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                 ทรงกฎ  อุตรา:  การวิเคราะหทางเคมีของดินที่ชาวบานกินในเขตจังหวัดศรีสะเกษ
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!!!!!!!!!!!!!!!อาจารยท่ีปรึกษา: ผศ. ดร. ตริตาภรณ  ชูศรี, 71 หนา  ISBN 974-533-252-6

                 นํ าดินตัวอยางที่ชาวบานกิน ในเขตจังหวัดศรีสะเกษ   4   ตัวอยาง  มาวิเคราะหสมบัติทาง
กายภาพและทางเคม ี ไดแก สีดิน ความชื้น! ปริมาณสารที่หายไปหลังการเผา ความเปนกรด-เบส
ปริมาณสารอินทรีย ความสามารถในการแลกเปลี่ยนประจุบวก ความเขมขนของธาตุบางชนิด 
ความเขมขนธาตุเหล็กและธาตุสังกะสีที่รางกายสามารถดูดซึมได ผลของการทดลองมีดังน้ีสีของ
ดินมคีาสี 7.5YR8/3 - 10YR6/1 ความชื้นในดินมีคา 1.42 - 6.35 เปอรเซ็นต ปริมาณสาร                   
ที่หายไปหลังการเผามีค า  7 .26 - 9.98 เปอรเซ็นต ความเปนกรด- เบส มีค า 4.30 -                          
4.95 ปริมาณสารอินทรียในดินมีคา 0.28 - 2.73 เปอรเซ็นต ความสามารถในการแลกเปลีย่น           
ประจุบวกมีคา 2.14 - 12.65 เซนติโมลตอกิโลกรัม ความเขมขนของธาตุบางชนิดในดินมีดังนี ้                           
สังกะส ี 48 - 59 มิลลิกรัมตอกิโลกรัม เหล็ก 7.28 - 19.08 กรัมตอกิโลกรัม  แมงกานีส                            
51 - 88 มิลลิกรัมตอกิโลกรัม ไทเทเนียม 8.33 - 9.71 กรัมตอกิโลกรัม แบเรียม  2.79 -                  
3.22 กรัมตอกิโลกรัม  โพแทสเซียม 623 - 2055  มิลลิกรัมตอกิโลกรัม  ซิลิกอน 254.85 -        
316.47 กรัมตอกิโลกรัม  และ อะลูมิเนียม 50.29  - 108.91 กรัมตอกิโลกรัม แมกนีเซียม พบเฉพาะ
ในตัวอยางที่ 4 โดยมีความเขมขน 405 มิลลิกรัมตอกิโลกรัม ปริมาณธาตุเหล็กที่รางกายสามารถดูด
ซึมไดมีความเขมขน 22.35 -  79.91 มิลลกิรัมตอกิโลกรัม ปริมาณธาตุสังกะสีที่รางกายสามารถดูด
ซึมไดมีความเขมขน  0.52 - 0.86 มิลลิกรัมตอกิโลกรัม
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#0#/#65+H3!S&#!5#.&6*<7#!7+#9!8$-!'6'0)+*+!$8!5$5'0!#0#/#65+!*6!+$*0!@'+!*6+5-7/#65'0!

6#75-$6!'.5*,'5*$6!'6'0)+*+3!49#65*8*.'5*$6!$8!/*6#-'0+!*6!+$*0!+'/%0#+!@'+!.'--*#9!$75!

2)!1]-')!9*88-'.5*$6! 5#.&6*<7#3!S&#*-!+579*#+! -#,#'0#9!%'55#-6+!$8!#0#/#65! 0#,#0+!'69!

.0')!/*6#-'0+!-#0'5*,#0)!.$6+*+5#65!@*5&!5&#!#88#.5+!9#+*-#9!$-!-#%$-5#9!2)!.$6+7/#-+3

S&#! -#,*#@! %'%#-! $8! +$*0! *6(#+5*$6! 2)! N*/$6! *6! EFFO! +7((#+5#9! 5&'5!

%+).&$0$(*.'0!'69!.7057-'0!'++$.*'5#9!@*5&!(#$%&'()3!U1'/%0#!$8!%+).&$0$(*.'0!8'.5$-!

5&'5!&'9!2##6! */%0*.'5#9!@*5&! (#$%&'(*'! *6.079#9!/#65'0! -#5'-9'5*$6! DY'66#-:! EFOZ!

<7$5#9! *6! N*/$6:! EFFOH:! &'2*5! DR'0+5#9:! EFGOH:! #/$5*$6'0! 6#(0#.5! D;$$%#-:! EFeK!

<7$5#9! *6! N*/$6:! EFFOH:! %#-+*+5#6.#! $8! '6! *68'65*0#! &'69]/$75&! 2#&',*$-!!!!!!!!!!!!!!!

D^$2*+.&$6:!EFKE!<7$5#9!*6!N*/$6:!EFFOH!'69!.7057-'0!5-'9*5*$6!DL#-/##-!'69!M-'5#:!

EFKF! <7$5#9! *6! N*/$6:! EFFOH3! "#$%&'(*'! @'+! +$/#5*/#+! '++$.*'5#9! @*5&! /$-#!

%-*/*5*,#! +$.*#5*#+3! M$-! #1'/%0#:! (#$%&'()! '/$6(! ?7+5-'0*'6! '2$-*(*6'0+! @'+!

9*+.7++#9!2)!d'5#+$6!'69!f#2-$)!Dd'5#+$6!'69!f#2-$):!EFOK!<7$5#9!*6!N*/$6:!EFFOH3!

S&#! -#%$-5#9!$6!EE!.'+#+!$8! (#$%&'(*'! '/$6(! 5&#!?7+5-'0*'6! '2$-*(*6#!@&*.&!@#-#!

#1'/%0#+!$8!#15-#/#!.$6+7/%5*$6!$8!@&*5#!.0'):!$85#6!-#+705*6(!*6!.$0$6!20$.A'(#!$-!

+$/#5*/#+! %#-8$-'5*$63! S&#! %7-%$+#+! $8! .0')! *6(#+5*$6! @#-#! 2#0*#,#9! 5$! .7-#!
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+5$/'.&'.&#+! '69! 9*'--&#'! $-! 5$! %-#,#65! %$*+$6*6(! $8! +$/#! 8*+&#+3! ;0')! @'+! '0+$!

#'5#6! 2)! 5&#! '2$-*(*6#+! 5$! '00')! 5&#*-! &76(#-! $-! 5$! 5-#'5! &$$A@$-/! *68#+5'5*$63! 46!

'99*5*$6:! 5&#)! '5#! .0')! +$/#5*/#+! 97-*6(! .#0#2-'5*$6+! @&#6! .0')! @'+! 7+#9! '+! '!

%*(/#65!8$-!2$9)!%'*65*6(3 3

!!!!!!!!!!!!"#*++0#-! #5! '03! DEFFOH! +579*#9! (#$%&'()! $6! *-$6! +5'57+! '69! '6#/*'! '/$6(!

%-*/'-)!+.&$$0!.&*09-#6! *6!`#+5#-6!Y#6)'3!S&#! 5#.&6*<7#!7+#9! 8$-!'6'0)+*+!$8! *-$6:!

>*6.! '69! '07/*67/!@'+! '5$/*.! '2+$-%5*$6! +%#.5-$%&$5$/#5-)3! S&#)! 8$769! $75! 5&'5!

*-$6! 9#%0#5*$6! '69! '6#/*'! @#-#! '++$.*'5#9! @*5&! (#$%&'():! 275! $60)! +#-7/! 8#--*5*6!

.$6.#65-'5*$6+!@'+! +&$@6! 5$! 2#! 9#%#69#65! 7%$6! (#$%&'()! *6! 5&#! -#(-#++*$6!/$9#0!

+579*#93! S&#! -#+705+! +7((#+5#9! 5&'5! +$*0! .$709! %-$,*9#! '6! ',#-'(#! Z3K!/(! *-$6! 5$! '!

(#$%&'(#$7+!.&*09!@&*.&!@'+!#<7*,'0#65!5$!aP!%#-.#65!$8!5&#!^#.$//#69#9!B75-*#65!

465'A#!D^B4H!8$-!(*-0+!$-!ZP!%#-.#65!$8!5&#!^B4!8$-!2$)+3

"#*++0#-!#5!'03!DEFFFH!8$769!5&'5!/$+5!$8!5&#!%-#(6'65!@$/#6!DKa bH*6!Y#6)'6!

.$'+5! '5#! +$*0! -#(70'-0)3!`$/#6!/'*60)! '5#! +$*0! 8-$/! 5&#!@'00+! $8! &$7+#+! '69! 5&#*-!

#+5*/'5#9!/#9*'6!9'*0)! *6(#+5*$6!@'+!ZE3e(3! 46!'99*5*$6:! 5&#)! 8$769! 5&'5! +$*0! #'5*6(!

@'+!/$-#!5&'6!=7+5!'!%&)+*$0$(*.'00)!*697.#9!2#&',*$-J!*5!@'+!'!-*.&!.7057-'0!%-'.5*.#3

N/*5&! #5! '03! DPQQQH! +579*#9! 5&#! 2*$'..#++*2*0*5)! $8! #++#65*'0! '69! %$5#65*'00)!

5$1*.!5-'.#!#0#/#65+!*6!5-$%*.'0!+$*0!+'/%0#+!8-$/!C7A$6$!\*+5-*.5:!c('69'3!;&#/*.'0!

'6'0)+#+!$8! 5&#!/'=$-!'69! 5-'.#!#0#/#65+!@#-#!769#-5'A#6!2)!@',#0#6(5&!9*+%#-+*,#!!

1]-')! 807$-#+.#65! 5#.&6*<7#3! `&#-#! 5&#! .$6.#65-'5*$6! $8! '! %'-5*.70'-! #0#/#65! @'+!

2#0$@! 5&#!9#5#.5*$6! 0*/*5:! 5&#!'6'0)5#!@'+!9#5#-/*6#9!2)! *697.5*,#0)! .$7%0#!%0'+/'!

5#.&6*<7#3! S&#)! 8$769! 5&'5! 5&#! /#9*'6! %#-.#65! 2*$'..#++*2*0*5)! ,'07#+! 8$-! .#-*7/!!!!!!

DE!b!]!Ee!bH:!/'(6#+*7/!DK!b!]!aa!bH:!*-$6!DQ3E!b!]!P3F!bH:!'69!$5&#-!5-'.#!#0#/#65+!

,'-*#9!.$6+*9#-'20):!275!@#-#!(#6#-'00)!&*(&#-!*6!(#$%&'(*.!+$*0!D&#-2'0]+$*0!-#/#9*#+!
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'69!5#-/*5#!6#+5!+$*0H!5&'6!.$//$6!D(-$769H!+$*0!+'/%0#+3!R$@#,#-:!$60)!*6!5&#!.'+#!

$8! *-$6:!9*9! 5&#! *6(#+5*$6!$8! +$*0! '..$765#9! 8$-! '!/'=$-!%-$%$-5*$6!$8! -#.$//#69#9!

9'*0)!*65'A#3

!!!!!!!!!!!!!C'&'6#)!#5!'03!DPQQQH!&'9!.$697.5#9!'!-#+#'-.&!$6!5&#!/*6#-'0!'69!.&#/*.'0!

'6'0)+#+!$8!%*.'! +$*0! #'5#6!2)!&7/'6+! *6! 469$6#+*'! '0$6(!@*5&! 5&#! .$65-$0! +'/%0#+3!

I*.'! +$*0! +'/%0#+! @#-#! '6'0)>#9! 8$-! %'-5*.0#! +*>#:! +$*0! .$0$-:! /*6#-'0! .$/%$+*5*$6:!

'0A'0$*9!'9+$-%5*,#!.'%'.*5)!'69!5$5'0!#0#/#65+!D/'.-$:!5-'.#!'69!-'-#!#'-5&!#0#/#65+H3!

S&#!5#.&6*<7#!7+#9!*6!5&#!'6'0)+*+!$8!5$5'0!#0#/#65+!*6!+$*0!+'/%0#+!@'+!*6+5-7/#65'0!

6#75-$6! '.5*,'5*$6! '6'0)+*+3!C*6#-'0! .$/%$+*5*$6! *6! +$*0! +'/%0#+! @'+! *9#65*8*#9! 2)!!!!

1]-')!9*88-'.5*$6!5#.&6*<7#3!S&#!8*69*6(+!@#-#!'+!8$00$@+T!DEH!5&#!#'5#6!+$*0!&'9!'!&*(&!

.$65#65!$8!&)9-'5#9!&'00$)+*5#!'69!A'$0*6*5#:!5&#!.0')!/*6#-'0+:!5&'5!@#-#!%+#79$8$-/+!

$8! 5&#! %&'-/'.#75*.'0! Y'$%#.5'5#SC:! DPH! +/#.5*5#!@'+! '0+$! %-#+#65! *6!/7.&! (-#'5#-!

<7'65*5)!5&'6!@'+!7+7'00)!8$769!*6!Y'$%#.5'5#SC:!DaH!+$9*7/:!/'6('6#+#:!%$5'++*7/!

'69!+7087-!@#-#!%$++*20#!.'69*9'5#+!9-*,*6(! 5&*+!(#$%&'()!2#&',*$-:! DZH! *-$6:!@&*.&!

@'+! $85#6! &*(&#-! *6! #'5#6! +$*0:! @'+! -#0'5*,#0)! &*(&:! 275! 9*9! 6$5! &',#! '! &*(&#-!

.$6.#65-'5*$6!-#0'5*,#!5$!5&#!.$65-$0!+'/%0#+:!DeH!.$2'05!'69!.&-$/*7/:!5@$!*/%$-5'65!

5-'.#!#0#/#65+!*6!&7/'6!675-*5*$6!'69!9*#5:!@#-#!/'-(*6'00)!275!6$5!/'-A#90)!&*(&#-!

*6!5&#!#'5#6!+$*03!46!'99*5*$6:!5&#)!8$769!5&'5!+$/#!+$*0!+'/%0#+!.$709!'9+$-2!9*#5'-)!

5$1*6+:!%-#+#65#9!*6!5&#!%0'65!9*#5!$-!5&$+#!%-$97.#9!2)!/*.-$$-('6*+/+3

!!!!!!!!!!!!?+! /#65*$6#9! #'-0*#-:! 675-*5*$6'0! &)%$5&#+#+! @#-#! /$+5! .$//$60)! .*5#9:!

@&*.&!'55-*275#9!(#$%&'()! 5$!+%#.*8*.!9#8*.*#6.*#+!$8!/*6#-'0+!+7.&!'+! *-$6!'69!>*6.!

D^$+#!#5!'03:!PQQQH3!C'6)!+579*#+!9#+.-*2#9!%'5*#65+!@*5&!0$@!*-$6!$-!>*6.!0#,#0!@&$+#!

(#$%&'()!2#&',*$-!9*/*6*+&#9!@*5&!*-$6!'69!>*6.!-#%0'.#/#65:!'05&$7(&!5&#!#/%*-*.!

#,*9#6.#!8$-!>*6.!@'+!0#++!.$6,*6.*6(!5&'6!*5!@'+!8$-!*-$63



!"#$%&'(ΙΙΙΙΙΙΙΙΙΙΙΙ

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

123(4#/$+&(50++&5%*0-(#-.(,%0'#6&

((((((((((!"#$%&'(")('*+,-&'(.&$&(*'()"--".'/('*+,-&(0(*12(3(.&$&(,#$%4*'&2()$"+(-"%*-(

+*$5&6(71(8#*19(:7'6$7%6;(!7'*5&6(<$"=71%&>(!*+,-&(?(.*'(%"--&%6&2()$"+(@*1(A*19(

B#2;(C*+D"-(8*5(E7&D;(8#*19(:7'6$7%6;(!7'*5&6(<$"=71%&>(!*+,-&(F(.*'( %"--&%6&2(

)$"+(@*1(@";(C*+D"-(G"19(H47*19(C""1;(<$*15(B""(:7'6$7%6;(!7'*5&6(<$"=71%&>( I6(

'&&+&2(64*6('*+,-&(0(*12(3(%*+&()$"+(@*1(A*19(B#2('76&>((J--('*+,-&'(.&$&('6"$&2(

71('&*-&2(,-*'67%(D*9'(*6(F("H(71(*($&)$79&$*6"$(#167-(*1*-K'7'>

127(!+&#-*-6(08(%"&(6+#,,9#'&,(#-.($+#,%*59#'&,

((((((((((J--( 9-*''.*$&'( #'&2( 71( 64&( *1*-K'7'( ")( D7"*=*7-*D-&( 7$"1( *12( L71%( *12( %*67"1(

&M%4*19&(%*,*%76K(.&$&(.*'4&2;($71'&2;(*12(64&1('"*5&2(71(0N(O(P=Q=R(176$7%(*%72()"$(

3F( 4"#$'>( <-*'67%.*$&'( .&$&( '"*5&2( 71( 0(O( P=Q=R( 176$7%( *%72( )"$( 3F( 4"#$'>( S71*--K;(

D&)"$&(#'&(*--(9-*''.*$&'(*12(,-*'67%.*$&'(.&$&($71'&2(.764(2&7"17L&2(.*6&$(*12(-&)6(

*6($""+(6&+,&$*6#$&()"$(2$K719>

121(4#/$+&($'&%'&#%/&-%(#-.(,#/$+&($'&$#'#%*0-

((((((((((((!*+,-&'(.&$&(,$&6$&*6&2(*%%"$2719( 6"(T*9&1( P0UUVR>(J)6&$( 64*6( 64&( '*+,-&'(

.&$&(27=72&2(716"('+*--()$*%67"1'('#76*D-&()"$(64&(*1*-K'7'(DK(64&(+&64"2(")(%"1719(*12(

W#*$6&$719(*'(&M,-*71&2(DK(X*2"Y&=7%(*12(@*'4571(P0UUUR>
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)#%&'*#+,(#-.(&:;*$/&-%

0>! <-*'67%(6$*K'()"$(2$K719('*+,-&

3>! !,*6#-*

?>! @&*5&$'/(0ZNN(+-

F>! J9*6&(+"$6*$(*12(,&'6-&

Z>! !6*12*$2('7&=&(3(++([(J1*-K'&1'7&D;(X&6'%4;(\!J

V>! J1*-K67%*-(D*-*1%&([(8"2&-(3ZNJ;(<$&%7'*;(!.76L&$-*12

((((((((((((<'05&.;'&

]! JD"#6(0NN(9(")('"7-('*+,-&(.&$&(*7$(](2$7&2(DK(',$&*2719(64&('*+,-&(&=&1-K(

"1( *( 6$*K( *12( 5&,6( 71( *( 2$K( *12( 2#'6( )$&&( ,-*%&( *6( $""+( 6&+,&$*6#$&( )"$(

*D"#6(?(2*K'>(C4&('*+,-&(.*'(%"1'72&$&2(6"(D&(2$7&2(7)(64&(.&7946(")('"7-(

'*+,-&(D&6.&&1(64&(647$2(*12()"#$64(2*K(272(1"6(%4*19&(+"$&(64*1(Z(O(71(

3F(4"#$'>

]! !7&=&2(64&(2$7&2('*+,-&(#'719(*('6*12*$2(3(++('7&=&>

]! H$#'4&2(64&('*+,-&(+*6&$7*-'(-&)6("1(64&('7&=&(#'719(64&(*9*6&(+"$6*$(#167-(

64&(,*$67%-&('7L&(")(64&('*+,-&(.*'(-&''(64*1(3(++>

]! 87M&2( 64&( '*+,-&( 64"$"#94-K( )"$( *D"#6( ?N(+71#6&'( 71( *( 0ZNN(+-( D&*5&$(

#'719(*(%-&*1(',*6#-*>

]! <"#$&2(64&('*+,-&("16"(*(%-&*1(,-*'67%(6$*K(71(*(%"1&('4*,&>

]! S-*66&1(64&(%"1&(*12()"$+&2(*(%7$%#-*$(-*K&$(")('"7->

]! :7=72&2(64&(%7$%#-*$(-*K&$(")('"7-(716"()"#$(&=&1(,*$6'(#'719(*(%-&*1(',*6#-*(

*12(27'%*$2&2(64&(6."(",,"'76&(W#*$6&$'>
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-! H"+D71&2( 64&( 6."( $&6*71&2(,*$6'( *12( $&,&*6&2( 64&( %"1719( *12( W#*$6&$719(

#167-( "D6*71719( *D"#6( 0N( 9( ")( '"7-( '*+,-&;( 64&( '7L&( *,,$",$7*6&2( )"$( 64&(

%4&+7%*-(*12(,4K'7%*-(*1*-K'&'>

12=(<">,*5#+(#-#+>,&,
((((((((((( <4K'7%*-( ,*$*+&6&$'( *$&( 7+,"$6*16( 71( 2&'%$7D719( 64&( '"7-( ,$",&$67&'>( I6( 7'( 1"6(

"1-K( %-"'&-K( $&-*6&2( 6"( 64&( %4&+7%*-( %"+,"'767"1( ")( '"7-( D#6( *-'"( $&-*6&2( 6"( +*1K(

,4K'7%"%4&+7%*-( *12( D7"-"97%*-( ,$"%&''&'>( I1( 647'( '6#2K;( 64&( ,4K'7%*-( ,*$*+&6&$'(

+&*'#$&2;(.&$&( '"7-( %"-"$;(+"7'6#$&( %"16&16;(+"7'6#$&( %"$$&%67"1( )*%6"$;( *12( -"''("1(

791767"1( *6( UNN( "H>(J--( ,*$*+&6&$'(.&$&( 71=&'679*6&2( 71( 6$7,-7%*6&;( *12( $&,"$6&2( "1-K(

64&(*=&$*9&(=*-#&>

(((((((((( 12=23(40*+(50+0'

(((((((((( !"7-(%"-"$(7'("1&(")(64&(+"'6(%"++"1-K(+&*'#$&2(,*$*+&6&$()"$('"7-(,4K'7%*-(

,$",&$67&'>( I6( %*1(D&(#'&2( 6"(,$&27%6( "$( &'67+*6&( 64&( %4&+7%*-(,$",&$67&'(")( '"7->(S"$(

&M*+,-&;( .476&( %"-"$( '"7-( %"16*71'( %*$D"1*6&'( ")( %*-%7#+( *12( +*91&'7#+>( ^1( 64&(

"64&$(4*12;( '"7-( D&%"+&'( $&2( "$( K&--".(D&%*#'&( ")( 7$"1( "M72&( "$( 4K2$"M72&( P!719&$(

*12(8#11';(0UUUR>( (!"7-(%"-"$( 7'(#'#*--K(+&*'#$&2(DK(%"+,*$719(64&('"7-(%"-"$(.764(

%"-"$("1(*('6*12*$2(%"-"$(%4*$6>(C4&(%"--&%67"1(")(%"-"$(%4*$6(9&1&$*--K(#'&2(.764('"7-(

7'( *( +"27)7&2( =&$'7"1( ")( 64&( %"--&%67"1( ")( %4*$6( *,,&*$719( 71( 64&(8#1'&--( @""5( ")(

H"-"$(*12(71%-#2&'("1-K(64&(,"$67"1(1&&2&2()"$('"7-(%"-"$(72&167)7%*67"1>

((((((((((((C4&(8#1'&--(1"6*67"1(72&167)7&'(%"-"$(DK(#'719(64$&&(=*$7*D-&'/(4#&;(=*-#&;(*12(

%4$"+*>(_#&(7'(64&(2"+71*16(',&%6$*-(%"-"$;(64*6(7';(.4&64&$(64&(4#&(7'(*(,#$&(%"-"$;("$(

*(+7M6#$&(")(,#$&(%"-"$'>(87M6#$&'(*$&(72&167)7&2(1#+&$7%*--K(*%%"$2719(6"(64&(*+"#16(

")(,#$&(%"-"$'(#'&2(6"(,$"2#%&(64&(+7M6#$&>(S"$(&M*+,-&;(ZAX(7'(*1(&W#*-(+7M6#$&(")(

K&--".( *12( $&2>( J'( 64&( 1#+D&$( 71%$&*'&';( 64&( *+"#16( ")( 64&( )7$'6( %"-"$( PK&--".R(
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71%$&*'&'(*12(64&('&%"12(%"-"$(P$&2R(2&%$&*'&'>(`*-#&(*12(%4$"+*(*$&(6&$+'(64*6($&)&$(

6"(4".(64&(4#&(7'(+"27)7&2(DK(64&(*22767"1(")(9$*K>(`*-#&(7'(64&(2&9$&&(")(-79461&''("$(

D$79461&''(")(64&(4#&($&)-&%6&2(71(64&(,$",&$6K(")(64&(9$*K(%"-"$(64*6(7'(D&719(*22&2(6"(

64&(4#&(.764(N(D&719(D-*%5(*12(0N(.476&>(H4$"+*(7'(64&(*+"#16(")(9$*K(")(*(,*$67%#-*$(

=*-#&( 64*6( 7'(+7M&2(.764( 64&(,#$&(4#&( 6"("D6*71( 64&( *%6#*-( '"7-( %"-"$>(C4&( -".&$( 64&(

%4$"+*;(64&(%-"'&$(64&(%"-"$(7'(6"(64&(,#$&(9$*K(")(64*6(=*-#&>

(((((((((((()#%&'*#+,(#-.(&:;*$/&-%

0>! 8#1'&--(%"-"$(%4*$6

3>! !,*6#-*

(((<'05&.;'&

]! H"+,*$&2(64&(%"-"$(")(*7$(2$7&2('"7-('*+,-&'(.764(8#1'&--(%"-"$(%4*$6(*12(

$&,"$6&2(71(64&(-&66&$(%"2&>
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(((((((((((((C4&(+*71('76&()"$(L71%(*D'"$,67"1(71(64&(9*'6$"716&'671*-(6$*%6(7'(64&(,$"M7+*-(

'+*--( 716&'671&;( &',&%7*--K( 64&( Y&Y#1#+>( C4&( &M%$&67"1( ")( L71%( 71( 4#+*1( D"2K( 7'(
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64$"#94()&%&';(#$71&(*12('.&*6>(C4&(+*Y"$($"#6&(")(&M%$&67"1(7'(=7*()&%&';(.764('+*--&$(

*+"#16( &-7+71*6&2( DK( #$71&>( C4&( 1"$+*-( D"2K( %"16*71'( *D"#6( 3>3( 9( L71%;( .764( *1(

"=&$*--(%"1%&16$*67"1(")(*D"#6(?N(,,+(P8%:".&--;(0UU3R>(C4&(0UjU(X:J(")(i1()"$(

C4*7'(7'(0Z(+9Q2*K()"$(K"#19(D"K'(P0N(](03(K&*$'R;(0Z(+9Q2*K()"$(K"#19(97$-'(P0N(](03(

K&*$'R;( 0Z( +9Q2*K( )"$( +&1( *12( ."+&1( P3N( ]( 3U( K&*$'R( PC4&( H"++766&&( "1(

X&%"++&12&2(:*7-K(J--".*1%&';(0UjUR>

(((((((((((((I1(647'('6#2K;(D7"*=*7-*D-&(7$"1(*12(L71%(*$&(2&)71&2(*'(64&(*+"#16(")(7$"1(*12(

L71%( 64*6( %*1( D&( *D'"$D&2( DK( 4#+*1( D"2K( 64$"#94( 64&( 716&'671*-( 'K'6&+>( ( C4&(

D7"*=*7-*D-&( 7$"1(*12(L71%(.&$&(2&6&$+71&2(*%%"$2719( 6"(B&7''-&$( &6( *->( P0UUjR>(C4&(

%"12767"1( #'&2( )"$( &M6$*%67"1( ")( D7"*=*7-*D-&( 7$"1( *12( L71%( .*'( 64&( '7+#-*67"1( ")(

4#+*1(279&'67"1('K'6&+';(#'719(64&(&W#7=*-&16(,_(")(64&('6"+*%4(*12(64&(6&+,&$*6#$&(

.*'(+*716*71&2(*6(*(%"1'6*16(?f("H;((64&(D"2K(6&+,&$*6#$&>

(((((((((((()#%&'*#+,(#-.(&:;*$/&-%

0>! !4*5&$(.764(64&$+"'6*6&2(.*6&$(D*64([(8"2&-(!a@(ZNZN;(G*67"1*-(T*1&6;(

:&1+*$5>

3>! J6"+7%( *D'"$,67"1( ',&%6$",4"6"+&6&$( [(8"2&-( !,&%6$*( 3ZN( ,-#';(`*$7*1;(

J#'6$*-7*

?>! 87%$"(,7,&6([(8"2&-(<7,&6(8*1;(B7-'"1(8&27%*-(e-&%6$"17%';(S$*1%&

F>! S7-6&$(,*,&$([(a4*6+*1(G"(F3

Z>! J-#+717#+()"7-

F&#6&-%,

0>! _K2$"%4-"$7%(*%72(?f(O([(J1*-K67%*-(X&*9&16(;(T*D'%*1(J'7*(;(C4*7-*12

3>! S&;(i1('6*12*$2('"-#67"1'([(J-2$7%4(H4&+7%*-';(87-.*#5&&(aI;(\!J

]! S&(*6"+7%(*D'"$,67"1('6*12*$2('"-#67"1;(%"16*71'(0N3N(,,+(")(S&(71
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((((((((((((((((((0(.6>(O(_H-;(2(b(0>N0N>

((((((]( i1(*6"+7%(*D'"$,67"1('6*12*$2('"-#67"1;(%"16*71'(UjZ(,,+(")(i1(71

((((((((((((((((((0(.6>(O(_H-;(2(b(0>N0N>

?>! <$&,*$*67"1(")(i1(*12(S&('6*12*$2('"-#67"1'

Uj>Z(,,+(i1

<7,&66&2(0N>NN(+-(UjZ(,,+(i1(716"(0NN(+-(="-#+&6$7%()-*'5(64&1(+*2&(#,

6"(0NN(+-(.764(2&7"17L&2(.*6&$>

U>jZ(,,+(i1

<7,&66&2(0N>NN(+-(Uj>Z(,,+(i1(716"(0NN(+-(="-#+&6$7%()-*'5(64&1(+*2&(#,

6"(0NN(+-(.764(2&7"17L&2(.*6&$>

0N3>N(,,+(S&

<7,&66&2(0N>NN(+-(0N3N(,,+(S&(716"(0NN(+-(="-#+&6$7%()-*'5(64&1(+*2&(#,

6"(0NN(+-(.764(2&7"17L&2(.*6&$>

((((((N&%&'/*-#%*0-(08(L*0#K#*+#L+&(*'0-

((((((((((((<'05&.;'&

](( a&794&2(0N>NNNN(9(Pa;(9R('"7-('*+,-&(716"(3ZN(+-(&$-&1+&K&$()-*'5>

](((((J22&2(0NN(+-(N>0N(8(_H-(*12(%"=&$&2(64&()-*'5(.764(*-#+71#+()"7->

]( <-*%&2( 64&( )-*'5("1( 64&( '4*5&$(.764( 64&$+"'6*6&2(.*6&$(D*64( '&6( *6( ?f( "H

*12('4""5()"$(3(4"#$'(*6(0jN(Q+71#6&>

]! :&%*16&2( 64&('"-#67"1("=&$(*( )7-6&$(,*,&$( 716"(0NN(+-(9$*2#*6&2(%K-712&$;(

$&%"$2&2(64&(="-#+&(")(64&('"-#67"1(P`;+-R>

]! <7,&66&2( 0N>NN(+-( ")( 64&( '"-#67"1( )$"+( 64&( 9$*2#*6&2( %K-712&$( 716"( )"#$((((

ZN(+-(D&*5&$'
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]! 8&*'#$&2( 64&( *+"#16( ")( S&( 71( 64&( '"-#67"1( #'719( 64&( *6"+7%( *D'"$,67"1(

',&%6$"'%",7%(6&%417W#&(.764('6*12*$2(*22767"1(+&64"2>

]( J22&2(&M*%6-K(N;(N>ZN;(0>NN;( *12(0>ZN(+-(")( '6*12*$2(0N3>N(,,+(S&( 716"(

&*%4(")(64&()"#$(ZN(+-(D&*5&$'>

] 8&*'#$&2(64&(*D'"$D*1%&(")(64&()"#$('"-#67"1'(DK()-*+&(*6"+7%(*D'"$,67"1(

',&%6$",4"6"+&6&$>

((((((((((((]((((H*-%#-*6&2(64&(%"1%&16$*67"1(")(S&()$"+(64&('6*12*$2(*22767"1(%#$=&>

]! I1'6$#+&16( ,*$*+&6&$'( )"$( *6"+7%( *D'"$,67"1( +&*'#$&+&16'( .&$&( *'(

)"--".'/(

((((((a*=&(-&1964(((((((((((((((((((((((((((((((((?f3>N(1+

(T*+,(%#$$&16 Z(+J

  !-76(.7264 N>3(1+

((J7$()-". 3N>N(-Q+71

((J%&6K-&1&()-". 3>NN(-Q+71

((((((((((((!#+5;+#%*0-

(((((((((((((@7"*=*7-*D-&(7$"1((P+9Q59R b S&  x  `(c>>(>ccc>c>>>c>>>cccP?>jR
(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((a

(.4&$&

S& b %"1%&16$*67"1(")(S&()$"+('6*12*$2(*22767"1(

%#$=&(P,,+R

` b ="-#+&(")('*+,-&(P+-R

a b .&7946(")('*+,-&(P9R
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(((((((((((N&%&'/*-#%*0-(08(L*0#K#*+#L+&(M*-5

(((((((((((<'05&.;'&

](( a&794&2(0N>NNNN(9(Pa;(9R('"7-('*+,-&(716"(3ZN(+-(&$-&1+&K&$()-*'5>

]( J22&2(0NN(+-(N>0N(8(_H-(*12(%"=&$&2(64&()-*'5(.764(*-#+71#+()"7->(C4&(

,_(")(64&('"-#67"1(.*'(64&(,_(")(9*'6$7%(Y#7%&>

]( ( (<-*%&2(64&()-*'5'("1(64&('4*5&$(.764( 64&$+"'6*6&2(.*6&$(D*64('&6(*6(?f("H

*12('4""5()"$(3(4"#$'(*6(0jN(Q+71#6&>

]((((:&%*16&2(64&('"-#67"1(71(64&()-*'5("=&$(*()7-6&$(,*,&$(716"(0NN(+-(9$*2#*6&2

%K-712&$;($&%"$2&2(64&(="-#+&(")(64&('"-#67"1(P`;(+-R>

](( <7,&66&2( 0N>NN( +-( ")( '"-#67"1( )$"+( 9$*2#*6&2( %K-712&$( 716"( )"#$( ZN( +-(

D&*5&$'>

]( 8&*'#$&2( 64&( *+"#16( ")( i1( 71( 64&( '"-#67"1( #'719( 64&( *6"+7%( *D'"$,67"1(

',&%6$"'%",7%(6&%417W#&(.764('6*12*$2(*22767"1(+&64"2>

](( J22&2( &M*%6-K( N;( N>NZ;( N>0N;( *12( N>0Z(+-( ")( '6*12*$2( U>jZ( ,,+(i1( 716"(

&*%4(")(64&()"#$(ZN(+-(D&*5&$'>

]( 8&*'#$&2(64&(*D'"$D*1%&(")(64&()"#$('"-#67"1'(DK()-*+&(*6"+7%(*D'"$,67"1(

',&%6$",4"6"+&6&$>

]( H*-%#-*6&2(64&(%"1%&16$*67"1(")(i1()$"+(64&('6*12*$2(*22767"1(%#$=&>

]! I1'6$#+&16( ,*$*+&6&$'( )"$( *6"+7%( *D'"$,67"1( +&*'#$&+&16'( .&$&( *'(

)"--".'/

                    a*=&(-&1964 ((((((((((((((30?>U(1+

(((((((((((((((((((T*+,(%#$$&16 ((((((((((((((Z(+J

(((((((!-76(.7264(((((((((((((((((((((((((((0>N(1+

(((((((J7$()-".(((((((((((((((((((((((((((((3N>N(-Q+71
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(((((((J%&6K-&1&()-".(((((((((((((((((((F>NN(-Q+71

((((((((((((((((((!#+5;+#%*0-

((((((((((((((((((@7"*=*7-*D-&(L71%(P+9Q59R(((b(((((i1  x  `((((((c>>>((>>>ccccccP?>UR
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((a

.4&$&

(((((((((((((((i1( b( %"1%&16$*67"1(")(i1()$"+('6*12*$2

*22767"1(%#$=&(P,,+R

` b ="-#+&(")('*+,-&(P+-R

a(((((((b((((.&7946(")('*+,-&(P9R
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+&,-.%,(#/0(12,3-,,24/,

!!!!!!!!!!!"#$!%&'()! &*%! (+! ,#*-! -,./0!1&-! ,(! *23$-,*4&,$! ,#$! 5#0-*6&7! &2/! 6#$%*6&7!

5)(5$),*$-!(+!5*6&!-(*7! +)(%!/*++$)$2,!-(.)6$-! *2!8*-&9$,!:)(3*26$! *2! ,#$!2(),#$&-,!(+!

"#&*7&2/;! "#*-! 6#&5,$)! -#(1$/! ,#$! )$-.7,-! &2/! /*-6.--*(2-! (2! ,#$! 5#0-*6&7! &2/!

6#$%*6&7!5)(5$),*$-!(+!5*6&!-(*7!-&%57$-!.2/$)!*23$-,*4&,*(2; !

567!8"9,23#.(#/#.9,&,

((((((((((((56767(:42.(34.4'

((((((((((((((<(7()!*-!(2$!(+!,#$!%(-,!2(,*6$&=7$!6#&)&6,$)*-,*6-!(+!-(*7;!<(7()!*-!*%5(),&2,!

=$6&.-$! *,! *-! )$7&,$/! ,(! ()4&2*6! %&,,$)! 6(2,$2,>! 67*%&,$>! -(*7! /)&*2&4$>! &2/! -(*7!

%*2$)&7(40;! "#$! 6(7()-! (+! ,#$! -(*7! &)$! -,)(2470! *2+7.$26$/! =0! *)(2! 6(%5(.2/-! &2/!

#.%.-!()!()4&2*6!%&,,$);!?$/>! 0$77(1!&2/! 4)&0! 6(7()! (+! -(*7! &)$! .-.&770! /.$! ,(! ,#$!

6(26$2,)&,*(2!&2/!,#$!+()%!(+!*)(2!5)$-$2,;!@()!$A&%57$>!@$BCD!E+$))*6!(A*/$F!%&9$-!

,#$!-(*7!)$/!&2/!@$BCD;AGBC!E#0/)&,$/!+$))*6!(A*/$F!4*3$-!,#$!-(*7!0$77(1*-#!H!=)(12!

*2!6(7()!1#*7$!=7&69!6(7()!%&0!=$!/.$! ,(! ,#$!()4&2*6!%&,,$)!6(2,$2,! *2! -(*7;!8(!-(*7!

6(7()!*-!&7-(!.-$/!,(!$-,*%&,$!,#$!()4&2*6!%&,,$)!5)$-$2,!*2!-(*7!&-!-#(12!*2!"&=7$!I;J;!!

"#$!6(7()-!(+!/)0!-(*7!&2/!(,#$)!5#0-*6&7!5&)&%$,$)-!&)$!-#(12!*2!"&=7$!I;B;!"#$!6(7()!

(+! ,#$! -(*7! -&%57$-! )&24$/! +)(%! K;LM?NOD! E-&%57$! IF! ,(! JPM?QOJ! E-&%57$! BF;! "#$!

6(7()!6(/$!*-!,#$!6(7()!=&-$/!(2!,#$!R.2-$77!-0-,$%!1#*6#!/$-6)*=$-!6(7()!*2!,$)%-!(+!

,#)$$!3&)*&=7$-!H!#.$>!3&7.$O6#)(%&!&-!%$2,*(2$/!5)$3*(.-70;
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;#<.&(567!?$7&,*(2-#*5!=$,1$$2!-(*7!6(7()!&2/!()4&2*6!%&,,$)!6(2,$2,!*2!-(*7!EI;JF

:$)6$2,!()4&2*6!%&,,$)R.2-$77!2(,&,*(2!+()!%(*-,!-(*7

6(7()
?&24$ S3$)&4$

JPM?BOJ D;LHK;P L;P

JPM?DOJ B;LHI;P D;L

JP?MDOB B;PHD;P B;L

JP?MIOB J;LHB;L B;P

JPM?LOD J;PHB;P J;L

EI;JFT(,$!+)(%!8(*7-!U!,#$*)!$23*)(2%$2,!EBBF>!V(#2!V;!G&--$,,!&2/!W&02$!X;!Y&21&),>!

JZZB>!T$1!V$)-$0[!:)$2,*6$!G&77;

G*4#!6#)(%&!4*3$-!&2!*%5)$--*(2!(+!=$*24!\=)*4#,\!()!\6(7()+.7\;!8&%57$!I!1*,#!

6#)(%&!D!1&-!-7*4#,70!=)*4#,$)!,#&2!-&%57$-!J>!B>!D!1#*6#!#&/!6#)(%&!J;!!!"#$!)$-.7,-!

&7-(!-.44$-,$/!,#&,!-&%57$!I!-#(.7/!6(2,&*2!#*4#$)!6(26$2,)&,*(2!(+!*)(2!6(%5(.2/-!

,#&2!(,#$)!-&%57$-;!"#*-!1&-!7&,$)!+(.2/!(.,!,(!=$!,).$!1#$2!/(*24!,#$!%$&-.)$%$2,!

(+!$7$%$2,&7!6(26$2,)&,*(2!(+!,#$!-(*7!-&%57$-!E"&=7$!I;IF

;#<.&(56=!!:#0-*6&7!5&)&%$,$)-!&2/!-*,$!/$-6)*5,*(2!(+!5*6&!-(*7!-&%57$-!+)(%!8*-&9$,

8&%57$- <(77$6,*24!-*,$

<(7()

(+!/)0!-(*7

R(*-,.)$

6(2,$2,

E!]!F

R(*-,.)$

6())$6,*(2

+&6,()

        (%)

X(--

(2

*42*,*(2

E!]!F

J @)(%!7(6&7!!%&)9$, JPM?LOJ J;IB J;PJ K;BQ

B @)(%!7(6&7!!%&)9$, JPM?QOJ B;JL J;PB K;ZP

D "#$!5*,!#&-!1&,$)!,#)(.4#!,#$!0$&)
$3$2!*2!-.%%$)

JPM?LOJ Q;DL J;PQ Z;JZ

I T$&)!,#$!-%&77!1&,$)!1&0!!,#&,!6.,
,#)(.4#!,#$!)*6$!+*$7/

K;LM?NOD I;DQ J;PI Z;ZN
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>2?-'&(567!R&5!(+!8*-&9$,!:)(3*26$;

:*6&!-(*7
-&%57$-!J>B>D

:*6&!-(*7
-&%57$!I
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>2?-'&(56=!:*6&!-(*7!-&%57$!J>!7(6&7!%&)9$,!*2!R.&24!^*-,)*6,>!8*-&9$,!:)(3*26$;

>2?-'&(56@(!:*6&!-(*7!-&%57$!B(>7(6&7!%&)9$,!*2!R.&24!^*-,)*6,>!8*-&9$,!:)(3*26$;
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>2?-'&(565!!!!!"#$!-*,$!+()!6(77$6,*24!5*6&!-(*7!-&%57$!D>!Y&2!M&24!_./>

((((((((((((((((((("&%=(7!R&9!`*$=>!R.&24!^*-,)*6,>!8*-&9$,!:)(3*26$;

>2?-'&(56A!!!!"#$!-*,$!+()!6(77$6,*24!5*6&!-(*7!-&%57$!I>!Y&2!Y(>

"&%=(7!T(24!<#*&24!!"((2>!:)&29!_((!^*-,)*6,>

!!!8*-&9$,!:)(3*26$;
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>2?-'&(56B!!!!!"#$!3*77&4$)-!/$%(2-,)&,$/!#(1!,(!$&,!!5*6&!-(*7!=0

!!!!!!!!!!!!!!!!!!!!!!!)(&-,*24!*,!=$+()$!$&,*24;

>2?-'&(56C!!!!!!"#$!3*77&4$)-!/$%(2-,)&,$/!$&,*24!!5*6&!-(*7;
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!!!!!!!!!!!5676=(D42,%-'&(34/%&/%(#/0(E42,%-'&(34''&3%24/(F#3%4'

!!!!!!!!!!!8(*7! -&%57$/! +)(%! ,#$! +*$7/! 6(2,&*2-! 1&,$)>! ,#$! &%(.2,! /$5$2/*24! (2! -(*7!

5)(5$),*$-! &2/! ,#$!5)$6$/*24!1$&,#$)! 6(2/*,*(2-;!a3$2! &+,$)! =$*24! &*)! H! /)*$/>! -(%$!

1&,$)!-,*77!)$%&*2-!*2!,#$!-(*7>!,#$!&%(.2,!/$5$2/*24!(2!-(*7!,$A,.)$!&2/!,#$!#.%*/*,0!

(+! ,#$! &*)! *2! ,#$! /)0*24! )((%;! "#$! 1&,$)! 6(2,$2,! ()! ,#$! %(*-,.)$! 6(2,$2,! (+! -(*7!

-&%57$-! *-! /$,$)%*2$/! =0! /)0*24! &,! JPL! (<! +()! JB! #(.)-! *2! ,#$! (3$2;! "#$!%(*-,.)$!

6(2,$2,! *-! ,#$! %&--! (+! 1&,$)! 1#*6#! 6&2! =$! )$%(3$/! +)(%! ,#$! -(*7! =0! ,#&,! #$&,*24!

,)$&,%$2,>!$A5)$--$/!&-!&!5$)6$2,&4$!(+!,#$!/)0!%&--;!"#$!)$-.7,-!(+!%(*-,.)$!6(2,$2,-!

&-!7*-,$/!*2!"&=7$!I;B!-#(1!,#&,!-&%57$-!J>!B!1#*6#!1$)$!=(.4#,!+)(%!,#$!7(6&7!%&)9$,!

&2/! #&/! =$$2! 9$5,! +()! -(%$,*%$! #&/! 7$--!1&,$)! EJ;IB]>! B;JL]F! ,#&2! -&%57$-! D>! I!!!!!!!!!!!!!!!

EQ;DL]>! I;DQ]F! 1#*6#! 1$)$! 6(77$6,$/! +)(%! ,#$! +*$7/;! 8*26$! ,#$! 6(77$6,*24! -*,$! (+!

-&%57$!D!*-!&!5*,!+*77$/!.5!1*,#!1&,$)!&77!0$&)!)(.2/>!,#$!%(*-,.)$!6(2,$2,!(+!-&%57$!D!

*-! ,#$! #*4#$-,;!R(*-,.)$! 6())$6,*(2! +&6,()! )&24$/! +)(%! J;PJ!]! E-&%57$! JF! H! J;PQ!]!

E-&%57$!DF;

5676@(G4,,(4/(2?/2%24/(HG6I6)6J

!!!!!!!!!!!!X(--! (2! *42*,*(2! *-! ,#$!%&--! (+!1&,$)>! ()4&2*6!%&,,$)! &2/! (,#$)! -.=-,&26$->!

1#*6#! 6&2!=$! )$%(3$/! +)(%!-(*7! =0! *42*,*24! &,! ZPP! (<! +()! JB! #(.)-! *2! ,#$! +.)2&6$>!

$A5)$--$/! &-! &! 5$)6$2,&4$! (+! ,#$! *42*,$/! %&--;! 8(*7! 1#*6#! 6(2,&*2-! &55)$6*&=7$!

b.&2,*,*$-!(+!67&0!&2/!-$-b.*(A*/$-!7(-$-!-,).6,.)&7!1&,$)!=$,1$$2!JPL!(<!&2/!LPP!(<;!

@()!$A&%57$!4($,#*,$>!@$CCG>! *-!/$#0/)&,$/! ,(!#$%&,*,$>!@$BCD>!&,!=$,1$$2!BNP!(<!

&2/!IPP! (<;!R(-,!(+! ,#$!()4&2*6!%&,,$)! *-!=.)2,!(++! &,! &=(.,!DBL! (<>!=.,! 7(-$-!%&0!

6(2,*2.$!&,!#*4#$)! ,$%5$)&,.)$;!<&76*.%!6&)=(2&,$!7(-$-!<CB!,(!+()%!6&76*.%!(A*/$!

+)(%!&=(.,!KKP!(<;!"#.-!7(--!(2!*42*,*(2!*-!&2!&55)(A*%&,$!%$&-.)$!(+!()4&2*6!%&,,$)!

6(2,$2,! *2! -&2/0! -(*7! =.,! %&0! =$! .5! ,(! ,1*6$! ,#$! ()4&2*6! %&,,$)! 6(2,$2,! *2! #$&30!
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,$A,.)$/! -(*7-;!X(--! (2! *42*,*(2! (+! ,#$! -&%57$-! &)$! *77.-,)&,$/! *2!"&=7$! I;B;! X(--! (2!

*42*,*(2!)&24$/!+)(%!K;BQ]!E-&%57$JF!,(!Z;ZN]!E-&%57$!IF;

56=(!"&E23#.(#/#.9,&,

((((((((((((56=67(:42.($K

!!!!!!!!!!!!8(*7! 5G! *-! &! 5G! (+! 1&,$)! *2! $b.*7*=)*.%! 1*,#! -(*7! -(7.,*(2;! 8(*7! 5G! 57&0-!

*%5(),&2,! )(7$-! *2! %&20! 6#$%*6&7! 5)(6$--$-! &2/! &6,*3*,*$-! (+! %*6)(()4&2*-%-! ,#&,!

-.)3*3$! *2! -(*7;! "#$)$! &)$! %&20! +&6,()-! ,#&,! )$7&,$! ,(! -(*7! 5G>! *267./*24! 5&)$2,!

%&,$)*&7->!67*%&,$>!3$4$,&,*(2>!+$),*7*c$)!&2/!7*%$!&557*6&,*(2!E?&/('$3*6!&2/!Y&-#9*2>!

JZZZF;!d2!4$2$)&7>!8(*7!5G!)&24$-!+)(%!5G!I!E$A,)$%$70!&6*/*6F!,(!&=(.,!5G!JP!E3$)0!

-,)(2470!&79&7*2$F;

(((((((((((("#$!)$-.7,-!(+!-(*7!5G!&)$!/*-57&0$/!*2!"&=7$!I;D;! !8(*7!5G!)&24$/!+)(%!I;DP!

E-&%57$!JF! ,(!I;ZL! E-&%57$!DF;! ! !"#$-$! )$-.7,-! -.44$-,! ,#&,!&77!5*6&! -(*7! -&%57$-! &)$!

-,)(2470! &6*/*6! -(! ,#$! ,&-,$! (+! 5*6&! -(*7! *-! -(.);! ! ! S6*/*6! -(*7!1#*6#! #&-! 5G! I! ,(! L!

.-.&770! /*--(73$-! #*4#>! $3$2! ,(A*6>! 6(26$2,)&,*(2-! (+! -(7.=7$! %$,&7! *(2-;! "#*-! 1*77!

5)(3*/$! %()$! &3&*7&=7$! %$,&7! *(2-! +()! ,#$! 4$(5#&4*-,-! 1#*6#! %&0! 6&.-$! #$&7,#!

5)(=7$%-!*+!,#$0!6(2-.%$/!&!7(,!(+!-(*7;!G(1$3$)>!-(*7!6(7()!&2/!5G!&)$!*%5(),&2,!,(!

-(%$!4$(5#&4*-,->!1#*6#!#&3$!&7)$&/0!=$$2!2(,$/!=0!&!2.%=$)!(+! )$-$&)6#!1()9$)-!

E+()! $A&%57$>! -(*7! 5G! *%5&),-! &! -(.)! E&6*/F! ()! -1$$,! E&79&7*2$F! ,&-,$! ,(! ,#$!%&,$)*&7!

6(2-.%$/F!EX&.+$)>!JZDP!b.(,$/!*2!S=)&#&%-!&2/!:&)-(2->!JZZKF;
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;#<.&(56@(<#$%*6&7!5&)&%$,$)-!(+!5*6&!-(*7!-&%57$-!+)(%!8*-&9$,!:)(3*26$;

8&%57$- 5G C)4&2*6!%&,,$)!E]F <&,*(2!$A6#&24$!6&5&6*,0
E!6%(7!EeFO!94!F

J I;DP J;KN B;JI

B I;IJ B;DD JB;QL

D I;ZL B;KD JB;JK

I I;KZ P;BN L;LI

!!!!!!!!!!!!56=6=(I'?#/23(E#%%&'(34/%&/%

((((((((((((8(*7!()4&2*6!%&,,$)!57&0-!*%5(),&2,!)(7$-!*2!-(*7!+()%*24!5)(6$--$-!$-5$6*&770!

1*,#! )$-5$6,! ,(! 5G;! ! <&)=(2/*(A*/$! 5)(/.6$/! /.)*24! ,#$! /$6(%5(-*,*(2! (+! ()4&2*6!

%&,,$)! )$-.7,-! *2! ,#$! =.*7/*24! .5! 6&)=(2*6! &6*/>! 1#*6#! *2! ,.)2! 7(1$)-! -(*7! 5G!!!!!!!!!!!!!!!!!!!!!!!!

E?&/('$3*6! &2/! Y&-#9*2>! JZZZF;! 8(*7! ()4&2*6! %&,,$)! #&-! &! #*4#! -5$6*+*6! -.)+&6$!!!!!!!!!!!!!!!!!!!!!!!!

&)$&!E&-!4)$&,!&-!NPP!%BO4!!! H!ZPP!%BO4F!&2/!<a<!+)(%!JLP!6%(7O94!H!DPP!6%(7O94;!

"#.-!,#$!%&'()*,0!(+!&!-.)+&6$!-(*7\-!<a<!*-!*2!+&6,!&,,)*=.,&=7$!,(!-(*7!()4&2*6!%&,,$);!

^.$!,(!#*4#!-5$6*+*6!-.)+&6$!&)$&!&2/!<a<!(+!-(*7!()4&2*6!%&,,$)>! *,! *-!&2! *%5(),&2,!

-()=$2,! (+! *(2-! *267./*24! ,(A*6! %$,&7! 6&,*(2->! ()4&2*6! %&,$)*&7-! -.6#! &-! 5$-,*6*/$-!

1#*6#!1*77!6&.-$!*77!$++$6,!+()!,#$!4$(5#&4*-,-;!"#$!)$-.7,-!(+!5*6&!-(*7!()4&2*6!%&,,$)!

&)$!-#(12!*2!"&=7$!I;D;!S77!+(.)!-&%57$-!#&/!7(1!()4&2*6!%&,,$)!6(2,$2,-!1#*6#!1$)$!

=$,1$$2!P;BN!]!E-&%57$!IF!,(!B;KD!]!E-&%57$!DF;!"#*-!+*2/*24!*-!-*%*7&)!,(!,#$!)$-.7,-!

(=,&*2$/! +)(%! 5*6&! -(*7! =$*24! *23$-,*4&,$/! =0! S=)&#&%-! &2/! :&)-(2! EJZZKF;! "#$*)!

-&%57$-!6(2,&*2$/!P;B!]!HJ;L!]!()4&2*6!%&,,$)!6(2,$2,-;

((((((((((((56=6@(!#%24/(&L3"#/?&(3#$#32%9

!!!!!!!!!!!!<7&0! &2/!#.%.-! *2! -(*7! 6(2-*-,! (+! 6(77(*/&7!5&),*67$-!1*,#!3$)0! 7&)4$! -.)+&6$!

&)$&-!&2/!,#$-$!#&3$!$7$6,)*6&7!6#&)4$-!&--(6*&,$/!1*,#!,#$*)!-.)+&6$-;!R(-,!(+!,#$!67&0!



51

5&),*67$-! &)$! 2$4&,*3$70! 6#&)4$/>! $A6$5,! *2! ,)(5*6&7! &6*/! -(*7! 1#$)$! ,#$0! %&0! =$!

6#&)4$/!5(-*,*3$70!1#*6#!*-! ,#$!6&-$!(+! ,#$!8*-&9$,!5*6&!-(*7!.2/$)! *23$-,*4&,$/;!"#$!

-.)+&6$! 6#&)4$-! &)$! .-.&770! 2$.,)&7*c$/! =0! $7$6,)(-,&,*6! &,,)&6,*(2! (+! *(2-! #&3*24!

(55(-*,$! 6#&)4$;! d(2-! 1#*6#! &)$! #$7/! $7$6,)(-,&,*6&770! (2! ,#$! -.)+&6$! (+! ,#$! -(*7!

6(77(*/-! 6&2! =$! )$57&6$/! =0! (,#$)! *(2-! +)(%! ,#$! -(*7! -(7.,*(2;! "#$! 5)(6$--! (+!

)$57&6$%$2,!*-!)$+$))$/!,(!&-!*(2!$A6#&24$>!&2/!*,!6&2!*23(73$!$*,#$)!&2*(2!$A6#&24$!

()!6&,*(2!$A6#&24$;!"#$!6&,*(2!$A6#&24$!6&5&6*,0!(+!&!-(*7!*-!/$+*2$/!&-!*,-!6&5&6*,0!,(!

&/-()=!&2/!$A6#&24$!6&,*(2-;!<&,*(2->!1#*6#!&)$!4$2$)&770!#$7/!=0!$7$6,)(-,&,*6!+()6$-!

(2!-(*7!5&),*67$->!&)$!<&Be>!R4Be>!`e>!TGIe>!1*,#!*26)$&-*24!Ge!&2/!S7De!*2!&6*/!-(*7>!

&2/!T&e!*2!-&7*2$!-(*7;!<a<!*-!&!b.&2,*,&,*3$!%$&-.)$!(+!&77! ,#$!6&,*(2-!&/-()=$/!(2!

,#$!-.)+&6$!(+!-(*7!5&),*67$-;!"#$!.2*,!(+!<a<!*-!%*77*$b.*3&7$2,-!(+!6#&)4$!5$)!JPP!4!

(+!/)0!-(*7!E%$bOJPP4F!()!6$2,*%(7$!(+!6#&)4$!5$)!9*7(4)&%!(+!/)0!-(*7!E6%(7!EeF!94F;!

"#$!)$-.7,-!(2!<a<!&)$!7*-,$/!*2!"&=7$!I;D;!"#$!<a<!)&24$/!+)(%!B;JI!6%(7! EeFO94!

E-&%57$!JF!,(!JB;QL!6%(7!EeFO94!E-&%57$!BF;

56=65((M.&E&/%#.(34E$4,2%24/

"#$!$&),#f-!6).-,!6(2,&*2-!&!3&)*$,0!(+!%*2$)&7-!&2/!,#$!$7$%$2,&7!6(%5(-*,*(2!

(+! -(*7! )$+7$6,-! ,#$! $7$%$2,&7! 6(%5(-*,*(2! (+! ,#$! $&),#f-! 6).-,;! "$2! %(-,! &=.2/&2,!

$7$%$2,-!*2!-(*7!*2!4O94!&)$[!8*!EBNBF>!S7!ENBF>!@$!ELQF>!<&!EIBF>!T&!g!`!EBIF>!R4!EBPF>!

"*! EL;KF>! ! :! EJF>! R2! EP;ZLF! )$-5$6,*3$70! EC6#*&*>! a*H*6#*)(>JZKZF;! 8(*7! $7$%$2,&7!

&=.2/&26$!1*77!=$!+.),#$)!%(/*+*$/!=0!1$&,#$)*24!&2/!=*(7(4*6&7!5)(6$--$-;!Y$-*/$->!

-(*7! *-!&2!(5$2!-0-,$%>!%&,$)*&7-!&)$! 6(2-,&2,70! &//$/! ,(! -(*7!=0!2&,.)&7! &2/!#.%&2!

&6,*3*,*$->!&2/!!4)$&,!b.&2,*,0!(+!%&,$)*&7-!#&3$!=$$2!7(-,!+)(%!-(*7!/.$!,(!,#$!6(2-,&2,!

7$&6#*24!(+!5)$6*5*,&,*(2!+)(%!-(*7;
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!!!!!!!!!!!S-! 5)$3*(.-70! %$2,*(2$/! *2! <#&5,$)! dd>! -$3$)&7! )$-$&)6#$)-! -.44$-,$/! ,#&,!

4$(5#&40!=$#&3*()!%&0! 67(-$70! &--(6*&,$/!1*,#! 2.,)*,*(2! ()! $7$%$2,-! )$b.*)$%$2,-;!

^$+*6*$260!*2!%*2$)&7-!%&0!6&.-$!,#$!6)&3*24!+()!2(2+((/!-.=-,&26$-!7*9$!-(*7;!8(!*,!*-!

*2,$)$-,*24!,(!+*2/!(.,! ,#$!$7$%$2,&7!6(%5(-*,*(2!(+!5*6&!-(*7;! d2! ,#*-!$A5$)*%$2,! ,#$!

$7$%$2,-!6(2,$2,!*2!-(*7!-&%57$-!1$)$!/$,$)%*2$/!=0!W^h?@!,$6#2*b.$;!^.$!,(!,#$!

7*%*,$/!2.%=$)!(+!&3&*7&=7$!-(*7!-,&2/&)/!)$+$)$26$!%&,$)*&7->!(270!2*2$!$7$%$2,-!1$)$!

=$*24!/$,$)%*2$/;!"#$!/&,&!(=,&*2$/!1$)$!&2&70c$/!=0!8.5$)i!5)(4)&%;

"#$!-$%*b.&2,*,&,*3$!)$-.7,-!(+!$7$%$2,-!6(2,$2,!(=,&*2$/!&)$!-#(12!*2!"&=7$!I;I!&2/!

"&=7$!I;L! *2! ,#$! +()%!(+! (A*/$-! &2/! $7$%$2,-! )$-5$6,*3$70;! "#$! )$-.7,-! -#(1$/! ,#&,!

,(,&7! 6(26$2,)&,*(2-! (+! *)(2! &2/! c*26! *2! 5*6&! -(*7! -&%57$-!1$)$! 2(,! #*4#$)! ,#&2! ,#$!

6(%%(2!6(26$2,)&,*(2!)&24$-!(+!*)(2!&2/!c*26!*2!-(*7j!*)(2!KPPP!H!LLPPPP!%4O94>!c*26!

