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λ λ λ
�� �� ��
n o� n o� n o@ @ @ �8�p��:�,57�5�,-$'"�5�43

�$4'$%$(,$)5 �:"5�' "�"m

n oA @ �8�$9q�:,"*�5�4�$�:+$)5;�:"5�' "�"m

B�8�r���%$#�1.,+r $,"�m

>*9�8�4'*:$.�$�;,"*�) )5�:"�+$$'( ,"5m

τ �8�%'�:*m

τn � � oC > 9 �8�:$0,$)5;�  )5$&, +"� %,.5'�,, !

5�4�$%7(���, #m

/�8�& )�$�.&")5+$%�'"-9 �, *�$9�")5 �$4'�(�3

��, *� )+$:7!�1.,+r #m

λ = λ λ λ = +
�

n o n o n o n o
�� �� ��n � � � o� ������n �oD D D DA D / � 8� $9$93

0�,,7#�%�+5$'�-,"&�, #�4"'":�5'$%�"44'$+) : 3

'./0 !�1.,+r #m

′ λ
�
n oB �8��'"( �,5�1.,+r $,"�"m

θ τn � � o> 9 �8�4' '"0�, ��5�:4�'"5.'7m

∆ �8�$9$90�,,"*�$5,$) 5��;,"*�%�� & ,"�%$-3

:.0�, *�4"'":�5'$%�1.,+r #m

ξ �8���.9 ,"�)4.)+"�

s' �4'$�+5 '$%",  �$9q�+5$%�"% "r $,,$3+$)3

: &�)+$#�5�!, + �,�$9!$( :$� :�5;�(",,7��$�5�43

�$1 - &�)+ !�!"'"+5�' )5 +"!� )4$�;-.�:7!� � 

4'�(4$�"�"�:7!� +�  )4$�;-$%", /�:"5�' "�$%� )

.&�5$:�-"% ) :$)5 �p5 !�!"'"+5�' )5 +�$5�5�:4�3

'"5.'7��,"4'"%��, *� �)�.&�5$:�$)$9�,,$)5�#�4'$3

5�+"/0 !�%�p5 !�:"5�' "�"!�1 - &�)+ !� �1 - 3

+$3! : &�)+ !�4'$r�))$%��s$(�5�4�$1 - &�)+ : 

!"'"+5�' )5 +": �-(�);�4$, :"/5)*�+$:4$,�,57

5�,-$'"�5�4�$4'$%$(,$)5 �:"5�' "�$%� � !�$9q�:3

,"*�5�4�$�:+$)5;��s�')4�+5 %,7:�:�5$($:�$4'�3

(���, *�p5 !�!"'"+5�' )5 +�%�g '$+$:�( "4"-$,�

5�:4�'"5.'� )& 5"�5)*�:�5$(�� 4' :�,*�:7#�4' 

'�g�,  �+$p11 r �,5,7!� $9'"5,7!� -"("&�� ).5;

+$5$'7!�-"+�/&"�5)*�%�$4'�(���,  �,� -%�)5,7!

+$p11 r �,5$%�:"5�:"5 &�)+$#�:$(�� �,�)5"r $3

,"',$�$� 5�4�$%$�$� )$)5$*, *�$9'"-r"�:"5�' "�"

4' � -%�)5,7!��'", &,7!��,"&"�;,7!�.)�$% *!� 

 -%�)5,7!�:�,$%�,,7!� -,"&�, *!� 5�:4�'"5.'� %

,�+$5$'7!�5$&+"!� ))��(.�:$�$�$9'"-r"�t����u��

��)5"5;�� -�"�"�5)*�:�5$( &�)+ #�4$(!$(� �"�3

�$' 5:�'�g�, *�-"("& �$4'�(���, *�5�:4�'"5.',7!

-"% ) :$)5�#�p��:�,5$%�5�,-$'"�5�4�$4'$%$(,$)3

5 �", -$5'$4,7!�:"5�' "�$%� � !�$9q�:,$#�5�4�$3

�:+$)5 ��v$5*�%�)5"5;��"��$' 5:�'�g�, *�-"("& 

4'�()5"%��,�(�*�)�.&"*�%$))5",$%��, *�:"5' r7

5�4�$4'$%$(,$)5 �%5$'$�$�4$'*(+"��$(,"+$�5"+$#

j��4$(!$(�:$j,$� )4$�;-$%"5;� �(�*�$4'�(���, *

:"5' r7�5�4�$4'$%$(,$)5 �5'�5;��$�4$'*(+"�

6")):$5' :�4'$r�))�,�)5"r $,"',$�$�5�4�$$93

:�,"� %� 4'*:$.�$�;,$#� $9�")5 � ", -$5'$4,$�$� %

$5,$g�,  �5�4�$4'$%$(,$)5 �:"5�' "�"��	"5�:"3

5 &�)+"*�:$(��;�p5$�$�4'$r�))"� :��5�% (�)��(.3

/0�#� +'"�%$#� -"("& � )� �'", &,7: � .)�$% *: 

4�'%$�$�'$("A

∂ ∂ ∂ ∂ ∂  = λ + λ +   ∂τ ∂ ∂ ∂ ∂   

∂ ∂ + λ + τ ∂ ∂ 
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n o n o n o

� n o n � � om

@ @ @
A @ @ @

> > 9 9

@
@ C > 9

> 9

∈ ∈ τ ∈ τt�m um t�m um t�m um
/

> 1 9 < � � � � � � � � � � � � n�o

= ϕ
�

n � ��o n � om@ > 9 > 9 � � � � � � � � � � � � � � � n�o

{ }

{ }

τ = ϕ τ =

= τ ∈ τ

n � � o n � � om �m m

�m m t�� u�

E E E E E E

E /

@ > 9 > 9 > 1

9 <
� � � � � � �n�o

�(�ϕ
�
n � o> 9 � ϕ τn � � o

E E E
> 9 �8�,"&"�;,$�� ��'", &,$�

'")4'�(���, ��5�:4�'"5.'m

λ λ λ
�� �� ��

n o� n o� n o� n oA @ @ @ @ �8� $9q�:,"*� 5�4�$�:3

+$)5;�  � +$:4$,�,57� 5�,-$'"� 5�4�$4'$%$(,$)5 

)$$5%�5)5%�,,$m

τn � � oC > 9 8�1.,+r *�%,.5'�,,��$� )5$&, +"�5�4�"�

6�g :�-"("&.�%$))5",$%��, *�1.,+r #� λ��n o@ �

λ
��
n o@ � λ

��
n o@ � n oA @ �,"�$),$%",  � ,1$':"r  �$

:�,$%�,,7!�-,"&�, *!�5�:4�'"5.'�%�$4'�(���,,7!

2� 5$&+"!� 4'*:$.�$�;,$#� $9�")5 = ×t�m u t�m uF 1 <

n τ = τn � � o n � � o�
, , , ,

@ > 9 4 > 9 � =��������, 2 o�  �  -%�)5,7!

1.,+r *!� τn � � oC > 9 �� ϕ�
n � o> 9 �� ϕ τn � � o

E E E
> 9 ����",,"*

-"("&"�$5,$) 5)*�+�,�+$''�+5,$�4$)5"%��,,7:�+$3

p11 r �,5,7:�$9'"5,7:�-"("&":��&5$�5'�9.�5�4' 3

:�,�, *�(�*����'�g�, *�'��.�*' - './0��$�"��$3

' 5:"��d"("&.�9.(�:�'�g"5;�%�p+)5'�:"�;,$#�4$)5"3

,$%+���"� :�,,$A�9.(�:� )+"5;�'�g�, ��-"("& �)

4$:$0;/�$(,$�$� -�'��.�*' - './0 !� 5�'"r $,3

,7!�"��$' 5:$%��+$5$'7#�("�5�: , : - './0./

4$)��($%"5��;,$)5;�(�*�1.,+r $,"�"�,�%*-+ �B��!"3

'"+5�' -./0��$�)'�(,�+%"('"5 &,$��$5+�$,�, �

%7& )��,,7!�)�4$:$0;/�:"5�:"5 &�)+$#�:$(�� 

n�o8n�o�5�:4�'"5.'�%�$5:�&�,,7!�2�5$&+"!�$9�")3

5 �F�$5�-"(",,7!�n -:�'*�:7!�%�p+)4�' :�,5�o�-,"3

&�, #� τn � � o
, ,

4 > 9 A

τ

=
= τ − τ τ∑ ∫ �

� �

�
n n � � o n � � oo �

�

/2

, , , ,
,

B @ > 9 4 > 9 3 � � � � � �n�o
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��
n o@ �

λ
��
n o@ � λ

��
n o@ � n oA @ �9.(�:� )+"5;�%�4"'":�5' -$3

%",,$:�% (�A

+

=
λ = λ∑

�
n o

�� ��
�

n o n o
/

D
D

D

@ G @ m�
+

=
λ = λ∑

�
n o

�� �
�

n o n o
/

D
D

D

@ G @ m

+

=
λ = λ∑

�
n o

�� ��
�

n o n om
/

D
D

D

@ G @ � �

+

=
= ∑

�
n o

�

n o n o�
/

D
D

D

A @ A G @

�(�� n o
D

G @ � 8� 4$)��($%"5��;,$)5;� +.9 &�)+ !

G3)4�"#,$%m� ∈   =?W =>b�@ @ @ m�/�8�& )�$�.&")5+$%

'"-9 �, *�$9�")5 �$4'�(���, *� )+$:7!�1.,+r #

4' �$).0�)5%��,  � !�)4�"#,3"44'$+) :"r  m

λ = λ = +
�

n o
�� ��n � ������n �oomD D /

λ = λ = +
�

n o
�� ��n � �����n �oomD D /

λ = λ = +
�

n o
�� ��n � ������n �oomD D /

= = +
�

n on � ������n �ooDA A D /

8�%�+5$'7�-,"&�, #�4"'":�5'$%�)4�"#,31.,+r #�

"44'$+) : './0 !� )+$:7��1.,+r  ��w.(�:�4$)3

��($%"5��;,$�.5$&,*5;�'�g�, ���$4'�(��**�4$4'"%3

+ � +� %�+5$'":� 4"'":�5'$%� "44'$+) : './0 !

)4�"#,31.,+r #� -�.)�$% *�.97%", *�1.,+r $,"3

�"�B����+"&�)5%��& )��,,$�$�:�5$("�: , : -"r  

1.,+r $,"�"�4' :�, :�:�5$(�)$4'*j�,,7!��'"( 3

�,5$%�

���'")):$5'�,,$#�4$)5",$%+���)5'$�$��$%$'*�

'�g�, ��$9'"5,$#�-"("& �:$j�5�975;�,��( ,)5%�,3

,7:���7!$(� -� p5$#�) 5."r  � n�)� �,�%$-:$j,$

 -:�, 5;�p5.�4$)5",$%+.��,"4' :�'� -3-"�5'.(,$3

)5�#�p+)4�' :�,5"�;,$�$�!"'"+5�'"o�% ( 5)*�%�.&�5�

4$(!$(*0�#�"4' $',$#� ,1$':"r  �$9� )+$:7!

%�� & ,"!��%�&")5,$)5 �$�+"&�)5%�,,$:�!"'"+5�'�

 !� -:�,�, *�,"� ,5�'�)./0�:�,")�5�:4�'"5.',$:

 ,5�'%"������("�;,�#g�:�9.(�:�)& 5"5;��&5$� )+$3

:7��%�� & ,7�*%�*/5)*�($)5"5$&,$�'��.�*',7: 

1.,+r *: ��,��$9�"("/0 : �&'�-:�',$� 5$,+$#

)5'.+5.'$#���$�("�%$-:$j�,�4�'�!$(�+�:"�$4"'"3

:�5' &�)+$:.� 4'�()5"%��, /� p5 !�1.,+r #�� �

4' ,*5$#�%7g��)4�"#,$%$#�1$':��-"(", *� )+$3

:7!�%�� & ,�:7�9.(�:�$�'", & %"5;)*�:"�7:�& )3

�$:�/�.&")5+$%�"44'$+) :"r  ��%�5$�j��%'�:*�& )3

�$�5$&�+�2���(��-"(",7�%'�:�,,7��-"% ) :$)5 �5�:3

4�'"5.'��9.(�5�($)5"5$&,$�9$�;g :���$�%��/9$:

)�.&"���4$)+$�;+.�)5'$� ��.)�$% *�$(,$-,"&,$)5 

,":�,�� -%�)5,7��r���)$$9'"-,$�4'$%�)5 �& )��,3

,./�4'$%�'+.�,"�%74$�,�, ��p5 !�.)�$% #��$5("3

%"*�)�9��$5&�5��+$,�&,$��%�$�'", &�,,$)5 �5"+$�$

4$(!$("�

�s' �'�"� -"r  ��'"( �,5,7!�:�5$($%�: , 3

: -"r  �r���%$�$�1.,+r $,"�"�)":7: �%"j,7: 

:$:�,5": �%�p5$#�'�"� -"r  �*%�*�5)*�%7& )��, �

�'"( �,5"�1.,+r $,"�"�B�4�'�(�+"j(7:�.5$&,�, 3

�:�%�+5$'"�4"'":�5'$%�n,"�+"j($#� 5�'"r  o� �$43

'�(���, �� ��.9 ,7� ng"�"o� )4.)+"�%�,"4'"%��,  

%�+5$'"�
�

H �� -"% )*0�:�$5�-,"&�, #��'"( �,5"�,"

(",,$#� �4'�(7(.0�#� 5�'"r *!�

��*�4$�.&�, *�1$':.�7��'"( �,5"�1.,+r $,"3

�"�B�9.(�:�'�g"5;�-"("&.�: , : -"r  �1.,+r $3

,"�"�,�%*-+ �+"+� -"("&.�,"� .)�$%,7#� p+)5'�:.:

:�5$($:�:,$j 5���#��"�'",j"�4' �$�'", &�, *!�
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