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=
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- 0 : - = � � � � � � � � � � � � � � k�l
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Π ⋅ − ωk l XwHr s4*, - B - � � � � � � � � � � � � � � � � � � � � � �k�l
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o ,5,�#���{��k =�B lx

�l� -'�!"6+�� +� ��&� �5� !%,3� o ,5,�#$!��{�
k = �� �B l�

�'$3$m(,��,�'�(�$%�*�� ��&,',6�4,-q�_� q#8
'$!���%5,%�#, ,9�5$m�$�$-�%�#q�%�-$5$dqj�$(�$*$
D��	�
���������E	����
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!�#q�%�-$5$dqj�+$5- ,+%�$9��5-0 q%�$9�3�'�+8
#,'�%#�+�� k l9 - ����(,$%�*�� ����!/3$(,�o+!�!� ,�8
#�$*$�_� q#'��!/'�m�,#%"�&,',6�!3$(�$9�!�(,$%�*8
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#�+$9

Π = − Π∫k l k l k l �+<- 0)-- 9 - 1 1 51 � � � � � � � � � � �k]l

��#,*'�'$!���,�!,(|#%"�-$� ≥ �1 ��#�,��($�5$5,�#�
-���/3$(�$9�!�(,$%�*�� �20(,#�+$5- ,+%�/5�

�/3$(�$9�!�(,$%�*�� �%!$'�&�!�,#%"�%�$-$'�$9

���� ϕΠ − τk l 2
4

- * ��*(,� τ ϕ� �$#!,&�j#�%$$#!,#%#!,�8

�$��,�6!,%#�$9�+$($!$9�6�(,'m+,����,�6!,%#�$9
_�6$!$9�6�(,'m+,�����,-','/!�$5�-'�2 �m,���
#�+0j�%!|'#+0�5$m�$�-',(%#�!�#q�% ,(0jd�5�$28
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ϕΠ Π τ ϕ = Π Π − τ∫
�

�
� k � l k l k l �

C

+<- 4*, B +<- 4*,* - - 5-
C

� � �k}l

*(,�C�1�( ������#,'!� ��0%',(�,��"�

�% ��!�+�&,%#!,�$-$'�$*$�%�*�� ��!6"#q�Π k l0)- - �

#$�-$ 0&�,5

τ ϕ + ⋅ τ ϕ = Π Π τ ϕk � l k � l � k � l�+<- 0)-? B @ � � � � � � k
l

�% ��!�+�&,%#!,�Π k l4*, - �2,'|#%"� Π k l0)-5 - �1�%058

5��$#+ �+$!����-,',3$(/����,-,',3$(/�!�+$(,��#$
-$ 0&�,5

τ ϕ + ⋅ τ ϕ = Π Π τ ϕk � l k � l � k � l�+<- 0)-5? B 5@ 5 � � � � k^l

�',$2'�60,5�_$'50 0�k}l��-$(%#�!�!�!��,|�!/8
'�m,��,�k]l���$% ,��,+$#$'/3�5���-0 "4�9�%�-,8
',%#��$!+$9���#,*'� $!���6�5,��-,',5,��/3�-$ 08
&�,5�%$$#�$7,��"

ϕΠ Π τ ϕ = τ − Π Π∫� k � l k l � k l �+<- 4*, 2 0)- 4*,* 9 1 1 51 � �k)l

*(,�%!,'#+��(!03�(,9%#!�#, q�/3�!�(,$%�*�� $!

Π Π τ = Π Π − τ∫
�

�
� k l k l k l

C

0)- 4*, 0)- 4*,- - 5-
C

�� � � � �k�l

� ,($!�#, q�$��5$m�$�%��&� ��!/&�% �#q�!/8
'�m,��"�k�l����-$#$5�-'�5,��#q�+���5�%$$#�$7,8
��"�k)l�

�!,(,5� !� '�%%5$#',��,� +$5-$�,�#/� (�� F�
�5( 5F ?

τ + ⋅ τ = τ − Π Π∫k l k l k l � k l x0)- 0)-( B F 9 1 1 51 � � � �k��l

τ + ⋅ τ = τ − Π Π∫k l k l k l � k l �0)- 0)-5( B 5F 9 1 5 1 51 � � �k��l

-',(%#�! "jd�,�%$2$9�+$5-$�,�#/�?��@��5?��5@�
!6"#/,�-'���0 ,!$5�'�%%$* �%$!�����_�6/����m,
20(,5��%-$ q6$!�#q�% ,(0jd�,�%$$#�$7,��"?

τ = τ ϕ − τ ϕ

τ = τ ϕ − τ ϕ

τ = τ ϕ − τ ϕ

τ = τ ϕ − τ ϕ

k l k lIGL k lL=E x

k l k lL=E k lIGL x

k l k lIGL k lL=E x

k l k lL=E k lIGL �

? ( F

@ ( F

5? 5( 5F

5@ 5( 5F

� � � � � � � � � � k��l

�"�1#� 01 �5$99 �:;1$00"<�5$6=$0 02

��m,�2,6�!/!$(��-'�!$("#%"�!/&�% ,��"�2,6
0&,#��_� q#'��

�',(-$ �*�,#%"��&#$���#,'!� �0%',(�,��"�'�!,�

= ∆C G ��G�1�-,'�$(�����
�$5-$�,�#�� Π Π τ� k l0)- 0)- �'�!��

Π Π τ = τ ∆ −∑� k l k z l�0)- 0)-
=

=

3 H = � � � � � � �k��l

*(,� +
=

= ∑
�

� G

= 2 = 2
2

3 0 0
G

1�+$o__�4�,�#/��-',(%#�! "j8

d�,�%$2$9��!#$+$'', "4�$��0j�_0�+4�j����x

= −∫ � �k l k l k lH 1 : - 1 : - 5- ��1��!#$+$'', "4�"�2�6�%�$9

_0�+4���

��*�� � Π k l0)-5 - �5$m�$�-',(%#�!�#q�!�!�(,

Π = ∆ − + ∆ −∑ � �
� �k l r k z l k z ls�0)-

) )
)

5 - / , - ) / , - ) � �k�]l

�$o__�4�,�#/

−= +�
�? k l z �= = =

/ 0 0 � ��� � −= −�
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