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P�Z\[Qm+RQP���c+_QTURQZ+NQk
c�P=d�k
P���TUNQk
PYWhN!�QNQ��P+V^Z+P+R�dYs� TUN�deP=l�TU]
V+�O_�WhRQV`Z+P+fgd\Wh]
RQP+Vu�+TURQP+Vu[ONQnx]
_QP+VuZ+TUnxnxP2Z+P+k
k
P2LONQP$RQTUNQV&WYXUTURQV&c=deNQ_Q]
c+Ph�O]
k�V^NQ�j�V^]
VgdePx�Qk
NQVA_QPoZ\[Qm+RQP+V'ZYWhfAZ+P+V>_QP+f^RQ]
P+f^V>V^NQ�Q��TUfgdeP+R�d'nx]
P+Njy|k�a [��j_Qf^TUnxTUf^�Q[Q]
Phs���R{def^TUN�XUPc+q�Whk
P+nxP+R�du_QP+V&f^c+V^]
_QNQV&_QP��QkKWhR�d\W�de]
TURQV`_QNS��������V^]
r+Z+k
P7��c+�Q]
Z+cYW��Ode[ON���W��QkKWhNQf^]
P+f _QN�t&WhNj�ZYWhV^P�¡�Wh]
RQV^]4LONQPA_QP+V2P+V^��r+Z+P+V�[QP+f^��WhZ+c+P+V$WhZ+]
_Q]
�Q[Q]
k
P+VD��nxTUk
]
RQ]
Ph�j[QTUNjy���P=deZhs¢¡�P=d~RQ]vdef^TU�Q[Q]
k
P+V��TUfgde]
P+V�P=d2f^TURQZ+P+V\¡�s£ k
NQV0�Qf^c+Z+]
V^c+nxP+R�dY�URQTUNQVBV^TUnxnxP+V0V^NQf�k
P`XUP+f^VeWhR�d RQTUf^_O}jP+Vgd�_ba NQRQP&XhWhVgdeP&�QN�d^deP&P+R�d\Wh]
k
k
c+P`_QPd\Whkv¤uP+qUVDfeWY�UTURQR�WhR�deV+s��4P+VDl�feWhZ=deNQf^P+VA_QN{V^NQ�QVgdefeW�d>qUc+TUk
TUqU]
LONQP']
R�¥�NQP+RQZ+P+R�dAl�TUfgdeP+nxP+R�dAk
P+V]
RQZ+]
V^]
TURQV�_QN�f^c+V^PYWhN�[��j_Qf^TUqUfeWh�Q[Q]
LONQPhsbtuPAXUP+f^VeWhR�d�P+Vgd�_ba NQRQPAk
TURQqUNQP+NQf2deThd\Whk
P9_ba P+R�Xj]
f^TUR¦U�U�$nxr=def^P+V���TUNQfBNQR�_Qc+RQ]vXUP+k
c�_QP~�h��nxr=def^P+VBP=d �Qf^c+V^P+R�deP2_QP+NjyxWhZ+Z+]
_QP+R�deVBdeTU��TUqUfeWh�Q[Q]
LONQP+VRQThd\Wh�Qk
P+V+s�t$a P+VgduWhN�RQ]vXUPYWhN�_QN��Qf^P+nx]
P+fB_ba P+R�def^P2P+Njy���wA§h�U��nxr=def^P+V�_QN�V^TUnxnxP=dY�hLONQP�RQTUNQVWYXUTURQV0Z+TURQZ+P+R�def^c�RQThdef^P`c=deNQ_QPB�hk
P`V^P+Z+TURQ_b�Uw$nx]¨}OXUP+f^VeWhR�dY�I_Qc+k
]
nx]vdeP�_QPuRQTUn'�Qf^P+NQV^P+VB��P=de]vdeP+V�+TURQP+Vu[ONQnx]
_QP+Vu_QP+V^LONQP+k
k
P+Vuc+nxP+f^qUP+R�d&_QP$��P=de]vdeP+V`V^TUNQf^Z+P+V+sQ��a [��j_Qf^TUqUfeWh�Q[Q]
P$V^P$ZYWhfeWhZ=dec+f^]
V^PRQThd\WhnxnxP+R�d���Whf�NQRQP�V^TUNQf^Z+P��Qf^Thl�TURQ_QP�LONQ]2Wh�Q��WhfeW�©
dxWhN!l�TURQ_ª_ba NQRªd\Whkv¤uP+q�l�TUfgdeP+nxP+R�dP+RQZYWh]
V^V^c|Wh]
RQV^]�LONQP���Whf��Qk
NQV^]
P+NQf^VSP�y�N�deTU]
f^P+V�_QP�deTUNQf^�Q]
r+f^P+VSLONQ]9Z+TUf^f^P+V^��TURQ_QP+R�d�wMNQRQPWhk
]
nxP+R�d\W�de]
TUR��Qk
NQV>V^NQ��P+fg«�Z+]
P+k
k
Phs0tuP+V'_QP+f^RQ]
P+f^V>V^TUR�d7V^TUN�XUP+R�d7N�de]
k
]
V^c+VAZ+TUnxnxP7l�TUV^V^c+V'_QP_QfeWh]
R�WhqUP���TUNQf2WhV^VeWh]
RQ]
f�k
TjZYWhk
P+nxP+R�d&Z+P+V~�+TURQP+V~[��j_Qf^TUnxTUf^�Q[QP+V+s

�4P+V�V^TUk
V~_QP'kKW�l�TUf^m=d$_QP p TUNQqUr+f^P+V$V^P'_Qc=XUP+k
TU�Q��P+R�d9V^NQf$NQR�qUfeWhRQ]vdePAnoWhRQZ+P+k
k
]
P+R���TUVgd#}deP+Z=deTURQ]
LONQP�_QN!�Qf^]
T�XUc+f^]
P+R!V^NQ��c+f^]
P+NQf+s��;W�nx]
V^PSP+R!�QkKWhZ+P�P+Vgd�_�W�dec+P�¬7WhNjy!Whk
P+R�deTUNQf^V'_QP��­���nx]
k
k
]
TURQV�_ba WhRQRQc+P+V��®�4P�tuTUf^f^PSP=d�Whk�sv� ���U���I¡�s0¯�R°f^cYWhk
]vdech��Zha P+Vgd�NQRQPSqUfeWhRQTj_Q]
TUf^]vdePxwZ+TUf^_Q]
c+f^]vdeP�_QTUR�d~kKW'Z+TUnx��TUV^]vde]
TURSqUk
TU��Whk
P�P+Vgd~_QTURQRQc+PA_�WhRQV2k
P�d\Wh�Qk
PYWhN�§jsv�Us± PuRQTUn'�Qf^P+NjyA«�k
TURQV�_QPuLON�Whfgde�uP�y�]
VgdeP+R�d4�hk
P+V0�Qk
NQV�]
nx��TUfgd\WhR�deV;noWhf^LONQP+R�dBkKW�deTU��TUqUfeWh�Q[Q]
Phs
²=³\´�µ=¶I¶I·g¸^¹bº�»=¼�½ µ�¾�¿Iº�µ=¶Iµ=À µ=Á=½¢Â+ÃI¸^¹�Ä�»�ºb½¢¹®µ�¾�¿Iº�µ=¶I¸^¹bÅ4ÆUÇ�ÈYº;¹®ÃIº4º�µ�¾�¿I¸0É�µ�É�»�À ¸B¸#É�ÊBÇeË�ÆO³
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� P+R���TU]
_QV nxnxTUk�s zOq?.A@
B ] �8C D$E?F�GIH B ] JIJIJ�KIK?F�LIL
M kNC\�8O J�K?F2P?J M k P�LIQIHRF3S$L� ] �8C GRF�DIQ � ] Q$K?FTJIJp PUC=�8O JIF2PIPp P�� HRF�Q$P p P�VXWYVNZ DIQ�S[F3S$Q
\ R�� GRF�G$E \ R LRF�Q$E
\ qO� JIF�QIQ \ q S$DIDRF3S�Kt&W�� JIF3S[J t&W PIK?JIF3S$H
] W�C�� P?F�LIH ] W L�S�K?F3S$Q
^ C�� HRF2K?J ^ E�S�K?F2PIK£ C��8_ GRF2P?J £ J`LRF�H$E
a C�� JIF�DIL a J`Q$E�DRFTJ`L
B GRF2P?J B D$K?F2K�G

b*cAd`eAf g0gihNjlk

�4P+NQf2TUf^]
P+R�d\W�de]
TURSP+Vgd$qUc+RQc+feWhk
P+nxP+R�d2V^NQ_O}jP+Vgd m'RQTUf^_O}jTUNQP+VgdYs± a Wh�Qf^r+V�k
P+V�_QTURQRQc+P+V�_QP�kKW�RQThde]
Z+P�_QP�kKW�ZYWhfgdeP�qUc+TUk
TUqU]
LONQP�WhN ��m|�h���U�U��_QNon;prq \ �k
P+VDnx]
RQc+feWhNjy��Qf^]
RQZ+]
��WhNjy|V^TUR�dts�k
P+VD�QkKWhqU]
TjZ+kKWhV^P+V��5u�����¡��4k
P�LON�Whfgde����§h¦���¡��4kKW��Q]
Thde]vdeP�#�`u���¡��;k�a TUfgde[QTUV^P��#�I§���¡��;kKW�Z+TUf^_Q]
c+f^]vdeP�������¡9P=d>kKW�n'NQV^Z+T�Xj]vdeP���­���¡�s��4P+V>nx]
RQc+feWhNjyWhZ+Z+P+V^V^TU]
f^P+V~V^TUR�dts�k�a Wh��W�de]vdePh��k
P9�+]
f^Z+TURb�Qk�a c+�Q]
_QThdePh�Qk
P9V^�Q[Qr+RQPAP=d~_QP+V2nx]
RQc+feWhNjy�TU��WhLONQP+V+s

tuP&V^]vdePh�hWh]
RQV^]jLONQP&V^P+V�P+R�Xj]
f^TURQV+�UW$_Qcwvew$l®Wh]vd�k�a TU��v^P=dB_QP&�Qk
NQV^]
P+NQf^V0c=deNQ_QP+V�V^NQfBk
P+V^LONQP+k
k
P+VRQTUNQV`RQTUNQV&Wh�Q�QN��UTURQV+s � TUN�d\Wh]
R��#���IxIx�¡�WAc=deNQ_Q]
c~k
P+V`V^TUk
V`P=duk
P+V`PYWhNjy�sRy~RQP$WhR�Whkv�jV^P$Vgdef^NQZ��deNQfeWhk
P7_QPokKW�Z+TUN�XUP+fgdeNQf^Po��c+_QTUk
TUqU]
LONQPxW�c=decxf^cYWhk
]
V^c+P���Whf=n&WhZ\[QP+kKWhf^_iP=dzp2TU��Wh]
R �#���U¦��U¡�QNQ]
VuZ+TUnx�Qk
c=dec+P$��Whf £ P+k
k
P+f^]
RoP=d2Whk�s��#���U�U��¡�sj�;W>Z+TUN�XUP+fgdeNQf^P9k
]
nxTURQP+NQV^P~[Qc+f^]vdec+P�_QP�kKWA_QP+f#�RQ]
r+f^P9qUkKWhZ+]KW�de]
TURSW�c=decDc=deNQ_Q]
c+PD��Whf;{`WhR|{�k
]
P=d#}��;WhRQTI}�P=d$Whk�s;�#���U���U¡�s± a WhN�def^P+V2WhV^��P+Z=deV+���Qk
NQV�qUc+TjZ\[Q]
nx]
LONQP+V+�jTUR�d2c=decDWh�Q�Qf^TjZ\[Qc+V+��V^NQZ+Z+P+V^V^]vXUP+nxP+R�dY����Whf�k�a c=deNQ_QP_QP~kKWDnxTU�Q]
k
]vdec&P=du_QP$kKWD_��jR�Whnx]
LONQP~VeWh]
V^TURQRQ]
r+f^P2P+RSV^TUk
N�de]
TURx_QP~k�a Whk
NQnx]
RQ]
NQn �QNQ]
V _QNol�P+f�5nuTUNQf^f^]
ch�b���U¦���� \ W�©
def^Ph�b���U����W�¡�s ± P+�QNQ]
VA���U�Ix��QZha P+Vgd$kKW7nx]
V^P9P+R�c=Xj]
_QP+RQZ+PA�QNQ]
V2k�a c=deNQ_QP_QP�Z+TUnx��TUV^c+V�_QP9kKWAl®Whnx]
k
k
P2_QP+V�f^TUNQ]
k
k
P+V XUP+fgdeP+V2LONQ]4W'_Qc+��TUNQZ\[QcDV^NQf�_QP9RQTUn'�Qf^P+NjySf^c+V^NQk �d\W�deV'� � f^TUkKWhf^_�P=d�Whk�sv�4���U�Ix���q9c+RQ]
R�P=d�Whk�sv�4���U�U¦UW��lnuTUNQf^f^]
cAP=d�Whk�sv�4���U�U��¡�s ± P+�QNQ]
V+��V^NQ]vdePw'kKWAdeP+nx��m=deP�_QP9_Qc+Z+P+n'�Qf^P7���U�U���jdeTUNQV&k
P+V�Whf^�Qf^P+V�_QP9kKW>��Whf^Z+P+k
k
P$LONQPDRQTUNQV&c=deNQ_Q]
TURQV�TUR�dc=dec7_Qc+feWhZ+]
RQc+V+s;�4P+VD]
RQVgdef^NQnxP+R�deV9Rba TUR�dA��WhV9c=dec�P+RQ_QTUnxnoWhqUc+V�P=dDRQTUNQVDk
P+VDWYXUTURQVDkKWh]
V^V^c+VV^NQf2�QkKWhZ+P9��TUNQf�Z+TUR�de]
RONQP+f2RQThdef^PDc=deNQ_QPhs
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�4P+V&V^TUk
VuV^P�_Qc=XUP+k
TU�Q��P+R�d2w>��Whfgde]
fu_QP$k�a Whf^r+RQP$qUfeWhRQ]vde]
LONQP~VeWh�Qk
TI}jk
]
nxTURQP+NQV^P2c+��Wh]
V^V^P�_QP�Qk
NQV^]
P+NQf^V'nxr=def^P+V>��Whf'P+RQ_Qf^TU]vd'P=d'LONQ]uf^c+V^NQkvdePS_QPSk�a Whkvdec+feW�de]
TUR|V^NQ��P+fg«�Z+]
P+k
k
Po_QPSkKW�f^TjZ\[QPnxr+f^Phs�tuP=d^dePAWhf^r+RQPDP+Vgd2P+k
k
P\}jnxm+nxP$V^NQf^nxTUR�dec+PD_ba NQRQP9Z+TUN�XUP+fgdeNQf^PAk
]
nxTURQP+NQV^P�_ba c+��Wh]
V^V^P+NQfXhWhf^]KWh�Qk
P��®��wo§'nxr=def^P+V\¡&_QTUR�d2k�a TUf^]
qU]
RQP$P+Vgd$_QTUNQ�Qk
P s}	NQR�k
]
nxTURo_ba Wh�Q��TUfgd2c+TUk
]
P+R�[Qc+f^]vdec9_QP9kKW'_QP+f^RQ]
r+f^P9qUkKWhZ+]KW�de]
TUR�� � TUN�d\Wh]
Rb�b���IxIxS�R{`WhR
{�k
]
P=d#}��;WhRQTI}�P=d$Whk�sv�����U���U¡��}	k
P9noW�dec+f^]KWhN�_ba Whkvdec+feW�de]
TUR�_QN�V^NQ�QVgdefeW�dYs

��R�TU�QV^P+fgXUPh�b_ba WhnxTUR�d�P+R|WYXhWhk���V^NQf9Z+P>XUP+f^VeWhR�dY�bNQRQP7V^c+LONQP+RQZ+P�_QP'V^TUk
V��Qf^NQRQVDWhZ+]
_QP+Vl®Wh]
�Qk
P+nxP+R�d$k
P+V^V^]vXUc+V9c=XUTUk
N�WhR�d�XUP+f^VD_QP+V�V^TUk
V�_Qc+qUfeWh_Qc+V9wSVgdef^NQZ=deNQf^P7qUk
TUV^V^]
LONQP 1�I ?5I4Whk
TjZ+f^] �V^TUk
V*m9f^c+_QTYy�]
V^TUk
V V^P+k
TURxk
P2f^c=l�c+f^P+R�de]
P+k���c+_QTUk
TUqU]
LONQP�_QP n&Wh]
�+P�P=drq9]
feWhf^_��#���U���U¡�sI{ TU]
Z+]QNQRQP_QP+V^Z+f^]
��de]
TUR�_QN��Qf^Th«�kIs
,.-0/214365 NQRQP�k
]vde]
r+f^Pu_ba P+R�Xj]
f^TURx§9w u�Z+n _ba c+��Wh]
V^V^P+NQf�P+Vgd�l�TUf^nxc&_QP&l�P+NQ]
k
k
P+V�P+RQZ+TUf^P2P+Rj�de]
r+f^P+V&LONQ]�V^NQf^nxTUR�deP+R�d�NQRQP$Z+TUNQZ\[QP9_QP$l�P+NQ]
k
k
P+V �Qf^]
V^c+P+V�P=dul�feWhqUnxP+R�dec+P+V&��Whf^Z+TUNQf^NQP+V_QP9«�RQV2«�kKWhnxP+R�deV��QkKWhRQZ+V�_ba TUf^]
qU]
RQP�n>�jZ+c+k
]
P+RQRQP+V+s
/7-98�:;14365 NQRx[QTUf^]
�+TUR7TUf^q�WhRQTI}jnx]
RQc+feWhk��IVeWhRQV`k
]
nx]vdeP+V�RQP=d^deP+VuWYXUP+Z2kKW�k
]vde]
r+f^Ph�h_QP�Vgdef^NQZ��deNQf^P�nx]
Z+f^TI}jqUf^NQnxP+k
P+NQV^Ph��P+RQZ+TUf^P�def^r+V7RQTU]
f7noWh]
V>nxTU]
RQV'f^]
Z\[QP�P+RªnoW�de]
r+f^P+V'TUf^q�WI�RQ]
LONQP+V+s���kbRba P�y�]
VgdePA��WhV2_QP9defeWhRQV^]vde]
TUR�RQP=d^dePAWYXUP+ZAk�a [QTUf^]
�+TUR�nx]
RQc+feWhk�V^TUNQV�}TveWhZ+P+R�dYs
8�:.-<:=/214365 NQR�[QTUf^]
�+TUR�w7deP�yjdeNQf^P>k
]
nxTURQP+NQV^PDWYXUP+Z>LONQP+k
LONQP+V~defeWhZ+P+V$_QPA_Qc+Z+TUk
TUfeW�de]
TURk
P�k
TURQq|_QP+V�RQTUn'�Qf^P+NQV^P+VofeWhZ+]
RQP+Vb��kKW�Vgdef^NQZ=deNQf^P�P+VgdxnoWhV^V^]vXUPh��Zha P+VgdokKW��Qf^]
RQZ+]
��Whk
P�+TURQPD_QPD��W�d^deP+nxP+R�d~_QPDkKW7R�Wh�Q��Phs
:=/7- j /214365 NQR�[QTUf^]
�+TUR�_QP>defeWhRQV^]vde]
TUR�P+RQZ+TUf^P'k
]
nxTURQP+Njy���VeW�deNQf^c'LON�WhV^]
nxP+R�d$deTUN�d9WhNk
TURQq�_QP7k�a WhRQRQc+P���P+R�Xj]
f^TUR!����nxTU]
V�V^NQf��I§U¡��4]
k0Rba �|W��Qk
NQVD_QP�feWhZ+]
RQP+V+�bkKWSdeP�yjdeNQf^P_QP=Xj]
P+R�d$VeWh�Qk
TI}jk
]
nxTURQP+NQV^P�w7��Whfgde]
f�_QP>�h�7Z+n�s
j /2143?> d�@�fBADC 5 NQRQP�Whf^r+RQP�qUfeWhRQ]vde]
LONQPS_QP�deP�yjdeNQf^P�VeWh�Qk
TI}jk
]
nxTURQP+NQV^PoVeW�deNQf^c+P�_QNQfeWhR�ddeTUN�dePDk�a WhRQRQc+Phs
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��k~noWhRQLONQP�_�WhRQVoZ+P=d^deP�_QP+V^Z+f^]
��de]
TUR k
P+VxZYWhfeWhZ=der+f^P+VS]
nx��TUfgd\WhR�deV�k
]
c+VxWhNjy �Qf^TjZ+P+V^V^NQV_ba TYyj�j_QTI}jf^c+_QNQZ=de]
TURbs�¯�R�PQW�P=dY�Qk
P+VuRQTUn'�Qf^P+Njy�V^TURQ_�WhqUP+V�PQW�P+Z=deNQc+V~w'kKWDd\Whf^]
r+f^P�V^NQf&Z+P9V^]vdeP��P+RQ_�WhR�d>def^TU]
VDWhRQVATUR�dAnxTUR�def^cxLONQPxkKW�k
]
nx]vdeP>P+R�def^Pok
P+VD[QTUf^]
�+TURQVD_QPxR�W�deNQf^Pxf^c+_QTYy�]
LONQPTUN�f^c+_QNQZ=de]
LONQPDc=d\Wh]vd�XhWhf^]KWh�Qk
P�P=d2]
RQ_Qc+��P+RQ_�WhR�dePA_QPDkKW>deP�yjdeNQf^Ph��_QPDkKW'qUfeWhRONQk
TUnxc=def^]
Phs

M ]
RQV^]���Z+P=d^dePuk
]
nx]vdePBl�feWhRQZ\[QPu¥�NQZ=deNQP&P+R�def^PruU�$P=d �h�$Z+n _QP&�Qf^Thl�TURQ_QP+NQf0V^P+k
TUR'kKW~��c+f^]
Tj_QP`_QPk�a WhRQRQc+P'P=d9V^NQfgdeTUN�d9P+V^V^P+R�de]
P+k
k
P+nxP+R�d9V^P+k
TUR�k
P>RQ]vXUPYWhN�_QP'kKWoR�Wh�Q��Phsb��a [QTUf^]
�+TUR�f^c+_QTYy�]
LONQPnxTUR�def^P$_QP$def^r+V&RQTUn'�Qf^P+NQV^P+Vud\WhZ\[QP+V�f^TUNQ]
k
k
P�_QP�f^P+_Q]
Vgdef^]
�QN�de]
TURo_QNol�P+f&Wh]
RQV^]�LONQP�LONQP+k
LONQP+VdefeWhZ+P+VD_QP'_Qc+Z+TUk
TUfeW�de]
TUR�k
P>k
TURQq�_QP+V9feWhZ+]
RQP+V�k
TUf^V^LONQP7Z+P+k
k
P+V�}jZ+]0P�y�]
VgdeP+R�dAwSkKWo�Qf^Thl�TURQ_QP+NQfZ+TURQV^]
_Qc+f^c+Phs ��a [QTUf^]
�+TUR°f^c+_QNQZ=de]
LONQP�LON�WhR�dxw�k
NQ]����Qf^c+V^P+R�deP�NQRQP�Z+TUNQk
P+NQf>def^r+V7[QTUnxTUqUr+RQPP=d$l�feWhRQZ\[QP+nxP+R�d��Qk
P+NO}OXUP+fgd7����nrq x$mj�I¡&P�y�Z+P+��de]
TUR�l®Wh]vdePD_QP+V$qUfeWh]
RQV2_QP>VeWh�Qk
P+V~LON�Whfgde�+P+NjyqUf^]
VYX�def^P+V2��Whfgl�TU]
VudefeWhRQV^k
NQZ+]
_QP+V2_�WhRQV2k�a Whf^r+RQPhs
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± P�kKWMnxm+nxP�l®W��+TURb�&k�a Whf^r+RQP�VeWh�Qk
TI}jk
]
nxTURQP+NQV^P�f^c+_QNQZ=de]
LONQP|_QP=Xj]
P+R�d�feWh�Q]
_QP+nxP+R�d�P=dZ+TUnx�Qk
r=deP+nxP+R�d;f^c+TYyj�j_Qc+P�w2NQRQP`�Qf^Thl�TURQ_QP+NQf4XhWhf^]KWhR�d�P+R�def^P~�U����P=du��¦U�2Z+n.V^P+k
TUR>kKW���c+f^]
Tj_QP_QP�k�a WhRQRQc+Phs;�;W�Z+TUNQk
P+NQfDTUfeWhRQqUc�]
RQ_Q]
LONQP7]
Z+]�Z+kKWh]
f^P+nxP+R�d9kKW��Qf^c+V^P+RQZ+Po_QPxk
c+�Q]
_QTjZ+f^TjZ+]vdeP	�=s��a TUf^]
qU]
RQP7_QNiZYWhfeWhZ=der+f^Pof^c+TYyj�j_QcS_QPxZ+P=d'[QTUf^]
�+TUR{P+Vgd7w�f^P+Z\[QP+f^Z\[QP+f7_�WhRQVAkKW�R�Wh�Q��Po�Qf^T��l�TURQ_QPD_QTUR�d$TUR�def^TUN�XUPANQR�P�y�N�deTU]
f^PA�Qk
NQV2��WhV2_�WhRQV~k
P9XUP+f^VeWhR�d�_�WhRQV~NQR�d\Whkv¤uP+qxP+RQZYWh]
V^V^chstuP=d^deP�V^TUNQf^Z+P�Z+]
f^Z+NQk
P��Qk
NQV7l®WhZ+]
k
P+nxP+R�dx_QP���Whf�kKW|R�W�deNQf^P�VeWh�Qk
TI}jk
]
nxTURQP+NQV^PS_QP�k�a Whf^r+RQPhs
y~RQPDf^P+Z\[�Whf^qUPDfeWh�Q]
_QP9P+R�WhnxTUR�d2WhN�V^TUnxnxP=d�_QN�XUP+f^VeWhR�d$P�y��Qk
]
LONQPDk
P9ZYWhfeWhZ=der+f^PDTYyj�j_�WhR�d_QP+V9PYWhNjy�nxP+V^NQf^c+P+VDwSk�a P�y�N�deTU]
f^P>P=d9_QTURQZ7k�a TYyj�j_�W�de]
TUR���Whf$k
P'��WhV�_QP+V9[QTUf^]
�+TURQV$k
P+V��Qk
NQV�Qf^Thl�TURQ_QV�_QN��Qf^Th«�k4c=deNQ_Q]
cD]
Z+]�s
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 EF���GH"!&H"*�T������
�)��H"!V%&* ���OMI�������V%&���
�4P+VDWhR�Whkv�jV^P+V9qUfeWhRONQk
TUnxc=def^]
LONQP+V$TUR�d9c=dec7PQW�P+Z=deNQc+P+VAWhN{tuP+R�def^P�_QP £ c+_QTUk
TUqU]
Pznu]
TUk
T��qU]
LONQP7��t £ n�¡`_QN�t ] p B w ] WhRQZ=�|� «�qUNQf^P9§js¢§U¡�s	��N�W�def^P~l�feWhZ=de]
TURQVuV^TUR�d2_Q] W�c+f^P+RQZ+]
c+P+Vis�k
P+VVeWh�Qk
P+V���§9nxn w>�h�

µ
nS¡��Ok
P+V`k
]
nxTURQVBqUf^TUV^V^]
P+f^V����h�

µ
n w>§h�

µ
nS¡���k
P+V`k
]
nxTURQV0«�RQV9��§h�

µ
nw�§

µ
nS¡`P=d2kKWAl�feWhZ=de]
TUR�Whf^qU]
k
P+NQV^P7��]
R�l�c+f^]
P+NQf&w7§

µ
n ¡�s���kbRba ��W'��WhV&_ba c+k
c+nxP+R�deV�qUf^TUV^V^]
P+f^Vnx]
V&P+R�c=Xj]
_QP+RQZ+PA_�WhRQV2k
P9�Qf^Th«�k�stuP+V9l�feWhZ=de]
TURQV$nxTUR�def^P+R�dD��Whfgl®Wh]vdeP+nxP+R�d9kKWxdefeWhRQV^]vde]
TUR�P+R�def^P�kKWoZ+TUN�XUP+fgdeNQf^P�k
]
nxTURQP+NQV^P'P=d

��³���¸gÀ¢»u¸^¹�É;¾#µ=¶���º��&·BÄ�»�º4À¢»&¹®ÃI½ É�¸�¶Iµ�É�»����&¸g¶+É4Ä�»�º4À¢»&¼�½ �Uº�»=¾�É�½ µ=¶�¼�¸�º�»��=µ=¶�¹��`³
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k�a Whf^r+RQP�qUfeWhRQ]vde]
LONQP�w>��Whfgde]
fu_QP xU�7w7�h�'Z+n _QP��Qf^Thl�TURQ_QP+NQf+s \ Wh]
VuZ+P+V�V^P+NQk
P+V2WhR�Whkv�jV^P+V&RQP��P+f^nxP=d^deP+R�d2��WhV2WYXUP+ZDZ+P+fgde]vdeNQ_QP�_QP9_Q]
V^Z+N�deP+f�k
P+V&_Q] W�c+f^P+R�deP+V2TUf^]
qU]
RQP+Vu��c+_QTUqUc+RQc=de]
LONQP+V�_QNk
]
nxTURoP=d2k
P+NQf^V&k
]
nx]vdeP+V+s � TUN�deP=l�TU]
V+�jXUP+f^V uU�7w'­��'Z+n _QP9�Qf^Thl�TURQ_QP+NQf+�QTUR���P+N�d2f^P+noWhf^LONQP+fNQR WhZ+Z+]
_QP+R�d�_�WhRQV7k
P+V7Z+TUNQf^��P+V7qUfeWhRONQk
TUnxc=def^]
LONQP+V'_QP+V�VeWh�Qk
P+V7P=d�_QP+V�k
]
nxTURQVAqUf^TUV^V^]
P+f^V+stuP+kKW7��P+N�d~V+a P�y��Qk
]
LONQP+f2��Whf�kKW'R�W�deNQf^PDWhk
k
TjZ\[�deTURQP�_QN��QkKWhZYWhqUP9k
]
nxTURQP+Njyoc+TUk
]
P+R�[Qc+f^]vdec9_QPkKW7_QP+f^RQ]
r+f^PDqUkKWhZ+]KW�de]
TURbs
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�� EF���GH"!&H"*�T������ ���&� �O���V%&���G��� ��H"* ���
�4P+V�WhR�Whkv�jV^P+V�Z\[Q]
nx]
LONQP+V`deThd\Whk
P+VuTUR�d�c=dec9f^cYWhk
]
V^c+P+VuV^NQf�kKWDl�feWhZ=de]
TURS]
R�l�c+f^]
P+NQf^P�w�§AnxnWh]
RQV^]�LONQP2V^NQf kKW�l�feWhZ=de]
TUR�Whf^qU]
k
P+NQV^P�]
R�l�c+f^]
P+NQf^P�w>§

µ
n�s��4P+V`c+k
c+nxP+R�deV noW`v^P+NQf^V�V^TUR�du_QTUV^c+V��Whf&�gt £ } M ¯ B WhN�tuP+R�def^P9_QP £ c+_QTUk
TUqU]
P8nu]
TUk
TUqU]
LONQP2_QN�t ] p B w ] WhRQZ=�SP=d�k
P+Vuc+k
c+nxP+R�deVdefeWhZ+P+V���f^c+V^NQkvd\W�deV>RQTURi�Qf^c+V^P+R�dec+V�]
Z+] ¡���WhfA�gt £ } \ B Wh�Qf^r+VAl�NQV^]
TURM_QPok�a c+Z\[�WhR�de]
k
k
TUR{WYXUP+Z�4]Yn��8CDP=dD_Q]
V^V^TUk
N�de]
TUR���Whf a ] �8OAWhNituP+R�def^P�_QP p2P+Z\[QP+f^Z\[QP+V £ c=def^TUqUfeWh�Q[Q]
LONQP+V9P=dzq9c+T��Z\[Q]
nx]
LONQP+V>��t;p £ qA¡u_QN�t ] p B w ] WhRQZ=�Us

�4P+V�f^c+V^NQkvd\W�deV�V^NQf�kKWªl�feWhZ=de]
TUR.Whf^qU]
k
P+NQV^PiV^P+f^TUR�d��Qf^c+V^P+R�dec+V|_�WhRQV�k
PiZ\[�Wh�Q]vdef^P ����s u��WhqUP2¦��~P+R�nxm+nxP`deP+nx�QVBLONQP�k
P+V�WhR�Whkv�jV^P+V�_QP+V�ZYWh��WhZ+]vdec+VB_ba c+Z\[�WhRQqUP2ZYW�de]
TURQ]
LONQPhs ± WhRQV�Z+Pnxm+nxP$Z\[�Wh�Q]vdef^Ph�ORQTUNQV&��TUfgdeP+f^TURQVuNQRQP9W�d^deP+R�de]
TURo��Whfgde]
Z+NQk
]
r+f^P~WhNjyo_Q] W�c+f^P+RQZ+P+V+��P+RodeP+f^nxP+V_QPDZ+TUnx��TUV^]vde]
TUR�Z\[Q]
nx]
LONQPh��P+R�def^PAZ+P+V~_QP+Njy�l�feWhZ=de]
TURQV�c=deNQ_Q]
c+P+V+s£ TUNQfukKW�l�feWhZ=de]
TUR7deThd\Whk
P>� «�qUNQf^P�§js u�¡���]
R�l�c+f^]
P+NQf^P~w>§9nxn��UZha P+Vgd&_�WhRQV`k�a [QTUf^]
�+TUR�k
]
nxTURQP+Njy��
1�I ?5I?v^NQV^LONba w�NQRQP��Qf^Thl�TURQ_QP+NQfD_ba P+R�Xj]
f^TUR xU��Z+n��bLONQP�k�a TUR�def^TUN�XUP�k
P+VDZ+TURQZ+P+R�defeW�de]
TURQV9P+RV^]
k
]
Z+]
NQn k
P+V$�Qk
NQV~]
nx��TUfgd\WhR�deP+V>�#�`uo�U�U�ow��Y­S�U�U�xnxnxTUk�s zOq?.A@#¡�s M N�_QP+kKw���k
P+V~Z+TURQZ+P+R�defeWI�de]
TURQV2_Q]
nx]
RONQP+R�d�v^NQV^LONba w��U�>�U�U�7nxnxTUk�s zOq?.A@uP+R���WhV^VeWhR�d���Whf2NQR�nx]
RQ]
n'NQn wo�h�7Z+n _QP�Qf^Thl�TURQ_QP+NQf+s£ WhfeWhk
k
r+k
P+nxP+R�dY� k
P+VoZ+TURQZ+P+R�defeW�de]
TURQVoP+R�Whk
NQnx]
RQ]
NQn _�WhRQVSk
P�k
]
nxTURªV^TUR�d���P+N XhWhf^]KWh�Qk
P+V��P+R�Xj]
f^TUR|�U�U�Sw��7�U�U�onxnxTUk�s zOq?.A@#¡2�QNQ]
V�WhNQqUnxP+R�deP+R�d�l�TUfgdeP+nxP+R�d�P=d9Z+TURQVgd\WhnxnxP+R�d9WYXUP+ZkKW��Qf^Thl�TURQ_QP+NQf7v^NQV^LONba w�_QP+V7XhWhk
P+NQf^V'_QP|u��U�U��nxnxTUk�s zOq?.A@9�Qf^TjZ\[QP+V�_QPSZ+P+k
k
P+V'nxP+V^NQf^c+P+V_�WhRQV~kKW'f^TjZ\[QPDnxr+f^Phs�4P+V9c+k
c+nxP+R�deV9Whk
ZYWhk
]
RQV~P=dDWhk
ZYWhk
]
RQTI}OdeP+f^f^P+Njyi� ] W�� ^ �4t&WSP=d \ qO¡~V^NQ]vXUP+R�dDk
P>nxm+nxP>Z+TUn7���TUfgdeP+nxP+R�dYs&��R RQThdeP+feW|deTUN�deP=l�TU]
VxLONQP���TUNQfxk
P�V^Tj_Q]
NQn P=dok
P�ZYWhk
Z+]
NQn���k
P�V^TUk~P+Vgdodef^r+VWh�Q��WhN�Xjf^]u�QNQ]
V^LONQPSk
P+V>Z+TURQZ+P+R�defeW�de]
TURQV'_�WhRQV'kKW�f^TjZ\[QPonxr+f^PoVeWh]
RQPoV^TUR�dx§�w u�l�TU]
VA�Qk
NQV]
nx��TUfgd\WhR�deP+V$LONQP'_�WhRQV�k
P+V$[QTUf^]
�+TURQV$k
P+V$�Qk
NQV$�Qf^Thl�TURQ_QV��#�I§h�xZ+nS¡2LONQ]0TUR�d�c=dec7WhR�Whkv�jV^c+V+stuP+kKW7V+a P�y��Qk
]
LONQP9��Whf�kKWAl�feWhqU]
k
]vdech��Xj]
V�w'Xj]
V&_QP9k�a Whkvdec+feW�de]
TURb�O_QP+V2nx]
RQc+feWhNjy|� l�P+k
_QV^��W�de[QV&P=d�QkKWhqU]
TjZ+kKWhV^P+V\¡~Z+TUR�deP+R�WhR�d>Z+P+VDc+k
c+nxP+R�deVb�4kKWSl�TUfgdeP7nxTU�Q]
k
]vdec>P+R{V^TUk
N�de]
TUR�_QP�Z+P+VDc+k
c+nxP+R�deVP�y��Qk
]
LONQP$��TUNQf^LONQTU]�]
k
V V^TUR�d&P+RQV^NQ]vdeP~l®WhZ+]
k
P+nxP+R�d`k
P+V^V^]vXUc+Vu_QNS�Qf^Th«�k�sj��RoRQThdeP+feWAc+q�Whk
P+nxP+R�dLONQPDk
P9ZYWhk
Z+]
NQn P+Vgd~V^]
qURQ]v«�ZYW�de]vXUP+nxP+R�d�nxTU]
RQVuZ+TURQZ+P+R�def^cA_�WhRQV�k�a Whf^r+RQP9LONQPD_�WhRQV�k
P�k
]
nxTURP=d~kKW7f^TjZ\[QPDnxr+f^Ph�QZ+PDLONQ];Rba P+Vgd~��WhV2k
P9ZYWhV2_QP+V$WhN�def^P+V~Whk
ZYWhk
]
RQVuP=d$Whk
ZYWhk
]
RQTI}OdeP+f^f^P+Njy�s�4P+V~Z+TURQZ+P+R�defeW�de]
TURQV2P+R�l�P+f2V^TUR�d~�Qk
NQV2]
nx��TUfgd\WhR�deP+V&P=d~�Qk
NQV2Z+TURQVgd\WhR�deP+V~_�WhRQV2k�a Whf^r+RQPDLONQP_�WhRQV~k
P�k
]
nxTUR|��f^P+V^��P+Z=de]vXUP+nxP+R�d9�h�U�7nxnxTUk�s zOq?.A@`P=d$§U�h��w�­O�h�'nxnxTUk�s zOq?.A@#¡�s�4P+VAZ+TURQZ+P+R�defeW�de]
TURQVAP+R{de]vd\WhRQP'XhWhf^]
P+R�dA��P+NMWhN�deTUNQf9_QP����U��nxnxTUk�s zOq?.A@~noWh]
V9nxTUR�def^P+R�dLON�WhRQ_inxm+nxP7NQRik
c+qUP+f9P+RQf^]
Z\[Q]
V^V^P+nxP+R�d>_�WhRQVAk�a Whf^r+RQP7qUfeWhRQ]vde]
LONQP7f^c+_QNQZ=de]
LONQP��®¦U��w����U�Z+n _QP9�Qf^Thl�TURQ_QP+NQf\¡�s���R�RQThdeP+feW'c+q�Whk
P+nxP+R�d&NQR�k
c+qUP+f&Wh�Q��WhN�Xjf^]
V^V^P+nxP+R�d~w��h�'Z+n _QP��Qf^T��l�TURQ_QP+NQf+��Wh�Q�Qf^TYy�]
noW�de]vXUP+nxP+R�d~WhN�RQ]vXUPYWhN�_QPDkKW>defeWhRQV^]vde]
TUR�P+R�def^PAk
P9k
]
nxTURSP=d2k�a Whf^r+RQPhs�4P~noWhRQq�WhRQr+V^P~P=duk
P2�Q[QTUV^�Q[QTUf^P~V^TUR�d&�Qf^c+V^P+R�deVuP+Rxdef^r+V`l®Wh]
�Qk
P+V�LON�WhR�de]vdec+V���_QP$�Aw��Of^P+V^��P+Z��
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£ f^Thl#s � a	����� � a������ t ] trm ]§h� ­Q� ­$x u�� xU� x�§U§U� §�xh­ §�u��¢�h¦
uU� ­Q� �U¦ u��¢��­ ­U­O§h� �I�h¦ §�­Q�¢�U�­�� ­Q�¢�U� u��¢�U� �`u���u �j� �����¢§�­
xU� ­Q� ¦�� u�� ¦�§ �h¦�§ u�� �`x�� uIu�h� ­Q� ¦�� u��¢�U� ­O�U� u�� �I§j� ¦Iu¦U� ­Q�¢§j� u�� ­O§ u��`x §h¦ �U�U� �U¦�U� �j�v��¦ ­Q� �Iu ��xIx §h¦ ����� ¦�§���U� ­Q� ¦�� u��¢�U§ u��h¦ §j� �`x��¢�j�

de]vXUP+nxP+R�dY�4���7P=d�§h�7nxnxTUk�s zOq?.A@`_�WhRQV2kKW'f^TjZ\[QPDnxr+f^P�¡�s
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P+V>TUN�de]
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TURi_QN°V^TUk 1$8
3>1$6�<|Wh]
RQV^]�LONQP'k
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nx]
VgdeP+V~TUR�d�Z+TUnx�Qf^]
V~k�a ]
nx��TUfgd\WhRQZ+PD_QP+V9WhR�Whkv�jV^P+V_ba PYWhN°]
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]
nx]vdec+P9��Whf$k
PAnoWh]
k
k
TURSl®Wh]
�Qk
PD_QP+V�nxP+V^NQf^P+V�WhR�Whkv�Ode]
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r=XUP+nxP+R�d�1$8 3>1$6�< v^NQV^LONba WhNSkKWh��TUfeW�deTU]
f^P
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��RQ]vde]KWhk
P+nxP+R�dY�0Z+P=d^deP�V^TURQ_QP�P+Z+TI}jnxP+n-,. _QP�nxP+V^NQf^P�n'NQkvde]
��WhfeWhnxc=def^]
LONQPS_Qc=XUP+k
TU�Q��c+P��Whf \ P+P+f^P+VgdeP+Z\[QRQ]
z�¯�k
P+Z=def^TURQ]
zDc=d\Wh]vd�_QP+Vgde]
RQc+P2w�k�a TjZ+cYWhRQTUqUfeWh�Q[Q]
Phs B NQV^��P+RQ_QNQP$w�NQR7Z Xh�Qk
PP+R>WhZ+]
P+f+�YP+k
k
P���P+N�d�m=def^P ]
nxnxP+f^qUc+P�P=d�P+RQf^P+qU]
Vgdef^P`Wh]
RQV^]Uk
P+V;nxP+V^NQf^P+V�_QP+V;_Q] W�c+f^P+R�deV�ZYWh��deP+NQf^V]
RQVgd\Whk
k
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P �QN�d0LONQPuRQTUNQV0f^P+Z\[QP+f^Z\[Q]
TURQV0c=d\Wh]vd�_QPunxP+V^NQf^P+f�P+R'Z+TUR�de]
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P+VD«�RQP+VAXhWhf^]KW�de]
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R{RQTUn'�Qf^Px_QPo��WhfeWhnxr=def^P+VDV^NQV^Z+P+�j�de]
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P+V$_QP'Z\[�WhRQqUP+f9feWh�Q]
_QP+nxP+R�d�_�WhRQV9k
P+V�PYWhNjy�k
]
�Qf^P+V$_QN�V^TUk�s4tuP+kKWoRba WSc=dec7��TUV^V^]
�Qk
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k
PxV^PSZ+TUnx��TUV^Po_ba NQR°Z=�jk
]
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TURQqUNQP+NQfA��TUNQf
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����Z+n _QP�_Q]KWhnxr=def^P>Z+TUnxnxP'k
P'nxTUR�def^P7kKWx«�qUNQf^P u�sv�Usb�4P+VDZYWh��deP+NQf^VDV^TUR�d9deTUNQV9]
RQVgd\Whk
k
c+VV^NQf9kKWxl®WhZ+P']
R�l�c+f^]
P+NQf^Phs ] TUNQV9WYXUTURQV9Z\[QTU]
V^]B_ba c+LONQ]
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P+VZYWh��deP+NQf^V~V^NQ]vXhWhR�deVis
}(y~RQP2c+k
P+Z=def^Tj_QP�� a Z+TUn'�Q]
RQc+Ph��WYXUP+Z2Vg�jVgder+nxP~_QP�f^c=l�c+f^P+RQZ+P2�9¯ p��9��� � ,. _QP���RQqUTUk
_bs�;W��Qf^c+Z+]
V^]
TUR°P=d�kKW�V^P+RQV^]
�Q]
k
]vdecxZYWhk
Z+NQk
c+PSV^TUR�d�f^P+V^��P+Z=de]vXUP+nxP+R�dx_QP�� ���v��P=dx��� �U��§NQRQ]vdec�� a sO�;W9ZYWhk
]
�QfeW�de]
TUR'W9c=dec&l®Wh]vdeP2WhN�kKWh��TUfeW�deTU]
f^Ph��wA§U�	�\t$�OWYXUP+Z�def^TU]
V�V^TUk
N�de]
TURQVd\Whnx��TURQV ] n B ��� a�
 ­Q� �U�U¦���� a�
 x�� ¦IxU��P=d~� a�
 ���v��¦�§U¡&Z\[�WhZ+NQRQP>_QPD�Qf^c+Z+]
V^]
TUR
� ��� ���I§'NQRQ]vdec9� a s

}(y~RQP c+k
P+Z=def^Tj_QPBf^c+_QTYyDP+RD�QkKW�de]
RQP0Z+TUn'�Q]
RQc+P WYXUP+Z NQRDVg�jVgder+nxP _QP�f^c=l�c+f^P+RQZ+P �9¯ p��9��� � ,._QP���RQqUTUk
_SP=d�NQRQP�c+k
P+Z=def^Tj_QP$_QP�f^c=l�c+f^P+RQZ+P M q�m M qOtuk�s��;W>�Qf^c+Z+]
V^]
TURSP+Vgd�_QP
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�Q]
k
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N�de]
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V^]
TUR�� �in { TUR�d�c=dec�N�de]
k
]
V^c+P+VSw°§U� � t ��TUNQfSZYWhk
]
�Qf^P+fxZ+P=d^dePc+k
P+Z=def^Tj_QPhs
}(y~RQPoZ+P+k
k
NQk
P7_QPxZ+TURQ_QNQZ=de]vXj]vdec�Z+TURQVgde]vdeNQc+Po_QPxV^P+��d'c+k
P+Z=def^Tj_QP+VAP+R{de]vd\WhRQP�_Q]
V^��TUV^c+P+VVg�jnxc=def^]
LONQP+nxP+R�dA_�WhRQVDNQR{Z=�jk
]
RQ_Qf^P7Z+f^P+Njy{P+R{Z+c+feWhnx]
LONQPhs4�;W��Qf^c+Z+]
V^]
TUR|P+VgdA_QP����� ���Sn B s Z+n .A@ d\WhRQ_Q]
V�LONQP�kKW�f^c+V^TUk
N�de]
TUR�P+VgdA_QPx��� �U���7n B s Z+n .A@ s;tuP=d^deP�Z+P+k
k
NQk
P7Wc=decAc=d\Whk
TURQRQc+PDWYXUP+ZA_QP+Njy�V^TUk
N�de]
TURQV ^ tuk����v� \ P=d$��� ��� \ WY��WhR�d~f^P+V^��P+Z=de]vXUP+nxP+R�dY�wA§U�	�\t$��_QP+V Z+TURQ_QNQZ=de]vXj]vdec+V�_QPD�I§j� ¦��$n B s Z+n|.A@&���.��� u��9��¡0P=d`_QP2���v�Y­��U¦�n B s Z+n|.A@��� ���¢�7��¡�s�tuP+V2V^TUk
N�de]
TURQV&�Qf^T�Xj]
P+RQRQP+R�d~_QP+V2kKWh��TUfeW�deTU]
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TUnxP=deP+f M R�Whkv�Ode]
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]
�QfeW�de]
TURQV`V^TUR�d~PQW�P+Z=deNQc+P+V$WhN�kKWh��TUfeW�deTU]
f^P~��Whf�Z+TUnx��WhfeWh]
V^TUR�WYXUP+ZA_QP+VnxP+V^NQf^P+V~PQW�P+Z=deNQc+P+V~��Whf&de]vdefeW�de]
TURSV^P+k
TUR�kKW'nxc=de[QTj_QP9_QP	��]
RQzOk
P+fA��tu[�Whf^k
ThdY�����IxIx��
p2Tj_Q]
P+f+�����U�Ix�¡�s��4P9�Qf^]
RQZ+]
��P�_QPDkKW'nxP+V^NQf^P9Z+TURQV^]
VgdePDP+R�NQRQPDf^cYWhZ=de]
TUR�_QPDf^c+_QNQZ=de]
TUR
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V^c+P'��Whf�NQR|XUTUkvd\WhqUP'��P+f^noWhRQP+R�d_QPx��s¢� {'s " Z+P�XUTUkvd\WhqUP7V^��c+Z+]v«�LONQPh�;_ba WhN�def^P+VDq�Wh�7deP+k`t��8CATUN ] CARQP���P+fgdeNQf^��P+R�d��WhV�kKW7nxP+V^NQf^PDZYWhf�]
k
V�RQPDV^TUR�d~��WhV2]
TURQ]
V^c+V+s
} y~R�ZYWh��deP+NQf�_QP&deP+nx��c+feW�deNQf^P&l�TUf^nxcu_ba NQRQP2f^c+V^]
Vgd\WhRQZ+P2P+R��QkKW�de]
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P+f~]
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N�de]
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c+�+TUf^c+V^]
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]
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k
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kKWhR�dlv^NQV^LONba wx�I�h�9nxr=def^P+V+s � TUN�deP=l�TU]
V+�Uk
P+V�XhWhf^]KW�de]
TURQVB_QP~�Qf^P+V^V^]
TUR_�WhRQV2kKW'R�Wh�Q��PDV^PDV^TUR�d~f^c=XUc+k
c+P+V2def^TU��l®Wh]
�Qk
P+V&P=d~k
P+V�f^c+V^NQkvd\W�deV2]
RQP�y��Qk
TU]vd\Wh�Qk
P+V+s
�4P9��TUkv�jnxr+f^P~�9¯ p��9��� � ,. N�de]
k
]
V^c$��TUNQf&k
P+V&c+k
P+Z=def^Tj_QP+V�� a P=d~¯�[�P+Vgd2NQR�c+k
P+Z=def^TUkv�OdePV^TUk
]
_QPS_QTURQZ��Qk
NQV�Vgd\Wh�Qk
P�P=dx�Qk
NQV7f^c+V^]
Vgd\WhR�dow|kKW��Qf^P+V^V^]
TURbs���k�RQP�RQc+Z+P+V^V^]vdeP���WhV�_QP�_Q]KWI��Q[QfeWhqUnxP9noWh]
V&��TUV^V^r+_QP;v^NQVgdePDNQR�TUf^]v«�Z+P9LONQ]4nxP=d2_Q]
f^P+Z=deP+nxP+R�d~P+R�Z+TUR�d\WhZ=d~kKW'V^TUk
N�de]
TUR�wnxP+V^NQf^P+f~P=d$k�a c+k
P+Z=def^TUkv�OdePhs ] TUNQV$WYXUTURQV$Z\[QTU]
V^];Z+PDd��j��P>_ba c+k
P+Z=def^Tj_QPA��Whf^Z+PALONQP>k�a P+R�def^P=de]
P+RP+Vgd~nx]
RQ]
noWhk��QNQ]
V^LONba ]
k4Rba ��W7LONQPA��P+N�_ba P+RQZ+feWhV^V^P+nxP+R�d$TUN�_ba P+nx��TU]
V^TURQRQP+nxP+R�dYs
y~R�WhqU]vd\W�deP+NQf2P+Vgd�nxTUR�decAP+R�V^c+f^]
P>V^NQf~Z+P+V�Wh�Q��Whf^P+]
k
V+s���k�P+Vgd$�QkKWhZ+c>WhN�nx]
k
]
P+N�_QP+V$_Q]vlK�l�c+f^P+R�deP+V7c+k
P+Z=def^Tj_QP+V'P=d7��P+f^nxP=d7_QPSnxc+kKWhRQqUP+f+��_ba [QTUnxTUqUc+RQc+]
V^P+f>k
P+V'PYWhNjy°k
]
�Qf^P+V>_�WhRQV'kKWZ+P+k
k
NQk
P7��P+RQ_�WhR�d>k
P+VDnxP+V^NQf^P+V+s0t$a P+Vgd>def^r+VA]
nx��TUfgd\WhR�d9��TUNQfAkKW�LON�Whk
]vdec7P=d>kKW�f^P+�Qf^Tj_QNQZ=de] ��Q]
k
]vdec9_QP+V�nxP+V^NQf^P+V�noWh]
V~WhNQV^V^]0�Qk
NQV~V^��c+Z+]v«�LONQP+nxP+R�dD��TUNQf~k
PAZYWh��deP+NQf���TUkKWhf^TUqUfeWh�Q[Q]
LONQPhs

M N�RQ]vXUPYWhNS_QP9VeW>nxP+n'�QfeWhRQPh��Z+P+k
NQ]¨}jZ+]�Z+TURQV^TUnxnxPh�jP+RSl®Wh]
�Qk
P~LON�WhR�de]vdech��_QP�k�a TYyj�jqUr+RQP���Whff^c+_QNQZ=de]
TURb�b��TUNQfDf^cYWhk
]
V^P+f�V^P+VAnxP+V^NQf^P+VDP=d>Wh�Q��WhN�Xjf^]vdD_QTURQZ�k
c+qUr+f^P+nxP+R�dAk
P+V9PYWhNjy�s;�4P�f^P��RQTUN�XUP+k
k
P+nxP+R�d&P=d�k�a WhqU]vd\W�de]
TUR�_QP+V&PYWhNjyS��P+f^nxP=d^deP+R�d�_ba TU��deP+RQ]
fu_QP+V�nxP+V^NQf^P+V&�Qk
NQV&�Qf^c+Z+]
V^P+VP=d2�Qk
NQV2Vgd\Wh�Qk
P+V+s
y~R7Z+TUR�XUP+fgde]
V^V^P+NQf`WhR�Whk
TUqU]
LONQPu]
R�dec+qUf^c&_�WhRQVBk
P&Z+TUf^�QVB_QP�kKW$V^TURQ_QP�V^TUNQVBk�a P+nx�QkKWhZ+P+nxP+R�d�Qf^c=XjN���TUNQf~k
P+V$��W�d^deP+f^]
P+V~defeWhRQVgl�TUf^nxPAk
PDXUTUkvd\WhqUP>f^P �+N�_QP+V�ZYWh��deP+NQf^V�P+R�V^]
nx�Qk
P+V2XhWhk
P+NQf^VRONQnxc+f^]
LONQP+V+s�tuP+k
k
P+V�}jZ+]���Z+Tj_Qc+P+V�V^NQf9�`x'�Q]vdeV+�QV^TUR�d2P+RQV^NQ]vdeP9P+RQf^P+qU]
Vgdef^c+P+V�_�WhRQV2kKW>nxc+nxTU]
f^P_QPDkKW'V^TURQ_QPA_QTUR�d2kKW7ZYWh��WhZ+]vdec9P+Vgd~k
]
nx]vdec+P�wx§U��x7zO]
k
TI}jTjZ=deP=deV+s
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�;W�V^TURQ_QPoP+Vgd'�QkKWhZ+c+Px_�WhRQVANQRideNQ��PxP+R £ {$t Z+TURQVgdef^NQ]vd>V^��c+Z+]KWhk
P+nxP+R�dA��TUNQfDl�TUf^nxP+fNQRQP~Z+P+k
k
NQk
P�_QP~nxP+V^NQf^P~c=d\WhRQZ\[QP~Xj]
Vuw9Xj]
V`_QP~k�a W�denxTUV^�Q[Qr+f^PhsO�;WD��Whfgde]
P2]
R�l�c+f^]
P+NQf^P2_QNxdeNQ��PP+Vgd9kKWhf^qUP+nxP+R�d$TUN�XUP+fgdeP'��TUNQf$��P+f^nxP=d^def^P>kKWxZ+]
f^Z+NQkKW�de]
TUR�_QP+V�PYWhNjy�k
]
�Qf^P+V$_QN�V^TUk0noWh]
V~NQRde]
V^V^Ni]
RQP+fgdePxc=Xj]vdePxk
PxZ+TUk
noW�d\WhqUP7_QPok�a P+RQV^P+n'�Qk
Px_QNM_Q]
V^��TUV^]vde]vluWh]
RQV^] LONQPok
P+V>_Qc+� �hdeVAV^NQfk
P+Vxc+k
P+Z=def^Tj_QP+VxP=dSZYWh��deP+NQf^V+su¯�R V^NQfgl®WhZ+Ph�`NQRQP�d\Wh�Qk
P=d^deP��Qf^c=Xj]
P+R�dSk
P+Vxc+Z+TUNQk
P+nxP+R�deVo�Qf^c��l�c+f^P+R�de]
P+k
V>k
Pok
TURQq�_QNideNQ��PSP+R £ {$t$s y~R°_Q]
V^��TUV^]vde]vl&Z+TUnx�Qk
c+nxP+R�d\Wh]
f^PxV^]vdeNQcoV^NQf'k
PoZ��hdec��P+f^nxP=d~_QP>�Qf^c+k
P=XUP+f$k
P+V~PYWhNjy�k
]
�Qf^P+V2�Qf^c+Z+]
V^c+nxP+R�d�_�WhRQV$kKW7Z+P+k
k
NQk
PDT���V^TUR�d�PQW�P+Z=deNQc+P+V�k
P+VnxP+V^NQf^P+V+sj�4P+V`_QP+Njy�deN���WhNjyoV^TUR�duP+R�d��jqUTUR�,. P=d`P+RxdeP=¥�TUR�,. �OnoW�dec+f^]KWhNjy7N�de]
k
]
V^c+VB��TUNQf k
P+NQf]
RQP+fgde]
P>Z\[Q]
nx]
LONQPhs4tuP+kKWS��P+f^nxP=d9_QP7Z+TUR�def �Uk
P+f$��TURQZ=deNQP+k
k
P+nxP+R�d�deTUN�deP+V9k
P+V�nxP+V^NQf^P+VDWYXUP+Z_QP+VAWh�Q��Whf^P+]
k
V�[�Wh�Q]vdeNQP+k
k
P+nxP+R�d�N�de]
k
]
V^c+V�V^NQfDk
P>deP+f^feWh]
R ��� a }jnxr=def^Ph�4¯�[O}jnxr=def^P7��TUfgd\Wh�Qk
Ph�c+k
P+Z=def^Tj_QP+V9V^c+k
P+Z=de]vXUP+V+�;P=deZhs¢¡�s M XUP+Z�k
P'deP+nx�QV+�4WhNQZ+NQRQPx_Qc+f^]vXUP7_QP+VAZYWh��deP+NQf^VDRba W�c=dec�nx]
V^PP+R{c=Xj]
_QP+RQZ+Phs0tuP+Njy�}jZ+] V^TUR�dDdeTUN�deP=l�TU]
V9RQP=d^deT��Uc+V>P=dAf^P+ZYWhk
]
�Qf^c+V9Vg�jVgdec+noW�de]
LONQP+nxP+R�dANQRQPxw
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_QP+Njy�l�TU]
V���Whf2WhRbs
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�;WiV^TURQ_QP�RQc+Z+P+V^V^]vdeP�_ba m=def^P��Qf^TUqUfeWhnxnxc+P���Whf^Z+P�LONQPh�&��Whfo_Qc=l®WhN�dY�`_QP+V�nxP+V^NQf^P+VSP+RZ+TUR�de]
RON|V^TUR�d9f^cYWhk
]
V^c+P+V$deTUN�deP+V9k
P+V�V^P+Z+TURQ_QP+VDP=d9Z+P+kKWSRba P+VgdD��WhV9RQc+Z+P+V^VeWh]
f^Ph�4WhN�Z+TUR�defeWh]
f^Ph�Z+P+kKW�Whk
TUNQf^_Q]vd$��Whf�kKWxV^NQ]vdeP'k
P+V$defeWh]vdeP+nxP+R�deV+s ± P'�Qk
NQV+��RQTUNQV9V^TUnxnxP+V$k
]
nx]vdec+V~��Whf$k
P+V�ZYWI���WhZ+]vdec+V9_QP'VgdeTjZ\z�WhqUP7_QP+V9_QTURQRQc+P+V9_�WhRQV9kKWonxc+nxTU]
f^P>Wh]
RQV^]�LONQP7��Whf�kKWo_QNQf^c+P7_QP'Xj]
P'_QP+V��W�d^deP+f^]
P+V+s £ TUNQf>Z+P+kKW��4k
Pxk
TUqU]
Z+]
P+k0P+Z+TI}jnxP+n-,. RQTUNQV>T W�f^PxNQRQPx]
R�deP+fgl®WhZ+Px_QPoZ+TUnxn'NQRQ]
ZYWI�de]
TUR'WYXUP+Z�kKW2V^TURQ_QP&��TUNQf0��WhfeWhnxc=def^P+f;deTUN�deP+VBk
P+V;l�TURQZ=de]
TURQV0P�y�]
Vgd\WhR�deP+V+s ] TUNQVBWYXUTURQVBZ\[QTU]
V^]��Wh�Qf^r+V~_QPDRQTUn'�Qf^P+Njy�P+V^VeWh]
V�d\WhR�d$WhN�kKWh��TUfeW�deTU]
f^P$LONQPDV^NQf~k
P�deP+f^feWh]
Rb�Qk
P+V2��WhfeWhnxr=def^P+V�V^NQ] �XhWhR�deVisjk
P+V nxP+V^NQf^P+V`V^TUR�d`l®Wh]vdeP+V�deTUN�deP+V`k
P+V [QP+NQf^P+Vu��P+RQ_�WhR�du_QP+Njyxnx]
RON�deP+V`wDfeWh]
V^TURx_ba NQRQPnxP+V^NQf^Px��Whf9V^P+Z+TURQ_QPx��TUNQf9Z\[�WhZ+NQRi_QP+VAZYWh��deP+NQf^V+s��;W�nx]
V^P7P+R{f^TUN�deP7_QPxk�a WhqU]vd\W�deP+NQf$P+Vgd�Qf^TUqUfeWhnxnxc+P���TUNQf&_Qc+�QN�deP+f2NQRQPDnx]
RON�deP9WYXhWhR�d2k
P+V�nxP+V^NQf^P+V2P=d2��TUNQf�Z+TUR�de]
RONQP+f���P+RQ_�WhR�ddeTUN�deP`kKW2_QNQf^c+Pu_QP`Z+P+k
k
P+V�}jZ+]�sItuP+V0��WhfeWhnxr=def^P+V�TUR�d0c=dec`N�de]
k
]
V^c+V;��TUNQf;f^c+��TURQ_Qf^Puw~_Q] W�c+f^P+R�deP+VZ+TUR�defeWh]
R�deP+V9deP+k
k
P+V�k�a WhN�deTURQTUnx]
P>_QP+VD��W�d^deP+f^]
P+V9P=dDkKWSLON�WhR�de]vdec7_QP�_QTURQRQc+P+VDP+RQf^P+qU]
VgdefeWh�Qk
P_�WhRQV~kKW'nxc+nxTU]
f^Ph���Qf^]
RQZ+]
��Whk
P+nxP+R�dYs
p2c+qUNQk
]
r+f^P+nxP+R�dY��P+R{Z+TURQRQP+Z=d\WhR�dANQR{TUf^_Q]
R�W�deP+NQf9��TUfgd\Wh�Qk
P'V^NQfDkKWSV^TURQ_QPh�4k
P+V9_QTURQRQc+P+VV^TUR�duf^c+Z+NQ��c+f^c+P+V&qUfYXhZ+P~WhNok
TUqU]
Z+]
P+kjP+Z+TI}jnxP+n-,. sjtuP+k
NQ]¨}jZ+]���P+f^nxP=d`c+q�Whk
P+nxP+R�d _QP~Z+TUR�XUP+fgde]
fk
P+V�_QTURQRQc+P+VB�Qf^N�deP+V+��Z+Tj_Qc+P+VBV^NQf`�`x~�Q]vdeV+�IP+RAXhWhk
P+NQf^V�V^]
qURQ]v«�ZYW�de]vXUP+V0w~k�a Wh]
_QP _QP+V0Z+TjP��xZ+]
P+R�deV_QP�ZYWhk
]
�QfeW�de]
TURQV nxP+V^NQf^c+V�WhNSkKWh��TUfeW�deTU]
f^P2��TUNQf`Z\[�WhZ+NQR�_QP+V&ZYWh��deP+NQf^V v^NQVgdeP9WYXhWhR�d�kKWAnx]
V^PP+R��QkKWhZ+PDV^NQf~k
P9deP+f^feWh]
Rbs��4PAk
TUqU]
Z+]
P+kbn'NQkvde]
��Whf ,. LON�WhR�d9w�k
NQ]��QRQTUNQV$��P+f^nxP=d~_QPAZ+TUR�XUP+fgde]
fk
P+V7_QTURQRQc+P+V+��_QP�k
P+V>Xj]
V^N�Whk
]
V^P+f'qUfeWh�Q[Q]
LONQP+nxP+R�d7P=d�_ba ]
R�deP+fgXUP+RQ]
f'V^NQf7k
P+V7��WhfeWhnxr=def^P+V'_QPZYWhk
]
�QfeW�de]
TURQV+s
] TUNQV�XUP+f^f^TURQV~_�WhRQV2kKW'def^TU]
V^]
r+nxP���Whfgde]
P9Z+TURQZ+P+f^R�WhR�d$kKW'qUc+TjZ\[Q]
nx]
P�_QPAkKW'V^TUk
N�de]
TUR�_QNV^TUk�LONQP~RQTUNQV`TU��deP+RQTURQV _QP+V`Z\[Qf^TURQ]
LONQP+Vu��TUNQf k
P+V _Q] W�c+f^P+R�deP+V`nxP+V^NQf^P+V`PQW�P+Z=deNQc+P+V+sQtuP+��P+Rj�_�WhR�dY�UZ+P+k
k
P+V�}jZ+]jV^TUR�d ��Whfgl�TU]
V���P+fgdeNQf^��c+P+V ��Whf0_QP+V Whf^f^m=deVB]
R�deP+nx��P+Vgde]vl�V0_QP&k�a P+RQf^P+qU]
Vgdef^P+nxP+R�d_QP+V9_QTURQRQc+P+VD_QTUR�d9kKWof^P+V^��TURQVeWh�Q]
k
]vdec>��P+N�d9m=def^P7]
nx�QN�dec+P>k
P>�Qk
NQV�V^TUN�XUP+R�d>WhNjy���W�d^deP+f^]
P+V_Qc=l®Wh]
k
kKWhR�deP+V+s £ k
NQVufeWhf^P+nxP+R�dY��_QP�Z+TUNQfgdeP+V���WhRQRQP+V+��VeWhRQV�feWh]
V^TUR�Wh�Q��Whf^P+R�dePh����P+fgdeNQf^��P+R�d2kKWZ+TUR�de]
RONQ]vdecD_QN�V^]
qUR�Whk�s


o)e( �{321 8A5�8DC��S14321 
���:���:�����321
�4P~_Q]
V^��TUV^]vde]vl�_QP~�Qf^c+k
r=XUP+nxP+R�d&_QP~kKWDV^TUk
N�de]
TUR�_QNoV^TUk�P+Vgdu]
RQV^�Q]
f^c2_QP~Z+P+k
NQ]��Qf^TU��TUV^c~��Whf¯�k
P+N�deP+f^]
NQV>�#���U¦U��¡`P=d$Wh_�Wh��decD��Whf \ W�©
def^Px�#���U���Y��¡�s*" k�a Wh]
_QP9_ba NQRQPDV^P+f^]
RQqUNQPDP+R����jf^P�y ,. �]
k���P+f^nxP=d&_QP$�Qf^c+k
P=XUP+f&k
P+V`PYWhNjy�wAk�a P+RQ_Qf^TU]vdunxm+nxP~T��SV^TUR�d&PQW�P+Z=deNQc+P+V�k
P+VunxP+V^NQf^P+Vu��WhfukKWV^TURQ_QP9n'NQkvde]
��WhfeWhnxc=def^]
LONQPhs � TUN�v^TUNQf^V��Qf^Thdec+qUc+P+V�_QP�k�a Wh]
f`P=d�_QP9kKWAk
NQnx]
r+f^Ph�jk
P+VuPYWhNjy�V^TUR�dP+RQV^NQ]vdeP9«�kvdef^c+P+V~wx��� ­O�

µ
n 1$8E3>1$6�<�WYXUP+ZA_QP+V2«�kvdef^P+V�P+R�RQ]vdefeW�deP9_QPDZ+P+k
k
NQk
TUV^P \ ]
k
k
]
��TUf^P ,. s

B NQf'k
PxdeP+f^feWh]
Rb�;NQRQP�Whk
]
LONQThdePxP+Vgd7N�de]
k
]
V^c+Px]
nxnxc+_Q]KW�deP+nxP+R�dA��TUNQf'_QTUV^P+f'k
P+V>V^NQkvl�NQf^P+VdeThd\WhNjy�P=d9k
PAl�P+f p P C	� qUfYXhZ+P7woNQR�V^��P+Z=def^TUnxr=def^P�y7{2}OXj]
V^]
�Qk
PA��TUfgd\Wh�Qk
P a WhZ\[ ± p mU§h������s
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�4P2l�P+f p P C	� P+RoV^TUk
N�de]
TUR�P+Vgd&Z+TUnx�Qk
P�y�c2��Whf`_QNo_Q]¨}Q§Y}j���jf^]
_��jk¨}jZ+c=deTURQP\}j��P+RQ�+T��jk
[��j_QfeWh�+TURQPh�±�£ ^ n a P+R°Wh�Qf^c+qUc�� £ P+[QzhTURQP+R!P=d7Whk�sv�����U��§U¡�s��;W�_Qc=deP+f^nx]
R�W�de]
TUR{_QPokKW�Z+TURQZ+P+R�defeW�de]
TURV^P7l®Wh]vd9w
xIxU�SRQn��b��Whf9feWh�Q��TUfgdDw�NQRQP�Z+TUNQf^��P7_ba c=d\Whk
TURQR�WhqUP7f^cYWhk
]
V^c+P7WhN|kKWh��TUfeW�deTU]
f^P>P=dTU��de]
nx]
V^c+PB��TUNQf;k
P+V;Z+TURQZ+P+R�defeW�de]
TURQV0W�d^deP+RQ_QNQP+V�� B N��hf^P+� ��[�W~P=d0Whk�sv�U���U�h­A���UW W�f^P+�+]
Zh�����U���U¡�s
�4P+V2V^NQkvl�NQf^P+V�deThd\WhNjy{� 1�I ?5I a C B � a B .�P=d B C .�¡uV^TUR�d~]
nxnxc+_Q]KW�deP+nxP+R�d&_QTUV^c+V~V^NQf�k
P�deP+f#�feWh]
R���Whf�Z+TUk
TUf^]
nxc=def^]
P~P+R�nx]
k
]
P+N�WhZ+]
_QP�qUfYXhZ+PAw'kKW'nxc=de[QTj_QPDWhN��Qk
P+N�_QPDnxc=de[��jk
r+RQPDWYXUP+ZkKW ��}�Whnx]
RQTI}j_Q]
nxc=de[��jkKWhRQ]
k
]vRQP���tu[�Whf^k
ThdY�2���IxIxª� M nxP+f^]
ZYWhR �QNQ�Qk
]
Z�[QPYWhkvde[	WhV^V^TjZ+]KW�de]
TURb������U�U¡�sQ�;W7k
TURQqUNQP+NQf&_ba TURQ_QPDN�de]
k
]
V^c+Ph��V^NQf2k
P9nxm+nxP�V^��P+Z=def^TUnxr=def^PD��TUfgd\Wh�Qk
Ph��P+Vgd xIx��>RQn�s
± P+Njy�Whk
]
LONQThdeP+V2V^TUR�d$P+RQV^NQ]vdePAfeWh�Q��TUfgdec+P+V�WhN�kKWh��TUfeW�deTU]
f^P�P=d$Z+TURQV^P+fgXUc+P+VDWhN�l�feWh]
V~wo§

� t$sB�;W��Qf^P+nx]
r+f^Ph��RQTUR°WhZ+]
_Q]v«�c+Ph�;P+Vgd7N�de]
k
]
V^c+P���TUNQf>k
Px_QTUVeWhqUPS_QP+V7WhRQ]
TURQVAnoW`v^P+NQf^V>��WhfZ\[Qf^TUnoW�deTUqUfeWh�Q[Q]
P2]
TURQ]
LONQP7�®Wh�Q��Whf^P+]
k ± �g� ] ¯B� ]
V^TjZ+feW�de]
Z�¡ Wh]
RQV^]�LONQP���TUNQfukKWAnxP+V^NQf^P�_QP+VWhk
ZYWhk
]
RQ]vdec+V&ZYWhf^��TUR�W�dec+P+V��5nuTUNQf^f^]
ch�;������x�¡&P=d�RQTURO}jZYWhf^��TUR�W�dec+P+V7� ^ P+k
k
P+f2P=d9Whk�sv�;���U¦��U¡&V^NQfNQRQP Z\[�W�©KRQP�_QP�de]vdefeW�de]
TUR9WhN�deTUnoW�de]
V^c+PB�Q]
k
Thdec+PBV^TUNQV;kKWh��Xj]
P=¤ ,. ��t&WhfgdePYWhNjy������U�U¦�¡�sY�4P+V;V^P+NQ]
k
V_QP2_Qc=deP+Z=de]
TURx��TUNQf k
P+V`WhR�Whkv�jV^P+V ��Whf Z\[Qf^TUnoW�deTUqUfeWh�Q[Q]
P&]
TURQ]
LONQP�V^TUR�du_QP~��� �U�h­O��nxnxTUk�s k�.A@��TUNQfAk
P+V>RQ]vdefeW�deP+VAP=d7��� �U�h­�nxnxTUk�s k�.A@$��TUNQfAk
P+V>V^NQkvl®W�deP+V+s ] TUNQVAXUP+f^f^TURQV'LONQPSV^P+NQk
P+nxP+R�d��TUNQf�Z+P+V~_QP+Njy�c+k
c+nxP+R�deV+��k
P+V2V^P+NQ]
k
V�_QPD_Qc=deP+Z=de]
TURQV2V^P+f^TUR�d2l�f^c+LONQP+nxnxP+R�d$W�d^deP+]
R�dYs�;W2V^P+Z+TURQ_QPuWhk
]
LONQThdeP�P+VgdBWhZ+]
_Q]v«�c+P V^NQf�k
PBdeP+f^feWh]
RA��Whf $ C��	��%BV^NQ�QfeWh�QNQf+s M N>kKWh��TUfeW�deTU]
f^Ph�+k
P_QTUVeWhqUP$_QP�kKWAV^]
k
]
Z+Ph����WhfuZ+TUk
TUf^]
nxc=def^]
P2w'¦��I�DRQn Wh�Qf^r+V&Z+TUnx�Qk
P�yQW�de]
TURx��Whfu_QNSnxTUkv�j��_�W�deP_ba WhnxnxTURQ]
NQn��OV^NQ]vd~NQR��Qf^ThdeTjZ+TUk
P9]
RQV^�Q]
f^c9_QP>tu[�Whf^k
ThdA�#���IxIx�¡�s�4P+V�ZYW�de]
TURQV�noW`v^P+NQf^V�V^TUR�d�_QTUV^c+V���Whf�k
P|�;Wh��TUfeW�deTU]
f^P�_ba M R�Whkv�jV^P+V�_QP B TUk
V{�®� M B ¡o_QPk�a � ] p M w M f^feWhV2��Whf��gt £ } M ¯ B P=d~�gt £ } \ B s
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� ����������� p2NQ_QTUkvl \! GIG �l�#" F � _Qc+Z+TUN�Xjf^PM_QP+V�feWh]
P+V�_ba c+nx]
V^V^]
TUR P=d�_ba Wh�QV^TUf^��de]
TURf^c+V^TURQR�WhR�deP�_QP�feWY�UTURQRQP+nxP+R�d
γ
VeWhRQV�f^P+Z+NQk$_QN	RQT���WhN WhN Z+TUNQf^VS_QP�defeWhRQV^]vde]
TURQVRONQZ+k
cYWh]
f^P+V�� \%$ V^V^��WhNQP+f+�&§h�U�U��¡�s tuP=d /=PQW�P=d \%$ V^V^��WhNQP+f�/�W|def^TUN�XUc�]
nxnxc+_Q]KW�deP+nxP+R�d'_QPn'NQkvde]
�Qk
P+V$Wh�Q�Qk
]
ZYW�de]
TURQV~_�WhRQV9k
P+V�_QTUnoWh]
RQP+V$�Qf^TjZ\[QP+V9_QP7kKWo�Q[��jV^]
LONQP�_QN|V^TUk
]
_QPh��_QN�noWI�qURQc=de]
V^nxP�TUN	P+RQZ+TUf^P|_�WhRQV�_QP+V�_Q]
V^Z+]
�Qk
]
RQP+Vo�Qk
NQV�Wh�Q�Qk
]
LONQc+P+VSdeP+k
k
P�kKWMnxc=d\Whk
k
NQf^qU]
Ph����WhfP�y�P+nx�Qk
Phs £ Whf�kKW'V^NQ]vdePh��kKW'V^��P+Z=def^TUV^Z+TU�Q]
P \%$ V^V^��WhNQP+f2V+a P+Vgd~_Qc=XUP+k
TU�Q��c+PDP+R�Z\[Q]
nx]
P$_QN�V^T��k
]
_QPAP=d���P=de]vd9wo��P=de]vd v^NQV^LONba WhNjy�V^Z+]
P+RQZ+P+V9_QP'kKW�deP+f^f^P 35I4/ I�P=d�kKWx��c+_QTUk
TUqU]
Phs M N�v^TUNQf^_ba [ONQ]��]
k0P+VgdA_QP=XUP+RON{l®WhZ+]
k
P>_QP�V^P��Qf^TjZ+NQf^P+f9NQR{V^��P+Z=def^TUnxr=def^P \%$ V^V^��WhNQP+fA�Qf^m=dAw�k�a P+nx�Qk
TU]���_QP+VV^TUNQf^Z+P+V2feWh_Q]
T�WhZ=de]vXUP+V�TUN�P+RQZ+TUf^PD_QP+V2Z+fg�UTUVgd\W�deVb��_QP9RQTUn'�Qf^P+Njy��Qf^TUqUfeWhnxnxP+V&��P+f^nxP=d^deP+R�dc+q�Whk
P+nxP+R�d>_ba ]
R�deP+f^�Qf^c=deP+f>P=d'_ba W`v^NQVgdeP+f>k
P+V>_QTURQRQc+P+V'��TUNQfAk
P+V>_Q] W�c+f^P+R�deV>]
V^ThdeTU��P+V \%$ V^V#���WhNQP+f2P�y�]
Vgd\WhR�deV+s± WhRQV'Z+P�Z\[�Wh�Q]vdef^Ph�0RQTUNQV7Whk
k
TURQVDdeTUN�d7_ba Wh��TUf^_MfeWh�Q��P+k
P+f>�Qf^]
r=XUP+nxP+R�d�k
P+V>�Qf^]
RQZ+]
��P+V>l�TURj�_�WhnxP+R�d\WhNjy{_QPokKW�V^��P+Z=def^TUV^Z+TU�Q]
P \%$ V^V^��WhNQP+f>P=d'�Qk
NQVA��Whfgde]
Z+NQk
]
r+f^P+nxP+R�dDZ+P+k
k
Px_QN{l�P+fAP+Rf^c=¥�P�y�]
TURbsj¯�RQV^NQ]vdePh�ORQTUNQVu�Qf^c+V^P+R�deP+f^TURQV&k
P2V^��P+Z=def^TUnxr=def^P \%$ V^V^��WhNQP+funx]
RQ]KW�deNQf^]
V^ch�hV^P+VuZYWI�feWhZ=dec+f^]
Vgde]
LONQP+VDdeP+Z\[QRQ]
LONQP+V7P=d>k
P+V>Z+TURQ_Q]vde]
TURQVD_�WhRQV>k
P+V^LONQP+k
k
P+V>RQTUNQV>k�a WYXUTURQV>N�de]
k
]
V^c�WYXUP+ZV^TUR!_Q]
V^��TUV^]vde]vl�P�y���c+f^]
nxP+R�d\Whk&V^NQf7k
PodeP+f^feWh]
RbsB¯�R�«�Rb��RQTUNQV7_Qc=d\Wh]
k
k
P+f^TURQV>k
P+V'defeWh]vdeP+nxP+R�deVf^cYWhk
]
V^c+V&V^NQf2k
P+V&V^��P+Z=def^P+V~_QPD_QTURQRQc+P+V2P=d2k
P+V��Qf^]
RQZ+]
��P+V�_ba ]
R�deP+f^�Qf^c=d\W�de]
TUR�_QP+V2]
R�deP+feWhZ=de]
TURQV[��j��P+fg«�RQP+V+s

&�)+* �{321���-0:+5 
u:Q��3216��3 C('�3*)|3&6,+.->1;1#/�8 ��3&-
��a PQW�P=d \%$ V^V^��WhNQP+f�V+a Wh�Q�Qk
]
LONQP NQRQ]
LONQP+nxP+R�d0w2NQR>��P=de]vd;RQTUn'�Qf^P _ba c+k
c+nxP+R�deV;Z\[Q]
nx]
LONQP+V��Whf^nx]0k
P+V^LONQP+k
V _10 p Ph� @w@32 B Rb� @32 0 M N{P=dD_Q]vXUP+f^VD]
V^ThdeTU��P+V�_QP7deP+f^f^P+VDfeWhf^P+V9RQThd\WhnxnxP+R�dYs ± P�Qk
NQV+�h��P+N�_ba P+R�def^P�P+Njy7��P+N�XUP+R�d`V+a c=deNQ_Q]
P+f w�kKW~deP+nx��c+feW�deNQf^P�Whn'�Q]KWhR�dePB�hk
Pul�P+fBP+R7l®Wh]vdB��Whf#�de]
Phs ] TUNQV�Whk
k
TURQV~_Qc=XUP+k
TU�Q��P+f�k
P+V��Qf^]
RQZ+]
��P+V$_QP'k�a PQW�P=d \%$ V^V^��WhNQP+f���TUNQf�k
PDl�P+f+��k�a c+k
c+nxP+R�dLONQP�RQTUNQV�WYXUTURQV�N�de]
k
]
V^co_�WhRQV7RQThdef^PSc=deNQ_QPhs B TUR!]
R�dec+f^m=d7��TUNQf7k
P+V'V^Z+]
P+RQZ+P+V�_QP�kKW�deP+f^f^Pf^c+V^]
_QP2P+V^V^P+R�de]
P+k
k
P+nxP+R�d`_�WhRQV`V^TURSWh��TURQ_�WhRQZ+P~WhNxV^P+]
Rx_QP+VunoW�dec+f^]KWhNjy'qUc+TUk
TUqU]
LONQP+V+s ± a NQRQPl®W��+TUR��Qk
NQV�qUc+RQc+feWhk
Ph���Qk
NQV$_QP7¦U��� _QP+V�defeWYXhWhNjy�f^cYWhk
]
V^c+V$P+R�V^��P+Z=def^TUnxc=def^]
P \%$ V^V^��WhNQP+fV+a Wh�Q�Qk
]
LONQP+R�d~WhN�l�P+f+s
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�4P$�Qf^]
RQZ+]
��P~_QP$kKWAV^��P+Z=def^TUnxc=def^]
P \%$ V^V^��WhNQP+f&Z+TURQV^]
VgdeP9wAnxP+V^NQf^P+f&V^NQfuNQRSc+Z\[�WhR�de]
k
k
TUR_QTURQRQch��k�a c+nx]
V^V^]
TURx_QP$feWY�UTURQRQP+nxP+R�d

γ
k
TUf^V^LONba NQRSRQT���WhN�_QP _10 p P�wAk�a c=d\W�duP�y�Z+]vdec�f^P=Xj]
P+R�d�wV^TUR�RQ]vXUPYWhN�_ba c+RQP+f^qU]
P9l�TURQ_�WhnxP+R�d\Whk�s¯�RiPQW�P=dY�;k
TUf^V^LONba NQRifeWY�UTURQRQP+nxP+R�d>]
RQZ+]
_QP+R�dA]
V^V^Ni_QPxkKWSdefeWhRQV^]vde]
TUR H
	IP�� J
	IPS_QN _10 tuTfeWh_Q]
T�WhZ=de]vluP+Vgd'Wh�QV^TUf^��cx��WhfA_QN _10 p Ph�4]
k���P+N�d>P+R�def^P+f>P+Rif^c+V^TUR�WhRQZ+PSWYXUP+Zok�a c+nx]
V^V^]
TUR|_QP+V�Q[QThdeTURQV

γ
_ba c+RQP+f^qU]
P'�Y­Q� ­'zhP { �Qf^]
RQZ+]
��Whk
P+nxP+R�d&noWh]
VuWhNQV^V^]b_QP7�I§�u>P=d9�`u��AzhP {'s�tuP=d�PQW�P=d_QP>f^c+V^TUR�WhRQZ+P>P+Vgd$��TUV^V^]
�Qk
PDNQRQ]
LONQP+nxP+R�d$��Whf^Z+P>LONQP>k
PDfeWY�UTURQRQP+nxP+R�d

γ
]
RQZ+]
_QP+R�d$_QN _10 tuTdefeWhRQV^��TUfgdeP~P�yQWhZ=deP+nxP+R�d&k�a c+RQP+f^qU]
P�������������� ����� �"! #%$'&)(+*,��$-�.(+/�sjtuP=d^deP$c+RQP+f^qU]
P2f^c+V^NQkvdeP~_QP~kKW_Qc+V^P�y�Z+]vd\W�de]
TURxRONQZ+k
cYWh]
f^P2_QNxRQT���WhNoc+nxP=d^deP+NQf _QP _10 tuT>LONQ]�P+VgduZYWh��Wh�Qk
P�_QP~kKW�defeWhRQV^nxP=d^def^P]
R�dec+qUfeWhk
P+nxP+R�d$WhN�RQT���WhN�Wh�QV^TUf^��WhR�d$_QP _10 p PD�QNQ]
V^LONba ]
k4Rba ��Wx��WhV2_QPA��P+fgdePA_ba c+RQP+f^qU]
P>WhNV^P+]
R�_QN�V^TUk
]
_QP���Whf2PQW�P=d~_QPDf^P+Z+NQk�s

�4P+V>Wh�Q�Qk
]
ZYW�de]
TURQV9P=dAk
P+VAnxP+V^NQf^P+VA_QPok�a PQW�P=d \%$ V^V^��WhNQP+f>V+a Whfgde]
Z+NQk
P+R�d>WhN�deTUNQfD_QP+V>]
Rj�deP+feWhZ=de]
TURQV9_Q]vdeP+V /=[��j��P+fg«�RQP+V�/�_QP+V9RQ]vXUPYWhNjy|RONQZ+k
cYWh]
f^P+V+sb¯�R{PQW�P=dY�bk
P+V�]
R�deP+feWhZ=de]
TURQV�c+k
P+Z��def^]
LONQP+V�P=d2m�TUN�noWhqURQc=de]
LONQP+V�WYXUP+Z|k�a P+R�Xj]
f^TURQRQP+nxP+R�d�c+k
P+Z=def^TURQ]
LONQP|nxP=d^deP+R�d�P+R v^P+N _QP+Vc+RQP+f^qU]
P+V9P�yjdef^m+nxP+nxP+R�d�l®Wh]
�Qk
P+V+��_ba T���k
PAdeP+f^nxP /=[��j��P+fg«�RQP+V�/'��TUNQf�LON�Whk
]v«�P+f$k
P+V$]
R�deP+feWhZ��de]
TURQVDRQT���WhNO}jc+k
P+Z=def^TURQV+sBtuP+k
k
P+V�}jZ+]�]
RQ_QNQ]
V^P+R�dA_QP+VA_Qc+�QkKWhZ+P+nxP+R�deVAP=d>_QP+VA_Qc+Z+TUNQ��WhqUP+V>_QP+V



� ��� � ��
 � �����N� � � ��
 ���!
 ��� 
�� 
�	 ��������� ��� 
 � uU�

RQ]vXUPYWhNjy�RONQZ+k
cYWh]
f^P+V�P=d~Z+TURQ_Q]vde]
TURQRQP+R�d�kKW7��TUV^]vde]
TURSc+RQP+f^qUc=de]
LONQPDP=d~k
P9RQTUn'�Qf^P9_QP+V�defeWhRQV^] �de]
TURQV \%$ V^V^��WhNQP+f~P+R�def^PDZ+P+V~RQ]vXUPYWhNjy�s

��
�
"
�	 EF��� �+H)��H��OKI������� #FPR� ! ���L��H"�J��� �"!&� � TV� �L��(+!&���
�4P+V~]
R�deP+feWhZ=de]
TURQV2[��j��P+fg«�RQP+V$V^TUR�d$_QPDdef^TU]
V&d��j��P+V$P=d$Z+TUf^f^P+V^��TURQ_QP+R�d�WhNjy���WhfeWhnxr=def^P+VZYWhfeWhZ=dec+f^]
Vgde]
LONQP+V2_QP+V2V^��P+Z=def^P+V \%$ V^V^��WhNQP+f+s
� '*?=: Bw� / - + ?�� ?>8 6&143,)�� B>F�154�< ? s4k
P+VAc+k
P+Z=def^TURQV��o_QN{RON�WhqUPxc+k
P+Z=def^TURQ]
LONQPx��c+RQr=def^P+R�dwxk�a ]
R�dec+f^]
P+NQf2_QN�XUTUk
NQnxP>TjZ+Z+NQ��c>��Whf~k
P+V$Z\[�Whf^qUP+V�RONQZ+k
cYWh]
f^P+V+sbtuP+V�c+k
P+Z=def^TURQV�� /=]
R�deP+f^RQP+VWhN RQT���WhN /�V^TUR�d�_QTURQZ�V^TUNQnx]
VSwiNQR	��ThdeP+R�de]
P+k~c+k
P+Z=def^TUVgd\W�de]
LONQP�_Q] W�c+f^P+R�d�_QP�Z+P+k
NQ]~LONQ]P�y�]
VgdeP+feWh]vd'V^]&k
PoRQT���WhN!c=d\Wh]vd>XUc+f^]vd\Wh�Qk
P+nxP+R�d'��TURQZ=deNQP+k�s�tuP=d^deP�]
R�deP+feWhZ=de]
TURMc+k
P+Z=def^]
LONQPSV^PdefeWh_QNQ]vd���Whf2NQR�V^]
nx�Qk
P�_Qc+ZYWhkKWhqUP9P+R�c+RQP+f^qU]
P9_QP+V~RQ]vXUPYWhNjy�RONQZ+k
cYWh]
f^P+V+stuPD_Qc+ZYWhkKWhqUP9_QTU]vd�m=def^PDnxP+V^NQf^cD��Whf�feWh�Q��TUfgd~w7NQR�Vgd\WhRQ_�Whf^_�NQRQ]vXUP+f^V^P+kU��k
P�l�P+f2nxc=d\Whk�V^P+fgdZ+TUNQfeWhnxnxP+R�d�_QPDf^c=l�c+f^P+RQZ+Phs��k�l®WhN�d��Qf^c+Z+]
V^P+f�LONQP{��TUNQf�TU��deP+RQ]
f�_QP+V�defeWhRQV^]vde]
TURQV \%$ V^V^��WhNQP+f+�~]
k�P+Vgd�RQc+Z+P+V^VeWh]
f^P{_QPnxTj_QNQk
P+fSk�a c+RQP+f^qU]
P�_QP|kKWMdefeWhRQV^]vde]
TUR	RONQZ+k
cYWh]
f^P�_ba c+nx]
V^V^]
TURbs £ TUNQf�Z+P+kKW��&TUR _Qc+�QkKWhZ+P|kKWV^TUNQf^Z+P9WYXUP+Z�NQRQP$Xj]vdeP+V^V^P�Z+TURQVgd\WhR�deP��xW�«�RS_QP$�Qf^Tj_QNQ]
f^P~NQR�PQW�P=d ± TU�Q�Qk
P+f+sQ��RS��P+N�d�Wh]
RQV^]_Qc=«�RQ]
f>kKW�XhWhf^]KW�de]
TUR{_QPSk�a c+RQP+f^qU]
Po_QP+V7feWY�UTURQV

γ
c+nx]
Vis	� � � ��
 � T��
�xP+Vgd7kKW�Xj]vdeP+V^V^P_QP�kKW�k
NQnx]
r+f^P�¬\s��4P�Z+P+R�def^P�_QP�qUfeWYXj]vdecS_QNªV^��P+Z=def^P�noWhqURQc=de]
LONQPS_QN!l�P+f7nxc=d\Whk���LONQ]�P+VgdNQR�V^P�yjdeP=dY�bZ+TUf^f^P+V^��TURQ_�_QTURQZ7wSkKW�XhWhk
P+NQf���sb��R|Wh�Q��P+k
k
P>Whk
TUf^VC: Bw� / - + ?�� ?>8 6 143,)�� B>F�154�< ?

� k
P'_Qc+ZYWhkKWhqUPh����Whf�feWh�Q��TUfgd9wSkKWoXhWhk
P+NQf�����_QN|Z+P+R�def^P�_QP'qUfeWYXj]vdec'_QP7kKWofeWh]
P \%$ V^V^��WhNQP+fZ+TURQV^]
_Qc+f^c+Phs
B WhRQVA_Qc=d\Wh]
k
k
P+f��Qk
NQV+�4TURi�Qf^c+Z+]
V^P+feW�P+RQZ+TUf^PxLONQPo��TUNQfDk
P7l�P+f p P O	� �4k
P+VDXhWhk
P+NQf^VD_QP � V^TUR�dZ+TUnx�Qf^]
V^P9P+R�def^PA���¢§'P=d$��� ¦7nxn�s V2.A@�s £ TUNQf2k
P�l�P+f p P C	� � � XhWhf^]
P9_QPA���¢�7w��U�¢�'nxn�s V2.A@�s£ TUNQf&deP+f^nx]
RQP+f+��TUR�RQThdeP+feW'k�a P�y�]
VgdeP+RQZ+PD_QP /=k�a PQW�P=d ± TU�Q�Qk
P+f�_QP9V^P+Z+TURQ_�TUf^_Qf^P /�s ± a TUf^]
qU]
RQPf^P+kKW�de]vXj]
VgdeP	�=�I]
k�V+a W`v^TUN�deP&WhN>_Qc+�QkKWhZ+P+nxP+R�d0]
V^TUnxc+f^]
LONQP � P=d0V^P`defeWh_QNQ]vd���Whf;NQR'_Qc+�QkKWhZ+P+nxP+R�d_QP+V2feWh]
P+V2WYXUP+ZAkKW'deP+nx��c+feW�deNQf^Phs

� ' A ?���?>6r4�<!- :0F�<`� )9/ -01$F.? s�k
PDRQT���WhN���TUV^V^r+_QPh��P+R�f^cYWhk
]vdec9NQR�nxTUnxP+R�d~LON�Wh_Qf^NQ��TUkKWh]
f^P
� ��Whf^Z+P7LONQP'kKWx_Q]
Vgdef^]
�QN�de]
TUR�_QP+V�Z\[�Whf^qUP+V9RONQZ+k
cYWh]
f^P+V�Rba P+Vgd9��WhV���Whfgl®Wh]vdeP+nxP+R�d$NQRQ]vl�TUf^nxPP=d�V^�Q[Qc+f^]
LONQPhs ± P|�Qk
NQV+�&kKWi�Qf^c+V^P+RQZ+P{_QP�Z\[�Whf^qUP+V�P�yjdec+f^]
P+NQf^P+V�WhN	RQT���WhN �Qf^T�XUTjLONQP|NQRqUfeWh_Q]
P+R�dD_QPxZ\[�Whnx�{c+k
P+Z=def^]
LONQP�LONQ] ]
R�deP+feWhqU]vdDWYXUP+ZoZ+P�nxTUnxP+R�dDLON�Wh_Qf^NQ��TUkKWh]
f^P � s�tuP+kKWP+R�defeW�©KRQPxNQRQPok
P=XUc+Po��Whfgde]
P+k
k
P7_QPo_Qc+qUc+RQc+f^P+V^Z+P+RQZ+P�_QNMRQ]vXUPYWhNi_QPoV^�Q]
Ri��� u$mU§�P+RM_QP+NjyV^TUNQV�}jRQ]vXUPYWhNjy�n�� � � H
	IPiP=d ��J
	IPMLONQ]�_�WhRQV�Z+P�ZYWhV�V^]
nx�Qk
P�_QTURQRQP�_QP+Njy�feWh]
P+V�Wh�j���P+k
c+P+V9_QTUNQ�Qk
P=deV9LON�Wh_Qf^NQ��TUkKWh]
f^P�� «�qUNQf^P7­Qsv�I¡�s�� ���°P+Vgd>Wh�Q��P+k
c /�A ?���?>6 4�<!- :0F�<`� )9/ -01$F.?�P=dZ+TUf^f^P+V^��TURQ_xqUfeWh�Q[Q]
LONQP+nxP+R�d`WhN�_Qc+ZYWhkKWhqUP&P+R�def^P2k
P+V�_QP+NjyxfeWh]
P+VBLONQ]��U_ba Wh]
k
k
P+NQf^V+�hV^TUR�d�de[Qc+T��f^]
LONQP+nxP+R�d2_ba ]
R�deP+RQV^]vdec+V2c+q�Whk
P+V+s

� '*? 3 1$8 6�?>F�- +>6�17)98�3z� -,H08�B>6�154�< ? 3 ����� ?>F  8�? 3 sbP+k
k
P+V$f^c+V^NQkvdeP+R�dA_QN�Z+TUNQ�QkKWhqUP'P+R�def^P�k
PnxTUnxP+R�d~noWhqURQc=de]
LONQPA_Q]
��TUkKWh]
f^P�_QN�RQT���WhN�P=d�NQR�Z\[�Whnx��noWhqURQc=de]
LONQPAPQW�P+Z=de]vl#s��;Wx_Qc+qUc��RQc+f^P+V^Z+P+RQZ+P�_QP+V'RQ]vXUPYWhNjyiRONQZ+k
cYWh]
f^P+V>_QP=Xj]
P+R�d�Whk
TUf^VDZ+TUnx�Qk
r=dePhs B ] y{defeWhRQV^]vde]
TURQVDP+R�def^PSk
P+V
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RQ]vXUPYWhNjyMl�TURQ_�WhnxP+R�d\WhNjyiP=d7P�y�Z+]vdec+V'_QP=Xj]
P+RQRQP+R�d���P+f^nx]
V^P+Vb��TUR°TU�QV^P+fgXUP�NQR°V^P�yjdeP=d7_QTUR�dk
P+V2feWh�Q��TUfgdeV�_ba ]
R�deP+RQV^]vdec+V+��_�WhRQV~k
P�ZYWhV~_ba NQRQPD��TUNQ_Qf^Ph��V^TUR�d u;s�§*sb� s4� s�§*sAu�s
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�
"
�
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¯�R�«�Rb�jdeP+Z\[QRQ]
LONQP+nxP+R�d�kKWAV^��P+Z=def^TUV^Z+TU�Q]
P \%$ V^V^��WhNQP+f���P+N�d&m=def^P�f^cYWhk
]
V^c+P~P+RSdefeWhRQV^nx]
V#�V^]
TUR�TUN�P+R|f^c=¥�P�y�]
TUR ��s ± WhRQV9k
P'�Qf^P+nx]
P+f$ZYWhV+�bZ+P+kKWoZ+TURQV^]
VgdeP7V^Z\[Qc+noW�de]
LONQP+nxP+R�dAwS�QkKWhZ+P+fk
P�_Qc=deP+Z=deP+NQf2��TUNQf�Z+TUnx��deP+f&k
P�feWY�UTURQRQP+nxP+R�d

γ
_QP+f^f^]
r+f^P9k�a c+Z\[�WhR�de]
k
k
TURo_QTURQZDWh�Qf^r+V�kKW>defeWI�XUP+f^V^c+P7_QN�feWY�UTURQRQP+nxP+R�d

γ
]
RQZ+]
_QP+R�dYs���R�c=deNQ_Q]
P>Wh]
RQV^];kKW�deThd\Whk
]vdec9_QP>kKWxnoWhV^V^P>_QN�V^TUk
]
_QPnoWh]
V'NQR!]
RQZ+TUR�XUc+RQ]
P+R�d�noW`v^P+NQf7f^c+V^]
_QP�_�WhRQV7kKW��Qf^c+��WhfeW�de]
TUR°_QP�Z+P+k
NQ]¨}jZ+]u�QNQ]
V^LONba ]
k&_QTU]vdm=def^PD�QkKWhZ+cD_�WhRQV2_QP+V2��WhVgde]
k
k
P+Vudef^r+V�«�RQP+V~��TUNQf�m=def^PAWhR�Whkv�jV^chs£ Whf9Z+TUR�def^Ph�b_�WhRQV�k
P'V^P+Z+TURQ_|ZYWhV+�bP+R�f^c=¥�P�y�]
TURb�bk�a c+Z\[�WhR�de]
k
k
TUR�RQP'V^NQ�Q]vdDWhNQZ+NQRQP7�Qf^c+��WhfeWI�de]
TURQV2�QNQ]
V^LONQP>RQTUNQV$WhR�Whkv�jV^TURQV2k
PDfeWY�UTURQRQP+nxP+R�d�f^c+c+nx]
V2��Whf2kKW�V^NQfgl®WhZ+P>Wh�Qf^r+V~NQRQPA��c+RQc��defeW�de]
TUR�f^P+kKW�de]vXUP+nxP+R�d���P+N�]
nx��TUfgd\WhR�deP�_QN�feWY�UTURQRQP+nxP+R�d$]
RQZ+]
_QP+R�dYstuTURQZ+f^r=deP+nxP+R�dY��k
P+Vu�Q]
Z+Vu_QP+VuV^��P+Z=def^P+V�V^P+f^TUR�d&_Q]
f^]
qUc+V XUP+f^V&k
P~[�WhN�du��TUNQfukKWDV^��P+Z=def^TUnxc=def^]
PP+R�f^c=¥�P�y�]
TUR�P=d2XUP+f^V~k
P9��WhV2k
TUf^V^LONQPDk�a TURSdefeWYXhWh]
k
k
P$P+R�defeWhRQV^nx]
V^V^]
TURbs¯�R�f^c=¥�P�y�]
TURb��NQRQP7WhN�def^P>��TUV^V^]
�Q]
k
]vdecDZ+TURQV^]
VgdeP'wo_Qc=deP+Z=deP+f�k
P+V$c+k
P+Z=def^TURQV�_Q]vdeV /=_QP'Z+TUR�XUP+f#�V^]
TUR /�s��;W2deP+Z\[QRQ]
LONQP&V+a Wh�Q��P+k
k
P&t&¯ \ B ��tuTUR�XUP+f^V^]
TUR7¯�k
P+Z=def^TUR \%$ V^V^��WhNQP+f B ��P+Z=def^TUV^Z+TU���Q¡�s¯�k
k
P�f^c+V^NQkvdeP�_QP2k�a WhR�Whkv�jV^P�_QP�k�a cwv^P+Z=de]
TUR�_QP+V c+k
P+Z=def^TURQV ]
R�deP+f^RQP+V _QP+V Z+TUNQZ\[QP+V`c+k
P+Z=def^TURQ]
LONQP+V

^ ����� \ ��P=deZhs�k
TUf^V&_QPDkKW7_Qc+V^P�y�Z+]vd\W�de]
TUR�_QN�RQ]vXUPYWhN�P�y�Z+]vdecD_QN _10 p Phs
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�4P�V^��P+Z=def^TUnxr=def^P \%$ V^V^��WhNQP+f`LONQP2RQTUNQV`WYXUTURQV`N�de]
k
]
V^c&WDc=dec2nx]
RQ]KW�deNQf^]
V^c`P=d`_Qc=XUP+k
TU�Q��c��TUNQf'kKW ] M B M P=d7k�a WhqUP+RQZ+PSV^��W�de]KWhk
PxP+NQf^TU��c+P+RQRQPi� ^ k
]
RQqUP+k
[ $ l�P+fDP=d�Whk�sv�`���U�Ix�¡�s���kuc=d\Wh]vd_QTURQZ�]
RQ]vde]KWhk
P+nxP+R�d�_QP+Vgde]
RQc�WhNjy nx]
V^V^]
TURQVxV^��W�de]KWhk
P+V�XUP+f^V�kKW{�QkKWhRQr=deP \ Whf^VSP=d�]
k~Wic=decV^��c+Z+]v«�LONQP+nxP+R�dxWh_�Wh��decoWhNjyMZ+TURQ_Q]vde]
TURQVDP=d7w�k�a P+R�Xj]
f^TURQRQP+nxP+R�d>deP+f^f^P+Vgdef^P�� ^ k
]
RQqUP+k
[ $ l�P+fP=d$Whk�sv�b���U�U�UW�� ��¡�s
�4P9V^Z\[Qc+noW7_QPDkKWA«�qUNQf^PD­Qs¢§>nxTUR�def^P9P+R�_Qc=d\Wh]
k�kKW'Z+TUnx��TUV^]vde]
TURo_QN�V^��P+Z=def^TUnxr=def^P9NQRQPl�TU]
V4nx]
RQ]KW�deNQf^]
V^chs+�4P nxThdeP+NQf4]
nx�Qf^]
nxPBw�kKW&V^TUNQf^Z+P`_QP _10 tuT~NQRD_Qc+�QkKWhZ+P+nxP+R�d4�IZ+P+kKW��Qf^Tj_QNQ]vdNQR�PQW�P=d ± TU�Q�Qk
P+fBV^NQf�k
P&feWY�UTURQRQP+nxP+R�d`]
RQZ+]
_QP+R�d�LONQ]��UWh�Qf^r+V�m=def^P���WhV^V^c2��WhfBk
P&Z+TUk
k
]
noW�deP+NQf+�f^P+RQZ+TUR�def^P�k�a c+Z\[�WhR�de]
k
k
TURbs;�4PSfeWY�UTURQRQP+nxP+R�d�f^c+c+nx]
V>P+Vgd7nxP+V^NQf^cS��Whf>k
P+V>_Qc=deP+Z=deP+NQf^V��QNQ]
VWhnx�Qk
]v«�cAWYXhWhR�d�_ba m=def^P>P+RQf^P+qU]
Vgdef^chs��;Wxf^c=l�c+f^P+RQZ+P'P+Vgd�Z+TURQVgde]vdeNQc+P>_ba NQRQP>«�RQPAl�P+NQ]
k
k
PD_QPAl�P+fnxc=d\Whk�s ± NQfeWhR�d�RQThdef^P�c=deNQ_QPh��RQTUNQV�WYXUTURQV�N�de]
k
]
V^c2NQRQP�V^TUNQf^Z+P�nxTURQTjZ\[Qf^TUnoW�de]
LONQP~_QP _10 tuTfeWh_Q]
T�WhZ=de]vl~V^Z+P+k
k
c+P�_�WhRQVxNQRQP�noW�def^]
Z+P�P+R f^[QTj_Q]
NQn�s B TUR WhZ=de]vXj]vdec�]
RQ]vde]KWhk
Poc=d\Wh]vd�_QP|�I�h�nStu]�s
£ TUNQfDN�de]
k
]
V^P+f�k
P�V^��P+Z=def^TUnxr=def^P�V^NQfAk
P'deP+f^feWh]
Rb�bRQTUNQV>WYXUTURQVAnx]
VDWhN|��TU]
R�dANQR{_Q]
V^��T��V^]vde]vl�_QP+Vgde]
RQc`w2f^P+Z+P=XUTU]
f;P=d��Qf^Thdec+qUP+f�k
P�V^��P+Z=def^TUnxr=def^Phs � f^TU]
V;��Whfgde]
P+V4l�TUf^nxP+R�d;Z+P`_Q]
V^��TUV^]vde]vl?s
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? @BADCFEHGI@BJDCLKNMIONPRQSGBOIT ^�X�S�gkZ`S�a%V�^��VUWUWX r�g�W(X%�:v�g
Çh\'X#Z`W(](](S�X%Y{^�Xn|+S�X%gkZ`W(S�X�y%^4]w\�j%V�S7�

|+S�X%y%^�U%V�r�Y�jbv�g�W��h�!U%^�ln^�X#Z�jbS�U%Vsg�^kZ�Z`^"vkZ`U%y%^"y%^"y%W��JV`\'gkZ`W(S�Xny%^"V`\)��S�X%Y+Y 
¿Z
\'a%](^)\'U
��~�����~h�D^�Y7g)\'V`\'gkZ`m�V�^�Y4V�v�y%S)� W(�!U%^�Y�r�V�v�y%U%gkZ`W(�!U%^�Y�S�UqV�v�S)����y%v�Y4U Z`W(](W(Y�v�Y_yh\'X%Y�g�^�Z
\'a%](^)\'U�W(X �
|+S�V�ln^�X#ZsY�U%V_]6z vkZ
\.Zsy%^"]6z v�g
Çh\'X#Z`W(](](S�Xn\'UclnS�ln^�X#Zsy%^"Y�S�Xcj%V�v�](mkt�^�ln^�X#Z)~hRTS�U%VsU%X%^"j%V�S'|+S�X �
y%^�U%V_y%S�X%X%v�^'r%jh\'Vs^�� ^�lnj%](^:�#"$",g�lqr�Y�^�](S�X�]w\�jbv�V�W(S�y%^fy%^"]6z \'X%X%v�^"^kZ7](^�Y_g)\'V`\'gkZ`v�V�W(Y[Z`W(�!U%^�Y
Ç#��y%V�S���x�v�S�g
Ç%W(lnW(�!U%^�Yfy%^,]w\nXh\'j%jb^'rJ]6z \'V�m�X%^,Y�^�V`\nZ`S�U���S�U%V�YfY`\'a%](S�� \'V�x�W(](^�U%Y�^�l�\'W(Y4jh\'V[|+S�W(Y
g�S�lnj%](mkZ`^�ln^�X#Z�V�v�y%U%W�Z`^:^kZ�yQz U%X�a%](^�U�g)\'V`\'gkZ`v�V�W(Y[Z`W(�!U%^uS�U�\'](S�V�Y4Z`S'Z
\'](^�ln^�X#Z�V�v�S)����y%v�^n^kZ
y%^�g�S�U%](^�U%V�S�V`\'X%x�v'~ªRTS�U%V�j%](U%Y�y%^�y%vkZ
\'W(](Y�rDS�X�jbS�U%V�V`\�Y�^nV�^�jbS�V[Z`^�V,}�]w\�y%^�Y�g�V�W(j Z`W(S�X�y%U
Y�W�Z`^�y%^a1hS�U%x�m�V�^�Y7|�\'W�Z`^�\'Uqg
Çh\'j%W�Z`V�^�Ê�~�Ê�~���jh\'x�^,Ê�Ê�~
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�D^ny%W��JV`\'gkZ`S�lnmkZ`V�^�U Z`W(](W(Y�v�}q]6z U%X%W�Z`v�Y�S�]I^kZ:\'x�V�S�X%S�lnW(^uy%^ ��^�X%X%^�Y-�Sa"U%W(lnjb^�V�^�Y[Z:U%X

4�W(^�ln^�X%Y{�P�P"$"�
 0 "cbkd:r!ÊP""led �T�!U%W |+S�X%gkZ`W(S�X%X%^_x�V[f'g�^7}"U%X%^7Y�S�U%V�g�^fesS��hg
α
l:U%X%W(^syQz U%X

lnS�X%S�g
Ç%V�S�l�\.Z`^�U%Vf}cx�V`\'j%Ç%W�Z`^'~QRTS�U%V"X%S�Y�v�g
Çh\'X#Z`W(](](S�X%Y�rbX%S�U%Y�\)t�S�X%Y"� � vu](^�Y"jh\'V`\'lnmkZ`V�^�Y
Y�U%W�t'\'X#Z`YQÃ

�P\'g��!U%W(Y�W�Z`W(S�XcjbS�U%V�y%^�Y7t'\'](^�U%V�Y�y%^,Ê i g�S�lnj%V�W(Y�^�Y7^�X#Z`V�^ 1 ^kZ 0 �kjTÆ
�Ä](^"jh\'Y�yQz \'Xh\']���Y�^�^�Y[Zfy%^a" r "#ÊLjTÆ
�Ä](^fZ`^�lnj%Y�y%^�g�S�lnj Z
\'x�^�^�Y[Z4y%^��#"uY�^�g�S�X%y%^�Yfjh\'V7jh\'YQÆ
�Ä](^"lnS�y%^�y%^�g�S�lnj Z
\'x�^�^�Y[Z4^�Xqah\']w\)�#\'x�^'~

�D^�Y,y%S�X%X%v�^�Y,Y�S�X#Z:^�X%Y�U%W�Z`^nZ`V`\'W�Z`v�^�Y�^kZ:\'Xh\']���Y�v�^�Y:}q]6z \'W(y%^�y%U ](S�x�W(g�W(^�]�4�W(^�ln^�X%Y,�fW�| �
|+V`\'g d;l>��dmdonp ~ª�D^�Y�lnW(X%v�V`\'U���jbS�Y�Y�m�y%^�X#Z�Z`S�U%Y�U%X�Y�jb^�gkZ`V�^ng)\'V`\'gkZ`v�V�W(Y[Z`W(�!U%^ 
+V�vk|+v�V�^�X%g�v
yh\'X%Y�U%X%^nah\'Y�^ny%^ny%S�X%X%v�^�Y,g�S�lnln^'rDjh\'V�^�� ^�lnj%](^'rª](^u�hg
Ç%W(^�V�q#e_RI� 4����!U%WIjb^�V�ln^kZ)rD^�X
j%V�W(X%g�W(jb^'r y%^�](^�Y�g)\'V`\'gkZ`v�V�W(Y�^�Va
'rsV�W(X%y%](^k��rQ�VUWX$"!��~%�f^�j%](U%Y�r%X%S�U%Y4\)t�S�X%Y4U Z`W(](W(Y�v"U%X�](S�x�W(g�W(^�]
y%^�y%v�g�S�X#t�S�](U Z`W(S�Xqy%^�YfY�W(x�Xh\'U��q�"�ie7��oÅRBY � 
��ª\'X%Y�S�Xq^kZcrs^�Y�Y�S�XQrT�VUWU#Ê$��~��{XÅ^k�J^kZ)r�](^�Y
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<>= ?A@CB�DFEHGHGJI�B ?AILK EJMNI�BPOAQSRTKF<>GJUNV�Q>WXQ>B�D RTKFILYZI�BTOAQ>[AK
� Ç%S�V�W(Í�S�X�](W(lnS�X%^�U��cV�v�y%S)� W(�!U%^ ÊP"ug�l
Ê Ç%S�V�W(Í�S�X�](W(lnS�X%^�U��cV�v�y%S)� W(�!U%^ 0 "ug�l
1 Ç%S�V�W(Í�S�X�](W(lnS�X%^�U��cV�v�y%U%gkZ`W(�!U%^ Ï$"ug�l
0 \'V�m�X%^�x�V`\'X%W�Z`W(�!U%^"V�v�y%U%gkZ`W(�!U%^ X$"ug�l
� \'V�m�X%^�x�V`\'X%W�Z`W(�!U%^"V�v�S)����y%v�^ �#"$"ug�l

v�g
Çh\'X#Z`W(](](S�X%Y"Xh\.Z`U%V�^�](Y�Y�S�X#Z�Y�S�U t�^�X#Z,g�S�lnj%](^�� ^�Y�^kZ�j%V�v�Y�^�X#Z`^�X#Z,y%^�X%S�l:a%V�^�U���lnW(X%v�V`\'U��
\'V�x�W(](^�U��J~J�D^,](S�x�W(g�W(^�]ª�"�ie7��oÅRBY �>jb^�V�ln^kZ)rJ}�jh\'V[Z`W(V4yQz U%X�Y�jb^�gkZ`V�^:a%V�U Z�y%^:V`\)��S�X%YcY:r
y%^,Y�v�jh\'V�^�V"](^�Y4g�S�lnjbS�Y`\'X#Z`^�Yfy%^�g
Çh\'g�U%X�y%^�YflnW(X%v�V`\'U��qj%V�v�Y�^�X#Z`Y�~Des^�g�W�^�Y[Z"jh\'V[Z`W(g�U%](W(m�V�^��
ln^�X#ZfU Z`W(](^�yh\'X%Yf](^�y%S�l�\'W(X%^�y%^�YflnW(X%v�V`\'U��q\'V�x�W(](^�U���jh\'V�g�^��!U%^,](^�Y4Y�W(x�Xh\'U��qy%^�g�^�U��q�-g�W
Y�^:Y�U%jb^�V�jbS�Y�^�X#Z�yh\'X%Y"U%X%^,ln��ln^�x#\'lnln^�y%^�t'\'](^�U%V�Y�~]\4S�U%Y"\)t�S�X%Y"y%S�X%g:\'j%j%](W(�!U%v�g�^kZ�Z`^
y%v�g�S�X#t�S�](U Z`W(S�X�y%^�Y�Y�W(x�Xh\'U���Y�U%V"Z`S�U%Y�](^�Y�Y�jb^�gkZ`V�^�Y�y%^uy%W��JV`\'gkZ`W(S�XÉS�a Z`^�X!U%Y�jbS�U%V�](^�Yft'\��
](^�U%V�Y"y%^�Ê i�g�S�lnj%V�W(Y�^�Yf^�X#Z`V�^ 1 ^kZ:���"j�~Qefz ^�Y[Z)rQ^�XÉ^k�J^kZ)rJyh\'X%Y"g�^kZ�vkt�^�X#Z
\'W(]�y%^,t'\'](^�U%V�Y
�!U%^�]6z S�X�jb^�U Z�y%W��Jv�V�^�X%g�W(^�V�](^�Y7V�v)^h^�� W(S�X%Y�y%^�Y4j%]w\'X%Yh"$" ��y%^�Y�lnW(X%v�V`\'U���\'V�x�W(](^�U��J~

lTS�U%Y�](^�Y�Y�jb^�gkZ`V�^�Y�y%^�V`\)��S�X%Y Y \'W(X%Y�W��!U%^�](^�U%V�Y�y%v�g�S�X#t�S�](U Z`W(S�X%Y�Y�S�X#Z�V�^�x�V�S�U%jbv�Y�^�X
\'X%X%^�� ^�Yi^�� g�^�j Z`v4g�^�](U%W%y%^�]6z v�g
Çh\'X#Z`W(](](S�Xu�"j%V�v�Y�^�X#Z`vf}"Z`W�Z`V�^_yQz ^�� ^�lnj%](^�Ã#]w\f�hx�U%V�^ X ~���jh\'x�^
� U,V�vkt�m�](^f](^�YsY�jb^�gkZ`V�^�Y_y%^"V`\)��S�X%Y+YK\'j%V�m�Y_](^�Ysy%W��Jv�V�^�X#Z`YiZ`V`\'W�Z`^�ln^�X#Z`YiV�v)\'](W(Y�v�YIZ
\'X%y%W(Ys�!U%^
]w\n�hx�U%V�^�X ~�Ê�jh\'x�^:Ï$"�lnS�X#Z`V�^,](^�Yfy%v�g�S�X#t�S�](U Z`W(S�X%Y"y%^:g�^�Y�Y�jb^�gkZ`V�^�Y�\)t�^�gu](^�](S�x�W(g�W(^�]ª�"���
e7��oÅRBY ��~
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\4S�U%YI\)t�S�X%Y{Y�v�jh\'V�v�]w\fj%Çh\'Y�^4\'V�x�W(](^�U%Y�^'r ½H:J��: W(X |+v�V�W(^�U%V�^7}"y%^�U���lnW(g�V�S�X%Y�r.jh\'V�U%X%^�Y�v�V�W(^
y%^_Y�v�y%W(ln^�X#Z
\.Z`W(S�X,Y�U%g�g�^�Y�Y�W�t�^�yh\'X%Y�y%^�YI\'](](S�X%x�^�Yª^�XuV�^�Y�jb^�gkZ
\'X#ZI]w\4](S�W!y%^h4!Z`SWb'^�YQÃ#}�ÊP"*jkefr
j%V�S'|+S�X%y%^�U%V�y%^�y%v�g)\'X#Z
\.Z`W(S�Xqy%^,ÊP"ug�l±\'j%V�m�YfÊP"uÇ%^�U%V�^�Y4y%^�Y�v�y%W(ln^�X#Z
\.Z`W(S�XQ~dfU%g�U%X¼Z`V`\'W�Z`^�ln^�X#Z�jh\'V[Z`W(g�U%](W(^�V"t�W(Y`\'X#Z:}qv�](W(lnW(X%^�V"]w\�l�\.Z`W(m�V�^�S�V�x#\'X%W(�!U%^nS�U ](^�g)\'](g)\'W(V�^
XQz \uvkZ`v�X%v�g�^�Y�Y`\'W(V�^'~��D^�Y�\'V�x�W(](^�Y_^�X%Y�U%W�Z`^�V�^�g�U%^�W(](](W(^�YsY�S�X#Z4y%v�jbS�Y�v�^�Y�Y�U%V�y%^�Y7]w\'ln^�Y_lnW(X%g�^�Y
\)t'\'X#Zsy%^4Y�U%a%W(Vi](^�Y{Z`V`\'W�Z`^�ln^�X#Z`YIy%v�g�V�W�Z`Yijh\'V`��S�ab^�V[Zi^kZ+lT^�Y�Y�W(^�V 
@�VU#� 0 ��rq��S�ab^�V[Z 
@�VU#���$��^kZ
e_\'W(](](m�V�^�^kZ_\']6~t
@�VUWX#Ê$��^kZs�!U%^"X%S�U%Ys\'](](S�X%YIV`\'j%jb^�](^�Via%V�W(mkt�^�ln^�X#Z)~ �{X%Y�U%W�Z`^'r�^�](](^�YIY�S�X#Z_j%]w\��
g�v�^�Y�yh\'X%Y:](^�y%W��JV`\'gkZ`S�lnmkZ`V�^'~�es^�YuX%S�l:a%V�^�U�� Z`V`\'W�Z`^�ln^�X#Z`Y,jb^�V�ln^kZ�Z`^�X#Zuy%^�g)\'V`\'gkZ`v�V�W(Y�^�V
j%V�v�g�W(Y�v�ln^�X#Zc](^�Y�y%W��Jv�V�^�X#Z`Y�Z-��jb^qyQz \'V�x�W(](^�Yuyh\'X%Yny%^�Y�g�S�X%y%W�Z`W(S�X%YuY[Z
\'X%yh\'V�y%Yn^kZ�g�S�lnjh\��
V`\'a%](^�YQÃ

�Ä�D^�Y�v�g
Çh\'X#Z`W(](](S�X%YÉY�S�X#Z�Z`S�U%Y�Y`\.Z`U%V�v�Y�\)t�^�gÈ]6z W(S�XKl�\'x�X%v�Y�W(U%l \.�hX»yQz vkZ`U%y%W(^�V�](^�Y
Y�jb^�gkZ`V�^�Y:yQz \'V�x�W(](^�Y�\)t�^�g�U%X%^�Y`\.Z`U%V`\.Z`W(S�X�g�S�lnj%](mkZ`^njh\'V�U%X¼Y�^�U%]ig)\.Z`W(S�XQ~T�"X vkt�W�Z`^
\'W(X%Y�W�y%^sg�S�lnjh\'V�^�V�^�X#Z`V�^s^�U��:y%^�Y�v�g
Çh\'X#Z`W(](](S�X%YTy%S�X#Z�]w\4Y`\.Z`U%V`\.Z`W(S�X,g)\.Z`W(S�X%W(�!U%^iXQz ^�Y[Z
jh\'Y�jh\'V[|�\'W�Z`^�ln^�X#Z�g�S�X#Z`V3`�](v�^'~

�Ä�ª\cY`\.Z`U%V`\.Z`W(S�X�jh\'V"](^:jbS'Z
\'Y�Y�W(U%l�jb^�V�ln^kZ�U%X%^uj%V�^�lnW(m�V�^:y%W��Jv�V�^�X%g�Ww\.Z`W(S�XÅ^�X#Z`V�^�](^�Y
Y�ln^�gkZ`W�Z`^�Y�^kZ:](^�Y�t�^�V�lnW(g�U%](W�Z`^�Y��!U%WiY�^6akV�^k|+^�V�ln^�X#ZFaut�^�V�Y��#"Å}���Êcb¡\'](S�V�Y��!U%^�](^�Y
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lnW(X%v�V`\'U��cW(X#Z`^�V�x�V`\'y%^�Y7t�S�W(^�X#Z4](^�U%V7j%W(g�j%V�W(X%g�W(jh\']JV�^�Y[Z`^�V�t�^�V�Y���Êu}�� 0 b,~
�P�D^:Z`^�Y[Z�y%^�x�S�X ^h^�ln^�X#Z,}�]6z vkZ`Ç#��](m�X%^�x�]���g�S�]�jb^�V�ln^kZ�yQz W(y%^�X#Z`W��h^�V�](^�Y�lnW(X%v�V`\'U��Éy%^
Z-��jb^�Y�ln^�gkZ`W�Z`^�Y�~��{X¼^k�J^kZ)r�g�^�U��#��g�WsW(X%g�S�V�jbS�V�^�X#Z:y%^�U��¼g�S�U%g
Ç%^�YuyQz vkZ`Ç#��](m�X%^cx�]���g�S�]
^�X#Z`V�^�](^�U%V�Y�|+^�U%W(](](^kZ`Y�^kZcakx�S�X ^h^�X#ZFan\'W(X%Y�WJ��U%Y��!UQz }Åy%^�Y:y%W(Y[Z
\'X%g�^�Y,W(X#Z`^�V[|+S�](Ww\'W(V�^�Y"y%^
���u}��VX b,~

��dfj%V�m�Y�](^�U%V�Y�Y`\.Z`U%V`\.Z`W(S�X%Y�\'U l�\'x�X%v�Y�W(U%lqrQ](^�Y�v�g
Çh\'X#Z`W(](](S�X%Y�Y�S�X#Z,g
Çh\'U �Jv�Y:}qy%W��Jv��
V�^�X#Z`^�YªZ`^�lnjbv�V`\.Z`U%V�^�Yd
 1 �P" jkefr 0 �P"�j�e�^kZ����P" jke(��~'es^�]w\7jb^�V�ln^kZTyh\'X%YTy%^IX%S�l:a%V�^�U��
g)\'Y�y%^�g)\'V`\'gkZ`v�V�W(Y�^�V7^kZ4y%^�g�S�lnj%V�^�X%y%V�^�](^�g�S�lnjbS�V[Z`^�ln^�X#Z�y%^�g�^�V[Z
\'W(X%Y7lnW(X%v�V`\'U��J~
R�\'V�^�� ^�lnj%](^'r�}fjh\'V[Z`W(V�y%^�ÊP"$""} 0 "$" j efr'](^_j%Ç%v�X%S�lnm�X%^_y%^_y%v�Y�Ç#��y%V�S)����]w\.Z`W(S�X�g�S�l��
ln^�X%g�^'~!�D^�YIÇ#��y%V�S)����y%^�Y 
¿Z`^�](Y{]w\�x�S�^kZ`Ç%W�Z`^'r']w\�x�W(a%a%Y�W�Z`^'r']w\�abS�^�Ç%lnW�Z`^#�Dt�^�V�V�S�X#Zs](^�U%V�Y
V`\'W(^�Y7g)\'V`\'gkZ`v�V�W(Y[Z`W(�!U%^�Y�y%W(Y�jh\'V`\��(Z`V�^�j%V�S�x�V�^�Y�Y�W�t�^�ln^�X#Z)~ a"Uh\'X#Zf\'U��qlnW(X%v�V`\'U���W(X#Z`^�V��
x�V`\'y%^�Y{^�X#Z`V�^�t�^�V�lnW(g�U%](W�Z`^�Y�^kZig
Ç%](S�V�W�Z`^�Y�
 ½H:J��: }�g�S�U%g
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Z`V�S�U t�^:]w\nj%V�^�lnW(m�V�^,V`\'W(^�y%^�Y�V�S�U%W(](](^�Y7t�^�V[Z`^�Y�y%^,Z-��jb^� 4\'W(X%Y�WT�!U%^:y%^�Y�j#��V�S#\'U%V�W�Z`^�Y

 df](](l�\'X%XQrb�VU�ÏWXcÆNrsV�W(X%y%](^k�c^kZ�rsW(Y�g
ÇQrD�VU#�'ÏcÆ ��^k|�\'W�Z7^kZf\']6~�rhÊP"$" ����~
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�{X�j%V�^�lnW(^�V"](W(^�UQr�]w\�g�S�lnjbS�Y�W�Z`W(S�XÅx�V`\'X!U%](S�lnvkZ`V�W(�!U%^ 
¿�hx�U%V�^�Ê�~�Ê�jh\'x�^�Ê 1 ��X%S�U%Y�V�^�X �
Y�^�W(x�X%^ÅY�U%Vc]6z W(lnjbS�V[Z
\'X%g�^�^kZ�Y�U%Vc]6z vkt�S�](U Z`W(S�X�y%^É]6z \'V�m�X%^Åx�V`\'X%W�Z`W(�!U%^'~i�D^�Yc\'Xh\']���Y�^�Ycjh\'V
y%W��JV`\'gkZ`W(S�X�y%^�V`\)��S�X%YLY¡ln^kZ�Z`^�X#Z,^�X¼vkt�W(y%^�X%g�^�](^�|�\'W�Z��!U%^�](^��!Uh\'V[Z`Í�^kZ:](^�Y�|+^�](y%Y�jh\.Z`Ç%Y
Y�S�X#Z�a%W(^�X�j%](U%Y4\'abS�X%yh\'X#Z`Y7yh\'X%Y�](^�Y7Ç%S�V�W(Í�S�X%Y7](^�Y7j%](U%Y7Y�U%jb^�V[�hg�W(^�](Y,
+Ç%S�V�W(Í�S�X%Y7](W(lnS�X%^�U����
�!U%^uyh\'X%Y�]6z \'V�m�X%^ux�V`\'X%W�Z`W(�!U%^'~Qes^�g�W{^�Y[Z�g�S�Ç%v�V�^�X#Z,\)t�^�g�](^�Y"j%V�S�g�^�Y�Y�U%Y�yQz \']�Z`v�V`\.Z`W(S�XÅy%^u]w\
V�S�g
Ç%^�lnm�V�^�j%U%W(Y��!U%^�g'z ^�Y[Z4]w\:|+V`\'gkZ`W(S�X�W(X |+v�V�W(^�U%V�^�}uy%^�U��qlnW(g�V�S�X%Y_�!U%Wª\�vkZ`v�vkZ`U%y%W(v�^'~

�ª\c](v�j%W(y%S�g�V�S�g�W�Z`^'rbV�^�g�S�X%X!U%^u|�\'g�W(](^�ln^�X#Z"Y�U%V�](^,Z`^�V�V`\'W(X�\'U�Y�^�W(X�y%^u]6z \'V�m�X%^uV�v�S)����y%v�^
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x�V[f'g�^,}�Y`\�g�S�](S�V`\.Z`W(S�X�S�V`\'X%x�v'rhXQz \�vkZ`v�y%vkZ`^�V�lnW(X%v�^�jh\'V�](^�Y�V`\)��S�X%Y Y �!U%^�yh\'X%Y4]6z v�g
Çh\'X �
Z`W(](](S�X¼��~��{](](^�g)\'V`\'gkZ`v�V�W(Y�^�]6z \'V�m�X%^�V�v�S)����y%v�^�yh\'X%Y:]w\'�!U%^�](](^n]w\qg�W(V�g�U%]w\.Z`W(S�X�yQz U%X%^cXh\'j%jb^
W(lnjbS�Y�^�g�^�Ysg�S�X%y%W�Z`W(S�X%YIS)����yh\'X#Z`^�Y�~h�ª\�g�V�W(Y[Z
\'](](W(X%W�Z`v_^�Y[ZiZ`V�m�Ysl�\'U t'\'W(Y�^�j%U%W(Y��!U%^f](^�j%W(g4^�Y[Z
]w\'V�x�^7^kZijb^�UnW(X#Z`^�X%Y�^f\'](S�V�Y{�!U%^�]w\�g�S�U%](^�U%V{S�a%Y�^�V[t�v�^fY�U%Vi](^�Y{v�g
Çh\'X#Z`W(](](S�X%Y{^�Y[ZiZ`V�m�Y{|+V`\'X%g
Ç%^
^kZ4Y`\'X%Y4v��!U%W�t�S��!U%^'~

�ª\kb.\'S�](W(X%W�Z`^�\,Y�S�U t�^�X#Z�vkZ`vfV�^�g�S�X%X!U%^�yh\'X%Y_](^�Ys\'V�m�X%^�Y7x�V`\'X%W�Z`W(�!U%^�Yiy%U�oÅ\'Y�Y�W�|IdfV�lnS7�
V�W(g)\'W(XÅ\)t�^�g,yQz \'U Z`V�^�Y"\'V�x�W(](^�Y7y%^,X%v�S'|+S�V�l�\.Z`W(S�X 
��{Y[Z`v�S�U%](^
�%esÇ%S�U��JrT�VU�Ï#��ÆNl�\'V�y �brT�VU�ÏWU�Æ
esU%V�lnW6r��VU#� U!��~ es^�]w\�jb^�V�ln^kZsy%^fy%W(V�^f�!U%^f]6z \'V�m�X%^fx�V`\'X%W�Z`W(�!U%^4\�Y�U%a%WJU%Xc](^�Y�Y�W�t'\'x�^4W(X#Z`^�X%Y�^
](W(v,}nU%X%^u\']�Z`v�V`\.Z`W(S�X�y%v-�`}c\'X%g�W(^�X%X%^'~J�ª\nZ`^�X%^�U%Vf^�X�\'V�x�W(](^��!U%W�^�Y[Z"yQz ^�X#t�W(V�S�X¼�#"$"nx%~ b!x ���
g�S�X �hV�ln^�U%Xqy%^�x�V�v�yQz vkt�S�](U Z`W(S�Xq\)t'\'X%g�v'~

�D^�Y:\'V�x�W(](^�Y�lnW(g)\'g�v�^�Y À�:�#": y%S�X#Z,](^�Y�|+^�U%W(](](^kZ`Y�Y�S�X#Z,v��!U%W(y%W(Y[Z
\'X#Z`Y:\'j%j%V�S)� W(l�\.Z`W�t�^�ln^�X#Z
y%^��#"6bFy%S�W�t�^�X#Zn�kZ`V�^�W(Y�Y�U%^�Yny%W(V�^�gkZ`^�ln^�X#Zny%^�]w\�V�S�g
Ç%^�lnm�V�^�X%S'Z
\'lnln^�X#Z�jh\'VuY�W(lnj%](^
lnW(g�V�S�y%W�t�W(Y�W(S�XQ~��{](](^�Y�Y�S�X#Z)ri\)t�^�gÅ](^�Yu|+^�](y%Y�jh\.Z`Ç%Y�ri}�]6z S�V�W(x�W(X%^�y%^q]6z ^�X%Y�^�l:a%](^�y%^�Y�\'U Z`V�^�Y
lnW(X%v�V`\'U���\'V�x�W(](^�U���Ê$%�� 
+W(X#Z`^�V�Y[Z`V`\.Z`W��hv�Y�r%t�^�V�lnW(g�U%](W�Z`^�Y_^kZ4W(X#Z`^�V�x�V`\'y%^�Y2��~
�{XÈ^k�J^kZ)r�\'U g�S�U%V�Y:y%^�]6z \']�Z`v�V`\.Z`W(S�X�Ç#��y%V�S�]��!Z`W(�!U%^'r�](^�Y:lnW(g)\'Y,jb^�V�y%^�X#Z�j%V�S�x�V�^�Y�Y�W�t�^�ln^�X#Z
](^�U%VªjbS'Z
\'Y�Y�W(U%l»^�X,jbS�Y�W�Z`W(S�X�W(X#Z`^�V[|+S�](Ww\'W(V�^'~)�D^�Yª|+^�U%W(](](^kZ`YDY�z S�U t�V�^�X#Z)r.Y�z Ç#��y%V`\.Z`^�X#Z�^kZ�]w\'W(Y�Y�^�X#Z
yQz \'U Z`V�^�Y�g)\.Z`W(S�X%YTY�^�g�S�X%yh\'W(V�^�Y�v�g
Çh\'X%x�^)\'a%](^�Y�Y�z W(X%Y�v�V�^�V�~�es^kZ�Z`^st�^�V�lnW(g�U%](W�Z`W(Y`\.Z`W(S�X�y%^�Y�W(](](W�Z`^�Y
jb^�U Z�^�X%Y�U%W�Z`^,Y�z \'g�g�S�lnjh\'x�X%^�V"yQz U%X%^u\'x�V`\'yh\.Z`W(S�X�Æh](^�YflnW(X%v�V`\'U���t�S�X#Z�vkt�S�](U%^�V"^kZ�\'g��!U%v��
V�W(V:y%^�Y�g�S�lnjbS�V[Z`^�ln^�X#Z`Y:y%^�lnS�X#Z`lnS�V�W(](](S�X%W�Z`^�Y�~>lTS�U Z`^k|+S�W(Y�r�yh\'X%YuX%S'Z`V�^�lnW(](W(^�U¼\'g�W(y%^c^kZ
g�S�X �hX%v'rJW(]ªY�^�l:a%](^�j%](U%Yfj%V�S�ah\'a%](^��!UQz U%X%^u\'](U%lnW(X%W(Y`\.Z`W(S�X�\'W�Zfj%](U Z�`'Z4](W(^�UÅ^kZ"y%S�X%X%^,Xh\'W(Y��
Y`\'X%g�^�}qy%^�Y,t�^�V�lnW(g�U%](W�Z`^�Y�Ç#��y%V�S)����� \'](U%lnW(X%^�U%Y�^�Y�r�j%V�v�](U%y%^c\'U j%V�S�g�^�Y�Y�U%Y:y%^�g
Ç%](S�V�W�Z`W(Y`\��
Z`W(S�XQ~C\4S�U%Y7t�^�V�V�S�X%Y��!U%^�]6z \'](U%lnW(X%W(U%l¸XQz ^�Y[Z4jh\'Y�](^�Y�^�U%]Dv�](v�ln^�X#Z4}ug�S�X%Y�W(y%v�V�^�V�^kZ��!UQz U%X%^
\'U Z`V�^�\']�Z`^�V�Xh\.Z`W�t�^�^�� W(Y[Z`^'~

�D^qg�S�lnjbS�V[Z`^�ln^�X#Zny%^�Y�lnW(X%v�V`\'U�� Ê$%�� À�:�#": y%^Å]6z v�g
Çh\'X#Z`W(](](S�X���^�Y[Zcjh\'V[Z`W(g�U%](W(^�VQÃ�y%v��
j%]w\'g�^�ln^�X#Z�y%U j%W(g�}N��Ê�r 1�1 b \'j%V�m�Y�g
Çh\'U �Q\'x�^�}È���P" jkeF\'](S�V�Y��!U%^�jbS�U%Vc](^�Y�\'U Z`V�^�Y
v�g
Çh\'X#Z`W(](](S�X%Y�rª](^nj%W(gnY�z v�]w\'V�x�W(Y�Y`\'W�Z�Z`S�U Z,^�X¼Y�^�y%v�j%]w\
�)\'X#Z���U%Y��!UQz }Åy%^�Y,t'\'](^�U%V�Y�yQz ^�X#t�W(V�S�X
���,b,~  -]iY�^�l:a%](^n�!U%^�]w\�|+^�V�ln^kZ`U%V�^ny%^�Y�|+^�U%W(](](^kZ`Y�y%^�g�^�Y:v�y%W��hg�^�Y,W(X#Z`^�V�x�V`\'y%^�Y,Y�S�W�Z�y%S�X%g
g�S�lnj%](mkZ`^�ln^�X#Z�a%](S��!U%v�^ujh\'V"U%X�g)\.Z`W(S�XÉÇ#��y%V�S)����](v�^�X�jbS�Y�W�Z`W(S�XÅW(X#Z`^�V[|+S�](Ww\'W(V�^'~��ª\cXh\.Z`U%V�^
y%^�g�^�g)\.Z`W(S�X XQz ^�Y[Z)r{W(g�W6rTjh\'Y�V�^�g�S�X%Xh\'W(Y�Y`\'a%](^�Æ�]6z \'](U%lnW(X%W(U%l<��S�U%^�Y�S�U t�^�X#Z�g�^�V3`�](^cjbS�U%V
|+S�V�ln^�V7](^�Y7t�^�V�lnW(g�U%](W�Z`^�Y7Ç#��y%V�S)����� \'](U%lnW(X%^�U%Y�^�Y�r�lnW(X%v�V`\']JU%a%W(�!U%W(Y[Z`^�yh\'X%Y�](^�Y�Y�S�](Y4\'g�W(y%^�Y
Z`^�lnjbv�V�v�Y�~D�{X�rsV�^kZ
\'x�X%^ujh\'V[Z`W(g�U%](W(m�V�^�ln^�X#Z)r�j%](U%Y�W(^�U%V�Y"vkZ`U%y%^�Y�S�X#Z�lnS�X#Z`V�v:]6z W(lnjbS�V[Z
\'X%g�^
y%^�]6z \'](U%lnW(X%W(U%l ^kZ�y%^�Yut�^�V�lnW(g�U%](W�Z`^�Y:Ç#��y%V�S)����� \'](U%lnW(X%^�U%Y�^�Y�yh\'X%Y�](^�Y:Y�S�](Yu^kZ�](^�Yu^)\'U��

 lTS�U Z
\'W(XQrQ�VU�Ï�Ï�Æ�esU%V�lnW6rQ�VU#� UcÆNrsS�U%V�V�W(v'rQ�VUWX �uÆ dfU%V�S�U%Y�Y�^)\'UÅ^kZf\']6~�rJ�VUWX 1 rQ�VUWX#�$��~lTS�U Z`^k|+S�W(Y�rI](^�|+^�V�t�S�W(V�^q](^ql�\'x�X%v�Y�W(U%l jb^�U t�^�X#Z�\'U%Y�Y�W���S�U%^�Vng�^ÅV3`�](^'~i�D^qY�S�]�^�Y[ZcY�U
���
Y`\'lnln^�X#Z�\'g�W(y%^ÅjbS�U%Vc�!U%^É]6z \'](U%lnW(X%W(U%l Y�S�W�Z�j%V�v�Y�^�X#Z�^kZ�lnS�a%W(](^�yh\'X%Yc]w\�Y�S�](U Z`W(S�X�ÆI](^
j%Ç%v�X%S�lnm�X%^�yQz \'](U%lnW(X%W(Y`\.Z`W(S�X�jb^�U Z�Y�^�y%vkt�^�](S�j%jb^�V�~boÅ\'W(Y7](^�Y7g�S�X%g�^�X#Z`V`\.Z`W(S�X%Y�^�X�|+^�V�1h^ ���
yh\'X%Yi]w\�Y�S�](U Z`W(S�X�y%U�Y�S�]hY�S�X#ZiZ`V�m�YI|+S�V[Z`^�Y 
�.J� : g
Çh\'j%W�Z`V�^�� 0 jh\'x�^���� 1 ��~�es^�]w\�XQz ^�Y[ZsjbS�Y�Y�W(a%](^
�!U%^cjh\'V�g�^c�!U%^c](^�jbS'Z`^�X#Z`W(^�]IyQz S)����y%S���V�v�y%U%gkZ`W(S�X ^�Y[Zuah\'Y�~mdfW(X%Y�W6rª](^�|+^�V,jbS�U%V�V`\'W�Z,v�x#\'](^��
ln^�X#Zi��S�U%^�V�g�^:V3`�](^'~ \4S�U%Yft�^�V�V�S�X%Y�jh\'Vf]w\�Y�U%W�Z`^:g�S�lnln^�X#Z�W(X#Z`v�x�V�^�V"g�^�Y�lnW(X%v�V`\'U��Åyh\'X%Y
U%Xqg�S�X#Z`^���Z`^�jbv�y%S�x�v�X%vkZ`W(�!U%^�j%](U%Y7x�v�X%v�V`\']6~

�ª\�jbv�y%S�x�^�X%m�Y�^"Y�U%ViV�S�g
Ç%^fg�V�W(Y[Z
\'](](W(X%^�Y�r�yh\'X%Yi](^�YiV�v�x�W(S�X%YIZ`^�lnjbv�V�v�^�Y�r!^�Y[Z_y%^�j%U%W(Yi](S�X%x7�
Z`^�lnj%Y"vkZ`U%y%W(v�^'~D�{z \']�Z`v�V`\.Z`W(S�XqÇ#��y%V�S�]��!Z`W(�!U%^:jh\'V[Z`W(^�](](^�y%^u]w\nV�S�g
Ç%^:lnm�V�^'rJyh\'X%Y"X%S'Z`V�^:g)\'Y
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U%X%^Ix�V`\'X%S�y%W(S�V�W�Z`^'rky%S�X%X%^IXh\'W(Y�Y`\'X%g�^s}7U%X�g�S�V[Z`m�x�^Iy%^IlnW(X%v�V`\'U���\'V�x�W(](^�U���\'Y�Y�^�Íig)\'V`\'gkZ`v�V�W(Y��
Z`W(�!U%^�Ã�](^�YIlnW(X%v�V`\'U��:j%V�W(l�\'W(V�^�Y�V�v�Y�W(y%U%^�](Y�r�lnW(g�V�S���y%W�t�W(Y�v�Y�Z`^�](Y{](^7�!Uh\'V[Z`Í'r#](^�Y{j%]w\'x�W(S�g�]w\'Y�^�Y�r
]6z S�V[Z`Ç%S�Y�^'r{]w\�a%W(S'Z`W�Z`^�Æ{](^�YnlnW(X%v�V`\'U��ÈY�^�g�S�X%yh\'W(V�^�Y�ri^�Y�Y�^�X#Z`W(^�](](^�ln^�X#Z�g�S�X%g�^�X#Z`V�v�Ycyh\'X%Y�]w\
|+V`\'gkZ`W(S�X�\'V�x�W(](^�U%Y�^'r�jh\'V�lnW_](^�Y��!U%^�](YnS�XÈZ`V�S�U t�^qj%V�W(X%g�W(jh\'](^�ln^�X#Zu]w\�b.\'S�](W(X%W�Z`^'r�]6z W(](](W�Z`^'rª]w\
t�^�V�lnW(g�U%](W�Z`^"^kZ�]w\ulnS�X#Z`lnS�V�W(](](S�X%W�Z`^'r�](^�Y�W(X#Z`^�V�x�V`\'y%^�Y7^kZ4W(X#Z`^�V�Y[Z`V`\.Z`W��hv�Y�~
�{z vkZ`U%y%^,jh\'Vfy%W��JV`\'gkZ`W(S�Xqy%^,V`\)��S�X%Y�Y¸\'Y�Y�S�g�W(v�^:\'U��Åg)\'V`\'gkZ`v�V�W(Y[Z`W(�!U%^�Y4|+S�X%yh\'ln^�X#Z
\'](^�Y4y%^
X%S'Z`V�^sj%V�S'�h]�y%^sY�S�]V
+x�V`\'X!U%](S�lnvkZ`V�W(^'r.e_�iefr'^kZ`g'~[�Tjb^�V�ln^kZ�y%^_lnW(^�U���g�S�lnj%V�^�X%y%V�^s]w\4y%S�U%a%](^
S�V�W(x�W(X%^4x�v�X%vkZ`W(�!U%^'~h�{X�^k�J^kZ)r%yh\'X%Y7](^"](W(lnS�X�V�v�y%S)� W(�!U%^�^�X#Z`V�^u���,^kZ 0 ":g�lqr ](^"Y�jb^�gkZ`V�^�y%^
V`\)��S�X%Y Y<y%W��Jm�V�^uy%^�Y�\'U Z`V�^�Y�j%V�v�](mkt�^�ln^�X#Z`Y�j%](U%Y�^�X�j%V�S'|+S�X%y%^�U%V�jh\'V�]w\cj%V�v�Y�^�X%g�^nyQz U%X%^
t�V`\'W(^4t�^�V�lnW(g�U%](W�Z`^��k~hes^�]w\,g�S�V�V�^�Y�jbS�X%y�},]w\�j%V�^�lnW(m�V�^fy%W(Y�g�S�X#Z`W(X!U%W�Z`vfyh\'X%Y_](^fj%V�S'�h]bx�V`\'X!U �
](S�lnvkZ`V�W(�!U%^"t�W(Y�W(a%](^�jbS�U%V4](^�Y4Y`\'a%](^�Yf^kZ"](^�Y4](W(lnS�X%Y7x�V�S�Y�Y�W(^�V�Y�
¿�hx�U%V�^uÊ�~�Ê�jh\'x�^:Ê 1 ��~Jes^kZ�Z`^
g�S�U t�^�V[Z`U%V�^�^�Y[Z4Y?�%V�^�ln^�X#Zf}uV`\'j%j%V�S�g
Ç%^�V�y%^�Y�j%]w\'g)\'x�^�Y_](W(lnS�X%^�U��c] ��Y�Y�W(�!U%^�Y��s^�W(g
Ç%Y�v�](W(^�X �
V�v�jh\'V[Z`W(Y�Y�U%VfU%X%^,g�W(X%�!Uh\'X#Z
\'W(X%^�y%^kb!W(](S�lnmkZ`V�^�Y4}�]6z S�U%^�Y[Zf^kZ�\'UÅY�U%y!��S�U%^�Y[Z"y%^�]w\�ah\'W(^�y%U
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December, 26th 1998
Depth: 106 cm
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5,74e+6

100 %
D1 : Fe2+ (61,6 %)
D2 : Fe2+ (3,2 %)
D3 : Fe3+ (35,2 %)
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D2
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26 décembre 1998
Profondeur : 106 cm
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100 %
D1 : Fe2+ (53,3 %)
D2 : Fe2+ (4,8 %)
D3 : Fe3+ (41,9 %)

5 février 1999
Profondeur : 103 cm
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Vitesse    /mm.s-1
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5,78e+6

5,79e+6

5,80e+6

5,81e+6

5,82e+6

5,83e+6

5,84e+6

5,85e+6

5,86e+6

5,87e+6

100 %
D1 : Fe2+ (44 %)
D2 : Fe2+ (13,1 %)
D3 : Fe3+ (42,9 %)

26 octobre1998
Profondeur : 100 cm
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100 %
D1 : Fe2+ (47,6 %)
D2 : Fe2+ (5,2 %)
D3 : Fe3+ (47,2 %)

31 décembre 1998
Profondeur : 98 cm
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3,80e+6

100 %
D1 : Fe2+ (45,1 %)
D2 : Fe2+ (3,2 %)
D3 : Fe3+ (51,8 %)

28 octobre 1998
Profondeur : 87 cm
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100 %
D1 : Fe2+ (27,2 %)
D2 : Fe2+ (23,6 %)
D3 : Fe3+ (49,3 %)

21 décembre 1998
Profondeur : 83 cm
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100 %
D1 : Fe2+ (29 %)
D2 : Fe2+ (9,5 %)
D3 : Fe3+ (61,5 %)

11 janvier 1999
Profondeur : 78 cm
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100 %
D1 : Fe2+ (26,4 %)
D2 : Fe2+ (15 %)
D3 : Fe3+ (58,6 %)

5 janvier 1999
Profondeur : 48 cm
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rapport x = Fe3+ / Fetot.
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ª �Gz:����²³�G~}�G�2��z:�t�#~��#���X��~}�GzL���2�vz}���G�":v����������®¯|��Gz:z}���2�B�G��~}�G����z���~}�Gz:�G���G���2�����¯|±�t�#��z:�n��G�G����|����%�������Gz}|�~}��°�|�������~}�#���������G|�~]� « �G�2�v��~}���À¥#���G� ¡�¢�£G¤V���t�#������~}��§�©����t�#����§��y¨c© ª �¼�¦Fm��#�2�v���G~'¼#�������µ�#|��G|��­��~}�G���X���G���G�2�'� « ���X�����X²³�G�X��|����t�#~}�G��®¯|���� « ���#|��G���2���G�¯|����t�#��z���L��|��2�#|6z}��|������:���B��~}�G���X���G���G�2�·���#�#���¾���G���#©T|B�B��ÉG���#�¯�#|v�3�t�����Gz)z}|����#�#�2���Gz)���t� « �3���#�#�������|�z;� « ���#|��t�#��z;�n�Z�G�G����|����B���4���Gz}|�~}�#���n�'�t�#�������X���#�2�;��~}�����t�#z}z}�*z�����§����#� ����� �������v���Gz§��pÏ��µ��§��µ��{��X�'�y¦�z}�G�����G����~}��� ������©Ãf��|����X������zG�v���Gz)�G���G�X��~}�v���Gz)���2�;�G���2�����¯|��4°Z�G��~}�G����z���~}�G~)���G|�~¾z}�����t�#�p�����G�6®¯|��4�G�G��|�� :v�G�p� « �#����t�#zQ����~}�G�G���G�2�Ç|���z}�G��zÇ��|���z}®¯| « �G�����GzQ���L�����������G�2�Ç�t�#z ����|"m}��|�~}zQ�t�#��zÇ�n�4z}����|��������%��|�z}���	��©
|4�#��z;���:����|����#�¯����|�z;��������z;�G����z}�G~������X�)|���������z}�·����|����Gz)���Gz¾���������G�Gz;���Gz}|�~}�G�Gz;�3�#��zÇ���G|�~}z���2���G~}��~}�X������������z·���������G�2�:ÉX��~}�]��~}|����G�2���GzB�X�L� �#�����Gz·�G���G�����t�#��z}z��#���G�]���]���#|�z}�#©
/ ��~}�GzL|�����~}�G�����G~)�c���G�������4�G��~}~}�Gz}�������t�#�2�B°��n�Z��~}�G�����G~}�4����z����#���n�������������Gz��L�����n�Zz}�������®¯|��'����|�zL��������z:~}���#����z}�G�4����|�~;���Gz����G~L�n�Z� �#��z��#�����������:���]�G�]����z}����z}�������bz}|�~L���4���G~}~��#���µ������|�z���G�G~}��~}����zL���GzL����²³�G~}�G�2��zL�t�#~��#���X��~}�Gz·���2�vz}���G�":v����������®¯|��GzL���Gz}|�~}�GzG©



���T� ������
��k� ������& �"	���
��k���R4#�]� )����/) �#�Z&(� .#%/
�� ���y¥

�������	�
� �
����������������������� �����!����" �#�������

Ì ��|�~L�n�%��~}�G�����G~}�4������z·���'¼�¥Z���X�v~}���G~]� ����Ï����n�%z}�������]�Gz��B����z����#�����G�4z}|�~L�������G~}~��#���������G�z}���=����z}����z}�������)�G��� �G|Àz}���G�G�n�#���G���G�2��© & �=���G|��'������~'z}|�~'�n��»t��|�~}����{�© ¼�®¯|��3�n����~}�G�����G~}����t�#z}��� « �G®¯|���������~����������3��������²³�G~}�G�2��z·�t�#~��#���X��~}�Gz·�Gz��:�#z}z}�Gº]�G��|�~����#© ª ���G�����G�G�2��~������������G����v�v���G��������z}z}��|�z·���������¯|��B~��#�������G���G�2�·�X�·~}�G��|������G~}�G���G�2� m}|�z}®¯| « °���� ¦'����© �%$'&Q���#������z;®¯|�������
�Ë�X�:�������]z « �G®¯|���������~}�G�2�:°%���GzL�#�#���G|�~}z·~}�Gz}���G�X�������G���G�2�B���Z¦��X�'����©ª �;��~}�G�����G~f��~}�G���X���G���G�2�Ç�t�#��z �n�:�G�G����|����¾���·���Gz}|�~}�;�Gz��Q�X²³�G�X��|��·���;§B�3�#~}zG©�� �G�X�}���·�t�����#����6����z}�G~����]|��������G���G~}�B���G~���|�~}�t������������²³�G�X���#�2�·� « �G��z}�G�������4���Gz·�t�#~��#���X��~}�Gz)��|�z��vz����G���#©ª �6�G�����G�G�2��~������������G�­���v�v���G��������z}z}��|�zG�µ®¯|�� �G�������G� ���#����°6z}��z����#��������z}�G~B�#|�����|�~4������� ¦����© �%$'&���~}�G�G�������G���G�:°4���¯|����G~¾�3�#��z`�G�X�}���·������z :v�G�"m}|�z}®¯| « °]���GzQ�#�#���G|�~}z ��~}�GzQ��~}�v�����Gz¾���L��©
o �)���Gz¾�G�X�}���:�#�#���G|�~¾���}���G���2���#�¯���L�
���G�������G���G�:°Z�#|������G�2���G~¾�X�)���L���B°]���������¯|��G~G©v´ « �Gz���n�'z}�G�G�������]���t�#z}�4� « �G®¯|���������~������������t�#��z·���B���������G|µ�2�G�G��|�� :v�G���X���#�2�·���X���G�¯|��G���������X���G���G�2��#��������®¯|��#©
oQ�Á�X²³�X���³���Z��~}�G���X���G���G�2��~}���#����z}�Z°3�G���������G�2�B�n°3�3���G~}����z:����z}��|�z���~��#��~}�Z���Z�n���G�G����|�������]���Gz}|�~}�]� « ���v�v���G���]���]� « �#��~;®¯|��b�X���#���·~}�Gz����'�G����~}��z}������������~}z·���]�n������z}���G�����n�#�G�#©

ª �Gz`���G~���|�~}�t����������zV��|��
� �X�`��|����¾���G��|��Q���v~}���¯�G��~}~}�Gz}���������G�2�Q�#|v�Z��~}�G�����G~}�Gzf����|����GzG©È:��|�zQ�#��������zf��~}�Gz}�G�2���G~Çz}|��G�G�����X���G���G�2�Ç�G�Gz ��~}�G�����G~}z ~}�Gz}|���������z ���#�#�2�Q���·���G�G~}��~}�;�X� � « �#�t�y����vz}�G~·� « �G��z}�G�������]���GzL���������G�GzB�#�G®¯|���z}�GzB�#|��G��|�~}zL���'���#��~}���X��|����#©

/ ��~}�Gz�|��¸������z'���3�3�#~}z'��~}�Gz�z}�G�#�`���GzZ��~}�G�����G~}�Gz�����|����Gz'�G��~}�G����z���~}�G�Gz%�#|¸���G��|��%��|������z�� « ���v~}���Ç��~}�����v®¯|��G�2������~��#�������Gz]�#�#~}�n����������z���|=�����X�Z��|=�
�'© ª ��»t��|�~}����{�© §���~}�c�z}�G�2��������|�z;�t�#~������G|������G~}�G���G�2�)�G�X�}�������G~}���v���#©�(:���4�t�#��z}z}�4��~}�Gz;z}�G��z}����������|��
� z}����~}�v��|�����G����ÉG���;���G����zÇ®¯| « |����B�#|������G�2��������������|����#©v´)�L���G~}�����G~Ç�t�#~��#���X��~}�·�Gz��¾����|����X������zQ����|�zz}�G��z}�������)®¯|��)���)�
�¬��|���z}®¯| « ���¯~}���#�����`�X� ~}�X�v���G�2�Q°Bz��:�#�#���G|�~f���������n�#��� �����G������|�zf~��#�������G���G�2��©
|B�G|v���#|���~}�GzL�X���G���G���G�2��z:����|��v���G|v�����2���G��z}�GzL���]¥��X�L�������'���v~}���³���G~���|�~}���G�2�:���Gz·���Gz}|�~}�Gz���4���B�X�·���4�
� �3�#��z¾���G|�~}z)�X²³�X��z·z}���2�·����������~}�Gz¾��|���z}®¯| « ����z)���4z}���2�·�t�#z;��~}�G�G�G���Gz·� « |������������|��4���G~}���v����z}�G�����#©

ª �'�G������|��X�����v�����L�G���G�X��~}��®¯|��:�Gz��;�G�2�#���G���G�2�¾��~}�Gz}�G�2���G�4z}|�~)�n��»t��|�~}�'��{�© §�© ª �:�G��������~¶����G���G�2�)���:�G�:�t�#~��#���X��~}�L�Gz��;����²³�G~}�G�2�)��|���z}®¯| « �#|3�G��|�~}z¾��|6��~}�G�����G~Q�G����z}�v���:��~��#���G|v�³�¯�n��G������|��X�����v�����Z���%�n�3z}����|��������±��|�z}��� �#|������G�2�������G���t�#�2�]���G|v�(m}��|�~}zB���#������zB®¯|��#�µ�t�#~4�n�z}|������#������|�~L���GzL�#|���~}�GzL�X���G���G���G�2��zB����|��v���G|v�³�t�G�����4���������¯|��#©ª �À��~}�G�����G~}�±����|����Á�Gz�������|�z6���t�#~}���G���G���G���G���G�2��z6����z}z}��|�z��t�#~}�G��®¯| « �G�����Á������������z}���X���~��#��z}����~����������G���G�����'���Gz:»t���Gz4�t�#~������G|����Gz:���G�Gz4����� « �#�����G~������������X�������Á���G���n�#�G�G�Gz4���G��|���z���Gz����G~}�����G~}�Gz���~}�G�G������������������zG©�oQ��z}|������#�Q���¬�#z}z}��z���������|����#��°Á|��¬z}���������3�����G�������G�������������|��������3�t�#~·���Gz·���#|v����������|����#�����4z}���V���2�#�2�:�X���#�t�#|���~}���#�n�#�����#���G�������4���Gz}z}�����#�����X�}����������]z}�GzL�G���G���G�2��zL���GzL����|�z;� �#�G�����G���G�2�·������������z��#�����GzG©



����Ï ���������
	���
����T� � �����w)"	 +��]�Z����	�� �"!`5�+��T) �#�Z&(� .#%/
 �#
 -3�b���"-
%#	�� �"! �_%C���"-

C
on

du
ct

iv
ité

 é
le

ct
riq

ue
  /

m
S

.c
m

-1

0,160

0,162

0,164

0,166

0,168

0,170

0,172

0,174

0,176

0,178

0,180

0,182

0,184

0,186

0,188

Cond. élect.

pe

-2,5

-2,0

-1,5

-1,0

5,0

5,2

5,4

5,6

5,8

6,0

6,2

pH 
pe 

31
 m

ar
s 1

99
8

1 
av

r. 
19

98

2 
av

r. 
19

98

3 
av

r. 
19

98

4 
av

r. 
19

98

5 
av

r. 
19

98

6 
av

r. 
19

98

7 
av

r. 
19

98

8 
av

r. 
19

98

9 
av

r. 
19

98

10
 a

vr
. 1

99
8

11
 a

vr
. 1

99
8

12
 a

vr
. 1

99
8

13
 a

vr
. 1

99
8

14
 a

vr
. 1

99
8

15
 a

vr
. 1

99
8

pH

6 m3798¾��{�© §(: ��V��>SI?�V³¢�?aJ/?�M Q�PRQ�V�?�Aa?�VIE3M H_Y STP�BD?�SRf M�ST='YZ?�M(Aa?�M�ST=@?�MaJ/?�H�� �,J/?,HI? ?�E,J/?¢�N�V_JRSt¢�E�B3P�B3E QCQ�YZ?�¢�E�=�B�^�SI?�KRS�¢�N�ST=@MbJ \ STV�?jHIQ�=�BDN�J/?�J \ Q�E�S#J/?bJ/?,M�?�B �"? 
�N�ST=@M�¤

T
em

pé
ra

tu
re

  /
°

C

6

8

10

12

14

16

Nov
. 1

99
8

Déc
. 1

99
8

Ja
n.

 1
99

9

Fév
. 1

99
9

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

Ju
il. 

20
00

Aoû
t 2

00
0

6 m3798p��{�© { : �_?�A HIQ�=]KRE�ST=@?�MxAa?�M�ST=@Q�?�M*H#KR=xYeKFM�N�V_J/?xACSTY E�B H#KR=]KRAaQ�E�=�B�^�SI?jM�ST=$YZ?�M,?@KRSRfbY B�O�=@?
J/?UYeK(V_K�HwHI? � �����6¢�A J/?jH_=@N¶£�N�V_J/?�ST=UKRS�¢�N�ST=@MbJ/?FYeKFHIQ�=�BDN�J/?�J \ Q�E�S#J/?�¤



���T� ������
��k� ������& �"	���
��k���R4#�]� )����/) �#�Z&(� .#%/
�� ��� �

�������	��� � � �������������!�������

/ |­�G��|�~}z]���Gz]���G|v�J�#�����G�Gz'���%z}|����v�*�µ� « �#����������|����'���Gz����G�����G~�����|�~}�Gz]�Gz��]� « �G�2�v��~}������ � ´Ê© ª �GzL����������|���z)z}���2�:�G�bm��#�2�v���G~ :¯���X�v~}���G~·���#������z·®¯|��]���GzL�3�y������|���z;z}���2�:����|����#��#|�����|�~4��|­������z4� « �#� ����©V´)�Gz��#�#���G|�~}z4z}���2�'���G|­���G���#���G�Gz��t�#~�~��#������~��]°��G�G�����Gz4�G��~}�G����z¶���~}�G�GzL�G��z}|�~�� �#�G�6¡�¢�£G¤�»t��|�~}�'¼v© ���t�#���]§��2¨c©
& |���~}�Q���Gz³�#�#~}�n����������z³z��#��z}���������G~}�GzG�����Gzµ�#�#~}�n����������zµ�#����~}�������3���������G���G�2�b���G��z}|��G�����Gzµz}�G�������G�2��G��~}~}�Gz}��������~}�����#���#�����G�2���#|v�
�����G�������G���Gz��G�����3������®¯|��GzÁ¡����G��~}�Gz}z}������zG�L�#�2�����X�v�G�������GzG��X���#© ¨c©ª �Gz:���Gz}|�~}�Gz:���'�n�����G�����G~�����|�~}�]z}���2�Bz}|�Å�z��#�����G�2�:��~}�G�G��z}�GzB����|�~L����z}�G~����G~B�G�2�#���G���G�2����Gz¾�#�#~}�n����������z_m}��|�~}�t�#�����G~}�Gz:�2�n��~}�Gz}����|������������B�n�4»t��|�~}�Z��{�© {'���:���G~}���X�¾����|����X������zÇ�t�#z¾������Gz)����z}�G~����G~;�t�#~�� �#�����G���G�2�)�����G�µ©�(:�6���G���#�n�#���B� « �G�2�v��~}�������G|v�6���G|�~}�Gz;�Gz��·����z}�G~������G�2��~}����GzZ�c�v��~}�G��|���z����Gz}|�~}�Gz%�G�¸z}|�~�� �#�G�6�X�%�G�¸��~}�#���������G|�~:�`�G�G�n�±���#~��#�X���G~}��z}�3�n���v�����Gz}z}�6�����~}���t�#�2���������6���'� « �������4�����G~}����®¯|��]°���~������G~}z:���GzL����~}��ºG����z·���G������������®¯|��GzG©ª �Z���G�����G~�����|�~}�4��|�z}���µ�X�·z}�Gz·�#�#~}�n����������z)z}���2�L���Gz;� �#�X���G|�~}z·��������~����#�2��z)����� « �#�X�����v�����B�X���|3���X���G���������G���G�2�;���Gz)~��#�G�����Gz¾�X�)���B�n�]�����G~}�#Æt��~}�#© ª �]���G�����G~�����|�~}�:���Gz)��~}�G�G������������������z�#����z}�f®¯|������G|�~}z:������|����GzB��|Á���G|�~}z4���2���G��z}�����GzB�G�����G����~}�G�2�]���GzB��~}�����G���t�#���Gz:���v����»t������������z���]�G�Gz·� �#�X���G|�~}zG©

�������	��� � �	��


ª �4»t��|�~}�]��{�© ¦B��~}�Gz}�G�2���:���GzQ�#�#~}�n����������z`���GzÇ���Gz}|�~}�GzÇ���L�
�{�G��~}�G����z���~}�G�Gz¾�t�#~Q�n�4z}�������°Á¥#���G� ������~}�#���������G|�~��#|=�G��|�~}zZ���3�n�����G~}���v����� « �X��|����#© ª �GzZ���Gz}|�~}�GzZz}���2�Z����|"m}��|�~}z~}���#����z}�G�GzÇ�t�#��z)�n���G�G����|����·�G�3��~}�#���������G|�~G�v�c���#�X���G���G�2�;�#|3��ÉG���L�G����~}�����¾®¯|��B���GzÇ��~}�G���X���c����G�2��zV�������X��|��G��zG© & ~G���G�Gzf��~}�G���X���G���G�2��zf������|���z}�G�2�`�#z}z}�Gº¾z��vz����G�3������®¯|��G���G�2�f���¾��~}|�z}®¯|��Gz���v����»t������������z)��|��
�j�t�#~�������z m}|�z}®¯| « °�|����]���G��� :v|��������#©
oQ�¬�X²³�X���Ç°��G���������G�2�%�n°�� ��� �c���G~}�G�±|��������G���G~}�����G��~}�Gz}z}����� �t�#��z��n���G�G����|����6�������c�z}|�~}�:�X�)���Gz¾���#|v��������~}�GzÇ�G�2�v��~}�����t�#�2���Gz)~}�G��������z}z}�G�2�¾�n�]�G�G����|����·���v����»p�#�2�Ç�������X��|��G�����G���G�2�����|�z}���G|�~}zZ�t�#~��#���X��~}�GzZ���2�vz}���G�":v����������®¯|��GzG©`È:��|�zZ���G~}~}����z%®¯|��6�����
� � « �Gz��%�t�#zZ���3z}�G|���t�#~��#���X��~}�%®¯|��Ç���t�#���������G���G~}�G���G�2�'�#|J�G��|�~}z'�����G�GzZ��~}�G���X���G���G�2��zG©`´)�G�n������|�z]���G~}���X�� « �#�������G|�~}zL� « �#����~}�G�G���G~4°3®¯|��G�`�������2�B���Zz��vz����G����~}���#�����:�v�������#����z}�V®¯|���z��6���#�t�#�G�����Z°3~}�c�z}��~}���G~·�n�%���G~���|�~}�t������������~}�����v®¯|��G�#©
/ |��G��|�~}z;���Gz·���G~}���v���Gz;���#�����GzG�vz��#��z·���G~���|�~}�t����������z;���X���G��~}����������®¯|��GzG�¯�������G���G~}�Gz)�#�#~}�n�y���������z·�2�v�X�����G���G~��#���GzB��|��
�Êz}���2�B����z}�G~��#�#�����Gz:�p� « �#����������|����4� « �Gz��B®¯|��Z���Z�����'|��������]�
��3�#��zB�n������~}�3��������������´ &�� �#|����������#|­���%�n�3~}����ºG��z}�����G~}�%�X�������G�%°6�n�3~}�Gz}����~����������Á���G|���G��ÉX��~}�]�n��~��#��z}���=¡�|B�������G~}��|��Gz·�X� + �#�����G���#���b� �2¥#�2¨c©


 |�z}®¯| « �G�����G�G�G����~}�]� ����Ï��#����|�zQ����|�������zQ�G����z}�����G~}�G~Q®¯|��L���Gz ���Gz}|�~}�GzQ�G��~}~}�Gz}���������G�2�°=|��������t�#z}�Á� « �G®¯|���������~���������� �#��~}�Gz�� « ��|����G~���|�~}�Á��|
z��vz����G��������|�~6����z����#�����G~��n�=z}���������|��������t�#~��#���X��~}��®¯|��#© Ì �#~6�n�=z}|������#�¾���
����z}�G~��������Gz6�#�#~}�n����������z���������|�z}���G|�~}z��¹�v���Gz��#|�G��|�~}zL���GzL����²³�G~}�G�2���Gz:���G~}���v���Gz z
:����Gz·���G~���|�~}�t����������z·�����G�GzL�#|v����~}�G���X���G���G�2��z:®¯|��]����|�z·���G������zB� « �X���v®¯|��G~:�
��	���������
�"!1+�+"%"��F������3 �,8,�
'=�0�/1+��� � ��� �F8,�F !��#%����� �+"���3 "��H����3  !��
�"!- �0� � 3  !3 "��&8,� "��
3 " 8,�F�0� 
)���������

1+���%"���3 
���# ��� ��1 "����,8,��# �+"���
�" ��� �)# � �

��
����# 5����F8 D ���,"�����#�'C��� � ��# ���
� �7��3 ��
�"!#%� "����
� �
��� "��
� � �
����# 8���
)# �0�
#%�
� �,"�3 �

F ��30#:�)�
#:� ��#B���,"�����#�'�-!5������05�����#B1+��
�"�3  !<+"�����#:����<�#�	



�y¼#� ���������
	���
����T� � �����w)"	 +��]�Z����	�� �"!`5�+��T) �#�Z&(� .#%/
 �#
 -3�b���"-
%#	�� �"! �_%C���"-

pH

5,0

5,5

6,0

6,5

7,0

7,5

8,0

Nov
. 1

99
8

Déc
. 1

99
8

Ja
n.

 1
99

9

Fév
. 1

99
9

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

Ju
il. 

20
00

Aoû
t 2

00
0

Sep
t. 

20
00

6 m3798v��{�© ¦>: H�� Aa?�M�ST=@Q M�ST=>YZ?�M$?@KRSRfFY B�O�=@?�M9J/?>YeK�V_K�HwHI? H#KR=>YeK$M�N�V_J/?>ACSTY E�B H#KR=]KRAaQ�E�=�B�^�SI? �
������¢�A J/?jH_=@N¶£�N�V_J/?�ST= �>JRST=]KRVIEkYeKFHIQ�=�BDN�J/?bQ�E�S#JRBDQ�?�¤

:
���Gz¾�#�#~}�n����������zQz}|�~¾|����:��|�~}�G�B���:����|�z}���G|�~}zÇz}�G�3�#�����Gz m}|�z}®¯| « °Z|����:|��������L�
���X�)®¯|��z}���2�)���G���G~��#���G���G�2�¾�����G�Gz¾°]���L����~���zÇ�G����z}�v���Gz¾����|��v���G|v�±¡��t�#~Ç�c���G�������:�G�3���G�G�G����~}�� ����Ï%��|����G�G�G����~}��� �����2¨c©
n �4z}|�~}��������z}�G�2�;°'�G�Gz;�X���G���G���G�2��z·���B�G��|�~����Gz)��|�~}�G�Gz;���Gz)�#�#~}�n����������zÇ� « �#����������|����GzÇ����|�z��������~����#�2���Gz zV����»t�{� ����Ï±°bm}|��������X��� �������V�����
�NÆt|��X��|����#|�����|�~'����¥v� ¼�¦v© |B�Fm}|��������X�'°�v�X������~}�J� ������� �����
�[~}�Gz�����������z}���¬��� ��� ¦v© | « �v�X������~}�±°­���G�G�G����~}�J� ������� ���L�#|������G�2���
m}|�z}®¯| « °3Ï%�X�:z}�]z����#��������z}�4�G�2�v��~}���±�#|�����|�~·���]�G�X�}���]�#�#���G|�~ m}|�z}®¯| « �G�±z}�G�����G����~}��¼#������©

ª �Gz��X�v�G���Gz�z��#��z}���������G~}z�����z}���2���t�#z%�G�n�#��~}�G���G�2�%����z���������|t�#�����Gz%�t�#��z��n�Á���Gz}|�~}����½�#��~}�GzÇ� « �X���4� �������#���Gz`�#�#���G|�~}z ���·�
�{���·~}�X�v���G�����G�2�¾�t�#zÇ�#|%��ÉG���;���������#|�®¯| « �#|��t�#~����#�#�2��©Ì ��|�~;�G�X�}���B���G~}���v���:�Gz������#�#���#�¯���Gz)���Gz}|�~}�Gz)���B�
� ~}�Gz����G�2�L�#|�����|�~)��� ��� ¦]�X�;���pz}�G�������B®¯|���G�'z}�����;����~����G���G�2�:������°%�n���t�#��z}z}�]��|����������#|����]�n���t�#�����'�#|���ÉG���4�������G�2��©Ì ��|�z}���G|�~}zB~��#��z}����z��4���G|����G�2���µ� « ��~}�GzB�X�4��� m�°��pÉX��~}�����#�#���G�G�Gz4����|�~B�c��������®¯|��G~:�G�GzB�#�#���G|�~}z���]�
�j����²³�G~}�G�2���GzB���#�#�2�:�X�:�#��~}�Gz:�n�����G~}���v���km}|��������X� :vz}�G�����G����~}��� ������©
: ª �GzL�G����������������z;�2�v��~}����������®¯|��Gz·���������n�#���Gz)�#|����G��|��:���]���t�#�G|����'�����G�GzL���G~}���v���Gz·���z}�G~��#���G�2�Z�t�#z'�G�����t�#~��#�����GzG© / ����z}�*�b���Gz��#�#���G|�~}z]�G���X���G�GzZ�����
�N°��t�#~�����~]� « �v�X������~}�� ������~}�Gz}|������G�2�L�����n�'����~����4�t�#��z}z}����|����������#|������n�Z�t�#�����]�#|��G��|�~}z·����� « �X���%� ������©

o �B����|�~:���GzB�G����������������z·����²³�G~}�G�2���Gz4�#|±�G��|�~}z:���'� « �X����� ����Ï��t����|�z:� « ����z}�G~����G~}������z�t�#zL���GzL��ÉG���Gz·�G����z}�G®¯|��G���G�GzG©
� 	��>
��F8,����3 �
� � ��
�"�� 8,��# 1����,"�������# ��# " -9�+*�1+� ����� ����30#�5���� � �$��� �&�+"��F1+�

�"����
� � �����
��� 3 <����� !��
�" #%���

� ��# ������� <��
�� !��
�"�# ���
��1&8 D ���,"�����# �
�,"�3 �0#$8,�9 !��#%������# #%���$� �&"���������3 
��+" 
��
�)#!
ED ���
�

)#!�)�
#!�
?)#%��� �
�98,�
8,3 � ������
)1+��#B
���"���?�� ��#�	



���T� ������
��k� ������& �"	���
��k���R4#�]� )����/) �#�Z&(� .#%/
�� �y¼v�

: (:���%�#|���~}���2�v���#�����Gz}����������zB��~}���t�#�����Z�G��~}~}�Gz}�������J°6|�����z}|�~}�Gz������3���������Á���Gz4�#�y����G|�~}z3���Á�
� �;�n�J�3�#|��#�#��z}�±�G��~}�G|��n���������¬���Gz����#|v�{�t�#��z6���±z}���B����|�~}~��#���3�G�
ÉX��~}�~}�Gz}������z��#�����#©9oQ���X²³�X���;�G�G~����#����z���~}�G���X���G���G�2��z������2�����¯|����G~����Gz����Gz}|�~}�Gz������
�������~}�Gz'� « |�����|��������±¡��t�#~]�c���G������������¼#§����G�G�G����~}��� �����2¨c©V´)�G�n����~}��|�����®¯|������Gz���#|v� �G�2�v��~}�����t�#�2���Gz�z}���2�3���G���G~}�G���G�2������|�z��#�G�����GzG© ª ������z}z}|¬|���������z}�6����|�~��X�v�����G~|��J�G�����3�����#���Z~��#�������������n��z}������������|�~}~��#�����b�#��~}�Gz]|��J�G�G~����#���­���G����zG�µ��~}�G�����G~��n��G��~}�G|��n���������3���Gz·���#|v���t�#��z·���4z}���³�X�:�#|�z}�G�������4�n���G�G����|����B���4���Gz}|�~}�#©p´)�G���G���t�#�2���� « ����z}�G~��#���������]���Ç�#�#~}�n����������zµ���X�}���Gz`���¾� « �G��z}�G�������¾���Gzf�t�#~��#���X��~}�Gzf���Gz}|�~}�Gzf�����2��~}�®¯|��]����~}�G����|����G�����G���G�2�:�Gz��:®¯|t�#������ÉG����z�������z�� �#��z��#�2��©
: oQ��»t�µ�¯�������L���G|��)�G���#~����G~Ç|����:���G~���|�~}�t���������������G�L�#|��3�����G~}�n�#|%|���������z}�·����|�~Q��~}�#���c����G~·���4��|����]�G� Ì�� ´B© / ��~}�Gz:|����#���t�#��zL����z}���*���G�G��|�� :v�G�µz « �Gz��B���G|�� :vÉX��~}�'�#�����G~}���X�������|����·���GzL���v����»t������������z)���2�vz}���G�":v����������®¯|��GzLz}|�~L���Gz·���#|v���X�:����z}���µ�G�2�v��~}�����t�#�2��©

|B�3��ÉG���#�V��� Ì�� ´ ��|�� :v��ÉG���%���G|����X���G�2��|��G�����G���G�2�%z}|�����~'|������#�����G~����������J�#��~}�Gz|���z}� m}��|�~L��~}�������������t�#��zL�G�]���������G|��#��~}�Gz}z}���¶©
� �t�#~�����~:��|�������z:���xm��#�2�v���G~�¼#�������p� « �G�G��z��vz����G���%�3�X���Z����~����G���G�2�4���v����»t�'��|���z}®¯|���n�����G����ÉX���B���B���G�G�G����~}��� �����Z�'���G~��#�G�����:����|�z)���Gz)�#~}��~}�Gz;���B�n�]�t�#~}�G�G�����:�t�#��z)|��6~��������� « |����]�G����®¯|t�#�2���]���]���X��~}�Gz:�#|�����|�~L��|�����z}����z}�������¶©Ì �#~}���µ���GzL�G����z}�G®¯|��G���G�Gz]°�����|�z·��|���������z·��~}�X���Z�G�������#���G�#������~}�X�����G����~���®¯|��'����~}�G��������2�v��~}����������®¯|��6z}�G~��­���G~���|�~}���#�Q���Gz%��~}�G�G������������������z�����z}�G~}���2������|�z%~��#���G�2�����Gz%�t�#~%�n�Á�G��|v����G~���|�~}�����Gz��#~}��~}�GzG�³�n���G��������z}��������������������®¯|��'���Gz4���#|v�Á���Z����|����Gz:����z}�G~��3����|�z4�#|����#�2�����Æt|��G���G�G�'�t�#~L�n�����G���X�����������µ�p� « �¯|���|�z·�#���X������|��G~:�X�:z}�'���v����»t�G~G��� « ����»t����~����������6�t�#��z:���z}���µz}�G~�������²³�G~}�G�2���#�t���Gz·��~}�G���X���G���G�2��z:�t�#~·���Gz:�#~}��~}�GzLz « �#~}~}ÉX���G~}���2���t�X���#©ª �%����Å��G|������]�Gz����p����|�~L����|�zG�p���]���X���G~}�������G~L���GzL����Æt|��G���G�GzG�pz}�V�G�����Gz·�c����z����G�2������������|����Gz�G�GzL���v����»t������������z;z}|�~L���Gz·�t�#~��#���X��~}�GzL®¯|��]����|�zLz}|���������zG©ª �Gz·���Gz}|�~}�GzL��|��
�Ë�����2��~}�G�2�·�G�n�#��~}�G���G�2�·|��������v�t�#����®¯|���®¯| « ���³�Gz���������|����X������zG������Å��G������ « �c��������®¯|��G~G© + ÉG���)z}���G�Gz`�#�#���G|�~}z`���)�����2��~}�G�2� �t�#z |����X�v�G���;z��#��z}���������G~G�y�G�����Gzf���G�����������G�2����GzL���G~}���v���Gz·®¯|��*�t�G�����GzG���G��~}~}�Gz}���������G�2�4°%���Gz:z��#��z}����z·�3�#~}®¯|��G�GzG©

�������	�%� � �	� "!����� �����������%"��	�	��"�
 � ��� �
� ����" �

ª �Gz·�#�#~}�n����������z)��|����#���G�2�����G�µ� « ���v�v���":v~}�G��|��X��������z}���2�:��~}�Gz}�G�2���G�GzBz}|�~·�n�Z»t��|�~}�%��{�© ��©
/ ��~}�GzL|��������t�#z}�]� « �G®¯|���������~����������6� « �G�2�v��~}����|���������z m}|�z}®¯| « °����Gz·�#�#���G|�~}z·��� :��y¥#��� � ����À���#���3��������~����Gz��X����~}|�z}®¯|��Gz��#|������G�2������������zjm}|�z}®¯| « °­¼#���±� � ©`´)�GzZ�#�#~}�n����������z]z}���2����#���#�����G�2�`�����G�Gz �#|v�%��~}�G�G������������������zf®¯|����#������~����G�2�Q���GzQ���#|v��~}�������GzQ�G�%���v�v���G���·����z}z}��|�z®¯|��b���]z}�]z}���2�:�t�#zL�G���G��~}�'�G®¯|���������~}�G�GzL�����G�'���Gz·�G����������������z·~}�G��|��X��~}���G�GzL��|�z}���*©


 |�z}®¯| « �#|%������zb� « �#� ���)� �������y���Ç���#���G�2�����G�¯� « ���v�v���":v~}�G��|��X�������ZÆt|��X��|��;�#|�����|�~f��� :�¼#���� � �X�:���Gz·��~}�G���X���G���G�2��z:~}���#����z}�Gz·�t�#��zL�n���G�G����|����4���]���Gz}|�~}�]��~}�����v®¯|��G�2�Bz��vz����G�3������®¯|��c����G�2�L���]���G���G~}�GzL�X�:��~}|�z}®¯|��GzB���v����»t������������z¾���G������~��#��~}�GzG©
|B��»t�am}|��������X��°3»t�Jz}�G�����G����~}��� �������³�������������G|±z}�%~}�G���v�v�����G���������X���G���G�2�B�³���Gz4�#�#���G|�~}z��|Á���#���G�2�����G�f� « ���v�v���":v~}�G��|��X���������#|������G�2���G�2�km}|�z}®¯| « °�¦�¦#��� � ©³´ « �Gz��]°3�G�Z�������G�2�B�n°®¯|��'�n���t�#�����Z���}���G���2�Lz}�������������#|����]����|�zL�t�#zL�X�:���µ�Gz��B��~}���t�#������®¯|��'����z}���b���'z}�����L����|�z����|"m}��|�~}z·z�����|�~}�'°��G�X�}���]��~}�#���������G|�~G©
| « �v�X������~}��� �����3°�z}�G�����G����~}�%¼#�������p���'���#���G�2�����G�Vz}�Zz����#��������z}�]°3���Gz:�#�#���G|�~}zB��������z}���t�#�2��z



����� �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2

P
ot

en
tie

l d
'o

xy
do

-r
éd

uc
tio

n 
 /m

V

-300

-200

-100

0

100

200

300

400

500

Nov
. 1

99
8

Déc
. 1

99
8

Ja
n.

