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KD<>= ´B=pADCFPD<>ZF�F=p<>R(K�=ML(��=pHiHiPDA�Z K�=pH+NxRi<Y~i�IHJRJS�`	SjA�=pADHJRJLiSj[	HMmtKD<>= ´B=pADCFPD<>ZF�F=p<>R(K�=ML(�|CFEY<>VDLQ<>=MLQPDA�Z
K�=pH·NxRiCFADKDCULQKDHkPDADK�KD<>=�s*�CFlDEYHJRiCURi<YHJRi<>� CFPDHM�*;z=ML�NxRJLQCFlDEYPDA�ZjHilD<YAgRJ=MLiZFLQPDADK��\<>LQK VW=p<º±J=pK�=ML	��=MnFLi=p<Yl�=
VW=pHJRi<Y[	[dR�PDADK³�FSjA�K�=pA�s*�CFlDE>=MLi=p<>ZjAD<YHiHJ=pA³CUVDZF=M�MSFZF=pA��6sWPDHiCF[	[k=pA�_�CFHiHJ=pADK Ew�CUnFRkHi<Y~Ql�K�=ML�aD=plDE>=MLkK�=ML
KDP�LQ~Ql�ZF=M_��PDl�LiRJ=pA°��=pHiHiPDA�ZF=pA�CFP�_6¤M¥�� qB¤p»��¶VW=M�p<rTW=MLQA��
;�CFH�ZF=p[k=pHiHJ=pA�=	��<>=M_`=pA�hDLiSF�XE Ew�CUnFR|Hi<Y~Ql�Ril�=MSFLi=MRi<YHi~Ql¡=pAgRJ_�CFE>RJ=pA�mvKDC·=pH�Hi<Y~Ql¡CFPDHz=p<YA�=MLª´B=ML¨�CURJ=M_�PDA��xRi<>SjA
PDADK�K�=MLBRiCURiH��CF~QlDEY<Y~Ql�=pA���CFHiHJ=MLQHJRJSUTW�F=MLiRJ=p<YEYPDA�Z��pPDHiCF[	[k=pADHJ=MRJ�MRM��£a=p<^K�=pA�lD<>=MLBPDAgRJ=MLQHiPD~QlgRJ=pA¡bOLiSFVW=pA
�\<>LQK�CFP�_º=p<YA�=�c�AgRJ_�CFE>RiPDA�ZB±J=pK�SI~Ql��F=MLi�p<Y~QlgRJ=MRMm²KDCkKD<>=z;�<Y~i�F=dK�=ML�PDAgRJ=MLQHiPD~QlgRJ=pA�NI~QlD<Y~QlgRJ=pA�HJ=pl�L@ZF=MLQ<YA�Z
<YHJR�PDADK°E>SF�UCFEW�UCULQ<Y<>=MLi=pA��UCFADA���;�<>=|bOLiSFVW=pA�SFVW=MLi� �CF~Ql�=|<YHJR@�pPDK�=p[¾PDA�=MVW=pA¡u}�|CUhX<>RJ=pEº­x�Y¤¨{i�

P�Q*RSQ�� �LY���[ ��!"!$#&%&' ^4Y��)(+*,�-��Y/.0��[�],1F[ �*Y�2OY�%43&.�],5768����%:9�#41=Y/.0�-;�\&�8;�\�[�Y�%

sWP�L·��=pHiHiPDA�Z�K�=pHt��CFHiHJ=MLQHJRJSUTWRi<>=M_`=pA�hDLiSF�XEYHt�\P�LQK�=pA�VX<YH	�pP(_��PDA�_�bOLiSFVW=pA3CFP�_|=p<YA�=pA3bOLiSFVW=pADlDCFE>RJ=ML
[kSjAgRi<>=MLiR�PDADK�<YA·=p<YA�=��OCU�IPDPD[k�UCF[	[k=ML@=p<YA�ZF=pHi~QlDE>=pPDHJRM�I;z=ML�;zLQPD~i�°<YA�K�=ML��|CF[	[k=ML@VW=MRJLQP�Z°¤M¥i�X�|b^C
q�¤M¥i��<�b^CI��;�<>=�sXqfs*�CFlDE>LQCURJ=��\P�LQK�= _��P�L¡CFEYE>=�bOLiSFVW=pA5VW=p<ª=p<YA�=ML�VW=pHJRi<Y[	[dRJ=pA c�A�=MLiZj<>=�ZF=p[k=pHiHJ=pA��
?BADHi~QlDEY<>=MnF=pADK��\P�LQK�=°KD<>=�NxRJLQCFlDE>=pA�=MLiZj<>=·�F=ML¨�CFADK�=MLiRtPDADK�KD<>=°��=pHiHiPDA�Z�K�=ML�s*�CFlDE>LQCURJ=°K�=ML	=p<YA��M=pEYA�=pA
bOLiSFVW=pA1_�CFADK+=MLQA�=pP�R�HJRiCURJRM�zc�<YA�=³K�=MRiCF<YEYEY<>=MLiRJ=�£a=pHi~Ql�Li=p<>VXPDA�Z3K�=pH�?BP�_`VXCFPDH�PDADK K�=pH�?\VXEYCFP�_�H�K�=ML
��=pHiHiPDA�Z	<YHJR�<YA�« ��LQCj¬F­¨®º�pP°�XADK�=pA��
efA�?\VDVX<YEYKDPDA�Zd»x�Y¤zCx{O<YHJR6KDCFH6��<>=M_`=pA�hDLiSF�XEXK�=pHa��CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiH�_��P�La=p<YA�=pA·PDAgVW=plDCFADK�=pE>RJ=pA°¼aei´|NDNgq
?\VXHJSFLiVW=MLpmj_��P�L�=p<YA�=pAt?\VXHJSFLiVW=MLaADCF~Ql·=p<YA�=ML@sW<YA��gq¯�*SFLiVW=plDCFADKDEYPDA�Z�mU_��P�L�=p<YA�=zsWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgR
[	<>R6PDADK·SjlDA�=dsW<YA��gq¯�z£3CFP�_*¼aei´|NDNk�pP°HJ=pl�=pA��IefA�´BLQCUhXl�V�{O<YHJR6KDCFH@��<>=M_`=pA�hDLiSF�XEXK�=pH6��CFHiHJ=MLQHJRJSUTWZF=�q
lDCFE>RiH\_��P�L\=p<YA�=k¼6K²Ngqwb�PITW=MLQHi~QlD<Y~QlgR\CFP�_*=p<YA�=p[ ¼aei´|NDNgqw?\VXHJSFLiVW=ML\KDCULiZF=pHJRJ=pEYE>RM�X;�<>=���<>=M_`=pADHJ�UCFEYCk�\P�LQK�=
ADCF~Ql(´zE>=p<Y~QlxPDA�Z�u¯»x� ¿ {d=MLQHJRJ=pEYE>RMm^�aSFVW=p<6�pP�Lk£a=MLi=p~QlDAxPDA�Z�K�=pHkc�A�=MLiZj<>=M�F=MLQEYPDHJRJ=pHªhDLiS³NxRJLi=p~i�F=pA�=p<YADl�=p<>R
[	<>RO]B<YE>_`=�K�=pH�bOLiSFZFLQCF[	[	HO��¸�ef��KD<>=�<YAk�|CUhX<>RJ=pEX»x� ½�_��P�LO=p<YA�=M~U¥dAD[ KD<Y~i�F=zsWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgR
VW=pHJRi<Y[	[dRJ=�sWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z¡�pP�ZFLQPDADK�=�ZF=pE>=MZFR·�\P�LQK�=F�*c�<YA�=��ºLi=pADAxPDA�Z¡�FSjA�sWAvuwNx=Fm yz]|{}qfNI~QlD<Y~QlgR
PDADK�sWAvuwyz]|{ m qfNI~QlD<Y~QlgRMm°KD<>= <YA�K�=ML1sW<YA��gq¯�*SFLiVW=plDCFADKDEYPDA�Z CUVDZF=pHi~QlD<>=pK�=pA �\<>LQK�mk�FSjADAgRJ= VW=p<�K�=ML£a=MLi=p~QlDAxPDA�Z K�=ML³��<>=M_`=pADHJ�UCFEYC�CFP�_`ZFLQPDADK K�=ML�ZF=MLQ<YA�ZF=pA ;�<Y~i�F=3K�=ML³PDAgRJ=MLQHiPD~QlgRJ=pA¶NI~QlD<Y~QlgRJ=pA AD<Y~QlgR
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���������������������! #"#$&%('*),+-�/.�01�2.&.3�!$4.65&%(7982�!:*�() 54.;�4<= $>�!�� #�! =  @?��!:*�( *+-�!) 5&�! BADC3EGF#F�H
I ?*.3%2$&?��!$!J2�4<= $D�!�� #�! I ?*.3%2$&?��!$D *�2K4:L�!�� #�!$�M��� #N�HPOQ%2$&?��!:*�( *+-) =  #8#JR�4<= $S�!�� #�TM� VUWF@�(J XTYT�PH[Z = 79�!$4.&K4:#�\K4:�5
] � 5 =  *+1%2:# #��M��� #N�HPOT^_� = �TADC3EGF#F�`Qab�!$Lc = )�)�" =  #N�5d+-�!$e���������! *.3Nf�()\�g�\.65e� = �h+-���iXb?��!$3j�<�2K4:#��+-�!$
k �!lS�!��)���82�! mF-K4:#�\K4:�5G?��!n!%282�! �`�ab�!$ k �!lS�!��)\.G.&K4:#$4�fop�!$35&�L^S�!$&�!�\K4: =  �5&�!$d+-�!$dq = $&r2�p.65&�!)�) 5s+-�! 1^S�!82�� # 
+-�/. I ?*.3%2$&?��!$&?��!$&�!�\K4:*.h?#n!lt`V+-���dr2�!$ ]e= 5&��5&�LET$&�! #n�j�<�2K4:#�dn!lu�\.&K4:#�! v+-�!$G� = ��82�!?#$4�2K4:�5&�! vF-K4:#�\K4:�5 =  *+
+-� ] ADC3EGF#F�H I ?*.3%2$&?��!$h+#�($!`
?������������! #"#$&%('*)w+-�/.S01�2.&.3�!$4.65&%(7982�!:*�() 54.x�4<= $u�!�� #�dAS+*F�H[Z = 79�!$4.&K4:#�\K4:�5�� = �DADC3EGF#F�`

KDP�LQ~Ql�ZF=M_��PDl�LiR^�a=MLQK�=pA���az�P�LOK�=pA·sW<YA��gq¯�FSFLiVW=plDCFADK�=pE>RJ=pA�?\VXHJSFLiVW=ML^�\P�LQK�=6=p<YA�=BsWAvuwyz]|{ m §FsWA²y\qfNI~QlD<Y~QlgRCFA�ZF=pA�Sj[	[k=pA�m��\<>=zHi<>=�<YA��|CUhX<>RJ=pE²��ZF=M_�PDADK�=pA·�\P�LQK�=Fmx_��P�L@KD<>=d¼6K²Ngqwb�PITW=MLQHi~QlD<Y~QlgRa=p<YA�=zHJR��Sj~QlD<>Sj[k=MRJLQ<rq
Hi~Ql�=�sWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z	PDADK�_��P�L�KD<>=�?\VXHJSFLiVW=MLiSFVW=MLi� �CF~Ql�=z=p<YA�=ª¼6P�efAvuwN²m Nx=U{ m qwb�lDCFHJ=	u}�|CUhX<>RJ=pEº»x� ½g{i��*SjA�¼aei´|NDNgqw?\VXHJSFLiVW=MLQA¡<YHJR�VW=M�UCFADAgRMm KDCUn�KD<>=	��CFHiHJ=MLQHJRJSUTW�FSjA��M=pAgRJLQCURi<>SjA�<Y[ �*SjEYPD[k=pA��a=pAD<>ZF=MLªCFEYH
¤M¥g�&y�]�§¨~M[	©³VW=MRJL¨�CUZFR�« ��LQCF¥F¥U®¯�zc�H��\<>LQK CFA�ZF=pA�Sj[	[k=pA�mzKDCUn�K�=ML�CFA K�=ML�yBVW=MLi� �CF~Ql�=�K�=MRJ=M�xRi<>=MLiRJ=
��CFHiHJ=MLQHJRJSUT��FSjA ��SjAgRiCF[	<YADCURi<>SjA�=pA �\<>= CFKDHJSFLiVX<>=MLiRJ=p[���CFHiHJ=ML+SIK�=ML1��SjlDE>=pADHJRJSUTW�F=MLiVX<YADKDPDA�ZF=pA
HJRiCF[	[dRM�W;�Cp�FSjA��\<>LQK�VW=p<ºK�=pA��FSFLQEY<>=MZF=pADK�=pA���=pHiHiPDA�ZF=pA�=MVW=pADHJS·CFPDHJZF=MZjCFA�ZF=pA�m�KDCtKD<>=d��CFHiHJ=MLQHJRJSUT²q
�FSjA��M=pAgRJLQCURi<>SjA�<Y[¾?\VXHJSFLiVW=ML�<YA�=p<YAD<>ZF=pA°AD[ ��<>=M_`=|CFP�_ �¡=MLiRJ=,z¶¤M¥�m|{�]�§¨~M[	©|CUVD_J�CFEYE>RM�
��<>=�<YAk?\VDVX<YEYKDPDA�Zz»x�Y¤�Cx{v�pP	HJ=pl�=pA	<YHJRMmFHJRJ=p<>ZFR�K�=ML*��CFHiHJ=MLQHJRJSUTWZF=plDCFE>R�=p<YA�=ML6sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgR
<YA��IE}�²sW<YA��gq¯�z£(�FSjA�K�=ML�yBVW=MLi� �CF~Ql�=|CFP�_^=p<YA���C¨o�<Y[ªPD[ �FSjA ¿ � »�o�¤M¥�mQ�|]�§¨~M[	©d<YA°=p<YA�=ML\��<>=M_`=|�FSjA�~MCI�
��AD[ CFA�m*PD[�KDCFADA �pP�Lt´BLi=pA��M� �CF~Ql�=�b�PITW=MLQHi~QlD<Y~QlgR�§¨?\VXHJSFLiVW=MLklD<YA�CUVD�pP�_�CFEYE>=pA��^µB[�KD<>=�]��Sjl�=°K�=ML
��CFHiHJ=MLQHJRJSUTW�FSjA��M=pAgRJLQCURi<>SjA�=p<YA�SFLQKDA�=pA��pP����SjADA�=pA�mO�\<>LQK�Hi<>=�CFP�_�KD<>=��º=p<YEY~Ql�=pADCFA��pCFlDE@hDLiS��*SjEYPD[k=pA
�FSjA³sWA²Nx=ª[	<>RB=p<YA�=MLzCFA�ZF=pA�Sj[	[k=pA�=pA�;�<Y~QlgRJ=��FSjA�»x� ½F­·Zx§¨~M[	©ªVW=M�MSFZF=pA�« £��SFL�~F½¨®¯�W;z=ML|��C¨o�<Y[	CFE>�a=MLiR
=pAgRiHJhDLQ<Y~QlgR\KDCFADA�=p<YA�=p[ ?BAgRJ=p<YEW�FSjA�~MCI�W¬�?6RJSj[khDLiSF�M=pAgR\��CFHiHJ=MLQHJRJSUT³�F=MLiZjEY<Y~Ql�=pA�[	<>R\sWA²Nx=F�
;�C KD<>=���CFHiHJ=MLQHJRJSUTW�FSjA��M=pAgRJLQCURi<>SjA+<Y[:?\VXHJSFLiVW=ML	VW=p<|¤M¥�m|{�]�§¨~M[	©�EY<>=MZFRtPDADK�<YA3K�=ML·b�PITW=MLQHi~QlD<Y~QlgR
[	C¨o�<Y[	CFE ¿ � »�o�¤M¥�mQ�z]�§¨~M[	©\VW=MRJL¨�CUZFRMm�HJSjEYE>RJ=zCFA°K�=ML�´BLi=pA��M� �CF~Ql�=|b�PITW=MLQHi~QlD<Y~QlgR�§¨?\VXHJSFLiVW=MLa=p<YA�Hi~QlDCULi_`=ML
?\VD_�CFEYEWK�=pH6bOLiSF�XEYHa�pP�VW=MSFVXCF~QlgRJ=pA°HJ=p<YA�m�CFPDH6K�=p[¾KDCFADA�CFP�_ºKD<>=z;�<Y~i�F=|K�=ML@b�PITW=MLQHi~QlD<Y~QlgR6ZF=pHi~QlDE>SjHiHJ=pA
�a=MLQK�=pA �UCFADA��B?BP�_`ZFLQPDADK K�=ML�¸\CFPDlD<>ZF�F=p<>R�K�=ML�?\VXHJSFLiVW=MLiSFVW=MLi� �CF~Ql�=³PDADK K�=ML�efADl�Sj[kSFZF=pAD<>R��CUR�K�=ML
sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgR��M=p<>ZFR�KDCFH°ZF=p[k=pHiHJ=pA�=���CFHiHJ=MLQHJRJSUTWhDLiSF�XE|<YA+?\VDVX<YEYKDPDA�Z�»x�Y¤·±J=pK�SI~Ql+=p<YA�=
EYCFA�ZjHiCF[k=t?\VXADCFlD[k=k�pP¡ZFL¨�SFnF=MLi=pA ��<>=M_`=pA���;�<>=�´BLi=pA��M� �CF~Ql�=	�M�\<YHi~Ql�=pA�b�PITW=MLQHi~QlD<Y~QlgRdPDADK¡?\VXHJSFLiVW=ML
<YHJRMm\�\<>=³<YA1?\VDVX<YEYKDPDA�Z�»x�Y¤³=p<YA�ZF=M�M=p<Y~QlDA�=MRMmzPDA�ZF=M_J�CFl�L�VW=p<|K�=ML�lDCFE>VW=pA1[	C¨o�<Y[	CFE>=pA1��SjA��M=pAgRJLQCURi<>SjA
CFA��pPDHJ=MRJ�M=pA��x;�<>=\;�<Y~i�F=zK�=ML@sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgRa<YA��IE}�xsW<YA��gq¯�z£�VW=MRJL¨�CUZFR6HJSj[	<>R�~MCI�W¤��|AD[°�j;�<>=pH
HJRJ=plgRB<Y[¾c�<YA��IEYCFA�Z�[	<>R�¸\c���qaPDADK°��c���qw��=pHiHiPDA�ZF=pA�u}�|CUhX<>RJ=pEº­g{i�
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;�CFH���C¨o�<Y[ªPD[ K�=pH°��CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiH�=p<YA�=ML�sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgR�SjlDA�=³sW<YA��gq¯�z£ �\<>LQK
=MVW=pADHJSdVW=p<�=p<YA�=MLa��<>=M_`=\�FSjA·~MCI�x�ªAD[ ZF=p[k=pHiHJ=pA�PDADK	EY<>=MZFRa<YA	K�=MLQHJ=pE>VW=pA·´BL¨�SFnF=pA�SFLQKDAxPDA�Zd�\<>=\<YAk=p<YA�=ML
sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgRª<YA��IE}� sW<YA��gq¯�z£¾u}?\VDVX<YEYKDPDA�Z�»x�Y¤·Cx{J{i�^;�CFHªbOLiSF�XEO�M=p<>ZFRªPDAD[	<>RJRJ=pE>VXCULdADCF~Ql
cOLiLi=p<Y~Ql�=pA(K�=pH���C¨o�<Y[ªPD[	H·=p<YA�=pA(HJRiCULi�F=pA+?\VD_�CFEYEBK�=pH·��CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiHM��c�H·�UCFADA�KDCFl�=ML°KDCp�FSjA
CFPDHJZF=MZjCFA�ZF=pA��a=MLQK�=pA�mDKDCUntKD<>=pHJ=dNI~QlD<Y~QlgR\K*�PDADA�=ML@<YHJR�PDADK°<Yl�Li=z;�<Y~i�F=ªHi<Y~Ql�CFP�_^~MCI�º¤F¤|AD[¾VW=pEw�CFP�_`RM�

;z=MLB��CFHiHJ=MLQHJRJSUTWZF=plDCFE>Rz=p<YA�=MLBbOLiSFVW=dADCF~Ql�=p<YA�=ML�sW<YA��gq¯�z£+<YHJR\<Y[¾�*=MLiZjE>=p<Y~Ql��pPD[�PDAgVW=plDCFADK�=pE>RJ=pA
?\VXHJSFLiVW=MLOK�=pP�RiEY<Y~Ql�=MLQlº�SjlgR�PDADK�=pAgRiHJhDLQ<Y~QlgR�CFA	K�=ML6yBVW=MLi� �CF~Ql�=�K�=p[ �FSjA�sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgRJ=pA��
sWP ZFL¨�SFnF=MLi=pA ��<>=M_`=pA �UCFADA3±J=pK�SI~Ql �F=p<YA ?BADHJRJ=p<>ZF=pA K�=pH���CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiH�VW=MSFVXCF~QlgRJ=MR³�a=MLQK�=pA�m
HJSjADK�=MLQA��I<>=pEY[k=pl�LB=p<YA��FSjAgRi<YAxPD<>=MLQEY<Y~Ql�=MLz?\VD_�CFEYE}�X;�<>=�;�<Y~i�F=	K�=MLz�6CFHiHJ=MLQHJRJSUT�lDCFE>Ri<>ZF=pA³NI~QlD<Y~QlgR|CFP�_�K�=ML
?\VXHJSFLiVW=MLiSFVW=MLi� �CF~Ql�=z�\<>LQK°[	<>R@~MCI�;�ªAD[ CUVDZF=pHi~Qlº�CURJ�MR�u}?\VDVX<YEYKDPDA�Z�»x�Y¤dCx{J{i�
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�M=pAgRJLQCURi<>SjADHJ�F=MLQlº�CFE>RiAD<YHiHJ=|HJ=pl�L��I<>=pE��XCF~Ql�=MLBKDCULiZF=pHJRJ=pEYE>Rd« £aSjl�®¯�WsWP�L�µB[kLi=p~QlDAxPDA�ZtK�=ML\��<>=M_`=pADHJ�UCFEYCª�FSjA
« CURJSj[k=¨§¨~M[�mM®v<YA¡« AD[�®v[ªP�nkKD<>=z;�<Y~QlgRJ=|K�=ML�bOLiSFVW=BVW=M�UCFADAgR@HJ=p<YA�PDADK·=p<YA�=�l�Sj[kSFZF=pA�=|c�E>=p[k=pAgRJ�F=MLiRJ=p<rq
EYPDA�Z��FSFLiLQCFPDHJZF=pHJ=MRJ�MRB�a=MLQK�=pA��
c�<YA�=�K�=MRiCF<YEYEY<>=MLiRJ=�£a=pHi~Ql�Li=p<>VXPDA�Z�K�=pH�?BP�_`VXCFPDH°K�=ML�?BADEYCUZF=³PDADK1K�=ML���=Mnj[k=MRil�SIK�=³�XADK�=MR�Hi<Y~Ql <YA
« £aSjlX¬�~UCDmX£aSjlX¬�~¨Vvm��º<YAD¥j½p®¯�

P�Q���Q�� 4 #7��* !"! Y�%7��Y�[,5/#&%&'C^4Y/.64 %!798�Y&:<;>=@?�V�9�#41=Y/.0�-;�\&�8;�\�[
µB[%KD<>= ��Sj[khWSjHi<>Ri<>SjA �FSjA sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgRJ=pA��pP =MLQ[	<>RJRJ=pEYA�mt�\P�LQK�=pA�NI~QlD<Y~QlgRJ=pA CFPDH
[k=pl�Li=MLi=pA ~Ql�=p[	<YHi~Ql�=pA £��CFK�=MLQA CFP�_�NI<YEY<>�p<YPD[ CUVDZF=pHi~QlD<>=pK�=pA�m�HJS KDCUn KDP�LQ~Ql KD<Y~i�F=MLi=¶NI~QlD<Y~QlgRJ=pA
=p<YA�=�VW=pHiHJ=MLi=�s*�CFlDEYHJRiCURi<YHJRi<>��=MLQlDCFE>RJ=pA3�\<>LQK��O;�<>=�NI<YEY<>�p<YPD[	HiP�VXHJRJLQCURJ=��\P�LQK�=pA��pP��FSFL�=p<YAD<>ZF=���<YAxP�RJ=pA
<YA _��PDA�_`hDLiSF�M=pAgRi<>ZF=ML(]Ma qfN��CFP�Li= VW=plDCFADK�=pE>RMmtPD[ KD<>= y\o�<YKDHi~QlD<Y~QlgR3CFA K�=ML+NI<YEY<>�p<YPD[kSFVW=MLi� �CF~Ql�=��pP
=pAgRJ_`=MLQA�=pA��X?BP�_ =p<YA���<>=M_`=pA�hDLiSF�XE²�\P�LQK�=|lD<>=ML@�F=MLi�p<Y~QlgRJ=MRMmWKDC	KD<>=ªsWAvuwNx=Fm yz]|{}qfNI~QlD<Y~QlgRJ=pA�<YADHJVW=pHJSjADK�=MLi=
VW=p<6K�=ML	?\VXHi~Ql�=p<YKDPDA�Z�CFPDHk[k=pl�Li=MLi=pA�£��CFK�=MLQA�<YADl�Sj[kSFZF=pA�Hi<YADK��^c�H��a=MLQK�=pA�K�=pHilDCFE>V�AxP�Lk<YAgRJ=MZFLQCFE>=
��Sj[khWSjHi<>Ri<>SjA�=pA�CFA�ZF=MZF=MVW=pA��
?\VDVX<YEYKDPDA�Z�»x� ¿ �M=p<>ZFR¡KD<>=�sWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z3=p<YA�=ML�~MCI�-~U¥�AD[ KD<Y~i�F=pA sWAvuwNx=Fm yz]|{}qfNI~QlD<Y~QlgR�<YA��IE}�
sW<YA��gq¯�*SFLiVW=plDCFADKDEYPDA�Z���c�<YA�=��ºLi=pADAxPDA�Z1�FSjA¾sWAvuwNx=Fm yz]|{}qfNI~QlD<Y~QlgR�PDADK¶sWAvuwyz]|{ m qfNI~QlD<Y~QlgR�CFPDH³K�=MLsW<YA��gq¯�z£$�pP�L(£a=MLi=p~QlDAxPDA�Z¶K�=ML+sWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z �FSjADAgRJ= CFP�_`ZFLQPDADK K�=ML3ZF=MLQ<YA�ZF=pA ;�<Y~i�F= K�=ML
NI~QlD<Y~QlgRJ=pA(AD<Y~QlgR	�FSFLiZF=pA�Sj[	[k=pA3�a=MLQK�=pA���;z=ML�sWAIqf´B=plDCFE>R¡�P�VW=MLQHJRJ=p<>ZFR	K�=pP�RiEY<Y~Ql�K�=pA�Nx=�qf´B=plDCFE>RMmaKD<>=
NI~QlD<Y~QlgRJ=pA�Hi<YADK3HJSj[	<>R°Nx=�qwCULQ[°�a;�CFH��*=MLQlº�CFE>RiAD<YH�Nx=¨§FsWA3VW=MRJL¨�CUZFR�¥I� ~x�@;z=ML°?BAgRJ=p<YE\�FSjA(��CFHiHJ=MLQHJRJSUT

¿ �



��� �(��� ��� �_���!�*#
�
��� ��	"���������I	��
	���
����
� &S	"�"���O)I���O)G# �����w���
	��
	������������S��	���������������������������	"�"�

Zn
 Se
 O
 H
 C
 N

0


10


20


30


40
        
Se/Zn = 0.80

(Se + 1/2 O)/Zn = 0.97


5.5

2.1


11.3
13.3


30.1


37.8


at
. %




Element


������������	�
��������w�wC[ �5&�!82$4�()��sqt% ] "�%�.3� 5&��%2 �!�� #�!$GM� VUWF@�(J XTYT�PH6F-K4:#�\K4:�5!`9ab���LF-K4:#�\K4:�5bl = $4+-�d�� 
 � = �\H
�!�� *�( *+-�!$3��%2)�82�! *+-�! mK4:#� ] �\.&K4:#�! ^t<�2+-�!$& 1� = �bF@��)���n!� =#] �(?#82�/.&K4:#���/+-�! �JwlS%2?��!�x� ] �!$4.65&�! 1K4:#� ] �\.&K4:#�! 
^��2+ �!�� #�dM��� #N�HPOT^�+ = $4K4:#82���4<= :#$35ul = $4+-�(`

PDADK�NICFP�=MLQHJRJSUT <YA�K�=MLzbOLiSFVW=ªEY<>=MZFR\VW=p<�¤F¤ � q�¤ ¿ �·�X;�CFHz�*=MLQlº�CFE>RiAD<YHduwNx=9b ¤�§U½tyd{f§FsWA�EY<>=MZFRBADCFl�=
¤Um �\<>=t=pHª_��P�Ld=p<YA�=°sWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z�K�=ML�b�PITW=MLQHi~QlD<Y~QlgR�CFPDHksWA²Nx=�qzPDADK�sWAvuwyz]|{ m qw��Sj[khWSjA�=pAgRJ=pA=MLi�6CULiRJ=MR\�\<>LQK��
efA��|CUhX<>RJ=pE*»x�Y¤k�\P�LQK�=�=p<YA�=kAD<>=pK�LQ<>ZF=MLi=���CFHiHJ=MLQHJRJSUTW�FSjA��M=pAgRJLQCURi<>SjA �FSjA³¬ ��CFA�ZF=MZF=MVW=pA��v;�<>=pHJ=·sWCFlDE
VW=M�MSFZªHi<Y~QlB±J=pK�SI~Ql	CFP�_²Li=p<YA�=pHasWA²Nx=�PDADK��\P�LQK�=6�pP�LO�*=MLQK�=pP�RiEY<Y~QlxPDA�Z|K�=ML6´BL¨�SFnF=pA�SFLQKDAxPDA�Z|CFA�ZF=MZF=MVW=pA��
;z=MLBlD<>=ML@ZF=p[k=pHiHJ=pA�=|��CFHiHJ=MLQHJRJSUTWZF=plDCFE>RzHJRJ=pEYE>R�KD<>=�?\VXHJSjEYP�RJ�FSjA��M=pAgRJLQCURi<>SjA�KDCULp�
;z=ML�´B=pHiCF[dRiCFAgRJ=p<YEzK�=ML·Li=pHJRiEY<Y~Ql�=pA�mOK�=MRJ=M�xRi<>=MLiRJ=pA�c�E>=p[k=pAgRJ=���SjlDE>=pADHJRJSUT1PDADK(NxRi<Y~i�IHJRJSUT <YHJR	Li=pEYCURi<>�
ZF=MLQ<YA�Z	PDADK°EY<>=MZFR�AxP�L@VW=p<W=p<YAD<>ZF=pA�bOLiSF�M=pAgRM�

� � ��� ��¢����G�
���i� ����� ����� �@£
	$¤S��	�	�£
�G� c�H��\<>LQK�KDCp�FSjA CFPDHJZF=MZjCFA�ZF=pA�m�KDCUn KD<>= KDP�LQ~Ql ��SjAIq
RiCU�xR�[	<>Rt�ºP�_`R�=p<YADHJ=MRJ�M=pADK�=�¼�q�PDADK ��qw��SjAgRiCF[	<YADCURi<>SjA K�=ML�yBVW=MLi� �CF~Ql�=(lDCFP�hDRiH��CF~QlDEY<Y~Ql _��P�L³K�=pA
K�=MRJ=M�xRi<>=MLiRJ=pA�¼�q�PDADK���qf´B=plDCFE>R\K�=ML\bOLiSFVW=z�F=MLQCFAgRw�aSFLiRiEY<Y~Ql�<YHJRM�Dc�<YA��º=p<YE�K�=pHB¼�q�PDADK°��qf´B=plDCFE>R@�UCFADA
KDCULj�P�VW=MLQlD<YADCFPDH*CFPDH6K�=p[¶c�<YAgVXCFP	�FSjA�?BPDHJZjCFA�ZjHfq*SIK�=ML6c�ADK�hDLiSIKDP��xRJ=pA	K�=ML6¸�=pCU�xRi<>SjA�<Y[¶~Ql�=p[	<YHi~Ql�=pA
£6CFK�<YA°KD<>=�b�PITW=MLQHi~QlD<Y~QlgR\HJRiCF[	[k=pA�u}¸�=pCU�xRi<>SjADHJZjE>=p<Y~QlxPDA�Z ¿ � ~g{i�
c�<YA��º=p<YE6K�=pHtNICFP�=MLQHJRJSUT²q|PDADK ��CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiHt<YHJR�=MVW=pA�_�CFEYEYHªKDP�LQ~Ql�yBVW=MLi� �CF~Ql�=pA��FSjAgRiCF[	<YADCURi<>SjA
PDADK KD<>= KDP�LQ~Ql KD<>=¶sW<YA��gq¯�z£ CFP�_`�6CF~QlDHJ=pADK�= ]\GIK�LiSpo�<YKDHi~QlD<Y~QlgR1VW=pKD<YA�ZFRM��;�CULj�P�VW=MLQlD<YADCFPDH(�UCFADA
±J=pK�SI~Ql5KDCp�FSjA CFPDHJZF=MZjCFA�ZF=pA5�a=MLQK�=pA�mBKDCUn�K�=ML�ZFL¨�SFnFRJ=�?BAgRJ=p<YEªCFA NICFP�=MLQHJRJSUT PDADK1��CFHiHJ=MLQHJRJSUT <YA
KD<>=�sWAvuwNx=Fm yz]|{}qwb�PITW=MLQHi~QlD<Y~QlgRd=p<YA�ZF=MVXCFP�R|�\<>LQK���;z=MLª��CFHiHJ=MLQHJRJSUT²q|PDADK NICFP�=MLQHJRJSUTWZF=plDCFE>RªK�=MLªbOLiSFVW=
Hi<YADK(�CFlDADEY<Y~Ql³l�SI~Ql PDADK³EY<>=MZFRdVW=p<\¤F¤)� q�¤ ¿ �¢u}?\VDVX<YEYKDPDA�Z�»x� ¿ {i�^;�C�KD<>=tb�PITW=MLQHi~QlD<Y~QlgRJ=pA�Nx=�qwCULQ[
Hi<YADK PDADK KDCFH³�*=MLQlº�CFE>RiAD<YH3uwNx= b/¤�§U½ yd{f§FsWA¶~MCI��¤3VW=MRJL¨�CUZFRMm�EY<>=MZFR³KD<>=3�*=MLQ[ªP�RiPDA�Z5ADCFl�=FmªKDCUn
��CFHiHJ=MLQHJRJSUT+PDADK�NICFP�=MLQHJRJSUT3<YAtaDSFLQ[ �FSjA�]\GIK�LiSpo�<YK��FSFLQEY<>=MZF=pA�� ;�CFH��P�VW=MLQHi~Ql*�PDHiHi<>ZF=�sW<YA����UCFADA CFEYH
sW<YA��IlgGIK�LiSpo�<YK�ZF=MVXPDADK�=pAk�a=MLQK�=pA��g;�<>=pHJ=\�*=MLQ[ªP�RiPDA�Zd�\<>LQKkKDP�LQ~QltKD<>=\[	<>R�]B<YE>_`=@�FSjA·b�c6Ngqw��=pHiHiPDA�ZF=pA
ADCF~Ql�ZF=M�\<>=pHJ=pA�=k]\GIK�LiSpo�<YK�VX<YADKDPDA�Z°u}�|CUhX<>RJ=pEº�I{@PDADK�KD<>=d;z=MRJ=M�xRi<>SjA�=p<YA�=pHzl�Sjl�=pA���CFHiHJ=MLQHJRJSUTWZF=plDCFE>RiH
<YA K�=ML³ZF=pHiCF[dRJ=pA sWAvuwNx=Fm yz]|{}qfNI~QlD<Y~QlgR CFADlDCFADK =p<YA�=pH³��<>=M_`=pA�hDLiSF�XEYH�[	<>R³]B<YE>_`=�K�=ML����M��qw��=MRil�SIK�=
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�� ��� �V����� 535&�!)\. ���ha I 82� ] �/.&.3�! #�/.t���������! #"#$&%('*)x+-�!$ �x)�� ] �! �5&�e� ] I ?*.3%2$&?��!$ =  *+ �x�� -H
5&�!��) =  #8 +-�/. I ?*.3%2$&?��!$4.h�� ,+-$&�!��^S�!$&�!�\K4:#� ��^S�!$&�!�\K4:�� = ��82�!lS�!� 5&��5&�!$T^��( *+-)3<= K4N2�s�( v+-�!$ I ?*.3%2$&?��!$&%2?��!$3H
j�<�2K4:#�TADC3F#F����-J2OQ%2) =#] �! @?��!$&�!�\K4:d+-�/. I ?*.3%2$&?��!$4.DADC3F#F�J@Et�fHP�! �5&:*�() 5&�! *+-�!$Q^S�!$&�!�\K4:dn =#] �e<= K4N@N2%2 �54�(N�5
ADC3EGF#F�`

u}�|CUhX<>RJ=pEº»x�Y¤¨{aZF=pHJRF�P�RJ�MRM�

P�Q���Q
	 ���*Y�2OY�%43&.�],576-^4Y��
�����)8 8�V���� ��],.��=Y/.0�
µB[ =p<YA�=@[��SFZjEY<Y~Ql�=@�OCULQ<YCURi<>SjA	K�=MLasWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z|K�=pH*?\VXHJSFLiVW=MLQH*[	<>R^�pPDA�=plD[k=pADK�=ML*��<>=M_`=@�pPkPDAIq
RJ=MLQHiPD~Ql�=pA�mx�\P�LQK�=�=p<YA·��<>=M_`=pA�hDLiSF�XED[	<>RJRJ=pEYHac�¸�;\?1CFP�_`ZF=pA�Sj[	[k=pA��I?\VDVX<YEYKDPDA�Zd»x� �ª�M=p<>ZFR@K�=pAt�*=MLQEYCFP�_
K�=ML@c�E>=p[k=pAgRJ�F=MLiRJ=p<YEYPDA�Z��I?BA�K�=ML\yBVW=MLi� �CF~Ql�=zK�=pH6?\VXHJSFLiVW=MLQHa<YHJR�=p<YA�l�Sjl�=ML@?BAgRJ=p<YE²CFA�N	�pP�HJ=pl�=pA�mIK�=ML
K�SFLiR�PDA�ZF=M_J�CFl�LkK�=p[�Nx=�qw?BAgRJ=p<YEa=pAgRiHJhDLQ<Y~QlgRM�^;�<>=�yBVW=MLi� �CF~Ql�=�K�=pH�?\VXHJSFLiVW=MLQHd<YHJR�KDCULj�P�VW=MLQlD<YADCFPDHd¼6PIq
PDADK�efAIqwCULQ[°m²´zC	<YHJR�KDCUZF=MZF=pA�AD<Y~QlgR\K�=MRJ=M�xRi<>=MLiVXCULp�
?BPDH�K�=ML	��Sj[khWSjHi<>Ri<>SjA³Ew�CUnFR	Hi<Y~Ql�ADCF~Ql1« ?\VX<¥~��gm^�¡=p< ¬F»¨®�KD<>=�£6CFADKDEJ�PD~i�F=�VW=MLi=p~QlDA�=pA��^c�H�Zj<YE>Rª_��P�L�KD<>=
£6CFADKDEJ�PD~i�F=dc��ju`o²{�=p<YA�=ML@�*=MLiVX<YADKDPDA�Z�K�=MLzsWPDHiCF[	[k=pADHJ=MRJ�pPDA�Z	? �!��� £ � « �¡=p< ¬F»¨®¯¹

c��ju`o²{_g uJ¤Fj¡o²{wc��gu}?|{;b³o�c��ju}£\{�j�Vgo�uJ¤Fj¡o²{ u¯»x� �I{
V�<YHJR�KDCUVW=p<W=p<YA�=|��SjADHJRiCFAgRJ=tu � VWS��\<YA�Z	~�SjADHJRiCFAgR��r{im²KD<>=��FSjA�K�=ML��*=MLiVX<YADKDPDA�Z�? �!��� £ � CUVXlº�CFA�ZFRM���<>R@´zE>=p<Y~QlxPDA�Ztu¯»x� �I{^�UCFADAtAxPDA	KD<>=zyBVW=MLi� �CF~Ql�=pAgVXCFADKDEJ�PD~i�F=@VW=MLi=p~QlDA�=MR��a=MLQK�=pA��j��<>LQKk_��P�La��CURJ=MLQ<YCFEX?
¼6P�efA²Nx= m [	<>R�=p<YA�=MLz£6CFADKDEJ�PD~i�F=ªc��ju}?|{Mg ¤U� ¥t=M� PDADK�_��P�LB��CURJ=MLQ<YCFE £5¼6P�efA²N m [	<>R�=p<YA�=MLB£6CFADKDEJ�PD~i�F=�FSjA�c��ju}£\{ g ¤U� » ¿ =M��<YA�´zE>=p<Y~QlxPDA�Z u¯»x� �I{�=p<YA�ZF=pHJ=MRJ�MRMm*_��PDl�LiRdKDCFHª[	<>RdV g ¥I� ¥U��« �¡=p< ¬F»U®@PDADK�ocg
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¥I� »�CFP�_ª=p<YA�= yBVW=MLi� �CF~Ql�=pAgVXCFADKDEJ�PD~i�F=��FSjA ¤U� ½F­�=M� _��P�L�¼6P�efAvuwN²m Nx=U{ m �@;�<>=�]��Sjl�=³K�=ML°=p<YA�ZF=pHJ=MRJ�MRJ=pA£6CFADKDEJ�PD~i�F=pA�Zj<YE>R@±J=pK�SI~Ql�AxP�Lª_��P�L�HJR��Sj~QlD<>Sj[k=MRJLQ<YHi~Ql�=pH	��CURJ=MLQ<YCFE}�^c�<YA³ZF=MLQ<YA�ZF=MLi=MLt¼6PIqw?BAgRJ=p<YEa_��PDl�LiRd�pP
=p<YA�=p[ ?BADHJRi<>=MZ�K�=MLª£6CFADKDEJ�PD~i�F=�« � P�R"~F¬U®¯m HJS�KDCUn�lD<>=ML|�FSjA =p<YA�=MLkyBVW=MLi� �CF~Ql�=pAgVXCFADKDEJ�PD~i�F=���¤U� ½F­�=M�
CFPDHJZF=MZjCFA�ZF=pA��a=MLQK�=pA°�UCFADA��
ef[ ?\VXHJSFLiVW=MLi�FSjEYPD[k=pA�<YHJR°K�=ML�¼6PIqim6efAIqimBNgq	PDADK1Nx=�qf´B=plDCFE>R�VX<YH�<YA(=p<YA�=¡��<>=M_`=��FSjA1~MCI�d¤F¤M¥F¥3AD[
Li=pEYCURi<>���FSjADHJRiCFAgRM�;az�P�L�=p<YA�=pA�[	<>RJRiE>=MLi=pA�Ngqw?BAgRJ=p<YE^�FSjAo~ ��_��PDl�LiRzKDCFH�ADCF~Ql ´zE>=p<Y~QlxPDA�Z�u¯»x� �I{BCFP�_�=p<YA�=
£6CFADKDEJ�PD~i�F=|�FSjA³¤U� ¥�~k=M�ª�
?\Vt=p<YA�=ML���<>=M_`=@�FSjA·~MCI�²¤F¤M¥F¥dAD[ <YHJRa´zCdK�=MRJ=M�xRi<>=MLiVXCULp�gc�HOHiCF[	[k=pE>R�Hi<Y~Ql	�FSFLaCFEYE>=p[ CF[ ¸	�PD~i�x�FSjAgRiCU�xRM�
;�CFA�=MVW=pA HJRJ=p<>ZFR�CFPD~Ql K�=ML¡Ngqf´B=plDCFE>RMm��aSFZF=MZF=pA K�=ML¡Nx=�q·PDADK+efAIqf´B=plDCFE>R�Hi<YA��xRM��c�<YA�=�£a=MLi=p~QlDAxPDA�Z
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