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$'&A+3,0/@(5&0:'+;&5(C3'(-&#0,'+4B(%"&(&CC&:%+A&(.$+'31F&G7H2(:345,:%+A+%@(+4(
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%3( %"&( &/&:%'30%#%+:( :"#'B&(3C( %"&( +34+:( 0$&:+&0( #55&5( +4%3( %"&(3'B#4+:(-#%'+?WD>X=( J4(

$#'%+:,/#'D(+%(8#0(:/#+-&5(%"#%(%"&(#55+%+34(3C(*+7I.J(53&0(43%(+45,:&(:"#'B&(%'#40C&'(

:3-$/&?&0D( #45( &?%'#( #55+%+34( 3C( :"&-+:#/( $153$#4%0( +0( 4&:&00#'@( %3( 3?+5+6&( %"&(

.$+'31F&G7H2NDWD>Y=( E38&A&'D( %"&( _`1`+0( #;03'$%+34( 0$&:%'#( 3C( -&03$3'3,0( 7+GN(

C+/-0(+4C+/%'#%&5(8+%"(.$+'31F&G7H2(P+40&%(+4(I+B,'&()=>Q(0"38(%"&(:/&#'(B'38%"(3C(#4(

#;03'$%+34(;#45(#'3,45(UN[(4-(#0(%"&(:34:&4%'#%+34(3C(*+7I.J(+0(+4:'&#0&5D(8"+:"(+0(

+45+:#%+A&( 3C( #( .$+'31F&G7H2( 3?+5+6&5( 0%#%&( P$153$+4BQNDNY=( 7"&( #;03'$%+34(

+4:'&-&4%( 8+%"( %"&( *+7I.J( :34%&4%( 0,BB&0%0( %"#%( %"&( 0#/%( :3,/5( ;&( +4A3/A&5( +4( %"&(
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#(:"#'B&(%'#40C&'(:3-$/&?R[VRN=((73(0"&5(/+B"%(34(%"&(53$+4B(-&:"#4+0-D(#(%+-&(0&'+&0(

3C(%"&(:345,:%+A+%@(-&#0,'&-&4%0(+4(5+CC&'&4%(&?$&'+-&4%#/(:345+%+340(P#%-30$"&'&(

#45(0#/%(:34%&4%Q(8#0($&'C3'-&5=(I+B,'&()=N#(0"380(%"&(#;03';#4:&(3C( %"&(3?+5+6&5(
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P>[(-3/(b( 8+%"( .$+'31F&G7H2Q( 3C( *+7I.J=( I+B,'&()=N;( 0"380( %"#%( C3'( 5&A+:&0(

C#;'+:#%&5( 8+%"( #45( 8+%"3,%( *+7I.JD( ;,%( 4&A&'( &?$30&5( %3( #+'D( %"&( :345,:%+A+%@( 3C(
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+4(:345,:%+A+%@D(#45(+45&&5('#+0&0(%"&(L,&0%+34(#0(%3(8"&%"&'(%"&(c0-33%"+4B(3C(%"&(

$3%&4%+#/( /#450:#$&d( C'3-( %"&( $'&0&4:&( 3C( %"&( 7I.J(+( :3,4%&'+34( "#0( #( 0+B4+C+:#4%(

+4C/,&4:&(#%(#//=((G4:&(&?$30&5(%3(#+'D(%"&(0#-$/&(8+%"(*+7I.J(0"380(#('#$+5(+4:'&#0&(

+4(:345,:%+A+%@(3C(3A&'(%83(3'5&'0(3C(-#B4+%,5&(%3('&#:"(%"&(0#-&(C+4#/(:345,:%+A+%@(
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C3'(%"&(0#-&(*+7I.J(:34%&4%(-3'&3A&'(0&&-0(%3(3::,'(34(#(0+-+/#'(%+-&0:#/&(#0(8"#%(

+0( 3;0&'A&5( +4( I+B,'&(N#( #45( +0( 43%( '&A&'0+;/&( 8"&4( %"&( 0#-$/&( +0( $/#:&5( ;#:9( +4(

3?@B&41C'&&(:345+%+340D(#0(%"&(:345,:%+A+%@('&-#+40(#%(X(!(>[1](.(:-1>(#C%&'(WX("3,'0(
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+45+:#%&0(#(:"#4B&(+4(%"&(:33'5+4#%+34(3C(*+(#%3-0(8+%"(%"&(C3'-#%+34(3C(:3-$/&?&0)N(

8"+:"(#'&( /+9&/@(%3( +4A3/A&(3?@B&4(#45(%"&(.$+'31F&G7H2(-3/&:,/&0=( ( J4($#'%+:,/#'D(

%"&(5384C+&/5($&#9(P[=[N($$-Q(+0(0"+C%&5(%38#'50(%"&('#4B&(3C(/+%"+,-13?@B&4(0$&:+&0(

PR=R($$-( C3'( *+NGD( [=R($$-( C3'( *+NGN( #0( 5&%&'-+4&5( &?$&'+-&4%#//@( #45( $/3%%&5( +4(

I+B,'&()=R:Q=((7"&(4#''38(/+4&(8+5%"(+45+:#%&0(#(-3/&:,/#'(5+0$&'0+34(3C(%"&0&(0$&:+&0(
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3?+5+6&5(.$+'31F&G7H2(K(*+7I.J( 0#-$/&( P8"+:"(8&($30%,/#%&( %3( :34%#+4(*+?G@QD( :3-$#'&5(8+%"( %"&(*+NG(
#45(*+NGN(P%3$(B'#$"Q(#45(%"&(0$&:%'#(3C( %"&(0%#'%+4B(-#%&'+#/(P;3%%3-(B'#$"Q=(P:Q(.3/+5(0%#%&(W*+(aF\(3C(
:3--&':+#/(*+NGN(#45(*+NG($385&'0=((W*+(aF\(0$&:%'#(8&'&(%#9&4(;@(\3;&'%3(HA3/+3(#45(F#'+#(S=(S''+:3(#%(
%"&( J40%+%,%&(3C(f3/@-&'(!"&-+0%'@(#45(7&:"43/3B@(PJ!7fQD(a#%+34#/(\&0&#':"(!3,4:+/(3C( J%#/@D(#45(H7\1
I7J\(0$&:%'#(8&'&(%#9&4(;@(J#4(g(F:f"&'034(#%(%"&(J43'B#4+:(!"&-+0%'@(*#;3'#%3'@D(_4+A&'0+%@(3C(G?C3'5=(
7"&(aF\(5#%#(8#0($'+-#'+/@(#4#/@6&5(;@(H4%34+3(H;#%&( +4(%"&(f"@0+:0(2&$#'%-&4%(#%( %"&(_4+A&'0+%@(3C(
G?C3'5=(

!
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'&C&'&4:&( *+NG( #45( *+NGN( 0$&:+&0( +0( ,4C3'%,4#%&/@( 43%( $300+;/&( "&'&( ;&:#,0&( 3C( %"&(

5+CC&'&4:&(+4(/3:#/(&4A+'34-&4%=(

J4(3'5&'(%3(C,'%"&'(+4A&0%+B#%&(%"&('&#:%+34($'35,:%0D(.$+'31F&G7H2(P8+%"(>[(

-3/(b(*+7I.JQ(C+/-0(8&'&(5+003/A&5(+4(#4"@5'3,0(:"/3'3;&46&4&(h(5+-&%"@/(0,/C3?+5&(

%3(&?%'#:%(%"&(C3'-&5(3?+5&0=( (e"&4(%"&(03/,%+34(+0(/&C%( +4(%"&(5#'9(#45(4+%'3B&4(C3'(

0&A&'#/( 5#@0D( #( 8"+%&( $385&'( $'&:+$+%#%&0=( ( 7"&( C+/%&'&5( 03/+5( 8#0( 8#0"&5( 8+%"(

#4"@5'3,0(:"/3'3;&46&4&(%3('&-3A&(#4@('&-#+4+4B(3'B#4+:(:3-$34&4%0(#45(5'+&5(+4(

#+'=( ( I+B,'&()=R;(0"380( %"&(#%%&4,#%&5( %3%#/( '&C/&:%#4:&(I7J\( PH7\1I7J\Q( 0$&:%'#(3C(

%"&( :3//&:%&5( $385&'=( ( 7"&( #;03'$%+34( $'3C+/&( +0( :/&#'/@( 5+CC&'&4%( C'3-( %"&( 0%#'%+4B(

-#%&'+#/0D(#45(#(/#'B&($&#9(#$$&#'0(#%(]XN(:-1>=((.+-+/#'($&#90(#'&(3;0&'A&5(+4(%"&(J\(

0$&:%'#(3C(*+NG(#45(*+NGN(#45(:#4(;&(#0:'+;&5(%3(*+1G(A+;'#%+34#/(0%'&%:"+4B(-35&0))=(

7"&( 5#%#( $'&0&4%&5( #;3A&( :#4( ;&( ,0&5( %3( 5'#8( L,#/+%#%+A&( :34:/,0+340(

:34:&'4+4B(%"&(-&:"#4+0-(%"#%(5'+A&0(%"&(/+%"+,-(0#/%0(#45(3?@B&4(%3(;&(&CC&:%+A&($1

53$#4%0(P8"&4(&-$/3@&5(%3B&%"&'Q(C3'(3'B#4+:(0&-+:345,:%3'0=( (7"&(/38(+34+6#%+34(

$3%&4%+#/( 3C( .$+'31F&G7H2( #45( %"&( "+B"( &/&:%'34( #CC+4+%@( 3C( %"&(-3/&:,/#'( 3?@B&4(

/&#50( %3( #(8&#9/@( ;3,45( 5343'1#::&$%3'( :3-$/&?D(8"+:"( :#4( '&0,/%( +4( #4( &CC&:%+A&(

&/&:%'34(%'#40C&'(%3(%"&(3?@B&4(-3/&:,/&D(#0( +//,0%'#%&5(+4(&L,#%+34()=>)UD)]=(7"+0(:#4(

;&( #::&/&'#%&5( ;@( /+B"%( +45,:&5( &?:+%#%+34=( H0( 3;0&'A&5( ;@( %"&( _`1`+0( 0$&:%'#( #45(

:345,:%+A+%@( -&#0,'&-&4%0D( %"&( :34:&4%'#%+34( 3C( 3?+5+6&5( .$+'31F&G7H2( P.$+'31

F&G7H2(.(GN+Q(+0(4&B/+B+;/&(+4(%"&(#;0&4:&(3C(*+7I.J=((E38&A&'D(%"&(#55+%+34(3C(%"&(*+K(

:"#4B&0(%"&(&L,+/+;'+,-(3C(&L,#%+34(>(+4(%"&(5+'&:%+34(3C(%"&(3?+5+6&5(.$+'31F&G7H2(

;@(:340,-+4B(GN+(#0(5&0:'+;&5(+4(&L,#%+34()=N))D)WV)Y=(

(

.$+'31F&G7H2(K(GN(!(.$+'31F&G7H2!K(GN1( ( ( ( ( P)=>Q(

(

.$+'31F&G7H2!K(GN1K(*+K(7I.J1(!(.$+'31F&G7H2!K(7I.J1(K(*+?G@( ( P)=NQ(

(

8"&'&(*+?G@(0%#450( C3'( /+%"+,-(3?+5&(:3-$/&?&0D(8"+:"(:#4(;&(%&4%#%+A&/@( +5&4%+C+&5(

#0(*+NG(3'(*+NGN( C'3-(%"&(H7\1I7J\(#45(W*+(aF\(5#%#($'&0&4%&5( +4(I+B,'&()=R=( (7"&(
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C3'-&5(.$+'31F&G7H2('#5+:#/(:#%+34(P.$+'31F&G7H2K((7I.J1Q(+0(8&#9/@(;3,45(;@(%"&(

"+B"/@(5&/3:#/+6&5(:"#'B&(34(%"&(7I.J1(#4+34D(8"+:"('&0,/%0(+4(#4(&CC&:%+A&(B&4&'#%+34(

3C(-3;+/&("3/&0(34( %"&(3'B#4+:(-#%'+?=( (H::3'5+4B( %3( %"&($'3$30&5(-&:"#4+0-D( +%( +0(

-30%(/+9&/@(%"#%(%"&(3?@B&4('#5+:#/0(8+//(C3'-(*+GN(,$34(&?$30,'&(%3(*+K(+340D(8"+:"(

'&#5+/@(5&:3-$30&0(%3(*+NGN))D)W=((

(

)=U(
(
J4C/,&4:&(34(!"#'B&(Z&4&'#%+34(#45(!3//&:%+34((

J4(3'5&'(%3(5&%&'-+4&(%"&(+-$#:%(3C(%"&(/+%"+,-(53$+4B(-&:"#4+0-(34(00..!0(

$&'C3'-#4:&D(#(0&'+&0(3C(5&A+:&0(8+%"(5+CC&'&4%(*+7I.J(:34%&4%(8&'&($'&$#'&5D(,0+4B(

%"&( 2>[N( +453/&4&( 5@&( 0&40+%+6&'=( I+B,'&()=)( 0"380( %"&( 5&A+:&( C+B,'&013C1-&'+%( C3'(

&#:"(*+7I.J(:34:&4%'#%+34=((!34C+'-+4B(8"#%(8#0(3;0&'A&5(+4(%"&(/+%&'#%,'&NRD(%"&'&(+0(

#(0%'34B(+-$'3A&-&4%(+4(%"&(0"3'%1:+':,+%($"3%3:,''&4%(P()*Q(#45(C+//(C#:%3'(P++QD(8"+/&(

%"&(3$&4(:+':,+%(A3/%#B&(P,-*Q(5&:'&#0&0(8+%"(%"&(+4:'&#0&5(*+7I.J(:34%&4%=( (a3%#;/@D(

"38&A&'D( %"&(0"3'%1:+':,+%($"3%3:,''&4%(;&B+40( %3(5&:'&#0&(#0( %"&(*+7I.J(:34%&4%( +0(

(

"#$%&'!()((2&A+:&($&'C3'-#4:&($#'#-&%&'0D(&CC+:+&4:@(PiQD(0"3'%1:+':,+%(:,''&4%(P()*QD(3$&41:+':,+%(A3/%#B&(
P,-*Q(#45(C+//(C#:%3'(P++QD(#0(C,4:%+34(3C(%"&(*+7I.J(:34%&4%D(&?%'#:%&5(C'3-(:,''&4%(A3/%#B&(:,'A&0(3C(00..!0(
&-$/3@+4B(2>[N(#0(%"&(0&40+%+6&'(-&#0,'&5(,45&'(HF>=U(0+-,/#%&5(0,4(/+B"%(3C(>[[(-e(:-(1N(&L,+A#/&4%(
03/#'(+''#5+#4:&=((S#:"($3+4%(+0('&$'&0&4%#%+A&(3C(%"&(C3,'(5&A+:&0($'&$#'&5($&'(*+7I.J(:34%&4%D(8"&'&(%"&(
$;$(:34:&4%'#%+34(+0(9&$%(:340%#4%(#%(%"&(0%#45#'5(:34:&4%'#%+34(3C(X[(-F=((7"&(7+GN(/#@&'(8#0(N(j-(%"+:9(
8"+/&( %"&( E7F( :#$$+4B( /#@&'( 8#0( W[[( 4-( %3( 0%'&00( %"&( +-$#:%( 3C( E7F( :345,:%+A+%@( 34( 5&A+:&(
$&'C3'-#4:&=(
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+4:'&#0&5( ;&@345( >[(-3/( b( P8+%"( '&0$&:%( %3( .$+'31F&G7H2QD( #/%"3,B"( %"&( ++(

:34%+4,&0( %3( +-$'3A&( B+A+4B( #4( 3$%+-#/( $&'C3'-#4:&( #'3,45( N[(-3/(b( *+7I.J( %3(

.$+'31F&G7H2=( ( 7"+0( 0,BB&0%0( %"#%( *+7I.J( "#0( #( ;'3#5( +-$#:%( 34( #( 4,-;&'( 3C(

$'3:&00&0(3::,''+4B(+4(%"&(03/#'(:&//0D(8"+:"(#'&($300+;/@(83'9+4B(+4(3$$30+%&(0&40&0=((

7"&( B'3,45( 0%#%&( #;03'$%+34( +4( %"&( 5@&10&40+%+6&'( PI+B,'&( )=UQ( #45( %"&( &/&:%'34(

%'#40C&'(&CC+:+&4:@(C'3-(%"&($"3%3&?:+%&5(5@&(+4%3(%"&(7+GN(#'&(0%'34B/@(+4C/,&4:&5(;@(

%"&($'&0&4:&(3C(*+7I.J=((7"+0("#0(;&&4(3;0&'A&5(;&C3'&(C3'(%"+0(0$&:+C+:(5@&D(#45("#0(

;&&4(#00+B4&5(%3(#(:"#4B&(+4(%"&(/3:#/($3/#'+%@(3C(%"&("3/&1%'#40$3'%&'(-&5+,-(+4(%"&(

A+:+4+%@(3C(%"&(5@&N[DN>=((H55+%+34#//@D(*+7I.J("#0(#/03(;&&4(0"384(%3(#CC&:%(%"&(:"#'B&(

5@4#-+:0(#%(%"&(7+GN(V(.$+'31F&G7H2(V(5@&(+4%&'C#:&(#0(8&//(#0(&/&:%'34(%'#40$3'%(+4(

%"&(7+GNN)DU[DU>=((

7"&( +4C/,&4:&( 3C( *+7I.J( 34( %"&( B'3,450%#%&( #;03'$%+34( 3C( %"&( 2>[N( 5@&( +0(

'&-#'9#;/&D(#0(5&-340%'#%&5(;@(%"&(/#'B&('&5(0"+C%(+4(#;03'$%+34(+4(I+B,'&()=U=((7"+0(

'&5(0"+C%( +45+:#%&0(#(:"#4B&( +4( %"&(&?:+%&5(0%#%&(3C( %"&(5@&(#0(#('&0,/%(3C( +4%&'#:%+34(

8+%"(*+7I.J=((7"+0(&CC&:%(8#0(+4A&0%+B#%&5(A+#(:3-;+4&5(&?$&'+-&4%#/(#45(%"&3'&%+:#/(

P2&40+%@( I,4:%+34#/( 7"&3'@Q( 83'9D( #45( %"&( '&#5&'( +0( '&C&'&5( %3( %"&( '&0,/%+4B(

$,;/+:#%+34(C3'(#4(+4(5&$%"(5&0:'+$%+34UN=((T'+&C/@D(+%(8#0(C3,45(%"#%(%"&(&?:+%&5(0%#%&(

3C( %"&( 2>[N( 5@&( +0( 0+B4+C+:#4%/@( #/%&'&5( ;@( %"&( C3'-#%+34( 3C( 0%#;/&( 5@&h#55+%+A&(

:3-$/&?&0=((F3'&3A&'D(%"&(7I.J1(#4+34(8#0(C3,45(%3(;&(+4&'%D(8"+/&(:#%+340(0,:"(#0(*+K(

(

"#$%&'! ()/)!_`1A+0( #;03'$%+34( 3C( 2>[N( 0&40+%+6&5( N( j-( %"+:9( -&03$3'3,0( 7+GN( +4C+/%'#%&5( 8+%"( 0$+'31
F&G7H2(P8+%"(%"&(0%#45#'5($;$(#55+%+A&Q(+4:3'$3'#%+4B([(#45(N[(-3/(b(*+7I.J=( (7"&(0$&:%'#(8&'&(%#9&4(
+--&5+#%&/@(#C%&'( 0$+4( :3#%+4B( %3(&40,'&( %"#%( %"&'&( +0(43( :34%'+;,%+34( C'3-( %"&(3?+5+6&5(0$+'31F&G7H2(
#;03'$%+34=(

!
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#45(>1S%"@/1R1-&%"@/+-+5#63/+,-(PSFJFKQ(C3'-&5(0%#;/&(:3-$/&?&0D('&0,/%+4B(+4('&5(

0"+C%0( 3C( %"&( #;03'$%+34( 0$&:%',-=( ( J4%&'#:%+34( 8+%"( :#%+340( 8#0( #/03( $'&5+:%&5( %3(

'&0,/%(+4(+-$'3A&5(:3,$/+4B(3C(%"&(5@&(*_FG(8+%"(7+GN(!T(0%#%&0D(C#:+/+%#%+4B(&/&:%'34(

%'#40C&'(#45(&?$/#+4+4B(%"&('&-#'9#;/&(+-$'3A&-&4%(3C((.!(+4(I+B,'&()=)(8+%"(*+7I.J(

:34%&4%=((7"+0(83'9("+B"/+B"%&5(%"#%(%"&(5@&1%317+GN(&/&:%'34(%'#40C&'('#%&(+0(43%(34/@(

+-$'3A&5(;@(%"&(*+K(+45,:&5(4&B#%+A&(P#8#@(C'3-(A#:,,-(/&A&/Q(0"+C%(+4(7+GN(0,'C#:&(

$3%&4%+#/D(;,%(+0(#/03(+-$'3A&5(;@(+4:'&#0&5(&/&:%'34+:(:3,$/+4B(;&%8&&4(%83(0%#%&0=((

7"+0(&CC&:%(+0(/+9&/@(%3(;&(&0$&:+#//@(53-+4#4%(+4(3'B#4+:(0&40+%+6&'0(8+%"(0%'34B(5+$3/&(

-3-&4%0( 0,:"( #0(2>[ND(8"&'&(-3/&:,/#'( 3';+%#/0( :#4(;&( '&#5+/@( +4C/,&4:&5(;@( %"&(

$3/#'+%@( 3C( %"&( 0,''3,45+4B0=( ( \,%"&4+,-( :3-$/&?( 5@&0D( "38&A&'D( #'&( /+9&/@( %3( ;&(

-,:"(/&00(0&40+%+A&(%3(+4%&'#:%+34(8+%"(:"#'B&5(0$&:+&0(;&:#,0&(%"&@(#'&(%"&-0&/A&0(

"+B"/@(0@--&%'+:(0%#;/&(:3-$/&?&0(:3-$30&5(3C(0&A&'#/(:"#'B&5(0$&:+&0=((!"#$%&'(U(

8+//( 5&-340%'#%&( %"#%( #( ',%"&4+,-( :3-$/&?( 5@&( P!>[]Q( +0( C#'( /&00( 0&40+%+A&( %3( %"&(

$'&0&4:&(3C(*+K(:#%+340(+4(%&'-0(3C(:"#'B&(B&4&'#%+34=((

2+0&4%#4B/+4B( %"&( :3-$3,45+4B( &CC&:%0( 3C( %"&( /+%"+,-( 0#/%0( 34( %"&( 5+CC&'&4%(

+4%&'C#:&0( #45( 0$&:+C+:#//@( +%0( +4C/,&4:&( 34( :"#'B&( :3//&:%+34( +0( :"#//&4B+4B=( 73(

L,#4%+C@( %"&( +4C/,&4:&( 3C( *+7I.J( +4(-3'&(5&%#+/D( %'#40+&4%( $"3%31A3/%#B&( #45($"3%31

:,''&4%( 5&:#@(-&#0,'&-&4%0( 8&'&( $&'C3'-&5( 34( %"&( 00..!0( 8+%"( 5+CC&'&4%( *+7I.J(

:34%&4%=( (I'3-(%"&0&(%'#40+&4%(-&#0,'&-&4%0D( +%( +0($300+;/&( %3(&?%'#:%(&0%+-#%&0( C3'(

%"&( 5&40+%@( 3C( 0%#%&0( +4( %"&( 7+GND( '&:3-;+4#%+34( /+C&%+-&D( :"#'B&( :3//&:%+34( /+C&%+-&(

#45(:"#'B&( :3//&:%+34(&CC+:+&4:@URDU)=(7"+0("#0(;&&4(5+0:,00&5( +4(5&%#+/( +4(!"#$%&'(R=(

I3'( %"&( 5&A+:&0( 0%,5+&5( "&'&D( %"&( 5&40+%@( 3C( 0%#%&0( +4( %"&( 7+GN( P2G.D( I+B,'&()=]#Q(

;&:3-&0(0"#//38&'( P0"+C%+4B( C,'%"&'( C'3-(A#:,,-Q(#45(;'3#5&'(#0(*+7I.J( +0(#55&5D(

8"+:"( +0( :340+0%&4%(8+%"(T#+(!$% &'"NUD( #45( +0( #%%'+;,%&5( %3( #(53848#'50( P#8#@( C'3-(

A#:,,-Q( 0"+C%( +4(7+GN( :345,:%+34(;#45($3%&4%+#/=(7"&( 0/+B"%(;'3#5&4+4B(3C( %"&(2G.(

"#0(#/03(;&&4(&?$/#+4&5(#0(%"&('&0,/%(3C(#4(+4:'&#0&5(4,-;&'(3C(%'#$(0%#%&0(5,&(%3(*+K(

+4%&':#/#%+34(+4%3(%"&(7+GND(8"&'&(/3:#/($30+%+A&(:"#'B&0(8+//(#:%(#0(&/&:%'34(%'#$0NUDUUV

UX=(7"&(%'&45(3;0&'A&5(C3'(%"&(2G.(+0(:340+0%&4%(8+%"(%"&(C#:%(%"#%(%"&(,3:(5&:'&#0&0(

8+%"( +4:'&#0+4B( /+%"+,-(:34%&4%(8"+/&(-#+4%#+4+4B( #( :340%#4%( :34:&4%'#%+34(3C( $Tf=(

I+B,'&( )=];( 0"380( %"&( :"#'B&( %'#40$3'%( /+C&%+-&( -&#0,'&5( #%( 0"3'%1:+':,+%( +4( %"&(

5&A+:&0D(8"+:"(5&:'&#0&0(8+%"( +4:'&#0+4B(*+7I.J(:34%&4%D( +4(:34%'#0%( %3(%"&(%'&45(+4(

"3/&1:345,:%+A+%@( +4( %"&( .$+'31F&G7H2=( ( 7"+0( +0( 43%( 0,'$'+0+4BD( 0+4:&( I#;'&B#%1
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.#4%+#B3( !$% &'"N]( "#A&( &0%#;/+0"&5( ;@( +-$&5#4:&( -35&//+4B( %"#%( #%( %"&( /38( :"#'B&(

5&40+%+&0( 3;0&'A&5( #%( 0"3'%1:+':,+%( :345+%+340D( %"&( 0/38( -,/%+1%'#$$+4B( &/&:%'34(

%'#40$3'%( $'3:&00&0( +4( 7+GN( /+-+%0( %"&( :"#'B&( :3//&:%+34( '#%&( C'3-( %"&( 5&A+:&=( ( 7"&(

#55+%+34( 3C( *+7I.J( 0/380( &/&:%'34( %'#40$3'%( %"'3,B"( 7+GN( #0( %"&( /+%"+,-1+45,:&5(

0,'C#:&( %'#$0( ;'3#5&40( %"&(2G.( P#0( 3;0&'A&5( +4( I+B,'&( )=]#Q( 03( %"#%( &/&:%'340( #'&(

%'#$$&5(+4(5&&$&'(0+%&0D(#45(%"#%(%"&(5&%'#$$+4B('#%&(#45(3A&'#//(&/&:%'34(5+CC,0+A+%@(

#'&( '&5,:&5UY=( ( 7"+0( +0( :340+0%&4%( 8+%"( %"&( 3;0&'A#%+340( "&'&D( 8"&'&( #( ;'3#5&'(

5&40+%@( 3C( 0,;( ;#45( B#$( 0%#%&0( "#0( +4:'&#0&5( %"&( #A&'#B&( %'#$( 5&$%"( #%( #4@( B+A&4(

:"#'B&(5&40+%@D(#45(43%( M,0%( +45,:&5(#(0"+C%( +4(0,'C#:&($3%&4%+#/=( (H%( C+'0%(0+B"%( %"&4D(

%"+0(%'&45(3C('&5,:&5(%'#40$3'%('#%&0(8+%"(+4:'&#0+4B(*+7I.J(:34%&4%(83,/5(#$$&#'(%3(

:34%'#5+:%( #( ;&4&C+:+#/D( 3'( +45&&5( 0+B4+C+:#4%( +4C/,&4:&( 3C( +4:'&#0+4B( :345,:%+A+%@( 3C(

.$+'31F&G7H2(8+%"(+4:'&#0+4B(*+7I.J(:34%&4%=((

(

"#$%&'! ()0)( P#Q( !#$#:+%#4:&( #B#+40%( A3/%#B&( -&#0,'&-&4%0( C3'( :&//0( :34%#+4+4B( #( '#4B&( 3C( *+7I.J(
:34%&4%0=((P;Q(7'#40$3'%(/+C&%+-&0(#%(0"3'%(:+':,+%(:345+%+340D(P:Q('&:3-;+4#%+34(/+C&%+-&0(#%(3$&4(:+':,+%(
:345+%+340( #45( P5Q( %"&( :"#'B&( :3//&:%+34( &CC+:+&4:@( Pi!Q( #0( #( C,4:%+34( 3C( :"#'B&( 5&40+%@( C3'( %"&( 0#-&(
5&A+:&0(#0($'&0&4%&5(+4(I+B,'&()=)=(
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J4( #55+%+34( %3( %"&( 0/38+4B( %'#40$3'%( '#%&D( %"&( :"#'B&( '&:3-;+4#%+34( '#%&0(

#$$&#'( %3( ;&( 0+-+/#'/@( 0/38&5( ;@( %"&( #55+%+34( 3C( *+7I.J=( ( 7"&( 5&:'&#0&( +4(

'&:3-;+4#%+34( '#%&( "#0( ;&&4( 3;0&'A&5( ;&C3'&NND( #45( +0( ,0,#//@( #%%'+;,%&5( %3( %"&(

0"#//38&'(2G.(P/&#5+4B(%3(/&00(5'+A+4B(C3':&(C3'(&/&:%'34(%'#40C&'(%3(.$+'31F&G7H2K(

:#%+340( #0( $'&5+:%&5( ;@( F#':,0( %"&3'@Q( #0( 8&//( #0( #( c0:'&&4+4Bd( 3C( %"&( !3,/3-;(

#%%'#:%+34(;&%8&&4("3/&0(+4(%"&(.$+'31F&G7H2(#45(&/&:%'340(+4(%"&(7+GN(;@(%"&("+B"(

+34( :34%&4%][=( ( I3'( #( 03/#'( :&//( %3( :3//&:%( :"#'B&( &CC+:+&4%/@D( %"&( #;03/,%&( '#%&0( C3'(

:"#'B&( :3//&:%+34( 3'( '&:3-;+4#%+34( #'&( ,4+-$3'%#4%D( ;,%( %"&( '&/#%+A&(-#B4+%,5&( 3C(

&#:"D(#45(0$&:+C+:#//@(-,:"(0/38&'('&:3-;+4#%+34(%"#4(%'#40$3'%( +0( +-$3'%#4%=( (7"&(

:"#'B&(:3//&:%+34(&CC+:+&4:@D(&0%+-#%&5(;@(%"&('#%+3(3C(%"&(%'#40$3'%('#%&(3A&'(%"&(0,-(

3C( %'#40$3'%( #45( '&:3-;+4#%+34( '#%&0D( :#4( ;&( C3,45( +4( I+B,'&()=]5=( I3'( -30%(

:34:&4%'#%+340(3C(*+7I.J(%"&(:3//&:%+34(&CC+:+&4:@(+0(YX(bD(+45+:#%+4B(:/30&(%3($&'C&:%(

:3-$&40#%+34(3C(0/38+4B(5384('&:3-;+4#%+34('#%&0(%3(0/38+4B(5384(%'#40$3'%('#%&0=(

H%( A&'@( /38( *+7I.J( :34%&4%( P>( -3/( bQD( %"&'&( +0( #( A&'@( '#$+5( 5&:'&#0&( +4( :"#'B&(

:3//&:%+34(&CC+:+&4:@(8+%"(:"#'B&(5&40+%@=((7"+0(+0(-#+4/@(5,&(%3(#(0+B4+C+:#4%(5&:'&#0&(

+4( %"&(&/&:%'34( /+C&%+-&(#%( 0"3'%1:+':,+%( :345+%+340=( (7"+0( 0,BB&0%0( %"#%( %"&(&/&:%'341

"3/&(#%%'#:%+34(#%("+B"&'(:"#'B&(5&40+%@(:#443%(;&(&CC&:%+A&/@(0:'&&4&5(;@(%"&(/38(+34(

:34%&4%( #%( %"&( 7+GN( +4%&'C#:&=( ( 7"+0D( %3B&%"&'(8+%"( %"&( #C3'&-&4%+34&5( +4C/,&4:&( 3C(

/+%"+,-( +340(34(&/&:%'34( +4M&:%+34(&CC+:+&4:@( C'3-(5@&( %3(7+GNN[DUND]>( :/&#'/@( &?$/#+40(

%"&( &?%'&-&/@( /#'B&( M,-$( +4( -&#0,'&5( (.!( PI+B,'&( )=)Q( ,$34( #55+%+34( 3C( #( 0-#//(

L,#4%+%@( 3C( *+7I.J=( ( J%( -,0%( ;&( 43%&5D( "38&A&'D( %"#%( %"&( $"3%3:,''&4%( B&4&'#%&5(

5&:'&#0&0( ,$34( #55+%+34( 3C( -3'&( %"#4( >[( -3/(b( *+7I.JD( #/%"3,B"( %"&( :"#'B&(

:3//&:%+34(&CC+:+&4:@('&-#+40("+B"=( (7"+0(0,BB&0%0(%"#%(#55+%+34(3C(&?:&00(*+7I.JD(#45(

'&0,/%+4B("+B"(/&A&/0(3C(3?+5+6&5(.$+'31F&G7H2(-#@(#:%,#//@("+45&'('&B&4&'#%+34(3C(

%"&("3/&(+4(%"&(5@&(#C%&'(&/&:%'34(+4M&:%+34=((7"+0(:3,/5(;&(%"&('&0,/%(3C("#A+4B(C&8&'(

4&,%'#/(.$+'31F&G7H2(-3/&:,/&0( +4( %"&(A+:+4+%@(3C( %"&(5@&(#45(#A#+/#;/&( C3'(:"#'B&(

%'#40C&'D(3'(;&:#,0&(3C(#4(+4C/,&4:&(3C("+B"(*+7I.J(:34%&4%(34(E7F($3'&(+4C+/%'#%+34=(

I,'%"&'(83'9( +0( '&L,+'&5( %3( C,//@( ,45&'0%#45( %"+0( $"3%3:,''&4%( '&5,:%+34=( ( J%(-,0%(

#/03(;&($3+4%&5(3,%(%"#%(;#0&5(34(%"&(#;3A&('&0,/%0D(%"&(3?+5#%+34('&#:%+34(5+0:,00&5(

+4( .&:%+34( )=)( 53&0( 43%( #$$&#'( %3( '&#:"( :3-$/&%+34(8+%"+4( %"&( %+-&0:#/&( 3C( 5&A+:&(

$'&$#'#%+34(#45( %&0%+4BO( +&( %"&(*+7I.J( :34%&4%( +4( %"&(E7F(-#%'+?( +0(43%( :3-$/&%&/@(

5&$/&%&5=( ( 7"+0( +0( &0$&:+#//@( &A+5&4%( 8"&4( %"&( &CC&:%0( 3C( *+7I.J( :34%&4%( 34( :"#'B&(
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:3//&:%+34(#45( %"&(7+GN(2G.(#'&( :340+5&'&5( +4(I+B,'&()=]D( #45(-#@(;&( %"&( '&0,/%( 3C(

+''&A&'0+;/&(*+K(+4%&':#/#%+34(+4%3(%"&(7+GN=(

E&4:&D( #0( C#'( #0( :"#'B&(B&4&'#%+34(#45( :"#'B&( :3//&:%+34(#%( 0"3'%1:+':,+%( #'&(

:34:&'4&5D( +%( #$$&#'0( %"#%( #( '&/#%+A&/@( /38( :34:&4%'#%+34( 3C( *+7I.J( 83,/5( ;&(

$'&C&'#;/&=((E38&A&'D(C'3-(%"&(5&A+:&('&0,/%0(8&(3;0&'A&(#(:34%+4,3,0(+4:'&#0&(+4(C+//(

C#:%3'(8+%"(+4:'&#0+4B(*+7I.J(:34%&4%D(8"+:"('&0,/%0(+4(%"&(3$%+-,-(:34:&4%'#%+34(C3'(

&CC+:+&4:@( ;&+4B( -,:"( "+B"&'( %"#%( %"#%( 3$%+-+0&5( C3'( $"3%3:,''&4%( #/34&=( ( 7"&( C+//(

C#:%3'(-#@(;&(#CC&:%&5(;@(0&'+&0('&0+0%#4:&(/300&0D('&:3-;+4#%+34(/300&0(#%(%"&("+B"&'(

:"#'B&(5&40+%+&0(&?$&'+&4:&5(#%( C3'8#'5(;+#0D(3'(-30%( /+9&/@(#(:3-;+4#%+34(3C(;3%"=((

T#0&5(34(%"&(:340%#4%/@("+B"(:"#'B&(:3//&:%+34(&CC+:+&4:+&0(3C(5&A+:&0(8+%"(3$%+-+6&5(

*+7I.J( :34%&4%D( '&B#'5/&00( 3C( :"#'B&( 5&40+%@D( +%( 0&&-0( '&#034#;/&( %"#%( %"&( :"#'B&(

:3//&:%+34(&CC+:+&4:@(8+//(43%(5'3$(5'#-#%+:#//@(#%(C3'8#'5(;+#0=((J%(#$$&#'0(%"&4D(%"#%(

#(0+B4+C+:#4%(C#:%3'(+4(%"&(:"#4B+4B(C+//(C#:%3'0(-#@(;&(#(:"#4B&(+4(0&'+&0('&0+0%#4:&=(

(

)=](
(
F+4+-+6+4B(.&'+&0(\&0+0%#4:&(*300&0(

7"&( C+//( C#:%3'( 3C( 00..!0( +0( 5&%&'-+4&5( ;@( -#4@( C#:%3'0D( 34&( 3C( %"&( -30%(

+-$3'%#4%( 3C( 8"+:"( :#4( ;&( %"&( 0&'+&0( '&0+0%#4:&( 5,&( %3( $33'( :"#'B&( %'#40$3'%(

$'3$&'%+&0(3C(%"&("3/&(%'#40$3'%&'=(H/%"3,B"(%"&(%'#40$3'%(#%(0"3'%1:+':,+%( +0( /+-+%&5(

;@(0/38(&/&:%'34(5+CC,0+34(%"'3,B"(%"&(7+GND(%"&(:"#'B&(5&40+%@(+4(%"&(C+/-(+4:'&#0&0(

:340+5&'#;/@(,45&'(C3'8#'5(;+#0(:345+%+340(:/30&(%3(%"&(-#?+-,-($38&'($3+4%(#45(

3$&41:+':,+%=( ( 7"+0( 0+B4+C+:#4%/@( +4:'&#0&0( %"&( &CC&:%+A&( 5+CC,0+34( :3&CC+:+&4%( #45(

:345,:%+A+%@( +4( %"&( 7+GN( 5,&( %3( %"&( C+//+4B( 3C( %"&( &?$34&4%+#/( %#+/( 3C( %'#$( 0%#%&0=((

7'#40$3'%( +0( %"&4( /+9&/@(%3(;&( /+-+%&5(;@("3/&(-+B'#%+34(%"'3,B"(%"&(.$+'31F&G7H2(

8"30&( "3/&( :345,:%+34( +0( 43%( &?$&:%&5( %3( "#A&( 0,:"( #( 0%'34B( :"#'B&( 5&40+%@(

5&$&45&4:&(8"&4(53$&5N]=((

73(0$&:+C+:#//@(L,#4%+C@(%"+0(&CC&:%(3C(/+%"+,-(53$+4B(34(%"&(.$+'31F&G7H2(34(

%"&(:,''&4%1A3/%#B&(:"#'#:%&'+0%+:0D(8&("#A&(C+%%&5(%"&(5&A+:&(:,''&4%1A3/%#B&(:,'A&0(

,0+4B(#(34&15+35&(-35&/(%3(&?%'#:%(%"&(0&'+&0('&0+0%#4:&(#45(%"&($38&'(/300&0(#%(%"&(

-#?+-,-( $38&'( $3+4%( #0( C,4:%+34( 3C( %"&( *+7I.J( :34%&4%( PI+B,'&()=WQN]=( ( E&'&D( %"&(
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:,''&4%( A3/%#B&( :,'A&0( 8&'&( C+%%&5( 4,-&'+:#//@( ,0+4B( %"&( 0%#45#'5( 5+35&( -35&/(

5&0:'+;&5( +4( !"#$%&'( N( #45( 0&%%+4B( %"&( +5&#/+%@( C#:%3'( %3( ND( ,0+4B( %"&( /&#0%( -&#4(

0L,#'&0(-&%"35(34(%"&(8"3/&(g1`(:,'A&(#45(C+?+4B(%"&(3$&4(:+':,+%(A3/%#B&(#45(0"3'%(

:+':,+%( :,''&4%( %3(-#%:"( %"&(&?$&'+-&4%#/(A#/,&0= e&(43%&( %"#%( %"&(&?%'#:%&5(0&'+&0(

'&0+0%#4:&( C3//380( #( A&'@( 0+-+/#'( %'&45( %3( %"&( :345,:%+A+%@( 3C( .$+'31F&G7H2D(

:34C+'-+4B(%"#%(%"&("3/&(%'#40$3'%(+0(/+-+%+4B(%"&(:"#'B&(:345,:%+34(+4(%"&(5&A+:&0(#%(

"+B"&'( #$$/+&5(;+#0=( ( 7"+0( C+%0(8&//(8+%"(5&5,:%+34(;@(I#;'&B#%1.#4%+#B3(!$% &'"% C'3-(

+-$&5&4:&( 0$&:%'30:3$@( 34( 0+-+/#'( 5&A+:&0N]=( J45&&5D( +%( +0( $300+;/&( %3( &0%+-#%&( #4(

c&CC&:%+A&d(:"#'B&(%'#40$3'%(0&'+&0('&0+0%#4:&(5,&(%3(.$+'31F&G7H2(#0(#( C,4:%+34(3C(

/+%"+,-(:34%&4%=( (E&'&D( +%(8#0(#$$'3?+-#%&5(%"#%(U[b(3C(%"&(:"#'B&(+4(%"&(00..!0(+0(

B&4&'#%&5(8+%"+4(%"&(C+'0%(U[[(4-(3C(%"&(5&A+:&0(5,&(%3(%"&("+B"(&?%+4:%+34(:3&CC+:+&4%(

3C(%"&(2>[N(5@&(,0&5(P0&&(#;03'$%+34(0$&:%'#(C3'(N(j-(%"+:9(C+/-0(3C(2>[N(0&40+%+6&5(

7+GN( C+/-0( +4(I+B,'&()=UQ=( (7"&(-&#4(5+0%#4:&( C3'("3/&0( %3(;&( :3//&:%&5(#%( %"&( 0+/A&'(

&/&:%'35&(8#0( %#9&4( %3(;&(&L,#/( %3( %"&('&-#+45&'(3C( %"&(#:%+A&(#'&#( %"+:94&00( PU[[(

4-Q($/,0(%"&(:#$$+4B(/#@&'(%"+:94&00(PW[[(4-Q=((7"&(#'&#(%"'3,B"(8"+:"(%"&(:"#'B&(+0(

%'#40$3'%&5(+0([=[Y(:-N(#0(5&C+4&5(;@(%"&(03/#'(:&//(-#09(#$&'%,'&=((7"&0&(5+-&40+340(

8&'&( ,0&5( %3B&%"&'( 8+%"( %"&( '&0+0%+A+%+&0( 3C( .$+'31F&G7H2( #%( 5+CC&'&4%( 53$+4B(

:34:&4%'#%+340(%3(B+A&(%"&(%3%#/('&0+0%#4:&(%"#%(:3,/5(;&(&?$&:%&5(%"'3,B"(#4(3"-+:(

0&'+&0( '&0+0%#4:&( %3( "3/&( %'#40$3'%=( 7"&( &0%+-#%&5( A#/,&0( C3'( 0&'+&0( '&0+0%#4:&( #'&(

$/3%%&5(+4(I+B,'&()=W(#45(#'&(+4(&?%'&-&/@(B335(#B'&&-&4%(8+%"(%"30&(&0%+-#%&5(C'3-(

%"&(+5&#/(5+35&(C+%0(%3(%"&((.,(:,'A&0=(((

7"&(+4C/,&4:&(3C("3/&(%'#40$3'%('&0+0%#4:&(34($38&'(:34A&'0+34(&CC+:+&4:@(:#4(

;&( '&#5+/@( &0%+-#%&5=( 7"+0( +0( #::3-$/+0"&5( ;@( 0+-,/#%+4B( (.,( :,'A&0( 8+%"( #//(

$#'#-&%&'0(+5&4%+:#/(%3(%"&(34&15+35&(C+%0D(&?:&$%(%"#%(%"&(0&'+&0('&0+0%#4:&(+0('&5,:&5(

%3( 6&'3=( ( I3'( %"+0( #4#/@0+0D( %"&( '&/&A#4%( g1`( :,'A&0( 8&'&( -35+C+&5( %3( &-,/#%&( %"&(

0+%,#%+34( "#5( %"&'&( ;&&4( [( G"-0( 3C( 0&'+&0( '&0+0%#4:&=( ( 7"&( A3/%#B&( $3+4%( #%( &#:"(

'&:3'5&5( :,''&4%($3+4%(8#0( 0+-$/@( #5M,0%&5(;@( #55+4B( /%!% 0)(8"&'&( /( +0( %"&( #:%,#/(
:,''&4%(P+4(#-$0Q(',44+4B(%"'3,B"(%"&([=[Y(:-N(#:%+A&(#'&#(3C(%"&(03/#'(:&//(#45(0)(+0(

%"&( 0&'+&0( '&0+0%#4:&( #0( 5&%&'-+4&5( ;@( %"&( +5&#/( 5+35&( C+%=( ( 7"+0( :3''&:%&5( C3'( %"&(

A3/%#B&(5'3$(%3(%"&(;,+/%(+4(0&'+&0('&0+0%#4:&(+4(%"&(:&//=( (7"&(%"&3'&%+:#/(P[(3"-0(0)Q(

-#?+-,-( $38&'( $3+4%(8#0( %"&4( 5&%&'-+4&5( C3'( &#:"( *+7I.J( 53$+4B( /&A&/( #45( %"&(
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5+CC&'&4:&( 8+%"( %"&( '&#/( -#?+-,-( $38&'( $3+4%( 8#0( %#9&4( #0( #( $&':&4%#B&( 3C( %"&(

-#?+-,-(%"&3'&%+:#/($38&'($3+4%(8+%"3,%(#4@(0&'+&0('&0+0%#4:&= 

7"&0&( /300&0( #'&( 0"384( +4( I+B,'&( )=WD( 8+%"( "+B"/@( 0+B4+C+:#4%( /30&0( C3'( #//(

*+7I.J( :34%&4%0( ;&/38( >](-3/(bD( 8"&'&( %"&( /300&0( ;&:3-&( /&00( %"#4( N[( b=( ( J%( +0(

&A+5&4%( %"#%( #4( &CC&:%+A&( :345,:%+A+%@( #;3A&( >[1U(.(:-1>( +0( 4&:&00#'@( %3( $'35,:&(

5&A+:&0( %"#%( #'&(43%( 0+B4+C+:#4%/@( /+-+%&5(;@( #( 0&'+&0( '&0+0%#4:&D( &0$&:+#//@( 34:&( %"&(

0"3'%1:+':,+%( $"3%3:,''&4%0( #'&( +4:'&#0&5( 8+%"( 4&?%( B&4&'#%+34( #;03';&'0D( #45(

$,0"&5( %38#'50( N[( -H( :-1N( ]ND]R=( J4( %"&( :#0&( 3C( *+7I.J153$&5( .$+'31F&G7H2D( %"&(

5&%'+-&4%#/(&CC&:%(3C("+B"(*+7I.J(:34:&4%'#%+34(34(%"&(5&A+:&(:"#'B&(%'#40$3'%D(2G.D(

#45( :"#'B&( B&4&'#%+34( '&0,/%0( +4( #4( 3A&'#//( :3-$'3-+0&( C3'( -#?+-,-( $38&'(

:34A&'0+34( &CC+:+&4:@=( ( _0+4B( #( "+B"&'( -3;+/+%@( "3/&1%'#40$3'%&'( %3( &4#;/&(

:345,:%+A+%+&0( #;3A&( >[1)(.(:-1>( #%( /38&'( *+7I.J( :34%&4%0( 83,/5( 5'#-#%+:#//@(

+-$'3A&(%"&(03/#'(:&//(&CC+:+&4:@(8+%"(#//(&/0&(;&+4B(&L,#/=( (J%(0"3,/5(#/03(;&($3+4%&5(

3,%(%"#%(#%-30$"&'+:(:"#4B&0(+4(:3-$30+%+34(3'(%&-$&'#%,'&(#'&(/+9&/@(%3(#CC&:%(%"&(

'#%&( #45( C+4#/( 5&B'&&( 3C( %"&( 3?+5#%+34D( 03( %"#%( %"&( :,''&4%( '&:+$&( +0( ,4/+9&/@( %3( ;&(

0,+%#;/&( C3'( ,0&( +4( 03/#'( :&//0( %"#%( #'&( &?$&:%&5( %3(-#+4%#+4( "+B"( $&'C3'-#4:&0( C3'(

$'3/34B&5($&'+350(3C(%+-&= 

(

(

(
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34/@(+4$,%($#'#-&%&'(PB'&@(%'+#4B/&0QD(#45(%"&(#003:+#%&5($38&'(/300&0(&0%+-#%&5(;@(#(0+-,/#%+34(3C(%"&%(.
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7"&(83'9($'&0&4%&5( +4( %"+0( :"#$%&'("#0(-#5&( +%( &A+5&4%( %"#%( %"&( /+%"+,-(0#/%0(

:3--34/@( #55&5( %3( 3'B#4+:( 0&-+:345,:%3'0D( 0$&:+C+:#//@( .$+'31F&G7H2( +4( 00..!0D(

#'&( +4A3/A&5( +4( #( '&53?( '&#:%+34D(8"+:"( /&#A&0( #4( ,4$#+'&5( &/&:%'34( +4( %"&( 3'B#4+:(

-#%'+?=( ( 7"&( -&:"#4+0-( 5&0:'+;&5( +4( .&:%+34( )=)( 5&-340%'#%&0( %"#%( %"&( *+K( +0( #4(

&CC+:+&4%( #45( 0%#;/&( $153$#4%( +4( %"&( $'&0&4:&( 3C( 3?@B&4=( ( 7"+0( /+%"+,-( 53$+4B(

-&:"#4+0-(:/#'+C+&0(%"&(5'#-#%+:(+4:'&#0&(+4(:345,:%+A+%@(3;0&'A&5(+4(-#4@(/+%"+,-(

0#/%(V("3/&(%'#40$3'%&'(0@0%&-0D($'&A+3,0/@(5&0:'+;&5(+4(/+%&'#%,'&WD>WD])D]U=((7"&('&0,/%0(

5&-340%'#%&(%"#%(*+K(+0(&00&4%+#/(+4(#:"+&A+4B(/38(0&'+&0('&0+0%#4:&0(+4(%"&(03/#'(:&//0D(

8"+/&( +%( #/03( C#:+/+%#%&0( $"3%3:,''&4%( B&4&'#%+34=( ( 7"&( C+'0%( +0( #::3-$/+0"&5( ;@(

3?+5#%+34(3C(%"&(.$+'31F&G7H2D(5,'+4B(8"+:"(/+%"+,-(+340(#'&(:340,-&5D(8"+/&(%"&(

/#%%&'( +0(5&$&45&4%(34( %"&(#A#+/#;+/+%@(3C( %"&0&( +340( %3( +4%&':#/#%&( +4%3( %"&(7+GN(#45(
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3C( %"&( #%-30$"&'+:( 5&$&45&4:+&0( 5+CC&'&4%( '&0&#':"( B'3,$0( "#A&( 43%&5( 34( 5&A+:&(

$&'C3'-#4:&]]V]XO(%"&(#%-30$"&'&(+0(0+-$/@('&#:%+4B(8+%"(3'B#4+:(:3-$34&4%0(3C(%"&(

5&A+:&D(8"+:"(:#4(34/@(;&(&?$&:%&5(%3(B+A&(A#'+#;/&('&0,/%0=( ( J%(0"3,/5(#/03(;&(43%&5(

%"#%(#(0+-+/#'('&$3'%(%3(%"&(34&($'&0&4%&5(+4(%"+0(:"#$%&'(8#0($,;/+0"&5(:34:,''&4%/@(
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3;0&'A&5( $"&43-&4#( #45( +4%&'$'&%#%+34=( 73( -3A&( %38#'50( -3'&( 0%#;/&( #45(

'&$'35,:+;/&(5&A+:&0D( +%(8+//(;&(#5A#4%#B&3,0( %3(&-$/3@(5+CC&'&4%(#55+%+A&0D(34&( C3'(

&4"#4:+4B( %"&( :345,:%+A+%@( 3C( .$+'31F&G7H2( #45( #43%"&'( %3( +-$'3A&( :"#'B&(

B&4&'#%+34( #%( %"&( +4%&'C#:&=( ( H( $'&C&'#;/&( #$$'3#:"(-#@( &A&4( ;&( %3( &-$/3@( E7F0(

8+%"( 0,$&'+3'( "3/&( -3;+/+%+&0( %3( .$+'31F&G7H2( %"#%( 53( 43%( '&L,+'&( "+B"( 53$+4B(

/&A&/0=( (7"+0(8+//(;&(5+0:,00&5(+4(-3'&(5&%#+/(#%(%"&(&45(3C(!"#$%&'(UD(#0(#4(&00&4%+#/(

0%&$(%38#'50(#:"+&A+4B(%"&(C#;'+:#%+34(3C(%"+:9&'(00..!0=(((
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PNQ(( T,'0:"9#D(g=O(2,#/&"D(H=O(k&00/&'D(I=O(T#'#43CCD(S=O(!&A&@1E#D(a=1*=O(l+D(!=O(
a#6&&',55+4D(F=(k=O(Z'm%6&/D(F=(("%16"%45!6"%;-*"(,2**D(<==D(>X[)N=(

PRQ(( T,'0:"9#D(g=O(k&00/&'D(I=O(a#6&&',55+4D(F=(k=O(Z'm%6&/D(F=(45!6"%>&$!?"(,2*-D(@AD(
NYX]=(

P)Q(( 2nH45'#5&D(T=(e=O(I3''&0%D(.=(\=O(!"8#4BD(H=(T=O(H45'#5&D(T=(e=(2=(1BB'"%C5D)"%
E!$$"(,22-D(F=D(RXUX=(

PUQ(( fC&+CC&'D(F=O(*&3D(k=O(o"3,D(^=O(E,#4BD(g=(.=O(E3C-#44D(F=O(e&'4&'D(H=O(T/3:"8+%61
a+-3%"D(g=(23$&5(3'B#4+:(0&-+:345,:%3'0<(f"@0+:0(#45(#$$/+:#%+34(+4(/+B"%(
&-+%%+4B(5+35&0=(G?#&2H*%7'!*$?-2H*)I%B5D)H*)J%6&$!?H&')J%&BB'H*&$H-2)D(N[[RD(9D(
XYV>[R=(

P]Q(( *&+M%&40D(7=O(2+4BD(J=(k=O(Z+3A&46#4#D(7=O(T/39+4BD(g=(7=O(F:Z&"&&D(F=(2=O(.&//+4B&'D(
H=(14;%K&2-(,2*,D(LD(>)UU=(

PWQ(( .4#+%"D(E=(g=O(Z'm%6&/D(F=(1BB'"%C5D)"%E!$$"(,220D(FMD(N]N>>)=(

PXQ(( ."&4D(l=O(E300&+4+D(H=(\=O(e34BD(F=(E=O(F#//+#'#0D(Z=(Z=(45!6B5D)*5!6(,22(D(AD(
>]=(

PYQ(( T/3:"8+%6D(g=O(I'+%6D(7=O(fC&+CC&'D(F=O(*&3D(k=O(H//38#@D(2=(F=O(*&&D(f=(H=O(H'-0%'34BD(
a=(\=(G?#"%7'!*$?-2"%B5D)H*)J%>&$!?"%1BB'"(,22*D(@D(YW=(

P>[Q(( k,'#%#D(7=O(k30"+9#D(k=O(k#%3D(I=O(k+53D(g=O(a+0"+5&D(E=(45!6"%4-66N2"(,221D(NYX]=(

P>>Q(( e#/6&'D(k=O(F#&44+BD(T=O(fC&+CC&'D(F=O(*&3D(k=(45!6"%0!O"(,221D(<:PD(>NRR=(

P>NQ(( .#/6-#44D(J=O(E&+-&/D(Z=O(2,"-D(.=O(G&"6&/%D(F=O(f+4B&/D(f=O(Z&3'B&D(T=O(.:"4&BBD(
H=O(*+$0D(k=O(T/,-D(\=1f=O(`3//-&'D(H=O(k3:"D(a=(J4%&'-3/&:,/#'(E@;'+5+6#%+34(
Z3A&'40(F3/&:,/#'(S/&:%'+:#/(23$+4B=(C5D)H*&'%0!OH!3%E!$$!?)D(N[>ND(<:F=(

P>RQ(( I+0":",9D(J=(J=O(H'9"+$3AD(`=(J=O(k#5#0":",9D(H=O(E&'&-#40D(f=O(Tm00/&'D(E=(C5D)"%
0!O"%Q(,221D(PLD()UN>[=(

P>)Q(( !"#$%&'()*+,*-,.*/0"01234)*5,.*6107%23'(2)*6,*+,.*!8"%20344034)*9,*:,.*;<4470")*/,*
1BB'"%C5D)"%E!$$"(,22-D(F@D(RN)U=(

P>UQ(( H'9"+$3AD(`=O(E&'&-#40D(f=O(S-&/+#43A#D(S=O(Tm00/&'D(E=(SCC&:%(3C(53$+4B(34(%"&(
5&40+%@13C10%#%&0(5+0%'+;,%+34(#45(:#''+&'("3$$+4B(+4(5+03'5&'&5(3'B#4+:(
0&-+:345,:%3'0=(C5D)H*&'%0!OH!3%QD(N[[UD(P<=(
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P>]Q(( E,#4BD(I=O(."+"D(f=1J=O(*+,D(F=(.=O(.",D(!=1I=O(g&4D(H=(k=(l=(1BB'"%C5D)"%E!$$"(,223D(M==(

P>WQ(( H;',0:+D(H=O(2+4BD(J=(k=O(H/1E#0"+-+D(F=O(.&B#/1f&'&%6D(7=O(F:Z&"&&D(F=(2=O(E&&4&@D(
F=O(I'&@D(Z=(*=O(.4#+%"D(E=(g=(72!?#D%72OH?-2"%;*H"(,2**D(9D(R[U>=(

P>XQ(( ^+#D(g=O(F#0#9+D(a=O(*+'#1!#4%,D(F=O(k+-D(l=O(g+#4BD(k=O(l#4#B+5#D(.=(("%16"%45!6"%;-*"(
,223D(<=:D(>NUX=(

P>YQ(( T#:"D(_=O(*,$3D(2=O(!3-%&D(f=O(F30&'D(g=(S=O(e&+003'%&/D(I=O(.#/;&:9D(g=O(.$'&+%6&'D(
E=O(Z'm%6&/D(F=(K&$N?!(*443D(=MAD(UXR=(

PN[Q(( H;',0:+((\..(H/1E#0"+-+D(F(E&&4&@D(F(f&%'366#D(H(.4#+%"D(EgD(H=(k=(18O"%+N2*$"%
>&$!?"(,2**D(@<D(NUWY=(

PN>Q(( !#$$&/D(_=(T=O(.-&+B"D(H=(*=O(f/3B-#9&'D(.=O(g3"#40034D(S=(F=(g=O(\&40-3D(E=O(
E#--#'0%'3-D(*=O(E#BC&/5%D(H=O(T30:"/33D(Z=(("%C5D)"%45!6"%4(,2**D()R)U=(

PNNQ(( k',B&'D(g=O(f/#00D(\=O(!&A&@D(*=O(f+::+'&//+D(F=O(Z'm%6&/D(F=O(T#:"D(_=(1BB'"%C5D)"%E!$$"(
,22*D(PMD(N[XU=(

PNRQ(( E#L,&D(.=(#=O(f#'9D(7=O(^,D(!=O(k33$0D(.=O(.:",/%&D(a=O(f3%%&'D(\=(g=O(E3/-&0D(#=(T=O(
2,''#4%D(g=(\=(18O"%+N2*$"%>&$!?"(,22(D(<9D()RU=(

PN)Q(( 7#:"+;#4#D(l=O(E#L,&D(.=(H=O(F&':&'D(J=(f=O(F30&'D(g=(S=O(k/,BD(2=(\=O(2,''#4%D(g=(\=(("%
C5D)"%45!6"%Q(,22*D(<:AD(W)N)=(

PNUQ(( T#+D(l=O(o"#4BD(g=O(e#4BD(l=O(o"#4BD(F=O(e#4BD(f=(E&2#6NH?(,2**D(@PD()W)Y=(

PN]Q(( I#;'&B#%1.#4%+#B3D(I=O(T+0L,&'%D(g=O(!&A&@D(*=O(!"&4D(f=O(e#4BD(F=O(o#9&&',55+4D(.=(
F=O(Z'm%6&/D(F=(("%16"%45!6"%;-*"(,223D(<=<D(UUX=(

PNWQ(( k'3&6&D(g=(S=O(E+'#%#D(a=O(.:"-+5%1F&45&D(*=O(G'+6,D(!=O(GB+&'D(.=(2=O(!#''D(k=O(
Z'#%6&/D(F=O(2,''#4%D(g=(\=(18O"%+N2*$"%>&$!?"(,220D(<LD(>XRN=(

PNXQ(( .4#+%"D(E=(g=O(Z'm%6&/D(F=(18O"%>&$!?"(,221D(<MD(R])R=(

PNYQ(( I#4%#::+D(.=O(2&(H4B&/+0D(I=O(a#6&&',55+4D(F=(k=O(Z'm%6&/D(F=(("%C5D)"%45!6"%4(,2**D(
<<AD(NR>N]=(

PR[Q(( .:"#CC&'"#40D(g=O(T#,-#44D(H=O(e#B&4$C#"/D(H=O(2&+;&/D(!=O(2@#9343AD(`=(G?#"%
7'!*$?-2"%B5D)H*)J%>&$!?"%1BB'"(,2*2D(<<D(>]YR=(

PR>Q(( G,#44&0D(!=O(e+/034D(7=(("%16"%45!6"%;-*"(*403D(M:D(]UNW=(

PRNQ(( lG_aZD(\=(E=O(FH\7JaD(\=(*=O(IS\JGoJD(2=O(T\SeS\D(2=O(kHl.S\D(\=(C5-$-*5!6"%
C5-$-RH-'"(*41-D(<PD(NRR=(

PRRQ(( H4%"3$3,/30D(7=(2=O(."#C#+D(7=(.=(1BB'"%C5D)"%E!$$"(,22-D(F@D(>]NX=(



*+%"+,-(.#/%0(#0($123$#4%0(+4(.3/+5(.%#%&(.&40+%+6&5(.3/#'(!&//0(

 

 70 

PR)Q(( 7#4+B,:"+D(l=O(F+@30"+D(H=O(F#%#B#D(a=O(."+6,9#D(E=O(F3'+%#D(7=(45!6"%C5D)"%E!$$"(
*41,D(<AD(NNR=(

PRUQ(( H;53,D(F=(.=(H=O(G'C+43D(I=(f=O(.34D(l=O(E3/5:'3C%D(.=(("%16"%45!6"%;-*"(*441D(<<MD(
)U>X=(

PR]Q(( o",3D(g=1F=O(o"#3D(*=1E=O(f4BD(\=1p=O(e34BD(*=1l=O(!"+#D(f=1g=O(7#4BD(g=1!=O(
.+A#'#-#9'+0"4#4D(.=O(o"3,D(F=O(G,D(S=(!=1e=O(!",#D(.=1g=O(.+-D(e=1.=O(!",#D(*=1*=O(
E3D(f=(k=1E=(18O"%>&$!?"(,224D(aH=(

PRWQ(( 2,/,;D(G=O(T#%6+//4D(F=O(.3/3A&AD(.=O(*3B+43A#D(S=O(H/:"#B+'3AD(H=O(F#5&@D(7=(S=O(
2+&;3/5D(_=(;*H!2*!(,221D(=<PD(>[UN=(

PRXQ(( e&45%D(.=O(.:"#,;D(\=O(F#%%"+&0&4D(g=O(`&0%&'B##'5D(S=(k=O(e#"/0%'q-D(S=O(
\#0-,00&4D(F=(2=O(7"30%',$D(f=O(F3/+4#D(*=(F=O(*rB0B##'5D(S=O(.%&40B##'5D(J=O(
E#--&'D(T=O(T&0&4;#:"&'D(I=(;N?S"%;*H"(,22/D(AMFD(NN]=(

PRYQ(( F&@&'D(T=(F=O(*&+C&'D(a=O(.#9#-3%3D(.=O(Z'&&4;#,-D(.=(Z=O(Z'&@D(!=(f=(E+B"(I+&/5(
F,/%+4,:/&#'(aF\(J4A&0%+B#%+34(3C(%"&(.SJ(*#@&'(+4(*+%"+,-(\&:"#'B&#;/&(
T#%%&'+&0=(7'!*$?-*5!6H*&'%&28%;-'H8.;$&$!%E!$$!?)D(N[[UD(FD(H>)U=(

P)[Q(( I,',@#D(k=O(GB#8#D(k=O(F+4&3D(l=O(F#%0,C,M+D(H=O(G9,5#D(g=O(S'#%#D(7=(^\2(0%,5+&0(3C(
%"&(+40&'%+34('&#:%+34(3C(/+%"+,-(8+%"(%+4(3?+5&(#45(%+41;#0&5(#-3'$"3,0(
:3-$30+%&(3?+5&=((-N?2&'%-S%C5D)H*)I%4-28!2)!8%>&$$!?D(N[[>D(<=D(RU>YVRURN=(

P)>Q(( F#:k&46+&D(k=(g=(2=O(.-+%"D(F=(S=(>N'$H2N*'!&?%)-'H8.)$&$!%2N*'!&?%6&#2!$H*%
?!)-2&2*!%-S%H2-?#&2H*%6&$!?H&')O(S/0&A+&'D(N[[NO(`3/=(]=(

P)NQ(( `#4(es//&4D(*=O(S:"&/-&@&'D(7=O(`3+B%D(a=O(kq0%&'D(7=(k=1g=O(.:"+CC-#44D(Z=(*3:#/(*+(
!#%+34(!33'5+4#%+34(#45(2@4#-+:0(+4(a3A&/(.3/+5(S/&:%'3/@%&0=(T!H$)*5?HS$%SU?%
C5D)HV&'H)*5!%45!6H!D(N[>[D(@@9D(>WRUV>W]Y=(

P)RQ(( F&//3D(a=(!=O(T34#B#-;#D(7=(g=O(f#4&$,::+D(E=O(2#"-3,:"&D(k=O(g,5&+40%&+4D(f=O(
H&B&'%&'D(F=(H=(>&*?-6-'!*N'!)(,222D(==D(>NX[=(

P))Q(( I'&,4;&'B&'D(.=(H=O(!"&4D(l=O(2'&8&%%D(a=(S=O(E#'58+:9D(*=(g=O(T#'5tD(I=O(T',:&D(f=(Z=(
12#!3"%45!6H!%/2$"%78"(,2**D(A:D(X][Y=(

P)UQ(( k'+0%+#40&4D(F=O(.:,'/3:9D(\=(2=O(J,D(k=(k=O(GB+/;@D(f=(\=(("%C5D)"%45!6"(*44*D(MAD(
U>Y[=(

P)]Q(( T't5#0D(g=1*=O(T&/M344&D(2=O(!3'3$:&#4,D(`=O(!3'4+/D(g=(45!6"%0!O"(,22(D(<:9D()YW>=(

P)WQ(( f&4BD(o=O(I'&,4;&'B&'D(.=(H=O(E#'58+:9D(*=(g=O(!"&4D(l=O(Z+3'5#4+D(`=O(T#'5tD(I=O(
a3Au9D(f=O(Z'#"#-D(2=O(7#'#0:34D(g=1F=O(T',:&D(f=(Z=(12#!3"%45!6H!(,2**D(<@=D(
])WU=(

P)XQ(( T/#:9D(\=O(G"D(.=(E=O(*&&D(g=1E=O(l+-D(7=O(H5#-0D(T=O(a#6#'D(*=(I=(("%16"%45!6"%;-*"(
,2*,D(<=9D(NY[N=(
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.=O(*,4%6D(H=(!=O(g#:3;0&4D(k=(e=O(av'093AD(g=(k=(("%45!6"%C5D)"(,2*2D(<=@D([W>>[>=(

PU[Q(( I,',;&D(H=O(k#%3"D(\=O(E#'#D(k=O(.#%3D(7=O(F,'#%#D(.=O(H'#9#8#D(E=O(7#:"+@#D(F=(("%
C5D)"%45!6"%Q(,22/D(<:MD(>])[]=(

PU>Q(( k'3&6&D(g=(S=O(E+'#%#D(a=O(.:"-+5%1F&45&D(*=O(G'+6,D(!=O(GB+&'D(.=(2=O(!#''D(k=O(
Z'm%6&/D(F=O(2,''#4%D(g=(\=(18O"%+N2*$"%>&$!?"(,220D(<LD(>XRN=(

PUNQ(( HB'#8#/D(.=O(*&+M%&40D(7=O(\34:#D(S=O(f#0%3'&D(F=O(.4#+%"D(E=O(2&(H4B&/+0D(I=(("%>&$!?"%
45!6"%1(,2*-D(<D(>)]WU=(

PURQ(( Gn\&B#4D(T=(!=O(*&46-#44D(I=(("%C5D)"%45!6"%Q(,22(D(<:FD()R)N=(

PU)Q(( S$&'34D(Z=(S=O(T,'/#93AD(`=(F=O(23:#-$3D(f=O(Z3'+&/@D(H=O(.4#+%"D(E=(g=(18O"%+N2*$"%
>&$!?"(,2*-D(@9D(>U>=(
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,22-D(<:PD(>>R[W=(

PU]Q(( 7+8#4#D(f=O(23:#-$3D(f=O(g3"40%34D(F=(T=O(E&'6D(*=(F=O(.4#+%"D(E=(g=(7"&(3'+B+4(3C(
#4(&CC+:+&4:@(+-$'3A+4B(c/+B"%(03#9+4Bd(&CC&:%(+4(.4GN(;#0&5(03/+510%#%&(5@&1
0&40+%+6&5(03/#'(:&//0=(72!?#D%W%72OH?-26!2$&'%;*H!2*!D(N[>ND(AD(YU]]=(

PUWQ(( 7+8#4#D(f=O(23:#-$3D(f=O(g3"40%34D(F=(T=O(.4#+%"D(E=(g=O(E&'6D(*=(F=(14;%K&2-(
,2**D(AD(U>UX=(

PUXQ(( I'#49D(H=(g=O(k3$+5#9+0D(a=O(*#B&-##%D(g=(`#4(2&=(S/&:%'340(+4(4#430%',:%,'&5(
7+GN(03/#'(:&//0<(7'#40$3'%D('&:3-;+4#%+34(#45($"3%3A3/%#+:($'3$&'%+&0=(
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*444D(<AD(W[)W=(

P]>Q(( k33$0D(.=(S=O(Gn\&B#4D(T=(!=O(T#'4&0D(f=(\=(I=O(2,''#4%D(g=(\=(("%16"%45!6"%;-*"(,224D(
<=<D()X[X=(

P]NQ(( *&&D(F=(F=O(7&,0:"&'D(g=O(F+@#0#9#D(7=O(F,'#9#-+D(7=(a=O(.4#+%"D(E=(g=(;*H!2*!%XF:."%
Y"(,2*,D(==FD(])R=(

P]RQ(( k+-D(E=1.=O(*&&D(!=1\=O(J-D(g=1E=O(*&&D(k=1T=O(F3&"/D(7=O(F#':"+3'3D(H=O(F334D(.=1g=O(
E,-$"'@1T#9&'D(\=O(l,-D(g=1E=O(F30&'D(g=(S=O(Z'm%6&/D(F=O(f#'9D(a=1Z=(;*H"%0!B"(
,2*,D(@=(

P])Q(( !3'3$:&#4,D(`=O(!3'4+/D(g=O(5#(.+/A#(I+/"3D(2=(H=O(G/+A+&'D(l=O(.+/;&@D(\=O(T't5#0D(g=1*=(
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,223D(<=:D(>NUX=(

P]]Q(( !#$$&/D(_=(T=O(2#&4&9&D(7=O(T#:"D(_=(K&2-%E!$$"(,2*,D(<@D()YNU=(

P]WQ(( 23:#-$3D(f=O(.4#+%"D(E=(g=(K&2-$!*52-'-#D(,2**D(@@D(NNU)[R=(

P]XQ(( e&+5-#44D(g=O(2+%%'+:"D(7=O(k340%#4%+43A#D(S=O(*#,&'-#44D(J=O(_"/&453'CD(J=O(k3:"D(
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+"&(;.'<($'&-&,%&1(/,(%"/-(4"#$%&'("#-(8&&,($589/-"&1(/,=(
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05&( %.( "/*"( &9&4%'.,/4( 1/-.'1&'A( %"&( 4#''/&'( 3.8/9/%:( /,( -.95%/.,B$'.4&--&1(

-&3/4.,154%.'-(%&,1-(%.(8&("/*"9:(4"#'*&(1&,-/%:(1&$&,1&,%>((0&-$/%&(%"/-A(%"&(C/&91(

.C( -.95%/.,B$'.4&--&1( $".%.6.9%#/4-( "#-( 8&&,( 1.3/,#%&1( 8:( %"&( 1&-4'/$%/.,( .C( %"&(

4"#'*&(%'#,-$.'%/,*(9#:&'-(#-("#6/,*(4.,-%#,%(4"#'*&(4#''/&'(3.8/9/%/&->((D,(#11/%/.,A(

%"&(-.9#'(4&99(#'4"/%&4%5'&( /-(#9-.(.C%&,(,.%( %#<&,( /,%.(#44.5,%A(1&-$/%&( %"&( C#4%( %"#%(

%"&( ,#,.-%'54%5'&1( *&.3&%':( .C( --22!-( /-( 9/<&9:( %.( -%'.,*9:( /,C95&,4&( %"&( 4"#'*&(

%'#,-$.'%($'.$&'%/&-(.C(%"&(4"#'*&(%'#,-$.'%/,*(9#:&'->(D,(%"&(C/&91(.C(--22!-A(%"/-("#-(

'&-59%&1( /,(1&8#%&-(.6&'(;"/4"(4"#'*&( %'#,-$.'%/,*( 9#:&'(E+/FG(.'(H+7I( /-( 9/3/%/,*(

%"&(8#9#,4&1(4"#'*&(4.99&4%/.,( /,( %"&(1&6/4&-A(#(J5&-%/.,( %"#%("#1('&3#/,&1( 9#'*&9:(

5,'&-.96&1( 5,%/9( %"&( $'&-&,%( ;.'<>( ( +"/-( 9#4<( .C( 5,1&'-%#,1/,*( "#-( $'&6&,%&1(
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'&-&#'4"&'-( C'.3( %'#,-9#%/,*( %"&/'( 3.1&9-( .C( %"&( 1&6/4&( 8&"#6/.5'( /,%.( /3$'.6&1(

&CC/4/&,4/&-A(#-(;&99(#-(C'.3(5,1&'-%#,1/,*(1&*'#1#%/.,($#%";#:->((((

+"/-( 4"#$%&'( /,%'.154&-( #( ,&;( %&4",/J5&A( %&'3&1( %'#,-/&,%( 3.8/9/%:(

-$&4%'.-4.$:( E+72IA( ;"/4"( &3$9.:-( -/359%#,&.5-( %/3&( '&-.96&1( 4.,154%/6/%:( #,1(

#8-.'$%/.,(3&#-5'&3&,%-( %.( 1&%&'3/,&( %"&( 4"#'*&( 1&,-/%:( 1&$&,1&,%( 3.8/9/%:( .C(

-&6&'#9(4.33.,9:(&3$9.:&1(-&3/4.,154%.'-A(/,(%"&(--22!(#-(;&99(#-($.9:3&'(89&,1(

1&6/4&( -%'54%5'&->( ( +"&( C/,1/,*-( :/&91( ,&;( /,-/*"%( /,%.( %"&( /,C95&,4&( .C( %"&(

3&-.-%'54%5'&( .,( 4"#'*&( %'#,-$.'%( /,( .'*#,/4( -&3/4.,154%.'->( ( +"&( '&-59%-( C'.3(

+72(3.'&.6&'( '&-.96&( %"&( J5&-%/.,( .C(;"/4"( 4"#'*&( %'#,-$.'%/,*( 9#:&'( /-( 9/3/%/,*(

4"#'*&( %'#,-$.'%( /,(.$%/3/K&1(1&6/4&-=(1&6/4&-(#'&(&9&4%'.,( 9/3/%&1(#%(-".'%(4/'45/%A(

85%( ".9&( 9/3/%&1( #%( C.';#'1( 8/#-( 1&$&,1/,*( .,( %"&(H+7( ".9&(3.8/9/%:( #,1( 1.$/,*(

9&6&9>((+"&-&(/,-/*"%-(85/91(.,(%"&($'&6/.5-(4"#$%&'A(#,1("/*"9/*"%(%"&(/3$.'%#,4&(.C(

H+7($B1.$/,*(/,(%"&(45''&,%(-%#%&B.CB%"&B#'%(&38.1/3&,%(.C(--22!->((+"&-&(C/,1/,*-(

3#<&( /%( $.--/89&( %.( 5,1&'-%#,1( ;":( %"/4<( E3#%4"/,*( %"&( .$%/4#9( 1&$%"( .C( %"&(

#8-.'8&'I(--22!-("#6&(,.%(8&&,(#89&(%.(3&&%(%"&(&@$&4%&1($&'C.'3#,4&->((+"&(%..9-(

1&6&9.$&1(/,(%"/-(4"#$%&'A(%.*&%"&'(;/%"(%"&(5,1&'-%#,1/,*(L5-%(1&-4'/8&1A(;/99(#9-.(

8&(/,6#95#89&(;"&,(-%51:/,*(%"&(1&*'#1#%/.,(/,(4"#'*&(%'#,-$.'%($#%";#:-(/,(--22!-(

/,(!"#$%&'(M>((

!

)>G(
(
D,%'.154%/.,(

2.95%/.,B$'.4&--&1( .'*#,/4( -&3/4.,154%.'-A( 3&%#9( .@/1&( -.9B*&9-( #,1(

-&3/4.,154%.'(,#,.$#'%/49&-(#'&(.C%&,(4.,-/1&'&1(6&':($'.3/-/,*(3#%&'/#9-(C.'(5-&(

/,( 9/*"%( &3/%%/,*( 1/.1&-A( %'#,-/-%.'-A( #,1( $".%.6.9%#/4-?N)>( 0&-$/%&( %"&( 3#,:(

3#,5C#4%5'/,*( #16#,%#*&-A( %"&-&( 3#%&'/#9-( -5CC&'( C'.3( 9.;( 4':-%#99/,&( .'1&'A( %"&(

$'&-&,4&( .C( 3#,:( 1&C&4%-( #,1( #( '&-59%#,%9:( 6#'/&1( $.%&,%/#9( 9#,1-4#$&>ONP( +"&-&(

$'.$&'%/&-(#'&(3#,/C&-%&1(/,(%"&(3#%&'/#9Q-( 9.;(4"#'*&(4#''/&'(3.8/9/%/&-A(&-$&4/#99:(

;"&,( 4.3$#'&1( %.( %".-&( /,( 4':-%#99/,&( 6#4553( 1&$.-/%&1( /,.'*#,/4(

-&3/4.,154%.'-RN?G>(+"&($'&-&,4&(.C(1&C&4%-(#,1(&9&4%'.,/4(1/-.'1&'('&-59%-(/,(#("/*"(

1&,-/%:( .C( -58( *#$( -%#%&-A( -54"( %"#%( 4"#'*&( %'#,-$.'%( 35-%( .C%&,( .445'( 6/#( #( %'#$(
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9/3/%&1( 3&4"#,/-3?SA?T>( !"#'*&( ".$$/,*( /,( -3#99( 3.9&459&( #,1( $.9:3&'/4(

-&3/4.,154%.'-A(#-(;&99(#-(%'#$(9/3/%&1(1/CC5-/.,(/,(+/FG("#-(#9'&#1:(8&&,(%".'.5*"9:(

1&-4'/8&1(/,(!"#$%&'(G>((D,(4.,%'#-%(%.(4':-%#99/,&(-&3/4.,154%.'-A(%"&(4"#'*&(4#''/&'(

3.8/9/%:( /,( &9&4%'.,/4#99:(1/-.'1&'&1(3#%&'/#9-( 4#,( %"&,("#6&( #( -%'.,*(1&$&,1&,4&(

5$.,(%"&(4"#'*&(4#''/&'(1&,-/%:OAPA?)A?O>((

U.'(-.9#'(4&99-(3#1&(.C(%"&-&(3#%&'/#9-A(-54"(#-(--22!-(#,1(859<("&%&'.L5,4%/.,(

EVHWI( .'*#,/4( -.9#'( 4&99-A( %"&( 4"#'*&(3.8/9/%:( /-( #( 4'/%/4#9( $#'#3&%&'( %.(5,1&'-%#,1(

#,1( 4.,%'.9>( ( D%( /,C95&,4&-( /3$.'%#,%( #-$&4%-( .C( $".%.6.9%#/4( 4.,6&'-/.,( /,4951/,*(

&9&4%'.,( #,1( ".9&( -&$#'#%/.,( /,( .'*#,/4-A( %"&( 4"#'*&( 1/CC5-/.,( 9&,*%"A( #,1( -&'/&-(

'&-/-%#,4&(9.--&-(E#-(1&-4'/8&1(/,(!"#$%&'(TI?MNGX>(U5'%"&'3.'&A(-/,4&(3#,:(.C(%"&-&(

-:-%&3-(#'&(,.%(/,%&,%/.,#99:(1.$&1A(%"&(4"#'*&(1&,-/%:(3#:(6#':(4.,-/1&'#89:(;/%"(

4"#,*/,*(9/*"%(/,%&,-/%:(#,1(#$$9/&1(&9&4%'/4#9(8/#-(E/>&>( 9.;(4"#'*&(1&,-/%:(#%(-".'%B

4/'45/%( #,1("/*"( 4"#'*&(1&,-/%:( #%( .$&,B4/'45/%IA(3#</,*( 4"#'*&(3.8/9/%:( #( 6#'/#89&(

'#%"&'( %"#,( #( 4.,-%#,%( C.'( #,:( */6&,( 3#%&'/#9( #,1( $".%.6.9%#/4( -:-%&3MAPA?S>( ( U.'(

%'#,-/-%.'-(#,1(9/*"%(&3/%%/,*(1/.1&-(EYZ0-IA(-$&4/C/4(3&#-5'&3&,%(%&4",/J5&-("#6&(

8&&,(1&6&9.$&1(%.(#--&--(%"&(3.8/9/%:(5,1&'('&9&6#,%(;.'</,*(4.,1/%/.,->(H&'&A(%"&(

3.8/9/%:(4#,(8&(&@%'#4%&1(C'.3(%'#,-C&'(45'6&-(.C(C/&91(&CC&4%(%'#,-/-%.'-(EUZ+-IA(#,1(

C'.3( -$#4&( 4"#'*&( 9/3/%&1( 45''&,%( E2!Y!I( 3&#-5'&3&,%-( /,( 1/.1&-?TA?OAG?AGG>( ["/9&(

%"&-&(%&4",/J5&-(#'&(#$$9/&1(%.(-.9#'(4&99-A(-$&4/C/4(%&4",/J5&-(-54"(#-(%/3&B.CBC9/*"%(

E+FUI( $".%.B45''&,%( %'#,-/&,%( #,1( 1#'<( /,L&4%/.,( %&4",/J5&-( "#6&( #9-.( 8&&,(

1&6&9.$&1?XAGG>(\99("#6&(%"&/'(3&'/%-A(85%(,.,&(.$&'#%&(/,($'&4/-&9:(%"&(-#3&('&*/3&(

.'(.6&'(%"&(-#3&('#,*&(.C(4.,1/%/.,-(E4"#'*&(1&,-/%:(#,1(&9&4%'/4(C/&91I(#-(&@/-%(/,(#(

-.9#'(4&99(5,1&'(.$&'#%/.,>(D,(#11/%/.,A(%"&(3.'$".9.*:(/,(#(,#,.(%.(3&-.B-%'54%5'&1(

-.9#'( 4&99( /-( 6&':( 1/CC&'&,%( %.( %"&( %:$/4#9( %"/,( -.9/1( C/93-( $'&$#'&1( C.'( 3.8/9/%:(

&-%/3#%/.,-( 6/#( 4.,6&,%/.,#9( %&4",/J5&-A( /,%'.154/,*( #11/%/.,#9( 6#'/#%/.,( #,1(

5,4&'%#/,%:( %.( 3.8/9/%:( &-%/3#%/.,->( U.'( /,-%#,4&A( %"&( ".9&( 3.8/9/%:( C.'( $.9:ESB

"&@:9%"/.$"&,&I( E]SH+I( 4#,( 6#':( 8:(3.'&( %"#,(T( .'1&'-( .C(3#*,/%51&A( 1&$&,1/,*(

5$.,( %"&(3&#-5'&3&,%(3&%".1( #,1( C/93( $'&$#'#%/.,RAGS>( ]'&-&,%9:A( %"&(3.8/9/%:( /,(

%"&( -.9#'( 4&99-( 4#,( %"&'&C.'&( .,9:( 8&( &-%/3#%&1A( #,1( #99( $":-/4#9( #,#9:-/-( #,1(

-58-&J5&,%(3.1&99/,*(.C( 45''&,%(6.9%#*&( 4"#'#4%&'/-%/4-(#'&( -58L&4%( %.(#(3#L.'(#,1(

9#'*&9:(5,J5#,%/C/#89&(5,4&'%#/,%:>!

(
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]&%'.KK#( !"# $%>( ( "#6&( $'&6/.5-9:( &3$9.:&1( J5#-/B-%&#1:( -%#%&( $".%./,154&1(

#8-.'$%/.,( -$&4%'.-4.$:( 4.38/,&1( ;/%"( $".%.4.,154%/6/%:( 3&#-5'&3&,%-( %.(

1&%&'3/,&(%"&(&9&4%'.,(3.8/9/%:(/,(1:&B-&,-/%/K&1(+/FGGT>##D,($'/,4/$9&(/%(/-($.--/89&(%.(

1&%&'3/,&( %"&( 4"#'*&( 4#''/&'( 3.8/9/%:( #-( #( C5,4%/.,( .C( 4"#'*&( 1&,-/%:( /,( %"/,( C/93(

-.9#'( 4&99( #'4"/%&4%5'&-( 6/#( %"/-( %&4",/J5&A( 85%( /,( $'#4%/4&( /%( /-( #( 4538&'-.3&( #,1(

%/3&B/,%&,-/6&( &@$&'/3&,%>( ( H&'&A( #( ,&;( %&4",/J5&( /-( /,%'.154&1( %.( C#4/9/%#%&( %"&(

3&#-5'&3&,%( .C( %"&( 4"#'*&( 4#''/&'(3.8/9/%:( #-( #( C5,4%/.,( .C( %"&( 4"#'*&( 1&,-/%:( /,(

,#,.B( %.( 3&-.-%'54%5'&1( $".%.6.9%#/4( #'4"/%&4%5'&-A( %&'3&1( ^+'#,-/&,%( 7.8/9/%:(

2$&4%'.-4.$:_(E+72I>(V:(&3$9.:/,*(+\2(E1&-4'/8&1(/,(!"#$&'(SI(4.38/,&1(;/%"(%/3&(

'&-.96&1($".%.4.,154%/6/%:(3&#-5'&3&,%-A( /%( /-($.--/89&(%.(-/359%#,&.5-9:(3&#-5'&(

8.%"( %"&( $".%.B/,154&1( &9&4%'.,( E".9&I( 4#''/&'( 1&,-/%:( E&( E'IIA( ;"/4"( /-( 1/'&4%9:(

'&9#%&1(%.(%"&(3#*,/%51&(.C($".%.B/,154&1(#8-.'$%/.,A(#,1(%"&(4.,154%/6/%:(E(I(.C(%"&(

3#%&'/#9>(+"/-(#99.;-(.,&(%.(6&':(-/3$9:(4#9459#%&(#(3.8/9/%:(E)IA(5-/,*((

(

`((a( !
!!!!!( ( ( ( ( ( ( ( ( ( E)>S>?I(

(

.6&'(#(8'.#1('#,*&(.C(4"#'*&(1&,-/%/&-(/,(^.,&B-".%_>([/%"(%"/-(%&4",/J5&(/%(/-($.--/89&(

%.( 49&#'9:( #,1( J5/4<9:( .8-&'6&( %"&( 4"#'*&( 1&,-/%:( 1&$&,1&,%( &CC&4%/6&( 3.8/9/%:( /,(

$.9:3&'( #,1( 3.9&459#'( ".9&B4.,154%.'-( #,1( 3&-.$.'.5-( 3&%#9( .@/1&-( ;/%"/,( %"&(

$".%.6.9%#/4(.$&'#%/,*('&*/3&(#,1(#'4"/%&4%5'&>((
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+"&($'/,4/$9&-( .C( %"&(3&#-5'&3&,%( #'&( 1&$/4%&1( /,( U/*5'&( )>?A( #,1( #'&( 6&':(

-/3/9#'( %.( %".-&( $'&6/.5-9:( $'.$.-&1( 8:( ]&%'.KK#( !"# $%>GT>( ( H&'&A( ".;&6&'A( %"&(

3&#-5'&3&,%-( #'&( %/3&( '&-.96&1A( #-( %"&( $".%.4.,154%/6/%:( #,1( #8-.'$%/.,( #'&(

3.,/%.'&1( #-( #( C5,4%/.,( .C( %/3&( 1/'&4%9:( #C%&'( $".%.B&@4/%#%/.,( 8:( #( )( ,-( 9#-&'(

&@4/%#%/.,>( ( 2/,4&( '&4.38/,#%/.,( /,( --22!-( %&,1-( %.( .445'( .6&'( ?XX-( .C( `-A( /%( /-(

$.--/89&(%.(.8%#/,(1#%#(.6&'(#('#,*&(.C(4"#'*&(1&,-/%:(C'.3(%"&(&@4/%#%/.,(1&,-/%:(%.(

K&'.>( DC( #( +\2( $'.8&( ;#6&9&,*%"( /-( 4".-&,( %"#%( 3.,/%.'-( &/%"&'( ".9&-( /,( H+7( .'(

&9&4%'.,-( /,( +/FGA( %"&( +\2( -/*,#9( /-( 1/'&4%9:( '&9#%&1( %.( %"&( $".%.B/,154&1( 4"#'*&(

1&,-/%:>((2/,4&(%"&($".%.4.,154%/6/%:(#,1(+\2(#'&(%#<&,(-/359%#,&.5-9:A(/%(/-($.--/89&(

%.(<,.;(%"&(4"#'*&(1&,-/%:(#%(#,:($./,%(#9.,*(%"&($".%.4.,154%/6/%:(1&4#:A(#,1(ZJ>(

)>?(4#,(8&(5-&1(%.(&-%/3#%&(%"&(3.8/9/%:(#%(#(*/6&,(4"#'*&(1&,-/%:>(((((

,-./0'! "#%#! 0&$/4%/.,( .C( %"&( /,C.'3#%/.,( *#/,&1( 8:( %"&( 3&%".1( $'.$.-&1( "&'&( C.'( #( 3#%&'/#9( ;/%"( #(
3.8/9/%:(&@"/8/%/,*(#(9#'*&(4"#'*&(1&,-/%:(1&$&,1&,4&>((+"&(+\2(-/*,#9(/-(C/%%&1(%.('&3.6&(%"&(,./-&(/,(%"&(
1#%#A(#,1(%"&,('&9#%&1(%.(%"&(4"#'*&(1&,-/%:(/,(%"&(3#%&'/#9(5-/,*(%"&(&@%/,4%/.,(4.&CC/4/&,%(.C(%"&('&9&6#,%(
4"#'*&(4#''/&'-A(-.(%"#%(%"&(4"#'*&(1&,-/%:(/-(<,.;,(#-(#(C5,4%/.,(.C(%/3&(#C%&'(%"&($".%.B&@4/%#%/.,>((+"&(
%'#,-/&,%(4.,154%/6/%:(E#C%&'(-3..%"/,*(5-/,*(#1L#4&,%(#6&'#*/,*IA('&4.'1&1(-/359%#,&.5-9:A(4#,(%"&,(8&(
5-&1( %.( 4#9459#%&( %"&(3.8/9/%:( #-( #( C5,4%/.,( .C( %/3&A( ;"/4"( 4#,( %"&,( .C( 4.5'-&( 8&( #9-.( 4.,-/1&'&1( #-( #(
C5,4%/.,(4"#'*&(1&,-/%:>((

!
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+"&(1&6/4&(*&.3&%':(&3$9.:&1(C.'(%"&(+72(3&#-5'&3&,%(/-(-".;,(/,(U/*5'&(

)>GG)>( +:$/4#99:A( 1:&B-&,-/%/K&1( 3&-.$.'.5-( +/FG( /-( /,C/9%'#%&1( ;/%"( $B%:$&( .'*#,/4(

".9&B%'#,-$.'%(3#%&'/#9->(2&9&4%/6&(4.,%#4%(/-(3#1&(%.(&/%"&'(%"&(H+7(EU/*5'&()>G#I(8:(

1&$.-/%/.,(.C(%.$(*.91(&9&4%'.1&-A(.'(%.(%"&(+/FG(&9&4%'.,(%'#,-$.'%&'(8:(1&$.-/%/.,(.C(

*.91(&9&4%'.1&-(.,(%"&(*9#--(-58-%'#%&($'/.'(%.($'/,%/,*(.C(%"&(3&-.$.'.5-(+/FG(9#:&'(

EU/*5'&()>G8I>((+"&(1&6/4&-(5-&1(%.(3&#-5'&(%"&(+/FG(4.,154%/6/%:(&3$9.:&1(,.(H+7>((

+"/-(1&6/4&(#'4"/%&4%5'&("#-(8&&,($'&6/.5-9:('&$.'%&1(C.'(&-%/3#%/,*(%"&(4.,154%/6/%:(

/,( -/3/9#'(3#%&'/#9-GXAGTAG)A( #,1( %"&( 4.,%#4%( '&-/-%#,4&( /-( ,&*9/*/89&( 4.3$#'&1( %.( %"&(

4"#,,&9('&-/-%#,4&(C.'(#99(.C(%"&(3#%&'/#9-(5-&1(/,(%"/-(-%51:(E!"#$%&'(SIA(-.(%"#%(%"&(

%;.B$./,%( $'.8&( 4.,C/*5'#%/.,( 4#,( 8&( #445'#%&9:( 5-&1( %.( &-%/3#%&( %"&( 859<(

4.,154%/6/%:( .C( %"&( -&3/4.,154%.'( /,( %"&( #4%/6&( 9#:&'>( ( +"&( &9&4%'.1&-( #'&( /,%&'B

1/*/%#%&1(%.(3#@/3/K&(%"&(.$&,(#'&#(#6#/9#89&(C.'(%"&(+\2($'.8&(9/*"%(%'#,-3/--/.,>((D%(

35-%( 8&(,.%&1( %"#%( %"/-( *&.3&%':(3&#,-( %"#%( %"&( 9#%&'#9( 4.,154%/6/%:( /-(3&#-5'&1A(

85%( %"&( 3&-.-%'54%5'&1( #'4"/%&4%5'&( .C( %"&( --22!-( &,-5'&-( %"#%( 4"#'*&( %'#,-$.'%(

35-%(8&(/-.%'.$/4>(

( +"&( 3&#-5'&3&,%( -&%5$( /-( /995-%'#%&1( /,( U/*5'&( )>S#>( ( \( -5/%#89&( $53$(

;#6&9&,*%"(/-(5-&1(C.'($".%.B&@4/%#%/.,(.C(%"&(-&,-/%/K/,*(1:&(E))X(,3I(.'($.9:3&'(

EOXX( ,3IA( 1&$&,1/,*( .,( %"&( 1&6/4&( #'4"/%&4%5'&>( \-( 1/-45--&1( /,( !"#$%&'( G( #,1(

1&3.,-%'#%&1( /,( U/*5'&( )>G8A( %"&( &@4/%&1( 1:&( /,L&4%-( #,( &9&4%'.,( /,%.( %"&( +/FG( #,1(

%'#,-C&'-(#(".9&( %.( %"&(H+7(E-%&$-(?(#,1(G( /,(U/*5'&>()>S('&-$&4%/6&9:I>(+"&-&(-%&$-(

%:$/4#99:( '&#4"( 4.3$9&%/.,( ;/%"/,( ?( ,-GOAGMA( 9&#6/,*( 9.,*B9/6&1( C'&&( 4"#'*&-( ;/%"(

9/C&%/3&-( .C( "5,1'&1-( .C( 3/4'.-&4.,1-( %.( 3/99/-&4.,1-GOAGP>( ( D,( %"/-( -:-%&3A( 9/*"%(

(

,-./0'!"#1#! (0&6/4&(-%'54%5'&( C.'(3&#-5'/,*(E#I(&9&4%'.,(#,1(E8I(".9&(4.,154%/6/%:( /,(--22!(#'4"/%&4%5'&>((
D,(%"&(4#-&(;"&'&(".9&( %'#,-$.'%( /-(3&#-5'&1A( %"&(H+7(4#$$/,*( 9#:&'(&,-5'&-( %"#%( %"&(+/FG( /%-&9C( /-(,.%(
4.,%#4%&1A(;"/9&(%"&(4#$$/,*(/-(9#:&'(/-(<&$%(%"/,(%.(&,-5'&(%"#%(%"&($'&1.3/,#,%(45''&,%(C9.;(/-(%"'.5*"(
%"&(#4%/6&(9#:&'>(((

!
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#8-.'8/,*( $.9:3&'-( "#6&( 8&&,( -".;,( %.( "#6&( ,&*9/*/89&( 4.,%'/85%/.,( %.( 4"#'*&(

*&,&'#%/.,(#-(&9&4%'.,(/,L&4%/.,(C'.3(%"&($.9:3&'(%.(%"&(+/FG(/-(/,&CC/4/&,%GRNS?>((\-(#(

'&-59%A(%"/-(%&4",/J5&(4#,(8&(#$$9/&1(,.%(.,9:(%.(2$/'.B7&F+\0A(85%(#9-.(%.(%;.(9/*"%(

#8-.'8/,*( $.9:3&'-A( ]!]0+V+( #,1( ]SH+A( %"#%( #'&( 4.33.,9:( &3$9.:&1( /,( 8.%"(

--22!-(#,1(VHW(-.9#'(4&99->(((

!

"#$#1!
2'34(-5.!678!9-.543!(*!:)40.'!;'59-(<!

(

2/,4&(%"&(.@/1/K&1(-%#%&-(.C(H+7-(5-&1("#6&(4"#'#4%&'/-%/4(#8-.'$%/.,(-$&4%'#(

/,(%"&(6/-/89&(%.(,&#'(/,C'#('&1(EbDcI('&*/.,A(%"&(#8-.'$%/.,(4"#,*&(#-(#('&-59%(.C(%"&(

9#-&'($&'%5'8#%/.,(/-(1/'&4%9:('&9#%&1(%.(%"&(1&,-/%:(.C(".9&-(/,(%"&(H+7->(["&'&(%"&(

&9&4%'.,(4.,154%/6/%:(/,(+/FG(/-(3&#-5'&1A(,.(H+7(/-(5-&1A(#,1(%"&(#8-.'$%/.,(.C(%"&(

.@/1/K&1(c5%"&,/53(1:&( 4.3$9&@( &3$9.:&1A( %&'3&1(!?XOSGA( /-(3.,/%.'&1A(;/%"( %"&(

#--53$%/.,(%"#%(&6&':(".9&(.,(%"&(1:&(4.''&-$.,1-(%.(.,&(&9&4%'.,(/,(%"&(+/FG>((+"&(

!?XO( 1:&( ;#-( &3$9.:&1( 8&4#5-&( .C( /%-( &#-/9:( /1&,%/C/#89&( .@/1/K&1( -$&4/&->( ( +"&(

.@/1/K&1(H+7(#,1(1:&(-$&4%'#(4#,(8&(/1&,%/C/&1(8:($&'C.'3/,*(J5#-/B-%&#1:(-%#%&(]D\(

3&#-5'&3&,%-d(%"&(1.3/,#,%(-$&4/&-(#%(%"&(-9.;(3.159#%/.,(C'&J5&,4:(.C(GS(HK(#'&(

(

,-./0'! "#$#! ! E#I!24"&3#%/4( .C( %"&( -&%5$( 5-&1( /,( %"&( +72( &@$&'/3&,%-A( ;"&'&( +\2( -%#,1-( C.'( %'#,-/&,%(
#8-.'$%/.,( -$&4%'.-4.$:( #,1( '&$'&-&,%-( %"&( .$%/4#9( 1&%&4%/.,( -:-%&3( 1&-4'/8&1( /,( !"#$%&'( S>( E8I(
-4"&3#%/4(.C( 9/*"%(*&,&'#%/.,A(&9&4%'.,( /,L&4%/.,(E?IA(#,1(".9&(%'#,-C&'(EGIA(#-(;&99(#-(4"#'*&(%'#,-$.'%(/,(
--22!->(

!
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%"&(-&$#'#%&1(&9&4%'.,-(#,1(".9&-A(-.(%"#%(%"#%(%"&(]D\(-$&4%'#(#'&('&$'&-&,%#%/6&(.C(

%"&(".9&-( /,( %"&(H+7(E%"&(&9&4%'.,(&@%/,4%/.,(4.&CC/4/&,%( /-(#%(3.-%(e?XXX(7B?(43B?(

#4'.--(%"&(;#6&9&,*%"-($'.8&1("&'&ISSAST>((D,(%"&(4#-&(;"&'&(,.(H+7(/-(&3$9.:&1A(%"&(

&9&4%'.,(1&,-/%:(/,(+/FG(/-(3.,/%.'&1(6/#(%"&(".9&(1&,-/%:(.,(%"&(!?XO(1:&(-&,-/%/K&'>(

]D\(-$&4%'#(#'&(1&$/4%&1(#9.,*(;/%"(%"&(4"&3/4#9(-%'54%5'&-(/,(U/*5'&()>T(C.'(#99(%"&(

H+7-(E/,C/9%'#%&1(/,%.(1:&(-&,-/%/K&1(+/FGI(#,1(%"&(!?XO(1:&(/,(#8-&,4&(.C(H+7(5-&1(

/,(%"/-(-%51:>((+"&(.@/1/K&1(!?XO(1:&(&@"/8/%-(#(8'.#1(#8-.'$%/.,(C&#%5'&(#'.5,1(MXXB

?XXX(,3A( %"&(2$/'.B7&F+\0(&@"/8/%-( %"&(4"#'#4%&'/-%/4(-"#'$($&#<(#'.5,1()GX(,3(

#-( ;&99( #-( %"&( 8'.#1&'( C&#%5&'-( #'.5,1( MXX( ,3( #,1( C5'%"&'( /,%.( %"&( bDcA( %"&(

]!]0+V+(&@"/8/%-(#(*'.5,1(-%#%&(89&#4"(EOXXBRXX(,3I(/,(#11/%/.,(%.(%"&(#8-.'$%/.,(

C'.3(%"&($.9#'.,(ERXXB?SXX(,3IA(#-(1.&-(]SH+(;/%"(#(*'.5,1(-%#%&(89&#4"(5$(%.(O)X(

,3(#,1(#($.9#'.,(#8-.'$%/.,(#'.5,1(O)XB??XX(,3>(((

(

!

,-./0'! "#=#( +"&( 4"&3/4#9( -%'54%5'&-( .C( %"&( H+7-( -%51/&1( "&'&( #'&( 1&$/4%&1( #8.6&( %"&( $".%.B/,154&1(
#8-.'$%/.,(-$&4%'#(.C(%"&(1/CC&'&,%(H+7-(/,(--22!(#'4"/%&4%5'&>((U.'(3&#-5'/,*(&9&4%'.,(%'#,-$.'%A(,.(H+7(
;#-( 5-&1( #,1( %"&( !?XO( .@/1/K&1( -$&4/&-( 1.3/,#%&-( %"&( ]D\( -$&4%'53>( +"&( -#3$9&-( ;&'&( $'&$#'&1( 8:(
W.,*4"59(Y/3(.C( %"&(!"&3/4#9(Z,*/,&&'/,*(0&$#'%3&,%(#%(]."#,*(f,/6&'-/%:(.C( 24/&,4&(#,1(+&4",.9.*:A(
g.'&#>(

!
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+"&(#8-&,4&(.C(]D\(C&#%5'&-(-/3/9#'(%.(%"#%(.C(%"&(.@/1/K&1(!?XO(-5**&-%-(%"#%(

4"#'*&( %'#,-C&'( C'.3( 1:&( %.( H+7( /-( 4.3$9&%&( C.'( #99( %"&( H+7-( &3$9.:&1( "&'&A( #-(

1/-45--&1(/,(!"#$%&'(G>((2%/99A(%.(8&(#89&(%.(#445'#%&9:('&9#%&(%"&(+\2(-/*,#9(%.(4"#'*&(

1&,-/%:A( %"&( &@%/,4%/.,( 4.&CC/4/&,%-( .C( 4"#'*&-( /,( --22!-( 5-/,*( %"&( 1/CC&'&,%( H+7-(

;&'&( 1&%&'3/,&1( &@$&'/3&,%#99:>( ( H&'&A( -/359%#,&.5-( +\2( #,1( 4"#'*&( &@%'#4%/.,(

3&#-5'&3&,%-( ;&'&( $&'C.'3&1( #%( -".'%( 4/'45/%( .,( "/*"( $&'C.'3#,4&( --22!-( ;/%"(

-&3/B%'#,-$#'&,%(&9&4%'.1&-(E?)(,3(\5(%.(#99.;(&,.5*"(9/*"%(%'#,-3/--/.,(%.(4.99&4%(

#(+\2(-/*,#9I>(

( Z@4/%/,*( %"&( 1:&( -&,-/%/K&'( /,( %"&( -#3$9&( ;/%"( #( 9.;( /,%&,-/%:( 9#-&'(

$&'%5'8#%/.,( #,1( .$%/4#99:( $'.8/,*( %"&( -#3$9&( #%( #$$'.$'/#%&(;#6&9&,*%"-( E;"&'&(

%"&( .@/1/K&1( -$&4/&-( #8-.'8-IA( /%( /-( $.--/89&( %.( 3&#-5'&( #,( #8-.'8#,4&( 4"#,*&(

Eh(F>0>I(15&(%.(%"&(*&,&'#%/.,(.C(-&$#'#%&1(4"#'*&-(/,(%"&(C.'3(.C(.@/1/K&1(H+7(#,1(

1:&(#-(1&-4'/8&1(/,(%"&(]D\(-&4%/.,(#8.6&>((+"&(&9&4%'.1&-(#'&(4.,,&4%&1(/,(-&'/&-(%.(

#,(.-4/99.-4.$&(#%(6&':( 9.;( /,$5%( /3$&1#,4&(E)X(F"3-IA(-.( %"#%( %"&(1&6/4&( /-(-".'%(

4/'45/%&1>((D,(%"/-(4.,C/*5'#%/.,A(4"#'*&(&@%'#4%/.,(3&#-5'&3&,%-(4#,(8&($&'C.'3&1(%.(

4#9459#%&(%"&(%.%#9(4"#'*&(EiI($'.154&1(8:(%"&(9#-&'($&'%5'8#%/.,A(;"/9&(&,-5'/,*(%"#%(

%"&( 9#-&'( $&'%5'8#%/.,( /-( 9.;( &,.5*"( %"#%( 3#@/353( 4"#'*&( 1&,-/%:( #C%&'(

$".%.&@4/%#%/.,( '&3#/,-( 8&9.;( ?X?M( 43BS( EC95&,4&( j( )X( kW( 43BGI( ;"&'&( %"&( 4"#'*&(

4.99&4%/.,( &CC/4/&,4:( /-( 5,/%:A( #-( -".;,( /,( !"#$%&'( T( #-( ;&99( #-( %"&( 9/%&'#%5'&GXAS)>(

Z@#3$9&(%'#,-/&,%(#8-.'$%/.,(#,1(45''&,%(&@%'#4%/.,(%'#4&-(#'&(-".;,(/,(U/*5'&()>)>((

+"&(45''&,%( /-( /,%&*'#%&1(;/%"(%/3&(%.(4#9459#%&(*7A(;"/4"(%"&,(*/6&-(%"&(1&,-/%:(.C(

.@/1/K&1( H+7( .'( 1:&A( 1&$&,1/,*( .,( %"&( -:-%&3A( $&'( 43SA( ;"/4"( 4#,( 8&( &#-/9:(

4.,6&'%&1(%.(#(3.9#'/%:>( (Z,-5'/,*(%"#%(%"&(4.99&4%/.,(&CC/4/&,4:(/-(49.-&(%.(?XX(l(/-(

&--&,%/#9(/,(%"/-(3&#-5'&3&,%A(#-(.%"&';/-&(%"&(/,%&*'#%&1(45''&,%(;/99(,.%('&$'&-&,%(

#99(.C(%"&(4"#'*&($'&-&,%(/,(%"&(-:-%&3(5$.,(%"&(/,/%/#9($".%.B&@4/%#%/.,>((+"&(#''.;(/,(

%"&( #8-.'$%/.,( %'#4&( -".;-( ".;( %"&( 3#@/353( #8-.'$%/.,( $&'%58#%/.,( /-( 5-&1( %.(

&-%/3#%&(%"&(h(+(4.''&-$.,1/,*(%.(%"&(3#@/353(4.,4&,%'#%/.,(.C(".9&-(/,(%"&(1&6/4&>((

g,.;/,*(%"&(3.9#'/%:(E*7IA(#8-.'8#,4&(4"#,*&(Eh#+I(.C(%"&(-$&4/&-(8&/,*($'.8&1A(#,1(

$'.8&(9/*"%($#%"(9&,*%"(%"'.5*"(%"&(-#3$9&(E,IA(.,&(4#,(&-%/3#%&(%"&(3.9#'(&@%/,4%/.,(

4.&CC/4/&,%(E-\I(8:(8&&'Q-(9#;>((

h(+(a(-+(*7(,( ( ( ( ( ( ( ( ( ( E)>S>GI(
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( (

!

,-./0'!"#"#!+"&(%.$($#,&9(1&$/4%-(#,(&@#3$9&(%'#,-/&,%(#8-.'$%/.,(%'#4&(E#%(-".'%(4/'45/%I(.C(.,&(.C(%"&(-.9#'(
4&99-(5-&1(/,(%"&(-%51:A(#,1(%"&(#''.;($./,%-(.5%(%"&(/,/%/#9($".%.B/,154&1(#8-.'$%/.,($&'%5'8#%/.,(h\>((2&3/(
%'#,-$#'&,%(&9&4%'.1&-(E?)(,3(\5I(#'&(5-&1(%.(#99.;(C.'(-/*,/C/4#,%(9/*"%(%'#,-3/--/.,>((+"&(8.%%.3(*'#$"(/-(
%"&(#--.4/#%&1(-".'%(4/'45/%(45''&,%(%'#4&>((D,%&*'#%/,*(%"&(#'&#(5,1&'(%"&(45'6&(#99.;-(C.'(4#9459#%/.,(.C(%"&(
%.%#9(4"#'*&(*&,&'#%&1(;/%"/,(%"&(1&6/4&(*.>((

!

!! !"#$%&'$()*+,-./0,1'/02, 3&)$%*)4%$,-./0,1'/02,

5#&%6/7.$89:;,<=0>,(', "#$%%%! &&$%%%'"!!

?@A8;,<,B>>,(', ()$%%%! *+!

?@A8;,<,CD>,(', &,$%%%! )%$%%%-$&-!!

E0>F;,<,C>>,(', *+! .)$%%%!(-!

?E?:8G8,G+$*1H,<,F=>,(', &#$%%%! *+!

!!
64>3'! "#%#! Z@$&'/3&,%#9( #,1( 9/%&'#%5'&( 6#95&-( C.'( %"&( &@%/,4%/.,( 4.&CC/4/&,%-( .C( %"&( .@/1/K&1( H+7-( #%( %"&(
4".-&,($'.8&(;#6&9&,*%"->( (+"&(!?XOm(4#%/.,(4.591(,.%(8&(3&#-5'&1(6/#(%"&(%&4",/J5&($'&-&,%&1(#8.6&A(-.(
%"&( 9/%&'#%5'&(6#95&( #%( RXX(,3(;#-( 5-&1>( ( U.'(]!]0+V+A( %"&(*'.5,1(-%#%&( 89&#4"(;#-(5-&1(#-( %"/-(;#-( %"&(
-%'.,*&-%(C&#%5'&(/,(%"&(]D\(-$&4%'53>((U.'(]SH+A(8.%"(3#/,(#8-.'$%/.,($&#<-(#'&(3&#-5'&1A(85%(%"#%(#%(RPX(
,3(/-(5-&1(C.'(-58-&J5&,%(3&#-5'&3&,%->(
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+"/-( &@$&'/3&,%( ;#-( $&'C.'3&1( C.'( #99( %"&( H+7-( 5-&1( /,( %"/-( -%51:>( ( ]'.8&(

;#6&9&,*%"-(;&'&( 4".-&,( 8#-&1( .,( %"&( ]D\( -$&4%'#( /,( U/*5'&( )>T( %.( &,-5'&( %"#%( #(

9#'*&(+\2(-/*,#9(4.591(8&(C.5,1(;/%"(3/,/3#9(.6&'9#$(;/%"(%"&(.@/1/K&1(!?XO>((["&,(

$.--/89&A(;#6&9&,*%"-(;&'&(4".-&,(%"#%(#'&(4.33.,9:(5-&1(/,(%"&(9/%&'#%5'&A(%.(#99.;(

C.'(6&'/C/4#%/.,(.C(%"&(&@%/,4%/.,(4.&CC/4/&,%-(1&%&'3/,&1(6/#(%"&(%&4",/J5&($'&-&,%&1(

#8.6&>( (+#89&()>?(9/-%-(%"&(&@%/,4%/.,(4.&CC/4/&,%-(C.'(%"&(H+7-(5-&1(/,(%"/-(-%51:A(/,(

--22!(#'4"/%&4%5'&A( #-(;&99( #-( %"&( 9/%&'#%5'&(6#95&-(#%( %"&( -#3&($'.8&(;#6&9&,*%"->((

+"&( 6#95&-( C'.3( %"&( 4"#'*&( &@%'#4%/.,( &@$&'/3&,%( #'&( ,.%#89:( &@%'&3&9:( 49.-&( %.(

%".-&( #6#/9#89&( /,( %"&( 9/%&'#%5'&( C.'( 2$/'.B7&F+\0( E#%( )?X(,3I( #,1(]SH+( E#%( RPX(

,3I>(

+.(3&#-5'&(%"&(4.,154%/6/%:(/,(%"&(#4%/6&(9#:&'(15'/,*(%"&(+72(3&#-5'&3&,%A(

%"&(1&6/4&(/-(4.,,&4%&1(/,(-&'/&-(;/%"(#(6.9%#*&(-.5'4&(#,1(6#'/#89&('&-/-%.'(E<&$%(j(

?l( .C( %"&( -#3$9&( '&-/-%#,4&IA( ;/%"( #,( .-4/99.-4.$&( $'.8/,*( %"&( %'#,-/&,%( 6.9%#*&(

$&'%5'8#%/.,(#4'.--(%"&('&-/-%.'A(#,1("&,4&(%'#,-/&,%(45''&,%(%"'.5*"(%"&(4/'45/%>(((((

V&4#5-&! %"&( +\2( 3&#-5'&3&,%( J5#,%/C/&-( %"&( 4"#,*&( /,( #8-.'8#,4&( .C( %"&(

-#3$9&(#%(#(*/6&,(;#6&9&,*%"A(/%(*/6&-(%"&(%'#,-/&,%($".%.B/,154&1(4"#'*&(1&,-/%:(h&(

Eh'IA( 85%( ,.%( %"&( 1#'<( ^8#4<*'.5,1_( 4"#'*&( 1&,-/%:>( +"&( &@$'&--/.,( '&9#%/,*( %"&(

4"#,*&( /,( 4.,154%/6/%:( 15&( %.( 9/*"%( &@4/%#%/.,( .C( %"&( -#3$9&( /-( */6&,( /,( ZJ>( )>S>(

\--53/,*(#(/0$12!#,!&34"5#,!'!&,!&"#6784%4"5A(#445'#%&(1&%&'3/,#%/.,(.C(%"&(3.8/9/%:(

'&J5/'&-(<,.;9&1*&(.C(%"&(#8-.95%&(4"#'*&(1&,-/%:(/,(%"&(3#%&'/#9(C.'(8.%"(9/*"%(#,1(

1#'<(4.,1/%/.,->(+"&(%'#,-/&,%(4.,154%/6/%:(Eh(I(/-(1&C/,&1(#-((

(

h((a(9#n)G&G(E'GI(N()?&?(E'?Io(( ( ( ( ( ( ( E)>S>GI(

(

;"&'&()((#,1(&(E'I(#'&(%"&(3.8/9/%:(#,1(4"#'*&(1&,-/%:(8&C.'&E?I(#,1(#C%&'EGI(%"&(9#-&'(

$&'%5'8#%/.,>( ( DC(#(3#%&'/#9("#-(8&&,(4"&3/4#99:(1.$&1A(#-( /-(4.33.,(C.'( %"&(H+7-(

5-&1( /,(-022!-TAGXASOA(&?(;/99(8&(,.,B,&*9/*/89&(#,1(1/CC/459%( %.(1&%&'3/,&(#445'#%&9:>(

\-(-54"A(%"&(1.$&1(3#%&'/#9-(4#,,.%(8&(5-&1(%.(#445'#%&9:(4#9459#%&(3.8/9/%/&-(8:(%"/-(

3&%".1>(H.;&6&'A( /,(5,1.$&1(3#%&'/#9-A(;"&'&(&G(pp(&?( -54"( %"#%(h&E'I(a(&GE'GI( B(



+'#,-/&,%(7.8/9/%:(2$&4%'.-4.$:=(!"#'*&(+'#,-$.'%(/,(0/-.'1&'&1(2&3/4.,154%.'-((

 

 84 

&?E'?I( q( &GE'GIA( .,&( 4#,( -/3$9:( 4#9459#%&( %"&( %'#,-/&,%( 3.8/9/%:( 8:( %"&( &@$'&--/.,(

8&9.;>(((

#

)G(e( !!!
!!!!!!!( ( ( ( ( ( ( ( ( ( E)>S>SI(

(

+"&( 8#4<*'.5,1( 4"#'*&( 1&,-/%:A( #,1( "&,4&( 4.,154%/6/%:A( 4.591( #9-.( 8&(

/,4'&#-&1(8:(^$".%.1.$/,*_(E%"&($".%.B#--/-%&1(.@/1#%/.,(8:(.@:*&,(C.'(&@#3$9&I(.C(

%"&( .'*#,/4( H+7>( H.;&6&'A( %"&( &CC&4%-( .C( $".%.1.$/,*( .C( %"&( 3#%&'/#9-( 5-&1( "&'&(

-".591( 8&( ,&*9/*/89&A( -/,4&( 2$/'.B7&F+\0A( +/FGA( #,1( ]!]0+V+( 1.( ,.%( #8-.'8(

-%'.,*9:( #%( %"&( &@4/%#%/.,( ;#6&9&,*%"( .C( ))X( ,3A( #,1( %"&( 9/*"%( /-( $'&1.3/,#,%9:(

#8-.'8&1(8:(%"&(!?XO(-&,-/%/K&'TAGRASM>(D,(%"&(4#-&(.C(]SH+A(;"/4"(3#:(4.3$&%&(;/%"(

%"&(1:&(C.'(9/*"%(#8-.'$%/.,(%.(C.'3(]SH+BFG(4"#'*&(%'#,-C&'(4.3$9&@&-A(/%("#-(8&&,(

$'&6/.5-9:( -".;,( %"#%( %"&(".9&(3.8/9/%:( /-( ,.%( #CC&4%&1(8:($'.9.,*&1( E".5'-I( 9#-&'(

9/*"%( &@4/%#%/.,( 8&%;&&,( )XX( #,1( OXX( ,3( /,( #/'>( \11/%/.,#99:A( %"&( 8#4<*'.5,1(

4.,154%/6/%:( ;#-( ,.%( .8-&'6&1( %.( -/*,/C/4#,%9:( /,4'&#-&( 15'/,*( %"&( 3&#-5'&3&,%-(

$'&-&,%&1("&'&SP>((

(

)>T(
(
!"#'*&(+'#,-$.'%(/,(--22!-(

+"&( &CC&4%/6&( 3.8/9/%/&-( .C( %"&( ,&#%( E5,1.$&1I( 3#%&'/#9-( #'&( $9.%%&1( #-( #(

C5,4%/.,(.C( 4"#'*&(1&,-/%:( /,(U/*5'&()>O>( ( D%( /-( .,9:($.--/89&( %.( &@%'#4%( #,( ^&CC&4%/6&(

3.8/9/%:_(/,(%"&(-#3$9&(*&.3&%':(5-&1("&'&A(;"&'&(%"&(C/93(%"/4<,&--(/-(%#<&,(%.(8&(

%"&(&,%/'&(3&-.$.'.5-(C/93(#,1("&,4&A(%"&(3.8/9/%:(&@%'#4%&1(/-(%"#%(/,(%"&(4.3$.-/%&(

E+/FGA(H+7(#,1(#/'I>(["/9&(%"/-(;/99(1/CC&'(-.3&;"#%(%.(%"&(3.8/9/%:(.C(%"&(-.9/1(,&#%(

3#%&'/#9A(%"/-(&CC&4%/6&(3.8/9/%:(/-(3.-%('&9&6#,%(%.(4"#'*&(4.99&4%/.,(15'/,*(-.9#'(4&99(

.$&'#%/.,>((
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D,( %"&( 4#-&( .C( +/FGA( %"&(3.8/9/%:( -".;-( %"&( &@$&4%&1( -%'.,*( 4"#'*&( 1&,-/%:(

1&$&,1&,4&A(#$$'.#4"/,*(O(!(?XBS(43G(rB?(-B?(#%(#(4"#'*&(1&,-/%:(#'.5,1( ( (G(!(?X?M(
43BSA( #*'&&/,*( ;/%"( $'&6/.5-( 6#95&-( C'.3( $'&6/.5-( -%&#1:B-%#%&( 3&#-5'&3&,%-( .C(

1:&B-&,-/%/K&1(+/FG(#'.5,1(?XBS( 43G(rB?( -B?( #%( -/3/9#'( 4"#'*&(1&,-/%/&-GTASR>( D,( --22!(

#'4"/%&4%5'&A( %"&(H+7(3.8/9/%/&-( #9-.( -".;( -/*,/C/4#,%( 1&$&,1&,4/&-( .,( %"&( 4"#'*&(

4#''/&'(1&,-/%:A(#-( /-(&@$&4%&1( C.'(1/-.'1&'&1(.'*#,/4(-&3/B4.,154%/,*(3#%&'/#9-PA?)>((

+"&(".9&(3.8/9/%:(.C(2$/'.B7&F+\0(/,4'&#-&-(C'.3(?XB)(%.("/*"(?XBT(43G(rB?(-B?(6#95&-(

;/%"(#,( /,4'&#-&( /,( 4"#'*&(1&,-/%:( %.(S(!( ?X?M( 43BS>( (+"/-(&@$9#/,-( %"&(6#'/#%/.,( /,(

".9&(3.8/9/%:($'&6/.5-9:('&$.'%&1(/,(%"&(9/%&'#%5'&(C.'(%"/-(3#%&'/#9A(#,1(C/%-(;&99(;/%"(

%"&(;.'<(1.,&(8:(].$9#6-<::(!"#$%>(;"&'&(+FU(3&#-5'&,%-("#6&(*/6&,(6#95&-(;/%"/,(

%"/-( '#,*&( 1&$&,1/,*( .,( %"&( &9&4%'/4( C/&91?XATXAT?>( ( +"&( ]SH+( E/,( --22!( #'4"/%&4%5'&I(

3.8/9/%:(-".;-(#(4.3$#'#%/6&9:(-3#99&'(:&%(-58-%#,%/#9(4"#'*&(1&,-/%:(1&$&,1&,4&A(

#,1(1/-$9#:-("/*"&'(3.8/9/%/&-(.C(#'.5,1(?XBS(43G(rB?(-B?A(;"/4"(4.''&-$.,1-(%.(-.3&(

.C(%"&(9.;&'(3.8/9/%:(6#95&-('&$.'%&1(/,(9/%&'#%5'&(C.'(%"/-(3#%&'/#9(.8%#/,&1(6/#(UZ+(

3&#-5'&3&,%-GS>( +"&( 3.8/9/%:( C.'( ]SH+( /,( #( 89&,1( #'4"/%&4%5'&( ;/%"( .,9:( )( l(

]!OXV7(/-($'.6/1&1(/,(%"&(/,-&%(#-(#('&C&'&,4&(C.'(#,(/1&#9(4.,C/*5'#%/.,(;/%"(#(C#/'9:(

4.,-%#,%(3.8/9/%:>(+"/-(;/99(8&(1/-45--&1(/,(C599(/,(#(-58-&J5&,%(-&4%/.,>((+"&(3.8/9/%:(

.C( ]!]0+V+( /-( "/*"&'( %"#,( %"#%( .C( 2$/'.B7&F+\0( 85%( 9.;&'( %"#,( %"#%( .C( ]SH+A(

(

,-./0'!"#?#!!+"&(&CC&4%/6&(3.8/9/%:A(1&'/6&1(8:(%"&(+72(%&4",/J5&A(/-($9.%%&1(#-(#(C5,4%/.,(.C(4"#'*&(1&,-/%:(
/,(--22!(#'4"/%&4%5'&>((+"&(/,-&%(*/6&-(%"&(&CC&4%/6&(3.8/9/%:(.C(]SH+(/,(#,(/1&#9(3.'$".9.*:=(#($".%.#4%/6&(
89&,1(;/%"(.,9:()(;&/*"%(l(]!OXV7A(#,,&#9&1(/,(#(*9.6&8.@A(#-(#('&C&'&,4&(;/%"(#(C#/'9:(4.,-%#,%(3.8/9/%:>(
+"&( -#3$9&-( ;&'&( $'&$#'&1( 8:( W.,*4"59( Y/3( .C( %"&( !"&3/4#9( Z,*/,&&'/,*( 0&$#'%3&,%( #%( ]."#,*(
f,/6&'-/%:(.C(24/&,4&(#,1(+&4",.9.*:A(g.'&#>(
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#$$'.#4"/,*( ?XBS( 43G( rB?( -B?( #%( "/*"&'( 4"#'*&( 1&,-/%/&-A( #*#/,( 3#%4"/,*( %"&( 9.;&'(

'&$.'%&1(6#95&-(/,(%"&(9/%&'#%5'&(C'.3(UZ+(3&#-5'&3&,%-TGATS>(+"&(9.;(6#95&-(C.'(%"&(

$.9:3&'-( 4.''&-$.,1( %.( %".-&( ,.'3#99:( #--.4/#%&1( ;/%"( C/93-( .C( $..'(

4':-%#99/,/%:RAGSATGATSA( 9/<&9:( 15&( %.( %"&(3&-.-4.$/4( #'4"/%&4%5'&A(;"/4"( 4.591( $'&6&,%(

%"&(C.'3#%/.,(.C(9#'*&(4':-%#9(1.3#/,(-/K&-A(#,1('&-59%(/,(-/*,/C/4#,%9:(9&--(%"#,(?XXl(

$.'&( C/99/,*( .C( %"&( 3&-.$.'.5-( +/FGSM>( +"&( #8.6&( '&-59%-( 1&3.,-%'#%&( %"#%( %"&(

3.8/9/%/&-( .C( #99( %"&( 3#%&'/#9-( 5-&1( /,( %"/-( -%51:( -".;( -/*,/C/4#,%( 4"#'*&( 1&,-/%:(

1&$&,1&,4/&-(/,(--22!(#'4"/%&4%5'&(;/%"/,(%"&('&9&6#,%(4"#'*&(1&,-/%:('&*/3&>(+"5-A(

%"&(%&4",/J5&('&$.'%&1("&'&($'.6/1&-(5,/J5&(#,1(6#95#89&(/,-/*"%-(1/'&4%9:('&9&6#,%(

%.(4"#'*&( %'#,-$.'%( /,(-.9#'(4&99( 4.,C/*5'#%/.,>(\(-5'$'/-/,*( C/,1/,*A(;/%"('&-$&4%( %.(

--22!-A(/-(%"#%(%"&(&9&4%'.,(3.8/9/%:(/,(%"&(+/FG(/-(-/*,/C/4#,%9:("/*"&'(%"#,(%"&(".9&B

3.8/9/%:(/,(,&#%(2$/'.B7&F+\0(.6&'(%"&(&,%/'&(.$&'#%/,*('&*/3&>(((

D,(.'1&'(%.(5,1&'-%#,1(%"&(.$&'#%/.,(.C(%"&(-.9#'(4&99A(/%(/-('&9&6#,%(%.('#/-&(%"&(

,.%/.,( .C( #38/$.9#'( 4"#'*&( %'#,-$.'%( /,( %"&( $".%.#4%/6&( 9#:&'( .C( #( --22!( #,1( %"&(

4.,4&$%( .C( ^#38/$.9#'( 3.8/9/%:_( E)+I>( 2/,4&( %"&( $".%.45''&,%( /,( #( -.9#'( 4&99( /-(

#38/$.9#'A(%"&('#%&(.C(C9.;(.C(4"#'*&(%"'.5*"(%"&(1&6/4&(/-(1/'&4%9:(/,C95&,4&1(8:(8.%"(

%"&( 3.8/9/%/&-( E.'( 1/CC5-/.,( 4.&CC/4/&,%-I( C.'( &9&4%'.,-( #,1( ".9&-(

E!!!!"#!!!!!"#$"%&'(")*I(#,1(%"&('&-$&4%/6&(4"#'*&(1&,-/%/&-(E&##,1#'ITTAT)>((+.(-#%/-C:(
45''&,%(4.,%/,5/%:A(

(

!! ! !!!!!!!!!!!
!!!!!!!

( ( ( ( ( ( ( ( ( E)>T>?I(

(

H&,4&A( #( 8#9#,4&1( 4.99&4%/.,( '#%&( C.'( &9&4%'.,( #,1( ".9&-A( #-( /-( '&J5/'&1( C.'( 45''&,%(

4.,%/,5/%:A( 4#,( 8&( #4"/&6&1( 8:( &/%"&'( "#6/,*( 3#%4"&1( 3.8/9/%:( .'( 8:( "#6/,*(

-/*,/C/4#,%9:(*'&#%&'(&9&4%'.,(.'(".9&(1&,-/%/&-(%.(4.3$&,-#%&(C.'(#(9.;&'(3.8/9/%:(.C(

&/%"&'( 4#''/&'>()+(3.-%( 49.-&9:( '&C9&4%-( &/%"&'()&( .'()'( 1&$&,1/,*(5$.,(;"&%"&'( %"&(

$'.154%(.C(&)&(.'(')'(/-(-3#99&'>(/>&>(/C(&)&(jj(')'(%"&,()+#:#)&(#,1(%"&(-.9#'(4&99(4.591(

8&( 4.,-/1&'&1( %.( 8&( ^&9&4%'.,( 9/3/%&1_>( D%( /-( ,.;( /,-/*"%C59( %.( 4.,-/1&'( %"&(

4.,154%/6/%:( E((!(9)&E'II( .C( %"&(H+7-( #%( #( */6&,($".%.B/,154&1( 4"#'*&( 1&,-/%:( /,(
'&9#%/.,(%.(%"&(4.,154%/6/%:(.C(%"&(+/FG>(( (



!"#$%&'()(

 

 87 

+"&( 4.,154%/6/%:( .C( %"&(3#%&'/#9-( 6&'-5-( 4"#'*&( 1&,-/%:( /-( $9.%%&1( /,( U/*5'&(

)>MA!C.'(%"&(H+7-(;/%"(#,1(;/%".5%(%"&(Y/+U2D(#,1("V](#11/%/6&-(E1&,.%&1(8:(E\I(/,(

%"&( 9&*&,1I>( ( D%(35-%(8&(,.%&1("&'&(%"#%( %"&(4"#'*&(1&,-/%:(6#95&-(.,(%"&(@B#@/-(#'&(

,.%( %"&( #8-.95%&( 4"#'*&( 1&,-/%:( 6#95&-( C.'( %"&( Y/+U2D( 1.$&1(3#%&'/#9-( E\IA( 85%( %"&(

$".%.B/,154&1(4"#'*&(1&,-/%:A( -/,4&( %"&(Y/+U2D( %&,1-( %.($B1.$&( %"&(H+7-(E!"#$%&'(

TIGXATO>( \-( &@$&4%&1A( #11/,*( Y/+U2D( /,4'&#-&-( %"&( 4.,154%/6/%:( .C( #99( .C( %"&( H+7-(

-/*,/C/4#,%9:A(;/%"(1.$&1(]SH+('&#4"/,*(&@%'&3&9:("/*"(4.,154%/6/%/&-(.C(?XBG(243BGA(

]!]0+V+( '&#4"/,*( ?XBS( 243BGA( #,1( 2$/'.B7&F+\0( #$$'.#4"/,*( ?XBT( 243BG( #%( %"&(

"/*"&'(4"#'*&(1&,-/%/&->(+"&(1.$&1(H+7-(-".;(6&':(4.,-%#,%(4.,154%/6/%/&-(.6&'(%"/-(

'#,*&(.C($".%.B/,154&1(4"#'*&(1&,-/%:A(;"/4"( 4#,(8&(&@$9#/,&1(8:( %"&-&(3#%&'/#9-Q(

1.$/,*B/,154&1(C'&&(".9&(1&,-/%:(8&/,*("/*"&'(%"#,(%"&($".%.B/,154&1(".9&(1&,-/%:>((

+"&( ,&#%( H+7-( -".;( &@%'&3&9:( 9.;( 4.,154%/6/%/&-( #%( 9.;( 4"#'*&( 1&,-/%/&-A( 85%(

/,4'&#-&(;/%"($".%.B/,154&1(4"#'*&(1&,-/%:>(Y/+U2D(/-(<,.;,(%.(/,%&'4#9#%&(/,%.(+/FG(

%.(9.;&'(%"&(J5#-/(U&'3/(9&6&9(.C(%"&(C'&&(&9&4%'.,-(8:(/,154/,*(-58(8#,1*#$(-%#%&-A(

'&-59%/,*( /,( #( 1&4'&#-&( /,(3.8/9/%:A( &@$9#/,/,*( %"&( 9.;&'( 4.,154%/6/%:( .8-&'6&1( C.'(

%"&(Y/+U2D(#,1( "V](%'&#%&1(+/FGTMATP>( (+"&( C9#%%&,/,*(.C( %"&(-9.$&(#,1(-9/*"%9:("/*"&'(

4.,154%/6/%:( #%( 9.;( 4"#'*&( 1&,-/%/&-(3#:( 8&( 15&( %.( #(3/91( ,B1.$/,*( .C( %"&( 9/%"/53(

%'&#%&1(+/FG(8:(C#4/9/%#%/,*(%"&(C.'3#%/.,(.C(.@:*&,(6#4#,4/&-TR>((

(

,-./0'!"#@#( (+"&(4.,154%/6/%:(.C(%"&(6#'/.5-(3#%&'/#9-(/-(1/-$9#:&1A(;/%"(#,1(;/%".5%(%"&(-%#,1#'1(Y/+U2D(
#,1( "8$( #11/%/6&-( E\IA( #-( #( C5,4%/.,( .C( $".%.B/,154&1( 4"#'*&( 1&,-/%:>( ( +"&( 4.9.5'&1( 1#%#( ;/%"( .$&,(
3#'<&'-( '&$'&-&,%( %"&( 4.,154%/6/%/&-( ;/%"( #11/%/6&-A( /&( %"&( 4.,C/*5'#%/.,( 5-&1( /,( %"&( 8&-%( --22!->( +"&(
-#3$9&-(;&'&($'&$#'&1(8:(W.,*4"59(Y/3(.C(%"&(!"&3/4#9(Z,*/,&&'/,*(0&$#'%3&,%(#%(]."#,*(f,/6&'-/%:(.C(
24/&,4&(#,1(+&4",.9.*:A(g.'&#>(
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["/9&( %"&( 3.8/9/%:( .C( +/FG( /-( 354"( "/*"&'( %"#,( %"#%( .C( 2$/'.B7&F+\0A( %"&(

4.,154%/6/%/&-(;/%"(%"&(#11/%/6&-($'&-&,%(#'&(3.'&(4.3$#'#89&(15&(%.(%"&($B1.$/,*(.C(

2$/'.B7&F+\0(;/%"(Y/+U2D>(((U'.3(%"&(1/-45--/.,(.C(%"&(#38/$.9#'(3.8/9/%:(#8.6&A(/%(

/-(&6/1&,%(%"#%(#%(%"&(9.;(4"#'*&(1&,-/%:('&*/3&(C.5,1(#%(-".'%B4/'45/%(4.,1/%/.,-(Ej(G(

!(?X?M(43BSIGXA)XA((%"&(9.;(+/FG(4.,154%/6/%:(;/99(9/3/%(4"#'*&(4.,154%/.,(/,(%"&(-.9#'(

4&99-(C.'(#99(4.38/,#%/.,-(.C(3#%&'/#9-(&@4&$%(%"#%(.C(%"&(5,1.$&1(2$/'.B7&F+\0(#,1(

$.--/89:(%"&(5,1.$&1(]!]0+V+>((+"/-(/-(4.,-/-%&,%(;/%"(;"#%("#-(8&&,('&$.'%&1(C.'(

-%#,1#'1( --22!-( 3#1&( 5-/,*( ]SH+( #,1( 2$/'.B7&F+\0( 1.$&1( ;/%"( Y/+U2D=( 4"#'*&(

4.99&4%/.,( #%( -".'%B4/'45/%( #$$&#'-( %.( 8&( 9/3/%&1( 8:( %"&( -9.;( &9&4%'.,( 1/CC5-/.,(

%"'.5*"( +/FG>( H.;&6&'A( /%( /-( &6/1&,%( %"#%( C.'( #99( 3#%&'/#9( 4.38/,#%/.,-( &@4&$%( %"&(

1.$&1(]SH+(#,1(1.$&1(]!]0+V+A(%"&( 9#'*&(/,4'&#-&(/,(+/FG(4.,154%/6/%:('&-59%-( /,(

%"&(H+7(9/3/%/,*(%"&(4"#'*&(%'#,-$.'%(#%(%"&("/*"(4"#'*&(1&,-/%/&-(Ep(G(!(?X?M(43BSI(

%"#%( ;.591( 8&( C.5,1( #%( C.';#'1( 8/#-( /,( --22!->( ["/9&( /%( "#-( $'&6/.5-9:( 8&&,(

-$&459#%&1(%"#%(%"&(4"#'*&(%'#,-$.'%(49.-&(%.(.$&,B4/'45/%(4.,1/%/.,-(/-(9/3/%&1(8:(%"&(

H+7)?A(%"/-(;.'<(*/6&-(%"&(C/'-%(J5#,%/%#%/6&(&6/1&,4&(C.'(%"/-($"&,.3&,.,A(#,1(/%(/-(

$.--/89&( %.( '&-.96&( #%( ;"/4"( $".%.B/,154&1( 4"#'*&( 1&,-/%:( %"&( 4'.--B.6&'( C'.3(

&9&4%'.,B(%.(".9&B9/3/%&1(4.,154%/.,(/-(9/<&9:(%.(.445'>((7.'&.6&'A(/%(/-(49&#'(%"#%(%"/-(/-(

1&$&,1&,%(.,(%"&(H+7(5-&1A(#,1(%"#%(/,(%"&(4#-&(.C(1.$&1(]!]0+V+(#,1(]SH+A(%"&(

4.,154%/6/%/&-( '&3#/,( "/*"&'( %"#,( %"#%( .C( %"&( +/FG( .6&'( %"&( &,%/'&( '#,*&( .C( 4"#'*&(

1&,-/%/&-A( -.( %"#%( +/FG( ;/99( 8&( %'#,-$.'%B9/3/%/,*( #%( #99( $./,%-( .C( 1&6/4&( .$&'#%/.,>(

+"&-&( '&-59%-( */6&(#11/%/.,#9( /,-/*"%( /,%.( %"&( /3$.'%#,4&(.C(1.$/,*(.C( 9.;(3.8/9/%:(

H+7-(/,(--22!-A(#,1(/,1&&1(/,1/4#%&(%"#%(1.$/,*(.C(%"&(+/FG(%.(&,"#,4&(%"&(&9&4%'.,(

4.,154%/6/%:(4.591(8&(5-&C59(;"&,(4.38/,&1(;/%"("/*"&'(4.,154%/6/%:($.9:3&'->(((

(

)>O(
(
7.8/9/%:(.C(]SH+(/,($.9:3&'(89&,1-(

+.( 1&3.,-%'#%&( %"&( 6&'-#%/9/%:( .C( +72A( /1&,%/4#9( 3&#-5'&3&,%-( %.( %".-&(

'&$.'%&1( #8.6&( ;&'&( $&'C.'3&1( .,( 859<( "&%&'.L5,4%/.,( #'4"/%&4%5'&-( &3$9.:/,*(

89&,1-(.C(]SH+(#-(%"&(9/*"%(#8-.'8/,*(".9&(4.,154%.'(;/%"()B?X(;%(l(.C(]!OXV7(#-(

%"&( &9&4%'.,( #44&$%.'>( ( g&&$/,*( %"&( ]!OXV7( 4.,%&,%( %"/-( 9.;( &,-5'&-( %"#%( #,:( /,B

$9#,&( 4"#'*&( 4.,154%/.,( /-( %"'.5*"( %"&( ]SH+A( 85%( /%( /-( "/*"( &,.5*"( %.( &,#89&(
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-/*,/C/4#,%(4"#'*&(-&$#'#%/.,)G>(+"&(3.8/9/%:(C.'(89&,1-(;/%"()(#,1(?X(;%(lA(;/%"(#,1(

;/%".5%( #,,&#9/,*A( #'&( $'&-&,%&1( /,( U/*5'&( )>P>( ( +"&( 1&6/4&-( ;&'&( -$/,B4.#%&1( .,(

*9#--A(-.3&(;&'&(#,,&#9&1(#%(?)X(s!A(#,1(-&#9&1(/,(#(,/%'.*&,(#%3.-$"&'&(Ej(?($$3(

.@:*&,I>( (+"&(3&#-5'&3&,%-(;&'&( %"&,($&'C.'3&1(#-(8&C.'&A(;"&'&( %"&(]SH+(;#-(

&@4/%&1( #%( OXX( ,3( E%#/9( .C( %"&( #8-.'$%/.,I( %.( .8%#/,( 49.-&( %.( 5,/C.'3( 4"#'*&(

*&,&'#%/.,( %"'.5*".5%( %"&( C/93( 1&$%">( ( 2/,4&( %"&( #8-.'$%/.,( $'.C/9&( .C( %"&( ]SH+(

$.9#'.,( /,( %"/-(89&,1(3#:(1/CC&'( C'.3( %"#%( /,( %"&( -022!A( %"&( 9/%&'#%5'&( 6#95&(.C( %"&(

$.9#'.,( &@%/,4%/.,( 4.&CC/4/&,%( #%( RPX( ,3( /-( 5-&1A( ;"/4"( /-( 6&':( 49.-&( %.( %"&(

&@$&'/3&,%#9( 6#95&( .8%#/,&1( "&'&( 6/#( %"&( 4"#'*&( &@%'#4%/.,( 3&%".1>( +"&( 4"#'*&(

1&,-/%:( '&*/3&( .8%#/,&1( "&'&( /-( -.3&;"#%( 9.;&'( %"#,( ;"#%( ;#-( .8%#/,&1( C.'( %"&(

--22!-A( 85%( %"/-( /-( .,9:( ,#%5'#9A( #-( %"/-( /-( #( -58B.$%/3#9( -:-%&3( ;"&'&( 4"#'*&(

-&$#'#%/.,( /-(,.%(&@$&4%&1( %.(8&(5,/%:>( (t./,*(354"( 9.;&'( /,(4"#'*&(1&,-/%:( /-(#9-.(

,.%($.--/89&(8&4#5-&(.C(%"&(9/3/%-(/,(-/*,#9(%.(,./-&('#%/.(.C(%"&(-&%5$>((2%/99A(%"&(4"#'*&(

1&,-/%:( '&*/3&( 4.''&-$.,1-( %.( ;"#%( /-( 4.33.,9:( '&$.'%&1( %.( 8&( '&9&6#,%( /,(

]SH+=]!OXV7(-.9#'(4&99-M>(

(

,-./0'!"#A#((+"&(&CC&4%/6&(3.8/9/%:(/,(]SH+=]!OXV7(VHW(#'4"/%&4%5'&(/-($'&-&,%&1(C.'(%;.(1/CC&'&,%(;&/*"%(
4.,4&,%'#%/.,-(.C(%"&(#44&$%.'(E)(#,1(?X(;%(lI>((U.'(%"&()(;%(l(-#3$9&-A(%"&(&CC&4%(.C(#,,&#9/,*(#%(?)X(s!!
E/,(#,(bG(C/99&1(*9.6&8.@I(;#-(#9-.(&6#95#%&1>((b.%&(%"#%(%"&(3.8/9/%/&-(#'&('&9#%/6&9:(4.,-%#,%(;/%"(4"#'*&(
1&,-/%:A(#-(.$$.-&1(%.(%"&(-#3$9&-($'&$#'&1(/,(--22!(#'4"/%&4%5'&($'&-&,%&1(/,(U/*5'&()>O>((0#%#(/-(-".;,(
C.'( 4"#'*&( 1&,-/%/&-( 8&%;&&,( ?X?O( #,1( )( !( ?X?O( E43BSI( 8&4#5-&( "/*"&'( 4"#'*&( 1&,-/%/&-( 4.591( ,.%( 8&(
.8%#/,&1(;/%"( %"&( 9#-&'( &@4/%#%/.,( 5-&1( "&'&( EOXX( ,3( #%( )X( `W( 43BGIA( 9/<&9:( 15&( %.( /,4.3$9&%&( 4"#'*&(
-&$#'#%/.,(/,(%"&(89&,1-(;/%"(9.;(]!OXV7(4.,4&,%'#%/.,->((

!
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+"&(3.8/9/%:(.C(%"&(]SH+(/,(%"/-(#,,&#9&1(%"/,(C/93(4.,C/*5'#%/.,(/-(C.5,1(%.(

8&( X>?( 43G( rB?( -B?( E#9-.( -".;,( #-( #,( /,-&%( /,( U/*5'&( )>OI>( ( b.%( -5'$'/-/,*9:A( %"/-( /-(

-/*,/C/4#,%9:("/*"&'(%"#,(%"#%(C.5,1(/,(%"&(--22!(#'4"/%&4%5'&A(#,1(3#%4"&-($'&6/.5-9:(

'&$.'%&1( 6#95&-( C.'( %"/,( C/93( 4':-%#99/,&( ]SH+( C'.3( UZ+( 3&#-5'&3&,%-R>( +"&(

'&9#%/6&9:(4.,-%#,%(,#%5'&(.C(%"&(3.8/9/%:(6&'-5-(4"#'*&(1&,-/%:(/-(#,(/,1/4#%/.,(.C(%"&(

"/*"( 1&*'&&( .C( 4':-%#99/,/%:( .C( ]SH+( /,( %"/-( 4.,C/*5'#%/.,A( #,1( -5**&-%-( #( 6&':( 9.;(

%'#$( 1&,-/%:>( +"&( 4.,154%/6/%:A( #-( -".;,( /,( U/*5'&( )>MA( /,4'&#-&-( ;/%"( /,4'&#-/,*(

4"#'*&(1&,-/%:A(4.,C/'3/,*(%"#%(%"&(3#%&'/#9(;#-(,.%(-/*,/C/4#,%9:($B1.$&1>(+"&(-9/*"%(

1&4'&#-/,*(-9.$&(.C(4#''/&'(3.8/9/%:(Ej(C#4%.'(G(.6&'("#9C(#(1&4#1&(/,(4"#'*&(1&,-/%:I(

4.591(8&(15&(%.(5,/,%&,%/.,#9(1.$/,*(.'(1&C&4%(9&6&9-('#/-/,*(%"&(4.,154%/6/%:(.C(%"&(

,&#%(3#%&'/#9>((+"/-(35-%(8&('&9#%/6&9:(3/,.'(".;&6&'A(#-(&6/1&,4&1(C'.3(%"&(#93.-%(

$&'C&4%9:( 9/,&#'9:( /,4'&#-/,*( -9.$&( .C( 4.,154%/6/%:( ;/%"( 4"#'*&( 4#''/&'( 1&,-/%:>(

!.3$#'/,*( %"&-&( 3.8/9/%:( 6#95&-( %.( %".-&( .8%#/,&1( C.'( ]SH+( /,( %"&( 3&-.$.'.5-(

#'4"/%&4%5'&( %"&,( "/*"9/*"%-( %"&( /3$.'%#,4&( .C( 3.'$".9.*:( .,( 4"#'*&( 4#''/&'(

3.8/9/%:( #,1( 1&3.,-%'#%&-( %"#%( %"&( 3&-.-4.$/4( 1/-.'1&'( /,"&'&,%( /,( %"&( --22!(

#'4"/%&4%5'&(/-(C#'(C'.3(/1&#9(;"&,(5-/,*($.9:3&'(H+7-A(4.,C/'3/,*(;"#%("#-(8&&,(

$'&6/.5-9:( '&$.'%&1( 8:( 74t&"&&( !"# $%;GSA)S>( +"&( &CC&4%/6&( 3.8/9/%:( /-( &@$&4%&1( %.(

1&4'&#-&(;/%"(/,4'&#-&1(]!OXV7(4.,%&,%A(#-("#-(8&&,($'&6/.5-9:('&$.'%&1)TA(#,1(%"/-(

/-(.8-&'6&1(/,(U/*5'&()>P(#-(%"&(]!OXV7(4.,%&,%(/-(/,4'&#-&1(C'.3()(%.(?X(;%(l(;/%"(

%"&(3.8/9/%:(1&4'&#-/,*(8:(#$$'.@/3#%&9:(#( C#4%.'(.C(GBS>( (+"/-( /-(3.'&(%"#,(4#,(8&(

#44.5,%&1(C.'(8:(4.,-/1&'/,*(%"#%(%"&(]SH+(4.,%&,%("#-(1&4'&#-&1(C'.3(R)(%.(RX(;%(

l>( ( 2/3/9#'9:A(,.%(#,,&#9/,*()(;%(l( C/93-('&-59%-( /,(#(GBS( C.91(1&4'&#-&( /,(3.8/9/%:A(

4.,C/'3/,*(%"&( /3$.'%#,4&(.C(#,,&#9/,*($'.%.4.9-(.,(4':-%#99/K#%/.,( /,(]SH+(C/3-)T>((

U/,#99:A( /%(-".591(8&(,.%&1(%"#%(%"&(3.8/9/%:("&'&(/-(3&#-5'&1(9#%&'#99:A(;"/4"(/-(%"&(

$'&C&'&,%/#9(1/'&4%/.,(.C(4"#'*&(%'#,-$.'%(C.'(]SH+(C/93-(#-(%"&($.9:3&'(4"#/,-(%&,1(

%.(#9/*,(#9.,*(%"&(".'/K.,%#9($9#,&R>((+"&(;.'<(1.,&("&'&(4.,C/'3-(.8-&'6#%/.,-(.C%&,(

3#1&( /,( %"&( C/&91( .C( VHW( -.9#'( 4&99-A( #,1( 1&3.,-%'#%&-( %"#%( %"&( +72( %&4",/J5&( /-(

&CC&4%/6&(C.'(5-&(/,(8.%"(--22!(#,1(VHW(#'4"/%&4%5'&->(

(

(
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)>O(
(
D3$9/4#%/.,-(%.(--22!($&'C.'3#,4&(

+.(C5'%"&'(4.''&9#%&(%"&-&(3&#-5'&3&,%-(%.(-.9#'(4&99(1&6/4&(4"#'#4%&'/-%/4-A(#(

-&'/&-( .C( --22!-( ;/%"( H+7( 4.3$.-/%/.,-( /1&,%/4#9( %.( %".-&( 5-&1( C.'( %"&( +72(

3&#-5'&3&,%-(;&'&($'&$#'&1>((<=>(E45'6&-(5,1&'(-/359#%&1(-5,(9/*"%I(#'&($9.%%&1(/,(

U/*5'&()>RA(;/%"(%"&(/,-&%(-".;/,*(%"&(-&'/&-('&-/-%#,4&(C.'(%"&(1&6/4&(49.-&(%.(.$&,B

4/'45/%A(#-(1&%&'3/,&1(8:(C/%%/,*(%"&(<=>(45'6&(%.(#,(/1&#9(1/.1&(3.1&9>((Z@%'#4%/,*(%"&(

-&'/&-('&-/-%#,4&(;#-($&'C.'3&1(#-(/,(!"#$%&'(T>((D%(/-(&6/1&,%(%"#%(%"&(Y/+U2D(#,1("V](

#11/%/6&-(#'&(&--&,%/#9(C.'(*..1(1&6/4&($&'C.'3#,4&(/,(2$/'.B7&F+\0(#,1(]!]0+V+(

8#-&1(1&6/4&-A(;"/9&(%"&(]SH+(1&6/4&-(-&&3(%.(C5,4%/.,(3.1&'#%&9:(;&99(&6&,(/,(%"&(

#8-&,4&(.C(1.$/,*>((+"&('&#-.,(C.'(%"&(9.;&'(-".'%B4/'45/%($".%.45''&,%-(#4"/&6&1(C.'(

%"&( ^1.$&1_( ]SH+( #,1( ]!]0+V+( 1&6/4&-( /-( 9/<&9:( %.( 8&( %"&( '&-59%( .C( %"&( $#'#-/%/4(

#8-.'8#,4&(.C( %"&($.9:3&'-A(-/,4&(%"&/'(#8-.'$%/.,(-$&4%'#(.6&'9#$(;/%"(%"#%(.C( %"&(

!?XO( -&,-/%/K/,*( 1:&A( 85%( %"&( &@4/%&1( $.9:3&'-( 4#,,.%( 5,1&'*.( &CC/4/&,%( 4"#'*&(

%'#,-C&'( #%( %"&( +/FG( /,%&'C#4&GRAS?ASM>( +"&'&( #'&( #( $9&%".'#( .C( /,C95&,4&-( %"&( /.,/4(

#11/%/6&-("#6&(.,(4"#'*&(*&,&'#%/.,(#,1('&4.38/,#%/.,A(;"/4"("#6&(8&&,(1/-45--&1(

/,(!"#$%&'(TGXAGPA))N)M>(D,(%"&(4#-&(.C(%"/-('5%"&,/53(1:&A(".;&6&'A(.,&(.C(%"&(1.3/,#,%(

(

,-./0'!"#B#!!<=>(45'6&-(C.'(--22!-(&3$9.:/,*(%"&(6#'/.5-(H7+-(;/%"(#,1(;/%".5%(%"&(-%#,1#'1(Y/+U2D(#,1(
"8$(#11/%/6&->((+"&(9&*&,1(#9-.(1&,.%&-(%"&(-&'/&-('&-/-%#,4&(.C(%"&(1/CC&'&,%(4.,C/*5'#%/.,-(#%(C.';#'1(8/#-A(
#''/6&1( #%( 8:( C/%%/,*( %.( %"&( /1&#9( 1/.1&(3.1&9( #-( 1&-4'/8&1( /,( !"#$%&'( T>( ( +"&( 1#%#( ;/%"( .$&,(3#'<&'-(
1&,.%&-( %"&( 5-&(.C( #11/%/6&->( +"&( -#3$9&-(;&'&( $'&$#'&1(8:( W.,*4"59(Y/3(.C( %"&( !"&3/4#9(Z,*/,&&'/,*(
0&$#'%3&,%(#%(]."#,*(f,/6&'-/%:(.C(24/&,4&(#,1(+&4",.9.*:A(g.'&#>(
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&CC&4%-( .C( %"&( 9/%"/53( -#9%( -".;,( "&'&( /-( %.( '&154&( %"&( -&'/&-( '&-/-%#,4&( %.( 4"#'*&(

%'#,-$.'%(E&-%/3#%&1(#'.5,1(.$&,B4/'45/%IA(#,1(%"#%(%"&('&9#%/6&(-&'/&-('&-/-%#,4&-(/,(

%"&(1&6/4&-( C.99.;(#,( /1&,%/4#9( %'&,1(%.(;"#%( /-( C.5,1( C.'( %"&(4.,154%/6/%/&-(#%("/*"(

4"#'*&(1&,-/%:(/,(U/*5'&()>P>((

(,&#%(-$/'.(j((,&#%(]!]0+V+(j((,&#%(]SH+(j((1.$&1(-$/'.BF7&+\0(j((1.$&1(]!]0+V+(j((1.$&1(]SH+((

b.%#89:A(%"&(-&'/&-('&-/-%#,4&(C.'(%"&(1.$&1(]SH+(1&6/4&(/-(.,9:(3#'*/,#99:A(#,1(,.%(

.'1&'-( .C(3#*,/%51&A( 9.;&'( %"#,( %"&( 1.$&1( 2$/'.B7&F+\0( 1&6/4&A( 4.,-/-%&,%(;/%"(

%"&( ]SH+( 1&6/4&( 8&/,*( &9&4%'.,B9/3/%&1( 8:( %"&( 4.,154%/.,( %"'.5*"( %"&( +/FG( #%(

C.';#'1(8/#->(

]SH+B8#-&1(1&6/4&-($&'C.'3('&3#'<#89:(;&99(/,(%"&(#8-&,4&(.C(#,:(#11/%/6&->(

+"&("/*"&'($".%.45''&,%( /,( %"&($'&-&,4&( .C( %"&( #11/%/6&-( /-( 9/<&9:( %.( 8&(15&( %.( %"&(

&CC&4%(.C(%"&(9/%"/53(/.,-(.,(4"#'*&(*&,&'#%/.,A(-&$#'#%/.,A(#,1('&4.38/,#%/.,(#%(%"&(

+/FG(/,%&'C#4&GPA))>(+"&(5,1.$&1(2$/'.B7&F+\0(#,1(]!]0+V+(1&6/4&-A(".;&6&'A(.,9:(

*&,&'#%&( #$$'.@/3#%&9:(?(3\(43BG( /,( %"&( #8-&,4&(.C( #11/%/6&->( ( 2/,4&( %"&(5,1.$&1(

]SH+B8#-&1(1&6/4&-(1&9/6&'(#$$'.@/3#%&9:(S(3\(43BGA( %"&($..'($&'C.'3#,4&(.C( %"&(

5,1.$&1( 2$/'.B7&F+\0( #,1( ]!]0+V+( 1&6/4&-( /-( ,.%( 15&( -.9&9:( %.( $..'( &9&4%'.,(

/,L&4%/.,('#%&-A(85%(%.(%"&(&@%'&3&9:(9.;(H+7(4.,154%/6/%:(/,(%"&(9.;(4"#'*&(1&,-/%:(

'&*/3&>( 2/,4&( %"&( 4"#'*&( 1&,-/%:( 4"#,*&-( 8:( #$$'.@/3#%&9:( #,( .'1&'( .C(3#*,/%51&(

C'.3(.$&,B4/'45/%(%.(-".'%B4/'45/%A(%"&(".9&(3.8/9/%:(1'.$-(8:(#,(.'1&'(.C(3#*,/%51&A(

#,1("&,4&(%"&(-&'/&-('&-/-%#,4&(/,(%"&(-.9#'(4&99(3#:(4"#,*&(8:(3.'&(%"#,(%;.(.'1&'-(

.C( 3#*,/%51&( *./,*( C'.3( .$&,B( %.( -".'%B4/'45/%>( ( +"/-( ;/99( 49&#'9:( 9&#1( %.( -&'/&-(

'&-/-%#,4&(9/3/%&1(<=>(4"#'#4%&'/-%/4-(E&6&,(%".5*"(%"&(<=>(45'6&(3#:(,.%(9..<(9/,&#'I(

;"&'&( 4"#'*&-( '&4.38/,&( 8&C.'&( %"&:( #'&( &@%'#4%&1>( +"/-( /-( #( ,&;( /,-/*"%( /,%.( %"&(

.$&'#%/.,( .C( --22!-( #,1( C599:( &954/1#%&-(;":( 1.$/,*( /-( &--&,%/#9( C.'( #%%#/,/,*( "/*"(

$&'C.'3#,4&(2$/'.B7&F+\0(8#-&1(1&6/4&->( (+"&(C/,1/,*-("&'&(#9-.(4.3$9&3&,%(%"&(

C/,1/,*-( .C( !"#$%&'( TA( ;"&'&( %"&( /3$.'%#,4&( .C( H+7( 4.,154%/6/%:( .,( %"&( -&'/&-(

'&-/-%#,4&(#,1(UU(;#-(&-%#89/-"&1A(85%(%"&(/,C95&,4&(.,(%"&(-".'%(4/'45/%(45''&,%(-%/99(

,.%(4.3$9&%&9:(5,1&'-%..1(#,1(3.-%9:(#-4'/8&1(%.(4"#,*&-(/,(4"#'*&(*&,&'#%/.,(#,1(

'&4.38/,#%/.,( 1:,#3/4->( ( +"&( ;.'<( $'&-&,%&1( "&'&A( ".;&6&'A( 1&3.,-%'#%&-( %"#%(

;"/9&( %"&( #11/%/6&-( 1.( /,C95&,4&( 4"#'*&( *&,&'#%/.,( #,1( '&4.38/,#%/.,A( 8:( C#'( %"&(

3.-%( -/*,/C/4#,%( /,C95&,4&( /-( %"#%( .C( '#/-/,*( %"&( 4.,154%/6/%:( .C( %"&(H+7-( %.( &,#89&(



!"#$%&'()(
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&CC/4/&,%(4"#'*&(4.99&4%/.,>((+"/-A(.C(4.5'-&(1$&,1-(.,(;"/4"(-&,-/%/K&'(/-(5-&1d(;"&'&(

&9&4%'.,(%'#,-C&'(C'.3(0?XG(C.'(&@#3$9&(8&,&C/%-(3.'&(C'.3(Y/+U2D(%"#,(C'.3(!?XO(

15&(%.(1/CC&'&,4&-(/,($.9#'/K#8/9/%:>(

(

)>M(
(
Y&--.,-(Y&#',&1(C.'(+"/4<(--22!-(

+"&(;.'<($'&-&,%&1(/,(%"&(9#-%(%;.(4"#$%&'-(1&3.,-%'#%&-(%"&(/3$.'%#,4&(.C(

$B1.$/,*( %"&( 4.33.,9:( 5-&1( 2$/'.B7&F+\0( H+7( C.'( "/*"( $&'C.'3#,4&( --22!->((

7#</,*( %"/4<&'( 1&6/4&-( %.( 3#%4"( %"&( #8-.'$%/.,( 1&$%"( .C( 3.-%( 4.33.,9:( 5-&1(

-&,-/%/K/,*(1:&-A(#(*.#9(.C(#(*'&#%(1&#9(.C('&4&,%('&-&#'4"GMATXA)PNOXA(;/99('&-59%(/,(-&'/&-(

'&-/-%#,4&( /--5&-( 8&4.3/,*( &6&,( 3.'&( $#'#3.5,%>( ( D,1&&1A( %.( -544&--C599:( 3#<&(

%"/4<&'( --22!-A( "/*"&'( Y/+U2D( 4.,%&,%-( "#6&( .C%&,( 8&&,( &3$9.:&1A( #9%".5*"( %"&(

'&#-.,(;":(;#-(,.%( 4.3$9&%&9:(5,1&'-%..1TXA)P>( (+"&(5,1&'-%#,1/,*(*#/,&1( /,( %"/-(

%"&-/-( %"5-( C#'( "#-( ".;&6&'( &954/1#%&1( %"&( '.9&-( .C( Y/+U2D>( ( D%( /-( ,.;( $.--/89&( %.(

(

,-./0'!"#%C#( ( E#I(0&$/4%/.,( .C( %"&(".9&( 4.,154%/6/%:( E9&C%( #@/-I( #,1( '&-59%/,*( -&'/&-( '&-/-%#,4&( E/,(F"3-(
43GI( /,( 8.%"( G>)( #,1( O( `3( %"/4<( --22!-( #-( #( C5,4%/.,( .C( %"&( 1.$/,*( 1&,-/%:A( #--53/,*( #( 4.,-%#,%( ".9&(
3.8/9/%:(.C(?XBT(43G(rB?(-B?(C.'(2$/'.B7&F+\0>((D%(/-(49&#'(%"#%(%.(3#/,%#/,(#(-5/%#89:(9.;(-&'/&-('&-/-%#,4&(
Ej(?X(F"3-(43GI(/,(%"/4<(C/93-A(1.$/,*(9&6&9-(.C(-&6&'#9(3.9(l(#'&('&J5/'&1>(( E8I(H&'&(%"&( 9.--(/,($".%.B
45''&,%(15&(%.($#'#-/%/4(#8-.'$%/.,(/-($9.%%&1(#-(#(C5,4%/.,(.C(%"&(-&'/&-('&-/-%#,4&(C.'(%"&(-#3&(%;.(1&6/4&(
%"/4<,&--&-( #%( 8.%"( )?X( #,1( MXX( ,3A( 5-/,*( %"&( 1.$/,*( 9&6&9-( C'.3( E#I( #,1( %"&( <,.;,( &@%/,4%/.,(
4.&CC/4/&,%-(.C(.@/1/K&1(2$/'.B7&F+\0(#9.,*(;/%"(%"&(<,.;,(&@%/,4%/.,(4.&CC/4/&,%-(.C(%"&(4.33.,9:(5-&1(
uRXM(1:&O?>( (+"/-(/-(#(6&':('.5*"(&-%/3#%/.,A(#,1(1.&-(,.%(%#<&(%"&( 9.--&-(15&(%.(%"&(H+7(4#$$/,*( 9#:&'(
/,%.(#44.5,%A(3#</,*(%"&(45''&,%(9.--&-(#,(5,1&'(&-%/3#%&>(

!
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$'.$.-&(#($#%";#:(%.(#%%#/,/,*("/*"&'($&'C.'3#,4&(%"/4<(--22!->(

( ]&'"#$-(%"&(3.-%(/3$.'%#,%(C#4%.'(%"#%("#-(8&&,(.6&'9..<&1(/,($#-%('&-&#'4"(

/-( %"&( C#4%( %"#%( $B1.$&1( E.@/1/K&1I( 2$/'.B7&F+\0( #8-.'8-( -%'.,*9:( ;/%"( $&#<-(

#'.5,1()XX(#,1(MXX(,3>((\-(#('&-59%A(%"&(.@/1/K&1(H+7(;/99(4.3$&%&(;/%"(%"&(1:&(C.'(

9/*"%( #8-.'$%/.,>( ( +"/-( "#-( 8&&,( 8'/&C9:( 1/-45--&1( /,( #( '&4&,%(;.'<( 8:(7#'*59/-( !"#

$%>O?A( 85%( /3$9/4#%/.,-( %.( 4"#'*&( %'#,-$.'%( #,1( /3$'.6/,*( %"/4<( --22!( 1&6/4&(

$&'C.'3#,4&(;&'&( ,.%( &@$9.'&1>( ( V&4#5-&( %"/4<&'( 1&6/4&-(;/99( 8&(3.'&( 9/3/%&1( 8:(

-&'/&-('&-/-%#,4&(/,(%"&(H+7A(%"&(H+7(;/99(,&&1(%.(8&(3.'&("/*"9:(1.$&1A('&-59%/,*(/,(

#,(/,4'&#-&(/,($#'#-/%/4(#8-.'$%/.,>(((

( U/*5'&()>?X(*/6&-(#('.5*"(&-%/3#%/.,(.C(%"&(/,%&'$9#:(8&%;&&,(1&-/'&1(1.$/,*(

9&6&9-(#,1($".%.B45''&,%(9.--&-(15&(%.($#'#-/%/4(#8-.'$%/.,>((g,.;/,*(%"&(&@%/,4%/.,(

4.&CC/4/&,%( .C( .@/1/K&1( 2$/'.B7&F+\0( C'.3( %"/-(;.'<( #,1( C'.3( %"&( 9/%&'#%5'&OGA( #-(

;&99(#-(%"#%(.C(#(4.33.,9:(&3$9.:&1('5%"&,/53(4.3$9&@(1:&(uRXMO?A(/%(/-($.--/89&(%.(

&-%/3#%&(%"&(#3.5,%(.C(9/*"%(#8-.'8&1(8:(%"&(1:&(#,1(%"&(.@/1/K&1(H+7(#-(#(C5,4%/.,(

.C(1.$/,*(4.,4&,%'#%/.,>( (U/'-%A( #,(&-%/3#%&(.C( %"&('&9#%/.,-"/$(8&%;&&,( %"&(1.$/,*(

9&6&9( #,1( %"&(3#%&'/#9( 4.,154%/6/%:(35-%(8&(&-%#89/-"&1>( (U.'( -/3$9/4/%:A( #( 4.,-%#,%(

3.8/9/%:(.C(?XBT(;#-(#--53&1(C.'(2$/'.B7&F+\0>((+"/-(/-(8&4#5-&(%"&(3.8/9/%:(C.5,1(

"&'&( C.'(,&#%( 2$/'.B7&F+\0( /-( 9/<&9:( %.(8&(1/CC&'&,%( C'.3( %"#%( /,( %"&("/*"9:(1.$&1(

3#%&'/#9A( #,1( ?XBT( /-( #( '&#-.,#89&( #$$'.@/3#%/.,( .C( %"&( 3.8/9/%:( #-( 1/-$9#:&1( /,(

U/*5'&( )>O>( ( D%( /-( %"&,( -/3$9&( %.( 4#9459#%&( %"&( 4.,154%/6/%:( #-( #( C5,4%/.,( .C( 1.$/,*(

1&,-/%:A(5-/,*(%"&(-#3&('&9#%/.,(%"#%("#-(8&&,(#$$9/&1(%"'.5*".5%(%"&(%&@%(EZJ>()>S>?I>((

\--53/,*(%"#%( %"&(".9&-(35-%( %'#6&9A(.,(#6&'#*&A("#9C( %"&(1&6/4&( %"/4<,&--( %.('&#4"(

%"&(4#%".1&(E%"/-( /-(#,(5,1&'&-%/3#%/.,( %"#%(#--53&-(#(4.,-%#,%(4"#'*&(*&,&'#%/.,(

$'.C/9&( /,( %"&( 1&6/4&IA( %"&( &@$&4%&1( -&'/&-( '&-/-%#,4&( 15&( %.( ".9&( %'#,-$.'%( /-(

4#9459#%&1( #-( #( C5,4%/.,( .C( 1.$/,*( 9&6&9>( ( H&'&A( %"&( -#3&( $'.4&15'&( ;#-( 5-&1( #-(

1&-4'/8&1(/,(!"#$%&'(T>(((

+.(&-%/3#%&(%"&($&'4&,%#*&(.C($".%.B45''&,%(9.-%(%.($#'#-/%/4(#8-.'$%/.,A(%"&(

&@%/,4%/.,( 4.&CC/4/&,%-( .C( %"&( -&,-/%/K&'( #,1( .@/1/K&1(H+7( -$&4/&-(35-%( 8&( <,.;,>((

+"&(&@%/,4%/.,(4.&CC/4/&,%(.C(.@/1/K&1(2$/'.B7&.+\0((#%()?X(,3("#-(8&&,(1&%&'3/,&1(

/,(%"/-(;.'<A(;"/9&(%"#%(#%(MXX(,3(/-(%#<&,(C'.3(%"&(9/%&'#%5'&(E%"&(4"#'*&(&@%'#4%/.,(

&@$&'/3&,%-($'&-&,%&1( #8.6&( -".;( %"#%( %"&( 9/%&'#%5'&( 6#95&-( #'&( #$$9/4#89&( %.( %"&(
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--22!( 1&6/4&( #'4"/%&4%5'&I>( ( +"&( 4.33.,9:( &3$9.:&1( uRXM( 1:&( /-( 5-&1( C.'( %"&(

#,#9:-/-A( 8&4#5-&( /%( /-( #( "/*"( $&'C.'3#,4&( 1:&( /,( %"/4<( 022!-( 5-/,*( 9/J5/1(

&9&4%'.9:%&-A(;/%"( #,( #8-.'$%/.,( %#/9( /,%.( %"&(bDc( $#'%( .C( %"&( -.9#'( -$&4%'53OS>( ( \-(

-54"A(#(1:&(9/<&(uRXM(;.591(8&(#,(/1&#9(4#,1/1#%&(C.'(3#</,*(%"/4<(--22!-(;/%"("/*"(

$".%.B45''&,%->( ( ( +"&( &@%/,4%/.,( 4.&CC/4/&,%-( C.'( %"&( 1:&( #'&( %#<&,( C'.3( '&4&,%9:(

$589/-"&1(;.'<(8:(7#'*59/-(!"# $%>O?>( ( +.(3.1&9(".;(354"( 9/*"%( /-( #8-.'8&1(8:( %"&(

.@/1/K&1(H+7(#-(.$$.-&1(%.(%"&(1:&A(%"&(&@%/,4%/.,(4.&CC/4/&,%-(#'&(4.,6&'%&1(/,%.(#,(

&CC&4%/6&(#8-.'$%/.,(4'.--B-&4%/.,(/,(%&'3-(.C(--22!(C/93(%"/4<,&-->((+"&(#8-.'$%/.,(/,(

%"&( 4.3$.-/%&( /-( %"&,( #$$'.@/3#%&1( #-( *./,*( %"'.5*"( #9%&',#%/,*( G)( ,3( %"/4<(

-&4%/.,-(.C(H+7(#,1(+/FGv1:&>((+"&(1/CC&'&,4&(8&%;&&,(".;(354"(9/*"%(/-(#8-.'8&1(

8:( %"&( 1:&( 4.3$.-/%&( /,( $'&-&,4&( #,1( #8-&,4&( .C( 1.$&1( H+7( /-( 1/6/1&1( 8:( %"&(

#3.5,%(.C(9/*"%(#8-.'8&1(/,(#8-&,4&(.C(1.$&1(H+7(%.(*/6&(%"&($&'4&,%#*&(.C($".%.B

45''&,%(9.-%(%.($#'#-/%/4(#8-.'$%/.,>( (2/,4&(%"&('&9#%/.,(8&%;&&,(1.$/,*(1&,-/%:(#,1(

%"&(1&6/4&(-&'/&-('&-/-%#,4&("#-(#9'&#1:(8&&,(&-%#89/-"&1A(/%(/-(%'/6/#9(%.(%"&,($9.%(%"&(

$&'4&,%#*&( .C( $".%.B45''&,%( 9.-%( %.( $#'#-/%/4( #8-.'$%/.,( #-( #( C5,4%/.,( .C( -&'/&-(

'&-/-%#,4&(/,(%"&(1&6/4&A(#-(/-(1.,&(/,(U/*5'&()>?X8>((\(-&'/&-('&-/-%#,4&(.C(9&--(%"#,(?X(

F"3-( 43G( E4.''&-$.,1/,*( %.( ?XX( F"3-( /,( %"&( 1&6/4&( 4.,C/*5'#%/.,( 5-&1( "&'&I( /-(

'&J5/'&1(%.(3/,/3/K&(-&'/&-('&-/-%#,4&(9.--&-A(#-(1&-4'/8&1(/,(!"#$%&'(T>((+.(#4"/&6&(

-54"(#(9.;(-&'/&-('&-/-%#,4&A(".;&6&'A("/*"(1.$/,*(9&6&9-(35-%(8&(5-&1A(&-$&4/#99:(/,(

%"/4<( C/93->( ( +"/-( 4.3&-( #%( %"&( 4.-%( .C( $#'#-/%/4( #8-.'$%/.,A(;"/4"( 8&*/,-( %.( 4#5-&(

9.--&-(.C(.6&'(GX(l(#%(8.%"()?X(#,1(MXX(,3A(#,1(354"(3.'&(-.(C.'(%"/4<&'(--22!->((

+"/-(#,#9:-/-(%"&,(1&3.,-%'#%&-(%"#%(5-/,*(H+7-(;/%"(9.;(3.8/9/%:A('&J5/'/,*("/*"(

1.$/,*( 9&6&9-( %.(3/,/3/K&( -&'/&-( '&-/-%#,4&A( 9/3/%-( %"&( $.--/8/9/%:( %.(3#<&( 1&6/4&-(

%"/4<&'( 8&4#5-&( $#'#-/%/4( #8-.'$%/.,( 8&4.3&-( 3.'&( #,1( 3.'&( 1.3/,#,%>( ( [/%"(

'&4&,%(;.'<(1&3.,-%'#%/,*(%"#%(4"#'*&(1/CC5-/.,(9&,*%"-(E#%(-".'%(4/'45/%IS)(#,1(H+7(

$.'&(C/99/,*OXAOG(1.(,.%(9/3/%(%"&(1&6/4&(%"/4<,&--A(%"&(;.'<($'&-&,%&1("&'&(3#:(*/6&(

%"&(8'&#<%"'.5*"(/,(5,1&'-%#,1/,*('&J5/'&1(%.(C/,#99:('&#9/K&(%"/4<(--22!-(;/%"("/*"(

9/*"%("#'6&-%/,*(&CC/4/&,4/&->(

(

(
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)>P(
(
2533#':(#,1(F5%9..<(

+'#,-/&,%(7.8/9/%:(2$&4%'.-4.$:(E+72I("#-(8&&,(1&6&9.$&1(%.(1&%&'3/,&(%"&(

4.,154%/6/%:( #,1( 3.8/9/%:( .C( #( 6#'/&%:( .C( 3#%&'/#9( 4.3$.-/%&-( 4.33.,9:( 5-&1( /,(

.'*#,/4( 8#-&1( $".%.6.9%#/4-( /,( 1&6/4&B9/<&( %"/,( C/93( 3&-.-%'54%5'&1( #'4"/%&4%5'&-A(

.6&'( %"&( '&9&6#,%( '#,*&( /,( 4"#'*&( 4#''/&'( 1&,-/%:>( +"&( 3.8/9/%:( .C( %"&( 3#%&'/#9-(

4.33.,9:(5-&1(/,(--22!-(/-("&#6/9:(1&$&,1&,%(.,(%"&(4"#'*&(4#''/&'(1&,-/%:(#-(;&99(

#-( %"&(3.'$".9.*:>(V:(4.3$#'/,*( %"&(4.,154%/6/%:(.C( %"&(3#%&'/#9-(#-(#( C5,4%/.,(.C(

4"#'*&( 1&,-/%:A( /%( /-( $.--/89&( %.( /1&,%/C:( ;"/4"( 4"#'*&( %'#,-$.'%/,*( 4.3$.,&,%( /,(

--22!-( /-( ^%'#,-$.'%( 9/3/%/,*_(#%(#(*/6&,(4"#'*&(1&,-/%:(#,1("&,4&(#,:($./,%(.,( %"&(

-.9#'(4&99(<=>(45'6&>((D%(/-(&6/1&,%(%"#%(/,(%"&(45''&,%(-%#%&(.C(%"&(#'%(--22!-(&3$9.:/,*(

2$/'.B7&F+\0A(%"&(H+7(/-("&#6/9:(1.$&1(85%(-%/99( 9/3/%-(4"#'*&(%'#,-$.'%(#%(4"#'*&(

1&,-/%/&-( C.5,1( #%( C.';#'1( 8/#->( $B+:$&( 1.$/,*( .C( 9.;(3.8/9/%:( Ej( ?XBT( 43( rB?( -B?I(

H+7-( /-( &--&,%/#9( C.'( &CC&4%/6&( -.9#'( 4&99( .$&'#%/.,A( 85%( %"&("/*"&'(3.8/9/%:(.'*#,/4(

-&3/4.,154%.'-( -54"( #-( ]SH+( 1.( ,.%( ,&4&--/%#%&( 1.$/,*>( D,1&&1A( C.'( C5'%"&'(

/3$'.6&3&,%-(;/%"("/*"&'(3.8/9/%:($.9:3&'-A( &,"#,4&1(4.,154%/6/%:( /,( %"&(+/FG( /-(

'&J5/'&1>(+"/-(#9-.(-5**&-%-(%"#%(#('.5%&(%.;#'1-(1.$#,%(C'&&(--22!-(;/99('&J5/'&(%"&(

1&6&9.$3&,%(.C(,&;(H+7-(;/%"("/*"(".9&(3.8/9/%/&-(Ep(?XBS(43(rB?(-B?I>((V&/,*(#89&(%.(

1&6&9.$( 1.$#,%( C'&&( --22!-( ;.591( 8&( 8&,&C/4/#9( C.'( 3#/,%#/,/,*( 9.,*B%&'3( #,1(

%"&'3#99:( -%#89&( 4"#'*&( %'#,-$.'%( 4"#'#4%&'/-%/4-( /,( %"&( H+7>( ( \-( /%( -%#,1-A( %"&(

'&#4%/6&(,#%5'&(.C(%"&(Y/+U2D(1.$#,%(3&#,-(%"#%(%"&(4"#'*&(%'#,-$.'%(4"#'#4%&'/-%/4-(

.C( %"&( H+7( #'&( 9/<&9:( %.( C954%5#%&( ;/%"( #%3.-$"&'/4( 4.,1/%/.,-A( ;/%"( 49&#'(

'&$&'45--/.,-(%.(%"&(1&6/4&(-&'/&-('&-/-%#,4&(#,1($&'C.'3#,4&>(

+"&(;.'<(C'.3(!"#$%&'-(T(#,1()("#-("/*"9/*"%&1(%"&($#'#3.5,%(/3$.'%#,4&(.C(

H+7(1.$/,*( /,( %"&(8&-%($&'C.'3/,*(--22!->( (U.'(--22!-( %.(8&(#89&( %.(4.3$&%&(;/%"(

4.,6&,%/.,#9($".%.6.9%#/4(1&6/4&-(-54"(#-(2/(#,1(t#\-(8#-&1(1&6/4&-A(".;&6&'A(%"&:(

;/99(-/3$9:("#6&(%.(8&(#89&(%.(/3$'.6&(/,(9/*"%("#'6&-%/,*(&CC/4/&,4:>((+"/-(4#,(8&(1.,&(

8:( 3#</,*( %"&( 1&6/4&-( %"/4<&'A( -.( %"#%( %"&:( #8-.'8( 3.'&( 9/*"%>( ( +"/-( "#-( 8&&,(

$'&1/4%&1(%.(8&($.--/89&A(#-('&4&,%( C/,1/,*-(-5**&-%( %"#%(,&/%"&'($.'&( C/99/,*(,.'( %"&(

4"#'*&(1/CC5-/.,(9&,*%"(9/3/%(%"&($&'C.'3#,4&(.C(%"/4<(--22!->((+"&(;.'<($'&-&,%&1(/,(

!"#$%&'( T( #,1( )A( #,1( -$&4/C/4#99:( %"&( &-%/3#%/.,-( $'&-&,%&1( /,( 2&4%/.,( )>MA(
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 97 

1&3.,-%'#%&(%"#%($#'#-/%/4(#8-.'$%/.,(8&4.3&-(3.'&(#,1(3.'&(/3$.'%#,%(/,(%"/4<&'(

C/93-(#-( %"&(1.$/,*( 9&6&9( /,( %"&(H+7(/-( /,4'&#-&1(%.(3/,/3/K&( %"&(-&'/&-('&-/-%#,4&>((

+"/-( /-( #( ,&;( /,-/*"%A( #,1( */6&-( 49&#'( 1/'&4%/.,( C.'( C5%5'&(;.'<=(H+7-(;/%"( "/*"&'(

3.8/9/%/&-( 35-%( 8&( C.5,1( %"#%( '&J5/'&( 9&--( 1.$/,*( #,1( &@"/8/%( 9&--( $#'#-/%/4(

#8-.'$%/.,( %.( '&#9/K&( "/*"( &CC/4/&,4:( %"/4<( --22!->( \9%&',#%/6&9:A( 3.'&( -%'.,*9:(

#8-.'8/,*(1:&-(4.591(8&(5-&1(%"#%(1.(,.%(,&4&--/%#%&(%"/4<(#4%/6&(9#:&'->(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(
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)>R(

c&C&'&,4&-(

E?I(( 2/''/,*"#5-A(H>d(+&--9&'A(b>d(U'/&,1A(c>(H>(?/4!&/!#@AB=;#C;(%BBAA(DABA(?MT?>(

EGI(( t'&&,"#3A(b>(!>d(7.'#%%/A(2>(!>d(V'#19&:A(0>(0>(!>d(U'/&,1A(c>(H>d(H.93&-A(\>(V>(
%BB$>(

ESI(( w5A(t>d(t#.A(W>d(H533&9&,A(W>(!>d([519A(U>d(H&&*&'A(\>(W>(?/4;#E$';#F,;(%BB"A(DGBA(
?MPR>(

ETI(( V#4"A(f>d(Y5$.A(0>d(!.3%&A(]>d(7.-&'A(W>(Z>d([&/--.'%&9A(U>d(2#98&4<A(W>d(2$'&/%K&'A(
H>d(t'x%K&9A(7>(H$"I1!(%BBAA(JKLA()PS>(

E)I(( FQc&*#,A(V>d(t'x%K&9A(7>(H$"I1!(%BB%A(JLJA(MSM>(

EOI(( U/-"4"5<A(D>(D>d(\'<"/$.6A(r>(D>d(g#1#-"4"5<A(\>d(H&'&3#,-A(]>d(Vx--9&'A(H>(E053;#
M!N;#O(1CC@A(GPA(T)G?X>(

EMI(( 2"5%%9&A(!>(t>d(H#3/9%.,A(c>d(b&9-.,A(W>d(FQc&*#,A(V>(!>d(05''#,%A(W>(c>(+,N;#QI&/";#
.$"!1;(1C%CA(DBA(ORP>(

EPI(( 2,#/%"A(H>(W>d(t'x%K&9A(7>(E053;#M!N;#R!"";(1CC@A(KAA(?MMTXG>(

ERI(( 2/''/,*"#5-A(H>d(V'.;,A(]>(W>d(U'/&,1A(c>(H>d(b/&9-&,A(7>(7>d(V&4"*##'1A(g>d(
Y#,*&6&91Br.--A(V>(7>([>d(2$/&'/,*A(\>(W>(H>d(W#,--&,A(c>(\>(W>d(7&/L&'A(Z>([>d(
H&';/*A(]>(H$"I1!(%BBBA(SBTA(OP)>(

E?XI(( ].$9#6-<::A(0>d(b&9-.,A(W>(<;#+''%;#E053;(1CC$A(KJA(ST?>(

E??I(( 2K&A(2>(7>d(D'6/,A(W>(!>(c&-/-%/6/%:A(3.8/9/%:(#,1(/3$5'/%:(9&6&9-(/,(t#\-A(t&A(#,1(2/(
#%(SXXsg>(?7%4,=?"$"!#F%!/"17&4/3A(?ROPA(TTA()RRNOXG>(

E?GI(( H.99/1#:A(2>d(0.,#*"&:A(W>(Z>d(74!599.4"A(D>(U0!6;#.$"!1;(1C%$A(DPA(OTM>(

E?SI(( V9.3A(]>([>(7>d(1&(W.,*A(7>(W>(7>d(6#,(75,-%&'A(7>(t>(E053;#M!N;#O(%BB@A(LLA(cO)O>(

E?TI(( +#,#-&A(!>d(7&/L&'A(Z>(W>d(V9.3A(]>([>(7>d(1&(Y&&5;A(0>(7>(E053;#M!N;#R!"";(1CC$A(KTA(
G?OOX?>(

E?)I(( ]#-6&&'A([>(U>d(!.%%##'A(W>d(+#,#-&A(!>d(!.&"..',A(c>d(V.88&'%A(]>(\>d(V9.3A(]>([>(
7>d(0&(Y&&5;A(0>(7>d(7/4"&9-A(7>(\>(W>(E053;#M!N;#R!"";(1CC"A(KSA(GXOOX?>(

E?OI(( !.'.$4&#,5A(r>d(!.',/9A(W>d(1#(2/96#(U/9".A(0>(\>d(F9/6/&'A(w>d(2/98&:A(c>d(V'y1#-A(W>BY>(
U0!6;#M!N;(1CC@A(TBGA(RGO>(
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E?MI(( V9.3A(]>([>(7>d(7/"#/9&%4"/A(r>(0>d(g.-%&'A(Y>(W>(\>d(7#'<.6A(0>(Z>(+,N;#.$"!1;(1CC@A(
TKA(?))?>(

E?PI(( +&'#.A(w>d(2#-#8&A(H>d(\1#4"/A(!>(+''%;#E053;#R!"";(1CC@A(KBA(?XS)?)>(

E?RI(( 7#'<.6A(0>d(+#,#-&A(!>d(V9.3A(]>d([/91&3#,A(W>(2/359%#,&.5-(&,"#,4&3&,%(.C(
4"#'*&(%'#,-$.'%(#,1(&@4/%.,(1/CC5-/.,(/,($.9:E$B$"&,:9&,&(6/,:9&,&I(
1&'/6#%/6&->(E0534/$%#M!N4!V#OA(GXX)A(GD>(

EGXI(( \8#%&A(\>d(Y&/L%&,-A(+>d(]#%"#<A(2>d(+&5-4"&'A(W>d(\6.9/.A(c>d(Z''/4.A(7>(Z>d(
g/'<$#%'/<A(W>d(V#99A(W>(7>d(0.4#3$.A(]>d(74]"&'-.,A(D>d(2,#/%"A(H>(W>(E053;#U0!6;#
U0!6;#E053;(1C%$A(TLA(G)MG>(

EG?I(( w#,A(H>d(!"&,A(u>d(u"&,*A(w>d(b&;3#,A(!>d(i5/,,A(W>(c>d(0z%KA(U>d(g#-%9&'A(7>d(
U#44"&%%/A(\>(H$"I1!(1CCBA(SLGA(OMR>(

EGGI(( 0&(V.&'A(c>([>(D>d(W.4"&3-&,A(7>d(g9#$;/L<A(+>(7>d(7.'$5'*.A(\>(U>d(b/&3#@A(W>d(
+'/$#%"/A(\>(g>d(]C9#53A(W>(<;#+''%;#E053;(1CC=A(KLA(??RO>(

EGSI(( w#,*A(H>d(2"/,A(+>(W>d(w#,*A(Y>d(!".A(g>d(c:5A(!>(w>d(V#.A(u>(+,N;#QI&/";#.$"!1;(1CC"A(
TLA(OM?>(

EGTI(( ]&%'.KK#A(\>d(t'.6&-A(!>d(2,#/%"A(H>(W>(<;#+6;#U0!6;#?7/;(1CCAA(TJBA(?GR?G>(

EG)I(( 2,#/%"A(H>(W>d(t'x%K&9A(7>(+,N;#.$"!1;(1CC@A(TKA(SOTS>(

EGOI(( V#4"A(f>d(+#4"/8#,#A(w>d(7.-&'A(W>d(H#J5&A(2>(\>d(05''#,%A(W>(c>d(t'x%K&9A(7>(<;#+6;#
U0!6;#?7/;(%BBBA(TDTA(MTT)>(

EGMI(( H#'1/,A(V>(Z>d(2,#/%"A(H>(W>d(74t&"&&A(7>(0>(H$";#E07"7&4/3(1C%1A(PA(?OG>(

EGPI(( g'5*&'A(W>d(]9#--A(c>d(!&6&:A(Y>d(]/44/'&99/A(7>d(t'x%K&9A(7>d(V#4"A(f>(+''%;#E053;#R!"";(
1CC%A(GKA(GXP)>(

EGRI(( t'#,4/,/A(t>d(2#,%.-"(g53#'A(c>(2>d(\8'5-4/A(\>d(w/$A(H>BY>d(Y/A(!>Bu>d(W&,A(\>Bg>(w>d(
Y#,K#,/A(t>d(2,#/%"A(H>(W>(+,N;#QI&/";#.$"!1;(1C%1A(DDA(G?OX>(

ESXI(( \8'5-4/((c22(\9BH#-"/3/A(7(H&&,&:A(7(]&%'.KK#A(\(2,#/%"A(HWA(\>(g>(+,N;#QI&/";#
.$"!1;(1C%%A(DTA(G)MR>(

ES?I(( \8'5-4/A(\>d(2%'#,<-A(2>(0>d(0.4#3$.A(]>d(w/$A(H>BY>d(W&,A(\>(g>(w>d(2,#/%"A(H>(W>(H$&7#
R!"";(1C%$>(

ESGI(( !#.A(w>d(V#/A(w>d(w5A(i>d(!"&,*A(w>d(Y/5A(2>d(2"/A(0>d(t#.A(U>d([#,*A(]>(<;#E053;#U0!6;#U(
1CCBA(TTJA(OGRX>(

ESSI(( g54/#5-<#-A(0>d(7.,#%A(W>(<;#E053;#U0!6;#O(1CC1A(RSTM>(
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ESTI(( \,1&'-.,A(\>(w>d(V#',&-A(]>(c>(U>d(05''#,%A(W>(c>d(FQc&*#,A(V>(!>(<;#E053;#U0!6;#U(
1C%CA(TTSA(?R)S>(

ES)I(( 2,#/%"A(H>(W>d(H53$"':BV#<&'A(c>d(!"&,A(]>d(!&-#'A(D>d(u#<&&'511/,A(2>(7>d(t'x%K&9A(
7>(H$&7"!/0&7%725(1CCAA(TKA(TGTXXS>(

ESOI(( V5'-4"<#A(W>d(05#9&"A(\>d(g&--9&'A(U>d(V#'#,.CCA(Z>d(!&6&:BH#A(b>BY>d(w/A(!>d(
b#K&&'511/,A(7>(g>d(t'x%K&9A(7>(<;#+6;#U0!6;#?7/;(1C%%A(TJJA(?PXTG>(

ESMI(( \8'5-4/A(\>d(0/,*A(D>(g>d(\9BH#-"/3/A(7>d(2&*#9B]&'&%KA(+>d(74t&"&&A(7>(0>d(H&&,&:A(
7>d(U'&:A(t>(Y>d(2,#/%"A(H>(W>(F&!125#F&N417&;#?/4;(1C%%A(SA(SX)?>(

ESPI(( Y/#.A(H>(H>d(w#,*A(!>(7>d(Y/5A(!>(!>d(H.',*A(2>(U>d(7&,*A(H>(U>d(2":A(W>(+>(<;#+''%;#E053;(
1CCAA(TBJA(?XT)XO>(

ESRI(( \,%#A(W>d(b&9-.,A(W>d(i5/'<&A(b>(!"#'*&(%'#,-$.'%(3.1&9(C.'(1/-.'1&'&1(3#%&'/#9-=(
\$$9/4#%/.,(%.(-&,-/%/K&1(+/FG>(E0534/$%#M!N4!V#OA(GXXGA(PL>(

ETXI(( Y&/L%&,-A(+>d(0/,*A(D>(g>d(t/.6&,K#,#A(+>d(V9.</,*A(W>(+>d(74t&"&&A(7>(0>d(2&99/,*&'A(
\>(+U?#H$&7(1C%1A(PA(?T))>(

ET?I(( 2,#/%"A(H>(W>d(t'x%K&9A(7>(+''%;#E053;#R!"";(1CC?A(AKA(GOG??T>(

ETGI(( H.5A(W>d(!"&,A(+>(Y>d(u"#,*A(2>d(w#,*A(w>(<;#E053;#U0!6;#U(1CCBA(TTJA(?OX?>(

ETSI(( 7.'#,#A(7>d([&*-4"&/1&'A(7>d(V.,#,,/A(\>d(g.$/1#</-A(b>d(2"#"&&,A(2>d(24"#'8&'A(
7>d(u"5A(u>d([#99&'A(0>d(t#51/#,#A(c>d(V'#8&4A(!>(+,N;#QI&/";#.$"!1;(1CCAA(TAA(
?M)M>(

ETTI(( 2#89/<.6A(r>(\>(E053;#3"$"I3#37%4,4(%B@$A(TLA(MS)>(

ET)I(( +59#1"#'A(2>(7>d(].$9#6-<::A(0>d(!".59/-A(2>(\>d(05''#,%A(W>(c>d(V'#19&:A(0>(0>(!>d(
b&9-.,A(W>(+,N;#QI&/";#.$"!1;(1CC"A(TLA(??M?>(

ETOI(( !#$$&9A(f>(V>d(0#&,&<&A(+>d(V#4"A(f>(H$&7#R!"";(1C%1A(TDA(TRG)>(

ETMI(( g.$/1#</-A(b>d(V&,<-%&/,A(g>(0>d(6#,(1&(Y#*&3##%A(W>d(U'#,<A(\>(W>(<;#E053;#U0!6;#O(
1CC$A(TBGA(??SXM>(

ETPI(( r#,(1&(g'.9A(c>d(t..--&,-A(\>d(7&59&,<#3$A(Z>(\>(<;#+''%;#E053;(1CC%A(KBA(GGS)>(

ETRI(( F9-.,A(!>(Y>d(b&9-.,A(W>d(D-9#3A(7>(2>(<;#E053;#U0!6;#O(1CC?A(TTBA(RRR)>(

E)XI(( !""#$%&'B!"#$%&'($!"B!"#$!%&'()*B!"#$%&'()*'+"%,--./&'+)'0)*'1"23$%2&'4)'5)*'
!"#$%"&'()*+,)-"./01&2()3+,)45%()6+,)7#82901()!+,):"900#5&&$%()!+);+)<;#E053;#U0!6;#
U(1CCBA(TTJA(?OP?O>(

E)?I(( U#8'&*#%B2#,%/#*.A(U>d(V/-J5&'%A(W>d(!&6&:A(Y>d(!"&,A(]>d([#,*A(7>d(u#<&&'511/,A(2>(
7>d(t'x%K&9A(7>(<;#+6;#U0!6;#?7/;(1CCAA(TJTA())P>(
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E)GI(( 7/<",&,<.A(F>(rd(\K/3/A(H>d(24"#'8&'A(7>d(7.'#,#A(7>d(V9.3A(]>([>(7>d(Y./A(7>(\>(
F&!125#F&N417&;#?/4;(1C%1A(LA(OROX>(

E)SI(( !.#<9&:A(g>(7>d(74t&"&&A(7>(0>(U0!6;#.$"!1;(1CC=A(TPA(T)SS>(

E)TI(( r#,9#&<&A(]>d(2;/,,&,A(\>d(H#&91&'3#,-A(D>d(r#,".:9#,1A(t>d(\&',.5%-A(+>d(
!"&:,-A(0>d(0&/8&9A(!>d(0QH#&,A(W>d(H&'&3#,-A(]>d(]..'%3#,-A(W>d(7#,4#A(W>(r>(?7%;#
F&!125#.$"!1;#?7%;#U!%%3(1CC?A(KBA(G?)X>(

E))I(( V#/A(w>d(u"#,*A(W>d([#,*A(w>d(u"#,*A(7>d([#,*A(]>(R$&26I41(1C%%A(DGA(TMTR>(

E)OI(( U5'58&A(\>d(g#%."A(c>d(H#'#A(g>d(2#%.A(+>d(75'#%#A(2>d(\'#<#;#A(H>d(+#4"/:#A(7>(<;#
E053;#U0!6;#O(1CC"A(TBKA(?OTXO>(

E)MI(( w5A(i>d([#,*A(w>d(w/A(u>d(u5A(b>d(u"#,*A(W>d(u"#,*A(7>d([#,*A(]>(+U?#H$&7(1C%CA(SA(
OXSG>(

E)PI(( 0/,*A(D>(g>d(+y%'&#59%A(b>d(V'/99&%A(W>d(H#'1/,A(V>(Z>d(23/%"A(Z>(H>d(c.-&,%"#9A(2>(W>d(
2#56#*&A(U>d(t'x%K&9A(7>d(74t&"&&A(7>(0>(+,N;#QI&/";#.$"!1;(1CCBA(TKA(GTS?>(

E)RI(( 7&9#-Bg:'/#K/A(W>d(0/,*A(D>(g>d(7#'4"/.'.A(\>d(]5,K/A(\>d(H#'1/,A(V>(Z>d(V5'<"#'1A(t>(
U>d(+y%'&#59%A(b>d(t'x%K&9A(7>d(7.-&'A(W>BZ>d(74t&"&&A(7>(0>(+,N;#F&!125#.$"!1;(
1C%%A(TA(TXM>(

EOXI(( 0.4#3$.A(]>d(H&:A(\>d(t591/,A(2>d(t5,,/,*A(c>d(2%&/,&'A(f>d(2,#/%"A(H>(W>(+,N;#QI&/";#
.$"!1;(1C%1A(,v#>(

EO?I(( 7#'*59/-A(t>(w>d(H#'1/,A(V>(Z>d(0/,*A(D>(g>d(H.<&A(Z>(+>d(74t&"&&A(7>(0>(+,N;#F&!125#
.$"!1;(1C%$A(JA(R)R>(

EOGI(( !#$$&9A(f>(V>d(t/8-.,A(Z>(\>d(H#*C&91%A(\>d(V.-4"9..A(t>(<;#E053;#U0!6;#U(1CCBA(TTJA(
OGM)>(

EOSI(( [#,*A(7>d(7..,A(2>BW>d({5A(7>d(!"/%%/8#85A(g>d([#,*A(]>d(!&6&:BH#A(b>BY>d(
H53$"':BV#<&'A(c>d(u#<&&'511/,A(2>(7>d(t'x%K&9A(7>(?6$%%(1C%CA(PA(S?R>((

(

(

(

(

(

(
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!"#$%&'()(
*'+#,-.&%#/( 0'1"#/12&( 3&'-4561%&( 785-'8&'59(

:.$-'%#,;&(-<(3&'-4561%&(3-'&(=1//1,+(

0"&(>-'6($'&5&,%&2(1,(%"15(;"#$%&'("#5(8&&,($?8/15"&2(1,@(

(1)  Leijtens, T.; Lauber, B.; Eperon, G. E.; Stranks, S. D.; Snaith, H. J. The Importance of Perovskite 
Pore Filling in Organometal Mixed Halide Sensitized TiO2-Based Solar Cells. J. Phys. Chem. Lett. 
2014, 1096–1102. 

(

)AB((
(
!-,%&C%((

0"&(1,51+"%5(+#1,&2(1,(!"#$%&'5(D(#,2(E("1+"/1+"%(#(;/&#'($#%">#F(<-'(.#61,+(

.-'&( &<<1;1&,%G( %"1;6G( 55HH!5A( ( *%"&'( %"#,( .#61,+( %"1;6( 55HH!5G( "->&4&'G( #( "1+"&'(

&C%1,;%1-,( ;-&<<1;1&,%( #85-'8&'( ;-?/2( #/5-( 8&( &.$/-F&2( -,( %"&( 01*I( 5?'<#;&A( ( 0"15(

>-?/2( ,&+#%&( %"&( ,&&2( %-( 1,;'&#5&( %"&( 2&41;&( %"1;6,&55( #,2( -4&';-.&( 155?&5(>1%"(

5&'1&5( '&515%#,;&( #,2( $#'#51%1;( #85-'$%1-,( 2?&( %-( %"&( /->(.-81/1%F( H$1'-JK&*07L(

M0K( /#F&'A( ( *'+#,-.&%#/( %'1"#/12&( $&'-4561%&5( "#4&( '&;&,%/F( 8&&,( 1,%'-2?;&2( #5(

#85-'8&'5( 1,( 55HH!5( >1%"( 8'-#2( #,2( 1,%&,5&( #85-'$%1-,( #;'-55( %"&( 41518/&( 5-/#'(

5$&;%'?.BNOA((0"15(2&4&/-$.&,%("#5('&5?/%&2(1,('#$12(1.$'-4&.&,%5(1,($"-%-;?''&,%(

#,2(2&41;&($&'<-'.#,;&A((75(5?;"G(%"&(12&#(-<(.#61,+(%"1;6&'(55HH!5(>1%"(5&,51%1P1,+(

2F&5(.#F( ,->( 8&( /&55( '&/&4#,%( <-'( "1+"( &<<1;1&,;F( #$$/1;#%1-,5A( ( 0"15( ;"#$%&'( >1//(

<-;?5(-,(55HH!5(?51,+(%"15(;/#55(-<($&'-4561%&(#5(%"&(#85-'8&'A(

*,&(&C%'&.&/F(<#5;1,#%1,+(#,2(?5&<?/($'-$&'%F(-<(%"&($&'-4561%&(#85-'8&'5(15(

%"#%( %"&F( ;#,( 8&( ?5&2( #5( 8-%"( /1+"%( #85-'81,+( #,2( ;"#'+&( %'#,5$-'%1,+( .#%&'1#/5G(

;"#,+1,+( %"&( '&Q?1'&.&,%5( <-'( &<<1;1&,%( 2&41;&( #';"1%&;%?'&5IGDN)A( ( 0"&( $&'-4561%&(

2&$-51%1-,(;#,(4#'F(<'-.(.&'&/F(5&,51%1P1,+(%"&(01*I(&/&;%'-,J%'#,5$-'%1,+(5;#<<-/2(

#5(#,(&,2->.&,%(-<(5.#//(,#,-$#'%1;/&5G(%-(;-.$/&%&/F(<1//1,+(%"&($-'&5(>"&'&(1%(#;%5(

#5( 8-%"( /1+"%( #85-'8&'( #,2( "-/&( %'#,5$-'%1,+( .#%&'1#/( 1,( -,&DGRA( ( 7( %"-'-?+"(
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 104 

?,2&'5%#,21,+( -<( 2&41;&( -$&'#%1-,( 1,( 5?;"( 21<<&'&,%( ;-,<1+?'#%1-,5( 15( &55&,%1#/( %-(

#//->( <-'( '#%1-,#/( 2&51+,( -<( <?%?'&( $&'-4561%&( 5-/#'( ;&//5A( ( :,( %"15( ;"#$%&'G( ;"#'+&(

%'#,5$-'%G( '&;-.81,#%1-,G( #,2(2&41;&($&'<-'.#,;&( 15( #,#/F5&2( <-'( 5&4&'#/( 21<<&'&,%(

;-,<1+?'#%1-,5A( ( SF( 2&;'&#51,+( %"&( 01*I( 5;#<<-/2( /#F&'( %"1;6,&55G( %"&( 5-/#'( ;&//(

#';"1%&;%?'&(15(;"#,+&2(<'-.($&'-4561%&(J(5&,51%1P&2(%-(;-.$/&%&/F($&'-4561%&(N(<1//&2A((

0"&( /#%%&'( ;#5&( /&#25( %-( 1.$'-4&.&,%5( 1,( 2&41;&( $&'<-'.#,;&( 8&;#?5&( "1+"&'(

&/&;%'-,(2&,51%1&5( ;#,(8&( 5?5%#1,&2( 1,( %"&(01*IG( 1.$'-41,+(&/&;%'-,( %'#,5$-'%( '#%&5(

#,2( $"-%-J4-/%#+&A( :.$-'%#,%/FG( %"&( $'1.#'F( '&;-.81,#%1-,( $#%">#F( 8&%>&&,( %"&(

01*I( #,2( %"&( "-/&( %'#,5$-'%1,+( .#%&'1#/( 15( 8/-;6&2( 8F( %"&( $&'-4561%&( 1%5&/<A( ( 0"15(

?,2&'5%#,21,+("&/$5(%-('#%1-,#/1P&(%"&("1+"(4-/%#+&5(#%%#1,#8/&(-,(.&5-$-'-?5(01*I(

8#5&2($&'-4561%&(5-/#'(;&//5G(#,2(5?++&5%5('-?%&5(%->#'25(<?%?'&(1.$'-4&.&,%5A(

!

)AI(
(
:,%'-2?;%1-,(

LF&( 5&,51%1P&2( 55HH!5( "#4&( <#//&,( 5"-'%( -<( %"&( $'&21;%&2( $&'<-'.#,;&5G(

'&#;"1,+( #( .#C1.?.( -<( RAI( T( $->&'( ;-,4&'51-,( &<<1;1&,;F( >"&,( ?51,+( ;?5%-.J

5F,%"&51P&2( /1+"%J#85-'81,+( 2F&5( #,2( 5$&;1#//FJ2&51+,&2( 2-$#,%5( %-( 1.$'-4&( %"&(

;"#'+&(%'#,5$-'%(1,(%"&("-/&(%'#,5$-'%1,+(/#F&'UA(0"15(15( /#'+&/F(8&;#?5&(%"&(;?''&,%(

+&,&'#%1-,(-<( "1+"($&'<-'.#,;&( 5&,51%1P1,+(2F&5( '&Q?1'&(2&41;&( %"1;6,&55&5( -4&'(E(

V.( <-'( ;-.$/&%&( /1+"%( "#'4&5%1,+G( 8?%( -$%1.1P&2( 2&41;&( %"1;6,&55&5( #'&( #'-?,2( I(

V.WGBXA( ( 0"&( '&#5-,5( <-'( %"15( "#4&(8&&,(215;?55&2( 1,(!"#$%&'5(I( #,2(EA( :%(>#5(-,/F(

'&;&,%/FG( >1%"( -'+#,-.&%#/( "#/12&( $&'-4561%&5( 5&,51%1P1,+( %"&( .&5-$-'-?5( 01*I(

&/&;%'-,J;-//&;%1,+( #,-2&G( %"#%( 5-/12J5%#%&( 5&,51%1P&2( 5-/#'( ;&//5( "#4&( 5%#'%&2( %-(

#$$'-#;"(%"&1'($'&21;%&2("1+"($&'<-'.#,;&5A(=-//->1,+(&#'/1&'(>-'6(<'-.(Y-Z1.#(!"#

$%ABG( ( Y1.(!"# $%AE( #,2([&&(!"# $%A)( 2&.-,5%'#%&2( %"&(?5&(-<( !MO\MO38:O( #,2( #( ].1C&2(

"#/12&^( !MO\MO38:OJC!/CG( '&5$&;%14&/FG( 1,( %'#21%1-,#/( 55HH!( #';"1%&;%?'&5A( 0"&(

.#%&'1#/5( "#4&( 51,;&( 8&&,( 5"->,( %-( 8&( ;#$#8/&( -<( &<<1;1&,%/F( %'#,5$-'%1,+( ;"#'+&(

;#''1&'5( #,2( "&,;&( ;#,( <?,;%1-,( 1,( #( ]%"1,( <1/.^( $/#,#'( "&%&'-Z?,;%1-,( 5-/#'( ;&//(

;-,<1+?'#%1-,BBNBDA(((:,(55HH!(#';"1%&;%?'&G(%"&($&'-4561%&5(>&'&(5"->,(%-(8&(&<<&;%14&(

"-/&( %'#,5$-'%&'5G( ,&+#%1,+( %"&( '&Q?1'&.&,%( %-( 1,<1/%'#%&( %"&( -'+#,1;( "-/&(

%'#,5$-'%&'G( H$1'-JK&*07LG( 1,%-( %"&( 01*I(.&5-$-'&5IGDG)GBIGBENBRA( :,2&&2G( %"&( $/#,#'(
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"&%&'-Z?,;%1-,(5-/#'(;&//5("#4&('&#;"&2("1+"($&'<-'.#,;&5(%-(-<(-4&'(BE(T)GBIGBOGBUGBWA(

K-'&-4&'G( 5-.&( -<( %"&( 8&5%( '&5?/%5( ?51,+( !MO\MO38:O( 1,( 55HH!5( ;-.&( <'-.(2&41;&(

#';"1%&;%?'&5( >"&'&( %"&( $&'-4561%&( 2&$-51%1-,( "#5( 8&&,( -$%1.1P&2( %-( <1//( %"&( 01*I(

.&5-$-'&5(#,2(/&#4&(#(;#$$1,+(/#F&'(-<($&'-4561%&(-,(%-$(-<(%"&(01*I(/#F&'G(F1&/21,+(

$&'<-'.#,;&5(-4&'(BE(TIXNIIA(0"&($'-;&55&5(-<(;"#'+&(%'#,5$-'%(#,2('&;-.81,#%1-,(

1,(5?;"(2&41;&5(>1//(,&;&55#'1/F(21<<&'(<'-.(%"-5&(1,(%'#21%1-,#/(2F&(5&,51%1P&2(55HH!5(

8?%G( #%( %"&( %1.&( -<( %"15( >-'6G( %"&'&( "#5( 8&&,( ,-( >-'6( -,( ?,2&'5%#,21,+( %"&(

1.$-'%#,;&( -<( $&'-4561%&( <1//1,+( -<( %"&( .&5-$-'-?5( 01*I( <-'( 2&41;&( $&'<-'.#,;&A((

0"15(;"#$%&'(<-;?5&5(-,(%"&(21<<&'&,;&5(1,(-$&'#%1-,(-<($?'&/F($&'-4561%&(]5&,51%1P&2^(

#,2($&'-4561%&(]<1//&2^(55HH!5A((0"&($&'-4561%&(?5&2(15(%"&(].1C&2^("#/12&($&'-4561%&(

!MO\MO38:OJC!/CA(

(

)AO(
(
3&'-4561%&(3-'&(=1//1,+(

=1+?'&( )AB( 5"->5( ;'-55J5&;%1-,#/( H_K( 1.#+&5( -<( %"&( <-?'( 21<<&'&,%(

#';"1%&;%?'&5( ?5&2( 1,( %"15( 5%?2FG( '#,+1,+( <'-.( 5&,51%1P&2( %-( ;-.$/&%&/F( $&'-4561%&J

<1//&2(01*I( ;-.$-51%&5A( 7( ]5&,51%1P&2^( #';"1%&;%?'&( `=1+A( )AB#a( 15( &,5?'&2(8F( ?51,+( #(

%"1;6( `REX(,.a(01*I( 5;#<<-/2( 1,(;-,Z?,;%1-,(>1%"(#( /->(`OX(>%(Ta(;-,;&,%'#%1-,(-<(

$&'-4561%&($'&;?'5-'(5$1,(;-#%1,+(5-/?%1-,IA(H?;"(<1/.5G("->&4&'G(2-(,-%(#85-'8(/1+"%(

4&'F(5%'-,+/FG(#5(>1//(8&(5"->,(1,(=1+?'&()AO#A(0-(&,"#,;&(%"&(#85-'$%1-,G(%"&(5#.&(

5;#<<-/2( %"1;6,&55( 15( ?5&2( 1,( ;-,Z?,;%1-,( >1%"( #( DX( >%( T( ;-,;&,%'#%1-,( -<( %"&(

$&'-4561%&( $'&;?'5-'( 5-/?%1-,A( ( :,( %"15( ;#5&G( #( "1+"&'( 8?%( 5%1//( ,-,J;-,%1,?-?5(

;-4&'#+&(-<( %"&($&'-4561%&( 15(&C$&;%&2(-,( %"&(01*I(,#,-$#'%1;/&5A( (0"&5&( <1/.5( %"&,(

#85-'8(.?;"(.-'&( 5%'-,+/FG( #5( >1//( 8&( 5&&,( 1,( =1+?'&( )AO#A( ( 0-( &,5?'&( #( ;/-5&( %-(

;-.$/&%&(<1//1,+(-<(%"&(01*I(.&5-$-'&5G(%"&(5;#<<-/2(%"1;6,&55(15(2&;'&#5&2(%-(DDX(#,2(

I)X( ,.G( #5( 5&&,( 1,( =1+?'&5( )AB;( #,2( )AB2( '&5$&;%14&/FG( >"1/&( ?51,+( #( DX( >%T(

$'&;?'5-'(5-/?%1-,A((H1,;&(;#$$1,+(/#F&'5(-<($&'-4561%&(8&+1,(%-(<-'.(#%(01*I(5;#<<-/2(

%"1;6,&55&5( -<( Z?5%( ?,2&'( DXX( ,.BEG( 1%( 15( #%( %"15( %"1;6,&55( %"#%( %"&( $&'-4561%&( 15(

&C$&;%&2( %-( 8&+1,( %-( ;-.$/&%&/FG( -'( ;/-5&( %-( ;-.$/&%&/FG( <1//( %"&( $-'&5( -<( %"&( 01*IA(

=1+?'&()AB2( ;/&#'/F(2&.-,5%'#%&5( %"&( %&,2&,;F(-<( %"&($&'-4651%&( %-( <-'.(#( ;#$$1,+(
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/#F&'( -4&'( %"&( %"1,( `I)X( ,.a( 01*I( 5;#<<-/2G( #,2( $&'-4561%&( $-'&( <1//1,+( 15( "&,;&(

&C$&;%&2(%-(8&("1+"(1,(5?;"(<1/.5A(((

!

(

"#$%&'! ()*)! !'-55J5&;%1-,#/( 5;#,,1,+( &/&;%'-,( .1;'-5;-$&( `H_Ka( 1.#+&5( -<( %"&( 21<<&'&,%( 55HH!(
#';"1%&;%?'&5(?5&2(1,(%"15(5%?2FA((.J01*I(5%#,25(<-'(.&5-$-'-?5(01*IA((0"&(#';"1%&;%?'&5('#,+&(<'-.@(`#a(#(
REX(,.(01*I( 5;#<<-/2( `.J01*Ia(>1%"(OX(>%T($&'-4561%&($'&;?'5-'( 5-/?%1-,( %-( `8a(REX(,.(01*I(>1%"(DX(
>%T( %-( `;a( DDX( ,.( 01*I( >1%"( DX( >%T( %-( `2a( I)X( ,.( 01*I( >1%"( DX( >%TA( ( 0"&5&( #';"1%&;%?'&5( 5"-?/2(
;-''&5$-,2(%-(;"#,+&5(<'-.(`#aG(`8a(5&,51%1P&2(>1%"(,-,?,1<-'.(;-4&'#+&(%-(`;a( <?//F($&'-4561%&J<1//&2(%-(
`2a(<?//F($&'-4561%&(<1//&2(>1%"(#($&'-4561%&(;#$$1,+(/#F&'(`![aA(0"&5&(1.#+&5(>&'&(%#6&,(8F(b1/&5(_(_$&'-,(
#%(%"&(L&$#'%.&,%(-<(3"F51;5G(c,14&'51%F(-<(*C<-'2A(

!

(

K&5-J01*I(0"1;6,&55(
3&'-4561%&(;-,;&,%'#%1-,(

REX(,.(
OX(>%T(

REX(,.(
DX(>%T(

DDX(,.(
DX(>%T(

I)X(,.(
DX(>%T(

3-'&(=1//1,+(='#;%1-,(`Ta( DR(d(I( RX(d(O( BXU(d(D( BXX(d(E(
!

