
�����������	

	���	�����

�

�����

�������
	�������

����	�������

�����������

���

��

��

������	��

������

����	�
���
��


�
���

����������

������	���������

�������

��	����

�����������	
	���

	�����
 ��!"#$"�%!&

'(()

��
�

�
��

�
�
�
	


�
�





��� *)+�+,'�'-./*)+�+'0/*.0�')100�(+*�'./*..�0

2"�3���%4
"�5678!�!�
�#�74�9�%8
$"#:��43
3�$�"#363�%%;<
=#%>
��%��:4?
!�
=#�@67;:4?
6
3#�;%#�6
��"#5#74<
�
!�=#9
=�%�!�=�
@#"4%%;
!3�"��A
4
$#"#B=#$#�4C%�A
$�78%�A�
��3���%#
"�5678!�!�
�#�74�9�%8
5
!�$7#>
 4
���##C�4%6
3
���$�"�%�A
���!���A�
���34!7�%#
$"#C7���
�=!�3%#?
 �4?
 %�
��!�#"#7#@4D%4
 ;3�E��
�#5@7;%6!#
��;=4
 �7�=!"�D%4
;3�E�
3
$7�5�4
$"#�6=!43
5@#"�%%;�

�7;
F45�=43<
A4�4=43<
��!�#"#7#@43
4
4%9�%�"43�

���������������������
�>"
F�5�>��!�
%�6=<
$"#F�
�����������	�
�����������G
�>"
F�5�>��!�
%�6=<
$"#F�
����������������������������G
�>"
F�5�>��!�
%�6=<
$"#F�
�����������
�����������������G
�>"
F�5�>��!�
%�6=<
$"#F�
����������
������������������G
$"#F���#"
�������������
���������G
�>"
F�5�>��!�
%�6=<
$"#F�
������������G
�>"
F�5�>��!�
%�6=<
$"#F�
�����������
��G
�>"
F�5�>��!�
%�6=<
$"#F�
������������G
�=�����=
���
�="��%H
 ��!�����	����G
�>"
F�5�>��!�
%�6=<
$"#F�
������"��	�
G
=�%��
F�5�>��!�
%�6=
#��$�����	�
������������G
=�%��
F�5�>��!�
%�6=<
�#:�%!
������%����
�&�����������������G
'��(���)�����
�������������������

 ����������������!����������
0*('0<
	�����<
67�
2��!�"�<
'I<
6%�3�"��!�!<
=�F��"�
!�$7#F�5�=�<
!�7�
'.>+'>(.<
'.>0'>'I
JKKL/--MMM�NOP�QRS�TUS�SO
V>WOXY/NOPZQRS�TUS�SO

����=:�;
$"�
	����=#�
%�:�#%�78%#�
6%�3�"��!�!�
���
����
��D%�=#3�

[
	����=�\
%�:�#%�78%H\
6%�3�"��!�!
���
��
��
��D%�=#3�<
'(()



*

�%�+,-��$+

($�$����.,%�%/+0

"�#�$����������%�&���'�����!�(��)�
��A�%�5�H
F#"��"#3�%�;
3H�#=#���$�"�%#\
=�$�78%#\
9��=#�!�
3
$#!#=�
$"�"#�%#@#
@�5� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� I

*�����"�� �%�+�����#��� ����%�,��-����� ��*�%�,��-�����&�� �
���7��#3�%��
F#"��"#3�%�;
$65H"�\
$"�
3�63�%��
@�5�
3
9��=#�!8
%�
A#7#�%#\
�#��7�
=#3B�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +*

)�������&��)�
2#3�"A%#�!%#�
%�!;9�%��
�
$"#C7���
$"#D%#�!�
9��=�A
=�$�78
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� '+

.��'/���� �� �%�)�������&��)�
���$"���7�%��
=7��!�"#3
$#
"�5��"��
3
�����
�5#!�
�
$�"#3
3#�H 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .+

0/'������!�(��(�%�����1�����!� ��2�%�3������!� ��)�%
4����5��&��6�%�0����#���2��(�

��!"#\�!3#
�7;
�%�7�5�
"��$H7�%%#\
9��=#�!� 
�
�
�
�
�
�
�
�
�
�
�
�
�
� )(

.�/����� ��(�%�3/�������7��*�%����#������.����%�&�������+��(�
�!"6=!6"�
$#7;
5�@";5%�%�;
�!�#�F�"H/
�!#A��!�D%#�!8
�
]FF�=!H
A�#��
3
"��$H7�%��
=#�$#%�%!H
�	 
�
�
�
�
�
�
�
�
�
�
�
�
�
� )^

4�����������"�%�8������(����%��������&��(�
�
��!���!�D��=#�6
�#��7�"#3�%�_
"�C#D�@#
$"#:����
3
$7�5�#�!"6\%#\
$H7�6@#78%#\
@#"�7=� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� **

.����� ��.�
���7�%%�;
�A���
�7;
"��D�!�
�36AF�5%HA
���$�"�%HA
!�D�%�\ 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� 0'

&��/-���� ��)�%�&��/-����9��)�
`#�#@�%�5�:�;
�#7#=�
$"#!�3#!#D%#>�!"6\%H�
���$�"@�"#3�%���/
�%�7�5
6�7#3�\
�
]=�$�"���%! 
�
�
�
�
�
�
�
�
�
�
�
� I)

2�������(��2�%�&���'�����!�(��)�
��A"�3#\
$��3�##9�9�%%H\
�7#\
�
�@#
$"�=!�D��=#�
$"���%�%�� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ,0



1

2���!������!�&��&�%��#���2��(�%�:����� �� �%�4���/��&��2�
���7��#3�%��
=#�@67;:��
�3�"#D%#@#
�]"#5#7;
3
@�5#3#\
!"�%�$#"!%#\
�"��� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ^.

'+!/%����%%2�+�

4����-���(��(��%�;�������6���%�&�<������� ��9�%�;����#���1!�7��3�
�H�#=#!��$�"�!6"%H�
�
@��!�"�5��%H�
"�9��H
#=��7�%�;
�����=�
%�
$7�!�%#3#\
$"#3#7#=� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +()

./��������6����
aTObc
XQR
PKQdOeT
dXRe
]=�$�"���%!
�
!�#"�!�D��=#�
#$"���7�%��
3"���%�
9�5%�
6"#3%�\
=#C�78!�
�
%�=�7; 
�
�
�
�
�
� ++,

&����!�+����%�2������"��.�%�3��������+�� �%�=/����7��)�%
4/���������&��(�

��%�!�=�
!�$7#3HA
�
��FF65�#%%HA
$"#:���#3
$"�
"��!3#"�%��
@�5#3
�

'
<
f

'

3
���$�"�%#�
!�!�%� 
�
�
�
�
�
�
�
�
�
�
� +')

����������&��.�%�4����-���(��(�%�.�1�/�����+��(�%�4��������*��*�%
2����������+�

�#78
"�57�D%HA
��A�%�5�#3
!�$7##C��%�
$"�
3H�#=#!��$�"�!6"%#�
#=��7�%��
��!�77�D��=�A
$"#3#7#D�= 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +.(

 ������3�� �
��"�#��%���D��=�;
�#��78
9��=#="��!�77�D��=#@#
�#�!#;%�;
%���5#@�%� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +.I

+���������"��"�%�4�#1��9��>�%�.��/'����(��(�
���7��#3�%��
�!"6=!6"H
�#%%#7�@�"#3�%%#@#
="��%�;
$#�7�
��$678�%#@#
7�5�"%#@#
#!9�@� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +)I

����������&��.�%�4����-���(��(�%�.�1�/�����+��(�%�4�����-��2��)�%
4�-���&��(�

�H�#=#!��$�"�!6"%#�
#=��7�%��
�
$#!6A�%��
3#78F"��#3#\
D��!�:H
�
6D�!#�
�!�F�%#3�=#@#
!�D�%�; 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +*'

�'-/��"��)��?��������2��9�
�#78
��$678�%#@#
�	

'

7�5�"%#@#
#C76D�%�;
3
!�$7##C��%�

!3�"�#@#
!#$7�3�
�
@�5#3#\
�"��#\ 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +0.

