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OPQRSOTR
U VWX YZ[\]^_`a b\] _`W cZ^Vd eWfY]Y_^\V \b a ^gWd V\Vh
X`^_W e^[VYZe ^e f]\f\eWd i Ub_W] ]Wa\j^V[ _`W eWk\Vd
\]dW] k]\eehk\]]WZY_^\V cW_XWWV _`W e^[VYZe b\] lW]\ _^a W
dWZYme nef`W]^V[ o p _`W e^[VYZe Y]W Z^VWY]Zm _]YVeb\]a Wd
^V \]dW] _\ ]WjWYZ k\aa\V k\af\VWV_e _`Y_ Y]W e_^ZZ
Wg ^e_WV_ X ^_` ^V _`W e^[VYZe i q`W Z^VWY] _]YVeb\]a ^e
Ykk\afZ^e`Wd cm rZ_W]^V[ _`W ef`W]Wd e^[VYZe se^V[ Y
V\Vh]Wks]e^jW r Z_W] X`^k` ^e Wts^jYZWV_ _\ _`W esaaYh
_^\V \b XW^[`_Wd _^a W dWZYmWd e^[VYZ jYZsWe i q`^e ZWYde
_\ Y V\VhlW]\ k]\eehk\]]WZY_^\V _`Y_ ^e seWd _\ WjWV_sh
YZZm eWfY]Y_W _`W e^[VYZe i uV _`^e fYfW] ^_ ^e e`\XV `\X
_`W r Z_W] k\Wv k^WV_e Y]W dW_W]a ^VWd YVd `\X _`^e f]^Vh
k^fZW ^e YffZ^Wd _\ cZ^Vd e\s]kW eWfY]Y_^\V i

wx yzRS{|}TRy{z
~WkWV_Zmp ^VdWf WVdWV_ k\af\VWV_ YVYZme^e nu�U o `Ye
cWk\aW YV Y__]Yk_^jW _\\Z b\] cZ^Vd e\s]kW eWfY]Y_^\V
n���o ��p � p � p � p � p � p � p � p �� i q\ Yeesa W _`W e\s]kW e^[h
VYZe Ye e_Y_^e_^kYZZm ^VdWfWVdWV_ a Y�We _`W cZ^Vd e\s]kW

�^[s]W �� u�U a\dWZ � q`W ^VdWf WVdWV_ e\s]kWe
�� � � � �� Y]W Z^VWY]Zm a ^gWd cm _`W a ^g ^V[ a Y_]^g O YVd
sVa ^gWd cm _`W eWfY]Y_^\V a Y_]^g � i q`W eW_ \b \s_h
fs_ e^[VYZe � � � � � �� ^e ^dWYZZm Y ekYZWd YVd fW]as_Wd
jW]e^\V \b _`W \]^[ ^VYZ e\s]kW e^[VYZe i q`W e^[VYZe Y]W
YeesaWd _\ `YjW lW]\ a WYV i
eWfY]Y_^\V f]\cZWa aY_`WaY_^kYZZm _]Yk_Yc ZW i �sW _\
_`W^] kZ\eW ]WZY_^\Ve`^f p ^V _`^e fYfW] ^VdWfWVdWV_ k\a h
f\VWV_ YVYZme^e YVd cZ^Vd e\s]kW eWfY]Y_^\V Y]W k\Ve^dh
W]Wd Ye Wts ^jYZWV_ i

q`W a\dWZ \b _`W cZ^Vd e\s]kW eWfY]Y_^\V f]\c ZWa ^e
dWf^k_Wd ^V r[s]W �i �_Y_^e_^kYZZm ^VdWf WVdWV_ e\s]kWe
� Y]W a ^gWd ^V Y a ^g^V[ eme_Wa O i q`W eWfY]Y_^\V
eme_Wa � ^e k\afs_Wd se^V[ _`W k]^_W]^\V \b e_Y_^e_^h
kYZ ^VdWf WVdWVkW cW_XWWV _`W \s_fs_ e^[VYZe � i q`WeW
\s_fs_e Y]W _`W We_^a Y_We \b _`W \]^[^VYZ e\s]kWe � iuV _`W ^Ve_YV_YVW\se a ^g^V[ kYeW _`W a ^g ^V[ YVd _`W
sVa ^g ^V[ eme_Wa Y]W a Y_]^kWe X ^_` ekYZY] WZWa WV_e i u_
^e _`WV f\ee^cZW _\ b\]asZY_W _`W cZ^Vd e\s]kW eWfY]Y_^\V
f]\cZWa Ye

� � O � � YVd � � � � � � n�o
udWYZZmp _`W eWfY]Y_^\V eme_Wa ^e _`W ^VjW]eW \b _`W a ^h
g ^V[ eme_Wa p _`Y_ ^e � � O�� i �\XWjW] p cm \VZm se^V[
_`W k]^_W]^\V \b e_Y_^e_^kYZ ^VdWf WVdWVkW ^_ ^e ^af\ee^c ZW
_\ ]Wk\jW] _`W k\]]Wk_ ekYZ^V[ YVd _`W \]^[^VYZ \]dW] \b
_`W e\s]kWe ��p �� i

uV [WVW]YZ p _`W]W Y]W _X\ a Y� \] e_]Y_W[^We b\] _`W
dWjWZ\faWV_ \b u�U YZ[\]^_`a e � se^V[ `^[`W] \]dW]
e_Y_^e_^ke n���o p W i[ i ��p � p � p � p �� p \] se^V[ _`W efWkh
_]YZ d^ W]WVkWe c W_XWWV _`W d^ W]WV_ e\s]kW e^[VYZe p
W i[ �� p � p � p �� i �\_` e_]Y_W[^We Y]W k\afZWaWV_Y]m
^V e\a W eWVeW i q`Wm d^ W] ^V _`W^] f]WhYeesaf_^\Ve i
q`W ��� Yff]\Yk` YeesaWe V\Vh[Ysee^YV f]\cYc^Z^_m
dWVe^_m bsVk_^\Ve i q`W efWk_]YZ Yff]\Yk` Yeesa We V\Vh
X`^_W e\s]kW e^[VYZe X ^_` d^ W]WV_ efWk_]YZ k`Y]Yk_W]^eh
_^ke i �\] a YVm VY_s]YZ e^[VYZe _`W YffZ^kY_^\V \b c\_`
e_]Y_W[^We ^e f\ee^cZW i

q`W f]\f\eWd YZ[\]^_`a b\ZZ\X e _`W eWk\Vd e_]Y_Wh
[mp ^ iW i _`W efWk_]YZ d^ W]WVkWe c W_XWWV _`W e\s]kW e^[h
VYZe Y]W Wgf Z\^_Wd i ¡\ee^cZW XYme b\] _`W efWk_]YZ Yfh
f]\Yk` Y]W dWek]^c Wd ^V �� p � p � p �� i uV [WVW]YZ _`WeW
YZ[\]^_`a e f^k� sf k\aa\V e^[VYZ fY]_e cm k\afs_^V[
_`W k]\eehk\]]WZY_^\V Y_ eWjW]YZ _^a W dWZYme \] f W]b\]a
YV Wts^jYZWV_ f]\ kWds]W ^V Y _]YVeb\]a d\a Y^V i U k\e_
bsVk_^\V dWfWVd^V[ \V _`WeW k]\eehk\]]WZY_^\Ve ^e _`WV
a ^V ^a ^lWd i �\XWjW] p _`WeW YZ[\]^_`a e es W] b]\a kW]h
_Y^V d^eYdjYV_Y[We p esk` Ye V\ e^[VYZ YdYf_^j^_m �� p �� p
e_]\V[ f]WhYeesaf_^\Ve ��� \] _`W seW \b f\_WV_^YZZm sVh
e_Yc ZW r Z_W]e i
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uV _`^e fYfW] XW f]\f\eW Y VWX eWfY]Y_^\V a W_`\d
b\] V\VhX`^_W e^[VYZe cYeWd \V _`W efWk_]YZ d^ W]WVkWe
cW_XWWV _`W e\s]kWe YVd V\Vh]Wks]e^jW r Z_W]^V[ i q`W
f]\f\eWd a W_`\d \jW]k\aWe _`W Yb\]Wa WV_^\VWd d^eYdh
jYV_Y[We \b �� p � p � p �� i q`W Z\X k\afs_Y_^\VYZ Z\Yd
YVd _`W f\ee^cZW fY]YZZWZ f]\kWee^V[ \b _`W e^[VYZe ZWYd
_\ Y bYe_ eWfY]Y_^\V YVd aY�W ]WYZh_^a W YffZ^kY_^\Ve
bWYe^cZW i

�W `YjW \][YV ^lWd \s] fYfW] Ye b\ZZ\X e i uV eWk_^\V
_X\ XW ^V_]\dskW \s] VWX aW_`\d i uV eWk_^\V _`]WW
e^asZY_^\V ]Wes Z_e Y]W e`\XV i q`Wm Y]W d^ekseeWd ^V
eWk_^\V b\s] YVd k\VkZse^\Ve Y]W d]YXV ^V eWk_^\V rjW i

� x ��R�{|Q
� xwx | ��� ��	
����	���� �� Q��	���
�f`W]^V[ ^e Y a W_`\d b\] _`W ]Wa\jYZ \b eWk\Vd \]dW]
k]\eehk\]]WZY_^\V cW_XWWV e^[VYZe i q ^a W dWZYme Y]W ZWb_
sVk\Ve^dW]Wd i �f`W]^V[ ^e Ykk\afZ^e`Wd cm

� � � � � � � ���� ������ � n�o
X`W]W � ^e _`W ef`W]^V[ a Y_]^g YVd � ��� dWV\_We _`W
WgfWk_Wd jYZsW i uV ��� ^_ ^e e`\XV _`Y_ _`W a ^g ^V[ emeh
_Wa O ^e bYk_\]^lYcZW ^V_\ _`W ^VjW]eW \b _`W ef`W]^V[
a Y_]^g � �� YVd YV \]_`\[\VYZ ]\_Y_^\V a Y_]^g { p ^ iW i

O � � �� � { � n�o
�Yj^V[ ^dWV_^rWd _`W ef`W]^V[ a Y_]^g � _`W ]\_Y_^\V
a Y_]^g { ase_ cW We_^a Y_Wd i q\ Ykk\afZ^e` _`^e _`W
ef`W]Wd e^[VYZe Y]W Z^VWY]Zm _]YVeb\]a Wd i q`^e _]YVeh
b\]a Y_^\V ^e VWWdWd _\ k]WY_W VWX WtsY_^\Ve YVd `WVkW
VWX k\Vd^_^\Ve b\] _`W k\afs_Y_^\V \b _`W ]\_Y_^\V aYh
_]^g { i q`W Z^VWY] _]YVeb\]a Y_^\V ^e Y [WVW]YZ^lY_^\V
\b e^afZW _^a W dWZYme Ye dWek]^c Wd ^V ��� i

� x� x R�	 O�������� �� � � �	�� R�������� ���
P ��� Q����	 Q	�������
� Y_`Wa Y_^kYZZmp e_Y_^e_^kYZ ^VdWf WVdWVkW \b _`W e\s]kWe
� � ��� � �� � � � � � �� � ^e Wts^jYZWV_ _\ _`W eWfY]Yc^Z^_m
\b _`W asZ_^jY]^Y_W f]\cYc^Z^_m dWVe^_m bsVk_^\V \b _`W
e\s]kWe ^V_\ _`W f]\dsk_ \b _`W a Y][^VYZ dWVe^_^We
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Ue e`\XV ^V �� p �&� p Y Z^VWY] _]YVeb\]a dWrVWd cm
R n�o � �' � n�� o � ' � n�� o � � � � � '� n�� o�� n�o

ZWYjWe _`W f]\f W]_m \b e_Y_^e_^kYZ ^VdWfWVdWVkW sVYbh
bWk_Wd i q`^e ^e WYem _\ f]\jW e^VkW _`W (Yk\c^YV ) \b

_`W _]YVeb\]a R n�o ^e Y d^Y[\VYZ a Y_]^g i �WVkW p _`W
_]YVeb\]a Wd f]\cYc^Z^_m dWVe^_m bsVk_^\V ^e e_^ZZ eWfYh
]YcZW p ^ iW i
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X`W]W + � R n�o YVd 0# � ' # n� # o i uV k\V_]Ye_ _\ _`W
^afYk_ \b Z^VWY] _]YVeb\]a e \V _`W e_Y_^e_^kYZ ^VdWfWVh
dWVkW c W_XWWV _`W e^[VYZe p Z^VWY] _]YVeb\]a e ^V1sWVkW
_`W ef Wk_]YZ k\af\e^_^\V \b _`W e^[VYZe i

ub _`W Z^VWY] _]YVeb\]a ^e dWrVWd Ye ' � � '� � � � � �
'� � ' p _`W _]YVeb\]a Y_^\V \b _`W ef`W]Wd e^[VYZe � �kYV cW X]^__WV Ye

R n� � o � R n{ � �o � { � R n�o � n�o
�\afs_^V[ _`W k\jY]^YVkW aY_]^g \b _`W _]YVeb\]a Wd
YVd ef`W]Wd dY_Y p \VW \c_Y^Ve

� �R n� � oR n��� o� � � �R n{�oR n{�o� �
� {� �R n�oR n�� o�{ �
� {| � { � � n�o

Ukk\]d^V[ _\ WtsY_^\V � _`W k\jY]^YVkW a Y_]^g \b _`W
_]YVeb\]a Wd e\s]kW e^[VYZe + ^e d^Y[\VYZ p ^ iW i

� �++� � � � �R n�oR n�o� � � |2 � n�o
X`W]W

| � � � �-345 n' n��o� � ' n�� o� � � � � � ' n�� o� o� � n�&o
�WVkW p WtsY_^\V � dWek]^c We YV W^[WVjYZsW f]\cZWa b\]
_`W a Y_]^g � �R n� � oR n��� o� X`W]W _`W W^[WVjWk_\]e b\]a_`W \]_`\[\VYZ ]\_Y_^\V a Y_]^g { i

� x6 x P ��� Q����	 Q	������� }��� �	���	�R � 	 | 	����
uV \]dW] _\ \c_Y^V VWX WtsY_^\Ve b\] _`W k\afs_Y_^\V
\b _`W ]\_Y_^\V a Y_]^g { _`W Z^VWY] _]YVeb\]a ase_ cW
k`\eWV esk` _`Y_ � �R n� � oR n��� o� ^V WtsY_^\V � ^e V\Vh
d^Y[\VYZ i

Ub_W] _`W f]Whf]\ kWee^V[ cm ef`W]^V[ _`W k]\eehk\]h
]WZY_^\V cW_XWWV _`W e^[VYZe ^e lW]\ i q`Y_ ^e p dWfWVh
dWVk^We cW_XWWV _`W e^[VYZe Y]W V\_ j^e^c ZW _\ _`W k]\eeh
k\]]WZY_^\V k\Wv k^WV_ i �WVkW p ^_ ^e ]WYe\VYcZW _\ dWh
e^[V Z^VWY] _]YVeb\]a e _`Y_ ]WjWYZ _`W ]WaY^V ^V[ p ^ iW i
` ^ddWV dWfWVdWVk^We c W_XWWV _`W e^[VYZe ^V esk` Y XYm
_`Y_ _`W k]\eehk\]]WZY_^\V k\Wv k^WV_ ^e V\VhlW]\ Yb_W]
_`W _]YVeb\]a Y_^\V i �\Ve^dW]^V[ _`Y_ \V Zm eWk\Vd \]h
dW] e_Y_^e_^ke ^e seWd _`W _]YVeb\]a e `YjW _\ a Y�W seW
\b _`W efWk_]YZ f]\fW]_^We \b _`W e^[VYZe X`^k` ^e Wts^jYh
ZWV_ _\ f]\ kWee^V[ _`W k\]]WZY_^\V bsVk_^\V Y_ eWjW]YZ dWh
ZYme i q\ Yk`^WjW _`^e \c� Wk_^jW _`W YZ[\]^_`a e �� p �� s eW



473

d^ W]WV_ _^a W dWZYme \] XYjWZW_ ekYZWe Ye Z^VWY] _]YVeh
b\]a e _\ e\ZjW _`^e f]\cZWa iq`WeW aW_`\de Y]W V\_ ]Wh
YZZm YdYf_Wd _\ _`W Yk_sYZ e^[VYZe sVdW] k\Ve^dW]Y_^\V i
�\] _`Y_ ]WYe\V _`Wm Y]W V\_ es^_Wd _\ ]WjWYZ YV \f_^a YZ
Ya\sV_ \b `^ddWV dWfWVdWVk^We cW_XWWV _`W e^[VYZe i U
e_Wf b\]XY]d ^e _`W a Y_k`Wd rZ_W] YZ[\]^_`a dWek]^c Wd
��� i q`W d^eYdjYV_Y[W \b _`W a Y_k`Wd rZ_W] Yff]\Yk`
^e _`Y_ e^[VYZ fY__W]Ve ase_ cW �V\XV ��� �����i q\
a Y�W bs ZZ seW \b _`W ef Wk_]YZ k\V_WV_ \b _`W e^[VYZe ^_
^e ]WYe\VYcZW _\ WafZ\m ef Wk_]YZ We_^a Y_^\V a W_`\de i
�sk` YV Yff]\Yk` ^e dWek]^c Wd ^V ��� X`W]W _`W ef Wkh
_]sa ^e We_^a Y_Wd cm Ys_\]W[]Wee^jW a\dWZe YVd p s e^V[
_`W ef Wk_]YZ We_^a Y_W p _`W e^[VYZe Y]W _]YVeb\]a Wd cm ]Wh
ks]e^jW r Z_W]^V[ i q`W d^eYdjYV_Y[W \b _`^e Yff]\Yk` ^e
_`Y_ _`WeW r Z_W]e kYV cW f\_WV_^YZZm sVe_YcZW p ^V fY]_^kh
sZY] ^b _`W k\Wv k^WV_e Y]W We_^a Y_Wd se^V[ `^[`W] \]dW]
e_Y_^e_^ke \] ^V f]Yk_^kYZ e^_sY_^\Ve X`W]W p dsW _\ rV^_W
X\]d ZWV[_` W Wk_e p _`W f\ZWe a Ym d]^b_ _\ Z\ kY_^\Ve
\s_e^dW _`W sV^_ k^]kZW \b _`W 0 hfZYVW i u_ ^e _`W]Wb\]W
`^[`Zm dWe^]Yc ZW _\ seW r Z_W]e X ^_` Y rV^_W ^afsZeW ]Wh
ef\VeW n�u~ o _`Y_ Wg_]Yk_ _`W ef Wk_]YZ ^Vb\]a Y_^\V _`Y_
^e VWkWeeY]m b\] _`W k\afs_Y_^\V \b _`W ]\_Y_^\V a Y_]^g
{ i

