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�TUeiW�	 �cRSZXVXTU	 X�RaTUT^	 a�6
XSZWT\X�	_ThX	aT\X�QVXZ\�	cV	\fX	�VcS�f6
We`	 \[T\T]TU	 UTca^\XU��	 WV	 �V]TXW�YTU�
�VhW^i�_	 \�a�	 W�`	 �US�X\�	 aT[TSW�6
XSZWT	_VX��VSZWT	UTcWVQ�VhaW�	[�6
\TWVSV	cV	�cRSZXVXe	X�RaV�	Ue\XR[Vjk	U
U�a	 [�_����	 ��_��TUVW�	 �V]TXW�YTU
T\WTUeUVX\��	 WV	 WVi	 UcQS�a�	 WV	 [��Wg�6
[V`	\Tg�VSZWT^	\[�VUaS�UT\X��	_VX��VSZ6
WT^	cV�WX�\TUVWWT\X�	U	aT\X�hW��	Ue6
\TY�`	YTWfWe`	�cRSZXVXTU	 X�RaTUT^	a�6
XSZWT\X��	 \TfXVW��	 �Wa�U�aRVSZWT^	 �
YTSSYX�UWT^	_VX��VSZWT^	cV�WX�\TUVW6
WT\X��	[TTk�W��	XUT�f\YT^	�W�g�VX�Ue
�	 TXUX\XUWWT\X��	 aT\X�hW��	 Ue\TYTQT
YVf\XUV	�cRSZXVXTU	X�RaV�	���Wg�[V_�	[T6
\X�TW��	 [�_�VSZWT^	 \�\X_e	 �US�jX\�*
T]T\WTUVWWT\XZ�	[�T\XTXV�	�\WT\XZ�	Q�]YT\XZ�

�\WTUWT^	gSZj	[�_��TUVW��	�US�X\�
[TUeiW�	bddYX�UWT\X�	�V]TXe	[�a[��6
�X��	cV	\fX	VYX�U�cVg��	X�RaTUT^	�	XUT�f\6
YT^	a�XSZWT\X�	[�\TWVSV�	�XV	gSZ	aT\X�6
QVX\�	 [RX_	�\[TSZcTUVW��	 U	 T�QVW�cVg��
�VcS�fWe`	[�_�VSZWe`	\�\X_�	a^\XURjk�`
U	\TTXUX\XU��	\	cVYTWTaVXSZWe_�	�	WT�_V6
X�UWe_�	VYXV_��	�TQSV\WT	\XVXZ	���	��RaT6
UTQT	YTaY\V�	�V]TXTaVXSZ	�_X	[�VUT	R\XV6
WVUS�UVXZ	�VcS�fWe	\�\X_e	[�_��TUVW��
\	 RfXT_	_WW��	[�a\XVU�XSZWTQT	 T�QVWV
�V]TXW�YTU�	�W�	_TQRX	R\XVWVUS�UVXZ\�	XVY6
h	YTSSYX�UWe_	aTQTUT�T_�	fXT	WViST	TX6
�VhW�	U	\XVXZ	 3	��RaTUTQT	YTaY\V�	�TS6
SYX�UWe^	aTQTUT�	aT[TSW�X	 QT\RaV�\XUW6
WRj	\�\X_R	�QSV_WXVg��	 X�RaTUe`	TXWT6
iW�^	�	T]SVaVX	\Rk\XUWWT^	Q�]YT\XZj�
[TcUTS�jk^	Rf\XZ	T\T]WWT\X�	YTWY�XWT^
T�QVW�cVg���	�	\TU�_WWe`	R\STU��`	U\	cV6
YTWTaVXSZWe	[TSThW��	[T	UT[�T\V_�	\U�6

cVWWe_	\	[�_��TUVW�_�	WT\�X	�YT_WaV6
XSZWe^	`V�VYX��	��QVW�cVg��	�VS�cRjX	U
[�_�VSZWe`	\�\X_V`	\T]\XUWWT	[�VUT�	U
\TTXUX\XU��	 \	 YTXT�e_	U	WV\XT�k	 U�_�
W�	a^\XURjk	 X�RaTUT	 cVYTWTaVXSZ\XUT�
W�	gWX�VS�cTUVWWT	�caVWWe	WT�_VX�UWe
VYXe	W	�QSV_WX��RjX	[TSThW��	T	[�_�6
�TUVW��	�V]TXW�YTU�

��_�VSZWe	\�\X_e	aTShWe	]eXZ	bYT6
WT_�f\Y�	bddYX�UWe�	X��	aTShWe	RSRf6
iVXZ	bYTWT_�f\Y�	[TYVcVXS�	a�XSZWT6
\X�	 T�QVW�cVg��	 [RX_	 gSWV[�VUSWWTQT
\X�_RS��TUVW��	[Tc�X�UWe`	�c_WW�^	[��
[TSTh�XSZWT_	 [\�`TSTQ�f\YT_	 UT\[���6
X��	�V]TXW�YV_�	U\`	[TSThW�^	[�_�VSZ6
WT^	\�\X_e�	�	R\STU��`	]e\X�T	_W�jk^6
\�	bYTWT_�f\YT^	\�ae	TgWYV	bddYX�U6
WT\X�	 [�_�VSZWT^	 \�\X_e	 \XVWTU�X\��
XVY�_	T]�VcT_�	T\WTUWe_	Y��X��_	Ue]T6
�V�	��_�VSZWe	[TSThW��	 aTShWe	[�T6
`Ta�XZ	 YVf\XUWWRj�	 YTS�f\XUWWRj	 �
[\�`TSTQ�f\YRj	TgWYR	�`	US��W���	�YT6
_WaRX\�	 Ue[TSWW�	 \SaRjk�`	 bXV[TU�
[�a[TSVQVjk�`	�\[TSZcTUVW�	T[�aSW6
We`	_XTa�f\Y�`	 [Ta`TaTU	 Y	 TgWY	 bd6
dYX�UWT\X�	[�_�VSZWe`	\�\X_�

��������� gf���	 [�TUTa�X\�	 YVf\XUW6
WV�	 TgWYV	 bddYX�UWT\X�	 [�_�VSZWT^
\�\X_e�	[�a[TSVQVjkV�	Ue�USW�	\TTX6
UX\XU��	 	 [��Wg�[V_	 [�_��TUVW��	 �
[T\XVUSWWe_	gS�_�	 fXT	 aT\X�QVX\�	 [��
\T]SjaW��	\SaRjk�`	R\STU�^*

��	a^\XU�	[TYVcVXS^	�	R\STU�^	[�6
_��TUVW��	aTShWT	]eXZ	WV[�VUSWT	WV	�6
iW�	cVaVf�	\XT�k�`	[�a	T�QVW�cVg�^m

��	 �cRSZXVXe�	 [TSRfWWe	[��	�\[TSZ6
cTUVW��	[�_�VSZWT^	\�\X_e�	aTShWe	\[T6
\T]\XUTUVXZ	 aT\X�hW�j	[T\XVUSWWT^	[6
�a	Wj	gS�m

.�	 �\XTfW�Y�	 Ue[SVXe	 [�_�^	 aTShWe
\TTXUX\XUTUVXZ	 [TYVcVXS�_	 �	 R\STU��_

�	�TW�X�	 [�_��	 4TX	 SVX�	 �{z�w��	p	WVQ�VaV5
T[�aS�X\�	YVY	_�V	[TTk�W��	 cV	T\T]e	aT\X�6
hW��	�S�	cV\SRQ�	U	YVYT^6S�]T	T]SV\X��
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[�_��TUVW��	 �	 [TSWT\XZj	 T]\[f�UVXZ
[TX�]WT\X�	U	d�WVW\TUe`	\�a\XUV`m

��	 [TYVcVXS�	 �	 R\STU��	 [�_��TUVW��
aTShWe	WV`Ta�XZ\�	U	[TSWT_	\TTXUX\XU��
\	 X�]TUVW��_�	 cVYTWTaVXSZWT6[�VUTUT^
]Vce	�	R\STU��_�	[�TUaW��	X`WTSTQ�f\6
YTQT	[�Tg\\V	[��	\T]SjaW��	[�VU�S	X`6
W�Y�	]cT[V\WT\X��	\VW�XV�WT6Q�Q�W�f\6
Y�`	WT�_	�	WT�_VX�UTUm

 �	R�TUWZ	Ue[TSWW��	[TYVcVXS^	[�6
_��TUVW��	 aTShW	 W[T\�a\XUWWT	 cVU�6
\XZ	TX	X�RaTUe`	R\�S�^	�V]TXW�YTUm

2�	[�_��R_e	�V]TXW�Y�	aTShWe	TYV6
ceUVXZ	�VSZWT	UTca^\XU�	WV	aT\X�hW�
gS^	�	Ue[TSWW�	cVaVf	[�_�VSZWT^	\�6
\X_em

3�	WT]`Ta�_T	Rf�XeUVXZ	US��W�	WV	R�T6
UWZ	Ue[TSWW��	[TYVcVXS^	[�_��TUVW��
dVYXT�TU�	 W	 cVU�\�k�`	 TX	 a�XSZWT\X�
�V]TXW�YTUm

0�	 �Vc_�e	 [�_�^	 aTShWe	 Rf�XeUVXZ
US��W�	UWRX�WW�`	dVYXT�TU�	TX�VhWWe`
U	[�_�VSZWT^	\�\X_	aVWWT^	T�QVW�cVg���
V	XVYh	US��W�	UWiW�`	dVYXT�TU	4�eWTf6
We`�	TX�V\SUe`5�

�e[TSWW�	aUR`	[�Ue`	R\STU�^	\U�cV6
WT	 \	 gSZj	 �\[TSZcTUVW��	 [�_�VSZWT^
\�\X_e�	X�XZQT	�	fXU�XTQT	p	\		\T6
a�hVW�_�	[�XTQT	�	i\XTQT	p	\	[�_��R6
_e_�	�V]TXW�YV_��	\aZ_TQT	�	UT\Z_TQT p
\	 US��W�_	 WV	 [�_�VSZWRj	 \�\X_R	 �Vc6
S�fWe`	 dVYXT�TU�	 ���	 bXT_	 WT]`Ta�_T
Rf�XeUVXZ	X�]TUVW��	\T`�VWW��	YTWYR�W6
XWTQT	R�TUW�	cV�V]TXWT^	[SVXe	�V]TXW�YTU
�	UTc_ThWT\XZ	aVSZW^iQT	[TUeiW��	�`
_VX��VSZWTQT	 ]SVQT[TSRf���

�V	bXT_	bXV[	[�TU��X\�	XVYh	[�VUT6
_�WT\XZ	�\[TSZcTUVW��	[�_�VSZWe`	\�\6
X_�	��_�VSZWe	[TSThW��	aTShWe	[��6
W�_VXZ\�	[T\S	 \TQSV\TUVW��	 \	[�Td\Tjc6
We_	YT_�XXT_�	fXT	T]\[f�UVX	�`	\TTX6
UX\XU�	X�]TUVW��_	\Tg�VSZWT^	cVk�kW6
WT\X�	�V]TXW�YTU�	�TSThW��	aTShWe	h6
QTaWT	 [�\_VX��UVXZ\�	 [��	 cVYSjfW��
YTSSYX�UWTQT	aTQTUT�V�	�XT	[TcUTS�X	T\R6
k\XUS�XZ	�`	YT��YX��TUYR	U	\TTXUX\XU��
\	�c_WW�_	U	[�T�cUTa\XUWWT6d�WVW\T6
UT^	a�XSZWT\X�	T�QVW�cVg���	[T�USW�_
WTUe`	T��WX��TU	[��	\X�_RS��TUVW��	X�R6
aTUT^	VYX�UWT\X�	�V]TXW�YTU�

���	YVf\XUWWT^	TgWY	 bddYX�UWT6
\X�	 [�_�VSZWT^	 \�\X_e	 Ue�US�X\�	 

VaYUVXWT\XZ	[T\XVUSWWe_	gS�_�	�VY�	aS�
aT\X�hW��	Y�VXYT\�TfWe`	�	\�aW\�TfWe`
gS^	WV�]TS	a^\XUWWT	XYRk	[�_�6
�TUVW�	cV	T\WTUWe	�cRSZXVXe	a�XSZWT6
\X��	 aS�	 aT\X�hW��	 aTSQT\�TfWe`	 �	 \[6
g�VSZWe`	gS^	p	�VcTUT	[�_��TUVW�	�
\[g�VSZWe	\�\X_e�	[�aR\_VX��UVjk�
Ue[SVXR	UTcWVQ�VhaW��	[T	�XTQV_	�V]TXe�
�	 WV�]TSZi^	 \X[W�	 T��WX��TUVWe	 WV
�\[TSZcTUVW�	\TU�_WWe`	[Ta`TaTU	U	[�T6
�cUTa\XUWWT^	 a�XSZWT\X�	 T�QVW�cVg��
\[g�VSZWe	 \�\X_e	 [�_��TUVW���	 Rf�6
XeUVjk�	�cRSZXVX	�	[��Ta	QT	aT\X�h6
W���	�VY�	\�\X_e	WV[�VUSWe	WV	bYTWT6
_�j	�\R�\TU�	\TcaVW�	�	UWa�W�	WTUT^
X`W�Y��	X`WTSTQ���	�c_WW�	YTW\X�RY6
g�^	�	X`W�f\Y�`	`V�VYX��\X�Y�

�Vf\XUWWV�	TgWYV	T\WTUWe`	bS_W6
XTU	 [�_�VSZWT^	 \�\X_e	 4[TYVcVXS^	 �
R\STU�^	[�_��TUVW���	�\XTfW�YTU	Ue[SV6
Xe	[�_�^�	 �Vc_�TU�	iYVS	�	 \�TYTU	[�6
_��TUVW���	[T��aYV	WVf�\SW��	[�_���	V
XVYh	Y�RQV	[�_��R_e`	�V]TXW�YTU5	Ue6
�US�X	 �`	 UcV�_WT	 \TTXUX\XU�	 �	 T��W6
XVg�j	WV	aT\X�hW�	[T\XVUSWWe`	gS^�
�V[��_��	[��	TaWTU�_WWT_	�\[TSZcTUV6
W��	YTS�f\XUWWe`	�	YVf\XUWWe`	[TYV6
cVXS^	gS\TT]�VcWT	\T]SjaW�	\SaRj6
kQT	\TTXUX\XU���	�\S�	U	[�_�VSZWT^	\�6
\X_	 [��W�Xe	 YVf\XUWWe	 [TYVcVXS�
[�_��TUVW���	XT	R\STU��_�	a^\XU��	bXT^
\�\X_e	aTShWe	]eXZ	YTS�f\XUWWe	`V6
�VYX��\X�Y��	�	WVT]T�TX�	\S�	[TYVcVXS�
[�_��TUVW��	�US�jX\�	YTS�f\XUWWe_��
XT	 R\STU��	 [�_�VSZWT^	 \�\X_e	 aTShWe
TX�VhVXZ	 X�]TUVW��	 aT\X�hW��	 \TTXUX6
\XURjkQT	R�TUW�	YVf\XUV�

����f����gf���	[�TUTa�X\�	YTS�f\XUW6
WV�	 TgWYV	 bddYX�UWT\X�	 [�_�VSZWT^
\�\X_e�	�XTa�YV	 [�TUaW��	 YTS�f6
\XUWWT^	TgWY�	T\WTUeUVX\�	WV	XT_�	fXT
�cRSZXVXe	TX	UWa�W��	[�_�VSZWT^	\�\6
X_e	 aTShWe	 [�UeiVXZ	 cVX�VXe�	 U	 YVf6
\XU	YTXT�e`	Ue\XR[VX	[�_���	���X��_
bYTWT_�f\YT^	 bddYX�UWT\X�	 U	 aVWWT_
\SRfV	�US�X\�	\T]SjaW�	\SaRjk�`	\T6
TXWTiW�^*
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Qa	�	p	bddYX	TX	UWa�W��	[�_�VSZWT^
\�\X_em	�	p	�Vc_�	Ue[SVfWWT^	[�_��m
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>�	p	�WaY\	bddYXV	TX	UWa�W��	[�_�6
VSZWT^	\�\X_em	>�	p	�WaY\	�Vc_�V	Ue[6
SVfWWT^	[�_���

�ddYX	_ThX	Ue�VhVXZ\�	U	�VcS�fWe`
a�W�gV`�	WT	[��	\�VUWW��	QT	\	cVX�VXV6
_��	 X��	 \	[�_�^�	�cRSZXVX	aTShW	]eXZ
Ue�VhW	U	aWhWT_	bYU�UVSWX*
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Qa	�a�	�]	p	\TTXUX\XUWWT	aT\X�QWRXe^	�
]Vc�\We^	R�TUW�	[TYVcVXS�	[�_��TUVW��
U	a�W�gV`	�c_�W��	[TYVcVXS�	[�_��T6
UVW��m	�H	p	\SVQV_e	bddYXVm	N	p	YTS�6
f\XUT	\SVQV_e`	bddYXV�

�]\TSjXWT	4�a��]5	�c_WW�	[TYVcV6
XS�	[�_��TUVW��	YT��YX��RX\�	\	gSZj
[TSRfW��	aWhWTQT	Ue�VhW��	aT\X�QWR6
XTQT	bddYXV	WV	\R__R	bddYXV�	[��`Ta�6
kQT\�	WV	 a�W�gR	[TYVcVXS�	[�_��TUV6
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\R__V�We^	 bddYX�	 [TSRfWWe^	 [��	 UW6
a�W��	[�_�VSZWT^	\�\X_e	p	∑DH �

�T\YTSZYR	R�TUWZ	]Vc�\WTQT	[TYVcVX6
S�	[�_��TUVW��	cVU�\�X	TX	\�TYV	a^\XU��
[�_�VSZWT^	\�\X_e�	XT	aS�	UWTUZ	UUTa�6
_T^	[�_�VSZWT^	\�\X_e	aT\X�QWRXV�	U6
S�f�WV	[TYVcVXS�	\�VUW�UVX\�	\	QT	R�TU6
W_	aT	UWa�W���	�	\S�	[�_�VSZWV�	\�\6
X_V	a^\XURX	[�TaTSh�XSZWT	U�_��	 XT
�YT_WaRX\�	\�VUW�UVXZ	aT\X�QWRXe^	R�T6
UWZ	[TYVcVXS�	[�_��TUVW��	\T	\�aW�_
QT	cWVfW�_	cV	[�ai\XURjk�^	[��Ta�

�XTa�Y�	bYTWT_�f\YTQT	T]T\WTUVW��
[�_�VSZWe`	 \�\X_	_TQRX	 U	 \UT^	T\WTU
�_XZ	�VcS�fWe	[Ta`Tae�	aVjk�	V]\TSjX6
WRj	�S�	TXWT\�XSZWRj	TgWYR�	�VY�	[�6
_��TUVW�	cV	RUS�fW�	T]l_V	Ue[R\YV6
_T^	[�TaRYg��	 UaX�	 \	 TaWT^	 \XT�TWe�	 Y
UTc�V\XVW�j	cVX�VX	WV	cV�V]TXWRj	[SVXR	4U
�V\fX	WV	a�W�gR	[�TaRYg��5�	\	a�RQT^	p
RUS�fW�	T]l_V	Ue[R\YV_T^	[�TaRYg��
UaX	 Y	 \TY�VkW�j	 R\STUWT6[T\XT�WWe`
WVYSVaWe`	�V\`TaTU	WV	a�W�gR	Ue[R\YV6
_T^	 [�TaRYg���	��_�VSZWV�	 \�\X_V	 ]R6
aX	bYTWT_�f\Y�	bddYX�UWV�	\S�	bYTWT6
_��	[T	WVYSVaWe_	�V\`TaV_	[�Ue\�X	\R_6

_R�	 WT]`Ta�_Rj	 aS�	 [�_��TUVW���	 fXT
[��UaX	 Y	 \W�hW�j	 \]\XT�_T\X�	 [�T6
aRYg���

�T\YTSZYR	 U	 \]\XT�_T\X�	 [�TaRYg��
YVY	[�VU�ST	Ue\TY	RaSZWe^	U\	_VX��VSZ6
We`	cVX�VX	4U	[�T_eiSWWT\X��	WV[��_��
TW	\T\XVUS�X	aT	3� t5�	XT	\Rk\XUWWT	cWV6
fW�	RaS�X\�	[�_��TUVW�j	cV	bYTWT_�j
_VX��VSZWe`	 �\R�\TU�	 �YTWT_�f\Y�^
bddYX	TX	[��_WW��	\�\X_	[�_��TUV6
W��	 cV	 bYTWT_�j	_VX��VSZWe`	 �\R�\TU
_ThWT	T[�aS�XZ	[T	dT�_RS*
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Qa	�\	p	\W�hW�	\]\XT�_T\X�	[�TaRY6
g���	 dVYX�f\Y�	 [TSRfWWT	 U	 �cRSZXVX
[��_WW��	\�\X_e	[�_��TUVW��	cV	bYT6
WT_�j	 _VX��VSZWe`	 �\R�\TU�	 �R]�m	 �WH�
�+H p	WT�_VX�UWe^	 �	dVYX�f\Y�^	 �V\`Ta
H6QT	_VX��VSV	4XT[S�UV�	bW�Q��	�	X�[�5	WV
a�W�gR	[�TaRYg��	U	WVXR�VSZWT_	�c_�6
W��m	�H	p	T]l_	H6T^	[�TaRYg��	U	WVXR�VSZ6
WT_	�c_�W���	cV	Ue[R\Y	YTXT�T^	Ue[SV6
f�UVjX\�	[�_��m	"H	p	gWV	cV	a�W�gR	H6QT
_VX��VSV	 4XT[S�UV�	 bW�Q��	 �	 X�[�5�	 �R]�m
�[�H	p	YTbdd�g�WX�	[TYVceUVjk�^�	YVYV�
aTS�	 bYTWT_��	 WV[�VUSWV	 WV	 [�_��TUV6
W�	 �V]TXW�YTU	 4WV	 [�VYX�Y	 �Vc_�	 [�6
_��	 R\XVWVUS�UVX\�	 WV	 R�TUW	p	 TX	 �	 aT
 � t	bYTWT_��	_VX��VSZWe`	�\R�\TU5�

�VaT	 cV_X�XZ�	 fXT	 �\[TSZcTUVW�	 \�\6
X_	[�_��TUVW��	cV	bYTWT_�j	_VX��VSZ6
We`	�\R�\TU	X�]RX	[�TU�Y�	T]T\WTUVW6
WT\X�	[��_W�_e`	WT�_	 �V\`TaV	_VX��6
VSZWe`	�\R�\TU�

�WVSTQ�fWT	_ThX	 TgW�UVXZ\�	 bYTWT6
_�f\YV�	 bddYX�UWT\XZ	 [�_��TUVW��	 cV
[TUeiW�	\T�XWT\X�	[�TaRYg���	X�Y�	T�QV6
W�cVg��	 cV	[�TaRYg�j	Ue\i�`	\T�XTU	[T6
SRfVX	aT[TSW�XSZWRj	[��]eSZ�	fV\XZ	YT6
XT�T^	_ThX	WV[�VUS�XZ\�	WV	[�_��TUVW�
�V]TXW�YTU�	T]\[f�UVjk�`	aT[TSW�XSZ6
WT	[�T�cUTa\XUT	Ue\i�`	\T�XTU	[�TaRYg���
�V\fX	Ue[TSW�X\�	\SaRjk�_	T]�VcT_*
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Qa	�\	p	\W�hW�	\]\XT�_T\X�	[�TaRY6
g���	 dVYX�f\Y�	 [TSRfWWT	 U	 �cRSZXVX
[��_WW��	\�\X_e	[�_��TUVW��	cV	[TUe6
iW�	\T�XWT\X�	[�TaRYg���	�R]�m	 ∆ΠU\� H p
[���T\X	[�TaRYg��	Ue\iQT	\T�XV	[T	\�VU6
WW�j	 \	 [�aR\_TX�WWe_	 U	 WVXR�VSZWT_
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�c_�W��m	"U\H�	"W\H	p	gWe	WV	a�W�gR	H6QT
U�aV	[�TaRYg��	Ue\iQT	�	\_hWTQT	\	W�_
W�ciQT	 \T�XV�	 �R]�m	�[�H	p	 YTbdd�g�WX�
[TYVceUVjk�^�	YVYV�	aTS�	[��]eS�	TX	Ue6
[R\YV	Ue\i�`	\T�XTU	[�TaRYg��	WV[�VUS�6
X\�	WV	[�_��TUVW�	�V]TXW�YTU	4WV	[�VY6
X�Y	�Vc_�	[�_��	R\XVWVUS�UVX\�	\	Rf6
XT_	RUS�fW��	[�_�VSZWTQT	dTWaV	cV	\fX
[TUeiW��	\T�XWT\X�	[�TaRYg��5�

�VYT^	h	[Ta`Ta	_ThX	]eXZ	�\[TSZcT6
UVW	Y	TgWY	bddYX�UWT\X�	\�\X_e	[�6
_��TUVW��	cV	[TUeiW�	��X_�fWT\X�	�V6
]TXe�	�	bXT_	\SRfV	[�_��	Ue[SVf�UVjX6
\��	 WV[��_��	 cV	 Ue[TSWW�	 [TaYVaWe`
[SVWTU*	cV	[�URj	aYVaR	]TS	Ue\TY��	cV
UXT�Rj	p	 U	 [TW�hWWT_	 �Vc_��	 cV	 X�6
XZj p	W	Ue[SVf�UVjX\�	\TU\_�	�\XTfW�6
YT_	 bX�`	 UTcWVQ�VhaW�^	 �US�X\�	 \W�h6
W�	\]\XT�_T\X�	[�TaRYg��	 cV	 \fX	 RU6
S�fW��	Ue[R\YV	[��	[TUeiW��	��X_�f6
WT\X��	�W�hW�	\]\XT�_T\X�	U	bXT_	\SR6
fV	aT\X�QVX\�	cV	\fX	[�Ue[TSWW��	a6
YVaWTQT	[SVWV	�	TXWT\�XSZWTQT	\W�hW��
aTS�	R\STUWT6[T\XT�WWe`	�V\`TaTU	WV	a�6
W�gR	[�TaRYg���	fXT	_ThX	]eXZ	�V\\f�XV6
WT	\SaRjk�_	T]�VcT_*
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Qa	�\	p	\W�hW�	\]\XT�_T\X�	[�TaRY6
g���	 dVYX�f\Y�	 [TSRfWWT	 U	 �cRSZXVX
[��_WW��	\�\X_e	[�_��TUVW��	cV	[T6
UeiW�	 ��X_�fWT\X�	 [�T�cUTa\XUV�	 �R]�m
∆ΠU\� H 	p	[���T\X	[�TaRYg��	[��	[�Ue6
[TSWW��	 aYVaWTQT	 [SVWV	 U	 WVXR�VSZWT_
�c_�W��m	��H	p	R\STUWT6[T\XT�WWe	�V\6
`Tae	WV	a�W�gR	H6QT	U�aV	Ue[R\YV_T^	[�T6
aRYg���	�R]�m	,�R�H�	,�R�H	p	aTS�	R\STUWT6[T6
\XT�WWe`	�V\`TaTU	[SVWTUV�	�	dVYX�f\YV�m
�[�H	p	YTbdd�g�WX�	[TYVceUVjk�^�	YVYV�
aTS�	[��]eS�	TX	[TUeiW��	��X_�fWT\X�
[�T�cUTa\XUV	 [�TaRYg��	 WV[�VUS�X\�	 WV
[�_��TUVW�	�V]TXW�YTU	4WV	[�VYX�Y	�Vc6
_�	[�_��	R\XVWVUS�UVX\�	\	RfXT_	[Ta6
YVaWTQT	RUS�fW��	[�_�^5�

���	 �V\fX	 YTbdd�g�WXV�	 [TYVceUV6
jkQT�	YVYV�	aTS�	[��]eS�	TX	[TUeiW��
��X_�fWT\X�	 [�T�cUTa\XUV	 [�TaRYg��	 WV6
[�VUS�X\�	 WV	 [�_��TUVW�	 �V]TXW�YTU�
_TQRX	 ]eXZ	 �\[TSZcTUVWe	 \SaRjk�	 T��6
WX��TUTfWe	cWVfW���	�	[�UT^	aYVa�	U
YTXT�T^	aTShWV	[�aR\_VX��UVXZ\�	_VY\�6
_VSZWV�	[�_���	WV	bXT	_ThX	T]�VkVXZ\�

U\�	bYTWT_���	UT	UXT�T^	p	aT	 � t�	U	X�6
XZ^	p	 [�_��TUVW�	 W	 [�T�cUTa�X\��	 �
\�aW_	WV	[�_��TUVW��	 XVY�_	T]�VcT_�
�V\`TaRX\�	 �	t	\R__e	\W�hW��	\]\XT6
�_T\X�	44���� �5 * .5�

�R__V�WV�	 [��]eSZ	 TX	 �\[TSZcTUVW��
[�_�VSZWe`	 \�\X_	 Sj]TQT	 U�aV	 �V\\f�6
XeUVX\�	[T	\�\X_TT]�VcRjk�_	[TYVcVX6
S�_�	U	XT_	f�\S	f�c	�T\X	[�T�cUTa�XSZ6
WT\X�	X�RaV�	bYTWT_�j	�\R�\TU	�	X�a�	�]6
k�^	VSQT��X_	�V\fXV	\X�T�X\�	WV	T[�a6
SW��	 _VY\�_VSZWT	 aT[R\X�_TQT	 �Vc_�V
[�_��TUVW��	�V]TXW�YTU�	,S�	�V\\_TX�W6
WTQT	Uei	\SRfV�	aT[R\X�_e^	�Vc_�	[�6
_��TUVW��	�V]Tf�`	cV	YVhae^	[�TgWX	[6
�Ue[TSWW��	[SVWV	_ThX	]eXZ	�V\\f�XVW
\SaRjk�_	T]�VcT_*
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Qa	���~�	p	_VY\�_VSZWT	aT[R\X�_e^	�Vc6
_�	[�_��TUVW��	�V]Tf�`	cV	YVhae^	[�T6
gWX	 [�Ue[TSWW��	 [SVWV�	tm	�	p	[T6
\XT�WWe	WVYSVaWe	�V\`Tae	U	[SVWTUT^	\6
]\XT�_T\X�	a�W�ge	[�TaRYg���	�R]�m	,	p
aTS�	 bYTWT_���	 [�aWVcWVfWWV�	 aS�	 [�6
_��TUVW��m	#	p	T\WTUWV�	cV�V]TXWV�	[SVXV
�V]Tf�`�	[TSRfVjk�`	[�_�j�	cV	TaWT	�c6
aS��	�R]�m	�	p	YTbdd�g�WX	Ue[TSWW��
[SVWV�

,T[R\X�_e^	 �Vc_�	 [�_��TUVW��	 �V6
]TXW�YTU	cV	YVhae^	[�TgWX	[�Ue[TSW6
W��	[SVWV	_ThX	]eXZ	�V\\f�XVW	WV	T\WTU
V]\TSjXWe`	 �S�	 TXWT\�XSZWe`	 US�f�W�
`V�VYX��cRjk�`	 [T\XT�WWe	 WVYSVaWe
�V\`Tae	�	cV�V]TXWRj	[SVXR	U	\]\XT�_T\6
X�	[�TaRYg���

�WVSTQ�fWT	T\Rk\XUS�X\�	�V\fX	aT[R6
\X�_TQT	�Vc_�V	[�_��TUVW��	�V]TXW�YTU
[T	\�\X_	[TTk�W��	�T\XV	�Wa�U�aRVSZ6
WT^	Ue�V]TXY�*
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Qa	 ′�~��� 	p	_VY\�_VSZWT	aT[R\X�_e^	�Vc6
_�	[�_��	cV	YVhae^	[�TgWX	RUS�fW��
Ue�V]TXY�	[�TaRYg��	TXWT\�XSZWT	[SVWT6
UTQT	cVaVW���	tm	�[	p	[T\XT�WWe	�ca�h6
Y�	 U	 [SVWTUT^	 \]\XT�_T\X�	 [�TaRYg���
�R]�m	�b		p	YTbdd�g�WX	�\[TSZcTUVW��	bYT6
WT_��	WV	[T\XT�WWe`	�V\`TaV`	WV	gS�	[�6
_��TUVW��m	 #�\a	 	p	 T\WTUWV�	 cV�V]TXWV�
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[SVXV	 �V]Tf�`6\aSZk�YTU�	 [TSRfVjk�`
[�_�j�	U	[SVWTUT^	\]\XT�_T\X�	a�W�6
ge	[�TaRYg���	�R]�m	#�[		p	T\WTUWV�	cV�V6
]TXWV�	[SVXV	�V]Tf�`6[TU�_Wk�YTU�	[T6
SRfVjk�`	[�_�j�	U	[SVWTUT^	\]\XT�_T6
\X�	a�W�ge	[�TaRYg���	�R]�m	�T[		p	YTbd6
d�g�WX	 RUS�fW��	 Ue[R\YV	 [�TaRYg���
T]\[fWWTQT	aVWWT^	Q�R[[T^	�V]TXW�YTU�

�T	[�_�VSZWT^	\�\X_�	T��WX��TUVW6
WT^	 WV	 [TTk�W�	 Ue[R\YV	 YVf\XUWWT^
[�TaRYg���	�V\fX	[�aSZWTQT	�Vc_�V	[�6
_��	 Ue[TSW�X\�	 [T	 _Ta�d�g��TUVWWT^
dT�_RS*
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Qa	 ′′�~��� 	p	_VY\�_VSZWT	aT[R\X�_e^	�Vc6
_�	[�_��	[��	[TTk�W��	Ue[R\YV	YVf6
\XUWWT^	[�TaRYg���	tm	 ∆DH 	p	\R__V	TX6
WT\�XSZWTQT	 \W�hW��	 \]\XT�_T\X�	 cV
\fX	 \TY�VkW��	 ]�VYV	 �	 [TX�Z	 [T	 TXWT6
iW�j	Y	]VcTUT_R	R�TUWj�	�R]�m	�[]		p	\�a6
W�^	 [�TgWX	 [�_��	 cV	 [TUeiW�	 YVf6
\XUV	[�TaRYg��	4\TY�VkW�	t	[TX�Z�	RU6
S�fW�	\SRfVU	\aVf�	[�TaRYg��	\	[�UTQT
[�al�USW��5�	tm	+	p	dTWa	 cV�V]TXWT^
[SVXe	[�_��R_e`	�V]TXW�YTU�	�R]�

�ddYX�UWT\XZ	 [�_�VSZWT^	 \�\X_e
_ThX	TgW�UVXZ\�	�	f�c	�WaY\We	[T6
YVcVXS��	,S�	bXTQT	T[�aS�jX\�	YTbdd�6
g�WXe	bddYX�UWT\X��	TX�VhVjk�	US��6
W�	[�_��	WV	 RSRfiW�	 XTQT	�S�	�WTQT
[TYVcVXS�	4\	T[�aSWWT^	\X[WZj	R\STU6
WT\X�5�	�V\fX	UaX\�		[T	dT�_RS*
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Qa	�H	p	YTbdd�g�WX	bddYX�UWT\X�	[�6
_�VSZWT^	\�\X_em	>[[H	p	�WaY\	[TYVcVX6
S�	 [�_��TUVW��m	 >[H	p	 �WaY\	 [�_��	 cV
Ue[TSWW�	[TYVcVXS�	[�_��TUVW���

�\S�	 �H� ��	 \�\X_R	 \X�_RS��TUVW��
_ThWT	 `V�VYX��cTUVXZ	 YVY	 bddYX�UWRj�
X�Y�	X_[e	�T\XV	[TYVcVXS�	bddYX�UWT\X�
T[�hVjX	X_[e	�T\XV	\�a\XU�	cVX�Vf�UV6
_e`	WV	[TTk�W��	�\[TSZcTUVW�	[�_�6
VSZWe`	\�\X_	U	bXT_	\SRfV	[TSTh�XSZWT
UTca^\XURX	WV	�T\X	T\WTUWe`	[TYVcVXS^
a�XSZWT\X�	 [�a[���X���	 Rf�XeUV_e`	 U
[�_�VSZWT^	 \�\X_�

,VWWe^	[Ta`Ta	_ThX	]eXZ	�\[TSZcTUVW
�	aS�	�WXQ�VSZWT^	TgWY�	bddYX�UWT\X�

[�_�VSZWe`	 \�\X_�	 YTXT�V�	 Ue�VhVX\�
[�T�cUaW�_	 fV\XWe`	 YTbdd�g�WXTU
bddYX�UWT\X�	[�_�VSZWT^	\�\X_e�	S�]T
\�aW^	 US�f�WT^	 fV\XWe`	 YTbdd�g�W6
XTU�	�V\\f�XVWWT^	[T	\�aW^	QT_X��f\6
YT^*
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Qa	��WX	p	�WXQ�VSZWV�	TgWYV	bddYX�U6
WT\X�	[�_�VSZWT^	\�\X_em	�H	p	fV\XWe
YTbdd�g�WXe	 bddYX�UWT\X�	 [�_�VSZ6
WT^	\�\X_e�

�gWYV	 bddYX�UWT\X�	 [�_�VSZWe`
\�\X_	[�a[TSVQVX	XVYh	TgWYR	T]T\WT6
UVWWT\X�	�`	\X�RYXR�e�	�VY�	[�_��	cV	T\6
WTUWe	�cRSZXVXe	`Tc�^\XUWWT^	a�XSZ6
WT\X�	aTShWe	\T\XVUS�XZ	]TSZiRj	aTSj	[T
\�VUWW�j	 \	 [�_��_�	 [T	 \[g�VSZWe_
\�\X_V_�	�VYV�	TgWYV	_ThX	]eXZ	[�TU6
aWV	[RX_	\�VUWW��	�WXQ�VSZWe`	YTbd6
d�g�WXTU	 bddYX�UWT\X��	 `V�VYX��cRj6
k�`	YVhaRj	�c	\�\X_�

���f�f!���gf���	[�TUTa�X\�	TgWYV	[\�6
`TSTQ�f\YT^	bddYX�UWT\X�	[�_�VSZWT^
\�\X_e�	���	bXT_	�YT_WaRX\�	�\[TSZ6
cTUVXZ	YVY	WT�_VX�UWe	̀ V�VYX��\X�Y��	XVY
�	�cRSZXVXe	[\�`TSTQ�f\Y�`	X\XTU	�	\T6
g�TSTQ�f\Y�`	T[�T\TU�	���	TgWY	bddY6
X�UWT\X�	 [�_�VSZWT^	 \�\X_e	WT]`Ta�6
_T	Rf�XeUVXZ�	fXT	US�f�WV	[�_��	[T	TX6
WTiW�j	Y	T\WTUWT_R	cV�V]TXYR	W	aTShWV
]eXZ	_W	 ��	t�	 fXT	[��W�XT	 �V\\_VX��6
UVXZ	YVY	[T�TQ	[\�`TSTQ�f\YT^	TkRX�_T\6
X�	 aT[TSW�XSZWTQT	 UTcWVQ�VhaW���	�f�6
XVX\��	 fXT	U	[�TX�UWT_	\SRfV	[�_��	W
]RaX	\[T\T]\XUTUVXZ	[TUeiW�j	X�RaTUT^
VYX�UWT\X�	�V]TXW�YV�	�	[T_TkZj	\Tg�T6
STQ�f\Y�`	 �\\SaTUVW�^	 Ue�US�X\�	 \X6
[WZ	 RaTUSXUT�WWT\X�	 �cRSZXVXV_�	 a^6
\XU��	[�_�VSZWT^	\�\X_e�		[TYVcVXS�6
_�	�	R\STU��_��	UcV�_T\U�cZj	�Vc_�V	[�6
_��	\	X�RaTUe_�	R\�S��_��	WT]`Ta�_e_�
aS�	 aT\X�hW��	 \TTXUX\XURjkQT	 R�TUW�
Ue[TSWW��	[TYVcVXS�	[�_��TUVW���	�g6
W�UVX\�	 XVYh	 US��W�	 T�QVW�cVg�TWWT^
YRSZXR�e�	U	\Rk\XUWWT^	_�	dT�_��Rj6
k^	 [\�`TSTQ�f\YT	 UT\[���X�	 U\`	 V\6
[YXTU	[�_�VSZWT^	\�\X_e�

�TSTh�XSZWT	[\�`TSTQ�f\YT	UT\[��6
�X�	[�_�VSZWT^	\�\X_e	]RaX	aT\X�QVXZ\�
[��	R\STU��		\TTXUX\XU��	[TSThW�j	T]
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T[SVX	X�RaV�	a^\XURjk_R	U	T�QVW�cVg���
X�Y�	[�VYX�YV	[TYVceUVX�	fXT	[�_��	R\XV6
WVUS�UVX\�	 W�aYT	 W	 XTSZYT	 U	 \TTXUX6
\XU��	\	�cRSZXVXV_�	X�RaV	�V]TXW�YV�	WT	�
\	RfXT_	�We`	QT	`V�VYX��\X�Y�	WV[��_�
[�TaTSh�XSZWT\X�	 W[��eUWTQT	 \XVhV
�V]TXe	U	aVWWT^	T�QVW�cVg���

�\�`TSTQ�f\Y�	UVhWT^	aS�	�V]TXW�YTU
�US�X\�	 XVYh	 \UTU�_WWT\XZ	 �	 U\\XT6
�TWWT\XZ	�WdT�_Vg��	T	[TYVcVXS�`�	R\ST6

U��`	[�_��TUVW��	�	T\XVSZWe`	bS_WXV`
[�_�VSZWT^	\�\X_e�	[�T\XTXV	[TW�_VW��
UcV�_T\U�c�	aT\X�QWRXe`	�cRSZXVXTU	�	[T6
SRfV_TQT	 UTcWVQ�VhaW���

�\[TSZcTUVW�	 [�aSThWWe`	 _XTa�6
f\Y�`	[Ta`TaTU	Y	TgWY	[�_�VSZWe`	\�6
\X_	[TcUTS�X	[TUe\�XZ	bddYX�UWT\XZ	a6
�XSZWT\X�	 [�a[���X���	 QT	 \[T\T]WT\XZ
T[�VX�UWT	�VQ��TUVXZ	WV	_W�jk�\�	�e6
WTfWe	R\STU��	�	YTWYR�WXWRj	\�XRVg�j�
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