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

��	� ffh#jfi}sjv#hvv#j}fgf#v�s#�f

-�c%	��44($*'-�%���*	�*(1''
	($
�&�%��$�&9��''

a������-+�-+�6����e���+��+���q����

���� !5&"��� ��&(���&��!  ���( ��!�&��!�

--(6(�'(
�.A<797�0@8:<>=z.E@1�;<1�:A7=7601�06*

�:/97}0:66:B:� F:=;.{@EF01� 67� C:<>�:.
?0@<:�<|;.{�@�}.<>|�8:Cz�;.601�0~�A�8/0*
61E0|� /.�.60{-� 670C:<..� C<7B:8/01E6�~
;<1�/.A<79:;7E.<1-�F�?7@E6:@E0-�:�8:Az8A.
:8/.;.<.66�~�E:F7/:F-�:�B:<:@:F7600�=7�/.A*
<790/z.9z|�7<>E./67E0Fz-�:�F�C:/.�8:E/.*
C0E.<>@A:B:�8:F.;.601��"<1��0/:A:B:�/7@*
8/:@E/76.601� 06�:/97}0:66�~� F:=;.{*
@EF0{�8/09.61|E@1�/7=6::C/7=6�.�@/.;@EF7
97@@:F:{�06�:/97}00���B7=.E�-�E.<.F0;.*
60.-�/7;0:-�z<0?6�.�@E.6;�-�8/1971�8:?E:*
F71� /7@@�<A7� 0� ;/�� ":@E0B7.9�{� G��.AE
/.A<79�� F:�96:B:9� :8/.;.<1.E@1� F�C/76*
6:{�@E/7E.B0.{�8zC<0A7}00�@::CD.60{-�6:
:6�E7A�.�=7F0@0E�:E�C:<>�:B:�?0@<7��7AE:*
/:F-� ;.{@EFz|D0~� :;6:F/.9.66:� @� /.A<7*
9:{ ��;/zB0.�97/A.E06B:F�.�9./:8/01E01-
@�:/90/:F766�.�8/.;8:?E.601� 8:E/.C0E.*
<.{-�8:<0E0?.@A0.�@:C�E01-�GA:6:90?.@A0.
0=9.6.601-� 97/A.E06B:F71� ;.1E.<>6:@E>
A:6Az/.6E:F�0�E�;���:<>�:.�A:<0?.@EF:��7A*
E:/:F-� F<01|D0~� 67� :@6:F6:{� 8:A7=7E.<>
z@8.�6:@E0� A7987600��� :C�.9� 8/:;7�-
8/0F:;0E� A� E:9z-� ?E:� GA@8./09.6E7<>6:
:8/.;.<0E>�G��.AE0F6:@E>�@:C@EF.66:�/.A*
<79��8/7AE0?.@A0�6.F:=9:�6:�

"<1�8<760/:F7601�/.A<796:{�;.1E.<>6:*
@E0�@zD.@EFz.E�/1;�GF/0@E0?.@A0~�9.E:;0A
0�GA@8./E6�~�/.A:9.6;7}0{�5678/09./-����H-
C7=0/z|D0~@1�67�8:61E01~�:~F7E7�0�?7@E:*
E����E0�9.E:;0A0�:@6:F76��67�:C:CD.600
:8�E7�8/:F.;.601�C:<>�:B:�?0@<7�/.A<79*
6�~�A798760{���?.F0;6:-� ?E:� GF/0@E0?.@*
A0.�9.E:;0A0�6.�;7|E�8:<6:B:�8/.;@E7F<.*
601�:�~7/7AE./.�8/:E.A7|D0~�8/:}.@@:F-�6.
8:=F:<1|E� ;.<7E>� E:?6�~� 8/.;@A7=760{� F
A:6A/.E6�~�z60A7<>6�~�z@<:F01~�8<760/z*
.9:{�A7987600�0�6.�;7|E�F:=9:�6:@E0�:}.*
60E>� 67;.�6:@E>� 8/.;@A7=760{�� �� :E<0?0.

:E�GF/0@E0A-�97E.97E0?.@A0.�9.E:;��F�8/06*
}08.�8:=F:<1|E�8/:F.@E0�767<0=�@�6.:C~:*
;09:{�;.E7<>6:@E>|�0�A:6E/:<0/z.9:{�67*
;.�6:@E>|���7E.97E0?.@A71�9:;.<>�8:=F:*
<1.E�F�/7�060/:F766:9�F0;.�F�;.<0E>�G�*
�.AE�E:<>A:�/.A<79��

��;766:{�/7C:E.�FF:;0E@1�/1;�8/.;8:<:*
�.60{�:C�06;0F0;z7<>6:9�8/061E00�/.�.*
60{�<|;>90-� :� ~7/7AE./.� /7@8/:@E/76.601
06�:/97}00�?./.=�A767<��97@@:F:B:�06�:/*
90/:F7601���7� :@6:F.� 8/.;8:<:�.60{� ;.*
;zAE0F6:�F�F:;0E@1�97E.97E0?.@A71�9:;.<>
97@@:F:B:� 06�:/90/:F7601�� �7E.9�9:;.<>
0@8:<>=z.E@1�;<1�:}.6A0�/7=<0?6�~�@E/7E.*
B0{�/.A<79��@�E:?A0�=/.601�0~�F<01601�67
z/:F.6>�8/:;7��0�F�C:/7�670C:<..�8/.;8:?*
E0E.<>6:{�@E/7E.B00�

 +�&(/��'0&�'�6'-'6��
2�%1%
9	'�)*')�	(.(�'�

-�&���%-�/�)-
(�')/

�/0� /7@@9:E/.600�97@@:F�~� 8/:}.@@:F
:8/.;.<1|D09�=F.6:9�1F<1.E@1�@/.;6.@E7*
E0@E0?.@A:.� 8:F.;.60.� :E;.<>6�~� <|;.{�
�.@9:E/1�67�E:-�?E:�8:F.;.60.�:E;.<>6:B:
?.<:F.A7� 9:�.E� C�E>� F� F�@�.{� @E.8.60
@<:�6�9-�8:F.;.60.�97@@��<|;.{�8:;;7.E*
@1�:80@760|�F�/79A7~�;:@E7E:?6:�8/:@E�~
9:;.<.{�

�.<:F.A� :C<7;7.E� :C�0/6�90�0� /7=6:*
@E:/:66090� =6760190� 8:� @79�9� /7=6�9
F:8/:@79���/0�97@@:F:9�06�:/90/:F7600
06E./.@�8/.;@E7F<1.E�?7@E>�=6760{�:C�.AE7-
:E6:@1D71@1� A� 6.A:E:/:{� :B/760?.66:{
:C<7@E0�0<0�zA<7;�F7|D71@1�F�:;6z�9:;.<>�

� ;/zB:{� @E:/:6�-� F@.� 96:�.@EF:� @:@E:1*
60{-�F�A:E:/�~�:A7=�F7.E@1�:C�.AE�8:�9./.
8:<z?.601� 06�:/97}00-� 6.� 8:;;7.E@1� 0@*
@<.;:F760|�67� @:F/.9.66:9� GE78.�� � /7=*
<0?6�~� <|;.{� GE:� 96:�.@EF:� @:@E:160{
9:�.E� /7=<0?7E>@1� 0=*=7� /7=6�~� 9:;.<.{

�����������
��
���	���������



  �	
�������-�
./01������������������	��	-�%  )-�2 �

:}.6A0� @0Ez7}00� 0� :E<0?01� 67A:8<.66�~
=6760{���9.@E.�@�E.9-�9:�6:�=79.E0E>-�?E:
F�F:;�-� A:E:/�.� ;.<7|E� /7=6�.� <|;0-� 0
/.�.601-� A� A:E:/�9� :60� 8/0~:;1E� 8:@<.
767<0=7�06�:/97}0:66�~� @::CD.60{-�9:*
BzE�C�E>�;:F:<>6:�8:~:�090���E:�8:=F:<1*
.E� 0@8:<>=:F7E>� ;<1� :80@7601� 8:F.;.601
<|;.{�z8/:D.66z|�8/0C<0�.66z|�9:;.<>
06�:/90/:F7601-�A:E:/71�B/zC:�:80@�F7.E
0=9.6.60.�@:@E:160{�8/0�8:<z?.600�06�:/*
97}0:66�~� @::CD.60{�

�7�<|C�9�@<:�6�9�8:F.;.60.9�?.<:F.*
A7�F@.B;7�@E:0E�/.�.60.�:�E:9-�A7A:.�;.{*
@EF0.�:6�679./.6�@:F./�0E>���E:�/.�.60.
9:�.E� 8/06097E>@1� 1F6:-� @8.}07<>6:� ;<1
;766:B:�@<z?71-�<0C:�6.1F6:-�A7A�@<.;@EF0.
E/7;0}00-�/76..�8/061E�~�/.�.60{-�:CD.{
@E/7E.B00�8:F.;.601�?.<:F.A7��%����.�.60.
8/06097.E@1� ?.<:F.A:9�0@A<|?0E.<>6:�67
:@6:F.�09.|D.{@1�z�6.B:�06�:/97}00�5=67*
60{H����:E;.<>6�~�@<z?71~�9:�6:��0=0?.@*
A090�F:=;.{@EF0190�=7@E7F0E>�?.<:F.A7�@:*
F./�0E>�A7A:.*<0C:�;.{@EF0.-�6:�F�97@@:*
F:9�8:/1;A.�GE:�6.F:=9:�6:��	;06@EF.66�{
8zE>�8:Cz;0E>�?.<:F.A7�?E:*<0C:�@;.<7E>-�GE:
8./.;7E>�.9z�06�:/97}0|-�67�:@6:F.�A:E:*
/:{� :6� 8/0;.E� A� E/.Cz.9:9z� /.�.60|� 0
F�8:<60E�@::EF.E@EFz|D..�;.{@EF0.�58/.;*
8:<:�.60.��H�

�E:� 8/.;8:<:�.60.� :B/760?0F7.E� 96:*
�.@EF:� F~:;6�~� F:=;.{@EF0{� ;<1� @0@E.9�
R?.<:F.AS��
:B<7@6:�8/.;8:<:�.60|� E7A:*
F�90�9:BzE�C�E>�E:<>A:�06�:/97}0:66�.
F:=;.{@EF01���/0� /7@@9:E/.600�97@@:F�~
8/:}.@@:F� E7A:.�:B/760?.60.� F8:<6.� .@E.*
@EF.66:�

�.�.60.-� A:E:/:.� 8/06097.E� ?.<:F.A-
:8/.;.<1.E@1�6.�E:<>A:�6:F:{�06�:/97}0*
.{-�6:�0�E.90�=6760190-�A:E:/�.�z�6.B:�z�.
09.|E@1���:;� � � �9,�� :C�.AE7�9�� Cz;.9
8:6097E>�F6zE/.66||�06�:/97}0|-�A:E:*
/z|�?.<:F.A�5:C�.AEH�67A:80<�=7�F@|��0=6>�
�67601�8/.;@E7F<1|E@1�F�F0;.�9:;.<.{�:}.6*
A0�@:C�E0{�F6.�6.B:�90/7-�8/7F0<�8:F.;.*
601-�A/0E./0.F�8/061E01�/.�.60{�0�;/�

��:E<0?0.�:E�=6760{�@:C@EF.66:�� y��m
,�3�!��Cz;.9�67=�F7E>�@:;./�760.�@::CD.*
60{�0<0�@:C@EF.66�~�67C<|;.60{�:C�.AE7-
A:E:/�.� 8/0F:;1E� A� 0=9.6.60|� =6760{�
	@<0�0@A<|?0E>�@79:8/:0=F:<>6:.�:C/7=:*
F760.�=6760{�F�/.=z<>E7E.�8/:E.A7601�F6zE*
/.660~� 8/:}.@@:F-� E:� :@E7.E@1� .;06@EF.6*

6�{� @8:@:C� 0=9.6.601� =6760{$� ��,! ! �!
� � ��� 0!-��!"�� ���,�5 �� �&"-p0��!-q �� �
�!�(-q���!�7�-(0! �9�� y��,�3��  ���&��nm
1! ���{7�!�7�-�5! �!��|���:�.@E>�:C1=7E.<>*
6�9�z@<:F0.9�0=9.6.601�=6760{�9��@?0E7*
.9�8:@Ez8<.60.�06�:/97}00�0=F6.�

�7A�?.<:F.A�:C/7C7E�F7.E�8:@Ez87|D0.
@::CD.601���/0�8:<z?.600�?.<:F.A:9�@:*
:CD.601� 67?067.E@1� 8/:}.@@� 767<0=7� 06*
�:/97}00-�A:E:/71�F�6.9�@:;./�0E@1���E:E
8/:}.@@� 9:�.E� =76097E>� 8/:;:<�0E.<>6:.
F/.91-�7�9:�.E�=7A:6?0E>@1�:?.6>�C�@E/:�
	@<0� F� E.?.60.� 8/:}.@@7� 767<0=7� ?.<:F.A
8:<z?0E� ;/zB:.� @::CD.60.-� E:� GE:� 9:�.E
8:9.�7E>�6:/97<>6:9z�~:;z�8/:}.@@7��"<1
z8/:D.601�9��Cz;.9� @?0E7E>-� ?E:� &��n1!m
 �9� �n��n�����p�&9� 0!-��!"�,� 7�&-!����m
�!-q ����3!-�"�,�{7�!�7�-�5! �!�f|���:�.@E>
A7�;:.�:E;.<>6:.�@::CD.60.�F�@Ez87.E�@F:*
.B:�/:;7�AF76E:9-�0�<0C:�}.<0A:9�F:@8/0*
6097.E@1� 0� :@:=67.E@1-� <0C:� }.<0A:9� :E*
C/7@�F7.E@1��":�=7F./�.601�8/:}.@@7�:@:=*
67601� @::CD.601� ?.<:F.A� 6.�9:�.E� 8:<z*
?7E>�60A7A0~�;/zB0~�@::CD.60{���@.�@::C*
D.601-� A:E:/�.� 8:@Ez81E� F� E.?.60.� GE:B:
8./0:;7-�Cz;.9�@?0E7E>�6.8:<z?.66�90��

;/zB:{�@E:/:6�-�9:�6:�8/.;8:<:�0E>-�?E:
F/.91-�E/.Cz|D..@1�?.<:F.Az�;<1�:@:=67601
:;6:B:�@::CD.601-�60?E:�6:�97<:�0�0!-�m
�!"�7���7�-(0! ���&��n1! �9�7!�!�������� �m
��!� &�&��9 �!�,� ��!  �� {7�!�7�-�5! �!� l|�

;.<766�.�8/.;8:<:�.601�&�0�)�8:=F:<1|E
6.� /7@@97E/0F7E>� ;.E7<0� 8/:}.@@7� 767<0=7
@::CD.60{�0�6.�0@@<.;:F7E>�F:8/:@�:;6:*
F/.9.66:{� :C/7C:EA0� 6.@A:<>A0~� @::CD.*
60{-�@?0E71�E7A:.�@:C�E0.�6.F:=9:�6�9�

�/:}.@@�767<0=7�@::CD.60{�:@6:F76�67
<:B0A.�0�0@8:<>=z.9�~�?.<:F.A:9�7<B:/0E*
97~� 767<0=7� @::CD.60{-� A:E:/�.� 9:�6:
@?0E7E>�;.E./9060/:F766�90���:GE:9z��!m
�(-q����7��3!&&��� �-���� &��n1! �9��!�!�m
,� ����� ���7�!�!-9!�&9��,!p1�,�&9�� � �m
9,����7�&�(7��+�,�&��n1! �!,�{7�!�7�-�5!m
 �!�s|���E:� =67?0E-� ?E:� .@<0�;F7�?.<:F.A7-
:C<7;7|D0.�@:F./�.66:�:;067A:F�9�:C�.*
9:9� =6760{-� 8:<z?7E� :;6:� @::CD.60.-� E:
/.=z<>E0/z|D..� =6760.� @:F87;.E�� �@.� /7=*
<0?01� F:@8/01E01� :C�1@61|E@1� /7=6�90
67?7<>6�90�@:@E:160190�:C�.AE7�

�7A�A7A�8:@Ez87|D71�06�:/97}01�AF76*
E:F767-� 7� 0=9.6.60.� =6760{� ;.E./9060/:*
F76:-� E:� 8/0� 8:<z?.600� /1;7� @::CD.60{

�����������
��
���	���������



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

:C�.AE�Cz;.E�8/:~:;0E>�?./.=�0;.6E0�0}0/z*
.9�.�@:@E:1601-�F�A7�;:9�0=�A:E:/�~�:6�Cz*
;.E�:C<7;7E>�:8/.;.<.66�9�:C�.9:9�=6760{�

:@E:160.��.-�F�A:E:/:9�67~:;0E@1�:C�.AE-
:8/.;.<1.E�/.�.60.-�A:E:/:.�:6�8/09.E�8/0
67@Ez8<.600�@::EF.E@EFz|D.B:�@:C�E01�

�/:}.@@�767<0=7�@::CD.60{�9:�.E�C�E>
6.�:?.6>�B<zC:A09-�8/0�GE:9�6.�F@1�06�:/*
97}01-� @:;./�7D71@1� F� @::CD.600-� Cz;.E
F:@8/061E7� :C�.AE:9� 0� =7�0A@0/:F767� F
8791E0�F�F0;.�=6760{���/0�8:<z?.600�/1;7
@::CD.60{-� @:;./�7D0~� :;067A:Fz|� 06*
�:/97}0|� 5F:=9:�6:-� F� /7=6:{� �:/9.H-
:C�.AE�8:<z?0E�C:<>�0{�:C�.9�=6760{-�=7
@?.E� F:@8/01E01� 6:F�~� @E:/:6� 8./.;7F7.*
9:B:�@::CD.601���0C:�=67601-�8:<z?.66�.
/76..-�8:<z?7E�8:;A/.8<.60.-�0�?.<:F.A�@E7*
6.E�C:<..�zF./.6�F�09.|D0~@1�=67601~���E:
8:=F:<1.E� B:F:/0E>-� ?E:� ;7�.� 8:FE:/6:.
8:<z?.60.� @::CD.601� 9:�.E� 8/0F:;0E>� A
0=9.6.60|�=6760{�

��97/A.E06B.�;<1�:80@7601�z/:F61�=67*
60{�:C�.AE7�0@8:<>=z.E@1�8:61E0.�G��.AE7
A:99z60A7}00-� ~7/7AE./0=z|D.B:� @:@E:1*
60.� :C�.AE7� @� E:?A0� =/.601� 8/06097.9�~
/.�.60{�� �:@@0E./� 0��./@0� ���� F�;.<1|E
81E>� G��.AE:F� A:99z60A7}00��� 8:E/.C*
6:@E>�F�A7E.B:/00-�:@F.;:9<.66:@E>�:�E:/*
B:F:{�97/A.-�:E6:�.60.�A�E:/B:F:{�97/A.-
679./.60.� Az80E>� 8/:;zAE� :8/.;.<.66:{
E:/B:F:{�97/A0-� @:;.{@EF0.� 8:Az8A.�� �E0
G��.AE��9:�6:�@::E6.@E0�@�/7=6�90�z/:F*
6190� =6760{� :C�.AE7-� E7A� A7A� 67� A7�;:9
z/:F6.�:C�.AE�8/06097.E�/7=6�.�/.�.601�

�:<z?7.971� 06�:/97}01� :E6:@0E@1� A
A7A:{*E:�:;6:{�9:;.<0�0<0�1?.{A.�8791E0�
�:GE:9z� 8/0� 8:<z?.600� ;/zB:{� 06�:/97*
}00-�:E6:@1D.{@1�A�E:{��.�1?.{A.�8791E0-
A:E:/71�8/:E0F:/.?0E�09.|D09@1�=676019-
F:=9:�6��E/0�F7/076E7�..�:C/7C:EA0��&-�)�$

�H�F�E.@6.60.�09.|D.{@1�06�:/97}00
6:F:{� 5/.E/:7AE0F671�06E./�./.6}01H�

%H� 6.8/01E0.� 6:F:{� 06�:/97}00� 58/:*
7AE0F671� 06E./�./.6}01H�

&H�@zD.@EF.66:.�0=9.6.60.�9:;.<0�F:@*
8/01E01�

�� 8:@<.;6.9� @<z?7.� @E/zAEz/7� =6760{
:C�.AE7� 0=9.61.E@1-� :6� 67?067.E� /7@@97E*
/0F7E>�8:@Ez87|Dz|�06�:/97}0|�F�C:<..
�0/:A:9� A:6E.A@E.���7/7AE./� E7A0~� 0=9.*
6.60{� B<zC:A:� 06;0F0;z7<.6� 0� F� ;766:{
/7C:E.�6.�/7@@97E/0F7.E@1����@F1=0�@�60=*

A:{� F:F<.?.66:@E>|� :C�.AE7-� 60=A:{� }.6*
6:@E>|�0� z@E7/.F760.9� =6760{� ;<1� /.A<7*
9�� 9:�6:� 8/061E>� 8./F�{� F7/076E-� 8/0
A:E:/:9� @E7/71� 06�:/97}01� F�E.@61.E@1�
"<1�;/zB0~� =7;7?�97@@:F:B:�06�:/90/:F7*
601�F:=9:�6��F@.�E/0�F7/076E7����E.@6.*
60.9�9:�6:�:C�1@60E>�0� =7C�F760.�/76..
8:<z?.66:{�06�:/97}00��	@<0�8:<z?.6671
06�:/97}01�6.�8:;A/.8<1.E@1-�E:�8:@E:/:6*
60.�@::CD.601�0=�;/zB0~�0@E:?60A:F�8/0*
F.;zE�A�F�E.@6.60|�0@~:;6:{�06�:/97}00�


�:/9z<0/z.9�F@.�@;.<766�.�8/.;8:<:*
�.601��
n~!"�� � y��,����� �9� {���!-q ��
0!-��!"|�7�!�&���-9!�&9������!�&�&�!,�*� �
����!�"�������,��(��7�9�-9�q&9�� y��,�3�m
�  �!�&��n1! �9#�
n��n��"��&��n1! ���7��m
�&������,� ��!  �*���&�&�!,����,! 9!��&��!
&�&��9 �!��!�!�,� ����� �#�������,�&�&�!m
,��&-(5����!+! �9*�"�����!�7�- �&�qp��7m
�!�!-9p�&9��!"(1�,�&�&��9 �!,��n~!"��#

"<1�:80@7601�06;0F0;z7<>6:B:�8/:}.@*
@7�06�:/90/:F7601�:C�.AE7�F:@8:<>=z.9@1
97E.97E0?.@A09�7887/7E:9�A:6.?6�~�7FE:*
97E:F��
:@E:160.�A7�;:B:�?.<:F.A7�8/067;*
<.�0E�A:6.?6:9z�0<0�@?.E6:9z�96:�.@EFz
@:@E:160{� uV �x � u �- - r�= = �

�� 
:@E:160.
9:�.E� 0=9.61E>@1� E:<>A:� 8/0� 8:<z?.600
06�:/97}0:66�~�@::CD.60{� l �0=�A:6.?*
6:B:� 96:�.@EF7� O �� "<1� 8/:@E:E�� Cz;.9
@?0E7E>-�?E:�A:6.?6�{�7FE:97E�;.E./9060/:*
F766�{-�E:�.@E>�8/0�:@:=67600�06�:/97}0*
:66:B:�@::CD.601�:C�.AE�;:@E:F./6:�8./.{*
;.E�F�@<.;z|D..�@:@E:160.-�@:B<7@6:�8/7F0<z
8./.~:;7���/7F0<:�8./.~:;7�9:�.E�C�E>�:80*
@76:�97E/0}790�@9.�6:@E0� l l

u- �5k H=T -�@::E*
F.E@EFz|D090� :E;.<>6�9� @::CD.6019
l O∈ ���<.9.6E� l

u- �k �= -�.@<0�8/0�8:<z?.*
600� @::CD.601� l -� ?.<:F.A-� 67~:;1D0{@1
F�@:@E:1600� u -�8./.~:;0E�F�@:@E:160.� � �


�A7�;�9�@:@E:160.9�@F1�.9�/7@8/.;.*
<.60.�06E.6@0F6:@E.{�8/061E01�/.�.601�0=
96:�.@EF7�F:=9:�6�~�/.�.60{�Y ���:�.@E>-
67~:;1@>� F� :8/.;.<.66:9� @:@E:1600� ux -
:C�.AE�=7�6.C:<>�:{�06E./F7<�F/.9.60� g∆
@� F./:1E6:@E>|� u uK�q � x � �q � x � g= µ ∆ � 8/09.E
/.�.60.� q ���.�.60.�8/06097.E@1�6.�F�9:*
9.6E�8./.~:;7�F�@:@E:160.-�7�F�9:9.6E�67*
@Ez8<.601� @:C�E01-� A:E:/:.� F�6z�;7.E
:C�.AE�8/061E>�/.�.60.-���;.6>�F�C:/:F-
9:9.6E�8:@.D.601�97B7=067�0�;/�

�/:0<<|@E/0/z.9�FF.;.66�.�8:61E01�67
B08:E.E0?.@A:9�8/09./.�97@@:F:B:�/7@8/:*

�����������
��
���	���������



!� �	
�������-�
./01������������������	��	-�%  )-�2 �

@E/76.601� 06�:/97}00�� �z@E>� C:<>�z|
;:<|�67�/�6A.�=76097.E�E:F7/�.�.;6.F6:B:
@8/:@7�97/A0�R�S���/:9.�GE:{�97/A0�09.*
|E@1�0�;/zB0.�97/A0�E:F7/:F-�8/0?.9�E:F7/
<|C�~�97/:A�09..E@1�F�;:@E7E:?6:9�A:<0*
?.@EF.�� �7@@9:E/09� @0Ez7}0|-� F� A:E:/:{
F@.9� <|;19� 8./.;7.E@1� @::CD.60.� :� E:9-
?E:�E:F7/�97/A0�R�S�C/7A:F766�{����GE:9
@<z?7.-�A7�;�{�?.<:F.A�9:�.E�67~:;0E>@1�F
;Fz~�@:@E:1601~$� 5�H���=67.E�:�C/7A.-�0<0
5 H���6.�=67.E��
::EF.E@EF.66:-�.@<0�?.<:*
F.A�=67.E-�E:�:6�8:?E0�67F./6:.�8/09.E�/.*
�.60.�6.�8:Az87E>�E:F7/�97/A0�R�S-�7�.@<0
6.�=67.E-�E:�8:?E0�67F./6:.�@:~/760E�8/.*
�6..�/.�.60.���xgkgwx��wo���./.~:;�:E�@:*
@E:1601�R6.�=67.ES�F�@:@E:160.�R=67.ES�8/:*
0@~:;0E� 8/0� 8:<z?.600� 06�:/97}0:66:B:
@::CD.601���/0� 8:<z?.600� 6:F�~� A:80{
@::CD.601� ?.<:F.A� :@E76.E@1� F� @:@E:1600
R=67.ES� 0� /.�.60.� 6.� 0=9.60E��
0Ez7}0|
9:�6:�:80@7E>�F�/79A7~�9:;.<0�A:6.?6:B:
7FE:97E7� @� ;Fz91� @:@E:160190-� 8/0F.;.6*
6:B:�67�/0@���-�7�

��&#�j���:6.?6�.�7FE:97E��;<1�9:;.<0/:F7*
601�:@F.;:9<.66:@E0

�/.;@E7F09�E.8./>-�?E:�87/7<<.<>6:�/7@*
8/:@E/761.E@1�;/zB:.�@::CD.60.� e -�F�A:E:*
/:9� zC.;0E.<>6:� ;:A7=�F7.E@1-� ?E:� 8./F:.
@::CD.60.�:�0C:?6:-�7�E:F7/�97/A0�R�S�6.
@:;./�0E� C/7A7�� �/0� 8:<z?.600� FE:/:B:
@::CD.601-�A:E:/:.�8/:E0F:/.?0E�8./F:9z-
?.<:F.A�9:�.E�<0C:�@:~/760E>�@F:.�@:@E:1*
60.-�8/:0B6:/0/:F7F�6:F:.�@::CD.60.��<0C:
8./.{E0�F�67?7<>6:.�@:@E:160.�0�=7C�E>�F@.
@::CD.601�R=7�6.67;:C6:@E>|S�5/0@���-�CH�
<0C:� 0=9.60E>� @E/zAEz/z� @:@E:160{� 0� 8.*
/.{E0�F� @:@E:160.�8:<6:{�:@F.;:9<.66:@*
E0-� /.�.60.� F� A:E:/:9� 6.� :8/.;.<.6:

5/0@� �- FH����=7F0@09:@E0�:E�8/.;8:<:�.60{
0@@<.;:F7E.<1�:� E:9-�A7A09�:C/7=:9�?.<:*
F.A�767<0=0/z.E�@::CD.601-�9:�6:�F�C/7E>
E:E�0<0�06:{�F0;�A:6.?6:B:�7FE:97E7�

�C�?6:� <|;0�9.61|E� @F:0� /.�.601� @
E/z;:9���:<z?.60.�:;6:B:�@::CD.601-�:8*
/:F./B7|D.B:�0~�zC.�;.601-�9:�.E�6.�8/0*
F.@E0�A�0=9.6.60|�0~�/.�.601����=7F0@0*
9:@E0�:E�@0<��zC.�;.601-�6.:C~:;09:�8.*
/.;7E>�C:′<>�..�?0@<:�@::CD.60{���/0�GE:9
@:96.601�?.<:F.A7�F:=/7@E7|E-�6:�/.�.60.
8/06097.E@1� 8/.�6..��"<1�9:;.<0/:F7601
E7A:{�@0Ez7}00�9:�6:�/7@D.80E>�:@6:F6�.
@:@E:1601-� FF.;1� F@8:9:B7E.<>6�.� 8/:9.*
�zE:?6�.� @:@E:1601-� F� A:E:/�.� ?.<:F.A
8./.~:;0E�8:�9./.�67A:8<.601�06�:/97}00�
��GE0~�@:@E:1601~�?.<:F.A�8/06097.E�8/.*
�6..�/.�.60.���7�/0@�� %�8/0F.;.6�A:6.?*
6�{�7FE:97E-�8:<z?.66�{�0=�7FE:97E7�@�;Fz*
91�@:@E:160190�8zE.9�/7@D.8<.601�@:@E:*
160{���z6AE0/:9� :CF.;.6�� @:@E:1601-� F
A:E:/�~� ?.<:F.A� 8/06097.E� :;067A:F�.
/.�.601�

��&#�����7@D.8<.60.�@:@E:160{

�+�-(	%)*�%�*��)�&%6(
2
$���
��'�4%	&'	%-��')

�CD09�@F:{@EF:9�F@.~�@/.;@EF�97@@:F:{
06�:/97}00� 1F<1.E@1�97@@:F:.� E0/7�0/:*
F760.�:;6:B:�@::CD.601�0�/7@8/:@E/76.60.
A:80{�@/.;0�7z;0E:/00�;766:B:�"� �-��� m
y��,����� �9�5:;6:{�B7=.E�-�E.<.F0=0:66:{
8./.;7?0-� :;6:B:� /7{:67� B:/:;7H�� �7�;71
A:801�@::CD.601�8:87;7.E�A�:;6:9z�?.<:*
F.Az-�@�6.A:E:/:{�F./:1E6:@E>|�767<0=0/z*
.E@1�09�0�9:�.E�:A7=7E>�67�6.B:�F<0160.�
�/0� 96:B:A/7E6:9� 8:FE:/.600� /7@@�<A0
?0@<:�<|;.{-�8/:767<0=0/:F7F�0~�06�:/*
97}0|-�F:=/7@E7.E�F8<:E>�;:�?0@<7�<|;.{-
@:@E7F<1|D0~�7z;0E:/0|�A767<7�06�:/90*
/:F7601���<760/:F760.� z8/7F<1|D0~� F:=*
;.{@EF0{� ?./.=� @/.;@EF7� 97@@:F:{� 06�:/*
97}00� :@zD.@EF<1.E@1� @� 0@8:<>=:F760.9
F./:1E6:@E6:{� 9:;.<0-� C7=0/z|D.{@1� 67
8:61E01~�A:6E7AE7-�:~F7E7�0�?7@E:E��������:;
A:6E7AE:9� 8:6097.E@1� @:C�E0.� 8:<z?.601
56:� 6.� :C1=7E.<>6:� :@:=67601H� ?.<:F.A:9
A:800�/7@8/:@E/761.9:B:�@::CD.601���7@*

�����������
��
���	���������



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

E:E:{� 67=�F7.E@1� ?0@<:� @::CD.60{-� 8:<z*
?.66�~�06;0F0;z7<>6:�?.<:F.A:9�F�E.?.60.
/.A<796:B:�}0A<7���~F7E:9�67=�F7.E@1�?0@*
<:�8/.;@E7F0E.<.{�}.<.F:{�7z;0E:/00-�A:6*
E7AE0/:F7F�0~�@�/.A<79:{�F�E.?.60.�:;6:*
B:�}0A<7�

�7�/0@��&�0=:C/7�.67�;07B/7997��.667-
0<<|@E/0/z|D71� :E6:�.601�9.�;z� 8:61*
E0190� }.<.F:{� 7z;0E:/00� 5%H-� 7z;0E:/00
A767<7�06�:/90/:F7601�5&H-�:~F7E7�8./F:*
B:� @::CD.601� 5)H-� :~F7E7� FE:/:B:� @::CD.*
601� 5�H-�:~F7E7� B/z88��<|;.{�;Fz91�@::C*
D.60190� 5+H���0�/:{� 5�H� :C:=67?.6� z60*
F./@z9���96:�.@EF:�F@.~�<|;.{���767<�06*
�:/90/:F7601�9:�.E�;:@E7F<1E>�@::CD.601
E:<>A:�?7@E0�}.<.F:{�7z;0E:/00���./.@.?.*
60.�}.<.F:{�7z;0E:/00�0�7z;0E:/00�A767<7
06�:/90/:F7601�Cz;.9�67=�F7E>���&��5�m
,����(������!����/0�8zC<0A7}00�6.@A:<>*
A0~�@::CD.60{�96:�.@EF:�<|;.{-�A:E:/�.
8:<z?0<0�~:E1�C��:;6:�@::CD.60.�5:C�.;0*
6.60.�:C<7@E.{�)�0��H-�Cz;.E�F:=/7@E7E>���7A
A7A� 0@@<.;:F7E.<1� 06E./.@z|E� <|;0-� 8/0*
6097|D..� :8/.;.<.66:.� /.�.60.-� E:� :E*
;.<>6:� 6.:C~:;09:� z?0E�F7E>� 96:�.@EF:
<|;.{�5+H-�8:<z?0F�0~�:C7�@::CD.601���7*
A0.�<|;0�Cz;zE�67~:;0E>@1�F�;/zB:9�@:@E:*
1600�0-�F:=9:�6:-�@�C:<>�.{�F./:1E6:@E>|
8/09zE�}.<.F:.�/.�.60.�

��&#� f�� �E6:�.60.� 6.A:E:/�~� 8:61E0{� A7*
67<7�06�:/90/:F7601

�7�6�9�8:A7=7E.<.9-�/7@@97E/0F7.9�9
8/0� 8<760/:F7600� /.A<796:{� A7987600-
1F<1.E@1�G��.AE0F671�?7@E:E7���906097<>*
6:� 6.:C~:;09:.� ?0@<:� A:6E7AE:F-� A:E:/:.
97A@097<>6:�zF.<0?0F7.E�/7@8:<:�.66:@E>
?.<:F.A7�A�8/061E0|�}.<.F:B:�/.�.601��

E:?A0�=/.601�9:;.<0�@:@E:1601�?.<:F.A7�F
F0;.�A:6.?6:B:�7FE:97E7-�G��.AE0F671�?7*
@E:E7� :8/.;.<1.E@1� A7A� ?0@<:� @::CD.60{-
A:E:/:.�8./.F:;0E�?.<:F.A7�F�@:@E:160.-�F
A:E:/:9�:6�8/06097.E�}.<.F:.�/.�.60.�

�7@@9:E/.66�~�8:61E0{�;:@E7E:?6:�;<1
8<760/:F7601� z8/7F<1|D0~�F:=;.{@EF0{�F

F0;.�Az@:?6:*8:@E:166�~��z6A}0{�F:=;.{*
@EF0{���;67A:� z8/:D.6671�9:;.<>� 6.� 8:*
=F:<1.E�0@@<.;:F7E>�8/:}.@@��=7C�F7601�0
F�E.@6.601�06�:/97}00�A:6Az/0/z|D090
@::CD.60190���.F:=9:�6:� E7A�.� :C:@6:*
F766:� :8/.;.<0E>� F/.9.66�.� 87/79.E/�
z8/7F<1|D0~� F:=;.{@EF0{-�678/09./-� F/.*
91�67?7<7�A7987600�0�06E./F7<�9.�;z�8zC*
<0A7}0190���E:�8/0F:;0E�A�6.:C~:;09:@E0
C:<..� ;.E7<>6:B:� 0@@<.;:F7601� 8/:}.@@7
/7@8/:@E/76.601� 06�:/97}00�

8+�&%6(
2�$���
�
'�4%	&'	%-��')

�@8:<>=z1� 8/.;<7B7.9z|�9:;.<>� 06;0*
F0;z7<>6:B:�8:F.;.601�<|;.{�0�F./:1E6:@E*
6z|�9:;.<>� /7@8/:@E/76.601� 06�:/97}00
9:�6:�8:@E/:0E>�;:@E7E:?6:�B0CAz|�0�z;:C*
6z|�9:;.<>�97@@:F:B:�06�:/90/:F7601�

�C:=67?09� uf 5gH � ;:<|� <|;.{� ;:@E0�0*
9:{�7z;0E:/00-�67~:;1D0~@1�F�@:@E:1600 u�
�E:E� 8:A7=7E.<>� 1F<1.E@1� :@6:F6�9� A:<0*
?.@EF.66�9�8:A7=7E.<.9�9:;.<0���@~:;1�0=
GE:B:�87/79.E/7-�9:�6:�F�?0@<0E>�06E.6*
@0F6:@E>� 8/06097.9�~� /.�.60{-� 7� E7A�.
;06790Az�/7@8/.;.<.601�<|;.{�8:�@:@E:1*
6019�8/0�/7@8/:@E/76.600�@::CD.60{�

�/0� :?./.;6:{� 8zC<0A7}00� @::CD.601
l �A:800�8:<z?7.E�6.�F@1�;:@E0�0971�7z;0*
E:/01-�7�6.A:E:/71�..�;:<1� lm ���/.;8:<:*
�09-�?E:�7�-(0! �!����&�� � �!�&��n1! �9� !
����&��� ����!"(1!��� &�&��9 �9� 0!-��!"���
�7A�A7A�F�@:@E:1600� u �67~:;0E@1� uf 5gH �<|*
;.{-�0�0=�60~�;:<1� lm �8:<z?0E�@::CD.601-
E:� ;:<1� <|;.{-� 0=9.61|D0~� @F:.� @:@E:1*
60.-� @:@E7F0E� l um f 5gH �� �E0� <|;0� 8:A06zE
@:@E:160.� u -�8:GE:9z

u l uf m f 5gH∆ = − � 5�H

�@.�GE0�<|;0�8./.{;zE�F�@<.;z|D..�@:*
@E:160.� � -�@:B<7@6:�8/7F0<z�8./.~:;:F�A:*
6.?6:B:�7FE:97E7����E:��.�F/.91-�?7@E>�<|*
;.{�0=�;/zB0~�@:@E:160{�8./.{;.E�F�/7@@97E*
/0F7.9:.�@:@E:160.��
z990/z1�8:�F@.9�67*
?7<>6�9�@:@E:16019� g -�67{;.9�zF.<0?.60.
;:<0�<|;.{�F�A:6.?6:9�@:@E:1600

r
l

u l g-u g
g �

f m k f 5gH�
=

∆ = ∑ 5%H

���E:� 8/.;8:<:�.60.� ;:F:<>6:� @0<>6:.-� 6:� 8:*
=F:<1.E�z8/:@E0E>�F�A<7;A0���E�6.B:�9:�6:�:EA7=7E>*
@1-�8./.{;1�A�9:;.<0�F./:1E6:@E6:B:�7FE:97E7�

�����������
��
���	���������



!� �	
�������-�
./01������������������	��	-�%  )-�2 �

�7A09� :C/7=:9-� 0=9.6.60.� /7@8/.;.<.*
601�<|;.{�8:�@:@E:16019�8/0�/7@8/:@E/7*
6.600�:;6:B:�@::CD.601�09..E�F0;$

( )
r

l
u l g-u g l u

g �

f m k f g m f 5gH-
=

∆ = −∑ 5&H

0<0�F�F.AE:/6:{��:/9.$
l Q

l rm 55 H J H 5gH-∆ = −N T N 5)H

B;.�Jr���.;060?671�97E/0}7�/7=9./:9��r r�× -
� r5gH 5f 5gH- - f 5gHH=N � -� � r5gH 5 f 5gH- - f 5gHH∆ = ∆ ∆N � �

�7=6:@E6:.� z/7F6.60.� 5)H� @::EF.E@EFz.E
@<z?7|-� A:B;7� F@.� <|;0� 8:<z?7|E� A:800
@::CD.601� :;6:F/.9.66:-� E:� .@E>� 96:�.*
@EF:�9:9.6E:F�F/.9.60�8:<z?.601�@::CD.*
60{�6.�C:<..�?.9�@?.E6:��"<1�?7@E0�A767<:F
06�:/90/:F7601� ~7/7AE./6:� 8:@E.8.66:.
/7@8/:@E/76.60.� 06�:/97}00���78/09./-
:;06� F�8z@A� B7=.E��9:�.E� :A7=�F7E>� F:=*
;.{@EF0.�F�E.?.60.�6.;.<0-�8:�9./.�8/:?E.*
601�97E./07<:F�B7=.E�-�0�F@.�GE:�F/.91�:@*
F.;:9<.66:@E>�Cz;.E�6.8/./�F6:�F:=/7@E7E>�
�;6:�/.A<796:.�@::CD.60.-�/7@8/:@E/761*
.9:.�8:�E.<.F0;.60|-�:C�?6:�8zC<0Az.E@1
F�6.@A:<>A0~�/.A<796�~�C<:A7~���/0�8/:*
@9:E/.� A7�;:B:� /.A<796:B:� C<:A7� E:<>A:
6.C:<>�71�;:<1�<|;.{�8:<z?0E�0�:@:=67.E
@::CD.60.-�6:�F�/.=z<>E7E.�6.@A:<>A0~�8:A7*
=:F�:@F.;:9<.66:@E>�F:=/7@E.E�@zD.@EF.66:�

�7Az|�@0Ez7}0|�9:�6:�@9:;.<0/:F7E>-
.@<0� /7@@9:E/.E>� @:C�E01� :=67A:9<.601
<|;.{�@�/7@8/:@E/761.9�9�@::CD.60.9���:
/76..�@;.<766:9z�8/.;8:<:�.60|�@:C�E01
9B6:F.66�����@0<z�E:B:-�?E:�A:800�@::CD.*
601�;:@E7F<1|E@1�/7=6�9�<|;19-��7AE0?.@*
A0.�9:9.6E��8:<z?.601�@::CD.601�6.=7F0*
@09��5;<1�?7@E0�A767<:F�06�:/90/:F7601-
678/09./-�;<1�B7=.E-�z<0?6�~�@E.6;:FH��"<1
;/zB:{�?7@E0�A767<:F�06�:/90/:F7601�567*
8/09./-�E.<.F0;.601�0�/7;0:H-��7AE0?.@A0.
9:9.6E�� 8:<z?.601� @::CD.60{� 8/067;<.*
�7E�;0@A/.E6:9z�96:�.@EFz-�:8/.;.<1.9:*
9z� /7@80@760.9� 8zC<0A7}00� @::CD.60{�
"<1�z8/:D.601�Cz;.9�@?0E7E>-�?E:�&�n���9
�� �"�,-! �9��n���(p��7(�&&� ��&"���7���"
&�� �! &�� �&�qp� lλ ���7E.97E0?.@A:.�:�0*
;760.�?0@<7�<|;.{-�:=67A:90F�0~@1�@�@:*
:CD.60.9� =7� F/.91� g∆ -� /7F6:� l gλ ∆ ���:;*
@E7F<11� lm g= λ ∆ �F�z/7F6.60.�5)H�0�z@E/.9*
<11�06E./F7<�F/.9.60� g∆ �A�6z<|-�8:<z?09
z/7F6.60.�F�6.8/./�F6:9�F/.9.60$

l Q
l rg  

q
nul 55 H J H 5gH�

g qg∆ →

∆ = = λ −
∆
N N

T N �5�H

�/0� 6.=7F0@09:9� /7@8/:@E/76.600� 6.*
@A:<>A0~�@::CD.60{-�.@<0�6.�67/z�7.E@1�z@*
<:F0.�:/;067/6:@E0�@z997/6:B:�8:E:A7�@:*
:CD.60{-�@A:/:@E>�0=9.6.601�;:<0�<|;.{-
67~:;1D0~@1� F� :8/.;.<.66:9� @:@E:1600-
/7F67$

l Q
l r

l O

l Q
l r

l O

q
55 H J H 5gH

qg

5 H J 5gH-

∈

∈

= λ − =

 = λ − Λ 
 

∑

∑

N
T N

T N
5+H

B;.� l
l O∈

Λ = λ∑ ��@z997/671�06E.6@0F6:@E>

8:E:A7�F@.~�@::CD.60{�
�.AE:/6:.�z/7F6.60.�5+H�8/.;@E7F<1.E�@:*

C:{� @0@E.9z� <06.{6�~� ;0��./.6}07<>6�~
z/7F6.60{�8./F:B:�8:/1;A7�@�8:@E:166�90
A:G��0}0.6E790� 5.@<0� 06E.6@0F6:@E>� 8:*
E:A7�=7F0@0E�:E�F/.9.60-�E:���@�8./.9.6*
6�90�A:G��0}0.6E790H���6:�8:<z?.6:�0=
F./:1E6:@E6:{�9:;.<0�F�8/.;8:<:�.600-�?E:
@:C�E01�8:<z?.601�@::CD.60{�F�C:/D0A7*
90� :C/7=z|E� 8z7@@:6:F@A0{� 8:E:A�� �7A:.
8/.;8:<:�.60.�z8/:D7.E�9:;.<>-�6:�9:�.E
:A7=7E>@1� 6.� F8:<6.� 7;.AF7E6�9� ;.{@EF0*
E.<>6:@E0���EA7=� :E� GE:B:� 8/.;8:<:�.601
9:�.E�8/0F.@E0�A�;/zB:{�9:;.<0�/7@8/:@E*
/76.601�06�:/97}00�

��9:;.<0�0@8:<>=z|E@1�;F.� B/z88��87*
/79.E/:F���97E/0}��8./.~:;:F�A:6.?6:B:
7FE:97E7� lT �0�06E.6@0F6:@E0�8:E:A:F�@:*
:CD.60{� lλ �� "<1� 0;.6E0�0A7}00�9:;.<0
6.:C~:;09:�F�C/7E>�8:;~:;1D..�96:�.@EF:
@:@E:160{-�A:E:/:.�;:@E7E:?6:�;<1�:E/7�.*
601�=6760{�:C�.AE7�8:�0@@<.;z.9:9z�F:8*
/:@z�� �7E.9� ;<1� A7�;:B:� E087� @::CD.60{
:8/.;.<0E>-� F� A7A:.� @:@E:160.� 8./.~:;0E
:C�.AE�8/0�8:<z?.600�;766:B:� E087� @::C*
D.601�� �.9� @79�9� Cz;.E� 8:@E/:.6� A:6.?*
6�{�7FE:97E-�:80@�F7|D0{�:C�.AE�@�06E.*
/.@z|D.{�0@@<.;:F7E.<1�E:?A0�=/.601�

"<1�:8/.;.<.601�06E.6@0F6:@E0�8:E:A7
@::CD.60{� �λ �6.:C~:;09:�F:@8:<>=:F7E>@1
;766�90�9.;07=:6;:F-�F�A:E:/�~�8/0F:;1E*
@1�@F.;.601�8:�:~F7Ez�0�7z;0E:/019�/7=<0?*
6�~�A767<:F�06�:/90/:F7601��"<1�F�C/76*
6:B:�@8:@:C7�8zC<0A7}00�@::CD.601�9:�*
6:�:8/.;.<0E>�?0@<:�<|;.{-�A:E:/�.�Cz;zE
09.E>�F:=9:�6:@E>�zF0;.E>�8zC<0Az.9:.�@:*
:CD.60.���;67A:�GE:�?0@<:�;7.E�<0�>�F./~*
6||�:}.6Az�?0@<7�<|;.{-�A:E:/�.�:@:=67*

�����������
��
���	���������



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

|E�/7@8/:@E/761.9:.�@::CD.60.��"<1�E:B:
?E:C��:8/.;.<0E>�;:<|�<|;.{-�A:E:/�.�F:@*
8/09zE� @::CD.60.-� 9:�6:� 8:@E7F0E>� GA*
@8./09.6E� @� 6.C:<>�:{� B/z88:{� 0@8�Ez.*
9�~-� <0C:� F:@8:<>=:F7E>@1� GA@8./E6�90
:}.6A790��
::EF.E@EFz|D0.�9.E:;�� 0=<:*
�.6��F�<0E./7Ez/. ����

"<1� F./0�0A7}00� 9:;.<0� /7@@9:E/09
GA@8./09.6E-�8:@E7F<.66�{��0<>@A.�0�F:@*
8/:0=F.;.6�{�67�/0@��)��+�����GA@8./09.6E.
0@@<.;:F7<7@>�@F1=>�9.�;z�?7@E:E:{�;.9:6*
@E/7}00�/.A<79��5A/0F71��H�0�:@F.;:9<.6*
6:@E>|�/.A<796:{�7z;0E:/00����?7@E6:@E0-
8/0F.;.67� =7F0@09:@E>� :@F.;:9<.66:@E0� :E
F/.9.60� 5A/0F71�%H���6E.6@0F6:@E>�8:A7=:F
0=9.61<7@>�F�E.?.60.�B:;7�@Ez8.6?7E: ��F67*
?7<.�F�E.?.60.�8./F�~��&�6.;.<>�8:@E:16671
06E.6@0F6:@E>-�7�=7E.9�F�E.?.60.�:@E7F�0~@1
&3�6.;.<>�6z<.F71�06E.6@0F6:@E>�F:=;.{@EF0{�

��&#�l���A@8./09.6E��0<>@A.

