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��Tg\\	dT�_��TUVW��	�	�VcU�X��	�e6
WTfWe`	 TXWTiW�^	 X�]RX	 RQSR]SWWTQT
�cRfW��	XT�X�f\Y�`	�	_XTaTSTQ�f\Y�`
V\[YXTU	dRWaV_WXVSZWe`	[�T]S_	bYTWT6
_�f\YT^	 XT����	 TaWV	 �c	 YTXT�e`	p	�W6
XQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU�

�X\RX\XU�	 YTWg[g��	 bYTWT_�f\YTQT
�VcU�X��	 U	 T]SV\X�	 �WXQ�Vg��	 `Tc�^\XUR6
jk�`	\R]lYXTU�	TXYVc	QT\RaV�\XUV	TX	[��6
W�X��	a^\XUWWe`	_�	[T	\T`�VWW�j	\ST6
h�Ui�`\�	`Tc�^\XUWWe`	\U�c^	�	\[V�V6
X�c_	�Q�TWVSZWe`	USV\X^	[��US�	Y	�c6
YT_R	R\�SW�j	gWX�T]hWe`	XWaWg�^	U
bYTWT_�Y	 �T\\���	�QTXTUWT\XZ	 Y�R[We`
[�T�cUTa\XUWWe`	 T]la�WW�^�	 \STh�U6
i�`\�	U	R\STU��`	YT_VWaWT6Va_�W�\X�VX�U6
WT^	 bYTWT_�f\YT^	 \�\X_e�	 Y	dRWYg�T6
W��TUVW�j	U	WTUe`	bYTWT_�f\Y�`	R\STU��`
[�aT[�aS�SV	 �`	 �V\[Va�	 �	 \TfXVW��	 \
\TY�VkW�_	 QT\RaV�\XUWWT^	 [Taa�hY�
bXT	UecUVST	[�T]S_R	aQ�VaVg��	�\R�\WTQT
[TXWg�VSV	]TSZi�W\XUV	TX�V\S^�	[T�US6
W�	X`WTSTQ�f\YT^	�	bYTWT_�f\YT^	W6
\]VSVW\��TUVWWT\X�	\R]lYXTU	̀ Tc�^\XUTUV6
W���	�	\TcaVUi�`\�	R\STU��`	cVaVfV	UT\\XV6
WTUSW��	 [�T�cUTa\XUWWTQT	 [TXWg�VSV
�T\\���	 V	 XVYh	 WT]`Ta�_T\XZ	 �Va�YVSZ6
WTQT	[�T]�VcTUVW��	[�a[���X�^	�VSZWTQT
\YXT�V	 bYTWT_Y�	 X�]RjX	 Ue�V]TXY�	 WT6
Ue`	[Ta`TaTU	Y	�WXQ�Vg��	`Tc�^\XURjk�`
\R]lYXTU�	 \[T\T]\XURjk�`	 [�TaTSW�j
\X�RYXR�WT^	 �Vca�T]SWWT\X�	 [�T_eiSW6
We`	 TX�V\S^	 �	 YT_[SY\TU�	 WVSVh�UVW�
\XV]�SZWe`	 R\XT^f�Ue`	 �WXQ�Vg�TWWe`
UcV�_Ta^\XU�^	_haR	[�a[���X��_��

�\`TaWe_	[RWYXT_	U	�\\SaTUVW��	bYT6
WT_�f\YTQT	\Ta�hVW��	�WXQ�Vg��	̀ Tc�^6
\XURjk�`	\R]lYXTU	�US�X\�	[�a\XVUSW�
T	WVS�f��	�	UcV�_Ta^\XU��	̀ Tc�^\XURjk�`
\R]lYXTU	p	WT\�XS^	 �WXQ�Vg���	 YTXT6
�V�	[T	\UT^	\Tg�VSZWT^	[���Ta	\XZ	�6

cRSZXVX	 UcV�_Ta^\XU��	 bYTWT_�f\Y�`
\R]lYXTU�	 �SaTUVXSZWT�	 \S�	 _e	 `TX�_
cVd�Y\��TUVXZ	 bXT	 T]k\XUWWT	 �USW��
WT]`Ta�_T	T[�aS�XZ	WVS�f�	UcV�_Ta^6
\XURjk�`	 \XT�TW�	 QT	WT\�XS^�	 fXT	[�6
UTWVfVSZWT	 \SaRX	 �V\\_VX��UVXZ	 YVY	 W6
YRj	b_[���f\YRj	aVWWT\XZ�

�	 bYTWT_�f\YT^	S�X�VXR�	TX\RX\XUR6
X	 fXYT	 T[�aSW�	 `Tc�^\XURjkQT
\R]lYXV�	�T	U\	�\\SaTUVXS�	\TS�aV�We�
fXT	`Tc�^\XURjk�^	\R]lYX	�US�X\�	dTYR6
\T_	 bYTWT_�f\Y�`	 TXWTiW�^�	 �V	 WVi
UcQS�a�	\SaRX	\TQSV\�XZ\�	\	X_�	�T\\�^\6
Y�_�	�	cV�R]hWe_�	bYTWT_�\XV_��	YTXT6
�e	�\[TSZcRjX	VQ�Q��TUVWWe	[V�V_X�e
�	�VcS�fVjX	U	[�T�cUTa\XUWWT^	�	U	W[�T6
�cUTa\XUWWT^	\d�V`	\SaRjk�	̀ Tc�^\XUR6
jk�	 \R]lYXe*	 aT_ViW�	 `Tc�^\XUV�	 TX6
f\XUWWe	 �	 cV�R]hWe	 T�QVW�cVg��
4[�a[���X��5�	 cVW�_Vjk�\�	 [�a[��W�6
_VXSZ\YT^	a�XSZWT\XZj	U	�T\\���	V	XVY6
h	QT\RaV�\XUT	r�m	.�	\�	��m	���	\�	��p��s�	�
aVSZW^i_	T\WTUWT	UW�_VW�	]RaX	Ra6
SWT	 [�T_eiSWWe_	[�a[���X��_	 Y�R[6
WTQT	�	\�aWQT	]�cW\V�	[T\YTSZYR	�_WWT
bX�	`Tc�^\XURjk�	\R]lYXe	WV�]TS	cWV6
f�_e	[��	dT�_��TUVW��	�WXQ���TUVWWe`
\X�RYXR��

�SThWT\XZ	 bYTWT_�f\YTQT	 dWT_WV
�WXQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU	T]R\6
SVUS�UVX	WT]`Ta�_T\XZ	[��_WW��	YT_6
[SY\WTQT	[Ta`TaV�	[�aR\_VX��UVjkQT	
�V\\_TX�W�	U	\XVX�f\YT_�	a�WV_�f\YT_
4QWX�f\YT_5�	 YVXQT��VSZWT_	V\[YXV`�

�	V\[YX	\XVX�Y��	[�a[TSVQVjk_	Ue6
aSW�	 ]eX��	 4\UT^\XUV5	 �USW���	 �WXQ6
�Vg��	 `Tc�^\XURjk�`	 \R]lYXTU	 [�a\XVU6
S�X	 \UT^\XUT	 \Tg�VSZWT6bYTWT_�f\YT^
\�\X_e�	 \T\XT�W�	gST\XWT\X��	 R[T��aT6
fWWTQT	dRWYg�TW��TUVW��	fV\X^	gSTQT�
�WV	[�TW�ceUVX	U\	\XT�TWe	bYTWT_�f\6
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Y�`	 TXWTiW�^	WV	 U\`	 \XVa��`	 UT\[�T�c6
UTa\XUWWTQT	g�YSV	�	U\`	 R�TUW�`	��V�6
`��	�	�V\\_VX��UVX\�	 \	 XTfY�	 c�W��	 RY6
�[SW��	 \U�c�	 _haR	 `Tc�^\XURjk�_�
\R]lYXV_�	YVY	bS_WXV_�	\�\X_e�	T]l6
a�WW��	 �`	 U	 TaWT	 gST�	 UTcW�YWTUW��
\X�RYXR�WT^	�	dRWYg�TWVSZWT^	dT�_	T�QV6
W�cVg��	[�T�cUTa\XUV�

�\WTUWe_�	\�\X_We_�	YVf\XUV_�	�W6
XQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU�	WV	WVi
UcQS�a�	 �US�jX\�*	 WS�W^WT\XZ	 �VcU�X��m
R\XT^f�UT\XZ	 \U�c^m	 gST\XWT\XZ	�	 \X�RY6
XR�WT\XZ�

�S�W^WT\XZ	 �VcU�X��	 �WXQ�Vg��	 `T6
c�^\XURjk�`	\R]lYXTU	T]R\STUSWV	UTcW�Y6
WTUW�_	\�W�QX�f\YTQT	bddYXV	dRWY6
g�TW��TUVW��	\�\X_e	YVY	�cRSZXVXV	YTT6
[�VX�UWTQT	a^\XU��	U`Ta�k�`	U	W	[Ta6
\�\X_	�	bS_WXTU	�	Ue�VhVX\�	U	XT_�	fXT
^	[��\Rk�	W	XTSZYT	YVf\XUV	YVhaT^	�c
\T\XVUS�jk�`�	YTXT�e�	UYSjfV�\Z	U	gST�
[TSRfVjX	QT	T\T]WWT\X��	WT	�	��a	[��W6
g�[�VSZWT	 WTUe`	 \UT^\XU�	 \�\X_We`	 YV6
f\XU�	[T�ThaWWe`	UcV�_Ta^\XU�_	bX�`
fV\X^�	��W�QX�f\YV�	YTWg[g��	p	�6
cRSZXVX	 �Vc�V]TXY�	 UTcW�YiQT	 U	 3�6`�QQ�
OO \XTSX��	_ha�\g�[S�WV�WTQT	 WV[�VU6
SW��	U	WVRY	p	\�W�QX�Y��	U	�V_YV`	YT6
XT�TQT	T\Rk\XUS�X\�	XT�X�f\YV�	�YTW6
\X�RYg��	\V_T[�T�cUTSZWe`	[�Tg\\TU	[6
�`TaV	\�\X_	�VcS�fWT^	[���Tae	p	d�c�6
f\Y�`�	`�_�f\Y�`�	\Tg�VSZWe`�	bYTWT_�6
f\Y�`	p	TX	WR\XT^f�UTQT	\T\XT�W��	Y	UTc6
W�YWTUW�j	U	W�`	\XV]�SZWe`	�	T�QVW�cT6
UVWWe`	 \X�RYXR��	�VRfWT	 �	d�ST\Td\YT
T]T\WTUVW�	aVWWV�	YTWg[g��	[TSRf�SV	U
X�RaV`	 cV�R]hWe`	 �	 TXf\XUWWe`	 Rf6
We` p	������QTh�WV�	����XWQ�\V�	����V6
[�ge	�	a�RQ�`	r m	2�	\�	��m	��m� m	�3�	\� �1p
�2s�	��W�QX�f\Y�	 bddYXe�	 `V�VYX��6
cR_e	 YVY	 �cRSZXVXe	 �WXQ�Vg��	 `Tc�^6
\XURjk�`	 \R]lYXTU�	 [��UTa�k�	 Y	 �c_6
WW�j	YVf\XUV�	�US�jX\�	VaYUVXWe_	�W6
\X�R_WXV��_	 TgWY�	 	 bddYX�UWT\X��
�TbXT_R	bddYX	\�W�Q��	YVY	[TW�X�	UcV6
�_WTQT	R\�SW��	[�T�cUTa\XUWWe`	\U�c^
[��T]�XVX	U	�\\SaTUVW��	�WXQ�Vg��	`T6
c�^\XURjk�`	 \R]lYXTU	T\T]T	 UVhWT	 cWV6
fW��

�\XT^f�UT\XZ	\U�c^	�WXQ�Vg��	`Tc�^6
\XURjk�`	\R]lYXTU	YVY	\UT^\XUV	\Tg�VSZ6
WT6bYTWT_�f\YT^	\�\X_e	T]R\STUSWV�	WV

WVi	UcQS�a�	\Rk\XUTUVW�_	n\�S	UcV�_WT6
QT	[��X�hW��o�	[�UeiVjk�`	[�a[TfX6
W��	 4[��_Rk\XUV5	 VUXTWT_WTQT	dRWYg�6
TW��TUVW��	\R]lYXTU	`Tc�^\XUTUVW���	�]6
�VcRjkV�\�	 U	 �cRSZXVX	 �`	 a^\XU��	 bYT6
WT_�f\YV�	 \X�RYXR�V	 T]\[f�UVX	 aT_�6
W��TUVW�	 bddYXV	 \TU_\XWTQT	dRWYg�T6
W��TUVW��	 `Tc�^\XURjk�`	 \R]lYXTU	 WVa
\R__T^	 bddYXTU	 �`	 VUXTWT_WT^	 a�XSZ6
WT\X�	r���	\�	.1p��s*

� �
� � � �C C

Σ+ < 4�5

Qa	
� �8 8� �� 	p	bddYXe	\V_T\XT�XSZWTQT�

VUXTWT_WTQT	dRWYg�TW��TUVW��	`Tc�^\XUR6
jk�`	\R]lYXTU	 �C 	�	 �C m	�∑ 	p	bddYX	\T6
U_\XWT^	a�XSZWT\X�	\R]lYXTU	`Tc�^\XUT6
UVW��	U	�V_YV`	�WXQ���TUVWWT^	\X�RYXR�e�

�VY�_	T]�VcT_�	\�W�QX�f\Y�^	bddYX
�WXQ�Vg��	 y; 	�c_��X\�	US�f�WT^	�Vc6
WT\X�*

( )
� �

� � � � 	 ��y y
C C; ;∑= − + ≥ 4�5

�_	]TSZi	\�W�QX�f\Y�^	bddYX	 qS �
X_	 QSR]h	�	 R\XT^f�U	[�Tg\\	�WXQ�V6
g��	�	X_	R\XT^f�U	\�\X_V	�V\\_VX��UV6
_e`	`Tc�^\XURjk�`	\R]lYXTUm	[��	 �y; ≤
\�W�QX�f\Y�`	 bddYX	 TX\RX\XURX	 �S�
TX��gVXSW	 �	 \�\X_V	 aT\XVXTfWT	 ]e\X�T
�V\[VaVX\��

+T�_RSV	4�5	_ThX	]eXZ	�WX�[�X��T6
UVWV	\SaRjk�_	T]�VcT_*	bddYX	TX	\TU_6
\XWTQT	dRWYg�TW��TUVW��	 `Tc�^\XURjk�`
\R]lYXTU	YVY	gST\XWT\X��	\YSVaeUVX\�	�c
\R__e	bddYXTU	�`	VUXTWT_WTQT	dRWYg�T6
W��TUVW���	 \YT��YX��TUVWWe`	 \	 RfXT_
UTcW�YVjk�`	[TSTh�XSZWe`	\�W�QX�f\6
Y�`	bddYXTU�

"ST\XWT\XZ	�	\X�RYXR�WT\XZ	�WXQ�Vg��
`Tc�^\XURjk�`	 \R]lYXTU	 U	 V\[YX	 \XVX�6
Y�	̀ V�VYX��cRjX		YVY	T[�aSWWRj	\�W6
Xc��RjkRj	cVYTWT_�WT\XZ�	Ue�VhVjkRj
YVf\XUWWe^	 �cRSZXVX	 [�T�USW��	 U\`
dRWYg�TWVSZWe`	 �	 R�TUWUe`	dT�_	 T�QV6
W�cVg��	[�T�cUTa\XUV�	#VYTWT_�WT\XZ	cV6
YSjfVX\�	U	dT�_��TUVW��	gST\XWT^	\�\6
X_e�	U	YVf\XU	[��cWVYTU	YTXT�T^	_ThWT
TX_X�XZ	R\XVWTUSW�	T]kQT	X_[V	�VcU�6
X��	 \T\XVUS�jk�`	 	 fV\X^	 �	 RUS�fW�
\YT�T\X�	�VcU�X��	�	bddYX�UWT\X�	dRWY6
g�TW��TUVW���	,S�	gST\XWe`	\�\X_	\UT^6
\XUWWT	[��T]�XW�	�`	bS_WXV_�	U	̀ Ta
�VcU�X��	 WTUe`	 f�X�	 W	 [��\Rk�`	 �_	 aT
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U`ThaW��	 U	 \�\X_R�	 �	 XT	h	 U�_�	 TW�
UeWRhaWe	 TQ�VW�f�UVXZ	 \UT�	 \UT^\XUV�
X�VW\dT�_��TUVXZ	YVf\XUT�	�	T]T]kWWT_
U�a	�WXQ�Vg��	 `Tc�^\XURjk�`	 \R]lYXTU
YVY	 \�WXc��RjkV�	 cVYTWT_�WT\XZ	 [�a6
\XVUSWV	WV	��\�	��

�	T\WTU	aVWWT^	\`_e	p	a�VSYX�f\6
YV�	 UcV�_TT]R\STUSWWT\XZ	 \X�RYXR�We`
R�TUW^	�	dRWYg�TWVSZWe`	dT�_	�WXQ�V6
g��	̀ Tc�^\XURjk�`	\R]lYXTU�	YTXT�V�	[�6
aT[�aS�X		gST\XWT\XZ	�	WVS�f�	b_�6
ahWXWe`	\UT^\XU�

+RWYg�TWVSZWe	 dT�_e	 T�QVW�cVg��
[�T�cUTa\XUV�	YVY	[�VU�ST�	W	�_jX	T�QV6
W�cVg�TWWTQT	TdT�_SW��	�	fXY�`	Q�VW�g
�	`V�VYX��cRjX	[�U�fWe^	R�TUWZ	T]T]6
k\XUSW���	 �Vf\XUWWT	 �`	 �VcU�X�
\TcaVX	[�a[T\eSY�	�WXQ�Vg��	̀ Tc�^\XUR6
jk�`	\R]lYXTU�	V	U	b[T`R	���	aX�_�W�6
�RX		�VcU�X��	�	[Ta_W��	\Ta�hVW�
YVhaTQT	 YT_[TWWXV	 �V\\_VX��UV_T^	 \T6
UTYR[WT\X�	dRWYg�TWVSZWe`	 �	 R�TUWUe`
dT�_	 T�QVW�cVg��	 [�T�cUTa\XUV�	 �WXQ�V6
g��	 `Tc�^\XURjk�`	 \R]lYXTU	 \XZ	 YVf6
\XUWWT	T]T]kW�	�`	\RkWT\X��	�_WWT
[TbXT_R	 T]k\XUWWT	 �VcaSW�	 X�RaV�
\[g�VS�cVg���	 YTWgWX�Vg���	 YTT[���T6
UVW�	�	YT_]�W��TUVW�	[�T�cUTa\XUV�	WV6

��aR	\	R�TUWUe_�	dT�_V_�	UT[STkVjX\�
U	\�\X_	�WXQ�Vg��	YVY	gST\XWT\XZ�

�WXQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU	p
bXT	 W	 cV\XeUi�	 �Vc	 �	 WVU\QaV	 aVWWT
T]�VcTUVW��	YTXT�T	_ThWT	�c_��XZ�	�\6
YVXZ	R\STU��	\Rk\XUTUVW���	V	a�WV_�fWe^
[�Tg\\	\	[��\Rk�_	_R	\_WT^	dT�_�	\XV6
WTUSW�_	�	�V\[VaT_�	�_jk�^	\UT	WV6
fVST	�	cVU�iW��	�	[TbXT_R	aTShWV	]eXZ
�V\\_TX�WV	�_WWT	UT	U\^	\TUTYR[WT\X�
dVc	\UTQT	�VcU�X���	#VaVfV	\T\XT�X	U	XT_�
fXT]e	cVYSjf�XZ	bX�	�USW��	U	a�WRj	[ST\6
YT\XZ	[��f�WWT6\Sa\XUWWTQT	VWVS�cV�	RYV6
cVXZ	WV	UTc_ThWe	\U�c�	\T\XVUS�jk�`	�W6
XQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU	�	�`	\[6
g�d�YR	p	[�a_XWRj	�	STQ�f\YRj�

����T�X��	R\XVWTU�S�	fXT	�WXQ�Vg�TW6
We	[�Tg\\e	[�T�\`Ta�X	g�YS�f\Y��	[��6
f_	WV	YVhaT^	dVc	g�YSV	 bYTWT_�f\Y�
_TX�Ue	�	dT�_e	�WXQ�Vg��	�VcS�fWe	r�.s�
�	[�Tg\\	 g�YS�f\YTQT	 aU�hW��	[TUe6
iVX\�	\X[WZ	c�ST\X�	YTWY�XWe`	T�QV6
W�cVg�TWWT6bYTWT_�f\Y�`	dT�_	�WXQ�V6
g���	fXT�	U	fV\XWT\X��	T[�aS�X\�	�VcU�6
X�_	_VX��VSZWT6X`W�f\YT^	]Vce	T]k6
\XUV�	�VcaSW�_	X�RaV�

�	 bYTWT_�f\YT^	 S�X�VXR�	 UeaS�jX
aUV	U�aV	g�YSTU*	g�YS	YTS�f\XUWWT6YVf6

��)#�j�	�WXQ�Vg��	`Tc�^\XURjk�`	\R]lYXTU	YVY	\�WXc��RjkV�	cVYTWT_�WT\XZ

���������	�
�������
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\XUWWe`	[�T]�VcTUVW�^	�	g�YS	YVf\XUW6
We`	 [�T]�VcTUVW�^�	��UTWVfVSZWT�	 YTQ6
aV	T]la�W�X\�	WYTXT�T	YTS�f\XUT	a�d6
d�Wg��TUVWWe`	 `Tc�^\XURjk�`	 \R]lY6
XTU�	]TSZi	cWVfW�	�_X	[�`Ta	YTS�6
f\XUWWe`	 �c_WW�^	 U	 YVf\XUWWe*
nq\S��W�	T]T\T]SWWe`	[�T�cUTa\XU	U	a�6
WT	 [�T�cUTa\XUT	 [��UTa�X	 Y	 [T�USW�j
]TSZiQT	[TXWg�VSV�	f_	\R__V	[TXWg�6
VSTU	TXaSZWe`	[�T�cUTa\XUo	r1�	\�	�1s�	�Vc6
U�X�	�WXQ�Vg��	̀ Tc�^\XURjk�`	\R]lYXTU
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WT_	 TXWTiW��	 \U�cVWT	 \T	 \_WT^	 TaW�`

YVf\XUWWe`	 \T\XT�W�^	 a�RQ�_��	 ,VS�
[T\YTSZYR	 WV	 �WXQ���TUVWWRj	 \X�RYXR�R
a^\XURjX	UWiW�	�	UWRX�WW�	dVYXT�e
�	 \V_V	 [T	 \]	 TWV	 �US�X\�	 a�WV_�fWT^�
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Y	�\\SaTUVW�j	�WXQ�Vg��	`Tc�^\XURjk�`
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XQ���TUVWWT^	\X�RYXR�e	WV	YTT�a�WVg�TW6
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_WV	 �cRSZXVXV_�	 [�T�cUTa\XUV	 \	 gSZj
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TX�V\S�_	 �	 [�a[���X��_m	 T�Ra�	 \]VSVW6
\��TUVWWT\X�	YTWY�XWe`	[TX�]WT\X^	cV6
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XQ�Vg��	̀ Tc�^\XURjk�`	\R]lYXTU	YVY	bYT6
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�VcS�fWe`	 bYTWT_�f\Y�`	 R�TUW�`	 4\_�
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T\WTUWe	 \UT^\XUV	 �WXQ�Vg��	 `Tc�^\XUR6
jk�`	\R]lYXTU�	�X	XTQT�	WV\YTSZYT	bddY6
X�UWT	TW�	�VS�cRjX\��	cVU�\�X	bddYX�U6
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