 1
99

9

Fév
. 1

99
9

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

Ju
il. 

20
00

Aoû
t 2

00
0

pe

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

9;:4<>= �@?*A BDC(EGF�H�IKJLH�MNIKOQPSR F
T�U�P/FWV�XZYZPW[L\KH�MNF�J^]_I�`K[�XZYa`K[�X3O"I�`bIZcW[WT,OdM�e
XZI�`DP/I1OfcgJ7c�h�hLI�i�j^k�l
\K]mP/Inh7XZFpo@F�J7P/IK[�XZiqh*cWXrOfc8`sF�J7P/Ir]8[�OdH�M h*cWX cW]_YKH�X�M�t
[LI5PW[�X cWJLHuOfcDhLYKX�MNF@P/I�PSR YKH�[*P/I@v

C*��wWx,y3z5A�{1|}|*~W�Z�
�Z�,�/�*�W���7~��*�a�
�K� �Z�5�7�
� �"~��*�W�L�"~�� � �/�*���N� ~�|6� �@�W�"�"� �b�*�
�3�*� �
�"�K���
y,�
|��Z�
�
�"�G�7~W�Z�
|��Z�"�
�L�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|(�W�*��y,�
|��Z�G�"�
���
� �
y,�
|����
~�|��Z�Z�W�"� �
y,�
|��;�r���D�7�
� �"~��*�>�*� ���
�
�
�*�
|��Z�,~������L�W�/�*�g�*� �
�"�K���
y,�
|��r�"�����W�"�Z�W�f�1�L�W�"� � �
�
AS�3� �
�)���(� �
�"�"�
�D�W����y,�
� �*� �
�D�*�8�L�
�K�n�K���
|��Z�*�
�"�"�
y,�
|��>�b�*|*�3y,~��"|*���7~�|*|*�3�
�"� �
�*�����Z�"~�|g�*�
�;�@�W���_�L�W|*�u�"�a� ~����K�n���r�
�
�"�"�*�"�>�*�
y,�
� �*� �WA

� ��|��Z�*�K�Z�"�/�*�
y,�
|��@�q�"� �W�*�L�W�Z��¡"�3�/�*�8�"�b�7~W�Z�
|��Z�"�
� �q� ~@�����*~�C�� �
�*�*�K�Z�"~�|��
�)�D�*�"�*�3�)���W�*�"�
�/�*�^�"�(�L�¢�7�
�#�pC�£K�Z� �¤�L�W� �
�¤�/�*�^�"�(�7~��#��~��"�����Wy,�7~�|¥�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|¦�
�)�g�L�W�)�Z�"�
���
�"�"�
� �
y,�
|��3�%~��)�1�*�}���W�f�3�*�
�3�%~��)�Z�
�1�
~�|*�
�
|��Z�Z���Z�"~�|*�1�
|}�%�
�1§L�
¨p©¥�L�W|*�1���_� ~��"�#�Z�"~�|ª�*��� ~��NA
« �
�>�7�
�)�Z�*� �L���Z�"~�|*�;�"�"�
�
�n�W���(�K���
|*�
y,�
|��Z�G�*�"�#���"�
���(�K�G�W���(�*� �
�"�K���
y,�
|��Z�>� ~�|��G�W�"� �
y,�
|��
�*�
�
�
���W�*�"�
�
�L�*�ry,£
y,�D�/�*�b���5�7�
� �"~��*�Dy_�s¬ �
�*� �r�*�r� �
~@�����L���Z�"~�|qA « �8�W�W�"�
�*�>y,~s���
|*|*�r�*�
�7~W�Z�
|��Z�"�
�S�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|6� �b� �f�Z�*�r�
|��Z� �DC*�Wx�x8�K�>C*��wWx8y3z­���#�
�
�#�Z�5�7�
|*�L�W|��3���8�7���
� �"~��*�,�*�,� �
~@�����L���Z�"~�|®�*�¥�)���)�Z�
y,�(�W�®�
~��*� ���*�_�N� �K�Z�g~��®�"���W�W�#���
|����"� ~�|®�
|��Z� �¤�Wx�x^�K�
wWx�x8y3z5A

¯Q°a±N²>±N³ ´5µQ¶¸·�¹Gº�»*µQ¶¸¼1·�»*·u½¿¾�º�»*µQ¶À½¿µQ¶�¹a»*ÁQ¶
ÂGÃÅÄ�ÆqÇQÈ�É�ÊSË�Ì Í�Î@Î
Ä7Ï Î

« �
��y,�
� �*� �
�u�q� ~@�������
|*�a�*�"� � ~��*��|*�a� �
� ~�|��u�L�W���*� �
� �
|��Z�
�
�;�L�W� �
�a�/�*�G�"�
�*���"|��Z�
� £K�u�
�)�
�Z� �
�b�"�"y,�f�Z�WAqÐ�|®�KÑ��K�@�Q�"�gy,�"�"�"�
���
�)�b�Z�
�"�"�
y,�
|��r� �
�*�*�K�Z�
�*�b�/�*�,�Z� �
�r���f�Z�8�Z~��#�b�N� ~@�������
|*�
�*�"� � ~��*�8�
�)�g�
~�|*� ~�y,y,�(�K�g�"�
���W�W�"�
�*� �5� �
�)�Z�
|��,�W|L�W�f�/�Z�"�/�*�
y,�
|��8|/�*�"�"�
�^ÒZ\%o
v�ÓL���*� �}�@?*AÔ�



����������� �,�
$�+�	 $�! ��
��%$�&ª�)�*�"+,�%-*./� �����

�L�W���8���sB���A
� ~��#�Z�K�%~��"�
���
�
�)���W�"|*���*�"�
���7�
�#���
|���£K�Z� �;y,�"� �
|5�K���"�*�
|*�
�>�W�5�
~��*� ���q� �K���
|*�
y,�
|��Z���*�"�#���"�
���
�L�W�)�Z�"�
�*�"�"�
� �
y,�
|��;�%~��)�Z�G�W�"|*� �q�/�*�r�*�*�Z�W|��a�"�
�>�*�L�W� �
�a�*�D� �
~@�����L���Z�"~�|ª�*�^�)���)�Z�
y,�WA
	1�W|*�
�
�5�*�
� |*�"�
�3�@�W�
�7�"�
�1y,�
� �*� �
�1�*�K���"�
|*|*�
|��D�Z�W�*�"�*�
y,�
|��1�
� �Z���Z�"�/�*�
�1�K�1�"�S�
�)�D�*� ~��L�W�*�"���/�*�
�"�D�@�W�#�Z�
�*�G|*�r� ~��f�a�W�"~�� �n�*�"�*�G�L�W|*�G���5� ~��"�#�Z�"~�|¤�*�ª� ~��NA
« �D�*� �
� �
|*�
�3�*�a� �*�f�%�*� �
���*�"� � ~��*�u�7~�� �G�
���W�"�
y,�
|��u�*� ~��*�"�
y,�>�L�W� �
�G�/�*�a�
�
���r�7�
�)�Z�*� �7�G�"�
�
y,�
� �*� �
���
|,�
y,�7~��"� ~�|*|L�W|����N� �
�"�
�K�Z� ~��*�WA�� ~��*���
~�|��Z~��*� |*�
���
�G�*� ~��*�"�
y,�W�W�Z�W|*���Z~��#�Z�K�%~��"���"�
� �
� ~��*�*� �W�*�"���W�*�Z�W�f�u���W�"�"�_|*�K� �Z~s���
�>�K�>���L�W|*���
�n� �
���*�"�"�
� �
y,�
|��n����y,�
y5�*�Z�W|*�3�*�¤�@�W�#�Z�
�*��

|*~��*�r�@��~�|*�b�*�"�#���W�D���*~��"� � �q� �"|��Z�
�)���
|*�"�D�"�8y,~��"|*�1� ~��#���
|����7~�� � �"�*�"�5� �*�r���(� ~�|*�*�gy5�*�f�Z�Å�
�L�W�Z�Wy,�K�Z� �"�/�*�D��ÓL|ª�q� �K���f�Z�
�G�*�r�7�
�)�Z�*� �7�
�G�N� �
|*� �
y5�*�"�D�*�
�ay,�
� �*� �
�
A

Â�����Ä7Ê Ì Ï�����Í��SÍ��������%Ë�������Í �qÏSË
« �
�a�W�W�"�
�*� �3�
� �
���*�
�"~�|*|*�
|��D�
|��Z� �8x,�K�Dx#� �_y � A �
y"!$#�A « �g�W�W�"�
�*�ay,�"|*�"y5�*y¢x_�
~�� � �
�p�

�7~�|*�¥�W���®�7�
� �"~��*�
�b~��®���^�
�
�"�"�*�"�g�*�_y,�
� �*� �,|q� �
�)�8�*�"�*�b�L�W|*�����^|L�W�*�7�,�K�5~��®�*�_�N� �W�"�
�7�
|*�K�Z� �a�L�W|*�;�"�G�)���)�Z�
y,�W�7M�v%I@v��W�_�
~��*� �;�*�a�N� �K�Z�r��%�%�%&
/���1�W�W�"�
�*�uxb�L�W|*�u�N� �W�"���
�)�;�#�Z�"�"�"� �
�
�7~��*�>�N� �K���W�"~�|*|L�W���WA
« �
�>y_���#�"y5�*y,�u�
~�� � �
� �7~�|*�*�
|��3�5�*�
�&'L���¤�q� �
�"�
y,�
|��Z�>���*�"y,�"�/�*�
�n�*�"� � ~��*�n���
�*�"�
�*�"�
�>�L�W�
�"�
�>�@�W���^�*�r�*�"�*�"�
�>�/�*�S� �r���L�W� ���
|��a�L�W|*�G�"�
�G�*~�� �)(
~�|*�>�*�ª� ~��Q� �*��C@¬Z�W�
�
|��@A

« �_�
�
�"�"�*�"�b�*�5�
~�|*�*�*�K�Z�f���f�Z���
�"�
�K�Z� �"�/�*���
�)�D�Z�W�*�"�*�
y,�
|��1�
|*�
�Z�W� � �
�g�L�W�3�"�
�aÓL|*�
�D�L�W�p�
�Z�"�
�*�"�
�n�q� �W� ���"�"�
�n�
|ª� �*� �7�
|*� �"~�|ª�L�W|*�G���5� ~��"�#�Z�"~�|¤�*�ª� ~��q�/�*�Q�L�W� � �
|��3�L�W|*�G���5�
�
�"�"�*�"�D�W�
�Z�Z�@���
� �a�*�^�Z�"� � �ª�*�b�*� ~W�Z�
�K�Z�"~�|qA��;�
���g�
|*���
|*�*� ���W�^�7~��#�a�*�r�/�*�
�"�/�*�
�3y,~��"�n�*�
�a�7�
�)�Z�*�p�
�L���Z�"~�|*�
Aq�;�
�"�"�
��C��
��� �5�Z�Z�W�*�*�"� �
|��r�L�W�1�*�5�*� �*� �/�*�
�b�Z�W�#�Z�
�q�*�
�D���L�W|*���
y,�
|��Z�D�*�5�W�W�"�
�*� �
�Z� �
�G�Z�W�*�"�*�
�>�K�a�*�
�a�*~�|*|*�
�
�a�
� �Z���Z�"�/�*�
�G�"|*�"|��Z�
� �*� �K���W�*�"�
�
A
	3�1����y,£
y,�a����*
~�|¤�/�*�D�7~��*�n�"�3�@�W�#�Z�
�*�>�q� ~@�������
|*�r�*�"� � ~��*�
�#�"���W�*�Z�W�f�;���W�"�"�_|*�K� �Z~s���
�>� ���
���*�"�"�
� �
y,�
|��;�
�1�@�W�#�Z�
�*�n�
|(� ~��)���W|��>���b� ~�|*�*�1�*�1� ~�|(�Z�*�7�3�
|�� z3�3A$+a~��*�>�@��~�|*�n�*� �K�%�
� �
|*�b�L�W�3�7�
�)�Z�*� �7�
�3�N� �
|*� �
y5�*�"�b�*�
�3y,�
� �*� �
�3�L�W|*�3�"�b� �
�*� �*�#�1�*�b�7�
|*�KÓL�
�"�
�3�*���
�
�"�"�
��C��
�NA
���W�n�W�"�"�"�
�*� �
���"�
�;y,�
� �*� �
�n�*�1�L� �K�n�*�1�7�W���*�"�
|(�*�"�*�;�"y,�7~��)���W|��Z�
�u�L�W|*�;|*~W�Z� �3�
~�|��Z�����Z�W�
�K���W�"�
|��@�*�/�L�W|��3�g�
�"�"�
�
�*�Z���Z�"�)���W�"�Z�W|��Z�
�
A

,&-".0/ 1�243658749:58;=<?>@<A58BC3ED"<F74<FGIH"J

¯Q°a± KG±)¯ ´5µQ¶ÀÁ=LpÁS½¿µ=Muº#¶À½¿·�N/µQ¹a»*¶
Â�Ë}Î
ÄQÌ Í�Ï�O

« �
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�G�
|^� ~��*�"�*y � ~�|��G�*� �
� �
|��Z�
�
�3� �*�>���bÓL���*� �8�@?*A�P�ALÐ��"�"�
�n� ~�|��G���
|*���
�Z�W�"�
y,�
|��G��~��"� �"|*�
�G�*�5x#��P8y,y,~��NA �Q!$# A � ~��#�Z�K�%~��"�
�L�*�
���ª�W�W�"�
�*� �a� ~�|��3���#�
�
�#�Z�"~�|*|*�
�"�"�
y,�
|��
���W�"�*�"�
��
q�
�"�"�
�b�
~�� � �
� �7~�|*�*�
|��8�W��� �*� �
�"�K���
y,�
|��Z���*�¥Bªy_�W�>��%�%�%¤�K���*�R%5¬ �*�"|¦��%�%�%#A=S
�
�K� �Z�6�*� �
y,�"�
� �^�L���Z�ª�
~�� � �
� �7~�|*� �*| ~��Z�W���^�Z� �
�g���"~��"�
|��}ÒZ\%o
v�ÓL���*� �}��AÔw��L�W���}��%��5�/�*�
�W�*�Z�W�f�>�*~�|*�r�
|��Z�Z��¡�|*�D�*|*�r�%~��)�Z�D�*�"�"�#�Z�"~�|(�*�r���5� ~��"�#�Z�"~�|¤�*�ª� ~��NA
« �6� �
�
~�|*�*�¤�L���Z�(�
~�� � �
� �7~�|*�¦�6�*|¸�*� �
�"�K���
y,�
|��g� �@�W�"�"� �(�W�*� �
�5�*|*�(� �
y_�W�"|*�_�Z� �
�5�*�"���
���"�
�*� �®ÒZ\%o
v�ÓL���*� �6��A ?��L�W���ª��T����K�g�*|¦�KÑ��K�g�*�^�*�"�"�#�Z�"~�|®�"y,�7~��)���W|��5|q� �
�)�,�*~�|*�^�L�W�g�



����? �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

Na 
Si 
K 

9;:4<>= �@?*A�PgC��uF�J�\�IKJLH�X cWH�MNF�J#`_IKJªhLF�H�c�`�`KM4[�]�i1IKJ `sF@PWM4[�] IKH1IKJ `KM4OdMN\KM4[�] P/I�`(IZcW[WT�P/IgOfc
J7c�h�hLIbcW[}\�F�[�XZ`bPW[^H�IK]3hL`@v��SI�`nh7XZYKO����WIK]_IKJLH4`bF�JLH;YKH�Y5I	�1I�\KH�[LY�`bjªk�l_\K] P/Inh7XZFpo@F�J7P/IK[�X
P�cWJ#`bOfc¤\�IKO4Od[�O"I�P/Ib]_I�`K[�XZI�P/IbOfc8`sF�J7P/Ir]8[�OdH�M h*cWX cW]_YKH�X�M�t
[LI@v

���#�
�"�*� �b�
���W�"�
y,�
|��@A
{1�#�Z� � �
�
�6�7~��"|��Z�^�����Z� £
y,�
�
�G�"�
�^�
~�|*�
�
|��Z�Z���Z�"~�|*�ª� ~�|��6�7�@�W�*�
~��*� �*�"�*�¤���W�"�*�"�
�^�/�*� ���
y,~s���
|*|*���7�
|*�L�W|��¤�N� �K�Z�6�"~�� � �/�*�6�"�6|*�f���@�W� �*�6��� |L�W�*�7����� �Z�
�"|��(� ~�| y,�"|*�"y5�*y y_�W�"�
�
|*� �*�f�Z�8� �
y,~�|��Z�
|��r�*� ~���� �
� � �f���
y,�
|��b�*�*�Z�W|��D�N� �W�#�Z~�y,|*���7~��*�D��� �Z�
�"|*�*� ��ÓL|L�W�"�
y,�
|��D�*|
y_���#�"y5�*y �
|��*�
�
�
y5�*� � ��%�%�%À�K�6�*�
�
� ~W¡"�Z� �¥�@�W�W|��6�*�®� �®�)���W�*�"�"�"� �
�¤�
|��Z� �¸x#� B¦�K�}x#��P
y,y,~��NA �Q!$# A

Â�Ë�
�Ä$���LÎ@Î@Í�Ï�O
� �/�
�)� �*��
,�
�"�"���*�u�*�K�Z�
� y,�"|*�
� �*|*�u�W�W�"�
�*� y,~s���
|*|*�;�7~��*� �"�
� �
~�|*�
�
|��Z�Z���Z�"~�|*���
|��7~W���W�p�

� �"�*y ���W|��S�"�
��'L�*�K�Z�L���Z�"~�|*�Q� ~�|��Q�%� �
�/�*�
|��Z�
�>Ò4ÓL���*� �>�@?*A�P���A « �
�S�
~�|*�
�
|��Z�Z���Z�"~�|*�Q� ~�|�� �*�"�#���W�
�
~�y,�*� �"� �
�D�
|��Z� �,x#�Ô�(�K�bx#�Ôw(y,y,~��NA � !$# �*�5�%�K��� �"�
�r�¤� �
�#�Z�
y5�*� �^��%�%�%#AqÐ�|*� �*�f�Z�W�Q�
�"�"�
�1~��p�
�
�"�"�"�
|��u�
|��Z� �Dx#�f�3�K�>x#� ��y,y,~��NA �Q!$# y_�W�"��y,~��"|*���%~��)�Z�
y,�
|��;�/�q� �W�*�L�W�Z�@�W�W|��@A��D�"~��L�W�"�
y,�
|��@�
�"�
���
~�|*�
�
|��Z�Z���Z�"~�|*�b� �*�f���
|��8�*|*�_�7�
|��Z�_|*�
�����Z�f���,y,~�|*~W�Z~�|*�,�*�*�"� �/�q� �
�"�"�
�b�
� �
���*�
�"~�|*|*�
|��
�*�bx#� ?_�gx#�f�ry,y,~��NA �Q!$#��
|��Z� �b�"�
�>y,~��"�n�*�D�%�K��� �"�
�r��%�%�%5�K�a�*�;¬ �*�"|6�Wx�x�x#A

Â�Ë�Î@Í ��Í ��Í�Ï�O
« �
�(�
~�|*�
�
|��Z�Z���Z�"~�|*�(�
| � �"�"�"�
�"�*y Ò4ÓL���*� �¥�@?*A�P��g� �
y5�*�"�
|��¤£K�Z� �6�Z� �
�(�
~�|*�)���W|��Z�
�^�W���

�Z~��*�8�q� �*|*�¤�W�W�"�
�*�8�*�ªx#� ��w6y,y,~��NA �Q!$# AE	3�¤�%~��)�Z�
�g�L�W�"� � �
�3¬ �*� �/�q� � x#�f��T}y,y,~��NA �Q!$#D� ~�|��



����������� �,�
$�+�	 $�! ��
��%$�&ª�)�*�"+,�%-*./� ����w

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0,00

0,05

0,10

0,15

0,20

0,25

Mg 
Al 
Ca 

9;:4<>= �@?*A T1C �uF�J�\�IKJLH�X cWH�MNF�J#`rIKJ6],c � J�Y�`KM4[�]�i�IKJ�\ZcWO"\KM4[�] IKH;IKJ}cWOd[�]8M4JLM4[�]¢P/I�`bIZcW[WT_P/I
Ofc6J7c�h�hLI(cW[À\�F�[�XZ`¤PW[®H�IK]3hL`_]_I�`K[�XZY�I�`(j,h*cWX�H�M4X(P/Irh7XZYKO����WIK]_IKJLHGXZYZcWOdM"`sY�`(j¸k�l�\K] P/I
h7XZFpo@F�J7P/IK[�X
v

�
|*� �
���"�)�Z� �
�
�D�W�}�
~��*� �3�*�
�1y,£
y,�
�3�K���
|*�
y,�
|��Z�r�
�"�"y_���Z�"�/�*�
�G�/�*�5�
�
���}�*� �
� �
|��Z�
�D�*� �
�
���
�*�
y,y,�
|������W|*�*�"� �/�q� �W�*�
�*|*�>y,�
� �*� �n|*�n�*�
�L�W� � �>�
�K� �Z�;�W�W�"�
�*���*�����%~�|*���*�nx#� ��way,y,~��NA � !$# A

Â�Ë O��*È7Ê@��Î@Í�Ï�O
« �
���
~�|*�
�
|��Z�Z���Z�"~�|*���
|gy_�W��|*�
� �"�*y �*� �
� �
|��Z�
�
�;� �*�����3ÓL���*� �r�@?*A T1y,~�|��Z� �
|��u���1y,£
y,�

�#��|L�Wy,�"�/�*�3�/�*�D�7~��*�;�"�3� ~��*�"�*y M�v%I@v#�*�
�;�W�W�"�
�*� �u�Z� �
�n�"|#�%�
� �"�
�*� �
�>�����by,~s���
|*|*�D�"~�� � �/�*�
�"�G|*�f���@�W�(�*�a���r|L�W�*�7�a�
�)�n�L�W�;�K�n�W�_�
~��*� �;�*�
�;�*� �
�
�"�*�f�����Z�"~�|*��� �
y_�W� �/�L�W�*�"�
�
��ÒZ\%o
v/ÓL���*� �
�@?*A�P���A « �
���
~�|*�
�
|��Z�Z���Z�"~�|*���"|*�f�Z���W�"�
�S� ~�|��u� �*�7�
� �"�
�*� �
�u�Dx#�Ô��w3y,y,~��NA �Q!$# ��y_�W�"� �*�
�
� ~��"� � �
|��
� �
���*�"�"�
� �
y,�
|��>�K�a� �r�)���W�*�"�"�"� �
�>�8�*�
�G�W�W�"�
�*� �n��~��"� �"|*�
�G�*�bx#�f�ry,y,~��NA �Q!$# A

Â�Ë ���$� ��Í�Ï�O
« �
�(�
~�|*�
�
|��Z�Z���Z�"~�|*�(�
| �@�W�"�
�"�*y Ò4ÓL���*� �®�@?*A T��g� ~�|��(�
~�y,�*� �"� �
�_�
|��Z� ��x#� x�w��K�^x#�f��w

y,y,~��NA �Q!$# A � ~��*�3���,�7�
� �"~��*�5�W|��Z�
� �"�
�*� �5�_� �
�#�Z�
y5�*� �¤��%�%�%#���"�
�3�
~�|*�
�
|��Z�Z���Z�"~�|*�3� ~�|��r�W�p�
� �F(G�W�W� ���W�*�"�
���@���
�3�*�
���W�W�"�
�*� ��y_���#�"y5�*y y,~s���
|*|*�
�;�q� �
|����"� ~�|_x#� x�%Dy,y,~��NA �Q!$# A « �
�u�K�����
|*�
y,�
|��Z�3�*�"�#���"�
���^�
~���|*�
�"�*�
|��1�@���
�5�"�
�a�L�W�"� � �
�a�*�
�3�
~�|*�
�
|��Z�Z���Z�"~�|*�ay,�
� �*� �
�
�
A��3�*� �
�3�"�
y,~��"� �*�n� �
�#�Z�
y5�*� �D��%�%�%#���"�
���W�W� �����Z�"~�|*�S� ~�|����7�@�W�*�
~��*�8y,~��"|*���"y,�7~��)���W|��Z�
��
��*|*�n�W�W�"�
�*�
y,~s���
|*|*�a�*�3x#� Bb�bx#��PDy,y,~��NA �Q!$# �7�
�#�u£K�Z� �a�*� ~��7~�� �
�WA « �r�#��|L�Wy,�"�/�*�G�
�)�u�Z� �
����~��"� �"|*�G�*�
�
�
�"�"�g�*�
�8�W�#�Z� �
���
�"�
y,�
|��Z�����*�"y,�"�/�*�_�W�"�@�W�"�"|*�D�K�8�W�"�@�W�"�"|*~�C/�Z�
� � �
����A « �
���
~�|*�
�
|��Z�Z���Z�"~�|*�



���WB �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0,6

0,8

1,0

1,2

1,4

1,6

Cl 

9;:4<>= �@?*A %GC��uF�J�\�IKJLH�X cWH�MNF�J¤IKJª\���O"F�X�[�XZI�`aP/I�`3IZcW[WT8P/I>OfcbJ7c�h�hLI�i j,k�l5\K] P/I h7XZFpo@F�J7P/IK[�X
v

�*�"y,�"|/�*�
|��8�*�(����*
~�|¸�
~�|*�)���W|��Z�¤�K�g�*� ~���� �
� � �f���^� �*�5�N� �
|*� �
y5�*�"�¤�*�(���}�7�
� �"~��*�_�K�Z�*�*�"�
�W�
���#�
�
�#�Z���7~��*�>�"�D� ~��*�"�*yªA

ÂGÃ �$��Ï�O¥Í�Ê Í�Ï�O
« �D�
~�y,�7~��)�Z�
y,�
|��G�*�r�N� �W�"�*y,�"|*�"�*y¿�*� �
� �
|��Z�b� �*�G����ÓL���*� �g�@?*A T8�
�)�a�*|^�7�
�ª�L�W�)�Z�"�
���

�"�"�
�
A « �
���
~�|*�
�
|��Z�Z���Z�"~�|*��� ~�|������
|*�
�Z�W�"�
y,�
|����
~�y,�*� �"� �
���
|��Z� �>x#� x#�;�K��x#� x��ay,y,~��NA �Q!$#��Z�W�#�
�W�¸�
~��*� �5�*�
�5�K���
|*�
y,�
|��Z�g�*�"�#���"�
���¥~��q� �
~�|��Z�Z�W�"� �
y,�
|��8�6���ªy_�s¬ ~�� �f�Z�,�*�
�8�W�#�Z� �
�5�
�"���
y,�
|��Z�G�*��¬Z�8�*� �
� �
|��Z�
�
�7�"�
�n�W�W�"�
�*� �G�W�*��y,�
|��Z�
|��a�7~��*�G��� �Z�
�"|*�*� �u¬ �*� �/�q� �,x#� x�w5y,y,~��NA �Q!$# A
« �
� 'L�*�K�Z�L���Z�"~�|*�5�*�
�5�
~�|*�
�
|��Z�Z���Z�"~�|*�5|*�¤� ~�|��@���
|¸� �@�W�"�f�Z�W� �L�W�5y,~��"|*�by_�W� �/�*�
�
���sA « �
�
�
~�|*�
�
|��Z�Z���Z�"~�|*�G�*�"y,�"|/�*�
|��G�
���W�"�
y,�
|��G�*� ~���� �
� � �f���
y,�
|��a� �*�G�N� �
|*� �
y5�*�"�r�*�r�N� �K�Z�*�*�WA

Â�Ë:�����%Ä ��Ï@��Ë
« �
�n�"~�|*�;���*�"~�� �*� �
�n� ~�|��G�"�
�;� �
�*�"�>�W|*�"~�|*�;�7~��*�n�"�
� �/�*�
�"�n�"�
�;�
~�|*�
�
|��Z�Z���Z�"~�|*�>� ~�|��>� �#���

ÓL�Z�Wy,y,�
|��_�"y,�7~��)���W|��Z�
�g�7~��*�,�"�
�,�Z�W|*���
�,�L�W� y,�>�"�
�,�
�"�
y,�
|��Z�_y_�s¬ �
�*� �}Ò4ÓL���*� � �@?*A %���A
�3� �
�)�D�"|��Z�
� �
� �Z�W|��1�L�W� �
���/�*���
�
���,� �"��|*�fÓL�r�/�*�5�"�r�
~�y,�7~��)�Z�
y,�
|��3�*�
�3���*�"~�� �*� �
�3�
�)�3��~��Å�
� �"|¤�*�^�
~�y,�7~��)�Z�
y,�
|��ny,~s���
|^�*�D�N� �
|*� �
y5�*�"�1�*�
�>�@���Z�"~�|*�;�*�D����� ~��"�#�Z�"~�|(�*�¤� ~��q�*�*�"� �/�*�
�N� �
�"�
�K�Z� ~�|*�
�#�Z�Z�W�"�f�Z�1�
�)�a�
~�|*� �
�)���
���L�W|*�G�"�
�>�@�W����A
� �*� �/�q� �W�(y,~��"� �q� �W~��#�a��%�%�%#���"�
���
~�|*�
�
|��Z�Z���Z�"~�|*��y,~s���
|*|*�
�u� ~�|��u��~��"� �"|*�
���*�r�ay,y,~��NA �Q!$#
�@���
�,�Z~��#�Z�K�%~��"�D�q� �"y,�7~��)���W|��Z�D�
�@�W�)�Z�D�Z�
y,�7~��Z�W�"� �
�D� �*�)�Z~��#���W� �*�
�*�#���*�g�
�K� �Z�,�7�
� �"~��*� 

	�

��������������� �
������� � � ���"! � !$#%���'&�� �
#)(�*+� ����,�#)����*+-.�0/�� ��#)12*+! 3�� �
#�




����������� �,�
$�+�	 $�! ��
��%$�&ª�)�*�"+,�%-*./� ����P

C
on

ce
nt

ra
tio

ns
 e

n 
fe

r   F
e2+

  /
m

m
ol

.l-1

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

Fe2+

C
on

ce
nt

ra
tio

ns
 e

n 
su

lfu
re

s 
S

2-
  /

m
m

ol
.l-1

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

0,016

S2-

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

9;:4<>= �@?*Af�sxDC �uF�J�\�IKJLH�X cWH�MNF�J�P/I�`�IZcW[WT¤P/IDOfcgJ7c�h�hLI�IKJ�o@IKXbIKHnIKJ^`K[�O o�[�XZI�`1`sF�Od[*e
O"I�`�iujªk�l
\K] P/Irh7XZFpo@F�J7P/IK[�XZi�hLIKJ7P�cWJLH3Ofc,hLYKX�MNF@P/I^YKH�[*PWMNY�I¤cWO4OfcWJLHDP/I(Ofc���J¤o@Y��sX�MNIKX�����������[�`@t
[�R j
P/Y@e
[�H���[�M4J	�#l�l�l�v

�"�
�a�W�W� �����Z�"~�|*�a�*��|*�f���@�W���*�5���,|L�W�*�7�8�W�"|*� � �/�*�8�"�
�3�*� �
�
�"�*�f�����Z�"~�|*�a�7�
�#���
|��b�
|�£K�Z� �5���
�@�W�*� �WA
	3�*�Z�W|��D�"�
�1y,~��"�3�*�8� �
�#�Z�
y5�*� �8�K�D�q� ~��K�Z~��*� �¤��%�%�%#�7�"~�� � �/�*�5�"�5|*�f���@�W���*�8���_|L�W�*�7�5�
�)�
�L�W�
���"�
���
~�|*�
�
|��Z�Z���Z�"~�|*�����/�#�Z�
|��n�K�u�W�W�"�
|����
|����"� ~�|_x#� Bb�bx#��P1y,y,~��NA �Q!$# A/Ð��"�"�
��� �
y,~�|��Z�
|��
�
|*� �*�f�Z���W�6�
~��*� �3�N� �W�#�Z~�y,|*�r� �*�f�W�W|��3�*|*���#��|L�Wy,�"�/�*�b�"�*�
|��Z�"�/�*���,�
�
�"�"�r�*�
�1�W�#�Z� �
�3�
�"���
y,�
|��Z�G�7~��*�G��� �Z�
�"|*�*� �u¬ �*� �/�q� �ª�ry,y,~��NA �Q!$#��
|ª�*�
�
�
y5�*� �,��%�%�%#A
S¿�L�W�)�Z�"�a�*�a¬Z�W|����"�
�D�Wx�x�x#�7�"�
�1�
~�|*�
�
|��Z�Z���Z�"~�|*�1� �
�
~�y,y,�
|*�
�
|��r�(�*�"y,�"|/�*�
�a�*� ~���� �
� � �f�����
y,�
|��S¬ �*� �/�q� �8�*�
�;�W�W�"�
�*� �n�*�Dx#� B�y,y,~��NA �Q!$# A*�;�
���5�
~�� � �
� �7~�|*�^�������#��|L�Wy,�"�/�*�3���
|*�
�Z�W�"�
~��*� �
�)���
�b�7~��*�G�"�D� ~��*�"�*y �K�G�"�Dy_�W��|*�
� �"�*y |*~W���Wy,y,�
|��@A

¯Q°a± KG±N² ´5µQ¶¦½¿µQ¶�¹a»*µQ¶�
3µ
��µq» µ�º�
3µ�¶�¹ L���¹a»*µQ¶
« �
�,y,�
� �*� �
�,�*�
�g�
~�|*�
�
|��Z�Z���Z�"~�|*�,�*�¤�%�
�g�K�,�*�ª� �*�f�%�*� �
�g~�|��,�K�Z�ª� �
�*|*�"�
�g� �*�,���6Ó#�

���*� �ª�@?*Af�sx^�L�W� �
�,�/�*�_�
�
���*�
���®�
�"�
y,�
|��Z�b� ~�|��5�*� �
� �
|��5� �"y5�*�f���W|*�
y,�
|��b�
|®�
~�|*�*�f�Z�"~�|*�
� �
�*�*�K�Z� �"�
�
�
A$	3�r�*�"�*�
�#�
�
�G�*�
���^�
�"�
y,�
|��Z�>� ~�|��G�"y,�*�"�"�/�*�
�;�L�W|*�>�*�
�G�*� ~��
�
� � �*�G�q� ~@�����*~�C
� �
�*�*�K�Z�"~�|qA +a~��*�G�*�"� �
�#�Z�
� ~�|*�>�L�W|*�G���5�*� ~����L�W�"|*�1� �
�K�Z�"~�|^�*�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�>�
|^� �*�f�����Z�
�K�8�
|¸|*�f�Z�Z���Z�W� �
�"�
y,�
|��Z�8���*�"y,�"�/�*�
���*� �
� �
|��@���/�L�W|��,�6�
����� �*�"�#���W�5�
|À�
~�|*�*�f�Z�"~�|*�b~@�����
�L�W|��Z�
�
Aq�;�
�1�
~�|*�
�
|��Z�Z���Z�"~�|*�
�7�
�"�"�
�a�W�*� � �N�7� ~�|��1� �*� �
�
�#�Z�"�*�"�
�3�q� £K�Z� ���*�"� �
�K�Z�
y,�
|��1�
~�|*�
�
�p�
|*�
�
�a�L�W�>�*�
�G�*�*�
|*~�y,�
|*�
�a�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|qA

« �
�;�
~�|*�
�
|��Z�Z���Z�"~�|*�;�
|(�%�
�u� ~�|��>y,�
� �*� �
�
�1M4J(`KM4H�[¤�L�W�u�
~��"~�� �"y,�K�Z� �"�G�W�*� �
�;�
~�y,�*�"���*���



����T �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2

�Z�"~�| �@���
�_�*��	 �����n�mÒZ\%o
vS���L�W�*�f�Z� �I�#AÔ�(�L�W���I�W? ��AS�;�K� �Z�,y,�K�Z�*~��*�g|*~��*�r�*~�|*|*�,�W�
�
�
�
�W�^�%�
�>� ~��"�*�*�"�D� ~��*�G�%~�� y,�D§L�
¨p©�A
« �
�6�
~�|*�
�
|��Z�Z���Z�"~�|*�ª�
| �%�
�ª�W�"|*� �ry,�
� �*� �
�
�6�L�W|*�ª�"�
�^�@�W��� �*� � ~��r�*�®§L~��*���
� �
�ª� ~�|��
�Z� �
�D�%~��)�Z�
�D�*�*�"� �/�*�W�Q�W���
~��*� �D�*��y,~��"�3�*�gy_�W� �5��%�%�%#�7�
�"�"�
�D��� �Z�
�"��|L�W�"�
|��D�*�"�*�1�*�gx#� T�w
y,y,~��NA �Q!$# A � �
|*�L�W|��G�"�
�ny,~��"�u�*�1y_�W� �;�K�>�q� �@��� �"����%�%�%#�#�b�Z� ~��"�;� �
�*� �"� �
�
�#~�|¤�7�
�#�>y,�K� �Z� �
�
|¸�K���"�*�
|*�
�(�*|¥�KÑ��K�5�*�_�*�"�"�#�Z�"~�|��L�W���"�
�b�*� �
�
�"�*�f�����Z�"~�|*�r�
~�y,y,�,�7~��*�b���ª�*�"�*�L�W�)���*�
�
�W�#�Z� �
�G�
�"�
y,�
|��Z�G���*�"y,�"�/�*�
�
ALÐ�|*� �*�f�Z�W�L�"�
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�G�*�"y,�"|/�*�
|��>�*�r���5y,£
y,�1����*
~�|
�/�*�5�"�b|*�f���@�W�}�*�����g|L�W�*�7�>¬ �*� �/�q� �¤��� �Z�
�"|*�*� �b�*�
�3�W�W�"�
�*� �a�����Z� £
y,�
y,�
|��3���W�"�*�"�
�5Ò�x#� x�x�P
y,y,~��NA �Q!$# �L� ~��f�G�
�
|��a�%~��"�ny,~��"|*�>�/�q� �
|6y_�W� � �n�8���5ÓL|ª�*�ªy,~��"�n�*�r� �
�#�Z�
y5�*� �b�"~�� � �/�*�r���
|L�W�*�7�r�
�)�1�8� ~�|ª�*�"�*�>�L�W�G|*�f���@�W�qA
« �
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�n� �
y,~�|��Z�
|��>���N� �W�#�Z~�y,|*�a�K�n�
~�|��Z�"|/�*�
|��G� 'L�*�K�Z�*�
�>�W�(��� �3�*�(|*�f���@�W�
�*�����g|L�W�*�7���K�3�*�}� �
���"y,�r�*�
�3�*� �
�
�"�*�f�����Z�"~�|*�Gy_�W�"�G�L�W|*�a�*|*�����Wy,y,�r�*�b�W�W�"�
�*� �a�
~�y8�
�*� �"� �
�G�
|��Z� ��x#�f��w5�K�3x#� ��w5y,y,~��NA �Q!$#)A

« �
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�;�
|¤� �*�f�%�*� �
�;� ~�|��>~��#�Z�
|/�*�
�DM4J¤`KM4H�[¤�L�W�;�
~��"~�� �"y,�K�Z� �"�G�@���
�D���by,���
�Z�*~��*�(�W�¥�*�"�
�®�*�_y,�K�Z�����"�
|*�WA �;�(� ~�|��5�"�
�b� �*�f�%�*� �
���*�"� � ~��*���Z~W���W��� �/�*�;� ~�|��5y,�
� �*� �
�
�*~�|*�r�*� �"|*�
�"�L�W�"�
y,�
|��>�"�
�>�%~�� y,�
�G� ¨ � ��� � !}�K� � ¨ !SA
� �*�,���}ÓL���*� ���@?*Af�sx#� ~�|¦~��*� �
�)���6�/�*�ª�"�
�8�Z� ~��"�g�K���
|*�
y,�
|��Z�_�*�"�#���"�
���À�"y,�7~��)���W|��Z�8�*�
�
y,~��"�r�*�_y_�W� �r�K�5�q� �@��� �"�G��%�%�%^� ~�|��5�
~�� � �
�"�
���@���
�_�N� �W�*��y,�
|������Z�"~�|��*�
���
~�|*�
�
|��Z�Z���Z�"~�|*�
�
|^� �*�f�%�*� �
��
#�
�
�"�"�
��C��
�7� �
�)�Z�
|��>�Z~��#�Z�K�%~��"�u���W�"�*�"�
�;�*�*�"� �/�*�1�
~�y,�*� �"� �
�;�
|��Z� �rx#� x�x����K�Gx#� x�x�P
y,y,~��NA � !$# A 	3�
�a���5ÓL|ª�*�ªy,~��"�n�q� �W~��#�@�L�"~�� � �/�*�r���5|L�W�*�7�b��� �Z�
�"|��3B�x8�
y¢�*�r�*� ~W�%~�|*�*�
�*�
�
�"�
�5�
~�|*�
�
|��Z�Z���Z�"~�|*�8�*�K���"�
|*|*�
|��8�Z� �
�����W�"�*�"�
�
A +a�@�W|*y,~��"|*�
� ���6�#��|L�Wy,�"�/�*�(� �
y5�*�"�(�*�fÑ����
� �
|��Z�b�*�r�
�
�"�"�D�*�^�%�
�G�8�
�K� �Z�by,£
y,�D�7�
� �"~��*�WA
Ð�|*� �*�f�Z�W���g�L�W�)�Z�"�>�*�b���5ÓL|6�*�6y,~��"�>�q� ~��K�Z~��*� �W���"�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�3�W�*��y,�
|��Z�
|��3�K�a� �
�p�
�Z�
|��a�*�"�*�;�%~��)�Z�
�>�/�q� �W�*�L�W�Z�@�W�W|��G�*�*�"� �/�q� �
�"�"�
�n� ~�|��a�
~�y,�*� �"� �
�n���
|*�
�Z�W�"�
y,�
|��>�
|��Z� �bx#� x�x�B
�K�>x#� x#�@?by,y,~��NA �Q!$# A « �
�;�
�@�W�)�Z�;�/�*�3�N� ~�|,~��*� �
�)���1� ~�|��;�
���W�"�
y,�
|��;�7�@�W�*�
~��*�_�*�"�*�u�"y,�7~��p�
���W|��Z���K���"���
�)�5�*��
,�
�"�"�8�*�_�"�
�b� �
�"�"�
�r�W��� �W�W� �����Z�"~�|*�1�����*� ~�C����
~����*�"y,�"�/�*�
�
A « �ª�
~�|*�
�
|��
�Z�Z���Z�"~�|�y,�
� �*� �
�g�"� Pr¬Z�W|����"�
�b�Wx�x�x(�
�)�r���(�*�"�*�1�%~��)�Z�8�*�5�Z~��#�Z�
��
S�W�*�
�*|*�,�W�#�Z� �8y,�
� �*� �
|*�1y,~�|��Z� �1�/�*�
�"�/�*�1���*~�� �D�*�1�L�W�)�Z�"�
�*�"�"�
�
A « �1� �
�*�q�K���
|*�
y,�
|��Gy_�W� �/�L�W|��n�
�)�>���b�Z�
y,�7£K�Z�
�/�*� �8� �K��� �8����ÓL|ª�*�ªy,~��"�n�*�r�*�
�
�
y5�*� �,��%�%�%#A

¯Q°a± KG± K ´5µQ¶¸Á=LpÁS½¿µ=Muº#¶¦½�� M3µQ¹a»*¶
Â�Ë�Î,Ê Í���� � �sË�Î

« �1ÓL���*� �b�@?*Af���G�*� �
� �
|��Z�3�"�
���
~�|*�
�
|��Z�Z���Z�"~�|*�u�
|,|*�f�Z�Z���Z�>y,�
� �*� �
�
�;�L�W�����*� ~�y_���Z~����Z���
�*�*�"�>�"~�|*�"�/�*���
A « �>�*� �
y,�"�
� �*�"�n�
~�� � �
� �7~�|*�_�1�*|g�K���
|*�
y,�
|��;�*�"�#���"�
��� 
��
�
�7�
|*�L�W|��@���7~��*�
�"�
�>�W�#�Z� �
�>�*��¬Z�5� �
y_�W� �/�*�
�>�K�G�/�*�q� �D� �*�f���
|��@�*|*~��*�>|q� ~��*� �
�)��~�|*�a�W�*�
�*|^�*�"�
�ny,�
� �*�Z�W�*�"�WA
�3�}�
~��*� �3�*�
�1y,~��"�G�*��� �
�#�Z�
y5�*� ���K�1�q� ~��K�Z~��*� �_��%�%�%#�L�"�
�3�
~�|*�
�
|��Z�Z���Z�"~�|*�a� ~�|��D�"�
�a�*�"�*�
�"y,�7~��)���W|��Z�
���
|*� �
���"�)�Z� �
�
�uy_�W�"� |q� ��� �Z�
�"��|*�
|��u�L�W�ux#�f�ay,y,~��NA �Q!$# A��3� �
�)�n�D�
�ay,~�y,�
|����/�*�
���r|L�W�*�7�a�
�)�n�b� ~�|_|*�f���@�W�_�"�G�*�"�*���L�W�
A « �a�*� �
�"�K���
y,�
|��;�*�¤�Wxr� �
�#�Z�
y5�*� �a���W�f�u� �*�f�Z�a�W���
�*� �
y,�"�
� �
�r�*�"�*�"�
�r�/�*���*� �
�
�
�*�
|��5���¤� �
y,~�|��Z�
�g�*� |*�f���@�W�®�*�g���¤|L�W�*�7�WA�{1| |*~W�Z�
�Z�^�/�*�
�"�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�G�
|^�%�
�>�K�a�
|ª� �*�f�%�*� �
�G� ~�|��3�W�"~�� �>y,�"|*�"y_�W�"�
�;�8�
�ry,~�y,�
|��G���#A
� ~��*� �"�
�Q�*�"�
�S�
~�� � �
� �7~�|*�*�
|���� ~��f� �>�*�
�S�*� �
�
�"�*�f�����Z�"~�|*�q�L�W�)�Z�"�
�*�"�"�
� �
y,�
|��Q�"|��Z�
|*� �
� �
~�y,y,�
��

	 � #%����! � ��� �����"�
� �"! �'- /��'��,0-
�.#�� �
#%��,"�
#)�
# � ������& ����� 	������'��
 ����� /��'��,0� �
#)-�! �",�*��"�
#�




����������� �,�
$�+�	 $�! ��
��%$�&ª�)�*�"+,�%-*./� ����%

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0,00

0,02

0,04

0,06

0,08

0,10

NO3
-

9;:4<>= �@?*Af���3C �uF�J�\�IKJLH�X cWH�MNF�J#`5IKJ}JLM4H�X cWH�I�`5P/I�`5IZcW[WT^P/IbOfc,J7c�h�hLIr]_I�`K[�XZY�I�`�cW[�\�F�[�XZ`5PW[
H�IK]3hL`�jrh*cWX�H�M4X�P/Inh7XZYKO����WIK]_IKJLH�XZYZcWOdM"`sY�`�j6k�l¤\K] P/I>h7XZFpo@F�J7P/IK[�X
v

�
���%�#�1�"���@�W�D�7�
|*�L�W|��D�"�
�3y,~��"�3�q� ~��K�Z~��*� ���K�D�*�5|*~s���
y5�*� �¤��%�%�%#�7� ~��f�D�_�*�
�D�*� �
�
�"�*�f�����
�Z�"~�|*� �/�*�*�%~�|��u� �*�f�Z�G�D�*|*�G�"~�|*���*�n�7�
� �"~��*�>� �
���*�a�
~�y,y,�>�D���3ÓL|,�*�,y,~��"���*�Gy_�W� �u�Wx�x�x#A
« � �W� �7�
�K�a�Z� �
�G�*�
�
~��*�7�b�*�b���8�
~��*� �7�b�*�r���5ÓL���*� �,�@?*Af���r�
� �"|��Z�
� �*� �K�Z�b�
~�y,y,�D�*|*�b�*�*� �
�
�q� ���#�"�)�Z�
|*�
�G�Z� �
�u�*� �K���a�7~��*���
�K�n�W|*�"~�|g�L�W|*���"�
���@�W���,�*�,� ~��L�*�*�"� �/�*�a� ~�|_�W�*�L�W� �f�Z�"~�|8�
�)�
�"�"�
�1�*|*�"�/�*�
y,�
|��3�W���^�K���
|*�
y,�
|��Z�3�
�"�"y_���Z�"�/�*�
�
A

Â�Ë�Î,Î@Ï���� � �sË�Î

« �
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�a�
|ª� �*�f�����Z�
�>y,�
� �*� �
�
�1�W�^���W�7~��Z���Z~��"� ���;� ~�|��a���W�"�*�"�
�n�*�*�"� �/�q� �
�"�"�
�
�W�W�"�
|��@���W�}�*�"�*�
��x#� x�B,y,y,~��NA �Q!$# A�	3�5���,y,£
y,�r����*
~�|}�/�*�5�7~��*�3�"�
�3|*�f�Z�Z���Z�
�
�7�N� ���#�"�)�Z�
|*�
�
�*�1�
�K� �Z�3�%~�� y,�3�
|¤� ~��"�#�Z�"~�|_�L�W|*�n�"�
�;�@�W���(�*�¤� ~����
�)�>�*� �K���D�*�*�"� �/�*�D�*�"�*�;�q� �*|*�1�%~��"�u� �*�
�*�
���^�"�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�G� ~�|��a�"|#�%�
� �"�
�*� �
�G�W�ª� �
�*�"�q�*�r�*�K�Z�
�K�Z�"~�|qA
{1|(|*~W�Z�
�Z�����b�*� �
� �
|*�
�D�K�n���b�7�
� � �"�)���W|*�
�1�*�3�%~��)�Z�
�;�
~�|*�
�
|��Z�Z���Z�"~�|*�n�*�3� �*�f�����Z�
�n�W�(�
~��*� �
�*�
��y,~��"���q� �W~��#�u�K�u� �
�#�Z�
y5�*� �W���Z~���¬ ~��*� ���"~�� � �/�*�G���D|L�W�*�7�G�
�)�;�r� ~�|,|*�f���@�W�,�"�G�*�"�*���L�W�
A
	3�r�*�"�*�
�L�W�*� �
�G�
�K� �Z�r�7�
� �"~��*�W�*�"�
�>�*�"�
�>�*�r� �*�f�����Z�
�>� ~�|��a�*�"�*�>|*~�y5�*� �
���^�/�q� �W�*�L�W�Z�@�W�W|��
�K�G��� �Z�
�"��|*�
|��>�)���)�Z�
y_���Z�"�/�*�
y,�
|��G�*�
�n�W�W�"�
�*� �n�"�"y,�f�Z�
�u�@��~��"� �"|L�W|��Gx#� x��5�5x#� x��5y,y,~��NA �Q!$# A

� 
���*+, ����, ��� *�� ���',�*+/���! � ! �'-�!
	.��� ��� /��'��, -
�.# � �
#%��,"�
#�&+� � #%����! ����� �����"�
� �"! �'- �
# � ��� ��& ����� �����'��
 �����
/��'��,0� �
#0#%��� 12*��"�
#�




����x �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0,00

0,02

0,04

0,06

SO4
2-

9;:4<>= �@?*Af���bC �uF�J�\�IKJLH�X cWH�MNF�J#`5IKJ6`K[�O o
cWH�I�`5P/I�`8IZcW[WT^P/IbOfc_J7c�h�hLIb]_I�`K[�XZY�I�`�cW[�\�F�[�XZ`8PW[
H�IK]3hL`5jDh*cWX�H�M4X�P/I>h7XZYKO����WIK]_IKJLH�XZYZcWOdM"`sY�`�j}k�l(\K]mP/Inh7XZFpo@F�J7P/IK[�X
v

Â�Ë�Î �$� ���$��Í�Ê Í�����Î ��� ����Ä7Ê@� ���/Ë�Î,Ë��_ÊSÄ7Ê��=��� ����Ä7Ê@� ���/Ë�Î
« � �W�"�@�W�"�"|*�f�Z�8�@�W� �7~�|L���Z�
�(�
�)�8�*�*�¤�W���¥�
� �7�
�
�
�g�1�>{ !� �K�,�>{ ¨ !� �/�*�;� ~�|��8|*~�� y_�W�"���

y,�
|��a�
|ª�
�/�*�"�"�"�*� �1� �
�"~�|ª�"�
�>� �@�W�K�Z�"~�|*�>� �*�f�W�W|��Z�
���
� ¨ �>{ ��� � ¨ {
	 �1�>{ !� � � � {D©��K�3�1�>{ !� � � ¨ {
	 �>{ ¨ !� � � � {D©

« � ÓL���*� �¸�@?*Af���®�*� �
� �
|��Z���
�
�¤�
~�|*�
�
|��Z�Z���Z�"~�|*�(�/�*�1� ~�|��(�Z� �
�(���W�"�*�"�
�,�*� �*�
�*�#�¤�*�
�N� �K�Z�*�*�1¬ �*� �/�q� �W�®y,~��"�D�*�3¬ �*�"|¦��%�%�%#�q���#�
�
�#�Z�_�"�¤��%^y_�W� �_Ò�x#� x�x�x��¤y,y,~��NA �Q!$# ��A « �
�D�W���
�"�
�*� �r~�� �
�"�"�"�
|��r�
|��Z� �,x^�K��x#� x�x�x#��w(y,y,~��NA �Q!$#>�*�*�"�
�S�^�L�W�)�Z�"�1�*� y,~��"�D�*�3¬ �*�"|À��%�%�%#�q�*�
x#� x�x�x#�b�gx#� x�x�x�B8y,y,~��NA � !$# A
« �,�W�W� ���W�*�"�"�f�Z�3�
�)�3�Z� �
�a�%~��)�Z��y_�W�"�G�
� ���#�*�"�"�/�*���L�W�a�"�
�G���W�"�*�"�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�3y,�
� �*� �
�
�
A
�;�
���_�
�)�1|*~�� y_�W�S�K���W|��1�*~�|*|*���/�*��|*~��*�1|*��� ~�y,y,�
�a�L�W�3�L�W|*�3�*|}�
~�|��Z�����Z�5�@�W�"�@�W�"� �r�K�
�/�*�5�"�
�a�@�W���6� ~�|��1�*� �
�"�K���
�
�1�
|}�*� ~W�%~�|*�*�
�*�
A +a�@�W|*y,~��"|*�
�L~�|6�*�
�
�
�"���L�W�)�%~��"�a�*|*���#��|L���
y,�"�/�*�G�"�*�
|��Z�"�/�*�3�r�
�
�"�"�Gy,�"���
|_�K���"�*�
|*�
�3�7~��*���"�
���
�"�
y,�
|��Z�uy_�s¬ �
�*� ���K�;�/�*��� �
�Z�W�f�u�*~�|*�
�*�K�Z�
� y,�"|*�
�r�L�W�>�"�
�G�
~�|*�*�f�Z�"~�|*�n�����*� ~��"~����"�/�*�
�G�K�G�
�"�"y_���Z�"�/�*�
�
A

« � �W�"�@�W�"�"|*�f�Z�1|*~�|/C��@�W� �7~�|L���Z�
���
�)�1�*�*�8�,�*�
�1�
� �7�
�
�
�1���*�"y,�"�/�*�
�3�7~�� � �
�L�W|��D�*�
�3�*� ~��
�*� �"�K�Z�
�¤�L�W� �"�/�*�
�(�Z�
�"�"�
�(�/�*���"�
�(�"~�|*�(y,�K���W�"�"�"�/�*�
�,�����*� ~@�����"�
�^~�� �"�
�^�W|*�"~�|*�_�q� �W�
�"�*�
�
~�� ���W|*�"�/�*�
�
A « �(�
~�y,�7~��)�Z�
y,�
|��5�*�(�
�
�5�%~�� y,�
���
�)�g�*� �
� �
|��Z�^�L�W|*�5���^ÓL���*� �}�@?*Af���#A �3�
�
~��*� �D�*�
�Dy,~��"�3�*�8y_�W� �D�D¬ �*�"|¸��%�%�%#�7�"�
�1�
~�|*�
�
|��Z�Z���Z�"~�|*�D� ~�|��D�%~��)�Z�
��
q�
�"�"�
�3� ~�|��r�
~�y8�
�*� �"� �
�_�
|��Z� �}x#� x�x�x�� �K�(x#� x�x�x�T�y,y,~��NA �Q!$# A « �
�_y,�
� �*� �
�(� �@�W�"�"� �
�
�,� �*�_�"�
�,�
���L�W|��Z�"�"�"~�|*�
�*� �
�"�K���
�,�"����%}y_�W� �¤��%�%�%6�%~�|��g���#�
�
�#�Z�"~�|¦�*�*�"� �/�*�W���W�"~�� �5�/�*�^�N� �W�"�@�W�"�"|*�f�Z�g�@�W� �7~�|L���Z�
�
�
�)�a�L�W�)�Z�"�
�*�"�"�
� �
y,�
|��n�"y,�7~��)���W|��Z�W�#�N� �W�"�@�W�"�"|*�f�Z�G|*~�|/C��@�W� �7~�|L���Z�
�D�
�)�>�Z� �
�>���W�"�*�"�8Ò�x#� x�x�x�x�P



����������� �,�
$�+�	 $�! ��
��%$�&ª�)�*�"+,�%-*./� ���#�

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

C
on

ce
nt

ra
tio

ns
  /

m
m

ol
.l-1

0e+0

1e-4

2e-4

3e-4

4e-4

5e-4

6e-4

7e-4

8e-4

alc. carb. 
alc. nc. 

9;:4<>= �@?*Af���rC��3O"\ZcWOdM4JLM4H�Y�`b\ZcWX
e�F�J7cWH�Y�I�`�IKHuJ�F�J�V�\ZcWX
e�F�J7cWH�Y�I�`rP/I�`�IZcW[WT¤P/IrOfcgJ7c�h�hLID]_I�`K[��
XZY�I�`�cW[�\�F�[�XZ`5PW[ªH�IK]3hL`�jrh*cWX�H�M4X�P/Inh7XZYKO����WIK]_IKJLH�XZYZcWOdM"`sY�`�j6k�l¤\K] P/I>h7XZFpo@F�J7P/IK[�X
v

y,y,~��NA �Q!$# ��A�Ð�|*� �*�f�Z�W���
�"�"�n�*�"y,�"|/�*�n�*� ~���� �
� � �f���
y,�
|��q¬ �*� �/�q� �b��� �Z�
�"|*�*� �>�*�
���W�W�"�
�*� ��� �
�����
�"�"�
� �
y,�
|���|/�*�"�"�
�u~��_�"|#�%�
� �"�
�*� �
�u��x#� x�x�x�x�w1y,y,~��NA �Q!$# A S �L�W�)�Z�"���*�_y,~��"���*�G�%�K��� �"�
�n�Wx�x�x#�
�"�
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�G� �
y5�*�"�
|��3�W�*��y,�
|��Z�
�G�*�r|*~��#���@�W�5¬ �*� �/�q� �,����ÓL|ª�*�r�N� �K�Z�*�*�WA



����� �����
	���
���������������������
���� �"!��#
��%$�&('#�
$��)�*�"+,�%-*./�10*�324�5!�$�2�.*
��%$�&607.8!�$�2



�����

���������
	���
����

������������� �"!����#!�$�����%����'&(%�$*)+��,.-/,1032����54�)6032�,1� ���#7
8 $�2�&(��9:���

,<; .F, = 2 9�9:J?>A@"J ;B@"58B�B�C J ;D@�H 9�E 5�F�>HG 74J

I JLKNM�JLKPORQSJLKTQSUWVYX : KPULJLKTZ O[OS\ : X : KPULJLKN]^VY_RKA`aJW\a\SJcbdVYQe\ : J �Z�Z�W�f���W|��¤�*�����
���
~����*�"y,�"�3�*�r���8� ~��"�#�Z�"~�|¤�*�ª� ~��Q|q� ~�|��G�L�W�>�Z~��#�Z�
�a�*|^�L�W�G�*�D�Z�
y,�*�G�"�*�
|��Z�"�/�*� �

C ���(� ~�|*�*�,y5�*�f�Z�"�L�W�Z�Wy,�K�Z� �"�/�*���
|*� �
���"�)�Z� �g�/�L�W� �"y,�
|��b�
|®�
~�|��Z�"|/� �"�8�L�b�Q�"�,Ð��q�Q���
�
~�|*�*�*�K�Z�f���f�Z�D�
�"�
�K�Z� �"�/�*�W�L���5�/�L�W|��Z�f�Z�r�q� ~@�������
|*�b�*�"� � ~��*�G�K�a�����Z�
y,�7�
�Z���Z�*� � 


C �"�
�ay,�
� �*� �
�1�
�"�"y_���Z�"�/�*�
�G�
~�|*�
�
� |L�W|��D�"�
�G��~��"�*y,�
�3�*�
�3�*� �
�
�"�*�f�����Z�"~�|*�G�K�1�"�
�*� �3�"|��
�Z�
|*� �f�Z�
�G� ~�|�� ¬ ~��*� |L�W�"�"�
� �
��


C �"�
�r� �
�"�K���
���*�"�F(
~�y,�K�Z� �"�/�*�
�r�K���"�
�b�W|L�W�f��� �
�b�*�_���¤�
~�y,�7~�� �f�Z�"~�|����*�"y,�"�/�*�g~�|����*|
�L�W�>�*�D�Z�
y,�*�>�W�W� ���W�*�"�1�*�r�/�*�
�"�/�*�
� ¬ ~��*� �
�L���
|*�
�Z�W�"�
y,�
|��G�*�dC��*�
�7�*~�y_�W�L�W�"� �WA
�;�
�7�
|*�L�W|��@���Z~��#�Z�
�5�"�
�8�W|L�W�f��� �
�5�K�8�"�
��y,�
� �*� �
�8�
~�|*�
�
� |L�W|��g���6� ~��"�#�Z�"~�|®�*�¸� ~��
�*� ~s���"�
|*|*�
|��n�*� �
�
�"� �
y,�
|��n�*�3���r�
�
�"�"�*�"�G�*���W�
�
�3�b�
|����"� ~�|�PWxb�
y �*�3�*� ~W�%~�|*�*�
�*�;�K�

�"�D� �*�f���Q�W�ª�
~��*� �G�*�^�Z�
y,�*�G�
�)�G�%~��)�G�*�r�
�K� �Z�r�
~�|��Z�Z�W�"|��Z�WA
« �(�*�
� �
� �"�#�Z�"~�|��*�
�r�@�W�Z�W�K�Z�
� �"�)�Z�"�/�*�
�D�*�8|*~W�Z� �8� ~��>ÒZ\%o
vQ���L�W�*�f�Z� �g��AÔ��Af�8�L�W���,�����a|*~��*�r�
�7�
� y,�"�D�q� ~��*� �
�)���
�b�*�,|*~�y5�*� �
�*� �
�b�Z�W�
�"|*�
�;¬ �*� �/�q� �ª�*|*�g�*� ~W�%~�|*�*�
�*�r�q� �
|����"� ~�|¸wWx¤�
yªA
+a~�� y_�W�"�
y,�
|��@�@|*~��*��|*�;�*�K��� �"~�|*� �*~�|*�;�L�W� ~��*� �
�)���
� �*�"� �
�K�Z�
y,�
|�� �N� �KÑ��K� �*�5�*� �
�"�K���
y,�
|��
�Z�W�
�"|L�W�"� �1� �*�G�"�D���*�"y,�"� y,�1�*�
�G�@�W���gfKA
� ~��#�Z�K�%~��"�
�Q�^�
�K� �Z�,�*� ~W�%~�|*�*�
�*�
�Q|*~��*�b~��*� �
�)���
� ~�|*���N� �KÑ��K�r�*�,�N� �"|#ÓL�f�Z�Z���Z�"~�|6�*�
�b�@�W�����*�
�*�"�*�"�
�q�K�S�Z� ~��"�q�*� ~��
�
� � �*�S�%~�|*�L�Wy,�
|����W���r� �
� ~�|�� �*�"�*�S��� �Z�
|��Z�f���
y,�
|�� �#�Z�"�"�"� �
�q�7~��*�Q�*�
�
� �"� �
�N� �K��~��"�#�Z�"~�|��*�n���a�
~�y,�7~�� �f�Z�"~�|����*�"y,�"�/�*�;�*�
� �@�W����A � �#�
� �W���f� �*�n�N� �W�f�Z�
�Z���Z�"~�|b�����*� ~��f�/�Z�"�/�*�
�*�
�>�
~�|*�)�Z�f�Z�L�W|��Z�n�*�^� ~��N�#�*�
�>�*� ~��
�
� � �*�G�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|^�K�>�*�
�>�*�*�
|*~�y,�
|*�
�G�����*� ~��
�"~����"�/�*�
�n�K�a�
�"�"y_���Z�"�/�*�
�
A

	�� ~�� �
�¤�K�¤�*��¬Z�¸|*~��*�(�7~��#��~�|*�¤�*�KÓL|*�"�_�Z� ~��"�(�7�
� �"~��*�
�_�*�"�
| �*�"�)�Z�"|*�K�Z�
�(�7�
|*�L�W|��^���

h'
 	 * � ��� /��.#%! �"! �'- ����! � !
	.��� ���
# �
*+�ji 	.��!./ ��,�� �'� ��-.�lk0�",�* ('��,�#�� �
# �
�',"! m �'-�#��', �.*+-�!
	.���
#���� ,"��! m �.#%/����on
,"!
	.���
# #%��,�*�� �'���"��1 �'!$# ������! p�����/�*+,)��� *'� �"! ( ! �"��3�! �'� ���'!
	.��� �oi�!$# ��*+-.�0��*+-�# ���
# �
�',"! m �'-�# * (�*+-.�)��� *��%�"��! -���,"�
�$* /�, �+1 �'-�������,0��� � � � � 




���W? �����
	���
����5���/�����*&7
�����!���0*��!D0*$�&*&7�
��!G'#�
$��)�*�"+,�%-*./��!a���
-*.W�"!���!	��
�$�.�'�������!

�*�*� �
�b�*�r|*~W�Z� �r�K�Z�*�*� �
C �q� ~��K�Z~��*� �g��%�%�Tg�5ÓL|5¬ �*�"|���%�%�%&

C �*�;¬ �*�"�"�"�K�1��%�%�%g�5ÓL|ª� �
�#�Z�
y5�*� �,��%�%�%&

C �q� ~��K�Z~��*� �g��%�%�%g�8� �
�#�Z�
y5�*� �5�Wx�x�x#A

« ���*�KÓL|*�f�Z�"~�|À�*�^�
�
�8�Z� ~��"�8�7�
� �"~��*�
�8� �^�%~�|*�*�^� �*�g�"�
�5�W�W� �����Z�"~�|*�5�*�¦|*�f���@�W�¦�*�^���
|L�W�*�7�a�W�"|*� �*�/�*�G� �*���"�n� �
���"y,�n�*�
�u�*� �
�
�"�*�f�����Z�"~�|*�
A��;�
�u�*�
���8���W�K�Z�
�*� ��� ~�|��u�*� �"y,~�� �*���W���
�*�*�"� �/�q� �"�"�1�
~�|*�*�f�Z�"~�|*|*�
|��1�%~��)�Z�
y,�
|��D�"���
~�y,�7~��)�Z�
y,�
|��D���
~����*�"y,�"�/�*���*�8���_� ~��"�#�Z�"~�|6�*�
� ~��NA « �ªÓL���*� �}��w�Af�(�*� �
� �
|��Z�¤�"�
�5�
~�|*�
�
|��Z�Z���Z�"~�|*�5�*�
�5�
�"�
y,�
|��Z�5���*�"y,�"�/�*�
���
|¥�%~�|*�K�Z�"~�|
�*�,���¤�*� ~W�%~�|*�*�
�*�b�*�,���¤|L�W�*�7�WA��;�,y,~��*�8�*�,� �
�*� �
� �
|������Z�"~�|q�S�"|*�*�
�7�
|*�L�W|����*���Z�
y,�*�
�
�7�
� y,�K�b�*�8��~��"�D�
���W�"� �
y,�
|��D�/�*�g�
�
�)���W�"|*�r�
�"�
y,�
|��Z�r~�|��r�*|*�,� �
�L�W�)�Z�f�Z�"~�|q�7�L�W|*�r�"�
�r���Z���
�*�*�"�/�*�
�
���"�*�
|��Z�"�/�*�WA
� ~��*�b�"�8�%�
�
�Q�"�
�r�
~�|*�
�
|��Z�Z���Z�"~�|*�b�"�
�r�*�"�*�D�%~��)�Z�
�r�
~�� � �
� �7~�|*�*�
|��8�W�����7�
� �"~��*�
�r~�� �"�g|*�Å�
���@�W� �*�g���_|L�W�*�7�8�
�)���W���*�"�*�D�L�W�#�=
q�"|����
� � �
y,�
|��@�S�"~�� � �/�*�8���_|L�W�*�7�8�
�)���W���*�"�*�1�L�W�
�
�"�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�G� ~�|��a�"�
�>�*�"�*�>���W�"�*�"�
�
A
« �
�ª� �*�f�%�*� �
�¤�*�
�
� �f���
|��6�
�
�ªy,£
y,�
�(�W�W� �����Z�"~�|*�(�W�"~�� �¤�/�*���"�
�^|*�f�Z�Z���Z�
�¤�K�^�"�
�^� �*�f�����Z�
�
y,~�|��Z� �
|��a�*|ª�
~�y,�7~��)�Z�
y,�
|��G�"|����
� � �WA
� ~��*�r�
�
�D�Z� ~��"�1�
�"�
y,�
|��Z�
�q�"��� �g�*�
���W���8�*~�|*�8�*�
�r� �
�����Z�"~�|*�1�"|��Z�"y,�
��
��L�W�1���(� �*�f�Z�W�q|*~��*�
���
� � ~�|*�a�/�*�b�"�
�>�*� ~��
�
� � �*�3�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|ª���#�*�"�"�/�*�
|��a�
�
�a�#��|L�Wy,�"�/�*�
�
A
« �
�b�"~�|*�r�@�W�"�
�"�*y �K��y_�W��|*�
� �"�*y � �,�
~�y,�7~��)�Z�
|��b�*�g����*
~�|��Z� �
�b� �"y,�"���W�"� �b�
|��Z� �,�
��� �K�
�L�W� �
�"�"�"�
y,�
|��>�/�*�r�"�1�%�
�a�@���
�b���5�*� ~W�%~�|*�*�
�*�
A
� ~��*�r�"�8� �"�"�"�
�"�*y �K�b�"�5� ~��*�"�*yª���"�
�r�
~�|*�
�
|��Z�Z���Z�"~�|*�D� ~�|��by_���#�"y_�W�"�
�3�/�*�
�"�"�8�/�*�g� ~��f�r���
�*� ~W�%~�|*�*�
�*�ny_�W�"�u�*� �
� �
|��Z�
|��a�L�W�)�%~��"�u�*�
�n�W�W�"�
�*� �;�*�"�*�u���W�"�*�"�
�
A#�;�
����� ��¬ ~��"|��n�"�
�;�
~�y,�7~��p�
�Z�
y,�
|��Z�a�*�
�
� �f�Z�G�"|*�*�f���"�*�*�
�"�"�
y,�
|��;�7~��*�G���L�W�
�*|ª�*�r�
�
�a�
�"�
y,�
|��Z�
A

« � �"|��Z�
� £K�,�*�ª�
�K� �Z�ª� �
�*� �
� �
|������Z�"~�| �
�)�@�u�*� �"|*�
�"�L�W�"�
y,�
|��@���*�ªy,~�|��Z� �
�g�N� �"y,�7~��)���W|*�
�
�*�
�b�W�W� �����Z�"~�|*�D�*�®|*�f���@�W�®�*�,���^|L�W�*�7�,�K�5�W�"|*� ���*�1¬ �*�)�Z�fÓL�
�b�N� �#�Z�"�"�"�Z���Z�"~�|6�*�,�
�_�
� �f�Z�
� �
�7~��*�G�*�KÓL|*�"�>�K�a�*�
�
~��*�7�
�G�
|^�Z� ~��"�>�Z�W�"� ~�|*�G���5�7�
� �"~��*�D�q� �K�Z�*�*�WA

,<; .�
 1 J ; EYC ;@H�>?>�2 >�; @"J ;[@"<�� C�E J B >@J ; ;@2 <F;=58B�;D@�� C&>�H�@"J

¯ ³>±N²>±)¯ �}»*µS½��p¾q»*µ ¼�Áq» ��� 
3µ�� 
�������º����3»*µ¿¯ �!�!"$#$% M N/¹ � M ¯ �!�!�
« �,|*�f���@�W�®�*�"�F(
~�y,�K�Z� �"�/�*�g�*�,���¤|L�W�*�7� 'L�*�K�Z�*�_�
|��Z� � ��x^�K��?�x^�
y �*�,�*� ~W�%~�|*�*�
�*�
A

& �L���Z� �a�K���
|*�
y,�
|��Z�>�*�"�#���"�
���gy_�s¬ �
�*� �('>��Ñ��
�K�Z�
|��@���L�W���KÑ��K�n�*�a�*�"�"�#�Z�"~�|q�W�"�
�u�
~�|*�
�
|��Z�Z���
�Z�"~�|*�D�*�
�r�
�"�
y,�
|��Z�D���*�"y,�"�/�*�
�D� �*�f�W�W|��Z�
�q�
���W� � �
�r�L�W�D~�� �*� �8�*�
�
� ~��"� �Z�W|��b�q� �"y,�7~��)���W|*�
� �
�"�r� ~��*�"�*yª�L�"�ry_�W��|*�
� �"�*yª�*�"�r�@�W�"�
�"�*yª�*�"�r�7~W���W� � �"�*yªA « �r�%�
�a�K�3�"�r� �"�"�"�
�"�*y |*�b� ~�|��3�L�W�
�)���)�Z�
y_���Z�"�/�*�
y,�
|��8�*�"�"�*�
�r���W|*�*�"�b�/�*�(�N� �W�"�*y,�"|*�"�*y y,~�|��Z� �_�*�"�#���W�b�*|*�_�Z�
|*�L�W|*�
�¤�ª���
�
~�|*�
�
|��Z�Z���Z�"~�|qA

) �SI�`nh7XZFs\�I�`�`K[�`�PSR F
T�U�P/FWV�XZYZPW[L\KH�MNF�J+*q�"�
�>�W�W�"�
�*� �>y,~s���
|*|*�
�a�*�^�L� �K�G�*�ª�7~W�Z�
|��Z�"�
�
�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|q���W�*� �
�u�"�
�*���7�
� �"~��*�>�q� �
�/�*�"�"�"�*�Z���Z�"~�|q�W� ~�|�����~��"� �"|*�
�
��� �
� �7�
�K�Z�f���
y,�
|��@�
,�
.- �$# � �',","�
#%/��'-�����-.�0*+�ji /�,"��� /�('� � ��-.��#)���
# 0 ���21Ph � *+,�#Yh.34343�&������ � *+!Lh.34343 ��� ���
# 3 ��� h �25 ��! -h.34343�&����
#0�����ji ����,"-�! ��,�# ����*+-.� ��! 6 ��! � � � ��-.� ��!$#"# ����!$*+3�� �
#�




���/� �#������!G����!@.W2�
��#
�!10*��!10/���Q������&7
���!a!����"!�$�&*!10�� ��
 ./0*� ����w

Fe2+  /mmol.l-1
0,0 0,2 0,4 0,6 0,8

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

S2-  /mmol.l-1
0,000 0,005 0,010 0,015

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

Cl-  /mmol.l-1
0,0 0,5 1,0 1,5

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

NO3
-  /mmol.l-1

0,00 0,02 0,04 0,06 0,08

SO4
2-  /mmol.l-1

0,00 0,02 0,04 0,06

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

Al3+  /mmol.l-1
0,00 0,01 0,02 0,03 0,04

Ca2+  /mmol.l-1
0,00 0,05 0,10 0,15

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

Mg2+  /mmol.l-1
0,0 0,1 0,2 0,3

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

K+  /mmol.l-1
0,0 0,2 0,4 0,6

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

Na+  /mmol.l-1
0,0 0,2 0,4 0,6 0,8

Si4+  /mmol.l-1
0,0 0,1 0,2 0,3 0,4

P
ro

fo
nd

eu
r 

 /c
m

0

10

20

30

40

50

60

9;:4<>= ��w�Af�uC �uF�J�\�IKJLH�X cWH�MNF�J#`�i�IKJ(]8]_F�Ofv"O !��Wi�P/I�`1YKO"YK]_IKJLH4`G],c �@IK[�XZ`3P/IaOfcD`sF�Od[�H�MNF�JªPW[5`sF�O
h7XZYKO"I��WY�I1j¤k�lg\K] P�cWJ#`aOfc,\�IKO4Od[�O"IDP/I3]_I�`K[�XZIrIKJ1o@F�J�\KH�MNF�J6P/I3Ofcah7XZFpo@F�J7P/IK[�X3P/I3Ofc5J7c�h�hLI@v



����B �����
	���
����5���/�����*&7
�����!���0*��!D0*$�&*&7�
��!G'#�
$��)�*�"+,�%-*./��!a���
-*.W�"!���!	��
�$�.�'�������!

C
on

ce
nt

ra
tio

ns
 e

n 
su

lfu
re

s 
S

2-
  /

m
m

ol
.l-1

-0,004

-0,002

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

S2-

C
on

ce
nt

ra
tio

ns
 e

n 
su

lfa
te

s 
S

O
42-

   
/m

m
ol

.l-1

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

SO4
2-

M
ar

s 1
99

9

Avr
. 1

99
9

M
ai 

19
99

Ju
in 

19
99

Ju
il. 

19
99

Aoû
t 1

99
9

Sep
t. 

19
99

Oct.
 1

99
9

Nov
. 1

99
9

Déc
. 1

99
9

Ja
n.

 2
00

0

Fév
. 2

00
0

M
ar

s 2
00

0

Avr
. 2

00
0

M
ai 

20
00

Ju
in 

20
00

9;:4<>= ��w�AÔ�3C �uF�J�\�IKJLH�X cWH�MNF�J#`bIKJ¤`K[�O o
cWH�I�`bIKH;IKJ^`K[�O o�[�XZI�`rcW[6\�F�[�XZ`bP/I1Ofc3hLYKX�MNF@P/IrPSR YKH�[*P/I@v

�*� P��Ô��w,�K�GC*�Wx�x,y3z¿y_�W�"�G� ~�|��1�Z~���¬ ~��*� �3�)���)�Z�
y_���Z�"�/�*�
y,�
|��D�7�
�)�Z�*� �7�
�
�1�L�W�3�"�
�3�*� �
�
�Å�
�*�f�����Z�"~�|*�n�"|��Z�
|*� �
�
A
« �
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�;�
|¤|*�f�Z�Z���Z�
�u� �
�)�Z�
|��>�
~�|*�)���Wy,y,�
|��n|/�*�"�"�
�u�
�3�/�*��� �"��|*�fÓL�a�/�*�1�"�
�;�W���
�7~��)�Z�a� ~�|��3�"|#�%�
� �"�
�*� �G�W���ª�7�
�)�Z�
�a�L�W�a�N� �W� � �"y,�"�����Z�"~�|,~��6�L�W�G���8�*�
|*�f�Z� �fÓL�@���Z�"~�|¤�/�*�S�7�
�#�
�
� ~��7�
� �
�r�L�W�)���W�f�Z�
y,�
|��=
q�"�
�D|*�f�Z�Z���Z�
�D� ~�|��b�N� �*|��*�
�r�*� �
y,�"�
� �r�W�
�
�
�#�Z�
�*� �rÓL|L�W�����q� �
�"�
���
�Z� ~�|*�1�L�W|*�1���,� �
�/�*�
|*�
�,�
���W� � �"�/�*���*�
�D�*� ~��
�
� � �*�D�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|��L�W|*�1�"�
�1� ~��"�
A 	3�
�*�"�*�
��y_�W�"��� �(���}�*� �
� �
|*�
�}��� �Z�
�)�Z�
� M4JÀ`KM4H�[ �L�W�8� �7�
�K�Z� ~�y,�K�Z� �"������� � �L�W�*�
�,�*�^� ~��*�"�"�"�
�
���
�)�Z�
�
�7�
~�y,y,�1|*~��*�G� ~�y,y,�
�G�8�L��� �*�7�
� �"�
�*� �3�IP��*���5�*� �
� �
|*�
���*�D�
�
�a�
� �7�
�
�
�a|*�ry,~��
�*�fÓL�b�L�W�a�N� ~�� �*� �r�*�b���8� �
�/�*�
|*�
�8�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|¸Ò��3�W|*� �
|}�K�1�W�NAf�q��%�%�B�
 � � ~����W� �^�K�
�;~��*� � �"�W�q��%�%�%"
��3�W|*� �
|ª�K�3�W�NAf�L�Wx�x#� ��A

« �
�_�
~�|*�
�
|��Z�Z���Z�"~�|*�,�
| � �*�f�����Z�
�,�*� �
� �
|��Z�
|��¤�*�6|*~�y5�*� �
���¦�*�"�
�_�*~�|��_�"�
�,�*�"�*�,�"y8�
�7~��)���W|��Z�a� ~�|��1�L�W�)�%~��"�>�
~�� � �
�"�
�3�@���
���*|*�5�W�*��y,�
|������Z�"~�|^�*�
�3� �*�f�%�*� �
�5Ò4ÓL���*� �,��w�AÔ����A « �
�
�"~�|*�8� �*�f�����Z�
�8� �
�Z�W�"�
|��,�*~�|*�^�W�*�7~��)�Z�
�8�"~�� �8�*�
�8�%~��)�Z�
�8�*�"�*�"�
�8�*�*�"�5� �
�*�*�f�Z�g�
|À� �*�f�%�*� �
�
�
|��*� ~W�%~�|*�*�
�*�3�*�*�"� �/�*�5|*~��*�3� ~�y,y,�
�3�L�W|*�3�*|}y,�"�"�"�
�^�*��¬Z�,�Z� �
�1� �
�*�*�K�Z�
�*�
A � ~��#�Z�K�%~��"�
�
�"�_� �*�f���u|q� �
�)�5�L�W�5� � 
,�Z�Wy,y,�
|��5�*� �
�
�"���7~��*�b�*�"� �
�#�Z�
�5���^�
�"|*�K�Z�"�/�*�_�*�_�
�(�*� ~��
�
� � �*����A
« ���*� �
� �
|*�
�6�*�¤� �*�f�%�*� �
�g|*�¤�
� ���#�*�"�"�/�*�^�L�W�g� �
�*�"�
y,�
|��g�L�W�g���6� �
�*�*�K�Z�"~�|¦�*�
�g� �*�f�����Z�
�
�W�*�7~��)�Z�
�;�L�W���"�
�u�*� �
�
�"�*�f�����Z�"~�|*���L�W|*�u�*|_y,�"�"�"�
�8� �
�*�*�K�Z�
�*�n�*�*�"� �/�q� �"�����#�"�)�Z�a�*�
�;�
~�|*�
�
|��
�Z�Z���Z�"~�|*�u�"y,�7~��)���W|��Z�
��y,£
y,�a�
|(�*�
�*~�� �;�*�3�
�
�n�K���
|*�
y,�
|��Z�>�K�;�*�*�Z�W|��;�Z~��#�Z�3�N� �W|*|*�
�WA « �
�*�*�
|*~�y,�
|*�1�*�3� �*�f�����Z~�C�� �
�*�*�K�Z�"~�|,�L�W|*�;���r|L�W�*�7�3�
�)�n�*~�|*�3�*|(�*� ~��
�
� � �*�n�7�
� �
|*|*�1�K�n�"�
�
�W�*�7~��)�Z�u�*�a� �*�f�����Z�
���L�W���"�
���*�"�*�"�
��|*�G�%~�|��u�/�*�3�7�
�)�Z�*� �7�
���*|*�3�#��|L�Wy,�"�/�*�G�/�*��|q� �
�)�;�L�W�

1�
.- � *+��,�*+! ��12*+� � � #%��! ( ,"�0� �
# � �'-�����-.�",�*��"! �'-�#����
# #%��� 12*��"�
# ��� ���
# #%��� 1 ��,"�
# ��*+-�#�� �
# �
*+�ji ��� /�� ��! �
# /���!$#
��- 1 �'-�� �"! �'- ��� �$* /�, �+1 �'-�������, *+! -�#%! 	.� � * ('�
� ��- /�*'#0��� �"� � /�#03 �
*+��� �'��/ /�� ��# p�- 




���/� �#������!G����!@.W2�
��#
�!10*��!10/���Q������&7
���!a!����"!�$�&*!10�� ��
 ./0*� ����P

�
~�|��Z� ���"�
�D� �"y,�*�"�
y,�
|��>�L�W�G�"�
�>�*� �
�
�"�*�f�����Z�"~�|*�
A

) �SI�` h7XZFs\�I�`�`K[�`Ge
MNF�O"F � M�t
[LI�` *#�W�8�*� �"|��Z�
y,�*�
��� �*� �"�
���*�
� |*�"�
� � y,~��"� �*�n�
�K� �Z�>�7�
� �"~��*�W�
���a�"�
���
� �n�L�W�"� � �n�*�
� �
~�|*�
�
|��Z�Z���Z�"~�|*� �*�>�*�"�*� �"�
�*� ���
�"�
y,�
|��Z� ���*�"y,�"�/�*�
� �"|*�*�"� �7�
|*�Z�W�*�"�
� �W�
y,~�|*�*�r���f�W�W|��gÒ%�"�by_�W��|*�
� �"�*yª�L�"�b�@�W�"�
�"�*y �K�1�"���7~W���W� � �"�*y �*� �"|*�
�"�L�W�"�
y,�
|��?�n�7�
�#�1£K�Z� �
��� �Z� �"�*�*�
�n�3���a� �
�*� �"� �;�*�n�N� �W�K�Z�f���f�Z���*�"~��"~����"�/�*�WA�Ð�|5�KÑ��K�@���3�N� �"|��Z�
�)���W�
�;� ~��dC�� �*�)(
~�� �*�*�
� �W���"�
� �1� �@�W�"�"� �3�*�
�>�
���L�W|*���
�>�
|��Z� �D�q� �*|*�D�L�W�)�>�"�
�;�*� ~W�Z~�|*�n�"�"�7�
� �
�;�L�W�n�"�
�n�Z�W�
�"|*�
�;�K�G�q� �W�#�Z� �
�L�W�)�@�#�"�
�n�
�"�
y,�
|��Z�>|/�#�Z� �f�Z�f�%�;�"�"�7�
� �
�;�L�W�n���5� ~��"�#�Z�"~�|_�*�^� ~��NAL�;�
�7�
|*�L�W|��@�L�"�3�L��|*�D�*�"y,�Å�
|/�*���"�
���
� �
y,�
|��a�/�q� �_�L�W�)�Z�"�>�*�����8ÓL|6�*�6y,~��"�G�*�by_�W�NA � ~��f�a�
�K� �Z���L�W�"� � �b�*�6�L�­���#�"�)�Z�
�*�"�*�g�*� �
�
~��
�
y,�
|��(y_�W�"�8�
�)�_�@�W���*�
�6�L�W�g�*| �W�#�Z� �ª�*� ~��
�
� � �*�
�u� ~��f�,�
�K� �Z�6�W�
�"�*�fÓL�@���Z�"~�|
|q� �
�)�D���"� �"�*�"�W�7�7~��*�1�"���L�b�q�/�*�8�L�W|*�D���_� �*�)(
~�� �*�*�
� �WA « �(�*�fÑ��*� �"~�|}�L�W|*�D���_� ~��"�#�Z�"~�|}�*�
� ~����*�*�"�D���
� ���"�
�r�*~�� �)(
~�|*�r�"|#�%�
� �"�
�*� �D� �,�*�
� ~��*�"�g�*�"�*�r�"�
|��Z�
y,�
|��b�/�*�_�7~��*�D�"�
�r�@���Z�"~�|*�
�/�*�Q� �
�)���
|��1�q� �
�"�
y,�
|��Z�G|/�#�Z� �f�Z�f�%�
A
{1|¸|*~W�Z�
�Z���
|#ÓL|¦�/�*�¤�"�
�8�
~�|*�
�
|��Z�Z���Z�"~�|*�8�
|¦�W�"�@�W�"�"|*�f�Z�
�b|*~�|/C��@�W� �7~�|L���Z�
�
�g� ~�|��gy_���#�Å�
y5�*y,�b�ª�
�K� �Z�_�7�
� �"~��*�WA �;�
���ª�
~�� � �
� �7~�|*�¸�ª�*�
���/�L�W|��Z�f�Z�
�b�*�"�*�b�"y,�7~��)���W|��Z�
�r�q� �W|*�"~�|*�
~�� ���W|*�"�/�*�
�u�*� ~s���
|L�W|��>�*�
�n�*�"�#���"~�C��"�
� � �f�W���Z��y_�W�"���
���W�"�
y,�
|��u�*�(�L�W� �Z�W���1�*�
�;�@�W���_�L�W|*�
�"�
�>�*~�� �)(
~�|*�>�/�*y,�f�%�
� �
�
A

¯ ³>±N²>±N² � µQ¹�� �p¾S½¿µ ¼�Áq» ��� 
3µ�� 
3µ�N/¹ � L Lpµ�º ¯ �!�!� # % Mm¶�µq¼aº#µS½ �3»*µ
�n�W�Z�W�K�Z�
� �"� �
�,�L�W�b�*|®|*�f���@�W�®�*�,���¤|L�W�*�7�_�W�®�*�"�*�b�L�W�(ÒZ\%o
vQÓL���*� �ª�@?*Af�,�L�W���ª���@? ���

�
�K� �Z�r�7�
� �"~��*�W�*���"~��L�W�"�
y,�
|��n�*�"�*�G� �
���*�W���
~�� � �
� �7~�|*�6�g�*|*�r�Z�W�"� ~�|^~��^�N� �K�W�W�7~W�Z�Z�W|*� �*�"�Z���
�Z�"~�|��"y,�7~��)���W|��Z�8�*� ~s��~��/�*�,�*|*�g�
~�|*�
�
|��Z�Z���Z�"~�| �*�
�b�
�"�
y,�
|��Z�r�*�"� � ~��*�r�L�W|*�b���¤� ~��"�#�Z�"~�|
�*�,� ~�� ÒZ\%o
v�ÓL���*� �r�@?*A �r�L�W���r����T���A/{1�
���7~��*���Z~��*���"�
���
�"�
y,�
|��Z��y_�s¬ �
�*� �
�/|*~��*��~��*� �
�)��~�|*�
�*�"�#���W���"�_�
~�|��Z�Z�W�"� �W� �W� �
�)�g�}�*�"� �_�*|*�_�%~��)�Z�_���/�#�Z�¤�*�
�5�
~�|*�
�
|��Z�Z���Z�"~�|*�^ÒZ\%o
v ÓL���*� �}�@?*A�P
�L�W���8����?g�K�GÓL���*� �g�@?*A T8�L�W���8����w���A$	3�
���^���W�K�Z�
�*� �G���#�*�"�"�/�*�
|��a�
�K� �Z�b�"|*�
~��*�
� �
|*�
�WA
��� �
y,�"�
� �
y,�
|��@���"�#���W�#�@���
|_� �@�W�"�f�Z�W�W�
~�|*� �"�*�
� �
�u�/�*�a���D|L�W�*�7�G�*� �
� �
|��Z�3�*|*�G�
�
�)���W�"|*�G�)�Z�Z���
�Z�fÓL�@���Z�"~�|À� �
�"~�| �����*� ~W�%~�|*�*�
�*�,�Z~��#�(�W� �"~�|*� �*�6�N� �W|*|*�
�WA��a|*�6�)�Z�Z���Z�fÓL�@���Z�"~�|¦�L�W|*�_�Z�
�
~�y,�7~�� �f�Z�"~�|ª���*�"y,�"�/�*�8�@���
�W�Q�L�W|*�D�Z�(�L�W�)�Z�"�5� �*�7�
� �"�
�*� �W�q�*�
�D� ~��"�#�Z�"~�|*�3�*�"�"�*�
�
�1�L�W�1�"�
�
�*� �
�
�"�*�f�����Z�"~�|*�
���K�;�L�W|*�;�*|*�a�L�W�)�Z�"�G�*�"�*�u�*� ~W�%~�|*�*�a�*|*�3�
~�|*�
�
|��Z�Z���Z�"~�|_�*�*�3�b�N� �W�f�Z�
�Z���Z�"~�|
�����*� ~��f�/�Z�"�/�*�5�K�b�W���
~�|#ÓL|*�
y,�
|��@�Q�
�
���_�*�K���
�"~��*�L�W|��b�*�
�D�*� ~��
�
� � �*�r�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|
y_�W�"�n�
�
���8�
~�|*�
�
|��Z�Z�W|��3�
���W�"�
y,�
|��G���5� ~��"�#�Z�"~�|¤�*�ª� ~��NA
« �¤�
�
�"�"�*�"���*�gy,�
� �*� �g�
�)�r�Z~���¬ ~��*� �b� PWx(�
y �*�g�*� ~W�%~�|*�*�
�*�r�K�r�7�
|*�L�W|����
�K� �Z�g�7�
� �"~��*�
~��ª���g|L�W�*�7�b�L�W�"� � �W��~�|6�W|L�W�f��� �W���
|6� �@�W�"�f�Z�W�*���g�L�W�)�Z�"�D� �*�7�
� �"�
�*� ���*�b���8|L�W�*�7�b�*~�|��3�"�
�
�@�W�Z�W�K�Z�
� �"�)�Z�"�/�*�
�;���
~����*�"y,�"�/�*�
�u� ~�|��>�*�fÑ��
� �
|��Z�
�
���K�>|*~�|(�
~�y,�L�W�Z�W�*�"�
�u���
�
�"�"�
�;y,�
� �*� �
�
�
�"~�� � �/�*���"�b|*�f���@�W�}�*�����,|L�W�*�7���
�)�D�*�"�*�a�L�W�#�@Aq�;�K� �Z�5�L�W�)�Z�"�b� �*�7�
� �"�
�*� �5�
�)�1�*�"�*�3�*�"�"�*�
�
�/�*�r���8�L�W�)�Z�"�1� ~��*��C@¬Z�W�
�
|��Z�WA
« �
�b�W�W�"�
�*� ���*�_�L�b�S�Z� �
���*�fÑ��
� �
|��Z�
�8�W�¥�
~��*�)�5�*�_�
�K� �Z�(�7�
� �"~��*�W�S�
~�|#�%~��)�Z�
|��5�
�K� �Z�(�����
�7~W�Z�*�
� �WA@���W�r�
~�|��Z� �W�Q�"�
�D�W�W�"�
�*� �D�*� �7~W�Z�
|��Z�"�
� �q� ~@�����*~�C�� �
�*�*�K�Z�"~�|®|*�g� ~�|��b�*�fÑ��
� �
|��Z�
�
�/�q� �5�L�W�)�Z�"�u�*�¤y,~�y,�
|��n~��(�"�3y,�"�"�"�
�,�*�K���"�
|��>|*~�|/C��Z���Z�*� �1�*�3ÓL|^�W~��#�>��y,�dC�� �
�#�Z�
y5�*� �WA
	3�
���#�"�
y,�
y,�
|��@�q�"� ���W�#�D�
���W�"�
y,�
|��1�Z�
|*�"�1�
~�y,�#�Z�5�*�
�r�*� �
�
�"�*�f�����Z�"~�|*�3�"y,�7~��)���W|��Z�
�a���
� �
ÓL|1¬ �*�"�"�"�K�pC��*�
�*�#���W~��#�@A « �G|*�f���@�W�,�*�a���1|L�W�*�7�a�K���W|��u�L�W�
���N� �KÑ��K���*�a�*�"�"�#�Z�"~�|5� �G���W�f���*�"�*�
�L�W�)�Z�"�
�*�"�"�
� �
y,�
|��G� �
|��Z�"�3�*�
�3�/�*���"�
�a�@�W���6�/�*� �7�
� �
~��"�
|��D��� �Z�
�"��|*�
|��3�"�r�*~�y_�W�"|*�r�Z���Z�*� �
�*�^� ~��NALÐ �G�W� �
�)�@���
|^�KÑ��K�@���8�
�K� �Z�r�7�
� �"~��*�D���5�/�*�r�"�
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�G�*�
�G�
�"�
y,�
|��Z�>y_���
¬ �
�*� �G�*�"y,�"|/�*�
|��n�Z~��#�Z�
�a�*� �*� �/�*�
y,�
|��@A



����T �����
	���
����5���/�����*&7
�����!���0*��!D0*$�&*&7�
��!G'#�
$��)�*�"+,�%-*./��!a���
-*.W�"!���!	��
�$�.�'�������!

) �SI�`_h7XZFs\�I�`�`K[�` PSR F
T�U�P/FWV�XZYZPW[L\KH�MNF�J+*D�"���7~W�Z�
|��Z�"�
�D�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|��W�*��y,�
|��Z�
¬ �*� �/�q� �(�*�
�a�W�W�"�
�*� �a�7~�� �f�Z�f���
�
���
~�y,�*� �"� �
�a�
|��Z� �8�Wx�x,�K�DwWx�x,y3z5A « �,�*� ~W�%~�|*�*�
�*�a�*�}|*�Å�
���@�W�6�*�r���5|L�W�*�7�r� �*�����
� �b�/�*�r�"�Dy,�"�"�"�
�(|q� �
�)�a�*�"�*�G�
~�|*�)���Wy,y,�
|��G�Z���Z�*� �WA
« �
���
~�|*�
�
|��Z�Z���Z�"~�|*� �
|8�%�
����� �Z�
�"��|*�
|����*|gy,�"|*�"y5�*y����
� ���"�G�Wx3� �
�#�Z�
y5�*� �W���*�>y,£
y,�n�/�*�
�7~��*���"�
� � �*�f�%�*� �
�
���W�#�Z� �n�
� �7�
�
�G�*~�|������3�*� �
� �
|*�
�a�@�W�Z�W�K�Z�
� �"� �>�"�
� y,�"�"�"�
���b� �
�*�*�K�Z�
�*� �
A « �
�L�W�"� � �3�*�
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�u�*�_�%�
�;�
|(� ~��"�#�Z�"~�|g�
� ���#�*�"�"�/�*�1�L�W�u���r�*� �
�
�"�*�f�����Z�"~�|g�q� �
� �7�
�
�
�
�%�
� � �f�%�
� �
�g�*�*�"� �/�*�^�"�
�g�
~�|*�*�f�Z�"~�|*�5�*�K���"�
|*|*�
|��_~@�����L�W|��Z�
�
An�;�
�,�
~�|*�*�f�Z�"~�|*�5�7�
� y,�K� �Z�
|��
�
���W�"�
y,�
|��G�8�*�
�>�
� �7�
�
�
�a�
~�y,y,�1�"�
�n� �*�f�����Z�
�>~��¤�"�
�>|*�f�Z�Z���Z�
�n�q� �@��~��"�>�*|*�D�*�*� �
�r�*�1���"�W�
�K�a�*~�|*�r�*�
�a�
~�|*�
�
|��Z�Z���Z�"~�|*�
�L�*�"�*�>�"y,�7~��)���W|��Z�
�
A
« �
�G�*� �
�"�K���
y,�
|��Z�G�*�
�r�sB#�L�Wx#�L���8�K�a��P8�W~��#�D��%�%�%5�*�KÓL|*�"� � �
|��@�L�7~��*�>�"�
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�
�
|(�%�
�;�K�n�
|(� �*�f�%�*� �
�
�#�*|*�3�*� �*� �/�*�D�K�n�7~�|*�K�Z�*�
�"�"�a� �@�W�*��y,�
|������Z�"~�|_�/�*�7�
~���|*�
�"�*�3���*�W�K�Z���
y,�
|��r�@���
�8�*|*�5�W�W� �����Z�"~�|ª�*��|*�f���@�W���*�8���,|L�W�*�7�WAQ�;�
�7�
|*�L�W|��@�Q�"�
�1�
~�|*�
�
|��Z�Z���Z�"~�|*�1�*�
�
�W�#�Z� �
�u�
�"�
y,�
|��Z�����*�"y,�"�/�*�
��|*�G� ~�|��;�L�W��� �"��|*�fÓL�@���Z�f���
y,�
|���y,~��*�fÓL�
�
�
A/{1|g�
|,�*�
�*�*�f�u�/�*�
�"~�� � �/�*�D���b|L�W�*�7�D�
�)�G�5�
�K� �Z�D�*� ~W�%~�|*�*�
�*�
�#�"�
�n�
~�|*�
�
|��Z�Z���Z�"~�|*�n�
|(�%�
�n�K�>�
|^� �*�f�%�*� �
�n� ~�|��
�Z� �
�_� �
|*� �"�*�"�
�_� ����y,~��"|*�*� �¤�W�W� �����Z�"~�|¸�*� |*�f���@�W� �*�"�F(
~�y,�K�Z� �"�/�*�^�/�*�N���
| � �@�W�"�f�Z�W� �
�)�
���ª� �
� �*�f���W|��Z�_�*�¥� �
���"y,�g�*�
�5�*� �
�
�"�*�f�����Z�"~�|*�r�/�*�u� �
|*~��#���
�"�"�
|��5�"�
�b�Z�
|*�
�*� �5�
|¥~@�������
|*�
�*�"� � ~��*�a�K�G� �
���L�W� ���
|��3���8|L�W�*�7�WA

¯ ³>±N²>± K ��» ���p¶ �p¾S½¿µ ¼�Áq» ��� 
3µ � 
�������º����3»*µ¿¯ �!�!�$# ¶�µq¼aº#µS½ �3»*µ ²������
S ���aÓL|8�*�8y,~��"���*�n� �
�#�Z�
y5�*� �W��|*~��*� �
|��Z� ~�|*���L�W|*���*|*�n|*~��#���
�"�"�n�*�L�W� �>~��8�"�;|*�f���@�W�

�*�1���r|L�W�*�7�3� �
y,~�|��Z�a�*� ~���� �
� � �f���
y,�
|�� ¬ �*� �/�q� �5�*�
�;�*� ~W�%~�|*�*�
�*� �n�@��~��"� �"|L�W|�� ��xb�
yªA « �
�
�
~�|*�
�
|��Z�Z���Z�"~�|*�G�*�r���8�*�"�*�L�W�)�G�*�
�G�
�"�
y,�
|��Z�G���*�"y,�"�/�*�
�>� �*�f���
|��3�
�r�
~�y,�7~��)�Z�
y,�
|��@A
« �ª�L� � �
y,~�|��Z�ª���*�
�g�W�W�"�
�*� �g� �*�7�
� �"�
�*� �
�_���
�
�"�"�¤�*� �
�
�
�L�W|��(�����7�
� �"~��*�¤� �
���*�6�K�,�"�
�7~W�Z�
|��Z�"�
�Q�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|ª�*�
� �
�
|*���8�*�
�G�W�W�"�
�*� �>�*�"�*�n���W�"�*�"�
�>�/�q� �W�*�L�W�Z�@�W�W|��@A

) �rR c/\KH�M �sM4H�Yae
MNF�O"F � M�t
[LI *��3�L�W�)�Z�"�S�*�5y,�"�"�"�
�r�*�5y,~��"�S�*�n�*�
�
�
y5�*� �W�Wy,~��"�S�7~��*� �"�
�/�*�
�
�"��� �
���"y,�r�*�"�#���"~�y,�K�Z� �"�/�*�r�
�)�D���#�
�
�#�Z�"~�|*|*�
�N�7�"�
�3�
~�|*�
�
|��Z�Z���Z�"~�|*�3�
|��*�"�*� �"�
�*� �a�
�"�
y,�
|��Z�
� �*�f���
|��n�*|_�
~�y,�7~��)�Z�
y,�
|��u�L�W�)�Z�"�
�*�"�"�
�
A « �ay_�W��|*�
� �"�*yª���"�G�7~W���W� � �"�*yª���"�>�%�
���K�;�"�
�u���*�"~��
� �*� �
�>��~��"�
|��@�*�
|^�KÑ��K�@�*�"�
�*� �>�
~�|*�
�
|��Z�Z���Z�"~�|*�>�*�"y,�"|/�*�
�;�*� ~���� �
� � �f���
y,�
|��a�7~��*�>��� �Z�
�"|*�*� �
�"�
�r�W�W�"�
�*� �b�"�
���*�"�*�r���W�"�*�"�
�r�*�g�Z~��#�Z�,�N� �K�Z�*�*�WA �3�"|*� �N�S�W�®�*� �"|��Z�
y,�*�5�Wx�x�x#�S|*~��*�b|*�_� ���
�Z� ~��#��~�|*�>�L�W�;�*�(�Z~��#�n�"�
�ny,£
y,�
�;�@�W�Z�W�K�Z�
� �"�)�Z�"�/�*�
�;���
~����*�"y,�"�/�*�
�;�*�
�n�@�W���(�*�1���b|L�W�*�7�
�/�q� �W�ª�*� �"|��Z�
y,�*�>�*� �
�
�
�*�
|��@A « �
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�G�
|^� �*�f�����Z�
�>�K�a�N� �W�"�@�W�"�"|*�f�Z�>�@�W� �7~�|L���Z�
�
� ~�|��3�
���W�"�
y,�
|��>�*�"�*�>�%~��)�Z�
�
A
�3�*� �
�^��� �Z�
y,�7£K�Z�}�*���*�
�
�
y5�*� �¸��%�%�%#�u�Z~��*�(�"�
�¤�W� �*� �
�^�W��� �W�"�
|��Z~��*� �(�*��|*~W�Z� �}� �f�Z�
�q� �K�Z�*�*�5~�|��3�K�Z�b�*�
�Z�W�
�"|*�
�
A « �,�
~��#���
�)�Z�*� ���K�3���g�*� ~W�Z�
�K�Z�"~�|6�L�W�G�"�r�%�
�*�"�"���W���1�*�
�1�W� �*� �
�
|q� ���#�"�)���W|��(�*�"�*�
���"�
�,�*�"�*�"�
�,�W� � �f���
|��_�*�"� �
�K�Z�
y,�
|��_� �*�_�"�^� ~��NA �6�W�"�g� �*�)�Z~��#�@�u�N� �W�K�Z�f���f�Z�
�*�"~��"~����"�/�*�1�*�K���"�
|��a�/�L�W� �"y,�
|��a|/�*�"�"���@A

� ~��*�8�"�
�8�
�"�
y,�
|��Z�8y_�s¬ �
�*� �ªÒZ\%o
v�ÓL���*� �
�^�@?*A�P��;�@?*A T#���K�Z�WA��5|*�¤y,~�|��Z� �
|��g�*�"�*�8�
�K� �Z�
�W�W� ���W�*�"�"�f�Z�G�*�D�"�
�*� �>�
~�|*�
�
|��Z�Z���Z�"~�|*�G�@���
�r�"�
�>�*� �
�
�"�*�f�����Z�"~�|*�;�
~�y,y,�3�
�
���5�K���W�f�>�"�1�@�W�>�
|
��%�%�%#A�� ~��*�5�"�
�b�
~�|*�
�
|��Z�Z���Z�"~�|*�5�
|¥� �*�f�%�*� �
�
� �W� �
�)�8�N� �"|����
� � �_�/�*�;� �_�*� ~��*�*�f�@�S�*�_y,£
y,�W�
��
�� �����
	.���
# *+,"3�,"�
#�&�3�! ��- 	.��� � �'�������
#�#%��, � � # �'��& � �'-�#%��,"('��-.����-�� �',"� ��-�� /�*+,%�"! � ��� � ����, #	��# � / � �

,�*'��! -�*+! ,"� ��*+-�#)� � # �'����� -���# �'-.� � �'-�� /�*'#0� ��� /�� /��"� � ��-.� ����,�*'��! -��
#�

����
���
�������������




���/���������*&7
�����!��1'�2%$�����2%� ����%

y_�W�"�n�L�W|*�G�*|*�ry,~��"|*�*� �1y,�
� �*� �W���/�*�r�7~��*�>�"�
�G� �*�f�����Z�
�>�K�a�N� �W�"�@�W�"�"|*�f�Z�G�@�W� �7~�|L���Z�
�WA
���W�8���#�
y,�*�"�W���"�
�5�%~��)�Z�
�g�*� �
�
�"�*�f�����Z�"~�|*�5�*�
�gy,~��"�5�q� �@��� �"�N� y_�W�n�K�3¬ �*�"| �Wx�x�x¦ÒZ\%o
v>�@?*Af�
�L�W���_���@? �G� ~�|��1�Z� �
�1�@�W�Z�W�K�Z�
� �"�)�Z�"�/�*�
�1�*�����L�W|*���
y,�
|��D�*���%~�|*�K�Z�"~�|*|*�
y,�
|��1�*�*�"� �/�q� �
�"�"�
�
|*�ry_�W� �/�*�
|��a�/�*�D�Z� �
�G�7�
�ª�N� �
|*� �
y5�*�"�D�*�r���8�
~�y,�7~�� �f�Z�"~�|(���*�"y,�"�/�*�D�*�
�G�@�W���^�*�ª� ~��NA

,<; .0/ ��� B >�D�G ;=J���>A5�F 2 >AJ
) �SI�`ª\�F�J7PWM4H�MNF�J#` ��U�PWXZF�O"F � M�t
[LI�`^IKH � Y�Fs\���M4]8M�t
[LI�`_J�F�X�],cWO"I�` *;�
�¤� ~�|��8�"�
�����W�K�Z�
�*� �

�"�
�u�*�"�*�u�*�K�Z�
� y,�"|L�W|��Z�;�L�W|*�;�N� �K��~��"�#�Z�"~�|,�K�;�"�
�u�W�W� �����Z�"~�|*���*�3���r�
~�y,�7~�� �f�Z�"~�|g�K�n�*�
�n�*� ~��
�*� �"�K�Z�
�r���*�"y,�"�/�*�
�r�*�g���¤� ~��"�#�Z�"~�|��*� � ~��3ÒZ\%o
vqÓL���*� �ª��w�Af� ��A=� ~��*�r�"�
�ry,�
� �*� �
�b� �@�W�"�"� �
�
�
�
~�|*�)���Wy,y,�
|��b� PWx¤�
y �*�g�*� ~W�%~�|*�*�
�*�
�Q���(�L�W�#�Z�
�*�r�*�g���(|L�W�*�7�g�
~�|*�*�f�Z�"~�|*|*�5�N� �"y,�7~��p�
���W|*�
���*���N� �*�K�Z�
� ~����
|*�
�f�Z�b�*�5���g�
~�y,�7~�� �f�Z�"~�|^�K�1�*�
�1�L�W�Z�Wy,�K�Z� �
�a�*����� �"�
~�C����*�"y,�"�/�*���*�
�
�@�W����A 	3�
���ª|*~W�Z�"~�|*�>� ~�|��a�"y,�7~��)���W|��Z�
���

C �N� �"| 'L�*�
|*�
�8�*�
�r�*� �
�
�"�*�f�����Z�"~�|*�1� �8���W�f�D�*�"�*�D�Z�W�*�"�*�
y,�
|��r�K�r�*�"�*�D�%~��)�Z�
y,�
|��r� �
|��Z�"�
�"~�� � �/�*�1�
�
�"�"�
��C��
��� ~�|��Gy,~��"|*�;�*�"�"�*�
�
�n�L�W�n����|L�W�*�7�W�#�W� �
�)�3���*�"� �1�"~�� � �/�*�D����|L�W�*�7�
�
�)�ay,~��"|*�n�"y,�7~��)���W|��Z�1�
|^��~��"�*y,�D�K�a�*�"�*�>�*� ~����*�r�*�r���8�*� ~W�%~�|*�*�
�*�G�*�ry,�
� �*� � 


C ���n�)�Z�Z���Z�fÓL�@���Z�"~�|D�*�u���>�
~�y,�7~�� �f�Z�"~�|1���*�"y,�"�/�*���*�u���n|L�W�*�7�u�
� ���#�*�"�"�/�*���L�W�S���>|L���Z�*� �
�*�K�Z�
� ~����
|*�>�*�
���*~�� �)(
~�|*� �L�W|*���"�
� �/�*�
�"���
�"�"�;� �n�Z� ~��#���G�W�"|*� �#�/�*�>�L�W� �"�
� �
~�|*�*�f�Z�"~�|*�
�*����� �"�
~�C����*�"y,�"�/�*�
� �"~��@�W�"�
� �K� �"�u�*�K���
�"~��*�7�
y,�
|�� �*�n�*� ~��
�
� � �*� �q� ~@�����*~�C�� �
�*�*�K�Z�"~�|
�*� ~��*� �r�W���^�
~�y,y5�*|L�W�#�Z�
�Gy,�"�
� ~��*�"~��"~����"�/�*�
�;�W�K�Z�f���
�G�"~��@�W�"�
y,�
|��@A

) �rR c/\KH�M �sM4H�Yªe
MNF�O"F � M�t
[LIªIKH3`sI�`�hLIKX�H�[�X
e�cWH�MNF�J#` *ny_�W�"��� �_���6�*� ~W�%~�|*�*�
�*�8�*�
�8y,�
� �*� �
�g�K�
�N� �W�*� �
|*�
�(�*�_�Z�W�
�"|*�
�5�L�W|*�5�"�
���*~�� �)(
~�|*���
~�� � �
� �7~�|*�L�W|��@���N� �W�K�Z�f���f�Z�g�*�"~��"~����"�/�*�g�
�)�8~�y8�
|*�"�*� �
� �
|��Z�WAQÐ�|��KÑ��K�@���"�
�3�@�W�����*�5�*�"�*�"�
�3�/�*� �W�"�"y,�
|��Z�
|��3���_|L�W�*�7�5�7�
� �
~��"�
|��D�_�Z�Z�@���
� �
�"�
�a�*~�� �)(
~�|*�a~�� ���W|*�"�/�*�
�3�K�3� �*�)(
~�� �*�*�
� �"�/�*�
�1�K�1� �����L�W� ���
|��1�
|}�
�"�
y,�
|��Z�3�*�"� � ~��*�
A � ~����
�Z�K�%~��"�
���
�K� �Z�a�"| 'L�*�
|*�
�3� �a� �
y_�W� �/�*�a� �*�)�Z~��#�;� �K�Z� ~�� �7�
�K�Z�f���
y,�
|��n�L�W� �
�a�/�q� �
�"�"�G|q� �
�)�n�*�"�*�
�*�^�Z~��#�>���"� �"�*�"�D�W�*� �
�G���5�Z�
y,�7£K�Z�D�*�r�*�
�
�
y5�*� �,��%�%�%#A
	3�3�*�"�*�
�/�N� �
|*� �
y5�*�"�a�*�
�;�@�W�Z�W�K�Z�
� �"�)�Z�"�/�*�
�u�*�3���r� ~��"�#�Z�"~�|g�*�(� ~���� ~�|��n�7�
�)�Z�*� �7�
�
�;�
|(�N� �W|
�Wx�x�x_�L�W�3�
�K� �Z�8y,£
y,�5�@�W�*� �WA « � �W�*� �
|*�
�8�*�8�*� ~W�Z�
�K�Z�"~�|*�1�K�D�*�5� �K�Z~�y5�7�
�
�1�%~��"���W�"� �
�
���W�p�
� ~��
�"�
�5�,�N� �W�*��y,�
|������Z�"~�|ª�*�5�N� �
� ~�� �"~�|ª�K�D�*�}� �*�"� � �
�"�"�
y,�
|��@�����#�*�"�"�/�*�
|��D�"�b���L�W|*���
y,�
|��@�
�"�
�>�*�fÑ��
� �
|*�
�
�a�L�W|*�G���5�#��|L�Wy,�"�/�*�r�*�
�G�
�"�
y,�
|��Z�G���*�"y,�"�/�*�
�>�*�r���8� ~��"�#�Z�"~�|¤�*�^� ~��NA

) �SI�`6h7XZFs\�I�`�`K[�`¸PSR F
T�U�P/FWV�XZYZPW[L\KH�MNF�J+*��"�
���
~�|*�
�
|��Z�Z���Z�"~�|*���
| �%�
�
�3�
|­� �*�f�����Z�
���K�
�
|À� �*�f�%�*� �
�g�W�"|*� �;�/�q� �
|¦|*�f�Z�Z���Z�
�5� ~�|��g�*� �
� �
|��Z�
�
�,�
|¸�%~�|*�K�Z�"~�|¸�*�À�7~W�Z�
|��Z�"�
�;�q� ~@�����*~�C
� �
�*�*�K�Z�"~�|,�K�;�*�_�L� Ò4ÓL���*� �b��w�A ����A �6�W�"���7~��*���*�
�;�Z�W�"� ~�|*���
� � �
|��Z�"�
�"�"�
y,�
|��;�
�"|*�K�Z�"�/�*�
�
�/�"�
�
�)�D�*��
,�
�"�"���*�5y,�K� �Z� ���
|��K���"�*�
|*�
�W�Q�@���
�8�*|�� �*�f�����*�dC��*�
�7�*~�y_�W�L�W�"� �W�L�*|*�8�#��|L�Wy,�"�/�*�
�Z�
y,�7~�� �
�"�"� �*�
���
�"�
y,�
|��Z�S�"y,�*�"�"�/�*�
�Q�L�W|*� �"�
�S�*� ~��
�
� � �*� �q� ~@�����*~�C�� �
�*�*�K�Z�"~�|qAW�;�
�7�
|*�L�W|��@�
�"� �W�*�L�W�Z��¡"�a�7~��*�a�
�
�1�
�"�
y,�
|��Z�3�*�
�1�
~�y,�7~��)�Z�
y,�
|��Z�a� �7�
�
�fÓL�/�*�
�D�
|6�%~�|*�K�Z�"~�|6�*�����,�*� ~��
�%~�|*�*�
�*�D�*�g���¤|L�W�*�7�W�q�*����~��"�*y,�8�*�
�r�*� �
�
�"�*�f�����Z�"~�|*�
���*� �@�W�Z�W�K�Z�
� �g�Z���Z�*� �g~���|*~�| �*�
� ~��q�W�"|*� ���/�*�r�*�
�>�L�W�Z�Wy,�K�Z� �
�n�/�*�q�
|^�*�
�7�
|*�*�
|��G�Z�
�"�n���b�Z�
|*�
�*�G�
|^~@�������
|*�W�L�"�3�L���K�G�"�
�7~W�Z�
|��Z�"�
�q�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|qA

� ~��*���"�
���
~�|*�
�
|��Z�Z���Z�"~�|*���
|8�%�
��§L�
¨p© �W~�|g~��*� �
�)���G�/�*�G�"�
� �
~�|*�
�
|��Z�Z���Z�"~�|*��� ~�|����/�L�W� �Å�
y,�
|��n|/�*�"�"�
�u�7~��*�;�*�
�;�W�W�"�
�*� �;�*�1�7�3� �*�7�
� �"�
�*� �
�>� �#A �a|*�1�"�"y,�f�Z�n|*�K� �Z�1� �1�*�
� � �"|*�1�7~��*�



�@?�x �����
	���
����5���/�����*&7
�����!���0*��!D0*$�&*&7�
��!G'#�
$��)�*�"+,�%-*./��!a���
-*.W�"!���!	��
�$�.�'�������!

Eh

-250 -200 -150 -100 -50 0

pH

6,0 6,5 7,0 7,5 8,0

F
e2+

  /
m

m
ol

.l-1

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

pe

-5 -4 -3 -2 -1 0

pH

6,0 6,5 7,0 7,5 8,0

6,0 6,5 7,0 7,5 8,0

S
2-

  /
m

m
ol

.l-1

0,0e+0

5,0e-3

1,0e-2

1,5e-2

-5 -4 -3 -2 -1 0

Eh

-250 -200 -150 -100 -50 0

Eh

-250 -200 -150 -100 -50 0

pH

6,0 6,5 7,0 7,5 8,0

6,0 6,5 7,0 7,5 8,0

S
O

42-
  /

m
m

ol
.l-1

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07
-5 -4 -3 -2 -1 0

Eh

-250 -200 -150 -100 -50 0

pH

6,0 6,5 7,0 7,5 8,0

N
O

3-   /
m

m
ol

.l-1

0,00

0,02

0,04

0,06

0,08

0,10

pe

-5 -4 -3 -2 -1 0

9;:4<>= ��w�A �3C �uF�J�\�IKJLH�X cWH�MNF�J#`rIKJDo@IKXZiuIKJ(`K[�O o
cWH�I�`�iuIKJ^JLM4H�X cWH�I�`bIKHuIKJ(`K[�O o�[�XZI�`bIKJro@F�J�\KH�MNF�J
PW[8h�� IKH>PW[5hLF�H�IKJLH�MNIKO PSR F
T�U�P/FWV�XZYZPW[L\KH�MNF�J7v

�
�K� �Z�(�W�W�"�
�*�
� �*�(y,£
y,�_�/�*�(�7~��*���"�
�5� �*�f�����Z�
���K�8�"�
��� �*�f�%�*� �
�
AE���W���Z�W�*�7~��)�8�W�¸�L�b���"�
� �
y5�*�"�n�/�*�>�"�
� �
~�|*�
�
|��Z�Z���Z�"~�|*� �"�
� �*�"�*���
�"�K���
�
���
|5�%�
��§L� ¨p© �
~�� � �
� �7~�|*�*�
|��;�3�*�
� �W�W�"�
�*� �
�*�,�L�¿�
~�y,�*� �"� �
�r�
|��Z� � P¤�K� P��Ôw�A « �
�r�
~�|*�
�
|��Z�Z���Z�"~�|*�r�
| � �*�f�%�*� �
�r|*�gy,~�|��Z� �
|����W�*�
�*|
�
~�y,�7~��)�Z�
y,�
|����L�W�)�Z�"�
�*�"�"�
�D���"�5�^���"���*�¥�L�bA ���W���
~�|��Z� �W� �7~��*���"�
�b� �*�f�����Z�
�
� �"��� �
y5�*�"�
�/�*�b�"�
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�G� ~��"�
|��a�q� �W�#���W|��a�*�"�*�>�"y,�7~��)���W|��Z�
�>�/�*�r�"�D�L� �
�)�a�L�W�
A
« �
�8|*�f�Z�Z���Z�
��|*�(�*� �
� �
|��Z�
|��_�W�*�
�*|¸�
~�y,�7~��)�Z�
y,�
|��5� �7�
�
���W�;�L�W���Z�W�*�7~��)�8�W�¥�L� ~��À�W�
�7~W�Z�
|��Z�"�
�Q�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|qA
�6�W�"��� �;�N� �W�*� �
|*�
�>�*�n���3|*~W�Z�"~�|��*�;�Z�
y,�*� �L�W|*� �
�
�����Z�W�*�*�"�/�*�
�
�W�"�
� �
�"�
y,�
|��Z���%�
�
�W� �*�f�����Z�
�
�K�>� �*�f�%�*� �
�ny,~�|��Z� �
|��>�*|*�D�#��|L�Wy,�"�/�*�3�L�W�)�Z�"�
�*�"�"�
� �a�
|(�%~�|*�K�Z�"~�|(�*�1�
�
�)���W�"|*�n�L�W�Z�Wy,�K�Z� �
�
�Z�
�"�G�"�D�L� ~��^�"�D�7�WA

« �¤�@�W�*� �g�*� �
y,�"�
� �8�*� �*�K���
�"~��*�7�
y,�
|����*�8�
�
�b�*� ~��
�
� � �*�b�
�)���N� �W�K�Z�f���f�Z���*�
�by,�"�
� ~�C
~�� ���W|*�"� y,�
�
A « ~�� � �/�*�ª�"�
�g�7~�� �
�g�*�¦� ~��>� ~�|��,�Z���Z�*� �
�,�L�W�g�N� �@�W�q� �"�"�5�
~�|*� ~�y,y,�
|��g�Z~��#�
�q� �W�7~�� �6�N� ~@�������
|*�b�*�"� � ~��*�a�*� �
� �
|��D�K�3�
�W���7~��*�G�*�
�3�Z�W�"� ~�|*�G�
|*�
� ���K�Z�"�/�*�
�
A � �S�N� ~@�������
|*�
���"�
|��¤�
|*� �*�f�Z���¥y_�W|*�/�*�
�_�L�W� �
�}�/�*����� |L�W�*�7�}|q� �
�)�^�L�W�(� � 
,�Z�Wy,y,�
|��¤|*�1�W� � �F(��Z���
�*�"�*�
y,�
|��5� �@�W�"�"y,�
|��Z�
�W� �W�"~�� �r�*|¸�W�#�Z� �(�W�
�
�
�#�Z�
�*��ÓL|L�W�u�q� �
�"�
�K�Z� ~�|¥�
�)�5�#�Z�"�"�"� �g� �
�"~�|¥���
�*�"� �7~�|*�"�*�"�"�f�Z�WA « �
���*�L�W� �
� �%�
� � �f�%�
� �
� �/�*�*�
~�|��Z�"�
|*|*�
|����*�5�%�
���%�
� � �"�/�*�n�*�K���"�
|*|*�
|��u���a�*� ~��"�
�*�
�>y,�"�
� ~�C�~�� ���W|*�"� y,�
���K�n�"�3�7~W�Z�
|��Z�"�
�7�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|¤�*�
�
� ~W¡"�;�
|¤y,£
y,�G�Z�
y,�*�n�/�*�
���(�
~�|*�
�
|��Z�Z���Z�"~�| �
|��%�
�r�*�"� � ~��*�r�L�W|*�D���(� ~��"�#�Z�"~�|��W�*��y,�
|��Z�WAS�3� �
�)�����(�Z�W�"� ~�|��7~��*�D�����
�/�*�
�"�"�D�"�
�>�
~�|*�
�
|��Z�Z���Z�"~�|*�>�
|^�%�
�>�"�
�>�*�"�*�n�"y,�7~��)���W|��Z�
�n� �D�Z� ~��#���
|��a�"~�� � �/�*�r�"�1�7~W�Z�
|��Z�"�
�
�q� ~@�����*~�C�� �
�*�*�K�Z�"~�|��
�)�D�L�W�
A « �5�L� �
�)�D�
���W�"�
y,�
|��3� �
�"�"�W���7~��*�3�*�
�D�Z�W�"� ~�|*�3�q� �
�/�*�"�"�"�*� �W�
�"|*�*�"� �
�K�Z�
y,�
|��a�g�
�
�G�
~�|*�
�
|��Z�Z���Z�"~�|*�a�W�"|*� �q�/�q� �W�6�7�WA



���/���������*&7
�����!��1'�2%$�����2%� �@?*�

� �S���8�#��|L�Wy,�"�/�*�b�*�
�3|*�f�Z�Z���Z�
�G�
�)�1�
~��*�
� �
|��Z�5�@���
���
�
�3�*� ~��
�
� � �*�
���"�Q|q� �
�)�3�Z~��#�Z�K�%~��"�G�L�W�
���W�
�"�"�a�*�1� �
�"�"�
�u�"�
�;�
~�|*�
�
|��Z�Z���Z�"~�|*�n�
|��Z� �D�"�
�;� �*�f�����Z�
�n�K�>�"�
�;� �*�f�%�*� �
�n�"~�� � �/�*�1�
�
�>�
� �7�
�
�
�
�
~����#�"�)�Z�
|��1~��}|*~�|qA « �,y,�
�
~�|*|L�W�"� �Z�W|*�
�5�*�
�1�*�L�W� �
�1y,�"|*�
�Z�W�"�
�G�
~�|��Z� �����W|��1�"�b� ~��#�%� ���
|
� ~��"�#�Z�"~�|6�W�"|*� �S�/�*���*�5���gy,�"�
� ~�C��*�"~��"~����"�3�/�*� �
�)�r�W� � ~��
�"�
���_�
�K�1�
�"�
y,�
|��@��� ~�|��D�*|6�%� �
�"|
�"y,�7~��)���W|��r�7~��*�b���ª�
~�y,�*� �
�*�
|*� �"~�|®�*�
�8�W� �7�
�K�Z���
�"|*�K�Z�"�/�*�
���K�5�*�_���^� �@�W�K�Z�f���f�Z�,�*�_�
�
�
�
� �7�
�
�
�a�L�W|*�G�*|ªy,�"�"�"�
�(�
~�y,�*�"���#�D�
~�y,y,�D�"�D� ~��NA

« ���#��|L�Wy,�"�/�*�^�*�
�_�*� ~��
�
� � �*�_�q� ~@�����*~�C�� �
�*�*�K�Z�"~�| |q� �
�)�_�L�W�,�
|*�
~�� �ª�L�W�)���W�f�Z�
y,�
|��
�
~�y,�*� �"� ���L�W|*� �"�
� �K�Z�*�*�
� y,�
|*�
�
���*|*�"�/�*�
y,�
|����W�����L�Wy,�*�
A « �
� �W� �7�
�K�Z���
�"|*�K�Z�"�/�*�
��� ~�|��@�
�
�
�)�Z�
�
� �
~�|*|/�*�5�L�W|*���"�
�by,�"�"�"�
���}�
~�|��Z� ���"�
�5�W�®���W�7~��Z���Z~��"� �5y_�W�"�r�
�
���ª|*�,|*~��*���7�
� y,�K�
�Z~��#�Z�K�%~��"���L�W�5�q� �W�*�*� �
�*�
|*�*�
�g�L�W|*�5�"�
�*�����"~��L�W�"�f�Z�g���6�
~�y,�*�"���#�f�Z�_�*�
�5�
���L�W|*���
�g�K�8�*�
�
�
�/�*�"�"�"�*� �
�n�
|��Z� �b���5� ~��"�#�Z�"~�|¤�K�a�"�D� ~��NA



�@?/� �����
	���
����5���/�����*&7
�����!���0*��!D0*$�&*&7�
��!G'#�
$��)�*�"+,�%-*./��!a���
-*.W�"!���!	��
�$�.�'�������!



�����

���	��

���������	�

�����	�������! �"$#&%
')(*#+"$#-,.��/*01 2(	�3"$#546#+78���:9;�37�/=<��>#+78�

?�@BADCFEHGJIDKD?!LNMPORQTSVU�WYX�L[Z]\_^T`aObQ5c ^TdTLfeT\_LNg1`�hN\_LiMPjkd�O�lThNM_LmQ5c ^TdTLfeonp\PO�`�LiQTLNMR\_SNM_^TXaO�nqO�MeT^T`�M_r2^5c `�X5MNc npeTeT^T`�L$M_^T\sX�LNMiQTtudTdTSNLNMsg1`�dTSN\�npX�tuvu`�r2^TLNM;QTLYXJn*QTLN^kwx`�hNg1L$eonp\PO�`�L$np`�dTM_`r2^TLYM_^T\sX�L$yNtud�O�LzwkO�L:vuSNtky�lT`�g1`�r2^TL$QTS{O�np`�X�X�SmQonpdTMsX�LNMsQTLN^kw
y�lonpeT`aO�\_LNMseT\_SNyNSNQTLNd�O�MN|} d~eT\_LNg1`�LN\mX�`�LN^5��dTtu^TM$S{O�^TQT`�LN\_tudTM$X�LNM$L�np^kw�QTL!�otu^TvuhN\_LNM$QonpdTM$^Td~QT`Jnpvu\�npg1g1L } l2�keo�L{O�dTtu^TMm\_L{�k`�LNdTQT\_tudTM�M_^T\�XJn!dTtpO�`�tud6QTL*e�L{�]��� ��� �P���z|���^T`�MN��npeT\_hNM�^Td8�T\_L{Zb\�npeTe�LNXFQTLNMmtu^xO�`�X�ML{Omg1S{O�lTtkQTLNMm^xO�`�X�`�M_SNMse�tu^T\fy�npX�yN^TX�LN\fX�LNMfSNr2^T`�X�`��T\_LNMsO�lTLN\_g1tkQxjkdonpg1`�r2^TLNMN�HdTtu^TMmQTSNyN\_`�\_tudTMeT^T`�M[y�lTLN\_y�lTLN\_tudTMfW*yNtug1eT\_LNdTQT\_L�yNLNMsSNr2^T`�X�`��T\_LNM;LNd�O�\_L$X�LNM[eTlonpM_LNMiM_tuX�`�QTLNM;Z]LN\_\_`aZ]hN\_LNM[`�QTLNdk�O�`a�oSNLNMsL{OsXJn)M_tuX�^xO�`�tud	QT^�M_tuX3|

�s���N� ���N�Y�Y�+�:��� �¢¡	�¤£¦¥6§�¨~©�ª¬«®­°¯²±!³!´�µ
¶D·s¸P¶b¸P¶ ¹»º2¼¾½B¿HÀxºÁÀxÂmÃBÄ�ÅTÆÈÇ[Ém½Bº
Ê LNM;QT`Jnpvu\�npg1g1LNM } l2�keo�²QT`aO�MRQT`Jnpvu\�npg1g1LNM�QTLYËiÌ+ÍÎKDÏ�CFG�Ð¬M_tud�O[^xO�`�X�`�M_SNMbe�tu^T\;\_LNeT\_Sz�M_LNd�O�LN\mQTLNMfQTtudTdTSNLNMmM_LNX�tud�X�LNMsQTLN^kw6eonp\�npg1h{O�\_LNMsLNM_M_LNd�O�`�LNX�Mmr2^TL:M_tud�OmX�L } l6L{OmX�L$eo�:| Ê nyNtudTMPO�\_^Ty{O�`�tud1M_LsZÑnp`aObM_^T`a�pnpd�O;XJn$yNtud��uLNd�O�`�tudÒyNXJnpM_M_`�r2^TLYÓÑÔ]Õ�Ô2X�LNMRSNX�SNg1LNd�O�MbM_tud�O[eT\_`�MRWYX3c S{O�nqOMPO�npdTQonp\_Q5| Ê L;\�npeTe�tu\POFQTLNM+npy{O�`a�k`aO�SNMÎQTLNM+LNM_e�hNyNLNM�y�lT`�g1`�r2^TLNMD�pnp^xO+QTtudTy � L{O+X�LRX�tuv�np\_`aO�lTg1LQTLsyNLf\�npeTe�tu\POb�pnp^xO;Öx|u×VXHyNtud��k`�LNd�O;QTLiZÑnp`�\_LsnqO_O�LNd�O�`�tud5��eT^T`�M_r2^TLfQonpdTMRX�LNMbL�np^kw1donqO�^T\_LNX�X�LNMN�X�Li\�npeTe�tu\PObQTLNM;npy{O�`a�k`aO�SNMbd5c LNMPO;eonpMbSNv�npXHW � |2��X�^TMbX�tu`�d5�pdTtu^TMbyNtudTMPO�\_^T`�\_tudTMR^Td�np^xO�\_LiOVjke�LQTLYQT`Jnpvu\�npg1g1LmM_^T\sXJn*�onpM_LYQT^�yNtudTyNLNexOmQTLYe�L{�]��� ��� �P���{|Ê L~O�np�TX�L�np^ �®Ø | � eT\_SNM_LNd�O�LÁX�LNM�\_S�npy{O�`�tudTM�^xO�`�X�`�M_SNLNM
QonpdTM6XJnÙ�ovu^T\_L �®Ø | � np`�dTM_`Yr2^TL�X�LNMyNtudTMPO�npd�O�LNMfQTLYMPO�np�T`�X�`aO�Smr2^T`DX�LN^T\iM_tud�OmnpM_M_tkyN`�SNLNMN|

¶D·s¸P¶b¸3Ú Û�ÆÈºk¿�ÉmºkºkÆÈÄbÜ
Ê LNM[\_S�npy{O�`�tudTM;Q5c SNr2^T`�X�`��T\_LNMRLNd�O�\_L$X�LNM;M_^TXaZÑnqO�LNMiÝTÞ�ß_àá L{OiX�LNM;M_^TXaZ]^T\_LNMsÝ ß_à M_LN\_tud�OiM_e�SNyN`â��or2^TLNg1LNd�OfS{O�^TQT`�SNLNMfQonpdTMs^Td�eT\_tky�lonp`�d
eonp\�npvu\�npeTlTLp|



���u� ���������
	���
�����������������������
! "������ �
! $#%��&('!�!���)
! +*� �,-�
��	��),-&/.(�0 �,-�

pH

4 5 6 7 8

E
h 

 /m
V

-300

-200

-100

0

100

200

300

400

500

600

pe

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

NO
3

- / NO2 -

α FeO
O

H
 / Fe 2+

γ FeO
O

H
 / Fe 2+

Fe
3 (O

H
)

8  / Fe 2+

NO
3

-  / NH
4 +

SO
4

2- / S 2-

H +
 / H

2

1 G3254 �®Ø | � �76YÓ�8:9�;<8�=0=�Õ?>A@CBEDGFIH2Õ!JK=�Õ!JELM;�Õ!JK;+N+8�O Ó�J:N�Õ!JQP�RTS�LU9WVE;�Õ!J�Ô�XDÕ!JYN+Z�L�8�[ÑÓ\S�]CJQH2Õ!J
H�;+SqÓ3[VÕ!J^H`_ N+Z�LkÓ3O Ó�a�;�ÕQJ:S�]G[`D(;+N!J®ÕE]G[�N�Õ!J0H�8�]CJ�O�Õ�[
8�a�O�Õ+8�LcbWduÔ3b�ÔTXDÕ�;<8�D�DGS�;�[?H2Õ!J08WeE[ÑÓ3f®Ó3[�N!J0H2Õ!JÕ!J�DGV!e�Õ!Jge!@kÓ3=)Ó�Z�LoÕ!JQf�8�LM[hb�Ô



����� �C����
h� ,M	�
!&(	��)
!�T.�� ,����(.�,�*���'�.(�
	-	��),-&�	!�<�
	��)���W
 ���
�


 CFÏ��(4 �®Ø | � ���5Z�L�8�[ÑÓ\S�]CJ:ÕE[�e!S�]CJE[
8�]G[VÕ!JQH2Õ$JE[
8�aNÓ3O Ó3[�NQH2Õ!J ;+N+8WeE[ÑÓ\S�]CJQH`_ N+Z�LkÓ3O Ó�a�;�Õ!J LM[ÑÓ3O Ó�J:N�Õ!J
DGS�LM;ge!S�]CJE[�;�LkÓ3;�ÕQO�ÕgHpÓ�8:9�;<8�=0=�ÕYH2Õ1ËiÌ+ÍÎKDÏ�CFG�Ð H2ÕQO 8���9�LM;�ÕgbWduÔ3b�Ô

� S�npy{O�`�tudTM Ê tuv�����q� Þ ß�� ����� �! � L à " ���$# � ß Þ �&% ')(+* � # Öx�&,.-��� -0/�Þ:à1 � �$�q� �! � L à " ��� -2/m�  á � ��� -!� ß Þ ��� � -$-
/�Þ:à1 � # �! � # L à " /�Þ:àß � � ß Þ # -x� � ,�oL 143 Þ$�6587 � - �p� �! � #$�p� L à " �oL ß  � - �p� � ß Þ ��� � � ,

γ �oL®ÞYÞ$� � � �  � L à " �oL ß  � # � ß Þ �®Ø � Ø��
α �oL®ÞYÞ$� � � �! � L à " �oL ß  � # � ß Þ ��� � 9�,��� -1ÝTÞ�ß_àá � �! � L à " ��� -!Ý ß_à � ���$# � ß Þ # � �$#� ß Þ " # Þ$� à � # �  Öx� Ö

Ê LNMsO�\_tu`�MsQT\_tu`aO�LNMsQTLNMf\_S�npy{O�`�tudTMf`�g1eTX�`�r2^onpd�OiXJn)v$:$O�lT`aO�L α �oL®ÞYÞ$�:�oXJn)X�SNeT`�QTtkyN\_tkyN`aO�L
γ �oL®ÞYÞ$� L{OYXJn�\_tu^T`�X�X�L$�uLN\PO�L1�oL 1�3 Þ$�6587��k`�M$W��k`�M�QT^�Z]LN\$�oL ß  �Z]tu\_g1LNd�O$^TdTL*�onpdTQTL)r2^T`yNtu\_\_LNM_e�tudTQ	W¾XJn:X�`�g1`aO�L[v�np^Ty�lTL�QT^Òd2^onpvuL�QTLme�tu`�d�O�MbZ]tu\_g1SNM;eonp\;X�LNMb�pnpX�LN^T\_M;g1LNM_^T\_SNLNM�Ó3]
J{Ó3[�Lk|�;;LNM¾e�tu`�d�O�M:Lzwxe�SN\_`�g1LNd�O�np^kw�M_tud�O*eTX�^TM:eonp\PO�`�yN^TX�`�hN\_LNg1LNd�O:eT\_tky�lTLNM*QTL�XJn
QT\_tu`aO�L!QTL\_S�npy{O�`�tud~QTL!QT`�M_M_tuX�^xO�`�tud�QTL!XJn	v$:$O�lT`aO�L!np^~��SNdTS{�oyNL�QT^~Z]LN\:�oL ß  | } d¬QTLNM_M_tu^TM¾QTL!yNL{O_O�LX�`�g1`aO�Lp�pyNLNMRO�\_tu`�M�Z]tu\_g1LNMbZ]LN\_\_`aZ]hN\_LNMRM_tud�O[`�dTMPO�np�TX�LNMRL{O;M_LmQT`�M_M_tuXa�uLNd�Oinp^�eT\_tp�TO;QT^1Z]LN\[�oL ß  F|< O�npd�OiQTtudTdTS$r2^TLYX�LNM[g1LNM_^T\_LNMiM_tud�Os\_S�npX�`�M_SNLNMsW*^TdTL$eT\_tpZ]tudTQTLN^T\[yNtudTMPO�npd�O�Lp�oyNLNXJn*M_`�vudT`a�oLr2^5c np^�yNtu^T\_MsQT^	O�LNg1eTMsXJn*MPO�np�T`�X�`aO�SmQTLYyNLNMsLNM_e�hNyNLNMmLNMPOf\_LNg1`�M_L�LNd�r2^TLNMPO�`�tud5|=/ftu^TMfn��utudTM�k^ÁeT\_SNyNSNQTLNg1g1LNd�O 3 e?>NÔÎy�lonpeT`aO�\_L ��� eonpvuL �®�u� 5$r2^TL�ypc LNMPO)LNM_M_LNd�O�`�LNX�X�LNg1LNd�O¾XJn	�pnp\_`JnqO�`�tudQT^¬dT`a�uL�np^�QTL1XJn	donpeTe�L1r2^T`byNtudTQT`aO�`�tudTdTL)yNL{O_O�L�@o^Ty{O�^onqO�`�tud¬QTLNM:eonp\�npg1h{O�\_LNM } l�L{O¾eo�eonp\_yNL�r2^TL�XJn:donpeTe�L�eT\_SNM_LNd�O�L$^TdTL�MPO�\�nqO�`a�oy�nqO�`�tud�eTl�jkM_`�yNt �ky�lT`�g1`�r2^TLp|TÞ�d	e�LN^xOiQTtudTymQT`�\_Lr2^5c W)^TdTLYyNLN\PO�np`�dTL$eT\_tpZ]tudTQTLN^T\N�oX�tu\_M_r2^TL$X�L$dT`a�uL�np^�QTL$XJn*donpeTe�L$�pn)�onp`�M_M_LN\iL{Ofr2^TLYX�L$e�tq�O�LNd�O�`�LNXÎQ5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud6�pnÒnp^Tvug1LNd�O�LN\mL{O�QTL{�uLNdT`�\�t�wkjkQonpd�O���X�LYZ]LN\��oL ß  LNd�M_tuX�^xO�`�tud�pnYMNc t�wkjkQTLN\;e�tu^T\bZ]tu\_g1LN\�yNLNM;g1`�dTSN\�np^kw*Z]LN\_\_`aZ]hN\_LNMN|2×Vd��uLN\_M_LNg1LNd�O��xX�tu\_M_r2^TLfX�LidT`a�uL�np^�QTLfXJndonpeTe�L*\_LNg1tud�O�Lp��X�L¾g1`�X�`�LN^�M_L)\_SNQT^T`aO$L{O$X�L¾e�tpO�LNd�O�`�LNXFQ5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud~MNc np�onp`�M_M_Lp|A;;LNMt�wkjkQTLNMfQTL$Z]LN\i�utud�OfM_L:QT`�M_M_tu^TQT\_L:np^
eT\_tp�TOfQT^	Z]LN\f�oL ß  F|

;;L�OVjke�LRQTLb\_LNeT\_SNM_LNd�O�nqO�`�tud¾np`�dTM_`ur2^TLRX�LNMB`�d�O�LN\_eT\_S{O�nqO�`�tudTMBr2^T`�LNd¾QTSNyNtu^TX�LNd�OÎM_tud�OÎdTS�npdk�g1tu`�dTM;M_tu^x�uLNd�Om�T`Jnp`�M_SNM[QT^	ZÑnp`aO[r2^TLYX�LNM[LNM_e�hNyNLNMmnpr2^TLN^TM_LNMfdTL$M_tud�OseonpMsW)X3c S{O�nqOiMPO�npdTQonp\_Q
3 ÓÑÔ]Õ�ÔFnpy{O�`a�k`aO�SCB � 5z|�;mc LNMPO!dTtpO�npg1g1LNd�O¾e�tu^T\*yNLNXJn�r2^TL�Ýke�tuM_`aO�t 3 � 9$- � 5:n6QTS{�uLNX�tueTe�SÒXJndTtpO�`�tudYQTLRe�tpO�LNd�O�`�LNX�Q5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud¾yN\_`aO�`�r2^TLbr2^TLRdTtu^TMFnpX�X�tudTMBg�np`�d�O�LNdonpd�ODLzwTnpg1`�dTLN\N|

�s���ED F¬� ´HGJID�LK2ID�{�NM ¡POQGLRTSÒ¡CGm³)�VUs¡XWXYZID�[G\K]YR�F��ID�_^�W	�
¶D·s¸3Úi¸P¶ Û�Ãa`�ÜmÆ ÀxÆÈÄbÜ
Ê LNM)\_S�npy{O�`�tudTM*Q5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud QonpdTM)X�LNM*M_tuX�M)M_tud�O)eonp\PZ]tu`�M*lTtug1tuvuhNdTLNM*LNd M_tuX�^k�O�`�tudÒnpr2^TLN^TM_L$g�np`�MbLNX�X�LNM;M_tud�O[SNv�npX�LNg1LNd�O[eonp\PZ]tu`�MRlTS{O�SN\_tuvuhNdTLNMiLNd�O�\_L�^TdTL�eTlonpM_L�M_tuX�`�QTLfL{O^TdTL$eTlonpM_L:npr2^TLN^TM_Lp|�Þ�d
dTL$e�LN^xOsQTtudTy$eonpMiyNXJnpM_M_LN\sM_`�g1eTX�LNg1LNd�O[yNLNMi\_S�npy{O�`�tudTMiQ5c t�wkjkQTt �\_SNQT^Ty{O�`�tudÒM_^T`a�pnpd�O[X�LN^T\;e�tpO�LNd�O�`�LNX�MPO�npdTQonp\_Q5|cbmL�eTX�^TMN�kX�LNM[yNtkL[d1yN`�LNd�O�M[MPOE:Yy�lT`�tug1S{O�\_`�r2^TLNMQTLNMsQT`fe�SN\_LNd�O�LNMfLNM_e�hNyNLNMf`�d�O�LN\P�uLNdonpd�OmQonpdTMsX�LNMs\_S�npy{O�`�tudTMiM_tud�Os�pnp\_`Jnp�TX�LNMN|
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Ýke�tuM_`aO�t 3 � 9$- � 5:eT\_tue�tuM_L
QTL
M_L
eTXJnpyNLN\!W�^Td eo� QTL
\_S{Z]SN\_LNdTyNL�QTtudTdTS 3 eo� B ,$5*L{O!QTLy�npX�yN^TX�LN\RXJn$�pnpX�LN^T\RQT^Òe�Lfe�tu^T\RXJnpr2^TLNX�X�LsX�Lf\�npeTe�tu\PO;QTLNM[npy{O�`a�k`aO�SNMRQTLNM;LNM_e�hNyNLNMi\_SNQT^T`aO�LNMRL{Ot�wkjkQTSNLNMmLNMPOmM_^Te�SN\_`�LN^T\sW!^Td�M_LN^T`�X5yNtud��uLNd�O�`�tudTdTLNX3|�;mc LNMPOfXJn)dTtpO�`�tud	QTLYe�L{�]��� ��� �P���{|
b�npdTM:X�LNM$\_S�npy{O�`�tudTMYlTS{O�SN\_tuvuhNdTLNMN�DX�LNMYnpy{O�`a�k`aO�SNM$QTLNM:M_tuX�`�QTLNM$M_tud�O:eT\_`�M_LNMYSNv�npX�LNMYW � L{OYX�Le�L{�]��� ��� �P���RLNMPO[QTS{�odT`�yNtug1g1LfXJn$�pnpX�LN^T\;W¾eonp\PO�`�\bQTLmXJnpr2^TLNX�X�LsX3c npy{O�`a�k`aO�SiQTL�X3c LNM_e�hNyNL�npr2^TLN^TM_LLNMPOmM_^Te�SN\_`�LN^T\_L:W � Ö à � |�Îtu^T\�X�LNM�\_S�npy{O�`�tudTM1lTtug1tuvuhNdTLNMN�RXJn��pnpX�LN^T\1M_LN^T`�XfQT^ \�npeTe�tu\PO�QTLNM	npy{O�`a�k`aO�SNM1LNM_e�hNyNL8\_Sz�QT^T`aO�L � LNM_e�hNyNL:t�wkjkQTSNL¾LNMPO � Ö���|

¶D·s¸3Úi¸3Ú � ÃBºkÉ�� À��+Àxº
Ê LÒO�np�TX�L�np^ �®Ø | # \�npeTe�LNX�X�L�X3c LNdTM_LNg*�TX�L	QTLNM!\_S�npy{O�`�tudTM)Q5c SNr2^T`�X�`��T\_LNM*^xO�`�X�`�M_SNLNM*QonpdTM!XJn�ovu^T\_L �®Ø | # | ;;LNMir2^TLNX�r2^TLNMs\_S�npy{O�`�tudTM[Q5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud�M_tud�Oseonp\_g1`�X�LNM[eTX�^TMiyNtu^T\�npd�O�LNMQonpdTMDX�LNM5M_tuX�MN��eonp\PO�`�yN^TX�`�hN\_LNg1LNd�O5X�tu\_M_r2^5c `�X�M�eT\_SNM_LNd�O�LNd�OFQTLNMDM_`�vudTLNMBQ5c l�jkQT\_tug1tu\_eTlT`�L+eT^T`�M_r2^TLQonpdTM$X�LNMmM_tuX�M��T`�LNd~npSN\_SNM�X�LNM�yNtudTQT`aO�`�tudTMm\_LNMPO�LNd�OYt�wkjkQonpd�O�LNMN| Ê LNM�e�L{�]��� ��� �P���mM_tud�O$y�npX�yN^TX�SNMe�tu^T\fQT`fe�SN\_LNd�O�Mmeo� S{O�npd�OmLNd�O�LNdTQT^8r2^TL¾X�L:eo� B ,!LNMPO�XJn)\_S{Z]SN\_LNdTyNL*e�tu^T\syNtug1eonp\_LN\fyNLNM\_S�npy{O�`�tudTM 3
	 \�nqO�M_y�l5� � 9$-$9���
Î\_tuXJnp\_Q
L{O 	 tu^T\_\_`�Sp� � 9$9$9�5z|
Ê n��ovu^T\_L �®Ø | # eT\_SNM_LNd�O�L!X�LNM$QT\_tu`aO�LNM�Q5c SNr2^T`�X�`��T\_L*QTLNMYe�L{�]��� ��� �P�����iQTLNMYQT`fe�SN\_LNd�O�LNMY\_S�npyz�O�`�tudTM��[eT\_SNM_LNd�O�SNLNMmQonpdTMsX�L�O�np�TX�L�np^ �®Ø | # |�Fnp\$LzwxLNg1eTX�Lp��XJn1QT\_tu`aO�L¾yNtu\_\_LNM_e�tudTQonpd�O:np^�yNtu^TeTX�L)�oL 1�3 Þ$�6587 � �oL ß  \_LNeT\_SNM_LNd�O�L!g�np`�d�O�Lz�donpd�ObX�L;M_LN^T`�XTW�eonp\PO�`�\ÎQT^Tr2^TLNXoX3c npy{O�`a�k`aO�SRQT^*Z]LN\+QT`�M_M_tu^TMb�oL ß  ÒLNMPO�M_^Te�SN\_`�LN^T\_LsW � Ö à � |�;mc LNMPOQTtudTy*XJn1X�`�g1`aO�LYW1eonp\PO�`�\fQTL*XJnpr2^TLNX�X�LYX�LNMm\_tu^T`�X�X�LNMi�uLN\PO�LNM�yNtug1g1LNdTyNLNd�OYW1M_L*QT`�M_M_tu^TQT\_L*tu^�odT`�M_M_LNd�OmQTLYeT\_SNyN`�eT`aO�LN\N|Ê n�QT\_tu`aO�L�QTL6X3c SNr2^T`�X�`��T\_L�ÝTÞ�ß_àá � Ý ß_à �br2^onpd�O
W¬LNX�X�Lp�b\_LNeT\_SNM_LNd�O�L8g�np`�d�O�LNdonpd�O�X�L�M_LN^T`�XmWeonp\PO�`�\RQT^Tr2^TLNX�X�Lf\�npeTe�tu\PO;QTLNM[npy{O�`a�k`aO�SNM�� Ý ß_à�� � � ÝTÞ ß_àá � LNMPO[M_^Te�SN\_`�LN^T\[W � Ö � | ;mc LNMPOiQTtudTymXJnX�`�g1`aO�L�W!eonp\PO�`�\iQTL:XJnpr2^TLNX�X�L�XJn)\_SNQT^Ty{O�`�tud�QTLNMfM_^TXaZÑnqO�LNMsLNMPOmr2^onpM_`�g1LNd�OsO�tpO�npX�L$tu^6W!eonp\PO�`�\QTLYXJnpr2^TLNX�X�L�X�LNMsM_^TXaZÑnqO�LNMiyNtug1g1LNdTyNLNd�OmW!npeTeonp\�n���O�\_Lp|Ê niM_`�vudT`a�oy�nqO�`�tud�QTLNMBQT\_tu`aO�LNMBLNMPOÎQTtudTy�QT`fe�SN\_LNd�O�L�QTLbyNLNX�X�L+QTLNMBQT`Jnpvu\�npg1g1LNM�QTL[ËiÌ+ÍÎKDÏ�CFG�ÐR|
Ê n��ovu^T\_L �®Ø | # e�LN^xO)M_L	QTSNyNtu^Te�LN\)LNdÁO�\_tu`�M¾QTtug�np`�dTLNM:QT`�MPO�`�dTy{O�M*r2^T`;yNtu\_\_LNM_e�tudTQTLNd�OSNv�npX�LNg1LNd�OfW!yNLN^kw
QTS{�odT`�Mseonp\mÝke�tuM_`aO�t 3 � 9$- � 5[W)eo� B ,��
��X�L$eT\_LNg1`�LN\snpeTeonp\PO�`�LNd�Ofnp^kw
M_tuX�Mig1tkQTSN\_SNg1LNd�Os\_SNQT^T`aO�MieT^T`�M_r2^TL:X�L$e�L$eT\_SNM_LNd�O�L¾QTLNM�pnpX�LN^T\_MsM_^Te�SN\_`�LN^T\_LNMfW # 3 M_tu`aOse�L � eo����9�5��
��X�L1M_LNyNtudTQ QTtug�np`�dTL!yNtu\_\_LNM_e�tudTQÙnp^kwÁM_tuX�M:\_SNQT^T`aO�M*n��uLNy!� #�� e�L �!# �Îypc LNMPO!W�QT`�\_L
��� e�L � eo� � 9��

��X�LfO�\_tu`�M_`�hNg1LfQTtug�np`�dTLfLNMPOiQTS{�odT`5eonp\;e�L � � # 3 ÓÑÔ]Õ�Ôxe�L � eo� �!� 5��kX�LmM_tuX�LNMPOiyNtudTM_`â�QTSN\_S:yNtug1g1LmO�\_hNMs\_SNQT^T`aO�|
;;LNM!O�\_tu`�M*QTtug�np`�dTLNM*M_tud�O1QTSNX�`�g1`aO�SNM¾M_^T\)XJn6�ovu^T\_L �®Ø | # eonp\)QTLNM!X�`�vudTLNM*LNd e�tu`�d�O�`�X�X�S!L{Od2^Tg1SN\_tpO�SNMfLNd�y�lT`fe�\_LNMs\_tug�np`�dTMN�x\_LNM_e�LNy{O�`a�uLNg1LNd�Om×��o×_×RL{Of×_×_×�|

�! #"%$'&)(+*!, -+./&10 243657, 8 , 97(+./&)5�:;*!57<78 .>='?�@ ACB+DFE ? =G@ H IKJML B1NO0 .4P�-�<�$!P�P
57(�8 .�Q!(M$R<7S7,K3657.�<�$R(M:;./3657.�8 .4P�TF$R8 .U57(MP
P
*!N6-V9�.4$R5�:;*!57<�-+(+*!<�2U8 .UT!2U.4P/<�$R(V(M$R<7<�*!(
->W�N7*R-+(+.X24:MS7.U8 8 .! 
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1 G3254 �®Ø | # ���¬Õ!JELM;�Õ!JKH2Õ!J"DGS�[VÕE]G[ÑÓ3ÕEO J H`_ S����UHWS�BU;+N+H�LGeE[ÑÓ\S�]�ÕE["H�LQDGF H2Õ!J$Õ+8�L��^H2Õ O 8�](8�D�DoÕ
8�L e!S�LM;+J%H�L [VÕE= DGJ�Ô�XDÕ!J%H�;+SqÓ3[VÕ!J%e!S�;�;�Õ!J�DGS�](H2ÕE]G[?8�L��/;+N+8WeE[ÑÓ\S�]CJ^H`_ N+Z�LkÓ3O Ó�a�;�Õ$DGS�LM;gO�Õ!Jgf�8��
O�ÕELM;+J�H2Õ5DoÕ	��
 '
�)')(���� ;�Õ�DGS�;�[�N�Õ!J�H�8�]CJQO�ÕY[
8�a�O�Õ+8�L bWduÔ��kÔ
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 CFÏ��(4 �®Ø | # � �5Z�L�8�[ÑÓ\S�]CJ1ÕE[ HWS�]G]�N�Õ!J�[3@oÕE;�= S H���](8�=)Ó�Z�LoÕ!J�����;+S�O 8�;<H6ÕE[��KS�LM;�;zÓ\N��$b	�	�	��

H2ÕgZ�LoÕEO Z�LoÕ!JQ;+N+8WeE[ÑÓ\S�]CJKJE[
8�](H�8�;<H LM[ÑÓ3O Ó�J:N�Õ!J�H�8�]CJQO 8���9�LM;�ÕgbWduÔ��kÔ

e�L{�]��� ��� �P���
� S�npy{O�`�tudTM W!eo�6B � W)eo�6BJ, W)eo�6B 9���q� Þ ß�� ��� � �! � L à " ���$# � ß Þ �&% ')(+* � �®Ø � Ø �®� � Ø �u� � Ø��� -0/�Þ:à1 � �$�q� �! � L à " ��� -2/m�  á � ��� -!� ß Þ 9x� #q� � � � # � - �

/�Þ:à1 � # �! � # L à " /�Þ:àß � � ß Þ ,k� � � � � # � ����$#
� dHÞ ß � # �  � L à " ���$#�� d ß  � � ß Þ 9x� ��� � � ��� �xÖx� Ø���oL 143 Þ$�6587 � - �p� �! � #$�p� L à " �oL ß  � - �p� � ß Þ � ,k�&, � �&, � # � �
γ �oL®ÞYÞ$� � � �! � L à " �oL ß  � # � ß Þ �u� � - # �&, � � � �T�
α �oL®ÞYÞ$� � � �! � L à " �oL ß  � # � ß Þ � Öx� Ö � � Ö � � � Ö��� -1ÝTÞ�ß_àá � �! � L à " ��� -!Ý ß_à � ���$# � ß Þ � # � # � � � # �c,k� #

Ê tu\_M_r2^TLidTtu^TM�M_tug1g1LNM?H�8�]CJ?O�Õ HWS�=%8pÓ3]�Õ��������2XJW�t��)M_L[O�\_tu^x�uLsXJnmg�n®U_tu\_`aO�S;QTLNM�e�tu`�d�O�MN�dTtu^TMÒe�tu^x�utudTM	QT`�\_Lp�Re�tu^T\�X�LNMÒ\_S�npy{O�`�tudTM�lTS{O�SN\_tuvuhNdTLNMN�[r2^TL�X�LNM1Z]tu\_g1LNM�M_tuX�`�QTLNM � dHÞ ß �
α �oL®ÞYÞ$��L{O γ �oL®ÞYÞ$��M_tud�O[QT`�M_M_tu^xO�LNM[np^�eT\_tp�TO��2\_LNM_e�LNy{O�`a�uLNg1LNd�O[QT^Òg�npdTv�npdThNM_L � d ß  L{OsQT^ÒZ]LN\i�oL ß  F|cbmL$g��Ng1Lp�kX�LNM[\_S�npy{O�`�tudTM[lTtug1tuvuhNdTLNM[QTSNM_`�vudTLNd�Oir2^TLNX�X�LNM[M_tud�OsX�LNM[LNM_e�hNyNLNMn��NtpO�SNLNMfMPO�np�TX�LNMsLNd�M_tuX�^xO�`�tud5|
6�8�]CJgO�Õ^HWS�=%8pÓ3]�Õ����ÎX�LNMmg1LNM_^T\_LNM$t��8X�L¾eo� L{O�X�L¾e�L*M_tud�O$g�n wx`�g*^Tg1MsMNc npyNyNtu\_QTLNd�O:n��uLNyXJn1QT\_tu`aO�L¾Q5c SNr2^T`�X�`��T\_L¾npM_M_tkyN`�SNL*np^8yNtu^TeTX�L*�oL 143 Þ$�6587 � �oL ß  F|a;;L{O_O�L*QT\_tu`aO�L:LNMPO$XJn1X�`�g1`aO�LYWeonp\PO�`�\fQTL¾XJnpr2^TLNX�X�LYX�LNMf\_tu^T`�X�X�LNM[�uLN\PO�LNM$yNtug1g1LNdTyNLNd�O�W1M_L*QT`�M_M_tu^TQT\_L¾tu^��odT`�M_M_LNd�O$QTL¾eT\_Sz�yN`�eT`aO�LN\N|T×VX5M_LNg*�TX�L$r2^TLYyNLYg1`�dTSN\�npX�LzwxLN\_yNL:^Td�yNtud�O�\��uX�L$M_^T\iX3c npy{O�`a�k`aO�S�QT^	Z]LN\iLNd�M_tuX�^xO�`�tud5�X�L$e�LYL{OfX�L$eo�:|Ê LNM¾np^xO�\_LNM:eTlonpM_LNMYZ]LN\_\_`aZ]hN\_LNMYeT\_SNM_LNd�O�SNLNM¾`�yN`3� α �oL®ÞYÞ$� L{O γ �oL®ÞYÞ$�:�Bd5c `�d�O�LN\P�k`�LNdTQT\�np`aOr2^5c LNdTM_^T`aO�LiM_`k`�X�j*nfX�`�LN^¾Q5c �{O�\_Lp|�Þ�\N�qdTtu^TMFd5c tu�TM_LN\P�utudTMbnp^TyN^TdTL[M_SN\_`�L;QTL[e�tu`�d�O�M+npX�`�vudTSNMDM_^T\yNLNM;QT\_tu`aO�LNMN| ;;LNXJnYM_`�vudT`a�oLsM_tu`aORr2^TLmyNLNMRg1`�dTSN\�np^kw!d5c Lzwx`�MPO�LNd�O[eonpM 3 ÓÑÔ]Õ�ÔkdTLfeT\_SNyN`�eT`aO�LNd�OReonpMtu^
dTLYM_LYQT`�M_M_tuXa�uLNd�OfeonpM 5z�TM_tu`aOsr2^5c `�X5d5c LzwxLN\_yNL¾np^TyN^TdTLY`�d @o^TLNdTyNLYM_^T\iX�LNMiy�np\�npy{O�SN\_`�MPO�`�r2^TLNMeTl�jkM_`�yNt �ky�lT`�g1`�r2^TLYQTLYXJn*M_tuX�^xO�`�tud	QT^�M_tuX3|
XDÕ0HWS�=%8pÓ3]�Õ����ÒLNMPO���L�np^TyNtu^Te6g1tu`�dTMi\_LNeT\_SNM_LNd�O�S*eT^T`�M_r2^5c `�XDyNtu\_\_LNM_e�tudTQ8W1^Td6S{O�nqOf`�d�O�LN\È�g1SNQT`Jnp`�\_L$LNd�O�\_L:X�L$QTtug�np`�dTL$×��or2^T`DyNtu\_\_LNM_e�tudTQ 9�;+S:J!J:S%= S HWS!W!^Td
O�`�LN\_MsQTLNMfg1LNM_^T\_LNMN�HL{OX�L�QTtug�np`�dTL1×_×_×$r2^T`;\_LNeT\_SNM_LNd�O�L	X�LNM¾QTLN^kwÙnp^xO�\_LNM¾O�`�LN\_MN|�;;LNM*QTLN^kwÁLNdTM_LNg*�TX�LNM)QTL�e�tu`�d�O�MM_tud�OfX�LNM[QTLN^kw
e��uX�LNM[QTL$dTtpO�\_L$MPjkMPO�hNg1LX�oX�L�e��uX�LmM_^Te�SN\_`�LN^T\iyNtu\_\_LNM_e�tudTQ6W*QTLNMiM_tuX�MieTX�^xO��pOt�wkjkQTSNMfO�npdTQT`�Mir2^TL:X�L$e��uX�L�`�dxZ]SN\_`�LN^T\i\_LNeT\_SNM_LNd�O�L:QTLNMfM_tuX�M[Z]\�npdTy�lTLNg1LNd�Of\_SNQT^T`aO�MN|
� LM]�ÕKD(;+S8> S�](H2ÕELM;%HWS�]G]�N�Õ��FX�L)M_tuX+eT\_SNM_LNd�O�LN\�n�QTtudTy!QTLNMYy�np\�npy{O�hN\_LNM:\_SNQT^Ty{O�`�r2^TLNM:tu^~\_Sz�QTt�wx`�r2^TLNM 3 �utu`�\_Lft�wkjkQTS 5b�pnp\_`Jnp�TX�LNMRnp^ÒyNtu^T\_M;QT^1O�LNg1eTM;M_LNX�tud�X�LNMReT\_tueT\_`�S{O�SNM;eTl�jkM_`�r2^TLNM[L{Oy�lT`�g1`�r2^TLNMN|Ê LNM¾e�tu`�d�O�M:npX�`�vudTSNM��uLN\PO�`�y�npX�LNg1LNd�O:`�yN`�QonpdTM:X�L!QTtug�np`�dTL)×_×�yNtu\_\_LNM_e�tudTQTLNd�O)W
^TdTL1y�l2^xO�L�T\_^xO�npX�L�QT^»e�tpO�LNd�O�`�LNXsQ5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud5| ;mc LNMPO	QTtudTy�^Td»S{O�nqO1O�\�npdTM_`aO�tu`�\_L
X�tu\_M_r2^TL�X�LMPjkMPO�hNg1L:�onpM_yN^TX�LYQTLYX3c S{O�nqOst�wkjkQTSY�uLN\_MfX3c S{O�nqOs\_SNQT^T`aOsL{Os`�d��uLN\_M_LNg1LNd�O�|
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1 G3254 �®Ø | � ���G8�O�ÕELM;+J?H�L$DoÕfÕE[`H�L DGF H2Õ!JfÕ+8�L���H2ÕhO 8 ](8�D�DoÕsÕE]L> S�]�eE[ÑÓ\S�] H2ÕhO 8�D(;+S8> S�](H2ÕELM;
H2Õge�ÕEO3O�Õ�BMe{Ó LM]oÓ�Z�LoÕE=�ÕE]G[ DGS�LM;QO�Õ!JhD(;+NEO�VEfpÕE=�ÕE]G[3J*Õ���Õ!eE[�LGN!J�P O 8QD(;+S8> S�](H2ÕELM;YH2Õ	��
 eE=1Ô

¶D·s¸3Úi¸
� � ��ÅTÆ;�+ÀxÆÈÄbÜ��mÉ ¼¾½ ½�À��mÉ ¼�� ���b½B¿ �;� ¼mÅTÄ���ÄbÜ��m½BÉfÅ
Ê nm�ovu^T\_L �®Ø | � eT\_SNM_LNd�O�LsX�LNMF�pnpX�LN^T\_M�QT^)e�LiL{O�QT^!eo� LNd)Z]tudTy{O�`�tud*QTLiXJnmeT\_tpZ]tudTQTLN^T\+QTLXJn¾donpeTe�Lp| Ê LNM[�pnpX�LN^T\_M[QTL$eo� M_LNg*�TX�LNd�OsQ5c np^xO�npd�OieTX�^TMiSNX�L{�uSNLNMsr2^TL$XJn¾donpeTe�L$LNMPOseT\_tky�lTLQTL*XJnÒM_^T\PZÑnpyNLp|5×Vd��uLN\_M_LNg1LNd�O��DL{O$QTL*ZÑn��Ntud�eTX�^TM$dTL{O_O�Lp�5X�L¾e�L)LNMPO$O�tu^ U_tu^T\_M�`�dxZ]SN\_`�LN^T\�W!� �M�np^xZFX�tu\_M_r2^TLYXJn)donpeTe�L$LNMPOfO�\_hNMs�onpM_M_Lp��W Ø Ö)yNg QTLYeT\_tpZ]tudTQTLN^T\N|
Ê c `�d�O�SN\��{O¾`�yN`bLNMPO¾QTL1�utu`�\Yr2^TLÒX�LNM$�pnp\_`JnqO�`�tudTM$eT\_`�dTyN`�eonpX�LNMYQTLNM¾eonp\�npg1h{O�\_LNM:e�L1L{O*eo�M_tud�O)X�`�SNLNM¾np^kwÁyNtudTQT`aO�`�tudTM:l�jkQT\_tuX�tuvu`�r2^TLNM¾L{O)e�SNQTtuX�tuvu`�r2^TLNMN| Ê n�lonp^xO�LN^T\*QT^ÙdT`a�uL�np^ÁQTLXJn�donpeTe�LÒLNMPO)X�L1ZÑnpy{O�LN^T\*yNX�SÒr2^T`;`�d @o^TLNdTyNLÒX�LNM*SNr2^T`�X�`��T\_LNMN�Îr2^5c `�X�M¾M_tu`�LNd�O*lTtug1tuvuhNdTLNM*tu^lTS{O�SN\_tuvuhNdTLNMN�BeT^T`�M_r2^5c LNX�X�L¾yNtudTQT`aO�`�tudTdTL¾X3c npSN\�nqO�`�tud5��L{O$QTtudTy)X3c t�wkjkQonqO�`�tud5��QT^~MPjkMPO�hNg1L)tu^`�d��uLN\_M_LNg1LNd�OmX3c LNdTvutu\_vuLNg1LNd�OieT^T`�MsXJn*\_SNQT^Ty{O�`�tud5|

�s����� F¬��� UL^�W	�[M{� �	�F��� �LK2IB�F� M{���!�AWCM "p� ID��� � I M{���!�AWCM ".WÒ�F���

Ê n
�ovu^T\_L �®Ø | � eT\_SNM_LNd�O�L	X�LNM:g��Ng1LNM:QTtudTdTSNLNM)npyNr2^T`�M_LNMÒÓ3] J{Ó3[�LÁr2^TLÒeT\_SNyNSNQTLNg1g1LNd�Og�np`�M¾dTtu^TM!npX�X�tudTM¾eonp\PO�`�yN^TX�`�hN\_LNg1LNd�O*dTtu^TM!`�d�O�SN\_LNM_M_LN\1np^kwÙSNr2^T`�X�`��T\_LNM*LNd�O�\_L	X�LNM)M_^TXaZÑnqO�LNMÝTÞ�ß_àá L{O$X�LNMmM_^TXaZ]^T\_LNM:Ý ß_à |/
Î\_tu`�MmQT\_tu`aO�LNM�yNtu\_\_LNM_e�tudTQonpd�OYWÒyNL{O$SNr2^T`�X�`��T\_L¾M_tud�O$QTLNM_M_`�dTSNLNMM_^T\sXJn¾�ovu^T\_L �®Ø | � |
� Ê n)QT\_tu`aO�L$t��$#CB � Ö à �fM_`�vudT`a�oL$r2^TL:X�L$\�npeTe�tu\PO%#�QTLNMmnpy{O�`a�k`aO�SNMiQTLNMfLNM_e�hNyNLNM�n)S{O�SeT\_`�M$SNv�npX�W � Ö à �1ÓÑÔ]Õ�ÔG� Ý ß_à � � � ÝTÞ�ß_àá � B � Ö à ��| ;mc LNMPO¾XJnÒX�`�g1`aO�L¾W	eonp\PO�`�\$QTL!XJnpr2^TLNX�X�L
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X�LNMsM_^TXaZÑnqO�LNM�e!S�=0=�ÕE]�e�ÕE]G[[W)M_LY\_SNQT^T`�\_LYLNd�M_^TXaZ]^T\_LNMN|
� Ê tu\_M_r2^TL # B � Ö����bÓÑÔ]Õ�Ô�� Ý ß_à � � � ÝTÞ�ß_àá � B � Ö����Dtud�e�LN^xO¾yNtudTM_`�QTSN\_LN\:r2^TL Z�L�8-J{Ó3=�ÕE]G[
[�S�L�JYO�Õ!J JELMO >�8�[VÕ!J J:S�]G[A;+N+H�LkÓ3[3J)ÕE] JELMO >�LM;�Õ!J:QonpdTMs^Td�MPjkMPO�hNg1L¾W)X3c SNr2^T`�X�`��T\_Lp|

���Îtu^T\ #2B � �udTtu^TMbM_tug1g1LNMbWYX3c S{O�nqO�QT`aObMPO�npdTQonp\_Q1t��!X�LNMRnpy{O�`a�k`aO�SNM�QTLNMbLNM_e�hNyNLNM;M_tud�OSNv�npX�LNM �>� ÝTÞ�ß_àá � B � Ý ß_à � |
Ê nmQT\_tu`aO�L;yNtu\_\_LNM_e�tudTQonpd�ORnp^kw¾�pnpX�LN^T\_MFQTL � Ý ß_à � � � ÝTÞ�ß_àá � B � Ö��+LNMPObXJnfX�`�g1`aO�Lb`�dxZ]SN\_`�LN^T\_LQT^�MPjkMPO�hNg1Lp| Ê LNM�e�tu`�d�O�Mmg1LNM_^T\_SNLNM�yNtu\_\_LNM_e�tudTQTLNd�O:W�^Td8\�npeTe�tu\PO � Ý ß_à � � � ÝTÞ�ß_àá � � � Ö á W� Ö����5ypc LNMPO¾WÒQT`�\_L*r2^TL)XJnÒ\_SNQT^Ty{O�`�tud�QTLNMYM_^TXaZÑnqO�LNM�LNMPOYr2^onpM_`�g1LNd�O$O�tpO�npX�Lp|a;;LNyN`�LNMPOYLNd¬npyz�yNtu\_Q�n��uLNy)XJn!eT\_SNM_LNdTyNL)QTL¾M_^TXaZ]^T\_LNM$Ý ß_à g1LNM_^T\_SNMmQonpdTM�X�LNMfL�np^kw�| ;;LNe�LNdTQonpd�O�����L�np^TyNtu^TeQ5c SNy�lonpd�O�`�X�X�tudTM)QT^ QTtug�np`�dTLÒ×_×_×:M_tud�O!M_`aO�^TSNM!QonpdTM!X�LÒy�lonpg1e QTL
MPO�np�T`�X�`aO�S�QTLNM!M_^TXaZÑnqO�LNMN|

b�npdTMÒ^Td�MPjkMPO�hNg1L8donqO�^T\_LNXmyNtug1g1L�X�LNM�L�np^kw»Q5c ^TdTL8donpeTe�Lp�;X�LNMÒnpeTe�tu\PO�M1Z]\_SNr2^TLNd�O�M	QTLM_^TXaZÑnqO�LNM�np^8yNtu^T\_MmQTLNM�S{�uSNdTLNg1LNd�O�M$eTX�^x�k`�LN^kw�LzwxeTX�`�r2^TLNd�O�e�tu^T\_r2^Ttu`ÎyNL{O_O�L*\_S�npy{O�`�tud6d5c LNMPOU�npg�np`�M;�uSN\_`aO�np�TX�LNg1LNd�OfW)X3c SNr2^T`�X�`��T\_Lp|Ê n*\_S�npy{O�`�tud	QTL�O�\�npdTMPZ]tu\_g�nqO�`�tud�QTLNMiM_^TXaZÑnqO�LNM[LNd
M_^TXaZ]^T\_LNMiyNtudTQT`aO�`�tudTdTLmX�LmyNtug1e�tu\PO�LNg1LNd�OeTl�jkM_`�yNt �ky�lT`�g1`�r2^TLYQTLNMsL�np^kw�QTLYXJn*donpeTe�Lp|
bmL
XJn8g��Ng1LÒZÑn��Ntud5�+tud tu�TM_LN\P�uL�X3c `�g1e�tu\PO�npdTyNL1QT^ QTSN�T^xO1QTL	yNL{O_O�L
\_S�npy{O�`�tud M_^T\!dTtpO�\_LMPjkMPO�hNg1Lp| Ê LNMse�tu`�d�O�M[M_`aO�^TSNMfnp^xO�tu^T\iQTL$eo� B Ø L{Ofe�L B � � Z]tu\_g1LNd�Os^TdTLYX�`�vudTLmeonp\�npX�X�hNX�LW!XJn*QT\_tu`aO�L$Q5c SNr2^T`�X�`��T\_L�yNtu\_\_LNM_e�tudTQonpd�O�W)^Td�\�npeTe�tu\PO � Ý ß_à � � � ÝTÞ�ß_àá � B � Ö���|

bmhNMDr2^TL�X�L�MPjkMPO�hNg1L�MNc SNy�np\PO�LbQTLbyNLNMBQT\_tu`aO�LNMBQ5c SNr2^T`�X�`��T\_LNM+ÓÑÔ]Õ�Ô®WiQTLNMBe�tpO�LNd�O�`�LNX�M5Q5c t�wkjkQTt �\_SNQT^Ty{O�`�tud�eTX�^TMiSNX�L{�uSNMN�HyNL{O_O�L:`�d @o^TLNdTyNLYMNc LNMPO�tug1e�LY\�npeT`�QTLNg1LNd�O�|
� ^kw�e�tpO�LNd�O�`�LNX�MsQ5c t�wkjkQTt �k\_SNQT^Ty{O�`�tud6X�LNMseTX�^TMiZÑnp`��TX�LNMN�TXJn*O�\�npdTMPZ]tu\_g�nqO�`�tud	QTLNMfM_^TXaZÑnqO�LNMsLNdM_^TXaZ]^T\_LNMN�;L{OÒ`�d��uLN\_M_LNg1LNd�O��[yNtud�O�\��uX�L�XJn¬Qxjkdonpg1`�r2^TL6eTl�jkM_`�yNt �ky�lT`�g1`�r2^TL6QTLNMÒL�np^kw QTL8XJndonpeTe�Lp|

Ê LNM+M_^TXaZÑnqO�LNM+np`�dTM_`kr2^TLiX�LNMFM_^TXaZ]^T\_LNM+tud�O+S{O�S[QTtuM_SNMbnp^*XJnp��tu\�nqO�tu`�\_Lbe�tu^T\FX�LNM+eT\_LNg1`�LN\_MÎL{OÓ3] J{Ó3[�L	e�tu^T\[X�LNM;M_LNyNtudTQTMN|=;;LNe�LNdTQonpd�O��oM_`�X�LNM;\�npeTe�tu\PO�M;QTLNMiyNtudTyNLNd�O�\�nqO�`�tudTM � Ý ß_à � � � ÝTÞ�ß_àá �
@o^Ty{O�^TLNd�O!LNd�O�\_L	Öx� � L{O)Öx� 9x�ÎX�LNM*npy{O�`a�k`aO�SNM¾y�npX�yN^TX�SNLNM¾eonp\¾X�L1eT\_tuvu\�npg1g1L�?��+ÍÎG � 3�� 5YM_tud�O`�dTLzwxeTX�tu`aO�np�TX�LNM[eonp\_yNLYr2^5c LNX�X�LNMsM_tud�Of��L�np^TyNtu^Te
O�\_tue	ZÑnp`��TX�LNMN|

�s���
	 F¬� Y[�JM_Y WCM ¡	��� � YZID������IAU��.¡	��� ���B´�
LY;��� Y�±	�N� �_^�W	���

�LK � G M_W ID�[G\K
¶D·s¸��f¸P¶ �*½²¼mÅTÄ���Å������ ½�������� ��!#"%$
Ê c S{O�^TQTL�QTLNM6SNr2^T`�X�`��T\_LNM�g1`�dTSN\�np^kw��kM_tuX�^xO�`�tudTM	dTSNyNLNM_M_`aO�LÁQTL�yNtudTdon���O�\_L¬dTtud eonpM6X�LNMyNtudTyNLNd�O�\�nqO�`�tudTM+QTLNM+QT`fe�SN\_LNd�O�MFSNX�SNg1LNd�O�MFy�lT`�g1`�r2^TLNMFg�np`�MDeTX�^xO��pOFX�LN^T\_M+npy{O�`a�k`aO�SNMN| } d*L[e�L{O��LNd¬M_tuX�^xO�`�tud�npr2^TLN^TM_Lp�BX�LNM$LNM_e�hNyNLNM:y�lT`�g1`�r2^TLNM�M_tud�O:r2^onpM_`�g1LNd�O$O�tu^ U_tu^T\_M$npM_M_tkyN`�SNLNMYLNd�O�\_LLNX�X�LNM+L{O�Z]tu\_g1LNd�O�QTLNMb`�tudTM+yNtug1eTX�LzwxLNMN| Ê LieT\_tuvu\�npg1g1Li?��+ÍÎG � 3�� 5FyNtudTM_`�MPO�LsW�y�npX�yN^TX�LN\N�peonp\`aO�SN\�nqO�`�tudTMN�5^TdTL1QT`�MPO�\_`��T^xO�`�tud�QTLNM:LNM_e�hNyNLNM*y�lT`�g1`�r2^TLNMYeT\_SNM_LNd�O�LNM¾QonpdTM:XJn	M_tuX�^xO�`�tud5�5e�tu^T\X�LNM;QT`fe�SN\_LNd�O�MR`�tudTMN�2LNd�O�LNdonpd�O[yNtug1exO�LfQTLNM;yNtudTMPO�npd�O�LNM[Q5c SNr2^T`�X�`��T\_LNMbQTLmy�lonpr2^TL�yNtug1eTX�LzwxLLNd
Z]tudTy{O�`�tud
QTLYXJn¾O�LNg1e�SN\�nqO�^T\_Lp|Ê c npX�vutu\_`aO�lTg1LRQTLsy�npX�yN^TXTn$S{O�SieT\_tue�tuM_Sieonp\b�fLNX�vuLNM_tud 3 � 9 Ø -�5DL{Ob\_SN^xO�`�X�`�M_S;eonp\b�o\_`aO�� 3 � 9�, � �
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� 9$- � 5Be�tu^T\FSNyN\_`�\_LRX�L;eT\_tuvu\�npg1g1L;?��+ÍÎG � 3�� 5z|4bmLN^kw¾OVjke�LNM+QTL[QTtudTdTSNLNM+M_tud�O+^xO�`�X�`�M_SNLNMÎQonpdTMX�L$eT\_tuvu\�npg1g1LX�
��^TdTL8�onpdTr2^TL8QTL6QTtudTdTSNLNMÒyNtud�O�LNdonpd�O	QTLNM�`�dxZ]tu\_g�nqO�`�tudTM)M_^T\ÒXJn~yNtug1e�tuM_`aO�`�tud y�lT`â�g1`�r2^TL6QTLNM�g1`�dTSN\�np^kw��RM_^T\�X�LNM�yNtkL[d1yN`�LNd�O�MÒMPOE:Yy�lT`�tug1S{O�\_`�r2^TLNM�QTLNMÒ\_S�npy{O�`aZ]M1QonpdTMX�LNM�SNr2^onqO�`�tudTMÒQTL6QT`�M_M_tkyN`JnqO�`�tud5��M_^T\ÒX�LNM�yNtudTMPO�npd�O�LNM�O�lTLN\_g1tkQxjkdonpg1`�r2^TLNMN�RM_^T\ÒX�LNMg�npM_M_LNM�nqO�tug1`�r2^TLNMftu^6M_^T\mX�LNMfeonp\�npg1h{O�\_LNMmr2^T`Îe�LN\_g1L{O_O�LNd�OmQTL¾y�npX�yN^TX�LN\fX�LNMfyNtkL[d)�yN`�LNd�O�MsQ5c npy{O�`a�k`aO�SNMsQTLNMsLNM_e�hNyNLNM�npr2^TLN^TM_LNMN��L{O�yp|6�
��X�LNM)y�np\�npy{O�SN\_`�MPO�`�r2^TLNM!QTLNM!SNy�lonpd�O�`�X�X�tudTM*Q5c L�np^5��W�M�n��utu`�\)XJn8yNtug1e�tuM_`aO�`�tud�y�lT`�g1`�r2^TL
3 SNX�SNg1LNd�O�M�O�tpO�np^kw��2npX�y�npX�`�dT`aO�S 5DL{ORX�LNMbeonp\�npg1h{O�\_LNM�O�LNX�M�X�Lseo�:��X�Lie�tpO�LNd�O�`�LNXoQ5c t�wkjkQTt �\_SNQT^Ty{O�`�tud5�oXJn¾O�LNg1e�SN\�nqO�^T\_Lp�oL{O�yp|

� �uLNy)O�tu^xO�LNM�yNLNM�QTtudTdTSNLNMN�BX�L¾eT\_tuvu\�npg1g1L¾?��+ÍÎG � 3�� 5sy�npX�yN^TX�L¾^TdTL*QT`�MPO�\_`��T^xO�`�tud6QTLNM�`�tudTMQonpdTM;XJnYM_tuX�^xO�`�tud1W:eonp\PO�`�\�QTLNM;QTtudTdTSNLNM[QTLfy�lonpr2^TLmSNy�lonpd�O�`�X�X�tud5| ;;L{O_O�LmQT`�MPO�\_`��T^xO�`�tud!LNd�O�\_LX�LNM�`�tudTM�M_`�g1eTX�LNMmL{O$X�LNM�`�tudTM�yNtug1eTX�LzwxLNM�LNMPO$ZÑnp`aO�L¾eonp\�`aO�SN\�nqO�`�tud)U_^TM_r2^5c W	XJn�yNtud��uLN\_vuLNdTyNLQTLNM$g1tuXJnpX�`aO�SNMN|�;;LNM$dTtu^x�uLNX�X�LNMm�pnpX�LN^T\_M�QTL)g1tuXJnpX�`aO�SNMie�LN\_g1L{O_O�LNd�OYQTL*y�npX�yN^TX�LN\�WÒdTtu^x�uL�np^X�LNM$yNtkL[d1yN`�LNd�O�M$Q5c npy{O�`a�k`aO�SNM�QTLNM$LNM_e�hNyNLNM¾npr2^TLN^TM_LNM;U_^TM_r2^5c W
yNL)r2^TL)XJn1�pnpX�LN^T\�QTL*XJn�Z]tu\_yNL`�tudT`�r2^TL$yNtud��uLN\_vuLp|Ê tu\_M_r2^TL!X�LNM$npdonpXajkM_LNM�y�lT`�g1`�r2^TLNM�M_tud�OYLzwTnpy{O�LNM$L{OYeT\_SNyN`�M_LNMN�5XJn�dTLN^xO�\�npX�`aO�S¾SNX�LNy{O�\_`�r2^TL*LNMPO�uSN\_`a�oSNLin��uLNy[XJnfQT`�MPO�\_`��T^xO�`�tud:QTLNM+`�tudTMÎy�npX�yN^TX�SNLReonp\FX�LReT\_tuvu\�npg1g1L;?��+ÍÎG � 3�� 5z|pÝk`k^Td*SNy�np\POLNMPO�QTSNyNLNX�Sp�p^TdTL[X�SNvuhN\_L;g1tkQT`a�oy�nqO�`�tud¾np\_�T`aO�\�np`�\_LbQTL;XJnfg1tuXJnpX�`aO�S�Q5c ^Td)y�nqO�`�tud¾tu^*Q5c ^Td!npdT`�tud
3 vuSNdTSN\�npX�LNg1LNd�OZ/mn  ��;;X à tu^0/�Þ à1 5FLNMPObL[e�LNy{O�^TSNLfL{ObX�L[y�npX�yN^TXxLNMPOR\_LNeT\_`�M+QTLNeT^T`�M�X�L[QTSNeonp\POU_^TM_r2^5c W1^TdTLYdTtu^x�uLNX�X�L$yNtud��uLN\_vuLNdTyNL*QTLYXJn¾Z]tu\_yNLY`�tudT`�r2^TLp|
Ê LNM$Z]tu\_yNLNM:`�tudT`�r2^TLNM$y�npX�yN^TX�SNLNMYM_tud�O:O�tu^ U_tu^T\_M$O�\_hNM$ZÑnp`��TX�LNM$L{O:X�L*O�LN\_g1L!Q5c npy{O�`a�k`aO�S)QTLX3c L�np^
M_LN\�n!dTSNvuX�`�vuS$QonpdTMsX�LNMiy�npX�yN^TX�MiQ5c SNr2^T`�X�`��T\_Lp|

¶D·s¸��f¸3Ú � ÃBºkÉ�� À��+Àxº �m½BºÙ¿/�G�È¿�É��ÈºÙÀxÂm½5Å � Ä ���iÜ���� ÆÈÇ[Ém½Bº
Ê L*O�np�TX�L�np^ �®Ø | � eonpvuL ���p� LNMPO:^Td¬LzwxLNg1eTX�L)QTL!r2^TLNX�r2^TLNM:\_SNM_^TXaO�nqO�MYtu�xO�LNd2^TM:n��uLNy1X�LeT\_tuvu\�npg1g1L!?��+ÍÎG � 3�� 5z|DÝk`�dTtu^TMYeT\_LNdTtudTMYX3c LzwxLNg1eTX�L)QT^~Z]LN\N�5tud¬yNtudTMPO�nqO�L!r2^TL!XJnÒZ]tu\_g1LeT\_`�dTyN`�eonpX�L!LNMPO*X�L)Z]LN\*�oL ß  F| } dTM_^T`aO�Lp�Îg�np`�MYQonpdTM¾^�dTL�g1tu`�dTQT\_L!g1LNM_^T\_Lp�D�k`�LNdTdTLNd�O��Îeonp\tu\_QT\_L$Q5c `�g1e�tu\PO�npdTyNLp�kX�LNM[LNM_e�hNyNLNMf�oL®Þ$�! F�T�oL ;;X  Î�T�oL ;iÞ 1 �T�oL®ÝTÞ á L{Os�oL��6;iÞ 1  F|�
Îtu^xO�LNMX�LNMYnp^xO�\_LNM$LNM_e�hNyNLNMYZ]LN\_\_`aZ]hN\_LNM�tud�OYQTLNM$g1tuXJnpX�`aO�SNMs`�dxZ]SN\_`�LN^T\_LNM$W � Ö à 7 � �5X�LNM$LNM_e�hNyNLNM$Z]LN\È�\_`�r2^TLNMN�HdTtpO�npg1g1LNd�O��xeT\_SNM_LNd�O�LNd�O�QTLNMsg1tuXJnpX�`aO�SNM;LzwkO�\��Ng1LNg1LNd�OsZÑnp`��TX�LNMN|
;;LNe�LNdTQonpd�O��uyNL{O_O�LsnpeTeT\_tky�lTL[LNMPObeonp\PZ]tu`�MFX�`�g1`aO�SNLbeT^T`�M_r2^TL[dTtu^TM�dTL;O�LNdTtudTM�eonpM+yNtug1exO�LQTL�X3c LNdTM_LNg*�TX�L1QTLNM*yNtug1eTX�LzwxLNMYZ]tu\_g1SNM¾n��uLNyÒX�LNM¾npdT`�tudTM:tu\_v�npdT`�r2^TLNMN�DdT`RQTLNM:Z]tu\_g1LNM:yNtuXâ�X�t�� QonpX�LNMRtu^	e�tuXajkg1SN\_`�M_SNLNMN|cb�npdTM[dTtpO�\_L�y�npMN�TX�LNM[g1LNM_^T\_LNMiQTL�X3c npX�y�npX�`�dT`aO�SidTtud2�ky�np\_��tudonqO�SNLdTtu^TM1`�dxZ]tu\_g1LNd�O!QTL
XJn8ZÑnp`��TX�LÒ`�g1e�tu\PO�npdTyNLÒQTLNM�npdT`�tudTM)tu\_v�npdT`�r2^TLNMN|�bmL�eTX�^TMN��eTX�^TM_`�LN^T\_Mg1LNM_^T\_LNM:QTL!Z]LN\$O�tpO�npX+tud�O:S{O�S!\_S�npX�`�M_SNLNMYeonp\YX�L Ê np��tu\�nqO�tu`�\_L*Q5c � donpXajkM_LNM:QTL�ÝktuX�M 3 Ê � Ýc5QTL¾X3c ×8/ � � W � \_\�npMfeonp\f×+;[�Î� � } Ý���npeT\_hNMm^TdTLYZ]tu\PO�L:L{OmyNtug1eTX�h{O�LY\_SNQT^Ty{O�`�tud6eonp\fQT^6QT`â�O�lT`�tudT`aO�L)QTL!M_tkQT`�^Tg�M_^T\YQTLNM:SNy�lonpd�O�`�X�X�tudTM�dTtud~�oXaO�\_SNMN| Ê LNMY\_SNM_^TXaO�nqO�MYd5c tud�O:eonpMYg1tud�O�\_SQTL!QT`fe�SN\_LNdTyNLNMYM_`�vudT`a�oy�nqO�`a�uLNM$n��uLNy1X�LNM�g1LNM_^T\_LNMYQTL)Z]LN\Y�oL ß  ÙQT`�M_M_tu^TM$\_S�npX�`�M_SNLNM$eonp\$yNtug)�eTX�LzwTnqO�`�tud6n��uLNy¾QT^ b���� 	 �:|�/ftu^TMfe�tu^x�utudTMmLNd6yNtudTyNX�^T\_LYr2^TL¾X�LNMiZ]tu\_g1LNMfyNtuX�X�t�� QonpX�LNM;L{Oe�tuXajkg1SN\_`�M_SNLNMiM_tud�Ome�LN^
eT\_SNM_LNd�O�LNMmQonpdTMfdTtuMsSNy�lonpd�O�`�X�X�tudTM[Q5c L�np^kw�QTL:�otu^TvuhN\_LNMN|
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de fg h de i jk lkm no e dp q de fg h de i jk lkm no e dp q de fg h de i jk lkm no e dp q de fg h de i jk lkm no e dp q

r kts u v wxy z? ; > r k {| } ~ u� � w <� z? ; ; � d � k u ; w; � z? � � }s �m | ��� v w v x z? � <

� u x w v; z� �y r k {| } ~� � ; w� x z� �y � d � k � ; w; < z? >; � l } � | s ; wy � z? v �

� l u � w �y z? �� � � k ; w; < z? � x � d � | s > w < � z? � � r k � | u� � w� v z? ; <

� l � u y wx � z? �y � � | � � v w; v z? � x � d } � | us v w �; z? � � r k { � | � ~� � v w >y z? ; x

q � � u x w � � z? �y � l � k � w v; z? � � � d � | � ; w �; z? � � r k | } � u ; w > v z? � �

� d � u ; w � v z? �� � l � | �s � w � < z? ; v � ds u y w � � z? v v r k {| } ~s ; w < > z? � �

q p � u ; w v x z? � < � l � | � � ; w� x z? � � � d � k � u > wy > z? v� } � | � � v w� v z? ; v

} � �m | � > wy � z? �� � l � | s < w v � z? ; ; � d � k u� x w > � z? v � } � � ; w �y z? > �

� | �s � w > x z? �� � l } � | us ; w >y z? ; � � d � ks � w < � z? >; } � � v wxy z? >;

� | �� � y w > < z? � < � l � | � > w �� z? � � � d � | u� ; w; � z? v > } � | �s > w �; z? � �

� | ��s ; w� v z? � x q � � | s � w� x z? ; ; � d { � | � ~� � ; w �; z? v � } � � | s x w �y z? � x

� k � � w; � z? �� q � } � | us > w v < z? ; � q p � k u > wy � z? � x } � k < w < x z? ; x

| } � v w� < z? � � q � � | � > w � � z? � � q p � k � � w � < z? ; > q � {| } ~ u < w; � z? � x

} u ; w � v z? � � q p � k �s ; w �� z? ; < � d {| } ~ u ; w; x z? � <

} � | y wy y z � �; q p � | � y w � � z? ; � � l {| } ~ u ; w >y z? ; �

q p s u ; w; � z? ; � � d {| } ~ u� � w � x z? ; �
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XHY Z\[']�^/_a`/b 4 ^NcdbeY\f g hiXHY Z cjb 4 ^kZ2] lHXHY Z cdb 3\m hnl�YLb 4Am hnlH^po 3 h<qsr�t
XHY u\[']�^/_wvNbxri^NcdbeY\f g 5 XHY Z cjbRri^kZ2] lHXHY Z cdb 3\m�5 l�YLbxr m�5 lH^popy�q �{z

XHY u�[']�^/_a|Nbx}~^NcdbxhnY\f g 5 XHY Z cjbx}~^kZ2] lHXHY Z cdbxh m�5 l�YLbp} m�5 lH^po 3�4 qsh ���
γ
XHY�]+]�^pb 5 ^NcdbeY\f g XHY Z cjbRhi^kZE] lHXHY Z cdb 5 lH^pbel�YLo 3�� q ��4��

α
XHY�]+]�^pb 5 ^NcdbeY\f g XHY Z cjbRhi^kZE] lHXHY Z cdb 5 lH^pbel�YLo 3D� q y8r��

XHY8[']�^/_aZ/bxhi^Nc g XHY Z cjbRhi^kZE] lHXHY Z cjbRhnlH^po 3 5 q 5 h��
�����2�\�'�'� ���a���E�I�-���?�2�2� �A��� �?���	�E� �w�\���������a�?�{�a�2�������E� �'�?�����������E�\� � � �'�����2� ���	 ������'�w�?��¡K¢��E���'� �{�8£ �?��¤��E��¥

�'� � � �2�������	�'�\�'�w�s�¦¢\�'�	�2�w���E� �¦����§\�2�\¨2©w�'�?�¦�E� �����-ª �\���8£ �E���'�'�?����� �'�?�¦�w�����'�a���E¨2�\�2�«2¬ �2�\���E­K¢$�w�'�\­��9�a���E�I�-���?�2®D¯E�
° ±��2��¤\� ­K�E�'�K�a�{²��s�'��³¦�N���?�D¯	´ �µ�¶ �a�'�2�\�'����·��a���E�I�-���?�D¯E¸2�
¹ º��a»4�E� �{�a���E�I�-���?�2�2� �
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Ø{Ù¾Ú'Û�ÚwØ ÜnÝ�Þ~ßNà�áLâ¦ã"Ý�ä�å�Ý�Þiæ/çNè�Þ<Ý�Þ~é	Ý¦ã�ã"àaé	ê¦ã"Ý�Þ~æNã"àaÞ<Ý�ÞÈàaäNßNà�ë�àaßNìNÝ�íaíaÝ{îRÝ�ä�å

ï9ðAñ l�ò�Ynò�Y ó-ôöõ"Y ÷+ø ð ó"óHù$úI÷?÷�ù$ó"ø Y ÷ !nM�.E%'&�.E%kû ô"Yió ð ô"÷6ùDü ð ó"÷+÷?ô"ý+þÿù ñ úIó�� ý�ù$þ ð�� úIY6õ"Y ÷
l��Hù$÷?Y ÷���Y ý?ý?ú��	� ý?Y ÷�
/lHù$ýwò�úIý�õ"Y ÷�ý�� ÷?ô"þ4ò	ù�ò�÷Gõ"Y¾þÿùN÷?l�Y ø2ò�ý ðAñ �2ò�ý?úIY�
��A÷?÷��Hù$ô"Y ý�Y2ò�õ"Y�þÿùNõ"ú���ý�ù$ø��
ò�ú ð óÈõ"Yký�ù�� ð ó"÷��nq8ó ð ô"÷9ó"Y¾ò�Y ÷wò�Y ý ð ó"÷9lHù$÷�þIY ÷�� û ô"úIþIú��"ý?Y ÷�õ"Y¾ò ð ô�ò�Y ÷�þIY ÷�Y ÷?l�� ø Y ÷ ñ úIó�� ý�ù$þIY ÷
÷?ô"÷?ø Y l�ò�ú��"þIY ÷kõ�� �2ò�ý?Y+l"ý�� ÷?Y ó8ò�Y ÷NõHù$ó"÷¾ó ð ò�ý?Y ñ úIþIúIY ô �
��Y�ò	ù��"þIYDù$ô 3���� � l"ý�� ÷?Y ó8ò�YNþIY ÷�ý��Dù$ø2ò�ú ð ó"÷�õ�� � û ô"úIþIú��"ý?Y ÷�Y2ò�þIY ÷�l"ý ð õ"ô"ú4ò�÷�õ�� ù$ø2ò�ú4ü<ú4ò � ÷�ú ð ó"ú û ô"Y ÷
ø ð ý?ý?Y ÷?l ð ó"õHù$ó8ò�÷ û ô"ú�÷?Y ý ð ó8ò6ô�ò�úIþIúI÷�� ÷ � ��Y ÷+õ ð ó"ó�� Y ÷�ò �"Y ý ñÈð õ!�<óHù ñ ú û ô"Y ÷�ý�� ÷?ô"þ4ò�Y ó8ò6õ�� ô"ó"Y
ø ðAñ l"úIþÿù�ò�ú ð ó#"<þIY ÷?ý��$�	� ý?Y ó"ø Y ÷k÷ ð ó8òkúIó"õ"ú û ô�� Y ÷¾õHù$ó"÷¾þIY/ò	ù��"þIYDù$ô �

�{ù�% � ô"ý?Y 3�����4 l"ý�� ÷?Y ó8ò�YPþIY ÷Lý�� ÷?ô"þ4ò	ù�ò�÷nõ"Y ÷nøDù$þIø ô"þI÷Lõ�� � û ô"úIþIú��"ý?YFl ð ô"ýLþIY ÷nõ"ú��&� ý?Y ó8ò�Y ÷
Y ÷?l�� ø Y ÷'��Y ý?ý?ú��	� ý?Y ÷9ø ð ó"÷?úIõ�� ý�� Y ÷KõHù$ó"÷9þIY¾ò	ù��"þIYDù$ô 3���� �"� �{ù6õ"ú��&� ý?Y ó"ø YNþ ð��)( � þ ð��)* q ð�+,(
Y ÷wòLþIYnl"ý ð õ"ô"ú4ò+ú ð ó"ú û ô"YnY2ò * q¦þÿùÊø ð ó"÷wò	ù$ó8ò�Y~õ�� � û ô"úIþIú��"ý?Y$q��2ü$ù$þIô"Yiþ-� �2ò	ù�ò+õ�� � û ô"úIþIú��"ý?Ynõ"Y~þÿù
÷ ð þIô�ò�ú ð óÊlHù$ý¾ý�ù$l"l ð ýwò.
iþÿùnl��Hù$÷?Y ñ úIó�� ý�ù$þIYNø ð ý?ý?Y ÷?l ð ó"õHù$ó8ò�Y �

� � ð ý?÷ û ô"Y6þ ð��/(10 þ ð��2* qHþÿùn÷ ð þIô�ò�ú ð óÊY ÷wòk÷?ô"ý � ÷�ù�ò�ô"ý�� Y6lHù$ý¾ý�ù$l"l ð ýwò¾ù$ô ñ úIó�� ý�ù$þ �
� � ð ý?÷ û ô"Y6þ ð��/( opþ ð��2* q"þÿùiý��Dù$ø2ò�ú ð óPY ÷wò3
iþ-� � û ô"úIþIú��"ý?Y �
� � ð ý?÷ û ô"Y6þ ð��/(14 þ ð��2* qHþÿùn÷ ð þIô�ò�ú ð óÊY ÷wòk÷ ð ô"÷ � ÷�ù�ò�ô"ý�� Y �

5 ð ô"÷6ù$þIþ ð ó"÷6�2ò�ô"õ"úIY ý�þÿù7% � ô"ý?Y 3�����4 Y ójþÿù×õ�� ø ð ô"lHù$ó8ò6÷?Y þ ð ó ò�ý ð úI÷/÷�ù$úI÷ ð ó"÷6ù$l"l"ý ð�8 ú ñ ù�ò�ú9�
üAY ñ Y ó8ò�úIõ"Y ó8ò�ú û ô"Y ÷#
Fø Y þIþIY ÷ û ô"Ynó ð ô"÷�ùDü<ú ð ó"÷Nõ��;: 
 ñ úI÷?Y ÷kY ó<�2ü<úIõ"Y ó"ø YnõHù$ó"÷NþIYLø=�Hù$l"ú4ò�ý?Y
3�4<� 3 lHù � Y 3 5$�"�
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� -�.�/0/0/

�{ù�� ð ý ñ Y×ý�� õ"ô"ú4ò�Y×õ"Y ÷iý ð ô"úIþIþIY ÷+üAY ýwò�Y ÷~XHY u�[']�^/_wv q�[ %�W�,DW ð�+�1 o 3\m�5 _Eq�Y ÷wò~þÿù�� ð ý ñ Y
ñ úIó�� ý�ù$þ ð�� ú û ô"Y�þÿù~l"þIô"÷k÷wò	ù��"þIY6Y2ò/ø Y$q�õ"ô"ý�ù$ó8òkò ð ô�ò�YLþÿù~l�� ý?ú ð õ"Y+õ�� �2ò�ô"õ"Ynl"ô"úI÷ û ô"YLþÿù~÷ ð þIô �
ò�ú ð óVõ"ô ÷ ð þ�Y ÷wòN÷?ô"ý � ÷�ù�ò�ô"ý�� YLlHù$ýký�ù$l"l ð ýwò3
Èø Y ñ úIó�� ý�ù$þ �32 ð ô�ò�Y$� ð úI÷ qHþÿù � ð ý ñ Y6XHY Z\[']�^/_a`�q
ð�+
1 o 3\m h<q�ù$úIó"÷?ú û ô"Ynþÿù �54 ò �"ú4ò�Y

α
XHY�]+]�^e÷ ð ó8ò�õ"Y ô 8 Y ÷?l�� ø Y ÷ û ô"ú�6Hô"ø2ò�ô"Y ó8ò6ù$ô�ò ð ô"ý

õ"Y/þ-� � û ô"úIþIú��"ý?Y �52 ù$ó8ò87$òKõHù$ó"÷9þIYkõ ðAñ ù$úIó"Yk÷?ô"ý � ÷�ù�ò�ô"ý��$q-ò	ù$ó8ò87$òKõHù$ó"÷9ø Y þIô"ú�÷ ð ô"÷ � ÷�ù�ò�ô"ý��$q�ø Y ÷
ñ úIó�� ý�ù$ô 8 ÷ ð ó8ò�÷?ô"÷?ø Y l�ò�ú��"þIY ÷Nõ"YLl"ý�� ø úIl"ú4ò�Y ý ð ô õ"YL÷?Ynõ"úI÷?÷ ð ô"õ"ý?Ynù$ô � ý��Lõ"Y ÷3��ù$ø2ò�Y ô"ý?÷ û ô"ú
ø ð ó8ò�ý97AþIY ó8òKø Y2ò � û ô"úIþIú��"ý?Y�:-þIYNlH^6q<þIYNl ð ò�Y ó8ò�úIY þ õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð óÊY2ò�þ-� ù$ø2ò�ú4ü<ú4ò �¾õ"ô7��Y ý9Y ó
÷ ð þIô�ò�ú ð ó � ï Y l�Y ó"õHù$ó8òDqAþÿù �54 ò �"ú4ò�Y�ó�� ù�:�ù ñ ù$úI÷ �2ò �KúIõ"Y ó8ò�ú�% � Y9lHù$ý�þIY ÷�ò�Y ø=�"ó"ú û ô"Y ÷�l�� �<÷?ú û ô"Y ÷
l�Y ô�ò � �2ò�ý?Ynl ð ô"ýkõ"Y ÷/ý�ù$úI÷ ð ó"÷kõ"YLø ðAñ l��2ò�ú4ò�ú ð óÊü<úI÷6
~ü<úI÷Nõ"Y ÷/ù$ô�ò�ý?Y ÷NY ÷?l�� ø Y ÷6��Y ý?ý?ú��	� ý?Y ÷ ð ô
l ð ô"ý¾õ"Y ÷ û ô"Y ÷wò�ú ð ó"÷kõ�� ð ý?õ"ý?Y+ø úIó��2ò�ú û ô"Y �
��Y ÷~÷ ð þIô�ò�ú ð ó"÷L÷ ð ó8ò~÷ ð ô"÷ � ÷�ù�ò�ô"ý�� Y ÷~lHù$ýný�ù$l"l ð ýwò2
 ò ð ô�ò�Y ÷iþIY ÷iù$ô�ò�ý?Y ÷)� ð ý ñ Y ÷ ñ úIó�� ý�ù$þIY ÷
ò�Y ÷wò � Y ÷ �<; ú9þ-� ð ó l"ý?Y ó"õ þ-� � �<õ"ý ð�8 �<õ"Y ��Y ý?ý?Y ô 8 q�lHù$ýnY 8 Y ñ l"þIY$q�ø Y þÿù ó�� Y ÷wòÈlHù$÷n÷?ô"ý?l"ý?Y óHù$ó8ò
l"ô"úI÷ û ô"Y6ø Y þIô"ú � ø ú�ó"Y+l"ý�� ø úIl"ú4ò�Y û ô"Y6õHù$ó"÷¾õ"Y ÷ ñ úIþIúIY ô 8 Y 8 ò�ý�� ñ Y ñ Y ó8òNý�� õ"ô"ø2ò�Y ô"ý?÷NY óVþ-� ù�� �
÷?Y ó"ø YLõ"Y�ò ð ô�ò�Y/ò�ý�ù$ø Y+õ�� ð�8 � � � ó"Y �

=���)!>��
	��%�?�����������������@���'& (*)+��,�,
� -�.�/0/0/A#%���'&B�!CD-E�0F+���G.�/0/0/

ï Y2ò?ò�Ynl�� ý?ú ð õ"Y6ø ð ý?ý?Y ÷?l ð ó"õjù$ô ñÈðAñ Y ó8ò ð�+ þIYLó"ú4üAYDù$ô õ"YnþÿùÈóHù$l"l�YnY ÷wò+ù$ô l"þIô"÷3�Hù$÷ q
l�Y ó"õHù$ó8òkþ-� �2ò � � ��Y/lH^ Y ÷wòkù$ôÊl"þIô"÷ �Hù$÷ q"þIY ÷Kl ð ò�Y ó8ò�úIY þI÷9õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó ñ Y ÷?ô"ý�� ÷�÷ ð ó8ò
� þIY2ü�� ÷~Y2ò~þIY ÷nø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷iY ó ��Y ýi÷ ð ó8òiò�ý�� ÷)��ù$ú��"þIY ÷ � ]/ó ø ð ó"÷wò	ù�ò�Y û ô"YÊþIY ÷i÷ ð þIô�ò�ú ð ó"÷
÷ ð ó8ò�ò ð ô�ò�Y ÷�÷ ð ô"÷ � ÷�ù�ò�ô"ý�� Y ÷+lHù$ý/ý�ù$l"l ð ýwò+ù$ô 8 ñ úIó�� ý�ù$ô 8 q�÷�ù$ô!�9ô"ó¦q�þÿù/� ð ý ñ Yný�� õ"ô"ú4ò�Ynõ"Y ÷
ý ð ô"úIþIþIY ÷9üAY ýwò�Y ÷NXHY u\[']�^/_wv �

H �������*�
	��%�I�������������J���?���'&B�!CD-E�0F+���%.�/0/0/A#K(*)+���ML�N0N0N

O�Y ó"õHù$ó8òVø Y2ò?ò�Yöl�� ý?ú ð õ"Y$q9ò�ý ð úI÷×øDù$ý�ù$ø2ò � ý?úI÷wò�ú û ô"Y ÷ ñ ù :?Y ô"ý?Y ÷Êõ"Yöþÿù ø ðAñ l ð ÷?ú4ò�ú ð ó�ø=�"ú9�
ñ ú û ô"YNõ"Y/þ-� YDù$ô×ø=�Hù$ó � Y ó8ò!:"þIYNlH^ Y ÷wò�l"þIô"÷ � þIY2ü�� û ô�� ù$ôÊø ð ô"ý?÷�õ"YNþÿùLl"ý?Y ñ ú�� ý?YNl�� ý?ú ð õ"Y$q-þIY
l ð ò�Y ó8ò�úIY þ{õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó Y ÷wò/Y ó"ø ð ý?YLl"þIô"÷���ù$ú��"þIYF[�ù$ô�ò ð ô"ýkõ"Y � h 4DP ñRQ ø ð ó8ò�ý?Y � h P5P
ù$ô"lHù$ý�ùDü$ù$ó8òE_KY2òkþIY ÷�ø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷¾Y ó,��Y ýkXHY Z c ÷ ð ó8ò ñÈð úIó"÷'� þIY2ü�� Y ÷.� � ù$þIY ñ Y ó8ò �
ï Y2ò?ò�Y � ð úI÷ � ø ú'qDþIY ÷�÷ ð þIô�ò�ú ð ó"÷{õ"ôn÷ ð þ-÷ ð ó8òG÷?ô"ý � ÷�ù�ò�ô"ý�� Y ÷GlHù$ý�ý�ù$l"l ð ýwòGù$ô 8 l��Hù$÷?Y ÷GXHY u\[']�^/_wvDq
XHY Z�[']�^/_a`KY2ò

α
XHY�]+]�^ � �{ù6þ�� l"úIõ ð ø ý ð ø ú4ò�Y

γ
XHY�]+]�^ Y2ò�þÿù#� ð ý ñ YNXHY u�[']�^/_a|Kõ"Y ÷Ký ð ô"úIþIþIY ÷

üAY ýwò�Y ÷N÷ ð ó8òkl"ý ð ø=�"Y ÷kõ"Y+þ-� � û ô"úIþIú��"ý?YN÷�ù$ó"÷�ò ð ô�ò�Y$� ð úI÷�÷ ð ýwò�úIý�õ"ôVõ ðAñ ù$úIó"Y/÷ ð ô"÷ � ÷�ù�ò�ô"ý�� �

Ø{Ù¾Ú'Û�ÚTS ULã"è�äNÞ<éWV�ãHîRèGå�àXV�äNÞ Ý�ä�å<ã"Ý æ/çNè�Þ<Ý�Þ é	Ý¦ã�ã"àaé	ê¦ã"Ý�Þ
�{ù#% � ô"ý?Y 3���� � l"ý�� ÷?Y ó8ò�Y$q<õ"Y ��ùDY ð óÈ÷?ø=��� ñ ù�ò�ú û ô"Y$q-õHù$ó"÷�ô"óÈø=�Hù ñ lÈl�Y � lH^6q-þIY ÷�ü$ù$þIY ô"ý?÷

õ"Y ÷/YDù$ô 8 õ"YiX ð ô � � ý?Y ÷kY2ò/÷?Y ÷ Q ù$þIY ô"ý?÷NþIY ÷RO�þIô"÷/XHý�� û ô"Y ó8ò�Y ÷~[ Q � O � X � _ � ��Y ÷3� û ô"úIþIú��"ý?Y ÷kõ"Y
ò�ý ð úI÷nò;�<l�Y ÷Èõ"YPý ð ô"úIþIþIY ÷LüAY ýwò�Y ÷FXHY u�[']�^/_a|Dq�XHY Z�[']�^/_a`ÈY2òFXHY u\[']�^/_wvÈùDüAY ø

α
XHY�]+]�^ Y2ò

XHY8[']�^/_aZ~÷ ð ó8ò~ô�ò�úIþIúI÷�� ÷6l ð ô"ýnõ��$%Hó"úIýiþIY ÷nø=�Hù ñ l"÷nõ"YÊ÷wò	ù��"úIþIú4ò �Èõ"YÊø Y ÷ ñ úIó�� ý�ù$ô 8 � ï Y2ò?ò�Y
ù$l"l"ý ð ø=�"Y~Y ÷wò6õ"ú��&� ý?Y ó8ò�Yiõ"Yiø Y þIþIYiý��Dù$þIúI÷�� Ynl"ý�� ø � õ"Y ñÈñ Y ó8ò6l"ô"úI÷ û ô"Y ñ ù$úIó8ò�Y óHù$ó8ò+ø Yi÷ ð ó8ò
õ"Y ÷ký��Dù$ø2ò�ú ð ó"÷�õ"Y�ò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð óÊY ó8ò�ý?Y+l��Hù$÷?Y ÷k÷ ð þIúIõ"Y ÷ �



����� ��� � 1�/ ������� ��1�/ 3�4 r

��Y ÷¾õ ð ó"ó�� Y ÷¾ò �"Y ý ñÈð õ!�<óHù ñ ú û ô"Y ÷�ô�ò�úIþIúI÷�� Y ÷K÷ ð ó8òNúI÷?÷?ô"Y ÷¾õ"Y�� ð ô"ý?ý?ú���Y2òNù$þ � [ 3 yAyAy8_ �

; ú�ó ð ô"÷/ý?Y l"ý?Y ó ð ó"÷�þ-� Y 8 Y ñ l"þIYLõ"Ynþÿù2� ð ý ñ YnXHY u\[']�^/_a|�q�ô�ò�úIþIúI÷�� Y � � ù$þIY ñ Y ó8ò/l ð ô"ý/õ"úI÷ �
ø ô�ò�Y ýKþIY ÷'� û ô"úIþIú��"ý?Y ÷'
nlHù$ýwò�úIý�õ"Y ÷�l�Y������ ��� 	�

�2q�ó ð ô"÷9ü ð � ð ó"÷ û ô"Y�÷ ð óÊõ ðAñ ù$úIó"YNõ"Y/÷wò	ù��"úIþIú4ò ���
lHù$ý�ý�ù$l"l ð ýwò.
iþ-� � �<õ"ý ð�8 �<õ"Y ��Y ý?ý?Y ô 8 Y2ò3
iþÿù �54 ò �"ú4ò�Y$q�Y ÷wòkò�ý�� ÷¾ý?Y ÷wò�ý?Y úIó8ò � ï Y l�Y ó"õHù$ó8òDq þIY ÷
ù$ô�ò�ý?Y ÷#� ð ý ñ Y ÷ ñ úIó�� ý�ù$þ ð�� ú û ô"Y ÷Nõ"Y ÷6ý ð ô"úIþIþIY ÷küAY ýwò�Y ÷Ll ð ÷?÷�� õ"Y ó8òLõ"Y ÷6ø=�Hù ñ l"÷+õ"Y~÷wò	ù��"úIþIú4ò �
l"þIô"÷¾ü$ù$÷wò�Y ÷Nl"ô"úI÷ û ô�� úIþI÷¾ø ð ô�ü<ý?Y ó8ò�ô"ó õ ðAñ ù$úIó"Y+õ"Y+ü$ù$þIY ô"ý?÷kõ"YLl�YLù$þIþÿù$ó8òkõ"Y 4 
 � h P l ð ô"ý
þIY ÷�lH^ ý?Y ó"ø ð ó8ò�ý�� ÷kõHù$ó"÷¾ó ð ò�ý?Y+÷ ð þ �

��ó�ý��Dù$þIú4ò �$q�õ"Y ô 8 l"ý ð �"þ�� ñ Y ÷ û ô"ú¾úIó8ò�Y ýwü<úIY ó"ó"Y ó8òFúIø úKó"Y,��ù$ø úIþIú4ò�Y ó8òilHù$÷~þIY ÷~úIó8ò�Y ý?l"ý����
ò	ù�ò�ú ð ó"÷B:�l"ý?Y ñ ú�� ý?Y ñ Y ó8òDq�þÿùdþIú ñ ú4ò�YÊ÷?ô"l�� ý?úIY ô"ý?Y [	� û ôHù�ò�ú ð óe[ � _~õ"ô � ý�ù$l��"ú û ô"Y 3���� � _iY ÷wò
ú ñ l ð ÷�� Y�lHù$ý�þÿù6� ð ý ñ Y

α
XHY�]+]�^ û ô"ú�ó�� ù+lHù$÷��2ò � ð �"÷?Y ýwü�� Y#
6X ð ô � � ý?Y ÷�"<õ"Y ô 8 ú�� ñ Y ñ Y ó8òDq

þIY ÷iø úIó��2ò�ú û ô"Y ÷~õ"YVl"ý�� ø úIl"ú4ò	ù�ò�ú ð ó m õ"úI÷?÷ ð þIô�ò�ú ð ójõ�� ð�8 � � � �<õ"ý ð�8 �<õ"Y ÷×ò�Y þI÷iþÿù �54 ò �"ú4ò�Y ð ô þÿù
þ�� l"úIõ ð ø ý ð ø ú4ò�Y¾÷ ð ó8òKõ"ú��&� ý?Y ó8ò�Y ÷Kõ"Y/ø Y þIþIYkõ"Y ÷ ñ úIó�� ý�ù$ô 8 þÿù��"úIþIY ÷�ø ðAñÈñ Ykø Y ô 8 õ"Y/þÿù ��ù ñ úIþIþIY
õ"Y ÷¾ý ð ô"úIþIþIY ÷9üAY ýwò�Y ÷ �
��Y ÷�þIú ñ ú4ò�Y ÷GúIó!�	� ý?úIY ô"ý?Y ÷�õ"Y¾ø Y ÷�ø=�Hù ñ l"÷�õ"Yk÷wò	ù��"úIþIú4ò �Kø ð ý?ý?Y ÷?l ð ó"õ"Y ó8òKù$ô 8 ò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð ó"÷
õ"Y ÷9ý ð ô"úIþIþIY ÷GüAY ýwò�Y ÷KY ó7� �<õ"ý ð�8 �<õ"Y6��Y ý?ý?Y ô 8 XHY8[']�^/_aZ � ï Y ñ úIó�� ý�ù$þHó�� ù':�ù ñ ù$úI÷��2ò � ð �"÷?Y ýwü��
õHù$ó"÷ÈþIY ÷~÷ ð þI÷Èõ"Y X ð ô � � ý?Y ÷ÈY2òFø Y þÿùöY ÷wò×Y ó ù$ø ø ð ý?õ ùDüAY ø þIY ÷~øDù$ý�ù$ø2ò � ý?úI÷wò�ú û ô"Y ÷Èl�� �<÷?úIø ð �
ø=�"ú ñ ú û ô"Y ÷�õ"Y ÷6YDù$ô 8 õ"ôj÷ ð þ �+; Y ô"þIY~þ-� Y ÷?l�� ø YÈXHY u�[']�^/_a|6÷?Y ý�ù$ú4ò+÷?ô"÷?ø Y l�ò�ú��"þIYÈõ�� �2ü ð þIô"Y ý+Y ó
� �<õ"ý ð�8 �<õ"Y)��Y ý?ý?Y ô 8 XHY8[']�^/_aZ " ø ðAñÈñ Y6ø Y þÿùÈó�� Y ÷wò/lHù$÷NþIY6øDù$÷ q�ø Y þÿùÈø ð ó!� ð ýwò�YLþ-� � �<l ð ò ��� ÷?Y
õ"YÈþ-� Y 8 úI÷wò�Y ó"ø YFõ"YFl"þIô"÷?úIY ô"ý?÷+ò;�<l�Y ÷Lõ"YFý ð ô"úIþIþIY ÷/üAY ýwò�Y ÷nø ðAñÈñ Y~ó ð ô"÷6þ-� ùDü ð ó"÷Lõ�� õ"ô"ú4òLõ"Y ÷
ý�� ÷?ô"þ4ò	ù�ò�÷�õ"Y+þÿùi÷?l�Y ø2ò�ý ðAñ �2ò�ý?úIY 
��A÷?÷��Hù$ô"Y ý �

¼¾½F¿w½ �pÕLÑ��9Ë ÇPÃ�É2ÕLÑ

ï Y ø=�Hù$l"ú4ò�ý?Y ò�ý�ù$ú4ò	ù$ó8ò×õ"Y ÷×ý?Y þÿù�ò�ú ð ó"÷Èõ�� � û ô"úIþIú��"ý?Y Y ó8ò�ý?Y þIY ÷Fl��Hù$÷?Y ÷Pù û ô"Y ô"÷?Y ÷PY2òÊþIY ÷
l��Hù$÷?Y ÷~÷ ð þIúIõ"Y ÷)��Y ý?ý?ú��	� ý?Y ÷ió ð ô"÷~ù l�Y ý ñ úI÷nõ"YÊõ�� ñÈð ó8ò�ý?Y ý û ô"YPþÿù ý?Y l"ý�� ÷?Y ó8ò	ù�ò�ú ð ó õ"YPø Y ÷
� û ô"úIþIú��"ý?Y ÷PõHù$ó"÷Vô"ó ÷?ú ñ l"þIY õ"úÿù � ý�ù ñÈñ Y���� � lH^ õ"Y��������{��
����Åù$úIó"÷?ú û ô"Yjþÿù ó ð ò�ú ð ó
õ"Yöl�Y������ ��� 	�

�×l ð ô�ü$ù$úIY ó8òPY 8 l"þIú û ô"Y ýÊþÿù l"ý�� õ ðAñ úIóHù$ó"ø Y õ"Yöø Y ýwò	ù$úIó"÷Pl"ý ð ø Y ÷?÷?ô"÷Võ�� ð�8 �<õ ð �
ý�� õ"ô"ø2ò�ú ð óP÷?ô"ý¾õ�� ù$ô�ò�ý?Y ÷ �
 úIó"÷?ú'q�þÿù×÷?ô"þ���ù�ò ð � ý�� õ"ô"ø2ò�ú ð ó Y ÷wò6ô"óöl"ý ð ø Y ÷?÷?ô"÷ ñ ù :?Y ô"ý/õHù$ó"÷�þIY ÷�YDù$ô 8 õ"Y ÷+÷ ð þI÷�õ"Y~X ð ô �
� � ý?Y ÷ � ��þIþIYnø ð ý?ý?Y ÷?l ð ó"õ 
Pþÿù×þIú ñ ú4ò�Y6úIó!�	� ý?úIY ô"ý?Yiõ"Y~ø Y~÷ �<÷wò � ñ Y~õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó [ 02#�!$#
.�0�*$�<%;# _ �"! Y ñ � ñ Y$q¦þÿù7��ù$ú��"þIYnúIó 6Hô"Y ó"ø YÈõ"Y ÷6Y ÷?l�� ø Y ÷Lù$# ð ò � Y ÷6÷ � Y 8 l"þIú û ô"YÈlHù$ý�õ"Y ÷6ø ð ó"õ"ú9�
ò�ú ð ó"÷Kò�ý�� ÷¾ý�� õ"ô"ø2ò�ý?úIø Y ÷ û ô"ú ��ùDü ð ý?úI÷?Y ó8òkþÿùLò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð ó×õ"Y ÷kó"ú4ò�ý�ù�ò�Y ÷ �

��ónø Y û ô"ú<ø ð ó"ø Y ý?ó"YKþIY ÷�l��Hù$÷?Y ÷G÷ ð þIúIõ"Y ÷ ��Y ý?ý?ú��	� ý?Y ÷ q\þ-� � û ô"úIþIú��"ý?Y�Y ó8ò�ý?YKþ-� Y ÷?l�� ø YKXHY u�[']�^/_a|
Y2ò þÿù ÷ ð þIô�ò�ú ð ó õ"ô ÷ ð þ'q¾l ð ô"ý þIY ÷Vl ð ò�Y ó8ò�úIY þI÷Võ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó � þIY2ü�� ÷ [ 02#�!$#P& BA@A*-0 _Eq
ø ð ó!%Hý ñ YNþ-� ú ñ l ð ýwò	ù$ó"ø Y�õ"Y ÷ ñ úIó�� ý�ù$ô 8 õ"YNþÿù ��ù ñ úIþIþIY�õ"Y ÷Ký ð ô"úIþIþIY ÷GüAY ýwò�Y ÷�õHù$ó"÷KþIYkø ð ó8ò�ý97AþIY
õ"ô lH^eY2òNõ"ô l�Y6õ"ô ñ úIþIúIY ô �%! Y ñ � ñ Y$qHþÿù~÷?ô"ý � ÷�ù�ò�ô"ý�ù�ò�ú ð ó ÷ �<÷wò � ñ ù�ò�ú û ô"Y6õ"YLþÿù~÷ ð þIô�ò�ú ð ó
õ"ôÈ÷ ð þHü<úI÷ 
�ü<úI÷�õ"Y ñ úIó�� ý�ù$ô 8 õ"Ykþÿù6��ù ñ úIþIþIY9õ"Y ÷�ý ð ô"úIþIþIY ÷GüAY ýwò�Y ÷ ñÈð ó8ò�ý?Y¾þ-� úIó8ò � ý��2ò û ô"YNþ-� ð ó
õ ð ú4ò�l ð ýwò�Y ý qHl"þIô"÷ � � ó�� ý�ù$þIY ñ Y ó8òDq 
iø Y ÷ ð�8 �<õ"Y ÷kõ"Y#��Y ý û ô"ú : ð ô"Y ó8òkô"óVý97AþIY�l"ý�� l ð ó"õ�� ý�ù$ó8ò
õHù$ó"÷¾þ-� �2ü ð þIô�ò�ú ð óÊõ"Y ÷¾lHù$ý�ù ñ �2ò�ý?Y ÷¾l�� �<÷?úIø ð � ø=�"ú ñ ú û ô"Y ÷�õ"Y ÷kYDù$ô 8 �

& � ¶ �('��\�-¢��E��� �?�¦�?ª ���	�'� �2�����I¸2���a���4® �¦���\���s�)'�¨2�\�'�K�?®\� ®\�
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pH
2 3 4 5 6 7 8 9

pe

-20

-15

-10

-5

0

5

10

Fe
3 (OH)7 + e - + H+ ↔ 3 Fe (OH)2 + H

2O       (1) 

3 αFe O OH + 2 e - + 2 H+ + H
2O  ↔ Fe

3 (OH)7       (2) 

Fe
2 (OH)5 + e - + H+ ↔ 2 Fe (OH)2 + H

2O       (3)

2 αFe O OH + e - + H+ + H
2O  ↔ Fe

2 (OH)5       (4)

Fe
3 (OH)8 + 2 e - + 2 H+ ↔ 3 Fe (OH)2 + 2 H

2O     (5)

3 αFe O OH + e - + H+ + 2 H
2O ↔ Fe

3 (OH)8     (6) 

F
e 3 

(O
H

) 7
  

F
e 2 

(O
H

) 5
  

 F
e 3 

(O
H

) 8
 

Eaux 
du sol de
Fougères

V.P.F.

� ����� 3���� �d� ��:"!��NMH)j*-, )2#�!�� %;3 %;#�0 ,2#×*$.�&�%;#�,	) *-,ö#�.?!$(�)�CD&�.��È!$#�%'&�(e*-,ö#�.�&�%I)j#�@	MH,	) *-,
.�&��<%;3;3I,	) J$,2.E#�,	)j*8!$(�) �<( *$%�!�5$.?!��	�F,~MH,�
2M
�+W��{,	)��F,	)2�<.�,	) .�0�!$3 %I)�0	,	)V)2�<. 3I,	)d,�!$�$B *$�
)�&�3�*-,���&��A5��2.�,	)L)�&�(H#k*-,	)	)2%;(�0	,	)~*-,KC !���&�( )2%��NM�3 % �K0	,DW��{,	)��H!$3I,2�<.�)i3I,	)��93 �8)��¦.�0�� �H,2(H#�,	)
� ��W���W��9W ��)�&�(H#�0�58!$3I, �F,2(H#"M�.�0	12%I)�0	,	)DW
�{,	)/*$.�&�%;#�,	)/*{> 0�� �<%;3 %!� .�,	)K)�&�(H#�1�!$3I12�<3I0	,	)#"¾M"!$.E#�%;.N*-,	)
J�!$3I,2�<.�)6#;:H,2.��F&D*$@�(�!��i%�� �H,	)L1	&$�NM�%;3I0	,	)KM"!$.#%/&��<.E.E%'0i,2#K!$34W � Q�&�&�&��AW
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��ó7%HóFõ"YNø ðAñ l�ò�Y$q8úIþ�ù$l"lHù$ý�ù��Iò û ô"YNþÿù+ø ðAñ l ð ÷?ú4ò�ú ð ó~ø=�"ú ñ ú û ô"Y¾õ"Y ÷9YDù$ô 8 õ"Y/X ð ô � � ý?Y ÷ q
�"úIY ó û ô"YÈò�ý�� ÷6ü$ù$ý?úÿù��"þIYiõHù$ó"÷Lô"ódõ"úÿù � ý�ù ñÈñ Y ��� � lH^6q�Y ÷wònø ð ó8ò�ý97Aþ�� YÈlHù$ý6þIY ÷ � û ô"úIþIú��"ý?Y ÷
ùDüAY ø/þIY ÷ ñ úIó�� ý�ù$ô 8 õ"Y/þÿù#��ù ñ úIþIþIYKõ"Y ÷Ký ð ô"úIþIþIY ÷�üAY ýwò�Y ÷ � ï Y ø ú�Y ÷wò¾ù�ò?ò�Y ÷wò �NlHù$ý9þIY���ù$ú4ò û ô"Y/þIY ÷
ü$ù$þIY ô"ý?÷NþIY ÷Nl"þIô"÷.��ý�� û ô"Y ó8ò�Y ÷È[ Q � O � X � ÷?ô"ý/þÿù2% � ô"ý?Y 3���� � _aø ð�� ó"ø úIõ"Y ó8ò/ùDüAY øiþIY ÷Nø=�Hù ñ l"÷Nõ"Y
÷wò	ù��"úIþIú4ò �Nõ"Y ÷¾ò�ý ð úI÷Ký ð ô"úIþIþIY ÷9üAY ýwò�Y ÷ ð �"÷?Y ýwü�� Y ÷ �
2 ð ô�ò�Y$� ð úI÷ q�lHù$ý ñ ú{þIY ÷Nõ"ú��&� ý?Y ó8ò�Y ÷6� ð ý ñ Y ÷3�2ò�ô"õ"ú�� Y ÷ q¦ùDüAY øiþIY ô"ýký�ù$l"l ð ýwò 1 ÷?l�� ø ú�% û ô"Y$q�ù$ô �
ø ô"ó"Y+ó"Y+÷?Y ñ �"þIY+l"ý�� õ ðAñ úIó"Y ý �
 úIó"÷?ú'qHY ó�� ð ó"ø2ò�ú ð óVõ"Y ÷kü$ù$ý?úÿù�ò�ú ð ó"÷�õ"ô ó"ú4üAYDù$ô õ"Y6þÿù~óHù$l"l�Y$q�þIY+÷ �<÷wò � ñ YLlHù$÷?÷?YLõ�� ô"ó �2ò	ù�ò
ð�8 �<õ�� 
Vô"ó �2ò	ù�òLý�� õ"ô"ú4ò � ï Y ÷nù$þ4ò�Y ý?óHù$ó"ø Y ÷Lý�ù$l"úIõ"Y ÷6÷ � ù$ø ø ðAñ lHù � ó"Y ó8ònõ"YFl"ý ð � ð ó"õdø=�Hù$ó �
� Y ñ Y ó8ò�÷�ù$ôPó"ú4üAYDù$ôÊõ"ô � ð ó"ø2ò�ú ð ó"ó"Y ñ Y ó8òKõ"ôP÷ ð þ�Y2ò¾õ"Y ÷�l"ý ð ø Y ÷?÷?ô"÷��"ú ð � � � ð ø=�"ú ñ ú û ô"Y ÷ û ô"ú
÷ � �Êõ�� ý ð ô"þIY ó8ò �
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5 6 �G�87:9<;>="�@?BA �����DC ���
E��(F¦
HGICJ;K9L=K=D9M=DNIO<CP9 �2ò	ù$ú4ò×õ�� �2ò�ô"õ"úIY ý 34! *$@�(�!��i%�� �H, *$�
CD,2.F*8!$(�)~�<( )�&�3�:<@A*$.�&$�F&�.�MH:H,2�B2 ý ð úI÷ ð ý?úIY ó8ò	ù�ò�ú ð ó"÷�l"ý?úIó"ø úIlHù$þIY ÷ ð ó8òL÷wò�ý?ô"ø2ò�ô"ý��Èø Y

ò�ý�ùDü$ù$úIþ¦ù$ô"÷?÷?ú �"úIY óVù$ôPó"ú4üAYDù$ôVý�� õHù$ø2ò�ú ð ó"ó"Y þ û ô�� ù$ôVó"ú4üAYDù$ôVY 8 l�� ý?ú ñ Y ó8ò	ù$þ5:
� þÿù øDù$ý�ù$ø2ò � ý?úI÷�ù�ò�ú ð ó õ"Y ÷iò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð ó"÷ ñ úIó�� ý�ù$þ ð�� ú û ô"Y %;( )2%;#�� Y ó � ð ó"ø2ò�ú ð ó õ"Y ÷

ù$þ4ò�Y ý?óHù$ó"ø Y ÷Nõ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó ð ô ù$ô þÿù�� ð ý�ù�ò ð úIý?Y+÷ ð ô"÷6� ð ú4ò�Y 
 � ù$ó8ò�÷/Y óöù�ò ñÈð �
÷?l���� ý?Y+úIó"Y ýwò�Y "

� þÿù~õ!�<óHù ñ ú û ô"Y � �<õ"ý ð þ ð�� ú û ô"Y6Y2ò � � ð ø=�"ú ñ ú û ô"Y+õ"YLþÿùÈ÷ ð þIô�ò�ú ð óVõ"ô ÷ ð þ�Y ó ø ð ó8ò�úIó-ô<

ô"ó"Y+l"ý ð � ð ó"õ"Y ô"ý¾ø ð ó"÷wò	ù$ó8ò�Y+õ"YLr P ø ñ "

� þIY ÷Nò�Y ÷wò�÷+õ�� � û ô"úIþIú��"ý?Y ÷/ò �"Y ý ñÈð õ!�<óHù ñ ú û ô"Y ÷/Y ó8ò�ý?Y~þIY ÷�l��Hù$÷?Y ÷ ��Y ý?ý?ú��	� ý?Y ÷�l"ý�� ø � õ"Y ñ �
ñ Y ó8ò�úIõ"Y ó8ò�ú�% � Y ÷�÷?ô"ý�þIYLò�Y ý?ý�ù$úIó Y2ò+þÿùF÷ ð þIô�ò�ú ð ó õ"ôö÷ ð þGõ ð ó8ò�þ-� Y ó"÷?Y ñ �"þIYnõ"Y ÷+lHù$ý�ù �
ñ �2ò�ý?Y ÷�l�� �<÷?úIø ð � ø=�"ú ñ ú û ô"Y ÷kù �2ò �6õ��2ò�Y ý ñ úIó�� �

; ô"ýnþIYFl"þÿù$ó ñ �2ò�ý ð þ ð�� ú û ô"Y$q{ø Y2ò?ò�Y �2ò�ô"õ"Y ñÈð ó8ò�ý?Y×þ-� úIó8ò � ý��2ònõ�� ô�ò�úIþIúI÷?Y ý6ô"ó ÷?l�Y ø2ò�ý ð �
ñ �2ò�ý?Y 
��A÷?÷��Hù$ô"Y ý ñ úIó"úÿù�ò�ô"ý?úI÷�� l ð ô"ýV÷?ô"ú4ü<ý?YdþIY ÷Vl��Hù$÷?Y ÷ ÷ ð þIúIõ"Y ÷,��Y ý?ý?ú��	� ý?Y ÷V÷�ù$ó"÷

l�Y ýwò�ô"ý��Hù�ò�ú ð ó õ"ô ÷ ð þ'qKY2òPô"ó"Yö÷ ð ó"õ"Y ñ ô"þ4ò�úIlHù$ý�ù ñ �2ò�ý?ú û ô"Y l ð ô"ýÊ÷?ô"ú4ü<ý?YöY ó ø ð ó8ò�úIó-ô þIY ÷
ü$ù$ý?úÿù�ò�ú ð ó"÷�õ"Y�þÿùnø ðAñ l ð ÷?ú4ò�ú ð óFø=�"ú ñ ú û ô"Y/õ"Y�þÿùLóHù$l"l�Y � ��Y ÷Kü$ù$ý?úÿù�ò�ú ð ó"÷9ý�ù$l"úIõ"Y ÷ ð �"÷?Y ýwü�� Y ÷
ó�� ù$ô"ý�ù$úIY ó8òNlHù$÷kl"ô �2ò�ý?Y ñ úI÷?Y ÷kY ó �2ü<úIõ"Y ó"ø YnlHù$ýkô"ó ÷?ô"ú4ü<ú{l ð ó"ø2ò�ô"Y þ�Y2ò/õ"úI÷?ø ð ó8ò�úIó-ô¦q Y2òNY ó
l�Y ýwò�ô"ý��Hù$ó8òkþIY ÷�ø ð ó"õ"ú4ò�ú ð ó"÷�õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð óVõ"ôV÷ ð þ �

¼"Q~¿ ¼ RTS×ÑiÖIU�V¾Ã�ÂXWÊÂ¾Ã Í�Ä¾Ã{ÇÊËEÖ�Ò�Ö�Ã

��� �2ò�ô"õ"Y ñ úIó�� ý�ù$þ ð�� ú û ô"YKù ñÈð ó8ò�ý��$q8÷?ú ô"óÈõ ð ô�ò�Y¾l�Y ý?÷?úI÷wò	ù$ú4ò�Y ó"ø ð ý?Y$q-þÿù�õ"úZYÈø ô"þ4ò �¾õ�� �2ò�ô �
õ"úIY ý�þ-� Y ó"÷?Y ñ �"þIY�õ"Y ÷Gl��Hù$÷?Y ÷ ��Y ý?ý?ú��	� ý?Y ÷ q�l ð ô"ýwò	ù$ó8òGô��"ú û ô"úI÷wò�Y ÷ q�ó ð ón÷?Y ô"þIY ñ Y ó8òGõHù$ó"÷GþIY ÷�÷ ð þI÷
� �<õ"ý ðAñÈð ý?l��"Y ÷ q ñ ù$úI÷�l"þIô"÷ � � ó�� ý�ù$þIY ñ Y ó8òLù$ô"÷?÷?ú�õHù$ó"÷+þIY ÷+÷ ð þI÷+Y ódø ð ó"õ"ú4ò�ú ð ó"÷/ò�ý ð l"úIøDù$þIY ÷
ð ôÊò�Y ñ l�� ý�� Y ÷ �
�{ù~õ"ú���ý�ù$ø2ò�ú ð óPõ"Y6ý�ù�� ð ó"÷.�pó"Y6ó ð ô"÷/ù~lHù$÷Nù$l"l ð ýwò �+õ�� úIó!� ð ý ñ ù�ò�ú ð ó"÷�l�Y ýwò�úIó"Y ó8ò�Y ÷k÷?ô"ýkø Y
l ð úIó8ò �"úIY ó û ô"YÈþIY ÷6ø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷6Y ó ��Y ý�ò ð ò	ù$þ�õ"YÈó ð ÷ � ø=�Hù$ó8ò�úIþIþ ð ó"÷+÷ ð úIY ó8òLõ"YÈþ-� ð ý?õ"ý?Y
õ"Y 4�[×� ï Y ø ú�l�Y ô�ò �2ò�ý?Y~ù�ò?ò�ý?ú��"ô��)
ÊþÿùFl"ý�� ÷?Y ó"ø YÈõ"Yil"þIô"÷?úIY ô"ý?÷/l��Hù$÷?Y ÷+l�Y ôjù�� ð ó"õHù$ó8ò�Y ÷ q
�2üAY ó8ò�ô"Y þIþIY ñ Y ó8ò ñ ù$þ�ø ý?úI÷wò	ù$þIþIúI÷�� Y ÷�Y2òkù$÷?÷ ð ø ú�� Y ÷�Y ó8ò�ý?Y�Y þIþIY ÷ � O�ù$ý¾ù$úIþIþIY ô"ý?÷ q-ô"ó"Y�ø ð ý?ý�� þÿù�ò�ú ð ó



3�� h ��( �'$ �����2
 ��� ������/ ��( %��2
 
�� �'1�/ ������� ��1�/���� !�/ !	������
��

ù �2ò � ð �"÷?Y ýwü�� Y Y ó8ò�ý?Y þ-� �2ü ð þIô�ò�ú ð ó õ"Y ÷×ù$ý � úIþIY ÷iüAY ý?÷×ô"ó ø ðAñ l ð ýwò�Y ñ Y ó8òÈõ"YVüAY ý ñ úIø ô"þIú4ò�Y
� �<õ"ý ð�8 � � ù$þIô ñ úIó"Y ô"÷?Y õ"Y l"þIô"÷FY ó l"þIô"÷×ù YÈý ñ � Y2ò×þÿùöl"ý�� ÷?Y ó"ø Y õ"Y þ�� l"úIõ ð ø ý ð ø ú4ò�YÊõHù$ó"÷
þ-� � ð ý?ú�# ð óÊl"ý ð � ð ó"õVý�� ð�8 �<õ�� �

��Y ÷9ý�� ÷?ô"þ4ò	ù�ò�÷9÷?ô"ý9þIY ÷�Y 8 ò�ý�ù$ø2ò�ú ð ó"÷9÷�� þIY ø2ò�ú4üAY ÷Ký��Dù$þIúI÷�� Y ÷�Y óÊø úIó��2ò�ú û ô"Ykó ð ô"÷9l�Y ý ñ Y2ò?ò�Y ó8ò
õ"Y �"úIY ó õ��$%Hó"úIýnô"ó ø ðAñ lHù$ýwò�ú ñ Y ó8òLY 8 ò�ý�ù$ø2ò�ú��"þIYÊùDüAY øPþIY×ý��Dù$ø2ò�ú��kø ú4ò�ý�ù�ò�Y � �"úIøDù$ý�� ð óHù�ò�YÈY2ò
û ô"ú�ø ð ý?ý?Y ÷?l ð ó"õ Y ó � ý�ù$ó"õ"Y6lHù$ýwò�úIY6ù$ô 8Vñ úIó�� ý�ù$ô 8 õ"Y6þÿù ��ù ñ úIþIþIYNõ"Y ÷Ný ð ô"úIþIþIY ÷KüAY ýwò�Y ÷ � ï Y��
l�Y ó"õHù$ó8òDq-ø Y2ò?ò�Y¾ò�Y ø=�"ó"ú û ô"YNl"ý�� ÷?Y ó8ò�YNþ-� úIó"ø ð ó8ü�� ó"úIY ó8ò ñ ù :?Y ô"ý�õ"Y¾ó"YklHù$÷��2ò�ý?YklHù$ý ��ù$ú4ò�Y ñ Y ó8ò
÷?l�� ø ú�% û ô"Y$q"ù$ô×ó"ú4üAYDù$ô ñ úIó�� ý�ù$þ ð�� ú û ô"Y$qAY2òKõ�� �2ò�ý?YNl�Y ýwò�ô"ý���� YNlHù$ý9þIY ÷���ý�ù$ø2ò�ú ð ó"÷�ø ý �<l�ò ð ø ý?úI÷ �
ò	ù$þIþIúIó"Y ÷�Y2òNþIY ÷kY ÷?l�� ø Y ÷6� ø=�Hù$ó � YDù��"þIY ÷kY2ò m ð ô ù$õ"÷ ð ý���� Y ÷Nø ðAñÈñ Y+þIY ñ ù � ó�� ÷?úIô ñ õHù$ó"÷kó ð ÷
� ø=�Hù$ó8ò�úIþIþ ð ó"÷ ��! YFl"þIô"÷ q�þÿù û ôHù$þIú4ò �ÈY2ònþÿùPl�Y ýwò�úIó"Y ó"ø YFõ"Y ÷Lý�� ÷?ô"þ4ò	ù�ò�÷Ló�� Y ÷wòilHù$÷ � ð ý?ø � ñ Y ó8ò
ò�ý�ù$ó"÷?l ð ÷�ù��"þIY~÷?ô"ý�õ�� ù$ô�ò�ý?Y ÷ � ø=�Hù$ó8ò�úIþIþ ð ó"÷/õ"Y~÷ ð þGõ ð ó8ò6þIY ÷�øDù$ý�ù$ø2ò � ý?úI÷wò�ú û ô"Y ÷+l"ý ð l"ý?Y ÷+÷ ð ó8ò
õ"ú��&� ý?Y ó8ò�Y ÷ � O�ù$ý/Y 8 Y ñ l"þIY$q�õ"Y ÷6� ø=�Hù$ó8ò�úIþIþ ð ó"÷kõ"YL÷ ð þI÷NúIó"õ"ô"ý�� ÷ q ð ô ý?úIø=�"Y ÷/Y ó ñ ù�ò�ú�� ý?Y ÷ ð ý �
� ù$ó"ú û ô"Y ÷ ð ôLl"ý ð üAY óHù$ó8ò�õ"Y ñ úIþIúIY ô 8 øDù$þIøDù$úIý?Y ÷{l ð ô"ý?ý ð ó8ò�l ð ÷?Y ý�õ"Y ÷�l"ý ð �"þ�� ñ Y ÷�÷?l�� ø ú�% û ô"Y ÷ �

�{ù ñ úIø ý ð ÷?ø ð l"úIY�� þIY ø2ò�ý ð ó"ú û ô"Y.
 �Hù$þÿù��8ù � Y¾ó"YNó ð ô"÷9ù6lHù$÷�l�Y ý ñ úI÷�õ"YkøDù$ý�ù$ø2ò � ý?úI÷?Y ý�l"ý����
ø úI÷�� ñ Y ó8òkþÿù�q ð ôPl"þIô�ò87$ò¾þIY ÷ q"l��Hù$÷?Y ÷���Y ý?ý?ú��	� ý?Y ÷ q 
iøDù$ô"÷?Y+Y ÷?÷?Y ó8ò�úIY þIþIY ñ Y ó8òkõ"Y+÷�ùiý�� ÷ ð þIô�ò�ú ð ó
úIó"÷?ô YÈ÷�ù$ó8ò�Y~Y2ò+õ"YiþÿùFl"ý�� ø úI÷?ú ð ó õ"Yiþÿù ñ úIø ý ð ÷ ð ó"õ"Yiù$÷?÷ ð ø ú�� Y �	� þGY ÷wò+l"ý ð �Hù��"þIY û ô"Y~þÿù ñ ú9�
ø ý ð ÷?ø ð l"úIY 
nò�ý�ù$ó"÷ ñ úI÷?÷?ú ð ó¦q ñ � ñ Y 
nò�ý�� ÷��Hù$ô�ò�Y+ý�� ÷ ð þIô�ò�ú ð ó¦q�ó"Y+ó ð ô"÷¾l�Y ý ñ Y2ò?ò�ý�ù$ú4òKlHù$÷¾õ"Y
l"ý ð�� ý?Y ÷?÷?Y ý+õHù$ó"÷/ø Yiõ ðAñ ù$úIó"Y6lHù$ý?ø Y û ô"Yiþÿù ñÈð ý?l�� ð þ ð�� úIY+õ"Ynø Y ÷�l��Hù$÷?Y ÷#��Y ý?ý?ú��	� ý?Y ÷/ó�� Y ÷wò
lHù$÷¾ô"óVø ý?ú4ò � ý?Y+õ��2ò�Y ý ñ úIóHù$ó8òDq"ó"ú ñ � ñ Y�õ"úI÷?ø ý?ú ñ úIóHù$ó8ò �

O�ù$ýLø ð ó8ò�ý?Y$q�þÿùV÷?l�Y ø2ò�ý ðAñ �2ò�ý?úIY 
��A÷?÷��Hù$ô"Y ý~ù �2ò �Fõ��2ò�Y ý ñ úIóHù$ó8ò�YFõHù$ó"÷nó ð ò�ý?YÈò�ý�ùDü$ù$úIþ �
O�ý?Y ñ ú�� ý?Y ñ Y ó8òDq¦Y2ò+õ�� ô"ó"Y ��ùDY ð ó � � ó�� ý�ù$þIY$q¦ø�� Y ÷wò6þÿùÈò�Y ø=�"ó"ú û ô"YÈþÿùFl"þIô"÷�úIó!� ð ý ñ ù�ò�ú4üAYLõHù$ó"÷
þ-� �2ò�ô"õ"Y Y2òFþÿùöøDù$ý�ù$ø2ò � ý?úI÷�ù�ò�ú ð ó õ"Y ÷Fl��Hù$÷?Y ÷/��Y ý?ý?ú��	� ý?Y ÷ q�÷?l�� ø úÿù$þIY ñ Y ó8òÈõ"Y ÷ ð�8 �<õ"Y ÷×Y2ò×õ"Y ÷
ð�8 � � � �<õ"ý ð�8 �<õ"Y ÷kõ"Y.��Y ý � ��þIþIYkó ð ô"÷9ý?Y ó"÷?Y ú � ó"YN÷?ô"ý9þIYNõ"Y � ý��Nõ�� ð�8 �<õHù�ò�ú ð ó×õ"ô7��Y ý9ù$úIó"÷?ú û ô"Y
÷?ô"ýF÷ ð ó�Y ó8ü<úIý ð ó"ó"Y ñ Y ó8ò×ø ý?úI÷wò	ù$þIþ ð�� ý�ù$l��"ú û ô"Y ��! ù$ó"÷Fó ð ò�ý?YPøDù$÷ q�ø Y þÿù �2ò	ù$ú4òÈlHù$ýwò�úIø ô"þIú�� ý?Y��
ñ Y ó8òkú ñ l ð ýwò	ù$ó8ò�lHù$ý?ø Y û ô"Y6ó ð ô"÷NùDü<ú ð ó"÷kù$úIó"÷?ú�ù$ø ø � ÷Nù$ôVý�ù$l"l ð ýwò 1 o�

� u c���

� ��� ���"õHù$ó"÷
þIY ÷¾ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷ �
! Y ô 8 ú�� ñ Y ñ Y ó8òDq�÷ ð ó×ô�ò�úIþIúI÷�ù�ò�ú ð ó~÷?ô"ý9þIY¾ò�Y ý?ý�ù$úIó×ùLl�Y ý ñ úI÷�õ�� úIõ"Y ó8ò�ú�%HY ý9ø Y ÷Ký ð ô"úIþIþIY ÷�üAY ýwò�Y ÷ q
÷�ù$ó"÷ � û ô"ú4ü ð û ô"Y$q"Y2ò�õ"Y/÷?ô"ú4ü<ý?Y/þIY ÷9ò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð ó"÷ q-þIY ÷ �2ü ð þIô�ò�ú ð ó"÷9õ"Y/ø Y ÷ ñ úIó�� ý�ù$ô 8 � ��ó
Y$��Y2òDqHù$ôÊø ð ô"ý?÷Kõ"Y/þÿùLl�� ý?ú ð õ"YNõ�� �2ò�ô"õ"Y$q"Y óÊý?Y2üAY óHù$ó8òkl"ý�� ø úI÷�� ñ Y ó8ò�÷?ô"ý�þIY ÷ ñ � ñ Y ÷9l ð úIó8ò�÷ q
ó ð ô"÷�ùDü ð ó"÷ ð �"÷?Y ýwü��iõ"Y ÷kü$ù$ý?úÿù�ò�ú ð ó"÷.
Fþÿù2� ð úI÷k÷?lHù�ò�úÿù$þIY ÷kY2òNò�Y ñ l ð ý?Y þIþIY ÷ ���9(~CD&�(�12#�%'&�(d*-,
34!+M�.�&aCD&�(�*-,2�<.�=�34! �i%;(�02.?!$3I&�5$%',L*-,	)+.�&��<%;3;3I,	)+J$,2.E#�,	)i02J$&�3 �H,DW
 úIó"÷?ú'q{õ"Y ý?ý?ú�� ý?YFþIYFlHù$ý�ù ñ �2ò�ý?Y��2l"ý ð � ð ó"õ"Y ô"ýLõ�� ù$óHù$þ��<÷?YFõ"Y×þ-� � ø=�Hù$ó8ò�úIþIþ ð óöõHù$ó"÷nþIYÈ÷ ð þ��~÷?Y
øDù$ø=�"YÊþIYFøDù$ý�ù$ø2ò � ý?Y×ý�� õ ð�8 ú û ô"Y ð ô ý�� õ"ô"ø2ò�ú û ô"YÊõ"ô ñ úIþIúIY ô � � ð ý?÷ û ô"YÊþÿùVl"ý ð � ð ó"õ"Y ô"ýiù$ô � �
ñ Y ó8ò�Y$q�þIY ñ úIþIúIY ôPõ"Y2ü<úIY ó8ò�l"þIô"÷Ný�� õ"ô"ø2ò�Y ô"ý/Y2ò/þIYLý�ù$l"l ð ýwò 1 õ"Y ÷/ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷�õ"ú ñ úIó-ô"Y �
� ó8üAY ý?÷?Y ñ Y ó8òDq�þ ð ý?÷ û ô"Y�þ-� ð óP÷?Y�ý�ù$l"l"ý ð ø=�"Y+õ"Y+þÿùn÷?ô"ý ��ù$ø Y$qHþIY/ý�ù$l"l ð ýwò 1 ù$ô �Añ Y ó8ò�Y$q %�W�,DW þIY ÷
ý ð ô"úIþIþIY ÷9üAY ýwò�Y ÷k÷ ð ó8òkl"þIô"÷ ð�8 �<õ�� Y ÷ �
! YNl"þIô"÷ q<þIY ÷�þIú ñ ú4ò�Y ÷GY 8 ò�ý�� ñ Y ÷Kõ"ôFý�ù$l"l ð ýwò 1 õHù$ó"÷9þIY ÷�÷ ð þI÷�õ"Y/X ð ô � � ý?Y ÷9÷ ð ó8ò 3\m�5 Y2ò�h m�5��
ï Y ø ú�ø ð ó!%Hý ñ Y6þÿùiü$ù$þIúIõ"ú4ò ��õ"ô ñÈð õ�� þIY+õ"YL÷ ð þIô�ò�ú ð óV÷ ð þIúIõ"Y+ý�� � ô"þIú�� ý?Y+l"ý ð l ð ÷��nù$ó8ò � ý?úIY ô"ý?Y��
ñ Y ó8ò �
5 ð ô"÷/ùDü ð ó"÷3� � ù$þIY ñ Y ó8ò ð �"÷?Y ýwü�� û ô"Y$q&
Èô"ó"Y6l"ý ð � ð ó"õ"Y ô"ýkõ ð ó"ó�� Y$q�þIY+ý�ù$l"l ð ýwò 1 ü$ù$ý?úIY+Y ó
� ð ó"ø2ò�ú ð ó õ"ôdò�Y ñ l"÷ � ï Y ø úKú ñ l"þIú û ô"Y û ô"Y×þIY ÷6ò�ý�ù$ó"÷ � ð ý ñ ù�ò�ú ð ó"÷ ñ úIó�� ý�ù$þ ð�� ú û ô"Y ÷+÷ ð ó8òiý�ù �
l"úIõ"Y ÷ ��� ô"ó l ð úIó8ò/l"ý�� ø úI÷/õ"ô ÷ ð þ'q�ó ð ô"÷+ùDü ð ó"÷ ñ � ñ Y ñ úI÷NY ó<�2ü<úIõ"Y ó"ø YiþÿùÈl"ý�� ø úIl"ú4ò	ù�ò�ú ð ó
õ�� ô"ó"Y ý ð ô"úIþIþIYFüAY ýwò�Y<
 ñÈð úIó"÷~õ�� ô"ó ñÈð úI÷~õ�� úIó8ò�Y ýwü$ù$þIþIY ��� þkY 8 úI÷wò�YVõ ð ó"ø ô"ó"Y õ!�<óHù ñ ú û ô"Y
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ù$ø2ò�ô"Y þIþIY$q û ô"ú�ó�� Y ÷wò¾lHù$÷�ý?Y ÷wò�ý?Y úIó8ò�Y+ù$ô 8 � ø=�Hù$ó � Y ÷¾õ�� ú ð ó"÷ q ñ ù$úI÷ û ô"ú�ù ��Y ø2ò�Y#� � ù$þIY ñ Y ó8ò�þIY ÷
ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷ � ï Y ÷ ñ úIó�� ý�ù$ô 8 ÷ ð ó8òkõ ð ó"ø+þÿù��"úIþIY ÷KY2ò�ò�ý�� ÷ký��Dù$ø2ò�ú���÷ �

�{ùÈõ"Y ô 8 ú�� ñ Y6lHù$ýwò�úIY+ø ð ó"ø Y ý?óHù$ó8ò/þIY ÷Nù$÷?l�Y ø2ò�÷3� �<õ"ý ð þ ð�� ú û ô"Y ÷Nù$úIó"÷?ú û ô"YLþÿù � � ð ø=�"ú ñ úIY
õ"Y/þÿùL÷ ð þIô�ò�ú ð ó×õ"ôÊ÷ ð þ'q�ó ð ô"÷¾ùLl�Y ý ñ úI÷9õ"Y ñÈð ó8ò�ý?Y ýKþ-� ú ñ l ð ýwò	ù$ó"ø Ykõ"Y/ø Y ÷ ��ù$ø2ò�Y ô"ý?÷'� �<õ"ý ð �
ø þIú ñ ù�ò�ú û ô"Y ÷L÷?ô"ý~þIY ÷ilHù$ý�ù ñ �2ò�ý?Y ÷~l�� �<÷?ú û ô"Y ÷ÈY2òÈø=�"ú ñ ú û ô"Y ÷iõ"Y ÷~YDù$ô 8 õ"YPþÿù óHù$l"l�Y � ��Y ÷
ø ð ý?ý�� þÿù�ò�ú ð ó"÷9Y ó8ò�ý?Y+þÿù)�Hù$ô�ò�Y ô"ý�õ"Y+þÿùnóHù$l"l�Y$q"þIY�lH^6q"þIY/l ð ò�Y ó8ò�úIY þ¦õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó¦qHþIY ÷
ø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷kõ"Y ÷6� þ�� ñ Y ó8ò�÷kø=�"ú ñ ú û ô"Y ÷kY ó ÷ ð þIô�ò�ú ð óÊò�Y ó"õ"Y ó8ò 
 ñÈð ó8ò�ý?Y ý û ô"YLþIY6÷ ð þ{Y ÷wò
ô"ó ñ úIþIúIY ô/� ð ýwò�Y ñ Y ó8ò¾úIó 6Hô"Y ó"ø �6lHù$ý�þIY ÷��2ü�� ó"Y ñ Y ó8ò�÷NY 8 ò � ý?úIY ô"ý?÷¾õ�� ð ý?ú � úIó"Y/óHù�ò�ô"ý?Y þIþIY �
�{ùF÷wò�ý�ù�ò�ú�%HøDù�ò�ú ð ó � � ð ø=�"ú ñ ú û ô"YLõ"YnþÿùFóHù$l"l�YnY 8 l"þIú û ô"Y)� � ù$þIY ñ Y ó8ò/þÿùÈl"þIô"lHù$ýwò/õ"Y ÷/ü$ù$ý?úÿù �
ò�ú ð ó"÷ ð �"÷?Y ýwü�� Y ÷Nù$ôÊø ð ô"ý?÷Kõ"Y ÷�÷�ù$úI÷ ð ó"÷ � �<õ"ý ð þ ð�� ú û ô"Y ÷ � 2 ð ô�ò�Y$� ð úI÷ q<úIþ�ó�� ùnlHù$÷'�2ò ��l ð ÷?÷?ú��"þIY
õ"Yiõ"úI÷wò�úIó � ô"Y ý�þIYný97AþIYiõ"Y~ø=�Hù$ø ô"ójõ"Y ÷#��ù$ø2ò�Y ô"ý?÷+úIó8ò�Y ýwüAY óHù$ó8òLõHù$ó"÷+ø Y2ò?ò�Y~õ!�<óHù ñ ú û ô"Y$q¦þIY ÷
ø ð ô"l"þÿù � Y ÷�Y ó8ò�ý?Y6Y ô 8 �2ò	ù$ó8ò¾ò�ý ð l � ð ýwò�÷ �

5 ð ô"÷~ùDü ð ó"÷ ñ úI÷LY ó �2ü<úIõ"Y ó"ø YPõ"Y ô 8 õ ðAñ ù$úIó"Y ÷LõHù$ó"÷iô"ó õ"úÿù � ý�ù ñÈñ Y ��� � lH^ Y ó8ò�ý?Y
þIY ÷ û ô"Y þI÷FþIY ÷FYDù$ô 8 õ"Y þÿùjóHù$l"l�Y
6Hô"ø2ò�ô"Y ó8òÊY ó � ð ó"ø2ò�ú ð ó�õ"Y þÿù �Hù$ô�ò�Y ô"ý×l"ú�� # ðAñ �2ò�ý?ú û ô"Y �
��Yil"ý?Y ñ úIY ý�ø ð ý?ý?Y ÷?l ð ó"õ 
Êþ-� �2ò	ù�ò ð�8 �<õ��Èõ"ôj÷ ð þGY2ò6þIY ÷ ñ Y ÷?ô"ý?Y ÷ ñÈð ó8ò�ý?Y ó8ò û ô"YÈþIYi÷ ð þGõ"Y
X ð ô � � ý?Y ÷×÷?Y ÷?ú4ò�ô"Y õHù$ó"÷Êø Y2ò �2ò	ù�òÊþ ð ý?÷ û ô"Y þÿùdóHù$l"l�Y Y ÷wò,�Hù$÷?÷?Yöù$ô ø ð ô"ý?÷Êõ"Y þ-� �2ò � � ��Y
÷?Y ø ð ó"õ×õ ðAñ ù$úIó"Y$q8þIYkl"þIô"÷���ý�� û ô"Y ñÈñ Y ó8ò ð �"÷?Y ýwü��$q�ø ð ý?ý?Y ÷?l ð ó"õ 
6õ"Y ÷9l ð ò�Y ó8ò�úIY þI÷�õ�� ð�8 �<õ ð �
ý�� õ"ô"ø2ò�ú ð óVò�ý�� ÷3��ù$ú��"þIY ÷ qHY2ò#
Fô"ó ÷ ð þ{ò�ý�� ÷Ný�� õ"ô"ú4ò � ��Y ÷kò�ý�ù$ó"÷?ú4ò�ú ð ó"÷kY ó8ò�ý?YLø Y ÷/õ ðAñ ù$úIó"Y ÷k÷?Y
� ð ó8òNù$ô ø ð ô"ý?÷kõ"YLl�� ý?ú ð õ"Y ÷¾ø þIY$��÷ ð�+ þIY ÷ ñ úIó�� ý�ù$ô 8 ÷?YLõ"úI÷?÷ ð þ4üAY ó8ò ð ô l"ý�� ø úIl"ú4ò�Y ó8òkY2òNó ð ô"÷
ùDü ð ó"÷Ný�� ô"÷?÷?ú 
È÷?ô"ú4ü<ý?YLø Y ÷3�2ü ð þIô�ò�ú ð ó"÷ � ï Y ÷Nò�ý�ù$ó"÷?ú4ò�ú ð ó"÷¾÷ ð ó8òNò�ý�� ÷Ný�ù$l"úIõ"Y ÷ q õ"YLþ-� ð ý?õ"ý?Y+õ"Y
� 
 4 : ð ô"ý?÷ �
� þ�Y ÷wòký?Y ñ ù$ý û ôHù��"þIY�õ"Y�ü ð úIý�þIY�÷ �<÷wò � ñ Y �Hù$÷?ø ô"þIY ý¾õ�� ô"ó��2ò	ù�ò.
~þ-� ù$ô�ò�ý?Y �

��ó ø Y û ô"ú�ø ð ó"ø Y ý?ó"YPþIY ÷)� û ô"úIþIú��"ý?Y ÷nY ó8ò�ý?YÊþÿù ÷ ð þIô�ò�ú ð ó õ"ô ÷ ð þ9Y2ò~þIY ÷il��Hù$÷?Y ÷~÷ ð þIúIõ"Y ÷
��Y ý?ý?ú��	� ý?Y ÷ q<úIþ�ù$l"lHù$ý�ù��Iò û ô"Y/þIY ÷ ñ úIó�� ý�ù$ô 8 õ"Y/þÿù#��ù ñ úIþIþIY�õ"Y ÷Ký ð ô"úIþIþIY ÷�üAY ýwò�Y ÷�÷ ð ó8ò�õ"Y ÷'� ð ó"÷
øDù$ó"õ"úIõHù�ò�÷il ð ô"ýiY 8 l"þIú û ô"Y ýiþÿù õ!�<óHù ñ ú û ô"YÊõ"ô ��Y ýiõHù$ó"÷~þIY ÷i÷ ð þI÷ � �<õ"ý ðAñÈð ý?l��"Y ÷ q�Y2ò~ø Y$q
ñ ù$þ � ý��Nþ-� ú ñ l ð ýwò	ù$ó"ø Y/õ"Y ÷¾Y ÷?l�� ø Y ÷Ný�� õ"ô"ú4ò�Y ÷¾õ"ôV÷ ð ô!��ý?Y+Y óV÷ ð þIô�ò�ú ð ó �
5 ð ô"÷Êó�� ùDü ð ó"÷Pø ð ó"÷?úIõ�� ý�� û ô"Y ò�ý ð úI÷7� ð ý ñ Y ÷ ñ úIó�� ý�ù$þ ð�� ú û ô"Y ÷/�"úIY ó õ��$%Hó"úIY ÷ q�XHY u�[']�^/_a|Dq
XHY Z\[']�^/_a`Dq-XHYDv�[']�^/_wv û ô"úHø ð ý?ý?Y ÷?l ð ó"õ"Y ó8ò9ý?Y ÷?l�Y ø2ò�ú4üAY ñ Y ó8òKù$ô 8 ý�ù$l"l ð ýwò�÷ 1 o h m�5 q 3\m h/Y2ò
3\m�5�� ��Y ÷{õ ð ó"ó�� Y ÷{ò �"Y ý ñÈð õ!�<óHù ñ ú û ô"Y ÷�ó"Y�ó ð ô"÷{l�Y ý ñ Y2ò?ò�Y ó8ò{lHù$÷{l"ý�� ø úI÷�� ñ Y ó8ò�õ"Y�ø ð ó"ø þIô"ý?Y
÷?ô"ýÈþÿùöl"ý�� õ ðAñ úIóHù$ó"ø YPõ�� ô"ó"Y Y ÷?l�� ø Y 
jþ-� � û ô"úIþIú��"ý?Y � 
 ù$úI÷~÷?Y þ ð ó�þÿùöl�� ý?ú ð õ"YPø ð ó"÷?úIõ�� ý�� Y$q
õ"ú��&� ý?Y ó8ò�Y ÷iY ÷?l�� ø Y ÷Èl�Y ô�üAY ó8ò7�2ò�ý?YPù$þ4ò�Y ý?óHù�ò�ú4üAY ñ Y ó8ò2
 þ-� � û ô"úIþIú��"ý?Y � ��Y ÷iü$ù$þIY ô"ý?÷nþIY ÷il"þIô"÷
��ý�� û ô"Y ñÈñ Y ó8ò ð �"÷?Y ýwü�� Y ÷�õHù$ó"÷NþIYLõ"úÿù � ý�ù ñÈñ Y ��� � lH^pø ð ý?ý?Y ÷?l ð ó"õ"Y ó8ò+ù$ô 8 õ ðAñ ù$úIó"Y ÷¾õ"Y
÷wò	ù��"úIþIú4ò �Nõ"Y ÷¾ò�ý ð úI÷ � ð ý ñ Y ÷�õ"Y+ý ð ô"úIþIþIY ÷9üAY ýwò�Y ÷¾ò�Y ÷wò � Y ÷ �

��ó!%Hó¦q{þIY ÷�øDù$þIø ô"þI÷�õ"Y ÷ � û ô"úIþIú��"ý?Y ÷/ò �"Y ý ñÈð õ!�<óHù ñ ú û ô"Y ÷ û ô"YÈó ð ô"÷6ùDü ð ó"÷6ý��Dù$þIúI÷�� ÷ ð ó8ò
ñÈð ó8ò�ý�� û ô"Y9þÿùk÷?ô"þ���ù�ò ð � ý�� õ"ô"ø2ò�ú ð ó �2ò	ù$ú4ò�ô"ónl"ý ð ø Y ÷?÷?ô"÷ ñ ù :?Y ô"ý�õHù$ó"÷�þIY ÷�YDù$ô 8 õ"Y9þÿùkóHù$l"l�Y �
ï Y ø ú�Y ÷wòLY ódù$ø ø ð ý?õ ùDüAY øÈþ-� ð �"÷?Y ýwü$ù�ò�ú ð óöõ"YÈ÷?ô"þ���ô"ý?Y ÷+Y ód÷ ð þIô�ò�ú ð ó � ��Y ÷6÷?ô"þ���ù�ò�Y ÷+÷ ð ó8òLY ó �
ò�ú�� ý?Y ñ Y ó8ò�ý�� õ"ô"ú4ò�÷�Y ój÷?ô"þ���ô"ý?Y ÷+ù$÷?÷?Y #~ý�ù$l"úIõ"Y ñ Y ó8òDq¦l"ô"úI÷ q¦þIYn÷ �<÷wò � ñ YÈý?Y õ"Y2ü<úIY ó8ò ð�8 �<õHù$ó8ò
þ ð ý?÷ û ô"YLþIY ÷kl"ý�� ø úIl"ú4ò	ù�ò�ú ð ó"÷kù$l"l ð ýwò�Y ó8ò#
Fó ð ô�üAYDù$ô õ"Y ÷/÷?ô"þ���ù�ò�Y ÷kY2ò/õ"Ynþ-� ð�8 � � � ó"YLõ"úI÷?÷ ð ô"÷ �
ï Y l�Y ó"õHù$ó8òDq û ôHù$ó8ò�ú4ò	ù�ò�ú4üAY ñ Y ó8òDqKþIY ÷Pø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷Põ"Yö÷?ô"þ���ô"ý?Y ÷Pl"ý�� õ"ú4ò�Y ÷�
 lHù$ýwò�úIý×õ"Y
þÿù×ø ð ó"ø Y ó8ò�ý�ù�ò�ú ð óöY ój÷?ô"þ���ù�ò�Y ÷+Y2ò6õ"ôöl ð ò�Y ó8ò�úIY þ�õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ój÷ ð ó8ò ��YDù$ô"ø ð ô"ljl"þIô"÷
��ù$ú��"þIY ÷ û ô"YFþIY ÷+ü$ù$þIY ô"ý?÷ ð �"÷?Y ýwü�� Y ÷ � 5 ð ô"÷6ó�� ùDü ð ó"÷nlHù$÷Lù$l"l"ý ð � ð ó"õ"ú�ø YFl ð úIó8ò û ô"ú9ù$ô"ý�ù$ú4ò
÷?ô"l"l ð ÷��6ô"ó Y$� ð ýwò/ù$óHù$þ��-ò�ú û ô"Y+lHù$ýwò�úIø ô"þIúIY ýKl ð ô"ý¾ø ðAñ l"ý?Y ó"õ"ý?Y6þÿù~÷?l�� ø úÿù�ò�ú ð óPõ"Y ÷N÷?ô"þ���ô"ý?Y ÷
Y2ò¾õ"Y ÷kl ð þ��<÷?ô"þ���ô"ý?Y ÷ �
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��Y ÷/øDù$þIø ô"þI÷kõ"Y ÷/ù$ø2ò�ú4ü<ú4ò � ÷kõ"Y ÷/Y ÷?l�� ø Y ÷�õ"ô ÷ ð ô!��ý?YLó"YLó ð ô"÷ ð ó8òNlHù$÷Nl�Y ý ñ úI÷kõ"Y6ò�Y ÷wò�Y ý/þIY ÷
� û ô"úIþIú��"ý?Y ÷�õ"Y ÷ � ð ý ñ Y ÷�XHY ;��8� ï Y l�Y ó"õHù$ó8òDq8ù$ô"ø ô"ó"Y�l��Hù$÷?Y�õ"YKø YKò;�<l�YKó�� ùDü$ù$ú4ò �2ò ��úIõ"Y ó8ò�ú�% � Y
û ô"Y6ø Y+÷ ð ú4ò¾lHù$ý�þÿùiõ"ú���ý�ù$ø2ò�ú ð ó×õ"Y+ý�ù�� ð ó"÷��nq ð ôPlHù$ý¾þÿùn÷?l�Y ø2ò�ý ðAñ �2ò�ý?úIY 
��A÷?÷��Hù$ô"Y ý �

� þ9Y 8 úI÷wò�Y×ô"ó õ�� øDù$þÿù � YFY ó8ò�ý?Y×þIY ÷nYDù$ô 8 q�õ ð ó8òiþIYFl ð ò�Y ó8ò�úIY þ�õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó Y ó8ò�ý?Y
þÿù$ý � Y ñ Y ó8ònõHù$ó"÷nþIYFø=�Hù ñ l õ"Y×÷wò	ù��"úIþIú4ò �Èõ"Y ÷n÷?ô"þ���ô"ý?Y ÷ q�Y2òiþÿù l��Hù$÷?Y×÷ ð þIúIõ"Y ð�+ þIY ÷ ñ úIó����
ý�ù$ô 8 úIõ"Y ó8ò�ú�% � ÷NY2ò 
Fþ-� � û ô"úIþIú��"ý?Y+÷ ð ó8ò�õ"Y ÷ ð�8 �<õ"Y ÷ )DWI34W ��Y ý?ý?ú��	� ý?Y ÷ � ! Y ô 8 Y 8 l"þIúIøDù�ò�ú ð ó"÷kó ð ó
Y 8 ø þIô"÷?ú4üAY ÷Nl�Y ô�üAY ó8ò3�2ò�ý?Y+l"ý ð l ð ÷�� Y ÷B:

� þIY ÷6ø=�Hù ñ l"÷Lõ"YF÷wò	ù��"úIþIú4ò �iõ"Y ÷Ll��Hù$÷?Y ÷ ñ úIó�� ý�ù$þIY ÷+õ"YFþÿù ��ù ñ úIþIþIYLõ"Y ÷ný ð ô"úIþIþIY ÷/üAY ýwò�Y ÷
÷ ð ó8ò�÷?ô YÈ÷�ù ñÈñ Y ó8ò�ü$ù$÷wò�Y ÷�l ð ô"ý�ø ð ó8ò�ý97AþIY ý�þIY ÷�� û ô"úIþIú��"ý?Y ÷ ñ úIó�� ý�ù$þ ð�� ú û ô"Y ÷�õHù$ó"÷�ô"ó"Y
� ù ñÈñ YÈõ"Y×l ð ò�Y ó8ò�úIY þ�õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð ó ú ñ l ð ýwò	ù$ó8ò�Y "{þIYF÷ �<÷wò � ñ Y �Hù$÷?ø ô"þIY×õ�� ô"ó
�2ò	ù�ò ð�8 �<õ��È[�ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷�
 1 � þIY2ü�� � ; ] Z f� _�
Lô"ó �2ò	ù�òKý�� õ"ô"ú4ò+[�ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷�

1 �Hù$÷ � ; Z f _�"

� þIY ÷�ø ð ó"ø Y ó8ò�ý�ù�ò�ú ð ó"÷�ù��"÷ ð þIô"Y ÷�Y óF÷?ô"þ���ô"ý?Y ÷�÷ ð ó8ò9ù$÷?÷?Y #3� þIY2ü�� Y ÷�l ð ô"ý�úIó 6Hô"Y ó"ø Y ý�þIY¾l ð �
ò�Y ó8ò�úIY þ�õ�� ð�8 �<õ ð � ý�� õ"ô"ø2ò�ú ð óPõ"Y ÷�YDù$ô 8 [�ø�� Y ÷wò¾þIYNø ð ô"l"þIY ; Z f m5; ] Z f� _Eq ñ ù$úI÷�lHù$÷�ù$÷?÷?Y #
l ð ô"ý�� ð ý ñ Y ý�õ"Y ÷�÷?ô"þ���ô"ý?Y ÷�õ"Y���Y ý�Y2ò�õ�� ÷wò	ù��"úIþIúI÷?Y ý�ø ðAñ l"þ��2ò�Y ñ Y ó8ò�þIY ÷�ý ð ô"úIþIþIY ÷�üAY ýwò�Y ÷ �

¼"Q~¿�� �pÕLÑ��9Ë ÇPÃ�É2ÕLÑPÃ ÂKÖ�� ÂKÍGÃ�� Â ��Ö{É	�nÂ¾Ã

��Y ÷6÷ ð þI÷ � �<õ"ý ðAñÈð ý?l��"Y ÷ q{øDù$ý�ù$ø2ò � ý?úI÷wò�ú û ô"Y ÷6õ"Y ÷�# ð ó"Y ÷ �-ô ñ úIõ"Y ÷ q�ý?Y ÷wò�Y ý ð ó8òn÷�
"ý?Y ñ Y ó8ò
Y ó"ø ð ý?Y þ ð ó � ò�Y ñ l"÷Fþ-� ð � :?Y2òÊõ"Y ø ð ó 6Hú4ò�÷×õ�� úIó8ò � ý��2òÊlHù$ý?ø Y û ô"Y ø Y ÷ ð ó8òÊõ"Y ÷ÊþIúIY ô 8�ñ ô"þ4ò�ú �
� ð ó"ø2ò�ú ð ó"ó"Y þI÷ �  ü$ù$ó8ò�ò ð ô�òDq�ø Yi÷ ð ó8ò+õ"Y ÷/ò�Y ý?ý�ù$úIó"÷ � � ó�� ý�ù$þIY ñ Y ó8ò/ü$ù$þ ð ý?úI÷�ù��"þIY ÷N÷?ô"ý�þIYnl"þÿù$ó
ù � ý ð ó ðAñ ú û ô"YÈY2ò û ô"ú'q�÷ ð ô"÷nþÿù l"ý?Y ÷?÷?ú ð ó õ�� ñÈð�� ý�ù$l��"ú û ô"Y$q�l�Y ô�üAY ó8ò/�2ò�ý?Y ñ úI÷6Y ó ø ô"þ4ò�ô"ý?Y
l ð ô"ý+ý�� l ð ó"õ"ý?YÈù$ô 8 ��Y ÷ ð úIó"÷+ø ý ð úI÷?÷�ù$ó8ò�÷+õ"Yiò�Y ý?ý?Y~õHù$ó"÷+þIY ÷+lHù��<÷6Y óöü ð úIYiõ"Y~õ��2üAY þ ð l"l�Y��
ñ Y ó8ò � 
 ù$úI÷Nø Yn÷ ð ó8ò6� � ù$þIY ñ Y ó8òNõ"Y ÷/÷?ú4ò�Y ÷6� ø ð þ ð�� ú û ô"Y ÷kl"ý�� ø úIY ô 8 l ð ô"ýNþÿù~õ"ú4üAY ý?÷?ú4ò �Lõ"Ynþÿù
6 ð ý?Y+Y2òkõ"Y+þÿù ��ù$ô"ó"Y �
��ó!%Hó¦q�þIYÊl ð ô�ü ð úIý � l"ô"ý�ù�ò�Y ô"ý~õ"Y ÷~÷ ð þI÷ )DWI34W q�ü<úÿù þ-� ð�8 �<õHù�ò�ú ð ó õ"Y ÷ ñ ù�ò�ú�� ý?Y ÷ ð ý � ù$ó"ú û ô"Y ÷ q
Y ÷wò×þÿù$ý � Y ñ Y ó8òF÷ ð þIþIúIø ú4ò �×þ ð ý?÷Èõ"Y þ-� ù$l"l ð ýwò~õ"Y õ�� ø=�"Y2ò�÷Êõ"YVl"þIô"÷FY ó�l"þIô"÷Èü$ù$ý?ú�� ÷ q�ø ðAñÈñ Y
l"ý ð ø Y ÷?÷?ô"÷�ý�� � ô"þÿù�ò�Y ô"ý�õ"Y ÷9l ð þIþIô�ò�ú ð ó"÷�÷�ù$ó"÷ û ô"YNþ-� ð óFY ó×ø ð ó"óHù$úI÷?÷?YNY ó"ø ð ý?Y3�"úIY ó×þIY ÷�ø ð ó"÷����
û ô"Y ó"ø Y ÷'
+þ ð ó � ò�Y ý ñ Y � �{ù�õ�� ó"ú4ò�ý?ú�%HøDù�ò�ú ð ó¦q$lHù$ý�Y 8 Y ñ l"þIY$q8÷?úHY þIþIYKó�� Y ÷wò9lHù$÷��"úIY ó ñ ù��Iò�ý?úI÷�� Y
Y2ò9ø ð ó8ò�ý97Aþ�� Y$q8Y ó � Y ó"õ"ý?YNþÿù�þIú���� ý�ù�ò�ú ð óiõ"Y � ù$#.
+Y$��Y2ò9õ"Yk÷?Y ý?ý?YNù$þ ð ý?÷ ñ � ñ Y û ô�� Y þIþIY¾l�Y ý ñ Y2ò
õ"Y+ý�� õ"ô"úIý?Y+þÿùnl ð þIþIô�ò�ú ð ó×õ"Y ÷¾ø ð ô"ý?÷kõ�� YDù$ô 8 lHù$ý�þIY ÷¾ó"ú4ò�ý�ù�ò�Y ÷ �
�{ù ñÈð �"úIþIú4ò �Lõ"Y ÷ � þ�� ñ Y ó8ò�÷ ñ �2ò	ù$þIþIú û ô"Y ÷ q¦l ð þIþIôHù$ó8ò�÷ ñ � ñ Y/
Põ"Y~ò�ý�� ÷ ��ù$ú��"þIY ÷�ø ð ó"ø Y ó8ò�ý�ù �
ò�ú ð ó"÷ q9Y ÷wò�� � ù$þIY ñ Y ó8ò×ò�ý�� ÷ ñ ù$þkø ð ó"ó-ô"Y � ��Y ô"ýPù$ø ø ô ñ ô"þÿù�ò�ú ð ó Y2òPþIY ô"ý �"ú ð õ"úI÷?l ð ó"ú��"úIþIú4ò �
ø ðAñÈñ Y ó"ø Y 
 l ð ÷?Y ýLõ"YFó ðAñ �"ý?Y ô 8 l"ý ð �"þ�� ñ Y ÷LY ó8ü<úIý ð ó"ó"Y ñ Y ó8ò	ù$ô 8 lHù$ýwò�úIø ô"þIúIY ý�õHù$ó"÷nþIY ÷
ñ úIþIúIY ô 8 ý�� õ"ô"ø2ò�Y ô"ý?÷ � ��Y ÷ ð�8 �<õ"Y ÷+Y2ò ð�8 � � � �<õ"ý ð�8 �<õ"Y ÷nõ"Y)��Y ý�l"ý�� ÷?Y ó8ò�÷+õHù$ó"÷+þIY ÷ ñ úIþIúIY ô 8
� �<õ"ý ðAñÈð ý?l��"Y ÷6÷ ð ó8òLþÿùÊl"ý?úIó"ø úIlHù$þIYnl��Hù$÷?YÈl ð ýwò�Y ô"÷?Y~õ"YÈø Y ÷ � þ�� ñ Y ó8ò�÷ � ��Y ÷ ñ úIó�� ý�ù$ô 8 õ"Y
þÿù)��ù ñ úIþIþIYkõ"Y ÷¾ý ð ô"úIþIþIY ÷9üAY ýwò�Y ÷kl ð ô"ý?ý�ù$úIY ó8ò�� � ù$þIY ñ Y ó8ò : ð ô"Y ý�ô"óVý97AþIY�ú ñ l ð ýwò	ù$ó8ò �

��Y ÷�l�Y ý?÷?l�Y ø2ò�ú4üAY ÷ û ô�� ð ô�ü<ý?Y~ø Ynò�ý�ùDü$ù$úIþ�÷ ð ó8ò �2ü<úIõ"Y ñÈñ Y ó8ò�ó ðAñ �"ý?Y ô"÷?Y ÷+õ"ô<��ù$ú4ò�õ"Yiþÿù
l"ý�� ÷?Y ó"ø Yiõ"Y6l"þIô"÷?úIY ô"ý?÷Nù$ø2ò�Y ô"ý?÷NY2òNõ"ô ��ù$ú4ò¾õ"Y ÷NúIó8ò�Y ý�ù$ø2ò�ú ð ó"÷¾Y ó8ò�ý?YnY ô 8 õHù$ó"÷Nô"ó ÷ �<÷wò � ñ Y
ø ðAñ l"þIY 8 Y�ø ðAñÈñ Y�þIY/÷ ð þ � �{ùiø ðAñ l"ý�� �"Y ó"÷?ú ð óPõ"Y+þÿùnõ!�<óHù ñ ú û ô"Y�õ"ô ��Y ý�õHù$ó"÷¾þIY ÷�÷ ð þI÷ � � �
õ"ý ðAñÈð ý?l��"Y ÷kl�Y ý ñ Y2ò ñ ù$úIó8ò�Y óHù$ó8òkõ"Y6ø=�"Y ý?ø=�"Y ý#
2�2ò�ô"õ"úIY ý %;( )2%;#�� õ"Y ÷3� þ�� ñ Y ó8ò�÷kl"ý�� ÷?Y ó8ò�÷
Y ó ñÈð úIó"÷ � ý�ù$ó"õ"Y û ôHù$ó8ò�ú4ò � ñ ù$úI÷Kò ð ô : ð ô"ý?÷Nù$÷?÷ ð ø ú�� ÷Nù$ô���Y ý¾ò�Y þI÷¾þIY ÷.� þ�� ñ Y ó8ò�÷¾ò�ý�ù$ø Y ÷ ñ ���
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ò	ù$þIþIú û ô"Y ÷ �
� þ�Y ÷wòÈø ð ô"ý�ù$ó8òÈõ"Y ñ Y ÷?ô"ý?Y ý %;( )2%;#�� þIY ÷~lHù$ý�ù ñ �2ò�ý?Y ÷il�� �<÷?ú û ô"Y ÷ [�ø þIú ñ ù�ò�ú û ô"Y ÷ q � �<õ"ý ð þ ð �
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N7O�P�Q�R*OTS UWV5X1YZP1YD[�\1]_^�`DYD[_[_X1[+P�a ^cb�Q�P1^ed�]_fDP1X1`hgGUW^iRjV5X1U1[_YZP1fhkiYDlW^i\1\)YDRmg+P*OTR1[�lWYD[�[_^ilW[onmQ�P1]_^qp

S ^i]_\1n1YD[rO�fhgGfZfhgGX1P1UWfDY�P1UW]_YD`hgGYDS YDRmg�s!t9uhs!vxwjYDRjyz^iR1`hgGUW^iR�P1YD[�kTOT]_U{OqgGUW^iR1[&P1XjR1U|kiYcOTXjP1YZl{O�R*OT\1\)Y[_^iX1[+yz^i]_}hg2~-�*^iX1�i�D]_YD[+YDR���]_Yhg�OT�iR1YT�5N�YD[2`cOT]GOT`hgGfD]_UW[�gGUWV5X1YD[+\1nmQ�[_UW`D^ed�`�n1UWS UWV5X1YD[+P1YD[2YcOTX�b P1X [_^il^iRmg�fhgGf�[_X1U|k�UWYD[ZYDR�`D^iRmgGUWR5X�OTX�S ^�QiYDR�P�a X1R1Y�[_^iR1P1Y�S�X1l|gGUW\*OT]GOTS fhgG]_UWV5X1Y�Yhg�l{O�S UWR1fD]GOTlW^i�iUWY�P1YD[
\1n*OT[_YD[�yzYD]_]_U|yz�D]_YD[�OTX�S ^�QiYDR�P�a X1R�[_\)YD`hgG]_^iS �hgG]_Y-���i[_[_�*OTX1YD]#S UWR1U{OqgGX1]_UW[_fT��N�YD[�[_YDX1lW[�S UWR1fD]GOTX�byzYD]_]_U|yz�D]_YD[ZUWP1YDRmgGU|�*fD[�Yhg�`cOT]GOT`hgGfD]_UW[_fD[�[_^iRmg�P1YD[�nmQ�P1]_^cb�Q�P1YD[#S U�b�gGYD[ZP1Y��*YD]��z�_���2Yhg�P1Y��*YD]��z�_�_���2P1Yl{O�yxOTS UWlWlWY#P1YD[#]_^iX1UWlWlWYD[2kiYD]�gGYD[��� �*�D�3��L�5� �*�D� ����¡ �¢$£ �G¤ � � � �!¥§¦q¨©£3ª#« �&¬m­ ¢ �   ¤ �c� ^i® ¥ YD[�g$lWY�]GOT\1\)^i]�g �*�D� � ¦ �*�@¯W°;¯x± Yhg�² « � l¡a OTR1UW^iRUWRmgGYD]�yz^ilWU{OTUW]_Y�nmQ�P1]GOqgGfT�7�LlW[$[_^iRmg-l{OT�1UWlWYD[�Yhg�gG]_�D[�]_fcOT`hgGU|yz[D��N�YD[�]_^iX1UWlWlWYD[#kiYD]�gGYD[-lWYD[�\1lWX1[$yzYD]_]_UWV5X1YD[
[_^iRmg�P*OTR1[�lWYD[Zn1^i]_UW³D^iR1[ZlWYD[�\1lWX1[Z]_fDP1^cb�UWV5X1YD[�V5X1U�`D^i]_]_YD[_\)^iR1P1YDRmg#~�l{O�³D^iR1Y$P1Y��*Oqg_gGYDS YDRmg�P1Y$l{OR*OT\1\)YT�§´oOT]�`D^iRmgG]_YTµ§lWYD[�\1lWX1[#yzYD]_]_YDX1[_YD[$[_^iRmg�P*OTR1[�lWYD[�n1^i]_UW³D^iR1[#lWYD[�\1lWX1[�]_fDP1X1`hgGUWV5X1YD[�gG^iXe¶_^iX1]_[YDR1�i^i]_�ifD[D��·�YD[�Y@b�gG]GOT`hgGUW^iR1[�[_fDlWYD`hgGU|kiYD[�]_fcOTlWUW[_fDYD[2YDR�`DUWR1fhgGUWV5X1Y#[_^iX1[ZOqgGS ^i[_\1n1�D]_Y�UWR1YD]�gGY#YDRJ�)^iU|gGY
~��mOTRmgG[oS ^iRmgG]_YDRmg�V5X1Y�¸i¹$º�P1X�yzYD]oYD[�grY@b�gG]GOT`hgGUW�1lWY�\*OT]olWYZ»Z�Z·/Yhg+¼i¹�ºF\*OT]olWY�»Z���T·�YD[rfD`�n*OTR�pgGUWlWlW^iR1[o\1]_^TgGfD�ifD[+P1Y�l¡a ^cb�Q�P*OqgGUW^iR9P1Y�l¡a OTUW]�Yhg2P1Y�l{O$lWX1S UW�D]_YZP1�D[2lWYDX1]r\1]_fDlW�hkiYDS YDRmg2^iRmg2fD�mOTlWYDS YDRmg
fhgGf9fhgGX1P1UWfD[�OTX½�¿¾+�ÀYhg-\*OT]-·$Á�Â�µ�`DY V5X1UrS ^iRmgG]_Y9V5X1Y lWYD[�]_^iX1UWlWlWYD[�kiYD]�gGYD[-[_^iRmg�UWRmgGUWS YDS YDRmgOT[_[_^�`DUWfDYD[�OTX�b�OT]_�iUWlWYD[D��N�YD[ZfDV5X1UWlWUW�1]_YD[2gGn1YD]_S ^�P�Q�R*OTS UWV5X1YD[�^iRmg�fhgGf$YDR1[_X1U|gGY�S ^�P1fDlWUW[_fD[�~�\*OT]�gGUW]P1YD[�`cOTlW`DX1lW[�P1Y�[_\)fD`DU{OqgGUW^iR�`�n1UWS UWV5X1YTµ1P1X¿¾rn�Yhg#P1X�\*Ã-�N�YD[�`D^iR1P1U|gGUW^iR1[�nmQ�P1]_^ed��ifD^�`�n1UWS UWV5X1YD[�lW^�`cOTlWYD[��zU¡� YT�&lWYD[�kTOT]_U{OqgGUW^iR1[�P1XÄR1U|kiYcOTXÄP1Y�l{O�R*OT\1\)Y�Yhg[_X1]�gG^iX�g�lWYD[�`cOT]GOT`hgGfD]_UW[�gGUWV5X1YD[�\1nmQ�[_UW`D^ed�`�n1UWS UWV5X1YD[�P1YD[�YcOTX�b*�Z`D^iR1P1X1UW[_YDRmg#lWY�[_^il�~j\*OT[_[_YD]#\)fD]_UW^qpP1UWV5X1YDS YDRmg�P1YZl¡a fhg�Oqgo^cb�Q�P1f-�z]_^iX1UWlWlWYD[�kiYD]�gGYD[r\1lWX�gGÅTg&yzYD]_]_UWV5X1YD[�ÆÈÇ1É � �Ê �o~#l¡a fhg�Oqg�]_fDP1X1U|g��z]_^iX1UWlWlWYD[kiYD]�gGYD[#\1lWX�gGÅTg�yzYD]_]_YDX1[_YD[ZÆËÇ � � ��YDR�V5X1YDlWV5X1YD[�¶_^iX1]_[D�
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�L]_^iRJUWRJ[_^iUWl©\1l{OcQ�[�O-SJO�¶_^i]2]_^ilWY�UWR �1UW^i�iYD^�`�n1YDS UW`cOTl*`hQ�`DlWYD[ZOT[�YDlWYD`hgG]_^iRJP1^iR1^i]�OTR1P�OT`D`DYD\�gG^i]UWR�^cb�UWP1^ed�]_YDP1X1`hgGUW^iRÏ]_YcOT`hgGUW^iR1[Dµ�gGn1YÐSJOTUWR/[_^iX1]_`DYÐ^Ty�YDR1YD]_�TQ/yz^i]�lWU|yzYT��Ñ&^Ò[�gGX1P�Q/gGn1YÐ^cb�UWP1^ed]_YDP1X1`hgGUW^iRÓP�Q�R*OTS UW`D[�UWRÓnmQ�P1]_^iS ^i]_\1n1UW`�[_^iUWl¡µ�s!tÔuhs!vxwÐ]_YDP1X1`DYDPÔ`D^iR1P1U|gGUW^iR1[�S�X1[�g$�)Y�\1]_YD[_YD]�kiYDP��²Zg��*^iX1�i�D]_YD[Dµ���]_U|g�OTR1RmQiµ2gGn1YÔ\1UWYD³D^iS YhgG]_UW`�lWYhkiYDl$^Ty�gGn1YÓÕZOqgGYD]�g�OT�1lWY¿ÕZOT[�S YcOT[_X1]_YDPÖOTR1P/gGn1Y`D^iS \)^i[_U|gGUW^iR¿^Ty+gGn1Yj[_^iUWl&[_^ilWX�gGUW^iR¿ÕZOT[�S ^iR1U|gG^i]_YDP×s!tÐuhs!vxwÐÕ�U|gGnÐO�S�X1l|gGUW\*OT]GOTS YhgG]_UW`�\1]_^i�)YT�§²S UWR1U{OqgGX1]_UW³DYDPÔ���i[_[_�*OTX1YD]-[_\)YD`hgG]_^iS YhgGYD]�UW[$X1[_YDPØyz^i]�gGn1Yj�*]_[�g�gGUWS Y�gG^�[�gGX1P�QÓkTOT]_U{OqgGUW^iR1[�Õ�U|gGnP1YD\�gGn�OTR1P-gG]GOTR1[�yz^i]_SJOqgGUW^iR1[�Õ�U|gGn-gGUWS Yr^Ty*UW]_^iR�S UWR1YD]GOTlW[D�DÂ�Á#·�µT�Z¾2�ÙOTR1P�[_YDlWYD`hgGU|kiY�Y@b�gG]GOT`hgGUW^iR�¡»Z�ÚOTR1PØ·�»Z����gGYD`�n1R1UWV5X1YD[�Õ�YD]_Y \)YD]�yz^i]_S YDPÔ^iRÐ[_^iUWl�[GOTS \1lWYD[D��Ñ&YD[�g-^Ty2UW]_^iRÔ^cb�UWP1YD[Ld�[_^ilWX�gGUW^iRgGn1YD]_S ^�P�Q�R*OTS UW`$YDV5X1UWlWUW�1]_U{O�OT]_Y�`D^iS \1X�gGYDP�yz^i]�[_\)YD`DU|�*`��*YDlWP�`D^iR1P1U|gGUW^iR1[ZÕ�U|gGn�¾rV5X1UWlL�zÑ#��`D^�P1YT�Ñ�n1YZ���i[_[_�*OTX1YD]�[_\)YD`hgG]GO�OT]_Y2`�n*OT]GOT`hgGYD]_UW[�gGUW`+^Ty1l{OcQiYD]_YDP�P1^iX1�1lWY+nmQ�P1]_^cb�Q�[GOTl|g+Û�]_YDYDR�Á�X1[�gG[DµTÛ�Á�[D�� �*�D�3��L�5� �*�D� �� �¡ �¢$£ �G¤ � � � �!¥§¦q¨©£3ª#« �&¬m­ ¢ �   ¤ �c� Õ�n1YD]_Y ¥ UW[�gGn1Y ]GOqgGUW^ �*�D� � ¦ �*�@¯W°;¯x± OTR1PØ² « � gGn1YUWRmgGYD]_`cOTl{OqgGYDP�OTR1UW^iR1[D��Û�Á�[Dµ�Ü5R1^�Õ�R�yz^i]+gGn1YDUW]2l{OT]_�iY#]_YcOT`hgGU|k�U|gLQ UWR gGn1Y$l{OT�)^i]GOqgG^i]�Qiµ5OT]_Y#gGn5X1[�kiYD]�Q]_YcOT`hgGU|kiY�`D^iS \)^iX1R1P1[�s!tÒuhs!vxwÄgG^�^1��Ý#^Ð^TgGn1YD]�UW]_^iRÄ\1n*OT[_YD[9n*OckiY��)YDYDRÒyz^iX1R1PÄ�mQ½gGn1UW[�ÕZOcQÄ^i]�mQÐÂ�Á#·��&�LRØgGn1YJX1\1\)YD]�]_YDP1^cb�UW`Jn1^i]_UW³D^iR1[Dµ ¥ ]GOqgGUW^�UWRÄÛ�Á�[Dµ7P1YD]_U|kiYDP×yz]_^iSB���i[_[_�*OTX1YD]�[_\)YD`@pgG]GO�µ§UW[$OT\1\1]_^cb�UWSJOqgGYDl|QÓÞißTà��§�LRÓgGn1YjP1YDYD\)YD]�n1^i]_UW³D^iR1[Dµ)gGn*Oqg�OT]_Y�]_YDP1X1`hgGUW`Tµ ¥ ]GOqgGUW^�UW[�^iR1l|Q×áeßTà��²��)^iX�g�¸i¹Òºâ^Ty�gG^Tg�OTl$�*YÔUW[�Y@b�gG]GOT`hgGUW�1lWYÓ�mQ/P1U|gGn1UW^iR1U|gGY�d�`DU|gG]GOqgGY�d��1UW`cOT]_�)^iR*OqgGY�OTR1PÏ¼i¹�ºã�mQ`DU|gG]GOqgGY�d��1UW`cOT]_�)^iR*OqgGYT�§�©OT[�g�kTOT]_U{OqgGUW^iR1[�^Ty2gGn1YjlWYhkiYDlr^Ty2gGn1Y�ÕZOqgGYD]�g�OT�1lWYTµ7OTR1PÐ^Ty�¾rn×OTR1PÐ\*ÃH^TygGn1Y�[_^iUWl)[_^ilWX�gGUW^iRJÕ�YD]_Y�[_UWS�X1l|g�OTR1YD^iX1[_l|Q ^i�1[_YD]�kiYDP¿OTR1P�Y@b�\1l{OTUWR�gGn1YD[_Y$yxOT[�g#OTR1P�l{OT]_�iY�S UWR1YD]GOTlW^qp�iUW`cOTl1gG]GOTR1[�yz^i]_SJOqgGUW^iR1[D��Ç�YcOT[_^iR*OTl§OTR1P yxOT[�g2kTOT]_U{OqgGUW^iR1[2OT]_Y#UWRJOT�i]_YDYDS YDRmg�Õ�U|gGn gGn1YD]_S ^�P�Q�R*OTS UW`YDV5X1UWlWUW�1]_U{O��)YhgLÕ�YDYDRÔÛ�Á�[�OTR1P�[_^ilWX�gGUW^iR��


