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M%(+*�;&+'-�0+?-)*$=I'+:�'(B802H5�$&08+',-,&22H(�0$�?B&3'030
3)020;(+301�)&>-B&'-B2H1�0++)(%-,&20C5�&�'&3G(�'(B802H5�$&�
08+',-,&22H(�0$�$&B=>(G2-C�)0'(B&'=BH�

��'-�G(�,B(8:�,�+--',('+',00�+�?B0,(%(22H8�,HJ(�-?B(%()(20�
(8�?-2:'0(�.&2&)0$&'-B4�?B(%+'&,):('�+->-C�+B(%+',-�0$8(B(20C�
L'08�->=+)-,)(2&�9()(+-->B&$2-+'*�0+?-)*$-,&20:�?B0�B&++8-'B(�
200�+'B=3'=B2H1�+1(8�>0-8(%0902+301�&2&)0$&'-B-,�'(B802-,�0
-?B(%()(20C5�+--',('+',=IA01�B(3-8(2%&90:8�?-�8(GE-+=%&B+',(2�
2-C�+'&2%&B'0$&900�Ng�Q���P��O�,�->)&+'0�8('B-)-E00�0�0$8(B0�
'()*2-C�'(12030�0�3&+&IA01+:�3&3�+&801�+B(%+',�0$8(B(20C5�'&3
0�01�K)(8(2'-,�N+8��?B0)�� P7O�

�&�B0+�� ���?-3&$&2&�+'B=3'=B2&:�+1(8&�-+2-,2-E-�0$8(B0'()*�
2-E-�=+'B-C+',&�,+(1�&2&)0$&'-B-,�@�%&';03&�D0$03-�1080;(+301
+,-C+',�0)0�3-29(2'B&900�N���
�	������'����	����O��	2�+-%(B�
G0'������������!����	�
%�����������!���	�
%5��#��	��	�
%�
����5
����	�N+8��?B0)���O�3-'-B-E-�2&1-%0'+:�,�3-2'&3'(�+�&2&�
)0$0B=(8-C�+B(%-C�0�,-+?B0208&('�,-$%(C+',0(�0$8(B:(8-C�,()0�
;02H�6�K'-C�+B(%H��L'-'�?B(->B&$-,&'()*�?B(->B&$=('�0$8(B:(8=I
,()0;02=�,�2(3-'-B=I�%B=E=I�,()0;02=�N0$8(B0'()*2HC�+0E2&)O5
3-'-B&:�,-+?B0208&('+:������7#	������N������,-��O��!�����
	�
%�����������!���	�
��5�&�K'-'�?B(->B&$-,&'()*5�,�+,-I�-;(�
B(%*5�?B(->B&$=('�+0E2&)�?(B,0;2-E-�0$8(B0'()*2-E-�?B(->B&$-,&�
'():�,�0$8(B0'()*2HC�+0E2&)�85�=%->2HC�%):�->B&>-'305�1B&2(�
20:5�%&)*2(CJ(E-�?B(->B&$-,&20:5�02%03&900�0�?(B(%&;0�

��$&B=>(G2-C�)0'(B&'=B(�%&';03�D0$03-�1080;(+3-E-�+,-C+',&
0)0�3-29(2'B&9005�?(B,0;2HC�0$8(B0'()*2HC�?B(->B&$-,&'()*�0
?B-8(G='-;2HC�0$8(B0'()*2HC�?B(->B&$-,&'()*�->H;2-�2&$H,&�
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I'�+--',('+',(22-�����������#�	����	���5���������� NB&+?-$2&�
IA08�K)(8(2'-8O�0�	�����%,������N&2E)��a[`cbfhb_[�@�?B(->B&�
$-,&'()*5�?(B(%&';03O�

��2(3-'-BH1�%&';03&1�D0$03-�1080;(+301�+,-C+',�0)0�3-2�
9(2'B&900�0$8(B0'()*2HC�+0E2&)�8�8-G('�,HB&>&'H,&'*+:�2(?-�
+B(%+',(22-�?(B,0;2H8�0$8(B0'()*2H8�?B(->B&$-,&'()(8�

�&�B0+�� ���?-3&$&2H�+'B=3'=B2H(�+1(8H�B&$)0;2H1����
�	��
��������!����	�
%��������������	>A08�%):�,+(1�K'01�?B0>-B-,
:,):('+:�2&)0;0(�,�01�+-+'&,(�?(B,0;2-E-�0�?B-8(G='-;2-E-�0$�
8(B0'()*2H1�?B(->B&$-,&'()(C�0�=+'B-C+',&�->B&>-'30�0�-'->B&�
G(20:�02D-B8&9005�3-'-B-(�?B(%+'&,):('�B($=)*'&'H�0$8(B(20C
9�,�D-B8(5�=%->2-C�%):�,-+?B0:'0:�;()-,(3&�

��?B0>-B(�NB0+�� ��5��O�&2&)0$0B=(8&:�G0%3&:�+B(%&�?-%&('+:
3�;=,+',0'()*2-8=�K)(8(2'=�?(B,0;2-E-�0$8(B0'()*2-E-�?B(->B&�
$-,&'():�,�,0%(�?B->H5�&�E&$-->B&$2&:5�3&3�?B&,0)-5�@�,�,0%(
?-'-3&�E&$&�

g&>-'&�?(B,0;2-E-�0�?B-8(G='-;2-E-�0$8(B0'()*2H1�?B(->B&�
$-,&'()(C5�,1-%:A01�,�+-+'&,�0$8(B0'()*2H1�?B0>-B-,5�20;(8�2(
-')0;&('+:�-'�01�B&>-'H5�-?0+&22-C�,HJ(5�&�,H1-%2-C�+0E2&)�8
?-+'=?&('� ,� =+'B-C+',-� ->B&>-'30�0� -'->B&G(20:�02D-B8&9005
3-'-B-(�->H;2-�,3)I;&('�&2&)-E-�90DB-,-C�?B(->B&$-,&'()*5�803�
B-?B-9(++-B�0�90DB-,-(�-'+;('2-(�=+'B-C+',-�

�'B=3'=B2&:�+1(8&�0$8(B0'()*2-E-�?B0>-B&�NB0+�� ��5��O�1&B&3�
'(B2&�%):�?(B(2-+2H1�0�3&B8&22H1�&2&)0$&'-B-,��M%(+*�?B->=
&2&)0$0B=(8-C�G0%3-C�+B(%H�2&2-+:'�2&�+?(90&)*2=I�?-B0+'=I
?-)-+3=5�3-'-B&:�+-%(BG0'�,�+=1-8�,0%(�B(&E(2'5�+?-+->2HC�,+'=�
?&'*�,�+()(3'0,2=I�1080;(+3=I�B(&390I�+�-?B(%():(8H8�3-8?-�
2(2'-8�&2&)0$0B=(8-C�+B(%H5�'��(��K'&�?-)-+3&�:,):('+:�?(B,0;�
2H8�0$8(B0'()*2H8�?B(->B&$-,&'()(8��/-+)(�$&,(BJ(20:�B(&3�
900�->H;2-�0$8(2:('+:�-3B&+3&�?-)-+30��/-)-+3&�,,-%0'+:�,�?B0�
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(82HC�-'+(3�?B0>-B&5�E%(�+�?-8-A*I�?B-8(G='-;2-E-�0$8(B0'()*�
2-E-�?B(->B&$-,&'():�0$8(B:('+:�+'(?(2*�0$8(2(20:�-3B&+30�?-�
)-+30�0�,HB&>&'H,&('+:�+0E2&)�85�2(+=A0C�02D-B8&90I�-�$2&;(�
200�0$8(B:(8-E-�?&B&8('B&5�3-'-BHC�?-+'=?&('�,�=+'B-C+',-�->B&�
>-'30�0�-'->B&G(20:�02D-B8&900�

�'B=3'=B2&:�+1(8&�&2&)0'0;(+3-E-�0$8(B0'()*2-E-�?B0>-B&5
3-'-BHC�'&3G(�:,):('+:�?(B(2-+2H8�0)0�3&B8&22H8�0�?B(%2&$�
2&;(2�%):�;B(+3-G2H1�0$8(B(20C5�?-3&$&2&�2&�B0+�� ��5������'&301
?B0>-B&1�)0>-�-?B(%():(8H(�E&$-->B&$2H(�3-8?-2(2'H�&2&)0$0B=�
(8-C�+B(%H�?-+'=?&I'�3�?(B,0;2-8=�0$8(B0'()*2-8=�?B(->B&$-,&�
'()I�$&�+;('�%0DD=$00�;(B($�3-G=5�)0>-�%):�?-)=;(20:�0$8(B0'()*�
2-C�02D-B8&900�?(B,0;2HC�0$8(B0'()*2HC�?B(->B&$-,&'()*�,-+�
?B0208&('� B($=)*'&'H� ,-$%(C+',0:� N->H;2-� K)(3'B-8&E20'2-E-
0$)=;(20:O�2&�'3&205�2&1-%:A0(+:�?-%�3-G(C�0�+-%(BG&A0(�&2&�
)0$0B=(8=I�+B(%=5�&�+0E2&)�?B-8(G='-;2-E-�0$8(B0'()*2-E-�?B(�
->B&$-,&'():�2(+('�02D-B8&90I�-�3-29(2'B&900�-?B(%():(8-E-
3-8?-2(2'&�N0)0�3-8?-2(2'-,O�,�&2&)0$0B=(8-C�+B(%(�

�'B=3'=B2&:�+1(8&5�?B0,(%(22&:�2&�B0+�� ��5�'5�+--',('+',=('
&2&)0'0;(+3-8=�?B0>-B=5�3-'-BHC�,�?B-9(++(�0$8(B(20C�;&+'0;2-
B&+?-)&E&('+:�,�&2&)0$0B=(8-C�G0%3-C�+B(%(5�2&1-%:A(C+:�,�(8�
3-+'0�%):�?B->H�

�'B=3'=B2H(�+1(8H�&2&)0'0;(+301�0$8(B0'()*2H1�=+'&2-,-3
,(+*8&�B&$2-->B&$2H���&0>-)((�,&G2H(�0$�201�B&++8&'B0,&I'+:�,
E)����
4��
�	���������!����	�
%����#�	�������?B(%+'&,):I'�+->-C

B&+?-)-G(22=I�,�-%2-8�8(+'(�+-,-3=?2-+'*�D=2390-2&)*2-�->F�
(%02(22H1�+B(%+',�0$8(B(20C�0�,+?-8-E&'()*2H1�=+'B-C+',5�->(+�
?(;0,&IA=I�?-)=;(20(�0$8(B0'()*2-C�02D-B8&900�-�2(+3-)*301
0$8(B:(8H1�,()0;02&1�-%2-C�0)0�2(+3-)*301�&2&)0$0B=(8H1�+B(%5
'��(��-20�:,):I'+:�82-E-?&B&8('B0;(+3080�&2&)0$&'-B&80�

	>->A(22&:� +'B=3'=B2&:� +1(8&� &2&)0'0;(+3-C�0$8(B0'()*2-C
=+'&2-,30�?-3&$&2&�2&�B0+�� �7����0$8(B0'()*2H1�=+'&2-,3&1�0$
2&3-?0'():�&2&)0$0B=(8H1�+B(%�N->B&$9-,O�+�?-8-A*I�&,'-8&'0;(�
+3-E-� =+'B-C+',&� -'>-B&� 0� ,,-%&� ?B->� ?-+)(%20(� 2&?B&,):I'+:
,�=+'B-C+',-�?B(%,&B0'()*2-E-�,-$%(C+',0:5�,�3-'-B-8�-+=A(+',):�
I'+:�1080;(+30(�0)0�D0$0;(+30(�,-$%(C+',0:�N0)0�B:%�?-+)(%-,&�
'()*2H1�,-$%(C+',0CO�2&�K'0�?B->H��/B0;(8�K'0�,-$%(C+',0:�)0>-

8�D	� �	�	� ,��!��!��
�� ����
� ���
���������� �	������
��
�� ��������*

�����������	
���
����
���
����
��������������
���	��
����
���
����
���
���������
�������
����
����	��
����
���
����
���
���������
�������������
������������������������
�� 
��!����"�����������
���
����
���������������������� ������������
��"����������
���	��
������
��������#����
����� ����������
������
��������
��������� ����������������������
�� 

��
��



�#

->(+?(;0,&I'�+&8=�,-$8-G2-+'*�?-)=;(20:�0$8(B0'()*2-C�02D-B8&�
9005�)0>-�-?'080$0B=I'�=+)-,0:�0$8(B(20C���=>+'&29005�?-)=;&(�
8H(�?-+)(�,-$%(C+',0:�2&�?B->H�&2&)0$0B=(8-C�+B(%H�N+B(%O5�?-+'=�
?&I'�,�>)-3�?(B,0;2H1�0$8(B0'()*2H1�?B(->B&$-,&'()(C5�,�3-'-B-8
0$8(B:I'+:�D0$0;(+30(�0)0�D0$03-�1080;(+30(�+,-C+',&�)0>-�3-2�
9(2'B&900�3-8?-2(2'-,�K'01�+=>+'&290C���0E2&)H�0$�>)-3&�?(B,0;�
2H1�0$8(B0'()*2H1�?B(->B&$-,&'()(C�?-+H)&I'+:�,�=+'B-C+',-�->�
B&>-'30�0�-'->B&G(20:�02D-B8&9005�,�3-'-B-8�?-�B($=)*'&'&8�->B&�
>-'30�+0E2&)-,�D-B80B=('+:�02D-B8&90:�->�0$8(B:(8H1�8(%03-�
>0-)-E0;(+301�?-3&$&'():1�&2&)0$0B=(8-C�+B(%H�N+B(%O��6+'B-C+',-
->B&>-'30�0�-'->B&G(20:�02D-B8&900�:,):('+:�)0>-�+?(90&)0$0B-�
,&22H8�803B-?B-9(++-B2H8�=+'B-C+',-85�)0>-�?(B+-2&)*2H8�3-8�
?*I'(B-85�+2&>G(22H8�&2&)-E-�90DB-,H8�?B(->B&$-,&'()(8�
4��
�	���������!����	�
%�������	����?B(%+'&,):I'�+->-C

+-,-3=?2-+'*�+B(%+',�0$8(B(20C5�3-8?*I'(B-,�0�,+?-8-E&'()*2H1
=+'B-C+',5�B&$8(A(22H1�,�B&$)0;2H1�'-;3&1�-'2-+0'()*2-�->F(3�
'&�0$8(B(20C5�?B(%2&$2&;(22=I�%):�?-)=;(20:�02D-B8&900�->�-%�
2-C�0)0�2(+3-)*301�0$8(B:(8H1�,()0;02&1�-%2-C�0)0�2(+3-)*�
301�&2&)0$0B=(8H1�+B(%�0�,HB&>-'30�0$8(B0'()*2H1�+0E2&)-,
,�B&$)0;2H1�9():1�

�&�B0+�� ��5���?-3&$&2&�+'B=3'=B2&:�+1(8&�?B-+'(CJ(C�&2&)0�
'0;(+3-C�0$8(B0'()*2-C�+0+'(8H��L'&�+0+'(8&�,3)I;&('�,�+,-C
+-+'&,�%&';035�2&1-%:A0C+:�,�3-2'&3'(�+�->F(3'-8�0$8(B(20C5�0
?B0(8203�02D-B8&9005�3-'-BHC�B&+?-)&E&('+:�,�=%&)(200�-'�->F(3�
'&�0$8(B(20C��/(B(;0+)(22H(�0$8(B0'()*2H(�=+'B-C+',&�+-(%02(�
2H�8(G%=�+->-C�+--',('+',=IA080�3&2&)&80�+,:$0���&308�->B&�
$-85�1&B&3'(B2-C�;(B'-C�0$8(B0'()*2H1�+0+'(8�:,):('+:�'-5�;'-
%&';03�0�?B0(8203�02D-B8&900�?B-+'B&2+',(22-�B&$%()(2H�
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�-2+'B=390:�3&2&)-,�+,:$0�8-G('�>H'*�,(+*8&�B&$2-->B&$2-C<
-'�?B-+'(CJ(C5�2&?B08(B�,�,0%(�%,=1�?B-,-%203-,5�%-�+)-G2-C
&??&B&'=BH�B&%0-3&2&)&5�+-%(BG&A(C�B&%0-?(B(%&';03�0�B&%0-�
?B0(8203�

��$&,0+08-+'0�-'�'0?&�0$8(B:(8-C�,()0;02H5�?B0290?&�%(C�
+',0:�%&';03&5�B&++'-:20:5�2&�3-'-B-(�2(->1-%08-�?(B(%&'*�02�
D-B8&90I5�,�+-+'&,�0$8(B0'()*2-C�+0+'(8H�8-E='�>H'*�%-?-)20�
'()*2-�,3)I;(2H�?B-8(G='-;2HC�0�?(B(%&IA0C�0$8(B0'()*2H(
?B(->B&$-,&'()0�N+8��?B0)���O�

/B0(8203�02D-B8&900�@�K'-�+?(90&)0$0B-,&22-(�803B-?B-�
9(++-B2-(�=+'B-C+',-�0)0�3-8?*I'(B5�3-'-BH(�->(+?(;0,&I'�?B(%�
+'&,)(20(�B($=)*'&'-,�0$8(B(20C�,�D-B8(5�=%->2-C�%):�,-+?B0:�
'0:�;()-,(3-8�

�&�B0+�� ��5���?-3&$&2&�+'B=3'=B2&:�+1(8&�&2&)0'0;(+3-C�0$�
8(B0'()*2-C�+0+'(8H5�3-'-B&:�,�-')0;0(�-'�+0+'(8H�NB0+�� ��5��O
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?-$,-):('�?-)=;&'*�0$8(B0'()*2=I�02D-B8&90I�-�2(+3-)*301�0$�
8(B:(8H1�,()0;02&15�@�82-E-3&2&)*2-C�0$8(B0'()*2-C�+0+'(8H�

��K'-C�+0+'(8(�%&';030�-'%()*2H1�0$8(B:(8H1�,()0;02�695
6C5�i5� 6'� ?--;(B(%2-� +� ?-8-A*I� 3-88='&'-B&� ?-%3)I;&I'+:
3�?B0(8203=�02D-B8&900����?B0,(%(22-C�2&�B0+�� ��5���+0+'(8(
?-3&$&2H�%):�?B-+'-'H�'-)*3-�%&';030����->A(8�+)=;&(�,�2((
8-E='�,3)I;&'*+:�?B-8(G='-;2H(�0�?(B(%&IA0(�0$8(B0'()*2H(
?B(->B&$-,&'()0���0E2&)H�895�8C5�i5�8'5�?-+'=?&IA0(�0$�3&2&)-,
+,:$0�,�3-88='&'-B5�%-)G2H�>H'*�-%02&3-,H�?-�?B0B-%(�0�%0&?&�
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G(�?B0(8203-8�02D-B8&900�

�2&)0'0;(+30(� 0$8(B0'()*2H(� +0+'(8H� 0+?-)*$=I'+:� %):
-?B(%()(20:�8(%03-�>0-)-E0;(+301�?-3&$&'()(C�?B0�B&$8(A(200
>0-)-E0;(+301�->F(3'-,�2&�+&8-)('&15�,�3-+80;(+301�3-B&>):15
>&B-3&8(B&1�0�'��%�5�&�'&3G(�?B0�3-2'B-)(�0�=?B&,)(200�'(12-)-�
E0;(+3080�&??&B&'&80�,�>0-1080;(+3-C�0�D&B8&9(,'0;(+3-C�?B-�
8HJ)(22-+'0�
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g&>-'&�,+(1�-?'0;(+301�&2&)0$&'-B-,�>&$0B=('+:�2&�0$�
8(B(200�?-'-3-,�K)(3'B-8&E20'2H1�0$)=;(20C�
2
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��)� ?B(%+'&,):I'� +->-C

B&+?B-+'B&2:IA((+:�,�?B-+'B&2+',(�+�3-2(;2-C�+3-B-+'*I�?(B(�
8(22-(�K)(3'B-8&E20'2-(�?-)(��	+2-,2H80�1&B&3'(B0+'03&80�K)(3�
'B-8&E20'2-E-�0$)=;(20:�:,):I'+:�;&+'-'&� :�0�%)02&�,-)2H� �5
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E%(���@�+3-B-+'*�B&+?B-+'B&2(20:�K)(3'B-8&E20'2-E-�0$)=;(20:
N,�,&3==8(�������j� !D�8W+O�

�,-C+',&� K)(3'B-8&E20'2H1� 0$)=;(20C� +0)*2-� B&$)0;&I'+:
,�$&,0+08-+'0�-'�%)02H�,-)2H��
):�?-)=;(20:�0$8(B0'()*2-C
02D-B8&900�,�)&>-B&'-B2H1�8(%03-�>0-)-E0;(+301�0++)(%-,&20�
:1�;B($,H;&C2-�,&G2-(�$2&;(20(�08(I'�0$)=;(20:�-?'0;(+3-E-
%0&?&$-2&� N'&>)���� O5�3�3-'-B-8=�?B02:'-�-'2-+0'*�2(,0%08-(
=)*'B&D0-)('-,-(�N6SO5�2(,0%08-(�02DB&3B&+2-(�N��O�0�,0%08-(
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O�0$)=;(20:��	>F(%02(20(�6S�5�����0��
�0$)=;(20C�,�->A0C
-?'0;(+30C�%0&?&$-2�-?B(%():('+:�->A2-+'*I�8('-%-,�01�,-$>=G�
%(20:�0�0$8(B(20:��/-K'-8=���	�����������
�!�	�����2&$H,&�
I'�+?(3'B&)*2HC�&2&)0$&'-B5�0+?-)*$=IA0C�%):�&2&)0$&�0$)=;(�
20:�-?'0;(+3-C�->)&+'0�+?(3'B&�N,�+--',('+',00�+�%(C+',=IA08
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>-)((�->J0B2-C�EB=??-C�&2&)0'0;(+301�8('-%-,5�0+?-)*$=(8H1
,�8(%03-�>0-)-E0;(+301�0++)(%-,&20:1����-+2-,(�K'01�8('-%-,�)(�
G&'�D0$0;(+30(�:,)(20:5�'&30(�3&3�?-E)-A(20(5�B&++(:20(5�-'B&�
G(20(5�?-):B0$&90:5�?B()-8)(20(�?-'-3-,�K)(3'B-8&E20'2-E-�0$�
)=;(20:5�&�'&3G(�:,)(20:�0+?=+3&20:�0�?-E)-A(20:�K)(3'B-8&E�
20'2-E-�0$)=;(20:�,-$>=G%(22H80�&'-8&805�)I802(+9(290:�0�%B�
/B0�K'-8�0+?-)*$=I'+:�8-2-1B-8&'0;(+30(5�?-)01B-8&'0;(+30(5
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8&'0;(+3080�&2&)0$&'-B&80�,&G2(CJ01�8(%03-�>0-)-E0;(+301
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�����������K)(3'B-8&E20'2-E-�0$)=;(20:�N+,('&O5�3-'-B-(�$&,0+0'
-'�3-29(2'B&900�-?B(%():(8-E-�3-8?-2(2'&�,�K'-C�+B(%(�

�2&)0$&'-BH5�0+?-)*$=IA0(�%&22HC�?B0290?�%(C+',0:5�?B0�
2:'-�B&$%():'*�2&�"�	���	����"�	���
�����	���ND-'-8('BH�%):
-3B&J(22H1�+B(%O�0�����	��"�	���	���

�$,(+'2-5�;'-�?-'-3�K)(3'B-8&E20'2-E-�8-2-1B-8&'0;(+3-E-�0$�
)=;(20:�SE�+�%)02-C�,-)2H���?B0�?B-1-G%(200�;(B($�?B-$B&;2HC
+'(3):22HC�0)0�?)&+'8&++-,HC�+-+=%5�2&$H,&(8HC��,��	���NDB�
+hl_aa_�@�;&25�'&$03O5�$&?-)2(22-C�E-8-E(22-C�&2&)0$0B=(8-C�+B(�
%-C5�-+)&>):('+:�%-�$2&;(20:�S��/B0;(8�K'-�-+)&>)(20(�+,:$&2-
3&3�+�?-E)-A(20(8�K'-E-�?-'-3&�&2&)0$0B=(8-C�+B(%-C5�'&3�0�m
(E-�-'B&G(20(8�-'�+'(2-3�+-+=%&�NB0+���� O�
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�HB&G(20:�N�� �O�0�N����O�+�=;('-8�-'B&G(20:�?-'-3&�-'�+'(2-3
3I,('H�8-G2-�$&?0+&'*�,�,0%(<

� �n n � n n �� r� ��? ?−κ −= =( ����������������N���O

E%(� 4�@� ?-?B&,-;2HC� 3-KDD090(2'5� =;0'H,&IA0C� -'B&G(20(
K)(3'B-8&E20'2-E-�0$)=;(20:�-'�+'(2-3�3I,('H�0�?B08(B2-�B&,�
2HC�!5��

	>H;2-�?B0�&2&)0$(�B&>-'H�D-'-&>+-B>90-22H1�&2&)0$&'-B-,
0+?-)*$=('+:�,HB&G(20(�N���O��
):�+)=;&:5�3-E%&�,H>B&2&�%)02&
,-)2H5�2&�3-'-B-C�08(('�8(+'-�0$>0B&'()*2-(�?-E)-A(20(�0$)=;(�
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G(20(�$&?0+H,&('+:�,�,0%(

�n n �p q���−= ��������������������������N��7O
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2(2'&�0�%)02H�,-)2H���0$)=;(20:V���@�3-29(2'B&90:�-?B(%():(�
8-E-�3-8?-2(2'&�,�&2&)0$0B=(8-C�+B(%(�

/B0�&2&)0$(�G0%301�+B(%5�3-E%&�3-29(2'B&90:���,HB&G&('+:
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�HB&G(20(�N���O�8-G2-�?B(->B&$-,&'*�3�,0%=

� ���� �� �� A B= ε = �����������������������N��"O

�()0;02=�C5�,HB&G(22=I�)-E&B0D8-8�-'2-J(20:� ���� ��r
2&$H,&I'� ���	����������
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-?'0;(+3&:�?)-'2-+'*�?B0�?B-;01�?-+'-:22H1�=+)-,0:1�?B-?-B�
90-2&)*2&�3-29(2'B&900�-?B(%():(8-E-�3-8?-2(2'�,�&2&)0$0B=(�
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)-E&B0D80;(+3-C�,()0;02-C����8('B-)-E00�?B02:'-�,�3&;(+',(�(%0�
209H�)-E&B0D80;(+301�,()0;02�0+?-)*$-,&'*�>()�N
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8HC�-'2-J(20(8� �
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C���^k�N WFO�

�&+'-�3-KDD090(2'�?B-?=+3&20:�E�,HB&G&I'�,�?B-9(2'&15�'-E%&
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NEF���E !!O�

�-$8-G2-+'*�?B08(2(20:�D-'-&>+-B>90-22-E-�&2&)0$&'-B&�%):
0$8(B(20:�3-29(2'B&900�'-E-�0)0�02-E-�3-8?-2(2'&�-?B(%():('+:
?B(%,&B0'()*2H80�0++)(%-,&20:80�+?(3'B&�?-E)-A(20:�K'-E-�3-8�
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BH�?-E)-A(20:�3-8?-2(2'-,� GPJ�2&�B0+�����O��
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