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5HVXPR

(VWH WUDEDOKR GHVFUHYH D FRQVWUXomR GH XPD SODQLOKD DXWRPDWL]DGD GH FiOFXOR FRQWHQGR

VHLV PRGHORV GH UHJUHVVmR HPLQJ HPSUHJDGRV SDUD VH SURFHVVDU RV GDGRV GH DQiOLVH GH XP

PpWRGR HPSUHJDGR SDUD VH DQDOLVDU PHGLFDPHQWRV YHWHULQiULRV HP XULQD GH ERYLQR XWLOL]DQGR

VH GD WpFQLFD KLIHQDGD +3/ 06 06 2V PRGHORV GH UHJUHVVmR HPLQJ GLIHUHP GRV PRGHORV

GH UHJUHVVmR OLQHDU XVXDLV SRU OHYDU HP FRQWD D YDULDELOLGDGH GD YDULiYHO LQGHSHQGHQWH QD

FRQVWUXomR GR PRGHOR DOpP GD YDULDELOLGDGH GD YDULiYHO UHVSRVWD 8P IDWRU LPSRUWDQWH QHVVH

WLSR GH PRGHODJHP é denominado λ e representa a UD]mR HQWUH DV YDULkQFLDV GD YDULiYHO

LQGHSHQGHQWH H GD YDULiYHO UHVSRVWD 2V PRGHORV DMXVWDGRV IRUDP GLYLGLGRV HP GRLV JUXSRV

KRPRFHGiVWLFRV H KHWHURFHGiVWLFRV (P FDGD XP GRV FDVRV IRUDP XWLOL]DGDV GLIHUHQWHV PDQHLUDV

GH VH GHILQLU R YDORU GH λ: regressão ortogonal (λ = 1) DERUGDJHP FRP λ estimado teoricamente 

XWLOL]DQGR VH GRV UHVXOWDGRV REWLGRV YLD GD UHJUHVVmR RUWRJRQDO e outra abordagem com o λ 

HVWLPDGR XWLOL]DQGR VH GH GDGRV H[SHULPHQWDLV SDUD D YDULiYHO UHVSRVWD IRL XWLOL]DGD D

YDULDELOLGDGH GD UHVSRVWD LQVWUXPHQWDO H SDUD D YDULiYHO LQGHSHQGHQWH D YDULkQFLD IRL HVWLPDGD

SURSDJDQGR VH D LQFHUWH]D SHOD DERUGDJHP P S YDOLRX VH WDPEpP D FRQWULEXLomR GD

LQFHUWH]D GR PDWHULDO GH UHIHUrQFLD FHUWLILFDGR 05 HPSUHJDGR QD FRQVWUXomR GD FXUYD DR

UHVXOWDGR ILQDO 7RGRV RV VHLV PRGHORV DMXVWDGRV IRUDP FRPSDUDGRV DR PRGHOR XQLYDULDGR

HPSUHJDGR DWXDOPHQWH QD URWLQD GR ODERUDWyULR FRPSDUDomR IRL UHDOL]DGD SHOR WHVWH GH

.UXVNDO :DOOLV H QmR VH REVHUYDUDP GLIHUHQoDV HVWDWtVWLFDV DR QtYHO GH VLJQLILFkQFLD GH

VVLP DWHVWD VH TXH D FRQWULEXLomR GD YDULDELOLGDGH GD YDULiYHO LQGHSHQGHQWH QD FRQVWUXomR GR

PRGHOR GH UHJUHVVmR QmR p VLJQLILFDWLYD H SRUWDQWR SRGH VH FRQWLQXDU HPSUHJDQGR R PRGHOR

XQLYDULDGR DWXDOPHQWH XWLOL]DGR VHP SUHMXt]R PHWUROyJLFR GLFLRQDOPHQWH WDPEpP VH DYDOLRX

D FRQWULEXLomR GD LQFHUWH]D GR 05 j FRQVWUXomR GRV PRGHORV GH UHJUHVVmR OLQHDU )RL

REVHUYDGR TXH DLQGD TXH R GHVYLR SDGUmR GD SXUH]D GR 05 DOFDQFH GR VHX YDORU

QRPLQDO QmR VH SRGH UHMHLWDU D KLSyWHVH QXOD GH LJXDOGDGH GRV UHVXOWDGRV SDUD ⍺  TXDQGR

RV PHVPRV VmR FRPSDUDGRV DR FDVR HP TXH D LQFHUWH]D GD SXUH]D GR05 p WmR SHTXHQD TXDQWR

VVLP FRQFOXL VH TXH D SXUH]D GR 05 QmR LQIOXHQFLD QD FRQFHQWUDomR ILQDO GDV

DPRVWUDV DQDOLVDGDV (VWH WUDEDOKR DYDOLRX GRLV SUREOHPDV SUiWLFRV GH XP ODERUDWyULR DFUHGLWDGR

QD QRUPD ,62 H IRUQHFHX DUJXPHQWRV WHLV D TXHVWLRQDPHQWRV GH DXGLWRULDV

3DODYUDV FKDYHV DQiOLVH GH DOLPHQWRV +3/ 06 06 UHJUHVVmR HPLQJ 05 LQFHUWH]D



EV UDF

:H GHVFULEH WKH FRQVWUXFWLRQ RI D VSUHDGVKHHW FRQWDLQLQJ VL[ ELYDULDWH HPLQJ

UHJUHVVLRQ PRGHOV XVHG WR DQDO\]H GDWD RQ YHWHULQDU\ GUXJV LQ ERYLQH XULQH GHWHFWHG XVLQJ WKH

WDQGHP WHFKQLTXH +3/ 06 06 %LYDULDWH HPLQJ PRGHOV GLIIHU IURP XVXDO UHJUHVVLRQ

PRGHOV E\ DOVR DFFRXQWLQJ IRU WKH YDULDELOLW\ RI WKH LQGHSHQGHQW YDULDEOH LQ WKH FRQVWUXFWLRQ RI

WKH PRGHO 7KH IDFWRU WKDW WDNHV LQWR DFFRXQW WKLV SDUFHO LV FDOOHG λ ZKLFK LV JLYHQ E\ WKH UDWLR

RI WKH YDULDQFH RI WKH LQGHSHQGHQW YDULDEOH WR WKH UHVSRQVH RQH 7KH PRGHOV ZHUH GLYLGHG LQWR

WZR JURXSV ZHLJKWHG DQG XQZHLJKWHG (DFK RI WKHP ZDV VXEGLYLGHG LQWR RUWKRJRQDO UHJUHVVLRQ

λ  WZR HPLQJ UHJUHVVLRQV RQH ZLWK λ WKHRUHWLFDOO\ HVWLPDWHG XVLQJ WKH RUWKRJRQDO

UHJUHVVLRQ GDWD DQG DQRWKHU ZLWK λ HVWLPDWHG XVLQJ H[SHULPHQWDO GDWD IRU WKH UHVSRQVH

YDULDEOH WKH YDULDELOLW\ RI WKH LQVWUXPHQWDO UHVSRQVH ZDV XVHG DQG IRU WKH LQGHSHQGHQW YDULDEOH

WKH YDULDQFH ZDV HVWLPDWHG E\ SURSDJDWLQJ WKH XQFHUWDLQW\ E\ WKH ERWWRP XS DSSURDFK 7KH

FRQWULEXWLRQ RI WKH FHUWLILHG UHIHUHQFH PDWHULDO 50 XQFHUWDLQW\ XVHG LQ WKH FRQVWUXFWLRQ RI

WKH FXUYH WR WKH ILQDO UHVXOW ZDV DOVR HYDOXDWHG OO VL[ ELYDULDWH PRGHOV ZHUH FRPSDUHG WR WKH

XQLYDULDWH PRGHO XVHG LQ WKH URXWLQH ZHLJKWHG OHDVW VTXDUHV PHWKRG 7KH FRPSDULVRQ ZDV

SHUIRUPHG XVLQJ WKH .UXVNDO :DOOLV WHVW DQG QR VWDWLVWLFDO GLIIHUHQFHV ZHUH REVHUYHG DPRQJ WKH

UHVXOWV 7KXV LW VXJJHVWV WKDW WKH FRQWULEXWLRQ RI WKH YDULDELOLW\ RI WKH LQGHSHQGHQW YDULDEOH WR

WKH FRQVWUXFWLRQ RI WKH UHJUHVVLRQ PRGHO LV QRW VLJQLILFDQW IRU WKLV GDWD DQG WKHUHIRUH LW LV

SRVVLEOH WR UHPDLQ XVLQJ WKH XQLYDULDWH PRGHO ZLWKRXW DQ\ PHWURORJLFDO TXHVWLRQLQJ

GGLWLRQDOO\ WKH FRQWULEXWLRQ RI 50 XQFHUWDLQW\ WR WKH FRQVWUXFWLRQ RI WKH OLQHDU UHJUHVVLRQ

PRGHO ZDV DOVR HYDOXDWHG ,W ZDV REVHUYHG WKDW HYHQ WKRXJK WKH VWDQGDUG GHYLDWLRQ RI WKH 50

SXULW\ UHDFKHV RI LWV QRPLQDO YDOXH WKH QXOO K\SRWKHVLV RI HTXDOLW\ RI UHVXOWV FDQQRW EH

UHMHFWHG ZKHQ WKH\ DUH FRPSDUHG WR WKH FDVH LQ ZKLFK WKH XQFHUWDLQW\ RI WKH 50 SXULW\ LV DV

ORZ DV 7KXV LW ZDV FRQFOXGHG WKDW WKH 50 SXULW\ GRHV QRW LQIOXHQFH WKH ILQDO

FRQFHQWUDWLRQ RI WKH DQDO\]HG VDPSOH 7KLV ZRUN HYDOXDWHG WZR SUDFWLFDO SUREOHPV RI D

ODERUDWRU\ DFFUHGLWHG WR WKH ,62 DQG SURYLGHG XVHIXO DUJXPHQWV IRU DXGLW TXHULHV

.H\ZRUGV IRRG DQDO\VLV +3/ 06 06 HPLQJ UHJUHVVLRQ 50 XQFHUWDLQW\ HVWLPDWLRQ



LV D GH ILJXUDV

3iJ
)LJXUD FRPSDUDomR HQWUH WUrV PRGHORV GLVWLQWRV GH UHJUHVVmR XP
FRUUHVSRQGHQGR j UHJUHVVmR XVXDO \  I [ \ RQ [ RXWUR FRUUHVSRQGHQGR j
IXQomR LQYHUVD [  I \ [ RQ \ H R FDVR ELYDULDGR WUXH
)LJXUD : Parâmetros do modelo de regressão Deming homocedástico com λ = 4, 
REWLGRV GR PDQXDO GR H 1 66
)LJXUD : Parâmetros do modelo de regressão Deming homocedástico, com λ = 
REWLGRV QD SODQLOKD ([FHO FRQVWUXtGD QHVWH WUDEDOKR

)LJXUD 3DUkmetros do modelo de regressão Deming heterocedástico, com λ = 
REWLGRV GR H 1 66

)LJXUD : Parâmetros do modelo de regressão Deming, heterocedástico, com λ = 
REWLGRV QD SODQLOKD ([FHO FRQVWUXtGD QHVWH WUDEDOKR



LV D GH DEHODV

3iJ
7DEHOD 5HVXPR GRV PpWRGRV HPLQJ LPSOHPHQWDGRV
7DEHOD YDORUHV GDV YDULiYHLV LQGHSHQGHQWH H UHVSRVWD SURYHQLHQWHV GR PDQXDO
GR VRIWZDUH 1 66 TXH IRUDP XWLOL]DGDV QD YDOLGDomR GRV PRGHORV
KRPRFHGiVWLFRV
7DEHOD 9DORUHV GDV YDULiYHLV LQGHSHQGHQWH H UHVSRVWD SURYHQLHQWHV GD DQiOLVH
GH URWLQD ODERUDWRULDO TXH IRUDP XWLOL]DGDV QD YDOLGDomR GRV PRGHORV
KHWHURFHGiVWLFRV
7DEHOD : dados utilizados para se calcular λ a partir da HVWLPDWLYD GRV YDORUHV
“verdadeiros”.
7DEHOD : valores de λ para os seis diferentes modelos de regressão 
LPSOHPHQWDGRV
7DEHOD 9DORUHV HVWLPDGRV GHVYLR SDGUmR VG H LQWHUYDORV GH FRQILDQoD ,
GH SDUD RV LQWHUFHSWRV D H LQFOLQDomR E GD HTXDomR GD UHWD DVVRFLDGD j
UHVSRVWD HVWLPDGRV D SDUWLU GRV VHLV PRGHORV GH UHJUHVVmR HPLQJ
LPSOHPHQWDGRV
7DEHOD 9DORUHV GDV WULSOLFDWDV GRV WUrV QtYHLV GH FRQFHQWUDomR HPSUHJDGRV QDV
FRPSDUDo HV GRV PRGHORV
7DEHOD 9DORUHV GH FRQFHQWUDomR HVWLPDGRV SDUD FDGD XPD GDV FRQFHQWUDo HV
GD 7DEHOD HP FDGD XP GRV PRGHORV GH UHJUHVVmR DYDOLDGRV V FRQFHQWUDo HV
IRUDP FDOFXODGDV FRQVLGHUDQGR VH DV LQFOLQDo HV H LQWHUFHSWRV DLQGD TXH HVWH
OWLPR QmR VHMD VLJQLILFDWLYR
7DEHOD 9DORUHV GH FRQFHQWUDomR HVWLPDGRV SDUD FDGD XPD GDV FRQFHQWUDo HV
GD 7DEHOD HP FDGD XP GRV PRGHORV GH UHJUHVVmR DYDOLDGRV V FRQFHQWUDo HV
IRUDP FDOFXODGDV FRQVLGHUDQGR VH VRPHQWH D LQFOLQDomR XPD YH] TXH R LQWHUFHSWR
IRL FRQVLGHUDGR QmR VLJQLILFDWLYR
7DEHOD 9DORUHV FDOFXODGRV SDUD DV FRQFHQWUDo HV GH WUrV UHSOLFDWDV HP WUrV
QtYHLV GLIHUHQWHV GH FRQFHQWUDomR YDULDQGR VH D SXUH]D GR 05 GH D

7DEHOD HVWLPDWLYD GD LQFHUWH]D SHOD DERUGDJHP P S GD FRQFHQWUDomR
LQWHUPHGLiULD GDV DEFLVVDV
7DEHOD YDOLDomR GRV PRGHORV GH UHJUHVVmR OLQHDU FRQVWUXtGRV FRP D
VLPSOLILFDomR GD DERUGDJHP GH HVWLPDWLYD GH LQFHUWH]D



6XPiULR

3iJ
, ,Q URGXomR

, HVFULomR GR SUREOHPD D VHU DERUGDGR
, 2EMHWLYR GR WUDEDOKR
, -XVWLILFDWLYD SDUD UHDOL]DomR GR WUDEDOKR

,, 5HYLVmR GD OL HUD XUD
,, QiOLVH GH UHVtGXRV H FRQWDPLQDQWHV HP DOLPHQWRV
,, XUYDV GH FDOLEUDomR
,, 2 SURFHVVR GH PHQVXUDomR H D HVWLPDWLYD GD LQFHUWH]D

,,, 0H RGRORJLD
,,, 5HJUHVVmR HPLQJ
,,, %DVHV GH GDGRV

,9 5HVXO DGRV H GLVFXVV HV
IV.1 Definição dos valores de λ      
,9 9DOLGDomR GRV PRGHORV LPSOHPHQWDGRV
,9 RPSDUDomR GRV DMXVWHV JHUDGRV SHORV PRGHORV
,9 YDOLDomR GD LQFHUWH]D GR PDWHULDO GH UHIHUrQFLD FHUWLILFDGR

9 RQVLGHUDo HV ILQDLV
5HIHUrQFLDV
SrQGLFH 0p RGRV GH SURSDJDomR GH LQFHU H DV GH FXUYD GH FDOLEUDomR
SrQGLFH % (TXDo HV HPSUHJDGDV QD FRQV UXomR GRV PRGHORV GH UHJUHVVmR

YLD 0042 H 0043



, ,Q URGXomR

, HVFULomR GR SUREOHPD D VHU DERUGDGR

(P TXDOTXHU WUDEDOKR GH PHGLomR p IXQGDPHQWDO TXH D H[SUHVVmR GR UHVXOWDGR ILQDO VHMD

DFRPSDQKDGD GH XPD LQFHUWH]D HVWLPDGD OHYDQGR VH HP FRQWD WRGDV DV FRQWULEXLo HV GH

YDULDELOLGDGH GDV PHGLGDV TXH LPSDFWDP GLUHWDPHQWH QR PHQVXUDQGR 4XDQWR PDLV FRPSOH[D

D PHGLomR PDLV QXPHURVDV VHUmR DV IRQWHV GH LQFHUWH]D H SRUWDQWR PDLV HODERUDGDV GHYHP VHU

DV HVWUDWpJLDV HPSUHJDGDV HP VXDV HVWLPDWLYDV

(VWH WUDEDOKR DERUGD D DQiOLVH GH UHVtGXRV H FRQWDPLQDQWHV HP DOLPHQWRV PDLV

HVSHFLILFDPHQWH D SURVSHFomR GH GURJDV YHWHULQiULDV XVDGDV FRPR KRUP QLRV SURPRWRUHV GH

FUHVFLPHQWR DQLPDO 1D DQiOLVH GH UHVtGXRV HP DOLPHQWRV XWLOL]DQGR VH GD FURPDWRJUDILD

OtTXLGD DFRSODGD j HVSHFWURPHWULD GH PDVVDV VHTXHQFLDO p LPSHUDWLYR VH DYDOLDU D FRQWULEXLomR

GD YDULDELOLGDGH LQFHUWH]D GD YDULiYHO LQGHSHQGHQWH GR PRGHOR GH UHJUHVVmR TXH p XWLOL]DGR

SDUD VH HVWLPDU D FRQFHQWUDomR GR UHVtGXR RX FRQWDPLQDQWH GLFLRQDOPHQWH FRPR XPD GDV

IRQWHV GH FRQWULEXLomR j LQFHUWH]D GD YDULiYHO LQGHSHQGHQWH p LPSRUWDQWH VH DYDOLDU R LPSDFWR

GD LQFHUWH]D GD SXUH]D GH XP PDWHULDO GH UHIHUrQFLD FHUWLILFDGR QD UHVSRVWD GR PHQVXUDQGR Mi

TXH LVVR SRGH VHU HPSUHJDGR FRPR XPD DYDOLDomR FUtWLFD GD TXDOLGDGH GH XP GHWHUPLQDGR

SDGUmR

, 2EMH LYR GR UDEDO R

(VWH WUDEDOKR p R DSULPRUDPHQWR GH XP WUDEDOKR DQWHULRU TXH WHYH SRU REMHWLYR D

HODERUDomR GH SODQLOKDV HOHWU QLFDV HP ([FHO TXH VHUmR XVDGDV SDUD VH REWHU HVWLPDWLYDV GH

LQFHUWH]DV SRU PHLR GDV DERUGDJHQV S H P S HPSUHJDGDV QDV DQiOLVHV GH URWLQD

GH XP ODERUDWyULR GH DQiOLVH GH DOLPHQWRV 0DLV HVSHFLILFDPHQWH R SUREOHPD SUiWLFR DERUGDGR

WUDWDUi GR HVWXGR GD UHODomR HQWUH D FRQFHQWUDomR GH XP PHGLFDPHQWR YHWHULQiULR

GLHWLOHVWLOEHVWURO H D UHVSRVWD LQVWUXPHQWDO GH XP HVSHFWU PHWUR GH PDVVDV HPSUHJDGR QD

DQiOLVH GHVVH FRPSRVWR HP DPRVWUDV GH XULQD GH ERYLQR

3URS H VH R UHILQDPHQWR GR WLSR GH WpFQLFD GH UHJUHVVmR HPSUHJDGD DWXDOPHQWH QR

ODERUDWyULR XWLOL]DQGR VH GRV PRGHORV ELYDULDGRV TXH FRPSXWDP DV IRQWHV GH YDULDELOLGDGH

WDQWR GD YDULiYHO LQGHSHQGHQWH TXDQWR GD YDULiYHO UHVSRVWD H D DYDOLDomR GD FRQWULEXLomR GD

LQFHUWH]D GR PDWHULDO GH UHIHUrQFLD FHUWLILFDGR j FXUYD GH FDOLEUDomR



, -XV LILFD LYD SDUD D UHDOL DomR GR UDEDO R

SHVDU GH KDYHU YDVWD OLWHUDWXUD VREUH R WHPD UHJUHVVmR OLQHDU R XVR GHVVD DERUGDJHP

DLQGD p GHVDILDGRU TXDQGR VH WUDEDOKD FRP DOJXP SURFHVVR FRPSOH[R FRPR p R FDVR GDV

WpFQLFDV DFRSODGDV GH FURPDWRJUDILD OtTXLGD H HVSHFWURPHWULD GH PDVVDV 1HVWH FRQWH[WR Ki

XPD JUDQGH GHPDQGD SHOD HODERUDomR GH SODQLOKDV DXWRPDWL]DGDV GH UHJUHVVmR OLQHDU

DVVRFLDGDV j HVWLPDWLYD GH LQFHUWH]D D ILP GH VH QRUWHDU R SURFHVVR GH WRPDGD GH GHFLVmR GH

ODERUDWyULRV GLFLRQDOPHQWH SDUD ODERUDWyULRV TXH VmR DFUHGLWDGRV QD QRUPD GH TXDOLGDGH ,62

DOJXQV GHWDOKHV SUHFLVDP VHU PDLV UHILQDGDPHQWH FRQVLGHUDGRV FRPR D FRQVLGHUDomR GD

YDULDELOLGDGH GD YDULiYHO LQGHSHQGHQWH j UHJUHVVmR YDOHQGR VH GH XP PpWRGR ELYDULDGR H R

FULWpULR SDUD VH HPSUHJDU XP PDWHULDO GH UHIHUrQFLD FHUWLILFDGR VVLP D SODQLOKD TXH VHUi R

SURGXWR GHVWH WUDEDOKR TXH p XP DSULPRUDPHQWR GH XP WUDEDOKR DQWHULRU %25* 7,

DWHQGHUi j XPD GHPDQGD REMHWLYD GH TXDOLGDGH ODERUDWRULDO VHJXQGR RV UHTXLVLWRV GD QRUPD

,62 DVVHJXUDQGR D PDQXWHQomR GD DFUHGLWDomR GR ODERUDWyULR QHVWD QRUPD FRP R

REMHWLYR ILQDO GH VH PDQWHU DFRUGRV FRPHUFLDLV ILUPDGRV



,, 5HYLVmR GD OL HUD XUD

,, QiOLVH GH UHVtGXRV H FRQ DPLQDQ HV HP DOLPHQ RV

HYLGR j FUHVFHQWH SUHVVmR JOREDO SHOR DXPHQWR GD SURGXWLYLGDGH GR VHWRU DJURSHFXiULR

D LQG VWULD TXtPLFD YHP LQWHQVLILFDQGR R GHVHQYROYLPHQWR GH QRYDV VXEVWkQFLDV SURPRWRUDV GH

FUHVFLPHQWR DQLPDO HQWUH HODV GHVWDFDP VH RV HVWHUyLGHV FRP DWLYLGDGHV HVWURJrQLFDV

DQGURJrQLFDV H SURJHVWHU QLFDV (VVDV VXEVWkQFLDV FRP DWLYLGDGH KRUPRQDO DQDEROL]DQWHV VmR

UHSUHVHQWDGDV SRU GLIHUHQWHV FODVVHV HVWLOEHQRV WLUHRVWiWLFRV HVWHUyLGHV FRUWLFRVWHUyLGHV H

ODFWRQDV GR iFLGR UHVRUFtOLFR H VmR XWLOL]DGDV FRP R REMHWLYR GH VH PHOKRUDU D HILFLrQFLD GD

FRQYHUVmR DOLPHQWDU DXPHQWDQGR D PDVVD PXVFXODU HP GHWULPHQWR GR FRQWH GR GH JRUGXUD 2

XVR GHVVHV FRPSRVWRV p PXLWR GLIXQGLGR QD SHFXiULD GH FRUWH H SRGH GHL[DU UHVtGXRV QRV WHFLGRV

GRV DQLPDLV TXH VmR XWLOL]DGRV FRPR DOLPHQWRV SHORV VHUHV KXPDQRV

2V KRUP QLRV HVWHUyLGHV ID]HP SDUWH GR JUXSR GH FRPSRVWRV ( H L H

L S L PS TXH LQWHUIHUHP QD VD GH KXPDQD H DQLPDO HQWUH RV SUREOHPDV

FDXVDGRV j VD GH KXPDQD SRU HVVHV FRPSRVWRV GHVWDFDP VH D LQFLGrQFLD GH GHWHUPLQDGRV WLSRV

GH FkQFHU FRPR R GH SUyVWDWD R GH WHVWtFXOR H R GH PDPD % / % 1, H DOpP GH

GRHQoDV UHODFLRQDGDV DR PHWDEROLVPR REHVLGDGH j UHSURGXomR KXPDQD j WLUHyLGH SUREOHPDV

FDUGLRYDVFXODUHV H GRHQoDV GR VLVWHPD QHXURHQGRFULQROyJLFR 7 3, 252= 2 H

VVLP GHYLGR j WR[LFLGDGH GHVVHV FRPSRVWRV SDUD RV VHUHV KXPDQRV VHX XVR p FRQWURODGR HP

GLYHUVRV SDtVHV FRPR SRU H[HPSOR QRV SDtVHV GD 8QLmR (XURSHLD RQGH RV DQDEROL]DQWHV VmR

FODVVLILFDGRV FRPR SHUWHQFHQWHV DR *UXSR QH[R , GD LUHWLYD ( RX VHMD

FRPSRVWRV GH XVR SURLELGR 1R %UDVLO R XVR GH VXEVWkQFLDV FRP DomR DQDEROL]DQWH p SURLELGR

HP DQLPDLV GH DEDWH GHVGH D GpFDGD GH H R FRQWUROH GHVVHV H GH RXWURV FRQWDPLQDQWHV p

UHDOL]DGR FRP EDVH QDV GLUHWUL]HV GR 3ODQR 1DFLRQDO GH RQWUROH GH 5HVtGXRV H RQWDPLQDQWHV

31 5 FULDGR SHOD ,QVWUXomR 1RUPDWLYD 1 GH GR 0LQLVWpULR GD JULFXOWXUD

3HFXiULD H EDVWHFLPHQWR 0 3

HVVD IRUPD MXVWLILFD VH R LQYHVWLPHQWR FUHVFHQWH QR VHWRU DJURSHFXiULR HP

WHFQRORJLDV GH PRQLWRUDPHQWR PDLV HILFLHQWHV H VHQVtYHLV FDSD]HV GH GHWHFWDU YHVWtJLRV GH

FRQWDPLQDQWHV HP DOLPHQWRV D QtYHO GH WUDoRV DWp SDUWHV SRU TXLQWLOKmR HQWUH DV WpFQLFDV

FRP SHUIRUPDQFH DGHTXDGD SDUD DWHQGHU HVVD QRYD H[LJrQFLD GHVWDFDP VH DV FURPDWRJUDILDV

JDVRVD H OtTXLGD DFRSODGDV j HVSHFWURPHWULD GH PDVVDV 52 + H D 52 + H

E / (,5 H



FURPDWRJUDILD p XPD WpFQLFD ItVLFR TXtPLFD GH VHSDUDomR GH FRPSRVWRV TXH VH EDVHLD

QD PLJUDomR GLIHUHQFLDO GRV FRQVWLWXLQWHV GH XPD PLVWXUD GHYLGR D GLIHUHQWHV LQWHUDo HV HQWUH

GXDV IDVHV LPLVFtYHLV XPD PyYHO H RXWUD HVWDFLRQiULD WXDOPHQWH H[LVWH JUDQGH YDULHGDGH GH

FRPELQDo HV HQWUH IDVHV PyYHLV H HVWDFLRQiULDV WRUQDQGR HVVD WpFQLFD PXLWR YHUViWLO 2V VHXV

SULQFLSDLV XVRV VmR SDUD FDUDFWHUL]DU H TXDQWLILFDU FRPSRVWRV FRPSDUDQGR RV D SDGU HV H SDUD

D SXULILFDomR RX VHSDUDomR GH FRPSRVWRV GH XPD PLVWXUD 8PD GDV WpFQLFDV FURPDWRJUiILFDV

GH JUDQGH DSOLFDomR DWXDOPHQWH p D FURPDWRJUDILD OtTXLGD GH DOWD HILFLrQFLD / ( RX +3/

VLJOD SDUD L H P H L L P SK\ 66 H 66, 12 2//,16

H

H WRGDV DV WpFQLFDV HPSUHJDGDV QD DQiOLVH GH UHVtGXRV DUWLILFLDLV H FRQWDPLQDQWHV

QDWXUDLV HP DOLPHQWRV D HVSHFWURPHWULD GH PDVVDV p D PDLV LQGLFDGD SDUD VH PRQLWRUDU QtYHLV

GH WUDoR OpP GH VH DOFDQoDUHP OLPLWHV GH GHWHFomR PXLWR EDL[RV D DQiOLVH TXtPLFD SRU HVVD

WpFQLFD p UHODWLYDPHQWH UiSLGD WRUQDQGR D DSURSULDGD D XPD LQILQLGDGH GH DSOLFDo HV FRPR R

PRQLWRUDPHQWR GH IiUPDFRV QDV PDLV GLYHUVDV PDWUL]HV DOpP GD SURVSHFomR SRU GURJDV

YHWHULQiULDV SHVWLFLGDV PHWDLV H YiULRV RXWURV UHVtGXRV H FRQWDPLQDQWHV SUHVHQWHV QRV

DOLPHQWRV +2))0 11 H 67522% 17 3RGHU VH LD SHQVDU TXH R DQDOLVDGRU GH

PDVVDV GLVSHQVD D FURPDWRJUDILD Mi TXH HOH p PDLV VHQVtYHO RQWXGR UHDOL]D VH R DFRSODPHQWR

HQWUH D FURPDWRJUDILD H D HVSHFWURPHWULD GH PDVVDV GH WDO PDQHLUD D VH REWHU XPD WpFQLFD DLQGD

PDLV VHQVtYHO H VHOHWLYD %25* 7, 2XWUD MXVWLILFDWLYD DR XVR GD FURPDWRJUDILD VH Gi

SHOR IDWR GD HVSHFWURPHWULD GH PDVVDV QmR SRVVLELOLWDU D GLVFULPLQDomR GH HQDQWL PHURV

GLFLRQDOPHQWH FRPR DSOLFiYHO SDUD WRGDV DV PHGLo HV PHWUROyJLFDV p LPSRUWDQWH TXH

DV LQFHUWH]DV HQYROYLGDV QR SURFHVVR GH DQiOLVHV VREUH DV TXDQWLGDGHV GH UHVtGXRV H

FRQWDPLQDQWHV VHMDP HVWLPDGDV D ILP GH VH QRUWHDU DV WRPDGDV GH GHFLV HV FRP EDVH QRV

UHVXOWDGRV 0*4 1HVWH WUDEDOKR REMHWLYRX VH DSOLFDU DOJXPDV WpFQLFDV GH UHJUHVVmR

OLQHDU PXOWLYDULDGD RUWRJRQDO H HPLQJ RUGLQiULDV H SRQGHUDGDV DOJXPDV GHODV GHSHQGHQWHV

GH DOJXP WLSR GH HVWLPDWLYD GH LQFHUWH]D D ILP GH VH UHILQDU D WpFQLFD GH UHJUHVVmR OLQHDU

HPSUHJDGD QD HVWLPDomR GH WDLV TXDQWLGDGHV DWHQGHQGR D XPD GHPDQGD GH TXDOLGDGH GD QRUPD

,62

QRUPD GH TXDOLGDGH ,62 HQXPHUD XP FRQMXQWR GH SUiWLFDV GH JHVWmR H

WpFQLFDV TXH VmR QHFHVViULDV SDUD VH DVVHJXUDU TXH XP ODERUDWyULR WHQKD FRPSHWrQFLD QD

H[HFXomR GH HQVDLRV H FDOLEUDomR FRUGRV FRPHUFLDLV GH UHFRQKHFLPHQWR GH FRPSHWrQFLD

GHPDQGDP WDO QRUPD D ILP GH TXH VHXV SURGXWRV RIHUWDGRV VHMDP DGHTXDGDPHQWH SURGX]LGRV

H RX LQVSHFLRQDGRV 3DUD R %UDVLO XP GRV PDLRUHV SURGXWRUHV H H[SRUWDGRUHV GH DOLPHQWRV R



UHFRQKHFLPHQWR GH XPD UHGH GH ODERUDWyULRV HP DQiOLVH GH DOLPHQWRV DFUHGLWDGD QD ,62

p IXQGDPHQWDO SDUD D PDQXWHQomR GHVVHV DFRUGRV UHGH /) – /DERUDWyULRV )HGHUDLV GH

HIHVD JURSHFXiULD VVLP p LPSHUDWLYR R DWHQGLPHQWR D WRGRV RV UHTXLVLWRV GHVWD QRUPD

HQWUH RV UHTXLVLWRV GLVSRVWRV QD ,62 WHP VH D GHPDQGD SHOD

LGHQWLILFDomR GH WRGDV DV FRQWULEXLo HV j LQFHUWH]D GR PHQVXUDQGR LWHP ,VVR LQFOXL PDV

QmR VH OLPLWD D FRPSXWDU DV FRQWULEXLo HV DGYLQGDV GD FXUYD GH FDOLEUDomR HPSUHJDGD TXH p

GHILQLGD SHOR 9,0 FRPR VHQGR D H[SUHVVmR GD UHODomR HQWUH XPD XP YDORU HVWLPDGR H R

YDORU PHGLGR FRUUHVSRQGHQWH GLFLRQDOPHQWH D PHVPD UHIHULGD QRUPD QR VHX UHTXLVLWR

D WDPEpP GHPDQGD TXH j PHGLGD GR SRVVtYHO RX VHMD KDYHQGR D GLVSRQLELOLGDGH

FRPHUFLDO XP PDWHULDO GH UHIHUrQFLD FHUWLILFDGR GHYH VHU HPSUHJDGR QDV DQiOLVHV SDUD VH

DVVHJXUDU TXH RV UHVXOWDGRV VHMDP UDVWUHiYHLV DR 6LVWHPD ,QWHUQDFLRQDO GH 8QLGDGHV 6, 8P

PDWHULDO GH UHIHUrQFLD FHUWLILFDGR 05 p GHILQLGR WDPEpP SHOR 9,0 FRPR VHQGR WRGR

DTXHOH TXH p DFRPSDQKDGR GH XPD GRFXPHQWDomR HPLWLGD SRU XPD HQWLGDGH UHFRQKHFLGD D TXDO

IRUQHFH XP RX PDLV YDORUHV GH SURSULHGDGHV HVSHFLILFDGDV FRP DV LQFHUWH]DV H DV

UDVWUHDELOLGDGHV DVVRFLDGDV XWLOL]DQGR VH GH SURFHGLPHQWRV YiOLGRV VVLP XP 05 GH

PHGLFDPHQWRV YHWHULQiULRV SRU H[HPSOR VHULD WRGR DTXHOH SURGX]LGR GH DFRUGR FRP D QRUPD

,62 TXH GLVFRUUH VREUH WRGRV RV WHVWHV TXH GHYHP VHU UHDOL]DGRV SDUD VH OHYDQWDU DV

FRQWULEXLo HV j LQFHUWH]D HVWDELOLGDGH KRPRJHQHLGDGH GHQWUH RXWURV DOpP GH GHPDLV

UHTXLVLWRV

3RUWDQWR GHQWUH RXWUDV FRQWULEXLo HV j LQFHUWH]D ILQDO GR PHQVXUDQGR p SUHFLVR VH

DWHQWDU SDUD D FRQWULEXLomR GD LQFHUWH]D GR 05 (VVD LQFHUWH]D WDPEpP p IXQGDPHQWDO SDUD VH

REWHU R PRGHOR GH UHJUHVVmR TXDQGR VH ID] XVR GD DERUGDJHP ELYDULDGD 7RGDYLD DLQGD TXH

KDMD YDVWD OLWHUDWXUD VREUH DERUGDJHQV GH HVWLPDWLYD GH LQFHUWH]D 0 * /+ (6

0*4 /%(57 ==, H 6286 *80 SRXFRV WUDEDOKRV VH GHWpP QD

GLVFXVVmR GD FRQWULEXLomR GD LQFHUWH]D GD YDULiYHO LQGHSHQGHQWH j FRPSRVLomR GD LQFHUWH]D GR

PHQVXUDQGR 0 * /+ (6 3RU LVVR PHVPR VH XWLOL]D GD UHJUHVVmR ELYDULDGD HP TXH

WDQWR D YDULiYHO UHVSRVWD TXDQWR D YDULiYHO LQGHSHQGHQWH VmR WUDWDGDV FRPR YDULiYHLV DOHDWyULDV

SDUD VH DOFDQoDU WDO REMHWLYR PDV DQWHV GH HQWUDU QHVVH WySLFR p SUHFLVR FRQWH[WXDOL]DU R

SUREOHPD GRV WLSRV GH FXUYD GH FDOLEUDomR HPSUHJDGRV H GDV DERUGDJHQV PDLV XVXDLV SDUD VH

HVWLPDU D LQFHUWH]D GH FDOLEUDomR



,, XUYDV GH FDOLEUDomR

3DUD VH TXDQWLILFDU XP FRPSRVWR TXtPLFR LGHDOPHQWH GHYH VH XWLOL]DU GH XPD FXUYD GH

FDOLEUDomR FXUYD p REWLGD SUHSDUDQGR VH VROXo HV GH FRQFHQWUDo HV FUHVFHQWHV H FRQKHFLGDV

H REWHQGR VH XPD UHVSRVWD LQVWUXPHQWDO (VVD UHVSRVWD SRGH VHU UHIHUHQWH D GLYHUVRV WLSRV GH

HTXLSDPHQWRV FRPR R DQDOLVDGRU GH PDVVDV SRU H[HPSOR 7HQGR VH IHLWR LVVR WUDWDP VH RV

GDGRV HVWDWLVWLFDPHQWH D ILP GH VH DMXVWDU XPD IXQomR FRPR XPD UHWD SRU H[HPSOR

([LVWHP EDVLFDPHQWH WUrV WLSRV GH FXUYDV D FXUYD GH FDOLEUDomR GR DQDOLWR HP VROXomR

6 D FXUYD GH FDOLEUDomR GD PDWUL] EUDQFD IRUWLILFDGD 0%) H FXUYD GH FDOLEUDomR GR

H[WUDWR GD PDWUL] EUDQFD IRUWLILFDGR (0%) 1R SULPHLUR FDVR R DQDOLWR p GLVVROYLGR HP

XP VROYHQWH DSURSULDGR H FRP D UHVSRVWD LQVWUXPHQWDO SDUD DV DPRVWUDV REWpP VH SRU

LQWHUSRODomR H PDQLSXODomR DOJpEULFD FRQVLGHUDQGR VH WRGDV DV HWDSDV GH SUHSDUR GH DPRVWUD

D FRQFHQWUDomR GR DQDOLWR QDV PHVPDV 1R WHUFHLUR FDVR R DQDOLWR p GLVVROYLGR HP XP H[WUDWR

GD PDWUL] EUDQFD RX VHMD XPD PDWUL] VHP TXDOTXHU WUDoR GR DQDOLWR DOYR H R SURFHVVR GH

REWHQomR GD FRQFHQWUDomR GR DQDOLWR QD DPRVWUD p R PHVPR H[SOLFDGR SDUD R SULPHLUR FDVR -i

SDUD R VHJXQGR FDVR 0%) D FXUYD p SUHSDUDGD GLUHWDPHQWH HP XPD DPRVWUD EUDQFD

VHJXLQGR VH H[DWDPHQWH WRGRV RV SDVVRV GH SUHSDUR GDV DPRVWUDV GLOXLo HV FRQFHQWUDo HV

H[WUDo HV GHQWUH RXWUDV 0*4 2X VHMD QHVWD DERUGDJHP D FRQFHQWUDomR SUHYLVWD

SDUD R DQDOLWR QD FXUYD Mi p D FRQFHQWUDomR ILQDO D VHU UHSRUWDGD VVLP LQWHUSRODQGR VH D

UHVSRVWD LQVWUXPHQWDO GDV DPRVWUDV QHVWD OWLPD FXUYD GH FDOLEUDomR VH REWpP GH LPHGLDWR VHP

TXDOTXHU PDQLSXODomR SRVWHULRU D FRQFHQWUDomR GR DQDOLWR

(VVDV GLIHUHQWHV WpFQLFDV GH HODERUDomR GD FXUYD GH FDOLEUDomR VH ID]HP QHFHVViULDV

SRLV SRGH KDYHU XP HIHLWR GH PDWUL] RX VHMD DOJXP FRPSRVWR HVS ULR SUHVHQWH QD PDWUL] SRGH

DSUHVHQWDU UHVSRVWD LQVWUXPHQWDO VHPHOKDQWH R TXH SRGH UHWRUQDU XPD YDULDELOLGDGH TXH QmR p

D UHDO GR SURFHVVR DERUGDJHP (0%) GH FRQVWUXomR GD FXUYD GH FDOLEUDomR p D TXH VHUi

DGRWDGD QHVWH WUDEDOKR GLIHUHQoD HQWUH DV FXUYDV DIHWD D IXQomR GH PHGLomR TXH p D HTXDomR

TXH FRUUHODFLRQD DV JUDQGH]DV GH HQWUDGD UHWRUQDQGR R YDORU HVWLPDGR GD JUDQGH]D GH VDtGD

9,0 3RUWDQWR VRPHQWH DSyV VH GHILQLU R WLSR GH FXUYD HPSUHJDGD p TXH VH SRGH

FRPHoDU R SODQHMDPHQWR GD HVWLPDWLYD GD LQFHUWH]D

,, 2 SURFHVVR GH PHQVXUDomR H D HV LPD LYD GD LQFHU H D

PHGLomR SRGH VHU GHILQLGD FRPR R SURFHVVR GH VH REWHU H[SHULPHQWDOPHQWH R YDORU GH

XPD TXDQWLGDGH PHQVXUDQGR (P TXtPLFD R PHQVXUDQGR JHUDOPHQWH p R FRQWH GR



FRQFHQWUDomR GH DOJXPD HQWLGDGH TXtPLFD PROpFXOD HOHPHQWR tRQ GHQWUH RXWURV HP DOJXPD

DPRVWUD HQWLGDGH TXtPLFD TXH VH SUHWHQGH GHWHUPLQDU p FKDPDGD GH DQDOLWR OJXQV

H[HPSORV GH PHGLGDV HP TXtPLFD VmR D FRQFHQWUDomR GH FKXPER HP XPD DPRVWUD GH iJXD R

WHRU GH DQDEROL]DQWHV HP XPD DPRVWUD GH FDUQH RX D SRUFHQWDJHP GH JRUGXUD HP XPD JDUUDID

GH OHLWH

1D PHQomR DQWHULRU R FKXPER HOHPHQWR RV DQDEROL]DQWHV PROpFXODV H D JRUGXUD

JUXSR GH PROpFXODV GLIHUHQWHV VmR RV DQDOLWRV JXD FDUQH H OHLWH VmR DV DPRVWUDV + 55,6

(P SULQFtSLR R REMHWLYR GH XPD PHGLomR p REWHU R YDORU YHUGDGHLUR GR PHQVXUDQGR

VHQGR WRGR HVIRUoR GHVSHQGLGR SDUD VH RWLPL]DU R SURFHGLPHQWR GH PHGLomR RQWXGR SDUD VH

DOFDQoDU WDO UHVXOWDGR VHULD QHFHVViULR XP Q PHUR LQILQLWR GH PHGLo HV 9,0 R TXH

REYLDPHQWH QmR p SRVVtYHO 6HQGR DVVLP R UHVXOWDGR GD PHGLomR VHUi DSHQDV XPD HVWLPDWLYD

GR YDORU YHUGDGHLUR 3RUWDQWR QmR p SRVVtYHO VDEHU H[DWDPHQWH TXmR SUy[LPR R YDORU PHGLGR

HVWDUi GR YDORU YHUGDGHLUR Mi TXH VHPSUH KDYHUi XPD LQFHUWH]D DVVRFLDGD D HOH /%(57 ==,

H 6286

GLIHUHQoD HQWUH R YDORU PHGLGR H R YDORU YHUGDGHLUR p GHQRPLQDGD GH HUUR VLVWHPiWLFR

(VVD GLIHUHQoD SRGH DVVXPLU YDORUHV SRVLWLYRV RX QHJDWLYRV -i R HUUR Pi[LPR SRGH VHU

FRQVLGHUDGR FRPR XPD FRPELQDomR GH GXDV FRPSRQHQWHV VHQGR XPD DOHDWyULD H RXWUD

VLVWHPiWLFD RPR R YDORU YHUGDGHLUR QmR p FRQKHFLGR R HUUR Pi[LPR WDPEpP QmR R VHUi

3RUWDQWR R PHVPR QmR SRGH VHU XVDGR QD SUiWLFD SDUD FDUDFWHUL]DU D TXDOLGDGH GH XP UHVXOWDGR

GH PHGLomR DR VH DYDOLDU VXD FRQFRUGkQFLD FRP R YDORU YHUGDGHLUR -i D TXDOLGDGH GR UHVXOWDGR

GD PHGLomR VXD SUHFLVmR p FDUDFWHUL]DGD SHOD LQFHUWH]D GH PHGLomR HUUR DOHDWyULR RX

VLPSOHVPHQWH LQFHUWH]D TXH GHILQH XP LQWHUYDOR HP WRUQR GR YDORU PHGLGR HP TXH R YDORU

YHUGDGHLUR VH HQFRQWUD FRP DOJXPD SUREDELOLGDGH

LQFHUWH]D GH PHGLomR SRGH VHU GHILQLGD FRPR D PHWDGH GD ODUJXUD GH WDO LQWHUYDOR H p

VHPSUH SRVLWLYD OpP GLVVR HOD HVWi DVVRFLDGD D DOJXPD SUREDELOLGDGH VHQGR TXH QmR p

SRVVtYHO GHILQLU R LQWHUYDOR GH LQFHUWH]D GH WDO IRUPD TXH R YDORU YHUGDGHLUR HVWHMD GHQWUR GHOH

FRP GH SUREDELOLGDGH 0217*20(5 H 581*(5 RQFOXLQGR D LQFHUWH]D GH

PHGLomR p GLIHUHQWH GR HUUR VLVWHPiWLFR SRLV QmR H[SUHVVD XPD GLIHUHQoD HQWUH GRLV YDORUHV H

QmR SRVVXL XP VLQDO 6HQGR DVVLP HOD QmR SRGH VHU XVDGD SDUD VH FRUULJLU R UHVXOWDGR GH

PHGLomR Mi TXH p FRQVLGHUDGD XPD HVWLPDWLYD GR HUUR DOHDWyULR 0217*20(5 H 581*(5

9,0

6H R SURFHGLPHQWR GH PHGLomR XWLOL]DGR IRU EHP FRQKHFLGR DV IRQWHV GH LQFHUWH]D PDLV

LPSRUWDQWHV VmR JHUDOPHQWH WDPEpP FRQKHFLGDV (VIRUoRV GHYHP VHU IHLWRV SDUD PLQLPL]DU



HVVDV IRQWHV D ILP GH VH RWLPL]DU R SURFHGLPHQWR GH PHGLomR V IRQWHV GH LQFHUWH]D TXH QmR

SXGHUHP VHU HOLPLQDGDV H QXQFD p SRVVtYHO HOLPLQDU WRGDV DV IRQWHV GH LQFHUWH]D GHYHP VHU

OHYDGDV HP FRQWD QD HVWLPDWLYD GH LQFHUWH]D RQWXGR DV PDJQLWXGHV UHDLV GRV GHVYLRV FDXVDGRV

SHODV IRQWHV GH LQFHUWH]D HP PXLWRV FDVRV QmR SRGHP VHU FRQKHFLGDV H SRU LVVR HODV

JHUDOPHQWH VmR HVWLPDGDV

6LPSOLILFDGDPHQWH DV IRQWHV GH LQFHUWH]D SRGHP VHU GLYLGLGDV HP HIHLWRV DOHDWyULRV H

HIHLWRV VLVWHPiWLFRV 7RGDYLD HVVD GLVWLQomR QmR p WmR VLPSOHV KDMD YLVWR D GHSHQGrQFLD

WHPSRUDO GHVVD FODVVLILFDomR XPD YDULiYHO WLGD FRPR VLVWHPiWLFD HP XP SHTXHQR LQWHUYDOR GH

WHPSR SRGH VH WRUQDU DOHDWyULD VH PDLV PHGLo HV HP XP LQWHUYDOR GH WHPSR PDLRU IRUHP

UHDOL]DGDV H TXDOTXHU IRUPD QHVWH WUDEDOKR HVVD GLVWLQomR QmR VHUi UHDOL]DGD H WRGDV DV IRQWHV

GH LQFHUWH]D LQGHSHQGHQWH GD VXD QDWXUH]D VHUmR WUDWDGDV GD PHVPD PDQHLUD RX VHMD VHUmR

FRQVLGHUDGDV FRPR DOHDWyULDV

6H IRU SRVVtYHO HVWLPDU DV PDJQLWXGHV GH WRGDV DV IRQWHV LPSRUWDQWHV GH LQFHUWH]D p

SRVVtYHO FRPELQi ODV H REWHU D HVWLPDWLYD GD LQFHUWH]D GH PHGLomR TXH QHVVH FDVR VHUi FKDPDGD

GH LQFHUWH]D GH PHGLomR FRPELQDGD LQFHUWH]D FRPELQDGD QHVWH WUDEDOKR VHUi GDGD SHOD UDL]

TXDGUDGD GD VRPD GH FDGD FRQWULEXLomR DR TXDGUDGR RQVLGHUDQGR VH D IXQomR GH GLVWULEXLomR

GH SUREDELOLGDGH GR PHQVXUDQGR SRGH VH DSOLFDU XP IDWRU GH DEUDQJrQFLD j LQFHUWH]D

FRPELQDGD REWLGD D ILP GH VH H[SUHVVDU D LQFHUWH]D H[SDQGLGD GHVHMDGD D TXDO FRQVLGHUD D

SUREDELOLGDGH GH RFRUUrQFLD GR UHVXOWDGR HP XPD UHJLmR TXH GHSHQGH GD DEUDQJrQFLD H[SUHVVD

HP SRUFHQWDJHP

XDV GDV HVWUDWpJLDV PDLV VLPSOHV SDUD VH HVWLPDU DV LQFHUWH]DV GH PHGLo HV LQGLUHWDV

VmR DV DERUGDJHQV P S H D S ,62 *80 125 7(67 (QTXDQWR D

SULPHLUD GHPDQGD XP SURIXQGR FRQKHFLPHQWR GH WRGDV DV IRQWHV GH LQFHUWH]D H OHYD HP FRQWD

DV FRQWULEXLo HV LQGLYLGXDLV GH FDGD YDULiYHO EHP FRPR VXDV HYHQWXDLV FRUUHODo HV

/%(57 ==, H 6286 D VHJXQGD QmR REMHWLYD TXDQWLILFDU WRGDV DV FRQWULEXLo HV

PDV VLP XWLOL]DU XP PHQRU Q PHUR GH YDULiYHLV H WRGDV DV VXDV IRQWHV GH LQFHUWH]D PDLRULD

GHVVDV YDULiYHLV DGYpP GD YDOLGDomR GRV PpWRGRV DQDOtWLFRV 0*4 125 7(67

1HVWH WUDEDOKR VHUi XWLOL]DGD D HVWLPDWLYD GH LQFHUWH]D XWLOL]DQGR VH GD WpFQLFD P

S SDUD VH HVWLPDU D LQFHUWH]D GH PHGLomR GD YDULiYHO LQGHSHQGHQWH FRQFHQWUDomR GR DQDOLWR

HPSUHJDGD QD FRQVWUXomR GR PRGHOR GH UHJUHVVmR HPLQJ HVVD IRUPD WRGDV DV FRQWULEXLo HV

j YDULDELOLGDGH GD FRQFHQWUDomR GRV SRQWRV GD FXUYD LQFOXLQGR R GHVYLR SDGUmR LQFHUWH]D GD

SXUH]D GR 05 VHUmR FRPSXWDGDV RP LVVR SRGHU VH i HVWLPDU D UD]mR HQWUH D YDULDELOLGDGH



GDV YDULiYHLV LQGHSHQGHQWH H UHVSRVWD GR PRGHOR GH UHJUHVVmR ,VVR VH ID] QHFHVViULR SRLV VH

DYDOLDUi GRLV WLSRV GH PRGHORV HPLQJ R PRGHOR RUWRJRQDO TXH p FRQVWUXtGR SUHVVXSRQGR VH

LJXDLV YDULkQFLDV HQWUH DV GXDV YDULiYHLV H R PRGHOR QmR RUWRJRQDO TXH SUHVVXS H TXH HVVDV

YDULkQFLDV QmR VmR LJXDLV 3RU LVVR ID] VH QHFHVViULR HVWLPDU D UD]mR HQWUH HODV H XPD GDV IRUPDV

HPSUHJDGDV QHVWH WUDEDOKR SDUD LVVR IRL UHDOL]DU D SURSDJDomR GH LQFHUWH]D FRQIRUPH VHUi

GHVFULWR QR SrQGLFH



,,, 0H RGRORJLD

,,, 5HJUHVVmR HPLQJ

3DUD VH HVWLPDU D UHODomR HQWUH XPD YDULiYHO LQGHSHQGHQWH H RXWUD UHVSRVWD SRGH VH

XWLOL]DU GH XPD HVWUDWpJLD GH UHJUHVVmR OLQHDU 2 PRGHOR GH UHJUHVVmR OLQHDU VLPSOHV XQLYDULDGR

DVVXPH TXH DSHQDV D YDULiYHO UHVSRVWD p SDVVtYHO GH HUUR DOHDWyULR H D YDULiYHO H[SOLFDWLYD ;

p FRPSOHWDPHQWH REVHUYDGD H IL[DGD WDO TXH

L = βo + β1XL + εL

RQGH R HUUR DOHDWyULR p DVVXPLGR FRPR LQGHSHQGHQWH FRP GLVWULEXLomR QRUPDO FRP PpGLD H

YDULkQFLD FRQVWDQWH 𝜎2 JUDQGH GHVYDQWDJHP GRV PpWRGRV XQLYDULDGRV GDGR QD (TXDomR

p TXH HOHV QHJOLJHQFLDP D LQFHUWH]D GD YDULiYHO LQGHSHQGHQWH (P DOJXQV FDVRV SUiWLFRV LVVR

SRGH DWp VHU DFHLWiYHO XPD YH] TXH D LQFHUWH]D GD YDULiYHO LQGHSHQGHQWH SRGH LPSDFWDU PXLWR

SRXFR QD YDULiYHO ILQDO 0 * /+ (6 RQWXGR QmR VH SRGH DVVXPLU LVVR GH DQWHPmR

EDVHDGR HP XP WUDEDOKR GLIHUHQWH Mi TXH FRPR WRGD VXSRVLomR p SUHFLVR YHULILFDU VH D PHVPD

p DGHTXDGD H SDUD LVVR p QHFHVViULR HP XPD GDV DERUGDJHQV GH WHVWH FRQVWUXLU R PRGHOR VHP

VLPSOLILFDo HV

4XDQGR VH DSOLFD XPD UHJUHVVmR OLQHDU XQLYDULDGD QR FDVR HP TXH DPEDV DV YDULiYHLV

FRQWrP DOJXP HUUR DOHDWyULR GH PHGLomR D HVWLPDWLYD GD LQFOLQDomR ILFD VXEHVWLPDGD LQGD

TXH KRXYHVVH XPD WURFD SDUD ILQV GH PRGHODJHP PDWHPiWLFD HQWUH DV YDULiYHLV UHVSRVWD H

LQGHSHQGHQWH HVVD HVWLPDWLYD ILFDULD VXSHUHVWLPDGD )LJXUD 4XDOTXHU PRGHOR TXH WHQWH

FRPSXWDU D LQFHUWH]D QDV GXDV YDULiYHLV UHWRUQDUi FXUYDV HQWUH HVVHV GRLV H[WUHPRV 5,**6 H

GLFLRQDOPHQWH VH VRPHQWH D YDULiYHO UHVSRVWD DSUHVHQWDVVH DOJXPD IRQWH GH HUUR

DOHDWyULR RX LQFHUWH]D GH PHGLomR VHULDP REVHUYDGRV SRQWRV HVSDOKDGRV DFLPD H DEDL[R GD UHWD

SURSRVWD SDUD D UHJUHVVmR OLQHDU SDUD FDGD YDORU GD YDULiYHO LQGHSHQGHQWH RQWXGR SDUD R FDVR

HP TXH DV GXDV YDULiYHLV SRVVXHP LQFHUWH]DV GH PHGLomR HVVHV SRQWRV ILFDP HVSDOKDGRV DR

ORQJR GH XPD UHJLmR ELGLPHQVLRQDO FRPR p R FDVR LOXVWUDGR QD )LJXUD H WRGD IRUPD p

LPSRUWDQWH UHVVDOWDU TXH LQGHSHQGHQWH GD IXQomR HPSUHJDGD GLUHWD RX LQYHUVD D LQFHUWH]D GH

PHGLomR VHPSUH VHULD VXEHVWLPDGD



)LJXUD FRPSDUDomR HQWUH WUrV PRGHORV GLVWLQWRV GH UHJUHVVmR XP FRUUHVSRQGHQGR j
UHJUHVVmR XVXDO \  I [ \ RQ [ RXWUR FRUUHVSRQGHQGR j IXQomR LQYHUVD [  I \ [ RQ \ H R
FDVR ELYDULDGR WUXH

)RQWH 5,**6 H

DERUGDJHP HPLQJ SDUD D FRQVWUXomR GH XP PRGHOR GH UHJUHVVmR IRL RULJLQDOPHQWH

SURSRVWD SRU : (GZDUG HPLQJ HP 1HVWD DERUGDJHP DPEDV DV YDULiYHLV UHVSRVWD H

LQGHSHQGHQWH DSUHVHQWDP XP HUUR DOHDWyULR LQFHUWH]D VVLP DV PHGLGDV [L \L VH

UHODFLRQDP DRV VHXV UHVSHFWLYRV YDORUHV YHUGDGHLURV ;L’,YL’) da seguinte forma:

[L  𝑋𝑖
′ εL

\L  𝑌𝑖
′ δL

λ  9 εL 9 δL
𝑌𝑖

′  βR β  𝑋𝑖
′

VRPD GRV TXDGUDGRV GRV UHVtGXRV D VHU PLQLPL]DGD p GDGD SRU

𝑆𝑆 = ∑ [(𝑥𝑖 − 𝑋𝑖
′)2 + 𝜆. (𝑦𝑖 − 𝛽𝑜 −  𝛽1. 𝑋𝑖

′ )2]𝑁
𝑖=1  

3DUD R FDVR SRQGHUDGR DLQGD p SUHFLVR LQVHULU R IDWRU GH SRQGHUDomR 𝑤𝑖 (VVH IDWRU p XP

FRPSRQHQWH PDWHPiWLFR GH DMXVWH TXH SULYLOHJLD RV SRQWRV GH PHQRU FRQFHQWUDomR

𝑤𝑖 =  1

[𝑥𝑖+𝜆.𝑦𝑖
1+𝜆 ]

2

𝑆𝑆𝑤 =  ∑ 𝑤𝑖[(𝑥𝑖 − 𝑋𝑖
′)2 + 𝜆(𝑦𝑖 − 𝛽𝑜 −  𝛽1. 𝑋𝑖

′ )2]𝑁
𝑖=1



2V HUURV DOHDWyULRV GH [ H \ VmR VXSRVWRV QRUPDOPHQWH GLVWULEXtGRV DLQGD TXH HVVD

FRQGLomR QmR VHMD HVVHQFLDO H LQGHSHQGHQWHV FRP PpGLD ]HUR KDYHQGR D SRVVLELOLGDGH GH

HVWLPDomR GRV SDUkPHWURV QR FDVR KRPRFHGiVWLFR 𝜎𝑥 H 𝜎𝑦 FRQVWDQWHV SDUD WRGRV RV QtYHLV H

KHWHURFHGiVWLFR 𝜎𝑥 H 𝜎𝑦 QmR FRQVWDQWHV SDUD RV GLIHUHQWHV QtYHLV R TXH p IHLWR

UHVSHFWLYDPHQWH SHOR 0pWRGR GH 0tQLPRV 4XDGUDGRV 2UGLQiULRV 0042 H SHOR 0pWRGR GH

0tQLPRV 4XDGUDGRV 3RQGHUDGRV 0043

O aspecto principal que diferencia a regressão Deming de outro processo é o fator λ, 

TXH p FRPSXWDGR QR PRGHOR -HQVHQ 1 66 (OH p D UD]mR HQWUH DV YDULkQFLDV GDV

LQFHUWH]DV GH [ H \ H SRGH VHU VXSRVWR FRQVWDQWH LQGD TXH R SULPHLUR PpWRGR GHVHQYROYLGR

SDUD OLGDU FRP HVVD VLWXDomR WHQKD VLGR SXEOLFDGR HP / 6+ 5 4 + HW DO

9 1 +8))(/ H /(00(5/,1* YiULRV RXWURV IRUDP SURSRVWRV DR ORQJR GRV DQRV R

TXH IRUQHFHX XPD YDVWD JDPD GH RSo HV FDGD XPD FRP VHXV SRQWRV IRUWHV H IUDFRV

As abordagens utilizadas neste trabalho para se estimar o valor de λ são descritas a 

VHJXLU

ERUGDJHP

4XDQGR DV YDULkQFLDV VmR VXSRVWDV LJXDLV R PRGHOR GH UHJUHVVmR GH HPLQJ WRUQD VH

XPD UHJUHVVmR RUWRJRQDO HOD PLQLPL]D D VRPD GDV GLVWkQFLDV TXDGUDGDV SHUSHQGLFXODUHV GRV

SRQWRV j OLQKD GH UHJUHVVmR (VWH p XP PpWRGR UD]RiYHO TXDQGR R PpWRGR GH PHGLomR SDUD ; H

IRU R PHVPR RQWXGR HP FDVRV JHUDLV D LJXDOGDGH GDV YDULkQFLDV VHULD XPD VXSRVLomR TXH

SUHFLVDULD VHU YHULILFDGD SDUD VH DWHVWDU TXH D UHJUHVVmR IRUD H[HFXWDGD GH PDQHLUD DGHTXDGD 2

PRGHOR HPLQJ RUWRJRQDO LVWR p DVVXPLQGR λ IRL FRQVWUXtGR QHVWH WUDEDOKR SDUD ILQV GH

FRPSDUDomR

ERUGDJHP

8PD YH] TXH D UHJUHVVmR HPLQJ RUWRJRQDO IRUQHFH ERQV HVWLPDGRUHV SDUD DV YDULkQFLDV

GH GH ;L H L SURS V VH VH XWLOL]DU GDV YDULkQFLDV HVWLPDGDV REWLGDV DSyV D DSOLFDomR GR FDVR

RUWRJRQDO ,VWR p QHVWH FDVR R YDORU GH λ foi calculado como sendo a razão entre as variâncias 

HVWLPDGDV REWLGDV DWUDYpV GD ERUGDJHP



ERUGDJHP

2XWUD DERUGDJHP SDUD VH REWHU R YDORU GH λ IRL HVWLPDU D LQFHUWH]D GDV UHVSRVWDV

H[SHULPHQWDLV 3DUD XWLOL]DUDP VH GDV UHVSRVWDV LQVWUXPHQWDLV SDUD VH HVWLPDU D YDULkQFLD R

HTXLSDPHQWR Or WUrV YH]HV D PHVPD DPRVWUD RX XPD YH] WUrV DPRVWUDV LQGHSHQGHQWHV H DSyV

LVVR D YDULkQFLD p FDOFXODGD 3DUD ; D VLWXDomR IRL XP SRXFR PDLV FRPSOH[D VHQGR QHFHVViULR

VH HVWLPDU D LQFHUWH]D GH SUHSDUR GD FXUYD GH FDOLEUDomR SRU PHLR GD SURSDJDomR GH LQFHUWH]D

XVDQGR R PpWRGR ERWWRP XS UD]mR HQWUH RV YDORUHV HVWLPDGRV GD YDULkQFLD GH ; H IRL XVDGR

como valor de λ. Detalhes sobre o método de propagação da incerteza (bottRP XS HVWmR

GLVSRQtYHLV QR SrQGLFH

1HVWH WUDEDOKR VHUmR FRQVLGHUDGDV GLIHUHQWHV HVSHFLILFDo HV GR PRGHOR GH UHJUHVVmR

Deming, variando o critério usado para se estimar o valor de λ HQWUH DV ERUGDJHQV H H

R PpWRGR GH HVWLPDomR HQWUH R0042 H R0043 V H[SUHVV HV GD IXQomR D VHU PLQLPL]DGD

QD HVWLPDomR YLD 0042 H 0043 EHP FRPR DV HTXDo HV UHVXOWDQWHV SDUD RV HVWLPDGRUHV

SRQWXDLV HP FDGD FDVR VmR DSUHVHQWDGDV QR SrQGLFH % 8P UHVXPR GRV PRGHORV FRQVLGHUDGRV

QD SURGXomR GDV SODQLOKDV HOHWU QLFDV HVWi GHVFULWR QD 7DEHOD



7DEHOD 5HVXPR GRV PpWRGRV HPLQJ LPSOHPHQWDGRV
0RGHOR Definição de λ 0p RGR GH HV LPDomR 2EVHUYDo HV

HPLQJ RUWRJRQDO
KRPRFHGiVWLFR

VVXPLGRV 𝜎𝜀
2 = 𝜎𝛿

2

λ = 1 
ERUGDJHP

0042

HPLQJ QmR
RUWRJRQDO
KRPRFHGiVWLFR ,

𝜎𝜀 H 𝜎𝛿 REWLGRV D
SDUWLU GD HPLQJ

RUWRJRQDO
ERUGDJHP

0042

HPLQJ RUWRJRQDO
HVWLPD RV YDORUHV GH [ H \
SDUWLU GHOHV VH REWpP DV

UHVSHFWLYDV YDULkQFLDV

HPLQJ QmR
RUWRJRQDO
KRPRFHGiVWLFR ,,

𝜎𝜀 H 𝜎𝛿 HVWLPDGRV
H[SHULPHQWDOPHQWH

ERUGDJHP
0042

YDULkQFLD GH \ p REWLGD D
SDUWLU GDV UHVSRVWDV
LQVWUXPHQWDLV H D YDULkQFLD
GH [ p REWLGD SURSDJDQGR
VH D LQFHUWH]D P S

HPLQJ RUWRJRQDO
KHWHURFHGiVWLFR

VVXPLGRV 𝜎𝜀
2 = 𝜎𝛿

2

λ = 1
ERUGDJHP

0043 2 SHVR 𝑤𝑖 p GDGR SHOD
(TXDomR

HPLQJ QmR
RUWRJRQDO
KHWHURFHGiVWLFR ,

𝜎𝜀 H 𝜎𝛿 REWLGRV D
SDUWLU GD HPLQJ

RUWRJRQDO
ERUGDJHP

0043

HPLQJ RUWRJRQDO
HVWLPD RV YDORUHV GH [ H \
SDUWLU GHOHV VH REWpP DV

UHVSHFWLYDV YDULkQFLDV 2
SHVR 𝑤𝑖 p GDGR SHOD
(TXDomR

HPLQJ QmR
RUWRJRQDO
KHWHURFHGiVWLFR ,,

𝜎𝜀 H 𝜎𝛿 HVWLPDGRV
H[SHULPHQWDOPHQWH

ERUGDJHP
0043

YDULkQFLD GH \ p REWLGD D
SDUWLU GDV UHVSRVWDV
LQVWUXPHQWDLV H D YDULkQFLD
GH [ p REWLGD SURSDJDQGR
VH D LQFHUWH]D P S
2 SHVR 𝑤𝑖 p GDGR SHOD
(TXDomR

)RQWH (ODERUDGR SHOR DXWRU

,,, %DVHV GH GDGRV

7RGRV RV PRGHORV GHVFULWRV QD 7DEHOD VHUmR LPSOHPHQWDGRV HP ([FHO H DSOLFDGRV DRV

FRQMXQWRV GH GDGRV DSUHVHQWDGRV QDV 7DEHODV H

2V GDGRV GD 7DEHOD VmR SURYHQLHQWHV GR PDQXDO GH LQVWUXo HV GR VRIWZDUH 1 66 OLQN

QDV UHIHUrQFLDV 2V SDUHV RUGHQDGRV [ \ GHVVH FRQMXQWR QmR WrP TXDOTXHU VHQWLGR TXtPLFR H

SRUWDQWR VmR DGLPHQVLRQDLV (OHV IRUDP SURSRVWRV VRPHQWH SDUD VH H[HPSOLILFDU D H[HFXomR GD

DSOLFDomR (OHV IRUDP FRQVLGHUDGRV SDUD ILQV GH YDOLGDomR GD LPSOHPHQWDomR UHDOL]DGD SDUD RV

PRGHORV GH UHJUHVVmR HPLQJ KRPRFHGiVWLFRV RUWRJRQDO KRPRFHGiVWLFR 0RGHOR QmR

RUWRJRQDO KRPRFHGiVWLFR , 0RGHOR H QmR RUWRJRQDO KRPRFHGiVWLFR ,, 0RGHOR 3DUD WDO

RV UHVXOWDGRV REWLGRV FRP D DSOLFDomR GHVWHV PRGHORV DWUDYpV GD SODQLOKD ([FHO IRUDP



FRPSDUDGRV FRP RV UHVXOWDGRV FRQVWDQWHV QR PDQXDO GR VRIWZDUH 1 66 RV TXDLV IRUDP REWLGRV

YDOHQGR VH GR PHVPR SURFHGLPHQWR

7DEHOD YDORUHV GDV YDULiYHLV LQGHSHQGHQWH H UHVSRVWD SURYHQLHQWHV GR PDQXDO GR VRIWZDUH
1 66 TXH IRUDP XWLOL]DGDV QD YDOLGDomR GRV PRGHORV KRPRFHGiVWLFRV

[ \

)RQWH L L H P

-i RV GDGRV GD 7DEHOD VmR GDGRV GD URWLQD SURYHQLHQWHV GH DQiOLVHV ILVFDLV UHDLV VHQGR

TXH ; UHSUHVHQWD D FRQFHQWUDomR H UHSUHVHQWD D UHVSRVWD LQVWUXPHQWDO REWLGD QR HVSHFWU PHWUR

GH PDVVDV TXH p D UD]mR HQWUH D iUHD GR VLQDO GR DQDOLWR H D iUHD GR SDGUmR LQWHUQR GR PHVPR

DQDOLWR SRUpP GHXWHUDGR VVLP DV RUGHQDGDV VmR DGLPHQVLRQDLV (VVHV IRUDP FRQVLGHUDGRV

SDUD ILQV GH YDOLGDomR GD LPSOHPHQWDomR UHDOL]DGD SDUD RV PRGHORV GH UHJUHVVmR HPLQJ

KHWHURFHGiVWLFRV RUWRJRQDO KHWHURFHGiVWLFR 0RGHOR QmR RUWRJRQDO KHWHURFHGiVWLFR ,

0RGHOR H QmR RUWRJRQDO KHWHURFHGiVWLFR ,, 0RGHOR 3DUD WDO RV UHVXOWDGRV REWLGRV FRP

D DSOLFDomR GHVWHV PRGHORV DWUDYpV GD SODQLOKD LPSOHPHQWDGD QR ([FHO IRUDP FRPSDUDGRV FRP

RV UHVXOWDGRV REWLGRV DSyV D DSOLFDomR GH WDLV PRGHORV QR VRIWZDUH 1 66 )RL XWLOL]DGD OLFHQoD

JUDWXLWD WHPSRUiULD GH GLDV SDUD D REWHQomR GRV UHVXOWDGRV DWUDYpV GR VRIWZDUH



7DEHOD 9DORUHV GDV YDULiYHLV LQGHSHQGHQWH H UHVSRVWD SURYHQLHQWHV GD DQiOLVH GH URWLQD
ODERUDWRULDO TXH IRUDP XWLOL]DGDV QD YDOLGDomR GRV PRGHORV KHWHURFHGiVWLFRV

SSE DGLPHQVLRQDO

)RQWH (ODERUDGR SHOR DXWRU



,9 5HVXO DGRV

IV.1 Definição dos valores de λ 

RPR PHQFLRQDGR DQWHULRUPHQWH SDUD VH FRQVWUXLU R PRGHOR GH UHJUHVVmR p SUHFLVR VH

estimar o valor de λ (Equação 4). Para o modelo de regressão Deming ortogonal, Modelo 1, 

HVVH YDORU p VXSRVWR FRPR VHQGR XP ERUGDJHP RX VHMD DV YDULkQFLDV GDV YDULiYHLV

UHVSRVWD H LQGHSHQGHQWH VmR LJXDLV -i SDUD RV PRGHORV HPLQJ QmR RUWRJRQDLV WDO SDUkPHWUR

SUHFLVD VHU HVWLPDGR ,VVR IRL IHLWR GH GXDV PDQHLUDV GLIHUHQWHV ERUGDJHQV H FRQIRUPH

UHVXPLGR QD 7DEHOD 3DUD D ERUGDJHP IRUDP XWLOL]DGDV DV HTXDo HV H GR SrQGLFH

% SDUD VH HVWLPDU RV YDORUHV de x e de y (estimativa dos valores “verdadeiros”) H

FRQVHTXHQWHPHQWH RV UHVtGXRV H VXDV YDULkQFLDV D SDUWLU GD UHJUHVVmR RUWRJRQDO YDULkQFLD p

REWLGD FRPR R TXDGUDGR GR GHVYLR SDGUmR TXH SRU VXD YH] p FDOFXODGR FRPR R VRPDWyULR GD

GLIHUHQoD HQWUH DV PHGLGDV H D PpGLD GLIHUHQoD HVVD HOHYDGD DR TXDGUDGR (P VHJXLGD GLYLGH

VH SRU 1 HP TXH 1 p R Q PHUR GH PHGLGDV H SRU ILP H[WUDL VH D UDL] TXDGUDGD

7DEHOD GDGRV XWLOL]DGRV SDUD VH FDOFXODU λ a partir da estimativa dos valores “YHUGDGHLURV”

L L L’ HV LP L’ estim.

)RQWH (ODERUDGR SHOR DXWRU

3DUD D ERUGDJHP PRGHOR FRQVWUXtGR DSyV D DSOLFDomR GD DERUGDJHP HPLQJ

RUWRJRQDO RV YDORUHV HPSUHJDGRV SDUD DV YDULkQFLDV GH ; H GH IRUDP SSE H

DGLPHQVLRQDO UHVSHFWLYDPHQWH SDUD R FDVR KRPRFHGiVWLFR A unidade de λ, 



SRUWDQWR p SSE FRQWXGR D XQLGDGH IRL VXSULPLGD QDV UHSUHVHQWDo HV SDUD QmR SROXLU D

UHSUHVHQWDomR GDGR TXH HVVH SDUkPHWUR QmR WHP VHQWLGR TXtPLFR Assim, o valor de λ foi fixado 

como sendo 4,32, neste caso. Já para o caso heterocedástico, o valor de λ obWLGR IRL

Para a Abordagem 3, o cálculo de λ foi realizado propagando VH D LQFHUWH]D GH PHGLomR

GD FRQFHQWUDomR GRV SRQWRV GD FXUYD GH FDOLEUDomR SRU PHLR GD PHWRGRORJLD ERWWRP XS

GHWDOKHV D UHVSHLWR GD WpFQLFD VmR DSUHVHQWDGRV QR SrQGLFH 2 GHVYLR SDGUmR GH ; IRL

HVWLPDGR FRPR VHQGR SSE VVLP D YDULkQFLD YDOH SSE 3DUD

REWHYH VH XPD YDULkQFLD GH DGLPHQVLRQDO DR TXDGUDGR, o que implica em λ = 

A Tabela 5 traz um resumo dos valores de λ HPSUHJDGRV QRV PRGHORV GH UHJUHVVmR

Somente sob a Abordagem 2 (cálculo de λ usando o modelo ortogonal para estimar as variâncias 

de X e Y) é que o valor de λ diverge entre os casos homocedástico e heterocedástico. Para as 

outras duas abordagens, ou λ é fi[DGR LJXDO D RX p FDOFXODGR FRP EDVH QRV GDGRV

experimentais e, portanto, não é influenciado pelos dados de regressão. A razão (λ) das 

HVWLPDWLYDV GH YDULkQFLD IRUDP XWLOL]DGDV QDV SODQLOKDV LPSOHPHQWDGDV H QR VRIWZDUH 1 66

7DEHOD : valores de λ para RV VHLV GLIHUHQWHV PRGHORV GH UHJUHVVmR LPSOHPHQWDGRV
0RGHOR λ

HPLQJ 2UWRJRQDO KRPRFHGiVWLFR H
KHWHURFHGiVWLFR YDULkQFLDV LJXDLV
HPLQJ QmR RUWRJRQDO , KRPRFHGiVWLFR

YDULkQFLDV FDOFXODGDV FRQVLGHUDQGR VH D
HVWLPDWLYD REWLGD VRE R PRGHOR RUWRJRQDO
HPLQJ QmR RUWRJRQDO , KHWHURFHGiVWLFR

YDULkQFLDV FDOFXODGDV FRQVLGHUDQGR VH D
HVWLPDWLYD REWLGD VRE R PRGHOR RUWRJRQDO
HPLQJ QmR RUWRJRQDO ,, KRPRFHGiVWLFR H

KHWHURFHGiVWLFR YDULkQFLDV FDOFXODGDV SRU
SURSDJDomR GH LQFHUWH]DV

)RQWH (ODERUDGR SHOR DXWRU

,9 9DOLGDomR GRV PRGHORV LPSOHPHQ DGRV

Após estimar os diferentes valores de λ, procedeu VH j YDOLGDomR GRV PRGHORV

LPSOHPHQWDGRV HP ([FHO (VVD DWLYLGDGH FRQVLVWLX QD FRPSDUDomR GRV YDORUHV REWLGRV QD

SODQLOKD GR ([FHO FRQVWUXtGD QHVWH WUDEDOKR FRP DTXHOHV REWLGRV QR H FRPHUFLDO 1 66

3DUD R FDVR KRPRFHGiVWLFR R YDORU REWLGR QD SODQLOKD IRL FRPSDUDGR FRP UHVXOWDGRV TXH Mi



FRQVWDYDP QR PDQXDO GR 1 66 H SDUD R FDVR KHWHURFHGiVWLFR SURFHGHX VH j FRPSDUDomR

FRP R YDORU REWLGR DSyV D DSOLFDomR QR H GLUHWDPHQWH GLVSRQLELOL]DGR SRU XP PrV SDUD

DYDOLDomR JUDWXLWD

O que diferenciava a construção de um modelo do outro era apenas o valor de λ. Então, 

SDUD ILQV GH FRPSDUDomR FRP R PDQXDO GR H D YDOLGDomo ocorreu para λ = 4 (valor 

XWLOL]DGR QD LQVWUXomR GH XVR GR H 2V UHVXOWDGRV REWLGRV QR H 1 66 H RV

UHVXOWDGRV REWLGRV QD SODQLOKD LPSOHPHQWDGD HP ([FHO VmR DSUHVHQWDGRV UHVSHFWLYDPHQWH QDV

)LJXUDV H SDUD R FDVR KRPRFHGiVWLFR H QDV )LJXUDV H SDUD R FDVR KHWHURFHGiVWLFR RPR

p SRVVtYHO REVHUYDU RV YDORUHV HVWLPDGRV SDUD DV LQFOLQDo HV H LQWHUFHSWRV H GRV VHXV

UHVSHFWLYRV HUURV SDGU HV IRUDP VHPHOKDQWHV 6RPHQWH SDUD R FDVR KHWHURFHGiVWLFR p TXH VH

REVHUYRX XPD GLIHUHQoD HQWUH HOHV VHQGR D PDLRU GHODV LQIHULRU D ,VVR SRGH VHU MXVWLILFDGR

SURYDYHOPHQWH j DOJXPD GLIHUHQoD GH DERUGDJHP QXPpULFD HPSUHJDGD QR 1 66 H QR ([FHO

7DOYH] DV VpULHV HPSUHJDGDV SDUD VH UHDOL]DU RV FiOFXORV IRUDP WUXQFDGDV FRP XP Q PHUR GH

WHUPRV GLIHUHQWHV H FRPR R PRGHOR KHWHURFHGiVWLFR HQYROYHX PDLV HWDSDV GH FiOFXOR

SURYDYHOPHQWH KRXYH XPD PDLRU SURSDJDomR GDV GLIHUHQoDV QXPpULFDV R TXH JHURX HVVD

SHTXHQD GLVFUHSkQFLD HQWUH RV PRGHORV H WRGD IRUPD DLQGD DVVLP WDQWR RV PRGHORV GH

UHJUHVVmR HPLQJ KRPRFHGiVWLFRV TXDQWR RV KHWHURFHGiVWLFRV LPSOHPHQWDGRV IRUDP

FRQVLGHUDGRV VDWLVIDWRULDPHQWH YDOLGDGRV

3RGHU VH LD TXHVWLRQDU TXDO p R JDQKR GH VH GHVHQYROYHU XPD SODQLOKD TXH ID] R PHVPR

TXH XP VRIWZDUH Mi SURJUDPDGR SDUD H[HFXWDU 3ULPHLUDPHQWH Ki R IDWRU FXVWR GDGR TXH RV

VRIWZDUHV TXH UHDOL]DP HVVH WUDWDPHQWR RX VmR SDJRV RX QmR HVWmR DFHVVtYHLV QR %UDVLO

GR ,QVWLWXWR GH 0HWURORJLD GD ,WiOLD RX R ;/*(1/,1( GR 13/ GR 5HLQR 8QLGR SRU H[HPSOR

(P VHJXQGR OXJDU R REMHWLYR GHVWH WUDEDOKR p GHVHQYROYHU XP SURGXWR TXH HIHWLYDPHQWH VHMD

DSOLFDGR j XPD URWLQD ODERUDWRULDO 1HVVH FDVR GHYLGR j HOHYDGD FDUJD GH WUDEDOKR VHPSUH TXH

SRVVtYHO p GHVHMiYHO TXH DV Do HV VHMDP DXWRPDWL]DGDV H TXH HODV VHMDP R PDLV VLPSOHV

SRVVtYHLV 2 ODERUDWyULR SDUD R TXDO D SODQLOKD HVWi VHQGR GHVHQYROYLGD Mi WHP D FDSDFLGDGH GH

LQWHJUDU RV VHXV HTXLSDPHQWRV j DOLPHQWDomR GRV GDGRV HP XPD SODQLOKD GH H[FHO GH PDQHLUD

DXWRPiWLFD VVLP SURFHVVDQGR VH RV GDGRV QHVVD SODQLOKD VHP TXDOTXHU LQWHUYHQomR GR

XVXiULR VH JDQKD WHPSR GH DQiOLVH SURSULDPHQWH HVVD IRUPD WRGD D HWDSD GH DTXLVLomR GH

GDGRV FRPSLODomR SURFHVVDPHQWR FiOFXOR GRV UHVXOWDGRV H UHSRUWDJHP ILFDP LQGHSHQGHQWHV

GR RSHUDGRU 2XWUD YDQWDJHP GHVVD DERUGDJHP p TXH VH HOLPLQDP RV HYHQWXDLV HUURV GH

WUDQVFULomR GH GDGRV QDV HWDSDV PHQFLRQDGDV
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)LJXUD : Parâmetros do modelo de regressão Deming, heterocedástico, com λ = 4, obtidos na 
SODQLOKD ([FHO FRQVWUXtGD QHVWH WUDEDOKR

)RQWH (ODERUDGR SHOR DXWRU

,9 RPSDUDomR GRV DMXV HV JHUDGRV SHORV PRGHORV

2V VHLV PRGHORV GH UHJUHVVmR GHVFULWRV QD 7DEHOD IRUDP FRPSDUDGRV HQWUH VL H FRP R

PRGHOR DWXDOPHQWH Mi XWLOL]DGR QD URWLQD GR ODERUDWyULR TXH p XP PRGHOR KHWHURFHGiVWLFR HP

TXH RV SHVRV VmR GHILQLGRV FRPR VHQGR R LQYHUVR GD YDULkQFLD GDV UHVSRVWDV LQVWUXPHQWDLV

,QLFLDOPHQWH D FRPSDUDomR IRL IHLWD FRQVLGHUDQGR VH DV HVWLPDWLYDV SRQWXDLV H RV

LQWHUYDORV GH FRQILDQoD , GH REWLGRV SDUD RV LQWHUFHSWRV H LQFOLQDo HV GDV HTXDo HV GDV

UHWDV HVWLPDGDV SDUD D UHVSRVWD D SDUWLU GH FDGD XP GRV PRGHORV 2V UHVXOWDGRV GHVVD

FRPSDUDomR LQLFLDO VmR DSUHVHQWDGRV QD 7DEHOD 2V GDGRV HPSUHJDGRV SDUD WRGRV RV PRGHORV

VmR RV GDGRV H[SHULPHQWDLV DSUHVHQWDGRV QD 7DEHOD 2 YDORU GH 𝑡1−𝛼,𝑁−2 XWLOL]DGR SDUD VH

HVWLPDU RV LQWHUYDORV GH FRQILDQoD GRV LQWHUFHSWRV H GDV LQFOLQDo HV p 𝑡0,95; 16 = 2,12 D XP

QtYHO GH VLJQLILFkQFLD GH VVLP RV LQWHUYDORV GH FRQILDQoD IRUDP FRQVWUXtGRV GD VHJXLQWH

PDQHLUD

𝜙 ±  𝑡1−𝛼,𝑁−2. 𝑆𝐸(𝜙)

𝜙 ± 2,12. 𝑆𝐸(𝜙)

HP TXH R GHVYLR SDGUmR 𝑆𝐸(𝜙) p HVWLPDGR XWLOL]DQGR VH GR PpWRGR GH -DFNNQLIH (TXDomR

GR SrQGLFH %

2EVHUYDQGR VH RV , V DSUHVHQWDGRV QD 7DEHOD ILFD FODUR TXH HOHV QmR GLIHUHP

HVWDWLVWLFDPHQWH SDUD XP QtYHO GH VLJQLILFkQFLD GH FRPSDUDomR HVVD IHLWD SDUD RV FRQMXQWRV

GH LQFOLQDomR H LQWHUFHSWR VHSDUDGDPHQWH OpP GLVVR WDPEpP p SRVVtYHO REVHUYDU TXH RV

LQWHUYDORV GH FRQILDQoD SDUD R LQWHUFHSWR FRQWrP R YDORU ]HUR RX VHMD SDUD ⍺  D KLSyWHVH

QXOD ℎ0 EL  QmR SRGH VHU UHMHLWDGD VVLP R LQWHUFHSWR QmR p VLJQLILFDWLYR QRV PRGHORV

DYDOLDGRV 3RU RXWUR ODGR DQDOLVDQGR VH RV LQWHUYDORV GH FRQILDQoD GDV LQFOLQDo HV p SRVVtYHO

REVHUYDU TXH QHQKXP GHOHV FRQWrP R YDORU ]HUR H SRUWDQWR D KLSyWHVH QXOD GH TXH HOHV VHULDP



LJXDLV D ]HUR SRGH VHU GHVFDUWDGD (VVD WDPEpP p XPD RXWUD PDQHLUD GH VH DYDOLDU D OLQHDULGDGH

GH XP PRGHOR GH UHJUHVVmR OLQHDU

7DEHOD 9DORUHV HVWLPDGRV GHVYLR SDGUmR VG H LQWHUYDORV GH FRQILDQoD , GH SDUD RV
LQWHUFHSWRV D H LQFOLQDomR E GD HTXDomR GD UHWD DVVRFLDGD j UHVSRVWD HVWLPDGRV D SDUWLU GRV
VHLV PRGHORV GH UHJUHVVmR HPLQJ LPSOHPHQWDGRV

0RGHOR ,Q HUF D VG D , SDUD R
LQ HUFHS R D ,QFOLQ E VG E , SDUD D

LQFOLQDomR E
+HWHURFHGiVWLFR Mi

XWLOL]DGR QD URWLQD > >

HPLQJ RUWRJRQDO
KRPRFHGiVWLFR > >

HPLQJ QmR
RUWRJRQDO
KRPRFHGiVWLFR ,

> >

HPLQJ QmR
RUWRJRQDO
KRPRFHGiVWLFR ,,

> >

HPLQJ RUWRJRQDO
KHWHURFHGiVWLFR > >

HPLQJ QmR
RUWRJRQDO
KHWHURFHGiVWLFR ,

> >

HPLQJ QmR
RUWRJRQDO
KHWHURFHGiVWLFR ,,

> >

)RQWH (ODERUDGR SHOR DXWRU

SyV D FRQVWUXomR GRV PRGHORV H D DYDOLDomR GH VXDV OLQHDULGDGHV p SUHFLVR DYDOLDU VH

DV UHVSRVWDV HVWLPDGDV SDUD D FRQFHQWUDomR GH XPD DPRVWUD VmR HTXLYDOHQWHV VRE WRGDV DV

DERUGDJHQV 3DUD LVVR DYDOLDUDP VH DV UHVSRVWDV HP WULSOLFDWD H HP WUrV QtYHLV GLIHUHQWHV QR

LQtFLR GD FXUYD GH FDOLEUDomR QR SRQWR LQWHUPHGLiULR TXH HTXLYDOH DR OLPLWH GH WRPDGD GH

GHFLVmR H QR SRQWR H[WUHPR VXSHULRU GD FXUYD 1RV HVWXGRV GH YDOLGDomR UHDOL]DGRV HP TXH VH

DYDOLDUDP UHVSRVWDV LQVWUXPHQWDLV HP FDGD QtYHO YHULILFRX VH TXH RV UHVXOWDGRV VmR

QRUPDOPHQWH GLVWULEXtGRV RX VHMD SRGHU VH LD FRPSDUDU RV UHVXOWDGRV XWLOL]DQGR VH GH WHVWHV

SDUDPpWULFRV DLQGD TXH SDUD VH REWHU D UHJUHVVmR D QRUPDOLGDGH GRV UHVtGXRV QmR VHMD XPD

FRQGLomR IXQGDPHQWDO RQWXGR DV FRPSDUDo HV GDV HVWLPDWLYDV GDV PpGLDV VHUmR UHDOL]DGDV

YDOHQGR VH GH DERUGDJHQV QmR SDUDPpWULFDV Mi TXH VHUmR XWLOL]DGDV DSHQDV WUrV REVHUYDo HV

GHQWUR GH FDGD QtYHO GH FRPSDUDomR 2V GDGRV HPSUHJDGRV QHVWD DYDOLDomR VmR DSUHVHQWDGRV QD

7DEHOD



7DEHOD 9DORUHV GDV WULSOLFDWDV GRV WUrV QtYHLV GH FRQFHQWUDomR HPSUHJDGRV QDV FRPSDUDo HV
GRV PRGHORV

5HSOLFD D 5HVSRV D LQV UXPHQ DO
1tYHO D
1tYHO E
1tYHO F
1tYHO D
1tYHO E
1tYHO F
1tYHO D
1tYHO E
1tYHO F
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2V GDGRV IRUDP SURFHVVDGRV HP FDGD XPD GDV VHWH FXUYDV GH FDOLEUDomR RX VHMD VRE RV

VHWH PRGHORV GHVFULWRV QD 7DEHOD FRQVLGHUDQGR VH GRLV FDVRV FRP R LQWHUFHSWR H VHP HOH 2V

UHVSHFWLYRV YDORUHV SDUD DV FRQFHQWUDo HV GDV UHSOLFDWDV VmR DSUHVHQWDGRV QDV 7DEHODV H

7DEHOD 9DORUHV GH FRQFHQWUDomR HVWLPDGRV SDUD FDGD XPD GDV FRQFHQWUDo HV GD 7DEHOD HP
FDGD XP GRV PRGHORV GH UHJUHVVmR DYDOLDGRV V FRQFHQWUDo HV IRUDP FDOFXODGDV FRQVLGHUDQGR
VH DV LQFOLQDo HV H LQWHUFHSWRV DLQGD TXH HVWH OWLPR QmR VHMD VLJQLILFDWLYR
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7DEHOD 9DORUHV GH FRQFHQWUDomR HVWLPDGRV SDUD FDGD XPD GDV FRQFHQWUDo HV GD 7DEHOD HP
FDGD XP GRV PRGHORV GH UHJUHVVmR DYDOLDGRV V FRQFHQWUDo HV IRUDP FDOFXODGDV FRQVLGHUDQGR
VH VRPHQWH D LQFOLQDomR XPD YH] TXH R LQWHUFHSWR IRL FRQVLGHUDGR QmR VLJQLILFDWLYR

+
HW
HU
RF
HG
iV
WLF
R

HP
LQ
J

RU
WR
JR
QD
O

KR
P
RF
HG
iV
WLF
R

HP
LQ
J
Qm
R

RU
WR
JR
QD
O

KR
P
RF
HG
iV
WLF
R
,

HP
LQ
J
Qm
R

RU
WR
JR
QD
O

KR
P
RF
HG
iV
WLF
R
,,

HP
LQ
J

RU
WR
JR
QD
O

KH
WH
UR
FH
Gi
VWL
FR

HP
LQ
J
Qm
R

RU
WR
JR
QD
O

KH
WH
UR
FH
Gi
VWL
FR

,

HP
LQ
J
Qm
R

RU
WR
JR
QD
O

KH
WH
UR
FH
Gi
VWL
FR

,,

1tYHO D
1tYHO E
1tYHO F
1tYHO D
1tYHO E
1tYHO F
1tYHO D
1tYHO E
1tYHO F

)RQWH (ODERUDGR SHOR DXWRU

,QLFLDOPHQWH FRPSDUDUDP VH RV YDORUHV GH FRQFHQWUDo HV HVWLPDGRV QDV 7DEHODV H

D ILP GH VH DYDOLDU VH D H[FOXVmR GR LQWHUFHSWR UHDOL]DGD GHYLGR j SUHVHQoD GR YDORU ]HUR QR ,

DR QtYHO GH VLJQLILFkQFLD GH LPSDFWDULD QRV UHVXOWDGRV 2V YDORUHV HVWLPDGRV SRU HVWDV GXDV

DERUGDJHQV IRUDP FRPSDUDGRV XWLOL]DQGR VH GR WHVWH QmR SDUDPpWULFR GH :LOFR[RQ 0DQQ

:KLWQH\ SDUD D LJXDOGDGH GH PpGLDV 1HQKXPD GDV FRPSDUDo HV SDUD FDGD XP GRV WUrV QtYHLV

GH FRQFHQWUDomR VH PRVWURX GLIHUHQWH TXDQGR RV UHVXOWDGRV IRUDP JHUDGRV XWLOL]DQGR VH GDV

FXUYDV GH FDOLEUDomR FRP R LQWHUFHSWR H VHP HOH VVLP SDUD DV DYDOLDo HV SRVWHULRUHV VHUmR

XWLOL]DGDV DV FXUYDV VHP RV LQWHUFHSWRV

DQiOLVH GH HTXLYDOrQFLD HQWUH DV UHVSRVWDV HVWLPDGDV VRE WRGDV DV VHWH DERUGDJHQV

HQYROYH D FRPSDUDomR HQWUH PDLV GH GRLV JUXSRV V VXSRVLo HV QHFHVViULDV SDUD TXH D 129

SDUDPpWULFD SXGHVVH VHU DSOLFDGD IRUDP GH TXH RV YDORUHV DYDOLDGRV IRVVHP LQGHSHQGHQWHV

QRUPDOPHQWH GLVWULEXtGRV H TXH DV YDULkQFLDV IRVVHP FRQVWDQWHV H FRPXQV SDUD FDGD QtYHO GR

IDWRU HVWXGDGR 3DUD VH DYDOLDU LVVR SRGHU VH LD VH XWLOL]DU GRV WHVWHV GH XUELQ :DWVRQ

6KDSLUR :LON H /HYHQH RQWXGR FRPR VH XWLOL]RX VRPHQWH GH WULSOLFDWDV RV UHVXOWDGRV

SRGHULDP ILFDU FRPSURPHWLGRV

6HP FRQVLGHUDU D YDOLGDGH GH WDLV VXSRVLo HV RV YDORUHV IRUDP FRPSDUDGRV XWLOL]DQGR

VH GR WHVWH GH .UXVNDO :DOOLV TXH p XP WHVWH QmR SDUDPpWULFR SDUD FRPSDUDomR GH N DPRVWUDV

QmR SDUHDGDV 3DUD DV FRPSDUDo HV QRV WUrV QtYHLV GH FRQFHQWUDomR QmR VH REVHUYDUDP



GLIHUHQoDV HVWDWtVWLFDV DR QtYHO GH XPD YH] TXH WRGRV RV S YDORUHV SDUD D FRPSDUDomR GDV

FRQFHQWUDo HV IRUDP VXSHULRUHV D HVVH SHUFHQWXDO VVLP D KLSyWHVH QXOD GH TXH DV

FRQFHQWUDo HV REWLGDV QRV VHWH PRGHORV JHUDP HVWLPDWLYDV GH FRQFHQWUDomR GDV DPRVWUDV

VLPLODUHV QmR SRGH VHU UHMHLWDGD SDUD QHQKXP GRV WUrV QtYHLV GH FRQFHQWUDomR DYDOLDGRV

3RUWDQWR XPD YH] TXH DV FRQFHQWUDo HV UHSRUWDGDV QRV WUrV QtYHLV QmR GLIHULUDP

HVWDWLFDPHQWH D XP QtYHO GH VLJQLILFkQFLD GH QRV VHWH PRGHORV GH UHJUHVVmR DYDOLDGRV

SRGH VH DILUPDU TXH SDUD RV GDGRV HPSUHJDGRV QHVWH HVWXGR D FRQVLGHUDomR GD LQFHUWH]D GD

YDULiYHO LQGHSHQGHQWH QD FRQVWUXomR GRV PRGHORV GH UHJUHVVmR QmR LPSDFWRX QR UHVXOWDGR ILQDO

,VVR p XP LQGLFDWLYR GH TXH VH SRGH XWLOL]DU TXDOTXHU XP GRV PpWRGRV GH UHJUHVVmR SDUD D

REWHQomR GD FRQFHQWUDomR GDV DPRVWUDV SRGHQGR VH LQFOXVLYH FRQWLQXDU VH XWLOL]DQGR GR

PRGHOR DWXDO R TXDO DVVXPH LQFHUWH]D DSHQDV SDUD D YDULiYHO ID]HQGR VH DV HVWLPDWLYDV

DWUDYpV GR PpWRGR GRV PtQLPRV TXDGUDGRV SRQGHUDGRV SDUD D FRQVWUXomR GDV FXUYDV GH

FDOLEUDomR HPSUHJDGDV QDV DQiOLVHV GR PHGLFDPHQWR YHWHULQiULR HP TXHVWmR XWLOL]DQGR VH GDV

WpFQLFDV KLIHQDGDV GH FURPDWRJUDILD OtTXLGD GH DOWD HILFLrQFLD H HVSHFWURPHWULD GH PDVVDV FRP

DQDOLVDGRU GR WLSR WULSOR TXDGUXSROR

,9 YDOLDomR GD LQFHU H D GR PD HULDO GH UHIHUrQFLD FHU LILFDGR

2 LPSDFWR GD LQFHUWH]D GD SXUH]D GR 05 PDWHULDO GH UHIHUrQFLD FHUWLILFDGR

HPSUHJDGR SDUD VH SUHSDUDU DV VROXo HV SDGUmR GH FDOLEUDomR RX VHMD DV DELVFLVVDV GDV FXUYDV

QD FRPSRVLomR GR UHVXOWDGR ILQDO WDPEpP IRL DYDOLDGR 3DUD VH DYDOLDU WDO HIHLWR D SRUFHQWDJHP

GH SXUH]D IRL FRPSXWDGD DR PRGHOR GH UHJUHVVmR SHOD FRQVLGHUDomR GHVVH SDUkPHWUR QD

estimativa de λ (Abordagem 3). Os valores de concentração calculados, variando VH R GHVYLR

SDGUmR GD SXUH]D VmR DSUHVHQWDGRV QD 7DEHOD 3DUD WRGRV RV WUrV QtYHLV DYDOLDGRV R WHVWH GH

.UXVNDO :DOOLV UHWRUQRX S YDORU PDLRU TXH QtYHO GH VLJQLILFkQFLD VVLP D KLSyWHVH QXOD

GH TXH DV PpGLDV VmR LJXDLV QmR SRGH VHU UHMHLWDGD 3RUWDQWR FRQFOXL VH TXH D LQFHUWH]D GD

SXUH]D GH XP 05 QmR LPSDFWD QRV UHVXOWDGRV PHVPR TXDQGR R GHVYLR SDGUmR GD SXUH]D

DOFDQoDU GR YDORU GHFODUDGR



7DEHOD 9DORUHV FDOFXODGRV SDUD DV FRQFHQWUDo HV GH WUrV UHSOLFDWDV HP WUrV QtYHLV
GLIHUHQWHV GH FRQFHQWUDomR YDULDQGR VH D SXUH]D GR 05 GH D

3XUH D GR
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1tYHO D
1tYHO E
1tYHO F
1tYHO D
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1tYHO E
1tYHO F
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3RGHU VH LD HQWmR TXHVWLRQDU VREUH D UHDO QHFHVVLGDGH GH VH DGTXLULU XP 05 GDGR

TXH R VHX FXVWR p PDLRU H[DWDPHQWH SHOR IDWR GH VHU SUHSDUDGR VRE RV UHTXLVLWRV GH XPD QRUPD

GH TXDOLGDGH ,62 RX VHMD FRP LQFHUWH]D GH PHGLomR ULJRURVDPHQWH HVWLPDGD H QD

PDLRULD GRV FDVRV PHQRU TXH D GH XP SURGXWR TXH QmR p05 7RGDYLD MXVWDPHQWH SRU SRVVXLU

XP PDLRU ULJRU QR SUHSDUR D FRQILDELOLGDGH GD SXUH]D GHFODUDGD p PDLRU ,VVR p UHOHYDQWH SRLV

D SXUH]D p XWLOL]DGD SDUD VH FDOFXODU DV FRQFHQWUDo HV HPSUHJDGDV FRPR DEVFLVVDV GRV PRGHORV

GH UHJUHVVmR H SRU LVVR SRGH DIHWDU D FRQFHQWUDomR FDOFXODGD GDV DPRVWUDV 3RU H[HPSOR VH D

SXUH]D UHDO GR 05 XWLOL]DGR QR SUHSDUR GD FXUYD GH FDOLEUDomR IRU PHQRU GR TXH D GHFODUDGD

RV YDORUHV GH FRQFHQWUDomR FDOFXODGRV SDUD DV DPRVWUDV VHUmR VXSHUHVWLPDGRV 3RU ILP p

SHUWLQHQWH UHVVDOWDU TXH R XVR GR 05 DVVHJXUD D UDVWUHDELOLGDGH GD PHGLomR DR VLVWHPD

LQWHUQDFLRQDO GH XQLGDGHV



9 RQVLGHUDo HV ILQDLV

)RUDP FRQVWUXtGRV VHLV PRGHORV GH UHJUHVVmR HPLQJ WUrV KRPRFHGiVWLFRV H WUrV

KHWHURFHGiVWLFRV YDULDQGR se a razão (λ) entre as variâncias das variáveis independente e 

resposta. Para os casos ortogonais, o valor λ é 1. Já para os casos das regressões DemLQJ R

valor de λ foi calculado considerando VH D HVWLPDWLYD SDUD RV YDORUHV “YHUGDGHLURV” REWLGRV D

SDUWLU GD UHJUHVVmR RUWRJRQDO GLFLRQDOPHQWH HVWLPRX se o valor de λ também a partir de 

YDORUHV H[SHULPHQWDLV UD]mR HQWUH D YDULkQFLD GH [ HVWLPDGD SHOD DERUGDJHP P S H D

YDULkQFLD GH \ FDOFXODGD FRQVLGHUDQGR VH D YDULkQFLD GDV UHVSRVWDV LQVWUXPHQWDLV 7RGRV RV

PRGHORV DSUHVHQWDUDP LQFOLQDo HV HVWDWLVWLFDPHQWH VLJQLILFDWLYDV SDUD ⍺  DWHVWDQGR VH VH

WUDWDU GH XPD UHJUHVVmR OLQHDU H LQWHUFHSWRV QmR VLJQLILFDWLYRV HVWDWLVWLFDPHQWH

2V VHLV PRGHORV ELYDULDGRV FRQVWUXtGRV MXQWDPHQWH FRP R PRGHOR XQLYDULDGR Mi

XWLOL]DGR QD URWLQD DQDOtWLFD GR ODERUDWyULR PtQLPRV TXDGUDGRV SRQGHUDGR SHOR LQYHUVR GDV

YDULkQFLDV GDV UHSOLFDWDV GH FDGD FRQFHQWUDomR IRUDP FRPSDUDGRV TXDQWR jV VXDV UHVSRVWDV

SDUD WUrV DPRVWUDV DQDOLVDGDV HP WULSOLFDWD FRP FRQFHQWUDo HV YDULDQGR GR PHQRU QtYHO GD

FXUYD DR OWLPR SDVVDQGR SHOR SRQWR LQWHUPHGLiULR TXH p RQGH VH WRPD D GHFLVmR TXDQWR j

YLRODomR GH XPD DPRVWUD GH DFRUGR FRP RV QtYHLV LQGLFDGRV SDUD FDGD DQDOLWR QDV GLIHUHQWHV

OHJLVODo HV H UHFRPHQGDo HV PXQGLDLV 2V UHVXOWDGRV IRUDP FRPSDUDGRV HVWDWLVWLFDPHQWH

XWLOL]DQGR VH GR WHVWH QmR SDUDPpWULFR GH .UXVNDO :DOOLV SDUD R TXDO QmR VH REVHUYDUDP

GLIHUHQoDV HVWDWtVWLFDV VLJQLILFDQWHV SDUD ⍺  HP QHQKXP GRV PRGHORV HP QHP XP GRV

WUrV QtYHLV GH FRQFHQWUDomR

VVLP FRQFOXL VH TXH RV PRGHORV GH UHJUHVVmR HPLQJ DMXVWDGRV UHWRUQDP D PHVPD

UHVSRVWD TXH R PRGHOR XQLYDULDGR Mi HPSUHJDGR QD URWLQD 2X VHMD D LQFHUWH]D GD YDULiYHO

LQGHSHQGHQWH FRQFHQWUDomR TXDQGR FRPSXWDGD DR PRGHOR GH UHJUHVVmR OLQHDU QmR FRQWULEXL

SDUD TXH RV UHVXOWDGRV VHMDP HVWDWLVWLFDPHQWH GLIHUHQWHV SDUD ⍺  GRV REWLGRV YDOHQGR VH

GR PpWRGR XQLYDULDGR

2 RXWUR REMHWLYR GHVWH WUDEDOKR IRL DYDOLDU D FRQWULEXLomR GD LQFHUWH]D GD SXUH]D GH XP

05 HPSUHJDGR SDUD VH FRQVWUXLU D FXUYD GH FDOLEUDomR j FRQFHQWUDomR ILQDO FDOFXODGD 3DUD

LVVR XWLOL]RX se do modelo Deming heterocedástico e com o λ estimado experimentalmente 

SRU VH WUDWDU GR PRGHOR PDLV UREXVWR GDGR TXH DV VXSRVLo HV GH XVR VmR DV PHQRV UHVWULWLYDV

SDUD VH FRQVWUXLU PRGHORV GH UHJUHVVmR FRP R GHVYLR SDGUmR GD SXUH]D GR 05 YDULDQGR QRV

VHJXLQWHV SHUFHQWXDLV H DGD XP GHVVHV PRGHORV IRL



XWLOL]DGR SDUD VH HVWLPDU D FRQFHQWUDomR GH WULSOLFDWDV GH DPRVWUDV DYDOLDGDV HP WUrV QtYHLV

GLIHUHQWHV GH IRUPD DQiORJD j UHDOL]DGD SDUD VH FRPSDUDU RV PRGHORV ELYDULDGRV

3DUD HVVH OWLPR H[SHULPHQWR REVHUYRX VH TXH PHVPR YDULDQGR VH D LQFHUWH]D GD

SXUH]D HP RV YDORUHV UHSRUWDGRV SDUD DV FRQFHQWUDo HV GDV WULSOLFDWDV GH DPRVWUDV

DQDOLVDGDV HP WUrV GLIHUHQWHV QtYHLV QmR GLIHULUDP HVWDWLVWLFDPHQWH SDUD ⍺  XWLOL]DQGR

VH GR WHVWH GH .UXVNDO :DOOLV VVLP SRGH VH DILUPDU TXH D LQFHUWH]D GD SXUH]D GR 05 p

LUUHOHYDQWH DR FiOFXOR GDV FRQFHQWUDo HV GDV DPRVWUDV 7RGDYLD p LPSRUWDQWH UHVVDOWDU TXH

DLQGD TXH R PDLRU SUHoR GR 05 DGYHQKD GR IDWR GHOH VHU SUHSDUDGR FRP XP PDLRU ULJRU

PHWUROyJLFR D ILP GH VH REWHU XPD PHQRU LQFHUWH]D HVVH SURGXWR DSUHVHQWD PDLRU

FRQILDELOLGDGH QR VHX FiOFXOR GH SXUH]D R TXH HIHWLYDPHQWH DIHWD QRV YDORUHV GH FRQFHQWUDomR

FDOFXODGRV SHORV PRGHORV GH UHJUHVVmR OLQHDU

HVVD IRUPD HVWH WUDEDOKR DWLQJLX RV VHXV REMHWLYRV H FRQWULEXLUi SDUD R DSULPRUDPHQWR

GD SROtWLFD GH TXDOLGDGH GR ODERUDWyULR QR TXH VH UHIHUH DR DWHQGLPHQWR DRV UHTXLVLWRV GD QRUPD

GH TXDOLGDGH ,62 V SODQLOKDV LPSOHPHQWDGDV HP ([FHO IRUDP YDOLGDGDV H SRGHUmR

VHUYLU QD URWLQD GR ODERUDWyULR TXDQGR WDLV PRGHORV SUHFLVDUHP VHU DMXVWDGRV

RPR SRVVLELOLGDGHV GH XPD H[SDQVmR GHVWH WUDEDOKR WHP VH D HVWLPDWLYD GD LQFHUWH]D

GDV DPRVWUDV SHODV DERUGDJHQV ERWWRP XS SHOR PpWRGR QXPpULFR GH .UDJWHQ H SHOD VLPXODomR

GH 0RQWH DUOR GLFLRQDOPHQWH WDPEpP VHULD LQWHUHVVDQWH FRPSDUDU RV WUrV PpWRGRV DR WRS

GRZQ Mi XWLOL]DGR QD URWLQD GR ODERUDWyULR H SRU ILP DYDOLDU R LPSDFWR GD LQFHUWH]D GD SXUH]D

GR 05 QD LQFHUWH]D ILQDO RPR OWLPD VXJHVWmR GH WUDEDOKR IXWXUR WHP VH R HVWXGR H

implementação de um modelo de regressão Deming em que o λ seja estimado parD FDGD XP GRV

SRQWRV GD FXUYD GH FDOLEUDomR
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SrQGLFH 0p RGRV GH SURSDJDomR GH LQFHU H DV GH FXUYD GH FDOLEUDomR

8PD DERUGDJHP SDUD VH FRQVWUXLU R PRGHOR GH UHJUHVVmR ELYDULDGR FRQVLVWH HP VH

HVWLPDU D incerteza de cada valor de concentração e se obter uma regressão linear “Deming” 

SRU LWHUDomR RQWXGR R TXH VH IH] QHVWH WUDEDOKR IRL VH HVWLPDU D LQFHUWH]D GH SUHSDUR GD

concentração do ponto médio da curva e se aplicar o fator λ calculado com esse dado D WRGRV

RV GHPDLV SRQWRV GD FXUYD GH FDOLEUDomR (VVH SRQWR WDPEpP IRL HVFROKLGR SRUTXH HOH

UHSUHVHQWD R SRQWR GH WRPDGD GH GHFLVmR Mi TXH D SDUWLU GHOH D DPRVWUD p FRQVLGHUDGD YLRODGD

3DUD VH H[SOLFDU R FULWpULR HPSUHJDGR QD VHOHomR GD DERUGDJHP GD HVWLPDWLYD GH LQFHUWH]D p

QHFHVViULR ID]HU XPD SHTXHQD FRQWH[WXDOL]DomR GDV GLIHUHQWHV DOWHUQDWLYDV GH FiOFXOR GHVVH

SDUkPHWUR

1mR H[LVWH XP PpWRGR QLFR RX PHVPR PDLV FRUUHWR SDUD VH DYDOLDU D LQFHUWH]D GH XP

PHQVXUDQGR 3RGH VH SRU H[HPSOR HVWLPDU D LQFHUWH]D XWLOL]DQGR VH GH GDGRV GH YDOLGDomR

LQWHUODERUDWRULDO D LQFHUWH]D QHVVH FDVR p EDVLFDPHQWH R GHVYLR SDGUmR REWLGR SHOD

FRPELQDomR GRV GDGRV REWLGRV SHORV GLYHUVRV ODERUDWyULRV RX GH IRUPD VLPLODU XWLOL]DU RV

GDGRV REWLGRV HP XP HQVDLR GH SURILFLrQFLD TXH QDGD PDLV p GR TXH XP HQVDLR

LQWHUODERUDWRULDO GH XPD PHVPD DPRVWUD FRQWUROH RUJDQL]DGR SRU XP SURYHGRU

LQWHUQDFLRQDOPHQWH UHFRQKHFLGR H D SDUWLU GHOHV VH H[WUDLU D LQFHUWH]D LQWUDODERUDWRULDO

XWLOL]DQGR VH GH XPD 129 RQWXGR HVVDV GXDV DERUGDJHQV DSHVDU GH VLPSOHV H GH

UHTXHUHUHP R PtQLPR GH HVIRUoR QmR VmR LQGLFDGDV SRLV QmR FRQVLGHUDP GHWDOKDGDPHQWH WRGR

R SURFHVVR DQDOtWLFR ,VVR p FRQWRUQDGR XWLOL]DQGR VH GDV DERUGDJHQV ERWWRP XS GHVFULWD QR

JXLD ,62 *80 H WRS GRZQ DERUGDGD QR GRFXPHQWR 125 7(67

DERUGDJHP SRU PRGHODJHP p HPSUHJDGD JHUDOPHQWH SRU ODERUDWyULRV GH H[FHOrQFLD

Mi TXH GHPDQGD XP SURIXQGR FRQKHFLPHQWR GR SURFHGLPHQWR DQDOtWLFR GDV YDULiYHLV

HQYROYLGDV GH VXDV FRUUHODo HV H GR LPSDFWR GHODV QD LQFHUWH]D ILQDO VVLP SRU WXGR LVVR D

DERUGDJHP ERWWRP XS GHPDQGDPDLV WUDEDOKR 8PD GHVYDQWDJHP GHVVD DERUGDJHP p TXH H[LVWH

R ULVFR GH DOJXPD FRQWULEXLomR SDUD D LQFHUWH]D ILQDO VHU QHJOLJHQFLDGD YLVWR TXH DV

FRQWULEXLo HV QHVVH FDVR VmR WRPDGDV LQGLYLGXDOPHQWH RQWXGR HVVD HVWUDWpJLD p D PDLV

LQGLFDGD SRU VHU GLGiWLFD H SURPRYHU XPD GLVFXVVmR VREUH DV IRQWHV GH FRQWULEXLomR SDUD D

LQFHUWH]D ILQDO DOpP GH FRQWULEXLU SDUD D LGHQWLILFDomR H FRQVHTXHQWH PLQLPL]DomR GDV

FRQWULEXLo HV TXH LPSDFWDP PDLV QR UHVXOWDGR ILQDO

-i D DERUGDJHP WRS GRZQ p D PDLV HPSUHJDGD HP ODERUDWyULRV GH URWLQD SRU GHPDQGDU

PHQRV WUDEDOKR H SRU XWLOL]DU GDGRV GH YDOLGDomR LQFHUWH]D REWLGD SRU HVVD HVWUDWpJLD p WHQGH

D VHU PDLV UHDOLVWD GR TXH D REWLGD SHOR PpWRGR ERWWRP XS YLVWR TXH QHVVH FDVR WRGDV DV



YDULiYHLV GR SURFHVVR VmR FRPSXWDGDV FRQMXQWDPHQWH DR VH XWLOL]DU GRV GDGRV GH YDOLGDomR 1mR

H[LVWH D SRVVLELOLGDGH GH VH QHJOLJHQFLDU DOJXPD FRQWULEXLomR QD DERUGDJHP WRS GRZQ DOpP

GR PpWRGR VHU PDLV UiSLGR GHPDQGDU PHQRV HVIRUoR SRGHU ID]HU XVR GH GDGRV KLVWyULFRV VHU

PDLV IDFLOPHQWH SURJUDPiYHO H DSUHVHQWDU UHVXOWDGRV GH PHVPD PDJQLWXGH TXH D DERUGDJHP

ERWWRP XS WLGD FRPR PDLV FRPSOH[D H PDLV UHFRPHQGiYHO D XVXiULRV H[SHULHQWHV ,62 *80

5HVXPLQGR VH R ODERUDWyULR WLYHU FRPSHWrQFLD H WHPSR SDUD UHDOL]DU LQYHVWLJDo HV GRV

SURFHGLPHQWRV DQDOtWLFRV D DERUGDJHP GH PRGHODJHP ERWWRP XS p JHUDOPHQWH D PDLV

LQGLFDGD 6H R ODERUDWyULR WLYHU WHPSR OLPLWDGR PDV WLYHU GDGRV GH YDOLGDomR H FRQWUROH GH

TXDOLGDGH D DERUGDJHP GH YDOLGDomR WRS GRZQ p D PDLV DGHTXDGD

3DUD VH HVWLPDU D LQFHUWH]D GD DEVFLVVD GR SRQWR UHIHUHQWH j PHWDGH GD FXUYD VH

HPSUHJRX GD DERUGDJHP ERWWRP XS 2SWRX VH SRU HVVH PRGHOR SRLV FRP HOH p SRVVtYHO

FRPSXWDU D LQFHUWH]D GR 05 GR DQDOLWR HPSUHJDGR QD FRQVWUXomR GD FXUYD GH FDOLEUDomR R

TXH HUD XP RXWUR SUREOHPD SUiWLFR TXH SUHFLVDYD VHU DQDOLVDGR

4XDQGR GD VHOHomR GH XP LQVXPR p QHFHVViULR TXH VH WHQKD XP FULWpULR GHILQLGR GH

DFHLWDomR GR PHVPR 1R FDVR GH XP 05 HVVH FULWpULR SRGHULD VHU D LQFHUWH]D GD VXD SXUH]D

RQWXGR p SUHFLVR DYDOLDU R TXDQWR D LQFHUWH]D GD SXUH]D GR 05 LPSDFWD QR UHVXOWDGR ILQDO

Assim, esse valor foi variado, na estimativa da incerteza da abscissa, que compunha o fator λ, 

DWp TXH DV PpGLDV SDUD R YDORU GH FRQFHQWUDomR GH XPD DPRVWUD FRPHoDVVHP D GLYHUJLU

HVWDWLVWLFDPHQWH GD DQWHULRU RP LVVR IRL SRVVtYHO HVWLPDU XPD LQFHUWH]D Pi[LPD DFHLWiYHO

SDUD R 05

3DUD VH DYDOLDU WRGDV DV IRQWHV GH LQFHUWH]D FRQVLGHUDGDV QD DERUGDJHP P S p

SUHFLVR LQLFLDOPHQWH VH GHVFUHYHU R SURFHGLPHQWR DQDOtWLFR 2 PHVPR p UHVXPLGR D VHJXLU

� 3LSHWDU P/ GH XPD DPRVWUD EUDQFD H DGLFLRQDU D XP WXER GH P/ (𝑉pip/L)

� GLFLRQDU D VROXomR SDGUmR QDV FRQFHQWUDo HV GRV SRQWRV GD FXUYD GH FDOLEUDomR

(𝑉curva/L)

� GLFLRQDU P/ GH DFHWRQLWULOD SDUD UHDOL]DU D H[WUDomR (𝑉acet/L)

� 5HWLUDU P/ GD IDVH RUJkQLFD H WUDQVIHULU D RXWUR WXER GH P/

� GLFLRQDU RV DJHQWHV VHFDQWHV

� 5HWLUDU P/ GR VREUHQDGDQWH (𝑉final/L)

� (YDSRUDU DWp D VHFXUD

� 5HGLVVROYHU com 400 μL H WUDQVIHULU SDUD XP YLDO (𝑉redis/L)



VVLP D HTXDomR GR PHQVXUDQGR FRQFHQWUDomR GRV SRQWRV GD FXUYD GH FDOLEUDomR –

DEVFLVVDV p D VHJXLQWH

c/μg. L−1 =  𝑚/μg  .  pureza
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

V FRPSRQHQWHV GHVWDFDGDV HP YHUPHOKR DGYrP GR SUHSDUR GD VROXomR SDGUmR TXH p

UHDOL]DGR SHVDQGR VH R 05 𝑚/μg H GLOXLQGR VH R VDO HP P/ GH PHWDQRO XWLOL]D VH GR

EDOmR YROXPpWULFR SDUD LVVR 𝑉balão/L (P VHJXLGD XP YROXPH GHVVD VROXomR p SLSHWDGR

𝑉balão/L H GLOXtGR HP RXWUR EDOmR GH P/ 𝑉b1/L LQGD p QHFHVViULR VH UHSHWLU R SDVVR

DQWHULRU 𝑉pip2/L H 𝑉b2/L GH WDO IRUPD D VH SLSHWDU XP YROXPH 𝑉curva/L H VH DOFDQoDU D

FRQFHQWUDomR GHVHMDGD QD DPRVWUD EUDQFD 2 𝑉pip/L UHSUHVHQWD RV P/ GH DPRVWUD EUDQFD

DPRVWUD GH XULQD LVHQWD GH TXDOTXHU FRQWDPLQDomR SUpYLD SHOR DQDOLWR TXH VH HVWi DQDOLVDQGR

TXH VmR XWLOL]DGRV SDUD VH SUHSDUDU FDGD SRQWR GD FXUYD 2 𝑉acet/L p R YROXPH GH P/ GH

DFHWRQLWULOD DGLFLRQDGRV SDUD VH UHDOL]DU D H[WUDomR 2 𝑉final/L FRUUHVSRQGH DR YROXPH GH

P/ SLSHWDGRV GD VROXomR GH DFHWRQLWULOD 3RU ILP R 𝑉redis/L TXH DSDUHFH QD IyUPXOD VH UHIHUH

ao volume de 400 μL empregados para se reGLVVROYHU R H[WUDWR VHFR )HLWR LVVR HVVD OWLPD

VROXomR IRUPDGD p WUDQVIHULGD SDUD XP YLDO TXH p XP IUDVFR GH YLGUR FRPSDWtYHO FRP R

DPRVWUDGRU DXWRPDWL]DGR GR VLVWHPD GH +3/ HVVD HWDSD HP GLDQWH WRGR R SURFHVVR p

LQVWUXPHQWDO QLFD LQWHUIHUrQFLD KXPDQD VH Gi QD LQWHUSUHWDomR GRV VLQDLV DQDOtWLFRV

GHILQLomR GR TXH p XP VLQDO GR DQDOLWR H R TXH VH UHIHUH D XP UXtGR LQVWUXPHQWDO GHILQLomR GRV

OLPLWHV GH LQWHJUDomR GD iUHD GR VLQDO FURPDWRJUiILFR GHQWUH RXWURV SURFHVVDPHQWRV

e SHUWLQHQWH PHQFLRQDU R SRUTXr GRV P/ QmR FRQWULEXtUHP SDUD D FRPSRVLomR GD

LQFHUWH]D GH PHGLomR (VVH YROXPH p UHWLUDGR VRPHQWH SDUD VH VHFDU D IDVH RUJkQLFD RX VHMD D

VROXomR TXH WHP XPD FRQFHQWUDomR FRQVWDQWH SRGH VHU UHWLUDGD FRPR XPD DOtTXRWD TXDOTXHU

HVVH YROXPH VmR UHWLUDGRV RV P/ TXH HIHWLYDPHQWH FRQWULEXHP SDUD D GLOXLomR GD DPRVWUD

1HVVH FDVR p SUHFLVR VH SDGURQL]DU SRLV LVVR DIHWD D TXDQWLGDGH GH PDWpULD TXH VHUi DQDOLVDGD

H TXH FRPR FRQVHTXrQFLD SUHFLVD VHU SURSRUFLRQDO DR QtYHO GH FRQFHQWUDomR GRV SRQWRV GD

FXUYD GH FDOLEUDomR

2 YDORU GH / IRL DGLFLRQDGR SDUD VH FRQWDELOL]DU D GLOXLomR GH P/ SDUD P/

HWDSD GR SURFHGLPHQWR GHVFULWR DQWHULRUPHQWH 6H VH FRPSXWDVVH VRPHQWH D GLOXLomR GH

P/ QHJOLJHQFLDU VH LD D LQFHUWH]D GD HWDSD GH SLSHWDJHP GH P/ TXH HIHWLYDPHQWH LQIOXHQFLD

QD FRQFHQWUDomR ILQDO XPD YH] TXH XPD TXDQWLGDGH GH PDWpULD GLIHUHQWH GD GHVHMDGD SRGHULD

VHU DVSLUDGD SHOD PLFURSLSHWD QD OWLPD HWDSD



SDUWLU GD HTXDomR GD FRQFHQWUDomR HVWLPD VH VXD LQFHUWH]D GH DFRUGR FRP D VHJXLQWH

HTXDomR

𝑢𝑐 = √∑ ( 𝜕𝑐
𝜕𝑥𝑖

. 𝑢𝑥𝑖)
2

𝑛
𝑖

2X VHMD D LQFHUWH]D GH PHGLomR p D UDL] TXDGUDGD GR VRPDWyULR GRV SURGXWRV TXDGUiWLFRV

GR FRHILFLHQWH GH VHQVLELOLGDGH SHOD LQFHUWH]D GDV YDULiYHLV GH HQWUDGD GD HTXDomR GR

PHQVXUDQGR 2V FRHILFLHQWHV GH VHQVLELOLGDGH GHULYDGDV SDUFLDLV WrP SRU REMHWLYR WUDQVIRUPDU

WRGDV DV FRQWULEXLo HV SDUD D PHVPD XQLGDGH GR PHQVXUDQGR DOpP GH SRQGHUDU D FRQWULEXLomR

GH FDGD IRQWH GH LQFHUWH]D 2 FiOFXOR GH FDGD XP GHOHV p DSUHVHQWDGR D VHJXLU

𝜕𝑐
𝜕𝑚

=  pureza
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= 𝑐
𝑚

   

𝜕𝑐
𝜕𝑚

=  0,9741
0,1 L

. 0,001 L
0,1 L

. 0,00111 L
0,1 L

. 0,0001 L
0,005 L

. 0,005 L
0,01 L

. 0,0037 L
0,0004 L

= 1,0001572 μg.L−1

10000 μg
= 0,0001 𝐿−1

𝜕𝑐
𝜕𝑝𝑢𝑟𝑒𝑧𝑎

= 𝑚/μg 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= 𝑐
𝑝𝑢𝑟𝑒𝑧𝑎

𝜕𝑐
𝜕𝑝𝑢𝑟𝑒𝑧𝑎

=  10000 μg
0,1 L

. 0,001 L
0,1 L

. 0,00111 L
0,1 L

. 0,0001 L
0,005 L

. 0,005 L
0,01 L

. 0,0037 L
0,0004 L

= 1,0001572 μg.L−1

0,9741
= 1,2675 μg. L−1

𝜕𝑐
𝜕𝑉balão

= − 𝑚/μg .  pureza 
𝑉balão

2/L2 . 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= − 𝑐
𝑉balão

=  −10 μg. L−2

𝜕𝑐
𝜕𝑉pip1

= 𝑚/μg .pureza 
𝑉balão/L

. 1
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= 𝑐
𝑉pip1

= 1000 μg. L−2 

𝜕𝑐
𝜕𝑉b1

= − 𝑚/μg .pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1

2/L2 . 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

=  − 𝑐
𝑉b1

= −10 g. L−2

𝜕𝑐
𝜕𝑉pip2

= 𝑚/μg .pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 1
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= 𝑐
𝑉pip2

= 901 μg. L−2

𝜕𝑐
𝜕𝑉b2

= − 𝑚/μg .pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
  𝑉b2

2/L2 . 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

=  − 𝑐
𝑉b2

= −10 g. L−2

𝜕𝑐
𝜕𝑉curva

= 𝑚/μg .pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 1
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

= 𝑐
𝑉curva

= 10002 μg. L−2



𝜕𝑐
𝜕𝑉pip

= − 𝑚/μg .  pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
  𝑉b2/L

. 𝑉curva/L
𝑉pip

2/L2 . 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis/L

=  − 𝑐
𝑉pip

= −200 g. L−2

𝜕𝑐
𝜕𝑉acet

= − 𝑚/μg .  pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
  𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet

2/L2 . 𝑉final/L
𝑉redis/L

=  − 𝑐
𝑉acet

= −100 g. L−2

𝜕𝑐
𝜕𝑉final

= 𝑚/μg .pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 1
𝑉redis/L

= 𝑐
𝑉final

= 270 μg. L−2

𝜕𝑐
𝜕𝑉redis

= − 𝑚/μg .  pureza 
𝑉balão/L

. 𝑉pip1/L
𝑉b1/L

. 𝑉pip2/L
  𝑉b2/L

. 𝑉curva/L
𝑉pip/L

. 0,005 L
𝑉acet/L

. 𝑉final/L
𝑉redis

2/L2 =  − 𝑐
𝑉redis

= −2500 g. L−2

V LQFHUWH]DV H GLVWULEXLo HV GDV IXQo HV GHQVLGDGH GH SUREDELOLGDGH GDV YDULiYHLV SDUD

R FiOFXOR GD FRQFHQWUDomR GH μg/L TXH FRUUHVSRQGH DR QtYHO LQWHUPHGLiULR GDV DEFLVVDV H DR

QtYHO HPSUHJDGR SDUD VH LQGLFDU XPD DPRVWUD YLRODGD SDUD R (6 VmR DV VHJXLQWHV

7DEHOD HVWLPDWLYD GD LQFHUWH]D SHOD DERUGDJHP P S GD FRQFHQWUDomR LQWHUPHGLiULD
GDV DEFLVVDV

9DULiYHO 8QLGDGH 9DORU ,QFHU H D ) 3 HU LI DOLE RHI
VHQVLE X FRHI

P μg QRUPDO (
SXUH]D 1 QRUPDO *
9 EDOmR / QRUPDO
9SLS / QRUPDO /9 5
9E / QRUPDO
9SLS / QRUPDO /9 5 (
9E / QRUPDO

9 FXUYD / QRUPDO /9 5
9 SLSHW / QRUPDO /9 5

9 DFHWRQLW / QRUPDO
9 ILQDO / QRUPDO /9 5

9 UHFRQVW / QRUPDO /9 5

 μg/L
XF  μg/L

)RQWH (ODERUDGR SHOR DXWRU

HVVD IRUPD FRPR DSUHVHQWDGR QD 7DEHOD R GHVYLR SDGUmR GDV DEFLVVDV IRL HVWLPDGR

FRPR VHQGR



8PD YH] TXH R nível de referência para se estimar o λ foi a concentração de 1 μg/L WHP

se que a variância obtida para Y neste ponto foi de 0,03179, o que implica em λ = 0,0001769. 

(VWD YDULkQFLD IRL REWLGD DSOLFDQGR VH R PDLRU GHVYLR SDGUmR SHUFHQWXDO GH WRGRV RV

SRQWRV GD FXUYD RX VHMD SDUD FDGD FRQMXQWR GH WUrV SRQWRV IRL HQFRQWUDGR XP GHVYLR H R PDLRU

GHVYLR SHUFHQWXDO IRL HPSUHJDGR DR SRQWR PpGLR GD FXUYD TXH GHYH FRUUHVSRQGHU DR OLPLWH

GH WRPDGD GH GHFLVmR

GLFLRQDOPHQWH p SHUWLQHQWH HOXFLGDU D HVWUDWpJLD GH OHYDQWDPHQWR GDV FRPSRQHQWHV

TXH FRQWULEXHP j LQFHUWH]D FRPELQDGD (P XP WUDEDOKR DQWHULRU %25* 7, WRGDV DV

IRQWHV GH LQFHUWH]D SDUD DV YDULiYHLV HPSUHJDGDV HP XP SURFHVVR VLPLODU Mi KDYLDP VLGR

OHYDQWDGDV H FRPSXWDGDV DR PRGHOR D VDEHU UHVROXomR FDOLEUDomR H UHSHWLELOLGDGH SDUD D

JUDQGH]D PDVVD H DV PHVPD FRPSRQHQWHV FRP D DGLomR GD WHPSHUDWXUD SDUD D JUDQGH]D

YROXPH RQWXGR QHVWH WUDEDOKR ORJR QR LQtFLR GRV WHVWHV YHULILFRX VH TXH D LQFHUWH]D GD

SXUH]D GR 05 SDUkPHWUR TXH SUHFLVDYD VHU DYDOLDGR ILFDULD GLOXtGR IUHQWH jV RXWUDV

FRPSRQHQWHV TXH FRPSXVHUDP D LQFHUWH]D FRPELQDGD GR PHQVXUDQGR VVLP SDUD VH

VXSHUHVWLPDU D FRQWULEXLomR GD LQFHUWH]D GR 05 VRPHQWH D LQFHUWH]D GH FDOLEUDomR IRL

FRPSXWDGD jV FRPSRQHQWHV TXH FRQWULEXHP j LQFHUWH]D GH FDGD FRPSRQHQWH 1R ILQDO GD

DYDOLDomR FRQILUPRX VH D VXSRVLomR GRV WHVWHV SUHOLPLQDUHV VREUH D LUUHOHYkQFLD GD FRQWULEXLomR

GD LQFHUWH]D GD SXUH]D j LQFHUWH]D GR PHQVXUDQGR

7RGDYLD IRL SUHFLVR DYDOLDU VH HVVD VLPSOLILFDomR QD HVWLPDWLYD GD LQFHUWH]D QmR DIHWRX

D HVWLPDWLYD GD LQFOLQDomR H GR LQWHUFHSWR 1R WUDEDOKR GH DV GXDV IRQWHV SULPiULDV GH

LQFHUWH]D SDUD FDGD XPD GDV FRPSRQHQWHV IRUDP D UHSHWLOLELGDGH H D LQFHUWH]D DGYLQGD GD

FDOLEUDomR VVLP SDUD VH DYDOLDU VH D VLPSOLILFDomR UHDOL]DGD IRL DGHTXDGD GREURX VH R YDORU

GD LQFHUWH]D HVWLPDGD QHVVH WUDEDOKR H FDOFXODUDP VH QRYDPHQWH RV SDUkPHWURV GD UHJUHVVmR

3DUD VH VHU DLQGD PDLV FRQVHUYDGRU D LQFHUWH]D IRL TXDGUXSOLFDGD H R PRGHOR GH UHJUHVVmR

FRQVWUXtGR GHVVD PDQHLUD IRL FRPSDUDGR FRP RV RXWURV GRLV 2 UHVXPR GRV SDUkPHWURV GHVVHV

PRGHORV HVWi DSUHVHQWDGR QD WDEHOD DGD XP GRV WUrV PRGHORV XWLOL]DQGR se dos três λ 

GLIHUHQWHV IRUDP FRQVWUXtGRV XWLOL]DQGR VH GDV DERUGDJHQV H TXH VmR DV QLFDV TXH

FRPSXWDP D YDULDELOLGDGH H[SHULPHQWDO GDV DEVFLVVDV H RUGHQDGDV



7DEHOD YDOLDomR GRV PRGHORV GH UHJUHVVmR OLQHDU FRQVWUXtGRV FRP D VLPSOLILFDomR GD
DERUGDJHP GH HVWLPDWLYD GH LQFHUWH]D

ERUGDJHP λ D E

)RQWH (ODERUDGR SHOR DXWRU

V LQFOLQDo HV IRUDP FRPSDUDGDV XWLOL]DQGR VH R WHVWH GH .UXVNDO :DOOLV H QmR VH

REVHUYRX GLIHUHQoD HVWDWtVWLFD HQWUH HODV DR QtYHO GH VLJQLILFkQFLD GH -i RV LQWHUFHSWRV QmR

IRUDP FRPSDUDGRV SRLV R WHVWH GH DYDOLDomR GH VXD VLJQLILFkQFLD Mi IRUD UHDOL]DGR DQWHULRUPHQWH

H FRQFOXLX VH TXH HOHV QmR VmR VLJQLILFDWLYRV

VVLP ILFRX GHPRQVWUDGR TXH D VLPSOLILFDomR GD HVWLPDWLYD GD LQFHUWH]D QmR LPSDFWRX

na construção dos modelos que fazem uso do λ estimado experimentalmente. De certo modo, 

LVVR Mi HUD HVSerado, pois a relação λ entre as variâncias experimentais de x e y (apresentada na 

WDEHOD HUD GH PHQRV GH XP PLOpVLPR 2X VHMD Mi HUD VDELGR TXH D LQFHUWH]D GH [ IUHQWH j GH

\ HUD LQVLJQLILFDQWH



SrQGLFH % (TXDo HV HPSUHJDGDV QD FRQV UXomR GRV PRGHORV GH UHJUHVVmR YLD 0042
H 0043

7RPDQGR VH R YDORU PtQLPR GD HTXDomR TXH IRUQHFH D GLVWkQFLD HTXDomR FKHJDP

VH jV HTXDo HV SDUD DV LQFOLQDo HV H LQWHUFHSWRV

𝑆𝑆 = ∑ [(𝑥𝑖 − 𝑋𝑖
′)2 + 𝜆. (𝑦𝑖 − 𝛽𝑜 −  𝛽1. 𝑋𝑖

′ )2]𝑁
𝑖=1  

𝛽1 = (𝜆𝑞 − 𝑢) + √(𝑢 − 𝜆𝑞)2 + 4𝜆𝑝2

2𝜆𝑝
 

𝛽0 = 𝑦𝑚 − 𝛽1. 𝑥𝑚

(P TXH \P H [P VmR RV YDORUHV PpGLRV GDV YDULiYHLV FRUUHVSRQGHQWHV H DV HQWUDGDV X S

H T VmR GDGDV SRU

𝑢 = ∑ (𝑥𝑖−𝑥𝑚)2𝑁
𝑖=1

𝑞 = ∑ (𝑦𝑖−𝑦𝑚)2𝑁
𝑖=1

𝑝 = ∑ (𝑥𝑖−𝑥𝑚). (𝑦𝑖−𝑦𝑚)                                                𝑁
𝑖=1

HVWLPDWLYD GRV YDORUHV “YHUGDGHLURV” (valor estimado pela regressão ortogonal) p

GDGD SRU

𝑋𝑖
′ =  𝑥𝑖 + 𝜆𝑏1𝑑𝑖

(1+𝜆𝑏1
2)

𝑌𝑖
′ =  𝑦𝑖 − 𝑑𝑖

(1+𝜆𝑏1
2)

6HQGR GL R VHJXLQWH

𝑑𝑖 = 𝑦𝑖 − (𝛽0 + 𝛽1𝑥𝑖)

-i SDUD R FDVR SRQGHUDGR D GLVWkQFLD TXDGUiWLFD D VHU PLQLPL]DGD p D TXH Mi IRUL

DSUHVHQWDGD QD HTXDomR

𝑆𝑆𝑤 =  𝑤𝑖. ∑ [(𝑥𝑖 − 𝑋𝑖
′)2 + 𝜆. (𝑦𝑖 − 𝛽𝑜 −  𝛽1. 𝑋𝑖

′ )2]𝑁
𝑖=1

2 IDWRU GH SRQGHUDomR L TXH WDPEpP Mi IRL DSUHVHQWDGR DQWHULRUPHQWH p

𝑤𝑖 =  1

[𝑥𝑖+𝜆.𝑦𝑖
1+𝜆 ]

2

2V LQWHUFHSWRV H LQFOLQDo HV SDUD HVVH FDVR VmR REWLGRV GH DFRUGR FRP DV VHJXLQWHV

HTXDo HV

𝛽1 =
(𝜆𝑞𝑤 − 𝑢𝑤) + √(𝑢𝑤 − 𝜆𝑞𝑤)2 + 4𝜆𝑝𝑤

2

2𝜆𝑝𝑤
 

𝛽0 = 𝑦𝑚𝑤 − 𝛽1. 𝑥𝑚𝑤

𝑥𝑚𝑤 = ∑ 𝑤𝑖.𝑥𝑖
𝑁
𝑖=1
∑ 𝑤𝑖

𝑁
𝑖=1



𝑦𝑚𝑤 = ∑ 𝑤𝑖.𝑦𝑖
𝑁
𝑖=1
∑ 𝑤𝑖

𝑁
𝑖=1

𝑢𝑤 = ∑ 𝑤𝑖. (𝑥𝑖 − 𝑥𝑚𝑤)2𝑁
𝑖=1

𝑞𝑤 = ∑ 𝑤𝑖. (𝑦𝑖 − 𝑦𝑚𝑤)2𝑁
𝑖=1

𝑝𝑤 = ∑ 𝑤𝑖. (𝑥𝑖− 𝑥𝑚𝑤). (𝑦𝑖 − 𝑦𝑚𝑤)𝑁
𝑖=1

2V GHVYLRV SDGU HV GRV LQWHUFHSWRV H LQFOLQDo HV VmR FDOFXODGRV FRQVLGHUDQGR VH R

PpWRGR GH -DFNNQLIH GLYLGLGR HP TXDWUR SDVVRV

� (VWLPD VH R YDORU GR SDUkPHWUR GHVHMDGR XWLOL]DQGR VH GH WRGRV RV GDGRV

� (VWLPDU R PHVPR SDUkPHWUR GHVHMDGR L 1 YH]HV PDV UHWLUDQGR XP SDU [L \L D

FDGD YH]

� DOFXODU 1 SVHXGR SDUkPHWURV L XWLOL]DQGR VH GD HTXDomR

𝜙𝑖
∗ = 𝑁. 𝜙 − (𝑁 − 1). 𝜙𝑖  

� 2 HVWLPDGRU -DFNNQLIH -DFN p GDGR SRU

𝜙𝐽𝑎𝑐𝑘 = ∑ 𝜙𝑖
∗

𝑁
𝑁
𝑖=1

� YDULkQFLD p HVWLPDGD FRPR

𝑉(𝜙) = ∑ (𝜙𝑖
∗−𝜙𝐽𝑎𝑐𝑘)2

𝑁−1
𝑁
𝑖=1

� ( SRU ILP R GHVYLR SDGUmR GD PpGLD p GDGR SRU

𝑆𝐸(𝜙) =  √𝑉(𝜙)
𝑁

2V LQWHUYDORV GH FRQILDQoD SDUD RV LQWHUFHSWRV H LQFOLQDo HV VmR REWLGRV PXOWLSOLFDQGR

VH R GHVYLR SDGUmR GD PpGLD SRU XP IDWRU GH DEUDQJrQFLD W ⍺ 1 OLQHDULGDGH VHUi DYDOLDGD

FRQVLGHUDQGR VH D VLJQLILFkQFLD GD LQFOLQDomR KLSyWHVH QXOD p TXH HOH p LJXDO D ]HUR H D

DOWHUQDWLYD p TXH HOH p GLIHUHQWH GH ]HUR VVLP FDVR R LQWHUYDOR GH FRQILDQoD GD LQFOLQDomR

FRQWHQKD R ]HUR D LQFOLQDomR SRGHUi VHU GHVSUH]DGD H SRUWDQWR R DMXVWH GRV SRQWRV QmR VHUi

FRQVLGHUDGR OLQHDU PHVPD OyJLFD VH DSOLFD DR LQWHUYDOR GH FRQILDQoD GR LQWHUFHSWR VH HOH

FRQWLYHU R ]HUR HQWmR R LQWHUFHSWR QmR p HVWDWLVWLFDPHQWH VLJQLILFDWLYR DR QtYHO GH VLJQLILFkQFLD

⍺ HPSUHJDGR
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