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"#"$%&'(! )"! *+,-*+.(! /0(+*.(1! "! .(! "-2"-3.4+.(1! 2"'*+,-*+.(! "! .(54'-'$+.! %')"$! ("4!
"-*.4.).(! *'$'! 04".(! )"! .%&+*.67'! )"((.(! *+,-*+.(8! 9').:+.1! *.).! ;$.! )"&.(1! ("<.$!
/0(+*.(!"=';!.%&+*.).(1!5.$/>$!%')"$!("4!(;/)+:+)+).(!"$!!"#$!"!%&'()*+,-'$1!5"?4+*.!"!
"#%"4+$"-5.&8!@! *'-3"*+$"-5'! 3;$.-'! >! 3'<"! ;$! 24.-)"!$'(.+*'! )"! "(%"*+.&+).)"(8!
A01!%'4>$1!04".(!)"!"(5;)'!B;"!4"B;"4"$!*'-3"*+$"-5'!)"!:04+.(!"(%"*+.&+).)"(C!(7'!.(!
04".(! D*+,-*+.(E! $;&5+)+(*+%&+-.4"(8! F4'/&"$.(! +-:"4('(! DFGE! (7'! "#"$%&'(! )"! 04".!
$;&5+)+(*+%&+-.48!!

! H! )+(5+-67'! "-54"! '! B;"! ("<.! ;$! %4'/&"$.! )+4"5'! ';! +-:"4('! %.4.! ;$! ).)'!
I"-J$"-'!"(50!&+2.).!.!-'((.!*;&5;4.1!+(5'!>1!54.5.K("!)'!B;"!("!+-5"4%4"5.!*'$'!*.;(.!"!
"I"+5'8!L!.54+/;M)'!.!@&"2!N+O.+&+:+5*3!H&+I.-':!DPPP8$"8;.8");=+-:"4("=P3.5+(835$&E1!
%4'"$+-"-5"!%"(B;+(.)'4!4;(('!-.!04".!)"!%4'/&"$.(!+-:"4('(1!.!.I+4$.67'C!Q$./)*"01).
2&. "3. !#)4*&3$. -(5&#/). ')(/-/%&. &3. 2&%&#3-($#. '$"/$/. 4$/&$2). ($. )4/&#5$01). 2)/.
/&"/.&6&-%)/R8!S'!%'-5'!)"!:+(5.!%405+*'1!*'-:"-*+'-.K("!*3.$.4!%4'/&"$.!)+4"5'!TB;"&"!
"$! B;"! '! "(5;)'! .-5"*")";K("! 3+(5'4+*.$"-5"8! 9.&! .$/+2U+).)"! D)+4"5'=+-:"4('E! %')"!
("4!"#"$%&+I+*.).!)'!("2;+-5"!$')'8!V"!'!$')"&'!$.5"$05+*'!>!"#%4"(('!%'4!78"9.:.61!'!
$')"&'!+-:"4('!%')"!("4!4"%4"("-5.)'!%'4C!7KWD6E!X!"8!F'4!';54'!&.)'1!)"I+-+-)'K("!;. !
7KW1!'!%.4!%4'/&"$.!)+4"5'K+-:"4('!5'4-.K("C!;D6E!X!"!! !!;KWD"E!X!68!

! Y'$'! ("! %"4*"/"1! .! %4?%4+.! )"I+-+67'! )"! FG! %')"! .%4"("-5.4! *'-54':>4(+.(8!
Z-54"5.-5'1! -"(5"! $+-+*;4('1! .! '/("4:.67'! )"! @&"2! N8! H&+I.-':! >! .! /.("! %.4.! .!
*'-*"+5;.67'! )"!FG8![$.!)"I+-+67'1! /"$! *'$'! *&.((+I+*.6\"(! )"!FG1! >! .%4"("-5.).! -.!
%4?#+$.!("67'8!H&2;$.(! 5>*-+*.(!)"! ('&;67'!)"!%4'/&"$.(! +-:"4('(! (7'!.%4"("-5.).(8!
Z(5"(! $>5')'(! (7'! "#"$%&+I+*.)'(! "$! .&2;$.(! .%&+*.6\"(C! 2"'IM(+*.1! $"5"'4'&'2+.1!
'*".-'24.I+.! "! 54.-(I"4,-*+.! )"! *.&'48! H(! ]&5+$.(! ("6\"(! )"(5"! 5"#5'! "(57'! :'&5.).(! .!
5>*-+*.(!-':.(1!*'$'!4")"(!-";4.+(!"!.&2'4+5$'(!2"->5+*'(8!

! Z(5"!5"#5'!>!I'45"$"-5"!/.(".)'!-.!"#%"4+,-*+.!)'!.;5'4!-.!04".!"!-'!<"#/).2&.
=#)4*&3$/. >(5&#/)/1! )+(*+%&+-.! 4"2;&.4! )'! Y;4('! )"! F?(K24.);.67'! "$! Y'$%;5.67'!
H%&+*.).! DYHFE! )'! G-(5+5;5'! ^.*+'-.&! )"! F"(B;+(.(! Z(%.*+.+(! DG^FZE!
D355%C==PPP8&.*8+-%"8/4=*.%=E! K! $+-+(54.).! %"&'! S48! _"4-.-)'! N8! `.$'(8! H! %4+$"+4.!
:"4(7'!)"(5"!5"#5'!D$.+(!4"(;$+).E!I'+!.%4"("-5.).!*'$'!;$!$+-+*;4('!)'!Z-*'-54'!)"!
N')"&.2"$! Y'$%;5.*+'-.&! "$! abbW1! %4'$'67'! )'! G-(5+5;5'! F'&+5>*-+*'! ).!
[-+:"4(+).)"!)'!Z(5.)'!)'!`+'!)"!c.-"+4'!DGF`cK[Z`c1!^':.!_4+/;42'E1!.!*'-:+5"!)'!
F4'I8!H-5J-+'! c'(>! ).! V+&:.!^"5'8! 9"#5'! "! /*-2&/! )'!$+-+K*;4('! )'! GF`cK[Z`c! "(57'!
)+(%'-M:"+(! -.! +-5"4-"5! D355%C==PPP8&.*8+-%"8/4=d3.4'&)'=(*+%835$&E! K! "(5"! $.5"4+.&! )'!
$+-+*;4('! 5'4-.4.$K("! )+(%'-M:"+(! 24.6.(! .'! 54./.&3'! :'&;-504+'! )"! L&*+'! A8!
V3+2;"$'4+! "! H-.! F.;&.! H/4.-5"(! )"! Y.(54'! D-.! >%'*.1! "(5;).-5"(! )"! )';5'4.)'! "!
$"(54.)'1! 4"(%"*5+:.$"-5"1! )'! *;4('! )"! %?(K24.);.67'! "$! Y'$%;5.67'! H%&+*.).! )'!
G^FZE8!!

! S;4.-5"! '(! .-'(! )"! %"(B;+(.! -.! 04".1! $;+5'(! *'&"2.(! )'! G^FZ! "! )"! ';54.(!
+-(5+5;+6\"(!"(57'!.(('*+.)'(!.'!54./.&3'!)"("-:'&:+)'C!H&"#.-)4"!N.45+-"e!D[VF1!V7'!
c'(>! )'! `+'! F4"5'E1! H5.+4! `+'(! ^"5'! DG^FZ! "! Z$/4."4E1! H-5J-+'! c'(>! ).! V+&:.! ^"5'!
DGF`cK[Z`cE1! S'$"-+*'! H-I'((+! DGVHYKY^`E1! Zee.5! V8! Y3.&3';/! DfHYKG^FZE1!
_"4-.-)'! N.-;"&! `.$'(! DfHYKG^FZE1! g"4:0(+'! H8! S"24.e+.! D_M(+*.1! [_VNE1! c'7'!
h.5+(5.!Y8!V+&:.!Dg"'IM(+*.1![_FHE1!c'(>!S"$M(+'!V8!).!V+&:.!DfHYKG^FZE1!c;&+'!Y"e.4!
`;+e!Y&."i(("-! DG-(5+5;5'!)"!N.5"$05+*.1![_`gVE1!f+&+.-"!h8!h.4+*3"&&'! DG-(5+5;5'!)"!
N.5"$05+*.1![_`gVE1!N.4+j-2"&.!H$"-)'&.! D_ZHg`GK[^GYHNFE1!N.4*'!9;&+'! )"!
k+&3"-.! DG-(5+5;5'! )"!N.5"$05+*.1![_`gVE1!^.-).$;)+!f8!k+<.iO;$.4! DfHYKG^FZE1!
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"#$%&'!()!*#++#,+-! ./012/34"0256!0#7+&!0)!8)!7#!9$,:#,+-! .;',:#+%,7-7#!<=>#'?,#56!
@A#BC-'! @A#BC-'D! .EF/34"0256! G-$H+,-! /+,%A,'-! *)! 8-+I&%-! .9"3</15J! I#K! =&K&!
#%AL7-'A#%! 7#! BM%3N+-7L-OP&! .-AL-,%! &L! QR! S&+K-7&%5! TL#! A+-I-$C-K! .&L! A+-I-$C-+-K5!
%&I!K,'C-!%LB#+:,%P&!&L!QL'A&!-&!N+LB&!7#!B+&I$#K-%!,':#+%&%!7&!4"02U!F'-!0-L$-!/)!
/L=&6! F$#V-'7+#! W)! "&X&%-76! /$RL7,&! *-+,-6! /+,%A,-'&! @A+,#7#+6! YHI&+-! Z)! Z&I#+A,6!
27L-+7&!*R:#+&!0)!7-!EL?6!2$=,&![)!@C,NL#K&+,6!*-I,-'-!*)!0-#%6!*-I+\=,&!0)![]+A#+6!
[#$-,'#!/+,%A,'-!<)!*L+A-7&6! (&P&!/)!/-+:-$C&6!E#&'-+7&!Y)!/C,X,-=&X%^D6!<-+=#$&!
Z)!7#!<&+-#%6!<-+,&!Z)!Z#A-K&%&6!Z#'-A-!@)!7-!Z&=C-6!Z,=-+7&!G-+#$-!/&++#-6!Z&I#+A&!
FS&'%&!7-!/&%A-! (_',&+6!Z&%-'N#$-!@)!/)!/,'A+-6!@-I+,'-!8)!<)!@-KI-AA,6!`-N'#+!8)!
<L',?)!F!A&7&%6!K#L!#%B#=,-$!-N+-7#=,K#'A&)!Y#,V&!=$-+&6!#'A+#A-'A&6!TL#!%&K#'A#!-&!
-LA&+!7#:#K!%#+!=+#7,A-7&%!TL-,%TL#+!#++&%!&L!,KB#+S#,Oa#%!'&!A#VA&)!!

! F%! =&'A+,IL,Oa#%! 7&! N+LB&! 7#! 0+&I$#K-%! 4':#+%&%! 7&! 4"02! 'P&! %#! +#S#+#K!
%&K#'A#!b%!-B$,=-Oa#%!7-!K#A&7&$&N,-!7#!B+&I$#K-%!,':#+%&%!#K!B#%TL,%-%!#%B-=,-,%)!9!
N+LB&!A#K!=&'A+,IL\7&!A-KIHK!=&K!&!7#%#':&$:,K#'A&!7-!A#&+,-!7#!B+&I$#K-%!,':#+%&%U!
=&'=#BOP&! 7#! '&:-%! AH=',=-%! 7#! +#NL$-+,?-OP&6! '&:&%! 7#%#':&$:,K#'A&%! #K! K#A-3
C#L+\%A,=-%!#!'&!KHA&7&!:-+,-=,&'-$)!!

2. Métodos Matemáticos para Solução de Problemas Inversos  

/&'%,7#+-3%#! &! -%A+&S\%,=&! N#&+N,-'&!G,^A&+!FK-?-%B&:,=C FKI-+A%LK,-'! .B-+-!K-,%!
,'S&+K-Oa#%! %&I+#! #%A#! =,#'A,%A-6! =&'%L$A-+U! CAABUccXXX)BCD%3
-%A+&)%&'&K-)#7Lc8+L=#<#7-$,%A%cFKI-+A%LK,-'c5! =&K&! -TL#$#! TL#! =L'C&L! -!
#VB+#%%P&!!"#$%&'()*+,&"-#)!!;K-!7#S,',OP&!I-%A-'A#!-I+-'N#'A#6!B&+HK6!H!-B+#%#'A-7-!
'&! $,:+&! 7#! 2'N$! #A! -$)! .deef5U! g.&-#%,&") /') !"#$%&'() *+,&"-#) 0) 1&2&"'*+(") 3(/-(-)
1&-3#+4&3*1(-) () !("2*") 1&) &5&*2#-) 1&-&6(1#-) #/) #$-&",(1#-h)! "&A#3%#! TL#! -! R+#-! 7#!
B+&Q#A&!MA,K&!&L!B+&Q#A&!,':#+%&!.*+,&"-&)1&-*7+5!A-KIHK!#%AR!,'=$L\7-!'#%A-!7#S,',OP&)!
2K! N#+-$6! -%! &I%#+:-Oa#%! %P&! *'!"&3*-(-! .7-7&%! =&'A-K,'-7&%! =&K! +L\7&%! &L! #++&%!
#VB#+,K#'A-,%5! #! *+3#'!%&2(-)! Y,S#+#'A#K#'A#6! B+&I$#K-%! 7,+#A&%! +#TL#+#K! LK!
=&'C#=,K#'A&!3#'!%&2#)&)!"&3*-#)7-%!=-L%-%!B-+-!-!7#A#+K,'-OP&!7&%!#S#,A&%)!!

