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

�7

''%)%��%

�_\/.*N�+/d(/\+]�,*\d%+*�a.&'&*1%(+(_b
'(0`.+'&(/\+%c�Q/k(_b���� 8
��9� +,*(P'\�
+/,/&�Q/n%+�j_+]�/j%\^%d%(*�&�,*Q.*b�Q/0%�
1')�/\(/&*((/c�(*�&_d'\1%(''�Q*f('+(_b�^/�
+/./&�\*Q/'(0`.-''�'�&P*'Q/'(0`.-''�&�P*Q�
.(`+_b�./(+`,*b)�/j,*P/&*((_b�P*�\d%+�^,/�
+%.*('N�,*j/d'b�+/./&�+,*(P'\+/,*�^/�\'\+%�
Q%�\/%0'('+%1](_b�^,/&/0('./&�l")�#m���0(*�
./)� '\^/1]P`%Q_%� &� ,*Q.*b� 0*((/c�Q/0%1'
&_,*n%('N�01N�,*\d%+*�Q*f('+(_b�^/+/./&)
(*&/0'Q_b�&�^1/\.'b�^,NQ/`f/1](_b�./(+`�
,*b�+/.*Q')�^,/+%.*ik'Q'�&�^,NQ/1'(%c(_b
^,/&/0('.*b)� (%� ^/P&/1Ni+� &� ,N0%� \1`d*%&
*0%.&*+(/� /+,*P'+]� ,%*1](`i� f%/Q%+,'i� '
&P*'Q/,*\^/1/n%('%�./(+`,/&�'�^,/&/0('./&�
��a+/Q�^1*(%�+/d(/\+]�0&`Q%,(_b�'�+,%bQ%,�
(_b�Q/0%1%c� \`k%\+&%((/� &/P,*\+*%+)� %\1'
./(+`,� ^,%0\+*&1%(� \/&/.`^(/\+]i�^1/\.'b
Q(/f/`f/1]('./&���/\./1].`�Q*f('+(_c�^/+/.
(*b/0'+\N�.*.�'(+%f,*1�^/�^1/k*0'�./(+`,*)
*�1ij/c�Q(/f/`f/1]('.��Q/n%+�j_+]�,*Pj'+�(*
./(%d(/%�./1'd%\+&/�^,NQ/`f/1]('./&�'�+,%�
`f/1]('./&)�^,%0\+*&1N%+�'(+%,%\�^/1`d%('%
*(*1'+'d%\.'b� &_,*n%('c�01N�,*\d%+*�Q*f�
('+(_b�^/+/./&�&�+,%`f/1](_b�./(+`,*b�,*P�
1'd(/c�./(e'f`,*-''�

R S."%��%����S�#�"%���U
'$(�-%��+

	*\\Q/+,'Q�./(+`,�&�e/,Q%�^,NQ/`f/1]�
(/f/� +,%`f/1]('.*� \� &%,v'(*Q')� 'Q%ik'�
Q'�.//,0'(*+_�83t�P

3
9)�8Ct�P

3
9�'�8Ct�7uP

3
9�8,'\� ")

^K
�_�`�ac���_�`�a�v`a

��(��"%#.�
�!��#�$U�R # � '
'�RS ���U�� �#.(�U��S -� +�� (
$

^�����R���XY�� ��
��^_�b�
XY

�����!d�"�.� ���+������!���.�+���!����!�

�����!d�"�.�������+��
�K�������

�/1`d%(_�+/d(_%�'�^,'j1'n%((_%�*(*1'+'d%\.'%�&_,*n%('N�01N�,*\d%+*�Q*f('+�
(_b�^/+/./&�\*Q/'(0`.-''�'�&P*'Q/'(0`.-''�&�+,%`f/1](_b�`d*\+.*b�^1/\.'b�./(+`�
,/&���+/�^/P&/1N%+�\`k%\+&%((/�,*\v','+]�&/PQ/n(/\+'�Q%+/0'.�,*\d%+*�a.&'&*1%(+�
(_b�'(0`.+'&(/\+%c�Q/k(_b����8
��9�+,*(P'\+/,/&)�*�+*.n%�`+/d('+]�Q/0%1'�e'P'�
d%\.'b�^,/-%\\/&)�/j`\1/&1%((_%�&P*'Q(/c�'(0`.-'%c�,*j/d'b�+/./&�&�\'\+%Q*b�\/%0'�
(%('c�Q/k(_b����8
��9�+,*(P'\+/,/&�

+,%`f/1]('.�E9)�&�./+/,/Q�(*&/0'+\N�Q*f('+�
(_c� ^/+/.� \*Q/'(0`.-''� +/./Q)� ^,/+%.*i�
k'Q�^/�^,/&/0('.`�.,`f1/f/�\%d%('N�,*0'�
`\/Q�P

3
)�01'(/c�C)�/f,*('d'&*ik%Q`�./(+`,

^/�.*+%+`���*f('+(_c�^/+/.�&�+*./Q�./(+`�
,%�j`0%+�&_d'\1N+]\N�.*.�'(+%f,*1�^/�^1/�
k*0'� ./(+`,*� /+� Q*f('+(/c� '(0`.-'')� \/�
P0*&*%Q/c�&�(%./+/,/c� +/d.%� +/./Q� N)� ^,/�
+%.*ik'Q�&�0*((/Q�^,/&/0('.%�l2mO

[ ]

( )( )

�

�
�

�

�

� � ��

� � ��



�

� � !

!� + �
�

$ ! � !

# � ! �
�+��

+ � + + ! � +

µ
π

∆

+

− ⋅

Φ ≡

−
≡ +

+ − +

 
 
 

∫ ∫
8"9

�0%\]� �µ �V�Q*f('+(*N�^/\+/N((*N���(*1'�
+'d%\./%� ,%v%('%� l$mO

g��%+,/&�!����)�!`1f*./&������)�#33��

�����`����,*\d%+`�Q*f('+(/f/�^/+/.*�&�+,%`�
f/1](/Q�./(+`,%



:3

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


`QQ*�8#9�'�829O

( )[ ] ( )[ ]

( )( )
( )( )

� �

� �
� � �

��
� �

�
� �

� �

� � � �

� �
�

�! � � � �� ��

$ ! � ! $ ! � !

!# � � �

! !

! ! � � �
�

$ ! � !
! ! ! � � �

µ
π

∆ ∆Φ + Φ =
 +  = + − + −   

+ + + − − = Φ
+ + + 



�

^,%0\+*&1N%+�\/j/c�Q*f('+(_c�^/+/.)�(*&%�
0%((_c� 0*((_Q� +/./Q� &� ^,'Q_.*ik%Q� .
^,/&/0('.`� ^,NQ/`f/1](/Q� ./(+`,%)� /j,*�
P/&*((/Q`�\`QQ/c�./(+`,/&�E�'�EE�

�*� ,'\�� #� *)� j� ^/.*P*(_� P*&'\'Q/\+'

�

�

� � � �� �
� �

� � � �� �

$ ! � !
�

$ ! � !

∆Φϑ =
Φ �

� '� �

�

� � � �� �
� �

� � � �� �

$ ! � !
�

$ ! � !
ζ ∆Φ=

Φ �

� 01N

� �� ��� = �QQ�'�(%\./1].'b� P(*d%('c�01'(_
^,/&/0('.*�z�&�0'*^*P/(%�/+�"�0/�2�QQ)�b*�

[ ]
( )( )

( )

( ) ( ) ( )

( )

��
� � �

� � �
� � � �

� �

� �� � � � �
� � �� �

� � � �
��

� � � � � � �
� � �

� � � �
�

�
� � �� � � �!

� � �

�! �! �
� �

�! �!
� �

! � � ! �
!# � �

$ ! � !
! ! ! � ! � �

! � ! � � ! � � � ! � � !� �!

� � � �! � � ! � �

! � ! � � � ! ! � !!

! � � � ! � �

µ
π∆

 + + +Φ = − + − +
+ + +


 + + + + + + + + −   + + + + ×  +  + + + 

+ + + − + +
× +

+ + + + �



�

  
  

8#9

[ ]
( )

( )

( )
( )( )

( )

�
�

�

�
� � � � �

�

� �
�

� �
� � �

� �
� �

� � � � � � �
� � ��

� � � �
��

� � ��
�

� �
� � � �!

�

� �! �!
� �

!
+ �

� � �

�

# � ! �
$ ! � ! �+��

+ � + + ! � +

! ! � � �!# � � � �

! ! ! ! � � �

! � ! � � � ! ! � !� !

� �! � � � ! � �

µ
π

µ
π

−+

∆

 − Φ ≡ + =
 + − + 

+ + + + +  = + − − −    + + +

 + + + − + + − + +    + + + +  

∫ ∫

( )
( )

( )��� � � � �
�� ��

� � � �
��

� �
�! �! 


! � � !! � ! � � ! � � �� !

� � �! � � ! � �

−

 + + −+ + + + + + − +
+ + + + 

�(*1/f'd(/�01N�./(+`,*�EE�8,'\��"9O

829

����� ��� �*&'\'Q/\+'� (/,Q',/&*((_b�Q*f('+(_b� ^/+/./&� &� +,%`f/1](_b� ./(+`,*b� /+�v','(_
./(+`,/&O�"�V�C|2�QQt��#�V�C|#)��QQt�2�V�C|#�QQt�$�C|")��QQt���V�C|QQ

1��
�� !������*��
��1+#��"��



:"

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

,*.+%,(/Q�01N�,%*1](_b�./(\+,`.-'c�Q/k�
(_b����'�
���+,*(P'\+/,/&�

�+(/\'+%1](*N�&%1'd'(*�Q*f('+(/f/�^/�
+/.*)� (*&/0'Q/f/� &� +,%`f/1]('.%� N)� \//+�
&%+\+&`ik*N� e`(.-''� � ��ϑ )� \/\+*&1N%+
3) �3)7��/+� ��� � � �� �$ ! � !Φ � ���+/�b/,/v/�\/f1*�
\`%+\N�\�^/1`d%((_Q'�,*(%%�,%P`1]+*+*Q')
b*,*.+%,'P`ik'Q'� ,%P./%� `j_&*('%� &%1'�
d'(_�Q*f('+(/f/�^/+/.*�^,'�`0*1%(''�^,N�
Q/`f/1](/f/�./(+`,*�/+�^,/&/0('.*�(*�,*\�
\+/N('%� � �� �� !≤ �l#m��	/\+�P(*d%('c� � ��ϑ �^/
Q%,%� `&%1'd%('N� 01'(_� ^,/&/0('.*� /j`\�
1/&1%(�̀ &%1'd%('%Q�0/1'�̂ 1/k*0'�+,%`f/1]�
('.*�N)�/b&*+_&*%Q/c�^,'Q_.*ik%c�.�^,/�
&/0('.`�/j1*\+]i�&�^,%0%1*b�3)�C�

R S."%��%�'$(�-%��+
)S/�R(�^S�-%��$U�'$"��S%��+

	*\^,/\+,*('Q� ^/0b/0)� ^/1/n%((_c� &
/\(/&`�̂ /1`d%('N�*(*1'+'d%\.'b�&_,*n%('c
8#9�'�829�(*�j/1%%�/jk'%�\1`d*'�&P*'Q/,*\�
^/1/n%('N� ^,NQ/`f/1](/f/� ^,/&/0('.*� '
+,%`f/1](/f/�./(+`,*�8,'\��29���*.)�01N�./(�
+`,*�N�(*�,'\��2*O

( )

( )

� �

� �

� �

�

� � � �

� �



�

� +

� +

$ ! � !

# � ! �
�+��

+ � + + ! � +

µ
π

∆Φ =  
 − = +
 + − + 

∫ ∫ 8"*9

�0%\]O� �� � � � � �� �+ � � + � � �= + = + +
�� � � � � � � �� � � �� ! + � � ! � � ! ! != + − − = − − �

�(+%f,*1� 8"*9� 'Q%%+� *(*1'+'d%\./%� ,%�
v%('%)�&�d*\+(/Q�\1`d*%)�^,'�7

"
�|�3)�\/&^*�

0*ik%%�\�&_,*n%('%Q�8#9���0(*./�'P�P*�f,/�
Q/P0./c� P*^'\'� *(*1'+'d%\./f/� ,%v%('N
'(+%f,*1*�8"*9�̀ 0/j(%%�̂ /1]P/&*+]\N�̂ ,'j1'�
n%((_Q�,%v%('%Q�&'0*O

� � � � � � �

� � � � � � �

� � � �� � � � � � � � �� �

� � � � � � � � � ��

$ ! � ! � � � � $ ! � !

# ! ! ! � � � � � � �

∆ ∆

∆

Φ ≈ + Φ =

= Θ +
�

8$9

f0%� � � � �� � � � � � �! ! ! � � �Θ �V� 1'(%c(_c� *1f%j,*'�
d%\.'c� /^%,*+/,)� /^,%0%1Nik'c� &%1'd'(`
Q*f('+(/f/� ^/+/.*� &� ^,NQ/`f/1](/Q� ./(+`�
,%)� ,*\^/1/n%((/Q� &� \+&/,%� ^,/&/0('.*)
^*,*11%1](/f/�/0(/c�'P�\+/,/(�./(+`,*�l"m)

  		 ��		�� � � �� � � � � � � �� � ��� � � � $ ! � ! #∆ ∆+ = Φ = =

V�./aee'-'%(+�e/,Q_� ./(+`,*)� d'\1%((/
,*&(_c� P(*d%('i�Q*f('+(/f/� ^/+/.*)� (*&/�
0'Q/f/� %0'('d(_Q� +/./Q� '� &_d'\1N%Q/Q`
^/�e/,Q`1%�8#9�^,'�`\1/&''O�C|"�QQ)�'�^,/�
d'b�^*,*Q%+,*b)�&_,*n*%Q_b�&�Q'11'Q%+�
,*b�

�1N�&_d'\1%('N�&%1'd'(_�^/+/.*�&�./(�
+`,%�EE� 8,'\��29� � �� � � �� �$ ! � !∆Φ �'PQ%('Q�&�'(�
+%f,*1%� 8"*9)� ^,%0%1_� '(+%f,',/&*('N� ^/
^%,%Q%((/c��O

�� � � � � � �� � � � 
� ! � ! + � � ! �= = + − −

�(*1'+'d%\./%�,%v%('%�+*./f/�'(+%f,*�
1*�\`k%\+&`%+�'�&�d*\+(/Q�\1`d*%)�̂ ,'�7

"
|3)

\/&^*0*%+� \� &_,*n%('%Q� 829�� �0(*./� 'P�P*
%f/�f,/Q/P0./c�P*^'\'�`0/j(%%�'\^/1]P/&*+]
^,'j1'n%((/%� ,%v%('%O

� � � � � � � � � �� � � �� � � � � � � � � � � ��$ ! � ! � � � � ! ! ! � � �∆ ∆Φ ≈ + Θ 8�9

f0%

�����a��	*P1'd(_%�&*,'*(+_�,*\^/1/n%('N�+,%`f/1](_b�./(+`,/&�/+(/\'+%1](/�^,NQ/1'(%c(/�
f/� ^,/&/0('.*


����%!�+�0���������f���"�����f#��"���"���+�����#�d��.����0�



:#

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

  		 ��		�� � � �� � � � � � � �� � ��� � � � $ ! � ! #∆ ∆+ = Φ = =

V�./aee'-'%(+�e/,Q_�./(+`,*)� &_d'\1N�
%Q_c� ^/�e/,Q`1%� 829� 01N� %0'('d(/f/� +/.*
^,'� `\1/&'NbO� C|"�QQ)� '� ^,/d'b� ^*,*Q%+�
,*b)�&_,*n*%Q_b�&�Q'11'Q%+,*b���P�^/1`�
d%((_b�,*(%%�\//+(/v%('c�\1%0`%+O

� � � � � �� � � � � � ��� � � � � � � �∆ ∆+ + + =

01N� 1ij/f/� (*j/,*�e'.\',/&*((_b� P(*d%�
('c�7)�7

"
�'�P

3
�

�*�,'\��$�^,'&%0%(_�f,*e'.'�P*&'\'Q/\�
+%c� � � �� �� � �∆ + � '� � � �� �� � �∆ + � 01N� (%./+/,_b
P(*d%('c�v','(_�./(+`,/&�7)�b*,*.+%,(_b
01N� \'\+%Q� ^,/&/1/d(_b� \/%0'(%('c� Q/k�
(_b����'�
���+,*(P'\+/,/&���,'�`&%1'd%�
(''� ,*\\+/N('N� /+� ^,/&/0('.*� 0/� ./(+`,*

��∆ �Q/(/+/((/�`j_&*%+)�*� ��∆ �Q/(/+/((/�&/P�
,*\+*%+)� ^,'d%Q� /j%� a+'b� &%1'd'(_� \+,%�
QN+\N� .� P(*d%('i�3)�)� d+/� /^,*&0*((/)� +*.
.*.�^,'�7

"
o7���#3)�&%1'd'(*�Q*f('+(/f/�^/�

+/.*� /^,%0%1N%+\N� `n%� (%�e/,Q/c� ./(+`�
,*)�*�+/1]./�%f/�^1/k*0]i)�./+/,*N�&�0*(�
(/Q� \1`d*%� ,*&(*� ^/1/&'(%� ^1/k*0'� \//+�
&%+\+&`ik%f/� ^,NQ/`f/1]('.*�

�*.� ^/.*P_&*i+� ,*\d%+_)� (*'j/1]v*N
,*P('-*�Q%n0`�*(*1'+'d%\.'Q�'�̂ ,'j1'n%(�
(_Q�,%v%('%Q�'Q%%+�Q%\+/�&�j1'n(%c�P/(%
^,/&/0('.*���+*�,*P('-*�Q/(/+/((/�`j_&*�
%+�^/�Q%,%�`&%1'd%('N�v','(_�./(+`,*)�'
01N�Q'('Q*1](_b�,%*1'P`%Q_b�(*�^,*.+'�
.%�P(*d%('c�v','(_�./(+`,*�7|3)"�QQ�(%
^,%&_v*%+�^/�*j\/1i+(/c�&%1'd'(%�:{�+/d�
(/f/� ,%v%('N�� �,'� �� !≥ )� ,*P('-*� Q%n0`

^,'j1'n%((_Q� '� *(*1'+'d%\.'Q� ,%v%('N�
Q'�(*b/0'+\N�&�^,%0%1*b�")��{�

	*\^,/\+,*('Q� ,*\\Q/+,%((_%� &_v%
^/0b/0_�(*�&P*'Q/,*\^/1/n%('%�^,/&/0('�
.*�'�+,%`f/1](_b�./(+`,/&)�^/.*P*((_%�(*
,'\��2�j)�&���1N�./(+`,*�E�8,'\��2�j9�\//+&%+�
\+&`ik'c�'(+%f,*1�01N�,*\d%+*�Q*f('+(/f/
^/+/.*�P*^'v%+\NO

���

( )

( )

� �

� �

� �

�

� � � �

� �

�
�

� +

� +

$ ! � !

� � !
�+��

+ � + + � ! +

µ
π

∆Φ =  
 − = −
 + − + 

∫ ∫ 8:9

f0%� �� � � � � �� �+ � � + � � �= + = + +
�� � � � � � � �� � � � 
� ! ! + � � ! � � ! ! != + + − − = + +

!`0%Q�'\.*+]�^,'j1'n%((/%�*(*1'+'d%\�
./%�,%v%('%� &� &'0%O

� +
� � � �

+
� � � � � � � � �

� � � �� � � � � �� �

� � � � � � � � � � � � � ��

$ ! � ! $ ! � !

# ! ! ! � � � # ! ! ! � � � �

∆

∆

Φ ≈ Φ =

= ∆ = ∆
8;9

f0%� +
� �� � � �� �$ ! � !Φ � �V�Q*f('+(_c�̂ /+/.�/+�,*\�

\Q*+,'&*%Q/f/� +/.*� &� ^,NQ/`f/1](/Q� ./(�
+`,%� +/c�n%�01'(_� C

#
)� d+/� '� ./(+`,� N)

�
v'�

,'(/c� +
� ��� � � �∆ ∆= �V� ./aee'-'%(+)� /^,%�

0%1N%Q_c�'P�`\1/&'NO

( ) ( )
( )

+
� � � � � � �

+
� �

� � � � � � �
�

� �

# ! ! ! � � � � $ ! � !

$ ! � !
ε∆ ∆

∆

∆ ⋅ − Φ    ≤
Φ   

8 9

+
� � � �� � � � � � �! ! ! � � �∆ �V�*1f%j,*'d%\.'c�/^%,*+/,)

/^,%0%1Nik'c� &%1'd'(`� ^/+/.*� Q*f('+(/c
'(0`.-''�&�^,NQ/`f/1](/Q�./(+`,%)�,*\^/1/�
n%((/Q� &(%� \+&/,*�^,NQ/1'(%c(/f/� ^,/&/0�
('.*�l"mt� ( )+

� �� �$ ! � !∆Φ    �V�,%P`1]+*+�d'\1%(�
(/f/� '(+%f,',/&*('N� 8:9� &�D���F�Z #333 A��
8*(*1'+'d%\./f/� '(+%f,',/&*('N� ^/� ^%,%�
Q%((/c� e� '� ^/\1%0`ik%f/� d'\1%((/f/� '(�
+%f,',/&*('N�^/�_9�

�1N�,*\d%+*�Q*f('+(/f/�^/+/.*�&�./(+`�
,%� EE� 8,'\�� 2j9� " �� � � �� �$ ! � !∆Φ � (%/jb/0'Q/� &
'(+%f,*1%�8:9�'PQ%('+]�^,%0%1_�'(+%f,',/�
&*('N�^/�fO

�� � � � � � �� � � � 
� ! ! � ! ! + � � ! �= + = + + − −

�,'j1'n%((/%� *(*1'+'d%\./%� ,%v%('%O

� ++
" � � �

++
� � � �

� � � � �

� � � �� � � � � �� �

� � � � � � �

� � � ��� � � � �


$ ! � ! $ ! � !

# ! ! ! � � �

# ! ! ! � � � �

∆

∆

Φ = Φ =

= ∆ =

= ∆ −

879����� k�� �*&'\'Q/\+]� ./aee'-'%(+/&�e/,Q_
6∆"� 8.,'&_%� "9� '� 6∆#� 8.,'&_%� #9� /+� ,*\\+/N('N
Q%n0`�̂ ,/&/0('./Q�'�./(+`,/QO�*�V�7|3)"#�QQt
j�V�7|3)#��QQt�&�V�7|3)��QQ

1��
�� !������*��
��1+#��"��



:2

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

��/jk%Q�\1`d*%�^,'�e'.\',/&*((/Q�P(*�
d%(''���'\./Q_c�./aee'-'%(+� ��∆ �j`0%+�\1/n�
(_Q�/j,*P/Q�P*&'\%+]�/+�7�'�C)�&�Q%(]v%c�\+%�
^%('�V�/+� C

2
� '�7

"
���0('Q'�'P� \,*&('+%1](/

`('&%,\*1](_b�,%v%('c�8 9�N&1Ni+\NO

��

( )�

� � � �

�

�
�� � � �! �

�� �

� � !

! � �

!� ! � !

∆ =

 = − + +  + +
8"3*9

������

( )� � �

� �

� �� � �� � ���
�

�� " ��� 

�

!
� � !

� !

�

� !

∆

  
= − − −  

+ 
 

− −  
+ 

8"3j9

	*\d%+_)�^,/&%0%((_%�01N�b*,*.+%,(_b�01N
./(\+,`.-'c����8
��9�+,*(P'\+/,/&�,*PQ%�
,/&�̂ ,/&/0('./&�'�./(+`,/&�̂ /.*P_&*i+)�d+/
/+(/\'+%1](*N� ,*P('-*� Q%n0`� ,%P`1]+*+*�
Q'� d'\1%((/f/� '(+%f,',/&*('N� '� &_d'\1%�
('N�Q*f('+(_b�^/+/./&�\�^/Q/k]i�e/,Q`1
8;9)� 879)� 8"3*9)� 8"3j9� (%�^,%&_v*%+� ��{�

�1N� P*^'\'� '(+%f,*1*� 01N� &_d'\1%('N
Q*f('+(/f/� ^/+/.*� &� ./(+`,%� E� 8,'\� 2 &9

" �� � � �� �$ ! � !∆Φ � (%/jb/0'Q/� \1%0`ik'Q� /j,*�
P/Q�P*^'\*+]�&�8:9�^,%0%1_�'(+%f,',/&*('N
^/� eO

�� � � � � � � � �� � � � 
� ! ! ! + � � ! � � ! ! != + + − − − = + +


//+&%+\+&`ik%%� ^,'j1'n%((/%� *(*1'�
+'d%\./%�,%v%('%�^/� *(*1/f''� \� 8$9O

��� �� � � � � � �� � � �� � � � � � � � �� ��$ ! � ! � � � � $ ! � !∆ ∆Φ ≈ + Φ 8""9

f0%

�� � � � � �� � � �� � � � � � � � �$ ! � ! # ! ! ! � � �Φ = ∆

V�Q*f('+(_c�̂ /+/.)�\/P0*&*%Q_c�+/./Q�,*\�
\Q*+,'&*%Q/f/� ^,/&/0('.*)� &� ^,NQ/`f/1]�
(/Q�./(+`,%)�/j,*P/&*((/Q�+,%`f/1]('.*Q'
E�'�EE�8,'\��2�&9�

�(*1/f'd(/�01N�./(+`,*�EE�8,'\��2&9)�^,'�
j1'n%((/%�,%v%('%�'(+%f,*1*� 8:9� \� ^,%0%�
1*Q'O

�� � � � �

�� � � � � �

� � � �

� � � �

� ! ! + � � ! �

� ! ! ! + � � ! �

= + − − −

= + + − − −

P*^'v%+\N�&�&'0%O

��
�� � � � � � �

� � � � � � �

� � � �� � � � � � � � �� �

� � � � � � � � � �


�$ ! � ! � � � � $ ! � !

� � � � ! ! ! � � �

∆

∆

Φ ≈ + Φ =

= + ∆
8"#9

�/f,%v(/\+]�e/,Q`1�8""9�'�8"#9�/-%('&*�
1*\]�^/\,%0\+&/Q�&_d'\1%('N�e`(.-'cO

( )
[ ]

( )

+
� � �

+
� � � � � � � � �

+
� �

� �

� � �� � � � � � � � � � �
�

� �

! � � �

$ ! � ! # ! ! ! � � � � � � �

$ ! � !

δ

∆ ∆

∆

Φ + =

Φ − ∆ +
=

Φ    8"2*9

( )
[ ]

( )

+
� � �

+
� � � � � � � � �

+
� �

� �

� � �� � � � � � � � � � �
�

� �

! � � �

$ ! � ! # ! ! ! � � � � � � �

$ ! � !

δ

∆ ∆

∆

Φ + =

Φ − ∆ +
=

Φ    8"2j9

f0%� + +
� � � �� � � �� �� � � � �� �$ ! � ! $ ! � !∆ ∆Φ Φ �V�,%P`1]+*+_

d'\1%((/f/� ,%v%('N� \//+&%+\+&`ik'b� '(�
+%f,*1/&�&�D���F�Z�#333�A�����1N�,*\d%+/&
'\^/1]P/&*1'\]�\1%0`ik'%�^*,*Q%+,_�^,/�
&/0('./&�'�./(+`,/&�8,'\��2&9O�P

3
|3)3#��QQt

C|")��'�#)3�QQt�C
#
|")��'�#)3�QQt�C

2
|3�'�3)� QQt

7|3)#)�3)�)�"3�'�#3�QQt�7
"
|3�"3�QQ�

�� ,*\\Q/+,%((_b� ^,'Q%,*b)� /b&*+_&*i�
k'b�0/\+*+/d(/�v',/.'c�0'*^*P/(�P(*d%('c
7� '�7

"
)
�
*� +*.n%�'\^/1]P`ik'b�b*,*.+%,(_%

01N�&(`+,'./,^`\(_b�\/%0'(%('c�Q/k(_b���
'�
���+,*(P'\+/,/&�P(*d%('N�01'(�C�'�C

#
)�/+�

(/\'+%1](*N� ,*P('-*� Q%n0`� ,%P`1]+*+*Q'
d'\1%((/f/�'(+%f,',/&*('N�'�&_d'\1%('c�^/
^,'j1'n%((_Q�*(*1'+'d%\.'Q�e/,Q`1*Q�\/�
\+*&'1*�01N�&\%b�d'\1%((_b�P(*d%('c�^*,*�
Q%+,/&�&�\/&/.`^(/\+'O�y3)� ���u )�{�01N�e/,�
Q`1_�8":9�'�y#)3 ���u${�01N�e/,Q`1_�8";9�

�/1`d%((_%� *(*1'+'d%\.'%� &_,*n%('N
01N�,*\d%+/&�Q*f('+(_b�^/+/./&�&�`d*\+.*b
./(+`,/&� +,%`f/1](/c� e/,Q_� `d'+_&*i+
./(%d(_%�,*PQ%,_�./(+`,/&�&�./(\+,`.-'�
Nb�Q/k(_b����'�
���+,*(P'\+/,/&)�^/a+/�
Q`�^/P&/1Ni+�\�&_\/./c�+/d(/\+]i�,%v*+]
P*0*d'�Q/0%1',/&*('N�\*Q/'(0`.-''�'�&P*�
'Q/'(0`.-''� &� ^1/\.'b� ./(+`,*b)� *� +*.n%
\/P0*&*+]�`('e'-',/&*((_%�Q%+/0'.'�,*\�
d%+/&� a.&'&*1%(+(_b�'(0`.+'&(/\+%c�Q/k�
(_b����'�
���+,*(P'\+/,/&���*�'b�j*P%�&/P�
Q/n(/� \/P0*('%� ./Q^1%.\/&� e/,Q`1� 01N
'(n%(%,(_b� ,*\d%+/&� \� Q*.\'Q*1](/� +/d�
(_Q�`d%+/Q�f%/Q%+,''�,%*1](_b�/jh%.+/&�

R(�
%�%��%�R S."%��$U
���S�#�"%���U�'$(�-%��+
)S/���-%�%(�$U�(��"%# '

��.*d%\+&%�^,'Q%,*�P*^'v%Q�&_,*n%('%
01N� '(0`.+'&(/\+'� ./(+`,*)� /j,*P/&*((/f/


����%!�+�0���������f���"�����f#��"���"���+�����#�d��.����0�



:$

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

0`f//j,*P(_Q�^,/&/0('./Q�(*0�^,/&/0Nk%c
^/&%,b(/\+]i� '� 'P/j,*n%((/f/� (*� ,'\� ��
�*.*N�./(e'f`,*-'N�./(+`,*�b*,*.+%,(*�01N
Q/k(_b� ��� 8
��9� JUD<I� +,*(P'\+/,/&
8�����+,*(P'\+/,/&�\�f/,'P/(+*1](/c�\+,`.�
+`,/c9)� f0%� ,/1]� ^,/&/0Nk%c� ^/&%,b(/\+'
'f,*%+� Q%+*11'P*-'N� '\+/.*�V� /\(/&*('%
./,^`\*)� \/%0'(%((/f/� \� (`1%&_Q� ^/+%(-'�
*1/Q�\b%Q_���,%0\+*&'Q�0`f//j,*P(_c�^,/�
&/0('.�^,'j1'n%((/�^,/&/0('./Q�&��e/,Q%
1/Q*(/f/� � /+,%P.*)� /j,*P/&*((/f/� � \'QQ%+�
,'d(_Q'� \+/,/(*Q'� ,*&(/j%0,%((/f/� +,%`�
f/1]('.*��
�^/f,%v(/\+]i�Q%(%%�3)� {�01'�
(*�0`f'�BU

"
F�/^,%0%1N%+\N�&�\//+&%+\+&''�\

e/,Q`1/c��icf%(\*�l"mO

( )��

� �

�
� � 


�
 ��  � ��  �≈ + ⋅ −

�/f0*� 01'(*� \+/,/(_� ,*&(/j%0,%((/f/
+,%`f/1]('.*����O

�

�

�

� � �
�

� � �

�� �
 .

 �

 
 = + −
  

&_\/+*� +,%`f/1]('.*O

�
�

� �

� �

� �

�

� � �
�

� � ��

 �
.�  .

�� �� �

 �  �

= − =

= + − +

`f/1� ^,'� &%,v'(%)� ^,/+'&/^/1/n(/c� /\(/�
&*('iO

�

�
�

�
� � �����! 


�
� �

�

 .�  .�
��

 �

∠ = ∠ =

+ −

�d+%Q�./(%d(`i�+/1k'(`�^/1`^,/&/0('�
./&/f/� .,'\+*11*� 8+,*(P'\+/,*� '1'�����
./(0%(\*+/,*� \/f1*\`ik%c� -%^'9� '1'� 1%(�
+/d(/f/� a1%.+,/0*� (*� .,'\+*11/0%,n*+%1%
./,^`\*)�+�%��e/,Q*�./(+`,*�j`0%+�+,*^%-'�
%&'0(/c�8,'\���9���(0`.+'&(/\+]�./(+`,*�j`�
0%+�/^,%0%1N+]\N�,*P(/\+]i�Q*f('+(_b�^/�
+/./&� d%,%P� ,*\\Q*+,'&*%Q`i�^/&%,b(/\+])
\/P0*&*%Q_b�+/.*Q')�^,/+%.*ik'Q'�&�^,/�
&/0('.%�'�%f/�Q('Q/Q�/+/j,*n%(''�/+(/\'�
+%1](/� ^,/&/0Nk%c� ^1/\./\+')� +�%�

� � � �

� �

�

�

�

� �

� � � � � � �

� � �

� � � �

�� � � � � � ��

� � � � � � ��

�( � � �� � � �� �

� � �� � � � � � � �

� � �� � � �� �

� � �� � � � �

 .� * ��* * ��*

* .�* * .�*

& # $  �� $  ��

# $  .� $  .�

 .  .  * �

 .  . 0�  * � � 0�  * �

 . .. .. �

 . .. � .�  . .�

−

−

∆

∆

′ ′ ′= Φ ∩ − Φ ∩ ≈
′ ′ ′≈ Φ ∠ − Φ ∠ =

= Θ +
+Θ + +

′+∆ −
−∆ �

� � � � � � � �

�

� �

� � � � � � �

� �

� �� �

� � �� ��� � � �� � � �)

�( � � �� � � �� �

� � �� � � �� �

� � �� � � � � � � �

� � �� � � � ��� � � ��

� � �

�

 . .. � � .  . � . .� �

 .  .  , �

 .  .  * �

 .  . 0�  * � � 0�  * �

 . ., ),  ) � � ),  ) �

 .

∆

∆

∆

−
′ ′−∆ − −

′ ′ ′ ′ ′− Θ −
′ ′ ′ ′ ′−Θ −

′ ′ ′ ′ ′ ′ ′ ′−Θ + −
′ ′ ′ ′−Θ − + +

′ ′+∆ � � �

� � � � � �

� � � � �

� � �� � � � � � � �


�- �� .� �

 . �� � ��  . �� .� �∆

′ −
′ ′ ′ ′ ′ ′−∆

8"$9

��`Q%(]v*%Q/Q�(%�`d+%(�Q*f('+(_c�^/�
+/.)� (*&/0'Q_c� +/./Q� ,*\\Q*+,'&*%Q/f/
^,/&/0('.*� &� +,%`f/1]('.%��**

#
�� �� +/�n%

&,%QN� 'P� \`QQ*,(/f/� ^/+/.*� (%� '\.1id%(*
%f/� \/\+*&1Nik*N)� (*&/0'Q*N� &� +,%`f/1]�
('.%�Q4J

"
����&_d'+*%Q/Q�(%�`d+%(�Q*f('+�

(_c�^/+/.)� (*&/0'Q_c� +/./Q�Q('Q/f/� ^,/�
&/0('.*� &� d%+_,%b`f/1]('.%��

"
�**

#
)� '� (%

`\+,*(%(� Q*f('+(_c� ^/+/.� &� +,%`f/1]('.%
Q
J

"
���0(*./�'P�P*�j/1]v/c�&%1'd'(_�`f1*

���� 8 ���≥ ° 9)� ^1/k*0'� ,*\\Q*+,'&*%Q_b
e'f`,� \+/1]� Q*1_� ^/� \,*&(%('i� \� ^1/k*�
0]i�^,NQ/`f/1]('.*�*���*

"
� 8,'\�� �9)� *�'b

,*\^/1/n%('%�&(%�\+&/,*�,*\\Q*+,'&*%Q_b
^,/&/0('./&�'�\`QQ',/&*('%�\�,*P(_Q'�P(*�
.*Q')� ^,'&/0'+� .� +/Q`)� d+/� ,%P`1]+*+_
&_d'\1%('c� ^/�e/,Q`1%� 8"$9)� ^,*.+'d%\.'
(%� /+1'd*i+\N� /+� ,%P`1]+*+/&� ^,'Q%(%('N
j/1%%� ^/0,/j(_b� ^,/-%0`,�

����� j�� �� ,*\d%+`� '(0`.+'&(/\+'� ./(+`,*)
/j,*P/&*((/f/� 0`f//j,*P(_Q� ^,/&/0('./Q� (*0
^,/&/0Nk%c� ^/&%,b(/\+]i� ^,'� *^^,/.\'Q*-''
0`f'� ,*&(/j%0,%((_Q� +,%`f/1]('./Q� \� `d%+/Q
+/1k'(_�1%(+/d(/f/�a1%.+,/0*�'1'�^/1`^,/&/0�
('./&/f/� .,'\+*11*�

1��
�� !������*��
��1+#��"��



:�

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


���	���	�

"��1+#��"���*�
����,*\d%+`�'(0`.+'&(/\+'�/j�
k%f/� &_&/0*�Q/k(/f/���� 8
��9� +,*(P'\+/,*� o
�� ���!`1f*./&� oo��%\+('.��/,/(%n\./f/� '(\+'�
+`+*�����	/\\''��V�#332��V�R�2�8"�9��V�
� ":V#"�

#��1+#��"���*�
���1%.+,/Q*f('+(_%�&P*'Q/�
0%c\+&'N� &/� &b/0(_b� -%^Nb� Q/k(_b� ���� '

���+,*(P'\+/,/&� '� 'b� a(%,f%+'d%\.'%� '� d*\�
+/+(_%�b*,*.+%,'\+'.'O��'\����.*(0��+%b(��(*`.O

3��#;�3"�V� �*k'k%(*� 3:�3��72t� �+&�� 3#�3;�72�� y
�/,/(%nO��/,/(%n\.'c�f/\��`(�+)�"772��V�"�#�\�
V�!'j1'/f,�O�F��"$#V"�#�

2�������"�.� 1�
�� 
^,*&/d('.� ^/�e'P'.%� o
!� �� �&/,\.'c)��������%+1*e��V���O��*`.*)�"7 ��
V��"# \�

$��K��.��'�1���*j1'-_�'(+%f,*1/&�'�0,`f'%
Q*+%Q*+'d%\.'%�e/,Q`1_�o����!���&*c+��V���O
�*`.*)�"7;2��V�## �\�


����%!�+�0���������f���"�����f#��"���"���+�����#�d��.����0�




