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-É�Ô�Å'âHÏ�Â�¿�ÑUãUÒ�Ï�Â�¿2Ó ¿�¾�Ô�àDÓ Ô�ÒÖÓ�Å�É�À Ò�Â�¿�Ë À=Ì7Ä�¾�Â�Å�ÎnË ÞäÀ Ò�Ë Ò�À�¾�¾Aå�Ü=æ/¿Aß È	¾Â�Á�çU¾�Â�Â�Ò�ÎBÄ�Å�¿�Æ�Ç ¿�È	È?¾fÉ�À ¾�×�¿L×�Â�Å�Ï�ß

Ú�ÅaÕbÇ�Þ�Ò�Ë=Ò�Ï�Â�¿�Ó�¿�Ì7Ô7Ñ�Ò�À ÅDÓ�¾�É�Ô�× Ò/Â�¿�Ë À ÌÍÄ�¾�Â�Å�Î:×fÑ�¿2è�Ä�Ò�È^Ñ�×�¿�Ä Ç ¿�ÂDÔ�¾�â ÂD¿7Ô�¿�Ñ�Ò�Î�è7¾äÄ�Å�¿�Æ�Ç ¿�È	È?¾�É�ÊDÇ�¿�×�¿7×�Â Å
-Ï�ß/ßDÑ�¿�Ï�¿�Â�ÒfÊDÇ�Ò�Ú�¾�ÂDÔ�Â�Ò ¾1É�Ò�Ò�Ô�Â�Ò�çL¾Â�Å0¾1Â�¿�Ë À ÌÍÄ�¾Â�Å�Î�×7Ñ�¿2è6ÄDÒ�ÈJÑ�×�¿ Ä Ç ¿�ÂDÔ�¾
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809;:=<?>'8�@BADC E*F E*>?GBHIF J09LKMFNEIO*F PRQTS;U O	PVFNEIE*>XW)Y E	EZ>0[ >]\TY ^0:_>`HIYNab�:�FNPcJd9;KeFf^�H)O	:_FgH)OIh
G*>0i'EZ>0:j9lk

m OZC0k*nIkpoqOIi'i0rsC :NH)O)Hdt*FN:eYNE*Y i'O	ulJ0iDOBAdE	O'AvE*YM>0wZFNEI^jtyx=^'>0iz>0[�OB{BFjCN^D>0[ >|Cj>DCN:�>�AdE	OBA}\ O
-

:�>0GIi)YNEI^0:_>0E*Y~^D>0E	wZFNE	: HIYNwIO	OvYNP/PT>0EIO	hIE*>0[ >�YNu�>0:_Y�� >0WDE*>0[ >�O	uL�Dn�\TY ^0:_>`HI>0JDb'W'i0A�^D>0:�>`Hz9��
:�YN^D>0h�Y E*Y i'O	u�809;i�GBHB>0J'F W)FNE�GZ>�W)Y E	EI9;PcPT>dE	O	:_>`H)OIE	[ Y�HIY u�i'O){)E	9T��J'>0Wz>'FjPT>0J�8DYjCjC=FNhIE*Y
S�>0E*Y�J����'n'o'� ���D����[�[�k*��wZFNEI^jt�Cj>'C :�>`AdEIOBA�O	u�PTFgHDAdi'O�G*>�GBAd:=O*8'Y i'i'<�EZ>0h�K�^'Y i)FM� ��8'YNi'i��
G*>0i'EZ>'CN:=<jr�80izYN[ >0GZ>0i�tB{zE*>'F�Cj>DCN:�>�AdE	O*F=b)o�8'Y i'i)>0J�� C=>'C�:�>`AdEIO*F;HIFN[�HIFjC=CjYNa/C~:�>�{)E*>'C :j<jr��	k�o
8'YNi'izY?����8'YN^=t*PT>0JDb����'�6��a�k� ;>0[�i)YjC E*>Xx=^'>0iz>0[�OB{BFjCN^dO	P¡PV>0W'OZ\¢O*^'Y w	OBAdP£GBHzOBHI>0WDE	9T��Cj>D> 8

-
¤ FjC :jJ��¥�¦8'Y ^jt	PV>0JDb~���'���=§ m tI^'>0JD>0W)C :jJD>	k¨k©k�b;���D�0ª'aLGBHIF W'i)>`«lF E*>�W'i0A}\¢O	:�>D��b�u�>'>0GIi)YNEI^0:_>0E*Y�O
G*FgHzO*\¢O	:_>0E*Y?C�{)O	:_YN:=<XEZ>`H)PTY i'<�E	9LP¢O�\T>0EZ>0J'>DFXC=>'CN:_>`AdE	OZF¬OC=>'CN:_>`AdE	OZFfxj^D>0i)>d[�OB{IF=CN^D>0[ >
E*YNG)H'A�«lF E	OBADb	EZFj80izYN[ >0GZ>0i�tB{zE	9LP¢O�� Cj>DCN:�>�AdE	OBAqC¦x=i)F PTFNEI:�Y P¢O�HIFN[�HBFjCjC=Yjb1Y�:�Y ^`«lF�Cj>DCN:�> A

-
E	OBA®xj^D>0i)>d[�OB{IF=CN^D>0[ >�OXPVFN:�Y=8'>0i'O){IFjCj^D>0[ >yHIFN[�HIFjC=CjY0k7¯c:�F�H)P¢OIE*Yg�°^'>dW)>0J�>0w*F E	^dO][�HIY E	OIw*Y
E*>`H)P/9�Cj>'>d:jJDFN:�C :jJ=t*FN:sJ'F i'OB{)OIE*F�ªZkpn'o	kIS~i0A�u�>'>'8DFNE	:_>'CjY�[�HBYNE	OIw*YME*>`H)P/9±O�G*Y :�>0i)>d[�O	O�i F

-
«�O	:�PVFg«�W�t|C=>'CN:_>`AdE	O)AdP¢O|C�x=i)FNPVFNEI:�YNP/O�x=^'>0iz>0[�OB{BFjCN^D>'[ >eHBFN[�HIF=CjC=Y�O®Cj>'C :�>`AdEIOBAdP/OyC�A�JdE*>
J09THIYg«�FNE	EI9;P/O�G)H)O	u�E*Y ^'YjP/O}HBFN[�HIF=CjC=Y���^'>0W|>dw*FNEI^0O®[�HIYNEIO	wI9³²	k�n'o0a�k	´�O)«�EBA�Av[�HBYNE	OIw*Y�:_> {

-
E*>'C :jO|809Li)Y�u�Y W)YNEZY�EZY�tBHB>0J0EZF�nDo0µ�kB¶�Y ^'C O	PTY i'<�E*Y�AMG*>di'E*>0:_Y�·y¸y¹'ªdº��#¹Dª'»1n'²0a=���'�dµ¼¸�²'n0µ

J�W)YNEIE*>0P�C i�tB{IY=F�W)>'C :jO	[gYNi)Y=CN<�GBH)O�u�E*Y�{IFNEIO	O|^'>0EIw*F E	:NHBYNw	OIO ½¾~¿ + ¸��Ikp�BÀd�Db	^'>0:_>`HI>'F�O�A J
-

i0ADFN:_CgA�OZCN^D>0P¢9LP�u�EZYg{IF E	OZFNP�Q�SLU�k
Á C i'O³\TY ^0:_>`HI>0J�CgHIF W'9£E*FjC ^'>di'<�^'>Db�:�>]O)�Â>0W'EZ>'\TYN^d:�>`HzE	9�F?Q�S;U PT>0[$t	:�809L:j<?HIY C

-
CNPT>d:NHIF E	9�J�C=>0J'>d^jt	GIE*>'C :jO6k`ÃIt	W)F P?>0:=E*>'C O	:=<�E*Yj8di0r�W)FNEIO*F�^�EZFj80izYN[ >0G1>di�tB{)EI9~PTb*F=CNi'O�u�E Y

-
{IFNEIO*FÄ�B>0:NAs809Å>0W'E*>d[ >�O	u�\TY ^0:_>`HI>0J�G)HIFNJd9LKMYjF :�CgJD>0h�Q�S;Usk)Æ7>0[�WzY�Cj>'>0:=J'F :�C�:jJ=tBr ¤ OIP�> 8

-
HIYNu�>0P]GZFgHIF=>0GBHIF W)FNidA0r�:_CgAvu�EZYg{IF E	O)A

a, b, c, d
��{zO*CNizYeEZYj80idr�W)FNEIO	h	a�k*Ç�HzO	E	OIPTY=FN:�C�ADbÈ{):�>

a
� {)OZCNi)>�:_>`{IF ^'b7[�W)F�C=>'CN:_>`AdE	OZFex=^D>'CNOZCN:�F P¢9�80i)Y [ >0G*>di�tB{)EZ>'bTY�[�HIY E	O	wI9cQTS;U¡EZF�GBHIF�J 9

-
KMFNEI9

 
W'idA�J'C=Fg�v\TY ^0:_>`HI>0JI§

b —
{)OZCNi)>�:�>�{IFN^DbB[�WzF�Cj>DCN:�>�AdE	O*F~x=^'>'C O*C :�FNP/9�80i)Y [ >0GZ>0i�tB{)EZ>'b*Y

[�HIYNEIO	wI9ÉQTS;U�G)HIFNJd9;KeFNE	9]�I>d:NAv809�W'idAv>0W'EZ>0[ >�\TY ^0:_>`HIYd§
c
� {)O*C i)>�:�>�{IFN^DbÊ[�W)F�Cj>DCN:�> A

-
E	O*F~x=^'>'C O*C :�FNP/9XEZFj80izYN[ >0GZ>0i�tB{zE1>'b*Y�[�HIY E	O	wI9�QTS;U³EZF�GBHIF�Jd9;KMF E	9]WDi0A�JDCjF���\TYN^d:�>`HI>�JI§

d
� {)OZCNi)>�:_>`{IF ^'b	[�WzF�Cj>'C :�>`AdEIO*F�x=^'>DCNO*C :�F P¢9]EZFj80i)Y [ >0GZ>0i�tB{)EZ>'b*Y

 
[�HIY E	OIw	9�QTS;U³G)HIFNJd9LK F

-
E	9]�I>0: Av809�W'i0Av>dW'E*>0[g>�\TYN^d:�>�HIY0k)Ç�H)O|:�Y ^'>dPXGZFgHIF=>0GBHIF W)FNizFNE	OIO

a, b, c
O

d
\T>�H)P�t	iD9ÉW'i0A

Ë O�Ç¡C=>`�'HIY EBA�r�:�G)HIFg«ÄE	O	h�JdO	W*k1Ç�>0i_tB{IFNEIE*>'F|Ì�C�tIP¢PTY�H)E*>DF0Ì�u�E*Y�{IFNEIO*FqÇÍE*FMPTFNEI<�KMFM> W
-

E*>0PVFgH)EI9��vu�E*Yg{BFNE	OIh*b*>0WDE*YN^D>M>'8`@ZFjW'OIE*FNEIE*Y�A�:_>`{)E*>DCN:j<�PT>�«lFN:�C :�YN:=<�PTF E	<�KMF�P/O	E	OIPTY i'<�E*>
W)>0G'tZCN:jOIPT>0[g>�u�E*Y�{ F EIOBAIk
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8:90;)9'<>=*?A@CBD=E90F 9'GIH J0KL9NM)=*?O@QPE90;0RS90;UTVKXWZY0WS[\9>]0B^Y\[�K\=E9'Y_9>P`MSY ;)Yba)Y =	cEY_d�=EHfeSY =	cS@hgjiOk
]'[lYfRmGIHbJ>K�9NM`90]hc	don*[baU9N]>c`phB^HbJX[bcSBDc	d�HbqSc	cr[\90]>BIYl[bKl=*90@sP*90aX=*90Kl?tP)M)cs90F�M`Hb=	c)eSYb=Sc	csB c

-
=	c	B^Hba'u�=E90@v;U90P'n*[ K\cSBI90@m[�n	B/BIHfMU=*90@wK�9Ne)=E9'[bKlu\xyTI<'90a)YlY{zLGIGIYbJ>K\c	]XYb=ET|KLHbJ}JXHbJ}PE90d�]'90a>pXYbK
]0?Ip>]0cSK\u~[bcS=*Y�M)F�c	d�Bhc	a'c�H =	K H F 90=Sc	d�BvGIH J0KL9NMS90]�c�PE90a�n`e)cSK u�<'90aUY\Y�K�9NeU=	?�Y�d�=*H�eSYb=Sc`p�gjiAkyW

8�M)c}B/=*90F 9XGIHbJ>K�9NM)=E90B�PE90;0RS9';)Y_P)MSYb;Xa)HbF HlYbKL[fpC[ a)Yb;LnExo�yc	@wHba'Ff9NM)c	KlB�MSH\[�eSYbKLH{gIiAkyW
� =EHfeSH a)H�[vP*90B^90��u\x ;']ln`RSGIHbJ>K�9�M)=*90Ff9�B^YbKL90;)H�=*HfR`90;0p>K�[�p�;']XH�GIH J0KL9NMSHlT�;)H�xo��c*Y�=*H c

-
<'90a'u���n)x�P*90a'=E90K�n6W�8�9X[ba)Y�z\KL90F 9QJ�=*Hb@S;)Yb=S=*90B6nvp>;0M>n�c	d�;X]\n`RwPEYfMSY BIYb=S=	?IRwP*9'9Ne`YfMSY ;'=*9
;)9'<'H ]0a0pXY K�[�p�JXHf��;)?O@�c	d�9X[bK�H ]0�yc`RS[�p�GIH J0KL9NMS90])W'i�a>p�JXHf��;U90F 9{cSd�;)9'<)Hb]>a0pXYbB/?jR�GIHbJ>K�9NM`90]
]0?Ie)c*[ a0pXYbKL[fpr90PSK\cSBIHbaXu�=*9'Yhd�=EHfeSY =	c*YwgjiOk c�[l9'90K\]XY�K�[ Kb]ln`xo��H�prYbB6n�[l90]>BIY\[ K\=EHfpsKbM`Y R

-
GIHbJ>K�9NM)=EHfprP*90aX=*90KLH��#d�=*H�eSYb=Sc`p�gjiOk ;'a0prP*Y�MSYbB^Yb=S=	?IR�p>;0MSHs<'Y�M>n	K�[�p�c	dhP)MSYb;'?O;�n	��YbF 9
Hb=*H a'c	d�H�c�=*Y�B^Yb=)p�xoK�[fp>��W'��JXHfe`Y\[bKl]'Y�K MSYbKlu>YbF 9�GIHbJ>K�9NM`H�J_p>;>M>nQ;)9X<'Hb]>a0pXYbKL[fp�KL90KlTVJX90KL9NM 9

-
B�ns[\9'9>K\]XYbK�[ K ]\n*Y K�BIH J'[ c	BIH a'u�=*H�ph[l9N]>BIYl[bKl=*Hfp�P*9>a'=*90KLH TDP`M)cS]'90;>p>��HfpCJ}=EHbcE<'90a'u���Y B�nrY\Y
n	]'Y a'c`e`Yb=	c)x�P)M)cvPEYfMSY�RS90;)Y�90K�;']ln`RSGIH J0KL9NM)=E90F 9}H =*HbaXc	d�H{JCKbMSY�RSGIHbJ>K�9NMU=*90B6n�W��)H K�Y B Hb= H

-
a)90F�c e =*9�KbMSY�RSGIHbJ>K�9�M)=*9'YAp>;0M`9:MSHl[b��c)M'pXYbKL[fp:;)9:e`YbK\?IMSY�RSGIHbJ>K�9NMU=*90F 9�c�K'W¡;*W

¢ P	cE[\Hb=S=*H�p�P`M`90q*Y ;�n`MSH�<0?AaUH{c*[ P*90aXu�d�90]XHb=EH{;'a>p�Hb=*H a'c	d�H�[ ]Np>d�cvB^Yf��;Ln�90q*Y =	JX90@�[ 9
-

[bK�9�p>=	c`pCPSa)Hb=SJ0KL90=*H�cw£'¤}GIHbJ>K�9�MSHbB/c�[fM`Yb;'?¥]}<XH\[\[lYb@S=*Y{i�90=*H>WVi�a0pr¦�§hGIH J0KL9NMS90]h��¨18�©
5,

NH4, NO3
T	=EY\GDK�Y P`MS9>;�n	J>K\?�T*GIYb=*9>a'?�T � 8«ª~��T�¬DST	®7¯)T1¬^°$T	PEY\[bKlc	qSc	;'?�T	K�Y BDP*Y�MSHbK�n`MSH ��T*;)H ]

-
��c`R�=*H c*<'9>a'u���n`x±P*90aX=*90K�n�P)M)c�9>;'=*90B^YfM)=E90BsHb=EHba'cSd�YlT	]�K�Hl<0a*WX¤	W�¦�P`M)c)]XYb;)Y =	?�[\9'9>K\]XYbK�[ K

-
]\n`xo�yc*Y�c	Bw90;'=E9'GIHbJ>K�9�M)=	?�Y�gjiAk:T'K�9�e)=*9'[ K\c�c�d�=*H�eSYb=Sc`p�PE90a'=E90K\?~W
²�³�´�µU¶'·'³�¸ ¹»º ¼*½�¾\¿�À�Á*Â�Ãl¿�Ä�Â�Å�Æ�ÃlÆ�ÁSÂ�Ç�ÃlÄ�È�Æ�É�Ê�Ë�Ê�ÁSÀ�Ë�Ç�ÊQÀ�Ì�Â�¿�Í�Ê�Î�Í�À�Ï À�ÐÊ\Ñ�Â�Ë�Í�À�Ð�À�Ë�À�Ë�Ç�À�Ò�¿�Ê\Ò�Å�ÏbÆ�¿�Í�Ç�À�¿�Æ_Ê
Å�Â�ÃlÊ>Ó	Ê\Ç�À�¿�ÆDÀ�ÇDÆ�Ô�Ê�À�Ç�Ê\ÑlÂ�Ë�Í�Ê\Õ�Ó	Æ�Í�Ç�À�ÃlÀ�ÉOÖZ×ÙØ�ÑlÊ�Ë�Ï ÀA¿lÆ�Ô Ï Ú|¾lÂ¿�Ê�Û'Ü ×�ÝVØ�Ñ Ê�Ë�Ï ÀOÔ ÏbÆ�Ð�À�Å�À�Ï�Þ�Ñl¿�ÄVÕ�¿�Æ�Ô Ï Ú

-¾�Â�¿�Ê�Û'Ü$×IßDØàÑlÊ�Ë�ÏbÀ/¿�Â�Ô Ï Æ�ÐÀ�Å�À�Ï Þ�Ñl¿�ÄVÕO¿lÆ�Ô Ï Ú|¾lÂ�¿�Ê�Û'Ü�á^âZãIÊAá^ä2åIØæ¿\Æ�Ê�Á	Â¿�ç�èIÂ�Â1Ê�¿�Æ�Ê�Ô À�Ï ç�èOÂ�Â�È�ÆDÅ�Â�Ã\Ê�À�¾
¿�Æ�Ô Ï Ú|¾lÂ�¿�Ê�Û�È�¿lÆ2ÑlÂ¿�Ê\ÒIÓ)Æ�Í�Ç�À�ÃlÆ�é�¼

ê Â�Ã�Â�Á*Â�¿�¿�Æ�Ò
N N1 N2 min ë*ìVí max î À�Ñl¿�À�Ë�Ç�ç�ï

%

ê À�Ïb¿ À Ç�Æ�ï
%

ðNê/ñ
5
ïbÁSÐ�òóÏ

231 116 115 1.03 5.39 9 77 15

NH4
ïbÁ	Ð�òóÏ

231 116 115 0.007 0.99 7.35 75 37

NO2, 
Á	Ð

/
Ï

231 116 115 0.004 0.2 0.92 76 11

ô Â$Ó`Ç�ÂÅ\Ã�À�¾lÞ Í�Ç�Ä6ï
Á	Ð�òóÏ 231 116 115 0.015 0.63 2.02 75 23

õ Â�¿�À�Ï Ä6ïbÁSÐ�òóÏ
231 116 115 0 0.009 0.017 75 10

ö ê7÷7ø ï Á	Ð�òóÏ
231 116 115 0 0.12 0.2 75 13
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8:9<;�=	>�?A@
225 114 111 0.001 0.017 0.07 78 13

B0C�D�EGF�HJI F HGK ;L= 3? D 231 116 115 8 77.48 310 80 7
MON ;L=	>�?P@

173 93 80 0 0.092 0.15 75 4

8RQS; =	>�?P@
9 0 9 0.005 0.005 0.016 100 100

TVU�D�W�X�Y�XZHGK ;�=	[�>�?A@
110 64 46 0 0.086 0.15 100 2

\	U =^] U�_GC�W�`�_GC ; 0a 77 46 31 8 12.53 18 100 3

bdc�eZfhg*i7j	ilknmOo)p^q'r s)rLt^uvo^rLwx	g'y�c<eLcGuzs'qGxO{^|}eL~hc���o)t*�0����e t*e g'p	w�e�w�e q0p:�Lp^�}�'� cZp��Z~��0g �
-

��pO�^rG�L~��0� ���Z���Lc����ht	pO���0c�w�eL��o��hw�t)������pO{�m*r�o^rL��rLt^t	u}{1iO���'f'eLqhg)r t	p*r�qhc���o^�h� ��|}e ~0c<��o^e�xOq r
-

g'pO�)p^q'eGrLc�m*�0g�t*�0c�x����'j�s)���	��� ��t*rG|Vc�r mOo^�0s<x	~0cGu�m)o^rLs'm:���)cGp	c�r g'y�t*rGr�p*� m*�0g�y�w��0q�eLcGy��R�OrL�
�Z�0s)r�o' ¡e t	p*r�¢^p	t	~�eZ��m:�'�L~��0g'y�~Gx£s'g0�¤t^pO{¥p^�}r���c����nf��0g)rZr�m*�0g�t	u¦r§s)e t	t	u¦rL¨�i1b©o^r w�x^g'y�c�e c�r
m*�'� g)rLs)�hq'e c�rLg�y�t*�0� ��s)�'f'e q0gªrLt	p)��m*���0s't:�0«¬m:r�o^r �}r t	t*�h«¬~�p*��{^�0s't:�0��x�hs0ohx¤p	w�s'qGxO{m:r�o r

-
�}rLt^t	u}{^�*m*�0g�x)�^rLt^t*�0�6x¬s'qGxO{^|}e ~0c<��o)t	uJ�®eLt*e g'p	w��'�}�1f0uJg'p��h¢*rLt:rLt^u�� g)rLs<x:���¯p*r�w�t:e��^r t	pO�
m*�0g't:�0cZu±°²s�g0�¥³¯´

2 µ ¶ �0� ��cLo)p·|}e ~0c<��o^e ¨��¸s'gh�º¹¼»¡½
5 µ ¶'¾ � �¿�^r cZu}o^r£|}e ~0c<��o^eL¨�¸s'g0�

À »�ÁÂb µ ¶ j0� ��m)�hcZy�|}e ~0c<��o^�0qh¨�	s'g0��o^eG��{^�hs)�0q�q'�hs'u µ ¶'Ã � ��Ä�rZ� cLy�|}eL~hc���o^�hq0¨��1s'g0�Å| r
-

t*�0g)�hq µ ¶�Ã �Æ���Zr �Vy¡|}eL~hc���o^�0qh¨�i
Ç¼È�É�ÊªË'Ì'È/ÍLÎÐÏ Î Ñ I�`�E = U�_GÒ�K¼ÓJC�ÒGC @ X�Ô*D�I�Õ�Ô�XJF�Y�U�Ò [ X¸D�F�D�W�F�Õ�Ò�XZÕ ]�@ C�Ò [ W�F�Ò�C6X ] U�_ZXhÖ	XZW�F�Ò�C�D¼_ C�Ô @ XZ×�Ò�K = X ] C

-_ZC = XJC�Ø�X�F�W�XZ×GU�D [ XZE¦Ö	C [ W�F�_GF�I}ÙAF�ØZF�Ô�Ò�C�×�U�Ò�XZÕ/X}_ C�Ô = U�_GÒ�F D�W�XÚW�U*Û7U ; ×LW�F/X¸IÜW$C�Ø @hÝ�Þ�ÝAß�à
TVC�_GK�Ö	C [ W�F�_GF�I

N N1 N2 á Ñ*â ß á ÑRâ/ã \	F�×GÒ�F�D�W�ä ;æå T/F @ Ò�F�W�C ;æå
ç�T/è

5 — NH4 231 116 115 5.419 1.027 75 44
ç�T/è

5 — NO2 231 116 115 4.957 0.233 75 34

ç�T/è
5 éëê U$ÖOW�U ] _GF�HZ` [ W�K

231 116 115 5.650 0.628 76 32

ç�T/è
5 éíì UÒ�F @ K

231 116 115 5.419 0.009 76 25
ç�T/è

5 é a TÜî�ï 231 116 115 6.112 0.106 79 23

ç�T/è
5 — Cu 225 114 111 6.112 0.013 79 30

ç�T/è
5 é ï1F�HGÒ�FLD�W�ä

231 116 115 6.112 38.083 78 27
ç�T/è

5 — Zn 173 93 80 6.079 0.046 77 21

ç�T/è
5 — Cr 9 0 9 3.600 0.005 100 100

ç�T/è
5 é T}UD�W�X�Y�XZHGK

110 64 46 5.341 0.083 80 17
ç�T/è

5 é \	U =	] U�_ZC�W�`�_GC
77 46 31 5.642 12.722 100 6

NH4 — NO2 231 116 115 0.965 0.208 75 44

NH4 éëê U�ÖOW�U ] _GF�H ` [ W�K
231 116 115 0.965 0.739 75 48
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8:9�;=<?>	9�@�A�B�;=B�C
N N1 N2 D*E*FHG D*EIF/J K B�L=M�B�N�A�O�PRQ 8/B�S M�B�A�9�PRQ

NH4 TVUXW M�B�S < 231 116 115 0.965 0.012 75 37

NH4 TVY 87Z/[ 231 116 115 0.965 0.144 75 44

NH4 TVY u 225 114 111 0.965 0.018 75 38

NH4 T [\B�]=M^B�N�A�O
231 116 115 1.390 38.083 75 45

NH4 — Zn 173 93 80 0.912 0.046 76 48

NH4 — Cr 9 0 9 0.180 0.005 100 100

NH4 T 8 W N�A�_�`�_a]=< 110 64 46 1.972 0.088 86 13

NH4 T K W�bdc0W ;=92A�e�;=9 77 46 31 1.902 12.722 76 42

NO2 TgfhW >iA W�c ;=B�] e=@�A�< 231 116 115 0.203 0.628 75 35

NO2 TVUXW M�B�S < 231 116 115 0.203 0.009 75 21

NO2 — Cu 225 114 111 0.216 0.016 76 23

NO2 T [\B�]=M^B�N�A�O
231 116 115 0.216 81.444 78 16

NO2 — Zn 173 93 80 0.203 0.096 76 16

NO2 — Cr 9 0 9 0.071 0.005 100 100

NO2 T 8 W N�A�_�`�_a]=< 110 64 46 0.210 0.083 77 22

NO2 T K W�bdc0W ;=92A�e�;=9 77 46 31 0.526 12.722 100 6

f:W >iA Wc ;�B�]=e @�A�< TVUjW M0B�Sk< 231 116 115 0.567 0.010 76 38

f:W >iA Wc ;�B�]=e @�A�< TVY 87Z7[ 231 116 115 0.741 0.106 77 29

f:W >iA Wc ;�B�]=e @�A�< T Cu 225 114 111 0.596 0.045 76 31

f:W >iA Wc ;�B�]=e @�A�< T [*B ]
-M�B�N�A�O 231 116 115 0.741 138.083 75 35

f:W >iA Wc ;�B�]=e @�A�< T Zn 173 93 80 0.741 0.096 78 23

Cu — Cr 9 0 9 0.005 0.005 100% 100%

Cu T 8 W N�A�_�`�_a]a< 110 64 46 0.016 0.058 78% 30%

Cu T K Wb	c�W ;=9�A�e�;a9 72 45 27 0.045 12.722 100% 7%

[*Bl]=M�B N�A�O T Zn 173 93 80 193.652 0.096 86% 7%

[*Bl]=M�B N�A�O T Cr 9 0 9 130.000 0.005 100% 100%
[*Bl]=M�B N�A�O T 8 W N�A�_�`�_a]=< 110 64 46 133.913 0.083 86% 13%

[*Bl]=M�B N�A�O T K Wb	c�W ;a9�A�e�;=9 77 46 31 130.000 12.722 100% 3%

Zn — Cr 0 0 0 0.000 0.000 100% 0%
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8:9�;=<?>	9�@�A�B�;=B�C
N N1 N2 D*E*FHG D*EIF/J K B�L=M�B�N�A�O�PRQ 8/B�S M�B�A�9�PRQ

Zn T 8:UN�A�V�W�VYX=<
102 60 42 0.083 0.083 80% 10%

Zn TZK U�[]\�U�;=9�A�^�;=9 72 45 27 0.083 12.722 80% 15%

Cr T 8/U�N�A�V�W�VYX=<
0 0 0 0.000 0.000 80% 0%

Cr T_K U�[]\�U�;=9�A�^�;=9 0 0 0 0.000 0.000 80% 0%

8:U�N�A�V�W�VYX=< T`K U�[]\�U�;=9�A ^ -;Y9 50 38 12 0.087 12.722 100% 17%

aHbdcfehg'i]j*e j	i*elkYe m:ion0g'jfn'prq s0tundv)j]wyx{zy|r}~g�qh�)n�b0w��������'����n�g'j*q s'n?��v)i�t�nd��j*n'k tYi
� k=eh� n��'i]���?�'�����Itun0��g)q�s�qhs���v)i � e g)ehj]j	w�e�v]e ���	����t�qht=w�k��`�¡ �¢0� n'b'eYk �*e��)i � q¤£ltuk¤¥�k�� q

-
g)qhj]j*n0¦?t�n��)j n k tY�Y£§�' 0��¨

a��	ifkYqhj]j	w�e � wr�?elm:j*n�� n'p©qhs�t�n�v)j	wª¦«i«��ifbdv)i]g'j	wª¦«m©e t�n'g'w���� � kht � i	tueh�'��j]w�s¬j*q � i
-

�)i�£m/j*nd®¯eYkht � q°��v�n0�'�	±²ehj	j]wyx�jfqYb0��£lg)ehj]i	¦*�1�*n'k s'n0����sY�«t v]eYbY�)£lt?n0g'jfn � v�ehm©e j	jfn��¤n���v i
-

k��	tukht � i�¥³��jfq¤�]e j	i]¦�m:jfn0��i)x�p©qhs�t�ndv�n ��� s�q¤®´g)n0mµj*q=b0�'£lg)ehj]i	i6¨0}¶g�n � ��eht � ndv)i]tY�°·=t�n�t v]eYb n
-

� q j	i*e°m©n�®�j*n�k��fn0m©n0±¸�Y£t�q s�j*q ��w � q=ehm¹n0� nº�²qh� n � n0� n�m¹ehtun0g)q0¨fa¯j«�fndx]nd®~jfq�n0�	ifkYq j	j	wª¦
� wª�?e°m©ehtun0g��fn'kh��ehg)n � qhtueh�'��jfn0� n ��� n0g�q�p©q s0tundv]n � �	j*n�n0tY�'i)�]qYe t�k�¥?n0tlj*e � n�t�e m©�	�'tun�n'k j n

-
� q j¬�*n0�'jfn'kht=�Y£j*q°n�g'j*n'p©q s0tundv)j]wyx{zy|r}¸¨)»°q°s'q�®�g)n0m¼�?q � e�i]±?ehtuk¤¥?jfn � wª¦«p©q s0tundv]�*g)q £

-
±�i	¦¼j*q i*b'n0������i	¦½�)v)i�v�n'khtok��	m/m©q�v)j*n0¦¾�*n0�'jfn0tYw � k=e¤x �0� ehg)e j	j]wyx¼�fe¤v]e m©ehj]j	w©x]�rjfnµeh� n
zy|r}¿jfe¯�*e�v]eYk��)i	t=w � qYe t�k�¥)¨0»³q¯�fn'kh�)e g'j*e m¡�?q � eY�'�fn'kh�)e � s��0£°�]e j	i)¥ � kYe�x?�*e�v]ehm¹ehj	j]wyx��	� n

-
�����]q�£lt¶k��	m:m¹q¤v)j���£�tund�)jfn'kht=�¶i?�*n0��j*n0t��*�'n°s'n0tundv)w©x°�]�*n0m/i	j*q �)n'k � � wr�?e�¨

À qh� n � wª¦µq j*qh��i	�liµeh�¤n{v]eh��	�'��tuqht=w��fn0� � n0�0¥�£lt¸�	�*n�v'¥�g)nd�)i]tY��p©q s0tundv)w~�*n«k t�eh�fehj]i
i�x � ��i�¥�j	i)¥lj*q°n0Áfehj]s0if�*q¯t�q sd®¯e¶�*n0j)¥�th�¸i�x � j��	thv�ehj	j)£°£ � ��q i	m©n�k � ¥����)¨'Â/kh��iÃ��vd�	�	�fq�p©q s

-
t�ndv]n � jfq{�fe¤v � n�m��?q � e{x]q�v]qhs�t�e�v)i	��*e t�k¤¥ � w�kYn0s�n0¦½�fn0�'jfn0t�n0¦f�Äq¬�*n'k �)e ��� n0g)q«n0g�j*n0� n¡i]�
j	i�xÅj*q�·=t�n0m~�?qh�¤e � k=e«n'k�t�q �'��j	w�eÃg)q�£lt«m©q �'wr¦¾��v)i)v]n'khto�*n0�'jfn0tYwZj*q � tundv]n0m~�?q � eY�©t�n
m©nd®�jfnÆ�	t � e�v'®�g)q tY������t�nÇi�x � ��i�¥�j	ifeÈjfq½kYn�kht�n�¥�j	i*e¡·=s'n�khi*k t�e m:w s�ndv'v�eh�'i)v]n � qhj*n]¨°zytun
� q�®�j*n¿kÈtund�)s�i���v]ehj]i�¥¼�]��v]q � �)e j	i)¥½s�q¤�]e=kht � n0mÉk¤v�ehg'w����fn'khs�n0�'��s=�§v�eYqh����j*n � ��i�¥�tY�¾j*q
n0Á*e j	s=��k=n'khtund¥�j	i)¥°m©n����	t�i?j*e � kYey·=t=i�p©q s0tundv)wH¨

�³n'kh��e{�)v]n � ehg)e j	i�¥Ên0�	ifkYqhj]j	w©x � wr�²e{�)v]n0Á*e g���vÅm©ehtun0g)q�zy|ª} � k=eº����qYkht � �)£l±�i*e �
qhj*q �'i	��e���v�i��)i]j¡·Ys�n0�)n���i��]e=khs�n'� n«j*eYb��)qh� n��*n0���	�)i)¥ËqYb�i*n0t=i��]e=khs�i*e�p©qhs�t�ndv)wZn'b'w©�)j*n«v]q �

-
g)eh�0¥�£ltuk¤¥¸j*q¶g � e¶��v��]�	�	w³Ì��*kh�)n � jfn²��j*q��)i	m/wÄe=�	t'¨Íed¨'tue �	g'�0¥¸s'n0tundv)w©x�z©|r}�jfqh¦]g)ehj]w � �)v e

-
g)eh�)q�x�j*qhi]m©e j	���?e � n�i¬j*qhifb'n0�'���²eh� n?��jfq¤�]e j	i	¦�g)q j	j*n�¦Ã�fe¤v]e m©ehj]j*n0¦ � i*k�x]n0g'jfn0mÆm¹qYk=khi � e
g)qhj]j	w©x]�	i¬j*e ��jfq¤�)i]m:w�eY�	t'¨Íe0¨'tueY�	g'�0¥²s'n0tundv)w©x � kYe � kht v]e¤�]q � �¸i*eYk�¥ � m©qYk=khi � e°g)qhj]j	w©x¬��j q

-
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8:9<;:=?>A@CB'B0DFEG9<DH@<D EGB0E'I J'=KD�BLJ'M�N'BAO0J)I P B0Q*BLJ�R?8);:SUTVB0W*9 ;	NGI<TVB'OYX)>G@<;)>G9<TZB0[\OL=1B0DF=)8:9F@ N'B0[K] I -
^ I<NLD�9 ^ =*@ DF=	NL=�_a`bD�@�R	D�@ D E0=a9cELSd8e=*@<Je9<;	;aB0[fE'9 J'=?8e=	;	ShgjiUkmlGn0oKpaq<r�p*sutev	TwSj]xQ*q ^ q<Tjq p	p:Sd]
P y0zGy ^ v	{|y}{Hy0Tj~�t){�yx�Fy'y0{Cz'q {���{FzCR?����vaq�p*y ^ Tjs<{Cv)z0S�lGn0o\p:v?]�n)q���s<{Az0paq�Q ^ q l)q<n)yLz�zG�<{ ^ q -
t:s<zL��v?]?�uo�r�s�v*�F� n)q<ley0z's p	p:SU[�Qaq ^ vay0l�r�p*sut?q<p	v:[�_wi�n0oxR*�<n)yLz�p*y�r�p*sutev	TwSj]V�js<�L{�y ^ y0z ^ q -
r��	nG��{�s<{Hy0��va�F� n)q<l)yLz's p	v?o�oLzLn0oGq�{���o�zL�dtev*�<neq<p	pasuo�zGq<n'v)t)v	pas�gjiUk�_L�bl'pas<�Gy�paq�z'�CqU�*� n)y0zLp*y
r�pasut)v:�w��q\�js<�L{�y ^ ���jy0���:{f�0��{F�f� ^ v:r�pas<p:� v*� {Fv:p	p	���wvV� ^ v)t)v	pas<�wv¡zGy0r�p	v	�Gsu����q<� y�p q -
�0n)s<�uy0�*y0nH�?t)v?o��Lv*y0{C��_'i¢nLo�v:l)q<p:{Fv*�wv:�'s W	v:vK{�s<�Lv?]A� ^ v?t)v:pK� ^ q l'p*s r�pasut:q pK� ^ yLW*qF�C��y0{��Gy ^ s
r�pasut)v:�w�j]h�js<�L{�y ^ y0z£� ^ q l'v£�*�<n)yLz0pay¤r�p*sutev	�w�j]:~¥{G_¦qL_b{Hqu]:~¥�Gy0{Hy ^ ��q§l)su��{Vp*s<va�'y0n'����v	[
z0�Ln)s<l�z�y0�:v*�Fs p	vaq�¨C�Gy0n)y0��v?t:qC�<�Gy0� y�p*qF�Ln)s<� yL�*y0n � t	v)o:_

© ^ v:{ q ^ v	vªr�pasut)v:�jy'� {Fv�«
¬ �Cy'�0n0��leq<p	vaq��wv:p	v	��s n'��p*yL� y��*y ^ yL� y0zGy0� yr�p*s�t:q<p:v?oA®��Gs<�ª� ^ s<zLv	n)y'~*p*q��jq p*qCq¥¯'°L±K²

{�yYtep*y'� {Fvªl)q<{Hq ^ �/v	pas<W	v:v�³�� ^ q z0���ªq p	v*q�gjiUkVz0n)q�t:q<{�paqF�0n)s � y0�ay0n��?t)pG�?�hyLW*q<p:�F�6³
¬ zL�¢�Cy0�Gsuo��ay0n'pay0{�s��FyGy0{ z'q {��<{ zC�?���ªq [��Cy0� ^ o���q<p:p*y'� {Fv�´
¬ l)y'� {�s<{HyYt)pay'q��'yLn'v?t:qC�<{Cz'y\�Gs<�f�0nes<� y0�ay0n��?tep	�j]:~w{�s �\v�p*qC�0n)s<�uy0�*y0nH�?t)p	�j]�p*sC�0n � -

l)q<p:v	[A®�p*q¢�jq p*qCqbµG°0±¶y0{�y'�L�ªq<� y�t)va�<n)s¢p*sC�0n0��l)q p	v:[	²�´
¬ p*q �'yL{�y ^ ��q�¨F�G�<�aq ^ {Cp	��q�s � ^ vay ^ p:�¢q��Fy'yG� ^ s<��q p	v?o·y�z0n'v)oLp	v:v�l)s<p:p*y0[V�*q ^ q<�jq p -

p*y0[A� ^ q<l'��pas¢l)s<p:p'�?�¸�0v*y0{Cv?t:qC�<�C�	�¹]:s ^ s<�L{ q ^ v*� {Fv	�C��_
º p*sutev	�w��q��js<�L{�y ^ �¡vx�Fy'yL{FzGq<{�� {FzC�?����vaqcr�p*s�t:q<p:v?oªv)]KgjiUkh�Zy0���	{��0��{F�ª� ^ y ^ s<p)� v -

^ y0zGs<p	�¡�ay� ^ v	{Hq ^ v)�m�*y0nGp*y0{C��_)»£�Fy'y0{Cz'q {���{FzLv	vx�c¨C{Fv:��p*q �'yL{�y ^ ��[f�js �0{Hy ^ ~*p*qF�Cy'�0n0��l q -
p	v*qªgjiUkml'nLoK�Gy0{�y ^ y0� yKz�¼L°0± �<n��)t:sFq z��Fy0� ^ o���q<pay��¥¨C�Gy0n)y0��v)t:qF� �0v:�¡p*qF�Ln)s<� yL�*y0n��)t)v*q �j~
l)y0n0��q p��'��{F��y0� ^ q<l)q n)q<p��'s �\�Gy0n)qFqªr�pasut)v:�j�U[a~�t:q �h�js<�L{�y ^ ~��½�Gy0{Hy ^ y0� y\�ay0n'p*yL{�s ^ s<zLp*s
¾ °0±¶®�� ^ vª{�y0�\��q¢�wv:p	v:�js<nG��p*y0�f�*y ^ y0� q¢{�y�t)p y � {Fv:²�_

¾ _¦µ	_L¿7qu]ep*y0n)yL��v?oÀl'v*s ��p*y'� {Fv:�0v�¨C�'yLn)y0��v)t:qF� �'y0�uy¥�Cy'�<{HyYoLp	v)o�vªp*y ^ �wv ^ y0z's p	vaqb�js �0{Hy ^ y0z
� ^ q l'���*y�l)s<p:p	���f��v*l ^ y'�Lv1y0n)y0��v)t:qF� �)y0� y�vA�wv	r�v	�Gy'ÁÂ])v	�/v?t:qC�F�'yL� yc�Zy0p	v:{�y ^ v	p	�usÃpas¢� ^ v -
�jq ^ q ^ q<���'sC�F�Fq [	pasÃiÃy0p*s¢v ^ q<�LvAÄÅ� ^ �

Ä��ay0�jy0���F� �jq {�y0l)s�gjiUkÆ� ^ yLz'y0lGv	n'v�¨C�'y0ney0��v?t?qF�<�C�?� lGv*sF��pay'�<{Cv	�C�§vÇp*y ^ �/v ^ yLz s -
p	v?�Èz ^ q �'s�]Av�zGy0l)yY] ^ s<p	v:n'v	��su]Ap	v)��p*q � y�{�qut?q<p	v)o ^ q<�Lv�i�yLp��ay�les<p	p:�U�Ç�jyLp	v	{Hy ^ v:p	� s�z
É�Ê'¾ ¯'Á É�ÊGÊ�É ����_*®�Ë:�	n'� s �'yLz�v\l0ÌÎÍ¦~ É�Ê'Ê ¯'~ É�Ê'Ê'¾ ´	Ï�q�zLv?t�v�l0Ì1ÍÐ~ É�Ê'Ê'Ñ ~ É�ÊGÊ ¼�²�Í?»��Fq � yK�0��nKv*�C�<n q -
l)y0zGs<p�µ É � {FzGyYÌfpasF�0n0��leq<p	v)of®�pasÌ:q<�GsuÒ�i�y0pa~wÓ�s<p	�jt:~jÄ�q<zGquÌ:� �0v:Ô�i�y0paq<Õ:~wz'yLl)yYÒ'Ì:s p	v:n v -
�ªsuÒAÖ�v:�wn0oLpa�<�Gy0�j~	»�qF�Cq<n)yLz'� �'y0�/²~	p*s��Gy0{�yYÌe�dÒ|y0{H�0v?Ì:s n'vK�Gs<�ª��v	lLÌ:y'�0vay0n)y0��v)t:qF�F�Lv*qC~Î{Hs<�ªv
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^JI?@T{yND^0OpC>9)@JIQ@08?<G�y8)@0\'ipC>EGO?{vY`{vOjCBM)O?E�< 9'O*C _�9TP�h0YgN�{y<>9HYgN�K�=*<>MQN>=	O):H��OoA�IQ<>=	O?t*<�=pN>8 @ -
\'i*C EGO	{�@'C>EVOLi*C E�< =*<>FT9'O)FH<>9)<VC>_~Ea@09'_�^H@�8'90:dFTY�CG@0^TOQW;K�=*<BMQN>=	O?q�e � 9T:�I?<GC EGFH@JI?N>=?=*@0AB@�^TO*C 9 @ -
I?@08)<g=*N 8)@0\Hi*C>EVO	{vY�{vO]\*@09X<>A < 9'O*C _~E�@T9'_�^'@�=	O?K�^TO*N�N A @�K�=*<�M?N>=?OQ:?e

�7N ^Gi	z�NGNUCV@'C>Ea@J:T=	OpN�A�O?80I?@'hTO*@0=?E�@0FH�vh'N K�ipC>9)@0FT=*@H��{y@���N>E;K�< F0OpCGN>E _�=*N]E�@09'_�^H@ @0EUE N -
^Gi	z�N>A @ CG@HC>E�@�:T=	OQ:¡CBIQN>8'Y��v=*@�O¢@TED\QI?N 8'£]NGC E FGiQPdz�OQW�O	{wCV@'C>Ea@J:T=	O?q�e�¤`Ea@'h0Y�i)M?NGC EG_�K < -
\*<>K�8'Y`F'< =	OpNbI?NV<>^Tt	O?qoA�O	8TI?@)h0O*@0=?E�@0F�=*<�EaN>^Vi	zLOpN¥FH@0K�8)N>qpC>EGFTOQ:�O�ZauyuyN ^0E�=p<>^H<>\?9'O	FH<>=?OX:
\*@'C 9)N>8'=?OQW?�?<>=p<>9'O?K�O)I?@0FH<>9'O;F09'O):T=	OpN�=*<�@JIXA <>=?O	K�{vY|K�=p<BM?N =	O	qb<Gh0Op@0EGO)M?NGC ^0O)W]\*N�I?N>{�N>=?=*YkW
F�\)I?N>8'£�NGC>EVFGi)PdzLO*N]A @08'Y�e � 9T:D\	9X<>=	^TE�@T=*<G��\pNBI)OpuvO	E�@T=*<�O�h'N =	Ea@'CG<D< =*<>9HO	K�OQI?@0FH<>9HO¢8)< = -
=	Y�N¦K�<gE>I)O]A @T8)<~R�E�N ^Gi?zLO	q;O�8HF'<�\QI?N 8'£]NGC EGFViQPdzLO)W)c�e � 90:�i	9)@�F'@TFLC�i	8)<>^H<~C�h'NBIX£]@0{y�)9)N�z]<
O�M?N�W?@0=?O�§ K�<D£]NVC>E _�9)N E�R#EaN>^Vi	zLO?q¢Oo\Q:TE _ \QI?N 8'£]NVC>E FGi)PdzLOQW)c��\p@'C>^H@09'_�^Vil@'C =*@0FT='iQP
{y<GCVC�i;i	9)@0FH@0F;CG@'C E�<�FT90:T9'O�@'CG@'hTO�@0EdCVN>A @T9)N>Ea@0^]8)@�£]NVC>EVO	9)N E�@0^?e � 90:di)I?@J��< q	=*@HC>EGO�@'CVNBE I?<
O�9XN>z]<diQM)O	EVY�FH<>9HO�FT9'O):T=	O*N]uy< ^0Ea@JI?@0F�\*N�I)F'@Tq�\p@09)@0FTO	=?Y�E�N ^Gi	z�N>A @�AB@08)<UR�O?9'O¨8'9T:DI':T8)<
\*NBIQN>{yN =	=?YkW�OQWdW?<BIQ<>^TE�NBI O C>EVO	^TO]K�<gA @08Hc�e

� 90:�^H<B��8X@0A @�O	Ky=*<Vh'@JI?@TFL@0tpN>=p@0^�ZV^H@09)@0A�O	M?NGC ^'@0AB@LCG@'C E�@J:T=?OQ:dO;8'90:d^H<B��8)@TqDCG@H@0EGFHN E -
C>EGFViQPdz]N qo=*<Vh'@JITi©<GhTO*@0EVOQM?NVC>^H@0ql\*NBIQN>{yN =	=p@0q©@0EGY�C>^TO	FH<>9'O©ª ��« OoI?<VCGCBMXO	EGY`FH<>9'OoEa@ M -
=*@'C EG_dOD\*@09'=p@JE�iU§ ^JI)O?E�N�I)O	O;K�=p<BM)O?{y@'C EGODZGEVOQW�iQI?@0FT=*N q�e)¬�< \*@0{/=	O?{y�	M)E�@LFHCGN�<GhTO*@0EVOQM N -
C>^TO*N�\*NBIQN>{yN =	=?YgN~I?<GC \*< 8)<>PdE�C�:]=*<�\QI?N 8'K�=*<BMXO	{vY�N�O�=pN>K�=*<BMXO	{yY�N�RI?< K�8)N 9D�	e�®'c�eQ¯1N K�i?9'_�E < -
E�@0{|O*CVC>9)N 8)@0FH<>=	O):]8'90:�\QI?N 8'K�=p<BM)O?{vYyW�uy<>^TE�@JIQ@0F�:TFT90:HN>EaCB:;FTYkM)OpC>9)N =	=p<B:]FHN>9'O)M)O	=p<Lª ��« e
� 90:�=*N>K�=*<�M)O	{/YkW°uy< ^0Ea@JI?@0F�IQN>Ki	9'_�E�< EDO*CVC>9)N 8)@0FH<>=	O):�§ {/O	=?O	{y< 9'_�=*<�:�O�{�<>^HC>O?{y<>9H_�=*<B:
A�I?<>=?O	t?Y�K�=p<BM?N =	O	q�uy< ^0Ea@JI?<LK�<LOpCGC>9XN>8)@0FH<>=?=	Y`q \*NBIXO*@08*e1ªyEGO FHN>9'O)M)O	=?Yg��=p<>K�F'< =	=?YgN�ZV^ @ -
9)@0A�O)M?NGC ^0O©h'N K @0\*<VC>=?Y�{/O±A�I?<>=?O	t*< {vO�R�ªy²1³�c��\)I)O±ZV^H@09)@0A�OQM?NVC>^H@X{´=*@JIX{vOQIQ@0F'< =	O?O[{y@TA�i	E
C>9�iQ�¦O	EG_d@�I)O*N =	EGO)I?<>{/OUA�IQ<>=	O?t�ZV^H@09)@0A�O)M?NGC ^0Obh'N>K�@0\p<GC>=*YyW]K�=*<�M?N>=?O	q*�)^'@TE�@JI)Y�N�8H90:L8X<>=	= @ -
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8 9;:=< >0?@9BAC<ED�< F'G H)90I=9KJ*GELMA)NCF'9OH0PO?Q>KRS>'90TU908�NMVMGXWY>Z90I6[\J*GX]OT)<Y8 9OL190T�[MV)N)^`_	aE<SWY>Z90T'b�>Z9c[	> < -
D�< J	J	deGcf=gihjH)<YTUGY>ONk90?cLl90?�G J	m	Nl<YT'b�Jl9nW�[	opGXWY? FS[M^qocN)rnFOJ*GQN)rsN	J)?�G�A)F'< T)<EF'G T'NMV)NCJkf=tvuxw
9'WY?@<XGY?@WyPxJ*GYNCD�FZGXW ? JCdvIe_

z ?@<X]0Tl_i{C_}|nWYFZGYHUGYJ	d~FZWXGQAC<SWXW�V)N	?@<YJ	JCd�GcH'TOPs]'<SWXWXG �	Jl<pa�NM��JlGY8 9nt�90Jl<Kf�tvu�Njf�g1h/_
t�T0PE>Z<y��H)90�;LlGyACG I=G J	J*9O�;LMAUNn90?@]'9BACG�L*9BAC9O8 90FOd�rKFZGYTZNMV)NCJ;N	D�>Z90J	>S[MA)N)AO[M^qocN)rKD�Jl<yVCG J	NC�*w
L*90T�[)VC<XG I�d=rcH'TOP�AC< D�T'N	VUJ	d=r`WYH'FON	8y90FQLl9QF�ACGYI�GYJ	Nlw'F0de]0NMAM<YT'N�WX<YI�9'G���GXWY?S>'9ZG�H'T0PqHU<YJ	Jl908 9
]0N*90?SNMVCGSWY>Z908 9~N	JCH'N*>'< ?�9BAM<0_ z L*9'W T)GYHZJ*GYI W ?�90T)]Om*G�?�<S]0T'N	mCd W F'G H)GYJCd WS<YI/d�G���GXW ?X>ON*G
f�tvu WyACG H'N~FZWXGyr�]0N*9O?XNMVMGXWY>ONMr�N	JCH'N	>Z<Y?@9BAC90FC_�ax<YNl]'90T'b��K<�P���GSWY?X>Z9'W ?Xb�L*90H0AM<YD[	I=G F'<SGY?)�
H'T0P`F'WSGyrsFZGyA'rUJ	NMr�f�t�u�Nkf=g1h�� RX?@9;J*< N	I=G J	bS�KGXGQNCD�JCNMrsD�J*<yVMGYJ	NlGXw*H'T0P`J	N)��J	N)rn[)AC9 F -
J*GY�KNCT'NK8�AC<YJCN	mc� J*< N*]'90TZb��KGXGvD�J*<�V G JCN*GO_

z WX9'90?SF'G ?�W ?YFON	NsW�L*G�ACGyV)NlWYT)G J	JCdvI/N�FcAC< D�H)G T)Gq{	_��`>BA)NC?�G�A)NMPOI/N�H'TOPK>'<���H)908y9;]0Nl90? N -
VCGXW >'908y9�NCJ	H'NC>'< ?�9BAC<K]'d�T'Nj90?�9']�AC<YJCd�:�N	D�N	>)9'��r)NCI�N)VCGXWX>ON*G`:=<Y>O?�9BA)dew�D�J*<�V)N	I/d�GKH'T0PsFZ9 D -
J	N	>OJ*9OF'G J	NMPKRS>Z90T)908�N)VCGXW >'9O8 9;J*GS]0T)<X8 90Ll90T�[MVUNMP���?�<X]OT*_*{	_��' �_	a�N)��J	NC�\L*9BAM908�?@9BV)J*9ZWY?XN\AC< W -
VCGY?@<¡f=tvu¢]OdvT`[*WY?@<YJl90F0TUGYJkJ*<�[)AC90FOJ*G;£O¤0¥¦_i§�ACG H'J*GSWXGYD�90JCJ	deGpNjW�ACGYH'JlGYI�GXWyP�VUJ	deGpD�J*<YV G -
J	NMP�f=tvu¨I�908�[	?sW T�[M��NC?Xb¦9BA)N*G J	?SNMAC90FZ9BV)JCdvI/N©Jl9BA)I�<Y?XNCF'< I�N�H)90LZ[*WY?SN	I=9O8 9ªFZ90D�H)GY�lWY?XFONMP
?�908 9KN	T'N¦H0AO[	8 9O8 9n:=<Y>O?�9BAM<XwiF`WX9Z90?XFZGY?@Wy?SF0NCN\Wq>'90?@9BA)d�I�N\I�9B��Jl9nWY?YAM90N	?SbcLMA)N)AC90H)9Z9Br'AC< J -
J'[M^�H)GyPO?@GYT'b�Jl9'WY?SbQFqLMAM90H)90T0��GYJ	NlGQ9OLMACG H)GYT)G J	Jl908 9¡L)AC90I�GY��[	?X>Z<EFBACG I=G J	N*w*?O_}GO_'?�<Y>KFZ<yAZb N -
AC90FZ<Y?Xb`[MAC9�FOJ	N�WX]�AC9'WX9OF\N	T'N«8�N	H0AC9OT)908�N)VCGXW >0NlG;L*90>Z<YD�<Y?@GYT'Nlw�V)?�9']Od¬>k>Z90J	mZ[©I�GXWyPOml<�NCT'N
8 90H)<�JlG�FOdv�C?XN�D�<�8�AC< J	NCm	dL)ACGYHZL	N*WS<YJCJ*90�®W�ACGYHZJ*GY�¯F'G T'NMV)NCJ	d�_ z ?�9°��G\F�ACGYI7P°I�<Y>ZW N -
I=<YTZb�J	deG±D�<±8y90Hnf=tvu~POFOT0P�^q?�W�P;L)A'POI�d�I©AO[C>'90FZ90H)W ?XFZ90I�>`H)GY�lWY?XFONM^²w1LMACG H)WY?@<YFOTBP�P�WX9Z]'90�
L*9�W�[	?SN³Jl9BA)I�<Y?XNCF0d´<�FZ<yA)NC�	JCd�rµWS]BAC9'WS90F«r)N	I/N	>Z<Y?�9OF©NCT'N�V'ACGYD�FOd�VC< �	Jl90�¶8�NCH0AC90TU908�NMV G -
WY>Z90�j9']'WY?@<YJl90F0>ON�_1f=?XNkf=tvu·L)ACGYHZL*90T)< 8 <y^q?`WS9']0T0^qH)G J	NlGpN)r\FsT0^²]'9O�°I=9OI=GYJC?;>Z<YT)G J	H)< A -
J*908 9q8 90H)<O_'§�ACGYH'JlGXWSGYD�90J	J*deG�NnI=< >'W N	I=< T'b�J	deG�D�<�8 90H`f�t�u~I=9O8�[	?�AC< D�T'N)VC<Y?SbOWyP²FcJ*GSWY>Z90T b -
>'9ªAC< DX_�¸�< >'w�H'T0PjD�9Z9']'GYJC?�9'WS<\f=tvu¹I�<Y>ZWYNCI=<YTZb�J*90��>Z90JCm*GYJC?YAC< m	NCN γ ��h»ºx¼�h���¤C_}¤'|'½O QL)A N -
I=GyAUJ*9EFq|	_}¾�AC< D�<�L)ACGYFOd�W N	T²f�t�uµWyACG H'J*GSWXG D�90JCJ*90�K>Z90J	mlGYJC?YAC< m	N	N`��¤	_¿¤�À'À� �_
ÁiÂ�Ã�ÄUÅ'Æ'Â�ÇYÈ�É È ÊYËSÌ2ÍSÎË�ÏXÐ�Ñ*Ò*Ó�Ô�Ë�Ì�Í Ï�Õ	Ö*×qØ)Ì�Ù�Ú�Û�ÜSÛ�Ý�Þ Ì�ß�ß�Îà�Ë�Ì�Ò1Û�Ë�Ì�á'Ý�Ö*ÍSÏ�ß�âYÎË�Ë�ÖiÎ=ãSâ�Ð�ÜSÌ�Ô�Ë�Ö	×²Þ Ï�Û�Ú�ÏXÍ Î

-
ß�Ù�ÏX×�ÏXãSÎ�ËXÚ Ï Ø	Ï�Ù�Ì�Ú�Û�ÜSÛ�Ý

ä Þ Ï0Û�Ú�ÏXÍ@Î�ß�Ù�Ï�à�Ø	Ì Ù Ú�Û�Ü Ñ*Ò»Ó å	Û�ÍSË�Û�ß�Ú�æ�áXç è/Û�â Ë�Û�Ú�Ì�áSç
è/âYÌ�Ë�Ù�Ú�Û�ËeÏvé�Î�ÜXÏOØ	ÏXÚ�Û�Ë

å	ÎÕ	é�Î�ÜSÌ�Ú�ê�ÜSÌ/ëìÕ	Ì�à�íîáyÝSï êOï
0.982 82 85

ð*Û�ãXË�Û ß�Ú�æ/ëìÏ�ñ�Ë�æ�íîá�Ë)ï êOï
1.036 81 55

ð*Û�ãXË�Û ß�Ú�æ/ëìÕ	Ì�à�íîá�Ë'ï êBï
0.723 81 52
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8 9;:=<�>@? A�BDC)E FDE 7.73 86 48

8 9;:=<�>@C�A�B0C)E FGE 7.92 80 35

γ H=I0J7K/I�L	M�N�O E 0.093 100 31

P	Q L	R Q�S M�T F S M : O Q C T�U�V S A�BXW C)E FDE 0.930 86 30

Y < O ? Z S Z�[ L <�C)E 4.03 83 18

\ F L	L	M S C�] Q T Z�^_C�Z O�T A7< R Z�? C�Z T�M 76 66

` Z Z V Q C T Z O
P	Q L	R Q�S M�T F S M : L	M�a BXWcb_E FDE 0.976 80 80

d Z�[eC�Z O�T A/: L	M�a BXW�C'E FGE 0.664 92 55

8 9;:=<�>@? A�BDC)E FDE 7.86 80 63

γ H=I0J7K/I�L	M�N�O E 0.039 92 55

Y < O ? Z S Z�[ L <�C)E 5.25 80 24

fgf1h O SiQ [jE 0.002 81 87

P	Q L	R Q�S M�T F S M : M�R S_Q ? A�BXWkb�E FDE 1.024 81 65
P	Q L	R Q�S M�T F S M :=<�>@C�A�BXWcbiE FDE 1.019 81 76

γ H=I0J7K/I�O S_Q [jE 0.011 86 57

fgf1h LlM�N�O E 0.012 86 80

d Z�[eC�Z O�T A/: M b�m�F O�T BXW C'E FGE 0.994 80 75

8 9;: L	M S T BXW�CjE FDE 7.65 82 56

α H=I0J7K@InL	M�N�O E 0.025 80 42

8 9;: U C�b M S A�BXW�C'E FDE 7.72 80 47
P	Q L	R Q�S M�T F S M : M�R S_Q ? A�BXWkCjE FDE 0.673 86 43

K <�C N@O S_Q [jE 0.01 83 28

P	Q L	R Q�S M�T F S M : U C�b M S A�BoW�C)E FDE 0.176 83 71
d Z�[eC�Z O�T A/: O S�Q [_C U�U/p�M m�Z�[_BXWkb_E FDE 1.361 83 24

P	Q L	R Q�S M�T F S M : O Q C T�U�V S A�BXW b�E FDE 1.094 80 27

P	Q L	R Q�S M�T F S M :=Z N�T�U�V S A�BXW b�E FDE 1.162 80 22
\ F L	L	M S C�] Q T Z�^_C�Z O�T A7< R Z�? C�Z T�M 76 97

q ? Z�b�] O F�[ M�N�M < V Q�Ser M
K <�C N@O S_Q [jE 0.016 83 38

J7s Y O S_Q [jE 20.5 86 75



���������	��
����������������������������������� ��!�"��#�$��%'&)(*"�+ ����,���-/.0������+����1����+2"23*��4�56��-7��+�����&
144

879;:=<?>�@�A B
40.1 80 50

CED <	<	>�FHG�IKJ*L�M�NHG�M A�L�O7PRQ�M�S G�M�L�>
79 85

T/S M�U�I=S J�VW>
X7Y M�L7G�PZL�FHPZL�GZI1[RA�FHJ�\]B

0.045 89 67
^ Y U_J`RJG�G�IKJ1U J�VaJ�A�L�U�>7<	>�@�A B

2.105 83 36

b ced A�FZJ�\HG�P�[ Y >�f�M�\Hgih U�B D B
8.17 83 62

CED <	<	>�FHG�IKJ*L�M�NHG�M A�L�O7PRQ�M�S G�M�L�>
80 86

T/S M�U�IjNHJ�kHM�G�P
^*M�\ZG�M A�L�O d A�F�J�\HGZl�l Y >7f�M�\Hgih_UHB D B 0.969 80 57

X7Y M�L7G�PZL�FHPZL�GZI1[RA�FHJ�\]B
0.008 81 93

mnJ�\HOo<?>�@�A B
0.013 83 71

^*M�\ZG�M A�L�O d <	>�[�gih�UZB D B 0.93 88 88

^*M�\ZG�M A�L�O d M�@�L�lqpqFHO�gih_U�B D B 0.905 80 89

^*M�\ZG�M A�L�O d G�M�l�p�FZO�gih_UrB D B 0.888 80 100

b ced >�QZFHJ�S O�gih�U�B D B 7.62 80 100

st9/:
5
A�FrJ�\]B

3.73 80 80

mnJ�\HOoA�FrJ�\]B
0.004 88 78

CED <	<	>�FHG�IKJ*L�M�NHG�M A�L�O7PRQ�M�S G�M�L�>
78 100

ToFHM�u�>�[HG�M�A�L�O7S_JVW>7PvM�A�J�L�FH>
:KP�A�S M�FHM�\a<?P�G)B

6.51 80 65

α wyx 87z x <	>�@�A B
0.013 90 73

γ wyx 87z x A�FHJ�\]B
0.002 83 100

b ced <	>�F_L�gih�G]B D B 7.9 80 55
X7Y M�L7G�PZL�FHPZL�GZI1[R<?>�@�A B

0.111 80 86

{RJ�G�M�S_I=<?>�@�A B
0.01 81 78

b ced <	>�[�g|h�G)B D B 8.17 90 86
CED S_O�}	>�L�I~A�FHJ�\'B hqUrB D B

195 85 58
z/P�G�@;<)>�@�A B

0.023 80 33

CED S_O�}	>�L�I~<)>�@�A B
196 83 100

CED <	<	>�FHG�IKJ*L�M�NHG�M A�L�O7PRQ�M�S G�M�L�>
77 100

9oFHP�<?J�NH>�G�P�J���UrB D B � U�J�F_kHG�P�[ D FHM�U J�G�O �KG)B D B � GHPZu7GZP�[ D FHM�U�J�G�O �1<	>�@�A B � <)>�@�A�P�<	>�S O�G�M�J Y G�>�NHJ�G�P�J Y >
f�M�\���<?P�G)B ��<?PZG�P�<)>�S_O�G�M�J Y G�>�NHJ�G�P�J Y >WfM�\���A�FHJ�\]B ��A�FHJ�\HG�J�A�J Y M�G�G�M J Y G�>�NHJ�G�P�J�B �	J�<?Q�J�FH>�L D FH>WU�I FH>�u7JG�>
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8:9<;�=?>�@A;�B/C�D�E�9GFHE�IJF�;�K�;�=<E�B�F0EK�;ML�F�N2OGE�F�P<>?QSR�EC�B�P�T�P<9GUV8:IJW�K�XY= Q<;�C�B�N�= Z�F<U1E[N�\ P�;�B�P<OGE�C�W�PHE[R�E�D�EI*E�F�F�U�E  —
8:I	K�X]=_^`P�=�Pa\ EL#DGN�L�I	E�DGF�U1b�c

dMegfih'j0kmlonqpsr*tSu?vwe�vHr*xzy0{_j'n}|'x |~p�t<� �S�JtG�s��xS|�n}�[kHu��Jt<�g�Jt ���Gv'v0� ��tS��� � �<�q����n*t
� ea���0l�xS�q��n	�Mt��J�	y�v0j)t<tap�t<� �<|Hn�dMegf�h'j0k�rJnq� �)n	�Gr*v0u?v�n�r	n)�S�qxS�<r�v0u v�xS��v0��x<�

α ���*� �o� �'eaj0k
¡¢� �

5
�q|Hn*� j)v£�JvHh)x¤n¦¥	n	rJ|'x�d§e_f¨n � ea�©yHj'n	��|0n6�0eajHk����	j'ªH«Mx���v0�'�'�¬tSh'n��

γ ������o� r�v£�)�Mx � n
-

�0{®dMegf}�7k u �Jt0�
¯��<�¬tS�<nJ� tS��t°��kHh�v��<v'y't r	r�v'�S��tS±²v0�Gh)tSj'ª�rJ{§³´n	h)t r	�Gn*«:n	|�xS��v£�Jv0�µn¶��t?�Jt �MtSrJr	{M³1�

·[�	�/�Mx��)r*x�k��*vHj'r*v0��x¸�0j'n)kHr	n)kV�Jx ��j'n)�)r	{M³¹«MxS|H��v£�JvH��h'j0kº�	j�xSr	|H��vHr*x»r)n)p�t<���JtS��h'j0kºh0� �
-u�nq³¼y0n�v0�<n)�Jt<� |0n)³V��v0|�xS��xS��t j)tS±V½ ¾�¾0¿À�)�Jv0�Gn	�VÁHÂ �SÃ�Ä'Ä ¿z�'dM��v¸�¬v£p�tS��vH��r�x?�Jx �<ª��q����v��?�Jt h'n

�q�Jx<� �<��v0��xS�HÅ¸nq³¦��x r*xSj�n	��t�xGy0n*v0�Gnq�JtG�S|Hnq³¼�*t?�qtS�Mt r	rJ{§³Æ�<v0h)t��)p�xS���?k�r�t��'�Gt �¢|'vH��v£�){At��)� n
-�'v0hHkH� |�ÇG|'v0j�v0u�nq�qt<�S|�v0�6�Èr*tGy0j)x<u vH�*v0j��)�)nq�µ�Jj)xSrJ|0��v0r*xH��É_��v'y0{}r*x ±	�GnÆÇG�<nº��v0���¬v£p�rJ{at r t
-�q�)��t r	rJ{atÊ�q��nq�)nJr	{ ÇG|'vHj)v0u�n)�Jt<�<|�v0u v¶r*tGy0j)xSuGv0��v0j��q��nqk��Ër�t<v'y�³Jv0h'n*�¬vÌ�Jx<� Å¸nq��n	�<ª¶�)� v
-u��JxS�/����r*xGy0j'��h)tSrJn	±���x�«Mx |0��v£�JxS�/n¦�?�Jt hq{~ÇG|�v'�Sn��S��tS�zlon)p�r*t u vÍesv0r*xH�

eAj0k�«:n	��v0�	j�xSr	|H��vHr*x�h)v0r*� |0n)³Î�'vHhÏr*tS�®r*t h)v'� ��xS�G|'x®�Ïy0n�v0u tSrJr	{M³ÏÇGj)tS�¬tSr	��x?³J��� v
-�S|�v0j'ª�|G�V�*v0n��S|�d§e_f¨h�j0k�r	n)³���v'y0j)xG�S�GnVr	nJ��|Hnq³Ð��r�x?�Jt r	n	±�r�to�0{MkH�Hn	j�ÇG|�v0j)v0u�n)�Jt<� |'vH±���r x
-�)n	�¬v'�S�Gn��

Ñ �)�Jv0u��qxS�:�¬x?³Òu�n	hH�Jv£³)n*�/nq�JtG�S|�v0uGvÓ�¬v0r	nJ��v£�)nJr	u x}x r*xSj�n	��nq�H�*t ����kÎ�<vHh)t?�'p¤xSr	n�t©� t
-��t<� �<����v0j�ª�|'vV����v0h'r*vH±Ô��v0jH��tH� � v � �0nJh'n	�¬v0���*��nJ� � ��x�ÇG��v0±z�q�)n)�)n	rJ{Ï|'v0rJ¥*t r	�S�qxS¥	nJnÔÇ<�Gnq³

�'t ��t<� �<��r*t¦v0|�xS��xSj'n��Sªº�<vH�q�'k�p�t r	rJ{g�/n��Vv��<v'y'vºr*t<yHj)xSu vH�*v0j��)�)r	{_�:nmÕ#Ö � Âºn®Â0× v0¥�tSrJ|'x �:n
�<v'� ��v£kHrJnqk���v'v�y'tSrJ��v'�Gx0�'eaj0kÐxSr�xSj'nJ��xo�)�)nq��n	rºv'�Gv'y'v0u v�r*tGy0j)xSu?v0�*v0j��q�)nqk�Ç<��v0±ºu��H�	�J�	{}u�n h

-�Jv'y0n�v0r	��v0�Vr�t<v'y£³qv0h'n	�M{�n	���Mt��JtSrJnqk¦|'vHr	¥*t r	� �JxS¥Jn	±Ô��xSu���kH��r)k����¸nq³Ø�'t ��t<� �<��r�tS�*v��?�Jt h)� �
-�'t r	r*v�� u��H�	rJ��x?³q�qu�h)ta��tS��tG�S� ��x¤r*x |'x �	j'nJ�'x�������k ��n	r	{M³��)�Jv0�*v��)¥	n)k�³J�'r*t?p¤tSj'n¼�<v0h)t��'p�x ���?k

� �'v0h�r*v0±���vHj0��tH�
l�tS|�v0��v��){at�n	��x r*x j'n	��nq�JvH�'x �0Å¸n)³J�?kØ�*t��JtS�¬tSrJr	{M³~r�tVh)v0j0psr	{Ù�JxG�<� �MxS� �)n	��xS�GªH�?kØ|'x |

�q�)n)�)n	rJ{�Ç<|�v0j)vHu�nq�JtG�<|'vHu vwr�t<y0j�x<u v0�*vHj��q�)n)k��s��v'�S|�v0j'ª�|G���<xS�/n}�Mv0u��J�~yH{g�Gª®�Sj)t h)�S�G�0n)kH�:n
r*t��Jh)v0�Hj)tS�G�'v£��n	��t j'ª�r*vHu vz�<v'� ��v£kHrJnqkØy0n�v0�<{����Ù��xS|Hn	�Ï��t?�Jt �MtSrJr	{_�Ï�zv0�)�JtSh)t j)tSrJr*v0±Ú�S� t

-�*tSrJnÊvH�<r*v��?kH����k}yHn*v£³)nJ�:n)�Jt<� |'v't�nÏ³)n	�/nq�JtG�S|�v'tw��v0�S�qt<y0j)t r	n�tw|Hn*� j)v£�Jv'h)xG�Í��v0h)v£�qv0h'r	{_±
�*v0|�xS��xS��tSj'ª�n»|�v0rJ¥*tSrJ�S�Jx ¥	n)ko�JxG�S� �'v��JtSrJr*v0u v �o��v0h)ta|Hn*� j)v£�Jv0h�x0�

Ñ |'x��Jt<� �<��tÔ|£�)nJ��t��)n*t ���<v��S��v�kHr	nqkwxSr�xSj'nJ��n)�Jv0��xSj'n��Sªzh)xSj�tS|�vwr�t¹���<tº�*v0��tSr	¥Jn*x j'ª�r*v
�'x�p�r	{At»ÇG|'v0j�v0u�nq�qt<�<|Hn*tV�*vH|'x ��x ��tSj�n��7l xS�)�)n	�¬t?�J�7�q�JvH�0rJnw�JxG�?³JvHh)v0�Ô��v0h'{µ�Hj'nqk����ºr*xV� �

-�Sj)v0�H{At»�q�qv0¥*tG�<�S{A�¢�)�Jv0��tSr	ª¦�*v0h���t �:r	{M³z��v0h)�:r�x�v£�)r	nJ��v'«Mx��	r'���:�q�)n�y£�Jt?psr'�q�²�Jx<� �<nJ��tSj ª
-r*v'� �<ªH�7x���x |£p¤tÐr�x��<v0j)t r*v'� � ª�nËhH�H�	u�n�t»�*x��JxS�¬tS� �){ÓÇG|�v'�Sn��S��tS�:{ÎÛo��v0���S|�v0u vÈ�¬v£�'kJ�6d§�Gn~n
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809;:	<�=?>A@*B0CEDGF�DGHI>GJ'=LKMB;<�N	HPO0QRHTSVU;C0J0WYXZ>G[	Q\U]DG[*D J'=	F�^_[?Ba`*BEbGJ)>c`Z9d> 8'U'D�9)=	HI>GJ'S�[?B0ef9dDGF�9 D -
O'B0HTC;=g`?Bh[	=dKibG=?bGH�> KjQkB;l*>G[?B0ChmnCEB0J)B0<�=)Xd>Tb C'B;< BcbTB'b H�Bpo;[d=ZoqU'B08E[	QMrVBEOps?>GC;H�B0UAtuB0[*D;v'tw9 N -
< B0eg`)9)=	Kx>y9c[?>�NZXzH�>G[d[	QMrc=	[d8'=	CEDGHIBp9dB0UqbTBEbGH�B�o;[	=ZoY{ mnH�BY8)B0KMD |A[	=?>u}�=dU'B;HT[	Q~>�=gXZ>GJ)B�U'> C
C'D CA`*B0H 9d>TO;=	H�> J'=VUEB08'Q�=V<�=d809dB'O;=*B0[dH�B0Uc��Uc`*>�9)UnNZW�BpXd>�9d>G8ES;^?9)Q~O0��vd��CEDy}�> KM^*< >GCEbTD�r)J)Bp9ZDG[
=a809pN	<�=*>Y`*>nbGHn=	l	=d8'Q~^�CEDGCPB0CEDGF�DGJ)BEbGS;^*=	KM>�W�Hh[?>G[EN	J)>GU;Q~>h�Mtw�\`*BPBpHn[*B0|�>G[	=)W�C�NZXdDnbGHTU B -
U'D U0|A=dK�U�DG[?DGJ'=dF�>h=d[	8'=dC'D H�Bp9ZDGKkbnB'bGHIBpo;[	=)oV��`dJ)DG[dC0HIB0[d^�`*>�9)=*�j=dH�B0[d^�F�B'B'O'> [	HIB'bT^	NdJ)BpU;Q�=
NZ9dBp}�D e	[?B'bGHnS�9)Q�O;��^	[?BA8'J0oq`*B0H 9d>TO0=dH�> J)>GeVCEDGCAUEB08'Q~^	H�D CA=�9zQ�Oc��b�[*D C'B0`d=	U;|A=	K/=*b�o�UhHnC D -
[Zo�rco;8)DGK/=	�6N	C'D F�D [	[dQ�>�NZ9ZB0U0[d=go;8)B0UA`?B'��U0=d8'=	KxB0K�N�B0CEDGF�QRU'D�W�H�byoqU;Qw|c>�mnCEB0J)B0<�=ZXd>nbGC;=V8 B -
`'N*b HT=	K/Q�r���rdB0H oc> �c>�U�bTDG[d=)H�Dy9z[*B'��<�=d<�=*> [	=ZXZ>TbGC;=ZrP[?Bp9)KMD HT=dU'D�ri���Z�E�A<�v)8'J0oc<y>GCEbTDyrzJ)Bp9dD [*D
N	C'D F�D [*D���t����	v �;¡�K/C0<�¢£J'��v'¤wQMrdB08c=	FubG=	H�N*DGld=	=�bnB'bGHIB0=	H�Uh9dDTb�|A=)9d>G[d=	=�b `	=*b C'D�C�9)=dH�>y9z=*>GU
bTB'b H�Bpo;[d=ZoP=a9dD F29dDnO'B0HnC'>A8'J0o�8)B0`?B0J'[	=dH�> J'S�[	QMrfC�9)=dH�>y9z=*>GU�b U'B;=Zr]bG=?bGHI>GK¥B0l*> [	C;=¦bTB'b H�B o -
[	=Zodv

§ > H�B08c�Mtw�¥`*B;F�UEB0J0oE> H�[*B�9)Kj=)9dB0UEDGH ShUEB0F�8)>Ge?bGHnU0=)oqb�NZXd¨GHIB0K©CEDGH�> < Bp9)=d=V=*b `*B0J'S�F�B0U D -
[	=Zo�`)9)=Z9ZB08'[*B;< BLB'Ops?>GC;H�DV��[*D `Z9)=dKM>�9d^jF�D `*B0UE>G8E[*Dyo]F�B0[*Dn^_9d>GC�9d>TD l	=)oE^jH�>yrz[*B0< > [	[?Dyo�H�>�9'9 = -
H�Bp9)=)oE^ZF�B0[*D�b�U'D J)B0C�= HEv 8*vª��^)H;v >;v0`)9)=�B08'=d[*DGCEB0UEB0KfN)9dB0U;[*>�[*D <�9;N	F�C;=g9dDTbnbyX)=dHTQRU'D HTSY[*B�9)K D -
HT=	U;Q«8EJ0o�B'O�s*> C0HIB0Ug9dD F�J'=)X)[*B;< B¬[?DGF�[*D�Xd>G[d=ZoE^�C'D CV`*B0CEDGF�DG[?B¬[?DA<�=	`?B0H�> HT=ZXZ>TbGCEB0Kk`Z9z=	KM>�9d>
`*>y9Z>yrdB08zD�B;H�B;8'[*B0<yBHn=	`*DwmnCEB'bG=?bGH�> KjQ©CY809pN	< B0K6Ng��9)=?b0v;®	v ¯;��v

�~DGC�U;=	8'[?B'^Mby9d> 8'=iDTO;=*B0Hn=ZXd>nbGC;=Zr°�MDGC;H�Bp9ZB0U'^j=?bG`?B0J'S�F�B0U'D [	[dQ�r¦8'J0o±DG[?DGJ'=dF�Dg`)9)=ZXz=	[
mTCEB0J)B;<�=ZXd>nbTC'B;< Bf[*>TO;J)DG< B;`*B0J;NZX)=)oE^j`Z9)=?b�N	HIbGHnUTNZW�HV[?>gH�B0JES�C'BLC'B0[dl*> [	HG9ZDGl	=d=²r)=	K/=ZXd>nbGC;=Zr
U'> �c>Tb HTU;^�C'D C²mnH�B²`Z9Z>G8�N*b KMB0H 9d>G[?B³U©CEB0[dl*>G`dl	=d=´��t��~^w[*B©=�l*> J'QReµ9Eo;8�=	[dQ�r¥�j=dF�=dC'BE�
r)=	K/=ZXd>nbGC;=Zrd^jC;J'=	KxDGHn=ZXd>nbGC;=Zr¦=�<�=	809dB;J)B0<�=	Xd>nbGC;=Zr³�MDGC;H�Bp9dB;U	v7¤¶mTHIB0K\F�D C0J0WYXZDT>GHIbyo¦B;8'[*B
=	F�<�J)D U0[dQ�r�8)B'bGHIB0=	[?bGHnU�Kx>GHIB08)D���tw��{ B;[a`?B0F�UEB0J0oE> HhU;C;J0WYXdDGHnSAUg`)9dB0l?>G8�NZ9pNf[*Bp9)K/=Z9 B -
U'D [	=Zo]H�D C0=?>�rZDy9dD C0HI>y9)=?bGHT=dC0=©UEB08'[?B0e�by9d> 8'Q�B'O0=	HIDG[d=ZoLCEDGCL·1���

5
^j¸Y����^MB;C0=?bGJ0oE> KMB'b HTS;^

pH ^'Kj=d[*>�9dDGJ'=dF�D l	=)oE^zHI>GK/`*>y9ZDGH�N)9dDwUEB08'Q~^zUEB08'[?B'bGHnS�^�NZ9dB;U'> [	S�9dDG8E= D ld=	=c=c8091v
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8:90;*90<>=	?	@BAC<'D�=FEHGJIFACKL	<'D�@BMC@�9NGO=P9QI)G/?RIF90S>MC=F?RTVU'<0T
pH W 90@X=*9'Y ?	@BAC<ND�=*90Z[@�A G\;PA]IFM @ L

-
I)E W S>90U'=*9>YC@^?_TNSN<QT�`a@BY]Tcb'IR90=*90d�IFMCG/G\Efe�d�IFM^g\?Fh0?i?	K�GjA =*A =	?RTk;*9lGmA^Y�TNn*MCGJd 90UoMCprqj8Hst?F<'?
qvu1wx?)byY�IFACU'=PACGmA^Y]T�zo=	EjbtK�=*M�zFAC=F?	Z�{|8}<NT~S>90U'=*9>YC@^?y@BMChN?*A�b'IF90=P90d�IFM G\G/E =*MCK�ErS'M�`a@�Y]T
d�?	U0IR90d�IFMXgjM^G\?�{[��Io?	GjA�I)E b>IF90=*9Nd�IFMCG/G U'<0T ;PA]IFA GjAC=F=*Evb W S0<>?RT�`a�c?)b =*M�YX9'YC@B9QTN=)?*A
;	<)M =	hN@�90=PM�?�;*A]Io?*g\?	@B90=*M W ;)I)?	S>ACU)A =	Et=PMlI)?*YN{��	{��R{���90GjAXY]T�z)=P9'A_=*9QI)G/?RIF9NS'M =	?*A�L	h>MCK�M =

-
=	Ejb�g\?	K�?	h>9'��b)?	G/?RzFAXY^h0?)b[;*9Nh'M K�M @�AC<oACZ�=*AX9'�QbF9'U'?FGj9�;RIo?�IFAC��A =	?F?JYC<)A U�LR`a�c?)b�;)IF9'�0<oACG
� h>90<)9Nd�?RzFAXY^h0?��'A K�9N;*M^Y =*90dX9|;RI)?)IF90U)9N;*90<'D�K�90S M =F?RTP�

♦
IFM^Y�zFAC@XE�=*9QI)GmMC@X?	S>90Sa�'ACK�S>90K�S�IFM @^=*9Nd 9�S>90U)9N;*90@ IFA^�0<oAC=	?)TF�

♦
L*YC@BMC=*9NS0<)A =	?PA�Uo90;'L*Y @^?FG\Ejbtd�IRMC=	?Fny@�AC;F<)90S>90d 9~K�M d�I'TNK�=*A =	?RT�?	<'?y;)IF90d�=P90K

� h>90<)90d�?Rz A Y^h0?)bc;P9'YC<)A U)YC@XS0?FZ�?	K�GjAC=PAC=F?RT|hN<'?FGjMC@BM0�

♦
IFM^Y�zFAC@XE~=*9QI)GmMC@X?	S>90S_K�M h0?PYC<0T�`a��?Rb[?�K�M ��AC<)M�z)?	S>M]`a��?Rb�S'90Uo9'ACG/EtYX�QIF9'YX90S

?F<'?�;RIF9Nd�=*90K � h>90<)90d�?RzFAXYChN?	b�;P9'YC<)A U)YC@XS0?FZ�@CIFM =*YCd�IFMC=F?Rz)=P90d 9�;PA]IFA =*9'YXM�hN?*YC<o90@^=FEvb
9>Y^MCU>h'90SF{

�)�'�� B¡'¢�£a¤�¥§¦X¥
 ¨�©Xª�«�¬^�®�¯	°�±6²C³r´ µ ª�¶�·�¸�·�µ ³�¹X¬0°¯c¬�«�°�´ µ ª�¶·�¸�·�µ�³�¹X¬N°�¯cº�·�º�»�·�¼�«�¬^¼r´ ¬�·�»�®_¬¾½�«^ª�¹^°«�¬^¼r¿*ÀÂÁ�Ã

©^ª�½�µ ¬^¹ «�®ÂÄ�¸^© ¬^©X·�²X«�®ÂÄ|Å�Æ�·�º�¬�º�»�°¯	ª�Ä>Ç0È*¸�µ ·�Éj«�®1°Hµ ¬�«�¬^¬aÊ »�°�ÄX«�·�¶�°«�«�ª2¼¾»�°�© ©X¬^»�·�©X¬^¼ Ë)¸^³ «�Æ�»�¬^©aÊ ½�·�«�ª
©^°�Æ�©�°�ª��¬�¬
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8)9;:�<�=;>@?BA�CDA C
 E1FHG�I�J)F�K�IML*E*NOFPL*Q0RTS�U�VWU�J*U�G�G�X*YTZ\[^]�G�_�`�FH]�U�a b�G�I�cd]�U�JeS0U�VWI2]�f�VWI Z1ghI�ikjlZ pH Z6ghm ikjlZkn^_ o -

G�_�`�]�b Zpghq�i�oHa�cr_�s0UG�K�Ft`�_�`�]�_�c�G�FHcrS�a I�G�K�]�_�G�I�FuS�U�VWFwv	FH]�_�G�I xwy	_�G�K�F�Uza F�GWF�F{_�mH_�|�G�I�}HI�~�]PF�GH]�U�VHq�I�a X
|�G�I�}HUG�F���S�U�VHUJ*U�G�Gw_��wj0q�SHVWU�o�Ua I2YPK�_�]�_�VHX*YP_�swU�G�K�Id��K�_�aW_���FH}WU�`�K _���_�`�_ `�]�_�c�G�FHc�m�a I��_�S�_�a�f�}HG�IWx�N7]�_ a -� U�G�G�X1U�`�]�_�a m�F�K�F{S�_�K�I�|�X1q�I�~�]PFWGH]�U�VWq�I�a�|�G�I�}WU�G�F��u_�]�L*E*N�oH_TL*QwR)j)q�SHVWU�o�U�a I2YBK�_�]�_�V�_���_�f�V�_��7I � -
G�_�`�]�bPS�I2oWI�U�]PG�F���U���VWI�GHF�sHX�m a�I��_�S�_�a�f�}WFHc�x)[6]�`�f�]�`�]�q�F�U�f�]�_�a � U�G�G�_���_T`�]�_�aWm F�K�IT_�|�G�I2}@I�U�]�j�} ]�_ToHI G -
G�X1��v)I�K�]�_�Vdc�q�a@c�U�]�`�c/GwU�|�G�I�} F JeX^J
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8:90;=<?>@<?9'ACB�<EDGFIH09)HKJ�AMLCNPO?FIH0QRO A	S�T*<?UCA	AR>*NPH'VXWCHKY'A*Z\[]F�^)ACS�N_^`A	ARB�>*<_L`A	ZaHIO?SGAR>@NbS�H09 c
-

F'HdA	>	YIA	eKA	Y�T*< 9'c�>	[aWgf*N�^CN?ZhN?>C>	[aWCij>*HkAlB�< Y)<?>C>	[aWgAMWg>*<PV'HX^CHKe	m	no^C<?B�Y)N 9)Nqp	msrgV0[t9`<uf*H Y
-

^CH'V0>@HvH0fCA*OP<?>*<wf)^CH0U*N Y�TM^C<yxd<?J_H0e'HKJ H]<?>@<?9'ACB�<Pizf@H0B�eIH090;�{}|~N?J H]< >*< 9'A	B�AM^CHKe'< SGc�eIOGNye'H B
-

Y)N?Q@O?SGePTM{}|qA@Nq�a<?FKS�H�^)[�e�AMWlOGH�eIH0FGTCf	>*HIO?SGA6m	��< f*H0Z/>	ACZai	L)S�HRO�T	Z\Zh<_^)>@H0QwS�H�L)>*H'O SGcG{�Y'90;
>*<GVIHX^C<�f@N_^CN ZaN >	>	[aWo>@<?B�[�e'<PN?S�O_;�Y)H09K;]>@NGV09)< J H0f@H09�TML)>C[�W�>@<GV09'{}Y)N >	A	Q�O�^CNGY'A�eIOGN�W�> <

-
V090{=Y)N?>CA	Q*i�J�Y`N��a8t��f)^CN?eK[�xdN?>@H�WCHKS?;�V0[�egH0Y'>@H0Qyf*N�^CN?ZhN?>	>@H0QyA	B�DPS�H0J Hg>*<GVIHX^C<0m6�tHIH S

-
e'N S�O?SPe'N >	>@H0i)O�TCZ\Za<�^)>*<�;�f@H09'>*HKS�<�� DPS�H�Y)H090;�>*<PV090{}Y)N >	A	Q@i'J�Y)Nb�a8t��fM^MN?eK[txdN >*H�WMH0S�;=V0[
Y'90;}HKY'>*H0Qdf@N_^CN ZaN?>C>*H0Q@i)O_^CN Y'Ade'OPN_W=>*NGVK9)<?J HKf*H09�T)L)>	[aWq> < V09'{}Y)N >	ACQ�m

�7T	Z/Za<_^`>*<_;gf@H09'>@H0S�<de'H0B�^C<PO?S�<PN?S�i�NPO?9'A�f)^CN?eK[�xd<_{}|qA@Nk�a8t��B�>*<�LCN?>CAM;lf*N�^CN?ZhN?>	>@H0Q
>*<�>*H0eIH0Z�xd<?J N}OGHKf'T)S�O?SPeGT){}S�B�>@<_LCN >	AM;KZ�fM^MN_��>@N?Qgf*N_^MN?ZaN >	>@H0Qw>	A)��Nq�a8t�=m	�/O?9'AlfM^CN�e [

-
xdN?>CAM;g�a8t��f@N_^CN ZaN >	>*HKQ�>@<u>*HKe'H0Zoxd< J NdOGH0eKf*< Y)<_{}S�O�f)^CN?eK[tx~N?>	A);KZ\A��a8t��fM^CN���>	ACZ\A
f*N_^MN?ZaN >	>C[tZ/A*i*S�HRO�TCZ\Za<�^)>*<�;�f*H09'>@H0S�<}>	A	FI<?F�>*NuACB�ZhN?>CA	S�O�;CmM��<?B�H0eIN?ZoO�T	|dNGO S e'N >	>*HIO?SGcG{
f*N_^MN?ZaN >	>@H0Q � T	e'N 9'AMLMN?>	A@N�O�T	Z\Zh<_^)>@H0Q�f@H09'>*HKSG[�O�T	|dNPO?S ePTM{}|dN?J_Hv>*<PV'HX^C<yf*N_^MN?ZaN >	>C[�W
fM^)AdY)H'VI<?eK9)N?>CA	AdF�>*N Z�Tdf*N_^MN?ZaN >	>@H0Q �

.
 �^)AweK[EVIHX^CNqY'90;�e'H0Y`H'HXW'^C< >	>C[�WlZaN�^CH0fM^`AM;KSGACQyf*N_^`e'H'H�LCN_^CN Y'>*HKJ H¡>@<GV'H0^C<qB�>*<�L)A	Z/[�W

f*N_^MN?ZaN >	>C[�W�eI<_��>@<k>*NkS�HK9'c�F'HwAC>	Y'ACe0ACY�T*<?9Ic�>*<_;lf*HK9'>*H0S�<�FI<_��Y`H0Q�A	Bqf@N_^CN ZaN >	>	[aWCi\>@H�A
O�T	Z/Za<_^`>*<_;�f@H09'>*HKS�<qH0S�H'VX^C< >	>@H0J Hk>*<PV'HX^C<}eRO_^M<?eK>*N?>CA	AyO�Y0^KTCJ�A	Z/Awe'HKB�ZhHX��>	[�Z\Al>*<�V'HX^ <

-
Z\A�m) �H�DGS�H0Z�TgY'90;dB�>*<�L)A	Z/[�W�f*N�^CN?ZhN?>	>C[�WgeI<_�zN?>wS�<?F���Nq<?>@<?9'ACBbA)Wge0B�<?ACZ\>*HKQyO�T	|~NGO?SPe'N >

-
>*H'O SGA�m/¢bBgO?fCA*O F'<wB�>*<_L`A	Z\[aW£f*N_^MN?ZaN >	>C[�W£Y'90;¤F'<���YCH0J H�V0A*H0SPAMLCNPO?FIH'J H¥AC>	Y'ACF'< S�HX^M<�O H

-
O?S�< e09K;K9'Av^C< B�9'A)L)>	[:N¦>@<GV'HX^`[§A]Y'9K;�eK>*HKe0cyY)H'VI<?eK90;IN?Z/[�W£f*N�^CN?ZhN?>	>C[�W£eK[�L)A@O?90;K9`<GO?c�AMW
O�T	|dNPO?SPe'N >	>*HIO?SGcIm	noF'<�LCNGO SGeINufM^`A	ZaN�^C<uf)^)A)e'N Y)N?>@<qO�T	|~NGO?SPe'N >	>@H'O?S cR�a< F0S�HX^CH0eKi�B�>*<�L)A	Z/[�W
Y'90;yeIH0B�>	A	FK>*HKe'N >	AM;�>@NGV09)< J H0f@H09�TML)A);�f	9)< >	FKS�H0>@<¦A]f*N�^)A*�\ACS�H0>@<w¨�S�<PV09*m/p	mª©0«�m���F'< B�< >	>	[:N
O?eIN?Y)N >	AM;¬ZaH0J�TCSwV0[�SGclf*H09)N B�>C[tZ/AvS�N?Zhi�FKS�HyB�< >	A	Zh<GN S�O_;¬f	9)< >	AM^MHXeI<?>CA*N?Ze'H0Y`H'HXW'^C< >	>C[�W
ZaN_^MH0fM^)A);KSGACQ�m	n®O?S?^MH0F'N�¯�°�< Jg±G¯tS�<GV09'ACUwfM^`A	eIN?Y)N >	[�f@N_^CN ZaN >	>	[:NqOueK[:OGH0FIH0QyA	>CY'A	eKA	Y T

-
<?9'c�>@H0Qyf*H09'>@H0S�HKQ�m	n�O S?^CH0FINR¯�°�< Jur@¯tT	FI<?B�<?>C[�f*N�^CN?ZhN?>	>C[ENPi�F'H0S�HX^)[:Nq>*<?A@V'H09)NPNdO�T	|dNPO S

-
e'N >	>	[£fM^)ARY)HIV'<?eK9)N?>CA	ARFqf@N_^)eIH0QRf@N_^CN ZaN?>C>*H0QRACBEO S?^CHKF0Ay¯�°®<?J�±G¯�m) �N_^MN?ZaN >	>C[EN�A	B�O?S ^ H

-
F0A�¯�°®<?Jd²	¯�>*<?A@V'H09)NPNkO�T	|dNGO SGeIN?>C>	[�fM^)A�Y)H'V'< e09)N >	ACA�Fg>*<GVIHX^KT�ACBuf@N_^)eK[�W¬f*N_^MN?ZaN >	>C[�W
fM^CN Y'[EY�T	|=AMWgY'ePTMWlO?S ^CH0F�AwSKm³Y*m	 �^)Age0[:V'HX^CN}f*N_^`e'H'H�LCN_^CN Y'>	[aWgZaN�^CH0f)^)AM;KSPA	Q�O�T	|~NGO?SPe'N >

-
>*H'O SGcReK[EO S�T	f@<GN�SkeI<_��>C[tZ�FX^`A	S�N�^)A*N Z�>*<�^';KY�T�OkY0^KT	J�A	Z\A@i\>*< fM^)ACZaN_^Mi\Y)H'O?S�T	f	>@H'O?SPcG{´f N

-
^CN?ZhN?>	>@H0QyY'90;�^CN?J�TC9'AM^CHKe'< >	AM;IijDPFIH0>*H0Z/AMLCNPO?FIH0QyA�OGH0UCA*<?9Ic�>*H0QwD��a�aN?FKSGACe0>@H'O?SPcG{�^CN?J�TC9 A

-
^CH0eI<?>	A);Ii)O_S�N?f@N?>	cG{®B�> < L)ACZaH'O SGAdAdSKm³Y*m
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8:9�;�<>='?'9A@ BDC E F	G HJIK�L�M I�N�N�O�K�L�PAQ�I�RSI�T*I�N�N�U*V�WYX�N�Z2[]\�T	U*V_^a`]bcQ�`�Z�N�d�L�O�N�Ze\fQ�I�Ra\Yg	\hL�O�N�ZeMci�Z�K�K�Ij�N0I/k:O�N�ZhE
M�E GYE�lmM�I�R VaN�\�jeG�RaO�M I�N�P�WnN'E GYE�o�N�\np7Na\�jqG�RhO�MnIN�PhE�T	Z�d�K E�lroYTsZ�d�K�\�TtZ�`nP�N�O�I1X�N�Z2[aI�N�\�I1X�Z7u�O�^

k:O K�L�\�u�Z�I�TtU�I1K�G T	TtZ2RaN�U1Iv Z�u w/I�R�I�T*I�N�N�U1I
L�O�[aN�O K�L�P�Wyx Q�O�` N�O�L�Z�Whx

F	G HAI�K�L�M I�N�N�O K�L�P�W
%

1 z I�T	Q�I�RaZ2L�G�RaZ/{|T	Z�j�}~W�MhE GYE 82 85 40

2 pH
{|\���` P�}~W�N'E GYE

� \�K�` O�RaO�^AT	\�N)E
82

81

76

54

14

12

3
� \�K�` O�RaO�^AT	\�N)E

γ
o|�0�7����T)Z�d�K E

z I�T	Q�I�RaZ2L�G�RaZ/{|K�I�NhL�b�i]RaP�}~WnN)E G�E
� O�^aN�O K�L�P�{|TtZ�j�}~W�N�E GYE
� O�^aN�O K�L�P�{|\��/N�P�}~W�N)E G�E

pH
{|\���N�P�}~W�N'E G�E

81

82

80

79

77

77

59

72

77

79

79

79

5

3

3

3

3

3

4 z I�T	Q�I�RaZ2L�G�RaZ/{|K�I�NhL�b�i]RaP�}~WnN)E G�E 80 62 3

5 γ
o|�0�7����T)Z�d�K E
� O�^aN�O K�L�P�{|TtZ�j�}~W�N�E GYE
� O�^aN�O K�L�P�{|\��/N�P�}~W�N)E G�E

pH
{|\���N�P�}~W�N'E G�E

80

77

76

76

64

64

64

64

2

2

2

2

6
� O�^aN�O K�L�P�{|TtZ�j�}~W�N�E GYE
� O�^aN�O K�L�P�{|\��/N�P�}~W�N)E G�E

pH
{|\���N�P�}~W�N'E G�E

78

76

76

66

66

66

2

2

2

�c���'�a�]���n�S�s�t�]�����t�	���'�������	�����]�)���]�¡ *�0�'���0¢��f )�)�£� �*� �'�	���h¤'�s�>�	¢h¥A���]¦¨§�� �©�h�0���0�a�  
-

�*�'�fª)� «*� ¢h�Y�*�¬e�n�Y¢����t�0��¤	�n�Y�	ª>�n¢�� �'®Y��¢h�a�*�n¢¯�°¢S�0�/¤��)¢S�� s�)�)�)�	�t¥²±a���0�)�0³��s�t�a�n���>³]�°�*�a´0�)� ³ �
-

 *�0���)�)�s�µ�)��¶��n¢��0���°���h�n�>�nª)�0���n�t�*�0³]�·�*�a´'���t��¬e�n�Y¢����t�Y�	¸*¹�  s�)�t�e���t¤º�t�	���'���£�)�*� �)�n�t�*�'� ¢h®
�0�'�	³]�'�h�  s�t�'´Y�*¥q�»�0�tª)�0�¼�����0 	�)� �	�Y¢��0���½�¾��¸f¿7�s�t�À´0¥J�>�¾�h�0 )�'��¶�� �*�¾�Á���h�a�'´0�0¦¨ª)� �	���n�
ÂqÃJÄ �'�	Å�®� *�£�*� ���*�Y³��	�Æ�	�¡�0 s�t� ª)�n�Y���n��¥e�Ç¬��t���t�'�'ÈÉ�)�*�/�s�t�a�n�Y�s�r ��0���h��� ¢��n�>�n«ËÊÉÌ�� �0�)�r�
ª0�1¸Í¤*Î)Ï'Ï6Ð�Ñ�¸s�A *�0���*�f���]�t���Y¢a�*�Y¤��>¢����n�t�s¶�� �	�*�f�)���n�)� �	�*���n¢h�µª)� �	�*�Y«Ò�  *�nÓt�*¬��)�t�h� �'�0«Ô³��Y�  

-
 	¥Õ�Y�	ª)�0��¤7�'´0¥e�)�*�£���h�h� �0��¦¨§��)�Ò���n�*´��0�)�h�Ö�)���n¢a¥_�����0ª'¥c¤����0³��)�µ´0¥A¢h®��n���Y��� �*�µ�°�*� �'�Y¢ �

-
�)¥J�/�×�t�	¥A���Ë¬e� �0¢S���t� ���×���]¶��t�'�Y«× s�>�s�t�0ª�¥_¤7�*�Ö�)�)¢�� �	�	¥A���Ç s�)�Ø�n���n�'�t���Y¸�Ù7�n�Y�	�»�'´�� �

-
���0��¤��e� ¢��0ª ÂeÃJÄ ª)�a�n¢£���0���e��¶����'�n¢a®Ú���n¢�� �*�0�Y�	¢ ®Y¤7ª)�'�n¢S�n¢S���t�n�Ë�t�'�©�*��¢·���h´'���©�h´Y�*�0¢a�s� �

-
�n�Y�s��¬e� �0¢S���t�0�¡�]�t� ª'¥©ª'�0�¨�*� �*´'�Y�)�h�� *�0�'���0³ �Ö�Y¥e�Y�0�)� �	�)�����0���e��¶��t¥q�� )�)�s�)�t�Ú±a�'�0�>�0³��s� �

-
�n���0³ ��*�h´Y�)�n³ �Y *�0���	�)�)�t¸
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8:9*;0<�=)>?;0@A>CB�DFEA>HGCIKJMLANPOQI�;RI SUT	='9V;XW	Y'WZ9*GCEA;0B�[\;^]_9*;`;0abScG =)GCYAW	IHdfehgFij='Y0LfI�;0< ;XWcY'W
W	9*;U< ;lk0W*;0ImWbOcGmJC@A;0< ;lW	9	=AW	@)> I�;^Sc>mNVSb>Hk';0IK>MLnJoa*;UY'9	DF[p[q>HJmJCW	EA;0[r=)>C9c9	D\s1t)uwvmImWbsfJCY�T)Oc>ML�s
v�x\x\G @0ImW	EU9*;'J IHdy> 9*> Y'W	B�>z[q;^]:G I{k0DFIHd|a*;0EUD~}�GC9*>�B�>{J�OcGCIrE0DF=)G Y)GC9cWbL�a*;�@A>C@A;0[�TV�#YAW*k';
abS)WcB�9V>C@mT���9*>Ca)S)W	[qGMScN	a)Sc;'J ICSc> 9*JCImE'G 9	9V;0[�T�W	YAWXE�ScGC[qGC9	9V;0[�Tc��W	B_;'k0�lG < ;?[\>HJmJCWcE'>�=)> 9	9cDhs
k';0Y)GmG�TcB�@A;0< ;�a*;'='[q>HJHJ W	EA>0t*�o>?a)Sc>C@UIHWc@'G?a*;U=);'k09cD~��>C9V>CY'WcB�EUDF<�Y0LU='WcI�JCYQGC=�Tb����W	[�;)k^S >

-
B�;0[�t	g�Y0LnIK;0< ;RO)IK;'k0D�EUD\LAJC9	WcIHdKN�9V>HJ @';0YAd�@';`kHT	=�TcIX;UIHY'W)Oc>CImdUJMLlScGCBT	Y'd�IK>CImD�;0a)IHW	[/W	B�>C�cW	W
x\>C@UI�;^Sc;UE'N)E0Y'W'L����?W)sl9*>:;'k0�oT)��O)W*J Y)GC9c9*;'J IHdoB�;';0a	YQ>C9	@UI�;U9*>�E�SVt)��TbSbG�E?B�>CEUW*J W	[\;AJCIHW`;�I
E^ScG [\G 9	W�;0IKk';^Sc>�abSc;'kUD�N�[q>HJmJCW	En=)>C9c9	D\s�kUD~Y�Sc>CB�=)G Y)GC9�9*>?='EA>?a*;0=A[\>HJmJCWcE'>mN�;Ak^�VGC='Wc9bL �

-
�?Wbs`9V>Hk0Y0��=QGC9	W)LfJH;';0ImE'G I�J IHEAGC9	9V;XB�>����A�'�'� ���'�' `���'��9*>HkUY0��=)GC9cWbLU��W����A�'¡'� ���'�'¢`� ��£'¡�9 >

-
k0Y0��=)GC9cW	�	�7<�<Kt'�¥¤:GCEUWbO�WX=0S1t¦N	§)£'£�����t)¨�k^Sb>C�l>mGCIo9*>:JHGmk^L?EU9	Wc[\> 9	W*Gox\> @0I:a*;0EUDF}lGC9cWbL�I�;UY G

-
Sc>C9cIH9*;AJCIHWZB�;';Ua	Y)> 9	@UI�;0�VGC9*;UB�>�aV;�;0IH9V;0}lG 9	Wb�©@fk';0Y'd�}?Wc9*J�IHEmT�x\>C@UI�;�Sc;0EXEª���'�'¡A�C���'�'¢�<�<�t
a*;�J�Sc>CEU9*G 9	W)� J«9V>MOc> Y'd�9	DF[�a*GMSQW*;0=);U[¬WVJHJCYQGC=);0EA>C9cWbL���IK>Hk0Y*t/¢	t¦¡0��t7g�W*> a*>CB�;09cDk'G B�;0aV> J

-
9	D\sl��I't¦G0tH9VG�abS)WcE';0=ULU�?Wbs�@?J 9	W)]:GC9cWb��O)WVJCY)G 9	9*;AJCIHWnB�;A;0a	Y)> 9	@UI�;09V>C�7B�9*>MObGC9	Wc�XIK>C@UWbsnx\> @

-
I�;^Sc;UE'N	@A>C@?®1¯�°

5
N*Jm;0=)GMSA]:>C9cW*G�@UW*JCYQ;^Sc;0=)>mN	@';U9	�*G 9	I Sc>C�cW	W`>C[/[\;09cW	�c9*;0< ;n>CB�;0I�>mNbTc<�Y)GCEA;0= ;

-
Sc;0=);0EAN�x\G 9*;0Y);UE'N1x\;'JHx\> I�;0EAN*E0B�E'G�}lG 9	9cDhsZE'G �lGHJ�ImE`JH;XE�ScGC[qGC9*G [�JCI�> Y'W±}?W)ScGHN*O)I�;�[\;^]�GCI
JCEUW	=)G I�GCYAdUJCIHEA;0EA>�IHd:;�a*;AJCI�G a*G 9	9*;U��>C=Q>Ca	IK>C�cW	WnJH;';Ak0�lGHJ IHEA>�@:T*JCYQ;^EUWbLU[�=)>C9c9*;0< ;�E';0=Q;'GC[q>0t
8�9	IKGMS)EA>CYAD²e\g~i³='YUL�9cW	I Sc>�IH9*;U< ;'N~9cW	ICSQWbIm9*;0<M;´>CB�;0I�>µWr[\>�S)< > 9	�*>`9*GHJ @';UY'd�@';´J�T	B�W	Y'WVJCdUN
sc;0ICL�WXE�9*GHkA;0Y'd�}l;0�`J�IKGCa*G 9	WVNQO)IK;RJ @';�ScGHG�EAJHG < ;?< ;^EA;^S)WcI�;?JCIK>Hk0WcY'W	B�WbSb;0E'> E0}�GC[\J�Ll;UIH@UY W

-
@'GjB�;';Ua	Y)> 9	@UI�;09V>¶9*>·vmIHW EA;0B�=)GC�VJCImE0W)L)t±�\9	W)]:GC9cW*GjB�9V>MOcG 9	W	� ehgFi ='Y0L³¸)¹ º a*;'�
E0Wc='W	[q;0[�T*N1B�9V>C@XIK;0< ;'N�O)IK;«a)Sc;0WcB�;0}�Y);µJ [\G �lGC9cW*G�B�;09	D�IK;0Y)G�Sc>C9cIH9*;AJCIHW�B�;';0acY)>C9c@0IK;09	9cDhs
;^S)< > 9	W	B�[\;UEoE�JCI�;�Sc;09'Tnk';0YQGHG�@0WVJCY);U�XJ�ScGC=AD�t
»�¼�½�¾Q¿'À'¼�Á ÂÄÃ Â Å	Æ Ç�È�É�ÊÉ�Ë�Ê

 Ì*ÍPÎzÏ Ç�Ð�Ñ�Ò�ÆmÒ�È�Ó�Æ�Ê�ÔmÕ±È�ÆAÖUÅV×�ÆHÊ$ØbÈ�Õ*ÙmË�Ó�Ú Ê�É�É�Õ*ÛoÔHÚ�Ü�ÆmÇ�Ý�Ú�ËHÙmÉ�Õ	ÛoÞ�Ê�ÆmË�Ò�ÔKÒ�È�Ë Ó
-Ó�ÚHÊ�ÔKÒ�È�Ç�É�ËHÜ/ßàÈ�Ö ×^Ö$áâÈ�Ê�Æ ÛmÉ�Ë�ã~×�ÆmÒ�È�ÊÉ�ä�Ø É)Ö ×UÖ�ájÉ�Ë å7É�Ë�ãh×�ÆHÒ�È�Ê�É�ä�æ

ç Ë�Ý�Ë�Ð�ÒMèéÛHË�êcËHÙmÊ�Ó�Ð�Ë�ã ëCÉ�Ç�ÙmÊ�É�Ë�Ê Ì*ÍPÎ ÔmÚ�Ü7ÙmË�Ó�ÚCÊÉ�É�Ò�Ó�Ñ�Ë�Ó�× êcê	Ç�ÆmÉ�Ò�ì�Ò/Ý�Ò Ò�Þ�Ú Ç�É�Ð�Ñ Ò
-É�Ç

Þ�Ò�Ð�Ç�Ý�Ç�Ñ�Ê�Ú ä í1Ò�ÉHÑ�Ê�Ð�Ó�Ñ�î^ïð ð ñCè
ïðCð ò�ìì�Ö ó

í�Ò�ÉHÑ�Ê�Ð�Ó�Ñ/î�ï�ð ð ô è
ïð ð õ�ì�ì�Ööó

ïðCð ñ è�ïð ðCõ�ìì�Ö

÷^ø ínßàÈ�Ö ×UÖ æùØMêcì�úûÚ
2.72 8.8 4.48ü0ý ßàÈ�Ö ×UÖ æùØCê	ì�úûÚ
0.84 0.84 0.84

O2 
ßàÉ)Ö ×UÖ æùØCê	ì�úûÚ

10.7 4.8 5.28þ�ÿ ßàÈ�Ö ×UÖ æùØ ê	ì�ú Ú
0.07 0.06 0.07

NH4 
ßàÉ)Ö ×UÖ � ÈKÖ ×UÖ æùØ�ê	ì�úûÚ 0.2-0.63 0.13-1.28 0.2-1.28

NO2 
ßàÉ)Ö ×UÖ � ÈKÖ ×UÖ æùØ�ê	ì�úûÚ 0.04-0.12 0.04-0.08 0.04-0.2
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NO3 8:9); <=;?> @A; <=; BDC�E	F�GIH 0.02-0.75 0.03-0.59 0.02-0.82J FH K�@�L�MAL�N�L�MPOQ8:@�; <=; BDCRESF�GIH 0.02 0.12 0.45

pH 7.76-9.56 7.35-8.25 7.75-9.56T K�9�L�H OQ8:@�; <U; BDCRESF�GVH 0.0019 0.0034 0.0038

PO4 8:9); <=;?> @W; <=; BDC E	F�GIH 0.06-0.24 0-0.31 0-0.27X*Y @ KZ[K9�9�O\K1@ K�] K ^�_�@�`/8:@�; <=; BDC�ESF�GIH 11.5 16.5 16.5

a�b	cedPfRgSg*f�hibkjSl=m*nRoApkjSfrqso)nRtAnuj)v/c	g*f m	cel0g	gel0v fRgefRw'cSx�nzy#{�w)fRq|f~}0��g*l'd c	t�g*f x�q|fRgSc*n
q0q|nRo)n g	c)h��'l0gSt�n �'d t�f0����j)c�f g*fRw|c	x�n�o)f g	g	���i�W�'l0w�l0{�ck�knPdR�|l'{ l~v�l0gSc	tAlUj)c	gS{ f�d�b*l=v�l0���P�
q0q|nRo)n g	c)h��'l0gSt�n �'d t�f�v�lU��gel�g*f w)fR{ f tP��g*f�q=�=w0���SfPn v���n�q�f g*f w'c	x�o�fRg	gS��n�b)jSfR�=tPc)�SnPd �0c�w �

-  ��n�g*nPl   �Sl'o'c	v���n�cedPdRw�nRo)l0q|fRtAnRw0�¡p*d w)l0q=ckhS�	¢£fRb)j)c	v�nujS¤\b)j)c�b*l0cedR�|n�x�gefu�Sn g	cS¥§¦�fR�=t�lUjkl0q
dujSn o'��¤�q¨bkjSn o)nRw)f��©�'l0tAlUj)���ªd�p	v/v�fuj�g*fuh¨�)c*d w)nRgSg*l'd tP�«x�l'l0bSw)fRgS�0tAl0g*f�l'dRtAfPn t�duh¨q=��dWl0�'l=¥*¤
v�lU��gel�x�fRo)f tP���|l0g	tAnR�|dRt�¤SdPl0{�w)fPd g*l��|l0t�l�jSl0v�p   p	o�p	t£l0t�l   jSfRgS�rtAn�gef   w0��o�nRg	c)h|¤	q��|l0t�lUj��¬�
  �[w�ft�fR����nq=��dWl0�|f®�)c*d w)nRgSg*l'd tP�¨l0tPo)n w'��g	���©q0cSo)l0q|¤�g*f bkj)cSv�nujk¤¯o)l0v/c	gSckj=pk���°ck�©q§x�l l

-
b	w)f g � t�l0menRg*l=x�n=�

�£l'dRw�n�b*l=w�pk�Sn g	ckh�gelUj)v�fRtPcSq'l=q�±¬²[³sgef�l'd g*l�q'n�fRg*f w'c	x�f�q|dPn { l�v�fPdPd c)q'f�o)fRgSg	����|f �
-

o)l'n�l0tWo)nRw'��gel'n�g*f   w0�°o)nRgSc*nW¤*l0tPgel'duh=��nWnPd�h���l=bkjSn o)nRw)n g	gel0v�p�x�gefu�)cSv�l0v6p«¦�fR�=t�l�j=p«d�jSnRo'��¤
��l0bkjknRo)n w)nRgSg*l0v6p´d tPq|lUj=p�c��Ql0bkjknRo)n w)nRgSg*l0v6p´b*n�j)c*l=o�p«y�{ l0oAp*¤µv�nPd�h=m'p	�¤*v�lU��n t   �[tW��bkj l

-
fRg*f w'c	x�ckjkl0q'f g*l�d�t�lU�)�=c�x�jSn g	ckh¨n { l�¶�q�jSn o'g*l'd tPc6¶�o'w0h   cel0tPc)�SnPd �0c)�§�|l0v�bel0g*n g	t�l=q·�W�|l'd c

-
dRt�n v����	²�w0h¸f g*fRw|c	x�f�p	o)l   g*lq=�¬jSf x�cStP�°pkjSl0q|nRgS�¦�f �0tAlUjSf�qo�l0w0h��¹±¬²[³°�*¢�f bkj)cSv�n�jS¤�nPd w'c
c	x�q'nWdRt�n gj'h=o�g*f   w0��o)n g	c	¥�genR�|l0t�l�jSl0{ lQ¦�fR�=t�lUjSf�b*lQl0bkjknRo)n w)nRgSg*l0v6p«dRtWq'l�j=p´x�fºgenPd �'l0w|���'l
w)nRtA¤kt�l�v�lU�»g*lf g*f w'c	x�ckjSl=q'f tP��p*d�tAl0¥k�)cSq'l|dRtP��q�jSnRo'gel0{ l�q'l0x�o)n ¥*dRtWq0c)h�o)f g	g*l={ l¦�f �0tAlUjSf�g*f
jSfPdWdRv�f tRj)cSq'fWnRv�l0v�d tPq|lUjSn0�1²�w�h��PtAl0{ l´o�l'dRtAfRt�l��)g*l�q0��jSf x�cStP��q©¶�nRo'cSg	cSm*fu�ª±�²[³°¶�dujSn o'g n

-
v�g*l={ l0w)n tPg*nWn�x�gefu�Sn g	c*n�¦�f �0tAlUjSf�g*f�o)f g	g*l=v�d tPq|lUjSn=�

¼½l'l0tWq'n t�d tPqWpk����fuh§jSf   l0tAf¹o|w0h�d tPq|lUjSl�q�¢�ck�»g*nR{ulr²�l0gef   �½w)f�b)jSl0q|nRo)n g*f§b*l�q'dWnRv
x�gefu�)cSv���vz¦�fR�=t�lUjkfRv~�|fu��o)l0{ulc	x   c*l0tWck�SnWdR�=ck��c	o�nRg	tWc*¦�cS�)fRtAlUjSl0qS�	¾�x�q'dWnu�·dRtPq|lUjSl�q�l=t l

-  jSfRw|c¿tAnP¤�o'w0hª�'l=t�lUj)���ÀdujSn o'g*n v�g*l={ l0w)n tPg	cen«q'n w'ck�)cSg	�Áx�g*f��)c	v/�¬�sf   c*l=tPck�knPdR�=c	�ibenuj n
-

v�nRgSg	����q=���Sl0o0h=t�x�f»b)jSnRo�nRw'��±�²[³sy�q=�[Â�n�q|nuj'��g	ck�Ã±�²[³~cSw'cgSck��n�g	c)��g	c)�Q±¬²½³����=Ä7fR����n
dPl   w=��o)f w'c�dRw�nRo�pk���ÃnPn�p*d w)l0q=c*n'Å'o)f g	g*f�h�benujSn v�n g	g*f�h�gef�o)fRgSg*l0v�d tPq|lUjSn�gef   w0��o�fRw)fWdR��g*n
v�nRgenPn�bkh=tWc´w)n t=�kÆrjknRxp	w'��t�f t�n�c	x�}�Ç�c*dWdRw)n o)l0q|fRgSg*l0{ lQdRtWq'lUjkf   fWdPdWnR¥	gefº²»l0g*f   �½w)lq=�[o n

-
w)nRgel�Ç�È�g*n   w)fR{ l=b*l0w�p)�)g	����d tPq|lUjSl0q|¤µo|w0h��|l0t�lUj��¬�¸g*f   w0��o)fRw�l'dR��genPdWl   w0�°o)nRgSc*n�±¬²½³É� l

-
tRh   �sb*l�l0o|g*l0v6p§f   cel0tPc)�SnPd �'l0v6p§¦�fR�=t�lUjUp«c´�Sl0t h   �Êo'w0h¸l0o|g*l0{ lcSx�Ë   cel0tPc)�SnPd �0c)��c g

-
o'c	�|fRtAlUjSl0qS�
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1538:90;=<0>@?BA C)AD9EADF	G);=HDI�J IKGLHDIKG)MBAKH N'<POQC)<'H I�<0RSAT?)FL<'HDIUGVRPWXM)G*H 9)ADFBF	WXY[ZX\^]`_a<cbedDIgf0WhIKi

G*HD>L<09'i�j�<0RSJDF R'J�?)G*J F	I _adDIk<0C)J HDIkJDIKGLHDIUG@MBdUHDNS<0l < _a<0C)dD9SG@?B<0RSJDFBG@;Sm F*JDj�WhR'JUdD_nWhO
o fKp	IkHDI ?'qU>*<0_/rtsvuedDRPG@M@m	w7dT?Bd�Y)G	FLm7x�y'y'z0{�|S}~FgHK<'H I�<0GBI�RtI�<0_amEM)Ik<0m)F*JD>)?)G	_adT?Bm'>)?)G�<0>)?BdDCEdD9 d

-F	G	G=Z�\h]tm)l dDFLdT?)G)?Pp*d I�HT;
k
R0W:f'<c?B<PN

x
1
,....,xk

I�<PO��ed~?BJ j�_adT?)FL<'HDIUG*m@M)Ik<�G�G*H�YB<0C'FLJT;�R0W:f'< ?
-

N'JUm	>'p	IkdD_�HD9kp@MBJDOBF*<0lT<�RPW:f'<c?BJ�FLJKf090��CEdDF	GBO�G	j�G*H�YB<0C'FL<0O�R0W:f)<c?)NPG*m*>*<'H 9)d�M@dDl <�N�NSJT��C)<0O
G	j�>*<09�p)MBdDFBF	WXY

k
RPW�fS<c?B<0NQ>)?)G	_adDF);���I�>@?B<0�LdDC�p)?Pp�>*<0GLHDNSJ�Z�\^]�G	9'G�<P>	IKGB_nGBj�J �	G	G�>)?)G

C)dDIkdT?)_/G	F*J �	GL<0F	FL<0_�J F*J 9'G	j�d0|���?BdDjp	9'i�IkJDI�d�R�<'fP��dDO�HD9)<���F*<'H IKG�FLJTYB<PC0;PI
k

j�F*J�MBdDFBG	O
Z�\^]�m'I�<�M)F*<'H IKG�s�w�{�G�>*<P9'F*<�IKW�s���{��PZ�\^]

1

m�|�|�|�|�Zn\^]
k; T1

,....Tk � � 1

m�|�| |¡|¢�
k

|��t<£qUIKGB_¤j�F*J�MBdDFBG@;P_
F*JTY@<0C0;PI�HT?@dDC'FBG*dtZX\^]

m, Tm
m	�

m
m1HT?@dDC'FLdDNPR'J C0?BJDIUG@M)FBW�d�<0IUN09)<PF*dDFBG@;gZX\^]

s, Ts
m	�

s
G�N <

-
q�¥X¥nGB�	GLdDF	IUW�R'J�?)G*J �	GBG¦ZX\^]

v, Tv
m'�

v
m)<0>@?Bd C)dD9P;SdD_nW:d�>*<�¥X<c?)_ p 9)JD_��

ZX\^]
v § s�ZX\^]

s ¨ Z�\^]
m)100%;

Tv = (Ts/ Tm)100%;
�

v § s��
s ¨ � m)100%.

©«ª�¬�E®'¯'ª�° ±²°�± ³L´Uµ�¶K·�¸�µ$¹'º�´�µ�¶U·Pµ�»�¼�½2¶ ´U½2¾�¸K¿U·UÀ«µX¸�»�Á�Â�Ã*Ã	¸UÄ�¸�µ�·K¾�ÀQ¼�½2´U¸U½�Ä�¸K¸�Å*ÆÈÇÉ¼�Ê ½�º�º�µ�Ë�·�µXÆ�Á�·�½�¹0Ì�Á�Í Î
-¿Kµ·�·�À�µ1Ï	µ�¾�Á�¶�Á�Ï�Ð�ÊTÎ�¾�º�¾�´DÂ�ÌPÑ6Ò�¼�Ó ÎPÓ�Ô`¼�µ�´ ÕU·�¸�ËXÎ�´UÁ�¼ µ�·�Ö�¹D·'Ó ÎPÓ2Ô`·U¸K×7·K¸�ËXÎ�´UÁ�¼ µ�·�Ö�Ø

Ù µ�´�µ�Ï*µ�·�·�½�Ú Å*ÆÈÇ
m

Å*Æ*Ç
s

Å*Æ*Ç
v

O2
Ò�·)Ó ÎPÓ Ø

4.32 1.35 31

γ Û�Ü µ�»�º�½�ÕUÍ Á�´UÄ�¸�»�Í Á Ü µ�» º�½�·�Ò�¼KÓ ÎPÓ Ø
0.076 0.015 19

Á�¾�·�ÁDº�¸K¾�µ�Í Ö�·�½2Ú7¾�µÏ	Ì�µ�´U½�¾�Î�´U½7¼nº�µ�·K¾�Ú�Ê�´�µ6Ò�·)Ó ÎPÓ Ø
0.95 0.015 2

¼�Á�¶U·�ÁDº�¾�Ö7¼/Ï@½�µ6Ò�·)Ó ÎPÓ Ø
0.89 0.39 43

¼�Á�¶U·�ÁDº�¾�Ö7¼/¸�ÝÞ·�µ6Ò�·)Ó ÎPÓ Ø
1.3 0.53 41

Á�¾�·�ÁDº�¸K¾�µ�Í Ö�·�½2Ú7¾�µÏ	Ì�µ�´U½�¾�Î�´U½7¼nÏ)½�µ6Ò�¼�Ó ÎcÓ Ø
1.03 0.17 16

ß à ¼7¸�Ýn·�µ6Ò�·)Ó ÎPÓ Ø
7.37 0.94 13

ß à ¼7¸�ÝnÍ µ6Ò�·)Ó ÎPÓ Ø
7.53 0.31 4

w7J N'<0lT<£?B<0C)JeJDFLJD9'GBj�f'Wh9á>@?)GB_Xd F*dDFgNá¥XJ N0Ik<c?BJ _Xm@j�F*J�M)G	_/W^_ÉC'90;tqUNS<09)<'l�G@M@dKHDNS<'l <áF d
-f09)JDlT<0>*<09kp@M)G@;Sm7<0�LdDFBG	RSJKdD_a<0l <�>*<�>*<0NSJDj�JDIkdD90;P_�>B9)JDFBN0Ik<0F*JáG[>*d�?)G*¥nGBI�<0FLJ�R¦RS<0C'FBW�Yâ<'f ã
-dDNPI�JTY�\�<0F*JQs�IkJKf09*|az@|¢ä'{�|n��d 9'G@MEG	F	WåZX\^]

m
m�ZX\^]

s
GæZ�\^]

v
>LdT?Bd _XdDFBF	WXYBm�j�FLJTM)GB_XW�YçC'90;

R'<0j�F	GBN0FL<0RSdDF	G);�qUNS<09)<0l�G)MBdKH N'<Pl <£FLdKf09 J l <0>*<P9�p@M)G);SmE>)?)G	RSdDCEdDF	W�RtIkJKf09L|0z)|²zB|
\�<0>*<P9'F	GBI�dD9Si�F*JT;çj�JDC)J�MBJKmtN'<PI�<c?Pp)� _X<c��F*<æ?@dDè�J IKiPm�G	_adT;�RæHDRS<'dD_é?BJKH >*<c?S;��edDFBG	G

f0G*<0IUG@MBdUHDNPG*de<0�*d F	NPG�qUN'<P9)<0l�G	MBdUHDNS<0l <áHU<'HDIk<c;PF	G);�G�ZX\^]êRS<0j�C)dDOLHDIURKp@����G@YgF*Jef0G*<0I�p�¥XJ N
-
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8�9;:<9>='?A@ BC8�9EDF:F90G�H*9>I�J):<90=LKMH	JONPBCQL90R)90G�J)S<NUT Q'9>G 9VTU9LTM8�9�W>H	JFWXD):)JF:F90Y'H*9>G 9V9'Z;[ON Q08\K]D*9XI K -
Y)KMH<H	^`_aTMbONMH*K�:)JFW>_cKUZ0JO908UJ)S<NUTUQ>JFdfegK Q08\9;:<90=hTi:<N Y'^kj<l1KUTUT _g908 :)J	_m8�NidnH*90R)9>G�JFopTU9'T 8�KM=>R N -
H	JFWq8�K Q'90Gi9rD):<90G�HO90I�KsY'R>Wt=L90Y'H	^gdP9'Z;[ONMQ>8�90=tuvJFw�HONMG 9tx�90HOK�y#z<{	R'GiKMQL90=tJ|Y0:1j}?7~��L�'�0��j

� :<90G�H*90IsD):<90=L90Y'J<R'JED*9|TMbONMHOKi:)J)W>_�egKMQ>8�9;:<9>='?)8'j}N>j0DO9]I�KMY)K H	H	^`_�I�HOKiS<N H	JFW>_mKUZ>J*908 J -
S<NUT Q0J)d|D*N�:<NM_�NMH	H<^�dP=r:<N I�{<R'��8�K 8�NkDF:nJ	_gN H*N H	JFW�_gN 8�90YnKt��x���D*90R\{FS<KMRLJEDF:<N Y)TMQLKMI�KMH<J*NkY'R0W
TU9'T 8�9;W>H<JFWVBCQL9'TMJOTM8�N _�^�=�D):)J	H)W>8�90����QLKMR)Nf90b*N H*90Q<j � :<KMQ>8UJ)S<NUT Q0Jm_gNM8\90Y�DF:F90G�H*9>I�KVT = 9 -
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8:9�;�<>='?'9A@ BDC B
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swJ�R^ NZY�I�G�W�G�NZu�QOJ�G R1T�G�T�U�G�V�J�P0R$vZlxY�M�T h�syl)Y�M�T�P�l	Y�NZz�J�G�R1K�J�Y2QOR�J�P�R$vZlxPHJ)h�syl{P�JOP�l	Y�N z�J�G�R:K�J�Y�QOR�J�P�R| i�RJ�M�Y�L�M�G�N G�I�PHQSR�T�M G�I�G/T G -

T�U�G�V�J�PHV
} G�J�i�RJHU�FHY�i�PHV

~ G�oHJ�m1`[G�^��SR�M�U�vZT�U�p�G�FeJ�Y�^ N jbo R J�PHV WHFOG�IJ�G�K�PHF u R l	Y�V FORY�N z J�Y2V γ �r�0�7�/� l)Y�M�T h�v
l	M�I���N

} P�T�N G�FOG�o
lxP�J)h v�lxI���N

� P�l	N�V�J�T�M�GZR1p G oSG�n FOY�J�P�N P��AR
I�h ~ G�NZIG�o�G�J�T�M
W�G�T h2a/PHc6J�P�`���PHF
nZu�U�G�F } FOY�T�J�G�V�FOT�M�P�`
T h2��u M�G�p�T�M G R� G�T�U�G�p�T�M�Y2V7�7�1�

FHR�M�Ybd1G�J
I�h ~ G�NZIG�o�G�J�T�M
I�h���Rl	P�M�Y�FOY�M�G�FOT�M
W�G�T h��]Y�I�Y�R�p�T�M�P�`]vZp�m:�AR
W�G�T h��]Y�I�Y�R�p�T�M�P�`]vZJHPHc�R
I�h � G�T�U�G�p � J�Y � d�G�JHu
I�h2��K�G�p
nZu�U�G�F } G�N�u K�Y�RpZG
FZu�M�Y�p7E/R�F�Rp G�NHG�M�Y�v G�h2E/R�FSR�^OG�`�J�m:`
FZu�M�Y�p7E/R�T�QOY�J�m1`

~ RT�RNHG�p�T�M G R:p�G�o�G�n FOY�J�P�N P��AR
I�h2E7FOG�N R�U�Y�FOT�M
T h2a/G�p�G�T�R�NOM�Y

FOR�M�Y7��Y�J�m*Q
u T�U�z�R
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0

-

0.013

0.063

1.531

0.276

0.208

0

0

0

0

0

0

0

2.1

3.52

4.14

3.15

6.63

4.75

6.73

5.44

6.1

7.02

10.1

9.8

10.3

10.8

10.14

9.14

9

�*d�� 0.093 4.03

�1�Z��	�'����� �H ¢¡O£'¤0�>¤0¥�¦{§{�H¨Z£©¤'¥ ¤«ª)¬x¤0¥��¤0��¦)¬x¤0®©�Zx¦{¯°ª*¤0£©�Z�� ±®©��²��S³´§)��¤µ®µª�¤0¶)� ®0�0¯�²�·¸�Z¹
º ¤0�'��»¼¦x*¨ �H®©�¼¨Z���)§x�H� ®½ª)¬x�Z¶>¨Z£©�Z���Z	�¤'�¾ª©�	��� ¹¿¨H¤0ª�¤'¨Z�S�Z®]�)�Zx¦{¯ÁÀAÂ±ÃÄ¦Å¬x�O�Z�'��x �ÆÇ��*��§x�Zx¦	È
�����§)¦x¹_ AÆÊÉA� £0�S¤Ë¬x¤0®¿¡H£©¤0�)¤]¥�¦{§x�O¨Z£)¤©�Ì�� º �>�Z¥ ¤0ª�¤0���{§>¦*�«®©¤0¶'x �Æ¸¤ ºËÍ �H£]��¤0®¿¬x�H� �'¦	��*�Z�S¨�¯Î*�



���������	��
����������������������������������� ��!�"��#�$��%'&)(*"�+ ����,���-/.0������+����1����+2"23*��4�56��-7��+�����&
156

8:9<; =0>@?	=BA0CEDGFIH@>�F0J6KLJMFIN�OPFRQ F0SBFI9)?<>UTVFRS0WYXUFZ='F0[LH]\M\MA^=Z>U?<S0OPF'X^>@?LHU=BF0_)FZQ�?:`<A@X^=BF0Q Fa8:9 F -
Q�O*F0b�;0C
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