! F! *,NL+-! d! K&%A+-! 7#! K-'#,+-! B,=AM+,=-! -! +#$-OP&! #'A+#! B+&I$#K-! 7,+#A&! #!
,':#+%&)! 8(/-(-6! 'LK! K&7#$&! K-A#KRA,=&6! %P&! -%! =&'7,Oa#%! ,',=,-,%! #! 7#! =&'A&+'&6!
A#+K&! 7#! S&'A#%c%LK,7&L+&%! #! B+&B+,#7-7#%! 7&! %,%A#K-! .K-A#+,-$5)! 95&*2#-! %P&! -%!
B+&B+,#7-7#%!=-$=L$-7-%!-!B-+A,+!7#!LK!K&7#$&!K-A#KRA,=&!.7,+#A&56!=&K&!&!=-KB&!7#!
A#KB#+-AL+-6!=&'=#'A+-OP&!7#!B-+A\=L$-%6!=&++#'A#!#$HA+,=-!#!B+&B+,#7-7#%!:#A&+,-,%6!=&K&!
=-KB&!7#!:#$&=,7-7#)!!

! F$,R%6!&!A,B&!7#!g=-L%-h!-!%#+!7#A#+K,'-7-!B&7#!%#+!L%-7&!B-+-!=$-%%,S,=-+!04)!!

d) /&'AL7&6!&LA+-%!=$-%%,S,=-Oa#%!%P&!B&%%\:#,%U!!

i) jL-'A&!b!'-AL+#?-!K-A#KRA,=-!7&!KHA&7&U!.-5!2VB$\=,A&!.,':#+%P&!7,+#A-5!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.I5!4KB$\=,A&!!

k) jL-'A&!b!'-AL+#?-!#%A-A\%A,=-!7&!KHA&7&U!.-5!Y#A#+K,',%A-!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.I5!2%A&=R%A,=&!!

l) jL-'A&!b!'-AL+#?-!7-!B+&B+,#7-7#!#%A,K-7-U!.-5!/&'7,OP&!,',=,-$!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.I5!/&'7,OP&!7#!=&'A&+'&!!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$!%&'()!*&!+),-&./0(1*)0')!!

23 405,-)!6!,5-0'&75!*5!/)809:)!";&#<$=!"5$!>/-1(59:)!*&!?5'@(&-')/!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"A$!>/-1(59:)!*&!+0,9:)!!

B3 C18D5!E&-)!.!F)0'5!E&-)=!"5$!%1?)GH!"IJ+!&!IK+$!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"A$!%1?)GL!"IJ !&!IK+$!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$!%1?)GM!"IJ !&!IK $!

! !
!

!

N1O0'5!H!G!P&?'&/&,-59:)!&/Q0&(R-1#5!*&!?')A8&(5/!*1'&-)!&!1,D&'/)3!

! E)-5G/&!Q0&!5!#85//1+1#59:)!*)/!1-&,/!H!&!L!&/-:)!81O5*5/!5)/!(S-)*)/!*&!/)809:)!*)!
IKT!/&O0,*)!5!*)!1-&(!MU!#)()!VR!+585*)U!-1?1+1#5G/&!)!?')A8&(5!1,D&'/)!?&85!!"#$"!5!/&'!
*&-&'(1,5*53! W! #85//1+1#59:)! *)! 1-&(! X! +)1! +)'(085*5! ?&8)! I')+3! Y3! Z3! ;&#<3!W)! Q0&!
?5'&#&U!)!50-)'!*&/-5!#85//1+1#59:)!-1,[5!&(!(&,-&!#)()!&/-1(5-1D5!*&!+0,9:)!5!,)9:)!
*&!%#&'()*!)&+,&#"T!*&/-5!+)'(5U!5!*&-&'(1,59:)!*&!#)&+1#1&,-&/!!-!*5!&\?5,/:)!*&!0(5!
+0,9:)!%"+$!]! -!- -"+$!#5'5#-&'175'G/&G15!#)()!&/-1(59:)!*&!?5'@(&-')/U!&!,:)!&/-1(59:)!
*&! +0,9:)3! I)'! )0-')! 85*)U! &/-1(5'! ?')?'1&*5*&/! #5'5#-&'^/-1#5/! &! #),/-5,-&/! *&! 0(!
/1/-&(5! "#)()! 5! #),*0-1D1*5*&! -S'(1#5! -* *&! 0(!(5-&'158! )0! 5! 1,-&,/1*5*&! .! *&! 0(5!
+),-&!?),-058!*&!#58)'!&/-5#1),R'15$!S!0(!?')A8&(5!*&!&/-1(59:)!*&!?5'@(&-')/3!E0(!
#5/)U!)!D&-)'!*&!?5'@(&-')/!*&/#),[&#1*)/!S!/]_!H!!L!333!!`a0U!,)0-')!#5/)U!/]_-U!.a03!b(!
#5/)!*1/-1,-)!S!&/-1(5'!0(5!%#&'()*"1)$+2"3"=!%"+4$ %4!!"4]HU!LU!333U!E$T!,&//&!#5/)U!/]_%H!!
%L!333!!%Ea03!!

! W!#85//1+1#59:)!1,*1#5*5!,)!1-&(!2!+)1!?')?)/-5!'&#&,-&(&,-&!"Hccc$!&!&/-R!A5/&5*5!
,5!*1(&,/:)!*)!()*&8)!*)!+&,d(&,)!+^/1#)!"?')A8&(5!*1'&-)!e!IJ$!&!,5!*1(&,/:)!*5!
Q05,-1*5*&! 5! /&'! &/-1(5*5! "?')A8&(5! 1,D&'/)! e! IK$U! /&! +1,1-5! "+$! )0! 1,+1,1-5! " $! e! 5!
&\?'&//:)!3415&$()*4&%4&4+"!&/-R!81O5*5!5)!#),#&1-)!*&!+0,9:)!#),-^,05!")0!#),-^,05!?)'!
?5'-&/$T!&/-5!#85//1+1#59:)U!&,-'&-5,-)U!,:)!S!0(5!1*S15!*&!&\#80/:)3!I')A8&(5/!1,D&'/)/!
*)! -1?)! '&#),/-'09:)! *&! 1(5O&,/! /:)! &\&(?8)/! *&! IK! *)! %1?)GHU! &/-1(59:)! *&!
?5'@(&-')/! ?)*&! /&'! #85//1+1#5*5! #)()! *)! %1?)GL! )0! %1?)GMU! &,Q05,-)! &/-1(59:)! *&!
+0,9:)!#),-^,05!S!/&(?'&!0(!?')A8&(5!*)!%1?)GM3!!

4	
  



!!

! "#$%&#$'(#&%)$%*!+,-./%&#0!')1%,0-0!+%,$%)(%&!2!(/#00%!3%!+,-./%&#0!&#/+-0$-04!
5-! ')6('-!3%0$%!07(8/-*!-!&#$%&9$'(-!:,#)(;0!<#(=8%0!>#3#&#,3!3%:')'8!8&!+,-./%&#!
&#$%&#$'(#&%)$%!.%&?+-0$-!(-&-!0%)3-!#=8%/%!=8%!(8&+,%!#0!$,;0!(-)3'@A%0!#.#'B-CD!
0-/8@E-! %B'0$%F!D! 0-/8@E-! 7! G)'(#F!D! 0-/8@E-! $%&! 8&#! 3%+%)3;)('#! (-)$6)8#! H08#1%I!
(-&!-0!3#3-0!3%!%)$,#3#4!!

! D00'&*!-!+,-./%&#!7!3'$-!&#/+-0$-!0%!#/J8&#!3#0!(-)3'@A%0!#('&#!)E-!7!0#$'0:%'$#4!
K,-./%&#0!3'0(,%$-0!%!:')'$-0!0E-!(L#&#3-0!&#/!(-)3'('-)#3-0!0%!#!(-)3'@E-!H'''I!)E-!0%!
(8&+,%4! M&! J%,#/*! )%)L8&#! 3#0! (-)3'@A%0! 3%! >#3#&#,3! 7! 0#$'0:%'$#! )8&! +,-./%&#!
')1%,0-4!!

! MB%&+/-0!0'&+/%0!+-3%&!0%,!80#3-0!+#,#!'/80$,#,!-0!(-)(%'$-0!#('&#4!K-,!%B%&+/-*!
(-)0'3%,%!#!0-/8@E-!3#!%=8#@E-!3-!N-!J,#8C!!

! OPQ! 4!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HNI!

! R!+,-./%&#!H3',%$-I!#/J7.,'(-!#('&#!$%&!0-/8@E-!G)'(#C!!"#4!R!+,-./%&#!#/J7.,'(-!
')1%,0-C!!

! O$%! *!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HQI!
(-&!!"#*!)E-!#+,%0%)$#!0-/8@E-!G)'(#4!R!+,-./%&#!3%!%0$#.'/'3#3%!7!%B%&+/':'(#3-!+-,!
8&#!%=8#@E-!#/J7.,'(#!3-!Q-!J,#8C!!

! ONQQ !%! *!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HSI!!

-!=8#/*!+#,#!%"&*!+-008'!#0!0%J8')$%0!0-/8@A%0C!!N!T!!Q!T!N4!U)$,-38V')3-!8&!%,,-!3%!NW!
)-!(-%:'('%)$%!%*!'0$-!7*!%!T!N*ON*!#!0-/8@E-!3#!M=4!HSI!$-,)#?0%C!!N*Q!T!N! !O*N'*!0%)3-!'!#!
8)'3#3%!3-0!)G&%,-0!'&#J')9,'-04!R8!0%X#*!NW!3%!,863-!)-!(-%:'('%)$%!%!:#V!(-&!=8%!#!
M=4!HSI!)E-!$%)L#!&#'0!0-/8@E-!)-!(#&+-!3-0!)G&%,-0!,%#'04!

! "%0&-!0%)3-!8&#!9,%#!%&!:,#)(-!3%0%)1-/1'&%)$-*!KU!7!8&!(#+6$8/-!,%/#$'1#&%)$%!
,%(%)$%! )#! (';)('#4! >9! /%J6$'&-0! KU! =8%! )E-! %,#&! ,%(-)L%('3-0! (-&-! $#'04! Y-)$83-*!
%B'0$%&! 19,'#0! -8$,#0! 9,%#0! 3#! (';)('#! =8%! %0$E-! (-,,%/#('-)#3#0! (-&! %0$#! )-1#! 9,%#*!
0%X#!+%/#!)#$8,%V#!3-!-.X%$'1-!3%!%0$83-*!0%X#!+%/-!+-)$-!3%!1'0$#!&%$-3-/ZJ'(-4!D!/'0$#!
#!0%J8',!#+,%0%)$#!#0!9,%#0!(-,,%/#$#0!#-0!KUC!

 U3%)$':'(#@E-!3%!['0$%&#0F!

 Y-)$,-/%!\$'&-!%&!['0$%&#0!M0$-(90$'(-0F!

 ]/J%.,#!^')%#,!Y-&+8$#('-)#/!%&!K,-./%&#0!3%!K-0$-!U)(-&+/%$-F!

 _%0$#8,#@E-!3%!U&#J%)0F!

 `%-,'#!3%!a'/$,#J%&F!

 D00'&'/#@E-bU)'('#@E-!3%!c#3-0F!

 `%-,'#!3#!M0$'&#@E-4!

! K-,=8%!KU!%&%,J',#&!(-&-!8&#!)-1#!9,%#!3#!(';)('#d!c%1'3-!#! 08#! '&+-,$e)('#!
('%)$6:'(#*!%(-)f&'(#*!0-('#/!%!&%0&-!+-/6$'(#4!!

! K-,! %B%&+/-*! ()*%+, *-, +(., (-)0$'$8%&! 8&! 3-0! ,%08/$#3-0! &#'0! 0'J)':'(#$'1-0! #!
+#,$',!3%!&#+#0!3#! ,#3'#@E-!(Z0&'(#!3%!:8)3-!%&!&'(,--)3#0! H>8*!QOOOI*!-8!_Ya"*!
0%)3-!8&#!+,%1'0E-!3%!&-3%/-0!3%!')0$#.'/'3#3%!J,#1'$#('-)#/!3#!$%-,'#!3#!,%/#$'1'3#3%!
J%,#/4! "#+#! 3%! _Ya"! 7! 8&! &-3%/-! &#$%&9$'(-*! -)3%! -! +#3,E-! 3%! :/8$8#@A%0! 3%!
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! !

"#$%#&'"(&'! )! *'*+! %+&! ($'! #,%'-./+! #$! 0'&$1-23+.! #.4)&23+.5! 6("&+! #,#$%7+8! +!
"#7#.39%2+!#.%'32'7!:(;;7#8!7#<+(!3#&3'!*#!=>!'-+.!%'&'!.#&!3+-."&(?*+!#!3(."+(!;270@#.!
*#!*97'&#.A!*#%+2.!*#!.#(!7'-B'$#-"+8!-+"+(C.#!D(#!'.!2$'E#-.!%&+*(F2*'.!-/+!"2-0'$!'!
-2"2*#F! *#.#G'*'! H%&+G#"'*'I5! 6! %&+;7#$'! '%&#.#-"'*+! -'! 4';&23'B/+! *'.! 7#-"#.! *+!
"#7#.39%2+! "#$! .2*+! .+7(32+-'*+! %+&! .+4"J'&#! H$)"+*+.! $'"#$K"23+.! *#! LM! N! <#&!
:'-2.30! #!O02"#8! =PPQI5! R#-"#-'.! *#! #,#$%7+.! %+*#$! .#&! 32"'*+.8!$'.! -/+! .#! %+*#!
*#2,'&! *#! 32"'&! '! &#<+7(B/+! -'! $#*232-'! H#! -'! .+32#*'*#I! *#.*#! '! 2-"&+*(B/+! *'!
"+$+E&'42'!3+$%("'*+&2F'*'8!($!37K..23+!%&+;7#$'!2-<#&.+5!L'&'!42-'72F'&8! 7#$;&'$+.!
'! *2.3(../+! .+;&#! +! 'D(#32$#-"+! E7+;'7S! '! $#"+*+7+E2'! *#! %&+;7#$'.! 2-<#&.+.! )! '")!
'E+&'!+!T-23+!%&+3#*2$#-"+!%'&'!2*#-"2423'&!+!3237+!;2+CE#+CD(?$23+!*+.!E'.#.!*+!#4#2"+!
#."(4'!HU'.2;0'"7'!#"!'758!V>>>I5!

3. Técnicas de regularização 
W/+! <'$+.! "&'"'&! *'! "#+&2'!$'"#$K"23'! *#! #D('B@#.! *24#&#-32'2.! %'&32'2.5! X$;+&'! '.!
%&+%&2#*'*#.! $'"#$K"23'.! .#G'$! &#7#<'-"#.! -'! #,%+.2B/+! #! *#.#-<+7<2$#-"+! *'!
$#"+*+7+E2'8!+%"+(C.#!%+&!($'!'%&#.#-"'B/+!.#$!$(2"+.!*#"'70#.!$'"#$K"23+.8!+-*#!'.!
")3-23'.!./+!'%723'*'.!#8!#.%#&'C.#8!3+$%&##-*2*'.!3+$!+.!#,#$%7+.!*+!"#,"+5!Y$'!72."'!
-/+!#,'(."2<'!*#!$)"+*+.!*#!.+7(B/+!*#!LM!.#E(#S!

 M-<#&./+!*2&#"'A!!

 Z#3+$%+.2B/+!#$!<'7+&#.!.2-E(7'&#.A!

 [?-2$+.!D('*&'*+.!#!<'&2'-"#.!H$?-2$+.!D('*&'*+.!%+-*#&'*+.IA!

 [)"+*+.!*#!&#E(7'&2F'B/+A!

 [)"+*+.!<'&2'32+-'2.A!

 6("&+.!H$+72423'B/+8!$)"+*+.!;'\#.2'-+.8!427"&+.!*2E2"'2.8!&#*#.!-#(&'2.8!#"3I5!

! [)"+*+.!#,%7?32"+.8!+(!*#!2-<#&./+!*2&#"'8!-/+!./+!$)"+*+.!E#&'2.5!:K!($!2-"#&#..#!
'3'*]$23+!-($'!2-<#&./+!*2&#"'8!$'.!-/+!.#!3+-."2"(2!-($!#.D(#$'!$#"+*+79E23+!E#&'7!
'! .#&! .#E(2*+5! L'&'! #,#$%72423'&! #! %'&'! '%&#.#-"'&! ($! %&+;7#$'! D(#! .#&K! (.'*+! %'&'!
"#."'&!-+<'.! ")3-23'.8! .#G'!+!%&+;7#$'! 2-<#&.+!*#! 2*#-"2423'B/+!*'!3+-*2B/+! 2-232'7!#$!
3+-*(B/+!*+!3'7+&S!

  >I8HI8>H!!8!IHI>8H!!!A!I8>H!!8!>!!!#$!!!!A!! !"#!#$%$#"$!## $$$$! ,           H^I!

%'&'!+!D('7!'!.+7(B/+!#,'"'!*+!%&+;7#$'!*2&#"+!)S!!

!
=

>>

_I_HI_8H
IH
I8H

I8H
V

&$$%$'
(

$')!$# *
*

*

*

!* !8!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!H`I!

+-*#! 'H *8$I! #! (H *I! ./+! '("+4(-B/+! #! -+&$'! 3'&'3"#&?."23'.! *+! %&+;7#$'! Ha.2F2b8!
=Pc>A! [(-2F! #"! '78! =PPPI5! d! .+7(B/+! #,'"'! *+! %&+;7#$'! 2-<#&.+! %'&'! ($! %#&427! *#!
"#$%#&'"(&'!#H$I!$#*2*'!-($!"#$%+!!e !!)S!

!
>

=

>
_I8_HI_8H

IH
I8H

IH
V

*
*

*

* &$$#$'
(

$'
)$% * 5!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HfI!

L+*#C.#!$+."&'&!D(#!'!.+7(B/+!HfI!*#42-#!+!LM!3+$+!($!%&+;7#$'!$'7%+."+8!%+2.!<2+7'!'!
Q'!3+-*2B/+!*#!:'*'$'&*!H[(-2F!#"!'758!=PPPI5!!
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!!

! "#$%&!'%&()*+,!%*-&)./0&!*1')/2/$,+*3$*!4!,!-&)#56&!0*!7#%8%,99!',%,!/0*3$/9/2,56&!
0*!9)#1&!-#'*%9/2/,)!*+!'%&()*+,-!0*!2&30#56&!0*!2,)&%!:.*%!7*2;!*$!,)<=!>?@A=!'B8/3,!
CDE<!!

! F&! 2,-&! ',%$/2#),%! 0*! ,)8#3-! -/-$*+,-! )/3*,%*-! /30*$*%+/3,0&-! :2&+! 3G+*%&! 0*!
/32H83/$,-!/39*%/&%!,&!3G+*%&!0*!*I#,5J*-E=!#+,!-&)#56&!*-$#0,0,!9&/!,!,(&%0,8*+!0*!
+K3/+&-! I#,0%,0&-! 0*!!"#$%&$'!($%=! /-$&! 4=! L,./,! #+! $*%+&! ,0/2/&3,)! :,! 3&%+,! 0&!
.*$&%! 0*! /32H83/$,-E! ,--&2/,0&! ,&! $*%+&! 0*! 0/-2%*'M32/,! I#,0%B$/2,<! N--&! '&0*! -*%!
8*3*%,)/O,0&<! P! /04/,! 4! ,! -*8#/3$*Q! ',%,! %*-&).*%! '%&()*+,-! +,)'&-$&-=! 4! 3*2*--B%/&!
9&%3*2*%!/39&%+,56&!adicional<!F,!042,0,!0*!CR=!.B%/&-!'*-I#/-,0&%*-!$,+(4+!3&$,%,+!
*-$*!9,$&<!F&+*-!2&+&!S<T<!N.,3&.!:>?CUE=!V<W<!XL/))/'-!:>?CUE!*!Y<!Z[&+*\!:>?C]E!
+*%*2*+!0*-$,I#*=!+,-!9&/!2&+!&!$%,(,)L&!0*!P30%*/!F/;&),*./2L!Z/;L&3&.=!*+!>?C]=!
&!/3K2/&!0*!#+,!9&%+#),56&!8*%,)!',%,!'%&()*+,-!+,)'&-$&-=!2L,+,0,!#)*+,%#(-%./"&&#!
$01"2"&2)&#)*+,%#(-%./"<!"!X%&9<!Z/;L&3&.!9&/!#+!+,$*+B$/2&!'%&*+/3*3$*!*!$%,(,)L&#!
3&! '%*-$/8/&-&! N3-$/$#$&! 0*! ^,$*+B$/2,! Y$*;)&.! 0,! P2,0*+/,! _#--,! 0*! `/a32/,-!
:+,$*+B$/2&-! 2&+&!P<F<!T%\)&.=!V<T<!b,00**.=!W<Y<!X&3$%\,8/3=! Y<W<!Y&(&)*.=!P<F<!
T&)+&8&%&.! *! P<P<!^,%;&.! 9&%+,+! #+,! '*I#*3,! )/-$,! 0*! /+'&%$,3$*-! 2/*3$/-$,-! 0&!
+*-+&! N3-$/$#$&E=! $*30&! $%,(,)L&-! /+'&%$,3$*-! *+! $&'&)&8/,=! ,3B)/-*! 9#32/&3,)=!
+,$*+B$/2,!2&+'#$,2/&3,)!*!9K-/2,!+,$*+B$/2,<!!

!

!

!

!
!

!

!

!

b/8#%,!U!c!N04/,!(B-/2,!0&!+4$&0&!0,!%*8#),%/O,56&<!

! "!+4$&0&!0,!%*8#),%/O,56&!2&3-/-$*!3,!0*$*%+/3,56&!0,!-&)#56&!,'%&1/+,0,!+,/-!
-#,.*!2&+',$K.*)! 2&+!&-!0,0&-!0*!&(-*%.,56&=!',%,!2*%$&!3K.*)!0*! %#K0&<!P!(#-2,!0,!
-&)#56&!+,/-! -#,.*! :%*8#),%E! 4!#+,! /39&%+,56&!,0/2/&3,)=!I#*! $%,3-9&%+,!&!'%&()*+,!
+,)'&-$&!3#+!'%&()*+,!(*+c'&-$&!:.*%!b/8#%,!UE<!

! F,!/+')*+*3$,56&!+,$*+B$/2,!0&!+4$&0&=!&!XN!4!9&%+#),0&!2&+&!#+!'%&()*+,!0*!
&$/+/O,56&!2&+!%*-$%/5J*-Q!!

! +3+4
5+

!!!!,!!!-#d*/$&!!!!!+/3
U

U
=!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!:>eE!

&30*! 4:+Ef3 ! %*'%*-*3$,! &! +&0*)&! 0/%*$&! *! g+h! 4! &! &'*%,0&%! 0*! %*8#),%/O,56&!
:Z/;L&3&.!*!P%-*3/3=!>?DDE<!P!$423/2,!0&-!+#)$/')/2,0&%*-!0*!W,8%,38*!'*%+/$*!2&)&2,%!
3,!+*-+,!9#356&!2#-$&!&-!&(d*$/.&-!0*!9/0*)/0,0*!0&-!',%M+*$%&-!2&+!&!+&0*)&!0/%*$&!
*!0*!%*8#),%/0,0*!:-#,./0,0*E!*1/8/0,!0,!I#,3$/0,0*!0*-2&3L*2/0,Q!!

! !!+/3
U

U
+3+4

5+
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!:>AE!

Problema 

malposto 

Informação 

a priori 

Problema 

bem-posto 

Realidade 

física 

i
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! !

"#$%! !&!"!'()*+%,)"!$%!)%-./()01(23"4!5",%!6.%7!'()(! ! !87!"!,%)+"!$%!90$%/0$($%!$":!
$($":!#(!9.#23"!";<%,0="!&!:.'%)%:,0+($"7!%#6.(#,"!6.%!'()(! ! ! 7!,"$(!(!0#9")+(23"!
>"#,0$(!#"!+"$%/"!+(,%+?,0>"!&!'%)$0$(4!

! @?)0":!,0'":!$%!"'%)($")%:!$%!)%-./()01(23"!,A+!:0$"!0#=%:,0-($":!$%:$%!"!,)(;(/B"!
$":!'0"#%0)":!#(!?)%(4!C6.0!:"+%#,%!:%)3"!>"+%#,($(:!$.(:!>/(::%:!$%:,%:!"'%)($")%:!
$%!)%-./()01(23"4!

3.1 Regularização de Tikhonov  

 C6.0!"!"'%)($")!&!%D')%::"!'")E!

!
!

"

"
" ##

8

F

F

GH !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HIJG!

"#$%! #H"G! $%#",(! (! "K&:0+(! $%)0=($(! H$09%)%#2(G! %! "L84! M+! -%)(/7! "N "$! H$%/,(! $%!
O)"#%>P%)G7!%!"!"'%)($")!,")#(K:%!

!
F

F

GH"## !Q!

%! (! ,&>#0>(! &! >B(+($(! $%! )%-./()01(23"! $%! R0PB"#"=! $%! ")$%+K"4! S! %9%0,"! $(!
)%-./()01(23"! $%! R0PB"#"=K8! &! )%$.10)! ":>0/(2T%:! #(! 9.#23"! #! H;.:>(! '")! 9.#2T%:!
:.(=%:G4! U?! #(! )%-./()01(23"! $%! I(! ")$%+7! ,"+(K:%! #HIG! ! 87! ".! :%<(7! ! #! ! &!
(')"D0+($(+%#,%!>"#:,(#,%4!

3.2. Regularização entrópica  

V%! +(#%0)(! :0+0/()! W! ,&>#0>(! $%! R0PB"#"=7! "! +&,"$"! $(! +?D0+(! %#,)"'0(! ;.:>(!
)%-./()0$($%!-/";(/7!')"$.10#$"!(:!)%>"#:,).2T%:!+(0:!:.(=%:!$%!(>")$"!>"+!":!$($":!
$0:'"#X=%0:!H+%$0$":G4!!

! S! ')0#>X'0"! $(! +?D0+(! %#,)"'0(! 9"0! ')"'":,"! '")! U(Y#%:! HIZ[\G! >"+"! .+!
>)0,&)0"! -%)(/! $%! 0#9%)A#>0(7! ;(:%($"! #(! ,%")0(!+(,%+?,0>(! $(! 0#9")+(23"! $%! ]B(##"#!
H]B(#"#!%!^%(=%)7!IZ_ZG4!C!`0-.)(!a!+":,)(!$09%)%#,%:!')";(;0/0$($%:!#.+!9%#b+%#"!
%+!6.%!c!%:,($":!:3"!'"::X=%0:4!C!>"#$023"!$%!+?D0+(!%#,)"'0(!">"))%!6.(#$"!,"$":!":!
%:,($":!:3"!0-.(/+%#,%!')"=?=%0:!H`0-.)(!a(G7!%#6.(#,"!"!%:,($"!$%!+X#0+(!%#,)"'0(!&!
0/.:,)($"!#(!`0-.)(!a;E!,"$":!":!%:,($":!,A+!')";(;0/0$($%!#./(!$%!">"))%)7!>"+!%D>%23"!
.+!d#0>"!%:,($"4!!

! V(! +%:+(! 9")+(! 6.%! (! )%-./()01(23"! $%! R0PB"#"=7! '"$%+! :%)! %:,(;%/%>0$":!
"'%)($")%:! $%! %#,)"'0(! $%! =?)0(:! ")$%#:4! e+(! %D')%::3"! -%#&)0>(! '()(! )%-./()01(23"!
%#,)f'0>(!&E!!

! Q!!!!!>"+!!!!!!7!GH/"-!GH
I

GHGH

I

%

&

"
&

"
&&

%

&
&& ''(((#) !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HI\G!

=?/0$(! '()(! "! >(:"! $0:>)%,"4! 5%:,%! >"#,%D,"7! (:! $09%)%#,%:! ")$%#:! $"! "'%)($")! :3"!
Hg(+'":!@%/B"!%!h(+":7!IZZ\Q!h(+":!%,!(/47!F8887!g(+'":!@%/B"!%,!(/47!F888GE!
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!!

!
"!!#$%$!!!!&&
"!!#$%$!!!!!!!!!!!!!!!!!!
'!!#$%$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

()*($+""

()*($+"
,-

!"""""
!""""
!"

#

$$$

$$

$
!
$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-".,!

/*01! #$-!,! ! %1#%121*3$! $! !452)($! 0)61%1*7$! -01%)8$0$,! 0$! 9:$*3)0$01! $! 21%! 123)($0$;!<!
6:*7=/! 01! 1*3%/#)$! $3)*>1! 21:! 8$?/%! (@+)(/A! B($+C! ?/>-%$,A! 9:$*0/! $! 6:*7=/! 01!
01*2)0$01!01!#%/D$D)?)0$01!5!:*)6/%(1A!1!31(!21:!8$?/%!(E*)(/A!&()*C'A!21!/2!8$?/%12!01!
#$!123)81%1(!0)23%)D:E0/2!#/%!:($!01?3$!01!F)%$G!-H:*)I!13!$?;A!&''',;!!
 

 

 

 

                         
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-$,!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-D,!
J)>:%$!K!L!-$,!123$0/2! )>:$?(1*31!#%/8@81)2A! -D,! 3/0/2!123$0/2! 31(!#%/D$D)?)0$01!*:?$!
01!/G/%%M*G)$!1+G13/!:(!N*)G/!123$0/!G/(!#%/D$D)?)0$01!01!"''O!01!/G/%%M*G)$;!

3.3. Determinação do Parâmetro de Regularização.  

P$%$!21!31%!:($!31/%)$!01!%1>:?$%)I$7=/!G/(#?13$A!5!*1G122@%)/!:(!(53/0/!#$%$!G$?G:?$%!
/!#$%Q(13%/! !*$!R9;!-"S,;!T!#$%Q(13%/!01!%1>:?$%)I$7=/!5!9:1!8$)!%1$?)I$%!/!D$?$*7/!
1*3%1!/!31%(/!0$!0)61%1*7$!9:$0%@3)G$!1*3%1!/2!0$0/2!1!/!(/01?/!L!31%(/!01!6)01?)0$01!
0/2! 0$0/2! 4! 1! /! 31%(/! 01! %1>:?$%)I$7=/A! 31%(/! 01! 2:$8)0$01! 0/2! 0$0/2;! <! ?)31%$3:%$!
%1>)23%$!8@%)/2!(53/0/2!#$%$!$!0131%()*$7=/!0/!(:?3)#?)G$0/%!01!U$*>%$*>1!-V1%31%/!1!
V/G$GG)/A! "WW.,A! G/(/! /! (53/0/! 0$! G:%8$! U! 1! /! 0$! 8$?)0$7=/! G%:I$0$;! T:3%$!
(13/0/?/>)$!1(#%1>$0$!123@!D$21$0$!*/!G%)35%)/!0$!0)2G%1#Q*G)$!01!H/%/2/8;!

! T! G%)35%)/! 01!H/%/2/8! D$21)$421! */! 6$3/! 01! 9:1! $! 0)61%1*7$A! /:!'()*#+,-.*(/A!
1*3%1!/2!0$0/2!01!/D21%8$7=/!1!/2!0$0/2!0/!(/01?/!0181!31%!$!(12($!($>*)3:01!0/!1%%/!
01!(10)0$;!F122$!($*1)%$A!21! !5!1%%/!*/!#%/G122/!01!(10)0$A! X!!5!$!%$)I!0$!19:$7=/!

!
X,- 0"1 ;!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-"W,!

T! G%)35%)/! 0$! 0)2G%1#Q*G)$! 6/)! 8$?)0$0/! 3$(D5(! #$%$! /! G$2/! 0/! /#1%$0/%! 01!
1*3%/#)$!01!$?3$!/%01(!-H:*)I!13!$?;A!&''',;!

4. Técnicas de Otimização  
<! 2/?:7=/! )*81%2$! */!(53/0/! 01! %1>:?$%)I$7=/! 5! /D3)0$! %12/?81*0/421! /! #%/D?1($! 01!
/3)()I$7=/!1+#%122/!#1?$!R9;!-"S,;!Y@!:($!>%$*01!8$%)10$01!01!(53/0/2!*$!?)31%$3:%$A!
0)8)0)0/2!1(!&!>%$*012!>%:#/2Z!(53/0/2!0131%()*E23)G/2!1!(53/0/2!123/G@23)G/2Z!!

4! F131%()*E23)G/2Z! (@+)($! 012G)0$A! (53/0/! 01! [1\3/*A! 9:$214[1\3/*A! ]%$0)1*31!
^/*_:>$0/A!H53/0/!01!U181*D1%>4H$%9:$03A!H53/0/!B)(#?1+;!

4! R23/G@23)G/2Z! `1G/I)(1*3/! 2)(:?$0/! -<BZ! &(2"3/4+'5 1..+/3(.6,A! <?>/%)3(/2!
>1*53)G/2!-]<Z!7+.+4(*51368#(492,A!D:2G$!a$D:A!/3)()I$7=/!1+3%1($A!/3)()I$7=/!#/%!
G/?b*)$! 01! 6/%()>$2! -<^TZ! 1.4! :838.;! <,4(2(=/4(8.,A! /3)()I$7=/! #/%! 1*+$(1! 01!
#$%3EG:?$2!-BPTZ!&>/#2!?/#4(*3+!<,4(2(=/4(8.,A!13G;!

9	
  



! !

"!#$%&'&(!)*+,-'&(.!/&0+-120!2!3(%,2%$4-2!'3!+5(62!47&+27!'&(!0$%&'&(!3(%&68(%-6&(!
6&0!+5(62!7&627!'&(!0$%&'&(!'3%3,0-1-(%2(!9:;<73=.!:;!>!?-0@73=A!?;<73=.!;?!>!
?-0@73=A!:;:/.!:;!>!:,2'-31%3!/&1B542'&CD!

4.1. Método de Newton e quase-Newton (MNe, MQNe)  

E!&+B3%-F&!'3!50!0$%&'&!'3!&%-0-G2HI&!$!316&1%,2,!&!0*1-0&J08=-0&!'3!502!K51HI&!
3(6272,! !9"C! (31'&! "! 50! F3%&,! '3! 50! 3(@2H&! '3! '-031(I&! #! 9 #" CD! <&,$0A!
'3%3,0-12,! &! 0*1-0&! '2! K51HI&! !9"C! $! 3L5-F2731%3! 2! 316&1%,2,! &! @&1%&! "! %27! L53!

MC9"! D! N&021'&! 2! ($,-3! '3! N2O7&,! '2! K51HI&! F3%&,-27! $9"CA! %30"(3! 92L5-!
C9C9 "!"$ C.!

! C9C9
PQ
RC9C9C9 S"%"""$""$"$""$ & D!!!!!!!!!!!!!!!!!!!!!!9QMC!

! T327-G21'&! %,5162031%&! '3! RU! &,'30! 12! 3=@,3((I&! 26-02! 3! 2'&%21'&"(3! 2!
2@,&=-02HI&! MC9 ""$ A! 6)342"(3! V! ,372HI&! '3! ,36&,,W16-2! '&! 0$%&'&! '3! X3Y%&1!
9 ''' """ RR C.!!

! C9C9 R
R '''' "!"!"" D!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!9QRC!

! Z&! @&1%&! '3! F-(%2! 6&0@5%26-&127A! 1I&!62765720&(! 3=@7-6-%2031%3! 2! -1F3,(2! '2!
02%,-G! )3((-212! '2! K51HI&! !9"C[! 2&! -1F$(! '-((&A! ,3(&7F3"(3! &! (-(%302! 2((&6-2'&! '3!
3L52H\3(!7-132,3(!3!2F27-2"(3!(52!6&1F3,4W16-2!"!2!@,36-(I&!$!'3K-1-'2!@,3F-2031%3!@&,!
502! L521%-'2'3! D! Z3! K&,02! 274&,*%0-62A! &! 0$%&'&! '3! X3Y%&1! @&'3! (3,! '3(6,-%&! '2!
(345-1%3!K&,02D!

RD!T3(&7F2!&!(-(%302!7-132,!'3!3L52H\3(!274$+,-62(.! C9C9 R ''' "!""! !

QD!;%527-G3!&!F3%&,!'3!@2,]03%,&(.!

! ''' """ RR !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!9QQC!

SD!
!!!R!!@2((&!!2&!!,3%&,12!.1I&
!!!!!!K-127-G2!!@,&63((&!.(-0

!!!!!.-2!!6&1F3,4W16!!'2!!;F27-2HI&
R

R

(

('

"
"" !

!! ^0!1&%2HI&!@&,!*1'-63(A!2!02%,-G!)3((-212!9)_)C!$!6276572'2!6&0&!(3453!9"!`!
a"RA!"QA!DDDA!")b&*.!F3%&,!'3!@2,]03%,&(!'3(6&1)36-'&(!'3!'-031(I&!)C.!

!
+,

,+ ""
!"!
Q

C9 !D!

! E!687657&!'2!02%,-G!)3((-212A!30!43,27A!$!&!@,&63((&!6&0@5%26-&127031%3!02-(!
65(%&(&! 9@&'3"(3!5(2,! %$61-62(!150$,-62(!@2,2!&!687657&!'2!02%,-GCD!c8,-2(!3(%,2%$4-2(!
(I&! @,&@&(%2(! @2,2! 0-1-0-G2,! &! 65(%&! 6&0@5%26-&127A! 3F-%21'&! &! 687657&! '2! 02%,-G!
)3((-212D!^(%3(!(I&!&(!0$%&'&(!quase-NewtonA!&5!2-1'2A!0$%&'&(!'3!#-./,01*21/,3245A!

10	
  



!!

"#$#! $%&'()! *+,+)! -! .+/#$&/(.#! /(! 0&'+1('%1(! 23%+/4+15+16! 789:;<! =! >1#"+))#!
&$>0+$+/'(.#!/(!1#'&/(!?@ABCD!.(!4&40&#'+"(!/%$-1&"(!EFG!2788H;!-!#!)+5%&/'+I!

!
7<!J+)#0*+!#!>1#40+$(!.&1+'#!>(1(!!"!+!"(0"%0(!#!*(0#1!.(!K%/LM#!#4N+'&*#!#2!";<!

O<!C(0"%0(!#!51(.&+/'+!>#1!.&K+1+/L()!K&/&'()I! ;2 "!# <!

:<!C(0"%0(!(!(>1#P&$(LM#!Q%()+RE+S'#/!>#)&'&*(R.+K&/&.(!$"!>(1(!(!$('1&,!T+))&(/(!
2 UV % ;I!

!
""

&
"

"
&

"""

"
&

"

&
""

"" '$'
$''$

'(
(($$

7

77
7 ;2

;2
;2
;2 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!2O:;!

!!!!#/.+!
! 7""" !!( !

! ;2;2 7""" !#!#' <!

A<!C(0"%0(!(!.&1+LM#!.+!4%)"(! ") !"#$#!(!)#0%LM#!.#!)+5%&/'+!)%4R>1#40+$(!.+!
>1#51($(LM#!Q%(.1W'&"(I!

!!!!!X&/&$&,+!! "
"

&""&
" )$))!# ;2;2

O
7;2 !6!)%N+&'#!(I!!! *

+
*

+
*
++ ,'),- <!

H<!D&P+6! ""
"" )!! 7 6!#/.+!#!>())#!.+!"#$>1&$+/'# " !$&/&$&,(! ;2 ""

" )!# <!

Y<!Z+)'(!(!"#/*+15[/"&(I!K&/(0&,(!#%!1+'#1/(!(#!\())#!7<!

! ]!>#))^*+0!.+$#/)'1(1!Q%+!(!)#0%LM#!_'&$(!.#!>1#"+))#!("&$(!"#/*+15+!>(1(!(!
)#0%LM#! .#! $-'#.#! .+! E+S'#/! 23%+/4+15+16! 789:;<! F/'+)! .+! K&/(0&,(1! +)'(! )+LM#6! -!
>+1'&/+/'+!&/K#1$(1!Q%+!#!$-'#.#!.+!E+S'#/!'+$!%$(!"#/*+15[/"&(!Q%(.1W'&"(6!>#1-$!
>#.+! /M#! "#/*+15&16! )+! (! +)'&$('&*(! &/&"&(0! !@! +)'&*+1! K#1(! .+! %$(! 1+5&M#! .+!
"#/*+15[/"&(! 21+5&M#! >1_P&$(! (#! $WP&$#`$^/&$#;<! B$! $-'#.#! $(&)! 1#4%)'#! +$!
1+0(LM#! a! +)"#0T(! .(! +)'&$('&*(! &/&"&(0! -! #! $-'#.#! .(! $WP&$(! .+)"&.(6! Q%+! '+$!
"#/*+15[/"&(!0&/+(1!23%+/4+15+16!789:;<!!

4.2. Método de Levenberg–Marquardt (MLM) 

C#/K#1$+!$+/"&#/(.#! (/'+1&#1$+/'+6! #)!$-'#.#)!.+!E+S'#/! +! Q%()+RE+S'#/!>#.+$!
(>1+)+/'(1!>1#40+$()!.+!"#/*+15[/"&(b!(0-$!.&))#6!(!$('1&,!())#"&(.(!/#!(05#1&'$#!.+!
)#0%LM#!.#!$-'#.#!.+!E+S'#/!>#.+!)+1!)&/5%0(1!#%!Q%()+!)&/5%0(1!R!Q%+!>#.+!(>1+)+/'(1!
"(1("'+1^)'&"()!.+!%$(!$('1&,!)&/5%0(16!.+*&.#!a)!(>1#P&$(Lc+)!/%$-1&"()<!=!$-'#.#!.(!
$WP&$(!.+)"&.(6!>#1!)%(!*+,6!(0-$!.+!(>1+)+/'(1!%$(!"#/*+15[/"&(!0+/'(6!/M#!'+$!%$(!
+)'1('-5&(! .+K&/&.(! >(1(! (! +)"#0T(! .(! >1&$+&1(! +)'&$('&*(! .#! >1#"+))#! &'+1('&*#<! ?)'+)!
>1#40+$()!>#.+$!)+1!$&/#1(.#)!>+0#!$-'#.#!.+!3+*+/4+15!278AA;!+!X(1Q%(1.'!278Y:;6!
Q%+!"#$4&/(!()!+)'1('-5&()!.+!$WP&$(!.+)"&.(!"#$!#!$-'#.#!.+!E+S'#/<!!