�:�B/7�0Az�9:�6:�:8/.;.<0E>�06E.6@0F*
6:@E0� 8zC<0A7}0{� ;Fz~� E08:F� @::CD.*
60{ ��/.A<796:B:� �  -�+ λ = �0�9.�7|D.*
B:� %  - ,&λ = �� 
� GE090� 87/79.E/790� 0� A:*
6.?6�9�7FE:97E:9-�8/0F.;.66�9�67�/0@���-
C-�8:@E/:.67�E.:/.E0?.@A71�A/0F71�&���0;*
6:-�?E:�8/.;@A7=7601�9:;.<0�67�67?7<>6:9
z?7@EA.�8/7AE0?.@A0�@:F87;7|E�@�GA@8./0*
9.6E7<>6�90�;766�90����E:��.�F/.91-�=7*
C�F760.�F�GA@8./09.6E.�8/:0@~:;0E�=67?0*
E.<>6:�C�@E/..-�?.9�8/.;@A7=�F7.E�E.:/01�
�E:�9:�.E� C�E>� @F1=76:� @� :@:C.66:@E190
7z;0E:/00-�z?7@EF:F7F�.{�F�GA@8./09.6E.�

�+�%;(�$���44($*'-�%�*'
	($
�&�

�z;.9�:}.60F7E>� G��.AE0F6:@E>�/.A<7*
9�� K �A7A�;:~:;�a -�8:<z?.66�{�:E�8/:;7*
�0�E:F7/7-�=7�F�?.E:9�=7E/7E�67�/.A<79z�N $

K a N= − � 5#H
�7E/7E��67�/.A<79z�9:�6:�:}.60E>-�0@*

~:;1�0=�8/.;8:<:�.601-�?E:�@E:09:@E>�8zC*
<0A7}00�:;6:B:�@::CD.601� �v �8:@E:1667�0
6.�=7F0@0E�:E�9:9.6E7�8zC<0A7}00����GE:9
@<z?7.�@E:09:@E>�/.A<79��/7F67$

Q

� �
 

N v 5gHq -= λ τ∫ 5,H

B;. Q ��� 8/:;:<�0E.<>6:@E>� A7987600-
�5gHλ ���06E.6@0F6:@E>�8zC<0A7}00�@::CD.*

601���
":~:;-� 8:<z?.66�{�:E� 8/:;7�0� E:F7/7-

8/19:� 8/:8:/}0:67<.6� A:<0?.@EFz� /.�.*
60{-�8/06097.9�~�<|;>90�F�8:<>=z�8:Az8*
A0�GE:B:�E:F7/7-�@�A:G��0}0.6E:9�8/:8:/*
}0:67<>6:@E0�q ���z@E>�06E.6@0F6:@E>�8/0*
61E01�/.�.601�5A:<0?.@EF:�/.�.60{�F�.;0*
60}z�F/.9.60H�F�8:<>=z�E:F7/7�;<1�:C�.AE7

uµ �=7F0@0E�E:<>A:�:E�@:@E:1601� u -�F�A:E:*
/:9�GE:E�:C�.AE�67~:;0E@1���7A�A7A�9:;.<>
8:=F:<1.E�F�<|C:{�9:9.6E�:8/.;.<0E>�;:<|
<|;.{-�67~:;1D0~@1�F�E:9�0<0�06:9�@:@E:*
1600-�E:�9:�6:�:8/.;.<0E>�A:<0?.@EF:�@<z*
?7.F�8/061E01�}.<.F:B:�/.�.601�F�.;060}z
F/.9.60

r

u u
u �

5gH P f 5gH-
=

µ = µ∑ 53H

B;. P ��� A:<0?.@EF:� <|;.{� ;:@E0�09:{
7z;0E:/00�

":~:;�a -�8:<z?.66�{�:E�8/:;7�0�E:F7*
/7�=7�F.@>�8./0:;�A7987600-�/7F.6

Q

 

a q 5 Hq �= µ π τ∫ 5� H

,+��	�-�(�'(�*'9'���/
&(6'��*	�*(1'�

����-�@E/��)#)�),%��8/.;<7B7.E@1�6.@A:<>*
A:� F7/076E:F� @~.9� :~F7E7� }.<.F:{� 7z;0E:*
/00� 8/0� 8/:;F0�.600� 6:F�~� E:F7/:F��
C<0}*@~.97-� A<06::C/7=671� @~.97-� R:C/7E*
6�{� A<06�<0?6:.� F<0160.S� 0� RC�@E/71
9:;7S���:�F@.~�GE0~�@~.97~�@E/.91E@1�;:@*
E0?>�97A@097<>6:B:�:~F7E7�7z;0E:/00���/0
0@8:<>=:F7600� C<0}*@~.9�� 8:;;./�0F7.E*
@1� 8:@E:16671� ?7@E:E7� /.A<796�~� F:=;.{*
@EF0{���/0� 0@8:<>=:F7600� A<06::C/7=6:{
@~.9��?7@E:E7�/.A<796�~�F:=;.{@EF0{�F67*
?7<.�97A@097<>67-�7�=7E.9�8:@E.8.66:�@60*
�7.E@1����@<z?7.�R:C/7E6:B:�A<067S�?7@E:E7

�����������
��
���	���������



!� �	
�������-�
./01������������������	��	-�%  )-�2 �

67:C:/:E-� F:=/7@E7.E� 67� 8/:E1�.600� A79*
87600� 5F�/7@?.E.�67�;:8:<60E.<>6z|�A:9*
9z60A7}0|�9.�;z� <|;>90H��
~.97� RC�@E*
/71�9:;7S� 0@8:<>=z.E@1� F� @<z?7.-� .@<0� ~7*
/7AE./6:�C�@E/:.�zB7@760.�06E./.@7�A�E:F7*
/z�� "<1� @/7F6.601� @~.9� :~F7E7� z@E76:F09
:B/760?.60.�67�/.@z/@����8/0�<|C:{�@~.*
9.�:~F7E7�@E:09:@E>�/.A<79��N �:;067A:F7�
�E:� 8:=F:<1.E� 0=C7F0E>@1� :E� :;6:B:� 6.0=*
F.@E6:B:�F��:/9z<.�5#H�

�z@E>� F� /.=z<>E7E.� 0@@<.;:F7601� ;<1
9:;.<0/:F7601� =6760{� :C�.AE:F� F�C/767
@E/zAEz/7�A:6.?6:B:�7FE:97E7-�8/0F.;.6671
67�/0@��%����@:@E:1601~���0����<|;0�8/060*
97|E�/.�.60.�:�8/0:C/.E.600�E:F7/7�@�:;0*
67A:F:{� 06E.6@0F6:@E>|� �� �

�µ = µ = -� 7� F
@:@E:1601~� �0� ����@�6z<.F:{�06E.6@0F6:*
@E>|�� �7@@9:E/09� ;06790Az� 8/061E01� /.*
�.60{�8/0�/7=<0?6�~�@E/7E.B01~���7�/0@� �
8/0F.;.6��E/0�B/7�0A7�=7F0@09:@E0�06E.6*
@0F6:@E.{� 8/061E01� /.�.60{� 8/0� /7=<0?*
6�~�@~.97~�:~F7E7�5�z6A}01~�F:=;.{@EF0{H�
�<:D7;0�F@.~��z6A}0{�F:=;.{@EF01�/7F6�
&-�E:�.@E>�@E:09:@E>�F@.~�A798760{�:;067*
A:F7���6E.6@0F6:@E>�=7C�F7601�F:�F@.~�@<z*
?71~�:;067A:F7�0�/7F67�����:;�B/7�0A790
0=:C/7�.6��@~.9��:~F7E7��":~:;�a -�@:B<7@*
6:��:/9z<.�5� H-�8/:8:/}0:67<.6�8<:D7;0
8:;�A/0F:{�V -�=67?.60.�A:E:/:{�8/0F.;.6:
67�B/7�0A.�

�:�6:�F0;.E>-�?E:�670<z?�.{�@~.9:{�F
;766�~� z@<:F01~� 1F<1.E@1� A<06::C/7=671
@~.97�:~F7E7���/0�0@8:<>=:F7600�GE:{�@~.*
9��=7�F.@>�/.A<796�{�8./0:;�8/:0=F:;0E*

@1�F�;F7�/7=7�C:<>�.�8:Az8:A-�?.9�8/0�0@*
8:<>=:F7600�@~.9��R:C/7E6�{�A<06S����;/z*
B0~� z@<:F01~-� 678/09./-� 8/0� /.A<79.� z�.
0=F.@E6:B:�E:F7/7-�0<0�8/0�/.A<79.�E:F7/7
@� ;/zB09� ~7/7AE./:9� 8/061E01� /.�.60{-
6.:C~:;09:� =76:F:� 8/:F.@E0� 0@@<.;:F760.
0�F�C/7E>�8:;~:;1Dz|�@E/7E.B0|�

0�$
f�(�'(

��@E7E>.� /7@@9:E/.67�9:;.<>�97@@:F:B:
06�:/90/:F7601� <|;.{� @� 0@8:<>=:F760.9
@/.;@EF�97@@:F:{�06�:/97}00���:;.<>�:@*
6:F767�67�6.@A:<>A0~�8/.;8:<:�.601~*7A*
@0:97~$� 8:F.;.60.� ?.<:F.A7� 9:;.<0/z.E@1
A:6.?6�9�7FE:97E:9-�8:E:A�@::CD.60{�8/0*
6097.E@1� 8z7@@:6:F@A09-� F./:1E6:@E>� 8:*
<z?.601�@::CD.601�6.�=7F0@0E�:E�/76..�8:*
<z?.66�~� @::CD.60{-� =7C�F760.� :C�1@61*
.E@1�F�E.@6.60.9���?.F0;6:-�?E:�67�8/7A*
E0A.�GE0�8/.;8:<:�.601�9:BzE�F�8:<61E>@1
6.�E:?6:-�?E:�8/0F.;.E�A�:E<0?019�8/.;@A7*
=760{�9:;.<0�0�/.=z<>E7E:F�GA@8./09.6E7�

�@6:F6�9�8:A7=7E.<.9�9:;.<0�1F<1.E@1
;:<1�<|;.{-�67~:;1D0~@1�F� E:9�0<0�06:9
@:@E:1600��"06790A7�;:<0�<|;.{�:80@�F7*
.E@1�@0@E.9:{�<06.{6�~�;0��./.6}07<>6�~
z/7F6.60{���./.~:;� A� 6.8/./�F6:9z� F/.*
9.60�F�8:<6.6�0@~:;1�0=�8/.;8:<:�.601�:
E:9-�?E:�<|;0�8:<z?7|E�@::CD.601�6.�:;*
6:F/.9.66:-�7�F�/7=6�.�9:9.6E��F/.9.60�
	@<0� E7A:.� 8/.;8:<:�.60.� 6.� F�8:<61.E*
@1-�E:�GE:�8/0F.;.E�A�6.C:<>�:{�8:B/.�6:*
@E0�:}.6A0��#�-�E7A�A7A�9:;.<>�Cz;.E�;7F7E>
B<7;A:.� /.�.60.-� 7� 67� 8/7AE0A.� Cz;.E� 67*

��&#�s���/7�0A0�@z997/6:{�06E.6@0F6:@E0�8/061E01�/.�.60{�8/0�/7=6�~�@~.97~�:~F7E7

�����������
��
���	���������



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

C<|;7E>@1�@A7?A::C/7=6:.�0=9.6.60.�:@F.*
;:9<.66:@E0���9.@E.�@�E.9-�.@<0�.@E>�:@6:*
F7601� @?0E7E>-� ?E:� 8/.;8:<:�.601� F�8:<*
61|E@1-�E:�:@6:F6�.�F�F:;��9:;.<0�Cz;zE
F./6�90-� E7A� A7A�9:;.<>� F�F.;.67� ;.;zA*
E0F6:�0=�0@~:;6�~�7A@0:9�

�:;.<>� 8:=F:<1.E� 0@@<.;:F7E>� 0=9.6.*
60.�:@F.;:9<.66:@E0�@�/7=<0?6:{�B<zC06:{-
:}.60F7E>�:~F7E�}.<.F:{�7z;0E:/00�~:E1�C�
:;609� @::CD.60.9� 5Iikvh���H-� ~:E1� C�� r
@::CD.60190� 5Iikvh� r�H�� 0=z?7E>� /7@8/.*
;.<.60.� <|;.{�8:� ?7@E:E79� F� =7F0@09:@E0
:E� @~.9�� :~F7E7���@~:;1� 0=� ;:8:<60E.<>*
6�~�8/.;8:<:�.60{�:�8/061E00�/.�.60{-
9:;.<>� 8:=F:<1.E� :}.60E>� G��.AE0F6:@E>
:~F7E7�0�F�C/7E>�8:;~:;1Dz|�@~.9z�:~F7E7�


/7F6.60.�9:;.<0�@�GA@8./09.6E:9�8:*
=F:<1.E� zEF./�;7E>-� ?E:� A7?.@EF.66�.� F�*
F:;��:�~7/7AE./.�8/:E.A7|D0~�8/:}.@@:F-
8:<z?7.9�.�8:�9:;.<0-�@:F87;7|E�@�GA@8.*
/09.6E7<>6�90� ;766�90���/:}.@@�97@@:*
F:B:� =7C�F7601� 06�:/97}00� :80@�F7.E@1
6.;:@E7E:?6:�E:?6:-�?E:�9:�.E�C�E>�@F1=7*
6:� @� :@:C.66:@E190� 8/:F.;.601� GA@8./0*
9.6E7�

��@E7E>.�0=<:�.6671�9:;.<>�0@8:<>=z.E*
@1� ;<1� F�C:/7� G��.AE0F6:{� @~.9�� :~F7E7
7z;0E:/00-� :C.@8.?0F7|D.{�97A@097<>6:.
A:<0?.@EF:� 8/:;7�� =7� 8./0:;� /.A<796:{
A7987600����A7?.@EF.�;/zB0~�8/7AE0?.@A0~

8/09.6.60{�9:;.<0�9:�6:� zA7=7E>� =7;7?0
0=z?.601�F:8/:@:F�/7@8/:@E/76.601�06�:/*
97}00-�:C�1@6.601�8/:}.@@7�97@@:F:B:�=7*
C�F7601�06�:/97}00-�=7;7?0�9.;078<760*
/:F7601�0�8/:B6:=0/:F7601�~:;7�06�:/97*
}0:66:*/.A<796:{� A7987600� 0� ;/zB0.� =7*
;7?0-�@F1=766�.�@�97@@:F�9�/7@8/:@E/76.*
60.9�06�:/97}00�

���	�����

�����&&��!�*��5#�����.A<797�0�8/:;F0�.60.
E:F7/:F$� 8./�� @� 76B<��� �:@@0E./-� "��� ��-��./*
@0- ��-� 8:;� /.;���������:<A:F:{��
�C�$��0E./-
%   ��+�+�@�

%��  &�yy���� 
E/7E.B0?.@A:.� z8/7F<.60.$

:A/��8./��@�76B<��������6@:�����7z?��/.;��0�7FE�
8/.;0@<���� ���	F.6A:����$��A:6:90A7-��3,3����3 @�

&���@6:F��06�.6./6:{�8@0~:<:B00$�?.C��;<1
E.~6��Fz=:F�����:;�/.;���������:9:F7��%*.�0=;�-
;:8��0�8././7C����$���@����A�-��3,+����)�@�

)����(5� � � $#��� �67<0=� G/B:E.~60?.@A0~
@0@E.9���������"/z�0606����$��6./B:7E:90=;7E-
�3,)���+ �@�

���	��-!��%���@6:F��97/A.E06B7$��./��@�76B<�
������:E<./���CD��/.;�0�F@Ez8��vE��	������.6>*
A:F:{������$��/:B/.@@-��33 ����#&+�@�

+����5"����#��� �.A<797$� 8<76A7� ;<1� R8/:*
�0S����������:�A:F����$�'/7{E-��33#�

#��4�5!-!��#���:;.<>�97@@:F:B:�/7@8/:@E/7*
6.601�06�:/97}00� ��������(0�.<.F� � ����/z;�
9:<:;�~�z?.6�~������:/:6.�$��:/:6.���B:@��z6*E-
%  &����8�����
��&�+�

�����������
��
���	���������




