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 ^V_#`#a#b�c  d e f�_#g _#c b�h i  b�c a ^Vd i  ^Vc f�c j#k#a#j  _#l	_#m#b�_#n#d#d  `#c e  a#` ^V_#b�k#a#j  h o i eGd  d  ha#` ^V_#b�k#a#j  h o i eGp q  m ^Vd  m#a ^Va#g a#o a r  ̂Vc e�c ^Vo d ^Va#o _#k#d#d  `#d#k#_ ^Vk#s	t  u�_#k#_ f�a#o , d#h m#a f�p e v�c r�s	t  l f im#c ^Vc l#_#w�d  d#k#x�a ^#r�_#n#d#d , m#a f v�w�_#c r�a#j  o  x�d eGd#w�c h u d t  y u h m#c ^Vd r�c k#b�_ t . z1c {|_#c b�h i  e�_#l	_#w�_h d#k#b�c e�_  f�d#k#c j#k#a#j  l#d#h u ^Vc b�k#a#j  n#c m#d  h  m#a#h b�a i�k#k#s	r�d  m#_ ^V_ r�c bG^V_ r�d  (}�~������ ),a#`#c h m#c w�d#o _#q��|c j  v�h b�a#j#w�d#o a#h b�p  m ^Va#n#c h h _  ^Vc f�c j#k#a#j  _#l#_#m#b�_#n#d#d  o a#h h b�_#k#_#o f�d#o _#q��|c g aa ^Vg _#k#_  ̀#c e  a#` ^V_#b�k#a#j  h o i e�d  d  m#a#u�_ e�s�o _#c b�h i  u�a ^#^Vc u b�k#a#h b�p  c c  m#a#h b�_#k#a#o u d .

���#�|�	� � ���
 � �#W#� Y : ^Vc f�c j#k#_ i  _#l	_#m#b�_#n#d i ,eG_#l#_#w�_  h d#k#b�c eG_  f�d#k#c j#k#a#j  l#d#h u ^Vc b�k#a#j  n#c m#d  hm#a#h b�a i�k#k#s	r�d  m#_ ^V_ r�c bG^V_ r�d .

z(c f�c j#k#_ i  _#l#_#m#b�_#n#d i  ̀#c e  a#` ^V_#b�k#a#j  h o i e�d� !#�  �#/ )#/ 0�4�!#0  % �	% ��� % ��$�/ 0  '�!#� � � % 4�% ' )#$�'�% �|�1/ " !  (�#/ &1% �|�1/ " ! ) !#�#" % 4�%  ��!#�#!#" !#' !#" !  � $���%
[ ]1 2 .−  '  !#� � � � � � '�$�/  !#�	�#% � 4�!#0  � '�5 � $  ��!#4�$�-�% / � � 5  � )#/ �	� �(�(% 5  � � �#% � / " $�5  ���#$�' / �	/ 4�$�5  ' / � !#'

( )a i ni = 1,  / " !  ' �	!#�#!#'  '  � !#!#� '�/ � � � ' $�/  �  '�/ �#!#5 � 4�!#� � 5 -�$  ( )q i ni = 1,  $��  !#&($��	!#� .� % �#% 4�/ /  � % �	% / � � 5  �#�#$�� $�.#/ � ��!#/  � 4�% .#/ 4�$�/  �	!#��� � � $�-�!#0  '�/ �#!#5 � 4�!#� � $  !#&1$��#�#$  q0  �#'�!#$�.#4��V�
��% 4�% )#!#'  B B Bn1 2, , ,� . ��� )#$  ' / �#!#5 � 4�!#� � �  qi  !#&1$��#�#$  �#'�!#$�.#4�!#" !  �#% 4�% )#%  Bi  ���#/ '��V&1% / �  � � !
���#$�� $�.#/ � �#!#/  � 4�% .#/ 4�$�/  q0 , � !  i − ��  �	' !#$�.#4�!#-��  ��% 4�% )#�  Bi  ���#$�� ' % $�'�% / � � 5  ' / �  ai , �#% ' 4���04�� )#� . ��� )#$  ��/  ' / �#!#5 � 4�!#� � �  !#&($��	��$  i −�� �	' !#$�.#4�!#" !  �#% 4�% )#%  4�/  ���#/ ' !#� �	!#�#$��  �#�#$�� $�.#/ � ��!#" !� 4�% .#/ 4�$�5  q0 , � !  / -��  ���#$�� '�% $�' % / � � 5  ' / � , �#% '�4��V0  / �#$�4�$���/ . ��% ��$�-  !#�	�#% � !#- ,
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  4�% .#/  " !#' !#�#5 , � 4�% .#/ 4�$�5  ' / � !#'  � % �	% �|� � 5  �#/ )#/ 0�4�!#0  ¡V� 4��#��$�/ 0
( )a q qi i= −sgn 0 , (1')

.#� !  $  � )#� ��$��  !#� 4�!#'�% 4�$�/ -  4�% � �V'�% � �  � % �#� �  % �	% ��� % ��$��  �#/ )#/ 0�4�!#0 . 
� �#/ � �
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����	� �#$  � � !#-  ' / �#!#5 � 4�!#� � �  !#&($��	��$  �#% ���	!#" !  �	' !#$�.#4�!#" !  ��% 4�% )#%  Bi  !#��/ 4�$�'�% / � � 5  ��% �
' / �#!#5 � 4�!#� � �  �#% � � !#" )#% � !#'�% 4�$�5  � $�" 4�% )#%  X i  4�%  i −�  '��#!#�	/  ��!#�#!#" !#'�!#" !  � )#/ -�/ 4�� %  �  ���#% '�$�)#� 4��V-
!#� ' / � !#-  X , ��!#�	% ' % / -��V-  $�� '�4�/ .¢ )#5  �#/ % )#$�� % ��$�$  � � �#% � / " $�$  (1) '  ���#$�4���$���/  -�!#��4�!  '��V.#$�� )#5 � �  )#�(�#���  ¡V� 4��#��$��  F0 ,
-�!#4�!#� !#4�4�!  '�!#� �#% � � % �|�1� �  �  � '�/ )#$�.#/ 4�$�/ -  qi , !#� � �1/ � � ' )#5 5  ���#$�'�/ �#/ 4�$�/  '�/ � !#'  ai  '� !#!#� ' / � � � '�$�/  �  ' / �#!#5 � 4�!#� � 5 -�$  !#&1$��#!#�  qi , � ./ . % �#% ��� % ��$�� , ��!  � !#!#� 4�!#&1/ 4�$�� :
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� !#)#% " % / � � 5 , .#� !  ���#!#' / �#�#%  �#% � � !#" )#% � !#'�% 4�$�5  -�/ ���#�  X  $  ( )X i ni = 1,  ���#!#$�� '�!#�#$�� � 5  .#/ �#/ �
�#% ' 4���/  ���#!#-�/ ����� ��$  (� % �#� � ) '  ��/ )#!#.#$�� )#/ 4�4��V/  -�!#-�/ 4�� �  ' �#/ -�/ 4�$  k , ���#$�.#/ -  k  ���#!#�#/ " % / �� 4�% .#/ 4�$�5  0, 1, 2, $  � .� .
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¢ )#5  �#!#4����#/ � 4�!#0  �#/ % )#$�� % ��$�$  -�!#4�!#� !#4�4�!#0  � % ' $�� $�-�!#� � $  ( )F qi0 , � ./ . � $�" 4�% )#% ,

� ���#% '�)#5 �|�1/ " !  ���#!#��/ � � !#-  � � � % 4�!#'���$  ' / � %  ai , ' !#� ��!#)#� � ��/ -�� 5  )#$�4�/ 0�4�!#0  �	$�� ���#/ � 4�!#0  ��/ ��� �  �
��!#� � !#5 4�4��V-�$  ��% �#% -�/ � �#% -�$  (� ¢������ ), � �	/ -�% � $�.#/ � �#$  ��!#�#% � % 4�4�!#0  4�%  �#$�� � 4��#/  1. ��/
$�-�����)#� � 4�� �  �	% �#% ��� / �#$�� � $��#�  !#�#!#� 4�% .#$�-  .#/ �#/ �  ( )g k .  -�����)#� � 4�!#0  �	% �#% ��� / �#$�� � $��#!#0  )#$�4�/ 0�4�!#0  �#$�� �#�#/ � 4�!#0  ��/ ��$  �  ��!#� � !#5 4�4���-�$  ��% �#% -�/ � �#% -�$ ,
��% �  $�� ' / � � 4�! , 4�% � �V'�% / � � 5  ' ���#!#�	4�% 5  ��!#� )#/ �#!#'�% � / )#� 4�!#� � �  ( ) ( )g k F k=  ���#$  '��#!#�	4�!#0
��!#� )#/ �#!#'�% � / )#� 4�!#� � $  ( )f k , � % �#% 4�4�!#0  '  ' $��	/  / �	$�4�$�.#4�!#" !  $�-�����)#� � %  ( )S k0 , " �#/

( )S k
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� �#!#$�� ' !#)#� 4�% 5  '��V�	!#�#4�% 5  ��!#� )#/ �	!#' % � / )#� 4�!#� � �  ( )F k  �#% ' 4�%  � '�/ �#� ��/  '��#!#�	4�!#0

��!#� )#/ �#!#'�% � / )#� 4�!#� � $  ( )f m  �  $�-�����)#� � 4�!#0  �	% �#% ��� / �#$�� � $��#!#0  � ¢������ :

( ) ( ) ( )F k f m g k m
m

k

= ⋅ −
=−∞
� . (3)

*�" �#% 4�$�.#$�-�� 5  �#% � � -�!#� �#/ 4�$�/ -  � ¢������ , �  �#!#� !#�#�V�  $�-�����)#� � 4�% 5  �#% �#% �#� / �#$�� � $���%  g k( )
�#% ' 4�%  4�� )#�  �	)#5  k < 0 . ��!#" �	%  ��� )#!#' $�/  (3) ���#$�!#�	�#/ � / �  '�$�� :

( ) ( ) ( )F k f m g k m
m

k

= ⋅ −
=
�

0
. (3')

� �#/ �#��!#)#!#��$�- , .#� !  �  ��!#-�!#�1� �  ��/ ��$ , !#�#!#� 4�% .#/ 4�4�!#0  4�%  �#$�� ��4���/  1 � $�-�' !#)#!#-  
���

(���#/ !#�	�#% � !#' % � / )#� ), ¡�!#�#-�$��#� / � � 5  ' �	!#�#4�!#0  � $�" 4�% )  ( )f m , ���#$�.#/ -
( )f m f

X X t

X X tm
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i

= =
≠
=

�
�
�

1

0

,

,

����	 �	�����	

����	 �	�����	
. (4)

� )#/ �	!#' % � / )#� 4�! , ' �	!#�#4�% 5  ��!#� )#/ �	!#' % � / )#� 4�!#� � �  ( )f m , ��!#� � � ��% �(�(% 5  4�%  � ¢������ , 5 '�)#5 / � � 5
� )#� .#% 0�4�!#0  $�-�����)#� � 4�!#0  ��!#� )#/ �	!#' % � / )#� 4�!#� � � � . �  ��% ���#��0  ¡�$��#� $��#!#' % 4�4���0  -�!#-�/ 4��  ' �#/ -�/ 4�$  m��/ �#/ -�/ 4�4�% 5  f m  ' ��� � � ��% / �  '  �#!#)#$  � )#� .#% 0�4�!#0  '�/ )#$�.#$�4�� , ���#$�4�$�-�% �(�(/ 0  � 4�% .#/ 4�$�/  4���)#�  �
' / �#!#5 � 4�!#� � � �  1− qi  !#� � ��� � � ' $�5  !#&1$��#�#$  4�%  i −�  '��#!#�	/  �#/ &(% �(�(/ " !  !#�#" % 4�%  $  � 4�% .#/ 4�$�/
/ �#$�4�$���%  �  '�/ �#!#5 � 4�!#� � � �  qi  !#&1$��#�#$  4�%  4�/ - : 

� !#� � !#-��  ��% ���#!#/  � )#% " % / -�!#/
( ) ( ) ( )ϕm k f m g k m= ⋅ − (5)

� � -�-��  (3') � % �#��/  5 '�)#5 / � � 5  '  )#�(�#!#0  � % �	% 4�4��V0  -�!#-�/ 4��  '��#/ -�/ 4�$  m  � )#��.#% 0�4�!#0  ' / )#$�.#$�4�!#0 ,
���#$�4�$�-�% �(�(/ 0  � 4�% .#/ 4�$�/  4���)#�  �  ' / �#!#5 � 4�!#� � � �  1− qi  $  � 4�% .#/ 4�$�/  ( )g k m−  �  '�/ �#!#5 � 4�!#� � � �  qi .��% �#$�-  !#�	�#% � !#- , -�% � / -�% � $�.#/ � ��!#/  !#��$��#% 4�$�/  �	$�� ���#/ � 4�!#0  � )#��.#% 0�4�!#0  ' / )#$�.#$�4��  ( )ϕm k
!#���#/ �#/ )#$�� � 5  ��!  ¡V!#�#-���)#/

( )[ ] ( ) ( ) ( )M k q g k m q q g k mm i i iϕ = ⋅ − + − ⋅ = ⋅ −0 1 . (6)

+ % � / -�% � $�.#/ � ��!#/  !#��$��	% 4�$�/  � ��-�-��
( ) ( )F k km

m

k

=
=
�ϕ

0-�!#��/ �  �	�V� �  �#% � � .#$�� % 4�!  ��!  � !#!#� 4�!#&(/ 4�$��

�	�

ai


��  � � � � ���
� � � ��� � �

���  � �  �
�� � � � � �

	
� � � �

ai

 "!"#	$	$

ai xi

f(k) F(k)
y

...
x

xi

� $�� . 1 � ¢������  '  � �	/ -�/  �#/ )#/ 0�4�!#0  % �	% ��� % ��$�$  ��!#�#!#" !#' !#" !  �#/ &1% �|�1/ " !  !#�#" % 4�%
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( )[ ] ( )[ ]M F k M km
m

k

=
=
� ϕ

0

. (7)
� !#�#� � % '�)#5 5  (6) '  (7), ��!#)#� .#$�- :

( )[ ] ( )M F k q g k mi
m

k

= ⋅ −
=
�

0

. (8)

��% �#$�-  !#�#�#% � !#- , '  -�!#-�/ 4��  '��#/ -�/ 4�$ , � !#!#� '�/ � � � ' ���|�1$�0  k  � % �#� % - , � �#/ �#4�$�0  � $�" 4�% )  4�%' ���#!#�	/  � ¢������  �#���#/ �  !#���#/ �#/ )#5 � � � 5  ¡�!#�#-�� )#!#0  (8). ��� )#$  k  �#!#� � % � !#.#4�!  �#!#)#� &1% 5  '�/ )#$�.#$�4�% , � !
( )[ ] ( ) ( )lim lim

k
i i

k m

k

M F k F q q g k m
→∞ →∞ =

≡ = ⋅ −�

��
	


�
�0

0

,

$�)#$ , .#� !  � !  ��/  � % -�!#/ ,

( ) ( )F q q g li i
l

0
0

= ⋅
=

∞

� . (9)

��� � / � � '�/ 4�4�!  ��!#� �#/ �	!#' % � � , .#� !#�#�  � 4�% .#/ 4�$�/  ' ���#!#�	4�!#" !  � $�" 4�% )#%  � ¢������  � �#!#�	$�)#!#� �  ��!' / �#!#5 � 4�!#� � $  �  qi  $  � � $�-  !#�	/ � ��/ .#$�' % )#% � �  � �#/ �	� / -�% 5  � � � !#0�.#$�'�!#� � �  ���#!#��/ � � %  % �#% ��� % ��$�$  �	)#5
� )#� .#% 5 , ��!#" �#%  � $�" 4�% )  f m  ¡V!#�#-�$��#��/ � � 5  '  �#/ � ��)#� � % � /  � �#% ' 4�/ 4�$�5  X i  �  ��!#�	% ' % / -��V-  $�� '�4�/
���#% ' $�)#� 4���-  !#� ' / � !#-  X  '  � % ��� !#'��V/  -�!#-�/ 4�� �  m . 

� !#� )#/ �#4�/ /  !#�#� � !#5 � / )#� � � '�!  '  ��/ �#' ���  !#.#/ �#/ �	��#$��#� � / �  4�/ !#�#�	!#�#$�-�!#� � �  '��V��!#)#4�/ 4�$�5  � )#/ �#���|�1/ " !  4�/ �#% ' / 4�� � '�% :

( )g l
l

< ∞
=

∞

�
0

. (10)

� 5 �  ( )g l
l

< ∞
=

∞

�
0

 �  !#�#�1$�-  .#)#/ 4�!#-  ( )a g ll =  � �	!#�#$�� � 5 , / � )#$ , ��% �  � � !  � )#/ �	� / �  $��
$�4�� / " �#% )#� 4�!#" !  ���#$�� 4�% �#%  ��!#&($ , ¡V� 4��#��$�5  ( )g z  -�!#4�!#� !#4�4�!  � �	�V'�% / �  $  4�/ � !#�#� � '�/ 4�4��V0  $�4�� / " �#% )

( )I g z dz1
0

=
∞

�

� �#!#�	$�� � 5 . �V� !  ��� )#!#' $�/  � % ��$�&(/ -  '  '�$��#/  �#% ' / 4�� � '�%
( )g z dz A

0
0

∞

� = , (11)

" �	/  A0 − ��!#4�/ .#4�!#/  ' / �1/ � � ' / 4�4�!#/  ��!#)#!#��$�� / )#� 4�!#/  .#$�� )#! .
,�/ !#�#�	!#�#$�-�!#� � �  ��� � !#0�.#$�' !#� � $  ���#!#��/ � � %  % �	% ��� % ��$�$  4�% ��)#% �	�V'�% / �  !#���#/ �#/ )#/ 4�4���/

� �#/ �#!#'�% 4�$�5  $  4�%  �	$�� ��/ �#� $��  ( )[ ]D F k  � )#� .#% 0�4�!#" !  � $�" 4�% )#%  ( )F k .¢ $�� ��/ �#� $�5  � ��-�-��
( ) ( )F k km

m

k

=
=
�ϕ

04�/ � % ' $�� $�-��V�  � )#��.#% 0�4��V�  '�/ )#$�.#$�4  ( )ϕm k  �#% ' 4�%  � � -�-�/  $��  �#$�� ��/ �#� $�0 :

( )[ ] ( )[ ]D F k D km
m

k

=
=
� ϕ

0

. (12)
� �#/ � �

( )[ ] ( )[ ] ( )[ ]{ }D k M k M km m mϕ ϕ ϕ= −2
2
, (13)

���#$�.#/ -
( )[ ] ( ) ( ) ( )M k q g k m q q g k mm i i iϕ 2 2 2 20 1= ⋅ − + − ⋅ = ⋅ − . (14)� !#�#� � % '�)#5 5  (14) $  (6) '  ¡�!#�#-�� )#�  (13), �	� �	/ -  $�-�/ � � :

( )[ ] ( ) ( )[ ] ( ) ( )��������������� ����� −⋅−⋅=−⋅−−⋅= ��� �ϕ .

(15)� .#$�� ��' % 5  ��/  (15) '  � !#!#� 4�!#&1/ 4�$�$  (12), ��!#)#��.#$�- :
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( )[ ] ( ) ( )D F k q q g k mi i
m

k

= ⋅ − ⋅ −
=
�1 2

0

. (16)
� / �#/ �  �#!#� � % � !#.#4�!  �#!#)#� &1!#/  .#$�� )#!  � % ��� !#'  �	� �	/ -  $�-�/ � � :

( )[ ]{ } ( )[ ] ( ) ( )lim lim
k

i i i
k m

k

D F k D F q q q g k m
→∞ →∞ =

≡ = ⋅ − ⋅ −�

��
	


�
�0

2

0

1 ,

$�)#$ , .#� !  � !  ��/  � % -�!#/ ,

( )[ ] ( ) ( )D F q q q g li i i
l

0
2

0

1= ⋅ − ⋅
=

∞

� . (17)
� % � � -�!#� �#$�-  �	' %  �#5 �#% :

( )S l g l
l

1
0

= ⋅
=

∞

�

$
( )S g l

l
2

2

0
=

=

∞

� .

*�4�$  $�-�/ �(�  ��!#)#!#��$�� / )#� 4���/  .#)#/ 4��  $ , 4�% .#$�4�% 5  �  4�/ �#!#� !#�#!#" !  l , ' / )#$�.#$�4�%  ( ) ( )l g l g l⋅ ≥ 2 ,

� % �  �#% �  ( )g l  5 '�)#5 / � � 5  -�!#4�!#� !#4�4�!  ���#��' % �(�(/ 0  ¡���4�����$�/ 0 . 
� !#� � !#-��  $��  � �#!#�	$�-�!#� � $  �#5 �#%  S1�#���#/ �  � )#/ �	!#' % � �  $  � �	!#�#$�-�!#� � �  �#5 �#%  S2 , % , � )#/ �	!#' % � / )#� 4�! , $  �#$�� ��/ �#� $�$  (17). ���#/ �#!#'�% 4�$�/  ��/

� �#!#�	$�-�!#� � $  �#5 �#%  S1  � % ��$�&1/ -  '  ¡�!#�#-�/ , �#$��#� � / -�!#0  $�4�� / " �#% )#� 4��V-  ���#$�� 4�% �#!#-  �V!#&1$ :

( )z g z dz⋅ =
∞

� τ0
0

, (18)

" �	/  τ0 − �#!#4�/ .#4�!#/  ��!#)#!#��$�� / )#� 4�!#/  .#$�� )#! .� �#!#�#)#/ -��  !#� �V� �#% 4�$�5  ( )g k  $  � $�4�� / � %  � ¢������ , !#�#/ � ��/ .#$�'�% �|�1/ 0  � � � !#0�.#$�'�!#� � �  ���#!#��/ � � %
% �#% ��� % ��$�$ , -�!#��4�!  � ¡�!#�#-�� )#$��#!#'�% � �  �#% �  $�� !#��/ �#$�-�/ � �#$�.#/ � �#� �  � % �#% .#�  ' % �#$�% ��$�!#4�4�!#" !
$�� .#$�� )#/ 4�$�5  [ ].3 . �V� !  � 4�% .#$�� , .#� !  $��1/ � � 5  g  ��% �  ¡V� 4��#��$�5  z , �#)#5  ��!#� !#�#!#0  $�4�� / " �#% )

( )I z g dz
a

b

= �Φ , (19)

���#$�4�$�-�% / �  -�% �#� $�-�% )#� 4�!#/  � 4�% .#/ 4�$�/  '  ��� )#!#' $�5 �  (11) $  (18), $�-�/ �|�1$��  ¡V!#�#-��!#" �#% 4�$�.#/ 4�$�0
( )Φ1 1z g dz

a

b

,� = β (11')

$
( )Φ2 2z g dz

a

b

,� = β , (18')

" �	/  β 1  $  β 2  - � � � �  � % �#% 4�4���/  ��!#� � !#5 4�4���/ .

�V% �  $�� '�/ � � 4�! , ¡���4�����$�5  ( )g z , �#!#� � % '�)#5 �|�1% 5  -�% ��� $�-�� -  $�4�� / " �#% )#�  I , !#���#/ �	/ )#5 / � � 5  ��% �
�#/ &(/ 4�$�/  � �#% '�4�/ 4�$�5

∂
∂ λ

∂
∂ λ

∂
∂

Φ Φ Φ
g g g

+ ⋅ + ⋅ =1
1

2
2 0 , (20)

" �	/  λ 1  $  λ 2  - � % �  4�% � ��' % / -��V/  4�/ !#���#/ �#/ )#/ 4�4���/  -�4�!#��$�� / )#$ , �#!#� !#�#�V/  4�% �#!#�	5 �
��!#�#� � % 4�!#'���!#0  � % ' $�� $�-�!#� � $  ( )g z , ���#!#'�)#/ � ' !#�#5 �(�(/ 0  ���#% ' 4�/ 4�$��  (20), '  � !#!#� 4�!#&(/ 4�$�5  (11') $
(18'). ¢ )#5  ��!#)#� .#/ 4�$�5  ��!#4��#�#/ � 4�!#" !  �#/ � � )#� � % � %  4�% �#!  � % �#% � � � 5  ' $��	!#-  ( )Φ z g,  $  ��.#/ � � � , .#� !  '
4�% &(/ -  � )#��.#% /  a b= = ∞0, .
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�
 ��/ )#� �  !#�	!#� 4�!#' % 4�$�5  '��V�	!#�#%  ( )Φ z g,  !#�	�#% � $�-�� 5  �  ���#/ �#� � % '�)#/ 4�4��V-  4�%  �#$�� � 4��#/  2

" �#% ¡V$���% -  $  �#% � � -�!#� �#$�-  �	' %  �#5 �#% :

( )S g l
l

2
2

0
=

=

∞

�

$
( ) ( )S g l g l

l
3

0
= − ⋅

=

∞

� ln .

�

1

-g(z)lng(z)

g2(z)

g(z)

-lng(z)

Zl0l2l1

e-1

� $�� .2. �  !#�#!#� 4�!#'�% 4�$��  ' ���#!#�#%  ¡���4�����$�$  � (z,g)
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*�� �#�#% � ��' % 4�$�/  �#!#4�/ .#4�!#" !  .#$�� )#%  4�% .#% )#� 4����  .#)#/ 4�!#'  '  � � $��  �#5 �	% �  4�/  !#� �#% � $�� � 5  4�%  $����!#' / �	/ 4�$�$ , '  .#% � � 4�!#� � $ , 4�%  $��  � �	!#�#$�-�!#� � $ . 
� !#� � !#-��  !#� �#�#!#� $�-  '  S2  $  S3  4�% .#% )#� 4��V/  .#)#/ 4��  �	!

l l= 0 ,  ���#$  ��!#� !#�#!#-  ( )g l e= ≈−1 0 3679, , %  ( )− ⋅g gln  �#!#� � $�" % / �  -�% ��� $�-�� -�% , �#% '�4�!#" !  e−1 . �
�#/ � � )#� � % � /  ���#$��#/ -  �  4�/ !#�	�#!#�	$�-�!#� � $  �#% � � -�!#� �#/ 4�$�5  ��!#' / �	/ 4�$�5  ����!#�#!#.#/ 4�4����  �#5 �#!#' :

( )S g l
l l

2
2

0

' =
=

∞

�

$
( ) ( )S g l g l

l l
3

0

' ln= − ⋅
=

∞

� .

� �#$  l l≥ 0  !#4�$  $�-�/ �(�  ��!#)#!#��$�� / )#� 4��V/  .#)#/ 4�� , ���#!#'�)#/ � ' !#�#5 �(�($�/  � � )#!#'�$��
( ) ( ) ( )− ⋅ ≥g l g l g lln 2 ,

$  ���#$  � � !#-  ( ) ( )− ⋅g z g zln  �  �#!#� � !#-  z  -�!#4�!#� !#4�4�!  ���#��' % / � , � !#" )#% � 4�!  �#$�� ��4����  2, !#� � % '�% 5 � �
4�/  -�/ 4�� &(/ , .#/ -  ( )g z . 

� !#� � !#-��  $��  � �#!#�	$�-�!#� � $  �#5 �#%  S3
'  � )#/ �#��/ �  � �#!#�	$�-�!#� � �  �#5 �	%  S2

' , %  '
��!#4�/ .#4�!#-  $�� !#" /  $  S2 . ,�%  !#� 4�!#'�% 4�$�$  ��/  $�4�� / " �#% )#� 4�!#" !  ���#$�� 4�% ��%  �V!#&1$  �#5 �  S3  �  !#�	�($�-
.#)#/ 4�!#-  ( ) ( )− ⋅g l g lln  � �	!#�#$�� � 5 , / � )#$  ( ) ( )− ⋅g z g zln  -�!#4�!#� !#4�4�!  ���#��' % / �  $  4�/ � !#�	� � ' / 4�4���0
$�4�� / " �#% )

( ) ( )− ⋅
∞

� g z g z dz
C

ln

� �#!#�	$�� � 5 . 
� �#$  � � !#-  4�$���4�$�0  ���#/ �#/ )  C  �	/ �#/ � � 5  ���#!#$�� '�!#)#� 4�! , )#$�&(�  �	�  '��V�#% ��/ 4�$�/

( ) ( )− ⋅g z g zln  ���#$  C z< < ∞  �	�V)#!  !#���#/ �	/ )#/ 4�!  $  4�/  $�-�/ )#!  �#% � �#��' !#' . �  4�% &1/ -  � )#� .#% /  -�!#��4�!
���#$�4�5 � � , .#� !  C = 0 .

��% �#$�-  !#�#�#% � !#- , � �#/ �#!#'�% 4�$�/  � �	!#�#$�-�!#� � $  �#5 �	%  S2  � �#' $�'�% )#/ 4�� 4�!  ��� )#!#' $��
− ⋅ ⋅ =

∞

� g g dz Iln
0

,

" �	/  I  - �#!#4�/ .#4�!#/  '�/ �(/ � � '�/ 4�4�!#/  .#$�� )#! .*�� !#���	/ � � ' )#5 5  ��!#)#� .#/ 4�4���0  $�4�� / " �#% )  �  � !#!#� 4�!#&(/ 4�$�/ -  (19), )#/ " ��!  !#�#4�% �#����$�� � , .#� !
( )Φ z g g g, ln= − ⋅ ,

$  � % �	% .#%  � $�4�� / � %  � ¢������  � '�/ �#/ � � 5  �  !#���#/ �	/ )#/ 4�$��  / /  $�-���� )#� � 4�!#0  �	% �#% ��� / �#$�� � $��#$  ( )g z
$��  ��� )#!#' $�5  -�% �#� $�-���-�%  ' ���#% ��/ 4�$�5

( ) ( )I g z g z dz= − ⋅ ⋅
∞

� ln
0

(21)

���#$  !#" �#% 4�$�.#/ 4�$�5 �  (11) $  (18).*�.#/ ' $��	4�! , .#� !
( )

( )
( )

( )

	




�




���

��


�

�

�

�

�
�
�
�
�



�
�
�
�
�

�

�

=
Φ

⋅=Φ

=
Φ

=Φ

+−=
Φ

⋅−=Φ


�

��
�

��

�
�

���

∂
∂

∂
∂

∂
∂

� !#�#� � % '�)#5 5  4�% 0��	/ 4�4��V/  ' ���#% ��/ 4�$�5  '  � �#% '�4�/ 4�$�/  (20), ��!#)#��.#$�- :
g e e z= ⋅− ⋅λ λ1 21 . (22)
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� !#� ��!#)#� �#�  ( )g z  / � � �  -�!#4�!#� !#4�4�!  ���#��' % �(�(% 5  �  �#!#� � !#-  z  ¡V� 4��#��$�5 , � !  �	!#)#��4�!  �#��� �
' ����!#)#4�/ 4�!  ��� )#!#' $�/

λ 2 0< . (23)
�V4�!#� 5  � 4�% .#/ 4�$�/  (22) '  !#" �#% 4�$�.#/ 4�$�/  (11) $  ��.#$�� �V'�% 5  ��� )#!#' $�/  (23), 4�% �#!#�	$�- :

e Aλ λ1 1
0 2

− = − ⋅ . (24)� !#�#� � % '�)#5 5  ��/  (24) $  (22) '  �#% ' / 4�� � '�!  (18), ���#$��	/ -  �  � )#/ �#���|�1/ -��  �#/ � ��)#� � % � � :

− ⋅ ⋅ ⋅ =⋅
∞

� A z e dzz
0 2

0
0

2λ τλ ,

!#� �����#%
λ τ2

0

0

= −
A

, (25)

$ , � % ��$�-  !#�	�#% � !#- ,

e
Aλ

τ
1 1 0

2

0

− = − . (26)

� .#$�� ��' % 5  (26) $  (25) '  � !#!#� 4�!#&1/ 4�$�$  (22), !#�#!#4�.#% � / )#� 4�!  �	� �	/ -  $�-�/ � � :

( )g z A
A

z= ⋅ ⋅ − ⋅
�

�
�

�

�
�−

0
2

0
1 0

0

τ
τ

exp .

� )#/ �	!#' % � / )#� 4�! ,

( )g k
A

T
e k

k
s

k

Ts

= ⋅ ≥

<

�

�
�

�
�

−
0 0

0 0

,

,
,����	

����	

(27)

.#� !  ���#/ �	� � % ' )#5 / �  � !#�#!#0  $�-�����)#� � 4�� �  �	% �#% ��� / �#$�� � $��#�  ¡�$�)#� � �#%  4�$�� ��$��  .#% � � !#�  ���!#� � !#5 4�4�!#0  '��#/ -�/ 4�$  T As = τ0 0 . ��/ " ��!  � �	/ �#$�� � � 5  '  � !#- , .#� !  '  �#% 4�4�!#-  � )#��.#% /
( )F q q

A

T

T

i i
s

s

0
0 1

1
1

= ⋅ ⋅
− −

�

�
�

�

�
�exp

.

��� )#$  ���#$  � � !#-  ��% �#% -�/ � �  A0 1= ,  %  ��!#� � !#5 4�4�% 5  ' �#/ -�/ 4�$  Ts  ' / )#$��#% , � !
( )F q qi i0 → . (28)

� � !  ��% � % / � � 5  �#$�� ��/ �#� $�$  � 4�$�-�% / -�!#" !  �  '��V�	!#�#%  � ¢������  � $�" 4�% )#% , � !  !#4�%  !#���#/ �	/ )#5 / � � 5' ���#% ��/ 4�$�/ -
( )[ ] ( )D F q q q

A

T

T

i i i
s

s

0
0

2

1
1

1
2

= ⋅ − ⋅
�

�
�

�

�
� ⋅

− −
�

�
�

�

�
�exp

.

��� )#$  Ts → ∞ ,  � !
( )[ ]D F qi0 0→ . (29)� !#�#'�!#�#5  $�� !#" $  ���#!#' / �	/ 4�4�!#" !  � �#/ � �  $�� � )#/ �#!#'�% 4�$�5 , -�!#��4�!  � % �#)#�|.#$�� � , .#� !  � % �	% .#%  � $�4�� / � %

� ¢������ , !#�	/ � ��/ .#$�' % �(�(/ 0  ��� � !#0�.#$�' !#� � �  ���#!#��/ � � %  �#/ )#/ 0�4�!#0  % �#% ��� % ��$�$  ' !#� � � % 4�% '�)#$�' % �(�(/ " !!#�#" % 4�%  �#/ �  !#�#�#% � 4�!#0  � ' 5 � $  $�-�/ / �  ��!#�#�#/ �#� 4�� �  ��!#� � % 4�!#'����  $  �#/ &(/ 4�$�/ .

z(c f�c j#k#_ i  _#l#_#m#b�_#n#d i  h  a#` ^V_#b�k#a#j  h o i eGp q� �#$  �#/ )#/ 0�4�!#0  % �#% ��� % ��$�$  �  !#�	�#% � 4�!#0  � ' 5 � � �  ��!#4�� �#!#)#$��#��/ � � 5  �#% � � !#" )#% � !#' % 4�$�/  � $�" 4�% )#!#'
X i  4�%  '��#!#�	% �  ��!#�#!#" !#'�!#" !  !#�#" % 4�%  �  ���#$�4�$�-�% / -��V-  $�-  �#/ &1/ 4�$�/ -  Y . �V/ �#!#5 � 4�!#� � �  � % ��!#" !
�#% � � !#" )#% � !#'�% 4�$�5  d i  $  � % -�/ 4�5 / �  � !#�	!#0  ' / �#!#5 � 4�!#� � �  qi  !#&1$��#�#$  i −�� ' �	!#�#%  '�!  ' � / �
��!#)#� .#/ 4�4����  ' ��&(/  � !#!#� 4�!#&(/ 4�$�5 � , ��!#� !#�#��/  !#� � % �(� � 5  '  � $�)#/  $  ���#$  4�% )#$�.#$�$  !#�	�#% � 4�!#0  � ' 5 � $ .
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� !#� ��!#)#� �#�  ( )q Q d q Q i ni i i− ≤ ≤ + = 1, , � !  ���#$  -�% )#�V�  � 4�% .#/ 4�$�5 �  ' / �#!#5 � 4�!#� � $  Q  !#&1$��#�#$
��!#�#!#" !#'�!#" !  !#�#" % 4�%  ( )F d qi i0 → .
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