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�':<;P:H; `,LNJF?ZMPJFEaAbQZ>@GXIcADENQedfM'gFGXENEHQZh6QZ>BG i :^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _
�':<;P: � jVLNG2QZ>B?@ADCkENG IkQBG IkQBLNJkENG]=6>@?ZYFlW>@YF?mgFGX?VnoG ENEHG :^:]:^:^:^:^:^:]:^:]: p
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tk: � £2YFEH>BLH[6LNGX?BYFIFO¤YFIFg�¥�AbOPG ?ZYFIFO
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�F:<;P: � �°ADRSCFQ¢>@YFi
QBlKLHIFGX>BLNl :^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �P�
�F:<;P:�t noGXENEH{Xh6lKENYFQ­¬¢=6>BYFgFLNGXI :^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �W�
�F:<;P:u� £eMPENMDIFLNGXJFLNEHgFYFIFOPQ�*3�DCFLHOPlDGXLH>U�+��# � :^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �K_
�F:<;P: � jVL � G ?BGXIF{ LHG ?ZYFIFOPQZi�YFQZ>BG ?�:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �K_

�F: � # LNI��"Ykª¨[DMPI�=6>@?BADCFENYkIFO :^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �W�
�F: �':H; �°ADRSCFQ¢>@YFi
QBlKLHIFGX>BLNl :^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �W�
�F: �': � £eMPENMDIFLNGXJFLNEHgFYFIFO :^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �,�

�F: �':�t ¥)ADlW>@Ab>Z¬rjUG CWh6gF?BMDOPG I"AbQBG§¬*�UJFOPADJ G ��¥)j��U� :^:]:^:^:^:^:^:]:^:]: �Dt
�F: �':u� noGXENEH{Xh6lKENYFQ¢[PG ?ZEaADY-* :]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �b�
�F: �': � # ?Z{ G YkOPYFIFO¨[PMPI�d�LHl6?ZMPlDGX?BIFGXI :]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �k;
�F: �':�� ~wCk?BMPi
MPQBMDi�GXIFQBRSC"�bgFG I :]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: � �

�F:ut # LNI��"Ykª¨[DMPI�vw?BMPi
gFGXQBM"&6h'Yk?BLNgkLNI :]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _ �

�F:utk:H; £eMPENMDIFLNGXJFLNEHgFYFIFOPQ¢>@GXQZ>�:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _ �

�F:utk: � ¥)ADlW>@Ab>Z¬rjUG CWh6gF?BMDOPG I"AbQBG§¬­d�G QZQBYFIkOz:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _ �

�F:utk:�t �°ADRSCFQ¢>@YFi
QBlKLHIFGX>BLNl :^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _Dt
�F:utk:u� noGXENEH{Xh6lKENYFQ¢[PG ?ZEaADY-* :]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _b�
�F:utk: � jVL � G ?BGXIF{ LHG ?ZYFIFOPQZi�YFQZ>BG ?�:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _P�
�F:utk:�� =6RSCKy�G Q¢>@GX?¢¬¢~wCk?BMPi�Ab>@LHgFG I6¬r�UYkQZ>SAbYFQBRSC���=F~$# �w:]:^:^:^:^:^:]:^:]: _P_
�F:utk: _ dfLH>@MDQBG§¬*qrIFgFG.& :]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _P_
�F:utk:�p ~wCk?BMPi
MPQBMDi�GXI'¬r�VI"ADEHh6QZG�:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: _Dp
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�':<; noG EHENLNIFADlW>@LH[6LHG ?BYkIFO :^:^:]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: pPt
�': � � ?BMPEHL *5G ?BAb>@LHMPI YkIFg}noGXENEH{Xh6lKENYFQ­¬r�U?Z?BGXQZ> :]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: pP�
�':ut # LNI��"Ykª¨[DMPI�vw?Bg"T ADY-*®{XG ENEHJFLNMDENMPOPLHQBRSCFG�#�&k�	G ?ZLNi
G IW>@G :^:^:^:^:^:]:^:]: �k;

�':utk:H; n hK>BMD>@M"&'LNQZRSCFG2��LN?BlKYFIkO¨[DMPI}v�?Bg"T :^:^:]:^:]:^:^:^:^:^:]:^:]: �k;
�':utk: � qrIkgFYFlW>@LHMPIcRSCF?BMPi
MPQZMPi AbENG ?�='RSC"�DgFGXI�gFYk?BRSC}v�?Bg"T :^:^:]:^:]: �D�
�':utk:�t # LHI��"YFª
ADY�*,gFLHG^d�G ªPGX?BOPGXJFIFLHQBQBG :^:]:^:^:]:^:]:^:^:^:^:^:]:^:]: �W�

�':�� ~wCF?BMDi�MPQZMPi
G IFQZRSC"�DgFGXI�I"AbRSC}vwGXQZ>@?BADCFEHYFIFO :^:^:]:^:]:^:^:^:^:^:]:^:]: �W_
�':��F:H; noGXLH>BENLNRSCkGU¡�G ?¢>@G LHENYFIkO�gFG ?V~wCF?ZMPi�MDQBMPi
G IFQZRSC"�DgFGXI :^:^:^:]:^:]: �W_
�':��F: � qrIW>BG OP?BAb>@LHMPIcgFG ?m�UJ	G ?Z?@Ab>BLNMPIkG I\{ Yki��sGXQ@ADi¤>BQBRSC"AbgFG I�:^:]:^:]: �Pp
�':��F:�t ~wCk?BMPi
MPQBMDi�GXI"ADJ	G ?B?BAb>@LHMPIFGXI\YFIFgfqrI"ADlW>@L<['LHG ?ZYFIFO :^:^:^:]:^:]: �P�
�':��F:u� dfLNlK?BMPlbG ?ZIFG :^:]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; � �

�':�� vwLNMDENMPOPLHQBRSCFGe��LN?Zl6QBADi
lDG L<>�[PMPI�=6>B?@ADCFEHYFIFO :]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �b�
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vU:<; ~wCFG i
LNl�ADEHLNGXI«:^:^:^:^:^:]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;+t
vU: � ¥��PQBYFIkOPG IfYFIFg � Y��oGX? :]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;��
vU:ut d�G gkLNG IfYFIFg�='GX?BG I :^:^:]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;+�
vU:�� ¡�G ?ZJF?@ADYkRSCFQBi�Ab>@GX?BLNADENLHG I :^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;+�
vU:�� �sGX?@�b>BG :]:^:]:^:^:^:^:^:]:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;�_

� � � ( $64343$6& �	�
�
~U:H; ~wCF?BMDi�MPQZMPi
G I"ADJ	G ?Z?@Ab>BLNMPIkG I :^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�;P;+�

~U:H;D:H; �D�,��lX¡����PIW>@OPGXIFQZ>B?@ADCFEHYFIFO�:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; � �

~U:H;D: � ;D;¤dfG*¡��bY�£VMPCkENG IkQZ>@M � :]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �6;
~U:H;D:�t � ���
d�G*¡!�bY !eLNRSlbG Ec:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �bt

~U: � �sGXi�L<>B>BG EH>BGUYFIkg�LHIK>BG OP?ZLNGX?Z>@G2�VJ GX?B?BAb>@LHMPIFQB?BAb>@GXI :]:^:]:^:^:^:^:^:]:^:]:�; �D�
~U: �6:H; ;D;¤dfG*¡��bY�£VMPCkENG IkQZ>@M � :]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �D�
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~U: �6: � � ���
d�G*¡!�bY !eLNRSlbG Ec:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �D�
~U:�t �UJ	G ?Z?@Ab>BLNMPIFQ­¬*¡�GX?Z>@GXLNEHYFIFOPGXI�:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �b�

~U:�t':H; �D�,��lX¡����PIW>@OPGXI�:^:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �b�
~U:�t': � ;D;¤dfG*¡��bY�£VMPCkENG IkQZ>@M � :]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �D_
~U:�t':�t � ���
d�G*¡!�bY !eLNRSlbG Ec:]:^:^:]:^:s:]:^:]:^:^:]:^:]:^:^:^:^:^:]:^:]:�; �b�
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jULHGV��LN?ZlKYFIFO¤QZRSCWywGX?BG ?mqrMPIkG I�OPG§ymLNIFIW>w{ YFIFGXCFi
G IFgcADI�vwG gFGXYk>@YkIFO �kQZG L<>|gFGX?�d�GXIFQBRSC
gFLHG QBGXI�IFLHRSCK>wIKYF?wyw�DCF?BGXIFg��%G EH>B?@ADYki �
�kOPG I��KQZMPIFgFGX?BI\ADYkRSC\LNi��eADCFi
G I gkG ?w��YFi
MP?¢¬
>@CkG ?@Ab�FLNG^J GXOPG ODIFGX>�� ymLNG^QBLHG¤{XYF?2noGXLH>VADYFRSC ADI�gFG ? �sGXQBGXENENQZRSC"A * >�*��F?x=6RSCKy�G ?ZLNMPIkG I�*5MP?­¬
QBRSCKYFIkOc� �^='q¢� G ?B�k?BMPJk> ymLN?Zg :6TVi gFLHG���LN?BlKYFIkO][PMDI qrMPIFGXIFQZ>B?@ADCkENYFIFO]i�L<>�gFG ?�ADIFgkG ?BGX?
=6>B?@ADCFEHG I"Ab?Z>@GXI { Y [PG ?ZOPENGXLNRSCFGXI���ymLN?Zg¯gkLNG�?BGXEaAb>BLH[DG�JFLNMPEHMPOPLHQBRSCFG¤��LH?BlKQ@Abi�lbG LH>��3�Vv ���
[PGX?Zy�G IFgkGX> �	gFLHGxgFLNG�# � G lW>BLH[6LH>@�b>�G LHIFG ?e=K>@?@AbCFENGXI"AD?Z>|LNi�¡�G ?BODENG LHRSC\{ YcG LHIFG ?�=6>SADIkg"AD?Bg6¬
QZ>B?@ADCkENYFIFO\ymLHG
{b:�vV: �D�,�\lX¡ � �DIK>BOPG IkQZ>@?BADCFEHYFIFOfJ GXQBRSCF?ZG LNJ'>+:,='LNG�CF�DIFOD>^Y :uAk: [PMDI°gFGX?
� G �%G OPQ¢>@?ZG RSlDGcgFGX� MDIFLNGX?Z>@GXI # IFG ?ZOPLNG��3g # �bg-&F�]gkG ?¤[DG ?Zy�G IkgFGX>BG I =6>@?BADCFENYkIFO�ADJ���gFLHG
gFYF?ZRSC�gFGXI�¥�LHIFG+AD?ZG I # IFG ?ZOPLNGs��?@ADIkQ *5G ?e¥ # � J	G QZRSCF?BLHG J	G I�ymLH?Bg :
jULHG�vwGX?BG RSCkI6YkIFO gFG ?¤�Vv�� GX? *5MPEHOD>]l6ENADQBQZLNQZRSCFG ?¤�%G LHQBG ADYFQ¤gkG i l6EHMPIFMPODG IFGXI��VJ	G ?­¬
ENGXJ GXI�� { YF?eJ	G QBQZG ?ZG I�vwGXQBRSCF?ZG LHJFYFIFO�ODG ?@AbgFG^[DMPI ='�F�b>@G��oGXlK>BG I�y�G ?ZgFG I}ADJ GX?UAbYFRSC�ADI'¬
gFGX?BG\JFLHMPENMPODLNQBRSCkG #��oGXlW>@G �®QBMPOPGXI"ADIFIW>BG
� # IFgF�FYFIklK>BG�� ymLNG�gFLHG�qrIFgFYklK>BLNMPI�RSCF?ZMPi
MPQBMb¬
i�ADENGX?U=6RSC"�DgFGXI}J G§>@?BADRSCW>@GX> :oqrI�TVIW>@GX?BQBYkRSC6YkIFOPG I [PMDI}�mLH>B>BG ?eGX>UADE :��­;��P���¨YFIFg°;��P�P�W�
ymYF?ZgFG I\QZMPENRSCFGx~wCF?BMDi�MPQZMPi
G IFQZRSC"�DgFGXI�{ Y [6LHG ENGXI\noGXLH>@�kYFIFlW>@GXI�I"ADRSCcvwGXQZ>B?@ADCFEHYFIFO¤ADI
GX>@ADJFEHLNG ?¢>@GXI �VADi�Q¢>@GX?¢¬¢noGXENEHLNIFLHG I�ADIFADEHh6QBLHG ?¢>+: # Q�{XG LHOD>wQZLNRSC�G LNI
gF?BADQZ>BLNQBRSCkG ?w�VIFQZ>BLNGXO¤gFGX?
�UJ	G ?Z?@Ab>BLNMPIkQB?@A�>@G¤i
LH>UgFG ?2noG LH>UI"ADRSC CFM6RSC'¬­¥ # �w¬­v�G QZ>B?@ADCkENYFIFO �oy|�bCF?BGXIFg G LNI}y�G IkLNOPGX?
ADYFQZOPG �k?@�DOD>BG ?V�UIFQ¢>@LNGXO I"AbRSC�� �DIK>BOPG IkQZ>@?BADCFEHYFIFO�OPG�*5YFIFgFGXI�ymLN?Zg : # LNIFG]OPG I"AbYFG ?ZG¤�UJ6¬
QBRSCF�b>@{XYFIFO gFG ?c�ev���¬*�%G ?¢>@G ADY-*¤gFGX?cv|ADQZLNQ [DMPI ~wCk?BMPi
MPQBMDi�GXIFg"Ab>BG I�ymLN?Zg�g"ADCFGX?
G ?ZC"ADE<>@G I �	y�G IFI�gkLNG¤�VJ GX?B?BAb>@LHMPIFQB?BAb>@G^LNI�gFG ?UG ?BQ¢>@GXI¯d�LH>BMPQBG]I"ADRSC vwGXQZ>@?BADCFEHYFIFO�IFLHRSCW>
ymLNG��FJFENLHRSC}{ Y�GXLNIFGXi �	QBMDIFgFG ?ZI { Y�i
G CF?ZG ?BGXI¯noG L<>@�FYFIklK>BG I�J	G Q¢>@LNi
i¤>�� i
LH>VgFG i �UI6¬
>@GXLNE�gFGX?]GX?BQZ>BG I d�L<>@MPQZG I%YFIFg#gFGXi©d�LH>BMPQBGXLNIFgFG.&%OPGXymLHRSCK>BGX>¤YFIFg��FJ	G ?^gFLHG�noGXLH>^{ YFi
�2G Q@Abi¤>@QZRSC"ADgFGXI}ADY�*5QZYFi
i�LHG ?Z>wymLN?Bg����eL<>B>BG ?|G§>UAbE : � ;��P�P�
� ='RSCFMDEN{sGX>VADE�: � ;��P�Pp�� :
qrI gFG ?x[DMP?BEHLNGXOPG IFgkG I��U?ZJ GXLH>xymYk?BgFGXI%gFLHG�MPJ	G I G ?¢y|�bCFIW>@G I #�&'� GX?BLNi
G IW>BG¨ADY�*�C6Yki A�¬
IFG\gFLH�FENMDLNgFG¨¡�MP?BCFADYk>Z¬r`®LNJk?BMPJFENADQZ>BG I%� � �k;�� � ��ADYkQBOPGXgFG CFIW> :�jULNG\lbMPI��"YFGXIW>@G I noG EHENGXI
ymYF?ZgFG I�i�L<> �P�,�2lX¡ � �DIK>BOPG IkQZ>@?BADCFEHYFIFO �K£eMPCFENGXIFQZ>BM��
MPIFGXI i
LH> GXLNIFGX? # IFGX?BOPLHGe[DMPIf;P;
YFIFg �,�,� d�G*¡��bY ��¥ # � ;8�Dt}YFIFg�;��}lbG*¡��

µ
i��¤QZM�ymLNG !VLHRSlDGXENLNMDIFG I i
LH>�� ��� dfG*¡��bY

��¥ # � �P�b�%�^lDG*¡��
µ
i ��J GXQZ>B?@ADCFE<>�YFIFg\gkG ?|RSCF?ZMPi
MPQBMPi�ADEHGx='RSCFADgFG IfLNI ��C\qrIK>BG ?¢[DAbENENGXI

JFLHQ2{ Y#p,�cC¯I"ADRSC%vwGXQZ>@?BADCFEHYFIFOfYFIW>@G ?ZQBYFRSCW> :®Teiz{XymLHQBRSCFGXI d�G§>SAD�FCFADQBGXI°gFGXQ�;P:oYFIFg
�': noG EHEN{§h'lKEHYFQm{ Y}YFIW>BG ?BQZRSCFG LHgFG I �oymYF?BgkG¤gFGXi noGXENEHl6YkEH>@Yk?Bi
G gFLHYFi�v�?BMPi
gFG QZM"&'h6YF?ZLNgFLHI
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YFIkg gkLNG\ADEHQ¨=6>@ADIFg"AD?ZgFi
GX>@CkM'gFG\G§>SADJkENLNGX?Z>BG�`�� �U¬­` �D?ZJFYFIFO}ADIFOPG ¬
y�G IFgFG§>+: #�&k�	G ?ZLNi
G IW>@G^{ Yki #�LHI��"YFª
gFGXQUvw?Zg"T ADY�* gkLNGx[PGX?Zy�G IFgkGX>@GXI%noG ENEHG Ic{ GXLNOD>BG I��
g"ADª�vw?Zg"T«gkG I `"MP?¢>@OWADIkOfgkG ?¤noG ENEHG I¯gFYF?ZRSC#gFG I#noG EHEN{Xh6lKENYkQ^CkG i
i¤>^YFIFg#AbYFªPG ?ZgFG i
G LHI *5? �FCk{ G L<>@LHOPG Q �*�UE<>@G ?ZI ��gFG ?
noGXENEHG I#J	GXymLH?BlW>+: jVLNG��VJ GX?B?@A�>@LNMDIFQB?BAb>@G ymLH?Bg g"AbOPG OPGXI
gFYF?ZRSC�gFLHG^noYFOWADJ	Gx[PMDI�vw?Zg"T�IFLNRSCW>eJ	G G LHI��"YFªb>+:
jUGX? I"ADRSC
CFM'RSC6¬­¥ # �w¬¢=6>B?@ADCFEHYFIFO2J	G MPJFADRSCW>@GX>BGm�UIFQ¢>@LNGXO2gFG ? �VJ GX?B?BAb>@LHMPIFQB?BAb>@GXI¨i�L<> gFGX?
noG L<>
ENG Ob> gFLHGc�FEaADYkQBLNJkENG # ?BlKEa�D?ZYFIFO%I"ADCFG ��g"Abª°OPGXQBRSC"�DgkLNOD>BG}noGXENENGXI [DMPI�noGXENEN{§h6l6EHYFQ¢¬
[PGX?B{��POPG ?ZYFIFOPGXI QZ>@�D?BlbG ?fJ G§>@?ZM,�oGXI�QZLNIFg�ADEHQ\YFIFOPGXQBRSC"�DgkLNOD>BG#noGXENENGXI�YFIFg gFLNG%d�L<>@MPQZG
g"ADCkG ?x[PGX?BQZ�"�b>@G§>sG ?Z?BG LHRSCFG Io:)jxADQ2�UYkQBi�ADª�gFGX?^noG ENEH{Xh6lKENYFQ¢[PGX?B{��DOPG ?ZYFIFO\y|�bRSCFQZ>^g"ADJ	G L
*��F?\[PGX?BQZRSCFLNGXgFG IFG =K>@?@AbCFENGXI"AD?Z>BG I i�L<>cQZ>BG LNODG IFgFGXi ¥ #��zADI :mqrI gFGXI LHI�gFLHG QZG ?c�U?­¬
J	G LH> J	G QZRSCF?BLHG J	G IFGXI #�&k�	G ?ZLNi
G IW>@GXI�ymYF?ZgFGUYkIK>BG ?ZQBYFRSCW> �'LNIWymLNG§ywGXLH> QZ>B?@ADCkENG IkLNIFgFYk{ LNGX?Z>BG
noG EHEN{§h'lKEHYFQZ[DG ?B{��POPGX?BYFIFODG I�gFLHG #�&k�k?BG QZQBLHMPI}[PMPI%~wCF?ZMPi
MPQBMPi
G IkQBRSC"�DgkG I�J	G G LHI��"YFQZQBGXI :
!VGXJ GXI�gFG ? d�AD?BlKLHG ?BYkIFOxgFGX?�noG EHENG I]LNI�=K¬�� C"ADQZGwymYF?ZgFG|CFLHG ?B{XY�gFLNG ¡�G ?¢>@G LHENYFIkOUgFGX? noG EHE<¬
{Xh6lKENYkQB�FC"AbQBG Ici
LH> �VLHE *5GegFG ?wjUYF?ZRSC��"YFªP{§hK>@MPi
GX>B?BLNGUYFIFg�gFGX?md�L<>@MPQZG§¬rqrIkgFG�& �FJ	G ?w[6LHG ENG
=6>BYFIFgFGXI I"ADRSC�vwGXQZ>@?BADCFEHYFIFO¯J GXQZ>@LHi�i]>+: jVLNGcTVIW>BG ?BQZYFRSCKYFIFOPGXI�{ GXLNOPGXI�GXLNIFGXI�gFGXYk>@EHL<¬
RSCFGXI��	G ?Bi�ADIFGXIW>@G I}noG EHEN{Xh6lKENYkQ@AD?Z?BG Q¢>mI"ADRSC�vwG Q¢>@?@AbCFENYFIkO �"gFM6RSC�ADYkRSC�gFLHG2YFIKJ GXQZ>@?BADCFE ¬
>@GXI £VMDIK>B?BMPEHEN{XG ENEHG I G ?Z?BGXLNRSCFGXI#IKYF?¤{XY#i A &kLHi AbE �,�

%
gFLHG¨G ?BQ¢>@GcdfLH>@MDQBG
I"ADRSC ¥��PQZG I

gFGX?U£eMPIW>SADlW>@LHIFCFLHJFLH>BLNMPI :-!UAbRSC}vwGXQZ>@?BADCFEHYFIFO
QBLNIklK>egFLHG QZG ?m�°GX?Z>ei�L<>mQZ>BG LNODG IFgFGX?UjVMPQBLHQ
YFIFg ¥ # �2: qri �sGXOPG IkQ@Ab>B{�{ Y #�&'� GX?BLHi�GXIK>BG I ADI�G§>SADJkENLNGX?Z>BG I �VADi�Q¢>@GX?B{ GXENEHLNIFLHG IflbAbIFI
QBMDi�L<>�LNI�IFMP?Zi AbENG I i
G IkQBRSCFEHLNRSCFGXI �VADYk>��FJF?BMPJkEaADQ¢>@G I IKYF?¨G LHIFGcl6EHG LHIFGcTVIW>@GX?BOP?ZYF�F�	G
[PMDI�noG EHENGXI�LHI d�G§>SAD�kC"ADQBG°ADY�*¤gFG I Q¢>@?BADCFENGXIFLNIkgFYF{ LHG ?¢>@G I ='RSC"AbgFG I CkLNI YFIW>@G ?ZQBYFRSCW>
y�G ?BgkG I :)jUGX?2OP? �DªPG ?ZG��,GXLNE,gFG ?snoGXENEHG I}GXIK>B{ LHG CW>sQBLHRSC�gFG ?sTeIK>BG ?ZQBYFRSCKYFIFO�gFYF?ZRSC¯GXLNIFGXI
�	G ?Bi�ADIFGXIW>@G Ic�V?B?BGXQZ> : jULNGx[DMPI�='RSCFMPEH{^G§>eADE :o�¢;+�P�PpW� [DMP?BODG QBRSCkEaADOPGXIFGsqrIW>@G OD?@Ab>BLNMPIcgFGX?
~wCF?ZMPi�MDQBMPi
G I"AbJ GX?B?@A�>@LNMDIFG I �FJ	G ?�gFLHGUnoGXLH> *��FCk?Z>@G *��F?�i
G IFQZRSCFENLHRSCFGU`,LNJF?ZMPJFEaAbQZ>@GXI�ywG ¬
OPGXI�gFG Q OP?BMPªDG I �VIW>@G LHENQ
� GX?Bi�ADIFGXIK>�AD?B?ZGX>BLNG ?¢>@GX?\noG EHENGXI�IFLHRSCW>�{ Y #�?ZOPG JkIFLNQZQBG I �wgFLHG
G LHIFG I%gFLN?ZG lW>@GXI%¡�GX?BOPEHG LNRSC¯gFGX?]LHI¯gkG ?^�UYFQZOWADIFOPQZ� MD�FYFEaA�>@LNMDI%LHIFgFYF{XLNG ?¢>@GXI#~wCF?ZMPi
MPQBMb¬
i
G I"ADJ	G ?Z?@Ab>BLNMPIkG I�{XYFEaAbQBQBGXI :�jUGX?xG ?ZC"ADE<>@G IkG]�%G ?Z>xOPLNJk>e[6LNGXENi
G CF?e�UYFQZlKYFI�* >sg"AD? �FJ	G ?��
y�G ENRSCkG ?¨OPG IkGX>@LHQBRSCFG�='RSCFADgFG I�ADI�gFLHG *5MPENODG IFgFG\noG ENEHOPG IkG ?@A�>@LNMDI°ywGXLH>BG ?BODG OPGXJ GXI�ymLH?Bg :
jULHG QmLNQ¢> *��F?�QZ>B?@ADCFEHG IKJFLHMPENMPODLNQBRSCkG2�eLHQBLHlDMWADJkQBRSC"�b>B{ YFIkOPG IfymLNRSCW>@LHOF:
jULHG��mG ENAb>@L<[PG\v�LNMPEHMPOPLNQZRSCFG ��LH?BlKQ@ADi
lDGXLH> *5MPEHOD> *��F?
ADEHENG�LHI�gFG ?�[PMD?BENLHG OPGXIFgFGXI��V?BJ	G LH>
YFIW>@GX?BQZYFRSCW>@G I # IFgk�FYFIFlW>@G�gFG ?)[6LNGXE *3ADRSCsJ	G QBRSCk?BLNGXJ GXIFG I�¥ # �w¬*�UJFC"�bIFOPLNODlDG L<>)i�L<>)G LHIFG i
d�A &'LHi�YFi YFi«;8�,�VlbG*¡��

µ
i�:bjULHGw[PMP?ZENLHG OPGXIFgFGw�V?BJ	G L<>®{XG LNOb> ��g"ADªxgFLHG|�ev�� QBGXCF? Q¢>SAD?Zl

[PMDI#gFG ?]G�&'�	G ?BLHi�GXIW>@G EHENGXI#vwGXQZ>@LHi�i¤YFIFOfYFIFg#gFGX?�vwGX?BGXRSCFIKYFIFO¯ADJFC"�bIFOD>+:,='M�l �PIFIkG I
ADYFQ�gFG i�OPEHG LHRSCFG I\jUAb>@GXIFQ@Ab>B{x�ev���¬*�%G ?¢>@GVJ GX?BG RSCkIFGX>|y�G ?ZgFG I �FgFLNGeYFi�gFGXI\` ADlW>@MP?�t
ADYFQZG LHI"ADIFgFGX?mENLNGXOPG Io:
jULHGfLHI�gFG ?¨[PMP?ZENLHG OPGXIFgFG I �U?ZJ GXLH>
OPG§ywMPIkIFG IFGXI�jxAb>BG I�{ G LHOPG I g"AD? �FJ	G ?¨CFLNIFADYFQ�� gFADª
*��F?�[PG ?ZQBRSCFLHG gFGXIFGVnoG EHENQBMD?Z>@GXI¤YFIkg
=6>@?BADCFENGXI"AD?¢>@G I¤YFIW>@G ?ZQBRSCFLHG gFEHLNRSCFGwJFLNMPEHMPOPLHQBRSCFG #��oGXlK>BG
ADY�* >B?BG§>@G Io:bjVLNG QZGwTeIW>@G ?ZQBRSCFLHG gFG�i �FQZQBG I�ADYFRSC¤J	G ? �FRSlKQBLHRSCK>BLNOD>�y�G ?BgkG I��8ywGXIFI�G§>SADJFEHLNGX?Z>@G
d�G§>@CFM6gFG I AbY�* ADIFgFGX?BG�noG ENEHQZh6QZ>BG i
G��FJ	G ?¢>@?BADOPG I�YFIFg *��F?UADIFgFGX?BG¨=K>@?@AbCFENGXI"AD?Z>BG If[PG ?­¬
y�G IFgFG§>wy�G ?ZgFG I�QZMPENEHG I :6noY
J	G+ADRSCW>@GXI�LNQ¢> CFLNGX?BJ	G L	ADYFRSC��Kg"Abª � GXgFGxTeIK>BG ?ZQBYFRSCKYFIFO�GXLNIFGXI
# LNIFOD?BL �#LNI°gFADQ]YkIK>BG ?ZQBYFRSCW>@Gf=Kh'Q¢>@GXi©g"Ab?BQZ>BG EHEH>^YFIFg#QZMPi
LH>sQBGXLNIFGX?BQZG LH>BQ¤g"AbQ # ?BOPGXJFIFLHQ
[PGX?@�DIkgFG ?ZI�l�ADIFI :
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TVi gFLNG�JFLNMDENMPOPLHQBRSCFGXI ¡�MP?ZOW�DIFOPG�J GXLUgFGX?cvwG Q¢>@?@AbCFENYFIkO#[PMPI,+x?BOWAbIFLNQZi�GXI�I"ADRSCW[PMDENE<¬
{ LHG CFGXI#{ Y%l �PIkIFG I�� *��FCF?¢>¤i�ADI°GXIW>rywGXgFG ?.-0/213-046587�noG ENEHG�&'�	G ?BLHi�GXIW>@G¨gFYF?ZRSC#M'gkG ?^J G ¬
QZ>B?@ADCkEH>�¡�GX?BQBYkRSCFQZ>BLNG ?ZG9-0/:13-01;7�:�qrI J	G LHgFG I ` �bENENGXI%y�G ?ZgFG I�[PGX?BQBRSCkLNG gkG IFG�JFLNMPEHMPOPLHQBRSCFG
�mG+ADlW>@LHMPIFGXI��'QZMPOPGXIFI"ADIW>@G ��# IFgF�FYkIFlW>@G�� �FYFIW>@GX?BQZYFRSCW> � ADIFCFADIFg�gFGX?BGX?|gFLNGe��LN?Zl6YkIFO�gFGX?
=6>B?@ADCFEHYFIFO\J	G YF?¢>@GXLNEH>UywGX?BgFGXI°QBMDENE :onoG EHENQ¢h'Q¢>@GXi�G�C"AbJ GXI¯gkG I ¡�MP?Z>BG LNE � gFADªcQBLNG�y�G IkLNOPGX?
lDMDi��FEHG�& AbY�*5OPG JFADYk>�QBLNIkg ADEHQ �sG§ywGXJ G�YFIFg gFADª � GfI"ADRSC `"?@ADOPGXQZ>BG ENEHYFIFO gFLHG # LHOPG I'¬
QBRSCFA * >@GXI�gFGXQU��G QZ>BQZh6QZ>BG i
QUgFYk?BRSC��VYFQZywADCFE�OPGXG LNODIFGX>BG ?VnoG EHENLNIkLNG I M'gFGX?mOPG IW>@GXRSCFIFLHQBRSCFG
d�ADIkLN�FYFENAb>@LHMPI�gFGX?|noGXENENGXI�[PG ?B�DIFgFGX?Z>�ywGX?BgFGXI\l �PIFIkG I :6�UYFªDG ?BgkG i�l �PIkIFG IcnoGXENEHl6YkEH>@Yk?¢¬
G�&'�	G ?ZLNi
G IW>@G\i
G CF?�*3ADRSC ymLNGXgFG ?ZCFMPEH>�YFIFg QZ>SA�>@LNQ¢>@LHQBRSC�OPG QZLNRSCFGX?Z>BGf�VYFQBQBADOPGXI�OPG§>@?ZM,�oGXI
y�G ?BgkG I : �UYFRSC�y�G IkI���LNG ?Zi�M6gFGXENENGsAbYFQVG§>@CFLHQBRSCFGXI �s? �FIFgFGXI}IKYF?eJ GXOP?BGXIF{X>UG LNIkOPG QZGX>@{§>
y�G ?BgkG IcQBMPEHEH>BG I��KQBLHIFg�QZLNGx{XYFi«¡�GX?BQ¢>S�DIFgkIFLNQ|gkG ?���LH?BlKYFIFODG IcADY�*)gkG I �2G Q@Abi¤>@MP?ZOWADIFLHQ¢¬
i�YFQmYFIkG ?BQZGX>B{ ENLHRSC :

<$=?>@=A> B �DC��FE@CHG �JI"�Q�o�,�@GKI2LMEON��
GKGKIQP$I �Q��R
qri noYFQBADi
i�GXIFC"ADIFO\i
LH>xgFG iz��CkG ?@Ab�FLNGX�F?BM � GXlW>]gkG ? �]=6qVLHQZ>sgFLHG¨TVIW>@GX?BQBYkRSC6YkIFO}gFGX?
��LN?ZlKYFIFO�QBRSCWy�G ?BGX?}qrMPIFGXI AbY�*¤i
G IkQBRSCFEHLNRSCFG%noG EHENGXI�[DMPI OP?BMPªDG i qrIW>BG ?BGXQBQZGD:UqrI gFGX?
[PMD?BENLHG OPGXIFgFGXIf�V?BJ	G L<>wymYF?ZgFG Ifi�GXIFQBRSCkENLNRSCkG �UADYk> �"JF?ZMPJFEaAbQZ>@GXIfADENQ|d�M'gkG ENEHQZh6QZ>BG i«[PG ?­¬
y�G IFgFG§> �FgFA�gFLNGXQBGxJ	G L � G gFGX?|G�&6>@GX?BIFGXI�v�G QZ>B?@ADCkENYFIFO�ADENQ|noG ENEHG I�gkG Q�vwLHIFgFGXOPGXy�G J	G QmgFGX?
�UAbYk>�i�L<>)J G§>@?BM �oGXI]QZLNIFg :�vwLHIFgFGXOPGXy�G J	G�lbMPi
i¤>,ADYFRSC¤LHIsgFG ?,¥�YFIFOPG QBM�ymLNG�LHI¤£2IFMP?Z� GXE �
='GXCFIFG I �ov|�bIFgFG ?ZI}YFIFg�vwENY'>@OPG�*3�DªPG Ic[PMD?UYFIFg�J GXQZ>BG CW>U[DMP?xADEHENGXi ADYFQeG�&6>B?@AD{XG ENEHYFEa�b?BG ?
d�Ab>B?BL & �WLHI¨gFLNGenoGXENENGXI¨G LNIkOPG Q¢>@?BGXYk> QBLHIFg :KvwGXL"gFLNGXQBG I�C"ADIFgkG EH>�GXQ�QZLNRSC
LNIFQZJ GXQBMPIkgFG ?ZGUYFi
`®LHJF?BMPJkEaADQ¢>@G I �WgFLNG *��F? gFG I��UY�*5J"AbY [PMPI�£VMPEHEaADOPGXI¨YFIFg�AbIFgFG ?ZG Ifd�A�>@?BL &'lDMPi
� MDIFG IW>@GXI
LNi �sG§ywGXJ Gs[PGX?@ADIW>ry�MP?Z>BENLHRSC�QZLNIFg�� �VJ	G ?BJkENLNRSl {D:uvU:"J GXL��UEHJ GX?Z>@Q�G§>VADE : �o;��D�W� ��:
`®LHJF?BMPJkEaADQ¢>@G I ENLHG OPGXI�LHi �sG§ywGXJ G°ADENQcy�G IFLHO QB�	G {XLaADEHLNQZLNG ?¢>@G%noG EHENGXI [DMP?��egFLNG¯{ Y `®L<¬
JF?ZMP{XhK>@GXI�i�L<> QB�	G { LHG EHENG ?�`"YFIFlW>@LHMPIzAbYFQBgFL �oGX?BGXIF{ LHG ?BGXIzl �DIFIFG I �5QBLHG CFG AbYFRSCz�UJ6¬

_



p � ����� 	������ � � ����� � � 	������

QBRSCkIFLH>Z>¤t':u�F:�_�YFIFg°�P�§: vwG Q¢>@?@AbCFENYFIkOfl�ADIkI%gFLHG¨jUL � G ?ZG IF{XLNGX?BYFIFO\[DMPI#noGXENEHG I�QZ>@AD?Bl�J G ¬
QBRSCkENG YkIFLNOPGXI��eYFi {b:�vV:xnoGXENENGXI i
LH>fOPGXIFGX>BLNQBRSCkG I ='RSC"�bgFG I ADI�gFG ?}��G LHENYFIkO { Y CFLNI'¬
gFGX?BI��u�mM6gFG i�ADIFIcGX>VADE�: � ;��P�k;�� :|jULNG}Q¢>@?BADCFENYkIFOPQBJ	G gkLNIFOD>BG�vwGXQBRSCFEHG YFIFLHOPYFIFO�gFGX?cjUL *a¬
*5G ?ZG IF{XLNGX?BYFIFO [PMPI�`®LNJk?BMPJFENADQZ>BG I«J G§ymLN?ZlK> gFLHG�IFADRSC >BCFG ?BAD� GXYk>@LHQBRSCFGX? �VIKy�G IkgFYFIFO
{D:��2:fADY�* >B?BGX>BG IFgkG I�=6�"�b>@QZRSC"�DgFGXI¦ymLHG GXLNIFG `®LHJF?BMDQBG�gFGX? ¥�YFIFODG M6gFGX? gkG ? �UADY'>
��vwYF?BODG ?mGX>VADE�: � ;��P�Pp�� :
�VYki ADIkG�`,LNJF?ZMPJFEaAbQZ>@GXI C"ADJ	G I -0/ 13-046587«G LNIkG GXIFgFEHLNRSCFG i
LH>@Mb>@LNQZRSCFG�¥�G J	G IkQBg"ADYkG ?
� �UA+h �"LNRSl\YFIkg}d�M6MP?ZCFG+ADg � ;��P�k;�� :)# Q C"ADIFgFGXEH> QBLHRSC�gFADCFG ?�ADYFRSC�I"ADRSC�QBG ?ZLNGXENENGXi �,ADQBQBA�¬
OPLHG ?BGXI�IFM6RSC}YFi IFMD?Bi�ADENG^noGXENENLHIFLNGXI�� �VADENEHG �o;+�W_D� ��: ��LNG^YFIW>@G ?�-0/913-01;7�¬ ¡�G ?ZC"�DEH>BIFLNQZQBGXI
LNi �2GXy�G J	GUl �PIFIFGXIfnoG EHENG I�ADYFRSC -0/ 13-046587^QZ>@GX?BJ	G I��Ky�G IFI\QZLNGeg"ADQ$# IFgkGxLNCF?ZG ? ¥�G J	G IFQ­¬
g"ADYkG ?�GX?B?BGXLNRSCW>¨C"ADJ	G I �®M6gFG ? � G�I"ADRSC�noG EHENQZMP?Z>BG ADYkRSC�>B?@ADIkQ *5MP?Zi�LHG ?BGXI ��v|A+h'?ZG Yk>BG ?�G§>
ADE�: � ;+�PpPpPA ��J ��:

<$=?>@= < � � � I"�.�b�p�HG �o� IQ�o� IQ�DC G �3���.���������%� N����	���
GKG �
# Q#lDMDIFIW>@G�QBRSCkMPI QBGXCF? *5? �FC OPG {XG LNOb>°y�G ?BgkG I���gFADª gFGX?#QZ>B?@ADCFEHG IFQZG IFQZLNJFEHG�vwGX?BGXLNRSC
[PMDI�=k�DYFODGX>@LHG ?Z{ G EHENGXI IkLNRSCW>�gFLHGcOPG QBADi¤>@G�noG EHENGcYFi *3ADªD>�� QBMPIkgFG ?ZI�C"ADYF�'>@Q@�bRSCFENLHRSC gFLHG
jUGXQBM"&6h'?ZLNJ	MPIKYFlKENGXLNIFQB�DYF?BGXIz�3j�!x=k� gkG Q noG EHENlbG ?BIkQ ��d�YkIF?BM ��;+�W_,� ��~wC"AD?BE<>@MPI � ;��PpP��� :
�UEHENG
ADIFgkG ?BGXI�d�MPEHG l �FEHG�gFGX?�noGXENENG¨EHLNG ODG I¯LNI%[6LHG ENGXI#£eMP�FLNGXI%[DMP?¤YFIkg#l �PIkIFG I���ywGXIFI
I �D>BLNO �kADIFC"AbIFg�gkG ?mOPG IkGX>@LHQBRSCFGXI�qrI�*5MD?Bi�Ab>@LHMPI�gFGX?Vj�!x=cymLHG gFGX?BCFGX?BOPGXQZ>BG ENE<>�ywGX?BgFGXI :
!UAbRSC°gFGX?^i
LH>BMD>@LHQBRSCFGXI¯£VMPIFgkG IFQBAb>@LHMPI%JkLNENgkGX> � G gkG Q]j�!x=K¬­d�MPEHG l �FE G LHI#~wCk?BMPi
MPQBMDi �
y�MPJ GXL�gFLNG��VIF{+ADCkE gkG ?¤~wCF?BMPi
MPQZMPi�GXI � G noGXENEHG � G
IFADRSC#¥�G J	GXy�G QZG I#YkIK>BG ?ZQBRSCFLHG gFEHLNRSC
LNQ¢>+:�=6M¯J	G QZLH>B{X>¨gFGX?
RSCkLNIFGXQBLNQZRSCFG �UADi
QZ>BG ?�{D:uvU: � �
� gFG ?
dfG IFQZRSC��W�¯~wCF?BMDi�MPQZMPi
G I :
qri ` ADENE2GXLNIFGX?�='RSC"�bgFLNOPYkIFO gFGXQ # ?BJFODYk>@GXQ}l �PIkIFG I�OWAbIF{ G#~wCF?BMPi
MPQZMPi�GXI�[DG ?BEHMP?BGXI
OPGXCFG I M6gFG ?xi
MPEHG lKYFEaAb?BG¤='RSC"�DgFGXI°AbI�gFG ?sj�!U=}ADY�* >B?BGX>BG I : �eGXENGX[bADIW>BG�j�!x=W¬¢='RSC"�bgFG I
QBLHIFg IkG J	G I gkG ?�vw? �FRSlbG IKJFLHENgFYFIkO�[PMPI¦J GXI"ADRSCKJ"AD?¢>@GXI v|ADQBGXI M6gFG ? gFGXi ` GXCFENGXI
G LHIF{ GXENIFGX?¨v|ADQZG I [PMP?¨AbENENGXi #�LHIF{ GXE<¬sYkIFg jUMP�F�	G EHQZ>@?BADIFOPJk? �FRSCFG � [PMPI gFGXIFG I ENG§>@{X>BG ?ZG
QBRSCWy�G ?¢ymLNG ODG IFgFGX?�QBLHIFg :¨j�!U=K¬¢='RSCF�DgFG I�l �PIFIkG I�[DG ?BGX?BJk> M'gkG ?�gFYF?ZRSC # LNIWymLN?Zl6YkIFO
RSCFGXi�LHQBRSCFGX?�='YFJFQ¢>SADIk{ G I YFIkg gFYF?ZRSC =6>@?BADCFENYkIFO GX?B{ GXYFOD>�y�G ?ZgFG I � �VJ	G ?ZJFENLHRSl«J	G L
�%MPE ���|;��P�'; � : jULNGfTVIW>BG ?BQZYFRSCKYFIFO RSCF?ZMPi
MPQBMPi�ADEHG ?¨='RSCF�DgFG I�I"ADRSC vwG Q¢>@?@AbCFENYFIkO%i
LH>
LNMDIFLNQZLNG ?ZG IFgkG I�=6>@?BADCFEHG I"AD?¢>@GXIfQ¢>@GXCK>VLNi�d�L<>B>@GXEN�FYkIFlW>VgkG ?�[PMP?ZENLHG OPGXIFgFG Ic�V?BJ	G LH> :

���8� 
 �������
���$	*������� ���
	%��
���&����

qrMPIFLHQBLHG ?BGXIFgFGU=6>@?BADCFEHG I"AD?¢>@GXI�QZLNIFg
LNI
gFG ?�¥)ADOPG �-# EHG lW>@?ZMPIFG I ADYFQ gFG I��|>@MPi
G I
gFGX?|d�A8¬
>@GX?BLHG � gFLHG\QBLHGfgkYF?BRSCFgk?BLNIkOPG I�� CkG ?@AbYFQB{XYFQBRSCFENADOPGXI :|noY�gFLHG QZG I =6>@?BADCFENGXI"AD?¢>@G I�OPGXC �P?ZG I
CFM6RSCFG IkG ?BODGX>@LHQBRSCFG}Te¡V¬­=6>@?BADCFEHG I�� GXENG lW>B?BMPi�ADOPIFG§>@LHQBRSCFG�=6>B?@ADCFEHG I�ymLNG�� �DIK>BOPG I6¬¤M6gFGX?
�sADi�i�ADQ¢>@?@AbCFENYFIkO � EHG LNRSCW>BG ��G LHENRSCFGXI]ymLHG # EHG lW>@?ZMPIFG I¤YFIFg¤QZRSCWywGX?BG|��G LHENRSCFGXI]ymLNG�qrMPIkG I
� �eJ GX?BQZLNRSCW> LHI �2G ?Z>BCFQBGXI�YFIFg]¡�MPOPG E �K;��P�PtW� :8jxADJ	G L6l�ADIFI�{§ymLNQBRSCkG I�g �FIkI'¬ YkIFg�gFLHRSCK>BLNMb¬
IFLHQBLNGX?BGXIFgFG ?®=6>B?@ADCFEHYFIFOmYFIW>@GX?BQZRSCFLNGXgFG I�y�G ?ZgFG I :�qri ` ADENEb[PMPI]g �FIFIFLHMPIFLHQBLNGX?BGXIFgFG ?®=6>B?@ADC'¬
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ENYkIFO^ymLHGU���PIW>@ODG I'¬®M'gkG ? �^ADi
i�ADQZ>B?@ADCFEHYFIFO2QZLNIFg
gFLNGeG LHIF{ GXENIFGXI qrMPIkLNQ@A�>@LNMDIFQBGX?BG LHOPIFLHQBQBG
y�G LH>�[PMPIFGXLNI"AbIFgFG ?�G IW> *5GX?BIW> YFIFg G ?Z{ GXYFOPG I gFYk?BRSC��°GXRSCFQBGXEHymLH?BlKYFIFO�i
LH>�gFG ?�j�!x=
OPEHG LNRSCki �DªDLNO �FJ	G ? gFLNGUnoG EHENG�[PGX?Z>BG LNE<>@GU='RSC"�DgkG I :6qri �sGXOPG IFQBAb>@{Vg"AD{XY G ?Z{ GXYFOPG I � ?ZMD>@Mb¬
IFGXI°M6gFG ?2qrMPIkG I��)g :�C :�gFLHRSCK>BLNMPIkLNQBLHG ?ZG IFgFG
=K>@?@AbCFENYFIkOPG I���EHMPl�ADE QZG CF?sCFMPCkG�qrMPIkLNQ@A�>@LNMDIFQ¢¬
gFLHRSCk>@GXI��"gFLNG2{XY�EHMPl�ADE OPGXC"�DY�* >BG I�='RSC"�DgkG I *��kCF?BGXI � �#Ab?Bg�� ;+�PpW�
���2M6M'gFCkG+ADg��o;��PpP��� :
jULHG jUMPQBLHQ���gFLHG gFYF?BRSC QBRSCWy�G ?ZG#�,GXLNEHRSCFG I �FJ	G ?Z>B?@ADODG I�ymLN?Zg���QZ>BG CW>fi�L<>\gFG ?f`®EHYFG Ik{
�3�VIF{+AbCFE gFGX?°��G LHENRSCFGXI �F?BM�`,Ea�DRSCFG+���FJ	G ?%gFG I�¥�LHIFG+AD?ZG I # IFGX?BOPLHG ��?@ADIkQ *5G ?#¥ # �
LNI noYFQ@ADi
i
G IFC"AbIFO ��`"MP?Zi�GXE �6:H;8� : jVG ?�¥ # � J	G QZRSCF?BGXLNJk>�gFLHG � G �%G ODQZ>@?ZG RSlbG�LHI
gFGX? d�Ab>BG ?ZLNG�gFG �	MPIFLHG ?¢>@G #�IkG ?BODLNG JF{Xys:]gFG I #�IkG ?BODLNGX[DG ?ZENYFQ¢>#g # �bg-&�YFIkg LNQ¢>¯[DMPI
gFGX? lKLNIFG§>@LHQBRSCFGXI #�IkG ?BODLNGfYFIFg�gFGX?�¥)ADgFYFIkO°gFGXQ � ?BM � GXlK>BLNE ¬rqrMPIFQ�ADJFCF�DIFOPLHOF:�# ?�ymLN?Zg
{ YkQ@�b>B{ ENLHRSC gkYF?BRSC jULNRSCW>BG�YFIkg�£2G ?ZIFEaAbgFYFIFO�gFGX?�gFYF?BRSCkgF?BYFIkOPG IFGXI d�Ab>BG ?ZLNG��3�,AD?¢¬
OPG§> �®J	G G LHI��"YFªb>+:W` �k? JFLNMDENMPOPLHQBRSCFGw�®AD?ZOPGX>BQ ymLN?Zg�gFG ? ¥ # �w¬*�%G ?Z>�LHI��#AbQBQBGX? [PG ?¢ywGXIFgFG§>+:

D[Gy] = 1, 6× 10−9 × LET [keV/µm]× F [
1

cm2
]× 1

ρ[ g
cm3 ]

� �6:H;8�

j jUMPQBLHQ � �xh �
¥ # � ¥)LHIFG+Ab?BG ? # IFGX?BOPLHGX>B?@ADIFQ�*5G ? � lDG*¡��

µ
i �

` �,GXLNENRSCkG I��"YkG IF{ �<; �
cm2 �

ρ
jULNRSCW>BG � O �

cm3 � � *��k?|�#ADQZQBGX?���;
jULHG # IFGX?BOPLHG%gkG ? ��?ZM � G lW>BLNE<¬*qrMPIFGXI���YFIFg�g"ADi
LH>cADYkRSC gFG ?f¥ # �!�U�bIFgFG ?¢>�QZLNRSC J GXLNi
jUYF?ZRSCFOWADIkO¯gkG ?���G LHENRSCFGXI gFYF?BRSC�d�A�>@G ?ZLNGb: d�L<>�{ YkIFG CFi
G IkgFG ? # LNIkgF?BLHIFOD>@LHG *5G
IFLNi
i¤>
gFLHG # IFGX?BOPLHG gFG ?fqrMPIFGXI gFYF?ZRSC �%G RSCFQZG EHymLH?BlKYFIFO�[PMP?fADEHENG i i�L<>cgFG I�YFi
OPG J	G IFgkG I
# ENGXlK>B?BMPIkG I#AbJ���JFLNQ^gFLHG
��G LHENRSCFGXI°Abi #�IkgFG�LHCF?BGX?^�eGXLNRSCWywGXLH>BG ADJk?BYF�k>]QZ>BMP�F�	G I :�jxA8¬
J	G LFIFLHi�i]> i
LH> AbJFIFG Cki�GXIFgFG ? �2G QZRSCKymLHIFgFLHOPlDGXLH>�gFLHG|�°GXRSCFQBGXEHymLN?ZlKYFIFOPQZ{ G L<> YFIFg¨QBMPi
LH>
ADYFRSCcgFGX? # IFG ?ZOPLNG ¬ �VJ	G ?¢>@?BADOf��¥ # �e�wJFLNQw{ YcG LHIFG i QBRSC"AD?�*5G I�d�A &'LNi¤YFi�Abi # IFgFGsgFGX?
='�FYk?�{XY :)#�Q G ?ZOPLNJ'>�QBLNRSC�G LHIFGmQBMPOPGXI"ADIFIW>BGxvw?BADOPOb¬r£sYk?Z[PG �WJ GXL gFG ?�gFLHGei�A &'LNi�ADEHG # IFG ?­¬
OPLHG+ADJFOPADJ G ADi #�IkgFG\gFG ?¤�,GXLNENRSCkG IFQZ�FYF?�G ?Z?BGXLNRSCW>�ymLN?Zg �3�UJkJFLNEHgFYFIFO �':H;��§: jVYF?BRSC�gFLHG
�°ADCFE gFGX?2�UI�*3AbIFOPQBGXIFG ?ZOPLNG�EN�DªD>UQBLNRSC g"AbQsvw?@ADODOb¬¢d�A &kLHi�YFi LNI�QZG LHIFG ?2��LHG *5G IkEaADOPG¤LNi
�2GXy�G J	G¤[PGX?@�DIFgkG ?BIo: jULHG QBGXQxLNi ¡�GX?BOPEHG LHRSC�{ Y�G ENGXlW>@?BMDi ADODIFGX>BLNQBRSCkG ?U=6>@?BADCFENYkIFO LHIK[DG ?­¬
>@LHG ?¢>@G�jUMPQBLHQB�F?ZM �"E6LNQ¢>,gkLNG �s?ZYFIFgFENADOPG gFG ? =6>@?BADCFENGXIW>@CFGX?@AD�FLHG�i
LH>,=6RSCKy�G ?ZLNMPIkG IFQ¢>@?@AbCFENGXI :
jULHGUJ	G L	gFG I\QZG EH>BG IFGXIc£2G ?BIk?BG+AblK>BLNMPIkG I�i
LH> gFGXI\�®AD?ZOPGX>¢¬r�|>BMPi�GXI GXIK>BQZ>BG CFGXIFgFG IfENGXLNRSC'¬
>@GXI vw?BYFRSCkQZ> �kRSlDG°gkG Q � ?BM � GXlW>@LNE ¬rqrMPIkQ ��`"?@AbOPi�GXIW>@G��¨C"ADJ	G I�y�G OPGXI�LHCF?BGX?�OPG ?ZLNIFODG ?BGXI
¥)ADgFYFIkOcADYFRSC G LHIFG I�OPGX?BLHIFOPG ?ZG I # IFGX?BOPLHGX[PGX?BEHYFQZ>sLHI d�Ab>BG ?BLHG�YFIFg g"Abi�L<>UJ	G L ODENG LHRSCFG ?
�UI-*3ADIFOPQZG IFGX?BOPLHG2G LNIkG2OP? �PªDG ?BGs�mG LHRSCWywGXLH>@G^ADEHQ|QBRSCWy�G ?ZG ?BG]�,GXLNEHRSCFG I :	=6LNGxJ	GXymLH?BlDGXI�gkG I
J	G L�OPG i
G QZQBG IkG I¯vw?@AbOPOb¬­£2YF?¢[PGXI}QBLHRSCK>BJ"AD?ZG I¯='RSCWy�G L * CFLHIW>@G ?VgFG ?x�eGXLNRSCWywGXLH>BG�gFG ?�� ?BL<¬
i��D?Z>BG LNEHRSCFG I ��£2?@A * >�� ;��P�,� ��:

vwGXL®gFLHRSCK>BLNMPIkLNQBLHG ?ZG IFgFGX?2=6>B?@ADCkENYFIFO
ywGX?BgFGXI gFYF?BRSC gFLHG]�%G RSCFQZG E<ymLN?BlKYFIkO\i�L<>U�|>BMPi�GXI
gFGX?|gFYF?ZRSCFgF?BYkIFOPG IkG I�d�Ab>@GX?BLNGVQBMPODG I"ADIkIK>BG

δ
¬�# ENGXlK>B?BMPIkG IcADYFQ�gkG I\�|>@MDi�C �FEHENG I G i
LH>Z¬

>@LHG ?¢>+: # LNI �s?ZMPªD>@GXLNE�gFGX?�[DMPi ��?ZM � G lW>BLNEeADJFOPGXOPG J	G IkG I # IFG ?ZOPLNGcymLN?Zg�ADEHQ¨l6LHIFGX>BLNQZRSCFG
# IFG ?ZOPLNGcAbY�*xgFLHG QZG

δ
¬ # ENG lW>B?BMPIFGXI �kJ GX?Z>@?BADOPGXI : noYFQ@Abi�i
G I i
LH>�gkG I ��?ZLNi��D?Z>BG LHENRSCFGXI
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Tiefe in Wasser [cm]

60Co−Gamma

12C−Ionen

 18 MeV
Photonen

 120 keV
Röntgen

250 MeV/u
300 MeV/u
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.0/ 60Co
.
γ
.1	����3254��',!�'�����
.76-,� 08#4���	����9��:

; �� ���������<!4>=?	A@+�'4���������,!�#BC�'�����D��EF���G2H������,����'�I���?�HJK 08#���'.MLN8PO
��:Q	�:R��4TS#����,U$&�'�>���� WV5���� ������
���� +�������
 ������&���������YXZ�'�����[8#�\	����^]'8#���_��8#4��� +$'8# ������� �,a`b�� !�����D�

gFGXQ�=6>B?@ADCkENQ¨G ?Z{ G YkOPG I�QZLNGcG LHIFG�='�FYF?�[PMDI qrMPIFLHQ@Ab>BLNMPIkQBG ?ZG LHOPIFLNQZQBGXI�GXIK>BEaADIkO%gFGX?���G LHE<¬
RSCFGXI6JFADCFI ��£2?@�Di
G ?�YkIFg�£2?BA * > � ;+�P�D� ��:+qrIFIkG ?BCFADENJsgFGX?®=6�FYF?�IFLHi�i¤> gFLNG jVMPQBLHQ�i
LH>ogFG i
c Y"ADgF?BAb>�gFGXQ��VJFQZ>@ADIFgFGXQ [DMPi�='�FYk?B{ GXIW>@?BYki AbJ�YFIkg�GX?B?BGXLNRSCW>�ADi �eADIFg¨gFGX?w=6�FYF?�IKYF?
IFM6RSC GXLNIFGXI vw?ZYFRSCW>@GXLNE gFG ?�G.&'>B?BGXi«CkMPCFG I�jUMPQZLNQ�[PMPI¨[6LNGXENG I
l �2h �KgFLNG�LHi�noG IW>@?ZYFi gFGX?
='�FYk?��FJ	G ?¢>@?@AbOPG I°ymLH?Bg :�vwGXL���G LHENRSCFGXI#i
LH>^CFMPCFGX? # IFGX?BOPLHG LNQ¢>¤gkLNG
i A &'LHi ADEHG��mG LNRSC6¬
y�G LH>BG¨gFG ?

δ
¬�# ENGXlW>@?BMDIFG I¯OP?BMDªfYkIFg%QZMPi
LH>sADYkRSC%gFGX?]='�FYF?ZgFYF?BRSCki�GXQBQBGX?¤gFLHG QZG ?sqrMPIFGXI :

��G LNEHRSCFG I OPGX?BLHIFOPG ?�# IFG ?ZOPLNG �FJ	G ?¢>@?BADOPG I AbYFRSC I6Yk?xywGXIFLNOclKLNIFG§>@LHQBRSCFG # IFGX?BOPLHG�ADY�* gFLHG
δ
¬�# ENGXlW>@?BMDIFG I��'QBM�gFADª�gFG ?ZG Ic�mG LHRSCKy�G L<>@G2lKYF?Z{xLNQ¢>+:'jULNGXQ *��FCF?¢>�{ Y\lKENGXLNIFGXIc='�FYk?BgFYF?ZRSC'¬

i
G QBQZG ?ZI : noYFQBADi�i
G I�i�L<>wgkG i�GX?BC �DCK>BG Ic¥�LNIkG+AD?ZG I # IFG ?ZOPLNGV�,?BADIFQ�*5G ?m¥ # � J	GXymLH?BlbG I
QBLHGxG LHIFG2G ?ZC �PCW>@Gx�°ADCF?ZQBRSCFGXLNIFEHLNRSCFlbG L<>$*��F?�qrMPIFLHQ@Ab>BLNMPIkQBG ?ZG LHOPIFLNQZQBGVEa�DIFODQ|gFG ?e=6�FYF? :FjULNGXQ
*��FCF?¢>c{ Y G LHIFG ?�GX?BC �DCK>BG I�qrMPIFLNQBAb>@LHMPIFQZgFLNRSCW>@G�YFIFg g"ADi
LH>�{XY =6RSC"ADgFGXIFQ@ADIkC"�DY�*5YFIkOPG I
ADI�gFG ?Uj�!x=#� �rRXENYFQ¢>@G ?­¬rEHG QBLHMPIFQ �¢� � �°AD?Zg�� ;��PpP�
� �sM6M'gkCFG+ADg �o;��PpD� � � gFLHG]gkYF?BRSC}gkLNG¤noG E<¬
ENG^QBRSCkENG RSCW>BG ?x{XY}?BGX�"AD?BLHG ?ZG I}QZLNIFg � �eG LNEHi AbIFI\GX>VADE�: � ;��P�P�
�o¥��PJF?ZLNRSCcGX>VADE�: � ;��P�Pp�� : jULHG
='�FYk?BgFYF?ZRSCFi
G QBQZG ?xgkLNG QZG ?mIFLHG gFGX?BG IkG ?BODGX>@LHQBRSCFGXI�qrMPIFGXI�QBLHIFg�ADYFRSC�[DG ?ZOPENLHRSCFG I�i�L<>�gFG i
jUYF?ZRSCFi
G QBQZG ?mgFGX?enoG ENEHlDGX?BIFGxlKEHG LNI YFIFgcJ G§ymLN?ZlDG Icg"Abi�L<> �6g"ADª�J	G L ODG ?BLHIFOPGXIc`®ENYFGXIF{ GXI
gFLHG Q¢>SAb>BLNQ¢>@LNQZRSCFG�¡�G ?Z>BG LHENYFIFOmgFGX?,��?BG��oGX?,?ZG EHGX[bADIW>)ymLN?Bg ��g"AeYo:�T^:DnoGXENEHlDG ?ZIFG�IFLNRSCW>,OPGX>B?BM,*a¬
*5G I�y�G ?ZgFG I��3�VJFQBRSCkIFLH>Z> �F:<;P:H;��§: #�Q lbMPi
i¤> g"Abi�L<>®{XYF? �UY�*5QZ�"ADE<>@YFIFOUgFG ? ��MP�FYFENAb>@LHMPI�LHI
{Xy�G L ='YFJF�	MP�FYkEaAb>BLNMPIFGXI � �s?ZL �
IcGX>VADE�: � ;��P�W� �F='RSCkMPEN{sGX>VADE�: � ;��P�Pp�� �knoG EHENGXI i
LH> OPGX>B?BM,*a¬
*5G IkG izYFIkg¯i
LH>xYFIFOPG§>@?BM �oGXIFG i�£2GX?BI�� gkLNG�J	G LNgkG�LNCF?ZG I �UIW>BG LNE®{ YF?]=6>B?@ADCFEHG I"AbIK>ry�MP?¢>
J	G LH>B?@ADODG I :
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# LNI ymLNRSCW>BLNOPGX?��UIFOD?BL � QB�kYFIFlW> *��F?¨=6>B?@ADCFEHYFIFO LNQ¢>�gFLHG\�,GXLNENYkIFOPQ *3�bCFLNOPlbG L<>¤[PMDI noGXENEHG I :
noG EHENGXI�� gFLNGfQBLHRSC�IFLHRSCK>�>@GXLNENGXI�� ymLNGf{D:uvU: !VG ?¢[PGXIF{ GXENENGXI��w{XG LHOPG I�G LNIkG�CFMPCkG�=6>B?@ADCFEHG I'¬
?BGXQBLHQZ>@GXIF{D:o=6>@AD?Bl\�F?ZMPENL *5G ?ZLNG ?ZG IFgkG �sG§ywGXJ G^ymLNG �UADY'>UYFIkg�='RSCFEHG LHi�C"AbYk>mg"ADOPGXOPG I�QBLHIFg
J	G QBMDIFgFG ?ZQ QZ>B?@ADCFEHG IFQZG IFQZLNJ	G E�:,� ?BMDENL *5GX?BLHG ?BGXIFgFG�noG EHENGXI\�3i
LH>BMD>@LHQBRSC]ADlW>@L<[PGmnoGXENENGXI � gFYF?ZRSC'¬
EaAbY�*5G I�gFG I�QZMPOPGXI"ADIFIW>@GXI noG EHEN{Xh6lKENYkQ : jULNG��,GXLNEHYFIFOPQZ�FC"ADQZG�QBMDi Ab>BLNQZRSCFG ? noG EHENG I�ymLN?Zg
CFLHG ?BJ	G L�AbENQ^d�L<>@MPQZG�J GX{ G LHRSCFIFG§>¤YFIkg°QZ>BG EHEH>2gFLHG¨G LNIk{ LNODG
n h'lKEHYFQB�FCFADQBG
g"AD?�� LNI gFGX?]g"AbQ
~wCF?ZMPi A�>@LNI lbMPIFgFGXIFQBLHG ?¢>�LHQZ>¨YFIkg�gFLHGf~wCF?BMDi�MPQZMPi
G I�i�LHlK?BMPQZlDMP�FLHQBRSC�QBLHRSCW>@J"AD?¨QZLNIFg :
jULHG2I"ADRSCf�UJFQZRSCFENYFª
gFGX?ed�LH>BMPQBGsG IW>BQZ>SAbIFgFG IkG I���M6RSCK>BG ?Z{ G EHENGXI�J	G OPLHIFIFGXIfi
LH>$# LNIW>@?ZLH>B>
LNI gkLNG�qrIW>@GX?B�FCFADQBGcG LHIFG I#y�G L<>@GX?BG I�noGXENEN{§h6l6EHYFQ�M6gFG ?¤l �PIFIkG I LNI gFLHG�QBMPODG IFI"AbIK>BG

G0
¬

� C"ADQZG�G LNIW>B?BGX>BG I��ogFLNG�GXLNIFG��eYFCkG �FC"AbQBG¨g"AD?ZQZ>@GXENE<> � ADYFQxgFGX?^noG EHENG I�gFYF?BRSC%=6>BLNi�YkEaAb>BLNMPI
ymLNGXgFG ?^LNI%gFG I#noG EHEN{Xh6lKENYkQ]{XYF? �FRSlKlbG CF?ZG I�l �PIkIFG I :®jULNG
qrIW>@GX?B�FC"AbQBG�J	G Q¢>@G CW>�ADYFQ^gF?BGXL
TVIW>BG ?B�kC"ADQBGXI���gFG ?

G1
¬�� C"ADQZG �)gFG ?]=K¬ � C"ADQBG �)LNI¯gFG ?sgFGX?¤jUMD�F� GXENQ¢>@?@AbIFO�gkG ?^j�!x= ?BG ¬

�FEHLN{ LHG ?¢>�ymLH?Bg��FYkIFgcgFG ?�AbIFQBRSCFEHLNGXªPG IFgkG I
G2

¬ � C"ADQBGb:k��LN?Zg\gFG ?enoGXENEH{Xh6lKENYFQwADIFOPGXC"ADEH>BG I��
g"ADi
LH>^gFLHG�noGXENEHG�{b:�vU:,j�!U=K¬¢='RSCF�DgFG I�?ZG �"AD?ZLNGX?BG I°lbAbIFI#M6gFG ?sywGXLNE��DYFªPGX?BG vwG gFLHIFOPYFI6¬
OPGXI�ymLNG}{b:�vU:|='G ?ZYFi
i ADIkOPG EegFLNGXQ�G ?�*5MP?BgkG ?BI �|QBM OPGXQBRSCFLHG CW>cgFLHG Q�J	GX[DMP?B{XYFOD>fADI�gkG I
£VMDIK>B?BMPEHEN�FYkIFlW>@G IcAbi # IFgFG2gkG ?

G1
¬ YFIkg

G2
¬ ��CFADQBG �FgFLNGVgFG I �eJ GX?BOWADIkO�LNI�gFLHGxI"�DRSC6¬

QZ>BG � C"ADQZG�IKYF?¤g"AbIFI#{ YkEaADQZQBG I �,y�G IFI�ADEHENG
g"A *��F?^IFMD>ry�G IkgFLNOPGXI � ?BMP{XG QBQZG\G ?�*5MPENOP?ZG LHRSC
gFYF?ZRSCFEaAbY�*5G I�ymYF?ZgFG I :ejULHG}¡�G ?Z{��POPGX?BYFIkO�[DMPI noG ENEHG I�LHi noGXENEN{§h6l6EHYFQ ymLH?Bg ADYFRSC�ADENQ
�U?Z?BGXQZ>�J GX{ G LHRSCFIFG§>�YFIFg l�ADIFI [PMP? �FJ GX?BOPGXCFG Ikg��wAbENQBM�>B?@ADIFQZLNGXIK>���M'gFGX?¨g"ADYFGX?BC"A * >�� ADE<¬
QBM�� GX?Bi�ADIFG IW>]QBGXLNI :®='LNIkg°IFLHRSCK>�ADENEHG
vwG gFLHIFOPYFIkOPG I *��k?]GXLNIFGXI��VJ	G ?ZOWADIFO�G ? *��kENEH>���G ?­¬
*3�DCF?¢>mgFLNG2noG ENEHGxG LHIFG IcQZMPENRSCFGXIf>B?@ADIkQBLNGXIW>@G IfM6gFG ?��	G ?Zi ADIkG IW>@GXI�noGXENEH{Xh6lKENYFQBAD?B?ZG QZ>mM6gFGX?
QZ>BLN?ZJk>�gFYF?ZRSC��U�	MP�k>@MDQBG � �VJ	G ?BQZLNRSCW>¨J	G Lw�VENJ	G ?¢>@Q�G§>¨ADE : �w;+�P�W�P� :®jUYk?BRSC vwG Q¢>@?BADCFENYkIFO
ymLN?Zg%gkG ?¤�VJFEaAbY�*|gFGXQ�noGXENEN{§h6l6EHYFQsI"ADRSCFCFADEH>BLNOcJ GXG LHI��"YFªD>]YFIFg%gFYF?ZRSC#IFLNGXgF?BLHOPG
jUMPQZG I
g �FIkIFLNMPIkLNQBLHG ?ZG IFgFGX?�=6>@?BADCFENYkIFO]GXLNIFGm¡�G ?Z{��PODG ?BYkIFO¤LHi ¡�G ?ZEaADY�*ogFG Q|noG EHEN{Xh6lKENYkQ J	GXymLH?BlW>+:
jULHG�jxADYFGX?xgFGX?U¡�G ?Z{��POPGX?BYFIkOfIkLNi
i¤>Ui
LH>VgFGX?2jUMPQZLNQx{XY �uvwENADlDGXEHh GX>VADE : � ;��Dp��PA � � YFIFg
ADYFRSC\GXLNI\C �DCFG ?ZG ?�¥ # ��gFG ?|[DG ?Zy�G IkgFGX>BG I�=K>@?@AbCFENYFIkO¤J	GXymLN?ZlW>�G LHIFGxQZ>@�D?BlbG ?ZGx¡�G ?B{��POPG ¬
?BYkIFO ��¥ �kRSlDG§¬ �VYFCkENG^GX>eADE�: � ;+�W_D� �o~wMPEHEHh6I'¬rg�� �eM'MPODCFGxGX>VADE�: � ;��Ppk; �o�mLH>Z>@GX?�GX>eADE�: � ;+�P��� �
='RSCFMDEN{ ��;+�P� �
� ='RSCkMPEN{2G§>UAbE : � ;��P�D� � :	` �k?eCkMPCFG]¥ # �w¬ �°GX?Z>@G]lDMPIkl6Yk?B?BLHG ?¢>UgFLHG2¡�G ?B{��POPG ¬
?BYkIFO i
LH>�gkG i { YFIkG CFi
G IFgkG I}�VIK>BG LHE�QZ>@GX?BJ	G IFgkG ?UM6gFGX?Vg"AbYFG ?ZC"A * >VAD?B?ZGX>BLNG ?¢>@GX?UnoGXENEHG I��
gFGX?BG I
=6RSC"�DgFGXI�IFLNRSCW> i
G Ck?®?BGX�"AD?BADJ GXE'QZLNIFgo:D=6RSCFG LHgFG I
noGXENENGXI�ADYkQ®gFGXi noGXENEN{§h6l6EHYFQ�ADYFQ��
y�G LNE QBLHG�Q¢>@GX?BJ	G I M6gFG ?¤ADYFQBgkL � G ?BGXIF{ LHG ?ZG I���QBM}ODG QBRSCkLNG CW>¤gFLNGXQ¤I"ADRSC#�eM6gFG i�ADIFI%GX>�ADE :
�¢;+�P�k;8�|LNIfgFGX?

G1
�
G0

¬�� C"ADQZG �	LNQ¢>VIFADRSC��DG IW>B{ QBRSC �­;��PpPtP�mAbJ GX?UADYkRSC�LNI�gFG ?
G2

¬�� C"ADQZG
i �POPENLHRSC :
qri ¡�GX?BEaAbY�*fgFG Q noG EHEN{Xh6lKENYkQ#YFIW>@GX?BENLHG OD>�gkLNG =6>B?@ADCFEHG IFQZG IFQZLNJFLHENL<>S�b>%gFG ?�noGXENENGXI ¡�G ?­¬
�DIFgkG ?BYkIFOPG I �¤gFLHG�i
LH> gFGX? noGXENENlbG ?ZIFOP? �DªPG�YkIFg gFGX? =6>B?BYFlW>@Yk?°gFGXQ ~wCF?ZMPi A�>@LNIkQ%LHI
noYFQBADi�i
G IkC"ADIFO Q¢>@G CkG I � �2LNEHENG QZ�FLNGVGX>VADE�: � ;��W_P� �|�,M6gFg���;+�W_P�
�|vwG g�*5MD?BgfGX>eADE�: � ;+�W_Dp �
�2G+AD?Zg�� ;��PpP�
��n AbLNgFGX?��o;+�P�P� ��:|Tei gFLNG�qrIK>BG ?Z�F?BG§>SAb>BLNMPI [DMPI # ?BOPGXJFIFLHQBQBGXI�{ Y�GX?BENGXLNRSC'¬
>@GX?BI���y�G ?BgkG I�g"ADCkG ? *��F?�Q¢>@?BADCFENGXIKJFLNMPEHMPOPLHQBRSCFGfTVIW>BG ?BQZYFRSCKYFIFOPGXI y�G IkI�i �DOPENLHRSC Q¢h6I'¬
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RSCF?ZMPIFLNQZLNGX?Z>@G�noGXENENGXI2[PG ?¢ywGXIFgFG§>+:W=6MVl �PIFIFGXI¤{D:uvU:8i
G IFQZRSCFENLHRSCFG �VADYk> �"JF?BMDJFEaADQ¢>@GXI]gFYk?BRSC
£VMDIK>@ADlW>@LHIFCFLNJkLH>@LHMPI�LHI\gFG ?

G1
¬ JF{Xys:

G0
¬�� C"AbQBGsgFG QVnoGXENEN{§h6l6EHYFQmADIFODG ?BGXLNRSCFGX?Z>eYFIFgfg"A�¬

i
LH> Q¢h6IFRSCF?BMDIFLNQZLNG ?¢> ywGX?BgFGXI :KjUGXI �2?@Abg�gFG ?�=Kh'IkRSCF?BMPIkLNQ@A�>@LNMDI��Pg :�C :DgkLNGw¡�GX?Z>@GXLNEHYFIFO2gFGX?
noG EHENGXI�G LHIFG ? ��MP�FYFENAb>@LHMPI�ADY-* gkLNGwGXLNIF{XG EHIFG I�noG EHEN{§h'lKEHYFQB�FCFADQBGXI�lbAbIFI¨gFYF?BRSC
jUYk?BRSC��"Ykªb¬
{XhK>BMPi�G§>@?ZLNG J GXQZ>@LHi�i]>,y�G ?ZgFG I :D�UY�* gFLHG QZG��%G LNQZG|QBLHIFg�ADYkRSC¨TVIW>@GX?BQBYkRSC6YkIFOPG I
gFGX? noG EHE<¬
{Xh6lKENYkQZ[PGX?B{��POPG ?ZYFIFO2I"AbRSC�vwGXQZ>@?BADCFEHYFIFOei �PODENLNRSC �u='RSCFMDEN{sGX>VADE�: � ;��PpP��� ��ymLNG�QZLNG�LNi��eADC'¬
i
G I
gFLNGXQBG ?��V?BJ	G LH>�gkYF?BRSCFODG *��FCF?¢>|YFIkg�gFYk?BRSC\=W¬�� C"ADQZG I'¬­d�AD?BlKLHG ?BYkIFO¤GX?BOW�DIk{X>�ymYF?BgkG I
�3�VJFQBRSCkIFLH>Z>V�k: �':��K� :
jxADQUl6ENADQBQZLNQZRSCFG¨£2?BLH>BG ?ZLNYFi {XYF?s`"G QZ>BQZ>BG ENEHYFIFO�GXLNIFGX?2=6>B?@ADCkENG IkQBRSC"�DgkLNOPYFIkO\LNQZ>UgFLNG�d�G Q­¬
QBYkIFO\gFG ?2noG ENEHLNI"AblK>BLH[6LNGX?BYFIkO �"g"ADQxCkG LNªb>xgFGXQU¡�G ?ZENYFQ¢>@G Q2gkG ?2£eMPENMPIkLNG JkLNENgkYFIFOPQ�*3�DCFLNODlDG L<>
� ��YkRSl\YFIFg�d�AD?BRXYFQ��);��P�P����:"vwGXL g �FIFIkLNMPIFLHQBLHG ?BGXIFgFGX?m=6>@?BADCFEHYFIFO�{ GXLNOD>|gFLNG �eJ GX?BEHG J	G IFQ­¬
lKYF?Z[DG¤LHi ADENEHOPG i
G LHIFG I\GXLNIFG]='RSCKYFE<>@GX?��5�UJFJFLHENgFYkIFO �': �D�§:F¡�G ?ZQBYFRSCkG¤[PMPI�qrENLNADlKLNQs�­;��Ppk;8�
i
LH>�qrIFCkLNJFL<>@MP?ZG IcgFG ?ej�!U=K¬­�mG �FAD?@Ab>BYF?mQBM�ymLNG #�&'� GX?BLHi�GXIK>BG]i
LH>|?BG �FAD?@Ab>BYF?BgkG �"{XLNG IW>BG I
noG EHENGXI�G ?BOPADJ GXI��)g"ADªcgFLHG
�VYFQB�k?@�DOPYkIFO�gkG ?]='RSCKYFEH>BG ?^gFYF?ZRSC°gFLHG¨�eGX�"AD?@A�>@YF?ZlbAb�"AD{ L<>S�b>
gFGX?
noG ENEHG I#J	G gkLNIFOD>�LNQZ> : noGXENENGXI i�L<>�CFMDCFG ?¨�mG �"Ab?@Ab>BYF?Bl�AD�"Ab{ LH>@�b>�{XG LHOPG I GXLNIFGcADYkQBOPG ¬
�F?B�DOD>@G�='RSCKYFE<>@GX? :�jULNGXQBG �VJ	G ?ZENG J	G IkQBlKYF?Z[DG I°y�G ?ZgFG I°gFYF?BRSC%G LHIFG¨ENLNIkG+AD?­¬��KY"ADgF?BAb>@LHQBRSCFG
jUMPQZLNQBADJFC"�DIkOPLNOPlbG L<>,J	G QZRSCF?BLHG J	G I :PnoG EHENQZh6Q¢>@G i
G i�L<>,ODG ?BLHIFOPGX?,M6gFG ?,ADYFQZOPG QZRSC"ADE<>@GX>BG ?®�eG ¬
�"AD?BAb>@Yk? *3�DCFLHOPlDGXLH>®{ G LHOPG I�GXLNIFGw�UJFI"AbCFi�GwgFG ? ='RSCKYFE<>@GX?��Pg :�C :bgFG Q��KY"ADgk?@Ab>BLNQBRSCkG I
�,GX?Bi
Q
gFGX?��sEHG LHRSC6YkIFO¤YFIkg\OPG CFGXI�LNI G LNIkGUENLHIFG+Ab?BGVjUMPQBLHQ@ADJkC"�DIFOPLHOPlDGXLH> �FJ	G ? :6�UI �VADi
QZ>@GX?B{XG E<¬
ENGXIfymYk?BgFG^OPG {XG LHOD> �FgFADª�QZLNRSCfi�L<>mQZ>BG LNODG IFgFGXi ¥ # � gFLNG]='RSCKYFE<>@GX?egkG ?V£sYk?Z[PGXI�LHi�i
G ?
y�G IFLHOPG ?�{ GXLNOD> � �°G§h6?@Ab>BCFG ?eGX>eADE�: �o;��P�P��� �PymLHGeLHI¨gFG ?�[PMP?ZENLHG OPGXIFgFG I
�U?ZJ GXLH> ADI
i
G IFQZRSC'¬
ENLHRSCFG I �VADYk>��FJF?BMPJkEaADQ¢>@G IfJ	G QZ>@�b>@LHOD>|y�G ?ZgFG I�lDMPIFIW>BG��5�UJFQZRSCFIFLH>Z>e�F: �6: �P� :

<$=�
�= < � ��� EJR E@IQE R �o� I�� ���@N��o�
jULHG �UYFQ¢ywGX?Z>BYFIFO gkG ?�£VMDENMPIFLHG JFLHENgFYkIFOPQ *3�bCFLNOPlbG L<> lbAbIFI G ?BQ¢>�?BGXEaAb>BLH[ QB�"��>�I"ADRSC
vwGXQZ>@?BADCFEHYFIFO�G ?�*5MPENODG I YFIkg QBYFi
i�LHG ?¢>#ADEHENG�¡�MP?BOP�DIFOPG �¤gFLHG LNIkIFG ?ZC"ADENJ gFLNGXQBG ? noG LH>
OPGXQBRSCFGXCFG I :�TVi GXLNIFGXI # LHI6JkENLNRSl�LNI *5? �kCFG � ?ZMP{ GXQBQBG�{ Y«OPGXymLHIFIFGXI��¨J GXOWADIFI«i AbI
J	G ?BGXLH>BQ¦LHI gFGXI �%�DGX? �PAbCF?BGXI ~wCF?BMDi�MPQZMPi
G IFQZRSC"�DgFGXI { Y YFIW>@G ?ZQBYFRSCkG I :�jVLNG QZG
QZ>BG CFGXI i
LH> gFG i Q¢>@?BADCFENGXIKJ GXgFLNIFOb>@G I noG EHENQ¢>@G ?ZJ GXI LNI G IkOPG i noYkQ@ADi
i�GXIFC"ADIkO
��vwG g�*5MD?Bg�ADIFg�~wMP?BI-*5MP?Z>BC���;��PpW_ � ~wMP?ZI�*5MP?Z>BC�AbIFg�v�G g�*5MP?Zg�� ;��DpW_
� £2LNG�*5G ?�� ;��PpP��� :
=6>B?BYFlW>@Yk?BG EHENGV~wCF?ZMPi�MDQBMPi
G IFQZRSC"�DgFGXI��WymLNGmQBLHGmLNI¨gFG ? [DMP?BEHLNG ODG IFgFGXI��V?BJ	G L<>�YFIW>@G ?ZQBYFRSCW>
ymYF?ZgFG I��WGXIW>@QZ>BG CFGXI�gkYF?BRSC
gFLNG|` GXCFEN?ZG �"Ab?@Ab>BYF?,[DMPI
j�!x=K¬rvw? �kRSCFG I : # LHI��,GXLNEFgFGX?�noG EHENGXI
i
LH>®~wCF?BMDi�MPQZMPi
G I"ADJ	G ?Z?@Ab>BLNMPIkG I^QZ>@LH?BJk>���ywGXLNE6LNIFQ¢>SADJFLHENG��UJ	G ?Z?@Ab>BLNMPIkG I]ymLHGwAb{ G IW>B?BLNQZRSCFG
`"?@ADODi�GXIK>BG ��gFL<¬UYFIFg��	MPEHh6{XG IW>@?ZLNQBRSCkG�M'gkG ?��mLNIFO�¬¢~wCF?ZMPi�MDQBMPi
G I¯J GXLwgFGX?¨noG EHEH>BG LNEHYFIFO
IFLHRSCK>�?BLNRSCW>BLNO�ODGX>@?ZG IFIW>�y�G ?ZgFG I�l �PIFIFGXI YFIFg { Y GXLNIFGXi©OD?BMPªPGXI#��G LNE�[PGX?BEHMP?BGXI#OPG CkG I
�u=kADQ@Abl6L�YkIFg !eMP?Bi�ADI��o;��P�W_ � v�M'GXL GX>VADE�: � ;��P�P���|�5�UJFQZRSCFIFL<>B>Utk:u�k:��¨YFIFg��':��K�§: jUGXQBC"AbENJ
ymLN?Zg�gFLHGUi�A &'LNi�ADENGm�UIk{+ADCFE LNIFgkYF{ LHG ?Z>BG ?|~wCF?BMPi
MPQZMPi�GXIFQBRSCF�DgFG I�yw�DCF?ZG IFgcgFGX?|G ?ZQZ>BG I
noG EHEH>BG LNEHYFIFO�J	G Q¢>@LNi
i¤> ��vwG g-*5MP?BgfGX>VADE�: � ;+�W_Dp ��:�=6>SAbJFLNEHGf�VJ GX?B?BAb>@LHMPIFG I�ymLNGf?BGX{ LH�F?BMPlbG
��?@ADIFQZENMPl�Ab>BLNMPIkG I�� gkLNG¨ADYFRSC¯[6LNG EHG �sGXIFG ?BAb>@LHMPIFGXI¯QZ�"�b>BG ?^IFM'RSC¯I"ADRSCkOPGXymLHG QBGXI%y�G ?ZgFG I
l �DIFIFG I � AbJ GX?�{D:uvU:	ADYFRSC�jUG EHGX>@LHMPIFGXIfl �PIFIFGXI��VYFQBOWAbIFOPQB�kYFIFlW>V[DMPIf�,YFi
MP?ZG IfQBG LHI :
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gFG ? # LNI��"Ykª%[PMDI�vw?BgFT¦ADY-* � ?BMPEHL *5GX?@Ab>BL<¬
MPI���jUL �oGX?BGXIF{ LHG ?BYkIFOUYFIkg¤gFLHG�qrIFgkYFlW>@LNMDI][PMDI�~wCF?ZMPi�MDQBMPi
G I"AbJ GX?B?@A�>@LNMDIFG IsYFIW>@GX?BQZYFRSCW>+:

jULHG
�FJFENLHRSCFG ?¢ywGXLNQZG�AbIFOPGXywADIFg'>@GfTVIW>@GX?BQZYFRSCKYFIFO°[DMPI�~wCk?BMPi
MPQBMDi�GXIFQBRSC"�bgFG I�{ Y�IKYF?
G LHIFG i =kADi
i
G EN{XG L<>@�FYFIklK>,Ea�bªD> gFLHGwQ¢>@?@AbCFENGXIFLNIFgkYF{ LHG ?Z>BG I¨noGXENEH{Xh6lKENYFQ¢[PG ?Z{��PODG ?BYkIFOPG I¨YFI6¬
J	G ? �kRSl6QZLNRSCW>@LHOD>+:�Tei ADYFRSC¤gkLNG � GXIFLNODG I]noG EHENG Is{XY¤G ?�*3ADQBQZG I��8gFLHG ywGXOPG I�GXLNIFGXQ�[PG ?Z{��PODG ?Z>BG I
noG EHEN{§h'lKEHYFQ¤gFLHG\d�L<>@MPQZG�[DG ?BQZ�"�b>BGX>¨G ?Z?BGXLNRSCFGXI��®y�G ?BgkG I�gFLNG�~wCF?BMDi�MPQZMPi
G IFQZRSC"�DgFGXI { Y
[6LNGXENG I¯noGXLH>B�FYFIFlW>@GXI�I"ADRSC¯vwGXQZ>@?BADCFEHYFIFO\J	G QZ>BLNi
i¤>��u�mLH>Z>@G ?�G§>eADE : � ;��D�P� ��:�='MDEaADIFODG¤gFLHG
=kADi
i
G ENLHIW>@G ?¢[bADENEHGVQZM OPG§y|�DCkEH>�y�G ?BgkG I��	g"ADª
gFLNG^jxAbYFG ?egFG ?Vd�L<>@MPQZG]LHi ¡�GX?BOPEHG LNRSCfg"A�¬
{ YflKYF?B{^LNQ¢> �"l�ADIFIfQBLHRSCFG ?ZOPG Q¢>@GXENEH>�y�G ?ZgFG I � g"Abª�lbG LNIkG¤dfLH>@MDQBG Ifi
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lKYFIFOPGXI�[PMPI =6>@?BADCFEHYFIFO�LHi QZMPOPG IFADIFIW>@GXI �*�F?BGXgFLNR§>@LH[DG ADQZQ@A+h �#[PMD?BCFGX?B{ YkQ@ADOPGXI�M6gFGX?
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i�ADI GX>¤ADE :o[DMP?BODG QBRSCkEaADOPGXI%ymYF?ZgFGD:�jULHG¨i�L<>2QZ>BG LNODG IFgFGX? +x?ZgFIKYFIFOPQZ{+ADCFE ADJkIFG CFi
G IkgFG
�mG LNRSC'ywGXLH>@GXI'¬ YFIFg�='GXLH>BG IFQ¢>@?BGXYFYFIFO
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G IW>BG I�i
LH>$�VGXENLNYki�YFIFgfQBGXLH>s;��P_';si�L<>|QBRSCWy�G ?ZG I�qrMPIFGXI��"{ YkI"�DRSCFQ¢>U�V?BOPMPIcYFIkg�QZ�"�b>@GX?
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�	�g���v�s���=Är��Ä�Ä·�v�v�=Ä-Ä�Ä|�h��§����s�r�v�v�K���O�v�s�r�S�p²p���v�m�g���s�s�o�v�k���9¸H�v�s�k���1�s�v���k�v�s�����-���`�[���k�k�)£
�b���o�X�-�¿�1���v�-��§�­X�g���`�a�v���k������� �����nÃ¶�k���g²p���g�H�g�s���r�v�½�1�s�o�-�k�v�s�����-���=ÜO¥¼� �v��� �	�g���v�s���
Ä?º|�vº �v�o�½ºFÄ
JZ¢%��­	�-���]�g���^���<����¤�� å#ÒK�K�k�]���1L�¤
� �v��M^�S�g�����-�v�r�X�v�o�¦�v���,¬F�N! ���-���o§��s���-�v�o�k�-���r���v�����¿���v���v���¯�v����� ���s�s���¼�¶�����g�g�H�v���F�v�v�
���s�d�s�|¾<�v�-�r�v�o���-� â ¤�ào¤ â �¶�����r�v�-�����¶���m�¶���b���o�v�������H�a�k�¶��� â�ÏkÏ £ ÎHÏkÏ � �����s���·�s�|É\�o���g�o�POQ��£
�-�r�o���m²n���3���s�o���:×Ø���r�v���g�v²p�POb¸��r�v�d©��k� ÍkÎ

cm2 ���v���k���-¸H�1���o�-�v���`¤X� �v�-¸H�g§��s�s�r�t���v�-�o���
�v�X�¶�����-�g���o���g�·� �����s���½���Á�k�s���s�r�v���<¬<�s�r�S�g�¹���v���k���-¸H�F�o�v� â �¼��Ãb¸H�g���<²p���^¢a�-�QMÙ�¶���b���	£
�v�������]�v² ���s�o���½�U�s�1Ob�o»m���o�5�v���+¾F�v�o���7�g�o�v�m�v���^� ���s�s���¡§��½Ëo�h���-Ãv��Ëo�I���`¤v¨F���r�¯åkåF£%å â
Ú:���k���¿���o�-�v���À�v�s�|� ���s�����¦²n��� â ��R

%
Ü1�H�g�H�I�k��²¡�H�s�v���X­	�¦�s�ÀÜ�¢Û�½�IËo�Fà Î ²p�s�TSoÈ]�s������¤

¬F���,�[¸����v�v�v�|�o����� ���s�s���¡�����I�k�����g�<�v�v�-�r�Á´^�h���-���r�v�s�r�S�g���¦²p���%¥¼��­S£�Â,�-Ëv�S�d���s�	£Cª/�k�-�o�v�
�IËv� Î ²p�s�Ñ�v�v�ß� �v�S�H�h���o���p�k�s���s�r�v����º����s�v²p���v�¹×Õ�����-���m�IËo�m�a�����g���-� Î ²n���`¤[¨<���r�
�]ÃvËo�s���¼²n���Û×Õ�����-���F���v�-�o�¡å Î ²n���¦²p���^à

%
���k���FÂ\����²p�g��£µª/�k�-�v�o�p���À�U���-���o�-���oÃv�1!h���

�k�K�9¸��-�o�·® âSÍ ²p�
KH2PO4

�v�o�¼Ôoåt²p�
Na2HPO4

±K�b²p���Û×Ø�����-���^�k���-ÃvËv���^�v�v�¿�H�¼�v���
ª��o�7�,�k�K�g���]�r«X�v�K��¤5¬+���o�¯���o�-�v��²p���,Çd�]�k²n�����-�s�)£Cª/�k���v�v��Ëv�¶�����-�r�v���r�S�g�����5�b���r�¯à Ï �-���
²p���a�v���%���s�����r�v��� ¥¦���v���F×Õ�H�-�-���%©k���-�vËv�o�X���o�v� �s²ä¾F�o�-�r�v���v»|©k�k���-���r�X�-�s�|�����d���-�r�v���`¤
¬F���·�s�]�7�g�k�K�g�-�	�r«X�v���-���À�:�f�����r�v���¿���v���v���À²p���<°^�s���I�t�����v���F¢d�s�o�k«X�v�f�����|®7º������k�V�k»����-�o�v�
å Ï £Uà Ï × ±����v�-�����a�����-����¤b¬F�s�^¾F�o���a�����-�v�v�m�����I�k�s�H�g�<����°<���v��²p�k�-Ão�v�k�s���k�s���r�v���OÉ,�-���g�K£�-�����m���s�FÂ\�P�k»k���v�v� Â\�����r�H�����v���Û� �����s���p���n¾<�v�s���v�X�v�v�·����¢%��­	�-���o�g�o���d�K�Û����¤Q®�å�ÒK�K�k�S±
�v�v�¦�b�k�v���v�s���\®�å#Ò�ÒkÒS±K¤
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¬F���n�U�S�g���g���	�o�v�¼©k���Ñ¥¦��«	���k«����-�v���Õ�k���X�¹���]�%�k���v���-�s�-�r�o����¥¦�H�g���-�f�H�[§��v��Ëv�r«Q�:�v���¹�¶���
�v���tÚ3�����s�v�o�½���s�v���|� ���s��«������v�,�s�¯�����s�o�n§K�d���OÚ3�	�r�X�-����«������v���v���r�S�¹���¯���s�o���Ó�v���tÉ,�����v�
�s�S�-���k���s�������v�v�½©k�k�¦�v���F� �����s�\�����F�]�H�g���s�s���g���v«����-�½���s�o�k�����r�v�s�k���-���¦���s���`¤ M<² ���s�r�v���-§��]£
���-�����s��� ���v��»+�����·�¶���k�v���r�S�g���-����¥½�s«X�-�k«H���������-���[�b�H�r�|�v���[¢d�����g�g�H�v�s�v�o�+���o�I�����g�����-���|�������
���s���Ø�b¸H�1Sb�¯Ça­X�g�	�r�b���s���-���Õ¢ ©k�����d���v�v�K��JZ�b���v���r�`�5å#ÒkÒ â �:Â\�v�m�K�F�H��¤��`å#ÒkÒK� L��5�b�H�·�v���
Ú3���s���v�v�m�v���+Ça­X�g��Ãv�f����²¡�H�Û�v�S�g�����v�s�o�v����¤h¬F�������v�]�r�¦�h���`º������d���v�v�v�v�n©k�k�

G1

£C� �����s���
�����v�^� �����s�%�o�s�^¥¦���g�k���^�o�v�n�v��²n���U���o�r�n�v���^�X£CÜU�b�H�-�^�v�v�-�r�o�f���o�I���n²·�v»v�k�v² �����v���¡¥¦��£
«X�-�k«H�����À���v���v�s���v���¦§��¼« �k�v�v���`�¶«H�H�v�¼�v���|�S£CÜU�b�������]£C¥¼���-«X�����-�o�v�¡²p���<¢d���QM �o�s�,º����C£
�a���v�v�o�v�<�o�����IËv��²p���v���r�v�s���r�v�O� �����s���<�g��È]�s�-�r�o���·Ça­	�-�]�r�v���f�����s�\¢ J ¾F�¶���v�¦���^����¤��`å�ÒkÒ Î L
�����-�K�g§����`¤`¾<�s�s�¹¢d���QM�£?²¡����«X�s�����g���¯¥¦�s«X���k«����-�v��²|Ëo�-�-���À�b���r�Ó� �v�k���h�¹�v���\¢a�-�QM �v�v�
�b��²p���·���v�r�Ñ�v���r��¢d�����g�-���v�s�o�v�¿���S�-���r�H�v�v���������s� ®9�-�����v� â ¤�ào¤�àX±)¤1¬F�¼�v�s�r�S�m�H�s�s�p²n����£
«X�s�����g����� �����s���ß���o�r�ç�v�s�¿¥¦���-�k�-�½�����-���s�r�v���`�d²|�o»Ø�v���¦�v�S�-���-���v�r�S�g�ÓÜ:��Ãv�v�f���g�s���=²p���
°<�����I���v���¹���S�g�����-�s�����-��� ¥¦���-�k�-���s�v�o�KÈß®9¾<�v�-�r�o�v�����·àv¤�å Rk±F�v���g���]�I�v�s�Ó«��k���-���k�s�����+�a�����v���
®9¾<�v�-�r�o�v�����<ào¤ Í ¤ Î ±)¤
¬F���^� ���s���������v���v���p�h�����-�g���v���O�v�v�m���s�Û�s� â ¤Zàv¤Zà\�h���-�r�v���s���¶���n�h���b���v�o������¤S¬F���^¾<�v���a���C£
�g�o�v�n�����I�k�����g�,�v���r�¼�v���½©��k�¿�b���v���r�Õ®�å#ÒkÒ â ±d�v�v�½¾F�¶���v�Õ®�å#Ò�Ò Î ±d�¶���-�r�o�-�s���h���v���¿É\����£
�g���-����� §��o�'M<�S�g���-�-�r�o���s�o�v�v�m©k�k�¦¥¦��«	���k«����-�v���`¤b¬+�H�b���r�Á���v�-�v���Á�	�o�^¥¦�s«X�-��«������v�,�k�)£
§�¸H�v�������o�s�d���v�-���m¥¦�o���g���-«����-�v���n²p�k��Ãv�v�k���k�k�s���r�¹���s�����r�¹�d���-�����v�v�����s�v����¬F�v���r�v²n���-�����
©k���Øå�Ð]å�Ôm�o�s�\å�Ð â �v���+¥¦�]�-�g���-«H���-�o�+���o�7�����������`¤¶¬F���·¥½�s«X�-�k«H�����v�¹�o�v���7�-���¼�o�s�r�S���I�g���H£
²p���S�g�������%�]�v���%²p���%�o��² ¥½�o�-�-���-«H�����¦©k���-�v�o�v�v���¦�-���s�`¤o¨<�v�Û�k��Ëv�]£<®9¢d�-��M�£µ²n����«	�������g�#±
�v�v�����s�����r�v§������-�s�<���v�r���v�s���]£µ�����9¸����o�g�F®�¬Û¾+ÜUÄ�±U� ���s��£h�v�o�p¥¦�s«X�-��«������v�%���v���v�����k��§�¸��o����¤
Ý���¥½��»kÃv�o�v«S�,���v�-�v��� Í�ÏkÏkÏ � �����s���¼���v���k���a�����g����¤`Äµ�¿¾<�v�v�s���v�v�v� â ¤�å|�-���v�¼²p���F¢d�-��M
²n���-«X�s�����-�t� ���s����� ²p���^¥½�s«X�-�k«H�����v���½�s²ã�1�s�v���-����§����v�-�v���s�Á�b�����k�����g���s����¤
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M<² �b����¾<�v�-²n��»À���g�g�H�v�s�v�o�k�-�¶���v���v���-����Çd�o�-�k²p�k�-��²n���v�-�r�b¸H�v�����g�����g§ �H�v�-�k��Ãv�g¸H���g���
� �����s§K­]«X���v��£�º����-§ �k�k���-�v�v�����p�����9�H�-�-����§��¡«I�k�v�o���`�X���v�-�o�����v����§��¼å ÏkÏ �n�b���r� ¢a�����-�g���	£
�s�o�v�,Çd�v���k²p�k�-�k²p���oÃv�g¸�Ãv���g�H�-�d�H�v�k���I�����-�s�������d�k�¶���]�v���:�k���-��²·�-�Û� �����-©����-�s���o�o�sËv�r«H���v���k�
���v�����v���r«X�\���v���v��¤�¥¦��»k§������g���¯�v���������,¬+�H�v���,²n���r�v���Ó���,�v���µ�a���v�o�s�v�h§����s���r�v���Þåk¤�� Í ¤
�v�v�Þ�-Ãv¸H�g���-���ß¥¦���g�k������§��Þ�v�S�g���-�-�r�o���s�o���`���b�À�s���v��� åk¤�¥¦���g�k��� �b���r�=¢d�����g�-���v�s�o�v�
�v���p¾<�h���-�-�H�g���k�v�-�-�H�g�m²n��È]�s²n���[������¤3¥½���#�����v���¹�a�����g������� Ú:���s�s�o�v�¦�o�s²p²·�\�v�s�m¾<�v§����o�
���¦¾F�¶���-�-�H�g���k�v���¼��� �b�v�v�¿��²n²p���d�a���o�s�k���+� ���s�s���¦���-�����s�r�o���¼�o�s�,�I�k�s�����v�v���À¥¦���g�k�����`¤
� �v� M<�S�-���-���r�v�����v�v�v�F�v�����^��Ãv�s��«��H�g���k�v�-���v�v�v���,���v�-�v�a�v�s���v�N! ���-���X�-�s���s�s�[�[¸��-�o�v�v�^�b���r�
Ü:���-��­¡�v�o�¡×Ø���"! ®�å�Ò RHàX±[©k�����a���v�v�K��¤b¬<�s�����,¥¦�K�g�v�	�v�+�v���-�������d���o�`���s�o��² ©k���g¸��v�o�����-���
�[¸����h�K©k���-�b�����g���¹©k����¬+¨<¾¹�H���¹�o�s�a¢d�-�QMÞ�����v�k���v���o�5���v�-�o��¤H×����-�·� �����s���\�d¸��v�-���v���v���
�X£µÜ��v���-�,¢a�-�QMÅ�H�v�k���¶���-���`�	�-�|�����-�$���K�d���s�s�a�v���d�v��� ��­]�S�-�v���-�s�-�������g�,¬+¨^¾^£C�	�g�-���v���v���
�¶���s�o���½Çd�v���k²¡���g�s�o��� ²p���Û¢a�-�QM ���v�v���g���-�v�s������¤v�1���v�v���%�s� �����v��²ä�a�����-�������¼�h­]«X���v�%�����
¢d���QM�£µ�����X�b�������r�H�����	�-���s���%���s�v�<�v���%�¶�����v��� Çd�v�-�k²n�H�-�s�v���n���s���v�����v² §��v�Û°<¸����7�-���X�v���
���v�o���-�n©k�k���s���g¸��v�v���¦���v�v���g���-�v�s������¤3× �����v���Ñ�v���¡²p���¹¢d���QMã�¶���b���o�v�����g���Ñ� ���s����� �b���r�
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�v���Û�1�s�o�k�-���-§����v§K£?Ãv�s�o��£�Â,�s��²n�-��£�¥½���g�o�]�v�·®��bÃQÂt±O�����9¸����o� JZÜ:���-��­Á�o�v�½× �k�N!1�`å�Ò RHà L��o���
�����-�r�v���s�v���Ø�v���|©k�k���s���r¸��v�o�s� �-�o�v���-���g�o�s�����g���ØÇd�o�-�k²n�H�g���v���¯�v�������h���[�v������� �d¸��v�����v�Ó�v���
§��o��°F¸����7�g�+���v�v���-���-�v�s�����g���¦Çd�v�-�k²n�H�-�s�v��� �v�v�v«H���5�����-�r�v���s�v���`¤Q¬F�s���-��� M^�S�g�����-�r�v�����½���C£
² �k�k�s���r�S�������v�½� �v�k���v�X�v�v�Ó§��v² ���-���-���`��§K�d�����g���=�o�v�ß�v�������g���=� ���s�s§K­	«	���v���b���r�=¢d�)£
���-�g���o�s�v�v�¡®9¾<�v�v���s�v�v�o� â ¤ Î ±)¤X¬+�·¢d���QMæ���s��²|�o�g���k���v���O¾F�k���v�O�v�S�g���dª��s�r�S�g���s�S���s��«	�o�v�
§��ßÇd�v���k²¡���g�s�X�v��Ëv�r�v���=J Äµ«X�v�-�v��²¡�m�v�v�Á× �k�"!:� å#ÒKRHà LÛ�IËv�o�����[���o�-�v�Á�v�S�g���¡ª����r�X�g���v�C£
�-�r�o�s�v» �k�������h�����-����¤O¬F���½×����-«X�v�v�Ó©k�k�ç¢d�-�QM ���o�+�v�s�Á©k�����a���v�v�K�g�K�g���æ�1���v�-���v�f�����g���
���s���Á�s�Á¾F�v���r�v�v���-� Î ¤ â �H�v���IËv�o�-�s���r�Á�v�s��«	�]�g�s������¤

�����������	��

�����������������������������! "�# %$�&	���

M<�o²n���-�g���s�b�H�,�b���r��¢d�����g�-���v���v�v�¦���o�-�v���Ñ�v�s�¡� �����s��� �-�v�o«	�o���g��©	�s�����·�o�v�Õ�s�Õ¥¦���o�s�v²
²p���+å Ï

%
�3ÇÛ�Á�o�v�¯å Ï

µ
²p�k�7Ð�� ¢d���QMÅ�s� ���s�v���Û¬F���r�X�-�,©k�k� â £ Î ×105 � �����s���¡�s�ÁÉ,�v��£
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�v�S�g���·�v��² ¬<�v�-�r�v���s�r�S�g²p�s«X���k�-«H�kÃ�®�ª������g§H�5¾F�-�����-�kÃv�f�H�Q±+�h���a���s�v���¹º������k�V��»k�����v�v�¦©��k�
å ÏkÏ�Ï × �H�v�-�k�K�d�����-����¤ÛÝ��¯� �����gÃv�v�o«X�¡�v�v��¬F���-�s�p���v�-�o�����-�Õ�a������² �k�k�s���r� å ÏkÏ ¥¦�)£
�r�HÃv�b���������s² �������g���ç� ���s��§�­	«X�s�v�¹�b���r�Þ¢d�����g�-���v�s�o�v�¯�v�S�g�����-�v�r�S���O�o�s��²p�s�v�o�����-���v�·àkà
Çd�v���k²n���-�k²p���½���o�7�����������`¤

¬F��� ¾<�h���-�g���g�s���v���æ���v�-�v���Å�s�æ¾F�o�s���o�	�o�v� ���Å�o��©��H�k�ç®Cå#Ò R Î ± «X�s���-���"Sb§��s������¤�¬+�H�h���
���v���v���Õ�o��©k���-���Á�]�r�b���o���v�-�����-���Ñ�v�S�g���-���r�v�s���v���`�:�v�s�p�s�Ó¾F�o�v�s���v�v�v� â ¤�Ô¦�-�r�o��²n�H�g���-�r�
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�g���`¤�� &�� ��� $ � &	���#��� 
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©k���¼§��a���1Çd�v���k²n���-�k²p���`�v�a�k�¶���5§��o�g¸H�-§��s���r�¦���s�¼��§����X�-�-���-�r�v���+�b�g����²n���X�����S�g���-���S��¤hÄµ�
�v���d©k�k���s�����k���v�v��� ¾<�-�¶�����d���v���v���Á�v��§����S�-�-�s���r�v�tÇd�v���k²n���-�k²p����²p���a�����v��² �h���k�s�����-���]£
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S = e−YL lnS = −YL
¶F¾.� å5¸

	 sgy&�|��yOsa��y&{qt>ua�qy&sg�av � �~w]{h�)xm��ra��z�y&rayNºn��y&�|xmy&��y&r��$ra� YL �asmyN��ra�(w]u$xa����y&�q�qwCv�sg��r$yOr��|y�9y"v>w]®$u$w]{qyC�µ��smy��Ww�v�y&r��U¹$�Au$�.t>up��´ª³ 3 �
�nsmt>�Cy&xg{|v��qw]u$xg�$r$z7{qsgr$����s�vW�$sgy&{qyO���#xgy&smt>u)�$raz
r$sgt>u)v � y&�|y&smr)�~wC�c�ar$�7�]���|�qy&xgsmyO�qy&r�w]�at>u�rasmt>u�v�smr�w]r$�ay&�qyO� � yOsm{|yA��s�vl�$yO� �)xm��r$�]z�y&r$yOr
ºn��y&�|xmyO��yOr�����yO���#�|�$r$�£u$sgy&�%�U¹$�Wsm{%vWsgr0y&sgr$y&� {|v>wC�q� � y&�|� ; z]y&�|vqy&r ���a��vq�qy"v�y&r��$yO�W���.�
y&�|��wCvqsm��ray&r7�&��{q�$t>uay&r��S��smyA{|t>u$��r sgr^���${|t>u$r$s�vqvW¾p� C � å �~w]�|z�y&{%v�yOxmxgv8���$�q�$yC�
� � v��|�]v���«_yO�q� ; z�y&�|�$r$z^�$yOr � t>u~w]�$yOr � ��xmxg{|v�}]r$�$sgz-�&��yO�|�Lw]{|{qy&r �$r$�£�$w]��s�v � y&�q{|t>u$smy\�
�$yOr$y � vq��w]uaxmy&r$w]�|vqy&r � y&�qz]xmy&sgt>u$y&rJ�&�@� ; r$r$yOr������$�|�$y � ��r � t>ua��xm�9yOv^wCxF�c¶ å 8:8 ��¸ �$sgy
½ r�v�yOz���wCvqsm��r9�$y&�c�`sgvc�$y&� �9s�v���{|y&sgr$�$y��9z�y"��smt>u�v�y"v�yOr��WwCv�yOr � �]�qz�yO{qt>u$xmw]z�y&r�����sgy � ��r
	 sgvqvqy&��yOv�w]x � å 8:8:A �ar$� · ����� �ar)vqy&�|{q�$t>u�v�yOr �n��{qsg{q®$�$ra�)vqyRw]r 	 w]�`{|vqy&���%��y&xgxmyOr��|y&smt>uay&r
�|y&�a�pt>u�r$smt>u�v8w]�${&�.�$� �n�${q{qw]z�y&r-¹$��yO���asmyn¼n���|�qy&xmwCv�sg��r��`sgv_�$yO� �)xg��r$��z�yOr$y&r-ºn��y&�|xmy"�
��y&r`�&��vq�qy � yOr-�$r$��w]r$�ay&�qycsmr�vqy&z��|smy&�%v�y��Ww�v�y&r�{qsgr$��sgr��$y&��´¥sgv�yO��wCvq�$�hr$sgt>u)v � y&�|�U¹az��~w]�O�
��sgy ½ r�v�yOz���w�v�sm�]r9�$yO�nz]yO��smt>u�vqyOv�yOr0����y&�|��wCvqsm��ra{q��w�v�y&r7�U¹$�n²Àsm�a�q���$xmw]{|vqy&r7smr��$yO� � �]�qxmsgy"�
z�yOr$�$y&r����q��y&s�vµ�U¹$u$�|vqy8r)�$�ªr~w]t>u 	 ; r�v�z]y&r)��yO{|vq��w]u$xg�$r$zn�&�V�C���q�|y&xmsgy&�|y&r$�$yOr � y&�%v�y&r�����sgy
���a�$smxg�$�$r$z7¾.� C ¶U��s�vqv�y ¸ � y&��wCr${qt>u~wC�$xmsgt>u)v&�µ��smyO{Asm{%v#w]�a���$sgyVsm�`��yO�nz]y&�qsgr$z�yO�qyV�nr$�(w]uax
� �]r���y&xgxmy&rR�&�a�q¹$t>�)�&�p�U¹$u$�qyOr����$sgy�r$w]t>u�»8yO{|v��qw]u$xg�$r$z��asmy8�9sgvq��{qy�y&�|�qy&sgt>u$y&r��$r$�V{%v�sm�`��v
�`sgv#�$yOr°smr ���${|t>u$r$s�vqv�¾.� C � · �asm{q�)�avqsmyO�|v�yOr°»8yO���~w]t>u�vq�$r$z�yOr¯¹$��yO�qyOsmr��ª�Ww�y&{�{|smt>u°��y&s
�$yOr � yO�|��y&r$�ayOv�yOr ²Àsm�$�|���$xmw]{|vqy&r7�$� ®$�|sm��}]�qyR��yOxmxmyOr9u$w]r$�$yOxgv(�~{|��xmx�v�yOr9wCr yOv�w]�$xgsmy&�%v�yOr
��y&xgxmsgr$smyOr¯��yO{|v�sg���­v�y9�WwCv�yOrkw]�$t>u��U¹$� � v���wCu$xm�$raz�u ; uay&�qyOrk´µ³ 3 {iyOsmr$y9¼n�]�q�qyOx¡wCvqsm��r
�&yOsmz�yOr��
� �$�q�$yOr+�~w]z�yOz�y&rk��smy£sgr@���a�$smxg�$�$r$z�¾p� C ¶L�ar)vqy&r ¸ �$sgy��9s�vqv�yOxg��y&�%v�y£w]�a{^�$sm{i�O� å C
� w]�`�`y&xm�Oy&s�v�®$�$ra�)vqy&r z�y&�asmxm�ayOv­�$r$�°�$yO� �.xg��r$��z]y&r$yOr°ºn��y&�|xmyO��yOr°z�y&z]y&r)¹$��y&�qz]y&{|vqy&xgxgv(�
{q��y&�|z�w]�e{qsmt>u��U¹$�Rw]xgxmy � yO�|��y&r$�ayOv�yOr � v��qw]u$xgy&r~w]�%v�yOreyOsmr$y`¼n�]�q�qyOx¡wCvqsm��r����$sgy`�ay&�R����yOr
��y&{qt>ua�qsmyO��yOr$y&r-²~���q�`y&xa¾p� å �U�]xmz]v&�]»8yOs$z�xgy&smt>uay&� ºc��yO�qxgy&��y&r��&yOsmz]vh{|smt>u��`sgv={%v�yOsmz�yOr$�$y&�
´µ³ 3 yOsmr9��r${%v�smyOzi�$yO������y&�|��wCvqsm��ray&r
�|yV�9yOv�w]®$u~w]{|y]��»8y&sÀ»8y&{%v���wCu$xm�$raz-�`sgv��nsmt>�Cy&xgsm�C�
r$yOr��|yO�$�pt>u­� ; rar$y&r­r.�a�ªra�pt>uRz�y&�|smr$z]yh��r�v�yOsmxmy_�$yO{ � t>u~w]�$yOr${Àsg� �9y"v>w]®au~w]{qyOr$®$�q}]®~w]�qwCv
y&�%�Lw]¬]v���y&�q�ay&r0�$ra� �$sgy­�nr$�(w]uaxª�n��yO�q�qwCv�sg��r$y&r��|y��9yOv�w]®$u~w]{|y­{|smr$��v&���nsmy&{|yV»8yO���~w]t>u.�
v��ar$zV�$r�v�yO�q{%v�¹avq�Ov�r$�.t>u$y&sgr$��w]x��asmy�sgri���a{qt>u$r$s�vqvc¾.� · ��y&{|t>u$�qsgy&��y&r$yOr^«_y&�q���av��$raz$�p�$w]¬
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u$�.t>up��´µ³ 3 � � v���wCu$xm�$raz��O�0{|v�w]�q��w]�${|z�y&®a��}]z]vqy&r0��y&xmxg�O¢.�)xm�${qw]�q�|y&{%v�y&r9�U¹$u$�|v&�S�$smy#�$sgy­�$r.�
v�yO�q{|�$t>u�v�y B ��®$�$xmwCv�sg��r,{qy&xgy&��v�sg��r$sgy&�qyOr�����smy�¼c���q�|y&x¡w�v�sm�]r��`sgv��ay&� ½ r~w]��v�s � sgy&�|�$r$z ��y\�
{|vqy&u�v9smr1z�xmyOsmt>u$yO� � yOsm{qyew]�$t>u1�U¹$�7�$smye�9s�vqvqy&xg��y&�%v�y w]�${��$yOr<��r�vqy&smxgy&r w]��y&�q�qw]r�v�yO�
��y&xgxmyOr��
��yO�i�9s�vqvqy&xg��y&�%v�w]�${���yOu$�qyO�qyOr � w]�`�`y&xm�Oy&s�v�®$�$ra�)vqy&r,y&�|� ; z�xmsgt>u)v�yO{&�_�$sgy ½ ra�$�$��v�sg��r
� �]r+¿8u$�q�]����{|���`y&r~w]��y&�|��wCvqsm��ray&r � y&�|{qt>u$sgy&�$yOr$y&� � vq��w]uaxmy&r$w]�|vqy&rJ�]u$r$y0»�y&�q¹at>�.{|smt>u�v�s��
z��$raz �ay&�`��y&xgxm�"¢p�)xg�${ � y&�q� ; z�yO�q�$r$z]y&r,�&� � yO�qz�xgy&smt>uay&r��h��w]��yOsl��w]r$r�w]�a�n�$sgy � r�v�yO�q{|�p�
t>u)�$r$z � smyOxmy&����y&sgvq®$�$r$��vqyism� 	 sgr.�axmsmt>� w]�p�n�ay&r��9sgvq��{qyOsmr$�ay��¯rasmt>u�v � yO�q�Osmt>u�v�y"v`��y&���
�$yOr��.��smycw]�a����y&ra�$smz�y��n�${|��y&�%v��$r$z��$y&��¿8u$�|�����]{q���`y&r~wC��yO�q��w�v�sm�]r$y&r��|y&�a�pt>u`��w]r$r�w]�a�
C ��¾�w]�${|z�yO�8}]u$x�v�y���yOsgv�®a�$r$��v�y9�qy&�a�$�&sgy&�|v-�8yO�q�$yOr��l�$sgy �$yOr1��y&sgv � yO�qx¡wC�a�A�$yO{ ½ r$�$y��
å �S��sgv��]{qy&r�z�xgy&smt>ua�-}]¬]smzVwC���$yOt>�]yOr��
³hsmr$y�w]xgvqy&�|r~wCv�s � y�� ; z�xgsmt>u$�Cy&s�v9�ay&� � r)vqy&�|{q�$t>u)�$r$z+t>u$�|���`��{q����w]xgy&� � t>u~}]�ay&r �$r�v�yO�
���a{q{qt>uaxm�$¬ � ��r���yOxmxm�"¢.�.xg�${qy � yO��v�y&r �$smy"v�yOvn�$sgy � ®$�qyO�-wCvq�$�qyRt>u$�|�����]{q���`y#t&��r$�ay&r${qwCv�s��
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B u~w]{|y��$ra���~w]�`sgvW��u$r$y`³hsmr���sm�|�)�$r$z � ��r°��y&xmxg�O¢.�)xm�${|{|v ; �q�$raz�y&r �&� ��yO{|vqsm�`��yOr��¥��sgy
smrasgv�smw]xmy_²~�qw]z��`y&r�v>w]�a{q��y&�avqy8{|vqy&sgz]v=�`sgvª�&�ar$y&u$�`y&ra�$y&� ´ª³ 3 smr­���$u$}]r$z�sgz��]yOsgv � ��r��$yO�
²Àxg�$y&r$��wCr�����yO�8���a{�w]�`��yOr$u~w]razR�"��sm{|t>u$y&r-²Àxm�$yOr$�N�$r$��²~��w]z]��yOr)v�w]�${|��yO�av�yNsg{|v_�~w]��y&s
xmsgr$y(wC� 	 �]� »�� ��wC{q��r$� � w y"vVw]x �g� · ���oå � �ª��y&r$ra�pt>u¯sg{|v­w]�$t>u°�asmy B ¿N¿�� 3 yOt>u$r$sg�esgr�smua�qy&�
��r���y&r$�a�$r$z�xmsg��s�v�smyO�|v&�C�$yOr$ri�$sgy 	 y&�|{|v�yOxmxg�$r$z��ay&� B �q}]®~w]�qwCv�yc�$r$�i�ay&�qyOri���a{|��y&�|vq�$r$z
� yO�qxmw]r$z�yOr0y&sgr$smz�yR³h�|�LwCu$�q�$raz � �]� ³ �p®�y&�qsg��yOr�v>wCvq���n�ar$�0r)�$�n��y&rasmz�yR����y&�|��wCvqsm��r${%v�¢��
®�y&r�� ; r$r$yOr���uar$y��asmy`w]�a����y&r$�asmy&z]y��$ra�ev�yO�$�qy�²Àxg�$���qyO{q�Oy&r${Rsmr�{qs�v�� 	 ¢.�$�|sm�$sg{qsmyO�q�$raz
¶ ² ½ � 	W¸ �$r�vqy&�q{|t>u$smyO�$y&r9�8yO�q�$yOr��
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�)�$y&ra�V{qt>u$ray&xmxª�$r$�9y&sgra�Lw]t>u �a�$�qt>u$�O�a�U¹$u$�|y&r£�$ra� � ��r �$y&�n³h�|�Lw]u$�|�$r$z��$y&��w]�${|��y&�%v�yOrp�
�$yOr B y&�q{|��r �qy&xmwCv�s � �ar~w]�$u~}Cr$z�smza��{q���~w]¬^{|smy�w]xg{ � v>wCr$�~w]�|�$��y"v�u$�.�$y��$sg{q�)�avqsmy&�%vW��sm�|�
	 �]� »�� � �]x � � å98:8oå � �
� r�vqy&�A��sm�)�q���Cy&�|r$y&r � y&�q{%v�yOu)v#��w]r ¿8u$�q�]����{|���`y&r �.�$yO�A¿8u$�|�����]{q���`y&rp��²~��w]z��`y&r�vqy]�
�$sgy �8}]u$�qyOr$� �$yO� 3 y&smxg�$r$z y&smray&�k��yOxmxgy1rasmt>u�vksmr y&sgr$y&r �ay&�J��y&sg�$y&r 3 �.t>u�v�y&�|�]yO�%�
r$y@sgr�v�y&z]�qsmyO�|v �8yO�q�$yOr �]��r$r�vqy&r �$r$� w]xg{ � w�v�y&xgxms�v�y&ra�]y&�|rµ¶Ly ¸ sg� ��¢.vq��®$xmw]{q��w yOsmr$yO�
�.�$y&� ��yOsm�$yO� 3 �pt>u�v�yO�q�Oy&xmxgy&r xgsmyOz�y&r 	 �C� »�� �#y&w]�q� �$r$� ¿8u$yOr�� å98I8�� � �9��w]��yOs��Oy&s��
z�yOr �9sm�)�|���]yO�qr$yk�$yOr «_y&�|xm�${%v � �]r z�y&r$y"v�sg{qt>u$yO� � w�v�y&�|s¡w]x�w]r��R�$yO�°�$�$�|t>u � �n���
� t>u~}C�$y&r �.�$y&� � t>u~}]�$yOr wC� � ®asmr$�$yOxm{%¢p{%v�yO� �$yO� {qsmt>u vqy&sgxmy&ra�$y&r±��yOxmxmy ��yO��sm�|��v
��sm�|���h«Wsgy&xmy7�n�av����|y&r���yO{qt>u$�|y&sm��y&rk�asmy�³hsmz�r)�$r$ze�$y&{ 3 yO{|vqy&{^w]xg{ � ®$�|y&�$sgtOv�s � y9w]{q{qw(¢ �
�&�a� � r)vqy&�|{q�$t>u)�$r$z��$yO� � v���wCu$xmyOr${qyOr${qsg�$smxgsgv>}�v 	�	 �$�$��yOvnw]x �g� å98 � � � � w]r$�ax¥yOvcw]x �g� å 8 �:8 �
��wCt>u)vq��w]��yOvnw]x �g� å98:8 � � � z]�$��w�yOvcw]x �g� · ����� � �.�$y&� �$y&� � sg�q�)�$r$z � ��r � �­�8yOxgv|�
z�s���v�y&r 	 ����yOvnw]x �g� å98:8oå ��²~yOr$y&t>u�� å 8:8 6 � �¯�$smy yO�q�Osmy&x�v�yOr ³h�qz]y&�$r$sg{q{|y �|yO�$�pt>u {qsgr$�
��sm�ay&�q{|®$�q¹at>u$xmsgt>u 	 ����y&r$��yOvnw]x �g� å 8:8 ¾.� �A�$��yOvnw]x �g� å98:8 � ��� 	 ���|sm{qtO��xmx�yOvcw]x �g� å 8:8 � �
����y&ra�9y"v�wCxF��� · ����� �$���)�$�a�$z�� y"vnw]xF��� · ����� � �
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���$�Q«_yO�qy&sgr$u$yOsgv�xgsmt>u)�$r$z �ay&� �9yOvqu$�.�$y&r±��yO{qt>u$�|smyO� å98:8 6 ²SyOr$y&t>u±y&sgr � v>w]ra�~w]�q�.�
� yO�|�Lw]ua�qy&r �O�$� � r�v�y&�|{q�$t>u)�$raz � ��r �9sg�.�|���]yO�qr$yOr �$r�v�y&� «_y&�%�8yOr$�$�$r$z � ��r ¿�¢��
v��.t>u~w]xmw]{qsgr »�� �~w]{±�$smy 3 y&sgxm�$r$z �$yO� 3 �.t>u)vqy&�|�]y&�|r$y]� w]��y&� r$smt>u�v±�$yO{ ��¢)v��C�
®$xmw]{q��w]{ �$y&� ��y&xgxmy y&�|x¡w]�$�pv �$ra� �~w]�`sgv {qsgt>u$y&�|{|vqy&xmx�v(�¯�~wC¬�r)�$� ��yOxmxmyOr �ar)vqy&���
{q�at>u)v,��y&�|�$y&r����$sgy@{qsgt>u y&smra�-w]x�z�yOvqy&sgxgv°u$w]��yOr����WwC��yOsi{qt>u$yOsmr�v��$smyk�nr��8yOr$�$�~w]���
�]yOsgv��$y&�J�9y"v�u$�.�$y<{%v>w]�|� �$�$�|t>u �$smy ��yOxmxmsgr$smyJ��yOy&smr � �$¬]v��&� {qy&sgr�� � r�v�yO�q{|�$t>u)�$rp�
z�yOr w]r ��w]z]yOv�sgy&���k�$r$� 3 �$�`���%����y&xmxgy&r 	 � w]r$�$x¥y"vcw]xF��� å98 �:8 �9����y&r$�9yOvcw]x �g� å 8:8 ¾.�
�A�$��yOvnw]xF��� å 8:8 � �C����y&r$��yOvnw]x �g� · ����� � � z]�$��w�yOvnw]x �g� · ����� � �C{q�3��smy8w]r�u)�$�-wCr$y&r�´�¢.���
®$u$�]�O¢)v�yOr 	 ���7yOvnw]x �g� å98:8oå �=²~y&r$yOt>u�� å98:8 6
� ���$�|�$y&r � smyOxg�Lw]t>u¯wCxm{�w]�a{q{�wCz�y&�)��}���v�smz ��y\�
{qt>ua�qsmyO��yOr�� ½ � �Ay&z]y&r${qwCv��¯�~wC�&�X�&yOsmz]vqy¯{qsmt>u w]rX�`y&r${|t>u$xmsgt>u$y&r ²Àsg�$�q�]�$x¡w]{%v�yOr��n�$w]¬
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� y&w]�1w]� ¶L�n�$�$sgxm�$�$raz · � ·]¸ � � }]u$�qyOr$�$�$yO{q{|y&r<��y&{|t>u$�qyOsm�av��$yO� � sm�|�)�$r$z�{ �.�ay&�q{|t>u$r$s�vqv
σ �$smy � sm�|�){�w]�`�]yOsgv��$y&{�y&sgr$�&yOxmr$yOr 3 y&sgxmt>u$yOr${��ar$� sg{|v � ��r �$y&� � sm�|�.�ar$z yOsmr$yO�
	 yO�Uy&�|y&r$�O{|vq��w]u$xg�$r$z`�$r~w]�au~}]r$z�sgz9¶L���a{qt>u$r$s�vqv 6 � C � 6 ¸ �
��sgy 	 » � � ��r � vq��w]uaxm�$r$z sm{|v � ��r � smyOxmyOr ���avq���qyOr �U¹$� � y&�|{qt>u$sgy&�$yOr$y ³hr$�.�
®$�$ra�)vqy¯��smy,��yOxmxm�"¢.�.xg�${�wC�q�qyO{|v&������y&�|��wCvqsm��ra{q��w�v�y��.�$yO��ºn��y&�qxgy&��y&r �$r�vqy&�q{|�$t>u�ve�������
�$yOr 	 »lw]�|y&r$�a{qy&r9yOvcw]x �g� å98:A 6 � � ��w]�|{qz�w]�|�7yOvnw]xF��� å98IA�� � ´µ¹at>�]y"� 	 �$uaxmyRyOvcw]x �g� å 8��I8 �
B wCr$�$sgv�w��$r$���#y&w]�q��� å98:8:A � � yO¢.��wCvqu$y&�cyOvnw]x �g� å98:8:8 � �]�Ww]��y&sp�&y&sgz]v�y8{qsmt>uV�U¹a�hw]xmxgy8³hr$�.�
®$�$ra�)vqy­yOsmr7���a{qsmra�]y&r9�$y&� 	 » � ��s�v�w]r${%v�y&sgz�y&ra�$y&�c����{|sm{N�$ra�9yOsmr���r${%v�smyOz���s�vN{|vqy&s��
z�yOr$�$y&� ´µ³ 3 �$sg{`�O�JyOsmr$yO� � w �psm��w]x��8yO�|v��$r$��y&sgr$y&� w]ra{qt>u$xgsmy&¬]y&r$�$yOrJ�n�a�Lw]xmxlw]�a�
� y&�|vqy­�ar)vqy&� å 	 »lw]�|y&r$�${|y&r9yOvcw]x �g� å 8:A 6 � � ��w]�|{qz�wC�q�7yOvnw]x �g� å98:A�� � ����yO�W� w �asg�-wCxg��y&�|v
�&yOsmz]v���s�vc{|v�yOsmz�yOr$�$yO� �W�q�$r)�$r$z]{q�(wCu$xÀ�$yO{ ½ ��r${�y&smray­«_y&�|{qt>u$sgy&�$�ar$z^�&�£u ; u$y&�|y&r�´µ³ 3 �
� y&�|vqy&r��$ra��xmsmyOz]vª�U¹$� B �q�Cv���r$yOr���yOsay"v��lw · ¾W��y « D µ � �$ra�V�U¹$�=¼c��u$xmyOr${|vq� � �O��sm{|t>u$y&r
å ¾ � �$r$� · ��� �9y « D µ � 	 ¼A��w���v(� å 8:8:8 � � yO¢.��wCvqu$y&��y"v�wCxF��� å98:8I8 � �a��sgynsgr��ay&� � ���|xmsmyOz�y&r.��$yOr<���|��yOsgv7�U¹$� � yO�q{|t>u$smyO�$y&r$y°³_ra�$®$�$r$��vqy°��yO{|vqsm�`��v�yOr 	 » � {9{|smr$�1�&�a�9��y&{|{qy&�|y&r
ºn��y&�|{qsgt>u)v�smr 3 w]��yOxmxgyc¾p� · �O�${�w]�`�`y&r$z�yO{|vqy&xmx�v_�$r$��smr`���$�$sgxm�$�ar$z­¾p�o¾ � y&��wCr${qt>u~wC�$xmsgt>u)v&�
��sgy 	 » � � � y&�%v�yl{%v�sm�`�`y&r��`sgvª�$yOr�smrV�ay&�h´¥sgvqy&�qwCv��$�ª��y&{qt>ua�qsmyO��yOr$y&r � y&�%v�y&rV�U¹a�=� �W�
��y&xgxmyOr^z��avc¹$��y&�qyOsmr 	 ²À¹${q{|y&x � å98:8�� � � �7yOvnw]x �g� å98:8�� �~²~���$�qrasmy&�O� · ���]å � �
�Ww]�|¹$��y&�quasmr~w]�a{­�Oy&smz]y&r��asmy`�WwCvqy&r��µ�~w]¬�r$yO��yOr°�$y&� � smyOxg�Lw]t>u ��yO{qt>u$�|smyO��yOr$y&r°�n�$u~}]r.�
z�sgz��]yOsgv � ��� �ar)vqy&�|{q�$t>u�v�yOr0³hr$�$®a�$r$��v(�~�$yO� 	 ; uayA�$y&{ � t>u$w]�$y&ra{qr$s � y(wC�${n�ar$�7�$y&{������
{qsg{q��y&�|y&smt>uay&{&�]�$smy 	 » � w]�at>u`{%v>w]�|�­�$w � ��r`w]�$u~}Cr$z]v(�������$sgy8�$r�vqy&�q{|�$t>u�v�yOri³hr$�$®$�ar$��v�y
� �]r���yOxmxg�O¢.�)xm�${|y � y&��v�yOr ��y&yOsmr � �$¬]vA��y&�q�ay&r��µ��sgy`�9y&{|{q�$raz � ��re��¢p�)xg�${�w]�|�qyO{|v�yOre�.�$yO�
�&yOsgvqxmsmt>u���y&sgv��~w � ��r¯yOr�vq�Uy&�|r�v�y^³hr$�$®a�$r$��v�yi��sgy��~wC{��)xm��ra��z�y&rayiºn��y&�|xmyO��yOr°{qsgr$�°�~w��
� �]r9r$sgt>u�vn��yOvq�q� � y&r��~��xmxgyA³hr$�$®$�ar$��v�yR�~w]z�yOz�y&r��~�asmyA�&yOsgvqxmsmt>u^sgr7�$y&� ��}Cu$y#�$y&��y&�|{|vqy&r
�9s�v���{|y­r~wCt>u£»8y&{%v��qw]u$xm�ar$zi��y&{|vqsm�`��vN��y&�q�ay&r�����smy��C� »n��¿8u$�|���`��{q���`y&r$w]��yO�q�qwCv�sg��r$y&r
�.�$y&�n�9sg�.�|���]yO�qr$y � �$�`��yA�ay&� � y&�|{qt>u$sgy&�$yOr$y&r�³ � y&��v�y­�~w]�O�S��smyO{n��w]r$r��&�9y&sgr$y&� � vqy&s��
z�yO�q�$r$z^�.�$yO� � r�v�yO�q�$�|¹$t>�)�$r$z��$y&� � sm�q�)�$razi�]� »����$�a�qt>u � y&xgy&��v�sg��r0�$yO�W�$r�v�yO�q{|�$t>u�v�y&r
��y&xgxm®���®$�$xmwCv�sg��rA�U¹$u$�|y&r��$r$���U¹$� 	 y"�Uy&�|y&r$�\�ª�$r$� 3 y&{|v%� � vq��w]uaxm�$r$zA�ar)vqy&�|{qt>u$sgy&�$xgsmt>u�{|v�w]�q�
w]�${|z�y&®a��}]z]vc{|y&smr��a�8�.�$�$�|t>u9��sgy&�$yO�q�$� �asmy#��yO�qyOt>u$r$yOvqy 	 » � ��yOy&smr � �$¬]vN��sg�q���
��sgy&{qyn³hsmr � ¹${q{|y���yO��sm�|�]yOriw]�$t>u��p�~wC¬��|ycr~w]t>u����|v��$yO���n�${|��y&�%v��$raz��$y&���WwCvqy&ri�ar)vqy&���
{qt>uasmy&�axmsmt>uay�³_�|z�y&�ar$sm{|{qy�y&�|u~w]x�v�y&r£��y&�|�$y&r�����sgy�w]�$t>u � �]re´¥¹$t>�Cy"� 	 �$u$xgy�yOvRw]x �=¶ å98��I8�¸
z�yO�&y&sgz]vW���$�|�$y]�����$�$sgxm�$�ar$z�¾p� ¾0¶L�|y&t>u�v�{ ¸ �Oy&sgz]vA�$sgy�w]�${A�$yO� z�xgy&sgt>u$y&r��Ww�v�y&ra{�wCvq����y\�
{|vqsm�`��v�y 	 » � �U¹a��¿8u$�q�]����{|���`y&r~w]��y&�|��wCvqsm��ray&rQr~wCt>u �ar)vqy&�|{qt>u$sgy&�$xgsmt>u$yO� �n�${|��y&���
v��ar$z$�c³h{���y&�|�$y&rQ�$w]��yOs 	 » � � � y&�|vqye�"��sm{|t>u$y&r · � 8 �$r$� yOv��8w 8 ��yO{|v�sg���­v(� � sgy
���a�$smxg�$�$r$z�¾p� ¾°y&��y&ra�Lw]xgxm{^�Oy&smzCv(�l��y&�q�ay&r<��y&{|��r$�$yO�q{9�$��w]{%v�sg{qt>u$y � t>u��lwCr$�)�$r$z�yOr sm�
»8yO�qy&sgt>u<�$yO�7�-w �psg�-w]xgy&r 	 » � ��y&�]�~w]t>u�v�y"v(�N�l}Cu$�qyOr$�<�U¹$�7�)xmyOsmr$y��$r$�1{qyOu$��z��q��¬]y
´µ³ 3 � � y&�|vqy#�CwC�$� � t>u��8w]r$�)�$r$z�yOr�w]�a��vq�qyOvqy&r��
���p� �A�q�$r$�7�$yO��{|v>wC�q�]yOr � t>u��8w]r$�)�$r$z]y&r0��sm�|�7�$smyA�n�${q{qw]z�y&�)�qwC��v��ay&� 	 » � �C� »�� � ��r
¼Asmy"�Uy&�­¶ å98I8�·�¸ smr9²~��w]z�y#z�yO{|vqy&xmx�v(�S�WwC��yOsZ{%v�y&xgxgv��$yO�W»8yO�&�$z-w]�a�h�asmyR����{|sm{cy&smr��8yOsgvqy&�qyO{
B �q���axmy&�X�~wC�&���$y&r$r�sg�X²�wCxmx � ��r�ua�pt>up��´µ³ 3 � � v��qw]u$xg�$r$zWz�sg�avZy&{=�Cy&smraylz�y&�|smr$z]y&r����]{qy&r��
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{q�]r$�$y&�|r�r)�$�V��y&rasmz�y 3 �qy � yO� 	 ¼Asmy"�Uy&�O� å98:8�· � �Z���$¬]y&�q�ay&� ��sg�q�¯��y&sl�$yO��»8yOvq��w]t>u�vq�$r$z
�$yO�i����{|sm{��$smy � v��|�$��v��$���$y&� 3 yOsmxgt>u$y&r${|®$�$��r$smt>u�vi��y&�|¹$t>�){qsgt>u)vqsmz]v&�8�ny&�-��y&�]�~w]t>u�v�y"v�y
³ � yO��vR��sgy��]� »��¥�$smy ½ r$w]��v�s � sgy&�q�ar$z � ��r���y&xgxmy&r£sg{|v �|yO�$�pt>u��U¹$�#u$�.t>up��´µ³ 3 � � v���wCu$xm�$raz
� �]�|��smyOz�y&ra� � ��r7�$yO� 3 �|y � y&�%�lw]ua�q{qt>uay&smraxmsmt>ua�]y&s�v��$r$�^�$yOr � ®$�$�|®~w]��wC��y"v�y&�|r^w]�$u$}]r$z�sgz
	 »lw]�qyOr$�${|y&r y"vnw]xF��� å98IA 6 �S¼A��}C��yO�N�$r$�9¼#�qwC��v(� å98:8 C � �
³hsmr$y�wCxgv�yO�qr~w�v�s � y`� ; z�xgsmt>u$�Cy&s�v#�&�$� «_yO�qz�xgy&sgt>u �ay&� � sm�|�.�ar$z � ��r 3 yOsmxgt>u$y&r${%v��qw]u$xm�ar$z
{|vqy&xgxgvi�ay&� � sg�q�)�$r$z�{ �)�$y&�|{qt>u$r$s�vqv σ �$w]�&���$y&�i�asmy � sg�q�){�wC���Cy&sgv-y&sgr$y&� � v���wCu$xm�$raz �|y
3 y&smxgt>u$y&r���y&{|t>u$�qyOsm�av&� ½ � � r�vqy&�q{|t>u$smyO�e�O�$� 	 » � sg{|v σ � ��r�y&sgr$y&� 	 yO�UyO�qy&ra{|v��qw]u$xg�$r$z
�$r~wC�$u~}]r$z]smz$� � smyNsmr 3 w]��y&xmxgy�¾p� 6 z�y&�Oy&smzCvhsm{%v(��{%v�y&sgz]v σ sm� �$r�v�yO�q{q�at>u)vqy&r^´µ³ 3 ��»�y&�qyOsmt>u
w]r0�ar$� �L}]xgxgvcw]�$t>u0�U¹a���csmt>�]yOxmsg��r$y&r r$smt>u�v���sgy&�$yO�Ww]���S��sgy���y&sª�$y&� 	 » � ��yO���~w]t>u�v�y"v
���$�|�$y]����sgy � sg�q�){�wC���Cy&sgv`�$yO{�yOsmr$�Oy&xgr$y&r 3 yOsmxgt>u$y&r${`{|vqy&sgz]v`w]xm{|����s�v��$y&� ´µ³ 3 �$yO�
� yO�|��y&r$�ayOv�yOr � vq��w]u$xg�$r$z�w]r��$��sgyW�8yOr$smz�yOr^«_y&�qz]xmy&sgt>u${q�$wCv�yOr7�U¹a�N�$smyA»�y&{|vq��w]uaxm�$r$z � ��r
u)�$��w]r$y&rR²Àsg�$�q�]�$x¡w]{%v�yOrA��s�v�{qt>u���y&�|y&r ½ ��ray&rR{qsmra�R�`sgv��$y&rRsmrA�ay&� � ���|xmsgy&z�yOr$�$y&r#�n�q��y&sgv
��y&{|vqsm�`��v�yOr � yO�|v�yOr � y&�|y&smr)�~wC� 	 �e� � �$�O�$�)sZy"vcw]xF��� · ��� � � �
���${qw]���`y&rp�Lw]{q{|y&r$� ���$�q�$y`�Uy&{%v�z�yO{|v�yOxmx�v(�¥�~w]¬��$sgy���y&{%v�sm�`��vqy&r 	 » � � � y&�|vqy��`sgv#�ay&r
smr��$y&�_´¥sgvqy&�qwCv��$�Z��yO{qt>u$�|smyO��yOr$y&r��WwCvqy&r � yO�qz�xgy&smt>u)�~wC�={qsgr$���$r$���$sgylz�xmyOsmt>u$yl����{qsg{%���$r$�
´µ³ 3 �����au~}]r$z�sgz��]yOsgvµ�Oy&smz]y&r��5²À¹a�ªua��u$y 	 » � � � y&�|vqy�yO�qz�sg�avµ{qsgt>u��|yO�$�.t>uVw]�$t>uRy&sgr$y_{qyOu$�
z��|��¬�y � ®~w]r$ray]�.�$smy��$sgyn�n�${q{qw]z�y&�)�qwC��vl�$yO� 	 » � sgri²~��wCz�y�{|v�yOxmx�v(�)»8xmw]r$�]y���w]u$xgy&r���y&�|vqy
��u$rayN��r$z�wC��yN�$yO{ � yO�|��y&r$�$y"v�yOr7��y&xgxm{|¢.{%v�y&�`{&�]�$y&{h��yOvq��w]t>u�v�y"v�yOri³hr$�$®$�ar$��v�y&{��$r$���$yO{
� yO�qz�xgsmt>u$yOr$y&r � t>u~w]�$yOr${qr$s � y&w]�${h{qsgr$�V�~wCu$y&�Z�&�$�À»8y&{|t>u$�qyOsm�$�$razA�$y&� � sm�q�){qw]���Cy&s�vÀyOsmr$yO�
� vq��w]u$xg�$r$z��$r$z]y&y&sgz�r$y"v(�
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w]�a�ª�$sgy��U��xgz�y&r$�ay&r �Ay&r$yO��wCvqsm��ray&r^¹$��y&�%v���wCz�y&r��$��y&�N�nr)vqy&sgx�z�yO{qt>u~}]�asmz]vqy&����yOxmxmyOri�$r�v�yO�
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w]r$�ay&�qyR³-*�y&��v�y#��smyA�C� »��S�$sgyA���${|�$smxg�$�$r$z�yOsmr$yO��²Àsm�$�|��{qyA��yO��sg�q��v��8yO�q�$yOr � ( r$r$yOr��
��sgyAsm� «_y&�qz]xmy&sgt>u � ��r9�WwCvqy&r�w]�${c³ �p®�yO�qsg��yOr)vqy&r�w]r7yOv�w]�$xgsmy&�%v�yOr 	 w]�`{|vqy&�qxgsmr$sgy&r��$r$�
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��sgvq�q��ray&r${q}]�$�qy �9y&�|t>�����WwC�q�`{|v>wC�av

� ���
	 � ��	�� �

»8�|� 3���´ªwC��yOxmsmraz�w]r$�9��yOvqy&t"v�sm�]r ¼Asgv ½ »��pyOu$�qsgr$z�y&�O�S� w]rar$u$y&sg�
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��¢.t&�]®$x¡w]{|�-w���y"v�yOtOv�sg��r9¼#s�v »��pyOu$�qsgr$z�y&�O�S� w]rar$u$y&sg�
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