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^%(0'.`1N,(/c� ^/&%,b(/\+'� \./1]n%('N�
�/\1%0(%%�`\1/&'%�/+(/\'+\N�.�\1`d*i)�./f�
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(/c���1N�,%v%('N�\'\+%Q_�'\^/1]P`%+\N�0&`�
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0/c)�^,'�&1*n(/\+'�Q%(]v%)�d%Q�^,%0%1�f'f�
,/\./^'d%\./f/� (*\_k%('N)� (%/0(/,/0(/Q`
\/0%,n*('i�n'0./c�e*P_�\//+&%+\+&`%+�(%/�
0(/,/0(/%�,*\^,%0%1%('%�&�Q*+%,'*1%�'�+&%,�
0/c�e*P_����j/1%%�\`b'b�/j1*\+Nb�Q*+%,'*1
'Q%%+�j/1]v`i�./(-%(+,*-'i�+&%,0/c�e*P_�
�,'(N+/)� d+/� (*f,`n%('%� /\`k%\+&1N%+\N
Qf(/&%((/� ^,'1/n%((/c� ^/\+/N((/c� \'1/c

�, ,= � 8\,%0(%%� 0*&1%('%� � � ��, �� = �D�*9�
�%Q^%,*+`,*�/j,*P-*�P*0*%+\N�/0'(*./&/c�&/
&\%b� +/d.*b�^/^%,%d(/f/� \%d%('N��A | 2: �X�
�%1'd'(_� $�� ���

���� = )� �� 	�
� �

� �� �ρ = )

�� 	�
� �

� �� �� �� �ρ = ⋅ �� �,'(N+_� \1%0`ik'%
P(*d%('N�,%/1/f'd%\.'b�^*,*Q%+,/&O

�� ��

�� ��

�� ��

��

�

�

�

� ��

�� �

� � � �

	 � �� �

�� � �� �

� � �

�

��� ����� �� � ��� ��� �� �

��� ����� �� � ��� ��	� �� �

��� ���� �� � ��� ���� ��

��� �
� �� � ����	 �

����� � �

�� ��

� �

�� ��

� �

�� ��

� �

�� ��

� �

�� ��

� �

$ �

� �

− − − −

− − − −

− − − −

− − −

−

Π = ⋅ Π = ⋅

Π = − ⋅ Π = ⋅

Π = − ⋅ Π = − ⋅

= ⋅ =

= = ��

� � ��

��� � ��

�� �

�� ���� �

� � ���� �

���� � ����� �

���� � 


�� �� �� �� �� ��

� � � � � �

�� ��

� �

�� �� �� �� ��

� � � � �

� � � �

4

η λ

λ λ

λ λ λ λ

−

= = = =

= =

= = = =

�0%\]� ���� �$ 4η �V�Qf(/&%((*N�^/0*+1'&/\+])
*Q^1'+`0*�e`(.-''�&1'N('N�'�&,%QN�,%1*.�
\*-''�^,'�0%e/,Q*-'Nb�\0&'f*�

��

��

��

��

��

��

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�

�

��� ���� �� �

��� �� �" �� �

��� �� �� �� �

��� ����� �� �

��� ����� �� �

��� ���	 �� �

�� �� � � � � �

����� �� � � � � �

��

�

��

�

��

�

��

�

��

�

��

�

�!

�

�!

�

��

�

$

� � ! � � �

� ! � � �λ

ϑ

− −

− −

− −

− −

− −

− −

−

Π = ⋅

Π = − ⋅

Π = ⋅

Π = − ⋅

Π = − ⋅

= ⋅

= =

= ⋅ =

�� 
�� �� ��

� � ��λ η= =

t

�/aee'-'%(+�+,%('N�\./1]n%('N� � �N&�
1N%+\N� ^%,%Q%((/c� &%1'd'(/c)� P*&'\Nk%c
/+�\./,/\+'�\./1]n%('N)�./(+*.+(/f/�0*&�
1%('N)� +%Q^%,*+`,_)� '� ^/� a.\^%,'Q%(�
+*1](_Q� 0*((_Q� 'PQ%(N%+\N� &� 0'*^*P/(%

�� ��� �� ����� ��� = ÷ � l7m���/\./1].`�01N�'P`�
d*%Q_b� `\1/&'c� +,'j/\/^,Nn%('N� ./1'd%�
\+&%((_%� P*./(/Q%,(/\+'� 'PQ%(%('N� � � (%
'P&%\+(_)� &� ,*\d%+*b� ./aee'-'%(+� &(%v�
(%f/�+,%('N�^,'(N+�^/\+/N((_Q���f/�P(*d%�
('%�&*,]',`%+\N�%f/�/+�3�0/�3�$�

(�	_�����\� ��V[��XY� �� X�V_j��W�����*
,'\�� #V:� ^/.*P*(_� ,%P`1]+*+_� ,*\d%+/&)
'11i\+,',`ik'%� /\/j%((/\+')� `^1/+(%('N
0,%&%\(/c�P*f/+/&.'���(%v(%%�+,%('%�&�0/�
\+*+/d(/�Q*1/c�Q%,%�&1'N%+�(*�\+%^%(]�̂ ,%\�
\/&*('N� /j,*P-*� \� ^%,&/(*d*1](/� /0(/,/0�
(_Q'� \+,`.+`,(_Q'� b*,*.+%,'\+'.*Q'
8,'\� #*9�� !/1%%� \`k%\+&%((_Q�e*.+/,/Q� &

*�����K���2"



"$2

��
��������)�
%,'NO�4'P'.*���*+%Q*+'.*)� #33�)�R #

���������PQ%(%('%�\+%^%('�^,%\\/&*('N�/j,*P-/&�'P�0,%&%\'(_�j%,%P_�Yo8�&�,*0'*1](/Q�(*�
^,*&1%('')�,*\\d'+*((_%�01N�,*P1'd(_b�P(*d%('c�./aee'-'%(+*�&(%v(%f/�+,%('N�8*9�^,'�&1*n�
(/\+'�{ | #3�{O�z�|�3�V�")�3�"�V�#)�3�#�V�2)�3�$�V�$�'�01N�,*P1'd(_b�P(*d%('c�&1*n(/\+'�8j9�^,'
z |�3�#O�{�|�"3�{�V�")�"��{�V�#)�#3�{�V�2

�����a���PQ%(%('%�^1/+(/\+'�ρ�e/,Q',`%Q/�
f/� ./Q^/P'+*� &� ,*P1'd(_b� +/d.*b� ^/^%,%d(/f/
\%d%('N�/j,*P-*b�̂ ,'�̂ ,%\\/&*(''�0,%&%\'(_�j%�
,%P_�&�,*0'*1](/Q�(*^,*&1%('')�{|#3{���/Q%�
,*�.,'&_b�\//+&%+\+&`i+�+/d.*Q)�`.*P*((_Q�(*
,'\`(.%

����� k�� 	*\^,%0%1%('%� &� ^/^%,%d(/Q� \%d%(''� /j,*P-*� ^1/+(/\+'� ρ� 8�9� '� ^/1(/f/� 0*&1%('N� &
Q*+%,'*1%�o�8j9�^,'�,*0'*1](/Q�^,%\\/&*(''�0,%&%\'(_�j%,%P_���^%,&/(*d*1](/�/0(/,/0(_Q�,*\�
^,%0%1%('%Q�&1*n(/\+'�#3�{�^,'�M�|�$3��)�z�|�3�#

� j

� j

(��#!���!��!)!��!�"��!��.�����%���2�"�+f�+������!���0�������2��������f��������



"$$

��
��������)�
%,'NO�4'P'.*���*+%Q*+'.*)� #33�)�R #

����� j���PQ%(%('%�/+(/v%('N�P(*d%('c�Q*.\'Q*1](/c�'�Q'('Q*1](/c�^1/+(/\+'�Q*+%,'*1*�&
^/^%,%d(/Q� \%d%(''� /j,*P-*�^,'�^,%\\/&*(''�0,%&%\'(_�j%,%P_�&�,*0'*1](/Q�(*^,*&1%(''�01N
,*P1'd(_b�P(*d%('c�./aee'-'%(+*�&(%v(%f/�+,%('N�8*9�^,'�&1*n(/\+'�{�|�#3�{O�z�|�3�V�"t�3�"�V
#t�3�#�V�2t�3�$�V�$�'�01N�,*P1'd(_b�P(*d%('c�&1*n(/\+'�8j9�^,'�z�|�3�#O�{�|�"3�{�V�"t�"��{�V�#t
#3�{�V�2t�"�V#3�{�V�$

�����_��	*\^,%0%1%('%�&�^/^%,%d(/Q�\%d%(''�/j,*P-*�^1/+(/\+'�ρ�'�^/1(/f/�0*&1%('N�&�Q*+%,'�
*1%�o�^,'�,*0'*1](/Q�^,%\\/&*(''�0,%&%\'(_�j%,%P_���^%,&/(*d*1](/�(%/0(/,/0(_Q�^/1%Q�&1*n�
(/\+'�{�|�"�V#3�{�^,'�M | "3�\�V��V*′9t�$3���V�jVj′9t�z�|�3)#

� �′

j j′

� j

*�����K���2"



"$�

��
��������)�
%,'NO�4'P'.*���*+%Q*+'.*)� #33�)�R #

0*((/Q�\1`d*%�N&1N%+\N�&%1'd'(*�&1*n(/\�
+'�Q*+%,'*1*� 8,'\�� #j9���,'� j/1%%� &_\/.'b
P(*d%('Nb�&1*n(/\+'�'Q%i+�Q%\+/�Q%(]v'%
P(*d%('N� ,*\.1'('&*ik%f/� 0*&1%('N� &/0_
&� +/(.'b� .*^'11N,*b)� d+/� ^,'&/0'+� .� \('�
n%('i� \/^,/+'&1%('N� \n*+'i� (%(*\_k%(�
(/c�^/,'\+/c�\+,`.+`,_��	*\d%+_�^/�.,'+%�
,'i�^,/d(/\+'��������v.%(*P'�01N�^,%\\/�
&*('N�Q*+%,'*1*�^,'�+%Q^%,*+`,%�A|2: X
`.*P_&*i+� (*� &/PQ/n(/%� ,*P,`v%('%� /j�
,*P-*�^,'�&1*n(/\+'�"3�'�"��{�0*n%�&�/+�
\`+\+&'%� &(%v(%f/� +,%('Nt� ^,'� &1*n(/\+'
#3{� ^/&,%n0%('c� (%� ^,/f(/P',`%+\N� &/
&\%Q�'P`d*%Q/Q�0'*^*P/(%�'PQ%(%('N�./ae�
e'-'%(+/&�+,%('N�\./1]n%('N� � �

�*� ,'\�� 2� ^/.*P*(_� .,'&_%� 'PQ%(%('N
^1/+(/\+'� &� (%./+/,_b� +/d.*b� \%d%('N� \/
&,%Q%(%Q���%,&/(*d*1](/�/j,*P%-�'Q%1�/0'�
(*./&`i�^1/+(/\+]�&/�&\%b�+/d.*b�\%d%('N�
�1'N('%� &(%v(%f/� +,%('N� (*� ^%,%\+,/c.`
^/,'\+/c� \+,`.+`,_� &j1'P'� ^/&%,b(/\+%c
^,%\\�e/,Q_� ^,'&/0'+� .� (%,*&(/Q%,(/Q`
`^1/+(%('i� P*f/+/&.'�� !/1%%� ^1/+(_%
P/(_V�&�`f1*b� &j1'P'�^/&%,b(/\+')� ^%,%�
0*ik%c� 0*&1%('%)� Q%(%%� ^1/+(_%�V� &� `f�
1*b�`�0(*�Q*+,'-_���1N�,*\\Q/+,%((_b�+%Q�
^%,*+`,(/�&1*n(/\+(_b�`\1/&'c�,*P('-*�&
^1/+(/\+'�\/\+*&1N%+�.�./(-`�^,/-%\\*�;�{�

�*,*.+%,� ,*\^,%0%1%('N� ^1/+(/\+'� Q*�
+%,'*1*� '� 0*&1%('N� &� ^/^%,%d(/Q� \%d%(''
/j,*P-*�^/.*P*(�(*�,'\��$��)j���*.�&'0(/�'P
a+/f/� ,'\`(.*)� .*\*+%1](*N� (*f,`P.*� 8\'1_
+,%('N9�'PQ%(N%+�̂ %,&/(*d*1](/�/0(/,/0(`i
\+,`.+`,`�Q*+%,'*1*���\1%0\+&'%�\/^,/+'&�
1%('N�\./1]n%('i�&0/1]�&%,+'.*1](_b�\+%�
(/.�Q*+,'-_)� j/1]v%Q`�`�^/&%,b(/\+'�^`�
*(\/(*)�&�&%,b('b�`f1*b�/j,*P-*�e/,Q',`�
%+\N�j/1%%�^1/+(*N�\+,`.+`,*)�d%Q�&�-%(+�
,*1](_b� '� ('n('b� P/(*b� 8,'\�� $*9�� !/1%%
^1/+(_c�Q*+%,'*1�/j1*0*%+�j/1]v'Q�\/^,/�
+'&1%('%Q�\n*+'i�8,'\��$j9�

�1N� b*,*.+%,'\+'.'� \+%^%('� ,*&(/Q%,�
(/\+'�̀ ^1/+(%('N�./Q^/P'+*�Q/n(/�,*\\Q/+�
,%+]� /+(/v%('%� &%1'd'(� Q*.\'Q*1](/c� '
Q'('Q*1](/c� ^1/+(/\+'� Q*+%,'*1*� &� \%d%�
(''� P*f/+/&.'� 8,'\�� �9�� �\1'� &� ,*\d%+*b� (%
`d'+_&*+]� &(%v(%%� +,%('%)� +/� /j,*P%-� \
^%,&/(*d*1](/� /0(/,/0(_Q'� \+,`.+`,(_Q'
^*,*Q%+,*Q'�\/b,*('+�/0(/,/0(/%�\+,/%('%
'� ^/\1%� ^,%\\/&*('N� 8.,'&*N� ")� ,'\�� �*9�� 

,/\+/Q� ./aee'-'%(+*� +,%('N� (%,*&(/Q%,�
(/\+]�\+,`.+`,(_b�b*,*.+%,'\+'.�./Q^/P'�

+*� `\'1'&*%+\N)� ^,'d%Q� j/1%%� '(+%(\'&(/
\/�&,%Q%(%Q�01N�j/1]v'b�P(*d%('c� � ���,'

�� �� = �,*Pj,/\�P(*d%('c�^1/+(/\+'�\/\+*&�
1N%+� j/1%%� #�� {�� �Q%(]v%('%� &1*n(/\+'
Q*+%,'*1*�&_P_&*%+�.�j/1]v%%�\/^,/+'&1%�
('%�\n*+'N�'�j/1]v'%�.*\*+%1](_%�(*f,`P�
.*'�&�P/(%�+,%('N)�d+/�^,'&/0'+�.�j/1]v%c
(%,*&(/Q%,(/\+'�^/1%c�0%e/,Q*-'c�'�^1/+�
(/\+'�Q*+%,'*1*�8.,'&_%�"V2)�,'\� �j9���,'�
&*N� $�(*�,'\�� �j� \//+&%+\+&`%+� \n*+'i�/j�
,*P-*� `&1*n(%((/f/� &� -%(+,*1](/c� P/(%
j/1%%)�d%Q�(*�^%,'e%,''�� �� ��&�' = − ���%�
,*&(/Q%,(/\+]� `^1/+(%('N� &� a+/Q� \1`d*%
&_v%)�d%Q�01N�/j,*P-*�\�/0(/,/0(/c�&1*n�
(/\+]i� ��&' = � '1'� ��&' = )� d+/� \&NP*(/
.*.� \� aee%.+*Q'� &(%v(%f/� +,%('N)� +*.� '
\`k%\+&%((/�(%/0(/,/0(_Q�^/1%Q�(*^,Nn%�
('c�&�^/^%,%d(/Q�\%d%(''�P*f/+/&.'�8,'\� :9�
�/�.,'+%,'i�^,/d(/\+'��������v.%(*P'�+*�
.'%� `\1/&'N� \n*+'N� ^,'&/0N+� .� ,*P,`v%�
('i�/j,*P-*��	*\d%+_�^/.*P_&*i+)�d+/�^,'
M | "3��� &/PQ/n(/�,*P,`v%('%�^,%n0%�&\%�
f/� -%(+,*1](_b� P/(� ^/^%,%d(/f/� \%d%('N�
	*\^,%0%1%('%�0*&1%('N�&�a+/+�Q/Q%(+�^/�
.*P*(/� (*� ,'\��:� �′�� �,'� M | $3� �� .,'+%,'c
^,/d(/\+'� (%� &_^/1(%(� ('� &� /0(/c� +/d.%
^/^%,%d(/f/� \%d%('N� P*f/+/&.'�

��
��[�W�����,/&%0%((/%�d'\1%((/%�'\�
\1%0/&*('%�.,*%&/c�P*0*d'�0%e/,Q',/&*('N
.*^'11N,(/�^/,'\+/f/�&1*n(/f/�+%1*�\�`d%�
+/Q�&(%v(%f/�+,%('N�/j,*P-*�'�^,%\\�e/,�
Q_� ^/.*P*1/)� d+/� ,*&(/Q%,(/\+]� `^1/+(%�
('N�./Q^/P'+*�\`k%\+&%((/�P*&'\'+�/+�(*�
^,Nn%((/f/� \/\+/N('N� &� P/(%� +,'j/./(+*.�
+*�� �%Q� j/1]v%� ./aee'-'%(+� +,%('N)� +%Q
j/1%%� (%,*&(/Q%,(_%� \+,`.+`,(_%� b*,*.�
+%,'\+'.'�̂ /1`d*%+�e/,Q',`%Q_c�./Q^/P'+�
�&1*n(%('%�/j,*P-*�/\1*j1N%+�(%,*&(/Q%,�
(/\+]�`^1/+(%('N)� /j`\1/&1%((`i�&(%v('Q
+,%('%Q�&�\1`d*%)�%\1'�,*\^,%0%1%('%�&1*n�
(/\+'�^/�\%d%('i�/j,*P-*�j_1/�/0(/,/0(_Q�
�1'N('%�P(*d%('N�./aee'-'%(+*�+,%('N�(*
\+%^%(]� ^,%\\/&*('N� (%� /d%(]� P(*d'+%1](/
8^,'�0*((/Q�`\'1''�^,%\\/&*('N9)�^/�\,*&�
(%('i�\�&1'N('%Q�&%1'd'(_�&1*f/\/0%,n*�
('N��	*P,`v%('%�/j,*P-*�\&NP*(/�\�^/N&1%�
('%Q�j/1]v'b�f,*0'%(+/&�0%e/,Q*-'c�'�(*�
^,Nn%('c)� &_P&*((_b)� &� ^%,&`i� /d%,%0])
(%/0(/,/0(_Q�,*\^,%0%1%('%Q�n'0./c�e*P_�


���	���	�

"�����0��+#���������\(/&_�Q%b*('.'�f%+%�
,/f%((_b�\,%0����O��*`.*��"7; ��V�22:�\�

(��#!���!��!)!��!�"��!��.�����%���2�"�+f�+������!���0�������2��������f��������



"$:

��
��������)�
%,'NO�4'P'.*���*+%Q*+'.*)� #33�)�R #

#��K���2"�*�����/0%1',/&*('%�,%/1/f'd%\./�
f/� ^/&%0%('N� 0,%&%\'(_� &� ^,/-%\\*b� ^,%\\/&*�
('N� oo��(n%(%,(/�e'P'd%\.'c�n`,(*1�� #332�
�� ;:��R�2��
��"�3V"���

2�� 1+!��%�&���� 
+,`.+`,(/�Q%b*('d%\.'%
\&/c\+&*�'�e'1]+,*-'N�&�`^,`f/Q�+,%k'(/&*+/�
^/,'\+/Q�Q*+%,'*1%�oo��(n%(%,(/�e'P'd%\.'c
n`,(*1��"7 $�����$:��R�$��
���72V:33�

$���/0*�&�0'\^%,\(_b�\'\+%Q*b�o�!������%,N�
f'()��������`,*%&)�4������&d*,%(./�'�0,��V���O
�'Q'N��"7 7��V�#  �\�

���K!�2����1�����
��������������0�#����� �
�0f%P'N�+&%,0_b�+%1����O��*`.*��"7;2��V�#;7�\�

:��1�d!���������� !�!#�����,�
����!0!���� ����
��&/^,/\`�/j�'\^_+*(''�0,%&%\'(_�(*�\n*+'%oo
�,`0_�'(\+'+`+*�1%\*��"7�2����7��
��2"�V22"�

;��^��#!��1�����,%&%\'(/&%0%('%�\�/\(/&*Q'
1%\(/f/�+/&*,/&%0%('N����O�
%\(*N�^,/Q_v1%(�
(/\+]��"7 :��V�2: �\�

 ��K�+2����1������!f!�)���������%/,'N�+%b�
(/1/f'd%\./c�^1*\+'d(/\+'��V���O��*v'(/\+,/�
%('%��"773��V�#;#�\�

7��K�������&����� ��#�����'��� +%"���������,%�
('%� '� 'P(/\� &� a.\+,%Q*1](_b� `\1/&'NbO� 
^,*�
&/d('.����O��*v'(/\+,/%('%��"7 :��V�##$�\�

"3�� �L!��2�1�����'\1%((_%�Q%+/0_�&�+%/,''
`^,`f/\+'� '� ^1*\+'d(/\+'��V���O��P0�&/�����
"77���V�2::\�

""���)"!�������
���('P/+,/^'N�0,%&%\'(_�'
0,%&%\(_b�Q*+%,'*1/&����O�
%\(*N�^,/Q_v1%(�
(/\+]��"7; ��V�##$�\�

*�����K���2"




