
�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

�45

T!
�htk�jyy

 b����W%) '�����#(%U! WX�$Y�� (
��T  iXa��U��*�+�� (�( '���V

#����W�.�����

����#�()%�*� ��)1���)���##�*� 1#����)����

�6\6Q=h7=T\6QQZ^� hSRiSR� <�mS7?87ST=Q8o� 7=;\8]QZi� Q6]6><8i� Sh67=>S7ST!� 8U+
hS\j;Vop8iU9� R\9� h76RU>=T\6Q89� U6?=Q>8]6U<8i� UT9;S<!� U>=\� TS;?SlQZ?� n\=[SR=79
TT6R6Q8o�>76V[S\jQZi�QS7?�r�+QS7?�8�C+<SQS7?s����U>=>j6�h76R\Sl6Q�hSRiSR�R\9�hS\V+
]6Q89� QSTZi� h=7=?6>78]6U<8i� Q6]6><8i� Sh67=>S7ST!� S>QSU9p8iU9� <� k>S?V� <\=UUV!� U
hS?Spjo�mVQ<_8^�QS7?87ST=Q89�Uh6_8=\jQS[S�T8R=!�=�>=<l6�Sh76R6\6Q=�USS>T6>U>TV+
op=9�Sh67=_89�S>78_=Q89�T�T8R6�S>78_=Q89��VRl6QS�

''%)%��%

��Q6]6><8?� Sh67=>S7=?!� Q=8nS\66� ]=U>S
_8>87V6?Z?�T�\8>67=>V76�8�q87S<S�8UhS\j+
;V6?Z?�T�h78\Sl6Q89i!�S>QSU9>U9�U\6RVop86:

�

�


 � � $��
 � �� 
 � � $!�
 � ��


 � � $!�
 �� ���


 � � $��
 ����


 � � � 
 � � 5

�

�

� �

� �  �  $ �  �  

� �  �  

$ �  �  

� �  � $ �  �  � 

= =

= + −

= +

= = +

�>8�Sh67=>S7Z�SnSnp=o>U9�T�<\=UU6�>76+
V[S\jQZi�QS7?�8�<SQS7?!�h78]6?�Sh67=_88
<SQyoQ<_88� rh676U6]6Q89� Q6]6><8i� ?QS+
l6U>Ts�] �]

7
 �]

X
�Sh76R6\9o>U9�]676;�`+QS7+

?Z!�=�R8;yoQ<_88�rSny6R8Q6Q89s�J �J
7
 �J

X
Y

]676;�C+QS7?Z�t�u�
�76V[S\jQ=9�`+QS7?=�Y�<S??V>=>8TQ=9!

=UUS_8=>8TQ=9!� ?SQS>SQQ=9� � Sh67=_89
# ����� ����� �����% × → !� h78]6?� 
�� �� ��% �

�� �% � �� �

�6�<SQS7?=�rC+QS7?=s� # ����� ����� ������ × →
Sn\=R=6>�>6?8�l6�UTS^U>T=?8!�QS�S[7=Q8]6Q+
QSU>j�;=R=6>U9�T�T8R6� �
�� �� �� 
�� �� � � �� � �

�=?6>8?!� ]>S��+QS7?Z� 8�C+QS7?Z� UT9+
;=QZ�;=<SQS?�R6��S7[=Q=!�>=<�]>S


 
 � �� 
 
 �� 
 ���� � �  % � � �  =

[R6�Urxs�Y�mVQ<_89�U8\jQS[S�S>78_=Q89�
>78_=Q86�Urxs�Sh76R6\96>U9�<=<�S>Sn7=+

l6Q86� [ ] [ ]# ��� ���� → !� >=<S6� ]>S� Urxs�Y
U>7S[S�VnZT=op=9�mVQ<_89�8�Ur$sx� �Ur�s�$�

Urxs� Q=;ZT=6>U9� U8\jQZ?� S>78_=Q86?!
6U\8� 
 
 ��� � � �= ���8\jQS6�S>78_=Q86�8Q=]6

Q=;ZT=6>U9� 8QTS\o_86^�� �=8nS\66� ]=U>S
8UhS\j;V6>U9�U>=QR=7>Q=9�Sh67=_89�U8\jQS[S
S>78_=Q89� 
 � �� � �= − �� "7V[8?� h78?67S?
S>78_=Q89�9T\96>U9� S>78_=Q86��VRl6QS

�

 �

�
�

�
� �

��

−=
+

�

�=?6>8?!� ]>S� R\9� ?SR6\87ST=Q89� \S[8+
]6U<8i�UT9;S<���!����!�#��Q6SniSR8?S�TT6U+
>8� >=<86� Sh67=_88!� <S>S7Z6� T� Sh76R6\6Q+
QS^� ?676� nZ\8� nZ� US[\=UST=QQZ?8� ?6lRV
USnS^���=<SQZ�R6��S7[=Q=�Y�SR8Q�8;�h78Q+
_8hST�>=<S[S�US[\=UST=Q89���SR�h=7S^�RTS^+
U>T6QQZi� Sh67=_8^!� hSR7=;V?6T=6>U9� h=7=
r] Js!� [R6�]�Y�<SQyoQ<_89�rh676U6]6Q86�Q6+
]6><8i�hSR?QSl6U>Ts!�J�Y�R8;yoQ<_89�rSny6+
R8Q6Q86s!�h78�k>S?�TZhS\Q96>U9�7=T6QU>TS

UrJrx Ess� ]rUrxs � UrEss!

