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 h%�/{�� ytHI� ��'� �9 ?` ,-9p�� -9 �$=^ �^={4&� N4�� h%'%���� ��="� h��9Å
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����h%!.8�V
 *'¦ hEd$
 �cH%�$ ?��9 f y�/: : h[���� �� h[�=E9 h.=S< D.��d9

 ­ ��9 N'V�/S�� �/�8 ®Ó={�� �.p!4�� y�.�z h��'^: : ��7 NÅ;'6 �o/& =9g� 8���Z
 �O h%Å;.8 ��� �$�%[
� ,h%!%�^]� hEd$g� D9 m^g� �� �cTk��6 �
 y�V="� bF5Z

4�� h%9�&]� h�9��� hV=[ �� ?&�"�� R�g� �ck/C& m'^ h%$t���� h����� �c4Å;'6 NÅ
�.8�zY� �.: : h%9�&]� P5t��� h�%'�� f ��;& �I �w � y�/���� bF5 B£< ¬�4��7�Z

=`q9 N���6 m�< 01 R/(46 NS�Å: ~�[ m7 – �$�%[
 – ,y�/���� bF5 �&��9 B
 
I��T$� ��V
 ��6�^ -.eEU ,3=U
 �
 hX��7 �´��^ ���� h%9�&]� P5t�� -� �– 



 

− �� −

 ¬�4��7– N4<8 ���w� N���4�� �C(4�� �� Å Å ­ ��q�� ® |��d�� 01 �5¼
 GF��
 R·��4�� �=}�8 f yY�"� ��7 f �c�O�� �Ip� *$1 m7 ,B��%��� h;.���� h�&q���

y�c'd���:  
 ?�
� D9 �9 mSd7 �/�X h9�^1 /c< R�g� eE
� �9e< 3/4�9 �� �91 ,W��{��«

h%�ad�� y�^���� �4[ �
 ,h%&�%��� h&�t�� �
 =ST��: �j
 /c< ¨���� eE
� �9
� 
 m7 ,M���� 8�c�� hV=[ -� �c�T$ ��p�Å– t7� – m^g� �� �
 *4%�� ���7 �4<
 

�/�
� M���� ��
� -9 N9�&]� 8�c�� =c> �;�k �jeS< ,b���X ���7:  

�������
�J : :¤.��4�� =^/7 B/�!# �;$1Å:  : N4�� 8��Xg�� o�7n� o�EU
 ?V�=6

 �� R/&� ?%���6� B+=C�� y�o��;� ��%X |t4&Y� ��� h�%EU �;� y�/(°Z Ö �9�
h%���4�� hV="� �$�/C� �o�O1� �dV -9 *%�� B�./E;6: *�/&� h;&� �� �$��8 �C� 

Ö?%C��� y�&�t�� -9 h9/�;9 01 ���� ?%!) f h���T�� : G@'�� mC��� =.=z 
 h.8��� h�4S��� -9p�� D9 8��� m9��4�� ,�7�/S�� -9 h%$��$]� �8��]��­B�S��® ,

 B/;���� ��5�g� h$�81 ,8��Xg�� o�7n� �%�C6� x���7 �!�g� ¸'d4�� �<�
 f ��/"�� mC��� h%�
 �� �%Ve4�� ,h<�=
�� =(���� o�/5g�� ,����� D9 m9��4��

 G
�'9 -� B��]�Ï­Pa�4�� ® �­��a4&Y� ® B�8 �C(4�� tI ��4. -� -.F���Å
��/UF�� �´���^ -9 �8�<]�� �c;%$�/^ ���81� h.8��� y�^�E�� -� �dS��: 01 �F5 

 MO�/�� ?.=S�� B+=C�� �%Ve6− �4¦ Dk�C9 f − N��;��� �%'E4�� ���Î �� 
À ��� -9 �@V����� f Bt.]� h.�; 8t4��� ,�/C�� 8���£7 h)�
� Dk�C�� m�9 

 ,©�g� f �T�_4��� h.t" �$=C�� G� h�^��� ,�="�� ?���� ©�=Qg �.�"�
����� tc%�� Bt%�&� 8��8 �/'$ R�> f h<�=��� h%��;��� y�C%'E4���Å:  

�� ,o��;�� h%��4�� �/���� f �$8��X
 D!4�. � f �;4%���< �$
�7� �;�C%4&� �9�;
 Y m�T�� M')e< �;6�%[ y�[��9 ?��9 f -.��� �;'%Q �^ �;V =Un� �/T6 hcX�/9Å Å
 �4�<
� ,P`e4�� �� �´��^ y�CT< R��<g� WEC4�6 N4�� ��q'�� ���O� ,*� ¹9�$=7

