 9�92 ;�93 <� <K� 9? ;�93 9�: T−  �]NF� L�"            U−  ��;GF O; L
 L� " 
                           x−  L( L ��;GF O; L
 L� N�O�"     |−  �� L0� N1 L�" 

                                                  

YT Z E��f$�� ����@sv�© B8(+
�@m©os"B 

  

8�0�4; 85LQ0��� 

571



 <a 8�9L� <$ ;? @#�� : <�7I� 9D��:  G�qI�N( O3L� L� N�qNc L��L$ N G� I�q N1 N]qNF� L;�� �N  G{ L�L: ODG2
 N� L� O> G��� L� N�� N� I+�� L� N6;G< OH L��� L� /�N$ I!�� G]OF L� �W N!L2 L*L  , N� ��L$I:��" 

 L� O6N� L� �	 NH O+ L�N� O;L� L� N�N � L>�� G]OF L� �W N!L2 L��L%NJ� L�N: O�N� � [��L$N: O� [�L� O�GF G� O	 N�L: O�L2 O8" 
!7K�8b�� <$;? @#�� : <�D5 <I ;D 9-��: �q [� L�N:O%� N�qN� N��q L�N:O%i� G)� L�LJ N�;qGF O; L��� G{ O�q La L� 

� [J; G! O� L
 � [��L$ G
" 
 ; �. O;q L� L� �	qO$ L� LY �X;q G�O< L
 G]qOF L� L� , ��� LJ O�L� �x O�L� O�N
 ��� L� L G]OF L� �W N!L� L 

 N� N�N� O; L�ª � <� 9&5<> ;�93 9� <�5 9�� 9� ;�93 9O9+59> ; � ;&5 9I � F&57�� 9m 9JD <-7;�9Q ;P <=8K7h 9� d&7�� 9m � 8�93 9�
 7�� 7/�7+ 90 !7��YTZ" 

 ;�NF�qL$�� 'L�N� E N� O+L2 Li L� , �X;G�O< L
 O�L� ��� L� L O�N
 ��� LD G
 G]OF L� �W N!L2 L� �q L9I%L N&
 NrO:��� /y� L; LT O�N
" 

 �W N!L2 Li L�  G�G: I
NZ L̂ N� LZ �N  �#� L; L� , N� I
 /?�� �N  [*Lb L
 �. O;L� L� �	O$ L G]OF L�
 L*L  N� N�O� Le O�L� �8L( L+N� �. O;L� O�L� �	O$ L N� N�O� Le N� I
NZ �N  G� L� L6; G>L2 O6Lg LY ,N� N�O� Le G� I
NZ L�

 O� L �̂ O(N
 G� L�� LkN� G]OF L;�� L� , L̂ O(N
 Li OZN� ;� L� G9 G� OF L� �W N!L2  ��O� L" 
 G�� O; L� LY , N�NZ�I<�� N� I
NZ �N  �� O?L% N)� L\N: O��N� � L� G9 G� OF L� �W N!L2 O8 L�L% : G]OF L� I�L( L N�(N�

 L̂ N� LZ L	 O�L� G�</� L�G2 I8G� [*Lb L
 �. O;L� O�L� �	O$ L" 
 �q L� LY , ��q LY;G( O� G
 G�qO� Le G�qL:L$ LF L� I6L N& ;G�q L+ O�L% ¡�q G� G]OF L� �W N!L2 Li L� G̀ q L9 L2 Li

 O�L� , L��qq LS N}� LY ORqqL%� LY [�qq: IF LV G
 N�qqL$ LF I��� L6� GJ N�qq L� L�O< L��� G]qq OF L� �Wqq N!L2 Li L� ,G�qq L+ O�L%
 L� O1L&� GhL$O: L2 G� O� L��� L� , �� O� L  L� L� L�O< L��� L� , �� O1L� L�L$ LF I��� I6L N& ;�I� N1 L;�� LY [, L	I� LV G
 " 

 I( L� G
 �̀ O( LY L� �, L	 L� O;L: O+ G
 � L? LY L� �W N!L2 Li N� O2 L	O$ L G	 L�L� L� �8I( L� G
 G�O� Le O�L� �8
 N� O�I<(N� [� L(N�� LF OR L+O� L� L� NrO: N��� 'L�N� �� L(N25 L, L	 L� O;L: O+ G��� I6L N& ; O8 G9O<N
 �	 N�� L� G]OF L�

                                                  

YTZ  E��f$�� ����@mo��B8(+
� ,@��o"B 

572



 G̀ O( L>�� L� , �� L� N!N� G� G�O: N NrI( L� G��� N]OF L� L� I� N1 ORLF L�� L  � L? L9N� L� , N�O� L0�� 'L�N� G�O� Le
 �8 L9O$ G
 N�O2 L	O$ L��� G	 L�L� L� , ��;G( O� L
"  

  �W N!L2 L�  �, L�� L�L: O+G
 O�L� � L� G9L� �, L� LSOgL: O+G
 �x O�L� �N  �Q O� Le O�L� �#�L<N� G]OF L�
 ,G� L	 O�L� O)L� N, I	 G��� N#� LlN�O%� L�O$LF G]OF L;�� L6� LYL� �#� L; L� ,� L9N: L� L�O< L�N� G�L� ' [1;G
 O�L� , L̂ N� L? LY

 O)L�  LhL
 N�L( O� GH�� �N  N�N� G�� L�N:O%i� G�N> O�G2 ��;G( O� L
 � L� G9O<N
 ¢* GY I6L N& ; N��N� G��� N�; GS G� L	 O�L�
 N��N� G��� N�; GS G� O�L� N, L�� LSN}� N, I	 G
 L	 O�L� NhO( L��� 'L�N� G� G
� L�LJ � N� O>L2 L� ,N�N<O� L N#� L�L�" 

 <j57��8b�� <$;? @#5�� : 7�5;� 9 9� <�D5 <I ;D 9-��:  N�O� L�q O+NF 'qL( L L;q G3 L� : G�qqO� Le L� , ��I�q L� G

 ��I� L� G
" 
  <a 8�9L� <P ;�7��� : <$8� 9� <-��:  O�L� N�O�qL< O�� O�L� �	q N�� L� O�qN
 ��I�q L� G
 'qL( L L]LF L� O6N7L 

 L*qL  , N_ N�� Lf�� �N  N�NJ; GS G;N� N�O�L( L N]OF L;�� NX� L� �N  N�N>�N( O�Lc G6� L> O
N� L{ N�G: Oa� �h O� LS
 L2 L�qq� N�L  Li L� N�NJ Li O�L� N�q� N�L  'qL( L Li L� ,G�qq L� L	q L� L� Li L;q G3 L� N� N	qq L� L� 'qL( L G]qOF L;�� �Wq N!

 G	 O�L� L��:O � N� L
 � [lO2L� G�O<N
 'L4 O�G2 L� , IW L1 ®�N< Le L� ��� N�L  O8N9�N  L6� LY O6N7L  , O8N9�N " 
 L2 L*L  , N�;GF O; L��� N̂ �( L�L:N� [* O3L� N�N% O; L>N� L� N) L	q L�N� ���qN< LS 'L( L G]OF L;�� �W N!

 G�q L� L� �J Li O�L� G�q L� L6�q LY O;q L� 'qI: L� �q [�N�� Lc O)L� � [J; G! O� L
 L6� LYL� �#� L; L� L� , N�N>�( L�Lc N� I� N1
 O� GT O	L2 O8 L� N]OF L;�� L	O< N ���N< LS" 
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 Li L� �6 OZN� L*qqN� L�L$qq LF O;qq L( L  , Ǹ qq N3� L;�� N6 OZN7qqN� G�O$qq L��� L6;qq G>L2 O6L� I	qqG� Li L�
 O)L� N	q O� L��� N�qN( OH L
 �qN  G�q LlL$ LFL� �#� L;q L� , N�N%� L� L� �N  L� LT LJ L� G� O>N( O�L2 O8 L� �x�L$ OFN�

 L� L� , G� L	 O�L� G� L
� L� L
 G� G� N�� L� L)� LF N�O$ L��� L� N�L$ N9�� L�O�L� � L� G3 G	 L�L� LU� L
 O;" 

579



 ;P <	�9%�9E 9� 9� 7� 9X ;�9 ;�7� 7�9+ 7��� !7� <� 9% 7D ;�8>��: 
 L�O�qqL� LE /;qq L+G2 O6LgqqN� ,N�NJ Li O�L� N�qqI�N4 L �qqN  GX O	qq L��� L*qq L O6N� L� N	qqN�� L;O(N� ��qq L+G2 L�

 O>G2 L� ,'LbO%G&� L� N� LY I?�� ��2 N?O$ Lc O�L� �r O+N  O�L� �� LS� L�N� IiN� G�� Nl O�I:�� G� L�" 
 N� N; GS G� G{ O� La L� , NX; G1G&� N�Nd� L+N� � L? LY L� N� N	 L� L� N�L$ N3 �N  G�; GS ���� N.L̄ N� L�

 N�L< L4O( L� �N  N.; G3 O; L��� G#� L�L� – OEL�: �L2 Li N�–  O�L� L��qL� O6N7q L  , G	q L� L;�� L; G3 L� Ǹ L9I: G���
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 LX; G�L2 O6Lg LY , N� L� L��� Ǹ N�� L1 N6 OZN7N� IiN� G� O� GH�� �r L�L: O+G2 Li L� : L	 LS L� � L


598



 I�� L� �N�� L? LY G� L( L  L�I�N% L* G��� �N: " ,�[�O� La Ir N�L: O+L2 O8 L� �6 OZN� N6� G	N� ��N
� L L�� L � LZN7 L 
 ;G�O<N
 �6 OZN� L6� GJ G� L	 L� L� L8I( L O�L� , N�O� L( L � L3 IJ L� L  L� LT N� [� I�� L� �6� L+O%N� L	 LS L� � LZN� � L� LY

 �x L; N N�O� Le O�N
 G�L: L� L�O< L
 LX L?L� G�I%L N& G� I� N�L: O+L2 O8L( L  ," 
 LrL$ L� � L� LY �[�O� La Ir N�L: O+L2 O8 L� [* O� GS G� L� O{ N� ODL2 O8 L� L� N� L� L���N� G� L� L6NZL� O6N7 L " 

 L6� LY O6N� L� ,G� L� L# O� La L*L  G� G�O� Le L� L� L�L  , N� L� L���N� �� Of LDN� L6NZL� O6N� L� � [ � G� O� L

; �x L;N�N� N� L� L��� � L? L9N� N)�L� N���N� � [ ��L$ Lc G� G( L� L LhLF L;L  , �x L;N�N� G� L� O) N\L: O( L2 O8 L� G�I%L N&" 

 L�N
 N# O�G$�� LY , N� L� L��� L�N
 N¥� L� L���N� IiN� L� O� GH�� G�N
� L��� �r N�L: O+L2 Li L� Nx L� L���
� LY O6N� N�L��L:N>�� L� N, L#� L� N���N� N| O? N��� O�L� , N#� L� /D�� 'L( L G� O� GH�� L6� LY O6N� 'L( L L6

� L? L> L3 L� ,� L3 /J L� 'L( L L6� LY O6N� N� I�� Il�� N8�N( O+Lc O�L� , [*Lb L
 N8�N( O�I:��" 
 E N�� L+I:��N� N� O� GH�� �N  �; GY L�L: Oa� �	 N�� L� O�N
 G�Lb OYL� N� L� L��� �N  L� L�L: Oa� N6N� L�

 G2 'I: L� G�N$ LlO<L2 Li L� L� L��� I6L N& ; O8 G9G( L� L LU L�� L�Lc O6N� L� L)�LF � L
 N�L$ O+N<N� G� O� GH�� L� Ik L;
 O8 G9O<N
 ®� GY N�N�" 

 O; L( L  , N� L� L��� L�N
 N¥� L� L��� L�O$ LF N� O� GH�� �N  L�G�O< L2 L� L	2 N\L2 O6L� N̂ N�� L�O(N� L�
 �� Of LDN� LX�LF : LX�LF I8 G� , �, L�D L L̂ L� L� � L? LY O�� O� : O�L� , L6� G� OD N L̂ L� L� G� O( L� O� :
 �� L+ O� LT L̂ L� L� O6N� , N� L+ O� Lf�� N�L� L�2 N� ODN��� L�N
 � [�� NTL� G� L�� LF � L
 G�O<N
 N¥� L� L���N� G� L
 N\ L� ,

 G�L< L( OL� O�L� ,�[<I� L� G
 L6� LY O6N� G�N
� L��� N�N� L8N( L O	 LF L� , N� L� L���N� N�� G� �D�� L�O$ LF G� L�� LF L6� LY
 ��I� L� G
 L�O� Le G�N
� L��� L6� LY O6N� N� L� L��� G̀ N�� L1" 

 ; N�N
� L�O(N� N�Ob N��� G, L� OSG� ORL$ LS L� N� L� L���N� N�� G� �D�� L	 O�L� L̂ N� LZ L6� LY O6N� L�
 L�; GS ���� � NlL: O� L2 N� L� L��� L#�L< O�L� GC O+ L��� L� , NX I�L Ō N � �C O+L  �N%�Ib�� L)� L\N: O�i� I6L N&
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 8$5 <	 9�: @ , N�O2 L;qL�L Ō N � GRq OTG&� L� , �)G&� L� , N�qO�i� GRqO<N� L� , GRqO<N$��
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 N# Li L;�� L�N
" 

628



 9  7M�9K 7�� <� ;.: 
  ��qq L� L*L� N#�qq L+/<�� L�qqN
 L�O$qq LH O�G2 Li �qqNd I*�� : Li G�qq LS O� I\�� L� �)G&� L� GRqqO<N$��

 N�� L� OS N}�N� I� N9N� O�N� O� L L�O$ LH O�G2" 
 9��>� <-�� 9� 7$;�9> ;m<L� 9� 9� ;m<L� 9� 9� 8& 9.�� 9� 7$;2X� 9�;:72 <� <. ;'9% ;$ 9�: 

T −  7$;2X� <�;:72:  G$ GH O�L2 O�L� ,�q L9�N�L� N� L� N\O< L�N� L; G3 L� � L9 �� L O�L� ,� L3;G�L� G�I%L N& ��O�� � L9
 O�q La G�O<N
 LrO$L2 O8L� L� NU�L<L$�� Gx O�L  N�O�LbG(�b�� I6L N& ; N6�L:O<N��q L9 L� L
 O�q G>L2 O8q L� � LZN� , �# − OEL� :

 N�O�i� GRO<N�− q L9N: LS L� LJ �N  L6� LYL� �#� L; L� ,� L9G$ /! L�G2 O� L
 �q L9O<N
 L� L�q O�L� O)L� �q L9� NTLg LY �
 � L9G$q /! L�G2 O�q L
 �q L9 L� L
 L6�q LY O6N7q L  , O�q L� L  N�� NTL&� �N  �	O� LF � L? L3 L� ,� L9 /� L N�O�� N�O�� LY

 N�O�qqL:O<N$�� N�qqLb G( G� L	qq O�L� L�qq N�L� �qq L��N  G�qq L� L
 OR LY L�L:qq Oa��k�j�i�h� 
§` :mm¨" 

U−  dN� 9D;K93 <� 8& 9.�� 9� : 
 < ;�7� <� 8& 9.�� B\:  ,�q L3 G�O� Le NR/� L��� L�O�L� L� � L9L<O�L� L�O� L� OZN� ; �)G&� IiN� � L9G$ GH O�L2 Li

 /	 LH��N� Li L� N.L&�N� G̀ LH O�Gc L*L " 
 7k9 ;�7� <� 8& 9.��:  OEL� , �)G&� N�L� , G.L&� �q L9G$ GH O�L2 : N.L Ō qN� L, I	q LH�� G̀ q GH O�Lc

 Lc � L9I%N7 L  , N�� L� OS N}�N� � [lO2L�� L9O<N
 G. L�OFL� �)G&� L� N� L
; G
G&�N� �r N�L: O+" 
x−�5592 ;# <��� 9�:  N, I	qq LS �qqN  IiN� �qq L9O<N
 � L	qq O�G$�� G̀ qq GH O�Lc ��qq L9 NS /�qq GY O�qqN


 /)G� �)G� L�q N3 L� � L9 /
G� O� L L� N��N�L� /)G� O� L �� GS L� NU O; L� LY , N� /
G� L� N��N�L� N� L9 NS O�N
 NR/� L���
 L� L  , N� /
G� NQ G	 �+�� �N  N6� LY N�L: OD" 
|− �92 ;# <��� 9�:  N�q L9 NS O�qN
 � L	q O�G$�� G̀ q GH O�Lc /)G&� /)Ggq LY , /)G&� N�q L9 NS O�qN


 N�O� Lc I; GF � L9 L� I6L N& ; NQ G	 �+��N� 'L��G&� GJ N� L�O<L: L  �.L� /)G� /)Gg LY N.L&� : , ��q LS L� L	N� � L9G� O� GF
� L� , G� O1L&� L� N3 /)G&� G6 O; LY L�� L9 L� N� O� L��� LY GU� I	 LH� " N�q L9 NS O�qN
 'L� O� G��� G, I	 LH�� L�

629



 G6;qq G>L2 O�qqL� , ¡)G� /)G� /)Ggqq LY /)G&� N�qq L9 NS O�qqN
 � L	qq O�G$�� G̀ qq GH O�Lc Li �.L� /)Ggqq LY N.L&�
 L� N�qN� �N� O	q Gc �N: I�� G, I	 LH��L  ,� L9G$ GH O�L2 L.L&� I6L N& ; N�O� L� O!N% � L� G9L<O�L� GQ G	 �+�� 'q L� O�

� L9L$ GH O�Lc Li O6L�" 
 dN� 9D;K93 <� ;m<L� 9�: 

T−  7$;% 9D929 7L <� ;m<L�:  N�O�i� G�O�� L� , ��O�� L� , �.L� � L9G$ GH O�L2" 
s− � Ck9 7L <� ;m<L:  N�O2 L;L�L N& ��LgN� L� , N# Li GV L9N� G̀ LH O�Gc" 
x−  �\< 7L <� ;m<L�:  N�O�� N� O� L L� , �	 L� L� L� , ¡	 LS L� , �.LgN� G̀ LH O�Gc  �w N�� L�" 
|−  Ck9 7L <�58 <��� <l� 9D5 9m9L�:  �qq L� LY N�O�L: L�� N�q ID�� N�O�L: OTG&�qL� L�O$q LH O�G2

 G�qI%N7 L  ��L� I�q G9 L� L
 L6�q LY � LZN� �q L
 N�I( Gf��q� L_ L�q LT L� , NU�qL<L$�� Lh L
 N�O�i� NU�L<L� �N 
 I�O$ LH O�G2 Li L� I� G9G$ /! L�G2" 

 G� L�N: O� G��� L� : L2 � L
 � L9G$ GH O�L2 GrN: O� G��� G̀ GH O�" 
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?NJ Li O�L&� GJ Li O�L� L� ,L� LY N�I:�� GU�L<L$�� L� G#�L<O�L&� Gw N�L2 L]O� LY G6�L�L� 
� � L? LY L� ,� L9I( GY L� LY N�I:�� G| N� O0L: O+L2 GJ N� L�O< G��� G�O�i� �q [� L� OSN� L6;qG<L$�� L� N6�qL<O�i

 Nh� N� LH�� �N " 
 N6�Lb G(�b�� �Lb OYLg L  N�O�L:O<N$ O(N� L� G] O!/<�� N, L	 N�� L;�� NRO<N$ O(N� L�" 

 ; N�O�qqL�LbO%G&� /¬qq L� G�qqObN
 N� LY I?qq(N� O8qq G9 L� G�qq LY N�I:�� L  �U�qqL<L� L� �6;qqG<L� Lhqq L�L: OS� N;qq L� L�
'L��qqq L�Lc N�qqqN� O; L�N� :���i�h�gf�e�d�c�lk�j� 

§` :mm¨" 
 L�qqqNY GZ �qqq L��N  Ǹ O(qqq �!�� NJ Li O�Lgqqq LY �� GJ L�qqq L�O%� � LZN� LX L\qqqL% O6N� L� N�qqqO�i� GJ Li O�L� L�

 O8 G9L: L� N\O< L
 O8 N9N(2 N\O<L:N� N�� L� OS N}�N�" 
  G6� L�O< /!�� Lh L�L: OS� N;L( L  − OEL� : N�O�i� GJ Li O�L� L� Ǹ O( �!�� GJ Li O�L�−  L6�q LY O6N7q L 

�� N	 L� L� O�N
 , N��q L� OS N}�N� N�qO�i� LJ Li O�L� L̀ q LH L� N� N�qO� Le Lh L
 O�L� � [J N� L�O< G
 �� LY LZ Ǹ O( �!
 N	q L� L;N� �NF�qL$�� L� , G]q O!/<�� � L9L( L  �RO<N� Ǹ O( �!(N� L6� LY O6N7 L  �� LY LZ O� G>L2 O8 L� O6LgN� IiN� L�

 NF�L$�� N�L� , O8 G9L<O�L� N� I2 N; I+��N� O� L� L  N�; GY �?�� N�O�i� Nw�qL% N}� L� N�; GY �?q�� N�O�i� N	 L� L;N� �
 O�qN
 O�q G>L2 O8q L� O6N7q L  , Ǹ O(q �!�� NJ Li O�L� 'qL( L �q [��L�NF N�O�qL�LbO%G&� /¬q L� G�qObN
 N� LY I?(N�

 N�O�Lb G(�b�� L� L( N� O>Lc GQ G	 �+�� I� G9 L� O�L� � L9L( L  �w�L%N� O�L� 'LbO%G� IiN� N�O�i� NJ Li O�L�" 
 L6� LY O6N� L�  �NF�qL$�� L� , N�O�qLb G(�b�� L6 O?q LTL� O�L� � Lc L?q LTL� � [	 N�q L!L  N6�L:O<N� Ǹ O( �!(N�

 , N�O�qL�LbO%G&� /¬ L� G�ObN
 N� LY I?(N� w�L% N}� L� N�; GY �?�� N�L� �I2 N; I+��N� N�; GY �?�� N�O�i� N	 L� L;N�
 O<N� Lh L
 N�O�i� N	 L� L� O�N
 N�I( Gf�� Nw�L%N O�N� L# O� La Li L� �q L� LY N�� L� OS N}�N� Ǹ O( �!�� N�L:

 �NF�qqL$�� �qqN  I� G9G$qq /! L�G� L  ��qq LY LZ I� G9O<qqN
 L� L�qq O�L� L6;qq G>L2 O6L� IiN� , N� N?qqO< G��� G�qqO�� G�qq L�� LF
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 Li L� , ��qq LY LZ ��L$qq L! L G�qqI%L N& G� GK� L�qq O�N� G�qqN> O�G2 Li OZN� ; N�O�qqL�LbO%G&� /¬qq L� G�qqObN
 N� LY I?qq(N�
 L  O� L
 G{� L� O�N� O8q L� I� N9N: LS L� LJ �N  L6� LY O; L� G�I%L N& ; G� L	 O�L� Lh L
 Nw� L�� N���N� G� GJ� L� O N� L� G� LF O;

 ,'qN� O�L� �.�qL� O�qN
 I� N9N:q LS L� LJ �qN  L6� LY � LZN� I� G9 L� G�G$� N! O�Lc L8 L9 O L� L� , N�N� O� GF Lh L
 OJ L� O� G2
 G� L��L$ G��� G�L&� ' I� L+G2 � L? L3 L� " L� L  'L( OL&� � I
L� N�N� L�O4 G� O+" 

 Ǹ O(q �!�� NJ Li O�L� Lhq L
 N�qO�i� NJ Li O�Lgq LY N�O�i� NJ Li O�L� Lh L
 N�O�i� N�O�� GJ Li O�L� L�
 ��qL�N�� L ��q LS L� LJ Lhq L
 ��q L� Nk�L% �� LS L� LJ /� GY O�N
 NX Nk�L< L��� G�Nd� L� � L? LY L� I� L
 � L
 Nh� N� LS �N 

� NJ Li O�L� Lh L
 N�O�i� N�O�� NJ Li O�Lg LY O�qN
 GX Nk�qI<�� G� LY I?q�� G̀ q I! L�G2 �q L�I%N� L� , N�qO�i� N�qO�
 ,�q [� L( O4 G
 � L9G$ /! L�G� L  N� /� L NRO<N� L� N�N: OTGg LY N�N: LS L� LJ �N  O� L
 O8 N9N��L%N� O� L N�O�i� NJ Li O�L�

 L$�� G�O�i� G̀ /! L�G2 � L� LY , Li O)L� �# O� La N�O�Lb G(�b�� L�N
 � L9 L� L� LlL L� �#� L; L� NU�L<" 
 �qL:O<N$ LY N�O�LbG(�b�� L�N
 �# O� La � L9L� O� G>L2 O8L� O6N� N��N�L� /8 L NRO<N$ LY G�LF O;L  O� L
 G̀ /!L�G2 L�
 �RqO<N$ LY � L9O$q /!L�G2 O8q L� �q L� G9O<N
 �# O�q La � L9L� L6� LY O6N7L  , ��O�� N�O�� N�O�� L� , ��O�� NRO<N� L� �̀ O( G1

 ��O�� N�O�� N�O�� L� ��O�� NRO<N� L� N�N$� N!O�Lc O� L N�N� ORL< O0L: O�� � [� O�L  � L9L� I6L N& ;" 
 G� I	qq LS L� N�qq�N�L� L�qq I� L L� G�qqL: I� L L� G�qqL: OTG� G̀ qq /! L�G2 O�qq L
 N�Nd� L�qq L��� �qqN  L�O�qq L� L�

 N�O�i� NJ Li O�L� O�N
 GX N\O<L: O+ G��� IiN� G� I	 LS L� N��N�L� N)� L� OL� NU�L<L� L� N�N
� L� OL� NU�L<L� L�" 
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  7k9L� 7M� 9#� 7� <J�9�92: 
m−  ��qO�� G�qO�� O�L� ��qO�� G�q L� L
 L6�q LY � LZN� GQ G	q �+�� L; G3 L� �x O� L�N� G.L&� Gw N�L2

 G� L� L
 O� L�N� �NF�L$�� L� , L� L� L� O6N� L� �w N�� L�" 
s −  L  Ǹ � N! O�I:��N� Gw N�L2 L� �#� L;q L� , ��qO�� G	q L� L� Li L� �	q L� L� G�q L� L
 O� G>L2 O8L� � LZN� O�L�

 Nx O�qq L��� L	qq O�L� �NF�qqL$�� G�qq L(L  ��qq LS O� L\ LY �x O�qq L  G̀ N��qq L1 G�qq L� L
 O)L� G� L	qq O� L� L6�qq LYL�
 N�O�Lc�qqq L3 �qqqN  L.L&� G� N��qqq LDG2 Gr� N�qqq ID�� G�L&� L� , Ghqqq� N� LH�� L?qqq LTL� IiN� L� N�L�;qqq G! G���N�

 O�L: L�� L���� L3 N�O� Le �N  Ǹ � N! O�I:��N� L� N� LY /� LD G��� �N  �NcOgL� L� � L� LY Nx O� L���N� Gw N�L�L  , N�" 
o−  �RqO<N� G�q L� L
 L6�q LY � LZN� �, L	 N�� L� �� L9 NS O�N
 Ǹ � N! O�I:�� L� Nx O� L���N� Gw N�L2 L�

 N� L� ��qO�� GRqO<N� O�L� G�Lb OYLgq L  � L� OTG� �RO<N� � L9 L� L
 L6� LY O�L� �, LJ N� L�O< G
 O�L� �, LJ N�q L�O< G
 L� L�q L� O6
 L¬q O� L� I6L N& ;�q [� O�L  GQ G	q �+�� G�q L� , G�Lb OYLgq L  ��qO�� �qL:O<N� O�L� ,� L�q OTG� ��qO�� GRqO<N� � L9 L� L


� L� N9q N� O�L  L	q O�L� �NF�qL$�� L� ,'LbO%G&� L� L� LY I?�� G� L� ODL2 N� L2�� �N  N	 L� L;��−  OEL� : G.L&�
 GRO<N� L� G.L&� N�L� GRO<N$�� L�  N�L� G~qG(�b�� L;q G3 L� , L�qNY GZ O�q I�N
 �q L� G3 G�O� Le � L?q LY L� , N�O�i�

 GQ G	 �+��−  N�N� O; L�N� ; N�L�; G! G���N� G� G? GTOgN2 G� L�ª : � �5 9- 9� � 9�7 ;	9c72 9r7�� 9# 9�;�� �D <� 7';�93
 C# 9? 9{ C/ <e 9� �9� ;�9 7L 9D <� 9� 9! 9�92 �YTZ'L< O� L�N� 'L� O�L� L� , : G. L�OFL�" 

 <L� <M� 9#� 7� B\: 
 N, L;q OT N}� L�N
 �h O� LS O�L� , N	 L� L;�� N	 L� L� O�L� N	 L� L;�� N) L	 L L	O< N L~G(�b�� �)G&� Gw N�Lc

 GQ G	 �+�� � L9 L� O8 N3 N	 L�L� NJ; GS G� L	O< N L� , NU� L; LTL&� N�L�" 
  /)G Ō N � L� q L  L	q O�L� L�q N�L� �q L
 G~G( G� N�O2 L;L�L� L� �� LS O� Lk O�L� �_ O� Lk N�L: L�Lg O+ L
 �N  Nx O�

 NX�qq L��� Nhqq� N� LS G~qqG( G� Li , N�qq LS O� I\�� Nx O�qq L  O�L� N_ O� I\qq�� " N�O2 L�� I� L0��qqN� N6�qqL$ I� L( G2 L�
                                                  

YTZ  E��f$�� ����@©ovmB8(+
� ,@m©mv"B 
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 L�q L� G N#�q Ll L�N� N�O�L: L2 N� L� G���qN� L� , /�q LeL&� Ǹ q LY O; L>��N� �q L� G9 L� � [9�N$ ODLc � L� N9Nc L� O9 GDN� 
 N9N:L�� L� L0N� N�O�L:L$2 N� L0�N�� L� , L�NY GZ � L�N� � L� N9�N � L�" 

 B& 9.�� <M� 9#� 7�: 
 I�q L
 �q L
 Nhq� N� LS �qN  N�qN
 L	 L L	qO< N N.L&� LY Nw� L�� N��� �N  N.L&� ;G�L� �	 LH�� L�

�N  G� GF N�� L� G2 L.L&� I6L� IiN� N� N�O� Le L� Ǹ � N! O�I:�� L� Nx O� L��� L�O�L� Nh O� LH�� L�N
: 
T−  q/� L�O(N� NU� L; LTL&� L� L, L; OT �}� G� N� O+G2 G�I%L� O�qL� O8 G9G4 N�q O+G2 Li �	q LH�� L� , NR

 �.L N& O�L� N�O2 L;L�L N& �;G%� LY O6N� O8 G9 G� N�� L� G2" 
U−  N�qN� �N� O	q Gc �q L9I%L N& N� N+ O�L% I)G� G� N� O+G2 G�I%L� �N  � [lO2L� I	 LH�� G| N�� L� G2 G.L&� L�

qq O+G2 Li G� Ofqq ID�� L� ,G�qqG: LS O� Lk �qq L9I%L N& �	qq LH�� � L9G4 N�qq O+G2 Li L� , N�qq N+ O�L% L�qq LS O� Lk G� N�
 N� N+ O�L% I)L� G� N� O+G2 � L� G9O<N
 I* GY I6L� �N  6�I� N� �	 LH�� L� G.L&�L " 

x−  ��qq LS O� Lk O�L� �_ O� Lk �N: L�Lgqq O+ L
 �qqN  LrL$qq L� �qq L��N  I	qq LH�� G| N��qq L� G2 G.L&� L�
 L�N� N~G(�b�� L�N
 I)G&� �J G�L2 � L� N9�N  L.L&� I6N7 L  , N�O2 L;L�L� L� �q L3 �J G�L2 Li L� ,�NF�qL$�� N~G( G� '

 L*qL  , N�q LS L� I	�� �qN  � L92 N�� L+G2 Li I	 LH�� I6L N& ; [*N
� LY L~G(�b�� G� L� L
 G? GTOgLc O�L� �	 LH��
 N.L&� N� L* NfN� � L9O� L( L G� G(� Nl O�Lc G) L\O( L2" 

|−  �	 LH�� L� , �, L	 N�� L� �, I	 LS IiN� G� L� L
 Gw N�L2 Li G.L&� L� , N6�Lc I	q LS G� L� L
 Gw N�L2
 �hL� O�L� /	 LH�� /	 LS Lh L
 L� ,�� L� L*L� /	 LH�� �N�L� Lh L
 L�" 

 7� 8& 9.�� <M� 9#� 7�: 
 N, I	 LHO(N� L�  GU�L�N� O	q G��� �q L9Gc� L9 I
G� L� /)G&� �)G� I�q G3 L� , GQ G	 �+�� GU� I	 LH�� � L? LY L�

qq L( L O6N� L� /)G&� /)G� /)Ggq LY ��qqI( GT �w�qL%N7N� L̂ N � L?qq LY �q L9Gc� L9 I
G� L� N.L&� �)G� L� , OR−  OEL� :
 �w�L%N7N� GU�L�N� O	 G���  N.L&� /)G� /)Ggq LY ��qI( GT − NJ� L	q OSL&� �)G� L� N.L&� �qN�L� �)G� � L?q LY L�

 G� LF O;L  G� G4N�� L� L� , I� G9Gc� L9 I
G� L� − OEL� : NU�L� N�� L;�� NU� I	 LH�� Gw O�N�−  O; G3 : �, I	q LS �� GY
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 L� OJL� 'q L�N� �w�qL%N� N�L� , N.L&� �qN�L� /)Ggq LY ��;q GY GZ N�L� , /)G&� /)G� /)Gg LY �w�L%N� N� O� L�N� OR
 N.L&� /)G� /)Gg LY ��; GY GZ−  L*qL  /)G&� �qN�L� /)Ggq LY N�O�L�LbO%G� L�O�L� �� LY L?N� ORL� OJL� O� L
 L� , Gw N�Lc

 G� LY I?�� L̂ N� LZ Gw N�L2 Li � L� LY Gw N�Lc" 
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P7��7:92 9� 7l� 9D 9m9L� 9� 7� 9D ;m7�� <M� 9#� 7� : 

�Nc�� LY NU� L; LTL&� L� N, L; OT N}� Gw� L��N
 G]N(L: OfL2 : 
m−  NU� L;q LTL&� L� N, L;q OT N}� N� L �� GJ L� L�O%� N6N� N�O2 L;L�L N& GU� L; LTL&� L� G, L; OT N}�

 �!�� NJ Li O�Lg LY �;G� N� L� N.L Ō N� 'qLbO%G Ō N � L� , NX�q L��� ��q GY �Lb OYLg L  N	 N�� L;�� N� LY I?(N( L  , Ǹ O(
 G�qObN
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 N�I:�� N] O!N% O�N
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 �N  G�G�� L+ N� G̀ L+ O�G2 G�I%L� Î La L*L  , �� O� L� N�N: L� L� L� O�N
 L6� LY � LZN� LR/� L��� I6N�

653



 ,G� G�� L� L� L9O�L2 'I: L� N� LY N�I:�� L�N
 G�G$� N!L% G� L� G]LF;G� L  , Nw� L�� N��� O�L� �¢� L� N�N�� L! N�O% Ni
 ,N�NJ; GS G� N) L	 L L� N� O� L��� NJ; GS G� N�2NJ� L� Lc O�N
 /� L�L&�N� G� L� L� L;�� G� L
� L�G2 L� ,�[:/� L

 L�N
 �	 N�� L� �� GY 'L4 O�G� L  ,N�NJ �	 L�Lc L� N�NJ� L� O N� L� , N�N: L�;G%G� L� N�Nc L�; GY GZ L� , N�Nc�L� L� L� N�Nc O; L
 L�

 I�L�L: G��� N� L� L� L;�� N� O� L��� NX� L� N�; G9 G� 'L�N� �NF�L$�� G]LF;G2 L� , N�N$� N!L% O�N
 L�" 
 GR/� L��� L]I( LT O; L� � L
 , L̂ N� LZ GX�LbN
 : [*N
� L� [� LS O� Lk" 

 N�N�� L! N�O%� N�2 N	 O�L:N� � L9 L� L� , GhO� ���� �[:/� L
 N�N�� L! N�O%� L� , N� O� L��� N) L	 L N�2 N	 O�L:N� � L9L( L 
 , G� G��b�� �¢� L� G� LS O� I\�� 'L4 O�G: L  ,� [J /	 L�L: G
 O�L� � [	 N�� L� ,'LbO%G� O�L� � [� LY LZ L6� LY �#� L; L�

 N� O� L��� NX� L� N�; G9 G� 'L�N� �NF�L$�� G]LF;G2 L� ,� L9 L� G�I%L� G� I�L�L: G��� G�I%L N& ; L� G��b��" 
 L! N�O%� N)� L�Lc L�O$LF LU� L
 O�L� , �R/� L
 L� O� L��� I6L� L� L9 L� O6N7L  N��N L� L� L!L�O%� N�L� ,N�N��

 �,�L� L� �¢� L� L� N!L�O<L2 O6L� N�N� O�N� N{ O� La O�N
 I6L N& ;�[�O� La G� O� L��� Ow N�L2 O8 L� ,�, I� N�L: O+ G
 G�O� Le
 NJ; GS G� N) L	 L�N� ; GhO� ���� L; G3 L� ,� L9G$� N!L% N� LS O� I\(N� G� G� O>L2 �?Nd L	O< N L� , [, I� N�L: O+ G
 [,�L� L�

 N� O� L��� NX� L��� GRO�L� L6� LY O6N� N)� L� O�L&� E N� L?N� �NF�L$�� G6; G>L2 L� , NR/� L�O(N� Nw N�� L;��
 L6� LY O6N� NX� L��� NRO�L$N� N� LS O� I\�� Nx O�L  L	 O�L� �NF�L$�� G6; G>L2 O�L� , �8N�L:O< G
 L�O� Le

� [�N�L:O< G
" 
 L]I( LT O; L� L� :� ¢
G� L� ,�[�L� L� , [*N
� L� [� LS O� Lk" 

 L&�L  L�N
 � [J L	 L G� O� L��� L6; G>L2 O6L� N�O2 L;L�L&� L� N� LS O� I\�� /r L� �N  �� L�
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 L� , L��qN� L*L� L� [�q L+ O� LT G�qG(O$ Lc �� L�O$q L� L;q G3 L� � L9N� O; L�N�
 L6� G� OD N NU� L; LTL Ō N� L� L� LD L" 

q L�N� N�O2 LJ L	q L��� N	 L�L� G]�N� OlLc N.� L+ N��� N� O3L� L	O< N L. O� Il�� I6L� O8L( O� L� N� O	
 NJ� L��� L�N
 N� LT�� �N  � L
" 

U−   � L� L � L;Lc O6N� L�− OEL� : N]O< /!�� G)� L9 N�−  Grq O L� L. N� G� N� N�� G# L� NJ L	 L Lh L

 G�O<N
 OR I� L1 L�L(L� � L�L  , N� L�Lg O+ L��� N� O1L� �N  N]O< /!�� NJ L	 L : �X O; L L*N� � L9 G��LbN
: 

  N
 L�N9L  , �)� L� OL� G� L�L� O�L� L� ®)G� ��L� L*L� O� : /)G Ō N � : Li L� N)�q L� OL Ō N � N6� L� O9 L� L� , �8 O9 L�
 �q L9O<N
 L� ��I:q N+N� ��q L� L*L� �qN  N�O�qL< O�� O. N� O��L  , N] O!/<��N� GrN �;Gc O�N>L�� , O8N9O�L( L �W N!Lc

, �8 O9 L� �	 N�� L� /� G>N� N)� L� OL Ō N � �NF�L$�� L� N6�L<O�� G~G(�b�� /)G Ō N � , �W N!Lc  NX O; L���qN� �q L9 G��LbN
 L�
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 , L�q LD L L�q L+ O� LT 'q L�N� GX;q G�Lc L� , L�q LD L O�qL<O�� O�qN
 L�q N3 , �U�L<L� �R N� L� N6� L;L�L� L� �_ O� Lk
 , I�q G9 L�O L� O. N�q O��L  , N]q O!/<��N� GrqN � L;G2 O�N>L� L� I�N9O�L( L �W N!L2 Li NU�L<L$�� G̀ � N!L% L�

 L� LD L L� L+ O� LT �N  ��L� L*L� L; G3 L� �W N!Lc � L9O<N
 L� L��N�L� O�L� L� [� L+ O� LT G�G(O$Lc" 
 7$;� 9�;: 7� �9 9� <\� 9� B��� ;l 9# 9� 9=;K� � 9{71 <P ;= <'��: 

  �]O<q N1 /�q GY G)� L9q N� ORqL(N�;GF N�O� L�O<q N1 'qL( L G)� L9q /+�� L̂ O(Nc OU L� L+ L>O%� N6N�
 N�NJ L	 L�N� − OEL� : O8 N9O� L( L � N+ L>O< G��� ]O< /!��− L � L;Lc O6N7 L  ,� L� − OEL� : GJ L	 L��� L� G)� L9 /+��

� L� N3 N	qq O�L� O�L� N�O� L�O<qq /!�� �qqN  − IiN� L� , N�qq N� O L� 'qq L�N� GrqqN � L; G��� G]O<qq /!�� IJ G� − O6LgqqN�
� L� N3 N	q L�L� O�L� N�O� L�O<q /!�� �qN  GJ L	q L��� L� G)� L9q /+�� L�L2�L$ Lc−  G�N2�qL$ G��� G]O<q /!�� L� N�q Gc

 N� LZ L	 O�L� I8G� , N�N�� L�N� �q L� G9O<N
 ¡�q GY /J L�qN� N�O� L�O<q /!�� �N  NQ� G# ���� GJ L	 L L�L�� L�Lc O6N� L̂
q L�L� L� � L� N3 N	qq L�L� /J L�qN� O�L� , N�qN�� L� 'qqL( L N�qNd� L�L$N� O�L� , N�q N� O L� 'q L�N� L. N�qq G� ,�q LT�� N#�

� L� G3 G	 L�L� − OEL� : N�O� L(N�� L�L: G��� N�O2 LJ L	 L���−  N� L�Lg O+ L��� N� O1L� �N " 
 N� L� L* LT� L	Lc O6 − OEL� : N6� LJ L	 L���−  �q L� L � L;Lc O6N� L� , L�NY GZ � L��N  � L� G3 G�Lb OYL� L. N� G�

 �qqL< L2�L$ Lc O6N� L� , N� L�Lgqq O+ L��� �qqN  G�qq N1� L��� I8qq G� N�qq LT�� �qqN  � L� N3 N	qq L�L� Grqq O L� L. N�qq G�
q O+ L��� N�q O1L� �qN  N. O�q Il�� L�qN
 G� N1� L��� I8G� N� LT�� �N  � L� G3 G	 L�L� L. N� G� , N� L�Lg

 G� L�Lg O+ L��� G�O<N
 OR I� L1 L�NY GZ � I�N
 ¡� GY �N  G. O� Il�� L�L(L� � L�L " 
 ,�qq[< G2�L$ Lc L� �qq [� L � L;Lc � L� N3NJ L	qq L L� N�O� L�O<qq /!�� N)� L9qq N� L�O�qqL� I6L� L̂ qqN� LZ G�qq N1� L� L�

 L;qq O�L� G�qq L� L*L� N� N?qq L9 L  , N�qq LT�� �qqN  �qq[< G2�L$ Lc L� � L� N3 N	qq L�L� �qqN  �qq [� G � L;Lc L� L�O�qqL� I6L� L� , �X�
 �X� L; O�L� G� L�L� O�L� N� L? N9 L  ,�[< G2�L$ Lc L� � [� G � L;Lc L� [* GT� L	Lc L� [*G�� L�Lc � L� N3NJ L	 L" 
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 <� 9� 90�9: <-�� : 
 F� 9G<� <� ;�8:��:  GX�q L� G2 ,G�qG: L�� LkN� L� N# O� LD�� GX�L4O�N� : I�q/��� G� O�q ID�� OR Lfq L+L% :
 I( L� L� G�O:L$ L3 OZL� � LZN� G� I( N� L
 OR" 

 � F 9�7E ;�� 9� : � L?q L3 L� /�q G� L� , N�q LY N�I:�� N� L�q O+NF L�qO$ LF N�q L� L� L;�� G	 L�L� LU; G�L2 O6L�
 N�Nd� L� L��� N�2 N; L O�N
 L; G3 L� , L� LT5 'L�N� �	 N�� L� O�N
 N��N  NX� L��� NX� L�N:O% Ni [� Lf L��L< G
" 

T−  G	 L�L� LU� L�L  , �� L� L� L� O� L �� Of La LU� L
 � LZN� , N�N: LY N�L:N� N� L� O+ N��� L�O$ LF O8 G3
 OU L�qN�G% : NRqq/� L��� N�q L� L� L� O�qqN
 L��NF�qL$�� /�qq GY �qO� Le �N%�qIb�� GRqq/� L��� Ow N�qL2 O8qq L� O6N7q L 

 NX I�L&� NRq/� L��� L�qN
 O8 N9N� O�N7q LY �N%�qIb�� NRq/� L��� L�qN
 L��NF�L$�� Gw O�N� L6� LY L� , NX I�L&�
 LR/� L��� I6Lg LY L�N� GS  L�O�qL� G�q LY N�I:�� OR L�q /+GF L� , NX I�L&� N�q L� L� L� O�qN
 O�q G>L2 O8 L� �N%�Ib��

 LU�qq L
 �U�qqL<L� L� L��qqN<L� O�L� , ¡)G� N�qqO� L0N� �U� L;qq LTL� L� �, L; OTN7qq LY , N�qq L� L� L;�� L�qqN
 L��NF�qqL$��
 L��NF�L$�� N� L O8 G9 Gl O�L�" 

U−  L� G� G� O�N� O� N! L�O< L2 O8 L� O6N�− OEL� : GR/� L����N%�Ib��−  I6L N& �q I
N� ,�NF�qL$�� �qN 
 L]qL(L: OT� L� O8 N9�qN  L�q L! L�O%� N�L� , N�q�N  O8 G9 GY G� ODL2 O8 G3 L�O� Le I6L N& O�L� , O8 G3 G�O� Le Lw N�� L;��

 N�O�L: L�Lg O+ L��� OW /� L!L  �N%�Ib�� L� NX I�L&� NR/� L��� L�N
 O8 G9 L� N|� L� O�N: O�i� G� O	 LF: 
� −  L% L8 L+L�O%� N6N7L  L�� L?L  N�N: L�Lg O+ L
 'L( L NX I�L&� N� L�Lg O+ L
 O�N
 �N%�Ib�� G̀ � N! , �� N3�q L�

 G� L�Lg O+ L��� L  , �RO<N� O� L L� � L� OTG&� N� L � L� G3� L	 O�N� ORLc� L
 ¡)G� N�O� L0N� N�O�L: OTG� L� �_ O� L\ LY
 O�L< O�� O�N
 G�L�N%�Ib�� L� , �� L�O$ L� 'L�N� GX; G�Lc L� ��I: N� O�N
 'L��G&� L�N
 � L� N9N:/� L
 G̀ � N!L% L� , N�

� L� N9O� L( L G8 N+ L�O< L2 N6�L< O�� 'L��G&�" 
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.−  OU L�qN�G% N�N: L�Lgq O+ L
 'qL( L 'L��G&� L�N
 �N%�Ib�� G̀ � N!L% O8 N+ L�O< L2 O8 L� O6N� L� :
 � L� G9L<O�L� L6� LY O6N7 L – OEL� : G�N$� N!L% L� �N%�Ib�� N� L�Lg O+ L
− q O+ L
 Lrq O L� L. N�q G� ��q�N � L; G
 N� L�Lg

 L2�L$ G
 O�qqL� ��qq L� L � L; G
 �qq L� G9L<O�L� O�qq G>L2 O8qq L� O6N� L� , NX I�L&� N� L�Lgqq O+ L
 �qqN  �N%�qqIb�� O�qq L� L  ��qqL<
� L9�( GY ORL� N� G� − OEL� :'q L��G&� �qN  �qL�N%�Ib��−  I�q L1 G. O�q Il�� L�qL(L� �q L�L �L: − OEL� :

 N6�L: L�Lg O+ L���− �� L�N
 �# O� La G� L� O� L
 I8G� ,G�O<N
 �q L��N  �[�� G�q Ol L
 G� L? LTL� 'L��G&� N� L�Lg O+ L�
 N� L�Lgq O+ L��� L�qN
 �# O�q La G�q L� O�q L
 L� ,� L9=( GY O�L� N�L�N%�Ib�� N� L�Lg O+ L��� NrO L� O�N
 � L9�N  L. N� G�
 �qN  �[�� G� Ol L
 G� L? LTL� O�L� ,'L��G&� L�N
 �N%�Ib�� Ǹ � N!L% �N  �[�� G� Ol L
 G� L? LTL� N�L�N%�Ib��

 N� N� O L�  �rO L� N�N$� N!L% L� N�N: L�Lg O+ L
 L�O�L� L6� LY O6N� " 
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� 9%� 9� 9D��:  N# O� ID��N� L# O� ID�� GRO� I1 L� O�N
 , ��I� N1 L� Gh O� LS : N�N� G�G: O( L1 L� � LZN�" 

  , N#�qq L9 L� G��� N� L*N4qq O1� N�qqN
 �qq L� G9L<O�L� G�qq LF N� O�I:�� L� ,L�I�qq N1 L;�� �8qq G�L2 G#�qq L!2 N}� L�
 N3 L� NU O; L��� L	 O�L� � L�N� N�� Ll G��� N� ��L$I:��N� N�I� N1 L;�� G�� N! OfLc L� " 

 G�q GS I��� L	q L9 O�L2 O6Lgq LY ,�	q O�L� �q
 'qL( L G);q G� L2 O� L
 'L�N� N	 O9 L���N� G� L2� L1 N;�� L�
 N�N:I�q N1 L� N?� N�O< Lc L� ,N�NJ Li O�L� 'L( L N�� L� Oa N}�N� N�N� GrNb L2 O� L
 'L�N� N�Nc O; L
 L�O$ LF N#�q LlLF L� ,

 L̂ N� LZ N; O�L% L� , N� N�Nd� LJ L� /J L� L� , N�N%;G2 GJ" 
 N�� L� OS N}� L�O$ LF � L9�N  G� O1L&� L�,  'L�� L�Lc G� G� O; LF− L�N
 h N�� L; L
 N� L�L� O�L� �N 

 N~2 N�� L; L��� − :�Á� À�¿� ¾� ½� §`:mm¨"  N�L$ Lf LY ���L$ OTL� L�
 N�O� L�� N� I!��:4 9� d] ;! 9H <�9� CP7 ;� <� C�7# ;�� @̀ 9  �  8X71 7$;�9> 9;�9� <��7+9% 7��7� ! 7�D<%

 <� 9&;: 7� d�92D<> ;= 9� <�<>8� 7� 9� 9� �YTZ " 
 d� 9�92 ;�93 7�8� 7� 9D�� <J� 9? ;�93:  T−  �y;G
"    U−  G� L� ' [1;G
 L�" 

x−  N�N� ' [1;G
 L�"    |−  �� L0� N1 L�" 
  <a 8�9L� <$ ;? @#55�� :!55 7�D <-��:  Of G
 ¡�qq G� �]qqI( L> G
 /�qq GY G�I�qq N1 L� �Wqq N!Lc ���qqL:

 �¢�N� O� L� O; L� L� � [�N � LY L6� LY O6N� L� �� ��L$ Lc � L9I%L N& ; N�� L� OS N}�N�" 
 N�Nc L��L$ N N� I� N!N� ; �� L� L+N� N�O� L( L ��; GH O� L
 G�I� N1 L� �W N!Lc � L? LY L�" 

 �W N!Lc Li L�  O�N
 ��I� N1 L�  [�O0G
 L� �8 L� O�L$G
 L� ��;G: O�L
 L� �6;G< OHL
 ¡�N$ L1 L� N�O�L( L ' �r�NF L� L�" 
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!7K�8b�� <$ ;? @#�� : <�9� � 9�D <-�� 9D <	 9�:  N{ O�q LDN� ��q I
� L �� L9 NHN� G�I� N1 L;�� �W N!Lc
 N�qL��L:NY L� ,�q [��N
 O�Lc O;q L� L� �q L9�N  N	�$ L�I:(N� �� L+�N< LY N, L�� L�N� LY ��L� N! O� L
 N�O� Le �N  L6; G>Lc O6L�

 L� ,�qq L� N9Nc L#� L�NF L� N�qq� NHO% N}� L� N,� L� O;qqI:�� N�Nd�qq L� L� N);qq GH�<�� L� N� L�qq L+O( L��� Ǹ qqG: GY N�qqL��L:NY
� L9 L� � [��N� O�Lc N� L+�N< L>�� �_� L� N� N� O3 L	N� G�I� N1 L;�� L̂ N� LZ O�N
 L� , N� L
 I� L� G��� N);G( G���" 

 N{ O�q LDN� ��q O>L� L� � ��q O� L L� �	qO2 L\ LY ��I�q L� G
 �� Ofq LDN� G�I� N1 L;�� �W N!Lc L�,  N) L	q L
 L� L� , N�L� N! O� L��� , N�q/�N� L� N, L	q LF� L� G�N� O; L� L� � N1; G��� NU O; L
 L	O< N Ĝ O( N��� G� L� L� I; L!L:G2 O6

 �R/� L�N� �W N!Lc L*L " 
 'qq L� O�L� O�qqL� , Gw N�qq L2 �qq L� LY [�qq L� O4G% O;qq L� L� �J;qq GS O; L
 ��qq O� L�N� G�I�qq N1 L;�� �Wqq N!Lc L�

 G? I�L< Gc L� , Ǹ Lc� L> G��� LY Gw N�L2 O� L�N� N�I� N1 L;�� N� I� N!N� [,�qL� L� �¢� L� G� O� L��� L� L! L�O%� N6N�
 �q L9I%L N& ;�q L9O<N
 �� G9q OaL� N�I:q N� N6� G	qN� L� L! L�O%� N6LgN� ,� L9L: OF L� G� GJ; GS G� L8N( G L� , [, I� N�L: O+ G

 O�L� �_ O� Lk G¦� L�qN  G,L� O�q L��� L� L�Lb OYLgq L  �� G9q OaL� N�I:q N+N� L�q L! L�O%� N6N7 L  , N� O� L��� N, I	 G
 ��LFL�

 /� L� G�q O1L&� L� , N�I�q N1 L;�� L	q O�L� N�qN�� G	 G� NX�q L�N: O� Ni ; N�qN� 'q L1; G��� Ir N�L: O+L2 O8 L� �	
 /̂ ID��N� �r N�L: O+L2 L*L  L� L3 L	O< N G� G
 L	 L" 

  LX�qqq LF O6N� L� ,��qqq L(NK�L$ L  Lrqqq L( OKL� O�L� �qqq L9 L>�N( O�Lc L	qqq L!LF L� ��qqqI�� I	N� 'qqq L1 O�L� O6N� L�
 L  � L9 N� L( L �N  L� L� O!G�N� �W N!L: " 

 ¡	q Lc O� G
 L� ¡�qN� O� L�N� L� ¡� /
 N?qN� �Wq N!Lc L� , N� N�N��q L! L
 L� �	 NH O+ L
 N, L�� L� L�N� �W N!Lc L�
 �qN  O8 N9Nc Lk�q LSN� L� O8 N3 /J L�qN� L, L�qO$ N Li L� , N�q L� L� L;�� �NF�qL� Lk� LSL� O6N� , �w N�� L;N� L� ��Nc� LF L�

 [� N�� L� N�N% O; LY �N  G, L�O$ N��� L� ,� N1; G��� N,�L� L� NU O; L��� N) O;L�N� �" 
 <j7��8b�� <$ ;? @#�� : 7�572 �5 9�D <-�� 9D <	 9�:  ��q N�L2 � [J;q G! O� L
 G�qG% O; LY G{ L�L:q ODG2 L�

 ��q N�L2 Li �q L�N� Li L� , �) L	q LY G	q L! O�G2 Li �q L�N� �Wq N!Lc L*L  , L� O�I<�� G�L$ O� L2 L� N�N� G�� L�N:O%i�
 Li � L�N� Li L� , ��� L
 O\ N� LY N�N� G�� L�N:O%i� , N�q O� L���N� �Wq N!Lc L� , �y�q L! N� LY L�q O�I<�� G�L$ O� L2 

� L3 L	O< N G� GJ; GS G� G8L( O�G2 �ROF L;N� �¢� L� G� G�� L! N�O%� G{ L�L: ODG2 L�" 
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 N	qq L�LgN� L� , N6�L� G	 O�L�qq L� ��qq O� L� O�L� �, L�qq L�LbN� � L?qq LY L� ,N�qq L��L$ G��� NhN �qqL< L���N� �Wqq N!Lc L�
� �� N�L2 �� L�� LHL<N� L� ,N�O2 L	O$ L O;q L� L� ,��q L
 L�L: O�G
 ��q O� LT L� ��qO� Nk L� �8I( L� G
 Ǹ O( L> LY � L9N� G�� L�N:O%i

 ORq L0L� �̀ O( LY G� L� O� G>L2 O8L� O6N7L  ,� L3 L	 L�L� L�N4 OG� N�N� L*NY O�N
 �̀ O( L>N� ' L1 O�L� " L6�q LY O;q L� L�
 L�Gb LY O6N� L� G? G�O<L:L  � L9 NlO�L$N� O�L� � L9N� ' I1 L� L� �. L*NY L� �X� L
 G� L� GX� L��� I�LF L� OU" 

 Gw N�� L;qq�� IJ L� L� LJ� Lk O6N7qq L  , N�qqN�� L
 N~qqG( G� O�qqN
 L�Lb OYLgqqN� L�qq N1;G2 Li O6L� �qqN0L$O< L2 L�
 NU O; L��� L) O;L2 GX� L��� G�L$L: O�G2 L� , �?� N�O< Lc G� Gc Lk� LSN7 L  Lk� LSL� O6N� L� , N	Nd� I\�� �N  ORL(L4L�" 

 L2 O8L� �[ ; GfL
 Lx O� L��� �I<L< L� � LZN� Lz N�qL� O6N7q L  , N~qG(�b�� 'L( L LJ� Lk �� ��L$Lc O? G�O< , L?q L�L%
 IiN� L� , L?qqq L�L% N,Lgqqq OH L��� 'qqL( L L�qqq N� G� O6N7qq L  , LU�qqq L�L  ��;qq Gf L
 L�qqqO� Le G��qqI<L< L� O6N� L�

 N�O2 I�q G� N�O�qL$�N$L4N� IiN� ORqG$ObL2 O8q L� �[ ; GfL
 N�N% O; LY �N  �L< O> L> La O;L� L� , ��; Gf L�L  N�O� L� O	q L ,
 O�L� G,�q L0G$ O�� LJ�qL: O� O;q L� L� ,� L�q O�L&� L�qO: LF �� GJ�qL: O� ��� I� GY G� O�L� N�; Gf L���N� Gr L�O(L2 L�
 � L�q O�L O&� L�qO: LF O	L: O�L2 O8 L� O� L
 � I
L� , L̂ N� L? LY G8 O> G�O�� L6� LY G�� G� L�L� O� L
 L�O: LF G��I4 G� O��

 �X�L:NF G)� L�N: O�� L� , O8 N3 N� O�L� �N  L� O; LT L*L   O�qN
 N�O�L$2 N�q LF O�L� N�O�L�N � L>L: G
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 N� O� L� O�� L� N� L� N� O� G� O�� NJ Li O�L� NU�L<L� O�N

 NJ Li O�L� GU�L<L� L� � L9Gc�L<L� L� ,^� NTL� N�L$ L(N� OR L� LlLc O�� O�L� ^G: OTG� � L9O: L� L� O�L� O�N
 � L3

 ��� L� L� O�L� �̀ L+L%" 
 9X 9�  <\ <# ;'9Q  9[;� 9 9�: 
T−  L�� LTL� OR L� L� O�L� O� L
" 
U−  L̂ L: OTG� OR L� L� O�L� O� L
 L�" 
x−  L� N	 L� L� L	 L� L� OR L� L� O�L� O� L
 Li L�" 
|− � L9G:O<N� Li L� L� N	 L� L� N� L� N� O� G
 �)G� Li L� " 

V − � L; L� L̂ � NTL� GR OTG� L̂ O� L( L G) G� O�L2 Li L� L6� LY O6Lg LY , �̀ L+L% O�N
 ORL%� LY �#
� L9 G�� L>N% N�� NTL N̄ L  ¡)G N& �R OTG� L� �.L N& ��L� �	O2 L\N�" 

 N�� NTL N̄ L  ,G�O<N
 [�I�N$L< OSL� [, L��N0 L1 L� � [	O2 Lk �,L� L� O
� Lh N� O�Gc O6Lg LY , ��� L� L� O�N
 O)L�
 L� LR OTG� GR OTG O&� ORL%� LY �#� L; L� L� ,� L9 G�� L>N% N��N�L N& ,�L< O(Ib L
 � L� LY N� /
G N& L̂ �N�L N& L̂ � NT
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L� L� ��I� N�� L� NS ��I�N( L� L N; O�L<N� G�O: I� La N) L	q L�N� ; �?qN�L<� N� N_ O�
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 Ǹ L$q L+N� , N�q LS O� I\�� N�qL$NF O�qN
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� L9 L� L# O� La L*L  N�O� L( L L� ,G� Lf N�� L��� L�N9L  N_ O� I\��N� G̀ O� L��� L6� LY O6N� G�I%L N&" 
 �̀ L$q L+N� L6�q LY �q L�I%N� LCq O+ L��� I6L N& ;�q [lO2L� L# O�q La L*qL  � L9N� G̀ O� L��� L6� LY O6N� L�
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k−  L6� LY O6N� L�  �6 N��q LF �̀ qO� L�N� O�qN> L� , NX; GT �	q�� L	q O�L� L�q L! L� O	q LF GC O+ L���

 G̀ q NHL2 G�qI%N7 L  ,£NK� L;q�� G�q L( N9 LS NX; GT �	�� L� N	 O� L��� L�O�L� �wNJ� L� �̀ O� L�N� O�L� , N	 O� L�O(N�
 N�Ob N��� G� O9 L
 � L9 L�" 
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 G�qI%L N& ; L̂ qN� LZ �qN  L��qL� NT L*qL  ,� ¢�q G� L6�qL$ L  �	qO$ L G�qI%L� N_ O� I\q�� �qN  O�L� , N�LbN��Ib�� �N 
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 L� � L� LY , N{ O� ID�� O� G>L2 O8L( L  �[$Nc� LY Lh�N$ L��� L	O$ L��� I� L� O;" 
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�� ORL
 N� Le IiN� L� �	 O� L L6� L� L� G�L< N� L� G_ O� I\�� G� L�L(OcL� O6N� L� , L]L(O: G� – OEL� : �q O9 L

 N�Ob N��� − �	 O� L L6� L� L� G�L< N� L� LhL<L: O
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 , N� LS O� I\�� Ĝ O(N
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 Ǹ L+I<�" 

 O�N
 N�O� L�N� G̀ N+L:O< Lc O� L
 G. L�OFL� � L9N(ObN
 G� O9 L
 N.;G(O4 L��� N,L� O� L��� �N  ' L� L�G� L 
 N�L$ L! L��� N#� L+N%" 

 =� G9G� L� OFL� L� : �U� I� L I8G� , ��L� GU�L<L� I8G� , �.L N& I8G� , N�O2 L;L�L N& �R OTL�" 
 I�G� O; LY ' L� L�G2 � L� LY  NU� L� /!�� �N  � L9 L� �U�L2 N�� L+ G
" 

 N. L�OFL&�L  N. L�OFL&� G� O9 L
 L�N$G: O� , L� O� L>O< G2 O8 L� O�L� , N�L$ L! L��� G#� L+N% L	 N� G  O6N7 L 
 NU�L<L� L� , �� L�� LT L� ,�, I	 LS L� , ¡)Gg LY ,� L9 /
G� N� L9 NS O�N
 � L3 G��L� G� OFL� I� G3 L� ,� L9N
� L� O�L� O�N


 I%L N& ; �U� L; LTL� NU�I�N$L< OSL&� L�N
 'L� O�L� I� G9" 
 �N  UN�I�N$L< OSL&� L�N
 � L9G(ObN
 L�N$G: O� /)G&� N� L9 NS O�N
 GU�L$2 N� L��� OU L	 N� G  O6N7 L 

 N�L�Nc�� NU� L� /!�� �N  � L92 N�� L+G2 O� I�N
 � L3 N	L(L�" 
 7/;b 7-�� 7# ;� 9� 7#% 7& ;� 9Q !7� <� 9#9+9> ;� <-�� <l� 9� B,��: 

 O�G2 I8G� N�L�N��I:�� NU� L� /!�� �N  G,� L�� L+ G��� Ǹ L+I<�� Lh L
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 L  ,N� N�� L	 O�N
 G� LS O� I\�� ORL�� L�L  , N� O9 L��� N�L� N� O+Lc �N  G� LS O� I\�� L� G_ O� I\�� L]L(L: OT� � LZN7 :

 G_ O� I\�� LX�LF L� , N	 O� L��� �N  � [� O9 L
 �N� LRO� I� L� : 'L( L G� LS O� I\�� ORL�L( L� ,� [� O9 L
 /8 L�G� O8L�
 O�G2 I8G� ,�N I	L2 � L
 'L( L G_ O� I\�� L]L( L� L� ,�N I	Lc � L
 N�Ob N��� G� O9 L
 G̀ NHL2 L� , G� O9 L��� GC L+" 

 G� LS O� I\�� ORL�� L� L  , N� O9 L��� N�� L	 O�N
 �N  � L� L(L: OT� � LZN� L̂ N� L? LY : LX�LF L� , N6� L� O�L� G�I%N�
 G_ O� I\�� : N�Ob N��� G� O9 L
 G̀ NHL2 L� , G� O9 L��� GC L+ O�G2 L� , N6� L� L�� L�L: L2 � L� G9I%N7 L  , �]O�L� G�I%N�" 
e5−  <0 � 9{71 F� 9& 70� 9� F�9� 7- ;�9Q <# ;� 9-�� 9! B-: 

!79% � 9� � 9�;: 7� <# <? ;
9K 9/7�� 9� 9� !7� <� <�� 9� 9� <JD <=9% 9�: 
�9��<L� <�9�9c ;� 9-��: � [ O� La �X� L
 L�O� Le ' I� L+ G��� G� O9 L��� L6; G>L2 O6L� : , �� O� Lf LY

 [i� L
 �	 L�G2 Li � I�N
 L̂ N� LZ N; O�L% L� , �; O9 L� N� L�5 L� , ��2 N\O< NT L� L� O� ID�� I6L N& ; N� O� ID�� N� O� G �N  
� [ O� La [i� L
 OR L+O� L� N� N? L3 L� , �X� L�N� [*L�� L� G
 O�L� , [i� L
 G� O9 L��� L6; G>L2 O6L� L̀ LS O�L�" 

 <�9�7K�8b�� <�9�9c ;� 9-��:  G� L� ��;G( O� L
 L�O� Le � [� O9 L
 G�� I� L� E N? I�� GX� L��� L6; G>L2 O6L� :
 L� � L9 LF L	 O1L� O6Lg LY [�L�; G! O0 L
 [, L��I�" 

 <�9b7��8b�� <�9�9c ;� 9-��:  L�� L>/<�� I6N7 L  , �	 N�� L� �� O9 L�N� L�Lb OYL� O�L� N�O� LcL� L� O
� LWN>O< L2 O6L�
 � L�N� N� O9 LHO(N� ;�, L	 N�� L� /� G>N� N�Ob N��� G� O9 L
 G̀ NHL2 L� , �	 N��L  G� O9 L��� L� , �W� N� L1

 N� O9 L��� L�N
 �, L	 N�� L� I� GY �� GfL2  N	 O� L��� L	O< N" 

718



 <� 9�72� 8#�� <�9�9c ;� 9-��:  O�qN
 N�qOb N��� N�q O9 L
 O�qN
 L�Lb OYLgqN� � [��N0 L1 ��N� L;�� L_ /� L\G2 O6L�
 N�q O9 L
 O�qN
 I�q LFLgN� � L9N% OZN� N�O� L0N� [, L��N$ LY � [� O>N� O�L� , [, L��N0 L1 L_ /� L\G2 O6L� O�L� , /�N$ I!�� NX� L


 L� O9 L��� I6N7 L  , N�Ob N��� ��; G
Ogq L
 I�N� L;q�� I6L N& ; N�qOb N��� G� O9 L
 G̀ NHL2 L� , L̂ N� LZ �N  G	 G+ O�L2
�L< G3 ��L� N�L:O< G
 G� L�L( O! L��� L� ,� L� G9 L� G� L�L( O! L��� N��N  � L
 N� O� N�N�" 

 <� 9� 7�� 9��� <�9�9c ;� 9-�� : <� 9g BD 9� <-�� : L� L� N3 L� �, L	�q Na L� �,L� L� O
� LX;G�Lc O6 − ORqL%� LY � [�q O>N�
 /�L� O�L��qq[$ − �qq L9/�N� L;N� : �qq L9 LS I� Lk O�L� , L�qq O9 L��� 'qq L�L% L� �qq L9��N� L� �qq L9 LS I� L\L  , ��qq O9 L
 L*qqN� �qqN< OS /� Lk

 �q L�I%N� L� , N	q O� L��� N�O�L<qN� Li O�qN>L� L� , N�qOb N��� G�q O9 L
 �q L9L� G̀ NHL2 G�I%N7L  , N� O9 L��� N� L LRL> L� L�
 � L9N� LX; GT �	�� I6L N& ;� L9N� NX; GT �	��N� , I�q LS L� I\ L N�� /r L� O�N
 N��N  � L�N� ,N� L��L� N}�N� G��L$G2 Li

�[$2 N�LF L̂ N� LZ G6�L�L� �NcOgL� L� � L� LY NX; GT �	�� L	O< N Li , N	O� L��� L	O< N N�Ob N��� G� O9 L
 G�L$L: O�G2 L�" 
; GT �	qq�� L�qqO$ LF � [�qq O9 L
 �qq L9 L� Lx N�qq O� L2 O6L� L_ O� I\qq�� L̀ qqN�� L4Gc O6L� �qq L9 L� L� O6L� L� , NX

� L9N(ObN
 L� O9 L
 � L9 L� Lx N� O�L2 'I: L� G�O< L � L9 L+ O�L% L�N$ O�Lc" 
 <�5 907�� 8��� <�9�9c ;� 9-��:  L�qN
 �# O\q GS L6;q G>L2 O6L� N_� L� I\q�� N	q O� L �qN  L{ L�L:q ODG2 O6L�
 N�qq LS O� I\�� N�qqO� L0N� N�qq O9 L��� :� L� , �W� N�qq L1 L��qq L>/<�� I6N7qq L  ,�qq L9� NTL� O�L� ,�qq L9�N�Lg LY G�qq O9 L��

 N�Ob N��� G� O9 L
 � L9 L� G̀ NHL2 L� , �	 N��L " 
8*��0�4� 8�( 3�@BkC�� 0	0���2�3�:  

 7� 9� 9�� 9D <-�� <P ;= < 9� 7# ;� 9-�� !7� 9� 7�� 9=B:�� !7� 7� ;# 8��� <P ;= < : 
 L��q L>/<�� I6L N& ; G��q L>/<�� L�L4L� N�� L>/<�� �N  � [��L� NT N�O� LS O� I\�� G	 L�L� L{ L� La O; L�

 O$ L
 L� I� /!�� GhL< O�L2 G�L:I� NlLF G]N�� LfG2 � L
 G{ O� LDL  , N)� G\�(�� 'L( L G��L<" 
 LJ�q L+L  I6L N& ; G�� L>/<�� �W N!L� L  N� O9 L��� �N  � [��L� NT N�O� LS O� I\�� G	 L�L� L{ L� La O; L� L�

 O� L2 O�qL� N�q O9 L��� �qN  �Wq N!L2 Li O�N> L� , N�� L>/<�� �N  G� /� LVG2 Li N|� L	 I!�� G̀ q NHL2 L� G	q G+
 L*qL  N�q L( O�/<�� 'qL< O� L
 N�q�N  O�qL� ,�q [� L; N G� I� L�L:q L2 Li L|� L	 I!�� I6L N& ; N�Ob N��� G� O9 L


 N��L� Nf��N� IiN� ' I� L+ G���N� Lx O�Lc O8 L� G,L� O� L��� L� , G��L� Nf�� N�N� Gr�N( L2 " 

719



 L� O6N� , N�� L>/<�� �N  N� L�NF� L;�� N{� G� �D�� G�Nd� L� � I
L� ' LlL: O� G
 � L9�N  G{ O� ID�� LrL �
 G�qI<N> L� L� N��q L>/<�� 'q LlL: O� G
 OrqN � L;G2 O8q L� O�L� , N8 O+ L��� L� N� L� L�I<�� N{ O� LD LY N�� L>/<�� N	 O� L

 G{ O�q ID�� � L?q L3 �q L0� � L?q LY IiN� O�q GYOg Lc Li O6L� N{ O� LD LY �x L� Le N�N� OrI( L�L: L2 O8 L� – OEL� : Li
 N  G� L� L��N�Og Lc�c L	Nd� L  N#� L�N:O% Ni N�O� Lc L�; �!�� �−  G� O9 L��� L� G�� L>/<�� IW L1 L�" 

 N�NJ;qq G! O� L�N� I�qq NfG2 O8qq L� L� N��qq L>/<�� N	qq O� L 'qq LlL: O� G
 G{ O�qq ID�� L]L��qq LT O6N� L�
 IWq L1 �q L9 L� L�q L� L�L% Li O6L� O�L� �q L9O� L( L L_ I� L\L: L2 Li O6L� N{ O� LD LY , G# O{ L;�� L; G3 L� /�N( O1L&� 
 L6�q LYL� �#� L;q L� G{ O�q ID�� L	 L+L L� , G# O{ L;�� L; G3 L� N�NJ; G! O� L�N� NX L* OT N}� N) L	 L�N� G�� L>/<��

 N�N� O; L�N� ;�N%�Ib�� NX�Lb N��� LY � L9O� L( L O)L� NX I�L&� NX�Lb N��� LY � L9 L�ª :� 9O;�59� C� ;#5 9H @/ <?
 9H 9� 9�� 7� 9J� 9? ;J71 9� d/7A�92 9D <� 9� 7�� 7k�9>7? !7� C� ;# �YTZ" 

 ' I�q L+ G���N� Lx O�qLc O8qL( L  �q L9 L� L6�q LY O6N� L{ O� ID�� I6L N& ;� [lO2L� G� O9 L��� G	 G+ O�L2 L�
 � L
 N� L
 L* L� L	O< N IiN� ' I� L+ G��� NX L	L$N� G_ O� I\�� Lx O�L2 O8L( L  � L9O� L( L L6� LY O6N� L� , G� L	 O� L�

 L�N� Gh NS O�L2 � L
 G� L��NF G� L� L�O� L� L� ,G� LK L� La N�Ob N��� N� O9 L
 'L�N� G�; GS ���� L̀ LS L;L  ,� L9O�" 
 �q L3Lg L4L2 Li O6L� L{ L� La O6Lg LY , /�N( O1L&� N�� L>/<�� NJ; G! O� L�N� G{ O� ID�� I� LTL� O6N� L�
 Li O6L� O�L� , N�L<qq I+�� �qqN  [*Lbqq L
 [, L	qq N�� L� [, I�qq L
 IiN� �qq L3Lg L4L2 Li O6L� O�L� , [*qq O1L� G_ O� I\qq��

 Lg L4L2 L�L4L� ; N# O{ L;�� L	 O�L� O; L� L� � L9 L� /( L4G2 O6L� O�L� , O� L� L  � [�� L9L% IiN� O�L�, O� L� L  [*O� L� IiN� � L3
 G� L( L4O�Lg L  N	 O� L��� LJ; G! O� L
 �N �L< G2 G�I%L N& G�� L>/<��" 

  L� G9I%L� O�L� � L9 G� N�L2 Li G�I%L� O�L� G� G� N� Lc Li � L9I%L� L; G3 L{ L� La O; L� L� I6L� O�L� N6�q L� L�� L;L: L2 Li �
� [lO2L� L�L4L� N_ O� I\�� N�O� Le 'L( L L� L� L�I<��" 

                                                  

@m B	��� )�
}� ���� @©tm�o B�S�
 ���� @svsm BE��f$�� P �(1�� @su©u B8(+
� 
@mvun B`2�F ¬�(�" 

720



 7�9�7K 9� 9��� 9� B# B��� <# ;� 9�: 
  G̀ q NHL2 N�O�L: Ld� N� LY [, LJ�L2 Nk �;G< L( OL� L� � ¢� N� L6� LY �� Ld� N� LY �� O9 L
 'L( L �; G� L � L;Lc O; L� L�

 ; N	 O� L���N� � [��L$N: O� N�N� L	 N� G � L
 /�q LFL&�N� G	 O� L��� L6� LY �#� L; L� , N�N� G̀ NHL2 L|� L	 I!�� I6L N&
 N�Lb OYL&�N� O)L�" 

 <� ;# 8��� 9�:  Nrq L�I: G��� N�q L L�q L�L% O6N7q L  , N�O�L L�q I4�� L�O�L� ' I� L+ G��� N� O9 L��� G� L�L � L; G

 O� G��� N.�L$ O�L&� N�Nd� L+ LY N�Ob N��� N� O9 L�N� G�� L>/<�� IW L1 N�O�L( L N|� L	 I!(N� N, L	 N+" 

A���L_3�4{,  

  <r% 7D ;�8>�� : 9D5 <	 L*qN� �qN< OS /� Lk �q L9/�N� L;N� �̀ q/� L� O�L� ��q O>N� �, L	�q Na L� LX;q G� Lc O6L�
 G�O< L �[:NY� L� O�L� L� O9 L��� �[�N �L% ��N� L;�� � L9 GS /� L\G� L  , �� O9 L
" 

� L�q L�� N� L� I6L N& ; �W� N� L1 ��2 N; O�Lc G�I%L� G� G� O> G� L�� [ O�q La N�2 N;q O�I:� : G# L*q OTN�
 L	 NS G� O	 LF L� N� O9 L��� N� L N�� L>/<��" 

 L£qqNK L� O6N7qq L  N,	qq O� L��� N�O�L<qqN� �# O�qq La N�qq L� /; L� G�(N� N_ O� I\qq�� 'qqL( L G̀ qq NHL2 Li L�
 L N& ; L�q O9 L
 Li O6L� N{ O�q LDN� � L9N� OK L� �N  G� L� ORL%NZL� O6N� L� N�Ob N��� G� O9 L
 � L9L( L  L� L� /; L� G��� I6

'L�� L�Lc N�� /r L� O�N
 N��N  � L�N� N� L��L� N}�N� G��L$ G2 Li L# O{ L;�� " 
 �qq NlL: O� G��� G�qqI%L N& ; N	qq O� L��� NX�qq L�N� N�qq L� /; L� G��� �qqN  N�qqOb N��� G�qq O9 L
 G�qqL$L: O�G2 L�

 N# O{ L;��N� N.; GS G;O(N�" 
 L� Lx N�q O� L2 O6LgqN� N_ O� I\q�� G�qL$ L�� L4 G
 N# O{ L;�� L�O$ LF � L9 L� L� 'qL( L L6;q G>L:N� � [�q O9 L
 �q L9

 ,� [� O9 L
 � L9 L� Lx N� O�L�N� N_ O� I\�� N� L � L9 N+ O�L% G�O$ L� � L9 L� L� ,� L9 N+ O�L% N8�N( O+Lc O�N
 �, L�� N!L�
 /X� L��� Nx� G� O� L��� N8�N( O+L:N� � L9 N+ O�L% G�O$ L� � L9 L� � L? LY L� " �q L9 L� L�O�q L( L  G� IS LV G��� � I
L�

 G��� LY G� L� � L9 N+ O�L% G�O$ L� N	 O� L��� �N  ' I� L+" 
   O8q L� O6N7q L  ,�q L9 L� Irq L��� I6L N& ;�q L9 L� G_ O� I\q�� G�q G� N� O� L2 � L�N� � L3� L� N� G{ L�L: ODG2 L�

721



 'qL( L �L�q L�� L�Lc G~O� L� N�O� LS O� I\�� G8O( N G{ L�L: ODG2 Li L� , Ox L� O�G2 O8 L� G�I%Lg L>L  N�N� Lx O�Lc
 I%L N& ; N�Ob N��� N� O9 L
 N� O	 L�N� �� O9 L
� L� G3 G	 L�L� G̀ NS� L;�� O�L� G�O< L [i L	L� L�O� L� G�" 

 [#� L	N:O�� ' I� L+ G��� G�� NSOgLc Gk; GHL2 � L� LY � N�� L�I:��N� �� IS LV G
 �x O�L  Gk; GHL2 L�" 
 N�q N+O< NS O�N
 L6� LYL� �#� L; L� N�Ob N��� N� O9 L
 L| O;L  �� O9 L
 Gx O�L  � N�� L�I:��N� Gk; GHL2 L�

 O� L� G�I%L N& ; Li O)L� �X L	L$N� L� " 
 Nx� G� O� L��� N� O	 LF �N  � L Lk�L< Lc O�L� � L9 L� Nx O� L��� L�N
 G_ O� I\�� LhL<L: O
� N; L� L�-  OEL� :

x N� O�L2 O8 LY−  [* IS LV G
 Li N�Ob N��� � O9 L
 ¢i� L� N	L(L$�� L	 O�L% � N�� L��� Lx L�L " 
 L�q O�N� Li L� �q L3 N� O9 L
 O�qN
 N�q L� /; L� G��� G#� L�O�N� �W N!L2 Li L� N�L� Nx O�q L��� L�qO$ LF G� GK�

 G�L4 ODG2 L*L  �# O{ L� O�L� �x O�L  L�O$ LF G_ O� I\�� LrI(LK O; L� L� , N# O{ L;��–  OEL� : G]q N!L:O< L2 Li
 G�qq O9 L���− 'L��qq L�Lc N�qqN� O; LF N);qq G9 O� L�N� ; N�qq O9 L��� L�qqN
 �# O�qq La �qq L9 L� G̀ qq NHL2 L*qq L ���µ

�¹�¸�¶� §~:sop¨  G� L�O: G��� � L9 L� L� ," 
 O6N� L� G�qI%L N& ; N�qOb N��� G�q O9 L
 L̀ q LS L� N# O{ L;q�� N�L� Nx O� L��� L�O$ LF � L� G3 G	 L�L� LU� L


 �N  � L? L>L  ,' I� L+ G��� N�2 N� O� Lc �N  N# O{ L;�� LY N.� LH2N�  N�q O9 L
  N�qOb N��� �qN  ; N�2 N;q O�I:�� 
�qq L�N�  LE N� G�  N�qq L  N�qqO��  �J; G�qq O+ L
 :� G�qqI%L�  L�N�qq G�  N�qq L  �,L� L�qq O
� �qq L9 LS I� L\Lc qq GS L�, ��  O8qq L� L� 

 Ox N� O�L2 � L9 L� ,� [F� L	 L1  O8q L� L�  O� GT O	qL2 �q L9N� 'qI: L�  LU�q L
 " LX�q L� L   G�qO��  �J; G�q O+ L
 :�q L9 L� 
 G|� L	 L1 ,� L9Nd� L+N%  Li  L� OY L�  Li L� , L�L4 La � L9O� L( L L� , G, I	N��� �q L9 L� L�  Gw� L�q� N��� " L)�q L� L  
 G� N� O� L
  G�O�  N6�L< N� , ��N� LHq OaL&�  LX�q L� L  :'q LlLF q G� L� GX;  N�� ª �qN   L� L� O�qN�  NRqO<N� 
 �ra�� − �,L� L� O
� �I<N
−  L�ObN
 � L
  LRO� LlLF6YTZ " 

                                                  

YT Zv�'55� :���� 	qq��� @nts�u B;qq��� J��J @ssmnB, E?qq
���� @mmnvB, �d�qq+<��� 
@©tmsmB, ���� �S�
 @m��mB, ���1� �
*��� ��$�&� $ P #���}� @m�o�"B 

722



 7& 70� 9��� 7�� 9=B:�� !7� <� 7e� 9D��: 
 �# O{ L� L� I�qq L>Lc O6N7qq L  , N# O{ L;qq�� L) O;qq L2 N�qqOb N��� G�qq O9 L
 �	qq N��L  ���qq L>N% N# O{ L� �qqN L�

� 'qL( OL� �qN  �	 N�� L� �� O9 L�L  �, L	 N�� L� �� L9O$ GDN�� L;q O�L&� L9q G+O< NS LJ I	q L�Lc O6N7q L  , NX − OEL� :
� L9O$ �D��−  ,G�qL: L
L� �q L9�< G�L2 �q L9L�NK L� I8q G� ,� L� G9L<O�L� L| /� G  I8G� �	 N��L  ��� L>N<N� � L9L�NK L� O6Lg LY

 N� L�N>O%L&� LY N� L9O$ �D�� LJ �	 G�Lc I6L N& ; NU°K L;�� NJ �	 L�L:N� G� O9 L��� LJ I	 L�Lc" 
 I�q LY O; L� L� , G�q O9 L��� L� I�q L>Lc 'q[% Nk 'qL( L [�q L3 L� O> G
 L£qNK L� O�L� ��L�;q G! O0 L
 L# O{ L� L�

 �qL< G3 G.;q GS G;�� L� , N��q L>/<��N� N�q L� L�O( G��� N� L9O$ �D�� N#� L�N:O% Ni �� O9 L
 �# O{ L� /� G>N� G̀ NHL� L 
 L� O9 L
 L*L  'L% /\�� 'L( L G� L N��L4 G��� � I
L� , LJ I	 L�Lc O	 LF L� �� L*OcN7N�  ®�N0L� � L9I%L N& � L9 L�" 

@�2�@B4. 4���2�0�8� 0	2|I�8�4�� 8�( 0���2�3�:  

 <� 9�;> <-�� : 7P� 7-�� BP <q72  d� 8�9> ;� <�:  N�N� Gh L�L:O<G2 L� N�N� GhL: O�L: O+G2 � L
 L; G3 L� , N��L: L��� L�N
" 
�5 9�72 <�� 9# <-;�� 9�:  G��� N�qNcL� L� O
 Ni G�q G� L LJ N_ O� I\q�� 'qL( L G̀ q NHL2 �X�q L
 �qN  N�q LF L�� L�

 G8N(qq O+ G��� L� , G� G�qqO� Le L� ��qq G��� �qq L9�N  E N;L:qq O+L2 L� , G��qqL< O� L
 �qqN  �qq L
 L� �| L*qqL4N� N,�qqL� L���
 G�I� /
 /?�� L� G� L�N( O+ G��� L� ,� L3 G�O� Le L� G, I� G��� L� , �� /
 /?�� L�" 
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 �# L*2N� Li L� " O6L� Ĝ qN( O�L2 L_ O� I\q�� I6N7q L  ,�q¢� N� OS L� �q ¢2NJ� L �q [F L*LK N�q L� I( L4 G��� N� L* NfN�

 N��� L#�L< O�L� � L9O<N
 L� N3�L�G2 O�L� ,[�L�N%� L� [� L� O( LK � L9 L� /( L4G2� L9O� L( L L̂ N� LZ G� L�L� E N� O+L2 L� ,N, I	" 
 7# ;�@E�� 9� 7r;� 9'�� !7� <n; <���: 

  �q L9 L� L
� LS E N?q I�� N� O9�4�� L� N�O� L��� �N  G�L: LS O� Lk G� GS I��� LhN�� LfG2 O6L� Gk; GHL2
 N� GhqO( Gf�� NZN� , L̂ N� L?qN� G� I�q LlL: Lc Li �q L9I%L N& L̂ qN� LZ ; [, L	�q Na L� ORq L
� LJ � L
 , N��N  L;q G3 �q L�I%

 'L( L G� GJ� L�2N� G�N> O�G2 � L
 N��N  GJ N�L2 L*L  , N_ O� I\�� L�N
 N��( LfI:�� �N  � L9N:L$ Oe L�N� �r� N� O�Lc
 N� LS O� I\��N� N�� L� O� N}� L�N
 , N_ O� I\�� L�N
 ��L$ Oe L�N� G6; G>L2 E N? I�� /ENJ� L��� N| L*I4��"  

2|�8�4>� f �2H0C3Pk(:  

 L*N: OT� �W N!L2 ¡�N$L< OSL� G�  − G� L�qO� Le O)L� �q L9 L� �¢�N� L� L6� LYL� �#� L; L� −  NrqL(O4 G
 N� ��q L!I:��
 ,�q L9 L� �#� L	qN  LX� L� O�� G� G
� L\N: O�� L� , L̂ N� LZ G� LS O� I\�� OR L3 N� LY O6N� L� �| L*LK O�L� �hO( GT N¬ O�L(N�

q L� G6; G>L2 O	 LF L� , G� L	O$ L N	/� I+�� NrO: N�N� NX� L� O�� N)� L\N: O�� LY �W� N�q L1 �x L�q Le L̂ qN� LZ �qN  G�

739



 �q L9 L�L(L: OT� �#� L;q L� L� ,�q L9 LF; G� G� �q L9 G�L< O�L2 L� ,�q L9 L� L, L�q ODN� O�� G#� N+G2 O� I�N
 � L9 N!�N( OfL: LY
 �| L*LK G�I%L� 'L( L [#�L<N� �hO( GT N¬ O�L(N� O)L� �| L*LK N¬ O�L(N�" 

 N%� LS O�N
 L; G9L  ,� [� O> G� L� �[� O� L� � L9N�O(f LY G� G� O> G� L� G#� L	N:O�� N_ O� I\�� Ǹ ��q L� L�� L� G
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 LX; G�L2 O6L� 'L( L O�L� , LrI( L� L  \�HO< Lc O�L� , L� I� L!L  : LX� L� L  , GR O� I� L� : Lhq LF L� ; GRq O�I( LK
� �N  G| L*I4�� N�N� 'LcL� � L��N  N� N��L�N: OT�N� G�N� ODGc G�L: L� L�� Lf G
 I6L N& ; Nh� N� LH�" 

 G� L� O> G��� N�N� LJ I	 L3 � L
 Nr� N� O�Lc 'L( L N� N� O> L��� G, L� O	 GF N�� L� OY N}� NX; G! G� G{ O� La L�
 N�q N� O LJ O�q L G� L�q O> G��� G\q OH L L� , �̀ q �( L0Lc O�L� ��q L2 Li N;N� �q [�O( G� [* NS� L � [	2 N	 O9Lc  �. L�q L9N�

 �q L
 L�q L� L  N�qO� L( L L� N�q OYG� �q L
 N� O�N  O�N
 LhL<L: O
� N6N� G�I%L� G��< L� L� ,N� N�O� L0N� �� L�� L0N: O�� LY N� N�O� Le L�
�L� L*Ib�� �; G
G&� N� N? L9N� IiN� G\ OH L��� Gr I� L�L: L2 Li G�I%L N& ; N�N� G� L I; LT" 

 O�q LlN� �]2 N; OfL:N� G�� L� OY N}� G� G! O�L2 L� O�L� ��q2 N;LK ��O$q L�N� O�L� �	2 N	q La �. N� L*qOcN�
 �X� L
" 

 ,�q L9O� L( L N� L�q O> G��� N.�L$q O�L&� L� Ny� Lf OaL&� N� L*N: OT�N� G�� L� OY N}� G]N(L: OfL2 L�
 L� LT5 L6� GJ �̀ L$ L� �N L� , L� LT5 L6� GJ �� Of La �N  � [3� L� OYN� G# O� LD�� G6; G>L2 O	 L� L " 

 LX�LF O; L� L� : L� O> G
 GRO�I( LK , N�O$ L���q LY ��qL<2 N� LF L��qL< G3 L� G�qG: LS O� Lk OU L� L>O%Lg L  ,� [3
 L*L  IiN� L� , N�N<� N�L�N� G� G� O; LF GX O; L��� L " 

@w4i� AE��LB0�8=� :  

 O�L� �?q�N$L<N� �#� L�LJ O�L� N� N�qO� Le O�L� ��q O� LT N.� L�q La O�qN
 N�qN( O� L N�2 N\ G�N� L8N�L� O� L
 L� N� N�qO� Le
 L� G� GF L*LK L? L�L% [* O�N L� [i O;LF G� L� G� G �� L!Lc" 

 N�L� N. O�qq �D�� 'qqL( L L�� L�qq OY N}� 'qq L IJ� I8qq G� , L| L*qqI4�� G6� L� O>qq I+�� Lhqq LF O�L� O;qq L� L�
 N�N<� N�L�N� L| /	 G1 N�;GF G;�� ) L	 L L)� L� L� G�L� N� La � L
 N�� L> O�N7N� N� O9 LH�� " 
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� <$ ;? @#�� <n72� 8#� : @/ 7' 9-�� 9D <	 9�  ;p93 : 93 ;# 9-�� <�: 
 N�N: LS O� L\N� �� Of La LX�LF O;L(L  : � L?q LY L� , �Wq N�� L� L�� L?q L  , N̂ G: O�I(LK O�L� , �rN��LK NRO%L�

 LX�qq LF O;qq L� : N̂ qq Gc� LZ O�L� N̂ qqG:Ib GS O�L� N̂ qq G! Of La O�L� N̂ qq G�� G� O�L� N� G	qq L+ LS O�L� N̂ G�qq O+ NS
 �rN��LK" 

  N�qqN� O; L� LY �qq L9O<N
 � [# O\qq GS Lrqq I( LK O6N� L� : OS N� O�L� N� G	qq L2 O�qqN
 L̂ qqN� LZ L;qq O�L% O�L� N̂ qq G(
 L6�qq LYL� �#� L;qq L� , N� G� O\qq GS O�L� N̂ qq Gl O�L� O�L� N̂ qq G�G� G� O�L� ,�qq L9N� N� L(qq N!I: G��� � L9Nd�qq Ll OL�
 O�L� L6�q LY �¢�N(q O1L� , N~N��Ib�� L� �N%�Ib�� NX�Lb N��� LY � [� L9O$ G
 O)L� , NX I�L&� NX�Lb N��� LY � [
;G( O� L


 L
 � L� LY � [� N3� L� ,� [	Nd� Lk �N  � L9O<N
 G� N! L�O< L2 � I�N
 G# O\ GH�� L6� LY O�L� , N� N	N$ L> LY �[<NK�L� O�L� I�
 L� L	q L1 �| L*qLK G�I%L N& ;� [
 O\ LS G| L*I4�� LhLF L� , �rN��LK N� G� O� G� O�L� N� G� O� La O�L� ,N,�L� L���

 L N& ; �� I? L�L: G
 G� Gl�N�O$ Lc L� ' L0O( G2 O6L� �N0L$O< L2 L*L  , N�N( O3L� O�N
 �qN  G�I�L$qL: Lc Li L,L� O� L��� I6
 G� G�� N� O�Lc L̀ LS L;L  N�� L>/<�� N8 O> G�" 

 �q I� LY , N6 L	qL$�� �NF�qL� 'L�N� E N� O+L2 I8G� , N# O\ GH�� 'L( L I� L
 � L��N  G| L*I4�� Gh L� L2 L�
 NrO: N��� �N " 

 
����� 
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OU2�@� (8� 8�0,@�3��� p@!0� Û8b0� �3i@!67�� 0(8N0	 <�0H2	A���  

 <O 7�� 9��� <$ ;? @#�� : <�5 9e ;� 8��� 9! 7	 9� , 7u 9�8E�� B/ 7' 9� �9 9� 7�9% 9X 7D�� <J�9�92: 
q LY �| L*L4N� N�I�N$L< OSL&� G.�L4 NT :qq LY ���q L>N<N� G�q G��N( O�Lc L� , �rN��LK NRO%L� : �q L9L: OS I� L\Lc O6N�

�q I
L� ,�q L9 NS O� Lk 'qL( L GrqI( L4Gc L*L  , �; O0 L� ; �rN��LK L�N9L   �q I
L� L� , N��q L� OS N}�N$ L  G\q IHL< G���
 /� N� L��� 'L( L N�Nd� L��� L�N
 N� L2 Li N;�� N#� L�N:O% N*L  GrI( L� G���" 

 N�qq L2 Li N;�� N#�qq L�L$N� NU�qq LS O� I\�� N8qq O> G� �qqN  �qq L9I%L N& [�qqI� N� OS L� G| L*qqI4�� Grqq L�O(L2 L�
q L  G�q L�N(L: Of G��� �q I
L� , N�q L� OS I��� N̂ q O( N�N� � L9O� L( L �qN  ORqL%� LY O6N� L� �| L*qLK �q L9 G� L�O(L2 L*

� L9O� L( L N� L2 Li N;�� N#� L�N:O% Ni N, I	N���" 
 O; L� L� � L9 L�� L>N% LJ I	 LS O�L� � L9 L� I( LK O� L
 Lh LS� L� L� �w L*L� L6� GJ G_ O� I\�� LrI(LK O; L� L�

 Nw L*Ib�� N�I� N�L$N� OULJ� L �_ O� Lk L	 O�L�" 
  L*I4�� L~I( L� O6N� L� L�q LT LJ �_ O� Lk L	q O�L� �q L9 L�� L>N% LJ I	q LS L� � [� L*L� � L9 L� I( LK O6LgN� L|

 LX;q GT GJ I6L N& ; N��q L� OS N}�N� �w L*LbqN� OULJ�q L ,G�O<N
 � L9Gc I	 N OR LlL�O%� L� � L9 LF L�� L L� � L9N�
 N	q O� L��� 'L( L G� G��L<N� G�N> O�G2 Li L� , NX I�L Ō N � N�� L>/<�� I�� LJ� L L� �N%�Ib��  LRqL$Lb L  , NX I�L&�

 N�N
� L> O�LgN� �WN: O�L: O+ G
 ��� L>N%" 
0�0�4� 67��3i�:  

 O6N� L� �w L*qq L� /�qq G�O(N� L� , [, I�qq G� G�qq LS O� I\�� ORqqL%� LY O6N� L� O�qq L� L  N6�qqL: L� O( LK N	qqO$ L�O(N�
 [� L
L� G�G: LS O� Lk ORL%� LY" 

 O; L
 Nx L�q L
 �qN  �¢� N� OS L� O�L� �[<Nd�L� G| L*I4�� Gh L� L2 L� N�qNc−  OEL� : Nrq/( L4 G���−  �q L� LY
 N��q L�5 N#�q L�L$N� N��q L� OS N}�N� ¡�qN� OS L� �| L*qLK N, I	q N �qN  N6�L� L�� L;L: L2 L� , N�N: I� N1 �N  Gh L� L2
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 Li L� , L̂ qN� LZ N�qO� Le L� �q L9O<N
 N# L*q2 N}� L� �q L9 L� N| L*I4�� N|; G�G(N� N� L� OS I��� �N  N�I� NS O� I\��
 I	 N �N  N6�L� L�� L;L: L2 N�I� NS O� I\�� N�� L�5 N��L4 N�O% Ni ��Nd�L� �| L*LK N," 
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OU2�@� (8� 8�D�0�01 3i@!67�� 8�A�3C3+ 8�0�0��� 8��8�  

 [�qL%;G< OH L
 O�L� [�qq L�Nd�L% O;qq L� L� N�qN: LS O� L\N� �� Ofqq La LX�qq LF O;q L� : NRqqO%L� O�L� , N̂ qqG: O� I( LK
, NW2 N�q I!�� L�N
 L̂ N� LZ L; O�L% O�L� , �rN��LK  N�qN� O; L� LY �q L9O$NK� LfG2 O8q L� O6N� L� : , �rN��q LK N� N?q L3

q LY G� L2�L<N>�� � L? LY L� , G| L*I4�� LhLF L� � [J L	 L � L;L% L� : � [J L	q L � L9�N  � L;L% � LZN� , ��Nd�L� NRO%L�
 LF L� �[�O�q La N;qO< L2 O8q L� O�L� [, L	q N�� L� � L;L% O6N7 L  ,G� L� N¬ O�I(�� NX� L�N: O� Ni G�� L;L% � L
 LhLF L� ORq L�

 G� I�L�L: G��� G�I%L N& ; �, L	 N�� L�" 
 LX�qq LF O;qq L� L� : Lµ;qq G� O( L��� I6L N& �, L	qq N�� L;L  � [J L	qq L � L;qqL% L� [, L	qq N�� L� �rN��qq LK NRqqO%L�

'L� O�L� N�N� G� L� L��� L  � L;OFL� G¬ O�I(�� L� , IE N;O< L��� G�NF�L< G2" 
 7u 9�8E�� <�� 9# ;=9Q:   

 L� I� LY O;L� L� : O%L� , �rN��LK NRO%L� O%L� , �rN��LK NR ��q O!L  G�qI( LfLc L� , �rN��q LK NR − O6L� L;q G3 L�
 N���L<qI:�� N�L: O>q L� L| O;q L  LR G> O+L2 −  G�qI%L N& ; Li O)L� L	q�NYOgI:�� L	q L!LFL� �#� L;q L� , �w L*qL� Ghq L�L�L 
 LX�LF � LZN� O�N>L� , N� N3�I��� G� L* NT : � L��N  G�I2 L	G2 G�I%N7L  , L	�NYOgI:�� GU O	 L!LF N�� L�O�L� L� G�L<O�L�" 

q LY O� L� L  N�L$ Lf�� G¬ O� L� L� I� L>Lc O6N7 L  :� [� L*L� Gh L�L� L  , �rN��LK �rN��LK �rN��LK NRO%L�" 
 , �w L*Lbq L  �[ �L<O�N:q O�� L	q L!LF O�L� , �, L	q N�� L;L  � [	q�NYOgLc L	q L!LF L� ��q O!L  O�I( LfL:L2 O8L� O6N� L�

 O8L� O6LgN� LrL(OKL� O6N� � L? LY L� N�qL�N%�Ib��N� L	q L!LF O6N� L� , �w L*qL� Ghq L�L2 �[ �L<O�N:q O�� Li L� � [	�NYOgLc O	 N!O�L2
 �w L*LbL  'L��G&� L	�NYOgLc N�LbN��Ib��N� O�L� , N6�L:O<NbL  L� L> L O�L� �[ �L<O�N: O�� N�LbN��Ib��N� L� � [	�NYOgLc"  

 9a� 9I ;J71 9�:  IW L1 , �rN��LK L� �rN��LK L� �rN��LK NRO%L�  , L~qN��Ib��N� �N%�Ib�� N	�NYOg Lc G	 O!LF
 �q L9N� �X; GT O	q L
 N�qO� L0N� I� G9 L��q LF O;q L( L  ,�, L#;qGK O; L
 �N  G� L; �!�� N� N? L3 L� ,�N%�Ib��N� NX I�L&� Li

 �X� L� /� G>N� �� L� O( L4L "  
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�5 9�72 7aD <m ;&5 9-�� 7#;� 9G7� 9a� 9I ;D9� 9�:  �rN��qLK NRqO%Lg L  L�� I	q�� NRqO( LTLJ O6N� , �rN��qLK L�
 ORL( LT L	L   N6�L:O<Nb L "  

 C� 9]D<A ;D 9-7� 9a� 9I ;D9� 9�:  , N6�qL:O<Nb L  ,��q L�O(LK �q L9 L� L
 O�L� Lh L
 [� L�O(LK �rN��LK NRO%L� � L?q LY L�
 �, L#;GK O; L
 G�O� Le" 

 ,�, L#;qq GK O; L
 �qqN  N6�qqL:O<Nb L  ,��qq L� O( LK � L3 L	qq O�L� O�L� ��qq L� O( LK L�qqO$ LF ��qq L� O( LK LX�qq LF O;qq L� L�
 L� O( LK L� LX�LF O; L� L� ,� L3 N�O� Le �N  �� :� L? L>L  ,�� L� O( LK � L9L(O$ LF O�L� �� L� O( LK L	 O�L� �� L� O( LK" 

 7u 9�8E�� !7� <]�9:;b7> ;0X�:  

 �{ O� LDN� N| L*I4�� �N  G#�L<ObN: O�i� �W N!L2: 
m−  G� G�� L!/c�  − OEL� :q L�G2 G~O� L�N� �[ O� G G�O<N
 'L<ObL: O+ G���N� 'L<ObL: O+ G��� ¬O�L� �q [
 L* LY �	
� [	 N�� L� −  ; �U O;q L1 N��L4 N�O%� N�L� �� �Y L?Lc O�L� ¡�N L� ����L<Lc G�L: O> L� NX� L!/ci� �N  �� GlL2 Li L�

� [�� N+L2 O;L� L� /�N$L< OSL&� N) L* L>�� N� L*NfN� , [* N1�L  �	 L�G2 Li L̂ N� LZ I6L N&" 
s−  L�qO$ LF L#�L<ObN:q O�i� LE N;O< L2 O6L� N{ O� LDN� L�  G�q L
 L* LY I8qLcL� O;q L( L  , N��q N�L��� N¥� L�q L 

 , G#�L<ObN:qq O�i� IWq N!L2 O8q L� ,�[�O�qq La G�qO<N
 L�N<ObL:q O+L2 O6L� N�qN��L� 'qq L( L L� L�q LK I8q G� , I�N(q O1L&�
 N�N� N#�L<ObN: O�i� Nr�N( O�Lc L�O$ LF ��N( O1L&� G� G
 L* LY N�� NlL: O� L2 � L� LY G| L*I4�� LhLF L� L�" 

o−  O�qq LDN� L� ��qqNK�L� G| N� O0L:qq O+ G��� L  ,G�qqO<N
 'L<ObL:qq O+ G��� N�NF� L� O0N:qq O�� N) L	qq L N{
 LX�qq LF O;qq L( L  , N��qq L� OS N}�N� : G#�L<ObN:qq O�i� IWqq N!L2 O8qq L� ,�qq [� L*L� IiN� �qq [� L*L� �rN��qq LK NRqqO%L�

 �; O0 L� G#�L<ObN: O�i� L� � [� L*L� OR L�/( GK L� " LX�LF O; L� L� : N� �q [� L*L� �rN��q LK NRO%L� IiN� O�L� N�O�qL:O<N� Ii
 �, L	 N�� L� �� L� O( LK O�L� N�O�L: L� O( LK Gh L�L2 ,, L	 N�� L�" 

 N�N� O; L� LY Gh L� L2 Li N�L�� ND L��� 'L( L L| L*I4�� LrI( L O; L� L� : O�L� L#�q La O6N� �rN��LK NRO%L�
 �qN  N�L��q ND L���N� Lr�N( O�I:�� L	 L!LF L� , N̂ LF L*LK G�� Ng LDL2 O8 L� O6N� �qN  � L9N
 L	q L�N� L� NX I�L&�

 Gh L� L2 Li ; N| L*I4�� N¥� L� L  L�O$ LF �N%�Ib��" 
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q LY �r�N( O�Lc GJ� L� N�O%� GhL< O�L2 � L? LY L� : ;G�� L#�q La O6N� L�� I	�� NRO( LT LJ O6N� �rN��LK NRO%L�
 GrI( L� G��� L  L\ IHL< G��� L| L*I4�� GhL< O�L2 N�L�� ND L���N� Lr�N( O�I:�� I6L N& 'L� O�L�" 

 7u 9�8E�� !7� @[ 8���: 
 �)�q L+OFL� N�q L� L*L� 'L( L N| L*I4�� �N  �̂ ID�� : �qN  ®̂ q La L� , N�N(q O1L� �qN  ®̂ q La

� L9L� N+L% I8G� [�L<I� L� G
 LrI(LK O� L� LY � L? L3 L� , N� /( N� L
 �N  ®̂ La L� ,N�NJ L	 L" 
q GS G� �qN  O�L� G�qO<N
 �| L*qLK N�;GF G� �N  Î La � LZN7 L �q L9N� NrqI( L� G��� N� L�q /!�� NJ;− 

 N�N� O; L� LY : O)L� �q[�� L� Ge L6�q LY O�q L3 Î q La L� , �rN��q LK NRqO%Lg L  �q[�� L� Ge G�Nd�q I4�� � L? L3 L6� LY O6N�
 Li−  N�� L>/<�� G#� L�L� L� N| L*I4�� G) L	 L L� O1L&� I6L N& ; N�� L� OS N}�N� G| L*I4�� Gh L� L2 L*L " 

 N  Î GDL2 O8 L� O6N� L� �J L	q L �qN  Î q La O�qN> L� L� ,G�q L;GF G� Lrq I� L�Lc O�qL� �| L*qLK �
 N�N� G? GTOgL2 ��LFL&�L  ? L�Lb OYL� O�L� [� L� O( LK LrI(LK O� L3 ,G�O<N
" 

 LX�LF O6Lg LY N�O� Ll� N�L<N� N6�L<O�� LrI( L O;L� L� : NRqO%LgL  [*Lbq L
 �q[�� L� Ge G�Nd�q I4�� � LZ L6�q LY O6N�
 �rN��LK " LX�LF L� G� LT5 : O8q L� N�Nd�q I4�� �qN  GX�q L��� L�q N9 GS L� , �rN��q LK �NcL� L� O
�L  G�O< G>L2 O8L� O6N�

 N�qNF L*LK N�;qGF G;N� O8q L> O�G2 O8L� LX�LF � L�N� � L� G3 G	 L�L� LJ L� L�O%� N; L� G�I%L N& ; �	 L�L� N| L*L4N� O8 L> O�G2
� L>/<�� G#� L�L� G� O1L&� L� , �.� L� Ge G�O� Le G�I%L� Nk� L; LHN� G� L� O> G� G�/� L0G2 Li N� LT�� Gr�N( O�L: L  N�" 

@�LQ0E4. 67��3i�:  
 7J� 9- ;�7I <u 9�8E��:  Li L� N�q�N  L�I<q G� Li �q L
 L;q G3 L� �q L� G3 G�O� Le L� , ®� N O	qN� L� ®�/< G�

qqO<N
 �qq L9G( O� L� L6�L$L:qq O�� �qqN: I�� L� N�qq L�N(L: Of G��� L� N�qq L+N2�� L� N, L��N0qq I!�� N| L*qqL4 LY L�qq L O	N� G�
� L9N� NX; GT O	 L��� N�O� Le L�" 
 @!B: @��� <u 9�8E��:  N�q�N  �q L9 O�N
� LHG2 O8q L� ��q O9GK �qN  �q L9N� �X; GT O	q L
 G| L*LK L; G3

 �	qL: O�Lc L�q N3 L� , ��q L+N25 Li L� �, L��N0q L1 Li L� ��qN
� L�N� ORq L+O� L� L� ,G�q L(O$ LF ��O� L� �N  Li L�
 L9N�� L� O�N: O� Ni L̂ N� LZ L� , N#� L� OFL&�N� N, I	N��� �N  �� G� �D�� �" 
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 d\� 9# 9  @! 7� ;&7+�� <u 9�8E�� 9� : C\� 9� ;I93 7� 9z 9�9z �9 9� 9D <	 9�: 
T−  G� O�Lgq O+Lc O8q L� � L9 N�� L�G% O�L� � L9 NlO� L� NX� L� �N  � L9N� �X; GT O	 L
 �� LS O� Lk G| L*LK
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 G� L� O; LF L� : N� N	 L� L;N� L� , Ĝ<O� L L� � G	L2 ORL% Lk : ;�N<O�� LR O+L� O�L� ,�/<N
 LR O+L�

 L� ,�� L2�L<NY N� N�O� Le N	 L� L;N� : �6� L�N(N� ¡� N�O< L�N� Ii� �W2 N� L1 ; �6 L*G  L�O�� LR O+ L�" 
 @& 9'�� 9D <	 9� , 7� ;
 9��� <� 9eD <�: 

'L�� L�Lc N�N� O; L�N� ; [, L	O( LS L��N%� L�L� �[< L! O� G
 L� L?LF O� L
 �	 L�G2 L� :��}� |
�lk� j� i� h� g� f� e� d� c� b� a� `� _� ~

o�n�m� §t:n¨ Le G�NZ�LF G� I\ L�G2 L� , /� /
 /?�� L� N	O$ L��� LY N� L! O� G��� N�O�
 N#� L?2N�N� �N%� I\�� L� /�N$ I!�� L�" 

777



 G� G NZ� LF �	 L�G2 E N? I�� G� L! O� G��� L� : G]q� N� L��� G8N(q O+ G��� ��q G��� G]qI( L> G��� L;q G3
 L+L% O�L� ��� L� L�N� �� L
 I� L� G
 �# L{ O; LY N�N� I	 L�G2 O8 L� O6N� L� , N�N� �	 L�G2 �# O{ L� O� L �Rq OTGg LY �̀

 N82 N� O�I:��N� N� N�O( N Lh L
 G� L� �� LY;G( O� L
" 
 I6L N& ; N�qN NZ� LF O�q L �	q L��� L� L�q L� G�q G NZ� LF I	q L�G2 O6L� L�qO$ LF ��� G? O� L
 'L% Lk O; L� L�
 G� G� N3�q L� N	 N3�q ID�� LY ,G�q Ga N	 OfN2 �qL% /\�� G�;q G9 G� L� , ��qL�G2 O�qL� G� L�O�L: O+G2 Li L6� L! O� N}�

 L�� L	 L��� �	 L��� O� G� O+L2 O8 L� I	Lc O�� N; L� L� , N8 O> G��� L�O$ LF G� G� O+N  L� L9 L� I8G� �# O� LDN� L	 N9 La G�" 
 Gw L�;qG2 N� O?q L��� �	q L� L� ,�[< L! O�G
 I	 L�G2 O8L� LWG( L1 I8G� [, I� L
 'L% Lk O� L
 L� G� G�q O+L2 L�

 L� L;�� G�O�L� � L� L O;L� L� , N�L� L� L;�� �� GY G�G� N�L2 L� , �; O� L�N� L�qN
 G�q L� N� L� � I�N
 N� /� L� O� L N�L� /	q L���
 G) L\q O( L2 �q L� LY L	q N�� L;�� G) L\q O( L2 G��q L��� L� , ��� L G�I%L N& ; N� N�� N� LS #� L��N: O�� O8 G9O<N
 L��NF�L$ O(N( L 

 Lh� N� LH��" 
 <�9> 9e ;� 9y 7� ;� 8��� <� ;
 9I:  

 L� O6LgN� ,� L3�L% Nk L8N( L � LZN� N�N: LS O� Lk G� O?LF N_ O� I\(N� � [	q IY LV G
 �q¢< L� G�qI< L� O�L� ,�qN% O\Lc �q L35
 G�5 L� O�L� , [*Lbq L
 �, L;q O( LT �qN  �q [� L
 �q L� G35 L� O6LgqN� ,��qL<2 N�LF Lhq L
 �q L3�L% Nk N��L�D LY , L8O(N��� G�L� L� O�L�

 L� O�L� ,�q L3�L% L\N� ��q L�N� G� L�qL$ OTL� O�L� ,N� N	qO< N O�qN
 G_ G�q OfLc L� N3 O�L� ,� L3 N	O< N O�N
 G_ G� OfL2 G�q Oc L�L$ OT
 O�q G>L2 O8q L� O6N� L� N�qN� GrNbL2 O� L
 �6�L� N O� L G� G�N$ OfG2 O�L� ,� L9GF O	 N1 N�N$O(LF �N  Gh L�L2 L� � L3�L% N\N� L� N3
 ��qL�O� L3 �qN  ��� L�q Na LRq O�Lc [, I� L
 O�L� ,��L$2 N� /� N�L
 �N  � [�� L�N
 � L9 L� L
 [* GS L� � L�L2 O�L� , [i O	 L

 ORLcL� O;L� L� ,�, L� L>O< G
  O�q L N	q L� L;�� N�q O�L% L� O�q Lc I6L N& ;G�qG� O�L% G� L
 N\L� G�O<N
 L�O�L� G�I%L� L8N( L L� �	L� L;N�
 L;q G3 O�q L
 N�O�L% N� L
 O� G� LY , �)� L� L� G�O<N
 L�O�L� O� L
 G|� L�O(N: O�� L� ,G�LF� L�O(N: O�� G� I� LlL:L2 N� N+O�L%

 I6L� G8L( O�L2 L]O� LY O�N>L� ,G�O<N
  L	L� L;�� � L? L3 ?G�O<N
 L�O�L� 
 ORqLcL� O	q LF G�qL: LS O� Lk I6L� O�L� ,G�qL: LS O� Lk Og L4L2 O8 L� L6; G>L2 O6L� L̂ N� L?N� N8O( N��� Gr2 N�LK
 G�q Oc L	 L� L� O�L� , N�q O� L��� N, I	q G
 ��LFL� L� N3 �N: I�� , N# O{ L;�� L�N
 �� G9 OaL� N�I: N� N6� G	N� N	 L� L;��N�

778



 L�N
 L��N< N� NhL� O�L� O�N
 N�Lb OYL N&  N� N?q L3 �q N� L  , N�q O� L��� N, I	q G
 G�qLb OYL� L�q N3 �N: I�� , N# O{ L;��
 O�q L G�qG� O�L% G̀ q NHL2 �?qNd L	O< N L� , N_ O� I\q�� � L?q L3 O�qN
 L�O� L� L	 L� L;�� I6L� GRG$Ob L2 NU Li� L���

 N�N� Lr L�O(L2 I*L�N� N� N+ O�L%" 
� L� G9L<O�L� � L�N� G� Oc L	 L� L� O; L� L� − N�I:q N� L�O�qL� � L�N� OEL�  L��N<q N� NhqL� O�L� L� �� G9q OaL�−  O8q L� L�

 N#� L�O$N:q O�i� L�qN
 �� G9q OaL� N�I:q N� N| O;q L�N� G� Oc L	 L� L� O6N� L� , G� O�I<�� L) G� L� �� LlO� L�N� Oz N�O$L: O+Lc
 L�q N�G: O�� L� �q L3�L% Nk L8qN( L O;q L� L� , L) G�q L� LX L\q L L� L£qNK L� O;q L� L� , LrL$ L� � L� LY G� O�I<�� I� L�

 N	 L� L;�� G6 O; LY G6� L�/(�� L� G� O? L��� � L? LY L� , G� O�I<�� L) G� L� �L% /\�� L�N
 L� G�O<N
" 
 <� <Q 9# 9-9z 9� <� <A ;# 9H 9� 7J� 9�B�� <�8� 7�;� 9?: 

 N6�qq L�/(�� G� L�qq N1 : �U� I�qq L
 LhqqL� O�L� G_ O� I\qq�� LX;qq G� L2 O6L� : L�qq N� L� �qq/%N� N��qqN� G	 L9qq OaL�
 N� N? L3 N�N� GRO� L
 L� � L��N  L��NFNJ� I!�� − L� OE : G�L: LS O� Lk−  , [, L�q N�� L� ORL%� LY � LZN� �L% /\�� L�N


 O� L � L3 G\/� L�G2 � L�N� � L9L$ L+L% LhL L� L� � L3� I� L� N6� L�/(�� N�N( OH L
 O�L� N	L(L$�� N� L ORL�� Le O6N7 L 
 N� L+N
� Lf�� �N  GX; G�L2 L� ,N��L$N: Oa*N� � [� O LJ � L3 N�O� Le : N� N�qO� L( L N�� L�L< O� L� I6L� L�qN
 L6�q LY O6

�L% /\�� L�N
 N�N� � L3� L
 L� � L��N  L��N�NZ� L>��" 
 �q N�L:O<L�N� N�q O� Lf�� NU� L�N( L>�� L�N
 ¡� GY �N  G� G� GY O?L2 ,G�O< L N�� N�O<L2 �	L� L� I8L� L6� LY O6N� L�

�qq L9O<N
 ¡�qq GY �qqN  GX;qq G�L2 L� ,G�qqO< L : L6�qq LY O6N�, G�qq Oc L	L� L� E N?qq I�� L	qq L� L;�� I6N� L�  Nd� Le � L?qq L3 O�L� ,�qq[$
 G	L� L;�� , �	 N3�q La N�q L� N\O< L�N� �, I�q L
 I�q GY I6L N& ;�q/<N
 L;q G3 L�O�q L� L� �q[% Nk O�N
 ,� [� N�� L� L6� LY O6N�,

 N�N� O�L<N� N6� L�/(�� N, LJ� LN� 'L�N� L_�L: O�� NU� L�N( L>�� N�O�L� �N  N	L� L;�� L� OYNZ L�L� OeL� O;L(L " 
 L� N3 GX; G�Lc I8G� : N� G	 L9 OaL� ,�qL% /\�� L�qN
 N�N� �N%� L
 L� � L��N  L��N�NZ� L>�� L� N� L� G�I%N� N��

 N��N  L��NFNJ� I!�� L�N
 G_ O� I\�� L6� LY O6N� I�L( L N�� L̀ Ll Le I6L� � L+N
� Lf�� L� " 
 �qqN  �qq L9N$N%� LS �qqN  �qq L� LY N�qqL$� N0 O�� �qqN  G� G\qq/� L�Gc L� , N�;qq Gl G�O�� �qqN  N�qqO� L�� G��qq NDGc L�

 LJ� L9 ID�� N� O� LfO�� NU�" 

779



 O�L� ,N� N;q O�L% L� ��q O�L(N� �̀ q Ll Le O�L� ,N� N;q O�L% L� �]N( L�N� �, LJ� L9 La L¬ O� L� LX L	O�L� O; L� L�
 IW N!L2 O8 L� ; NU� LJ� L9 ID�� N)� L�Lc L�O$ LF L� O�I(�� L� L̀ Ll L0 O�� L� LY LZ O�L� ,G� G+ O> L" 

'L( L G��N� I	�� L� 'L�� L�Lc N�� GX O;LF � L? L3 :�£� ¢� ¡� �� ~� }�
�±� °� ¯� ®� ¬«� ª� ©� ¨� §� ¦� ¥� ¤
�Á� À� ¿� ¾� ½� ¼� »� º� ¹� ¸� ¶� µ� ´� ³� ²

É� È� Ç� Æ� ÅÄ� Ã� Â��Ñ� Ð� Ï� Î� Í� Ì� Ë� Ê
ÒÓ�� (t:R−�*" 

 7J� 9�B�� 7� 8' 7� !7� <� 9#9> ;�<% 9�: 
m−  N6� L�/(��N� � N�� L��� G� O
L�" 
s−   N�Nc� L�N( LY � N�� L��� L� N�I( G2 O6L� L�" 
o−  L�N� O� L � L9G%� L�N� L� ITLgL: L2 O6L� L� N�N%�" 
n−  N� O� Lf�� NU� L�N( L>�� G)� L�Lc L�" 

 7� 9�� 9H7��72 <J� 9�B��: 
 �Wq N!L2 L� , NQ L�q OTL&� L�N
 ��L��L:NY O�L� �� L�N9 O� G
 �, L�� LaN7N� G6� L�/(�� �W N!L2 , N�qI� N� LH L���N�
 N� N	q L(L� G� L� OaL� L; G3 L� �6� L> L
 L� , �� L� G� GS N� O! L L	 O�L� L; G3 L� �6� L
 L\N� G¬I( L0G2 L� L�q I> L�N$L  , L�O�qL�

 ,N, L� Ofq I!�� L	O< N NQ N	O� L��� NRO�L� L� , N�L$O< N��� L	O< N N�L<2 N	 L��� L� ,N)� L� L��� L� N� OY ���� �q L3 N�O� Le L�
 ,��q L+�N< LY L� ��q L�O�L� �qN  ¡�q /
NZ N� , N	 NHq O+ L��� N.�qL$N� ��Nd� L� L� , NhN
� LH�� N�L$O<N
 L	O< N � L?q LY L�

 Li , /� N�; GH L
 N��L% RO�L� N�q�N  O8 G3 GJ�q L�N: O� L� G�q L� L� L
 O� G� Li G�I%L N& ; ¡�N< L� L� N)�L< O1L� RO�L� 
 L6;q G� L � L�L: L2 L� ��qL% O	 G3 O�L� �6�q L
LgN� �qL% L�� LJ L� GT O	L2 O6L� N� L�Lg O+ L��� G, L�; G1 L� , ¡� N O� La G�O� Le

, N) O	q L9O(N� �� I� N�L:q O+ G
 N)�L<q O1L&� G�qL<N> O
Lg L  IiN� L� ,�L<O� L�N�  N6�q L
 I\��N� N�N �q L>�� G¬�qN( O0Lc �q I
L�
 O8 G3 L	O< N NU�LF O�L&� N� L� OaLgN� G�L$L: O�G� L " 

780



 ��q L�L� O�L� G��(LFL� L� , N6� L�/(�� N	L(L� N6�L� OL� NX� G	 G O�N
 �h O� LS N�; Gl G�N� G¬I( L0G2 L� NU;qG$GbN�
 OcN� GJ L	qq L��� L̂ qqN� LZ L�qq Gl O�G2 O6L� Ì N�G:qq O��L  , O8qq N9N� �qqL% /\�� O�qqN
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 ,��q L��N9L� O�L� �,L� L�q O
� G�L$q L� G�qI%L� �N  O�L� ,G� Le� L
NJ O�L� G�L O; LS N�L$I(�� NX; GTGJ �N  O�L� , N�O� L� O; L���

 L�NYGZ � L
 G) L	 L L� O1L&� I6L N& ; L82 N� O�Lc L*L  ?� L9Nc�L� L� �N  L̀ N( G� G�I%L� �N  O�L�" 
 � L
 � L? L3 'L( L G��N� I	�� L� ORL��LF � L9I%L� ,L� LDNd� L O� L LE N� G� : � L�N
 LX N\O%G� � L��N  L6� LY

 N65 O� G� O�� : , �U� L
;G( O� L
 �� O� LfN� , L� Of N+G% I8G� , L�O
 /� L�G2 �U� L
;G( O� L
 �U� L� L� L� G� OD L
 G� O�� L�N
 G� L� O�G2 � L��N  I� G3 L� , L8I( L� L� N�O�L( L G�� 'I( L1 N�� GX; G� L� L�/ G;G:L  N65 O��YTZ" 

 7/ ;' 9��� 9� 7� 9� 7g ;# <-�� 9$ 7� 7� 9� ;# <'�� <J�9% 9# 90: 
 �q L� N9 N� G�G L� � L�N9N�;q G1G� 'L�N� N� O� L��� L� N� L� N� O� G��� L�N
 E N� O+Lc G� L
 O� G���

 L̂ N� LZ OR L�N( L � LZN� O� L� L  N� N� G� G  'L�N� Nh� N� I��� L�N
 L� ,� L�N9� Na� L; L� L� OU L	 NS G� L�
; GY O? L��� G{� G� �D�� G�qO<N
 E N?I�� L� , N65 O� G��� /�N<N� G� I
G� L̂ N� L?N� G� L� N� O� G��� G�� N!L:L  ,G, L�

                                                  

@m B8(+
 ����@mnvs"B 

796



 N�NJ Li O�L� 'q L�N� Nh�q N� I��� L�N
 G� L
 O� G��� E N� O+Lc L� ,G��L�L� G� O�L��� L; G3 L� G) L�L: O� G��� G�L$I(��
q LY O;q L� L� , N��q L� I��� L�qN
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 O�L� � [��N�qq L� G.� G�qq Ol L��� O�qq G>L2 O8qq L� O�L� , N�O2 L	2 N	qq La �J O�qqL� Li L� ¡�qq L� LRqq OF L� O�qq G>L2
 �	 O� L G�O$ Na L; G9 L  � [��N0 L1" 

 �N  LU� L
 �#� L; L� , N	 O� L��� �N  IiN� N� L� L*Ib�� N� N? L3 O�N
 �# O� La �N  Ly� L!NF Li L�

816



 L� NX� L��� I� LS L� I\ L N�� NX O; L�N� ; �� L�� L� NS N� L2� L� N+N� G� L	 O�L� O) :���{�z�y
�j�i�hg�f�e�d�c�b�a`�_�~�}�|
�x�w�v�u�ts�r�q�p�o�n�m�l�k

£�¢�¡���~�}�|�{�zy� � ��§�¦�¥�¤
¬�«�ª�©�¨����~:��� ,����S 

  7� 9# 9H�9+ <-�� 9? 7�9+ 8���72 <�� 9,7��� <� 7.9% 9�S 
 <P 7� 9�;: 9% <�9+ 8��� 9� Ck <# ;g93 7� 9z 9�9z �9�71: 

  ¥! 7� ;#55 9H <a 8�9L�:  O;qq L( L  , N�� �\qq�� NJ; G9qq Ga O�qqN
 ®�L:qq O� G2 L� , N�� �\qq�� N, LJ� L9qq LD LY
 �x�LF L	O< N �� Of La 'L( L N6 L* GS L� � L	 N9 La  �y� L! N�N�− OEL� : N�N$ NS; G�N�−  ��O�L% �N 

 L  �� LF O� N� O�L� �, IJ N�N� N�O� L( L � L	 N9 La O�L� , ���LK O�L� L	q O�L� LhqN4GF O�L� , N�O� L( L GJ; G9 OD L��� L�N: G�
 Li�q LF L� �qq L9O< L �qq L� LS L� I8q G� � L� N9Nc LJ� L9qq LDN� �qq N�� L��� N8q O> G� : �qq L9�N  L. N?qq L>�� �L% O	qq I� L�Lc

�L$I$ L+Lc � L� G9I%L N& Gy� L! N��� �?O�L<� N� � L� G9 L
 N\ L� ;�L<Nc LJ� L9 LDN� GhL4 O�G2 O�L� G�L: O� G2 G�I%L� �L< O�N( L L� 
 L� N�qL: O�L2 O6L� IiN� , I�q /+ N��� L�� L�q OY N}� L̂ qN� LZ L�L$q OaLg L  ,�q[$N�� Le G�L: O� L2 � L�N� N�NY L* O3N� �N 
 Ly�q L!NF L*qL  , N�qO: L��� L��q N� � L� N9Nc LJ� L9q La �qN  � L� N9N� N?q L>N� N�q N�O( N�N� NX;G: O� L��� ��N� L�

 'L�N� ° LHO(L2 O8 L� � L� G9I%L N& ; �?N�L<� N� � L� N9O� L( L �q L� G9 G� O; LF L��q L!L  ,� [ O�q La Li L� �q ¢+ N� N�qN(O: LF
 O;q L� � I
L� , Gy� L! N��� /�N� L;�� 'L( L G̀ NHL� L  , N�Nc� L��� Lh L
 N�� L+ O
 N O}� LY � [l O� L
 �[K O� La

 ��N� L;�� LX�LF :� L� G9O< L Gy� L! N��� G� G� O+L2 L*L  N�O: L��� L	 O�L� � L� G9L� N? LY GRO L� L" 
 ¥!7� ;# <� !7K�8b�� 9�:  �); G�q O+ L�N� L]I�q L� O;qL( L  ,G�q G( GYOg L2 O�q L�N� �); G�q O+ L
 N82 N	 O�L: LY

 L̀ q LS L� G�qO<N
 LU�q L�L  G�q L( LYLg L  �q[%;G< OH L
 O�L� �\q/� L� G
 L�O� Le �¢�N$ L1 G� L� L��L% O�L� ,�[$N�� Le G�G: O� L2
q O+ L
 L;q G3 G�q L� LX�q LFL� �#� L;q L� , L̂ N� LZ 'L�N� G�Lg LH O�L� G�I%L N& ; Gy� L! N��� �qN L� , Li O)L� �); G�

 � N?q L3 G�q L�� L�O�� L� G�qI%L N& ;N� N�q O
L� N�q L�LK L.;q GS G� G	 N�L: O�L2 E N? I�� �� N� LH OL O&� � L� G3�L< O� L


817



 E N?q I�� G6;qG< OH L��� � L?q LY L� , N�N��qL$�� L>L  G\/� L� G��� � I
L� L� , N6;G< OH L� O�� L� N��N0 I!�� N� L� N\O< L�N�
 L]I� L� O�L� , �\�N� O�Lc G� L�  ��q L2 N	 L  N)�q L�I4�� LX�q L� G]O�q Il�� O8qL( O�L2 O8q L� L� [*NF�q L � [0N��L� N�N�

 �#� LHO�N� N�O� Le O�N
 N� N��L�N: OT�N� G� L� L��L< Lc G�I%L N& ; Ly� L!NF Li L�" 
  L̀ qq LS L� G�qqO<N
 LU�qq L�L  G�qq L� �̂ qqN( O9 G
 �� O�qq GS L_ L*qq N G�� G�qq OH L��� L� L�qq Lc O;qq L� L�

qq LH�� 'qqL( L �qq [
 O\ LS Gy�qq L! N��� , L�N�;qq G O;qq L� N�qqN� �|;qq G� O; L
 G�qqO� Le L# O�qqG$�� I6L N& ; N� N��
 �� L>N( O9 G
 � L9 N+ O�L% �N  G� L�� L� NH�� L�" 

  Li G�qI%N7 L  LU�q L
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 LhqL4LF G�q L( O�N  I6L N& ; N)�q L> O�L Ō N� N) N\L: O( G��� N�LbN��Ib�� �N  Gy� L! N��� /J� L��� 'L( L L�
 L� LX�q L��� L� L� L O6N� L� � N�O( G��� 'L( L L# O� La Li L� , Ǹ L$ I+�� L� L�L� O�q I�N
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 G�Nc� L��� L; G3 G]/ L? G��� L6� LY N� LT�� L6� GJ � [� / L? G
 � L� G3 G	 L�L� L6� LY O;L( L  ,� L� G9O<N
" 

 G��q L9O%L� O6LgqN� ,�qL$ Ic L� Lc O�qL� NrN��q I+�� N]q O1 L;��N� �q [� L
 N6 L*q O� N��� O	 LS;G2 O8 L� O6N� L�
 L� O6LgN� , ��;G� O? L
 N� LY L� L� 'L�N� [*Lb L
 �� GS L� ®E N��L�N: OT� �rO4L% Li L� , ��� L!O�N� � L9 L� L
 LrO$ L2 O8

 ���L�N: OT� G� LY L� L� Li L� ، I8G� , �)�I2L� L	 O�L� O; L� L� N� O� GH�� L̂ N� LZ O�N
 N�Nc O; L�N� GhL4 O�G2 LWL$ O1L� L�
q L� G9O<N
 GX I�L&�L  ; ��;G� O? L
 N� LY L� L�N� N#� L9N:O%i� L	 O�L� G� LT5 �� Of La N�O� L( L 'L< LS ��qNc� LF �

 , NRq/� L��� L�q L
 O� G� N�qN>O: L9N� �q L� G9O<N
 �N%�qIb�� G� I\ L�G2 L� , NU O; L��� N� L�� L� 'L�N� G� L�I� L1 G�I%L N&
 �R/� L
 O�N
 � [; Ol G LhL4LF O; L� � L� LY" 

819



  L� G9O<N
 �N%�Ib�� 'L< LS O6N� L��q L9O� L�N� N#�q L9O% N}� L�qO$ LF �  − OEL� : ��;G� O?q L
 N�q LY L� L� −  O6N7q L 
 LZ N�qqO�L( L�L  ��qqNc�LF �N%�qqIb��L  NX I�L&� L�qqN
 �rN��qq L� �� O�qq GS L	qq O�L� N�qqL$ LF I�(N� ¡\qq L� LY �N%�qqIb�� L]qq I 

 'qL( L L� ,�q L3 L�L�L� GhqL4 O�L2 N�L$ LF I��� �\ L� L� , N�L2� L� /+��N� G�G: O�L2 � L�I%N� L� O� GH�� I6L N& ; Gy� L!N���
 L�N� �X� L
 O�L� N; OlG��� Gy� L!NF NX I�L&� O�qN
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 GTOgL2 O8L� G�I%L N& O6L� G�q L� L6�q LY N	q Gl L��� L�qN
 G� L	q L2 L�q L+ LY O;qL(L  � L?q L3 'L( L L� ,G�O< L � [� L;N O?

 N	 N�q I+�� L�qN
 G� L	q L2 L�q L+ LY O;q L� L� ,�� L
; G> G� �NF�L$�� 'L( L G� L� L� , NrL O� N��� L�N
 G� L	L2 LhL4 O�L2
 N� �� L
; G> G� �NF�L$�� 'L( L G� L� L� , /] L>�� L�N
 N	L��� GhO4LF G�L(L ,� L? L> L3 L� , LJ� Lk � L�  

 NX� L��� 'L�N� GX N	 O�L2 L� , N� L2�L< NH�� N� L G; O� L��� G� L� L�" 
 �qN  Ny� L!N��� N6� L> O
 N N} L�N%� LH�� N�O�L( L ��N< OH L��� LW L� O�L� L8 LD L3 L� LW L� O�L� O;L� L�

� N� �? L�L:N� N8 OD L9�� N¦ O�L� O� L �, L�N�O�L� L� L+ O� LT G�O<N
 L? LTL� L� N� L� N�; G��� N��N  Ny� L!N��" 
 �, L�q N�O�L� G, L�q OD L G�q L� L� N�qO�L( L ��qN< OH L��� LW L� O�L� L8O� L��� L�I�L% L� LW L� O�L� O;L� L� G¦ O�L�

 L�NY GZ � L��N  Ny� L! N��� N� �? L�L:N� N8 OD L9�� 'L( L N� N�L: OD G��� N�� N�O<I:��" 
 /�qN< OH L��� L� �N%�q LH�� �]q LY L� N�;q G>�� L�qN
 G�q I� LY LhqL4LF O; L� L�  N6�qL: L(N
� LY N�qO� L( L

 , N�q L2�L< NH�� /�q N� L
 'qL( L ��NJ�q LF G�qI%L N& ; N� N�N��q L1L� G{�q L�N: O�� L� , /]q L>�� G� O�Lc G� L� L�O�L( L 
 O8q L� �, L	q N�� L� ��q L( L�O%G� LhqO4LF L̀ L( LK O; L� O�L� ,� L9O< L GX N	 O�L2 Li G� L( L�� L� G��� G�L< L> O
L� � L� O9 L
 L�

 , L̂ qN� LZ O�N
 O� I> L�G2 O8q L� [*Lbq L
 � [�L$q O1G� [�q L!NF�L% N�qO� L( L /�qN< OH L��� �]q LY ORqL%� LY O6N7q L 
� L9O<N
 LhN�� L1L� LhL� O�L� L� N�L: O( L2 O6L� G� L� L� ,� L9N� G� L��N( I+�� OhL4 O�Gc" 

  L*q L  , N�q L( O� GH�� L� L*OcN� �r N�L: O+L2 G�I%L N& ; L) O� Ge Li L� L� /\ G LhN�� L1L&� LhL4LF O6N7 L 
 L2 I6L� �q L� LY ,G� �� N�L:q O+ G
 G�qI%L N& G� L	 O�L� /] L>�� GhO4LF G� L� L� , �) O� Ge N�O�L$�� N� L*OcN7N� G� G
 L\O(

 G�L:L$ LF L� I\ G�L2 L� LJ; G�L2 O6L� G� L� �N%� LH�� L	L2 LhL4LF O; L� N�O�I<�� Ir N�L: O+ G
" 

827



 G�qL%�L�L� L� G� L	 Gl L L� L+ LY O; L� L� − OEL� : L�;q G+ O> L���−  LhqN4GF G�qI%L N& ; Nrq L O� N��� L�qN

 'qq L�N� Nrqq L O� N��� N�qq N! O� L
 O�qqN
 G	qq Gl L��� L� , N�qq L2�L< NH�� /�qq N� L
 'qq L�N� ��qq N! O� L
 G. L�qq OFL�

 N��N  Ny� L! N��� N� �? L�L:N� �NF�L$�� G� L
; G> G� G� L� L� , N]N: L>�� "  

 G� L�qq L� O�L� �qq [� L
 N�qqO�L<O� L O�qqN
 G� G# O;qq L� L̀ L3 L?qq L  [*Lbqq L
 G� L�qq L� O�L� O;qq L� L�  �qq[$ L( LK
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 L* L" 
 L]N( O�L2 O6LgN� ,� N I	 G��� � L9N� G̀ L�� L4G2 �N: I�� N�L</�L$�� N� L 'L< O0L: O+G2 �?Nd L	O< N� L 

 L+G2 , �6 L* G�N� G� L(L: L��� G8 G3 N# Li GV L3 O�L� , G�Nc� L��� L; G3 � L? L3 I6L� �[<� N�L2 L�� N+ O� LT ¢* GY � /�
 N, L�� La N}� N8 O��N� N�O� L�N� G�� NDG2 O�L� N� N� O��N�" 

 � N I	 G��� L]L( L� � LZN7 L − NX;G: O� L��� ��N� L� L; G3 L�−  Ir L�L: O�� L6� L�O2L&� N� N? L3
 N�L</�L$�� N�L��Lb L�N� G6� L�O2L&� N� N? L3 ORL%� LY L� , N�O� L( L ' L I	 G��� L�N
 L� L2 /	��" 

 N� L6� LY � LZN� L� O�L� � [! Of La �; G� L9Ic� L� ,G�O<N
 L6;G� N�L2 L6� GJ /	 L�L: G
 �#�L�N� O�L� N��N: L� O(
 �N  � [�� N� LS �; GY L�L: Oa� ; O8N9N
� L9/c� �N  O8 G3 G	/2 LVG2 �w O; L� L	 NS G� L� N�O: L���N� [� L� L� LS

 L��� L�N
 O8 N9N�� L��N
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 GhL4 O�G2 Li L� , Ĝ N�� L��� L; G3 �� L�2NJ L� G	 N�� LS Li L� �̀ N9L:O< G
 Li L� ��N(L: Of G
" 
 7u 7�� 8��� 7n;E 9I <�� <# <H: 

 N| N�� I+�� �N  G{ L�L: ODG2 : 
T− � F� 8 9= <� 9JD <=9% ;J93:  �6;G< OH L
 L� ¡�N$ L1 'L( L LhO4LF L*L " 
U− � F��9> ;� <�:  �� L� O> G
 'L( L LhO4LF L*L " 
x−  9�%7# 8��� 7\� 9= ; 9c72 � F� 7�9> ; <� 7� : ¡�N� O� L� 'L( L LhO4LF L*L " 
|−  7� 9I7# 8��� 7P%7# ;'9>72 � F-7�� 9�:  L6� LY O6LgN� , N82 N� O�I:��N� �� N3� LS 'L( L LhO4LF L*L 

 N) L* O� N}�N� �	 O9 L L~2 N	 L�" 
  N	 L3� L� G��� �N  LhO4LF Li L� , ¡� /
NZ L� �8N( O+ G
 NX� L�N� ®� /
NZ L� �8N( O+ G
 GhL4 O�G2 L�" 

 8� 7�;� 9? 7� 9I7# 8��� 7l�9+ ;z71 <�: 
 N�L�N��I:�� N{� G� �D��N� G� LF N� I+�� GRG$Ob Lc: 

T−  N��N  G� G; GS G� �W N!L2 L� , N| N�� I+�� N�� L� OFN7N�" 
U−  L� LF N� L� �� Of La 'L( L L� N I	L2 O6Lg LY ;N, LJ� GJ O� L��� � N I	 G��� N�� N�L�N� L�

 L �J L�G: L  N�� N�L��� N� L G� G>O<L� L  , �.� L!N% GhO4 L��� G̀ NHL� L  G]N( O�L2 L� � N I	 G��� 'L(" 
x−  N6�LcL� L� O
� L� �� GS L� L	 N9 La O;L( L  , N�O� LcL� L� O
� L� �� GS L� Li N�O� L( GS L� G, LJ� L9 La

 LhO4LF Li L� GX� L��� LRL$ L�" 
 7n;E 9�;7� �9+ 7eD <-�� 7� 9I7# 8��� <�� <# <H: 

T−  L�N� N, L�� La N}�N� N| N�� I+�� G6�L�L� G{ L�L: ODG2 N� OY N?N� L� ,� [� N�� L� L6� LY O6N� N�N<O� L '
�[$Nd� Le L6� LY O6N� G\�N� O�I:�� G� G! O�L2 G~O� L�N� , N�N$ L+L% L� N� N� O��" 

879



U−  O	 LF OZN� ; G| L*OK N}� � N� O>L2 L*L  , G|� G� O+ L��� L� G�O<N
 N|� G� O+ L��� G6�L�L� L�
 G��� N� L*N: OT Ni ;[� LF N� L� �� LF N� L+N� L�O� L� � L
 ��L�G2 LhO4 L��� G̀ NS;G2 � L��N  N#� L�L(" 

x−  L̂ N� LZ N�O� Le L� N� N� O1 L� O�L� N�N<�N� O�L:N� �k O� N� O�N
 N� LF N� I+�� G6 O; LY L�" 
|−  N| N�� I+�� N�O� L0N� � [>O(N
 N|� G� O+ L��� N6 O; LY G� OYNZ L�" 
  G9Gc LJ� L9 La ORL(L4L� N6� L> L��� N�L� N6� L
 I\�� �N  N6� L	 N3� ID�� L]L(L: OT� N6N� L�� L�" 

 7� 9I7# 8��� !7� B& 9'�� 7� 9�� 9I71 <�8� 7�;� 9? 9� , 7u� <# ;� 9-�� 7a� 9-�� <P ;= <  : 
 G�L< N� L� L]N(Lc O6N7 L  , L| L� L� � L
 �J L� N| N�� I+�� 'L( L" 

  G�q G( OS N� L  �q L9N�O4LF L	q O�L� �q[�N%� L� L| L�q L� O6N7q L  , N�;q G>�� L�N
 [i I�L� G�G<� N�L2 GhL4 O�Gc L�
 L
 O�qN
 � L�q O+G��� ,'qqL< O�G��� G�q G( OS N� �q [�N�� L� L� ,� L�q O+G��� G� G	q L2 �q[bN�� L� L� , N) L	q L��� N�q N! O�

 L| L�q L� O�q L
 L� , ¡�qN( O0 L
 �� O3 GJ O�L� �RO2 L\N� NhO4 L��� �� N� L
 G� L� O0G2 L� G� I\ L�G2 L̂ N� LZ L	 O�L� L�
 N�N<� N�L2 GhO4LF ' L� LY �	 L��� N�O� L( L O8 L� G2 O8 L� L� � [�� L�N
" 

 
����� 

 

880



 
 
 
 9I 7̀ 55%7#8E�� <n55;E:  [, L�L��qq L> G
 �.�qq L O�N� O�L� ��qqO: L�N� O�L� �X�qq L
 N?qq OTL N& Gk� G�qqG$�� L;qq G3

 �) N\qL: O( G
 �]qI( L> G
 /�q GY O�N
 , Nw O; L0�� N� L � L+ L
 O� L N	 O�G$�� Lh L
 N� LY O; ID�� 'L( L � [J� L�N: O�
� ¢	Lc O� G
 O�L� �L� /
NZ L6� LY O; L� L� , N)� L> O�L Ō N�" 
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 [*O� L� [#�L<N� Î L�L  � [�� L9L% L�L� [*O� L� �� L�� N9L� 'L( L O�L� ,N� N� O9 L� 'L( L �[$L4 L� L� L� L� O� L
 L�

 L  � [�� L9L% O�L� N�O� L�� N.; G+O< L�O�� N�N:I�� LJ N� O�N  O�L� N�N( O� N�N� N]L(I:�� NJ; GS G;N� ;G�L< N� L� L� L� L+" 
 N� L� O�� O�N
 O]L(O: L2 O8 L� L� N) O	 L9 O�� Ir N�L: O+ G
 L6� LY � LZ� � L
 L̂ N� LZ O�N
 'L<ObL: O+G2

 O;L( L  , NX� L�O�� �N  L� L� L� � LZ� � L�N� N� L�Lg O+ L� O�� G�2 N; O!Lc� , �# O� La I8G� [� L� L� L]LF L�
 G� L� OlL2 L*L  N�O� L0 O�� N�� L	 NS 'L�� [�L$ LD LT L	L< O�L� O� N� L>L  L� L� L�" 

 � L
 L� N� L� �X� L
 O�L� �� O�L% N�N� L]N(L: L  Ǹ L4 L�O�� L̂ N� L?N� [*Lb L
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 , Li O)L� �J N��q LK �q L9O� L�N� G� LJ L�LK ,�[$Nd� Le O)L� � [� N�� L� L6� LYL� �#� L; L� ,N�O�L( L G� L	L2 Oh LlL2 O8L� O6N� L�
 N�O�L( L �[�N� O;L: O+ G
 L̂ N� L?N� �	 L�G2 G�I%L N& ;[�L�; G!O0 L
 O)L� [� L��L$ G
 G� L>L$ ID�� ORL%� LYL� �#� L; L� L�" 
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