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¡Ua¢£� W^^aU][VXYWg� gVagUZ^g� XYXaW�� _U�pa¢ZXZ[V� _UXaW�XfWW�

\_[m_Xkkl� [� \_U][ZV_X�UYWW� p\[Z_U aUYWg� Xae[m[ag� W� ZX XeX� pnX�WkW^g�

\gZlb0�`U^Zlb�W�^U]¢klb�eaX^^[V�V�Z_Ub�`e[aXb�m[_[]X�¤X_YX�Qo[amX_WgR�V�

\U_W[]� K??;(K?<K� mm�� �^^aU][VXYWU�  la[� �XVU_`UY[� V� K?<@� m[]p� W�

[bVXZlVXa[� K<L� pnX�Wb^g� ^U]¢klb� eaX^^[V0� e[Z[_lU� ^[^ZXVWaW�

¥e^\U_WkUYZXa¢Yp£�m_p\\p��¤lV[]l�\[�_U�pa¢ZXZXk�_UXaW�XfWW�\_[m_Xkkl�

^aU]p£�WUA�YX a£]XUZ^g�ZUY]UYfWg�e�^YW�UYW£�][aW�`e[a¢YWe[V0�e[Z[_lU�

ep_gZ� WY[m]X� QYU^e[a¢e[� _X�� V� YU]Ua£RC� [ [�YXnWa[^¢� ^YW�UYWU� V[�_X^ZX�

\U_V[h� \_[ l� ZX Xe[ep_UYWgC� ^YW�WaW^¢� \[eX�XZUaW� \[Z_U aUYWg� ZX XeX� V�

e[k\XYWW� ]_p�UhC� YU� VlgVaUY[� ^ZXZW^ZWnU^eW� ^p�U^ZVUYYlb� _X�aWnWh�

kU�]p�¥e^\U_WkUYZXa¢Y[h�W�e[YZ_[a¢Y[h�m_p\\XkW�V�nX^Z[ZU�p\[Z_U aUYWg�

Xae[m[agC� ^p�U^ZVUYY[� ^YW�WaX^¢� nX^Z[ZX� \_U]a[�UYWh� p\[Z_U aUYWg�

Xae[m[ag� YX� VUnU_WYeXb� V� eap XbC� e[Y^ZXZW_pUZ^g�  [a¢`Xg� ][ag� pnUYWe[V�

¥e^\U_WkUYZXa¢Y[h� m_p\\l0� pZVU_�]X£�Wb0� nZ[� Wk� YU� W�VU^ZYl� dXeZl�

p\[Z_U aUYWg�YX_e[ZWe[V�V�^_U]U�Wb�]_p�Uh��

dtuvwxyw� ztnxp�� �][_[Vlh� [ _X�� �W�YW0� \^Wb[XeZWVYlU� VU�U^ZVX�

Qcq¤R0� \_[dWaXeZWeX� p\[Z_U aUYWg� YX_e[ZWe[V� V� `e[aU0� dXeZ[_l� _W^eX0�

^]U_�WVX£�WU�dXeZ[_l��
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� "� �� ����% �����%���""���� ����3�%� ���3���%����� ���C�%� � ��� ������3����"��%�

�%�%��%�"�2� ���� � �" �� � %�  �� %� � %��� 3���8�� ��� %� � �� w� �"&� ��� �2"���2� �� C�

����%��%��22&�� "� �� ���� w� �"&����8��8���2������%� ��� �����2"���2��%���8��%&����
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¤� `e[aXb�  [a¢`WY^ZVX� [ _X�[VXZUa¢Ylb� ^W^ZUk� �V_[\l�

W^\[a¢�p£Z^g� \_[m_Xkkl� \_[dWaXeZWeW� W^\[a¢�[VXYWg�

\^Wb[XeZWVYlb� VU�U^ZV� Qcq¤R0� e[Z[_lU� [ U^\UnWVX£Z�

X]UeVXZYp£� WYd[_kXfW£� [ � [\X^Y[^ZW� p\[Z_U aUYWg�

YX_e[ZWe[V�� ¤� \_[m_XkkU0� _UXaW�pUk[h� V� eX�][h� [Z]Ua¢Y[h�

^Z_XYU0� YXb[]WZ� [Z_X�UYWU� ^[fWXa¢Y[(epa¢Zp_YXg� ^\UfWdWeX�

¥Z[m[� _UmW[YX�� r[]U_�XYWU� \_[dWaXeZWnU^e[h� _X [Zl�

\U_W[]WnU^eW�[ Y[VagUZ^g�^�fUa¢£�UU�XeZpXaW�XfWW�V^aU]^ZVWU�

W�kUYUYWg�kU^ZYlb�[^[ UYY[^ZUh�W^\[a¢�[VXYWg�][�V[aUYYlb�W�

YU][�V[aUYYlb�YX_e[ZWe[V��

r[maX^Y[� U�Um[]Ylk� ][eaX]Xk� �V_[\Uh^e[m[�

k[YWZ[_WYm[V[m[� fUYZ_X� \[� YX_e[ZWeXk� W� YX_e[kXYWW�

Q��
���R0� V� ^Z_XYXb� �V_[^[£�X� YXkUnXUZ^g� ZUY]UYfWg�

^[b_XYUYWg� p_[VYg� W^\[a¢�[VXYWg� YU�Xe[YYlb� YX_e[ZWe[V� W�

pkUY¢`UYWg�W^\[a¢�[VXYWg�aUmXa¢Ylb�YX_e[ZWe[V0�ZXeWb0�eXe0�

YX\_WkU_0� ZX Xe��¦Z[�k[�Y[�^nWZXZ¢�_U�pa¢ZXZ[k�\_WkUYUYWg�

^Z_XZUmWW�¤j§� \[� ^[e_X�UYW£� ep_UYWg0� VYU]_UYWg� \_[m_Xkk�

\_[dWaXeZWeW� W� ]UgZUa¢Y[^ZW� [ �U^ZVUYYlb� [_mXYW�XfWh� \[�

 [_¢ U� ^� ZX Xe[ep_UYWUkK�� ¤� o[amX_WW� V� \[^aU]YWU� m[]l�

YX a£]XUZ^g� ]WYXkWeX� [^Y[VYlb� \[eX�XZUaUh� \[Z_U aUYWg�

YX_e[ZWe[V0� e[Z[_Xg� ^[[ZVUZ^ZVpUZ� [ �Wk� ZUY]UYfWgk� V�

�V_[\Uh^e[k�^[£�U��j]YXe[�k[�Y[�[ZkUZWZ¢�W�^p�U^ZV[VXYWU�

^\UfWdWnU^eWb�[^[ UYY[^ZUh��

¨XfW[YXa¢YlU� W� _UmW[YXa¢YlU� W^^aU][VXYWg� [ZkUnX£Z�

pVUaWnUYWU� nW^aX� ]UZUh� W� \[]_[^Ze[V0� e[Z[_lU� p\[Z_U ag£Z�

Xae[m[a¢0� ZX XnYlU�W�]UaWg�W�kX_WbpXYp��r[[ �XUZ^g�ZXe�U�[�

ZUY]UYfWW�^YW�UYWg�V[�_X^ZX�k[a[]lb�a£]Uh0�e[Z[_lU�ep_gZ@��

r_U]W� YX^UaUYWg� V� V[�_X^ZY[k� ]WX\X�[YU� <=(J?� aUZ0� e[Z[_lU�

b[Zg�  l� []WY� _X�� V� �W�YW� W^\[a¢�[VXaW� eXe[h(aW [�

������������������������������������������������������������
K���
���0�	�**��&� ��� %� �K?<@��	
��� � 8��%0� 	���%��" ��� � �*��3�

�%�� �%�� ��� @J� ����8 ��� "���%�� �0� ��
���0� �	
��0� 7������0� K?<L�C�
#��%��2�* �� 7�� 10� 
��" 2� �	0� 1��� �0� ��%%2� �� �90� , ����� ����A� 
2�����3�
9 �2%�� 
��*�%���� 
��3��*�A� ��� ��% �/ �%���� ��88��3� �88���"��� 	���
,���"��"�A�����&(#��C�K?<<��

@� ©[]W`UY� ][eaX]� \[� \_[ aUkWZU0� ^Vª_�XY� ^� YX_e[ZWfWZU� W�
YX_e[kXYWWZU�V�oªamX_Wg��tt�¨XfW[YXaUY�d[ep^UY�fUYZª_�\[�YX_e[ZWfW�W�
YX_e[kXYWW��¨XfW[YXaUY�fUYZª_�\[�YX_e[ZWnYW�VU�U^ZVX0�^�0�K?<K��
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aUeX_^ZVUYYlh�\_U\X_XZ0�\[e[aUYWU�V�V[�_X^ZU�[Z�<=�][�@L�aUZ�

^[^ZXVagUZ�[e[a[�NN(;?���rZXZW^ZWnU^eWU�]XYYlU�\[eX�lVX£Z0�

nZ[�@=0K��^Zp]UYZ[V�W�eX�]lh�Z_UZWh� [amX_^eWh�mWkYX�W^Z�^�

;� \[� <K� eaX^^� \[� e_XhYUh� kU_U� []WY� _X�� V� ^V[Uh� �W�YW�

\_[ [VXaW�YX_e[ZWeW��jZkUnXUZ^g�YX_X^ZX£�UU�W^\[a¢�[VXYWU�

kX_WbpXYl� ^_U]W� pnX�Wb^g� `e[a�� c[� ]XYYlk� W^^aU][VXYWh0�

\_[VU]UYYlb� ^_U]W� pnX�Wb^g� =(>� eaX^^[V� V� m[_[]U� ¤X_YX0�

eX�]lh�]U^gZlh�W��\gZWeaX^^YWe[V��WY[m]X�ep_WZ����p_UYWU�V�

`U^Z[k�eaX^^U�WkUUZ�p�U�^W^ZUkXZWnU^eWh�bX_XeZU_��TVU�Z_UZW�

pnUYWe[V� V� ^U]¢k[k� eaX^^U� p\[Z_U ag£Z� Xae[m[a¢0� X� Z_UZ¢�

^UkWeaX^^YWe[V�ep_gZL���

c_W� \aXYW_[VXYWW� `e[a¢Ylb� \_[m_Xkk� YU[ b[]Wk[�

pnWZlVXZ¢� \[ZUYfWXa¢Y[U� V[�]Uh^ZVWU� dXeZ[_[V� _W^eX� W�

V[�_X^ZYlU� [^[ UYY[^ZW� \_[dWaXeZWeW=�� «Uk� _XY¢`U� WkUUZ�

kU^Z[� VYU]_UYWU� V� �W�Y¢� ^Z_XZUmWh� \_[dWaXeZWeW0� ZUk�

VU_[gZYUU0�nZ[�[YW� p]pZ� [aUU�¥ddUeZWVYlkW��

¬XeZ[_l�_W^eX�W�^]U_�WVX£�WU�dXeZ[_l�V[�]Uh^ZVp£Z�YX�

a£]Uh�V^Ub�m_p\\0�Y[�_U�pa¢ZXZ�]Uh^ZVWg�¥ZWb�dXeZ[_[V��XVW^WZ�

[Z� V[�_X^ZX� nUa[VUeX0� \[aX0� ¥ZYWnU^e[h� \_WYX]aU�Y[^ZW0�

p_[VYg�epa¢Zp_l�W�^[fWXa¢Y[h�^_U]lJ��

¡UaUVXg� [_WUYZXfWg� \_[dWaXeZWeW� YX� [\lZ� W�

^\UfWdWnU^eWU� [^[ UYY[^ZW� m_p\\� YX^UaUYWg� ^ZXY[VWZ^g�

ea£nUVlk� \_WYfW\[k� V� p^\U`Y[h� _UXaW�XfWW�

\_[dWaXeZWnU^eWb�\_[m_Xkk>��

�^^aU][VXZUaW� _Ue[kUY]p£Z� ^� fUa¢£� \[Vl`UYWg�

¥ddUeZWVY[^ZW� \_[m_Xkk� \_UVUYfWW� _X^^kXZ_WVXZ¢� \U_UnUY¢�

V^Ub� aUeX_^ZVUYYlb�d[_k0� [Z]Ua¢Y[� WaW� V� e[k WYXfWW0� V� Z[k�

������������������������������������������������������������
L��[�pbX_[VX0�c��rª^Z[gYWU�YX�p\[Z_U XZX�YX�\^Wb[XeZWVYW�VU�U^ZVX�

\_W�pnUYWfW�[Z�=�][�>�eaX^�W�YX^[eW��X�_UXaW�W_XYU�YX�pnWaW�Y[( X�W_XYX�
\_[m_XkX��X�\_UVUYfWg�YX�p\[Z_U XZX�YX�cq¤�tt�¨X_e[ZWfW�W�YX_e[kXYWW0�
m[]��>0� _��@(L0�¤��K?<<0�^��=(KK��

=���� �0���C�� 22*��0���7�C����������&0�������/�2��%��3�%� �7����(z� �%�
�	��22�� ���� ���2 �" �" y� ���3�  ��"�%���� 8��3��*A� 	 "���(& ��� � ��/���� ��%(
"�* ���tt�����"%�/ �# ��/�����KNQ=RANN@(N;>0�K??@��

J�� %%��30���C��������0�4�C�1 22&0�1�C�����# ��/���0�,��4��������8��% "%�/ �
��"%�����������3��� ��*��3�����2��* ��"���&��%�����A�4�� �%���0���#��%��22��4�(
��2� 	���%��" � ���� A� 	%�% � ��� 1���2 �3 � ���� ���� ��� ����� 4 � ��"������(
3��8������<JN��!�����3%��0��
A�s�	����/ ��* �%�
���%��3�����" 0�88��;?(<@?0�
<;;>��

>�!��% 0���0���
�%%�0�������"�%��3�&���3�8 �82 �����%����3���tt����&�% *(
�%�"�� /� ������"%���0�@Q<?R0�<L>=<LN>��<;;N��



�

��	���
 � ) ' ! � ? & $ 0 # 0 ! � & . ! ( 	 � & � &. ! ) � � � � # / � � ! ) � , � 1 1 1 �

������������	
���
������������������

nW^aU� W^\[a¢�[VXYWU� YU^[VU_`UYY[aUZYWkW� aUmXa¢Ylb�

YX_e[ZWe[V�Q^WmX_UZl�WaW�Xae[m[a¢RC�W^\[a¢�[VXYWU�YU�Xe[YYlb�

YX_e[ZWe[V� QYX\_WkU_0�kX_WbpXYl�WaW� mU_[WYXR0� W�YUfUaUV[m[�

W^\[a¢�[VXYWg� \[apnUYYlb� YX� �Xe[YYlb� [^Y[VXYWgb� VU�U^ZV�

QYX\_WkU_0�WYmXagZ[_l0�aUeX_^ZVUYYlU�\_U\X_XZl0�^ZU_[W]lRN��

T_pmXg�_Ue[kUY]XfWgA�\_[m_Xkkl�][a�Yl� lZ¢�YX\_XVaUYl�YX�

p^Z_XYUYWU� \_[ aUkl0� \_[V[fW_p£�Uh� kU^ZY[U� ^[[ �U^ZV[� e�

p\[Z_U aUYW£�YX_e[ZWe[V;���

¬XeZ[_XkW�_W^eX��a[p\[Z_U aUYWg�cq¤�gVag£Z^g�`W_[e[U�

_X^\_[^Z_XYUYWU� YX_e[ZWe[V� W� Wb� _XYYUU� W^\[a¢�[VXYWU0� nZ[�

\_WV[]WZ�V\[^aU]^ZVWW�e�\^WbWnU^eWk�_X^^Z_[h^ZVXk0�YW�e[kp�

[ _X�[VXZUa¢Y[kp� p_[VY£0� _XYYUkp� pb[]p� W�� `e[al� Q][�

[e[YnXYWg�ep_^X�[ pnUYWgR0�^UkUhYlk�\_[ aUkXk<?��

«Uk�  [a¢`U� _W^e[V0� e[Z[_lk� \[]VU_mXUZ^g� _U UY[e0� ZUk�

Vl`U� VU_[gZY[^Z¢0� nZ[� Um[� \[ZgYUZ� e� YX_e[ZWeXk�� ¨Ue[Z[_lU�

dXeZ[_l�_W^eX�k[mpZ�V[�_X^ZXZ¢�YX�[\_U]UaUYYlb�V[�_X^ZYlb�

¥ZX\Xb�� ¨X\_WkU_0� VaWgYWU� ^[� ^Z[_[Yl� ^VU_^ZYWe[V� k[�UZ�

[eX�XZ¢^g�^Wa¢YUU�V�\[]_[^Ze[V[k�V[�_X^ZU0�YU^k[Z_g�YX�Z[0�nZ[�

^Uk¢g� W� \[�WZWVYlU� [ZY[`UYWg� kU�]p� _[]WZUagkW� W� ]UZ¢kW�

gVagUZ^g� VX�Ylk� ^]U_�WVX£�Wk� dXeZ[_[k� V� eX�][k�

V[�_X^ZY[k�\U_W[]U��

j]Y[h�W��VX�Ylb�fUaUh�\_[dWaXeZWeW�gVagUZ^g�W�kUYUYWU�

 XaXY^X� kU�]p� \_[V[fW_p£�WkW� W� ^]U_�WVX£�WkW�

dXeZ[_XkW0��X�^nUZ�_[^ZX�^]U_�WVX£�Wb�dXeZ[_[V<<��

¦ddUeZWVY[^Z¢� `e[a¢Ylb� \_[dWaXeZWnU^eWb� \_[m_Xkk0�

^[nUZX£�Wb� V� ^U U� ]VU� WaW�  [aUU� \_[m_Xkk0� eXe0� YX\_WkU_0�

^UkUhYlU�W�^[fWXa¢YlU0�gVagUZ^g� [aUU�Vl^[e[h<K��c[Vl`UYW£�

¥ddUeZWVY[^ZW� ^\[^[ ^ZVpUZ� ZXe�U� ^[nUZXYWU� pYWVU_^Xa¢Ylb�

\_[m_Xkk� ^� ^UaUeZWVYlkW0� fUaUYX\_XVaUYY[� ^[�]XYYlkW� ]ag�
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_X [Zl� ^� e[Ye_UZY[h� ^Uk¢Uh0� YXb[]g�Uh^g� V� ^[fWXa¢Y[�

[\X^Y[k�\[a[�UYWW<@���

j^Y[VYlU� \_WYfW\l� _UXaW�XfWW� `e[a¢Ylb�

\_[dWaXeZWnU^eWb�\_[m_Xkk�^aU]p£�WUA�

− VYU]_UYWU� e[k\aUe^Y[m[0� ^W^ZUkY[m[� \[]b[]X� ]ag� V^Ub�

`e[a0��

− V[�k[�Y[^Z¢� pnX^ZWg� V^Uh� `e[a¢Y[h� [ �U^ZVUYY[^ZW� V�

[fUYeU� \[Z_U Y[^ZUh0� mUYU_W_[VXYWW� WYWfWXZWV0�

\_WYgZWW�_U`UYWh�W�V�Wb�[fUYeU0��

− ^[^_U][Z[nUYY[^Z¢� YX� [ _X�[VXZUa¢Y[h� ^[^ZXVag£�Uh� V�

\aXYW_[VXYWW� W� _UXaW�XfWW� \_[m_Xkk� \[� pkUY¢`UYW£�

\_[V[fW_p£�Wb� W� pVUaWnUYW£� ^]U_�WVX£�Wb�

dXeZ[_[V0��

− YXaX�WVXYWU� ^[Z_p]YWnU^ZVX� W� \X_ZYU_^eWb� ^Vg�Uh� ^�

[_mXYW�XfWgkW��X�\_U]UaXkW�`e[al0��

− W^\[a¢�[VXYWU�kUZ[][a[mWW0�X]UeVXZY[h�fUagk<L���

­U�pa¢ZXZl� \_WkUYUYWg� pYWVU_^Xa¢Ylb� `e[a¢Ylb�

\_[m_Xkk� \[eX�lVX£Z0� nZ[� V� _X [ZU� \[� ^YW�UYW£� p_[VYg�

p\[Z_U aUYWg� Xae[m[ag� ^_U]W� \[]_[^Ze[V� kY[m[e[k\[YUYZYlh�

\[]b[]�gVagUZ^g� [aUU�¥ddUeZWVYlk<=��

�

�
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�

¡Ua¢£� W^^aU][VXYWg� gVagUZ^g� [fUYeX� _UXaW�XfWW�

\_[m_Xkkl� \[� \_[dWaXeZWeU� p\[Z_U aUYWg� \^Wb[XeZWVYlb�

VU�U^ZV� V� ^_U]U� pnX�Wb^g� =(>� eaX^^[V� V� Z_Ub�`e[aXb� m[_[]X�

¤X_YXA� �e[aX� x©U[� iWaUVy0� `e[aX� xqYZ[Y� rZ_X`WkW_[Vy0�

`e[aX� x«U_Y[_W�Uf� ®_X ª_y� V� _XkeXb� \U_W[]WnU^e[m[�

k[YWZ[_WYmX��
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¤� \U_W[]� ^� K??J� \[� K??;� m[]l� \_[dWaXeZWnU^eWU�

kU_[\_WgZWg� _UXaW�[VlVXaW^¢� k[a[]U�YlkW� eap XkW� V�

`e[aXb0�YX�p_[eXb�eaX^^Y[m[�_pe[V[]WZUag�W�YX�VYU`e[a¢Ylb�

kU_[\_WgZWgb� ^� pnX�WkW^g� W� Wb� _[]WZUagkW�� TUgZUa¢Y[^Z¢�

[^p�U^ZVagaX^¢� YX� ][ _[V[a¢Y[h� [^Y[VU� ^� \[k[�¢£�

\X_ZYU_^eWb�[ZY[`UYWh�^�[ �U^ZVUYYlkW�[_mXYW�XfWgkW<J���

�^b[]g� W�� VlgVaUYYlb� \_[ aUk� W� \[Z_U Y[^ZUh0� V�

^[[ZVUZ^ZVWW� ^� \_WYgZlk� YX� YXfW[YXa¢Y[k� W� UV_[\Uh^e[k�

p_[VYU� �Xe[Y[]XZUa¢^ZV[k0� V� ][epkUYZU� ¯rZ_XZUmWg�

\_[dWaXeZWeW� p\[Z_U aUYWg� \^Wb[XeZWVYlb� VU�U^ZV� V� m��

¤X_YX°�  la[� �X\aXYW_[VXY[� VVU]UYWU� ¯¤^U[ �Uh�

^Z_peZp_W_[VXYY[h� \_[m_Xkkl� \[� \_[dWaXeZWeU�

p\[Z_U aUYWg�\^Wb[XeZWVYlb�VU�U^ZV�V�`e[aXb�Q=�(�>�eaX^^lR°��

¤� K?<?� m[]p� V� \_[m_Xkkl� `e[a�  la� Vea£nUY� k[]pa¢� \[�

[ pnUYW£� pnWZUaUhA� @@� pnWZUag� W� \U]Xm[mWnU^eWb� ^[VUZYWeX�

Q^[fWXa¢Ylb� \U]Xm[mXR� W�� YX�VXYlb� Vl`U� `e[a� \_[`aW�

[ pnUYWU�^�fUa¢£�_X�VWZWg�\_[dU^W[YXa¢Y[h�e[k\UZUYZY[^ZW�

V� _X [ZU� \[� \_[m_XkkU�� j^Y[VYXg� �X]XnX� \_[m_Xkkl�

�Xea£nXaX^¢� V� W^\[a¢�[VXYWW� \U_VWnY[h� \_[dWaXeZWeW� ^�

fUa¢£� [m_XYWnUYWg� \_WUkX� YX_e[ZWe[V� pnX�WkW^g� \gZlb0�

`U^Zlb�W�^U]¢klb�eaX^^[V��

j^Y[VYlU� fUaUVlU� m_p\\lA� pnX�WU^g� v0� v�� W� v��� eaX^^[V�

`e[alC� pnWZUagC� \U]Xm[mWnU^eWU� ^[VUZYWeWC� _[]WZUaWC�

[ �U^ZVUYYlU� [_mXYW�XfWW0� pnX^ZVp£�WU� V� \_U][ZV_X�UYWW�

W^\[a¢�[VXYWg�\^Wb[XeZWVYlb�VU�U^ZV�^_U]W�pnX�Wb^g��

c_[m_XkkX�Vea£nXaX�V�^U g�^aU]p£�WU�k[]paWA�

�
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�

defghfij� klmnA� d[_kW_[VXYWU� \_[dU^^W[YXa¢Y[h� W�

^[fWXa¢Y[(epa¢Zp_Y[h� e[k\UZUYZY[^ZW� \U]Xm[m[V�� ¡Ua¢�

][^ZWmXUZ^g� \_U][^ZXVaUYWUk� WYd[_kXfWW0� ^Vg�XYY[h� ^�

_X�ªg^YUYWgkW� V_U]X� W� \[^aU]^ZVWh� W^\[a¢�[VXYWg� cq¤�
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pnUYWeXkW� v0� v�� W� v��� eaX^^X� ^� XefUYZ[k� YX� p\[Z_U aUYWU�

Xae[m[ag�W�ZX XnYlb�W�]UaWh��

olpiqrsletru� gvhiqA� \[]m[Z[VeX� pnWZUaUh� gVagUZ^g�

^p�U^ZVUYYlk�dXeZ[_[k�p^\UbX�\_[m_Xkkl��j]YXe[�]XaUe[�YU�

][^ZXZ[nY[� [^V[WZ¢� ^Z_XZUmW£� \[� YU][\p�UYW£� W�

[m_XYWnUYW£� p\[Z_U aUYWg� cq¤�� ¨U[ b[]Wk[�

_XfW[YXaW�W_[VXZ¢� kU�]W^fW\aWYX_YlU� ^Vg�W0� \_WnUk�

�XZ_[YpZ¢� YU� Z[a¢e[� ZUkl� �][_[V[m[� [ _X�X��W�YW0� Y[� ZXe�U�

[ _XZWZ¢� VYWkXYWU� YX� d[_kW_[VXYWU� ^[fWXa¢Ylb� YXVle[V0�

Vea£nWV� ¥Z[Z� kXZU_WXa� V� pnU Ylh� \aXY� eX�][m[� eaX^^X��

c[]m[Z[VeX� pnWZUaUh� gVagUZ^g� _U�pa¢ZXZ[k� p^V[UYWg� V[^¢kW�

ZUk�W�k[YWZ[_WYmX�Wb�[ pnUYWg�\[�\_[m_XkkU��

�

hn{~t��D��
Y�~vwmrw�~vp�r�zs��n��|n�|p��w��Xw|xrvmps�

�|n�rtp�or�p�~�no|w�twmrs�pt�n�nts�r�op�pvmy��
r�{wtr��~vwmr�p�r�B��B��r�B����tpzznx���nty�@�

�

defghfij� klmnA� d[_kW_[VXYWU� �YXYWh� [� _W^eU� ep_UYWg0�

\[Z_U aUYWg� Xae[m[ag� W� \_WUkX� YX_e[ZWe[V�� ¤l_X [ZeX�

\[�WZWVY[m[� W� [ZVUZ^ZVUYY[m[� [ZY[`UYWg� e� ^[ ^ZVUYY[kp�

�][_[V¢£� YX� [^Y[VU� \[apnUYYlb� �YXYWh�� ¬[_kW_[VXYWU�

�][_[V[m[� [ _X�X� �W�YW0� [VaX]UYWU� ^[fWXa¢YlkW� YXVleXkW0�

\[aU�YlkW� V� ^WZpXfWgb0� ^Vg�XYYlb� ^� _W^e[k� p\[Z_U aUYWg�

YX_e[ZWe[V��

olpiqrsletru� gvhiq.� ¤� eX�][k� eaX^^U�  laW�

�X\aXYW_[VXYl� W� \_[VU]UYl� YX� `e[a¢Ylb� W� VYU`e[a¢Ylb�

kU_[\_WgZWgb� �XYgZWg� \[� \gZW� ZUkXk�� ¤� \gZ[k� eaX^^U�

[^Y[VY[U� VYWkXYWU� p]Uaga[^¢� ^[fWXa¢Ylk� X^\UeZXk�

p\[Z_U aUYWg� Xae[m[ag� W� ZX XnYlb� W�]UaWh0� \_WnWYXk� Wb�

p\[Z_U aUYWg0� V� Z[k� nW^aU� V� ^_U]U� ]UZUh� W� \[]_[^Ze[V�� ¤�

\_XeZWnU^e[k� \aXYU� ]XVXaW^¢� _Ue[kUY]XfWW0� eXe� W� U�XZ¢�

\[][ Ylb� _W^e[VXYYlb� ^WZpXfWh� ^� YX_e[ZWeXkW�� ¤� `U^Z[k�

eaX^^U� VYWkXYWU� ]UZUh�  la[� ^[^_U][Z[nUY[� YX� ^[^ZXVU� W�

^V[h^ZVXb�ZX XeX�W�Xae[m[ag0�YX�e_XZe[^_[nYlb�¥ddUeZXb�Wb�

W^\[a¢�[VXYWg�W�V_U]U�]ag��][_[V¢g0�X�ZXe�U�YX�\[^aU]^ZVWgb�

^[VkU^ZY[m[� \_WUkX� Xae[m[ag� W� YX_e[ZWe[V�� ¤� b[]U� [ pnUYWg�

�XZ_XmWVXaW^¢� ZXeWU� V[\_[^l� eXeA� \X^^WVY[U� ep_UYWU0� _[a¢�
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^[fWXa¢Y[h� ^_U]l0� _UeaXkl� Xae[m[a¢Ylb� YX\WZe[V�� qefUYZ�

^ZXVWa^g�YX�dXeZ[_Xb�_W^eX�W� ^]U_�WVXYWW�[Z�p\[Z_U aUYWg�

cq¤0�YX�_[a¢�e_pmX�]_p�Uh�W�aWnY[m[�Vl [_X�eX�][m[��

¤� ^U]¢k[k� eaX^^U� [ ^p�]XaW^¢� ZUkl0� ^Vg�XYYlU� ^�

�XVW^Wk[^Z¢£�[Z�cq¤0�[�kWdXb�W�dXeZXb�Wb�W^\[a¢�[VXYWg0�[�

V_U]U� �][_[V¢£� nUa[VUeX� V� _U�pa¢ZXZU� Wb� e_XZe[^_[nY[m[� W�

][am[^_[nY[m[� V[�]Uh^ZVWgC� [� k[a[]U�Ylb� ^p epa¢Zp_Xb� W�

YX_e[ZWeXbC� [ � pkUYWW� [fUYWVXZ¢� WYd[_kXfW£� W� ]UaXZ¢�

\_XVWa¢Ylh� Vl [_�� ­X^^eX�lVXa[^¢� ZXe�U� [� kU_Xb� \[�

[m_XYWnUYW£�p\[Z_U aUYWg�cq¤C�[�_[aW�^\[_ZX�W�dW�WnU^e[k�

�][_[V¢U��

c_W� _UXaW�XfWW� \_[m_Xkkl� W^\[a¢�[VXaW^¢� kUZ[]l� W�

d[_kl0� \[ p�]X£�WU� pnX�Wb^g� e� XeZWVY[h� \[�YXVXZUa¢Y[h�

]UgZUa¢Y[^ZW� W� [ �UYW£A� ¥Z[�  U^U]l0� ]W^ep^^WW0� _X [ZX� V�

kXalb�m_p\\XbC�_U`UYWU�\_[ aUkYlb�^WZpXfWhC�_[aUVlU�Wm_lC�

_X [Zl� ^� ¥aUeZ_[YYlkW� W^Z[nYWeXkW� WYd[_kXfWWC�

_X�_X [ZeX� \aXeXZ[V0� e[aaX�Uh0� e[kWe^[V0� \_U�UYZXfWhC�

XYeUZW_[VXYWU� V�_[^alb� W� _[VU^YWe[V0� YX a£]UYWU� W�

¥e^\U_WkUYZl0�^[_UVY[VXYWg��

j^p�U^ZVagaX^¢� WYZUm_XfWg� kU�]p� [ _X�[VXZUa¢YlkW�

\_[dWaXeZWnU^eWkW� \_[m_XkkXkW� W� ZUkXkW� [�

�]_XV[[b_XYUYWW� W� m_X�]XY^e[k� V[^\WZXYWW� \[� \_U]kUZXk�

pnU Y[m[� \aXYX� V� v0� v�� W� v��� eaX^^Xb0� X� WkUYY[A� ¯oW[a[mWg°0�
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eVX_ZW_U�^VU_^ZYWeX�O�¦©�<J0@�0��©�O�K=0>��Q%���K0@N�\_W�%_���

<0;J�Q_�±?0�?=RR��

�ezgmn�ghifrl�fl�g�hgmlff~v�fi{tgqrtgh��¨XkY[m[�Vl`U�

][ag� pnX�Wb^g� ¦©0� e[Z[_lU� \_W�YX£Z^g0� nZ[� YWeZ[� W�� Wb�

]_p�Uh� YU� \_[ [VXa� YX_e[ZWeWA� LJ0>�0� �©� O� @L0@���

§YXnWZUa¢Y[� W]UZ� YX� p la¢� \_[fUYZ� `e[a¢YWe[V0�

]UeaX_W_p£�Wb0�nZ[�[YW�YU��YX£Z�[�dXeZXb�p\[Z_U aUYWg�cq¤�

Wb�^VU_^ZYWeXkW�W�]_p�¢gkW��

c_WkU_Y[�[]YX�\gZXg�nX^Z¢�_U^\[Y]UYZ[V�V�[ UWb�m_p\\Xb�

WkUaW� V� ^V[Uh� \_XeZWeU� ^apnXW0� e[m]X� Wk� \_U]aXmXaW�

\[\_[ [VXZ¢� YX_e[ZWeW�� j� m[Z[VY[^ZW� [ZeX�XZ¢^g� [Z�

\_U]a[�UYWg0� ^]UaXYY[m[� ]_pm[k0� �XgVag£Z� ;=0>�� W�� ¦©� W�

NN0>�� W^\lZpUklb� W�� �©�� c_W� ¥Z[k� ^aU]pUZ� [ZkUZWZ¢0� nZ[�

_X�YWfX��]U^¢�^ZXZW^ZWnU^eW��YXnWkX�Q%���K0>@�\_W�%_���K0=N�Q_�

±?0�?<R��
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�

¤� eXnU^ZVU� \_U]\[nZWZUa¢Y[m[� W^Z[nYWeX� WYd[_kXfWW� [�

_W^eXb0�^Vg�XYYlb�^�W^\[a¢�[VXYWUk�cq¤0�_U^\[Y]UYZXkW�eXe�

¥e^\U_WkUYZXa¢Y[h0�ZXe�e[YZ_[a¢Y[h�m_p\\�peX�lVXUZ^g�^Uk¢g�

W�`e[aX�� �^ZXY[VaUY[0� nZ[� YX� pnX�Wb^g� W�� �©�  [aUU� ^Wa¢Y[U�

VaWgYWU�[eX�lVX£Z�ri��O�=L0K�0�¦©�O�LK��0�Q�%���K0K<0�\_W�%_���

<0;J�Q_�±?0�?=RR��

¤� [ UWb� m_p\\Xb�  la[� Vl^eX�XY[� \_U]\[nZUYWU� W�pnXZ¢�

\_[ aUkl� p\[Z_U aUYWg� cq¤� YX� �XYgZWgb� eaX^^Y[m[�

_pe[V[]WZUag� YU^e[a¢e[� aUZ� \[]_g]0� X� YU� V� e[_[Ze[k�

^[^_U][Z[nUYY[k�ep_^U�[ pnUYWg��

¤�\U_W[]�^�\gZ[m[�\[�^U]¢k[h�eaX^^� la[��X\aXYW_[VXY[�V�

[ �Uh�^a[�Y[^ZW�<=�ZUk�\[�\_[dWaXeZWeU0�\[�\gZ¢�V�eX�][k�

eaX^^U��r[�^a[V�pnX�Wb^g0�[\ZWkXa¢Y[U�nW^a[�ZUk�V�¯eaX^^Ylb�

nX^Xb°� YXb[]WZ^g� V� \_U]UaXb� [Z� ]U^gZW� ][� ]VUYX]fXZWA� �v� ��

<<0K=0� 	�� �� <0K;�� ­U^\[Y]UYZl� ZXe�U� Vl^eX�lVX£Z� kYUYWU0�

nZ[� YU[ b[]Wkl� \[� e_XhYUh� kU_U� ]U^gZ¢� ^U^^Wh� ]ag�

][^ZW�UYWg�¥ddUeZX�\_[m_Xkkl<N��

�Xe� [nUY¢� \[aU�Yp£0� [fUYWaW� pnX^ZYWeW� ¥e^\U_WkUYZX�

WYd[_kXfW£� \[� ^aU]p£�Wk� ZUkXkA� \_WnWYl� W^\[a¢�[VXYWg�

\^Wb[XeZWVYlb�VU�U^ZV�Q�v���@0<N0�	����<0L=R0�Wb�VaWgYWU�YX�

[_mXYW�k�nUa[VUeX�Q�v���@0J?0�	����<0L;R0�pkUYWU�\_U[][aUVXZ¢�

_W^e�W^\[a¢�[VXYWg�cq¤�Q�v���@0<<0�	����<0@NR0�p\[Z_U aUYWU�

YX_e[ZWe[V�\[]_[^ZeXkW�V�_X�Ylb�k[a[]U�Ylb�[ �U^ZVXb�Q�v�

��@0<J0�	����<0K;R��

�^aW� [fUYWVXZ¢� ^[]U_�XYWU� \_[m_Xkkl0� Z[� k[�Y[�

�Xea£nWZ¢0�nZ[�^[fWXa¢Y[U�VaWgYWU�\_[m_Xkk0�[bVXZlVX£�Wb�

`W_[eWh� ^\UeZ_� aWnYlb� W� ^[fWXa¢Ylb� YXVle[V� W� pkUYWh0� V�

^[nUZXYWW�^�Y[_kXZWVYlkW�Z_U [VXYWgkW0�gVagUZ^g�YXW [aUU�

¥ddUeZWVYlk<;��

������������������������������������������������������������
<N���� ����&�7�0�,�2"����0�7�� ������� /� �����%� � /�2��%�������L>����3�

���� �8� / �%����"����"�2���/��2��2 ���%����22&��tt�	"���2�9 �2%�<;;>CJ>A�<K>O
@K��
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c_U]\[nZWZUa¢YlU� ^\[^[ l� \_U]^ZXVaUYWg� WYd[_kXfWW�

pnX�Wk^gA� ]W^ep^^WW0� ZUkXZWnU^eWU� W^^aU][VXYWg0�

\_U�UYZXfWW0�YXpnYlU�W^^aU][VXYWg�W�¥e^\U_WkUYZl����¥Z[kp�

k[�Y[�][ XVWZ¢�^[^ZXVaUYWU�e[aaX�Uh0�_W^[VXYWU�¯m_XddWZW°�

W� e[kWe^[V0� [_mXYW�XfW£� Wm_0� _UXaW�XfW£� ZUkXZWnU^eWb�

\_[UeZ[V� V� m_p\\Xb�� �YZU_XeZWVYlU� kUZ[]l� gVag£Z^g�  [aUU�

¥ddUeZWVYlkW� \[� ^_XVYUYW£� ^� W^\[a¢�[VXYWUk�

W^ea£nWZUa¢Y[� d_[YZXa¢Ylb� kUZ[][V� [ pnUYWg�� qeZWVY[^Z¢�

pnX�Wb^g0�Wb�V�XWk[]Uh^ZVWU� ^[� ^VU_^ZYWeXkW�W� ^� ^[fWpk[k�

WkU£Z�[^[ [�VX�Y[U��YXnUYWUK?��

qYXaW�� [ZVUZ[V� YX� V[\_[^l0� ^Vg�XYYlU� ^�

WYd[_kW_[VXYY[^Z¢£� W� [ZY[`UYWUk� pnX�Wb^g� e�

p\[Z_U aUYW£�\^Wb[XeZWVYlb� VU�U^ZV� \[eX�Xa0� nZ[� NL0=��W��

¥e^\U_WkUYZXa¢Y[h� m_p\\l� [ZVUZWaW� Z[nY[� YX� \[^ZXVaUYYlU�

V[\_[^l0�V�Z[�V_Ukg�eXe�V�e[YZ_[a¢Y[h�m_p\\U�¥Z[Z�\[eX�XZUa¢�

^[^ZXVagUZ� J;0K��� ­X�YWfX�  laX� ^ZXZW^ZWnU^eW� �YXnWk[h0�

�YXnUYWU� e_WZU_Wg� rZ¢£]UYZX� %� �� @0N@� \_W� %_� �� @0@<� Q_� ±?0�

??<R�� �_[kU� ¥Z[m[0� N<�� _U^\[Y]UYZ[V� W�� �©� pZVU_�]XUZ0� nZ[�

�YXUZ�[�V_U]Y[k�V[�]Uh^ZVWW�YX_e[ZWe[V�YX�Wb� [_mXYW�k0�Y[�

J>�� �XZ_p]YgaW^¢� [fUYWZ¢0� YX� eXeWU� ^W^ZUkl� W� [_mXYl�

[eX�lVX£Z�V[�]Uh^ZVWU�[Z]Ua¢YlU�YX_e[ZWeW0�W�eXeWU�W��YWb�

VU]pZ�e�\^WbWnU^e[h�W�dW�WnU^e[h��XVW^Wk[^ZW��

�^^aU][VXYWU� \[eX�lVXUZ0� nZ[� pnX�WU^g0� \_WYgV`WU�

pnX^ZWU�V�\_[m_XkkU0�eXZUm[_WnU^eW��XgVag£Z�[�^V[Uk�[ZeX�U�

V� W^\[a¢�[VXYWW� cq¤�� §YXnWZUa¢YXg� nX^Z¢� W�� YWb� VlgVWaX�

�UaXYWU� ]XaUU� pnX^ZV[VXZ¢� V� eXnU^ZVU� V[a[YZU_[V� V�

kU_[\_WgZWgb� \[�  [_¢ U� ^� W^\[a¢�[VXYWUk� cq¤� ^_U]W� ^V[Wb�

^VU_^ZYWe[V�� o[aUU� Z[m[0� NN0>�� W�� YWb� [][ _g£Z� �X\_UZ� YX�

ep_UYWU�V�[ �U^ZVUYYlb�kU^ZXb��

������������������������������������������������������������������������������������������������������������������������������������������������
# �� %%� ��0� �����8�� ��� s�0� � ������ 
�0� !��� �� 7�0� 1 ������ �� %� �2�� ��
�&�% *�%�"� � /� ����� �"���2��� ��*���'����������2"���2�8� / �%����8��3��*��
%��3 %��3� ���2 �" �%�� �3 �� <?O<=�� tt� ����"%� 4 �� �� ��&0� K?<?C<NA� NLO;J�C�

���%�(!�22 �������0�# ��2 &���0�# ��� �����������* %����2&%�"�� /� ������"���2(
��� ��8� / �%��������"���������� ��tt�9 �2%�����"�# ��/0�K?<?C�@>A�>?;OK@��

K?�
��2��� ��������!�������������40������0���� "%�/ � 2 * �%������"���2�
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¨U[ b[]Wk� ][\[aYWZUa¢Ylh� k[YWZ[_WYm� \_[fU^^X�

_UXaW�XfWW� \_[m_Xkkl�� ®[Zg� pnUYlU� pZVU_�]X£Z0� nZ[�

kY[m[e[k\[YUYZYlU� \_[m_Xkkl�  [aUU� ¥ddUeZWVYl� nUk�

[]Y[e[k\[YUYZYlU0� V^U� �U� ^aU]pUZ� [ZkUZWZ¢0� nZ[� kY[mWU�

`e[al� YU� ^ea[YYl� Z_XZWZ¢� V_Ukg� W� _U^p_^l� YX� _UXaW�XfW£�

V^Ub�YX\_XVaUYWh�\_[m_Xkk��¬XeZ[_l0�e[Z[_lU�\_U\gZ^ZVp£Z�

¥ddUeZWVY[^ZW� \_[m_Xkk0� ^Vg�XYl� ^� \_[VXaXkW� V�

^W^ZUkXZWnU^e[k�[^p�U^ZVaUYWW�\_[m_XkkK<��

¨X�[^Y[VU�[ [ �UYWg�_U�pa¢ZXZ[V�k[YWZ[_WYmX�\[�WZ[mXk�

VYU]_UYWg� \_[m_Xkkl� \_[dWaXeZWeW� W^\[a¢�[VXYWg�

\^Wb[XeZWVYlb� VU�U^ZV� pnX�WkW^g� ^U]¢klb� eaX^^[V� k[�Y[�

^]UaXZ¢�^aU]p£�WU�VlV[]lA�
− �[Y^ZXZW_pUZ^g� p lVXYWU� p]Ua¢Y[m[� VU^X� pnUYWe[V0�

e[Z[_lU� ep_gZ� WY[m]X�� ¨X a£]XUZ^g� [ZeaX]lVXYWU� V[�

V_UkUYW�\U_VWnY[m[�p\[Z_U aUYWg�ZX XeX�W�Xae[m[ag��¤�

\_[fU^^U� ¥e^\U_WkUYZX� [ YX_p�UY[� ^YW�UYWU�

e[aWnU^ZVX� ^apnXUV� ep_UYWg� W� p\[Z_U aUYWg� ^\W_ZY[m[�

\_W�V^Z_UnXb�^[�^VU_^ZYWeXkW��jZkUnXUZ^g�pkUY¢`UYWU�

p]Ua¢Y[m[� VU^X� pnX�Wb^g0� e[Z[_lU� ]UeaX_W_p£Z�dXeZl�

p\[Z_U aUYWg�cq¤�V�`e[aU�W�V�e_pmp�Wb�]_p�Uh��

− ¨U� VlgVaUY[� ^p�U^ZVUYYlb� _X�aWnWh� V� m_p\\U�

`e[a¢YWe[V0� e[Z[_lU� ep_gZ� \[^Z[gYY[�� jfUYeX�

ZUY]UYfWW�ep_WZ¢�V�[]WY[nep�\_WV[]WZ�e�VlV[]p�[�Z[k0�

nZ[� ^_U]X� ^VU_^ZYWe[V� WkUUZ� _UmpaW_p£�Wh� ¥ddUeZ��

�nX�WU^g0� e[Z[_lU� ep_gZ� V� []WY[nep0� eXe� \_XVWa[0�

WkU£Z�\_[ aUkl�V�^Uk¢U�W�V�[ZY[`UYWgb�^�]_p�¢gkW��¤�

[ UWb� m_p\\Xb� YU� VlgVaUYl� _X�aWnWg� V� nX^Z[ZU�

p\[Z_U aUYWg�Xae[m[ag��

− �nX�WU^g� \[a[�WZUa¢Y[� [fUYWVX£Z� ¥ddUeZWVY[^Z¢�

kU_[\_WgZWh0� _UXaW�[VXYYlb� V� _XkeXb� \_[m_Xkkl� V�

`e[aXb�� �e[a¢YWeW� �YXnWZUa¢Y[� _X^`W_WaW� ^V[W�

������������������������������������������������������������
K<�v�32�7����0��  �������0�� �%������
�0����� ������� / 2�8��3����"���2(

��� �����3�8� / �%����8��3��*� %���/ �"�* ������ ��� %��  �� "%�/ �8��3��*� �*(
82 * �%�%���A� %� � 
7������ �"���2�A� �2"���2� *���2 �� tt� �8 �� �� 
� /� � �0�
K?<K�C��������0���������4�� ²� ���%�2 ���" ���������3� ��"�%����������%��2����
�"���2���tt����3��2"���2�4 /�K??<CK?A<?=O;��
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�YXYWg� [� VaWgYWW� cq¤0� ^d[_kW_[VXaW� pkUYWU�

\_U[][aUVXZ¢� ^WZpXfWW0� V� e[Z[_lb� V[�YWeXUZ� _W^e� Wb�

W^\[a¢�[VXYWg�� o[a¢`Xg� nX^Z¢� [ pnXUklb� VleX�lVXUZ�

m[Z[VY[^Z¢� pnX^ZV[VXZ¢� V� eXnU^ZVU� V[a[YZU_[V� V�

]UgZUa¢Y[^ZW� [ �U^ZVX� \[� [m_XYWnUYW£� W^\[a¢�[VXYWg�

cq¤��

− ­X [Zp� \[� \_[dWaXeZWeU� p\[Z_U aUYWg� cq¤� V�

k[a[]U�Y[h� ^_U]U� YU[ b[]Wk[� \_[][a�WZ¢�� ¤�

]Xa¢YUh`Uk� W^\[a¢�[VXYWW� W� ^[VU_`UY^ZV[VXYWW�

\_[m_Xkkl� YU[ b[]Wk[� [ _XZWZ¢� VYWkXYWU� YX�

^aU]p£�WU�X^\UeZlA�

− ­UXaW�XfWg� VZ[_WnY[h� \_UVUYfWW0� YX\_XVaUYY[h� YX�

eXZUm[_W£� \[]_[^Ze[V� V� ^WZpXfWW� _W^eX0� e[Z[_Xg�

Vea£nXUZ�V�^U g�WYd[_kW_[VXYWU�\[]_[^Ze[V�W�_X [Zp�^�

^Uk¢Uh�� ¤� e[YUnY[k� WZ[mU� ¥Z[� ][a�Y[� \_U][ZV_XZWZ¢�

\_[ aUkl� V� \[VU]UYWW� W� �XZ_p]YUYWg� V� \_[fU^^U�

[ pnUYWgC� ^d[_kW_[VXZ¢� �W�YUYlU� pkUYWgC�

^ZWkpaW_[VXZ¢� ^[fWXa¢Yp£� XeZWVY[^Z¢� W�

XeX]UkWnU^ep£� \[]m[Z[Vep0� _X�VWZ¢� WYZU_U^l� W�

\[Z_U Y[^Z¢�pnX�Wb^g�V��XYgZWgb�^\[_Z[k0�W^ep^^ZV[k0�

YXpe[h� W� ZUbYWe[hC� YXpnWZ¢� \_[]peZWVY[kp�

^Z_peZp_W_[VXYW£� ^V[ []Y[m[� V_UkUYW�� ¨U[ b[]Wk[�

ZXe�U�pnWZlVXZ¢�^\UfWdWep�[Z]Ua¢Ylb�`e[a��

− ­X�VWZWU�`e[a¢Y[h�^_U]l�W�epa¢Zp_l0�^\[^[ ^ZVp£�Wb�

^[b_XYUYW£� p^Z[hnWV[^ZW� _U�pa¢ZXZ[V� _UXaW�XfWW�

\_[m_Xkkl�� ¤l [_� ^Z_XZUmWh0� e[Z[_lU� ][a�Yl�

[ U^\UnWZ¢� pVU_UYY[^Z¢0� nZ[� V^U� naUYl� `e[a¢Y[m[�

^[[ �U^ZVX� VYU^pZ� ^V[h� VeaX]� V� \[]]U_�ep� W�

_UXaW�XfW£�\_[m_Xkkl�\[� [_¢ U�^�YX_e[kXYWUh��

− �e_U\aUYWU� ^[Z_p]YWnU^ZVX� `e[al� ^� ^Uk¢Uh0� ri�� W�

[ �U^ZVUYY[^Z¢£�� r[VkU^ZY[U� ^[Z_p]YWnU^ZV[� ][a�Y[�

_X�VWVXZ¢^g� ^� fUa¢£� _U`UYWg� e[Ye_UZYlb� V[\_[^[V��

�nX�WU^g0� \U]Xm[mW0� _[]WZUaW� W� `W_[eXg�

[ �U^ZVUYY[^Z¢�][a�Yl�^[Z_p]YWnXZ¢�V�fUagb�\_WYgZWg�

_U`UYWh�eXe�V� [_¢ U�^�p\[Z_U aUYWUk�YX_e[ZWe[V0�ZXe�

W�V�^dU_U�\_U[][aUYWg�^Vg�XYYlb�^�¥ZWk�\[^aU]^ZVWh��
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�
<� q\[^Z[a[V�q�0�³[][_[V���0�´Ue[VX�r�0��[^Z[VX�T�0��\[Z_U X�YX�fWmX_W�W�

Xae[b[a�^_U]�pnUYWfW����O�����eaX^��¤X_YX0�K??;��
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