q`W YZ[\]^_`a f]\f\eWd ^V _`^e fYfW] ^e dWe^[VWd _\
\jW]k\a W _`W d^eYdjYV_Y[We \b _`W \ZdW] YZ[\]^_`a e i u_
^e WgfZY^VWd b\] _X\ e^[VYZe cs_ kYV WYe^Zm cW WgfYVdWd
_\ _`W [WVW]YZ kYeW \b � e^[VYZe i

U e Z^VWY] _]YVeb\]a _`W YZ[\]^_`a seWe _`W esa \b
XW^[`_Wd _^a W dWZYmWd e^[VYZ jYZsWe i q`^e Yff]\Yk` ^e
Wts^jYZWV_ _\ _`W YffZ^kY_^\V \b Y V\Vh]Wks]e^jW n�u~ o
r Z_W] \V _`W e^[VYZe i q`W \c� Wk_^jW ^e _\ ]WjWYZ k\aa\V
k\af\VWV_e c W_XWWV _`W _X\ ef`W]Wd e^[VYZe p ^ iW i _\
[W_ Y V\VhlW]\ k]\eek\]]WZY_^\V i

�\] _`W _X\hd^a WVe^\VYZ kYeW _`W _]YVeb\]a Wd e^[h
VYZe a Ym cW X]^__WV Ye

' �� ��� � ' �� ����� 	 �� �� �� � YVd n��o
' �� �� � � ' �� ��� 		 ' �n��� 
 � �� o 	 �� n��� 
 � �� o�� � � n��o

X`W]W _`W � #� Y]W _`W k\Wv k^WV_e b]\a _`W ]\_Y_^\V aYh
_]^g { i Ub_W] Y _]YVeb\]aY_^\V _`W k]\eehk\]]WZY_^\V
k\Wv k^WV_ X ^ZZ c W Y_ a Yg^asa ^b ^_ ^e f \ee^cZW _\ rVd Y
�u~ rZ_W] n� Z^VWY] _]YVeb\]a o _`Y_ a Yg^a ^lWe ' �� ���^V WtsY_^\V �� YVd a ^V^a ^lWe _`W W]]\] _W]a ' �n��� 
� �� o�� 	 n��� 
 � �� o�� � ^V WtsY_^\V �� i uV kYeW \b a \]W
_`YV � � � e^[VYZe _`W W]]\] _W]a jY]^We c W_XWWV _`W
d^ W]WV_ e^[VYZe i �WVkW p ^_ ^e ]WYe\VYcZW _\ rVd Y �u~
rZ_W] _`Y_ a Yg^a ^lWe _`W _W]a ' �� �� � ^V WtsY_^\V �� i
q`^e kYV cW Ykk\afZ^e`Wd cm Y rZ_W] _`Y_ a Yg^a ^lWe
_`W f\XW] \b ' �� ��� sVdW] _`W k\Ve_]Y^VWd _`Y_ _`W r Zh
_W] k\Wv k^WV_e Y]W V\]aYZ^lWd i

q`W rZ_W]^V[ \fW]Y_^\V kYV cW fY]Ya W_]^lWd cm

� # n o � ���$� 4� � � �# n 
 � o � 4 n o � � �# n o � n��o

X`W]W _`W 4� Y]W _`W k\Wv k^WV_e \b _`W �u~ r Z_W] YVd� �# ^e \VW \b _`W ef`W]Wd e^[VYZe i �]^_^V[ WtsY_^\V ��
^V a Y_]^g �jWk_\] V\_Y_^\V \VW \c_Y^Ve

� � � � � n��o
X`W]W a Y_]^g � k\V_Y^Ve _`W _^a W dWZYmWd jW]e^\Ve \b
_`W seWd ef`W]Wd e^[VYZ � �# p ^ iW i
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