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 !"#$#!%!&'!()*&("#!+,-&(,$!+.#!()+#/0/)$!1!)"*,$,!2)!

-)'3#!4&',+,5! !&"#!,6(7*#$,!2#!"#$#!2)/)!-)(!3#(!8,")!

#!*#+4)*9')+-#!2,!"&,!*#+"-9-&9:.#!,!+7/)$!2#!3)(;9$<!2,!

$#*,$9=,:.#!-#3#6(0;9*,!)!2,"!3(#3(9)2,2)"!;7"9*#>?&7'9*,"!

2)!;#(',!,!*#'3,-989$9=,(!,!3(#2&:.#!,6(#>3)*&0(9,!*#'!

,! "&"-)+-,89$92,2)!2#! ()*&("#! "#$#!)!2#!,'89)+-)! )+/#$>

/)+-)5!@#!3()")+-)!-(,8,$4#!;#9!);)*-&,2,!,!*,(,*-)(9=,:.#!

2#!&"#!,6(#>3)*&0(9#!2,"!3,(*)$,"!2,!?&9+-,!2,!A)+4#(,!

2)!B%(*&$)"<! ,! )/#$&:.#!2,! ;)(-9$92,2)!2#! "#$#! ,#! $#+6#!

2#!-)'3#!)<!*#'!8,")!+)"",!9+;#(',:.#!)$,8#(#&>")!&',!

3(#3#"-,!2)!,3-92.#!3#-)+*9,$!3,(,!&"#!,6(#>3)*&0(9#!2)">

","!3,(*)$,"5! "!"#$#"!*$,""9;9*,'>")!*#'#!C$&/9""#$#"<!D)>

6#""#$#"!)!E,'89""#$#"5!A.#!3()2#'9+,+-)')+-)!0*92#"!,!

3#&*#!0*92#"<!*#'!+7/)9"!)$)/,2#"!2)!;F";#(#!)!3#-0""9#5!

 "!-)#()"!)'!',-%(9,!#(6G+9*,!HB I!".#!'&9-#!/,(90/)9"5!

@,"!3,(*)$,"!*#'!',9#(!9+-)+"92,2)!2)!3,"-#()9#!)!2)!&"#!

,6(7*#$,!()69"-,'>")!#"!/,$#()"!',9"!)$)/,2#"!2)!B !)!2)!

+&-(9)+-)"! +#! "#$#<! #! ?&)! *#+"-9-&9! &',! ;#+-)! 2)! 3#$&9>

:.#!29;&",5!J#+-&,$')+-)<!#8")(/,'>")!/,$#()"!2)!K+<!@9!

)!E(<!,*9',!2#!$9'9-)!)"-,8)$)*92#!+#!LM!NNOPQRRS!2)!N!2)!

T&+4#<!#!?&)!")(0<!)'!3(9+*739#<!2)/92#!1"!*,(,*-)(7"-9*,"!

2#!',-)(9,$!#(969+0(9#5!D)$,-9/,')+-)!1!,3-92.#!3(#2&-9/,!

3#-)+*9,$<!29/929&>")!,!0(),!)'!2&,"!*$,"")"<!&',!2)!B#89>

$9=,:.#!B7+9',!)!#&-(,!2)!K#+,"!A)+"7/)9"<!3#(!$9'9-,:.#!

,#!3,"-#()9#<!)U*)""#!2)!,$6&+"!')-,9"!3)",2#"!)!=#+,!2)!

8,9U,!*#'!(9"*#!2)!2)6(,2,:.#!?&7'9*,!)!3#$&9:.#!29;&>

",!3,(,!06&,"!"&8-)((G+),"!)!"&3)(;9*9,9"5!V*#+")$4,>")!,!

'#+9-#(9=,:.#!2,!?&,$92,2)!2#!"#$#!+,"!3,(*)$,"!2,!*$,"")!

K#+,"!A)+"7/)9"5

 !"!#$!%&'(!#)W!V6(9*&$-&(,X!V/,$9,:.#!2)!Y)((,"X!CF";#>

(#X!B,-%(9,! (6G+9*,X!Z&,$92,2)!2#!A#$#5!

 3/4- 54

A#9$! 9"!,!+#+>()+)[,8$)!+,-&(,$! ()"#&(*)!*#+"92)(9+6!

-4)! 4&',+! -9')! "*,$)5! Y4&"<! -4)! ,6(9*&$-&(,$! &")! #;! "#9$!

"4#&$2!8)!',+,6)2!-,\9+6!9+-#!,**#&+-!9-"!3(#;9$)!2)/)$#>

3')+-<!,+2!,$"#!-#3#6(,349*!,+2!34]"9*,$>*4)'9*,$!3(#>

3)(-9)"5!Y49"![9$$!,$$#[!4,('#+9=9+6! -4)!,6(9*&$-&(,$!,+2!

$9/)"-#*\!3(#2&*-9#+!-#!-4)!"&"-,9+,89$9-]!#;!"#9$!()"#&(*)"!

,+2!-4)!"&((#&+29+6!)+/9(#+')+-5!Y4)!3()")+-!"-&2]![,"!

&+2)(-,\)+!-#!*4,(,*-)(9=)!-4)!,6(9*&$-&(,$!"]"-)'"!9+!&")!

9+!^Z&9+-,!2,!A)+4#(,!2)!B%(*&$)"_<! -#!*4,(,*-)(9=)!,+2!

)/,$&,-)!-4)!)/#$&-9#+!#;!"#9$!;)(-9$9-]!#/)(!-9')!,+2!8,")2!

#+! 9+;#(',-9#+!*#$$)*-)2! 9-![,"!)$,8#(,-)2!,!3(#3#",$!#;!

"#9$!&")!',+,6)')+-5!A#9$"!,()!*$,""9;9)2!,"!C$&/9"#$"<!D)>

6#"#$"!,+2!E,'89"#$"<!-4)]!,()!3()2#'9+,+-$]!,*92!#(![9-4!

$#[>,*929-]<![9-4!4964!$)/)$"!#;!34#"34#(&"!,+2!3#-,""9&'5!

Y4)!,'#&+-"!#;!#(6,+9*!',--)(!H BI!,()!4964$]!/,(9,8$)5!̀ +!

-4)!,(),"![9-4!6(),-)(!6(,=9+6!#(!,6(9*&$-&(,$!9+-)+"9-]!9-!

[,"!#8")(/)2!-4)!4964)"-!/,$&)"!#;!"#9$!#(6,+9*!',--)(!,+2!

+&-(9)+-"5!Y4)")!,(),"!,()!+#+!3#9+-!"#&(*)!3#$$&-9#+5! `+!

"#')!3#9+-"!#;!-4)!,(),!/,$&)"!#;!K+<!@9!,+2!E(<!,()!,8#/)!

-4)!$9'9-!")-!#&-!9+!-4)!@,-9#+,$!M,[>!LMPNNOPQRRS!#;!T&+)!

N5! !Y49"! 9"!3(#8,8$]!2&)!-#!-4)!*4,(,*-)(9"-9*"!#;! -4)!"#9$!

3,()+-!',-)(9,$5!Y4)!3(#2&*-9/)!,(),![,"!3(#3#")2!-#!8)!

29/92)2!9+-#!-[#!*$,"")"<!#+)!#;!^'9+9'&'!'#89$9=,-9#+_!

,+2!,+#-4)(!*$,""!#;!^")+"9-9/)!,(),"_5!Y49"!$,"-!*$,""!4,"!

$9'9-,-9#+"!;#(!6(,=9+6<!#(!)U*)""9/)!4),/]!')-,$"!$)/)$"!#(!

(9"\!#;!*4)'9*,$!2)6(,2,-9#+!,+2!3#$$&-9#+!#;!6(#&+2[,-)(!