[R6�Urxs�Y� Sh67=_89� U8\jQS[S� S>78_=Q89�
�\6RV6>�;=?6>8>j!�]>S�R\9�h=7Z�r]!Js�T�Sn+
p6?�U\V]=6�?Sl6>�UVp6U>TST=>j�Q6U<S\j<S
U8\jZi�S>78_=Q8^�

"7V[8?8� h76RU>=T8>6\9?8� >76V[S\jQZi
QS7?�9T\9o>U9

� �

� �


 � � � 
�� �� ��

	

 � � � 
���� ��

�


 � � �

� �
 �


 ��

 � � �

�

� 
� �  �

�  � 

�  � 
$ �  $

� 
� 

� �  
�  � 

� �  
$ �  

� 

α

β

α α
β

β

− −

= =
+ −
+ −= =
−

=
+ − + −

− + +=
+

�R6Uj�]
$
 ��α �Y�<SQyoQ<_88w�J

0�
 �$β �Y�R8;y+

oQ<_88�
v�
6R6Q6T=������!�#$$��



�5$

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

�6\jo�U>=>j8�9T\96>U9�h76RU>=T\6Q86�76+
;V\j>=>ST!� <=U=op8iU9� SnSnp6Q89�Q6]6><8i
Sh67=>S7ST!� S>QSU9p8iU9�<�<\=UUV� >76V[S\j+
QZi�QS7?!�Q=� SUQST6�mVQ<_8^�QS7?87ST=Q89
Uh6_8=\jQS[S�T8R=��"\9�RTS^U>T6QQZi�h=7=?6>+
78]6U<8i�Q6]6><8i�Sh67=>S7ST�Sh76R6\6Q=�mVQ+
<_89�S>78_=Q89�T�T8R6�S>78_=Q89��VRl6QS�

����U��*���� (�( '���V
������������Y��' +�#'�

	=UU?S>78?� \8Q6^QS6� h76Sn7=;ST=Q86!
h78�<S>S7S?�Sn\=U>j�;Q=]6Q8^�� $�� $!�� � �� � �Q6+
<S>S7S[S� S[7=Q8]6QQS[S� R6^U>T8>6\jQS[S
S>Sn7=l6Q89��h676TSR8>U9�T�t$!�u���U>6U>T6Q+
QS!� ]>S� UVp6U>TV6>� ?QSl6U>TS� mVQ<_8^!
76=\8;Vop8i�>=<S^�h676iSR���=<!

$��
$�� $!�

$!� $��


 � � �
� �

( � � �
� �

−=
−

Sh76R6\96>� QS7?87ST=QQS6� ;Q=]6Q86� T6\8+
]8QZ� $�� $!�� � �� � �∈ ���U\8� $�� $!�� � � ������ � ⊆ !�>S

$�� $!�
 � � �( � � � �Sh76R6\96>�RT6�mVQ<_88�QS7+
?87ST=Q89� U\6RVop6[S� T8R=:

=s�h78�$��x�E


�� � �
�

( �  
 

=

USS>T6>U>TV6>� QS7?87ST=QQS?V� ;Q=]6Q8o
��� ��  ∈ w
ns�h78�E�x��


 � ���
�

�  
(  �

 

−=
−

USS>T6>U>TV6>� QS7?87ST=QQS?V� ;Q=]6Q8o
� ����  ∈ �
��R=\jQ6^q8i�7=UUVlR6Q89i�h78?6?�SnS+

;Q=]6Q89


�� � � � 
 � ��� �
�

� �  
�  ( �  � (  �

  

−= = = ==
−

� 	


h67=_8o� 	 � nVR6?� Q=;ZT=>j� QS7?87S+
T=QQS^� 7=;QSU>jo!� ;=?<QV>Z6� 8Q>67T=\Z
t$ Eu!�tE �u�Y�8Q>67T=\=?8�QS7?87ST=Q89���=<
\6[<S�;=?6>8>j!�Sn7=>QS^�Sh67=_86^�R\9��
9T\96>U9� SnZ]QS6� h7S8;T6R6Q86!� T� >S� T76+
?9�<=<�R\9�	 �Y�=\[6n7=8]6U<=9�UV??=�� ���
U=?S?�R6\6!� 6U\8�E� �� x� ���8� �  !�	 !� >S
� !  � !  � � � � � ���=<�8;T6U>QS!� � � �� � �

� � �� �$ �� �Q=�t$!�u�Sn7=;Vo>�h=7V�RTS^U>T6Q+
QZi�Sh67=_8^�S>QSU8>6\jQS�Urxs��lx�

�SlQS� hS<=;=>j!� ]>S� Q6<S>S7Z6� Q6]6>+
<86�Sh67=_88�h76RU>=T8?Z�U�hS?Spjo�Sh6+
7=_8^�QS7?87ST=Q89�Yr$ x Es�8�Yrx E �s!�8�>=+
<S6�h76RU>=T\6Q86�8?66>�T8R� t#u:

�
 � � 
�� � ��
� � 

� �  ( � �  
�  � �  

= = = ⊕
+ − ⊕

�

	

 � �

�


 �

 � ����

�

�  � 
$ �  

� 

�  � 
( � �  

� 

−
+ −= =
−

⊕ −= = ⊕
−


 � �

� �
 �


�� � 
 �� 
 ���

 �

� 
� �  

�  � 
� 

( � �  
�  

α α α

α α
α

= =
+ − + −

= = ⊕ ⊕ >
⊕ ⊕

<


 ��

 � �

�


 �

 � ��� 
 ��

�

� �  
$ �  

� 

�  � 
( � �  

� 

β
β

β
β β β

β

− + += =
+

⊕ += = − ⊕ > −
+

�=<8?�Sn7=;S?!�]
$
rx Es�8�]

;
rx Es!�?SR6\8+

7Vop86�<SQyoQ<_8o�r8\8�h676U6]6Q86�Q6]6>+
<8i�?QSl6U>Ts!�h76RU>=T\9o>�USnS^�QS7?87S+
T=QQS6�;Q=]6Q86�h7S8;T6R6Q89�xE�Q=���� ��  �
8\8�Q=�8Q>67T=\6�QS7?87ST=Q89�U�7=Uq876Q+
QS^�h7=TS^�[7=Q8_6^���� 
 ��	 �  � � �h78� �α � �
J

0�
rx Es�8� 
 � �$ �  β !�?SR6\87Vop86�R8;yoQ+

<_8o�r8\8�Sny6R8Q6Q86�Q6]6><8i�?QSl6U>Ts!
h76RU>=T\9o>� USnS^� QS7?87ST=QQS6� ;Q=]6+
Q86�=\[6n7=8]6U<S^�UV??Z� �  � �Q=�8Q>67+
T=\6�QS7?87ST=Q89�txE �u�8\8�Q=�8Q>67T=\6
QS7?87ST=Q89� U�7=Uq876QQS^�\6TS^� [7=Q8+
_6^� � � ��� β� �h78� �β �� �

�]8>ZT=9!� ]>S� >76V[S\jQZ6� �+QS7?Z
?SR6\87Vo>�<SQyoQ<_8o!�C+QS7?Z�Y�R8;y+
oQ<_8o!� h78]6?� 
 � � 
 � �% �  � �  � !� hS\Sl8?


 � � 
 � � 
 � �

 � � � 
 � � �


 � � � 
 � �

% �  � �  % �  
% �  � �  

� �  % �  

−′ ′= =
−

�78?67Z� Q6<S>S7Zi� QSTZi� Sh67=_8^!
hS\V]6QQZi�Q=�SUQST6�>=<S[S�hSRiSR=!�h78+
T6R6QZ�Q8l6�

� �


� �

 � � 
�� 
 � �� 
 � �� ��

� � 
% �  ( � �  $ �  

�  � 
−

−′ = =
⊕ −

!

	 �
 � � 
�� 
 � �� 
 � ��


� �
�


 �

 �� �

% �  ( � �  $ �  

� � 

�  � �  

β

β
β

′ = =

+=
⊕ − + +

� �
 � � 
 
 � �� 
 � ���� �
�

�

�  � 
� �  ( � �  $ �  

� 
−

⊕ −′ = =
−

	
 � � 
 
 � �� 
 � ����


� �
�


� �
� �

�� �  ( � �  $ �  

�  � � 

� � 

β

β β
β

′ = =

⊕ − − +=
+ −

�����3���#���



�5�

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

	=UU?S>78?� Q6<S>S7Z6� UTS^U>T=� QS7?8+
7ST=QQS^�7=;QSU>8�	 �

�s� � � � �
�

�
� � �

�
= =

−
	 	

�;� h67TS[S� USS>QSq6Q89� U\6RV6>!� ]>S� $
9T\96>U9� h7=TZ?� Q6^>7=\jQZ?� k\6?6Q>S?
R\9� Sh67=_88� 	

!
� SRQ=<S!� \6TS[S� Q6^>7=\j+

QS[S�k\6?6Q>=�Q6�UVp6U>TV6>��nS;Q=]8?

� 
 ��
�

�
� �

�
η= =

−
	

�=<� <=<� � 
 �� �η�	 !� >S� 
 � �� �η� � �� �
R7V[S^�U>S7SQZ!� � �� � �� � � � !�>S�6U>j�$
9T\96>U9�Q6^>7=\jQZ?�k\6?6Q>S?�R\9� Sh6+
7=_88� � !� hSk>S?V� 
 ��η � Sh76R6\96>� Sn7=>+
QZ^�k\6?6Q>�R\9���

	=UU?S>78?�UTS^U>T=�mVQ<_88� 
 ��η �
=s� 
 ��η �Y�VnZT=op=9!�T;=8?QS+SRQS;Q=]+

Q=9�mVQ<_89!�R6^U>TVop=9�8;�t$!�u�T�� �� �� � �
ns� 
 ��η �VRST\6>TS796>�Sh76R6\6Q8o�mVQ<+

_88� U8\jQS[S� S>78_=Q89!� >S� 6U>j� 
 
 ���η η =
�
 
 ��� �η η−= = �

Ts��6hSRT8lQZ?8�>S]<=?8� 
 ��η �9T\9o>+
U9� � �� � �8� 	 	� � � 	
 ��� ���� � �

[s� 	6<V776Q>QS6� USS>QSq6Q86

�
� �
 � 
 
�� 
 ��� 
 � 
 �

�
� � � �

�
� � � �

�
η η η η η η−

+ = − = =
−

h78�7=;\8]QZi�;Q=]6Q89i�B� rB���s�Sh76R6+
\96>�mVQ<_88

�
 � �
	 �

�

�
�

��
η + =

−
Sn\=R=op86�>6?8�l6�UTS^U>T=?8!�]>S�8� 
 ��η :

�
 �� �η � �Y� VnZT=op=9�mVQ<_89w� �
 �� �η � �
�
�
 �� �η�

�� w� � �
 
 ��� � � �η η� � � w� � �� �  � �	 � �� ��

 ���  � 9T\9o>U9� Q6hSRT8lQZ?8� >S]<=?8

�
 �� �η � �Q=�t$!�u�
#s���hS?Spjo�mVQ<_88� 
 ��η �?SlQS�VU+

>=QST8>j�79R�T=lQZi�USS>QSq6Q8^�R\9�Sh6+
7=_8^�	 �8��


 � 
 � 
 ��


 � 
 � 
 ��


 � �


 � 
 ��


 � 
 ��

�  �  

�  �  

�  �  

�   �

 �  ! ! �

η η η

η η η

η

η η

	 	

	

	 	

	 	 	

� � �

�

� �

�

� �

�67TZ6�RT=�UTS^U>T=�UT8R6>6\jU>TVo>�S
>S?!�]>S�Sh67=_88�� �8�	 �8QT=78=Q>QZ�S>+
QSU8>6\jQS�η ���\6RVop66�Sh76R6\96>�h76R+
U>=T\6Q86� <S??V>=>8TQS^� 8� =UUS_8=>8TQS^
Sh67=_88�� �]676;�QS7?87ST=QQVo�7=;QSU>j

	 !�<S>S7=9�>=<STS^�Q6�9T\96>U9���S7?87S+
T=QQ=9�7=;QSU>j�	 �Q=�t$!�u�Q6�VRST\6>TS79+
6>� UTS^U>TV� <S??V>=>8TQSU>8�Y� ]6>T67>S6
7=T6QU>TS� nVR6?� Q=;ZT=>j� η +<S??V>=>8T+
QSU>jo�� �SU\6RQ66� USS>QSq6Q86� hS;TS\96>
h76RU>=T8>j� QS7?87ST=QQVo� 7=;QSU>j

�
 � � �  �	 �]676;�\onS6�;Q=]6Q86� 
 � �! �  � �
 s�h67=_89�	 �Q6�9T\96>U9�=UUS_8=>8T+

QS^�T�SnZ]QS?�U?ZU\6!�>S�6U>j


 � 
 � ��  ! �  !�	 	 	 	

SRQ=<S�8?66>�?6U>S� U\6RVop66� USS>QSq6Q86


 � 
 ���  ! !  ��	 	 	 	

�SlQS� hS<=;=>j!� ]>S



 � � 
 � 
 
 ���! �  ! ! �  !η� � �	 	 	 	

�6\8]8QZ�N�8� 
 ��η �T�k>S?�U\V]=6�nVR6?
Q=;ZT=>j� =UUS_8=>S7=?8!� >=<� <=<� RSn=T\6+
Q86�k>8i�T6\8]8Q�hS;TS\96>��V7=TQ9>j��;Q=+
]6Q89� TZ7=l6Q8^� 
 ��  !	 	 � 8� 
 ��  !	 	 �
�UhS\j;ST=Q86� =UUS_8=>S7ST� T� h78\Sl6Q8+
9i� Sn6Uh6]8T=6>� UTS^U>TS� SRQSV7STQ6TSU>8
=[76[87V6?Zi� S_6QS<�

��� b bi%��$%� T%(�*���� ���	

�VU>j

� � 	

� � 	


 � � �
	 	 � 	  

�  
� � � �  

τ + +=
+ +

�=^R6?� TU6� >=<86�mVQ<_88� 
 � ��  τ !� <S+
>S7Z6� h76RU>=T\9o>� QS7?87ST=QQVo� 7=;+
QSU>j�	 �8�VRST\6>TS79o>�USS>QSq6Q8o


 � 
 ���  ! !  ��	 	 	 	

�SRU>=T\99� 
 � ��  τ �T�Sh76R6\6QQS?�TZq6
T8R6� T� R=QQS6� USS>QSq6Q86!� =� ;=>6?!� h78+
7=TQ8T=9� hSU\6� USS>T6>U>TVop8i� h76Sn7=+
;ST=Q8^�<Skmm8_86Q>Z�h78�SR8Q=<STZi�U>6+
h6Q9i�x�8�E�T�\6TS^�8�h7=TS^�]=U>9i�hS\V+
]6QQS[S� TZ7=l6Q89!� hS\V]8?� U\6RVopVo
U8U>6?V�V7=TQ6Q8^�R\9�<Skmm8_86Q>ST

� 	

	 	

	
	 � � � 	

� � � � � 	

��

��

�

�

	 �

	 �

	 	 � � 	

	 � � � � �

=
 =
 + =
 + =

�Q=\8;�U8U>6?Z�hS;TS\96>�TZR6\8>j�U\6+
RVop86��T=78=Q>Z�<Skmm8_86Q>ST�mVQ<_88

 � ��  τ �t u
�s� � 	

� � � � � 	 �� 
 � � �� 	 � 	 	 	 	� � � � � � � �� ��	 	 �
;
#
�Y�\onS6!�>S[R=

5'��))������#������1���/#���#����)�"���S/,�41#%P�*�#��������#�o



�5#

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

( )
� � � 	

�

� � � � 	


 � � �
	 	 	 � 	  

�  
	 	 	 	 	 �

τ + += − ⋅
+ +

#s� � �	
� � 	 � 	� � �� ��� 	 	 � �� � � �;

$
�Y�\onS6!

� 	� ��	 	 �
	

	 	

� 	 	 	
	

� � �


 � � �
	 	 	 	

�  �  
	 	 	

τ = + +

��]=U>QS?�U\V]=6�h78��;
$
x$ �M

#
x$�8;�U8U>6?Z

?SlQS�Q=^>8!� ]>S� ;
#
x0;

�
 � M

$
x0;

�
!� >S[R=

( )�
�

� �


 � � �
	  �

�  
	 � �

τ −
=

−
�78� ;

�
x M

�
x�� hS\V]8?� QS7?87ST=QQVo

7=;QSU>j�Yrx!E!�s�
�Z9UQ8?�>6h67j!�<=<S^�Sh67=_88� � �US+

S>T6>U>TV6>� �
 � ��  τ �� nS;Q=]8?� �
�

�

�
	

�
	

=

	
	

�

	
�

	
= !� >S[R=

( )
� 	

� 	 �

� �
�

�

� � �  
!  �

� � � �

+ += = − ⋅
+ +

	

>UoR=� � � !� � �hS\V]=6>U9�8;�7=T6QU>T=

( )� 	� � �

	

�
� �� ! � � � �! � � � !  

�
   − + + + + = ⊕ =

�U\8� T?6U>S� B
�
� 8� B

#
� TT6U>8� h=7=?6>7Z

� � �

	 	


� �
�

� � �

� �
α β += − = − !� >S� hS\V]6QQS6� TZ+

q6�7=T6QU>TS�R\9�E�?Sl6>� nZ>j�h76RU>=T+
\6QS�T�T8R6


 �
 � � !α β α β α β� � � �

8\8�R\9�Sh67=_88�� �8?66>�?6U>S�TZ7=l6Q86

( ) ( )�
��  �! � !  

α αα β
β
−+ + + = ⊕ =

�78� ��� �α β� � � � hS\V]8?� 8;T6U>QVo
Sh67=_8o�=\[6n7=8]6U<S^�UV??Z���;�\8Q6^+
QS[S� h76RU>=T\6Q89� QS7?87ST=QQS^� 7=;QS+
U>8�T�T8R6� 	
 � ��  τ �hS\V]6QZ�RT6�SU>=Tq86+
U9�hS\8QS?8=\jQZ6�mS7?Z��U\Sl6Q89�:

�� � ���'(  � !� � �

_��T�(�%#(�"%���%��%"%#��%
 T%(�# ($��T WU"%��$%
��� �� '%� b bi%�� +

� (�( '��� +�(��� �#�

	=UU?S>78?� mVQ<_8o� QS7?87ST=Q89

( )�
�

� �


 � �
	  �

�  
	 � �

τ −
=

−
�8!�hS\Sl8T� �

�

	

�
λ= !�h676^+

R6?�<�SnSnp6QQS^�QS7?87ST=QQS^�7=;QSU>8
T8R=


 � � �
�

 �

 �  

� 
λ

λ
−=

−
�SlQS�hS<=;=>j!� ]>S�T� k>S?� U\V]=6�=\+

[6n7=8]6U<=9�UV??=�8?66>�U\6RVop66�h76R+
U>=T\6Q86:


 � � �$ �  �  � λ λ= + −

�]8>=9!� ]>S� 
 � �� � �= − � 8� TZhS\Q9o>U9
;=<SQZ�R6��S7[=Q=!�?SlQS�Sh76R6\8>j�SnSn+
p6QQS6� =\[6n7=8]6U<S6� h7S8;T6R6Q86


 � � 
� �
 �� �� �  �  � λ λ λ= − + − +

>�Q6[S�?SlQS�h676^>8�<�SnSnp6QQS?V�R6+
\6Q8o


� � 
� �

 � � �


� �

�  
& �  

 
λ λ λ

λ λ
− − + −=

− +

�78� �λ � �SnSnp6QQZ6�Sh67=_88�h76T7=+
p=o>U9�T�8;T6U>QZ6!�>=<�]>S

�

�

� �

� �


 � � � 
 � � �


 � � � 
 � � �

$ �  �  � �  � 

�

 �   � & �  

 

= ⊕ =

= =	

	=UU?S>78?� 
 � �$ �  �  � λ λ= + − �h78� �λ � �
�Q=\8;� hST67iQSU>6^!� USS>T6>U>TVop8i


 � �$ �  λ �h78�7=;\8]QZi�;Q=]6Q89i� λ  �8�8i
UShSU>=T\6Q86� US� UTS^U>T=?8� SUQSTQZi� nV+
\6TZi�mVQ<_8^!�hS;TS\96>�UR6\=>j�U\6RVo+
p86� TZTSRZ:

����78� �����λ ∈ �mVQ<_89� 
 � �$ �  λ �TZU>V+
h=6>�T�7S\8�R8;yoQ<_88�T�T8R6

� 
 � � $��
�� ��$ �  �  � λ λ= + −

�78� �λ � � hS\V]8?� 
 � ��$ �  !� h78� �λ � �Y

 � ��$ �  �
#���78� 
��	�λ ∈ �Sh67=_89�Q6�?Sl6>�nZ>j

8R6Q>8m8_87ST=Q=�<=<�Q6]6><=9�\S[8]6U<=9
Sh67=_89!�hSU<S\j<V�66�;Q=]6Q89�T�T67q8+
Q=i� 6R8Q8]QS[S� <Vn=� Q6� USTh=R=o>� US� ;Q=+
]6Q89?8� ]6><8i� \S[8]6U<8i� Sh67=_8^!� ]>S
Q6SniSR8?S�R\9�USn\oR6Q89�h78Q_8h=�USS>+
T6>U>T89�

 �� 
 � �$ �  λ � h78� 	λ � � 8� ��
 � �$ �  λ =
$!�
�� ��  � λ= + − � h78� 
	� �λ ∈ ∞ � hS� Sh76+

R6\6Q8o� USS>T6>U>TVo>� Q6]6><S^� Sh67=_88
U\Sl6Q89�hS�?SRV\o�RT=�8\8�Q6]6><S^�mVQ+
<_88�Q67=TQS;Q=]QSU>8!�Q67=TQS_6QQSU>8���
hS?Spjo� >=<S^�mVQ<_88�?SlQS� S_6Q8T=>j
U>6h6Qj�Q6UiSRU>T=�Sny6<>ST�;=R=QQS[S�?QS+
l6U>T=�

�����3���#���



�5 

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

�Q=\S[8]QS6� 8UU\6RST=Q86� nZ\S� h7ST6+
R6QS�R\9� 
 � �� �  λ :

�� �78� �λ � �U�hS?Spjo�h7S6<>87ST=Q89
8;� 
 � �� �  λ �hS\V]=6>U9� 
 � ��� �  ���78� 
����λ ∈
_6\6USSn7=;QS�h676^>8�<� Sh67=_88

� 
 � � $!�
��
� �
 �� ��� �  �  � λ λ λ= − + − +

hST67iQSU>j�<S>S7S^�\6l8>�TQV>78�6R8Q8]+
QS[S� <Vn=!� =� Sh67=_89� USS>T6>U>TV6>� <SQy+
oQ<_88���78� � �λ � � hS\V]8?!� ]>S� 
 � �� �  λ

USTh=R=6>�U� 
 � ��$ �  �
#� �78� 
��	�λ ∈ �hST67iQSU>j� 
 � �� �  λ �\6+

l8>�TQV>78�6R8Q8]QS[S�<Vn=!�QS�>S\j<S�h78
	λ � � 66� ?SlQS� 7=UU?=>78T=>j� <=<� Q6]6>+

<Vo�\S[8]6U<Vo�Sh67=_8o�Y� 	
 � �� �  �9T\9+
6>U9�mVQ<_86^� 7=TQS_6QQSU>8� 8\8� k<T8T=+
\6Q_86^����hS?Spjo�>=<S^�Sh67=_88�?SlQS
;=R=>j� S>QSq6Q86� UiSRU>T=� Q=� Q6<S>S7S?
?QSl6U>T6� Sny6<>ST�

 � �78� 	λ � �Q6SniSR8?S�h676^>8�<�Sh6+
7=_88�T8R=

��
 � � $��
��
� �
 �� ��� �  �  � λ λ λ= − + − +

�7=TQ6Q86� UTS^U>T� ��
 � �(� �  � US� UTS^U>T=+
?8�nV\6TZi�mVQ<_8^�hS;TS\96>�8R6Q>8m8+
_87ST=>j�k>V�Sh67=_8o�<=<�k<T8T=\6Q_8o�

	=UU?=>78T=9�Sh67=_88� 
 � �$ �  λ �8� 
 � �� �  λ

T� <=]6U>T6� n=;STZi!� Q=^R6?� SnSnp6QQZ6
Sh67=_88� R\9� �
 � �$ �  � !� 
 � �$ �  β !� �
 � �� �  !


 � �� �  α !� V]8>ZT=9� UhSUSn� h76RU>=T\6Q89
k>8i� Sh67=_8^� ]676;�mVQ<_8o� QS7?87ST=+
Q89�Q=�7=;\8]QZi�8Q>67T=\=i�QS7?87ST=Q89�
�=<!� T� Sh76R6\6Q86� �
 � � 
 �$ �  �  � � � � 	

TiSR9>�Sh67=_88�� �8�	 !�>S[R=�=Q=\S[8]Q=9
Sh67=_89� �
 � �$ �  λ

− � h76RU>=T\96>U9� ]676;
SnSnp6QQVo�=\[6n7=8]6U<Vo�UV??V�8�SnSn+
p6QQVo� QS7?87ST=QQVo� 7=;QSU>j� 8� >=<S6
h76RU>=T\6Q86� 8?66>� T8R

( )� 	


� � 
 � 	

 � � �

� 
� � 
� �
 �

�  � 
$ �  

�  � 
λ λ λ λ

λ λ λ λ λ−
− + + −=

+ − − − + −

�78� �λ � �hS\V]8?� �
 � �$ �  � �
�VU>j

	
�

	
	

	
�

	
	

	
�

	
	


� � 
� ��

� 
� � 
� � �

� 
� � 
� � �


� � 
 �� 
� � �


� � 
� � �


� �
 �� �

�

�

�

�

�

�

λ λ
λ λ λ
β λ λ

λ λ β λβ λ
λβ λ λ β

λ λ λ β λ β

= − + −
= + − + −  
= − − + −

= − − − − −  
= − − + −  
= − − − −  

>S[R=

� � �

	 	 	


 �

 � � �


 �

� � �  � � 
$ �  

� � �  � � 
λ
β

+ + +=
+ + +

�78� �λ � �hS\V]8?� 
 � �$ �  β �
"\9�U\6RVop8i�RTVi�Sh67=_8^� 
 � ��� �  λ �8

 � �� �  λ

α � � 8UhS\j;ST=\SUj� SnSnp6QQS6� R6\6+
Q86!�8�hS\V]6QQZ6�76;V\j>=>Z�8?6o>�T8R

	

� 	

	


	 �

 � � �


� � 
 �


 � �


� � 
� � 
 �
�


� � 
� �
 � 
� �

� 
� �  

�  � 

� �  

�  � 

�  � 

λ

λ
α

λ λ
λ λ λ

λ α λ λα λ
λ λα λ λα λ λα

−=
− + + −

=

− − + − + +=
− + + − + − −

�78� �λ � � hS\V]8?� USS>T6>U>T6QQS� �
 � �� �  
8� 
 � �� �  α �

`�� #(�*���%��U)l%� 

�+QS7?=� Q=;ZT=6>U9� ����������*!� 6U\8
SQ=� Q6h767ZTQ=� 8� 
 � �% � � �< � R\9� TU6i


����� ∈ ���;T6U>QS�t�u!�]>S��+QS7?=�9T\96>+
U9�����������*�>S[R=�8�>S\j<S�>S[R=!�<S[R=
UVp6U>TV6>�Q6h767ZTQ=9!�U>7S[S�VnZT=op=9
mVQ<_89� # ����� 
�� �, → ∞ !� 
�� �, = !�>=<=9�]>S

( )�
 � � 
 
 � 
 ���% �  , , � ,  −= +

[R6� �, − �Y�hU6TRSSn7=>Q=9�mVQ<_89�R\9� , !
>=<=9�]>S

( )
�

�
�

�

�� 
�� �

 �


 �� � 
���

, �
, �

, � � ,
−

−

≤=  ≤ ≤
�VQ<_89�c�Q=;ZT=6>U9��������#�����#�m

����������8�Sh76R6\6Q=�U�>S]QSU>jo�RS�hS+
\Sl8>6\jQS^�?V\j>8h\8<=>8TQS^�<SQU>=Q>Z�

�7i8?6RST=�`+QS7?=� U� =RR8>8TQZ?� [6Q6+
7=>S7S?�c�Q=;ZT=6>U9�)�����*!�6U\8� 
��, = +∞
8�#�)�����*� 8Q=]6�� �U\8��� U>7S[=9!� >S� SQ=
U>7S[S�TS;7=U>=6>�T�\onS^�Sn\=U>8� 	
����Ω ⊆ �
�U\8���Q6U>7S[=9!�>S�?SlQS�Sh76R6\8>j�?QS+
l6U>TS� 	�
 � � 
���� � 
 � � ��%0 �  % �  = ∈ = ���;T6+
U>QS!� ]>S

( )�
 � � 
�� 
 � �%�  0  , , , �−∈ ⇔ ≤ −

�VU>j� 
 � �% �  � Q6U>7S[=9� =7i8?6RST=
`+QS7?=�U�=RR8>8TQZ?�[6Q67=>S7S?� 
 �, � !�>S[+
R=� ( )�
 � 
�� 
 �%� � , , , �−= − �U8\jQS6�S>78_=Q86!
=UUS_887ST=QQS6� U� QS7?S^� 
 � �% �  �� �=?6>8?!
]>S� 
 � � �% �  = !� 6U\8� 
 �% � �< � t2u�� �� <\=UU6
S>78_=Q8^!� ;=R=T=6?Zi� T� Snp6?� T8R6


 �
	� �

� �
�� �

+=
+

!� UVp6U>TV6>� 6R8QU>T6QQS6� S>+

5'��))������#������1���/#���#����)�"���S/,�41#%P�*�#��������#�o



�52

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

78_=Q86� �VRl6QS� T8R=�
�


 �
�

�

�
� �

��

−=
+

( )�� > − �
	=UU?S>78?�mVQ<_8SQ=\jQS6� V7=TQ6Q86


 �� 
 � 
� � 
 � 
 � 
 � 
 ��  , �  � ,   � , � ,  − + − = − r�s

U�Q68;T6U>QS^�mVQ<_86^� # ����� �����, → �
�SlQS� ;=?6>8>j!� ]>S�mVQ<_88� 
 � ��, � =


 � �, � = �9T\9o>U9�76q6Q89?8�k>S[S�V7=TQ6+
Q89�

U����-.����� ��� �R8QU>T6QQS6� 76q6Q86
V7=TQ6Q86� r�s� Q=� ( )��� �Y� k>S� S>78_=Q86
�VRl6QS�

�� U=?S?� R6\6!� hSRU>=QST<S^

( )�

 � �

�

�
, � �

��

−= > −
+

� T� mVQ<_8SQ=\jQS6

V7=TQ6Q86� ?SlQS� Vn6R8>U9!� ]>S� S>78_=Q86
�VRl6QS� � 9T\96>U9� 6[S� 76q6Q86?�� �6h67j
h76RhS\Sl8?!� ]>S� # ����� �����, → � 8� UVp6+
U>TV6>�6R8QU>T6QQ=9�>S]<=� �����' ∈ !�T�<S>S+
7S^� 
 �, ' '= �� �SRU>=T\99�  '= � T� r�s!� hS\V+
]8?

( )��	
 �� 
 � 
� � 
 � 
 � 
���� �' �, � � ' ' � , � �− + − = − ∈

�S[R=

	

	

	


� � �

 � �

� 	

� 	 � �

� ' �
, �

'' ' � �
'

− −= = −+ − +

[R6�
	

� 	
�

'

'

− > − �

�Z�.f���������U\8� 
 �� � �U8\jQS6�S>78_=+
Q86!� >=<S6� � ]>S

� 
 �� 
 � 
� � 
 � 
 � 
 � 
 ��  � �  � �   � � � �  − + − = − r#s

R\9� TU6i� ��  � >=<8i� ]>S� 
 � � �≥ !� >S� 
 �� �
9T\96>U9�S>78_=Q86?��VRl6QS�

�VU>j� �
 � � 
 �� � . �  )= = �T�r#s!�>S[R=�R\9
TU6i� �) . �>=<8i!�]>S� 
 �) � .≤


 �
 
 � �� 
 �
� 
 ��


 
 � 
 �� �

� ) � . ) � . � ) .

� . � � ).

− + − =

= −

�� hS?Spjo� Q6U\SlQZi� TZ]8U\6Q8^� hS+
\V]8?!� ]>S


 �� 
 � 
� � 
 � 
 � 
 � 
 �) . � ) . ) � . . ) � ) � .− + − = −
R\9� TU6i� �) . � >=<8i!� ]>S� 
 �. � )≤ �� �=<� <=<
hS\V]6QS�V7=TQ6Q86!� USTh=R=op66� U� r�s!� >S
6[S�76q6Q86?�9T\96>U9�S>78_=Q86��VRl6QS�

	=UU?S>78?� U6?6^U>TS� Q6U>7S[8i� =7i8+
?6RSTZi�`+QS7?!�;=R=T=6?Zi�T�T8R6

�
 � � 
 � �

$!�
�� 
� �
 ����

% �  � �  

� �  

λ
λ

λ λ

= =

= + − + −
C8\jQS6� S>78_=Q86!� =UUS_887ST=QQS6� U


 � �% �  λ !� 8?66>�T8R

�

 � �

�
�

�
� �

�
λ λ

λ

−=
+

−
>�6��9T\96>U9�S>78_=Q86?��VRl6QS�U�<SQU>=Q+

>S^�
�

�
λ
λ

=
−

�

�=m8<U87V6?� ����� ∈ � 8� nVR6?� 7=UU?=>+
78T=>j

  ���!�

���� � 
 ��

 �


 
� �� 
� �
� �� �
 

� �  
% �

  

λ

λ λ λ λ

≤ ≤=  + − − − −

�=?6>8?!�]>S�R\9�TU6i� �λ > � 
 � % �λ �h76R+
U>=T\96>�USnS^�h79?Vo�Q=� [ ]
 ����  λ �

U����-.���������VU>j� 
 � �% �  � Q6U>7S[=9
=7i8?6RST=�`+QS7?=!� 
 �� � �Y�=UUS_887ST=Q+
Q=9� U� Q6^� mVQ<_89� U8\jQS[S� S>78_=Q89�
�76RhS\Sl8?!� ]>S� R\9� TU6i� ����� ∈ �  %
h76RU>=T\96>�USnS^�h79?Vo�Q=��[ ]
 ����  !�>S[+
R=�UVp6U>TV6>� �λ > �>=<S6!�]>S�% %λ= �

�� U=?S?�R6\6!�T�7=?<=i�h76RhS\Sl6Q89
8?66?�R\9�<=lRS[S� ����� ∈

�� � 
 ��


 � � 
 � 
 �
� 
 ��

� 
 �

 

� �  

% �  % �  �  �  
� �  

�  

≤ ≤
= =  − > −

�� R7V[S^� U>S7SQZ!� >=<� <=<� 
 � �% �  � <S?+
?V>=>8TQ=!� >S� 
 � 
 � � 
 � � 
 � �% � % �  %  � %  = = =
R\9�TU6i� � ������  ∈ ���S[R=�hS\V]8?�R\9�TU6i
��  � >=<8i!� ]>S� 
 � � �≥


 � 
 �

� 
 � � 
 �


 �� 
 � 
� � 
 � 
 � 
 � 
 ��

 �  �  � �� �

�  � �

�  � �  � � 5  � � � �  

− −= ⇔
− −

⇔ − + − = −

��USS>T6>U>T88�US�U\6RU>T86?�
�


 �
�

�
� �

��

−=
+

�

��hS?Spjo�h7SU>Zi�TZ]8U\6Q8^�hS\V]8?

 � � $!�
�� 
� �
 ���% �  � �  λ λ= + − + − !� [R6

�

�

�
λ =

+
�

�����3���#���



�5�

�����������!��6789:��8;8<=���=>6?=>8<=!� #$$�!�@ �

������
���	���	�

���ODG7GKY� a� � <G9:;@� I� � L;X� a�� )�/�|�����
|d��f��Jdf/�/d|�������BB:���|������d|f�����/d|��|e
���������/��e����/�/�f�zz�M���~�.����|e�.~f���f�
Y�@��2�!�#$$2��Y�J��2��Y2 4�

#��3���#���������6<S>S7Z6�=Uh6<>Z�h76RU>=T+
\6Q89� Q6]6><8i� Sh67=>S7ST� S>QSq6Q86?� RTVi

?QS[S]\6QST�zz��;T6U>89����ST���=>6?=>8<=��+
@��r2#*s!��55-��Y����  Y2$�

 ��3���#������� ��1))��#���+���\[6n7=8]6U<86
UTS^U>T=� QS7?87ST=QQS^�7=;QSU>8� zz�h>8?8;=+
_89�8�?SR6\87ST=Q86�T�=T>S?=>8;87ST=QQZi�U8U+
>6?=i���S7SQ6l:��;R+TS�����!��554��Y��� *-Y- �

2��<;E?@�J��.���|dcf�|����/d|f��|e�Y+|d��f�zz�(��}+
�����¢�.d���Cd����/|���Y�@��!��552��Y�J� 5 Y54�

5'��))������#������1���/#���#����)�"���S/,�41#%P�*�#��������#�o