>������(��9�
�3���%��
!�$7�
=#%��%��:��
3
�!�#�F�"%H\
:�=7
]%�"@��<
#�%#3�%%H\
%�
!"�%�F#"��"#3�%%HA
g\7�"#3HA
�"��%�A 
�
�
�
� +0^



3

($�$����%,+�$#

4����-���(��(�%�?�������� ��&�%�����������&��.�%�4�#1��9��9�
�%�7�!�D��=#�
#$"���7�%��
�36A
$"���7#3
@�!�"#@�%%#@#
3#�$7���%�%�;
$#
!��$�"�!6"�
�
�����!"6
D��!�:H 
�
�
�
�
�
�
�
�
�
� +II

4����������6��9�%��#��5��(��(�
��=#!#"H�
#�#C�%%#�!�
��$�"�%�;
=�$�78
3#�#!#$7�3%HA
]�678��\
$"�
$678��:�#%%#�
"�9��� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� +^(

4��������*��*�%�&���������+��*�
�7�;%��
=#]FF�:��%!�
�5CH!=�
#=��7�!�7;
%�
�=#"#�!8
@#"�%�;
�
�$�=!"
�576D�%�;
$7���%�
$"#$�%>C6!�%>3#5�6A 
�
�
�
� +^0

&�������4��)�%�"�����"�� �%�4����-���(��(�%�4�#1��9��>�
	C"�5#3�%��
%�!"��#3
%�
$#3�"A%#�!�
�3�96E�\�;
3
�5#!�
3H�#=#!��$�"�!6"%#\
�F�"�D��=#\
D��!�:H
!�!�%� 
�
�
�
�
�
�
�
�
�
� '(.

.�������(��(�%����������9��)�%�*������ ��(�
�#78
�576D�%�;
3
!�$7#3#�
C�7�%��
7���%�"%#@#
��FF65�#%%#@#
F�=�7�
9�7�5� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� '++

&������� ��6�%�4����������6��9�%�3�!-/��"��(�%�,��-/��(��.�
�7�;%��
F#"�H
D��!�:
%�
@#"�%��
$H7�\ 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ''.

)������&��9�%�4�#1��9��>�
	$"���7�%��
��\�!3�!�78%#\
!��$�"�!6"H
�576D�%�;
";��
$7���%
�
!�%!�7��
��"�#��%���=�
�576D�%�; 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ''^

���%�$���$��

 �������&��4�
	
%��#�!#;!�78%#�!�
�36A
$#�A#�#3
=
7�%�\%#�6
�%�7�56
@��"#��%���D��=#\
%�6�!#\D�3#�!�
$7#�=#\
$#3�"A%#�!�
=#%!�=!�
"�57�D%HA
$#=#;E�A�;
�"�� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� '.0

;�������!� ��(�%�3�/������!�3�%�"��1�)�%�+������@�
	
��%���=�
$#7���"%HA
"��!3#"#3
�
6D�!#�
@��"#��%���D��=#@#
B6�� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ')(

.����� ��.�%� '������� ��(�
���7��#3�%��
��%���=�
35"H3%HA
3#7%
��!#����
D��7�%%#@#
]=�$�"���%!� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ')^



4

 �������&��4�
	C
6D�!�
$"#�!"�%�!3�%%#@#
"�5��"�
5�";��
3
!�#"��
35"H3%#\
6��"%#\
3#7%H 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� '0*

;�������!� ��(�%�4/#��������7�� �
�
!�#"��
#"��%!�:�#%%#@#
C"#6%#3�=#@#
�3�9�%�;
�%�5#!"#$%HA
D��!�:
3
=6]!!#3#�
$#!#=� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� 'I*

./+�',%($�$��

(��������(��)�
�!�!�D��=�;
��]7�=!"�D��=�;
$"#%�:���#�!8
�7#;
!�"��D��=#\
$7�5�H 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ',*

&�������4��)�
�";�
�3�96E�A�;
3
3#5�6A�
3H�#=#!��$�"�!6"%HA
�F�"�D��=�A
D��!�:
��!�77#3 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� '^)

"�'���� ��(�%�4��-�����!�0�� �
g7���%!�"%H�
$"#:���H
3
7�5�"%#\
$7�5��
�#
�!#7=%#3�!�78%#\
%�=�D=#\/
'�
���D�!
��D�%�\
]7�=!"#%>
�!#7=%#3�!�78%HA
3#5C69��%�\
3
%�#%>$#�#C%#\
$7�5�� 
�
�
�
�
� .()

0������.��&�%�;/!����9�%�4����-���(��(�%�4/���������(��(�
�6C7���:�;
$#"��!HA
D��!�:
6@7�"#��
3
3H�#=#!��$�"�!6"%#\
$7�5��%%#\
�!"6� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .++

2���!��������"��(�%�2���!������!�&��&�
	�#C�%%#�!�
!�$7#3#@#
"�9���
"�5";��
3
65=�A
@�5#"�5";�%HA
!"6C=�A 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .''

&�������4��)�
�#78
�=�%>
�
$�%D>
]FF�=!#3
$"�
@�%�"�:��
D��!�:
��!�77#3
3
��$678�%#\
�6@� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� ..)

2���!��������"��(�
�7�;%��
$�"���!"#3
"�5";��
%�
3�7�D�%6
#Ch��%#@#
5�";��
3
65=�A
@�5#"�5";�%HA
!"6C=�A 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .),

,#��������)��2�%�./���(��)�%�4����������(����
��%�!�=�
]%�"@##C��%�
3
�#7�=67�A
ij

0

3
�%!�%��3%#�
$#7�

7�5�"%#@#
�576D�%�;/
�!#A��!�D��=��
]FF�=!H
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .*,

���������� 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� .0)



>?1

��
	����		����

���
*.0�)0/
00'�0+'

����L���
5����K��]��^�_��	4�
���Y����`.�
��4��V��I��^�F
��.�
G�

�A�
���)9�������A�������������A������)A
�
�����&��))��
�����9����������9������
�

�������!�����������1!�/���������������)�)��2�-������
D������������#���%�������

�H;37�%
��A�%�5�
 3H�#=#!��$�"�!6"%HA
�
 @��!�"�5��%HA
"�9��#3
 !�$7#>
����##C��%�
�
@�!�"#@�%%#>=�!�7�!�D��=�A
"��=:�\
#=��7�%�;
�����=�
%�
$7�>
!�%#3#\
$"#3#7#=�
3
5�3����#�!�
#!
��7H
!#=�
�
=#%:�%!"�:��
�����=�
3
3#5>
�6A��
��!�%#37�%#<
D!#
3
3H�#=#!��$�"�!6"%#�
"�9���
��
!��$�"�!6"�
�
%�$";>
9�%��
%�
%�\<
#$"���7;�!�;
!�$7#3H��7�%���
3
"�5678!�!�
A���D��=#\
"��=:��

� � �


 �

� �
�% U �U % U+ → +

>����������

�=!6�78%#\
$"#C7��#\
 3
 %�B�
 3"��;
 ;37;�!�;
 "�5"�C#!=�
 %���9%HA
��!#�#3
#$"���7�%�;
��7HA
�#��"9�%�\
@#"_D�A
@�5##C"�5%HA
3�E��!3
3
3#5�6A��
�
!�=��
��!#���
#!%#�;!�;
!�"�#A���D��=��<
#�%#3�%%H�
%�
#$"�>
��7�%��
�
��$#785#3�%��
�#E%#�!�
A���D��=#@#
!�$7#3H��7�%�;
�7�
!��>
$�"�!6"H
=�!�7�5�!#"�
3
5�3����#�!�
#!
=#%:�%!"�:��
@#"_D�@#
3�E��!3�
3
 3#5�6A��
��9%H�
 !�=9�
 ;37;�!�;
 $"#C7���
 =�!�7�!�D��=#@#
 #=��7�%�;
�����=�<
;37;_E�@#�;
$"#�6=!#�
@%��%�;
#"@�%�D��=�A
#!A#�#3
%�
�3�7>
=�A�
�7;
"�5"�C#!=�
#$!���78%HA
"�9��#3
"�C#!H
!�"�#A���D��=�A
@�5#>
�%�7�5�!#"#3
�
 6�!�%#3#=
 �]"#5#78%#@#
 =�!�7�5�<
 %�#CA#����
��!�78%�;
�%F#"��:�;
#
��A�%�5��
35���#37�;%�;
=�%�!�=�
@�!�"#@�%%#�=�!�7�!�>
D��=�A
"��=:�\
#=��7�%�;
�����=�
�
!�$7#����##C��%�
=�!�7�5�!#"�
�
@�>
5#3#\
����8_�

���#�!�!#D%#
�56D�%
 3#$"#�
 #C
 6�!#\D�3HA
 3H�#=#!��$�"�!6"%HA
�
�365%�D%HA
@��!�"�5��%HA
"�9���A
=�%�!�=�
@�!�"#@�%%#>=�!�7�!�D��=#\
"��=:��
#=��7�%�;
�����=�
�
!�$7#����##C��%�
=�!�7�5�!#"�
l$7�!�%�m
�
3#5�6B%#>�����D%#\
����8_
$"�
��7HA
�#��"9�%�;A
�����=��

�53��!%#<
D!#
#=��7�%��
�����=�
�#9�!
$"#��A#��!8
 �
#C"�5#3�%���

[
��
��
��7�%D�=<
��
��
;��7�3<
��
��
�#F"#%=#3<
��
��
��%�$";%H\<
'(()



>?3

#=���
�5#!��
���=:�;
#=��7�%�;
�����=�
3
3#5�6A�
%�
$7�!�%#3#\
%�!�
=�>
!�7�5�!#"�
�#9�!
��!�
�#@7��%#
6"�3%�%�_
w+r/

� � �


 �

� �
�% U �U % U+ ⋅ → + ⋅ l�m

��$7#3#\
 ]FF�=!
"��=:��
 lAm<
 "���D�!�%%H\
%�
 ���%�:6
����H<
 "�3�%

�

�

�

���� ���%

V�
�

���%
= ⋅ �

�#5�#9%#
C#7��
$#7%#�
#=��7�%��
�����=�
�
C#78B��
!�$7#3H�
]F>
F�=!#�/

� � � �

� � �

� � �
�% U � % U+ ⋅ = ⋅ + ⋅ l��m

��$7#3#\
]FF�=!
"��=:��
 lAAm<
"���D�!�%%H\
%�
���%�:6
����H<
"�3�%

�

�

�

�!��� ���%

V�
�

���%
= ⋅ 
����

�#$"#�H
#
��A�%�5��
3H�#=#!��$�"�!6"%#@#
@�!�"#@�%%#@#
#=��7�%�;
&J

�

%�
$#3�"A%#�!�
!3�"�#@#
=�!�7�5�!#"�
�
#
!�$7##C��%�
�576D�%���
$"#>

3#7#=�
=�!�7�5�!#"�
�#
�!�%=���
"��=:�#%%#\
6�!�%#3=�
�#
��A
$#"
�56D�>
%H
%��#�!�!#D%#
w.r�

��78_
��%%#\
"�C#!H
;37;7#�8
3H;37�%��
��A�%�5���3H�#=#!��$�"�>
!6"%HA
�
@��!�"�5��%HA�"�9��#3�!�$7#����#$�"�%#��
�
=�%�!�=��@�!�"#>
@�%%#>=�!�7�!�D��=�A�"��=:�\
%�
$7�!�%#3#\
$"#3#7#=�<
�
!�=
9�
$"��$#>
7#9�%��
�A��H
A���D��=#\
"��=:��<
$#
=#!#"#\
���!
#=��7�%��
�����=�
%�
$7�!�%#3#\
$"#3#7#=�
�
3H;�%�%��
"#7�
!�$7##C��%�
�576D�%����

@������;������A����9��)��9��������
�����
�� �����������x
�����x
��	�
�6����
;������9����6�����9������	
���
������������

26�!8
%�
$#3�"A%#�!�
!3�"�#@#
=�!�7�5�!#"�
$"#!�=��!
@�!�"#@�%%#>=�>
!�7�!�D��=�;
#=��7�!�78%�;
"��=:�;/

� �
� � � � � �� � � � � �� �#>��. �=� . �=� . �=�ν ν ν+ → �

27#!%#�!8
�#E%#�!�
A���D��=#@#
!�$7#3H��7�%�;
#$"���7;�!�;
!�$7#>
3H�
]FF�=!#�
�

1

"��=:��
�
$";�#$"#$#":�#%�78%�
�=#"#�!�
A���D��=#\

"��=:��
�
1
��

( ) ( )� ��" = = = =B ( / � � ( /= ⋅ < l+m

@��
�
=

q
!�$7#3#\
]FF�=!
"��=:��<


V�

��
(� =� 
q
�=#"#�!8
A���D��=#\
"��=>



>?4

:��
$#
�=!�3%#�6
=#�$#%�%!6<
 �

��

E -
(� =/ 
q
#!%#��!�78%�;
����#3�;
=#%>

:�%!"�:�;
�=!�3%#@#
=#�$#%�%!�
l�=!�3%H�
=#�$#%�%!#�
;37;�!�;
����>

�=m<
 �"B 
q
$7#!%#�!8
�#E%#�!�
A���D��=#@#
!�$7#3H��7�%�;<
 �

WX

E
�

�=#"#�!8
@�!�"#@�%%#\
"��=:��
$#
�=!�3%#�6
=#�$#%�%!6<
%�A#�;E�>
�6�;
3
%��#�!�!=�<
$";�#$"#$#":�#%�78%�
#!%#��!�78%#\
����#3#\
=#%:�%>
!"�:��
�=!�3%#@#
=#�$#%�%!�
l5�=#%
��\�!36_E�A
����m/

