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Zº\�gdWQpa]ORaWQU��dbVW¥��q¿MOW
�
Ã�N(M^W±ieN(paRa��STMObVWafxZ*M�STSTN(]��VbV`xPygdWapaN�W�fTN(M^Wl¢�¯°Z ´Agd]O]^N��VbVW���cQU�gdfT�®g¤Shgd]^¨�fTg¤ShbV`xN(W¥M^W±��`hg¤�µS<�
�·gdPa`Ts�N(RaUdN(W��¤g¤WaWÛpagdfesd¢ Ç�¢1Ò:q6fTN�MOW���� .V. k}� . 4 ¡¾¢
��caU�g¤fTNºgdRaf�f<S}g¤STMObVW zgd`TN�W�´yN(RQN(`TRQWaUVf<��RaWap!1�`xbopQRa��ShMObdWafhgdWQ]vgdUVN�W�N�`T]vg¤RacuN�WÛpQMONÀ��W�\!N�WapaRaWQU
paN(`³fxbVUVN�WygdWaW�ShN�WYfxN(]^N(��ShM��VN(W��®g¤S}g¤]^¨tShM^fT|}PaN�W�i[N�paRa��ShM^bVW¶Á¾m N�]ON�|�ShM��VN�Ò g¤Shgd]^¨tSTMO|©i N(pQRa|�STMObVWAÅ k
paMON�M^Z ��bV]^UVN(WapQN(W�Z*M�S[maÒ�i«c1N(s(N�MO|}PaWQN�S�\eM^`Tp§���V�{ÊQk}� .  ®¼A� . Ô®¡¾¢aLDMON(fxN(f:��N(`<�·gdPa`xN(W��VN(`<\!N�WapaN�S
��Z�Z*bVWQMvgd�[gd]^f¹i[N�paRa��ShM^bVWafTZ�M^SxShN�]VRaWap�\eRa`TpQNnM^W�paN(WÀfTM^N(cas�MOUVN�`K²VgdPa`TN�WºM^Wº²Vgd_ygdWÀN(W�S°\eMO|}�¤N(]�S�¢
��bVW�gd]O]^N(W�LDN���q
���¾��N(`<�·gdPa`TN�W32aWapaN�S
N(fepaM^ND\!N�M^STN(fxSTNÀ��N�`Tca`xN(M�ShRaWaUQ¢
´ zRa`�paN�W©mQÒ�i:�41�`xbVs(N�ª�MOZ UV`TbVª¤ShN(|}PQWaMOfx|}PaN(W©Ú�gdªVf<S}gdc�\JN(`TpQN(W*gd]Of���g¤Shgd]^¨�fTg¤ShbV`xN(W�paM^N[ÚÛMOfx|}Po�
b{�oM^paN��DÃ�q65x��7~qDÄºRQWap§��Ã q65T�<ÚÛbtqDÄÀZ*M�S�Î:MµqDÃºgd]Of�ÎK` zg¤UVN(`xZ�g¤STN(`xMvgd]��dN(`<\!N�WapaN�S����V��ÊQk(� .  ®¼
� . ½¤¡£¢�²dN(pQbo|}Pr\eM^`Tp�MOW�paN�`*¸�M�ShN(`Tg¤ShRQ`*g¤Ra|}P zRac1N(`�gdWQpaN(`xNÛZ�N(Pa`jb�paN(`�\JN(WaM^UVN(`��®g¤S}g¤]^¨tShM^fT|}P
gd��ShM^�dN³RaWap&fxN(]^N(��ShM��VN³��N(`xcaMOWQpaRaWaUVN�W�� zRa`DpaM^N�maÒ�i cuN�`TM^|}PtSTN�S���� .  ¤¡¾¢81�`xMOWas�MO_aM^N(]^]�N(MOUdWaN�S�fxMO|}P
9 N(paN�feÚÛN�Shgd]O]^b��QM^plk�\!N�]O|}PaN�f[q
�QM^pyg¤STMObVWaN�W©�®g¤S}g¤]^¨�fTM^N(`xS(k�gd]Of!gd��ShM^�dN���bVZ�_ubVWQN(W�ShN
MOW�pQN(`emaÒ�i��
i[N(gd��ShMObdW�� » 4 ¡¾¢dLDMON!q
�QM^paN!��Ã�q�5(k:7~q�Ä�RaWQp�Ú�qDÄ{kdpaM^N!Pab�|}PafTN�]ON��tSTM^�dN[_agd`xSTMON(]^]ONJq
�oMOpyg¤STMObVWQN(W
N(`TZ�zbVUV]^MO|}PaN�WlkØc1N�\eM^`T�¤N(W§gdRa|}P paMON³PQbVPaN*moN(]^N(��ShM���M^S­zg®SDpaN�`�mQÒ�iÀkl\JN(WaW fTM^NjgdRQ�JÎ:MµqDÃÀgdRQ��UVN �
ca`hgd|}P�S[fTM^Wapl¢yÎ:Mvq�Ã[gd]^]ON�MOW©PaM^WaUVN�UVN(W�MOf<SeW�RQ`[N�MOW�fT|}P�\!gd|}PaN�`�maÒ�i��G��g¤S}g¤]^¨�fhg¤STbV`��Ó» 4 kG½VÐ®¡¾¢
��bV`��{Êd½VÐ�\!gd`�Z*gdW¥pQN(`³�
WafTM^|}PtS(k�pyg¤ª�paN(`�gd��ShM��VN	ieN�gd��ShgdWap±MOW§paN(`�maÒ�i ��qDÃ�MOfxS	��� . Ê¤¡£¢
L�g�pQMON*Ç!MO]^paRaWaU	�VbdW¥�DqDÃ�gdRafº�Dq RaWQp±qDÃ�M^W pQN(`ÀPabVPaN�W���N(`xp zRaWaWtRaWaU�paN(`���cQU�gdfTN��VN�`<�
Wygd|}Pa] zgdfTfxMOUVcyg¤`�MOf<S�ka�®gdZ Z*gdW	s�RÛpaN�` zX
c1N(`Ts�N(RaUdRaWaUakypyg¤ªjShg¤Shf�zgd|}Pa]^MO|}P��Dq6pQN(`[gd��ShM��VN�ieN�gd�V�
S}gdWap�MOfxSD��� 4 ÐQk<� 4 �(¡1RaWQp©pygdªjmogdRaN(`xfxSTbd��g¤W©paN(`!i[N(gd��ShM^bVW*STN(MO]^WaMOZ�Z�S[��� 4 . kx� 4d4 ¡¾¢�Â[N(RQSTN�\!N�MOª
Z�gdWØkapygdªjpaM^NDS°¨o_QMOfT|}PQN³maÒ�i��GieN�g¤�tSTMObVW	��bV]^UVN(WQpaNÀm�S zbd|}PaMObVZ�N�ST`TM^NDcuN�fTM�Shs�S(¢

 V��Â
Ä�Õ� V�DqrÕYqDÃ
Öu×  ��
ÃÙÕY»dÂ
Ã�q Á£¬o¢��­Å

Ç!N�ST`hgd|}P�ShN�SDZ*gdW�paMON���bV`xZ�g¤]ON(WÛq
�oMOpyg®ShMObdWafTs(gdPa]ON�W©�°¯T¯x¯!M^Z ��Â[Ä{k1Õ�¯x¯!M^Z �DqÆRaWQp�ÐjMOZ �[Ã{k
fTb�MOfxSepQMON(fxNÀi[N(gd��ShMObdW�gd]Ofe��bVZ�_a`Tbd_ubV`<ShM^bVWaMON�`TRaWQU³s(R��t]vgdfxfTM;2as(MON�`TN�Wl¢
ÚÛM^S:M^fTbdSTbV_1N(WaZ*gd`T�tM^N(`xSTN(W���RQfTU�gdWQUVfTf<Shbd�uN(W��dbVWQWtSTNÀ�}zRQ`e�Àg®S}gd]�¨ofTg¤Shbd`TN(W�gdRo�Ù��Ã�q�5<�GÇ�gdfxMOf:UVN �
s(N(M^UdS�\JN(`xpaN(WlkypagdªjN(MOWQN(f:paN�`:cuN�MOpaN�W��e�°��STbVZ�NDMOZ �
Ã:�VbdZ �DqßRaWap�pygdfegdWQpaN(`xND�VbVZ¿��Â
Ä
�dbVZ�Z�S³��� 4  ®¼A� 4 Ô®¡¾¢uLDMON�fTN��Àg®S}gd]�¨ofTg¤Shbd`TN(W�fTMOWQp&gdRa|}P&M^W�paN�`�¸¹gdUVNdku�DqDÃ�M^W&Ü�N(UVN�Wt\!gd`<SD�VbVW
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mQgdRaN�`TfxSTbd�ws(R�`TN�paRas�MON(`xN(W���� 4 ½Qk}� 4 Ê®¡¾¢

 V��Â
Ä�Õ . �DqDÃÙÕrqDÃ
Öu× 4 �
ÃÙÕY»dÂ
Ã q Á£¬o¢ . Å

��fefxMOWapÛgdRa|}PÛ�
N�cuN�Wa`TN(gd��ShMObdWaN(W�Z zbdUV]OM^|}PlkQpaM^N�sd¢ Ç�¢ys(R�RaWaN�`x\ zRaWQfT|}P�ShN�Z �
Ã}q � zRaPa`xN(Wl¢

 ���Â[ÄÙÕY ��Dq�Õ 4 q�Ã[Öu×  V�
Ã�qrÕ�»VÂ
Ã}q Á£¬o¢ 4 Å

��f:M^fxSeg¤]O]OUdN(Z�N(MOW*gd�ts(N�_QShM^N(`<S�kapyg¤ª�RaW�ShN(`�S°¨�_aM^fT|}PaN�W�mQÒ�i:�°Ç!N(paM^WaUVRaWQUVN(Wlkagd]Ofxb³N(M^W���Â
Ä��¤�Dq
�
��N(`TP zgd]^STWaMOf�Wyg¤PaNe�Vk�N(M^WºUdN(`TM^WaUVN�`Kq�Ã<� 1�g¤`xShMOgd]OpQ`TRa|}�Ak{RaWapÀÎKN(Z�_uN�`hg¤STRa`TN�WÀ�dbVW�RaW�STN(`¹ �ÐVÐVÑhÒ§gdRQ�
paN(W±c1N(f<ShN(W���g¤Shgd]^¨�fTg¤ShbV`xN(W�Á£¬o¢��­Å�pQMON	Ü�N(fTgdZ�STfxS­zbd|}PaMObVZ�N�ST`TM^N�\eM^N(paN�`TUVM^cQS���� .  ®¼y� . Ô®¡£¢KLDN(Z��
Wygd|}P�fx_a`TM^|}P�S�Z*gdW�pygdWaWÀ�VbVZ6maÒ�i�� 1�`Tbds(N(ªQk­\JN(WQW��
ÃÙZ*M�S¹N(MOWQN(`�moN(]^N(��ShM��oM�S zg¤S��dbVW³g¤WaW zgdPaN�`TWap
�{ÐVÐ�ËÍN(W�Shf<ShN(P�S
RaWap�pygdfeRaZ�UVN(fxN�STs�ShN�ÚÛbV]��VN�`TP¹zgd]�ShWaM^f��VbVWÛ�Dq RaWapÛ��Â[Ä�UV]^N(MO|}P	N�MOWafeM^fxS�¢
LDMONjieN�gd��ShM^bVWw\eMO`Tp RaWafxN(]^N(��ShM��uk�\JN(WaW�WaN(c1N(W§paN(Z �
ÃÀWab�|}P§\JN(M�ShN(`xN 1�`Tb�paRa��STN*N�WtSTfxSTN(PaN�W
\eMON!s¤¢ Ç
¢V�
Ã�q~Wyg¤|}P�Á¾¬o¢ 4 ÅKcQs�\�¢¤\JN(WQW�pagdf���N(`xP¹zgd]�ShWaM^fK�dbVWjRaZ*UdN(fTN�Shs�ShN(Z6�Dq�s(Rj�
Â
Ä��t]ON�MOWaN�`
gd]Of:N�MOWaf:M^fxS�¢Q¯°WÛpaM^N(fxN(Z ´Agd]O]u`TN(gdUVMON�`xS:pagdf zRacuN�`Tfx|}P zRafTfxMOUVN���Â[Ä
Z�M^S[qDÃ�kys¤¢ Ç
¢yWygd|}P
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Â
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LDMON�ieN�gd��STMObVW§Á¾¬�¢  tÅ!M^fxSeM^WtSTN(`xN(fTfTgdW�S�kApygjfTM^N�N(MOWQNºX[Z*fxN�STs(RaWaUj�VbdW zX[cuN�`TfT|}PtRaª®�G��Â[ÄDMOW	RQWo�
fT|}P zgdpQ]OMO|}PQN(fe�
Ã:RQWap�Â
Ã�q«N(`x]vgdRacoS�kQbdPaWaN�pygdªº\!N�M^ShN�`TN�ieN�gd��ShgdWapaN�W�s�RaUVN�fTN�STs�Se\JN(`TpQN(W�Z zRafG�
fTN(W����� �Ð­¼y��  . ¡£¢

8:9�� �¥E<@����QIK>
	��eC�IKExE�
��@D>~C�F����������QI�	 ���������! ?BDF"�QF��

mob{\!bVPQ]�paMONÀÚÛb�paN�]O]O�®g¤Shgd]^¨�fTg¤ShbV`xN(W©��Ã�q�5<��7~q�Ä#�¤Î:MµqDÃ�� »d Qk}��  4 ¼a�� t¬ok}�{¬o��¼a�­¬V¬®¡�RQWap���Ã�q65$�
Î:MµqDÃ
� ÊV½ok°�­¬d»­¼y�{»VÐ¤¡agd]Of�gdRQ|}P*paM^N:`TN(gd]ON�W�M^WjpaN(`�¯°WapQRafxST`TMON:�dN(`x\JN(WQpaN�STN(W�maÒ�i��G��g¤Shgd]^¨�fhg®ShbV`xN(W
��� . ½¤¡[fTMOWQp~MOWYN��o_uN�`TM^Z*N�WtSTN(]^]ON(WYRaWaprSTPaN(bd`TN�STMOfx|}PaN(W¶m�STRapaM^N(W~|}Pyg¤`hgd��ShN�`TM^fTMON�`xS�\!bd`TpaN�Wl¢!�
]Of
\eMO`T�tfTgdZ*f<ShNj��g¤Shgd]^¨�fhg®ShbV`xN(W&Pygdc1N(WwfxMO|}Pwpygdc1N(M�paM^Njm�¨�fxSTN(Z�NjZ*M�SDN(M^WaN(Z Ú�gdfxfTN(WagdW�ShN(M^]��VbVW
N�S°\!g��­Ë#caM^f . Ë#�DÃ q65�N�`x\eM^N(fTN�W����� t¬{¼y�� tÔok��{»d d¡£¢�Î�g®Shf{zg¤|}Pa]OM^|}P�MOf<SÀpygdf��ngdWygdpaM^RaZ�b{�oM^p§paM^N
�¤g®S}gd]�¨�STMOfx|}P&gd��ShM��VN�m�_uN�s(MON�fD� zRa`�pQMON³��q��(�GieN(paRQ�tSTMObVW±� » 4 ¡¾¢uL�gdf07~qDÄ�]OMON�UdS[Z*M�S�|(gQ¢���Ð�Ë MOW
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N(MOWQN(Z RaWaUVN�� zgdPa`³s�N(PaWaZ*gd]JUV` zbVªdN(`TN�W�Ú�gdfxfTN(WagdW�ShN(M^]:gd]^f�paM^N��ngdWygdpQMORaZ�b��QM^pafT_1N(s�MON�fº�Vbd`(¢���f
N(`TP zbVP�S³����STM^��M^S zg¤S�RQWap¥ShPaN�`TZ�MOfx|}PaN	m�ShgdcaM^]OM^S zg¤S�paN�f���g¤S}gd]�¨�fhg¤STbV`Tf©��� . Ôok(�� �¬ok��� tÔ­¡¾k¹Pyg¤S³gdc1N(`
�dN(M^WaN(WÛpaMO`xN(��ShN�W���MOWo�yRaª*gdRQ��pQMONÀi[N(gd��ShM��oM�S zg¤S�paN(`e�
q��(�<ÞØN�WtST`TN�WlkAsd¢ Ç�¢ApaRa`T|}P���N(` zgdWapaN�`TRaWaU
�VbVWYpaN(`xN(W�ieN(pab��oN(M^UVN(WQfT|}Pyg¤�µSTN(Wl¢J��]^]ON(`xpaMOWQUVf�RaW�ShN�`TfxS zRQShs�S©N�f*paN�W~ÎK`hgdWafx_ubd`xS*paN(f*��Â[Ä©s(R
paN(W�ieN�gd��STMObVWafxs(N�WtST`TN�W¶���� V½¤¡!RQWap¥paM^N(W�S�kK\eMON©g¤Ra|}P¥Î:MµqDÃ�k�gd]OfÀ��Z�Z�bVWaMvg¤���°i[N�fTN�`x�VbdMO`(kl\!gdf
MOW©pQ¨�Wyg¤Z*M^fT|}PaN�W�X
W�ShN�`TfTRQ|}P�RQWaUVN(WÛs(RaZ¿i[N(gd��ShM^bVWafhg¤ca]vgdRo��paN(`:maÒ�i?UVN�s(N�MOUdSJ\!N�`TpaN�WÛ�¤bVWaW�ShN
���� VÊQk}�­¬dÐ¤¡£¢
LDMON
��N�`x\JN(WapQRaWaU*�dbVW���Wyg®S}gdfegd]^f:X
W�STN(`T]OgdUVN�� zRQ`:paMON��ng¤WygdpaM^RaZ*b��oMOpQfT_1N(s(M^N(f�RQWap�pygdf 7~q�Ä
Pyg¤Ses�\JN(MKÂ
gdRa_QSTUV` zRaWQpaN©�Ó» 4 ¡��

�V¢e¯°W¥paN�W¥��caUVgdfTN�W±cuN�2yWapaN�S�fTM^|}P¥WaN(c1N(W±pQN(W�m�STMO|}�db��oMOpQN(W�gdRa|}P±maqDÃ{¢�LDM^N(fTN�f��®gdWaW�MOW
��W�\JN(fTN�WaPaN�M^S³�dbVW�qDÃ�s�R±maqDÄ³b��oMOpaM^N(`<SÀ\JN(`xpaN(WØkÙ\JbVcuN�MJpQMON(fxN(` 1�`TbVs�N(ª�paRQ`T|}P��ngdWag®�
paMORQZ*b��oMOpw�®g¤S}g¤]^¨�fTM^N(`xS�\eM^`Tpl¢¹L�gdf�maqDÄ�fxN(M^WaN(`xfTN(M�ShfÀ�VN(`xUVM^�µSTN�SºpaN(W���g¤S}gd]�¨�fhg¤STbV`�paRa`T|}P
Ç!MO]^paRaWaU*�VbVW§ÚÛN�S}gd]^]OfTRQ]^�·g¤STN(Wl¢AÎ:MµqDÃ�MOf<SDRaW�STN(`ºmaÒ�i��GÇ!N�paMOWaUdRaWaUVN�W&W�RQ`�fT|}P�\�g¤|}P¥RaWap
`TN��VN(`xfTM^cuN�]ºfxRa]^�·g¤STMOfxMON(`<S�RaWap«pQMON�m�S}gdcQMO]OM�S zg¤S©paN(`�q�c1N(`<� zgd|}PaN�WafTRQ]^�·g¤STN�MOf<S�PQMON(`�UVN�`TM^Wo�
UVN(`���� . ½ok(�{»�¬­¡�gd]Of�c1N(M�g¤WapaN(`xN(W¥ÚÛN�Shgd]O]^b{�oM^paN(W&\eMON�s¤¢ Ç
¢K�
]OÃhq�ÄÀRaWap¥ÞØ`}qDÃ*����»V»Qk(��»�Ô®¡£¢
Â
M^N(`�c1N�\eM^`T��S�paM^N:moRa]��·g¤ShM^fTM^N(`TRQWaUDpaN�`�qDcuN�`x� zgd|}PQN[pQN(f�Î:MµqDÃ�fxbVU�gd`�N�MOWaN:m�ShN�MOUVN�`TRaWaU�pQN(`
��Ý*s�MON�Was�paN(`
maÒ�iÍ���{»V½Qk}��»VÊ¤¡£¢

. ¢[L�gdf
�ng¤WygdpaM^RaZ*b��oMOpÛ]OM^N(UdSDgdRQ��paN�Z Î:MµqDÃ�M^W&´ybV`TZ �VbdW M^fTbV]^MON�`xShN�WÛ�ngdWagdpQ¨�]ON�MOWaPaN�M^STN(W
q��D�
qDÄ*bopaN�`*�¤bVWapaN�WafTM^N(`<ShN(W 1ÙbV]�¨��¤gdWagdpyg¤STN(W Ö�Á¾q³Öe�
qDÃ®Ö�q�Å��dÖ#M^WYPabdPaN(`j��N(`<ShN(M��
]ORaWQUÛ�Vbd`	���­¬d»Qk��{ÔdÐ­¼A�{Ôd½¤¡£¢�ÚÛM�S�N�MOWaN�`³Ç�g¤Wapa] zRQ|}�dN��dbVW 4 ¢ . 4 N��¿s zgdPQ]^S³�
Wyg¤Shgdf�s�R¥paN(W
Â�gd]^ca]ON�M^STN(`TW��Ó»V»¤¡£¢�moN�MOW*¸¹N�M^STRaWaUVfxcygdWap�]OM^N(UdS�WagdPaN
gdW*pQN(W�M^WjpaN(`JÇ�gdWapQ] zRa|}�¤N
]^bV�®gd]OM^fTMON�`<�
ShN�W&po�<qD`TcQM^S}g¤]OWaM��VN�g¤Raf�paN�`D�ngdWygdpo¨o]^s(N�WtST`TN�Wr���­¬V¬­¡¾¢ØLDMON(fxN³fxST`TRa��STRa`TN�]O]ON�WwRaWapwN(]^N(��Sh`xb¤�
WaMOfx|}PaN(W���M^UVN(WQfT|}Pyg¤�µSTN(W&c1N�\eM^`T�dN�W&N(M^WaN(W�gd��ShM^��M^N(`TN�WapaN�W&��MOWQ�yRQª©paN(`
Î:MµqDÃx�°X
W�ShN�`T]vg¤UVN
gdRQ�QpaMON��®g¤S}g¤]^¨tShM^fT|}P�\eMO`T�¤N(WapQN(W�ÞØN(W�ST`TN(WØk­\eM^NJN�`Ùc1N(M�gdWQpaN(`xN(W³P zg¤R 2yUe�VN(`<\!N�WapaN�ShN(W���N�`<�
caMOWQpaRaWaUVN�WwfTb�WaMO|}P�S�c1N(bVcagd|}P�ShN�S�\eM^`Tp����­ÔdÊQk��{½VÐ¤¡£¢l��f�M^fxSÀgdc1N(`�\eM^|}P�ShMOU©��N�fxSTs(RaPyg¤]^ShN�Wlk
pygdªjÎ:MµqDÃ[gd]^]ON(M^W©WtRa`[fT|}P�\�g¤|}PaN�maÒ�i��°�
��ShM^��M�S zg¤Ses�N(MOU¤Sº� ½VÐ®¡¾¢

��f�PaN�`T`Tfx|}P�S�\JN(M^STUVN(PQN(Wap���M^WaMOUV�¤N(M�Sjpygd` zRQcuN�`(k�pygdª paM^NÛg¤�tSTM^�dN(W�mtShN(]^]ON�WYg¤RQ�DpaN�W~MOWQpaRafxST`TM��
N(]O]^N(W�maÒ�i��G��g¤Shgd]^¨�fTg¤ShbV`xN(W	�DÃ}q�5T��7�qDÄ$�®Î:MµqDÃepaMOND�ngdWagdpaMORQZ*b��oMOpafx_uN�s(M^N(f:fTM^Wapl¢aÎÙg¤STf{zgd|}Pa]^MO|}P
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MOfxS�pygdf[m�¨�fxSTN(Z ��Ã q65��¤Î:MµqDÃ�� zRa`:fxMO|}P�N(M^WÛg¤�tSTM^�dN(`:RaWap�fxN(]ON���ShM^�dN(`
maÒ�i��G��g¤Shgd]^¨�fhg®ShbV`JRaWap�MOW
paMON�fTN(`JÂ
M^WafTM^|}P�S!paN�Z 7�qDÄ��¤Î:MvqDÃJbVPQWaN[�
q�� zRacuN�`T]^N(UVN�W&��� .  akG� . Ô�k<�( t¬okG�­ÔVÔokG�{½o�(¡¾¢�²dN(pab�|}P©MOf<S
�DÃ q65T��7~qDÄ$�¤Î:Mvq�Ã�g¤�tSTM^�dN(`�RaWQp�fxN(]^N(��ShM��VN(`�g¤]OfÙ��Ã�q65$�¤Î:MµqDÃ[��� .  ak¾� . Ôok �( t¬ok �{»¤ ak �­ÔV¬�k �­Ôd»Qk¾�{½Q�(¡£¢
¯°WÛpaN�`e��cacaM^]OpaRQWaU .  jMOfxSepQN(`[�Dq
�GX[Z*fTg¤Shs�M^W��
caP zgdWQUVMOUV�¤N(M�S:�VbVW�paN(`eÎKN(Z�_uN�`hg¤STRa`:� zRa`:�VN�`<�
fT|}PaM^N(paN�WaN���g¤Shgd]^¨�fTg¤ShbV`xfx¨�fxSTN(Z�N��DÃ q65T��7~qDÄ$�¤Î:Mvq�Ãepyg¤`TUVN�fxShN�]O]�S�¢
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Zº\�gdWQpa]ORaWQU*g¤]Ofe´yRaWa��ShM^bVW�paN(`eÎKN(Z�_uN�`hg¤STRa`�� zRa`
gVÅ 7~qDÄ®Á£Ê�ËjÅ �¤Î:MµqDÃ(kycyÅJ�DÃ�q65­Á£Ð

�
Ôd½VË�Å �¤Î:MµqDÃ�ky|{Å!�DÃ q65®ÁG�

�
 �Ë�Å �¤Î:MµqDÃ�k

pyÅ���Ã�q65­Á£Ð
�
Ôd½�ËjÅ ��7~q�Ä{Á£Ê�ËjÅ �®Î:MµqDÃ(kyN�Å���Ã q65®Á<�

�
 tËjÅ°��7�qDÄ­Á·Ê�ËjÅ �¤Î:MvqDÃ �

N�W�ShWabVZ�Z�N(WÛgdRaf[i[N��G¢¹��� . Ô®¡

LDMON&��g¤Shgd]^¨�fhg®ShbV`Tgd��ShM^��M�S zg¤S*fxSTN(MOU¤S�pygdWygd|}P�Z�M^S	pQN(Z �[�°��W�STN(MO]�gdWlk�RQWap 7~qDÄÛN�`TP zbdPtS�paM^N
7�MO`T�tfTgdZ*�¤N(M�SepaN(f:�DÃ�q65$�®Î:MµqDÃ�¢
L�gdf�m�¨�f<ShN(Z7�DÃ�q65$�¤Î:MvqDÃ�Á·��Wag¤S}gdfhÅ[M^fxS�STPaN(`xZ*b�pQ¨�WygdZ�MOfx|}P�MOWQfxS}g¤caMO]£¢uLDM^N�Z�N�ShgdfxShgdcaMO]^NºÚÛb¤�
paM;2y�®g¤STMObVWß�
Wyg¤ShgdfwUVN(P�S ]ON�MO|}P�SwMOW paM^N�STPaN(`xZ*b�pQ¨�WygdZ�MOfx|}P fxS}g¤caMO]^N(`TN�Ú�bopaM 2y�®g¤ShM^bVW ieRQShM^]
zRacuN�`(¢ALDM^N(fTN 1�Pyg¤fTN(W�ST`hgdWaf<��bV`TZ*g¤STMObVW	\eMO`xp�paRa`T|}P��DÃ q65�����½ . k}�{½ 4 ¡lRaWap�P zbVPQN(`TNÀÎKN(Z�_uN�`hg¤STRo�
`TN(W�ÁGÏ[»�¬dÐVÑTÒ:Å
Wab�|}P&cuN�U zRaWaf<ShMOU¤Sj���­¬VÔ®¡ÙRaWap��dN(`TRQ`Tfhg¤|}PtS�N�MOWwÞØRQfhgdZ�Z*N�WafTM^W�ShN(`xW�paN�f���Wyg¤Shgdf
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Z*M�S���N(`x]ORaf<S[�dbVW�g¤�tSTM^�dN(`
qDcuN�`x� zgd|}PQN©���� t¬®¡£¢ 7~q�Ä[�VN�`TPaM^WapaN(`<S�UdN(WygdR�paN�W 1�PygdfxN(W zRac1N(`xU�gdWaU
��Wyg¤Shgdf(Öu×~ieRQShM^]ØRaWQp�pagdZ*M�S�paN�W�qDc1N(`<� zgd|}PaN�Wt�dN(`x]ORaf<S����{½ 4 ¼y�{½�¬®¡£¢yLDN�fx\JN(M^STN(`xN(W��VN(`xZ*M^WapaN�`xS
7�qDÄ[paMON��[N(MOUdRaWaUjpaN(`
maÒ�i��G��g¤Shgd]^¨�fTg¤ShbV`xN(WlkQpaMON�f<S zbV`xN(WapaN�q
�oMOpyg¤STMObVW©�dbVW�maqDÃ
s�R�maqDÄ[s(R
�¤g®S}gd]�¨ofxMON�`TN(WØk¤\JN(MO]oN(f�N�PaN(`�fxRa]^�·g¤STMOfxMON(`<SÙ\eM^`Tpjgd]^f�paM^N�Î:MµqDÃx�Gq�c1N(`<� zgd|}PaN¤¢��
N�cuN�W$7�qDÄ�MOf<S�gdRa|}P
pygdfnm�¨�fxSTN(ZÆ��Ã q65T�<ÚÛb�q�Ä#�¤Î:MµqDÃ�RaW�ShN�`TfxRa|}P�SJ\JbV`TpQN(WÛ����½V»­¼1�{½d½¤¡¾¢d��f�s(N(M^UdS�N�MOW zgdPaWQ]OMO|}PQN(f���N�`<�
Pygd]^STN(Wj\eMON:�DÃ�q65x��7�qDÄ$�®Î:MµqDÃJRQWap*�dN(`TPQMOWapaN�`xSJs(Raf zg¤Shs�]OM^|}P�paM^Ne��N�`TUVM��µShRaWQUÀpQN(f���g¤Shgd]^¨�fTg¤ShbV`xf
Z*M�S:��f�ka\!bVc1N(M�pQMON(fxN(`
ÚÛN�|}PygdWaM^fTZ³Rafe� zbV]O]^MOU³RQWa�t]vgd`:M^fxSº���{½VÊ­¼y�{ÊQ�(¡£¢
ÞØRafhgdZ�Z�N(WQ�·gdfxfTN�Wapj] zgdªdS�fTMO|}Pj��N(f<ShPyg¤]^ShN�WlkVpyg¤ª 7~qDÄJRQWap©Ú�btqDÄJg¤]Ofnm�ShgdcaMO]^MOfTg¤ShbV`xN(W³RQWap 1�`xb¤�
Z*bdSTbV`TN�W§\eM^`T�dN�W¥RaWap§\�gdPQ`TfT|}PQN(MOWQ]OMO|}P�paMON©maqDÃx�<q
�oMOpyg®ShMObdW§M^WaPaMOcQMON(`xN(Wl¢�¯°Z3��bV]^UVN(WQpaN(W¥ÚÛb¤�
paN(]^]�paN�`���g¤S}gd]�¨�fhg¤STbV`TbVc1N(`<� zgd|}PaNº\!N�`TpaN�W§paM^N(fxN�cuN�MOpaN�W q��oM^paN³WaM^|}PtS�c1N(` zRa|}�tfTM^|}PtSTMOUdS(klpyg©fxMON
gdW¥paN�Z UV`xRaWapaf zg¤Shs�]OM^|}PaN(W�ÚÛN�|}PygdWaM^fTZ³RQf�paN(`���g¤Shgd]^¨�fxN�WaM^|}PtSTf zgdWapQN(`TWØkÙ\!gdf�N(M^W���N(`xUV]ON�MO|}P
paN(`���q
�GX
Zº\�gdWQpa]ORaWQU�Z*M�SÙ��Ã�q�5{Á<�

�
 tËjÅ �¤Î:MvqDÃ[Á·|{ÅKRaWap��DÃ q65­Á·Ð

�
Ôd½�ËjÅ°��7�qDÄ­Á·Ê�ËjÅ �¤Î:Mvq�Ã[Á�pAÅ

cas�\�¢a��Ã�q�5{Á<�
�
 tËjÅ°��7�qDÄ­Á·Ê�ËjÅ �¤Î:Mvq�ÃºÁ�N{Å�MOW���cQcaMO]^paRaWaU . 4 paN�RQSh]^MO|}P�Z�g¤|}PtS(¢
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L�gdfem�¨�fxSTN(Z¿��Ã�q65$�¤Î:MµqDÃ:M^fxS:fxb­\JbVPa]�N �o_uN�`TMOZ�N(W�STN(]O]�� » 4 k°»d ak°ÔVÔokh�­¬¤»Qkh�­Ô 4 kh�­ÔV¬okT�­Ôd»Qkh��Ê . kh�{Ê¤ ­¼
�{ÊV»¤¡ogd]^f�gdRQ|}P�ShPaN�bV`TN�ShM^fT|}P��ÓÊV½Qk¾��»VÐ­¼a�{» 4 k£�{Ê 4 ¡tRaW�STN(`TfxRa|}P�S�\!bd`TpaN�Wl¢:7�M^NJM^Z ´1g¤]O]ON�paN�`��
pafTbV`x_o�
ShMObdWaN(W�gdRo�Ù�
Wyg¤ShgdfÀÁ·�
cafT|}PaWQM^STSe Q¢ 4 ÅnMOfxS�N(fegdRa|}P�PaM^N(`�`xN(|}P�S[fT|}P�\eMON�`TMOUQkygdRaf�pQN(W�N��o_uN�`TM^Z*N�Wo�
ShN(]^]ON�W³��`TUVN�caWaM^fTfTN�W�mo|}Pa] zRafTfxN�� zRa`�N�MOWºSTPaN(bd`TN�STMOfx|}PaN(fnÚÛb�paN�]O]�s(R³s�MON(PQN(Wl¢dLDMON(fxN(fÙcuN�UVMOWaW�S�fT|}PabVW
Z*M�S�paN(`���RQfx\!gdPa]1paN(`n��Wyg®S}gdfG�<qDcuN�`x� zg¤|}PaNd¢�¯°ZÌ��cafx|}PaWaM�STSJ a¢ 4 \eRa`xpaN�c1N(`xN(M^STf�N(`T] zgdRQSTN(`xS(k�pygdª
paMON��
`xS�RaWQp*paM^N�ÎKbV_ubd]ObVUVM^N!paN�`nqDcuN�`x� zgd|}PQNe�dbVW�paN(Wj�VN�`x\JN(WapaN�ShN�W©��Wyg®S}gdfx_a`TbVc1N(Wjcas�\�¢V�VbVW
paN(W 1�` zgd_yg¤`hg¤STMObVWafxZ*N�ShPab�paN�WÛg¤caP zgdWaUdMOU�MOf<S�¢
�DMON�]ON����o_1N(`TM^Z*N�W�S}g¤STbV`TN�WÛZ*gd|}PaN�WÛ�¤N(MOWQNÀ�
WaU�gdc1N(W�s(RQ`
ÇJN(fT|}Pag¤�ØN�WaPaN�M^S
paN(`e��Wag¤S}gdfG�<qDc1N(`<�
� zgd|}PaN�M^Pa`TN�fDRaW�ShN�`TfTRQ|}PtSTN(W���Ã q65��¤Î:MµqDÃG�<m�¨�fxSTN(Z�f�� »¤ ak��{¬d»Qk��­ÔV¬ok��­Ôd»Qk��{Ê . k��{Ê¤ d¡¾¢y�
WapaN�`TN��VN�`<�
\!N�WapaN(Wjpyg¤f���Wyg®S}gdf 1 . ¬e�VbVWjLDN�UVRafTfTgj� ÔdÔok¾�­Ô 4 ¡¾k®\!N�]O|}PaN�f��VbVW�ÚÛgd`xST`hg��ÓÊ�Ô®¡oZ*M�STSTN(]OfÙÂ�iÙÎe�JÚ
RaWap�´�Î:¯Gi�� zRa`Ts�]OMO|}P	|}Pagd`hgd��STN(`TM^fTM^N(`xS!\eRa`TpaN¤¢yÞØRaZ�MOWQpaN(f<S!� zRa`��
Wyg¤Shgdf 1 . ¬��®gdWaW	Z*gdW*fhgdUVN�Wlk
pygdª�paM^ND��Wyg®S}gdfG�<ÚÛM^��`xbV�t`TM^fxS}g¤]O]ONePyg¤Ra_QShf�zgd|}Pa]^MO|}P�paMON�Á£ÐVÐQ�{Å°��RQWap�paMONjÁ·ÐQ�{Ð�Å �<qDc1N(`x�¹zgd|}PaN(W�g¤RQ�v�
\!N�MOfTN�Wl¢
LDMONº�ng¤WygdpaM^RaZ*b��oMOpQfT_1N(s(M^N(f�\eM^`Tp&Z�N(M^fxShN�Waf�MOW&N�MOWaN�Z �
gdªd�VN�`x�·gdPQ`TN(W paRa`x|}Pw¯°Z*_a`�zgdUVWaM^N(`xRaWaU
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Z*M�SeN(MOWQN(`e\ zgdªV`TM^UVN(W�¸ zbVfTRaWQU*�VbdW���Z�Z*bdWaMORaZ�Z�N�S}g��¤gdWyg¤pyg¤SÀÁ·��Â���Å��yÁµ�
qDÄ Å���� ÔVÔ®¡£kA�ng¤WygdpQ¨��
]Ob��Qgd]vg¤S!Áµ�
qÀÅGÃ­Á¾Ò!Ã�q���ÅGÄe���{Ê . ¡obopQN(`¹�ngdWygdpQ¨�]^N�ShPagdWabV]Og¤S:Áµ�
q�Å(Á¾q�Ò!Ã}Â 5�Å<Äe���­Ô 4 ¡Qg¤RQ�ApygdfÙ��Wyg¤Shgdf
UVN(ca`Tgd|}P�S:RaWap�g¤WafT|}Pa]^MON�ªVN(Wap�|�gd]^|(MOWQMON(`<S�¢���MOWaN�gdWapaN�`TN�1�` zgd_ygd`Tg¤ShM^bVWafTZ zbVUV]^MO|}Pa�¤N(M�SJM^fxS!pygdf!�
co�
fT|}PaN�MOpaN�W¥�VbVW��
q�Ò!]^Ä³gdRQ�eÎ:MvqDÃ�MOZ �ng¤��RQRaZ Z*M�Sºpagd`hgdRo����bV]OUdN(WapaN�`�Âe¨�pa`Tb���¨�]OMON�`TRaWQU�RaWap
ÎÙ`xbo|}�tWtRaWaU����­¬d»ok¤�{ÊV¬®¡¾¢�LDM^N	�ngdWygdpaM^RaZ��dN(`TcQMOWapaRQWaUVN(Wr`TN�g¤UVMON�`TN(WYMOW�N(M^WaN(`*��bVWapaN�Wafhg¤STMObVWQf<�
`TN�g¤�tSTMObVW¶Z�M^S�Î:M¾Ö�q�Âe�GÜ�`xRa_a_1N(W?gdRQ��paN�`Û�
Wyg¤ShgdfTbVc1N(`<� zgd|}PaN¤¢�LDM^N(fxN(f�\eMO`Tp¶paRa`x|}Pß´�Î:¯Gi��
X
W�ShN�`TfTRQ|}P�RQWaUVN(W±RQWtSTN(`xZ�gdRQN(`xS(k�cuN�M�paN(WQN(W¥paM^N�¯°W�ShN(WQfTM^S zg¤SÀpaN(`ºq�Âe�Gm�Sh`xN(|}�tfT|}P�\eM^WaUVRaWaU&pQN(`
Î:M¾Ö�q�Â:�<mo_1N(s�MON�f(k¹paMON�gdRo��`TN�MOWaN�Z3��Wyg®S}gdfÀcuN�bVcygd|}P�STN�S�\eM^`Tplk�c1N(M�WaM^N(pa`xMOUVN�W �
q��(� ��W�ShN�MO]^N(W
Á��Æ�­ËÈ��Ã�q65 Å�fxS}g¤`T�©UVN�fT|}P�\ zgd|}P�S�M^fxSeRaWapÛZ*M�S:s(RQWaN(PaZ�N(WQpaN(`e�ngdWygdpQMORaZ�b��QM^po�GÇJN(]vg¤paRaWaU³cQMOf
�«½�ËÍ��Ã�q�5[fT|}PQ]OMON�ªV]OM^|}P	U�gdWas��dN(`Tfx|}P�\eMOWapaN�Sj���{ÊV»¤¡£¢
LDMON�m�Sh`xRa��ShRa`�paN�`��
q��(�<m�_uN�s(MON�f�gdRQ��pQN(Z �
Wyg¤Shgdf�M^fxS�Ü�N(UdN(Waf<S}gdWap&��MON�]ON�`DX
W�STN(`TfxRa|}PtRaWaUVN�W
RaWap�Wab�|}P&WaM^|}PtSDN(MOWQpaN(RQSTMOU*UVN(�t] zg¤`xS�¢u´yN(f<SDfxSTN(P�S�kØpygdª©fxMON�N�W�ShfT|}PQN(MOpQN(Wap&�VbdW&paN(`�Ú�N(WaUVN�paN(f
gdRQ��UVN�ca`hgd|}P�STN(W*�ng¤WygdpaM^RaZ*b��oMOpQN(f�gdcaP zgdWaUdS(¢�LDN(b�RaWap 7�gd|}PafnRaW�ShN(`xfTRa|}P�STN(W	Z�M^STSTN(]^f�i
g¤Z�gdW��
RaWap 5	� �
�G��Ú�i��<mo_1N(��Sh`xbVfT�¤bV_aM^N��dN(`xfT|}PaM^N(paN�WaN��
q��(�GÇJN(]vg¤paRaWaUVN�W�gdRQ���
Wyg¤Shgdf 1 . ¬�Z�M^S�N(MOWQN(`
q�c1N(`<� zgd|}PaNj�VbdW¥¬V¬©Z Ã U�
 � ���­Ôd»Qk��{Êd d¡£¢�Ç!N�M�WaMON�pa`TM^UVN(W Ç!N�]vgdpaRQWaUVN(WØk�pl¢ PØ¢�paN(`ºÚ�gdfxfTN�WygdW�ShN�MO]
paN(`��
q���c1N(`xN(|}PaWQN�S:g¤]Of��DÃ q65JcuN�Sh`{zg¤UdSe�­Ë©k�2yWapaN�W�fTM^N
ÚÛN�Shg{�¤gdWagdpyg¤STN³Áµ�
q�Ä}Å���RaWap�LDN(�®g��¤g®�
Wygdpyg¤STNDÁµ����
�qDÃ���Å��	
�¢dÚ�M^SÙfxShN�MOUVN�WapaN�`�Ç!N�]vgdpaRQWaU�caM^]OpaN�W�fxMO|}P³M^Z*Z�N(`�Z�N(Pa`ÙLDN(�®g��¤gdWygdpag¤ShN¤k¤paM^N
fT|}Pa]^MON(ªd]OMO|}P	c1N(M�N�MOWaN�`[ÚÛbVWabd]vgdUVN�paN(fe�ngdWygdpQMORaZ�b��QM^paf�paN�WÛUd`{zbVªdSTN(W���W�STN(MO]¹g¤RafTZ*gd|}PaN�Wl¢y��RQ�
paN(Z RaW�ShN�`TfxRa|}P�ShN(W ��Wag¤S}gdf[MOf<S�pQMONÀZ�g®�oM^Z�gd]^N�Ç!N(pQN(|}�tRaWaU	Z�M^Se�
q��jgd]^f[Z�bV]^N(�tRa]vg¤`[pQMOfT_1N(`G�
UVMON�`xShN�Z m�¨�f<ShN(Z c1N(M�N�MOWaN�Z Ú�gdfxfTN(WagdW�ShN(M^]��VbVWÛ»�ËÈ��Ã q65
N�`T`TN�MO|}P�S�¢1Ç!N�M�Z*N�Pa`[gd]Of[ÔdËÍ�DÃ�q65
MOfxS³��`xMOf<S}gd]^]OMOWQN(fº�ng¤WygdpaM^RaZ*_1N(W�STb{�oM^p±s(R�cuN�bVcygd|}P�STN(Wß���{Êd ¤¡¾¢�ÚÛbVWabVZ�N(`xN©�
q��h��RaWap�paMOZ�N(`xN
�DÃ q��x� �ng¤Wygdpyg¤S<�<mo_1N(s�MON�f 2yWapQN(W�paMON�fTN��
RQShbV`xN(WjWaM^|}PtS(kd\!gdf�MOZ 7�MOpaN�`Tfx_a`TRa|}Pjs�R�WQN(RaN�`TN(W 1�Ro�
ca]OM^�¤g®ShMObdWaN(WºfxShN�P�SD�Ó» 4 ¡£¢V´ybV`xs�g¤SxShMl� »�¬­¡ac1N(`TM^|}P�ShN�S��dbVWjZ*bdWabVZ�N(`TN�W³�
q��T�G��MOWQPaN(M�ShN(W�c1N(MQWaMON�pa`TM��
UVN(W©RQWap��VbdW©_ubd]^¨�Z*N�`TN�W	ÚÛN�S}g��¤gdWygdpyg®Sx�<m�_uN�s(MON�f�c1N(MAP zbVPaN�`TN�W�Ç!N(]OgdpaRaWaUdN(Wlk�bVPaWaN�gd]O]^N(`xpaMOWaUdf
paMON�ÇJN(paN�|}��RQWaUVN(W�W zgdPaN�`[s�RÛ¦tRyg¤WtSTM;2ys�MON�`TN(WØ¢yÇ!Ra]^RafTPaN���N�S[gd]£¢����­¬d»¤¡lRaW�ShN(`xfTRa|}P�STN(W�Z�M^S���1nmuk
��i[L³kl´�Î!�°i
gdZ*gdWo�:RaWap§LDM^�uRafTN�ieN��aN(|�ShgdWa|�N*¯°WQ��`Tgd`TN�p�´ybVRQ`TMON�`DÎK`hgdWaf<��bV`TZ��<m�_uN��tST`TbVfx�dbV_QMON
�DÃ q65��¤Î:Mvq�ÃG�G��g¤Shgd]^¨�fhg®ShbV`xN(W±Z�M^SjÐQ¢ . caMOf . ¢ » ÚÛbVWQbV]vgdUdN(W¥�
q��t¢�moM^N 2yWapaN�WrgdcQP zgdWaUVM^U��VbVW
paN(`nÇ!N�]vgdpaRQWaU�Z*bVWQbVZ*N�`TN�RQWap�_1bV]^¨�Z�N(`xN!�ngdWygdpag¤Sx�Gmo_uN�s(M^N(f�fTb{\eMON[gdZ�bV`x_aPaN(f���Ã�q65�¢tÇ!N(MypQN(`
WaMON�pa`TM^UVN(W�Ç!N(paN�|}�tRaWaU�Z*M�S�Ðo¢ . ÚÛbVWabV]OgdUVN�W��
q���k®\!gdf�� zRQ`�pygdfÙ�VbV`x]OMON�UVN(WQpaN!�
Wyg¤S}g¤f<� 1�` zgd_ygd`Tg¤S
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Z*M�SÙN�MOWaN�`�Ç!��Î!�GqDcuN�`x� zgd|}PQN��VbVWjÔ¤»
Z Ã U�
 � N�MOWaN�ZÆÚÛgdfTfxN(WygdW�STN(MO]��VbVW . ¢^�{Ë«��Ã�q65�N(W�Shfx_a`TM^|}P�S�k
s(N(M^UVN(W�paM^N�i
g¤Z�gdW��<mo_1N(��Sh`xN(W	fxb­\JbVPa]KÇ�g¤WapaN(WØkypaN(WaN�WÛfxMO|}P�MOfxbV]OM^N(`xSTN
�
q��h�G��M^WaPaN(M�ShN�W	s(RabV`xpo�
WaN(W�]vgdfxfTN�WlkAgd]Of�gdRa|}PÛÇ�gdWapaN�WlkApaMON�g¤RQ��_1bV]�¨oZ�N(`xN(f:Z�N�Shg{�¤gdWagdpyg¤S zgdPaWa]^MO|}PaN�f��
qD�ÀPaM^W�\!N�MOfTN�Wl¢
¯°W�c1N(M^paN(W�´ zg¤]O]ON�W¥MOf<Sjpygdf³�ngdWagdpaMORQZ�g¤STbVZ3ShN�Sh`hg¤N(pa`xMOfT|}P��db�bV`xpaMOWaM^N(`<S�¢�L�g¤f³N(W�Shfx_a`TN�|}PaN(WQpaN
i
gdZ*gdWo�Gmo_1N(��Sh`xRaZ¿M^fxSeMOW��
cacaMO]^paRaWaU . ¬�pagd`TUVN�fxSTN(]O]�S�¢

Raman−Verschiebung (cm¯¹)

In
te

ns
itä

t (
a.

u.
)

��cacaM^]OpaRQWaU . ¬ �y´ÙÎ!�Gi[gdZ�g¤Wo�<mo_1N(��ST`TRaZ paN�frb��oMOpaM^N(`xSTN(W¿�
q�� �®Î:MµqDÃrZ�M^SYÐQ¢ . ÚÛbVWQbV]vgdUdN(W
Á£Ú�¸KÅ!�
qD�ºRaW�ShN�` 7¥gdfxfTN�`hgdRafxfT|}Pa]^Raª � N(W�ShWQbVZ*Z�N(W�gdRQf
ieN��G¢K���­¬d»®¡

ÚÛM^S�s(RQWaN(PaZ�N(WQpaN(Z �ngdWyg¤paMORaZ*gdW�ShN�MO]DN�`Tfx|}PaN(M^WtS�MOZ i[gdZ*gdWo�Gmo_uN���Sh`TRQZ N(M^WaN Ç�gdWapaN¤k:\eMON
fTMON�� zRa`º��Ã q65T�G´yN(f<Sh� zbV`x_uN�`ºS°¨�_aMOfx|}P±MOf<S�¢ÙÇ!N(MJpaN(`ºP zbV|}Paf<ShN(W�Ç!N�paN(|}�tRaWQUw�dbVW . ¢ »&ÚÛbVWQbV]vgdUdN(W
]OMON�UVN(Wrgd]O]^NÛpQ`TN(M[�ngdWygdpQMORaZ�b��QM^pafT_1N(s�MON�f��dbV`(¢!LDMON(fxN(f©f<ShN�PtS�M^Z ��MOWa�t]vg¤WaU¥Z�M^S�´�Î:¯Gi:�³RaWap
¸Kg¤fTN(`G�Gi[gdZ*gdWo�n���o_uN�`TM^Z*N�WtSTN(W�gdW	�DÃ�q65$�¤Î:Mvq�Ã<�G��g¤S}g¤]^¨�fhg¤STbV`TN�W	�VbVWÛ¸�MON�SxShM�N�S�g¤]¾¢¹���{Ê�Ô®¡£kQ\Jb¤�
Wygd|}P�c1N(MKN(M^WaN(`�moRacQZ*bVWQbV]vgdUdN(WtcuN�paN(|}�tRaWQU©fTb{\JbVPa]KMOfTbd]OMON�`xSTND�ngdWygdpQ¨�]^UV`TRa_Q_uN�W�gd]^f
g¤Ra|}P�_1b¤�
]^¨�Z*N�`TN�ÚÛN�Shg��dg¤Wygdpyg¤STN
�dbV`T]^MON(UdN(Wl¢ 5	� �
�°�DÚ�i��GX[W�ShN(`xfTRa|}PtRaWQUVN(W��VbVW 1�M^WygdN��dgÀN�S�gd]¾¢tN(`xU�gdc1N(W
cuN�M�WaMON�pa`TM^UVN(ZÈ�
�<Ü�N(Pagd]^S:s�\!N�MK�dN(`xfT|}PaM^N(paN�WaN��
`xShN�WÛ�dbVW�qDc1N(`<�Kzgd|}PaN�Wa�dbVZ�_a]^N��oN(Wlk1MOW�paN�WaN(W
pygdf:�ngdWygdpQMORaZ*g¤ShbdZ �VN�`Ts�N(`T`<S
STN�ST`hgdN�pa`TM^fT|}PÛ�dbVW&mogdRaN(`xfxSTbd�lg®ShbVZ�N(W�RaZ�UVN(c1N(W�MOf<S³���{Ê�¬­¡¾¢AÇ!N�M
P¹zbVPaN�`TN(WY�
�G��bVWQs(N(W�ST`hg¤STMObVWaN�W 2aWapaN(WrpaMON�fTN��
RQShbd`TN(W�� zRa`�pygdfj�
�°��STbVZ N(M^WaN�bV��S}gdN�pa`TM^fT|}PaN
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��b�bV`xpaMOWyg®ShMObdWl¢
LDN(`(7�MOpaN�`Tfx_a`TRa|}P?s�\eM^fT|}PaN�W«paN(W¶��`xcuN�M^STN(W��VbVW Ç!Ra]ORQfTPaN���N�SÛgd]¾¢����­¬¤»¤¡�RaWap?LDN(b�N�SÛgd]£¢
���­Ô¤»Qk¾�{Ê¤ d¡�]OMON�UdS¹\�g¤Pa`Tfx|}PaN(M^Wa]OM^|}P�pygd`TM^W³c1N(UV` zRaWapaN�S�kdpagdªDN(`xfxSTN(`TN!RaW�ShN(`/7�gdfxfTN(`TgdRafxfT|}Pa]^RaªakV]^N�Shs �
ShN(`xN�gdc1N(`:MOW	N�MOWaN�`�WabV`xZ�g¤]ON(W	��STZ*bdfT_aP zg¤`TN�Z�M^S:¸�RQ�µSx��N(Ra|}P�STMOUV�¤N(M^SeM^Pa`TND���o_1N(`xMOZ�N(W�ShN�paRQ`T|}Po�
UVN�� zRaPQ`xSePygdc1N(WØ¢
7�N�WtS[N�S�g¤]¾¢Qfx|}Pa]OM^N(ªVN�W�g¤Raf[i
gdZ*gdWo�Gmo_1N(��Sh`xN(W�RaWap�Î N(Z�_uN�`hg¤STRa`<�41 `TbVUV`TgdZ�Z*M^N(`xSTN(W�q �oMOpag®�
ShMObdWaf<�ÙRaWap�i N�paRa��ShM^bVWafxN��o_uN�`TM^Z*N�WtSTN(WwÁ�Î�1nqßcQs�\�¢�Î�1ni
Å�ktpyg¤ª�MOfxbV]OM^N(`<ShN:Z�bVWabVZ�N(`xN[RQWap�paM��
Z*N�`TND�
q��(�<m�_uN�s(MON�f[gdRQ�ÙpaN(Z �
Wyg¤S}g¤fe�dbV`T]^MON�UVN(W ���­ÔVÔ®¡£¢
Ç!N(M1m N�|(bVWapagd`x¨��°¯ bdW	Ú gdfxf�m _uN�|�Sh`xbVZ�N�Sh`xMON ��Á¾m�¯<Ú�maÅ°�°���Q_1N(`xMOZ�N(W�ShN�W�g¤W��
q�� �¤Î:MvqDÃx�G��g¤Shgd]^¨�fhg­�
ShbV`xN(W�Z*M�S	�­Ë3�DÃ q65j\eRa`TpaN�W��
�®q���Â��1�ÀRaWap±��Ã�qD���°¯°bVWaN�W�paN�STN(��ShM^N(`xS����{ÊV½¤¡£¢���`Tf<ShN�`TN�]vgdfG�
fTN(W�gdRQ��Âe¨�pa`Tb���¨t�dg¤WygdpQ¨�]OUd`TRa_a_1N(W�Áµ�
qjÁ¾q�ÂDÅxÅefx|}Pa]OM^N(ªVN�WlkApaMON zRac1N(`
s�\JN(M�q�� ��ShbVZ�NÀgdRQ��pQN(`
Î:MµqDÃx�<qDc1N(`<� zgd|}PaN�gd]^fJ�
qjÁ¾q�Â�Å(Á¾qDÎ:MvÅ<Ã:UVN�caRaWapaN�WÛfxMOWapØ¢aLDMON[�DÃ�q���� ¯°bVWaN�W�]^N(UVN�W	paMON
��N(`TZ�Ro�
ShRaWaU
WygdPaN¤k¤pagdª�paM^Nn�ng¤Wygdpyg¤STN!g¤RQ�ypaN�`���Wag¤S}gdfxbVc1N(`x� zgd|}PaN:��N�SxShN�W�gdRafxcaMO]^paN(W©���{ÊdÊ¤¡¾¢­¯°WºpaMON�fTN(W
mo¯<Ú�mt�°X
W�ShN�`TfTRQ|}P�RQWaUVN(W&\eRa`xpaN(W��dN(M^WaN�¯°bdWaN(W�pQN(`[��`xS
Î:Mµq���Â � UdN���RaWapQN(WlkA\�g¤f�paM^NÀc1N(`xN(M�Shf
paRa`T|}P�¯Gi��G���o_uN�`TMOZ�N(W�STN����{Êd»¤¡�UVN�fxS zRoShs�STNº�
WaWygdPQZ*N¤kapygdªjpaM^NÀq�c1N(`<� zgd|}PaN�Wo� �ng¤Wygdpyg¤STN�paRa`T|}P
N(MOWQNÛ��bVWQpaN(WafTg¤ShM^bVWafx`TN�g¤�tSTMObVW�Z�M^S�pQN(W�qDc1N(`<�Kzgd|}PaN�Wo�°Î:M£ÖDq�Âe�GÜ�`xRa_a_1N(WYN(W�Shf<ShN(PQN(WlknRaW�ShN�`<�
Z�gdRQN(`xS(¢
Ç!RafT|(g � . ÐdÐ¤¡�RaW�ShN�`TfxRa|}P�ShN�Z�M^S�¯Gi:�:RaWap i
g¤Z�gdW��<mo_1N(��Sh`xbVfT�¤bV_aM^N�Rl¢ go¢Ø�VbVW&�
q��(�Gmo_uN�s(M^N(f�gdRQ�
��Wyg¤Shgdf:RaWap�gdWQpaN(`xN(W�ÚÛN�Shgd]O]^b{�oM^pQSh` zgdUVN(`xW©Z�M^S�pQN(`
ÞØMON�]OfTN�Shs�RaWaUakos�\eMOfx|}PaN(WÛZ*bdWabVZ�N(`TN�W	RaWap
_ubV]�¨�Z*N�`TN(W	�ngdWagdpyg¤STN(W�s(R�RaW�ShN�`TfT|}PQN(MOpQN(Wl¢1¯°Z ¯Gi��nRaWap�M^Z¿i[gdZ*gdWo�Gmo_uN���Sh`TRQZ MOf<SepaMON
mo|}P�\eMOWaUVRQWaU�paN�`K� ��q��°Ç!MOWQpaRaWaU[cuN�Mt|�gQ¢t�{ÐVÐdÐ[|�Z 
 � fTN�Pa`�M^WtSTN(WafxM^�1¢¤Ú�gdW 2yWapaN�S��¤N(MOWQN 9 N�pabo|}P
�dN(M^WaNeÇ�gdWQpaN(Wjc1N(M)7§N(]^]ON�Was�gdPQ]ON(WØkdpaM^N�fTM^|}Pjgdfx¨�Z�Z*N�Sh`TM^fT|}PaN�W��³Ö�q�Öe�
�Gm�Sh`xN(|}�tfT|}P�\eM^WaUVRaWaUdN(W
s(RabV`xpaWaN�W~]vgdfxfTN�Wl¢!LDM^N(fxN�mo|}P�\eM^WaUVRaWaUdfTZ�bopaN�W�Z zRQªdShN�W~gdc1N(`�MOWYN(MOWQN(Z ¯Gi:�Gmo_1N(��Sh`xRaZ Z*M�S
PabVPaN�`�¯°WtSTN(WafxM^S zg¤S�gdRQ�µShgdRa|}PaN�Wl¢�L�gd`hg¤Raf³\eMO`xp¥�VbVW�N(M^WaMOUVN�W±��RQSTbV`TN�W�UVN(fx|}Pa]ObVfxfTN�Wlk�pygdªwMOWafG�
cuN�fTbVWapQN(`TN&c1N(M[WaM^N(pa`xMOUVN�`©Ç!N�]vgdpaRQWaU�WtRa`©Z�bVWabdZ*N�`TNÛ�
q��T�°��MOWaPaN�M^STN(W�gdRo��paN(`�qDc1N(`<� zgd|}PaN
�VbV`x]OMON�UVN(W¶�Ó» 4 k . ÐQ�(¡£¢�¯°Z/´Agd]^]JpQN(`���Wag¤S}gdfG�}k�gdcuN�`jgdRa|}P�paN�`���]OÃ}q�Ä<�GX
W�STN(`T]OgdUVN�\eM^`Tp 9 N�pabo|}P
paN(`�c1N�ST`TN��uN(WQpaN$7�N�]O]ON�Was�g¤Pa]ON�W�c1N(`xN(M^|}P�Á£½VÐVÐ­�<¬dÐVÐ*|(Z 
 � Å�paRa`x|}P pQMONj¸�MO|}P�ShRQWapaRa`x|}Pa] zgdfxfTM^UV�dN�M^S
paN(f 1�`TN�ªV]OM^WaUVf©M^W�paMON�fTN�Z 7§N(]O]^N(Wa] zgdWaUVN�WtcuN�`TN(M^|}P~�VN�`TpaN�|}�tS(¢e¯°Z i[gdZ�g¤Wo�<mo_1N(��ST`TRaZ MOf<S©� zRa`
paMON�� ��q��Gm�Sh`xN(|}�tfT|}P�\eM^WaUVRaWaU�paN(`�M^fTbV]^MON(`<ShN�W��
q��h�<Ü�`TRa_a_1N(WwN�cuN�WQ�·gd]O]^fDN(M^WaN�MOW�STN(WafxM^�VN�Ç�g¤Wo�
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paNÛs�RrN�`x\!gd`xSTN(WlkJpaMON�fxS zgd`T�¤N(`�gd]OfjpaM^NÛ�¤bV`T`xN(fT_1bVWapQMON(`xN(WapQN�Ç�gdWQpaN�paN�`*_1bV]�¨oZ�N(`xN(Wrmo_1N(s(M^N(f
MOfxS©� . ÐVÐ¤¡£¢KÇ!RafT|(g±� . ÐVÐ¤¡nfT|}PQ]OMON�ªdSºpygd`hg¤Raf(kKpygdª�fxb{\!bVPQ]J¯Gi���g¤]OfºgdRa|}P�i[gdZ�g¤Wo�<mo_1N(��ST`TbVfx�dbV_aM^N
Z*N�ShPab�paN(Wtc1N(paM^WaUdS�WQMO|}P�SÀN(Z�_ 2yWapa]^MO|}P&UVN�WtRaU�� zRQ`�paMON�� ��q��:RaWapw�³Ö�q�Öe�
�Gmo|}P�\eMOWaUdRaWaUVN�W
paN(`À_ubd]^¨�Z*N�`TN�W �ngdWagdpyg¤STN�fxMOWapØ¢�m�MONjfTM^Wap�pyg¤Z*M�S�� zRa`ºpQN(W¥�
gd|}P�\!N�MOfºpaMON�fTN(`�mo_1N(s�MON(fºMOWafxcuN �
fTbVWapQN(`TN�c1N(MlWQMON(pQ`TMOUdN(W©�
�GÜ�N�Pygd]�ShN(W	WtRa`ec1N(paM^WaUdS:UdN(N(M^UVWaN�SeRaWap�N(`x]vgdRac1N(W��¤N(MOWQNÀpQN�S}g¤MO]O]^MON�`xShN
Ò!Pygd`hg¤�tSTN(`xMOfTM^N(`xRaWaU�MOPa`xN(`[m�ST`TRa��ShRQ`TN(WØ¢uÇJN(fTfxN(`
UVN(N�MOUVWaN�Ses(RaZ �
gd|}P�\!N�MOf[paN(`[_1bV]^¨�Z�N(`TN�W	�ng®�
Wygdpyg¤STNºfxMOWapÛN(]^N(��Sh`xbVWaN(WQfT_1N(��Sh`xbVfT�¤bV_aMOfx|}PaN*ÚÛN�STPab�paN(Wlk1paM^Nºg¤cuN�`
�¤N(MOWQN�¯°WQ��bV`xZ�g®ShMObdWaN(W zRac1N(`
paN(`xN(W�m�Sh`xRa��ShRa`xN(W�]^MON���N(`TWØ¢
¸Kg¤`T`TRQcaMvg�RaWapßÇJRafT|(g � . Ð . ¡ÀRaW�ShN(`xfTRa|}P�STN(W paMON N(]^N(��Sh`xbVWaMOfx|}PaN±mtSh`TRQ�tSTRa`��dbVW �ngdWyg¤paMORaZ��}k
7�bV]���`hgdZ��[RaWap�Ú�bV]^¨�c1p zgdWab��oMOpaN�W�gdRQ�e�
Wyg¤S}g¤f(kÙgdZ*bd`T_aPaN�Z moMµqDÃ³RaWQp��A� ��]^Ã}qDÄ�fTb{\eMON��VbVW
�DÃ q65T��7~qDÄ$�¤Î:Mvq�Ã(k(�DÃ�q65x�GÚÛbtqDÄ$�¤Î:Mvq�Ã(k��DÃ q65�k 7~qDÄ��¤Î:MµqDÃ¹RaWap³ÚÛbtqDÄ$�¤Î:Mvq�Ã¹Z�M^S¹X ]^Sh`Tg¤� MOb®�
]ON�S<� ��MOf MOca]^N��°� N(gd`©¯ WQ��`TgVi N(po� Á£X[�[� ��MOf<� ¯Gi�Å �<mo_1N(��ST`TbVfx�dbV_aM^Nd¢�moMON��dN(`xUV]ON�MO|}PaN�W¶pagdcuN�M�paM^N�Xe�
�
�DMOfG�G�[¯Gi:�Gmo_uN���Sh`TN�W�paMON�fTN(`
q
�oMOpaN�Z�M^S:pQN(WaN�WÛ�VbdW�ÚÛUdÃT�DÃ�q��eRaWap�paN(Z Ú�N�S}g��¤gdWyg¤pyg¤S
��Â��T�
q�Ä{¢e¯°Z ÚÛUVÃx�DÃ�q��Ûc1N(f<ShN(P�S&pagdf�LDM��¤gdWygdpyg®ShMObdW?g¤RafÛs�\!N�M�N�|}�dN(W��dN(`T�tW�zRQ_Q�µShN�W6�
q��h�
ÎÙN�Sh`hg¤N(paN�`TWlky\ zgdPa`xN(WapÛMOZ Ú�N�S}g��¤gdWyg¤pyg¤S[paMON��
q��T�°��M^WaPaN�M^ShN�W zRQcuN�`[UdN(Z�N(MOWQfhgdZ�N���|}�dN(WQfhgdRo�
N(`Tf<Shbd�Øg¤STbVZ*N[]vg¤WaUVN
��N�STSTN(W	caM^]OpaN�W&�  tÔ®¡£¢oÇJN(MOpQN
��N(`xcaMOWQpaRaWaUVN�W�gdcafxbV`TcaM^N(`xN(W©c1N(M . ÐVÐÀcaMOfJ �ÐVÐ
WaZÛ¢KieN(M^WaN(fÀ�DÃ q65{k¹MOW§paN(Z paMONj�ngdWyg¤paMORaZ*g¤STbVZ*N³�dN(`xs(N(`x`xSjbV��ShgdN(pa`xMOfx|}P��VbVW�fTN(|}PQf�mQgdRaN�`<�
fxShb¤�lg¤STbVZ�N(W�RaZ*UdN(c1N(W�fxMOWapØkug¤cafTbV`xcaMON�`xS[c1N(MKUV`{zbVªdN(`TN�W 7§N(]^]ON(WQ]°zgdWaUdN(W	�VbVW� �ÐVÐjcaMOf[»VÐVÐ�WaZ�¢
LDMON(fxN���N(`Tfx|}PaMON�caRaWaU�paN(f[��cafxbV`T_oShMObdWafTZ*g®�oMOZ³RQZ*f:s�RÛUV` zbVªVN�`TN(W37�N�]O]^N(Wa] zgdWaUVN�W�Z�M^S�fxShN�MOUVN�Wo�
paN(`À��bobd`TpaM^Wyg¤ShM^bVWafxs�gdPa]ÙMOf<S�\!N�M^ShUdN(PaN�Wap�g¤]O]OUdN(Z�N(MOW�UlzRa]^STMOUa¢ØLDN(f<\!N�M^ShN�`TN�W �dN(`Tfx|}PaMON�cuN�W±gdRa|}P
_ubV]�¨�Z*N�`TN
��N�STSTN(W��dbVW©�
q��h�°ÎKN�Sh`TgdN(pQN(`TW�pygdf��
cafTbV`x_QShM^bVWafxZ�g®�oM^Z³RaZ N�MOW�\JN(WaM^U³s(R�P zbVPaN�`TN(W
7�N�]O]ON�Wa] zg¤WaUVN(WØ¢
LDMON�X[�[� �DM^f<�°�
¯Gi��<mo_1N(��Sh`xN(Wr�dbVW~�
Wyg¤S}g¤f*Z�M^S�N�S°\!g~�­Ë©k� tË/RaWap�½VË �DÃ�q65©s(N�MOUVN�Wlk�pygdª
cuN�`TN(M�Shf
cuN�M��t]ON�MOWaN�W��
�GÜ�N�Pygd]^STN(WÛpygdfD�
cafTbV`x_QShM^bVWafxZ�g®�oM^Z³RaZ �VN�`TUV]^MO|}PaN�W�Z�M^S
paN(Z7paN(f�`TN(M��
WaN(W©Î:MvqDÃ:gdW�¯°W�STN(WafxM^S zg®S:gdcaUdN(WabVZ�Z�N(W�Pag¤S!RQWap©s(R	P zbVPaN(`xN(W 7§N(]^]ON�Wa] zgdWQUVN(Wj�VN�`TfT|}PQbVcuN�WÛM^fxS(¢
��RaªVN�`TpaN�Z¿�VN�`Tca`xN(M�ShN(`xW�fxMO|}P�paMON�Ç�g¤WapaN(W�c1N(M�UV` zbVªVN(`xN(W 7�N�]O]^N(Wa] zgdWaUVN�W Á·��cQcaMO]^paRaWaU . »�Å ¢
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Wellenlänge (nm)

��cacaM^]OpaRQWaU . » �yXe�
�¾�DMOfG�G�[¯Gi:�Gmo_uN���Sh`TN�W �VbVW ��Ã q65��¤Î:MµqDÃ Z�M^S �dN(`Tfx|}PaMON�paN(WQN(W ��Ã q65T�
Ü�N(Pagd]^STN(W � N�WtSTWabVZ�Z*N�W�gdRaf[i[N��G¢¹� . Ð . ¡

L�gd`hgdRQf!UVN�PtS�PaN(`<�VbV`�kQpygdª�N(f�fxMO|}P	c1N(M1paN(ZÈ�
qD��gdRQ�¹paN�Z �
Wyg¤S}g¤f�WaMO|}P�S!RaZÈ��Ã�q65�PygdWapQN(]^S(k
\!N�]O|}PaN�f�N(M^WaNÀfxS}g¤`T�dNº��cafxbV`T_oShMObdWÛc1N(MÙ¬dÐVÐjcaM^f�»VÐdÐ�WaZ g¤RQ�µ\!N�MOf<S�¢1LDMON�fTN(f[fxSTN(P�SDM^Z ��MOWa�t]OgdWaU
Z*M�S�fT|}P�\eMOWQUVRaWaUVfxfT_1N(��Sh`xbVfT�¤bV_aM^fT|}PaN�W*RaWQp³�DÚÛi:�°L�g¤ShN�W©���­Ôo��¼y�­Ô 4 ¡£¢­��g¤|}P�paM^N(fTN�W�N�]ON(��ST`TbVWaN�Wo�
fT_1N(��Sh`xbVfT�¤bV_aMOfx|}PaN(W*���o_uN�`TMOZ�N(W�STN(Wj]OM^N(UdSÙpygdf��
q��eg¤RQ�1paN(Z ��Wyg®S}gdf�g¤]Of�WQMON(pQ`TMOU
�db�bV`TpQMOWaM^N(`xSTN
cuN�MOWygdPQN
M^fTbV]^MON(`<ShN
mo_1N(s�MON(fn�VbV`D� . Ð . ¡1RaWap©pQMOND���oMOf<ShN�Was��VbdW©_ubd]^¨�Z*N�`TN�W*�ngdWyg¤pyg¤ShN�W©MOf<S!PQbo|}P
\�gdPQ`TfT|}PQN(MOWQ]OMO|}P�� . ÐVÐ¤¡£¢
¯°WYpaN�WrXe�
�¾�DMOfG�G�[¯Gi:�Gmo_uN���Sh`TN�WYc1N(bdcygd|}P�ShN�S�Z*gdW±\!N�M^STN(`TPQMOWlk�pagdª§pQMON	¯°W�ShN�WafTM�S zg¤S�paN�`��
co�
fTbV`x_QShM^bVW§pQN(fº¸Kg¤paRaWaUVfG�°ÎK`hgdWQfx��N(`G� zX[cuN�`TU�gdWQUVN(f³q Ã 
±× Î:M � � Z�M^S�\�gd|}PQfTN(WQpaN(Z �ngdWygdpaM^RaZ��
UVN(Pyg¤]^S*fT|}P�\ zgd|}PaN�`�\eM^`Tpl¢JLDMON�fTN&Ç!N�bVcygd|}P�STRaWaU�] zgdª¤S�fxMO|}P�paRa`x|}P�N(M^WaNwm�S zbV`TRaWQU¥paN(f	Î:M 4�� �
¸¹N�M^STRaWaUVfxcygdWapaN�f�paRQ`T|}P~paM^N�N�S°\!gdf©pygd`xRaW�ShN�`�]OM^N(UVN�WapaN�W�� 4�� �<qD`TcQM^S}g¤]ON©N�`T�t] zgd`xN(Wl¢nÇ!N�M�g¤Wo�
paN(`xN(W�X
W�STN(`T]OgdUVN�WlkÙ\eM^N©cuN�MOfx_aMON�]Ofx\JN(M^fTN©moMµqDÃ³RaWQp��
]OÃhq�Ä�M^fxS�paMON�fTN(`³���uN(��SjWaM^|}P�S�fTb&f<S}gd`x�
gdRafTUdN(_a` zgdUdS�kufTb�pygdª	pQMON³� zgdPaN�paN�` 4�� �<qD`TcQM^S}g¤]ON�paN(fD�ng¤WygdpaM^RaZ*f
s(RaZ#Î:MµqDÃx�°¸¹N�M^STRaWaUVfxcygdWap
N(MOWQN�X
`TfTgd|}PaNÀpaN(`eUVRoShN(W�maÒ�i��°�
�tSTM^��M^S zg¤SepaN�fe��Ã�q65$�¤Î:MµqDÃx�Gm�¨�fxSTN(Z�f[M^fxS(¢
´ zRa`�paN(W���N(`xUV]ON�MO|}P�Z*M�S�paN(W�gdWapaN�`TN(W�N��o_uN�`TM^Z*N�WtSTN(]^]ON(W���`xcuN�M^STN(W����­¬¤»QkG�­Ôd»QkG�{Êd ¤¡yMOf<SJN�fn\eM^|}Po�
ShMOU���N�fxSTs(RaPyg¤]^ShN�Wlk�pygdªwpaM^N	��Wyg®S}gdfG� 1�`TbVc1N(W��VbdWr¸¹gd`x`TRacaMOg&RaWapYÇ!RafT|(gr� . ÐVÐok . Ð . ¡:Z�M^S©�V�­Ô
Z Ã U�
 � N(MOWQN³\!N�fTN(W�ST]OMO|}P UV` zbVªVN(`xNjgd��ShM��VN�qDcuN�`x� zg¤|}PaN*c1N(fxM^STs(N(WØ¢�LDMON�fTN(f�M^fxS�M^WafTc1N(fxbVWapaN�`TNjcuN�M
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paN(W��ngdWygdpQMORaZ�UVN(Pagd]^STN(W	s(R�c1N�gd|}P�ShN�Wl¢
�
N(c1N(W�paN�WYRQZ��·gdWQUV`TN�MO|}PaN�W�N �o_uN�`TMOZ�N(W�STN(]O]^N(W±�
`Tc1N(M^STN(W±UVM^cQS�N�fj\JN(WQMOUVN©STPaN(bV`xN�STMOfT|}PQNÛX[Wo�
ShN(`xfTRa|}PtRaWQUVN(W�� zRa`:pygdf[m�¨�f<ShN(Z �DÃ�q65$�¤Î:Mvq�Ã(¢AmQg�¨�]ON�N�S[g¤]¾¢Ø���{»dÐ¤¡lShN�fxSTN�ShN�WÛZ�M^S!Z*bd]ON(�tRa]Ogd`TZ�N��
|}PygdWaM^fT|}PaN�WwÚÛN�STPab�paN(W��dN(`xfT|}PaM^N(paN�WaNjÚ zbVUd]OMO|}PQ�dN(M�ShN�Wlky�DÃ q65Dg¤RQ����Wag¤S}gdfºÁ·ÐVÐQ�­Å�s(RÛca`TM^WaUVN�Wl¢
moMONDc1N�ST`hgd|}P�STN�ShN�WÛpagds(R�paM^N�Á£ÐdÐQ�­Å°�hklÁ . ÐVÐ�Å ��RaWQp�Á·ÐQ�V�­Å �G�[N�Shs�N(c1N(WaN�pQN(f:�ngdWygdpQMORaZ�_uN�W�Shb��oMOpaf�k
pyg�paMON�fTN�fxST`TRa��ShRQ`TN(]^]¹gdZ¿c1N(f<ShN�W�gdRo��paM^N�Á£ÐVÐo�­Å°�Gq�c1N(`<� zgd|}PaN�_agdfTfxN(W�RQWapÛN�MOWaN�PQbVPaN 1ÙN�`TMOb�paM��
s(M^S zg¤S�RaWQp§pyg¤Z*M�SDN(M^WaNj�t]ON(M^WaNjmo|}PQWaM^SxShfxSTN(]^]ON(Wo� zgd|}PaN*gdRQ�µ\JN(M^fTN(WØkl\�gdf�N�MOWaN�U zRQWafxSTMOUVN�mo|}PQWaM^SxSx�
fxShN�]O]^N(WaN�WaN(`xUVMON�s�Ra`[´Abd]OUVNDPag¤S�¢yLDM^NÀÚÛb�paN(]^]ONDN�WtSTfT_a`xN(|}PaN�W&N(PaN�`eN(MOWQN(`[ÚÛbVWQbV]vgdUdN(WtcuN�paN(|}�tRaWQU
paN(f�Î:Mvq�Ã�Z�M^S
�DÃ q65{¢l�
Raf�paN(W ���o_uN�`TM^Z*N�WtSTN(W UVN(P�S 9 N�pabo|}PwPaN�`x�dbV`(k�pyg¤ª	paMON³�
q��(�Gmo_uN�s(M^N(f
gdRQ�jpaN�W maÒ�i:�°gd��ShM��VN(W«��Ã�q65$�¤Î:MµqDÃx�°��g¤S}gd]�¨�fhg¤STbV`TN�W �dN�MOWaN¥��Ã q65T�G´yN(f<Sh� zbV`x_uN�`TfxST`TRa��STRa`�c1N��
fTM^STs�Sº���­¬d»Qk}�{Ôo��¼a�­Ô 4 k}�­Ô¤»Qk}�{Êd ak . Ð . ¡£¢
Ò�gd]vg¤Shg�¨oRQpºN�S�gd]£¢t� Êd½¤¡t� zRaPa`xSTN(W�gdZ«�DÃ�q65$�¤Î:MvqDÃx�<m�¨�f<ShN(Z _1N(`xMOb�paMOfx|}PaNnL�´�Î!�<ÜÀÜ��e�GieN(|}PaWtRaWQU¤�
N(W&Z�M^SDpQN(Z#�Ù��m)1��41�`TbVUV`TgdZ�Z/� . Ð 4 ¡�paRa`x|}Pl¢l��]^f�ÚÛb�paN(]^]ONÀ�VN(`<\!N�WapaN�ShN(W�fTMON�paMOZ�N(`xN�s�¨��t]OM��
fT|}PaN©RQWap¥]OM^WaN�g¤`TNj�ngdWygdpQ¨�]��<mo_1N(s�MON(fÀZ�M^S��DÃ�q65x�Gm�S­zbV|}PQMObVZ�N�ST`TMON¤k�paMON�gdRQ�:pQMON���Wyg¤Shgdf	ÁG�{ÐVÐ�Å �
RaWap�paMON�Á·ÐVÐQ�­Å �<qDcuN�`x� zg¤|}PaN�_ubdfTM^STMObVWQMON(`<S�\eRa`xpaN(Wl¢1m�MON�fT|}Pa]OgdUVN�W 9 N�N�MOW�ÚÛbopQN(]O]u� zRa`��DÃ�q65$�
��Wyg¤Shgdf{ÁG�{ÐVÐ�Å�RaWap©��Ã q65��¤��Wag¤S}gdf�Á£ÐVÐo�­Å��dbV`(k�Z�M^SnpaN(WQN(W�fTM^|}P©paMON���g¤S}gd]�¨�fhg¤STbV`TbVc1N(`<�Kzgd|}PaN[c1N��
fT|}Pa`xN(MOc1N(W�] zgdªdS(¢¹¯°Z ´Agd]^]�paN(fºÎ:MµqDÃ�ÁG�{ÐVÐ�ÅDfTM^Wap¥paM^N*pQMOZ�N(`TN�W§��Ã q65T�G��MOWaPQN(M^STN(W§N(W�Sh]OgdWaU�pQN(`
�Àg¤W¹zgd]ON�Á�fTM^N(PaNÀ��cacQMO]OpQRaWaU . ÔVÅ�gdWQUVN(bV`xpaWaN�S�¢A��RQ����Wyg®S}gdf�Á£ÐVÐo�­Å!fTM^WapÛ]^MOWaN(gd`TND��Ã�q65x�<Ò!]^RafxSTN(`
MOWwN(M^WaN(`�Á .��¥. Å �G��MOWaPQN(M^STfTs�N(]O]^N³RaZ  �¬dÑÀUdN(WaN�MOUdS�fxb�gdWQUVN(bV`xpaWaN�S�k¹pygdª�paM^Nj�[�°��STbVZ*Njg¤W§paM^N
s�\JN(M^�·g¤|}PÛ�¤bobV`xpaMOWQMON(`<ShN�W�q
� ��ShbVZ�N(W�gdRQ�ÙpaN�`[Î:MvqDÃx�<qDc1N(`x�¹zgd|}PaN�caMOWQpaN(W��uzbVWaWaN�Wl¢
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��RafxUVN(PaN�Wap±�VbVW�paN(W±M^Z �dbV`hg¤WaUVN(UVgdWaUVN�WaN(W±�
cafT|}PaWQM^STS³paMOfx��RoShMON�`xSTN(W¥N �Q_1N(`xMOZ�N(W�ShN�]O]^N(W¥ÇJN��
��RaWapaN�W�MOfxSÙN(M^WjÒ!]ORQfxShN�`TZ�bopQN(]O]ts�Ra`�Ç!N�fT|}Pa`xN(MOcQRaWaU�paN(f��Àg®S}gd]�¨ofTg¤Shbd`Tfx¨�f<ShN(Z�fÙ��Ã�q65$�¤Î:MµqDÃ�N�W�Sx�
\eMO|}�dN�]^SJ\!bV`xpaN(WØko\JN(]O|}PQN(f:Wygd|}Po��bV]OUVN�Wap©s�Ra`:X
W�STN(`TfxRa|}PtRaWaUjpaN�fei[N(gd��ShMObdWafTZ�N(|}Pyg¤WaMOfxZ³Raf!pQN(`
maÒ�i �VN�`x\JN(WapaN�S�\eRa`xpaNd¢
��]Of��
q��(�°��M^WaPaN�M^S¹\eRa`TpQN�gdRQ�apaMON���Wag¤S}gdf!Á<��ÐVÐ�Å°�GqDcuN�`x�Kzgd|}PQNJN�MOW��DÃ�q��<�GLDM^Z*N�`�_a]vg¤s(MON�`xS(¢{LDMON�fTN
mo_uN�s(M^N(f�] zgdªdSÀfTM^|}P�gdRa|}P±g¤]OfÀN(MOW§��RafxfT|}PaWQM^STS�gdRaf³N�MOWaN�`³ÚÛN�S}g��¤gdWygdpag¤Sh�¤N�STSTN�gdRQ�ØgdfTfxN(Wl¢�LDMON �
fTN(fJÚÛb�paN�]O]QST`{zgdUdS�pygdZ�M^S�paN�W*N �o_uN�`TMOZ�N(W�STN(]O]^N(Wj��`TUdN(caWaM^fTfxN(W*�}zRQ`��DÃ q65��¤Î:Mvq�ÃG�G��g¤Shgd]^¨�fhg®ShbV`xN(W
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RaZ*b��oMOpQfT_1N(s(M^N(fÀcuN�2yWapaN�S³fxMO|}P¥g¤RQ�:paN�W 1�]vg¤STN�gdRafÀs�\eM^fT|}PaN�W±paN(W���gdW¹zgd]^N(W paN(`©Á<�{ÐVÐVÅ°�<qDc1N(`G�
� zgd|}PaNepaN�fJ�
Wyg¤S}g¤f[Á·fTM^N(PaNe�
cacaMO]^paRaWaU . ÔdÅ�¢d�
]OfnX
W�STN(`T]OgdUVN�� zRa`�pQMON��DÃ�q��<�Gmo_1N(s(M^N(f�paM^N(W�ShN�W*paM^N
��Wyg¤Shgdf<�GÒ!]ORaf<ShN�`�Î:MOÄ°Ä�q ��� RaWQp�Î:M��·Ä°Ã�qDÃ � �­¢uLDMON�N�W�ShfT_Q`TN(|}PQN(WapaN�W¥Ç!N�s(N�MO|}PaWtRaWaUdN(WwpaN(`�N(MOWQs(N(]��
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fxShN�]O]�S�¢
LDMON�bV`hg¤WaUVN�pagd`TUVN�fxSTN(]O]�ShN�W 7�gdfTfxN(`Tf<Shbd�Øg¤STbVZ*NÀfxShgdZ�Z*N�W�gdRaf
paN(`
paMOfxfTbVs�Mvg¤STM^�dN(W��
pafTbd`T_QSTMObVW
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��c�\!N�MO|}PtRaWaUdN(W	paN�`�Ç!M^WapaRaWaUdN(W*�[�<q
�°Î:My�dbVW©N�S°\!g³ÐQ¢�����¶]vg¤fTfTN�W©fTM^|}P�paRQ`T|}P	paN�W	Ü�` zbVªVN�WtRaWo�
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cafT|}PQWaM^SxS�UVN�s(N�MOUdS(k®pagdª
pQMON(fxN(f
�dN(M^WaN(W�WaN�WaWaN(WQfx\JN(`xSTN(Ww��MOWo�yRaª�cuN�MOfT_QMON(]^fx\JN(M^fTN�gdRQ�ÙpaM^NÀ�
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(W�Pyg¤S(¢
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�VN(`xPygd]�ShN(W�paN�`[c1N�ST`TN��ØN�WapaN(W�ÚÛbV]^N(� zRa]ON�g¤RQ��paN�Z ��g¤S}g¤]^¨�fhg¤STbV`Tf<¨�fxShN�Z RaW�ShN�`TfxRa|}P�S�\JN(`TpQN(Wl¢
LDMON��
pafTbV`x_QShM^bVW~�VbdW?�
Z*Z�bVWaMOgd��gdRQ�À�ngdWygdpaM^RaZ�b{�oM^po�G��g¤Shgd]^¨�fhg®ShbV`xN(WrM^fxS�Z�M^S�Î�1nL RaWap
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´�Î:¯Gi:�Gmo_1N(��Sh`xbVfT�¤bV_aMON�cas�\�¢ÙZ*M�SºpQN(`³��bVZ�caMOWyg®ShMObdW§c1N(M^paN(`�ÚÛN�STPab�paN(W±RaW�STN(`TfxRa|}P�Sj\!bV`xpaN(W
� » 4 ¡¾¢a�
]Of�\JN(M�ShN(`xN(fe��N(`<�·gdPa`TN�W�\eRQ`TpaNºgdRa|}P�paMON��{Î `TgdWafxMON(W�S
i N(fT_1bVWafxNº� Wygd]�¨ofxMOf��{gdWaUVN�\�g¤WapQS
� » 4 k<�{¬dÐQk . Ðd d¡£¢tL�gdc1N(Ma\eM^`Tp�N(MOW�i[N(gd��S}gdWQp�fTN�Pa`!fx|}PaWaN�]O]AMOW�N(M^W�paN�2yWaMON�`xSTN(fJi[N(gd��ShMObdWafTUVN�Z*M^fT|}P
UVN(UVN�cuN�W�RaWap&fxN(M^WaN³��bVWas�N(W�Sh`Tg¤ShM^bVWaf zgdWapaN�`TRaWaU	Z�M^S[UVN�N(M^UVWaN�STN(W ÚÛN�ShPab�paN�Wlku\eM^N�sd¢ Ç�¢1¯°fTbdSTb¤�
_uN�WaZ�g¤`T�tMON�`TRaWaUQkas(N�M^S}g¤caP zgdWaUdMOU�UVN�Z*N�fTfTN�W±� . ½QkG» . ¡¾¢
��f�MOfxS�pygdc1N(MÙgd]O]^UVN(Z�N(M^W�gd�ts(N(_oShMON�`xS(kØpygdª©��Â
Ä�RØ¢ gQ¢ugdRQ��`xN(M^WaN(Z �DÃ q65{kA�DÃ�q65$�¤Î:MvqDÃ(ku��Ã q65T�
7�qDÄ��¤Î:Mvq�ÃJRaWap���Ã q65T�<ÚÛb�q�Ä#�¤Î:MµqDÃ�g¤pafTbV`xcaMON�`xSD� » 4 ¡¾¢oÚÛM�S!¯Gi��<m�_uN��tST`TbVfx�dbV_QMON��¤bVWaW�ShN�W�s�\JN(M
�VN(`xfT|}PaM^N(paN�WaNjfxShgd`T��gdW�pQMON 9 N�\!N�MO]^MOUVNº��g¤S}gd]�¨�fhg¤STbV`TbVc1N(`<� zgd|}PaNºUVN(cQRaWapaN�WaN³��Z�Z�bVWaMvg¤��fx_uN�s(M��
N(fjWygd|}PaUdN�\eMON�fTN�WY\JN(`TpQN(Wß� ÔVÔok ½o�Vk{�{ÐQ�Vk{�{¬ 4 k{�­ÔdÐok{�­ÔVÔok . ÐV¬{¼ . ÐVÔ®¡¾¢�L�gdfj��Â[ÄT�<ÚÛbV]^N(� zRa]�M^fxS�gd]^f
¸¹N�\eMOfG�GÇ�gdfxNÀgdWÛN�MOW��db�bV`TpQMOWyg¤STM^�*WaMO|}P�S�gdcaUVN�f zg¤SxShM^UdShN�f[ÚÛN�Shgd]O]^MObVW	RaWQp�gdW�N(M^WaNºqDcuN�`x� zgd|}PQN(Wo�
Pt¨�pa`xb��o¨�]^UV`TRa_Q_uN�Z�M^S�ÇJ`��VWaf<ShN�po�<m zg¤Ra`TN�Wa|}Pygd`Tgd��ShN(`	UdN(caRaWQpaN(Wl¢!LDN(f<\!N�M^ShN�`TN�W��¤g¤WaWrN�f©gdRa|}P
N(MOUdN(WaN$7�gdfTfxN(`Tf<Shbd�uca` zRa|}�dN�W�cQMOWapaRQWaUVN(W�s�R¥qDc1N(`x� zgd|}PaN(WQfhgdRaN�`Tf<Shbd�Øg¤ShbdZ*N�W±gdRafxcaMO]^paN(Wr� . ÐV½¤¡£¢
²dN(pab�|}P	MOf<S�paM^N(fTN�f���pQfTbV`xcyg¤S:fxb�fT|}P�\�g¤|}PÛUVN�caRaWapQN(Wlkapagdª³N(f:M^W�paN�`emaÒ�i¶�dN(M^WaN�iebV]O]^N
fx_aMON�]^S(¢
mo_uN���Sh`TbdfT�dbd_aMOfx|}P¶�®gdWQW�s�\eMOfx|}PaN(W�paN�W�gdW�paN�W�¸¹N�\eMOfG�<mlzgdRQ`TN��GÞØN(W�Sh`xN(W�Î:M£kn�3RQWap�MOZ ´Agd]O]
paN(`!STN(`xW zgd`TN�W���g¤S}gd]�¨�fhg¤STbV`TN�W 7 cas�\�¢aÚÛbakQUdN(caRaWQpaN(WaN�W���Â
ÄT�GÚÛbV]^N(� zRa]ON�W©WaM^|}PtS�RaW�ShN(`xfT|}PaM^N��
paN(W�\JN(`xpaN(WY�Ó» 4 ¡£¢1�
Raf � 5 �:�G�DÚÛi:�°���o_1N(`xMOZ�N(W�ShN�W���bV]OU¤S�kApygdª©c1N(MKpaN�Z7��Ã�q�5#�¤Î:MµqDÃx�Gm�¨�fxShN�Z
paMONº��pafxbV`T_QSTMObVW&c1N��dbV`Ts�RaUdS�g¤W&paN(W ¸�N�\eM^f<�<m zgdRa`TN�fxSTN(]O]^N(W�N�`x��bV]^UdSj� . ÐVÊ®¡¾¢1��RQ�n`xN(MOWQN(Z7��Wyg¤Shgdf
2yWapaN�S�Z*gdW�WtRa`�¸�N�\eMOf<�GmlzgdRa`xN(Wyg¤pafTbV`x_QShM^bVW � ½Q��¡¾¢�L�g¤UVN(UVN�WYcQMO]OpQN(W�fTM^|}P~��Â �� �°¯°bdWaN(WYgdWY�[�
q�Â:�GÇ!`��VWaf<ShN(p��<m zgdRQ`TN(WØ¢tLDMON!�ngdWagdpQ¨�]��GÜ�`xRa_a_1N�����q¶�®gdWaW*gd]^fTb�paRa`x|}P��
pafTbV`x_QShM^bVW��VbVW*Â
Ã}q
�VbVW�N(M^WaN(`e¸�N�\eM^f<�¾�
�<mØzgdRa`TN�M^W�N�MOWaN�ÇJ`��VWaf<ShN�po�<q�Âe�GmlzgdRa`xN�RaZ*UdN�\!gdWapaN�]^Se\!N�`TpaN�Wl¢
��gd|}Pß´ÙÎ:¯Gi:�°X
W�ShN�`TfTRQ|}P�RQWaUVN(W M^fxS�pygdf�gdW paN�W ÚÛN�S}gd]^]Os(N�W�Sh`TN�W«UVN�caRaWapaN�WaN±�
Â
Äx�GÚÛbV]ON�� zRa]
ShPaN�`TZ�MOfT|}P§fxShgdcaMO]^N(`Àgd]^fºpaM^N��
Â �� �Gmo_1N(s(M^N(f©� . Ðd»¤¡¾¢ 7�gdfTfxN(`³�¤bVWa�tRa`x`TMON�`xS�Z*M�S���Z�Z*bVWQMvgd��RQZ
paMONe��pQfTbV`x_QShM^bVW©gdW�paN�W	¸�N�\eMOfG�<m zg¤Ra`TN�fxShN�]O]^N(WlkV\JbVc1N(M1N(f!N�MOWaN�W��
WafxSTMON(U��VbdW	Ç!`��dWafxSTN(po�Gm zgdRa`xN��
fxShN�]O]^N(Wj�VN(`xRa`TfTgd|}P�S�k�\�gdfJfTM^|}P�MOW�N(M^WaN(ZÌ�
WafxSTMON�U�_a`xbdShbVWQMON(`<ShN�`J�
Â
ÄT�Gmo_uN�s(M^N(f zgdRaªVN�`xSD� ½Q�dk<��ÐQ�(¡£¢
��RQ��UV`xRaWap�fxN(MOWQN(`	UV` zbVªVN(`xN(W�Ç�g¤fTMOs�M^S zg¤S��dN(`TpQ` zgdWaU¤S�gdcuN�`©pygdf©��Â
Ä�paM^N&Â
Ã}q��GÚÛbV]^N(� zRa]ON��VbVW
paN(W�ÚÛN�Shgd]O]^s(N�WtST`TN�Wl¢a��RQf[fx_uN���Sh`TbdfT�dbd_aMOfx|}PaN(WwX[WtSTN(`xfTRa|}PtRaWaUdN(W��®gdWaW�WaM^|}PtS[g¤RQ��m�_uN�s(MON�f:\eMON
��Â
Ã}q�Öe� b�paN(`��³Ö�q³Ö��
ÂºÖ
��ÂÀÖDq³Öe�³k�paM^N*s¤¢ Ç�¢ÙgdRaf�i[N(gd��ShM^bVWaN(W�paN(f³�
Z*Z�bVWaMOgd�tf�Z*M�S
q�c1N(`<� zgd|}PaN�Wyg¤STbVZ*N�W§pQN(fº�Àg®S}gd]�¨ofTg¤Shbd`Tf�N(W�STfxShN�PaN(W�� zbdWaW�ShN(W§RaWapw�VbVW§N(M^WaMOUVN�Ww��RQSTbV`TN�W�gd]^f
Þu\eMOfT|}PQN(Waf<ShRQ��N�W�pQN(`[maÒ�i��VbV`xUVN(fx|}Pa]vgdUdN(W	\eRa`TpQN(W§Á·fxMON(PQND��cafx|}PaWaM�STS
¬o¢  tÅ�k�UVN�fT|}Pa]^bVfTfxN(W�\!N�`<�
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paN(Wlkyfxb*pagdªjfTMON�M^W	paMON�fTN(`e�
`Tc1N(M^S[g¤Ra|}P�WaM^|}P�SecuN�` zRa|}�tfTM^|}P�ShMOU¤S�fxMOWapl¢
LDMON©�
pafTbV`x_QShM^bVW�RaWapYLDN(fTbd`T_QSTMObVW±�VbdWr�
Â
Ä©g¤RQ�
��Ã�q65$�¤Î:MµqDÃjMOf<S�paN(f<\!N�M^ShN�`TN�WrZ�M^S�Î�1�L
�
���o_1N(`xMOZ�N(W�ShN�W�RaW�ShN�`TfTRQ|}PtS�\!bV`xpaN(W±���­ÔdÔ®¡°Á�cAÅ�kÙ�Ó½d ak �{Ê�Ô­¡¾¢AL�gdWagd|}P�gdpQfTbV`xcaMON�`xS���Â
Ä�fxS}g¤`T��gdRQ�
`TN(M^WaN(Z Î:MµqDÃ�RQWapjgdRQ�ApaN�Z6��Ã q65��¤Î:MµqDÃ<�Gm�¨�fxSTN(Z�k¤\JbVcuN�MaMOZ ]^N�Shs�ShN�`TN(Wj´Agd]^]�gdRa|}P�PaM^N(`��
pafTbd`<�
cyg¤Shfx_uN�s(M^N(f[Z*M�S
RQWtSTN(`xfT|}PaM^N(pa]^MO|}PaN�W�ShPaN�`TZ�MOfx|}PaN(W�m�S}gdcQMO]OM�S zg¤STN(W�Wygd|}PQUVN�\eM^N(fTN�W�\JN(`TpQN(W&�dbdWaWo�
ShN(WØ¢Amo`TWagd��N�S[gd]¾¢Ø� ½¤ d¡lc1N(f<ShMOZ�Z�STN(W�gdRaf:Î�1�L
�Gmo_uN���Sh`TN�WÛN�MOWaN���pafxbV`T_QSTMObVWQfTN(WQN(`TUdMOND�VbdW Ö�ÔV¬
caMOf�ÖÀ�{ÐVÊ��o²jZ�bV] 
 � kQ\!gdfeZ*M�S:paN�W§Ö
Ê . caMOf�ÖÀ�V�­Ô³�o²�Z�bV] 
 � gdRafeÎ�1�L
�<ÚÛN�fTfxRaWaUVN�W��VbVW����v�
fxS}g®ShPaM^b�RQWap�´�]^Mvg¤STbVRa`Tg	� . �{Ð¤¡¹UVRQS zRac1N(`xN(M^WafxSTMOZ�Z�S�¢AÚÛgdW��®gdWaW�pygd`TgdRaf[fT|}Pa]^MON�ªVN(Wlkypagdª*RQWtSTN(`
paN(W�S°¨�_aM^fT|}PaN�W�maÒ�i��GÇ!N�paMOWaUdRaWaUVN�W¥N(M^W�c1N�Sh` zgd|}P�Sh]^MO|}PaN�`�ÎKN(MO]�paN�f³��Z�Z�bVWaMvg¤��fÀgdRo�:paN(`���g®�
S}gd]�¨ofTg¤Shbd`TbVc1N(`<� zgd|}PaN�gdpafTbd`TcaM^N(`xSn�Vbd`T]OM^N(UdS(¢ z��PaWQ]OMO|}PQN���pQfTbV`x_QShM^bVWafTN�WaN(`xUVMON�W�\eRa`xpaN(W�gdRQ|}P�� zRa`
pygdf[m�¨�fxSTN(Z ��Ã q65T��7~q�Ä#�¤Î:MµqDÃ:N(`xPygd]�ShN(W§���� �»QkT�­¬ 4 k . �V�Vk . � . ¡¾¢o��S°\�g¤f
UV` zbVªVN�`TN���WaN�`TUVM^N(W	�VbVW
Öº�{ÐdÐºcaM^f
ÖÀ� 4 Ð��o²�Z*bV] 
 � PagdcuN�W©��b�N(c1N(]ARaWap	��]^fTN(WQN(`�� . � 4 ¡1� zRQ`JpaN�W�ShN�`TW zg¤`TN(W���g¤S}gd]�¨�fhg¤STbV`
UVN(Z�N(fxfTN(WØ¢
ÚÛM^S:Îeie�[�GÚÛN�STPab�paN(W�MOf<S:paMON��
Â
Äx�°LDN(fxbV`T_QSTMObVW�g¤RQ��pQN(W���g¤S}gd]�¨�fhg¤STbV`Tf<¨of<ShN�Z*N�W���Ã q65��¤Î:MµqDÃ
RaWap���Ã�q�5<��7~q�Ä#�¤Î:MµqDÃ�RaW�STN(`TfxRa|}P�S�\!bd`TpaN�W����� VÊQk¾�­¬¤ÐQk . Ð¤ d¡¾¢(¯°Z ÚÛb�paN�]O]tpaN(`ÙÎÙN�Z*�tM^Wo�GLDN�fTbV`x_o�
ShMObdWafT�tMOWQN�ShM^�§� » . ¡�N(`xUVMOcoSDfTM^|}P&cuN�M�paM^N(fTN�Ww���Q_1N(`xMOZ�N(W�ShN�WwN(MOWQN³����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^N³� zRa`DpaM^N
��Â
Ä<�GLDN(fxbV`T_oShMObdW��VbVW§ÔV¬�cQMOf³�{ÐdÊ©�Q²	Z�bV]�
 � gdRQ���DÃ�q65$�¤Î:MvqDÃ����� VÊ¤¡¾¢ØX
W�ShN�`�paN(`D��bd`hgdRafxfTN�Sx�
s(RaWaUQk!pygdª�s(Ra`*��pafxbV`T_QSTMObVWrpaN(f	�
Z*Z�bVWaMOgd�tf��¤N(M^WaN�����STM^��MON�`TRaWaUdfTN(WQN(`TUdMON�Wab¤S°\!N�WapaMOU±M^fxS(k
fxShM^Z*Z�N(W�paM^N(fTNDi[N�fTRa]�S}g¤STN�fTN�Pa`�UVRoS�Z�M^SJpaN(W	c1N(`xN(M^STf!c1N(fx|}Pa`TM^N(c1N(WaN�W�Î�1�L
�GÚÛN(fxfTRaWaUdN(W zRac1N��
`TN(M^W©�Ó½d d¡£¢®��MOWº��N�`TUV]^N(M^|}PºpaN�`��
Â
ÄT�°�
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(Wºs(N(M^UdSKs(RapQN(Z�k¤pyg¤ª
paM^N!X[W�ShN(`xfT|}PaM^N(paN
� zRa`�paM^N�m�¨�fxSTN(Z�ND�DÃ�q65$�¤Î:MvqDÃÀ� ½d ¤¡lRaWap©��Ã�q65x��7~qDÄ��¤Î:MµqDÃ����� �»Qkx�� �ÊQkx�­¬dÐQkx�­¬ 4 k . Ðd ak . �V�Vk . � . ¡
`TN(|}P�S�UVN�`TM^WaU¥fTM^WaplkJfTb±pygdª�_a`TM^Was(M^_aMON�]O]ON�Ç!N�Sh`Tgd|}P�ShRaWaUdN(W�s(RaZ ��pafxbV`T_oShMObdWafx�dN(`TPagd]^STN(W�RaWap
i[N(gd��ShMObdWafTZ�N(|}Pyg¤WaMOfxZ³Raf�MOWwUVRoShN(`�� zgdPaN�`TRaWaUÛgdRa|}P Z�M^S�paN�Z N(M^WQ�·gd|}PaN�`TN�W§caM^W zgd`xN(W§m�¨�fxSTN(Z
�DÃ q65��¤Î:Mvq�ÃeN�`x��bV]^UVN(W�� zbVWaWaN�Wl¢
L�gdf���pQfTbV`x_QShM^bVWafx�dN(`xPygd]^STN(W�paN�f[M^W	paN(`[mQÒ�i Z*M�S!�
Z*Z�bVWaMOgd�js(R�`TN�paRas�MON(`xN(WapQN(W�m�ShM^|}��f<Shbd�A�
Z*bVWQb{�oM^paf�MOf<S�� zRa`D��MON(]^Nj��g¤S}gd]�¨�fhg¤STbV`Tf<¨of<ShN�Z*N�RaW�STN(`TfxRa|}P�S�\JbV`TpQN(Wl¢KLDMON 7�N�|}PafTN�]^\eMO`x�tRaWaUVN�W
paN(f���q¶Z�M^S�Ú�N�S}g¤]O]Ob��oMOpQbVcuN�`x� zg¤|}PaN(W�M^fxS�fTN�Pa`��dbdZ*_a]^N��³RaWap���MON(]�� zgd]^STMOUa¢­L�g¤PaN(`�fxMOWap�paM^N:N��o_1N��
`TMOZ�N(W�STN(]O]^N(W�Ç!N���RaWapaN
N(PaN�`!RaWaN�MOWaPQN(M^ST]OM^|}P��Ó» 4 k£½ 4 k . � 4 k . �� ¤¡¾¢VÞØRaW zgd|}Paf<S��®gdWaW©�Dq Z�M^S�fTN�MOWaN�Z
��`TN(M^N(W¶��]ON��tST`TbVWQN(Wa_ygdgd`�g¤Z �e� ��ShbVZ UVN(Wyg¤R¶\eM^N§�
Â
Ä�gdW ¸�N�\eMOf<�Gm zgdRa`xN��GÞØN(W�Sh`xN(W?gdRQ�³pQN(`
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q�c1N(`<� zgd|}PaN�caMOWapQN(Wl¢oL�gdc1N(M1N(W�Shf<ShN(PQN(W�fTbVUdN(WygdWQWtSTN�qDcuN�`x� zg¤|}PaN(WaWQM^Sh`xbVfx¨�]^Nd¢yÚÛgdW©c1N(bVcyg¤|}PtSTN�S
gdcuN�`�gdRa|}Plknpygdª§�Dq gdRo�Db��oMOpaM^fT|}PaN�W�Ú�g¤STN(`TMOgd]OM^N(W±c1N(M^fT_aM^N(]Of<\!N�MOfxNÛs�R~�DqDÃ{k��[M^Sh`xM^SÛÁ·�Dq 
Ã Å
bopaN�`��
M�Sh`Tg¤S�Á·�Dq 
Ä Åºb��oMOpaM^N(`<S³\eMO`xpl¢��
WapaN(`xN(`xfTN(M�Shf�\eMO`x��S�N(fjgdc1N(`jg¤Ra|}P�b{�oM^paMON�`TN(WQplkÙ\JbVc1N(M
pygdWaW�paMON�`xN(paRQs(MON�`xSTN(W�mo_uN�s(M^N(f[�Dq 
 kA�[Ã�q RaWapÛ�
Ã[N(W�STfxShN�PaN(W�� zbdWaWaN(WØ¢
LDMON 7§N(|}PQfTN(]�\eMO`x��RQWaUVN(W �VbdW6��q Z�M^SÛpaN(W6qDc1N(`x� zgd|}PaN(Wag¤ShbVZ�N(W6gdRQ��`xN(MOWQN(Z �DÃ�q65����{Ôok
½VÐQk . �{¬®¡¾k¹�DÃ�q65$�®Î:MµqDÃ��Ó½VÐQk}½ 4 k ½d ak��� V»Qk��{Ê�Ô­¡¾k¹�DÃ�q65x��7�qDÄ$�¤Î:MvqDÃ����( �»Qk . � . k . �{»¤¡JRaWap¥��Ã q65T�
ÚÛbtqDÄ$�¤Î:Mvq�Ã�� . � . k . �{»¤¡�fxMOWap§fTN(PQ`ºfx|}Pt\!gd|}Pl¢���b�N(c1N(]�RaWQp¥��]OfxN(WaN�`©� . � 4 ¡�PagdcuN�W¥gdRQfºÎ�1�L
�
���o_1N(`xMOZ�N(W�ShN�W³� zRa`�paM^N:�Dq
�°�
pafTbd`T_QSTMObVW�g¤RQ�A�DÃ q65�7~qDÄ��¤Î:MµqDÃ�N(M^WaN:LDN�fTbV`x_QShM^bVWafTN�WaN(`xUVMONn�VbVW
. Ð��o²�Z�bV] 
 � N(`xPygd]^STN(Wl¢Øi
g¤Z*M^f�N�S�gd]¾¢�� ½dÐ¤¡�Pyg¤cuN�W Z�M^SD´�Î:¯Gi
m�Wygd|}PaUVN�\eMON�fTN(WØk�pygdª��DqÍgdRQ�
�DÃ q65��¤Î:Mvq�Ã[gdW�Î:M��<ÞØN(W�ST`TN(W�UVN�caRaWapaN�WaN�q�c1N(`<� zgd|}PaN�WaWaM�Sh`Tbdfx¨�]ON�caM^]OpaN�S�¢
L�gdf!�:�°��STbVZÍMOZÌ��qßM^fxSn\!N�WaMOUdN(`!cagdfTM^fT|}P	gd]^fJpagdf!paN�f:��Â[Ä�RaWap�caMOWapQN�SJpaN(fxPygd]Oc�fT|}P�\ zgd|}PaN�`
gdW�ÚÛN�S}gd]^]Os�N(W�Sh`xN(W�\eM^N!Î:M¾¢­�
Raf�paM^N(fTN�Z6Ü�`xRaWap�gdpQfTbV`xcaMON�`xS�m�ShM^|}��f<Shbd�uZ�bVWab��oMOp³WaM^|}P�S�gdWºN(MOWQN(`
q�c1N(`<� zgd|}PaN¤kdpaM^N!c1N(`xN(M^STf�Z�M^SK��Z�Z*bdWaMvgd��c1N(pQN(|}��S�MOf<S�k­\!N�MO]�paMON!��Â
ÄT�GÚÛbV]^N(� zRa]ONnpaM^N!Î:M��°¸�N�\eMOfG�
mlzgdRa`xN(fxSTN(]^]ON(W�ca]Ob�|}�tMON(`xN(Wl¢�¯°W	N(M^WaN(ZÍUVN�`TM^WaUVN(W���RafxZ�gdª��¤g¤WaW©Z*gdW©c1N(Mui
gdRQZ�ShN�Z*_1N(`Tg¤ShRa`JgdW
�ngdWygdpQ¨�]��<ÞØN(W�ST`TN(W�N�MOWaNÛq
�oMOpyg¤STMObVW¥�dbVWY�Dq#s�Rr�[M^Sh`xM^S�RQWap
�¤b�paN(`��[M^Sh`Tg¤S�c1N(bVcagd|}P�ShN(WØkJpaM^N
]ON(M^|}P�S³\eMON�paN(`�paN�fTbV`xcaMON�`TN�WYcas�\�¢�s(N�`x�·gd]^]ON�W¶� » 4 ¡¾¢��
RQ�[paN(Z �DÃ q65��¤Î:Mvq�ÃG�<m�¨�f<ShN(Z5MOfxS�gdpafTbd`<�
caMON�`xShN�f[�DqDÃ
Wagd|}PaUVN�\eMON(fxN(W�\!bV`xpaN(W¥� ½dÐQk . �­Ô®¡£¢
Ç!N(M�paN�`�mQÒ�i±�dbVWº�DqrZ�M^S¹�
Â
Ä�N�W�ShfxSTN(P�S�Â[Ã�q³¢®Ü�]^N(MO|}P�\JbVPa]�UVM^cQS¹N(fKWtRa`¹\!N�WaMOU[N��o_1N(`TM^Z*N�W�ShN(]��
]OND¯°WQ��bd`TZ*g¤ShM^bVWaN(W zRacuN�`:pygdf:�
pafTbV`x_QShM^bVWaf<�VN(`xPygd]�ShN(W	�dbVW(7¥gdfxfTN�`
g¤RQ�KpaN(W�PaM^N(`�c1N�ST`hgd|}P�ShN�ShN�W
�Àg®S}gd]�¨ofTg¤Shbd`Tfx¨�f<ShN(Z�N(WØ¢V�
N�cuN�WjpaN(Wjc1N(`TN�M^STf�N(`<\ºzgdPaW�ShN�W*¯Gi��GX[WtSTN(`xfTRa|}PtRaWaUdN(W&�Ó½Q�Vk¾�{ÐQ�(¡oPygdc1N(W
mo`TWyg¤�©RaWap�ÚÛM^Shgd`Tc1N(M�ShN(`:Î�1�L
�°���o_1N(`xMOZ�N(W�ShN�Z�M^SeÂ[Ã�qÆgdRQ�K�DÃ�q65$�¤Î:MvqDÃ
paRQ`T|}PaUVN�� zRaPa`<S��Ó½d d¡£¢
��RafepaN�W&mo_1N(��Sh`xN(WÛN(`T`xN(|}PaWQN�ShN�W&fTM^NÀRQWtSTN(`e��WQWygdPaZ�NdkApygdªjpaM^NÀÇ!MOWapQRaWaUjpaN(f[��pQfTbV`xcyg¤Shf
gdW
pygdf*moRacaf<Sh`Tg¤S�bdPaWaN�����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^N�N(`x��bd]OUdS(k�N(M^WaN���pafxbV`T_QSTMObVWQfTN(WQN(`TUdMON	�VbVW¶Ö�¬dÊ cQMOf
ÖDÔV¬³�o²�Z�bV] 
 � ¢

��������� � ��� ��� Ä ������� Ã��

��RafxUVN(PaN�Wap��dbVW¥paN�W�¯°WQ��bV`xZ�g®ShMObdWaN(W gdRafÀpaN�W�MOZ ��cafx|}PaWaM^SxSj¬o¢ 4 ¢��*c1N(fx|}Pa`TM^N(c1N(WaN�W±N��o_1N(`TM��
Z*N�WtSTN(]^]ON(W©X
W�ShN�`TfTRQ|}P�RQWaUVN(W�\eMO`xp	MOW©paM^N(fxN(ZÈ��cafx|}PaWaM^SxSeZ*M�S:Ú�mo¯G��L�q paMON
��pafxbV`T_QSTMObVW	pQN(`
� zRa`�paMON
maÒ�i~`xN(]ON��¤gdW�ShN(W©ÚÛbV]^N(�¹zRa]ON[��q�kt�
Â
ÄJRaWap*Â
Ã�q?RaW�STN(`TfxRa|}P�S�¢o��]OfnÜ�`TRQWapa]vg¤UVN:� zRa`�pygdf
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ÚÛbopQN(]O]!paN(f���g¤S}g¤]^¨�fhg¤STbV`Tf<¨�fxShN�Z*f³��Ã�q65$�¤Î:MµqDÃ�\eRa`xpaN(WYpaMON�Ò!]^RafxSTN(`��DÃ�q��hÂ �}Î:MOÄ°Ä�q ��� RaWap
�DÃ q��}Â��hÎ:M��·Ä°Ã�qDÃ � �­k¹paMON�MOZ �
cafT|}PQWaM^SxSj¬o¢ . ¢ . c1N(fx|}Pa`TM^N(c1N(W±fTM^Waplk��VN�`x\JN(WapQN�S�¢���RQ��UV`xRaWap¥pQN(`
��`<�·gdPa`xRaWaUVN�W�gdRQfnpQN(W*STPaN(bd`TN�STMOfx|}PaN(W�X
W�ShN�`TfTRQ|}P�RQWaUVN(W	pQN(`���pafxbV`T_oShMObdWaN(W*gdRQ�upaN(W*UVN�ST`TN�WaWo�
ShN(W*m�¨�f<ShN(Z�N(W��DÃ q65nRaWapjÎ:MµqDÃ
Á��dN(`xUV]ON�MO|}PaNe��cQfT|}PaWaM�STSTN[ Q¢ . RaWapj a¢ 4 ÅÙ\eRa`xpaN(W�paM^N(fTN
Ò!]^RafxSTN(`
��bV`TZ*gd]�f<S zbV|}PaM^bVZ�N�Sh`xMOfx|}P§Z�M^S67�gdfxfTN(`ºgdcaUdN(f zg®STShM^UdS�¢��
]OfºÚÛb�paN(]^]ON³� zRa`�paM^N��Àg®S}gd]�¨ofTg¤Shbd`TbVc1N(`G�
� zgd|}PaN�fTM^Wap�pygdPaN�`e��Ã q��}Â��}Î:M^Ä°Ä�q ��� Á£Â[Ã�qÀÅ � �[RQWap
�DÃ q��}Â��hÎ:M��·Ä°Ã�qDÃ � �¤Á£Â[Ã q�Å����D�VN�`x\JN(WapQN�SÀ\!bV`xpaN(WØ¢�LDN(`
UV` zbVªdN(`TN�Ò!]ORaf<ShN(`�MOfxS�MOW��
cacaM^]OpaRaWQU

. Ê
pygd`TUdN(fxSTN(]^]^S�¢dLDMON:ieN(|}PQW�RQWaUVN(W*s(R�paN(W���pQfTbV`x_QShM^bVWaN(W�gdRo�u��Ã q65JRaWQp*Î:Mvq�Ã�M^W�paN(W���cafx|}PaWaM�Sx�
ShN(WÛ a¢ . RaWap� a¢ 4 Pygdc1N(W�UVN(s�N(MOU¤S�kApygdª*paMON���pQfTbV`x_QShM^bVWafTN�WaN(`xUVMONÀ�VbVW�paN(`�Ü�` zbVªVNÀpaN(`e�VN�`x\JN(Wo�
paN�STN(W	Ò!]^RafxSTN(`JRaWap�pQN(`Ji[N�]vg®�Qg¤STMObVWjpaN�`�qDc1N(`x� zgd|}PaN(Wag¤ShbVZ�NDg¤caP zgdWaUdMOU�MOf<S�¢tLDMON�fTN�f!ieN(]Og®�Qg¤ShM��
bVWafT�¤bVWas�N(_QS[\eMO`xp�M^W�paMON�fTN(Z �
cafT|}PQWaM^SxS
�¤bVWafxN(¦tRaN(W�S
\!N�M^ShN�`x�dN(`x��bd]OUdS(¢y¯°WÛpaM^N�i[N�]vg®�Qg¤STMObVW	pQN(`
q�c1N(`<� zgd|}PaN�Wyg¤STbVZ*N�fTMOWQp¥paMON��DÃ q��x�°��M^WaPaN�M^S�kKgdW�paMON*paMON©ÚÛbV]ON�� zRa]ON�gdpafTbd`TcaM^N(`xS�fTM^Waplk�fxb{\eMON
paMON³Î:M��°��STbVZ*N¤kupQMON zRac1N(`Àq
� ��ShbVZ�N�Z�M^S�paN(`D�
q��(�Gmo_uN�s(M^N(f��dN(`TcQRaWapaN�W�fTM^WaplkuMOPa`xN³W zgd|}Paf<ShN�W
��gd|}Ptcygd`xW�gdRQ�K��Wag¤S}gdfDÁ<�{ÐdÐ�Å�k�RaWap	paM^N
��MON�`:Âe� ��ShbVZ�N�Á·��cQfT|}PaWaM�STS
¬o¢ . ¢ . ÅnN�MOWtc1N(s(bdUVN(W Á�fTMON�PaN
��cacaM^]OpaRQWaU 4 Ð�Å�¢tLDM^N[i[N�|}PaWtRaWaUVN�W	s(R�pQN(W��
pafTbd`T_QSTMObVWaN�W�N�`x��bV]^UdShN�W*fxb­\JbVPa]ugdZ �t]^N(MOWQN(W�ÚÛb¤�
paN(]^]t��Ã q��hÂ�� Î:M^Ä°Ä q ��� Á£Â[Ã q�Å � ��gd]^fKgdRa|}P�gdRo�ypaN(Z UV`xbVªVN�W�Ò!]ORQfxShN�`K��Ã�q��hÂ�� Î:M �·Ä°Ã qDÃ � �¤Á£Â
Ã�q�Å�����k
RaZ paM^N���bVW��VN�`TUVN�WasjpaN(`D�
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N�Z*M�SDpaN�`ÀÒ!]ORaf<ShN�`TUV` zbVªVN³s�RwSTN(f<ShN(WØ¢l¯°WwÎ�gdc1N(]��
]ONÛÊ§fTM^Wap~paM^N���WaN�`TUVM^N(Wr�}zRQ`*paM^N���M^Was(N�]vgdpafxbV`T_oShMObdWaN(WYpaN(`©ÚÛbV]ON��¹zRa]ON��Dq³kn��Â
Ä	RQWap�Â
Ã}q
gdRQ��UVN�� zRaPa`xS(¢
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[010]

[001]

��cacaM^]OpaRQWaU 4 Ð �yieN(]Og®�Qg¤ShM^bVWafxcuN�`TN(M^|}P«gdRo�jpaN(Z �DÃ q��hÂ � Î:M��·Ä°Ã�qDÃ � �®Á·Â
Ã�q�Å����x�GÒ!]ORaf<ShN�` �
�
N(c1N(W
pQN(`���Ã q��x�G��MOWaPQN(M^S[RaWQp�paN(W���M^N(`[bV`hgdWQUVN�pyg¤`TUVN�fxShN�]O]�ShN(W�Âe� ��ShbVZ�N(W�\!N�`TpaN�W
pQMON zRacuN�`�q
� ��ShbVZ�NwZ*M�S�paN(`��
q��(�<mo_1N(s�MON�f��dN(`TcQRaWapaN�WaN(W Î:M�� ��ShbVZ�NwRaWap
pQN(`TN�W�W zgd|}Paf<ShN&�
gd|}Ptcygd`xWlkJpQMON�`TbdS*UVN�� zg¤`TcQSTN(W�q
� ��ShbVZ�N�g¤RQ��paN�`*�
Wyg¤S}g¤f<�
qDc1N(`<� zgd|}PaN¤k1`xN(]Og®�oMON(`<S�¢

Î�gdc1N(]^]ON�Ê �y��pafxbV`T_QSTMObVWQfTN(WQN(`TUdMON(W Á��o²ÍZ�bV] 
 � ÅYpaN�`�ÚÛbV]^N(� zRa]ON ��q³k©��Â[Ä�RaWap7Â
Ã q gdRQ�
�DÃ q��hÂ � Î:MOÄ°Ä q ��� Á£Â[Ã q�Å � �eRaWap��DÃ�q��hÂ � Î:M��·Ä°Ã qDÃ � �¤Á£Â[Ã�q�Å����

��pafxbV`T_oShMObdWafTN�WaN(`xUVMON�W
Ò!]ORQfxShN�` ��q �
Â
Ä Â
Ã�q

��Ã�q��hÂ�� Î:M^Ä°Ä q ��� Á£Â
Ã}qÀÅ � � Ö 4 » ÖÀ� . ½ Ö�¬d½
��Ã�q��hÂ�� Î:M �·Ä°Ã qDÃ � �¤Á£Â
Ã�q�Å���� Ö . ½ ÖÀ�V�­Ô Ö[ �½

ÖÀ�{ÐVÐ�caMOf�ÖÀ� 4 Ð �
Ö�Ê . caM^f�Öº�V�{Ô��

���Q_1N(`xMOZ�N(W�S Ö . Ð �
ÖDÔd¬jcaM^f�Öº��ÐVÊ �

ÖD¬¤Ê�caM^f�ÖDÔd¬ �

ÖDÔV¬�caM^f�Öº�{ÐdÊ��
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LDMON���WaN�`TUVM^N(W�MOW�Î�g¤cuN�]O]ONDÊj� zRa`:�
pafTbd`T_QSTMObVWaN�W�g¤RQ�Ù��Ã�q��hÂ��}Î:M^Ä°Ä�q ��� Á£Â[Ã�qÀÅ � �[RQWap���Ã�q��<�
Â��}Î:M �·Ä°Ã�q�Ã � �¤Á·Â
Ã q�Å�����\!N�`TpaN�W�fTMO|}PrcuN�M[��N�`x\JN(WapaRQWaU±Wab�|}P~UV` zbdªVN(`xN(`�Ò!]ORaf<ShN(`*�®gdRaZ Z*N�Pa`
zgdWapaN�`TWl¢ÙLDMON���`TUVN�caWaM^fTfTN*� zRa`ºpQMON*��Â
ÄT�
RaWQp¥paMON*Â
Ã�q
� ��pafxbV`T_QSTMObVW fxSTMOZ�Z*N�W§fxN(Pa`�UVRQSºZ*M�S
paN(W¶N��o_1N(`TM^Z*N�W�ShN(]^]ON�W&7§N(`<ShN�W zRac1N(`xN(MOWØ¢[moMONwfT_QMON(UdN(]OW�paM^N&`TM^|}PtSTMOUVN ieN(M^PaN(WQ��bd]OUVN�W�paN(`�cuN�M
´�Î:¯Gi:�°���Q_1N(`xMOZ�N(W�ShN�W±cuN�bVcygd|}P�STN�ShN�W��
Ý�WaM^S zg¤ShN�W¥�VbVW±�
Z*Z�bVWaMOgd��RaWQp 7�gdfxfTN(`�s(R�¸�N�\eM^f<�
m zgdRa`xN��<ÞØN�W�Sh`TN�W�paN(`[��g¤S}g¤]^¨�fhg¤STbV`TbdcuN�`x� zgd|}PQN�\eMOpaN�`À� ½o�Vkh�{ÐQ��¡¾¢Q´ zRa`e�Dq N(`xUVMOcQS�paMON�Ú�mo¯G��L�q
�
i[N�|}PaWtRaWaU�N(M^WaN��
pafTbV`x_QShM^bVWafxN(WaN�`TUVM^N��VbVWÌÖ 4 »~cas�\�¢³Ö . ½r�o²~Z*bV] 
 � ¢
LDMON�fTN(f�MOfxS�MOW«s�Ro�
Z*M^WapaN(f<S�fTN�Z*M^¦�RagdW�ShM^Shg¤ShM��VN�` zX
c1N(`TN�MOWaf<ShM^Z*Z³RQWaU±Z*M�S	paN�WÆÖ . Ð��o²�Z*bV] 
 � gdRaf�paN(W?N��o_1N��
`TMOZ�N(W�STN(]O]^N(WYX
W�ShN�`TfxRa|}PtRaWaUVN�W¶�dbVW���boN�cuN�]
RaWQp���]^fTN�WaN(`w� . � 4 ¡¾¢ 7§N(M^STN(`xPaMOWr��bd]OUdS*gdRaf*paN(W
Ú�mo¯G��L�q
�°i[N�|}PaWtRaWaUVN�W«MOW?��MOWa�t]vg¤WaUYZ�M^S�pQN(W«���o_1N(`TM^Z*N�W�ShN(WÌ� » 4 k{»�¬ok­ÔdÔok . �V��¡¾k:pyg¤ªr��q
paN(RQST]OM^|}P�fx|}P�\ zgd|}PaN(`�gdW�paMON���g¤Shgd]^¨�fhg®ShbV`xbVcuN�`x� zg¤|}PaN�caMOWapQN�S�kagd]Ofe�
Â
Ä{¢

a) 2.276 b) 2.157

c) 2.115

N
N

��cacaM^]OpaRQWaU 4 � �a�
pafTbd`Tcyg¤STfxST`TRa��ShRQ`TN(W �VbVW g�Å �Dq³k cAÅ ��Â[Ä RaWQp |{Å Â[Ã�q gdRQ�
��Ã�q��hÂ�� Î:M^Ä°Ä q ��� Á£Â
Ã}qÀÅ � � � paMON�bd_QShM^Z*M^N(`xSTN(WwÇ!M^WapaRaWQUVfT] zgdWaUVN�W fxMOWap ��ÈgdWaUVN �
UdN(c1N(Wl¢1LDMOND�e�°��STbVZ�ND�VbVWÛ�Dq6RQWap��
Â
Ä[fTM^WapÛbd`hgdWaUdN�pygd`TUdN(fxSTN(]^]^S�¢
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��Raf�N �o_uN�`TMOZ�N(W�STN(]O]^N(W�X
W�ShN�`TfTRQ|}P�RQWaUVN(WÛUVN(P�S!PaN(`<�VbV`�kQpygdª�paMON
Î:M��<ÞØN�W�Sh`TN�W©paN�f!�DÃ�q65$�¤Î:MvqDÃx�
�Àg®S}gd]�¨ofTg¤Shbd`Tf
��Â
Ä�f<S zgd`x�dN�`�gd]Of[paMONÀ�
�GÞØN(W�Sh`xN(W&caM^WapaN(W�RaWapwgd]^f���Z�Z�bVWaMvg¤���°i[N�fTN�`x�VbdMO`epaMON �
WaN(W��Ó» 4 kx»�¬®¡�Á·fxMON(PQN³��cafx|}PaWaM�STSÀ¬o¢  a¢��­Å�¢A��N(`xUV]ON�MO|}P�S�Z*gdW�paM^N��
pafTbV`x_QShM^bVWafxN(WaN�`TUVM^N(W��VbdWw��Â
Ä
gdRQ�!��Ã q65$�¤Î:Mvq�ÃÀMOW ÎÙgdcuN�]O]^NjÊ�Z�M^S�pQN(WaN�W�paN�`��
Â
Äx� ��pafxbV`T_QSTMObVW§gdRQ�!��Wyg®S}gdf*Á<��ÐVÐ�Å�MOW ÎÙg®�
cuN�]O]ON�Ô Á<ÖÀ�­¬ 4 caM^f�ÖÀ�­¬dÊ��o²ÛZ�bV]�
 � Å�k�fxb�UVN�cuN�W¥gdRa|}P§PaMON�`�paMON*Ú�m�¯G��L�q
�GieN(|}PaWtRaWQUVN(W±paM^N
��`xUVN(cQWaMOfxfTN�paN�`�N��o_1N(`TM^Z*N�W�ShN(]^]ON�W	X
W�ShN�`TfxRa|}PtRaWaUVN�W�`TM^|}P�ShMOUº\eMON(pQN(`(¢o��cacQMO]OpQRaWaU 4 ��s(N(M^UdS:paM^N
��pafxbV`Tcyg®ShfxST`TRa��STRa`TN�W�gdRQ��paN(Z¿��]^N(M^WaN(`xN(W�ÚÛbopQN(]O]u�DÃ q��}Â��hÎ:MOÄ°Ä q ��� Á£Â[Ã q�Å � ��¢
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Â
N�STN(`xbVUVN(WQN
��g¤Shgd]^¨�fxN(W�� zbdWaWaN(W�Wygd|}P�s�\JN(M1gd]^]OUVN�Z*N�MOWaN�WjÚÛN�|}PygdWaM^fTZ�N(W*gdca]vg¤RQ��N(WÛ� 4 Ð¤¡£¢���gd|}P
paN(Z ¸¹gdWaUVZ³RQMO`<�°Â
M^WafTPaN�]^\Jbob�po�GÚÛN(|}Pyg¤WaMOfxZ³RafJgdpafTbd`TcaM^N(`TN�W©paM^NDieN�gd��S}g¤WapaN(W�g¤Raf�paN�`!�yRaM^paN(W
1�PagdfTNÛÁ¾Ü�gdf�b�paN(`�´�] zRafTfxMOUV�¤N(M�S ÅDgdRQ�JpaN�`º��g¤Shgd]^¨�fTg¤ShbV`xbVc1N(`x� zgd|}PaNdkØ`TN�g¤UVMON�`TN(W pabV`<S�s(RaZ 1�`xb¤�
paRa��S�ka\JN(]^|}PaN(f
MOW	N(M^WaN(Z¿]ON�STs�STN(W�mo|}Pa`TM�STSepaN�fTbV`xcaMON�`xS�Á·�
cacaM^]OpaRaWQU 4 . Å�¢

R2
R1

R2R1
P

P

��cacQMO]OpQRaWaU 4 . �y¸¹gdWQUVZ³RaM^`<�GÂ[MOWafxPaN(]�\!b�b�po�<ÚÛN�|}PygdWaM^fTZ³RQf

��M^WaNegdWapQN(`TN
Ú¥zbdUV]OM^|}Pa�dN�M^S�c1N(f<ShN(P�Snpygd`xMOWlk¤pygdª�s(RQW¹zgd|}Paf<S!WtRa`�N(M^Wji[N(gd��ShM^bVWafT_agd`xSTWaN(`ngdRQ�1paN�Z
�Àg®S}gd]�¨ofTg¤Shbd`
g¤pafTbV`xcaMON�`xS
RaWap�UdN(UVN�cuN�WaN(WQ�·g¤]O]Of
gd��ShM���MON(`<Se\eMO`TpØk1pQN(`Dg¤WapaN(`xN³ieN�gd��ShgdWap�caM^]OpaN�S
gdRaf:paN�`��yRaMOpQN(W 1�PagdfTN�PaN�`hgdRafeZ�M^S!paMON�fTN(Z¿N(MOWQN(W���pafxbV`T_oShMObdWa�dbVZ�_a]^N��ukagdRQf[pQN(Z¿pagdWaW�pygdf
i[N(gd��ShMObdWafT_a`xbopQRa��S�N(W�Shf<ShN(P�S(kt\JN(]^|}PaN(fnfT|}PQ]OMON�ªV]OM^|}P�paN(fxbV`TcQMON(`<S�¢�Ú�g¤W�fx_a`TM^|}P�SJpagdWaW��VbVZ ��]^N�¨��
i[M^paN�gd]��<ÚÛN�|}PygdWaM^fTZ³RQf�Á·�
cacaMO]^paRaWaU 4V4 Å�¢
��f!N��oMOf<ShMON�`xS!N(MOWQN�i[N�MOPaN[�VbVW��
`Tc1N(M^STN(Wlk�MOW�paN(WaN�W�paMON���M^WaN�STMO�jpaN�`emaÒ�i��GieN�gd��ShM^bVW©Z�N(M^fxShN�Waf
RaW�ShN(`e`xN�gd]^N(W�Ç!N(pQMOWaUVRQWaUVN(W�RaW�ShN�`TfxRa|}P�S�\eRa`xpaN©�Ó» 4 k . �{Ð­¼ . � 4 k . �{»®¡¾¢
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R1

R1

R2

R1
R2

P
P

�
cacaM^]OpaRaWQU 4V4 �y��]ON�¨��GieMOpaN(gd]��GÚÛN(|}Pyg¤WaMOfxZ³Raf

LDMON³ieN�g¤�tSTMObVWQfTUVN�fT|}P�\eMOWapQMOUV�¤N(M^S������¥paN�f��Dq
�GX[Z*fTg¤Shs�N(fD�®gdWQW s�RaW zgd|}PQfxS��VbdW pQN(W ��bVWas(N�Wo�
Sh`hg®ShMObdWaN(W����	�Ùk
�����	
(k��������&RaWap����
��paN�`egdW�paN(`[mQÒ�i cuN�ShN�MO]OM^UdShN�W�ÚÛbV]^N(�¹zRa]^N�gdcaP¹zg¤WaUVN(WØ¢

� ��� ���������� ������ 
����� � � ���� � Á£¬o¢ Ê�Å

Ç!N(Moi[N(gd��ShM^bVWaN(W�Z*M�S���g¤Shgd]^¨�fhg®ShbV`xN(W³g¤RQ�y�DÃ q65T�°Ç�gdfTM^fÙUdMOcQSÙN(f�s�RaZ N(MOWQN(W³�
`Tc1N(M^STN(Wlk®Wygd|}P�pQN��
WaN(W�� ��� cuN�s zRaUV]^MO|}P�� ��� N(`xfxShN�`:qD`TpQW�RQWaU	Á�� � �­Å�MOf<S����{»d½¤¡°Á·g�Å�k1��� 4 Ðok<� 4 �VkG�{½Q�Vk . � . k . � 4 k . �{½®¡¾¢
²dN(pab�|}P�UVM^cQSnN(fJgdRa|}P�gdWapaN�`TNDX[W�ShN(`xfTRa|}PtRaWQUVN(WlkQpaMONeN(M^WaN[i[N(gd��ShM^bVWafTbd`TpaWtRaWaU��«�
gd]Ofn��`TUVN�co�
WaMOf:c1N(�¤bVZ*Z�N(W�� . �{Ê­¼ .V.V. ¡£¢AÚÛM�SefxShN�MOUVN�WapaN�`[ÎKN(Z�_1N(`hg®ShRa`:\eRa`xpaNºc1N(M�N�MOWaM^UVN(W����o_1N(`TM^Z*N�W�ShN(W
N(MOW��
WafxSTMON(U��dbVW ��cuN�bVcygd|}P�ShN�S�� . � 4 k .V. Ð­¼ .V.V. ¡£¢
Ç!N(MaN�MOWaN�Z zX[cuN�`TfT|}PtRaª��VbdW�qDÃ�RaWapj�
ct\JN(fxN(WaPQN(M^Sn�VbdW,7�gdfTfxN(`�RaWQp*g¤Ra|}P*c1N(MaÂ
Ã q
�<Ü�N(Pagd]^STN(W
Ï�¬VËÍMOfxS!paMON�� � � � ��RQWap�� � �<�°�
caP zgdWQUVMOUV�¤N(M�S!�VbdW�� ��� �VN�`TWyg¤|}Pa] zgdfxfTM^UVcygd`�¢yX
W�ShN�`:paMON�fTN�WÛÇJN��
paMOWaUdRaWaUVN�W	RaWap�N(MOWQN(Z mtShbd�uZ*N�WaUVN�Wt�dN(`xP zgd]^STWaMOfe�
Â
Äes(RÛ�Dq"!Ì�D�VN�`TN�MOWQ�·gd|}P�S[fTM^|}P§Á¾¬o¢ Ê�Å!MOZ
´1g¤]O]u�dbVW��DÃ�q65º��� 4 ÐQk}� 4 �(¡lcas�\�¢a��Ã�q�5#�¤Î:MµqDÃº� . �{½¤¡�s�R

� �	� �#�$� ��	� Á£¬o¢^��Ð�Å

L�gdWygd|}P Pyg¤S%���	� 
 N(c1N(WQ�·gd]^]Of��dN�MOWaN�W¥��MOWo�yRaªÛgdRQ��pQMON�i[N(gd��ShM^bVWafTUdN(fT|}P�\eM^WapaMOUd�dN(M�SÀpaN(f��Dq
�
X
Z�fhg¤STs(N(f�¢VLDM^N(fTN�fÙ\eM^`Tp�gdRQ|}P�cuN�MagdWapQN(`TN�W³�DÃ q65T� Pygd]^STMOUVN�W���g¤Shgd]^¨�fTg¤ShbV`xN(WºcuN�bVcygd|}P�ShN�S
� .d. 4 ¼
.V. ¬®¡£¢
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X
W�ShN�`�`TN(gd]ON�WjmaÒ�i��GÇ!N�paMOWaUdRaWaUVRaWQUVN(W�]^MON(U¤S�qDÃ�M^W�N(M^WaN(Z UV`xbVªVN(W zX
c1N(`Tfx|}PtRaª��VbV`�kdfTb�pagdª � �
�
�VN(`xWygd|}Pa] zgdfTfxMOUdS�\JN(`xpaN(W©�®gdWQWl¢�LDMONe���o_uN�`TMOZ�N(W�Shg¤ShbV`xN(W�fTM^Wap*fxMO|}P�\!N�M^ShUdN(PaN�Wap�pyg¤` zRac1N(`nN(M^WaMOUak
pygdª�mQgdRaN�`TfxSTbd��N(M^WaN�i[bV]^]ON³c1N(M�paN�`�ieN(b��oMOpag¤ShM^bVWwpaN(fº��g¤S}gd]�¨�fhg¤STbV`Tf�N(M^WaN�i[bd]O]ON�fx_aMON�]^S*�Ó» 4 ¡£¢
LDMON(fxN 2yWQpaN�S�Wagd|}PjN(MOWQN(Z6Ú�gd`xf<� �¤gdWj��`xN��VN�]ON�Wo�<ÚÛN�|}PygdWaM^fTZ³RQf[� » . ¡afxShg¤STS(¢dLDN�`�mQgdRQN(`Tf<Shbd��`TN(g®�
UVMON�`xS�PaM^N(`xWygd|}PwWaMO|}P�SÀpaM^`TN(��S�Z�M^SD�DqÈb�paN�`���Â
Ä{¢Ø¯°Z3´Agd]O]KpaN(fÀ��g¤Shgd]^¨�fhg®ShbV`xfx¨�fxSTN(Z�f���Ã q65T�
7�qDÄ��¤Î:Mvq�Ã:\eM^`Tp�gdWaUVN�WabVZ�Z*N�Wlkapyg¤ª�pQMON�ieN(b��oMOpyg¤STMObVW	pQN(`[UVN(fx|}Pt\eM^WapaM^UV�dN�M^ShfxcuN�fxSTMOZ�Z*N�WapaN
mo|}Pa`TM�STSepaN�`
maÒ�i«MOf<Sº���­¬��Vk}�{»d d¡£¢
7¥gdfxfTN�`!MOf<SnN(MOW*ieN�gd��ShM^bVWafx_a`Tb�paRa��SJpaN(`!maÒ�i�¢Q��fncaMOWapQN�S!gdW�paM^N[�Àg®S}gd]�¨ofTg¤Shbd`TbVc1N(`<� zgd|}PaN[RaWap
�VN(` zgdWapaN�`xS�pyg¤cuN�M�paM^Njm�Sh`xRa��ShRa`�paN(`�gd��STM^�VN�W ÞØN(W�Sh`xN(WY���­ÔdÐ­¼y�­Ô¤ ak��­ÔVÔ®¡£¢1Â
Ã�qÌMOWaPQMOcaM^N(`xS
N(M^WaN(`G�
fTN(M�Shf�paM^N[maÒ�i:�°i[N(gd��ShM^bVWÛ� . ��Ê­¼ .V.d. k .V. »Qk .d. Ô®¡£kd�VN�`Tc1N(fTfxN(`<Segdc1N(`�gdWapQN(`TN�`TfxN(M^STfJpQMON[moN�]ON(��STM^��M^S zg¤S
�VbVW��DÃ�q65$�¤Î:MvqDÃ<�G��g¤Shgd]^¨�fTg¤ShbV`xN(WlkQpl¢ PØ¢y`TN(pQRas(M^N(`xS[paM^N��
Ã�q
�GÇJMO]OpQRaWaU�� .V.V. k .d. »Qk .V. Ô­¡¾¢
LDMON	��`TUdN(caWaM^fTfxNÛpaN�`j��M^WaN�STMOfx|}PaN(WYX
W�ShN�`TfxRa|}PtRaWaUVN�Wlk!paM^N	s(RaZ ÎKN(M^]�c1N(M��VN�`Tfx|}PaMON�paN(WaN�W�ieN��
gd��ShMObdWafTc1N(paM^WaUVRaWQUVN(WßpaRQ`T|}PaUVN�� zRaPa`<S&\eRa`TpaN�Wlk�\JN(`xpaN(W MOW«RQWtSTN(`xfT|}PaM^N(pa]^MO|}PaN�` 7�N�MOfTN±M^W�ShN(`G�
_a`TN�ShMON�`xS(¢�LDMON�ÚÛN�Pa`TPQN(M^S*paN�`*���o_1N(`TM^Z*N�W�S}g¤STbV`TN�WYN�`T�t]°zgd`<Sjpygdf*gdRafjpaN�Wr�tMOWaN�ShM^fT|}PaN�WrL�g¤STN(W
N(Z�_aMO`xMOfT|}P N(`TPagd]^STN(WaN�Ü�N(fx|}P�\eMOWapaM^UV�dN�M^STfTUVN�fTN�STs?Á¾¬o¢��{Ð�ÅÛM^Z ´1g¤]O]��VbVWß�
q��(� Pygd]^STMOUVN�W«��g¤Shg®�
]^¨�fhg¤STbV`TN�W�Z*M�S�N�MOWaN�`	ieN�gd��ShM^bVW�s�\eM^fT|}PaN�W?pQN(Z f<S}gd`x�rg¤pafTbV`xcaMON�`xSTN(W¶��Â[Ä�RQWap�N(M^WaN(Z gdRaf
paN(`�ÜÀg¤fT_aPyg¤fTN�b�paN�`��dbVW«N(M^WaN(Z fx|}P�\�gd|}P gdpQfTbV`xcaMON�`xShN�WßÞØRaf<S}gdWQp«gdRaf�gdWaUV`xN(M���N(WapaN�W«��q
� »�¬�k�� . ¬ok(� 4 ÐQk�� 4  ak . �d�Vk . � . k . �{»Qk .V. ½¤¡£¢�LDM^N(fxN(f³N�WtSTfT_a`xMO|}P�SjN(M^WaN(Z5ÚÛN�|}PygdWaM^fTZ³Raf³�dbVZ ��]^N�¨��
i[M^paN�gd]��°Î�¨�_�Á·��cQcaMO]^paRaWaU 4V4 Å�¢Ø�
WapaN�`TN(`xfTN�M^ShfÀWaN�PaZ*N�WwN(MOWQMOUVN³�
RQShbd`TN(W gdWØklpygdª�fTb{\JbVPa]���q
gd]Of�gdRa|}Pw��Â[ÄÀgdRQ��paN�Z ��g¤Shgd]^¨�fhg®ShbV`�gdpafTbd`TcaM^N(`xS�fTM^WaplkØRQWapwgdRQ�npaN�`�qDcuN�`x�Kzgd|}PQN�Z*M�ShN(M^WygdWo�
paN(`e`TN(gdUVM^N(`TN�W¥� . � 4 k . �­¬ok .V. ÊQk . 4 Ð¤¡£¢Q¯°WQfTc1N(fTbdWapaN(`xN³pygdfe�
RQ�µSh`xN�ShN�WÛ�dbVW�ieN�gd��STMObVWafxbV`TpQW�RQWaUVN(W
�6��RaWQp�UdN(Z�N(fTfxN(WaN��
pafTbV`x_QShM^bVWafxN(WaN�`TUVM^N(W	� zRa`:��q \eRa`xpaN(W�Z�M^S�N�MOWaN�`:ieN�gd��ShM^bVW	Wygd|}P�paN�Z
¸Kg¤WaUVZ³RaM^`<�°Â
MOWQfTPaN�]^\Jbob�po�<Ú�N(|}PygdWQMOZ³RafnÁ���cacQMO]OpQRaWaU 4 . Å¹M^W�ShN(`x_a`TN�ShM^N(`xS(¢®LDMON��VN(`xZ*M^WapaN�`xShNJieN��
gd��ShMObdWafTbV`xpaWtRaWaU�cuN�s zRaUd]OMO|}P§�Dq¿�®gdWQW�gdc1N(`ÀMOPQ`TN�X
`xfhgd|}PaN*Rl¢ gQ¢¹gdRa|}P§MOW N(MOWQN(`�����ShM���MON(`xRaWaU
paN(f[gdpafxbV`TcQMON(`<ShN�W��
Â
Ä[Pygdc1N(W�� .V. ½¤¡¾¢
��bV`TUVN�fT|}Pa]OgdUVN�WaN�Ú�N(|}PygdWQMOfTZ�N(WºPaN�STN(`xbVUVN(Wº�®g¤S}gd]�¨�fTMON�`xSTN(`Ki[N(gd��ShM^bVWaN(WÀRaW�ShN�`T]^MON(UdN(W�Wagd|}P³Ç!RQf<�
|�gjN�S
gd]¾¢K�Ó» 4 ¡¹c1N(f<ShM^Z*Z�STN(W�i[gdWapac1N(paM^WaUVRaWQUVN(WlkyRQZ gd]Of[Ú zbdUV]OM^|}Pa�dN�M^Se� zRa`epaN(W�i[N(gd��ShM^bVWafhg¤co�
]vgdRQ�KM^WÛÇJN�Sh`Tgd|}P�S�s�RÛ�¤bVZ�Z*N�W �

�V¢[��f*Z³RQª�N(M^WYUdN(fT|}PQ]ObVfxfTN(WQN(`©�®g¤Shgd]^¨tShM^fT|}PaN�`©Þu¨��t]ORQf*Z�M^SjpaN�`*`xMO|}P�ShM^UVN(W~m�S zbd|}PaMObVZ�N�ST`TM^N
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UVN(UdN(c1N(W	fTN�MOWlkQpl¢ PØ¢apaMONDm�S zbd|}PaMObVZ�N�ST`TM^N�paN�`:N(MOWQs(N(]^WaN(W�m�|}Pa`TM�STShN�Z zRafxfTN�WÛs�RafhgdZ�Z�N(WaUVN �
WabVZ�Z*N�W	paMONÀÜ�N(fTgdZ�STfxS zbd|}PaMObVZ�N�ST`TM^NDpaN(`[ieN�gd��STMObVW�N(`xUVN(c1N(WØ¢

. ¢[LDMONº|}PaN(Z�MOfx|}PaN(W§��MOUVN�WafT|}Pyg®�µShN(W paN�`���RafxU�gdWaUVfxfxSTbd�ØN¤k¹i[N(gd��ShM^bVWafT_Q`Tb�paRa��ShN�RaWQp�Þu\eM��
fT|}PaN�WafxSTRQ��N(W�Z zRafxfTN�WÛc1N(` zRa|}�tfTMO|}P�STMOUdS
fTN�MOWl¢

4 ¢e��Raf�paN�Z s�\JN(M�ShN�W 1�RaWa��S���bV]^UdS�RaWaZ�M^SxShN�]Ocygd`�kupagdª�gd]O]^N³MOZ �VbV`xUVN(fx|}Pa]vg¤UVN(WaN�W±ÚÛN�|}Pyg®�
WaMOfxZ³Raf�gdRQ�µSh`xN�STN(WaN�W¶mo_uN�s(M^N(f�c1N(sozRaUV]^MO|}P~M^Pa`TN�`�|}PaN�Z*M^fT|}PaN�W���g¤STRa`(kJÇ!MOWQpaRaWaUVN�W�RaWap
¸¹gdpaRaWaUdN(W���]Ogd`:RaWap�N(M^WapaN�RQShM^U�|}Pygd`hg¤�tSTN(`xMOfTM^N(`xcygd`efTN�MOW�Z zRQfTfTN�Wl¢

��M^W	RaW�ShN�`
ÇJN(` zRQ|}��fxMO|}P�ShM^UVRaWaU�paM^N(fTN�`ei
g¤Wapac1N(paM^WaUVRaWaUdN(W�gdRQ��UVN�fxSTN(]O]�ShN�`:i[N(gd��ShM^bVWafTZ�N(|}PagdWaMOfG�
Z³Raf�UVN�\eMOWaW�S&c1N(MºN��o_1N(`TM^Z*N�W�ShN(]^]ON�Z �
gd|}P�\!N�MOfwfTN�MOWaN�`wÞu\eMOfx|}PaN(WQfxShRo��N(W RaWap zX
c1N(`xU�gdWaUdf<�
s(Raf<S zgdWapQN�gdW31�]vg¤RafTM^caMO]^M^S zg®S�¢
¯°Z ��bV]OUVN�WapaN�W�\JN(`xpaN(W�N�MOWaM^UVNÀi[N(gd��ShM^bVWafhg¤ca] zgdRo��N�paN(`�maÒ�i�kupaM^NÀgdRQ��Ü�`TRQWapa]vg¤UVN�N��o_uN�`TM^Z*N�Wo�
ShN(]^]ON�`�X
W�ShN�`TfxRa|}PtRaWaUVN�W��VbVWw�VN�`Tfx|}PaMON�paN(WaN�W¥��RoShbV`xN(W§gdRQ��UVN�fxShN�]O]�S�\eRa`xpaN(Wlk��dbV`TUVN�fxSTN(]O]�S�RaWap
Z*M�ShN(M^WygdWapQN(`��VN�`TUV]^MO|}PaN�Wl¢umoMONÀcaM^]OpaN�WÛpaM^N�Ç!gdfTM^fe� zRQ`
paN�W�MOW�paM^N(fTN�`
�
`Tc1N(M�S�N�WtS°\eM^|}�dN�]^ShN�W&RaWap
Z*M�S[Ú�mo¯G�
L�q paRa`x|}PaUVN�`TN(|}PQWaN�STN(WwieN�gd��ShM^bVWafxZ*N�|}PygdWaM^fTZ³Raf�¢
Ç!N(`xN(M^STf�s(R�Ç!N�UVMOWQW�paN(`�gd|}P�STs(MOUdN(`n²VgdPa`xN�Pygdc1N(WjÎÙgd�®gdUVMoN�Sngd]£¢a��� . Ê¤¡QRaWapj¯°WabVZ*g¤Shg�N�S�g¤]¾¢y��� 4 Ð®¡
i[N(gd��ShMObdWafhgdcQ] zgdRQ��N�paN�`�mQÒ�i±�dbV`TUdN(fT|}PQ]vgdUVN�Wl¢®��]O]^N(`xpaMOWaUdf�cuN�s(bVUVN�W�fxMO|}P³paM^N(fxNJ�
`Tc1N(M^STfTUV`xRa_a_1N(W
W�RQ`³gdRQ��`TN(M^WaN(fÀ�DÃ q65�g¤]Ofº�Àg®S}gd]�¨ofTg¤Shbd`(k�paN�`�N(M^WaN�UVN(`xMOWaUVN�`TN�maÒ�i��°����STM^��M^S zg¤S³g¤RQ�µ\!N�MOf<S	�Ó» 4 ¡£¢
²VgdWafTfxN(W�N�Sjg¤]¾¢!��� 4  d¡�RaW�STN(`TfxRa|}P�ShN�W~paMON©i[N(gd��ShMObdW��VN�`TfT|}PQMON(pQN(WaN�`��
q����°Pagd]^STMOUVN�`º��g¤Shgd]^¨�fTg®�
ShbV`xN(Wl¢�LDMON©N�WtSTfT|}PaN�MOpaN�WapaN�Þu\eMOfx|}PaN(Waf<ShRQ��N�M^fxS�pyg¤Wygd|}P�N(MOWQN��³Ö�q���Â
ÃT�Gmo_1N(s(M^N(f�k�paMON�paRa`T|}P
��pafxbV`T_QSTMObVW~�dbVW¶��Â[ÄÛg¤W&1ÙbV]�¨��¤gdWagdpyg¤STN(W�N(W�STfxShN�P�S�¢[LDMON�fTNwÞu\eM^fT|}PaN�WafxSTRQ��N&\eMO`Tp�g¤Ra|}P�MOW
gdWapaN�`TN(W���`xcuN�M^STN(W�N(M^WaNÀmo|}Pa] zRafTfxN(]Of<ShN�]O]ORQWaUjMOW	paN�`�mQÒ�i:�°i[N(gd��ShMObdWlkagdc1N(`eg¤Ra|}PÛc1N(MØpaN(`[��Â[ÄT�
q��oM^pyg¤ShM^bVW©s�RaUVN(fx|}Pa`TM^N(c1N(W¥��� 4 »Qkh�� �Ðok . 4 �Vk . 4 . ¡£¢yLDMON
�³Ö�q��
Â
ÃT�Gmo_uN�s(M^N(fe]°zgdª¤S�fTM^|}P���bd`TZ*gd]lgd]^f
LDMOfTfxbVs(MOg¤ShM^bVWafx_a`Tb�paRa��S[paN(`
fTN�Pa`DfT|}P�\!gd|}PaN�W¥m zg¤Ra`TN�Âe¨�pa`Tb���¨�]vgdZ�MOW���Â
Ã�q�Â gdRQ�ØgdfTfxN(W��  tÔ®¡£¢
��f�MOfxS 9 N(pab�|}Pßs(M^N(Z�]OMO|}P?RaW�\�g¤Pa`Tfx|}PaN(M^Wa]OM^|}PlkDpygdª��
Â
Ã�q�Â cQs�\�¢DfxN(MOWQN±paMOfxfTbVs�MOMON�`xSTN¥´ybV`TZ
paRa`T|}P�q
�oMOpyg¤STMObVWÛ�VbVW ��Z�Z*bdWaMvgd�	Z�M^S�q�Ã�b�paN(` zX
c1N(`TUVgdWaUVfxZ*N�S}gd]^]O�®g¤ShM^bVWaN�W�N(W�Shf<ShN�PtS��Ó» 4 ¡£¢
Î�g¤STf{zgd|}PQ]OMO|}PÀ�dbdWaW�ShN(WºfT_1N(��Sh`xbVfT�¤bV_aM^fT|}PaN!X
W�ShN�`TfTRQ|}P�RQWaUVN(W³�dbVW³�
Â
ÄT� ��pafxbV`T_QSTMObVWQN(W�RaWap�q
�QM��
pyg¤ShM^bVWaN�W*g¤RQ�l�¤N(MOWQN(`J´AN�fxST� zbd`T_1N(`TbdcuN�`x� zgd|}PQN
P�¨�pa`Tb���¨�]vgdZ�MOWagd`xSTMOUVN[mo_1N(s�MON�fnWagd|}P�\!N�MOfTN�W � . 4V4 ¡£¢
��RaªVN�`TpaN�Z6�®gdWQW�gdRafÙ¯Gi:�°���o_1N(`xMOZ�N(W�ShN�WjgdW���Â[Ã q�ÂrgdRo�umaÒ�i:�°gd��ShM��VN(W³�Àg®S}gd]�¨ofTg¤Shbd`TN(W�`TN(|}P�S
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fTMO|}PQN(`�gdRQfTUVN�fT|}Pa]^bVfTfxN(W�\!N�`TpaN�Wlk�pygdª&paM^N(fxN���N(`xcaMOWapQRaWaU&MOW�paN(`jmQÒ�i:�°i[N(gd��ShMObdW¥N(M^WaN	iebV]O]^N
fT_aM^N(]^S�� » 4 k . 4  d¡£¢
q�s��®gdW³N�S�gd]¾¢o��� 4 »¤¡�c1N(WtRQSTs(N(WjM^W�MOPQ`TN(Z ieN�g¤�tSTMObVWQfTZ�N(|}PygdWQMOfTZ�Raf�N�MOWaN�Þu\eMOfT|}PQN(Waf<ShRQ��N:paN�`��
`xS
�³Ö�q��
Â
Ä{¢tLDM^N(fTN
mo_1N(s�MON�fn\eM^`Tp�gdRa|}P��VbVW�����f<S}g¤STPaMObdR*RaWQp���N�`TMO�tM^bVf
� . 4 . ¡a�VN�`x\JN(WapQN�S�¢QÇ!N(M^paN
Ü�`xRa_a_1N(W�fhgdUdN(WºgdcuN�`�WaMO|}P�STf zRQcuN�`�paMON�|}PaN�Z*M^fT|}PaNn�
g¤ShRa`�RQWapºm�Sh`xRa��ShRa`KgdRaf�¢®mobV]^]^ShNÙN(f¹fTM^|}PºRQZ
N(MOW zRac1N(` 7¥g¤fTfTN�`Tf<Shbd�uca` zRQ|}�dN(WtcaM^WapaRaWQUVN(W*gdW�pagdfK�ng¤WygdpQ¨�]OfTgdRaN�`TfxSTbd�Øg¤ShbVZßUdN(caRaWQpaN(WaN�f���Â[ÄT�
ÚÛbV]ON�� zRa]VPygdWQpaN(]^Wlk�\eMOpaN�`Tfx_a`TM^|}PtSKpaM^N(f¹paN�`¹Ç!N(bVcagd|}P�ShRaWaUQk®pagdªepaMON�fTN���`<S¹paN(`K��Â[ÄT�°�
pafTbV`x_QShM^bVW
gdRQ�ApaN�W³�
qD� �¤Î:MµqDÃ<�°��g¤S}gd]�¨�fhg¤STbV`TN�W��dN�MOWaN�i[bV]^]ONnfT_aM^N(]�S:� . ÐV½¤¡£¢ 7�N�M^ShN�`TPaM^W�M^fxS�N�f�paN�Wa�tcygd`(k¤pygdª
N(f�fxMO|}PÛcuN�MÙpaN�`
��ÖDq���Â[ÄT�<mo_1N(s�MON�f
RaZ N�MOW�LDN�`TM��dg®SepaN(f�Âe¨�pa`Tb���¨�]vgdZ�MOWo� Î�g¤RQShbVZ�N(`xf[��Â
Ä}q
PygdWapaN�]^S(¢Q��]^]ON�`TpaM^WaUVf!]^MON�UdS�pyg¤f:Î�gdRoShbVZ�N(`xN(WaUV]^N(M^|}PaUVN�\eM^|}P�S:�·gdfxS[gdRQfTfT|}PQ]OMON�ªV]OM^|}P�gdRQ�KpaN�`[moN(M�ShN
paN(f*��Â[Ã�q�Â �  tÔ®¡£k�\�g¤f*pyg¤WaWrUVN�UVN(WYpaMONÛÞu\eM^fT|}PaN�WafxSTRQ��N�fx_a`TM^|}PtS(¢nLDN(fx\JN(M�ShN�`TN(WYMOf<S*c1N(`xN(M�Shf
paN(`:N�`TfxSTNÀmo|}Pa`xM^STSeM^Z ÚÛN(|}Pyg¤WaMOfxZ³Raf:�VbVWÛqDs(�®gdW�N�S[gd]¾¢�koc1N(MØpaN(Z N(fefTM^|}P�RQZ N�MOWaN��
pafTbV`x_QShM��
bVWÛ�dbVW&��Â[Ä�gdZ �ngdWyg¤pQ¨�]Ofhg¤RaN(`xfxShb¤�§PagdWapaN�]^S�k1Wygd|}P�´�Î:¯Gi:�°X
W�ShN�`TfxRa|}PtRaWaUVN�W N�PaN(`
RaW�\�g¤Pa`<�
fT|}PaN�MOWa]^MO|}PÛ� . ÐV½¤¡£¢�L�gd`¤zRQcuN�`TPaM^WygdRaf�M^fxS�paN�`��VbV`xUVN(fx|}Pa]vgdUdN(WaN
i[N(gd��ShM^bVWafx\JN(UÀ�dN�MOW�UVN(fx|}Pa]ObdfTfTN�WaN(`
�¤g®S}gd]�¨�STMOfx|}PaN(`[Þu¨��t]ORaf�¢
i
gdZ�MOfnN�S:gd]¾¢u�Ó½VÐ¤¡l_QRaca]OM^s(M^N(`xSTN(W*N(MOWQN(W�ieN�gd��ShM^bVWafxZ*N�|}PygdWaM^fTZ³Raf�kQpaN�fTfxN(W�ÎÙN�MO]^fT|}Pa`xM^STSTNDs(RQfhgdZ��
Z*N�WaUVN(WQbVZ*Z�N(W	pQMONÀÜ�N(fhg¤Z�Shf<S zbV|}PaM^bVZ�N�Sh`xMON�paN�`
maÒ�i:�°i[N(gd��ShM^bVW	N(`xUVN(c1N(Wl¢1L�gdWagd|}P�\eM^`Tp�s(R��
W¹zgd|}Paf<S��
Z*Z�bVWaMOgd��g¤pafTbV`xcaMON�`xSÀRaWap§paRa`x|}P¥X
Zº\�gdWQpa]ORaWQUÛM^W N�MOWaN��
Â
ÃT�<m�_uN�s(MON�f�RaW�ShN(`ºieN��
paRa��ShM^bVWwpaN(fº��g¤S}gd]�¨�fhg¤STbV`Tf�gd��STM^��MON�`xS�¢Ø��Raf�paN�`³Ü�gdfT_QPygdfTNjUV`xN(M��µS�N(MOW ��q paMONj�
Â
ÃT�Gmo_uN�s(M^N(f
gdWlko\JbVc1N(MlfxMO|}P�pygdWQW	N(MOWQN��
M�Sh`TbdfhgdZ�MOpo�GÞu\eMOfx|}PaN(Waf<ShRQ��N�caMO]^paN�S(kopaM^NDpygdWQW	fT|}Pa]^MON(ªd]OMO|}P�MOW�Â
Ã}q
RaWap��[Ã�s(N�`x� zgd]^]^S�¢­LDN�`Ù`xN(paRQs(MON�`xSTN���g¤S}g¤]^¨�fhg¤STbV`¹\eMO`TpºpygdWaW�MOWÀN(MOWQN(Z ]ON�Shs�STN(Wjm�|}Pa`TM�STSÙpaRa`T|}P�qDÃ
gdRaf!pQN(`:Ü�gdfx_aPygdfxN�`TN�b��QM^paMON�`xSJRaWap©f<ShN�PtS!pygdZ�M^S�\eMON�paN(`n� zRa`nN(MOWQN(W©W zg¤|}PafxSTN(W���g¤S}g¤]^¨�fTN�s�¨��t]ORaf
s(Ra`[��N(`x� zRQUVRaWaUa¢uLDN(`
N(W�Shfx|}PaN(M^paN(WQpaN�mo|}Pa`xM^STS�MOf<S�paM^N³ieN�gd��STMObVWÛs�\eMOfx|}PaN(WwpaN�W�`hg¤paMO�®gd]^MOfT|}PQN(W
q�c1N(`<� zgd|}PaN�WygdZ�MOpafx_uN�s(M^N(f�Ú � � 
 ��� ��Ö��
Â
Ã�RaWap?�Dq³¢:LDM^N�pygdc1N(M�N(W�Shf<ShN(PQN(WapaN��
M�Sh`TbdfhgdZ�MOpo�
Þu\eMOfT|}PQN(Waf<ShRQ��NÀMOf<S�g¤RafeZ�gdfxfTN�WafT_1N(��Sh`xbVZ�N�Sh`xMOfx|}PaN(W&X[W�ShN(`xfTRa|}PtRaWQUVN(Wwgd]^f 1�`xbopQRa��S
pQN(`�maÒ�i
fT|}PabVW ]vg¤WaUVN³c1N(�®gdWaW�S�� . 4 ¬®¡£¢�L�gd` zRacuN�`TPaM^WygdRaf�c1N(bdcygd|}P�ShN�SºZ*gdW&M^W ¯Gi��<m�_uN��tST`TN�W§c1N(M���b�g¤po�
fTbV`x_QShM^bVWaN(W&�dbVW��
Â
ÄÀRaWap§�Dq¿g¤RQ�J��Ã�q65$�¤Î:MµqDÃ�RaWapw�DÃ�q65x��7�qDÄ$�®Î:MµqDÃÀÇ�gdWapaN�Wlk¹paMON�fxMO|}P
N(MOWQN(`��
M�Sh`TbdfhgdZ�MOpo�Gmo_1N(s(M^N(f	s�RabV`TpQWaN(W?]vgdfxfTN(W � » 4 k{½VÐ¤¡£¢[��MOWaNw��Z�MOp��<mo_1N(s�MON(f�gd]^f�gd��ShM^��M^N(`xSTN
´Abd`TZ/�VbdW���Â[Ä	MOZ ieN�gd��ShM^bVWaf<�VN(`x]vgdRo��paN(`©maÒ�i#M^fxS�gdRa|}Pr�dbVW 7§N(W�S©N�S	gd]£¢����­ÔVÔ­¡[�dbV`TUdN��
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fT|}Pa]OgdUVN(W¥\JbV`xpaN(Wl¢Ù��]^]ON(`xpaMOWQUVfºUdN(PaN�W±paMON�fTN©�
RQShbV`xN(W¥�dbVW±N(M^WaN(Z ¸¹gdWaUVZ�RaMO`G�GÂ
M^WafTPQN(]^\Jb�bopo�
ÚÛN(|}Pyg¤WaMOZ³RQf
g¤Raf(¢
ÎÙbV_Qf��VN[N�S!gd]¾¢y� Ôd½ok¾Ô¤ÊQk .V. ½¤¡AN�WtS°\eM^|}�dN�]^ShN�W©cygdfxMON�`TN(WQp©gdRQ��´�Î:¯Gi:�°���Q_1N(`xMOZ�N(W�ShN�W�N�MOWaN�W©ÚÛN�|}Pyg®�
WaMOfxZ³Raf(kKWygd|}P±pQN(Z s(RaN�`TfxS��
Â
ÄjgdW±q�c1N(`<� zgd|}PaN�Wo�GÇJ`��VWaf<ShN�po�<m zg¤Ra`TN�W�� 5 � ÖDq�Â gdpafTbd`TcaM^N(`xS(¢
L�gdWaW�N�`x��bV]^UdSJN(MOWQN zX
c1N(`<Sh`TgdUVRaWaU�N(MOWQN(f:Â:�°��ShbdZ*f��VbVZ ��Â[ÄT�<ÚÛbd]ON(� zRa]ugdRQ�¹N�MOWaN
cuN�Wygd|}Ptcygd`<ShN
�ngdWygdpQ¨�]��<Ü�`TRa_a_1N³� 5 � ��q³¢¹L�gdpaRa`x|}P§N�W�ShfxSTN(P�S³N�MOW `TN�paRas(M^N(`<ShN(fºÇ!`��VWafxSTN(po�Gm zgdRa`xN��GÞØN(W�Sh`xRaZ
� � ��Ö�q�Âº¢ÙL�gdfÀgdRQ�:paM^N(fxN,7§N(M^fTN*gd��ShM^��M^N(`xSTN��
Â
Äº`TN�g¤UVMON�`xSÀZ*M�SÀ�Dq gdRQf�paN�`³Ü�gdfT_QPygdfTN*s(R
N(MOWQN(`
Þu\eMOfx|}PaN(Waf<ShRQ��NÀ�³Ö�q���Â
Ä­Öe� � ��Ö�q�ÂºkApaMON�M^W�Â[Ã qÆRaWap��
Ã�s�N(`<� zgd]O]�S�¢Amo|}PQ]OMON�ªV]OM^|}P	\!N�`<�
paN(W�paMON�`xN(paRQs(MON�`xSTN(W&ÞØN�W�Sh`TN�WÛZ�M^Seq�Ã
gdRafepaN�`
ÜÀgdfx_aPygdfxN�\eMON(pQN(`e`TN�UVN(WaN�`TM^N(`xS(¢
LDMONe_a`TM^Was(M^_aMON�]O]^N(W�i[N(gd��ShM^bVWafhg¤ca] zgdRo��N[�dbVW�i
g¤Z*M^fnRQWap©ÎKbV_af��dNDfTM^Wap zgdPaWQ]OMO|}PØ¢Qm�MON[RaW�ShN(`xfT|}PaN�M��
paN(W�fTM^|}P�PygdRa_QSTf zgd|}PQ]OMO|}P�M^W~paN(`	�
`xS�paN�f�gd��ShM��VN(W?ÞØN�WtST`TRaZ�f�gdRQ�ÀpaN�Z ��g¤S}g¤]^¨�fhg¤STbV`(¢Ji[g®�
Z*M^f�N�S*gd]£¢ÙUdN(PaN�W��dbVWYN�MOWaN�`³��pQfTbV`x_QShM^bVW�paN(f���Â[Ä�gdW�N(MOWQN(Z/¸�N�\eMOf<�Gm zgdRa`xN��GÞØN(W�Sh`xRaZ gdRaf�k
\ zgdPa`TN�Waprc1N(M:ÎKbV_af��VN�paN(`�ieN�gd��STMObVWaf<�VN�`T]vg¤RQ�DZ�M^S�N�MOWaN�`���Â
Ä<�°��pQfTbV`x_QShM^bVW�gdWYN�MOWaN�`*q�c1N(`G�
�Kzgd|}PaN�Wo�GÇ!`��VWaf<ShN(p��<mlzgdRQ`TN�� 5 � Ö�q�Â N�MOWaUVN�]ON�M^ShN�S�\eMO`xpl¢
LDN(`JÚÛN(|}PagdWaMOfxZ³Raf!�dbVW	i[gdZ�MOf�N�S!gd]£¢�N(`Tfx|}PaN(M^W�S:_a]vg¤RafTM^ca]ON�`(¢tÞØRaZÌN�MOWaN�W�c1N(bVcagd|}P�ShN�S�Z�gdW�MOZ
¯Gi:�Gmo_uN���Sh`TRQZÛkapagdªjpaMONºmo|}P�\eMOWQUVRaWaUVfxcygdWapQNºpaN�f
Z�bV]^N(�tRa]vg¤`�gdpafxbV`TcQMON(`<ShN�W��
Â
Ä
gdRQ����Ã q65$�
Î:MµqDÃÛ� ½VÐ®¡ecas�\�¢���Ã�q�5<��7~q�Ä��®Î:MµqDÃÛ���­¬ 4 k{�­¬¤ d¡�MOW���W�\JN(fTN�WaPaN�M^S��dbVW~��q7c1N(M^Z5��Ro��PaN(M^s(N(W
fT|}PaWaN�]O]^N(`:�VN�`TfT|}P�\eM^WapaN�S�gd]Of:paM^N�paN(`[_a`xbdShbVWQMON(`<ShN�WÛ�
Â �� �Gmo_uN�s(M^N(f(¢1Ü�]ON�MO|}Pas�N(M�ShMOU�MOfxSeM^Z mo_1N(�V�
Sh`TRQZ«paMONnÇ!M^]OpaRQWaU��VbVW 7¥g¤fTfTN�`Ùs�R�c1N(bVcagd|}P�ShN(WØ¢¤ÇJN(Mt��c�\JN(fTN�WaPaN�M^S��dbVW³��qYMOf<S¹N(fKRaZ�UVN(�¤N(Pa`<S�¢
L�gdWaW�MOf<S:pygdfeZ�bV]ON���RQ]vgd`!gdpafTbd`TcaM^N(`xSTN���Â[Ä[STPaN(`xZ*M^fT|}P�fxShgdcaMO]^N(`:g¤]Of:�
Â �� ¢AÞØRaZ¿gdWapaN�`TN�WÛN�`<�
fT|}PaN�MOW�S!pagdfJ`TgdpaM^�¤g¤]OMOfx|}PaNe��Â �Ä �G��g¤STMObVWjgd]^fJÞu\eMOfT|}PQN(Waf<ShRQ��N
MOZÌieN�gd��STMObVWafTgdca]OgdRQ�1�VbVW*ÎÙbV_Qf��VN
N�Sºgd]¾¢�� Ô¤½Qk}ÔdÊok .V. ½®¡�gdRQ��Ü�`TRaWap fTN�MOWaN�`Ài[N(gd��ShM^��M�S zg¤S�WQMO|}P�SÀfTN(PQ`�\!gdPa`xfT|}PaN�MOWa]^MO|}P~� » 4 ¡¾¢�LDM^N(fxN(f
\eMO`Tp�paRQ`T|}P�pQMON�fTN�Pa`ePabVPaN�¯°bVWQMOfTM^N(`xRaWaUVfxN(WaN�`TUVM^NÀpQN(f[��Â[Ä[�dbVW��{Ðo¢ . N�� RaW�STN(`TZ*gdRaN�`xS�� . 4 »¤¡£¢
��M^WaN(W�\!N�M^STN(`TN�W�Â
M^W�\!N�MOf*gdRQ��paN�W~ieN�gd��STMObVWafTgdca]OgdRQ�DpQN(`�maÒ�i � zbdWaWaN(W~���o_1N(`xMOZ�N(W�ShNÛZ*M�S
`hgdpaM^b�gd��ShM��VN�W	¯°fTbdSTbV_uN�W�Z�gd`x�tMON(`<ShN�W	��RafxU�gdWaUVfxfxSTbd�ØN�WÛ]^MON���N(`TWØ¢ymoM^NDN(`x]vgdRac1N(W	pQMONÀÞØRabV`xpaWtRaWaU
�VbVW���ShbVZ�N(W�M^W�pQN(WYi[N(gd��ShMObdWafT_a`xbopQRa��ShN(W�s(R�paN�WY�
RafTUVgdWaUVfxfxShb¤�ØN�Wß�Ó» . ¡£¢�mobV]^|}PaN�X
W�ShN�`<�
fTRa|}PtRaWaUdN(W�Z�M^S � 5 ��Â[Ä{k � 5 ��qÈRaWap ��� qDÃ�fTM^Wap&RaW�ShN�`�fxS}g®ShMOfx|}PaN(WwRaWQp po¨oWagdZ*M^fT|}PaN�W�ÇJN(paM^Wo�
UVRaWaUVN�WÛZ�M^S:i[N(gd��ShMObdWafTUVN�Z*M^fT|}PaN�W�g¤Raf[��Â
Ä
RaWapÛ�Dq zRQcuN�`[`xN(M^WaN(Z¿��Ã q65
RQWapÛ��Ã q65��¤Î:MµqDÃ
�VbVW��dN(`xfT|}PaM^N(paN�WaN(WYÜ�`TRa_a_1N(W�paRa`T|}PQUVN�� zRaPQ`xS³\JbV`TpQN(W¶��� 4  ®¼y� 4 »Qk . 4 �(¡£¢KÇ!N(M�S°¨�_aMOfx|}PaN(W�maÒ�i��



� ���������	��

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

�/"0+ Ä �) *�!# Ã ½Q�

i[N(gd��ShMObdWafTc1N(paM^WaUVRaWQUVN(WlkARaW�STN(`DpaN�WaN(W&pQN(`
�Dq
�GX[Z*fTg¤ShsÀWygd|}P�Á£¬o¢^�{Å[gdcQ] zgdRQ�µS(kys(N�MOUdS
fTM^|}P�cuN�M
fTN(]^N(��ShM��VN�`©Ú�g¤`T�tMON�`TRaWaU �VbVW~��Â
Ä�RaWap~��q Z*M�S � 5 �e� ¯°fTbdSTbV_uN�Wlk�pygdª§N(MOWY�e� ��ShbVZ M^Z ieN��
gd��ShMObdWafT_a`xbopQRa��S��
ÃD�dbVZ �
Z*Z�bVWaMOgd�	RaWap&pyg¤f�gdWapaN�`TN³�dbVZ ��qÌ�¤bVZ�Z�S�¢ØL�gdZ*M�S[fTMOWQpwgd]O]^N
��bV`Tfx|}Pa] zgdUdN©s(RaZ5i[N(gd��ShM^bVWafhg¤ca]vgdRo�epaN(`jmQÒ�iÀk�Wagd|}P�paN(WaN�W�paN(`�m�STMO|}�tfxSTbd�~M^Z5�[ÃjW�RQ`��VbVW
N(MOWQN(Z �
RafTU�g¤WaUVfTf<Shbd���¤bVZ�Z�S�ktgdRQfTUVN�fT|}Pa]^bVfTfxN(Wl¢�¯°W*pQMON(fxN(`nÂ
M^WafTM^|}P�SJf<ShN�PaN(W*cuN�MOpaN
ÚÛN�|}PygdWaM^f<�
Z*N�W§�VbdW±i
g¤Z*M^fÀN�S³g¤]¾¢¹RaWap¥ÎKbV_af��VN�N�S�gd]£¢�Z*M�SÀpaN(W¥N �o_uN�`TMOZ�N(W�STN(]O]^N(W§Ç!N(bdcygd|}P�ShRaWQUVN(W�MOZ
��M^Wa�t]vgdWQUa¢
7 zgdPa`TN�Wap�\JN(M�ShUVN�PaN(Wap���M^WaMOUV�¤N(M�S!pyg¤` zRac1N(`JcuN�fxShN�P�S�kQpagdª³paM^NDmaÒ�i¶Wygd|}P©N�MOWaN�Z¿��]^N�¨��GieMOpaN(gd]��
ÚÛN(|}Pyg¤WaMOfxZ³Rafns�\eMOfx|}PaN(W*N(M^WaN(ZÌg¤W��[�<ÞØN(W�ST`TN(W�fxShgd`T�³gdpafTbd`TcaM^N(`xSTN(W���Z�Z*bdWaMvgd�ÀRaWap*�Dq?gdRaf
paN(`ÀÜ�gdfT_QPygdfTNjf<S}g¤SxS�2yWapQN�S�kØMOfxS�pQMON��
g¤ShRa`�pQN(`��®g¤S}g¤]^¨tShM^fT|}P gd��ShM��VN(W§ÞØN�WtST`TN�W§RaWQp pQN(`�gd��ShM��
�oM^N(`<ShN(W��
Â
ÄT�<m�_uN�s(MON�f�RaWaUVN��t] zgd`<S�¢t´ zRa`�N�MOWjgdW*Ç!`��VWafxSTN(po�Gm zgdRa`xN��GÞØN(W�Sh`xN(W*gd��ShM^��M^N(`xSTN(f��
Â
Ä{kVfxN(M
N(f[gd]Ofe�
Â �� bopQN(`e��Â �Ä kafT_Q`TN(|}PQN(W�paM^ND��bV]OUdN(WapaN�W�N��o_uN�`TM^Z*N�WtSTN(]^]ON(W�Ç!N���RaWapaN �

�V¢[Ç!N(MupaN(`e�
Â
Äx� ��pafxbV`T_oShMObdW�gdRQ�¹`TN�MOWaN�Z ��Ã q65:�dbVWaW�STN(W�W�RQ`e��Â �� �°¯°bVWaN�W	Wygd|}PaUdN�\eMON�fTN�W
\!N�`TpaN�W±��� . Ê­¼y� 4 �(¡£¢

. ¢ 7¥g¤fTfTN�`ecuN�fT|}Pa]^N(RaWaM^UdS[paMON�ieN�g¤�tSTMObVW§� . 4 Ô®¡£¢

4 ¢
moRa]��·g¤ShM^fTMON�`xSTN(f�Î:Mvq�ÃeRaWQp�pagdf
ÞØN(bV]^M^ShP©Âe�<Þ�mQÚ�¬�\!N�MOfTN�WÛf<S}gd`x�dNºÇ!`��dWafxSTN(po�Gm zgdRa`xN��<ÞØN�W�Sx�
`TN�W�gdRo��RaWQpÛ�®g¤Shgd]^¨�fTM^N(`xN(W�paMONÀmQÒ�iÍ���{»V¬ok . 4 ½¤¡£¢

 a¢
ÞØRaf zg®Shs(N¥\eM^N 7�qDÄY� . 4 Ê¤¡�bopaN�` moRa]��·g¤ShN���� . ¬­¡¾k³���{»d½¤¡°Á�cAÅ��dN(`Tf<S zgd`x�dN�WÆpaM^N�Ç!`��VWQfxShN�po�
��s�MOpaM�S zg¤Sn�VbVW��DÃ}q�5#�¤Î:MµqDÃ�¢AÜ�]ON�MO|}Pas�N(M�ShMOUÀWaM^Z*Z�S�gdRa|}P�paM^ND�®g¤S}gd]�¨tShMOfx|}PaND�
�tSTM^��M^S zg¤S:s�Rl¢

¬o¢e¯°W©¯Gi��<mo_1N(��Sh`xN(W©�dbVW	��Z�Z*bdWaMvgd�³gdRQ���
q��(�°Pagd]^STMOUVN�W���g¤Shgd]^¨�fhg®ShbV`xN(W�s�N(M^UVN(W©fxMO|}P�Ç�g¤Wo�
paN(WØk�paMON±fxMO|}P6��Â �� �<mo_1N(s�MON(fws�RabV`TpQWaN(W6]vgdfxfTN(W � Ôd½QkdÔdÊ¤¡£¢�L�gd` zRacuN�`TPaM^WygdRaf&�¤bV`T`xN(]^MON(`<S
paMON³maÒ�i��°����STM^��M^S zg¤S�kApl¢ Pl¢ØpQN(`���q��°X
Z�fhg¤STsºZ�M^S
paN�Z Ç!`��VWaf<ShN(p��<m zgdRQ`TN��GÞØN(W�Sh`xN(W ��Â[ÄT�
Ü�N�Pygd]�SÀ� Ô¤ÊQk . Ð�Ô®¡£¢

²dN(pab�|}P UVMOcQS�N(f&N �Q_1N(`xMOZ�N(W�ShN�]O]^N±X
W�ShN�`TfxRa|}PtRaWaUVN�Wlk�paMON¥s�R UVN(UVN�Waf zg®Shs(]^MO|}PaN�W ��`xUVN(cQWaMOfxfTN(W
� zRaPa`TN�W �

�V¢[i
g¤Z*M^f�N�S�g¤]¾¢J� ÔdÔokh½VÐ®¡JPagdcuN�W¥MOW�´�Î:¯Gi��<ÚÛN�fTfTRQWaUVN(W±UdN(s(N�MOUdS(k¹pygdª�pQMONj�
�<ÞØN�W�Sh`TN�W±gdRQ�
�DÃ q65$�®Î:MµqDÃ�¸�N�\eMOf<�Gm zgdRa`xN(W�fTM^Wapl¢
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. ¢ 7¥g¤fTfTN�`�MOWaPQMOcaM^N(`xS
paM^NjmaÒ�i��GieN�gd��ShM^bVW�paRQ`T|}P§Ç!MOWapQRaWaU	gdW ¸�N�\eM^f<�Gm zgdRa`xN��<ÞØN�W�Sh`TN�WlklpaM^N
pygdWaW*� zRa`!N�MOWaN���Â
Ä<�°��pQfTbV`x_QShM^bVW�WaM^|}P�S:RaWaZ�M^SxShN(]^cygd`�s(RQ`J��N(`<� zRaUVRaWQU³fxSTN(PaN�W�� . �{½{¼ .V.V. k
.V.  ak .d. ¬®¡£¢

4 ¢[LDMON©moRa]^�·g®ShMOfxMON�`TRaWaUÛRaWap 7~q�ÄT�GÞØRaf zg®Shs(N	N�`TP zbdPaN(W�N(c1N(Wo�·gd]O]^f³paMON©¸¹N�\eMOfG�<m zgdRQ`TN�g¤s(MOpQM^S zg®S
paN(f[��g¤Shgd]^¨�fhg®ShbV`xfx¨�fxSTN(Z�fe��Ã�q65$�¤Î:MµqDÃº��� . ½Qk}�­¬ 4 ¡¾¢

 a¢[��gd|}P paN�W�¯Gi��G���o_uN�`TMOZ�N(W�STN(W§�dbVW§i
gdZ�MOf�N�Sºgd]¾¢��Ó½VÐQk��­¬¤ ak . ÐV½¤¡�`TN�g¤UVMON�`xS�pygdfº�DqÈZ*M�S
gdW�¸�N�\eMOfG�<m zg¤Ra`TN �<ÞØN(W�ST`TN(W�UVN�caRaWapaN�WaN(Z7�
Â
Ä{¢

LDN(` 7�M^paN(`xfT_a`xRa|}P�paN(`³¯Gi��<Ú�N(fTfxRaWaUVN�W��dbVW�ÎÙbd_af��VN�N�S�gd]£¢�� Ôd½Qk Ô¤Ê¤¡�RaWQp�i
gdZ�MOfÀN�S�g¤]¾¢J� ÔdÔok
½VÐQk­�­¬¤ ak . Ðd½¤¡e] zgdª¤S*fxMO|}P~pagdZ*M�SjN(`x��] zgd`TN�Wlk�pygdª§N(`Tf<ShN�`TN�pQN(Wr� zRa`�paM^NÛ�¤bobV`xpaMOWag¤ShM��VN�Ç!MOWQpaRaWaU
paN(f:�
Â
Ä[gdW©pQMOND¸�N�\eMOf<�Gm zgdRa`xN��GÞØN(W�Sh`xN(W©\eMO|}P�STMOUVN�W�mo_uN���Sh`hg¤]Oc1N(`TN�MO|}P � � 4 ÐdÐ�|(Z 
 � WaM^|}PtS�RaWo�
ShN(`xfTRa|}P�S�Pygdc1N(W¶�Ó» 4 ¡£¢�ÞØRaZ*M^WapaN�fxS�c1N(MJWaMON�pa`TM^UVN(W¥ÎKN(Z�_1N(`hg®ShRa`xN(W±s(N�MOUdS�fTM^|}P���M^N(]OZ�N(PQ`(k¹pygdª
ÚÛN�Shgd]O]^b{�oM^paN��¤N(MOWQN�Ç!`��dWafxSTN(po� ��s(M^paM^S zg¤SegdRo�µ\!N�MOfTN�W�Z zRafxfTN�WlkaRaZ¿maÒ�i��Ggd��ShM��VN���g¤Shgd]^¨�fhg®ShbV`xN(W
s(R�fTN(M^W§� .  VÐQk .  a�(¡£¢
¸¹M^N�SxShM�N�S�gd]£¢K���� V»Qk �­¬ 4 k �­¬V¬�k���»d ak �{Ê�Ôok .   . ¡1RaW�ShN(`xfTRa|}P�STN(WwpaN(W���MOWQ�yRQª�paN�`
�
q��(�JRaWap!7~qDÄT�
Ç!N(]OgdpaRaWaU
gdRQ�QpaMONnieN�gd��STM^��M^S zg¤Sl�VbdWº�DÃ�q65$�®Î:MµqDÃx�G��g¤Shgd]^¨�fTg¤ShbV`xfx¨�fxSTN(Z�N(Wl¢­LDM^NnmaÒ�i��°����STM^��M^S zg¤S
fxShN�MOUdSºpygdWagd|}P�N�WtS°\JN(pQN(`�Z�M^SÀs(RaWQN(PaZ�N(WapQN(Z �DÃ�q65x��bopaN�` 7~qDÄT�<Ü�N(Pyg¤]^S�paN�RQSh]^MO|}P¥g¤Wl¢KLDN(`
i[N(gd��ShM^��M�S zg¤STfTs(R�\!gd|}PafÛZ*M�S�UV` zbVªdN(`	\!N�`TpaN�WapaN�Z �[�°��W�STN(MO]�] zgdªdS�fxMO|}P«g¤RQ�³paM^N Ç!MO]^paRaWaU�_1b¤�
]^¨�Z*N�`TN�`�ÚÛN�Shg{�¤gdWagdpyg¤S<�<mo_1N(s�MON(f�s(RQ` zRa|}��� zRaPa`xN(Wlkn\�g¤f�gdRQ|}P~cuN�Me¸¹gdfTN�`<�Gi[gdZ*gdWo�ÀRaWQp~´�Î:¯Gi��
���o_1N(`xMOZ�N(W�ShN�W �dbVW 7�N�WtSwN�S gd]¾¢³���{ÔVÔ®¡ Á·|{Å�UVN���RaWQpaN(W \eRa`TpQNd¢�LDMON�fTN�ÚÛN�S}g��¤gdWygdpag¤ShN±fxMOWap
paRa`T|}P�MOPQ`TNDc1N(fxfTN(`xN(W�i[N�pab����°��MOUVN�WafT|}Pyg®�µShN(W�`TN(gd��ShM��VN(`[gd]^f�paM^N�MOfTbd]OMON�`xSTN(W��ngdWagdpQ¨�]��GÜ�`xRa_a_1N(W
�
q �³���� t¬®¡£k¹���­ÔVÔ®¡ Á·|�Å�¢
mob{\!bVPQ]l� zRa`:�DÃ q65��¤Î:Mvq�Ãº���­¬dÐQk}�{¬o�Vk}�{Ê�Ô­¡lgd]^fegdRa|}P�� zRa`epaMONDSTN(`xW¹zgd`TN�W�mt¨of<ShN�Z*N��DÃ q65T��7�qDÄ$�
Î:MµqDÃw���­¬dÐQk . �V�Vk . � . k . �{»®¡�RaWQp~�DÃ�q65x�<Ú�btqDÄ$�¤Î:MµqDÃw� . �{»®¡DfTM^Wap~�
�tSTM^��MON�`TRaWQUVfTN�WaN(`xUVMON�W¶pQN(`
maÒ�i gdRaf�N �o_uN�`TMOZ�N(W�STN(]O]ÙcuN�fxSTMOZ�Z�ShN�W&��M^WaN�STMOfx|}PaN(W L�g¤STN(WwcuN�`TN�|}PaWaN�S�\JbV`TpQN(Wl¢�¯°Z ´1g¤]O]KpaN(f
N(MOWo�·gd|}PaN(`xN(W�m�¨�fxSTN(Z�f[��Ã�q�5#�¤Î:MµqDÃ[]OMON�UVN(W	fxMON�c1N(M� �»�caM^f�¬® ��o²jZ*bV] 
 � ���{ÊVÔ®¡�cas�\�¢Ø¬¤ÊjcQMOf[» 4

�Q²³Z�bV] 
 � ���{¬dÐQkT�{¬o�(¡£¢QLDM^N�����STM^��MON�`TRaWaUdfTN(WQN(`TUdMON(W©�}zRQ`!paM^N�i[N(gd��ShM^bVW	gdRQ�¹pQN(W	ShN�`TW¹zgd`xN(W���g¤Shg®�
]^¨�fhg¤STbV`TN�W�\JN(M^|}PaN(W	PQMON(`<�VbVW*Z*M�SJ¬dÊ�caMOf!ÔdÊ��Q²ÀZ*bV] 
 � � . �d�Vk . � . k . �{»®¡Acas�\�¢o»�Ô��Q²ÀZ*bV] 
 � ���­¬dÐ®¡
WaMO|}P�SDfxN(Pa`
fxShgd`T��gdclkAfxb©pygdª�gdRa|}P&paM^N(fTc1N(sozRaUV]^MO|}P�pagdf�caM^W¹zgd`xN³m�¨�f<ShN(Z#gd]^f
`xN�gd]^MOfxSTMOfx|}PaN(f
��g®�
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S}gd]�¨ofTg¤Shbd`TZ�bopaN�]O]1cuN�Sh`Tgd|}P�ShN�S[\JN(`TpQN(W��®gdWQWl¢
�
N(c1N(WÛpaN(WÛN��o_1N(`TM^Z*N�W�ShN(]^]ON�W�X[WtSTN(`xfTRa|}PtRaWaUdN(W&paN�f�ÚÛN�|}PygdWaM^fTZ³Raf
paN(`
maÒ�i��GieN�g¤�tSTMObVW�UVM^cQS
N(fnN(MOWQMOUVN�STPaN(bV`xN�STMOfT|}PQN
�
`Tc1N(M^STN(W�� ½d»Qk .   4 ¼ .  t¬®¡£¢�Ü�M^]vgd`xpabVWaM�N�S!gd]£¢A� ½d»Qk .   4 ¡yRQWtSTN(`xfTRa|}P�ShN�W	paN(W
i[N(gd��ShMObdWafhgdcQ]vgdRQ�epQN(`�maÒ�i g¤RQ�e�ngdWygdpaM^RaZ�b{�oM^p¥Z*M�S�pQN(Z 1�`TbdUV`hgdZ�Z�_ygd�dN�S³paN�ÚÛbVW � .  �»¤¡£k
\!N�]O|}PaN�f	gdRQ��paN�Z L�´ÙÎ!�G´ybV`TZ*gd]^MOZ³Raf�cygdfTM^N(`<S�k�RaW�ShN�`���N(`<\!N�WapaRaWaU±�dN(`Tfx|}PaMON�paN(WQN(`�LDMO|}P�ShN �
��RaWa��ShM^bVWygd]^Nd¢­��]^f�ÚÛb�paN(]^]�� zRQ`�paN�W³�DÃ q65T�G��g¤Shgd]^¨�fTg¤ShbV`¹c1N(WtRQSTs�ShN�WjfTMONJN(M^WaN(W³��Ã q

�
Â��<�GÒ!]ORaf<ShN(`�¢

LDN(`:N(`xfxSTN�m�|}Pa`TM�STSec1N(fxSTN(P�S
MOW	paN�`[�
pafTbd`T_QSTMObVW©�dbVW��
Â
Ä
gdW�N(M^WaN(`eÇ!`��VWaf<ShN(p��<m zgdRQ`TN��³Ö�q�Âºk
paMON:g¤Raf�N(MOWQN(`��ngdWyg¤pQ¨�]��<Ü�`TRQ_a_uNJ����q¶N�WtSTfxShgdWapaN�W�MOf<S�¢dLDMON�`xN(fTRQ]^ShM^N(`xN(WapaN[�
Â �� �Gmo_uN�s(M^N(f�`TN(g®�
UVMON�`xS�pygdWQW�Z�M^S�N�MOWaN�ZÌ�Dq
�<Ú�bV]ON�� zRQ]ug¤Raf�paN(`!ÜÀg¤fT_aPyg¤fTN[s(R�N(MOWQN(ZÍ�
M�Sh`xbVfhgdZ�MOWj�
Â
Ã}��q RaWap
s�\JN(M�qDc1N(`x� zgd|}PaN(W�� �³Ö�q�Âe�GÜ�`xRa_a_1N(Wl¢:L�g¤f©��Â[Ã �Dq3paN(fxbV`TcQMON(`<S	RaWap�s�N(`<� zgd]O]�S�M^W~paN(`	ÜÀgdfG�
_aPygdfxN	MOW±paM^N�maÒ�i��GieN�gd��ShM^bVWafx_a`Tb�paRa��ShN©�
ÃjRaWap�Â
Ã�q³¢���gd|}P�paN�W��
RQShbd`TN(W�N�`x��bV]^UdS³paM^N(fxN(`
ÞØN(`x�·g¤]O] zRac1N(`j� zRaWQ�ºÞu\eM^fT|}PaN�WafxSTRQ��N(W�RaWQpr��MON(` zX
c1N(`xU�gdWaUdfTs(RQfxS zg¤WapaNd¢!LDMON�P zbV|}Paf<ShN&Ç!gd`T`xMON(`xN
]OMON�UdSngdcaP zgdWaUVM^U��dbVZ �VN�`x\JN(WapQN�ShN�W�´ARQWa��ShMObdWygd]yc1N(M¹�V� 4 caMOfe�� V»À�o²ºZ�bV]�
 � k�\�gdfnfTbdZ*M�S�caMOfns(R
�{ÐVÐ��Q²ÀZ*bV] 
 � zRacuN�`!paN�W�N �Q_1N(`xMOZ�N(W�ShN�]O]Ac1N(fxSTMOZ�Z�ShN�W*�
��ShM^��M^N(`TRQWaUVfTN�WaN(`xUVMON�W�]^MON(U¤S�¢�Â[MON(`xWygd|}P
2yWapaN�S�paM^NJN�MOUVN�W�Sh]OM^|}PaNJmaÒ�i��GieN�gd��ShM^bVWÀWaMO|}P�S�gdRQ�apQN(Z ��g¤S}gd]�¨�fhg¤STbV`�fTbVWQpaN(`xW³MOWÀpaN(`�Ü�gdfT_aPagdfTN
fxS}g®STS�k1\�g¤fDs(RwpaN�W&N��o_uN�`TM^Z*N�WtSTN(]^]ON(W���`<�·gdPa`xRaWaUVN�Wr�Ó» 4 ¡�RaWapwgdWQpaN(`xN(W&ShPaN�bV`TN�ShM^fT|}PaN�W�mtShRapaM��
N(W¶� .  V ak .  t¬®¡JMOZ 7�MOpaN�`Tfx_a`TRa|}P�f<ShN(P�S(¢ 7�N�M^STN(`TPQMOW�c1N�ST`hgd|}P�STN�ShN�W~Ü�MO]Ogd`TpQbVWaM�N�S�gd]¾¢J�Ó½V»Qk .   4 ¡
WaMO|}P�S�pQMONDieN(b��oMOpag¤ShM^bVW*pQN(f:��g¤Shgd]^¨�fhg®ShbV`xf(k�fTb³pyg¤ª³PaMON�`J�¤N(M^W©� zRa`!N�MOWaN��Àg®S}gd]�¨ofxN
WQbdS°\!N�WapaM^UVN(`
UVN(fx|}Pa]ObVfxfTN�WaN(`
i[N(gd��ShM^bVWafTs�¨���]^Rafe�VbV`x]OMON�UdS�¢
��Waf<Sh`TbdZ N�S
gd]£¢¹� .  V ak .  t¬­¡�RaW�ShN�`TfTRQ|}PtSTN(W&paN�W�ieN�gd��STMObVWafxZ*N�|}PygdWaM^fTZ³RQf
g¤RQ�Ù�ng¤WygdpaM^RaZ*b��oMOp��
�Àg®S}gd]�¨ofTg¤Shbd`TN(WØ¢!L�gds�Rr� zRaPa`<ShN�W�fTMON�Ò!]ORaf<ShN�`<�GieN(|}PQW�RQWaUVN(W¶RaW�ShN�`���N(`<\!N�WapaRaWQU�pQN(f�²VgdUVRagd`
mobd�µS°\!gd`TN 1�`xbVUV`TgdZ*Z�_ygd�¤N�STf�� .  tÔ®¡ÙgdRQ��L�´�Î!�G�[M^�VN(gdR�paRQ`T|}Pl¢u��]Of�ÚÛb�paN(]^]�� zRa`�paM^N���g¤Shgd]^¨�fTg®�
ShbV`xbVcuN�`x� zg¤|}PaN�cuN�W�RoShs�STN(W�pQMON���RQSTbV`TN�WÛN�MOWaN�W�� ��q�� � Â �·Ãx�GÒ!]ORaf<ShN(`[gd]^fe��RafxfT|}PaWaM�STS�gdRaf:�DÃ�q65
Á£ÐVÐQ�{Å�¢ 7�MON³c1N(M�Ü�MO]Ogd`TpQbVWaM¹N�SÀgd]£¢��Ó½V»Qk .   4 ¡�\eMO`xpwgdRa|}PwPaM^N(`DpaM^N�ieN�gd��ShM^bVW�Z�M^S�paN(`��
pafTbV`x_o�
ShMObdW©�VbVW���Â[Ä�g¤W�N�MOWaN�`��³Ö�q�Âe�GÇJ`��VWaf<ShN�po�<m zg¤Ra`TN�RaW�ShN�`eÇ!MO]^paRaWaU³�dbVW���Â �� c1N(UVbdWaWaN(WØ¢yL�gdf
��pafxbV`Tcyg®S�\eMO`xpr�VbdW��Dq3gdRaf*paN(`	ÜÀgdfx_aPygdfxN�gdWQUVN(UV`xM^�uN(Wlk�\JbVcuN�M
N�MOWaN���Â[Ä ��ÂDq
�Gmo_uN�s(M^N(f
N(W�Shf<ShN(P�S(k�paMON©RQWtSTN(`��
caU�gdc1N©N(M^WaN(fjÂ:�°��STbVZ*f³gdW±N(M^WaN©c1N(Wygd|}Ptcyg¤`xShN	� �Àq
�GÜ�`xRa_a_1N©MOW±N�MOW
�
M^ST`TbVfTgdZ�MOW	RaZ�UVN�\!gdWapQN(]^S[\eMO`xpl¢1L�gdf[��Â[Ã �DqÆs(N�`x� zgd]^]^S zRac1N(`[Z�N(Pa`xN(`TN³Þu\eMOfx|}PaN(Waf<ShRQ��N�W&gdRQ�
paN(`
qDcuN�`x� zg¤|}PaNºM^W��[Ã
RQWap�Â[Ã�q³¢ALDN(`eUVN(fx|}P�\eMOWapaM^UV�dN�M^STfTc1N(fxSTMOZ�Z*N�WapaNºmo|}Pa`xM^SxS
M^fxS[MOW�paM^N(fxN(`
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i[N(gd��ShMObdWafx��bV]^UVN�paMONÛX
Zº\�gdWQpa]ORaWQU�paN�f©gdpafxbV`TcQMON(`<ShN�W~��Â[Ä ��Â�q MOWrpagdf©�
Â
Ã}��q�¢JÂ
M^N(`<� zRa`
cuN�`TN(|}PQWaN�STN(W	paM^N
�
RQShbV`xN(W*N(MOWQN���WaN�`TUVM^N(cygd`x`TM^N(`TNe�VbdW��{Ê��Q²�Z�bV] 
 � k�\!gdf . Ô�caMOfn V À�o²�Z*bV] 
 �

RaW�ShN(`�pQN(WwN��o_1N(`TM^Z*N�W�ShN(]^]�c1N(f<ShMOZ�Z�STN(W 7§N(`xSTN(W&� zRa`���Ã�q65$�¤Î:MµqDÃG�G��g¤S}g¤]^¨�fhg¤STbV`TN�W&]OM^N(UdS(¢1�
Wo�
fxSh`xbVZ N�SDgd]¾¢a��bd]OUVN�WÛZ�M^S[MOPQ`TN(Z STPaN(bd`TN�STMOfx|}PaN(W&ieN�g¤�tSTMObVWQfTZ�bopaN�]O]�paN�W�N��o_1N(`xMOZ�N(W�ShN�]O]ON�W�X[Wo�
ShN(`xfTRa|}PtRaWQUVN(W��dbVW�ÎÙbV_Qf��VNÀN�S[gd]£¢¹� Ôd½Qk<ÔdÊ¤¡£¢

�����!��� � "��!��� �����#������- ���#��� ��� � � ������� ��	 �
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LDMONn��Â[ÄT�°��pQfTbV`x_QShM^bVWºM^WºpQN(Wjmo|}PQ`TM^SxShN�W�Á ��� ÅT×ßÁ � Å k�Á�
AÅT×ßÁ �aÅ�koÁ � � ÅT×ßÁ � � Å�RaWap�Á ��� Åx×ßÁ ��� Å
N(`x��bd]OUVN�WÀbdPaWaNJÇ�gd`T`xMON�`TNdk�\�gdfKMOZ«��M^Wa�t]vgdWQU[Z�M^SlÎ�1nL
�°���Q_1N(`xMOZ�N(W�ShN�W�f<ShN(P�S�� ½¤ ak��� �ÊQk . �{Ðok . � 4 ¡£¢
´�zRa`�paM^N��
ÃT�°LDN(fxbV`T_QSTMObVW�MOZ i[N(gd��ShMObdWafTfx|}Pa`TM�STSÀÁ � �AÅx×ßÁ � �AÅJ�dbVWQWtSTN��dN(M^W zX
c1N(`TUVgdWaUVfxs(Raf<S}gdWap
UVN���RaWQpaN(W�\!N�`TpaN�Wl¢
LDMON	P¹zbV|}PQfxShN�W���WaN(`xUVMON�cygd`T`xMON�`TN(WYZ*M�S��V�{Ðw�o²§Z*bd] 
 � caMOf��� t¬&�o²�Z*bd] 
 � fTM^WaprZ�M^S*mo|}PQ`TM^S<�
ShN(W©�dN(`xcaRaWapaN�Wlkyc1N(M1paN(WaN�W�paMON[�DÃ�q��<�<m�_uN�s(MON�f�fxShgd`T��Z�bopaM 2ys(M^N(`<Sn\eM^`Tp ÁxÁ � ÅT×ßÁ � Å klÁ � ÅT×ßÁ�
AÅ k
Á
�aÅT×ßÁ �1Å kKÁ �$� ÅT×ßÁ � � Å�RaWap±Á � � ÅT×ßÁ � � ÅxÅ�¢AmoM^NºfxMOWapÛUV`{zbdªVN(`[gd]^f[pQMONºgdRaf
���o_1N(`xMOZ�N(W�ShN�W�c1N��
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`TN(|}PQWaN�STN(Wr�
��ShM^��M^N(`TRQWaUVfTN�WaN(`xUVMON�W�paN(`�maÒ�i��GieN�g¤�tSTMObVW�g¤RQ�e�DÃ�q65$�¤Î:Mvq�Ã³�dbVW� �»�caMOf�¬¤ w�Q²
Z*bV] 
 � ���{Ê�Ô®¡Ùcas�\�¢¹¬dÊ�caM^fD» 4 �Q²©Z�bV]�
 � ���­¬¤ÐQk��{¬o�(¡£¢Ø²dN�pab�|}P&]OMON�UVN(W�paMON 7�N�`xShN�WygdPaN³c1N(MÙpaN(W
����ShM��oM^N(`xRaWaUVfxN(WaN�`TUVM^N(W	�VbVW �V� 4 �o²�Z�bV] 
 � caMOf��( �»��Q²�Z�bV]�
 � kapaMONÀÜ�MO]Ogd`TpQbVWaM1N�S[gd]£¢¹� ½d»Qk .   4 ¡
gdRQ�ºÜ�`TRaWapQ]vgdUVN��VbdW�L�´�Î!�GieN(|}PQW�RQWaUVN(W�N�`TPygd]�ShN�W~Pygdc1N(Wl¢n��]^]ON�`TpaM^WaUVfjRaW�ShN�`TfTRQ|}PtSTN(W?paMON�fTN
��RQSTbV`TN�W~N(M^WaN(W~ÚÛN(|}Pyg¤WaMOfxZ³Raf zRac1N(`�gdW�qDc1N(`<� zgd|}PaN�Wo�GÇ!`��VWaf<ShN(p��<m zgdRQ`TN(W�g¤RQ�D�DÃ�q65�gdpafTbd`<�
caMON�`xShN�f[��Â
Ä(¢
��M^W&Ü�`TRaWQp�� zRa`�pQMON�M^Z ��N(`xUV]ON�MO|}P�s�RaZ#���o_1N(`xMOZ�N(W�SDs�R&PabVPaN�W&����ShM��oM^N(`xRaWaUVfxN(WaN�`TUVM^N(W�]^MON(U¤S
WaN(c1N(WwZ�N�ShPQbopaM^fT|}PaN�W � zgdPaN�`TRaWQUVN(Ww�VN�`TZ³RQST]OM^|}P&pygd`TM^Wlk1pygdª�RaW�ShN�`�N��o_uN�`TM^Z*N�WtSTN(]^]ON(WwÇJN(paM^Wo�
UVRaWaUVN�W zX[cuN�`TU�gdWQUVfTs�RafxS zgdWapaN¥s¤¢ Ç
¢ zRac1N(` 7�gdfTfxN(`Tf<Shbd�uca` zRa|}�dN�W�cQMOWapaRQWaUVN(W s(R«gdpafTbd`TcaM^N(`xSTN(W
bopaN�`�MOW�paN�`�Ü�gdfx_aPygdfxNnc1N 2aWapa]OM^|}PaN(Wº��Â[ÄT�1RaWapºÂ
Ã�q
�<Ú�bV]ON�� zRQ]ON(W�f<S}gdcaM^]OM^fTMON�`xSu\!N�`TpaN�W�� zbVWaWaN�Wl¢
Ú�gdW³c1N(bVcagd|}P�ShN�S�fTbV]^|}PaNem�ShgdcaM^]OMOfxMON�`TRaWaUdfTN��uN(��STNnP zgdR 2yUDc1N(MoieN�gd��ShM^bVWaN�W�MOWº_ubd]vgd`xN(W³¸ zbVfxN(Z�M^S<�
ShN(]^W§�Ó tÔ­¡¾¢
ÚÛM^SDmo¯G��L�q³�³cQs�\�¢¹Ú�m�¯G��L�q cuN�`TN�|}PaWaN�STN�����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^N(W&fxMOWap�M^Z7gd]O]^UVN(Z�N(M^WaN(W�s(R
UV`TbVªQ¢yLDMON�f:]OMON�UdSegdW�paN�`[��N�Pa]ON�WapaN�W���bV`x`TN(]Og¤ShM^bVWlk�pyg*Ú�mo¯G��L�q6gdRQ�ÙpaN(W�Ü�`xRaWapas�RafxShgdWap�_ag®�
`hgdZ�N�ST`TMOfxMON�`xS�MOf<S�¢Ù²dRaUÛN�S�gd]¾¢J� .  �Ê¤¡�c1N(`xN(|}PaWaN�ShN�W�Z�M^Sºm�¯G��L�q³�*� zRa`ÀpaM^N�ieN�gd��STMObVW �VbVW���Â
Ä
Z*M�S
Ò�Â
Ä�Ò!]Ks(R&Â[Ä �DÒ�Â
Ä � RaWapwÒ!] 
 N�MOWaNÀ����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^Ndk1paMONÀRaZ N�S°\!g©½VÐ��o²�Z*bV] 
 �

P zbVPaN�`�]OM^N(UdSÛgd]^fÛpQMON§i[N(gd��ShMObdWafTcyg¤`T`TM^N(`xN(W«g¤Raf�gdc MOWaM�ShMOb®�GieN(|}PaWtRaWaUdN(W¶RaWap ÚÛbdWtSTN��GÒ�gd`T]^b¤�
moMOZ³RQ]vg¤STMObVWaN�Wl¢l´
zRa`ºpQMON�ÜÀgdfx_aPygdfxN(Wo�°i[N(gd��ShM^bVW¥�
Â
Ä�Õ q�Â Öu× ��Â[ÃjÕ¿Â
Ã�q¿c1N�ST`{zgdU¤S�paM^N
Z*M�S³Ú�mo¯G��L�q¿c1N(`xN(|}PaWaN�ShN�Ç�g¤`T`TM^N(`xN�½ . �o²�Z*bV] 
 � ¢¹��RQf����Q_1N(`xMOZ�N(W�ShN�W¥RaWap¥i[N�|}PaWtRaWaUVN�W
gdRQ�nÚ!1 . �°�
M��VN�g¤R�Z*M�SeN(M^WaN(Z7»®� 4 �­Õ�Õ�Ü����°�GÇ�gdfxMOfxfhg¤STsºN�`TUVM^cQS�fxMO|}P�N�MOWaNÀ����STM^��MON�`TRaWaUdfTN(WQN(`TUdMON
�VbVW©N�S°\�g©��Ðº�o²³Z*bV] 
 � � . ¬dÐ®¡¾¢�LDRa`x|}P	Ç!N(` zRa|}�tfTM^|}PtSTMOUVRQWaU��VbVW©P zbVPaN(`xN(W�ÚÛRQ]^ShM^_ubd]^ShN�`TZ�N(Wlk¤\eMON
fTMON	M^WYpQN(`�� N�UV]ON�|�S�bd��L Mvg¤STbVZ�MO|©L M��ØN�`TN�WtSTMvgd]:q �dN(`x]vgd_o�GÚÛN�STPab�paN�gdRQ�µSh`xN�STN(Wlk��¤bVWaW�ShNÛpaMON�fTN
i[N(gd��ShMObdWafTcyg¤`T`TM^N(`xN�gdRQ�Ù t¬³�Q²jZ*bd]�
 � UVN�fTN(WQ�tS[\JN(`TpQN(W�� . ¬o�(¡£¢
X
W�ShN�`eÇ!N(` zRa|}�tfTMO|}P�STMOUVRaWQUj�dbVW���bV`T`xN(]vg®ShMObdW�RaWap�paN�W���L�L�q
�<ÚÛRQ]^ShM^_ubd]^ShN�`TZ�N(W�\ zgd`xN(W�paMON�MOW
paMON�fTN(`��
`Tc1N(M^Snc1N(`xN(|}PaWaN�ShN�W©P zbV|}Paf<ShN�W©����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^N(W*MOZÌÇ!N�`TN�MO|}P�paN(`nN��o_1N(`TM^Z*N�W�ShN(]��
]ON(W(7§N(`<ShNd¢
¯°W�pQN(W���cacQMO]OpQRaWaUVN�W	 a��caMOf!  4 fTM^Wap	paMON�bV_QShM^Z*M^N(`<ShN(W	m�Sh`xRa��ShRa`xN(W�paN(` zX[cuN�`TU�g¤WaUVfTs�RafxS zgdWapaN
gdWygd]^bVU�paN(WQN(W�paN(`
Þu\eMOfx|}PaN(WQfxShRo��N(W�pyg¤`TUVN�fxShN�]O]�SÀÁ·�
cacaMO]^paRaWaUdN(W 4 »jcaMOf: �ÐVÅ�¢
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Î�gdc1N(]^]ON³�d� �yieN�gd��ShM^bVWafxcygd`T`xMON�`TN(W�
�� � � ���&� ��� �
� ��� � ��� ���
���
	 M^W��o²jZ*bV] 
 � paN(` zX[cuN�`TU�gdWQUVfTs�RafxS{zgdWapaN

�) �«�^Á ��� ��� ÅT×ßÁ ��� ��� ��� ÅG¡

�) � Ú � 
 � � � � �&� � � � � � � � ��� � �
��� 	

�) � Ú � 
 � � � � �&� � � � � � � � ��� ���
��� 	

�^Á ��� � ÅT×ßÁ � Å°¡ � Ö �^Á � � Åx×ßÁ � � ÅG¡ � �V�� 
�^Á � ÅT×ßÁ � Å°¡ � �V�­¬ �^Á � � Åx×ßÁ ��� ÅG¡ � Ö
�^Á � ÅT×ßÁ � Å°¡ � � .V. �^Á ��� Åx×ßÁ � 
AÅG¡ � �{Ð .

�^Á � ÅT×ßÁ � Å°¡ . ÊV» �^Á � 
1Åx×ßÁ � �aÅG¡ . �{ÐVÐ
�^Á � ÅT×ßÁ � Å°¡ . � 4 ½ �^Á � �yÅx×ßÁ � �AÅG¡ . ¬dÊ
�^Á � ÅT×ßÁ�
AÅ°¡ . �V�{½ �^Á � �1Åx×ßÁ � �AÅG¡ . Ö
�^Á 
AÅT×ßÁ
�aÅ°¡ . Ö �^Á � �1Åx×ßÁ ��� ÅG¡ . � . ¬
�^Á �aÅT×ßÁ��AÅ°¡ . � . � �^Á ��� Åx×ßÁ ��� ÅG¡ . Ö
�^Á �AÅT×ßÁ��AÅ°¡ . Ê�Ô �^Á ��� Åx×ßÁ �$� ÅG¡ . Ê 4

��Á��AÅx×ßÁ ��� ÅG¡ 4 �{ÐV» �^Á �$� Åx×ßÁ ��� ÅG¡ � ÊV»
��Á ��� ÅT×ßÁ �$� ÅG¡ 4 �� �Ð �^Á ��� Åx×ßÁ � � ÅG¡ � » .

��Á �$� ÅT×ßÁ ��� ÅG¡ 4 ��  . ��Á � � ÅT×ßÁ ��� � ÅG¡ � �� t¬
��Á ��� ÅT×ßÁ � � ÅG¡ � Ê�Ô

�����
	  �
������ �
� � ��
������ ����� 	 ��������
 ��� ���������&%&
���
 � ����� 	 � 

$�
�� �
$�� ���!
#"�$


LDMON
Þu\eMOfx|}PaN(Waf<ShRQ��N�W§Á � Å�cQMOf�Á�
AÅ�RQWap Á
�aÅ�caMOf�Á ��� Å�RQWtSTN(`xfT|}PaN�MOpaN�W�fxMO|}P©WtRa`JpaRa`x|}P	N(MOW*`TN�paRo�
s(MON�`xSTN(fe�³Ö�q�Â:�<ÞØN�WtST`TRaZ M^W¥Á �yÅ:caM^f�Á ��� Å kApygdf
gdW�paN�`DieN�gd��STMObVW�MOW�paMON�fTN�W&mo|}Pa`xM^SxShN(W�WaMO|}P�S
cuN�ShN(M^]OM^UdS�M^fxS�Á�fTM^N(PaN��
cacaMO]^paRaWaU 4  tÅ�¢ØLDMONjq�Â:�<Ü�`TRa_a_1N³paN�f�RaWtcuN�ShN(M^]OM^UdShN�W��
�GÞØN(W�Sh`xRaZ*f�Pyg¤S
pygdPaN�`!�dN�MOWaN�W©\!N�fTN�WtST]OM^|}PaN(W���MOWQ�aRaª³gdRo�¹paMON[bV_QSTMOZ�MON(`<ShN
m�ST`TRa��ShRQ`�paN(` zX
c1N(`xU�gdWaUVfxs(Raf<S zgdWQpaNd¢
L�gdPaN(`ÙfTM^Wap��^Á � ÅT×ßÁ � Å°¡acaM^f:��Á � ÅT×ßÁ 
1Å°¡af<ShN(]^]^�dN(`xST`TN�ShN(WQp³� zRa`�gd]^]ON zX
c1N(`TUVgdWaUVfxs(Raf<S zgdWapQN[cQMOf�Þu\eM��
fT|}PaN�WafxSTRQ��N	Á � � Å!pyg¤`TUVN�fxShN�]O]�S�¢
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[(1)−>(2)]

[(5)−>(6)]

[(4)−>(5)]

[(3)−>(4)]

[(2)−>(3)]

a) b)

a) b)

a) b)

a) b)

a) b)

2.002

2.3512.079
1.789

1.105

1.661 2.086

2.178

0.974

1.114

1.802
2.107

1.608

0.994
1.418

1.344

1.810

1.596 1.809

1.021
1.014

1.011

2.046

1.692

2.472

2.386

2.270 2.122

��cacaM^]OpaRQWaU� a� �AqD_QSTMOZ�MON�`xShN!m�ST`TRa��ShRQ`TN(WjpaN�` zX
c1N(`xU�gdWaUdfTs(RQfxS zg¤WapaNÀ��Á � ÅT×ßÁ � Å°¡QcQMOf:��Á � Åx×ßÁ�
AÅG¡ �

¸ zgdWQUVN(W�MOW �� � gVÅ!��RQ��fxMO|}P�S�kycAÅemoN�M^STN(WygdWQfTMO|}P�S
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[(12)−>(13)]

[(13)−>(14)]

[(15)−>(16)]

[(16)−>(17)]

[(17)−>(18)]

a)

a)

a)

a)

a)

b)

b)

b)

b)

b)

0.985

1.737

1.656

1.426

1.835
1.889

2.213

1.761

1.942 1.758
1.599

0.991
1.426

2.186

1.413

1.755

1.024

2.210

2.387

2.052

1.412

1.384

1.271 2.028

1.597
1.254

1.120

1.735

2.101

1.544 0.968

��cacaM^]OpaRQWaU�  . �AqD_QSTMOZ�MON�`xShN�m�Sh`xRa��ShRa`xN(W�pQN(` zX
c1N(`xU�gdWaUVfxs(Raf<S zgdWQpaN©��Á ��� ÅT×ßÁ � � Å°¡
cQMOfº�^Á � �yÅx×ßÁ � �AÅG¡ � ¸ zgdWaUVN�WÛM^W �� � g�Å��
RQ��fTM^|}PtS(kycAÅemoN(M�ShN�WygdWafxMO|}P�S
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[(24)−>(RP)]

[(23)−>(24)]

[(22)−>(23)]

[(21)−>(22)]

[(19)−>(20)]
a) b)

a) b)

a) b)

a) b)

a) b)

1.768

0.973

1.990

1.733

2.191
2.241

2.298

1.874
1.845

2.050

1.241 1.353

1.394

1.317

2.050

1.601

1.800

1.121

1.987
1.610

1.795

0.980

3.411

2.341
1.761

2.463

1.894

1.102

��cacaM^]OpaRQWaU�  4 �AqD_QSTMOZ�MON�`xShN�m�Sh`xRa��ShRa`xN(W�pQN(` zX
c1N(`xU�gdWaUVfxs(Raf<S zgdWQpaN©��Á � �AÅT×ßÁ ��� Å°¡
cQMOfº�^Á � � Åx×ßÁ ��� ÅG¡ � ¸ zgdWQUVN(W�MOW �� � gVÅ!��RQ��fxMO|}P�S�kycAÅemoN�M^STN(WygdWQfTMO|}P�S
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LDN(`³M^W¥paMON�fTN�`���`Tc1N(M�S�c1N�Sh`Tgd|}P�ShN�ShN�ieN�gd��ShM^bVWafxZ*N�|}PygdWaM^fTZ³Raf�M^fxS�WtRa`�N�MOWaN	Ú zbVUV]^MO|}Pa�¤N(M^Sº� zRa`
paN(W�S}g¤STf{zgd|}PQ]OMO|}PQN(WÛi[N(gd��ShMObdWafhgdcQ]vgdRQ�KpaN�`
maÒ�iÀ¢A��`:\eRa`xpaNºRQWtSTN(`[Ç!N�`dzRa|}�tfTM^|}P�ShMOUdRaWaU�pQN(`[��`<�
UVN(caWQMOfTfxN�gdRaf³N �o_uN�`TMOZ�N(W�STN(]O]^N(W±X[W�ShN(`xfTRa|}PtRaWQUVN(W~RQWap±paN(W�M^W±��cafx|}PaWaM^SxS�¬o¢  a¢��	UVN(Wyg¤WaW�ShN(W
��`xM^STN(`TM^N(W�� zRa`nN(M^WaN(W*`TN�g¤]OMOf<ShM^fT|}PaN�W©ieN�gd��ShM^bVWaf<\!N�U�gdRQ��UVN�fxSTN(]O]�S�¢d��bdW�paN�W .  ºi[N(gd��ShMObdWafTfx|}Pa`TM�Sx�
ShN(W�� zbVWaWaN�W�fxMO|}PaN�`T]OM^|}PÛN�MOWaM^UVN�Wab�|}P�Z�bopQM;2ys�MON(`<S�\JN(`TpQN(Wl¢umob�MOf<S
N�f
c1N(M^fT_aM^N(]^fx\JN(MOfxN�paN(Wa�tcyg¤`(k
pygdª�M^Z mo|}Pa`TM�STSÀ�VbVW�Þu\eM^fT|}PaN�WafxSTRQ��N Á � �AÅÀWagd|}P�Á ��� ÅÀpQMON	q�Â:�<Ü�`TRa_a_1N�RaWap±pygdfÀ�ngdWygdpo¨o]��
mQgdRaN�`TfxSTbd�Øg¤ShbVZ?RaZ N�MOWaN��
|}PafTNnfTN�Wa�t`TN�|}PtS�s(Ra`�Î:MvqDÃx�<qDc1N(`x� zgd|}PaN�`TbdSTMON�`TN(W�RQWapºfxb zRacuN�`�N(M^WaN(W
¦�Ragdpa`hg®ShMOfx|}P�_a]OgdWygd`xN(W zX[cuN�`TU�g¤WaUVfTs�RafxShgdWap&M^Pa`TN�W 1ÙbVfxM^STMObVWaN�WÛShgdRafT|}PQN(Wl¢l�
]O]^N(`TpQMOWaUVfe�¤bVWaW�ShN
Z*M�S�Ú�m�¯G��L�qÌN(MOW�fTbV]^|}PaN(` zX[cuN�`TU�g¤WaUVfTs�RafxShgdWapwWaM^|}PtSDUVN���RaWQpaN(W&\JN(`TpQN(Wl¢¹��MOWQNº\JN(M^STN(`xN³�ng®�
`TMvg¤WtSTN�caMON�ShN�S�paM^N���pafxbV`T_oShMObdW§paN�f��
Â
ÄT�GÚÛbV]ON�� zRa]Of�MOWwpaN�W±Þu\eM^fT|}PaN�WafxSTRQ��N(W�Á ��� ÅDRaWQp�Á ��� Å
gdZ Z�bopQM;2ys�MON(`<ShN�W��
�<ÞØN�W�Sh`TRQZ fxShg¤STSÀgdWwpaN�`��
q �h�Gmo_1N(s(M^N(f�Á���cacaM^]OpaRQWaUVN(W 4 ¬�k 4 ½	RaWap  �Ð�Å ¢
LDMONeieN(b��oMOpyg¤STMObVW�paN�f���g¤S}g¤]^¨�fhg¤STbV`Tf�� zbVWaW�STNDgdRa|}P*paRa`x|}P©N(M^W	q
�°��STbVZ paN�`�qDc1N(`x� zgd|}PaN�RQWtSTN(`
Ç!MO]^paRaWaU	N�MOWaN�fºLDN���N(��ShN�fºN�`x��bV]^UVN(WØkØ\!N�]O|}PaN�`�pygdWaW paRa`x|}P±qDÃ�g¤Raf�paN(`ºÜ�gdfT_aPagdfTN�gdRafxUVN(PQN(MO]�S
\eMO`Tp¥� . ¬o�(¡£¢u¯°W�pQMON(fxN(W&g¤]^ShN�`TWyg®ShM^�dN(W&ieN�g¤�tSTMObVWQfx\JN(UVN�W�\ zRa`TpaN�W&fTM^|}P�fTM^|}PaN(`DpQMONºi[N�]vg¤STM^�VN�WaN(`G�
UVMON�W±N(MOWQs(N(]^WaN(`�Þu\eMOfT|}PQN(Waf<ShRQ��N�WYRaWQp��
��ShM^��M^N(`TRQWaUVfTcagd`T`xMON(`xN(W zgdWapQN(`TWØ¢�LDN(`³Ud`TRaWapQf zg¤STs(]OM^|}PaN
i[N(gd��ShMObdWafx�dN(`T]OgdRQ�Ùca]OM^N(c1N�pyg��VbVWÛgdc1N(`eRaWtc1N(` zRQPa`xS(¢
7�MO|}P�ShM^U�c1N(M�pQN(Z3PaM^N(`�cuN�`TN�|}PaWaN�STN(W�Ú�N(|}PygdWQMOfTZ�Rafº\!gd`�paMON z�
WapaN(`xRaWaUÛpaN(`À��WaN(`xUVMON�c1N(MOZ
i[N(gd��ShMObdWafx�dN(`T]OgdRQ�G¢�L�g¤cuN�M:�¤g¤Z5N(f�pygd`TgdRQ��gdWlk�pyg¤ª fxb{\!bVPQ][pQMON�i[N�]vg¤STM^�dN(WaN�`TUVM^N(W±paN�`�Þu\eM��
fT|}PaN�WafxSTRQ��N(W�gd]^fÀgdRa|}P�pQMON�i[N(gd��ShM^bVWafTcagd`T`xMON(`xN(W paN(` zX
c1N(`xU�gdWaUdfTs(RQfxS­zg¤WapaN�M^W 9 N�paN(Z m�|}Pa`TM�STS
MOZ�Z*N�`[RQWtSTN(`
paN(`�Ü�N(fTgdZ�STN(WaN�`TUVM^N�paN�`���RQfTU�gdWQUVfxSTbd�ØN�RaWap�paN�f�Ò!]ORQfxShN�`TfD]^MON�UVN(Wl¢1LDM^N���WaN�`<�
UVMON[gd]^f�´ARQWa��ShMObdW*paN�f�ieN�gd��STMObVWaf<\!N�UVN(fJMOf<SJM^W*�
cacaM^]OpaRaWQUº V Àpygd`xUVN(f<ShN�]O]^S(¢tLDMON z�
WapaN(`xRaWaU³pQN(`
Ü�N�fhgdZ�STN(WaN�`TUVM^N�� 
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usgangsstoffen

(2)−>(3)
(4)−>(5)

(7)−>(8) (9)−>(10)

(11)−>(12)

(13)−>(14)

(19)−>(20) (22)−>(23)

(24)−>(RP)

(2)
(4)

(6)

(8)
(10)

(12)

(14)

(16)

(18)
(20) (22)

(24)

(16)−>(17)

(AS)

(RP)

(1)

(1)−>(2)

(3)

(3)−>(4)

(5)

(5)−>(6)

(7)

(8)−>(9)

(9)

(10)−>(11)

(11)

(12)−>(13)

(13) (15)

(15)−>(16)

(17)

(17)−>(18)

(19)

(21)

(21)−>(22)

(23)

(23)−>(24)

��cacaM^]OpaRQWaU� V 
�yieN(]Og¤ShM��VN�WaN(`xUVMON�W¥

paN(`Þu\eMOfT|}PQN(Waf<ShRQ��N�W
RaWQp

zX
c1N(`TUVgdWaUVfxs(Raf<Sz gdWapQN
c1N(sz RaUV]^MO|}P

pQN(`[��WaN(`xUVMON�paN�`�
RafTUVgdWaUVfxfxShb¤�ØNMOW�
�o²�Z�bV]�
 �c1N(M^Z

ieN�gd��STMObVWaf<�VN�`T]vg¤RQ�
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¯°W�paM^N(fTN�`J�
`Tc1N(M�SJ\eRa`xpaN�pQN(`Ji[N(gd��ShMObdWafTZ�N(|}Pyg¤WaMOfxZ³RafnpaN(`JfTN(]^N(��ShM��VN�W©�®g¤S}gd]�¨tShMOfx|}PaN(W�i[N�paRa�V�
ShMObdW��dbVW��Dq Z�M^S*�
Â
Ä	gdRo�D�DÃ�q65$�¤Î:MvqDÃx�G��g¤Shgd]^¨�fhg®ShbV`xN(W�Z*M�Sj¦�RagdW�ShN(WQ|}PaN(Z�MOfx|}PaN(W?i[N�|}Po�
W�RQWaUVN(W�gdW	ÚÛbopQN(]O]^fx¨�fxSTN(Z�N(W	RaW�STN(`TfxRa|}P�S�¢1´ zRa`!paMON�i[N�|}PaWtRaWaUVN�W�\eRa`xpaN�paM^N�fTN�Z*M^N(Z�_aMO`xMOfx|}PaN
ÚÛN�STPabopQN�Ú�mo¯G��L�qÈ�dN(`<\!N�WapaN�S(¢�LDN�`�N(Z�_aMO`xMOfT|}PQNj��bd`T`TN���ShRa`<ShN(`xZ�������\eRa`xpaN*Z�b�paM;2ys�MON�`xS�k
RaZ3paMON*´yN(f<Sh� zbV`T_1N(`G��RaWQp±qDcuN�`x� zg¤|}PaN(WaN�MOUVN�WafT|}Pag¤�µShN�W�pQN(`�UdN�Sh`xN(WaW�STN(W�m�¨�f<ShN(Z�N���Ã q65³RaWap
Î:MµqDÃ&Á���Wyg¤Shgdf}ÅjUVN(UdN(W�zRac1N(`*��`dzRaPaN�`TN�W���`Tc1N(M�ShN�Wr�VN�`Tc1N(fTfxN(`<S�cuN�fT|}Pa`xN(MOc1N(W�s�R��uzbVWaWaN�Wl¢�X[Z
paMON�ÚÛN�STPab�paN�s�RÛShN�fxSTN(Wlk1\eRa`TpaN�W&Ç!M^WapaRaWaUdfTN(WQN(`TUdMON(WØklÜ�]ON�MO|}PaUVN�\eMO|}P�ShfxUVN(bdZ*N�Sh`TM^N(WÛRaWap��
po�
fTbV`x_QShM^bVWafTN�WaN(`xUVMON�WwcuN�`TN(|}PQWaN�SÀRaWapwZ�M^SD��`xUVN(cQWaMOfxfTN(W N��o_1N(`xMOZ�N(W�ShN�]O]ON�`�X
W�STN(`TfxRa|}PtRaWaUVN�W±gdW
�DÃ q65{kaÎ:Mvq�Ã�Á·�
Wyg¤Shgdf}Å!RaWQp���Ã�q�5#�¤Î:MµqDÃ:�VN�`TUV]^MO|}PaN�Wl¢
LDMON[moM^Z³Ra]vg®ShMObdW�paN�`!´yN(f<Sh�uzbV`x_uN�`nN�`x��bV]^UdShN:Z�M^S�Ò!]ORaf<ShN(`xZ*b�paN�]O]ON�WjMOW�´yN(fxST�uzbV`T_1N(`xfxSh`xRa��ShRa`�¢�´�zRa`
�DÃ q65�RaWap±�
Wyg¤Shgdfº\eRa`xpaN(W�Ç!M^WapaRaWQUVfTN�WaN(`xUVMON�W¥RaWap�Ü�N(bVZ�N�ST`TM^N(W§� zRQ`�N(M^WaN	ieN(M^PaN*�dbVW±fx¨��
fxShN�Z�g®ShMOfx|}P��VN�`TUV` zbVªVN�`xShN�WYÒ!]ORaf<ShN(`xW±cuN�`TN�|}PaWaN�S(¢�LDRa`T|}P±pQMON	Ú�bopaM 2ys(M^N(`xRaWaU�paN�f��������°ÎKN(`TZ�f
�dbVWaW�STN(W�PQMON(`xcuN�M�paM^NjgdRQ�JpaN(W§´yN(fxST� zbV`T_1N(`�N �oST`hgd_1bV]^MON(`<ShN�W§ÇJMOWapaRQWaUVfTN�WaN(`xUVMON�W§RQWap§Ü�N�bVZ*N �
Sh`TM^N(W�paN�fe�ng¤WygdpaM^RaZ*b��oMOpQf:RaWap�paN(fe��Wag¤S}gdfepaN�RQSh]^MO|}P	�VN�`Tc1N(fxfTN(`<S�\JN(`xpaN(Wl¢
��W�STfT|}PaN�MOpaN�Wap�� zRQ`�PaN�STN(`xbVUVN(WQN��¤g®S}gd]�¨�STMOfx|}PaN�ieN�gd��ShM^bVWaN�W©MOf<S:pygdf��
pafTbd`T_QSTMObVWaf<�VN�`TPygd]�ShN�W�pQN(`
i[N(gd��S}gdWapQN(W�gdRQ�ApaN�`���g¤S}g¤]^¨�fhg¤STbV`TbdcuN�`x� zgd|}PQNd¢VL�g¤PaN(`K\eRa`TpaN:s�RaW zgd|}PQfxSnpaMONJ��pafxbV`T_oShMObdW�N(MOWQN(f
N(MOWQs(N(]^WaN(W 7�gdfxfTN(`xfxSTbd�lg®ShbVZ�f�RaWap&N�MOWas�N(]OWQN(`�gdW&pQN(`ÀmaÒ�i��GieN�gd��STMObVW�c1N�STN(M^]OMOU¤ShN(W�ÚÛbV]^N(� zRa]ON¤k
�Dq³k���Â[Ä�RaWQp�Â[Ã q³k¹gdRQ��Ò!]ORaf<ShN(`xW�RaW�STN(`TfxRa|}P�S�kKpaMON�pQMON�paN���N(��ST��`xN(MON�Á£ÐdÐQ�­Å°�GqDcuN�`x� zgd|}PQN�paN(f
�DÃ q65�fTMOZ�Ra]OM^N(`TN�Wl¢�L�g¤cuN�MDfxSTN(]O]�ShN�fxMO|}P¶PaN(`TgdRaf�k:pygdª�paMONwi[gdWapag¤ShbVZ�N&paN�`�Ò!]^RafxSTN(`©��bV`xZ�g¤]
fxS zbd|}PaMObVZ�N�ST`TM^fT|}P&Z�M^S�7�gdfxfTN(`ÀgdcQUVN(f zg¤STSTMOUdSD\JN(`xpaN(W§Z³RaªdSTN(WlkØRaZ f<S zbV`xN(WapaN���MOWo� zRafTfxNjpaRa`T|}P
��N(Pa]^N(WapaN 1KN(`TM^bopQMOs(M�S zg¤S!MOW�paN�W�ÚÛb�paN�]O]ON�W�s(R�Z*M^WaMOZ�MON�`TN(WØ¢
LDMONwcuN�`TN�|}PaWaN�STN(W ��pafxbV`T_oShMObdWafTN�WaN(`xUVMON�W«P zgdWaUdN(W«f<S}gd`x���dbVWßpaN�`���WQs�gdPa]ÀpaN�`�`TN�]vg®�oMON�`xSTN(W
q�c1N(`<� zgd|}PaN�Wyg¤STbVZ*Neg¤cl¢V´ zRQ`�paMON 7¥gdfxfTN�`TfxSTbd�Øg¤ShbVZ*gdpafxbV`T_oShMObdW³�dbVWQWtSTNeMOW�paN�`�P zbV|}Paf<ShN(W*ieN(]vg­�
�ag®ShMObdWafTf<ShRQ��N�N�MOWaN!fTN(Z�MO¦tRyg¤WtSTM^Shg¤ShM��VN zX
c1N(`TN�MOWaf<ShM^Z*Z³RQWaU�Z�M^SÙ_uN�`TM^bopaM^fT|}PaN�WjL�´�Î!�GieN(|}PQW�RQWaU¤�
N(WrN�`Ts�MON(]�Sj\!N�`TpaN�Wl¢�LDM^N(fTN�f©ieN(]Og®�Qg¤ShM^bVWafT�¤bVWas�N(_QS�\eRa`TpQN�gdRa|}PrcuN�M[pQN(`©X[W�ShN(`xfTRa|}PtRaWQU�pQN(`
moRacaZ�bVWabV]OgdUVN�WygdpafxbV`T_QSTMObVW��dbVW	�Dq³k���Â[Ä�RaWap�Â
Ã�q«gdWQUVN�\!gdWapQS(¢o¯°ZÍ´Agd]^]ypaN(f!��Â[Ä�RaWap*paN(f
Â
Ã q N(`xU�gdc1N(W&paM^N³ieN(|}PaWtRaWQUVN(Ww��pQfTbV`x_QShM^bVWafTN�WaN(`xUVMON�WlkØpQMON�UdRQSDZ�M^S
ieN(fTRQ]^S}g®ShN(Wwg¤Raf�Î�1�L
�
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���o_1N(`xMOZ�N(W�ShN�WÛM^Z ��MOWa�t]OgdWaU�fxSTN(PaN�Wl¢
��RQ��cyg¤RaN(Wap©gdRQ��paN�W	��`T�¤N(WaW�ShWQMOfTfxN(WÛgdRafnpaN(W���pafxbV`T_QSTMObVWQfTRaW�ShN�`TfxRa|}PtRaWaUVN�W�gdZÌ��Ã q65�Á£ÐVÐo�­Å
\eRa`TpaN�paM^N�m�RacaZ�bVWabV]OgdUVN(WagdpafTbd`T_QSTMObVW&�VbdW¥�Dq³kK��Â[Ä�RaWQp¥Â
Ã}q gdRQ�eÒ!]^RafxSTN(`xZ*b�paN(]^]ON�W pQN(`
paN���N��tSx��`TN�MON(W±Á<�{ÐVÐVÅ°�<qDc1N(`<� zgd|}PaNºpaN(fD�
Wyg¤Shgdf�c1N�ST`hgd|}P�ShN�S�¢ØLDMON(fxN³m�_ygd]^Sx� zgd|}PaNºcaMON�ShN�SDN(M^WaNÀUVRQS
UVN(N�MOUVWaN�ShN	X[W�ShN(`x]vgdUdN©� zRa`³paM^N��ngdWygdpQMORaZ�b��QM^pafT_1N(s�MON�f³paN(`³��Ã q65��¤Î:MµqDÃG�G��g¤S}g¤]^¨�fhg¤STbV`TN�W±RaWap
\eMO`Tp±M^W±��Wyg®S}gdfx_aRa]^�dN(`xWlk�paM^N	s(Ra` 1�` zg¤_ygd`hg®ShMObdW¥paN(`j��g¤Shgd]^¨�fTg¤ShbV`xfx¨�fxSTN(Z�N	paMON�WaN(WØk�Wygd|}PaUdN��
\eMON(fxN(Wl¢�¯°ZÈÜ�N(UVN�Wafhg¤STs�s�RaZ �DÃ�q65!�¤bVWaW�ShN�cuN�MOZ �
Wyg¤S}g¤fJc1N(`xN(M^STfJZ�M^S��t]^N(MOWQN(W	Ò!]^RafxSTN(`xW©RaWap
N(MOWQN(`[i[N�]vg®�Qg¤STMObVW�paN�`
�
pafTbd`T_QSTMObVWafxfxSTN(]O]^N�RaWap�M^Pa`TN�`:W zgd|}Paf<ShN�Ww��gd|}Ptcygd`xW�N�MOWaN�\!N�M^STUVN(PaN�WapaN
��bdWt�dN(`xUVN(Was�paN�`À�
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(W N(`x`TN(M^|}P�Sº\JN(`xpaN(Wl¢K´ zRQ`��Dq RaWQp��
Â
ÄÀfxShM^Z*Z�N(WwpaM^N
cuN�`TN(|}PQWaN�STN(W��
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(WwUVRQSDZ*M�SDpaN�WaN(W§gdRaf�N �Q_1N(`xMOZ�N(W�ShN�]O]^N(WwX
W�STN(`TfxRa|}PtRaWaUVN�W
zRacuN�`TN�MOWl¢�LDMON�m�ST`TRa��STRa`TN�W�RQWap���WQN(`TUdMON(W�paN�`jÂ
Ã�q
�°�
pafTbd`T_QSTMObVW�\eRQ`TpaN�WYZ�M^S³��`xUVN(cQWaMOfxfTN(W
gdRaf[_uN�`TMOb�paM^fT|}PaN�Wlk1Ò!]ORaf<ShN�`<�JRaWap�Ò 1JÚÛL
�GieN(|}PaWtRaWaUdN(WwgdW���Wyg®S}gdf�Á<�{Ðo�­Å!RaWap¥Á£ÐVÐQ�{Å��dN(`xUV]OM��
|}PaN(Wl¢aLDMON[��pafxbV`T_QSTMObVWQfTN(WQN(`TUdMON(W�g¤Raf!paM^N(fxN(`��
`Tc1N(M^S!fTM^Wap©c1N�Sh`TgdUVfxZ zgdªdMOUÀN�S°\!gdf:UV` zbdªVN(`!gd]OfJMOW
paN(W ��`dzRaPaN�`TN�W¥��`xcuN�M^ShN�Wl¢ É Rygd]OM�S}g¤STM^�Û�dbV`x`TN�]OMON�`xSÀpaM^N*ieN(M^PaN(Wo��bV]OUVN�pQN(`��
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(W
Z*M�S:paN(`[¸�N�\eM^f<�Gm zgdRa`xN�gds�MOpaM�S zg¤S:pQN(`e��pafxbV`Tcag¤ShZ�bV]ON�� zRa]ON¤¢
��RQ�npaN�`ÀÜ�`xRaWapa]OgdUVN��dN(`Tfx|}PaMON�paN(WQN(`ÀN��o_uN�`TM^Z*N�WtSTN(]^]ON(`D��`xUVN(cQWaMOfxfTNjgdRaf�pQN(`�¸�M^STN(`hg®ShRa`�\eRQ`TpaN
N(MOW�Ò!]ORaf<ShN(`xZ*b�paN�]O][s(Ra`�m�MOZ³Ra]Og¤ShM^bVW�paN(f©��Ã q65$�¤Î:MµqDÃx�°��g¤S}gd]�¨�fhg¤STbV`Tf*N(W�S°\eMO|}�¤N(]^S(¢:L�gdf©ÚÛb¤�
paN(]^]�c1N(fxSTN(P�SºgdRafDN�MOWaN�`D�DÃ q��x�Gmo_uN�s(M^N(fDZ�M^S
ShN�ST`hgdN�pa`TM^fT|}Pw�db�bV`xpaMOWaM^N(`<ShN(W��[�°��STbVZ*N�WlkØpQMON�gd]^f
��RafxfT|}PaWaM�STSjg¤Raf�N�MOWaN�`�_1bV]^¨�Z�N(`TN�W±ÚÛN�S}g��¤gdWygdpag¤Sx�°��N�STSTN	gdWaUVN�fTN�PaN(W¥\JN(`xpaN(W��®gdWaWlkÙgdRQ�epQN(`
Á<�{ÐVÐVÅ°�<qDc1N(`<�Kzgd|}PaN	N�MOWaN�f�gdcQUVN(f�zg¤STSTMOUdSTN(W���Wyg®S}gdfx|(]ORQfxShN�`Tf�¢JL�g��}zRa`jpaM^N(fxN(f�m�¨�fxShN�Z �dN�MOWaN�N��t�
_uN�`TMOZ�N(W�STN(]O]^N(WÛÇ!MOWQpaRaWaUVfxN(WaN�`TUVM^N(W�RQWapwÜ�]ON(M^|}PaUVN�\eMO|}P�ShfxUVN(bVZ�N�ST`TM^N(W�s�Ra`���N�`x� zRaUVRQWaU©fxSTN(PaN�Wlk
\eRa`TpaNepaM^N É Rygd]^M^S zg®S�paN�f!Ò!]^RafxSTN(`xZ*b�paN(]^]Of�pQRa`T|}P�paN(W���N�`TUV]^N(MO|}PjpaN�`�MOWjpaM^N(fTN�`���`xcuN�M^S�c1N(`xN(|}Po�
WaN�STN(W���pafxbV`T_QSTMObVWQfTN(WQN(`TUdMON(W	� zRa`e��q³ky��Â[Ä
RaWQp�Â[Ã q Z�M^S!N��o_uN�`TM^Z*N�WtSTN(]^]ON(W�¸�M^STN(`Tg¤ShRa`xpyg¤STN(W
zRacuN�`T_a` zRQ�µS�¢¹¯°Z ´Agd]^]�paN(`º��Â[ÄT��RQWap�paN�`³Â[Ã q
�°��pQfTbV`x_QShM^bVW§f<ShM^Z*Z�N(W paMON�ieN(|}PaWtRaWQUVN(W±fxN(Pa`
UVRQSÙZ*M�S¹paN(W����o_1N(`TM^Z*N�W�ShN(W zRacuN�`TN�MOWl¢®L�gd` zRacuN�`TPaM^WygdRafKfT_QMON(UdN(]^SÙpaM^NJieN(M^PaN(Wo��bV]OUVN�paN�`��
pafTbV`x_o�
ShMObdWafTN�WaN(`xUVMON�W*paM^NeMOW*´�Î:¯Gi:�°���Q_1N(`xMOZ�N(W�ShN�W�c1N(bVcagd|}P�ShN�STN(W	�[Ý*WQM^S zg®ShN(Wj�VbdW©��Z�Z*bdWaMvgd�ºRaWap
7¥gdfxfTN�`�s(R�paN(Ww¸�N�\eM^f<�Gm zgdRa`xN(s(N�W�Sh`TN�W&paN(`���g¤S}gd]�¨�fhg¤STbV`TbVc1N(`<� zgd|}PaN�\eMOpQN(`(¢uÇ!N�MOZ �Dq �¤bVWaW�ShN
N(MOWQN�s(RaZ�MOWapQN(fxS[fxN(Z�MO¦tRygdW�ShM�S}g¤STM^�dN zX
c1N(`xN(MOWQfxShM^Z*Z�RaWaU�N(`x`TN�MO|}P�S
\JN(`xpaN(WØ¢
��RafºpaN(W¥pQN(`�¸�M^STN(`Tg¤ShRa`�N�WtSTWabVZ�Z*N�WaN(W�N��o_uN�`TM^Z*N�WtSTN(]^]ON(W§¯°WQ��bV`xZ�g¤STMObVWQN(W s(RaZ ��ca]OgdRQ�:pQN(`
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maÒ�i \eRQ`TpaN³N�MOW�i[N(gd��ShMObdWafTZ�N(|}Pyg¤WaMOZ³RQf�N(W�S°\eM^|}�dN(]�S�¢ØLDMON(fxN(`[MOf<SDN(M^W�UVN�fT|}Pa]^bVfTfxN(WaN�`���g¤S}gd]�¨��
fTN(s�¨���]^Raf zRac1N(` .  jieN�gd��ShM^bVWafxs�\eMOfx|}PaN(WQfxShRo��NºRaWQp���bV]^UdS�pQN(`[Ü�N(fhg¤Z�Shf<S zbV|}PaM^bVZ�N�Sh`xMON
paN(`
maÒ�i�¢
LDRa`T|}P paMON�ieN(|}PaWtRaWQUVN(W¥�¤bVWaW�ShN�W¥N��o_1N(`xMOZ�N(W�ShN�]O]ONjÂ[MOW�\JN(MOfxN�g¤RQ��c1N(f<ShMOZ�Z�STN�Þu\eMOfT|}PQN(Waf<ShRo�
��N(W�\eM^N���Â[ÃT�<Ü�`TRa_Q_uN�Wlkd�[M^ST`TbVfTgdZ*M^Wo�<m�_uN�s(MON�f¹RaWap�� � � Ö[� � � �°¯°bVWaN�Wa_ygVg¤`TN!c1N(f<S zg¤STMOUdSK\JN(`TpQN(Wl¢
LDMON z��WapaN�`TRaWQU pQN(`jÜ�N(fTgdZ�ShN�WaN(`xUVMON*cuN�M�X[Z�\�g¤Wapa]ORQWaU�paN�`³��RafxU�gdWaUdfxShb¤�ØN©M^W¥paM^N©ieN�gd��ShM��
bVWafT_Q`Tb�paRa��ShNºfxShM^Z*ZºSeUVRQS[Z*M�SepaN(`[N��o_1N(`xMOZ�N(W�ShN�]O]ON�W�ieN�g¤�tSTMObVWQfTN(W�STPygd]O_QMON zRacuN�`TN�MOWlkypaM^NºfxMO|}P
gdRafepaN(WÛÇ!M^]OpaRaWQUVfTN�WtSTPygd]^_aMON�W	paN(`[ieN�gd��S}g¤WapaN(WÛRaW�ShN�`�mtS}gdWapagd`Tpac1N(pQMOWaUVRQWaUVN(W�N(`xUVMOcoS�¢
ÞØRaf zg¤STs(]^MO|}P s�R«paN�W q�_oShMOZ�MON�`TRaWQUVN(W¶paN(`�i[N(gd��ShM^bVWafTs�\eMOfx|}PaN(Waf<ShRQ��N�W \eRQ`TpaN�W gdRa|}P zX[cuN�`<�
U�gdWaUVfxs(Raf<S zgdWQpaN�UVN�fTRa|}P�S(¢ØLDM^NÀc1N(`xN(|}PaWQN�ShN�W&����ShM���MON(`xRaWaUVfxN(WaN�`TUVM^N(W�\!N�`TpaN�W&Z*M�SeN��o_uN�`TM^Z*N�Wo�
ShN(]^]lc1N(fxSTMOZ�Z�ShN�W©�VN�`TUV]^MO|}PaN�Wl¢
ÚÛM^S!paMON�fTN(`J��`xcuN�M^S�]^MON�UdS!s�RaZÈN(`Tf<ShN�W�Z*gd]1N(M^W�ShPaN�bV`TN�ShM^fT|}P	c1N(`TN�|}PaWaN�ShN(`�ky�dbVZ�_a]^MOs(M^N(`<ShN(`�k��oM^N(]��
fxShR)2yUVN(`e��g¤Shgd]^¨�fxN(Z�N(|}PygdWQMOfTZ�Raf:Z*M�S�N�MOWaN�Z¿UVN�fT|}Pa]^bVfTfxN(WaN�W&Þu¨��t]ORaf:paN�`[maÒ�i��GieN�gd��ShM^bVW	�VbV`�k
paN(`KpaRa`x|}P�N��o_uN�`TM^Z*N�WtSTN(]^]ONn��`TUVN�caWaMOfxfTN�UdN(fxS zRQShs�S�\eM^`Tpl¢®��`ÙN�`T]OgdRacQSÙN(M^WaN(W���M^Wtca]OM^|}��MOWÀpaN(W³�
co�
]vgdRQ��pQN(`�ieN�gd��ShM^bVWwgdRQ�!g¤STbVZ�g¤`TN(`���cuN�WaNd¢¹LDM^N�i[bd]O]ONÀpaN�f�mogdRaN(`xfxSTbd�Øf�\eRa`xpaNjPaMON�`DN(`xfxSTZ�gd]^f
MOW�paN(W&ieN�g¤�tSTMObVWQfTfT|}PQ`TM^SxShN�W�N��o_a]^MOs(M�S[cuN�` zRa|}�tfTM^|}P�ShMOU¤S�¢uLDMON�pygdc1N(M¹UVN�\!bVWQWaN(WaN�Ww��`T�dN�WaW�ShWaM^fTfxN
�ØzbdWaWaN(W���RQfTU�gdWQUVfT_aRQWa��S�� zRa`�\JN(M�ShN(`xNºN �o_uN�`TMOZ�N(W�STN(]O]^N�X
W�STN(`TfxRa|}PtRaWaUVN�W&fTN�MOWl¢
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ÎÙgdc1N(]O]^N³� . �a���o_1N(`xMOZ�N(W�ShN�]O]ONÀÚ�N�ShPQbopaN�W

ÚÛN�ShPab�paN ÇJN(fT|}PQ`TN(M^caRaWaU ¯°WQ��bV`xZ�g®ShMObdW

´�Î:¯Gi ´ bVRa`TM^N(`�Î `TgdWafx��bd`TZ ¯ WQ��`Tgji N�p�mo_1N(|�Sh`xbo|�bV_�¨ �
��M^W~¯°WQ��`hg¤`TbdS<�°��cQfTbV`x_QShM^bVWafTfx_uN���Sh`TRQZ \eM^`TprRQWtSTN(`©�
RafTWtRQS<�
s�RaWaU«pQN(f±LDbV_Q_a]ON�`<�G���uN(��ShN�f�RaWQp N(M^WaN(`§´ybVRa`TM^N(`G�°��Wagd]^¨�fTN
UdN(WygdRÛgdRQ��UdN(] zbdfxS�¢

Ç!M^WapaRaWaUdfTUVN�b¤�
Z�N�Sh`xMON¤k
Ç!M^WapaRaWaUdf<�
fxS zgd`T�¤N

Â�iÙÎe�JÚ Â MOUVP i N(fTbd]ORQSTMObVW Î `hgdWQfTZ�MOfTfxMObVW � ]ON�|�Sh`xbVW Ú MO|(`xbVfT|�bV_�¨ �
Ú�M^S:N�MOWaN�Z ��]ON��tST`TbVWQN(Waf<Sh`hg¤Pa]Ø\eMO`xp	paMON61�`xbVc1N�paRa`T|}PQ]ON(RQ|}Po�
STN�S(¢ØÚ�M^S[caMOf[s(R�ÐQ¢^�ÀWaZ fxMOWapÛ��RQ� zbdfTRaWaUdN(W&caM^f[M^W�g®ShbVZ*gd`TN
LDM^Z*N�WafTM^bVWaN�W	Z zbVUd]OMO|}PØ¢

qDcuN�`x� zg¤|}PaN(Wo�
fxST`TRa��STRa`

��Ú�i � Ra|(]^N�gd`[Ú g¤UVWaN�STMO|�i N(fxbVWygdWa|�N �
L�g¤f Ú�gdUVWaN�ST��N�]Op paN(f ��N(`xWafß\!N�|}PafTN�]^\eM^`T��SÆZ�M^S N(M^WaN(Z
g¤WaUVN(]^N(UdSTN(W§Ú�gdUdWaN�Sx��N(]OpØ¢¹LDMON(fxN(f���N(`<�·gdPa`xN(W MOfxSÀg¤RQ����Ú�i��
g¤�tSTM^�dNº��N�`TWaN�c1N(fT|}PQ`{zgdWa��S(¢

Ò!PaN�Z*M^fT|}PaN
X
Z�UVN�caRaWaUak
��bobd`TpaM^Wyg¤ShM��
bVWafxs�gdPQ]

Î�1�L Î N�Z*_1N(`Tg¤ShRQ`TN 1 `TbVUV`TgdZ�Z*N�p�L N(fTbd`T_QSTMObVW �
��M^WaNDZ�M^S�N�MOWaN�Z¿�
pafTbV`xcyg¤Sec1N(paN�|}��ShNºqDcuN�`x� zgd|}PQN�\eM^`Tp	Z�M^S
N�MOWaN�`*c1N(f<ShM^Z*Z�STN(W�i[g¤ShNÛgdRQ��UVN�PaN(M^s�S(¢�LDMON�paN(fxbV`TcQMON(`xN(WapQN(W
��STbVZ�N�bopaN�`�ÚÛbV]^N(� zRa]ONY\!N�`TpaN�W¿MOWÍN�MOWaN�Z Ú�gdfxfTN�WafT_1N(�V�
ST`TbVZ�N�STN(`Y`TN(UdMOfxST`TM^N(`xS(¢©Ú�M^S�paM^N(fxN(`�ÚÛN�ShPab�paNß]OgdfTfxN(W fTM^|}P
�
pafTbd`T_QSTMObVWafxN(WaN�`TUVM^N(W�Z�N(fTfxN(Wlk�RaWap�Z�g¤W¥N(`xP zgd]^S³¯°WQ��bV`TZ*g®�
STMObVWQN(W zRac1N(`YpaMON ��g¤STRa`rpQN(`r�
pafTbd`Tcyg¤STfT_1N(s�MON(f�RQWap paMON
qDc1N(`<� zgd|}PaN�WafxST`TRa��ShRQ`(¢

��pQfTbV`x_QShM^bVWaf<�
N(WQN(`TUdMON(WØkD��po�
fTbd`Tcyg¤STfT_1N(s�MON(f�k
qDcuN�`x� zg¤|}PaN(Wo�
fxST`TRa��STRa`
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´ybV`<ShfxN�Shs�RaWaU �A���o_1N(`TM^Z*N�W�ShN(]^]ONÀÚÛN�ShPab�paN�W

ÚÛN�ShPab�paN ÇJN(fT|}PQ`TN(M^caRaWaU ¯°WQ��bV`xZ�g®ShMObdW

mo¯<Ú�m m N(|(bdWapygd`<¨�¯ bVWÛÚ gdfTf
m _1N(|�Sh`TbdZ*N�Sh`x¨ �
LDRQ`T|}P�¯°bVWaN(Wtc1N(fx|}P�RQª�\!N�`TpaN�W�gdRQf[N�MOWaN�`
q�c1N(`<� zgd|}PaNÀ¯°bVWaN�W
RQWap±MObVWQMOfTM^N(`<ShN*Ò!]ORaf<ShN�`³PaN(`TgdRafxUVN(] zbVfxS�RaWap±MOW�N(MOWQN(Z Ú�gdfG�
fxN(Wafx_uN���Sh`TbdZ*N�ShN(` paN�ShN(��STMON(`<S�¢&�
Raf paN(` ¯°bVWaN�W��VN(`<ShN�MO]ORQWaU
� zbVWQWaN(WÈ¯°WQ��bV`xZ�g¤STMObVWQN(W zRQcuN�`±|}PaN(Z�MOfx|}PaN?ÞØRafhgdZ�Z�N(WafxN�Sx�
s�RaWaU�RaWapÛÇ!MOWQpaRaWaUjUVN�\!bVWQWaN(W�\JN(`xpaN(WØ¢

qDcuN�`x� zg¤|}PaN(Wo�
s(RQfhgdZ�Z*N�Wo�
fTN�Shs�RaWaU

X�1nm X ]^ST`hg���MObV]^N�S 1 PabdSTboN�Z*M^fTfxMObVW�m _1N(|�Sh`xbVfT|�bV_�¨ �
1�Pab¤Shb�N(Z�M^STSTMON�`xShN���]ON���Sh`TbdWaN(W�gdRQf©paN(Z �ngd]^N(Was�cygdWap~\JN(`G�
pQN(W«g¤]Of�N(M^WaN ´ARQWa��ShMObdW?paN�`���WQN(`TUdMON paN�STN(��ShM^N(`xS(keRaZ paMON
N�]ON��tST`TbVWQMOfT|}PQN�ÞØRQfxS}g¤WapafTpQMO|}P�ShNºs(R�Z*N�fTfTN�Wl¢

�ngd]^N(Was�cygdWapo�
fxST`TRa��STRa`

��1nm � �°`Tg{¨(1 PQbdShb�N(Z�MOfxfTMObdW�m _uN�|�ST`TbVfx|(bV_�¨ �
�
Raf3MOWQWaN(`xN(W mo|}Pygd]^N(W PaN�`hgdRafxUVN(fx|}PabVfxfTN(WQN ��]ON(��ST`TbVWaN�W
\JN(`xpaN(WÛN(WaN�`TUVM^N�gdRo��UVN(] zbVfxS[gdRo��UVN��·gdWQUVN(Wl¢

Ò!PaN�Z*M^fT|}PaN
ÞØRafTgdZ*Z�N(W��
fTN�Shs�RaWaUak
q
�oMOpyg¤STMObVWQf<�
s(RQfxS}g¤Wap

��i[L � �°`Tg{¨	L M^�u`hgd|�ShM^bVW �
i zbVW�ShUdN(WtcuN�RaUVRaWQUaktpaMON:N�MOWaN
m�ST`TRa��ShRQ`Tc1N(fxSTMOZ�Z³RaWaUÀN(`x]vgdRQcQS�¢
ÇJN(M�q�c1N(`<�Kzgd|}PaN�W�Z³Raª�Z�M^S�fxN(Pa`©fx_aM^STs(N�W���MOWQ�·gd]^]Of<\eMOWa�¤N(]OW
UdN(Z�N(fTfxN(W¥\JN(`xpaN(Wlk�pyg�fTbdWafxS�pQMON©i zbVW�ShUdN(Waf<Sh`hg¤Pa]ON�W�ShM^N��:M^W
pQN(WÛ´AN�fxST� zbd`T_1N(`eN(M^Wapa`TM^WaUVN�Wl¢

m�ST`TRa��ShRQ`
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