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�V\XR[SW�	 b[T`�	 bYTWT_�Y�	 cWVW�^
T\TcWVX\�	[�VYX�f\Y�	U\_��	���	bXT_	VY6
X�UWT	T]\RhaVjX\�	YVY	\V_e	T]k�	[�T6
]S_e�	WV[��_�	\[g�d�YV	\[�T\V�	[�a6
SThW���	\XT�_T\X�	�	X�[�	r��	�s�	XVY	�	\T6
U\_	fV\XWe	V\[YXe	WVRYT_X���	r.s�

�TYVcVXSZWV	U	bXT_	\_e\S�	\T\XT�UiV6
�\�	U	�]la�WWWT_	�W\X�XRX	�a�We`	�\6
\SaTUVW�^	a�\YR\\���	[T\U�kWWV��	U	T\6
WTUWT_	\X�VWTUe_	T\T]WWT\X�_	[�T�cUTa6
\XUV	cWVW�^	r�s�

�TW�XWT�	fXT	\S�	_e	QTUT��_	T	[�T�c6
UTa\XU	cWVW�^	�_WWT	YVY	T	[�T�cUTa\XU�
X��	 T	 [��V]TXY	 WYTXT�e`	 [�U�fWe`
�\R�\TU	U	YTWfWe^	[�TaRYX�	XT	[��	bXT_
gS\TT]�VcWT	�\[TSZcTUVXZ	T]efWe	[TW�6
X��	 YV[�XVSV�	 X�RaV�	 [�T�cUTa\XUWWT^
dRWYg��	�	 X�[��	 WT	 TaWTU�_WWT	WT]`T6
a�_T	�	Ue�US�XZ	�`	\[g�d�YR�

,U	`V�VYX�We`	T\T]WWT\X�	[�T�cUTa6
\XUV	 cWVW�^	 U	 \�VUWW��	 \	 [�T�cUTa\XUT_
Uk^�	R\SRQ�	bW�Q��	�	�WdT�_Vg��	\T\XT6
�X�	WV	WVi	UcQS�a�	U	\SaRjk_*

�	cWVW��	p	bXT	[�TaRYX	[��V]TXY�	W6
YTXT�e`	�\R�\TU�	�_jk�^		\V_T\XT�XSZ6
WT	 cWVfW��	 ��	 U_\X	 \	 X_�	 UTc_ThWV�
T\WTUV	aS�	\TcaVW��	WTUe`	[�T�cUTa\XU�	XT
\XZ	 [�T�cUTa\XUT	 cWVW�^	_ThWT	 R\STUWT
WVcUVXZ	 n[�T�cUTa\XUT_	 [�T�cUTa\XUo�	 �XV
aUT^\XUWWT\XZ�	U	fV\XWT\X��	TX�VhVX	�Vc6
W�gR	_haR	 XT�X�f\Y�_	 �	 [��YSVaWe_
cWVW�_�	YTXT�V��	fXT	`V�VYX�WT	aS�	b[T6
`�	bYTWT_�Y�	cWVW�^�	\X�_�XSZWT	W�U6
S��RX\�m

�	U\	a�RQ�	[�TaRYXe�	�US�jk�\�	�6
cRSZXVXT_	[�f�\SWWe`	Uei	[�T�cUTa\XU�
`V�VYX��cRjX\�	 YVY	 YVf\XUT_�	 XVY	 �	 YT6
S�f\XUT_�	V	cWVW��	\S�	TXUSfZ\�	TX	YT6
S�f\XUV	 \X�VW�g	 �S�	 cWVYTU�	 \	 [T_TkZj
YTXT�e`	TWT	�cSThWT�	T[�aS�X\�	S�iZ
YVf\XUT_�	 �VY�_	 T]�VcT_�	 T[�\eUV�	 [�T6

�cUTa\XUT	cWVW�^�	_e	aTShWe	T[���TUVXZ
[TW�X��_��	 TX�VhVjk�_�	 \TTXWTiW��
_haR	YVf\XUT_	�	YTS�f\XUT_	�\[TSZcR6
_e`	 �\R�\TU	 �	 YVf\XUT_	 [SVW��R_TQT
�cRSZXVXV�


TUT��	 T	 [�T�cUTa\XU	 cWVW�^	 YVY	 T
n[�T�cUTa\XU	 [�T�cUTa\XUo�	 _e	 �__	 U
U�aR	 W	 Ue[R\Y	 [TSRdV]��YVXTU	 4[TaT]WT
g[TfY	 n]STY	 g�S�Wa�TU	→	 aU�QVXSZ	→
VUXT_T]�SZ	→	X�VW\[T�XWe	R\SRQ�	→	qo5�
V	XTX	dVYX�	fXT	cVfV\XRj	WTUe	cWVW��	[T6
�ThaVX	[��Wg�[�VSZWT	WTUe^	X�[	[�T�c6
UTa�_e`	 [�TaRYXTU�	 YTXT�e�	 U	 \UTj	 Tf6
�aZ�	[��Wg�[�VSZWT	_W�jX	\X�RYXR�R	[T6
X�]WT\X^�	 \[�T\V	 �	 aVh	 QT\X�VXQ�f\6
Y�	�VS���	�V_e^	\Uh�^	[��_�	bXT	WV6
WTX`WTSTQ���	]Vc��Rjk�\�	WV	UeaVjk�`6
\�	aT\X�hW��`	d�c�Y�	XU�aTQT	XSV�	]�T6
d�c�Y��	]�T`�_��	�	X�[�

"SZj	WV\XT�k^	\XVXZ�	�US�X\�	aTU6
aWWT	aT	R�TUW�	T[X�_�cVg�TWWe`	_Ta6
S^	T[�\VW�*	 V5	[�T�cUTa\XUV	 XVYTQT	\[6
g�d�f\YTQT	 [�TaRYXV�	 YTXT�e_	 �US�X\�
cWVW�m	]5	[�Tg\\V	[�`TaV	TX	[�T�cUTa6
\XUV	dRWaV_WXVSZWe`	4XT�X�f\Y�`5	cWV6
W�^	Y	[�T�cUTa\XUR	cWVW�^�	WV	T\WTU	YT6
XT�e`	UTcW�YVjX	WTUe	X`WTSTQ���

,S�	XTQT�	fXT]e	WV[TSW�XZ	YTWY�XWe_
\Ta�hVW�_	[TW�X�^We^	�	�W\X�R_WXVSZ6
We^	 V[[V�VX�	 U	 XY\X	 \XVXZ�	 aT\XVXTfWT
fV\XT	�\[TSZcRjX\�	 YVY	[��_�e	�c	�\XT6
���	WVRY��	XVY	�	\\eSY�	WV		\TU�_WWe
aT\X�hW���	�	\ThVSW�j�	[TYV	W�YVY�_�
YTS�f\XUWWe_�	 TgWYV_�	_e	W	 �V\[T6
SVQV_�	WV`Ta�\Z	S�iZ	WV	\XVa��	TX]T�V	�
VWVS�cV	WT]`Ta�_T^	aS�	\X�TQ�`	�V\fXTU
�WdT�_Vg���	�aWVYT�	W\_TX��	WV	XT�	fXT
\XVXZ�	 WT\�X	 XT�X�f\Y�^	 `V�VYX��	 _e
[TSRfV_	aT\XVXTfWT	R]a�XSZWe�	WV	WVi
UcQS�a�	[TaXU�haW��	VaYUVXWT\X�	[��UT6
a�_e`	_TaS^�	[T	Y�V^W^	_��	WV	R�TU6
W	[��_�TU�	V\\Tg�Vg�^	�	\�VUWW�^�
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�e	 Ue�VhV_	 �\Y�WWjj	[��cWVXSZ6
WT\XZ	fS�6YT���	���	
�	(�	�S^W�R	cV	XT�
fXT	TW	[��USY	WVi	UW�_VW�	Y	WT]`Ta�6
_T\X�	 [T\X�TW��	 _TaS^	 [�T�cUTa\XUV
cWVW�^	�	cV	[TScWe	T]\RhaW��	[TSRfW6
We`	�cRSZXVXTU�
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���UTa�_e	T[�aSW��	W�	U	YT_	\SR6
fV	 W	 [�XWaRjX	 WV	 cVYTWfWWT\XZ	 �	 U
bYTWT_�f\YT^	XT���	_TQRX	]eXZ	RXTfW6
We	�	aT[TSWWe�

����
������,�	�Ta	cWVW�_	[TW�_VX\�
WVRfWT	 4WVRfWT6X`W�f\YT5	 cWVW��	 XT
\XZ	 \Ta�hVXSZWT	 WTUV�	 �WdT�_Vg���
U\X�TWWV�	U	T]kRj	\�\X_R	WVRfWe`	[�a6
\XVUSW�^�	 UT\[�T�cUTa�_V�	 �	 TdT�_SW6
WV�	U	U�a�	aT[R\YVjk_	U��d�YVg�j�	�V\6
[�T\X�VWW�	�	�\[TSZcTUVW��

����
������-,		�Ta	YVf\XUT_	WVRfWTQT
cWVW��	4WVRfWTQT	�cRSZXVXV5	_e	]Ra_	[T6
W�_VXZ	 \TUTYR[WT\XZ	 \RkWT\XWe`	 \UT^\XU
4VX��]RXTU5�		T[�\eUV_e`		U	YTS�f\XUW6
We`	iYVSV`	�u�S�	S�WQU�\X�f\Y��	YTXT�e*

�	[TYVceUVjX	UcV�_T\U�cZ	WTUTQT	�cRSZ6
XVXV	\	�_jk�_\�m

�	[TYVceUVjX�	WV\YTSZYT	WTUe^	�cRSZ6
XVX	 [�UeiVX	 R�TUWZ	 �cRSZXVXTU�	 [TSR6
fWWe`	�VWm

�	 [TYVceUVjX�	 WV\YTSZYT	 T��Q�WVSW�
bYTWT_W�	 WTh�aVW	 [RXZ	 aT\X�hW��	 WT6
UTQT	�cRSZXVXV�

	�55! �����#	��T�SSj\X���R_	\YVcVW6
WT	WV	W\YTSZY�`	[�T\Xe`	[��_�V`�

�R\XZ	U	[�T]S_	Ra�hVW��	[SVc_e	WV_
RaVST\Z	iVQWRXZ	TX	aTS^	\YRWae	Y	\YRW6
a�	��Ue	 aUV	 X�]TUVW��	 Y	 YVf\XUR	 �6
cRSZXVXV	 ca\Z	 V]\TSjXWT	 WVQS�aWe�	 #a\Z
h	TfU�aWe	�	\[T\T]e	TgW�UVW��	bYTWT6
_�fWT\X�	�	\X[WZ	T��Q�WVSZWT\X�	X`W�6
f\YTQT	�iW���

,�RQT^	[��_�	 TXWT\�X\�	 Y	_VX_VX�Y�
�VY�	YTS�f\XUWWe	̀ V�VYX��\X�Y�	\Ta�6
hVX\�	U	\TT]kW��*	n[TSRfWT	WTUT�	T��Q�6
WVSZWT�	 ]TS	 YT�TXYT	 aTYVcVXSZ\XUT	 U6
S�YT^	XT�_e	+�_Vov	�[g�VS�\Xe	\YVhRX�
fXT	[�hW	aTYVcVXSZ\XUT	�\[TSZcTUVST	_6
XTae	VSQ]�V�f\YT^	QT_X����	V	WTUT	T[�6
�VX\��	WV[��_��	WV	 b�QTa�f\Y�	 XT�_e
XT���	S�W^We`	T[�VXT�TU ��	�SaTUVXSZ6

WT�	bXT	aTYVcVXSZ\XUT	T��Q�WVSZWT�	�X_X�_�
fXT	T��Q�WVSZWT	S�iZ	aS�	W_WTQ�`	_VX_V6
X�YTU�	`T�TiT	cWVjk�`	T]	[�a_XWe	T]6
SV\X��	�\XVSZWe	U\gST	aTU��jX	YUVS�d�6
g��TUVWWe_	bY\[�XWe_	TgWYV_�	 \dT�_R6
S��TUVWWe_	S�WQU�\X�f\Y��

�Ta�T]WTQT	 T]\RhaW��	 cV\SRh�UVX	 �
[TW�X�	n]TS	YT�TXYTQTo	aTYVcVXSZ\XUV p
ca\Z	 Rh	 [��\RX\XURX	 YTS�f\XUWWV�
TgWYV�	�V[��_��	 \XV�T	 aTYVcVXSZ\XUT
cVW�_VST	� �	\X�VW�g	hR�WVSZWTQT	XY\XV�
V	WTUT	XTSZYT	12�	WT	[��	bXT_	\SaRX	[Ta6
\f�XVXZ	YTS�f\XUT	 Ue�VhW�^	 nTfU�aWTo
�	nSQYT	U�aXZo	U	[�UT_	�	UXT�T_	aTYVcV6
XSZ\XU�

�VY�_	T]�VcT_�	UXT�T^	[��_�	gS�YT_
T[��VX\�	WV	TgWY��	T]k[��W�Xe	U	aT\6
XVXTfWT	 RcYT^	 [�Td\\�TWVSZWT^	 	 \�a�
#V_X�_�	fXT	[TaT]We	TgWY�	_TQRX	[��6
W�XZ	 �	 YTS�f\XUWWRj	dT�_R�	 U\	 �VUWT
T\XVUV�\Z	 bY\[�XWe_��

�T\YTSZYR	_e	�V\\_VX��UV_	[�T�cUTa6
\XUT	cWVW�^	4WVRfWT6X`W�f\Y�`	�cRSZXV6
XTU5�	XT�	YVY	U\�YT	[�T�cUTa\XUT�	TWT	T[6
�aS�X\�	gSZj	�	[�fW_	WT]`Ta�_e`
�\R�\TU	aS�		aT\X�hW���

����
������.#	�[�\VW�	gS�	�u�S�	T[�6
\VW�	 �\R�\TU	_e	 ]Ra_	 WVceUVXZ	 WfX6
Y�_�	 \S�	 U	 W_	 [��\RX\XURjX	 S�WQU�\X�6
f\Y�	[�_WWe�

	�55! �����#	�a�W	�c	UTc_ThWe`	\[T6
\T]TU	 �c_�W��	 WfXYT\X�	 ]RaX	 [��U6
aW	U	\SaRjk_	[V�VQ�Vd�

����
������/#���Tg\\	[�T�cUTa\XUV	cWV6
W�^	_e	]Ra_	WVceUVXZ	[�T�cUTa\XUT_	U	R\6
STU��`	_VY\�_VSZWT^	WfXYT\X�	 4 �~��� 5�
\S�	 WfXYT\XZ	 [��\RX\XURX	 U	 T[�\VW��
gS��	[�T�cUTa\XUT_	U	R\STU��`	_�W�_VSZ6
WT^	WfXYT\X��	\S�	�	U	T[�\VW��	gS��	�
U	T[�\VW��	�\R�\TU	WfXYT\XZ	TX\RX\XUR6
X	4 �wx�� 5�
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�wx�� 	T[�\eUVjX	nY�V^W�o	\�XRVg���	�VY�
U	[TSThW��		 �~��� 	_ThX	TYVcVXZ\�	�	gSZ�
T[�\eUV_V�	 X�_�	 S�WQU�\X�f\Y�_�	 [6
�_WWe_��	 �	 gSZ�	 U	 T[�\VW��	 YTXT�T^
d�QR���RX	S�iZ	TaWV	XVYV�	[�_WWV��

�XT	h	 YV\VX\�	 �wx�� �	 XT	 fVk	 U\QT
X�]TUVW��	Y	�\R�\V_	cVaVjX\�	U	U�a	W6
�VUW\XU	4WV[��_��	aVUSW�	aTShWT	[�6
UeiVXZ	 ����	 VX_T\d�5�	 WT	 [��	 bXT_�	 YVY
[�VU�ST�	 [TW�_VX\��	 fXT	 \S�	 ncV	 X	 h

�	�VcR_X\��		W�YVYT^	�WdT�_Vg�^	T	XVYT_	aT6
YVcVXSZ\XU	_e	W	�V\[TSVQV_�
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aWZQ�o	RaV\X\�	[TSRf�XZ	����	VX_T\d��	XT
bXT	SRfi�	f_	111�	`TX�	�	[T\SaW	XTh
[��_S_T�	�VY�_	T]�VcT_�	WUTc_ThWT	aT
YTWgV	 T\UT]Ta�XZ\�	 TX	 S�WQU�\X�f\Y�`
TgWTY	X�[V*	nSRfio�	nWVahWo�	n\XV]�SZ6
Wo	�	X�a�

	�55! ������ �#	���Ua_	 [��_��	 �S6
Sj\X���Rjk�^	 [�`Ta	 TX	 TaWT^	 Y�V^W^
XTfY�	Y	a�RQT^�

�	 [�UT^	 fXU�X�	 aUVagVXTQT	 UYV	 �V6
aTW	T[R]S�YTUVS	�V]TXR�	[T\U�kWWRj	W6
YTXT�T_R	 YSV\\R	 �WXQ�VSZWe`	 [�T]�VcT6
UVW�^�	�WV	aTSQ�	QTae	T\XVUVSV\Z	WcV_6
fWWT^	aVh	U	\�a	_VX_VX�YTU�	`TX�	�_�
VUXT�V	\XVST	`T�TiT	�cU\XWT	U	\U�c�	\	a�R6
Q�_�	�\\SaTUVW��_��	��iZ	U	YTWg	aUVa6
gVXTQT	UYV	T]WV�Rh�ST\Z�	fXT	bX�	WcV_6
fWWe	 �cRSZXVXe	 4[�T]�VcTUVW�	 �VaT6
WV5	 �US�jX\�	 T\WTUT^	 aS�	 YT_[ZjX�WT^
XT_TQ�Vd���

�\\XT�TWW_R	 �cRfW�j	 [�T]�VcTUV6
W��	�VaTWV	cVX_	]eSV	[T\U�kWe	Xe\�f�
�V]TX	�	cWVf�XSZWT	YTS�f\XUT	�cRSZXV6
XTU	U	U�a	[�TQ�V__WTQT	T]\[fW��	\XVST
YV[�XVS�c��TUVWWT^	�WXSSYXRVSZWT^	\T]6
\XUWWT\XZj	UaRk�`	[�T�cUTa�XS^	_a�6
g�W\YTQT	 T]T�RaTUVW���

�XTX	 [��_�	 a_TW\X���RX	 \_kW�
[�Tg\\V	[�T�cUTa\XUV	cWVW�^	TX	 �~��� 	Y

�wx�� �
����
������0#��VcTU_	\T\�aTXTfWWT^

YV[�XVS�cVg�^	cWVW��	4��#5	S�]T	TgWW6
WRj	 bY\[�XV_�	 \XT�_T\XZ	 bXTQT	 cWVW���
d�QR���RjkQT	 U	 U�a	 W_VX��VSZWTQT
VYX�UV	U	]VSVW\	j��a�f\YTQT	S�gV	4S�g5�
S�]T	TgWTfWRj	\XT�_T\XZ	�WXSSYXRVSZ6
WT^	\T]\XUWWT\X�	TaWTQT	�S�	W\YTSZY�`
d�c�f\Y�`	S�g�

�V\[�aSWWT^	YV[�XVS�cVg�^	cWVW��
4��#5	WVcTU_	\R__R	[��`Ta�k�`\�	WV	bXTX
�WXSSYXRVSZWe^	 [�TaRYX	 aTS^	 U	 T]k^
\XT�_T\X�	[�T�cUaWWe`	WV	QT	T\WTU	XT6
UV�TU�	R\SRQ	�	X�[�

	�55! �����#	�fU�aWT�	fXT	U	bXT_	T[6
�aSW��	_e	[eXVS�\Z	T[�\VXZ	YV[�XVS�6
cVg�j	cWVW���	TdT�_SWWTQT	U	U�a	[VXW6
XV�	WTR6`VR�	S�gWc���

�V[��_��	 cV[VXWXTUVWWe^	 [��Wg�[
XSdTWWT^	 \U�c��	 [�aSThWWe^	(SST_�
_TQ	 ]e	 �V\\_VX��UVXZ\�	 YVY	 W_VX��VSZ6
We^	VYX�U	QT	YT_[VW��	p	�	bXT	]eSV	]e
��#�	�aWVYT	XSdTWWe	V[[V�VXe	[�T�c6

UTa�S�	 UT	 _WTQ�`	 \X�VWV`	 _��V�	 �	 U	 \XT6
�_T\X�	YVhaT^	a�W�ge	\Ta�hVSV\Z	aTS��
[��`Ta�kV�\�	 WV	 \XT�_T\XZ	 [VXWXV�	�R_6
_V	bX�`	aTS^	�	\XZ	��#�	�T\S	TYTWfVW��
\�TYV	 a^\XU��	[VXWXV	[��Wg�[	 XSdTW6
WT^	 \U�c�	 \XVS	 fV\XZj	 T]kfSTUf\Y�`
cWVW�^�	 cV	T]SVaVW�	�	[TSZcTUVW�	YTXT6
�e_�	[SVX�XZ	Rh	W	WVaTm	\XVS�	\UTQT	�TaV�
]\[SVXWe_	 �\R�\T_�	 XVY�_	 h�	 YVY�_
4[TYV5	�US�X\�	UTcaR`�

�cWVfVX	S�	bXT�	fXT	cWVW�	p	[��Wg�[
XSdTWWT^	\U�c�	p	RX�VX�ST	YV[�XVS�cV6
g�jv	�e	[TSVQV_�	fXT	WX�	�QT	YV[�XVS�6
cVg���	[TaaVUVUiV�\�	]TS	�S�	_W	\X�T6
Q�_	TgWYV_�	[�iSV	U	YV[�XVS�cVg�j	a�R6
QTQT	�TaV�	YTXT�V�	�c_��X\�	S�iZ	U	U�a
\�VUW�XSZWe`	 4S�WQU�\X�f\Y�`5	 `V�VYX6
��\X�Y�

����
������1#	�Ta	U��XRVSZWT^	YV[�XV6
S�cVg�^	cWVW��	4��#5	_e	]Ra_	[TW�_VXZ
TgWYR	UYSVaV	XT�X�f\YTQT	cWVW���	T\R6
k\XUS�_Rj	S�iZ	\	[T_TkZj	S�WQU�\X�6
f\Y�`	[�_WWe`�	`V�VYX��cRjk�`	bY\6
[�XWT	_WW��

	�55! ������j#	�TW�XWT�	fXT	\XT�_T\XZ
cWVW���	 QT	YV[�XVS�cVg��	U	 cWVf�XSZWT^
\X[W�	T[�aS�X\�	\[�T\T_�	!V�VYX��6
\X�YV_	\[�T\V	WV	cWVW��	]TSZiT	_\XT	Ra6
SWT	U	�V]TX	r�s�	�e	h	ca\Z	[T[eXV_\�
]QST	T`V�VYX��cTUVXZ	�\XTfW�Y�	 UTcW�Y6
WTUW��	4\X�_RSe5	XVYTQT	\[�T\V�

�	 TXS�f�	 TX	 	 \[�T\V	 WV	 [TU\aWUWe
XTUV�e	�	R\SRQ��	YTXT�e	TXUfVjX	[TX�]6
WT\X�_	�Wa�U�aRR_TU�	\[�T\	WV	cWVW��	TX6
UfVX�	U	]TSZi�W\XU	\SRfVU�	[TX�]WT\6
X�_	U\QT	fSTUf\XUV	�S�	TfWZ	cWVf�XSZ6
We`	QT	Q�R[[�	�	bXT^	XTfY�	c�W��	WVRf6
WT6X`W�f\Y�^	 [�TQ�\\	 \XZ	 �VYg��	 WV
UecTUe*	 bW�QX�f\Y��	 [�TaTUTSZ\XUW6
We�	 bYTSTQ�f\Y��	 UTWWe�	 ]�TSTQ�f\6
Y�	�	X�[�	�aWVYT	ca\Z	UTcW�YVX	UT[�T\	T
\_e\S	 �	 �TS�	 U\Z_V	 cVX�VXWe`	 XT�X�6
f\Y�`	�\\SaTUVW�^�	WV[��_��	U	V\X�Td�6
c�Y�	�V	 \V_T_	 aS�	 �	 bXT	 \XZ	 TXUX	 WV
[T\XT�WWe^	UecTU�	p	W	cWV�	�\XTfW�Y	UTc6
W�YWTUW��	]RaRk�`	UecTUTU�	_e	aT[R\YV6
_	 \S�iYT_	 ]TSZiRj	 WT[�aSWWT\XZ
]RaRkQT�

	�55! �������#	�\Z_V	�WX�\We_	�U6
S�X\�	UT[�T\	T	[�`Ta	��#	�	��#	U	��#
�	WVT]T�TX�	�VY�`	[��_�TU	_WTQT�	�TX	h
[��Wg�[	XSdTW��	T]�S	��#�	RX��U	YVY
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��#�	XVY	�	��#�	�]�VXWe^	[�`Ta	_ThWT
[�T�SSj\X���TUVXZ	 WV	 [��_�	 R�VUWW�^
�VY\USSV�

�T�U�Ui�\Z�	 TW�	 [�UTWVfVSZWT	 [�a6
\XVUS�S�	 \T]T^	 f�\XT	 XT�X�f\YT	 cWV6
W�	 �	 �V\\_VX��UVS�\Z	 WYTXT�e_�	d�c�6
YV_�	YVY	U\QT	S�iZ	�WX�\WT	R[�VhW6
W�	 U	 UYXT�WT_	 VWVS�c�	 �VY�_	 T]�VcT_�
aVh	��#	 R�VUWW�^	�_SV	 U\Z_V	 XR_VW6
We	[�\[YX�Ue�	��XRVg��	WVfVSV	_W�XZ6
\��	YTQaV	
�g	[TSRf�S	bY\[��_WXVSZWT
[TaXU�haW�	 \Rk\XUTUVW��	 bSYX�T_VQ6
W�XWe`	UTSW	4[TW�XWT�	fXT	Sj]T^	WTUe^	U�a
UTSWTUe`	[�Tg\\TU	�_X	Ue\TYRj	��#5�

�	 WV\XT�k_R	 U�_W�	 Rh	_ThWT	 RX6
U�haVXZ�	 fXT	 ��#	 R�VUWW�^	�VY\USSV
[�iST	U	\XTSZ	]TSZiRj	��#�	fXT		W6
UTc_ThWT	 TgW�XZ	 aVh	 [��]S�c�XSZWT�
�\S�	h	bXR	Q�QVWX\YRj	YV[�XVS�cVg�j	�V\6
\_VX��UVXZ	YVY	\XT�_T\XZ	R�VUWW�^	�VY\6
USSV�	XT	U[TSW	_ThWT	\TQSV\�XZ\�	\	_W6
W�_	�YXT�V	�
��	VYVa_�YV	��	�VaTUW�6
fQT�	 fXT	 bXV	 \XT�_T\XZ	 cWVf�XSZWT	]TSZ6
i	U\`	cVX�VX	WV	WVRYR	cV	U\	U�_�		\R6
k\XUTUVW���

�	 \SaRjk_	 �VcaS	 _e	 [T[eXV_\�
[��aVXZ	dT�_VSZWe^	 \_e\S	[�`TaV_	 XV6
YTQT	U�aV�

	�55! ������g#	�TW�XWT�	fXT	��#	S�iZ
U	 TfWZ	 �aY�`	 \SRfV�`	 _ThWT	 aVh	 [��6
]S�c�XSZWT	TgW�XZ	U	aWZQV`�	�aWVYT	U\Z6
_V	fV\XT	��#	T[�aS�X\�	U	X�_�WV`	[�6
\X�hV�	 gWWT\X�	 ]�WaV�	 \TT]�VhW��_�
�aTSTQ��	�	X�[�

9,�'�f���f�h�e��a������f

�VW	 ]eST	 \YVcVWT�	 fXT�	 U	 TXS�f�	 TX
[�T�cUTa\XUV	 a�RQ�`	 [�TaRYXTU�	 [�T�cUTa6
\XUT	cWVW�^	\XZ	[�T�cUTa\XUT	YVf\XUV�	�W
cVU�\�_T\X�	TX	XTQT�	YVYT^	[�TaRYX	[�T�c6
UTa�X\��	QT	YVf\XUR	4X��	Y	YVf\XUR	�cRSZ6
XVXV5	[�al�US�jX\�	X�]TUVW���	YTXT�e	U
\UTj	Tf�aZ	�WaRg��RjX	X�]TUVW��	Y	�\6
[TSZcR_e_	�\R�\V_�	#a\Z	�	aVS	YTS�6
f\XUWWT	 Ue�VhW�	 X�]TUVW�^	 Y	 YVf6
\XUR	�cRSZXVXV	_e		]Ra_	T]TcWVfVXZ	f�c
< �	 V	 YTS�f\XUWWe	 Ue�VhW��	 X�]TUV6
W�^	Y		H6_R	�\R�\R	f�c	 Hε �

�	�VSZWT\X�	YVf\XUT	�\R�\TU	W�YTQaV
W	]eUVX	 U	 XTfWT\X�	�VUWT	 Hε 	�	 \S�	bXT
�VSZWT	 YVf\XUT�	 T]TcWVfV_T	 aS�	 	 H6QT
�\R�\V		f�c	 Hµ 	_WZi	 Hε �	XT	�\R�\	W

_ThX	 ]eXZ	 �\[TSZcTUVW	 ]c	 R_WZiW��
X�]TUVW�^	Y	�cRSZXVXR	< �	\S�	h	 Hµ 	]TSZ6
i	 Hε �	XT	�VcU�Xe^	U	r s	V[[V�VX	[TcUTS�X
dT�_VS�cTUVXZ	 [�T\XT	h�X^\YT	 \TT]�V6
hW�	 T	 XT_�	 fXT	 RaTUSXUT�W�	 X�]TUV6
W�^	Y	�cRSZXVXR	X_	SQf�	f_	]TSZi	U6
S�f�WV	 �H Hµ ε− ≥ 	 4U	 aVSZW^i_	 ]Ra_
[�a[TSVQVXZ�	fXT	 4���s�Hµ ∈ 	 r���55Hε ∈ �	,S�
bXTQT	UUTa�X\�	[TW�X�	X�RaWT\X�	aT\X�h6
W��	 gS�	 [T	 	 H6_R	 �\R�\R	 4aVS	 [�T\XT
nX�RaWT\XZo5*

4� 5
�

4� 5
H H

H
H H

a
ε µ
µ ε

−
=

−
4�5

[��	bXT_	 r���sHa ∈ 	aS�	U\`	 H Hµ ε≥ �	_TWT6
XTWWT	R]eUVX	[��	RUS�fW��	 H Hµ ε− �

�	r s�	r2s	[T\X�TWV	VSQ]�V	X�RaWT\X^�
U	YTXT�T^	�TSZ	\SThW��		 4VQ�Q��TUVW��5
�Q�VX	\U�XYV*

�

� 4� 5�
N

aJ�
H

H

a a
=

= − −∏ 4�5

�XR	US�f�WR	\X\XUWWT	WVceUVXZ	X�Ra6
WT\XZj	 [T	 \TUTYR[WT\X�	 �\R�\TU�	 �U�cZ
VSQ]�e	 X�RaWT\X^	 \	 VSQ]�T^	 U�T�XWT\6
X^	\T]eX�^	�V\\_TX�WV	U	r s�	V	\	VSQ]�T^
WfXY�`	 \TTXWTiW�^	 U	 r2s�	 �	 �V]TX	 r3s
T[�\VWe	[��_WW��	 bXTQT	 V[[V�VXV	 Y	 cV6
aVfV_	dT�_��TUVW��	�	R[�VUSW��	[T�Xd6
S_	VYX�UTU�

�fU�aWT�	 fXT	 Ha 	 [��	d�Y\��TUVWWT_
cWVfW��	�VcWT\X�	 H Hµ ε− 	cVU�\�X	k	�	TX
�V\[TSThW��	 Hµ 	�	 Hε �	,S�	RXTfWW��	bXT^
cVU�\�_T\X�	UUa_	T]TcWVfW��	 4�WaY\	 H
U�_WWT	T[R\YV_5

�
�

< B
B <α β += − =

�S�

� �
� �

< B
α αβ β= − = +

XTQaV

�
� �

�
�

� �

a

α αβ β

α αβ β

   − − −      =
   + − +      

4.5

�QYT	U�aXZ�	fXT	aS�	Sj]TQT	d�Y\��T6
UVWWTQT	 r���sα ∈ 	 US�f�WV	 a 	[��W�_VX
_VY\�_VSZWT	 cWVfW�	 [��	 � u �β = �	 �XT
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TcWVfVX�	fXT	[��	d�Y\��TUVWWT^	�VcWT\X�
B <− 	 US�f�WV	 a 	 _VY\�_VSZWV	 [��

�B <= − �	�XTX	dVYX	_ThWT	T]l�\W�XZ�	�\6
`Ta�	�c	U�T�XWT\XWTQT	\_e\SV	US�f�W	< �
B 	�	a 	r �	2s�	�fU�aWT�	fXT	\	TaWT^	\XT�T6
We	< 	p	bXT	W�hW��	Q�VW�gV	U\`	cWVfW�^
YVf\XUV�	[��	YTXT�e`	�\R�\	�US�X\�	aT6
[R\X�_e_	 4R�TUWZ	 TX\fW��5�	 V	 \	 a�RQT^
\XT�TWe�	 aVh	 \Rk\XUWWT	 [�UeiW�
YVf\XUV	�\R�\V	TXWT\�XSZWT	bXTQT	 R�TU6
W�	 W	 �US�X\�	 QV�VWX�^	 aT\X�hW��	 �6
cRSZXVXV�	 �\S�	 [��[�\VXZ	 a 	 \_e\S	 cWVf6
W��	U�T�XWT\X�	XTQT�	fXT	[TSRfWWe^	�6
cRSZXVX	 W	 RaTUSXUT��X	 X�]TUVW��_	 [��
XT_�	fXT	YVf\XUT	�\R�\V	[�UeiVX	[T�T6
QTUT	cWVfW��	XT		B 	�	< 	Ue\XR[VjX*

�	 < 	p	YVY	U�T�XWT\XZ	XTQT�	fXT	�\R�\
4YTXT�e^	V[��T��		[�a\XVUS�S\�	WV_	RaTUS6
XUT��XSZWe_5	TYVcVS\�	 U	 �VSZWT\X�	WaT6
\XVXTfWT	`T�Ti	aS�	aT\X�hW��	�cRSZXVXVm

�	 B 	p	YVY	U�T�XWT\XZ	 XTQT�	fXT	[��
R\STU��	 W[TSRfW��	 �cRSZXVXV	 [��f�WV
cVYSjfVX\�	 �_WWT	 U	 WRaTUSXUT��XSZ6
WT\X�	�\R�\V�

�fU�aWT�	fXT	[��	XVYT^	X�VYXTUY	�V6
UW\XUT		 �B <= − 	\TTXUX\XURX	\�XRVg��
_VY\�_VSZWT^	 WT[�aSWWT\X��	 V	 \SaT6
UVXSZWT�	�	_VY\�_VSZWT^	X�RaWT\X�	 a �

�cU\XWT�	YVYRj	\Rk\XUWWRj	�TSZ	�Q6
�VjX	 U	 bYTWT_�Y	 XTUV�TU	 �	 R\SRQ	 [�T�c6
UTa\XUWWe	dRWYg���	�	bYTWT_�Y	cWVW�^�
YVY	_e	Rh	WTaWTY�VXWT	R[T_�WVS��	[�T6
aRYXT_	�US�jX\�	WTUe	cWVW���	[��Wg�[�6
VSZWT	 T]SVaVjk�	 S�iZ	 YVf\XUWWe_�
`V�VYX��\X�YV_��	�X\jaV	\SaRX�	fXT	VWV6
STQ�	[�T�cUTa\XUWWe`	dRWYg�^�	T[�\eUV6
jk�	[TaT]We	[�Tg\\e�	aTShWe	T]SVaVXZ
\[g�d�f\Y�_�	 \UT^\XUV_��

��^a_	 Y	 YTWY�XWe_	 T[�\VW��_�
�R\XZ	 4���sB ∈ 	p	TgWYV	�VSZWTQT	YVf6
\XUV	�cRSZXVXV�	YTXT�T	�VW	_e	`V�VYX6
��cTUVS�	 S�iZ	 \	 [T_TkZj	 X�]TUVW��

r���5< ∈ 	4WT]`Ta�_T\XZ	�V\\_TX�W��	k
�	�VSZWTQT	YVf\XUV	B 	T]R\STUSWV�	U	fV6
\XWT\X��	X_�	fXT	W�	Ta�W	[�TaRYX�	[�T�c6
UaWWe^	U	bYTWT_�Y	cWVW�^�	W	�US�X\�
TYTWfVXSZWe_�	 �VWZi	�S�	[Tch	 TW	 ]R6
aX	 Ue\XR[VXZ	 YVY	 [�T_hRXTfWe^	 �\R�\
aS�	[TSRfW��	a�RQTQT	WTUTQT	cWVW��5�

�[�Z	_e	_Th_	aVXZ	T[�aSW�	VWV6
STQV	[�T�cUTa\XUWWT^	dRWYg��	aS�	\SRfV�
[�T�cUTa\XUV	 cWVW�^�

����
������ 2�	 �UVS�XVX�UWT^	dRWYg�6
^�	\U�ceUVjk^	YVf\XUT	�cRSZXVXV	\	YV6
f\XUV_�	 ������ Nµ µ 	 �\R�\TU�	 [��USfWWe`
aS�	[�T�cUTa\XUV	bXTQT	�cRSZXVXV�	WVceUV6
X\�	dRWYg��	U�aV

�4 ����� 5�NB � µ µ= 4�5

RaTUSXUT��jkV�	 R\STU��_*
��	 � 	�	W	R]eUVX	[T	YVhaT^	[�_WWT^�
��	�\S�	 * H HH µ ε=∃ �	XT	B �< �
�	WYTXT�e`	\SRfV�`	R\STU�	�	cV_W�6

X\�	WV	_W	h\XYT*
�′�	�\S�	 * H HH µ ε=∀ �	XT	B �< �
�	X�]TUVW��`	�	�	�′	�cWVfVSZWT	cVYSj6

fWV	WYTXT�V�	[�TX�UT�f�UT\XZ�	#a�VUe^
\_e\S	[Ta\YVceUVX�	fXT	WV]T�	YVf\XU	�6
\R�\TU	]TS	�S�	_W	TaWTcWVfWT	[T�Th6
aVX	YVf\XUT	�cRSZXVXV�	�	U	bXT_	\_e\S
cVU�\�_T\XZ�	 [��	 YTXT�T^	 ������ Nµ µ 	 Ue\XR6
[VjX	 YVY	 V�QR_WXe�	 V	 B 	 YVY	 cWVfW�
dRWYg���	U[TSW	[�VUT_�WV�	WT�	\	a�RQT^
\XT�TWe�	 XTX	h	 ca�VUe^	\_e\S	 QTUT��X	T
XT_�	fXT	X�]TUVW��	Y	�\R�\V_	[T�ThaWe
X�]TUVW�_	Y	�cRSZXVXR�	�\`Ta�	�c	bXTQT�
\X\XUWW	]eST	]e	�V\\_VX��UVXZ	 \TUT6
YR[WT\XZ	cVU�\�_T\X^�	U	YTXT�e`	 < 	Ue\6
XR[VST	YVY	V�QR_WX�	V	 Hε 	]eS�	]e	dRWYg�6
�_��	 �	 X�]TUVW��	 �	 �	 �′	 \XVWTU�S�\Z	 ]e
_VST\Ta�hVXSZWe_��

�_	W	_W�	U	�V\\RhaW��`	T	XT_�	fXT
\XZ	 V�QR_WX�	 V	 fXT	dRWYg���	 T[�aS�j6
k�_	 �US�X\�	 \TT]�VhW�	 T]	 TX\RX\XU��
TaWTcWVfWT^	 cVU�\�_T\X��	 [��	 YTXT�e`
d�Y\��TUVWWT	 cWVfW�	<�	[T�ThaVST	]e
a�W\XUWWRj	XTfYR	 � �

�4 ����� 5Nε ε �	�SaRX	[T6
_W�XZ�	fXT	 Hε 		Ue\XR[VjX	YVY	W�hW�	Q�V6
W�ge	 YVf\XU�	 aT[R\X�_e`	 aS�	 [TSRfW��
�cRSZXVXVm	fXT	Ue\TY�	X�]TUVW��	Y	TaWT6
_R	�\R�\R	 4WV[��_��	YUVS�d�YVg��	[�6
\TWVSV5	_TQRX	 YT_[W\��TUVXZ	 WaT\XVXTf6
WT	 YVf\XUT	 a�RQ�`	 4WV[��_��	 YVf\XUT
T]T�RaTUVW��5�	��VYX�f\Y�	WX	\�XRVg�^�
[��	YTXT�e`	�\R�\e	]eS�	]e	\XTSZ	h\XYT
cVU�\�_e�	fXT	\Rk\XUTUVS	]e	WV]T�	dRWY6
g�^	XVY�`�	fXT

�
� � � � � � � �4 5� 4 5 4 4 55�� � � �ε ε ε ε−= Ε = Ε ⇒ =
�_WWT	[TbXT_R	\TTXWTiW�	�	�S�	�′

[�a\XVUS�jX\�	 WV_	 WV�]TS	 �VcR_We_
YT_[�T_�\\T_	_haR	 aUR_�	 [�TX�UT�f�6
Ue_�	[�Tg\\V_�*	YVf\XUV	WV	U`Ta	[T�Th6
aVjX	 YVf\XUT	 WV	 Ue`Ta�	 X�]TUVW�	 WV
Ue`Ta	�WaRg��RX	X�]TUVW�	WV	U`Ta�
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�fU�aWT�	fXT	U	TXS�f�	TX	X�Va�g�TWWT
�V\\_VX��UV_e`	[�T�cUTa\XUWWe`	dRWYg�^
YUVS�XVX�UWV�	dRWYg��	 W	 T]SVaVX	 W�YV6
YT^	 \X[WZj	 TaWT�TaWT\X��	 ,^\XU�XSZ6
WT�	 W�YVYT	 [�T[T�g�TWVSZWT	 �c_WW�
YVf\XUV	 �\R�\TU	 W	 [��UTa�X�	 U	 T]k_
\SRfV�	 Y	 [�T[T�g�TWVSZWT_R	 �c_WW�j
YVf\XU	�cRSZXVXV�

���_�T_	 YUVS�XVX�UWT^	 dRWYg���
RaTUSXUT��jk^	 R\STU��_	 �	 �	 ��	 \SRh�X
dRWYg��

�

4 5 � ��H

N

H H H
H

B < αµ ε α
=

= + − ≥∏
���_�T_	h	 YUVS�_X��f\YT^	dRWY6

g���	RaTUSXUT��jk^	R\STU��_	��	�′�	\SR6
h�X	dRWYg��*

�

4 5 � ��H

N

H H H
H

B < αµ ε α
=

= + − ≥∑
�TSZ	\YT�T	Y	�cRSZXVXR	4WTUT_R	cWVW�j5

_e	W	XTSZYT	[�al�US�_	X[�Z	X�]TUV6
W�	 < �	 WT	 �	 [��[�\eUV_	 _R	 [SVW��R6
_T	YVf\XUT	B�	XT	�_X	\_e\S	UU\X��	[T6
aT]WT	4�5�	�	X�RaWT\XZ	[T	�cRSZXVXR*

4 4� 55 u4 4� 55�D < B B <= − − 4 5

�VYRj	US�f�WR	�_X	\_e\S	�V\\_VX��6
UVXZ	k	�	[TXT_R�	fXT	Sj]T^	�cRSZXVX	U	[�T6
�cUTa\XU	cWVW�^	\T	U�_W_	\XVWTU�X\�	�6
\R�\T_�	V	\XVST	]eXZ�	D 	U	aVSZW^i_	]RaX
Ue\XR[VXZ	YVY	X�RaWT\XZ	[T	bXT_R	�\R�\R�

�c	4�5�	4 5	UeXYVX�	fXT

� �4 ����� m ����� 5�N ND ` µ µ ε ε= 425

�TcW�YVX	\X\XUWWe^	UT[�T\�	U	YVY�`
\SRfV�`	\TTXWTiW�	4 5	_ThX	]eXZ	[�a6
\XVUSWT	U	U�a*

4 ����� 5�H ND ] a a= 435

Qa	 ] �	_TWTXTWWT	WR]eUVjkV�	dRWYg��
[T	YVhaT_R	V�QR_WXR�	#a\Z	_e	[��Ua_
S�iZ	[�T\X^i�^	TXUX	WV	bXTX	UT[�T\�	#V6
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dRWYg��	U�aV	4�5�	W	[�T\_VX��UVX\�	W�6
YVY�`	 �Vg�TWVSZWe`	 \TT]�VhW�^�	 [T	 YT6
XT�e_	YUVS�XVX�UWV�	dRWYg��	U�aV	435	T]6
SVaVSV	]e	YVYT^6S�]T	TaWT�TaWT\XZj�	�a6
WVYT	\TTXWTiW�	435	_ThX	]eXZ	[�T]�V6
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E 	U[TSW	T]T\WTUVWWT	_ThWT	[�al�US�XZ
X�]TUVW��	TaWT�TaWT\X�	[�UT^	\X[W��

,^\XU�XSZWT�	Ue�VhW�	 4 5} a �	YVY	[T6
YVcVWT	U	r s�	_ThX	]eXZ	�\XTSYTUVWT	YVY	YT6
S�f\XUT	�WdT�_Vg���	\Ta�hVk^\�	U	\TT]6
kW��	T	aT\X�hW��	gS��	XT	\XZ	T	[�TaT6
SW��	 X�RaWT\X�	 4a 	 X�VYXRX\�	YVY	 U�T�X6
WT\XZ	WaT\X�hW��	gS�5�	�TQaV	 D 	_ThWT
[TW�_VXZ	YVY	U�T�XWT\XZ	WaT\X�hW��	gS��
V	 4 5} D 	p	YVY	YTS�f\XUT	�WdT�_Vg��	U	\T6
T]kW��	T	XT_�	fXT	bXV	gSZ	aT\X�QWRXV�

�VY�_	 T]�VcT_�	 TaWT�TaWT\XZ	dRWYg��
E 	�c	425	TX�VhVX	XTX	dVYX�	fXT	YTS�f\XUT
�XTQTUT^	�WdT�_Vg��	�c_W�X\�	[�T[T�6
g�TWVSZWT	[��	[�T[T�g�TWVSZWT_	�c_W6
W��	�WdT�_Vg�TWWe`	YTS�f\XU	WV	U`Ta�

,S�	 TgW�UVW��	 \X[W�	 WfXYT\X�
[�aSVQVX\�	�\[TSZcTUVXZ	VWVSTQ	bWX�T[���

�V\\_TX��_	 WY�^	 �\R�\�	 Y	 YTXT�T_R
UeaU�QVX\�	 X�]TUVW�	 < �	 �\X\XUWWT^
�US�X\�	 \�XRVg���	 YTQaV	 < 	 \XZ	WfXYV�
[�_WWV��	 cVaVUV_V�	 WV]T�T_	 cWVfW�^
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	�55! ������j#	��`Ta	Y	W[��eUWT^
WfXYT^	 US�f�W	 T\Rk\XUS�X\�	 \XVW6
aV�XWT^	[�TgaR�T^	 	 cV_We	 \R__	WV	�W6
XQ�VSe�

	�55! �������#	(Ra_	\f�XVXZ�	fXT	\S�
U	 cVaVW��	 X�]TUVW��	 Y	 �cRSZXVXR	 �S�	 Y
�\R�\R	 \TTXUX\XURjkV�	 US�f�WV	 �W = �
XT	\�XRVg��	\XVWTU�X\�	fXYT^	�	aVh	\S�
_e	aT	XTQT	�_S�	aST	\	S�WQU�\X�f\YT^
[�_WWT^�	XT	X[�Z	RXU�haV_�	fXT	[6
�iS�	Y	YTS�f\XUWWT^	iYVS�	�VYT^	[Ta6
`Ta	 [TcUTS�X	 TX\Sh�UVXZ	 aU�hW�	 TX

�~��� 	Y	 �wx�� 	[T	R]eUVW�j	\TTXUX\XUR6
jk�`	[TYVcVXS^	WfXYT\X��

	�55! ������ g#	 �_WZiW�	 WfXYT\6
X�	 W	 USfX	 cV	 \T]T^	 YVYT6S�]T	 T[�a6
SWWT	�c_WW�	X�RaWT\X��	�	\V_T_	aS�
\T\�aTXTfWWT\XZ	_ThX	UTcW�YWRXZ	YVY	WV

�wx ;

;
< �	 XVY	�	WV	 	 �~� ;

;
< �	�S�	WV	Sj]T_

[�T_hRXTfWT_	cWVfW���	�T\YTSZYR	US�6
f�WV	 a 	_TWTXTWWT	 R]eUVX	WV	 < �	 XT	 TWV
[��	 R_WZiW��	 WfXYT\X�	 _ThX	 �c_6
W�XZ\�	[�T�cUTSZWe_	T]�VcT_�

�SaTUVXSZWT�	U	_TaS�`�	T[�\eUVjk�`
[�T�cUTa\XUT	 cWVW�^�	 X�RaWT\XZ	 �	 WfX6
YT\XZ	aTShWe	d�QR���TUVXZ	YVY	WcVU�\�6
_e	dVYXT�e�

	�55! ������r#	�	aVSZW^i_	_e	TQ�V6
W�f�_\�	�V\\_TX�W�_	WfXYT\X�	S�iZ	[T
X�]TUVW��_�	[T\YTSZYR�	 YVY	[�VU�ST�	 Ue6
]T�	YVf\XUV	�\R�\V	\U�cVW	S�iZ	\	\TT]�V6
hW��_�	 QT	 \XT�_T\X��	 V�	 \XVST	 ]eXZ�	 U
T[X�_�cVg�TWWe`	_TaS�`	 YVf\XUV	 _TQRX
Ue\XR[VXZ	YVY	fXYT	cVaVWWe	US�f�We�

��	WVYTWg�	[T	VWVSTQ��	\	YUVS�XVX�U6
We_�	dRWYg��_�	_e	]Ra_	�V\\_VX��UVXZ
dRWYg��	WfXYT\X�	U�aV*
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�	 [SVW��R_e^	 U	 [�T�cUTa\XU	 �cRSZ6
XVX	4cWVW�5	�US�X\�	\V_TgWWe_�	X��	U\
[�T�cUTa\XUT	UeQS�a�X	YVY	[��V]TXYV	W6
YTXT�e`	 �\R�\TU	 4U`TaTU5	 �Va�	 [TSRfW��
a�W\XUWWTQT	YTWfWTQT	[�TaRYXV	4Ue`TaV5m

�	[�T�cUTa�_e	cWVW��	�V\\_VX��UVjX\�
YVY	 [�T_hRXTfWe^	 �\R�\	 4WTUe	 X`WT6
STQ���	WTR6`VR5�	YTXT�e^	]RaX	�\[TSZcTUVW
WV	\SaRjk_	bXV[	[�T�cUTa\XUV�

����	�TaSZ	YTWfWTQT	[�TaRYXV
�X[�VUWT^	XTfYT^	_TaS�	�US�X\�	[V�V

4 � 5<< W �	���	cVaVW��	bX�`	aUR`	f�\S	_T6
hX	]eXZ	�\[TSZcTUVWV	�	TgWYV	YV[�XVS�6
cVg��	4U	Sj]T^	�c	X�`	dT�_	p	\T\�aTXT6
fWWT^�	 �V\[�aSWWT^�	 U��XRVSZWT^5	 �
YVf\XUWWe	�	YTS�f\XUWWe	`V�VYX��6
\X�Y�	 Th�aV_TQT	 �cRSZXVXV�	�UVS�XVX�U6
WT^	dRWYg�^	aS�	X�]TUVW�^	�	dRWYg�^
WfXYT\X�	4U	[�a[TSThW���	fXT	TW�	V[6
��T��	�cU\XWe5	�WaRg��RjX\�	X�]TUVW��
Y	�\R�\V_	WV	U`Ta	�	\X[W�	�`	WfXYT\6
X��	,VS�	U	\TTXUX\XU��	\	bX�_�	X�]TUV6
W��_��	_e	aTShWe	[Ta]��VXZ	YTWY�XWe
�\R�\e�	 hSVXSZWT	 \	 WV�SRfi�_�	 YVf6
\XUV_��	�Ta]T�	WV�SRfi�`	YVf\XU	[TcUT6
S�X	_�W�_�c��TUVXZ	X�RaWT\XZ	aT\X�hW��
gS�	[��	�\[TSZcTUVW��	\TUTYR[WT\X�	�6
\R�\TU	 WV	 U`Ta�	 �aWVYT	 [TW�XWT�	 fXT	 cV
[TUeiW�	 YVf\XUV	 �\R�\TU	 [��`Ta�X\�
[SVX�XZ�	V	_e	[�a[TSVQV_�	fXT	WV`Ta�_\�
U	 �V_YV`	 ]jahXWe`	 TQ�VW�fW�^�	��T_
XTQT�	 cV_X�_�	fXT	\X�_SW�	Y	R_WZi6
W�j	WfXYT\X�	XVYh	X�]RX	aT[TSW�XSZ6
We`	cVX�VX�	�f�XeUV�	U\	bXT�	T[X�_�cVg�6
TWWRj	_TaSZ	\X\XUWWT	cV[�\VXZ	U	U�a*
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[T	X�]TUVW�j	Y	 H6_R	�\R�\Rm	 �; 	p	]ja6
hXWT	TQ�VW�fW��

�fU�aWT�	 fXT	dRWYg��	 Hϕ 	 _TWTXTWWT
UTc�V\XVX�	V	 Hψ 	p	_TWTXTWWT	R]eUVX�

	�55! ������ j#	���Wg�[�VSZWT	 UVhWT
[�T\Sa�XZ�	 YVY�_	 T]�VcT_	[TW�X�	 YV[�6
XVS�cVg���	 	 US�f�WV	 TX�VhVX\�	 U	 [��6
UaWWT^	 _TaS��	�VY	 Rh	 ]eST	 \YVcVWT�
TX[�VUWT^	 XTfYT^	 �US�X\�	 cVaVW�	 aUR`
US�f�W	 < 	�	 <W �	�fU�aWT�	fXT�	cVaVU	 <
_VSe_�	_e	\_Th_	�V\\f�XeUVXZ	WV	Ue\T6
YT	 YVf\XUT	 �cRSZXVXV	 4X��	 WV	 QT	 Ue\T6
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YRj	]RaRkRj	YV[�XVS�cVg�j5	XTSZYT	cV	\fX
�\[TSZcTUVW��	WV	U`Ta	�\R�\TU	 cVUaT_T
]TS	Ue\TYTQT	YVf\XUV�	WhS�	[T�ThaW6
We	X�]TUVW�_	< 	X�]TUVW��	 Hε �	�XT	[��6
UaX	Y	UTc�V\XVW�j	cVX�VX	�	W	U[�iX\�	U
]jahXWT	 TQ�VW�fW�	 4��5�	 �YVcVWWT
U[TSW	 \TTXUX\XURX	h�X^\YT_R	 [��Wg�6
[R�	fXT	XTSZYT	Ue\TY�	X�]TUVW��	\[T\T]6
We	[T�Ta�XZ	Ue\TYT	YVf\XUT�	(jahXWe
TQ�VW�fW���	YTWfWT�	_ThWT	[�\_VX��6
UVXZ�	WT	\XZ	S�	U	bXT_	\_e\S�	\S�	cVW�6
hWWT	X�]TUVW�	 < 	TcWVfVX	�	cVUaT_T
W�cYRj	]RaRkRj	YV[�XVS�cVg�j	4V	UaZ	TWV
aTShWV	 ]eXZ	 [T	 Y�V^W^	_�	 ]TSZi	 cV6
X�VX�	Ue�VhV_e`	U	4��5	US�f�WT^	 �; 5�

�XVY�	�_�	U	U�aR�	fXT	U\�YT	[�T�cUTa6
\XUT	\X�_�X\�	Y	Ue\TYT^	YV[�XVS�cVg��	4\T6
\�aTXTfWWT^	�S�	�V\[�aSWWT^5	[�T�c6
UTa�_TQT	[�TaRYXV�	< 	aTShWV	cVaVUVXZ\�	_VY6
\�_VSZWT	]TSZi�_�	nWV	Q�VW�	�VSZWT\X�o�

#a\Z	Rh	VYX�UWT	U_i�UVX\�	dVYXT�
WfXYT\X��	 �\S�	 WfXYT\XZ	 X�]TUVW��	 Y
�cRSZXVXR	�_X	[�T\X^i�^	�WX�UVSZWe^
`V�VYX�	�	[T�ThaVX	�WX�UVSZWe	WfX6
YT\X�	[T	�\R�\V_�	XT	[��	aT\XVXTfWT	]TSZ6
i�`	 aS�WV`	 bX�`	�WX�UVSTU	�	 aT\XVXTfWT
Ue\TY�`	 X�]TUVW��`	 Hε 	_e	]Ra_	UeWRh6
aWe	 [TSZcTUVXZ\�	 �\R�\V_�	 TfWZ	 Ue\T6
Y�`	YVf\XU		 Hµ �	fXT�	U	\UTj	Tf�aZ�	RUS�6
f�UVX	cVX�VXe	�	W	[TcUTS�X	\Rk\XUWWT
R_WZiVXZ	X�RaWT\X�	 Ha �	#a\Z	[T	Y�V^W^
_�	RXiVX	XT�	fXT	_VSe^	�WX�UVS	r � sH Hε µ
\_kW	Y	��	V	W	�V\[TSThW	U]S�c�	TX	�u�
4\_�	\UT^\XUV	a 	U	�VcaS	.5�	�X�_SW�	Y
R_WZiW�j	WfXYT\X^	XVYh	[��UTa�X	Y
RUS�fW�j	cVX�VX�

�VY�_	T]�VcT_�	_ThWT	\aSVXZ	UeUTa�	fXT
]T�Z]V	 cV	 Ue\TYRj	YV[�XVS�cVg�j	�cRSZ6
XVXV	U	YSV\\	Rh	�_jk�`\�	�\R�\TU	�c6
YT	\RhVX	UTc_ThWT\X�	T[X�_�cVg���	T[�6
\eUV_e	[��UaWWT^	_TaSZj�

�e	[��`Ta�_	Y	W�c]hWT\X�	[�T�cUTa6
\XUV	n[�T�eUWe`o	cWVW�^�	X��	Y	�\[TSZcT6
UVW�j	 �\R�\TU	 \TU�iWWT	 a�RQTQT	 U�aV�
�VYV�	UTc_ThWT\XZ	UTcW�YVX	Rh	YVY	\Sa6
\XU�	[T�USW��	WTUTQT	XT�X�f\YTQT	cWV6
W���	V	TWT	T]SVaVX	TQ�T_WT^	U��XRVSZWT^
YV[�XVS�cVg�^	 4��#5	 �	 TQ�T_WT^	 ��#�
\S�	�US�X\�	\T]\XUWWT\XZj	TaWTQT	j��6
a�f\YTQT	�S�	d�c�f\YTQT	S�gV�

	�55! �������#	�UVS�XVX�UWRj	dRWYg�j
XVY	h�	YVY	�	[�T�cUTa\XUWWRj	_ThWT	WV6

`Ta�XZ�	T]�V]VXeUV�	\XVX�\X�f\Y�	aVWWe
�S�	�\[TSZcR�	aS�	Ue�VhW�^	X�[V	405	X�V6
a�g�TWWe	 U�ae	 [�T�cUTa\XUWWe`	dRWY6
g�^�	 
T�VcaT	 \SThW�	 WV	 WVi	 UcQS�a�	 T]6
\XT�X	aST	\	dRWYg��_�	WfXYT\X��	#a\Z
V[��T�We`	\TT]�VhW�^	R	WV\	[TYV	WXm	\XZ
S�iZ	R]haWWT\XZ	U	XT_�	fXT	[T�USW�	U
_TaS�`	[TaT]We`	cVU�\�_T\X^	WT]`Ta�6
_T	`TX�	]e	[TXT_R�	fXT	WfXYT\XZ	U	[T\XV6
WTUY	gS�	_ThX	[��UTa�XZ	Y	\XTSZ	Ti�6
]TfWT_R	 [�a\XVUSW�j	 T	 X�]TUVW��`	 Hε �
fXT	�cRSZXVX	_ThX	[TYVcVXZ\�	WaT\X�h�6
_e_�

	�55! ������g#	�X�RaWT	cV_X�XZ�	fXT
_TaSZ	4��5p4� 5	_ThX	�V\\_VX��UVXZ\�	�
YVY	_WTQTY��X��VSZWV��	,T[TSW�XSZWe_
Y��X��_	_ThX	 Ue\XR[VXZ�	 WV[��_��	 �
\R__V	cVX�VX	U	TQ�VW�fW��	4��5�
����	�TaSZ	[�T_hRXTfWTQT	[�TaRYXV
�e	�V\\_VX��UV_	\�XRVg�j�	YTQaV	[�T6

�cUaWWe	cWVW��	U	dT�_	X`WTSTQ�^	�S�
WTR6`VR	RfV\XURjX	U	[�T�cUTa\XU	XTUV�TU	�
R\SRQ�	[��f_	\X\XUWWT�	fXT	fV\XZ	[TSR6
fV_T^	�eWTfWT^	YV[�XVS�cVg��	�\[TSZcR6
X\�	 WV	 \TU�iW\XUTUVW�	 X`WTSTQ�^	 cV
\fX	WTUe`	cWVW�^�

���UTa�_V�	 W�h	 _TaSZ	 dVYX�f\Y�
TX�VhVX	UcV�_Ta^\XU��	��#	�	��#	\	��#
�	WVT]T�TX�	,S�	R[�TkW��	�\[TSZcR_	X�V6
a�g�TWWRj	dT�_R	_TaS�	�TWXZUV	4U	TX6
S�f�	TX	[�aeaRk^	_TaS�	U	W^		W	d�6
QR���RjX	U	�UWT_	U�a	XVY�	dVYXT�e	YVY
X�RaWT\XZ�	 X�]TUVW���	 YVf\XUT	 �	 WfX6
YT\XZ5*
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Qa	 n 	p	UYXT�	YV[�XVS�cVg��	_WTh\XUV
[�T�cUaWWe`	XTUV�TU	�	R\SRQ�	 �n 	p	UY6
XT�	XT^	fV\X�	YV[�XVS�cVg���	YTXT�V�	X�V6
X�X\�	WV	[TX�]SW��	 L 	p	UYXT�	YV[�XV6
S�cVg��	 �\[TSZcR_e`	 U�aTU	 cWVW�^m
4 5C L p	 X`WTSTQ�f\YV�	_VX��gV�	 YVhae^

bS_WX	YTXT�T^	cVU�\�X	T	UYXT�V	�\[TSZ6
cR_e`	cWVW�^�	 4 5_ n 	p	nX`WTSTQ�f\YV�o
_VX��gV	aS�	[�T�cUTa\XUV	cWVW�^�	YVhae^
bS_WX	YTXT�T^	cVU�\�X	TX	aTS�	YV[�XVS�6
cVg��	XTUV�TU	�	R\SRQ�
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