( ) ( ) ( )�= = � � = �� ( /  ( ( /ρ= ⋅ ⋅ � l'm

�#%�!�%!�
�=#"#�!�
A���D��=#\
"��=:��
63�7�D�3��!�;
�
"#�!#�
!��$�>
"�!6"H
$#
5�=#%6
�""�%�6��

( ) � ���
&

 (  
�(

 = ⋅ −  
� l.m

���8
 ��  
q
�##!3�!�!3�%%#
=#%�!�%!�
�=#"#�!�
A���D��=#\
"��=:��

�
$"��]=�$#%�%:��78%H\
�%#9�!�78<

E

-
(�&
q
]%�"@�;
�=!�3�:��<


V�

EY+Z
(

!���� = �D�6%�3�"��78%�;
@�5#3�;
$#�!#;%%�;<

V�

EY+Z [
(�( 
q
!��$�"�!6>

"�
$#3�"A%#�!�
=�!�7�5�!#"�<
4�
27#!%#�!8
@�5#3#\
�����
3
l.m
C�"�!�;
$"�
!��$�"�!6"�
=�!�7�5�!#"�

( ) �
�

�

�� �

( �
(

( �
ρ ρ  = ⋅   <

��ρ �
 ��ρ 
q
$7#!%#�!8
@�5#3#\
�����
 �

��

E
(��
q
��37�%��
@�5#3#\
�����<
��<

$"�
+
,
E�����
�� 


� ����� ��� FG= ⋅ �

�H"�9�%��
�7;
$7#!%#�!�
����#3#@#
$#!#=�
�=!�3%#@#
=#�$#%�%!�
�#>
7�=67;"%#>=#%3�=!�3%H�
$6!��
�
$6!��
!�"�#��FF65��
%�
$#3�"A%#�!�
%�!�
=�!�7�5�!#"�
$"���!�3��
3
3���/

( ) ( )


6 =(
= = � = =� �

�

\ 
4 / / ( ( $�

( \
β ρ

 
= ⋅ − + − ⋅ ⋅   

<

�
�

 �

�� �

( �

( �
ρ ρ

 
= ⋅ ⋅ 

 



=
=

2 �"

�
β ⋅= <


�
�

�

�

=

�(
2 2

( �

 
= ⋅ 

 
<



>?5

=

�

2
$�

=
= <
 

�
�( (

(
+

= 
w)<
,r<

@��
 � 
q
�����!"
%�!�
=�!�7�5�!#"�<
 E (� �ν 
q
=�%���!�D��=�;
3;5=#�!8

@�5�<

�E

-
(� �= 
q
=#]FF�:��%!
!��$�"�!6"#$"#3#�%#�!�<


�E

-
(� =β 
q
=#>

]FF�:��%!
����##C��%�<

E

-
(� =\ 
q
�#7;"%�;
�����
�=!�3%#@#
=#�$#%�%>

!�<

��

EY+Z
(� �\ 
q
�#7;"%�;
�����
@�5�<


��

EY+Z
(� =2 �� �2 
q
�##!3�!�!3�%%#

=#]FF�:��%!
��FF65��
$"�
 ( 
�
 �( ��$�
q
="�!�"�\
�8_���<
 
(1
q
!�"�#>

��FF65�#%%#�
�##!%#B�%��G
 �" 
q
="�!�"�\
u�"36���
	$"���7��
$#3�"A%#�!%6_
#!%#��!�78%6_
����#36_
=#%:�%!"�:�_
�=>

!�3%#@#
=#�$#%�%!��
�7;
]!#@#
�=#"#�!8
A���D��=#\
"��=:��<
$"#!�=�_>
E�\
%�
$#3�"A%#�!�
$"#3#7#=�<
$"�"�3%;��
$7#!%#�!�
����#3#@#
$#!#=�
�=!�3%#@#
=#�$#%�%!�<
$#�!6$�_E�@#
=
]!#\
$#3�"A%#�!�/

= =� 4= �

��$#7856;
l.m
�
l*m
$#76D��
6"�3%�%��
#!%#��!�78%#
 =�/ 
3
3���/

( ) ( )


6 =(
�� =� = � = =� �

�

\ 
 / / / ( ( $�

( \
ρ β ρ

 
⋅ ⋅ = ⋅ − + − ⋅ ⋅   

� l)m

��B�%��
6"�3%�%�;
l*m
$"���!�3��
3
3���/

�� � � � � �� �
��

=� = = =� = �

= �

 
/ / / / / ��

ρ
β ρ

− ⋅
= + ∆ + = + ∆ ⋅ +  ⋅ 

< l*m

@��
 � ��β 
q
D��7#
����%#3�<
=#!#"#�
%�5H3��!�;
��FF65�#%%#>=�%�!�D��>
=��
#!%#B�%���<

�

��

 

= �

 
��β

ρ
β ρ

⋅
=

⋅ �

2#��!�37;;
 = �/ 
�5
l0m
3
l'm<
5�!��
3
l+m<
$#76D��
$7#!%#�!8
A���D��=#@#
!�$7#3H��7�%�;
3
"�5678!�!�
$"#!�=�%�;
@�!�"#@�%%#\
=�!�7�!�D��=#\
"�>
�=:��
%�
$#3�"A%#�!�
%�!�
=�!�7�5�!#"�/

( )( ) �
��" = �� = = �B �  / / ��ρ −= ⋅ ⋅ + ∆ + � l0m



>?<

���$�"�!6"�
=�!�7�5�!#"�
3
5�3����#�!�
#!
3"���%�
3
#CE��
3���<
#$>
"���7;�!�;
 �5
 "�B�%�;
 5���D
 !�$7#$"#3#�%#�!�<
 ��FF65��
�
 A���D��=#\
=�%�!�=��

`"����%!#�
!��$�"�!6"H
$#
$#$�"�D%#�6
��D�%�_
%�!�
=�!�7�5�!#"�
�#9%#
$"�%�C"�D8<
!�=
=�=
#:�%=�
="�!�"�;
H).
���!
H).��+�
�
]!#�
�76D��
63�7�D�%��
!��$�"�!6"H
$"#3#7#D=�
=�!�7�5�!#"�
�
!�D�%���
3"���%�
#$>
"���7;�!�;
 �6��#\
 $7#!%#�!�
 A���D��=#@#
 �
 �9#67�3�
 !�$7#3H��7�%�;�
���%8B�%��
$"#��A#��!
3
"�5678!�!�
!�$7##!��D�
#="69�_E��
!�7��
l@�56
�
�!�%=��
"��=:�#%%#\
6�!�%#3=�m�
2"�%�C"�@�;�"��$"���7�%����!��$�"�>
!6"H
$#
�7�%��$"#3#7#=�
�
$#
�����D�%�_��$"���!�3���6"�3%�%��
!�$7#3#@#
C�7�%�����%%#\
$"#3#7#=�
3
3���/

�

�
� � �	

�(
� � B

��
ρ = <

� �� C( � (= = <
 �	 �" "B B B= − < lIm

@��
 �� 
q
6��78%�;
!�$7#��=#�!8
%�!�
=�!�7�5�!#"�<

V�

�� [⋅ (� �ρ 
q
$7#!>

%#�!8
%�!�
=�!�7�5�!#"�<
 �

��

E
(� � 
q
�����!"
%�!�
=�!�7�5�!#"�<
 E (� �	B 
q

]FF�=!�3%�;
$7#!%#�!8
�#E%#�!�<
 �

WX

E
(� "B 
q
]FF�=!�3%�;
$7#!%#�!8
!�$>

7#3#@#
$#!#=�<
3=7_D�_E�;
"�57�D%H�
��A�%�5�H
!�$7##!3#��
�
$#�#@"�3

=�!�7�5�!#"�
5�
�D�!
�9#67�3�
!�$7#3H��7�%�;<
 �

WX

E
�
v#"��78%#
�6���">

%6_
$7#!%#�!8
!�$7#3#@#
$#!#=�
#$"���7��
3H"�9�%���/

" � � > @B B B B B= + + − < l,m

@��
 �B 
q
$7#!%#�!8
!�$7#3#@#
$#!#=�<
A�"�=!�"�56_E�;
!�$7##C��%
�
@�>

5#�<
 �

WX

E
(� �B 
q
$7#!%#�!8
!�$7#3#@#
$#!#=�<
A�"�=!�"�56_E�;
!�$7##C>

��%
�#
�!�%=���
"��=:�#%%#\
6�!�%#3=�<
 �

WX

E
�

	$"���7��
�7�@���H�
3A#�;E��
3
l^m�
�
6D�!#�
��FF65�#%%#\
!�$7#>

$"#3#�%#�!�
3H"�9�%��
�7;
 �B 
$"���!�37;�!
5�=#%
�8_!#%�>��A��%�
3
3���/

( ) ( )


