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5(6802�±�$�HYROXomR�GDV�SURSULHGDGHV�GDV�JHRPHPEUDQDV�IRL�HVWXGDGD�FRP�EDVH�HP�HQVDLRV�UHDOL]DGRV�
VREUH�DPRVWUDV�H[SRVWDV�jV�FRQGLo}HV�FOLPiWLFDV��FRP�H�VHP�JHRWr[WLO�GH�FREHUWXUD��GXUDQWH�DSUR[LPDGDPHQWH�

���DQRV��HP�GLIHUHQWHV�ORFDLV�GH�3RUWXJDO��1HVWH�DUWLJR��DQDOLVDP�VH�D�LQIOXrQFLD�GD�H[SRVLomR�VREUH�GLIHUHQWHV�

JHRPHPEUDQDV�GH�3($'��D�LQIOXrQFLD�GD�UDGLDomR�XOWUDYLROHWD�VREUH�JHRPHPEUDQDV�H[SRVWDV�HP�ORFDLV�FRP�

GLVWLQWRV�tQGLFHV�GH�89�H�D�LQIOXrQFLD�GR�JHRWr[WLO�GH�SURWHomR�jV�JHRPHPEUDQDV��$V�SURSULHGDGHV�HP�DQiOLVH�

IRUDP�D�PDVVD�YRO~PLFD��R�tQGLFH�GH�IOXLGH]��D�UHVLVWrQFLD�j�WUDomR�H�D�H[WHQVmR�QD�FHGrQFLD�H�QD�URWXUD��R�WHRU�

HP�QHJUR�GH�FDUERQR�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR��9HULILFRX�VH�TXH�D�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV�

DIHWRX�D�PDVVD�YRO~PLFD�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR��9HULILFRX�VH��WDPEpP��TXH�R�DXPHQWR�GR�tQGLFH�

XOWUDYLROHWD�LQIOXHQFLRX�RV�UHVXOWDGRV�GD�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD�H�GR�WHPSR�GH�LQGXomR�j�

R[LGDomR��3RU�ILP��FRQVWDWRX�VH�TXH�RV�UHVXOWDGRV�IRUDP�VHPHOKDQWHV�SDUD�DV�JHRPHPEUDQDV�H[SRVWDV�FRP�H�

VHP�JHRWr[WLO�GH�FREHUWXUD���
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LQIOXHQFH�RI�WKDW�LQGH[���LLL��WKH�H[SRVHG�VDPSOHV��FRYHUHG�ZLWK�DQG�ZLWKRXW�JHRWH[WLOH��WR�HYDOXDWH�WKH�LQIOXHQFH�

RI� VXFK� DV� D� SURWHFWLRQ� IRU� JHRPHPEUDQHV�� 7KH� SURSHUWLHV� VWXGLHG� ZHUH�� GHQVLW\�� PHOW� IORZ� LQGH[�� WHQVLOH�

SURSHUWLHV�� FDUERQ� EODFN� FRQWHQW�� DQG� R[LGDWLYH� LQGXFWLRQ� WLPH��7KH� UHVXOWV� VKRZ� WKDW� WKH� SURSHUWLHV� RI� WKH�

JHRPHPEUDQHV�H[SRVHG�WR�FOLPDWLF�FRQGLWLRQV�SUHVHQW�VRPH�GHWHULRUDWLRQ��HVSHFLDOO\�UHJDUGLQJ�WKH�R[LGDWLYH�

LQGXFWLRQ�WLPH�DQG�GHQVLW\��$V�IRU�WKH�JHRPHPEUDQH�H[SRVHG�LQ�ORFDWLRQV�ZLWK�GLIIHUHQW�89�LQGH[��LW�VXJJHVWV�

WKDW�WKH�LQFUHDVH�RI�WKLV�LQGH[�LPSDFWV�WKH�WHQVLOH�SURSHUWLHV�DQG�R[LGDWLYH�LQGXFWLRQ�WLPH��)LQDOO\��LW�KDV�EHHQ�

IRXQG�WKDW�FRYHUHG�DQG�H[SRVHG�JHRPHPEUDQHV�SUHVHQWHG�VLPLODU�UHVXOWV��
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$V�JHRPHPEUDQDV�GH�SROLHWLOHQR�GH�DOWD�GHQVLGDGH��3($'��VmR�XWLOL]DGDV�HP�YiULDV�DSOLFDo}HV�

HP�JHRWHFQLD��SHUPDQHFHQGR��SRU�YH]HV��H[SRVWDV�jV�FRQGLo}HV�FOLPiWLFDV�SRU�ORQJRV�SHUtRGRV��FRPR�

p�FDVR�GDV�ODJRDV�RX�GRV�DWHUURV�GH�UHVtGXRV��FXMRV�VLVWHPDV�GH�LPSHUPHDELOL]DomR�QmR�LQFOXHP�D�

FRORFDomR�GH�JHRVVLQWpWLFRV��e.g���XP�JHRWr[WLO��SDUD�SURWHomR�GD�JHRPHPEUDQD�QRV�WDOXGHV��

$V�JHRPHPEUDQDV�H[SRVWDV�ILFDP�VXMHLWDV�D�FRQGLo}HV�DGYHUVDV��QRPHDGDPHQWH��DRV�HIHLWRV�GRV�

UDLRV� XOWUDYLROHWD� �89��� GR� R[LJpQLR� H� GD� WHPSHUDWXUD�� R� TXH� SRGH� OHYDU� j� GHJUDGDomR� GDV� VXDV�

SURSULHGDGHV�H�FRPSURPHWHU�R�VHX�GHVHPSHQKR�D�ORQJR�SUD]R���

$�GHJUDGDomR�GDV�SURSULHGDGHV�GDV�JHRPHPEUDQDV�GHYLGR�j�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV�

WHP� VLGR� DPSODPHQWH� HVWXGDGD�� &RQWXGR�� RV� HVWXGRV� UHDOL]DGRV� RX� XVDUDP� JHRPHPEUDQDV�

HQYHOKHFLGDV� DUWLILFLDOPHQWH� HP� ODERUDWyULR� �e.g.�.RHUQHU�et al��� ������������� RX� VH� UHVWULQJLUDP�

ORFDLV� FRP� FRQGLo}HV� FOLPiWLFDV� HVSHFtILFDV�� TXH� QmR� UHSUHVHQWDP� D� WRWDOLGDGH� GDV� FRQGLo}HV�

UHJLVWDGDV�HP�3RUWXJDO��e.g.�/RSHV�H�0RQWHLUR��������7DUQRZVNL�H�%DOGDXI��������&DUQHLUR��������

5RZH�et al���������%DOHNL�et al���������<DNR�et al���������5RZH�H�(ZDLV����������

3DUD�DYDOLDU�D�HYROXomR�GDV�SURSULHGDGHV�GDV�JHRPHPEUDQDV�HP�3($'�H[SRVWDV�jV�FRQGLo}HV�

FOLPiWLFDV� HP� 3RUWXJDO�� HVWi� HP� FXUVR�� GHVGH� ������ XP� HVWXGR� QR� /DERUDWyULR� 1DFLRQDO� GH�

(QJHQKDULD�&LYLO��/1(&���1XPD�SULPHLUD�IDVH��DQDOLVRX�VH�D�LQIOXrQFLD�GDV�FRQGLo}HV�FOLPiWLFDV�

VREUH�D�UHVLVWrQFLD�PHFkQLFD�GDV�VROGDGXUDV�HQWUH�SDLQpLV�DGMDFHQWHV�GH�JHRPHPEUDQD��2V�UHVXOWDGRV�

GHVWH�HVWXGR�IRUDP�DSUHVHQWDGRV�SRU�/RSHV�H�%DUURVR���������%DUURVR�et al���������������H�%DUURVR�

H�/RSHV���������

3DUD� GDU� FRQWLQXLGDGH� DR� UHIHULGR� HVWXGR� H�� VLPXOWDQHDPHQWH�� DODUJDU� R� VHX� kPELWR� jV�

JHRPHPEUDQDV�SURSULDPHQWH�GLWDV��IRUDP�UHDOL]DGRV�HQVDLRV�ODERUDWRULDLV�VREUH�DV�DPRVWUDV�DSyV����

DQRV�GH�H[SRVLomR��)RUDP�DYDOLDGDV�DV�VHJXLQWHV�SURSULHGDGHV��PDVVD�YRO~PLFD��UHVLVWrQFLD�j�WUDomR�

H�H[WHQVmR�QD�FHGrQFLD��tQGLFH�GH�IOXLGH]��WHRU�HP�QHJUR�GH�FDUERQR�H�WHPSR�GH�LQGXomR�j�R[LGDomR��

1R� SUHVHQWH� HVWXGR�� DQDOLVD�VH� D� LQIOXrQFLD� GD� H[SRVLomR� jV� FRQGLo}HV� FOLPiWLFDV� VREUH� DV�

GLIHUHQWHV� SURSULHGDGHV� GH� FLQFR� JHRPHPEUDQDV� GH� 3($'� H[SRVWDV�� FRP� H� VHP� FREHUWXUD� GH�

JHRWr[WLO��HP�RLWR�ORFDLV�GLIHUHQWHV��GXUDQWH����DQRV��GLVFXWH�VH�D�LQIOXrQFLD�GD�UDGLDomR�89�VREUH�

DV�SURSULHGDGHV�GH�GXDV�JHRPHPEUDQDV�H[SRVWDV�HP�ORFDLV�FRP�GLIHUHQWHV�tQGLFHV�GH�89�H�DYDOLD�VH�

D�LQIOXrQFLD�GR�JHRWr[WLO�FRPR�PDWHULDO�GH�SURWHomR�jV�JHRPHPEUDQDV���

1HVWH� HVWXGR� IRUDP�� WDPEpP�� FRPSDUDGRV� RV� YDORUHV� GDV� GLIHUHQWHV� SURSULHGDGHV� GDV�

JHRPHPEUDQDV�FRP�RV�UHTXLVLWRV�PtQLPRV��DWXDOPHQWH��SUHFRQL]DGRV�SHOR�Geosynthetic Research 

Institute��*5,����*0�����������FRP�YLVWD�D�YHULILFDU�VH��DSyV����DQRV�GH�H[SRVLomR��HVWHV�PDWHULDLV�

DLQGD� FXPSUHP� RV� YDORUHV� PtQLPRV� SUHFRQL]DGRV�� 2V� UHVXOWDGRV� GHVWD� FRPSDUDomR� IRUDP� Mi�

DSUHVHQWDGRV�SRU�5HLV��������H�5HLV�et al.���������SHOR�TXH�QmR�VHUmR�LQFOXtGRV�QR�SUHVHQWH�DUWLJR��

��±�75$%$/+2�(;3(5,0(17$/�

����±�$PRVWUDV�H�ORFDOL]DomR�

$V� DPRVWUDV� IRUDP� H[SRVWDV� QR� ILQDO� GD� GpFDGD� GH� QRYHQWD�� GXUDQWH� D� FRQVWUXomR� GH� YiULRV�

DWHUURV�GH�UHVtGXRV�VyOLGRV�HP�3RUWXJDO��D�SDUWLU�GH�SDLQpLV�GH�JHRPHPEUDQD��FRUWDGRV�QD�GLUHomR�GH�

IDEULFR�� ,QFOXtDP� XPD� VROGDGXUD� GXSOD�� UHDOL]DGD� SRU� WHUPRIXVmR�� D� PHLR� GD� DPRVWUD�� )RUDP�

GLYLGLGDV�HP�GXDV�SDUWHV��XPD�GDV�TXDLV�IRL�FREHUWD�FRP�XP�JHRWr[WLO�GH�SURWHomR��WDO�FRPR�VH�SRGH�

REVHUYDU�QD�)LJXUD�����

$V�FRQGLo}HV�GH�H[SRVLomR�IRUDP�VHPHOKDQWHV�SDUD�DV�GLIHUHQWHV�JHRPHPEUDQDV��$V�DPRVWUDV�

IRUDP�FRORFDGDV�QD�KRUL]RQWDO��HP�EDQTXHWDV�GH�WDOXGHV��RX�HP�FREHUWXUDV�GH�HGLItFLRV��VHP�ILFDUHP�

VXMHLWDV�D�WHQV}HV�GH�WUDomR�RX�]RQDV�HP�VRPEUD��$�]RQD�GH�VROGDGXUD�IRL�DOLQKDGD�FRP�D�GLUHomR�

QRUWH�VXO���

)RUDP�XWLOL]DGDV�FLQFR�JHRPHPEUDQDV�GH�3($'��OLVDV��FRP�HVSHVVXUD�QRPLQDO�GH�����PP��DV�

TXDLV�VmR�GHVLJQDGDV�SRU�*0�$��*0�%��*0�&��*0�'�H�*0�(��)RUDP�H[SRVWDV�HP�RLWR�ORFDLV�
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GLIHUHQWHV�GH�3RUWXJDO��)LJXUD�����9DOHQoD��9LDQD�GR�&DVWHOR��%RWLFDV��9LOD�1RYD�GH�*DLD��%LJRUQH��

$YHLUR��)LJXHLUD�GD�)R]�H�/RXOp��$�*0�$�IRL� H[SRVWD�HP� WUrV� ORFDLV� H� D�*0�%�HP�GRLV� ORFDLV�

GLIHUHQWHV��

)RUDP�XWLOL]DGDV�FLQFR�JHRPHPEUDQDV�GH�3($'��OLVDV��FRP�HVSHVVXUD�QRPLQDO�GH�����PP��DV�

TXDLV�VmR�GHVLJQDGDV�SRU�*0�$��*0�%��*0�&��*0�'�H�*0�(��)RUDP�H[SRVWDV�HP�RLWR�ORFDLV�

GLIHUHQWHV�GH�3RUWXJDO��)LJXUD�����9DOHQoD��9LDQD�GR�&DVWHOR��%RWLFDV��9LOD�1RYD�GH�*DLD��%LJRUQH��

$YHLUR��)LJXHLUD�GD�)R]�H�/RXOp��$�*0�$�IRL� H[SRVWD�HP� WUrV� ORFDLV� H� D�*0�%�HP�GRLV� ORFDLV�

GLIHUHQWHV��

�

)LJ����±�/RFDLV�GH�H[SRVLomR�GDV�JHRPHPEUDQDV�QR�SDtV��

2�JHRWr[WLO�GH�SURWHomR�IRL�R�PHVPR�HP�WRGRV�RV�ORFDLV��SROLHWLOHQR�GH�DOWD�GHQVLGDGH��FRU�SUHWD���

QmR�WHFLGR��DJXOKDGR����PP�GH�HVSHVVXUD�H�����J�P��GH�PDVVD�SRU�XQLGDGH�GH�iUHD��

�

����±�3URSULHGDGHV�LQLFLDLV�GDV�JHRPHPEUDQDV�

1R�4XDGUR���DSUHVHQWDP�VH�DV�SULQFLSDLV�SURSULHGDGHV�LQLFLDLV�GDV�JHRPHPEUDQDV�HP�HVWXGR��

GH�DFRUGR�FRP�D�VXD�ORFDOL]DomR��2V�YDORUHV�LQGLFDGRV�IRUDP�GHWHUPLQDGRV�ODERUDWRULDOPHQWH��RX�

SHOR�/1(&�GXUDQWH�R�SHUtRGR�GH�SUHSDUDomR�GDV�DPRVWUDV��RX�SHOR� IDEULFDQWH�QR�kPELWR�GR� VHX�

FRQWUROR�GH�IDEULFR�H�GLVSRQLELOL]DGRV�DTXDQGR�GD�SUHSDUDomR�GDV�DPRVWUDV��6mR��WDPEpP��LQGLFDGRV�

RV�YDORUHV�DSUHVHQWDGRV�QDV�ILFKDV�WpFQLFDV�GDV�UHVSHWLYDV�JHRPHPEUDQDV��

)LJ����±�([HPSORV�GH�DPRVWUDV�H[SRVWDV��
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4XDGUR���±�3ULQFLSDLV�SURSULHGDGHV�LQLFLDLV�GDV�JHRPHPEUDQDV��
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/HJHQGD��)LFKD�7pFQLFD�_��'HWHUPLQDGR�HP�ODERUDWyULR�_��� �VHP�LQIRUPDomR�GLSRQtYHO�

�
&RQIRUPH� SRGH� REVHUYDU�VH�� H[LVWH� XPD� GLIHUHQoD�� SRU� YH]HV� VLJQLILFDWLYD�� HQWUH� RV� YDORUHV�

REWLGRV� QRV� HQVDLRV� UHDOL]DGRV� VREUH� DV� DPRVWUDV� H� RV� YDORUHV� LQGLFDGRV� QDV� ILFKDV� WpFQLFDV� GDV�
JHRPHPEUDQDV��R�TXH�VH�GHYH�DR�IDFWR�GRV�YDORUHV�GDV�ILFKDV�WpFQLFDV�FRUUHVSRQGHUHP�D�YDORUHV�
PpGLRV� REWLGRV� DR� ORQJR� GR� WHPSR� D� SDUWLU� GH� XP� Q~PHUR� PXLWR� HOHYDGR� GH� JHRPHPEUDQDV�
HQVDLDGDV��

�
����±�0pWRGRV�GH�HQVDLR�

������±�0DVVD�YRO~PLFD�

2V� HQVDLRV� GH� GHWHUPLQDomR� GD� PDVVD� YRO~PLFD� IRUDP� UHDOL]DGRV� VHJXQGR� D� QRUPD�
$670�'�������(VWH�PpWRGR�p�JHUDOPHQWH�XWLOL]DGR�SDUD�PDWHULDLV�FRP�PDVVD�YRO~PLFD�LQIHULRU�D�
�J�FP��� TXH� p� QRUPDOPHQWH� R� FDVR� GDV� JHRPHPEUDQDV� GH� 3($'��(VWDV�� XWLOL]DQGR� UHVLQDV� FRP�
PDVVDV� YRO~PLFDV� QD� JDPD� GRV� ������ D� ������ J�FP��� Vy� FRQVHJXHP� DWLQJLU� YDORUHV� GD� PDVVD�
YRO~PLFD�GD�RUGHP�GRV�������D�������J�FP���5RZH�et al.���������GHYLGR�j�DGLomR�GH�QHJUR�GH�FDUERQR�
RX�RXWURV�DGLWLYRV�JHUDOPHQWH�LQFRUSRUDGRV�QDV�JHRPHPEUDQDV��

$�PDVVD�YRO~PLFD�p�LPSRUWDQWH�QR�kPELWR�GHVWH�WUDEDOKR�SRU�HVWDU�GLUHWDPHQWH�UHODFLRQDGD�FRP�
D�FULVWDOLQLGDGH�GRV�SROtPHURV��+DOVH�et al����������D�TXDO�DIHWD�DV�SURSULHGDGHV�WpUPLFDV��SRQWR�GH�
HQGXUHFLPHQWR�� YLVFRVLGDGH� H� WHPSHUDWXUD� GH� IXVmR���PHFkQLFDV� �UHVLVWrQFLD� j� WUDomR�� WRUomR�� DR�
LPSDFWR�H�IOH[LELOLGDGH�D�EDL[D�WHPSHUDWXUD��H�TXtPLFDV��UHVLVWrQFLD�TXtPLFD��UHVLVWrQFLD�j�ILVVXUDomR�
��stress cracking QD�OLWHUDWXUD�DQJOR�VyQLFD��GD�JHRPHPEUDQDV���

�
1R�4XDGUR���UHVXPH�VH�R�PRGR�FRPR�DV�SURSULHGDGHV�GDV�JHRPHPEUDQDV�YDULDP�GH�DFRUGR�

FRP�R�DXPHQWR�GD�PDVVD�YRO~PLFD�GR�SROLHWLOHQR��
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4XDGUR���±�9DULDomR�GDV�GLIHUHQWHV�SURSULHGDGHV�GR�SROLHWLOHQR�FRP�R�DXPHQWR�GD�PDVVD�

YRO~PLFD��/RGL���������

3URSULHGDGHV� 7HQGrQFLD�GH�YDULDomR�

7pUPLFDV�� �

���3RQWR�GH�HQGXUHFLPHQWR� *UDQGH�DXPHQWR�

���9LVFRVLGDGH�H�WHUPRIXVmR� $XPHQWR�

0HFkQLFDV�� �

���(VSHVVXUD� $XPHQWR�

���5HVLVWrQFLD�j�WUDomR� $XPHQWR�

���5HVLVWrQFLD�j�WRUomR� $XPHQWR�

���5HVLVWrQFLD�DR�LPSDFWR� 'LPLQXLomR�

���)OH[LELOLGDGH�D�EDL[D�WHPSHUDWXUD� 'LPLQXLomR�

4XtPLFDV�� �

���5HVLVWrQFLD�j�ILVVXUDomR�� 'LPLQXLomR�

���3HUPHDELOLGDGH� 'LPLQXLomR�

���5HVLVWrQFLD�TXtPLFD� $XPHQWR�

�

������±�ËQGLFH�GH�IOXLGH]��0),��

2V� HQVDLRV� GH� GHWHUPLQDomR� GR� tQGLFH� GH� IOXLGH]� IRUDP� UHDOL]DGRV� VHJXQGR� D� QRUPD�

$670�'������)RUDP�UHDOL]DGRV�D�����&�H�FRP�XPD�FDUJD�QRPLQDO�GH�����NJ��(VWHV�HQVDLRV�VmR�

XVDGRV�SDUD�TXDQWLILFDU�PDVVD��HP�JUDPDV��GR�SROtPHUR�H[WUXGLGR�HP����PLQXWRV��DWUDYpV�GH�XP�

RULItFLR�QRUPDOL]DGR��VRE�GHWHUPLQDGDV�FRQGLo}HV�GH�SUHVVmR�H�WHPSHUDWXUD�

2�YDORU�GR�0),�SHUPLWH�DYDOLDU�LQGLUHWDPHQWH�R�SHVR�PROHFXODU�GRV�SROtPHURV�WHUPRSOiVWLFRV��

8P�YDORU�DOWR�GHVWH�tQGLFH�LQGLFD�TXH�R�SROtPHUR�DSUHVHQWD�XP�SHVR�PROHFXODU�EDL[R��SURSULHGDGH�

TXH� FRQGLFLRQD� GLUHWDPHQWH� DV� SURSULHGDGHV� PHFkQLFDV� GD� JHRPHPEUDQD�� 6DOLHQWD�VH� TXH� D�

FRPSDUDomR�GH�YDORUHV�GR�tQGLFH�GH�IOXLGH]�Vy�WHP�VLJQLILFDGR�VH�IRUHP�FRPSDUDGDV�JHRPHPEUDQDV�

GH�XP�PHVPR�SROtPHUR��5RZH�H�(ZDLV����������

2�0),�SRGH�VHU�XVDGR�FRPR�LQGLFDGRU�GH�R[LGDomR��$�GHJUDGDomR�GR�SROtPHUR�SRU�R[LGDomR�

SRGH�LQGX]LU�WDQWR�D�UHDo}HV�TXH�RULJLQDP�OLJDo}HV�FUX]DGDV��crosslinking��FRPR�D�UHDo}HV�GH�FLVmR�

GD� FDGHLD� SROLPpULFD� �chain reaction��� DPEDV� SURGX]LQGR� DOWHUDo}HV� QR� SHVR� PROHFXODU�� 'DV�

SULPHLUDV�UHVXOWD�XP�DXPHQWR�QR�SHVR�PROHFXODU��HQTXDQWR�DV�VHJXQGDV�FRQGX]HP�D�XPD�GLPLQXLomR�

GR�SHVR�PROHFXODU��/RGL��������5RZH�H�(ZDLV����������

�

������±�5HVLVWrQFLD�j�WUDomR�H[WHQVmR�

2V�HQVDLRV�SDUD�DYDOLDomR�GD�UHVLVWrQFLD�j�WUDomR�H[WHQVmR�IRUDP�UHDOL]DGRV�VHJXQGR�D�QRUPD�

$670�'������

$V�JHRPHPEUDQDV�GH�3($'�DSUHVHQWDP�XP�SLFR�GH�WHQVmR�EHP�GHILQLGR��SRQWR�GH�FHGrQFLD��

SDUD�SHTXHQDV�H[WHQV}HV��FHUFD�GH�������&RP�R�DXPHQWR�GD�VROLFLWDomR�j�WUDomR�R�SROtPHUR�QD�VXD�

SDUWH� FHQWUDO� VRIUH� XP� DORQJDPHQWR� �FRP� HVWUHLWDPHQWR� ODWHUDO�� ID]HQGR� FRP� TXH� RV� YDORUHV� GD�

UHVLVWrQFLD�GLPLQXDP�DSyV�R�SRQWR�GH�FHGrQFLD��GHYLGR�DR�HQVDLR�VH�UHDOL]DU�D�XPD�YHORFLGDGH�GH�

GHIRUPDomR�FRQVWDQWH��&RP�D�FRQWLQXDomR�GR�DXPHQWR�GD�VROLFLWDomR��Gi�VH�XP�DXPHQWR�GR�YDORU�

GD�UHVLVWrQFLD��DWULEXtGR�D�XP�UHDUUDQMR�PROHFXODU��$�URWXUD�DWLQJH�VH�SDUD�YDORUHV�GD�H[WHQVmR�PXLWR�

HOHYDGRV� �GD�RUGHP�GRV�����D��������� VHQGR�RV�YDORUHV�GD� UHVLVWrQFLD�QD� URWXUD� WDPEpP�PXLWR�

VXSHULRUHV�DRV�GD�FHGrQFLD�GR�PDWHULDO��/RGL��������FRPR�LOXVWUD�D�)LJXUD����
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)LJ����±�&RPSRUWDPHQWR�)RUoD�([WHQVmR�GH�*HRPHPEUDQDV�GH�3($'��/RGL���������

$V� SURSULHGDGHV� PHFkQLFDV� GDV� JHRPHPEUDQDV� VmR� ~WHLV� SDUD� DYDOLDU� D� GHJUDGDomR� GDV�

JHRPHPEUDQDV� HP� UHVXOWDGR� GD� R[LGDomR�� &RP� D� R[LGDomR� D� FULVWDOLQLGDGH� GDV� JHRPHPEUDQDV�

DXPHQWD��WRUQDQGR�DV�PDLV�IUiJHLV��,QLFLDOPHQWH�D�R[LGDomR�SRGH�OHYDU�D�XP�DXPHQWR�GD�UHVLVWrQFLD�

j�WUDomR�QD�FHGrQFLD�H�XPD�GLPLQXLomR�QD�H[WHQVmR�QD�FHGrQFLD��&RQWXGR��j�PHGLGD�TXH�D�R[LGDomR�

SURVVHJXH�� D� GHJUDGDomR� DFHQWXD�VH� H� D� JHRPHPEUDQD� WRUQD�VH� H[WUHPDPHQWH� IUiJLO�� (P�

FRQVHTXrQFLD��D�UHVLVWrQFLD�j�WUDomR�GLPLQXL��5RZH�et al.���������

�

������±�7HRU�HP�QHJUR�GH�FDUERQR�

2V�HQVDLRV�GH�GHWHUPLQDomR�GR�WHRU�HP�QHJUR�GH�FDUERQR�IRUDP�UHDOL]DGRV�VHJXQGR�D�QRUPD�

$670�'��������

2�QHJUR�GH�FDUERQR�p�XP�DGLWLYR�TXH�VH�MXQWD�j�IRUPXODomR�GD�JHRPHPEUDQD�SDUD�PLQLPL]DU�RV�

HIHLWRV� QHJDWLYRV� GRV� UDLRV� 89� VREUH� RV� SROtPHURV�� RV� TXDLV� FRQGX]HP� j� GHJUDGDomR� GDV�

SURSULHGDGHV�PHFkQLFDV�GDV�JHRPHPEUDQDV��QRPHDGDPHQWH�DR�VXUJLPHQWR�GH�FRPSRUWDPHQWR�IUiJLO�

H� GH� ILVVXUDV��$�SHUFHQWDJHP�GH� QHJUR�GH� FDUERQR� WLSLFDPHQWH� DGLFLRQDGD� jV� JHRPHPEUDQDV� GH�

3($'�p�GD�RUGHP�GRV���D�������

$�GHJUDGDomR�GRV�PDWHULDLV�SROLPpULFRV�FRQGX]�WLSLFDPHQWH�D�XPD�GLPLQXLomR�GR�WHRU�GH�QHJUR�

GH�FDUERQR��

�

������±�7HPSR�GH�LQGXomR�j�R[LGDomR�

$�DYDOLDomR�GD�HVWDELOLGDGH�GH�R[LGDomR�GR�SROLHWLOHQR�SRGH�VHU�REWLGD�SHOD�PHGLGD�GR�WHPSR�

GH�LQGXomR�j�R[LGDomR��2,7��VHJXQGR�D�QRUPD�$670�'�������(VWH�WHPSR�p�R�QHFHVViULR�SDUD�TXH�

XPD�DPRVWUD�GH�JHRPHPEUDQD�VHMD�R[LGDGD��VRE�GHWHUPLQDGDV�FRQGLo}HV�GH�SUHVVmR�H�WHPSHUDWXUD��

2V� YDORUHV� GH� 2,7� LQGLFDP� D� TXDQWLGDGH� �QmR� R� WLSR�� GH� DQWLR[LGDQWH� TXH� DLQGD� UHVWD� QD�

JHRPHPEUDQD�� (VWH� FRQKHFLPHQWR� p� H[WUHPDPHQWH� ~WLO� XPD� YH]� TXH� VmR� RV� DQWLR[LGDQWHV� TXH�

SURWHJHP�D�JHRPHPEUDQD�GD�GHJUDGDomR��

'H�XPD�IRUPD�JHUDO��D�GXUDELOLGDGH�GDV�JHRPHPEUDQDV�GH�3($'�GLPLQXL�FRP�D�R[LGDomR��HP�

UHVXOWDGR�GD�UHDomR�HQWUH�R�R[LJpQLR�H�R�SROtPHUR���

6HJXQGR�+VXDQ�H�.RHUQHU���������D�GHJUDGDomR�TXtPLFD�GDV�JHRPHPEUDQDV�GH�3($'�LQFOXL�

WUrV�IDVHV���
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x� GHSOHomR�GRV�DQWLR[LGDQWHV��IDVH�HP�TXH�RV�DQWLR[LGDQWHV�H[LVWHQWHV�QD�JHRPHPEUDQD�VmR�

FRQVXPLGRV���

x� WHPSR�GH�LQGXomR��IDVH�FRUUHVSRQGHQWH�DR�LQWHUYDOR�HQWUH�D�GHODSLGDomR�GRV�DQWLR[LGDQWHV�

H�R�LQtFLR�GD�GHJUDGDomR�GDV�SURSULHGDGHV�GD�JHRPHPEUDQD���

x� GHJUDGDomR� GR� SROtPHUR�� IDVH� FRUUHVSRQGHQWH� j� PRGLILFDomR� GD� HVWUXWXUD� GR� SROtPHUR��

DFRPSDQKDGD�SHOD�GHWHULRUDomR�GDV�SURSULHGDGHV�PHFkQLFDV�GD�JHRPHPEUDQD��JHUDOPHQWH�

p�FRQVLGHUDGD�XP�UHGXomR�FRUUHVSRQGHQWH�D�����GR�YDORU�RULJLQDO�GD�SURSULHGDGH���

�

$� UHVLVWrQFLD� j� R[LGDomR� GHSHQGH� GDV� FDUDFWHUtVWLFDV� H� GD� TXDQWLGDGH� GH� DQWLR[LGDQWHV�

DGLFLRQDGRV�DR�SROtPHUR�SDUD�HYLWDU�D�GHJUDGDomR�GD�JHRPHPEUDQD���

��±�5(68/7$'26�

����±�,QIOXrQFLD�GD�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV�VREUH�DV�GLIHUHQWHV�JHRPHPEUDQDV�

3DUD�HVWXGDU�D�LQIOXrQFLD�GD�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV�VREUH�GLIHUHQWHV�JHRPHPEUDQDV�

FRPSDUDUDP�VH�RV�UHVXOWDGRV�REWLGRV�SDUD�FLQFR�JHRPHPEUDQDV�H[SRVWDV��*0�H[S��FRP�RV�YDORUHV�

GH�UHIHUrQFLD��

)RUDP�DGRWDGRV�FRPR�YDORUHV�GH�UHIHUrQFLD�RV�REWLGRV�D�SDUWLU�GRV�HQVDLRV�ODERUDWRULDLV�LQLFLDLV��

UHDOL]DGRV�SHOR�/1(&�RX�SHOR�IDEULFDQWH�QR�kPELWR�GR�VHX�FRQWUROR�GH�IDEULFR��*0�HQVDLRV�LQLFLDLV���

1D�DXVrQFLD�GH�UHVXOWDGRV�ODERUDWRULDLV��IRUDP�XVDGRV�RV�YDORUHV�LQGLFDGRV�QDV�ILFKDV�WpFQLFDV��*0�

ILFKD� WpFQLFD��� 5HFRUGD�VH� TXH� RV� YDORUHV� LQGLFDGRV� QDV� ILFKDV� WpFQLFDV� FRUUHSRQGHP� D� YDORUHV�

PpGLRV� GRV� HQVDLRV� UHOL]DGRV� SHOR� IDEULFDQWH� DR� ORQJR� GR� WHPSR�� SHOR� TXH� DV� FRPSDUDo}HV� VmR�

HQFDUDGDV�QXPD�SHUVSHWLYD�GH�WHQGrQFLD�JHUDO���

1DV�)LJXUDV���D���DSUHVHQWDP�VH�RV�UHVXOWDGRV�REWLGRV��UHVSHWLYDPHQWH��SDUD�D�PDVVD�YRO~PLFD��

R�tQGLFH�GH�IOXLGH]��0)5���D�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD�H�QD�URWXUD��R�WHRU�HP�QHJUR�

GH�FDUERQR�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR��SDUD�DV�JHRPHPEUDQDV�H[SRVWDV��EHP�FRPR�RV�YDORUHV�

GH�UHIHUrQFLD��2V�UHVXOWDGRV�REWLGRV�VmR�UHSUHVHQWDGRV�VRE�D�IRUPD�GH�JUiILFR�GH�EDUUDV�H�LQFOXHP�DV�

EDUUDV�GH�HUUR�FRUUHVSRQGHQWHV�DR�GHVYLR�SDGUmR���

1R�TXH�VH�UHIHUH�j�PDVVD�YRO~PLFD��)LJXUD�����YHULILFD�VH�TXH�WRGDV�DV�JHRPHPEUDQDV�H[SRVWDV�

jV� FRQGLo}HV� FOLPiWLFDV� DSUHVHQWDP� YDORUHV� VXSHULRUHV� DRV� YDORUHV� GH� UHIHUrQFLD�� j� H[FHomR� GD�

*0�(�� FXMRV� YDORUHV� IRUDP� LGrQWLFRV�� 'H� UHIHULU� TXH�� SDUD� D� *0�(�� RV� YDORUHV� XVDGRV� FRPR�

UHIHUrQFLD�SURYLHUDP�GH� HQVDLRV� ODERUDWRULDLV� LQLFLDLV�� HQTXDQWR�SDUD� DV� UHVWDQWHV� JHRPHPEUDQDV�

IRUDP�REWLGRV�D�SDUWLU�GDV�ILFKDV�WpFQLFDV���

$�WHQGrQFLD�GH�DXPHQWR�GD�PDVVD�YRO~PLFD�SRGH�HVWDU�UHODFLRQDGD�FRP�DOWHUDo}HV�QD�HVWUXWXUD�

GR�SROtPHUR�� HP�FRQVHTXrQFLD�GD�DomR�GRV� UDLRV�89��GD�R[LGDomR�H�GD� WHPSHUDWXUD�� FXMR�HIHLWR�

FRPELQDGR�SRGH� OHYDU�DR�DXPHQWR�GDV�]RQDV�DPRUIDV�QR�SROtPHUR�H�FRQVHTXHQWH�GLPLQXLomR�GD�

FULVWDOLQLGDGH��2V�YDORUHV�REWLGRV�SDUD�R�WHPSR�GH�LQGXomR�j�R[LGDomR��TXH�VH�DSUHVHQWDP�QD�)LJXUD�

���WHQGHP�FRQILUPDU�D�RFRUUrQFLD�GH�R[LGDomR�GRV�SROtPHURV��

3DUD�R�tQGLFH�GH�IOXLGH]��)LJXUD�����YHULILFD�VH�TXH�RV�YDORUHV�REWLGRV�SDUD�DV�*0�$�H�*0�%�

H[SRVWDV� VmR� VXSHULRUHV� DRV�YDORUHV�GH� UHIHUrQFLD�� HQTXDQWR� SDUD� DV�*0�&��*0�'� VH�REVHUYD� D�

WHQGrQFLD�FRQWUiULD��3DUD�*0�(�REWLYHUDP�VH�YDORUHV�LGrQWLFRV��'H�UHIHULU�TXH��SDUD�DV�*0�&�H�*0�

'��RV�YDORUHV�GH�UHIHUrQFLDV�VmR�RV�LQGLFDGRV�QDV�ILFKDV�WpFQLFDV��SHOR�TXH��FRUUHVSRQGHQGR�D�YDORUHV�

PpGLRV��SRGHP�WHU�VLGR�DGRWDGRV�FRPR�UHIHUrQFLD�YDORUHV�VXSHULRUHV�DRV�YDORUHV�LQLFLDLV�GDTXHODV�

JHRPHPEUDQDV��/RGL�et al.� �������H�5RZH�et al.� ������� UHODWDP�DXPHQWRV�QHVWD�SURSULHGDGH�HP�

UHVXOWDGR� GD� H[SRVLomR� jV� FRQGLo}HV� FOLPiWLFDV�� WHQGR� DWULEXtGR� HVVH� DXPHQWR� j� GHJUDGDomR� GDV�

JHRPHPEUDQDV�GHYLGR�DR�HIHLWR�GRV�UDLRV�89���

�
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)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GH�PDVVD�YRO~PLFD�GDV�JHRPHPEUDQDV�H[SRVWDV�H�GH�

UHIHUrQFLD��

�

)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GH�tQGLFH�GH�IOXLGH]��0)5��GDV�JHRPHPEUDQDV�H[SRVWDV�H�

GH�UHIHUrQFLD��

�

)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GH�UHVLVWrQFLD�j�WUDomR�QD�FHGrQFLD�GDV�JHRPHPEUDQDV�

H[SRVWDV�H�GH�UHIHUrQFLD��
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)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GH�H[WHQVmR�QD�FHGrQFLD�GDV�JHRPHPEUDQDV�H[SRVWDV�H�GH�

UHIHUrQFLD��

�

)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GH�WHRU�HP�QHJUR�GH�FDUERQR�GDV�JHRPHPEUDQDV�H[SRVWDV�

H�GH�UHIHUrQFLD��

�

)LJ����±�&RPSDUDomR�HQWUH�RV�YDORUHV�GR�WHPSR�GH�LQGXomR�j�R[LGDomR�GDV�JHRPHPEUDQDV�

H[SRVWDV�H�GH�UHIHUrQFLD��
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&RQIRUPH�VH�SRGH�YHU�QD�)LJXUD����D�UHVLVWrQFLD�j�WUDomR�QD�FHGrQFLD�DSUHVHQWD�YDULDo}HV�SRXFR�
VLJQLILFDWLYDV��VH�VH�WLYHU�HP�FRQVLGHUDomR�D�GLVSHUVmR�GRV�UHVXOWDGRV�H[SUHVVD�SHODV�EDUUDV�GH�HUUR��
e��QR�HQWDQWR�GH�VDOLHQWDU�TXH��j�H[FHomR�GD�DPRVWUD�H[SRVWD�QD�)LJXHLUD�GD�)R]��D� UHVLVWrQFLD�j�
WUDomR�QD�FHGrQFLD�DXPHQWRX��(VWH�DXPHQWR�p�FRQVLVWHQWH�FRP�R�DXPHQWR�GD�PDVVD�YRO~PLFD��WDO�
FRPR�SRGH�REVHUYDU�VH�QR�4XDGUR����2�DXPHQWR�GD�UHVLVWrQFLD�j�WUDomR�SRGH�HVWDU�UHODFLRQDGR�FRP�
D�R[LGDomR�GR�SROtPHUR��'H�DFRUGR�FRP�5RZH�et al.���������LQLFLDOPHQWH�D�R[LGDomR�SRGH�OHYDU�D�
XP� DXPHQWR� GD� UHVLVWrQFLD� j� WUDomR� QD� FHGrQFLD� H� XPD� GLPLQXLomR�QD� H[WHQVmR�QD� FHGrQFLD�� QD�
PHGLGD�HP�TXH�D�JHRPHPEUDQD�VH�WRUQD�IUiJLO��&RP�D�SURJUHVVmR�GD�GHJUDGDomR��DV�SURSULHGDGHV�D�
UHVLVWrQFLD�j�WUDomR�YDL�GLPLQXLQGR��FRQIRUPH�FRPSURYDP�RV�HVWXGRV�UHDOL]DGRV�SRU�7DUQRZVNL�H�
%DOGDXI��������H�SRU�5RZH�H�(ZDLV���������
1R�TXH�UHIHUH�j�H[WHQVmR�QD�FHGrQFLD��RV�YDORUHV�REWLGRV�SDUD�DV�JHRPHPEUDQDV�H[SRVWDV��GH�XP�

PRGR�JHUDO��VmR�VXSHULRUHV�DRV�YDORUHV�GH�UHIHUrQFLD��1mR�p�FODUD�D�UD]mR�GHVWH�FRPSRUWDPHQWR��(VWHV�
UHVXOWDGRV�GLIHUHP�GRV�UHVXOWDGRV�REWLGRV�SRU�5RZH�H�(ZDLV���������TXH�UHODWDP�XPD�GLPLQXLomR�
GDV�SURSULHGDGHV�PHFkQLFDV�QXPD�JHRPHPEUDQD�H[SRVWD�GXUDQWH����DQRV��'H�DFRUGR�FRP�RV�DXWRUHV�
D� GLPLQXLomR� GDV� SURSULHGDGHV� PHFkQLFDV� SRGH� HVWDU� UHODFLRQDGD� FRP� YiULRV� IDWRUHV�� LQFOXtGR�
DOWHUDo}HV� QD� HVWUXWXUD�� IRWR�R[LGDomR� H� WHUPR�R[LGDomR�� $� GLIHUHQoD� HQWUH� RV� UHVXOWDGRV�
DSUHVHQWDGRV� QR� SUHVHQWH� WUDEDOKR� H� RV� UHVXOWDGRV� UHODWDGRV� SRU� DTXHOHV� DXWRUHV� SRGH� HVWDU�
UHODFLRQDGD�FRP�DV�GLIHUHQoDV�HQWUH�DV�FRQGLo}HV�FOLPiWLFDV�SUHYDOHFHQWHV�GXUDQWH�RV�SHUtRGRV�GH�
H[SRVLomR��
3DUD�R�WHRU�HP�QHJUR�GH�FDUERQR��)LJXUD�����j�H[FHomR�GD�*0�(�H[SRVWD�HP�9LDQD�GR�&DVWHOR��

YHULILFD�VH�TXH�RV�YDORUHV�GH�UHIHUrQFLD�FRUUHVSRQGHP�D�XP�LQWHUYDOR�FRPSUHHQGLGR�HQWUH���H�����R�
TXH�LQYLDELOL]D�D�FRPSDUDomR��SRLV�QmR�VH�GLVS}H�DSHQDV�GH�XP�YDORU��1R�TXH�VH�UHIHUH�j�*0�(��
REVHUYD�VH�TXH�RV�YDORUHV�VmR�VHPHOKDQWHV��VXJHULQGR�TXH�D�H[SRVLomR�QmR�DIHWRX�HVWD�SURSULHGDGH�
GD�*0�(��
3DUD� R� WHPSR� GH� LQGXomR� j� R[LGDomR� �)LJXUD� ���� QmR� IRUDP� UHDOL]DGRV� HQVDLRV� ODERUDWRULDLV�

LQLFLDLV�H�DSHQDV�DV�*0�'�H�*0�(�LQFOXHP�QDV�ILFKDV�WpFQLFDV�YDORUHV�SDUD�HVWD�SURSULHGDGH��SHOR�
TXH� Vy� GH� GLVS}H� GH� YDORUHV� GH� UHIHUrQFLD� SDUD� GXDV� DPRVWUDV�� 2V� UHVXOWDGRV� REWLGRV� SDUD� DV�
JHRPHPEUDQDV�H[SRVWDV�IRUDP�EDVWDQWH�LQIHULRUHV�DRV�YDORUHV�GH�UHIHUrQFLD��VXJHULQGR�TXH�RFRUUHX�
FRQVXPR�GH�DQWLR[LGDQWHV�GHYLGR�j�H[SRVLomR�GDV�DPRVWUDV�jV�FRQGLo}HV�FOLPiWLFDV��1R�HQWDQWR��p�
GH�VDOLHQWDU�TXH�DSHVDU�GR�FRQVXPR�DLQGD�UHVWDP�DQWLR[LGDQWHV�QDV�JHRPHPEUDQDV��(VWHV�UHVXOWDGRV�
HVWmR�GH�DFRUGR�FRP�RV�UHVXOWDGRV�REWLGRV�SRU�5RZH�et al.���������/RGL�et al.���������7DUQRZVNL�H�
%DOGDXI��������H�SRU�5RZH�H�(ZDLV���������TXH�UHODWDUDP�JUDQGHV�GHFUpVFLPRV�QRV�YDORUHV�GHVWD�
SURSULHGDGH�HP�FRQVHTXrQFLD�GD�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV��
(P� VXPD�� YHULILFRX�VH� TXH� D�PDVVD� YRO~PLFD� H� D� H[WHQVmR� DXPHQWDUDP� FRP� D� H[SRVLomR� jV�

FRQGLo}HV�FOLPiWLFDV��3DUD�R�tQGLFH�GH�IOXLGH]�H�SDUD�R�WHRU�HP�QHJUR�GH�FDUERQR�QmR�IRL�SRVVtYHO�
HVWDEHOHFHU� QHQKXPD� WHQGrQFLD�� 3DUD� D� UHVLVWrQFLD� j� WUDomR� QD� FHGrQFLD� RV� UHVXOWDGRV� GDV�
JHRPHPEUDQDV�H[SRVWDV�IRUDP�VHPHOKDQWHV�jV�SURSULHGDGHV�LQLFLDLV��2�WHPSR�GH�LQGXomR�GLPLQXLX�
VLJQLILFDWLYDPHQWH� FRP� D� H[SRVLomR� jV� FRQGLo}HV� FOLPiWLFDV�� $VVLP�� D� H[SRVLomR� jV� FRQGLo}HV�
FOLPiWLFDV�SDUHFH�DIHWDU�DSHQDV�D�PDVVD�YRO~PLFD�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR���
�

����±��,QIOXrQFLD�GR�tQGLFH�89��

2� FRQFHLWR� GH� tQGLFH� 89� IRL� GHVHQYROYLGR� QXP� FRQWH[WR� GH� VD~GH� S~EOLFD�� SDUD� IRUQHFHU�
LQIRUPDomR� jV� SRSXODo}HV� VREUH� D� LQWHQVLGDGH�Pi[LPD� GLiULD� GD� UDGLDomR�XOWUDYLROHWD� QXP�GDGR�
ORFDO��DVVLP�FRPR�D�VXD�HYROXomR��WHQGR�HP�FRQWD�D�GLPLQXLomR�REVHUYDGD�H�SUHYLVWD�GD�HVSHVVXUD�
GD�FDPDGD�GH�R]RQR�j�HVFDOD�JOREDO���

2� tQGLFH� 89� H[SULPH�VH� FRPR� R� UHVXOWDGR� GD� PXOWLSOLFDomR� GR� YDORU� PpGLR� QR� WHPSR� GD�
LUUDGLkQFLD�HIHWLYD��:�P���SRU�����3RU�H[HPSOR��D�XPD�LUUDGLkQFLD�HIHWLYD�GH�����:�P��FRUUHVSRQGH�
XP�YDORU� GR� tQGLFH�89�GH������ e� XP� Q~PHUR� LQWHLUR� GLUHWDPHQWH� SURSRUFLRQDO� j� LQWHQVLGDGH� GH�
UDGLDomR� XOWUDYLROHWD� j� VXSHUItFLH� TXH� SRGH� SURGX]LU� XPD� TXHLPDGXUD� VRODU� QD� SHOH� KXPDQD��'H�
DFRUGR�FRP�DV�UHFRPHQGDo}HV�GD�2UJDQL]DomR�0HWHRUROyJLFD�0XQGLDO��200��H�GD�2UJDQL]DomR�
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0XQGLDO� GH� 6D~GH� �206�� IRL� FRQYHQFLRQDGD� D� VHJXLQWH� FODVVLILFDomR� TXDOLWDWLYD� SDUD� RV� YiULRV�

QtYHLV�GH�tQGLFH�89��4XDGUR������

�

4XDGUR���±�&ODVVLILFDomR�TXDOLWDWLYD�SDUD�RV�YiULRV�QtYHLV�GR�tQGLFH�89��1XQHV�et al����������

ËQGLFH�89� &ODVVLILFDomR�206�

��D��� %DL[R� >������>�

��D��� 0RGHUDGR� >��������>�

��D��� $OWR� >��������>�

��D���� 0XLWR�$OWR� >���������>�

0DLRU�TXH���� ([WUHPR� >������«>�

�

5RZH� H� (ZDLV� ������� SURSXVHUDP� XPD� UHODomR� HQWUH� R� tQGLFH� 89� H� D� WHPSHUDWXUD� GD�

JHRPHPEUDQD��VHQGR�TXH�D�~OWLPD�WLQKD�SUHYLDPHQWH�VLGR�UHODFLRQDGD�FRP�D�WD[D�GH�GHJUDGDomR�D�

SDUWLU� GRV� UHVXOWDGRV� UHODWDGRV� SRU�5RZH� et al. ������� H� SRU� 3HJJV� �������� SDUD� JHRPHPEUDQDV�

H[SRVWDV�HP�ORFDLV�FRP�GLIHUHQWHV�tQGLFHV�GH�89��4XDGUR�����

$GRWDQGR� D� PHWRGRORJLD� GHVFULWD� SRU� 5RZH� H� (ZDLV� �������� QR� SUHVHQWH� WUDEDOKR�

FRPSDUDUDP�VH�RV�UHVXOWDGRV�REWLGRV�SDUD�DV�JHRPHPEUDQDV�*0�$�H�*0�%�H[SRVWDV�HP�ORFDLV�FRP�

GLIHUHQWHV� tQGLFHV� 89�� FRP� YLVWD� D� HVWXGDU� D� LQIOXrQFLD� GHVWH� tQGLFH� VREUH� DV� SURSULHGDGHV� GDV�

JHRPHPEUDQDV�H[SRVWDV�GXUDQWH����DQRV��

2EVHUYDQGR�D�GLVWULEXLomR�PpGLD�GR�tQGLFH�89�SDUD�FpX�OLPSR��,89&/��QD�3HQtQVXOD�,EpULFD�QR�

SHUtRGR�FRPSUHHQGLGR�HQWUH������H�������)LJXUD������REWLGD�FRP�EDVH�QRV�GDGRV�UHFROKLGRV�SRU�

VDWpOLWH� H� H[WUDtGRV�GR�website� KWWS���WHPLV�QO��� FRQYHUWLGRV� SHOR� ,QVWLWXWR�3RUWXJXrV� GR�0DU� H� GD�

$WPRVIHUD� H� DSUHVHQWDGRV� SRU� 1XQHV� et al.� �������� YHULILFD�VH� TXH� HVWH� tQGLFH� DXPHQWD� FRP�

GLPLQXLomR�GD�ODWLWXGH��GH�QRUWH�SDUD�VXO���'H�UHIHULU�TXH��VHJXQGR�RV�PHVPRV�DXWRUHV��RV�YDORUHV�

PpGLRV�GR�tQGLFH�89�HP�3RUWXJDO�DSUHVHQWDP�XPD�YDULDomR�VD]RQDO��YDULDQGR�GH���D����HQWUH�RXWXEUR�

H�DEULO��H�GH���D�����HQWUH�PDLR�H�VHWHPEUR��

�

4XDGUR���±�5HODomR�HQWUH�R�tQGLFH�89�H�D�WHPSHUDWXUD�GD�JHRPHPEUDQD�GH�FRU�SUHWD�H[SRVWD�
�5RZH�H�(ZDLV���������

ËQGLFH�89� 7D[D�GH�GHJUDGDomR�
7HPSHUDWXUD�GD�
JHRPHPEUDQD��

����
��±��� %DL[D� ���

� ��� ���

��±��� 0RGHUDGD� ���

� ��� ���

��±��� $OWD�
���

���

� ��� ���

��±���� 0XLWR�$OWD�

���

���

���

� ��� ���

!��� ([WUHPD�

���

���

���

�
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�

)LJ�����±�'LVWULEXLomR�GR�YDORU�PpGLR�GR�tQGLFH�89&/�SDUD�R�SHUtRGR�GH������������1XQHV�et al.��
�������

&RQIRUPH�SRGH�FRQVWDWDU�VH�QD�)LJXUD�����HP�JUDQGH�SDUWH�GR�WHUULWyULR�QDFLRQDO�R�tQGLFH�89�
PpGLR�YDULD�HQWUH�����H������FRP�YDORU�PpGLR�GH����1HVWDV�FLUFXQVWkQFLDV��RV�ORFDLV�GH�H[SRVLomR�GD�
*0�$�DSUHVHQWDP�WRGRV�R�PHVPR�YDORU�GH�tQGLFH�89��SHOR�TXH�QmR�p�SRVVtYHO�HVWXGDU�R�LPSDFWR�
GHVWH� tQGLFH� VREUH� DV� JHRPHPEUDQDV� H[SRVWDV�� 1R� 4XDGUR� ��� DSUHVHQWD�VH� D� YDULDomR� GDV�
SURSULHGDGHV�GD�*0�%�H[SRVWD����DQRV�HP�GRLV�ORFDLV�FRP�GLIHUHQWH�tQGLFH�89��

�
4XDGUR���±�3URSULHGDGHV�GD�*0�%�H[SRVWD����DQRV�HP�ORFDLV�FRP�GLIHUHQWH�tQGLFH�89��

3URSULHGDGH�
)LJXHLUD�GD�)R]�

ËQGLFH�89�PpGLR� ���

/RXOp�

ËQGLFH�89�PpGLR� ���

0DVVD�YRO~PLFD��J�FP��� ������ ������

ËQGLFH�GH�IOXLGH]������&��NJ���J����PLQ�� ������ ������

5HVLVWrQFLD�j�WUDomR�QD�FHGrQFLD��N1�P�� ������� �������

([WHQVmR�QD�FHGrQFLD����� ������� �������

7HRU�HP�QHJUR�GH�FDUERQR����� ����� �����

7HPSR�GH�LQGXomR�j�R[LGDomR��2,7���PLQ�� ������ ������

�
9HULILFD�VH�TXH�D�PDVVD�YRO~PLFD�QmR�VRIUHX�DOWHUDo}HV�VLJQLILFDWLYDV�FRP�R�DXPHQWR�GR�tQGLFH�

89��WHQGR�HP�FRQWD�R�GHVYLR�SDGUmR�DVVRFLDGR�D�HVWHV�UHVXOWDGRV��VXJHULQGR�TXH�R�DXPHQWR�GHVWH�
tQGLFH�QmR�LQIOXHQFLD�D�PDVVD�YRO~PLFD����

1R�FDVR�GR�tQGLFH�GH�IOXLGH]��YHULILFD�VH�XPD�GLPLQXLomR�GHVWD�SURSULHGDGH�FRP�R�DXPHQWR�GR�
tQGLFH�89��VXJHULQGR�TXH�R�PHVPR�LQIOXHQFLRX�HVWD�SURSULHGDGH��

3DUD�D�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD��REVHUYRX�VH�XP�DXPHQWR�GHVWDV�SURSULHGDGHV�
FRP�R�DXPHQWR�GR�tQGLFH�89��HVSHFLDOPHQWH�D�UHVLVWrQFLD�j�WUDomR��LQGLFDQGR�TXH�HVWH�tQGLFH�89�
WHYH�LQIOXrQFLD�QD�UHVLVWrQFLD��7DO�FRPR�DQWHULRUPHQWH�PHQFLRQDGR��R�DXPHQWR�GHVWDV�SURSULHGDGHV�
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SRGH�HVWDU�UHODFLRQDGR�FRP�D�R[LGDomR�GR�SROtPHUR��TXH�QXPD�IDVH�LQLFLDO�GD�GHJUDGDomR�WRUQD�D�

JHRPHPEUDQD�PDLV�IUiJLO��EHP�FRPR�FRP�R�DXPHQWR�FULVWDOLQLGDGH�GR�SROtPHUR�QXPD�IDVH�LQLFLDO�

GH�GHJUDGDomR��FRQIRUPH�LQGLFDGR�SRU�5RZH�et al.���������

1R�TXH�VH�UHIHUH�DR�WHRU�HP�QHJUR�GH�FDUERQR��YHULILFD�VH�TXH�RV�YDORUHV�QD�)LJXHLUD�GD�)R]�H�

HP�/RXOp�VmR�VHPHOKDQWHV�WHQGR�HP�FRQWD�R�GHVYLR�SDGUmR�DVVRFLDGR�D�HVWHV�UHVXOWDGRV��VXJHULQGR�

R�tQGLFH�89�QmR�LQIOXHQFLD�R�WHRU�HP�QHJUR�GH�FDUERQR���

3DUD�R�WHPSR�GH�LQGXomR�j�R[LGDomR��YHULILFD�VH�TXH�R�tQGLFH�89�IRL�LQIHULRU�SDUD�D�DPRVWUD�

H[SRVWD� HP� /RXOp�� R� TXH� SRGH� HVWDU� UHODFLRQDGR� FRP� XP�PDLRU� FRQVXPR� GH� DQWLR[LGDQWHV�� HP�

FRQVHTXrQFLD�GH�D�DPRVWUD�HVWDU�H[SRVWD�QXPD�]RQD�FDUDFWHUL]DGD�SRU�PDLRU�tQGLFH�89���

(P� VXPD�� R� DXPHQWR� GR� tQGLFH� 89� UHJLVWDGR� HQWUH� )LJXHLUD� GD� )R]� H� /RXOp� SRGHUi� WHU�

LQIOXHQFLDGR�RV�UHVXOWDGRV�GD�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD�H�GR�WHPSR�GH�LQGXomR�j�

R[LGDomR�� 5HODWLYDPHQWH� D� HVWD� ~OWLPD�� RV� UHVXOWDGRV� VXJHUHP� TXH� RFRUUHX� PDLRU� FRQVXPR� GH�

DQWLR[LGDQWHV�QD�DPRVWUD�H[SRVWD�QR�ORFDO�FDUDFWHUL]DGR�SRU�XP�PDLRU�tQGLFH�89��

�

����±�,QIOXrQFLD�GR�JHRWr[WLO�GH�SURWHomR��

3DUD� HVWXGDU� D� LQIOXrQFLD� GR� JHRWr[WLO� QD� SURWHomR� jV� JHRPHPEUDQDV� FRPSDUDUDP�VH� RV�

UHVXOWDGRV� REWLGRV� SDUD� DV� DPRVWUDV� H[SRVWDV� FRP� H� VHP�JHRWr[WLO� GH� FREHUWXUD��(VWDYDP�QHVWDV�

FRQGLo}HV�DV�JHRPHPEUDQDV�*0�$��*0�%��H�*0�&�H[SRVWDV��UHVSHWLYDPHQWH��HP�$YHLUR��/RXOp�H�

%RWLFDV���

1DV� )LJXUDV� ��� D� ��� DSUHVHQWDP�VH� RV� UHVXOWDGRV� REWLGRV�� UHVSHWLYDPHQWH�� SDUD� D� PDVVD�

YRO~PLFD��R�tQGLFH�GH�IOXLGH]��D�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD�H�QD�URWXUD��R�WHRU�HP�

QHJUR�GH�FDUERQR�H�R� WHPSR�GH� LQGXomR�j�R[LGDomR��SDUD�DV�JHRPHPEUDQDV�H[SRVWDV�FRP�H�VHP�

JHRWr[WLO�GH�FREHUWXUD��*0�FRE�H�*0�H[S���

3DUD�D�PDVVD�YRO~PLFD��)LJXUD������YHULILFRX�VH�TXH�RV�YDORUHV�REWLGRV�IRUDP�PHQRUHV�SDUD�D�

*0�FRE�GR�TXH�SDUD�D�*0�H[S��SDUD�DV�DPRVWUDV�H[SRVWDV�HP�$YHLUR��*0�$��H�%RWLFDV��*0�&���

6DOLHQWD�VH� TXH� DV� JHRPHPEUDQDV� FREHUWDV� FRP� JHRWr[WLO� ILFDP� HP� FRQGLo}HV� VHPHOKDQWHV� jV�

JHRPHPEUDQDV�QmR� H[SRVWDV�� SHOR�TXH� HVWHV� UHVXOWDGRV� VmR� FRQVLVWHQWHV�FRP�RV� DSUHVHQWDGRV�QD�

VHomR������(P�/RXOp��*0�%���D�JHRPHPEUDQD�FREHUWD�DSUHVHQWRX�XPD�PDVVD�YRO~PLFD�VXSHULRU�j�

JHRPHPEUDQD� H[SRVWD� VHP�JHRWr[WLO�� FRQWUDULDPHQWH� DR� HVSHUDGR�� QmR� VHQGR� FODUD� D� UD]mR�GHVWH�

FRPSRUWDPHQWR��$VVLP��QmR�p�SRVVtYHO�HVWDEHOHFHU�XPD�WHQGrQFLD�JHUDO�SDUD�HVWD�SURSULHGDGH��

3DUD�R�tQGLFH�GH�IOXLGH]��)LJXUD������UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD��)LJXUDV����H�

����H�WHRU�HP�QHJUR�GH�FDUERQR��)LJXUD������YHULILFD�VH�TXH�RV�UHVXOWDGRV�SDUD�DV�*0�FRE�H�*0�H[S�

VmR�PXLWR� VHPHOKDQWHV�HP� WRGRV�RV� ORFDLV�GH�H[SRVLomR�� WHQGR�HP�FRQVLGHUDomR�D�GLVSHUVmR�GRV�

UHVXOWDGRV� H[SUHVVD� SHODV� EDUUDV� GH� HUUR�� (VWHV� UHVXOWDGRV� VmR� FRHUHQWHV� FRP� RV� REWLGRV� QD�

FRPSDUDomR�HQWUH�RV�UHVXOWDGRV�DSUHVHQWDGRV�QD�VHomR������RV�TXDLV�LQGLFDP�TXH�HVWDV�SURSULHGDGHV�

QmR�IRUDP�VXEVWDQFLDOPHQWH�DIHWDGDV�SHOD�H[SRVLomR�GDV�JHRPHPEUDQDV�GXUDQWH����DQRV��SHOR�TXH�

DLQGD�QmR�p�SRVVtYHO�YHULILFDU�VH�R�JHRWr[WLO�SURSRUFLRQD�XPD�SURWHomR�DGLFLRQDO�j�JHRPHPEUDQD��

6DOLHQWD�VH� TXH� RV� JHRWr[WHLV� DSUHVHQWDYDP� YLVXDOPHQWH� VLQDLV� GH� GHJUDGDomR�� QRPHDGDPHQWH�

SXOYHUL]D�VH�TXDQGR�VROLFLWDGR�FRP�D�PmR��$�GHJUDGDomR�GR�JHRWr[WLO�LQYLDELOL]DUi�D�FRQWLQXDomR�

GHVWH�HVWXGR�QR�IXWXUR���

3DUD�R�WHPSR�GH�LQGXomR�j�R[LGDomR��)LJXUD������YHULILFRX�VH��HP�$YHLUR��*0�$���RV�UHVXOWDGRV�

REWLGRV�SDUD�D�*0�H[S�IRUDP�VXSHULRUHV�DRV�REWLGRV�SDUD�*0�FRE��FRQWUDULDPHQWH�DR�HVSHUDGR��1mR�

p�FODUR�R�PRWLYR�GHVWD�RFRUUrQFLD��3DUD�DV�DPRVWUDV�H[SRVWDV�HP�/RXOp�H�%RWLFDV��*0�%�H�*0�&���

RV�UHVXOWDGRV�IRUDP�VHPHOKDQWHV��WHQGR�HP�FRQVLGHUDomR�D�GLVSHUVmR�GRV�UHVXOWDGRV�H[SUHVVD�SHODV�

EDUUDV�GH�HUUR�DVVRFLDGDV�DRV�UHVXOWDGRV��(VWHV�UHVXOWDGRV�VXJHUHP�TXH�R�JHRWr[WLO�QmR�SURSRUFLRQRX�

SURWHomR�DGLFLRQDO�jV�JHRPHPEUDQDV��6XJHUHP�LJXDOPHQWH�TXH�D�R[LGDomR�GDV�JHRPHPEUDQDV�WHP�

OXJDU�PHVPR�TXDQGR�HVWmR�FREHUWDV��Mi�TXH�RV�REWLGRV�VmR�VXEVWDQFLDOPHQWH�LQIHULRUHV�DRV�YDORUHV�

GH�UHIHUrQFLD��

�

�
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)LJ�����±�&RPSDUDomR�GD�PDVVD�YRO~PLFD�HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�VHP�JHRWr[WLO�GH�

FREHUWXUD��

)LJ�����±�&RPSDUDomR�GR�tQGLFH�GH�IOXLGH]��0)5��HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�VHP�

JHRWr[WLO�GH�FREHUWXUD��

�

)LJ�����±�&RPSDUDomR�GD�UHVLVWrQFLD�j�WUDomR�QD�FHGrQFLD�HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�

VHP�JHRWr[WLO�GH�FREHUWXUD��
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)LJ�����±�&RPSDUDomR�GD�H[WHQVmR�QD�FHGrQFLD�HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�VHP�

JHRWr[WLO�GH�FREHUWXUD��

�

)LJ�����±�&RPSDUDomR�GR�WHRU�HP�QHJUR�GH�FDUERQR�HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�VHP�

JHRWr[WLO�GH�FREHUWXUD��

�

)LJ�����±�&RPSDUDomR�GR�WHPSR�GH�LQGXomR�j�R[LGDomR�HQWUH�JHRPHPEUDQDV�H[SRVWDV�FRP�H�

VHP�JHRWr[WLO�GH�FREHUWXUD��
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(P�VXPD��SDUD�D�PDVVD�YRO~PLFD�H�WHPSR�GH�LQGXomR�j�R[LGDomR�RV�UHVXOWDGRV�QmR�DSUHVHQWDUDP�

XPD�WHQGrQFLD��3DUD�R�tQGLFH�GH�IOXLGH]��D�UHVLVWrQFLD�j�WUDomR�QD�FHGrQFLD��D�H[WHQVmR�QD�FHGrQFLD�H�

R�WHRU�HP�QHJUR�GH�FDUERQR�RV�UHVXOWDGRV�REWLGRV�SDUD�DV�*0�FRE�H�*0�H[S�IRUDP�VHPHOKDQWHV��

(P�WHUPRV�JHUDLV��QmR�p�SRVVtYHO�FRQILUPDU�D�SURWHomR�SURSRUFLRQDGD�SHOR�JHRWr[WLO�SRU�DLQGD�QmR�

VHUHP� GHWHWiYHLV� DOWHUDo}HV� VLJQLILFDWLYDV� QD� PDLRU� SDUWH� GDV� SURSULHGDGHV� HVWXGDGDV� GDV�

JHRPHPEUDQDV�H[SRVWDV�VHP�JHRWr[WLO���

��±�&21&/86®(6�

2�SUHVHQWH�DUWLJR�DSUHVHQWRX�XP�WUDEDOKR�H[SHULPHQWDO�UHDOL]DGR�FRP�YLVWD�D�HVWXGDU�D�HYROXomR�

GDV� SURSULHGDGHV� GH� FLQFR� JHRPHPEUDQDV� GH� SROLHWLOHQR� GH� DOWD� GHQVLGDGH� �3($'�� H[SRVWDV� jV�

FRQGLo}HV�FOLPiWLFDV�GXUDQWH����DQRV��HP�YiULDV�UHJL}HV�JHRJUiILFDV�GH�3RUWXJDO��FRP�R�REMHWLYR�GH�

DQDOLVDU� RV� VHJXLQWHV� DVSHWRV�� �L�� D� LQIOXrQFLD� GD� H[SRVLomR� VREUH� GLIHUHQWHV� JHRPHPEUDQDV� GH�

SROLHWLOHQR�GH�DOWD�GHQVLGDGH���LL��D�LQIOXrQFLD�GD�UDGLDomR�XOWUDYLROHWD�VREUH�JHRPHPEUDQDV�H[SRVWDV�

HP�ORFDLV�FRP�GLVWLQWRV�tQGLFHV�GH�89��H��LLL��D�LQIOXrQFLD�GR�JHRWr[WLO�GH�SURWHomR�jV�JHRPHPEUDQDV��

$V�SURSULHGDGHV� DYDOLDGDV� IRUDP�D�PDVVD�YRO~PLFD�� R� tQGLFH�GH� IOXLGH]�� D� UHVLVWrQFLD�j� WUDomR�H�

H[WHQVmR�QD�FHGrQFLD�H�QD�URWXUD��R�WHRU�HP�QHJUR�GH�FDUERQR�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR��

$�LQIOXrQFLD�GD�H[SRVLomR�jV�FRQGLo}HV�FOLPiWLFDV�VREUH�GLIHUHQWHV�JHRPHPEUDQDV�IRL�DQDOLVDGD�

PHGLDQWH�D�FRPSDUDomR�HQWUH�RV�UHVXOWDGRV�REWLGRV�SDUD�DV�JHRPHPEUDQDV�H[SRVWDV�H�RV�YDORUHV�GDV�

SURSULHGDGHV� LQLFLDLV� GDV� PHVPDV� JHRPHPEUDQDV�� 9HULILFRX�VH� TXH� D� H[SRVLomR� jV� FRQGLo}HV�

FOLPiWLFDV�DIHWRX��VREUHWXGR��D�PDVVD�YRO~PLFD�H�R�WHPSR�GH�LQGXomR�j�R[LGDomR��$�PDVVD�YRO~PLFD�

DXPHQWRX��HQTXDQWR�R�WHPSR�GH�LQGXomR�GLPLQXLX�VLJQLILFDWLYDPHQWH�FRP�D�H[SRVLomR�jV�FRQGLo}HV�

FOLPiWLFDV���

$�LQIOXrQFLD�GR�tQGLFH�89�IRL�HVWXGDGD�DWUDYpV�GD�FRPSDUDomR�HQWUH�RV�UHVXOWDGRV�REWLGRV�SDUD�

DV�JHRPHPEUDQDV�H[SRVWDV�HP�ORFDLV�FRP�GLIHUHQWHV�tQGLFHV�89��9HULILFRX�VH�TXH�R�DXPHQWR�GR�

tQGLFH�89�LQIOXHQFLRX�RV�UHVXOWDGRV�GD�UHVLVWrQFLD�j�WUDomR�H�H[WHQVmR�QD�FHGrQFLD�H�GR�WHPSR�GH�

LQGXomR� j� R[LGDomR��$� UHVLVWrQFLD� j� WUDomR� H� D� H[WHQVmR� QD� FHGrQFLD� DXPHQWDUDP� H� R� WHPSR� GH�

LQGXomR�j�R[LGDomR�GLPLQXLX�FRP�R�DXPHQWR�GR�tQGLFH�89��

$�LQIOXrQFLD�GR�JHRWr[WLO�GH�SURWHomR�jV�JHRPHPEUDQDV�IRL�DYDOLDGD�SHOD�FRPSDUDomR�HQWUH�RV�

UHVXOWDGRV�REWLGRV�SDUD�DV�DPRVWUDV�H[SRVWDV�FRP�H�VHP�JHRWr[WLO�GH�FREHUWXUD��9HULILFRX�VH�TXH�

SDUD�D�PDVVD�YRO~PLFD�H�WHPSR�GH�LQGXomR�j�R[LGDomR�RV�UHVXOWDGRV�QmR�DSUHVHQWDUDP�XPD�WHQGrQFLD�

JHUDO��3DUD�R�tQGLFH�GH�IOXLGH]��D�UHVLVWrQFLD�j�WUDomR�QD�FHGrQFLD��D�H[WHQVmR�QD�FHGrQFLD�H�R�WHRU�HP�

QHJUR�GH�FDUERQR��RV�UHVXOWDGRV�IRUDP�VHPHOKDQWHV�SDUD�DPRVWUDV�H[SRVWDV�FRP�H�VHP�JHRWr[WLO���

��±�5()(5Ç1&,$6�%,%/,2*5È),&$6�

$670� '������ Standard Test Method for Melt Flow Rates of Thermoplastics by Extrusion 

Plastometer��$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��:HVW�&RQVKRKRFNHQ��3HQQV\OYDQLD��

86$��

$670�'������Standard Test Method for Density of Plastics by the Density-Gradient Technique��

$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��:HVW�&RQVKRKRFNHQ��3HQQV\OYDQLD��86$��

$670�'������ Standard Test Method for Carbon Black Content in Olefin Plastics�� $PHULFDQ�

6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV��:HVW�&RQVKRKRFNHQ��3HQQV\OYDQLD��86$��

$670�'������Standard Test Method for Oxidative-Induction Time of Polyolefins by Differential 

Scanning Calorimetry�� $PHULFDQ� 6RFLHW\� IRU� 7HVWLQJ� DQG�0DWHULDOV��:HVW� &RQVKRKRFNHQ��

3HQQV\OYDQLD��86$��
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$670� '������ Standard Test Method for Determining Tensile Properties of Nonreinforced 

Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes��$PHULFDQ�6RFLHW\�
IRU�7HVWLQJ�DQG�0DWHULDOV��:HVW�&RQVKRKRFNHQ��3HQQV\OYDQLD��86$��

%DOHNL��5��� 6DQGHUV��%��� 6WHHOH�� 7��� (QJ�� -���9LWDUHOOL��*�� ��������Characterising Long-Term UV 

Stabilization of Geomembranes under Different Environmental Conditions��3URFHHGLQJV�RI��WK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�*HRV\QWKHWLFV��%UD]LO��SS�����������

%DUURVR��0���/RSHV��0��*����������Integridade das Geomembranas: Influência da Exposição aos 

Agentes Atmosféricos������&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��*XLPDUmHV��������$EULO� �&'�
520���

%DUURVR��0���%UD]mR��&���/RSHV��0��*����������Estudo da Resistência Mecânica das Soldaduras por 

Fusão de Geomembranas de Polietileno de Alta Densidade Expostas aos Raios Solares�� ,,�
&RQJUHVVR�/XVR�%UDVLOHLUR�GH�*HRWHFQLD��$YHLUR��3RUWXJDO��SS�����������

%DUURVR��0���/RSHV��0��*���'RUHV��5���&RLPEUD��/�� �������� Integrity of HDPE Geomembranes: 

Effect of Weather Exposure on the Mechanical Properties of Seams�� 3URFHHGLQJV� RI�
*HR$PHULFDV��������6HFRQG�3DQ�$PHULFDQ�*HRV\QWKHWLFV�&RQIHUHQFH�	�([KLELWLRQ��/LPD��
3HUX��0D\���������S��

&DUQHLUR�� -�� 5�� &�� ��������Durabilidade de materiais geossintéticos em estruturas de carácter 

ambiental. A importância da incorporação de aditivos químicos��'LVVHUWDomR�GH�GRXWRUDPHQWR��
)(83��3RUWR������S��

*HRV\QWKHWLF�5HVHDUFK�,QVWLWXWH��*5,����*0�����������Test Methods, Test Properties and Testing 

Frequency for High Density Polyethylene (HDPE) Smooth and Textured Geomembranes��
ZZZ�JHRV\QWKHWLF�LQVWLWXWH�RUJ�JULVSHFV�JP���SGI��DFHGLGR�HP������������

+DOVH��<���:LHUW]��-���5LJR��-��0���&D]]XIIL��'��$����������Chemical Identification Methods Used to 

Characterize Polymeric Geomembranes��5,/(0��5HSRUW� RI�7HFKQLFDO�&RPPLWWHH� ����� SS��
���������

+VXDQ��<��*���.RHUQHU��5��0����������Antioxidant depletion lifetime in high density polyethylene 

geomembranes��-RXUQDO�RI�*HRWHFKQLFDO�DQG�*HRHQYLURQPHQWDO�(QJLQHHULQJ��$6&(����������
SS�����±�����

.RHUQHU��5��0���+VXDQ��<��*���.RHUQHU��*��5���������Geomembrane lifetime prediction: unexposed 

and exposed conditions��*5,�:KLWH�3DSHU�1R����2ULJLQDO����-XQH�������XSGDWHG����)HEUXDU\�
������

.RHUQHU��5��0���+VXDQ��<��*���.RHUQHU��*��5���������Lifetime predictions of exposed geotextiles and 

geomembranes��*HRV\QWKHWLFV�,QWHUQDWLRQDO������1R����SS�����������

/RGL��3��&����������Aspectos da degradação de Geomembranas Poliméricas de Polietileno de Alta 

Densidade (PEAD) e de Policloreto de Vinila (PVC)�� 7HVH� GH� 'RXWRUDPHQWR�� (VFROD� GH�
(QJHQKDULD�GH�6mR�&DUORV������S��

/RGL��3��&���%XHQR��%��6���=RUQEHUJ��-��*����������Degradação de Geomembranas Poliméricas após 

Exposição à Intempérie��9,�&RQJUHVVR�%UDVLOHLUR�GH�*HRWHFQLD�$PELHQWDO�±�5(*(2������H�R�
9�6LPSyVLR�%UDVLOHLUR�GH�*HRVVLQWpWLFRV�±�*(266,17e7,&26����������H����GH�-XQKR�5HFLIH�
±�3(��%UDVLO��

/RSHV��0��*���%DUURVR��0����������Mechanical Performance of HDPE Geomembrane Seams after 

Sunlight Exposure��3URFHHGLQJV�RI�(XUR*HR����0XQLFK��*HUPDQ\������0DUFK�������9RO�����SS��
���������
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/RSHV�� 0�� /��� 0RQWHLUR�� $�� 9�� �������� Estudo da acção de agentes de degradação no 

comportamento à tracção de geomembranas��5HYLVWD�GD�6RFLHGDGH�3RUWXJXHVD�GH�*HRWHFQLD�±�

*HRWHFQLD��1������SS���������

1XQHV��/��)���&XQKD��6���6LOYD��$���&DUYDOKR��)���+HQULTXHV��'����������Processamento e análise de 

dados IUV sobre Portugal, obtidos por satélite�����6LPSyVLR�GH�0HWHRURORJLD�H�*HRItVLFD�GD�

$30*�������(QFRQWUR�/XVR�(VSDQKRO�GH�0HWHRURORJLD��(ULFHLUD��3RUWXJDO��

3HJJV�� ,�'�� �������� How long will my liner last?� *HRV\QWKHWLFV��

ZZZ�JHRV\QWKHWLFVPDJD]LQH�FRP������������KRZ�ORQJ�ZLOO�P\�OLQHU�ODVW�� DFHGLGR� HP�

������������

5HLV��$�� ��������Geossintéticos em Vias de Comunicação: Influência das Condições Climáticas��

'LVVHUWDomR�GH�0HVWUDGR��,6(/�����S��

5HLV��$���%DUURVR��0���/RSHV��0��*����������Envelhecimento de geomembranas de PEAD expostas 

às condições climáticas durante 12 anos�������&RQJUHVVR�1DFLRQDO�GH�*HRWHFQLD��������MXQKR��

)DFXOGDGH�GH�(QJHQKDULD�GD�8QLYHUVLGDGH�GR�3RUWR��3RUWXJDO�

5RZH��5��.���(ZDLV��$��0��5����������Ageing of Exposed Geomembranes at Locations with Different 

Climatological Conditions��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������SS�����������

5RZH�� 5�� .��� &KDSSHO�� 0�� -��� %UDFKPDQ�� 5�� :�� ,��� 7DNH�� :�� $�� �������� Field monitoring of 

geomembrane wrinkles at a composite liner test site��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO����������

����±������

5RZH��5��.���5LPDO��6���6DQJDP��+��3����������Ageing of HDPE Geomembrane Exposed to Air, 

Water and Leachate at Different Temperatures��*HRWH[WLOHV�DQG�*HRPHPEUDQHV������SS������

�����

5RZH��5��.���6DQJDP��+��3���/DNH��&��%����������Evaluation of an HDPE Geomembrane after 14 

years as a Leachate Lagoon Liner��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��9ROXPH��������SS������

�����

7DUQRZVNL�� &��� %DOGDXI�� 6�� ��������Ageing Resistance of HDPE-geomembranes - Evaluation of 

Long-Term Behaviour under Consideration of Project Experiences��*HRV\QWKHWLFV��(GLWHG�E\�

-��.XZDQR�DQG�-��.RVDNL��0LOOSUHVV��5RWWHUGDP��SS�����������

<DNR��0��$���.RHUQHU��*��5���.RHUQHU��5��0���+VXDQ��<��*����������Case History of a 20-year Old 

Exposed HDPE Surface Impoundment Liner��3URFHHGLQJV�RI��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

*HRV\QWKHWLFV��%UD]LO��SS�����������

�


