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

2&45&*!$'&!) (* *"#!"' (* 24#56&)(+)-.'
,*"$&' (* ,!7",!)# )6&8&!)#

2&'6&) ) (* 24#56&)(+)-.' * ,!7",!) )"! )1
 !"#$% &'('%)*+ ,-)*.('+ ,+*)-/! 0  1,2 345647088609-*-%'(!: ,'!$; 09-/-<+(-2 =>?8 8@8=0AAA5$<#'5B*

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

 !"#$% ! "/0.123456 0 % 345  7$#18.9%$ ,$1$ 50 .91050 ! 
7 0#1$!5  !59#51$!5  7 .":/."$ $/"7$%

0 # 7;15()&'*

http://www.ufpi.br


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

2&4N&*!$'&!) (* *"#!"' (* 24#N6&)(+)-.'
,*"$&' (* ,!7",!)# )6&8&!)#

2&'6&) ) (* 24#N6&)(+)-.' * ,!7",!) )"! )1 9
 !"#$% &'('%)*+ ,-)*.('+ ,+*)-/! 0  1,2 345647088609-*-%'(!: ,'!$; 09-/-<+(-2 =>?8 8@8=0AAA5$<#'5B*

*(!$)1 ::;<=:;> N 226,)?,,)

) +@ABCDEAFGFC0CFCDG?FH 2AGI3JGKDGBLEFG 2DMN&CAKHDAGFC *@EA@HFC 2MEN

6DGFIGOPHJFG (ADCKHDAGFH ,C@KDHFC ,AQ@RAGE)SDTDAGEC FG ,HHDFC@GOPHFH 2DHSDGUG

FC 2MEN6DGFIGOPHCU ,AQ@RAG)@AUG?JKHD@GVWX?ARGG GXCDKIDGFGE A@ERDAOYCEC

DCG?AZGOPHFC EC?COPHVGDGVDCC@R[AUC@KHFC => BGSGEVGDGH ,IDEH FC  CEKDGFHC =:

BGSGEVGDGH ,IDEH FC (HIKHDGFHCU ,AQ@RAG)@AUG?JKHKG?AZG@FH>> BGSGEJFAEKDAXI3FGE

@GETDCGEFC #G@AFGFCC &CVDHFIOPH)@AUG?\:] BGSGEVGDGH UCEKDGFHC ;; BGSGEVGDG

H FHIKHDGFHĈ 2DHFIOPH )@AUG?\;_ BGSGEVGDGH UCEKDGFHC :` BGSGEVGDGH

FHIKHDGFH^a,H@bHDUCG &CEH?IOPH"c =d_<;dN,*2*eJ =:f FGEBGSGEFC RGFG@3BC?EPH

DCECDBGFGEGH 2?G@HFC ,GVGRAKGOPH!@KCD@GN 2,! FCEKG!0*#a )E BGSGEFCEKA@GFGEGH

2,! gIC @PHbHDCUVDCC@R[AFGE@HVDHRCEEHEC?CKABHRHDDC@KCVHFCDPHECDDCUG@ChGFGE

VGDGGKC@FCDiE @CRCEEAFGFCEFC FCUG@FGFGRHUI@AFGFCCjKCD@GJ@HVDCEC@KC*FAKG?a

;a !"#,&A-k*#

;a;a ) A@ERDAOPHFH RG@FAFGKHAUV?ARGDT@HRH@[CRAUC@KHC GRCAKGOPHFGE @HDUGEC

RH@FAOYCECEKGXC?CRAFGE@CEKC*FAKG?JCU DC?GOPHiE gIGAE @PHVHFCDTG?CSGD

FCERH@[CRAUC@KHl

;a=a *EKGDPHGVKHEi A@ERDAOPHVGDGH CjGUC FC EC?COPHJSDGFIGFHEC UCEKDCE@GE

TDCGEFC  CFARA@G/CKCDA@TDAGJ*@SC@[GDAG)SDH@mUARGJnHHKCR@AGC VDHbAEEYCE

GbA@Ea

;a=a;a ' RG@FAFGKHJGHEC A@ERDCBCDJHVKGDTVHDIUG ?A@[GFC VCEgIAEGFC@KDHFG

EIG TDCGFC RH@RC@KDGOPHl

;a=a=a'E G?I@HERH@R?IFC@KCEFC RIDEH EIVCDAHDC FC UCEKDGFH@GETDCGE

EIVDGUC@RAH@GFGEVHFCDPHEC A@ERDCBCDa2GDGKG?JFCBCDPHGVDCEC@KGD

 !"#$%$&'( FC gIC CEKPHRH@R?IA@FHH RIDEHJbHD@CRAFGVC?G,HHDFC@GOPH

FH ,IDEH RHDDCEVH@FC@KCCJ @H GKH FG UGKD3RI?GJHXDASGKHDAGUC@KCJ

GVDCEC@KGDH (AV?HUGHI G ,CDKAFPHFC ,H@R?IEPHFH ,IDEHl
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<!@! *A BCADEBFGHAAHEIJ EHKLBMKNKACJ $BAOHPK COHQEKNJNH 7HAOIJ NH *OBRBNKNHA

*DKNSPBDKA 6 $ 7**T KDHAAJ CJ A4OBJUVVV!ABQKK!WXYB!ZE!3JAOHEBJEPHCOHJ

DKCNBNKOJNHRHKYEHAHCOKEK NJDWPHCOKFIJCK -JJENHCKFIJ NJ 3EJQEKPKNH

3[A67EKNWKFIJ YHAAJKLPHCOHTYJE YEJDWEKFIJJW YJE DJEEHAYJCNSCDBK\RBK

$+)+]^! ( HCRBJNK NJDWPHCOKFIJYJEDJEEHAYJCNSCDBKNHRHAHEYJAOKNJKO_J

`LOBPJNBKYKEKBCADEBFIJTDJCXJEPHJ DEJCJQEKPKNHAOHHNBOKLT;@=<;=>;<?!

<!@!<! 3+'4()(U <;=;a=>;<? K ;@=<;=>;<?b

<!@!>! c('9' ( 3*'* +#%'+7* )+ )(-,"+#%*./(U aU;; dA <<U@;H NKA

<eU;; dA <fU;; gJEKA\HhDHOJKJA AiZKNJATNJPBCQJAH XHEBKNJA^b

<!@!@!2(-*2U ,CBRHEABNKNH1HNHEKLNJ 3BKW4T-HCOEJ NH -BSCDBKA*QEiEBKAT

#`DLHJ NH 3[A67EKNWKFIJ HP -BSCDBKA*QEiEBKAT$HDEHOKEBKNJ 3EJQEKPK

NH3[A67EKNWKFIJ HP -BSCDBK*CBPKLT-+3U j?!;?k6ee;T %HEHABCKT3 !

<!@!?!%KhKNH  CADEBFIJU AHCOK!

<!?! )JDWPHCOKFIJ HhBQBNKCJ KOJNK BCADEBFIJU

K^ 'HlWHEBPHCOJKJ -JJENHCKNJENJ 3EJQEKPK\*CHhJ  ^b

Z^ 1BDgKNH  CADEBFIJ\*CHhJ ??CD

D^ %HEPJNH-JPYEJPBAAJ \*CHhJ ???CD

N^ -WEE4DWLJ2KOOHATNBAYJC4RHLCJ ABOHNJ -#3lT HP OESARBKATAHCNJWPK NHLKA

HCDKNHECKNKDJP D[YBKAKWOHCOBDKNKANH OJNJAJA NJDWPHCOJATDJCXJEPH

LHOEKQTBCDLWBCNJU

6 -KEOHBEKNH NHCOBNKNHb

6 -31b

6 %4OWLJNH+LHBOJETDJP DJPYEJRKFIJ NK `LOBPKRJOKFIJb

6 -HEOBXBDKNJNH 'HAHERBAOKb
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6 )@A BCD BE )FG DHDIJB KF -BLG EMJB F N@MOPH@GB+MGB DHKB -EHMB KF

7HDKEDIJB BE !FMOHDKBQ#B GDMBKF GDLK@KDOBMFMOHDLRF@HBMSGBC B T@MOB

AHBT@MPH@BU

6(M GDLK@KDOBMFMOHDLRF@HBMKFTFC DAHFMFLODHSD VC KD KBGECFLODIJB

MB @G@ODKDSD HFTD @KDIJBKB O4OE BSGDMBOFLWDM@KBBXO@KBLB FYOFH@BHU

6 #JB MFHZDGF@OB[ED [EFH KBGECFLOBGBCAHBXDOPH@BKB -EHH4GE BKFAB@MKF

\BHCD @]DKDD @LMGH@IJBQ

F^ )EDM _;>^ \BOBRHD\@DM`a? HFGFLOFMU

\^ )FG DHDIJB KD "LMO@OE@IJBGBC D [ED B GDLK@KDOBOFC T4LGE BFCAHFRDO4G@BS

GBCAHBCFOFLKB6MFD  @XFHZ6 BABHEC AFH4BKBC4L@CBKF >; WBHDMMFCDLD@M

KEHDLOFB KFGBHHFHKB GEHMBKF APM6RHDKEDIJBU

R^ %BKDMDMGPA@DMDAHFMFLODKDMKFTFHJBMFHDEOFLO@GDKDMFC -DHOPH@BBE LD

$FGHFODH@DKD -BBHKFLDIJB KB 337-*S CFK@DLOFDAHFMFLODIJBKB

KBGECFLOBBH@R@LD SGBL\BHCF FR@M DIJBT@RFLOFU

W^ * @LMGH@IJBKB GDLK@KDOBMFHZWBCB BRDKDDAPMD TFH@\@GDIJBSAF D-BC@MMJB

KF $F FIJBS KF [EF D KBGECFLODIJBDOFLKFD OBKDMDM FY@RbLG@DMKFMOF

+K@OD Q* HF DIJB WBCB BRDKDKBM@LMGH@OBMMFHZK@TE RDKDFC ;c=<;=>;<?Q (M

GDLK@KDOBM[EF LJB O@TFHFCMEDM@LMGH@IdFMDGF@ODMOFHJBB AHD]BKF ;` _OHbM^

K@DMeOF@M_;fS ;g F ;h=<;=>;<?^ ADHDHFGBHHFHFCKD KFG@MJBQ* K@TE RDIJBKB

HFME ODKBKBMHFGEHMBMMFHZLB K@D<;=<;=>;<?Q

>Q 0*7*$

>Q<Q*MTDRDMMFHJBK@MOH@XE4KDMKFLOHBKF GDKD9HFDSABH2@LWDKF 3FM[E@MDQ

>Q>Q9HFDi$DL@KDKFF 'FAHBKEIJB *L@CD 

>Q>Q<Q2@LWDMKF 3FM[E@MDi
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F1619<279/9312=9 ;67?;66; L A;67?2=9B &J C2326 L !9D79?2=9B &J

C2326E
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?@:@<@1',)1A "BC>DE FD 2GH56IJFKJLME DN ,OPQCOJH)RISIOJHT +QOUDIHOFJFD

0DFDIJ>FE 2OJK3T,EEIFDQJLME FE 2IERIJNJ FD 2GH56IJFKJLME DN ,OPQCOJ

)QONJ>T,JNVKH  OQOHWIE2DWIXQOET$DIDHOQJ52!Y

?@<@:@2IONDOIJ*WJVJ Z*>ONOQJWGIOJ[A2IEUJ *HCIOWJ5 CEN FKIJLME NS\ONJ FD 9=

Z]KJWIE[ ^EIJHT DQUE>UDISIDHE>KLMEFD ]KDHW_DHHE`ID WDNJH>ORJFEHa

SIDJ FD ,OPQCOJ)QONJ>@'H WDNJHFJ VIEUJ DHCIOWJDHWJIMEQE HOWDA

^WWVA;;bbb@HORJJ@KcVO@`I;HORJJ;VK`>OC;VIERIJNJ;VEIWJ>@dHce>CfVWg &hOFf?ij

J[ /J>EI WEWJ>A:9 ZFDk[VEQWEHY

`[ (JWJ FD IDJ>OkJLMEFJ VIEUJA9?;::;<9:=T aH 9jA99 ^EIJHY

C[ (JWJ FD FOUK>RJLMEFE IDHK>WJFEA9l;::;<9:=T aH :lA?9 ^EIJHY

F[ 'H CJQFOFJWEHWDIMEJWmJH :lA?9 ^EIJH FE FOJ :<;::;<9:= VJIJ

IDCEIIDIDN FE IDHK>WJFEFJ VIEUJ DHCIOWJY

D[ ' IDHK>WJFEFEH IDCKIHEHFJ 2IEUJ *HCIOWJHDIS FOUK>RJFEQE FOJ

:=;::;<9:=T aH :lA?9 ^EIJH@

?@<@<@#DRKQFJ *WJVJ Z*>ONOQJWGIOJ[A*QWIDUOHWJ5 HDIS IDJ>OkJFJ CEN EH

CJQFOFJWEHJVIEUJFEH QJ 2IEUJ *HCIOWJTQJ ]KJ> HDIMEFOHCKWOFEHJHVDCWEH

ID>JWOUEHa JcOQOFJFDFE CJQFOFJWECEN JH JWOUOFJFDHFD DQHOQED VDH]KOHJ

D HE`ID HKJ VIEVEHWJFD WIJ`J>^E D VDIHVDCWOUJHFD JV>OCJLMEQJ HKJ

JWKJLMEVIEcOHHOEQJ>@

J[ /J>EI WEWJ>A:9 ZFDk[VEQWEHY

`[ (JWJ FD IDJ>OkJLMEFJ *QWIDUOHWJA:l D :j;::;<9:=T aH 9jA99 ^EIJHY

C[ (JWJ FD FOUK>RJLMEFE IDHK>WJFEA:n;::;<9:=T aH :lA?9 ^EIJHY

F[ 'H CJQFOFJWEHWDIMEJWmJH :lA?9 ^EIJH FE FOJ <=;::;<9:= VJIJ
IDCEIIDIDN FE IDHK>WJFEFJ *QWIDUOHWJY

D[ ' IDHK>WJFETJVGH EH &DCKIHEH FJ *QWIDUOHWJTHDIS FOUK>RJFEFOJ
<o;::;<9:=T aH :9A99 ^EIJH@

?@<@?@$DICDOIJ*WJVJ Z,>JHHOcOCJWGIOJ[5)QS>OHDFE ,KIIOCK>KN/OWJDA
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?@) ABCD?EFGHF IBCDBJ HB ,KLL3AK>BDFLMABGB LFNFLOCAP?? $?QF>? HF

2BCDK?RSB?HBD?H?IF>B 2LBEL?G? HF 2TJ56L?HK?RSBFG ,POCAP?)CPG?>U

V?WFCHB KG? A>?JJPNPA?RSBEFL?>U FG DFLGBJ HF CBD?X $?QF>?Y

VDDIY;;ZZZXKNIPXQL;JKQJPDF0P>FJ;APFCAP?CPG?!;?L[KPWBJ;NP>FJ;D?QIBCD HBKDXIHN

Q@/?>BL DBD?>Y:9 \HF]@IBCDBJ^

A@(?D? HF HPWK>E?RSBHB LFJK>D?HBY<_;::;<9:=U ?D` ?J :aYb9 VBL?J^

H@'J A?CHPH?DBJDFLSB?D` ?J :aYb9 HB HP?<c;::;<9:= I?L? LFABLLFLFGHB

LFJK>D?HBH? )W?>P?RSBHF ,KLL3AK>B^

F@' LFJK>D?HB?ITJ BJ LFAKLJBJH? )W?>P?RSBHB ,KLL3AK>BUJFLMHPWK>E?HB

HP?9:;:<;<9:=U dJ ::Yb9 VBL?JX

bX<X=X2?L? ,>?JJPNPA?RSBUB A?CHPH?DBHFWFBQDFLC? 2LBW?*JALPD?F *CDLFWPJD?

CBD?JPEK?PJBK JKIFLPBLFJ? aU9\JFDF@^

=X &*#+1$)(' 0!")1

=X:X) ,>?JJPNPA?RSB0PC?>HBJ A?CHPH?DBJJFLM NFPD?ABG Q?JF C? G`HP? H? ILBW?

FJALPD?F H? FCDLFWPJD?UJBG?H? d IBCDK?RSBHBAKLL3AK>B^

=X<X(?D? HF HPWK>E?RSBHB LFJK>D?HBH? JF>FRSBY9:;:<;<9:=U dJ :_Yb9 VBL?J

=XbX'J A?CHPH?DBJDFLSB?D` ?J :_Yb9 HB HP?9=;:<;<9:= I?L? LFABLLFLFGHB LFJK>D?HB

HB ILBAFJJB JF>FDPWB^

=X=X' LFJK>D?HB?ITJ BJ LFAKLJBJHB LFJK>D?HBH? JF>FRSBJFLM HPWK>E?HBHP?

9=;:<;<9:=U dJ :aYb9 VBL?J^

=X_X'  !"#$%&'( )*+&$JFLMFCA?GPCV?HBd 2LT5&FPDBLP?HF *CJPCBF 2TJ56L?HK?RSB

I?L? HPWK>E?RSBCBJ HPWFLJBJGFPBJHF ABGKCPA?RSBF HFIBPJ JFLM ?NPe?HBCB

fK?HLB HF )WPJBH? ,BBLHFC?RSBHB 2LBEL?G?UCB,,)U FG 9_;:<;<9:=X
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@A )$&3,+1)

@A;A'B CDEFGFDHIBBJ?JCGIEDFIBFJKJLMI GENLJBBDLEDHOLPDFI QLGPJGLIBJPJBHLJFJ

=:;@A

@A=A)  !"#$%&'! ()*"+"&%+,)!' BJLRLJD?GSDFDEI FGD:T<:T<=:;@U ED ,IILFJEDFILGD FJ

2VB56LDFODWMI5 ,62<2&26U FD +EGKJLBGFDFJ0JFJLD? FI 2GDO3UEI ,DPQOB

 GEGBHLI2JHLXEGI2ILHJ?DA

@ATA*YGNGL5BJ5RQDLD  DHL3CO?D!EBHGHOCGIED?UCIEZILPJ &JBI?OWMI ;[\<:] 5,*2*^_

`HHQ_<<aaaABGNDDAOZQGAbL<BGNDD<QOb?GC<QLINLDPD<FIJOPJEHIBAcBZd!CeQHf &gGFeTh[g

GF$GQIeTUIB BJNOGEHJBFICOPJEHIB_

Di )HJBHDFI FJ 2LIZGCGjECGDJP 13ENOD*BHLDENJGLDk!EN?jB QDLD JBHLDFI <

*BQDE`I? J !EN?jBQDLD(IOHILDFIiU JPGHGFIQJ?I (JQDLHDPJEHIFJ 1JHLDBFD +02!

IO QIL !EBHGHOGWMIFJ *EBGEI #OQJLGIL k*BHDFOD?IO 0JFJLD?iU IO FJPDGB

GEBHGHOGWlJB ?GBHDFDB ED &JBI?OWMI "m ==@<;T5,*2*^_

`HHQ_<<aaaABGNDDAOZQGAbL<BGNDD<QOb?GC<QLINLDPD<FIJOPJEHIBAcBZd!CeQHf &gGFeTh[g

GF$GQIeT

bi ,VQGD FI FGQ?IPD FJ NLDFODWMIIO FJ PJBHLDFI IO FICOPJEHI nOJ I

BObBHGHODo

:; ZIHI TY>o

(JC?DLDWMIFJ ,IE`JCGPJEHI FI )LHA=\ FD &JBI?OWMI "m ;[\<:]5,*2*^_

`HHQ_<<aaaABGNDDAOZQGAbL<BGNDD<QOb?GC<QLINLDPD<FIJOPJEHIBAcBZd!CeQHf &gGFeT

h[gGF$GQIeTUCIP ZGLPDLJCIE`JCGFDJP CDLHVLGIA"MI BJLR QJLPGHGFDUFJ

DCILFI CIP JBHD&JBI?OWMIUD PDHL3CO?DBGPO?HXEJDJP_

!i FIGBQLINLDPDBFJ QVB5NLDFODWMI !"#$!% &' ()

??D OP QLINLDPDFJ QVB5NLDFODWMI !"#$!%BJEBI J OP COLBIFJ NLDFODWMIo

Ci ,VQGDFI pGBHVLGCI*BCI?DLo

Fi ,VQGDFD ,qFO?D FJ !FJEHGFDFJo

Ji ,VQGDFI ,20o

Zi ,VQGDFI ,JLHGZGCDFIFJ &JBJLKGBHDkNjEJLI PDBCO?GEIio

Ni ,VQGDFI CIPQLIKDEHJFJ LJBGFjECGDo

CD

Gi
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