#(!"&(;,*)![,-)(5!`-!9"!,2/9",8$)!-#!'#+9-#(9=)!"#9$!?&,$9-]!

+,')$]!9+!-4)!^")+"9-9/)!,(),_5

*)+,-.$/%0!V6(9*&$-&()X! (6,+9*!B,--)(X!J4#"34#(&"X!A#9$!

a/,$&,-9#+X!A#9$!Z&,$9-]5

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

'!&1203,(!"&4&5"#,'%&'!&3*"%

B,(-,!b,-9"-,N<!E,('#!c#(-,N,<!T#"%!J)2(#!C(,6#"#!V$')92,N

Na"*#$,!A&3)(9#(!V6(0(9,<!Z&9+-,!2,!A)+4#(,!2)!B%(*&$)"<!

SRRR>dRd!E,"-)$#!b(,+*#>J#(-&6,$
,)>',9$W!',(-,8e93*853-
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Invest igação e experimentação
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 !"#$#!%!&'!()*&("#!+,-&(,$!+.#!()+#/0/)$!1!)"*,$,!2)!

-)'3#!4&',+,5!C#(',>")!,#!$#+6#!2#!-)'3#<!+,!*,',2,!

)U-)(+,!2,!$9-#";)(,!)!*#+"-9-&9!#!"&3#(-)!;7"9*#!)!+&-(9-9>

/#!2)!-#2#"!#"!)*#""9"-)',"!-)(()"-()"5!a'!-)('#"!'%29#"<!

*,2,!*'!2)!"#$#!2)'#(,!*)(*,!2)!NRR!,+#"!,! ;#(',(>")5!

a"-9',>")! ?&)! +,! f+9.#! a&(#3)9,! ")! 3)(2)'! 3#(! )(#".#!

)+-()!S>SR!-#+)$,2,"!3#(!4,!)!,+#!2)!"#$#!,6(7*#$,5!f'!&"#!

9+,2)?&,2#!2#!"#$#!*#+2&=!1!"&,!2)6(,2,:.#!;7"9*,<!?&7>

'9*,!)!89#$F69*,5! !&"#!,6(7*#$,!2#!"#$#!2)/)<!3#9"<!-)(!3#(!

8,")!#!*#+4)*9')+-#!2,!"&,!*#+"-9-&9:.#!,!+7/)$!2#!3)(;9$<!

$#*,$9=,:.#!-#3#6(0;9*,<!3(#3(9)2,2)"!;7"9*#>?&7'9*,"!)!9+>

;#(',:.#!#8-92,!,-(,/%"!2,!*,(-#6(,;9,!-)'0-9*,!29"3#+7/)$!

2)!;#(',!,!*#'3,-989$9=,(!,!3(#2&:.#!,6(#>3)*&0(9,!*#'!

,! "&"-)+-,89$92,2)! 2#! ()*&("#! "#$#5!  ! #8g)*-9/#! 2)/)! ")(!

")$)**9#+,(!#!')$4#(!&"#!2,! -)((,!*#'!8,")!)'!*(9-%(9#"!

#8g)*-9/#"!)!",$/,6&,(2,+2#!,!"&"-)+-,89$92,2)!2)"")!&"#<!

)'!-)('#"!,6(#+F'9*#"<!"#*9,9"!)!,'89)+-,9"!HCV <!NdONX!

CV <!NdOhX!CV <!NddOI5!J#(!#&-(#!$,2#<!,"!,*:i)"!?&)!")!

)U)(*)'!"#8()!#!"9"-)',!"#$#!3#2)'!-)(!();$)U#"!+,!?&,>

$92,2)!2)!#&-(#"!"9"-)',"!2,!89#";)(,!*#'#!#!472(9*#!)!,!

,-'#";)(,! ?&)! *#'! )$)! )"-.#! $96,2#"! HCV <! NddOI5! L)"-)!

'#2#<!&',!*#(()*-,!6)"-.#!2#!"#$#!"#8!#!3#+-#!2)!/9"-,!2#!

")&!&"#!,6(#>3)*&0(9#!%!;&+2,')+-,$!3,(,!,!"&"-)+-,89$9>

2,2)!6$#8,$!2#"!"9"-)',"!2,!89#";)(,<!)!3,(,!,!',+&-)+:.#!

2,!"&,!89#29/)("92,2)5!V!a"*#$,!A&3)(9#(!V6(0(9,!HaAVI!"9>

-&,>")!+&',!3(#3(9)2,2)!,6(7*#$,<!,!?&9+-,!2,!A)+4#(,!2)!

B%(*&$)"<!*#'!NSQ!4,5!V!aAV!9+9*9#&!,-9/92,2)!,6(#3)*&>

0(9,!+)"-,!?&9+-,!40!*)(*,!2)!Qj!,+#"5! "!"9"-)',"!*&$-&(,9"!

;#(,'!)+-.#!2);9+92#"!*#'!8,")!+#!?&)!")!*#+"92)(#&!")(!,!

3#-)+*9,$92,2)!2)!&"#!2)"-,!0(),!)<!-,'8%'<!+,"!+)*)""92,>

2)"!2)!;#(',:.#!2#"!,$&+#"!?&)!;()?&)+-,/,'P;()?&)+-,'!

,! a"*#$,<! "#8! #! 3#+-#! 2)! /9"-,! 3)2,6F69*#<! 2)! 2)'#+">

-(,:.#!)!3(0-9*,"!2)!*,'3#!2#"!*&("#"!)'!;&+*9#+,')+-#!

+,!aAV5!a'!NdOk!;#9!);)*-&,2,!&',!*,(,*-)(9=,:.#!)20>

;9*,!2,!?&9+-,!*#'!,!)$,8#(,:.#!2)!*,(-#6(,;9,!)"3)*7;9*,!

HE)+-(#! 2)! a"-&2#"! 2)! J)2#$#69,<! NdOkX! J9+4)9(#<! NddRI5!

L)*#((92#"!)"-)"!,+#"<!*#+"92)(#&>")!9'3#(-,+-)!,/,$9,(!#!

);)9-#!2)*#(()+-)!2,!,-9/92,2)!,6(#3)*&0(9,!"#8()!#!"#$#!,#!

$#+6#!2)"-)"!Qj!,+#"!)<!*#'!8,")!+)"",!9+;#(',:.#<!)$,8#>

(,(!&',!3(#3#"-,!2)!6)"-.#!"&"-)+-0/)$!2#!()*&("#!"#$#!+,!

?&9+-,!2,!A)+4#(,!2)!B%(*&$)"5!L)"-)!'#2#<!".#!#8g)*-9>

/#"!2#!3()")+-)!-(,8,$4#W!H9I!,!*,(,*-)(9=,:.#!2#!&"#!,6(#>

>3)*&0(9#!2,"!3,(*)$,"!2,!?&9+-,!2,!A)+4#(,!2)!B%(*&$)"X!

H99I! ,! ,/,$9,:.#!2,! ;)(-9$92,2)!2#! "#$#! )!2,! "&,! )/#$&:.#!

,#!$#+6#!2#!-)'3#X!H999I!,!)$,8#(,:.#!2)!&',!3(#3#"-,!2)!

,3-92.#!3#-)+*9,$!3,(,!&"#!,6(#3)*&0(9#!2)"","!3,(*)$,"5

(&$1 4.-6 ;$.$1<4282/

 !-(,8,$4#!2)*#(()&!+,!?&9+-,!2,!A)+4#(,!2)!B%(*&$)"!

?&)!%!3(#3(9)2,2)!2#!̀ +"-9-&-#!J#$9-%*+9*#!2)!E,"-)$#!b(,+>

*#!l!a"*#$,!A&3)(9#(!V6(0(9,5!!

M EVM`KVmn !LV!Zf`@YV!LV!Aa@c DV!La!

BoDEfMaA!a!EVDVEYaD`KVmn !LV!pDaV!La!aAYfL 

V! ?&9+-,! 2,! A)+4#(,! 2)! B%(*&$)"! %! &',! 3(#3(9)>

2,2)!*#'!NSQ!4,<!"9-&,>")!,!$)"-)!2,!*92,2)!2)!E,"-)$#!

b(,+*#<!")+2#!2)$9'9-,2,!3)$,"!)"-(,2,"!?&)!")6&)'!+,!

29()*:.#!2#!D9#!J#+"&$!)!2,!a('92,!2,!A)+4#(,!2)!B%(>

*&$)"!HC965!NI5

=>!&$, ! "#$%&'(%)*# +% ,-'./% 01.2#3% +1 453$-&16 789/3%/# +% :%3/% 
;#<#=3>?'$% .@ ABAC 86$%&% DEFGHHI

V!0(),! )'! )"-&2#!+)"-)! -(,8,$4#! %! 2)! OQ!4,! )! *#(>

()"3#+2)!,!+#/)!3,(*)$,"!HC965!QI!*#'!&"#!,6(#3)*&0(9#!

HY,85!NI5!

=>!&$( ! J%3$1&%6 1K 16/-+# +% ,-'./% +% 01.2#3% +1 453$-&16L
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4?@&$, ! M31%6 +%6 <%3$1&%6 +% (#.% 1K 16/-+#

 A?"BCD?E$ F"C?$G#G?D$HI?J

 J%3$1&% D DGCN
 J%3$1&% A ANCO
 J%3$1&% P QCF
 J%3$1&% N QCB
 J%3$1&% G ACP
 J%3$1&% O DQCO
 J%3$1&% F HCB
 J%3$1&% Q HCF
 J%3$1&% B DCF
 424 ; QDCB

@#!?&)!29=!()"3)9-#!1!6)#$#69,<!,!?&9+-,!$#*,$9=,>")!+,!

#($,!2)!*#+-,*-#!2#!*#'3$)U#!U9"-#>6(,&/0?&9*#!,+-)> (>

2#/7*9#!*#'!#!6(,+9-#!3#(;9(F92)!2)!6(.#!6(#"")9(#<!2,!92,2)!

4)(*7+9*,!HJ9+4)9(#<!NddRI5!V"!"%(9)"!')-,'F(;9*,"!2)(9/,2,"!

2,!#($,!2)!*#+-,*-#!,3()")+-,'!;0*9)"!2)!*#(+),+,"5!aU9">

-)'!-,'8%'!,$&/9i)"!4#$#*%+9*#"!2#"!D98)9(#"!2,"!J)(29=)"<!

2,!C#+-)!2,!B&$,!)!2,!A)+4#(,!2)!B%(*&$)"5! "!,$&/9i)"!

;#(',2#"!,!3,(-9(!2#"!2)3F"9-#"!2#"!2#9"!3(9')9(#"!(98)9(#"!

,3()")+-,'!',9#(!4#'#6)+)92,2)!2#!3#+-#!2)!/9"-,!6(,+&>

$#'%-(9*#<! 3#9"!3(#/q'!"#')+-)!2#!',*9:#!6(,+7-9*#<! )+>

?&,+-#!#!2#!r$-9'#!(98)9(#!,3()")+-,!',9#(!4)-)(#6)+)92,2)!

3#9"!3(#/%'<!"9'&$-,+),')+-)<!2#!U9"-#>6(,&/0?&9*#!)!2#!

6(,+9-#5!aU9"-)'!-,'8%'!/0(9#"!3#:#"!)!+,"*)+-)"!?&)!3,()>

*)'!")(!*#+")?&q+*9,!2#!*#+-,*-#!)+-()!,"!2&,"!;#(',:i)"!

