
�� ��������	
������
����

���������	
��
���
���
�
����������

����������	
����
	��
�������������

������������������
��� �����
����������������������� ���
����!
� � �������

�����������	������
�����������		��
�����������������	����������������
��
���	�	������
��������
������������
�

�"#$%&%'�
"()*#+$',-%.�������',$%"*/�-��0
��1��-�1,',$(��#"%+%+1'#$(�	,*),-*),2�,3"#*4%���#.#"5+%)
"#3,'#4,'%%�67���87,*���
�9�� *+,-+:(�+#;.+:(�%+4('(*:�<�-�,3"#*4%�*,=$#+%/�#"1,'%4&%.(*),1,�%�>',?
1'#&&+,1,�,3(*>(.(+%/�$"/�),&>5@4('+:A�*%*4(&�#+#"%=#�%�,3'#3,4)%�%=,3'#B(+%2��#�4#)B(�3"%B+(2�C,4,?
1'#&&(4'%%��
-4,'�3,"((��
�+#;.+:A�'#3,4�

DEFGHIHJ�K��LMNKO��PFQ�RSJT�HT��0
���HT�USQVSP�WXYHST��ZX�HQ�[\X�ZXFG�S]�F�^FRSJF[SJ_�F[�[\X�`[F[X�WXQXFJV\�aTQ[H[b[X
S]�KcHF[HST�`_Q[XIQ��WbQQHFT�`[F[X�`VHXT[H]HV�dXT[XJ��efgh�fSQMaaK`���ZHQ�JXQXFJV\�HT[XJXQ[Q�FJX�HT�[\X�FEYSJH[\IQ
FTG� QS][PFJX� ]SJ� VSIib[XJ?FHGXG� Q_Q[XIQ� FHIXG� [S� FTFE_QHQ� FTG� iJSVXQQHTY� S]� HIFYXQ� FQ�PXEE� FQ� HT� [\X� Q\SJ[?JFTYX
i\S[SYJFIIX[J_��ZX�\FQ�ibREHQ\XG�ScXJ��
�[XV\THVFE�iFiXJQ�

�"5/��"#$%&%',-%.���������� ��',$%"*/�-��0���1��-�1,',$(�	,*)-(��
*>%'#+4�	
��� *+,-+:(�+#;.+:(
%+4('(*:�<�-�,3"#*4%�4'(A&('+,2�-%=;#"%=#j%%�%�4(A+%.(*),1,�='(+%/��
-4,'�-,*5&%�+#;.+:A�'#3,4�

aE_F�D��LWghkMMaLlD��PFQ�RSJT�HT��0����HT�USQVSP��ZX�HQ�hSQ[?fJFGbF[X�`[bGXT[�F[�[\X�UKa��ZHQ�JXQXFJV\�HT[XJXQ[Q
FJX�HT�[\X�[\JXX?GHIXTQHSTFE�cHQbFEHmF[HST�FTG�VSIib[XJ�cHQHST��ZX�\FQ�ibREHQ\XG���[XV\THVFE�iFiXJQ�


+#4,"%2��#*%"5(-%.�!
� � ��',$%"*/�-��0���1��-�1,',$(�	,*)-(���#-($;@n%2�)#C($',2�	
����,)4,'�4(A?
+%.(*)%A�+#;)��>',C(**,'�� *+,-+:(�+#;.+:(�%+4('(*:�<�-�,3"#*4%�&#4(&#4%.(*),2�,3'#3,4)%�'(=;"54#4,-
%=&('(+%2��
-4,'�3,"((��
��+#;.+:A�'#3,4�

KTF[SE_�D��`ZKWlMlD��o�`VH���PFQ�RSJT�HT��0����HT�USQVSP��ZX�HQ�[\X�ZXFG�S]�F�oXiFJ[IXT[�F[�[\X�UKa��ZHQ�JXQXFJV\
HT[XJXQ[Q�FJX�HT�[\X�IF[\XIF[HVFE�[JXF[IXT[�S]�IXFQbJXIXT[�GF[F��ZX�\FQ�ibREHQ\XG�ScXJ��
��[XV\THVFE�iFiXJQ�

�
�������
�����������
��
���
�����
�������
��
�����
���
��
����������
��������
�����	��� ��
������
!����"

���
��
����������
�����������
����������
��������
�����
�����������������
��#
$�%����
���
�&������
������"

�����������
��
�����
�
������
������

&�
�
����
�����
�
������
&��
�����������
�����
���
����
������
���
����"

��������
��������
������
������������ ��
������
�����	��� ��
������
�
&�
������
�
��������
��������
��#
'�"

������
���������


�
%��������
���	
��
����
����
�
��!���&��
$()"��������
�
�����*�
���
+,-�,.-
��������
�

��������
������
/-
������
�
����
��#

�=-(*4+:�'#3,4:�p����q�-�),4,':A�'(r#@4*/�=#?

