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D é r i v é e s
Pa r t i e l l e s

2001-2002

Leif Arkeryd
On the stationary Boltzmann equation
Séminaire É. D. P. (2001-2002), Exposé no I, 11 p.

<http://sedp.cedram.org/item?id=SEDP_2001-2002____A1_0>

U.M.R. 7640 du C.N.R.S.
F-91128 PALAISEAU CEDEX

Fax : 33 (0)1 69 33 49 49
Tél : 33 (0)1 69 33 49 99

cedram
Article mis en ligne dans le cadre du

Centre de diffusion des revues académiques de mathématiques
http://www.cedram.org/

http://sedp.cedram.org/item?id=SEDP_2001-2002____A1_0
http://www.cedram.org/
http://www.cedram.org/


��� �������	��
��������
���� ����������� 
 ��� �"!$#%
&�'(���*),+

-/.�02143�56187:9<;

=?>�@BA8C4DFEGAIH JFKMLONQPSRTP�UVKMWXRGL,Y[Z\U]WX^BP�UV_�^a`\bFRTP�UVKMWXNBcd^BWIPeL�KGf\YhgXU]N�N�U]fFRTP�UVKMW�_iRTW$N�KGjh^(PeUVjk^aN
lm^nbXN�^Bg�UVWo^�pdUVN,P�^aWX_B^�fXL�K6KGqrN"N�U]jhU]stRGL,s]Y�P�K�^aWIPeL,KMfIYoUVW?P�uX^nPeUVjk^&gX^Bfv^BWXgX^BW\P�N,U]PebXRTPeU]KMW�w
x ^a_a^BWIP$L,^aN�bys]PeNkUVWzP�uXUVN�N�fyUVL�U{P[KMlyPeRGUVWy^ag|UVW*_aKMs]stRGlmKML�RTPeU]KMW~}�U{Peu*�/w���KMbXL�U�c�RTL�^�uX^aL,^
fXL,^aN�^BWIPe^ag�qrKGL�P�uX^/WXKGWXsVU]WX^iRGL�NQPSRTP�UVKMWFRTL,Y���KGs]Pe�Bj$RTWXW�^a`\bFRTP�UVKMW2UVW�lmKMbXWygX^ag�gyKMj$RTUVWXN
KGq�� ����}�U{Peu��MU{�M^aW�U]WXgFRTPeR[RGWXg�gXU]�vbXN�^nL,^B�F^B_BP�UVKMW�KMWoPeuy^ lmKMbXWygFRGL,YGw

� �����&�i�i� �i���/���B�n�����%� �'�n�:�%�B�:�
� W�P�uX^�RGfyfXL�KIRT_Su�PeK?^�pdUVN,P�^aWX_B^�fXL,KMlXsV^BjhN"qrKML�PeuX^ PeU]jh^� ¡gX^Bfv^BWXgX^aWIP���KMs{Pe�ajhRGWXW�^a`\bFR4 
PeU]KMW�UVWIPeL,KdgybX_a^BghlIY x w\¢&Ut£�^BL�WFR�RGWyg?£�w\¤'w6¤	UVKMWyN�¥§¦©¨�c\_aKMWyN�^aLQ�TRTPeU]KMW�stRi}�N�RTWXgh^BWIPeL�KGf\Y
_aKGW\P�L�KMs�RTL�^oqrbXWXgFRTjh^BW\PeRGsªPeK~KMlyPeRGUVW|WX^B_a^BN�NeRTL,Y¬«R~fyL�UVKGL�UªlmKMbXWXgyNhRTWXg_BKMjkfFRG_BP�WX^aN,N
fXL,KMfv^BL,P�UV^aNBw � W®PeuX^�_BKML�L,^aN�fmKMWXgyUVWX�zNQPSRTP�UVKMWFRTL,YfXL�KMlysV^ajkNac�KMWXs{YP�uX^%�FK8}�N�KGq/N,bX_Su
`\bFRGWIPeU{PeU]^aN RGL�^hbXWXgX^BL/_BKMWIPeL�KGs¯c�RGWXg°P�uX^aN,^?RGL,^$WXKTP/lIY�PeuX^BjhN,^as{�M^aN±^aWXKGbX�Mu°P�K�U]jhfXs{Y
Peuy^$gX^BN�UVL,^ag²L,^aN,bXs]P�Naw2³´K8}�^(�M^BLac�^aWX^BL��GY~_BKMWIPeL�KGsOKML N�U]jhU]stRGL�fXL�KMfm^aLQPeU]^aN±RGL�^$R8�TRGU]stRGlysV^
qrL�KGj�jhKMjk^aWIP��FK8}�NacyRGWXghj$RGN,N�_BKMWIPeL�KGsmjhRiY�lv^�qrKML,_a^ag$KMWIPeK±P�uX^�fyL�KMlXs]^aj�R©PªR fXL�U]_a^Gw
µ K�L�^BfXstRG_B^$RTW²bXWFRi�TRGUVsVRGlXs]^�^aWIPeL,KMfIY¶lmKMbXWyg�c�P�uX^aL,^?UVN±R�}O^iRGZT^aL�RGWyg¶jkKML�^kUVWI�MKGs]�M^Bg
^aWIP�L�KMfIYogXU]N�N,UVfFRTP�UVKMW$_aKMWIPeL,KMs¯w
· N,UVWX��N�by_Su$gX^(�dU]_a^BNac\PeuX^�stRTN,P'qr^B}YM^aRGL�N�}�U]P�uk�±w\�´KMbyL�U¯cT}�^�uFRi�M^�lv^B^aWkgX^B�G^as]KMfXUVWy�

RGW°RGfXfXL,KIRG_Su�PeK�N,PeRTPeU]KMWFRGLQY�^(pdU]N,Pe^BWX_a^kUVW~RGW°¸�¹Q �_aKMWIP�^(p6P±qrKGL WyKMWXsVU]WX^iRTLn��KMs{Pe�ajhRGWXW
L�^BstRTP�^ag�^a`\bFRTP�UVKMWyNacºRGs]N�K�q»RGL"qrL�KMj¼jhR©p6}O^asVs]UtRGWo^B`\bXUVs]UVlXL,UVbXj�w�½�KMWX_B^aL�WyUVWX��PeuX^ fm^aL,P�bXLQ 
lFRTP�UVKMWoKTq�R[�Ms]KMlFRGsvj$R4pd}O^as]sVUVRGW$^B`6byUVsVU]lXL�U]bXj�KMWoPeuy^ KTPeuX^BL"uFRGWXg�cdPeuFRTP�_aRGN�^�uFRTN"lv^B^aW
N,Y6NQPe^ajhRTP�UV_iRTsVs]Y±N,P�bXgXU]^aghRGsVL,^iRGgyY±qrL�KMj¾PeuX^�stRTP�^n¿8ÀMÁMÂTUV^aN'KGW\}�RGL,gXNaw�Ã�^BPeuyKdgXN�KGq�R jkKML�^
�M^BWX^aL�RGs�P¡Y6fv^�_iRTW�P�uX^aW�lv^�bXN,^ag�cFN,bX_Su�RTN´³�UVs]lv^BL,P"N,fFRG_a^�Pe^B_SuXWXU]`6by^aN´RGWXg�_aKMWIP�LeRG_(PeUVKGW
jhRGfXfXU]WX�MNacTPeuX^"fXU]KMWX^B^aL�N'lm^aU]WX��³±w6ÄnLeRTg�¥ÅÀT¨FRGWXghÆyw\£�w\ÄnbXU]LeRGbXg�¥Ç¿8ÂT¨�cM_(q	RGs]N�Kk¥Ç¿iÈG¨�cm¥É¿4Ê4¨¯w
µ K�U]W\P�L�K6gXbX_B^/PeuX^/KMlXN�^BL,�TRTP�UVKMW%lm^auXU]WXg�P�uX^[fXL�^BN�^BW\P sVRGL��M^±gFRTPeRoRGfXfXL,KIRG_Su�c�s]^BP�bXN

_aKGWXN�U]gX^aLªP�uX^�N,PSR©PeUVKGWFRGL,Y$��KMs{Pe�Bj$RGWyWo^a`\bFRTP�UVKMW°Ë»_(q"¥ÌÁT¨tÍ�UVW�ÎÐÏÑ� � � c
Ò/ÓGÔoÕ8Ö Ër×ÙØ Ò Í'ÚÐÛ$Ë Ö Ø Ö Í�Ø ×�Ü%Î&Ø Ò Ü%� � � Ø ËQ¿Gw]¿4Í

}�uX^BL�^�ÎÝU]N�RkN,P�L�UV_(Pes{Yo_aKMWI�G^(pvc�lmKMbXWXgX^Bg�gXKGj$RGU]Wo}�U]Peu�Þ/¹¡ ªlmKMbXWXgXRGL,YGw µ uX^/WXKGWXWX^a�© 
RTP�U]�M^nqrbXWy_BPeU]KMW Ö L,^afXL,^aN�^BWIPeN´P�uX^ gX^aWXN,U]P¡Y�KGq:RkL�RGL�^(ßF^ag2�IRGNBcº×�UVN"PeuX^�fmKMN�U{PeU]KMW�cFRGWyg Ò
àQá â©ã�äæåèç(é¯é»ê§ëTä,çSì�êîí(ïnðSñBòmóBôõ¯öø÷,ù ç�ú�ì�û ÷ ïBìüí�ýdá çSì�þ ÷ û"çSì¯êîä,éQÿ4ãvþ©ç�åîû ÷ ú é�� ï©é»ì�ê§ì��4ì ÷ í(ý�� ÷ ä þ4ï4íBå§í��
	Bÿaâ���������(ñ���í(ì�þ ÷ ï����4ú��Tÿiâ�� ÷ �� ÷ ï��
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Peuy^��G^as]Kd_BU]P¡YMw µ uX^±KGfv^BLeRTP�KML"Û UVNªP�uX^nWXKMWysVUVWy^iRGL"�OKMs]P��ajhRGWXW?_BKMsVs]UVN�U]KMW$KGfv^BLeRTP�KMLac
ÛhË Ö Ø Ö ÍaË Ò Í'Ú�� � !�"�� # "
$&%�'?Ë Ò)(zÒ+* Ø�,	ÍaË Ö Ër×ÙØ Ò.- Í Ö Ër×ÙØ Ò�-* Í (*Ö Ër×ÙØ Ò Í Ö Ër×ÙØ Ò+* Í�Í0/ Ò&* /�,2Ú
Ú Û21'Ë Ö Ø Ö Í (|Ö43 Ë Ö Í�5
µ uX^�bXWyU]P&N,fXuX^BL�^�U]W�� ���hUVN´gX^aWyKGPe^Bg%l\Y76��+8y¹BcüRGWXg�P�uX^�fXL,^( "RGWXg�fmKMN,PQ ¡_BKMsVs]UVN�U]KMWFRGs

�M^BsVK6_aU{PeUV^BN"RGL,^n_aKMWXWy^a_BP�^ag2l\Y
Ò - Ú Ò - Ë Ò Ø Ò+* Ø�,	Í:9îÚ Ò<;*Ò+*Ê ;>= Ò)(zÒ+* =Ê ,üØ
Ò -* Ú Ò -* Ë Ò Ø Ò+* Ø�,	Í:9îÚ Ò<;*Ò+*Ê ( = Ò?(²Ò+* =Ê ,@5 ËQ¿GwèÊMÍ

µ uX^nqrbXWX_(PeU]KMWA' U]NªPeuX^�ZT^aL�Wy^asÙKGqøPeuX^�_asVRGN�N,UV_aRGsüWXKGWXsVU]WX^iRGLª��KMs]P��ajhRGWXW?KGfv^BLeRTP�KMLac

= Ò)(zÒ+* = BDC ËE,ÙÍ�}�U]P�u (GFIHKJLH ÊdØ C Ü%¸ ¹1 Ë�6 ��8y¹ Í(Ø C ËM,	Í:NPO<Q ÂyØSR�5UTV5W5
µ uX^�UVWI}�RGL�g2RGWXg�KMbdP¡}ªRGL,g2lmKMbXWygFRGL�U]^aN"U]WofXuFRGN,^ N,fFRG_B^/RGL,^X Î 1 ÚZYdË ×ÙØ Ò Í�Ü X Î\[�� � �^] Ò±Ó�F Ë ×vÍ:Q Â�_\ØX Î 8 ÚZYdËr×ÙØ Ò Í�Ü X Î`[%� � ��] Ò Ó�F Ër×vÍ H Âa_\Ø
}�uX^BL�^ F Ër×vÍªgX^BWXKGP�^aN"PeuX^�U]W\}�RGL,g�WyKML�jhRGsüKGW X Î&w
Ä�U{�M^BW%RhqrbXWX_(PeU]KMW Ö b Q Â$gX^BßXWX^ag%KMW X Î 1 RGWyg%R$gXU{�übXN,^/L,^B�F^B_BPeU]KMW�KMfm^aL�RTPeKGLdc%c

N�KGsVbyP�UVKMWXN Ö P�K2ËQ¿Mw{¿4ÍªRGL,^nN�KMbX�Gu\P�}�U{Peu�lvKGbXWXgFRGLQY?_BKMWXgXU{PeUVKGWXN
Ö Ër×ÙØ Ò Í'Ú ËMe�c Öf; Ëæ¿ ( eMÍ Ö b ÍaË ×ÙØ Ò Í(Ø Ër×ÙØ Ò Í�Ü X Î 1 Ø ËQ¿GwhgIÍ

qrKMLnN,KMjh^�Âjikeli ¿Gc	U¯wÅ^Gw[RojkU{p6PebXL,^�KGqOgXU]�vbXN,^[L�^B�X^a_BP�UVKMW~RGWyg°RolmKMbXWXgXRGL,Y�N�KMbXL,_a^Twm WX^aL,�GY�_aKGW\P�L�KMsMRGWXg ^aWIPeL,KMfIY�gXUVN,N�UVfXRTPeU]KMW&_aKGW\P�L�KMsIlIYnlmKMbXWygFRGL,Y��GRTsVbX^'U]W\P�^a�ML�RGsVNBciqrKMsVs]K8}
qrL�KGj N�byU]PSRTlXsV^nRTfXfXsVU]_iRTP�UVKMWyN�KGq:Ä�L,^a^BWon§N�U]gX^aWIPeU{P¡YMw'³�^aL,^�P�uX^�^aWIPeL,KMfIYogXU]N�N�U]fFRTP�UVKMW?U]N

T\Ë Ö Í'Ú\p^q4r � !^s�" r # "
$+% 'oË Öutwv Ö4twv* (*Ö4t\Ö4t* ÍysVW Ö t v Ö t v*Ö t Ö t* /I×�/ Ò / Ò+* /�,üØ
µ uX^�^aWIPeL,KMfIY?gXU]N�N,UVfFRTP�UVKMWhUVNª�B^aL,K�qrKGLªR�jhR©p6}�^BsVsVUVRGW?RTfXfXL�KipdUVjhRTP�UVWX�±R�¢&UVLeRT_´jk^iR© 

N�byL�^GcÙN,K�U]W%�M^aWy^aLeRTs:U]PngyKd^BN WyKGP��MU]�G^[RGWIY%U]WyqrKML�jhRTP�UVKMW2RGlmKMbyPnjhRGN�Nn_BKMWX_B^aWIPeL�RTPeU]KMWXNaw
��byP�U]q'KGW�N�b�xh_BUV^BW\P�s]Y�stRTL��M^ N�^(PeNac Ö+* Q\O ¹ QÝÂkP�KM�M^(PeuX^BL´}�U]P�u Ö - Ø Ö -* H O
yicmPeuX^BWzT\Ë Ö Ílm^auFRi�M^BNnN�U]jhU]stRGL,s]YkPeK � Ö s]W Ö c�RTWXg�uX^BsVfXN�PeK?_BKMWIPeL�KGs�_aKGWX_a^BW\P�LeRTP�UVKMWyNaw µ uFR©P&UVN´KGq Pe^BWPeuy^±_aRGN�^±UVW�N,PSR©PeUVKGWFRGL,Y?fXL�KMlysV^ajkNaw � P�uXRGN´P�bXL�WX^Bg�KMbdP´P�uFRTP�PeuXU]N�UVN�^aWXKMby�Mu2P�K$KMlyPeRGUVW
^(pdU]N,Pe^BWX_a^�qrKML�PeuX^´£�K8�6�aWX^BL�¥{gT¨¯cv¥Ç¿�gT¨vRGWXg m WXN�ZTKM��¥Ç¿M¿a¨º^a`\bFR©PeUVKGWXNOU]WhlmKMbXWygX^ag?gyKMj$RTUVWXN
UVWh� ���6cdRGWXg�qrKML'PeuX^´��KMs{Pe�Bj$RGWyWk^B`\bFRTPeU]KMWkUVWkR±N,stRGlkbXWXgX^BLOWyK±KGP�uX^aL�L�^BN,P�L�UV_(PeU]KMWXN:PeuXRGW
ÄnLeRGgonÅNORGWX�MbXsVRGL�_abyPQ ¡KG� C Ü%¸�¹1 Ë�6��+8y¹eÍ�cXRGWXg F QÝ¿Mw:�<P¡YdfyUV_iRTsmL,^aN,bXs]P�UVWhP�uX^�N,stRGlh_iRGN,^
UVNªP�uX^nqrKMsVs]K8}�UVWX�?Ë�¥ÅÊ©¨¯c	¥ÌÈG¨tÍ(w

Ê



|)}�~�� C ~a� � H � H?���&�^�
�E���������^�2�
���V�M�M�&���V���f���&�������f�V���z���w���V�M�M�&�z���I���
������ 
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�����A´������¼���&�������³° �V����§�&�a���.�V�
��Îu�¦�¦Ï��Ð� Ö�b ØÊ�MÃ���Ã�´������ Ö Ú�Ñ Ö b �&�z�E�^�)���a«.�&���a«¬�§�&�����.�V���:¤��&�<���&���<Ñ©Q Â�Ã

µ uX^�L,^Bqr^BL�^aWy_a^aNn¥§Ê©¨�cü¥ÌÈG¨vRGs]N�K _aKMWIPeRGUVW�PeuX^�NeRTjh^�P¡Y6fv^´KGq	L�^BN�bXs{PeN�qrKML�N�KGq P�qrKML�_B^aNBcdlXbdP
}�U]P�u�L�^aWyKML�jhRGsVU]�a^Bg?N�KMs]byPeU]KMWXNBcXRGNª}O^as]sÙRGN�RGgXgXU{PeUVKGWFRGsº�M^aWy^aLeRTsVUV�aRTPeU]KMWXNBw
µ uX^�lFRGN,UV_�_BKMjhfXRG_BP�WX^aN,N�RGL��Mbyjh^BW\P&bXN�^Bg�P�KofXL�K8�G^�P�uX^�RGlmK8�M^[_iRTN�^aNBcÙUVN&WXKTP&qrbXsVs{Y

Ri�TRGUVsVRGlXsV^[qrKML PeuX^��OKMs]P��ajhRGWXW¶^B`\bFRTPeU]KMW²U{PeN�^Bs]q�U]W²jhKGL�^hP�uFRGWzKMWy^?N�fFRT_a^ogXU]jh^BWXN�U]KMW�w
³´K8}O^B�G^aLac�UVW P�uX^�N�fXRTPeUVRGsVs{Y F   gXUVjk^aWXN,UVKMWXRGs�_iRGN,^�PeuX^%^BWIPeL�KGf\Y gXUVN,N�U]fFRTPeU]KMW*^aN,P�UVjhRTPe^N,P�UVs]sXRGs]sVK8}�N'gXU]�v^aL,^aWIP�lXbyP�}O^iRGZT^aL�_BKMWIPeL,KMsFjh^B_SuFRGWXU]N�jkN"cI}�uXUV_SuhRGsVN,K�sV^iRTg�P�K±^�pdUVN,P�^aWX_B^
L�^BN�bXs{PeN$Ë»N,^a^%¥ÓÒ©¨tÍ(w � W°_aKMWIP�LeRGNQP±P�K2Peuy^h^aRGL�s]UV^aLn_aRGN�^BN/lFRTN�^ag¶KMW°KGbXL±KGL�UV�GUVWFRGs�jh^(PeuXK6g�c
N�K�q»RGL�_aKGjhfXs]^BP�^[L�^aN,bXs]P�N/RTL�^�uX^aL,^hKGWXs]Y�KMlyPSRTUVWX^Bg~}�uX^BW°P�uX^k�G^as]Kd_BU]PeU]^aN&N,j$RTsVsV^BL�PeuXRGW
N�KGjh^:ÔÍQ Â RTL�^�^as]UVjkUVWFRTP�^ag�w µ uyUVN�UVN'_BKMWXWX^B_BPe^Bgk}�U{Peu[Peuy^�jhRGN,N�KGWXs]Y±lv^BUVWX��bXWyU]qrKML,jhs{Y
_aKGW\P�L�KMs]sV^Bg[l\Y/^aWX^BL��GY[R8}�RiY[qrL�KMj �M^BsVK6_aU]P¡Y±�a^BL�KXc\lXbdP�WXKGP�UVW�RnWX^BUV�Mu\lmKMbXL,uXKdK6g�KGqv�a^BL�KXw
� q�}�^�}O^aL,^�PeKoZT^a^af%P�uX^[N�jhRGsVs	�G^asVK6_aU{PeU]^aNacºPeuy^aW~Rh�TRGL�UVRGWIP&KGq'P�uX^[sVU]jhU{PeU]WX�[fXL�K6_a^BgXbXL,^
^ajkfXs]K4YG^ag�cª}OKMbXs]g®N,P�UVsVsª}OKML,ZlXbdPic�lv^BN�U]gX^aNoRTgXjhU{P�P�UVWX�%Peuy^�gX^aN,UVL,^ag N,KMsVbyP�UVKMWKGqnPeuy^
lmKMbXWXgFRTL,Y��TRGsVbX^ fXL,KMlXsV^Bj2cF}OKMbXs]g%RGsVN,K?RGs]sVK8} P�uX^oËrbXWI}ªRTW\P�^agºÍ&RTs]Pe^BL�WFR©PeU]�G^�KGq�RhPeKTPSRGs
_aKGsVstRTfXN�^&KTq�jhRGN�N�R©P"�M^as]Kd_BU]P¡Y$�a^aL,KXw
Ã�RTP�uX^ajhRTPeU]_iRGs]s]YGcüPeuX^hUVjkfvKGN�^ag�N,j$RGs]s��M^BsVK6_aU{P¡Y�_abyP�KG�|UVN±R�N,^aL,UVKMbXN fXL,KMlXsV^Bj2cÙlXbdP

fXuIY6N�U]_iRGs]s]Y�sV^BN�N&N,KXcüU{q'^GwÅ�Xw�P�uX^/�G^asVK6_aU{PeU]^aN"}�^BL�^[L,^ajkK4�G^ag%KMWys]Y�lv^BsVK8} R?£'stRTWX_SZ�N�_iRTsV^Gw
£'uIYdN,UV_aRGsVs{YhjkKML,^�N�^BL�U]KMbXNªU]NOPeuy^&stRG_SZ�KGqøU]W\P�^aL,^aN,P�UVWX�±bXWXU]`6by^aWX^BN�N�L�^BN�bXs{PeNªKGqøRTW\Yh�M^BWX^aLæ 
RGs]U]P¡YMcyRkfyL�KMlXs]^aj KMWoPeuX^�KGP�uX^aL�uFRGWyg2N,uFRGL�^Bg�}�U{PeuoPeuy^�P�UVjk^ngX^afm^aWygX^aWIP�PeuX^BKML,YoU]W�U]PeN
fXL,^aN�^BWIP�NQPSRTP�^Gw
µ uX^ Wd ¡gXU]jh^BWXN�U]KMWFRGsº^�pyU]N,P�^aWX_B^±L,^aN�bys]P�KGqª¥UÒ4¨	j$RiY$lv^nNQPSRTP�^ag2RGNªqrKMsVs]K8}�Naw'JFKMLÀÔÍQ Â

�MU{�M^aWücXUVWIPeL,KdgybX_a^&P�uX^�_abyPQ ¡KG��qrKGL"N�jhRGsVsm�M^as]Kd_BU]P�UV^aNBc
Õ×Ö Ë Ò Ø Ò&* Ø�,ÙÍ'Ú Â[U]q = Ò = H Ô?KML = Ò+* = H Ô$KML = Ò - = H Ô?KML = Ò -* = H ÔmØÕ×Ö Ë Ò Ø Ò&* Ø�,ÙÍ�Ú ¿ ^as]N�^+5|)}�~�� C ~a�Ø� HWÙ	H�Ú���Î.Î^�����À�E���V� Ö b QKR�T+8aÛÉÜ s ¤��&�¯���&���ÝRºØ�/¬Q®ÂÇ�V���2��Ã���Ã�Ër×ÙØ Ò ÍªÜ X Î 1  �V���¬�����V�
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� W�P�uX^nPeuX^BKML�^Bj2cyN�KMs]byPeU]KMWXNªRTL�^�bXWXgX^BL�NQPeK6Kdg�UVW�L,^aWXKML,j$RTsVUV�B^ag?N,^aWXN,^±KGL�RGW�^a`\bXU]�TR© 
sV^BWIPOKGWX^Gc6N�bX_Su$RGN�jhU]sVg�cM^�pdfvKMWy^aWIPeUVRGs¯cIKML�U{Pe^aL�RTPe^Bg�UVWIPe^B�MLeRGsXqrKGL�j Ër_Bq�¥Å¦©¨�cv¥É¿a¨tÍ(w µ uX^´sVRGN,P
P¡}OKkN,KMsVbdPeUVKGWh_BKMWX_a^BfyPeN�U]W?fFRGLQPeUV_BbXstRTLac6RGL�^´bXN�^Bg�UVW$P�uX^nfXL�^BN�^BW\P�fyL�K6KGqæw µ ^aN,P"qrbyWX_BP�UVKMWXNê RGL,^´PSRTZG^aW�U]Wo¸�ë�Ë�ìÎÂ[�� � � Í�}�U{Peu?_BKMjkfFRG_BP�N�bXfyfvKMLQPic6}�U]Peu ÒnÓ8Ô?Õ�ê Ü%¸�ë�Ë�ÎÂ[�� � � Í(c
_aKGW\P�UVW\bXKMbyN�s]Y$gXU]�v^aL,^aWIPeUVRGlXs]^&RGs]KMWX�[_SuFRGL�RG_BP�^aL,UVN,P�UV_BNacFRGWyg��TRGWyUVN�uyUVWX�[KMW X Î 8 w
µ uX^&L,^ajkK4�TRGsºKGqüPeuX^´N�jhRGsVsF�M^BsVK6_aU{P¡Y[PeL�byWX_iRTP�UVKMWkUVW µ uX^aKGL�^aj ¿MwîÊ N,^a^ajkN�P�K/L�^B`\bXUVL,^

qrL�^BN�u±UVgX^aRGNac8}�uX^BL�^iRTN�Peuy^�P�^a_SuXWyUV_iRTsIL�^aNQPeL,UV_BP�UVKMWyN	KMW)'hc Ö b cGRTWXg/Î°j$RiYnlm^�_aKMWXN,UVgX^BLeRGlys]YL�^BstR©pd^Bg�w · WygX^aL�PeuX^�qrKML�j�bystRTP�UVKMW[RTlvK8�M^TcyuXK8}O^B�G^aLacyU]P�UVN�fvKGN�N�U]lXsV^"P�K/stRiY�lFRTL�^�PeuX^´WX^B}
Pe^B_SuXWXU]_iRGs�gX^B�G^as]KMfXjk^aWIPeN }�U]PeuyKMbyP±gXUVNQPeLeRT_BPeU]KMW�cÙ}�uX^aL,^iRGN±PeuXKMN,^$U]gX^iRGN�}OKMbXsVg°uFRi�M^$P�K
lm^´jkU{pd^ag�}�U]P�uhKTPeuX^BLOuX^aRi�6YklXbdP�q»RTjhU]sVUtRTL�gX^(�dU]_a^BNOU]WkP�uX^´_aRGN�^´KGq�jkKML,^��G^aWX^BLeRGsu'$c Ö�b cRGWXg�Î cFj$RGZ\U]WX�/Peuy^ fyL�K6KGqrN"uFRGL,gX^aLªP�Kkfm^aWy^BPeL�RTPe^Tw

í î � ��ï�� ð%��ñÍñ�ò`ñfòÐ��ó2�a���:�n�zô�� �i� �Ýï�� õ�ö FÊ÷ ô������
ø U]P�uXKMbyP´sVKGN�N�KTq��M^aWX^BLeRGs]U]P¡YGcmP�uX^/^�pyU]N,P�^aWX_B^[fXL�K6KGq:qrKML µ uX^aKGL�^aj ¿MwîÊk}�UVs]sÙWXK8} lv^�gyUVNQ 
_abyN�N�^BghU]W�PeuX^"_aRGN�^ F Ú`gdc�e±Ú<Âyw µ uy^�Ï����
�o�
���£ÎA���Å�E�^��Îu�¾���¦¤�UVN�PeKnN�KGs]�M^ªP�uX^"^a`\bFR©PeUVKGW
}�U]P�u[RGW�^�p6PeLeRnRTlXN�KML,fyPeU]KMW±P�^aL,júù Ö UVW/P�uX^�^B`\bFRTPeU]KMW�w µ uX^�}O^iRGZ qrKML�j KGqFP�uX^ª^a`\bFR©PeUVKGWPeuy^aW�lv^B_aKMjk^aN

p q4r � !aû ¥ ( ù Ö4t<;Ö4tMÒ±ÓGÔoÕü; ÛhË Ö4t Ø Ö4t Í¡¨ ê Ë ×ÙØ Ò Í£/I×�/ Ò Ú
( p â qaã Ò 5 F Ër×vÍ Ö�b£ê Ë ×ÙØ Ò Í£/I×�/ Ò?( p â q $ Ò 5 F Ë ×vÍ Ö t ê Ë ×ÙØ Ò Í£/I×�/ Ò 5

µ uX^²_BKMsVs]UVN�U]KMW®UVWIP�^a�ML�RGs � ÛhË Ö Ø Ö Í ê / Ò �TRGWyUVN�uy^aN�qrKML ê Ú ¿MØ Ò Ø Ò y c RGWygÝUVN�WXKMWd fmKMN�U{PeU]�G^�qrKML ê Ú sVW Ö w µ uXUVN�s]^iRGgXN?P�KÝ«R|fyL�UVKGL�U<ù	 ¡gX^Bfv^BWXgX^BW\P�^BN,PeU]j$R©Pe^aN$KGq/jhRGN,N� Ö c�^BWX^aL,�GY � ÖvÒ y c�RTWXg|^aWIPeL,KMfIY � Ö s]W Ö w · N,UVWX��ßdpy^BgfmKMU]W\P[RGL��Mbyjh^BW\P�N�RGWXg|gX^� �6UV_B^aN[L�^BstRTP�^ag²P�K�Pe^a_SuyWXUV`\bX^BN�qrL�KMj�PeuX^?P�UVjk^(  gX^afm^aWXgy^aWIP[_iRTN�^Gc'P�uX^BYzU]jhfys]Y%PeuXRTP�Peuy^ùÙ ¡RGfXfXL,KipyU]j$R©PeUVKGWhuFRTN´R[WXKGWd ¡WX^B�IRTP�U]�M^nN,KMsVbdPeUVKGW Ö t w���IRTUVW%bXN,UVWX�oPeuy^�}�^aRGZ�qrKML,j2cü}O^k_iRGW�^aNQPeU]j$RTP�^�KMbyP��MKMU]WX�?jhRGN�N&�FK8} «R?fXL�U]KML�U�l\Y
UVWy�MKMUVWy�±jhRGN�NO�FK8} U]WXgX^afm^aWygX^aWIPes{Y$KTqýùGQ Âyw µ uX^n^�pyfmKMWX^BWIPeUtRTsvqrKML,j KGq	P�uX^n^a`\bFR©PeUVKGW
UVN

Ö t Ë ×ÙØ Ò Í�Ú Ö�b Ë × (Áþ 1 Ë ×ÙØ Ò Í Ò Ø Ò Í¦T 8Êÿ��$ � ã ����� �
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³´^BL�^ þ 1 U]N�Peuy^�P�UVjk^&U]P�PSRGZT^aN�PeK�L�^aRG_Su�P�uX^�UVWX�GKMUVWX�±lvKGbXWXgFRGLQYofmKMUVWIP�RGs]KMWX�/P�uX^�_SuFRGLæ RG_(Pe^aL,UVNQPeUV_[Ër× (¼þ8Ò Ø Ò Í�w � P"qrKMsVs]K4}�NOPeuFRTP

Ö b T 8 ÿ � i Ö Ër×ÙØ Ò ÍSi Ö���� ��� �
� � � T ÿ � Ø
RGWXg%N,KoPeuX^�^�pdfvKMWy^aWIPeUVRGs�qrKML,j �GU]�M^BNnbXWXU{qrKML�j ^aNQPeU]j$RTP�^aN&KTq Ö t RGsVKMWy�$_SuFRGL�RG_BP�^aL,UVN,P�UV_BNKMbyP�N�U]gX^�R¶N,j$RTsVs�N�^(P ] �MU{�M^BW! LQ�Â°Peuy^aL�^�UVN?R°_aKMWXNQPSRGWIP�Þ#"±UVWXgy^afm^aWXgX^BWIPoKGq2ùOc"N,K

È



PeuXRTP�KMbyP�N�UVgy^�R�N,^BP/Ë»gy^afm^aWXgXU]WX�[KMWAù:Í�KTq�_SuFRTLeRG_(Pe^aL,UVNQPeUV_BN"KGq�jh^aRGN�bXL,^$ acFU]PªuXKMsVgyN�PeuFR©P
Ö t H Þ#",w�JºKGL Ö t L�^BfXstRG_B^ag�lIY��a^BL�K�KMbyP�N�UVgy^&PeuX^�WXU]_a^as{Y$lmKMbXWygX^ag�_SuFRGL�RG_BP�^aL�U]N,P�UV_aNBcyPeuy^}O^iRGZos]UVjkU]P Ö "�Ú&% ( sVUVj Ö t')( �*� ' U]WX_aL,^iRGN,^aN"}�U]P�u�¿�+, awø U]P�u�PeuX^�ßXWFRGsys]UVjkU]P Ö Ú þ  ¡s]UVj Ö "�KGqºPeuX^BN�^�RGfyfXL�KipdUVjhRTPe^�N�KGsVbyP�UVKMWXN�RGN'R&_aRGWXgXU]gFRTPe^qrKML´RkP�L�bX^ N�KMs]byPeU]KMW�cFU{P´L,^ajhRGUVWyN�P�K$fXL,K8�M^±P�uFRTP´U]P�NeR©PeUVNQßF^aN�PeuX^ gX^BN�UVL,^ag�fyL�KMlXs]^aj�w ø ^
bXN,^hPeuy^$U]P�^aL�RTPe^Bg°U]W\P�^a�ML�RGs:qrKML,j KGqªPeuy^h^B`6bXRTPeU]KMW�cÙ}�uX^aL,^?U]P UVN ^iRTN,Y�PeK2N�bXfXfyL�^aN,N/Peuy^
N�KGsVbyP�UVKMWzRTsVKMWX�2}�uXKMsV^o_SuXRGLeRG_(Pe^BL�UVNQPeU]_aNac�lIYzN,^BP�P�UVWX��P�uX^oPe^BN,P[qrbXWX_(PeU]KMWz^a`\bFRGsªP�K��a^aL,K
RGs]KMWX��Peuy^aj�c

p â qaã Ë Ö�b0ê ÍBËr×ÙØ Ò Í Ò/ÓwF Ër×vÍ£/I×�/ ÒD; p â q $ Ë p
�
8 � ã Þ Õwß Ü¾à ¥ ( ù Öoê

; ÛhË Ö Ø Ö Í êA;ÖvÒ ÓGÔoÕ�ê ¨ Ër× ; , Ò Ø Ò Í0/a,	Í = Ò/Ó�F Ë ×vÍ = /\×�/ Ò Ú Â^5
µ uX^nU{Pe^aL�RTPe^Bg?_aKGsVsVU]N�U]KMWhU]WIPe^a�GLeRGsmUVN�}O^as]sügX^(ßFWX^Bg�^(�M^BW�}�uX^BW.- U]NªWXKGP"U]WIPe^a�GLeRGlXs]^Gw µ uX^
L�^BfXstRT_a^ajk^aWIPOKGq�P�uX^�P�^aNQP�qrbXWX_(PeU]KMWXN�l\Yk�B^aL�K�RGsVKMWy�±_B^aL,PeRGUVWk_SuFRGL�RG_BP�^aL,UVN,P�UV_BNOU]NOfmKMN�N,UVlXs]^Gc
N�U]WX_a^hPeuX^$P�^aNQP�qrbXWX_(PeUVKGWXN�RGL,^?UVW¶¸ ë RTWXgzKMWXs{Y°L,^a`\bXU]L�^ag°PeK�lm^?gXU{�ü^BL�^aWIP�UtRGlXs]^$RTsVKMWX�
_SuFRGL�RG_BP�^aL,UVN,P�UV_BNaw/ WX^�gXUÐxh_BbXs]P¡Y|}�U{Peu Peuy^�L�^BjhK8�TRGs�fXL�K6_a^BgXbXL,^10,bXN,Pogy^aN�_BL�U]lv^Bg�c�UVNhP�uX^�qrKMs]sVK8}�UVWy�Xw
½�KMWXN,UVgX^BL&PeuX^�_BKMsVs]UVN�U]KMW2qrL,^a`\bX^BWX_BY 3 Ú � /�, � ' Ö t* / Ò&* w � P jhRiY�uFRGfyfv^BW°R©P R�fmKMU]W\P×Ü Î¾RGsVKMWy��R�L,^BPeRGUVWX^Bg%_SuFRGL�RG_BP�^aL�U]N,P�UV_�qrKML Ö t c�PeuFRTP�KTPeuX^BL _SuXRGLeRG_(Pe^BL�UVNQPeU]_aN&PeuyL�KMbX�GuPeuy^�fmKMUVWIP�×�Ü%Î®RTL�^�WyKGP�L,^BPeRGUVWX^Bg�w µ uyUVN�jhRiY�gX^a_BL�^aRGN�^�P�uX^�_BKMsVs]UVN,UVKMW/qrL,^a`\bX^BWX_BY?RTPO×Ùc
}�uXU]_Su�UVN�RGW�UVWIP�^a�ML�RGsÙUVW2P�uX^/N,^a_BKMWXg��M^BsVK6_aU{P¡Yo�GRTL�UtRTlXsV^ Ò+* w&JFKML´RGW%RGfXfyL�KipdUVjhRTPeU]KMWoKGqPeuy^�fyL�^aN,^aWIP�P¡Ydfm^"PeK�gX^BsVU]�G^aL:P�uX^"_aKML,L�^B_BP�^a`\bFRTP�UVKMWücMPeuX^"^(�ü^B_BPOKGqvP�uFRTP�gX^B_aL,^iRGN,^´N,uXKMbXs]g
gXU]NeRGfXfm^iRTL&UVW�P�uX^�ßFWFRGs�sVUVjkU]Paw µ uX^Å���§¥§�&���©�
���£Î ���L���^�DÎu�¦���¦¤´_aKMWXN,UVNQPeNnUVW�RoNQPebXgyY�KGq
Peuy^±U]W\P�^aL�RG_BP�UVKMWolm^BP¡}O^a^BW�}�uFRTP�UVN�L�^(PSRGU]WX^ag2RGWXg�}�uFRTP´UVN"L,^ajkK8�M^agüw"J�UVWXRGsVs{YkP�uX^��E�a���£��
���£ÎI���l���^�³Îu�¦���¦¤�UVN"R�_Suy^a_SZ$P�uFRTPªP�uX^�ßFWFRTs�¸ ¹  ¡s]UVjkU]P�KGqÙPeuy^nRGfXfXL,KipyU]j$R©PeUVKGWXNOlIY$U]PeN,^as{q
N�KGs]�M^BN"PeuX^�lmKMbXWXgFRTL,Y$�TRGs]bX^nfXL,KMlXsV^Bj2w
��ZT^BY2fFRGL,P´KGq�NQPe^af2P¡}�KoRTWXg�Peuy^±}�uXKMs]^±fyL�K6KGqæcºUVN´R$sV^BjhjhR[`6bXRGWIPeU]q Y6U]WX�hU]W2}�uFR©P

N�^BWXN�^ªP�uX^�_BKMWIPeL,UVlXbyP�UVKMW KGqXP�uX^ªsVRGL��M^ Ö t   �TRGsVby^aNøUVN�N,j$RTsVs¯c8qrL,KMjÝPeuXKGN�^�N,fFRG_B^ªfvKGUVWIPeNÙPeuFR©PN�byfXfvKGL,P´R32QWXKMW6 ¡WX^B�MsVU]�MUVlXs]^�RGjhKGbXWIP´KTq:�MK6Kdg�2�_SuFRGL�RG_BP�^aL,UVN,P�UV_BNaw � W�R[qrKMsVs]K8}�UVWX�[s]^ajkj$R
Peuy^kU]Wy�FbX^BWX_a^[qrL,KMj�Peuy^ksVRGL��G^ Ö t  ¯�GRTsVbX^BNnKGq"RGs]s�L,^ajhRGUVWXU]WX�?L,^asV^(�TRGWIP�N�fFRG_B^hfmKMU]W\P�NacÙUVNPeuy^aWoRGs]N�K±N�uXK8}�W$P�K�lv^�WX^B�MsVU]�MUVlXs]^ªUVWkPeuX^´sVU]jhU{Piw � P�U]N�R±ZG^BYhKMlXN,^aLQ�GR©PeUVKGWhU]WhPeuy^�N,P�bXgyYGc
PeuXRTP�P�uX^�fmKMN�N,UVlXs{Y�lFRGg?lm^auXR8�6U]KMbXLªRTsVKMWX�±R/fFRTL,PeU]_abXsVRGL�N�jhRGsVsFN,^BP"KTqÙ_SuFRGLeRT_BPe^BL�U]N,PeU]_aNBcdU]W
Peuy^hs]UVjkU]P´gXKd^BN±WyKGP UVWy�Fby^aWX_B^kP�uX^hlm^auXR8�6U]KMbXL�lFRGN,^ag¶KGW°Peuy^hL,^aN,P±KGq�fXuFRGN,^hN,fFRG_a^Tc�U]W
N�fyU]Pe^nKTq�P�uX^�jhUÉpyU]WX��WXKGWd ¡s]UVWX^aRGL�_SuFRTLeRG_(Pe^aL�KGqøPeuy^n_aKMs]sVUVN,UVKMWhKMfm^aLeR©PeKMLBw
�´K8}®PeK/R±jkKML�^�gX^(PSRGU]sV^BghfXL,^aN,^aWIPSRTP�UVKMWhKGqüP�uXKMN,^�sV^BjhjhRGNBw�¤	^BP54 Õ Ü lm^´R±_SuFRGL�RG_BP�^aLæ UVNQPeU]_�P�uXL�KGbX�Mu�×°Ü²ÎÝU]W�gXU]L�^a_(PeU]KMW Ò cvRGWXg�s]^BP76%Ú Ü8 Ü 8 w�¢&^BWXKGPe^ lIY:9 t ; Ë*6üÍ�P�uX^/N,bXlXN�^(PKGq�ÎÑ_aKMWXN,UVNQPeUVWy�[KGqÙPeuXKMN,^Çn§L,^iRGN,KMWFRGlys]YhWXKMWd ¯PSRGWX�G^aWIPeUVRGs�n\_SuFRGL�RG_BP�^aL,UVN,P�UV_BNªUVWogXU]L�^B_BPeU]KMW<6

qrKML&}�uXU]_Su Ö t U]NÇn§L,^iRGN,KMWFRGlXs{Y�lmKMbXWXgy^ag�}�U]Peu�Peuy^k_BKMsVs]UVN,UVKMW�qrL�^a`\bX^BWX_BY�U]WIPe^a�GLeRGs'RTsVKMWX�4 Õ Ü RGsVN,K±L,^iRGN,KMWFRGlXs{Y[lmKMbXWXgX^BgondRGWXg�PeuXU]N�qrKML³nÅjhKGN,P = Ò = n{w�Ë�½�KMWXN�bys]P�PeuX^�_aKGjhfXs]^BP�^�fyL�K6KGqUVW¶¥ÓÒ©¨ÙqrKML�fXL�^B_aUVN,^±gy^BßFWXU{PeU]KMWXN�uX^aL,^GwîÍoJ�U{p.=±Q2QPÔmcmRGWXg�L,^aNQPeL�U]_BP�UVW��M^BsVK6_aU{P¡Y�N�fFRG_B^ P�K
Ò



PeuyKMN�^ Ò }�U{Peu©ÔÅi = Ò = i&=kw?>d^BP
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qrKML7B2sVRGL��G^&^aWXKGbX�Mu�cºRGWyg Ö Ër×ÙØ Ò ¹ v ÍSi F wo>dUVWy_a^&Peuy^��GKMsVbyjh^&KTq Ò ¹ v* U]N"KGq�jhRG�MWyU]PebygX^N³U08 � c�P�uX^aL,^%UVN?WyKzsVKMN,N?KGq �M^aWy^aLeRTsVU]P¡Y|P�K²L�^BN,PeL,UV_(P?PeuX^%gyKMj$RTUVW KTq?Ë Ò ¹* Ø�,ÙÍhN,K²PeuFR©PÖ Ë ×ÙØ Ò ¹ v* ÍÀi Ö Ë ×ÙØ Ò Í(w�³�^aWX_B^Gc
Ö Ër×ÙØ Ò Í Ö Ër×ÙØ Ò ¹* Í (*Ö Ë ×ÙØ Ò ¹ v Í Ö Ë ×ÙØ Ò ¹ v* ÍÀN Ö Ë ×ÙØ Ò ÍaËER ¹ Ë
BmÍ (¼F ÍSN Ö Ër×ÙØ Ò Í0R�y4Ë
BmÍ(Ø

qrKML7B2N,KhsVRGL��G^�PeuFR©P³R ¹ Ë�BvÍ ( Ray©Ë�BvÍSN F wOÃ2KML�^BK8�M^aLBc
Ö Ër×ÙØ Ò Í Ö Ër×ÙØ Ò ¹* Í
Ö Ër×ÙØ Ò ¹ v Í Ö Ër×ÙØ Ò ¹ v* Í N R ¹ Ë
BmÍF N¸Ray©Ë�BvÍ�Ø

qrKML7B2sVRGL��G^&^aWXKGbX�Mu�cFN,KkP�uFRTP
sVW Ö Ë ×ÙØ Ò Í Ö Ë ×ÙØ Ò ¹�Í
Ö Ër×ÙØ Ò ¹ v Í Ö Ë ×ÙØ Ò ¹ v* Í N¸R � Ë�BvÍ�5

µ u\bXN´RG�IRGU]Wol\Y$PeuX^�bXWXU{qrKML�j ^aWIP�L�KMfIYogXU]N�N,UVfFRTP�UVKMW$_aKMWIPeL,KMs¯c
p�Z
� � [w� " � ] p�² � s Ö tA Ër×ÙØ Ò Í0/\×�/ Ò i OXU ORay©Ë�BvÍ0R � Ë
BmÍ 5

µ KG�M^BP�uX^aL±Ë�RMÍªRGWXg°Ë»lºÍª�MU{�M^&qrKML"_aRGN�^hËrU Í�P�uFRTP
p Z
� � [\� " � ] p ÖXG 8 Ü 8 GJI+ß 8 ´�8 G ' ß µ`¶�Ö Ö4tA Ë ×ÙØ Ò Í£/I×�/ Ò iPOXU b Ë FR O Ë
BmÍ ; ¿R�y©Ë
BmÍ£R � Ë�BvÍ Í
5

µ uXU]NO^BN,PeU]j$R©Pe^�UVN�KGqvPeuX^�P¡Ydfm^�UVW�PeuX^�sV^BjhjhRywø��gXgXU]WX��PeuX^�KGPeuy^aL�_iRGN,^aNac6PeuX^�N,PeRTPe^Bjh^BWIP
KGqøPeuX^�s]^ajkj$R±qrKGsVsVK8}�NªU]W�R[_aKMWIPeL,KMsVs]^agoW\bXj�lm^aL�KGq�N,P�^afXNBw

¿8Â
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¿Mw��´L�ZG^BL,Y6g�cd¤'w]cd½�^aL,_aU]�MWFRGWXU�c\½�w{c4n / WkP�uX^�_aKMWI�M^BL��M^BWX_a^´KGq�N,KMsVbdPeUVKGWXN:KGqvPeuX^ m WXN�ZTKM�
^B`6bXRTPeU]KMW/PeKnN,KMsVbdPeUVKGWXN�KTqmP�uX^"��KGs]Pe�Bj$RTWXW/^B`6bXRTPeU]KMWon{c\½�KMjkj2wø£�RTL,Piw�¢&U]��w m `\WXNBw
¿iÈyc�¿8À±�MÀdcü¿8ÂI¦6¿B S¿8Â,�MÀyw

Êdw��´L�ZG^BL,Y6g�c�¤'w{c"�´KMbyL�U¯cO�/w{c<n µ uX^�NQPSRTP�UVKMWFRTL,Y|��KGs]Pe�Bj$RTWXW^B`\bFRTPeU]KMW*UVW|PeuX^2N�stRTl
}�U{Peu*�MU]�G^aW|}�^BUV�MuIPe^Bg jhRGN�N[qrKML�uFRTL�g RTWXgN,KGq P�qrKML�_B^aN�n]cª�´WXW�w!>6_abXKMsVR��´KML,j2w>dbyf�w�£'UVNeRk½�s�w?>d_aU�w�ÊM¦dc�¿8ÀGÀ±�yc�Ò+gVg© £Ò&ÒGÁywgyw��´L�ZG^BL,Y6g�cF¤'w{cX��KMbXL�U�cd�±w]c4n / W?P�uX^&N,PeRTPeU]KMWFRGLQYh£�K8�6�aWX^BL"^a`\bFRTP�UVKMW?U]W$PeuyL�^a^�N�fFRG_B^
�TRGL,UtRGlXs]^aN�n]cXÆywºÃ�RTP�u�wE¹&YMKGP�K · WXU]�mw�gMÀycv¿8ÀMÀMÀdc�¿M¿ Ò4 e¿ Ò&gyw

ÈXw��´L�ZG^BL,Y6g�cF¤'w{cy��KMbXL,U¯c6�/w{c@n§¸O¹�N,KMsVbdPeUVKGWXN'PeK/P�uX^&N,PeRTPeU]KMWFRGLQYk��KMs{Pe�ajhRGWXWk^a`\bFR©PeUVKGW
U]W�RkN,stRGlon{cy�´WXW�w�JºRG_Gw?>6_aU¯w µ KMbysVKMbXN,^±Ã�RTPeuüw�ÀycºÊGÂMÂGÂyc gI¦&Ò4 ¡ÈX¿wgywÒdw��´L�ZG^BL,Y6g�cO¤'w]cO�´KMbyL�U¯c'�±w]c³n µ uX^�N,PeRTPeU]KMWFRGLQY¶�OKMs]P��ajhRGWXW²^B`6bXRTPeU]KMWzUVW|� ����}�U]P�u
�MU{�M^BW�U]WXgFRTPeR^n{cdPeKkRGfyfv^aRGL"UVW���WyW�w?>d_abyKMstR��´KGL�j�wE>dbXf�w'gyUÙ£�U]NeRyw

Áyw´½�^BL�_aU]�MWFRGWyU¯c4½�w{c � s]sVWX^BLac x w{cT£'bXs{�6UVL�^BWIPeU¯c8Ã°w]c�n µ uX^�j$R©PeuX^Bj$RTP�UV_aRGsiPeuX^BKML,Y�KGqdgXUVs]byPe^
�IRTN�^aN�n]cº>6fXL�U]WX�M^aL� 
»�^aL,stRG�Xcd��^BL�sVU]W�cü¿iÀMÀGÈXw

¦dw�¢&UV£�^aL,WFRyc x wXÆyw]cX¤ÙU]KMWXNBcy£øwF¤'w]c4n / W?Peuy^ ½ªRGbX_SuIYofXL,KMlXsV^Bj�qrKML"��KMs{Pe�Bj$RGWyW$^a`\bFR4 
P�UVKMWXN�9øÄ�s]KMlFRGsI^�pdUVN,P�^aWX_B^"RGWXg }�^aRGZ N,PSRTlXUVs]U]P¡Yun]c4�´WXW�w'Ã2RTPeu�wO¿�gMÂyc6¿8À±�GÀyc&gMÊd¿B 0gGÁMÁyw

�yw�¢&UV£�^aL,WFRyc x wyÆyw{cy¤	UVKGWXNacd£�wy¤�w{cyÃ2^BYG^aLacq¼[w{c@n§¸¾½nL,^a�MbystRGL,U]P¡Y�KGq��G^as]Kd_BU]P¡YhRi�M^aL�RG�M^BN�n{c
�´WFRGs¯w:�´KMW�¤	UVW�wE�dc�¿8ÀMÀy¿GcFÊM¦d¿( QÊ,�I¦6w

Àyw´ÄnLeRGgüc	³±w{c�nî³�UV�Mu�qrL,^a`\bX^BWX_BY�N,KMbXWXg�L�^B_aKML,gXUVWy��RG_a_BKML�gXU]WX�?PeK���KGs]Pe�Bj$RTWXW�^a`\bFR4 
P�UVKMWon{c�> � �nÃ ÆywF��fXfXs�w�Ã�RTP�u�w�¿iÈXc�¿iÀMÁMÁycyÀVg.Ò4 ¡À.ÒVÒdw

¿8Âyw�ÄnbXUVL�RGbXg�c:Æyw:£øw]c:n§£'L�KMlXs¯«^ajk^$RTbdp²s]UVjkU]P�^aNnUVWIPJ¿^aL�U]^abXL±fvKGbXL/s�nf¿^B`6bXRTPeU]KMW¶gX^?��KMs]P��( 
jhRGWXWh^aW?Lq¿^a�MU]jh^�N,PeRTPeU]KMWFRGU]L�^TcMq»RGUVlXs]^ajk^aWIP�WXKMWhsVU]W5¿^iRGU]L�^+n]c6ÆywyÃ!¿^a_Tw µ uo¿^aKGLaw'��fyfXs¯w
¿M¿Gc�¿8ÀI¦MÊ6cü¿��Vg4 QÊ&gy¿Gw

¿M¿Mw�³�^aUVWIP��GcX�±w]cFU]W�fyL�^afXRGLeRTP�UVKMWüw
¿4Êdw�Ã�RTN�sVK8�TRycv�±w{cýn§�´KMW�sVUVWy^iRGL�^B�GKMsVbyP�UVKMW2^a`\bFRTP�UVKMWyNacÀ¹�U]WX^BP�UV_±RGfXfXL,KIRG_Suon{cm>6^aL�U]^aN´KMW

�´gy�TRGWX_a^BNhU]W*Ã�RTP�uX^ajhRTPeU]_aN�qrKML/��fXfXs]UV^BgÁ>6_aUV^BWX_a^BNac?»�KMs&¿8Âyc ø KML�s]gÂ>d_aU]^aWIPeU{ßF_Gc
¿8ÀGÀVgyw

¿�gyw�£�RGWyqr^aL,K8�vcs»/w]c�n / W�P�uX^"^(pdU]N,Pe^BWX_a^�KGqmNQPSRTP�UVKMWFRTL,Y±N�KMs]byPeU]KMWXN�P�K&PeuX^�£øK8�d�BWX^aL�^a`\bFR4 
P�UVKMWoU]W2R[lmKMbXWXgy^ag�gXKMjhRGUVW@n]cXÊGÂMÂMÂycdN�bXlyjhU{P�Pe^Bg�w

¿iÈXw · ZTRTU¯c�>mw]cF�´NeRGWXKyc�¹�w{con�>6Pe^aRGgyYoN,KMsVbdPeUVKGWXNªKGqøPeuX^ ��KGs]Pe�Bj$RTWXWo^a`\bFRTP�UVKMWoqrKML�R[�IRTN
�FK8} fFRTN,P$RGW KMlyN,PSRT_asV^ ] � ^(pdUVNQPe^aWy_a^&n{c"��L,_Su�w x R©Piw<Ã2^B_Su�wÐ�´WFRGs�w!�GÈXc�¿iÀ±�Vgyc
ÊTÈMÀ© QÊGÀd¿Mw

¿M¿


