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L5.%'^! 9'#$9! %&'!2'99";'! %&"%! 46"99! .9! "J15%! :-1$54.#;! -.;&%!

"#97'-9G! ?599! 46".2'$! %&"%! ':.9%'2161;.4"6! 2'99";'9! 10! %&.9!

91-%! "-'! Z'/'-! :-'9'#%! .#! 9%5$'#%K%'"4&'-! .#%'-"4%.1#9^! (?5993!

ABCQ3!:G!XQ,!"#$!2"8!J'!'.%&'-!$12".#!;'#'-"6!(.G'G3!"::6.4"J6'!

.#! $12".#9! 0-12! 4&'2.9%-8! %1! 4./.49,! 1-! $12".#! 9:'4.0.4! ('G;G3!

"::6.4"J6'! %1! <#176'$;'! 41#9%-54%.1#! .#! 94.'#4'! 46"99,G! `&'!

2'99";'! %&"%! 815! 9&156$! Z9%"-%! 7.%&! 7&"%! 815! <#17^! .9! "!

$12".#K;'#'-"6! 2'99";'! -'6"%'$! %1! %&'! 915-4'! 10! 59'056!

<#176'$;'! .#! %&"%!212'#%G! P!2'99";'! %&"%! 9%5$'#%9! 9&156$!

Z-'2'2J'-!%1!'>:6".#!&17!"#$!7&8p^!"9!%&'8!41#9%-54%!21$'69!

01-!"!:&'#12'#1#!-'6"%'9!%1!"!94.'#4'!<#176'$;'!:-1$54%!(.G'G3!

%&.9! .9!"!$12".#K9:'4.0.4!2'99";'3!V'!"#$!+4&7"-M3!ABCX,G!h'!

";-''!7.%&!?599!%&"%!J1%&!$12".#K;'#'-"6!"#$!$12".#K9:'4.0.4!

':.9%'2161;.4"6! 2'99";'9! 2"%%'-! .#! 94.'#4'! 46"99G! P0%'-! "663!

9%5$'#%9! "-'! 5#6.<'68! %1! 9''! /"65'! .#! 95::1-%.#;! 4"59"6!

2'4&"#.929! 7.%&! '/.$'#4'! ($12".#K9:'4.0.4,! 5#6'99! Z0.;5-.#;!

15%!7&8! %&.#;9!&"::'#^! .9!"! %&.#;!1#'!$1'9! .#!46"99! ($12".#K

;'#'-"6,G! Y%! 9&156$! J'!#1%'$! %&"%!7'!$1!#1%! '>:'4%! 9%5$'#%9a!

'>:'-.'#4'9! 7.%&! "#$! 5#$'-9%"#$.#;9! 10! ':.9%'2161;.4"6!

2'99";'9! 9'#%! $5-.#;! 46"99! %1! J'! 9%"J6'! 1#'K%1K1#'!2":9! 10!

%&'9'! 2'99";'9G! Y%! .9! 6.<'68! '2'-;.#;! ':.9%'2161;.4"6!

5#$'-9%"#$.#;9! 10! "! 415-9'! 7.66! .#/16/'! 412:6'>3! $8#"2.4!

#';1%."%.1#9!J'%7''#!9%5$'#%9a!'>:'-.'#4'9!.#!9.2.6"-!415-9'93!

2'99";'9!0-12!%&'!46"993!5#$'-9%"#$.#;9!10!415-9'!41#%'#%3!'%4G!!!!

!
2/00#+/)/'3!'4&55&5-!"#$%&'()(*#+,)-1&$$,*&$-

R>.9%.#;! 94&16"-9&.:! 1#! ':.9%'2161;.4"6! 2'99";.#;! &"9!

01459'$!"6219%!'>4659./'68!1#!2'99";'9!'2J'$$'$!.#!9%5$'#%K
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!"#$%&'% ()*+,-./0-12%

$ !N!"#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK! "#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB!

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

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

%'"4&'-!/'-J"6!.#%'-"4%.1#9!(?19'#J'-;!'%!"6G3!ABBWD!?5993!ABCQD!

V'!"#$!+4&7"-M3!ABCX,G!`&.9!71-<!&"9!:'-95"9./'68!"-;5'$!01-!

%&'! :1%'#%."6! .2:"4%! 10! .#9%-54%.1#K'2J'$$'$! 2'99";'9! 1#!

&17!9%5$'#%9!'#;";'!.#!<#176'$;'!41#9%-54%.1#!"#$!7.%&!7&"%!

<#176'$;'!%&'8!$1!91!(?19'#J'-;!'%!"6G3!ABBWD!?599!'%!"6G3!ABBX,G!

H17'/'-3! 7'! 41#%'#$! %&"%! 2'99";'9! "J15%! <#176'$;'! "#$!

<#17.#;! "-'! "691! '2J'$$'$! .#! 1%&'-! "9:'4%9! 10! "! 6'"-#.#;!

'#/.-1#2'#%G! H'-'3! 15-! 01459! .9! :-.2"-.68! 1#! %&19'!2'99";'9!

%&"%! 2.;&%! J'! '2J'$$'$! .#! 9%5$'#%K! "#$! %'"4&'-K! 0"4.#;!

45--.456"-!2"%'-."69!('G;G3!%'>%J11<93!6'4%5-'!96.$'93!71-<9&''%93!

'>"29,G!!

! `1! &'6:! .6659%-"%'! &17! 45--.456"-! 2"%'-."69! 41#%".#!

'2J'$$'$!2'99";'9!"J15%!<#176'$;'!"#$!<#17.#;3!41#9.$'-!

%&'!%&-''K$"8!6'991#!:6"#!9&17#!.#!`"J6'!CG!

*+,-'!()!4'*05@)*")$#,C3'<M&,0'C"??@-'5C,0'D@/','*$A*'?#*@@C'#*"B$?)/0'#C,??;''

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

!"#$"%#&'!!

"$&+#!*/01+/10$!,;!

+#$.(+&-!$61&/(,4*!

!

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

Q9!T/12$4/*!+&4!

(2$4/(;'!30,21+/*!5*9!

0$&+/&4/*!

O9!T/12$4/*!+&4!

7&-&4+$!+#$.(+&-!

$61&/(,4*!

K9!T/12$4/*!+&4!*/&/$!

/#$!.$&4(4)!,;!&!

+,$;;(+($4/!

!

1)2#$%)/0,*##3#3',

V,%$0V,(4/!*-(2$*!;,0!

W4(/!X!

!

4#$5.$6)*7#,

6#)08$#6#*20',

:4D+-&**!61$*/(,4*!

!"#$"%#&',

V0&+/(+$!7&-&4+(4)!

+#$.(+&-!$61&/(,4*!

!

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

Q9!T/12$4/*!+&4!

7&-&4+$!+#$.(+&-!

$61&/(,4*!

!

1)2#$%)/0,*##3#3',

I#(/$7,&02*!&42!

.&08$0*>!V0&+/(+$!

*#$$/!K!?W4(/!X@!

!

4#$5.$6)*7#,

6#)08$#6#*20',

T3,/!+#$+8*!,;!

*/12$4/!0$*3,4*$*!

210(4)!)0,13!30&+/(+$!

!"#$"%#&',

Y1(E!,4!7&-&4+(4)!

+#$.(+&-!$61&/(,4*!

!

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

Q9!T/12$4/*!+&4!

(2$4/(;'!30,21+/*!5*9!

0$&+/&4/*!

O9!T/12$4/*!+&4!

7&-&4+$!+#$.(+&-!

$61&/(,4*!

K9!T/12$4/*!+&4!*/&/$!

/#$!.$&4(4)!,;!&!

+,$;;(+($4/!

!

1)2#$%)/0,*##3#3',

Y1(E!K!?W4(/!X@!

!

4#$5.$6)*7#,

6#)08$#6#*20',,

Y1(E!0$*3,4*$*!

!

`&'! 6'"-#.#;! '#/.-1#2'#%! $'94-.J'$! J8! %&.9! 6'991#! :6"#!

9#.::'%!9.;#"69!%&"%!"!4'#%-"6!;1"6!10!46"99!<#176'$;'!J5.6$.#;!.9!

:-1$54%.1#! 10! 41--'4%! "#97'-9G! +544'9905668! "4&.'/.#;! "66!

9:'4.0.'$!6'"-#.#;!1JI'4%./'9!-'L5.-'9!:'-01-2.#;!$'0.#'$!9<.669!

"#$e1-!-'4"66.#;! 0"4%9! %1!"--./'!"%!"!9.#;56"-!Z41--'4%!"#97'-^G!

V#176'$;'! :-1$54%9! :-1$54'$! J8! %&'! 46"99! ('G;G3! J"6"#4'$!

4&'2.4"6!'L5"%.1#9,!"-'!41#9%-54%'$! .#!1-$'-! %1!J'!'/"65"%'$!

01-! 41--'4%#'99G! S::1-%5#.%.'9! %1! :-"4%.4'! :'-01-2"#4'9!

.#%-1$54'$! $5-.#;! 6'4%5-'! 9.;#"69! %&"%! -':'"%'$! :-"4%.4'! .9! "!

59'056! :"%&! %17"-$! "4&.'/.#;! 46"99! <#176'$;'! 41#9%-54%.1#!

;1"69G!T'415:6.#;!9<.669!"#$!0"4%9!0-12!%&'!:&'#12'#"!%&"%!6'#$!

%&'9'! :'-01-2"#4'9! 2'"#.#;! (.#K46"99! "#$! 1#! "99'992'#%9,!

2'99";'9!%&"%!1J9'-/"J6'!'/'#%9!"-'!.--'6'/"#%D!1#68!:-1$54.#;!

"!41--'4%!#52J'-e0"4%e$-"7.#;!2"%%'-9G!!

! !`&'! 0"4%! %&"%! 7'! 46".2! 2'99";'9! "J15%! <#176'$;'! "#$!

<#17.#;!"-'!'2J'$$'$!.#!45--.456"!"#$!"99'992'#%9!$1'9!#1%!

;5"-"#%''! %&"%! 9%5$'#%9!7.66! '>:'-.'#4'! %&'9'!2'99";'93! #1-!

%&"%!%&'8!7.66!-'9:1#$!.#!4'-%".#3!:-'$.4%"J6'!7"89G!Y#$''$3!7'!

6"4<!%&'!$"%"!%1!.#0'-!7&.4&!2'99";'(9,!"-'!6.<'68!%1!J'!219%!(1-!

6'"9%,! 41#9'L5'#%."6! %1! 7&.4&! 9%5$'#%9G! *./'#! %&'! $8#"2.43!

41#%'>%K9'#9.%./'!#"%5-'!10!41;#.%.1#3!.%!.9!6.<'68!%&"%!"#97'-9!%1!

%&'9'!L5'9%.1#9!7.66!#1%!J'!"%K"66!9%-".;&%01-7"-$!(?5993!ABCQ,G!

S5-! :5-:19'! &'-'! .9! %1! "-;5'! %&"%! 45--.456"! "#$! "99'992'#%9!

&"/'! %&'!:1%'#%."6! %1!41#/'8!2'99";'9!"J15%!<#176'$;'!"#$!

<#17.#;3!#1%!%&"%!"!:"-%.456"-!95J9'%!10!%&'9'!2'99";'9!7.66!J'!

5#$'-9%11$!.#!"!;./'#!7"8!J8!9%5$'#%9G!P$$.%.1#"6683!7'!46".2!

%&"%!45--.45652K!"#$!"99'992'#%K'2J'$$'$!2'99";'9!&"/'!%&'!

:1%'#%."6!%1!41#9%-".#!%&'!':.9%'2161;.'9!9%5$'#%9!"-'!6.<'68!%1!

"$1:%G! Y0! "66! "99'992'#%93! .#9%-54%.1#"6! .#%'-"4%.1#93! "#$!

45--.456"-! 412:1#'#%9! 9.;#"6! %&"%! L5.4<68! -'4"66.#;! "! 41--'4%!

"#97'-!.9!%&'!2".#!;1"6!10!46"993!.%!.9!5#6.<'68!9%5$'#%9!7.66!9''!

%&'!46"99!"9!"!9:"4'!%1!41#9%-54%!"#$!4-.%.L5'!-'"91#"J6'!4"59"6!

"4415#%9!01-!912'%&.#;!%&'8!1J9'-/'$G!!!

!
2&6%&0#6*-7&,+8&0$9-.&$"(6$&$-%(-!"#$%&'()(*#+,)-1&$$,*&$-

`&'!/"9%!2"I1-.%8!10!-'9'"-4&!1#!':.9%'2161;.'9!.#!94.'#4'!

6'"-#.#;! &"93! I59%.0."J683! 01459'$! 1#! 9%5$'#%9a! ':.9%'2161;.'9!

(H"22'-!"#$!R6J83!ABBAD!E.9.#;!"#$!R6J83!ABBmD!?19'#J'-;!'%!

"6G3!ABBWD!H5%4&.91#!"#$!H"22'-3!ABCBD!V'!"#$!+4&7"-M3!ABAB,G!

`&.9!2"<'9!9'#9'!$5'!%1!%&'!0.'6$a9!;1"6!10!95::1-%.#;!9%5$'#%9!

.#! $'/'61:.#;! ':.9%'2161;.'9! 59'056! 1#4'! %&'8! 6'"/'! %&'!

46"99-112G!H17'/'-3!;./'#!%&"%!%'"4&'-9a!.#K%&'K212'#%!/.'79!

1#! <#176'$;'! "#$! <#17.#;! J1%&! "00'4%! "#$! "-'! "00'4%'$! J8!

6'"-#'-9a!':.9%'2161;.'93!7'!46".2!%&"%!%&'-'!.9!"691!;-'"%!/"65'!

.#!01459.#;!1#!&17!%'"4&'-9!'>:'-.'#4'!"#$!-'9:1#$!%1!9.;#"69!

"J15%! <#176'$;'! "#$! <#17.#;G! h'! '>:'4%! %'"4&'-9a!

':.9%'2161;.'9! %1! J'! "00'4%'$! J8! ':.9%'2161;.4"6! 2'99";'9!

'>:'-.'#4'$! 0-12! "$2.#.9%-"%1-93! :''-93! 9%5$'#%93! :"-'#%93!

45--.456"-!2"%'-."69!"#$!(6.<'68,!2"#8!1%&'-!915-4'9G!O'99";'9!

"-'! 6.<'68! %1! "-.9'! 0-12! .#%'-"4%.1#9! 10! 9'/'-"6! Z915-4'9^G! i1-!

'>"2:6'3! 9%5$'#%! ;-15:9! .#%'-"4%.#;! 7.%&! 45--.456"-!

412:1#'#%9! 2"8! 9.;#"6! %&'! /"65'! 10! 4'-%".#! <#176'$;'!

:-1$54%9!1-!:-14'99'9!%1!%&'.-!.#9%-54%1-G!T'4.9.1#9!2"$'!7&'#!

'#"4%.#;! "! 415-9'! ('G;G3! &17! %1! -'9:1#$! %1! 9%5$'#%! %&.#<.#;3!

7&'%&'-!%1!9:'#$!%71!46"99'9!:-"4%.4.#;!"!9<.66,!4"#!J'!/.'7'$!

"9! -'9:1#9'9! %1! ':.9%'2161;.4"6! 2'99";'9! %'"4&'-9! &"/'!

'>:'-.'#4'$!"#$!#';1%."%'$G!!

"#$%&'! .)' N@,/?"MA/,$-"&' B@&"C' D@/' )",#*"/?' "25"/$"-#$-A' ,-&' /"?5@-&$-A' )@'

"5$?)"B@C@A$#,C'B"??,A"?' D/@B' ?"%"/,C' ?@./#"?;' O*"?"' ?@./#"?' ,/"' C$J"C0' $-)"//"C,)"&'

E?$A-$D$"&'I0')*"'&@.IC"M*",&"&'IC."',//@H?F;'P@/'"2,B5C"3'H"'"25"#)'B"??,A"?')@'I"'

?"-)'I0'$-)"/,#)$@-?'@D'?).&"-)?'H$)*'#.//$#.C,/'#@B5@-"-)?;'QC,#J',//@H?'@D'&$DD"/"-)'

?@/)?',/"'B",-)')@'/"5/"?"-)'%,/0$-A'"5$?)"B@C@A$#,C'B"??,A"?;'!"&',//@H?',/"'B",-)'

)@'/"5/"?"-)'/"?5@-?"?'E&"?#/$I"&'$-'/"&'I@2"?F;'

!"#$%"&

'""&(

)*&&+$*,*-

./*0"1/(

!"#$%&'()'"*

+&"*$,*)*&-.//

0/.1.'*&'+2"%'*

.2")&*)3$+'*)*

45"%$#"%$%

06)/+)'"*'5"*

1$(("1'%"&&*$,*

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

"#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB! "#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK!N!1 !

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

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

i.;5-'!A!$'94-.J'9!15-!41"-9'!21$'6!01-!%'"4&'-9a!'>:'-.'#4.#;!

"#$! -'9:1#$.#;! %1! ':.9%'2161;.4"6! 2'99";'9G! c6"4<! 4.-46'9!

-':-'9'#%!:199.J6'!915-4'9!10!':.9%'2161;.4"6!2'99";'93!J6"4<!

"--179!10!/"-8.#;! %8:'9! -':-'9'#%!$.00'-'#%!91-%9!10!2'99";'9!

J'.#;!Z9'#%^G!b1%'#%."6!.#%'--'6"%.1#9&.:9!J'%7''#!915-4'9!"-'!

9.;#.0.'$! J8! $15J6'K&'"$'$! J65'! "--179G! ?'9:1#9'9! "-'!

.#$.4"%'$! J8! -'$! "--179! "#$! 41--'9:1#$.#;! -'$! J1>'9G! `&.9!

21$'6! .9! #1%!2'"#%! %1!$'94-.J'! "#!'>&"59%./'! 6.9%! 10! :199.J6'!

915-4'9!10!954&!2'99";'9!1-!:199.J6'!-'9:1#9'9G!E.<'7.9'3!%&'!

21$'6! $1'9! #1%! $'94-.J'! &17! %'"4&'-9! '>:'-.'#4'! "#$!

#';1%."%'! :1%'#%."668! 41#06.4%.#;! 2'99";'9G! `'"4&'-9a!

#';1%."%.1#! 10! ':.9%'2161;.4"6! 2'99";'9! (6.<'! 9%5$'#%9a,! .9!

"6219%! 4'-%".#68! 412:6'>3! $8#"2.43! "#$! .2:"4%'$! J8! 2"#8!

41#%'>%5"6!0"4%1-9!(f"J'-!'%!"6G3!ABAA,G!R>:61-.#;!%&.9!#';1%."%.1#!

:-14'99!.9!"#!.#%'-'9%.#;!"-'"!01-!05%5-'!-'9'"-4&G!

!
2/00#+/),3!'4&55&5-1&$$,*&$-2,6-:;;&+%-7&,+8&0-!"#$%&'()(*#&$-

h'!%&'1-.M'!%&"%!2'99";'9!"J15%!<#176'$;'!"#$!<#17.#;!

'2J'$$'$! .#! 45--.456"! "#$! "99'992'#%9! 4"#! "00'4%! %&'!

':.9%'2161;.'9!%'"4&'-9!"$1:%!.#!%&'!46"99-1123!7&.4&!.#!%5-#!

4"#! .2:"4%! 9%5$'#%9a! ':.9%'2161;.'9G! R6'2'#%9! 10! %&'! 415-9'!

$'94-.J'$!'"-6.'-!(`"J6'!C,!&"/'!%&'!:1%'#%."6!%1!9.;#"6!%&'!/"65'!

10! 41--'4%!#52'-.4"63! 0"4%5"6!1-!$-"7#! -'9:1#9'9! %1! %'"4&'-9G!

E.<'7.9'3!"!45--.45652!1/'-9%500'$!7.%&!"!9'-.'9!10!%1:.49!2.;&%!

2'99";'!%&"%!4&'2.9%-8!46"99!9&156$!J'!"!:6"4'!7&'-'!7'!41/'-!

/"9%!97"%&'9!10!41#%'#%G!@5--.456"!"#$!"99'992'#%9!"! %'"4&'-!

"$1:%9! "#$! "$":%9! &"/'! %&'! :1%'#%."6! %1! 41#9%-".#! %&'!

':.9%'2161;.4"6! 2'99";'9! %&.9! %'"4&'-! .9! 6.<'68! %1! 9'#$! %1!

9%5$'#%9G! Y0! #1!:"-%! 10! %&'! 45--.45652!"66179! 01-! 41#9%-54%.1#!

"#$! 4-.%.L5'! 10! 4"59"6! "4415#%9! 01-! :&'#12'#"3! .%! .9! 5#6.<'68!

46"99!7.66! J'! 9''#! (J8! 9%5$'#%9! 1-! %'"4&'-9,! "9! "! :6"4'!7&'-'!

2"<.#;! 9'#9'! 10! :&'#12'#"! .9! 912'%&.#;! 1#'! $1'9G!

P441-$.#;683! 45--.456"! 10! %&.9! ;'#'-"6! %8:'! "-'! 6.<'68! %1! "4%! "9!

.2:'$.2'#%9! %1! -'"6.M.#;! 6'"-#.#;! '#/.-1#2'#%9! %&"%! :19.%.1#!

9%5$'#%9!"9!$1'-9!10!94.'#4'G!Y%!.9!.2:1-%"#%!%1!#1%'!%&"%!9:'4.0.4!

45--.456"-!"#$!"99'992'#%!0'"%5-'9!$1!#1%!;5"-"#%''!41&'-'#%!

2'99";'9!1#!<#176'$;'!"#$!<#17.#;!7.66!J'!41#/'8'$!.#K46"99G!

Y%! .9!:199.J6'!%1!01459!"#!"4%./.%8!2'"#%!%1!'#;";'!9%5$'#%9! .#!

41#9%-54%.1#! "#$! 59'! 10! 21$'69! 1#! 6.9%.#;! /14"J56"-8! 71-$9!

(V5&#!"#$!b'"9'3!ABBQD!c'-6"#$!"#$!H"22'-3!ABCA"D!O4)'.66!

'%! "6G3! ABCWD! *15/'"! "#$! b"9921-'3! ABCN,G! H17'/'-3! .#! %&'!

"J9'#4'! 10! 45--.456"! %&"%! ("%! 6'"9%! "%%'2:%,! %1! 01-';-15#$!

':.9%'2161;.'9! 01-! 94.'#4'3! .%! .9! 6.<'68! %&'! Z94&116! ;"2'^! 10!

2'21-.M"%.1#!"#$!-'4"66!7.66!7.#!15%!"9!%&'!2".#!;1"6!10!94.'#4'!

46"99!(E'2<'3!CXXB,G!!

! H'-'3! 7'! 95-0"4'! %&'! 01-2'-68! %"4.%! ':.9%'2161;.4"6!

4122.%2'#%9! %&"%! 9&":'$! "! 9'%! 10! %-"#901-2'$! 45--.456"-!

2"%'-."69!7'! 4-'"%'$! 01-! &.;&! 94&116! 4&'2.9%-8! (+%17'!'%! "6G3!

ABCXJ3!ABCX",G!

;.#,%&7*

`&.9! -'9'"-4&! 7"9! "::-1/'$! J8! %&'! 5#./'-9.%8a9! Y#9%.%5%.1#"6!

?'/.'7! c1"-$! "9! "#! .#/'9%.;"%.1#! .#%1! &17! &.;&! 94&116!

4&'2.9%-8! 6'"-#.#;! '#/.-1#2'#%9! 4"#! '#;";'! 9%5$'#%9! .#!

9'#9'2"<.#;G! P66! 2'%&1$9! 7'-'! .#! 412:6."#4'! 7.%&! %&'!

5#./'-9.%8a9!:16.4.'9!1#!'%&.49G!Y#01-2'$!41#9'#%!7"9!1J%".#'$!

01-!"66!:"-%.4.:"#%9!:-.1-!%1!:"-%.4.:"%.1#G!

-

2(/0$&-2(6%&<%-

`&.9!9%5$8!1445--'$!.#!%&'!41#%'>%!10!"!8'"-K61#;!'#"4%2'#%!

10! %&'!&.;&!94&116!45--.45652!D3C"$12"**E$>"#(3=8&?9$@3,#9$ 8"#$

A43B#&=#9$'46$5B#&?8"34C!(H+K@EUR,G!H+K@EUR!7"9!4-'"%'$!J8!"!

%'"2! 10! %'"4&'-9! "#$! -'9'"-4&'-9! 0-12! %&'! 5#$'-;-"$5"%'!

;'#'-"6!4&'2.9%-8!45--.45652!>"#(3=8&?9$@3,#9$8"#$A43B#&=#$'46$

5B#&?8"34C!(@EURD!@11:'-!"#$!V682<179<83!ABCFD!+%17'!'%!"6G3!

ABCX",G!`1!;'#'-"%'! %&'!H+K@EUR!95.%'!10! 45--.456"-!2"%'-."69!

15-! %'"2! 10! &.;&! 94&116! 4&'2.9%-8! %'"4&'-9! "#$! '$54"%.1#!

-'9'"-4&'-9! -'21/'$!:"-%9! 10! %&'!@EUR! 45--.45652! %&"%!7'-'!

J'81#$! %&'! 941:'! 10! "! &.;&! 94&116! 415-9'! ('G;G3! 415:6'$!

-'"4%.1#93!216'456"-!1-J.%"6!%&'1-8,!"#$!"$$'$!95::6'2'#%"-8!

2"%'-."69!7&'-'!@EUR!$.$!#1%!05668!95::1-%!%&'!'>:'4%"%.1#9!6".$!

15%! J8! %&'! )*++G! P0%'-! %&'! .#.%."6! $-"0%! 7"9! 412:6'%'$3! %&'!

%'"4&'-9!1#!15-!%'"2!:.61%'$!%&'!2"%'-."69!.#!%&'.-!46"99-1129G!

i-12!%&.9!:1.#%3!%&'!%'"2!10!%'"4&'-9!"#$!-'9'"-4&'-9!016617'$!

"!-';56"-!4846'!10!$'/'61:2'#%!"#$!-'0.#'2'#%3!59.#;!0.#$.#;9!

0-12! "#"689'9! 10! %'"4&'-! -'06'4%.1#9! %1! ;5.$'! 41#%.#5'$!

$'/'61:2'#%3!"9!9&17#!.#!i.;5-'!FG!`&.9!9%5$8!7"9!41#$54%'$!

$5-.#;!%&'!F-$!4846'!10!45--.456"-!.2:6'2'#%"%.1#G!!!

*
"#$%&'!/)!RSMNTUV'6"?$A-'N0#C";''

`&'!H+K@EUR!95.%'!10!45--.456"-!2"%'-."69!.#465$'$!CB!5#.%9!

"$$-'99.#;!%1:.49!9:'4.0.'$!.#!`"J6'!AG!P9!#1%'$!:-'/.159683!'"4&!

10! %&'9'! %1:.49! .9! 2'"#%! %1! J'! 41##'4%'$! J8! "! 92"66! 9'%! 10!

:17'-056! '>:6"#"%1-8! .$'"9G! `&"%! .93! %&'-'! .9! #1! $'$.4"%'$!

Z'#'-;8^! 4&":%'-! .#! @EUR! J'4"59'! '#'-;8! .9! 59'$! "9! :"-%! 10!

4"59"6!"4415#%9!.#!/.-%5"668!"66!4&":%'-9G!R"4&!5#.%!41#%".#'$!"!

%'"4&'-!;5.$'!"#$!"#8!"4412:"#8.#;!2"%'-."69!#''$'$!01-!'"4&!

6'991#! ('G;G3! 9%5$'#%!71-<9&''%93! :-'9'#%"%.1#! 96.$'93! 6.#<9! %1!

7'J! -'915-4'9,G! i1-! 15-! :5-:19'93! "! 6'991#! 41#9%.%5%'$! "!

$.94-'%'!"4%./.%8!1-!9'%!10!"4%./.%.'9!41225#.4"%'$!.#!%&'!%'"4&'-!

;5.$'!"9!J'61#;.#;! %1;'%&'-G! +13! "#! Z.#$./.$5"6! 6'991#^! .#! %&'!

45--.456"-! 2"%'-."69! $1'9! #1%! #'4'99"-.68! 41#9%.%5%'! "! 9.#;6'!

$"8a9! 46"99! %.2'G! i1-! '>"2:6'3! .#! %&'!P%129! 5#.%! (U#.%! C,! %&'!

9'41#$! 6'991#! .9!"! 6"J1-"%1-8! .#/'9%.;"%.1#!%&"%! 6.<'68!-'L5.-'9!

256%.:6'! 46"99! :'-.1$9! %1! 412:6'%'! 7&.6'! %&'! 9.>%&! 6'991#!

.#/16/'9!"!:-'9'#%"%.1#!7.%&!9'/'#!96.$'9!%&"%!7156$!'"9.68!J'!

"$$-'99'$! 7.%&.#! "! 9.#;6'! 46"99! :'-.1$G! `&'! 2"%'-."69! 7'-'!

.#%'#$'$! %1! 95::1-%! %71! 9'2'9%'-9! 71-%&! 10! 6'"-#.#;!

'>:'-.'#4'9!01-!"#!.#%-1$54%1-8!&.;&!94&116!4&'2.9%-8!415-9'G!

!"#$%&'()*&

"+,-%#%$&

./0+12#3+4&

5#26&7899&

:*4

!;,<2&'()*&

=,2+-#,"4&>.-&

?4+&#%&6#$6&

416.."

@+,16+-4&
-+>"+12&.%&
A56,2&
5.-B4C

D%2+-<-+2&
2+,16+-&
-+>"+12#.%4

E+>#%+&
;+4#$%&.>&
=,2+-#,"4

@+,16+-4&
#=<"+=+%2&
=,2+-#,"4

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

/011'()*+'2 !"#$%&'()()

Page 5 of 21 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



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

2 !N!"#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK! "#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB!

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

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

*+,-'!.)!7%"/%$"H'@D'.-$)?' D@/' )*"'%"/?$@-'@D'RSMNTUV'"-,#)"&'&./$-A' )*"'1(:=M1(1('

,#,&"B$#'0",/;'

3'45+ 6&7.+,&849:/;+ <-=>.7+&?+@.//&'/+

Q! M/,.*! OO!

O! M/,.(+!:4/$0&+/(,4*! Z!

K! [1+-$&0!U#$.(*/0'! X!

X! \-$+/0,4*! ]!

^! \.$0)$4/!V0,3$0/($*! QP!

_! :4/$0.,-$+1-&0!`,0+$*! QK!

]! "#$0.,+#$.(*/0'! QP!

Z! T,-1/(,4*! a!

a! U#$.(+&-!G$&+/(,4*! QK!

QP! b(4$/(+*!&42!\61(-(70(1.! QO!

-

7&,+8&0-.&;)&+%#(6$-

@&"-"4%'-.M.#;! %'"4&'-9a! 9'#9'! 10! /"65'$! <#176'$;'!

:-1$54%9! "#$! :-14'99'9! 1/'-! %&'! 415-9'! 10! "! %71K9'2'9%'-!

'#"4%2'#%! .9! "! #1#K%-./."6! 5#$'-%"<.#;G!O19%!71-<! '>"2.#.#;!

':.9%'2161;.'9! 01459'9!1#!'.%&'-!/'-8!92"66! ('G;G3! .#%'-"4%.1#9!

$5-.#;! "! 9.#;6'! 46"99,! 1-! /'-8! 6"-;'! ('G;G3! J'01-'! "#$! "0%'-! "!

415-9',! %.2'94"6'9! (b'-<.#9! '%! "6G3! ABBND! c"-J'-"! '%! "6G3! ABBQD!

?599!"#$!E5#"3!ABCFD!T.#;!"#$!O1661&"#3!ABCmD!V'!"#$!+4&7"-M3!

ABCX,G! O"4-1K6'/'6! :-'K:19%! 95-/'89! 4"##1%! 4":%5-'! %&'!

$8#"2.49! 10! :"-%.4.:"#%! ':.9%'2.4! 41;#.%.1#! "#$! 91!7'-'! %11!

617!-'9165%.1#!01-!15-!:5-:19'9G!O.4-1K6'/'6!"#"689'9!10!.#K%&'K

212'#%!':.9%'2161;.'93!7&.6'!"J6'!%1!J'"5%.05668!4":%5-'!&17!

:"-%.4.:"#%9a! /.'79! 1#! <#176'$;'! "#$! <#17.#;! 4&"#;'! 1#'!

2.#5%'!%1!%&'!#'>%3!"-'! 0"-! %11! 6"J1-! .#%'#9./'!%1!J'!:-"4%.4"6!

1/'-! %&'! 415-9'! 10! "! 9'2'9%'-G! H'-'3! 7'! 9:6.%! %&'! $.00'-'#4'!

J'%7''#! %&'9'! %71! %8:'9! 10! "#"689'9! J8! '6.4.%.#;! '/.$'#4'!10!

%'"4&'-9a!':.9%'2161;.'9!/."!7''<68!-'06'4%./'!61;9G!E1;9!10!%&.9!

91-%!"-'!"!41221#!%116!59'$!%1!4&"-"4%'-.M'!.2:6'2'#%"%.1#!10!

6'"-#.#;!2"%'-."69!(c"663!CXXXD!?17"#!"#$!@1--'#%.3!ABBXD!H"--.9!

'%! "6G3! ABCm,! "#$3! "9!7'! 9&"66! 9''3! 41#%".#! 59'056! .#01-2"%.1#!

"J15%!%&'!%"4.%!':.9%'2161;.'9!%&"%!9&":'!-'9:1#9'9G!!!

!

=,%,- 2())&+%#(6>! `&'! #.#'! %'"4&'-9! 1#! 15-! %'"2! 95J2.%%'$!

7''<68! -'06'4%.1#9! "J15%! Z7&"%!71-<'$^!7&'#! .2:6'2'#%.#;!

%&'!H+K@EUR!45--.456"-!2"%'-."69!$5-.#;!%&'!0"66!9'2'9%'-!10!%&'!

ABCXKABAB! 94&116! 8'"-G! `&'9'! 95J2.99.1#9! "215#%'$! %1!

-15;&68!CmKCN!7''<9!10! -'06'4%.1#9!:'-! %'"4&'-!:'-! 9'2'9%'-G!

T'21;-":&.4!.#01-2"%.1#!01-!'"4&!10!%&'!:"-%.4.:"%.#;!%'"4&'-9!

4"#! J'! 015#$! .#! `"J6'! PC! .#! P::'#$.>! PG! ?'06'4%.1#! :-12:%9!

"9<'$!%&'!%'"4&'-9!"J15%!%&'.-!'>:'-.'#4'9!7.%&!%&'!2"%'-."693!

"#8! 21$.0.4"%.1#9! 2"$'! %1! %&'! 2"%'-."69! 1-! %&'! 6'"-#.#;!

'#/.-1#2'#%3!"#$!"#8!#1%'71-%&8!'>:'-.'#4'9!%&"%!&"::'#'$!

7.%&!9%5$'#%9G!h'!/.'7!7&"%!%'"4&'-9!7-1%'!.#!-'06'4%./'!61;9!

"9! -':-'9'#%.#;! -'9:1#9'9! %1! ':.9%'2161;.4"6! 2'99";'9! %&'8!

&"/'! '>:'-.'#4'$! 0-12! "! /"-.'%8! 10! 915-4'9! ('G;G3! :''-93!

"$2.#.9%-"%1-93! 9%5$'#%93! i.;5-'! A,G! `&'9'! 2'99";'9! :-1/.$'!

%'"4&'-9! %"4.%! "#97'-9! %1! L5'9%.1#9! 954&! "9! Zh&"%! %8:'9! 10!

"4%./.%.'9! 9&156$! Y! '#;";'! .#! %1! 95::1-%! 9%5$'#%! <#176'$;'!

41#9%-54%.1#! "4-199! %&'9'! 212'#%9l^! 1-! Zh&"%! .9! %&'!

"::-1:-."%'! 915-4'! 10! <#176'$;'! 01-! 9%5$'#%9! %1! 59'! &'-'l^!

(?5993!ABCQ,G!c8!41225#.4"%.#;!Z7&"%!71-<'$^3!%'"4&'-9!10%'#!

9&"-'$! &17! %&'! '/'#%9! .#! %&'! 46"99-112! "$$-'99'$! %&'.-!

':.9%'2161;.4"6! ;1"69! 01-! %&"%! 6'"-#.#;! "4%./.%8! (@&.##! '%! "6G3!

ABCC,G! i1-! '>"2:6'3! -':1-%.#;! %&"%! Z7'! 7-"::'$! 5:! %&'!

94.'#%.9%9!"#$!%&'!&.9%1-8!10!%&'!"%12G^!.2:6.'9!%&"%!"%!6'"9%!1#'!

2"I1-!;1"6!01-!%&'!6'"-#.#;!"4%./.%8!7"9!%1!-'4"66!%&'!94.'#%.9%9!

%&"%!$'/'61:'$!"!&.9%1-.4"6!21$'6!10! %&'!"%12! (.G'G3!1J%".#.#;!

%-5'!J'6.'09,G!!

!

=,%,-:6,)?$#$>!`&'!41$.#;!:-14'99!01-!%'"4&'-9a!-'06'4%./'!61;9!

7"9!"9!0166179G!̀ &-''!"5%&1-9!(P+3!̀ V3!@+,!-'"$!%&'!0566!4166'4%.1#!

10!61;9!0-12!%71!%'"4&'-9!(`'"4&'-9!A!"#$!m,!7&1!-';56"-68!"#$!

95J9%"#%./'68!-'9:1#$'$!%1!61;!:-12:%9G!P9!%&'8!7'-'!-'"$.#;3!

%&'!"5%&1-9!#1%'$!%'>%!%&"%!9''2'$!-'6"%'$!%1!%&'!<#176'$;'!

41#9%-54%.1#!;1"6(9,!10!46"99!71-<! (7&"%!@&.##!"#$!4166'";5'9!

4"66! "#! Z':.9%'2.4! ".2^3! @&.##! '%! "6G3! ABCC,G! S#4'! %&.9! 7"9!

412:6'%'3! %&'! "5%&1-9! 9522"-.M'$! %&'.-! 1J9'-/"%.1#9! .#! "!

9544.#4%!6.9%!10!41$'9!.#01-2'$!J8!':.9%'2.4!".29!#1%'$!.#!@&.##!

"#$! 4166'";5'9a! 256%.$.2'#9.1#"6! 21$'6! 10! ':.9%'2161;8!

(@&.##!'%!"6G3!ABCC,G!i1-!'>"2:6'3!"!%'"4&'-!2"8!9%"%'!%&"%!%&'!

;1"6!10!"!6'991#!.9!01-!9%5$'#%9!%1!J'!"J6'!%1!$'0.#'!"!9%-1#;!"4.$3!

.#$.4"%.#;! "! 6.<'68! ;1"6! 10! 1J%".#.#;! %-5'! J'6.'09G! `&.9! :-14'99!

-'956%'$! .#! 015-! 41$'9! k!7&.4&! "-'! :-'9'#%'$! .#! `"J6'! F! "#$!

$'94-.J'$!.#!21-'!$'%".6!J'617G!̀ &'!"5%&1-9!%&'#!7'#%!J"4<!"#$!

-'/.'7'$!%&'!0566!$"%"!41-:59!7.%&!%&'9'!21-'!9:'4.0.4!41$'9!.#!

2.#$!%1!#1%'!"66!%&'!.#9%"#4'9!7&'-'!%&'8!"::6.'$G!)1%'!%&"%!"!

;./'#! 61;! -'9:1#9'!4"#!J'!$'94-.J'$!J8!21-'! %&"#!1#'!41$'D!

7&'#!21-'!%&"#!1#'!;1"6!7"9!'>:-'99'$!J8!"!%'"4&'-3!"66!7'-'!

-'41;#.M'$3!9.#4'! .%! .9!:199.J6'!%1!&"/'!256%.:6'!;1"69!7.%&.#!"!

7''<!10!46"99!%.2'G!

@1$.#;!7"9!$./.$'$!"21#;9%!%&-''!-"%'-9!(P+3!`V3!@+,!91!%&"%!

'"4&! 7''<a9! -'06'4%.1#9! 7'-'! 41$'$! J8! %71!2'2J'-9! 10! %&'!

-'9'"-4&!%'"2G!`&'!%&-''!-"%'-9!41#$54%'$!0-'L5'#%!4&'4<9!10!

41$'!"::6.4"%.1#9G!P#8!$.9";-''2'#%9!.#!41$'!"::6.4"%.1#9!7'-'!

$.94599'$3! -'956%.#;! .#! 2.#1-! 21$.0.4"%.1#9! %1! %&'! 41$'!

$'94-.:%.1#93!7&'#!#'4'99"-8G!@1$.#;!41#%.#5'$!5#%.6!412:6'%'!

";-''2'#%!7"9!-'"4&'$G! Y#!"$$.%.1#3! -'6."J.6.%8!7"9!2'"95-'$!

7.%&!%&'!.#4659.1#!10!"!015-%&!-"%'-!(?E+,3!7&1!7"9!"!2'2J'-!10!

%&'! 1-.;.#"6! H+K@EUR! $'/'61:2'#%! %'"2G! i1-! %&'! -':'"%'$!

-'6."J.6.%8! 2'"95-'2'#%3! %&-''! -"%'-9! :'-! 61;! '#%-8! 7'-'!

:-1/.$'$!-15;&68!Cmq!10!%&'!-'06'4%.1#9!%1!41$'G!P!i6'.99a9!<"::"!

7"9! 4"6456"%'$! %1! $'%'-2.#'! ";-''2'#%! "21#;! %&'! %&-''!
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(FT,! 6'"-#.#;! 1445-9! 7&'#! 9%5$'#%9! "::68! 4-199K45%%.#;!

41#4':%9! (@@@9,! 7&.6'! '#;";.#;! .#! 94.'#%.0.4! "#$! '#;.#''-.#;!

:-"4%.4'9! (+Rb9,!59.#;! %&'.-!5#$'-9%"#$.#;!10!$.94.:6.#"-8! 41-'!

.$'"9! (T@Y9,! %1! 0.;5-'! 15%! "! :&'#12'#1#! ()"%.1#"6! ?'9'"-4&!

@15#4.63! ABCA,G! S5-! 21$.0.'$! 41$.#;! 94&'2'! 4&"-"4%'-.M'9!

1::1-%5#.%.'9!01-!FT!6'"-#.#;!(-"%&'-!%&"#!9.2:68!ZFT!6'"-#.#;^,!

J'4"59'! 45--.456"-! 2"%'-."69! 95::1-%! %&'! $'9.;#! 10! 6'"-#.#;!

'#/.-1#2'#%9! J5%! 4"##1%! ;5"-"#%''! "! 4'-%".#! %8:'! 10!

'#"4%2'#%!(O4)'.66!'%!"6G3!ABCN,G!FT!6'"-#.#;!-':-'9'#%9!"!/.'7!

10! 6'"-#.#;! %&"%! 95::1-%9! 9%5$'#%9a! $'/'61:2'#%! "#$! 59'! 10!

<#176'$;'!.#!"!2"##'-!41&'-'#%!7.%&!&17!%&'8! .#%'-"4%!7.%&!

"#$! :'-4'./'! %&'! #"%5-"6!71-6$! ()*++! E'"$! +%"%'93! ABCF,G! c8!

01459.#;!6'"-#.#;!"4%./.%.'9!1#!"!92"66!#52J'-!10!41-'!.$'"9!%&"%!

"-'!J.;;'-!.#!941:'!(.G'G3!T@Y9,3!9%5$'#%9!4"#!$'/'61:!"!$'':'-!

5#$'-9%"#$.#;! 10! .2:1-%"#%! 94.'#%.0.4! 41#9%-54%9! %&"%! "-'!

41&'-'#%! "4-199! ;-"$'9! "#$! '>:'-.'#4'9! ()"%.1#"6! ?'9'"-4&!

@15#4.63!ABCA3!ABCF,G!@@@9!"4%!"9!"!0-"2.#;!6'#9!%&-15;&!7&.4&!

9%5$'#%9! 4"#! 2"<'! 9'#9'! 10! %&'9'! T@Y9! ()"%.1#"6! ?'9'"-4&!

@15#4.63!ABCA,G!`&'!0.#"6!$.2'#9.1#3!%&'!+Rb93!$'94-.J'!9'/'-"6!

"5%&'#%.4! :-"4%.4'9! 94.'#%.9%9! '#;";'! .#!7&.6'! ;'#'-"%.#;! "#$!

-'/.9.#;!<#176'$;'G!R#;";.#;! .#! %&'9'!+Rb9!2'"#9!21-'!%&"#!

:'-01-2.#;!"!9.2:6'!9<.66! ('G;G3!J"6"#4.#;!"!4&'2.4"6!'L5"%.1#,!

"9! 9%5$'#%9!259%! #1%! 1#68! J'! <#176'$;'"J6'!10! %&'! -'L5.9.%'!

9<.669! 01-! $1.#;! "! :-"4%.4'! J5%! "691! 10! 7&8e7&'#! %1! 59'! %&'!

:-"4%.4'! %1! $'/'61:! %&'.-! <#176'$;'! (c'-6"#$! "#$! H"22'-3!

ABCA"D!)"%.1#"6!?'9'"-4&!@15#4.63!ABCAD!*15/'"!"#$!b"9921-'3!

ABCN,G! `&'! )*++! -'41;#.M'! %&"%! 9%5$'#%9! 259%! $'21#9%-"%'!

412:'%'#48!10! "! +Rb!7.%&.#! %&'! 41#%'>%!10! "!T@Y! ()*++! E'"$!

+%"%'93! ABCF,G! S5-! 41$.#;! 94&'2'! $'94-.J'$! .#! `"J6'! _!

4&"-"4%'-.M'9! %&'! 1::1-%5#.%.'9! 01-! FT! 6'"-#.#;! 7.%&.#! '"4&!

6'991#! "9! (A,! "! FT! 6'"-#.#;! 1::1-%5#.%8! .9! :-'9'#%!7.%&.#! %&'!

2"%'-."693!(C,!9%5$'#%9!"::68!@@@!"#$!'#;";'!.#!+Rb!.#!"J9'#4'!

10!"!T@Y3!1-!(B,!%&'!6'991#!1#68!'#;";'9!9%5$'#%9!.#!@@@9G!!

!

78&-/$&-(;-$%/5&6%-#5&,$D!P!05#$"2'#%"6!/"65'!41225#.4"%'$!

%&-15;&15%! %&'! %&'(#)*&+! .9! %&"%! 9%5$'#%9! 6'"-#! J'9%! 7&'#!

:5-:19'05668! '#;";'$! .#! %&'! :-"4%.4'9! 10! 94.'#4'! ()"%.1#"6!

?'9'"-4&! @15#4.63! ABCA,G! `&.9! 2'"#9! %&"%! 9%5$'#%9! 259%! J'!

:19.%.1#'$!"9!"4%./'!41K41#9%-54%1-9!10!<#176'$;'!-"%&'-!%&"#!

1#68! -'4'./'-9! 10! .#01-2"%.1#G! E'"-#.#;! '#/.-1#2'#%9! 259%!

"4415#%! 01-! %&'! -'"6.%8! %&"%3! 01-! 9%5$'#%9! %1! 9''! 94.'#4'! .$'"9!

"#$! :-"4%.4'9! 59'056! .#! 6.0'3! %&'8! 9&156$! J'! .#/16/'$! .#! 59.#;!

%&'9'!.$'"9!"#$!:-"4%.4'9!%1!"$/"#4'!;1"69!%&"%!2"%%'-!%1!%&'2!

()"%.1#"6!?'9'"-4&!@15#4.63!ABCAD!V"#;!'%!"6G3!ABCWD!P#$'-91#!

'%!"6G3!ABCQD!O.66'-!'%!"6G3!ABCQD!V1!"#$!V-.9%3!ABCX,G!Y#!1-$'-!%1!

95::1-%! 6'"-#.#;! '#/.-1#2'#%9! %&"%! 95-0"4'! "#$! J5.6$! 5:1#!

9%5$'#%! .$'"9! .#! 7"89! %&"%! "-'! 2'"#.#;056! 01-! "#$! 0-12! %&'!

9%5$'#%! :'-9:'4%./'3! 45--.456"! 9&156$! :-1/.$'! 9%5$'#%9! 7.%&!

1::1-%5#.%.'9! %1! 41225#.4"%'! %&'.-! 1J9'-/"%.1#9! "#$!

'>:'-.'#4'9!7&.6'! .#%'-"4%.#;!7.%&! :&'#12'#"3! '>:-'99! %&'.-!
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()*+,-./0-12/ /!"#$%&'/

"#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB! "#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK!N!R !

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

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

%&.#<.#;!7.%&!$-"7.#;9!"#$!$'94-.:%.1#93!"#$!"9<!L5'9%.1#9!%&"%!

"-'! /"65'$! "#$! "$$-'99'$! .#! %&'! 6'"-#.#;! "4%./.%.'9! ()"%.1#"6!

?'9'"-4&!@15#4.63! ABCAD!)*++! E'"$!+%"%'93! ABCFD!T"/.9!'%! "6G3!

ABCWD!?'.9'-!'%!"6G3!ABCND!b&.66.:9!'%!"6G3!ABCQD!i5-%"<!"#$!b'#5'63!

ABCX,G! P6%&15;&! %&'! %&'(#)*&+! $1'9! #1%! 41225#.4"%'!

:'$";1;.4"6!:-"4%.4'9!%1!"4&.'/'!954&!"!6'"-#.#;!'#/.-1#2'#%3!

%'"4&'-9!7.66!#''$!%1!59'!"!-"#;'!10!'#"4%2'#%9!"#$!2'"#9!10!

-'06'4%.1#! %1! 95::1-%! $'/'61:2'#%! 10! 9%5$'#%9a! L5'9%.1#93!

$-"7.#;93! "#$! $'94-.:%.1#9! .#! "! 7"8! %&"%! .9! :-1$54%./'! 01-!

-'"91#.#;! "J15%! %&'!:&'#12'#"! %&'8! '>:'-.'#4'! %&-15;&15%!

%&'! 6'"-#.#;!9'L5'#4'! ()"%.1#"6!?'9'"-4&!@15#4.63!ABCB,G!S5-!

41$.#;! 94&'2'! $'94-.J'$! .#! `"J6'! _! 4&"-"4%'-.M'9! %&'! 59'! 10!

9%5$'#%!.$'"9!7.%&.#!'"4&!6'991#!"9!(A,!9%5$'#%9!"-'!"4%./'!41K

41#9%-54%1-9!10!94.'#4'!<#176'$;'3! (C,!9%5$'#%9!:"-%.4.:"%'! .#!

%&'!6'"-#.#;!'#/.-1#2'#%!J5%!"-'!#1%!:-1/.$'$!1::1-%5#.%8!%1!

'>:-'99!%&'.-!17#!<#176'$;'!"#$!'>:'-.'#4'93!"#$!(B,!9%5$'#%9!

$1!#1%!41#%-.J5%'!%1!7&"%!&"::'#9!.#!%&'!6'"-#.#;!'#/.-1#2'#%G!

!

2(8&0&6+&D! T'/'61:2'#%! 10! %&'! %&'(#)*&+! 7"9! .#! :"-%!

21%./"%'$! J8! "! $'9.-'! 01-! ;-'"%'-! 41&'-'#4'! .#! VKCA! 94.'#4'!

'$54"%.1#! ()"%.1#"6! ?'9'"-4&! @15#4.63! ABCA,G! `&'! i-"2'71-<!

41225#.4"%'9! %&"%! "/'#5'9! 01-! 95::1-%.#;! 41&'-'#4'! 4156$!

.#465$'! (C,! 1-;"#.M.#;! 6'"-#.#;! "4%./.%.'9! "-15#$! "!

$'/'61:2'#%"6! :-1;-'99.1#! %&"%! "66179! 9%5$'#%9! %1!

41#%.#515968! J5.6$! 1#! "#$! -'/.9'! %&'.-! .$'"9! "J15%! &17! %&'!

71-6$! 71-<93! (A,! 01459.#;! 6'"-#.#;! "4%./.%.'9! 1#! "! Z6.2.%'$!

#52J'-! 10! 41-'! .$'"9^3! "#$! (F,! .#%';-"%.#;! <#176'$;'! "#$!

:-"4%.4'9!()"%.1#"6!?'9'"-4&!@15#4.63!ABCAD!?'.9'-!'%!"6G3!ABCN,G!

`&'9'! "/'#5'9! $':"-%! 0-12! %8:.4"6! 2'%&1$9! 10! '9%"J6.9&.#;!

41&'-'#4'!.#!%&"%!%&'!9%5$'#%9!(#1%!%&'!%'"4&'-,!J5.6$!1#!"#$!

-'/.9'!%&'.-!.$'"9!0-12!6'991#!%1!6'991#G!R9%"J6.9&.#;!41&'-'#4'!

0-12! %&'! 9%5$'#%! :'-9:'4%./'! 2'"#9! %&"%! 6'"-#.#;!

'#/.-1#2'#%9!#''$!%1!.#465$'!"#$!/"65'!9%5$'#%!.$'"93!456%5-'93!

'>:'-.'#4'93!"#$!1:.#.1#9!"J15%!7&"%!&"::'#9!$5-.#;!6'"-#.#;!

"4%./.%.'9!()"%.1#"6!?'9'"-4&!@15#4.63!CXXXD!E17'66!'%!"6G3!ABAB,G!

S5-! 41$.#;! 94&'2'! $'94-.J'$! .#! `"J6'! _! 4&"-"4%'-.M'9!

41&'-'#4'!"9!(A,!9%5$'#%9!"-'!%&'!:-.2"-8!";'#%9!'9%"J6.9&.#;!

41&'-'#4'!"21#;! 6'"-#.#;!'>:'-.'#4'93! (C,! %&'! %'"4&'-! .9! %&'!

:-.2"-8! ";'#%! '9%"J6.9&.#;! 41&'-'#4'! "21#;! 6'991#93! (B,! #1!

2'4&"#.929!01-!'9%"J6.9&.#;!41&'-'#4'!"-'!"::"-'#%!7.%&.#!%&'!

45--.456"-!2"%'-."69G!

!

`1!4&"-"4%'-.M'!%&'!H+K@EUR!45--.456"-!2"%'-."693!.#$./.$5"6!

6'991#9!7'-'!'>%-"4%'$!0-12!%&'!%'"4&'-!;5.$'9!:-1/.$'$!"#$!

41$'$! 59.#;! "! 94&'2'! 21$.0.'$! 0-12! E17'66! "#$! 4166'";5'9!

(E17'66! '%! "6G3! ABAB,! 9&17#! .#! `"J6'! _G! @1$.#;! 7"9! $./.$'$!

"21#;9%! %&-''! -"%'-9! (P+3! `V3! OT,! 91! %&"%! '"4&! 6'991#! 7"9!

41$'$!J8!%71!2'2J'-9!10!%&'!-'9'"-4&!%'"2G!`&'!%&-''!-"%'-9!

41#$54%'$! 0-'L5'#%! 4&'4<9! 10! 41$'! "::6.4"%.1#9! %1! '#95-'!

$':'#$"J.6.%8! 10! %&'! "#"689.9G! P#8! $.9";-''2'#%9! .#! 41$'!

"::6.4"%.1#9!7'-'!$.94599'$3!-'956%.#;!.#!2.#1-!21$.0.4"%.1#9!%1!

%&'!41$'!$'94-.:%.1#93!7&'#!#'4'99"-8G!S#4'!"66! 6'991#9!7'-'!

41$'$3! "! @1&'#a9! <"::"! 7"9! 4"6456"%'$! %1! I5$;'! ";-''2'#%3!

-'956%.#;! .#! "! <"::"! /"65'! 10! BGQ_! (&.;&! ";-''2'#%D! @1&'#3!

CXWB,G! Y#! "$$.%.1#3! -'6."J.6.%8! 7"9! 2'"95-'$! ";".#! 7.%&! %&'!

.#4659.1#! 10! "! 015-%&! -"%'-! (?E+,G! i1-! %&'! -':'"%'$! -'6."J.6.%8!

2'"95-'2'#%3! %&-''! -"%'-9!:'-! 6'991#!7'-'!:-1/.$'$! -15;&68!

Cmq!10!%&'!6'991#9!%1!41$'G!P!i6'.99a9!<"::"!7"9!4"6456"%'$!01-!

'"4&!4"%';1-8!%1!$'%'-2.#'!";-''2'#%!"21#;!%&'!%&-''!-"%'-9G!

`"J6'!m!9&179!%&'!4"6456"%'$!/"65'9!01-!'"4&!4"%';1-83!'"4&!10!

7&.4&!.#$.4"%'!&.;&!-'6."J.6.%8!J'%7''#!-"%'-9!(@1&'#3!CXWB,G!!

*+,-'!1)!N,C#.C,)"&'%,C."?'@D'PC"$??X?'J,55,'D@/'B,)"/$,C?'#@&$-A;''

6)5.E&7*+ IF.4//J/+K)88)+

W*$!,;!V#$4,.$4&! P9]O!

A33,0/14(/($*!;,0!KL!f$&04(4)! P9ZO!

W*$!,;!T/12$4/!:2$&*! P9]^!

U,#$0$4+$! Q9PP!

`&'! 4"%';1-.'9! .#! 15-! 94&'2'! $'94-.J'! 0'"%5-'9! 10! %&'!

45--.456"-!2"%'-."69! %&"%3!7'!41#%'#$3!'#"J6'!59! %1! .#0'-! %"4.%!

2'99";'9!"J15%!<#176'$;'!"#$!<#17.#;!'2J'$$'$!7.%&.#!"#$!

"4-199!6'991#9G!i1-!'>"2:6'3!6'"-#.#;!'#/.-1#2'#%9!%&"%!9.;#"6!

%&'! .2:1-%"#4'!10!':.9%'2161;8!01-!94.'#4'!7156$!-'L5.-'! ("%!

2.#.252,!1::1-%5#.%.'9!01-!9%5$'#%9!%1!;-"::6'!7.%&!4"59'9!01-!

:&'#12'#"3! "#$! 41#9%-54%! %&'.-! 17#! '>:6"#"%.1#9! 10!

1J9'-/"%.1#9! %&'8! 2"<'G! h.%&15%! 9:'4.0.4! ;5.$"#4'! .#! %&'!

45--.456"-!2"%'-."69!01-!95::1-%.#;!%&'9'!91-%9!10!1::1-%5#.%.'93!

.%! .9! 5#6.<'68! %&"%! %&'!2"%'-."69!7156$! 41#/'8! (%1! 9%5$'#%9! 1-!

%'"4&'-9p,!%&"%!94.'#4'!46"99-1129!"-'!:6"4'9!01-!2"<.#;!9'#9'!

10!%&'!71-6$G!!

Y2:1-%"#%683! %&'! '>%'#%! %1!7&.4&! "! 45--.45652! 9.;#"69! %&'!

.2:1-%"#4'!10!94.'#4'!71-<!%&"%!.9!2'"#.#;056!"#$!:5-:19'056!

%1! 9%5$'#%9! .9!#1%!4&"-"4%'-.M'$!J8!"#8!9.#;6'!4"%';1-8! .#!15-!

41$.#;!94&'2'G!`&"%!.93!':.9%'2161;.4"6!2'99";'9!'2'-;'!0-12!

"!41#9%'66"%.1#!10!45--.456"-!0'"%5-'9G!`1!.#0'-!2'99";'9!"J15%!

<#176'$;'!"#$!<#17.#;!'2J'$$'$!.#!H+K@EUR!6'991#93!7'!0.-9%!

;-15:'$! 6'991#9! J8! 9.2.6"-! 41$'! "::6.4"%.1#9G! i1-! '>"2:6'3!

6'991#9! 7.%&! 1J9'-/'$! 41$'9! 10! b&'#12'#1#! s! BD! FK

T.2'#9.1#"6!s!BD!U9'!10!+%5$'#%!Y$'"9!s!CD!@1&'-'#4'!s!C!7'-'!

;-15:'$! %1;'%&'-! "#$! 6'991#9! 7.%&! 1J9'-/'$! 41$'9! 10!

b&'#12'#1#!s!AD!FKT.2'#9.1#"6!s!AD!U9'!10!+%5$'#%!Y$'"9!s!AD!

@1&'-'#4'! s! A! 7'-'! ;-15:! %1;'%&'-G! P0%'-! 6'991#9! 7'-'!

;-15:'$3! %&'! -'9'"-4&! %'"2! %&'1-.M'$! "J15%! %&'!

':.9%'2161;.4"6! 2'99";'9! %&"%! 2.;&%! J'! 41225#.4"%'$! J8!

6'991#9!$'94-.J'$!J8!"!:"-%.456"-!4659%'-!10!41$'9G!`1!.6659%-"%'!

:1%'#%."6!':.9%'2161;.4"6!2'99";'9!41#/'8'$!7.%&.#!%&'!6'991#!

;-15:.#;93!7'!;'#'-"%'$!9'/'-"6!Z6'991#!'>'2:6"-9^!7&.4&!"-'!

$.94599'$! .#! 05-%&'-! $'%".6! J'617D! &17'/'-3! 0.-9%!7'! 41#%.#5'!

15-!$.94599.1#!1#! %'"4&'-9a! -'9:1#9'9! %1!";;-';"%'!2'99";'9!

%&'8!'#415#%'-'$!.#!%&'!6'"-#.#;!'#/.-1#2'#%!(7&.4&!.#465$'9!

2'99";'9!9'#%!J8!45--.456"-!2"%'-."69,G!

<.7'0#7*2"&*=)7('77)%"*

!"#$%&'()(*#+,)-F(,)$-2(''/6#+,%&5-4?-%8&-7&,+8&0$-

`"J6'! W! 9522"-.M'9! %&'! -'956%9! 0-12! 15-! 41$.#;! 10! "66!

%'"4&'-!-'06'4%.1#9G!`"J6'!cC!.#!P::'#$.>!c!05-%&'-!'6"J1-"%'9!

1#!%&'!0-'L5'#48!10!".29!'>:-'99'$!7.%&.#!'"4&!5#.%G!h'!1:%'$!

#1%! %1! :'-01-2! 9%"%.9%.4"6! %'9%9! 01-! 9.;#.0.4"#%! $.00'-'#4'9!

J'%7''#! ".293! 9.#4'! %&'! %'"4&'-9a! <#176'$;'! 41#9%-54%.1#!

;1"69!"-'!/'-8!6.<'68!.#01-2'$!J8!2"#8!21-'!2'99";'!915-4'9!

%&"#! I59%! 15-! 45--.456"-! 2"%'-."69G! Y#9%'"$3! 7'! '2:618'$! %&'!

%'"4&'-! -'06'4%.1#9! "9! 21-'! 10! "! 6.%259! %'9%3! -'06'4%.#;!
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<#176'$;'! 41#9%-54%.1#! ".29! 7'! "9952'$! (.#! :"-%,! %1! J'!

'2'-;'#%!0-12!#';1%."%.1#!10!2'99";'9!41225#.4"%'$!J8!%&'!

H+K@EUR!45--.456"-!2"%'-."69G!

*+,-'! 2)! S.BB,/0' @D' "5$?)"B@C@A$#,C' ,$B?' "25/"??"&' $-' )",#*"/' /"DC"#)$@-?;' G$-"'

)",#*"/?'#@B5C")"&'H""JC0'/"DC"#)$@-?;''

B9S-474'E+

,7-.+T.F4.?/+

B9S-474'E+

3'(.7/5)'(4'E+

6&'/57-954'E+

UG8F)')54&'/+

BV&4(4'E+

I)F/.+T.F4.?/+

,&5)F+

a]! QZ! O! QKO! !

S0! %&'! CFA! ;1"69! 41225#.4"%'$! J8! %'"4&'-9! .#! %&'.-!

-'06'4%.1#93! %&'-'! 7"9! "#! 1/'-7&'62.#;! 9.;#"6! 01-!

':.9%'2161;.4"6!;1"69!"6.;#'$!%1!"4L5.-.#;!%-5'!J'6.'09G!`'"4&'-!

-'06'4%.1#9! 219%68! '2:&"9.M'$! %&'! #''$! %1! Z41/'-^! 1-! Z;'%!

%&-15;&^! %&'! 41#%'#%G! i1-! '>"2:6'3! 1#'! %'"4&'-! 9&"-'$! %&"%!

%&'8!Z#''$!%1!41/'-!:'-.1$.4! %-'#$9! %1! 0.#.9&! %&.9!5#.%G^!+12'!

%'"4&'-9! 2'#%.1#'$! %&"%! %&'! $'9.-'! %1! Z;'%! %&-15;&^! %&'!

41#%'#%! 4-'"%'$! %'#9.1#9! .#! %&'! 6'"-#.#;! '#/.-1#2'#%G! i1-!

'>"2:6'3!Zn+%5$'#%9o!9%-5;;6'$!5#%.6!7'!&"$!41/'-'$!"66!10!%&'!

n.#%'-216'456"-! 01-4'9! 10! "%%-"4%.1#o! "#$!7'-'! "J6'! %1! :5%! "66!

%&-''!%8:'9!.#!0-1#%!10!%&'2!91!%&'8!4156$!9''!%&'!$.00'-'#4'9!.#!

%&'!:16"-.%8!10!%&'!216'456'9G!Y%!7"9!$.00.456%!01-!%&'2!%1!I59%!6.#<!

#1#:16"-! %1! nE1#$1#! T.9:'-9.1#! i1-4'9o3! :16"-! %1! n$.:16'K

$.:16'o3! "#$!:16"-!7.%&!H)Si(E1#':".-,! %1!HKJ1#$9G! Y%!7"9#a%!

5#%.6! %&'!'#$!10! %&'!7''<!%&"%!7'!4156$!:5%! %&"%! .#01-2"%.1#!

%1;'%&'-G^! `'"4&'-9a! '2:&"9.9! 1#! Z;'%%.#;! %&-15;&^! %&'!

41#%'#%! .2:6.'9! %&"%! 4&'2.9%-8! 46"99! .9! /.'7'$! "! :6"4'!7&'-'!

/"9%!97"%&'9!10!41#%'#%!"-'!41/'-'$G!!

! U:1#!9''.#;!"#!1/'-7&'62.#;!'2:&"9.9!1#!"4L5.-.#;!%-5'!

J'6.'09!.#!%'"4&'-!-'06'4%.1#93!7'!"9<'$!15-9'6/'9d!H17!$1!%&'!

2"%'-."69! 41225#.4"%'! %&'! :5-:19'! 10! '#;";.#;! .#! 94.'#%.0.4!

'#$'"/1-9l! `&'! %'"4&'-9! .#! %&.9! 9%5$8! "-'! <#176'$;'"J6'! .#!

%&'.-!%-"$'!"#$!$1!9%'66"-!71-<!7.%&.#!%&'.-!46"99-1129G!`&'9'!

%'"4&'-9!"%%'#$!-';56"-!:-10'99.1#"6!$'/'61:2'#%93!'#;";'!.#!

6'"-#.#;! 41225#.%.'93! "#$! 2'"#.#;05668! 41#%-.J5%'$! %1! %&'!

$'9.;#!10!%&'!H+K@EUR!2"%'-."69G!`&.9!:":'-!9&156$!.#!#1!7"8!J'!

:'-4'./'$! "9! 9:'"<.#;! %1! %&'! $'%-.2'#%! 10! %&'! %'"4&'-9G! h'!

J'6.'/'! %&"%! %&'! %'"4&'-9! "-'! 2'-'68! 41225#.4"%.#;! Z7&"%!

71-<9^!"9!%&'8!"::-1"4&'$!%&'! 6.2.%!10!7&"%!%&'!%-"#901-2'$!

45--.456"-!2"%'-."69!4156$!95::1-%!.#!%&'.-!41#%'>%G!c5-<'!(CXWW,!

"#$!h'-%94&!(CXXQ,!-'0'-!%1!%&.9!6.2.%!"9!"!Z%'-2.#.9%.4!94-''#3^!

2'"#.#;! %&"%! %'"4&'-! 41#9.$'-"%.1#9! "J15%! %&'! 2"%'-."69!

.#%'#$'$!59'!9:'"<!%1!6.2.%"%.1#9!.#&'-'#%!7.%&.#!%&'!$'9.;#!10!

%&'!2"%'-."69!(c-17#3!ABBX,G!`&'!$'9.;#!10!45--.456"-!2"%'-."69!

#''$9!%1!41#9.$'-!%'"4&'-9a!$'4.9.1#!2"<.#;!"-15#$!'#"4%2'#%!

(T"/.9!'%!"6G3!ABCW,!%1!Z1:'#!9:"4'^!01-!9%5$'#%9!%1!0.;5-'!15%!

:&'#12'#"!7.%&!";'#48!(V1!"#$!V-.9%3!ABCXD!E17'66!'%!"6G3!ABABD!

@&'#3!ABAA,G!Y0!%'"4&'-9!'>:'-.'#4'!9%-1#;!2'99";'9!0-12!%&'!

45--.456"-! 2"%'-."69! %&"%! 4&'2.9%-8! 46"99! .9! "! :6"4'! 7&'-'!

9%5$'#%9! 9&156$! Z%"<'! .#^! /"9%! "215#%9! 10! 41#%'#%! 7&.6'!

71-<.#;!%1!-':-1$54'!4"#1#.4"668!Z41--'4%!"#97'-9^3!%&'#!%&.9!

2"8!9&":'!%&'.-!$"8K%1K$"8!':.9%'2161;.4"6!".29!("#$!&17!%&'8!

$'9.;#! %&'! 6'"-#.#;! '#/.-1#2'#%,G! ?'2'2J'-3! "66! %'"4&'-!

:"-%.4.:"#%9!.#!%&.9!9%5$8!/165#%''-'$!%1!1/'-&"56!%&'.-!415-9'!

%1! "6.;#! 7.%&! H+K@EURG! P441-$.#;683! 7'! '>:'4%! 15-! 9%5$8!

:1:56"%.1#! %1! 0.#$! 45--.45652K'2J'$$'$! ':.9%'2161;.4"6!

2'99";'9! '9:'4."668! 41#9'L5'#%."6G! h'! %&'-'01-'! -'"$! %&'!

1/'-7&'62.#;!".2!10!;'%%.#;!Z%&-15;&!41#%'#%!%1!1J%".#!41--'4%!

"#97'-9^!"9!-'06'4%.#;3!%1!912'!$';-''3!%&'!/"65'$!<#176'$;'!

:-1$54%9! "#$! :-14'99'9! J"<'$! .#%1! %&'! H+K@EUR! 45--.45652G!

`&.9!6'0%!59!71#$'-.#;!7&"%!0'"%5-'9!10!%&'!45--.456"-!2"%'-."69!

7'-'!:1%'#%."668!9'#$.#;!%&'9'!91-%9!10!2'99";'9G!

!

!"#$%&'()(*#+,)-1&$$,*&$-!'4&55&5-G#%8#6-2/00#+/),0-1,%&0#,)$-

`1!$'94-.J'!0'"%5-'9!10!45--.456"-!2"%'-."69!%&"%!4156$3!7&'#!

%"<'#! %1;'%&'-3! 95::1-%! .#0'-'#4'9! "J15%! '2J'$$'$!

':.9%'2161;.4"6!2'99";'93!'"4&!6'991#!7"9!41$'$!"441-$.#;!%1!

%&'! 94&'2'! :-'9'#%'$! .#! `"J6'! _G! `&'! -'956%9! 10! %&.9! 41$.#;!

:-14'99!4"#!J'!015#$!.#!`"J6'!@C!10!P::'#$.>!@G!R"4&!4"%';1-8!

95::1-%'$! .#%'-:-'%"%.1#! 10! %&'! ':.9%'2161;.4"6! 2'99";'9!

'2J'$$'$!7.%&.#!%&'!H+K@EUR!2"%'-."69G!i1-!'>"2:6'3!%&'!7"8!

"! 6'991#! 59'9! "! :&'#12'#1#! 41#9%-".#9! "/".6"J6'!

':.9%'2161;.4"6! ".29! (`"J6'! A,G! Y0! "66! 6'991#! "4%./.%.'9! "-'!

$.-'4%'$!%17"-$!-'0.#.#;!912'!91-%!10!9<.66!('G;G3!E'7.9!9%-54%5-'!

$-"7.#;,!%&.9!6'991#!$1'9!#1%!&"/'!%&'!:1%'#%."6!%1!2'99";'!%&'!

/"65'!10!:6"59.J6'!2'4&"#.929!01-!:&'#12'#"!("9!%&'-'!"-'!#1!

:&'#12'#"! 21%./"%.#;! %&'! 71-<,G! Y#! "#"68M.#;! 15-! $"%"3! 7'!

-'41;#.M'$!-';56"-3!9"6.'#%!0'"%5-'9!10!45--.456"-!2"%'-."69!7&'#!

41$.#;! -'956%9! 7'-'! ;"%&'-'$! .#%1! ;-15:.#;9G! i1-! '>"2:6'3!

'>"2.#.#;!%&'!59'!10!:&'#12'#"!.#!%"#$'2!7.%&!1::1-%5#.%.'9!

01-!FK$.2'#9.1#"6!6'"-#.#;!(.G'G3!1::1-%5#.%.'9!%1!'#;";'!.#!%&'!

:-"4%.4'9! 10! 94.'#%.9%9,! 6'%9! 59! #"--17! %&'! :6"59.J6'!2'99";'9!

"J15%!%&'!:-14'99!10!<#176'$;'!41#9%-54%.1#!"#$!%&'!4&"-"4%'-!

10! %&'!<#176'$;'!:-1$54%! (O.66'-!'%!"6G3! ABCQD!?5993!ABCQD!V1!

"#$!V-.9%3!ABCX,G!P$$.%.1#"6683!%&'!4"%';1-8!7=#$*,$=876#48$36#'=!

9:'"<9! %1! %&'! 1::1-%5#.%.'9! 9%5$'#%9! &"/'! %1! 41225#.4"%'!

%&'.-!.$'"93!'>:-'99!%&'.-!%&.#<.#;3!"#$!"$$-'99!L5'9%.1#9!%&'8!

&"/'!"J15%! %&'! 6'"-#.#;!'#/.-1#2'#%G!R>"2.#.#;!&17! 6'991#9!

59'!9%5$'#%!.$'"9!"9!7'66!"9!7"89!.#!7&.4&!%&'8!7'-'!41&'-'#%!

6'%! 59! .#0'-! 2'99";'9! "J15%! %&'! #"%5-'! 10! ':.9%'2161;.4"6!

";'#48!"001-$'$!%1!9%5$'#%9G!!

! h'!41#9%-54%'$!%&-''!'>'2:6"-9!%1!-':-'9'#%!%&'!-"#;'!10!

':.9%'2161;.4"6!2'99";'9!'2J'$$'$!.#!%&'!H+K@EUR!45--.456"-!

2"%'-."69!(i.;5-'!_,G!`&'9'!'>'2:6"-9!$'0.#'!"!41#%.#552!0-12!

"! 46"99! %&"%! %8:.0.'9! %&'! Z46"99-112! ;"2'^! (.G'G3! '2:&"9.M'9!

"4L5.9.%.1#!10!0"4%9!"#$!9<.669D!E'2<'!CXXB,!%1!"!46"99!7.%&!%&'!

:1%'#%."6! %1! 95::1-%! 9%5$'#%! 9'#9'2"<.#;G!P9952.#;! %&"%! %&'!

%'"4&'-!4-"0%.#;!'"4&!6'"-#.#;!'#/.-1#2'#%!.#!i.;5-'!_!9%-.4%68!

016617'$!%&'!;5.$"#4'!.#!%&'!45--.456"-!2"%'-."693!%&'-'!7156$!

J'! 1J9'-/"J6'! $.00'-'#4'9! .#! %&'! 91-%! 10! ':.9%'2161;.4"6!

2'99";'9!41#/'8'$!%1!9%5$'#%9!k!"#$!%&'!%'"4&'-!(c'-6"#$!'%!

"6G3!ABCWD!?5993!ABCQ,G!i1-!'>"2:6'3!1'C#$*4$8"#$18'C#!6'991#9!

(b&'#12'#1#!k!BD!FKT.2'#9.1#"6!k!BD!U9'!10!+%5$'#%!Y$'"9!k!CD!

@1&'-'#4'! k! C,! 7156$! 9.;#"6! %&"%! 46"99! .9! "! :6"4'! 7&'-'! 1#'!

9&156$!'/"65"%'!9%5$'#%9a!-'4"66!10!0"4%9!"#$!9<.66!:'-01-2"#4'G!

c8!41#%-"9%3!%3C7&34C$G78$H"#4*(#4'! 6'991#9!(b&'#12'#1#!k!

AD!FKT.2'#9.1#"6!k!AD!U9'!10!+%5$'#%!Y$'"9!k!AD!@1&'-'#4'!k!A,!

7156$!2'99";'!%&"%!46"99!.9!"!:6"4'!7&'-'!9%5$'#%9!9&156$!J'!

95::1-%'$!.#!41#9%-54%.#;!4"59"6!"4415#%9!41#9.9%'#%!7.%&!7&"%!

%&'8!&"/'!1J9'-/'$G!+12'!'>'2:6"-9!J'%%'-!-':-'9'#%!H+K@EUR!

%&"#!1%&'-9G!i1-!'>"2:6'3!FX!10!CBQ!6'991#9!41$'$!7'-'!1'C#$

*4$ 8"#$ 18'C#$ E#==*4=! 7&.6'! 1#68! 1#'! 7"9! "! i.;5-.#;! S5%!

b&'#12'#"!6'991#G
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M! !N!"#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK! "#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB!

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

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

H,*&-(6-%8&-H%,*&-

`&'!219%!41221#!%8:'!10!6'991#!(FX!15%!10!CBQ!6'991#9,!7"9!

$'94-.J'$! J8! %&'! 016617.#;! 41$'9d! b&'#12'#1#! k! BD! FK

T.2'#9.1#"6! k! BD! U9'! 10! +%5$'#%! Y$'"9! k! CD! @1&'-'#4'! k! CG!

@5--.456"-! 2"%'-."69! 01-! %&'9'! 6'991#9! 95::1-%'$! %'"4&'-9! .#!

41225#.4"%.#;!4"#1#.4"6!.#01-2"%.1#!%1!9%5$'#%93!"9!9&17#!.#!

R>'2:6"-!C!10!i.;5-'!_G!̀ &'!2"%'-."69!.#!%&.9!;-15:.#;!'#415-";'!

"!6'4%5-'!01-2"%!01459'$!1#!$.9";;-';"%'$!0"4%9!"#$!9<.6693!91!7'!

&"/'!":%68!%.%6'$!%&.9!'>'2:6"-!1'C#$*4$8"#$18'C#G!`&'!45--.456"-!

2"%'-."69! 01-! %&.9! 91-%! 10! 6'991#! 2.;&%! .#465$'! :-'9'#%"%.1#!

96.$'93! ;5.$'9! 01-! 0"4.6.%"%.#;! $.9415-9'3! "#$! :-12:%9! 01-!

9%5$'#%9! %1! -'9:1#$! %1G! +.#4'! %&'! 6'991#9! 7'-'! %'"4&'-K

4'#%'-'$3! %&'8! &"$! 6'99! ;5.$"#4'! 1#! "%%'#$.#;! %1! 9%5$'#%!

%&.#<.#;!-'6"%./'!%1!R>'2:6"-9!A!"#$!F!.#!i.;5-'!_G!P$$.%.1#"6683!

1'C#$*4$8"#$18'C#!6'991#9!41#%".#'$!0'7!%1!#1!1::1-%5#.%.'9!01-!

9%5$'#%9!%1!'9%"J6.9&!41##'4%.1#(9,!%1!1%&'-!6'"-#.#;!"4%./.%.'9G!

+.2.6"-683! %&'! 9%5$'#%! ;5.$'9! %8:.4"668! $.$! #1%! ;./'! 9%5$'#%9!

1::1-%5#.%.'9!%1!:5-:19'05668!.#%';-"%'!94.'#4'!<#176'$;'!"#$!

"4%./.%.'9G! Y#9%'"$3! 9%5$'#%9! 7'-'! %"9<'$! 7.%&! 41#0.-2.#;!

<#176'$;'!"9!:-'9'#%'$!J8!%&'!%'"4&'-G!h'!46".2!%&"%!1'C#$*4$

8"#$ 18'C#! 6'991#9! "-'! 5#6.<'68! %1! 9.;#"6! %&'! .2:1-%"#4'!

41#9%-54%.#;! :6"59.J6'! 2'4&"#.929! %1! 2"<'! 9'#9'! 10! "!

:&'#12'#1#!1#'!4"-'9!"J15%G!h.%&15%!'>:6.4.%!41##'4%.1#!%1!"!

:&'#12'#1#3!%&'9'!45--.456"-!2"%'-."69!01459!1#!6'"-#.#;!%&'!

:-1$54%9!10!94.'#4'3!%"9<.#;!9%5$'#%9!7.%&!"445256"%.#;!0"4%93!

%&'1-.'93! "#$! .$'"9! '9%"J6.9&'$! J8! 1%&'-9G! `&'9'! '>:'-.'#4'9!

2"8! 2'99";'! %1! 9%5$'#%9! %&"%! %&'! :-1$54%9! 10! 94.'#%.0.4!

'#$'"/1-9! ('G;G3! 21$'69,! "-'! 4'-%".#3! "#$! 0.>'$! 01-29! 10!

<#176'$;'!-"%&'-!%&"#!%1169!59'$!%1!41#/'8!5#$'-9%"#$.#;!%&"%!

"-'! 4-'"%'$3! .%'-"%./'68! -'/.9'$3! "#$! "::6.4"J6'!7.%&.#! 6.2.%'$!

41#%'>%9!(+4&7"-M!"#$!h&.%'3!ABBmD!+'#9'/8!'%!"6G3!ABBQ,G!̀ &'9'!

2"%'-."69!2"8!"691!2'99";'!%&"%!%&'-'!.9!#1!#''$!%1!'#;";'!.#!

%&'!:-"4%.4'9!10!94.'#%.9%9!%1!;"%&'-!%&19'!0"4%93!9.#4'!9%5$'#%9!

&"/'!0'7!%1!#1!1::1-%5#.%.'9!%1!'#;";'!.#!94.'#%.0.4!:-"4%.4'9G!

S/'-"663!%&'!%'"4&'-K4'#%'-'$!$'9.;#!"#$!6"4<!10!1::1-%5#.%.'9!

01-!9%5$'#%9!%1!&"/'!"#8!9"8!1/'-!7&"%!0"4%9!%&'8!6'"-#!1-!7&8!

%&'8! 6'"-#! 9".$! 0"4%9! 41#/'89! %&"%! 4&'2.9%-8! 46"99! .9! "J15%!

"#97'-K2"<.#;3!#1%!9'#9'2"<.#;G!!

!

2((I4((I$-;(0-2(6;#0',%#(6-

`1! -':-'9'#%! "! 6'991#! %&"%! $'94-.J'9! "! 2.$:1.#%! 1#! %&'!
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-'2.99! .0! 7'! $.$! #1%! #1%'! %&"%! @EUR! .9! 46'"-68! "! &5;'! 9%':!

01-7"-$! -'6"%./'! %1! %&'! 94"%%'-9&1%! %1:.49! "#$! 9<.669! %&"%!

4&"-"4%'-.M'! 2"#8! ;'#'-"6! 4&'2.9%-8! 415-9'9G! @EUR! 9%5$'#%9!

J5.6$! "! 254&! 21-'! .#%'-41##'4%'$! "#$! 59'056! 4122"#$! 10!

05#$"2'#%"6! 4&'2.9%-8! .$'"9! %&"#! .9! %&'! #1-2! .#! ;'#'-"6!

4&'2.9%-8! ("9! $'21#9%-"%'$! J8! 71-<! 0-12! %&'! @11:'-3!

U#$'-711$3! "#$! +%17'! ;-15:9! "21#;! 1%&'-9,! (c'4<'-! "#$!

@11:'-3!ABC_D!@11:'-!'%!"6G3!ABCmD!?"6:&!'%!"6G3!ABAA,G!Y#$''$3!.%!

.9!$.00.456%!%1!.2";.#'!&17!1#'!4156$!456%./"%'!':.9%'2161;8!01-!

94.'#4'!.#!"!6'4%5-'KJ"9'$!46"99!.#!7&.4&!&5#$-'$9!10!9%5$'#%9!

"-'!'#-166'$G!H17'/'-3!"%!%&'!&.;&!94&116!6'/'63!"001-$"#4'9!10!

%&'! 6'"-#.#;! '#/.-1#2'#%! (.#465$.#;! 46"99! 9.M',! '#"J6'! 59! %1!

41#9.$'-! &17! 7'! 2.;&%! '2:17'-! 9%5$'#%9! 7.%&! ";'#48! "#$!

"5%&1-.%8!1/'-!%&'.-!<#176'$;'!41#9%-54%.1#!;1"69!"#$!&17!%&'8!

7"#%!%1!;1!"J15%!"$$-'99.#;!%&'9'!;1"69G!!!

S#'!954&!$'9.;#!0'"%5-'!59'056!01-!95::1-%.#;!':.9%'2161;8!

01-! 94.'#4'! .#/16/'9! 01459.#;! 46"99! "%%'#%.1#! 1#! '>:'-.'#4.#;3!

71#$'-.#;! "J15%3! "#$! 0.;5-.#;! 15%! :&'#12'#"! 1/'-! "#!

'>%'#$'$! :'-.1$G! E'991#9! %&"%! .#/16/'$! 2"<.#;! 9'#9'! 10!

:&'#12'#"!7'-'!21-'! 6.<'68! %1!2"<'! 59'! 10! 9%5$'#%9a! .$'"9!

"#$! '>:6"#"%.1#9! "9! 7'66! "9! 95::1-%! 9%5$'#%9! .#! '9%"J6.9&.#;!

41&'-'#4'!J'%7''#!"4%./.%.'9G! +%"%'$!$.00'-'#%683! 954&! 6'991#9!

&"$!%&'!4":"4.%8!%1!1:'#!9:"4'!01-!9%5$'#%9!%1!4&"-%!%&'.-!17#!

<#176'$;'! 41#9%-54%.1#! :"%&! (V1! "#$! V-.9%3! ABCX,G! P6%&15;&!
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!"#$%&'% ()*+,-./0-12%

M$ !N!"#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK! "#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB!

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

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

1J/.15968!#1%!"!1#'K9.M'K0.%9K"66!9165%.1#3!15-!0.#$.#;9!.2:68!%&"%!

"!:-1$54%./'!0.-9%!9%':!7&'#!$'/'61:.#;!1-!"#"68M.#;!45--.456"-!

2"%'-."69!.9!%1!'>"2.#'!&17!:&'#12'#"!"-'!59'$!%&-15;&15%!

%&'! 45--.456"-! 9'L5'#4'G! `&.9! -'4122'#$"%.1#! .9! 41#9.9%'#%!

7.%&!2"#8!-'4'#%!4"669!%1!01459!94.'#4'!46"99!1#!5#$'-9%"#$.#;!

"9:'4%9!10! '>:'-.'#4'! (-"%&'-! %&"#! 6'"-#.#;!"J15%!2"#8! 0"4%9!

"#$! 9<.6693! h'.M2"#! '%! "6G3! ABBQD! V1! "#$! V-.9%3! ABCXD! V'! "#$!

+4&7"-M3!ABAB,G!@5--.456"!7.%&!%&'!4":"4.%8!%1!:19.%.1#!9%5$'#%9!

"9!$1'-9!10!94.'#4'!"-'!10%'#!J5.6%!"-15#$!5#.%K6'/'6!Z"#4&1-.#;!

:&'#12'#"^! %&"%! "-'! 0.;5-'$! 15%! %&-15;&! "! 9'-.'9! 10!

.#/'9%.;"%.1#K$-./'#!21$'6!-'0.#'2'#%9!(P#$'-91#!'%G"6G3!ABCQD!

R$'691#! '%G"6G3! ABAC,G! +5-0"4.#;! 15-! 01-2'-68! %"4.%!

':.9%'2161;.4"6!4122.%2'#%9!'#"J6'$!15-! %'"2!%1! -'06'4%!1#!

%&'!91-%9!10!':.9%'2.4!".29!"#$!-'6."J6'!:-14'99'9!%&"%!9&156$!

;5.$'!$'/'61:2'#%!10!)*++K"6.;#'$!45--.456"G!h'!41#%'#$!%&"%!

"!9.2.6"-!-'06'4%./'!:-14'99!7156$!J'!.#/"65"J6'!%1!"66!45--.45652!

$'9.;#'-9! .#! %&'!VKCW!+`RO!'$54"%.1#! 9:"4'G!@1#%.#5.#;!7.%&!

15-!.%'-"%./'!$'9.;#!4846'3!"!4'#%-"6!4122.%2'#%!.#!15-!$'9.;#!

:-14'99!7.66!J'!%1!2"<'!9:"4'!01-!9%5$'#%9!%1!%"<'!5:!"4%./.%.'9!

(954&! "9! 21$'6.#;! "#$! "-;52'#%"%.1#,! "9! :"-%! 10! "! 6"-;'-!

'#%'-:-.9'! 10! 0.;5-.#;! 15%! :&'#12'#"G! P9! 7'! 41#%.#5'! %1!

$'/'61:!"#$!-'0.#'!45--.456"-!2"%'-."693!7'!7.66!.#/'9%.;"%'!%&'!

5%.6.%8! 10! %&19'! 2"%'-."69! 01-! 95::1-%.#;! ':.9%'2161;.'9! 01-!

94.'#4'G!

P! 6112.#;! L5'9%.1#! 0-12! %&.9! 71-<! .9! &17! '#"4%2'#%! 10!

%-"#901-2'$! 45--.456"-! 2"%'-."69! 2.;&%! 9.;#"6! %&'! /"65'! 10!

':.9%'2161;8!01-!94.'#4'3!.#!2"##'-9!%&"%!"-'!41#9'L5'#%."6!%1!

9%5$'#%93! 1/'-! "#! '>%'#$'$! %.2'94"6'G! S/'-! %&'! 415-9'! 10! "!

9.#;6'! 9'2'9%'-! .2:6'2'#%.#;! H+K@EUR! 45--.456"-! 2"%'-."693!

%'"4&'-9! 1#! 15-! %'"2! 41#9.9%'#%68! 9&"-'$! ;1"69! "6.;#'$! 7.%&!

"4L5.-.#;! %-5'! J'6.'09G! H17'/'-3! %'"4&'-9! "691! 9&"-'$! ;1"69!

"6.;#'$!%1!$'/'61:.#;!'>:6"#"%.1#9!"#$!J5.6$.#;!5#$'-9%"#$.#;G!

@6'"-68!%'"4&'-9!:199'99!:-1$54%./'!.$'"9!"J15%!<#176'$;'!"#$!

<#17.#;!%&"%!4156$!J'!-'4-5.%'$! .#! .#9%-54%.1#"6!41#%'>%9p!h'!

"-'!8'%!%1!5#$'-9%"#$!%&'!'>%'#%!%1!7&.4&!45--.456"-!2"%'-."69!

"#$! "4412:"#8.#;! :-10'99.1#"6! 6'"-#.#;! 1::1-%5#.%.'9! 4"#!

"00'4%! %'"4&'-! ("#$! 9%5$'#%,! 9%"#4'9! %17"-$! 7&"%! Z$1.#;!

94.'#4'^!'#%".69G!`&'!J"4<$-1:!";".#9%!7&.4&!%&.9!71-<!1445-9!.9!

"! -'6"%./'68! 9%"J6'! 9'%! 10! ':.9%'2161;.4"6! #1-29! 41#/'8'$!

%&-15;&! 94&116.#;! .#! ;'#'-"6! "#$! 94&116! 94.'#4'! .#! :"-%.456"-!

(?19'#J'-;! '%! "6G3! ABBWD! H5%4&.91#! "#$! H"22'-3! ABCB,G!

P441-$.#;683!7'!'>:'4%!9&.0%.#;!9%5$'#%9!"#$!%'"4&'-9! %17"-$!

"$1:%.#;!':.9%'2161;8!01-!94.'#4'!%1!J'!4&"66'#;.#;!.#$''$p!

@)8)#2#)%"7*

Y#/'9%.;"%.#;! 45--.45652K'2J'$$'$! ':.9%'2161;.4"6!

2'99";'9!.#!2"%'-."69!2'"#%!%1!95::1-%!"!%71K9'2'9%'-!415-9'!

#'4'99.%"%'$! "! 41"-9'K;-".#'$! "#"689.9G! P! 21-'! 0.#'K;-".#'$!

"#"689.9! ('G;G3! 4&"-"4%'-.M.#;!2'99";'9! '2J'$$'$! .#! $."61;5'!

$5-.#;!"!9.#;6'!6'991#,!4156$!-'/'"6!21-'!#5"#4'$!.#01-2"%.1#!

"J15%!/"65'$!<#176'$;'!:-1$54%9!"#$!:-14'99'9G!P$$.%.1#"6683!

7'! -'41;#.M'! %&"%! %'"4&'-9! ;-"::6'! 7.%&! 2'99";'9! 0-12! "!

/"-.'%8! 10! 915-4'9G! h'! 1#68! "%%'#$'$! %1! 1#'! 915-4'! 10!

':.9%'2161;.4"6! 2'99";'9! .#! %&.9! 9%5$8! (.G'G3! 45--.456"-!

2"%'-."69,! "#$! 4"##1%! ;5"-"#%''! %&"%! %&.9! 915-4'! 7"9! 10!

'9:'4."6!41#9'L5'#4'!%1!'#"4%.#;! %'"4&'-9G! Y%! .9!:199.J6'! ("#$!

6.<'68p,! %&"%! %'"4&'-9! '>:'-.'#4'$! 1%&'-! ':.9%'2161;.4"6!

2'99";'9! %&"%! %&'8! -';"-$!"9!21-'! 41#9'L5'#%."6! %&"#! %&19'!

'2J'$$'$!.#!45--.456"!('G;G3!%'"4&'-9!2"8!:"8!21-'!"%%'#%.1#!

%1! 1J9'-/"%.1#9! 10! 9%5$'#%9! 1-! 9%"%'K2"#$"%'$! ;1"69,G! S%&'-!

9%5$.'9!2"8! '>"2.#'! %&'! .#065'#4'! 10! 45--.456"-! 2"%'-."69! "9!

412:"-'$!%1!1%&'-!915-4'9!10!':.9%'2161;.4"6!2'99";'9G!

1%"(0'7)%"7*

`&'! 0.#$.#;9! 10! %&.9! 9%5$8! 95;;'9%! %&"%! 2'99";'9! "J15%!

<#176'$;'!"#$!<#17.#;!'2J'$$'$!.#!45--.456"-!2"%'-."69!2"8!

.#065'#4'!%&'!':.9%'2161;.'9!%'"4&'-9!"$1:%!"4-199!212'#%9!10!

.#9%-54%.1#G! i5-%&'-3! %&'! "#"68%.4! :-14'99! 7'! 59'$! %1! 95-0"4'!

%"4.%! ':.9%'2161;.'9! 71/'#! %&-15;&15%! H+K@EUR! &"9! %&'!

:1%'#%."6! 10! J'.#;! J-1"$68! 59'056! %1! 1%&'-! 45--.45652!

$'/'61:'-93!%'"4&'-9!"#$!-'9'"-4&'-9G!`&'!71-<!$'94-.J'$!&'-'!

7"9! 912'7&"%! -'"4%.1#"-8! .#! #"%5-'G! `&"%! .93! 7'! 9"7! %&"%!

%'"4&'-9! '#"4%.#;! H+K@EUR! 41221#68! '>:-'99'$! %&'! ;1"6! 10!

"445256"%.#;! %-5'!J'6.'09! .#!7''<68! -'06'4%.1#9! "#$! 915;&%! %1!

5#$'-9%"#$! &17! (1-! 7&'%&'-,! %&'! 45--.45652! 9.;#"6'$! %&'!

.2:1-%"#4'!10!%&'9'!91-%9!10!;1"69G!P!21$.0.4"%.1#!10!%&'!015-K

4"%';1-8! 41$.#;! 94&'2'! $'/'61:'$! J8! E17'66! "#$! 4166'";5'9!

7"9!"J6'!%1!$'94-.J'!0'"%5-'9!10!%&'!H+K@EUR!45--.45652!%&"%3!

7&'#! %"<'#! %1;'%&'-3! '#"J6'$! .#0'-'#4'9! "J15%! /"65'$!

<#176'$;'!:-1$54%9!"#$!:-14'99'9!%&'!2"%'-."69!6.<'68!2'99";'!

"9!.2:1-%"#%!(E17'66!'%!"6G3!ABAB,G!!

! S#'!9%"%'$!;1"6!01-!%&.9!95.%'!10!45--.456"-!2"%'-."69!7"9!%1!

95::1-%!9%5$'#%9!.#!59.#;!216'456"-K6'/'6!-'"91#.#;!%1!'>:6".#!

:&'#12'#"!%&'8!1J9'-/'$!(+%17'!'%!"6G3!ABCX",G!R"-6.'-!9%5$.'9!

.#$.4"%'$!%&"%!%&'!%-"#901-2'$!2"%'-."69!7'-'!2"<.#;!:-1;-'99!

%17"-$! %&.9! ;1"6! (+%17'!'%! "6G3! ABCXJ,G!H17'/'-3! %&'! "#"689.9!

$'%".6'$! &'-'! -'/'"6'$! %&"%3! 7.%&.#! "#$! "4-199! 6'991#93! %&'!

-'"91#! 9%5$'#%9! 7'-'! %1! 41#9%-54%! '>:6"#"%.1#93! 21$'69! '%4G!

7"9! 01-! %&'9'! %1! J'! '/"65"%'$! 01-! 41--'4%#'99G! `&"%! .93! %&'!

:5-:19'!10!'#;";.#;!.#!94.'#4'!"4%./.%.'9!7"9!%1!;'%!%&'!Z41--'4%!

"#97'-^3!#1%!%1!5#:"4<!4"59'9!01-!:&'#12'#"!10!.#%'-'9%!%1!%&'!

46"99-112!41225#.%8G! ! E'991#9! .#!15-!2"%'-."69! %&"%!&"$! %&'!

:1%'#%."6!%1!9.;#"6!%&'!/"65'!10!':.9%'2161;8!01-!94.'#4'!7'-'!

015#$!%1!&"/'!-"%.#;9!4619'-!%1!A!01-!'"4&!4"%';1-8!$'94-.J'$!.#!

`"J6'! mG! `&.9! .9! #1%! 2'"#%! %1! 41225#.4"%'! %&"%! A9! .#! '"4&!

4"%';1-8! "67"89! 6'"$! %1! %&'! J'9%! 6'991#G! `'"4&'-9! "#$!

45--.45652!$'9.;#'-9!9&156$!7'.;&!%&'!'2J'$$'$!2'99";'9!.#!

%&'.-!6'"-#.#;!'#/.-1#2'#%9!("#$!%&'!%1169!59'$!%1!41#9%-54%!%&'!

6'"-#.#;! '#/.-1#2'#%,! ";".#9%! %&'! ;1"69! %&'! 6'"-#.#;!

41225#.%8!.9!71-<.#;!%17"-$9G!

3'#,%$*1%"#$)4'#)%"7*

2(6+&"%/,)#O,%#(6>!P*E+3!`OV3!?E+-
=,%,-+/0,%#(6>!P*E+3!`OV-
J(0',)-,6,)?$#$>-P*E+3!`OV3!@R+3!O\T3!?E+!
P6B&$%#*,%#(6>-P*E+3!?E+!
H/"&0B#$#(6>-?E+!
Q#$/,)#O,%#(6>-P*E+3!?E+!
G0#%#6*-R-(0#*#6,)-50,;%>-P*E+3!`OV3!?E+!
G0#%#6*-R-0&B#&S-T-&5#%#6*>-P*E+3!`OV3!@R+3!O\T3!?E+!
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()*+,-./0-12/ /!"#$%&'/

"#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB! "#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK!N!M1 !

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

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

1%"A0)(#7*%A*)"#.$.7#*

`&'-'!"-'!#1!41#06.4%9!%1!$'46"-'G!!

3(?"%B0.&9.8."#7*

h'! 7156$! 6.<'! %1! %&"#<! %&'! 0"#%"9%.4! %'"4&'-9! 7&1! &'6:'$!

$'/'61:! "#$! '#"4%'$!H+K@EURG! ! ! ! ! +5::1-%! 01-! %&.9!71-<!7"9!

:-1/.$'$!J8!!%&'!UG+G!)"%.1#"6!+4.'#4'!!i15#$"%.1#!5#$'-!!*-"#%!

)1G!!T?EKABBFWQBG
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!"#$%&'% ()*+,-./0-12%

M2 !N!"#$%&!'(&!)$*&!+,-./9>!OPOO>!"">!QDK! "#(*!R,104&-!(*!S!"#$!G,'&-!T,+($/'!,;!U#$.(*/0'!OPBB!

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

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

366."&)C*3D*E.2(,.$*=.8%9$26,)(*!"A%$82#)%"*

!

Y#01-2"%.1#!1#!%&'!$'21;-":&.49!"#$!%'"4&.#;!'>:'-.'#4'!10!%'"4&'-9!7&1!'#"4%'$!H+K@EUR!$5-.#;!%&'!ABCXKABAB!"4"$'2.4!8'"-G!

T"%"!7"9!9'60K-':1-%'$!.#!-'9:1#9'!%1!:-12:%9!0-12!%&'!H+K@EUR!$'/'61:'-9G!\'"-9!%'"4&.#;!H+K@EUR!7'-'!-':1-%'$!"%!%&'!'#$!10!

%&'!CXKAB!"4"$'2.4!8'"-G!!

*+,-'!3()!O",#*"/'&"B@A/,5*$#'$-D@/B,)$@-;''

,.)9D.7+ @&9)54&'+ C.E7..+ C.E7..+I4.F(+ P5)5.+

W.)7/+

,.)9D4'E+

,.)9D4'E+

6D.=4/57*+

,.)9D4'E++

XPY6@3U+

Q! G10&-! cT! d(,-,)'! :f! O^! ^! O!

O! T17107&4! dT! U#$.(*/0'! VM! OP! OP! K!

K! T17107&4! c$2! U#$.(*/0'! VM! QO! ]! O!

X! T17107&4! c\2! d(,-,)'! cA! QP! K! O!

^! T17107&4! dT! U#$.(*/0'! c:! QP! QP! K!

_! T17107&4! c\2! V*'+#,-,)'! Ah! _! K! O!

]! T17107&4! cT! C$4$0&-!T+($4+$! bT! Qa! Qa! O!

Z! G10&-! cM"! U#$.(*/0'! c:! QO! QO! K!

a! T17107&4! cM"! d(,-,)'! c:! O_! Q]! X!

!

*

*

*

*

*

*

*

*

*

*

*
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9%5$'#%9a!':.9%'2.4!0-"2.#;!"61#;!%71!">'9G!H"?=L$M#BL$1F#2L$
!*FL$.$H"?=L$5672L$M#=L3!W(C,3!CkCCG!

f"J'-!EG!vG3!T.#.!uG3!"#$!H"22'-!TG3!(ABAA,3!Zh'66!%&"%a9!&17!%&'!
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"#$%&$!'(!)(*!%'+,&*!-%./0)&!

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

f.2g#'MKP6'.>"#$-'!OG!bG3!c5;"661!?1$-y;5'M!PG3!"#$!T594&6!?G!PG3!
(ABBB,3! ZT1.#;! %&'! 6'991#^!1-! Z$1.#;! 94.'#4'^d!P-;52'#%! .#!
&.;&!94&116!;'#'%.49G!123L$5672L3!XY(W,3!NmNkNXAG!

V"#;! HG3! h.#$94&.%6! OG3! +%-15:'! TG3! "#$! `&12:91#! fG3! (ABCW,3!
T'9.;#.#;3!6"5#4&.#;3!"#$!.2:6'2'#%.#;!&.;&!L5"6.%8!6'"-#.#;!
1::1-%5#.%.'9!01-!9%5$'#%9!%&"%!"$/"#4'!94.'#%.0.4!%&.#<.#;G!KL$
M#=L$123L$!#'2"L3!UC(X,3!CFCWkCF_BG!

V"-"-1!PG3!@16/.#!?G3!@11:'-!OG!OG3!"#$!U#$'-711$!+G!OG3!(ABCX,3!
b-'$.4%.1#9! "#$! 41#9%-54%.#;! '>:6"#"%.1#9d! "#! .#/'9%.;"%.1#!
.#%1! .#%-1$54%1-8! 4&'2.9%-8! 9%5$'#%9a! 5#$'-9%"#$.#;! 10!
9%-54%5-'k:-1:'-%8! -'6"%.1#9&.:9G! >"#(L$ 5672L$ M#=L$ H&L3! \[3!
FCWkFAQG!

V.#;! bG! OG3! "#$! V.%4&'#'-! VG! +G3! (CXX_,3! S#B#E*F34C$ &#,E#283B#$
T76C#(#48P$A46#&=8'4634C$'46$F&*(*834C$348#EE#287'E$C&*)8"$

'46$2&3832'E$8"34+34C$34$'6*E#=2#48=$'46$'67E8=L$f199'8Kc"99G!
V'!EG!"#$!+4&7"-M!@G!uG3!(ABAB,3!+5::1-%.#;!9%5$'#%9a!2'"#.#;056!

'#;";'2'#%! .#! 94.'#%.0.4! 21$'6.#;! %&-15;&! ':.9%'2161;.4"6!
2'99";'9d!P!4"9'!9%5$8!10!41#%-"9%.#;!%'"4&.#;!"::-1"4&'9G!K$
M#=$123$!#'2"3!(mQ,3!FFmkFWmG!

V'!EG!"#$!+4&7"-M!@G!uG3!(ABCX,3!U9.#;!R:.9%'2.4!@1#9.$'-"%.1#9!.#!
`'"4&.#;d! i19%'-.#;! +%5$'#%9a! O'"#.#;056! R#;";'2'#%! .#!
+4.'#%.0.4!O1$'6.#;G!.#!U:2'.'-!v5!c'6M'#!PG3!V-5;'-!TG3!"#$!
u"#! T-.'6! fG! ('$9G,3! !*)'&6=$ '$ 2*(F#8#42#.I'=#6$ B3#)$ *4$

(*6#E=$ '46$ (*6#E34C$ 34$ =23#42#$ #672'83*4G! +7.%M'-6"#$d!
+:-.#;'-!Y#%'-#"%.1#"6!b5J6.9&.#;3!::G!CQCkCXXG!

V1! OG! EG! OG! "#$! V-.9%! @G3! (ABCX,3! S:'#.#;! 5:! 45--.456"! %1!
-'$.9%-.J5%'! ':.9%'2.4! ";'#48d! P! 0-"2'71-<! 01-! 95::1-%.#;!
94.'#4'!%'"4&.#;G!123L$5672L3!V[C(_,3!XNXkCBCBG!

V5&#!TG!(CXXX,3!P!T'/'61:2'#%"6!O1$'6!10!@-.%.4"6!̀ &.#<.#;G!5672L$
M#=#'&2"#&3!\X(A,3!CWK_WG$$

V5&#! TG! "#$! b'"9'!OG3! (ABBQ,3!h&"%! #''$9! %1! $'/'61:! .#! %&'!
$'/'61:2'#%!10!.#L5.-8!9<.669l!>*C4L$Q4=8&L3!\Z(_,3!mCAkmmXG!

E'2<'!fG3!(CXXB,3!`"6<.#;!94.'#4'd!6"#;5";'3!6'"-#.#;3!"#$!/"65'93!
*-''#!fG!('$G,!)1-711$3!)fd!PJ6'>!b5J6.9&.#;!@1-:1-"%.1#G!

E.9.#;! EG! "#$! R6J8! PG3! (ABBm,3! `&'! .2:"4%! 10! ':.9%'2161;8! 1#!
6'"-#.#;d!P!4"9'!9%5$8!0-12!.#%-1$54%1-8!:&89.49G!R(L$KL$H"?=L3!
]C(_,3!FNAkFQAG!

E17'66!cG!?G3!@&'-J17!VG3!"#$!O4)'.66!VG!EG3! (ABAB,3!?'$'9.;#!1-!
-'6"J'6l! H17! "! 4122'-4."6! 45--.45652! "#$! .%9!
.2:6'2'#%"%.1#! 1/'-9.2:6.08! <'8! 0'"%5-'9! 10! %&'!)*++G! 123L$
5672L3!CkAQG!

O"#M! RG3! (ABCm,3! ?'9.9%"#4'! "#$! %&'! T'/'61:2'#%! 10! +4.'#%.0.4!
b-"4%.4'd!T'9.;#.#;!%&'!O"#;6'!Y#%1!+4.'#4'!Y#9%-54%.1#G!>*C4L$
Q4=8&L3!CC(A,3!QXkCA_G!

O"#M! RG3! E'&-'-! ?G3! "#$! +4&"5J6'! EG3! (ABAB,3! ?'%&.#<.#;! %&'!
46"99-112! 94.'#4'! .#/'9%.;"%.1#G! KL$ M#=L$ 123L$ !#'2"L3! U](N,3!
CC_QkCCN_G!

O4)'.66! VG! EG! "#$! c'-6"#$! EG3! (ABCN,3! h&"%! .9! (1-! 9&156$! J',!
94.'#%.0.4!'/.$'#4'!59'!.#!<KCA!46"99-1129l!KL$M#=L$123L$!#'2"L3!
UY(m,3!WNAkWQXG!

O4)'.66!VG!EG3!*1#Mw6'MKH17"-$!OG3!V"%9&K+.#;'-!?G3!"#$!E1:'-!+G3!
(ABCW,3! b'$";1;.4"6! 41#%'#%! <#176'$;'! 10! "-;52'#%"%.1#d!
U9.#;! 46"99-112! 41#%'>%9! %1! "99'99! &.;&KL5"6.%8! b@V! -"%&'-!
%&"#! :9'5$1"-;52'#%"%.1#G! KL$ M#=L$ 123L$ !#'2"L3! UC(A,3! AWCk
AXBG!

O4)'.66!VG!EG3!*1#Mz6'MKH17"-$!OG3!V"%9&K+.#;'-!?G3!"#$!E1:'-!+G3!
(ABCN,3! O1/.#;! c'81#$! b9'5$1"-;52'#%"%.1#d! `'"4&'-9a!
R#"4%2'#%9!10!"#!R$54"%./'!+4.'#4'!@5--.45652!i1459'$!1#!
P-;52'#%"%.1#G!123L$5672L3!V[V(F,3!_AWk_mNG!

O.66'-! RG3!O"#M! RG3! ?599! ?G3! +%-15:'!TG3! "#$! c'-6"#$! EG3! (ABCQ,3!
P$$-'99.#;! %&'! ':.9%'2.4! '6':&"#%! .#! %&'! -112d! R:.9%'2.4!
";'#48!"#$!%&'!#'>%!;'#'-"%.1#!94.'#4'!9%"#$"-$9G!KL$M#=L$123L$
!#'2"L3!UU(N,3!CBmFkCBNmG!

O.#9%-'66! fG3! (CXXA,3!i"4'%9!10!9%5$'#%9a!<#176'$;'!"#$!-'6'/"#%!
.#9%-54%.1#G!.#!M#=#'&2"$34$F"?=32=$E#'&434CP$!"#*&#832'E$3==7#=$
'46$#(F3&32'E$=8763#=G3!::G!CCBkCAQG!

)"%.1#"6!?'9'"-4&!@15#4.63!(ABCA,3!P!i-"2'71-<!01-!VKCA!+4.'#4'!
R$54"%.1#d!b-"4%.4'93!@-19945%%.#;!@1#4':%93!"#$!@1-'!Y$'"93!
h"9&.#;%1#3!T@d!`&'!)"%.1#"6!P4"$'2.'9!b-'99G!

)"%.1#"6!?'9'"-4&!@15#4.63! (ABCF,3! R$54"%.1#! 01-! 6.0'!"#$!71-<d!
T'/'61:.#;! %-"#90'-"J6'! <#176'$;'! "#$! 9<.669! .#! %&'! AC9%!
4'#%5-83!+<.669!@G!1#!TG!TG!EG!"#$!AC9%!@G3!b'66';-.#1!fG!hG3!"#$!
H.6%1#!OG!EG!('$9G,!h"9&.#;%1#3!T@d!`&'!)"%.1#"6!P4"$'2.'9!
b-'99G!

)"%.1#"6! ?'9'"-4&! @15#4.63! (CXXX,3! H17! b'1:6'! E'"-#d! c-".#3!
O.#$3!R>:'-.'#4'3!"#$!+4&1163!c-"#901-$!fG!TG3!c-17#!PG!EG3!"#$!
@14<.#;!?G!?G!('$9G,!h"9&.#;%1#3!T@d!)"%.1#"6!P4"$'28!b-'99G!

)"%.1#"6!?'9'"-4&!@15#4.63! (ABCB,3!b-':"-.#;!`'"4&'-9d!c5.6$.#;!
R/.$'#4'!01-!+15#$!b16.483!@122.%%''!1#!%&'!+%5$8!10!̀ '"4&'-!
b-':"-"%.1#!b-1;-"29!.#!%&'!U#.%'$!+%"%'9!@G!01-!RG!TG!10!cG!"#$!
+G!+G!"#$!RG!hG!('$G,!h"9&.#;%1#3!T@d!`&'!)"%.1#"6!P4"$'2.'9!
b-'99G!

)*++!E'"$!+%"%'93!(ABCF,3!)'>%!*'#'-"%.1#!+4.'#4'!+%"#$"-$9d!i1-!
+%"%'93! J8! +%"%'9! (P::'#$.>! i! k! +4.'#4'! "#$! R#;.#''-.#;!
b-"4%.4'9,G!R2"3#B#9$Q42L$I#"'E,$8)#48?.=3;$=8'8#=$F'&84#&=$8"'8$
>*EE'IL$:<113!()1/'2J'-,3!CkCBFG!

S$$'#! `G! SG! cG! "#$! ?599! ?G! +G3! (ABCX",3! T'0.#.#;! 9'#9'2"<.#;d!
c-.#;.#;! 46"-.%8! %1! "! 0-";2'#%'$! %&'1-'%.4"6! 41#9%-54%G! 123L$
5672L3!V[C(C,3!CQNkABmG!

S$$'#! `G! SG! cG! "#$! ?599! ?G! +G3! (ABCXJ,3! u'>.#;! L5'9%.1#9! %&"%!
959%".#!9'#9'2"<.#;G!Q48L$KL$123L$5672L3!YV(Q,3!CBmAKCBNBG$-

S9J1-#'! fG3! (ABC_,3! `'"4&.#;! +4.'#%.0.4! b-"4%.4'9d! O''%.#;! %&'!
@&"66'#;'!10!@&"#;'G!KL$123L$!#'2"#&$5672L3!\U(A,3!CNNkCXWG!

b'#5'6!hG!?G3!`5-#'-!OG!EG3!f"41J9!fG!VG3!H1-#'!VG3!"#$!+52#'-!`G3!
(ABCX,3! T'/'61:.#;! %"9<9! %1! "99'99! :&'#12'#1#!J"9'$!
94.'#4'! 6'"-#.#;d! @&"66'#;'9! "#$! 6'991#9! 6'"-#'$! 0-12!
J5.6$.#;! :-1>.2"6! %-"#90'-! %"9<9G! 123L$ 5672L3! V[C(W,3! CFWNk
CFXmG!

b'-<.#9!VG!VG3!c"-J'-"!fG3!P$"29!hG!VG3!"#$!h.'2"#!@G!RG3!(ABBN,3!
@&'2.9%-8! /9G!:&89.49d!P! 412:"-.91#!10!&17!J.161;8!2"I1-9!
/.'7!'"4&!$.94.:6.#'G!.#!RQH$>*4,#&#42#$H&*2##634C=G3!::G!mFk
mWG!

b&.66.:9! PG! OG! EG3! h"%<.#9! fG3! "#$! H"22'-! TG3! (ABCQ,3! c'81#$!
Z"9<.#;!L5'9%.1#9^d!b-1J6'2"%.M.#;!"9!"!$.94.:6.#"-8!"4%./.%8G!KL$
M#=L$123L$!#'2"L3!UU(N,3!XQAkXXQG!

?"6:&!uG!?G3!+4&"-61%%!EG!fG3!+4&7"-M!@G!RG3!c'4<'-!)G!OG3!"#$!+%17'!
?G! EG3! (ABAA,3! c'81#$! .#9%-54%.1#"6! :-"4%.4'9d! @&"-"4%'-.M.#;!
6'"-#.#;! '#/.-1#2'#%9! %&"%! 95::1-%! 9%5$'#%9! .#! '>:6".#.#;!
4&'2.4"6!:&'#12'#"G!KL$M#=L$123L$!#'2"L3!UW(m,3!Q_CkQNmG!

?'$.9&! RG! iG3! (ABB_,3! P! `&'1-'%.4"6! i-"2'71-<! 01-! b&89.49!
R$54"%.1#!?'9'"-4&d!O1$'6.#;!+%5$'#%!`&.#<.#;G!

?'.9'-! cG! fG3! (ABCF,3!h&"%! b-10'99.1#"6! T'/'61:2'#%! +%-"%';.'9!
P-'! )''$'$! 01-! +544'99056! Y2:6'2'#%"%.1#! 10! %&'! )'>%!
*'#'-"%.1#!+4.'#4'!+%"#$"-$9l!Q4B38L$M#=L$1?(FL$123L$R==#==L3!
(+':%'2J'-,3!CkAAG!

?'.9'-!cG!fG3!)1/"<!OG3!"#$!O4;.66!̀ G!PG!hG3!(ABCN,3!@1&'-'#4'!0-12!
%&'!9%5$'#%9a!:'-9:'4%./'d!h&8!%&'!/.9.1#!10!%&'!i-"2'71-<!
01-!VKCA!+4.'#4'!-'L5.-'9!21-'!%&"#!9.2:68!Z412J.#.#;^!%&-''!
$.2'#9.1#9!10!94.'#4'!6'"-#.#;G!CkCCG!

?19'#J'-;! +G3! H"22'-! TG3! "#$! b&'6"#! fG3! (ABBW,3! O56%.:6'!
':.9%'2161;.4"6!41&'-'#4'9! .#!"#!'.;&%&K;-"$'!$.94599.1#!10!
%&'!-14<!4846'G!KL$@#'&4L$123L3!VU(A,3!AWCkAXAG!

?17"#! cG! "#$! @1--'#%.! ?G3! (ABBX,3! +%5$8.#;! -'"$.#;! .#9%-54%.1#!
7.%&! %'"4&'-! 61;9d! E'991#9! 0-12! %&'! 9%5$8! 10! .#9%-54%.1#"6!
.2:-1/'2'#%G!5672L$M#=L3!CX(A,3!CABkCFCG!

?599! ?G! +G3! (ABCQ,3! @&"-"4%'-.M.#;! %'"4&'-! "%%'#%.1#! %1! 9%5$'#%!
%&.#<.#;d! P! -16'! 01-! ':.9%'2161;.4"6! 2'99";'9G! KL$ M#=L$ 123L$
!#'2"L3!UU(C,3!X_kCABG!

?599!?G!+G3!(ABC_,3!R:.9%'2161;8!10!+4.'#4'!/9G!R:.9%'2161;8!01-!
+4.'#4'G!123L$5672L3!WX(F,3!FQQkFXWG!

?599! ?G! +G3! @100'8! fG! RG3! H"22'-! TG3! "#$! H5%4&.91#! bG3! (ABBX,3!
O"<.#;!46"99-112!"99'992'#%!21-'!"4415#%"J6'!%1!94.'#%.0.4!
-'"91#.#;d!P!4"9'!01-!"%%'#$.#;!%1!2'4&"#.9%.4!%&.#<.#;G!123L$
5672L3!WC(m,3!QNmkQXCG!
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?599!?G!+G!"#$!E5#"!OG!fG3!(ABCF,3!Y#0'--.#;!%'"4&'-!':.9%'2161;.4"6!
0-"2.#;! 0-12! 614"6! :"%%'-#9! .#! %'"4&'-! #1%.4.#;G! KL$ M#=L$ 123L$
!#'2"L3!U[(F,3!AQ_kFC_G!

?599! ?G! +G3! +4&'--! ?G! RG3! H"22'-! TG3! "#$! O.<'9<"! fG3! (ABBQ,3!
?'41;#.M.#;! 2'4&"#.9%.4! -'"91#.#;! .#! 9%5$'#%! 94.'#%.0.4!
.#L5.-8d!P!0-"2'71-<!01-!$.9415-9'!"#"689.9!$'/'61:'$!0-12!
:&.6191:&8!10!94.'#4'G!123L$5672L3!W\(F,3!_XXkmAmG!

?85!+G!"#$!+"#$1/"6!hG!PG3!(ABCA,3!Y2:-1/'2'#%9!%1!'6'2'#%"-8!
4&.6$-'#a9! ':.9%'2.4! 5#$'-9%"#$.#;! 0-12! 959%".#'$!
"-;52'#%"%.1#G!123L$5672L3!WZ(F,3!_QQkmAWG!

+4&"0'-! PG! *G! EG! "#$! \'M.'-9<.! RG! fG3! (ABAC,3! Y#/'9%.;"%.#;! H17!
P99'992'#%!T'9.;#!*5.$'9!H.;&!+4&116!@&'2.9%-8!`'"4&'-9a!
Y#%'-:-'%"%.1#!10!+%5$'#%!?'9:1#9'9!%1!"!b6"##'$3!i1-2"%./'!
P99'992'#%G!KL$>"#(L$5672L3!WX(_,3!CBXXkCCCCG!

+4&'--! ?G! RG! "#$! H"22'-! TG3! (ABBX,3! +%5$'#%! J'&"/.1-! "#$!
':.9%'2161;.4"6!0-"2.#;d!R>"2:6'9!0-12!4166"J1-"%./'!"4%./'K
6'"-#.#;!"4%./.%.'9!.#!:&89.49G!>*C4L$Q4=8&L3!\](A,3!C_NkCN_G!

+4&7"-M!@G!uG3!b"9921-'!@G3!"#$!?'.9'-!cG!fG!'$9G3!(ABCN,3!H'6:.#;!
9%5$'#%9!2"<'!9'#9'!10!%&'!71-6$3!P-6.#;%1#3!uPd!)+`P!b-'99G!

+4&7"-M!@G!uG!"#$!h&.%'!cG!\G3!(ABBm,3!O'%"21$'6.#;!<#176'$;'d!
T'/'61:.#;! 9%5$'#%9a! 5#$'-9%"#$.#;! 10! 94.'#%.0.4! 21$'6.#;G!
>*C4L$Q4=8&L3!\C(A,3!CWmkABmG!

+'#9'/8! *G3! `.J'-;&.'#! PG3! +"#%.#.! fG3! E"5Jg! +G3! "#$! *-.;;9! bG3!
(ABBQ,3! P#! ':.9%'2161;.4"6! "::-1"4&! %1! 21$'6.#;d! @"9'9!
9%5$.'9!"#$!.2:6.4"%.1#9!01-!94.'#4'!%'"4&.#;G!123L$5672L3!W\(F,3!
_A_k__WG!

+&"-!VG3!?599!?G3!"#$!E"/'-%8!fG3! (ABAB,3!+%5$'#%!':.9%'2161;.4"6!
0-"2.#;!1#!:":'-KJ"9'$!"99'992'#%9G!H"?=L$M#BL$H"?=L$5672L$
M#=L3!VZ(A,3!ABCBCG!

+&'-.#!cG3! (ABBW,3!@1221#!9'#9'!46"-.0.'$d!`&'! -16'!10! .#%5.%./'!
<#176'$;'! .#! :&89.49! :-1J6'2! 916/.#;G! KL$ M#=L$ 123L$ !#'2"L3!
YC(W,3!mFmkmmmG!

+%17'!?G! EG3!H'--.#;%1#!TG!*G3!O4V"8!?G! EG3! "#$!@11:'-!OG!OG3!
(ABCX",3! P$":%.#;! "! @1-'KY$'"! @'#%'-'$! U#$'-;-"$5"%'!
*'#'-"6!@&'2.9%-8!@5--.45652!01-!U9'!.#!H.;&!+4&116G!KL$>"#(L$

5672L!
+%17'!?G! EG3!H'--.#;%1#!TG!*G3!O4V"8!?G! EG3! "#$!@11:'-!OG!OG3!

(ABCXJ,3! `&'! Y2:"4%! 10! @1-'KY$'"! @'#%'-'$! Y#9%-54%.1#! 1#!
H.;&! +4&116! +%5$'#%9a! U#$'-9%"#$.#;! 10! +%-54%5-'Kb-1:'-%8!
?'6"%.1#9&.:9G!KL$>"#(L$5672L!

`12"#'<!TG3!`"6"#L5'-!uG3!"#$!)1/1$/1-9<8!YG3!(ABBQ,3!h&"%!T1!
+4.'#4'! `'"4&'-9! @1#9.$'-! h&'#! +'6'4%.#;! i1-2"%./'!
P99'992'#%!`"9<9l!K$M#=$123$!#'2"3!YU(CB,3!CCCFkCCFBG!

h'.M2"#! PG3! +&7"-%M! \G3! "#$! i1-%59! TG3! (ABBQ,3! `&'! T-./.#;!
{5'9%.1#!c1"-$G!123L$!#'2"L3!FFkFNG!

h'-%94&! fG! uG3! (CXXQ,3! O.#$! "9! "4%.1#3! )'7! \1-<3! )\d! S>01-$!
U#./'-9.%8!b-'99G!
!

Page 21 of 21 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


