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N L7O>PRQTSRJTQTSVUTWKX�Y[Z]\?^'Z]L'S]L'PRUTW�X`_aY[LKbTL7WKL�bTQcPd^Kbfe
UTW�L

g Pd^ hTW�ijPk^ lmX7n
hporq4Pd^ JML7stlmX7X'W�QTX'n
hcPkuv^ Omlwn
hTWKQ)xyPR\EJTOw^{zPd^
UTW�L

| hTWKlwQTlmX7n
hTWKQ)xcL'lwWKUTL7lmn
hpo~}�lmOmhMWKOmi�X�o��4QTl��]W�L'X'l�^�zPd^���ZRQTQ

�RZ]L'SRWKOmW�SR^��]ZRQ
� X7^ L7lmU g P]Pd�

PRJTX
� PRL7OmX'L7JThTW

��Z]QTQ�� g zPRL'I��R�R�]�
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� QTSRW�u�WKL�^ lwSR^ti�l�^���WKQTW�hTi�lwS]JTQTSVUTW�L g Pd^ hMWKi�Pd^ lwX'n
hpo�q2Pd^'JTL7stlwX'X'W�QTX'n
hTPduv^ Owlmn
hTW�Q
xyPR\EJTOw^{zPd^�UTW�L | hTW�lmQTlwX'n
hTW�Q<xcL7lmWKUML'lmn
h�o�}�lmOwhTWKOwi�Xror��QTlw�RWKL'X7lw^{zPd^���Z]QTQ

� b | W�u�W�L'W�QE^K����L7ZRurbyY[LKbc��hTL'lwX7^
P N b g zJTOwOmW�L
�pb | W�u�W�L'W�QE^K����L7ZRurbyY[LKb g lmn
hcPdWKO �¡zJM^ X7n
hTZ{s
¢ PdS�UTW�L���L7Z]i�ZR^ lwZ]Q��c£�b �4¤ L'lwO¥�R�]�R�
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Y[lmW��]Z]L7OmlwWKS]W�QTUTW � L'¦�WKlw^2stJTL'UTWVlwQ3UTWKL�§�W�lw^4�]Z]Q�xcWK¦TL7JcPRL �{¨R¨]¨ ¦TlwX�Y[WKI�WKi©¦�WKL��R�R�?��JTQ?^ W�L�UTWKLª WKl�^ JTQTS«�]ZRQ�xcL PdJ��¬L'ZdurbDY[LKbD��hTL7lmX�^
P N b g zJMOmOmW�LPRi®�¬hcPRL7ijPdIKWKJp^ lmX7n
hTWKQ�¯�QTX7^'lw^'JM^�UTWKL��4QTl��]W�L�o
X'l�^�zPd^���Z]QTQ�lmQ°� Z ¤T¤ WKOmX7UTZ]L�u�X7Z�stlwW�PRQ°UTWKL�W�hTWKi�PROmlwS]WKQ���WKX7WKOwOmX'n
hTPduv^�u.zJTL g Pd^'hTWKi�Pd^'lm\�JTQTU�Y�Pko
^ W�Q?�]WKL'PRL'¦�WKl�^ JTQMST�±lwQTI�stlwX'n
hTW�Q�xcL PRJMQThTZRu�W�L�o�¯�QMX7^ l�^ JM^'X'I�WKQ?^ L7JTi²��lmL7OmlmQMS]hTZ{�]W�Q�lwQ3³pPRQT\?^ � JTS]JTX�^ lmQ��
PRQTSRW�u�WKL�^ lwSR^�b

g W�lmQ�¦�WKX'ZRQTUTWKL7WKL�Y�PRQT\)S]lmO�^[xcL'PRJ°�¬L'ZRurb�Y[LKb¥��hML'lmX�^
P N b g zJMOmOmW�L2u.zJTL[UMlmW N L'i<zZ]S]Owlmn
hEJTQTSjUTlmW�X'WKL� L7¦±W�lw^��MUTlmW�stlmX7X'W�QTX'n
hcPkuv^ Omlwn
hTW���W�^'L'W�JTJTQTS�JTQTU�lmhTL7W�4Q?^ W�L'X7^RzJM^ I�JTQTSTb
N ¦±W�QTX'Z�i<zZ]n
h?^ WVlmn
h°i�lmn
h�¦�WKl¬´�WKL'L7Q��¬L7ZRurb¥Y[LKb g lmn
hcPdWKO��¡zJM^ X7n
hTZ{sµu.zJTL�UTlwW©u�L'W�JTQTUTOwlmn
hTW z��¦±W�L�o
QcPRhMi�W�UTW�X � Z]L7L'W¶u�WKL Pk^ Xt¦±W�UcPRQT\dWKQ�b
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Y[lmW)³pJMn
hTW3QcPRn
hÊ}�lmL'\EX�^ ZRË±WKQ/lwQÌUTW�L�stlwX'X'W�QTX'n
hTPduv^ Owlmn
hTW�Q�JTQTU ¤ hTPRL'i�PRIKW�JM^ lwX'n
hTW�Q�xcZ]L'X7n
hEJTQTS
WKL�u�Z]OmSd^©hTW�JM^ W¡I�JTQTWKhMi�W�QTUÊQMlmn
h?^VQEJTLÀW¶Í ¤ WKL'lwi�W�Q?^ WKOwO~� X'Z]QMUTWKL7QÊPdJTn
hÊL7WKn
hTQMWKL'SRWKX7^RzJM^ I¶^�i�l�^©¦TlwZdo
lmQpu�Z]L'i�Pd^ lwX'n
hTW�Q g W�^ hMZpUTW�Q�b N lwQTW<\dZ]QTX'W�ÎEJTWKQ?^ W���W�S]OmW�lw^'JTQTS°�]Z]Q ª PR¦�Z]L�o N Í ¤ WKL7lmi�WKQ?^ W�QÌUTJML'n
h
��Z]i ¤ JM^'WKLHu.zJTL�UTW�Q«S]WKX'PRi`^ W�Q���L7Z]IKW�X'X�UTWKLH}�lwL'\EX7^'ZRË±X'JTn
hTWlwX7^ÈÏ7WKUMZpn
h«QTZ�n
h«QTlmn
h?^t�]W�L7stlmL7\EOmlmn
h?^Kb
Y�PRX���WKlwX ¤ lwWKO�UTWKLHi�Z]OwWK\EJTO>PdL'WKQ g Z�UTWKOwOmlmW�L'JTQMS`\RZRQT\EL'W�^'WKLt�¬L'ZR¦TOmW�i�W4ijPRn
h?^�UTWKQ¡i<zZ]S]Owlmn
hTW�QÐq4Jp^7o
IKW�Q)W�lmQTW�XtWKQTS]W�Q�§�JTX'PRi�i�W�QTX ¤ lwWKOwXH¦±W�lmUTW�L4§�JTSyzPRQTSRW�UTWKJM^'Omlwn
h�b

Y[lmW�X'W[Y[lwX'X7WKL7^ Pd^ lwZ]QjW�Q?^ X7^ PRQTU�PRiÑxcL PRJTQMhTZRu�WKL�¯�QTX7^'lw^'JM^�u
zJTL � OwS]Z]L'l�^ hTi�WKQ�JTQTUÐ}�lwX'X'W�QTX'n
hTPduv^7o
Omlwn
hTWKX | WKn
hTQTW�QÒ_~³T� � ¯�e�lmQÊUTWKL � ¦M^'WKlwOmJTQTS�u.zJTL���lmZ]lwQMu�Z]L7ijPd^'lm\�X'Z{stlmW<PRi �¬hcPRL'i�PRI�WKJM^'lmX'n
hMWKQ
¯�QTX�^ lw^'JM^HUMWKL | hTW�lmQTlwX'n
hTW�Q¡xcL'lmW�UTL'lwn
hpo�}�lwOmhTW�Omi�X�o��4QTl��]WKL7X'l�^ zPd^��Z]QTQ�bpY�PRX�xcL PRJTQMhTZRu�WKL�¯�QTX7^'lw^'JM^�lwX7^
JTQ?^ W�L�PRQTUTW�L'WKiÓPdJMu�UMlmW N Q?^�stlmn
\EOmJTQMS)¦TlwZ]lmQpu�Z]L'i�Pd^ lwX'n
hTW�L4}�WKL7\�I�WKJTSRWjIKJML � QcPRO�Ô�X'WVW¶Í ¤ WKL'lwi�W�Qpo
^ W�OmOwWKL4Y�Pd^ W�Q��±I�JTL4Õ�ZRL'hTW�L'X PdS]W`�]ZRQ°��L7ZR^ W�lmQpo�¦TI¶sb � Z]i ¤ OmW.Í�or³�^ L7JT\?^ JTL7WKQ3JMQTU�IKJTL2PROmOwS]WKi�WKlwQTWKQ
³plwi©JTO>Pk^ lmZRQ��]ZRQ g Z]OwWK\DzJTOwWKQ�PRJTX7S]WKL7lmn
h?^ W¶^�b

��WKl�UMWKiÖW.Í ¤ WKL7lmi�WKQ?^ W�OmO�Z]L'lwWKQ?^ lwWKL7^'WKQ��¬hcPRL7ijPRI�WKJM^'lmX7n
hTWKQ�¯�QTX7^'lw^'JM^VOmlwWKSR^`UTWKL�³pn
h?s�WKL ¤ JTQT\?^
PRJMu[UTWKi N Q?^�stJTL7ur�×UTWKLÐ³�Ô�Q?^ hTW�X'W3JTQMU/UTWKL��4Q?^'WKL'X7JTn
hEJTQTS��]ZRQ ¤ Zd^ WKQ?^'lmWKOwOmW�Q"}�lwL'\EX7^'ZRË±WKQ�b×¯�Q
UTlwWKX'W�L � L'¦�WKl�^�\RZ]QTQ?^'WKQ3PdOmX'ZVUTlwW N L�uaPRhTL7JTQTS]W�Q<JTQTU | WKX'X7Z]JTL7nKWKQ3PRJTX�¦±W�lmUTW�Q<��W�L'W�lmn
hTW�Q<S]W�Q�Jp^ I�^
s�W�L'UTW�Q�b

³pZ[X7lmQTU�hTlmW�LÅUTL7WKlwUTlmi�WKQTX7lmZ]QTPROmW g ZpUTW�OmOwW×�RZ]Q©W¶Í ¤ WKL7lmi�WKQ?^ W�OmOEQTlmn
h?^ uaPRX'X7¦cPRL7WKQ � Z]i ¤ OmW.ÍMW�Q©PRJMX
�¬L'ZR^'WKlwQTWKQ«JTQTU)³pJM¦TX7^'L Pd^'WKQ�JTQTi�lw^'^'WKOw¦cPRL��RZ]L�UTW�L�WKQTI¶Ôpi�Pd^'lmX'n
hMWKQ | WKPR\?^ lmZRQ¡¦±W�L'WKn
hMQTW�^�s�ZRL'UTW�Q��
WK¦�WKQMX'Z � Z]i ¤ OmW.ÍMW�PRJTX ª lmS?PRQMUTWKQ)i�l�^ | WKI�W ¤ ^'Z]L'W�Q���UTW�L'W�Q°³�^ L7JT\?^ JTL7WKQ�¦TlwX'OmPRQTSjQMlmn
h?^[¦�WKX�^ lmi�iÀo
¦cPRL�X'lwQTU�bM¯�Q¡³T� � ¯�WKQ?^�stlwn
\RWKO�^ W�³pZRuv^�s�PRL7WR�MlwQTX'¦�WKX7Z]QTUTW�L'W[UTPRX�Y[Z�n
\�lwQTSdo���L7Z]S]L'PRi�iÙØ�ÚEÛTÜDÝÞJTQTU
UTW�L4� Z]lmX7X'Z]Q�or��Z]O�^ I�ijPRQMQpo�³pZROw�]W�LHlmQ)�HPRi ª PR¦��TstJTL7UTW�UTJTL'n
h)UTlmW � Q?s�W�QTUTJTQTSÐPRJMuÅ\RZ]QT\EL7W�^ W©³�Ô�X�o
^ W�i�W«PdQ�UMWKQ�W¶Í ¤ W�L'lwi�W�QE^'WKOwOmWKQ�Y�Pd^'WKQ-�dPROwlmUTlwWKL7^Kb N XVIKW�lmSR^'W¡X'lwn
h��¬UcPRX7X�W�L'X�^�UMlmW � Z]i©¦TlwQcPd^'lmZ]Q
UTW�L��RWKL'X7n
hTlmW�UTWKQMWKQ��¬L'Z]S]L'PRi�i�W�¦TI¶sb±UMWKL�lmhTQTW�Q)I�JTS]L7JTQTUTW�OmlmW�S]WKQMUTWKQ g Z�UTWKOwOmWJTQTU g W�^'hTZpUMWKQ
IKJp�]WKL7O�zPRX7X'lwS]W � JTX7X PRS]W�QÊzJT¦�WKLtUcPdX�i�Z�UTWKOwOmlmW�L7^'W�³�Ô�X7^'WKißI�JTO�zPRX7X7^Kb

Y[lmW | WKn
hTQEJTQTSRWKQ3UTW�i�ZRQTX7^'L'lmW�L'W�Q<UTlwW ª W�lmX7^'JTQTS]X�u7zPRhTlwS]\RW�lw^��yPd¦±W�L2PRJMn
h<UTlwW`��L'W�QTIKW�Q<UTW�L4hMWKJpo
^ lwS]WKQ-³plmi`JTO>Pd^'lmZ]QMX ¤ L7Z]S]L Pdi�i�WRb�Õ�Z]L©PROwOmW�iÓPR¦±W�L��RWKL'X7n
hcPdË±WKQ"X'ZROmn
hTW«³�lmi©JTOmPd^ lwZ]QTW�Q�UMWKi N Í ¤ W¶o
L'lwi�W�Q?^
Pd^'Z]L�§�JTS?PRQTS�IKJÊX'Z]QTX�^¡QTlwn
hE^�¦�WKZ]¦cPdn
hE^'¦cPRL7WKQ�i�Z]OmW�\�JMO>PRL7WKQ"Õ�WKL'h¥zPROw^'QTlmX7X'WKQ�b g l�^�UTlmW�X'WKL
S]W¶s�Z]QMQTWKQTW�Q-¯�QMu�Z]L7ijPk^ lmZRQ3à3X'Z{stlwW�UMWKLs�W�lw^ W�L'hTlwQ�JMQTWKL7O�zPRX7X'Omlwn
hTWKQ�i�W�QTX'n
hMOmlmn
hMWKQ-xyPRQ?^ PRX'lwWÀJTQTUN Í ¤ W�L7^ lwX'W`à<WKL�zZRË�QMWKQ�X7lmn
h°QTW�JTW � QTX Pk^ I ¤ JTQT\?^ W�IKJTL�¬O>PdQ�JMQTS�s�WKl�^ W�L'WKL N L7u�ZROmSÐ�]W�L'X ¤ L'W�n
hTWKQTUMWKLN Í ¤ W�L'lmi�WKQ?^'WRb

�4OwL'lmn
h ¢ L'ZR^7^ W�Q�¦�WKL7S
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Y[lmW�RZ]L'OwlmW�S]WKQTUMW � L'¦�WKl�^D¦±W�hcPRQTUMWKOw^ UTlwW | W�n
hTQTWKLro�S]W�X7^RzJM^ I¶^ W g ZpUTW�OmOwlmWKL7JTQTS�PdJTX'S]W¶s�zPRhTO�^ WKLÅ�¬L'ZR^'WKlwQpoª lmS?PdQTUpo � Z]i ¤ OwW¶ÍpWRb � JTX7S?PRQTSRX ¤ JTQM\E^ u.zJTLpÏ7W�UTW g ZpUMWKOmOwlmW�L'JTQTS�X'lmQMU | zZ]Q?^ SRWKQpo � L7lmX�^
PROwO�o�³E^ L'JM\E^'JTL'W�Q�b
¯�i�WKL7X7^'WKQ)x�PdOmOys�W�L'UTW�Q � Z]i ¤ OmW.ÍMW�UMWKLt´4¯�Õ�or�¬L'Zd^ W�PdX'WhTlmQMX'lmn
h?^'Omlmn
h¡UMWKLt��lwQTUTWKX�^�zPRL7\RW�IKJ¡�]W�L�o

X'n
hMlmWKUMWKQTW�Q ª lwS?PRQTUMWKQ�JTQ?^ WKL7X'JTn
h?^Kb g Y4o�³�lmi©JTOmPd^ lwZ]QTW�Q©WKlwS]QTWKQ�X'lwn
hÐI�s�PRL ¤ L'lwQTIKl ¤ lmW�OmOTI�JTL���WKX7^'lmiÀo
i©JTQMS©�]Z]Q���lwQTUTWKX�^�zPRL7\RW�Q��cX'lwQTU«PR¦�WKLHX7WKhTLtPRJpuvs�zPRQTUTlwSTbM¯�Q¡UTW�Lt´4ZRË±QEJTQTST�MWKlmQMWKQÐ}�WKSVIKJTL�X'n
hTQTW�O�o
OmW�Q � ¦TX'n
hDzPk^ IKJMQTS[�]Z]QV��lmQTUTW�X7^{zPRL'\dWKQ©I¶stlmX'n
hMWKQÀ�]W�L'X'n
hMlmWKUMWKQTW�Q ª lwS?PRQTUTW�Q`JTQMU©UTWKLÈ´4¯�Õ�or�¬L'ZR^'W�PRX7W
IKJ�çcQTUTW�Q��ÅstlwL'U�W�lmQ�X7^
PdL'\��]W�L'WKlwQMuaPRn
hTW�QTUTW�L � QTX'Pd^ I�S]W�s�zPdhTOw^Ð_
è
ékêcëaìvêcípí�î$ï{ékðòñRó¶êcë�o g Z�UTWKOwO~�¥L7W¶o
O>Pk^ lw�RWj��lmQTUTW�X7^{zPRL'\dWKQye.b¬Y[lmW�i�Z]OwWK\EJTOmPRL'W�Q�³�^'L'JT\?^ JML'WKQ�JMQTU�§�JTX Pdi�i�WKQTh¥zPRQTS]W�O>PRX7X'WKQ�X7lmn
h�I¶sHPRL
ÎEJcPROwlw^
Pk^ lw�©S]JM^�QcPdn
hTIKW�lmn
hTQTW�Q��cÎEJcPRQ?^ l�^
Pd^'lw�RW � JMX'X PdS]WKQ«X'lwQTU�Ï7WKUMZpn
h¡QTlwn
h?^�i�l�^�UMWKLHW�L7s zJTQTX7n
h?^ WKQ
��WKQcPRJMlmS]\dWKlw^tI�J)W�L'I�lmWKOwWKQ�b

¯�iôI�s�WKlw^'WKQ°xyPROwO�stlmL7U<UTlwW � L'¦�WKlw^'X7s�WKlwX'W©I¶s�W�lmWKL��]W�L7s�PRQTUM^'WKL N QTI¶Ôpi�W«_a��hMWKQ?Ô�O>PROmPRQTlmQ�or´�Ô�UTLro
Z�Í�ÔpOmPRX'W`JTQTU ¢ ÔpL7Z]X'lwQpor´tÔ�UTL'Z�Í�Ô�O>PRX7W{e2UTJTL7n
h N L7IKW�JTS]JTQTS¡�RZ]Q�³pJT¦TX�^ L'Pd^7oHJTQTU°¯�QThTlw¦Tlw^'Z]L�o � ZRi ¤ OwW¶o
ÍMW�Q°X7^ JMUTlmW�L7^�b�Y[lmW N L7S]WK¦MQTlmX7X'WVWKL7i3zZ]SROmlmn
hMWKQ<UMlmW©¯�Q?^ W�L ¤ L7W�^ Pd^ lwZ]Q3��lmWKOwWKL���^'WKlmOwX4stlwUTWKL7X ¤ LdzJTn
hTOmlwn
hTWKL
W¶Í ¤ WKL7lmi�WKQ?^ W�OmOmW�L2��W�u�JTQTUMW�_ | zZ]Q?^ S]W�Qpo�³�^'L'JT\?^'JTL�o�Y�Pd^ W�Q���q g<| o�³�^'JTUTlmW�Q�JTQTU�\ElmQMW�^ lwX'n
hTW g WKX7X'JTQpo
S]W�QyeÅQcPRn
hVW�lmQTW�iÒW�lmQThTW�lw^'Omlmn
hMWKQ � Z]QTI�W ¤ ^Kb � JMu��L7JTQTUTOmPRS]W�UMWKL¦�WKL7WKn
hTQTW¶^ W�Q¡³�^'L'JT\?^ JML'WKQV\±zZ]QTQMWKQ
\RZRQT\EL'W�^'W | W�PR\?^'lmZ]QTX7i�W�n
hcPRQTlwX'i�WKQ��]Z]L7S]WKX7n
hTO>PdS]WKQ�s�W�L'UTW�Q��4UMlmW ¤ L Pd\E^'lmX7n
h¾zJT¦�WKL ¤ LdzJMuv^«s�WKL7UTWKQ
\±zZ]QTQTW�Q�b

§�JTOmW¶^ I¶^Às�W�L'UTW�QÌUTL7WKl�o�UTlmi�WKQMX'lmZRQcPROmW g Z�UTWKOwOmWj�RZ]Q�I�s�WKl4�[o��¬L'ZR^'WKlmQ�o�S]W�\RZ ¤T¤ WKO�^ W�Q � UTW�QTZ]X'lwQpo| WKIKW ¤ ^ ZRL'WKQ�W�L'X�^ WKOwOw^K�]Ï7W¶s�W�lmOwX[PRJTX7S]WKhMWKQTU3�RZ]Q3UTW�L � L'lwX7^
PdOmO�or³�^ L7JT\?^ JTLtUTW�X2W�QTSj�]W�L7s�PRQTUM^'WKQ | hTZdo
UTZ ¤ X'lmQMXKb¥Y[lwWKX'W©´4Z]i�Z]OmZRS]lmW.o�¦cPRX7lmW�L7^ W g Z�UTW�OmOmlwWKL7JTQTSjUMWKL�¦�WKlmUMWKQ | W�IKW ¤ ^ Z]L7WKQ°lmX�^�QTZR^�s�WKQMUTlmST��UcP
X'lwW�PROmXtlmQ?^'WKS]L'PROmW g WKi©¦TL'PRQpo���L7ZR^ W�lmQTW�X7^'L'JT\?^'JTL'W�OmO¥QEJTL�X'WKhML4X7n
hEs�WKL2n
hcPRL Pd\E^'WKL7lmX'lwWKL7¦cPRLtX'lwQTU�byY[lmW
WKL7IKW�JTSR^ W�Q�³�^'L'JT\?^'JTL'W�Q ¤ PdX'X'W�Q�S]Jp^IKJ�UTWKQ��]W�L7u zJTSR¦cPRL'W�Q�W.Í ¤ WKL7lmi�WKQ?^ W�OmOwWKQ°Y�Pd^'WKQ�bD��OmW�lmn
hTI�WKl�^ lmS
OmlwW�u�W�L'QVUTlmW g Z�UTW�OmOmWt´�lmQ?s�WKlmX7W2PdJMu�UTlwW��4L'X'PRn
hTW�Qju zJTL×UTlmW�^ L7ZR^ ItUTW�L�W�QTS]W�Q�Õ�WKL�sHPdQTUTX'n
hTPduv^H¦�WKlwUTWKL| WKIKW ¤ ^ ZRL'WKQ�S]L'ZR�]W�Y[lmX'\EL7W ¤ PRQMI�lwQVlmhTL7WKQ ª lwS?PRQTU�o �4õ QTl�^�zPd^'WKQ�b � JMu�UTWKL���L'JTQMUTO>PRSRW�UTlmW�X'WKL g Z�UTWKOöo
OmWt\±zZ]QTQMWKQjQMlmn
h?^�QEJTL���L'ZRX'X'OwlmQT\dWKLro g Z]OwWK\DzJTOwW�W�Q?^�s�Z]L�u�WKQ���X'ZRQTUTWKL7QÐPRJMn
h�u.zJTL g JM^ PRS]WKQMWKX'W.o�³�^'JTUTlwWKQ¤ ZR^ W�QE^'lmW�OmO¥L'W�OmW¶�RPdQE^'W � i�lwQTZ]X{zPdJTL'W�Q)lwUTWKQ?^ l�çcIKlwWKL�^4s�WKL7UTWKQ��±X'Z�UcPRX7X2UTlwW©÷[JcPROwlw^{zPd^tUTWKL g Z�UTWKOwOmWW¶ÍEo¤ WKL'lwi�W�Q?^ WKOwO�zJT¦�WKL ¤ LdzJpu�¦cPRLtlmX�^�b
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hTQTl�^'^jzJM¦±W�L'X'W¶^ I¶^�s�Z]L7UTWKQ�lwX7^K��JTQ?^ W�L'X7n
hTWKlwUTWKQ�X'lwn
h�UTlmW`��L7Zdo
^ W�lmQTW��]Z]QMWKlmQTPRQTUTW�L�lmQ3UTW�L � QTI�PRhMOJTQTU�lwQ3UTWKL | W�lmhTW�QMu�Z]OwS]W`UTW�L[i�lw^ W�lmQcPdQTUTWKLt�]W�L'\EQÈzJ ¤ uv^ WKQ � ³�b
xcZ]OmSROmlmn
h<JTQ?^ WKL7X'n
hTW�lmUTW�Q-X'lwWVX'lmn
h�PRJTn
h�lmQ°lmhML'WKL�³E^ L'JM\E^'JTL�JTQTU�xyJMQT\?^ lmZRQ�bD�¬L'ZR^'WKlmQMWR�¥UTlwWÀQ�JML�lwQ
WKlwQTlmSRWKQ�s�W�QTlmSRWKQ � ³°�RZ]QTWKlwQcPRQTUMWKL�PR¦?s�W�lmn
hTW�Q��ÅJMQTU�¦�WKl¬UTW�QTWKQ�UTlmW�X'WKL��4Q?^'WKL'X7n
hTlmW�U�PRJMu�WKlwQTWKi
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� Z ¤ lwWKL7u�W�hTOmW�L¬¦±W�lcUTWKL�Y�q[³?o�Õ�WKL7UTZ ¤T¤ OmJTQTS¦�WKL7JTh?^��E¦±W�IKW�lmn
hTQTW¶^�i�PRQ�PROwXf�3í�ëP�Rêcë�ó¶êcb N lmQTW g JM^ Pd^ löo
Z]Q`stlwL'U©lwQ©��W�IKJTS�I�JTL�³pW�ÎEJTWKQTI�UMWKXÈ}�lwOmUpo ¢ Ô ¤ XH_ | W�u�WKL7WKQTI�eÈPRQTSRWKS]W�¦±W�QÀUTJTL'n
hÀUMlmW�JML'X ¤ LRzJTQTSROmlmn
hMW� ³±�clwhTL'W� Z]X'l�^ lwZ]Q«lmQTQTW�L'hcPdOm¦«UTWKL4³pW�ÎEJTWKQTI�JTQTU�UTlwW�QTWKJTW � ³�b¢ L7ZR^ I�lmhML'WKX ¤ L7lmi zPRL�OmlwQTW�PdL'WKQ � JMu�¦cPRJTX�X'lwQTU-�¬L7ZR^ W�lmQTWVi�PRX'X7lw��JTQMU�\RZRi ¤ Pd\E^�S]W¶u�Z]L'i�^�bDY[lmW
´2PdJ ¤ ^ \dW�^7^ WHstlmQMUTW�^¬JMQTU©uaPROw^'W�^ÈX'lmn
h��RX'Z�UcPRX7X¬X'lwn
h � ¦TX7n
hTQTlw^7^ W�UTW�L¬´2PdJ ¤ ^ \dW�^7^ W�JTQTU;7dZpUMWKLUTW�L×³pWKlöo
^ W�QT\RW¶^'^'WKQ�JMQE^'WKL7WKlmQTPRQTUTW�L�¦±W�LRzJThTL7WKQ�bDY[W�L[L{zPdJTi�Owlmn
hTWIH�ó<�.ðÍ�RíKJ���ó<�ML9�RíL��ëON?ó¶ëaë�ó�OmWKSd^�UTlmW`S]OmZ]¦TPROmW
³�^'L'JT\?^ JMLjUTW�X¡�¬L'ZR^'WKlmQMX�u�W�X7^�b�Y[lmW��ÅZRX'lw^'lmZ]QMWKQÌUMWKL¡³�WKlw^'WKQT\dW�^7^ WKQ�¦�WKX�^ lwi�i�WKQ�UTlmW)OmZ]\kPROwW8�[¦±W�L�o� zPRn
hMWKQpor³�^ L7JT\?^ JTL�JTQTU�\±zZ]QTQTW�Q<ZRuv^tZ]hMQTW N lwQ8�cJTX7X2PdJMuÈUMWKQ«Õ�WKL'OmPRJMuÅUTWKL�´4PRJ ¤ ^'\RW�^7^ W�dPRL'lwlmWKL7WKQ�b

P ��,��A;<� �U,
�4Q?^'WKL ¤ h?Ô�X'lmZROmZ]S]lwX'n
hTW�Q"��WKUMlmQTS]JMQTS]WKQ�OmlwWKSR^`WKlwQ"��L7ZR^ W�lmQ�lwQ�WKlmQMWKLÀS?PRQMI¡¦±W�X7^ lwi�i�^ WKQ�SROmZ]¦cPdOmWKQ
³�^'L'JT\?^ JMLt�RZ]LKb�Y[lwWKX'W�X7Z]S]W�QcPRQTQ?^ W�ê��RëaìvñRó&Qyëj�.í�NkëÆí��V¦±W�L'JTh?^4PRJMuÈUTWKi lmQTUTl���lmUTJTW�OmOwWKQ¡xyPRO�^ JTQTSRX ¤ L7Zdo
IKW�X'X�JTQTU�PRJpu±UMWKL � ³Eo�³pW�ÎEJTWKQTI@�EX'lmW�¦±W�UTlmQTSd^¬UTlmW�WKlmQMijPROwlmS]W×xcJTQT\?^'lmZ]Q©W�lmQTW�X��¬L'ZR^'WKlmQMX¬lmQ©UTW�L×§�WKOwOmWR�
�¬L'ZR^'WKlwQTW©^ L7W�^ W�Q�i�lw^[PRQTUTW�L'W�Q g ZROmWK\¥zJTOwWKQ°lmQ � Z]Q?^ PR\?^���W�QE^7uaPROw^'WKQ°lmhML'WÀX ¤ WKI�lmW�OmOmW�}�lmL'\EJTQMS¡JTQTU
O�zZRX'WKQ«X7lmn
h«stlmWKUMWKL��]Z]Q)lmhTL7WKi��W�S]WKQÈzJM¦±W�L`_�XKb � ¦T¦�b � b21Ee¶b
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³plmW«¦TlwOmUTW�Q"PROmX7Z°WKL'X�^�WKlmQMWKQ YÀékî*��ðmó[Z]�¦�W��]ZRL�W�lmQTW«n
hTW�i�lwX'n
hTW | W�PR\?^'lmZ]Q"X7^ Pd^'^7çcQTUTW¶^���U�b7h�b
X'lwW�SRWKhTW�Q<L'W¶�]W�L'X'lw¦TOmWd�±QMlmn
h?^2\dZ{�RPdOmWKQ?^'W`��lwQTUTJTQMS]WKQ)i�l�^4X ¤ W�IKlwWKOmOwWKQ)�ÈPRL�^ QTW�L�o g Z]OmW�\DzJTOmW�Q<WKlwQ�byY[lmW
\EOmW�lmQTW�L'W � Z]i ¤ Z]QTW�Q?^ W�WKlwQTWKX X'Z]Own
hTWKQ � Z]i ¤ OmW¶ÍpW�XDstlwL'U�S]WKQMWKL'W�OmOEPROwX_�ÈìÍ�
�Rê���¦�WKIKW�lmn
hTQMW�^�bdxyPROmOwX�WKlwQ
Z�UTWKLti�WKhTL7WKL'W ª lmS?PdQTUpo g Z]OmW�\DzJMOmW�UTJTL7n
h<UcPdX2�¬L'Zd^ WKlwQ)n
hMWKi�lmX'n
h<JTi�SRW�s�PRQTUTW�Ow^ts�W�L'UTW�Q���hcPRQTUTW�Ow^
WKXjX'lmn
hÌ¦±W�l2UTW�i �¬L'Zd^ WKlwQÌJTi WKlwQ ��ê]\�^dî JTQTUÌ¦±W�l2UTW�Q ª lwS?PRQTUMWKQÌJMi Qyí��¶ï¶ëj���Rë�óB�×uaPROmOwXVWKlmQMW
X'ZROmn
hTW | WKPR\?^ lmZRQjUTJTL7n
h¡UTWKQ ª lwS?PRQTUMWKQ��RWKL7hTlmQTUMWKL7^�stlmL7U��E¦±W�IKWKlwn
hTQTW¶^�ijPdQjlmhMQÐPROwX`_.ê8a�ì��Kìvëréa��UTW�XN QTI�Ô�i�XKb

KM�:�";N�'�H,.I h ��!���,�-"I[b ��$�&'#%�'�dc9�H���'��,�!��",
Y[lmWt¦TlwQTUTW�QTUTWKQ � L�zPduv^ W�I�stlwX'n
hTW�Q ª lwS?PRQTU�JTQTU¡�¬L7ZR^ W�lmQjX7lmQTU�X'n
h?s�PRn
h��cUcP�\RWKlwQTW2\dZ{�RPdOmWKQ?^'WKQ«��lwQpo
UTJTQMS]WKQ�PRJTX'SRWK¦TlwOmUTW¶^�s�W�L'UTW�Q�b �4i$UTW�QTQTZ�n
h�W�lmQTW�Q�X�^
PR¦TlwOmW�Q � ZRi ¤ OwW¶Í3IKJ�¦TlmOwUTWKQ���i�zJTX7X'W�Q�X'lwn
h
UTlwW�PdQTIKlwWKhTW�QTUTWKQ�}�W�n
hTX'W�OwstlwL'\EJTQTS]W�Q9zJT¦�WKLWKlwQTWVi3zZRS]Omlwn
hTX7^�SRL'Z]�]WVS]W�i�W�lmQTX'PRi�W � ZRQE^ PR\?^
� zPdn
hTW
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I�stlwX'n
hTW�QÐUTW�Q � Z]i ¤ Z]QMWKQ?^ W�Q�X7JTi�i�lmW�L'W�Q�b g W�lmX7^�X'lwQTU�UTlmW � Z]i ¤ Z]QMWKQ?^ W�Q�W�lmQTW�X � Z]i ¤ OmW.ÍpWKX�WKlwQpo
PRQTUMWKLHL�zPRJTi�Omlmn
h�JTQTU¡W�OmW�\E^'L'Z]X�^
Pd^'lmX7n
h¡\RZ]i ¤ OmW�i�W�Q?^�zPRL2_~³pn
hMO'zJTX7X'WKOöo�³pn
hMOmZ]X7X�or´tÔ ¤ ZR^'hTWKX7W{e.b 6 WKUTW � ¦po
s�W�lmn
hEJTQTS��]Z]Q3UMWKLtS]WKSRWKQTX7WKlw^'lmS]W�Q N Q?^ X ¤ L'W�n
h�JMQTSÐ�]W�L'L'lwQTS]W�L7^4UTlmW�³�^{zPRL'\dW�UTW�L2��lmQTUTJMQTS�I¶stlmX7n
hTWKQ
UTW�Q � Z]i ¤ Z]QMWKQ?^ W�Q�bEY[lmW�etìvê���ó¶ë:�kï{è?acótlwX7^�UTlwWrÏ7WKQMlmS]W | WKS]lwZ]QVWKlwQTWKX��¬L'ZR^'WKlmQMXK�?UTW�L'WKQ �[¦±W�L[� zPRn
hMWKQpo
³�^'L'JT\?^ JML×I�JVWKlmQMWKi X ¤ W�IKlwWKOmOwWKQ ª lmS]PRQTUTW�Q ¤ PRX'X�^�b��2uv^¬lmX�^¬UTlwWt��lmQTUMW�^
PdX'n
hTW��]ZRQ�JTQ ¤ Z]OmPRL'W�Q | W�X7^'WKQ
PRJTX7S]WK\EOwWKlmUMW�^�b?¯�QMQTWKL7hcPROm¦�UTW�L���lmQTUTW¶^
PRX7n
hTW�WKlmQMWKX N QTI�Ô�i�X�¦�W�çcQMUTW�^�X'lwn
h�UcPdXfNA�Rë:�Rðg^këÆìmï{è?acóihU�jNkëaìvñRók ó¶êcë��¶í�î�b�Y�PR¦�WKl hcPRQTUMWKOw^[WKX[X7lmn
h�JTi²WKlwQTWÀ��L'J ¤M¤ W`�RZ]Q � ^ ZRi�W�Q���UTlwW`W�lmQTW�Q3}�W�S¡WKL zZdË�QTW¶^[u zJTL
WKlwQTW©X7Z]QTX7^JMQTi zZRS]Omlwn
hTWR��lmQ���WKS]W�Q?sHPRL�^UTWKX�¬L7ZR^ W�lmQTXPR¦�WKL2X ¤ Z]Q?^
PRQ�PR¦TOmPRJMu�W�QTUTWÀ��i`sHPdQTUTOmJMQTS
UTW�L�³pJT¦TX�^ L Pk^ WRbY[lmW �[¦�WKL�� zPRn
hTW«UTW�LÀ��lmQMUTW�^ PRX'n
hTW«lwX7^©i�WKlwX7^ÀX7Z�S]WKX�^
PRO�^ W¶^��ÈUTPRX'XÀX7lmWÐ¦�WKX7Z]QTUTW�L'X
UTW�Q z�4¦�WKL'S]PRQTS]X7IKJTX�^
PRQTU���UTWKQ°UTlwWÀ³pJM¦TX7^'L Pd^'W`s�zPRhTL7WKQTU°UTW�L | WKPR\?^ lwZ]Q3UTJTL7n
hTO>PdJMu�WKQ��±X7^ PR¦TlmOwlmX7lmWKL�^�b
Y�PRUTJML'n
h��?UcPdX'X×Q�JML g ZROmWK\¥zJTOwWR�]UMlmWtS]WKQTPRJ�lwQVUTlmWt��lwQTUTW¶^
PRX7n
hTW4W�lmQTW�X N QTI¶Ô�i�X ¤ PRX7X'WKQ���JMi�S]W�X'W¶^ I�^
s�W�L'UTW�Q���¦TOwWKlw¦±W�Q3PRQTUMWKL'W�Õ�WKL7¦TlmQTUMJTQTS]W�Q�PRJTn
h<^'L'ZR^'I�u�JTQM\E^'lmZ]QMWKOmOwWKL z� hMQTOmlwn
hT\RW�lw^ W�Q3JTQ?�]W�L{zPRQMUTWKL�^�b
³pZ¡\±zZ]QTQMWKQ�UTlmW`�RWKL7X'n
hTlwWKUTW�QTWKQ g Z]OmW�\DzJTOmWÀPdJTX�UTWKi IKWKOwOmJTO�zPRL'W�Q�³�^'ZRË±S]WKi�lmX7n
h�X'WKOwWK\?^ l��3i�W�^ PR¦±ZROml�o
X'lwWKL�^�s�W�L'UTW�Q�b
����J�"�J� lnmC �2o �m;:���È@qpHBMA �2r B � A
Y[lmW`´2PRJ ¤ ^7oHJTQTU�³pWKl�^ W�QT\RW¶^'^ W�Q°WKlmQMWKX�¬L'ZR^'WKlwQTX[X'lwQTU<s�WKS]W�Q�UMWKL2�RZ]L'hTW�L'L7X'n
hTW�QTUTWKQ N lmQMuaPRn
h�or��lwQpo
UTJTQMS]WKQ��Åi�l�^�UTWKQTW�Q"UTlmW � ^ Z]i�WjJMQE^'WKL7WKlmQTPRQTUTW�L`�]W�L'\EQzJ ¤ uv^VX7lmQTU��ÅOwWKlmn
h?^`UTL'W�h�¦TPRLKb N lwQ-�¬L'Zd^ WKlwQ
\kPRQTQ�UcPRhTW�L¬^ hTW�Z]L'W¶^ lmX7n
h�uaPRX�^×JTQTWKQMUTOmlwn
h���lmW�OmW�L�zPRJTi�Omlmn
hMWt³�^ L7JT\?^ JTL7WKQ�WKlmQMQTWKhTi�WKQ�b ¢ L'Zd^ IKUMWKiµuaPROöo
^ W¶^�X'lwn
h�UMlmW�´4PRJ ¤ ^'\RW�^7^ WtWKlwQTWKX��¬L7ZR^ W�lmQTXlwQÀUTWKL×§�W�OmOwW�IKJVX7WKlmQMWKL¬X ¤ WKI�lmW�OmOmW�QÀQcPd^RzJTL'Owlmn
hTW�Q�³�^ L7JT\?^ JTL�b
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¯�Û�ÁÃ¶£µNÎÊµN²
É�µôSµ·¯+¾
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µN² ¾
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Y[WKL�L{zPRJMi�Owlmn
hTW � Jpu�¦cPRJ3W�lmQTW�X[�¬L'ZR^'WKlwQTX�stlwL'U)UTJTL'n
h�UMWKQ<Õ�W�L'O>PdJMuUTW�L[´4PRJ ¤ ^'\RW�^7^ W©¦�WKX7n
hTL'lwW¶o
¦�WKQ9_aX�b � ¦T¦�b � b 4Re¶bY[W�L'W�Q�lwQTUTl��plwUTJTW�OmOmW � ³?o�³pW�Î�JMWKQTI«stlmL7U"PROmXz�M�¶ìvî{#�A�N�|Qyë��.í>Nkëaí'�<¦±W�IKWKlwn
hTQTW¶^�b� zJTL'I�WKL7W � ¦TX7n
hTQTlw^7^ WVUTW�L�´2PRJ ¤ ^ \dW�^'^'WVZ]L'S?PdQTlmX7lmWKL7WKQ3X7lmn
h°JTQ?^ W�L�S]OmW�lmn
hMu7zZRL'i�lmS]W�L � QTZ]L'UMQ�JMQTS«JTQpo
i�lw^'^'WKOw¦cPRLtPRJMu�W�lmQcPdQTUTWKL�u�Z]OmSRWKQTUTW�L2� W ¤ ^'lmUpor�L7J ¤T¤ WKQ3I�JIQ�ó?Nkípê��}#�A�N�|Qyë��.í>Nkëaí'�N�:��ðmó¶îjó¶êcë�ó¶êÅb���W�lÈWKlöo
QTW�L~ M��L�ó¶ðòì�Z/stlmQTUTW¶^¡X'lwn
h/UTlwW3´2PdJ ¤ ^ \dW�^7^ W�JTi WKlwQTW<lwijPRSRlmQDzPRL7W � n
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ZUTbè&_fTbR MNDF¹�DFBf�aHIDFG�DFG ZUVdT:kdT:or_fè&VXcaé ^ T:R0/�o<c"_fTbg.c*
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A ÷�è!0Ííäõ�ù·ðBC¬õîúED�ù¬ó³ði2�í�a ^ .ÃíäìåÊ¦õ�÷iBäø*ùÅú*í³ù&ê ¸º±³¿³Û´Wàâ#�µ!ã�¸·°�«Nã�±æ®�«"¾½µ³¿¬¾_ª³àâzÔ¥â�¼�®��«�¿äÈ�ÀË¼½¿¬ÖS¼(â�¨F¯C®Â«�¼½¿ �âb�ª³µ³ÆÃ«"bâb®�°b«Nã�±þª³«� Ü·®�¯�¿³ª³¯(â�ªäÈ ü ¶æ×5�«Nã�±·µ³¿¬¾òª¬àâ:Ô¥â�¼C®Â�«�¿äÈ�å7«�¾æ¯�¿³ªäÈ�áebã�±³°�Ã²�×�«�â�¸·µ³¿³¾½Ã¿z×�«�yÈª³bâ�µ³¨�¨=àâ�¸·²�«Nã�± � ×W¼�¶qÃ«h¯�µ!ã�±�±¬«"àâ5ª³«"©°b®.�¯(â�¸Càâ�Ã¿HÜ/ã�±æ× ¯�¿¬¸Åµ¬¿³¾½�¿sª³Ã°2ÀÉâÂ¯CÖ�®bÖS�²"ªÅÈ�´WÃ«�®�â�¯�¾½°ª³«�Ëàâiâ��«�ã�±·¶�¯(â�làË�¿�¯�µ¬«"¾½¸C�«�®2¯�µ¬Ö � Ù�9=: � Ù � ¸DãÎ¯�² =C¨F¼�²h¶qÃ¾�â�Ã¿³Æ�Ã¿hÙ
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ú3û ûeü�ý þÒÿ��������(>��	
 ¬? �!� ��)*�k®�� ���%�L�L���?���%'�� �%�%�"�A@ ° 8 ���Q�%���É�CBÜ§����D@N���!�"�EB������_�������F@ ���D�%�"�EB��g�*��� �_�	� ������®
©(¢£ �	�<�Q�%���É�¶#��*���Ì�"�D��#%�����"�i�?�"���ó�*�?��� �HGJILKNMD� ª � ���%����$ ®�) ¢ �?� �LO¯� �N� ���"�?$��M¤(�%����'D���?�}®�� �´¬�k����� ¢£ ���?'�)	�P � ���"�*�i�?�E#����*�_�É�"�;®����RQL�?�") )	� ���«#��i��)	�"���D�%� � ¬�?�!� ���"�*� ¢¯£ �"�?��) �*���K�*#%��$"�K� ��'��"���?�"�SQ�����#�#g���	� ��	®��������T ���?�N�����_�k���*���?�"��#��*�i�VU}¬���?���"�����?� ���g�*���*�_�*� �����?®þ#%���k��'«¬�����?� ��� ¢
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WEX û$Yjý<ý
Y¯���	���	
(¤(�%����'D���?���I�����[Z��?� ��®��	��� �È� ��®�)	�"�*�i�?���?� �Ü����#�®����?®�#����k�%�"�]\_^`Gy�?� �Ü�g�*��� �_�	� ������® ¢ �g�*���*�_��)	�
�������¦�_a?�*�_��)`� ª � ���%�3#��*���_�?� ��§�����®��"�?���!�"� ¢ GJILKNMD� ª � ���%�bUH� ���?�"�u�!� $ ��®��"�<���������	�cO�� ��� ���"��$��M¤(�%���?'(���?� ¢

G�ILKNM ö%÷´ø GJIdKRM ö%÷Møë0e f ��������� �(����) Ð " f ù ì´îhgRi) Ð " f 2 ��3��/4j�) Ð " f �������	�
������"$#&%'% f ù ìMî	gRi"$#&%'% f 2 �!3��/4j�"$#&%'%
kRl�cm kRl�nm Z���� ��®��	� �!�"�	�%�b¬�k®�� k '�� ��)
oà�_��)pm

¡ ¡k¢	q�¡ r�¢	s`r t`s�²(¢	q �vuwuwu ¢ µ x0y�zE{�x s µ ¢r© � ©ws�©(¢	q � ¡|sw}(¢r²
© ¡k¢ u q ¡k¢*¡Rr µ tk²(¢	} �vu qw}(¢*¡ � ¡|} µ ¢r² qws(¢�t � ©�t_r�¢r© � ©�¡Rr�¢	q
² ¡k¢�t(¡ ¡k¢*¡ µ µ t`}(¢	q �vu s�tD¢	} � ©�¡|s(¢r² uwu ¢	} � ©ws µ ¢ u � ©�©�tD¢	}
µ ¡k¢r²w} r�¢�t`s µ�µ s(¢	} �vu s�tD¢	q � © µ tD¢ u t µ ¢	} � ©w} u ¢	} � ©�¡"©(¢hrq ¡k¢ µ s r�¢	}ws u ¡ u ¢*¡ �vu µ ©(¢ u � © u ¢ µ x~x��S{�� � © u s(¢r© � ¡ µ s(¢	}u ¡k¢ u µ r�¢	}�¡ t_r�©(¢	s �vu µ ²(¢r© qws(¢�t s`r�¢r² � © u tD¢	q � ¡�twtD¢r©t x�{�x0� �S{���y q µ r�¢ u �vuwu ²(¢	} � ¡"©�²(¢r© µ r�¢r© � © uwu ¢r² � ©�© u ¢hr} ¡k¢r²w} r�¢	}`r q�t µ ¢ u �vuwu ²(¢r© � }w}(¢ u q u ¢r² � © u q(¢	s � ©`r�s(¢ us ¡k¢	q�t r�¢	}�t µ s�¡k¢r² �vu ¡|q(¢ µ � ¡"© µ ¢*¡ � �&{
z � ©wq�¡k¢�t � ©�¡ u ¢hr
¡Rr ¡k¢ u t r�¢	} µ qws u ¢�t �vu µ s(¢r² � q�©(¢	q uwu ¢hr � © u ©(¢�t � ¡|s u ¢ u
¡�¡ ¡k¢	}`r ¡k¢r©�² q�t u ¢r© �vu ²wq(¢�t � qws(¢ µ u r�¢	s � y � y�{ � � ¡�t(¡k¢ µ
¡"© ¡k¢r²w} r�¢	}�t q�²ws(¢r© �vu q u ¢	s � ¡�¡�tD¢ u }�²(¢ µ � ©�tk©(¢ µ � ¡|}w}(¢	s
¡"² ¡k¢�t(¡ ¡k¢r²�© q�¡ u ¢r© � �5x � {�� � s u ¢�t u µ ¢�t � ©wq u ¢	} � ¡|s�©(¢hr
¡ µ ¡k¢r© u r�¢ u s q�² u ¢r² �vu µ tD¢*¡ � ¡�¡Rr�¢�t t`}(¢ u � ©�t`s(¢r² � ©`rwr�¢�t
¡|q ¡k¢	q`r r�¢	} µ qwsws(¢*¡ �vu }�©(¢�t � }�²(¢ u u ²(¢	} � ©w}wq(¢	s � ©�©�©(¢hr
¡ u ¡k¢	q u r�¢	s�t qw}`r�¢	} �vu ©�¡k¢	s � µ ¡k¢hr }wq(¢	} � ©wq u ¢�t � x�z$�S{��
¡�t y�{ �~� x~{��E� qws u ¢ u �vu } µ ¢r© � }�tD¢	q q µ ¢	s � ²`rwr�¢*¡ � © µ q(¢*¡
¡|} ¡k¢	q�² r�¢	}ws ��z�x�{ � �vu q�tD¢�t ²�¡"²(¢ u s�²(¢ µ � © u }(¢	} � ¡�t`q(¢r²
¡|s ¡k¢r²�© r�¢ u µ u ©`r�¢	} �vu ©�¡k¢	q � r�¢�t qw}(¢ µ � © µ ¡k¢r© � ¡|}�©(¢�t
©`r ¡k¢ uwu r�¢	s�© µ qwq(¢*¡ �vuwu ²(¢	q � ©`r�}(¢r² µ ²(¢ µ � ²`r?¡k¢r² � yE��z�{��
©�¡ ¡k¢ u ² r�¢	}ws u r�s(¢ u �vu ²�tD¢hr � ©�tD¢r² q`r�¢	} � ©�²wq(¢hr � ¡|} µ ¢r©
©�© ¡k¢r² u r�¢	}`r µ u tD¢ u � t(¡Rr�¢	s � © µ ²(¢r© u tD¢ µ � ©ws�¡k¢hr � ©�©�²(¢	q
©�² ¡k¢ µ t r�¢	} µ u s�²(¢r© �vu µ ²(¢r² µ s(¢	s }w}(¢	q � © µ q(¢�t � ¡|q�tD¢r©
© µ ¡k¢r²�¡ r�¢ u s qwq�²(¢	q �vuwu q(¢r² � ¡�¡�¡k¢	} }wq(¢	s � ©wsw}(¢�t � ©�¡"©(¢�t
©wq ¡k¢ µ u r�¢�twt µ qwq(¢	s �vu q�©(¢�t � ¡|s u ¢	} µ�µ ¢r² � ©�t`q(¢ µ � ©�²�¡k¢*¡
© u ¡k¢r²ws r�¢�t(¡ tk© u ¢�t �vu sws(¢	s © u ¢	} tk©(¢*¡ ��� x0��{ � � © µ ²(¢ µ
©�t ¡k¢ u s ¡k¢hr�t t_r?¡k¢	} �vuwuwu ¢r² ²wq(¢	q u q(¢hr � ©ws�©(¢*¡ � ©�©�tD¢*¡
©w} ¡k¢�t(¡ ¡k¢r©�² tk© µ ¢	q � z�x��S{ � }(¢*¡ u tD¢	q � ²`r�©(¢	} � ©�²wq(¢r©O¯� � ¢ r r �E� � {�z � t_rwr�¢hr � y��~�S{ y }w}(¢ µ � ©ws�¡k¢r© � ©`r�©(¢�t
� ¡k¢ µ s r�¢	s�² qw}�¡k¢r²ws �vuwu ¡k¢r© � tk²(¢r² u s(¢�t � ©�t µ ¢	s � ©`r�q(¢*¡��� r�¢r² u r�¢r©wq ¡"©�©(¢r© ©w}(¢r² ¡"© u ¢�t ¡|s(¢hr ©�¡k¢�t ©�tD¢*¡



>�� À¦¯�Á³«¹®Â�² � Ñ�ÒNÓ©È�Ô¥âb¼�®Â�¯�°�ÍÈ8Ò8¿³±³«�¶³«�®�¼�â�Ã¿

WEX û$Yjý<ý
Y��������	
�¤(�%���?'(���?�%�������'ZÜ�?� ��®��	��� �È� ��®�)	�"�*���<�����i�¶�g�*��� �_�	� ������® ¡k¢ GJIdKRMD� ª � ���%�DUH� ���?�"�<#%��UH����)l�*�P � $"�?®u���?�È���*��O�� ��� ���"�?$��M¤(�%���?'(���?�|Q���) #¯�������¦�*� P � $"�?®����?�7���	�p¤(���k���´� T ���?�N�����_�k���	�����!� ���"�i���?� � ¢

G�ILKNM ö%÷´ø GJIdKRM ù�ú*û�öMúüþý`ÿ f �������	� �(����) Ð " f ù ì´îhgRi) Ð " f 2 ��3��/45�) Ð " f �������	�
������"$#&%'% f ù ì´îhgRi"$#&%'% f 2 ��3��/4j�"0#&%1%
kRl�cm kRl�cm Z��?� ��®��*� �l�"�*�%�b¬�k®�� k '�� ��)
oà�É��)pm

