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RESUMO

(P�'RFXPHQWRVFRSLD�� R� H[DPH� GH� WLQWD� LQ�VLWX�� VREUH� D� VXSHUItFLH� GH� XP�GHWHUPLQDGR� VXSRUWH�� p� XP�GHVD¿R� SDUD� D� FLrQFLD�
IRUHQVH��+RMH�HP�GLD��D�&URPDWRJUD¿D�*DVRVD�DFRSODGD�DR�(VSHFWU{PHWUR�GH�0DVVD� �*&�06��H�D�&URPDWRJUD¿D�/tTXLGD�GH�
$OWD�(¿FLrQFLD� �+3/&�� VmR� DV� SULQFLSDLV� WpFQLFDV� XWLOL]DGDV� SDUD� WDO� DQiOLVH�� DSHVDU� GH� TXH� WDLV� WpFQLFDV�PLFUR�GHWHULRUDP�R�
GRFXPHQWR�DQDOLVDGR��1HVVH�FRQWH[WR��D�(VSHFWURVFRSLD�5DPDQ�WHP�VH�PRVWUDGR�XPD�WpFQLFD�SURPLVVRUD�H�EDVWDQWH�DGHTXDGD��
SRLV�SURSLFLD�D�GLUHWD�LGHQWL¿FDomR�H�FDUDFWHUL]DomR�GDV�WLQWDV�HQFRQWUDGDV�QD�SUySULD�VXSHUItFLH�GR�SDSHO��GH�PRGR�QmR�GHVWUXWLYR��
$VVLP�VHQGR��HVWH�WUDEDOKR�XWLOL]D�VH�GD�(VSHFWURVFRSLD�5DPDQ��DWUDYpV�GH�PHGLGDV�H[SHULPHQWDLV��SDUD�LQLFLDOPHQWH�LGHQWL¿FDU�
H�GLIHUHQFLDU� WLQWDV�GH�FDQHWD��VHQGR�TXH�XPD�DWHQomR�HVSHFLDO� IRL�GDGD�jV� WLQWDV�GH� WRQDOLGDGH�SUHWD��DV�TXDLV�VmR�GLItFHLV�GH�
VHUHP�GLVWLQJXLGDV�SHODV� WpFQLFDV� DWXDLV��3RVWHULRUPHQWH�� IRUDP�VHOHFLRQDGRV� H� DQDOLVDGRV� DOJXQV� FUX]DPHQWRV� HQWUH� DV� WLQWDV�
TXH�DSUHVHQWDUDP�HVSHFWURV�GLVWLQWRV��RX�VHMD��DTXHODV�WLQWDV�TXH�SRVVXHP�GLIHUHQWHV�FRPSRVLo}HV�TXtPLFDV��FRP�R�REMHWLYR�GH�
LGHQWL¿FDU� D� VHTXrQFLD� FURQROyJLFD� GRV� ODQoDPHQWRV��2�PpWRGR�EDVHLD�VH� QXP� WUDWDPHQWR�PDWHPiWLFR� VLPSOHV� GRV� HVSHFWURV�
5DPDQ��REWLGRV�HP�GLIHUHQWHV�SURIXQGLGDGHV�QD� UHJLmR�GR�FUX]DPHQWR��6DOLHQWD�VH�D�REWHQomR�GH�VXFHVVR�QD�XWLOL]DomR�GHVVH�
SURFHGLPHQWR��EHP�FRPR�GH�RXWUR�SURFHVVR�HPSUHJDGR�SDUD�R�PHVPR�SURSyVLWR��R�PDSHDPHQWR�ELGLPHQVLRQDO�QD�VXSHUItFLH�
GD�UHJLmR�GH�LQWHUVHFomR�HQWUH�DV�WLQWDV��VHJXLGR�GD�DQiOLVH�GH�FRUUHODomR��SURJUDPD�:LUH�����5HQLVKDZ��8.��FRP�RV�HVSHFWURV�
FROHWDGRV�LQGLYLGXDOPHQWH�QDV�WLQWDV�HQYROYLGDV�QR�FUX]DPHQWR�
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1. INTRODUÇÃO

Com o surgimento de diversos tipos de canetas 

no mercado mundial, para atender determinadas 

HVSHFL¿FDo}HV�� FRP� EDVH� HP� VXDV� DSOLFDo}HV� H� XVRV�
FRPHUFLDLV��DV�WLQWDV�GH�FDQHWDV�VmR�IDEULFDGDV�GH�DFRUGR�
FRP� VXDV� SURSULHGDGHV� ItVLFDV�� FRPR� GHQVLGDGH�� FRU��
YLVFRVLGDGH�� WHQVmR� VXSHU¿FLDO� H� UHVLVWrQFLD� j� iJXD��
(VVHV�FULWpULRV�VmR�DOFDQoDGRV�FRQWURODQGR�D�FRPSRVLomR�
TXtPLFD� GDV� WLQWDV�� TXH� SRGH� YDULDU� FRQVLGHUDYHOPHQWH�
DR�VHU�PRGL¿FDGD�D�FRQFHQWUDomR�GH�FRPSRQHQWHV�FRPR�
FRUDQWHV�� VROYHQWHV� H� UHDOoDGRUHV� GH� YLVFRVLGDGH�� 1D�
PDLRULD�GDV�YH]HV��p�SUHFLVR��QR�H[DPH�GRFXPHQWRVFySLFR��
PpWRGRV�SDUD�LGHQWL¿FDomR�H�FODVVL¿FDomR�GHVWDV�WLQWDV��

SDUD�D�HODERUDomR�GH�XP�ODXGR�SHULFLDO�FRQFOXVLYR�
e�QRWyULR�TXH�FDGD�GRFXPHQWR�WHP�XPD�PDQHLUD�

SHFXOLDU� GH� VHU� SURGX]LGR�� (P� UHJUD�� QR� RFLGHQWH�� RV�
WH[WRV� VmR� UHGLJLGRV�GH�FLPD�SDUD�EDL[R�H�GD�HVTXHUGD�
SDUD� D� GLUHLWD�� 'HVWD� IRUPD�� DFUpVFLPRV� GH� WUDoRV��
QRUPDOPHQWH�� SRGHP� FRQWUDULDU� HVWD� VHTXrQFLD� QDWXUDO�
GH� GLUHomR�� 'HVVH� PRGR�� DR� DGLFLRQDU� HVFULWRV� HP�
GRFXPHQWRV� Mi� HODERUDGRV�� RV� QRYRV� WUDoRV� SRGHUmR�
FUX]DU�FRP�RV�GR�WH[WR�SULPLWLYR�H��DVVLP��PXLWDV�YH]HV��
VH�IRU�GHPRQVWUDGR�TXH�HVWH�WUDoR�HVWi�SRU�FLPD�GR�RXWUR��
TXDQGR�GHYHULD�HVWDU�SRU�EDL[R��R�DFUpVFLPR�VH�WRUQDUi�
HYLGHQWH�� 3RUWDQWR�� VXUJH� D� QHFHVVLGDGH� GH� VH� YHUL¿FDU�
a prioridade de lançamentos, largamente discutida em 

'RFXPHQWRVFRSLD�>�@�
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$WXDOPHQWH��DV�LGHQWL¿FDo}HV�GH�WLQWDV��EHP�FRPR�
D� DQiOLVH� GHVWDV� HP� FUX]DPHQWR� GH� WUDoRV�� DLQGD� VmR�
XP�GHVD¿R�SDUD�D�FLrQFLD�IRUHQVH��'HQWUH�DV�SULQFLSDLV�
WpFQLFDV� XWLOL]DGDV� >�@�>�@� SDUD� HOXFLGDU� WDLV� TXHVW}HV��
temos: (i) a inspeção ocular, o uso de lupas ou até mesmo 

GH�PLFURVFySLRV�±� WpFQLFDV�TXH��PXLWDV�YH]HV��QRV�GmR�
D� QtWLGD� LGpLD� GH� XP� WUDoR� VREUH� R� RXWUR� TXDQGR� QD�
UHDOLGDGH�WHPRV�R�RSRVWR��GHVWD�IRUPD��p�SUHFLVR�WRPDU�R�
GHYLGR�FXLGDGR��SRLV�PDWUL]HV�PDLV�IRUWHV�SDUHFHP�HVWDU�
VREUH� DV� PDWUL]HV� PDLV� IUDFDV� H� QHP� VHPSUH� WHPRV� RV�
HVWUHLWDPHQWRV��DV�GHVFRQWLQXLGDGHV��RV�DUUDVWHV��HWF���LL��
R�H[DPH�GD�OX]�¿OWUDGD�±�WpFQLFD�TXH�UHTXHU�D�QHFHVVLGDGH�
GDV� WLQWDV� DSUHVHQWDUHP� GLIHUHQWHV� SURSULHGDGHV�
yWLFDV�� VHQGR�TXDVH� LQYLiYHO� D�XWLOL]DomR�SDUD� WLQWDV�GH�
WRQDOLGDGH� SUHWD�� �LLL�� D� FURPDWRJUD¿D� JDVRVD� DFRSODGD�
DR�HVSHFWU{PHWUR�GH�PDVVD�� D�FURPDWRJUD¿D� OtTXLGD�GH�
DOWD� H¿FLrQFLD�� D� HVSHFWURVFRSLD� QR� LQIUDYHUPHOKR� H� D�
ÀXRUHVFrQFLD�GH�UDLRV�[�±�WDLV�WpFQLFDV�DSUHVHQWDP�FRPR�
desvantagem a micro-deterioração da amostra analisada 

>�@�
e� QHVVH� FRQWH[WR� TXH� VXUJH� D� HVSHFWURVFRSLD�

5DPDQ�� XPD� WpFQLFD� TXH� WHP� VH� PRVWUDGR� EDVWDQWH�
SURPLVVRUD� >�@�� GHYLGR� D� GLYHUVRV� IDWRUHV�� �L�� DOWD�
FDSDFLGDGH� GH� LGHQWL¿FDU� FRPSRVWRV� TXtPLFRV�� �LL��
SUHSDUDomR� GD� DPRVWUD� GHVQHFHVViULD�� FRQVHJXLQGR�
UHDOL]DU� PHGLGDV� GLUHWDPHQWH� VREUH� R� PDWHULDO� RX� DWp�
PHVPR�HP�PDWHULDO�DFRQGLFLRQDGR�HP�VDFRV�SOiVWLFRV�RX�
YLGURV���LLL��H[DPH�UiSLGR��QmR�LQYDVLYR�H�QmR�GHVWUXWLYR��
SHUPLWLQGR� D� GLUHWD� LGHQWL¿FDomR� H� FDUDFWHUL]DomR� GDV�
WLQWDV� HQFRQWUDGDV� QD� SUySULD� VXSHUItFLH� GR� SDSHO��
Assim, essa importante característica de preservação 

GR� YHVWtJLR� PDWHULDO�� DSyV� R� H[DPH� SHULFLDO� WHU� VLGR�
UHDOL]DGR�� HVWi� HP� DFRUGR� FRP� R� &yGLJR� GH� 3URFHVVR�
3HQDO� %UDVLOHLUR� >�@�� R� TXDO� GLVS}H� VREUH� D� SRVVtYHO�
FRQVHUYDomR� GR� PDWHULDO� SUREDWyULR� SDUD� D� UHDOL]DomR��
FDVR� VHMD� QHFHVViULR�� GH� XP� QRYR� H[DPH�� 7DO� PpWRGR�
XWLOL]D�VH� GH� XP� ODVHU� HVSHFt¿FR� GH� EDL[D� SRWrQFLD��
centrado num ponto particular da amostra através de um 

PLFURVFySLR��2� IHL[H� ODVHU� LQWHUDJH� FRP�RV� FRPSRVWRV�
TXtPLFRV�SUHVHQWHV�QD� DPRVWUD��GH� WDO� IRUPD�TXH�D� OX]�
p�UHWURHVSDOKDGD�HP�GLIHUHQWHV�IUHTXrQFLDV��GHSHQGHQGR�
WDQWR� GRV� HOHPHQWRV� TXtPLFRV� TXDQWR� GH� VXDV� OLJDo}HV�
PROHFXODUHV��3RUWDQWR��HP�SULQFtSLR��SRGHP�VH�GLVWLQJXLU�
WRGDV�DV�FRPSRVLo}HV�TXtPLFDV�GH�GLIHUHQWHV�WLQWDV��1R�
entanto, se as tintas possuírem a mesma composição 

TXtPLFD�� HYLGHQWHPHQWH�� VHXV� HVSHFWURV� 5DPDQ� VHUmR�
LGrQWLFRV��

Dessa maneira, a espectroscopia Raman, em 

DQiOLVH� GH� WLQWDV�� IRUQHFHUi� XPD� UHVSRVWD� EDVHDGD� QDV�
características inerentes de cada tinta, distinguindo-

DV� TXLPLFDPHQWH�� $VVLP�� GHYLGR� j� SRVVLELOLGDGH� GH�
GLVWLQomR�GH�FDGD�FRPSRVLomR��D�RUGHP�FURQROyJLFD�GD�
VREUHSRVLomR� GH� FDPDGDV� GH� WLQWDV� VHUi� GHWHUPLQDGD��
VROXFLRQDQGR�D�TXHVWmR�GR�FUX]DPHQWR�GH�WUDoRV��

2V� REMHWLYRV� GHVWH� WUDEDOKR� VmR� HVVHQFLDOPHQWH�
GRLV�� �L�� UHDOL]DU� XP� HVWXGR� DWUDYpV� GD� HVSHFWURVFRSLD�
5DPDQ� FRP� R� LQWXLWR� GH� GLVWLQJXLU� GLIHUHQWHV� WLQWDV�

GH� FDQHWD�� SULQFLSDOPHQWH� DV� GH� FRU� SUHWD�� GLItFHLV� GH�
VHUHP�DQDOLVDGDV�SRU�RXWUDV�WpFQLFDV���LL��H��HP�HVSHFLDO��
WDPEpP� DWUDYpV� GD� HVSHFWURVFRSLD� 5DPDQ�� SURSRU� XP�
PpWRGR�GH�DQiOLVH�TXH�UHVROYD�R�SUREOHPD�GD�VHTXrQFLD�
FURQROyJLFD�GH�OLQKDV�HP�FUX]DPHQWR�GH�WUDoRV��RX�VHMD��
XP�PpWRGR�DQDOtWLFR�H�REMHWLYR�TXH�GHWHUPLQH�TXDO�WUDoR�
IRL�HVFULWR�SULPHLUR�

2. PROCEDIMENTO EXPERIMENTAL

1HVWH� WUDEDOKR�� IRUDP� HVWXGDGDV� ��� FDQHWDV�
GLIHUHQWHV�� 1R� WRWDO�� HVVDV� FDQHWDV� SRVVXtDP� ��� WLSRV�
GH� WLQWDV�� QDV� TXDWUR� SULQFLSDLV� FRUHV� XWLOL]DGDV�� VHQGR�
FLQFR�QD�FRU�SUHWD��QRYH�QD�FRU�D]XO��VHWH�QD�FRU�YHUPHOKD�
H� GXDV� QD� FRU� YHUGH� �YHMD� D� 7DE������� $V� DPRVWUDV�
estudadas consistiam em traços aplicados diretamente 

VREUH�SDSHO� VXO¿WH�EUDQFR��GH� WDPDQKR�$���GH�PRGR�D�
VLPXODU�D�HVFULWD��2V�SDGU}HV�GH�WUDoRV�FROHWDGRV�IRUDP��
KRUL]RQWDLV�� YHUWLFDLV� H� LQFOLQDGRV� �kQJXOR� GH� ��R���
$OpP�GLVVR��XPD�VpULH�GH�DPRVWUDV�GH�WUDoRV�FUX]DGRV��
RUWRJRQDLV� HQWUH� VL�� IRL� SUHSDUDGD� XVDQGR� GLIHUHQWHV�
FDQHWDV��VHQGR�TXH�DWHQomR�HVSHFLDO�IRL�GDGD�DR�HVWXGR�
GH� WLQWD� QD� WRQDOLGDGH� SUHWD�� 2� WHPSR� GH� FROHWD� HQWUH�
WRGRV�RV�WUDoRV�IRL�GD�RUGHP�GH����PLQXWRV��R�TXH�UHVXOWD�
HP� XPD� PDLRU� SUREDELOLGDGH� GH� PLVWXUD� GH� WLQWDV� QR�
FUX]DPHQWR�H� WDPEpP�PDLRU�GL¿FXOGDGH�QD�VROXomR�GD�
RUGHP� FURQROyJLFD�� $� SULRULGDGH� GH� ODQoDPHQWRV� HUD�
FRQKHFLGD�

2.2. Espectroscopia Raman

2� HVSHFWU{PHWUR� 5DPDQ� XWLOL]DGR� QHVWH�
H[SHULPHQWR�IRL�R�³5HQLVKDZ�LQ9LD�5DPDQ�PLFURVFRSH´��
IDEULFDGR�SHOD�5HQLVKDZ��8.�

1D� DTXLVLomR� GRV� HVSHFWURV� IRUDP� XWLOL]DGRV�
ODVHUV� FRP� H[FLWDomR� HP� FRPSULPHQWRV� GH� RQGD� GH�
����QP�H�����QP�H�R� LQWHUYDOR�Pi[LPR�GH�PHGLGD�GR�
GHVORFDPHQWR� 5DPDQ� ¿FRX� FRPSUHHQGLGR� HQWUH� ����
H� ����� FP���� 2� IHL[H� GH� ODVHU� IRL� IRFDGR� QXP� SRQWR�
HVSHFt¿FR�GD�DPRVWUD�XWLOL]DQGR�VH�XP�PLFURVFySLR�FRP�
TXDWUR� REMHWLYDV� ��[�� ��[�� ��[� H� ���[��� 7UrV� WLSRV� GH�
PHGLGDV�IRUDP�HIHWXDGDV���L��SRQWXDO��HP�UHJLmR�IRUD�GR�
FUX]DPHQWR��SDUD�D�LGHQWL¿FDomR�H�FODVVL¿FDomR�GD�WLQWD�
GH�FDQHWD���LL��HP�SURIXQGLGDGH��IRUD�H�GHQWUR�GD�UHJLmR�
GR�FUX]DPHQWR�HQWUH�GRLV�WUDoRV��YDULDomR�GH�����P�HQWUH�
PHGLGDV�FRQVHFXWLYDV��H��LLL��PDSHDPHQWR�ELGLPHQVLRQDO�
HP� UHJLmR�TXH�DEUDQJHVVH�� DOpP�GRV� WUDoRV� LVRODGRV��R�
SUySULR� FUX]DPHQWR� �GD� RUGHP� GH� ������� HVSHFWURV�
FROHWDGRV�QD�UHJLmR�DQDOLVDGD���2V�GRLV�~OWLPRV�PpWRGRV�
IRUDP�XWLOL]DGRV�FRP�R�REMHWLYR�GH� VH�GHWHUPLQDU�TXDO�
GRV�WUDoRV�IRL�ODQoDGR�SULPHLUR�
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3. RESULTADOS E DISCUSSÃO

Figura 1. ([HPSOR� GH� XPD�GDV� UHJL}HV� VHOHFLRQDGDV�� DSRQWDGD� SHOD�
VHWD�� SDUD� VH� FROHWDU� RV� GDGRV� SDUD� D� DPRVWUD� SUHWD��D�� XWLOL]DQGR�VH�
XPD�REMHWLYD�GH���[�

3DUD�R� HVWXGR�GH� LGHQWL¿FDomR�GDV� WLQWDV�� IRUDP�
FROHWDGDV� PHGLGDV� 5DPDQ�� XWLOL]DQGR� REMHWLYD� GH� ��[�
�YHMD� XP� H[HPSOR� GH� XPD� GDV� UHJL}HV� VHOHFLRQDGDV��
DSRQWDGD�SRU�XPD�VHWD��SDUD�D�DPRVWUD�SUHWD��D��QD�)LJ�
������$WUDYpV�GR�XVR�GR�ODVHU�GH�����QP�REWLYHUDP�VH�RV�
PHOKRUHV� UHVXOWDGRV� SDUD� DV� FRUHV� GH� WRQDOLGDGH� SUHWD��
D]XO�H�YHUGH��(QWUHWDQWR��SDUD�DV�WLQWDV�QD�FRU�YHUPHOKD��R�
ODVHU�GH�+pOLR�H�1H{QLR��+H�1H���FXMR�R�FRPSULPHQWR�GH�
RQGD�p�GH�����QP��JHURX�RV�PHOKRUHV�UHVXOWDGRV�

3DUD�XPD�PHVPD�WLQWD�IRUDP�FROHWDGRV�HVSHFWURV�
5DPDQ�HP�GLYHUVDV�SRVLo}HV��EHP�FRPR�HP�GLIHUHQWHV�
RULHQWDo}HV�GRV� WUDoRV�� D� VDEHU��YHUWLFDLV��KRUL]RQWDLV� H�
LQFOLQDGRV� �kQJXOR� GH� ������2V� GHPDLV� UHVXOWDGRV�� QmR�
DSUHVHQWDGRV�QHVWH� WUDEDOKR��PRVWUDP�TXH�RV� HVSHFWURV�
5DPDQ�� SDUD� XPD� GHWHUPLQDGD� WLQWD�� VmR� LGrQWLFRV��

independentemente da orientação dos traços e da região 

HVFROKLGD�

Figura 2.�(VSHFWURV�5DPDQ�FROHWDGRV��FRP�ODVHU�GH�����QP�H�REMHWLYD�
GH���[��SDUD�XP�H[HPSOR�GH�FDGD�FRU�GH�WLQWD�HVWXGDGD��DOHDWRULDPHQWH�
VHOHFLRQDGD�

$� )LJXUD� ���� PRVWUD� XP� HVSHFWUR� 5DPDQ��
aleatoriamente selecionado, para cada uma das 

WRQDOLGDGHV� GH� WLQWD� HVWXGDGDV� DTXL�� 2V� HVSHFWURV� VmR�
IDFLOPHQWH� GLVWLQJXtYHLV�� GHYLGR� j� GLIHUHQoD� HP� VXDV�
FRPSRVLo}HV� TXtPLFDV�� $OpP� GLVVR�� SDUD� WLQWDV� GH�
PHVPD� WRQDOLGDGH� �YHMD�DV�)LJV�����D� ������ HP�HVSHFLDO�
na cor preta, na maioria dos casos, é possível distinguir 

características espectrais, como posição do pico e 

LQWHQVLGDGH� UHODWLYD� HQWUH� RV� SLFRV�� TXH� VmR� H[FOXVLYDV�
GH� FDGD� WLQWD� LQGLYLGXDOPHQWH�� PHVPR� TXH� JUDQGH�
SHUFHQWXDO�GR�HVSHFWUR� VHMD� LGrQWLFR��&RQWXGR��H[LVWHP�
padrões emergentes dos dados coletados revelando 

TXH� DOJXPDV� WLQWDV� H[DPLQDGDV� SRVVXHP� ³DVVLQDWXUDV´�
VHPHOKDQWHV��R�TXH�HYLGHQFLD�XPD�UHODWLYD�FRQFRUGkQFLD�
HQWUH� VXDV� IyUPXODV�� D� TXDO� SRGH� VHU� DWULEXtGD� D� XP�
GHWHUPLQDGR�IRUQHFHGRU�GH�WLQWD�

Cor preta Cor azul Cor vermelha Cor verde

1 3UHWD��D��&,6���FRUHV $]XO��D��&,6���FRUHV 9HUPHOKD��D��&,6���FRUHV 9HUGH��D��&,6���FRUHV

� 3UHWD��E��%,&���FRUHV $]XO��E��%,&���FRUHV 9HUPHOKD��E��%,&���FRUHV 9HUGH��E��%,&���FRUHV

� 3UHWD��F��0HJD�6WDU $]XO��F��&URZQ 9HUPHOKD��F��3LORW�%3�6 -

� 3UHWD��G��8QL�SLQ $]XO��G��&RQJUHVVR�GH�DQDOtWLFD 9HUPHOKD���G��6OLP�EDVLF -

� 3UHWD���H��%,& $]XO��H��8QL�EDOO 9HUPHOKD���H��%,& -

� - $]XO��I��6HJXURV�%5% 9HUPHOKD���I��0HJD�6WDU -

� - $]XO���J��%,& 9HUPHOKD���J��3LORW�EDOO -

� - $]XO���K��3LORW - -

� - $]XO���L��FDQHWD�WLQWHLUD - -

7DEHOD����(VSHFL¿FDomR�GDV�GLYHUVDV�FDQHWDV�H[DPLQDGDV��VHSDUDGDV�SRU�FRUHV��FyGLJRV�H�PDUFDV�
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'DV� QRYH� GLIHUHQWHV� FDQHWDV� DQDOLVDGDV� QD� FRU�
D]XO� �)LJ������� FLQFR� IRUDP� SRVVtYHLV� GH� VH� GLVWLQJXLU��
'DV�FLQFR�GLIHUHQWHV�FDQHWDV�QD�FRU�SUHWD��)LJ�������WUrV�
IRUDP� SRVVtYHLV� GH� VH� GLVWLQJXLU�� 'DV� VHWH� GLIHUHQWHV�
FDQHWDV�QD�FRU�YHUPHOKD��)LJ�������VHLV�IRUDP�SRVVtYHLV�
GH�VH�GLVWLQJXLU��$V�GXDV�GLIHUHQWHV�FDQHWDV�QD�FRU�YHUGH�
IRUDP�SRVVtYHLV� GH� VH� GLVWLQJXLU� �)LJ�������$V� WLQWDV� GH�
FDQHWDV�GD�PHVPD�FRU�TXH�QmR�IRUDP�SRVVtYHLV�GH�VHUHP�
GLIHUHQFLDGDV�� RX� VHMD�� TXH� SRVVXHP� HVSHFWURV� 5DPDQ�
LGrQWLFRV�HP�DPERV�RV�FRPSULPHQWRV�GH�RQGD�XWLOL]DGRV��
FRPR�SRU�H[HPSOR��D�FDQHWD�%,&�H�D�FDQHWD�%,&���FRUHV��
EHP� FRPR� DV� FDQHWDV� GH� SURSDJDQGD� �&RQJUHVVR� GH�
$QDOtWLFD�� 6HJXURV� %5%�� 0HJD� 6WDU�� HWF���� SHUPLWHP�
LQIHULU�TXH�DV�WLQWDV�SRGHP�WHU�VLGR�SURYHQLHQWHV�GH�XP�
PHVPR�IRUQHFHGRU�ORWH�

3.2. Cruzamento de traços – mapeamento da 

'HSHQGHQGR� GD� HVSHFL¿FLGDGH� GH� FDGD� WLQWD�
XWLOL]DGD�� SRGH�VH� LGHQWL¿FDU� D� RUGHP� FURQROyJLFD� GRV�
WUDoRV��9DOH�VDOLHQWDU�TXH��QD�LQWHUVHFomR�GH�GRLV�WUDoRV��
GLIHUHQWHV�� RUJDQL]Do}HV� QDV� FDPDGDV� GH� WLQWDV� SRGHP�

DFRQWHFHU�� DV� WLQWDV� SRGHP� IRUPDU� FDPDGDV� GLVFUHWDV��
SRGH�RFRUUHU�GLIXVmR�SDUFLDO�QD�LQWHUIDFH�GDV�FDPDGDV�RX��
até mesmo, as tintas podem se misturar completamente, 

WRUQDQGR�DV�LQGLVWLQJXtYHLV�>�@�
1HVVH� VHQWLGR�� IRUDP� HIHWXDGDV� PHGLGDV�

H[SHULPHQWDLV� HP� SRQWRV� SUy[LPRV� DR� FUX]DPHQWR� GH�
traços (com o intuito de se coletar espectros de cada tinta 

VHSDUDGDPHQWH��H�QR�SUySULR�FUX]DPHQWR��HP�WUrV�RX�VHLV�
SURIXQGLGDGHV�GLIHUHQWHV��FRP�R�REMHWLYR�GH�VH�YHUL¿FDU�
TXDO�WLQWD�IRL�HVFULWD�SULPHLUR���2V�GDGRV�IRUDP�FROHWDGRV�
HQWUH�GXDV� WLQWDV�QD� WRQDOLGDGH�D]XO� H� HQWUH�GXDV� WLQWDV�
QD� WRQDOLGDGH�SUHWD��3DUD� WDQWR��XWLOL]RX�VH�R� ODVHU�FRP�
FRPSULPHQWR� GH� RQGD� GH� ���� QP�� 6DOLHQWD�VH� TXH�� QR�
FUX]DPHQWR��RV�WUDoRV�HUDP�RUWRJRQDLV�HQWUH�VL�H�WDPEpP�
IRL�XWLOL]DGD�D�REMHWLYD�GH���[�

Primeiramente, o resultado das medidas no 

FUX]DPHQWR�GH�WUDoRV�HQWUH�WLQWDV�GH�FRU�D]XO��D]XO��D�H�
D]XO���L��SRGH�VHU�YLVXDOL]DGR�QD�)LJ������2V�HVSHFWURV�
5DPDQ� IRUDP� FROHWDGRV� FRP� ODVHU� GH� ���� QP�� VREUH�
os traços isolados de cada tinta (espectros superior e 

LQIHULRU�� H� HP� SURIXQGLGDGH� VREUH� R� FUX]DPHQWR� GRV�
WUDoRV� HQWUH� HVVDV� WLQWDV�� VHQGR� TXH� R� WUDoR� GD� ³FDQHWD�
��L´� HVWDYD� ORFDOL]DGR�DEDL[R�GR� WUDoR�GD�³FDQHWD��D´��

Figura 3.�(VSHFWURV�5DPDQ�FROHWDGRV��FRP�ODVHU�GH�����QP�H�REMHWLYD�
GH���[��SDUD�WRGDV�DV�QRYH�FDQHWDV�GH�WLQWD�QD�FRU�D]XO�HVWXGDGDV�

Figura 4. (VSHFWURV� 5DPDQ� FROHWDGRV�� FRP� ODVHU� GH� ���� QP� H�
REMHWLYD�GH���[��SDUD� WRGDV�DV�FLQFR�FDQHWDV�GH� WLQWD�QD�FRU�SUHWD�
HVWXGDGDV�

Figura 5.�(VSHFWURV�5DPDQ�FROHWDGRV��FRP�ODVHU�GH�����QP�H�REMHWLYD�
GH���[��SDUD�WRGDV�DV�VHWH�FDQHWDV�GH�WLQWD�QD�FRU�YHUPHOKD�HVWXGDGDV�

Figura 6.�(VSHFWURV�5DPDQ�FROHWDGRV��FRP�ODVHU�GH�����QP�H�REMHWLYD�
GH���[��SDUD�DV�GXDV�FDQHWDV�GH�WLQWD�QD�FRU�YHUGH�HVWXGDGDV�
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$V� SURIXQGLGDGHV� GH� FDGD� PHGLGD� HVWmR� GLIHUHQFLDGDV�
SRU� FRUHV�� VHQGR� TXH� IRUDP� UHDOL]DGDV� WUrV� PHGLGDV�
D�SDUWLU�GD�VXSHUItFLH�GR�SDSHO�FRP�FHUFD�GH����ȝP�GH�
GLVWkQFLD�HQWUH�FDGD�PHGLGD��$V�OLQKDV�YHUWLFDLV�PRVWUDP�
RV�SLFRV�5DPDQ�DQDOLVDGRV�SDUD�GH¿QLomR�GD�RUGHP�GRV�
ODQoDPHQWRV�

Figura 7�� (VSHFWURV� 5DPDQ� FROHWDGRV�� FRP� ODVHU� GH� ���� QP�� VREUH�
RV� WUDoRV� LVRODGRV� GH� FDGD� WLQWD� �D]XO��D� QD� FRU� YHUGH� H� D]XO���L� QD�
FRU�YHUPHOKD��H�HP�WUrV�GLIHUHQWHV�SURIXQGLGDGHV�VREUH�R�FUX]DPHQWR�
HQWUH�HVVDV�WLQWDV��VHQGR�TXH�R�WUDoR�GD�³FDQHWD���L´�HVWDYD�ORFDOL]DGR�
DEDL[R�GR�WUDoR�GD�³FDQHWD��D´��$V�SURIXQGLGDGHV�GH�FDGD�PHGLGD�HVWmR�
GLIHUHQFLDGDV�SRU�FRUHV��URVD��D]XO�H�D]XO�FODUR���GH�PRGR�TXH�³$OWR´�
VLJQL¿FD� QD� VXSHUItFLH� GR� SDSHO�� ³0HLR´� VLJQL¿FD� FHUFD� GH� ��� ȝP�
DEDL[R�GD�VXSHUItFLH�H�³%DL[R´�GD�RUGHP�GH����ȝP�DEDL[R�GD�PHVPD�
VXSHUItFLH��$V�OLQKDV�YHUWLFDLV�PRVWUDP�RV�SLFRV�5DPDQ�DQDOLVDGRV�SDUD�
GH¿QLomR�GD�RUGHP�GRV�ODQoDPHQWRV�

$QDOLVDQGR�RV� WUrV� HVSHFWURV� FHQWUDLV� GD�)LJ�����
SRGH� VH� QRWDU� TXH� HOHV� VmR� XPD� PLVWXUD� GRV� HVSHFWURV�
LQGLYLGXDLV� GH� FDGD� WLQWD� LVRODGDPHQWH�� (VVD� DQiOLVH�
p� EHP� LOXVWUDWLYD�� Mi� TXH� VH� FRQVHJXH� YLVXDOL]DU� R�
VXUJLPHQWR�GR�SLFR�VLWXDGR�SUy[LPR�GH������FP����OLQKD�
YHUWLFDO�j�GLUHLWD���FDUDFWHUtVWLFR�GR�HVSHFWUR�5DPDQ�GD�
WLQWD�D]XO���L��D�SDUWLU�GD�VXSHUItFLH��RQGH�SUDWLFDPHQWH�
QmR� H[LVWLD�� DWp� D� UHJLmR� PDLV� SURIXQGD�� 1RWH� TXH� R�
HVSHFWUR� GD� VXSHUItFLH� GR� SDSHO� �³$OWR´��� DVVHPHOKD�
VH� DR� HVSHFWUR� GR� D]XO��D�� HQTXDQWR� TXH� R� HVSHFWUR� D�
XPD� SURIXQGLGDGH� GH� ��� ȝP� GD� VXSHUItFLH� �³%DL[R´���
DVVHPHOKD�VH�DR�HVSHFWUR�GR�D]XO���L��'HVVD�IRUPD��¿FD�
HYLGHQWH�TXH�D�WLQWD�D]XO��D�HVWi�ODQoDGD�VREUH�D���L��RX�
VHMD��D�D]XO���D� IRL� ODQoDGD�HP�PRPHQWR�SRVWHULRU��1R�
HQWDQWR��QD�PDLRU�SDUWH�GRV�FDVRV��QmR�p�SRVVtYHO�ID]HU�
HVVH�WLSR�GH�LGHQWL¿FDomR�DSHQDV�YLVXDOPHQWH�

$VVLP�� HVWH� WUDEDOKR� FLHQWt¿FR� VXJHUH�� DOpP�
GHVVD� QRYD� DQiOLVH� SRU� SURIXQGLGDGH�� XP� WUDWDPHQWR�
PDWHPiWLFR�SUiWLFR�H�REMHWLYR�SDUD�HOXFLGDU�RV�SUREOHPDV�
PDLV� GLItFHLV�� 1HVVH� FRQWH[WR�� SDUD� H[SOLFDU� R� QRYR�
PpWRGR��XPD�DQiOLVH�VREUH�R�FUX]DPHQWR�GH�WLQWDV�GH�FRU�
SUHWD�VHUi�DSUHVHQWDGD�D�VHJXLU��7UDWD�VH�GR�FUX]DPHQWR�
entre duas tintas de canetas concorrentes no mercado 

EUDVLOHLUR�� GDV� TXDLV� DV� WRQDOLGDGHV� H� FRPSRVLo}HV�
TXtPLFDV� VmR� PXLWR� VHPHOKDQWHV�� $OpP� GLVVR�� SDUD�
GL¿FXOWDU�R�SUREOHPD��RV�HVSHFWURV�5DPDQ�WDPEpP�VmR�

PXLWR�SDUHFLGRV��FRP�GLYHUVRV�SLFRV�LJXDLV��1HVVD�DQiOLVH��
IRL�UHDOL]DGR�XP�PDLRU�GHWDOKDPHQWR�GDV�PHGLGDV��TXH�
HQYROYHX�VHLV�SURIXQGLGDGHV�GLVWLQWDV��FRQIRUPH�LOXVWUD�
D� )LJ������ 1RWH� TXH� RV� HVSHFWURV� DSDUHFHP� QR� JUi¿FR�
QD�RUGHP� LQYHUVD�GD�SURIXQGLGDGH��RX� VHMD�� R� HVSHFWUR�
VXSHULRU� FRUUHVSRQGH� j� PHGLGD� 5DPDQ� PDLV� SURIXQGD��
GHFUHVFHQGR�D�SURIXQGLGDGH�GH�FLPD�SDUD�EDL[R�

¬�SULPHLUD�YLVWD��RV�HVSHFWURV�VmR�H[WUHPDPHQWH�
VHPHOKDQWHV��0DV��XP�ROKDU�FRP�PDLRU�DWHQomR� UHYHOD�
VXWLV�GLIHUHQoDV��3DUD�VDEHU�RQGH�DWDFDU�R�SUREOHPD�GHYH�
se estudar atentamente os espectros individuais de cada 

WLQWD�XWLOL]DGD�QR�FUX]DPHQWR�H�ID]HU�XPD�VXEWUDomR��GH�
XP�SHOR� RXWUR�� SDUD� YHUL¿FDU� TXDLV� SULQFLSDLV� SLFRV� RV�
GLIHUHQFLDP��1D�)LJXUD������RV�HVSHFWURV�LQGLYLGXDLV�GH�
cada tinta isolada são apresentados, ampliados na região 

GH�LQWHUHVVH��1RWH�TXH�R�SLFR�GH������FP����OLQKD�YHUWLFDO�
j�HVTXHUGD�� VRPHQWH�HVWi�SUHVHQWH�QR�HVSHFWUR�GD� WLQWD�
�E��OLQKD�SRQWLOKDGD�YHUWLFDO�HVTXHUGD���$VVLP��HVVH�IRL�
R�SRQWR�HVSHFWUDO�HVFROKLGR�SDUD�DERUGDU�R�SUREOHPD�GD�
RUGHP�FURQROyJLFD�QR�FUX]DPHQWR�

Figura 8.�(VSHFWURV�5DPDQ�FROHWDGRV��FRP�ODVHU�GH�����QP��VREUH�R�
FUX]DPHQWR�GH�WUDoRV�GH�WLQWDV�GH�FRU�SUHWD��FRP�R�WUDoR�GD�³FDQHWD��D´�
ORFDOL]DGR�DEDL[R�GR�WUDoR�GD�³FDQHWD��E´��$V�SURIXQGLGDGHV�GH�FDGD�
PHGLGD�HVWmR�GLIHUHQFLDGDV�SRU�FRUHV��VHQGR�TXH�R�]HUR�p�D�VXSHUItFLH�
GR� SDSHO�� $� UHJLmR� SRQWLOKDGD� PRVWUD� RV� SLFRV� 5DPDQ� TXH� IRUDP�
DQDOLVDGRV�DWUDYpV�GH�XP�WUDWDPHQWR�PDWHPiWLFR�VLPSOHV�

$�)LJXUD������PRVWUD�D�UHJLmR�GH�DQiOLVH�DPSOLDGD�
�iUHD�SRQWLOKDGD�GD�)LJ�������$JRUD�p�PDLV�IiFLO�YLVXDOL]DU�
TXH� HVVH� SLFR� ������ FP����¿FD� FDGD�YH]�PDLV� HYLGHQWH�
FRQIRUPH�DV�PHGLGDV�DSUR[LPDP�VH�GD�VXSHUItFLH�

1R�HQWDQWR��SDUD� WHU�FHUWH]D�GH�TXH�QmR�VH� WUDWD�
GH� XP� SURYiYHO� GHFUpVFLPR� GD� LQWHQVLGDGH� GD� PHGLGD�
FRP�D�SURIXQGLGDGH��R�TXH�LQGX]LULD�D�XP�IDOVR�SRVLWLYR��
SURS}H�VH� XP� WUDWDPHQWR� PDWHPiWLFR�� 2� WUDWDPHQWR�
PDWHPiWLFR�FRQVLVWH�QD�FRPSDUDomR�HQWUH�DV�LQWHQVLGDGHV�
UHODWLYDV�GRV�SLFRV�ORFDOL]DGRV�HP������FP���H�GH������
cm����FRQIRUPH�LOXVWUDGR�QDV�)LJV������H������
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Figura 9.� 'HWDOKH� GDV� UHJL}HV� GH� LQWHUHVVH� GRV� HVSHFWURV� 5DPDQ�
FROHWDGRV��FRP�ODVHU�GH�����QP��SDUD�RV�WUDoRV�GH�WLQWDV�GH�FRU�SUHWD��
LVRODGDPHQWH�� 2� HVSHFWUR� GH� FRU� YHUPHOKD� p� UHIHUHQWH� j� WLQWD� GD�
³FDQHWD��E´�H�R�GH�FRU�SUHWD�j�WLQWD�GD�³FDQHWD��D´��$V�OLQKDV�YHUWLFDLV�
SRQWLOKDGDV�PRVWUDP�D�SULQFLSDO�GLIHUHQoD�HQWUH�RV�HVSHFWURV��RX�VHMD��
D�DXVrQFLD�GR�SLFR�ORFDOL]DGR�HP������FP���SDUD�D�WLQWD�GD�³FDQHWD��D´�

Figura 10. 'HWDOKH�GRV�HVSHFWURV�5DPDQ�UHDOL]DGRV�VREUH�R�FUX]DPHQWR�
GH�WUDoRV�GH�WLQWDV�GH�FRU�SUHWD��FRP�R�WUDoR�GD�³FDQHWD��D´�ORFDOL]DGR�
DEDL[R� GR� WUDoR� GD� ³FDQHWD� �E´�� FRUUHVSRQGHQWH� DRV� SLFRV� GD� UHJLmR�
SRQWLOKDGD�GD�)LJ�����

As intensidades dos picos normalmente são 

DGTXLULGDV� DWUDYpV� GR� FiOFXOR�GD� LQWHJUDO� �iUHD� DEDL[R��
GD�FXUYD�SUHWHQGLGD��&RPR�H[LVWH�XPD�VREUHSRVLomR�GH�
SLFRV��HVVD�PDQHLUD�GH�REWHQomR�GD�LQWHQVLGDGH�DEVROXWD�
GH�FDGD�SLFR�VHULD�FRPSOH[D��Mi�TXH�D�LGHQWL¿FDomR�GRV�
SLFRV� LVRODGRV� VHULD� QHFHVViULD�� 2� PRGHOR� SURSRVWR� p�
PDLV�VLPSOHV��SRLV�XVD�LQWHQVLGDGHV�UHODWLYDV��&RPR�RV�
SLFRV�QmR�VRIUHP�DODUJDPHQWR��SRLV�QmR�VH�WUDEDOKD�FRP�
variações de temperatura ou variações magnéticas nas 

amostras, as intensidades relativas são proporcionais 

jV� DOWXUDV� GRV� SLFRV�� 6HQGR� DVVLP�� HP� XP� SURFHVVR�
DXWRPiWLFR��FDOFXOD�VH�DV�DOWXUDV�PpGLDV�GH�FDGD�SLFR�D�
SDUWLU�GD�OLQKD�GH�EDVH��FDOFXODGD�H�LOXVWUDGD�SRU�XPD�UHWD�
YHUPHOKD�QRV�JUi¿FRV�DFLPD��(VVDV�DOWXUDV�PpGLDV��HP�
WRUQR�GRV�SLFRV��VHUmR�REWLGDV�H�HP�VHJXLGD�QRUPDOL]DGDV�
SHOD�LQWHQVLGDGH�GH�FDGD�SLFR��1RWH�TXH�VH�REWpP�D�DOWXUD�
PpGLD� GR� SLFR� SRU� XPD� TXHVWmR� GH� RWLPL]DomR�� SRLV� R�
modelo é alimentado com os deslocamentos Raman 

�IDL[D� GH� SRQWRV� QR� HL[R�;�� HP� WRUQR� GRV� TXDLV� HVWmR�
ORFDOL]DGRV�WRGRV�RV�SLFRV�HP�GLIHUHQWHV�SURIXQGLGDGHV��
$� HVFROKD� GH� XPD� IDL[D� GH� SRQWRV� DR� LQYpV� GR� SRQWR�
H[DWR�GR�SLFR�VH�GHYH�DR�IDWR�GH�KDYHU�SHTXHQD�YDULDomR�
GD� SRVLomR� GR� SLFR� �FHUFD� GH� ���� FP� Āï��� HP� IXQomR�
GD� SURIXQGLGDGH�� GHYLGR� D� SHTXHQDV� PXGDQoDV� HP�
SURSULHGDGHV�ItVLFDV�ORFDLV��)XWXUDPHQWH��R�LGHDO�p�PRQWDU�
XP�VLVWHPD�GH�GHWHFomR�GR�SLFR�DWUDYpV�GD�GHULYDGD�QXOD��
$VVLP��WRPDUtDPRV�VHPSUH�R�YDORU�Pi[LPR�GRV�SLFRV�

Dessa maneira, depois de se calcular as 

LQWHQVLGDGHV� UHODWLYDV� GH� FDGD� SLFR�� RX� VHMD�� D� DOWXUD�
QRUPDOL]DGD�GR�SLFR�HP������FP���H�GR�SLFR�HP������
FP���� GLYLGH�VH� XPD� SHOD� RXWUD��$VVLP�� SRGH�VH� REWHU�
D� SURSRUomR� HQWUH� RV� SLFRV�� 1DV� )LJXUDV� ����� H� ������
YLVXDOPHQWH�� SRGH�VH� QRWDU� TXH� D� SURSRUomR� HQWUH�
DV� DOWXUDV� GHVWHV� SLFRV� QD� WLQWD� �E� p� DFHQWXDGDPHQWH�
PHQRU� GR� TXH� D� SURSRUomR� QD� WLQWD� �D� ±� TXH� WHQGH� DR�
LQ¿QLWR��Mi�TXH�R�SLFR�QmR�H[LVWH�QHVVD�WLQWD��$VVLP��DR�
FDOFXODU�DV�SURSRUo}HV�HQWUH�RV�SLFRV�SDUD�DV�GLIHUHQWHV�
SURIXQGLGDGHV�� KDYHUi� D� SRVVLELOLGDGH� GH� LGHQWL¿FDomR�
GD� RUGHP� FURQROyJLFD� GR� ODQoDPHQWR� GRV� WUDoRV��
&RPR� VH� FRQKHFH� D� SURSRUomR� HQWUH� RV� SLFRV� GD� WLQWD�
�E�� D� WHQGrQFLD�GRV�YDORUHV�HQFRQWUDGRV�HP�IXQomR�GD�
SURIXQGLGDGH� DR� VH� DSUR[LPDU� GHVVH� YDORU� FRQKHFLGR��
UHVXOWDULD� QD� PDLRU� SURSRUomR� GH� WLQWD� �E� QDTXHOD�
ORFDOL]DomR�GH�SURIXQGLGDGH�

1HVVH� VHQWLGR�� D� )LJ������ DEDL[R� PRVWUD� RV�
UHVXOWDGRV� REWLGRV� QHVVH� FDVR� GH� FUX]DPHQWR� GH� WLQWDV�
GH�FRU�SUHWD�

1R� FUX]DPHQWR� HP� TXH� R� WUDoR� GD� ³FDQHWD� �D´�
HVWi� DEDL[R� GR� WUDoR� GD� ³FDQHWD� �E´�� D� YDULDomR� GDV�
SURSRUo}HV�HQWUH�DV� LQWHQVLGDGHV�GRV�SLFRV��HP�IXQomR�
GD� SURIXQGLGDGH�� HVWi� UHSUHVHQWDGD� QR� JUi¿FR� SHOD�
OLQKD� HQWUH� DV�¿JXUDV� TXDGUDGDV��3RGH�VH�YHUL¿FDU� TXH�
HP� UHJL}HV� PDLV� SURIXQGDV� R� YDORU� HVWi� HP� WRUQR� GH�
���������HQTXDQWR�TXH�ORJR�DFLPD�GD�VXSHUItFLH�GR�SDSHO�
R�YDORU�WHQGH�D����������0HVPR�FRQVLGHUDQGR�R�HUUR�QDV�

Figura 11.� 'HWDOKH� GRV� SLFRV� GH� LQWHUHVVH�� FRP� R� WUDWDPHQWR�
PDWHPiWLFR��GR�HVSHFWUR�5DPDQ�FROHWDGRV�SDUD�R�WUDoR�GH�WLQWD�GD�
³FDQHWD��E´�GH�FRU�SUHWD��LVRODGDPHQWH��$�UHWD�GH�FRU�YHUPHOKD�p�D�
OLQKD�GH�EDVH�FDOFXODGD�SDUD�DPERV�RV�SLFRV��$V�OLQKDV�SRQWLOKDGDV�
PRVWUDP�D�UHJLmR�GH�SRQWRV�GR�HVSHFWUR�TXH�HQWUDUDP�QR�FiOFXOR�GD�
PpGLD�GD�DOWXUD�GRV�SLFRV�
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PHGLGDV��HQFRQWURX�VH�XPD�IXQomR�GHFUHVFHQWH�GR�YDORU�
GD� SURSRUomR�� DSUR[LPDQGR�VH� GR� YDORU� GD� SURSRUomR�
HQWUH�RV�SLFRV�GD�WLQWD��E��2�YDORU�PpGLR�GD�SURSRUomR�
QD�WLQWD��E�p�GH����������HQFRQWUDGR�DWUDYpV�GR�PHVPR�
HVWXGR�GH�SURIXQGLGDGH�� UHDOL]DGR� IRUD�GR�FUX]DPHQWR��
VRPHQWH� RQGH� KDYLD� D� WLQWD� �E� �FtUFXORV� SUHHQFKLGRV�
GD�)LJ��������HP�UHJLmR�SUy[LPD�GR�FUX]DPHQWR��'HVVD�
IRUPD��SRGH�VH�FRQFOXLU�TXH�HP�UHJL}HV�PDLV�SURIXQGDV�
HQFRQWUD�VH� XPD� PLVWXUD� FRP� PDLRU� TXDQWLGDGH� GH�
WLQWD��D�� HQTXDQWR�TXH�QD� VXSHUItFLH� HQFRQWUD�VH�PDLRU�
TXDQWLGDGH�GH�WLQWD��E��

2� PHVPR� H[DPH� IRL� UHSOLFDGR� QR� FUX]DPHQWR�
LQYHUVR��RX�VHMD��QDTXHOH�HP�TXH�R�WUDoR�GD�³FDQHWD��E´�
HVWi� DEDL[R� GR� WUDoR� GD� ³FDQHWD� �D´�� 'Dt�� R� UHVXOWDGR�
GHYH�VHU�DR�FRQWUiULR�GR�H[SRVWR�DFLPD��FRPR�SRGH�VH�
QRWDU�QR�JUi¿FR�GRV�WULkQJXORV�GD�)LJ�������1HVWH�FDVR��
DSHVDU�GD�PHGLGD�PDLV�SURIXQGD�WHU�VLGR�IHLWD�D�DSHQDV�
���ȝP�DEDL[R�GD�VXSHUItFLH��QRWD�VH�FODUDPHQWH�TXH�HP�
UHJL}HV�PDLV�SURIXQGDV�R�YDORU�p�PDLV�SUy[LPR�GR�YDORU�
FRQKHFLGR�GD�SURSRUomR�GD�WLQWD��E��HQTXDQWR�TXH�DR�VH�
DSUR[LPDU�GD�VXSHUItFLH�HVVH�YDORU�FUHVFH��SUHYDOHFHQGR�
XPD�PDLRU� FRQFHQWUDomR�GD� WLQWD��D��'HVVD�PDQHLUD�� D�
RUGHP� FURQROyJLFD� GH� ODQoDPHQWR� GRV� WUDoRV� IRL� PDLV�
XPD�YH]�LGHQWL¿FDGD�FRP�VXFHVVR�
 

1R� VHQWLGR� GH� HPSUHJDU� RXWUR� PpWRGR� SDUD� D�
GHWHUPLQDomR�GD�VHTXrQFLD�FURQROyJLFD�GH�ODQoDPHQWRV�
HP� FUX]DPHQWR� GH� WUDoRV�� QRYDV� PHGLGDV� IRUDP�
HIHWXDGDV� QDV� SUR[LPLGDGHV� H� QD� SUySULD� UHJLmR� GR�
FUX]DPHQWR�GH�WUDoRV�HQWUH�GXDV�WLQWDV�QD�WRQDOLGDGH�D]XO�
�³D]XO��E�%,&��FRUHV´� QD� YHUWLFDO� H� ³D]XO��H�8QL�EDOO´�
QD� KRUL]RQWDO��� 2� REMHWLYR� HUD� PDSHDU� WRGD� D� UHJLmR� H�
YHUL¿FDU�TXDO� WLQWD� IRL� ODQoDGD�SRVWHULRUPHQWH� �YHMD�QD�
)LJ������ D� UHJLmR� PDSHDGD��� $VVLP�� DSUR[LPDGDPHQWH�
�������HVSHFWURV�IRUDP�FROHWDGRV�FRP�R�IRFR��GDGR�SRU�
XPD�REMHWLYD�GH���[��QD�VXSHUItFLH�GR�SDSHO��6DOLHQWD�VH�
TXH�� QR� FUX]DPHQWR�� FRPR�SRGH� VHU� YHUL¿FDGR�QD�)LJ�
������ RV� WUDoRV� HUDP� RUWRJRQDLV� HQWUH� VL� H� DV� PHGLGDV�
IRUDP� IHLWDV� XWLOL]DQGR�VH� R� ODVHU� GH� FRPSULPHQWR� GH�
RQGD�GH�����QP�

2V� HVSHFWURV� IRUDP� DQDOLVDGRV� XWLOL]DQGR�VH� R�
SURJUDPD� :LUH���� �5HQLVKDZ�� 8.��� 'HVVD� IRUPD�� IRL�
VHOHFLRQDGR� R� PRGR� ³PDSD� DWUDYpV� GH� FRPSRQHQWHV´�
�'&/6��� R� TXDO� SHUPLWH�� DWUDYpV� GH� XPD� VXSHUSRVLomR�
linear dos componentes do espectro, mostrar como 

UHVXOWDGR� D� LGHQWL¿FDomR� GH� TXDO� HVSHFWUR� PHOKRU�
UHSUHVHQWD� RV� HVSHFWURV� VHOHFLRQDGRV�� 1HVVH� FDVR��
VHOHFLRQDUDP�VH� WUrV� HVSHFWURV� FRPR� SDGU}HV� GH�
FRPSDUDomR�� XP� HVSHFWUR� LQGLYLGXDO� GD� WLQWD� D]XO��E��
XP� HVSHFWUR� LQGLYLGXDO� GD� WLQWD� D]XO��H� H� XP� HVSHFWUR�
GDV�¿EUDV�GD� IROKD�GH�SDSHO�� WRGRV�FROHWDGRV�QD� UHJLmR�
SUy[LPD�GR�FUX]DPHQWR�

Figura 13. 3URSRUo}HV�HQWUH�DV�LQWHQVLGDGHV�QRUPDOL]DGDV�GRV�SLFRV�GH�
LQWHUHVVH�GRV�HVSHFWURV�5DPDQ�GD�)LJ�������UHDOL]DGRV�QRV�FUX]DPHQWRV�
GH� WUDoRV�� HP� IXQomR� GDV� SURIXQGLGDGHV� GDV� PHGLGDV�� (QTXDQWR� DV�
¿JXUDV�TXDGUDGDV�YD]DGDV��฀��UHSUHVHQWDP�DV�PHGLGDV�QR�FUX]DPHQWR�
HP�TXH�R�WUDoR�GD�³FDQHWD��D´�HVWi�DEDL[R�GR�WUDoR�GD�³FDQHWD��E´��DV�
¿JXUDV�WULDQJXODUHV�YD]DGDV��ǻ��UHSUHVHQWDP�DV�PHGLGDV�QR�FUX]DPHQWR�
HP�TXH�R�WUDoR�GD�³FDQHWD��E´�HVWi�DEDL[R�GR�WUDoR�GD�³FDQHWD��D´��$V�
¿JXUDV�FLUFXODUHV�SUHHQFKLGDV��ā��UHSUHVHQWDP�DV�PHGLGDV�QR�WUDoR�GD�
³FDQHWD��E´�LVRODGDPHQWH�

$V�)LJXUDV������������H������PRVWUDP��QDV�FRUHV�
D]XO� H� DPDUHOR�� R� SULQFLSDO� FRPSRQHQWH� GD� DQiOLVH� GD�
FRUUHODomR�GRV�HVSHFWURV�5DPDQ�GR�PDSHDPHQWR��'�FRP��
UHVSHFWLYDPHQWH��R�HVSHFWUR�5DPDQ�GD� WLQWD�GD�³FDQHWD�
�H´��)LJ��������GDV�¿EUDV�GR�SDSHO� �)LJ�������H�GD� WLQWD�
GD�³FDQHWD��E´� �)LJ��������$LQGD��D�)LJXUD� �����PRVWUD�
JUD¿FDPHQWH�R� UHVXOWDGR�¿QDO�GD�DQiOLVH�GH�FRUUHODomR�
GRV�HVSHFWURV�5DPDQ�GRV�WUrV�SDGU}HV�VHOHFLRQDGRV�FRP�
RV��������HVSHFWURV�5DPDQ�GR�PDSHDPHQWR��'��3RGHPRV�
LQIHULU�GHVVD�¿JXUD�TXH�D�WLQWD��E��HP�DPDUHOR��HVWi�VREUH�
D� WLQWD�GD� ³FDQHWD��H´� �HP�D]XO��� FRUURERUDQGR�� DVVLP��
R� QRYR� PpWRGR� GH� DQiOLVH� SURSRVWR� SDUD� GHWHUPLQDU� D�
VHTXrQFLD� FURQROyJLFD� GH� OLQKDV� HP� FUX]DPHQWRV� GH�
WUDoRV��RX�VHMD��TXDO�WUDoR�IRL�HVFULWR�SULPHLUR�

Figura 12.� 'HWDOKH� GRV� SLFRV� GH� LQWHUHVVH�� FRP� R� WUDWDPHQWR�
PDWHPiWLFR�� GR� HVSHFWUR� 5DPDQ� FROHWDGRV� SDUD� R� WUDoR� GH� WLQWD� GD�
³FDQHWD��D´�GH�FRU�SUHWD��LVRODGDPHQWH��$�UHWD�GH�FRU�YHUPHOKD�p�D�OLQKD�
GH�EDVH�FDOFXODGD�SDUD�DPERV�RV�SLFRV��$V�OLQKDV�SRQWLOKDGDV�PRVWUDP�
D�UHJLmR�GH�SRQWRV�GR�HVSHFWUR�TXH�HQWUDUDP�QR�FiOFXOR�GD�PpGLD�GD�
DOWXUD�GRV�SLFRV�
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Figura 18.� &RPSRVLomR� GDV� SULQFLSDLV� FRPSRQHQWHV� GD� DQiOLVH� GD�
FRUUHODomR�GRV�HVSHFWURV�5DPDQ�GR�PDSHDPHQWR��'�FRP�RV�HVSHFWURV�
5DPDQ�LVRODGRV�GDV�¿EUDV�GR�SDSHO��DJRUD�QD�FRU�YHUGH��H�GDV�WLQWDV�
D]XLV�GDV�FDQHWDV��H��D]XO��H��E��DPDUHOR��

4. CONCLUSÕES E PERSPECTIVAS

2V�HVSHFWURV�5DPDQ�FROHWDGRV�SDUD�XPD�PHVPD�
WLQWD� GH� FDQHWD� DSUHVHQWDP� H[FHOHQWH� UHSURGXWLELOLGDGH�
TXDQGR�PHGLGRV�QRV�WUDoRV�SURGX]LGRV�HP�WUrV�GLUHo}HV�

�KRUL]RQWDO��YHUWLFDO�H�LQFOLQDGR���EHP�FRPR�HP�GLYHUVDV�
SRVLo}HV�

2V� UHVXOWDGRV� DSUHVHQWDGRV� PRVWUDP� TXH� D�
HVSHFWURVFRSLD�5DPDQ�SRGH�VHU�XVDGD�SDUD�LGHQWL¿FDU�H�
GLVWLQJXLU�WLQWDV�FRP�SHTXHQDV�YDULDo}HV�QD�FRPSRVLomR�
TXtPLFD��FRP�HVSHFLDO�GHVWDTXH�SDUD�D�WRQDOLGDGH�SUHWD��
FXMD� DQiOLVH� p� GLItFLO� H� GHOLFDGD� SRU� RXWUDV� WpFQLFDV� GH�
DQiOLVH��

1R� TXH� FRQFHUQH� DR� HVWXGR� GR� FUX]DPHQWR� GH�
WUDoRV�GH�WLQWDV��GRLV�WLSRV�GH�DQiOLVH�IRUDP�DSUHVHQWDGRV�
H� GLVFXWLGRV�� PRVWUDQGR�VH� TXH� HVVD� WpFQLFD� SRGH� VHU�
XVDGD�SDUD�VH�GHWHUPLQDU�XPD�VHTXrQFLD�FURQROyJLFD�GH�
WUDoRV�� (QWUHWDQWR�� p� QHFHVViULR� TXH� DV� WLQWDV� SRVVXDP�
FRPSRVLo}HV� TXtPLFDV� GLIHUHQWHV�� &RQWXGR�� p� HYLGHQWH�
TXH� DLQGD� Ki� PXLWDV� TXHVW}HV� D� VHUHP� DERUGDGDV� SDUD�
XPD� FRPSOHWD� LQYHVWLJDomR�� WDLV� FRPR� R� HIHLWR� GH�
GLIHUHQWHV�SDSpLV�FRPR�VXEVWUDWRV�H�GD�SUHVVmR�GD�FDQHWD�
XWLOL]DGD�QD�HVFULWD��SRU�H[HPSOR�

$�DQiOLVH�IRUHQVH�GH�WLQWDV�HP�GRFXPHQWRV�UHTXHU�
XPD�VpULH�GH�FDUDFWHUtVWLFDV�TXH�YmR�DR�HQFRQWUR�GDTXHODV�
LQHUHQWHV�DR�LQVWUXPHQWR�5DPDQ��WDLV�FRPR��PLFURVFySLR�
SDUD�YLVXDOL]DomR�H�PHGLomR�GD�DPRVWUD��EDL[D�SRWrQFLD�
GR�ODVHU�TXH�HYLWD�GDQRV�DR�PDWHULDO�DQDOLVDGR��YDULDGRV�
FRPSULPHQWRV�GH�RQGD�GH�ODVHUHV�SDUD�DPSOLDU�R�OHTXH�GH�

Figura 14. 5HJLmR� SUy[LPD� DR� FUX]DPHQWR� GH� WUDoRV� GDV� WLQWDV�
GH� FRU� D]XO� GDV� FDQHWDV� �H� �KRUL]RQWDO�� H� �E� �YHUWLFDO��� DPSOLDGD�
DWUDYpV�GD�REMHWLYD�GH���[��RQGH�IRL� UHDOL]DGR�R�PDSHDPHQWR��'�
GH�HVSHFWURV�5DPDQ�

Figura 15. 3ULQFLSDO� FRPSRQHQWH� GD� DQiOLVH� GD� FRUUHODomR�
GRV� HVSHFWURV� 5DPDQ� GR� PDSHDPHQWR� �'� FRP� R� HVSHFWUR�
5DPDQ�GD�WLQWD�GD�³FDQHWD��H´��KRUL]RQWDO���HP�D]XO�FODUR�

Figura 16. 3ULQFLSDO� FRPSRQHQWH� GD� DQiOLVH� GD� FRUUHODomR� GRV�
HVSHFWURV� 5DPDQ� GR� PDSHDPHQWR� �'� FRP� R� HVSHFWUR� 5DPDQ� GD�
¿EUD�GR�SDSHO��HP�D]XO�FODUR�

Figura 17. 3ULQFLSDO� FRPSRQHQWH� GD� DQiOLVH� GD� FRUUHODomR� GRV�
HVSHFWURV� 5DPDQ� GR� PDSHDPHQWR� �'� FRP� R� HVSHFWUR� 5DPDQ� GD�
WLQWD�GD�³FDQHWD��E´��YHUWLFDO���HP�DPDUHOR�
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DSOLFDo}HV��H�H[WHQVD�ELEOLRWHFD�GH�UHVXOWDGRV�GH�HVSHFWURV�
SDUD� FRPSDUDomR� H� LGHQWL¿FDomR� GLUHWD� GH� PDWHULDLV��
'HVVD� IRUPD�� D� (VSHFWURVFRSLD� 5DPDQ� DSUHVHQWD�VH�
como uma técnica promissora para o desenvolvimento 

GD�DQiOLVH�IRUHQVH�HP�GRFXPHQWRVFRSLD�
1R� IXWXUR�� HVSHUD�VH� XWLOL]DU� D� HVSHFWURVFRSLD�

5DPDQ� SDUD� FULDU� XPD� H[WHQVD� ELEOLRWHFD� GH� WLQWDV�
GH� FDQHWDV�� GH� LPSUHVVRUDV�� GH� FDULPERV�� HWF��
$LQGD�� SUHWHQGH�VH� HODERUDU� SURWRFRORV� SDUD� H[DPHV�
GRFXPHQWRVFySLFRV��WDQWR�QD�LGHQWL¿FDomR�H�FODVVL¿FDomR�
GH�GLYHUVRV�WLSRV�GH�WLQWDV��EHP�FRPR�QD�GHWHUPLQDomR�
GD�VHTXrQFLD�FURQROyJLFD�GH�WUDoRV�HP�FUX]DPHQWRV�GH�
WLQWDV�
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