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´6H� TXLVHUPRV� DSUHHQGHU� D� HVVrQFLD� GH� XP
FRPSOH[R� GH� QRo}HV� DEVWUDWDV�� GHYHPRV� SRU� XP
ODGR� LQYHVWLJDU� DV� UHODo}HV� P~WXDV� HQWUH� RV
FRQFHLWRV�H�DV�DILUPDo}HV�IHLWDV�D�VHX�UHVSHLWR�H��SRU
RXWUR�� LQYHVWLJDU� FRPR� HOHV� VH� UHODFLRQDP� FRP� DV
H[SHULrQFLDV�µ

$OEHUW�(LQVWHLQ

��� ,1752'8d­2

$V�RSHUDo}HV�GH�FRQVXOWD�H�PDQLSXODomR�GH�GDGRV�JHRJUiILFRV�FRQVWLWXHP�D

HVVrQFLD� GH� XP� 6,*�� DR� GLIHUHQFLDU� R� *HRSURFHVVDPHQWR� GH� WHFQRORJLDV� FRPR

&DUWRJUDILD� $XWRPDWL]DGD� H� 3URMHWR� $X[LOLDGR� SRU� &RPSXWDGRU�� $SHVDU� GH� VXD

LPSRUWkQFLD��FRQVLGHUDPRV�TXH�R�DYDQoR�GD�WHFQRORJLD�GH�*HRSURFHVVDPHQWR�HVWi�D

UHTXHUHU� XP� � WUDEDOKR� FRQFHLWXDO� VHPHOKDQWH� DR� UHDOL]DGR� SRU� &RGG� QD� iUHD� GH

EDQFRV�GH�GDGRV�FRQYHQFLRQDLV��DR�GHILQLU�D�iOJHEUD�UHODFLRQDO�H�VXDV�SURSULHGDGHV�

$�QmR�H[LVWrQFLD�GH�XPD�iOJHEUD�JHRJUiILFD��p�XP�IDWRU�OLPLWDQWH�QR�DYDQoR

GD� WHFQRORJLD� H� GRV� VLVWHPDV� SDUD�*HRSURFHVVDPHQWR��1HVWH� FDStWXOR�� SURFXUDPRV

GDU�XPD�FRQWULEXLomR�SDUD�R�DVVXQWR��$�SDUWLU�GR�PRGHOR�GH�GDGRV�DSUHVHQWDGR�QR

FDStWXOR�DQWHULRU��HVWDEHOHFHPRV�DTXL�XPD�WD[RQRPLD�SDUD�DV��GLYHUVDV��RSHUDo}HV�GH

DQiOLVH�JHRJUiILFD��TXH�VHUmR�GLYLGLGDV�HP��RSHUDGRUHV�VREUH�JHR�REMHWRV��RSHUDGRUHV�VREUH��JHR�

FDPSRV�� RSHUDGRUHV� GH� WUDQVIRUPDomR� HQWUH� JHR�FDPSRV� H� JHR�REMHWRV� H� RSHUDGRUHV�PLVWRV� HQWUH� JHR�

REMHWRV�H�JHR�FDPSRV��(VWD�DQiOLVH�SHUPLWLUi�

• 2EWHU� XP� HQWHQGLPHQWR� IRUPDO� VREUH� D� QDWXUH]D� GDV� RSHUDo}HV� HP

*HRSURFHVVDPHQWR�
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• 'HILQLU�XPD�OLQJXDJHP�GH�PDQLSXODomR�H�FRQVXOWD�SDUD�GDGRV�JHRJUiILFRV

GH�SURSyVLWR�JHUDO�H�DPSOD�DSOLFDomR�

• )RUQHFHU� XPD� EDVH� FRQFHLWXDO� SDUD� DERUGDU� R� SUREOHPD� GH� RWLPL]DU

RSHUDo}HV�HP�EDQFRV�GH�GDGRV�JHRJUiILFRV�

8PD� YLVmR� FRPSOHWD� VREUH� DV� RSHUDo}HV� GH� 6,*V� LQFOXL� DLQGD�� RSHUDGRUHV� GH

DSUHVHQWDomR� JUiILFD� GH� GDGRV� H� VREUH� UHSUHVHQWDo}HV� JHRPpWULFDV��(VWHV� RSHUDGRUHV� QmR� VHUmR

GLVFXWLGRV� GR� SRQWR� GH� YLVWD� FRQFHLWXDO��PDV� DSUHVHQWDGRV� TXDQGR� GD� SURSRVWD� GH

XPD�OLQJXDJHP�QR�FDStWXOR�VHJXLQWH�
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$� OLWHUDWXUD� HVSHFLDOL]DGD� DSUHVHQWD� XP� JUDQGH� Q~PHUR� GH� DUWLJRV

VLVWHPDWL]DQGR� DV� RSHUDo}HV� HP� XP� 6,*�� FRPR� *RRGFKLOG� �������� 0DJXLUH� DQG

'DQJHUUDPRQG��������H�%XUURXJK��������� �1mR�REVWDQWH�� �D�FDUDFWHUL]DomR�DGRWDGD

QHVWH� WUDEDOKR� p� LQpGLWD�� SRLV� p� D� SULPHLUD� GHULYDGD� GD� H[SOtFLWD� GLIHUHQFLDomR� HQWUH

JHR�REMHWRV� H� JHR�FDPSRV�� ,VWR� WHP� FRQVHT�rQFLDV� LPSRUWDQWHV�� SRLV� SHUPLWH

FRPSUHHQGHU�PHOKRU�D�QDWXUH]D�GH�FDGD�RSHUDGRU�

2V�WUDEDOKRV�GD�OLWHUDWXUD�DERUGDP�R�SUREOHPD�GH�GXDV�SHUVSHFWLYDV�GLVWLQWDV�

RSHUDo}HV� GH� FRQVXOWD� VREUH� JHR�REMHWRV� �(JHQKRIHU�� ������ H� RSHUDo}HV� GH

PDQLSXODomR�VREUH�JHR�FDPSRV��7RPOLQ���������VHP��XQLILFDU�DV�GXDV�YLV}HV�

9HULILFD�VH�DLQGD�XP�JUDQGH�HVIRUoR�QD�OLWHUDWXUD�SDUD�IRUPDOL]DU�DV�UHODo}HV

HVSDFLDLV�HQWUH�REMHWRV�GLVFUHWRV��&OHPHQWLQL�HW�DO���������(JHQKRIHU�HW�DO����������TXH

WRPDUHPRV�FRPR�EDVH�SDUD�QRVVD�DQiOLVH�

(P�UHVXPR��QRVVR�WUDEDOKR�SURFXUDU� WUDoDU�XPD�SRQWH�HQWUH�DV�GXDV�YLV}HV

WUDGLFLRQDLV�GH�RSHUDo}HV�JHRJUiILFDV��EDVHDGDV�HP�HQWLGDGHV�H�EDVHDGDV�HP�FDPSRV��

VHPSUH�EXVFDQGR�XPD�YLVmR�LQWHJUDGRUD�GRV�SURFHVVRV�GH�DQiOLVH�HVSDFLDO��&RPR�WDO�

WHPRV�D�H[SHFWDWLYD�GH�WULOKDU�FDPLQKR�LQRYDGRU�QR�DVVXQWR�



��

��� 35235,('$'(6�'(�È/*(%5$6�*(2*5È),&$6

(P� VXD� UHVHQKD�� *�WLQJ� ������� LQGLFD� DOJXPDV� SURSULHGDGHV� GHVHMiYHLV� GH

iOJHEUDV� JHRJUiILFDV�� 1R� TXH� VHJXH�� DSUHVHQWDPRV� DV� SULQFLSDLV� FRQVLGHUDo}HV

FRQWLGDV�QHVWD�UHIHUrQFLD�H��HP�VHJXLGD��GLVFXWH�VH�FRPR�D�FDUDFWHUL]DomR�SURSRVWD�DV

UHVSRQGH�

• ([WHQVLELOLGDGH��´$�GHILQLomR�GH�WLSRV�H���HP�HVSHFLDO��RSHUDo}HV��p�GHSHQGHQWH�GD�DSOLFDomR�

'HYH�VHU�SRVVtYHO�GHILQLU�SRVWHULRUPHQWH�WLSRV�DGLFLRQDLV�RX�DOWHUQDWLYRV��R�TXH�FRQGX]�DR�UHTXLVLWR

GH�H[WHQVLELOLGDGHµ�

 1D�DERUGDJHP�SURSRVWD��FRQVLGHUD�VH��TXH�R�PRGHOR�GH�GDGRV�GHILQLGR��QR�FDStWXOR

DQWHULRU� FRQWpP� WRGDV� DV� FODVVHV� EiVLFDV� SDUD� *HRSURFHVVDPHQWR�� &DGD� WLSR

HVSHFtILFR�GH�GDGRV��H�J��8VR�GR�6ROR��SRGH�VHU�GHULYDGR�GH�XP�WLSR�SULPLWLYR�GR

PRGHOR��QR�FDVR��7HPiWLFR��

• 4XDLV�WLSRV�GH�GDGRV"�´6HUi�UHDOPHQWH�QHFHVViULR�WHU�YiULRV�WLSRV�GLVWLQWRV��SDUD�GLVWLQJXLU�

SRU� H[HPSOR�� SRQWRV�� OLQKDV� H� UHJL}HV"�8PD� YDQWDJHP�GH� XP� WLSR� ~QLFR� p� TXH� VHUi�PDLV� IiFLO

JDUDQWLU�R��IHFKDPHQWR�VREUH�DV�RSHUDo}HV��3RU�RXWUR�ODGR��YiULRV�WLSRV�GmR�PDLRU�H[SUHVVLYLGDGH�H

SHUPLWHP�XPD�DSOLFDomR�PDLV�SUHFLVD�GDV�RSHUDo}HVµ�

 8P�WLSR�~QLFR�GH�GDGRV�QmR�SHUPLWLULD�GDU�FRQWD�QHP�GD�GXDOLGDGH�EiVLFD��FDPSRV�[

REMHWRV���QHP�GDV�GLIHUHQWHV�UHSUHVHQWDo}HV�JUiILFDV��e�QHFHVViULR�XPD�KLHUDUTXLD

EiVLFD��WDQWR�QR�XQLYHUVR�IRUPDO��FRPR�QR�XQLYHUVR�GH�UHSUHVHQWDomR�

• 2SHUDo}HV�VREUH�FRQMXQWRV��´8PD�iOJHEUD�HVSDFLDO�GHYHULD�RIHUHFHU�QmR�DSHQDV�RSHUDo}HV

VREUH� WLSRV� HVSDFLDLV� DW{PLFRV� �FRPR� UHJL}HV��� PDV� WDPEpP� GDGRV� FRPSOH[RV� �FRPR� XP

WHPiWLFR�µ�

 $� SURSRVLomR� IHLWD� SURFXUD� DWHQGHU� DRV� UHTXLVLWRV� GRV� XVXiULRV� GH� 6,*� H� LQFOXL

RSHUDo}HV�VREUH�FRQMXQWRV�FRPSOH[RV��WDLV�FRPR�PDSDV�GH�JHR�REMHWRV�

• &RPSOHWH]D��´D�TXHVWmR� p� VDEHU� VH� H[LVWH� XP� FULWpULR� IRUPDO� SDUD� GL]HU� VH� XPD� SDUWLFXODU

FROHomR�GH�RSHUDo}HV�p�FRPSOHWD�GH�DOJXP�PRGR��$OJXP�VXFHVVR�OLPLWDGR�Mi�IRL�REWLGR�QR�HVWXGR�GH

RSHUDGRUHV�WRSROyJLFRVµ�
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 'DGD�D�YDULHGDGH�GH�XVRV�GH�*HRSURFHVVDPHQWR��R�FULWpULR�XWLOL]DGR�QHVWH� WUDEDOKR

