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

��ö�Ø!á[y#Dó1�Úsåæ�/
(((0��!á56!

°d�-#!#�=r-#!!!#23�-#e�X-#!#e3�-#!#���-#!

!-"ô�¦EM4�l=()34450>�¸895#ô) &&"""-$
!!"ô�#>�¸Ù�&'()2�@ABCDãÑ[�#ô) &&"""-$

435" O�Ðï3?#/¬mÊQ»y'|ï&gh>?÷åæ®89#¥T/()Ýlb/&'P�kl(Þ
@ZTU% 89ÐuÜ#Ðï3?#/¬111^å/¬�89¥Ç#Ñ|}mÊQ»y'|ï¸R[\g#°±mÊQ
»y'Ña|!gh>?Ã�·»åæWX% �ºò�#!-$mÊQG»!OK$Þj� %$J/%e#/(J"# ?>0N>#.ü»!,K$
)�� %/J!)!e%(J(#!#,KRmÊQ»YèZA¾y'% ã]�£'.ü»!YC05='K:$Þj� -)J() e$-J(! ?>0N>#R
,KYèZA¾y''UÄI'Þü»!\!+'K<$Þj� "J!%e(J"/ ?>0N>#RÞü»!+K$YèZA¾y'% !!$_ñ'»
!ZCB'K$&UÄI'.ü»!\!+'K:$&¨�£'.ü»!L8'K:$&-ÑÅa.ü»!48\L+/'K:$&YC05='K:R OKÑa|!
YèZgh>?% mÊQY��¥x OK(Þ$@�¢#=øã>?Y§b�¢gh�\% !/$&QÞ;a»!U5K$Þ
j� ))J$%e!"-J#) ?>0N>#) OKY &&J)!e&$J)!'»åæÛ]Óf� "J&/#&QÞ;aÛ]Óf� "J(-% ò�mÊQ»
åæ7�zu�-�åæ#Qq¾Ñ-ÑYªê»åægï/u®% �§Ðï3?#/¬Ñst«ê»�þYbÔ#

s<H(¥ªê»Ykl#ÕT�ªê»KIåægï/uY®%
678" mÊQ'»y''åæWX'&QÞ;a»'Ðï3?#/¬'^å/¬

4'."&'1+"'0$0EA70.A70&+. E0&3. #$%A0,,+"'0$#..)..3)$"0E.)%'3)$". '$5#&."/#$-0$
&).)&B0'&." 8/#.)."+%- 0EZ#$E)$2L).)&B0'&!

/)$% &"+7"$%-#!# ,")# -(+>"$-#!!!# 4)$% &2"-# &"/"$3"+-#!# &",+)$-#! 842"'#$%6")#-#!

!-" 3&4''('2K.'),*=4:*$@ %$+",'$-.$/*(3&".$&.T9*,>/8.>.*,&4 <$>/"/5/.# K5"Q4'5 F',-*(I$"+.,>"/:# K5":*$) &&"""-#
678714"$*$

!!" 3/*/.9.:;*#',*/',:<$&5#*/"'$ G*>.2',9*,>/0'5$/*"$ %&'(')"&*(%$+",'$-.$/'2K5"Q4'5 6,'+"$&.# K5":*$) &&"""-#
678714"$*$

81."&#/"" T97G2<@ 9HCG:B9A:179:<@# :@F=7C@;:@>F8;9<AB# 8@G D<==79:<@ A:BN <FDH<BDH<A7BF<A?B:@ N8AB9;8@2<@ ACBCAE<:ABCG:?C@9B
:BH:>H=2;<@;CA@CG :@ I89CAD<==79:<@ ;<@9A<=8@G 86789:;C;<B2B9C??8@8>C?C@9JOHCB97G2BC=C;9CG 892D:;8=N8AB9;8@2<@ ACBCA'
E<:A!_8@FC@>ZCBCAE<:A$ 8B9HCB97G28AC8JU28@8=2P:@>9HCG:B9A:179:<@ <FBCG:?C@9DH<BDH<A7BF<A?B# 9H:BB97G2:GC@9:F:CG 9HC
:@F=7C@;:@>F8;9<AB<F9HCBD89:8=E8A:89:<@ <FBCG:?C@9DH<BDH<A7BF<A?B# 8@G 8BBCBBCG DH<BDH<A7BD<==79:<@JOHCACB7=9BBH<ICG 9H89
!-$ 9HC9<98=DH<BDH<A7B!OK$ ;<@9C@9:@ BCG:?C@9BH8G 8A8@>CFA<?%$J/% 9<#/(J"# ?>0N># I:9H :@<A>8@:;DH<BDH<A7B!,K$
8;;<7@9:@>F<A%/J!)!9<%(J(#!<F9HC9<98=J,KI8B9HCG<?:@8@9F<A?<FDH<BDH<A7B:@ BCG:?C@9BJOHC;<@9C@9<F:A<@'8=7?:@7?'
1<7@G :@<A>8@:;DH<BDH<A7B!YC05='K:$ I8B-)J() 9<$-J(! ?>0N># IH:;H I8B9HCG<?:@8@9F<A?<F,KJ_C8N=28GB<A1CG <A>8@:;
DH<BDH<A7B!\!+'K<$ I:9H 8;<@9C@9<F"J!% 9<(J"/ ?>0N>I8B9HCG<?:@8@9F<A?<F<A>8@:;DH<BDH<A7B!+K$J!!$ ZCB:G78=
DH<BDH<A7B!ZCB'K$# IC8N=28GB<A1CG :@<A>8@:;DH<BDH<A7B!\!+'K:$# ;8=;:7?'1<7@G :@<A>8@:;DH<BDH<A7B!L8'K:$# D<9C@9:8=
8;9:EC:@<A>8@:;DH<BDH<A7B! 48\L+/'K:$# 8@G :A<@'8=7?:@7?'1<7@G :@<A>8@:;DH<BDH<A7B! YC05='K:$ ICAC9HC?8:@

!

!!

!"!/W-"W!% ½¾'!"!/W-!W-% ½>¿¾%
ô�#3³»¼ÀÁÂn!@3£»¼*!"!/+Pk !-#$bô�#[\89ÀÁÂn!@3£[\ *!"!"+-X!&!$
Ç£ÍÎ%
�Ï�Ð' R'?8:=" M:8<BH7=:@^>P@7JCG7J;@%



--/!3 !"#$%&'()"!!"#$"#!"!##!"!#"

:@F=7C@;:@>F8;9<AB;87B:@>9HCBD89:8=E8A:89:<@ <FOKJOHCBCG:?C@9GCD9H H8G ?7=9:D=C:?D8;9B<@ OK# 8@G B:>@:F:;8@9=2:@F=7C@;CG
129HC:@9CA8;9:<@ I:9H <9HCAF8;9<ABJ!/$ U:<8E8:=81=CDH<BDH<A7B!U5K$ H8G 8A8@>CFA<?))J$% 9<!"-J#) ?>0N># 8;;<7@9:@>F<A
&&J)!9<&$J)!<F9<98=DH<BDH<A7BJOHC?C8@ E8=7C<FDH<BDH<A7BD<==79:<@ :@GCQ8@G 1:<8E8:=81:=:92:@GCQICAC"J&/ 8@G "J(-#
ACBDC;9:EC=2JOH:B:@G:;89CG 9H899HC<ECA8==GC>ACC<FDH<BDH<A7BD<==79:<@ :@ BCG:?C@9BI8B?:=G# :?D=2:@>;CA98:@ D<==79:<@ A:BN 9<
9HC<ECA=2:@>I89CAJ,@ 8GG:9:<@ 9<;<@9A<==:@>CQ9CA@8=DH<BDH<A7B=<8G:@># ?8@8>:@>BCG:?C@9DH<BDH<A7B:B8=B<AC;<??C@GCG F<A
N8AB9;8@2<@ ACBCAE<:AB9<ACG7;CBCG:?C@9DH<BDH<A7BAC=C8BC8@G D<==79:<@ 9<9HC<ECA=2:@>I89CAJ
9)-:0&%." TCG:?C@9' DH<BDH<A7BF<A?B' D<==79:<@ CE8=789:<@' 1:<8E8:=81=CDH<BDH<A7B' N8AB9;8@2<@ ACBCAE<:AB' _8@FC@>ZCBCA'
E<:A

»!K$R&'P�,Ïm&¬fY@Z3t>?#R/¬�&Y@Zwöf*-'#+ % n^�êÁ|#/¬
,Y»èZ|�«ê»=ªê»*&+ % Ñ¥«ê»Y�þ�·Þ;stq#ªê»YKIm�µyÆÇÏm
&¬búûU'Y@Zúûê*)+ % /¬mÊQ,Y»<ÿ/()&ïrð!*+$&D\&ð�ìV>�!RH$&
/öf&/8&&QVö�ghÔ#P1|»Îü��5égï/KI#m�/u»åæY@Z�ê*%'(+ #�
;H@/¬Y»åæ{=#¥/uY�úû�/Ø¬&@Zgh*$+ % >«#¼þlr/¬mÊQ»YpÀ
í�¸R÷»åæ/Ø¥t6/¬Y�úû�Ýl¦ò(Þ@ZTU*-"'-!+ %

,2�JÐïRZ¨ëMÐïdP#äS/(Ë÷d�)�M*-/+[<ym�MjYÄS3?#Ä
HÈï% �rs(DÆ/�)Y/FÍêÑa�MNh2#>��MjYÐï3?#/¬#¿¹�VÞúû
Qi!º&»�$Y&Q�Ë�4�(Ðö*-#'-&+ % Ðï3?#/¬(Þ(i)yÄ?&Ä?¼[&Ä¬AÚ&/
u¼�M&ÆïrØuQ&Æ¨bÆß��¸A*-)+ % Ðï3?#/¬/u,ÆÜ�Y L8!nb \L+W

/Ñ/&
�Qõ£�¢`é#�¬Î¨mÃ#bÔ&Q¬Á¬&Y¬Î¨c#�/,»Y§mÃ#'�cïa»Î
üí���ïa»Îü#�Þ89�¤Mx %#!Y»În`G=¬ÎüPYmÃ*-%'-(+ % Ðï3?#/¬/
T&'P�Y&¬&ve()4o�bxØV�Yø//¬#ym��¸YÐï3?#/¬/&&'P
�YúûQipÀ&í�ðy% þ:Ðï3?#/¬(Þô1/u8���#|Ò���¸A�0xªê
»YpÀí¶#Q�£lY/¬]�páW��ªê»YKI#�;'�/uº&»�úûü�C#£�ý
þ/¬&�H¬ôBðÛ�b(�#Þ0x&Qc0¢»YKI#¡¤/u»åæ&/i¬�Yi0ä% ×
î�#Ðï3?#/¬¡¤�/i¹�&/T&'P�&'Pµ�¯Æ��¿À#O�Ðï3?#/¬m
ÊQ/¨N»pÀ&í�ðy÷-Ñ»åæ®89��=ø@Z%

no#¥Ðï3?#/¬Y89èZ�J/u/&'()*-$'!-+ &/u¬�(*!!'!&+ &¸&QúQ�M*!)'/"+

÷@cñåæ*/-'//+�LN#sÞoj�x/¬mÊQº»|ï*-)+ &¬mÊ�j*!/+b@cñåæ*/#'/)+LNY
89% þ:�Þ89¥Ðï�/¬Y()qÅbÝl(Þ@ZXf#Q�xÐï3?#/¬mÊQ»y
'|ï¸R&ªê»åæ¤ULNY89qÒ|TU% ûã¥/¬mÊQ89Y�5¼þO�#Ðï3
?#/¬»�(LNY89ÜY� ¡�J% 2ª«4Ðóty°ÿ#O�Ü#Ðï3?#/¬mÊQ»
A¾y'=åæUV89¥Tb±Ë/&'()Þã@ZTU% >«#�¼þ�rÐï3?#/¬m
ÊQ»A¾y'÷»åæ|ï¸R#ÐuÜ#Ðï3?#/¬111^å/¬�89¥Ç#«Ñ��P�|
}Ðï3?#/¬mÊQly'»Y|ï¸R#��mÊQ»y'Ña|!gh>?÷»åæ®#ÕÌ
�Ðï3?#/¬mÊQ»pÀí�89÷�úû�st º34»¼#bÔ�Ðï3?#/¬/()0
£Ýl÷/&'P�µ�kl º34£^%

;ÎÏ,��

;<;IJÐ_Ñ
^å/¬RÉÉSTgù�/ÄgÊPm/¬#�xJÆÉUS,~!� -$#¥ST`ùúûüY�þ

÷pÀí�(ÞÒ|@ZYgh% ^å/¬x -$$% î`�I/#/¬G¬á -"!J&%y-"( ?/#]�¬á
&%J)y-"( ?/#/TNÊù -%) N?!#$îØÓSj )-! ?/ 0B#îÓ¿Sj -$/y-"( ?/% ø,#/&@&íë#/
¨wYëÉÛ!ÃàÄþÛ$9ÂÉÛ#ÄÈ !)/J& N?#Q� #!& ?#ØÓCT -J)-!#Ä@YÊÒ� "J)(e
!&J) ?*/%+ % 89ñ�$¨�7&#9�Æ8$�&û�8bo�#îØÓ78 -&e-(x#T�j -/""e



°d�:$I�¸�¢;¤'W=÷CK,\�ª«ÙÚ&&&Û³�;¤ßà --//3

-)"" ??#T/��,b#/uº&»Ü��Æ% ^å/¬Y¬È�ÕÒ=Ðb§�Ð�è#STÐï��
�Ñ#RÜ#YÆVÐï3?#/¬#(ÞÜ#YÐï��¸Rb/�()*!/+ % Ðï3?#/¬Õø¸¹
Y�l4ob/��7Ñ/Íê]s&&'qÅ�LN(Þ@ZTU% 89^å/¬cÕ\òÐï�3
?#/¬Y¸Ab¿À#�rí#/¬YklbqÅ º�Cb�!%

� - 89�bB%A|ïBT
Y:>J- OHC=<;89:<@ 8@G B8?D=:@>B:9CB<F9HCB97G28AC8

;<=[y#Dó1�Ö
no#ÄÆmÊQ»y'Y|m uìhÞ�PYL/#89n^ \CG=C2� ¡YL/*/('#-+ #¥mÊQ

ly'»xz|ô u/�·¿�#B¢¿�qY»y'xz|ô u/�· u#(u uS7)I�
,% �åUU.qYmÊQ%A!"J& >$Mx &" ?[̀ -k,#£ü¢ \!+&48\L+/&48+\b \L=5u#·u
g[Þ#B¢s«|õõ�À+jg[Þ KÜ�% |±·uUÄI'Þü»!\!+'K<$&UÄI'.ü»
!\!+'K:$'-ÑÅaÞü»!48\L+/'K<$&-ÑÅa.ü»!48\L+/'K:$'ã]�£'Þü»!YC05='K<$&
ã]�£'.ü»!YC05='K:$'¨�£'Þü»!L8'K<$&¨�£'.ü»!L8'K:$'_ñ'»!ZCB'K$'Þü
»!+K$'.ü»!,K$bG»!OK$% Þü»!+K$ÞjÀÇËö�"+KmOKW,K%
;<>[y#Dåæ�/��s-.

�Äi�W¸/¬mÊQ»åæ/Ø#B¢ö>GåæÛ]b&QÞ;aÛ]/¥/¬mÊQ»åæ
7��·WX|}*#!'#/+ %

-$ö>GåæÛ]WX/Ëö�"
') V7)R7B !-$

ö,#')�ö>GWXÛ]'7)�WX>GYB+f'7B�WX>GY�_f% OKY�_f 7Bu� #!"

?>0N>*##'#&+ %
!$&QÞ;aÛ]WX/Ëö�"

'WK VWK4') VWK47)R7B !!$
WK V7U5KR!7OK ]7U5K$ !/$



--/#3 !"#$%&'()"!!"#$"#!"!##!"!#"

ò - mÊQ»åæÛ]WX�_3
O81J- RE8=789:<@ ;A:9CA:8<FBCG:?C@93

DH<BDH<A7BD<==79:<@ :@GCQ3

�m 'OK 'WK åæ7�!/Ø$

- 'OKb"J& 'WKb"J& [v!#$
! "J&"'OK"- "J&"'WK"- -�åæ!$$
/ -b'OK"-J& -b'WK"-J& ,�åæ!%$
# 'OKo-J& 'WKo-J& @�åæ!&$

3

ö,#'WK�&QÞ;aÛ]'WK�&Q0¢P]'
')&7)b 7BY6UbËö!-$'7U5K�&QÞ;a»
!U5K$YB+f'7OK� OKYB+f%

'OKb 'WKYWX�_@ò - :B%
;<?]Ò¸�,�Ö

:ÞBC]^ÓÑ TKTT !"J! Èob RQ;C=,
�·�À|}'�S�a|}=�l�+âS�
£#°±>G¹jRÌ¥�º¹jYÑa|ï¬
&gh'¶¢ 5A;c,T -"J(&L<AC=*Z5_ g# TK! ÷

+A:>:@ !"!- Èo�·�oÉt%

=P�,ÙQ

=<;[y#| Dó1}'sÄ&�Ú
!J-J- Ø®Ù�7Æç-´èqé3ä� ! :B#òÒmÊQ, OKÞj� --)J#&e/#(J-# ?>0N>!Óf
-$#J## ?>0N>$#,KÞj� ((J&%e!)(J!- ?>0N>#+KÞj� /J(-e$J& ?>0N>% L8'K&\!+'K&48\L+/'K&YC05='K
b ZCB'KYÞj|±� !!J%$e)$J!&!-J$/e)(J-(&!!J"-e)%J#)&!&J%$e%!J(( b !/J!)e%"J#/ ?>0N>% =2ªø
ãM#/¬S�#^å/¬òÒmÊQ, OKÞjwx��/Ø!ò !$#òÒmÊQ, OKÞjÓ�x²�
É/¬*#)+ &nÉD/¬*#%+ &4�Û/¬*#(+ &c¯/¬*#$+ &;ÉÛ/¬*&"+ &ë3/¬*&-+bÈ=/¬*&!+ % Ña
|ïg#òÒmÊQ,ly'»ÞjY|ï¸R� _Y/o_Y-o_Y!#w _Y/ Y OKÞj�\Æx _Y-&
_Y!#_Y! ÞjÎ�#Q= _Y- �!�¾% _Y/!d×Mô´$TíÅö��Û¨&&Åå/âI��
�»úûüÑmÊQ,�5ñÊ#c¯R«mrTòÒmÊQly'»Þj�ÆYV>*&/+ %

� ! òÒmÊQly'»Y|ï
Y:>J! *:B9A:179:<@ <FG:FFCAC@992DCBDH<BDH<A7B:@ B7AF8;CBCG:?C@9

ò ! �b/¬òÒmÊQ OKÞj��
O81J! L<?D8A:B<@ <FOK;<@9C@9:@ B7AF8;CBCG:?C@9<FG:FFCAC@9ACBCAE<:AB

/¬ OKÞj0!?>0N>$ OKÓf0!?>0N>$ �!��

^å/¬ --)e/#( -$# �89
 Ú²�É/¬ /#)e-!## %"% ^��#!"!/*#)+

nÉD/¬ !-%"e/)#" r8Ø�#!"!!*#%+

ÄH4�Û/¬ %&)e-)$) $#% k�d�# !"!-*#(+

�´c¯/¬ %&& ñ�ç�# !"-$*#$+

ÆH;ÉÛ/¬ //(e)$" &%" h��# !"-(*&"+

ÆHë3¬ )%(e$!$ )$) Þý¬�# !"-%*&-+

HIÈ=/¬ &"&e(!$ %"( :�G�# !"-%*&!+



°d�:$I�¸�¢;¤'W=÷CK,\�ª«ÙÚ&&&Û³�;¤ßà --/&3

!J-J! êUÙ�7ëÆç-´èqé3OKÞj� %$J/%e#/(J"# ?>0N>#ØÓÞj� !!#J&& ?>0N>#=f�Æ
� &J& ¯#Ña!ia���\% lB%AmÊ@, OKÞjsÏ¤¡�\�!% _Y-&_Y! mÊ@, OK
ÞjGu¹�xxP�#-e-/ ;?w OKÞjGu¹���ØÐ#; _Y- mÊ@,Y -/e-$ ;?w OKÞj
Ïg&xÅ#_Y/ mÊ@ OKÞjGugÏ¤¡�g;`¦oYxÅ!� /$% QlB%AmÊ@ OKÞj|
ïÓ¾Ñ�¹xÅ#wc¯=/j¹�'�Y±²mÊ¿¹b/&�QôE�>?Þ�*&/+ %

,KÞj� )"J$-e//%J(( ?>0N>#ØÓÞj -%#J(! ?>0N>#)OKÞjY %/J!)!e%(J(#!#Óf�%)J$!!#
RmÊQYèZA¾y'% ,K= OKda(Þ�iYS�a!S�P] ,m"J$$##Ib"J"-#-m#%$#w ,K=
OK|ïxÅzuxxP�#mÊQ OK= ,K(Þbêa% ,KÞjÑmÊ@,#ûã¼�Y�H _Y-&_Y!
mÊQly' ,KÞjÏ¡P67��HYxÅ#; _Y/ CÏ¤¡ûã¼�Y�Hly' ,KÞj¦oYx
Å!� /$%

+KÞj� -J(#e-/J&$ ?>0N>#ØÓÞj� )J&& ?>0N>#) OKY !J$!!% ÑmÊ@, _Y!&_Y/ B%A
òÒmÊQ +K��ÆxôÒ#Ãw=mÊ��Ï{S�#ø, _Y/ d×��T#<íÅöYgh�
M#ÃwR�úÄ&�æÄY·£Û#�ÞüQYFÊ º�@Z4o% _Y- mÊQ+KÞjû��Y�H#
zugÏ�HxÅ#ÎÆf� -/J&$ ?>0N>!� /$%

mÊQ,»y'ÞjxÅ� YC05='KoZCB'KoL8'Ko\!+'Ko48\L+/#Ña|ï(ÞP6Y�!a% l
A�mÊ@,»A¾y'Y¹�xÅP�#w= OKY¹�xxP�% ly'»:)�Å��S×#hÞ�
\�!% 48\L+/'K:)�ÅÎ�#) OKY -$J&!!e-$J#$!!Óf -(J)$!$% YC05='KÞj)�ÎÆ#Þj
� -%J/#e$#J/$ ?>0N>!Óf #$J() ?>0N>$#) OKY !"J#!e/-J/(!!Óf !!J#-!$ !� /$% mÊQ,Y
YC05='KáW< D\fbð�ìV>�Ygh#w<�Åöb«ê�þgh�M*&#+ #cÕ01ÆÇ<åæ
_V#ÞjÿÆX�åæ_Vÿ@*&&+ % ZCB'KYØÓÞj� ##J$! ?>0N>#) OKY !"J"&!'L8'KYØÓÞ
j�##J-& ?>0N>#) OKY -$J)!#mÊQ, ZCB'Kb L8'Kcy�RS¥{6YGa»#�W=gï/u�
·»/¶#PkY()4o¹��Õ¥ry'»YpÀí�¬&gh*#$#&)+ %

_Y- �x^åÆPu�Û#d×JÆÉ¸#áW<ÿíÅögh#&Åå/Õ÷Ü/áWâIÿÆÇ
,#�H»ÎüÜ�#wrTÆN +#/SÐÅ% _Y! �xJÆÉUS#p²Õ���è#1`îtA�
�#íÅö¥x/u»ÎüÜ�Ygh��% _Y/ d×Mô´#<íÅöYgh�M#wR�úÄ&�
æÄY·£Û#ÄSk¨Yàá=WmÊ#«d«#Ñp�/¬ÕorTñxKD#îÌY/CF>�
íKLÅöÄI�MjYúûü#wc¯R«mlA�mÊQ,�by'»ÞjbÑa|ï�!Y
V>%
=<=[y#�ó1 TD}'s�ÚÆÇ

,KRmÊQ,»?YèZ5m1|#cefc/&�QÄ½b0¢*&%+ % mÊQ ,Ky'¨© L8'K:&
\!+'K:&48\L+/'K:&YC05='K:b ZCB'K:% ^å/¬mÊQly' ,KÞj÷|ï¸R@� # :B#ly' ,K

Þj� YC05='K:oL8'K:o48\L+/'K:o\!+'K:#\!+'K:R=WpÀY»y'#èZ�êxaõ/*&(+ % \!+'K:
Þj� -#J#/e(!J-/ ?>0N>!Óf #-J!- ?>0N>$#Ñ.ü»y',)�Î¾#QGuÞj�Æxë3/¬
!(J#" ?>0N>$ *&$+ % L8'K:Þj� -#J$(e(!J)& ?>0N>!Óf #!J#( ?>0N>$#48\L+/'K:Þj� -#J)#e(/J/"
?>0N>!Óf #-J!/ ?>0N>$% YC05='K:Þj� -)J()e$-J(! ?>0N>!Óf #(J-& ?>0N>$#Ñ.ü»y',)�
ÎÆ!� /)J#-!$#ò� YC05='K:RmÊQ.ü»YèZA¾y'%
=<>[y#�ó1 RD}'s�ÚÆÇ

mÊQ +Ky'|� L8'K<&\!+'K<&48\L+/'K<&YC05='K<b ZCB'K<% ^å/¬mÊQ,ly' +KÞ

j÷|ï¸R@� & :B% ly'+KÞjò¤�\!+'K<oYC05='K<oL8'K<o48\L+/'K<% \!+'K<=\!+'K:
Sû#R=WpÀY»y'#\!+'K<Ñ +Ky',)�ÎÆ#Þj� "J!%e(J"/ ?>0N>!Óf !J!- ?>0N>$#)
+KY //J%)!#RmÊQ +KYèZA¾y'% YC05='K<Þj� "J#%e(J&% ?>0N>!Óf -J%- ?>0N>$%
L8'K<Û=¨&6�£YÞü»#^å/¬L8'K<Þj� "J&"e/J)/ ?>0N>!-J)) ?>0N>$% 48\L+/'K<ÞjÎ
�#� "J-#e!J#( ?>0N>!Óf "J$% ?>0N>$#²) +KY -#J%(!%



--/)3 !"#$%&'()"!!"#$"#!"!##!"!#"

� / @UmÊQy'»Y8é|ï
Y:>J/ iCA9:;8=G:B9A:179:<@ <FDH<BDH<A7BF<A?B:@ ;<=7?@8ABCG:?C@9



°d�:$I�¸�¢;¤'W=÷CK,\�ª«ÙÚ&&&Û³�;¤ßà --/%3

� # mÊQ.ü»y'Þj÷Ña|ï
Y:>J# L<@9C@98@G BD89:8=G:B9A:179:<@ <F
:@<A>8@:;DH<BDH<A7BF<A?B:@ BCG:?C@9

� & mÊQly'Þü»Þj÷|ï
Y:>J& L<@9C@98@G BD89:8=G:B9A:179:<@ <F
<A>8@:;DH<BDH<A7BF<A?B:@ BCG:?C@9

=<?[y#Dó1Ä&�rÜ¶���Ö
S�a|}=�l�+âS�£RP=0£|}L/#¢x1B¹jdaY�PÕ÷ø¥Ña|ïY

gh% �890£<¢�l�+âÐ#,Y/Z>G�+âbS�a|}#cÕ��ÀÇS�P]b/Z
>GYE���W¸¹jdaY�PbSZ�¢#1B¹jdaYSZ�¢üt÷SZgh*)"+ % @� ) :
B#OKÑa|!Ywöf>?� ZCB'Ko\!+'K:oL8'K:o48\L+/'K:oYC05='K:oL8'K<o\!+'K<oYC05='K<o
48\L+/'K<o��% ø, ZCB'K&\!+'K:&L8'K:&48\L+/'K:&YC05='K:¥ OKYÑa|ïgh�\Mx L8'K<&
\!+'K<&YC05='K<&48\L+/'K<b��#¥ OKYÑa|!(Þ=(Yghf#RmÊQly'»Ña|!Y
èZwöf% YC05='K:Y�êèZ�&Åå/&6LÜ/#RíÅöY@Zu¤#= L8'K<&\! +'K<&
48\L+/'K<&mÊQ��Ó¾Ñ�\�!#ò�í&¬Åö¥xmÊQúûüYgh�M%

¶¢/Z�+â¥>?Ç£�¢�·|}�B#>G§b�¢�(�¥ OKÑa|!YrKf#Ãwg
hí#�Â¹j�(&Â¹jnJa�(% ø,��WL8'K:&��W\!+'K:&��W48\L+/'K:&��WYC05='
K:YÇ£ghf��ÆxöP>?#ò�mÊQY¼�¥x OK(Þ$@�¢#=øã>?Y§b�¢�



--/(3 !"#$%&'()"!!"#$"#!"!##!"!#"

� ) mÊQ»A¾y'/Z�¢(�
Y:>J) ,@9CA8;9:<@ :@9C@B:92<FDH<BDH<A7B<;;7AAC@;C:@ BCG:?C@9

\% L8'K:&YC05='K:&\!+'K:&48\L+/'K:=øã>?Y§b>GrK(�Ó�� $"!#ò�mÊQ,.ü»
SZí�=ø�\#;Þü»YY�¯fS¥�U% /Z�+â|}ò�#ZCB'K=øãy'»Y/Z�¢
(�ÓÆx $#!#c¯R>�mÊQ,_ñ»(Þ�ÆY{6a#�Wéøãy'Y.ü»í�%
=<F[y#"#z�pDsåæ�/
!J&J- 67ìíZÆ#U5K%3mÊQ, U5KRÛ¯Õïr'Y»ÎüKI¡�cc/&&Q0¢YÅa»
Þj#c¢xWXmÊQ»YKI-f#�;WX»Yåæ/Ø*)-')!+ % no#&QÞ;»vpÞ�P¨6#
�b4Ð¥&QÞ;»Y=íÁ|ì�&Sb*#%#)!+ % mÊQ, \!+'K&48\L+/'KR=WpÀY»y'w
WKIx/u'YC05='K:Ñ D\&ð�ìV>�¹�ÔW�&pÀí�#(Þ-Ñ&QÞ;a'ZCB'Kb L8'K

� % mÊQ U5KÞj÷ U5K0OKf
Y:>J% U5K;<@9C@98@G U5K0OKE8=7CB:@ BCG:?C@9B

cy�RS¥{6YGa»#�W=gï/u�·
»/¶*#$#&/#&)+ % >«n^B%YB3_V#� \!+'
K&YC05='K&48\L+/'Kdb��-ÑY U5K#n^B
+�ºÀÇ¡ U5KYÞj÷ U5KÑ OK,:)
�Å%

@� % :B#^å/¬ U5KÞj� ))J$% e
!"-J#) ?>0N>#ØÓÞj� -/"J&$ ?>0N>#�xë3
/¬!!""J" ?>0N>$ *)/+ &²�É/¬*#)+ !!#/J$ ?>0
N>$% ¬ªmÊQ U5KÞj*ö�M#Ña!i
a���\#_Y/ B%AY U5KÞjÎÆ#�\Æ
x _Y-&_Y!%

^å/¬ U5K0OKfY¹�E²� &&J)!e

&$J)!#Óf� &(J-!#��Æxë3/¬*)/+ !//J"!$&²�É/¬*#)+ !!$J!!e#)J&!$bé�\/¬*#+

!)J!!e-%J-!$% ø,òÒmÊQ U5K0OKf� &%J&!e&%J$!#Ï _Y-b_Y!b_Y/ YÑa|ï¸R#= OK
Ña|!¸RP�% ûãmÊQ��Y�H#_Y! mÊ@, U5KY�@¹�xÅÎ���#U5KÑmÊ@
,Y5m�M�!a�M#Ï _Y- mÊQ@,YÞ;»�@m¦#_Y/ Ï�È'Å#ò�mÊQ,»Y5
m�Ms6�»åæ/ØYÆ�% ^å/¬lA�Y U5K0OKfÓÆx &&!#c¥^å/¬¾ÑmÊQª
ê»KI®#ªê»¥gï/uYKI®�áì'*)#+ %



°d�:$I�¸�¢;¤'W=÷CK,\�ª«ÙÚ&&&Û³�;¤ßà --/$3

!J&J! Ù�7ÆÚÛ~�d¹3n^»åæÛ]YWXL/b�_#^å/¬mÊQ»åæ�mWX�º@
ò / :B% ^å/¬mÊQ OKåæÛ]!'OK$Y¹�E²� "J-$e-J"##Óf� "J&/#B%AYzuåæ7
��-% ø,#_Y- YåæÛ]E²� "J!(e-J"##Óf� "J&$'_Y! YåæÛ]E²� "J-$e"J)&#Óf�
"J/)'_Y/ YåæÛ]E²� "J!(e"J$(#Óf� "J)!% _Y! A�YØÓåæÛ] 'OKb"J&#�[vU'
!#$'_Y-&_Y/ A�YØÓåæÛ] "J&"'OK"-#wx-�åæ/Ø!$$%

ò / ^å/¬mÊQ»åæWXÛ]
O81J/ RE8=789:<@ ;A:9CA:8<FDH<BDH<A7BD<==79:<@ :@ BCG:?C@9B<F_8@FC@>ZCBCAE<:A

B%A 'OK åæ7� 'WK åæ7�

_Y- "J!(e-J"#!Óf "J&$$ -�!$$ "J#/e-J&(!Óf "J($$ -�!$$
_Y! "J-$e"J)&!Óf "J/)$ [v!#$ "J!(e"J$)!Óf "J&&$ -�!$$
_Y/ "J!(e"J$(!Óf "J)!$ -�!$$ "J#!e-J&!!Óf "J$)$ -�!$$

33^å/¬mÊQ&QÞ;aÛ]!'WK$E²� "J!(e-J&(#Óf� "J(-#B%AYzuåæ7��-�
åæ/Ø!$$% ø,#_Y- Y&QÞ;aÛ]E²� "J#/e-J&(#Óf� "J($'_Y! Y&QÞ;aÛ]E²
� "J!(e"J$)#Óf� "J&&'_Y/ Y&QÞ;aÛ]E²� "J#!e-J&!#Óf� "J$)% _Y-&_Y! b _Y/ A�
YØÓ&QÞ;aÛ]� "J&"'WK"-#n^WX�_c¥ _Y-&_Y! b _Y/ A�Ówx-�åæ/Ø
!$$%

OKåæÛ]b&QÞ;aÛ]WX�ºÓò�#^å/¬mÊQ»åæzuwx-�åæ/Ø!$$#
lA�daY»åæ/Ø��f×#Ña|ï¸RÏ_Y/o_Y!o_Y-#=OKÑa|!¸RP�% _Y/ d×
íÅöT#íÅö¥mÊ()YghÄ��¡#w _Y/ ��úÄ=�æÄ·£w#/()�{6#á
WÜYmÊQð�ìV0<b.ü»YJ^/µ�&#wc¯R _Y/ YåæÆx _Y- b _Y! Y
V>*&/#)#+ %

0g89ò�#&kno^å/¬mÊQ»åæ/Ø�-#Q¬mÊQ,&QÞ;»)G»Y�f
f�Æ#q¾Ñ-ÑYªê»åægï/u®% p�#«íÐï3?#/¬mÊQ,ly'»YKIc
¯é'�/¬/i¬�#�§Ðï3?#/¬Ñst«ê»�þYbÔ#s<H(¥ªê»Ykl#ÕT�
ªê»KIåægï/uY®%

>PQ

-$/¬mÊQ OKÞj� %$J/%e#/(J"# ?>0N>#ØÓÞj !!#J&& ?>0N>#Ña!ia�\% ,K&+KÞj
|±� )"J$-e//%J(( ?>0N>!Óf -%#J(! ?>0N>$b -J(#e-/J&$ ?>0N>!Óf )J&& ?>0N>$#,K) OKY�Å
� %/J!)!e%(J(#!#RmÊQ»YèZA¾y'% YC05='K:Þj� -)J()e$-J(! ?>0N>!Óf #(J-& ?>0
N>$#) ,KY�ÅÎÆ� /)J#-!#R ,KYèZA¾y'% \!+'K<j� "J!%e(J"/ ?>0N>!Óf !J!- ?>0
N>$#) +KY //J%)!#R +KYèZA¾y'%

!$ZCB'K&\!+'K:&L8'K:&48\L+/'K:&YC05='K:¥ OKÑa|!(Þ=(Yghf#RmÊQly'»Ñ
a|!YèZwöf% mÊQY��¥x OK(Þ$@�¢#=øã>?Y§b�¢�\%

/$/¬mÊQ U5KÞj� ))J$%e!"-J#) ?>0N>#Ña!ia���\#w= OKÑa|!¸RP�%
U5K0OKfY¹�E²� &&J)!e&$J)!#lA�Y U5K0OKfÓÆx &&!'/¬mÊQ OKåæÛ]!'OK$
¹�E²� "J-$e-J"##Óf "J&/![v$#&QÞ;aÛ]!'WK$E²� "J!(e-J&(#Óf "J(-!-�$% mÊ
Q»åæ7�zuwx-�åæ#Qq¾Ñªê»åægï/u®% �§«íÐï3?#/¬Ñst«
ê»�þYbÔ#s<H(¥ªê»Ykl#ÕT�ªê»KIåægï/uY®%

?¼½

I�#)>G~!*+," -"J-(/"%0!"!#J"#!)$%



--#"3 !"#$%&'()"!!"#$"#!"!##!"!#"

FRSTU

* - +3c7<]U# fH8@>L]# fHC@>cL&1$.JOHCCB981=:BH?C@9<FBC8B<@'BDC;:F:;C79A<DH:;89:<@ 8BBCBB?C@9B98@G8AGBF<A8I89CA'B7DD=2ACBCAE<:A=<'

;89CG :@ 4<A9HC8B9LH:@818BCG <@ ;H=<A<DH2=='$ =CEC=BJ4(*.*;)($.@-C)($1*,0# !"-(# *#" --'!"J*+," -"J-"-)0MJC;<=:@GJ!"-%J"$J"&)J

* ! +3\8@ 4# X78@ gX# fH<7 \\&1$.J*:B9A:179:<@ ;H8A8;9CA:B9:;B<F<A>8@:;DH<BDH<A7B:@ 9HCBCG:?C@9B<FA:ECABC@9CA:@>9HC[8NC\<@>PC8@G

9HCCFFC;9B<FCQ<>C@<7BB71B98@;CB<@ 9HC:AFA8;9:<@ 9A8@BF<A?89:<@J!#$%&'()# !"!"# !)!/$" ))&')%&J*+," -"J-(/"%0!"!"J"/"%J*g

î# �ö�# pI¬�J�¦ÆþÆÄSmÊQÞü»|ï¸R÷«ê�þ¥øy'í�YghJÆÇ34# !"!"# !)!/$"

))&')%&J+

* / +3i8A<=aJTD89:<'9C?D<A8=;H8@>CB:@ B7AF8;CI89CA678=:928@G BCG:?C@9DH<BDH<A7B;<@9C@9<F8=8A>CACBCAE<:A:@ O7ANC2J4-5),*-6&-1$.

I*..+1)*-# !"!"# )#(" --/()"J*+," -"J-"-)0MJC@ED<=J!"-$J--/()"J

* # +3[:̀ g# ]:@ \\# fH8<\K&1$.J*:B9A:179:<@ ;H8A8;9CA:B9:;B<FBCG:?C@9BDH<BDH<A7BBDC;:CB<Fg:8@>M:818ZCBCAE<:A8@G AC=C8BCA:BNJB(1$

'()&-1)$&7),(+601$-1)$&# !"!!# ')!$$" -(!'-$"J*+," -"J-/)%-0MJHMNQQ1J!"!!J"")(J*h[�# ,II# eý-�Jé�\¬mÊ

Q»y'|ï÷KI®J()344Ò# !"!!# ')!$$" -(!'-$"J+

* & +3_8@>g̀ # Z78@ _X# X:hhJ,@9CA@8=DH<BDH89CB98AE89:<@ B:>@8=:@>8@G CQ9CA@8=DH<BDH89C8E8:=81:=:92H8EC@<<1E:<7BCFFC;9<@ 9HC8;;7'

?7=89:<@ <F;8G?:7?:@ A:;CJ!*+,-$.*/@-1&;,$1)5&B;,)(+.1+,&# !"-$# %*!$$" !-&/'!-)-J*+," -"J-"-)0B!"$&'/--$!-($)!-""'(J

* ) +3fH7 XZ# YC@>_X# [:7 TT &1$.JU:<8E8:=81:=:928@G DACBCAE89:<@ <F<A>8@:;DH<BDH<A7B:@ =8NCBCG:?C@9B" ,@B:>H9BFA<?C@P2?89:;H2GA<=2'

B:B8@G /-K@7;=C8A?8>@C9:;ACB<@8@;CJ78&6*0A8&,&# !"-(# )%%" &"')-J*+," -"J-"-)0MJ;HC?<BDHCACJ!"-(J"%J-/#J

* % +3L7:\# +7 X# _8@>[g&1$.J*:B9A:179:<@ 8@G AC=C8BC<FDH<BDH<A7BFA8;9:<@B8BB<;:89CG I:9H B<:=8>>AC>89CB9A7;97AC:@ ACB9<ACG IC9=8@GBJ

78&6*0A8&,&# !"-$# ))!" /-$'/!$J*+," -"J-"-)0MJ;HC?<BDHCACJ!"-$J"!J"#)J

* ( +3fH7 X# [:XK# O8@>LX&1$.JRFFC;9B<F9HCG:B8DDC8A8@;C<FBC8B<@8=9HCA?8=B9A89:F:;89:<@ <@ 9HC?<1:=:P89:<@ <F:A<@ 8@G DH<BDH<A7B:@

ACBCAE<:AB# T<79HCA@ LH:@815;8BC<FO:8@18<ZCBCAE<:A# 48@@:@>L:92J!#$%&'()# !"!-# !!!#$" --&/'--)!J*+," -"J-(/"%0!"!-J

"#-)J*m=# hPØ# V�p�JJL/¬��a$|Òv¥¥mÊQãb»pÀYgh111ÕJá�qè/¬�ÅJÆÇ34#

!"!-# !!!#$" --&/'--)!J+

* $ +3]:8@>]# [<@>XL# X8<g̀ &1$.JYA8;9:<@ G:B9A:179:<@ 8@G AC=C8BCA:BN 8@8=2B:B<FDH<BDH<A7B:@ BCG:?C@9BFA<?L8<H8:# c7:PH<7JB(1$ '()?

&-1)$&7),(+601$-1)$&# !"!!# ')!%$" /#%'/&(J*+," -"J-/)%-0MJHMNQQ1J!"!-J"##)J* �# U="# Ö¾H�Jô�àýmÊQ»y

'|ï÷KI®|}J()344Ò# !"!!# ')!%$" /#%'/&(J+

*-"+3_7 YL# ]:@ gL# fH8@>ZX&1$.JRFFC;9B8@G B:>@:F:;8@;C<F<A>8@:;@:9A<>C@ 8@G DH<BDH<A<7B:@ 9HC=8NC86789:;C@E:A<@?C@9J!#$%&'()#

!"-"# ))!-$" -'%J*+," -"J-(/"%0!"-"J"-"-J*»��# cS�# �{i�JKÞüº»ÑÆÇ/(),Y�¢b@ZaJÆÇ3

4# !"-"# ))!-$" -'%J+
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附图 I  改进的磷形态连续提取流程 

Attached Fig.I Flowchart of improved continuous extraction process for phosphorus forms 
 




