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 $��- =!	H  D5�& =� L�  �dE m5�i& �  /� .* D�- �1−Q5� RS−  (� )�,*� )��,4O& �  1,H� G!�	5 Gx5:�

 =,,O��S B�	,,2'��� ^(=,,23 [�,,A� V,,H )a+,,,H� ,=¡�,," $,,A �19',,�&����j��i��h��g��f��e��d
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٦  ����� �� �����������������  � ���������� !�������� 

n��m���l��ko�� ��R���:��� D5'& =� Gx5  B� �a+,H�K 
 =!	H  R!\& ,����<�� [��WO�=A =!	H  R!\& �	A X ��5� ���� �1�& ',�:� �a+,,I G,I  �,4& �a+,!E ,��*1J��

 ����� L=Z =�9 ,GH:=E GH:� $�E G!S T3�&� ,Gx5:�$ $	g=�� X :GH:=E GH:=A [f��4�� $�E�K 
 T](� =,�=E �,Z =�: ;=H=7J4� D�- R<] ( =�dE ^=&1��:� $WE �&=53 �9'] �o- [15���� V,4	� b=,4− u$,n� m	 m5

 ����� i[mQ �<�� iFmQ− V4��� ,− iFmQ ����� i[mQ �<�� u$n� m	 m5−  �,�� X $,]15�E ,��=] �&=53 ^=&1��:� D53 $]15? X
=
&  =!	�0=�] ���1	O� �&���� X $]15? G_ ,=!	�0=�] ���1	O�K 

 ?�'E:� [15?-=
& −  f',��� $,�]M& =� ,GH:=E GH:=A =!�E  �4i&,� B GH:=,A $,�E  �,4& ��5',��� ^=,4S�1��
GH:=EK 

  X 1,H =,�A3� ,$,J�A s3=,6 )15�,& B,�� $,�=� B,� La4&� RA ;$W	6 B�*� )�!S La4&� f'��� �M& Qh�
 i* La4& ( $J�A R6�? n� G,H B,�� ',�A ^1,�4�� R6��,A B,� V,5  f(�,H� ,[15�,	� (=,� La,J4& ( ,.	6 B

 ��,�� �,��\��� ,',�A ^1,�4�� s3=6 X V,O& ;[�,*�� �,W&'rA L16�,�� GI1,	Z D,�- L16=!�1,0 ,  �,&=5'E
 D,�- ^1,�4�� s3=,6 {=,�� �15�,& �,�g=l �  �,\] �a+,,!�� ,^1,�4�� s3=,6 G,H B,� �&=53 B� GH  ^1�4��

  f=,r5 LaA� L=� LaA� .	6 B�*� �&=53 X [15��� �1�] =� B�*   ( G!J,�A X G,H B,��� ;%,�o 1,���
<�� ,�4S�� ^1�4�� X B� ��A']� ^1�4�� X B� ���<� ��  �� %�o �1�a4& �,�A �,�4�� s3=6 GH B� ���

�&=���� D	5 q\] �Z� B�O�� D	5 �4�J�� VH =��- �4S�1A ���� G	����K 
 /�−Q5� RS− $�4� L=Z :��r��q��p��o��f�'O,����$�=�42 L=Z� , :����®��¬��«

²���±���°��¯�� ��G&'�J��:��K 
,]15? X  �4] B�A ,U=�":� |�* B� � ��!� [15��� X [f��4�� �dE R,��& �  R,���� R,9 R,����� ,%

 3=,0 8,�9 ,=,�S=� GH',"=O& B,� �,� �  fQ�p�� B� �  f=Z�0:� �� )�\] $��� ;$	H � $JA�'Z �� f'���
 ^=,&1��:� �,&=53 F�,5 f� �',S B,� �a+,,H ?%�o� $,�aA �=,�� %,�o > 3 1,� (-� ,GH:=,E G,H:� ^=,4S�1��

%�o B� $	O�& =�� Gx5  $J�A X $g=r5 $W	6 B�*� $J�A s3=6K 
 /� LM��−Q5� RS− �&��!��� .�E1J�� =&3�3a�� =�	H:� =�K 

+A� �<UH�� �� 7AU��& x&��H��� ��\� /� �: ;−Q,5� R,S− L=,WE $,A=J9 X $,A ',�  :����g��f
p��o��n������m��l���k��j��i���hq��u��t��s��r����',,,,,,�5 LC�B,,,,,,��� ; 

=A '�:� X �O&'��� $4S1] =� �&=53 k�'O��=,A ',�:� .,	r�A �=,�]�� B,� GH  '���� B5 V!��� k�'O��
'���� B5 V!���K  �Q<E GH�g=W5 X �� ���� f=�	5 '9a& �a+,!�� =,� 1,H� V,!��� k�'O��=,A '�:=A = �W	OJ� 

 D��&n�,)�� P,���� sAUH� X Qh,� FQ,2�� ��," L=,Z ,y��r,2�1�� [�,�WO��z  �,��� R,H  ?=,WJ5� �=,�A X
=�\���L=Z �5 :��'�M& %�o �� GH�−$,]��W5 X =,H'9o V,J�� �g=WO�� �� VO&−  B,5 �1,!&� k�'O��=,A

�O&'��� $4S1] =� D	5 '���� K =,��E s3�1,��� ��d,E ,s3�1,��� $J5?�� ,��'�h9 )=5�?� �Z V!��� '�:� �:
 �?� ,V,!��� ',�:� �',E .,�W�J� B&�,&'� �1	OE =��- �1	OE5 =,��E �,
E�'�� $,J5?� ,�1,	OE =,��E �,�pJO��� $,J

 i�� �14�=\� %�o X GH� ,�	OE =,�� =,WE�1� �1,�& DJ* =� m� m* V!��� '�:� �1�& (� ,V!��� '�:� B�
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$�1WA ��r2�1�� X FQ2�� ��" )��Z �a+,!�� ,�O&'��� $4S1] : �1,!&� k�'O��=,A ��'�M,& %,�o �,� GH�
��� $4S1] =� D	5 '���� B5�O&'K 

GH  V!��� '�:� X �O&' ���� $4S1] =� �&=53 B��� ;G!� V!��� '�:� �&=53 �odEK 
f=�	O�� L=Z �a+,!�� : ��," L=,Z� ,',��A '���� B5 %�� B���� ,k�'O��� B� k�'O��=A ~'�  B���

'���� B5 V!��� k�'O��=A '�:� X $J�=23 X FQ2�� : ��,4J& G,� B,�,A ;�,S��� $,S� $,� B ;�=,<��� B�
'���� B5 V!��� k�'O��=A '�:� X R6�& �  .��� $� j�	E �2=�����K 

 ',���� B,5 V,!��� k�'O��=,A ',�:� $,�E R6�,& ,�,2�� $����� '���� B5 V!��� k�'O��=A '�:��
 ',�:� $,�E R6�,& ,�,	4�� >1J�� D	5 '���� B5 V!��� k�'O��=A '�:� $�E R6�& ,?�'E:� >1J�� D	5

%�o B� Gx5  1H =� D	5 V!��� '�:� $�E R6�& ,^=O�J\��� >1J�� D	5 V!���K 
,, ���� X q,,S��� w1,,	r�� �,,��i& V,,!��� '�:=,,E k�'O��=,,A ',,�:� �1,,�& �  $,,� �G,,H  B,,��� ;b'

L=,Z �a+,!�� ,'��A j�� '���� B5 V!�� �1�& � � k�'O��=A� :�O&',��� $,4S1] =,� D,	5� �,n�W�� �a+,,!E ,
 B� GH V!��� '�:=A �=�]��K 

 ���=5 �1�& �  VH=�� '�¢� X f=�	O�� £ m' m" �a+,!�� ;�=,<��� .,�W�JA =,��=5 ,$,5 D,!&� $,A '�M,& =�A =
£�'��� B� %�o '��� ,�2=���� f3?�K 

 i���J�� �a+,!��  $,4S1] =,� �,E'O� ,V,!��� ',�:� $,WE $,� GHM,E ,=,�!� �=,9 �o- V!��� '�:� �  )a+,H B�
�O&'��� L�1*:� ;	<] $A �a+,H ��: ;%�o XK 

 31,�  D,�- V,!��� ',�:� B,� b'��� $4S1& =�� $J&=53 F�5 $S'��2 8�9 %�o b n'& G� QS3 �  �n& 3 
 /� )?�3  =�� ���=��−Q5� RS−  $�123 )?�3 �]K 
y�U�� P,���� �� :,A )'�M�E Q0  V	<& ( RS3 D�- �M& )'�M,�E �Q,0  V	,<& ( R,S3 D,�- �M,& ,']1�=

J���� �*MA 31,�:� B,� '�M,A )'�M& �  ,^=�4� ( R,S3 D,�- �M,& ,f=,����� ¤=4,<�� X '9a,�� B,� >',6:�
 �: ;V,!��� ',�:� $,WE �,�53 =,� B,��� ;^',� � �,�� G,O� ,f=,�T�� [�H=,�� B,5 )=!�E [Q �<�� '
�&

 /� =,!	OS w1	W��−Q,5� R,S− ,4W] X =,��-� ,�,	�S ',��� ~�,]� ,�,	�S $,	4W] ( ,=¡�,�E =¡�," .,��� R
=¡��E =¡�" $	4W] �  q�=7��K 

?1<W��� R<�& $A �a+,H V!��� '�:� £�'�A �=�]�� �odEK 
 ��  1,H� ,�,5=�S� G�W�� BA�� FQ2�� ��" )'9o '6C b'E R0:� �a+,H B5 b'�J& B� ���@ ^�,� ?��5�z��

 +#\� /�<�& ;P /HA�Z���� P�@9�& Z���� |��"t� PQ"�t� ?��z�� D"<8 D6K 
 G�W�� BA� L1W&$ s3����� X : �,�4�� $,4	Z D,	5 .,	7�� /� B,&? D	5 ['�7�� w=A f'��� D	5 .	7�� �o-

 ;�=,<�� R,�O�� �,WE �o-� ,;�=,<�� R�O�� |5=A $4	Z B5 .	7�� /� �4�� w�1A  $4	Z B5 �W	7�� �o-� ,/�
B� w'Z f12� '" R9K 

 q,,S�� ',,�  �a+,,,H ,$,,	H � FQ,,2�� D,,	5 ,/� ?��,,* D,,	5 ,/� F3=,,�� D,,	5 ,/� B,,&? D,,	5 ['�7�=,,E
 �J,�] $,A� ,w1	r�� [',�7�� )a+,,H �1,�] �  $,� G,H  B,��� ;B��,��� �,4O�� q,	Z D,	5 ^�',���� w�1,A  ;
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٨  ����� �� �����������������  � ���������� !�������� 

 ���� $��- �"3  =� .nE m� D	5 q	W�� X ��=Z �4S�1��b'K 
 ��	c VJ�� Y' u��� B,� B��	,���� �,	�=O� w=A X� ,[(1�� �	�=O� w=A X� ,�A=�<�� ^Q�=O� w=A X

 |�* �,!S B,� )��,WJ5� �  )1,	OE �  )1�=Z =� G!� D]  %�o 1��� ��:� R�	
] |�* B�� ,[=<O�� '���]
�� B��� ;FQ2�� D	5 ��3=� ,�C'W�� D	5 ��3=� ,/� B&? D	5 ['�� w=�0  �1�=9 ,['�7�� B,�] G,� G�'

f1 ���� D�- G�?=Z �	l=A ^3=<E b'��� .E� D	5K 
f=,�	O�� L=,Z �a+,!�� : �,�=9 b',��� .,E� D,	5 �,�=9 �od,E ,�,�1�a� �1,�]� [?1,��� �1,�] [',�7�� �-

��1�a� ��=9 >1!�� .E� D	5 ��=9 �o-� ,[?1���K 
,,	W�� D,,	5 ;J,,�& =,,I R,,A ;w1,,	r� =,,H'�  [',,�7�� G,,O� ,�,,2�� w=,,A w=,,4�� �a+,,,H� L=,,�5:� B��,,��� q

Q5� RS /� �4��� ���=<��K 
 V4��− iFmQ ����� i[mQ �<�� u$n� m	 m5−  /�� ,/� ^=,�'* D,	5 q,
7�� $,!S� X >',i& ,/� ^=,�'* D	5 3=7&  

−Q5� RS−  /� �- ,$W	6 B� $]=�'* D	5 '�� −Q5� RS−  V,4��� ,$,J�  ¥p,] �  �  )�,45 ¥p& �  3=7&
− �<�� u$n� m	 m5 iFmQ ����� i[mQ−  �J� B��,� R,9� /� ^=,�'* D,	5 3=,7& V,4	� �,4− iFmQ, ����� i[mQ, �<�� u$,n� m	 m5−  3=,7&

��5'��� ['�7��K 
��1�a� ['�� 3=� B� G!�� ,[?1��� ['�� 3=� B� G!� ,['�7�� )a+,H X {=�� Y�E� B���K 

X /� ',�  �,��=�� D,�- $,]?=WE ��1�a��� ['�7�� 3=� B� G!� {=,�� �,� 8,Z�1���� ~1	,���� �!,��� 
b' ���� .E� D	5 ['�7�� �1�] �  q\�E ,%�o 1��� ^=5=�\�� ���K 

 R,H  [�,�W5 D,	5 [',�7�� �1,�] �  =!� GH:� B�� ;�4S��� �A1	r� �5=�\��� ���� RH  �!�A ['�7��
,�] �,Z =,!�	5 [',�7�� �d,E ,�,5=�\��� �,��� R,H  $	, �0  =� D	5 �5=�\��� ���� `�=,!� D,�- f'��=,A k'

 3=7& �MA >?'��5 .E� D	 �1,�& B,��� =���,0 )�,<Z �1,�&� ,G,!E f12 B5 �\]=� $]'�� �1�]� ,)�1H
$	OEKKKK 

 B� G!�� Q� B� G!� ;X=\��� V�=7�� B�A ���� RHME ,B�� R9 X '�h9 f(�H B� ��:� X �=9 �Z�
H� �a+,H B�A �5=�\��� ��	� �1OA=J��� �1W TW����� ,=�S�a+,K 

 f=,�	5 D,	5 [',�7�� ,�,5=�\��� �,��� R,H  [��W5 D	5 ['�7�� ,��*1J�� D	5 ['�7�� ,B& T��� D	5 ['�7�=E
 ^?=,Z ��5',��� =!�1,0  D,	5 B,�] G,� �- =,�: ;G,H  �a+,H� ,=!�10  D	5 �1�] �  q\& )a+,H ,FQ2��

�ME �1�� �  ,�1	cME �1	c ,/=A o=�O��� >? �'�� `�=!� D�- =I=�0  �,6 � f=,�	O�� f=,5? �=9 �a+,!�� ,�1�
L=* R9 X� RA ;G�1�A B� G!S�'6 �5 G!g=5? X �1�1W& G�  f=�	O�=A f=5���:  �G!¦	��  �  %,A o1,O� =�-

R
� �  R
� �  ,Lp� �  Lp�, =�	5 R!\& �  R!\� �  �  K R,<�& R,�p�=A $,�: ;G�,xO�� f=5�,�� B� �a+,H
 �A=Ji& �  $�	5 q\& f'���� R	���$	9 %�o X b' ����K 

 V4�� �2 �OA=J��=A 'H=x�� ¤Q0-− iFmQ, ����� i[mQ �<�� u$n� m	 m5−  UQ6�=,A Bl=,4�� ¤Q,0- B,��� ;G,!�
q,S�� 1,!E UQ,6�� =,� � ,q�J,��� q,S�� 1,H =� =!� �OA=J��� ��: ;GH ,  ���,<] 1,H UQ,6���

 /� >1,2 [?�3- B� q	W��−Q,5� R,S−  �  R,�O�=A �  L1W�=,A =,� [?�3- B,5 q,	W�� �,T	�& ^�?=,WJ5(=A
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Q5� RS /� >12K 
,, �x�� b=,,4](� �- V,,4	� 'H=− iFmQ,, ����� i[mQ,, �<�� u$,,n� m	 m5−  Bl=,,4�� ¤Q,,0- B,,��� ;G,,!� 'H=,,x�� ¤Q,,0 �-�

 /� �,,� R,,�=OJ�� Y�,,0� R,,�=OJ��� �,,	�=O��� B,,��A−Q,,5� R,,S−  �o- �7,,
� �,,�\�� X ��: ;G,,H  �a+,,,H
9 ��\�� ;	0 ��	0 $,4	Z ;	,<i& G,� �=,��- B� G�E ,q	W�� VH� (  $	9 ��\�� ��E ^��E �o-� ,$	

 ���=0 )'H=� �=9� `a�� |&���� X f=�	O�� L=Z �Z� ,$4	Z ¤Q<� $J&=53 F�5 RS: %�o �OA Rc G_ ,=
 �  $�E f=Sy��= 2��3<�� ;��,� n�i�= Z�Fc C1 �AU��& ;U�� D"<� �� ^3a PU}�� $#6 $H�� $H��� $K /��� $�H

 ;��,� n�i�= ZF�c C1 ;U��& �AU�� D"<� �� ^3a F�U�� $#6 $H�� $H�� �*� $KF& ,�A,*��= F�U�� $#6 $H��
�A,*��= PU}�� $#6 $H�� $H��= 2�3<��uK 

f=�	O�� L=Z : G,� G,�  f(�,H X q,�=7�� ,��]=��� f1�A $� GJ i6 G_ 'H=x�� X �\�� RH  R�OA R�5 B�
=9 =��-� ,G!l=A �1�	<& =,� ^�1!, ����� ^=!4, ����� ~1� ���� B� =!��E G!l�1A =� � ���=0 GH'H�1� �

G�	5 =I /�K 
 $,4	Z 1,H� $,l=A �,&=5'A %,�o B,� G,H  1,H =,� D,5'&� ,G,!� $�: )'H=� D5'& �  �4O�� D	5 qS�1�=E

Q5� RS / $S1��� R�O��� �<W�� UQ6-� $*Q0dAK 
�,,\�� �1,,5?� B��,,E D�=,,O] L=,,Z �a+,,,!��: ��Â��Á��À������¿��¾��½��¼��»��º��¹Ã�����Ä

ÅÆ��Í��Ì���Ë��Ê��É��È��Ç��[',,W4�� � Bl=,,4�� ¤Q,,0 �=,,H��� �  B��,,A
� �,&¢� )a+,,H �OA $�=�42 L=Z� $J��H: 'H=x�� ¤Q0 D	5 Bl=4�� ¤Q0 F ��Z� ,'H=x�� ¤Q0��Î��  �

� �\�� R6��2 VO&�Ô��Ó��Ò��Ñ��Ð��Ï��� ��['W4��:����  G	2  B� / $!S�,A 1,H� UQ6�=
$	OE� $�1WA B��� 1H� iFmQ ����� i[mQ �<�� u$n� m	 m5 V4	� �A=J� 1H� B����K 

+A� +,��� +�,�8& +,��� `,Q GH3�,Z /� �,E3 f=,�	O�� ,G,!� G,	O�� q	l �- ,GH  $�E s3�J�� �&=53� ,
$�=�42 L=Z ['6¢� X� =����� X :��â����á��à��ß��Þ���Ý��Ü��Û��Úã�� ��,�?=\����:�� � L=,Z

$�=�4,,2 :��T��S��R��Q��P��$,,l�L=,,,Z� , :��Ì���Ë���Ê��É��È��Ç��ÆÍ����Ð�������Ï����Î
Ò��Ñ��'�p��� G!� G	O�� q	l ,y��H,�3� &6 ��H��� � 5V>6z �1,�& �  $,� G,H � ,G,!� G,	O�� G�,	O] ,

Q,5� R,S /� mL1,Z %�o iR u5=E QhJ�� ,s3�J�� $S� D	5 G�	OJ��� G	OJ�� %�o :��q�� ���r�����t��s
{��z������������y��x������w��v��������������u����',,�5 LC� X `3=,,�4�� /� �,,45 1,,A  L=,,Z ,y$���,,0z :

)3=49 R4Z G	O�� 3=7<A {=�� �1�A m'i& B&a�� GH �1��=�A �'��K 
 ,��M,���=E ��M,���� a,6M] ,s �3�,] D,	5 G,	O�� q,	r] �  %,�o B� GH  B�� ;G	O�� q	r] �  G!��� B�

6M] w=!," 1,A  L=,Z ,�a,�H� qO,0  1,H =,� D�- �S3? �O<] G_ D��:� �4]'��� a6M] ,D��:=E D��:� a
 X ��� �45 BA� )��3 =��E `'Hp��y��=\��z L=Z )'�� )��3� : B,��� ;�,	�S $,5 qHo �	�S G	O�� F�3 B�

V�=�	��� F=&:� '� D	5 G	O�� q	r&K 
 KKK9 �- �,,A( ,�1�,,2�'�� f=,,�	O�� $	,, �<* `a,,�� D,,	5 G,,	O�� q,,	l X '�,,�] �  G,,	O�� V,,4�� B,,� �,,

 q,,J��� D,,�- qHa,,JE R,,g��:� B,,��] G,,� ,s �3�,,J] G,,_ ,F1,,	O�� R,,g��MA �,,&=O�� ,�1J��=,,A �,,&=O�=A ;s �3�,,J��
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,, ���* G,,���� B,,��] G,,� ,�,,� �1r��� f=,,�	O�� ^=,,EQJ6� D,,�- qHa,,JE ,=!	���,,A ��M,,���� �,,E'O� ,$,,	���A =
�=A LQ6�� �a+,H ,%�o X L�1Z:��G	O�� X ~=7J4� D�- L101�� %5 q\�& s �3�JK 

 $,23? G,	O�� G,	O& `a,�� G�=,O�� �  G	O�� G�	O& `a�� G	O�� q�=l RO\& �  $� �GH � ,G!� G	O�� G�	O]
 �,OA G�dE ,f=h��� f=J��� f=4��� 8�:� G!J��	5 �o- ,)3=49 R4Z G	O�� 3=7<A {=�� VA'& ,s3�J�� [�5=Z D	5

,,�9'] �1�	OJ�,,2 %,,�o ,$,,�E ^�',,<J���� �,,�*1J�� X D,,��:� Rg=,,���� G!J,,��	5 �o- V,,O& ;R,,�\�� q
 s �3�,J�� �1��,2 ,�,9  �,	*'� D,�- �1	WJ�,2 %,�o �,OA ,$,W��� X ^�'<J���� ,[��WO�� X ^�'<J����
 ��,23� $,��- s=,J�& =,� k=,0  �,��S B,� $,] ��5 f=,4	� �,O�S �o-� ,=¡��E =¡�" �1�& =��- ,f=4�� f=49

)a+,H %J�7A D�- R<] ( %�dE ,s �3�] ��? )a+,H D	5,  /��−Q5� RS−  �J,2 X �3:�� ^�1 +���� .	6
'�,��J�� RH  �OA L=Z ,F=&  : =,A3−Q,5� R,S−  �  D,	5 ,�,�	�A $,� G,x5 � %,�o .,	�& �  D,	5 3?=,Z

, T	O& �  =!� ,['�h9 G��� F=&  �J2 X %�o .	6 B��� ;�x�� X %�o .	�A,�& B&a,�� $,W	6 G �a+,,H ���!
 ���� �&=5'A� 31�:� �&=5'A� s3�J�=A �1�] =��- F=xO�� 31�:� �  ^1�	���fV��=E fVK 

 �'�h9  �'�h9 ,G	O�� G	Oi& B� =�  ;'�h9 '�6 %]=E s �3�J�� ^=E ��\!��� �]=E �- B�� ;G	O�� G�	OJ& B� =�
GH:=E GH:=A G	O�� �:K 

�a+,,H ,[',�h9 VH� F1	O�� {=��� q	r&  |&�,��� s',�& ,|&�,��� q,	r& ~�o� ,['�,��� q,	r& )�,\]
 R,A ;��=,23 8,��  ��M,�� X R�,0=�] G,	O& ~�o� ,R&�,OJ��� ;&'\J��� [��'��� G�W��� B� ;��<�� k'O&

 ��?MA ��*1�J�� Rg=�� G	O& ( $���� ;Rg=�� X Rg=23 �a+,,H ,=,!J�?MA =!���p& VJ�� $]�?=45 Rg=�� G	O& ( ,=!J
 n'& �  $]=E =,�: ;�, ��!� =!	9 qS�1��� =!� �q�J���� F1	O�� ���S� ,G!� G	O�� q	l �- GO� ,GH:� D5

 ��W& GH:�� ,^=S3? G	O�� B��� ;b'��� B�G!��� D	5 FK 
, T<�& (� ,�',�h9 ��§',W& G�  �\] ,�Z1�� �a+,H X G	O�� wQl B� B&'�h9 �  �\] �a+,!�� ,�',�h9 �1	

�� B� B�4&'Z �1��?=� �1	<�&s �3�J�� 1H� GH:� G�=E $�: ;$�10  D	5 G	O�� �1�2  =� B�� ;[f�'WK 
G,!� G,	O�� q,	l ��  VH� [�5=Z )a+,H �odE;  G�,	OJ�� �- ,G,H  $,4	l X s3�,J�� B,���−G,	O�� G�,	O]− 

GH  G�	OJ�� %�o X s3�J�� B��� ;G!�K 
=,,
&  L1,,W� : �Q,,l ��-7,,0 G,,!�	O& B,,� D,,	5 �1,,0'�& �  G,,!� V,,74& G,,	O�� w ,)3=,,49 R,,4Z G,,	O�� 3=

  ̂ C �M,& ,�1J��=,A L1,0:=A GI  �4& B� D	5 �10'�& L1,W&� : G,	O�� q,�=l �  G�=,O�� �  ��,��� �Q,E
 `a,�� 1H �a+,H� $�&� `a�� 1H �a+,H Rg=���� X R&1r�� $	�<�] F�5 ��- GO� ,Rg=���� X R�<�] )�5 j��

%O�&; ��T	OJ�	� �M& ( G	O��� G	O�� q�=l ��: D,]  1� (-� [1r�E [1r6 G!¡�& =��-� ,)�5 =� R�A B
 �,�	S B&',�5 D,�- G,!O� F��,& =,�A [�,*�1�� ��M,���=A G,!� �M,&� qJ��� X 'x& �  $��& $�dE )�5 =�A
 L�1,Z  �O,�] L�1Z  ���6 D�- [�*�1�� ��M���� X R01& ['�h9 =!�E L�1Z:� �'O& =A=J9 =!� 8��& ,Qh�

- RA ;L�1Z  ['�5 j�� �a+,H ,Rg=���� �OA X (1Z B�OA3  D� 1HG	O��K 
 �,,�	5 �o- D,,J* ^=,, �&1��:=A G,,	O�� ,�,,5�1W�=A G,,	O�� ,G,,	O�� �,,5=W� F=,,�*-� L1,,0:� F=,,�*- G,,	O��
 �- G,O� ,F1,	O�� ~�3?- X %,Ho D, �W]'�E ,L�:� D,	5 %,Ho �',�] �,Z� ¥=�h�� %��- �M& %�o �OA ,L�:�
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E s3�J�� B��� G!� G	O�� q	lGH  G�	OJ�� X s3�J�� B��� ;G!� G�	OJ�� ��- ,GH  $�K 
 ~+A� ���HK .�c T �q*r� /D1 +� +�A�& +A�& �,4O�� �1,�& �  G,H  ,f=,W��� [',h9 B,� G,H  =,
& � ,

UQ6�� X $��� � ��H=\�K 
f=�	O�� L=Z :;ik0 �� P��A}�� h=F '"U� D6 +,��� T �q*r� |��� �1,�& 8,�9 ��*  F=��� R¡2 ,

lL=WE ?G	O�� X ��� �o G	O�� q�= :$,��� B,5 �,�=!\�� �,E3 >1,� �o- G,	O�� X �,�� �o G,	O�� q,�=l �1,�& K
 G	O�� $��� B5 R!\�� �E'& ,$�E ���= �<�� ���=A ,$�E UQ6�=A D]  ,$��� B5 R!\�� �E'�� G	O�� q	r&

 n�  m'  V,4�� $A �6  =�� $A=J9 X /� �6  =� G	O�� ,$��� /�− m	 m5 iFmQ, ����� i[mQ, �<�� u$,n�−  �,g=WO�� B,� ��, ���� X
���=0 ��� )a+,H ,%�o �WJO�� q�7�� 3=46 �K 

 �,��&� 1,H ���J,��2 $�dE G	5 �o- $�: ;$��� B5� )'�� B5 R!\�� �E3 `1& �MA ���=<�� $J�E G	O���
)'��K 

J�� X UQ6�� ,G�	OJ�� X UQ6�� ,G	O�� X UQ6�� �a+,!E �o-�&=7	� G!� �a+,H ,G�	OK 
 ^=,,�	��� V,,W	& �,,�5���� ��- G,,O� ,G,,H  GH?=,,"3- X ^=,,�	��� ¨4,,c B,,��� ;G,,!� {=,,�� ?=,,"3- ��-
 �,&=���� D,	5 b',��� X q,S�� $,�: G,!� $,	9 %,�o� ,L=,W��� ;,c1&� .,��� B��,4& G�=,O�� �- ,',c=�&�

� �: ,$,,]=�	�� V,,W	��� $,,4J& �  G,,H:� B,,��� ;',,h9:� .,,* X q�J,,�&� R,,��& �,,Z ^=,,�	�	� V,,W	J��
 [',h9 B� D��  FQ��� ¨4c� FQ��� �	Z� ,GT	�J��� ?�'� '�� D	5 =!�E R���E ;1H $�!E D	5 ^Q�\���

�5=rJ2(� q�* 3a& =�� �M& =�� �&=53 ��? b�'���� Rg=����K 
 ,f=�	O�� �� $�E RW] =��E ,G	�J] =��E %��16- ��  f=W� X ��  ,��!� [�5=W�� )a+,H B,� $,� R,W] =��E�

 �1,�& �  D,�- $,4J& G,	�] �o- G	�J,��� %�a,9 ,.�Z�,] ��? G!�] =�A '�4O] ( ,=��	2 ~'�4O] B���� ,[=5���
�&'& =� '�� D	5 R��i& ( DJ* =W�Z? $�Q9K 

 ��-  ©,r�& �,Z� ,G,!� ',�  .,��� D,�- {=,�� ?=,"3- ��- ,G,H  M,r��=A k��,5(� �-� ,G!� .��� q	l
� ©r�&� �"'��� f=,�	5 �,*  D,JE  =,�� �a+,,!�� ,G,H  $,¡r6 B,5 $,51S'E ,$,��- {=,�� �,"'& =��E ��5���

 ��M,���� X R��? D�- �"3i  %�o �OA G_ ,q�<� $�  Bx& �=9 ,=!�E Mr6  >1J�A ���� X ��M�� X 8	���
D� s=\E X `?=& =&?=� 'SMJ2=E =!�E $�1Z B5 �S'E :Q,E )=,JE  B,� ,R,4W�	E �Q,E )=,JE  B� ��M,�� X �

$�Q9 B5 $51S'A GH�6  �1O�JS� �o- DJ* ,R4W�	EK 
 ,©,r�] $,��� �  G,	O& $��� X f'��� RO\& $�: ;G!� Mr��=A k��5(� �- ,��!� ^=OS�'��� �- GO�
 ',,�6� f=,,r6 F?C V,,A R,,9 ��: ;B&',,6¢� �,,5 )3�,,Z X �,,&p& %�a,,9� ,M,,r��� B,,5 F1,,<O�A j�,,� $,,� �

�1A�1J�� B�g=r���K 
+,H, ��!� =!4�*  Rg=��� �=�A� ?="3- =!�E B�� ;['<J�� �	�\� L10  )a ¨A�1,
��� ¨A�1,c =,!��: ;�

, �
�� B,� R,�O�� G,<O] %�a,9� ,Mr��� B� RWO�� G<O] �d,E ,f��,E(� B,� �=,�	�� G,<O] %�a,9� ,LQ
(� �5 $�: ;�&=7	� GH � G!� �a+,H =!J�?MA ��5'��� ¨A�1
��� ��5'��� Y1W��� �4O�� �E'O� R,<�& )=4J"

R�p�� B� '�h9K 
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?���% F�S0 D6 7S�  V,�: ;G,	O�� R,H  B,� ?=�J,�] =,��- )a+,,H ,G,H � G,!� B,� G�,2=WJ�� )a+,,H �  V,H�
 31,�:� q,]�'� G�,�W] ,f=�,":� G�,�WJE ,�=��J2(�� RWO�� j��� U1<�� =!	��?� =H?31� �  ^'9o

� $�E �=9 �o- �a+,H ,f'��� $���p& =� q]�'�� ��5'��� T�4& f=�	O�� �dE �%�o B� G!��=E GH:� �1K 
 �'�� D5'& �  $�	5 �dE %�o G	���� f'��� D	5 $4J"� �odE %�o q]�'� $� �1�4& DJ* ,f=�	O�� D�- b1S

)'�  B� ��A D	5 '���EK 
 V,O�& �  Q,5� R,S $�M,2 � ,?=,"'��� �,&��!��� ?��,���� .,�E1J�� G,��� V,� Q,5� R,S $�M2 � �a+,H

�A G9=&-�=O�2 =K 
���� =�4� D	5 G	2� /� D	0�K 

���� 
 
��	¡2:�� 
  �1�J2� �	¡2:� �OA )a+,H−D�=O] /� f=" �-− =!� '�h9 a6  RS: ['<J�� =!�	5 �A=S��K 

 ��WE	�
 : ~�,&� �,5=�\��� �,��� R,H  q,J9 X �=,����  ',W& �  G,	O�� q,	l X �,��H:� B� RH
*Q� $�	5 B� =!4J9 VJ�� qJ���=!��- �S'& (� ¤'�r]� $]��W5 X �x? 

2�"}�� :�a+,I �	��9 �5=�\��� ���� RH  qJ9� ,$]��W5 X �1�M� B5 a6�& �  �A( G	O�� �-K 
G,	O�� X =,!��- s=,J�& ( =,!��dE �&'<O�� qJ��� =� �,  X =,� D,	5 bQ,�l��� �,E=Wh�� �,!S B,� V,H =,���-

^Q�	��J�� D	5 �  3=�E:� D	5 �  '<O�� %�o 1���K 
f=�	O�� s �'�]� f=�	O�� G�	O] =I VJ�� $4J9 B5 a6�& =���dE 1H |�* B� G	O�� = �� K 

 =!JO�=r� B� {MA ( qJ��� )a+,H−�&'<O�� qJ i���− £�'�A B��: 
�AU�  R,l=4�� B� '�4O] =!�E =4J9  'Z =�A3 $�: ;Rl=4��� �.��� B�A $]��W5 X p���] )�5 ��=r��� �1�& � 

& G�� ^�3=,4O�� �,OA G!J,��  D,	5 b=," �&',<O�� qJ��� )a+,H B� �'�h9 ��§'Z B� =n& 3 G�E ,�a+,H ��	
Rh� B�� ����<�� [��WO�� 8�=�] VJ��� :3��Z:� ^f="� ,�,��=�� =,!�E V,J�� ^�3=,4O�� B� %�o 1��� ,

,9 =��?=�� /� ^=�0 L��2 B� %�o B� Gx5  1H =� Rh� B� �  :=,& ,/� �,�*3 =& /� 1,�5 K R9=," =,� � 
%�oK 

3=<J6(� $S� D	5 =H'9a� £�'��� ��WA� £'��� �a+,H ^'9o =� : 
¥=h�� : LQ,
	� =,
��J� �=9 �o- =�  ,LQ
	� =
��J� j�� ,?=��	� =
��J� j�� w=J��� �1�& � 

B�A pT��& B� )§'W& �a+,!E Rl=A $�E� .* $�E ¨	6 �o- =�  ,Q0  $]f�'Z �1\] ( �a+,!E �a+,H� �a+,HK 
|�=h�� : =,!�	5 L? �o- =Ha,6M& $�dE .* �OA qJ��� )a+,H X �=9 �o-� ,$��� D	5 )'<Z %�o  'Z �o- $� 

 .,��� B�,A �,Z'�J�� B,��i& ( B,� 31,�:� %,	] $,�E  ',Z `a,�� w=,J��� D,	5 �L�,& (� .,��� a6M& ,R�����
$&? X %�o ) �'c =�A3 $�	5 $�? �o- $�: ;Rl=4���K 

L1W&K KL����� j�� �a+,H :?�&'<O�� qJ��� X  'W& �  G	O�� q�=r� �  ��5��	� G!��� RH 
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 ��WE	��:  G,�W��� ,kQ,��� B,� GJ,�	5 �,Z =,� [1�,<�� w=4,��� B�,A [',�6:� �,��¢� X ^',�J��
 �Z� ,DJ" 8g�1l D�- w=4���–/��− 1,H B,� �,�� .��� B& � �19  B� �� î �*�,  �a+,,H 3�,& R,H G,_

Q���=�E=" (1Z V� ��M���� )a+,H X �1�1W] �  G��M2ME ,w=4��� F=�W�� k KK)'6C D�-K 
2�"}�� : ,�1�,2� �'�� G,	O�� R,H  =,!�E R,<��� G,	O& =,��dE �,�	* �o- ^=!4J����� �OZ� �o- BJ��� ��-

 /� ��: ;/� '���  ���=�� f� �'S B� 1H R<* `a�� F=�W�(� �a+,H�−Q5� RS− ,6 B,� qZ=O& )',�  8�=
$�=�4,,,2 L=,,,Z ,�,,,Z'��=A :��G��F��E����D��C��B��A � � �1,,,O4J& �M,,,A V,,,O& �

� .��=,,A �1,,�pJ	&�L��K��J��I��H~�,,�� D,,O�A �=�,,��� �,  ,$,,A ��',,9o =,,�� =,,x* �1,,9�E
 io VJ�� ^=�4�� GH�5 ��c�� ��?:� GH�5 T9 /� G!4Z=,5 ,$,A G,	O�� �� %�o �19�E =I ��'−Q,5� R,S− 

A$�=�4,,2 L=,,WE �,,Z'��= :����K��J��I��H������G��F��E����D��C��B��A
P����O��N��M��L�� ��[�g=���:�ªK� 

 �4&'Z G	O�� �=9 ,L1<��� R!2 G	O�� �=9 �o-� )�,5 V,H B,� =!�E 8�=6 G_ ,���A �*�� �\��� ��=9 =
, �9o )a+,,H� ,�1,9'] =,� 3�,WA G!,�A =,��E �Z' i��=A {=�� qZ=O& =I'Z �� =H19'] FQ,2�� ��," =,I '$  X

 b=,�JS(�� ,b=,�JS(�� Y=,�](� R,<�& /� '�M,A� R���,�=A F�pJ�(� �\�J� B� $�dE ,G!� $�4] 1H� �c1�
�A1WO�� R<�] $A G	O�� �OA .��� ���=��A� ,��*3, kQJ6(�� �Z'��� �A1WO�� B��K 

 u�=O& �  q\& kQJ6(� �a+,H� �Z'��� )a+,H�E f'��� R �,W&'l X �=,9 L�O��� ,L�O�=A $�1* B�� $��� $
G!� ��E=��� ^=�	��� %�o X G!� B&a�� B��2� �'�� f=�	O��;  R,A-�,45 ��,��� �*=�,2 G!�=,�  B,A p,&pO��

 �,�WA %�a,9� ,D�=,O] /� $x�* B���h5 BA ���� ����� �*=�2 %�a9� ,D�=O] /� $x�* �=A  BA /� �45
&'r�� VH G!JW&'rE =�&=�� .,E� D,	5� G,	O�� .,E� D,	5 =�: ;s=� $�  /� f=" �- =I G<J5� B� VJ�� �W

['�<A� G	5 B5 (- =!�=Z B� =!�=Z =�� ,��5'��� L10:�K 
 R,H: ;B�,4����� B,� =,O��S =,	O\& � � ,$,&? D	5 [=5��� w1	Z ��\& � � BJ��� ©�r& �  /� LM2 
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