JP!H!DPP!%4O94!EG&--$,,!&2/!Y&21&),>!JZZBF;

;#<.&(565(!a7$%$2,&7!6(%5(-*,*(2!(+!5*6&!-(*7!-&%57$-!*2!(A*/$!+()%;

<(26$2,)&,*(2!E%4O94F
CA*/$!+()%

8&%57$!J 8&%57$!B 8&%57$!D 8&%57$!I

S7BCD ZLPBJ JBJIIZ JLLQIN BPLKQZ

Y&C DJND DDJJ DQPP DJJZ

@$BCD JJPDD JPIPZ JPLJQ BKBNL

`BC ZQJ NBQ KLP BIKL

R4C T^ T^ T^ P;QKB

R2C QQ KL NL JJI

8*CB LLNBNP QKKPKN QKLKLD LILBLJ

"*CB JIDBP JINJN JQBPP JDNNN

k2C QP QI QI KI
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T^!l!T(,!/$,$6,$/

;#<.&(56A(!a7$%$2,&7!6(%5(-*,*(2!(+!5*6&!-(*7!-&%57$-!*2!$7$%$2,&7!+()%;

<(26$2,)&,*(2!E%4O94Fa7$%$2,&7!+()%

8&%57$J 8&%57$B 8&%57$D 8&%57$I

S7 LPBZL QIBNB NBDNI JPNZJI

Y& BNLJ BZQL DBBL BKZI

@$ KKJQ KBNP KDLI JZPND

` KZK QNL QBD BPLL

R4 T^ T^ T^ IPL

R2 LJ LN QL NN

8* BQPZDP DJQIQQ DJLNPP BLINLP

"* NLNI NNND ZKJB NDBQ

k2 IN LJ LJ LZ

T^!l!!T(,!/$,$6,$/

"&=7$! I;Q! -#(1-! ,#$! 6(%5&)*-(2! (+! ,#$! )&24$-! (+! $7$%$2,-! 6(2,$2,! +(.2/! *2!

5*6&! -(*7! -&%57$-! +)(%! (,#$)! -,./*$-! 1*,#! ,#$! )$-.7,-! (=,&*2$/! +)(%! 8*-&9$,! -(*7!

-&%57$-;! "&=7$! I;Q! -#(1-! ,#$! -*%*7&)! $7$%$2,&7! 6(%5(-*,*(2! 5)(+*7$-! (+! 5*6&! -(*7!

-&%57$->! *;$;>!S7>!@$>!&2/!8*!&)$!,#$!%&'()!$7$%$2,-!1#*7$!Y&>!`>!"*>!&2/!k2!&)$! ,#$!

%*2()!(2$-;



54

;#<.&(56B!?&24$-!(+!$7$%$2,&7!6(26$2,)&,*(2!*2!-$7$6,$/!5*6&!-(*7!-&%57$-!+)(%!(,#$)!

-,./*$-!6(%5&)$/!1*,#!,#$!)$-.7,-!+)(%!8*-&9$,!5*6&!-(*7;

?$-$&)6#$)O

0$&)
a7$%$2,-!6(2,$2,![!6(26$2,)&,*(2!*2!!%4O94

"(,&7!%$,&7- S7 Y& @$ ` R4 R2 8* "* k2

V(#2!&2/

^.b.$,,$!JZZJ

QJPPP!H

BJIJPP

H !!JJQPP!H

QPPPP

H !QPD!H

NZBI

JLL!H

DZNP

JKIJPP!H

DQDJPP

!!!BDNJ!H

ZQNI
mJP!H

JNL

S.+)$*,$)

$,!&7;>JZZK

!!IJPPP!H

ZKPPP

!DIP!H

JBPP

!!JDDPP!H

KJZPP

DLPP!H

BKPPP

ZPP!H

QNPP

!!JDD!H

IPZ

!!DPPPPP!H

IPPPPP

!!BIPP!H

KQPP
H

S=)&#&%-

JZZK

H H !!BBQID!H

NJQZQ

!!JLBJ!H

NDBB

!!JPLN!H

DJPK

!!IJ!H

BBIK

H H DL!H!ZZ

8)*((/!$,!&7;>

JZZZ

KBKPP!H

JQJNPP

H H H H ILNPP!H

JIPJPP

H !!!DJPP!H

KBPP
H

R&#&2$0

$,!&7;>BPPP

JPDPPP!H

JLJPPP

!!BIP!H

QQP

!!LPKPP!H

KLNPP

!JPBPP!H

BDPPP

N!QPPP!H

DJPPP

!QLP!H

BDQP

H H H

8%*,#

$,!&7;>!BPPP

LP!H

JDPPPP

H KP!!H

NJQPP

H QP!H

BNBP

H H H J!H!KZ

8*-&9$,!:*6&

8(*7!-&%57$-

BPPD

LPBZL!H

JPNZJI

!BKZI!H

!DBBL

KBNP!H

JZPND

!QBD!H

BPLL

T^!H

IPL

LJ!H!NN !!BLINLP!H

DJQIQQ

!!NDBQ!H

ZKJB

IN!H!LZ

T(,$![!!T^!l!!2(,!/$,$6,$/

d,!*-!1$77!$-,&=7*-#$/!,#&,!%$,&7!*(2-!&)$!)$b.*)$/!+()!%&20!6)*,*6&7!+.26,*(2-!*2!

#.%&2-;!@(.)!%&*2!4)(.5!ET&>!`>!R4>!&2/!<&F!&2/!,$2!,)&2-*,*(2!%$,&7-!E!n>!<)>!R2>!

@$>!<(>!T*>!<.>!k2>!R(!&2/!</!F!!!&)$!6.))$2,70!92(12!()!,#(.4#,!,(!=$!)$b.*)$/!+()!

2()%&7!=*(7(4*6&7! ! +.26,*(2-! *2!#.%&2-;!^$+*6*$260! (+! -(%$!%$,&7! *(2-! 6&2! 7$&/! ,(!

/*-$&-$;! W$77! 92(12! $A&%57$-! *267./$! 5$)2*6*(.-! &2$%*&! )$-.7,*24! +)(%! *)(2!
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/$+*6*$260>! 4)(1,#! )$,&)/&,*(2! +)(%! *2-.++*6*$2,! /*$,&)0! c*26>! &2/! #$&),! /*-$&-$! *2!

*2+&2,-! /.$! ,(! 6(55$)! /$+*6*$260;! Y.,! &,! ,#$! -&%$! ,*%$!%$,&7! *(2-! 6&2! &7-(! *2/.6$!

,(A*6*,0!*2!#.%&2->!67&--*6&7!$A&%57$-!=$*24!,#$!,(A*6!%$,&7!5(*-(2!+)(%!%$)6.)0!&2/!

7$&/;!a3$2!$--$2,*&7!%$,&7!*(2-!6&2!=$!,(A*6!1#$2!5)$-$2,!*2!$A6$--;!8(!1#$2!5$(57$!

5)&6,*6*24! 4$(5#&40>! ,#$0! 1(.7/! ,&9$! =(,#! ,#$! =$2$+*6*&7! $7$%$2,-! &2/! ,#$! ,(A*6!

$7$%$2,-!*2,(!,#$*)!=(/*$-!&,!-&%$!,*%$;!S20!1&0!4$(5#&40!-$$%*2470!5)(3*/$/!-(%$!

=$2$+*,-!&2/!+$1!5)(=7$%->! ,#(.4#!#.%&2!#$&7,#!%*4#,!=$!&/3$)-$70!&++$6,$/! *+! -(*7!

1&-!6(2-.%$/!*2!$A6$--!()!*2&55)(5)*&,$70;

56=6A(O24#P#2.#<.&(2'4/(#/0(Q2/3

8*26$! *)(2! &2/! c*26! &)$! ,#$! %&*2! $7$%$2,-! 6(2-*/$)$/! ,(! =$! )$7&,$/! 1*,#!

4$(5#&40!=$#&3*()!E?(-$!$,!&7;>!BPPPF>!*,!*-!*2,$)$-,$/!,(!+*2/!(.,!#(1!%.6#!*)(2!&2/!

c*26! &)$! &3&*7&=7$! *2! -(*7! 6(2-.%$/! =0! ,#$! 4$(5#&4*-,-;! d2! ,#$! $A5$)*%$2,>! ,#$!

&%(.2,-!(+!*)(2!&2/!c*26!*2!,#$!+()%!,#&,!6&2!=$!&=-()=$/!=0!#.%&2!=(/0!,#)(.4#!,#$!

4&-,)(*2,$-,*2&7!-0-,$%>!1$)$!%$&-.)$/!=0!&,(%*6!&=-()5,*(2!-5$6,)(-6(50!,$6#2*b.$;!

"#$! #.%&2! /*4$-,*3$! -0-,$%!1&-! -*%.7&,$/! .-*24! P;JP!R!G<7! *2! ,#$! $A,)&6,*(2! (+!

=*(&3&*7&=7$!*)(2!&2/!c*26;!"&=7$!I;K!-#(1-!,#$!)$-.7,-!(+!,#*-!$A5$)*%$2,;

;#<.&(56C!Y*(&3&*7&=7$!*)(2!&2/!c*26;

8&%57$ Y*(&3&*7&=7$!*)(2!E%4O94F Y*(&3&*7&=7$!c*26!E%4O94F
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k2
E%4F

@$
E%4F

k2
E%4F

<#*7/)$2

KHN!0$&)-
JP JP

W(%$2

LPHLZ

0$&)-

JP JL
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LPPP

DPPP

H

BPPP

H

S=)&#&%-!EJZZKF!6 o4&2/& LBNp Q;K!p

S=)&#&%-!!&2/!:&)-(2-!EJZZKF6 "#&*7&2/
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