}�=U hQ�%) f hV��d��� ����� W�^ f �Vq�� �/_"� h)=< �;.�.
 �7 -9*E: 
*    *    * 



 

− �� −

 N4�� ~���� �´�C�(7 h%$���� h%9�&]� �/(��� h�[=9 ���we& N;$£< Bn��
 N4��� ,�.��� B=C�� ���d9 01 Y/)� h%$���� h%����� �="� ��7 �9 h�[=9 �EQ

 y8�<
– 3=U
 �
 hX��7 – x��� B=C�� f 0�g� �/(��� y�_^�;6� o�EU
 -9 – 
 @� D&�4�� B=C��−G
 ,B=C�� �F5 y�.��7� : �;� y��" �^e&�  -.@��� B=C�� 

 B=C�� -9 -.PUg� -.�C��� ¯� mSd46 *#�9 y
�7 GF�� �.��� ����7 �!�. �9Å
-.@���: :��[�� h��8 *68�%C7 8=T;6 8�S6 GF�� �[/�� N����� ���;�� ��Å, ¸%[ 

yY��(�� mV h��'^ �.�X �z �!���� o��1 ��_;.Å ,?2 ©/c;�� ���6 N4�� 
 M')
 ��&]� B
 h)�U�– h%�/%d�� ��%j� ��7 –R�g� hcX�/�� ÁU m�!. Å, ¸%[� 

��/�� =�4;6 N4�� h(��� h��&g� -9 �d[ �¯.Å:  
 8��7 �;98 �9 -.=9
 01 P¦e& NÅ;S�� m%)�T4�� f R/U��� R�H�� D�4. -��

tI�
 ,h%���4�� hV="� �$�/^ :t4[� ,��[�� �/^ *'EC4�6 �[/9 ���$ ���8 yYÅ
tc4%$�`� :��.��� h%����� h{%��� bF5 h��'^ h!���� h9�� h;S!�� m!��� yY�Ê : 

 B1­�[/4��Å ® L��;c< ,��/��� �[�g� *X/�� ���¾��7 A%� �@�� h��'^ Ó={��
– Õ"� -�" –=Un� *X/�� ,d�� ?&�C�� �K� N4�� h%}�;��� �j1  �/C7 �[�/�� �KÅ

 h[���� mU�8 h����49 h%}�;` y�9�@6 01 *�%z� h(���� �
 =ST�� �
 W5F��
 hcX�/9 f� h%7={�� ­ =Un� ®: 

 hcX�/!7 h./7�'��� ,�;%`
 hcX�/!7 �9�� t}�8 ��;5 �$�V Ó={�� ¤.��4�� ¯��Z
,�7�'�� hcX�/!7 h&�C�� h%$�9�=�� h.�/k�¯9]�� ,h%;%E;E�C�� hcX�/!7 ��$=<� 

 -.=!�4��� hcX�/!7 �/(��� ,���C�� hcX�/!7 �%$�E.=7� ,�%&��� �%$��
� �%$�E.=7
 hcX�/!7 h%7={�� �7���
�  N4%</��� 8�zY�� ,�%$�E.=7 hcX�/!7 �S.=9
� ,o�9�C��

�S.=9
: 
 �� �%(4�9 B/S. 8�S. =9
 B�E����7 ��[�� h%7=Q �/^ 8=T6 B
 �F5 �;�9�Å Å

��� ,mSd44& ��(�� ��&]� �c;9 FT;.  �^ N4�� �={��� B
� ,�%'�$ m./E�� N;9p�� 3\
 �c;� �;`�[ ���k N4�� �c;;&� h%���4�� hV="� �$�/^ ?S(7 ��< ��Sd6 �^ N5 �




 

− �� −

�� ��4V:  �Q�P�O�N�M�L�K�J�I�H�G�F�E�D�C�B�A
S�R¡� ��F3��  , �´�³�²�±�°¡� � ������  "#:
@
��L�

 
¡��������:	�
�: 

    o��1 h%�T;�� h!.pI� *7 W5F6 Y
 �/%�� ��&]� ��� �� B
 ,�_.
 �F5 �;�9�
 8=T4��ÅNS.=9g�,3��� 01  S� b�cX RF'. B
�N h��[ -9 ��%T4�9 ,�c;.� L&t4. 

��=!4&�7 ���/4�� h%7={�� y�%}�;���Å: :4�� y�={��� -9N f �c(4T6 W��{�� ���X : m'^�
�� h.=ST��� h%�T;�� y�./4��� mV �� h%6�F�� ��&]� y���^ -9 ,�F5H%6�K&] h%

=9g� h.�j f h.��_"�� ,h.8��4^Y�� :5�N−���4�� �cC!�� G�C��� �5p%!47 N − 
 Y� R�C. �9�V ��%��8/d$
pc�� �2 ��4. Å� ���P��� ?%!) f h%���< �c;S�� ,B/9

�4��!z B
 �� �2��[ �/�(��� h&����� Ø%��� 8t4�� h��[ f �=.�^ ,h%��N 
9�&]� 8/X/��NB�7�F��� LST4�� -9  : m7–�  R·�T4�� m%'^ -9 �F5 B/S. -

y�;%!a4��� −  ���° B
 ,����� ����� Á}�=U �� �9�C6 =�V
 D^�/9 b�w�7 h%$�` Å
S�N� hQ�%)� ��=C�� ���� f ���d6 P�� : 

   ,��&]�� �={�� �7 |���� y�%�%[ �/%�� B�H�;6 �;��� -9 �T�
 B1Ï

 f -S��ÏGÅp%!4�� b��X �@�� -� |p4;. B
 �� �={�� ��^ �T�g� �6�5 -9 Ï?! f 

c;9 G
Åt�°��� ����� ��&]� �C�
 −b=9
 �� �7/�{9 − �9 B1 ?�'��{�� B�_[
 f 
m%'^ -9 B/S. �^ �'&4�� yt%!�4�� N f �I �%)� Y ­B��%��®�7Y� Å−B�1 − -9 

F�� ���]�7 P¦e4��� Ô�
� 01 ����� -9 R�C4$Y�G -9 8�� �� �FcV R�C9 *'�E4. Å
�6 �^ h%��
 =�$ y�cX� �c!�;� �
 ,y�[KC��Å �;5 ���$ m�d6 �
 ?4��� �<g� o

��;5 �¯U� : 

��� : ��z -9 �.p��7 �C(4�� �p{�� 3/^ hcX�/!7 h.��_"�� h.�C��� y�F��
 h%!.8�Vg�� h./7K��� h%9��]�� h.=ST�� y��&q�� 8t4��� ,G=ST�� L%ST4���



 

− �� −

 ��4S��� h.������ hT%(��� -9 �8�T4&Y� �%��6� ,��(4�� h%�!�� ��S6�� ��C;V
G=ST��� ½T;�� o�;'�� f =°q��� ���;��� �H���� : 

�+/�T :C(4��Å R/)/�� mX
 -9 M%��4�� y�%;C6 3/4�9 �� 8���]� -9 �.p��7 �
8��[ P{7 �S.=9
 *!��6 GF�� J%}�¼]� G=S���� �/T4�� D9 B��/4�� -9 ��^ 01Å, 

 �V� h!}�C�� h%����� y�_^�;4�� -9 �8�<]�� ,�[�/�� ����� ���$ �� 8t4�Y�
����� �� R/�(�� h�!4(��� :��� �=H5 �^�� y�$t_�� M;9 �.=k -� R/C

 hC%^8� h�9�¦ ¹9�=7 F%T;6� ,|��7]�� o�E��� �pT(�� h%!���� h�%'�� h�%´� ,h%<�S��
 ot���� o�=Q1� �FX D<��8 A%&e6� ,�!���� ot�� �7 h%;C4�� �¯
� R8�'4� �%7={��

 m!�����&]� ��� mU�8 : 

�R"�T :� y�P{4��� y�_^�;4�� -9 �8�<]� h�Sd4��� h!}�C�� h.8��4^Y�� h%&�%��Å
m�9 -9 h�!4(��� :�S.=9
 h��'^ ��[/�� �7���
 ::B�7�%�� ::���� :: ����� R�8

¸����� ::9�&]� �!��� -� �_<N7 �8��49� 8�8�� GF�� �N4%</��� 8�zY� ��%j : 

�B��
 :� D^/�� ���a4&�H%6�K&]V N9�&]� G8��4^Y� -.p
�� N Á{O h^�/
����� ,hE��4�� h%����� 3/C�� �OÅNk�%4[Y� -.p
�7 Ë�T4[�� N­  NET;�� h)�a7�

¨����� ® G
 o�EQ �z� h7��C49 h%;9� y�.�9 �� *<�p;4&� �
 b��2 �t��� ����
y��¯�� -9 �¯9Å Å : 

�.'�� : 3/C�� -9 �8�T4&Y�­h%<�=Q/!.��� ®7={�� y��!4H�� mU�8 h%9�&]� h%
 ,��=C�� ���� pV�=9 o��1 Á{O ��C$ 01 �c�./(47�/&
 ,h%$/%c��� hV="� *4��< t7 

 3�9 �� ?j�/U1 �7� �!���� oYq5 �7 G=ST��� N;.��� ��'6�Y� 01 �8�;4&��
 y�[��9 pV=°� ,hcX -9 h.P��� ?5�.�_^ D9 ?%!��� ?c���T6� ,��&]� ���

h%7={�� M����� -9 h�&��3=U
 hcX -9 ��&]� ��� f  : 

�U��U :� h$=9 Ø%�7 �C(4��Å�%[/4 h.8��4^Y�� h.=S����� h%&�%��� y�^�E�� 
 h%�/$ y��[� �
 ,h%!%�^1 h%����< y�8�z� �
 ,N9�&1 ¸�/;9/V h{%�7 h%9�&]�

h.@'��� h%&�%��� �%<�={�� N./4�9 �� h�$�H49 : 



 

− �� −

�B��U :="� N�/�� �%!�6� h%!;6 P5t�� 3/4�9 �� h%9�&]� ���/C�� 3�� NV
m�6� ,�c%�1 h�6�^ y�7Î *%X/6 W��. ¸%(7 h_.=��� −¬�4��7  − h�X=�� ÁU h7��!7 

 P9�4�� yY��# hcX�/!7 h%9�&]� y�F�� h.�À �� =.�C�� ,©�g� f �FH4��Å
o�/4[Y�� �8�7]�� L%ST4��� : 

�9'�T :�¯
� R8�'6 =}�6� �%��6 ��� 3/4�9 �� h%'�d�� h%9�&]� 3/C�� �7 
 �c_�7 �7 h$=9 m)�T9 y�� h.8�z� y�^�� m%Sd6� ,b��^
 01 b��^
 -9 ��&]�

=Un� ��'��� : 

�BU�H :4��� ,����� f hTk��4�� �
 h.8�%"� 3/C�� D9 �/���� =7���� h9�^1N f �w 
S.=9g� 8=T4��ÅN�� �
 G�(4�� -9 ��/$ Å ��C�F�GP��� �/) �´���E6 ¹�p. Å : 

�#�N: ,o�E��� �� �8�H4�� *6��^� h.��_"� ��&]� h./5 �� �.�p4�� �%Ve4�� Å Å
/�"� �=k f h%����� *4%���<�R hV��d��� ,����� B��$]�� ����� y�Sd� h'&�;�� 

�7 ?Q�;4��� m`t4�� m9�/� �� �%Ve4�� -� �_< ,P��� f9�&]� �E��� N 
¬�4��7� ,P{�� y�%E�9� ,3=U
 �
 hX��7 ,�T� t7 �<=E�� �7 ��/"� Ø%) p%Tz Å

c;S!.� ,tc;%7 h%}����� h.·=�� ��[ -9Åt ¸%[ ,�Kd�� ?5�T4�� -9 ��C7 �C(4�� -9 Å
��&¶� ��4%&−�c9/. − Y� �C� t$�8 ,mU�. B
� ,b�;� �9 mV R/C. B
 

%!) ,y�%&��[ yY8��9� Ø%) mSd6 01 8/C. t7 �%7={�� P!_��� mC��� ?Å
 �F5 -S!.� ,y���_"� ��/[ f ��.�X­-.���® ¹%�$ f ¯V
 hV��d9 F%T;6 -9 

 Î�"�o�/��� �� m'C4����:  
*  *  * 

� ,=U+ �^� f DX=$ �^� y�o�O]� bF5 -9 ��[�� mV �;� �/^/­@��� ®
�D!7
 o��C4&�� ,�´�8=T9  hV=�9 f *9�C6 B
 -S!. �9 �� �%�� DO�� ,�58��Å

o�;T��� o�/4[Y�� mV×4�� y�.�z h��'^ h;5�=�� ��&]�Å : 

��&]� ��� B1−3=U
 �=9 − ��.�X ��%� h%���6 h��[ h��'^ �/%�� �C. 
h%�S��7, -9 h�./k B�=^ h�%�[ *%�� G/E;6 GF�� P'S�� ?Up�� f �´�X B/S6 �^ 



 

− �� −

� mSd4��Å�c;S�� ,|/;��� ?S�� N./4�9 �Å−��&g� f − 
�'. m./k m���9 f hC�[ 
 f­�;%`
 ®c4;. -� *;S��N f ­-E;¦��®: : ,�c&
=7 mE6 h`��[ =�Vg� y�P{4�� N5 �c<Å

�.��� N����� ���;�� m�. �� −��7 −B�9g� =7 01 Å :�[/46 h%7={�� �7��
 −t7� Å− h��'^ 
�S.=9
 :: y�.�/c!��6 �^� ,m4S46 m(;�� N4%</��� 8�z�� h%7��g�Å; �7��
 01 ��_

��[/�� :: �z �^ h%&�;5 y�%��/49 ���(7 h.8��4^Y�� h%;C4�� �´�pT^ m)�/6 B�7�%��Å
S.=9g� 8=T4�� y���^ -9ÅN�/�;�� m'C4��� f  :: ¸����� ����� R�8� ���� �cV=z

�� �8��1[�.��� ����� G�(4� ��ÇGF�� �C9 �� -!%5 «´���,  �c��� �� ,��%¦ m�T6
N'���� 8=�� ��%& f m^g�Å Å: : �8��4&� 01 y�.�(4�� *4�<8 ���k GF�� ��&]� ��� ?`Å

*4%���<� *4./%[ : 

VM��W�;�G�X��,����5��Q	$B���HY.����� �

9g� D^�� f �[�"1 y���¾�� =�V
 -9 ��[�� �;� �%�^ �C$ B
 �.=$� h
P��� f ���d6 B
� D}�_�� �5��8 �%�4�6 B
 �I �.�
 ��1 �c�'C4�9� h%9�&]� : 

 Y� �$�V ,����� �;��� f h%9�&1 h%<�C` h%H%6�K&1 hk��U DO/� N���� B1
W'& -9 =�Vg �[�"1� h%�
 y���¾�� �¦
 -9 ��[�� ,R�p6 :��;c<−��9 − 

�Y�� �^�;4��� �4T4�� ���w ���Î ,��&]� ���� h%<�C��� y�%E��� f ��E6
 R/(4���Å–L�� -� Y�7 −�[/4�� 01 Ú ?Q�;4��� �%�;4���  �%C(4� y�F�� =�V
 ��/�7

4�� h.��_"� hC7���� -9� f �¦
 h%���<�N -� ����(��� -9p�� m9�� ��K[� ?4z Å
5 ��&e9 f |/^/���h^�E�� � : 

� f �.�p4�� ��HT$Y� ��;5� B
 -S!. GF��� f=��� m)�/4�� y�%;C6� y�9/���
 �%V B/<=�%& f�C` m!� h%H%6�K&1 B/S�!. -.F��< ,-.�[ �� �[�& B/S.
 W�C;. �^ h%H%6�K&]� bF5 B/S�!. Y -.F��� ,h[�4�� *6Y�[ Ì^
 �<� *;9 B��%T.

. �^� ,�7�=EO�� �=��'6� Í/< ?5�.p%< ,Y�7� ?c%��� 01 =9g� R/JV |�%OÅ 
 h%<�C��� ?c4%�ad�^=Q� �� ���^ =�Vg�� ,h%���< �¦g� y�<�C��� =(7 f ?c

�@4&Y�� Á%Ea4�����/E4�� y�%;C4�� bF5 -9 �8�<]��  : 



 

− �¢ −

 ��;5�− E{6 Y h%}�;�4&� yY�[ ��� t%<N�8��# y�[��9 3/&  − �%Û §�=< 
¨��. ,�;%� G� mS� MO���Ê f ��&]� ��� *;9  mV ?Q� f�C��� Á%Ea4�� R

q. �^ GF�� =9g� ,Á%Ea4�� �F2 �C(4�� ��%�� ��=���ÅG8 ¹}�4;�� -9 �.p9 01 
 DO/� |���4�� m��� ,��C4�� ������ ��&]� ��� �7 �/I� D&/6 N4�� h%�S���Å Å

y���¾�� -9 ���Î m9�¦ GpV=9 m!� h%H%6�K&1 M9�9 : 

<£ G�z B
 �$=VF6 �9 ��Å f /5 h%9�&]� �;6��_" ������ h%7={�� ���_"�
 �
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