+,-.'!()*)!_5%1.#%1-,(-<($&'-4561%&($-'&(<1//1,+(<'#;%1-,(#,2(;-#%1,+(%"1;6,&55A((0"&5&(;#/;?/#%1-,5(>&'&(
$&'<-'.&2(8F(b1/&5(_(_$&'-,(#%(%"&(L&$#'%.&,%(-<(3"F51;5G(c,14&'51%F(-<(*C<-'2A!
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(
( ( ( (

:,(-'2&'( %-(.&#5?'&( %"&($-'&( <1//1,+( <'#;%1-,5G(5#.$/&5(-<($&'-4561%&(-,(01*I(

>&'&( $'&$#'&2( #5( <-'( 2&41;&5( `!"#$%&'( Oa( 8?%( -,( /#'+&'( #'&#( =0*( +/#55( 5?85%'#%&5(

`EA)CEA);.aA(3'1-'(%-($&'-4561%&(2&$-51%1-,G(%"&(%"1;6,&55(-<(%"&(01*I(#,2(%"&(.#55(-<(

%"&(5?85%'#%&(>&'&(.&#5?'&2G(?51,+(#(L&6%#6($'-<1/-.&%&'(#,2(#,(#;;?'#%&(8#/#,;&G(

'&5$&;%14&/FA( H?85&Q?&,%( %-($&'-4561%&(2&$-51%1-,(#,2(#,,&#/1,+G( %"&( 5#.$/&5(>&'&(

'&J>&1+"&2G(#,2(%"&(21<<&'&,;&(1,(.#55(8&<-'&(#,2(#<%&'($&'-4561%&(2&$-51%1-,(?5&2(%-(

2&%&'.1,&(%"&(.#55(-<($&'-4561%&(2&$-51%&2(-,(&#;"(5#.$/&A((

0"&(2&,51%F(-<( %"&($&'-4561%&(;#,(8&(2&%&'.1,&2(8F(6,->1,+( %"&(51P&(-<( %"&(

%&%'#+-,#/( ?,1%( ;&//( <'-.( CJ'#F( 21<<'#;%1-,( .&#5?'&.&,%5( `=1+?'&( )AIaG( 1,( +--2(

#+'&&.&,%(>1%"($'&41-?5('&$-'%5IOA(7(?,1%(;&//(<-'(#(%&%'#+-,#/(/#%%1;&(>1%"(#eUAUR(fG(

8eUAUR(fG(;eBIA)Rf("#5(4-/?.&(-<(WWRfOG(>"1;"(;-,%#1,5(D(!(`K7g38gO:aG(<-'(#(%-%#/(
K>(-<(IDUXIDA(0"&(;#/;?/#%&2(2&,51%F( <-'(%"&($&'-4561%&( <'-.(%"15( 15( %"?5(DABO+;.JOA(

h&( ,-%&( %"#%( "&'&( >&( #55?.&( ,&+/1+18/&( ;"/-'12&( 1,;-'$-'#%1-,( 1,( %"&( #,,&#/&2(

$&'-4561%&G(#5('&$-'%&2(1,(%"&(/1%&'#%?'&G(#,2(#55?.&(%"#%(%"&(;'F5%#/(5%'?;%?'&(15(%"&(

5#.&(#5(%"#%(-<(%"&($?'&(.&%"F/#..-,1?.(%'11-212&($&'-461%&IOGIEA(='-.(%"&(2&,51%F(

-<( %"&( $&'-4561%&( #,2( .#55( -<( $&'-4561%&( 2&$-51%&2G( 1%( 15( %'141#/( %-( 2&%&'.1,&( %"&(

4-/?.&(-<($&'-4561%&(2&$-51%&2(1,(%"&(01*I(<1/.A(

0"&($-'-51%F(-<(01*I($'&$#'&2(1,(%"15(>#F("#5(8&&,($'&41-?5/F('&$-'%&2(%-(8&(

XAEI)A( ='-.( %"15( %"&( 4-/?.&( -<( $-'&5( 1,( %"&( 01*I( 15( ;#/;?/#%&2( <-'( #( +14&,( <1/.(

%"1;6,&55G( #,2( %"&,( 6,->1,+( %"&( 4-/?.&( -<( $&'-4561%&( 2&$-51%&2( 1,( %"&( 01*IG( #(

$&'-4651%&($-'&(<1//1,+(<'#;%1-,(15(;#/;?/#%&2G(2&<1,&2(#5(%"&('#%1-(-<($&'-4561%&(4-/?.&(

1,( <1/.( %-( %"&(01*I($-'&( 4-/?.&( 1,( %"&( <1/.A(_''-'5( 1,( %"&($-'&( <1//1,+( <'#;%1-,( #'15&(

$'&2-.1,#,%/F(<'-.(&''-'5(1,(5?85%'#%&(51P&A( (:%(.?5%(#/5-(8&(,-%&2(%"#%(1<(%"&'&(#'&(

#,F( 1.$?'1%1&5( $'&5&,%( >1%"1,( %"&( $&'-4561%&( $"#5&G( %"15( >1//( '&5?/%( 1,( #,(

-4&'&5%1.#%1-,( -<( %"&( $&'-4561%&( <1//1,+( <'#;%1-,( 1,( %"&( 01*I( $-'&5G( 5-( %"&( &''-'( 15(

21<<1;?/%(%-(Q?#,%1<F(&C#;%/FA(

0"&('&5?/%5(#'&($'&5&,%&2(1,(0#8/&()ABA((0"&(&''-'(1,(%"&(;#/;?/#%1-,(;-.&5(<'-.(

;-,512&'#%1-,(-<(%"&(5&,51%141%F(-<(%"&(5;#/&G(&''-'(1,(&5%1.#%1-,(-<(%"&(5?85%'#%&(51P&G(

#,2(&''-'(1,(2&%&'.1,#%1-,(-<(%"&(51P&(-<(%"&(!MO\MO38:OJC!/C(?,1%(;&//A(0"&($-'&(<1//1,+(

<'#;%1-,5( #'&( &412&,%/F( "&#41/F( 2&$&,2&,%( -,( %"&(01*I( 5;#<<-/2( %"1;6,&55G( 1,;'&#51,+(
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<'-.(DR(T(1,(%"&(%"1;6(01*I(5;#<<-/25(%-(#'-?,2(BXX(T(>1%"(01*I(/#F&'5(%"1,,&'(%"#,(

DXX(,.A( ( :,( %"&( /#%%&'( ;#5&G( 51,;&( %"&'&( 15(,&+/1+18/&( '&.#1,1,+($-'-51%FG( %"&(-'+#,1;(

M0K( 5$1'-JK&*07L( 15( ;/&#'/F( ?,#8/&( %-( 1,<1/%'#%&( %"&( $-'&5A( 0"?5G( %"&( $&'-4561%&(

#85-'8&'( .?5%( 8&( %'#,5$-'%1,+( "-/&5( %"'-?+"( %"&( #;%14&( /#F&'( %-( %"&( $J%F$&(

"&%&'-Z?,;1%-,IXGIBA(h"&'&( %"&'&( 15( #( $&'-4561%&( ;#$$1,+( /#F&'G( %"&( $&'-4561%&(.?5%(

,&;&55#'1/F( 8&( ;#$#8/&( -<( %'#,5$-'%1,+( 8-%"( "-/&5( #,2( &/&;%'-,5( %->#'25( %"&(

.&5-$-'-?5(01*IA((

!

)AO(
(
L&41;&(3&'<-'.#,;&(

=1+?'&()AO8(2&$1;%5(%"&(&'((;?'4&5(-<(%"&(8&5%(5-/#'(;&//5(>1%"(%"&(#';"1%&;%?'&5(

Z?5%( 2&5;'18&2G( #,2( %"&( &C%'#;%&2( 2&41;&( $&'<-'.#,;&( $#'#.&%&'5( #'&( 215$/#F&2( 1,(

0#8/&()AIA((0"&(.&#,(#,2(5%#,2#'2(2&41#%1-,(-<(&#;"($#'#.&%&'(#'&(#/5-(215$/#F&2(<-'(

#(+14&,(8#%;"(-<(2&41;&5A((75(%"&($&'-4561%&(;-,;&,%'#%1-,(1,;'&#5&5(#,2(%"&(5;#<<-/2(

%"1;6,&55( 2&;'&#5&5( `1&( $&'-4561%&( $-'&( <1//1,+( 1,;'&#5&5aG( %"&'&( 15( #( '#$12(

1.$'-4&.&,%(1,(8-%"(%"&($"-%-;?''&,%(#,2($"-%-J4-/%#+&5(-<(%"&(5-/#'(;&//5A((=-'(%"&(

5&'1&5( ?51,+( %"&( 5#.&( DX(>%(T( $'&;?'5-'( 5-/?%1-,5G( %"&( 5"-'%J;1';?1%( ;?''&,%5( '15&(

 

"#$%&'! ()/A(7( '&$'&5&,%#%14&(iJ'#F(21<<'#;%1-,( 5$&;%'?.( -<( %"&(#,,&#/&2(.1C&2( "#/12&( $&'-4561%&A(
3&#65(#%(BDAIjG(IUADj(#,2(DOj(#'&(#551+,&2(%-(%"&(`BBXaG(`IIXa(#,2(`OOXa($/#,&5(-<(#("1+"/F(-'1&,%&2(
%&%'#+-,#/($&'-4561%&( 5%'?;%?'&(#5( '&$-'%&2( 1,( %"&( /1%&'#%?'&IDA(0"15( 2#%#(>#5( %#6&,( 8F(8F( b1/&5( _(
_$&'-,(#%(%"&(L&$#'%.&,%(-<(3"F51;5G(c,14&'51%F(-<(*C<-'2A(

!
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Q?1;6/F( >1%"( 2&;'&#5&2( 5;#<<-/2( %"1;6,&55G( &4&,( %"-?+"( %"&( -$%1;#/( 2&,51%F( -<( %"&(

<1/.5( 15( .#'+1,#//F( 2&;'&#5&2( `=1+?'&( )AO#aA( ( 0"15( .&#,5( %"#%( %"&( 21<<&'&,;&5( 1,(

$"-%-;?''&,%( 2-( ,-%( /1&( 1,( /1+"%( #85-'$%1-,G( 8?%( '#%"&'( 1,( %"&( ;"#'+&( ;-//&;%1-,(

&<<1;1&,;FA( (0"&(+'&#%&'(%"#,(BXX(.k(1.$'-4&.&,%( 1,($"-%-J4-/%#+&(>1%"(2&;'&#5&2(

01*I(%"1;6,&55(;-?/2(8&(&C$&;%&2(1<(%"&(&/&;%'-,(2&,51%F(1,(%"&(01*I(15(1,;'&#5&2($#'%/F(

8&;#?5&( %"&( %-%#/( +&,&'#%&2(;"#'+&( 15( ;-,;&,%'#%&2( 1,(#( 5.#//&'(4-/?.&(-<( 5;#<<-/2A((

0"15(>1//(/&#2(%-(#,(1,;'&#5&(1,(%"&(&/&;%'-,(Q?#51J=&'.1(/&4&/(1,(%"&(01*IG(1.$'-41,+(

%"&( $"-%-4-/%#+&IRNIWA( 0"&( -%"&'( $-55181/1%F( 15( %"#%( 1,( 2&41;&5(>1%"( "1+"( $&'-4561%&(

$-'&(<1//1,+G(%"&(;"#'+&(#;%?#//F('&512&5(1,(#,2(15(%'#,5$-'%&2(%"'-?+"(%"&($&'-4561%&(

1%5&/<G('&5?/%1,+(1,(1.$'-4&2(;"#'+&(&C%'#;%1-,(#,2($"-%-4-/%#+&5IA((

  
"#$%&'!()/)!`#a(*$%1;#/(2&,51%F(`*ALAa(-<(%"&(21<<&'&,%(#';"1%&;%?'&5(2&5;'18&2(1,(=1+?'&()ABG(%#6&,(>1%"(#,(
1,%&+'#%1,+(5$"&'&( %-(#;;-?,%( <-'( 5;#%%&'1,+(&<<&;%5A( `8a( &'((;"#'#;%&'15%1;5(-<( %"&(5#.&(5#.$/&5(#<%&'( %-$(
51/4&'(&/&;%'-2&(&4#$-'#%1-,(?,2&'(BXX(.h(;.JI(51.?/#%&2(7KBAE(5-/#'(1''#21#%1-,A(
(

K&5-J01*I(0"1;6,&55(
3&'-4561%&(;-,;&,%'#%1-,(

REX(,.(
OX(>%T(

REX(,.(
DX((>%T(

DDX(,.((
DX(>%(T(

I)X(,.(
DX(>%T(

3-'&(=1//1,+(='#;%1-,(`Ta(
l5;(`.7(;.JIa(

`.&#,a(

DR(d(I(
UAI(

)AO(d(BAD(

RX(d(O(
BBAU(

BBAI(d(IAX(

BXU(d(D(
BEAO(

BOA)(dBAU(

BXX(d(E(
B)AE(

BEAE(dBAO(
3!_(`Ta(
`.&#,a(

IA)(
BAW(d(XAE(

)AO(
EAX)(dBAI(

RA)(
)AO(dBAI(

UA)(
)AD(dBA)(

k-;(
`.&#,a(

XA))(
XA)R(dXAXR(

XARE(
XARO(d(XAXO(

XAR)(
XARD(d(XAXD(

XAU(
XAR)(d(XAXE(

==(
`.&#,a(

XA)X(
XADW(dXAXR(

XARO(
XA)D(d(XAXU(

XA)U(
XA)I(dXAB(

XA)R(
XAER(d(XAB(

!

+,-.'!()0)!3&'<-'.#,;&($#'#.&%&'5(-<(%"&(8&5%(2&41;&5(>1%"(21<<&'&,%($&'-4561%&($-'&(<1//1,+(<'#;%1-,5A!!
0"&!.&#,(4#/?&5(#,2(%"&(5%#,2#'2(2&41#%1-,5(<-'(%"&(8#%;"(-<(2&41;&5(#'&('&$-'%&2(8&/->(%"&($&'<-'.#,;&(
$#'#.&%&'5(-<(%"&("1+"&5%($&'<-'.#,;&(5-/#'(;&//5A!
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)AD(
(
!"#'+&(LF,#.1;5(

(3:7( 5$&;%'-5;-$F( `=1+?'&( )ADa( >#5( &.$/-F&2( >1%"( %"&( #1.( %-( ?,2&'5%#,2(

>"&%"&'(%"&(1.$'-4&2($"-%-J4-/%#+&(-<(%"&(5-/#'(;&//5(>1%"(%"1,,&'(01*I(/#F&'5(2-&5(

1,2&&2( ;-.&( <'-.( #,( 1,;'&#5&( 1,( &/&;%'-,( 2&,51%F( >1%"1,( %"&( 01*IA( ( SF( $'&$#'1,+(

5#.$/&5( 12&,%1;#/( %-( %"-5&( ?5&2( <-'( %"&( 5-/#'( ;&//5( `8?%( >1%"-?%( H$1'-JK&*07L( -'(

.&%#/(&/&;%'-2&5aG(1%(15($-5518/&(%-(Q?#/1%#%14&/F(.-,1%-'(%"&(&/&;%'-,(2&,51%F(1,(&#;"(

#';"1%&;%?'&( ?,2&'( 1//?.1,#%1-,A( ( 0"&( M0K( >#5( -.1%%&2( 51,;&( "-/&5( -,( H$1'-J

K&*07L( >1//( 2-.1,#%&( %"&( 3:7( 5$&;%'?.( `5&&( !"#$%&'( EaA( 0"&( 3:7( 5$&;%'#(

`,-'.#/1P&2(<-'(2&41;&(%"1;6,&55(#,2(*ALAa(-<(%"&(21<<&'&,%(#';"1%&;%?'&5(#'&($/-%%&2(

1,(=1+?'&()ADG(#,2(#//(5#.$/&5(5"->(#(;/&#'(#85-'$%1-,($&#6(;&,%'&2(#'-?,2(BXXX(,.G(

>"1;"( "#5( 8&&,( $'&41-?5/F( #551+,&2( %-( 5"#//->/F( %'#$$&2( &/&;%'-,5( 1,( 01*IOXA( 0"15(

5?++&5%5(%"#%(&4&,(>"&,(%"&(01*I($-'&5(#'&( /#'+&/F( <1//&2(>1%"($&'-4561%&G(&/&;%'-,5(

#'&(%'#,5<&''&2(%-(%"&(01*I(>1%"(#("1+"(&<<1;1&,;FG(Z?5%(#5(78'?5;1(!"#$%A(#,2(K#';"1-'-(

!"#$%A("#4&(2&.-,5%#%&2(41#($"-%-/?.1,&5;&,;&(Q?&,;"1,+(#,2(07HG('&5$&;%14&/FOBGOIA(

m&;&,%( 1.$&2#,;&( 5$&;%'-5;-$F( #,2( .1;'->#4&( ;-,2?;%141%F( 5%?21&5( "#4&( #/5-(

2&.-,5%'#%&2( %"15( %-( 8&( %"&( ;#5&( <-'( %"&( !MO\MO38:O( $&'-4561%&( 1,<1/%'#%&2( 1,%-(

.&5-$-'-?5(01*IOONOEA(h"&,(%"&($"-%-J1,2?;&2(;"#,+&(1,(%'#,5.1551-,(15(,-'.#/1P&2(

(

"#$%&'! ()1)! n?#51( 5%&#2F( 5%#%&( $"-%-J1,2?;&2( #85-'$%1-,( 5$&;%'#( `3:7a( >&'&( %#6&,( #%( #,( &C;1%#%1-,(
>#4&/&,+%"( -<( EBD( ,.( #,2( #( </?&,;&( -<( EX(.h( ;.JIG( ;"-$$&2( #%( IO( MPA( ( 0"&( 5$&;%'#( <-'( %"&( '&/&4#,%(
#';"1%&;%?'&5(#'&(,-'.#/1P&2(8F(2&41;&(%"1;6,&55(#,2(-$%1;#/(2&,51%F(#%(%"&(&C;1%#%1-,(>#4&/&,+%"(-<(EBD(
,.(%-(#2Z?5%(<-'(21<<&'&,;&5(1,(%"&(+&,&'#%1-,('#%&A(

!
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<-'(01*I(/#F&'(%"1;6,&55(#,2(<1/.(*ALA(#%(%"&(/#5&'(&C;1%#%1-,(>#4&/&,+%"(-<(EBD(,.G(1%(

15( #$$#'&,%( %"#%( #%( #( +14&,( +&,&'#%1-,( '#%&G( %"&( &/&;%'-,( 2&,51%F( 15( 1,2&&2( .?;"(

"1+"&'( 1,(%"&(%"1,(01*I( /#F&'5(%"#,(1,(%"&(%"1;6&'( /#F&'5A( (0"15( 15(&C$&;%&2G(51,;&(%"&(

%"1,,&'( `I)X( ,.a( 01*I( /#F&'5( 5%1//( "#4&( /#'+&( ;#$$1,+( /#F&'5( -<( $&'-4561%&( -4&'(

51+,1<1;#,%( $-'%1-,5( -<( %"&( #;%14&( /#F&'A( !"#'+&5( +&,&'#%&2( 1,( %"&( ;#$$1,+( /#F&'( #'&(

'#$12/F( %'#,5<&''&2( %-( %"&( 01*I( 8&;#?5&( -<( %"&( "1+"( 21<<?5141%F( -<( $"-%-+&,&'#%&2(

;#''1&'5(>1%"1,( %"&( $&'-4561%&BI(.&#,1,+( %"#%( %"&( %-%#/( ,?.8&'( ;"#'+&5( +&,&'#%&2(

%"'-?+"-?%(%"&(#;%14&(/#F&'(15(&<<&;%14&/F(;-,;&,%'#%&2(1,%-(#(%"1,,&'(01*I(<1/.A(((

0"&(;"#'+&('&;-.81,#%1-,('#%&(.#F(#/5-(8&(&C$&;%&2(%-(8&(5/->&'(1,(%"&(%"1,(

5#.$/&5(>1%"( "1+"($&'-4561%&( $-'&( <1//1,+( <'#;%1-,5A( 755?.1,+( %"&( '&;-.81,#%1-,( 15(

8&%>&&,(&/&;%'-,5(1,(%"&(01*I(>1%"("-/&5(1,(%"&($&'-4561%&(1,(%"&(M0K(N(<'&&(5#.$/&5G(

%"&,( %"&'&( 15( 51.$/F( /&55( #4#1/#8/&( 5?'<#;&( #'&#(>1%"( %"&( $&'-4561%&( %"'-?+"(>"1;"(

5?;"( '&;-.81,#%1-,( ;-?/2( -;;?'A( m&2?;&2( '&;-.81,#%1-,( '#%&5( >-?/2( "&,;&( #/5-(

;-,%'18?%&(%-(#,(1,;'&#5&2(&/&;%'-,(2&,51%F(1,(%"&(%"1,,&'(01*I(/#F&'5A(h"1/&(%"15(.#F(

,-%(8&(%"&(2-.1,#,%('&;-.81,#%1-,($#%">#F(1,(>-'61,+(5-/#'(;&//5(>1%"(M0K(/#F&'5G(

%"&( 2&;'&#5&2( 5?'<#;&( #'&#( 5"-?/2( +&,&'#//F( 5/->( #//( '&;-.81,#%1-,( '#%&5( <-'(

&/&;%'-,5( 1,( %"&( 01*IA( ( :%( 15( %"&,( ,-( 5?'$'15&( %"#%( %"&( 5-/#'( ;&//5( 2-( 2&.-,5%'#%&(

51+,1<1;#,%(1.$'-4&.&,%5(1,($"-%-4-/%#+&(>1%"(2&;'&#51,+(01*I(%"1;6,&55A(

0-( $'-8&( %"&( ;#?5&( <-'( 1.$'-4&2( $"-%-;?''&,%5( >1%"( 2&;'&#5&2( 5;#<<-/2(

%"1;6,&55&5G(5.#//($&'%?'8#%1-,($"-%-;?''&,%(#,2($"-%-4-/%#+&(2&;#F(.&#5?'&.&,%5(

>&'&( $&'<-'.&2( #5( 2&5;'18&2( 1,( !"#$%&'( OO)A( 0"15( %&;",1Q?&( .#6&5( 1%( $-5518/&( %-(

$'-8&( %"&( ;"#'+&( %'#,5$-'%( /1<&%1.&5( #5( >&//( #5( %"&( 5"-'%J;1';?1%( '&;-.81,#%1-,(

/1<&%1.&5G( %"&( '&/#%14&( .#+,1%?2&5( -<( >"1;"( ;#,( +14&( #,( 1,21;#%1-,( -<( %"&( ;"#'+&(

;-//&;%1-,(&<<1;1&,;FORA((0"&('&5?/%5(#'&(2&$1;%&2(1,(=1+?'&()AEA((:%(5"-?/2(8&(,-%&2(%"#%(

%"&(;"#'+&(%'#,5$-'%(/1<&%1.&5(>1//(8&(/1.1%&2(8F(%"&(5/->(&/&;%'-,(%'#,5$-'%(%"'-?+"(

%"&(.&5-$-'-?5(01*I(#%(%"&('&/#%14&/F(/->(;"#'+&(2&,51%1&5(<-?,2(#%(5"-'%(;1';?1%IGIWGOUA((

:,(=1+?'&()AE#G(%"&(;"#'+&(%'#,5$-'%('#%&5(#'&($/-%%&2(#5(#(<?,;%1-,(-<(%"&(8#;6+'-?,2(

/1+"%( 1,%&,51%FA( (M&'&G( 1%( 15(&412&,%(%"#%(#%(#(+14&,( /1+"%( 1,%&,51%FG( %"&(5-/#'(;&//5(>1%"(

%"1,,&'(01*I(/#F&'5(8&,&<1%(<'-.(#(2&;'&#5&2(;"#'+&(%'#,5$-'%(/1<&%1.&G(-'(1,;'&#5&2(

%'#,5$-'%('#%&A(((
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:<G("->&4&'G( %"&('&5?/%5(#'&($/-%%&2(#5(#( <?,;%1-,(-<( %"&(5"-'%J;1';?1%(&/&;%'-,(

2&,51%F( 1,( 01*I( `-8%#1,&2( %"'-?+"( ;"#'+&( &C%'#;%1-,( .&#5?'&.&,%5( 2&5;'18&2( 1,(

!"#$%&'( Oa( #5( 1,( =1+?'&( )AE8G( %"&( '&#5-,( <-'( %"&( #<-'&.&,%1-,&2( 1.$'-4&2( ;"#'+&(

%'#,5$-'%(/1<&%1.&5(;#,(8&(?,2&'5%--2A((:%(15(,->(#$$#'&,%(%"#%(%"&(%'#,5$-'%(/1<&%1.&5(

1,(&#;"(#';"1%&;%?'&(#'&(4&'F(51.1/#'(>"&,(;-.$#'&2(#%(%"&(5#.&(&/&;%'-,(2&,51%1&5(

1,( %"&( 01*IA( K-'&-4&'G( %"&( 5/-$&5( -<( %"&( /1<&%1.&5( >1%"( &/&;%'-,( 2&,51%F( #'&( #/5-(

51.1/#'G(2&.-,5%'#%1,+(%"#%('&+#'2/&55(-<(2&41;&(#';"1%&;%?'&G(%"&(&/&;%'-,(%'#,5$-'%(

15(+-4&',&2(8F(%"&(5#.&(.?/%1J%'#$$1,+(.&;"#,15.(%"#%("#5(8&&,(>12&/F(#;;&$%&2(%-(

8&( %"&( .&;"#,15.( <-'( &/&;%'-,( %'#,5$-'%( 1,( .&5-$-'-?5( 01*IG( #5( 215;?55&2( 1,(

!"#$%&'5( IG( D( #,2(EIWGOUNDXA( 75( #/'&#2F(-85&'4&2( 1,( =1+?'&()ADG( %"&( %"1,,&'( 5;#<<-/25(

51.$/F(8?1/2(?$("1+"&'(;"#'+&(2&,51%1&5( 1,(%"&(01*I(#%(#,F(+14&,( /1+"%( 1,%&,51%FG(#,2(

%"15(/&#25(%-(5"-'%&'(;"#'+&(%'#,5$-'%(/1<&%1.&5(1,(%"&(5-/#'(;&//5A(

(

(

"#$%&'!()1)!!!"#'+&(%'#,5$-'%(#,2('&;-.81,#%1-,(/1<&%1.&5A((`#a(0"&(;"#'+&(%'#,5$-'%(/1<&%1.&5(1,(21<<&'&,%(
#';"1%&;%?'&5( #'&( $/-%%&2( #5( #( <?,;%1-,( -<( 8#;6+'-?,2( /1+"%( 1,%&,51%FA( ( 0"&5&( #'&( '&$/-%%&2( 1,( `8a( #5( #(
<?,;%1-,(-<(5"-'%(;1';?1%(`H!a(;"#'+&(2&,51%FA((0"&(m&;-.81,#%1-,(/1<&%1.&5(#'&($/-%%&2(#5(#(<?,;%1-,(-<(H!(
;"#'+&(2&,51%F( 1,(`;aA( (!-.$#'15-,(-<( %"&( /1<&%1.&5( 1,(`8a(#,2(`;a(#//->(<-'(#(Q?#/1%#%14&(&5%.#%1-,(-<( %"&(
;"#'+&(;-//&;%1-,(&<<1;1&,;FA(0"&(2-%%&2(/1,&5(#'&(.&'&/F(+?12&5(%-(%"&(&F&A(

!
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 113 

=-'( %"&( 1.$'-4&2( ;"#'+&( %'#,5$-'%( '#%&5( %-( %'#,5/#%&( %-( 1.$'-4&2( ;"#'+&(

;-//&;%1-,(&<<1;1&,;1&5G( %"&( '&;-.81,#%1-,( '#%&(#%( 5"-'%( ;1';?1%( 1,( %"&( %"1,( 5-/#'( ;&//5(

.?5%( 8&( 51+,1<1;#,%/F( 5/->&'( %"#,( %"&( ;"#'+&( %'#,5$-'%A( ( :,( =1+?'&( )AE;G( %"&( 5"-'%(

;1';?1%( '&;-.81,#%1-,( /1<&%1.&5( #'&( $/-%%&2( #5( #( <?,;%1-,( -<( ;"#'+&( 2&,51%FA( ( 0>-(

215%1,;%/F( 21<<&'&,%( ;/#55&5( -<( 8&"#41-?'( #'&( 1..&21#%&/F( #$$#'&,%@( %"&'&( #'&( <#'(

5%&&$&'( 2&;'&#5&5( 1,( '&;-.81,#%1-,( /1<&%1.&( >1%"( 1,;'&#51,+( ;"#'+&( 2&,51%F( 1,( %"&(

5&,51%1P&2( 5-/#'( ;&//5( >1%"( %"1;6&'( 5;#<<-/25G( #,2( "&,;&( /->( $&'-4561%&( $-'&( <1//1,+(

<'#;%1-,5G( %"#,( 1,( %"&( 5-/#'( ;&//5(>1%"( %"1,,&'( 5;#<<-/25( #,2( "1+"&'( $&'-4561%&( $-'&(

<1//1,+A((:,(<#;%G(%"&(5"-'%(;1';?1%('&;-.81,#%1-,(/1<&%1.&5(<-'(%"&(%"1,,&'(5;#<<-/25(#'&(

<#'(5/->&'G(;-.$#'&2(%-( %"-5&( <-'( %"&(%"1;6&'(5;#<<-/25G(#%( %"&("1+"(;"#'+&(2&,51%1&5(

%"#%(;-''&5$-,2(%-(;-,21%1-,5(?,2&'(-,&(5?,A((0"&(/1<&%1.&5(<-'('&;-.81,#%1-,(`o(IJO(

!( BXJD( 5a( #,2( %'#,5$-'%( `o( IJO(!( BXJD( 5a( #%( "1+"( ;"#'+&( 2&,51%1&5( `-,&( 5?,( /1+"%(
1,%&,51%Fa( #'&( 51.1/#'( <-'( %"&( 5-/#'( ;&//5( >1%"( /->( $&'-4561%&( $-'&( <1//1,+( <'#;%1-,5G(

5?;"(%"#%(%"&(;-//&;%1-,(15(&C$&;%&2(%-(8&(1,&<<1;1&,%GOR(>"&'&#5(%"&(%'#,5$-'%(/1<&%1.&5(

`o()(!(BXJE(5a(#'&(51+,1<1;#,%/F(<#5%&'(%"#,(%"&('&;-.81,#%1-,(/1<&%1.&5(`o(O(!(BXJD(5a(
<-'(%"&(5-/#'(;&//5(>1%"("1+"&5%($&'-4561%&($-'&(<1//1,+(<'#;%1-,5(?,2&'(%"&(5#.&(/1+"%(

1,%&,51%FA((

M&,;&G( %"&( 5-/#'( ;&//5(.#2&(>1%"( %"1,,&'( 01*I( /#F&'5( #,2( "1+"&'( $-'&( <1//1,+(

<'#;%1-,5( 8&,&<1%( 51+,1<1;#,%/F( <'-.( 1.$'-4&2( ;"#'+&( ;-//&;%1-,( &<<1;1&,;1&5A( 0"15(

#$$&#'5( %-( 8&( 8&;#?5&( %"&F( ;#,( 5?5%#1,( "1+"( &/&;%'-,( 2&,51%1&5( 1,( %"&( 01*IG(

#;;&/&'#%1,+( &/&;%'-,( %'#,5$-'%G( >1%"-?%( 5?<<&'1,+( <'-.( %"&( '#$12( 1,;'&#5&( 1,(

'&;-.81,#%1-,('#%&5(-85&'4&2(<-'(%"&(5-/#'(;&//5(>1%"( /->&'($&'-4561%&(;-4&'#+&A( :,(

#221%1-,G( #( 51+,1<1;#,%( $'-$-'%1-,( -<( %"&( &/&;%'-,(.1+'#%1-,( #;'-55( %"&( #;%14&( /#F&'(

.?5%( %#6&( $/#;&( >1%"1,( %"&( 5-/12( $&'-4561%&( <1/.G( $'1-'( %-( %'#,5<&''1,+( %-( %"&(

.&5-$-'-?5( 01*IA( SF( ;-.$#'1,+( %"&( 5/-$&5( -<( &/&;%'-,( %'#,5$-'%( /1<&%1.&(>1%"( %"&(

&/&;%'-,( 2&,51%FG( 1%( ;#,( 8&( ;-,;/?2&2( %"#%( %"&( &/&;%'-,( %'#,5$-'%( .&;"#,15.(

'&5$-,518/&( <-'( %"&(2&;#F(-<( %"&($"-%-;?''&,%('&.#1,5( %"&(5#.&G('&+#'2/&55(-<(01*I(

5;#<<-/2(%"1;6,&55G(1A&A(&/&;%'-,5(#'&(%'#,5$-'%&2(%"'-?+"(%"&(.&5-$-'-?5(01*I(%-(%"&(

;-//&;%1-,(&/&;%'-2&A(

3&'"#$5( %"&( .-5%( 1,%&'&5%1,+( <1,21,+( "&'&( 15( %"&( 2&;'&#5&( 1,( %"&(

'&;-.81,#%1-,( '#%&p5( 2&$&,2&,;&( -,( ;"#'+&( 2&,51%FG( 51+,1<F1,+( #( ;"#,+&( 1,(

'&;-.81,#%1-,( .&;"#,15.A( ( :,( %"&( 5-/#'( ;&//5( >1%"( /->( $&'-4561%&( ;-4&'#+&G( %"&(
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'&;-.81,#%1-,(.&;"#,15.( 15(&C$&;%&2( %-(8&(51.1/#'( %-( %"#%( <-?,2( 1,(2F&(5&,51%1P&2(

5-/#'( ;&//5G( >"&'&( &/&;%'-,5( 1,( %"&( 01*I( '&;-.81,&( >1%"( "-/&5( -,( H$1'-J

K&*07LIRGOOGDBA( ( H1,;&( %"&( ;-4&'#+&( -<( $&'-4561%&( 15( ,-%( &C$&;%&2( %-( 8&( ;-.$/&%&/F(

?,1<-'.(#,2(%"&'&(15(/16&/F(%-(8&(5-.&(&C$-5&2(01*I(#//->1,+(.-'&(?,>#,%&2(;-,%#;%(

>1%"(%"&(H$1'-J*K&07LG(%"&('&;-.81,#%1-,('#%&5(.#F(&4&,(8&(&C$&;%&2(%-(8&(<#5%&'(

%"#,( 1,(5-/12(5%#%&(2F&(5&,51%1P&2(5-/#'(;&//5(>"&'&( %"&(2F&(.-/&;?/&5( <-'.(#(2&,5&(

/#F&'( -,( %"&( 01*I( 5?'<#;&A( ( ( ( :,2&&2G( %"&( '&;-.81,#%1-,( /1<&%1.&( -<( O(!( BXJD( 5( #%( #(
;"#'+&( 2&,51%F( -<( BXBR( ;.JO( -85&'4&2( "&'&( <-'( $&'-4561%&( 5&,51%1P&2( ;&//5( 15( .?;"(

<#5%&'( %"#,( %"&( BXJO( 5( -'( 5-( -85&'4&2( 1,( !"#$%&'( D( #,2( 1,( %"&( /1%&'#%?'&( #%( 51.1/#'(

;"#'+&(2&,51%1&5(1,(5-/12(5%#%&(2F&(5&,51%1P&2(5-/#'(;&//5OOGDBGDIA(((

S#5&2( -,( %"&( #8-4&( #,#/F515G( #( .&;"#,15.( <-'( ;"#'+&( '&;-.81,#%1-,( 15(

2&4&/-$&2(#,2(2&$1;%&2(1,(H;"&.&()AB(<-'(#';"1%&;%?'&5(>1%"(/->(#,2("1+"($&'-4561%&(

$-'&(<1//1,+(<'#;%1-,5A(0"&(;#5&(>"&'&(%"&'&(15(1,;-.$/&%&($&'-4561%&(;-4&'#+&(-,(%"&(

.&5-$-'-?5(01*I(15(2&$1;%&2(1,(H;"&.&()AB#G(>"1/&(%"#%(<-'("1+"($-'&(<1//1,+(<'#;%1-,5(

15( 2&$1;%&2( 1,( H;"&.&( )AB8A( ( h"&,( %"&( $-'&5( 5%#'%( %-( 8&( ;-.$/&%&/F( <1//&2( >1%"(

$&'-4561%&G( %"&( H$1'-JK&*07L(N(01*I( ;-,%#;%(>1//( 8&( 41'%?#//F( &/1.1,#%&2IXA( (M&,;&(

%"&( $'1.#'F( '&;-.81,#%1-,( $#%">#F( >1//( 8&( /#'+&/F( '&.-4&2A( ( m&;-.81,#%1-,( -<(

&/&;%'-,5( 1,(01*I(>1%"("-/&5( 1,(%"&($&'-4561%&( 1%5&/<( 15(.-'&-4&'(?,/16&/F(%-(8&(4&'F(

<#5%G(51,;&(%"&("-/&(2&,51%F(1,(%"&($&'-4561%&(5"-?/2(8&('&/#%14&/F(/->(2?&(%-(%"&1'("1+"(

21<<?5141%F(#,2(&<<&;%14&(%'#,5<&'(%-(H$1'-JK&*07L(#%(%"&($/#,#'("&%&'-Z?,;%1-,BIA(0"&(

5#.&(#$$/1&5(<-'(%"&('&;-.81,#%1-,(-<("-/&5(1,(H$1'-JK&*07L(>1%"(&/&;%'-,5(1,(%"&(

! !

234'5'!()*)!3'-$-5&2( '&;-.81,#%1-,(.&;"#,15.5( <-'( 5-/#'( ;&//5(>1%"( 1,;-.$/&%&( `#a( #,2(;-.$/&%&( `8a(
$&'-4561%&( $-'&( <1//1,+( <'#;%1-,5A( H%&$( B( `>"1%&( #''->a( 5%#,25( <-'( $"-%-J&C;1%#%1-,( -<( %"&( $&'-4561%&(
#85-'8&'G(5%&$(I(`/1+"%(8/?&(#''->a(%-(&/&;%'-,(1,Z&;%1-,(1,%-(01*I(#,2("-/&(%'#,5<&'(%-(%"&(M0KG(>"1/&(5%&$5(
O(`8/#;6(#''->5a('&$'&5&,%(%"&('&;-.81,#%1-,($#%">#F5A(
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 115 

$&'-4561%&@( %"&( &/&;%'-,( 2&,51%F( 1,( %"&( $&'-4561%&(>1//( 8&( 4&'F( /->( 2?&( %-( %"&( <#5%(

&/&;%'-,(%'#,5<&'(%-(%"&(01*I(,#,-$#'%1;/&5G(.&#,1,+(%"15('&;-.81,#%1-,(.&;"#,15.(

>1//(#/5-(8&(4&'F(5/->ODA((

0"&5&( '&#/1P#%1-,5( '#%1-,#/1P&( >"F( 5-.&( -<( %"&( 8&5%( $&'<-'.1,+( $&'-4561%&(

55HH!5('&$-'%&2(1,(%"&(/1%&'#%?'&(#'&(%"-5&(>1%"(/#'+&($&'-4561%&(;#$$1,+(/#F&'5IXNIIA(

:,(%"15(>-'6G($&'-4561%&(;#$$1,+(/#F&'5(;-?/2(-,/F(8&(<-'.&2(-,('&/#%#%14&/F(%"1,(01*I(

&/&;%'-2&5G(/1.1%1,+(%"&(-4&'#//(%"1;6,&55(#,2(/1+"%(#85-'$%1-,(-<(%"&(2&41;&5(`=1+?'&(

)AOaA( ( 0"15( 15( 2?&( %-( /1.1%#%1-,5( 1,( %"&( ;"-5&,( 5$1,( ;-#%1,+( 2&$-51%1-,( %&;",1Q?&A(

7/%&',#%14&(2&$-51%1-,(%&;",1Q?&5(5?;"(#5(5&Q?&,%1#/(2&$-51%1-,G('&;&,%/F(1,%'-2?;&2(

8F(S?'5"6#(!"#$%AII(5"-?/2(#//->(<-'("1+"($&'-4561%&($-'&(<1//1,+(<'#;%1-,5(#,2(;#$$1,+(

/#F&'5(%-(8&(#;"1&4&2(-,(%"1;6&'(5;#<<-/25G(>"1;"(>-?/2(1,;'&#5&(%"&(*ALA(#,2("&,;&(

$"-%-;?''&,%(#,2(&/&;%'-,(<&'.1(/&4&/(1,(%"&(01*IA(0"15(15(#(;/&#'($#%"(%->#'25(<?'%"&'(

-$%1.1P#%1-,(-<($&'-4561%&(55HH!5A(

!

)AE(
(
H?..#'F(#,2(*?%/--6(

SF(;"#,+1,+( %"&(01*I( 5;#<<-/2( %"1;6,&55(#/-,+(>1%"( %"&($&'-4561%&($'&;?'5-'(

5-/?%1-,(;-,;&,%'#%1-,G(1%(>#5($-5518/&(%-(;-,%'-/(%"&(2&+'&&(-<($&'-4561%&($-'&(<1//1,+(

1,( %"&(01*I(.&5-$-'&5A( (0"&(2&41;&5(>&'&(;"#'#;%&'1P&2( 1,( %&'.5(8-%"($"-%-4-/%#1;(

;-,4&'51-,(&<<1;1&,;F(#5(>&//(#5(;"#'+&(2F,#.1;5A( (0"&(?,2&'5%#,21,+(+#1,&2(1,(%"15(

;"#$&'5( 5?++&5%5( ;&'%#1,( 2&51+,( '?/&5( <-'( $'&$#'1,+( "1+"( &<<1;1&,;F( 01*I( J( 8#5&2(

$&'-4561%&(5-/#'(;&//5A( (0"&(.-5%( 1.$-'%#,%( <#;%-'( %-(;-,%'-/( 15( %"&(;-.$/&%&,&55(-<(

$&'-4561%&(;-4&'#+&(-,(%"&(01*I(,#,-$#'%1;/&5G(#5(%"15('&2?;&5('&;-.81,#%1-,('#%&5A((

0"15(.&#,5(%"#%("1+"&'(;"#'+&(2&,51%1&5(;#,(8&(.#1,%#1,&2(1,(%"&(01*IG(1.$'-41,+(%"&(

;"#'+&( %'#,5$-'%( '#%&5( #,2( ;-//&;%1-,( &<<1;1&,;1&5( -<( %"&( 5-/#'( ;&//5A( ( 0"15G( %-+&%"&'(

>1%"(%"&(<#;%(%"#%(%"1,,&'(01*I(5;#<<-/25(5&'4&(%-(;-,;&,%'#%&(%"&(&/&;%'-,(2&,51%F(#%(#(

+14&,(+&,&'#%1-,('#%&G(#/5-(/&#25(%-(#('#151,+(-<(%"&(&/&;%'-,(Q?#51(=&'.1(/&4&/(1,(%"&(

01*I(%-(1.$'-4&(%"&($"-%-4-/%#+&(-<(%"&(5-/#'(;&//5A((:,(%"15(>-'6G(%"15(15(#;"1&4&2(8F(

'&2?;1,+( %"&( 01*I( 5;#<<-/2( %"1;6,&55G( >"1;"( ?,<-'%?,#%&/F( 2&;'&#5&5( %"&( -$%1;#/(

2&,51%F( -<( %"&( <1/.A( =?%?'&( >-'6( 15( /16&/F( %-( 8&( <-;?5&2( -,( ?51,+( ,&>( 2&$-51%1-,(

$'-;&55&5G(5?;"(#5(%"&(5&Q?&,%1#/(2&$-51%1-,($'-;&55(1,%'-2?;&2(8F(S?'5;"6#(&%A(#/AIIG(
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%-(#;"1&4&("1+"($&'-4561%&($-'&(<1//1,+(<'#;%1-,5(>1%"(%"1;6&'(`8?%(5%1//(-,(%"&(-'2&'(-<(

B(V.a(#;%14&(/#F&'5A(0"&(>-'6($'&5&,%&2("&'&(#/5-(&.$"#51P&5(%"#%(%"&(.-5%(&<<1;1&,%(

01*I( 8#5&2( $&'-4561%&( 5-/#'( ;&//5( -$&'#%&( 1,( #( 215%1,;%/F( 21<<&'&,%( .#,,&'( %-(

;-,4&,%1-,#/( 5&,51%1P&2( 5-/#'( ;&//5IXA( 0"&( $"-%-+&,&'#%&2( &/&;%'-,5( >1%"1,( %"&(

$&'-4561%&( ;#$$1,+( /#F&'( 21<<?5&( %"'-?+"-?%( %"15( /#F&'( %-( %"&( .&5-$-'-?5( 01*I(

&/&;%'-2&G( #,2( %"&( "-/&5( %"'-?+"-?%( %"&( >"-/&( -<( %"&( $"-%-#;%14&( /#F&'( #'&(

%'#,5$-'%&2(>1%"1,(%"&($&'-4561%&($"#5&(8#;6(%-(%"&($/#,#'("&%&'-Z?,;%1-,(>1%"(%"&(

$J%F$&("-/&J%'#,5$-'%&'A(:,(&55&,;&G(%"&(.&5-$-'-?5(01*I(15($&'<-'.1,+(%"&(<?,;%1-,(

-<(#('-?+"(&/&;%'-2&(%-(<#;1/1%#%&(/-,+J/#5%1,+(;"#'+&(5&$#'#%1-,A((

0"15( !"#$%&'( "#5( 5%?21&2( %"&( ?5&( -<( #( ,&>( #85-'8&'G( !MO\MO38:OJC!/CG( 1,(

55HH!5A((0"&(8'-#2(#,2(1,%&,5&(#85-'$%1-,(5$&;%'?.(-<(%"&(.#%&'1#/(#//->5(55HH!5(%-(

#;"1&4&( "1+"( $"-%-;?''&,%5( 1,( %"1,( 5-/#'( ;&//( #';"1%&;%?'&5A( ( :,( #221%1-,G( %"&(

$&'-4561%&(#85-'8&'(;#,(8&(1,<1/%'#%&2(1,%-(%"&(01*I(.&5-$-'&5(%-(<?,;%1-,(#5(#("-/&(

%'#,5$-'%&'( 1,( 1%5( ->,( '1+"%A( ( 55HH!5( -<( %"15( ;-,<1+?'#%1-,( %"&,( -4&';-.&( %"&(

21<<1;?/%1&5( #55-;1#%&2( >1%"( #;"1&41,+( "1+"&'( *ALA( 2F&( 5&,51%1P&2( 55HH!5G( #5( 5&'1&5(

'&515%#,;&(#,2($#'#51%1;(#85-'$%1-,(/-55&5(2?&(%-(%"&(/->(.-81/1%F(M0K(#'&(,-(/-,+&'(

/#'+&(<#;%-'5(/1.1%1,+(;-,4&'51-,(&<<1;1&,;FA(((

(

(

(

(

(

(

(

(

(

(
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)A)(
(
m&<&'&,;&5(

`Ba(( Y-Z1.#G(7A9(0&5"1.#G(YA9(H"1'#1G(qA9(K1F#5#6#G(0A(&)#*+)#,-!+)#./0)(0667G(121G(
)XEXA(

`Ia(( [&&G(KA(KA9(0&?5;"&'G(lA9(K1F#5#6#G(0A9(K?'#6#.1G(0A(\A9(H,#1%"G(MA(lA(.03!40!#567')#
8)(06*0G(226G()DOA(

`Oa(( Y1.G(MAJHA9([&&G(!AJmA9(:.G(lAJMA9([&&G(YAJSA9(K-&"/G(0A9(K#';"1-'-G(7A9(K--,G(HAJlA9(
M?.$"'FJS#6&'G(mA9(q?.G(lAJMA9(K-5&'G(lA(_A9(b'r%P&/G(KA9(3#'6G(\AJbA(.03)#9!:)(
06*0G(;A(

`Da(( _%+#'G([A9(b#-G(3A9(i?&G(sA9(3&,+G(nA9(!"#,21'#,G(7A(YA9([1?G(SA9(\#P&&'?221,G(KA(YA9(
b'r%P&/G(KA(&)#*+)#,-!+)#./0)(06*0G(12<G(BROW)A(

`Ea(( H%'#,65G(HA(LA9(_$&'-,G(bA(_A9(b'#,;1,1G(bA9(K&,&/#-?G(!A9(7/;-;&'G(KA(lA(3A9([&1Z%&,5G(
0A9(M&'PG([A(KA9(3&%'-PP#G(7A9(H,#1%"G(MA(lA(.03!40!(06*/G(2<;G(ODBA(

`)a(( [1?G(KA9(l-",5%-,G(KA(SA9(H,#1%"G(MA(lA(=$">?!(06*/G(@71G(OWEA(

`Ra(( K#/1,61&>1;PG(*A9(q&//#G(7A9([&&G(qA(MA9(_5$#//#'+#5G(bA(KA9(b'#&%P&/G(KA9(
\#P&&'?221,G(KA(YA9(S-/1,6G(MA(lA(=$")#A-/"/430B(06*/G(6G(BA(

`Ua(( S?'5;"6#G(lA9(L?#/&"G(7A9(Y&55/&'G(=A9(S#'#,-<<G(_A9(!&4&FJM#G(\AJ[A9(q1G(!A9(
\#P&&'?221,G(KA(YA9(b'r%P&/G(KA(&)#*+)#,-!+)#./0)(06**G(122G(BUXDIA(

`Wa(( L1,+G(:A(YA9(0t%'&#?/%G(\A9(S'1//&%G(lA9(M#'21,G(SA(_A9(H.1%"G(_A(MA9(m-5&,%"#/G(HA(lA9(
H#?4#+&G(=A9(b'r%P&/G(KA9(K;b&"&&G(KA(LA(*CD)#E>40")#F$"!?)(0667G(1GG(IDOBA(

`BXa(( M#'21,G(SA(_A9(H,#1%"G(MA(lA9(K;b&"&&G(KA(LA(=$")#A-/"/430B(06*0G(HG(B)IA(

`BBa(( L-;#.$-G(3A9(S#//G(lA(KA9(L#'>1;"G(KA9(_$&'-,G(bA(_A9(H,#1%"G(MA(lA(=$")#,/++>4)(
06*/G(<G(IR)BA(

`BIa(( H%'#,65G(HA(LA9(_$&'-,G(bA(_A9(b'#,;1,1G(bA9(K&,&/#-?G(!A9(7/;-;&'G(KA(lA(3A9([&1Z%&,5G(
0A9(M&'PG([A(KA9(3&%'-PP#G(7A9(H,#1%"G(MA(lA(.03!40!#567')#8)(06*/G(2<;G(ODBA(

`BOa(( _$&'-,G(bA(_A9(S?'/#6-4G(kA(KA9(L-;#.$-G(3A9(b-'1&/FG(7A9(H,#1%"G(MA(lA(*CD)#E>40")#
F$"!?)(06*/G(;<G(BEBA(

`BDa(( [1?G(LA9(Y&//FG(0A([A(=$")#A-/"/430B(06*/G(6G(BA(

`BEa(( S#//G(lA(KA9([&&G(KA(KA9(M&FG(7A9(H,#1%"G(MA(lA(I4!?JK#I4D3?/4)#.03)(06*/G(HG(BROWA(

`B)a(( [#8#,G(hA(7A9(_%+#'G([A(I4!?JK#I4D3?/4)#.03)(06*/G(HG(OIDWA(
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`BRa(( _$&'-,G(bA(_A9(S?'/#6-4G(kA(KA9(L-;#.$-G(3A9(b-'1&/FG(7A9(H,#1%"G(MA(lA(*CD)#E>40")#
F$"!?)(06*/G(;<G(BEBA(

`BUa(( L-;#.$-G(3A9(S#//G(lA(KA9(L#'>1;"G(KA9(_$&'-,G(bA(_A9(H,#1%"G(MA(lA(=$")#,/++>4)(
06*/G(<G(IR)BA(

`BWa(( l&,+G(lAJqA9(!"1#,+G(qAJ=A9([&&G(KAJMA9(3&,+G(HAJmA9(b?-G(0AJ=A9(!"&,G(3A9(h&,G(0AJ!A(
*CD)#F$"!?)(06*/G(;@G(ORIRA(

`IXa(( M&-G(lA(MA9(:.G(HA(MA9(\-"G(lA(MA9(K#,2#/G(0A(\A9([1.G(!AJHA9(!"#,+G(lA(7A9([&&G(qA(MA9(
Y1.G(MA9(H#'6#'G(7A9(\#P&&'?221,K2G(YA9(b'r%P&/G(KA9(H&-6G(HA(:/A(=$"#A-/")(06*/G(
LG(DU)A(

`IBa(( \-"G(lA(MA9(:.G(HA(MA9(M&-G(lA(MA9(K#,2#/G(0A(\A9(H&-6G(HA(:/A(=$4/#M!"")(06*/G(12G(
BR)DA(

`IIa(( S?'5;"6#G(lA9(3&//&%G(\A9(K--,G(HAJlA9(M?.$"'FJS#6&'G(mA9(b#-G(3A9(\#P&&'?221,G(KA(
YA9(b'r%P&/G(KA(=$">?!(06*/G(<GGG(OB)A(

`IOa(( !-/&//#G(HA9(K-5;-,1G(_A9(=&2&/1G(3A9([15%-'%1G(7A9(*'/#,21G(=A9(=&''-G(3A9(S&5#+,1G(0A9(
m1PP-G(7A9(!#/&5%#,1G(bA9(b1+/1G(bA9(7,+&/15G(=A(L&9(K-5;#G(mA9(b#PP#G(=A(,-!+)#F$"!?)(
06*/G(;@G(D)BOA(

`IDa(( S#161&G(0A9(=#,+G(qA9(Y#2'-G(lA(KA9(H;"'&F&'G(KA9(h&1G(=A9(K"#15#/6#'G(HA(bA9(b'r%P&/G(
KA9(h"1%&G(0A(lA(&)#F$"!?)#,-!+)#*(06*/G(1G(E)IUA(

`IEa(( q-?G(lA9(M-,+G(sA9(q#,+G(qA(KA9(!"&,G(nA9(!#1G(KA9(H-,+G(0A9(!"&,G(!A9([?G(HA9([1?G(qA9(
s"-?G(MA9(q#,+G(qA(*,.#=$4/(06*1G(LG(WWDA(

`I)a(( L-;#.$-G(3A9(M&FG(7A9(b?/21,G(HA9(b?,,1,+G(mA9(H%&1,&'G(cA9(H,#1%"G(MA(lA(*CD)#E>40")#
F$"!?)(06*0G(,u#A(

`IRa(( =#8'&+#%JH#,%1#+-G(=A9(S15Q?&'%G(lA9(!&4&FG([A9(!"&,G(3A9(h#,+G(KA9(s#6&&'?221,G(HA(
KA9(b'r%P&/G(KA(&)#*+)#,-!+)#./0)(0668G(121G(EEUA(

`IUa(( H,#1%"G(MA(lA(*CD)#E>40")#F$"!?)(06*6G(;7G(BOA(

`IWa(( [&1Z%&,5G(0A9([1.G(lA9(0&?5;"&'G(lA9(3#'6G(0A9(H,#1%"G(MA(lA(*CD)#F$"!?)(06*/G(;@G(
OIIRA(

`OXa(( 7,2&'5-,G(7A(qA9(S#',&5G(3A(mA(=A9(L?''#,%G(lA(mA9(*pm&+#,G(SA(!A(&)#A-KB)#,-!+)#,(
06*6G(11<G(BWEOA(

`OBa(( 78'?5;1G(7A9(H%'#,65G(HA(LA9(L-;#.$-G(3A9(q1$G(MAJ[A9(l&,G(7A(YA(qA9(H,#1%"G(MA(lA(=$4/#
M!"")(06*/A(

`OIa(( K#';"1-'-G(7A9(0&?5;"&'G(lA9(='1&2'1;"G(LA9(Y?,5%G(KA9(4#,(2&(Y'-/G(mA9(K-&"/G(0A9(
b'r%P&/G(KA9(K-5&'G(lAJ_A(=$")#A-/"/430B(06*1G(6G(IEXA(
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`OOa(( s"#-G(qA9(\#'2&5G(7A(KA9(s"?G(YA(&)#A-KB)#,-!+)#M!"")(06*1G(DWXA(

`ODa(( K#';"1-'-G(7A9(0&?5;"&'G(lA9(='1&2'1;"G(LA9(Y?,5%G(KA9(4#,(2&(Y'-/G(mA9(K-&"/G(0A9(
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7#6-5(5.29-04'#%-.2G( %"&6&(6.+#'(5&++6(.$&'#%&( -2( %"&(6#F&(@#8(#6( %"&(38&(6&26-%-?&3(
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#2.3&(.'(K;:(+#8&'6(@-++(7&(5.FF.2(%.(#++(66>>!(#'5"-%&5%4'&6C(((
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#76.'7&'6C((;"&(%..+6(3&,&+.$&3(-2(!"#$%&'(M($'.,-3&(#(42-Q4&(.$$.'%42-%8(%.(6%438(

&+&5%'.2(#23(".+&( %'#26$.'%($'.5&66&6(34'-20(#0-20(.9( 66>>!6C( ( 12( %"-6( 5"#$%&'G( -%( -6(

9.423(%"#%(#(5'-%-5#+(-26%#7-+-%8(-2(F&6.$.'.46H;-<=H6&26-%-?&3(6.+#'(5&++6(#'-6&6(9'.F(

+-0"%H-2345&3(3&6.'$%-.2(.9(64'9#5&(#36.'7&3(.E80&2C( ( (!"#20-20(%"&('&5.F7-2#%-.2(

$#%"@#8(78(5"#20-20(%"&($&'.,6A-%&($.'&(9-++-20(9'#5%-.2(L#6(3&65'-7&3(-2(!"#$%&'(IOG(

#6(@&++(#6(5.F$+&%&+8('&F.,-20(%"&(F&6.$.'.46(;-<=(+#8&'G(7.%"("&+$(-2(.,&'5.F-20(

%"&(+-0"%(-2345&3(-26%#7-+-%8(.9(66>>!6C(
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12%'.345%-.2(

66>>!6G( @"&'&( F&6.$.'.46( ;-<=( -6( 46&3( #6( %"&( &+&5%'.2( %'#26$.'%&'G( "#,&(

'&#5"&3( 5+.6&( %.( 5.FF&'5-#+( $.@&'( 5.2,&'6-.2( &99-5-&25-&6( .9( .,&'( %.( D)( N( @-%"(

6.+-3H6%#%&( ".+&( %'#26$.'%&'6( #23( .'0#2.F&%#+( "#+-3&( $&'.,6A-%&( #76.'7&'6G( #6(

3&65'-7&3( -2( !"#$%&'( IDRMC( ;"&( -F$'.,&F&2%( .,&'( 5.2,&2%-.2#+( 66>>!6( 46-20( 38&(

6&26-%-?&'6( -6( 34&( %.( %"&( $&'.,6A-%&( F#%&'-#+6S( 7'.#3( #23( -2%&26&( #76.'$%-.2G(

3&F.26%'#%&3(-2(!"#$%&'(=C(J33-%-.2#++8G(.'0#2.F&%#+("#+-3&($&'.,6A-%&6(#'&(5#$#7+&(

.9( %'#26$.'%-20(7.%"(&+&5%'.26(#23(".+&6TGIG( #23(.$&'#%&(&99-5-&2%+8( -2(#($+#2#'($H-H2(

"&%&'.P425%-.2(5.29-04'#%-.2G(3&+-,&'-20(.,&'(DMN(&99-5-&258=G)RDUC(V"&2(!KTWKTX71TH

E!+E(-6(5.#%&3(.2%.(#2(-264+#%-20(#+4F-2#(65#99.+3G(-%(5#2(8-&+3($&'9.'F#25&6(.9(4$(%.(

DI(N(-2(#(F&6.$.'.46(;-<=(R(9'&&("87'-3(6.+#'(5&++G(@"-5"("#6(7&&2(%&'F&3(#(F&6.H

64$&'6%'45%4'&3( 6.+#'( 5&++( L:>>!O=GTGDDGD=C ;"&6&( 6.+-3H6%#%&( #$$'.#5"&6( "#,&( %"&(

#3,#2%#0&( %"#%( %"&8( 3.( 2.%( 6499&'( 9'.F( &+&5%'.+8%&( +&#A#0&G( 2.'( 3.&6( %"&( ".+&(

%'#26$.'%-20(F#%&'-#+(LK;:O($.66&66(#28(5.''.6-,&(Q4#+-%-&6(%"#%(@&(A2.@(.9G(6.(%"#%(

645"( 3&,-5&6( #'&( +#43&3( #6(F.'&( 9423#F&2%#++8( 6%#7+&( %"#2( %"&-'( +-Q4-3( &+&5%'.+8%&(

5.42%&'$#'%6DTRDMC(J6(%"&(&99-5-&258(-6(+-A&+8(%.(-25'&#6&(#23(7&5.F&(5.F$#'#7+&(@-%"(

%"&( 7&6%( %"-2H9-+F( #23( @#9&'( 7#6&3( %&5"2.+.0-&6G( #( 5'-%-5#+( 5"#++&20&( 9.'( 0+.7#+(

#3.$%-.2( .9( $&'.,6A-%&( 7#6&3( 6.+#'( 5&++6( -6( %"&( $'..9( .'( '&#+-6#%-.2( .9( +.20&,-%8C((
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%.(&2%&'(%"&(F#'A&%C((((
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+-Q4-3(&+&5%'.+8%&(5.42%&'$#'%6G(%"&'&(-6(,&'8(+-%%+&($47+-6"&3('&6&#'5"(.2(%"&(%.$-5ZGDIR
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0&2&'#%-.2(.9($&'.,6A-%&(#76.'7&'6G(F#A&6( -%( 5+&#'( %"#%( %"-6(2&@(5+#66(.9( 6.+#'( 5&++6(

@-++('&Q4-'&(#("-0"(+&,&+(.9(&25#$64+#%-.2(%.(#%%#-2(&,&2%4#+(.4%3..'(+-9&%-F&6(.9(.,&'(

=M(8&#'6TGDIG=IC((

J( 24F7&'( .9( $'&,-.46( '&$.'%6( .2( 38&( 6&26-%-?&3( 66>>!6( &+43&( %.( 6-02-9-5#2%(

$&'9.'F#25&( 3&%&'-.'#%-.26(@"&2( .$&'#%&3( -2( #2( -2&'%( #%F.6$"&'&C( ;"-6( "#6( 7&&2(

#66-02&3(%.(5"#20&6(-2(%"&(F&%#+(.E-3&(64'9#5&(#23(5"#20&6(%.(%"&(+&,&+(.9($H3.$-20(-2(

%"&(".+&H%'#26$.'%&'=UG=)R=[C(V-%"(%"-6(-2(F-23G(%"-6(5"#$%&'(-2,&6%-0#%&6(%"&(-29+4&25&(

.9( *\( +-0"%( #23( #%F.6$"&'-5( 5.23-%-.26( .2( 66>>!6( &F$+.8-20( 7.%"( 38&H6&26-%-?&'6(
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129+4&25&(.9(J%F.6$"&'&(#23(*\(+-0"%(.2(66>>!(X&'9.'F#25&(
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%"&(*\(5.F$.2&2%(.9(%"&(+-0"%(78(&F$+.8-20(#(ZTM(2F(*\(54%(.99(9-+%&'C((1%(6".4+3(7&(

2.%&3(%"#%(%"&6&(6.+#'(5&++6G(5.F$'-6&3(.9(#2(_UU(2F(;-<=(65#99.+3(-29-+%'#%&3(@-%"(=U(

@%( N( $&'.,6A-%&( $'&54'6.'( 6.+4%-.2G( #'&( ,&'8( F45"( 6-F-+#'( %.( 5.2,&2%-.2#+( 38&(

6&26-%-?&3( 66>>!6G( #6( 3&65'-7&3( -2( !"#$%&'( IC( >4'$'-6-20+8G( %"&( &25#$64+#%&3(

6&26-%-?&3(;-<=(5&++6(3&5#8(F45"( 9#6%&'( %"#2(%"&(2.2H&25#$64+#%&3(6.+#'(5&++6(@"&2(

647P&5%( %.( 94++( 6$&5%'4F( 642( +-0"%G( 9#++-20( %.( +&66( %"#2( DU( N( .9( %"&-'( -2-%-#+(

$&'9.'F#25&(@-%"-2(M(".4'6(34&(%.(#('#$-3(3&5'&#6&( -2($".%.54''&2%(#23(#(6F#++&'(

3&5'&#6&( -2( $".%.,.+%#0&C( ;"-6( -6( -2( 5.2%'#6%( %.( .2+8( MU( N( 3&5#8( .,&'( M( ".4'(

-++4F-2#%-.2(9.'(%"&(2.2H&25#$64+#%&3(3&,-5&6(%&6%&3(-2(#F7-&2%(5.23-%-.26C(V"&2(#(

*\(9-+%&'(LZTM(2F(54%H.99O(-6(&F$+.8&3G(".@&,&'G(%"&(6.+#'(5&++6(#'&(F.'&(6%#7+&G(@-%"(

(

"#$%&'!()*)! !Evolution of normalized solar cell performance parameters, power conversion efficiency (PCE), 
short circuit current (Jsc), fill factor (FF), and open circuit voltage (Voc) over 5 hours of AM1.5 100 mW cm-2 
solar illumination.  The figure compares the behaviour of perovskite sensitized TiO2 solar cells which are non-
encapsulated and encapsulated with and without a < 435 nm cut-off filter. All devices had initial PCEs of at least 
5 %, with short circuit currents of at least 10 mA cm-2, representing typical working solar cells of this type.  The 
devices were prepared together with Giles E Eperon at the Department of Physics at the University of Oxford.(
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!DUI(6&26-%-?&3(66>>!6(-2(#(2-%'.0&2H9-++&3(%&6%-20(5"#F7&'(#'&($'&6&2%&3(-2(^-04'&6(

IC=#(#23(IC=7G('&6$&5%-,&+8C((K&'&G(%"&'&(-6(#(6-F-+#'('#$-3(3'.$(-2($".%.54''&2%(4$.2(

+-0"%( &E$.64'&( 423&'( -2&'%( 5.23-%-.26( L%"&( 5&++6( @&'&( %&6%&3( 423&'( ,#544F( -2( #(
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3-F-2-6"-20( %"&( %.%#+( -2-%-#+( $".%.54''&2%( 6-F$+8( 7&5#46&( %"&'&( -6( +&66( +-0"%( .2( %"&(

6#F$+&G( '&64+%6( -2( 6%#7+&( 3&,-5&( .$&'#%-.2C( ( ;"&( 9#5%( %"#%( 7.%"( $&'.,6A-%&( #23( 38&(

6&26-%-?&3( 66>>!6( 7&"#,&( -3&2%-5#++8( @-%"( '&6$&5%( %.( *\( +-0"%( #23( -2&'%( %&6%-20(

(

"#$%&'!()+)!!*\H,-6(#76.'$%-.2(%#A&2(9.'(&25#$64+#%&3(#23(2.2(&25#$64+#%&3($&'.,6A-%&(6&26-%-?&3(66>>!6(
L%"&(6#F&(#6(%".6&(-2(^-04'&()CD(74%(@-%".4%(%.$(0.+3(&+&5%'.3&O(7&9.'&(#23(#9%&'(T(".4'6(.9(94++(AM1.5 100 
mWcm-2 solar illuminationC(;"&(.996&%(9.'(%"&(&25#$64+#%&3(6#F$+&6(-6(6-F$+8(34&(%.(%"&(&E%'#('&9+&5%-.2#%(
%"&(#-'(a(0+#66((-2%&'9#5&(.9(%"&(&25#$64+#%-20(0+#66C(

!
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5.23-%-.26( 6400&6%6( %"#%( %"&( $'.7+&F( 3.&6( 2.%( +-&( @-%"( %"&( $&'.,6A-%&( #76.'7&'(

F#%&'-#+G( 74%( &+6&@"&'&G( #23( -6( 5.FF.2( %.( #++( 66>>!6C( ( ;"&( 9#5%( %"#%( %"&( 6#F&(

7&"#,-.4'(-6(6&&2(4$.2(&25#$64+#%-.2(-2(#2(-2&'%(#%F.6$"&'&(#6(4$.2(&,#54#%-.2(.9(

%"&(&2%-'&(%&6%-20(5"#F7&'(6400&6%6(%"#%(%"&(3&0'#3#%-.2(-6(2.%(5#46&3(78(%"&(6&#+-20(

$'.5&34'&( -%6&+9G( 74%( '#%"&'( 78( %"&( +#5A( .9( .E80&2( #23( $.66-7+8( @#%&'( 2.'F#++8(

$'&6&2%(-2(#-'C(

!"#$%&'(Z(#23(M(3-65466&3(%"&(-F$.'%#25&(.9(.E80&2(-2345&3(3.$-20(%"&(K;:(

-2( 66>>!6C( ( J( 2#%4'#+( 9-'6%( %".40"%( -6( %"#%( %"&( .76&',&3( 3&0'#3#%-.2( -2( #2( -2&'%(

! !

! !

"#$%&'!(),)!! !"#(5"#'#5%&'-6%-56(.9(38&(6&26-%-?&3(66>>!6(#6(#( 9425%-.2(.9( %-F&G( %&6%&3(423&'(,#544F(-2(#(
6&#+&3( %&6%-20( 5"#F7&'C( ( L#O( 6".@6( %"&( 5"#'#5%&'-6%-56( .9( ]D<=( 6&26-%-?&3( 66>>!6G(@"-+&( L7O( 6".@6( %"&(

7&"#,-.4'(.9(!DUI(6&26-%-?&3(66>>!6C((b.%"(6".@(,&'8(6-F-+#'(7&"#,-.4'C((;"&(3&,-5&6(@&'&(#0#-2(&E$.6&3(

%.(#-'(9.'(T(3#86( -2(%"&(3#'A(#23('&5.,&'&3(4$(%.([U(N(.9(%"&(-2-%-#+($&'9.'F#25&C(( L5O(#23(L3O(6".@(%"&(

6#F&(#6(L#O(#23(L7OG(74%(@-%"(%"&(#33-%-.2(.9(#(`(ZTM(2F(54%H.99(9-+%&'('&F.,-20(%"&(*\(5.F$.2&2%(.9(%"&(

+-0"%C((J9%&'(%"&(3&,-5&6(@&'&(F.42%&3G(%"&(5"#F7&'(@#6($4'0&3(@-%"(2-%'.0&2(#23(%"&2(&,#54#%&3(%"'&&(

%-F&6C(;"&2(-%(@#6(&,#54#%&3(9.'(=(".4'6(78(#2(.-+($4F$G(#23(%"&2(6&#+&3C((;"&(-25-3&2%(+-0"%(@#6()U(FV(

5FH=(-2(-2%&26-%8G(#23(2.(*\(54%H.99(9-+%&'6(@&'&(&F$+.8&3C((;"&(54''&2%(9.'(%"&(5&++6(423&'(%"&(*\(9-+%&'(-6(

2#%4'#++8(+.@&'(34&(%.(%"&(&E%'#('&9+&5%-.26(#%(%"&(#-'a9-+%&'a#-'( -2%&'9#5&6(#6(@&++(#6(%"&(6-F$+&( 9#5%(%"#%(

2.2&(.9(%"&(+-0"%(#%("-0"&'(&2&'08(%"#2(ZTM(2F(-6(-25-3&2%(.2(%"&(6#F$+&6C(

!
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#%F.6$"&'&G( 423&'( 94++( 6.+#'( 6$&5%'4F( -++4F-2#%-.2( -6( 34&( %.( 5"#20&6( -2( %"&( K;:(

5.2345%-,-%8C( ( <2( %"&( .%"&'( "#23G( %"&( !"#( 54',&6( $'&6&2%&3( -2( ^-04'&( )CT( 6".@( 2.(

&,-3&25&( 9.'( #2( -25'&#6&3( 6&'-&6( '&6-6%#25&G( #6(@.4+3( 7&( &E$&5%&3( -9( %"&( 5#46&( 9.'(

3&0'#3#%-.2(@#6( #( c3&H3.$-20d( .9( %"&(K;:C( ( ;.( -2,&6%-0#%&( #%F.6$"&'-5( &99&5%6( .2(

66>>!6(F.'&(5+.6&+8G(#++(%"&(6%&$6(.9(38&(L]DU=O(6&26-%-?&3(66>>!(#66&F7+8G(6%#'%-20(

@-%"(38&(6&26-%-?#%-.2G(@&'&($&'9.'F&3(-2(#(2-%'.0&2H9-++&3(0+.,&7.EC((;"&(5.F$+&%&3(

3&,-5&6( L@-%"( %"&( .$%-F-?&3( #33-%-,&( 5.25&2%'#%-.2O( @&'&( F.42%&3( -2( #( %&6%-20(

5"#F7&'(%"#%(@#6(6&#+&3(7&9.'&('&F.,#+(9'.F(%"&(0+.,&7.EC((;"&(!"#(5"#'#5%&'-6%-56(

@&'&(%"&2(%#A&2(9.'(%"&(3&,-5&6(-2(%"&(-2&'%(5.23-%-.2G(#9%&'(6%#7-+-?#%-.2(-2(#-'G(#23(

%"&2( #0#-2( #9%&'( $+#5-20( -2( #( 2-%'.0&2( &2,-'.2F&2%( #23( &E$.6-20( %.( 429-+%&'&3(

6-F4+#%&3(642+-0"%(9.'(M(F-24%&6C((;"&('&64+%6(#'&($+.%%&3(-2(^-04'&()CZC(

;"&( !"#( 54',&( .9( %"&( 3&,-5&( 7&9.'&( &E$.64'&( %.( .E80&2( +..A6( '&F#'A#7+8(

6-F-+#'( %.( %"#%($'&6&2%&3( -2(!"#$%&'(M( 9.'( 66>>!6(@-%".4%(/-;^>1G( #0#-2( '&-29.'5-20(

%"&(-F$.'%#25&(.9(.E80&2(#23(/-;^>1(-2345&3($H3.$-20(.9(%"&(K;:C((J9%&'(%@.(3#86(-2(

#-'G(#++(.9(%"&(3&,-5&($#'#F&%&'6(#'&(,#6%+8(-F$'.,&3G(#23(%"&(6+.$&(.9(%"&(!"#$54',&(-6(

F45"( 6%&&$&'( 2&#'( .$&2( 5-'54-%( #6(F-0"%( 7&( &E$&5%&3( 9'.F( %"&( -25'&#6&3( .E80&2H

-2345&3( 3.$-20( .9( %"&( ".+&( %'#26$.'%&'( 3&65'-7&3( -2( !"#$%&'6( Z( #23( M=)G=_GTUC( J9%&'(

(

"#$%&'!()-)!!!4''&2%(3&26-%8H,.+%#0&(54',&6(9.'(#('&$'&6&2%#%-,&(]DU=(6&26-%-?&3(66>>!(9#7'-5#%&3(L&,&'8(
6%&$(#9%&'(%"&(;-!+Z(%'&#%F&2%O(-2(#(2-%'.0&2H9-++&3(0+.,&7.EC((;"&(7+#5A(.$&2(6Q4#'&6(3&$-5%(%"&(e\(54',&(

9.'(%"&(6.+#'(5&++(F&#64'&3(-2(#(2-%'.0&2(#%F.6$"&'&G(@-%".4%(#28(#-'(&E$.64'&C((;"&(.$&2('&3(5-'5+&6(

3&$-5%(%"&(e\(54',&(9.'(%"&(6#F&(6.+#'(5&++(#9%&'(Z_(".4'6(.9(#-'(&E$.64'&C((;"&(.$&2(7+4&(%'-#20+&6(3&$-5%(

%"&(e\(54',&(.9(%"&(5&++(#9%&'(#2.%"&'(Z_(".4'6(-2(#(2-%'.0&2(9-++&3(0+.,&7.EG(#23(%&6%&3(-2(#(2-%'.0&2(

&2,-'.2F&2%(#9%&'(M(F-24%&6(.9(429-+%&'&3(+-0"%(&E$.64'&C((;"&6&(5&++6(@&'&(F&#64'&3(-2(#(6F#++(%&6%-20(

5"#F7&'(#%()U(FV(5FH=(6.+#'(6-F4+#%&3(+-0"%(-2%&26-%8C(

!
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%@.( 3#86( 7#5A( -2( %"&( 2-%'.0&2( 9-++&3( 0+.,&7.EG( #23( M( F-24%&6( 423&'( %"&( 6.+#'(

6-F4+#%.'G(%"&(6.+#'(5&++6("#,&(#0#-2(3'.$$&3(3'#F#%-5#++8(-2($".%.54''&2%C((W.%#7+8G(

%"&( 6+.$&( .9( %"&( !"#( 54',&( 2&#'( .$&2( 5-'54-%( -6( ,&'8( 6-F-+#'( %.( %".6&( 6&&2( -2( #-'G(

6400&6%-20( %"#%( %"&( 6&'-&6( '&6-6%#25&( %"'.40"( %"&( ".+&( %'#26$.'%&'( "#6( 2.%( 7&&2(

6-02-9-5#2%+8(#+%&'&3(78($+#5-20(%"&(3&,-5&6(7#5A(-2(2-%'.0&2C(((;"-6(6400&6%6(%"#%(#9%&'(

.E80&2H-2345&3( $H3.$-20( .9( %"&( ".+&( %'#26$.'%&'G( @"-5"( -6( 6%#7+&( &,&2( #9%&'( %"&(

'&F.,#+(.9(.E80&2(L#6(6".@2(-2(!"#$%&'(ZO=_G(%"&(6.+#'(5&++6(6499&'(9'.F(#(3&5'&#6&3(

$".%.H54''&2%(@"&2(%&6%&3(-2(#2(.E80&2H9'&&(#%F.6$"&'&C(;"-6(-6(%"&2(42+-A&+8(%.(7&(

'&+#%&3(%.(#(5"#20&(-2(5.2345%-,-%8(.9(%"&(".+&(%'#26$.'%&'C((;"-6(@-++(7&(5.25+46-,&+8(

3&F.26%'#%&3( 7&+.@C( ( K&25&G( -%( -6( ,&'8( +-A&+8( %"#%( %"&( 3&0'#3#%-.2( F&5"#2-6F( -6(

%#A-20($+#5&(#%(%"&(;-<=(64'9#5&C(

(

)CZ(

!"#'0&(!.++&5%-.2(-2(cJ0&3d(]&,-5&6(

12( #2( #%%&F$%( %.( 3&%&'F-2&(@"&%"&'( %"&( 3'.$( -2( $".%.54''&2%( -6( 5#46&3( 78(

3&%&'-.'#%-.2( -2( 5"#'0&( 0&2&'#%-.2( .'( 5"#'0&( 5.++&5%-.2G( 6-F4+%#2&.46( 5"#'0&(

&E%'#5%-.2( L#%( 6".'%( 5-'54-%O( #23( %'#26-&2%( #76.'$%-.2( 6$&5%'.65.$8( L;J>O(

F&#64'&F&2%6( @&'&( $&'9.'F&3( .2( 5.F$+&%&( 6.+#'( 5&++6( @-%"( 6&F-H%'#26$#'&2%(

&+&5%'.3&6(LDM(2F(0.+3OG(46-20(#(MMU(2F(+#6&'($4+6&(#6(%"&(&E5-%#%-.2C( (J6(6".@2(-2(

!"#$%&'(MG(%"-6(F&%".3(5#2(7&(46&3(%.(Q4#2%-98(%"&(&E%-25%-.2(5.&99-5-&2%(.9(.E-3-?&3(

>$-'.H:&<;J]( -2( 3&,-5&6( A2.@2( %.( "#,&( 2&#'( 42-%8( 5"#'0&( 5.++&5%-.2( &99-5-&258TUC(

K&'&G( %"-6( %&5"2-Q4&( -6( 46&3( %.( 6-F4+%#2&.46+8( F.2-%.'( %"&( 3&5#8( .9( %"&( .E-3-?&3(

>$-'.H:&<;J]( 6-02#+( #23( %"&( 3&5#8( .9( %"&( $".%.54''&2%( 9.++.@-20( #( +-0"%( $4+6&G(

7&9.'&(#23(#9%&'(Lc#0&3dO(3&0'#3#%-.2(.9(%"&(6&#+&3(;-<=H7#6&3(6.+#'(5&++6C( 1%( -6(%"&2(

$.66-7+&( %.(3&%&'F-2&(%"&('#%-.(.9(5"#'0&6(0&2&'#%&3(LfG(3&%&'F-2&3( 9'.F(%"&(&#'+8(

%-F&( .E-3-?&3( >$-'.H:&<;J]( #76.'$%-.2( 6-02#+O( %.( %"&( %.%#+( 24F7&'( .9( 5"#'0&6(

5.++&5%&3( L!G( 3&%&'F-2&3( 9'.F( %"&( %-F&( -2%&0'#%&3( 6".'%H5-'54-%( $".%.54''&2%(

$&'%4'7#%-.2OC((;"&('#%-.(7&%@&&2(%"&(5"#'0&6(0&2&'#%&3(LfO(%.(%".6&(5.++&5%&3(L!O(-6(

#(3-'&5%(F&#64'&F&2%(.9(%"&(5.++&5%-.2(&99-5-&258(L!(a(f(g(DUU(NOC(^-04'&(ICM#(3&$-5%6(

%"&( %'#26-&2%( 6".'%H5-'54-%( $".%.54''&2%( %'#5&G( #23(^-04'&(ICM7( 6".@6( %"&( %'#26-&2%(
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#76.'$%-.2(6-02#+C(;"&(%#7+&( -26&%( %.(^-04'&(ICM#(0-,&6(%"&(5#+54+#%&3(,#+4&6( 9.'(fG(!(

#23( 5"#'0&( 5.++&5%-.2( &99-5-&258C( ( ^.'( %"-6( #2#+86-6G( %"&( 24F7&'( .9( ".+&6( -2( >$-'.H

:&<;J]( -6( #664F&3( %.( 7&( &Q4-,#+&2%( %.( %"&( 24F7&'( .9( &+&5%'.26( -2( %"&( ;-<=G( #2(

#664F$%-.2(,&'-9-&3(+#%&'C((

;"&(5"#'0&(5.++&5%-.2(&99-5-&258( 9.'(426&#+&3(3&,-5&6( -6( #$$'.E-F#%&+8(42-%8C(

*$.2( 6&#+-20( #23( 6476&Q4&2%( F&#64'-20G( %"&'&( -6( #( F.3&'#%&( 3&5'&#6&( -2( %"&(

&6%-F#%&3(5"#'0&( 5.++&5%-.2(&99-5-&258G( %.()ING(74%( 5.2%-24.46(&E$.64'&( %.( %"&(MMU(

2F(+#6&'(9.'(#2(".4'(3.&6(2.%('&64+%(-2(94'%"&'(3&%&'-.'#%-.2C((12(5.2%'#6%G(6476&Q4&2%(

! !

"#$%&'!().)!!12(%"&(%.$($#2&+(L#OG(%"&(54''&2%(5.++&5%&3(9'.F(94++($&'.,6A-%&(H6&26-%-?&3(;-<=(6.+#'(5&++6(@-%"(
6&F-H%'#26$#'&2%(&+&5%'.3&6(LDM(2F(0.+3O(-6($+.%%&3(#0#-26%(%-F&(#9%&'(%"&(&E5-%#%-.2(LM(26(MMU(2FOC((W.2H

&25#$64+#%&3( L7+4&OG( &25#$64+#%&3( #9%&'( #F7-&2%( +-0"%( &E$.64'&( L0'&8O( #23( &25#$64+#%&3( #9%&'( *\( #0-20(

L'&3O( LM(F-24%&6(#%(ZU(FV(5FH=(TIM(2FO(#'&( 5.F$#'&3C(;"&(#'&#(423&'2&#%"( %"&(54',&6( '&$'&6&2%(%"&(

%.%#+(#F.42%(.9(5.++&5%&3(5"#'0&C( (;"&(7.%%.F($#2&+(L7O(6".@6(%"&(;J>(%'#5&(#%(6".'%(5-'54-%G(F.2-%.'-20(

%"&( ".+&(.2( >$-'.H:&<;J]( L$'.7&3(#%(MDU( 2FOG($&'9.'F&3(6-F4+%#2&.46+8(@-%"( %"&( 54''&2%( &E%'#5%-.2C((

;"&(+-2&6(#'&(F&'&+8(04-3&6(%.(%"&(&8&C((;"&(%#7+&(-2(^-04'&()CM#(6".@6(%"&(5"#'0&(0&2&'#%&3(LfG(&6%-F#%&3(

9'.F(%"&(&#'+8(%-F&(%'#26-&2%(#76.'$%-.2(6-02#+OG(5.++&5%&3(L!G(78( -2%&0'#%-20(%"&(54''&2%(3&5#8OG(#23(%"&(

'#%-.(7&%@&&2(%"&(%@.(#6(#($&'5&2%#0&(L!(a(fOC((;"&(+#6&'(-2%&26-%8(@#6(_U(he(5FH=G(0-,-20(5"#'0&(3&26-%-&6(

6-F-+#'( %.( %".6&( 9.423( -2( 3&,-5&6( 423&'( .$&'#%-20( 5.23-%-.26C=_( >".'%( 5-'54-%( 5"#'0&( %'#26$.'%( L5O( #23(

'&5.F7-2#%-.2(+-9&%-F&6(L3O(9.'(&25#$64+#%&3($&'.,6A-%&(6&26-%-?&3(66>>!6(#'&(0-,&2(7&9.'&(L7+#5A(6Q4#'&6(

#23( 5-'5+&6O( #23( #9%&'( L7+4&( 6Q4#'&6( #23( 5-'5+&6O( #2( ".4'( .9( &E$.64'&( %.( 94++( 6$&5%'4F( 6.+#'( 6-F4+#%&3(

642+-0"%(J:DCM(#%(DUU(FV(5FH=C!

!
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&E$.64'&(.9(%"&(6#F&(5&++6(Li25#$64+#%&3(*\(J0&3O(%.(M(F-24%&6(.9(TIM(2F(+-0"%(LZU(

FV(5FH=O('&64+%6( -2(#(6476%#2%-#+(3'.$(.9( %"&($".%.54''&2%(&E%'#5%-.2(78(5+.6&( %.(#(

9#5%.'( .9( )( @-%"( %"&( 5.++&5%-.2( &99-5-&258( 3'.$$-20( %.( DZNC( ( b8( 6-F4+%#2&.46+8(

F.2-%.'-20( %"&( #76.'$%-.2( .9( .E-3-?&3( >$-'.H:&<;J]( L^-04'&( T7O( @"-+&( %"&6&(

$".%.54''&2%(&E%'#5%-.2(F&#64'&F&2%6(#'&($&'9.'F&3G(-%(-6(5+&#'(%"#%(%"&(24F7&'(.9(

0&2&'#%&3(5"#'0&6(-6(2.%(6%'.20+8(#99&5%&3(78(%"&(&25#$64+#%-.2(.'(%"&(*\(&E$.64'&C(

12(#33-%-.2G(%"&(3&5#8(+-9&%-F&(.9(%"&(.E-3-?&3(>$-'.H:&<;J](6-02#+(#%(6".'%(5-'54-%(-6(

#+6.(2.%(6$&3(4$G(74%(#5%4#++8(6.F&@"#%(6+.@&3(6400&6%-20(%"#%(%"&(5"#'0&(&E%'#5%-.2(

'#%&( "#6( 6+.@&3C( >-25&( %"&( 6".'%( 5-'54-%( ;J>( 3&5#8( -6( #( 64$&'$.6-%-.2( .9( 5"#'0&(

5.++&5%-.2(#23('&5.F7-2#%-.2(".@&,&'G( -%( -6(3-99-54+%( %.(&E%'#5%(3&%#-+&3( -29.'F#%-.2(

9'.F(%"-6(5"#20&(-2('#%&(.9(3&5#8C(

;.(423&'6%#23(%"&(2#%4'&(.9(%"&(3&5'&#6&(-2(5.++&5%-.2(&99-5-&258(#23(0#-2(#2(

-26-0"%( -2%.( &+&5%'.2-5( 5"#20&6( -2( %"&( $".%.#5%-,&( +#8&'G( 6F#++( $&'%4'7#%-.2(

$".%.54''&2%(#23($".%.,.+%#0&(3&5#8(F&#64'&F&2%6(L3&65'-7&3(-2(!"#$%&'(TO(@&'&(

$&'9.'F&3(7&9.'&(#23(#9%&'(*\(+-0"%(&E$.64'&(#23(#'&(3-6$+#8&3(-2(^-04'&6()CM#(#23(

)CM3( '&6$&5%-,&+8C( ( J%( #( 0-,&2( 7#5A0'.423( +-0"%( -2%&26-%8G( %"&'&( -6( 2.( 3-65&'2-7+&(

5"#20&( -2( %"&( 5"#'0&( %'#26$.'%( +-9&%-F&G( @"-+&( '&5.F7-2#%-.2( +-9&%-F&6( #$$&#'( %.(

7&5.F&(6+-0"%+8( L9#5%.'(.9(=O( +.20&'(#9%&'(*\(#0-20C( (;"-6( -6( #%(.336(@-%"( %"&(3-'&5%(

F&#64'&F&2%(.9(%"&(5.++&5%-.2(&99-5-&258($'&6&2%&3(-2(^-04'&()CM#(6-25&(%"&(%'#26-&2%(

F&#64'&F&2%6( @.4+3( 6400&6%( #2( -25'&#6&( -2( %"&( 5"#'0&( 5.++&5%-.2( &99-5-&258C( ;.(

#55.42%( 9.'( %"&( +.6%( 5"#'0&( #9%&'( *\( #0-20G( -%( -6( $'.$.6&3( %"#%( *\H3&0'#3&3( 5&++6(

6499&'(9'.F(#(3&&$(%'#$$-20(.9( -2P&5%&3(&+&5%'.26(@-%"-2(2&@+8(#,#-+#7+&(6-%&6(-2(%"&(

;-<=C( ;"&( $".%.54''&2%( &E%'#5%-.2( F&#64'&F&2%6( 6400&6%( %"#%( %"&6&( %'#$$&3(

&+&5%'.26( #'&( -FF.7-+&G( @"-+&( %"&( ;J>( 6".@6( %"#%( %"&8( '&5.F7-2&( @-%"( .E-3-?&3(

>$-'.H:&<;J](6$&5-&6(.2(%"&(j6(H(F6(%-F&H65#+&C( (;"&(5"#'0&(%"#%( -6(5.++&5%&3(F46%(

6%-++(7&( %'#26$.'%&3(,-#( %"&(#55&$%&3(%'#$( +-F-%&3(3-9946-.2($'.5&66( %"'.40"(6"#++.@(

%'#$( 6-%&6( -2( %"&(;-<=( 3&65'-7&3( -2( !"#$%&'( =G( 3-6%-25%( 9'.F( %"&( 3&&$(*\( 0&2&'#%&3(

%'#$6G( &E$+#-2-20( %"&( 2&0+-0-7+&( 5"#20&( -2( %'#26$.'%( +-9&%-F&6( #23( "&25&( 5.++&5%-.2(

&99-5-&25-&6(3&%&'F-2&3(,-#(6F#++($&'%4'7#%-.2($".%.54''&2%(3&5#8(F&#64'&F&2%6C(((
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)CM(

i+&5%'.2(;'#$$-20(-2(J0&3(66>>!6(

19( #( +#'0&( $.'%-.2( .9( %"&( -2P&5%&3( &+&5%'.26( -2( %"&( ;-<=( #'&( -23&&3( 3&&$+8(

%'#$$&3(#23( -FF.7-+&G( #6( 6400&6%&3(78( %"&( 5"#'0&( 5.++&5%-.2(F&#64'&F&2%6(#7.,&G(

%"-6(5#2(7&(5.29-'F&3(,-#(%-F&('&6.+,&3(5.2345%-,-%8(F&#64'&F&2%6C( (!"#$%&'(M("#6(

-2%'.345&3(#(2&@(%&5"2-Q4&G(5.F7-2-20(5.2345%-,-%8(F&#64'&F&2%6(.9(38&(6&26-%-?&3(

;-<=(@-%"(;J>TUC(;"-6(%&5"2-Q4&(@#6(#$$+-&3(%.(.76&',&(%"&(&99&5%6(.9(*\(#0-20(.2(%"&(

5.2345%-,-%8( .9( &+&5%'.26( -2P&5%&3( -2%.( %"&(;-<=(78( #( 6&26-%-?&'C( (*6-20( #( 6&26-%-?-20(

38&( L!DUIO( '#%"&'( %"#2( %"&( $&'.,6A-%&( 6&26-%-?&'(F#A&6( -%( $.66-7+&( %.(F.2-%.'( %"&(

$".%.H7+&#5"(.9( %"&( 0'.423( 6%#%&(38&( #76.'$%-.2( %.( 0#-2( #(Q4#2%-%#%-,&( -26-0"%( -2%.(

%"&(3&26-%8(.9( -2P&5%&3(&+&5%'.26C( (;"-6( -6(#(,#+-3(6476%-%4%-.2G(6-25&(#++(&25#$64+#%&3(

66>>!6( #$$&#'( %.( '&6$.23( ,&'8( 6-F-+#'+8( %.( *\( &E$.64'&( L^-04'&6( )CDH)CZOC( ;"&(

#76&25&(.9(#(".+&(%'#26$.'%&'(.'(%"&($&'.,6A-%&(F&#26(%"#%(-%(-6($.66-7+&(%.(F&#64'&(

&+&5%'.2(5.2345%-,-%8(-2(%"&(;-<=(.2+8G(#6(3-65466&3(-2(!"#$%&'(MC((((

^-04'&()CI(6".@6(%"&(+#6&'($4+6&(-2345&3(-25'&#6&(-2(5.2345%-,-%8(7&9.'&(#23(

#9%&'(*\( &E$.64'&( .9( &25#$64+#%&3(;-<=( 5.2345%-,-%8( 6#F$+&6C( ( ;"&( 9-'6%( 2.%-5&#7+&(

3-99&'&25&(7&9.'&(#23(#9%&'(*\(+-0"%(&E$.64'&(-6(%"&(-25'&#6&(-2(#76.+4%&(7#5A0'.423(

5.2345%-,-%8( L%( `( UO( #9%&'( #0-20C(<2&(@.4+3( &E$&5%( 645"( #2( -25'&#6&( -2( 7#5A0'.423(

5.2345%-,-%8(%.('&$'&6&2%(#(9-++-20(.9(%"&(;-<=(647(0#$(6%#%&6G(-25'&#6-20(%"&(&+&5%'.2(

F.7-+-%8G(#6(@#6(.76&',&3(-2(!"#$%&'(MTURTTC((

(

"#$%&'!()/)!The photo-induced change in conductivity of dye-sensitized TiO2, measured after a 5 ns laser 
excitation (550 nm at 80 !J cm-2).(

!
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(

;"&(*\(#0-20( -2(#76&25&(.9(.E80&2(6".4+3( %"&2('&64+%( -2(#2( -25'&#6&3(F.7-+-%8(#23(

.,&'#++( 5.2345%-,-%8( 9.'( -2P&5%&3(&+&5%'.26C( ^.'( #( 5+.6&'( #2#+86-6G( %"&($".%.H-2345&3(

5"#20&( -2( 5.2345%-,-%8( -6( $+.%%&3( #+.20( @-%"( %"&( $".%.H-2345&3( 7+&#5"( .9( %"&( 38&(

0'.4236%#%&(L34&(%.(5"#'0&(%'#269&'(%.(;-<=O(#76.'$%-.2(LMUU(2FO(-2(^-04'&()C)#(#23(

)C)7C(K&'&G(-%(-6(#$$#'&2%(%"#%(#+%".40"(%"&(24F7&'(.9(&+&5%'.26(-2P&5%&3(-2%.(%"&(;-<=(

4$.2(&E5-%#%-.2(.9(%"&(38&(3.&6(2.%(5"#20&G(%"&('&64+%-20($".%.H-2345&3(-25'&#6&(-2(

5.2345%-,-%8( -6( 6-02-9-5#2%+8( +&66( 9.'( %"&(*\(#0&3( 6#F$+&6C( ( ( ;"-6( -6( 6%'.20(&,-3&25&(

%"#%(#(+#'0&(9'#5%-.2(.9(-2P&5%&3(&+&5%'.26(#'&(3&&$+8(%'#$$&3(L&-%"&'(3-'&5%+8(.'(#9%&'(

-2P&5%-.2(.2(#(%-F&(65#+&(F45"(9#6%&'(%"#2(%"&('&6.+4%-.2(-2(%"&(;J>(6&%4$(.9(`(M(26O(

#23( 3.( 2.%( 5.2%'-74%&( %.( %"&( F&#64'&3( 5.2345%-,-%8C( ( ;"&( 6#F&( &E$&'-F&2%( @#6(

$&'9.'F&3(%.(F.2-%.'(".+&(5.2345%-,-%8(-2(%"&(K;:(78(-29-+%'#%-20(%"&(38&H6&26-%-?&3(

;-<=( @-%"( >$-'.H:&<;J]G( #23( F.2-%.'-20( %"&( .E-3-?&3( >$-'.H:&<;J]( 3&26-%8( #6(

3&65'-7&3( -2( !"#$%&'( MC( ( ;"&( 3#%#( -6( $'&6&2%&3( -2( ^-04'&6( )C)5( #23( )C)3G( #23(

3&F.26%'#%&( 2&0+-0-7+&( 5"#20&( -2( %"&( $".%.H-2345&3( 5.2345%-,-%8( .9( %"&( ".+&(

(

Figure 7.7. (a) The photo-induced change in conductivity of dye-sensitized TiO2, measured after a 5 ns laser 
excitation (550 nm at 80 !J cm-2), and (b) simultaneous transient absorption spectroscopy to monitor the bleach 
of the dye ground state absorption at 500 nm.  Grey corresponds to the encapsulated sample before UV exposure, 
while the blue trace corresponds to the same sample after 5 minutes UV exposure (40 mW cm-2 at 365 nm).  The 
same experiment is performed for samples where the Spiro-MeOTAD is contacted to monitor changes in photo-
induced conductivity (c) of the Spiro-MeOTAD and photo-induced hole population in Spiro-MeOTAD (d), as 
monitored at 510 nm probe wavelength.(
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%'#26$.'%&'(#9%&'(*\(#0-20G(@"-+&(%"&('&5.F7-2#%-.2('#%&(-6(-25'&#6&3C((;"&(5.F7-2&3(

F&#64'&F&2%6(.2(38&H6&26-%-?&3(;-<=(@-%"(#23(@-%".4%( %"&(".+&( %'#26$.'%&'(0-,&(#(

5+&#'($-5%4'&(.9(@"#%(-6(.554''-20B($".%.H-2345&3(&+&5%'.2(%'#269&'(%.(;-<=(#23(".+&H

%'#269&'(%.(>$-'.H:&<;J](#'&(+#'0&+8(42#99&5%&3G(74%(#(+#'0&(9'#5%-.2(.9(%"&(&+&5%'.26(

-2P&5%&3(-2%.(;-<=(#'&(%'#$$&3(-2(3&&$(6-%&6(9'.F(@"-5"(%"&8(5#22.%(F.,&G(&,&2%4#++8(

'&5.F7-2-20(@-%"(".+&6(-2(>$-'.H:&<;J]C((

(

)CI(

:&5"#2-6F6(.9(i+&5%'.2(;'#$$-20(

To justify the degradation mechanism, the surface chemistry of TiO2 must be 

considered.  TiO2 is known to contain many oxygen vacancies (or Ti3+ sites), particularly 

at the surface, which are effectively deep electron donating sites34,35. The electrons in these 

sites, at approximately 1 eV below the conduction band edge36, interact with molecular 

oxygen in the atmosphere, which adsorbs to the oxygen vacancy sites37–41. As a result, a 

charge transfer complex (O2
- - Ti4+) is formed39–42. Based on the referenced work on 

oxygen adsorption on TiO2 surfaces and the findings presented here, the mechanism 

illustrated in Figure 7.8 is proposed to be responsible for the photocurrent degradation in 

the solar cells.!Upon bandgap excitation of TiO2, an electron-hole pair is formed.  The 

holes in the valance band have been shown to recombine with the electron at the oxygen 

adsorption site, desorbing the oxygen40,42. This leaves a free electron in the conduction 

band and a positively charged, unfilled oxygen vacancy site at the TiO2 surface.  It seems 

likely that it is in the now unfilled deep trap sites that the lost photo-induced electrons are 

trapped, and from which they recombine with holes in Spiro-MeOTAD43–45.!Chapters 4 

and 5 demonstrated that Spiro-MeOTAD is heavily p-doped when used as the HTM in 

such solar cells, so that there are excess holes (more than the photo-generated hole density 

at 1 sun), which will readily recombine with the free electron left behind from the bandgap 

excitation of the TiO2 either directly or through the now empty surface states which may 

act as recombination centers27,28,30. Since the rate of oxygen desorption (and hence 

activation of these trap sites) is likely to be low and reversible,40,41 the steady-state number 

of empty deep trap sites will be dependent upon the partial pressure of oxygen in the hole-
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transporter, and hence far lower in the presence of oxygen  than in the absence of oxygen.  

By this means, oxygen serves to pacify these sites.  The above discussion is just proposed 

as a hypothesised mechanism for sensitized TiO2 solar cell degradation in the absence of 

oxygen. Further studies are required to definitively establish the mechanism.  

Interestingly, acetonitrile has been shown to pacify Ti3+ oxygen vacancies sites in 

TiO2
34,35. This may explain why this rapid UV degradation has not been reported for liquid 

electrolyte DSSCs employing nitrile based solvents, although as mentioned earlier, UV 

cut-off filters are usually employed during long term stability measurements14,46–48.!!

 

(

(

 

Figure 7.8.  Upon UV light absorption, the photo-generated holes in TiO2 react with the oxygen radicals 
adsorbed at surface oxygen vacancies (A-B).  Molecular oxygen is desorbed from these sites, leaving 
unoccupied, deep surface traps sites and a free electron per site.  These electrons will recombine with the excess 
of holes in the doped hole transporter. Upon photo-excitation of the sensitizer, electrons are injected either (1) 
into the conduction band from which they become deeply trapped, or (2) directly into the deep surface traps (C).  
These deeply trapped electrons are not mobile, and recombine readily with holes on the Spiro-MeOTAD hole 
transporter (D). 

!
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Y&345-20( *\( 126%#7-+-%8( 78( >+.@-20( i+&5%'.2HK.+&(

Y&5.F7-2#%-.2(

Having established that TiO2 based solar cells suffer from an inherent instability 

under UV illumination, there are several options to achieve superior stability. Obvious 

routes are to develop a route to effectively and stably pacify the TiO2 surface states in the 

solid-state, prevent the UV light from reaching the mesoporous TiO2 while still using it to 

generate photocurrent, slow recombination of trapped electrons with holes so that the sites 

“fill up”, or completely remove the mesoporous TiO2. With regard to the second option, 

down-converting nanoparticles have been demonstrated to efficiently absorb UV light and 

re-emit visible light that can be harvested by the sensitizer in ssSSCs49.  Developing such 

routes to harvest all of the light of shorter wavelengths than 435 nm before it reaches the 

mesoporous TiO2 should allow for enhanced stability without a loss in photocurrent.! 

If the recombination rate between trapped electrons and Spiro-MeOTAD were 

reduced, many more of the deep trap sites would be filled at steady state under 

(

"#$%&'! ()0)! ! i,.+4%-.2( .9( 2.'F#+-?&3( 6.+#'( 5&++( $&'9.'F#25&( $#'#F&%&'6G( $.@&'( 5.2,&'6-.2( &99-5-&258(
LX!iOG(6".'%(5-'54-%(54''&2%(Le>!OG(9-++(9#5%.'(L^^OG(#23(.$&2(5-'54-%(,.+%#0&(L\<!O(.,&'(M(".4'6(.9(J:DCM(DUU(

FV5FH=(6.+#'(-++4F-2#%-.2C((;"&(9-04'&(5.F$#'&6(%"&(7&"#,-.4'(.9(&25#$64+#%&3($&'.,6A-%&(6&26-%-?&3(;-<=(

6.+#'(5&++6(@-%"(+.@($.'&(9-++-20(9'#5%-.26(%.(%".6&(@-%"("-0"($.'&(9-++-20(9'#5%-.26(#23(#(5#$$-20(+#8&'(L!/OG(

#6( 3&65'-7&3( -2( !"#$%&'( IC( The devices were prepared together with Giles E Eperon at the Department of 
Physics at the University of Oxford.(
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illumination.  If the recombination were to be slowed enough, it would be possible to 

effectively fill all of the sites, to result in improved charge transport and collection 

efficiencies (similar to what was demonstrated in Chapter 6) even upon UV light 

exposure.  Chapter 6 demonstrated that structures with high perovskite pore filling 

fractions and thick perovskite capping layers benefit from slowed recombination rates 

because the contact between TiO2 and Spiro-MeOTAD is removed.  As such, devices with 

this architecture, which deviates somewhat from the ssSSC architecture, should benefit 

from relatively improved UV stability when encapsulated.  

( >.+#'(5&++6(@-%"("-0"($&'.,6A-%&($.'&(9-++-20(9'#5%-.26(#23(#($&'.,6A-%&(5#$$-20(

+#8&'( @&'&( $'&$#'&3( L#6( 3&65'-7&3( -2( !"#$%&'( IOG( &25#$64+#%&3G( #23( &E$.6&3( %.(

429-+%&'&3( 6.+#'( 6-F4+#%&3( +-0"%( 9.'( M( ".4'6C( ( ;"&( 2.'F#+-?&3( '&64+%6( #'&( $+.%%&3( -2(

^-04'&()C_G(#23(5.F$#'&3(%.(%"&(7&"#,-.4'(.9(%"&(6.+#'(5&++6(@-%"(+.@($&'.,6A-%&($.'&(

9-++-20(9'#5%-.26(L#23("&25&(#(%8$-5#+(66>>!(#'5"-%&5%4'&O(3&65'-7&3(-2(^-04'&()CDC((1%(-6(

-FF&3-#%&+8(#$$#'&2%( %"#%( %"&($".%.54''&2%(#23("&25&($&'9.'F#25&(.9( %"&(3&,-5&6(

@-%"("-0"($.'&(9-++-20(#23(#($&'.,6A-%&(5#$$-20(+#8&'(#'&(9#'(F.'&(6%#7+&(%"#2(%"#%(.9(

$&'.,6A-%&( 6&26-%-?&3( 66>>!6C( ( ;"-6( 64$$.'%6( %"&( "8$.%"&6-6( %"#%( %'#$$&3( &+&5%'.26(

'&5.F7-2-20(@-%"(>$-'.H:&<;J](3'-,&6(%"&('#$-3(3&%&'-.'#%-.2(.9($&'9.'F#25&G(#6(-%(

&2#7+&6(#(5.26%#2%(&F$%8-20(.9(%"&(%'#$(6-%&6C((12(%"&(5#6&(@-%"("-0"($&'.,6A-%&($.'&(

9-++-20( 9'#5%-.2G( '&5.F7-2#%-.2( #%( %"&( ;-<=( #23( >$-'.H:&<;J]( -2%&'9#5&( -6( 2.%(

$.66-7+&C((;"&(3.F-2#2%('&5.F7-2#%-.2(F&5"#2-6F(-6(+-A&+8(%.(7&(7&%@&&2(&+&5%'.26(

-2(;-<=(#23(".+&6(-2(%"&($&'.,6A-%&G(.9(@"-5"(%"&'&(#'&(42+-A&+8(%.(7&(F#28(7&5#46&(.9(

'#$-3(%'#269&'(%.(%"&(>$-'.H:&<;J](5#$$-20(+#8&'_GMUC( (Y&5.F7-2#%-.2(7&%@&&2(;-<=(

64'9#5&( 6%#%&6( #23( ".+&6( -2( %"&( $&'.,6A-%&( F#8( #+6.( 2.%( 7&( #6( 9#,.4'#7+&( #6( %"#%(

7&%@&&2( %"&6&( 6-%&6( #23( ".+&6( -2( >$-'.H:&<;J]( -2( 66>>!6ZTG( 7&5#46&( %"&( &+&5%'.2(

@#,&9425%-.2(.,&'+#$(@-++(2&5&66#'-+8(7&(3-99&'&2%C( (J6(#('&64+%G(%"&(6%&#38(6%#%&(@-++(

7&(645"(%"#%(F#28(.9(%"&(6-%&6(@-++(7&(.554$-&3C( (J6(#('&64+%G( 9&@&'($".%.H0&2&'#%&3(

5"#'0&6(#'&(c+.6%dC((

(

(

(
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J5"-&,-20(DUUU(K.4'6(.9(*\(>%#7-+-%8(78(Y&F.,-20(;-<=(

<2&(.$%-.2(%.(.,&'5.F-20(*\(-26%#7-+-%8(.9(66>>!6(-6(.9(5.4'6&(%.('&F.,&(%"&(

6.4'5&(.9( %"&( -26%#7-+-%8B( %"&(F&6.$.'.46(;-<=( +#8&'C( (X&'.,6A-%&(7#6&3(:>>!6("#,&(

7&&2('&5&2%+8(3&,&+.$&3G(@"&'&(%"&(F&6.$.'.46(;-<=(-6('&$+#5&3(@-%"(#2(-264+#%-20(

F&6.$.'.46(J+=<T(65#99.+3(L^-04'&()C[O=GTC(;"&(6.+#'(5&++(#'5"-%&5%4'&( -6(3-6$+#8&3(-2(

^-04'&()C[C(K&'&G(%"&($&'.,6A-%&( -%6&+9($&'9.'F6(%"&(%#6A6(.9( +-0"%(#76.'$%-.2G(5"#'0&(

6&$#'#%-.2G(#23(5"#'0&(%'#26$.'%(%.(%"&(&+&5%'.3&6(-2(#(%"-2(9-+F($H-H2(6.+#'(5&++MDC((<9(

5.4'6&G( %"&6&(6.+#'(5&++6( 5#22.%(7&(5+#66-9-&3(#6(66>>!6G(74%(6%-++(7&2&9-%( 9'.F(#++( %"&(

#3,#2%#0&6(5.F-20(@-%"(7&-20(6.+4%-.2($'.5&66&3C(Y&F.,-20(%"&(;-<=(#+6.('&F.,&6(

.2&(9423#F&2%#+(&2&'08(+.66(6%&$B(&+&5%'.2(%'#269&'(%.(;-<=G(@"-5"(F&#26(%"#%(:>>!6(

#'&(5#$#7+&(.9(3&+-,&'-20(9#'(64$&'-.'($".%.,.+%#0&6(.9(.,&'(D(\(#%(.$&2(5-'54-%=GTC(((

^-04'&( )CDU( 6".@6( %"&( 3&,-5&( $&'9.'F#25&( $#'#F&%&'6G( F&#64'&3( &,&'8( DM(

F-24%&6(@"-+6%(&E$.6-20(%"&(:>>!6(%.(5.2%-24.46(6-F4+#%&3(J:(DCM(L)ICM(FV5FH=O(

-++4F-2#%-.2( #%( ZU( .!(@-%"( 2.( *\( 54%H.99( 9-+%&'( $'&6&2%C( 1%( -6( Q4-%&( &,-3&2%( %"#%( %"&(

$&'.,6A-%&(:>>!6(#'&(-23&&3(5.26-3&'#7+8(F.'&('&6-+-&2%(%.(*\(-''#3-#%-.2(%"#2(%"&(

$&'.,6A-%&( 6&26-%-?&3( ;-<=( #2#+.04&C( !.2%'#'8( %.( %"&( 7&"#,-.4'( .76&',&3( 9.'( ;-<=(

7#6&3( 5&++6( 423&'( *\( +-0"%( &E$.64'&( L#+F.6%( 5.F$+&%&( 3&5#8( @-%"-2( T( ".4'6OG( %"&(

$".%.54''&2%( '&F#-26( 6%#7+&( #%( 5+.6&( %.( DM(FJ( 5FH=( .,&'( %"&( DUUU( ".4'( &E$.64'&(

(

"#$%&'!()1)!!>5"&F#%-5(.9(#(6.+#'(5&++(@"&'&(%"&($&'.,6A-%&(-%6&+9(-6(9425%-.2-20(#6(7.%"(+-0"%(#76.'7&'(#23(
5"#'0&( 5#''-&'( %'#26$.'%&'C(;"&(J+=<T( -6( 9425%-.2-20(#6( #( 65#99.+3( %.(&2"#25&(9-+F(9.'F#%-.2G(@"-+&( %"&(

>$-'.H:&<;J](K;:(-6(9425%-.2-20(#6(#(".+&(&E%'#5%-.2(+#8&'C(

!
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$&'-.3C((;"&'&(-6(6.F&(-2-%-#+(3&%&'-.'#%-.2(-2(%"&(9-++(9#5%.'(#23(.$&2H5-'54-%(,.+%#0&6(

.9( %"&(5&++6(.,&'( %"&( 9-'6%(=UU(".4'6(.9(&E$.64'&C(;"-6( 5.4+3(7&(34&( %.(#(24F7&'(.9(

9#5%.'6G( -25+43-20( $#'%-#+( 3&H3.$-20( .9( %"&( >$-'.H:&<;J]( ".+&( 5.2345%.'G( .E80&2(

3&6.'$%-.2( #%( ,#5#258( 6-%&6( .2( %"&( '&F#-2-20( ;-<=( 5.F$#5%( +#8&'G( 5"#20&6( %.( %"&(

>$-'.H:&<;J](H(J4(&+&5%'.3&(5.2%#5%G(.'(6.F&(647%+&(5"#20&6(@-%"-2(%"&($&'.,6A-%&(

#76.'7&'C( K.@&,&'G( %"&( .$%-5#+( 6%#7-+-%8( .9( %"&( F-E&3( "#+-3&( $&'.,6A-%&( 423&'( 94++(

6$&5%'4F(6-F4+#%&3(642+-0"%("#6(#+'&#38(7&&2(3&F.26%'#%&3TG(6.(-%(3.&6(2.%(#$$&#'(

%"#%( %"-6( 5.2%'-74%&6( %.( %"&( -2-%-#+( 3&0'#3#%-.2C( ;"-6( -6( 64$$.'%&3( 78( %"&( +#5A( .9(

3&0'#3#%-.2(-2($".%.54''&2%(.,&'(%"&(9-'6%(6&,&'#+("423'&3(".4'6C(;"&('43-F&2%#'8(

&25#$64+#%-.2( %&5"2-Q4&( &F$+.8&3( 46-20( &$.E8( '&6-2( F#8( #+6.( -2345&( 6.F&(

3&0'#3#%-.2(34&( %.(F-0'#%-.2(.9( '&#5%#2%6( -2%.( %"&($".%.#5%-,&( +#8&'C( (;"&($.66-7+&(

6.4'5&6(.9(#23(F&5"#2-6F(9.'( %"&( +.20H%&'F(5"#20&6(#'&(54''&2%+8(423&'( -2%&26-,&(

-2,&6%-0#%-.2C((

>%-++G( 9.++.@-20( %"&( -2-%-#+( 3'.$( @-%"-2( %"&( 9-'6%( =UU( ".4'6G( #( 6%#7+&( $.@&'(

5.2,&'6-.2(&99-5-&258(.9(#$$'.E-F#%&+8(I(N(-6(#5"-&,&3(@"-5"(6476&Q4&2%+8('&F#-26(

5.26%#2%(%"'.40".4%(%"&(DUUU(".4'6C(;"-6(-6(#+'&#38(64$&'-.'(%.(#28('&64+%6(.7%#-2&3(

(

"#$%&'!()*2)!!Solar cell performance parameters measured directly during aging of a representative Al2O3 based 
perovskite solar cell monitored every 15 minutes under continuous illumination of approximately one sun light 
intensity (actual intensity 76.5 mWcm-2) at 40 ºC (Atlas CPSPlus Xenon lamp aging box).  The device was 
encapsulated with epoxy resin and a glass cover slide in a nitrogen-filled glove box and no UV cut-off filters are 
employed. The devices were prepared together with Giles E Eperon at the Department of Physics at the 
University of Oxford.!

!
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$'&,-6.46+8( -2( %"-6( 6%438(.'(.%"&'( -2( %"&( +-%&'#%4'&(@"&2(46-20(;-<=(#6( %"&(&+&5%'.2(

%'#26$.'%&'( -2( 66>>!6( #23( &E$.6-20( %"&( 6.+#'( 5&++6( %.( 94++( 6$&5%'4F( 6-F4+#%&3(

642+-0"%ZGD)GD[R=DC(J('&5&2%(6%438(78(b4'65"A#(%&$'()(3-3(3&F.26%'#%&(F&%"8+#FF.2-4F(

+&#3(%'-H-.3-3&(6&26-%-?&3(;-<=(6.+#'(5&++6(%.(7&(6%#7+&(4$(%.(MUU(".4'6ZG(74%(%"-6(@#6(

#55.F$+-6"&3(423&'(@"-%&(+-0"%(&F-%%-20(3-.3&6G(-2(%"&(#76&25&(.9(*\(+-0"%G(#23(645"(

5&++6(#'&(+-A&+8(%.(6499&'(9'.F(%"&(6#F&(*\(6&26-%-,-%8(#6(.76&',&3("&'&(9.'(6&26-%-?&3(

;-<=(6.+#'(5&++6C((;"&('&+#%-,&(6%#7-+-%8(.9(%"&(;-<=(R(9'&&(6.+#'(5&++6($'&6&2%&3(-2(^-04'&(

)CDU(#+6.(64$$.'%6(%"&(F&5"#2-6F(.9(*\(-2345&3(3&0'#3#%-.2(.9(66>>!6($'&6&2%&3(-2(

%"-6(5"#$%&'C(

(

)C[(

>4FF#'8(#23(<4%+..A(

;"-6( 5"#$%&'( "#6( -3&2%-9-&3( #(F#P.'( -26%#7-+-%8( .9( 6.+-3H6%#%&( 6&26-%-?&3( ;-<=(

7#6&3(6.+#'(5&++6k(%"&8(#'&(426%#7+&(%.(*\(-++4F-2#%-.2(@"&2(&25#$64+#%&3(-2(#2(-2&'%(

#%F.6$"&'&C( ( i25#$64+#%-.2( -6( ".@&,&'G( #76.+4%&+8( 2&5&66#'8( %.( $'&,&2%( '#$-3(

3&%&'-.'#%-.2( .9( %"&( .'0#2-5( 5"#'0&( %'#26$.'%( +#8&'6( #23( #76.'7&'6C( ( *2+&66(

#33'&66&3G(645"(#2(-26%#7-+-%8(@-++(-2"-7-%(5.FF&'5-#+(3&$+.8F&2%(.9(%"&6&(6.+#'(5&++6C((

1%(-6($.66-7+&(%.(3&5'&#6&(%"&('#%&(.9($&'9.'F#25&(3&%&'-.'#%-.2(78(c6"4%%-20(.99d(%"&(

$'-F#'8('&5.F7-2#%-.2($#%"@#8(78(-25'&#6-20(%"&($&'.,6A-%&($.'&(9-++-20(9'#5%-.2(-2(

%"&( $&'.,6A-%&( 66>>!6C( ;"&(J+=<T( 7#6&3(:>>!6( 5-'54F,&2%( %"-6( -2"&'&2%( -26%#7-+-%8G(

#23( 3-6$+#8( 6%#7+&( $".%.54''&2%6( 423&'( 5.2%-24.46( 94++( 6$&5%'4F( 642( +-0"%( 9.'( #(

$&'-.3(.9(.,&'(DUUU(".4'6C(;".40"(%"-6(-6(.2+8(%"&(9-'6%(6%&$(-2(%"&($#%"(%.@#'36(%"&(

'&Q4-6-%&( =M( 8&#'( .4%3..'( .$&'#%-.2#+( +-9&%-F&G( -%( -++46%'#%&6( %"#%( %"&( %"-2( 9-+F( #23(

F&6.H64$&'6%'45%4'&3( $&'.,6A-%&( 6.+#'( 5&++6( "#,&( 7-H$#66&3( #( 5'-%-5#+( -26%#7-+-%8( .9(

%"&(F&6.$.'.46(;-<=(7#6&3(6.+#'(5&++6G(#23(6".@(6-02-9-5#2%($'.F-6&(#6(#(+#'0&(65#+&G(

+.20(%&'F(&2&'08(6.4'5&C(

V"-+&(%"&(6&26-%-?&3(;-<=(7#6&3(6.+#'(5&++6(3.(#$$&#'(%.(7&(F.'&(6%#7+&(@"&2(#(

*\( 9-+%&'( -6( 46&3G( %"-6( 5.F&6( #%( #( 5.6%( .9( $".%.54''&2%G( #23( '&Q4-'&6( #2( &E%'&F&+8(

6%#7+&(#23(5"&#$(*\H9-+%&'C((J33-%-.2#++8G(6-25&(%"&(#76.'$%-.2(%#-+(.9(F&6.$.'.46(;-<=(
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&E%&236( -2%.( %"&( ,-6-7+&G( %"&'&(F#8(7&(3&0'#3#%-.2( .,&'( #( +.20&'( %-F&( 65#+&( 34&( %.(

#76.'$%-.2( -2( %"&( %#-+M=C( 123&&3G( %"&( &25#$64+#%&3( ;-<=( H( 6&26-%-?&3( 5&++6( %&6%&3(

7&2&#%"( #( ZTM( 2F( 54%H.99( 9-+%&'( 3.( 3&0'#3&( %.( #$$'.E-F#%&+8( _M(N( .9( %"&-'( -2-%-#+(

$&'9.'F#25&(.,&'( %"&( 9-'6%(Z(".4'6( L^-04'&()CDOG(@"&'&#6( %"&(;-<=(R( 9'&&(6.+#'(5&++6(

#'&($&'9&5%+8(6%#7+&(L#23(&,&2(-F$'.,&O(.,&'(%"-6(6".'%(%-F&($&'-.3C(

!"#$%&'(I(3&F.26%'#%&3(".@(-%(-6($.66-7+&(%.(.,&'5.F&(%"-5A2&66(+-F-%#%-.26(

-2( 66>>!6( 78( 4%-+-?-20( "-0"+8( #76.'7-20( .'0#2.F&%#+( "#+-3&( $&'.,6A-%&( #76.'7&'6(

-26%&#3( .9( 6&26-%-?-20( 38&6C( ( ;"-6( #$$'.#5"( "#6( +&3( %.( 66>>!6( '&#5"-20( .,&'( D)(N(

&99-5-&258C((;"&(F#-2('&F#-2-20(.76%#5+&(9.'(5.FF&'5-#+-?#%-.2(-6(%"&2(%"&(6%#7-+-%8(.9(

%"&( 3&,-5&6C( ( ;"-6( 5"#$%&'( "#6( 3&F.26%'#%&3( %"#%( 66>>!6( 6499&'( 9'.F( #( F#P.'(

-26%#7-+-%8G(%"#%(5#2(".@&,&'(7&(.,&'5.F&(78(46-20(%"&($&'.,6A-%&(#76.'7&'(-2(#(;-<=(

R(9'&&(#'5"-%&5%4'&C((;"-6(@.'A(6400&6%6(%"#%(%"&(94%4'&(.9(6.+4%-.2($'.5&66&3("87'-3(

$".%.,.+%#-56(F#8(+-&(-2(2.,&+(6%'45%4'&6(%"#%(3.(2.%(-25+43&(%"&(426%#7+&(;-<=C((

(

(

(

(

(

(

(

(

(

(

(

(

(
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)CDU(

Y&9&'&25&6(

LDO(( K&.G(eC(KCk(1FG(>C(KCk(W."G(eC(KCk(:#23#+G(;C(WCk(/-FG(!CH>Ck(!"#20G(eC(JCk(/&&G(lC(KCk(
m-FG(KCk(>#'A#'G(JCk(W#?&&'433-2:3G(mCk(f'n%?&+G(:Ck(>&.AG(>C(1+C(*'&$+,-&)(+2*,G(
.G(Z_IC(

L=O(( b#++G(eC(:Ck(/&&G(:C(:Ck(K&8G(JCk(>2#-%"G(KC(eC(/0%123$/0451-0)$675)(+2*,G(8G(D)T[C(

LTO(( /&&G(:C(:Ck(;&465"&'G(eCk(:-8#6#A#G(;Ck(:4'#A#F-G(;C(WCk(>2#-%"G(KC(eC(675%07%$9:;")$
<)(+2*+G(==:G(IZTC(

LZO(( b4'65"A#G(eCk(X&++&%G(WCk(:..2G(>CHeCk(K4F$"'8Hb#A&'G(YCk(f#.G(XCk(W#?&&'433-2G(:C(
mCk(f'n%?&+G(:C(*'&>1%(+2*,G(?@@G(TDIC(

LMO(( Y84G(>Ck(W."G(eC(KCk(e&.2G(WC(eCk(!"#2(m-FG(lCk(l#20G(VC(>Ck(>&.G(eCk(>&.AG(>C(1+C(/0%123$
/0451-0)$675)(+2*-C(

LIO(( i%0#'G(/Ck(f#.G(XCk(o4&G(pCk(X&20G(qCk(!"#23-'#2G(JC(mCk(/-4G(bCk(W#?&&'433-2G(:C(mCk(
f'n%?&+G(:C(!)$AB)$C,%B)$6-7)(+2*+G(D=?G(D)T[IC(

L)O(( i$&'.2G(fC(iCk(b4'+#A.,G(\C(:Ck(].5#F$.G(XCk(f.'-&+8G(JCk(>2#-%"G(KC(eC(AE4)$F>07&)$
G'&%1)(+2*,G(H?G(DMDC(

L_O(( >%'#2A6G(>C(]Ck(i$&'.2G(fC(iCk(f'#25-2-G(fCk(:&2&+#.4G(!Ck(J+5.5&'G(:C(eC(XCk(/&-P%&26G(
;Ck(K&'?G(/C(:Ck(X&%'.??#G(JCk(>2#-%"G(KC(eC(675%07%$9:;")$<)(+2*,G(=?HG(TZDC(

L[O(( /-4G(:Ck(e."26%.2G(:C(bCk(>2#-%"G(KC(eC(*'&>1%(+2*,G(I;DG(T[MC(

LDUO(( /-4G(]Ck(m&++8G(;C(/C(*'&)$+,-&-057J(+2*,G(:G(DC(

LDDO(( V#20G(eC(;CHVCk(b#++G(eC(:Ck(b#'&#G(iC(:Ck(J7#%&G(JCk(J+&E#23&'HV&77&'G(eC(#k(K4#20G(
eCk(>#+-7#G(:Ck(:.'#H>&'.G(1Ck(b-6Q4&'%G(eCk(>2#-%"G(KC(eCk(W-5".+#6G(YC(eC(*'0-$K%&&)(
+2*,G(D?G()=ZC(

LD=O(( V.P5-&5".@6A-G(mCk(>#+-7#G(:Ck(/&-P%&26G(;Ck(J7#%&G(JCk(>2#-%"G(KC(eC(/0%123$/0451-0)$
675)(+2*-G(.G(DDZ=C(

LDTO(( b#5"G(*Ck(;#5"-7#2#G(lCk(:.6&'G(eCk(K#Q4&G(>C(JCk(]4''#2%G(eC(YCk(f'n%?&+G(:C(!)$AB)$
C,%B)$6-7)(*111G(DHDG()ZZMC(

LDZO(( m'..2G(eC(:Ck(b#AA&'G(WC(eCk(>F-%G(KC(eC(XCk(/-6A#G(XCk(;"#F$-G(mC(YCk(V#20G(XCk(
p#A&&'433-2G(>C(:Ck(f'n%?&+G(:Ck(K-265"G(JCk(K.'&G(>Ck(Vr'9&+G(*Ck(>#6%'#@#2G(YCk(
]4''#2%G(eC(YCk(X#+.F#'&6G(iCk(X&%%&'66.2G(KCk(f'46?&5A-G(;Ck(V#+%&'G(eCk(>A4$-&2G(mCk(
;4++.5"G(fC(iC(+1-2)$+,-&-4-(&$L%J)$AMM()(+22(G(DIG(DC(
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LDMO(( /&-P%&26G(;Ck(]-20G(1C(mCk(f-.,&2?#2#G(;Ck(b+.A-20G(eC(;Ck(:5f&"&&G(:C(]Ck(>&++-20&'G(
JC(AC6$*'0-(+2*+G(8G(DZMMC(

LDIO(( m-FG(KCH>Ck(/&&G(!CHYCk(1FG(eCHKCk(/&&G(mCHbCk(:.&"+G(;Ck(:#'5"-.'.G(JCk(:..2G(>CHeCk(
K4F$"'8Hb#A&'G(YCk(l4FG(eCHKCk(:.6&'G(eC(iCk(f'n%?&+G(:Ck(X#'AG(WCHfC(675)$L%M)(
+2*+G(HC(

LD)O(( b4'65"A#G(eCk(]4#+&"G(JCk(m&66+&'G(^Ck(b#'#2.99G(iCk(!&,&8HK#G(WCH/Ck(l-G(!Ck(
W#?&&'433-2G(:C(mCk(f'n%?&+G(:C(!)$AB)$C,%B)$6-7)(+2**G(D==G(D_UZ=C(

LD_O(( V#20G(XCk(p#A&&'433-2G(>C(:Ck(:.6&'G(eC(iCk(W#?&&'433-2G(:C(mCk(>&A-045"-G(;Ck(
f'n%?&+G(:C(*'&)$G'&%1)(+22,G(HG(ZU=C(

LD[O(( V#20G(:Ck(:..2G(>CHeCk(o4G(:Ck(!"-%%-7#74G(mCk(V#20G(XCk(!&,&8HK#G(WCH/Ck(
K4F$"'8Hb#A&'G(YCk(p#A&&'433-2G(>C(:Ck(f'n%?&+G(:C(6B'(((+2*2G(8G(TD[C(

L=UO(( ].5#F$.G(XCk(>2#-%"G(KC(eC(*'0-&%7,0-(-23(+2**G(HHG(==MZUTC(

L=DO(( !"&2G(!CHlCk(V#20G(:Ck(/-G(eCHlCk(X..%'#A4+5".%&G(WCk(J+-7#7#&-G(/Ck(W0.5H+&G(!CHKCk(
]&5.$$&%G(eCH]Ck(;6#-G(eCHKCk(f'n%?&+G(!Ck(V4G(!CHfCk(p#A&&'433-2G(>C(:Ck(f'n%?&+G(:C(
AC6$*'0-(+221G(=G(TDUTC(

L==O(( b'#7&5G(!C(eCk(f.@'-6#2A&'G(>Ck(K#++6G(eC(eC(:Ck(/#-'3G(]Ck(e-#G(>Ck(V-++-#F6G(>C(XC(AE4)$
G'&%1)(+2*2G(HHG(T_T[C(

L=TO(( es'0&26&2G(:Ck(W.''F#2G(mCk(m'&76G(^C(!C(>%#7-+-%8a3&0'#3#%-.2(.9($.+8F&'(6.+#'(
5&++6C(6-('1$/0%123$G'&%15'(J$'0E$6-('1$C%((JG(=UU_G(@HG(I_IR)DZC(

L=ZO(( m'&76G(^C(!Ck(>$#200##'3G(KC(C,%B)$G'&%1)(+22.G(D.G(M=TMC(

L=MO(( X&%&'6G(!C(KCk(>#5"6Hq4-2%#2#G(1C(;Ck(:#%&A&'G(VC(YCk(K&4F4&++&'G(;Ck(Y-,2#8G(eCk(
W.'-&0#G(YCk(b&-+&8G(pC(:Ck(K.A&G(iC(;Ck(>#++&.G(JCk(:5f&"&&G(:C(]C(AE4)$G'&%1)(
+2*+G(H?G(IITC(

L=IO(( W."G(eC(KCk(1FG(>C(KCk(K&.G(eC(KCk(:#23#+G(;C(WCk(>&.AG(>C(1+C(*'0-$K%&&)(+2*,G(D=G(
D)IZC(

L=)O(( !#$$&+G(*C(bCk(]#&2&A&G(;Ck(b#5"G(*C(*'0-$K%&&)(+2*+G(DHG(Z[=MC(

L=_O(( J7#%&G(JCk(/&-P%&26G(;Ck(X#%"#AG(>Ck(;&465"&'G(eCk(J,.+-.G(YCk(i''-5.G(:C(iCk(
m-'A$#%'-AG(eCk(b#++G(eC(:Ck(].5#F$.G(XCk(:5X"&'6.2G(1Ck(>2#-%"G(KC(eC(+,3J)$C,%B)$
C,%B)$+,3J)(+2*,G(DIG(=M)=C(

L=[O(( l#20G(/Ck(o4G(bCk(b-G(]Ck(;-#2G(KCk(b.65"+..G(fCk(>42G(/Ck(K#09&+3%G(JCk(e."#266.2G(iC(
:C(eC(!)$AB)$C,%B)$6-7)(+2*,G(D=IG()T)_C(

LTUO(( /&-P%&26G(;Ck(/-FG(eCk(;&465"&'G(eCk(X#'AG(;Ck(>2#-%"G(KC(eC(AE4)$G'&%1)(+2*,G(HIG(
T==)C(
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LTDO(( i$$+&'G(JC(:Ck(b#++#'3G(1C(:Ck(W&+6.2G(eC(12(+,3J57'$/N$K-O"P5B%0J5-0'($63J&%BJ$
'0E$*'0-J&1>7&>1%Jk(=UU=k(\.+C(DZG($$C(D[)R=U=C(

LT=O(( J2%#G(eCk(W&+6.2G(eCk(q4-'A&G(WC(!"#'0&(%'#26$.'%(F.3&+(9.'(3-6.'3&'&3(F#%&'-#+6B(
J$$+-5#%-.2(%.(6&26-%-?&3(;-<=C(+,3J57'($L%45%O$QG(=UU=G(8IC(

LTTO(( <SY&0#2G(bC(!Ck(/&2?F#22G(^C(!)$+,3J)$C,%B)$Q(+22-G(D;:G(ZTZ=C(

LTZO(( >5"@#2-%?((*(K420&'G(Y(:#8&'G(;(e#&0&'F#22G(VG(mC(VC(!)$+,3J)$C,%B)$C(+22(G(
DDDG(_MZC(
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$#%"A#8( #%( %"&( =02L( T( N=O( 0+%&'9#,&( "#/( F&&+( '&7*?&14( ( ="0/( A*'3( 7*'&*?&'(
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