� � ( = = =�

�
B ( (  / /

/
α β= ⋅ − + ⋅ ⋅ ⋅ − <



>?=

� ��

�

λ
α = 
q
 =#]FF�:��%!
 !�$7##C��%�
 %�!�
 =�!�7�5�!#"�
 �
 @�5#�<

�

WX

E 
(


�

= =�/ /
/

+
= 
q
�"��%��"�F��!�D��=#�
5%�D�%��
=#%:�%!"�:��<
�� 
q

="�!�"�\
�6���78!��
��=
$#=�5H3�_!
#:�%=�<
3=7��
��FF65�#%%#\
!�$7#>
$"#3#�%#�!�
��7�
2#]!#�6
3
��78%�\B��
$"�%�C"�9��
��
37�;%���<
C6���

��$#785#3�!8
�7;
 �B 
=7����D��=#�
3H"�9�%��/

� � � �
�

� � �

��
B ( ( ( (

�

λ
α

⋅
= ⋅ − = ⋅ − � l^m

�!#"#�
�7�@���#�
3
l,m
A�"�=!�"�56�!
$7#!%#�!8
!�$7#3#@#
$#!#=�
�576>
D�%���<
#$��H3���#�
�#3���!%H��
5�=#%���
��"A@#F�
�
�!�F�%���#78:>
��%�/

( )� �
� �B ( (ε σ= ⋅ ⋅ − < l+(m

@��
ε 
q
�%!�@"�78%H\
=#]FF�:��%!
�576D�!�78%#\
�$#�#C%#�!�
$7�!�%HG

!
������σ −= 
q
$#�!#;%%�;
�!�F�%���#78:��%�< � �

WX

E 
(

�( 
q
!��$�"�!6"�
�!�%#=
"��=:�#%%#\
6�!�%#3=�<
4�
�#]FF�:��%!
D�">
%#!H
ε 
�7;
$7�!�%H
��%;�!�;
3
�%!�"3�7�
ε E����÷(�+,
$"�
�5��%�%��
!��>
$�"�!6"H
+E����÷����!�4��
�����

�
!�C7�
+
�
'
$"�3���%H
5%�D�%�;
��7H
!#=�<
!��$�"�!6"H<
="�!�"�;
��>
��%#3�
�
$7#!%#�!�\
!�$7#3H��7�%�;
3
="�!�D��=�A
!#D=�A�
�5
!�C7�:
3��>
%#<
D!#
5%�D�%��
!�$7##C��%�
�576D�%���
=�!�7�5�!#"�
�#
�!�%=���
"��=>
:�#%%#\
6�!�%#3=�
5%�D�!�78%#
��%8B�<
D��
!�$7##C��%
�
@�5#�<
$7#!%#�!8
�#E%#�!�
�9#67�3�
�
A���D��=#@#
!�$7#3H��7�%�;�
�7��#3�!�78%#<
3
F#">

�67�
l,m
�
3
��78%�\B�A
"��D�!�A
5%�D�%���
 �B 
�#9%#
$"�%�C"�D8�

��C7�:�
+

���[=A/ = �� . �(  ��
�

WXB
E

��
4

WXB
E

��� WXB
E ���"

WXB
E ��

c (�0I )*^ .+* .(,(( ..,*( ..0^ (�(I
Y (�'I *). 0II *,0+ **,I( *(0^( +0



>>?

��C7�:�
'


��[=A/ = �� . �(  ��
�

WXB
E

��
4

WXB
E

��� WXB
E ���"

WXB
E ��

c (�00 ).* ')' 'II,( ',(*( *() (�(+
Y � � � � � � �

`"�F�D��=�\
�%�7�5
$#=�5�7<
D!#
"#78
!�$7##C��%�
�576D�%���
%�5%�D�>
!�78%�<
�<
$#]!#�6<
3
��78%�\B�A
"��D�!�A
]!��
�7�@���H�
�#9%#
$"�%�C"�D8�

27#!%#�!8
!�$7#3#@#
$#!#=�<
#!3#���#@#
D�"�5
=#%:H
%�!�
=�!�7�5�!#>

"�
 >B <
#$"���7��
�@#
$"�C7�9�%%#
=�=/

( )� � �

>

( ( �
B

$ $

λ −  =   
< l++m

@��
 �λ 
q
=#]FF�:��%!
 !�$7#$"#3#�%#�!�
%�!�
=�!�7�5�!#"�<

WX

E
��$1q

�7�%�
$"#3#7#=�<
��
27#!%#�!8
�9#67�3�
!�$7#3H��7�%�;
3
"�5678!�!�
%�@"�3�
%�!�
=�!�7�>

5�!#"�
]7�=!"�D��=��
!#=#�/

4

�
B

� $π
=

⋅ ⋅ < 
l+'m

@��
 ( )�
�>� � � (= ⋅ 
q
�#E%#�!8
]7�=!"�D��=#@#
!#=�<
 WX (� � 
q
��7�
!#=�

$"#!�=�_E�@#
$#
%�!�
=�!�7�5�!#"�<
 �

�

�
� � � ��>

$
� ( (

�
η

π
= ⋅

⋅ < l+.m

( ) [ ]� � � �#( ( (η η= + Ω − < l+)m

@��
 � ��>� ( 
q
]7�=!"�D��=#�
�#$"#!�37�%��
%�!�
=�!�7�5�!#"�<
����η 
q

6��78%#�
�#$"#!�37�%��<
]E E⋅ �� �η 
q
6��78%#�
�#$"#!�37�%��
$"�
+
,
�
Ω �q

!��$�"�!6"%H\
=#]FF�:��%!<
 � − �

*�����������;������A6����&�������6�����	�����

��7#3��
�!�:�#%�"%#�!�
$"���!�37;�!�;
3
3���
5�3����#�!�
��7H
!#=�
�<
#$"���7;_E�\
3H�#=#!��$�"�!6"%H�
�
@��!�"�5��%H�
"�9��H
��	<
#!
�!�:�#%�"%#\
!��$�"�!6"H
$7�!�%#3#\
$"#3#7#=�
$"�
$#�!#;%%#\
=#%:�%>
!"�:��
�����=�
l/

=
m
3
3#5�6A�
l"���+l1��7���



>>>

���7��6��
 5�3����#�!8
 A�6�
 $"�
I
1
E8.����
�5
 6�7#3�;
 �!�:�#%�"%#�!�

��	B = 
�����/

( )
( ) ( )

� �
� � � � � � �

� ���

� =A �

� � �"6

=

( �� / \�
� ( ( ( B ( B (

( � \

λπ
η

⋅ ⋅= ⋅ ⋅ − + − ⋅ ⋅ 
 

< l+*m

@�� �
�� � � � � � �� � �� � ���"6 = � � ��

B ( � (  ( 7 �� (ρ −= ⋅ ⋅ ⋅ + ⋅ + < l+0m

�� � ���� �=&
 (  

� (
= ⋅ −

⋅
<


� � � �
� �

� � � �

��

�

 ( (
�� (

( (

ρ
β ρ

⋅
=

⋅ <

=

��

= �

/
7

/

∆= <

( )����
���! � $/�� �" �!= = <

( )�

�
�

�( (��
�!

(ν
−

= ⋅ <
 $/
�

�=

ν
= �

`��
 =A/ 
q
$"#:�%!%�;
�#7;"%�;
=#%:�%!"�:�;
�=!�3%#@#
=#�$#%�%!�

l�����=�m<
 �ν 
q
=#]FF�:��%!
=�%���!�D��=#\
3;5=#�!�
@�5#3#\
�����<

�E

-
�

�7;
�����=�
M
�"
E��

�3����#�!�
 ( )�	B ( �� ( )� ( 
�%�7�5�"#3�7��8
�7;
3#5�6B%#>�����D%HA

�����\
�
��7H�
=#7�D��!3#�
�����=��
���D�!H
$"#3#��7��8
$"�
�7��6_>
E�A
$�"���!"�A/

+m
v�5�D��=��
�3#\�!3�
�6A#@#
3#5�6A�
#$"���7;_!�;
3H"�9�%�;��
w0r/

�
�

�

� �

( �

( �
ρ ρ

  = ⋅     
<
 ( )�  ����!� �
� � ( (= + − <


��!�



�

� �#

(

(
λ λ

 
=  

 
<

@��
 � �� ��� � ��ρ λ 
q
5%�D�%�;
$7#!%#�!�<
!�$7#��=#�!�<
=#]FF�:��%!�
!�$>

7#$"#3#�%#�!�
@�5�
$"�
!��$�"�!6"�
@�5#3#\
�����
 �( E�����
��
�
��37�%��
$
�
E��!��

�� �� ���
���B� ( ���
 ( ����� (� � �

�� V� WX
�

�� [ E [E
ρ λ= = =

⋅ ⋅

 �7;
 �6A#@#
 3#5>

�6A�G

���

�
�

�� ���!! ��=

E
2

-

−= ⋅ 
q
=#]FF�:��%!
��FF65��
�����=�
3
3#5�6A�G

��� ��B���
V�

&
EY+Z

= �� ��
� ���� ��

E
 

-
= ⋅ (



>>@

��

�

�

���� ��=

V�
�

���%
= ⋅ 
�7;
"��=:��
 � � �


 �

� �
�% U �U % U+ ⋅ → + ⋅

�

�

�!��� ��=

V�
�

���%
= ⋅ 
�7;
"��=:��
 � � � �

� � �

� � �
�% U � % U+ ⋅ → ⋅ + ⋅ (


�� !
� B�!� �� ]E Eη −= ⋅ ⋅ �� � ��B��� �� − −Ω = ⋅ (

��� ����! ��$ E−= ⋅ �� ���� E−= �

�5
6�7#3�;
�!�:�#%�"%#�!�/
 ( )� ��	B ( � = <
�#=�9��<
D!#
��=���6�
F6%>

=:��
A�6�<
A�"�=!�"�56�!
="�!�D��=�\
$�"�A#�
%�
3H�#=#!��$�"�!6"%H\
"�>
9��<
�
��%��6�
A�6�
q
%�
"�9��
%�5=#!��$�"�!6"%#@#
#=��7�%�;�
26�!8
�!�:�#%�"%H�
�#�!#;%�;
#C"�56_!�;
3
"�5678!�!�
�5��%�%�;
A<
D!#
$"�3#>
��!
=
�5��%�%�_
!��$�"�!6"H
=�!�7�5�!#"��

�#3#=6$%#�!8
]!�A
�!�:�#%�"%HA
�#�!#;%�\
#$��H3��!�;
��FF�"�%:�>
�78%H�
6"�3%�%���

�
�	 �	B B

( �
( �

∂ ∂
∂ + ∂ =

∂ ∂
� l+Im

�H��7��
�5
]!�A
�#�!#;%�\
%�6�!#\D�3H�<
=#!#"H�
#$"���7;_!�;
=���>

%���
="�3#\
 � ��	B ( 
�
#��<
%�
=#!#"#\
 � � ��	B ( = 
l"���
+
l1���

���	B = 

�

��	

� �

B

(

∂
=

∂
<


�

�
�

�	

�

B

(

∂
>

∂
<


�

�
�

�	

�

B

(

∂
>

∂
� l+,m

��5��7��
l+,m
%�
 (∂ <
3
"�5678!�!�
$#76D��

�	 �	B B �

( � (

∂ ∂ ∂= − ⋅
∂ ∂ ∂

< l+^m

@��
 � �

! � ��	B � (

� �

η
π

∂ ⋅ ⋅=
∂ ⋅

��=
=�=
 �
�	B

�

∂
≠

∂

�
 �

�	B

(

∂
=

∂

!#
�5
l'(m
�7��6�!<
D!#
F6%=:�;
 � �� ( 
3
!#D=�

�
����!
��=���6�
�
3
!#D=�
�
q
��%��6�<
!#
��!8

�

�
� �

�

(

∂ =
∂


$"�
 =/ �#���= �

��$#7856;
l+^m
�
l'(m
%�!"6�%#
�#=�5�!8<
D!#



>>*

� �

� �
� �

� �

� �

( (

∂ ∂< >
∂ ∂ <

!#
��!8
!�
�
A�"�=!�"�56�!
5�9�@�%��<
�
!�
�
q
$#!6A�%���

����
+
lOm� �3����#�!8
 � ��	B ( 
 $"�
 ���[/= =

q
]P�(<0,
^<
!�
c
q
!#D=�
5�9�@�%�;<
 C�!( 
q
!��$�"�!6"�
@#>

"�%�;�
 
q
]
K
�(<'I
^<
!�
�
q
!#D=�
$#!6A�%�;<
 #?( 
q
!��$�"�>

!6"�
#=��7�%�;�

l�m
 �3����#�!8
 � ��	B ( $"�
 ����� .= <
 
 
q
 5�3����#�!8

� ��	B ( 
 $"�
 
� �[=/ = <
 
 q
 5�3����#�!8
 � ��	B ( 
 $"�

���[=/ = �

�
%�5=#>
�
3H�#=#!��$�"�!6"%HA
"�9���A
63�7�D�%��
��7H
!#=�
$"�3#>

��!
 =
 "#�!6
 !��$�"�!6"H�
 �H"�5��
 �5
 6"�3%�%�;
 l+^m

�

(

∂
∂ <
 $#76D��

�	

�	

B

� (
B(

�

∂
∂ ∂= −

∂∂
∂

�

��=
=�=
3
!#D=�A
#=��7�%�;
�
@#"�%�;
 �
�	B

(

∂
<

∂

�
 �

�	B

�

∂
>

∂
<
!#
 �

�

(

∂ >
∂

�

�
(

�

∂ >
∂

���7��#3�!�78%#<
!��$�"�!6"�
=�!�7�!�D��=#@#
@#"�%�;
�
#=��7�%�;

3#5"��!��!
�
63�7�D�%���
��7H
!#=�
l"���
'l1�7���



>>1

����
'� �3����#�!8
��7H
%�@"�3�_E�@#
!#=�
#!
�!�:�#%�"%#\
!��$�"�!6"H
$7�>
!�%#3#\
$"#3#7#=�
lJ�(<+��G
��+(,
��m
$"�
"�57�D%HA
5%�D�%�;A
=#%>
:�%!"�:��
�����=�
3
3#5�6A�/
>Q>Q>Q>Q>Q>Q>
q
]=�$�"���%!�78%H�
!#D=�

wIr<
 
q
 !�#"�!�D��=�;
 ="�3�;/
 �m
 $"�
 ���[=/ = G
 �m
 $"�


��[=/ =

��=���6�
%�
="�3#\
 �5(8
 l!�
 �m
q
#C#5%�D��!
="�!�D��=�\
$�"�A#�
%�
3H�#=#!��$�"�!6"%H\
"�9��<
��%��6�
l!��m
�="�!�D��=�\
$�"�A#�
%�
%�5>
=#!��$�"�!6"%H\
"�9��
��	�

2"�
5%�D�%��
��7H
!#=�<
"�3%#�
 ������ .= 
l!#D=�
�m<
D��7#
����%#3�

"�3%#
 ������� = <
�7��#3�!�78%#<
"��=:�;
���!
�
=�%�!�D��=#\
#C7��!��
2"�

������ .= 
 l!#D=�
 ��� ����� = <
 D!#
 �##!3�!�!36�!
 ��FF65�#%%#\
#C7��!�

$"#!�=�%�;
"��=:���
��
3�!3�
@#"�%�;<
$"�
 ��!C� .= �� �
����C�� = <
3��>

%#<
D!#
 �C�� >> 
q
]!#
@#3#"�!
#
!#�<
D!#
$#�7�
�#��%!�
5�9�@�%�;<
$"#>
:���
���!
3
��FF65�#%%#\
#C7��!��

�"�3�;<
�#���%;_E�;
!#D=�
�
�
�<
;37;�!�;
@�#��!"�D��=��
���!#�
!#>
D�=
#$"���7;_E�A
="�!�D��=��
5%�D�%�;
%�D�78%#\
!��$�"�!6"H
=�!�7�5�>

!#"��
�
�%!�"3�7�A/
 � �L L L< < 
 �
 � �� � �< < 
 5�3����#�!�
 �!�:�#%�"%#\
!��$�"�!6"H
$7�!�%#3#\
$"#3#7#=�
�
%�$";9�%�;
%�
=#%:�A
=�!�7�5�!#"�
#!
=#%:�%!"�:��
�����=�
�
��7H
!#=�
���_!
@��!�"�5��%H\
A�"�=!�"
$"�
]!#�
 ="�!�D��=��
 5%�D�%�;
 %�D�78%#\
 !��$�"�!6"H
 7�9�!
 3
 �%!�"3�7�/

� C �( ( (< < �
2"�
"�5%HA
!�$7#3HA
]FF�=!�A
"��=:�\
3H�#=#!��$�"�!6"%H�
3�!3�
%�
�#3$���_!�
��!38
3H�#=#!��$�"�!6"%#@#
"�9���
"��=:��
lAAm
$"#>
!�=��!
3
�"��%��
%�
'((#�4
3HB�
D��
6
"��=:��
lA��

��
"���
.
l1��7m
$"���!�37�%H
��$�">3#78!%H�
A�"�=!�"��!�=�
$7�!�%#>
3#\
$"#3#7#=�
$"�
!�A
9�
6�7#3�;A<
D!#
�
%�
"���
'�

�5
"���
.
l7m
3��%#<
D!#
$#
�#�!�9�%�_
%�=#!#"#@#
="�!�D��=#@#
5%�D�>
%�;
=#%:�%!"�:��
�=!�3%#@#
=#�$#%�%!�<
69�
%�
C6��!
#�6E��!37;!8�;
�=�D>
=##C"�5%H\
$�"�A#�
%�
%�5=#!��$�"�!6"%H\
"�9���



>>3

����
.� ��$�">3#78!%�;
 5�3����#�!8
 $7�!�%#3#@#
 $"#3#�%�=�
 $"�
 "�57�D%HA

5%�D�%�;A
=#%:�%!"�:��
�����=�
3
3#5�6A�/
Om
$"�
 ���[=/ = G
�m
$"�


��[=/ =

�A���A

+�
�H;37�%
��A�%�5�
3H�#=#!��$�"�!6"%HA
�
 @��!�"�5��%HA
"�9��#3
!�$7#����#$�"�%#��
 �
 =�%�!�=�
 @�!�"#@�%%#>=�!�7�!�D��=�A
 "��=:�\
%�
=�!�7�5�!#"�
3
3���
$"#3#7#=�
3
5�3����#�!�
#!
��7H
!#=�<
%�@"�3�_E�@#
$"#3#7#=6
�
=#%:�%!"�:��
�=!�3%#@#
=#�$#%�%!�
3
@�5#3#\
F�5��

'�
��!�%#37�%#<
D!#
3H�#=#!��$�"�!6"%H\
"�9��<
=#!#"H\
#�6E��!37;>
�!�;
%�5�3����#
#!
%�D�78%#\
!��$�"�!6"H
=�!�7�5�!#"�<
#$"���7;�!�;
���>
�#$�"�%#�#�
�����=�
=
$#3�"A%#�!�
=�!�7�5�!#"��
�"�3%�%���
�
]=�$�"�>
��%!#�
�#=�5�%#<
D!#
!��$�"�!6"%H\
6"#3�%8
l!��$�"�!6"�
=�!�7�!�D��=#>
@#
@#"�%�;m
#$"���7;�!�;
!�$7#3H��7�%���
A���D��=#\
"��=:��

� � �


 �
�

� �
�% U �U % U %+ ⋅ = + ⋅ + ∆

������� ��
V�

%
EY+Z

∆ = − ⋅ <

�

�

����� ��
V�

�
���%

= ⋅ �

2"��$#7#9�%��
#
$"#!�=�%��
"��=:��

� � � �

� � �

� � �
�% U � % U %+ ⋅ = ⋅ + ⋅ + ∆ <

�����
� ��
V�

%
EY+Z

∆ = − ⋅ <

�

�

�!��� ��
V�

�
���%

= ⋅

���!
5�3HB�%%#�
$#
�"�3%�%�_
�
]=�$�"���%!#�
5%�D�%��
!��$�"�!6"H
=�>
!�7�!�D��=#@#
@#"�%�;
�����=�
%�
$7�!�%#3#\
$"#3#7#=��

.�
��
#�%#3�
�#$#�!�37�%�;
�
]=�$�"���%!�78%H��
��%%H��
$#
="�!�>
D��=��
"�9����
��	<
#$"���7;��HA
="�!�D��=���
5%�D�%�;��
��7H
!#=�



>>4

�
=#%:�%!"�:��
�����=�
3
3#5�6A�<
$"��$#7#9�%�
�A���
A���D��=#\
"��=>
:��<
3HA#�%H��
$"#�6=!���
=#!#"#\
;37;_!�;
#=��8
�5#!�
�
@�5##C"�5%�;
3#���

)�
��5"�C#!�%�
��!#��=�
���7��#3�%�;
3H�#=#!��$�"�!6"%HA
l@#"�%��m

�
 @��!�"�5��%HA
 "�9��#3<
 #�%#3�%%�;
 %�
 �%�7�5�
 � ��	B ( 
 �
 � �� ( 
 $"�

=/ �#���= <
�
q
�!�:�#%�"%�;
!��$�"�!6"�<
 �	B �� � �� =/ 
q
�##!3�!�!3�%%#
]FF�=!�3%�;
$7#!%#�!8
�#E%#�!�<
��7�
!#=�<
=#%:�%!"�:�;
�=!�3%#@#
=#�>
$#%�%!�<
#$"���7;_E�;
6�!#\D�3H�
l @#"�%��&<
#=��7�%��m
�
="�!�D��=��
l3#�$7���%�%��<
$#!6A�%��m
"�9��H
!�$7#����##C��%�
�
=�%�!�=�
@�!�"#>
@�%%#>=�!�7�!�D��=�A
A���D��=�A
"��=:�\
%�
$#3�"A%#�!�
=�!�7�5�!#"��

*�
�#=�5�%#<
D!#
!�$7##C��%#�
�576D�%���
�#9%#
$"�%�C"�D8�

/���������r

+� �]=�!]�
g�
��!�7�5
�
�@#
$"#�HB7�%%#�
$"���%�%���
q
��/
	���<
+^.0�
q
*I0
��

'� ���D�%=#
��
2�
�
�"�
��$7#$�"���D��
q
��/
g%�"@#�5��!<
+^,+�
q
)+0
��
.� 2"6�%�=#3�
��
��
��7�%D�=
��
��
�"�!�D��=��
"�9��H
!�$7#����##C>

��%�
�
=�%�!�=�
@�!�"#@�%%#>=�!�7�!�D��=#@#
#=��7�%�;
3#�#"#��
%�
$7�!�%�
--
v45�=�
�]"#���$�"�%HA
���!���
q
+^^,�
q
��
.I�
q

��
++)
q
++,

)� �6=�6�=��
��
��
�#%3�=!�3%H\
$�"�%#�
3
!�$7##C��%%�=�A�
q
��/
��>
6=�<
+^,'�
q
)I'
��

*� �65%�:#3
��
��<
���!;=#3
��
��
�C#"%�=
5���D
�
3#$"#�#3
$#
!�$7#>!�A>
%�D��=��
�5��"�%�;�
�
$"�C#"���
q
��/
g%�"@#�!#��5��!<
+^,*�
q
.',�

0� �7#A
��
`�
�
�"�
��$7##C��%
�576D�%����
��/
+^^+�
q
).'
��
I� v"�%=>����%�:=�\
��
��
��FF65�;
�
!�$7#$�"���D�
3
A���D��=#\
=�%�>

!�=��
q
��/
��6=�<
+^,I�
q
)^+
��
,� ��"@�F!�=
��
��
�$"�3#D%�=
$#
 !�$7#F�5�D��=��
 �3#\�!3��
 @�5#3
 �

9��=#�!�\�
q
��/
��6=�<
+^I'�
I'(
��



>>5

����L���
5����K��]��^�_��64�����Y����`.�
��4��V��I��^�F
��.�
��

���
���)9�������7�����7�������7�����)���
�����&��)7�
�
���9��������)�������
�

��%'�CX#

��;37�%#
��A�%45�
3��#=#!��$�"�!6"%�A
4
@4�!�"�5��%�A
"�9��43
��	
!�
@�!�"#@�%%#>=�!�74!�D%�A
"��=:4\
#=��7�%%;
��4�=6
%�
$7�!�%#3#�6
�"#>
!�=6
3
5�7�9%#�!4
34�
��7�
�!"6�6
!�
=#%:�%!"�:4?
��4�=6
3
$#34!"4�
��!�%#>
37�%#<
E#
 3
 3��#=#!��$�"�!6"%#�6
"�9��4
 \#@#
 !��$�"�!6"�
 !�
 %�$"6@�
3�5%�D�k!8�;
!�$7#3��47�%%;�
3
"�5678!�!4
A4�4D%#?
"��=:4?

� � �


 �

� �
�% U �U % U+ → +

S�')# !�$�+��+���a��b)'"=�T��c���&�d9�#$�=�%��Z���a�P#)�9��#�*�e��R�

Gci^xbYalY\[bf\Y�[dk�^mZbY\YncZ�a_kYZ�_`�_pck[bc_d
_`�[aa_dc[�_d�b^Y�lg[bcdfa�vc\Y

KUDDHNV

62��0�821�)�0�2)+2	��0��/1�5/��7.�2�23���/�@)��0."�����6�1�"�2���/.+���	
.5�	81�1�3�)8� /�18�).���.*�.�)"1�).��.*�100.�)1� �.�1���1�)�50�')/�� )�� /���1��"�"�	
���")�+�.*�1�85//����1�"�8.�8���/1�).��.*�100.�)1�)��1)/��A��)�����17�)�2�"���21��)��1
2)+2	��0��/1�5/��0."��)�����0��/1�5/��1�"�1��.��1+��)��"���/0)��"�73�1��2�/01���0)�	
�).��1��1�/��5���.*�82�0)81��/�18�).��

� � �


 �

� �
�% U �U % U+ → +



9�/������������

(X�$��
�+,%�$�!+,��$�

�$�'+�

��9�
�1>

�4934�#�D�\
%�6=#3�\
5C4"%�=

��B!����5%�/���������5
�������B!����5�������

`#7#3%�\
"���=!#"�����L���
5��

�3�
"���=:4k_
+��2��;�'�����
��A%4D%�\
"���=!#"�2��2��3/���



��%#
6
3�"#C%�:!3#
�
24�$���%#
�#
�"6=6
�
v#"��!
0(A,)-+0�
2�$4"
#F��!%�\�
`�"%4!6"�
 ��\��&�
�"6=
#F��!%�\�
���
�"6=�
�"=�
'+<,'�

��"�9

$"���
���
�
�

����3%�:!3#
4
�"6=�"%;
 ��!"#$"�%!&
l�34�#:!3#
��
�
+.I.
34�
',�(*�'((.
"�m
0*(,'<
��
	����<
367�
2"�#C"�9�%�8=�<
')�

+������vy���zw
E	�E�w%� zw
E	
E�w%��vy�w��xzE�yEwu�
vvv�`_b_[ge_ax_kYZZ[�]_a



(7��
����"#���$�"�%�A
���!��
�4934�#�D�\
%�6=#3�\
5C4"%�=
-
`#7#3%�
"���
��
��
��74%D�=�
q

	����/
��!"#$"�%!<
'(()�
q
��$�
)+�
q
.I0
��
�#��<
6="�
!�
�%@7�
�#3����

2"�3���%4
"�5678!�!�
�#�74�9�%8
$"#:��43
3�$�"#363�%%;<
=#%>
��%��:4?
!�
=#�@67;:4?
6
3#�;%#�6
��"#5#74<
�
!�=#9
=�%�!�=�
@#"4%%;
!3�"��A
4
$#"#B=#$#�4C%�A
$�78%�A�
��3���%#
"�5678!�!�
�#�74�9�%8
5
!�$7#>
 4
���##C�4%6
3
���$�"�%�A
���!���A�
���34!7�%#
$"#C7���
�=!�3%#?
 �4?
 %�
��!�#"#7#@4D%4
 ;3�E��
�#5@7;%6!#
��;=4
 �7�=!"�D%4
;3�E�
3
$7�5�4
$"#�6=!43
5@#"�%%;�

�7;
F45�=43<
A4�4=43<
��!�#"#7#@43
4
4%9�%�"43�

q���31>�><@�@�*r31>�>@4r3*4�@1�44�?>3�@*r3**�4