$9-#$F69*,"!)!-,'8%'!2#!29,*$,",')+-#!?&)!,;)*-,!#!6(,+9>

-#5! a'! -)('#"! 6)#'#(;#$F69*#"<! ,! ?&9+-,! )+?&,2(,>")! +,!

*$,"")!2)!()$)/#!2)!#+2&$,2#!'&9-#!"&,/)<!-)+2#!+#!)+-,+>

-#!/)(-)+-)"!2)*$9/#","!+,"!=#+,"!2#'9+,2,"!3#(!;0*9)"!2)!

*#(+),+,"!)!&'!2)*$9/)!',9"!"&,/)!+,"!=#+,"!2)!6(,+9-#5!V!

*,(-,!2)!2)*$9/)"!HC965!kI!'#"-(,!?&)!Sst!2,!0(),!2)!)"-&2#!

,3()")+-,!2)*$9/)!u!St<!?&)!*#(()"3#+2)!1"!*$,"")"!N!HR>QtI!

)!Q!Hk>htI!2)!2)*$9/)!3#&*#!,*)+-&,2#5!@,!()"-,+-)!0(),!H,!

3,(-9(!2,!*$,"")!kI!#!2)*$9/)!")(0!&'!;,*-#(!,!*#+"92)(,(!+,!

,/,$9,:.#!2,!,3-92.#!3(#2&-9/,!2#!"#$#5!!

=>!&$K ! :%3/% +1 +1$&'R16 +% ,-'./% 01.2#3% +1 453$-&16 7DEFGHHI

V!*,(-,!2)!#(9)+-,:.#!2)!)+*#"-,"!HC965!sI!)/92)+*9,!?&)!

,!0(),!)'!)"-&2#!,3()")+-,<!"#8()-&2#<!=#+,"!3$,+,"5

=>!&$L$! :%3/% +1 #3'1./%)*# +%6 1.$#6/%6 +% ,-'./% 01.2#3% +1 453S
$-&16 7DEFGHHI

V!2()+,6)'! %! (),$9=,2,! 3,(,! A&$<! 3#(! 9+-)('%29#! 2,!

(98)9(,!2,!A)+4#(,!2)!B%(*&$)"5! A)6&+2#!,! *$,""9;9*,:.#!

89#*$9'0-9*,! 2,! CV ! 3,(,! ,! =#+,! ')29-)((G+),! HCV >

>f@aAE <! NdSQI<! ,! ?&9+-,! "9-&,>")! +&',! =#+,! 2)! *$9',!

Y)('#')29-)((G+)#!,-)+&,2#<!*#'!&'!7+29*)!v)(#-%('9>

*#!2)!NNN<s!29,"!)!#!3)(7#2#!")*#!*#'3())+292#!)+-()!#"!

')")"! 2)! T&+4#! ,! A)-)'8(#<! *#'#! ")! 3#2)! #8")(/,(! +#!

29,6(,',!#'8(#-%('9*#!HC965!hI<!)$,8#(,2#!3,(,!#!3)(7#2#!

2)!NdOS!l!QRRO!Hc#(-,!)!@&+)"<!QRRSX!QRRjX!QRRO!)!QRRdI5

=>!&$M ! T'%=3%K% #KU3#/53K'$# +% (#.% 1K 16/-+# 7DBQOSAHHQI

(&,$5?"?BGC">N?OP#$Q?E$R"#R">CQ?QCE$Q#$
E#D#

V!*,(,*-)(9=,:.#!2,"!3(#3(9)2,2)"!2#!"#$#!;#9!);)*-&,2,!

*#'!#!#8g)*-9/#!2)!,/,$9,(!,!;)(-9$92,2)!2#!"#$#!2,!0(),!)'!

)"-&2#!)!,!"&,!29"-(98&9:.#!)"3,*9,$5!L)"-)!'#2#<!);)*-&#&>
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