IRL�EDVHDGR�QD�SUiWLFD�� DQDOLVDPRV� DV�RSHUDo}HV�GLVSRQtYHLV�QRV�SULQFLSDLV� 6,*V

GR�PHUFDGR��H�J��$5&�,1)2��63$16��0*(��635,1*���H�OHYDPRV�HP�FRQWD�D

H[SHULrQFLD� SUiWLFD� GR� ,13(� H� GH� VHXV� SDUFHLURV� � QR� XVR� GH� VLVWHPDV� GH

LQIRUPDomR� JHRJUiILFD� �YHMD�VH�� SRU� H[HPSOR�� $VVDG� H� 6DQR�� ������� 3URFXUDPRV

DSUHVHQWDU�XP�FRQMXQWR�DEUDQJHQWH��QR�TXDO� WRGDV�DV�FODVVHV�GH�RSHUDo}HV�GHVWH

6,*V�HVWmR�SUHVHQWHV�
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'HVFUHYHPRV� QHVWD� VHomR� DV� RSHUDo}HV� VREUH� *(2�&$0326� H� � VXDV

HVSHFLDOL]Do}HV� 7(0É7,&2�� 180e5,&2 H '$'2B6(1625B5(0272�� TXH� SRGHP� VHU

FODVVLILFDGRV�FRPR��7RPOLQ��������

�� 3RQWXDLV�� D� VDtGD� GD� RSHUDomR� p� XP� JHR�FDPSR� FXMRV� YDORUHV� VmR� IXQomR

DSHQDV� GRV� YDORUHV� GRV� JHR�FDPSRV� GH� HQWUDGD� HP� FDGD� ORFDOL]DomR

FRUUHVSRQGHQWH�� 3RGHP� RSHUDU� DSHQDV� VREUH� XP� FDPSR� �H�J�� IDWLDU� XP

PRGHOR� QXPpULFR� GH� WHUUHQR�� FODVVLILFDU� XPD� LPDJHP�� RX� UHDOL]DU

LQWHUVHFo}HV�HQWUH�FRQMXQWRV�HVSDFLDLV� �H�J�� RSHUDo}HV� ERROHDQDV� HQWUH�PDSDV

WHPiWLFRV���

�� YL]LQKDQoD�� R� UHVXOWDGR� p� XP� JHR�FDPSR� FXMRV� YDORUHV� � GHSHQGHP� GD

YL]LQKDQoD�GD� � ORFDOL]DomR� FRQVLGHUDGD��([HPSORV� VmR� D� ILOWUDJHP� HVSDFLDO

GH�XPD�LPDJHP�H�R�FiOFXOR�GH�GHFOLYLGDGH�GH�XP�017�

�� ]RQDLV�� FDVR� HVSHFLDO� GH� ����� HVWDV� RSHUDo}HV� VmR� GHILQLGDV� VREUH� UHJL}HV

HVSHFtILFDV�GH�XP�JHR�FDPSR�GH�HQWUDGD��RQGH�DV�UHVWULo}HV�VmR�IRUQHFLGDV

SRU� RXWUR� JHR�FDPSR� WHPiWLFR�� 8P� H[HPSOR� VHULD�� ´GDGD� XP�PDSD� GH

VRORV��H�XP�PDSD�GH�GHFOLYLGDGH�GD�PHVPD�UHJLmR��REWHQKD�D�GHFOLYLGDGH

PpGLD�SDUD�FDGD�WLSR�GH�VRORµ�

�� SURSULHGDGHV��RSHUDo}HV�TXH�GHYROYHP�YDORUHV��HVFDODUHV�RX�YHWRUHV��GH�XP

JHR�FDPSR�RX�XP�FRQMXQWR�GH�JHR�FDPSRV��([HPSORV��´FDOFXOH�D�DOWLWXGH

PpGLD�GR�WHUUHQRµ�H�´REWHQKD�R�KLVWRJUDPD�GH�XPD�LPDJHPµ�

������������������������������������������������

�(VWDV RSHUDo}HV SRGHP LQYROYHU PRGLILFDomR GD WRSRORJLD �H�J� XPD UHFODVVLILFDomR p XVXDOPHQWH FRPELQDGD FRP

XPD MXQomR WRSROyJLFD��
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'HILQLomR������2SHUDo}HV��SRQWXDLV�VREUH�JHR�FDPSRV�

6HMD� XPD� UHJLmR� JHRJUiILFD� 5� H� )��� )������)Q� FRQMXQWRV� GH� JHR�FDPSRV

GHILQLGRV�VREUH�5�� � WDLV�TXH�R�FRQWUDGRPtQLR�GDV� IXQo}HV�GH� WRGRV�RV�JHR�FDPSRV

HP�*L�p�9L���L �����Q�

6HMD� ξ� �� 9�� [� ���� [� 9Q→�9�� �� $� RSHUDomR� SRQWXDO� Ξ�� � )� [� ���� [� )Q�→)�

LQGX]LGD�SRU�ξ�p�WDO�TXH�

∀�I��ε�)� �������IQ ε )Q �

Ξ��I��������IQ�� �I��⇔��I�� �S�� �ξ��λ� �S��������λQ �S����∀S�ε�5�

'HSHQGHQGR� GRV� GRPtQLRV� H� FRQWUDGRPtQLR� GRV� PDSDV� GH� JHR�FDPSRV�

SRGHPRV�FRQVLGHUDU�GLIHUHQWHV�SRVVLELOLGDGHV�SDUD��Ξ���

• 2SHUDo}HV� XQiULDV�� D� HQWUDGD� p� XP� ~QLFR� JHR�FDPSR�� 7DPEpP� VmR

FKDPDGRV� RSHUDo}HV� GH� WUDQVIRUPDomR�� SRLV� D� RSHUDomR� HTXLYDOH� D� XP

PDSHDPHQWR�HQWUH�RV�FRQWUDGRPtQLR�GRV�FDPSRV�GH�HQWUDGD�H�VDtGD�

• 2SHUDo}HV��ERROHDQRV��VmR�XWLOL]DGRV�HP�DQiOLVH�HVSDFLDO�TXDOLWDWLYD�H�JHUDP

XP�7(0É7,&2��D�SDUWLU�GH�UHJUDV�DSOLFDGDV�D�JHR�FDPSRV��TXH�SRGHP�VHU

LQVUWkQFLDV� GH� 7(0É7,&2��180e5,&2� RX�'$'2B6(1625B5(0272��� $V

UHJUDV� HVSHFLILFDP� R� FRQMXQWR� GH� FRQGLo}HV� D� VHU� VDWLVIHLWDV� SDUD� FDGD

WHPD�GH�VDtGD�

• 2SHUDo}HV�PDWHPiWLFDV��IXQo}HV�DULWPpWLFDV�� ORJDUtWPLFDV�H�WULJRQRPpWULFDV�

DSOLFDGDV�D�017V�H�D�'$'2B6(1625B5(0272��3RGHP�JHUDU 017��'$'2

6(1625 5(0272 RX 7(0É7,&26�
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'HQWUR�GRV�RSHUDGRUHV�PDWHPiWLFRV��YDOH�GHVWDFDU�DV�VHJXLQWHV�VXEFODVVHV�

• RSHUDo}HV� GH� SURFHVVDPHQWR� GH� GDGRV� GH� VHQVRULDPHQWR� UHPRWR�� VXEFODVVH� GH

RSHUDGRUHV�PDWHPiWLFRV��RQGH�D�HQWUDGD�p�XP�'$'2B6(1625B5(0272

H�D�VDtGD�p�XP�'$'2B6(1625B5(0272�

• RSHUDo}HV�GH�FODVVLILFDomR�GH�GDGRV�GH�VHQVRULDPHQWR�UHPRWR��VXEFODVVH�LPSRUWDQWH

GRV� RSHUDGRUHV� PDWHPiWLFRV�� RQGH� DV� HQWUDGD� VmR� LQVWkQFLDV� GD� FODVVH

'$'2B6(1625B5(0272�H�D�VDtGD�p�XP�7(0É7,&2�

$� WDEHOD� ���� GHVFUHYH� RV� SULQFLSDLV� WLSRV� GH� RSHUDo}HV� SRQWXDLV� XQiULDV

�WDPEpP�FKDPDGRV�RSHUDo}HV�GH�WUDQVIRUPDomR��

7$%(/$����

23(5$d¯(6�'(�75$16)250$d®2

)����HQWUDGD )����VDtGD 1RPH�GR�2SHUDomR

7(0É7,&2 017 3RQGHUDomR

7(0É7,&2 7(0É7,&2 5HFODVVLILFDomR

'$'2 6(1�
5(0272

7(0É7,&2 )DWLDPHQWR

017 7(0É7,&2 )DWLDPHQWR�GH�FODVVHV

$OJXQV�H[HPSORV�GH�RSHUDo}HV�GH�WUDQVIRUPDomR�

• ´5HFODVVLILFDU�XP�PDSD�GH�YHJHWDomR�FRP�DV�FODVVHV�^)ORUHVWD�2PEUyILOD

'HQVD��)ORUHVWD�2PEUyILOD�$EHUWD��&DPSLQDUDQD��)ORUHVWD�(VWDFLRQDO`�HP

XP�PDSD�FRP�DV�FODVVHV�^)ORUHVWD�'HQVD��)ORUHVWD�$EHUWD`�µ

• ´2EWHU�XP�PDSD�KLSVRPpWULFR�D�SDUWLU�GH�XP�PDSD�GH�DOWLPHWULD�FRP�R

PDSHDPHQWR�^�������P� → 3ODQtFLH����������P� →�3ODQDOWR���!���P��→

6HUUDV`µ�
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� $�ILJXUD�����PRVWUD�XP�H[HPSOR�GR�RSHUDo}HV�GH�SRQGHUDomR��FRQYHUVmR�GH

XP�PDSD�GH�VRORV�HP�XP�PDSD�GH�VRORV�SRQGHUDGR���1HVWH�FDVR��9�� �^�/H��/L��/V�

$T�`��9� >�������@�DQG�ξ�p�R�FRQMXQWR�GH�SDUHV�RUGHQDGRV���^�/H→��������/L→������

�/V→��������$T→�����`�

0.35 0.200.35

0.10

0.350.20 0.20

0.350.35

Le
Li

AqLs

)LJXUD�������([HPSOR�GH�RSHUDomR�GH�SRQGHUDomR�

$�ILJXUD�����PRVWUD�XP�H[HPSOR�GH�XP�RSHUDomR�GH� IDWLDPHQWR�HP�FODVVHV

�FRQYHUVmR�GH�XP�017�HP�XP�7(0É7,&2��RQGH�XP�PDSD�GH�GHFOLYLGDGH�HP�JUDXV�p

FRQYHUWLGR�SDUD�XP�PDSD�GH�FODVVHV�GH�GHFOLYLGDGH�D�SDUWLU�GD� WUDQVIRUPDomR�^� ���

����→ ´EDL[Dµ����������→µPpGLDµ���DFLPD�GH�����→ ´DOWDµ`�

5.0 8.03.0

20.0

5.0 10.0 15.0

12.010.0

baixa

média
alta

)LJXUD�������([HPSOR�GH�RSHUDomR�GH�IDWLDPHQWR�HP�FODVVHV�

&RPR�H[HPSOR�GH�RSHUDomR�ERROHDQD��WRPH�VH�R�FDVR�GH�GHWHUPLQDU��XP�PDSD

GH� DSWLGmR� DJUtFROD�� D� SDUWLU� GRV� PDSDV� GH� VROR�� GHFOLYLGDGH�� SUHFLSLWDomR� H� GR

FRQMXQWR�KLSRWpWLFR�GH�UHJUDV�H[SUHVVR�QD�WDEHOD�DEDL[R�
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7$%(/$����

5(*5$6�3$5$�$37,'®2�$*5Ì&2/$

$SWLGmR�$JUtFROD 6RORV 3UHFLSLWDomR�PpGLD 'HFOLYLGDGH

%RD /DWRVROR�UR[R�RX

/LWRVVROR

!�����PP ����

0pGLD &DPELVVROR �������PP �����

,QDSWR $TXRVR �����PP !���

&RPR�H[HPSOR�GH�RSHUDomR�PDWHPiWLFD��WRPH�VH�D�ILJXUD������RQGH�I��p�XP�PDSD

GH�VRORV�SRQGHUDGR�H��� I���p�XP�PDSD�GH�GHFOLYLGDGH��D�GHFOLYLGDGH�p�R�PyGXOR�GDV

GHULYDGDV�SDUFLDLV�GD�DOWLPHWULD���$�RSHUDomR

λQHZ �S�� �λ��S�� �����λ��S�

SRGHULD�VHU�XWLOL]DGD�FRPR�SDVVR�LQWHUPHGLiULR�DR�FDOFXODU�XP�PDSD�GH�DGHTXDomR�GH

VRORV��TXDQWR�PDLRU�R�YDORU��PDLV�DGHTXDGR��

0.35 0.200.35

0.20

0.20 0.20 0.20

0.200.20

5.0 8.03.0

20.0

5.0 10.0 15.0

12.010.0

0.55 0.330.68

0.25

0.40 0.30 0.27

0.250.30

)LJXUD�������([HPSOR�GH�XPD�RSHUDomR�PDWHPiWLFD�
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3DUD�GHILQLU�DV�RSHUDo}HV�GH�YL]LQKDQoD��p�SUHFLVR�LQWURGX]LU�RV�FRQFHLWRV�GH

UHJLmR�FRQHFWDGD��YL]LQKDQoD�H�GH�WDPDQKR�GH�YL]LQKDQoD�

'HILQLomR�����9L]LQKDQoD�HP�UHJLmR�JHRJUiILFD�

'DGD�XPD�UHJLmR�JHRJUiILFD�5��XP�FRQMXQWR�GH�SRQWRV�3�ε�5�p�GLWR�FRQHFWDGR

VH� H� VRPHQWH� VH� HQWUH� TXDLVTXHU� GRLV� SRQWRV� GH� 3� Ki� XPD� OLQKD� OLJDQGR� RV� GRLV

SRQWRV��LQWHLUDPHQWH�FRQWLGD�QD�UHJLmR�

'DGD�XPD�UHJLmR�JHRJUiILFD�5��XPD�YL]LQKDQoD��p�XP�PDSHDPHQWR

9/��5�→��5��WDO�TXH��∀�S�ε�5���S ε��9/�S���H��9/�S���p�FRQHFWDGD�

'HILQLomR������2SHUDo}HV�GH�9L]LQKDQoD�HP�JHR�FDPSRV�

6HMD� 5� XPD� UHJLmR� JHRJUiILFD� H� VHMDP� )�� H� )�� FRQMXQWRV� GH� JHR�FDPSRV

GHILQLGRV�VREUH�5�H�FXMR�FRQWUDGRPtQLR�GH�VXDV�IXQo}HV p�9L���L� ������

6HMDP��9/��5→��5����H�υ���9��→�9��

$�RSHUDomR�GH�YL]LQKDQoD�Ψ��)� →�)���LQGX]LGD�SRU�υ�p�WDO�TXH

∀�I��ε�)� ��Ψ��I���� �I��⇔��I���S�� �υ��^λ� �[��_��[ ε��/�S�`���∀�S�ε�5�

1HVWD�FODVVH�GH�RSHUDo}HV��GDGR�XP�JHR�FDPSR�I���R�JHR�FDPSR�GH�VDtGD�I��p

FRPSXWDGR�EDVHDGR�QD�GLPHQVmR�H�IRUPD�GH�XPD�YL]LQKDQoD�/�S��HP�WRUQR�GH�FDGD

ORFDOL]DomR�S��([HPSORV�LQFOXHP�

• FiOFXORV�GH�YDORUHV�PtQLPR��Pi[LPR��PpGLR��PRGDO�SDUD��XPD�YL]LQKDQoD�HP

WRUQR�GH�XP�SRQWR�

• ILOWURV�SDUD�SURFHVVDPHQWR�GH '$'2 6(1625 5(0272�

• PpWRGRV� GH� LQWHUSRODomR� HVSDFLDO�SDUD 017� �FRPR�PpGLDV� SRU� YL]LQKR�PDLV

SUy[LPR��



��

• PDSDV�GH�GHFOLYLGDGH�H�H[SRVLomR�SDUD�017�

• tQGLFHV�GH�GLYHUVLGDGH�SDUD�7(0É7,&2��RQGH�R�YDORU�GH�VDtGD�HVWi�DVVRFLDGD

DR� Q~PHUR� GH� YL]LQKRV� GH� XP� SRQWR� GH� HQWUDGD� GH� XPD� FODVVH� TXH

SHUWHQFHP�D�FODVVHV�GLVWLQWDV��

&RPR� H[HPSOR� GH� RSHUDomR� GH� YL]LQKDQoD�� WRPHPRV� R� FDVR� GR� tQGLFH� GH

GLYHUVLGDGH��FRPSXWDGR�D�SDUWLU�GH�XPD�YL]LQKDQoD���[���HP�WRUQR�GH�FDGD�SRQWR��$

LGpLD�p�TXH�D�ELRGLYHUVLGDGH�GH�XPD� UHJLmR� p�PDLRU� HP�iUHDV�GH� FRQWDWR� HFROyJLFR

HQWUH�UHJL}HV�KRPRJrQHDV��$�ILJXUD�����DSUHVHQWD�XP�PDSD�GH�YHJHWDomR�H�PRVWUD�R

tQGLFH�GH�GLYHUVLGDGH�FRPSXWDGR�SDUD�XPD�SDUWH�GR�PDSD�

1 12

1

1 3 2
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Floresta
Densa

CerradoRebrota

���������)LJXUD�������([HPSOR�GH�RSHUDomR�´tQGLFH�GH�GLYHUVLGDGHµ�



��

����� 23(5$d®(6�=21$,6

$V� � RSHUDo}HV� ]RQDLV� VmR� VHPSUH� GHILQLGDV� VREUH� JHR�FDPSRV� GDV� FODVVHV

017� RX� '$'2 6(1625 5(0272�� &RPR� D� UHVWULomR� GHVWD� RSHUDomR� SRGH� VHU� XP

7(0É7,&2�RX�&$'$675$/��LUHPRV�FRQVLGHUDU�GXDV�GHILQLo}HV�GLVWLQWDV��1HVWD�VHomR�

DSUHVHQWDPRV� R� FDVR� GH� RSHUDo}HV� ]RQDLV� RQGH� D� UHVWULomR� p� XP� 7(0É7,&2�� 2

VHJXQGR�FDVR�VHUi�GLVFXWLGR�QD�VHomR��������2SHUDo}HV�0LVWDV��

,QLFLDOPHQWH��SUHFLVDPRV�GHILQLU�R�TXH�HQWHQGHPRV�SRU�YL]LQKDQoD�]RQDO�

'HILQLomR�����9L]LQKDQoD�=RQDO�GHILQLGD�SRU�XP�JHR�FDPSR�WHPiWLFR�

6HMD�5� XPD� UHJLmR� JHRJUiILFD� H� � )W� XP� FRQMXQWR� GH� JHR�FDPSRV� GHILQLGRV

VREUH��5��'DGR�IW�ε�)W �� D�YL]LQKDQoD�]RQDO�GH�IW�p�XP�PDSHDPHQWR�Ζ>IW@���5�→��5��WDO�TXH�

=>IW�S�@� �&S�⇔�S�ε�&S�H��∀S�ε� � �&S�� � IW�[�� � IW�S�� ��H�&S p�FRQHFWDGR�H�&S p�R

PDLRU�VXEFRQMXQWR�GH�5�FRP�WDLV�SURSULHGDGHV�

(P�RXWUDV�SDODYUDV��XPD�UHJLmR�]RQDO�HP�WRUQR�GH�XP�SRQWR�GH�XP�WHPiWLFR

p�R�FRQMXQWR�GH�SRQWRV�D�HOH�FRQHFWDGR�TXH�SRVVXL�R�PHVPR�YDORU�

'HILQLomR������2SHUDo}HV�]RQDLV�VREUH�JHR�FDPSRV�FRP�UHVWULomR�SRU�PDSD�WHPiWLFR�

6HMD� 5� XPD� UHJLmR� JHRJUiILFD� H� VHMDP� )�� H� )W� FRQMXQWRV� GH� JHR�FDPSRV

GHILQLGRV�VREUH�5��RQGH��)W p�XP�JHR�FDPSR�WHPiWLFR�

6HMD��IW�ε�)W�H��Ζ>IW@��5�→��5�D�YL]LQKDQoD�]RQDO�GH��IW��6HMD�υ�XPD�IXQomR��FXMR

GRPtQLR�p���5���$�RSHUDomR�]RQDO��Γ���)� →�)���LQGX]LGD�SRU��υ�p�WDO�TXH�

∀�I��ε�)���Γ��I���� �I��⇔��I���S�� �υ��^λ� �[��_��[ ε��=>IW�S�@`���∀�S�ε�5�

1R� FDVR� GH� RSHUDGRUHV� ]RQDLV�� XP� WHPiWLFR� p� XWLOL]DGR� SDUD� GHILQLU� XPD

UHJLmR�GH�LQWHUHVVH�DRQGH�p�FRPSXWDGD�D�IXQomR��2V�RSHUDGRUHV�]RQDLV�LQFOXHP�

• 0pGLD�� Pi[LPR� H� PtQLPR� H� GHVYLR� SDGUmR� GRV� YDORUHV� VREUH� XPD� UHJLmR

HVSHFLILFDGD�



��

• ÌQGLFH� GH� YDULHGDGH� GRV� YDORUHV�� RQGH� FDGD� YDORU� QR� PDSD� GH� VDtGD� VHUi

FRPSXWDGR� D� SDUWLU� GR� Q~PHUR� GH� YDORUHV� GLIHUHQWHV� GR� JHR�FDPSR� GH

HQWUDGD�TXH�SHUUWHQFHP�D�XPD�PHVPD�UHJLmR�]RQDO�

&RQVLGHUHPRV��SRU�H[HPSOR��D�RSHUDomR�0É;,02 =21$/��RQGH�WRPDPRV�XP

7(0É7,&2�FRPR�UHVWULomR�VREUH�XP�017��H�UHWRUQDPRV�R�PDLRU�YDORU�GR�017�SDUD

FDGD�WHPD��YLGH�)LJXUD������

Le

Li

Aq
Ls

5.0 7.57.0

20.0

10.0 12.0 15.0

15.015.0

Mapa de solos (restri ção) Declividade (dado de entrada)

7.5 7.57.5

20.0

15.0 15.0 15.0

20.015.0

Máximo Zonal

)LJXUD�������2SHUDomR�GH�Pi[LPR�]RQDO�



��

����� 35235,('$'(6�'(�*(2�&$0326

$V�RSHUDo}HV�GH�SURSULHGDGHV�VREUH�JHR�FDPSRV�SRGHP�VHU�GLYLGLGDV�HP�WUrV

VXE�JUXSRV��SURSULHGDGHV�SRQWXDLV��ORFDLV�H�]RQDLV��$�GHILQLomR�IRUPDO�GH�FDGD�XPD

GHVWDV�p�DQiORJD�jV�DQWHULRUHV��FRP�D�GLIHUHQoD�TXH�D�VDtGD�p�XP�YDORU��RX�FRQMXQWR

GH�YDORUHV���([HPSORV�LQFOXHP�FiOFXORV�HVWDWtVWLFRV�JOREDLV�HP�XP�JHR�FDPSR��PpGLD�

PtQLPR��Pi[LPR��GHVYLR�SDGUmR�H�KLVWRJUDPD�



��

��� 5(/$&,21$0(1726�(63$&,$,6�(175(�*(2�2%-(726

(P�QRVVR�PRGHOR��RV�JHR�REMHWRV�HVWmR�VHPSUH�DVVRFLDGRV�D�UHSUHVHQWDo}HV

JUiILFDV� �'� �SRQWRV�� OLQKDV� H� UHJL}HV��� &RPR� DV� RSHUDo}HV� GD� iOJHEUD� GH� JHR�REMHWRV

SRGHP� HQYROYHU� UHVWULo}HV� HVSDFLDLV�� VHUi� IXQGDPHQWDO� FDUDFWHUL]DU� RV

UHODFLRQDPHQWRV�HVSDFLDLV��TXH�SRGHP�VHU�GLYLGLGRV�HP��*�WLQJ��������

• UHODFLRQDPHQWRV�WRSROyJLFRV��WDLV�FRPR�´GHQWUR�GHµ�H�´DGMDFHQWH�Dµ��LQYDULDQWHV

D�WUDQVIRUPDo}HV�ELXQtYRFDV�H�ELFRQWtQXDV��FRPR�DV�GH�HVFDOD��WUDQVODomR�H

URWDomR���8PD�DQiOLVH�IRUPDO�GHVWD�FODVVH�GH�UHODFLRQDPHQWRV�IRL�SURSRVWD

IRU� &OHPHQWLQL� HW� DO�� �������� EDVHDGR� QR� WUDEDOKR� GH� (JHQKRIHU� H

+HUULQJ��������WDO�SURSRVWD�IRL�DSULPRUDGD�SHOR�DXWRU�H��HVWi�DSUHVHQWDGD

QR�TXH�VHJXH�

• UHODFLRQDPHQWRV�GLUHFLRQDLV��FRPR�´DFLPD�GHµ�H�´DR�ODGR�GHµ��+i�XPD�JUDQGH

YDULHGDGH� GH� SURSRVWDV� SDUD� HVWH� WLSR� GH� RSHUDGRUHV�� PDV� Ki� SRXFD

IRUPDOL]DomR�QHVWH�FDPSR�

• UHODFLRQDPHQWRV� PpWULFRV�� GHULYDGRV� GDV� RSHUDo}HV� GH� GLVWkQFLD� H� GLUHomR�� 2

FiOFXOR� GHVWDV� RSHUDo}HV� SUHVVXS}H� VHPSUH� D� H[LVWrQFLD� GH� XP� HVSDoR

PpWULFR��R�TXH�SRGH�QmR�VHU�VHPSUH�R�FDVR�

2V� UHODFLRQDPHQWRV� GLUHFLRQDLV� UHSUHVHQWDP� XP� FDPSR�PXLWR� PDLV� DPSOR

SDUD�HVFROKD�GH�RSHUDGRUHV�GR�TXH�RV�UHODFLRQDPHQWRV�WRSROyJLFRV��(VWDPRV�GLDQWH

GH� FRQFHLWRV� RQGH� DVSHFWRV� FRJQLWLYRV� �PRGHORV� GH� IXQFLRQDPHQWR� GD� PHQWH

KXPDQD��GHYHP�VHU�OHYDGRV�HP�FRQWD��(VWXGRV�UHFHQWHV�VREUH�R�WHPD��LQGLFDP�TXH�D

IRUPXODomR� GH� FRQFHLWRV� HVSDFLDLV� SRGH� YDULDU� GH� FXOWXUD� SDUD� FXOWXUD� �)UDQN� DQG

0DUN��������

$�GHILQLomR�GH�XP�FRQMXQWR�PtQLPR�GH�RSHUDGRUHV�p�REMHWR�GH�PXLWR�GHEDWH

QD�OLWHUDWXUD�

• )UHHPDQ��������GHILQH�XP�FRQMXQWR�GH����RSHUDGRUHV��´j�HVTXHUGD�GHµ��´j

GLUHLWD� GHµ�� ´DFLPDµ� �PDLV� DOWR� TXH�� VREUH��� ´DEDL[Rµ� �VRE��� � ´DWUiVµ�

´SUy[LPR�Dµ��´ORQJH�GHµ��´DR�ODGR�GHµ��DGMDFHQWH�D���´WRFDQGRµ��´GHQWUR

GHµ���´IRUD�GHµ���´HQWUHµ�



��

• )HXWFKZDQJOHU� ������� OLVWD� VHLV�� ´DGMDFrQFLDµ�� ´SUR[LPLGDGHµ�

´VXEGLYLVmRµ��´VREUHSRVLomRµ��´YL]LQKR�PDLV�SUy[LPRµ�H�´VXE�UHJLmRµ�

• (JHQKRIHU� H� +HUULQJ� ������� XVDUDP� ´GLVMXQWRµ�� ´HQFRQWUDPµ�� ´LJXDOµ�

´GHQWUR�GHµ��´FRQWpPµ��´FREUHµ��´FREHUWR�SRUµ�H�´VREUHSRVLomRµ�

• &OHPHQWLQL� HW� DO�� ������� LQGLFDP� FLQFR� UHODFLRQDPHQWRV�� ´GHQWUR� GHµ�

´VXSHUSRVWR�Dµ��´WRFDQGRµ��´FUX]DQGRµ�H�´GLVMXQWRµ�

'DGD�D�YDULHGDGH�GH�SURSRVWDV��R�HVIRUoR�SDUD�IRUPDOL]DU�RV�UHODFLRQDPHQWRV

HVSDFLDLV�p�SDUWH�IXQGDPHQWDO�GD�SURSRVWD�GH�XPD�iOJHEUD�GH�JHR�REMHWRV��3DUD�XP

FRQMXQWR� EHP�GHILQLGR� GH� REMHWRV� JHRJUiILFRV� �FDVRV� ´VLPSOHVµ� GH� UHJL}HV� VHP

EXUDFRV� H� OLQKDV� FRQWtQXDV��� D� SUy[LPD� VHomR� DSUHVHQWD� XP� IRUPDOL]DomR� SDUD� RV

UHODFLRQDPHQWRV�WRSROyJLFRV�

����� )250$/,=$d­2�'(�5(/$&,21$0(1726�7232/Ï*,&26

$SUHVHQWD�VH�QHVWD�VHomR�XPD�DQiOLVH�GRV�UHODFLRQDPHQWRV�WRSROyJLFRV�HQWUH

HOHPHQWRV�GR�WLSR�SRQWR�OLQKD�iUHD��EDVHDGR�QRV�WUDEDOKRV�GH�(JHQKRIHU��(JHQKRIHU

DQG�)UDQ]RVD��������(JHQKRIHU�DQG�+HUULQJ��������H�&OHPHQWLQL�HW�DO���������

8WLOL]DPRV�RV�WHUPRV�SURSRVWRV��SRU�&OHPHQWLQL�HW�DO���������TXH��D�SDUWLU�GD

DQiOLVH� GDV� FRQILJXUDo}HV� SRVVtYHLV� HQWUH� RV� HOHPHQWRV� SRQWR�OLQKD�iUHD�� SURS}HP

FLQFR�QRPHV�SDUD�RV�UHODFLRQDPHQWRV�WRSROyJLFRV��WRXFK��LQ��FURVV��RYHUODS�H�GLVMRLQW��1R

HQWDQWR��D�PHWRGRORJLD�XVDGD�SDUD�GHULYDU�DV�GHILQLo}HV�GHVWHV�WHUPRV�p�PDLV�ULJRURVD

TXH� R� GHVWH� DXWRU�� 1R� $SrQGLFH� ��� DSUHVHQWD�VH� D� SURYD� GH� FRPSOHWH]D� GHVWDV

GHILQLo}HV��H�FDGD�FDVR�SRVVtYHO�GH�UHODFLRQDPHQWR�p�DSUHVHQWDGR�H�FODVVLILFDGR�

&RQVLGHUDPRV� TXH� RV� HOHPHQWRV� GR� HVSDoR� SRGHP� VHU� HQWHQGLGRV� FRPR

FRQMXQWRV�GH�SRQWRV�H�RV�UHODFLRQDPHQWRV�VmR�IRUPXODGRV�HP�WHUPRV�GH�SRQWRV��OLQKDV�H

iUHDV�´VLPSOHVµ�

• R�HVSDoR�WRSROyJLFR�p�R�5��

• XP� iUHD� p� XP� FRQMXQWR� GH� SRQWRV� �'� FRP� XP� LQWHULRU� FRQHFWDGR�

GHQRWDGR�SRU�$ο��XPD�IURQWHLUD�FRQHFWDGD��GHQRWDGD�SRU��δ$��H�XP�~QLFR



��

H[WHULRU� FRQHFWDGR�� GHQRWDGR� SRU� Ç�� $VVLP�� � DV� iUHDV� FRQVLGHUDGDV� QmR

WHP�´EXUDFRVµ�

• DV��OLQKDV�VmR�FRQMXQWR�GH�SRQWRV�FRQHFWDGRV��TXH�SRGHP�VHU�LOKDV��OLQKDV

FLUFXODUHV�� RX� SRVVXHP� XP� SRQWR� LQLFLDO� H� XP� SRQWR� ILQDO� GLVWLQWRV�� � $

IURQWHLUD� GH� XPD� OLQKD� �δ/�� p� R� FRQMXQWR� YD]LR� QR� FDVR� GH� XPD� OLQKD

FLUFXODU��LOKD���H�R�FRQMXQWR�GRV�SRQWRV�LQLFLDO�H�ILQDO�QDV�GHPDLV�VLWXDo}HV�

2�LQWHULRU��/ ο��GH�XPD�OLQKD�VmR�RV�GHPDLV�SRQWRV�

• RV� HOHPHQWRV� SRQWXDLV� FRQWpP� DSHQDV� XP�SRQWR��$� IURQWHLUD�δ3�GH� XP

SRQWR�p�VHPSUH�YD]LD�

�3DUD�FDUDFWHUL]DU�RV�UHODFLRQDPHQWRV�HQWUH�GRLV�HOHPHQWRV�JUiILFRV�$�H�%�GR

5����(JHQKRIHU�DQG�)UDQ]RVD��������SURS}HP�R�XVR�GH�XPD�PDWUL]���[����FKDPDGD

PDWUL]�GH���LQWHUVHFo}HV��TXH�DSUHVHQWD�DV�UHODo}HV�WRSROyJLFDV�ELQiULDV�HQWUH�DV�IURQWHLUDV

H�R�LQWHULRU�GH�$�H�DV�IURQWHLUDV�H�R�LQWHULRU�GH�%�

�δ$�∩�δ%����δ$�∩�%ο�����
�$ο ∩�δ%������$ο∩�%ο�����

&RQVLGHUDQGR�RV�YDORUHV�´YD]LRµ��∅��H�´QmR�YD]LRµ��¬∅���SDUD�FDGD�XPD�GRV

HOHPHQWRV� GD� PDWUL]�� SRGH�VH� GLVWLQJXLU� RV� UHODFLRQDPHQWRV� HQWUH� RV� � HOHPHQWRV

JUiILFRV�

$�PDWUL]�GH���LQWHUVHFo}HV�p�FDSD]�GH�PRGHODU�RV�UHODFLRQDPHQWRV�HQWUH�GXDV

iUHDV� �VHP� ´EXUDFRVµ��� 3DUD� R� FDVR� GRV� UHODFLRQDPHQWRV� HQWUH� OLQKDV� H� iUHDV�� HVWD

PDWUL]� p� LQFDSD]� GH� GLIHUHQFLDU� HQWUH� VLWXDo}HV� GLVWLQWDV�� 3RU� H[HPSOR�� RV

UHODFLRQDPHQWRV�GD�ILJXUD�����DEDL[R�HQWUH�XPD�OLQKD�/�H�XPD�iUHD�$�WHP�D�PHVPD

PDWUL]� GH� ��LQWHUVHFo}HV�� DSHVDU� GH� UHSUHVHQWDU� VLWXDo}HV� GLVWLQWDV� �´LQFOXVmRµ� H

´FUX]DPHQWRµ��



��

�δ/�∩�δ$����δ/�∩�$ο������� ���∅����¬∅��
�/ο ∩�δ$������/ο∩�$ο����������������¬∅����¬∅��

)LJXUD�������7RSRORJLDV�OLQKD�iUHD�FRP�PHVPD�PDWUL]�GH���LQWHUVHFo}HV�

(P� FDVRV� FRPR� HVWH�� VHUi� SUHFLVR� WDPEpP� FRQVLGHUDU� R� UHVXOWDGR� GD

RSHUDomR�GH�LQWHUVHFomR�HQWUH�RV�FRQMXQWRV�GH�SRQWRV�TXH�FRPS}HP�D��OLQKD�H�D�iUHD�

6H�HVWD�LQWHUVHFomR�IRL�H[DWDPHQWH�R�FRQMXQWR�GH�SRQWRV�TXH�FRQVWLWXL�D�OLQKD��HQWmR

WHUHPRV�R�FDVR�GH�´LQFOXVmRµ��&DVR�FRQWUiULR��RFRUUH�D�VLWXDomR�GH�´FUX]DPHQWRµ�

,JXDO� FRQVLGHUDomR� SRGH�VH� ID]HU� SDUD� DV� UHODo}HV� ´VXSHUSRVLomRµ� H

´FUX]DPHQWRµ��HQWUH�OLQKDV��FRPR��LOXVWUDGR�QD�ILJXUD������$�PDWUL]�GH���LQWHUVHFo}HV

SDUD�RV�GRLV�H[HPSORV�p

����δ/��∩�δ/����δ/��∩�/�ο������� ����∅�����∅��
����/�ο ∩�δ/������/�ο∩�/�ο����������������������∅���¬∅��

2 2 2

1 1 1 1
12

2

)LJXUD�������7RSRORJLDV�OLQKD�OLQKD�FXMDV�PDWUL]HV�GH���LQWHUVHFo}HV�VmR�LJXDLV�

3DUD�GLVWLQJXLU�HQWUH�RV�FDVRV�GH�´VXSHUSRVLomRµ�H�´FUX]DPHQWRµ��VHUi�SUHFLVR

ODQoDU�PmR�GD�LGpLD�GH�GLPHQVmR�GD�LQWHUVHFomR�HQWUH�VHXV�LQWHULRUHV��GHILQLGD�FRPR

VH�VHJXH�



��

'HILQLomR�����'LPHQVmR�GH�XP�FRQMXQWR�GH�SRQWRV

$�GLPHQVmR�GH�XP�FRQMXQWR�GH�SRQWRV�ω p�GDGD�SRU�

GLP�ω�� �∅�⇔�λ� �∅�

GLP��ω�� ���⇔�ω�FRQWpP�SHOR�PHQRV�XP�SRQWR

H�QHQKXPD�OLQKD�RX�iUHD�

GLP��ω�� ���⇔�ω�FRQWpP�SHOR�PHQRV�XPD�OLQKD�H�QHQKXPD�iUHD�

GLP��ω�� ���⇔�ω�FRQWpP�SHOR�PHQRV�XP�HOHPHQWR�GR�WLSR�iUHD�

1R�H[HPSOR�GD�ILJXUD������D�GLPHQVmR�GD�LQWHUVHFomR�HQWUH�RV�LQWHULRUHV�GRV

GRLV�FRQMXQWRV���GLP��/�ο∩�/�ο����p�LJXDO�D�XP�����QR�FDVR�GH�´VXSHUSRVLomRµ�HQWUH�DV

OLQKDV�H�]HUR�����QR�FDVR�GH�´FUX]DPHQWRµ�

����� 5(/$&,21$0(172�³72&$´

'HILQLomR������5HODFLRQDPHQWR�´WRFDµ

2� UHODFLRQDPHQWR� WRFD� �DSOLFiYHO� D� iUHD�iUHD�� OLQKD�iUHD�� OLQKD�OLQKD�

SRQWR�iUHD��SRQWR�OLQKD���p�WDO�TXH

ω ��WRFD��ω ���⇔���ω � ∩�ω �� ≠�∅��∧���ω �

ο∩�ω �

ο�=�∅��

'L]�VH�TXH� �XP�FRQMXQWR�GH�SRQWRV�ω �� WRFD� RXWUR� FRQMXQWR�ω �� VH� D� ~QLFD

FRLVD�HP�FRPXP�HQWUH�HOHV�HVWi�FRQWLGD�QD�XQLmR�GH�VXDV�IURQWHLUDV��FRPR�LOXVWUDP�RV

H[HPSORV�GD�ILJXUD�����



��

(a) (b) (c)

1

1

2

(d) (e) (f)

(g)

1

2

P 1

P
(h) (i)

)LJXUD� ���� �� ([HPSORV� GH� VLWXDo}HV� WRSROyJLFDV� TXH� LOXVWUDP� R� UHODFLRQDPHQWR

WRFD��QR�FDVR�GH�GXDV�iUHDV��D��E���GXDV�OLQKDV��F��G���OLQKD�H�iUHD��H��I��J���XP�SRQWR�H

XPD�OLQKD��K��H�XP�SRQWR�H�XPD�iUHD��L���$GDSWDGR�GH�&OHPHQWLQL�HW�DO���������

����� 5(/$&,21$0(172��´'(1752�'(´

'HILQLomR������5HODFLRQDPHQWR�´GHQWUR�GHµ

2� UHODFLRQDPHQWR� GHQWUR� GH� � �DSOLFiYHO� D� VLWXDo}HV� iUHD�iUHD�� OLQKD�iUHD�

SRQWR�iUHD�H�SRQWR�OLQKD��p�WDO�TXH�

ω ���GHQWUR�GH�ω���⇔�ω � ∩ ω �� =�ω ��

'L]�VH� TXH� XP� FRQMXQWR� GH� SRQWRV� ω �� � HVWi� GHQWUR� GH� RXWUR� FRQMXQWR� ω�

TXDQGR�D�LQWHUVHFomR�GRV�GRLV�FRQMXQWRV�GH�SRQWRV�p�R�SUySULR�ω� �YLGH�ILJXUD������



���

P P P1 P2

)LJXUD�������([HPSORV�GR�UHODFLRQDPHQWR�´GHQWUR�GHµ��FRQWLGR�HP�

����� 5(/$&,21$0(172�&58=$

'HILQLomR�����5HODFLRQDPHQWR�´FUX]Dµ

2� UHODFLRQDPHQWR� FUX]D� �DSOLFiYHO� DRV� FDVRV� OLQKD�iUHD� H� OLQKD�OLQKD�� p� WDO

TXH�

/�FUX]D�$ �⇔���/ο∩�$ο�≠�∅��∧���/�∩�$ ��≠�/�

�/��FUX]D�/��⇔���/�ο∩�/�ο�≠�∅��∧��GLP��/��∩�/� �� ���

'XDV�OLQKDV�VH�FUX]DP�VH�VXD�LQWHUVHFomR�RFRUUH�HP�SRQWR�LQWHUQR�GH�DPEDV

�QRWH�VH�TXH�D�LQWHUVHomR�GH�VHXV�SRQWRV�OLPLWHV�VHUi�GHILQLGD�FRPR� WRXFK���GH�IRUPD

VLPLODU��XPD�OLQKD�FUX]D�XPD�iUHD�VH�R� LQWHULRU�GD� OLQKD�HVWi�SDUFLDOPHQWH� LQWHUQR�H

SDUFLDOPHQWH�H[WHUQR�D�HVWD�iUHD��9HMD�VH�RV�H[HPSORV�GD�ILJXUD������



���

����� 5(/$&,21$0(172�62%5(3®(

'HILQLomR�������5HODFLRQDPHQWR�´VREUHS}Hµ

2�UHODFLRQDPHQWR�VREUHS}H��DSOLFiYHO�D�VLWXDo}HV�HQWUH�iUHD�iUHD���OLQKD�OLQKD�H

SRQWR�SRQWR��p�WDO�TXH�

ω � VREUHS}H�ω��⇔��ω �

ο∩�ω �

ο�≠∅��∧��GLP��ω �

ο�∩�ω �

ο�� �GLP�ω �

ο��

'L]�VH�TXH�GRLV�FRQMXQWRV�GH�SRQWRV�ω� H�ω� �SRVVXHP��VREUHSRVLomR�TXDQGR�R

UHVXOWDGR� GH� VXD� LQWHUVHFomR� p� XPD� ILJXUD� GD� PHVPD� GLPHQVmR� GH� DPERV�� (VWH

UHODFLRQDPHQWR� p� DSOLFiYHO� D� DSHQDV� D� FDVRV� GH� HOHPHQWRV� KRPRJrQHRV��9HMD�VH� RV

H[HPSORV�GD�ILJXUD������

����� 5(/$&,21$0(172�',6-8172

'HILQLomR������5HODFLRQDPHQWR�´GLVMXQWRµ

2�UHODFLRQDPHQWR�GLVMXQWR��YDOH�HP�WRGDV�DV�VLWXDo}HV�H�p�WDO�TXH�

ω � �GLVMXQWR�ω ���⇔�ω ��∩�ω �� �∅

'XDV�ILJXUDV�VmR�GLVMXQWDV�VH�VXD�LQWHUVHFomR�p�YD]LD��YLGH�ILJXUD������



���

1

12
2

cross cross cross

(a) (b) (c)

overlap

(d)

1 1

2 2

overlap

(e)

2
2

2

1
1

1

overlap

(f)

disjoint disjoint

(g) (h) (i)

P1 P2

disjoint

)LJXUD��������([HPSORV�GH�UHODFLRQDPHQWRV�

���&UX]D�HQWUH�GXDV�OLQKDV��D���OLQKD�H�iUHD��E��F��

���6REUHS}H�HQWUH�GXDV�iUHDV��G���GXDV�OLQKDV��H��I��

���'LVMXQWR�HQWUH�GXDV�iUHDV��J���OLQKD�H�iUHD��K���GRLV�SRQWRV��L��

�$GDSWDGR��GH�&OHPHQWLQL�HW�DO���������



���

��� 23(5$d®(6�62%5(�*(2�2%-(726

$V�RSHUDo}HV�VREUH�JHR�REMHWRV�LQFOXHP�

�� UHVWULo}HV�VREUH�DWULEXWRV���FRPSXWDGRV�HP�IXQomR�GDV�DWULEXWRV��GH�HQWLGDGHV

HVSDFLDLV� �H�J�� ´VHOHFLRQH� WRGDV� DV� FLGDGHV� GH�$ODJRDV� FRP�PRUWDOLGDGH

LQIDQWLO�PDLRU�TXH�������"µ��

�� UHVWULo}HV� HVSDFLDLV�� GHULYDGRV� � D� SDUWLU� GRV� UHODFLRQDPHQWRV� WRSROyJLFRV� GDV

HQWLGDGHV�JHRJUiILFDV��H�J��´Gr�PH�WRGRV�DV�HVFRODV�PXQLFLSDLV�GR�EDLUUR

-DUGLP�6DWpOLWHµ���GH�GLUHomR� ��´DR�QRUWH�GHµ��´DFLPD�GHµ��RX�PpWULFRV� �H�J�

´Gr�PH�WRGDV�DV�HVFRODV�D�PHQRV�GH�����P�GD�9LD�'XWUDµ��

�� SURSULHGDGHV� GH� JHR�REMHWRV�� RV� UHVXOWDGRV� FRUUHVSRQGHP� D� SUHGLFDGRV� GH� XP

JHR�REMHWR�RX�GH� XP� FRQMXQWR�GH� JHR�REMHWRV� �H�J�� ´FDOFXOH� D�PpGLD� GR

YDORU�YHQDO�GDV�FDVDV�GR�EDLUUR�-DUGLP�(VSODQDGDµ�RX�´LQGLTXH�R�FDPLQKR

yWLPR�SDUD�R�{QLEXV�TXH�YDL�GR�&HQWUR�DR�-DUGLP�8LUiµ��

(VWDV� RSHUDo}HV� XWLOL]DP� DV� SULPLWLYDV� GHILQLGDV� DQWHULRUPHQWH�� DV� UHODo}HV

WRSROyJLFDV� WRFD�� GHQWUR� GH�� GLVMXQWR�� FUX]D� � H� VREUHS}H�� DV� UHODo}HV� PpWULFDV� XQiULDV

�FRPSULPHQWR��iUHD��SHUtPHWUR��H�ELQiULDV��GLVWkQFLD��GLUHomR��

����� 6(/(d­2�325�$75,%8726

'HILQLomR��������6HOHomR�SRU�DWULEXWRV

2�RSHUDGRU�GH�VHOHomR�SRU�DWULEXWRV�σ�VREUH�XP�FRQMXQWR�KRPRJrQHR�*2�

GDGD�XPD�UHVWULomR�ρ�EDVHDGD�DSHQDV�QRV�DWULEXWRV�GHVFULWLYRV�GH�*2��p�WDO�TXH�

σρ�*2�� �^�JR�ε�*2�_��ρ�JR��`�

(VWD� p� RSHUDomR� VHPHOKDQWH� j� VHOHomR� GD� iOJHEUD� UHODFLRQDO�� FRPR� LQGLFD� R

H[HPSOR�� �5HFXSHUH� DV� FLGDGHV� GR� (VWDGR� GH� 6mR� 3DXOR� FRP� SRSXODomR� HQWUH

��������H���������KDELWDQWHV��



���

����� 6(/(d­2�(63$&,$/

3DUD� GHILQLU� DV� RSHUDo}HV� GH� FRQVXOWD� HVSDFLDO�� p� QHFHVViULR� ODQoDU�PmR� GR

FRQFHLWR�GH�FRPSDWLELOLGDGH�GH�SUHGLFDGR�HVSDFLDO�

'HILQLomR������3UHGLFDGR�HVSDFLDO�FRPSXWiYHO

'DGRV� XPD� UHJLmR� JHRJUiILFD� 5�� � XP� FRQMXQWR� GH� JHR�REMHWRV�*2� H� XP

REMHWR�FDGDVWUDO�RF� >5�*2��JHR@��XP��SUHGLFDGR�HVSDFLDO�ξ�VREUH�JR��H�JR� FRPSXWiYHO�HP�RF�p

XPD� UHVWULomR� HVSDFLDO�� GHILQLGD� DWUDYpV� GH� � XP� UHODFLRQDPHQWR� WRSROyJLFR� �LQVLGH�

WRXFK�� FURVV�� RYHUODS� H� GLVMRLQW�� RX� GH� XP� UHODFLRQDPHQWR� PpWULFR� �GLVWkQFLD��� HQWUH� DV

UHSUHVHQWDo}HV�JHR�JR���H�JHR�JR���GHVWHV�JHR�REMHWRV�QR�REMHWR�FDGDVWUDO�RF�

3RU�H[WHQVmR��GDGD�XPD�UHJLmR�JHRJUiILFD�5�� �GRLV�FRQMXQWRV�GH�JHR�REMHWRV

*2��H�*2� H��GRLV��REMHWRV�FDGDVWUDLV�RF�� >5�*2�� �� JHR�@� �H�RF�� >5�*2�� �� JHR�@� ��XP

SUHGLFDGR� HVSDFLDO�ξ� VREUH� JR��ε�*2�� � H� JR��ε�*2�� FRPSXWiYHO� HP� �RF�Ý� RF��� p�XPD� UHVWULomR

HVSDFLDO�� GHILQLGD� DWUDYpV� GH� XP� UHODFLRQDPHQWR� WRSROyJLFR� RX� PpWULFR�� HQWUH� DV

UHSUHVHQWDo}HV� JHR��JR��� H� JHR��JR��� GHVWHV� JHR�REMHWRV�� UHVSHFWLYDPHQWH�� QRV� REMHWRV

FDGDVWUDLV�RF� H��RF��

,QWXLWLYDPHQWH��RV�SUHGLFDGRV�HVSDFLDLV�TXH�XWLOL]DUHPRV�HP�QRVVDV�RSHUDo}HV

HQYROYHQGR� JHR�REMHWRV� VmR� DVVHUWLYDV� GR� WLSR� ´ULR� TXH� FUX]D� R�PXQLFtSLR� GH� 6mR

-RVp�GRV�&DPSRV��QR�PDSD�GR�9DOH�GR�3DUiLEDµ�

'HILQLomR�������6HOHomR�HVSDFLDO

6HMD�XPD�UHJLmR�JHRJUiILFD�5�H��XP�FRQMXQWR�GH�JHR�REMHWRV�*2��6HMD�DLQGD

XP� REMHWR� FDGDVWUDO� � RF >5�*2�JHR@�� TXH� PDSHLD� REMHWRV� GH� *2� QXPD� � UHJLmR

JHRJUiILFD�5���'DGR�XP�SUHGLFDGR�HVSDFLDO�ξ�FRPSXWiYHO�HP�RF��R�RSHUDGRU�GH�VHOHomR

HVSDFLDO��ϕ���*2→*2�p��WDO�TXH�

ϕξ�*2��� �^�JR�ε�*2�_��ξ�JHR�JR���`�

2� UHVXOWDGR� GHVWD� RSHUDomR� p� XP� VXEFRQMXQWR� GR� FRQMXQWR� RULJLQDO�

FRPSRVWR� GH� WRGRV� RV� JHR�REMHWRV� TXH� VDWLVID]HP� R� SUHGLFDGR� JHRPpWULFR�� FRPR

LOXVWUDGR�QR�H[HPSOR�



���

• ´VHOHFLRQH�WRGDV�DV��UHJL}HV�GD�)UDQoD�DGMDFHQWHV�j�UHJLmR�GH�0LGL�3LUHQpHV

�TXH�FRQWpP�D�FLGDGH�GH��7RXORXVH�µ�

M

)LJXUD��������([HPSOR�GH�RSHUDomR�GH�VHOHomR�HVSDFLDO�

����� -81d­2�(63$&,$/

'HILQLomR�������-XQomR�(VSDFLDO

6HMD�XPD� UHJLmR�JHRJUiILFD�5� H� �GRLV� FRQMXQWRV�GH�JHR�REMHWRV�*2�� H�*2��

6HMD�DLQGD�GRLV�REMHWRV�FDGDVWUDLV�RF��H�RF��TXH�PDSHLDP��UHVSHFWLYDPHQWH��REMHWRV�GH

*2�� H� *2�� QXPD� � UHJLmR� JHRJUiILFD� 5�� � 6HMD� DLQGD� XP� SUHGLFDGR� HVSDFLDO� ξ

FRPSXWiYHO�HP��RF���RF���

$�RSHUDomR�GH�MXQomR�HVSDFLDO�θ���*2��[�*2��→�*2��[�*2��p�WDO�TXH�

θξ��*2��*2��� �^��JR���JR���ε��*2���*2�� �_��ξ��JHR��JR�����JHR��JR�����`�

2� WHUPR� MXQomR� HVSDFLDO� p� � HPSUHJDGR�SRU� DQDORJLD� j� RSHUDomR�GH� MXQomR� HP

EDQFR� GH� GDGRV� FRQYHQFLRQDLV� H� � GHQRWD� R� FRQMXQWR� GH� RSHUDo}HV� RQGH� RFRUUH� D

FRPSDUDomR� HQWUH� GRLV� FRQMXQWRV� GH� REMHWRV�� EDVHDGR� QXP� SUHGLFDGR� HVSDFLDO

FRPSXWDGR�VREUH�VXDV�UHSUHVHQWDo}HV���([HPSORV�

• ´3DUD�FDGD�HVWUDGD�GD�$PD]{QLD��DFKH�DV�UHVHUYDV�LQGtJHQDV�D�PHQRV�GH��

NP�GH�XPD�HVWUDGDµ�



���

• ´3DUD�DV�FLGDGHV�GR�VHUWmR�FHDUHQVH��DFKH�TXDLV�HVWmR�D�PHQRV�GH����NP

GH�DOJXP�DoXGH�FRP�FDSDFLGDGH�GH�PDLV�GH��������P��GH�iJXDµ�

2�UHVXOWDGR�p�XPD�FROHomR�GH�REMHWRV�H�YDORUHV��TXH�VDWLVID]HP�D�UHVWULomR�HVSDFLDO�

1R� SULPHLUR� H[HPSOR�� D� UHVSRVWD� p� XP� FRQMXQWR� GH� SDUHV� �UHVHUYD�� HVWUDGD�� QR

VHJXQGR�XP�FRQMXQWR�GH�SDUHV��FLGDGH��DoXGH��

����� 35235,('$'(6�'(�*(2�2%-(726

1HVWH�FDVR��HVWmR�LQFOXtGRV�RV�RSHUDGRUHV�PDWHPiWLFRV�WUDGLFLRQDLV�VREUH�RV

DWULEXWRV�GRV�JHR�REMHWRV��WDLV�FRPR�PpGLD�H�GHVYLR�SDGUmR��H�WDPEpP�RV�RSHUDGRUHV

PpWULFRV��iUHD�H�SHUtPHWUR���([HPSORV�VHULDP�

• ´3DUD�DV�ID]HQGDV�GR�5LR�*UDQGH�GR�6XO��FDOFXOH�D�iUHD�PpGLD�H�R

YDORU�PpGLR�GH�,75�SDJR�SRU�FDGD�XPDµ�

 ́ /LVWH�RV�GH]�PDLRUHV�FRQVXPLGRUHV�GH�HQHUJLD�HOpWULFD�GH�)RUWDOH]Dµ�



���

��� 23(5$d®(6�(175(��*(2�&$0326�(�*(2�2%-(726

$QDOLVDUHPRV� D� VHJXLU� DV� DV� RSHUDo}HV� TXH� � FRPELQDP� JHR�FDPSRV� H� JHR�

REMHWRV��TXH�DSUHVHQWDP�SDUWLFXODU�LQWHUHVVH�SRLV�UHSUHVHQWDP�R�YtQFXOR�HQWUH�DV�GXDV

YLV}HV�GH�GDGRV�HP�*HRSURFHVVDPHQWR��&RPR�RV�WUDEDOKRV�GD�OLWHUDWXUD�DERUGDP�DV

RSHUDo}HV� JHRJUiILFDV� SULYLOHJLDQGR� XP� GRV� SRQWRV� GH� YLVWD�� D� OLJDomR� HQWUH� JHR�

FDPSRV�H�JHR�REMHWRV�p�WHPD�DLQGD�SRXFR�H[SORUDGR�

����� *(5$d­2�'(�*(2�2%-(726�$�3$57,5�'(�*(2�&$0326

'HILQLPRV� DLQGD� GXDV� JUDQGHV� FODVVHV� GH� RSHUDo}HV�� D� RSHUDomR� GH

LGHQWLILFDomR�H�D�RSHUDomR�GH�LQWHUVHFomR�HVSDFLDO�

'HILQLomR������ ,GHQWLILFDomR�

'DGD�XPD�UHJLmR�JHRJUiILFD�5��VHMD�)�XP�FRQMXQWR�GH�JHR�FDPSRV�WHPiWLFRV

GHILQLGR�VREUH��5��WDO�TXH��R�FRQWUDGRPtQLR�GDV�IXQo}HV�GH�WRGRV�RV�JHR�FDPSRV�HP

)�p�9�

6HMD�DLQGD�XP�FRQMXQWR�GH�JHR�REMHWRV�*2�⊆�$��[�����[�$Q�[��
5��FXMR�GRPtQLR

GR�L�pVLPR�DWULEXWR��'�$L��p��9L H�FXMRV�PHPEURV�SRVVXHP�ORFDOL]DomR�HP�5��DWUDYpV

GH��XP�REMHWR�FDGDVWUDO�RF �>5��*2��JHR@��TXH�PDSHLD�REMHWRV�GH�*2�HP��5� �

� $�RSHUDomR�GH�LGHQWLILFDomR�ϑ��*�→�*2�LQGX]LGD�SRU�RF�p�GHILQLGD�SRU�

∀�I ε�)��ϑRF��I�� �*2�⇔�∀�JR�ε�*2��JR� �>�D�����Y�����DQ��JHR�JR�@���H

JHR��JR�� �^�S�ε�5�_��I�S�� �Y�`�

(P�RXWUDV�SDODYUDV�� D�RSHUDomR�GH� LGHQWLILFDomR� WUDQVIRUPD�XP�JHR�FDPSR

WHPiWLFR�HP�XP�REMHWR�FDGDVWUDO��TXH�PDSHLD�XP�FRQMXQWR�GH�JHR�REMHWRV� WDLV�TXH

XP� GRV� DWULEXWRV� GH� FDGD� JHR�REMHWR� p� R� YDORU� GH� JHR�FDPSR� WHPiWLFR��2� REMHWR

FDGDVWUDO� WHUi� D� PHVPD� UHSUHVHQWDomR� JHRPpWULFD� GR� JHR�FDPSR� WHPiWLFR� TXH� R

RULJLQRX�



���

'HILQLomR������,QWHUVHFomR�(VSDFLDO

'DGD� XPD� UHJLmR� JHRJUiILFD� 5�� VHMDP� )������)Q� FRQMXQWRV� GH� JHR�FDPSRV

GHILQLGRV�VREUH� �5�� WDLV�TXH�R�FRQWUDGRPtQLR�GDV� IXQo}HV�GH� WRGRV�RV�JHR�FDPSRV

HP�)L�p�9L���L �����P�

6HMD�DLQGD�XP�FRQMXQWR�GH�JHR�REMHWRV�*2�⊆�9��[�����[�9P�[�$P���[����$Q [

�5�� FXMRV� GRPtQLRV� GH� DWULEXWRV�'�$L�� VmR�9L��� L �����P�� H� FXMRV�PHPEURV� SRVVXHP

ORFDOL]DomR� HP� 5�� DWUDYpV� GH� XP� REMHWR� FDGDVWUDO� RF�  � >5�� *2�� JHR@�� TXH� PDSHLD

REMHWRV�GH�*2�HP��5� �

� $�RSHUDomR�GH�LQWHUVHFomR�HVSDFLDO�⊗��)��[�����[�)Q�→�*2�LQGX]LGD�SRU��RF��p

GHILQLGD�SRU�

∀�I� ε�)�������IQ��ε�)�Q�

⊗RF�I���I��������IQ�� �*2�⇔�∀�JR�ε�*2��JR� �>�Y������YP��DP������DQ� JHR�JR�@���H

JHR��JR�� �^�S�ε�5�_��I��S�� �Y� ∧�������IQ�S�� �YQ�`�

(VWD� FODVVH�GH�RSHUDo}HV�SURGX]�XP� REMHWR� FDGDVWUDO� �H�XP�FRQMXQWR�GH�JHR�

REMHWRV�DVVRFLDGRV��D�SDUWLU�GD�LQWHUVHFomR�HVSDFLDO�GH�XP�FRQMXQWR�GH�JHR�FDPSRV��(VWD

VLWXDomR�p�WtSLFD�GH�DSOLFDo}HV�GH�]RQHDPHQWR���TXDQGR�VH�ID]�D�LQWHUVHFomR�HQWUH�PDSDV

WHPiWLFRV�SDUD�REWHU�UHJL}HV�KRPRJrQHDV�

4XDQGR� XP� REMHWR� FDGDVWUDO� �H� XP� FRQMXQWR� GH� JHR�REMHWRV� QHOH

UHSUHVHQWDGR�� p� FULDGR� D� SDUWLU� GD� LQWHUVHFomR� GH� JHR�FDPSRV�� FDGD� JHR�REMHWR

UHVXOWDQWH� WHUi�� FRPR� VHXV� DWULEXWRV� GHVFULWLYRV�� RV� YDORUHV� GH� FDGD� JHR�FDPSR� GH

HQWUDGD��FRQVWDQWH�SDUD�FDGD�JHR�REMHWR���9HMD�VH�R�H[HPSOR�

• ´'HWHUPLQH�DV�UHJL}HV�KRPRJrQHDV�GD�$XVWUiOLD��FRPR�FUX]DPHQWR�GRV

PDSDV�GH�YHJHWDomR��JHRPRUIRORJLD�H��VRORV�µ��)LJXUD�������

������������������������������������������������

�(VWH H[HPSOR �H WRGD D WHRULD GH JHUDomR GH PDSDV GH JHR�REMHWRV D SDUWLU GH JHR�FDPSRV� IRUDP LQVSLUDGRV SHOR

WUDEDOKR GDV HTXLSHV GR ,%*(� OLGHUDGDV SHOD SURI� 7HUH]D &DUGRVR� TXH GHVHQYROYHX D PHWRGRORJLD GR

SURJUDPD GH =RQHDPHQWR HFRQ{PLFR�HFROyJLFR�



���

geomorfologia vegeta ção solos

VG3GM1

GM3

GM2

VG2 VG1

TS3

TS2

TS1

idreg nome geom. veg solo

1203000 R-III

GM2

VG3 TS2

1203001 R-IV GM3 VG1 TS1

R-I 
R-II R-III 

R-IV R-V

R-VI

)LJXUD��������([HPSOR�GH�LQWHUVHomR�HVSDFLDO�

1HVWD� RSHUDomR�� SRGH� VHU� FRQYHQLHQWH� SHUPLWLU� DR� XVXiULR� TXH� IRUQHoD� XP

QRPH��´ODEHOµ��TXH�LGHQWLILTXH�D�UHJLmR��2�DWULEXWR�´QRPHµ�GD�WDEHOD�DSUHVHQWDGD�QD

ILJXUD�VHULD�HQWmR�JHUDGR�SHOR�XVXiULR��GH�IRUPD�LQGLYLGXDO�SDUD�FDGD�JHR�REMHWR�

1D� OLWHUDWXUD�� D� LQWHUVHFomR� HVSDFLDO� p� � PXLWDV� YH]HV� FODVVLILFDGD� HUURQHDPHQWH

FRPR� ´XP� WLSR� SDUWLFXODU� GH� MXQomR� HVSDFLDOµ� �FI�� *�WLQJ�� ������� &RPR� YLPRV

DQWHULRUPHQWH��D�RSHUDomR�GH�MXQomR�HVSDFLDO�SDUWH�GH�GRLV�FRQMXQWRV�GH�JHR�REMHWRV�H

SURGX]��FRPR�UHVXOWDGR��SDUHV�GH�JHR�REMHWRV�Mi�H[LVWHQWHV�TXH�VDWLVID]HP�j�UHVWULomR

GHVHMDGD��$�LQWHUVHFomR�HVSDFLDO�FULD�QRYRV�JHR�REMHWRV�D�SDUWLU�GH�JHR�FDPSRV�

'HVWH�PRGR��HPERUD�KDMD�VHPHOKDQoDV�HQWUH�RV�DOJRULWPRV�JUiILFRV�XWLOL]DGRV

SDUD�LPSOHPHQWi�ODV��D�RSHUDomR�GH�LQWHUVHFomR�HVSDFLDO��´RYHUOD\µ���p�FRQFHLWXDOPHQWH

GLIHUHQWH�GRV�FDVRV�GH�RSHUDo}HV�ERROHDQDV�HQWUH�JHR�FDPSRV��H�RSHUDo}HV�GH�MXQomR�HVSDFLDO

HQWUH�JHR�REMHWRV��

������������������������������������������������

�0XLWRV VLVWHPDV FRPHUFLDLV �RULHQWDGRV SDUD DV HVWUXWXUDV JUiILFDV� XWLOL]DP D PHVPD IXQomR �´RYHUOD\µ� SDUD

LPSOHPHQWDU DV WUrV RSHUDo}HV�



���

����� *(5$d­2�'(�*(2�&$0326�$�3$57,5�'(�*(2�2%-(726

$�SDUWLU�GH�DWULEXWRV� �GHVFULWLYRV�RX�HVSDFLDLV��GH�FRQMXQWRV�GH�JHR�REMHWRV�

SRGH�VH�JHUDU�JHR�FDPSRV��2�QRYR�PDSD�UHSUHVHQWD� � � XPD� UHVWULomR� HVSDFLDO� GHILQLGD� D

SDUWLU�GH�XP�JHR�REMHWR��RX�D�YDULDomR�GH�XP�DWULEXWR�GR�FRQMXQWR�GH�JHR�REMHWRV��FRPR�LOXVWUDP

RV�H[HPSORV�

• ´*HUH�XP�PDSD�GDV�GLVWkQFLDV�D�SDUWLU�GD�YLD�'XWUD�QD�UHJLmR�GH�6mR�-RVp

GRV�&DPSRV�µ��RSHUDomR�GH�PDSDV�GH�GLVWkQFLD��

• ´SDUD�HVWH�FRQMXQWR�GH�ORWHV��FDOFXOH�XP�WHPiWLFR�D�SDUWLU�GR�YDORU�YHQDO

GR�WHUUHQR�FRP�DV�FODVVHV��WHPDV�$��DWp�5��������%��GH�5������D��������

&� �GH� 5�� ������ D� 5�� ������� H� '� �PDLV� GH� 5�� �������µ� �RSHUDomR� GH

UHFODVVLILFDomR�SRU�DWULEXWRV��



���

'HILQLomR�������0DSDV�GH�GLVWkQFLD�

6HMD�XPD�UHJLmR�JHRJUiILFD�5��H�)�XP�FRQMXQWR�GH�JHR�FDPSRV�GHILQLGR�VREUH

5� WDO� R� FRQWUDGRPtQLR� GH� VXDV� IXQo}HV� p� �ℜ+�� � 6HMD� DLQGD� XP� FRQMXQWR� GH� JHR�

REMHWRV�*2��H�XP�REMHWR�FDGDVWUDO�RF� �>5��*2��JHR@��TXH�PDSHLD�REMHWRV�GH�*2��HP

5�

$�RSHUDomR�GH�PDSDV� GH� GLVWkQFLD�∆��*2→�*� LQGX]LGD� SRU� � RF� � p� WDO� TXH�

GDGR�R�SUHGLFDGR�HVSDFLDO�PpWULFR�GLVW�FRPSXWiYHO�HP�RF�H�XP�REMHWR�JR�ε�*2�

∆RF�JR�� �I��⇔��∀�S�ε�5���I(S��� �GLVW�S��JHR�JR���

8P�PDSD� GH� GLVWkQFLDV� p�XP�PDSD�GH�JHR�FDPSRV� FRQWHQGR� DV�GLVWkQFLDV�GH

FDGD� SRQWR� GR�PDSD� D� XP� JHR�REMHWR� GH� UHIHUrQFLD� �UHSUHVHQWDGR� SRU� XP� SRQWR�

OLQKD�RX�UHJLmR���7UDWD�VH�GH�RSHUDomR�SXUDPHQWH�JHRPpWULFD��HVSDFLDO���$�ILJXUD�����

LOXVWUD�HVWD�RSHUDomR�

 

NiloEgito 

Classes de distância ao rio Nilo 

)LJXUD��������([HPSOR�GH�PDSD�GH�GLVWkQFLDV�



���

'HILQLomR�������5HFODVVLILFDomR�SRU�DWULEXWRV

6HMD�XPD�UHJLmR�JHRJUiILFD�5��XP�FRQMXQWR�GH�JHR�REMHWRV�*2�⊆�'�$���[����

[�'�$Q��[��
5��H�XP�REMHWR�FDGDVWUDO�RF� �>5��*2��JHR@��TXH�PDSHLD�REMHWRV�GH�*2��HP

5�

6HMD� )� XP� FRQMXQWR� GH� JHR�FDPSRV� GHILQLGR� VREUH� � 5�� WDO� TXH� � R

FRQWUDGRPtQLR�GDV� IXQo}HV�GH� WRGRV�RV� JHR�FDPSRV� HP�)�p�'�$L��� RQGH�$L� p�R� L�

pVLPR�DWULEXWR�GH�*2�

$�RSHUDomR�GH�UHFODVVLILFDomR�SRU�DWULEXWRV��Ω��*2�→�)�LQGX]LGD�SRU�RF�p�WDO

TXH�

ΩRF�*2�� �I���⇔���∀�JR�ε�*2���I� (JHR�JR��� �JR�$L�

$OJXQV�DXWRUHV�FKDPDP�D�HVWD�RSHUDomR�GH�IXVmR��*�WLQJ���������$�SDUWLU�GRV

YDORUHV�GH�XP�DWULEXWR�HVSHFtILFR�GRV�JHR�REMHWRV�GH�XP�PDSD��REWpP�VH�XP�JHR�

FDPSR� FRP� D� GLVWULEXLomR� HVSDFLDO� GHVWH� DWULEXWR�� 3RGH� KDYHU� QHFHVVLGDGH� GH

UHFDOFXODU� D� WRSRORJLD� GR�PDSD� UHVXOWDQWH� SRLV� DOJXPDV� UHJL}HV� VHUmR� FRPELQDGDV�

9HMD�VH�R�H[HPSOR�LOXVWUDGR�QD�ILJXUD������

´3DUD�WRGRV�RV�SDtVHV�GD�$PpULFD�GR�6XO��JHUH�XP�JHR�FDPSR�WHPiWLFR�FRP�R

FUHVFLPHQWR�GHPRJUiILFR�GH�FDGD�SDtV��GLYLGLGR�HP�FODVVHV��^��GH���D����DR

DQR����GH���D����D�D�����PDLV�GH����D�D��`�µ

 

Crescimento demográfico

de 0 a 2% a.a

de 2 a 3% a.a 

mais de 3% a.a 

�������������)LJXUD��������([HPSOR�GH�UHFODVVLILFDomR�SRU�DWULEXWR�



���

����� 23(5$d®(6�0,67$6

8P�FRQMXQWR�LPSRUWDQWH�GH�RSHUDo}HV�LQYROYH�RSHUDo}HV�VREUH�JHR�FDPSRV

DRQGH�DV�UHVWULo}HV�VmR�GDGDV�SRU�JHR�REMHWRV��H�YLFH�YHUVD���1R�SULPHLUR�FDVR��SRGH�

VH�SHQVDU�QXPD�YDULDQWH�GDV�RSHUDo}HV�]RQDLV�H�QR�VHJXQGR��QXP�RXWUR�WLSR�GH�MXQomR

HVSDFLDO��'DPRV�D� VHJXLU�GRLV�H[HPSORV�H�D� VHJXLU� D�GHILQLomR� IRUPDO� � GR�SULPHLUR

FDVR��R�VHJXQGD�GHILQLomR�p�DQiORJD�jV�DQWHLULRUHV��

�� 2SHUDo}HV� ]RQDLV� VREUH� JHR�FDPSRV� RQGH� JH�REMHWRV� VmR� UHVWULo}HV�� ´'DGRV� D

DOWLPHWULD� H� R� PDSD� GH� PXQLFtSLRV� GR� 9DOH� GR� 3DUDtED�� FULH� XP� QRYR

PDSD�DRQGH�FDGD�PXQtFLSLR�VHUi�UHSUHVHQWDGR�SRU�VXD�DOWLWXGH�PpGLDµ�

�� 2SHUDo}HV� GH� VHOHomR� HVSDFLDO� DRQGH� JHR�FDPSR� p� UHVWULomR�� ´'DGR� XP�PDSD� GH

VRORV�H�XP�PDSD�GH� ULRV�GR�3DUDQi�� LQGLTXH� WRGRV�RV� ULRV�TXH� FUX]DP

iUHDV�FRP�VRORV�SRG]yOLFRVµ�

,QLFLDOPHQWH�� GHILQLPRV� R� TXH� HQWHQGHPRV� SRU� YL]LQKDQoD� ]RQDO� REWLGD� D

SDUWLU�GH�XP�REMHWR�FDGDVWUDO�

'HILQLomR������9L]LQKDQoD�=RQDO�REWLGD�D�SDUWLU�GH��XP�REMHWR�FDGDVWUDO�

6HMD�5�XPD�UHJLmR�JHRJUiILFD��XP�FRQMXQWR�GH�JHR�REMHWRV�*2�⊆�'�$���[����

[�'�$Q��[��
5��H�XP�REMHWR�FDGDVWUDO�RF� �>5��*2��JHR@��TXH�PDSHLD�REMHWRV�GH�*2�HP

5�

$�YL]LQKDQoD�]RQDO�GH�RF�p�XP�PDSHDPHQWR�ΖRF����5�→��5��WDO�TXH�

∀�S�ε�5� =RF��S�� �&S�⇔��S�∈�&S� � �∃�JR�ε�*2�_�&S� �JHR�JR����&S p�FRQHFWDGR�H

&S p�R�PDLRU�VXEFRQMXQWR�GH�5�FRP�WDLV�SURSULHGDGHV�

(P� RXWUDV� SDODYUDV�� XPD� UHJLmR� ]RQDO� LQGX]LGD� SRU� XP� JHR�REMHWR� p� R

FRQMXQWR�GH�SRQWRV� �GH�XP� WHPiWLFR� p�R� FRQMXQWR�GH� SRQWRV� D� HOH� FRQHFWDGR�TXH

SRVVXL�R�PHVPR�YDORU�

$� QRomR� GH� YL]LQKDQoD� ]RQDO� REWLGD� D� SDUWLU� GH� XP� REMHWR� FDGDVWUDO� QRV

SHUPLWLUi�JHUDU�D�GHILQLomR�VHJXLQWH�



���

'HILQLomR�������2SHUDo}HV�]RQDLV�VREUH�JHR�FDPSRV�RQGH�D�UHVWULomR�p�XP�JHR�REMHWR�

6HMD�XPD�UHJLmR�JHRJUiILFD�5��H�)�XP�FRQMXQWR�GH�JHR�FDPSRV�GHILQLGR�VREUH

5��WDO�TXH�R�FRQWUDGRPtQLR�GDV�IXQo}HV�GH�WRGRV�RV�JHR�FDPSRV�HP�)�p�9�

6HMD�XP�FRQMXQWR�GH�JHR�REMHWRV�*2�⊆�'�$���[�����[�'�$Q��[��
5��H�XP�REMHWR

FDGDVWUDO�RF� �>5��*2��JHR@��TXH�PDSHLD�REMHWRV�GH�*2�HP��5�

6HMD�υ���9→�9��$�RSHUDomR�]RQDO��ΓR���) [�*2→�)�LQGX]LGD�SRU��RF�H��υ�p�WDO

TXH��

∀�I��∈�) ���ΓR��I���*2��� �I��⇔��I� �S�� �υ�^=RF��S�`�



���

��� �5(6802�'$6�23(5$d®(6�62%5(�*(2�&$0326�(�*(2�2%-(726

$SUHVHQWDPRV�D�VHJXLU�XP�UHVXPR�GDV�RSHUDo}HV�SURSRVWDV��DSOLFiYHLV�D�JHR�

FDPSRV�H�JHR�REMHWRV��QD�7DEHOD������(VWmR� LQGLFDGRV��SDUD�FDGD�RSHUDomR��D�FODVVH

GRV� REMHWRV� GH� HQWUDGD� H� GH� ViLGD�� H� GRV� REMHWRV� PRGLILFDGRUHV� �TXDQGR� FDEtYHO��

,QGLFDPRV�DLQGD�DV�UHVWULo}HV�GH�FDGD�RSHUDomR�

7$%(/$����

5(6802�'$6�23(5$d¯(6

2SHUDomR 2EMHWR

(QWUDGD

2EMHWR

0RGLILFDGRU

2EMHWR�6DtGD 5HVWULomR

3RQGHUDomR 7(0É7,&2 180e5,&2 �IXQomR�XQiULD�

)DWLDPHQWR 180e5,&2 7(0É7,&2 �IXQomR�XQiULD�

5HFODVVLILFDomR 7(0É7,&2 7(0É7,&2 �IXQomR�XQiULD�

%RROHDQD 180e5,&2�

7(0É7,&2

7(0É7,&2 �UHJUDV�

0DWHPiWLFD 180e5,&2 180e5,&2 �IyUPXOD�

9L]LQKDQoD 180e5,&2�

7(0É7,&2

180e5,&2�

7(0É7,&2

�IXQomR� ORFDO� H

IRUPD� GD

YL]LQKDQoD�

=RQDLV 180e5,&2 7(0É7,&2 180e5,&2



���

7$%(/$����

5(6802�'$6�23(5$d¯(6��FRQW��

2SHUDomR 2EMHWR

(QWUDGD

2EMHWR

0RGLILFDGRU

2EMHWR�6DtGD 5HVWULomR

6HOHomR

(VSDFLDO

*(2�2%-(72

�FRQMXQWR�

&$'$675$/ *(2�2%-(72

�FRQMXQWR�

�SUHGLFDGR

HVSDFLDO�

-XQomR

(VSDFLDO

*(2�2%-(72

�FRQMXQWRV�

&$'$675$/ *(2�2%-(72

H� 9$/25(6

�FRQMXQWR�

�SUHGLFDGR

HVSDFLDO�

,GHQWLILFDomR 7(0É7,&2 *(2�2%-(72

�FRQMXQWR�

&$'$675$/

,QWHUVHFomR

(VSDFLDO

7(0É7,&2 �Q� *(2�2%-(72

�FRQMXQWR�

&$'$675$/

0DSD

'LVWkQFLDV

*(2�2%-(72 &$'$675$/ 7(0É7,&2 �SUHGLFDGR

PpWULFR�

5HFODVVLILFDomR

$WULEXWRV

*(2�2%-(72

�FRQMXQWR�

&$'$675$/ 7(0É7,&2 �DWULEXWR�

=RQDO� VREUH

JHR�REMHWRV

7(0É7,&2�

180e5,&2

*(2�2%-(72�

&$'$675$/

7(0É7,&2�

180e5,&2

6HOHomR

HVSDFLDO

�UHVWU � JHR�

FDPSR�

*(2�2%-(72

�FRQMXQWR�

&$'$675$/�

7(0É7,&2�

180e5,&2

*(2�2%-(72

�FRQMXQWR�

�SUHGLFDGR

HVSDFLDO�


