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 ;��� ���  �! a��W J%� �! ��N "e.−f���=− ()�! ��N� , �K� � g�K, g�− �K�1� �! f1Kh
;1��W� ,i�-j i��� 0W� ,i��� ik� � 0W� ,�l�k� � ���Y! ��� ,5����! m i�-j 0 

 �K� ���� ;S �! i�n�� m o�!�p�! �q r� % s��! 	�)3t�! _��u� v���� !A, ����>� m ���e.
 �K�.��� ,w-xeK� iK1��! � �L�p� !��W �! Db�� �� ���� ;S �! "���% ;y� ��.�� �V� ,�! Db��

�K��� ;KS �! "� K� iK���u�!� i�K��! 0,� ��1� *A�! ? �! z-N !A, "�  "�+ �K�W �! DbK�� �K�
 �� D- �KK�&! �� +� u��KK� &# {KKW� !�KK�W ��KK]% -KK. ,a��AKK�!� sKKh����! ;KKS' �KK�S' ,�KK�W

5��,� � 
 ;1��.−f���= �! $�'�−  �K��� ;S �! �� m �, i�n���! �A, m o�!�p�! |,A� 0h� "�

A�! �� +�u���� �! ��} P+�3� "� X�1��� ,�! ��} P+�3�W �! Db�� �� � � �� Z����! �� �A��! �� \�
 o�!�p��K. ,��K�}� +�K L �K� $K�� K� ZsK� m 0K]�% & ,iK1��! K� "-V�� ~��� ��W $��



 iK1V���! D�K�.Y!� ,	!�K�S��! K� 0hY! m ��{��! ,$�� 0[�W �! Db�� �� ���� ;S �! !�{��!
0�]���! ��. !��u% ;1. ,i1��! � g�N�� i�n��� ,g�N�� i�2V �� �K, !A). ,���}� +� L� ,

5;)3,A� 0h� 
 �AK, m P+�!�K�! 	�K%�! !�K�)�% ;� ;y�� ,$�� z-N f1� ? �! 0,� ���L# "� ��.�� �V�
 "�� ,sKh����! 0K[�W �Ky�� ,�,�K^�! !AK, �K�} f1� ���= �y� !�'�h 0� ,�,�,�� f1� i�n���!

K�S�! ;K�! �K)�1� ?K1x� sK��! sKh����! 0K[�W �)�. P+�!��! sh����! !�'�Kh� ,�−�K�.�� �K�W− 
X�>�! z!� �! 0h� �, !A). ,o�!�p�! f�# �,�,�^� ANY! i3���5  

# m $K��� ,;)%�NnK��� ;)%�Kh��� �K�� P�K>� �K)^% �,� ,�N@ �.!� �! ��1� !��� �V�+ D�KN
 �KK�'���! iKK�1W fKK�# !��KK�� ;yeKK. ,�KK�'���! fKK��� 0KKh� m iKK��W� �! i�KK2V−�! &# �KK�# &− ,

 ��� �,��KK��.�! &# ;W�KK' & :*� ,�! &# �KK�# & :!���KK>. ,�)KK����� �)1KKh� m ,iKK��W� !�KK1�u. ,
 �N� i��W� �! "n� |`V �! ;,���� ��h f�' ;S �! s, i�,��Y! !�1�L� ,;W� �! �, ���!
 �K, iK�1�! m �K��! "eK. ,Z!�K� �K' fK1� ��Kt�!� iK�1�! m ;�K^� �1} !A,� ,i�,��Y! ���]N

��`��! +�3���! ;)�� ;)�!b� "�W �� ;)�!�V� f�# ��'���! i�1S� "�1����!� Z��3�Y! J�� ���� ,
 P+�3��! z�h m ;)�� ;)�!b� "�W ���#� ,	��M����!� i�2VY! m 0[��= s��! i��W� �! i�2V m

 �! �KK���−0KKL� bKK�− :�KK��>� D�KK>% ;,�KK'� "�KKW ,6  (� (�KK9� 7} O�KK 7�8# 9KK R� ;KK (S 7� �KK 7� 7�! !� (�KK(3 9�! B !�#� ,
 ;=�Kp�! sK3��! ;)�K. J�� %A�! �%�V sW�t� "nt� 	{��!−;1K�� �K�1� �! f1Kh− X�K1��. ,

 "� �AK%� ,�! �K��� "��u�% !���S. ,P+�3��! i�2V m "����p% !���W ;y� ��1���! ���h g��
KK��W �KK�. ,��KK��� "�[���KK�%� ,��KK��� "��AKK�%� ,��KK���� i�KK2VY! m ��KK�} ;�KKS = m ;)����KKp� 

 iK���� ,�� � ��� f����! !Aq i��W� �! i�2V f�# ��'���! i�1W z�]. ;��1�� ,	��M����!�
5"�`1� � �q �! Db�� �� ,Z���� 

 ��1���! � �'� �� �!b� & ��e. ,�! &# ��# & ���� � ;S �! "�W ��� ,!A, �� w�.�
"�S% & ;S �! "� m� ,|L!� ��� i�%�t�! ;�S = "� m  � &#−f���=−  �!b� &� ,!��V� ����

 i�K2>�! �AK, fK�# "��K^�% ;)�KS�� ,�K�'���! iK�1W 	��K2�>� K� !AK, "� Z�K�1��! K� �'� ��
 �! ��K`% "� Xb1�K�=� sK��= �! &# ��# & "e. ,	��� ��!� 	�3L!��! ���� f�# ;l�^�W− ~��K3=

f���=�− ��' �� |�u�%� ,�3L�� �� 0���. ,Zs� 0W m K� :Z�K�1��! �K)�. D�K>% i�K2>�! �A, ,�



 ZsK� ~�K= "� m -]�� 03V � ���'�� �� $�A� "��%�% ,��'���! i�1W 	��b1���� 	��2�>�
 �� 	�K3L!��! K� �
�K� ~�K% *AK�! �K��#� ,��S� Q�� 	��� ��! � Zs� 0�. �� 	�3L!��! �

 ,�! &# ��# & ��b1��= ��� 0p� �, 	��� ��! � �
�� 0��% 0Kh� m 0KN!+ �K, ��� -p� Q��
5X-��! P��!+� �l��!+ � �L�p% *A�! s������ ��'���! i�1W 0hn� -p� Q�� ,�! &# ��# & 
 �y� f1� �)��# "��^�% ,i�2VY!� 	��M����! ���� m ;S �! i�2V f�# Z��1��! P�^� $�AS.

 �K�S. ,�K�'���! iK�1W �)�b1�K�= sK��! ��Kt�! 	�3L!� i1�L � & 	�K3L!��! K� ZsK� ~�K= "�
 o��Kp�! |KL�% & �! DbK�� �K�� ;KS �! ~�K= $�AKS. ,��'���! i�1W 0h� � o��p�! |L�%

5��'���! i�1W 0h� � 
 & :�! &# �K�# & ,s��Kt�!� *�K�1�! �K,����� �y����% i�1S�! �A, "����% ����� Z��1��!�

�KK��! iKK�� m fKK����! �KK, !AKK, ,�! &# ?KK � +�KK3�� Z�KK�3�Y! �KK��# �KK�+ *AKK�! fKK����! �KK, !AKK,� ,a
 :!���K>. ,�K1LY 0K���! !����KN� ,"�W�t��!� ���S�! ��S�� *A�! f����! �, !A,� ,"�1����!�
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KKh� KK� ZsKKt�! "�KKW �KK� X!�KKS�! P�KKN�! �KK)%� w�KK�� "� �KK� -KK. KK� �KK��W� ,�! &# �KK�# & 0

5�! &# ��# & 	��b1��� 
 fK1� iK��W� �! "��K]>%� ,iK��W� ��� �K�'���! "��K��% ,X�K>�! g�K� �K�`N z!� �! !A).

 	��M����! ����−��1� �3��� ��W−  �! %+ m i��^� i��� f�# $�� ;,+�>.−0L� b�−5 
5D�2�! ;)3,A� 0h�� ;).!� �! 0h� �, !A). 

)3� �� ;l�−�2%�−  K� �
�K� �! �M�K� �K>. �! DbK�� �K� �K��� ;KS' K� "# :"�K��>% ;Ky�
5��W �>. ,�]��]N � �
�� �! �M�� �� ,;S �! �]��]N �� ,�]��]N 

 m a�K�! i�Kh�]N sK, �K�. ,a�K�! i�Kh�]N m iK�M����! sK, P�K�S��! i�M����! :D�>�.
 �K��� :;K1��! 0K,� D�KV ?;S �! "n�−K�=� ��� 3K�f��−  �K,� ,;%�K ��!� 0K�1 ���� +�K����! �K,

 �! i�h�]N s, �A, ,_%�t���� 0>����!−f���=� ��� 3�−  m �! �M�K� K�. ,i�nK���! �A, m
 �! �KK�} "� ;KK�M KK� ,��KK�W m D�SKK�# -KK. ,$KK�� KK� ZsKK�−f��KK�=−  ��KKt�!� ;S ��KK� 0>�KK�%

 �! ��t� ��>�% "� ��} � ,Z!���!�−0L� b�− K�� ,-h�  �! �K�} "� ;K�M−f��K�=−  �K� 0K %
 �! ��t� ��>= "�+ ��
�t�� �=+!�# |�' f1� ,Z�t% �� X� %� ,Z�t%−0KL� bK�−  !AK). ,-Kh�



 sK��! �K�S�! �!�K�� K� ��K� fK�# +�K�% �K�Y ;Z��1��! _��L ��� �� ��S�! D�]' m D�S�# & ���
5$�� � � �� ��3S��&! �� Z���! ��W �,� ,�,���W� 

! ���� �! ;S' ���p% *A�−0L� b�−  �M�K� �K�� �K�1� w�]% -. ,�� i�2V �� ,�� i�n�� m
 �! ;S' ,���h�]N� ��S' m �!−0L� b�−  !AKq 0��% ;1. �p� Z�u. ,!AS� �� i�n�� m
��% ;�� ,�>3`% ;� ,����N ,;S �!  �! �M��% ��� �����−���=f− ��K% ;K�� ,;%�K ��!� 0�1 ��! m 

 ����� Q�K� ,|KL!�� ~�K= Z�K�1��! �K�� !AK). ,Z�Kt% �� X� %� ,Z�t% �� 0 %� ,Z�t% �� ��t% ���
 � i�M���−f���=� ��� 3�− 5�=��h� ������ �� ���,��� �� ������� m 

 �! D�KKV :D�KK>�. $KK�� fKK1� 0��KK��−0KKL� bKK�−  :sKK)��! J%�KK �! m �KK�W� ,*�!M# bKK��!
)�� �
�KK� s��M�K� KK�. ,sKK�!+� Z�K%{S�!��K��A� �KK�� 0KK,� ,& :a!�KKu�! ?�.�KW {S�KK���! 0KK). ,

5& :a!�u�! ?�.�W Mb����! 0,� ,& :a!�u�! ?�.�W ��p��! 
 �! D�>%�−f���=−  s3��! � ��%!�� m J%� �! �� ,s)��! J%� �! m ��W �2%�− �! f1h
;1�� ��1�− ��! iK���>�! X�K% ��!AK� T�K��! ��� "�� ,��%� =� �%�]��! "n� m D�KV ,"���K]−

;1�� ��1� �! f1h− :�sK>1pW ?K1p% |,� �� ;1�� �� :f���= �! D�>%� ��K. ,− ��� 3K�
f���=�−  0K�k����! "���K]% %AK�! 0K[�W ,	�K���S�! "���K]% %AK�! ,%��K]��! "n� m D�>%

 �! D�>% ,-[�−f���=−  :;yn� m��� ��1s>1pW ?1p% |,� �� ;� "���K]% %AK�! 0K). ,
 �! "��M�KK�% -[KK� 0KK�k����!−f��KK�=−  "Y ;& :a!�KKu�! ?!��KK�W $�AKK� "�KK��S�. ���KKh�]N m

 �! i�h�]N−f���=−  �! ,X���! � Z!���&! s, ?1p�! m−f���=� ��� 3�−  � Z����! ?1N
 ��. ,-W ?P+�L�� Z����! ���W� ,X���!−f���=−  ,X�K��! K� v�Y! ?K1N� ,X���! � �)>1N

?1N�  �! �K)>1N �KV Z��K�n� �nK% *AK�! �K��� ,!AS,� ,X���! � u�! ?1N� ,X���! � �t3�!−
f��KK�=−  �! �M�KK�% ;KK� !AKK). ,�,��KK]%� �)1SKKt�.−f��KK�=−  ,��KK�S� ;KKS � fKK�' ���KKh�]N m

 i�2>�!�−;S=!�K2 � ��'�K� ��W−  ;K)�). Z�K� K� &# o�!�Kp�! ��� �K�. ,;K). Z�K� i�K2V
5;)�-j� ;)1)L� 

!A). 5i�M����! i�2V � a!�u�! �, 
 ;l�)3� ��−�2%�−  ~�K�� ,iK��`�! ~�� :�� D�>% ~�t�! �!��� � ��� m "��1S�% ;y�

 �! ��} i��x �, :i��`�!−0L� b�− �! ��} ��x� � ,−f���=−  ��K� ~�K�� �K>. ,"�W � ����W



 ~�� ~��, ,"�W�� ~�t��. ,"!��W ��S�! "� ��W S�� ,����x m ~�K�,� ,iK1��! K� 0K>�% {KW�
 �! �KK�} ��KKx� KK� :"�KK��>% Z�KK�1���. ,iKK1��! KK� 0KK>�% & ��KKh� ~�KK�−f��KK�=−  KK� �KK�� *� m

 5~�t�! � "�� m _V� �>. ,���Y! 
:w�1p��! !A, i��x |� � ;�>�% ~�t�! !A, S�� 

 ��t��� ��>��! X�� �L� f1� ,i��`��� D->��&! �L� f1� w�1p��! ��x� "e. �K��� ,-Kh�
 ,�K31V m +�K>��&! �K��= _K� D- �! ;%� = �� ,X!� �! 0�1 = m w�1p��! ��x� �� ,$�� ���%

 ��Y�.−A����−  ��K. ,{W� ~��−f��K�=� ��� 3K�−  m �KV�1p� ��Kx� K�. ,�K�p�! X�K' -[K�
,w�1p�1� ����`� ��3= �+�>��! ����. ,D-' ��p�! "� �>��% �,� ,�)������!� �q��  ,�K�S% !A).

5D- ��&! f1� ���1S= �V� ,0 ��! ��Y ?!���� 
 �K���% &� ,_%�t��!� ;S ��� D->��&! ��. �>��% & ,�! i�]�� m �V�1p� _�`% *A�! ����

p% & *A�! ;k�! |�A��! sh���! �, !A). ,�31V m �+�>��! X-K��! iK1� K� o�−�K�.�� �K�W− ,
 &� i>�KKj w!M�Y!� ,i3�KKh ��KK�Y!� ,i>�KKj iKK�� �! :�KK� D�KK>= ,w�KK�% "� �KK)L�b� %bKK= iKKL�M
 :a!�u�! ?��S%� ,w���. �)��`�. ,!AW� !AW $�1�� ����S= "� $�1�� ���3t= "� $�1�. ,s�S=

 � i�K]�� m w�K1p� ��Kx� ,i�]�� m ��x� ��Y ;&−0KL� bK�− } K� m �+�K>��! �K���% "� �K�
5|�A��! sh���! �, !A). ,�31V 

 ;)�%�KV o�!�Kp�! �K��� ,0�K]���! !AK, fK1� "�KS% "� �K� & ,!AKS, i��`�! ~�� m D�>��.
 �! ��} ��x� � :"���>% ,$�� � Zs� ;,��� Q�1. ;)[%�'�−f���=−  K�. ,s��K����� ,��W

 �! ��} f�# ;W� =−f���=−  :;)� D�>�. ,��W sKh���! ,$�� m $� & ,"�`�t�! _�`% sh���!
 ?$�A� ��S%� ,�=�)�� �!�, _3�% ,Z����� P���Y! ���� _�`% ,"�`�t�! _�`% |�A��! 

 sKh���! :!���KV ;KyY ;%�NnK���! K� ;KS �! i�nK�� m �K�V� "���Y! o�!�p�! "�W !A)��
 �! Db�� �� ���� ;W�'−$�AW �,�− sh���! ,−-�.− � ;W�K'� ,�! �K�} _K�`% ,�! DbK�� �K� �K�

 i�K2>� ;,�K��S= fK1� Z�K�� ,P�K]��! !��K�W o�!�p��K. ,�! ;KS' � �1p�% ,�! ��� ��} _3�%
 �K�S� �K��S�� ,P�K]��! �K�S� & K � :"���>�. "�1,�u�! "���`2��! "��h����! ���� ,;S �!

� �� ���� ;W�' sh���! :;)� D�>�. ,�! Db�� �� ���� ;S' � 0�1V ��� !A, f1� �3���� ,�! Db�
−�! Z�� "#−5 



 D�>��.−;S�. �! ~���−  �! ��} ��x� � 0W Q�� ,!AS, �, i��`�! ~�� m−f���=−  "�W
5i��. 0W � i�.���!� i�-��! �! Dn�� ,��%+ � �L��N !�.�W �W�t� 

5;S�� s� �! ���%� ,"����= �� D�V� 
 

W���
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�� �!  ,�K� �! �K�� $K1��! �K� ,�� $%�� & ��'� �! &# ��# & "� �)��� ,������! a� �
 ~��K�� ;1K�� �! f1h ������ ��3� �� � "� �)��� ,�%�V Zs� 0W f1� �,� ,���%� s� %

5���L� �3 h� ��@ f1�� ��1� 
 $�� ��� 0>���−X-��! P�N#−  i�K2V sK,� ,;KS �! i�nK�� m �K]��! i�2V f�# ��!�K>�!

 �['�K3�! �K��� ,�Kq �K�1S���! ��� �)� D�>% !AS, ,X���! _%�t��! :�)� D�>% s��! s,� ,i��j��!
 ���K�� �K�S' ���Kp=� ,�! � "�# ���� _j�= s��! ��!�>�! $1= ;,��� $�A� +!���!� ,�)�.

−�-� m 0L−5 
 \j�� i%!���−!��[W �� j�� ��W− �^� ;k# i�%�t�! ��} ;�S = "� i�%�L� ,��3W |��� ,;

 ,���K�� i�%�Kt�! ��KV _K��u�! z���K�� ,"��%�!� ;1��! 0,� ��� !��� �)�� Zs� �>% & ,i j�.
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