! d+/#'(/.#!.2!; V/2!;R0 U6!#/.+!/2<;!1+>1+)+/'(!#!$#.+0#!.&1+'#6!0 !1+>1+)+/'(!#)!
.(.#)! +P>+1&$+/'(&)! +! .1 ! 2&)'#! -I! 2332 !.1 ;6! +! ())%$&/.#! (! )+5%&/'+!
(>1#P&$(LM#I!
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! !

! !"!#!$!#!##!# "#"#"#"# $ %!

&'!()*&+,('!-./0&1'!2.3(0!'(/!('4/15&'!4.0.6!!

! 7"#"# !"!#"#!#" %% !%!

.*!'(8&6!

! #"!"" %% 9!

! :!13;1&!3.!<=<!;!0.31>14&/!&!0&5/1?!3.!'1'5(0&! ""& % %!3&!'(@*1-5(!0&-(1/&6!

! '('''('( &&&&& A!!6.-3(!!B!A !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!#$C"!

! D(! !;!@/&-3(!# ! ! "%!.'!5(/0.'!3&!31&@.-&E!1/F.!3.01-&/!&!(G2/(''F.%!)*(!;!
8*'5&0(-5(!.!0;5.3.!3&!0HG10&!3('413&9!I*&-3.! ! 7%! .!0;5.3.! 5./-&J'(! '101E&/! &.!
0;5.3.!3(!K(L5.-9!:''10%!&!&M./3&@(0!3.!<=<!&5*&E1?&!.!4HE4*E.!2&/&!.'!2&/N0(5/.'!
3('4.-O(413.'!&5/&P;'!3&!>Q/0*E&6!

! #")""!! %
*

%
**

R
R 9!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!#$S"!

! :!/.51-&!TUV=DW!3&!M1ME1.5(4&!-*0;/14&!X<D=!#RYYR"!102E(0(-5&!*0&!P(/'F.!
3.!0;5.3.!3(!=(P(-M(/@J<&/)*&/359!!

4.3. Método do Gradiente Conjugado (MGC) 

ZH! *0&! (G5(-'&! E15(/&5*/&! '.M/(! .!<;5.3.! 3.![/&31(-5(!V.-8*@&3.%! 3(P13.! \! @/&-3(!
2(')*1'&!3(314&3&!&!('5&!5;4-14&!]!4.-'13(/&3&!*0!3.'!R7!&E@./150.'!0&1'!102./5&-5('!
3&!4.02*5&+F.!41(-5^>14&9!_!(02/(@.!3(!+',-./-01234(567+70!2&/&!&!M*'4&!3&!'.E*+F.!
Q510&! ;! *51E1?&3.! 4.0! .! .M8(51P.! 3(! &4(E(/&/! &! 4.-P(/@`-41&! 3.! 0;5.3.! 3&! 0HG10&!
3('413&9!T1>(/(-5(0(-5(!3.!0;5.3.!3&!0HG10&!3('413&%!)*(!-&!P(/'F.!4EH''14&!&''*0(!
2&''.'!(0!31/(+,('!3(!M*'4&! 13`-514&'!&!31/(+,('!3(!M*'4&!&-5(/1./('%!.!<[V!&''*0(!
.*5/&!('5/&5;@1&%! (02/(@&-3.!+',-./-013,836347'01234(567+709!a.3&P1&%!&''10!4.0.!.!
0;5.3.!3&!0HG10&!3('413&%!.!<[V!5&0M;0!(02/(@&!&2(-&'! 1->./0&+F.!/(>(/(-5(!&.!
@/&31(-5(!#8&4.M1&-."!3&!>*-+F.!.M8(51P.!#&.!1-P;'!3(!1->./0&+,('!3&!3(/1P&3&!'(@*-3&!
]!&!O(''1&-&!3&!>*-+F.!.M8(51P."9!

! :)*1!P&0.'!3&/!'.0(-5(!&!P(/'F.!&E@./^5014&!3.!0;5.3.9!:!3(3*+F.!3.'!2&''.'!
3.!<[V!;!M(0!3('4/15&!-&!E15(/&5*/&!('2(41&E1?&3&%!4.0.%!2./!(G(02E.%!(0!=*(-M(/@(/!
#RYbc"9!_*5/&!/(>(/`-41&!&!'(/!0(-41.-&3&!;!VO1L1&4.L'de!#$77S"6!&E;0!3&!3(3*+F.!3.!
<[V%! .! 0;5.3.! P&/1&41.-&E! ;! 3('4/15.! 4.0! 3(5&EO('! -&! '*&! &2E14&+F.! &! 2/.ME(0&'!
1-P(/'.'! #'(/H! 5/&5&3.!0&1'! &31&-5(! -('5(! 5(G5."9!f0!&E@./150.!2&/&! .!<[V!2.3(! '(/!
3('4/15.!4.0.6!

R9!g'4.EO(/!*0&!('510&51P&!1-141&E!2&/&! 7! B!

$9!V&E4*E.!3.!0.3(E.!31/(5.! "# *!9 !(!3&!>*-+F.!.M8(51P.! "# *!: B!

c9!V&E4*E&/!.!@/&31(-5(!3&!>*-+F.!.M8(51P.6! "# *!: B!

C9!VHE4*E.!3.!4.(>141(-5(!4.-8*@&3.!#P(/'F.!WE(54O(/Jh((P('"6! $

$

$

$
"#"# **

* !:!: !B!
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!!

"#!$%&'(&)!*+!*,-./0)!*.!1(2'+3!
4!!5+-+!!67

4!!5+-+!!!!!!!!!!!!!!!!!67
8 !"#$

!#$
" !!

!

!! !!!9!

:#!;.+&,<+-!(=+!1(2'+!.=!&,>?+!>+!*,-./0)! !" !5+-+!'+&'(&+-! 67=,> !
!

! "#$ !9!

@#!AB(+&,<.!)!C.B)-!*.!5+-D=.B-)2! !!
!! "## 8

9!

E#!F.2B.!*.!')>C.-GH>',+3!I,>+&,<+!)(!-.B)->+!+)!5+22)JK#!

!!!!!A!.L5-.220)!MG-+*,.>B.!')>N(G+*)O!*.-,C+!*)!I+B)!*.!P(.!+2!*,-./Q.2!')>2.'(B,C+2!*.!

1(2'+!20)!%&'()'*'+,-.!)(!%&/'+01*,2,.3! 467 8 !3! %"" #!!

4.4. Recozimento Simulado (SA)  

R2B+! BS'>,'+!I),!)!5-,=.,-)!=SB)*)!*.!)B,=,<+/0)!.2B)'%2B,'+! ,>25,-+*)!.=!.=(&+-!(=!
5-)'.22)! >+B(-+&! *.! )B,=,<+/0)! *.! I(>/Q.2T! >)! '+2)T! =,>,=,<+-! +! .>.-G,+! ,>B.->+! *.!
&,G+/0)!.>B-.!%B)=)2!*.!(=+!-.*.!'-,2B+&,>+#!A!BS'>,'+!S!=(,B)!')>?.',*+!5.&+!.L5-.220)!
.=! ,>G&H2! 4-516,)72! %++7,6-+*! 7UA69! S! (=+! =.B+J?.(-V2B,'+! 5+-+! )! 5-)1&.=+! *.!
)B,=,<+/0)!G&)1+&#!W!>)=.!*+!BS'>,'+!I),!'(>?+*)!+!5+-B,-!*)!5-)'.22)!.=!=.B+&(-G,+!*.!
+P(.',=.>B)! .! -.2I-,+=.>B)! ')>B-)&+*)! *.! (=!=+B.-,+&! 5+-+! +! )1B.>/0)! *.! (=+! -.*.!
'-,2B+&,>+!')=!)!=V>,=)!*.!*.I.,B)2!X!)!(7/'8-57+)'!7,++7,6-+*6#!W!+P(.',=.>B)!+&B.-+!
+!.>.-G,+!,>B.->+!*.!&,G+/0)!.>B-.!)2!%B)=)2!*+!-.*.!'-,2B+&,>+T!5.-=,B,>*)!P(.!)!2,2B.=+!
2.!*.2&)P(.!+&.+B)-,+=.>B.!+B-+CS2!*.!.2B+*)2!*.!.>.-G,+!=+,2!+&B+!7>)C+2!')>I,G(-+/Q.2!
*+! -.*.! '-,2B+&,>+69! )! -.2I-,+=.>B)! &.>B)! B)->+! )! 2,2B.=+! '+5+<! *.! 2.! +')=)*+-! >(=+!
')>I,G(-+/0)! ')=! .>.-G,+! ,>B.->+!=+,2! 1+,L+! *)! P(.! +! .>.-G,+! ,>,',+&T! )(! 2.N+T! >(=+!
')>I,G(-+/0)! =+,2! .2B%C.&! 7=.>)-! .>.-G,+6T! .! +! -.*.! '-,2B+&,>+! 2.-%! =+,2! 1.=!
.2B-(B(-+*+T!)(!+,>*+T!')=!=.>)2!,=5.-I.,/Q.2#!!

! R=! +>+&)G,+! ')=! )! 5-)'.22)! IV2,')T! >)! +&G)-,B=)! UA! +! .>.-G,+! ,>B.->+! S!
,*.>B,I,'+*+! ')=)! +! I(>/0)! )1N.B,C)! *)! 5-)1&.=+! *.! )B,=,<+/0)#! R=! '+*+! 5+22)T! +!
2)&(/0)!+B(+&!S!+B(+&,<+*+T!2.>*)!2(12B,B(V*+!5)-!(=+!2)&(/0)!G-)22.,-+=.>B.!+&.+BY-,+T!
.2')&?,*+!')=!(=+!5-)1+1,&,*+*.!P(.!*.5.>*.!*)2!C+&)-.2!*+! I(>/0)!)1N.B,C)!.>B-.!+!
2)&(/0)!+>B.-,)-!.!+!2)&(/0)!+B(+&!.!*.!(=!5+-D=.B-)!G&)1+&!3!7M)75"7(,)1(,O6T!P(.!C+,!
G-+*(+&=.>B.!-.*(<,>*)!2.(!C+&)-!*(-+>B.!)!5-)'.22)!,B.-+B,C)#!Z(+>*)!)!5+-D=.B-)!3!S!
G-+>*.T!5-+B,'+=.>B.!P(+&P(.-!2)&(/0)!S!5.-=,B,*+T!=+2T![!=.*,*+!P(.!3!2.!+5-)L,=+!*.!
<.-)T! 2)=.>B.! 2)&(/Q.2! P(.! -.*(<+=! )! C+&)-! *+! I(>/0)! )1N.B,C)! 20)! ')>2,*.-+*+2#!W!
.2B%G,)!*)!5-)'.22)!,B.-+B,C)!P(.!5.-=,B.!2)&(/Q.2!')=!C+&)-!*+!I(>/0)!)1N.B,C)!+',=+!
*)! C+&)-! )1B,*)! >+! ,B.-+/0)! +>B.-,)-! B)->+! )! =SB)*)! .I.B,C)! .=! .C,B+-! .2B+',)>+-! .=!
=V>,=)2!&)'+,2#!W(B-+!C+>B+G.=!*)!UA!S!P(.!>.2B.!=SB)*)!>0)!S!>.'.22%-,)!)!'%&'(&)!
*)!G-+*,.>B.!*+!I(>/0)!)1N.B,C)T!>.=!+!.L,GH>',+!*.!')>B,>(,*+*.!*+!I(>/0)!)1N.B,C)!.!
*.!2(+2!*.-,C+*+2#!

! W! =SB)*)! I),! *.2'-,B)! 5)-! \,-]5+B-,']! .B! +&#! 78^E_6! .! S! (=+! +*+5B+/0)! *)!
+&G)-VB=)!*.!`.B-)5)&,2T! (=!=SB)*)! *.!`)>B.!$+-&)! .=5-.G+*)! .=! 2,2B.=+2! B.-=)J
*,>D=,')2!7`.B-)5)&,2!.B!+&T!8^"_6#!W!+&G)-VB=)!+!2.G(,-!I),!,=5&.=.>B+*)!5)-!a-.22!.B!
+&#!78^^K63!

8#!b.I,>,-!+!B.=5.-+B(-+!,>,',+&!.!(=!')>N(>B)!,>,',+&!*.9:!!2)&(/Q.23! 6TTKT87!!4 :5# 5 9!
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! !

"#!$%&'(&)!*+!,(-./)!)012345)!*2!'+*+!6)&(./)!'+-*4*+3+!*+!4327+./)8! 9:
!
"#$ ;!

<#! =6')&>27! -)5+6! 6)&(.?26! '+-*4*+3+6! +&2+3)74+@2-32! 2! 72'+&'(&+7! +! ,(-./)! )012345)!

+66)'4+*)!:62!)!5+&)7!*+!,(-./)!)012345)!')4-'4*47!2@!+&A(@+6!*+6!6)&(.?26!A27+*+6!

)(!')@!6)&(.?26!'+-*4*+3+6!-)!B+66)!*+!4327+./)!+-3274)7C!26')&>2@D62!)(37+69;!

E#! F5+&4+./)! *+6! 6)&(.?26! '+-*4*+3+68! 62! 9:9: G

!
"

!
" #$#$ ! +! 6)&(./)! H! +'243+C! '+6)!

')-37%74)!62!(@!5+&)7!+&2+3I74)!%&'(!6+346,4J278! ")*+%&'( K C!)-*2! 9:9: G

!
"

!
" #$#$* C!

+!6)&(./)!H!+'243+;!

L#!M2*(./)!*+!32@B27+3(7+!)8!)"NGO%P)"!!:%!H!)!,+3)7!*2!72*(./)9;!

Q#!R2632!*2!')-527AS-'4+8!,4-+&4J+!)(!723)7-+!+)!B+66)DG#!

! T%!@(43+6!5+74+-326!*)!+&A)743@)!UF#!!

4.5. Algoritmo genético epidêmico (EGA) 

F&A)743@)6! A2-H34')6! 6/)! @H3)*)6! *2! )34@4J+./)! 0+62+*)6! -+! 32)74+! *+! 25)&(./)!

B7)B)63+! B)7! $>+7&26! V+7W4-! 2! F&,72*! M(662&!X+&&+'2#! V+7W4-! 2!X+&&+'2! ')&23+7+@!

254*S-'4+6! B+7+! 6(+! 32)74+! 25)&('4)-%74+! +! B+7347! *2! 54+A2-6! Y(2! +@0)6! ,4J27+@! -+!

F@H74'+!*)!U(&#!V+7W4-!,)4!)!-+3(7+&463+!')-54*+*)!*(7+-32!+!54+A2@!*)!-+54)!Z2+A&2C!

2@!2[B2*4./)!B+7+!@+B2+7!+!')63+!*+!F@H74'+!*)!U(&C!2!X+&&+'2!,)4!(@!-+3(7+&463+!Y(2!

5452(! -+! 72A4/)!F@+J\-4'+! B)7! E! +-)6#!F@0)6! ')-'2027+@!)!@2'+-46@)!*+! ,+-+./01
'&"2%&-! +BI6! 3272@! &4*)! )! &457)! *2! R>)@+6! ]+&3>(68! 3'1 *,,&41 0'1 "5+1 6%7'879-+1 0:1
6092-&"70'C!)-*2!]+&3>(6!+,47@+!Y(2!+!B)B(&+./)!>(@+-+!'726'2!@+46!7%B4*)!*)!Y(2!+!
B7)*(./)!*2!+&4@2-3)6#!!

!F!32)74+!*2!V+7W4-DX+&&+'2!H!+!4*H4+!B74-'4B+&!*+!@)*27-+!32)74+!*+!25)&(./)C!

@+6!+!B7)B)63+!)74A4-+&!34->+!B7)0&2@+6#!^)7!2[2@B&)C!-/)!263+5+!@(43)!'&+7)!')@)!+!

26B2'4+./)!,(-'4)-+5+!:@+46!+4-*+C!')@)!)')774+@!2[B&)6?26!*2!04)D*452764*+*2C!')@)!

4*2-34,4'+*)! -)! B27_)*)! $+@074+-)9;! 3+@0H@! -/)! 263+5+! '&+7)! ')@)! 62! *+5+@! +6!

9+;2+'&,!!2(&'.&,!2-372! 4-*45_*()6!*2!(@+!@26@+!26BH'42#!`@!-)@2!'2-37+&!B+7+!+!
6_-3262! *+! @)*27-+! 32)74+! 25)&('4)-%74+! H! =7-63! ]+a7#! =&2! H! 4*2-34,4'+*)! ')@)! )!

B74-'4B+&! 726B)-6%52&! B2&+! <%&'(+1 ,='"+,+C! Y(2! 4-32A7+! +! 32)74+! *+! >272*43+742*+*2! *2!
]2-*2&!')@!+!32)74+!*+!25)&(./)!*2!V+7W4-DX+&&+'2!:2!)!B7)'266)!*2!62&2./)!-+3(7+&9#!

F! 32)74+! *+! 25)&(./)! +4-*+! 263%! 2@! *262-5)&54@2-3)#! F6! B7)B)63+6! *)! 2Y(4&_074)!

B)-3(+*)!2!*+!2-*)D64@04)62!6/)!*)46!2[2@B&)6!*2!4*H4+6!-)5+6!-)!'+@B)#!

b6!B7)'2*4@2-3)6!-)6!cF!6/)!')-'204*)6!+!B+7347!*+!5276/)!@)*27-+!*+!32)74+!

*+!25)&(./)!d!+!<%&'(+1,='"+,+1:T)&&+-*C!GefL9#!g)!')-32[3)!*+!)34@4J+./)C!+! ,(-./)!
)012345)!:'>+@+*+!*2!:2'./01(+1&9"7(/09!,(-'4)-+!')@)!)!&!>7+'"+!:)!@2'+-46@)!*+!
B7266/)! 25)&(345+9#! U2A(4-*)! +! ,+-+./01 '&"2%&-C! 6)@2-32! )6! 4-*45_*()6!@+46! +B3)6! -+!
B)B(&+./)! 627/)! 62&2'4)-+*)6! B+7+! 6272@! )6! B+46! *)6! 4-*45_*()6! *+! -)5+! A27+./)#! F!

-)5+!A27+./)!627%!&252@2-32!*4634-3+!*+!A27+./)!+-3274)7!B)7!(@+!5+74+./)!+&2+3I74+!2@!

+&A(@!7"+!1(01<+'?"790#!
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!!

"#! $%&'()! *+,''-*#! .%! /01! 2,! 3! )4%&#.)&%'! 567.#8%79#-':! ;-<! '%+%=()1! ;--<!
*&6>#8%79)1! ;---<!869#=()?! "#! $%&'()! %84&%@#.#! 7%'9%!8-7-*6&')1! 68! 7)$)! )4%&#.)&!
@%7A9-*)1! .%7)8-7#.)! %4-.B8-*)1! A! -84+%8%79#.)! ;C2-D-#*)D'EF! %! C#84)'! G%+2)1!
HII3J!K%.%-&)'1!HIIL<?!M!)4%&#.)&!%4-.B8-*)!A!#9-$#.)!N6#7.)!68!7O8%&)!%'4%*P5-*)!
.%!@%&#=Q%'!A!#9-7@-.)!'%8!#+9%&#=()!.)!8%+2)&!-7.-$P.6)!;8#-'!#49)<!.6&#79%!#+@68#'!
-9%&#=Q%'?!0''-81!#!4)46+#=()!A!!"#$!%!! 4)&!68#!&'!(!! %! ')8%79%!)'! -7.-$P.6)'!*)8!
8%+2)&!#49-.()!;68!4%&*%796#+!4&AR.%5-7-.)!.%!HS!#!TIS<!)*+'#,-,#.?!M'! -7.-$P.6)'!
%U9-79)'! '()! '6V'9-96P.)'! 4)&! 7)$)'! -7.-$P.6)'! ;*)8)! -8-@&#79%'! &%*A8! *2%@#.)'<!
@%&#.)'!#+%#9)&-#8%79%?!0''-81!.)-'!7)$)'!4#&W8%9&)'!'()!7%*%'',&-)'!4#&#!#!$%&'()!.)!
X/0! ;/&-%#.-0!/0<:! )! 7O8%&)! .%! @%&#=Q%'! '%8!8%+2)&-#! .)!8%+2)&! -7.-$P.6)! 4#&#!
#9-$#&!)!)4%&#.)&!%4-.B8-*)!%!#!N6#79-.#.%!.%!-7.-$P.6)'!N6%!')V&%$-$%&()!Y!4&#@#?!!

M69&)! 4)79)! -84)&9#79%! 7#! *).-5-*#=()! .)! /0! *+,''-*)! A! #! .%'*&-=()! .)'!
-7.-$P.6)'! ;7O8%&)'! )6! 567=Q%'<! %8! *).-5-*#=()! V-7,&-#?!X'9#! .%'*&-=()! 4%&8-9%! 68#!
'-8-+#&-.#.%! #4#&%79%8%79%! 8%+2)&! *)8! )! 8#4#! @B7-*)! .%! 68! -7.-$P.6)! 4#&#! #'!
)4%&#=Q%'!.%!*&6>#8%79)!%!869#=()?!0''-81!)!4&)V+%8#!%&#!*).-5-*#.)!4#&#!%'9&696&#!
V-7,&-#1!%!)!&%'6+9#.)!5-7#+1!.%*).-5-*#.)!4#&#!7O8%&)'!&%#-'!.%*-8#-'?!"#!$%&.#.%!%'9#!
*).-5-*#=()Z.%*).-5-*#=()!V-7,&-#!7()!A!7%*%'',&-#?![,!86-9#'! 5)&8#'!.%!'%!#4+-*#&%8!
)'!)4%&#.)&%'!@%7A9-*)'!*)8!7O8%&)'!&%#-'?!0N6-!'\!'%&,!.%'*&-9)!)!#+@)&-98)!.)!X/0!
6'#.)!7#'!#4+-*#=Q%'!%'4#*-#-'!.%'*&-9#'!7#!4&\U-8#!'%=()?!

T?!/%&#=()!#+%#9\&-#!.#!4)46+#=()!.%!1!-7.-$P.6)'!;')+6=Q%'<:! <11H1T;!! 1.2 . J!

H?!C,+*6+)!.#!#49-.()!;567=()!)V]%9-$)<!.%!*#.#!-7.-$P.6):! <; .23 J!

3?!09-$#!)4%&#.)&!.%!'%+%=()!;%'9&#9A@-#! 9)&7%-)1!$%&:!C2-D-#*)D'EF!%!C#84)'!G%+2)1!

HII3<J!

^?!09-$#!)!)4%&#.)&!.%!*&6>#8%79):! T
--- 456 ! ;5-!%!4-! !'()!H!4#-'!'%+%*-)7#.)'!%!6-!68!

-7.-$P.6)!.#!7)$#!@%&#=()1! _I1HL!A!)!4#&W8%9&)!6'#.)!`!-@6#+!4%')!4#&#!#8V)'!)'!

4#-'<J!

L?!09-$#!)4%&#.)&!.%!869#=():!
T!!A!!V-7,&-)!!#+%#9\&-)!!.P@-9)!!:'%!!!!!<1;
I!!A!!V-7,&-)!!#+%#9\&-)!!.P@-9)!!:'%!!!!!!!!<1;

a
-75

'64

76$6
867$6

6
--

--
-

!J!

!!!!)7.%:! +9$'!:%44$ <ZT;T<1; !;'!:%_7O8%&)!#+%#9\&-)!bI1T<1!$!A!4#'')!.#!-9%&#=()!#96#+1!

9!A!)!7O8%&)!8,U-8)!.%!-9%&#=Q%'!%!+_L<J!

c?! d%'9%! .%! *)7$%&@B7*-#:! 5-7#+->#! )6! #$#+-#! #4+-*#=()! .)! )4%&#.)&! %4-.B8-*)! `! '%! #!

%4-.%8-#!7()!#*)79%*%1!&%9)&7#!#)!4#'')RH?!

! 0! %'9&#9A@-#! .#! %4-.%8-#! 9%8! 68#! '-8-+#&-.#.%! *)8! #! %'9&#9A@-#! .)'! *-*+)'!
9A&8-*)'!;)6!&%R#77%+-7@<!.)!e0?!M!X/0!A!86-9)!'-8-+#&!#!-84+%8%79#=()!.)!8-*&)R/0!
;f&-'27#E68#&1! Tghg<?! C6*)! %9! #+?! ;HIIh<! .-'*69%8! #! '-8-+#&-.#.%! %79&%! #'! .6#'!
#V)&.#@%7'?!!
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! !

5. Método Variacional  
"! #$%&'%(! )(*'(%'+&(,! -+'! .*'/0'*(/0&#0! 1020&)+,)'1(! .0,+! .0234'2(1+*! *422+! 5,06!
7'8(',')'#%9! ",'-(&+):! 02.0%'(,'2#(! 0/! #*(&2-0*;&%'(! 10! %(,+*! 1(! <*0(! 02.(%'(,=!
>(2'%(/0&#0:! +! 02340/(! %+&2'2#0! 0/! (22+%'(*! +! /$#+1+! 1+! 6*(1'0&#0! %+&?46(1+! @!
034(AB+!(1?4&#(=!C!10)'1+!(+!42+!1+!7DE!340!02#(!#$%&'%(!10!*02+,4AB+!10!.*+F,0/(2!
'&)0*2+2!$!(.*020&#(1(!(.G2!(!20AB+!10!+#'/'H(AB+=!

5! /$#+1+! )(*'(%'+&(,! -+'! 1020&)+,)'1+! .(*(! 20! 10#0*/'&(*0/! 0I#*0/+2! 10!
!"#$%&#'%(=!J/(!-4&AB+!$!4/(! #*(&2-+*/(AB+!K+4!/(.0(/0&#+L!340!*0,(%'+&(!&M/0*+!
K0! #(/F$/! )0#+*02! 0N+4! #0&2+*02L! %+/! &M/0*+2! K+4! )0#+*02N#0&2+*02L=! O4&%'+&('2! 2B+!
/(.0(/0&#+2! 340! *0,(%'+&(/! !"#)*+(! %+/! #,-+.&(=! P+! %(2+! 10! -4&AQ02:! 42(/+2!
.*+.*'01(102! 1(2! 10*')(1(2! .(*(! +! %<,%4,+! 10! 0I#*0/+2! 10! -4&AQ02=! P+! %(2+! 10!
-4&%'+&('2:!42(R20!(!/'.%')0&! K(+! '&)$2!1(!1'-0*0&%'(AB+L!.(*(!20!10#0*/'&(*!0I#*0/+2!
10! !"#$%&#'%(! K+4! ('&1(:! .+&#+2! 02#(%'+&<*'+2! 1+! -4&%'+&(,L=! P4/(! 102%*'AB+! .+4%+!
#$%&'%(:! 20! 14(2! -4&AQ02! 1'-0*0/! 4/(! 1(! +4#*(! .0,(! 2+/(! 10! +4#*(! -4&AB+!

LKLKLKS 11"1" :!(!)(*'(AB+!1(!-4&AB+!"K1L!$!1(1(!.+*T!!

LKLKLKS 11"1"" !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!KUVL!

+&10! K1L!$!4/(!-4&AB+!(*F'#*<*'(! K/(2!340!20!(&4,(!&(!-*+&#0'*(L!0! !$!4/!.(*W/0#*+!
.0340&+=!"!1'-0*0&A(!0&#*0!+!+.0*(1+*!)(*'(%'+&(,! !0!+!+.0*(1+*!1'-0*0&%'(,!2!$!%,(*(T!
"!0!2"!2B+!(/F+2!/41(&A(2!1'-0*0&%'('2!1(!-4&AB+!"K1L=!X0!-+*/(!/('2!0I.,Y%'#(T!2"!20!
*0-0*0! (! 4/(! /41(&A(! '&-'&'#02'/(,! 10! "K1L! %(42(1(! .0,(! )(*'(AB+! '&-'&'#02'/(,! 1+!
(*64/0&#+!21:!'2#+!$:!2"Z"K1[21LR"K1L\!0&34(&#+!340! "!$!4/(!)(*'(AB+!'&-'&'#02'/(,!10!
"K1L!340!.*+14H!4/(!&+)(!-4&AB+T! "Z K1L=!

5!%0*&0!1(!#0+*'(!1+!/$#+1+!)(*'(%'+&(,!$!4/(!/0#+1+,+6'(!.(*(!20!10#0*/'&(*!+!
0I#*0/+!10!4/!-4&%'+&(,!3!#+/(&1+R20!(!.*'/0'*(!)(*'(AB+!102#0!-4&%'+&(,!0!'64(,(&1+R
20!(!H0*+T! 3Z]=!PB+!20*<!(.*020&#(1(!(!#0+*'(!1+!%<,%4,+!)(*'(%'+&(,=!^+*$/:!2+/0&#0!
.(*(!',42#*(*!+!.*+%01'/0&#+:!)(/+2!%+&2'10*(*!(!)(*'(AB+!1(!'&#06*(,!4!(F('I+T!

!
5

'

5

'

5

'

21
"
6

"
66212111"1"64 _

_
`L:K_L:Ka :!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!KUbL!

+&10!"cK1L!$!(!10*')(1(!1(!-4&AB+!"K1L=!d&#06*(&1+!.+*!.(*#02T!

!
5

'

5

' "
6121

"
6

21
2

"
64

_
LK

_
=!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!KUeL!

^(*(! 10#0*/'&(*! +! .+&#+! 02#(%'+&<*'+! 1+! -4&%'+&(,! K ]4 L:! ,0/F*(/+2!340! (!
-4&AB+! K1L! $! (*F'#*<*'(! 0! (&4,(R20! &+2! 0I#*0/+2! K K1LZ]:! .(*(! 1Z'! 0! 1Z5L:! (22'/:! (!
%+&1'AB+!.(*(!#+*&(*!&4,(!(!0I.*022B+!(%'/(!$T!

]
_"
6

21
2

"
6 =!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!KUfL!

"!034(AB+!KUfL!$!(!%+&1'AB+!&0%022<*'(!0!24-'%'0&#0!.(*(!(&4,(*! 370!$!%+&90%'1(!
%+/+!034(AB+!10!g4,0*Rh(6*(&60:! 0/!9+/0&(60/!(+2!1+'2! 6*(&102!/(#0/<#'%+2!340!
#*(F(,9(*(/!&+!1020&)+,)'/0&#+!1+!%<,%4,+!)(*'(%'+&(,=!g&#*0#(&#+:!1'-0*0&#0/0&#0!1(!
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!!

"#$%&$'!()!*)+,-'*&.'/012!%01!#!314456)-!+)*'*!,7'!81*7,-'/01!6'*&'$&1%'-!3'*'!9,'-9,)*!
3*1:-)7';!<!()(,/01!('!)9,'/01!()!=,-)*>?'+*'%+)!#!$'-$,-'('!$'41!'!$'41;!!

6. Redes Neurais Artificiais  
@)()4!%),*'&4!'*"&8&$&'&4!A@B<4C!401!'**'%D14!()!)-)7)%"14!()!3*1$)44'7)%"1!$E'7'(14!
%),*F%&14! AG&+,*'! H:C;! I!71()-1! ()! %),*F%&1! '*"&8&$&'-! $1%4&4")! ()! ,7'! $17:&%'/01!
-&%)'*!4)+,&('!()!,7'!8,%/01!()!'"&6'/01!A6)*!G&+,*'!J'CK!!

!
!

"
#"#"## $%&'(

L

CA !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!AMNC!
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7.2 Tecnologia Espacial 
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7.3. Oceanografia: identificação de propriedades óticas em águas naturais 
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7.4. Meteorologia: reconstrução de perfis verticais de temperatura e umidade 
atmosférica 
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*&A%&1&$'"&52*! -2(0a*0! $&"'+! 2! %252! '8A2+&")2!-'+'! 2"&)&6':72! 0]"+0)'! DK246'3! CLLCG3!
dce! D("'"#)*+,"-! ./%#"0"! 1!%+0+,)%+&'G3! 0! *4'! '-8&$':72! 0)! -+2;80)'*! )48"&a
2;^0"&52*!D<adceG!0!2!0)-+0A2!0)!*&*"0)'*!0*-'$&'&*N!2!-+2^0"2!"#+)&$2!(0!+'(&'(2+0*!
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!!

"#! $%#&#'()*#! +,%&-*-../(! 0$++1! "(! 23$4! 5! #! (6&578/(! "#! 9(7'-:,)#8/(! "5! ,*#!
9(7.&5%#8/(! "5! .#&;%-&5.! "5! .57.()-#*57&(! )5*(&(! 0<#%.=->! ?@@A1B! C! (D5)#"()! "5!
5D-"5*-#!D#)#!<E!'(-!D)(D(.&(!7#!&5.5!"5!*5.&)#"(!"5!+5"5-)(.!0?@@F1!5!.5,!5*D)5:(!
5*! D)(6%5*#.! -7G5).(.! '(-! )5#%-H#"(! D()! IJ-K-#9(K.=L! 5! I#*D(.! M5%J(! 0?@@N1B! E!
G5)./(! D#)#%5%#! "(! 4<E! '(-! (! &5*#! "#! &5.5! "5! *5.&)#"(! "5! O#*6#&&-! 0?@@P1! Q! G5)!
&#*6;*!0O#*6#&&-!5&!#%B>!?@@PR!I#*D(.!M5%J(!5&!#%B>!?@@A61B!
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0#1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!061!

S-:,)#! T?U! V59(7.&),8/(! "5! D5)'-.! "5! &5*D5)#&,)#! #&*(.';)-9#! D()! )5"5.! 75,)#-.U! 0#1!
9(*D#)#8/(!"5!GW)-#.!*5&("(%(:-#.>!061!-7G5)./(U!.('&K#)5!G5).,.!J#)"K#)5B!

! C,&)(! "5.57G(%G-*57&(! X,5! *5)595! "5.&#X,5! ;! #! #D%-9#8/(! "(! *;&("(! "5!
9(%Y7-#.! "5! '()*-:#.! D#)#! (&-*-H#8/(! 0EIC1B! 3#! #D%-9#8/(! "(! EIC! 5*! D)(6%5*#.!
-7G5).(.>! '(-! 9(7956-"#! #! -";-#! "5! !"#$%&!'(&)*+, '-.!/-0"1&>! (7"5! .(*57&5! 9#*-7J(.!
*#-.!.,#G5.!./(!9(7.-"5)#"(.!Q!#!.,#G-"#"5!"(!9#*-7J(!;!#G#%-#"#!D()!,*#!7()*#!"5!
Z-=J(7(G!0O(,&(>!?@@F1B!4.&#!5.&)#&;:-#!#-7"#!'#H!,.(!"5!)5:,%#)-H#8/(>!*#.!7/(!'#H!,.(!
"(! D#)[*5&)(! "5! )5:,%#)-H#8/(B! I%#)#*57&5>! #! 5.&)#&;:-#! D("5! .5)! #"(&#"#! 5*! (,&)#.!
*5&#\J5,)].&-9#.B!!

! ED%-9#8^5.! -*D()&#7&5.! ./(! 7(G(.! #%:()-&*(.! D#)#! D)(",8/(! "5! *#D#.! "5!
)#"-#8/(! 9_.*-9#! "5! ',7"(>! (7"5! '(-! ,.#"#! ,*#! G5)./(! "(! OE! 9(*! 9-9%(.! &;)*-9(.!
0I())`#>! ?@@F1>! 5! (! D)(a5&(! "5! #))#7a(! "5! #7&57#.! D#)#! (! D)(a5&(! bcE! 02!&('%'&-,
3"1'4".!'1,5!!&61!"(!23$4>!(7"5!#!5.&)#&;:-#!"(!EIC!'(-!,.#"#!D#)#!*#d-*-H#)!,*#!
',78/(! (6a5&-G(! "#! 57&)(D-#! "#! -*#:5*! "(! &5%5.9_D-(! 0S#)-#>! ?@@e1B! f*! D)(6%5*#!
)5%5G#7&5! 7(.! "-#.! #&,#-.>! ;! #! "5&5)*-7#8/(! "5! '%,d(.! .,D5)'-9-#-.! "(! 9-9%(! 6-(\:5(\
X,]*-9(!"5!:#.5.!"(!5'5-&(!5.&,'#B!V(65)&-! 0?@@F1!"5.57G(%G5,!,*#!*5&("(%(:-#!D#)#!
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! !

"#"$"%!&'#&!(%)*+&,"-!,"./,/0"12)!"!&1#%)(/"!2&!34!)%2&,-!5#/+/0"12)!)!,6#)2)!75"'&8
9&:#)1! ("%"! 2&#&%,/1"%! "! ')+5;<)! =#/,">! 9&'#&! $)1#&.#)-! 5')58'&! "! &'#%"#6?/"! 2&!
/2&1#/@/$"%! )'! A"+)%&'! @51$/)1"/'! 2&! 5,"! @51;<)! ",)'#%"2">!B!,6#)2)! 2&! C&A&1*&%?8
D"%75"%2#-!75&!6!,5/#)!&@/$/&1#&!&,!(%)*+&,"'! /1A&%')'!2&!&'#/,";<)!2&!("%E,&#%)'-!
1<)!$)1'&?5/5!*)1'!%&'5+#"2)'!1&'#&!$"')>!F'')!/12/$"!75&!)!(%)*+&,"!2&!&'#/,";<)!2&!
@51;G&'! H,&',)!1)!$"')!2&! !"#$%&'()&*+,(-(I! #&,!5,"!1"#5%&0"!,"#&,J#/$"!2/'#/1#"!
2"!&'#/,";<)!2&!("%E,&#%)'>!!

! K)! ()1#)! 2&! A/'#"! #&=%/$)-!L",()'!M&+N)! &#! "+>! H3OOPI! 5'"%",!)! (%/1$Q(/)! 2"!
,J./,"! &1#%)(/"! 1<)8&.#&1'/A"! ("%"! 51/@/$"%! "! %&?5+"%/0";<)! 2&! R/SN)1)A! &! "!
%&?5+"%/0";<)!&1#%=(/$">!!

! T!,"/)%!("%#&!2)'!%&'5+#"2)'!)*#/2)'!&!?%"12&!&'@)%;)!2&!2&'&1A)+A/,&1#)!&'#<)!
+/?"2)'! "! $)1$&(;<)! #%"2/$/)1"+! 2&! %&')+5;<)! 2&! (%)*+&,"'! /1A&%')'U! ,6#)2)'! 2&!
')+5;<)!2&!(%)*+&,"'!2&!)#/,/0";<)!("%"!)*#&%!')+5;G&'!%&?5+"%/0"2"'>!9<)!NJ!1"2"!2&!
&%%"2)! &,! '&?5/%! ()%! &'#&! $",/1N)V! (&+)! $)1#%J%/)-! )'! %&'5+#"2)'!,)'#%",! 75&! &'#"! 6!
5,"! +/1N"! 2&! (&'75/'"! $),! ,5/#)! "! )@&%&$&%>! W)%! )5#%)! +"2)-! "! "(+/$";<)! 2&! %&2&'!
1&5%"/'!6!5,"!,&#)2)+)?/"!%&"+,&1#&!1)A"!1&'#&!$",()!2&!(&'75/'"-!(&%,/#/12)!"#"$"%!
(%)*+&,"'!&,!75&!'&75&%!)!(%)*+&,"!2/%&#)!&'#J!@)%,5+"2)>!T!"(+/$";<)!2"!#6$1/$"!2&!
%&2&'!1&5%"/'!&,!(%)*+&,"'!/1A&%')'!6!5,!$",()!2&!(&'75/'"!,5/#)!(%),/'')%>!9)'')!
&'#52)!/1/$/)58'&!$),!"!/2&1#/@/$";<)!2&!$)12/;G&'!/1/$/"/'!&!2&!$)1#)%1)!&,!(%)*+&,"'!
'/,(+&'!2&!$)125;<)!2)!$"+)%>!L),)!$),&1#"2)!1"!X&;<)!Y>Z-!"'!%&2&'!1&5%"/'!@)%",!
"(+/$"2"'! $),! '5$&'')! 1"! %&$5(&%";<)! 2&! (&%@/'! A&%#/$"/'! 2&! #&,(&%"#5%"! &! 5,/2"2&!
"#,)'@6%/$"'! "! ("%#/%! 2&! 2"2)'! 2&! '"#6+/#&! ,&#&)%)+=?/$)'! $),! '&1')%&'! 1"! *"12"!
&'(&$#%"+! 2)! /1@%"8A&%,&+N)>! T+6,! 2"! %&2&! (&%$&(#%)1! 2&! ,[+#/(+"'! $","2"'-! )5#%"'!
%&2&'!()2&,!'&%! 5#/+/0"2"'! $),! %&'5+#"2)'! /?5"+,&1#&! &.$&+&1#&'! HXN/?5&,)%/-! 3OOPI>!
F1A&%'G&'!$),!%&2&'!1&5%"/'!()2&,!'&%!"(+/$"2"'!$),!)5#%)'!#/()'!2&!'/1"/'!2&!'"#6+/#&'-!
$),)!'/1"/'!2&!\WX!HL/1#%"!&#!"+>-!3OOPI>!W)%6,-!#"+A&0!)!"'(&$#)!,"/'!%&+&A"1#&!1&'#"!
1)A"! #6$1/$"! '&]"! '5"! ()#&1$/"+/2"2&! 2&! /,(+&,&1#";<)! &,! 2/'()'/#/A)'! 2&! N"%2:"%&>!
9&5%)$),(5#"2)%&'!()2&,!%&(%&'&1#"%!5,!'"+#)!@"1#J'#/$)!1)!?"1N)!2&!2&'&,(&1N)!2&!
(%)$&''",&1#)>!!

Referências 
T+/@"1)A-!B>!D>-!^)5%1"+!)@!_1?/1&&%/1?!WN`'/$'-!3aU!ZPbcZPa-!bdPZ>!

e"%/$N&++)-!C>!e>-!M/+N&1"-!D>!R>-!f&%1#&$N1/S-!ghU!bh38bhZ-!bddY>!

e&$S-! ^>M>-! e+"$S:&++-! e>-! X#>! L+"/%-! L>! i>! ^%>-! F1A&%'&!j&"#! L)125$#/)1U! F++8W)'&2!
W%)*+&,'-!^)N1!k/+&`!l!X)1'-!bdhg>!

e&%#&%)-!D>!l!e)$$"$$/-!W>-!F1#%)25$#/)1!#)!F1A&%'&!W%)*+&,'!/1!F,"?/1?-!F1'#/#5#&!)@!
WN`'/$'-!bddh>!

L",()'!M&+N)-!j>!m>-!i",)'-!m>!D>-!LN"+N)5*-!_>!X>-!X#&(N"1`-!X>-!L"%A"+N)-!^>!L>-!
X)50"-!m>!C>-!F1A&%'&!W%)*+&,'!/1!X$/&1$&!"12!_1?/1&&%/1?-!bgU!Ygd8YP3-!3OOP>!

L",()'! M&+N)-! j>! m>-! i",)'-! m>! D>-! XN/?5&,)%/-! _>! j>-! L"%A"+N)-! ^>! L>-!
L),(5#"#/)1"+!"12!T((+/&2!D"#N&,"#/$'-!3gU!YOP8YYO-!3OOa">!

L",()'!M&+N)-!j>!m>-!LN/:/"$):'S`-!C>!K>-!X",*"##/-!X>!e>!D>-!X$/&1#/"-!bPU!bO8bh-!
3OOa*>!
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!!

"#$%&'!()*+&,!-.!/.,!"+010#2&1'34,!5.!6.,!7#'8#990.!:.! ;<==>?@!A&$)!B)'C*D'!&E!
6#$#F)! 6)D)2D0&E! G'0EF! (#90#D0&E#*! H%%9&#2+,! I&.! "&EF9)''&! J)$KD02&! L)!
60EM$02#! )! "&ED9&*)! ;6NO"POQ<==>?,! RQS=! TCE+&,! GOUA:,! V#C9C! ;A:?,! V9#'0*,!
SI>RQSIRI,!<==>.!

"#$%&'!()*+&,!-.!/.,!(0*+)E#,!W.!J.,!B)D#$&'&,!W.!B.,!B.:.!:#X&',!B.!:.,!:9&F9)''!
0E!OC2*)#9!UE)9F4,!I<@!I>YQIRZ,!<==[.!

"#$%&'!()*+&,!-.! /.,! B)D#$&'&,!W.!B.,!(0*+)E#,!W.! J.,! NED)9E#D0&E#*! T&C9E#*! \&9!
OC$)902#*!W)D+&L'!0E!UEF0E))90EF,!>I@!S[>YQS[RZ,!<==<.!

"#$%&'!()*+&,!-.!/.,! A0*]#,! T.!6.!A.,!O&1&'#L,!H.!7.,!B0&'!O)D&,!H.,!V&*)D0$!L#!
AVWH",! A^90)! NNN! ;Z! %KF0E#'?,! <==S! Q!
+DD%@__111.'8$#2.&9F.89_8&*_8&*)D0$`<==S_L)\#C*D`8&*)D0$`=S.+D$!

"#$%&'!()*+&,!-.!/.,!B#$&',!/.!W.,!V9#X0*0#E!T&C9E#*!&\!7)&%+4'02',!S>@!S[[QSI[,!
SaaY.!

"#$%&'!()*+&,!-.!/.,!AD)%+#E4,!A.,!"+#*+C8,!U.!A.,!B#$&',!/.!W.,!B)D#$&'&,!W.!B.,!
(0*+)E#,! W.! J.,! O)1! #%%9&#2+)'! &E! 0E])9')! +4L9&*&F02#*! &%D02',! V&*)D0$! L#!
AVWH",! A^90)! NNN! ;SS! %KF0E#'?,! <==S! Q!
+DD%@__111.'8$#2.&9F.89_8&*_8&*)D0$`<==S_L)\#C*D`8&*)D0$`=S.+D$!

"+#*+&C8,!U.!A.,!"#$%&'!()*+&,!-!/.,!(0*+)E#,!W.!J.,!7#920#,!B.!6.!W.,!J9#E'%&9D!
J+)&94!#EL!AD#D0'D02#*!:+4'02',![<@IRaQIaa,!<==[.!

"+#*+&C8,!U.! A.,!"#$%&'!()*+&,!-.! /.,!H%%*0)L!OC$)902#*!W#D+)$#D02',! IY@! [R>Q
[YR,!<==[.!

"+#*+&C8,!U.!A.,!"#$%&'!()*+&,!-.!/.,!T.!bC#ED.!A%)2D9&'2.!B#L0#D.!J9#E'\.,!Y<@!>>SQ
>R>,!<==<.!

"+#*+&C8,!U.!A.,!"#$%&'!()*+&,!-.!/.,!T.!bC#ED.!A%)2D9&'2.!B#L0#D.!J9#E'\.,!Ra@!S[YQ
SIa,!<==S.!

"+#*+&C8,! U.! A.,! "#$%&'! ()*+&,! -.! /.,! B#$&',! /.W.,! T.".B.! "*#)4'')E,! T.! ".! B.,!
-4890L!W)D+&L'!0E!UEF0E))90EF,!<@![Y[Q[ZZ,!<===.!

"+#*+&C8,!U.!A.,!7#920#,!B.!6.!W.,!T.!bC#ED.!A%)2D9&'2.!B#L0#D.!J9#E'\.,!RI: >SYQ>[>,!
<===.!

"+010#2&1'34,!5.!6.,!W^D&L&!(#90#20&E#*!)!H*F&90D$&!7)E^D02&!)$!NL)ED0\02#cd&!L)!
6#E&'! U'D9CDC9#0',! J)')! L)! L&CD&9#L&! )$! "&$%CD#cd&! H%*02#L#,! "H:QNO:U,! Ad&!
T&'^!L&'!"#$%&',!V9#'0*,!<==>.!

"+010#2&1'34,!5.!6.,!"#$%&'!()*+&,!-.!/.,!7#'8#990,!:.,!J+)!L#$#F)!0L)ED0\02#D0&E!
%9&8*)$@! #! +4890L! #%%9&#2+,! <e! "&EF9)''&! J)$KD02&! )$! 60EM$02#! )! "&ED9&*)!
;6NO"PO!<==[?,!SZQ<<!#F&'D&,!Ad&!T&'^!L&'!"#$%&'!;A:?,!V9#'0,!S[a[QSI=<,!<==[.!

"+010#2&1'34,! 5.! 6.,! "#$%&'! ()*+&,! -.! /.,! NE])9')! :9&8*)$! 0E! A20)E2)! #EL!
UEF0E))90EF,!SS@!IYSfIaI,!<==[.!

"0ED9#,!B.!A.!".g!A0*]#,!T.!6.!A.!g!"#$%&'!()*+&,!-.!/.,!B)D90)]#*!&\!+C$0L0D4!%9&\0*)'!
10D+! 9#L0&! &22C*D#D0&E! $)#'C)9)$)ED'! C'0EF! #E! #9D0\0#*! E)C9#*! E)D1&93'.! NE])9')!
:9&8*)$',!6)'0FE!#EL!P%D0$0X#D0&E!A4$%&'0C$,!W0#$0,!]&*.!<,!RI<QRIa,!<==Y.!
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! !

"#$$%&'! ()! *)'! +,! -./01#! 1-! ,2/#1#.! -./#34./53#.! -,! &,65-7/-! 8&$&9-9#! 8&$&! &!
8$#10:;#! 1-!,&8&.! 1-! &75.#/$#85&.! 1&! $&15&:;#! 3<.,53&! 1-! =071#! -,!,53$##71&.'!
>-.-! 1-! 1#0/#$&1#! -,! "#,80/&:;#! ?8953&1&'! "?@ABC@D'! E;#! F#.2! 1#.! "&,8#.'!
G$&.59'!HIIJ)!

"03#'! ?)! @)! ")'! E59K&! C-/#'! ?)! F)'! E#0.&'! L)! M)'! B7K-$.-! @$#69-,! 57! E35-73-! &71!
D7N57--$57N'!HIIO!P&3-5/#Q)!

RG"MEL! $#0/57-'! BSEM!S?>T!MBG(?(U'!+.-$.!S&70&9)!*-$.5#7! H)I'!T#0./#7'!
BSEM'!VWWV)!

DIX+"L!$#0/57-'!C?Y!L#$/$&7!M56$&$Z!S&$[!V\'!]^=#$1'!+_'!VWWJ)!

D7N9'! T)! `)'! T&7[-'! S)'! C-06&0-$'! ?)'! (-N09&$5a&/5#7! #=! B7K-$.-! @$#69-,.b!
S&/c-,&/53.!&71!5/.!?88953&/5#7.'!_90d-$'!VWWe)!

L&$5&'!")'!+,&!7#K&!-./$&/2N5&!1-!#/5,5a&:;#!1-!&$$&7f#.!57/-$=-$#,2/$53#.!&8953&1&!
&#!!"#$%&%#'()*+%,*-"%+(.""#/'!>-.-!1-!1#0/#$&1#!-,!"#,80/&:;#!?8953&1&'!"?@A
BC@D'!E;#!F#.2!1#.!"&,8#.'!G$&.59'!HII\)!

Y&9.[5'! ()! M)'! R-.-7K#9K5,-7/#! 1-! K-$.g-.! &8$5,#$&1&.'! ch6$51&.'! 8&$&9-9&! -!
,09/5#6f-/5K#! 1#! ,2/#1#! 1-! #/5,5a&:;#! -^/$-,&! N-7-$&95a&1&! -! .0&! &8953&:;#! 7#!
8$#f-/#! 1-! .5./-,&.! -.8&35&5.'! >-.-! 1-! 1#0/#$&1#! -,!"#,80/&:;#!?8953&1&'!"?@A
BC@D'!E;#!F#.2!1#.!"&,8#.'!G$&.59'!HIIe)!

Y&.6&$$5'!@)'!"c5d5&3#d.[Z'!M)!R)'!"&,8#.!*-9c#'!T)!L)!PHII\Qb!?-$#/-3753&!S5..595!
-!E8&a5#'!Oeb!JiAeW'!HII\)!

Y#$1#7'!T)!R)'!]3-&7#9#N5&'!XXb!WAJO'!HIIH)!

Y$#-/.3c-'! ")!`)'! >c-(>c-#$Z! #=! >5[c#7#K! (-N09&$5a&/5#7! =#$! L$-1c#9,! B7/-N$&9!
Dj0&/5#7!#=!/c-!V./!_571'!@5/,&7'!VWOX)!

T&75.3c'!()!F)'!`c5/-'!()!M)'!>c-!(-./#$&/5#7!#=!TE>!B,&N-.!&71!E8-3/$&!BB0(E8&3-!
>-9-.3#8-! E35-73-! B7./5/0/-( Pc//8bkk$-.#0$3-.)./.35)-10kQ'! G&9/5,#$-! PS?Q'! +E?'!
C#K-,6-$!VOAVW'!VWWi)!

T&Z[57'!E)'!C-0$&9!C-/d#$[.b!?!"#,8$-c-7.5K-!L#071&/5#7'!S&3,599&7'!C-d!U#$['!
VWWi)!

T#99&71'!F)!T)'!?1&8/&/5#7!57!C&/0$&9!&71!?$/5=535&9!EZ./-,.'!SB>!@$-..'!VW\J)!

T0'!`)'!1#-2"*'!XIXb!WiWAWXI'!HIII)!
T0&7N'!")!T)'!B7/)!F)!C0,)!S-/c#1)!D7N)'!JIb!VJXJAVJJO'!HIIV)!

T0&7N'!")T)'!?7!57K-$.-!K56$&/5#7!8$#69-,!=#$!.5,09/&7-#0.9Z!-./5,&/57N!/c-!/5,-A
1-8-71-7/!./5==7-..!3#-==535-7/.'!3"4+**5%'67(48(-9*(:-9(;'-*"'#-%4'#&(<4'8*"*'+*(4'(
;'=*"7*(3"4>&*,7(%'(?'6%'**"%'6'!(5#!1-!F&7-5$#'!G$&a59'!HIIH)!
_&.56c&/9&'! @)! E)! PD15/#$Q'! B7K-$.-! S-/c#1.! 57! Y9#6&9! G5#N-#3c-,53&9! "Z39-.'!
`&.c57N/#7b!?,-$53&7!N-#8cZ.53&9!+75#7)!HIII)!
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