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5HVXPHQ

(O� SULPLQJ HV� XQ� SUHWUDWDPLHQWR� GH� VHPLOODV� XWLOL]DGR� SDUD� PHMRUDU� OD
JHUPLQDFLyQ� HQ� DPELHQWHV� VHPLiULGRV� GRQGH� VRQ� IUHFXHQWHV� ODV
FRQGLFLRQHV� GHVIDYRUDEOHV� GXUDQWH� OD� LPSODQWDFLyQ� GH� ORV� FXOWLYRV�� (VWH
WUDEDMR�IXH�UHDOL]DGR�FRQ�HO�REMHWR�GH�HVWXGLDU� ODV� UHODFLRQHV�KtGULFDV�GH
ODV�VHPLOODV�GH�DOJRGyQ��*RVV\SLXP�KLUVXWXP /���� ODV�PRGLILFDFLRQHV�HQ
ODV�PLVPDV�LPSXHVWDV�SRU�HO�SULPLQJ \�HO�HIHFWR�GH�HVWH�WUDWDPLHQWR�VREUH
OD� JHUPLQDFLyQ� HQ� FRQGLFLRQHV� GH� GpILFLW� KtGULFR�� VDOLQLGDG� \� EDMDV
WHPSHUDWXUDV��3DUD�FXDQWLILFDU�ODV�UHODFLRQHV�KtGULFDV�VH�XWLOL]y�HO�PRGHOR
GH� WLHPSR�KtGULFR�� LQFXEiQGRVH� ODV� VHPLOODV�GH� DOJRGyQ�HQ�XQ� UDQJR�GH
SRWHQFLDOHV�GH���D����03D��JHQHUDGRV�SRU�SROLHWLOHQJOLFRO��3(*���$�SDUWLU
GH�ODV�FXUYDV�GH�LPELELFLyQ�HQ�DJXD�\�3(*�VH�GHILQLHURQ�ODV�GXUDFLRQHV
GH�ORV�WUDWDPLHQWRV�HQ�ORV�TXH�ODV�VHPLOODV�DOFDQ]DURQ�LJXDO�FRQWHQLGR�GH
DJXD��/D�HIHFWLYLGDG�GH�ORV�PLVPRV�IXH�HYDOXDGD�VREUH�OD�JHUPLQDFLyQ�HQ
DJXD�\�HQ�3(*������03D��6H�XWLOL]y�HO� WUDWDPLHQWR�GH�KLGURSULPLQJ ���
KRUDV�� SDUD� HYDOXDU� ODV�PRGLILFDFLRQHV� HQ� ORV� SDUiPHWURV� GHULYDGRV� GHO
PRGHOR� GH� WLHPSR� KtGULFR� \� VX� HIHFWR� VREUH� OD� JHUPLQDFLyQ� HQ
FRQGLFLRQHV�GH�HVWUpV�KtGULFR�������03D���VDOLQR��1D&O�����PHT�O��\�EDMDV
WHPSHUDWXUDV� ����&��� /DV� UHODFLRQHV� KtGULFDV� HVWLPDGDV� SRU� HO� PRGHOR
SDUD� VHPLOODV� VLQ� SULPLQJ IXHURQ�� WLHPSR� KtGULFR� �T+��  � ������03D� G�
SRWHQFLDO� EDVH�PHGLR� �<E������  � �������03D� \� GHVYLDFLyQ� GHO� SRWHQFLDO
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EDVH��V<E�� ��������(O�RVPRSULPLQJ�HQ�3(*�LQKLELy�OD�JHUPLQDFLyQ�WDQWR
HQ� DJXD� FRPR� HQ� HVWUpV� KtGULFR�� DXPHQWDQGR� HVWH� HIHFWR� LQKLELWRULR� DO
DXPHQWDU�OD�FRQFHQWUDFLyQ�GHO�RVPyWLFR�\�OD�GXUDFLyQ�GHO�WUDWDPLHQWR��(O
KLGURSULPLQJ GH� ��� KRUDV�� HOHJLGR� FRPR� HO� WUDWDPLHQWR� PiV� DGHFXDGR�
DXPHQWy�VLJQLILFDWLYDPHQWH� OD�YHORFLGDG�GH�JHUPLQDFLyQ�HQ�FRQGLFLRQHV
HVWiQGDU� �DJXD� D� ���&��� D� EDMDV� WHPSHUDWXUDV� \� HQ� FRQGLFLRQHV� GH
VDOLQLGDG�� DXQTXH� QR�PRVWUy� YHQWDMDV� HQ� FRQGLFLRQHV� GH� HVWUpV� KtGULFR�
%DMR�HVWDV�FRQGLFLRQHV��HO�HIHFWR�GHO�KLGURSULPLQJ IXH�H[SOLFDGR�SRU� ODV
PRGLILFDFLRQHV�HQ�ODV�UHODFLRQHV�KtGULFDV�GHULYDGDV�GHO�PRGHOR��RFXUULGDV
GXUDQWH�HO�WUDWDPLHQWR��GLVPLQXFLyQ�GHO�T+ D�������03D�G�\�DXPHQWR�GHO
<E���� D� ������ 03D�� (O� KLGURSULPLQJ PRVWUy� XQ� FRPSRUWDPLHQWR
SURPLVRULR�SDUD�FRQIHULUOH�YHQWDMDV�D�OD�JHUPLQDFLyQ�GH�DOJRGyQ�IUHQWH�D
GLVWLQWDV�FRQGLFLRQHV�GH�HVWUpV�

3DODEUDV�FODYHV��*RVV\SLXP�KLUVXWXP��RVPRSULPLQJ��KLGURSULPLQJ��PRGHOR�GHWLHPSR�KtGULFR��HVWUpV�
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$%675$&7
3ULPLQJ�LV�D�VHHG�SUHWUHDWPHQW�XVHG�WR� LPSURYH�JHUPLQDWLRQ�LQ�VHPLDULG
HQYLURQPHQWV��ZKHUH�XQIDYRUDEOH�FRQGLWLRQV�DUH�FRPPRQ�GXULQJ�VHHGOLQJ
HVWDEOLVKPHQW��7KH�DLP�RI� WKLV�ZRUN�ZDV� WR� VWXG\� WKH�ZDWHU� UHODWLRQV� LQ
FRWWRQ� VHHGV� �*RVV\SLXP� KLUVXWXP /���� WKH� PRGLILFDWLRQ� FDXVHG� E\
SULPLQJ� DQG� WKH� HIIHFW� RI� WKLV� WUHDWPHQW� RQ� JHUPLQDWLRQ� LQ�ZDWHU� VWUHVV�
VDOLQLW\�DQG�ORZ�WHPSHUDWXUH��+\GURWLPH�PRGHO�ZDV�XVHG�WR�TXDQWLI\�WKH
ZDWHU� UHODWLRQV� RI� FRWWRQ� VHHGV�� 7KH� VHHGV� ZHUH� LQFXEDWHG� LQ� D� ZDWHU
SRWHQWLDO� UDQJH� IURP� �� WR� ��� 03D� JHQHUDWHG� E\� SRO\HWK\OHQH� JO\FRO
�3(*��� 8VLQJ� WKH� ZDWHU� DQG� 3(*� LPELELWLRQ� FXUYHV�� WKH� OHQJWK� RI
WUHDWPHQWV� LQ�ZKLFK� VHHGV� UHDFKHG� WKH� VDPH�ZDWHU� FRQWHQW�ZDV�GHILQHG�
7KH� HIIHFWLYHQHVV� RI� WUHDWPHQWV�ZDV� HYDOXDWHG� RQ� JHUPLQDWLRQ� LQ� ZDWHU
DQG�3(*� �����03D��+\GURSULPLQJ� ���� KRXUV��ZDV� XVHG� WR� HYDOXDWH� WKH
PRGLILFDWLRQV� LQ� SDUDPHWHUV� GHULYHG� IURP� WKH� K\GURWLPH�PRGHO� DQG� LWV
HIIHFW� RQ� JHUPLQDWLRQ� LQ� ZDWHU� VWUHVV� FRQGLWLRQV� ������03D��� VDOW� VWUHVV
����� PHT�O� 1D&O�� DQG� ORZ� WHPSHUDWXUHV� ����&��� 7KH� ZDWHU� UHODWLRQV
HVWLPDWHG� E\� WKH� PRGHO� XVLQJ� VHHGV� ZLWKRXW� SULPLQJ� ZHUH�� K\GURWLPH
�T+�� � ������03D�G��PHDQ� EDVH� SRWHQWLDO� �<E��  � �������03D� DQG� EDVH
SRWHQWLDO�GHYLDWLRQ��V<E�� ��������7KH�RVPRSULPLQJ�LQ�3(*�LQKLELWHG�WKH
JHUPLQDWLRQ�LQ�ZDWHU�DV�PXFK�DV�LQ�ZDWHU�VWUHVV��LQFUHDVLQJ�WKH�LQKLELWRU\
HIIHFW�DV�RVPRWLF�FRQFHQWUDWLRQ�DQG�GXUDWLRQ�RI�WUHDWPHQW�LQFUHDVHG��7KH
K\GURSULPLQJ� RI� ��� KRXUV�� FKRVHQ� DV� WKH� EHVW� WUHDWPHQW�� VLJQLILFDQWO\



YL

LQFUHDVHG� WKH� VSHHG� RI� JHUPLQDWLRQ� LQ� VWDQGDUG� FRQGLWLRQV�� DW� ORZ
WHPSHUDWXUH� DQG� LQ� VDOW� VWUHVV� FRQGLWLRQV�� HYHQ� WKRXJK� QR� LPSURYHPHQW
ZDV� REVHUYHG� LQ� ZDWHU� VWUHVV� FRQGLWLRQV�� 8QGHU� WKHVH� FRQGLWLRQV�� WKH
K\GURSULPLQJ� HIIHFW�ZDV� H[SODLQHG� E\� D� GHFUHDVH� RI�T+ �������03D� G�
DQG� DQ� LQFUHDVH� RI� <E���� ������� 03D��� +\GURSULPLQJ� VHHPV� WR� EH� D
SURPLVLQJ� WUHDWPHQW� WR� LPSURYH�FRWWRQ�VHHG�JHUPLQDWLRQ�XQGHU�GLIIHUHQW
VWUHVV�FRQGLWLRQV�

.H\� ZRUGV�� *RVV\SLXP� KLUVXWXP�� RVPRSULPLQJ�� K\GURSULPLQJ�� K\GURWLPHPRGHO��VWUHVV�


