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BGH@=!:;B>7A>;7E!JA7C!>G=!7A;K;EH9!BGH@=!HB!@7BB;P9=O!

• "G=!BHE:!C8B>!GHI=!H!J;E=!B;Y=!KAH:=!>7!HP9=!>G=!F78E>=ATA799=A!>7!CH<=!

>G;E!HE:!=I=E!9HD=ABO!

• "G=!J98;:!C8B>!E7>!:HCHK=!>G=!;E<TN=>!@A;E>;EK!BDB>=CQ!;O=O!>G=!J98;:!BG789:!

E7>!P=!HF;:;F!W@#!BG789:!P=!P=>6==E!bQh!HE:!]fQVXQ!E7>!F7E>H;E!H!B8JJ;F;=E>!

HC78E>!7J!B79I=E>!>7!:;BB79I=!>G=!@79DC=A!F7C@7E=E>BQ!HE:!FHEE7>!

F7E>H;E!@HA>;F9=B!>GH>!FADB>H99;Y=!;E!>G=!E7YY9=!^]]_O!

• "G=!J;EH9!@A7:8F>!C8B>!6;>GB>HE:!>=C@=AH>8A=B!8@!>7!afff!SO!"G=!C789:!

FHEE7>!F7E>H;E!HED!CH>=A;H9!>GH>!6;99!P8AE!6G=E!B8PN=F>=:!>7!>G=!G;KG!

>=C@=AH>8A=!7J!>G=!C79>=E!C=>H9Q!B;EF=!>G;B!6;99!CH<=!>G=!BHE:!C789:!

8E8BHP9=!HE:!@7>=E>;H99D!:HEK=A78BO!

• "G=!J;EH9!F7C@7B;>;7E!C8B>!GHI=!H!G;KG!F7C@A=BB;I=!B>A=EK>G!HE:!

@=AC=HP;9;>DO!"G;B!;B!=?@9H;E=:!J8A>G=A!;E!>G=!>G=7AD!B=F>;7E!7J!>G;B!

:;BB=A>H>;7EO!

!

/4X4/!0LJ;G!FCG!EFCG!B;_?J<=!MABIAE;?;AC!

!

0A7C!>G=!@H>=E>!p17C@7B;>;7E!07A!"GA==T2;C=EB;7EH9!4A;E>;EK!&J!.79;:!&PN=F>Bq!

^d_!>G=!BHE:!C;?>8A=!GHB!>7!F7EB;B>!7J!HE!H:G=B;I=!HE:!B7C=!<;E:!7J!J;99=A!HE:\7A!

J;PA=BO!4A;E>;EK!H;:B!FHE!H9B7!P=!H::=:O!"G=!J98;:!GHB!>7!F7EB;B>!7J!H!B79I=E>!
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HE:\7A!H!6H>=ATB798P9=!H:G=B;I=Q!P8>!H!G8C=F>HE>Q!J976AH>=!=EGHEF=A!HE:!:D=!

FHE!H9B7!P=!H::=:!>7!;C@A7I=!>G=!@A7@=A>;=B!7J!>G=!J;EH9!F7C@7B;>;7E!^d_O!

!

0A7C!>G=!U!17A@7AH>;7E!@H>=E>!p"GA==!2;C=EB;7EH9!4A;E>;EK!5H>=A;H9!.DB>=C!HE:!

5=>G7:q!^V_!>G=A=!HA=!>67!BHE:!C;?>8A=B!HE:!7E=!J98;:!C;?>8A=!WB==!"HP9=!]!HE:!

aX!>GH>!HA=!BH;:!>7!67A<!6;>G!G;KG!>=C@=AH>8A=!C79>=E!C=>H9B!9;<=!PAHBBQ!FHB>!

;A7E!HE:!B>==9O!"G;B!H@@A7HFG!6HB!;EI=B>;KH>=:!;E!>G;B!>G=B;B!PD!IHA;78B!

=?@=A;C=E>B!>7!:=>=AC;E=!;J!>G=!J;EH9!F7C@7B;>;7E!FHE!P=!8B=:!J7A!>G=!BH;:!

@8A@7B=O!!

%

!,;-$%@A%9J$#J'$K%+:%/"$%')0#$4'$)/*%,)4%/"$'#%6?#6+*$%')%/"$%*,)4%('T/?#$*%,*%
4$*=#';$4%')%/"$%B%5+#6+#,/'+)%6,/$)/%FDHA%%

!

!,;-$%IA%9J$#J'$K%+:%/"$%')0#$4'$)/*%,)4%/"$'#%6?#6+*$%')%/"$%:-?'4%,*%4$*=#';$4%')%
/"$%B%5+#6+#,/'+)%6,/$)/%FDHA%

!

*J<IAE=! $FCG!B;_?J<=!/! $FCG!B;_?J<=!-!
0;99=A!CH>=A;H9! U;AF7E! &9;I;E=!

1=C=E>!W+:G=B;I=X! 5HKE=B;8C!7?;:=!HE:!

C7E7FH9F;8C!@G7B@GH>=!

5HKE=B;8C!7?;:=!HE:!

C7E7FH9F;8C!@G7B@GH>=!

07AC;EK!B>A7EK=A!

P7E:B!W+:G=B;I=X!

&F>HFAD9HC;:=\HFAD9H>=\!

P8>D9HC;E7=>GD9!

C=>GHFAD9H>=!F7@79DC=A!

&F>HFAD9HC;:=\HFAD9H>=\!

P8>D9HC;E7=>GD9!

C=>GHFAD9H>=!F7@79DC=A!

0976!7J!@76=A!

:8A;EK!B@A=H:;EK!

HE:!@A;E>;EK!W+;:BX!

U;EF!7?;:=Q!9;C=B>7E=!HE:!

=>GD9=E=!K9DF79!7F>D9\:=FD9!

:;=B>=A!

$>GD9=E=!K9DF79!

7F>D9\:=FD9!:;=B>=A!HE:!

B7AP;>HE!>A;79=H>=!

0;E=!@76:=A!

H::;>;I=!W+;:BX!

U;EF!7?;:=! U;EF!7?;:=!HE:!J8B=:!

B;9;FH!

*J<IAE=! 0LJ;G!B;_?J<=!
+F>;IH>;EK!>G=!H:G=B;I=!W.79I=E>X! (H>=A!

2;BB79I;EK!>G=!F7@79DC=A!

W.79I=E>X!

aTHC;E7TaTC=>GD9T]T@A7@HE79!

0HF;9;>H>=!6=>>;EK!7J!>G=!J98;:!;E!

>G=!@76:=A!W0976AH>=!$EGHEF=AX!

*B7@A7@HE79!HE:!aQbQgQhT>=>AHC=>GD9TcT

:=FDE=TbQgT:;79!=>G7?D9H>=!
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-!%=E?;CD!

!

-4/!*<=IF<F?;AC!

!

-4/4/!"F?=<;FLE!C==G=G!

07A!A=HB7EB!7J!>=B>;EK!HE:!>;C=!F7EB>AH;E>BQ!>G;B!@A7N=F>!7E9D!6;99!;EI=B>;KH>=!

p.HE:!C;?>8A=!]q!WB==!"HP9=!]X!B;EF=!>G;B!GHB!>G=!9=HB>!HC78E>!7J!CH>=A;H9BO!"G=!

CH>=A;H9B!HE:!FG=C;FH9B!E==:=:!J7A!>G=!BHE:!HE:!J98;:!HA=!9;B>=:!P=976O!

!

.HE:l!U;AF7EQ!CHKE=B;8C!7?;:=Q!C7E7FH9F;8C!@G7B@GH>=!WHEGD:AH>=XQ!

7F>HFAD9HC;:=\HFAD9H>=\P8>D9HC;E7=>GD9!C=>GHFAD9H>=!F7@79DC=A!

Y;EF!7?;:=Q!9;C=B>7E=!WFH9F;8C!FHAP7EH>=X!HE:!=>GD9=E=!K9DF79!7F>D9\:=FD9!

:;=B>=AO!

!

098;:l!(H>=AQ!aTHC;E7TaTC=>GD9T]T@A7@HE79Q!;B7@A7@HE79!HE:!aQbQgQhT

>=>AHC=>GD9TcT:=FDE=TbQgT:;79!=>G7?D9H>=O!

!

-4/4-!&aJ;IB=C?!FCG!@FM;L;?;=E!C==G=G!

"G=!=R8;@C=E>!E==:=:!J7A!>=B>;EK!>G=!CH>=A;H9!C;?>8A=!;B!9;B>=:!P=976O!

T 3HP!F7H>!

T .HJ=>D!K9HBB=B!

T %=7@A=E=!K97I=B!

T 28B>!CHB<!

T 49HB>;F!F7E>H;E=AB!

T )9HBB!P7>>9=B!

T 5;?;EK!=R8;@C=E>!

T .DA;EK=!

T .FH9=!

"G=!@9HB>;F!F7E>H;E=ABQ!K9HBB!P7>>9=B!HE:!C;?;EK!=R8;@C=E>!HA=!8B=:!J7A!C;?;EK!

>G=!BHE:!HE:!J98;:O!"G=!BDA;EK=!;B!8B=:!>7!B@A=H:!>G=!J98;:!;E!H!6HD!>GH>!F97B=9D!

A=B=CP9=B!>G=!HC78E>!HE:!B@==:!>G=!;E<TN=>!E7YY9=!6789:!GHI=!:;B@7B=:!>G=!

J98;:O!!
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"G=!JHF;9;>;=B!E==:=:!J7A!>=B>;EK!>G=!CH>=A;H9!C;?>8A=!HA=!9;B>=:!P=976O!

T .>7A;EK!JHF;9;>;=B!!

T 08C=!FHP;E=>!

"G=!9HP7AH>7AD!8B=:!J7A!>G=!BCH99TBFH9=!>=B>;EK!6HB!;E!>G=!1G=C;B>AD!:=@HA>C=E>!

9=I=9!a!H>!,7+O!"G=!9HP7AH>7AD!GHB!J8C=!FHP;E=>BQ!B>7A;EK!JHF;9;>;=B!HE:!>G=!

A=R8;A=:!BHJ=>D!=R8;@C=E>!HIH;9HP9=!J7A!8B=O!!

!

-4/4W!$F@=?K!

.7C=!7J!>G=!CH>=A;H9B!HA=!>7?;F!HE:!;EGH9H>;7E!FHE!P=!:HEK=A78B!G=EF=!>G=!E==:!

J7A!:8B>!CHB<!HE:!H!J8C=!FHP;E=>O!5HED!7J!>G=!CH>=A;H9B!HA=!H9B7!;AA;>H>;EK!>7!B<;E!

HE:!:HCHK;EK!>7!=D=B!G=EF=!>G=!E==:!J7A!9HP!F7H>Q!BHJ=>D!K9HBB=B!HE:!K97I=BO!.;EF=!

B7C=!7J!>G=!CH>=A;H9B!HA=!F7EB;:=A=:!GHYHA:78B!>G=!=R8;@C=E>!GHB!>7!P=!F9=HE=:!

@A7@=A9D!HJ>=A!8B=O!"G=!CH>=A;H9B!H9B7!GHI=!>7!P=!:;B@7B=:!HFF7A:;EK!>7!>G=!

A=K89H>;7EB!K;I=E!;E!>G=!5.2.!HJ>=A!>G=!>=B>;EK!;B!J;E;BG=:O!+!BHJ=Q!FG;99=:!HE:!

I=E>;9H>=:!B>7AHK=!JHF;9;>D!;B!;C@7A>HE>!>7!<==@!>G=!CH>=A;H9B!B=F8A=!HE:!@A=I=E>!

>G=C!JA7C!7@@7B;EK!H!>GA=H>!>7!@=7@9=!67A<;EK!;E!F97B=!@A7?;C;>DO!+AAHEK;EK!>G=!

;EJAHB>A8F>8A=!B7!>G=!>=B>!FHE!P=!@=AJ7AC=:!BHJ=9D!;B!H9B7!;C@7A>HE>O!5H>=A;H9!

BHJ=>D!:H>H!BG==>!FHE!P=!J78E:!;E!H@@=E:;?!+O!

!

-4-!$BFLL[EMFL=!?=E?;CD!

!

-4-4/!"F?=<;FLE!

"G=!6=;KG>!@A7@7A>;7EB!7J!>G=!:;JJ=A=E>!FG=C;FH9B!HE:!CH>=A;H9B!6HB!>=B>=:!;E!

>G=!BHC=!AH>;7!HB!K;I=E!;E!>G=!@H>=E>Q!P8>!6;>G!Y;AF7E;8C!7?;:=!;EB>=H:!7J!Y;AF7E!

BHE:!P=FH8B=!7J!97EK!:=9;I=AD!>;C=!7E!>G=!Y;AF7EQ!455+!;EB>=H:!7J!

7F>HFAD9HC;:=\HFAD9H>=\P8>D9HC;E7=>GD9!C=>GHFAD9H>=!F7@79DC=AQ!P=FH8B=!7J!

HIH;9HP;9;>DQ!HE:!=>GD9=E=!K9DF79!7F>D9\:=FD9!:;=B>=A!6HB!E7>!;EF98:=:!P=FH8B=!;>!

6789:!E7>!HJJ=F>!>G=!F7C@7B;>;7E!;E!BCH99TBFH9=!>=B>;EKO!"G=!R8HE>;>D!;B!I=AD!976!

HE:!;>B!@8A@7B=!;B!;E!H;:;EK!>G=!@A;E>;EKQ!>G8B!;>B!HPB=EF=!6;99!E7>!GHI=!HED!=JJ=F>!

7E!H!BCH99TBFH9=!>=B>O!"G=!CH>=A;H9!=?@=A;C=E>!>HP9=!FHE!P=!J78E:!;E!H@@=E:;?!oO!

"G=!6=;KG>!AH>;7B!J7A!>G=!J;AB>!BCH99TBFH9=!>=B>;EK!6=A=!HB!BG76E!;E!"HP9=!V!

P=976O!
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!

!,;-$%DA%!"$%')'/',-%*,)4%,)4%:-?'4%K$'0"/%#,/'+A%
)CD<=G;=C?E!EFCG! b=;DU?!PcQ!
U;AF7E;8C!7?;:=! `VOhf!

5HKE=B;8C!7?;:=! ]Oa`!

57E7FH9F;8C!@G7B@GH>=Q!HEGD:AH>=! fOga!

455+! aQc!

U;EF!7?;:=! ]Ocf!

3;C=B>7E=! ]fOff!

)CD<=G;=C?E!@LJ;G! !

(H>=A! `dOcf!

*B7@A7@HE79! ]fOff!

aQbQgQhT>=>AHC=>GD9TcT:=FDE=TbQgQT:;79!=>G7?D9H>=! ]Off!

aTHC;E7TaTC=>GD9T]T@A7@HE79! aOcf!

!

-4-4-!#II<AFMU!

07A!>G=!BCH99TBFH9=!>=B>;EK!ac!KAHCB!7J!BHE:!CH>=A;H9!HE:!]f!KAHCB!7J!J98;:!6;99!

P=!=E78KG!>7!FG=F<!>G=!;E;>;H9!R8H9;>;=B!7J!>G=!CH>=A;H9!C;?>8A=O!"G=!BFH9=!8B=:!J7A!

>G=!>=B>B!GHB!HE!HFF8AHFD!7J!fOf]KO!$HFG!7J!>G=!CH>=A;H9B!6=A=!C=HB8A=:!

B=@HAH>=9D!HE:!>G=E!@78A=:!;E>7!H!9HAK=A!F7E>H;E=A!6G=A=!;>!F789:!P=!=I=E9D!

C;?=:O!"G=!J98;:!;EKA=:;=E>B!6=A=!C;?=:!>7K=>G=A!;E!H!C=HB8A;EK!FD9;E:=AQ!HE:!H!

@;@=>>=!6HB!8B=:!>7!C=HB8A=!>G=!HC78E>!HFF8AH>=9DO!+99!7J!>G=!FG=C;FH9B!6=A=!

@78A=:!;E>7!HE!H;A>;KG>!K9HBB!P7>>9=!HE:!>G=E!BGH<=E!>7!C;?!>G=!J98;:!F7C@7B;>;7EO!

!

07A!>=B>;EK!>G=!CH>=A;H9!C;?>8A=!>G=!J98;:!6HB!@8>!;E!H!BDA;EK=!HE:!>G=E!AH@;:9D!

B@AHD=:!7E>7!>G=!BHE:Q!>7!C;C;F!>G=!C7I=C=E>!7J!>G=!@A;E>=A!;E<TN=>!G=H:O!"G=!

BHE:!>G=E!GH:!>7!B=>>9=!J7A!bcTdf!C;E8>=B!HE:!>G=!A=B89>B!6=A=!7PB=AI=:O!*J!>G=!

CH>=A;H9!C;?>8A=!GH:!HED!F9=HA!B;KEB!7J!:;B>7A>;7E!7A!:;:!E7>!GHI=!=E78KG!

B>A=EK>GQ!;>!;B!E7>!B8;>HP9=!J7A!>GA==T:;C=EB;7EH9!@A;E>;EKO!"G=!A=B89>B!6=A=!

:7F8C=E>=:!:8A;EK!>G=!>=B>;EK!PD!>H<;EK!E7>=BQ!>;C;EK!7PB=AIH>;7EB!HE:!>H<;EK!

@;F>8A=BO!

!

-4-4W!0;<E?!EBFLL[EMFL=!?=E?!?<;FL!

07A!>G=!J;AB>!>=B>!>G=!;EKA=:;=E>B!6=A=!HB!F97B=!>7!>G=!@H>=E>!A=F;@=!HB!@7BB;P9=Q!

JA7C!>G=!CH>=A;H9B!HIH;9HP9=!H>!>G=!>;C=O!"G=!A=F;@=!8B=:!J7A!>G=!>=B>!>A;H9!HA=!

9;B>=:!;E!"HP9=!b!HE:!cl!
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!

!,;-$%GA%!"$%*,)4%')0#$4'$)/*A%
$FCG!;CD<=G;=C?E! b=;DU?!PcQ! b=;DU?!PD<FBQ!
U;AF7E;8C!&?;:=! `VOh`! afOh`!

5HKE=B;8C!7?;:=! ]Oa`! fOVa!

57E7FH9F;8C!@G7B@GH>=Q!HEGD:AH>=! fOga! fO]`!

455+! aOcf! fOdV!

U;EF!7?;:=! ]Ocf! fOV`!

3;C=B>7E=! ]fOff! aOcf!

"7>H9! ]ff! acOff!

!

!,;-$%MA%!"$%:-?'4%')0#$4'$)/*A%
0LJ;G!;CD<=G;=C?E! b=;DU?!PcQ! b=;DU?!PD<FBQ!
(H>=A! `dOcf! `Odc!

aTHC;E7TaTC=>GD9T]T@A7@HE79! aOcf! fOac!

*B7@A7@HE79! ]fOff! ]Off!

aQbQgQhT>=>AHC=>GD9TcT:=FDE=TbQgT

:;79!=>G7?D9H>=!

]Off! fO]f!

"7>H9! ]fOff! aOcf!

!

+J>=A!C;?;EK!>G=!BHE:!;>!6HB!@8>!7E!H!4=>A;!:;BG!HE:!>G=!J98;:!6HB!B@A=H:!7E!;>O!

"G=!A=B89>!6HB!GHA:!>7!7PB=AI=!P=FH8B=!;>!6HB!:;JJ;F89>!>7!K=>!H!>G;F<!9HD=A!HE:!HE!

=I=E!B8AJHF=!P=J7A=!H@@9D;EK!>G=!J98;:Q!B==!0;K8A=!dO!"G=!B798>;7E!>7!>G;B!6HB!>7!

J;99!>G=!BHE:!;E!H!BCH99!9;:!>7!>G=!A;C!HE:!=I=E!78>!>G=!B8AJHF=!WB==!0;K8A=!d!HE:!

gXQ!6G;FG!KHI=!F9=HA=A!A=B89>BO!!

"G=!CH>=A;H9!C;?>8A=!6HB!H9B7!>=B>=:!6;>G!@HA>B!7J!>G=!9;:!F7I=A=:!>7!K=>!HE!=I=E!

B@9;>!P=>6==E!>G=!J98;:!F7I=A=:!@HA>!HE:!>G=!:AD!@HA>Q!>7!>=B>!J7A!HED!BGH@=!

 
7'0?#$%UA%!"$%(,/$#',-%('T/?#$%+)%,%
6$/#'%4'*"A%

  
7'0?#$%VA%!"$%(,/$#',-%('T/?#$%')%,%-'4A%
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:;B>7A>;7EO!"G=!A=B89>B!6=A=!8EF9=HAQ!P8>!>G=!B8AJHF=!B==C=:!>7!K=>!BCH99!:;C@9=B!

HE:!>G=!J98;:!B@A=H:;EK!6HB!B9;KG>9D!8E=I=EO!"G;B!6HB!C7B>!9;<=9D!P=FH8B=!>G=!

BDA;EK=!K;I=B!P;KK=A!:A7@9=>B!HE:!C7A=!I798C=!@=A!8E;>!>;C=!8E;>Q!A=B89>;EK!;E!H!

C7A=!AHE:7C!:;B>A;P8>;7E!7J!>G=!J98;:O!"G=!B>A=EK>G!7J!>G=!CH>=A;H9!C;?>8A=!6HB!

E7>!BH>;BJHF>7ADQ!;>!GH:!9;>>9=!>7!E7!H:G=B;I=!B>A=EK>GO!!

!

-4-4X!)CR=E?;DF?;CD!?U=!IALKB=<!M=B=C?!

+B!>G=!@79DC=A!GH:!>7!P=!P==E!FGHEK=:Q!>G=!E=?>!B>=@!6HB!>7!B==!;J!455+!6789:!

:;BB79I=!;E!>G=!aTHC;E7TaTC=>GD9T]T@A7@HE79!B79I=E>Q!B;EF=!>G;B!6HB!B8@@7B=:!>7!
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P=!:=>=F>=:O!.;EF=!>G=!GHA:E=BB\B>A=EK>G!>=B>;EK!B7!JHA!GHI=!P==E!PD!J==9!7J!>G=!

CH>=A;H9Q!8B;EK!GHA:E=BB\B>A=EK>G!CHFG;E=B!6789:!K;I=!H!C7A=!HFF8AH>=!

;E:;FH>7A!7J!BCH99!FGHEK=B!;E!>G=!CH>=A;H9Q!G76=I=A!>G=!CH>=A;H9!6HB!B>;99!>77!

6=H<!HE:!PA;>>9=!>7!P=!8B=:!;E!>G=!CHFG;E=B!HIH;9HP9=!H>!>G=!,7+O!*E!>G=!E=?>!>=B>!

>G=!CH>=A;H9!C;?>8A=!6HB!>=B>=:!H>!]]f!:=K!1!J7A!a!G78ABQ!>G;B!:;:!E7>!7PB=AIHP9D!

 
7'0?#$%@GA%!"$%*$/8?6%:+#%/"$%/$*/%+:%/"$%)$K%*,)4%K'/"%/"$%4'::$#$)/%:-?'4%
=+(6+*'/'+)*S%:#+(%/"$%/+6%@EE%Y%K,/$#S%E%YS%IAM%YS%@E%Y%I8,(')+8I8($/"3-8@8
6#+6,)+-%,)4%@EE%Y%$/"3-%,=$/,/$A%
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;EFA=HB=!>G=!B>A=EK>G!=;>G=AO!(G=E!>=B>;EK!>G=!CH>=A;H9!C;?>8A=B!H>!]cf!:=K!1!

G76=I=AQ!>G=!CH>=A;H9!P=FHC=!6=H<=AO!+J>=A!F7EB89>;EK!4A7J=BB7A!+99HE!$HB>=H9!

HP78>!B>A=EK>G=E;EK!455+!PD!G=H>;EKQ!G=!F7CC=E>=:!>GH>!455+!:7=B!E7>!

B>A=EK>G=E!PD!G=H>T>A=H>C=E>!P=FH8B=!>G=!@79DC=A!:7=B!E7>!GHI=!HED!FA7BBT

9;E<;EKO!.;EF=!>G=!455+!GHB!K9HBB!>AHEB;>;7E!>=C@=AH>8A=!H>!]]f!:=K!1!G=!BH;:!

>GH>!>G=!7E9D!6HD!G=H>!>A=H>C=E>!F789:!;EFA=HB=!>G=!B>A=EK>G!6789:!P=!>7!G=H>!;>!

H>!H!>=C@=AH>8A=!P=976!>G=!K9HBB!>AHEB;>;7E!>=C@=AH>8A=!J7A!H!J=6!G78AB!>7!CH<=!

>G=!A=CH;E;EK!B79I=E>!;E!>G=!CH>=A;H9!C;?>8A=!P=>>=A!:;BB79I=!>G=!@79DC=AO!

!

-4X4X!0J<?U=<!;CR=E?;DF?;CD!?U=!BFDC=E;JB!A_;G=gIUAEIUF?=!M=B=C?4!

(G=E!;EI=B>;KH>;EK!>G=!CHKE=B;8C!7?;:=\@G7B@GH>=!F=C=E>Q!HE!HA>;F9=!6HB!

J78E:!>GH>!GH:!A=@7A>=:!7E!>G=!@A7@=A>;=B!7J!>G=!F=C=E>!^]`_O!0A7C!>G=!HA>;F9=!

>G=!7@>;C8C!C79TAH>;7!P=>6==E!>G=!@G7B@GH>=!W4&bX!HE:!>G=!CHKE=B;8C!7?;:=!

W5K&X!;B!]!>7!b!HE:!>G=!C79TAH>;7!P=>6==E!>G=!F=C=E>!HE:!J;99=A!CH>=A;H9!;B!]!>7!]O!

57E7FH9F;8C!@G7B@GH>=!HEGD:AH>=!GHB!>G=!F7C@7B;>;7E!1HW#a4&bXa!HE:!H!C79!

6=;KG>!7J!aVbOfc!K!^]h_!HE:!CHKE=B;8C!7?;:=!GHB!>G=!F7C@7B;>;7E!7J!5K&!HE:!H!

C79!6=;KG>!7J!bfOVf!K!^af_O!V!C79!7J!C7E7FH9F;8C!@G7B@GH>=!F7E>H;EB!a!C79!7J!

@G7B@GH>=O!"G;B!C=HEB!>GH>!6G=E!8B;EK!V!C79!7J!C7E7FH9F;8C!@G7B@GH>=Q!`!C79!

7J!CHKE=B;8C!7?;:=!;B!E==:=:l!!

!

! 

3 : 8"3# 234.05 : 8# 40.3044
702.15 : 322.44
702.15 + 322.44 =1024.59

Ca(H2PO4 )2 =
702.15
1024.59

= 0.685

MgO =1$ 0.685 = 0.315

!

!

"G;B!9=H:B!>7!H!6=;KG>!AH>;7!7J!C7E7FH9F;8C!@G7B@GH>=!HEGD:AH>=!HE:!

CHKE=B;8C!7?;:=!7J!d`Oc!jlV]Oc!jO!V!C79!7J!C7E7FH9F;8C!@G7B@GH>=!HE:!`!C79!

5K&!;B!E==:=:!>7!CH<=!]f!C79!F=C=E>Q!>G=!6=;KG>!7J!]f!C79!F=C=E>!;B!]fabOch!

KAHCO!U;AF7E!BHE:!GHB!H!C79!6=;KG>!7J!]`VO]!K!^a]_O!.;EF=!>G=!AH>;7!7J!BHE:!>7!

F=C=E>!;B!]!>7!]!>G=!6=;KG>!E==:=:!>7!CH<=!]f!C79!Y;AF7E!BHE:!;B!

]`VO]u]fv]`V]!KAHCO!"G=!Y;AF7E!BHE:!>7!F=C=E>!6=;KG>!AH>;7!;Bl!!

!
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! 

Zircon =
1831

(1831+1024.59)
= 0.643

Cement =1" 0.643 = 0.357 !

!

+BB8C;EK!>GH>!>G=!9;C=B>7E=!HE:!Y;EF!7?;:=!GHB!BHE:T9;<=!JHF>7ABQ!>G=!Y;EF!AH>;7!;B!

G=9:!H>!]Oc!j!HE:!>G=!9;C=B>7E=!;B!:=FA=HB=:!>7!c!jQ!B;EF=!;>B!@8A@7B=!;B!>7!GHI=!

BCH99!@HA>;F9=B!>7!=EGHEF=!>G=!@A;E>;EKO!07A!>G=!E=?>!A78E:!7J!BCH99TBFH9=!>=B>;EK!

>G=!Y;AF7E!6=;KG>!@=AF=E>HK=!6HB!B=>!>7!cgOa!jO!"G=!5K&\@G7B@GH>=!F=C=E>!6HB!

;EFA=HB=:!>7!H!F7CP;E=:!VfOg!jQ!6G=A=!hOg!j!6HB!5K&!HE:!a]!j!6HB!

C7E7FH9F;8C!@G7B@GH>=O!"G=!@79DC=A!GHB!HE!H:G=B;I=!JHF>7A!HE:!6;99!P=!

F7EB;:=A=:!HB!H!F=C=E>;EK!;EKA=:;=E>O!#=EF=!455+!6HB!B=>!>7!c!j!P=FH8B=!7J!

>G=!;EFA=HB=!;E!H:G=B;I=!CH>=A;H9O!"G=!=>GD9=E=!K9DF79!9=I=9!6HB!E7>!FGHEK=:O!

"HP9=!]]!BG76B!>G=!E=6!BHE:!A=F;@=O!!

%
!,;-$%@@A%2,)4%#$='6$%K'/"%(+4':'$4%109Z6"+*6",/$%=$($)/%#,/'+A%
$FCG!;CD<=G;=C?E! b=;DU?!PcQ!
U;AF7E! cgOaf!

5HKE=B;8C!7?;:=! hO`V!

57E7FH9F;8C!@G7B@GH>=Q!HEGD:AH>=! a]OVg!

455+! cOff!

U;EF!7?;:=! ]Ocf!

3;C=B>7E=! cOff!

$>GD9=E=!K9DF79! fO]f!

%

-4X4]!$=MACG!EBFLL[EMFL=!?=E?;CD!?<;FL!N;?U!?U=!;BI<AR=G!<=M;I=!

(G=E!BCH99TBFH9=!>=B>;EK!>G=!E=6!CH>=A;H9!C;?>8A=Q!;>!6HB!E7>HP9D!B>A7EK=A!>GHE!

>G=!@A=I;78B!F7C@7B;>;7EB!WB==!0;K8A=!]cX!HE:!F7EB;:=A=:!BH>;BJHF>7AD!=E78KG!>7!

P=!>=B>=:!7E!>G=!V2T@A;E>=AO!07A!>G=!J899TBFH9=!>=B>!C7A=!C7E7FH9F;8C!@G7B@GH>=!

GH:!>7!P=!7A:=A=:Q!P8>!B;EF=!>G=!HEGD:AH>=!I=AB;7E!6HB!C8FG!C7A=!=?@=EB;I=!

HE:!GH:!H!97EK=A!7A:=A;EK!>;C=!>G=!C7E7GD:AH>=!I=AB;7E!6HB!7A:=A=:O!"G=!

CH>=A;H9!6HB!:A;=:!;E!HE!7I=E!J7A!af!G78AB!H>!`f!:=K!1!>7!A=C7I=!C7B>!7J!>G=!

6H>=A!G=EF=!CH<;EK!;>!C7A=!B;C;9HA!>7!C7E7FH9F;8C!@G7B@GH>=Q!HEGD:AH>=O!

57E7FH9F;8C!@G7B@GH>=Q!C7E7GD:AH>=!GHB!H!C=9>;EK!>=C@=AH>8A=!H>!]fh!:=K!1!

^aa_!B7!>G=!>=C@=AH>8A=!GH:!>7!P=!B;KE;J;FHE>9D!976=A!>GHE!>GH>Q!E7>!>7!A;B<!

:=F7C@7B;>;7E!7J!>G=!CH>=A;H9O!!

!

!
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!

-4]!0JLL[EMFL=!?=E?;CD!N;?U!?U=!C=N!<=M;I=!!

"7!J;E:!G76!C8FG!CH>=A;H9!6HB!E==:=:!J7A!>G=!J899TBFH9=!>=B>;EK!>G=!BHE:!8B=:!

J7A!>G=!BCH99TBFH9=!>=B>;EK!6HB!C=HB8A=:!;E!H!C=HB8A;EK!>8P=!HE:!6=;KG>=:!>7!

J;E:!;>B!P89<!:=EB;>DO!]fO]d`!KAHC!7J!>G=!CH>=A;H9!A=B89>=:!;E!]]C9!7A!]]FCVQ!>G;B!

K;I=B!H!:=EB;>D!7J!]fO]`K\]]FCVvfOhacK\FCVO!.;EF=!abffFCV!7J!BHE:!;B!E==:=:!

>G=!C;?>8A=!BG789:!P=!H>!9=HB>!fOhacK\FCV!u!abffFCV!v!aaa]!KAHCQ!>G;B!6HB!

;EFA=HB=:!>7!bfff!KAHCO!"G=!CH>=A;H9B!6=A=!P9=E:=:!J899TBFH9=!6;>G!>G=!BHC=!

@A=@HAH>;7EB!HB!>G=!J;AB>!J899TBFH9=!>=B>O!"G=!;EKA=:;=E>B!HE:!6=;KG>B!HA=!9;B>=:!;E!

"HP9=!]aO!*E!H::;>;7E!>7!>G;B!J7AC89H>;7EQ!H!I=AD!BCH99!HC78E>!7J!J77:!F7978A;EK!

6HB!H::=:!>7!>G=!J98;:!>7!7PB=AI=!>G=!@A;E>;EK!HE:!B@A=H:;EK!C7A=!HFF8AH>=9DO 

  

!,;-$%@IA%2,)4%#$='6$%:+#%*$=+)4%:?--8*=,-$%/$*/')0%/#',-A%
$FCG!;CD<=G;=C?E! b=;DU?!PcQ! b=;DU?!PD<FBEQ!
U;AF7E! cgOaf! aVf`!

5HKE=B;8C!7?;:=! hO`V! V``!

57E7FH9F;8C!@G7B@GH>=Q!C7E7GD:AH>=! a]OVg! `bf!

455+! cOff! aff!

U;EF!7?;:=! ]Ocf! df!

3;C=B>7E=! cOff! aff!

$>GD9=E=!K9DF79! fO]f! b!

"7>H9! ! bfff!

  
7'0?#$%@MA%.'=/?#$%:#+(%*(,--8*=,-$%/$*/%K'/"%/"$%'(6#+J$4%(,/$#',-%('T/?#$%/+%/"$%-$:/%,)4%
:#+(%/"$%*(,--8*=,-$%/$*/')0%K'/"%/"$%:'#*/%#$='6$%[*$$%!,;-$%G%,)4%M\%/+%/"$%#'0"/A%
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07A!>G=!J;AB>!>=B>!>G=!U@i!]cf!CH>=A;H9!B=>>;EKB!6=A=!8B=:!HE:!J7A!>G=!B=F7E:!>=B>!

H!F8B>7C!B=>>;EK!6HB!FA=H>=:!WB==!"HP9=!]VX!6;>G!>G=!U@i!]cf!CH>=A;H9!HB!H!

A=J=A=EF=!CH>=A;H9O!*E!>G=!>G;A:!>=B>!H!E=6!F8B>7C!CH>=A;H9!6HB!8B=:!6;>G!>G=!

UFHB>!c]f!CH>=A;H9!HB!H!A=J=A=EF=!CH>=A;H9!HE:!;E!>G=!J78A>G!>=B>!>G=!BHC=!F8B>7C!

CH>=A;H9!B=>>;EKB!6=A=!8B=:!P8>!6;>G!;EFA=HB=:!9HD=A!>G;F<E=BB!HE:!>G=!B79I=E>!

F7E>=E>!7J!>G=!J98;:!A=:8F=:!>7!aOc!jO!.==!"HP9=!]V!J7A!C7A=!:=>H;9BO!07A!H99!>G=!

>=B>B!>G=!CH>=A;H9!:A;=:!J7A!a!G78ABO!!

!

07A!>G=B=!>=B>B!>GA==!:;BFB!HE:!7E=!FD9;E:=A!6=A=!@A;E>=:!HB!>G=!>=B>!BGH@=Q!B==!

0;K8A=!]dO!"G=!B@A=H:;EK!7J!>G=!BHE:!9HD=AB!6=E>!B==C;EK9D!6;>G78>!HED!

@A7P9=CB!HE:!>G=!B@A=H:;EK!7J!>G=!J98;:!6HB!K77:!WB==!0;K8A=!]gXO!"G=!BGH@=!7J!

>G=!J;EH9!@A7:8F>!:;:!E7>!B==C!>7!GHI=!C8FG!:;B>7A>;7E!HE:!>G=!B>A=EK>G!7J!>G=!

CH>=A;H9!6HB!C8FG!P=>>=AO!"G=!B>A=EK>G!7J!>G=!J;EH9!@A7:8F>!6HB!P=B>!;E!>G=!

B=F7E:!>=B>!6;>G!>G;E!9HD=A!>G;F<E=BB!HE:!J899!BH>8AH>;7E!B=>>;EKBO!#76=I=A!>G=!

B8AJHF=!J;E;BG!6HB!E7>!K77:!7E!HED!7J!>G=!>=B>BO!!

!

!,;-$%@DA%!"$%#$*?-/*%:#+(%*$=+)4%:?--8*=,-$%/$*/')0%/#',-A%

%=E?! %=BI=<F?J<=!
PG=D!5Q!

:FK=<!
%U;M>C=EE!
PBBQ!

$F?J<F?;AC!
Pc!A@!@JLLQ!

$?<=CD?U! $J<@FM=!
0;C;EU!
P/[]Q!

3;E?A<?;AC!

]! V`! fO]ff! df! E7>!HFF=@>HP9=! ]! 3;>>9=!

a! ab! fO]ff! ]ff! HFF=@>HP9=! ]! 3;>>9=!

V! ab! fO]gc! ]ff! E7>!HFF=@>HP9=! ]! 3;>>9=!

b! ab! fOaff! ]ff! E7>!HFF=@>HP9=! ]! 3;>>9=!

 
7'0?#$%@UA%!"$%/$*/%*",6$*%?*$4%:+#%/"$%*$=+)4%:?--8*=,-$%6#')/')0A%



  29 

!

!

!

!

!

!

!

!

!

!

W!'=EJL?E!

!

*E!>G=!J;AB>!A78E:!7J!>=B>;EKQ!B8PB>;>8>=!CH>=A;H9B!6=A=!8B=:!J7A!>G=!@79DC=A!HE:!

>G=!Y;AF7E!BHE:O!o=FH8B=!7J!HIH;9HP;9;>D!;>!6HB!E7>!@7BB;P9=!>7!7A:=A!

7F>HFAD9HC;:=\HFAD9H>=\P8>D9HC;E7=>GD9!C=>GHFAD9H>=!F7@79DC=A!HE:!;>!6HB!

B8PB>;>8>=:!6;>G!C=>GD9!C=>GHFAD9H>=!HJ>=A!F7EB89>H>;7E!6;>G!4A7J=BB7A!+99HE!

$HB>=H9!H>!>G=!,7+!1G=C;B>AD!:=@HA>C=E>O!"G=!Y;AF7E!BHE:!6HB!A=@9HF=:!PD!

Y;AF7E;8C!7?;:=O!"G=!A=HB7E!J7A!>G;B!FGHEK=!6HB!>GH>!>G=!Y;AF7E!BHE:!7A:=A=:!

6HB!7J!B8FG!H!G;KG!9=I=9!7J!@8A;>D!>GH>!;>!6HB!F7EB;:=A=:!HB!H!A;B<!CH>=A;H9!HE:!;>!

6HB!G=9:!8@!;E!F8B>7CBO!"G=!8B=!7J!>G=!CH>=A;H9!GH:!>7!P=!:7F8C=E>=:!P=J7A=!;>!

A=F=;I=:!@=AC;BB;7E!>7!P=!B=E>O!*>!>77<!HP78>!`!6==<B!J7A!>G=!CH>=A;H9!>7!K=>!>7!

%U!JA7C!>G=!:H>=!;>!6HB!7A:=A=:O!o=FH8B=!7J!>G;B!>G=!>=B>;EK!@A7F==:=:!6;>G!>G=!

B8PB>;>8>=!CH>=A;H9BO!*E!>G=!=E:!>G=!Y;AF7E!BHE:!GH:!>7!P=!7A:=A=:!JA7C!H!

:;JJ=A=E>!F7C@HED!6G=A=!;>!F789:!P=!:=9;I=A=:!;E!H!J=6!:HDBO!#76=I=A!>G;B!7A:=A!

6HB!;E!9HAK=A!R8HE>;>;=B!Waf!<KXQ!6;>G!976=A!@8A;>D!HE:!9HAK=A!KAH;E!B;Y=O!

!

(G=E!>G=!>=B>;EK!B>HA>=:Q!>G=!J7F8B!6HB!C7B>9D!7E!:;BB79I;EK!>G=!@79DC=A!B;EF=Q!

JA7C!>G=!@H>=E>Q!;>!H@@=HA=:!>7!P=!>G=!CH;E!B>A=EK>G=E;EK!JHF>7A!;E!>G=!CH>=A;H9!

C;?>8A=O!#76=I=A!>G=!@79DC=A!6HB!F9=HA9D!E7>!:;BB79I;EK!6;>G!>G=!aOc!j!B79I=E>!

 
7'0?#$%@VA%!"$%6#')/')0%')%6#+0#$**A%
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;E!>G=!J98;:!JA7C!>G=!7A;K;EH9!@H>=E>O!#=EF=!>G=!B79I=E>!JA7C!>G=!@H>=E>!6HB!E7>!

HE!=JJ=F>;I=!B79I=E>!J7A!455+Q!HJ>=A!B7C=!A=B=HAFG!;>!6HB!J78E:!>GH>!=>GD9!

HF=>H>=!6HB!>G=!P=B>!B79I=E>!B8;>=:!J7A!>G=!>HB<O!(G=E!>=B>;EK!>G=!B798P;9;>D!7J!

455+!;E!=>GD9!HF=>H>=!;>!6HB!J78E:!>GH>!;>!B>HA>=:!:;BB79I;EK!6;>G!]f!j!

F7EF=E>AH>;7E!HE:!6HB!J899D!:;BB79I=:!6;>G!C7A=!>GHE!ac!j!F7EF=E>AH>;7EO!"G=!

@A7P9=C!6HB!>GH>!=>GD9!HF=>H>=!GHB!>G=!B798P;9;>D!7J!]!C9\]f!C9!H>!ac!:=K!1!;E!

6H>=A!B7!>G=!J98;:!C;?>8A=!F789:!E7>!F7E>H;E!C7A=!B79I=E>!>GHE!HP78>!]f!jQ!

G=EF=!BG7A>!>;C=!HJ>=A!C;?;EK!>G=!J98;:!6;>G!C7A=!>GHE!]fj!=>GD9!HF=>H>=!;>!6;99!

B=@HAH>=!HE:!J97H>!7E!>7@O!"G;B!6HB!E7>!7PB=AI=:!;E!>G=!455+\=>GD9!HF=>H>=!>=B>!

P=FH8B=!>G=!J98;:!6HB!C;?=:!:;A=F>9D!>7!>G=!455+!HE:!>7!>G=!BHC=!G=;KG>O!(G=E!

>G=!CH>=A;H9!C;?>8A=!6HB!>=B>=:!6;>G!]f!j!=>GD9!HF=>H>=!;E!>G=!J98;:!>G=!@79DC=A!
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4%(1.+!&'&(%8,#.()*'! 44#]! \`b7a[!0A$.#! \7`_!0A8$b! `dS[bS`! [`c!Y!
P&,9#!%8'&%&'! 4]Ga;[! aa7\c`!0A$.#! c7_c!0A8$e! \]\S^aSd! \_c!Y!
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!""#$%&'()(*(+,-./#0(%#12,&"3&-$
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!""#$%&'(4(*(+,-./#0(%#12,&"3&-$(256$7#1(

!
"#$%&'(!)%!*#'!+,-./'0!1'(2,)+*)-%!$(!1)(23(('1!-4',!'50$)/6!
!
!"#$%&'()*#$+&,#-&.-/&01234/+5&6+$&7/$4&
&
8$33&.94:#+5#&7/$4&.-/&;/-/*%&,</&*-=-&51>&
&
7<,&
&
'()*#$+&?@4@)&
A&;,=B&C1=*#5&*#D*&A&
&
&
AAAAAAAAAA&8=-B/-5#5&7#))/:#&AAAAAAAAAA&
8-=7E&;/-/*&;$+:/7+#+$&F)/-/*G)$+:/7+#+$H/1*G/2G+IJ&
K/*#E&LM&8#N-1/-(&OPLP&LQERL&
;1NS#2*E&T#E&U-=S#2*&5#)2-$V*$=+&
W=E&(34)PPL&(34)PPL&F(34)PPLH/1234/+51+$G/2G+IJ&
&
&
"$&X()*#$+%&
&&
Y==3$+:&/*&*,#&V-=V=)/4%&$*&)##7)%&*,#&N#)*&4$+#&=.&*,$+3$+:&.=-&(=1&$)&*=&$+<#)*$:/*#&
/+5&.$+5&V-=N/N4#&7/*#-$/4)&.=-&ZK&V-$+*$+:&=.&7=145)&)1$*/N4#&.=-&.#--=1)&
/VV4$2/*$=+)G&W,$)&B=145&7#/+&*-($+:&5$..#-#+*&2=7V=)$*$=+)&=.&.=1+5-(&)/+5)%&
N$+5#-)&/+5&*#)*&*,#7&.=-&)1$*/N$4$*(&/)&ZK&V-$+*$+:&7/*#-$/4)&/+5&/4)=&*#)*&*,#7&.=-&
2/)*$+:&)*##4)G&[,$4#&*,#&./2$4$*$#)&B#&,/<#&,#-#&/-#&)1$*/N4#&.=-&*,$)&3$+5&=.&
#DV#-$7#+*/4&-#)#/-2,%&*,#&=<#-/44&=1*2=7#&5#V#+5)&=+&,=B&$+*1$*$<#&(=1&/-#&B$*,&
*,#&7/*#-$/4)&2,=$2#G&
&&
\,##-)&
;/-/*&
&
JJJ&(34)PPL&(34)PPL&F(34)PPLH/1234/+51+$G/2G+IJ&LM]PO]OPLP&OEQR&VG7G&JJJ&
&
K#/-&;/-/*&/+5&K/-$1)%&
&
W,$)&$)&'()*#$+&*,#&^=-B#:$/+&_/)*#-)&)*15#+*G&W,/+3&(=1&.=-&*,#&V-#)#+*/*$=+&=.&
*,#&T/V$5&U-=512*&K#<#4=V7#+*&\#+*-#G&`&,/<#&/**/2,#5&7(&_/)*#-)&V-=S#2*&
5#)2-$V*$=+&/+5&V-#)#+*/*$=+G&`.&(=1&,/<#&/+(&C1#)*$=+)&/N=1*&*,#&V-=S#2*&.##4&.-##&
*=&2=+*/2*&7#&a=+&*,$)&#A7/$4&=-&V,=+#&POLLQMZLRRbG&W,#&V-=S#2*&$*&$)&51#&N(&#+5&=.&
c1+#&aZP]PM]LPbG&
&
W,#&V-=S#2*&5#)2-$V*$=+&$)&+=*&+#2#))/-$4(&.$+/4%&$*&2/+&N#&)V#2$.$#5&=-&/4*#-#5&*=&
7/3#&*,#&2==V#-/*$=+&7=-#&$+*#-#)*$+:&.=-&(=1G&
&
0&2=V(&=.&*,$)&#A7/$4&$)&)#+*&*=&7(&)1V#-<$)=-&/*&^W^6%&_=-*#+&Y/+:9(G&
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&
d#)*&-#:/-5)%&
&
'()*#$+&"#+5#+&?@4@)&
&
e&
&
_=-*#+&Y/+:9(E&*=&7#&
& &
"#$%&
&
;#-&<#45$:&N-/&1*G&
&
_=-*#+&
&
&&
8-/E&(34)PPL&(34)PPL&f7/$4*=E(34)PPLH/1234/+51+$G/2G+Ig&
;#+5*E&LhG&.#N-1/-&OPLP&PPERi&
W$4E&_=-*#+&Y/+:9(&
j7+#E&8B5E&U-=S#2*&5#)2-$V*$=+&
A&;,=B&C1=*#5&*#D*&k!&


