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 e. ;��� ��� �! a��U K%� �! ��N "−f���=−, � ()�! ��N� �J� � g�J, g− �J�1� �! f1Jh
;1��−, 3����! i j�-k 0U� ,j�-k j��� 0U� ,j��� jl� � 0U� ,�m�l� � ���Z! ��� 

 fJ1� n�����J� P�J)`��! j��-J�o! j�%�Jp�! 
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 "� rJ,� ,	-��J���! i _%�p��! �)�1� r�4�% r��! j����! P���>�! "��� ��[%�' �� ��4� �� D���
 0hZ! ,j'��o!� "�o! 	-�����! i 0hZ! ;m�J�' i T�J��! 
�J� *�Js= rJ��! 	-�����! i

	!+�4�1� �.-N j'��o!� "�o!; Y�>= ��U3  
 �JJ��� ,t�JJ� &# �JJ)�� VrJJ� "�JJ�=# M�JJs% -JJ. ,uJJ�X���!� �JJ^ �! fJJ1� �JJ,��4� 	!+�JJ4��! "eJJ.
 ;m-���� i !�l� ��% "� T��1� M�s�. ,D��S� �)�. "�o!� ,_�!� �)�. ��Z! ,-. 	-�����!
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! ����	-����� 0>��! "e.  "��J% �J�� !�1��J��% "� ;m��' i "���`��% T���! ,D�s� �� �)�.
 �J]� jJ1���� 0JU i �J�Z! }J1`= �J�� ,;J)%��� ;)��J>�� $�� !�U��% "� ;)�S�%� ,;)� _.�� ���
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o!jJ��� ��!�2� ��`4k �)�S�� ,j'�� \��J]��! ?J�> = 0J�S= V�+�  	-��J���! "Z ;�J�����!
 ,;J)���� ;)'-Jh �J�. "�L�% ��� &# ;)��� ���. T���! 0����% & ,_���!� ����! �)�� fL�% ���#
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 jJJ'��o! jJJ1�����!� P+�JJ��! i 0JJhZ! "� 
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� ��� 0U i� ,j1�����! ��h 
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� rJ4��! �J� 0J����% "�JU �J� 0J[�� ;)�J�� ���. T���! 0����% "−;1J�� �J�1� �! f1Jh−  ,u1J��!�
 jJ1�����! i _JX� fJ��. ,�J�����! V�+� \��J]��! ?J�> = fJ�# �J)�L�� jJ��� ��!�X y��, 
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 jJ'��o! �JJ)�. 0JJhZ!� ,jJ1����� P+�JJ� _J�4�!�−{J.�� �JJ�U−  
JJ� �JJ,� ,�J'�4� _JJ�4�! "�JJS.
 j'��o! j�.���! V���Z! i 0hZ!� ,j�.���! V���Z!−�2%�−�'�4� _�4�! "�S. ,3  

uJ����!� V�J���! �J�. _�4�!� ;)J2�� fJ��� !��%�J4= !�# T�J���. , 
J� ;)J2�� uJ��=� ,�J2��
3;)��� P+���!� "�����!� 0.�S�1� ��'� ,;mV���� ��' $�� i "�S. ,q�� j�w�� 

 _�4��JJ� 0��JJp% *AJJ�! "eJJ. ,�! fJJ1� 0JJU���! }JJ��L �JJ,� ,uJJ�`� *�JJ4�= }JJ��L �JJ�. _JJ�4�!�
 �J� *��J% &� ,jJ1�����! a�4J�Z AJ��� �,� ,���% Y� \��%� *��% &� ��w� i 0��% P��s��!�

� ��� ��� �XM−0L� b�− ?J1���!� ,�J��# +���o!� ,���# q%����!� ,��1� 0U���! f�# ��.�% !A). ,
3?1��! ?1 (N �)1LZ r��! j%���! r,� ,P+�4��! }��s� �>> � _�4�! "�S. ,�� $%�� & ��'� �� 

 !�#� ,jJ����! jJ�S �! 
J� �J�. �J�� ,D�J�Lo! KJ�' 
� _�4�! j����p� f1� Y-S�! �, !A).
= PV�!+� ,\��J]�1� j>> � ,j�S �! i P�,�� �,�s= $�e. ,�1z���� ���S'�� �1�h��= i {1�w

�����1�; ���# ����� ��U 3	-�����! �42= r��! j����! ��!�>�! +�L� 
� 
 V��J%� ,j 1J]��! ?J> % �J�� ��J>� i ����J� �J� {��J�! �)�S�� ,_�4�! {'��� j�%�p��.

3P�����! 
+��% �� ���p�! 
�.  ,n�J]��! bz�JL �JX���! "�JS% "� �J� -. ,"��%�4���! ��,� ,�X���! f�#

 "�S% "w� $��� ,	-�����! 
� ���� i� _�4�! !A, i �.�]= 
� ����� ��� "�S% "� �� & :*�
 M�s% -. ,!���� ,!�' ,-X�� ,�����−-[�−  !AJ, 0[� "e. ,Q1. �� ���� ��1� !��s � "�S% "�



���� �k� 0���= ��3�V!��� ���� {���� ,�1���= �� j�%�p�! \4= ;1. ,T����� �k�� � 
 D�JX �J�U ;$J1�% & �J� _J�4% "� �J'Z M�s% -. ,_�4�1� �S��� �X���! "�S% "� ���p�! 
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 r4��!−;1�� ��1� �! f1h− :�y�J�� Q�� �� _4= &� �Jk� �J>. ,�JS1� i Q�J� �
�J� ��J� 
J�. ,
! ;)� ~�'�� ,;� ���� ,T����� 
J� ��. "�S% ��� !A, {��� j�%�p��. ,01��!� ��2�!� +����

3��2�! 
 _JJ�4��! "eJJ. ,
��%�JJ4��1� �JJ��1�� "�JJS% "� �JJ� & ,�JJ��� _JJ�4��! fJJ�# +�JJ�% �JJ� ���JJp�! 
JJ��

���� j�%�p�! \4= ;1. ,�%��= ��.� ,P���� ��.� ,��k ��. D�)s��!3  
%�JJp�! i �JJ�� � "�JJU �JJ1. ,�JJ'�4� _JJ�4��! "�JJS% "� �JJ� &� j�−-[JJ�−  ,�JJ��� M�JJs% & �JJ�e.

 r4��! D�X ��U j����! P���>�!�−;1J�� �J�1� �! f1Jh− :��J��l Y�J' �
�J� Y�J' !�# �! "#� &� ,
 �! Y� %−f���=−  uJ�U� ?��J4% "� M�Js% uJ�S. ,!�!�J� ��.�� ��U ;��2�!� P�����! ��. �� &#

��! 
�� ���% "� M�s%3V���Z! �A, 0[� _�� 
� _��% "� j�S �! {2�X�. ?T� 
 
J� _J�4�! "�JS% "� �J� -J. ,���Jh� �=��Jh� ,�)��� _�4�! j��h f�# +��% �� ���p�! 
��

 D�X ��U ;�!�=−f���=− :6  :; (S�J R� O�! 7�J7= 
 7� 5P 7�� 7s9= 7"� (S7= "7� <&9# B E :V�J���!H�I D�JX �J�U� ,
 r4��!−;1�� ��1� �! f1h− :��!�= 
� _�4�! ���#� �J�� ;J1��! 0J,� �J�� \L�J��! "�JU !A)�� ,

 �J�� �J�. ��Jp% &� ,�J)���� j��Jh �J�. ��Jp= -J. ,AJ�� rk!��! f1� D�% �� _�4�! i _X� f��
 ,_z�J4�! 
� j�1��! ANw= "� +�s�� ,+��!� ANZ! +�s�� ,P�������� 
%�[UZ! ��� �>��% 0� ,�����

��p% & ,_�4�! �>��! �>. ,�)��l $�� ANw%�  "� �J���� ,�
�J� $J� D�>% "� &� ,�
�� �� D�>= "�
3rk!��! f1� D�= j�]�! 

 ��Jh �J�� ,�z�J2�# Y�J�� _�4�! V�2�# 
�� ����N&! �, �����!� ,_�4�! i �����! �� (� !A)��
 rJ4��! ��. D�X *A�! Q1s��! ���N �)�� ,P��−;1J�� �J�1� �! f1Jh− :� ;J� �J� ��J����� "�J��4�!

�X���%�+ ��. , ,�J�� r���J�% "� ��,�J'Z M�Js%� ,YbJ1% & _J�4�! "eJ. ,�>��! Q1s� i "���4�! Y!
 P��Jh rJ, rJ��! fJ��Z! P��J]��. ,_J�4�! YbJ� �J>. ,QJ1s��! 
J� ��J���! _X� !�e. ,��2�% &�
 _J�4�! V�2�e� ;S �! r, r��! j���[�! P��]�!� ,
�.�`�! j 1]�� P��!�� �)�. Q1s��! i �����!

 ��J���! +�s�� -
J� ;fJk���!� a!�`Jk-� V�+ �J)�.� ,
�.�J`�! j 1J]�� P�J�!�� $�AJU �J)�.
 fJk���! fJ�# *+�J% �J�� !AJ). ,_�4��! i }��� ;� :$�� ��� 
� D�>% ;l -[� *�p��! r2�%



 i �J�� "�JU *AJ�! �4'�Jh 
J� �JX���� fJ2� �JX _J�4�! "� ;J1�% "� �J� �J� & "�S. ,a!�`k&!�
3�>��! Q1s� 

�� ���� �A, 0S. qJ�� jJ.���� !AJ, �JUw�%� ,�J�����! V��J=� ,_J�4�! i \��]��! ?> = j�
�J)�. _%�J4��! 
J� j�%�Jp�! {v r��! �!��Z!;  ���4�J� �J�U−f��J�= �! V�J� "#− �! DwJ��� ,− bJ�

0L�− 3����! ��. ��� ��>.�% "� 
3;S�� r� �! ������� ,!A, r��X D�X� 

 
:������� �
���� * 

 ,�J� �! �J�� $J1��! �J� ,�� $%�� & ��'� �! &# ��# & "� �)��� ,
������! a� � �� �!
 %,{J��%� r� ,�%�JX VrJ� 0JU fJ1� �J,�  ;1J�� �! f1Jh ,���J��� ��J4� !�J� � "� �)J���

3
���L� �4 h� ��@ f1�� ��1� y���� 
 &# $J�� �J�� ,�J)�. 0�����!� V���Z! q�� _�� 
� {v j�%�p�! "# ,�! +�4� Y-�o! P�N#
 �J�U� ;�J�����! V�+� \��J]��! ?J�> = rJ, rJ��! jJ���s�! jJ����! P���>�! 
� ����U� �� ?�> ��

2�! _��= j�%�p�! "e. ,{�� (� ��k �)�1� r�4�! f�� j1�����! "e. ���U� �! D�J�� D�X �X� ,��−
;1�� ��1� �! f1h− :��!�k &� ��k &� �J� 0JS� Y�J��! ��L���! ;)�� "� _�`��� ��,�, 
�. ,

 �J�� {��� ��� ,��k ��.� &# j�%�p�! ��� {��� Vr� 
� ��. ,���4�! a�� i ��� j�%�p�! {���
:�)��. ,P+���� ��h i !A,� ,��2�! 
� ��. �� V��� &# j�%�p�! 

 rJ4��! D�X ��U ,Y��hZ!� ,�%b���!� ,j����!� ,����! :0[�U ;�=!� i Y� � �, �� _�� ;%� =
−;1�� ��1� �! f1h− :�Y��JhZ!� ,�J%b���!� ,jJ����!� ,�J���! _�� Y�' �! "#� V��J�� �AJ). ,

 D�X ��U P���>�! "� ���@ ���U� �X� ,j�%�p�! i �m!A� j�� �−;1�� ��1� �! f1h− :� !�# �! "#
���l Y�' �
�� Y�'� V!�J� &� �J��� �J�. 0J�����! M�Js% -J. ,j�%�p�! i �=!A� Y� � �, �� 0S. ,

 fJ�# *+�J%� ,��!�JX# fJ�# *+�J%� ,T�J��! 
�J� �Js%��= fJ�# *+�% ��. 0�����! "Z ;$�� ��� &�
3D� � j�%�p�! ��>= & ��� !A,� ,P�����!� ��2�! 
� ��. �� ;���= 

 :$�� 
�� �J�!�X 
J� j1>�J�� P�J��X �J=!� �J' i �J�Z! !AJ,� ,��J��! _�4� f��% �� ;%� =
 �J)^= ;J�� ,��� $�� *�(� �� 0U ,$� �%��= ��. "�U �� 0U :����!� ,����! _�� M�s% & ,���4�!



 
J� �J�. �J�� D�J)s��! _J�� M�Js% & ,D�J)s��! :�J)�� ,P�J� n��h� $�� i 0N�% ,��>�>' $�
 & ,�!���!� ����! �J�� _J�� :��J��! _J�� 
J�� ,���Jh n�J�= &� ,�J.��= & �
�� *�p= "� M�s%

 �J� 0J[�U ;��1J��= "� _�`�J�= & $�S�� ���h n��=� ,_�4��! n��= �>. ,��1�= f1� ���>��!
?��! �4��!� ,+��p�! 0�s�!� ,V!�)�! i ��`�!� ,V���! i $���! _�� :;1��! 0,� D�X �AJ, 0S. ,

� ���>� ��� V����3M�s% & ��� �)��4. ,�)�1�= f1 
 D�X �X� ,�� �%����! ?4� ��U ,"���o! �S1�% & �� _�� :$�� 
��−;1J�� �J�1� �! f1h− :

�y�J�� Q�J� �� _4= &� Q�J� �
�J� _J�4% uJ�U ,�J� �JU�1�� Q�J� �
�J� _J�4% "� �J'Z M�Js% -J. ,
?����JJk {JJ =� ���`1JJ� {JJ = Q�JJ�� ,��JJ% i �JJU�1��! �AJJ, fJJ1� �JJ��� !�#  �JJ2% �JJ�e. j1U�JJp�!

T���! _J�� i 0N�J= �J)1U ,f�J� ��Jh 
J� $J�� �J�� f�# ,$�� 
� j�%�p�! {)�. ,;� ���%� ,
 Y���! ���2�!� ,����!−	�JU� �J�U− "�J��U �J�. �J� 0JU ,jJ��)L �J�. �J� 0JU ,�J%��= �J�. �J� 0JU :

4��! j>�> �3�� ;1� Y��� ,_� 
 _�4�! ���� 
� j�%�p�! ����� ����−�2%�− r4��! "� K%� �! i {4l ��U ;�� ��. �� _�� :−

;1�� ��1� �! f1h−  _k�. ,Y��� P�h �%�% 
��� ,0L� f1� ��−;1�� ��1� �! f1h−  ��%
i  0�JJ�� :D�JJ>. ,0JJ1� ���JJhw. ,Y�JJ�`�!�?Y�JJ�`�! }'�JJh �JJ% !AJJ, �JJ�� V��JJ��! ����JJh� :D�JJ>. ,  

 D�>. ,�`��! ���h� :*� ,�! D��� �%−;1�� ��1� �! f1h− :� �!�J% rU Y��`�! ��. ��1�L -.�
?T���! ��� Q�1. ��p� 
�� ,Y!�J' �J). ,$�� � �� a���1� "���U� �!�N� �� ��. _�� 0S. ,

 ��� M�s% & !A). ,01��!� +����!� �%����!� ��2�! 
� ��.−�2%�− 3j�%�p�! ��� {��� ��� 
 j�%�p�! ��� {��� ����−�2%�−  fJv ,�J�N� _J�� fJ1� _J�4�! 0J[�U ;�����J� ��Jk �J�. �� _��

 r4��!−;1�� ��1� �! f1h−  
J� �JN� "� ;J1�= "� :$J�� P��h� ,��N� _�� f1� ;1���! _�4% "�
0L� f�# },� $�!�N#  *�J�� �J��� _�4�! ��.! :�� D�>�. _z�41� },A�. ,�
�� ��� *�p% f�'

 fJ1� _J�� !A). ,0X� 
�[� $���� ���� _�4�! ��.! :�� D�>�. *�p�1� },A= �� ,f1�� 
�[� $��
 
�J� P+�J��!� P�JNZ! ��� _��J2= 
J� �J�. �J��� ,�J� �!�Jko! 
J� �J�. �J�� ,M�s% & ,$�N� _��

3
��1���! 
Jk# ��. ���� �����J� �!�−�J2%�−:  D�JX ,��JS�'&!−;1J�� �J�1� �! f1Jh− :� &# �JS� % &

���N� ,j�%�Jp�! ��>= & !A, 0U� ,T����� �,�� �!�k#� ,
�� ;1�� ,j��^� P���� ��S�'&! ,



��S�'&! 
� {���.3 
 ���� M�s% & ����−�2%�−%�p�! P���X "Z ;Y!�' f�# g+� !�# �=!� i &-' "�U �� _�� : j�

 �J���� &�����! 0����% ��S�� ,�=!� i &-' Vrp�! "�S% �>. ,�h�>��! Y�S'� �)� 0z����! "�
 ,!�J�N �AJ��% 
J�� }J���! _J�� 0J[�U ;!AJS, D�J �!� �J �4= & j�%�Jp��. ,jJ�� �! f�# �� *+�%
 �AJ�=! }J���! $J�� g�J�! !�# ��� 
��� t�� 
� {�1� !�# 
S�� ,D-' ����� ,��4� }���!

��N3���4= "� $� M�s% & ��e. ,! 
 j�%�p�! ��� {��� ����−r��S� ��� ,�2%�−3����! : 

 �! D�>%−f��J�=− :6 �J7� R��! 7Y <�J 7' 7� 7_J:�74�! (�! <0J 7'7� 7� B E :P�J>4�!Hc�I ���J�X �J���! 0J�s. ,
 D�X� ,_�41�−0L� b�− :6  7
�9�9� :�J 8� ;(�J� (U "9# �J7� R��! 7
9� 7r 9>7� � 7� !� (� 7� 7� 7�! !� (><=! !�(� 7�@ 7
% 9A <�! � 7)8%7�� 7%  3

 9�9�� (� 7� 7� 9�! 7
 R� Oa :� 7 9� !�(� 7�:w 7. !�(1 7� :�7= :; <� "9e 7. B E :P�>4�!Hc�−Hc�I Y�J1���! 
J� ����! ;%� =� ,
3j%����! 	-�����! ��1� 0��p= *A�! 
�4�! ��2�! $�� i j1��!� ,Y-�o! 
%+ i �!�`k&�� 

 �J��s�! ,
��,��J� ;,��J�! _J�4= "wJU �J,� :0J2��! �J��� f�J�% ;�X :
���X f1� ����! "e.
s���
�) � ,�)��L 0L� 
� ANw= ,�'!� Q1s� i302��! ���� f��% �� �, !A, ,
�)��L ��`�= 

 ;Jl ,�J)��L "�! �J�� AJNw= ,P�J��! i 0J�Lw= �J�. "�JS% *AJ�! �, :j
����! ��� :��[�! ;�>�!�
 ��4�� ��� ��`�=−-[�− 3P�p� 

 �J� P+�J%b�! �AJ, ,0J��4��� T���! D!��Z -U� ��. "e. ,
�� ��)�. ��2�!� ,���1� "���X "!A,
)44� �� ?�)���� ,0J��4��� T�J��! D!�J�Z 0JU� !A, ?�)1��>� �� ?"���o! �)�1� 0] % !���� ?�

�� ����! "�U !�#� ,?' �L� "��� ;)�!��Z AN�� D-���! f�# _.�% !A, "e. -[� ��X i !+�L
 ,+�JJ�! i P+�J%M �J�1� ����J�! !�eJ. ,?�Jk� jJJL� � &# �J4��� ��J>% & ��J>��! "eJ. ,jJL� �!

� ;l ���� �k�>� �J�� fJ�# ,�J� 
�J� �!�Jk# !AJ,� ,�J�L� � D-��J�! !A). ,
���� $�� ��� 
� ANw
3$�� ���� j%+�]�X&!� j�����L&! j�'���! 
� V��1��! �,�UA% r��! ������! 
� $�� 

 D�X 0� ,!��� j�%�p�! � 4= ;1. ,j2 � P�2�� ,j� � P���� �����.−;1J�� ��1� �! f1h−
 :�� �! ��� ��� ��� ;,�+j��M 
�l-l� {� 
� !A� ����. ,−�! $J�'�− �! D�J>� �J��!� ,−

0L� b�− �2%�− :6  9	�7X 7� <]�! r9� :� (% 7� �7� R��! (�! (? 7 :�7% B E :P�>4�!Hc�I _��s� i ����! _X� �� ,
Jp.� &# _��s� i ����! _X� �� ,jU��! ��� {�b�� &#� +�J���! �J�. &# _J��s� i �J���! _JX� �J� ,



X�JJ��!� ;z!�JJs�!� V�JJ2�4�!� P�!�JJ��! �JJ�. {Jp.� �JJ��X $JJ��� ,	�−f��JJ�=− :6  Oa :�JJ 7 9� !�(� 7�:wJJ 7.  
 7� 9�! 7
 R� 9�9�� (� 7� B E :P�>4�!Hc�I �� � &� �)�b1� f�' ,����%�� +��' n����� ,���� �! ?��1. ,
3�)�� 

 i P�,�J4�! jJ�S �! n�J�= �J)�-N 
J�� ,��J�4�! a�� i Y-�o! P�N# P�]��� j1�L �A).
 Pb��! a� _%�p=−f���=� y��4=− � Y�>= *A�! 0�1s�! a�4�! !A, i �! DwJ��� ,T�J��! P��' ��1

−f���=− 3����! ��. ��� ��z!+ ��>.�% "� 
 �J, *AJ�! �J��%+ �J�� \1Jh� ;J)1�! ,�!�J�Z! _J� ��.�=� ,��=�
�� ��� ��U� ,������ ��� ���! ;)1�!
 0J�L!� ,�J�+��� �J)�. rJ��! �J�=�N@ �J�� \1Jh�� ,��J���� �J)�. r��! �����+ ��� \1h�� ,����� j�]�

 P+�%M P�� �!�� 0U 
� ��� j'!� 	���! 0�L!� ,��N 0U i ���3 
 �! f1h� ,;S�� r� �! ������� ,!A, r��X D�X�  ;1����@� �� � ���4� f1�3 