¡ ¡k¢	q�© r�¢r²wq � s µ s(¢hr � ² u ¡k¢ µ � ¡"²�¡Rr�¢ µ x � { � tD¢	s ySx�{��
© ¡k¢ uwu r�¢r² u � ¡�¡�¡|q(¢	s � ²�t u ¢�t � ¡ µ s�©(¢�t � tD¢ µ tD¢	q r�¢hr
² ¡k¢�tk© r�¢r©ws � ¡Rr�}�¡k¢	} � ²w}w}(¢hr � ¡ µ u s(¢	s r�¢*¡ ¡�¡k¢r² ¡�¡k¢	q
µ ¡k¢r²w} r�¢r²ws � ¡�¡"©ws(¢r© � µ rwr�¢	s � ¡|q�²`r�¢*¡ µ ¢hr �S{�x ¡Rr�¢*¡q ¡k¢	q`r r�¢r²�© � ¡Rr�t`q(¢*¡ � ² u r�¢	} � ¡ µ ² u ¢hr µ ¢*¡ tD¢�t ¡�¡k¢	su ¡k¢ u q r�¢r²ws � ¡Rr�q�²(¢�t � ² u µ ¢�t � ¡ µ ¡|}(¢ µ � s(¢r© }(¢	} � r�¢r²t x~{�x0� r�¢r©ws � ¡�¡�¡ u ¢	s � ²w}�¡k¢*¡ � ¡ µ sw}(¢*¡ � ¡ u ¢	} ¡"©(¢	q � µ ¢r©} ¡k¢r²w} r�¢r²w} � ¡Rr�} µ ¢*¡ � ²w}�²(¢*¡ � ¡ µ u tD¢r² � ¡"²(¢	q s(¢ u � ²(¢	ss ¡k¢	qw} r�¢r²ws � ¡�¡"©ws(¢ u � ² µ s(¢ µ � ¡ µ t`s(¢hr � ¡|}(¢r² }(¢�t � s(¢ u
¡Rr ¡k¢ u t r�¢r²�© � ¡Rr u µ ¢	s � ²�tk²(¢	} � ¡ µ ²w}(¢	} � ¡"©(¢	q u ¢	} � q(¢�t
¡�¡ ¡k¢	}�¡ r�¢r² µ � ¡Rrwr�s(¢*¡ � ²w}wq(¢ u � ¡"²ws µ ¢�t � q(¢ µ x0y&{�� tD¢ µ
¡"© ¡k¢r²ws r�¢r²`r � ¡Rr�²w}(¢hr � ²�t(¡k¢ µ � ¡ µ r�s(¢ µ tD¢*¡ }(¢*¡ ¡|q(¢r²
¡"² ¡k¢�tk© r�¢r² µ � ¡Rr�}�¡k¢�t ��� ��y&{�� � ¡ µ © µ ¢ u � ²(¢	s u ¢hr ©(¢hr
¡ µ ¡k¢r©�t r�¢ µ r � ¡Rr uwu ¢	q � ² µ tD¢r² � ¡ µ ¡"²(¢	s � ©(¢	} ¡"©(¢�t s(¢	}
¡|q ¡k¢	q�¡ r�¢r² u � ¡�¡�¡"²(¢	} � ²w}`r�¢r© � ¡ µ s µ ¢*¡ � ¡k¢r© }(¢ u tD¢ µ
¡ u ¡k¢	q�t r�¢r² u � ¡Rr�tk©(¢r² � ²wq`r�¢	q � ¡ µ ©�©(¢	} ¡k¢	s }(¢�t ¡Rr�¢�t
¡�t y&{ � � r�¢ µ ² � ¡Rr�s`r�¢hr � ²�t(¡k¢	} � ¡ µ u ¡k¢	} � ySx�{�� u ¢hr � x0�&{��
¡|} ¡k¢	q µ r�¢r²`r � � � x�{�z � ²�t u ¢ µ � x0y~�~�S{�x ¡"©(¢ µ }(¢ u ©�¡k¢*¡
¡|s ¡k¢r²�© r�¢r²ws � ¡Rr�©�¡k¢hr � ² uwu ¢	q � ¡"²w}�tD¢ u � tD¢hr s(¢ u ©(¢	q
©`r ¡k¢ u t �S{�y�� � ¡�¡ µ ¡k¢�t � ² µ tD¢	q � ¡ µ }ws(¢r© � ¡"²(¢hr }(¢ µ � µ ¢	q
©�¡ ¡k¢ u ² r�¢r²w} � ¡Rr�tk²(¢r© � ²w}wq(¢hr � ¡ µ qw}(¢r² � ¡ u ¢	s ¡Rr�¢	} �vu ¢*¡
©�© ¡k¢r²�t r�¢r²wq � x~x0�~�&{ y � �E� � { � � x0�~�Sx~{
z � ¡ u ¢r© ¡�¡k¢r² � µ ¢	s
©�² ¡k¢ µ } r�¢ µ © � ¡Rr�²ws(¢�t � ²w} µ ¢r² � ¡ µ © µ ¢hr � q(¢hr s(¢	} µ ¢	}
© µ ¡k¢r²�© r�¢r²`r � ¡Rr�s�©(¢r© � ²wq�©(¢r² � ¡ µ�µ�µ ¢ u � ¡�¡k¢ µ ¡Rr�¢r© � ¡k¢r©
©wq ¡k¢ µ u r�¢r²�© � ¡�¡�¡ µ ¢hr � ² u q(¢hr � ¡ µ t`s(¢hr � ¡|q(¢hr s(¢*¡ � q(¢	s
© u ¡k¢ µ } x~{��&z � ¡Rr?¡�tD¢ u � ² u }(¢hr � ¡"²w}wq(¢�t � tD¢*¡ ¡Rr�¢ u ²(¢	q
©�t ¡k¢ u s r�¢r²�² � ¡Rr�s�©(¢r© � ²wq�©(¢r² � ¡ µ�µ�µ ¢ u � ¡�¡k¢ µ ¡Rr�¢r© � ¡k¢r©
©w} ¡k¢�t(¡ r�¢r²wq � s u s(¢	q � ²ws�tD¢�t � ¡"² u tD¢r² � µ ¢hr ¡�¡k¢�t tD¢ u
��� � r r�¢ µ�µ � ¡�¡�¡|s(¢r© � ²ws�©(¢�t � ¡|q�¡�¡k¢	s � µ ¢r² ¡"©(¢r© tD¢	s
� ¡k¢	q`r r�¢ µ r � ¡Rr u tD¢hr � ²�t(¡k¢	} � ¡ µ ²w}(¢	} �vu ¢r² s(¢ µ ²(¢r©�b� r�¢r² u r�¢r©wq uwu ¢	} ¡�tD¢*¡ u }(¢ u s(¢*¡ ©(¢hr s(¢hr
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WEX û$Yjý<ý
Y����1���	
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G�ILKNM ö%÷´ø GJIdKRM ù�ú*û�öMúüþý`ÿ f �������	� �(����) Ð " f ù ì´îhgRi) Ð " f 2 ��3��/45�) Ð " f �������	�
������"$#&%'% f ù ì´îhgRi"$#&%'% f 2 ��3��/4j�"0#&%1%kRl�cm kRl�cm Z��?� ��®��*� �l�"�*�%�b¬�k®�� k '�� ��)
oà�É��)pm
¡ ©(¢*¡ u ¡k¢	} u � ²`r µ u ¢hr � ¡|s�¡k¢r² � ²�©�²�tD¢r² � µ ©(¢ µ }(¢r² � ² µ ¢hr
© ©(¢r©wq x~{
z�x � ²`r�q µ ¢	} � ¡�t u ¢	} � ²�©�²�¡k¢�t � µ ²(¢�t s(¢*¡ � ² µ ¢	q
² ©(¢ µ s ¡k¢�t`s � ©wsws u ¢r² � y���y&{�x � ²�©�²w}(¢	q � µ q(¢	s u ¢	s � ²w}(¢	s
µ ©(¢*¡Rr ¡k¢	} u � ²`r�t`}(¢r² � ¡�t`s(¢*¡ � ²�©wq�tD¢ µ �vu ¡k¢r² ¡Rr�¢�t � ���S{��q ©(¢r©wq ©(¢hr?¡ � ²`r�©�²(¢ µ � ©`r u ¢*¡ � ²�©�©ws(¢ u � q�¡k¢*¡ }(¢ µ � µ ©(¢ uu ©(¢*¡"© ¡k¢	}�© � ©wsws u ¢r² � y���y&{�x � ²�©�²w}(¢	q � µ q(¢	s u ¢	s � ²w}(¢	st x�{���z ¡k¢�t`} � ²`r u r�¢�t � ¡|s µ ¢�t � ²�©wqwq(¢ µ � µ s(¢	q tD¢	} � µ ¡k¢�t} ©(¢*¡"© ¡k¢	}ws � ²`r�²�¡k¢	s � ¡|}`r�¢	} � ²�©�¡"©(¢	} � µ ²(¢ u }(¢r© � ²wq(¢ µs ©(¢r©ws ¡k¢	swq � ²`r u ²(¢ u � ¡�twtD¢hr � ²�© µ r�¢ u � qwq(¢	s ¡�¡k¢	} � µ�µ ¢hr
¡Rr ©(¢r²wq ¡k¢	} µ � ²`r�©`r�¢r© � ¡|} u ¢�t � ²�©`r�tD¢hr ��� ��{�x tD¢	s � y�z�{�x
¡�¡ ©(¢*¡|} ©(¢hr µ � ²`r µ�µ ¢�t � ©`r�s(¢	q � ²�©wq µ ¢r© � µ ¡k¢r© }(¢ u � ²�©(¢ u
¡"© ©(¢hr µ ©(¢*¡"² � ²`r µ q(¢r² � ¡�twtD¢ µ � ²�©�©�©(¢�t � µ ©(¢r² }(¢r© � ² µ ¢hr
¡"² ©(¢r²ws ¡k¢	sw} � ²`r�²�tD¢	} � ¡�twtD¢hr � ²�©�¡ µ ¢	s � µ�µ ¢�t tD¢�t � ²�tD¢hr
¡ µ ©(¢r©wq ©(¢hr�s � ²`r�t(¡k¢r² � x0�&x~{�� � ²�©�©�©(¢ µ � q`r�¢*¡ ¡"©(¢ µ � ²�tD¢ u
¡|q ©(¢r²�© ¡k¢	s u � ²`r�q�©(¢�t � ¡|s�¡k¢�t � ²�© µ�µ ¢ µ � µ s(¢ µ tD¢r² � µ ©(¢hr
¡ u ©(¢*¡�t ¡k¢	}�¡ � ²`r µ�µ ¢�t � ¡ u ©(¢hr � ²�©`r u ¢�t � µ q(¢*¡ s(¢ u � ²wq(¢	q
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van-der-Waals-Radius des para-Substituenten [Å]
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 # û&Ý ù Ü/û&Ý # � ù�Z Ý ù ª Ý!û Z Ü P " ú ù � Ý ù ¨LÝ ¬ Ý!û ÷ þ -*W�Õ ¨ Ü # � c Ü � # Ý ù þ3û ù�� W(ªi¯ � ú Ü/Ý ù Ü3û-Ý ÷-÷«# Ý ÷ Ýb§ ø ù Ü ¥�� ø



W(Q$� ö ø � û&Ü3Ý ÷$#%�(´E# ú þ3û ù ü'� ´	�.# ú A ´À÷ ø þ3Ý � ù�� F G Ý ù?´E÷ ø ÷ ø ù û ù ü'� ´L�,# ú A ´E÷ ø þLÝ
þ3û&ÝÆf © þ	Ü *ø ù�� Ý � Ý)þ��¥û ù�Z ü��áÝ ù Ü # � ô þ ª � ô _ û-þLÝ ù ügflÜ úÑô ª ¬ û-þ %HG Ý ùï#�P1ª^£&Õ*Pl¯ ¸f © Ý!þ3û|Ü ª Ý ù � þ P f ©�©$P
#�P.Qi-�� ø� q  P é�û-Ý *� ©,# û Z Ý ù " ú # þ %HG.÷Q*ø Z Ý ÷ û-Ý Z Ý ù ô û&Ü © û-þ ª � W^�*P1ª ¸fÉa *� # Ý!û ù Ý ù � ÷ ø � þ3û ©,÷ Ý ùÊ¨ � © þ	Ü # ø ÜLüö úÑô � ÷ ÝBA ª � ¬ Ý!û&Ü+§ úÑô ø�c Ü/û²§�Ý ù �áÝ ù Ü # � ô Ý ù ÜCa¼Ý #Lù Ü P é�û-Ý # Ý ÷ Ý^§ ø ù Ü3Ý ù " ú # þ %HG,÷2*ø Z Ý © û ÷�� Ý ùÂ�,# Ý)û
��# ����� Ý ù ô û&Üe¨LÝ ¬ Ý)û ÷ þÝ)û Z Ý ù Ý ô UGû ù�� Ý ô�ú � � þ � þ P f ©�©$P�#�P.Q	Q   P
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L é�û&ÝlÝ ù Ý #eZ ÝýÜ/û&þ %HG�Z *� ù þ	Ü/û Z þLÜ/ÝU" ø # û ø ù Ü/Ýlû&þLÜ � û&Ý ª � Ý # ¬ ø # Ü/Ý ù�� Ý ö úÀú #C� û ù ø Ü/û ú ù�� Ý #  �¥ü ��# ��� ü
� Ý ª � ô _ û&þ3Ý ù$P$W	W5��ö ú ù a ú # ô ø Ü/û ú ù Ý ù�ª Ý)û Z Ý ù Ý ù Ü/þ � # Ý %HG Ý ù�� Ý�f © þ	Üe*ø ù�� Ý § ú ù±Q&Pl¯	Õe£*Q&Pl-�� ¸f P
UGÝ)û � Ý #  # û&Ý ù Ü/û&Ý # � ù�Z�� Ý)þèU-� Õ û ô � �¥üu� ú � � þ © û ÷� ÝýÜ � Ý #-© Ý!þLÜ3Ý�"jÝ # Ü # Ý)Ü/Ý # ô û|ÜSÝ!û ù Ý ô _ û:ü
þLÝ ù ü  �ü±f © þLÜ ø ù�� § ú ùyQ�P}W5� ¸f�Ý!û ù ÝD�¥üZU #u*� % c Ý � Ý # ¢��V�� ü ��# ����� Ý ª � # ¡  �³ ü ��# ����� Ý{§ ú ùf�þ � #�Q	S�P
é�û&Ý Zº*� ù þ	Ü/û Z þLÜ3Ý �Ã´E# ü±F ÷ ø Ü ª û-Ý # � ù�Z ô û&ÜOUÁ� Õ û ù FWf��¥ü  # û-Ý ù Ü3û-Ý # � ù�Z û-þ	Ü ô û|Ü Q&Pl¯Ñ� ¸f Ý)Ü ¬ ø þ� û %HG Ü/Ý # ø ô _ û&þ3Ý ù ü±flÜ úÑô Z Ý © � ù�� Ý ù$¥ ¬ *ø G,# Ý ù��Â� û-Ý�¡  �³ ü ��# ����� Ý�§ ú ù f�þ � #�Q	S § ú ùÊ� Ý #
¢�� �� ü � ù���� Ý # ¡  �³ ü ��# ����� Ý 1 ø ù c û&Ý # Ü ¬ û #e�$P
é�û&Ý\��û ù�Z Ý © Ý ù Ý ù û ù � Ý #O� �¥ü ©�ª ¬ P F�f��ü2" ø # û ø ù Ü/Ý�þ	Ü/Ý G Ý ù ÝýÜ ¬ ø þ3Ý ù c # Ý %HG Ü ª � Ý)û ù ø ù�� Ý #âP
çQù þ Z Ý!þ ø ô Ü�þLû ù��R� û-Ý ø # úÑô ø Ü3û-þ %HG Ý ù �¥û ù�Z Ý © Ý!û  �ü ö úEú #e� û ù ø Ü3û ú ù ô û&Ü�Ý!û ù Ý # Ä^[ ½ ÒÂ§ ú ù� � #3%HG þ %HG,ù û&ÜLÜ ÷ û %HGtQ&P.-iÕ ¸f # Ý %HG Ü�Ý)û ù�G Ý!û&Ü ÷ û %HG � ÷ ø Ü ª û&Ý # Ü P
f ©�G *ø ù�Z û Z § ú ù¶� Ý #  # û&Ý ù Ü/û&Ý # � ù�ZY� Ý)þ�¡ ú þ � © þ	Ü # ø Ü/Ý!þ\UÁ� Õ � ù Ü/Ý # þ %HG Ý!û � Ý ù þ3û %HG¶� û&Ý ö úÑô ü
� ÷ Ý^AÀÝ � ô a ø þLÜ W ¯ c % ø ÷<Ö ô ú ÷ û ù«� Ý # � Ý)þ ø ô Ü/Ý ù Ý #eZ û-Ýi[¤é�Ý #�ö úÑô � ÷ ÝBA ô û&Ü�U-� Õ û ô FWf��¥ü
UGû ù�� Ý ô ú � � þû&þLÜ � ¬ û&Ý ø � %HG ú G,ù Ý f ¨   Z *� ù þ	Ü/û Z Ý #YP

L é�û&Ý ù�*ø %HG þLÜ3Ý ��# ����� Ý#§ ú ù�ö ú ù a ú # ô ø Ü/û ú ù Ý ù û-þ	Ü � ô·ô û ù�� Ý!þ	Ü/Ý ù þ W�#�PlÕ{©�ª ¬ P"W�Õ*P1ª c % ø ÷�Ö ô�ú ÷� U-� Õ û ùy� �¥ü ©�ª ¬ P FWf��¥üZUGû ù�� Ý ô�ú � � þ   � ù�Zá*� ù þLÜ3û Z Ý # ø ÷ þ � û-ÝD§ ú #CG Ý # û Z Ý P UUÝ!û � Ý ô £ � ù ü
ø ©�G+*ø ù�Z û Z § ú ù�� Ý # ¡ ú þ � © þLÜ # ø Ü	ü  # û&Ý ù Ü/û&Ý # � ù�Z¡£+© Ý)þLÜ3Ý ù "jÝ # Ü # ÝýÜ/Ý #÷ û-Ý Z Ü � Ý #è�Ã´À# ú þ3û ù üu�¥û ù�Z
� û ô f © þLÜ ø ù�� § ú ù°#�Pw��S ¸f ª � ô _ û&þ3Ý ù   Ý)Ü ¬ ø � ø # ø ÷-÷ Ý ÷Ôª � ô ç ô û � ø ª ú ÷ üu�¥û ù�Z § ú ù ��û&þ -	-*W [
é�Ý # f © þLÜ ø ù��¶� Ý # �¥û ù�Z ü��áÝ ù Ü # Ý ùÇ© Ý)Ü #5*ø Z Ü #�Pl¯ ¸f � ù��Ç� û-Ý¦��û ù�Z Ý © Ý ù Ý ù þ3û ù�� � ô % ø P{QiQ Ö
Z Ý Z Ý ù Ý!û ù ø ù�� Ý #�Z Ý ù Ý)û Z Ü P é�û&Ý ø ù û ú ù û-þ %HG ÝÔ¡  �³ ü ��# ����� Ý ÷ û-Ý Z Ü ª ¬ û-þ %HG Ý ùÇ� Ý # c�ø Ü3û ú ù û&þ %HG Ý ù� � ø ù û � û ù û � ô ü ��# ����� Ý�§ ú ù f #eZ�-*W^� � ù��È� Ý #E¨ Ý!û&Ü3Ý ù c Ý)ÜLÜ/Ý³§ ú ùÇ¨ Ý #²-Ñ���&P é�û-Ý � ú þLû&Ü/û²§ Z Ý ÷ ø ü
� Ý ù Ý\¢�� �� ü ��# ����� Ý ¬ û #e��*� © Ý # Ý!û ù ÝD�¥üZU #u*� % c Ý ª � ô ¡ ø #e© ú ù?´E÷ ü  ügflÜ úÑô § ú ùÇ¨ Ý #q-�Q�# ø ô



#�Pl-%_'#CZ Ý ©,ù û-þ3þLÝ W(Qiª

F # ú Ü/Ý!û ù §�Ý # ø ù c Ý # Ü ¥ ¬ *ø G,# Ý ù���� û-Ýx¡  �³ ü ��# ����� Ý ô û&Ü � Ý ô ¢ü±flÜ úÑô § ú ù�¨ Ý #q-�Q�# Ý © Ý ù a ø ÷-÷ þÝ)û ù Ý �üuU #u*� % c Ý © û ÷�� Ý)Ü P
é�û&Ý ��û ù�Z ü'F ú þ3û|Ü/û ú ù Ý ù § ú ù ¬ Ý)û&Ü/Ý # Ý ù Qi- F ÷ ø Ü ª û-Ý # � ù�Z Ý ù ô û&Ü *ø G,ù.÷ û %HG Ý ù _ û-þ3Ý ù üu�¥û ù�Z ü
f © þLÜ *ø ù�� Ý ù ¬ Ý!û %HG Ý ù § ú ùÆ� Ý #7© Ý)þ %HG,# û-Ý © Ý ù Ý ù � ô � � #L%HG þ %HG.ù û&ÜLÜ ÷ û %HG�W	P��	ª	ÐÑ¯&P1S&W ¸f ¥�� û&Ý ¨ Ý!û:ü
Ü3Ý ù c Ý)Ü3Ü3Ý ù ü±F ú þLû&Ü3û ú ù Ý ù ¨LÝ � ú %HG � ô #�Pl-�S	ÐÑQ&Pm#�W ¸f ø ©"P é ø ô û&Ü ¬ û #e�X� Ý # ø # úÑô ø Ü/û-þ %HG Ý]�¥û ù�Z
¬ û-Ý � Ý #G# Ý %HG ÜÝ)û ù�G Ý!û&Ü ÷ û %HG � ÷ ø Ü ª û-Ý # Ü ¥P� û&ÝÈ�¥û ù�Z Ý © Ý ù Ý ÷ û-Ý Z Ü$¨LÝ � ú %HG�ù û %HG Ü ô Ý G,# � ø # ø ÷-÷ Ý ÷f¥ þ ú ù ü� Ý #3ù a ø þ	Üþ3Ý ù c # Ý %HG Ü ª � # �¥û ù�Z Ý © Ý ù Ý�§ ú ù ��û&þ -	-*WiP ¢ ø %HG�� Ý #�� Ý!þ ø ô Ü/Ý ù Ý #CZ û-Ý ¬ û #e� ¬ û&Ý � Ý # ü
� ô � Ý #¤ö úÑô � ÷ ÝBA ô û&Ü � Ý ô FWf��¥üZUGû ù�� Ý ô�ú � � þ � Ý!þeU-� Õ � ô S�P1S c % ø ÷�Ö ô�ú ÷ § ú #m� Ý ô ¨LÝ ù û Z Ý ù
ô û&Ü � �üuUGû ù�� Ý ô ú � � þ © Ýb§ ú #eª � Z Ü P

L é�Ý # UUû ù�� Ý ô ú � � þ � Ý #è�,# û|Ü3Ü/Ý ù$¥5# Ý ÷ ø Ü3û�§ ª � #  �¥ü ö úEú #C� û ù ø Ü/û ú ù Ý ù Ý #eZ ÝýÜ/û&þ %HG � ô/ô û ù�� Ý!þ	Ü/Ý ù þ
Q&WiP1S�©�ª ¬ P*Qu�*P.¯ c % ø ÷�Ö ô ú ÷�G+*ú G Ý # Ý ù���# ����� Ý7§ ú ù¦#�S F ÷ ø Ü ª û-Ý # � ù�Z Ý ù û-þLÜ ¬ Ý ù û Z Ý # Ý)û ù�G Ý)û&Ü ÷ û %HG
ø ÷ þ © Ý)û � Ý ù § ú #CG Ý # û Z Ý ù$P UGÝ!û � Ý ô © Ý!þLÜ3Ý ù "jÝ # Ü # ÝýÜ/Ý # ô û&Ü³�üuUGû ù�� Ý ô�ú � � þ�û-þ	Ü � û-Ý±¡  �³ ü��# ����� Ý ¬ û-Ý � Ý # � ô *� © Ý # f #CZ�-*W5� §�Ý # ø ù c Ý # Ü ¥ ¨LÝ � ú %HG þ	Ü/Ý G Ü � Ý # ø # úÑô ø Ü/û&þ %HG Ý��¥û ù�Z{� Ý # f ¨
þLÝ ù c # Ý %HG Ü ¥ þ ú�¬Gú G,÷3ª � #v_¡© Ý ù Ý � Ý)þ�UÁ� Õ üu� ú ÷ Ý c *� ÷ þ ¥ ø ÷ þ ø � %HG�ª � #�¨ Ý)û&Ü/Ý ù c ÝýÜ3Ü3Ý § ú ù ��û-þ -	-*W	¥
�$PCG$P Ý # ¬ Ý!û&þLÜ ô û&Üªþ3Ý)û ù Ý #Èö ø ù Ü/Ý ª � ô _ û-þLÝ ù ügflÜ úÑô P é�Ý # f © þLÜ ø ù��D� Ý)þå�¥û ù�Z þ ª � ô _ û-þLÝ ù û&þLÜ
ô û&Ü S&P��Ê¸f Z�#^*ú	¤ Ý # ø ÷ þ ª � § ú #YP � ¬ û-þ %HG Ý ù�� Ý # ¢��V�� ü ��# ����� Ý � Ý!þ �Ã´E# ú þLû ù þ � ù���� Ý # ¡ ø #e© ú ù?´E÷ ü
��# ����� ÝE§ ú ù���÷�´&-Ñ��Q Ý^AÀû&þLÜ/û&Ý # Ü�Ý!û ù Ý��üuU #u*� % c Ý ¥ Ý © Ý ù þ ú ª ¬ û-þ %HG Ý ùÈ� Ý # ¡  �³ ü ��# ����� Ý � ù��
� Ý #�� � ø ù û � û ù û � ô ü ��# ����� Ý#§ ú ù f #eZ�-&W5�*P
UGÝ)û ô ¬ û-Ý � Ý # � ô � ô % ø P�S c % ø ÷<Ö ô ú ÷WZ *� ù þLÜ3û Z Ý # Ý ù�ö úÑô � ÷ Ý^A ô û|ÜàUÁ� Õ û ô FWf��¥üZUGû ù�� Ý ô�ú ü� � þ ¬ û #e� Ý)û ù Ý �(´E# ü±F ÷ ø Ü ª û-Ý # � ù�Z�© Ý^§ ú #Cª � Z Ü ¥?© Ý!û � Ý #¡� Ý # f © þ	Ü ø ù���� Ý!þ/�¥û ù�ZÑª Ý ù Ü # � ô þ ª � ô_ û-þLÝ ùRª&P}W ¸f © ÝýÜ # *ø Z Ü P é�û&Ý � G Ý ù ú ÷ û&þ %HG Ý  �¥ü ��# ����� Ý � Ý)þ �Ã´E# ú þLû ù þ © û ÷�� Ý)Ü¥Ý)û ù ÝE�¥üZU # *� % c Ý
ª � # ¡  �³ ü ��# ����� Ý�§ ú ù f�þ � #�QiS&¥ � ù�� þLÝ!û ù Ýx¡  �³ ü ��# ����� Ý�Ý)û ù Ý��¥üZU #u*� % c Ý ª � #7¨ Ý)û&Ü3Ý ù c Ý)Ü3Ü3Ý
§ ú ù�¨ Ý #æQ��$� ø � þ Pz��÷ Ý!û %HG�ª Ý!û|Ü/û Z�G ø Ü � û-Ýx¢��V�� ü ��# ����� Ý ö ú ù Ü ø�c Ü ª � ô ¡ ø #e© ú ù?´À÷ ü±flÜ úÑô § ú ù¨ Ý #²-�Q�#�P

éUñÀä ÿ ×�ë Õ ÿ�� íXßáñ ¨ Ü ø ÜLÜ � Ý)þ�Ý!û Z Ý ù Ü ÷ û %HG Ý ù ¨ � © þ	Ü # ø Ü/Ý!þ �Ã´E# ú þLû ù ¬ û #C� ø � %HGÈ� û-Ý¡" ú # þ	Ü � a¼Ý³F G Ý�û ù
� û&Ý�þ %HG ú ù U-� Õ Ý ù Ü G ø ÷ Ü3Ý ù�� ÝtUGû ù�� ÝýÜ ø þ %HG Ý � Ý #\� � � ÷ ø Ü ª û&Ý # Ü P é�û-Ý  c Ü ø Ý � Ý # ü _j% c Ý ù ] ÄC_ ¿ ½ ª �
��û&þ -	-�� � ù�� ] Äe_ ¿ ½ ª � ��÷ � -	ª$� þ3û ù�� § ú ù   ø þ3þ3Ý # üu� ú ÷ Ý c *� ÷ Ý ù © Ý!þ3ÝýÜ ª Ü ¥m� ø þÑU-� Õ ü�� ú ÷ Ý c *� ÷'÷ û-Ý Z Üû ù�� Ý #`� �ü  # û&Ý ù Ü/û&Ý # � ù�Z § ú #YP F ø þ3þLÝ ù�� Ý _ û&þ3Ý ù üu�¥û ù�Z ü±f © þLÜ *ø ù�� Ý7§ ú ù ô ø A.û ô ø ÷�Õ*Pl¯ ¸f ¬ Ý!û-þLÝ ù�ù � #ÕÑ��� Ý # û ù þ Z Ý!þ ø ô Ü -	ª�� " ú # þ %HG.÷Q*ø Z Ý ø � a � þ P f ©�©$PÂ#�P.Qi-��£©  q  P ¢ ø %HG f � þLÜ ø � þ %HGd� Ý)þ]U-� Õ û ù� �¥ü
 # û&Ý ù Ü/û&Ý # � ù�Z³Z Ý Z Ý ù FWf��ü  # û&Ý ù Ü/û&Ý # � ù�Z±� þ P�¨gPAW ¯��  (c ú ÷&÷ û � û-Ý # Ý ù Ý)û ù û Z Ý�F G Ýýü±F ÷ ø Ü ª û-Ý # � ù�Z Ý ù ô û|Ü� Ý #«ù Ý � Ý ù U-� Õ ü  # û&Ý ù Ü/û&Ý # � ù�Z�P f ©�Z Ý!þLÝ G Ý ù § ú ù � û&Ý!þLÝ ùT*ø ÷-÷ Ý ùX©,÷ Ý!û © Ü � û-Ý�Ý ù Ý #CZ Ý)Ü3û-þ %HG ÝFUGÝ ¬ Ý # üÜ � ù�Z ¬ Ý!û&Ü Z Ý G Ý ù�� Ý #eG ø ÷ Ü/Ý ùñ� ö ú #L# Ý ÷ ø Ü3û ú ù þ c ú Ý�� ª û&Ý ù Ü�[ ¯*PlÕ�ª   ® Z Ý ù Ý # Ý ÷&÷ þ3û ù��¶� û-Ý ö úÑô � ÷ ÝBA.Ý ô û|ÜFWf��¥ü  # û-Ý ù Ü3û-Ý # � ù�Z Ý ù�Z *� ù þ	Ü/û Z Ý # ø ÷ þ'þ ú ÷-%HG Ý ô û&ÜDUÁ� Õ û ùÔ� �¥ü  # û-Ý ù Ü3û-Ý # � ù�Z�P	T ú ÷Z Ý ù�� Ýl" ø # û ø ù Ü/Ý ù
� Ý # F ÷ ø Ü ª û-Ý # � ù�Z c ú�ô¯ô Ý ù ø � a Z$# � ù��Æ� Ý)þ _ û&þ3Ý ù üu�¥û ù�Z ügf © þ	Ü ø ù�� Ý!þ¥û ù UUÝ)Ü # ø %HG Ü�[

L çQù³� Ý #V� § úÑô U-� Õ üZUGû ù�� Ý ô�ú � � þ � ù ø ©�G+*ø ù�Z û Z   Zá*� ù þLÜ3û Z þ	Ü/Ý ù³��# ����� Ý-§ ú ù³ö ú ù a ú # ô ø Ü/û ú ù Ý ù��W	W "jÝ # Ü # Ý)Ü3Ý # ô û&Ü ô ø A PDW	P.Q ¸f ÄB[ ½ Ò ª ¬ û-þ %HG Ý ùÊ� Ý ù �¥û ù�Z ü'F ú þ3û&Ü3û ú ù Ý ù � ù��°_ û-þ3Ý ù üu�¥û ù�Z ü
f © þLÜ *ø ù�� Ý ù § ú ùzS�P.¯e£E�*P.¯ ¸f   û-þ	Ü � û-Ý±¡  �³ ü ��# ����� Ý � � #L%HG f #CZ�-*W5� §�Ý # ø ù c Ý # Ü ¥ ¬ *ø G,# Ý ù��
� û&Ý]¢��V�� ü ��# ����� Ý¡Ý!û ù ÝD�¥üZU #u*� % c Ý ª � ô ¡ ø #C© ú ù?´E÷ ügflÜ úÑô § ú ù ¨ Ý #q-�Q�#O© û ÷� ÝýÜ P é�û-Ý T�÷Q*ø %HG Ý
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7,8−BH2

H O2

H O2
4BH

2.77 Å

Ser251
Leu249

Gly247

Glu330

His290

His285

2.78 Å

3.03 Å

3.96 Å

Phe254

OQP�P�RTS<;,=5>�?�@$A Øu¦�C`�lNPV0Z,VXHQOQVXMRï+[I]5V4ZEMEN:HIHQV0TWVXHn�R5M$FWVX\:\PVXM f-[Id5OLk Z(�4o¥�jR5FWOQden�R^OIN|HIJ	KWVXM f-ZE\:R5FÀk
�Gd$J	�$N|MW]eH">5deM y i Õ N:M�TENPV y N:M(T(V4OIR5HIJ	KWV'TWV4[�hjiN:n ��V4[I]e\:VXN:J	K n«NPO�TWV4[O�jVæÊ-V4[IVXMW�/x a$OQ[LFW�uOIF([�TWVXHsuqwv)x y i ³ f-]5[ YF(M.k�R5F(H¡TWV4[ _�a b!OQdeKz��ijxÃDÈOQden�VHIN:MET f<R5F�25V4['Z,VXNPð�R5H	HQV4[Qx%ñ�de\PV4� YFE\PVXMÀkªM(N:JLK�OÈT(R^[Qx]5VXHQOQVX\:\:O4�

Leu295

Phe300

Leu294

Glu332

His336

His331

Glu376

7,8−BH
BH −(TH)
BH −(PAH)

2

4
4
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Glu330/376

Phe 254/300

Glu 286/332

Leu 249 PAH

Gln 310 (TH)

Arg 270/316

Thr 278/Ser324
Pro 279/325

His 285/331

His 290/336
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