$#.%�%*>,"5=,-#+%/�-%$(,%=&('(+%2��>,";.#(&:A

*�$-;A����?)#&('��$"/�'#='#3,4)%�),''("/j%,++,?

1,�#"1,'%4&#�*4('(,,4,B$(*4-"(+%/�4,.()�"(-,1,�%

>'#-,1,�*+%&),-����*4#45(�>'($"#1#(4*/�&(4,$�'(?

r(+%/�=#$#.%�*4('(,,4,B$(*4-"(+%/��,*+,-#++:2

+#�#+#"%=(�'(#"5+:A�%=,3'#B(+%2�>,$*4%"#@n(2

>,-('A+,*4%�*�>,$-%B+,1,�,3s()4#���'%�t4,&�;.%?

4:-#@4*/�,*+,-+:(�C#)4,':��=#4';$+/@n%(�*4('(,?

,4,B$(*4-"(+%(u

·�*;n(*4-(++:(�/'),*4+:(�'#="%.%/�%=,3'#B(?

+%2�*4('(,>#':��-,=+%)#@n%(�>'%�*s(&)(�>,-('?

A+,*4(2�,3s()4,-�>,$�'#=+:&%�;1"#&%v



����������	
������
����

���������	
��
���
���
�
����������

·� *;n(*4-(++:(� 1(,&(4'%.(*)%(� %*)#B(+%/

-*"($*4-%(�>,4(+j%#"5+,�*",B+,1,�'("5(C#�>,$*4%?

"#@n(2�>,-('A+,*4%v

·�-,=&,B+,*45�+#"%.%/�+#�%=,3'#B(+%/A�,3"#?

*4(2�*�&#",2�-#'%#j%(2�/'),*4%�

�,.+,*45�>'%-/=)%�)�t4#",++,&;�%=,3'#B(+%@

4(&�-:r(��.(&�3,"((�+(,$+,',$+:&�/-"/@4*/�*,?

,4-(4*4-;@n%(�C'#1&(+4:�%=,3'#B(+%/����-:.%*?

"%4("5+,2�4,.)%�='(+%/�*#&:&�>',*4:&�%�tCC()?

4%-+:&�>,)#=#4("(&�+(,$+,',$+,*4%�C'#1&(+4#

/-"/(4*/�$%*>('*%/�/'),*4%�-+;4'%�C'#1&(+4#

( )( )��
� � � ��

�
� � � � �

�� ��

0 0

1 0 2 0

1 2 0 3 1 1 2 2
0 =− =−

σ = + + −
+ ∑ ∑

( )( )
2

� ��

�
� �

�� ��

0 0

1 0 2 0

3 1 1 2 2
0 =− =−

 
− + +  + 

∑ ∑

1$(� ( )� ��3 1 1 2 2+ + �<�C;+)j%/�/'),*4%�%=,3'#B(?

+%/�,4+,*%4("5+,�t4#",+#v�0�<�),"%.(*4-,�>%)*(?

"(2�-�%=,3'#B(+%%v�1���2��<�),,'$%+#4:�t4#",++,1,

%=,3'#B(+%/�

w(&�-:r(�$%*>('*%/��4(&�3,"((�+(,$+,',$+:&

/-"/(4*/�C'#1&(+4�

�;*45�%=,3'#B(+%/�%&(@4�'#=&(':�4×0�>%)?
*(",-�%�,3"#*45�>('()':4%/�*,*4#-"/(4�>',j(+4,-�

�,1$#�$"/�t4#",+#�C;+)j%%�/'),*4%�3�"(-,1,�%=,3?

'#B(+%/�-�,3"#*4%�>('()':4%/�>'#-,1,�%=,3'#B(?

+%/�$,"B(+�3:45�>',%=-($(+�>,%*)�,3'#=#� 3#�x4,

4'(3;(4�>,'/$)#�405 α �,>('#j%2��1$(�05�<�),"%?
.(*4-,�>%)*("(2�-�t4#",+(���*"%�+(,3A,$%&,�+#2?

4%�*,,4-(4*4-%(�-*(&�>%)*("#&�"(-,1,�%=,3'#B(+%/�

4'(3;(4*/�6
y��405 α ��� �,>('#j%2���"/�'(#"5+:A
*4('(,>#'� α ≈ �����4�z�������>,t4,&;�>,"+,(�-'(?
&/�*4('(,,4,B$(*4-"(+%/�*4#+,-%4*/�+($,>;*4%&,

3,"5r%&�

��>',j(**(�%=;.(+%/�*+%&),-�>,$*4%"#@n(2

>,-('A+,*4%��>,";.#(++:A����?)#&('#&%�� ;*4#?

+,-"(++:&%�+#�$-%B;n(&*/�,3s()4(��-:/*+%",*5�

.4,�%*>,"5=,-#+%(�/'),*4+:A�>'%=+#),-�$"/�,4,B?

$(*4-"(+%/�&,B(4�>'%-(*4%�)�+(+#$(B+,2�'#3,4(

#"1,'%4&#���,t4,&;�>'($"#1#(4*/�>',-($(+%(�>'(?

,3'#=,-#+%/�%=,3'#B(+%/�,4�/'),*4+,1,�)�1'#$%(+?

4+,&;�*�>,*"($;@n(2�=#>%*5@�=+#.(+%2�%�+#>'#-?

"(+%2�$"/�)#B$,1,�>%)*("/�-�*,,4-(4*4-%%�*�>'#?

-%",&

( ) ( )� �� �� � �
1 2 1 27 7 8 87 7 8 81 2 1 2

9:1 9:1 ∇ ∇→

1$(��
�7 71 2

9:1 �<�>%)*("%�"(-,1,�%=,3'#B(+%/v

�8 81 2
9:1 �<�>%)*("%�>'#-,1,�%=,3'#B(+%/v

�1 27 7
∇ �%� �1 28 8

∇ �<�+,'&#��$"%+#��-()4,'#�1'#?

$%(+4#�4,.)%��1�2��+#�"(-,&�%�+#�>'#-,&�*+%&)#A�

�#�1'#+%j#A�&(B$;�4{&+:&%�%�*-(4":&%�,3"#?

*4/&%� -()4,'� 1'#$%(+4#� ;)#=:-#(4� +#>'#-"(+%(

>('(A,$#�,4�4{&+,2�)�*-(4",2�,3"#*4%��#�-�(1,�&,?

$;"(�*,$('B%4*/�%+C,'&#j%/�,�C'#1&(+4(�%=,3'#?

B(+%/���'%�t4,&�=+#.(+%/�1'#$%(+4,-�-:.%*"/@4*/

>'%�>,&,n%�*-{'4,)�%=,3'#B(+%/�*�&#*)#&%��,?

3("/�p�q�

�#)��$"/�C'#1&(+4#�%=,3'#B(+%/

�� � �� �� �

� � � � �

�� � �� �� �

: ; : ; : ;

: ; : ; : ;

: ; : ; : ;

3 3 3

3 3 3

3 3 3

− − − − +

− +

+ − + + +

 
 
 
 
  

�

$"/�t"(&(+4#� �: ;
3 �*�&#*)#&%

� � � � � �

� � � v � � �

� � � � � �
1 2

4 4

−   
   = = −   
   − − − −   

),,'$%+#4:� -()4,'#� 1'#$%(+4#� �,3("/

� �
1 2

∇ = ∇ + ∇ �%&(@4�-%$

( ) (

( ) (

�� � �� �� � �� � �� ��

�� � � � �� � �� � � � ��

� �

� �

1 : ; : ; : ; : ; : ; : ;

2 : ; : ; : ; : ; : ; : ;

3 3 3 3 3 3

3 3 3 3 3 3

− + − − − + − + + +

− − − + − − + + +

∇ = + + − + +

∇ = + + − + +

�;&&#�-*(A� -(*,-:A�t"(&(+4,-�&#*,)��,3("/

'#-+#�+;"@��#�>,4,&;�C,+��4�(��;.#*4)%�*�>,*4,/+?

+,2�/'),*45@��$#(4�+;"(-,2�,4)"%)�C%"54'#�

w4,3:�+#24%�+(),4,':2�>%)*("��/.(2);��<�"(?

-,1,�%=,3'#B(+%/�*�),,'$%+#4#&%��1<��2<��%�+,'&,2

-()4,'#�1'#$%(+4#� <
∇ �+#�>'#-,&�%=,3'#B(+%%��-*/

,3"#*45�>('()':4%/�>'#-,1,�%=,3'#B(+%/�$,"B+#

3:45�>',-('/(4*/�+#�+#"%.%(�>%)*("#�<�

�'($>,",B%&��.4,�)#B$,(�=+#.(+%(�1'#$%(+4#

>'%*;4*4-;(4�+#�%=,3'#B(+%/A� *� ,$+,2�%� 4,2�B(

-(',/4+,*45@���"/� ;*4'#+(+%/�+(,$+,=+#.+,*4%

,4,B$(*4-"(+%/�%*>,"5=;@4*/�t4#",+:�*�'#=&('#?

&%�3,"5r%&%��.(&�,$%+�>%)*("��w(&�3,"5r(�'#=?

&(':�t4#",+#��4(&�*%"5+((�,+�,4"%.#(4*/�,4�$';?

1%A�;.#*4),-�%=,3'#B(+%/�$"%+#&%�-()4,',-�1'#?

$%(+4,-v�4(&�*#&:&�,3(*>(.%-#(4*/�,$+,=+#.+,*45�

w4,3:�>,-:*%45�-(',/4+,*45�>'#-%"5+,1,�,4,B$(?



��� ��������	
������
����

���������	
��
���
���
�
����������

*4-"(+%/��-:3%'#@4*/�+#%3,"((�%+C,'&#4%-+:(

t4#",+:�*�A#'#)4('+:&%�,*,3(++,*4/&%�%=,3'#B(?

+%/�

�,*"(�t4,1,�>,%*)�A#'#)4('+:A�4,.()�>',%=-,?

$%4*/�&(4,$,&�),''("/j%,++,1,�*4('(,,4,B$(*4-?

"(+%/�p|q�

�'%�t4,&�)#B$#/�4,.)#�>'/&,;1,"5+,2�,3"#*?

4%

( ){ }IHT IF} IHT IF}� u v
8 8 8 8

8 1 2 1 1 1 2 2 2′ = ≤ ≤ ≤ ≤

+#�>'#-,&�%=,3'#B(+%%�>,%*)#�3('(4*/�-�)#.(*4-(

j(+4'#�%=,3'#B(+%/��),4,',(�*'#-+%-#(4*/�*�t4#",?

+,&�

	('#�*A,$*4-#�,>'($("/(4*/�),''("/j%,++,2

C;+)j%(2�p�q

( ) �~ �

� �

� � �

� � �

�~ �

� �

� � �

�
�

� � �

� � � � � �

�

� � �

8 8

7 7
1 2

7 7 8 8
1 2

8 8
1 2

6 1 2

= 1 1 2 2 0=

= 1 1 2 2 > 1 1 2 2 0= >

> 1 1 2 2 0>

= ×
 

′ ′+ + −   

′ ′ ′ ′+ + + + −
×

 
′+ + −   

∑

∑

∑
1$(��17��27��<�),,'$%+#4:�j(+4'#�t4#",+#��-:3'#+?

+,1,�+#�"(-,&�%=,3'#B(+%%v

�18��28��<�),,'$%+#4:�j(+4'#�,3'#=#��-:3'#+?

+,1,�+#�>'#-,&�%=,3'#B(+%%v

� =′ �1�17��2�27��<�C;+)j%/�$"%+:�-()4,'#�1'#?
$%(+4#�+#�t4#",++,&�;.#*4)(�%=,3'#B(+%/v

> ′ �1�17��2�27��<�C;+)j%/�$"%+:�-()4,'#�1'#?
$%(+4#�%=,3'#B(+%/v

� � �1 2
∑ ��,3,=+#.#(4�*;&&%',-#+%(�>,�-*(&�/.(2?

)#&�>%)*("#&��t4#",+#v

�0�<�),"%.(*4-,�/.(()�-�t4#",+(�

�'%�t4,&�*'($+//�$"%+#�-()4,',-�1'#$%(+4,-

3;$(4�+#A,$%4*/�>,�C,'&;"#&

� � �

� � �

�
� � �v

�
� � ��

7 7
1 2

8 8
1 2

= 1 1 2 2
0

> > 1 1 2 2
0

′ν = + +

′ = + +

∑

∑

�,1$#�=#$#.#�*4('(,,4,B$(*4-"(+%/�C,'&;"%';?

(4*/�*"($;@n%&�,3'#=,&u�+#24%�=+#.(+%/�),,'$%?

+#4��18��28���>'%�),4,':A�),''("/j%,++#/�C;+)j%/

$,*4%1#(4�&#)*%&;&#�p�qu

� �

�

� � � FJYIF} � � ��

8 8

8 8 8 8
1 2

1 2 6 1 2= � � � � � � � � � � � � ���

w(&�3,"((�%+C,'&#4%-+:&�/-"/(4*/�t4#",+��4(&

*%"5+((�-:'#B(+�1",3#"5+:2�&#)*%&;&�>,�*'#-+(?

+%@�*�",)#"5+:&%�&#)*%&;&#&%��#�*"($,-#4("5+,�

4,.+((�,>'($("/(4*/�,3"#*45�>,%*)#�8 ′ ��),4,'#/�/-?
"/(4*/�>'/&,;1,"5+,2�,3"#*45@�>,%*)#�+#�>'#-,&

%=,3'#B(+%%�p
q�

 $%+� %=� *>,*,3,-� %*)"@.(+%/� #+,&#"5+:A

,r%3,)�>('(>;4:-#+%/�",)#"5+:A�%�1",3#"5+,1,

&#)*%&;&#�*,*4,%4�-�;-("%.(+%%�'#=&(',-�t4#",?

+#��.4,�-�*-,@�,.('($5�;-("%.%-#(4�-'(&/�*4('(,?

,4,B$(*4-"(+%/�%�;&(+5r#(4�(1,�-"%/+%(�+#�4,.?

+,*45���,t4,&;�>'($"#1#(4*/�%*>,"5=,-#45�>%'#&%?

$;�*4('(,>#'�$"/�,1'#+%.(+%/�,3"#*4%�>,%*)#� 8 ′
%�+#.#"5+,(�>'%3"%B(+%(�),,'$%+#4�&#)*%&;&#

),''("/j%,++,2�C;+)j%%�$"/�%*A,$+,1,�%=,3'#B(?

+%/�

�-($(+%(� >%'#&%$#"5+,2� *4';)4;':� $#++:A

>'(*"($;(4�$-(�,*+,-+:(�j("%u

<�*,)'#n(+%(�-'(&(+%�,3'#3,4)%�%=,3'#B(+%2v

<�,>'($("(+%(�3,"((�4,.+:A�+#.#"5+:A�>'%?

3"%B(+%2�$"/�,3'#3,4)%�+%B+%A�;',-+(2�>,�'(?

=;"54#4#&�,3'#3,4)%�-('A+%A�;',-+(2�

��=,3'#B(+%(�*j(+:�&,B(4�3:45�>'($*4#-"(+,

-� '#="%.+:A�>',*4'#+*4-(++:A�&#*r4#3#A���'%

t4,&�)';>+:(�$(4#"%�*j(+:�";.r(�-%$+:�+#�%=,3?

'#B(+%/A�*�&(")%&��1';3:&��'#='(r(+%(&��	(")%(

B(�$(4#"%�*j(+:�>',/-"/@4*/�4,"5),�+#�%=,3'#B(?

+%/A�*�-:*,)%&�'#='(r(+%(&���+C,'&#4%-+,*45

;.#*4),-�%=,3'#B(+%/�4#)B(�=#-%*%4�,4�'#='(r(+%/�

�&(+5r(+%(�&#*r4#3#�%=,3'#B(+%/�>,�,*%�?��%*?

>,"5=,-#+%(�%=,3'#B(+%/�*�3,"((�1';3:&�'#='(r(?

+%(&��>'%-,$%4�)�;-("%.(+%@�*),',*4%�-,='#*4#?

+%/�$%*>('*%%�>'%�+(%=&(++:A�'#=&('#A�,3"#*4%

>,%*)#��.4,�>,=-,"/(4�%*>,"5=,-#45�%=,3'#B(+%/�*

1';3:&�'#='(r(+%(&�$"/�-:3,'#�t4#",+,-��,3"#$#?

@n%A�3,"5r,2�%+C,'&#4%-+,*45@��>,-:r#@n(2

)#.(*4-,�*4('(,,4,B$(*4-"(+%/�

�'%+j%>�>,*4',(+%/�>%'#&%$:�%=,3'#B(+%2

>,)#=#+�+#�'%*����

�%*������'%+j%>�>,*4',(+%/�>%'#&%$:�%=,3'#B(+%2



�����������	
������
����

���������	
��
���
���
�
����������

�#B$,(�>,*"($;@n((�%=,3'#B(+%(�>,";.#(4*/

%=�>'($:$;n(1,�>;4(&�C%"54'#j%%�%�>','(B%-#+%/

>,�)#B$,2�%=�,*(2�-�$-#�'#=#��'%*�����

�",)�>,$#-"(+%/�-:*,),.#*4,4+:A�r;&,-�,*;?

n(*4-"/(4�C%"54'#j%@�-�*,,4-(4*4-%%�*�>'#-%",&

�
� � � � � � � � � �

0
@ 1 2 A B = 3 1 B 2 = CBC=−= − −∫∫

1$(�A �B�=��<� /$',� >'(,3'#=,-#+%/�� /-"/@n((*/

C;+)j%(2�7#;**#��-:3,'�),4,',2�,3;*",-"(+�4(,?

'(&,2��,4("5+%),-#�� .4,� ,3(*>(.%-#(4� *B#4%(� *

&%+%&#"5+,2�>,4('(2�%+C,'&#j%%�

�#� '%*�� �� >'%-($(+� '(=;"54#4� %*>,"5=,-#+%/

>%'#&%$:�%=,3'#B(+%2��*,*4,/n(2�%=�>/4%�;',-?

+(2��%*)"@.#/�%*A,$+:2�<�>('-:2��$"/�>'#-,1,

%=,3'#B(+%/�4(*4,-,2�*4('(,>#':�

�=,3'#B(+%(�0?1,�;',-+/�>'($*4#-"/(4�*,3,2

;&(+5r(++;@�),>%@�%*A,$+,1,�%=,3'#B(+%/���#?

>'%&('��$"/�;',-+/�0�'#=&('�>%)*("/�%=,3'#B(+%/

-:.%*"/(4*/�*"($;@n%&�,3'#=,&u� ��05
< −= ��#�$"/

),,'$%+#4�>%)*("(2�%=,3'#B(+%2�$-;A�>',%=-,"5?

+:A�;',-+(2�>%'#&%$:�*�+,&('#&%�5�%�D�*>'#-($?

"%-:�*"($;@n%(�*,,4+,r(+%/u

� � � �� � � �� � �5 D 5 D
5 D 5 D
1 1 2 2− − − −= =

�,1$#�>'%�%*>,"5=,-#+%%�>%'#&%$:�%=,3'#B(?

+%2�+#�0?&� ;',-+(� >",n#$5� ,3"#*4%� >,%*)#� 8 ′
*,)'#n#(4*/�-���0�����'#=�>,�*'#-+(+%@�*�>",n#?

$5@�,3"#*4%�>,%*)#�+#��?&�;',-+(u

IHT IF} IHT IF}
� � � �

� � � u � �
� � � �

0

0 0 0 00 0 0 0

8

1 1 2 2
1 2 1 2− − − −

′ =

 = ≤ ≤ ≤ ≤ 
 

�;*45�+#�0?&�;',-+(�,*;n(*4-"(+,�*4('(,,4,B?

$(*4-"(+%(�-�4,.)(� ( )� �� 00
1 2 8′∈ ��4,1$#�t4;�4,.);

&,B+,�'#**&#4'%-#45� -� )#.(*4-(�j(+4'#� ,3"#*4%

>,%*)#�+#��0���?&�;',-+(�

�'(&/�'#3,4:�#"1,'%4&#�*4('(,,4,B$(*4-"(+%/

>',>,'j%,+#"5+,�),"%.(*4-;�/.(()��>%)*("(2��-

,3"#*4%�>,%*)#���(=�>'%&(+(+%/�>%'#&%$:�%=,3?

'#B(+%2�-'(&/�'#3,4:�#"1,'%4&#�,>'($("/(4*/�*,?

,4+,r(+%(&

( )( )
�

IF} IHT IF} IHT

� �

� � �

E F 8

1 1 2 2

′= α =

= α − + − +

1$(�F��8 ′ ��<�),"%.(*4-,�/.(()��>%)*("(2��-+;4'%
,3"#*4%�8 ′ ��#�>'%�%*>,"5=,-#+%%�>%'#&%$:�%=,3?
'#B(+%2�<�*,,4+,r(+%(&

( )( )

( )( )

IF} IHT IF} IHT
� � �

�

� �
� �

�� �

� �� � � � � �

0

: 0
:

1 2

1 1 2 2
E F 8

0

−
=

− + − +
′= α = α +

+α − ∆ + ∆ +

∑

�%*������A(&#�>,*4',(+%/�>%'#&%$:�%=,3'#B(+%/

���������	�
��


	��������������

����	

�������
���
��


����
��	

�������
��
�	��

����

�������


�������
��


fN-1(x,y)

�%*������(=;"54#4�%*>,"5=,-#+%/�>%'#&%$:�%=�>/4%�;',-+(2

$"/�4(*4,-,1,�%=,3'#B(+%/�>,*"(�*-('4)%�&#*),2��,3("/


G"�
�����
	

�/"�
�����
	

�,"�
�����
	


"�
�����
	

�"�
�����
	



��� ��������	
������
����

���������	
��
���
���
�
����������

1$(� �
1 2

∆ ∆ �<�),+*4#+4:��A#'#)4('%=;@n%(�'#=&('

,3"#*4%�>,%*)#�


+#"%=�t4%A�*,,4+,r(+%2�>,)#=:-#(4��.4,�.(&

3,"5r(�,3"#*45�>,%*)#�%�.(&�3,"5r(�;',-+(2�*,?

$('B%4*/�-�>%'#&%$(��4(&�3:*4'((�'#3,4#(4�#"1,?

'%4&� *4('(,,4,B$(*4-"(+%/� p|q���'%� � =+#.(+%/A

),+*4#+4� 1IF} � 1IHT � ��y� �����2IF} � 2IHT � ��y
�

0 y |��� �� �
1 2

∆ = ∆ = � �>'%&(+(+%(�>%'#&%$:�*4(?

'(,>#'� $#(4� -:%1':r� -,� -'(&(+%

E� ~ E� ≈ 
�
�"/� )#B$,1,� t4#",+#�� -:3'#++,1,� +#� "(-,&

%=,3'#B(+%%��+#�-*(A�;',-+/A�>%'#&%$:�'(r#(4?

*/�=#$#.#�*4('(,,4,B$(*4-"(+%/������ 3"#*45� 0
8′ �%

,3"#*45� :
8 ′ ��:
y�0 ���������,>'($("/@4*/�-:'#B(+%?

(&� *� %*>,"5=,-#+%(&� +#.#"5+,1,� >'%3"%B(+%/

( )� ��8 8 :
1 2 �� �#� *#&,&� +%B+(&� ;',-+(� �),4,':2

>'($*4#-"/@4�*,3,2�%*A,$+:(�%=,3'#B(+%/��>,";?

.#@4*/� =+#.(+%/� ( )� �

�
�8 8

1 2 �� ),4,':(� ,>'($("/@4

>,",B(+%(�,3'#=#��*,,4-(4*4-;@n(1,�t4#",+;�p�q�

�#$#.#�*4('(,,4,B$(*4-"(+%/�'(r#(4*/�>,*"($,-#?

4("5+:&�>('(3,',&�=+#.(+%2�>#'#&(4',-�*$-%1#�%=

$,>;*4%&,1,�$%#>#=,+#���#�3,"((�$(4#"5+:A�;',-?

+/A�%*>,"5=;(4*/�+#.#"5+,(�>'%3"%B(+%(��>,";.(+?

+,(�*�>'($:$;n%A�;',-+(2�

�#-%*%&,*45�-'(&(+%�E��&*��+#�>',-($(+%(�*4(?

'(,,4,B$(*4-"(+%/�4,.)%�,4�),"%.(*4-#�;',-+(2�0

-�>%'#&%$(�%=,3'#B(+%2�>,)#=#+#�+#�'%*��|�

�(=;"54#4,&�'#3,4:�#"1,'%4&#�*4('(,,4,B$(*4-?

"(+%/��'%*��
��/-"/(4*/�+#$(B+,(�,>'($("(+%(�4,.?

)%�"(-,1,�*+%&)#��+#2$(++,2�+#�%*A,$+,&�%=,3'#?

B(+%%�=#�-'(&/��=#4'#.%-#(&,(�+#�,3'#3,4);�,$+,2

*4('(,>#':�%�'#-+,(����&*�� >('#j%/�>',-,$%"#*5

*�%*>,"5=,-#+%(&�4(*4,-,1,�#-4,&,3%"/?"#3,'#4,'%%

�%*��|��7'#C%)�=#-%*%&,*4%�-'(&(+%

+#�*4('(,,4,B$(*4-"(+%(�,4�),"%.(*4-#

;',-+(2�>%'#&%$:

*�'#*>,",B(++:&%�-�+(&�>,$�",3,-:&�*4()",&�$-;?

&/����?)#&('#&%��,3'#=;@n%&%�*4('(,>#';�

�#)%&�,3'#=,&��%*>,"5=,-#+%(�>%'#&%$:�%=,3?

'#B(+%2�>,=-,"/(4�;*),'%45�>',j(**�*4('(,,4,B?

$(*4-"(+%/�� #� %*>,"5=,-#+%(� )#'4:� 1'#$%(+4,-

-&(*4,�%+C,'&#j%%�,�/'),*4%�*>,*,3*4-;(4�+#$(B?

+,&;�,3+#';B(+%@�4,.)%�+#�>,$*4%"#@n(2�>,-('?

A+,*4%�� +(� %&(@n(2� A#'#)4('+:A� ,*,3(++,*4(2

'("5(C#�

���� !"

ebEE� [HIX� TXXGXG� ]SJ� Q[XJXS� HGXT[H]HVF[HST� HQ

HT[SEXJFRE_�EFJYX�HT�iJSREXIQ�S]�Q[XJXSiFHJ?RFQXG�cHGXS

IXFQbJXIXT[� FHIXG� [S�IS[HST� VST[JSE� ]SJ� G_TFIHV

Q_Q[XIQ��KT� FEYSJH[\I� HQ� QbYYXQ[XG� [S� ScXJVSIX� [\HQ

QH[bF[HST���\X�FEYSJH[\I�bQXQ�QSIX�YJFGHXT[�FiiJSFV\

FTG�FT�HIFYX�i_JFIHG�[S�iXJ]SJI�Q[XJXS�HGXT[H]HVF[HST

]SJ� iH}XEQ� SR[FHTXG� ]JSI� [PS� VFIXJFQ�PH[\�Ib[bFEE_

�TSPT� SJHXT[F[HST� iFJFIX[XJQ�� �\X� FEYSJH[\I� HQ

HIiEXIXT[XG� ST� X}iXJHIXT[FE� ]FVHEH[_� X�bHiiXG�PH[\

�%*��
���'%&('�,>'($("(+%/�4,.)%��1���2���"(-,1,

*+%&)#�+#�>'#-,&��1���2��



�����������	
������
����

���������	
��
���
���
�
����������

ddo�VFIXJFQ���\X�JXQSEb[HST�HQ��|�}|���iH}XEQ�FTG�[\X

]JFIX�JF[X�HQ����]JFIXQ�iXJ�QXVSTG�]SJ�[\X�VFIXJFQ�

#$%&$'()*+$,-./$0�.1$.'/

���H�����
)#I#�
)����
��
'#'#�
�����	���
I#�#�

J������
I#��� 3s()4+,?,'%(+4%',-#++:2�C'(2&,?

-:2�>,$A,$�-�,3'#3,4)(�%=,3'#B(+%2�%�;>'#-"(+%/

$#++:&%�� >,";.#(&:&%� ,4� $#4.%),-� '#="%.+,2

C%=%.(*),2�>'%',$:�~~�`hkk�hJSVXXGHTYQ���000��D�

�
0�����|��h�����?����

���K������
�#L#�
)����
��
 '#'#�
H�����
)#I�

�(.(4)%(�&,$("%�-�,3'#3,4)(�%=,3'#B(+%2u�,3=,'

=#';3(B+:A�$,*4%B(+%2�~~��,-,*4%�%*);**4-(++,1,

%+4(""()4#���00�����������|�?�|�

���M������
N#�
$�
�
H���,&>5@4('+,(�='(+%(�

�,-'(&(++:2�>,$A,$��<�	�u����8�%"5/&*9�����|�

|��)�������
 O#O#�������	���
I#�#� �#='#3,4)#

&(4,$%)%�>,*4',(+%/�*>(j%#"%=%',-#++:A�t)*>('?

4+:A�*%*4(&�$"/�#+#"%=#�j%C',-:A�%=,3'#B(+%2�-

=#$#.#A�,3+#';B(+%/�%�%$(+4%C%)#j%%�*",B+:A

*4';)4;'+:A�,3s()4,-�~~��(*4+%)�),&>5@4('+:A�%

%+C,'&#j%,++:A�4(A+,",1%2���00�������������?���


��P���������
'#'#�
L���������
�#Q#�
R���

O#$#

�(,'%/�),''("/j%,++,?t)*4'(&#"5+:A�+#-%1#j%?

,++:A�*%*4(&��<�	�u��#;)#���0�0��<����||�?|
��

���R�����

$#J#�
S��
����
T#Q#�
)���
���
�#�#


-4,&#4%=#j%/�>'(,3'#=,-#+%/�*",B+:A�C,'&�1'#?

C%.(*),2�%+C,'&#j%%��<�	%+*)u��#;)#�%�4(A+%?

)#���0���

	,*),-*)%2�#-%#j%,++:2�%+*4%4;4�

67���87,*���
�9

�4#45/�>,*4;>%"#�-�'($#)j%@�����������


