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V FRQ � SURFHVDGRUHV� � � � � � � � � � � � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �230�� \ ��� �230�� HQ XQ ,%0 63� FRQ VZLWFK� � � � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �230�� \ ��� �230�� HQ XQ ,%0 63� FRQ HWKHUQHW� � � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �230�� \ ��� �230�� HQ XQ FOXVWHU GH 3&
V� � � � � � � � � ���

��� &uDOFXOR HQ SDUDOHOR GH ORV HOHPHQWRV GH ' SDUD XQD PDWUL] FRQ Q  �� � � � ���

��� &uDOFXOR HQ SDUDOHOR GH OD VROXFLuRQ GHO VLVWHPD ����� SDUD XQD PDWUL] FRQ

Q  �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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��� 2EWHQFLuRQ GH OD VROXFLuRQ JHQHUDO D SDUWLU GH ODV VROXFLRQHV SDUFLDOHV SDUD

S  �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� (VTXHPD GH FRPXQLFDFLuRQ SDUD � SURFHVDGRUHV GHO PuHWRGR GHVFULWR HQ HO

DOJRULWPR ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:� HQ XQ ,%0 63�

FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:� HQ XQ ,%0 63�

FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:� HQ XQ FOXVWHU

GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

HQ XQ FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �7:�� ��� �7:�� \ ��� �7:�� HQ XQ ,%0 63� FRQ VZLWFK� � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �7:�� ��� �7:�� \ ��� �7:�� HQ XQ ,%0 63� FRQ HWKHUQHW� ���
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���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �7:�� ��� �7:�� \ ��� �7:�� HQ XQ FOXVWHU GH 3&
V� � � � ���

��� 0DWUL] GH FRHnFLHQWHV SDUD HO FDVR Q  ��� � � � � � � � � � � � � � � � � � � ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ GH ORV

HOHPHQWRV VLWXDGRV SRU GHEDMR GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ��� ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ ORV

HOHPHQWRV VLWXDGRV SRU HQFLPD GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ��� ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOHPHQWRV

E�� E� \ E��� SDUD HO FDVR Q  ��� � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOHPHQWRV

I�L�M� FRQ L  �� �� � \ M  �� �� �� �� SDUD HO FDVR Q  ��� � � � � � � � � � � � ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOHPHQWRV

J�L�M� FRQ L  �� �� �� � \ M  �� �� �� SDUD HO FDVR Q  ��� � � � � � � � � � � � ���

��� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH HOLPLQDU ORV QXHYRV

HOHPHQWRV QR QXORV� SDUD HO FDVR Q  ��� � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ����:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � ���
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���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV� � � � � � � � � � � � � � � � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ VZLWFK� � � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ HWKHUQHW� � � ���

���� 'LIHUHQFLDV SRUFHQWXDOHV HQWUH ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV

DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� HQ XQ FOXVWHU GH 3&
V� � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:�� ���

�:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHF�

WDGRV PHGLDQWH VZLWFK� SDUD ����� � Q � ������� � � � � � � � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��� ���

�7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV

LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� SDUD ����� � Q � ������� � � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��� ���

�7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV

LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� SDUD ����� � Q � ������� � � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:�� ���

�:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHF�

WDGRV PHGLDQWH HWKHUQHW� SDUD ����� � Q � ������� � � � � � � � � � � � � � ���
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��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��� ���

�7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV

LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� SDUD ����� � Q � ������� � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��� ���

�7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV

LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� SDUD ����� � Q � ������� � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:�� ���

�:$1*�� \ ��� �:$1*�� HQ XQ FOXVWHU GH 3&
V� SDUD � SURFHVDGRUHV \

���� � Q � ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ FOXVWHU GH 3&
V� SDUD �

SURFHVDGRUHV \ ���� � Q � ������ � � � � � � � � � � � � � � � � � � � � � � � ���

��� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ FOXVWHU GH 3&
V� SDUD �

SURFHVDGRUHV \ ���� � Q � ������ � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��

��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD � SURFHVDGRUHV \

����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD � SUR�

FHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD � SUR�

FHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD ��

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���
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���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD ��

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD ��

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD ���

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�'� SDUD ���

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:��

��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�(� SDUD � SURFHVDGRUHV \

����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�(� SDUD � SUR�

FHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�(� SDUD � SUR�

FHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�(� SDUD ��

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���

���� &RPSDUDFLuRQ HQWUH ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:���

��� �7:��� ��� �:$1*�� \ ��� �:$1*�� HQ XQ &5$< 7�(� SDUD ��

SURFHVDGRUHV \ ����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � ���
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��� 9DORUHV GH SDUuDPHWURV %63� � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0HJDoRSV REWHQLGRV SDUD XQ ,%0 63� \ XQ FOXVWHU GH 3&
V� � � � � � � � � ��

��� &RVWH GH FRPXQLFDFLuRQ HQ oRSV GH XQD SDODEUD GH �� ELWV SDUD � SURFHVD�

GRUHV HQ XQ ,%0 63� XWLOL]DQGR VZLWFK \ GLVWLQWRV SDWURQHV GH FRPXQLFDFLuRQ� ��

��� 9DORUHV GH J� \ Q �

�

SDUD ORV SDWURQHV ORFDO� WULG \ DOO�WR�DOO HQ XQ ,%0 63�

FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� � � � � � � � � � � � � � ��
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�230��� PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PH�
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GLDQWH VZLWFK� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � ��
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��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �230�� \ ���
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�230��� PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PH�

GLDQWH HWKHUQHW� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � ��

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �230�� \ ���

�230��� PHGLGRV HQ XQ FOXVWHU GH 3&
V� SDUD � SURFHVDGRUHV \ ��� � Q �
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V� SDUD � SURFHVDGRUHV \ ��� � Q �
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V� SDUD � SURFHVDGRUHV \ ��� � Q �

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

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �230�� \ ��� �230�� HQ XQ ,%0 63� VZLWFK� � � � � � � � � � � � � � � ���

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �230�� \ ��� �230�� HQ XQ ,%0 63� HWKHUQHW� � � � � � � � � � � � � ���

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �230�� \ ��� �230�� HQ XQ FOXVWHU GH 3&
V� � � � � � � � � � � � � � � ���
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���� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �230�� \ ��� �230��

HQ XQ ,%0 63� \ XQ FOXVWHU GH 3&
V� � � � � � � � � � � � � � � � � � � � � � ���

���� 9DORUHV GH SDUuDPHWURV %63� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �230�� \ ��� �230��

HQ XQ &5$< 7�' \ XQ &5$< 7�(� � � � � � � � � � � � � � � � � � � � � � ���

��� 9DORUHV GH SDUuDPHWURV %63� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:�� PHGLGRV

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� SDUD

��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:�� PHGLGRV

HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HWKHUQHW� SDUD

��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:���

PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HW�

KHUQHW� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:���

PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH HW�

KHUQHW� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GHO DOJRULWPR ��� �7:� PHGLGRV HQ XQ

FOXVWHU GH 3&
V� SDUD � SURFHVDGRUHV \ ��� � Q � ������ � � � � � � � � � � ���
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��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

PHGLGRV HQ XQ FOXVWHU GH 3&
V� SDUD � SURFHVDGRUHV \ ��� � Q � ������ � � ���

���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��

PHGLGRV HQ XQ FOXVWHU GH 3&
V� SDUD � SURFHVDGRUHV \ ��� � Q � ������ � � ���

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �7:�� \ ��� �7:�� HQ XQ ,%0 63� VZLWFK� � � � � � � � � � � � � � � � ���

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �7:�� \ ��� �7:�� HQ XQ ,%0 63� HWKHUQHW� � � � � � � � � � � � � � � ���

���� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULWPRV

��� �7:�� \ ��� �7:�� HQ XQ FOXVWHU GH 3&
V� � � � � � � � � � � � � � � � � ���

���� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �7:�� ��� �7:�� \

��� �7:�� HQ XQ ,%0 63� \ XQ FOXVWHU GH 3&
V� � � � � � � � � � � � � � � ���

���� 9DORUHV GH SDUuDPHWURV %63� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �7:�� ��� �7:�� \

��� �7:�� HQ XQ &5$< 7�' \ XQ &5$< 7�(� � � � � � � � � � � � � � � � ���

��� 9DORUHV GH SDUuDPHWURV %63� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ���

�:$1*��� PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV

PHGLDQWH VZLWFK� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � ���

��� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*���

PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLW�

FK� SDUD ��� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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���� 7LHPSRV WHuRULFRV GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� PHGLGRV

HQ XQ &5$< 7�'� SDUD ��� SURFHVDGRUHV \ ��� � Q � ������� � � � � � � � ���

���� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ XQ ,%0 63� \ XQ FOXVWHU GH 3&
V� � � � � � � � � � � � � � � � � � � � � � ���
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��� 1uXPHUR uRSWLPR GH SURFHVDGRUHV HQ XQ &5$< 7�'� SDUD

����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 1uXPHUR uRSWLPR GH SURFHVDGRUHV HQ XQ &5$< 7�(� SDUD

����� � Q � ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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/D UHVROXFLuRQ GH VLVWHPDV GH HFXDFLRQHV OLQHDOHV WULGLDJRQDOHV HQ SDUDOHOR HV XQ SUREOH�

PD H[WHQVDPHQWH DQDOL]DGR \ HVWXGLDGR GXUDQWH ODV GRV uXOWLPDV GuHFDGDV� /D UD]uRQ SDUD

HVWH LQWHUuHV HV GREOH� SRU XQ ODGR HVWuD HO SXQWR GH YLVWD DFDGuHPLFR� HO SUREOHPD SUHVHQWD

XQD GREOH YHUWLHQWH GH GHVDIurR SRU HO SRFR SDUDOHOLVPR LQKHUHQWH TXH PXHVWUD DO WLHPSR

TXH GH VHQFLOOH] \ VLPSOLFLGDG HQ VX WUDWDPLHQWR� SRU HO RWUR ODGR HVWuD HO SXQWR GH YLVWD

GH OD LQJHQLHUurD SXHV VRQ PXFKDV ODV DSOLFDFLRQHV GH GLYHUVRV FDPSRV HQ ODV TXH VH KDFH

QHFHVDULD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV� WDO HV HO FDVR GHO PuHWRGR LWHUDWLYR SDUD

OD UHVROXFLuRQ GH HFXDFLRQHV GLIHUHQFLDOHV SDUFLDOHV $', �$OWHUQDWLQJ 'LUHFWLRQ ,PSOLFLW�� HO

DMXVWH GH FXUYDV PHGLDQWH VSOLQHV FuXELFRV� HO WUDWDPLHQWR HVWDGurVWLFR GH ORV IRWRQHV HQ ORV

UD\RV OuDVHU R OD PRGHOL]DFLuRQ GHO FRPSRUWDPLHQWR HOuHFWULFR GH ODV QHXURQDV� /D PD\RUurD GH

ORV DOJRULWPRV �\ DSOLFDFLRQHV SDUD DUTXLWHFWXUDV FRQFUHWDV� SURSXHVWRV SDUD UHVROYHU HVWH

WLSR GH VLVWHPDV HQ SDUDOHOR HVWuDQ EDVDGRV HQ ORV WUDEDMRV GHVDUUROODGRV HQ ODV GuHFDGDV GH

ORV VHVHQWD \ VHWHQWD�

+RFNQH\ \ *ROXE >��@ SURSRQurDQ HQ ���� HO SULPHU PuHWRGR HVSHFurnFR SDUD UHVROYHU

VLVWHPDV WULGLDJRQDOHV� UHGXFFLuRQ FurFOLFD �&\FOLF 5HGXFWLRQ�� $XQTXH RULJLQDOPHQWH HO

PuHWRGR QR HUD SDUDOHOR� IXH SUHFXUVRU GH XQD DPSOLD IDPLOLD GH DOJRULWPRV SDUDOHORV EDVD�

GRV HQ HO PLVPR� (O SULPHU DOJRULWPR SDUDOHOR SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV�

SURSXHVWR SRU 6WRQH >��@ HQ ����� HV HO PuHWRGR 5HFXUVLYH 'RXEOLQJ TXH XWLOL]D WUDQVIRU�

PDFLRQHV � EDVDGDV HQ ODV SURSLHGDGHV DVRFLDWLYD \ FRQPXWDWLYD GH OD VXPD \ HO SURGXFWR�

GLVWLQWDV D ODV XVDGDV SRU HO PuHWRGR GH OD UHGXFFLuRQ FurFOLFD \ HV HO HPEULuRQ GH RWUD IDPLOLD

GH DOJRULWPRV SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV HQ SDUDOHOR�

2WUD IDPLOLD GH DOJRULWPRV� FRQRFLGD FRPR GLYLGH \ YHQFHUuDV �'LYLGH DQG &RQTXHU��

WLHQH VX RULJHQ HQ ORV GRV DOJRULWPRV SDUDOHORV SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV

SURSXHVWRV SRU 6DPHK \ .XFN >��@ HQ ����� OD LGHD HQ OD TXH VH IXQGDPHQWD HVWD IDPLOLD

[L[
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GH DOJRULWPRV FRQVLVWH HQ OD GLYLVLuRQ GH XQ SUREOHPD HQ GLYHUVRV VXESUREOHPDV PuDV SH�

TXHaQRV� OD VROXFLuRQ GHO SUREOHPD RULJLQDO VH REWLHQH FRPELQDQGR ODV VROXFLRQHV GH HVWRV

VXESUREOHPDV� 3RVWHULRUPHQWH� HQ ����� :DQJ >���@ SURSRQH XQ QXHYR PuHWRGR �GLYLGH \

YHQFHUuDV� SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV TXH SDUWLFLRQD HO VLVWHPD HQ EORTXHV

FRQVHFXWLYRV GH HFXDFLRQHV \ XWLOL]D OD HOLPLQDFLuRQ JDXVVLDQD SDUD OD GLDJRQDOL]DFLuRQ GH

uHVWRV� (QWUH RWURV PuHWRGRV QR SHUWHQHFLHQWHV D QLQJXQD GH ODV WUHV IDPLOLDV PHQFLRQD�

GDV DQWHULRUPHQWH� FDEH PHQFLRQDU HO PuHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV �2YHUODSSHG

3DUWLWLRQV 0HWKRG� SURSXHVWR HQ ���� SRU /DUULED� -RUED \ 1DYDUUR >��@�

([LVWHQ GLYHUVRV PRGHORV TXH D OR ODUJR GH ORV DaQRV VH KDQ LGR SURSRQLHQGR SDUD KDFHU

IDFWLEOH XQD FRPSXWDFLuRQ SDUDOHOD GH SURSuRVLWR JHQHUDO� +DVWD OD IHFKD QR H[LVWH XQ PR�

GHOR uXQLFR TXH IXQGDPHQWH HO GHVDUUROOR GH OD FRPSXWDFLuRQ SDUDOHOD DO LJXDO TXH HO PRGHOR

YRQ 1HXPDQQ OR KD KHFKR HQ OD FRPSXWDFLuRQ VHFXHQFLDO� (O PRGHOR %63 �%XON 6\QFKUR�

QRXV 3DUDOOHO� SURSXHVWR SRU 9DOLDQW >���@ HQ ����� HV XQR GH ORV TXH PuDV VHULDPHQWH VH

KD FRQVLGHUDGR HQ ORV uXOWLPRV DaQRV FRPR IXQGDPHQWR GH XQD FRPSXWDFLuRQ SDUDOHOD GH

SURSuRVLWR JHQHUDO� VH FDUDFWHUL]D SRU GLVSRQHU GH XQ PRGHOR GH FRVWH TXH SHUPLWH REWHQHU

XQD SUHGLFFLuRQ VREUH HO WLHPSR GH HMHFXFLuRQ GH XQ DOJRULWPR FRQFUHWR HQ XQ HQWRUQR GH

FRPSXWDFLuRQ FRQFUHWR� 8QR GH ORV REMHWLYRV GH HVWH WUDEDMR KD VLGR HO DQuDOLVLV GHO PRGHOR

GH FRVWH SDUD OR FXDO VH KD PHGLGR� HQ GLVWLQWDV PuDTXLQDV SDUDOHODV �,%0 63� \ FOXVWHU

GH 3&
V�� OD GHVYLDFLuRQ GHO WLHPSR GH HMHFXFLuRQ UHDO VREUH HO WLHPSR GH HMHFXFLuRQ SUHYLVWR

HQ GLYHUVRV DOJRULWPRV %63 SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV� 2WUR REMHWLYR KD

VLGR SURSRQHU XQ DOJRULWPR %63 SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV HVWULFWDPHQWH

GLDJRQDO GRPLQDQWHV FRQ EXHQRV UHVXOWDGRV GH WLHPSR� REMHWLYR TXH VH KD YLVWR FXPSOLGR

FRQ OD IRUPDOL]DFLuRQ GH XQ QXHYR PuHWRGR�

/D SUHVHQWH PHPRULD HVWuD HVWUXFWXUDGD HQ FLQFR FDSurWXORV� HQ HO FDSurWXOR � VH GHVFULEHQ

DOJXQRV GH ORV PRGHORV GH FRPSXWDFLuRQ SDUDOHOD TXH VH KDQ SURSXHVWR D OR ODUJR GH ORV

DaQRV� FRQ HVSHFLDO GHGLFDFLuRQ DO PRGHOR %63� (Q HO FDSurWXOR � VH GHVFULEH HO PuHWRGR GH

ODV SDUWLFLRQHV VXSHUSXHVWDV SDUD HO TXH VH SURSRQHQ GRV DOJRULWPRV %63 \ VH FRPSDUDQ

HQWUH Vur� /D SDUDOHOL]DFLuRQ GH OD IDFWRUL]DFLuRQ /'8 GH PDWULFHV WULGLDJRQDOHV IXQGDPHQWD

HO DOJRULWPR %63 ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV TXH VH IRUPXOD HQ HO FDSurWXOR �

HQ HO TXH� DGHPuDV� VH SURSRQH XQ QXHYR PuHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH

SURFHVDGRUHV EDVDGR HQ HO PuHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV \ HQ HO PuHWRGR

GH ODV SDUWLFLRQHV VXSHUSXHVWDV� DVLPLVPR� VH SODQWHDQ GRV DOJRULWPRV %63 SDUD HO QXHYR

PuHWRGR \ VH FRPSDUDQ HQWUH Vur� (O PuHWRGR GH ODV SDUWLFLRQHV GH :DQJ >���@ HV XQ FOuDVLFR
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\ UuDSLGR �YuHDVH /DUULED >��@� PuHWRGR SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV TXH VH

GHVFULEH HQ HO FDSurWXOR �� HQ HVWH FDSurWXOR VH SURSRQHQ GRV DOJRULWPRV %63 SDUD HO PLVPR�

XQR GH ORV FXDOHV HV XQD PRGLnFDFLuRQ GH GLFKR PuHWRGR TXH VXSRQH XQD PHMRUD FXDQGR HO

QuXPHUR GH SURFHVDGRUHV HV JUDQGH� (Q OD uXOWLPD VHFFLuRQ GHO FDSurWXOR VH FRPSDUDQ HQWUH Vur

DPERV DOJRULWPRV %63� (Q HO FDSurWXOR � \ uXOWLPR VH FRPSDUDQ HQWUH Vur WRGRV ORV DOJRULWPRV

%63 GHVFULWRV \ DQDOL]DGRV HQ ORV FDSurWXORV DQWHULRUHV \ VH REWLHQH HO uRSWLPR SDUD FDGD XQD

GH ODV VLWXDFLRQHV TXH KDQ VLGR REMHWR GH HVWXGLR� (V GH UHVHaQDU HO EXHQ FRPSRUWDPLHQWR

GHO QXHYR PuHWRGR SURSXHVWR HQ HO FDSurWXOR WHUFHUR IUHQWH DO PuHWRGR GH :DQJ \ DO PuHWRGR

�VHFXHQFLDO� GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� HVSHFLDOPHQWH HQ XQ

&5$< 7�' \ HQ XQ &5$< 7�(� PuDTXLQDV HQ ODV TXH VH KDQ REWHQLGR VuROR WLHPSRV

WHuRULFRV KDFLHQGR XVR GHO PRGHOR GH FRVWH %63�



&DSurWXOR �

&RPSXWDFLuRQ 3DUDOHOD

&DGD GurD VH HVWuD H[LJLHQGR PD\RU SRWHQFLD GH FuDOFXOR HQ ORV FRPSXWDGRUHV� QR VuROR D

QLYHO FLHQWurnFR VLQR D RWURV� LQGXVWULDO� FRPHUFLDO� HWF� &DEH HVSHUDU TXH HVWD GHPDQGD VH

LUuD LQFUHPHQWDQGR HQ HO IXWXUR� VREUH WRGR HQ DSOLFDFLRQHV GH VLPXODFLuRQ \ GH WLHPSR UHDO�

/D YHORFLGDG HQ OD FRPSXWDFLuRQ WLHQH XQRV OurPLWHV� GHELGR D UHVWULFFLRQHV WHFQROuRJLFDV \

OuRJLFDV� D ORV TXH SRFR D SRFR VH YD OOHJDQGR� /DV VROXFLRQHV TXH VH SODQWHDQ DQWH HVWD

GHPDQGD �YuHDVH %LODUGL \ 3UHSDUDWD >��@� VH SXHGHQ FRQFUHWDU EuDVLFDPHQWH HQ GRV OurQHDV

GH DFWXDFLuRQ�

6RIWZDUH� /DV VROXFLRQHV GH WLSR VRIWZDUH FRQVLVWHQ HQ OD PHMRUD GH ORV DOJRULWPRV

SDUD TXH HVWRV VH HMHFXWHQ UHTXLULHQGR HO PHQRU WLHPSR SRVLEOH� $KRUD ELHQ� ORV

DOJRULWPRV SRVHHQ XQD FRPSOHMLGDG \ XQD QHFHVLGDG GH UHFXUVRV TXH OLPLWDQ HVWH

WLSR GH VROXFLuRQ�

+DUGZDUH� /DV VROXFLRQHV GH WLSR KDUGZDUH FRQVLVWHQ HQ PHMRUDV HQ OD WHFQRORJurD GH

FRPSXWDGRUHV TXH GHULYHQ HQ XQD PD\RU UDSLGH] HQ OD HMHFXFLuRQ GH LQVWUXFFLRQHV�

8QD VROXFLuRQ DOWHUQDWLYD� FRPSDWLEOH FRQ ODV OurQHDV GH DFWXDFLuRQ DQWHULRUHV� HV HO SDUDOH�

OLVPR� TXH SRU XQ ODGR DEDUFD OD UuHSOLFD GH XQLGDGHV GH WUDWDPLHQWR GH LQIRUPDFLuRQ FRQ

HO REMHWLYR GH UHSDUWLU WDUHDV HQWUH ODV PLVPDV �HVSDFLDO R WHPSRUDOPHQWH� \ SRU RWUR OD

DGDSWDFLuRQ GH ORV DOJRULWPRV D HVWDV DUTXLWHFWXUDV SDUDOHODV�

�



� � &RPSXWDFLuRQ 3DUDOHOD

��� $QWHFHGHQWHV GH OD FRPSXWDFLuRQ SDUDOHOD

(Q ���� 7XULQJ >��@ GHPRVWUuR TXH� DO PHQRV WHuRULFDPHQWH� HUD SRVLEOH GLVHaQDU XQD

PuDTXLQD VHFXHQFLDO GH SURSuRVLWR JHQHUDO FDSD] GH OOHYDU D FDER HnFLHQWHPHQWH FXDOTXLHU

FuDOFXOR TXH SXGLHVH UHDOL]DU XQD PuDTXLQD VHFXHQFLDO GH SURSuRVLWR HVSHFurnFR� GLVHaQDGD

SRU WDQWR SDUD UHVROYHU GH IRUPD PX\ HnFLHQWH XQ GHWHUPLQDGR WLSR GH FuDOFXORV� 2FKR

DaQRV PuDV WDUGH YRQ 1HXPDQQ >��@ UHDOL]D VX SURSXHVWD GH FRPSXWDGRU VHFXHQFLDO GH

SURSuRVLWR JHQHUDO TXH UHoHMD ORV SULQFLSLRV GHO WUDEDMR GH 7XULQJ HQ XQ PRGHOR SUuDFWLFR�

(Q HVWH PRGHOR� FRQRFLGR FRQ HO QRPEUH GH ?&RPSXWDGRU YRQ 1HXPDQQ�� VH KDQ EDVDGR

OD PD\RUurD GH FRPSXWDGRUHV VHFXHQFLDOHV FRQVWUXLGRV GHVGH nQDOHV GH ORV DaQRV FXDUHQWD

KDVWD KR\�

/D XQLYHUVDOLGDG SURSRUFLRQDGD SRU HO PRGHOR YRQ 1HXPDQQ KD SHUPLWLGR \ HVWLPXODGR

HO GHVDUUROOR GH OHQJXDMHV GH DOWR QLYHO� OR TXH� XQLGR D OD HVWDELOLGDG GHO PRGHOR� KD

IRPHQWDGR OD FUHDFLuRQ GH DSOLFDFLRQHV GH DOWR QLYHO SRUWDEOHV� HMHFXWDEOHV SRU WDQWR HQ

FXDOTXLHU FRPSXWDGRU VHFXHQFLDO FRQ XQ EXHQ UHQGLPLHQWR�

/D EuXVTXHGD GH XQ PD\RU UHQGLPLHQWR HQ ODV DSOLFDFLRQHV KD LPSXOVDGR OD XWLOL]DFLuRQ GH

OD FRPSXWDFLuRQ SDUDOHOD HQ PXFKDV uDUHDV� VLQ GXGD� HV HQ HO uDOJHEUD OLQHDO QXPuHULFD GRQGH

PuDV HVIXHU]RV VH KDQ GHGLFDGR DO GHVDUUROOR GH DOJRULWPRV SDUDOHORV� HQ ODV GRV uXOWLPDV

GuHFDGDV ORV WUDEDMRV VREUH DOJRULWPRV SDUDOHORV SDUD OD UHVROXFLuRQ GH VLVWHPDV OLQHDOHV

�WDQWR SRU PuHWRGRV GLUHFWRV FRPR SRU PuHWRGRV LWHUDWLYRV�� SDUD HO SUREOHPD GH PurQLPRV

FXDGUDGRV \ HO FuDOFXOR GH YDORUHV SURSLRV VRQ DEXQGDQWHV �YuHDQVH *DOOLYDQ� 3OHPPRQV \

6DPHK >��@� *ROXE \ 2UWHJD >��@� 2UWHJD >��@ \ 2UWHJD� 9RLJW \ 5RPLQH >��@��

/D WUDQVLFLuRQ GHVGH OD FRPSXWDFLuRQ VHFXHQFLDO D OD FRPSXWDFLuRQ SDUDOHOD QR VH HVWuD SUR�

GXFLHQGR VLQ GLnFXOWDGHV� (Q OD PD\RUurD GH FRPSXWDGRUHV SDUDOHORV TXH VH FRQVWUX\HURQ

HQ ORV DaQRV RFKHQWD VuROR HUD SRVLEOH REWHQHU XQ UHQGLPLHQWR DFHSWDEOH GH ODV DSOLFDFLRQHV

H[SORWDQGR ORV GHWDOOHV GH OD DUTXLWHFWXUD GH OD PuDTXLQD� HVWR WLHQH FRPR FRQVHFXHQFLD TXH

ODV DSOLFDFLRQHV SDUDOHODV SURGXFLGDV SDUD XQD GHWHUPLQDGD PuDTXLQD QR VH SXHGHQ DGDSWDU

FRQ IDFLOLGDG D RWUDV� /D GLYHUVLGDG GH DUTXLWHFWXUDV SDUDOHODV UuDSLGDPHQWH FDPELDQWHV \

OR ODERULRVD TXH UHVXOWDED OD FUHDFLuRQ GH ODV DSOLFDFLRQHV SDUDOHODV HQ HVD uHSRFD� LPSLGLuR

HO FUHFLPLHQWR GH OD FRPSXWDFLuRQ HQ SDUDOHOR� (VD VLWXDFLuRQ KD PHMRUDGR VXVWDQFLDOPHQWH

HQ OD DFWXDO GuHFDGD�

'HVGH SULQFLSLRV GH ORV QRYHQWD ODV GLIHUHQWHV FODVHV GH FRPSXWDGRUHV SDUDOHORV �SULQ�
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FLSDOPHQWH PuDTXLQDV SDUDOHODV GH PHPRULD FRPSDUWLGD R GLVWULEXLGD \ UHGHV GH HVWDFLRQHV

GH WUDEDMR� HVWuDQ FRQYHUJLHQGR D XQD HVWUXFWXUD FDGD YH] PuDV SDUHFLGD \ VH HVWuD HYROX�

FLRQDQGR KDFLD XQ PRGHOR DUTXLWHFWuRQLFR HVWuDQGDU� FRQVLVWHQWH HQ XQ FRQMXQWR GH SDUHV

SURFHVDGRU�PHPRULD LQWHUFRQHFWDGRV PHGLDQWH XQD UHG GH FRPXQLFDFLuRQ TXH SHUPLWH HO

HPSOHR GH XQ HVSDFLR GH GLUHFFLRQHV JOREDO� /DV UD]RQHV TXH H[SOLFDQ HVWD FRQYHUJHQFLD

VRQ GH PX\ GLYHUVD urQGROH� SHUR IXQGDPHQWDOPHQWH GH WLSR WHFQROuRJLFR \ HFRQuRPLFR� 8QD

FDXVD HV OD UuDSLGD HYROXFLuRQ GH ORV PLFURSURFHVDGRUHV TXH WLHQH OXJDU FRQ XQ DOWurVLPR FRVWH

HFRQuRPLFR� FRVWH TXH VH YH FRPSHQVDGR SRU HO HOHYDGR QuXPHUR GH YHQWDV GH ORV PLVPRV�

(O PHUFDGR GH ORV VXSHUFRPSXWDGRUHV SDUDOHORV HV PuDV SHTXHaQR SRU OR TXH OD HYROXFLuRQ

GH ORV SURFHVDGRUHV QR VH YH FRPSHQVDGD HFRQuRPLFDPHQWH� GH DKur TXH D SULQFLSLRV GH ORV

QRYHQWD PXFKRV IDEULFDQWHV �,QWHO� 0HLNR� ,%0 R &5$<� FRPHQ]DUDQ D XWLOL]DU ORV PLFUR�

SURFHVDGRUHV H[LVWHQWHV HQ HO PHUFDGR SDUD FRQVWUXLU VXV PuDTXLQDV SDUDOHODV HQ OXJDU GH

GLVHaQDU �FRQ HO FRVWH TXH HOOR VXSRQH� SURFHVDGRUHV HVSHFurnFRV SDUD ODV PLVPDV� 0LHQWUDV

TXH OD YHORFLGDG GHO SURFHVDGRU DXPHQWD HQWUH HO ��� \ HO ���� FDGD DaQR� ORV WLHPSRV

GH DFFHVR D PHPRULD GHFUHFHQ OHQWDPHQWH� SRU HOOR ORV SURFHVDGRUHV DFWXDOHV QHFHVLWDQ

HVWUXFWXUDV GH FDFKuH PX\ VRnVWLFDGDV TXH DMXVWHQ OD GLIHUHQFLD HQWUH HO WLHPSR GH FLFOR

GHO SURFHVDGRU \ HO GH DFFHVR D PHPRULD� (VWD uXOWLPD FDXVD DGHPuDV GHO PRWLYR HFRQuRPLFR

KDQ VLGR HO PuRYLO SDUD TXH GHnQLWLYDPHQWH VH KD\D DEDQGRQDGR OD OurQHD GH FRQVWUXFFLuRQ GH

RUGHQDGRUHV PDVLYDPHQWH SDUDOHORV \ VH WLHQGD D FRQYHUJHU KDFLD HVWUXFWXUDV GH PHPRULD

GLVWULEXLGD�

(O SURFHVR GH FRQYHUJHQFLD DUTXLWHFWuRQLFD FRQOOHYD OD FRQnDQ]D GH TXH HQ XQ IXWXUR

QR PX\ OHMDQR VH HPSLHFH D YHU HO FUHFLPLHQWR GH XQD LQGXVWULD GH KDUGZDUH \ VRIWZDUH

SDUDOHORV VLPLODU D OD H[LVWHQWH SDUD FRPSXWDFLuRQ VHFXHQFLDO� 8QR GH ORV SULQFLSDOHV REMH�

WLYRV GH HVWD LQGXVWULD GHEH VHU FUHDU VRIWZDUH HVFDODEOH� HV GHFLU� HMHFXWDEOH HQ FXDOTXLHU

DUTXLWHFWXUD FRQ XQ JUDQ UHQGLPLHQWR VLQ TXH HVWH VXIUD PHQRVFDER FXDQGR DXPHQWH HO

WDPDaQR GH SUREOHPD R HO QuXPHUR GH SURFHVDGRUHV� (O uH[LWR HQ HVWH UHWR SURYRFDUuD OD

H[WHQVLuRQ GH OD FRPSXWDFLuRQ SDUDOHOD PuDV DOOuD GHO uDPELWR GH ODV DSOLFDFLRQHV FLHQWurnFDV

SDUD FRQYHUWLUVH HQ OD IRUPD KDELWXDO GH FRPSXWDFLuRQ�

��� 0RGHORV GH FRPSXWDFLuRQ SDUDOHOD

([LVWHQ GLYHUVRV PRGHORV TXH D OR ODUJR GH ORV DaQRV VH KDQ LGR SURSRQLHQGR SDUD

KDFHU IDFWLEOH XQD FRPSXWDFLuRQ SDUDOHOD GH SURSuRVLWR JHQHUDO� +DVWD OD IHFKD QR H[LVWH
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XQ PRGHOR uXQLFR TXH IXQGDPHQWH HO GHVDUUROOR GH OD FRPSXWDFLuRQ SDUDOHOD DO LJXDO TXH

HO PRGHOR YRQ 1HXPDQQ OR KD KHFKR HQ OD FRPSXWDFLuRQ VHFXHQFLDO� (Q HVWD VHFFLuRQ VH

GHVFULEHQ EUHYHPHQWH DOJXQRV GH HVWRV PRGHORV� XWLOL]DGRV SDUD HO DQuDOLVLV WHuRULFR \ GLVHaQR

GH DOJRULWPRV SDUDOHORV�

����� (O PRGHOR 35$0 ������

(O PRGHOR 35$0 �3DUDOOHO 5DQGRP $FFHV 0DFKLQH� HV XQR GH ORV PuDV FRQRFLGRV \

XWLOL]DGRV KLVWuRULFDPHQWH SDUD HO DQuDOLVLV GH OD FRPSOHMLGDG GH ORV DOJRULWPRV SDUDOHORV�

(Q HVWH PRGHOR� VH FRQVLGHUD XQ FRQMXQWR LOLPLWDGR GH SURFHVDGRUHV� FDGD XQR GH HOORV

FRQ XQD SHTXHaQD PHPRULD ORFDO� TXH HMHFXWDQ WRGDV ODV LQVWUXFFLRQHV VLQFURQL]DGDPHQWH

\ WLHQHQ DFFHVR D XQD PHPRULD FRPuXQ� (Q XQD XQLGDG GH WLHPSR FDGD SURFHVDGRU SXHGH

UHDOL]DU FXDOTXLHU VXEFRQMXQWR GH ODV VLJXLHQWHV RSHUDFLRQHV�

q OHHU GRV YDORUHV GH OD PHPRULD JOREDO�

q UHDOL]DU XQD GH ODV RSHUDFLRQHV EuDVLFDV VREUH ORV GRV YDORUHV OHLGRV�

q HVFULELU XQ YDORU GH YXHOWD HQ OD PHPRULD�

/D FRPXQLFDFLuRQ HQWUH SURFHVDGRUHV VH UHDOL]D H[FOXVLYDPHQWH D WUDYuHV GH OD PHPRULD

JOREDO� PHGLDQWH OD OHFWXUD GH SRVLFLRQHV GH PHPRULD HQ ODV TXH SUHYLDPHQWH KD HVFULWR RWUR

SURFHVDGRU� 'HSHQGLHQGR GH IRUPD GH OHFWXUD R HVFULWXUD GH GRV R PuDV SURFHVDGRUHV HQ ODV

PLVPDV SRVLFLRQHV GH PHPRULD FRQFXUUHQWHPHQWH� HO PRGHOR 35$0 SXHGH VHU FODVLnFDGR

HQ FXDWUR VXEJUXSRV�

q &5&: �&RQFXUUHQW 5HDG &RQFXUUHQW :ULWH�� WRGRV ORV SURFHVDGRUHV SXHGHQ OHHU \

HVFULELU HQ ODV PLVPDV SRVLFLRQHV GH PHPRULD FRQFXUUHQWHPHQWH� GXUDQWH XQD XQLGDG

GH WLHPSR�

q &5(: �&RQFXUUHQW 5HDG ([FOXVLYH :ULWH�� GXUDQWH XQD XQLGDG GH WLHPSR� YDULRV

SURFHVDGRUHV SXHGHQ OHHU GHWHUPLQDGDV SRVLFLRQHV GH PHPRULD SHUR VuROR XQR SXHGH

HVFULELU HQ HOODV�
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q (5&: �([FOXVLYH 5HDG &RQFXUUHQW :ULWH�� GXUDQWH XQD XQLGDG GH WLHPSR� YDULRV

SURFHVDGRUHV SXHGHQ HVFULELU HQ GHWHUPLQDGDV SRVLFLRQHV GH PHPRULD SHUR VuROR XQ

SURFHVDGRU SXHGH OHHUODV�

q (5(: �([FOXVLYH 5HDG ([FOXVLYH :ULWH�� (VWH HV HO PRGHOR PuDV UHVWULFWLYR� VuROR

XQ SURFHVDGRU SXHGH OHHU GHWHUPLQDGDV SRVLFLRQHV GH PHPRULD \ VuROR XQ SURFHVDGRU

SXHGH HVFULELU HQ HOODV� GXUDQWH XQD XQLGDG GH WLHPSR�

/D FRPSOHMLGDG GH XQ DOJRULWPR 35$0 YLHQH GDGD HQ WuHUPLQRV GHO QuXPHUR GH IDVHV R

SDVRV GH TXH FRQVWD \ GHO QuXPHUR PuD[LPR GH SURFHVDGRUHV QHFHVDULR HQ FDGD XQR GH ORV

SDVRV�

$XQ FXDQGR HV XQ PRGHOR HQRUPHPHQWH DWUDFWLYR SDUD HO DQuDOLVLV \ GLVHaQR GH DOJR�

ULWPRV SDUDOHORV HV SRFR UHDOLVWD� IXQGDPHQWDOPHQWH SRU OD VXSRVLFLuRQ GH TXH WRGRV ORV

SURFHVDGRUHV RSHUDQ GH IRUPD VurQFURQD \ TXH �D FRPXQLFDFLuRQ HQWUH ORV SURFHVDGRUHV VH

OOHYD D FDER� SRU PHGLR GH OD PHPRULD JOREDO� VLQ FRVWH DOJXQR� $ SHVDU GH VX XWLOLGDG

WHuRULFD� HO PRGHOR 35$0 HV GLIurFLOPHQWH LPSOHPHQWDEOH HQ DUTXLWHFWXUDV FRQ PHPRULD

GLVWULEXLGD� H[LVWHQ YDULDFLRQHV GHO PRGHOR TXH KDQ WUDWDGR GH HOLPLQDU UHVWULFFLRQHV SDUD

REWHQHU XQ PRGHOR PuDV SUuDFWLFR SHUR FRQVHUYDQGR JUDQ SDUWH GH VX VLPSOLFLGDG� 3DUD PD�

\RU LQIRUPDFLuRQ� YuHDQVH $JJDUZDO� &KDQGUD \ 6QLU >�� �@� )RUWXQH \ :\OOLH >��@� *LEERQV

>��@ \ .DUS� /XE\ \ 0H\HU DXI GHU +HLGH >��@�

����� (O PRGHOR %63 ������

(O PRGHOR %63 �%XON 6\QFKURQRXV 3DUDOOHO� HV XQR GH ORV TXH PuDV VHULDPHQWH VH

KD FRQVLGHUDGR HQ ORV uXOWLPRV DaQRV FRPR IXQGDPHQWR GH XQD FRPSXWDFLuRQ SDUDOHOD GH

SURSuRVLWR JHQHUDO� )XH SURSXHVWR SRU 9DOLDQW >���@ HQ ����� HQ XQ LQWHQWR GH ORJUDU XQ

PRGHOR SXHQWH HQWUH WHRUurD \ SUuDFWLFD PXFKR PuDV UHDOLVWD TXH HO PRGHOR 35$0�

8Q FRPSXWDGRU %63 FRQVLVWH HQ XQ FRQMXQWR GH SDUHV SURFHVDGRU�PHPRULD� XQD UHG

GH FRPXQLFDFLuRQ JOREDO \ XQ PHFDQLVPR SDUD OD VLQFURQL]DFLuRQ GH WRGRV ORV SURFHVDGRUHV

R XQ VXEFRQMXQWR GH HOORV� YuHDVH OD nJXUD ����

(O PRGHOR XWLOL]D FXDWUR SDUuDPHWURV SDUD FDUDFWHUL]DU D XQ FRPSXWDGRU SDUDOHOR�

q S HV HO QuXPHUR GH SURFHVDGRUHV�
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)LJXUD ���� &RPSXWDGRU %63� PRGHOR DUTXLWHFWuRQLFR�

q V HV OD YHORFLGDG GH FRPSXWDFLuRQ GH FDGD SURFHVDGRU�

q O HV HO WLHPSR QHFHVDULR SDUD UHDOL]DU XQD VLQFURQL]DFLuRQ HQWUH ORV SURFHVDGRUHV�

q J HV OD UD]uRQ HQWUH OD FDSDFLGDG WRWDO GH FRPSXWDFLuRQ SRU VHJXQGR \ OD FDSDFLGDG

WRWDO GH FRPXQLFDFLuRQ SRU VHJXQGR�

(O SDUuDPHWUR O HVWuD UHODFLRQDGR FRQ OD ODWHQFLD GH OD UHG� HV GHFLU� FRQ HO WLHPSR QHFHVDULR

SDUD UHDOL]DU XQ DFFHVR D XQD PHPRULD UHPRWD HQ XQD VLWXDFLuRQ GH FRQWLQXR WUuDnFR HQ

OD UHG� (O SDUuDPHWUR J FRUUHVSRQGH D OD IUHFXHQFLD FRQ TXH VH SXHGHQ UHDOL]DU DFFHVRV D

PHPRULD UHPRWD� HQ ODV PuDTXLQDV FRQ YDORUHV DOWRVGH J ORV DFFHVRV D PHPRULD QR ORFDO

GHEHQ OOHYDUVH D FDER FRQ SRFD IUHFXHQFLD�

(Q HO GLVHaQR GH DOJRULWPRV %63 HV FRQYHQLHQWH DVHJXUDU TXH SRU FDGD SHWLFLuRQ GH DFFHVR

D PHPRULD QR ORFDO TXH KDJD XQ SURFHVDGRU� uHVWH VHD FDSD] GH HMHFXWDU J RSHUDFLRQHV

VREUH GDWRV ORFDOHV� (O UHQGLPLHQWR GH OD UHG GH FRQH[LuRQ JOREDO VH GHVFULEH HQ IXQFLuRQ



��� 0RGHORV GH FRPSXWDFLuRQ SDUDOHOD �

GH ORV YDORUHV GH O \ J� SRU OR TXH HO PRGHOR RIUHFH OD SRVLELOLGDG GH GLVHaQDU DOJRULWPRV

SDUDPHWUL]DGRV SRU HVRV YDORUHV H LPSOHPHQWDEOHV HnFLHQWHPHQWH HQ XQ DPSOLR UDQJR GH

DUTXLWHFWXUDV FRQ YDORUHV GLYHUVRV GH O \ J�

(Q OD VHFFLuRQ��� VH GHVFULELUuD HVWH PRGHOR FRQ PD\RU GHWDOOH�

����� (O PRGHOR /RJ3 ������

(O PRGHOR /RJ3� SURSXHVWR SRU &XOOHU� .DUS� 3DWWHUVRQ� 6DKD\� 6FKDXVHU� 6DQWRV�

6XEUDPRQLDQ \ YRRQ (LFNHQ >��@ HQ ORV uXOWLPRV DaQRV� LQWHQWD UHoHMDU ODV WHQGHQFLDV WHF�

QROuRJLFDV GH ORV FRPSXWDGRUHV SDUDOHORV� PXOWLSURFHVDGRU FRQ PHPRULD GLVWULEXLGD HQ HO

TXH ORV SURFHVDGRUHV VH FRPXQLFDQ PHGLDQWH SDVR GH PHQVDMHV� \ SUHWHQGH VHU uXWLO HQ HO

GHVDUUROOR GH DOJRULWPRV SDUDOHORV SRUWDEOHV \ HnFLHQWHV DVur FRPR DSRUWDU LGHDV SDUD HO

GLVHaQR GH PuDTXLQDV SDUDOHODV� (VWuD FDUDFWHUL]DGR SRU FXDWUR SDUuDPHWURV TXH PRGHODQ HO

DQFKR GH EDQGD GH FRPXQLFDFLuRQ� HO WLHPSR GH FRPXQLFDFLuRQ \ OD HnFLHQFLD GH VLPXOWDQHDU

FRPXQLFDFLuRQ \ FuDOFXOR�

q S HV HO QuXPHUR GH SURFHVDGRUHV�

q / HV XQD FRWD VXSHULRU GH OD ODWHQFLD TXH VH SURGXFH DO UHDOL]DU XQD FRPXQLFDFLuRQ

SXQWR D SXQWR GH XQ PHQVDMH FRUWR� GHVGH XQ SURFHVDGRU RULJHQ D RWUR GHVWLQR�

q R �RYHUKHDG� VH GHnQH FRPR HO WLHPSR HQ TXH ORV SURFHVDGRUHV HVWuDQ RFXSDGRV HQ OD

WUDQVPLVLuRQ R UHFHSFLuRQ GH XQ PHQVDMH \ QR SXHGHQ UHDOL]DU QLQJXQD RWUD WDUHD�

q J�JDS� HV HO PurQLPR LQWHUYDOR GH WLHPSR UHTXHULGR HQ XQ SURFHVDGRU HQWUH GRV HQYurRV

R UHFHSFLRQHV FRQVHFXWLYDV� VX UHFurSURFR FRUUHVSRQGH DO DQFKR GH EDQGD GLVSRQLEOH

SRU FDGD SURFHVDGRU�

/D HOHFFLuRQ GH HVWRV SDUuDPHWURV SUHWHQGH UHFRJHU GH IRUPD SUHFLVD ODV FDUDFWHUurVWLFDV

GHO IXQFLRQDPLHQWR GH ODV PuDTXLQDV UHDOHV� HVWR KDFH TXH OD XWLOL]DFLuRQ GHO PRGHOR SDUD HO

GHVDUUROOR \ DQuDOLVLV GH DOJRULWPRV QR VHD VHQFLOOD� (Q >��@� %LODUGL� +HUOH\� 3LHWUDFDSULQD�

3XFFL \ 6SLUDNLV UHDOL]DQ XQD FRPSDUDFLuRQ FXDQWLWDWLYD HQWUH ORV PRGHORV /RJ3 \ %63

\ VHaQDODQ TXH DPERV PRGHORV SXHGHQ VLPXODUVH HnFLHQWHPHQWH HQWUH Vur SRU OR TXH HV

SUHIHULEOH HO PRGHOR %63 GHELGR D VX PD\RU VLPSOLFLGDG�
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����� 'DWD�3DUDOOHO

'HQWUR GHO FDPSR GH OD FRPSXWDFLuRQ SDUDOHOD HVFDODEOH� HO SDUDGLJPD GDWD�SDUDOOHO

FRQVWLWX\H RWUD DOWHUQDWLYD LPSRUWDQWH D OD FRQVWUXFFLuRQ GH SURJUDPDV� ([LVWH XQ EXHQ

QuXPHUR GH OHQJXDMHV GH SURJUDPDFLuRQ \ HOHJDQWHV WHRUurDV GHVDUUROODGDV HQ WRUQR DO PLVPR�

YuHDVH SRU HMHPSOR 6NLOOLFRUQ >��@�

'DWD�SDUDOOHO� PuDV TXH XQD EDVH WHuRULFD SDUD HO DQuDOLVLV GH OD FRPSOHMLGDG GH ORV DOJR�

ULWPRV SDUDOHORV HV XQ PRGHOR GH SURJUDPDFLuRQ TXH VH EDVD HQ OD GLVWULEXFLuRQ GH ORV GDWRV

HQWUH ORV GLVWLQWRV SURFHVDGRUHV \ HQ OD JHQHUDFLuRQ DXWRPuDWLFD SRU SDUWH GHO FRPSLODGRU

GH OD FRPXQLFDFLuRQ QHFHVDULD SDUD OOHYDU D FDER ORV FuDOFXORV� UHVXOWD SDUWLFXODUPHQWH DSUR�

SLDGR SDUD SUREOHPDV HQ ORV TXH OD ORFDOL]DFLuRQ HV FUXFLDO� 8Q EXHQ HMHPSOR SUuDFWLFR GH

OHQJXDMH GH SURJUDPDFLuRQ EDVDGR HQ HVWH PRGHOR OR FRQVWLWX\H +LJK 3HUIRUPDQFH )RUWUDQ�

YuHDVH .RHOEHO� /RYHPDQ� 6FKUHLEHU� 6WHHOH \ =RVHO >��@�

����� 0RGHORV GH SDVR GH PHQVDMHV ������������

/RV PRGHORV GH SDVR GH PHQVDMHV HVWuDQ EDVDGRV HQ SULPLWLYDV GH FRPXQLFDFLuRQ GH

ORV SURFHVDGRUHV PHGLDQWH SDUHV GH HQYurR�UHFHSFLuRQ� QR GLVSRQHQ GH XQ PRGHOR DQDOurWLFR

VHQFLOOR FRQ HO TXH HVWXGLDU R SRGHU SUHGHFLU HO FRVWH GH ORV DOJRULWPRV SDUDOHORV� VRQ GLIurFLOHV

GH XVDU \ ORV SURJUDPDV GLIurFLOHV GH GHSXUDU� /RV PuDV XWLOL]DGRV VRQ 390 �3DUDOOHO 9LUWXDO

0DFKLQH� \ 03, �0HVVDJH 3DVVLQJ ,QWHUIDFH��

/D OLEUHUurD GH SDVR GH PHQVDMHV 390 SHUPLWH TXH XQD UHG KHWHURJuHQHD GH FRPSXWD�

GRUHV DSDUH]FD FRPR XQ VLPSOH UHFXUVR� XQD PuDTXLQD YLUWXDO� 6X GHVDUUROOR VH LQLFLuR HQ

���� HQ HO 251/ �2DN 5LGJH 1DWLRQDO /DERUDWRU\�� 7HQQHVVHH� 0,� HQ ORV uXOWLPRV DaQRV

KD VLGR LPSOHPHQWDGD SDUD OD PD\RUurD GH VLVWHPDV PXOWLSURFHVDGRUHV \ KD FRQVWLWXLGR

SUuDFWLFDPHQWH HO PRGR HVWuDQGDU GH HVFULELU SURJUDPDV SDUDOHORV HQ VLVWHPDV GH PHPRULD

GLVWULEXLGD� SRU OR TXH WLHQH DOFDQ]DGR HO REMHWLYR GH FRQVHJXLU FuRGLJRV SDUDOHORV SRUWDEOHV�

3DUD XQ PD\RU GHWDOOH SXHGHQ FRQVXOWDUVH %HJXHOLQ� 'RQJDUUD� *HLVW� -LDQJ� 0DQFKHN \

6XQGHUDP >�� �� �@ \ *HLVW >��@�

(O SULQFLSDO REMHWLYR GH 03, HV DSRUWDU XQ HVWuDQGDU SDUD HVFULELU SURJUDPDV SDUDOHORV

SRUWDEOHV FRQ SDVR GH PHQVDMHV� (Q VX GLVHaQR� LQLFLDGR HQ ����� VH WXYR HQ FXHQWD ORV

UDVJRV GH XQ EXHQ QuXPHUR GH VLVWHPDV GH SDVR GH PHQVDMHV H[LVWHQWHV� 03, SHUPLWH OD



��� 3ODWDIRUPDV GH FRPSXWDFLuRQ SDUDOHOD �

FRPSLODFLuRQ GH OLEUHUurDV VHSDUDGDV \ HVWuD GLVHaQDGR SDUD SRUGHUVH HMHFXWDU HQ OD PD\RUurD GH

SODWDIRUPDV SDUDOHODV� 9uHDQVH *HLVW� .RKO \ 3DSDGRSRXORV >��@ \ *URSS� /XVN \ 6NMHOOXP

>��@�

��� 3ODWDIRUPDV GH FRPSXWDFLuRQ SDUDOHOD

/RV PXOWLSURFHVDGRUHV VH SXHGHQ FODVLnFDU GH YDULDV IRUPDV� DWHQGLHQGR D GLYHUVRV

FULWHULRV� 8QD LPSRUWDQWH FODVLnFDFLuRQ �GHELGD D )O\QQ >��@� VH EDVD HQ OD SRVLELOLGDG GH

SURFHVDU XQR R PuDV oXMRV GH LQVWUXFFLRQHV \�R GDWRV� SXHGHQ GDUVH FXDWUR SRVLELOLGDGHV�

6,6' �6LPSOH ,QVWUXFWLuRQ 6LPSOH 'DWD�� 8Q oXMR VLPSOH GH LQVWUXFFLRQHV RSHUD VREUH

XQ oXMR VLPSOH GH GDWRV� HVWH HV HO PRGHOR FOuDVLFR GH YRQ 1HXPDQQ�

6,0' �6LPSOH ,QVWUXFWLuRQ 0XOWLSOH 'DWD�� 8Q oXMR VLPSOH GH LQVWUXFFLRQHV RSHUD VR�

EUH PuXOWLSOHV oXMRV GH GDWRV� 7RGRV ORV SURFHVDGRUHV HMHFXWDQ OD PLVPD LQVWUXFFLuRQ

DXQTXH VREUH GLVWLQWRV GDWRV� $ HVWH WLSR SHUWHQHFHQ IXQGDPHQWDOPHQWH ORV SURFH�

VDGRUHV PDWULFLDOHV \ ORV VHFFLRQDGRV �SLSHOLQL]DGRV�� 3HUPLWHQ XQ JUDQ QuXPHUR GH

SURFHVDGRUHV�

0,0' �0XOWLSOH ,QVWUXFWLuRQ 0XOWLSOH 'DWD�� &DGD SURFHVDGRU HMHFXWD VX SURSLR FuRGLJR

VREUH GDWRV GLVWLQWRV D ORV GH RWURV SURFHVDGRUHV� $ HVWH WLSR FRUUHVSRQGHQ ORV

PXOWLSURFHVDGRUHV SDUDOHORV�

0,6' �0XOWLSOH ,QVWUXFWLuRQ 6LPSOH 'DWD�� (V WHuRULFDPHQWH HTXLYDOHQWH DO WLSR 6,6'�

2WUD FODVLnFDFLuRQ LPSRUWDQWH� DWHQGLHQGR D OD VLWXDFLuRQ IurVLFD GH OD PHPRULD \ D OD

IRUPD HQ TXH ORV SURFHVDGRUHV DFFHGHQ D HOOD� GLVWLQJXH GRV JUDQGHV FODVHV GH FRPSXWDGRUHV

SDUDOHORV� ORV GH PHPRULD FRPSDUWLGD �VKDUHG PHPRU\� \ ORV GH PHPRULD GLVWULEXLGD

�GLVWULEXWHG PHPRU\��

0HPRULD FRPSDUWLGD� 7RGRV ORV SURFHVDGRUHV WLHQHQ DFFHVR LQGHSHQGLHQWH D XQD

PHPRULD FRPuXQ� FDGD XQR GH HOORV SRVHH XQD SHTXHaQD PHPRULD ORFDO SDUD DOPDFHQDU

FuRGLJR \ UHVXOWDGRV LQWHUPHGLRV� /D FRPXQLFDFLuRQ HQWUH ORV GLVWLQWRV SURFHVDGRUHV

VH UHDOL]D D WUDYuHV GH OD PHPRULD FRPuXQ� /D SULQFLSDO YHQWDMD GH HVWH VLVWHPD HV
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)LJXUD ���� 0XOWLSURFHVDGRU FRQ PHPRULD GLVWULEXLGD�

TXH SHUPLWH FRPXQLFDFLRQHV PX\ UuDSLGDV HQWUH ORV SURFHVDGRUHV� VLQ HPEDUJR SXHGHQ

SURGXFLUVH FRQoLFWRV HQ HO DFFHVR D ORV GDWRV� DVur FRPR WLHPSRV GH FRQWHQFLuRQ FXDQGR

XQ SURFHVDGRU GHED HVSHUDU D TXH RWUR KD\D OHurGR R DFWXDOL]DGR XQ GDWR� (VWH WLSR

GH SUREOHPDV VH LQFUHPHQWD DO DXPHQWDU HO QuXPHUR GH SURFHVDGRUHV�

0HPRULD GLVWULEXLGD� &DGD SURFHVDGRU SRVHH VX SURSLD PHPRULD ORFDO LQDFFHVLEOH D

ORV GHPuDV� /RV SURFHVDGRUHV HVWuDQ FRQHFWDGRV HQWUH Vur� D HIHFWRV GH LQWHUFDPELR GH

GDWRV� PHGLDQWH XQD UHG GH LQWHUFRQH[LuRQ �YuHDVH OD nJXUD ����� /D FRPXQLFDFLuRQ

HQWUH ORV GLVWLQWRV SURFHVDGRUHV GHEH UHDOL]DUVH PHGLDQWH SDVR GH PHQVDMHV� OR TXH

FRQOOHYD XQ UHWUDVR HQ HO WLHPSR GH HMHFXFLuRQ VLPLODU DO WLHPSR GH FRQWHQFLuRQ�

3RU OR JHQHUDO ORV HOHPHQWRV GH PHPRULD GH ORV PXOWLSURFHVDGRUHV FRQ PHPRULD GLVWUL�

EXLGD WLHQHQ PHQRU FDSDFLGDG TXH HO uXQLFR HOHPHQWR GH PHPRULD GH XQ PXOWLSURFHVDGRU

FRQ PHPRULD FRPSDUWLGD� (VWR LPSOLFD TXH ORV GDWRV QHFHVDULRV SDUD UHVROYHU XQ SUREOH�

PD GHEHQ GLVWULEXLUVH GH IRUPD DGHFXDGD HQWUH ORV SURFHVDGRUHV� LQWHQWDQGR PLQLPL]DU OD

GXSOLFDFLuRQ GH GDWRV \ HTXLOLEUDU OD FDUJD HQWUH ORV GLVWLQWRV SURFHVDGRUHV�
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8Q DVSHFWR IXQGDPHQWDO HQ ORV FRPSXWDGRUHV SDUDOHORV HV OD WRSRORJurD GHO VLVWHPD�

IRUPD HQ TXH HVWuDQ FRQHFWDGRV ORV SURFHVDGRUHV� 7HQLHQGR HQ FXHQWD TXH OD FRPXQLFD�

FLuRQ GHEH UHDOL]DUVH PHGLDQWH SDVR GH PHQVDMHV D WUDYuHV GH OD UHG GH LQWHUFRQH[LuRQ� HV

LPSRUWDQWH TXH OD ORQJLWXG GHO FDPLQR PuDV ODUJR TXH FRQHFWD GRV SURFHVDGRUHV VHD OR PuDV

SHTXHaQD SRVLEOH� GLFKD ORQJLWXG VH FRQRFH FRPR GLuDPHWUR GHO VLVWHPD� 7DPELuHQ VRQ

LPSRUWDQWHV ORV OODPDGRV DOJRULWPRV GH HQFDPLQDPLHQWR TXH PDUFDQ ORV FDPLQRV TXH

GHEHQ VHJXLU ORV PHQVDMHV SDUD HYLWDU ODV FROLVLRQHV� PHQVDMHV TXH EuDVLFDPHQWH VRQ GH WUHV

WLSRV�

q SXQWR D SXQWR� GH XQ SURFHVDGRU D RWUR SURFHVDGRU�

q GLIXVLRQHV� PHQVDMHV TXH GHVGH XQ SURFHVDGRU GHEHQ OOHJDU D WRGRV ORV GHPuDV� \

q UHGXFFLRQHV� PHQVDMHV TXH GHVGH WRGRV ORV SURFHVDGRUHV GHEHQ OOHJDU D XQR FRQ�

FUHWR�

'H HQWUH ODV GLVWLQWDV WRSRORJurDV TXH VH SXHGHQ FRQVLGHUDU� ODV PuDV XWLOL]DGDV VRQ ODV

GH DQLOOR \ PDOOD� (Q OD WRSRORJurD GH DQLOOR FDGD SURFHVDGRU HVWuD FRQHFWDGR D VXV GRV

YHFLQRV� SDUD FRQHFWDU S SURFHVDGRUHV VH UHTXLHUHQ H[FOXVLYDPHQWH S OurQHDV SRU OR TXH HV

VHQFLOOD \ IuDFLOPHQWH DPSOLDEOH� 3XHGH UHVXOWDU SRFR HnFLHQWH GHELGR D TXH HO GLuDPHWUR HV

JUDQGH� Sb �� 'HSHQGLHQGR GH TXH ODV OurQHDV SHUPLWDQ OD FRPXQLFDFLuRQ HQ XQ VHQWLGR R

HQ ORV GRV� HO DQLOOR SXHGH VHU XQLGLUHFFLRQDO R ELGLUHFFLRQDO� /D nJXUD ��� PXHVWUD HVWDV

GRV WRSRORJurDV�

/D WRSRORJurD GH PDOOD FRPSUHQGH PX\ GLVWLQWRV WLSRV FRQnJXUDFLuRQ� (Q XQD PDOOD

ELGLPHQVLRQDO ODV OurQHDV GH LQWHUFRQH[LuRQ FRUUHVSRQGHQ D ODV nEUDV GH OD PLVPD \ ORV SUR�

FHVDGRUHV D ORV FUXFHV GH OD PDOOD� FRPR VH PXHVWUD HQ OD nJXUD ���� &DGD SURFHVDGRU HVWuD

FRQHFWDGR D VXV SURFHVDGRUHV YHFLQRV� REWHQLuHQGRVH DVur FRQ SRFDV FRQH[LRQHV GLuDPHWURV

SHTXHaQRV� 6XSHUSRQLHQGR YDULDV PDOODV ELGLPHQVLRQDOHV \ FRQHFWDQGR ORV SURFHVDGRUHV

FRUUHVSRQGLHQWHV VH REWLHQH XQD PDOOD WULGLPHQVLRQDO� 8QD YDULDQWH FRQVLVWH HQ FRQHFWDU

ORV SURFHVDGRUHV GH OD SULPHUD nOD FRQ ORV FRUUHVSRQGLHQWHV GH OD uXOWLPD nOD \ ORV SURFHVD�

GRUHV GH OD SULPHUD FROXPQD FRQ ORV FRUUHVSRQGLHQWHV GH OD uXOWLPD FROXPQD� REWHQLuHQGRVH

XQD HVWUXFWXUD WRURLGDO �YuHDVH OD nJXUD ���� HQ OD TXH VH UHGXFH HO GLuDPHWUR �

$ FRQWLQXDFLuRQ VH SURSRUFLRQD XQD EUHYH GHVFULSFLuRQ GH DOJXQRV GH ORV VXSHUFRPSX�

WDGRUHV SDUDOHORV PuDV XVDGRV�
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3� 3�3� 3S��3S��

3� 3�3� 3S��3S��

$QLOOR�XQLGLUHFFLRQDO

$QLOOR�ELGLUHFFLRQDO

)LJXUD ���� 7RSRORJurD GH DQLOOR�

)LJXUD ���� 7RSRORJurD GH PDOOD ELGLPHQVLRQDO�



��� 3ODWDIRUPDV GH FRPSXWDFLuRQ SDUDOHOD ��

)LJXUD ���� 7RSRORJurD GH PDOOD WULGLPHQVLRQDO�

,%0 63�� /RV VXSHUFRPSXWDGRUHV GH FuDOFXOR SDUDOHOR ,%0 63� VRQ VLVWHPDV PXOWL�

SURFHVDGRUHV TXH SHUWHQHFHQ D OD IDPLOLD GH SURGXFWRV 5,6& 6\VWHP����� GH ,%0�

HVWuDQ EDVDGRV HQ OD WHFQRORJurD GH HVWDFLuRQ GH WUDEDMR TXH XWLOL]DQ ORV SURFHVDGRUHV

32:(5 \ 32:(5� \ VH FDUDFWHUL]DQ HQWUH RWURV DVSHFWRV SRU VX HVFDODELOLGDG �HO

VLVWHPD SXHGH DPSOLDUVH HQ SRWHQFLD LQFRUSRUDQGR PuDV QRGRV FRQIRUPH DXPHQWHQ

ODV QHFHVLGDGHV� \ VX FRPSDWLELOLGDG FRQ ODV DSOLFDFLRQHV H[LVWHQWHV SDUD $,; HQ

VLVWHPDV LQIHULRUHV GH OD IDPLOLD 56������

6H WUDWD GH FRPSXWDGRUHV SDUDOHORV GH PHPRULD GLVWULEXLGD HQ ORV TXH ORV QRGRV

HVWuDQ LQWHUFRQHFWDGRV D WUDYuHV GH XQ VLVWHPD GH FRPXQLFDFLuRQ IRUPDGR SRU OD UHG

GH WUDQVPLVLuRQ GH GDWRV �+LJK 3HUIRUPDQFH 6ZLWFK � +36� \ ORV DGDSWDGRUHV TXH

FRQHFWDQ ORV QRGRV DO VZLWFK� HVWRV DGDSWDGRUHV GLVSRQHQ GH XQ PLFURSURFHVDGRU TXH

UHDOL]D SDUWH GHO WUDEDMR QHFHVDULR SDUD OOHYDU D FDER HO LQWHUFDPELR GH PHQVDMHV HQWUH

ORV SURFHVDGRUHV \ GH DOJXQD PHPRULD SDUD EXmHUV�

(Q OD nJXUD ��� VH GHWDOOD OD HVWUXFWXUD EuDVLFD GH XQ ,%0 63� HQ OD TXH SXHGHQ
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GHVWDFDUVH ORV VLJXLHQWHV HOHPHQWRV�

q /D HVWDFLuRQ GH FRQWURO� GHVGH OD FXDO VH LQVWDOD� DGPLQLVWUD \ PRQLWRUL]D WRGR

HO VLVWHPD�

q (O IUDPH �PDUFR�� TXH FRQWLHQH ORV GLVWLQWRV HOHPHQWRV TXH FRPSRQHQ HO VLVWH�

PD� H[FHSWR OD HVWDFLuRQ GH FRQWURO� 8Q IUDPH SXHGH FRQWHQHU KDVWD �� QRGRV�

SXGLHQGR LQWHUFRQHFWDUVH FRQ RWURV IUDPHV SDUD FUHDU VLVWHPDV GH KDVWD ���

QRGRV�

q /RV QRGRV� FDGD XQR GH ORV FXDOHV HV XQ RUGHQDGRU FRPSOHWR� &DGD IUDPH SXHGH

DOPDFHQDU KDVWD GLHFLVuHLV QRGRV WKLQ� RFKR ZLGH \ FXDWUR ��� KLJK� 0LHQWUDV

XQ QRGR WKLQ R ZLGH VuROR SXHGH LQFRUSRUDU XQ SURFHVDGRU GHO WLSR 32:(5�

XQ QRGR ��� KLJK WLHQH FDSDFLGDG SDUD DOPDFHQDU KDVWD RFKR SURFHVDGRUHV

3RZHU3& ���� 'H OD PLVPD IRUPD� HO QuXPHUR GH VORWV GH H[SDQVLuRQ \ GH GLVFRV

LQWHUQRV TXH VH SXHGHQ LQVWDODU HQ XQ QRGR GHSHQGH WDPELuHQ GH VX WDPDaQR�

q (O +LJK 3HUIRUPDQFH 6ZLWFK TXH LQWHUFRQHFWD ORV QRGRV GH XQ IUDPH SURSRU�

FLRQDQGR XQ DQFKR GH EDQGD GH KDVWD ��� 0HJDE\WHV SRU VHJXQGR HQWUH FDGD

SDU GH QRGRV�

q 8QD UHG ORFDO HWKHUQHW� TXH LQWHUFRQHFWD ORV QRGRV \ OD HVWDFLuRQ GH FRQWURO �HQ

HVWH FDVR FRQ XQ PHQRU DQFKR GH EDQGD TXH HO SURSRUFLRQDGR SRU HO +36��

q 8QD OurQHD VHULH 56���� TXH FRQHFWD OD HVWDFLuRQ GH FRQWURO FRQ FDGD XQR GH

ORV IUDPHV FRQ HO nQ GH JHVWLRQDU HO KDUGZDUH �SDUDGD \ HQFHQGLGR GH QRGRV�

PRQLWRUL]DFLuRQ� HWF�� ([LVWH XQD OurQHD VHULH SRU FDGD IUDPH�

6LOLFRQ *UDSKLFV 32:(5 &+$//(1*(� /RV VXSHUFRPSXWDGRUHV 32:(5 &+$�

//(1*( VRQ PXOWLSURFHVDGRUHV GH PHPRULD FRPSDUWLGD TXH XVDQ SURFHVDGRUHV

5,6& VXSHUHVFDODUHV 5����� \ 5����� /D OurQHD GH SURGXFWRV 32:(5 &+$//(1�

*( GH 6LOLFRQ *UDSKLFV RIUHFH VLVWHPDV GHVGH � D �� QRGRV FRPR HO 32:(5 &+$�

//(1*( / �FRQ XQ SUHFLR EDMR R PRGHUDGR� KDVWD VXSHUFRPSXWDGRUHV FRQ KDVWD

��� SURFHVDGRUHV FRPR HO 32:(5 &+$//(1*( DUUD\�

&5$< 7�(� /RV VLVWHPDV SDUDOHORV HVFDODEOHV &5$< 7�( HVWuDQ FRQVWUXLGRV VREUH OD

DUTXLWHFWXUD GH OD SULPHUD JHQHUDFLuRQ GH VLVWHPD HVFDODEOH GH &5$<� HO &5$< 7�'�

6H WUDWD GH XQ PXOWLSURFHVDGRU GH PHPRULD FRPSDUWLGD � /RV PLFURSURFHVDGRUHV VRQ

'(& $OSKD (9� FRQ XQ UHQGLPLHQWR SLFR GH ��� 0oRSV� &DGD SURFHVDGRU WLHQH VX

SURSLD PHPRULD ORFDO FRQ XQD FDSDFLGDG HQWUH �� 0E\WHV \ � *E\WHV� 8Q VXEVLVWHPD



��� 3ODWDIRUPDV GH FRPSXWDFLuRQ SDUDOHOD ��

)LJXUD ���� (VWUXFWXUD EuDVLFD GH XQ ,%0 63��

GH PHPRULD GLUHFFLRQDEOH JOREDOPHQWH� KDFH DFFHVLEOHV WRGDV ODV PHPRULDV SDUD

FXDOTXLHU SURFHVDGRU HQ XQ VLVWHPD &5$< 7�(� /RV SURFHVDGRUHV HVWuDQ FRQHFWDGRV

PHGLDQWH XQD UHG FRQ WRSRORJurD HQ WRUR�

&219(; ([HPSODU 633����� 8Q VLVWHPD ([HPSODU 633���� FRQVLVWH HQ XQ FRQ�

MXQWR GH KLSHUQRGRV �GH � D ���� &DGD KLSHUQRGR D VX YH] FRQWLHQH GH � D � SUR�

FHVDGRUHV +3 3$�5,6& ���� \ XQD PHPRULD ORFDO �GH ��� 0E\WHV KDVWD �*E\WHV��

/RV SURFHVDGRUHV VH RUJDQL]DQ SRU SDUHV HQ EORTXHV IXQFLRQDOHV� 'HQWUR GH FDGD

KLSHUQRGR ODV �KDVWD� � XQLGDGHV IXQFLRQDOHV DFFHGHQ D PHPRULD D WUDYuHV GH XQD

UHG GH LQWHUFRQH[LuRQ TXH SHUPLWH OD FRQH[LuRQ GLUHFWD GH WRGRV ORV QRGRV FRQ HO UHVWR

�FURVVEDU�� /D FRQH[LuRQ HQWUH KLSHUQRGRV VH OOHYD D FDER PHGLDQWH XQD FROHFFLuRQ

GH DQLOORV� 6H WLHQHQ SRU WDQWR GRV FRVWHV GH DFFHVR D PHPRULD GLVWLQWRV VHJuXQ TXH

XQ SURFHVDGRU DFFHGD D XQD PHPRULD ORFDO D VX KLSHUQRGR R UHPRWD VLWXDGD HQ XQ

KLSHUQRGR GLVWLQWR�



�� � &RPSXWDFLuRQ 3DUDOHOD

��� 0HGLGDV GH SDUDOHOLVPR

(Q HVWD VHFFLuRQ VH GHnQHQ DOJXQRV GH ORV FRQFHSWRV \ SDUuDPHWURV TXH VH XWLOL]DQ SDUD

HYDOXDU HO UHQGLPLHQWR GH ORV DOJRULWPRV SDUDOHORV� 6H VXSRQH TXH HO VLVWHPD HQ HO TXH VH

HMHFXWD HO DOJRULWPR SDUDOHOR GLVSRQH GH S SURFHVDGRUHV�

(O JUDGR GH SDUDOHOLVPR GH XQ DOJRULWPR QXPuHULFR HV HO QuXPHUR GH RSHUDFLRQHV TXH

SXHGHQ UHDOL]DUVH HQ SDUDOHOR� HVWH SDUuDPHWUR HV HVSHFurnFR GHO DOJRULWPR \ QR GHSHQGH GHO

QuXPHUR GH SURFHVDGRUHV GHO VLVWHPD� 5HODFLRQDGR FRQ HVWH FRQFHSWR HVWuD HO GH JUDQXOD�

ULGDG TXH HV HO WDPDaQR GH ODV WDUHDV UHDOL]DEOHV HQ SDUDOHOR GH IRUPD LQGHSHQGLHQWH�

/RV SDUuDPHWURV PuDV XVDGRV SDUD PHGLU HO SDUDOHOLVPR GH XQ DOJRULWPR VRQ HO LQFUH�

PHQWR GH YHORFLGDG \ OD HnFLHQFLD GHO PLVPR� 6H OODPD LQFUHPHQWR GH YHORFLGDG 6S

�VSHHG�XS � GH XQ DOJRULWPR SDUDOHOR DO FRFLHQWH

6S  
WLHPSR GH HMHFXFLuRQ HQ XQ VROR SURFHVDGRU

WLHPSR GH HMHFXFLuRQ HQ S SURFHVDGRUHV
�

HQ OD SUuDFWLFD 6S � S�

5HODFLRQDGD FRQ OD PHGLGD DQWHULRU HVWuD OD HnFLHQFLD (S GH XQ DOJRULWPR SDUDOHOR FRQ

UHVSHFWR D Vur PLVPR� TXH PLGH HO JUDGR GH XWLOL]DFLuRQ GH ORV SURFHVDGRUHV GHO VLVWHPD DO

HMHFXWDU HQ uHVWH HO DOJRULWPR SDUDOHOR� VH GHnQH FRPR HO FRFLHQWH

(S  
6S

S

\ HQ OD SUuDFWLFD HV PHQRU R LJXDO TXH ��

(O REMHWLYR� D OD KRUD GH GLVHaQDU XQ DOJRULWPR SDUDOHOR� HV FRQVHJXLU OD PD\RU HnFLHQ�

FLD SRVLEOH� (Q OD SUuDFWLFD� OD HnFLHQFLD GLVPLQX\H FXDQGR VH LQFUHPHQWD HO QuXPHUR GH

SURFHVDGRUHV� HQWUH ORV IDFWRUHV TXH PuDV LQoX\HQ HQ OD UHGXFFLuRQ GH OD PLVPD VH SXHGHQ

GHVWDFDU OD SuHUGLGD GH SDUDOHOLVPR GHO DOJRULWPR� HO WLHPSR UHTXHULGR SDUD OD FRPXQLFD�

FLuRQ \ VLQFURQL]DFLuRQ HQWUH ORV SURFHVDGRUHV \ HO GHVHTXLOLEULR GH OD FDUJD FRPSXWDFLRQDO

�HQ OD GLVWULEXFLuRQ GH ODV WDUHDV HQWUH ORV GLVWLQWRV SURFHVDGRUHV GHEH SURFXUDUVH TXH WR�

GRV WHQJDQ XQD FDQWLGDG GH WUDEDMR VLPLODU� D nQ GH HYLWDU TXH DOJXQRV SURFHVDGRUHV VH

PDQWHQJDQ LQDFWLYRV��

$XQTXH VRQ PuDV VLJQLnFDWLYRV ORV YDORUHV GHO LQFUHPHQWR GH YHORFLGDG \ OD HnFLHQFLD

FRQ UHVSHFWR DO PHMRU DOJRULWPR VHFXHQFLDO TXH FRQ UHVSHFWR DO SURSLR DOJRULWPR HMHFXWDGR



��� (O PRGHOR %63 ��

HQ XQ VROR SURFHVDGRU� GLFKRV YDORUHV VH VXHOHQ FDOFXODU DSOLFDQGR ODV GHnQLFLRQHV GDGDV

DQWHULRUPHQWH \D TXH HQ PXFKRV SUREOHPDV UHVXOWD GLIurFLO �VL QR LPSRVLEOH� GHWHUPLQDU

FXuDO HV HO PHMRU DOJRULWPR VHFXHQFLDO�

��� (O PRGHOR %63

(O PRGHOR %63 �%XON 6\QFKURQRXV 3DUDOOHO� HV XQD JHQHUDOL]DFLuRQ GHO PRGHOR 35$0

LQLFLDOPHQWH SURSXHVWD SRU 9DOLDQW >���@ HQ ����� 'XUDQWH ORV uXOWLPRV QXHYH DaQRV� OD DSUR�

[LPDFLuRQ GHO PRGHOR %63 D XQ PRGHOR GH SURSuRVLWR JHQHUDO SDUD OD FRPSXWDFLuRQ SDUDOHOD

KD VLGR GHVDUUROODGR SRU 0F&ROO >��� ��� ��� ��� ��� ��� ��� ��@ HQ HVWUHFKD FRODERUDFLuRQ FRQ

9DOLDQW� 6X WUDEDMR HQ DOJRULWPRV %63� DUTXLWHFWXUDV \ OHQJXDMHV KDFH VXSRQHU TXH %63

SURSRUFLRQD XQ UREXVWR PRGHOR SDUD OD FRPSXWDFLuRQ SDUDOHOD \ RIUHFH VRIWZDUH SDUDOHOR

FRQ OD GREOH SHUVSHFWLYD GH HVFDODELOLGDG H LQGHSHQGHQFLD GH OD DUTXLWHFWXUD SDUDOHOD�

&RPR \D VH KD FRPHQWDGR HQ OD VXEVHFFLuRQ ������ XQ FRPSXWDGRU %63 FRQVLVWH HQ XQ

FRQMXQWR GH SURFHVDGRUHV FDGD XQR GH HOORV FRQ XQD PHPRULD ORFDO� XQD UHG GH FRPX�

QLFDFLuRQ JOREDO TXH SHUPLWH OD HQWUHJD GH PHQVDMHV SXQWR D SXQWR \ XQ PHFDQLVPR TXH

SHUPLWH OD VLQFURQL]DFLuRQ HnFLHQWH GH WRGRV ORV SURFHVDGRUHV R XQ VXEFRQMXQWR GH HOORV�

1R H[LVWH QLQJuXQ WLSR GH IDFLOLGDG HVSHFLDO SDUD FRPELQDU� UHSOLFDU R GLIXQGLU PHQVDMHV�

(O PHFDQLVPR GH VLQFURQL]DFLuRQ GHEH JDUDQWL]DU TXH WRGRV ORV SURFHVDGRUHV� R XQ VXE�

FRQMXQWR GH HOORV� DOFDQFHQ XQ SXQWR HVSHFurnFR GH OD FRPSXWDFLuRQ DQWHV GH TXH QLQJXQR

FRQWLQuXH FRQ OD FRPSXWDFLuRQ� QR WLHQH SRU TXuH VHU XQD SDUWH IurVLFD GHO FRPSXWDGRU� SXHGH

VHU UHDOL]DGD SRU HO VRIWZDUH�

([LVWH XQD DPSOLD JDPD GH VLVWHPDV LQIRUPuDWLFRV TXH HVWuDQ FRQIRUPDGRV DFRUGH DO

PRGHOR %63� FRPR SRU HMHPSOR�

q XQ VLPSOH SURFHVDGRU FRQ FDFKH \ PHPRULD Rm�FKLS�

q UHGHV GH HVWDFLRQHV GH WUDEDMR R 3&
V FRQ 390� 03, R FXDOTXLHU RWUR VRIWZDUH GH

SDVR GH PHQVDMHV�

q VLVWHPDV GH PXOWLSURFHVDGRUHV FRQ PHPRULD GLVWULEXLGD FRPR ,%0 63�� ,QWHO 3DUD�

JRQ� 0HLNR &6� \ 3DUV\WHF *&�3RZHU3OXV�
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q VLVWHPDV GH PXOWLSURFHVDGRUHV FRQ PHPRULD FRPSDUWLGD� FRQ OD GHELGD DVLJQDFLuRQ GH

PHPRULD SDUD OD DFWXDO GLVWULEXFLuRQ IurVLFD GH OD PLVPD� FRPR HO PXOWLSURFHVDGRU ,1�

7(/ 3HQWLXP 3UR� 6LOLFRQ *UDSKLFV 2ULJLQ �R 3RZHU &KDOOHQJH�� &5$< 7�'�7�(

\ &RQYH[ 633�

����� /RV SDUuDPHWURV GHO PRGHOR %63

(V QHFHVDULR LGHQWLnFDU ORV SDUuDPHWURV TXH FDUDFWHULFHQ D XQ FRPSXWDGRU %63� 2E�

YLDPHQWH� HO QuXPHUR GH SURFHVDGRUHV \ OD YHORFLGDG GH FRPSXWDFLuRQ GH FDGD XQR GH HOORV

VRQ SDUuDPHWURV FODYH� 6L VH GHnQH OD XQLGDG GH WLHPSR FRPR HO WLHPSR QHFHVDULR SDUD

UHDOL]DU XQD RSHUDFLuRQ EuDVLFD �D PHQXGR VH WRPD XQD RSHUDFLuRQ DULWPuHWLFD� VXPD� UHVWD�

PXOWLSOLFDFLuRQ R GLYLVLuRQ� HQ FRPD oRWDQWH� HQWRQFHV VH SXHGH WRPDU FRPR XQLGDG GH

OD YHORFLGDG GH FRPSXWDFLuRQ GH XQ SURFHVDGRU HO QuXPHUR GH RSHUDFLRQHV EuDVLFDV TXH

uHVWH SXHGH UHDOL]DU HQ XQ VHJXQGR�

$VLPLVPR� OD FDSDFLGDG \ YHORFLGDG GH OD UHG GH FRPXQLFDFLuRQ VRQ HOHPHQWRV YLWDOHV

HQ OD FDUDFWHUL]DFLuRQ GH XQ FRPSXWDGRU %63� 3DUD IDFLOLWDU OD FRPSDUDFLuRQ HQWUH GLVWLQWRV

FRPSXWDGRUHV %63� VH SXHGH PHGLU HO WLHPSR QHFHVDULR SDUD OD FRPXQLFDFLuRQ HQ XQLGDGHV

GH OD YHORFLGDG GH FRPSXWDFLuRQ� 2WUR IDFWRU D WHQHU HQ FXHQWD HV HO WLHPSR QHFHVDULR SDUD

OD VLQFURQL]DFLuRQ HQWUH ORV SURFHVDGRUHV� TXH WDPELuHQ VH SXHGH HQ XQLGDGHV D OD YHORFLGDG

GH FRPSXWDFLuRQ�

(O PRGHOR %63 XWLOL]D FXDWUR SDUuDPHWURV SDUD FDUDFWHUL]DU D XQ FRPSXWDGRU SDUDOHOR�

/D GHnQLFLuRQ GH ORV SDUuDPHWURV SXHGH YDULDU VHJuXQ ORV GLVWLQWRV DXWRUHV� TXL]uDV OD PuDV

H[WHQGLGD HV OD GH 0F&ROO >��@ TXH ORV GHnQH DVur�

q S HV HO QuXPHUR GH SURFHVDGRUHV�

q V HV OD YHORFLGDG GH FRPSXWDFLuRQ GH FDGD SURFHVDGRU� VH VXHOH PHGLU HQ 0HJDoRSV

�PLOORQHV GH RSHUDFLRQHV DULWPuHWLFDV HQ FRPD oRWDQWH SRU VHJXQGR��

q O HV HO QuXPHUR PurQLPR GH XQLGDGHV GH WLHPSR QHFHVDULDV SDUD UHDOL]DU XQD VLQFURQL�

]DFLuRQ HQWUH ORV SURFHVDGRUHV� (O SDUuDPHWUR FRUUHVSRQGH D OD ODWHQFLD GH OD UHG GH

FRPXQLFDFLuRQ�

q J HV OD UD]uRQ HQWUH OD FDSDFLGDG WRWDO GH FRPSXWDFLuRQ SRU VHJXQGR \ OD FDSDFLGDG
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)LJXUD ���� (MHPSORV GH GLVWLQWRV WLSRV GH SDWURQHV GH FRPXQLFDFLuRQ TXH GHnQHQ

XQD K�UHODFLuRQ�

WRWDO GH FRPXQLFDFLuRQ SRU VHJXQGR� HVWR HV� HO FRFLHQWH HQWUH HO QuXPHUR WRWDO GH

RSHUDFLRQHV EuDVLFDV TXH VH SXHGHQ UHDOL]DU HQ XQ VHJXQGR SRU WRGRV ORV SURFHVDGR�

UHV \ HO QuXPHUR WRWDO GH XQLGDGHV GH GDWRV TXH VH SXHGHQ UHSDUWLU SRU OD UHG GH

FRPXQLFDFLuRQ HQ XQ VHJXQGR�

3DUD H[SOLFDU HO VLJQLnFDGR GHO SDUuDPHWUR J� VH LQWURGXFH HO FRQFHSWR GH K�UHODFLuRQ�

8QD K�UHODFLuRQ HV XQ SDWUuRQ GH FRPXQLFDFLuRQ JOREDO HQ HO TXH FDGD SURFHVDGRU SXHGH

HQYLDU R UHFLELU D OR VXPR K XQLGDGHV GH GDWRV �ODV XQLGDGHV GH GDWRV SXHGHQ VHU� SRU

HMHPSOR� SDODEUDV GH �� ELWV�� (O FRVWH GH XQD K�UHODFLuRQ VH GHnQH FRPR KJ� (O PRGHOR

%63 QR GLVWLQJXH HQWUH HQYLDU K PHQVDMHV GH WDPDaQR XQD XQLGDG GH GDWRV R HQYLDU XQ

VuROR PHQVDMH GH WDPDaQR K XQLGDGHV GH GDWRV� HQ DPERV FDVRV HO FRVWH HV KJ� (Q OD nJXUD

��� VH PXHVWUDQ GRV HMHPSORV GH SDWURQHV GH FRPXQLFDFLuRQ TXH GHnQHQ XQD K�UHODFLuRQ� HQ

HO SULPHUR VH SURGXFH XQD FRPXQLFDFLuRQ FurFOLFD HQ OD TXH FDGD SURFHVDGRU HQYurD \ UHFLEH

K XQLGDGHV GH GDWRV� HQ HO VHJXQGR� Sb � SURFHVDGRUHV HQYurDQ D RWUR� FRPuXQ D WRGRV� K
Sb�
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J

O

)LJXUD ���� (VSDFLR JHQHUDGR SRU ORV SDUuDPHWURV S� O \ J�

XQLGDGHV GH GDWRV�

&RPR \D VH KD FRPHQWDGR DQWHULRUPHQWH� SDUD IDFLOLWDU OD FRPSDUDFLuRQ HQWUH GLVWLQWRV

FRPSXWDGRUHV %63 ORV SDUuDPHWURV J \ O VH WRPDQ QRUPDOL]DGRV FRQ UHVSHFWR D V \ SRU

HOOR HVWH uXOWLPR SDUuDPHWUR VH RPLWH D YHFHV� /RV UHVWDQWHV SDUuDPHWURV� S� O \ J� JHQHUDQ

XQ HVSDFLR �YuHDVH OD nJXUD ���� HQ HO TXH FXDOTXLHU FRPSXWDGRU %63 SXHGH VHU ORFDOL]DGR

HQ XQ SXQWR�

����� (O PRGHOR GH SURJUDPDFLuRQ

(O PRGHOR IRUPXODGR RULJLQDOPHQWH SRU 9DOLDQW >���@ QR KDFH QLQJXQD SUHVXQFLuRQ FRQ

UHVSHFWR DO WLSR GH PuDTXLQD TXH UHSUHVHQWD HO PRGHOR %63� (Q OD SUuDFWLFD OD LPSOHPHQWD�

FLuRQ GHO PRGHOR VH KD UHDOL]DGR FRQ SRVWHULRULGDG \ VH RUJDQL]D HQ HO IRUPDWR GH SURJUD�

PDFLuRQ 630' �VLPSOH SURJUDPD� PuXOWLSOHV GDWRV� HQ HO TXH XQ VuROR WH[WR GH SURJUDPD

VH HMHFXWD HQ SDUDOHOR SRU XQ QuXPHUR DUELWUDULR GH SURFHVDGRUHV� (Q HO IRUPDWR 6,0'

�VLPSOH LQVWUXFFLuRQ� PuXOWLSOHV GDWRV� WRGRV ORV SURFHVDGRUHV XWLOL]DQ OD PLVPD LQVWUXFFLuRQ

DO PLVPR WLHPSR PLHQWUDV TXH HQ HO IRUPDWR 630' WRGRV ORV SURFHVDGRUHV HMHFXWDQ HO

PLVPR SURJUDPD SHUR QR QHFHVDULDPHQWH OD PLVPD LQVWUXFFLuRQ DO PLVPR WLHPSR�
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6LQFURQL]DFLRQHV \ VXSHUSDVRV

8Q SURJUDPD %63 QR HV PuDV TXH XQD VHFXHQFLD GH LQVWUXFFLRQHV GLYLGLGD HQ XQD

VHULH GH IDVHV FRQ OD QHFHVDULD FRPXQLFDFLuRQ� (VWD SURSXHVWD GH SURJUDPDFLuRQ SDUDOHOD

HV DSOLFDEOH D WRGR WLSR GH DUTXLWHFWXUDV SDUDOHODV� PuDTXLQDV FRQ PHPRULD GLVWULEXLGD�

FRQ PHPRULD FRPSDUWLGD� UHGHV GH HVWDFLRQHV GH WUDEDMR� HWF� \ SURSRUFLRQD XQD EDVH

FRQVLVWHQWH \ JHQHUDO FRQ OD TXH GHVDUUROODU VRIWZDUH SRUWDEOH SDUD PuDTXLQDV SDUDOHODV

HVFDODEOHV�

3DUD JDUDQWL]DU FLHUWR JUDGR GH GHWHUPLQLVPR� HO PRGHOR %63 XWLOL]D VLQFURQL]DFLRQHV

FRQ HO VLJXLHQWH GREOH SURSuRVLWR�

q $VHJXUDU TXH WRGRV ORV SURFHVDGRUHV OOHJDQ DO PLVPR SXQWR GH HMHFXFLuRQ GHO SURJUD�

PD DQWHV GH TXH QLQJuXQ SURFHVDGRU SXHGD FRQWLQXDU� OR TXH D PHQXGR HV OODPDGR

EDUUHUD GH VLQFURQL]DFLuRQ� (O PRGHOR SURSXHVWR SRU 9DOLDQW >���@ VXSRQH TXH DOJX�

QRV GH ORV SURFHVDGRUHV SXHGHQ TXHGDU H[FOXLGRV GH OD VLQFURQL]DFLuRQ �VLQFURQL]DFLuRQ

GH XQ VXEFRQMXQWR GH SURFHVDGRUHV��

q $VHJXUDU TXH WRGDV ODV FRPXQLFDFLRQHV SHQGLHQWHV VH UHDOLFHQ�

(O FRQMXQWR GH LQVWUXFFLRQHV HQWUH GRV VLQFURQL]DFLRQHV VXFHVLYDV VH GHQRPLQD VXSHUSD�

VR� 'XUDQWH XQ VXSHUSDVR� HO SURFHVR SDUDOHOR FRUUH LQGHSHQGLHQWHPHQWH� FDGD SURFHVDGRU

WUDEDMD FRQ ORV GDWRV GH TXH GLVSRQurD DO LQLFLDU GLFKR VXSHUSDVR \ SXHGH LQLFLDU UHTXH�

ULPLHQWRV GH OHFWXUD R HVFULWXUD VREUH GDWRV UHPRWRV TXH SRGUuDQ XWLOL]DUVH HQ IXWXURV

VXSHUSDVRV� /D nJXUD ��� PXHVWUD XQ VHJPHQWR GH XQ SURJUDPD %63�

1R H[LVWH QLQJXQD VXSRVLFLuRQ HVSHFurnFD VREUH OD WuHFQLFD TXH GHEHQ XWLOL]DU ORV FRP�

SXWDGRUHV %63 SDUD OD VLQFURQL]DFLuRQ HQWUH SURFHVDGRUHV� (Q JHQHUDO� XQD EDUUHUD GH

VLQFURQL]DFLuRQ FRQVWD GH GRV IDVHV�

q )DVH GH UHGXFFLuRQ� HQ OD TXH WRGRV ORV SURFHVDGRUHV VHaQDODQ TXH HVWuDQ OLVWRV SDUD

VLQFURQL]DU �KDQ OOHJDGR DO PLVPR SXQWR GH HMHFXFLuRQ GHO SURJUDPD��

q )DVH GH H[SDQVLuRQ �EURDGFDVW�� HQ OD TXH� WUDV OD IDVH GH UHGXFFLuRQ� FDGD SURFHVDGRU

VHaQDOD TXH SXHGH FRQWLQXDU�
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)LJXUD ���� 6HJPHQWR GH XQ SURJUDPD %63�

8QD EDUUHUD GH VLQFURQL]DFLuRQ SXHGH VHU LPSOHPHQWDGD PHGLDQWH KDUGZDUH R PHGLDQWH

VRIWZDUH�

q 0HGLDQWH KDUGZDUH FDGD SURFHVDGRU HPLWH XQD VHaQDO FXDQGR HVWD OLVWR SDUD VLQFUR�

QL]DUVH� HVD VHaQDO HV UHFRJLGD HQ XQ FLUFXLWR HOuHFWULFR TXH GHWHUPLQD HO PRPHQWR HQ

HO TXH �XQD YH] FRPSOHWDGD OD IDVH GH UHGXFFLuRQ� FDGD SURFHVDGRU GHEH UHFLELU OD

VHaQDO TXH OH SHUPLWH FRQWLQXDU FRQ OD HMHFXFLuRQ GHO SURJUDPD� 8QD VROXFLuRQ VHQFLOOD

FRQVLVWH HQ FRQHFWDU HQ IRUPD GH uDUERO GLIHUHQWHV SXHUWDV $1'� /DV VHaQDOHV GH OD

IDVH GH UHGXFFLuRQ� FXDQGR ORV GLIHUHQWHV SURFHVDGRUHV HVWuDQ OLVWRV SDUD VLQFURQL]DUVH�

VH SURSDJDQ D WUDYuHV GHO uDUERO GH DEDMR KDFLD DUULED� 8QD YH] FRPSOHWDGD HVWD IDVH�

VH H[SDQGH XQD VHaQDO GHVGH OD UDur] GHO uDUERO KDFLD DEDMR�

q 0HGLDQWH VRIWZDUH� OD VLQFURQL]DFLuRQ VH REWLHQH SDVDQGR PHQVDMHV HQWUH ORV SURFHVD�

GRUHV� /DV GRV IDVHV GH OD EDUUHUD GH VLQFURQL]DFLuRQ� UHGXFFLuRQ \ H[SDQVLuRQ� SXHGHQ

UHDOL]DUVH GH GLYHUVDV IRUPDV� (Q JHQHUDO� OD RUJDQL]DFLuRQ GH ORV SURFHVDGRUHV HQ IRU�

PD GH uDUERO UHVXOWD HnFLHQWH� HVWD RUJDQL]DFLuRQ LPSOLFD TXH HQ OD IDVH GH UHGXFFLuRQ
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5HGXFFLuRQ ([SDQVLuRQ
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)LJXUD ����� )DVHV GH XQD EDUUHUD GH VLQFURQL]DFLuRQ RUJDQL]DGD HQ IRUPD GH uDUERO

FDGD SURFHVDGRU HQYurD XQ PHQVDMH DO QRGR GHO TXH SHQGH \ HQ OD IDVH GH H[SDQVLuRQ

FDGD SURFHVDGRU HQYurD XQ PHQVDMH D ORV QRGRV TXH SHQGHQ GH uHO�

(Q OD nJXUD ���� VH PXHVWUD OD RUJDQL]DFLuRQ HQ IRUPD GH uDUERO GH XQD EDUUHUD GH VLQFUR�

QL]DFLuRQ�

&RPXQLFDFLuRQ

/RV SURFHVDGRUHV SXHGHQ OHHU R HVFULELU HQ OD PHPRULD GH RWURV SURFHVDGRUHV GXUDQWH

OD HMHFXFLuRQ GH XQ VXSHUSDVR� HVWH SDUDGLJPD VH FRQRFH FRPR '50$ �'LUHFW 5HPRWH 0H�

PRU\ $FFHV�� 1R H[LVWH QLQJXQD VXSRVLFLuRQ DGLFLRQDO DFHUFD GH OD OOHJDGD GH GDWRV� OD uXQLFD

JDUDQWurD TXH H[LVWH HV TXH ORV GDWRV OOHJDUuDQ DQWHV GHO FRPLHQ]R GHO VLJXLHQWH VXSHUSDVR� VH

HVWDEOHFH SDUD HOOR XQD UHJOD GH QR LQWHUIHUHQFLD TXH SXHGH HQXQFLDUVH GH HVWH PRGR� /RV

GDWRV XWLOL]DGRV HQ XQD FRPXQLFDFLuRQ \ ORV TXH KDQ FDPELDGR SRU TXH VH KD RSHUDGR VREUH

HOORV VRQ GLVMXQWRV� /RV SURJUDPDV TXH UHVSHWHQ HVWD UHJOD GH QR LQWHUIHUHQFLD� WLHQHQ

JDUDQWL]DGR HO ���� GH GHWHUPLQLVPR HQ OD FRPXQLFDFLuRQ HQWUH SURFHVDGRUHV�

([LVWH RWUD IRUPD PuDV GHWHUPLQLVWD GH FRPXQLFDFLuRQ EDVDGD HQ HO SDVR GH PHQVDMHV�

DXQTXH VLHPSUH GHQWUR GH ODV KLSuRWHVLV GHO PRGHOR %63� TXH HV FRQRFLGD FRPR %603 �%XON



�� � &RPSXWDFLuRQ 3DUDOHOD

6\QFKURQRXV 0HVVDJH 3DVVLQJ� $O FRQWUDULR TXH HQ HO PRGR '50$� HQ HO TXH HO SURFH�

VDGRU UHFHSWRU QR WLHQH HQ FXHQWD HQ ORV FuDOFXORV ORFDOHV GHO VXSHUSDVR OD FRPXQLFDFLuRQ

HQWUDQWH GHO VXSHUSDVR� HQ HO PRGR %603 ORV PHQVDMHV VH HQYurDQ \ UHFLEHQ H[SOurFLWDPHQWH

JDUDQWL]uDQGRVH TXH XQ PHQVDMH HQYLDGR HQ XQ VXSHUSDVR OOHJD D VX GHVWLQR DQWHV GHO LQLFLR

GHO VLJXLHQWH VXSHUSDVR� ORV PHQVDMHV VRQ VLWXDGRV HQ FDGD SURFHVDGRU HQ XQD FROD GH

HQWUDGD� SXGLHQGR HVWH UHFXSHUDU HO SULPHU PHQVDMH GH OD FROD PHGLDQWH OD HMHFXFLuRQ GHO

FRPDQGR DSURSLDGR�

����� (O PRGHOR GH FRVWH

/RV SDUuDPHWURV GHnQLGRV HQ OD VHFFLuRQ ����� FXDQWLnFDQ HO UHQGLPLHQWR GH XQ FRP�

SXWDGRU %63 \ GHMDQ OD SXHUWD DELHUWD DO DQuDOLVLV GHO FRVWH GH ORV SURJUDPDV %63� /RV

SDUuDPHWURV V� J \ O SXHGHQ VHU XWLOL]DGRV SDUD SUHGHFLU HO UHQGLPLHQWR GH XQ SURJUDPD

%63 HQ FXDOTXLHU FRPSXWDGRU %63 \ SDUD FXDOTXLHU WDPDaQR GH SUREOHPD �SRU VXSXHVWR�

HQ OD SUuDFWLFD H[LVWHQ OLPLWDFLRQHV IurVLFDV��

9LVWR GHVGH HO QLYHO VXSHULRU� XQ SURJUDPD %63 HVWuD FRPSXHVWR SRU XQD VHFXHQFLD GH

VXSHUSDVRV SRU OR TXH HO FRVWH GH HMHFXFLuRQ GHO SURJUDPD HV OD VXPD GH ORV FRVWHV GH FDGD

XQR GH ORV VXSHUSDVRV� (O FRVWH GH XQ VXSHUSDVR HV OD VXPD GH WUHV WuHUPLQRV�

q (O FRVWH DULWPuHWLFR� PuD[LPR FRVWH GH FRPSXWDFLuRQ ORFDO GH FDGD SURFHVDGRU�

q (O FRVWH GH FRPXQLFDFLuRQ� FRVWH GH FRPXQLFDFLuRQ JOREDO GH OD K�UHODFLuRQ GHO VX�

SHUSDVR�

q (O FRVWH GH VLQFURQL]DFLuRQ GHO nQDO GHO VXSHUSDVR�

3DUD XQ FRPSXWDGRU %63 FRQ S SURFHVDGRUHV �TXH VH UHSUHVHQWDQ SRU 3L� SDUD L  

�� �� � � � � Sb ��� HO FRVWH GH XQ VXSHUSDVR VH SXHGH H[SUHVDU FRPR

&  PD[
��L�Sb�

ZL �

t
PD[

��L�Sb�
KL

u
J � O

 Z � KJ � O �����

GRQGH ZL HV HO FRVWH GH FRPSXWDFLuRQ GHO SURFHVDGRU 3L HQ HO VXSHUSDVR \ KL HV HO PuD[LPR

HQWUH HO QuXPHUR GH XQLGDGHV GH GDWRV TXH HO SURFHVDGRU 3L HQYurD R HO QuXPHUR GH XQLGDGHV

GH GDWRV TXH HO SURFHVDGRU 3L UHFLEH HQ HO VXSHUSDVR�



��� (O PRGHOR %63 ��

6H REVHUYD TXH HO FRVWH GH XQ VXSHUSDVR GHSHQGH GHO SURFHVDGRU PuDV OHQWR� GH OD

FDQWLGDG PuDV DOWD GH GDWRV TXH XQ SURFHVDGRU HQYurD R UHFLEH \ GHO FRVWH GH VLQFURQL]DFLuRQ�

3DUD TXH HO FRVWH GH XQ SURJUDPD %63 VHD VLJQLnFDWLYR \ VH SXHGD FRPSDUDU HQWUH GLVWLQWDV

DUTXLWHFWXUDV SDUDOHODV� ORV YDORUHV GH Z� J \ O VH H[SUHVDQ HQ IXQFLuRQ GH OD XQLGDG GH

YHORFLGDG GH FRPSXWDFLuRQ �D PHQXGR HQ oRSV��

/D H[LVWHQFLD GH XQ PRGHOR GH FRVWH PDOHDEOH \ SUHFLVR KDFH SRVLEOH UHDOPHQWH HO

GLVHaQR GH SURJUDPDV %63� HVWR VLJQLnFD TXH FRQVFLHQWH \ MXVWLnFDGDPHQWH VH SXHGDQ WRPDU

GHFLVLRQHV VREUH GLVWLQWDV LPSOHPHQWDFLRQHV SDUD XQ PLVPR SUREOHPD� 3RU HMHPSOR� D OD

YLVWD GH OD H[SUHVLuRQ ����� HVWuD FODUR TXH SDUD FUHDU SURJUDPDV %63 HnFLHQWHV GHEHQ

WHQHUVH HQ FXHQWD ODV VLJXLHQWHV HVWUDWHJLDV�

q /D FRPSXWDFLuRQ HQ FDGD VXSHUSDVR GHEH HVWDU EDODQFHDGD \D TXH OD VLQFURQL]DFLuRQ

QR VH UHDOL]D KDVWD TXH DFDED HO SURFHVDGRU TXH PuDV WDUGD HQ UHDOL]DU OD FRPSXWDFLuRQ

TXH VH OH KD\D DVLJQDGR�

q /D FRPXQLFDFLuRQ HQWUH SURFHVDGRUHV GHEH HVWDU EDODQFHDGD� HYLWDQGR JUDQGHV YDULD�

FLRQHV HQ ORV YDORUHV GH KL�

q (O QuXPHUR GH VXSHUSDVRV GHEH VHU PLQLPL]DGR GHELGR DO FRVWH TXH VXSRQH FDGD

VLQFURQL]DFLuRQ�

(O PRGHOR GH FRVWH SXHGH VHU XWLOL]DGR WDPELuHQ SDUD SUHGHFLU HO FRVWH GH HMHFXFLuRQ HQ

GLVWLQWRV FRPSXWDGRUHV %63� /RV YDORUHV GH Z \ K SDUD FDGD VXSHUSDVR \ HO QuXPHUR GH

VXSHUSDVRV SXHGHQ REWHQHUVH PHGLDQWH LQVSHFFLuRQ GHO SURJUDPD %63� VXMHWD D ODV PLVPDV

OLPLWDFLRQHV TXH VH WHQJDQ D OD KRUD GH GHWHUPLQDU HO FRVWH GH XQ SURJUDPD VHFXHQFLDO�

/RV YDORUHV GH S� J \ O SXHGHQ VHU VXVWLWXLGRV HQ OD IuRUPXOD GH FRVWH GHO SURJUDPD %63 \

HVWLPDU DVur HO WLHPSR TXH WDUGDUuD DQWHV GH HMHFXWDUOR HQ OD PuDTXLQD SDUDOHOD�

([LVWHQ RWUDV SURSXHVWDV GHO PRGHOR GH FRVWH %63 HQ ODV TXH VH DnQD HQ DOJXQRV

GHWDOOHV� 3RU HMHPSOR�

q VL VH FRQVLGHUDQ FRPXQLFDFLuRQ \ FRPSXWDFLuRQ VRODSDGDV� HO FRVWH GH XQ VXSHUSDVR

YLHQH H[SUHVDGR SRU XQD IuRUPXOD GHO WLSR

PD[�Z� KJ� � O�



�� � &RPSXWDFLuRQ 3DUDOHOD

q VL VH FRQVLGHUD TXH HQ HO FRVWH GH XQD K�UHODFLuRQ LQoX\H HO WLHPSR XWLOL]DGR SDUD

HQYLDU GDWRV \ SDUD UHFLELUORV �OR TXH HQ GHnQLWLYD VXSRQH TXH XQD K�UHODFLuRQ HV XQ

SDWUuRQ GH FRPXQLFDFLuRQ JOREDO HQ HO TXH FDGD SURFHVDGRU SXHGH HQYLDU \ UHFLELU D

OR VXPR K XQLGDGHV GH GDWRV�� HO FRVWH GH XQ VXSHUSDVR YLHQH H[SUHVDGR SRU XQD

IuRUPXOD GHO WLSR

Z � PD[
��L�Sb�

�KHQYLDGDV
L � KUHFLELGDV

L �J � O�

(VWDV GLIHUHQFLDFLRQHV VREUH HO PRGHOR GH FRVWH VuROR SURGXFHQ SHTXHaQDV YDULDFLRQHV HQ

HO FRVWH GH XQ SURJUDPD %63� SRU OR TXH HQ HVWD PHPRULD VH KD RSWDGR SRU XWLOL]DU OD

H[SUHVLuRQ ������

8QD RPLVLuRQ PuDV LPSRUWDQWH HQ HO PRGHOR GH FRVWH HV OD UHVWULFFLuRQ TXH VXSRQH OD

FDQWLGDG GH PHPRULD UHTXHULGD SRU FDGD SURFHVDGRU� (O PRGHOR REOLJD D EDODQFHDU ODV

FRPXQLFDFLRQHV \ D PLQLPL]DU ODV VLQFURQL]DFLRQHV SHUR GHMD ULHQGD VXHOWD DO XVR �\ DEXVR�

GH OD PHPRULD� SXGLHQGR GDUVH HO FDVR GH TXH HQ XQ SURJUDPD VH KD\D KHFKR XQD GLVWULEX�

FLuRQ XQLIRUPH GH OD FRPSXWDFLuRQ \ OD FRPXQLFDFLuRQ SHUR TXH OD HnFLHQFLD GHO PLVPR VH YHD

PHUPDGD SRU TXH DOJXQR GH ORV SURFHVDGRUHV QR WHQJD VXnFLHQWHV UHFXUVRV GH PHPRULD�

6H HVWuD LQYHVWLJDQGR XQD H[WHQVLuRQ GHO PRGHOR GH FRVWH HQ HO TXH VH WHQJD HQ FXHQWD OD

FDQWLGDG GH PHPRULD DVRFLDGD D FDGD SURFHVDGRU� SDUD REWHQHU PD\RU LQIRUPDFLuRQ YuHDVH

+LOO� 0F&ROO \ 6NLOOLFRUQ >��@�

(O PRGHOR GH FRVWH WDPELuHQ SHUPLWH HO GLVHaQR GH DOJRULWPRV %63� QR VuROR SURJUDPDV�

(Q HVWH FDVR HO REMHWLYR HV REWHQHU VROXFLRQHV uRSWLPDV FRQ UHVSHFWR D OD FRPSXWDFLuRQ WRWDO�

OD FRPXQLFDFLuRQ WRWDO \ HQ QuXPHUR WRWDO GH VXSHUSDVRV SDUD HO SRVLEOH UDQJR GH YDORUHV

GH S�

8Q PRGHOR UHnQDGR SDUD HO SDUuDPHWUR J

(Q HO PRGHOR RULJLQDO GH 9DOLDQW >���@ ORV SDUuDPHWURV V� O \ J VRQ FRQVWDQWHV� <D

VH KD FRPHQWDGR �SuDJLQD ��� TXH HO PRGHOR GH FRVWH QR GLVWLQJXH HQWUH HO FRVWH GH XQ

SURFHVDGRU HQYLDQGR K PHQVDMHV GH WDPDaQR XQD XQLGDG GH GDWRV R XQ PHQVDMH GH WDPDaQR

K XQLGDGHV GH GDWRV� HQ DPERV FDVRV VH WLHQH XQD K�UHODFLuRQ GH FRVWH KJ� $XQTXH HVWH

PRGHOR GH FRVWH HV EDVWDQWH SUHFLVR SDUD WDPDaQRV GH PHQVDMH JUDQGHV� QR VH DMXVWD DO FDVR

HQ TXH VH SURGXFHQ FRPXQLFDFLRQHV GH PHQVDMHV GH SHTXHaQR WDPDaQR GHELGR DO WLHPSR
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GH LQLFLDOL]DFLuRQ �VWDUW�XS� HQ OD WUDQVPLVLuRQ GH PHQVDMHV� 3DUD WDPDaQRV SHTXHaQRV GH

PHQVDMH HVWH WLHPSR UHSUHVHQWD XQ DOWR SRUFHQWDMH GHO WLHPSR GH FRPXQLFDFLuRQ PLHQWUDV

TXH SDUD PHQVDMHV JUDQGHV HV LUUHOHYDQWH�

0LOOHU >��@� XWLOL]DQGR XQD WuHFQLFD LQWURGXFLGD SRU +RFNQH\ >��@� UHnQD HO PRGHOR GH

FRVWH RULJLQDO GH PDQHUD TXH VH LQFOX\D HO HIHFWR GH OD JUDQXODULGDG GH ORV PHQVDMHV HQ HO

FRVWH GH FRPXQLFDFLuRQ� 3DUD HOOR� VH GHnQH HO YDORU GH J FRPR XQD IXQFLuRQ TXH GHSHQGH

GHO WDPDaQR [ GH PHQVDMH�

J�[�  

�
Q�

�

[
� �

�
J�� �����

GRQGH J� HV HO FRVWH DVLQWuRWLFR GH FRPXQLFDFLuRQ SDUD WDPDaQRV GH PHQVDMH PX\ JUDQGHV

\ Q �

�

HV HO WDPDaQR GH PHQVDMH TXH SURGXFH OD PLWDG GHO DQFKR GH EDQGD DVLQWuRWLFR� R VHD

J�Q�

�

�  �J�� (Q OD nJXUD ���� VH PXHVWUD XQ HMHPSOR GH OD FXUYD �FRQRFLGD FRPR FXUYD

GH 0LOOHU� TXH VH REWLHQH FRQ OD H[SUHVLuRQ ����� SDUD ORV YDORUHV Q �

�

 �� XQLGDGHV GH GDWRV

\ J�  ����xV�

(VWLPDFLuRQ GH ORV YDORUHV GH ORV SDUuDPHWURV %63

/RV YDORUHV GH ORV SDUuDPHWURV %63 GH XQD PuDTXLQD SDUDOHOD FRQFUHWD� VH SXHGHQ REWH�

QHU XWLOL]DQGR SURJUDPDV GH SUXHED �SURFHVR FRQRFLGR FRPR EHQFKPDUNLQJ� TXH HYDOuXHQ

HO UHQGLPLHQWR GH ODV SDUWHV GHO VLVWHPD TXH LQWHUHVHQ�

(Q OD HVWLPDFLuRQ GHO SDUuDPHWUR V LQoX\H IXHUWHPHQWH HO WLSR GH FuDOFXOR TXH VH UHDOLFH

HQ HO SURJUDPD GH SUXHED� VH VXHOH WRPDU OD PHGLD DULWPuHWLFD GH GRV HVWLPDFLRQHV SDUD

HVWH SDUuDPHWUR�

EVF� TXH PLGH HO FRVWH GH XQ SURGXFWR HVFDODU HQ HO TXH VH UHDOL]DQ 2�Q� RSHUDFLRQHV

DULWPuHWLFDV VREUH HVWUXFWXUDV GH WDPDaQR Q \ SURSRUFLRQD XQD FRWD LQIHULRU GHO YDORU

GH V�

GVH� TXH PLGH HO FRVWH GHO SURGXFWR GH GRV PDWULFHV GHQVDV HQ HO TXH VH UHDOL]DQ 2�Q��

RSHUDFLRQHV DULWPuHWLFDV VREUH HVWUXFWXUDV GH WDPDaQR Q� \ SURSRUFLRQD XQD FRWD

VXSHULRU GHO YDORU GH V�
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ORQJLWXG GH PHQVDMH

J�[� �
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)LJXUD ����� &XUYD WHuRULFD GH J SDUD ORV YDORUHV Q �

�

 �� \ J�  ����xV�

6L VH TXLHUHQ REWHQHU SUHGLFFLRQHV QR PX\ DOHMDGDV GH OD UHDOLGDG� HV PHMRU HVWLPDU

HO YDORU GH V FRQ HO WLSR GH FuDOFXOR SUHGRPLQDQWH HQ HO DOJRULWPR� /DV SUHGLFFLRQHV PuDV

SUHFLVDV VH REWLHQHQ XWLOL]DQGR HO YDORU GH V HIHFWLYR SDUD FDGD DOJRULWPR FRQFUHWR� HVWH

YDORU VH SXHGH REWHQHU GLYLGLHQGR HO QuXPHUR GH RSHUDFLRQHV DULWPuHWLFDV TXH VH UHDOLFHQ HQ

HO DOJRULWPR VHFXHQFLDO \ HO WLHPSR UHDO TXH VH WDUGH HQ HMHFXWDU HO PLVPR HQ VHFXHQFLDO�

(O SDUuDPHWUR O SXHGH VHU HVWLPDGR UHDOL]DQGR XQ FLHUWR QuXPHUR GH YHFHV XQD VLQFURQL�

]DFLuRQ HQWUH WRGRV ORV SURFHVDGRUHV \ WRPDQGR FRPR YDORU HIHFWLYR GHO PLVPR HO SURPHGLR

GH ORV YDORUHV REWHQLGRV R ELHQ HO YDORU PurQLPR GH WRGRV HOORV�

6L VH UHDOL]D XQD HVWLPDFLuRQ GH J FRQ XQ SDWUuRQ GH FRPXQLFDFLuRQ SDUWLFXODUPHQWH

VHQFLOOR� XQD ��UHODFLuRQ FRQ XQD FRPXQLFDFLuRQ FurFOLFD HQWUH SURFHVDGRUHV YHFLQRV� VH REWLHQH

XQD FRWD VXSHULRU GHO YDORU HIHFWLYR GH J� (Q HO RWUR H[WUHPR� VL VH UHDOL]D XQD HVWLPDFLuRQ

GH J FRQ XQ SDWUuRQ GH FRPXQLFDFLuRQ HQ HO TXH WRGRV ORV SURFHVDGRUHV FRPXQLFDQ D WRGRV K

XQLGDGHV GH GDWRV �YuHDVH OD nJXUD ������ VH REWLHQH XQD FRWD LQIHULRU GHO YDORU HIHFWLYR GH
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3� 3�

3� 3�

)LJXUD ����� 3DWUuRQ GH FRPXQLFDFLuRQ WRGRV D WRGRV SDUD � SURFHVDGRUHV�

J� 3DUD XQD PD\RU SUHFLVLuRQ HQ OD SUHGLFFLuRQ� OD HVWLPDFLuRQ GH J VH GHEH UHDOL]DU WHQLHQGR

HQ FXHQWD HO SDWUuRQ R ORV SDWURQHV GH FRPXQLFDFLuRQ TXH VH XWLOLFHQ HQ HO SURJUDPD�

3DUuDPHWURV %63 HQ ODV SODWDIRUPDV GH H[SHULPHQWDFLuRQ

/RV UHVXOWDGRV H[SHULPHQWDOHV GH ORV PuHWRGRV TXH VH H[SRQGUDQ HQ ORV VLJXLHQWHV

FDSurWXORV KDQ VLGR REWHQLGRV HQ GRV PuDTXLQDV� HO ,%0 63� GH OD 8QLYHUVLGDG GH $OL�

FDQWH \ HO FOXVWHU GH 3&
V GHO JUXSR GH &RPSXWDFLuRQ 3DUDOHOD GH HVD XQLYHUVLGDG�

(O ,%0 63� HVWuD IRUPDGR SRU � QRGRV WKLQ FX\DV FDUDFWHUurVWLFDV VRQ�

q 3URFHVDGRU� 32:(5� 6XSHU &KLS ��� 0+]

q /� FDFKH� ��� .LORE\WHV GDWRV��� .LORE\WHV LQVWUXFFLRQHV

q 5$0� ��� 0HJDE\WHV
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q $QFKXUD GHO EXV GH PHPRULD� ��� ELWV

q 9HORFLGDG GHO EXV� ��� 0HJDE\WHV�VHJ

q 6LVWHPD RSHUDWLYR� $,; �����

(O FOXVWHU HVWuD IRUPDGR SRU � 3&
V� FRQHFWDGRV PHGLDQWH XQ VZLWFK FRQ XQ DQFKR GH EDQGD

GH KDVWD ��� 0HJDE\WHV�VHJ� FX\DV FDUDFWHUurVWLFDV VRQ�

q 3URFHVDGRU� 3HQWLXP ��� 0+]

q 5$0� �� 0HJDE\WHV

q 6LVWHPD RSHUDWLYR� /,18; �����

/RV SDUuDPHWURV REWHQLGRV VH PXHVWUDQ HQ OD WDEOD ���� 6H KD XWLOL]DGR OD OLEUHUurD

%63/LE �Y���� TXH SURSRUFLRQD XQD XWLOLGDG� EVS SUREH� SDUD HO FuDOFXOR GH SDUuDPHWURV�

&RPR XQLGDG GH GDWRV VH KD FRQVLGHUDGR SDODEUDV GH �� ELWV�

(O FuDOFXOR GH V VH KD UHDOL]DGR WHQLHQGR HQ FXHQWD HO WLSR GH FuDOFXOR SUHGRPLQDQWH

HQ ORV DOJRULWPRV TXH VH GHVFULELUuDQ HQ VXFHVLYRV FDSurWXORV� SRU OR TXH VH KD PHGLGR HO

QuXPHUR GH 0HJDoRSV TXH SXHGH UHDOL]DU HO SURFHVDGRU PuDV OHQWR UHVROYLHQGR XQ VLVWHPD

WULGLDJRQDO SRU HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV� &RQ EVS SUREH VH REWLHQHQ UHVXOWDGRV

SDUD SURGXFWRV HVFDODUHV \ SURGXFWR GH GRV PDWULFHV GHQVDV� VH KD REVHUYDGR TXH HQ HO

,%0 63� QR KD\ PXFKD GLIHUHQFLD HQWUH DPERV YDORUHV� HQ FDPELR HQ HO FOXVWHU Vur� $GHPuDV

HO YDORU REWHQLGR SDUD HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV HVWuD

PuDV SUuR[LPR DO REWHQLGR SDUD HO SURGXFWR HVFDODU� /RV YDORUHV REWHQLGRV VH PXHVWUDQ HQ

OD WDEOD ����

(Q HO FuDOFXOR GH J VH KD FRQVLGHUDGR HO SDWUuRQ GH FRPXQLFDFLuRQ TXH EuDVLFDPHQWH VLJXHQ

ODV WUHV PuHWRGRV TXH VH GHVFULELUuDQ \ TXH FRQVLVWH HQ XQD H[SDQVLuRQ �EURDGFDVW� \ XQD

UHGXFFLuRQ� HQ OR VXFHVLYR VH KDUuD UHIHUHQFLD D uHO FRPR SDWUuRQ WULG� 6H KD WHQLGR HQ FXHQWD

OD JUDQXODULGDG GH ORV PHQVDMHV WUDQVPLWLGRV� SDUD HOOR VH KD PHGLGR HO WLHPSR WRWDO TXH

WDUGD OD PuDTXLQD HQ FRPXQLFDU WRGRV ORV PHQVDMHV SDUD OD PuD[LPD K�UHODFLuRQ VRSRUWDGD�

YDULDQ HO WDPDaQR GH PHQVDMH GHVGH EORTXHV GH WDPDaQR � KDVWD HO PuD[LPR WDPDaQR SDUD

OD K�UHODFLuRQ� 'LYLGLHQGR HO WLHPSR WRWDO TXH VH WDUGD HQ FRPXQLFDU WRGDV ODV SDODEUDV

SRU HO QuXPHUR WRWDO GH SDODEUDV FRPXQLFDGDV VH REWLHQH HO WLHPSR J�[� TXH WDUGD HQ
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V S O J Q�
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�D� ,%0 63� VZLWFK

V S O J Q�
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�E� ,%0 63� HWKHUQHW

V S O J Q�

�

���� � �� ��� ��

� ���� ��� �

� ���� ��� �

� ���� ��� �

�F�&OXVWHU GH 3&
V

7DEOD ���� 9DORUHV GH SDUuDPHWURV %63�

(VFDODU *DXVV WULG� 0DWULFLDO

,%0 63� ����� ����� �����

&/867(5 ����� ����� �����

7DEOD ���� 0HJDoRSV REWHQLGRV SDUD XQ ,%0 63� \ XQ FOXVWHU GH 3&
V�
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FRPXQLFDUVH XQD SDODEUD SDUD FDGD XQR GH ORV WDPDaQRV GH EORTXH [� &RQ EVS SUREH

VH REWLHQHQ UHVXOWDGRV SDUD GRV SDWURQHV GH FRPXQLFDFLuRQ� FRPXQLFDFLuRQ FurFOLFD �ORFDO

VKLIW� \ XQD FRPXQLFDFLuRQ WRGRV D WRGRV �DOO�WR�DOO�� 6REUH ORV YDORUHV REWHQLGRV SDUD HO

SDWUuRQ GH FRPXQLFDFLuRQ HVSHFurnFR �WULG� GH ORV PuHWRGRV TXH VH HVWXGLDUuDQ� VH KD UHDOL]DGR

XQ DMXVWH WHuRULFR KDFLHQGR XVR GH OD H[SUHVLuRQ ������ LQWURGXFLGD SRU 0LOOHU� /RV YDORUHV

REWHQLGRV SDUD J� �QRUPDOL]DGRV FRQ UHVSHFWR D V \ H[SUHVDGRV HQ oRSV� \ Q�

�

nJXUDQ HQ

OD WDEOD ����

(Q OD WDEOD ��� VH PXHVWUDQ ORV YDORUHV REWHQLGRV �QRUPDOL]DGRV FRQ UHVSHFWR D V \

H[SUHVDGRV HQ oRSV� SDUD � SURFHVDGRUHV HQ XQ ,%0 63� XWLOL]DQGR VZLWFK� (Q OD FROXPQD

WULG VH KDQ HVFULWR ORV YDORUHV REWHQLGRV SDUD HO SDWUuRQ GH FRPXQLFDFLuRQ GH ORV PuHWRGRV GH

UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV TXH VH GHVFULELUuDQ HQ VXFHVLYRV FDSurWXORV�

(Q ODV nJXUDV ���� \ ���� VH PXHVWUDQ ORV YDORUHV J�[� REWHQLGRV H[SHULPHQWDOPHQWH

FRQ HO SDWUuRQ GH FRPXQLFDFLuRQ WULG \ GH OD FXUYD WHuRULFD GH 0LOOHU HQ XQ ,%0 63� FRQ �

SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK� 6H REVHUYD TXH SDUD WDPDaQRV GH PHQVDMH

SHTXHaQRV HO YDORU H[SHULPHQWDO HVWuD SRU HQFLPD GHO WHuRULFR� \ TXH DPERV YDORUHV VH YDQ

DSUR[LPDQGR D PHGLGD TXH DXPHQWD HO WDPDaQR GH PHQVDMH� (Q HVWH FDVR VH SURGXFH XQ

SHTXHaQR FUHFLPLHQWR HQ HO FRVWH H[SHULPHQWDO GH FRPXQLFDFLuRQ GH XQD SDODEUD GH �� ELWV

SDUD WDPDaQRV GH PHQVDMH GHVGH �� KDVWD ��� SDODEUDV� FRPR VH SXHGH DSUHFLDU HQ OD nJXUD

�����D��

3DUD � \ � SURFHVDGRUHV� HQ HO ,%0 63� VZLWFK� VH REWLHQHQ UHVXOWDGRV DQuDORJRV� FRQ

PD\RU R PHQRU GHVYLDFLuRQ GH ORV YDORUHV H[SHULPHQWDOHV VREUH OD FXUYD WHuRULFD GH 0LOOHU

HQ WDPDaQRV GH PHQVDMH SHTXHaQRV� $ PRGR GH HMHPSOR� HQ ODV nJXUDV ���� \ ���� VH

PXHVWUDQ ORV UHVXOWDGRV SDUD � SURFHVDGRUHV HQ XQ ,%0 63� VZLWFK� )LQDOPHQWH� HQ ODV

nJXUDV ���� \ ���� VH PXHVWUDQ ORV YDORUHV J�[� H[SHULPHQWDOHV� UHFRJLGRV HQ OD WDEOD ����

GH ORV WUHV SDWURQHV HQ XQ ,%0 63� SDUD � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK�

/D FXUYD WHuRULFD GH 0LOOHU TXH DSDUHFH FRUUHVSRQGH DO SDWUuRQ WULG� SDUD ORV RWURV SDWURQHV

VH SXHGH UHDOL]DU XQ PHMRU DMXVWH WHuRULFR WRPDQGR ORV YDORUHV J� \ Q�

�

GH OD WDEOD ����

����� /LEUHUurDV %63 GLVSRQLEOHV

'HVGH TXH 9DOLDQW >���@ SURSXVR HO PRGHOR %63 HQ ����� YDULDV VRQ ODV DSUR[LPDFLRQHV

TXH VH KDQ UHDOL]DGR D OD LPSOHPHQWDFLuRQ GH FRPSXWDGRUHV %63 SRU PHGLR GH OLEUHUurDV�
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7DEOD ���� &RVWH GH FRPXQLFDFLuRQ HQ oRSV GH XQD SDODEUD GH �� ELWV SDUD � SUR�

FHVDGRUHV HQ XQ ,%0 63� XWLOL]DQGR VZLWFK \ GLVWLQWRV SDWURQHV GH FRPXQLFDFLuRQ�

ORFDO WULG DOO�WR�DOO

J� ���� ���� �����

Q�

�

��� �� ��

7DEOD ���� 9DORUHV GH J� \ Q�

�

SDUD ORV SDWURQHV ORFDO� WULG \ DOO�WR�DOO HQ XQ ,%0

63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK�
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0XFKDV GH HVWDV OLEUHUurDV VRQ XQD H[WHQVLuRQ GH DOJuXQ OHQJXDMH GH SURJUDPDFLuRQ \D H[LV�

WHQWH FRPR &�&�� R )2575$1� (VWD H[WHQVLuRQ FRQVLVWH JHQHUDOPHQWH HQ IXQFLRQHV

JHQHUDGRUDV GH WDUHDV� IXQFLRQHV GH FRPXQLFDFLuRQ HQWUH SURFHVDGRUHV \ IXQFLRQHV GH VLQ�

FURQL]DFLuRQ� /DV OLEUHUurDV SHUPLWHQ DO SURJUDPDGRU FRQWURODU SOHQDPHQWH OD FRPXQLFDFLuRQ

\ OD VLQFURQL]DFLuRQ HQWUH ORV SURFHVDGRUHV OuRJLFRV VLQ QHFHVLGDG GH FRQRFHU OD DVLJQDFLuRQ

IurVLFD TXH VH UHDOL]D D FDGD SURFHVDGRU OuRJLFR QL HO WLSR GH DUTXLWHFWXUD GH OD PuDTXLQD HQ

OD TXH VH HMHFXWD HO SURJUDPD� KHFKR TXH HV FRQRFLGR FRPR SURJUDPDFLuRQ %63 HQ PRGR

GLUHFWR�

/DV OLEUHUurDV %63 TXH VH GHVFULEHQ D FRQWLQXDFLuRQ KDQ VLGR LPSOHPHQWDGDV SDUD XQD

DPSOLD JDPD GH SODWDIRUPDV GH FRPSXWDFLuRQ SDUDOHOD UHVSHWDQGR HO PRGR GLUHFWR GH

SURJUDPDFLuRQ�

/LEUHUurD 2[IRUG %63

(O PRGHOR GH 9DOLDQW >���@ IXH GHVDUUROODGR PuDV H[WHQVDPHQWH SRU 0F&ROO >��� ��@�

FRQVHFXHQFLD GH HOOR� HQ ����� VH OOHYR D FDER OD SULPHUD OLEUHUurD SDUD FUHDU SURJUDPDV

%63� (VWD SULPHUD OLEUHUurD �YuHDQVH 0LOOHU >��� ��@ \ 0LOOHU \ 5HHG >��@� FRQWLHQH VuROR XQ

SHTXHaQR FRQMXQWR GH IXQFLRQHV� GRV GH HOODV VH HQFDUJDQ GH GHOLPLWDU HO SURJUDPD %63�

EVS VWDUW TXH FRQWLHQH XQ SDUuDPHWUR LQGLFDWLYR GHO QuXPHUR GH SURFHVDGRUHV D XWLOL]DU SRU

HO SURJUDPD \ EVS ILQLVK TXH LQGLFD HO nQDO GHO SURJUDPD� 2WUDV GRV VH HQFDUJDQ GH OD

FRPXQLFDFLuRQ� EVS IHWFK \ EVS VWRUH� (V OD uXQLFD IRUPD GH FRPXQLFDFLuRQ SRVLEOH� /RV

SURJUDPDV GHEHQ UHVSHWDU OD UHJOD GH QR LQWHUIHUHQFLD� )LQDOPHQWH� RWUDV GRV IXQFLRQHV VH

HQFDUJDQ GH OD GHOLPLWDFLuRQ GH ORV VXSHUSDVRV� EVS VVWHS \ EVS VVWHS HQG� /D OLEUHUurD

WDPELHQ VRSRUWD GRV SDWURQHV GH FRPXQLFDFLuRQ� H[SDQVLuRQ \ UHGXFFLuRQ� (V XWLOL]DEOH

GHVGH & R )2575$1 HQ QXPHURVDV SODWDIRUPDV FRPR &5$< 7�'� 6*, 3RZHU &KDOOHQJH�

,%0 63� \ FOXVWHU GH HVWDFLRQHV GH WUDEDMR 56����� XWLOL]DQGR 7&3�,3� /D OLEUHUurD VuROR

VRSRUWD HO PRGR GH FRPXQLFDFLuRQ '50$ \ VH VXSRQH TXH OD ORFDOL]DFLuRQ GH ODV YDULDEOHV

HV OD PLVPD SDUD FDGD SURFHVDGRU� HVWR FRQOOHYD TXH WRGDV ODV YDULDEOHV VRQ HVWuDWLFDV�

/LEUHUurD %63��

(V XQD H[WHQVLuRQ GH OD OLEUHUurD 2[IRUG %63� FUHDGD HQ 2[IRUG HQ ����� TXH VRSRUWD

SRUJUDPDFLuRQ RULHQWDGD D REMHWRV� 7LHQH SRFDV FDUDFWHUurVWLFDV TXH GLVWLQJDQ VX OHQJXDMH
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)XQFLuRQ 7DUHD

YRLG EVS6HQG3NW�� (QYurD XQ SDTXHWH D RWUR SURFHVDGRU�

EVS3NW EVS*HW3NW�� 5HFLEH XQ SDTXHWH HQYLDGR HQ HO DQWHULRU VXSHUSDVR�

YRLG EVS6\QFK�� /OHYD D FDER XQD VLQFURQL]DFLuRQ JOREDO�

LQW EVS*HW1XP3URFV�� 'HYXHOYH HO QuXPHUR GH SURFHVDGRUHV�

LQW EVS*HW1XP3NWV�� 'HYXHOYH HO QuXPHUR GH SDTXHWHV HQYLDGRV DO SURFH�

VDGRU HQ HO DQWHULRU VXSHUSDVR� D ORV TXH QR VH KD

DFFHGLGR WRGDYurD�

LQW EVS*HW1XP6WHS�� 'HYXHOYH HO QuXPHUR GHO DFWXDO VXSHUSDVR�

7DEOD ���� )XQFLRQHV GH OD OLEUHUurD *UHHQ %63�

GHO GH RWUDV� GHELGR DO LQFUHPHQWR HQ OD FRPSOHMLGDG GHO PRGHOR GH FRVWH TXH DFDUUHD

�YuHDVH /HFRPEHU >��@��

/LEUHUurD *UHHQ %63

(VWD OLEUHUurD� GHVDUUROODGD HQ WRUQR D ���� HQ 8QLYHUVLW\ RI &HQWUDO )ORULGD �2UODQGR��

XWLOL]D HO SDVR GH PHQVDMHV SDUD OD FRPXQLFDFLuRQ� WUDEDMD VuROR FRQ HO SDUDGLJPD GH FR�

PXQLFDFLuRQ %603 TXH JDUDQWL]D OD OOHJDGD GH ORV PHQVDMHV DQWHV GHO LQLFLR GHO VLJXLHQWH

VXSHUSDVR� VRSRUWD GLYHUVRV VLVWHPDV RSHUDWLYRV \ OLEUHUurDV HQ &� &RQVWD GH ODV VLHWH IXQ�

FLRQHV TXH VH LQFOX\HQ HQ OD WDEOD ���� ORV SDTXHWHV FRQVLVWHQ HQ XQ DUUD\ GH XQ WDPDaQR

SUHnMDGR �JHQHUDOPHQWH �� E\WHV� SRU OR TXH ORV GDWRV TXH YD\DQ D VHU HQYLDGRV D RWURV

SURFHVDGRU GHEHQ VHU SDUWLFLRQDGRV� 9uHDVH *RXGUHDX� /DQJ� 5DR \ 7VDQWLODV >��@ SDUD

REWHQHU PuDV GHWDOOHV�

/LEUHULD %63 :RUOGZLGH 6WDQGDUG �%63/LE�

(VWD OLEUHUurD� IUXWR GH OD FRODERUDFLuRQ HQWUH ODV SHUVRQDV TXH KDQ HVWDGR GHWUuDV GHO

GLVHaQR \ GHVDUUROOR GH ODV OLEUHUurDV 2[IRUG %63 \ *UHHQ %63� HV HO UHVXOWDGR GH XQ FRQ�

VLGHUDEOH HVIXHU]R SRU FRQVHJXLU XQ HVWuDQGDU GH SURJUDPDFLuRQ HQ %63� (Q HO SUR\HFWR
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SDUWLFLSDQ PLHPEURV GH ODV 8QLYHUVLGDGHV GH 2[IRUG� +DUYDUG� 6XmRON� &HQWUDO )ORUL�

GD� &DOLIRUQLD �%HUNHOH\�� &ROXPELD� 8WUHFK \ GHO 1(& 5HVHDUFK ,QVWLWXWH RI 3ULFHQWRQ�

/D SULPHUD SURSXHVWD >��@ IXH SUHVHQWDGD HQ DEULO GH ���� \ OD uXOWLPD YHUVLuRQ >��@ HQ

VHSWLHPEUH GH �����

'HELGR D VX RULJHQ �VXUJH D SDUWLU GH ODV OLEHUurDV 2[IRUG %63 \ *UHHQ %63�� VRSRU�

WD ORV GRV SDUDGLJPDV GH FRPXQLFDFLuRQ� '50$ \ %603� %63OLE SURSRUFLRQD DGHPuDV

GHO FRQMXQWR GH RSHUDFLRQHV EuDVLFDV TXH VH PXHVWUD HQ OD WDEOD ��� RWUDV IXQFLRQHV TXH

SHUPLWHQ UHDOL]DU FRPXQLFDFLRQHV SDUD DOJXQRV SDWURQHV HVSHFLDOHV� HVWDV IXQFLRQHV QR VH

FRQVLGHUDQ FRPR SDUWH GHO QuXFOHR GH OD OLEUHUurD SRU TXH VH SXHGHQ REWHQHU VHQFLOODPHQWH

D SDUWLU GH ODV RSHUDFLRQHV EuDVLFDV�

/RV SURFHVRV VRQ JHQHUDGRV SRU PHGLR GH EVS EHJLQ \ EVS HQG� 6L HVWDV LQVWUXFFLRQHV

VRQ OD SULPHUD \ uXOWLPD GHO SURJUDPD� uHVWH VH HMHFXWD GHVGH HO SULQFLSLR HQ OD IRUPD 630'�

%63/LE SURSRUFLRQD XQ PRGR DOWHUQDWLYR FRQVLVWHQWH HQ TXH HO SURFHVDGRU SULQFLSDO LQLFLD

VHFXHQFLDOPHQWH OD HMHFXFLuRQ GHO SURJUDPD \ GHWHUPLQD HO QuXPHUR GH SURFHVDGRUHV QHFH�

VDULRV SDUD OD FRPSXWDFLuRQ HQ SDUDOHOR �SDUD HOOR VH KDFH XVR GH OD IXQFLuRQ EVS LQLW�� D

FRQWLQXDFLuRQ VH JHQHUDQ ORV SURFHVRV QHFHVDULRV XWLOL]DQGR EVS EHJLQ \ FRQWLQuXD OD HMH�

FXFLuRQ HQ OD IRUPD 630' KDVWD TXH EVS HQG HV HMHFXWDGR SRU WRGRV ORV SURFHVDGRUHV� HQ

HVWH SXQWR WRGRV ORV SURFHVDGRUHV WHUPLQDQ VX WDUHD H[FHSWR HO SURFHVDGRU SULQFLSDO TXH

SXHGH FRQWLQXDU OD HMHFXFLuRQ GHO SURJUDPD VHFXHQFLDOPHQWH�

/D OLEUHUurD HVWuD GLVSRQLEOH SDUD & \ )2575$1� VX uXOWLPD YHUVLuRQ �Y���� SURSRUFLRQD

FXDWUR WLSRV GH LQSOHPHQWDFLuRQ SDUD ORV VLJXLHQWHV WLSRV GH PuDTXLQD�

�L� 0uDTXLQD FRQ PHPRULD GLVWULEXLGD TXH XWLOL]D VX SURSLD OLEUHUurD GH SDVR GH PHQVDMHV

R 03,�

�LL� 0uDTXLQD FRQ PHPRULD GLVWULEXLGD TXH XWLOL]D SULPLWLYDV GH FRPXQLFDFLuRQ XQLGLUHF�

FLRQDOHV� FRPR OD OLEUHUurD &UD\ 6+0(0 GH 7�(�

�LLL� 0XOWLSURFHVDGRU FRQ PHPRULD FRPSDUWLGD TXH XWLOL]D VXV SURSLDV SULPLWLYDV GH FRQ�

FXUUHQFLD R VHPuDIRURV 6\VWHP 9�

�LY� 5HGHV GH HVWDFLRQHV GH WUDEDMR TXH XWLOL]DQ HO SURWRFROR GH FRPXQLFDFLuRQ 7&3�,3

R 8'3�,3�

+D VLGR SUREDGD VDWLVIDFWRULDPHQWH HQ ODV VLJXLHQWHV SODWDIRUPDV
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&ODVH 2SHUDFLuRQ 6LJQLILFDGR

,QLFLDOL]DFLuRQ EVS LQLW 6LPXOD SURFHVRV GLQuDPLFRV

EVS EHJLQ ,QLFLD XQ SURJUDPD�

EVS HQG )LQDOL]D XQ SURJUDPD�

,QGDJDFLuRQ EVS SLG ,GHQWLnFD HO SURFHVDGRU�

EVS QSURFV 1uXPHUR GH SURFHVDGRUHV�

EVS WLPH 7LHPSR ORFDO�

6LFURQL]DFLuRQ EVS V\QF %DUUHUD GH VLQFURQL]DFLuRQ�

'50$ EVS SXVKUHJLVWHU &UHD XQD ]RQD GH PHPRULD

JOREDOPHQWH YLVLEOH�

EVS SRSUHJLVWHU %RUUD XQD ]RQD GH PHPRULD

JOREDOPHQWH YLVLEOH�

EVS SXW (QYurD D PHPRULD UHPRWD�

EVS JHW 5HFLEH GH PHPRULD UHPRWD�

%603 EVS VHW WDJ VL]H (OLJH HO WDPDaQR GH HWLTXHWD�

EVS VHQG (QYurD D XQD FROD UHPRWD�

EVS JHW WDJ (PSDUHMD HWLTXHWD \ PHQVDMH�

EVS PRYH ([WUDH GH OD FROD�

3DUDGD EVS DERUW 8Q SURFHVDGRU SDUD D WRGRV�

$OWR UHQGLPLHQWR EVS KSSXW 9HUVLuRQ GH ODV SULPLWLYDV GH

EVS KSJHW FRPXQLFDFLuRQ VLQ EXmHU ORFDO

EVS KSPRYH QL UHPRWR�

7DEOD ���� 1uXFOHR GH OD OLEUHUurD %63/LE�
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q &OXVWHU GH HVWDFLRQHV GH WUDEDMR 6LOLFRQ *UDnFV �,UL[ ��[� R �,UL[ ��[� �Q�� REMHFWV�
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q &OXVWHU GH HVWDFLRQHV GH WUDEDMR ,%0 56�����

q &OXVWHU GH HVWDFLRQHV GH WUDEDMR 6RODULV

q &OXVWHU GH 3&
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3DUD REWHQHU PD\RU LQIRUPDFLuRQ YuHDQVH %LVVHOLQJ� *RXGUHDX� +LOO� /DQJ� 0F&ROO� 5DR�
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0F&ROO� 5DR� 6WHIDQHVFX� 6XHO \ 7VDQWLODV >��@�

/LEUHULD 38%

/D OLEUHUurD 38% �3DGHUERUQ 8QLYHUVLW\ %63�/LEUDU\� KD VLGR GHVDUUROODGD HQ OD 8QLYH�

VLGDG GH 3DGHUERUQ �$OHPDQLD� UHFLHQWHPHQWH� HQHUR GH ����� 2IUHFH ODV GRV SRVLELOLGDGHV

GH FRPXQLFDFLuRQ HQWUH SURFHVDGRUHV� SDVR GH PHQVDMHV \ DFFHVR D PHPRULD UHPRWD� \ SUR�

SRUFLRQD DOJXQDV RSHUDFLRQHV GH FRPXQLFDFLuRQ FROHFWLYD FRPR GLIXVLuRQ \ UHGXFFLuRQ GH

PHQVDMHV� (VWuD LQSOHPHQWDGD HQ & \� SDUD VHU PuDV oH[LEOH� SHUPLWH FUHDU REMHWRV %63
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LQGHSHQGLHQWHV� FDGD XQR GH HOORV UHSUHVHQWDQGR XQ FRPSXWDGRU %63 YLUWXDO� DGHPuDV� VH

SXHGH XWLOL]DU %63/LE SDUD SURJUDPDU FRQ 38%�

/D OLEUHUurD HVWuD GLVSRQLEOH SDUD YDULDV SODWDIRUPDV

q 3DUV\WHF *LJDFOXVWHU � *&HO �3DUL[�

q 3DUV\WHF *&�3RZHU3OXV �3DUL[�

q 3DUV\WHF && �(PEHGGHG 3DUL[ �

q ,%0 63� �03/ R 03,�

q &OXVWHU GH HVWDFLRQHV GH WUDEDMR 6RODULV �7&3�,3�

q &OXVWHU GH 3&
V EDMR /,18; �7&3�,3�

\ SXHGH DGDSWDUVH IuDFLOPHQWH D FXDOTXLHU SODWDIRUPD TXH GLVSRQJD GH 03,� &RQWLHQH

WDPELuHQ� XQ VLPXODGRU %63 SDUD SRGHU HMHFXWDU SURJUDPDV SDUDOHORV \ GHSXUDUORV HQ XQD

HVWDFLuRQ GH WUDEDMR R 3& GRWDGRV GH VLVWHPD RSHUDWLYR 6XQ 6RODULV� :LQGRZV �� R ,%0

26��� 8QD FRPSDUDFLuRQ FRQ RWUDV OLEUHUurDV %63 \ PuDV GHWDOOHV VREUH OD PLVPD SXHGHQ

HQFRQWUDUVH HQ %RQRUGHQ� -XXUOLQN� YRQ 2WWH \ 5LHSLQJ >��@�
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6H GLFH TXH XQD PDWUL] WULGLDJRQDO $ GH WDPDaQR Q d Q HV HVWULFWDPHQWH GLDJRQDO

GRPLQDQWH VL

MDLM ! MELM� MFLM � SDUD L  �� �� � � � � Q� �����
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6L EL � � \ FL�� � �� SDUD L  �� �� � � � � Qb � OD PDWUL] HV LUUHGXFLEOH�
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�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

(V FRQRFLGR TXH VL $ HV XQD PDWUL] WULGLDJRQDO� HVWULFWDPHQWH GLDJRQDO GRPLQDQWH�

HQWRQFHV HV QR VLQJXODU \ VH SXHGH UHDOL]DU OD HOLPLQDFLuRQ *DXVVLDQD VLQ LQWHUFDPELR GH

nODV HQ FXDOTXLHU VLVWHPD OLQHDO FX\D PDWUL] GH FRHnFLHQWHV VHD $ �YuHDVH SRU HMHPSOR

%XUGHQ \ )DLUHV >��@� SuDJLQDV ��� \ �����

3DUD XQD PDWUL] $ GH WDPDaQR Q d Q WULGLDJRQDO H LUUHGXFLEOH� VH GHnQH OD GLDJRQDO

GRPLQDQ]D p FRPR
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2EYLDPHQWH� VL $ HV HVWULFWDPHQWH GLDJRQDO GRPLQDQWH� HQWRQFHV p ! � SRU OD H[SUH�

VLuRQ ������

6L [ HV OD VROXFLuRQ GH XQ VLVWHPD $[  G \ VH WRPD RWUR YHFWRU V FRPR VROXFLuRQ GHO

PLVPR� OD FDQWLGDG GH HUURU FRPHWLGR YLHQH GHWHUPLQDGD� SRU HMHPSOR� SRU NHN
�
� GRQGH

H  [b V�

��� 'HVFULSFLuRQ GHO PuHWRGR�

6H FRQVLGHUD HO SUREOHPD JHQHUDO GH REWHQHU OD VROXFLuRQ GHO VLVWHPD
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TXH QR FRLQFLGH H[DFWDPHQWH FRQ HO YHFWRU VROXFLuRQ GHO VLVWHPD ������ \D TXH HQ VX RE�

WHQFLuRQ VH KD RPLWLGR DOJXQD LQIRUPDFLuRQ GHO VLVWHPD �ORV EORTXHV VXEGLDJRQDOHV \ VX�

SHUGLDJRQDOHV�� DXQTXH VH SXHGHQ XWLOL]DU ODV GLIHUHQWHV VROXFLRQHV GH ORV VXEVLVWHPDV

LQGHSHQGLHQWHV ����� SDUD IRUPDU OD VROXFLuRQ GHO VLVWHPD ������

&DGD XQD GH HVWDV VROXFLRQHV VL� SDUD L  �� �� � � � � Sb �� FRQWLHQH XQD FLHUWD FDQWLGDG

GH HUURU� &RPR VH SXHGH REVHUYDU HQ HO VLJXLHQWH HMHPSOR� GHSHQGLHQGR GHO YDORU SDUWLFXODU
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SULPHUDV GH V� \ HQ WRGDV ODV FRPSRQHQWHV GH ORV YHFWRUHV V� \ V��

3RU uXOWLPR� VL HQ HO VLVWHPD ����� VH FRQVLGHUD DL  �� SDUD L  �� �� � � � � ��� \ HO UHVWR
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(Q HVWH FDVR� VH FRPHWH HUURU HQ WRGDV ODV FRPSRQHQWHV GH ORV YHFWRUHV VL� SDUD L  �� �� �� ��

(Q ORV WUHV FDVRV HO WDPDaQR GH ORV EORTXHV GH OD SDUWLFLuRQ QR KD YDULDGR� HQ FDPELR Vur

KD YDULDGR OD GLDJRQDO GRPLQDQ]D TXH HQ HO SULPHU FDVR HV LJXDO D ��� HQ HO VHJXQGR �� \

HQ HO uXOWLPR ��

6L DKRUD VH FRQVLGHUD HQ HO SULPHU FDVR S  � �\ SRU WDQWR N  ��� OD GLDJRQDO

GRPLQDQ]D HV OD PLVPD SHUR HO WDPDaQR GH ORV EORTXHV HV GLVWLQWR� (O VLVWHPD ����� VH
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$KRUD� HO HUURU VH SURGXFH HQ ODV GRV uXOWLPDV FRPSRQHQWHV GH V�� HQ ODV GRV SULPHUDV

GH V� \ HQ WRGDV ODV FRPSRQHQWHV GH ODV YHFWRUHV FHQWUDOHV VL� L  �� �� �� ��

3DUD PLQLPL]DU \ DFRWDU HO HUURU� HO PuHWRGR 230 �2YHUODSSHG 3DUWLWLRQV 0HWKRG�

SURSRQH FRQVLGHUDU XQD QXHYD SDUWLFLuRQ �YuHDVH /DUULED� -RUED� \ 1DYDUUR >��@� EDVDGD

HQ OD SDUWLFLuRQ QDWXUDO GDGD HQ OD H[SUHVLuRQ ������ DaQDGLHQGR �P nODV �UHVSHFWLYDPHQWH�

FRPSRQHQWHV� D FDGD XQR GH ORV EORTXHV GLDJRQDOHV GH OD PDWUL] GH FRHnFLHQWHV �UHVSHFWL�

YDPHQWH� YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV� \ P nODV �UHVSHFWLYDPHQWH� FRPSRQHQWHV� DO

SULPHU \ uXOWLPR EORTXH GH OD PDWUL] GH FRHnFLHQWHV �UHVSHFWLYDPHQWH� YHFWRU GH WuHUPLQRV

LQGHSHQGLHQWHV�� &RPR FRQVHFXHQFLD� FDGD XQR GH ORV QXHYRV EORTXHV HVWuD VRODSDGR FRQ

VXV DG\DFHQWHV �YuHDVH OD nJXUD ���� \ VH REWLHQH XQ QXHYR FRQMXQWR GH VXEVLVWHPDV

A$LA[L  AGL� L  �� �� � � � � Sb �� �����

GRQGH

q A$� HV OD VXEPDWUL] GH $ GH WDPDaQR �N�P�d�N�P� IRUPDGD SRU ODV nODV \ FROXPQDV

�� �� � � � � N�P \ AG� HV HO YHFWRU IRUPDGR SRU ODV FRPSRQHQWHV �� �� � � � � N�P GH G�
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IRUPDGD SRU ODV nODV \ FROXPQDV LNbP��� LNbP��� � � � � �L� ��N�P \ AGL HV HO

YHFWRU IRUPDGR SRU ODV FRPSRQHQWHV LNbP� �� LNbP� �� � � � � �L���N�P GH G�

q A$Sb� HV OD VXEPDWUL] GH $ GH WDPDaQR �N � P� d �N � P� IRUPDGD SRU ODV nODV \

FROXPQDV M  Q b N bP � �� Qb N bP� �� � � � � Q \� nQDOPHQWH� AGSb� HV HO YHFWRU

IRUPDGR SRU ODV FRPSRQHQWHV Qb N bP� �� Qb N bP� �� � � � � Q GH G�

(Q OD nJXUD ��� VH PXHVWUDQ� SDUD S  �� ORV EORTXHV $L� GL PDUFDGRV FRQ WUD]R

FRQWLQXR \ ORV EORTXHV A$L� AGL FRQ WUD]R GLVFRQWLQXR�

3DUD REWHQHU OD VROXFLuRQ GHO VLVWHPD ������ VH UHVXHOYHQ ORV VXEVLVWHPDV ����� SRU HOL�

PLQDFLuRQ *DXVVLDQD �QR KD\ TXH UHDOL]DU LQWHUFDPELR GH nODV SRU VHU OD PDWUL] $ HVWULF�

WDPHQWH GLDJRQDO GRPLQDQWH�� GH FDGD VXEVLVWHPD LQWHUPHGLR VH HOLJHQ ODV N FRPSRQHQWHV
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'HELGR D OD HVSHFLDO HVWUXFWXUD GH OD PDWUL] 1 � VH WLHQH TXH HO SULPHU WuHUPLQR GH OD

VHULH ����� TXH DIHFWD D OD FRPSRQHQWH [L HVWuD HQ 1 Lb��'b�
G�� 1uRWHVH TXH ORV WuHUPLQRV
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6L L � Qb L��� HO SULPHU WuHUPLQR GH OD VHULH ����� TXH DIHFWD D OD FRPSRQHQWH [L HVWuD

HQ 1 Lb��'b�G�� 5D]RQDQGR GH IRUPD DQuDORJD D OD GHO DSDUWDGR �L� VH WLHQH TXH
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7HRUHPD ��� 6HD q ! � XQ QuXPHUR UHDO� P HO QuXPHUR GH HFXDFLRQHV TXH VH VRODSDQ DO

UHVROYHU HO VLVWHPD ����� PHGLDQWH HO PuHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV \ x XQD FRWD

VXSHULRU GH OD QRUPD LQnQLWR GH OD VROXFLuRQ GHO PLVPR� 6L
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HQWRQFHV HO HUURU FRPHWLGR DO DSOLFDU HO PuHWRGR HV PHQRU TXH q�

'HPRVWUDFLuRQ� 6H FRQVLGHUD HQ HO VLVWHPD ����� OD SDUWLFLuRQ HQ EORTXHV GDGD HQ OD

H[SUHVLuRQ ������ $ SDUWLU GH HOOD VH REWLHQH XQD QXHYD SDUWLFLuRQ DaQDGLHQGR �P nODV �UHVSHF�

WLYDPHQWH� FRPSRQHQWHV� D FDGD XQR GH ORV EORTXHV LQWHUPHGLRV GH OD PDWUL] GH FRHnFLHQWHV
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�UHVSHFWLYDPHQWH� YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV� \ P nODV �UHVSHFWLYDPHQWH� FRPSR�

QHQWHV� DO SULPHU \ uXOWLPR EORTXH GH OD PDWUL] GH FRHnFLHQWHV �UHVSHFWLYDPHQWH� YHFWRU

GH WuHUPLQRV LQGHSHQGLHQWHV�� &RPR FRQVHFXHQFLD� FDGD XQR GH ORV QXHYRV EORTXHV HVWuD

VRODSDGR FRQ VXV DG\DFHQWHV \ VH REWLHQH HO QXHYR FRQMXQWR GH VXEVLVWHPDV GDGR HQ OD

H[SUHVLuRQ ������

3DUD VLPSOLnFDU� VH UHGHnQH FXDOTXLHU VXEVLVWHPD A$LA[L  AGL FRPR A$A[  AG \ ORV urQGLFHV

GHO PLVPR GHVGH � KDVWD U� /D VLWXDFLuRQ GHO VXEVLVWHPD A$A[  AG HQ HO VLVWHPD JHQHUDO

WLHQH OD VLJXLHQWH IRUPD
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(Q HO uXOWLPR VXEVLVWHPD� ODVP SULPHUDV FRPSRQHQWHV GH H SURYLHQHQ GH HFXDFLRQHV GH
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)LJXUD ���� 9DORU GH P HQ IXQFLuRQ GH p SDUD GLVWLQWRV YDORUHV GH q�
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OR TXH LPSOLFD� SRU ODV H[SUHVLRQHV ������� ������ \ ������� TXH HO HUURU FRPHWLGR HV PHQRU

TXH q�

3DUD FDGD VLVWHPD HQ SDUWLFXODU� GH ODV H[SUHVLRQHV ������ \ ������ VH SXHGH GHWHUPLQDU

P \ REWHQHU� DSOLFDQGR HO PuHWRGR� OD VROXFLuRQ [�

(Q OD nJXUD ��� VH PXHVWUD XQD JUuDnFD GH ORV GLIHUHQWHV YDORUHV GH P HQ IXQFLuRQ GH OD

GLDJRQDO GRPLQDQ]D p \ HO PuD[LPR HUURU SHUPLWLGR q� GRQGH x VH KD FDOFXODGR XWLOL]DQGR



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

P

� �� ��� ��� ����

��b�� ������� ������� ������� ������� �������

q ��b�� �������� ������� ������� ������� �������

��b�� ���������� �������� ������� ������� �������

7DEOD ���� 5DQJR GH OD GLDJRQDO GRPLQDQ]D p GHSHQGLHQGR GHO PuD[LPR HUURU WROH�

UDGR q \ GHO QuXPHUR GH HFXDFLRQHV VRODSDGDV P�

OD H[SUHVLuRQ ������ SDUD HO FDVR FRQFUHWR

PD[
��L�Q

�nnnnnGL

DL

nnnnn
�
 ����

3DUD RWURV YDORUHV GH x VH REWLHQHQ JUuDnFDV FRQ IRUPDV VHPHMDQWHV D OD GH OD nJXUD ����

6H REVHUYD TXH SDUD YDORUHV GH OD GLDJRQDO GRPLQDQ]D QR PX\ SUuR[LPRV D �� VH REWLHQHQ

YDORUHV GH P SHTXHaQRV �DXPHQWDQGR HVWH YDORU FXDQWR PHQRU VHD HO HUURU q WROHUDGR� \ TXH

SDUD YDORUHV GH p SUuR[LPRV D � HO YDORU GH P FUHFH FRQ WHQGHQFLD D �� �SDUD p  ���� \

q  ��b�� VH REWLHQH P  ������ $GHPuDV� GLIHUHQWHV SDUHV �p� q� SURGXFHQ HO PLVPR YDORU

GH P� GHELGR D TXH HVWH SDUuDPHWUR HVWuD GHWHUPLQDGR SRU XQD IXQFLuRQ HQWHUD GH YDULDEOH

UHDO�

(Q OD WDEOD ��� VH PXHVWUD HO PurQLPR YDORU GH p QHFHVDULR SDUD QR VXSHUDU HO HUURU q�

GDGR XQ YDORU GH VRODSDPLHQWR P nMR�

��� 3DUDOHOL]DFLuRQ GHO PuHWRGR�

(VWH PuHWRGR HV IuDFLOPHQWH SDUDOHOL]DEOH SXHV EDVWD FRQ FRQVLGHUDU TXH S HV HO QuXPHUR GH

SURFHVDGRUHV �JHQHUDOPHQWH� ORV SURFHVDGRUHV VH UHSUHVHQWDUuDQ SRU 3L� SDUD

L  �� �� � � � � S b �� \ DVLJQDU D FDGD SURFHVDGRU OD VROXFLuRQ GH XQR GH ORV VXEVLVWHPDV

GDGRV HQ OD H[SUHVLuRQ ������ (O VLJXLHQWH DOJRULWPR GHVFULEH HVD WDUHD�



��� 3DUDOHOL]DFLuRQ GHO PuHWRGR� ��

$OJRULWPR ��� 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV HQ SDUDOHOR

3DVR �

6H FDOFXOD p FRQIRUPH D OD H[SUHVLuRQ ������ VH REWLHQH x PHGLDQWH OD H[SUHVLuRQ ������ \

XWLOL]DQGR OD H[SUHVLuRQ ������ VH GHWHUPLQD P�

3DVR �

$ SDUWLU GH P� VH DVLJQDQ D FDGD SURFHVDGRU ODV HFXDFLRQHV QHFHVDULDV SDUD REWHQHU OD

SDUWLFLuRQ VXSHUSXHVWD�

3DVR �

&DGD SURFHVDGRU UHVXHOYH HO VXEVLVWHPD FRUUHVSRQGLHQWH GDGR SRU OD H[SUHVLuRQ ������

3DVR �

(O YHFWRU VROXFLuRQ GHO VLVWHPD RULJLQDO VH REWLHQH WRPDQGR ODV N SULPHUDV FRPSRQHQWHV

GHO YHFWRU VROXFLuRQ GH A$�A[�  AG�� ODV N FRPSRQHQWHV FHQWUDOHV GH ORV YHFWRUHV VROXFLuRQ GH
A$LA[L  AGL� SDUD L  �� �� � � � � S b �� \ ODV N uXOWLPDV FRPSRQHQWHV GHO YHFWRU VROXFLuRQ GH
A$Sb�A[Sb�  AGSb��

(MHPSOR ��� (Q HO VLVWHPD ������ VH FRQVLGHUD Q  ��� DL  ��� SDUD L  �� �� � � � � Q�

EL  bFL��  �� SDUD L  �� �� � � � � Q b � \ GL  FL � DL � EL� SDUD L  �� �� � � � � Q �FRQ

EQ  F�  ��� 3RU OD IRUPD HQ TXH VH KD FRQVWUXLGR� UHVXOWD LQPHGLDWR TXH OD VROXFLuRQ GHO

VLVWHPD WLHQH WRGDV VXV FRPSRQHQWHV LJXDOHV D ��

/D GLDJRQDO GRPLQDQ]D p HVWuD GDGD SRU

p  PLQ
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�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

(O SDUuDPHWUR x YDOH
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6L VH TXLHUH TXH HO HUURU FRPHWLGR q VHD LQIHULRU D ��b�� VH GHEH WRPDU P GH PDQHUD
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��� 3DUDOHOL]DFLuRQ GHO PuHWRGR� ��

(O SURFHVDGRU 3� UHVXHOYH HO VXEVLVWHPD A$�A[�  AG�� HVWR HV
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FX\D VROXFLuRQ HV

A[�  

�
���������������������

�

�

�

�

�

�

�

������

������

�
���������������������

�

&DGD XQR GH ORV SURFHVDGRUHV 3� \ 3� GHEHQ UHVROYHU� UHVSHFWLYDPHQWH� HO VXEVLVWHPD



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

A$�A[�  AG� \ A$�A[�  AG� � HVWR HV
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��� 3DUDOHOL]DFLuRQ GHO PuHWRGR� ��

UHVSHFWLYDPHQWH� FX\DV VROXFLRQHV VRQ
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3RU uXOWLPR� HO SURFHVDGRU 3� GHEH UHVROYHU HO VXEVLVWHPD A$�A[�  AG�� HVWR HV
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�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

FX\D VROXFLuRQ YLHQH GDGD SRU

A[�  
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/D VROXFLuRQ GHO VLVWHPD RULJLQDO VH REWLHQH WRPDQGR ODV VHLV SULPHUDV FRPSRQHQWHV GH

A[�� ODV VHLV FRPSRQHQWHV FHQWUDOHV GH A[� \ A[� \ ODV VHLV uXOWLPDV FRPSRQHQWHV GH A[��

��� $OJRULWPRV %63

/D LPSOHPHQWDFLuRQ GHO DOJRULWPR ��� VHJuXQ HO PRGHOR %63 VH GHVFULEH HQ HO DOJR�

ULWPR ���� 6H VXSRQH TXH WDQWR OD PDWUL] GH FRHnFLHQWHV FRPR HO YHFWRU GH WuHUPLQRV

LQGHSHQGLHQWHV VH HQFXHQWUDQ HQ HO SURFHVDGRU SULQFLSDO 3��

$OJRULWPR ��� $OJRULWPR %63 GHO PuHWRGR 230 SDUD XQ VLVWHPD WULGLDJRQDO

6XSHUSDVR �

q (O SURFHVDGRU SULQFLSDO 3� FDOFXOD N  
Q

S
\ ORV SDUuDPHWURV p� x \P XVDQGR ODV H[SUHVLRQHV

������ ������ \ �������

q (O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L� SDUD L  �� �� � � � � S b �� HO EORTXH A$L \ ODV

FRPSRQHQWHV GHO YHFWRU AG7� FRUUHVSRQGLHQWHV D OD SDUWLFLuRQ VXSHUSXHVWD�

q (O SURFHVDGRU 3� HQYurD HO YDORU GH P DO SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb ��



��� $OJRULWPRV %63 ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � S b �� FDGD SURFHVDGRU 3L UHVXHOYH HO VXEVLVWHPD A$LA[L  AGL SRU

HOLPLQDFLuRQ *DXVVLDQD�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3� ODV FRPSRQHQWHV

P� ��P� �� � � � �P� N GH A[L�

q (O SURFHVDGRU SULQFLSDO IRUPD OD VROXFLuRQ [ GHO VLVWHPD ������ KDFLHQGR�

p 3DUD M  �� �� � � � � N� OD FRPSRQHQWH M�uHVLPD GH [ LJXDO D OD FRPSRQHQWH M�uHVLPD

GH A[��

p 3DUD L  �� �� � � � � S b � \ M  �� �� � � � � N� OD FRPSRQHQWH �NL � M��uHVLPD GH [

LJXDO D OD FRPSRQHQWH �P� M��uHVLPD GH A[L�

3DUD REWHQHU HO FRVWH FRPSXWDFLRQDO GHO DOJRULWPR� VH FDOFXOD HO FRVWH GH FDGD XQR GH

ORV VXSHUSDVRV LQGLYLGXDOHV�

&RVWH GHO VXSHUSDVR �� (O FRVWH DULWPuHWLFR GH HVWH VXSHUSDVR YLHQH GHWHUPLQDGR

SRU HO FuDOFXOR HQ HO SURFHVDGRU SULQFLSDO GH ORV SDUuDPHWURV N� p� x \ P� /D REWHQFLuRQ

GH N UHTXLHUH XQD RSHUDFLuRQ� SDUD FDOFXODU OD GLDJRQDO GRPLQDQ]D VH QHFHVLWD UHDOL]DU �Q

RSHUDFLRQHV� SDUD HO FuDOFXOR GH x_GH DFXHUGR FRQ OD H[SUHVLuRQ ������_ VH QHFHVLWDQ Q��

RSHUDFLRQHV \ SDUD FDOFXODU P _PHGLDQWH ������_ � RSHUDFLRQHV DULWPuHWLFDV� 3RU WDQWR

HO FRVWH DULWPuHWLFR GH HVWH VXSHUSDVR HV �Q� ���

(Q FXDQWR DO FRVWH GH FRPXQLFDFLuRQ� HO SURFHVDGRU TXH PuDV FRPXQLFD HV HO SULQFLSDO

TXH HQYurD D 3L� SDUD L  �� �� � � � � Sb �� HO YDORU GH P� HO EORTXH A$L \ ODV FRPSRQHQWHV GHO

YHFWRU AGL� FRPXQLFD SRU WDQWR Sb � � >��N � �P� b �@�S b �� � ��N �P�b � HOHPHQWRV�

SRU OR TXH HO FRVWH WRWDO GHO VXSHUSDVR HV

�Q� �� � ��Qb �N b ��P� �PSb S� ��J � O� ������

&RVWH GHO VXSHUSDVR �� 5HVROYHU XQ VLVWHPD WULGLDJRQDO GH U HFXDFLRQHV PHGLDQWH

HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV UHTXLHUH XQ WRWDO GH �Ub �

RSHUDFLRQHV� SRU OR TXH HO FRVWH DULWPuHWLFR GHO VXSHUSDVR HV ��N��P�b�� TXH FRUUHVSRQGH

DO QuXPHUR GH RSHUDFLRQHV UHDOL]DGDV SRU FXDOTXLHUD GH ORV SURFHVDGRUHV LQWHUPHGLRV�



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

/RV SURFHVDGRUHV 3L� SDUD L  �� � � � � Sb �� FRPXQLFDQ N FRPSRQHQWHV GH VX VROXFLuRQ

SDUFLDO DO SURFHVDGRU SULQFLSDO� OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ N�S b ��� (Q

FRQVHFXHQFLD� HO FRVWH GHO VXSHUSDVR � HV

��N � ��Pb �� � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������ \ ������� VH REWLHQH TXH HO FRVWH WRWDO GHO DOJRULWPR HV

��Q� �N � ��P� �� � >�Qb �N b ��P� �PSb S� �@J � �O�

(O FuDOFXOR GH ORV SDUuDPHWURV p \ x UHTXLHUH �Q � � RSHUDFLRQHV� WDUHD TXH SXHGH

UHDOL]DUVH HQ SDUDOHOR� $XQTXH HVWR FRQOOHYD XQ DXPHQWR GHO QuXPHUR GH VXSHUSDVRV \ XQ

OLJHUR LQFUHPHQWR HQ HO QXPHUR GH FRPXQLFDFLRQHV� HQ PXFKRV FDVRV VXSRQH XQD UHGXFFLuRQ

HQ HO FRVWH WRWDO GHO DOJRULWPR�

3DUD L  �� �� � � � � Sb �� VH GHnQHQ

pL  PLQ
LN���M��L���N

�
MDMM

MFMM� MEMM

�
� ������

xL  PD[
LN���M��L���N

�
MGMM

MDMM

�
� ������

HQWRQFHV

p  PLQ
��L�Sb�

IpLJ � ������

x  
PD[

��L�Sb�
IxLJ

�b pb�
� ������

(O VLJXLHQWH DOJRULWPR %63 PRGLnFD HO DOJRULWPR ��� SDUD UHDOL]DU HO FuDOFXOR GH p \ x

HQ SDUDOHOR�



��� $OJRULWPRV %63 ��

$OJRULWPR ��� $OJRULWPR %63 GHO PuHWRGR 230 SDUD XQ VLVWHPD WULGLDJRQDO� FRQ FuDOFXOR

GH p \ x HQ SDUDOHOR

6XSHUSDVR �

q (O SURFHVDGRU SULQFLSDO 3� FDOFXOD N  Q
S
�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3� HQYurD D 3L ORV HOHPHQWRV FLN�M� DLN�M� ELN�M \

GLN�M� FRQ M  �� �� � � � � N� H[FHSWR EQ  ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � S b �� 3L FDOFXOD pL \ xL GH DFXHUGR FRQ ODV H[SUHVLRQHV ������ \

�������

q 3DUD L  �� �� � � � � Sb �� 3L HQYurD D 3� ORV YDORUHV GH ORV SDUuDPHWURV pL \ xL�

6XSHUSDVR �

q (O SURFHVDGRU 3� FDOFXOD ORV SDUuDPHWURV p� x \ P KDFLHQGR XVR GH ODV H[SUHVLRQHV �������

������ \ �������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU SULQFLSDO 3� HQYurD D 3L ODV nODV M�uHVLPD \

�P� N � M��uHVLPD GH A$L \ AGL� FRQ M  �� �� � � � �P�

q (O SURFHVDGRU SULQFLSDO HQYurD D 3Sb� OD nOD M�uHVLPD GH A$Sb� \ AGSb�� FRQ M  �� �� � � � �P�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3� HQYurD D 3L HO YDORU GH P�

6XSHUSDVR �

&RPR HO VXSHUSDVR � GHO DOJRULWPR ����

$O UHSDUWLU HO FuDOFXOR GH p \ x HQWUH S SURFHVDGRUHV� HO QuXPHUR GH RSHUDFLRQHV EDMD

GH �Q � � D �N � � \ HO FRVWH DULWPuHWLFR GH �Q � �N � ��P � � D ��N � ��P � �� VH KDQ

LQWURGXFLGR GRV VXSHUSDVRV PuDV� SRU OR TXH HO FRVWH GH VLQFURQL]DFLuRQ DXPHQWD GH �O D �O \



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

VH KD LQFUHPHQWDGR OD FRPXQLFDFLuRQ HQ ��Sb �� HOHPHQWRV �\D TXH GHVGH ORV SURFHVDGRUHV

UHPRWRV VH HQYurD D 3� ORV SDUuDPHWURV pL \ xL�� HQ FRQVHFXHQFLD� HO FRVWH GH FRPXQLFDFLuRQ

YDOH

>�Qb �N b ��P� �PSb S� � � ��Sb ��@J  ��Qb �N b ��P� �PS� S�J�

$ FRQWLQXFDFLuRQ VH REWHQGUuD FRQ GHWDOOH HO FRVWH GHO DOJRULWPR ����

&RVWH GHO VXSHUSDVR �� /D REWHQFLuRQ GH N UHTXLHUH XQD RSHUDFLuRQ� &DGD SURFHVDGRU

UHFLEH GHO SULQFLSDO �N HOHPHQWRV� SRU OR TXH HO FRVWH GH FRPXQLFDFLuRQ HV >�N�Sb ��b �@J

\ HO FRVWH GHO VXSHUSDVR

� � ��Qb �N b ��J � O� ������

&RVWH GHO VXSHUSDVR �� (O FuDOFXOR GH pL HQ FXDOTXLHU SURFHVDGRU UHTXLHUH �N RSHUD�
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(Q ODV nJXUDV ����� ���� \ ���� VH PXHVWUD HO SRUFHQWDMH GH GHVYLDFLuRQ GHO WLHPSR

H[SHULPHQWDO FRQ UHVSHFWR DO WHuRULFR HQ IXQFLuRQ GHO WDPDaQR GHO VLVWHPD��

/DV PD\RUHV GLIHUHQFLDV HQWUH HO WLHPSR SUHYLVWR \ HO H[SHULPHQWDO VH REWLHQHQ HQ ORV

VLVWHPDV GH WDPDaQR SHTXHaQR HQ ORV TXH� SRU OR JHQHUDO� VXHOH VHU PD\RU HO WLHPSR H[SHUL�

PHQWDO TXH HO WHuRULFR� $ PHGLGD TXH DXPHQWD HO WDPDaQR GH VLVWHPD HO WLHPSR REWHQLGR

H[SHULPHQWDOPHQWH VH DMXVWD PHMRU DO HVSHUDGR� SDUD WDPDaQRV JUDQGHV OD GHVYLDFLuRQ �VDOYR

DOJXQD H[FHSFLuRQ� RVFLOD HQWUH HO �� \ HO ���

(VWH FRPSRUWDPLHQWR REHGHFH DO DMXVWH WHuRULFR UHDOL]DGR� PHGLDQWH OD FXUYD GH 0LOOHU

GDGD SRU OD H[SUHVLuRQ ������ VREUH ORV YDORUHV H[SHULPHQWDOHV GHO FRVWH GH FRPXQLFDFLuRQ�

J�[�� GH XQD SDODEUD GH �� ELWV SDUD WDPDaQRV GH PHQVDMH [ \ SDWUuRQ GH FRPXQLFDFLuRQ WULG�

3RU HMHPSOR� SDUD HO ,%0 63� VZLWFK \ � SURFHVDGRUHV ORV YDORUHV H[SHULPHQWDOHV GH J�[�

SDUD WDPDaQRV GH PHQVDMH [ FRPSUHQGLGRV HQWUH �� \ ��� SDODEUDV HVWuD SRU HQFLPD GHO

FRVWH WHuRULFR� FRPR SXHGH REVHUYDUVH HQ ODV nJXUDV ���� \ ����� HQ OD SUuDFWLFD ORV WLHPSRV

REWHQLGRV SDUD YDORUHV GH Q FRPSUHQGLGRV HQWUH ��� \ ���� VRQ� PD\RUHV TXH ORV SUHYLVWRV�

FRPR SXHGH REVHUYDUVH HQ OD nJXUD ����D�� (Q HVWD nJXUD VH DSUHFLD� DGHPuDV� TXH SDUD

YDORUHV GH Q FRPSUHQGLGRV HQWUH ���� \ ���� HO WLHPSR REWHQLGR H[SHULPHQWDOPHQWH VXSHUD

DO SUHGLFKR �DXQTXH HQ PHQRU SURSRUFLuRQ TXH SDUD ORV WDPDaQRV FRPSUHQGLGRV HQWUH ���

\ ������ (Q HVWH KHFKR LQoX\HQ GRV IDFWRUHV�

q HO SULPHUR GHSHQGH GHO DMXVWH UHDOL]DGR PHGLDQWH OD FXUYD GH 0LOOHU� TXH SXHGH

YDULDU GHSHQGLHQGR GH OD HVWLPDFLuRQ GHO YDORU GH Q�

�

�

q HO VHJXQGR HVWuD UHODFLRQDGR FRQ OD SURSLD HVWUXFWXUD GHO DOJRULWPR \D TXH VH FRPX�

QLFDQ DOJXQRV PHQVDMHV GH WDPDaQR � SDODEUD GH �� ELWV \ HQ HO FuRPSXWR WHuRULFR VH

FRQVLGHUD TXH VX FRVWH HV HO PLVPR TXH HO GH HQYLDU XQD SDODEUD SDUD XQ EORTXH

GH WDPDaQR N� (O FRVWH SDUD WDPDaQR � HV PD\RU TXH SDUD WDPDaQR N \ DXQTXH WLHQH

SHVR HQ HO WLHPSR REWHQLGR SDUD WDPDaQRV GH VLVWHPD SHTXHaQRV HV LUUHOHYDQWH SDUD

WDPDaQRV GH VLVWHPD JUDQGHV�

(Q ODV WDEODV ����� ���� \ ���� VH PXHVWUD HO DOJRULWPR PuDV UuDSLGR GH ORV GRV� WHuRULFD \

�6H FRQVLGHUD TXH VL HO WLHPSR WHuRULFR HV ��� \ HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ ���

GH GHVYLDFLuRQ \ HQ FDPELR VL HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ b��� GH GHVYLDFLuRQ�

�/RV WDPDaQRV GH EORTXH HQYLDGRV SDUD XQ VLVWHPD GH WDPDaQR Q \ � SURFHVDGRUHV VRQ LJXDOHV D
Q

�
�
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H[SHULPHQWDOPHQWH� HQ FDGD XQD GH ODV PuDTXLQDV SDUD ORV GLVWLQWRV WDPDaQRV GH VLVWHPD�

6H REVHUYD TXH� SRU OR JHQHUDO� D SDUWLU GH ����� HFXDFLRQHV �H[FHSWR HQ HO ,%0 63�

VZLWFK� HV PuDV UuDSLGR HO DOJRULWPR ��� �230��� TXH UHDOL]D HO FuDOFXOR GH P HQ SDUDOHOR�

1R WLHQH PXFKR VHQWLGR HVWXGLDU HO VSHHG�XS �LQFUHPHQWR GH YHORFLGDG� FRQ UHVSHFWR

DO WLHPSR GH HMHFXFLuRQ GHO SURSLR DOJRULWPR HQ XQ SURFHVDGRU SRU TXH VH FRQRFH HO PHMRU

DOJRULWPR VHFXHQFLDO� HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� FX\R

FRVWH SDUD HO VLVWHPD GDGR SRU OD H[SUHVLuRQ ��� HV �Q b �� &RQ UHVSHFWR DO PuHWRGR GH
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����� FRQVLGHUDQGR ORV WLHPSRV WHuRULFRV GH ORV VLVWHPDV GH WDPDaQR PuD[LPR GH ORV TXH VH
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SuHVLPD� VLQ GXGD XQ IDFWRU GHWHUPLQDQWH HV HO YDORU GH J� 3DUD RWUDV PuDTXLQDV FRQ PHQRU

YDORU GH J VH REWLHQH PHMRU HnFLHQFLD� FRPR HV HO FDVR GH XQ &5$< 7�' R XQ &5$< 7�(�

/RV YDORUHV GH ORV SDUuDPHWURV GH HVWDV PuDTXLQDV VH PXHVWUDQ HQ OD WDEOD ����� SDUD ODV

PLVPDV VH REWLHQH HO VSHHG�XS \ OD HnFLHQFLD TXH nJXUD HQ OD WDEOD ����� FRQVLGHUDQGR HO

PLVPR WDPDaQR GH VLVWHPD TXH SDUD OD WDEOD �����
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�230�� HQ XQ &5$< 7�' \ XQ &5$< 7�(�



&DSurWXOR �

0uHWRGRV ELGLUHFFLRQDOHV

6H FRQVLGHUD GH QXHYR HO SUREOHPD GH UHVROYHU HO VLVWHPD

$[  G� �����

GRQGH $ HV OD PDWUL] WULGLDJRQDO GDGD SRU ������ HVWULFWDPHQWH GLDJRQDO GRPLQDQWH H

LUUHGXFLEOH \

G  

�
���������

G�

G�
���

GQb�

GQ

�
���������

HV HO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV�

���



��� � 0uHWRGRV ELGLUHFFLRQDOHV

��� )DFWRUL]DFLuRQ /'8 GH PDWULFHV WULGLDJRQDOHV

8QD PDWUL] WULGLDJRQDO $ GH WDPDaQR Qd Q�

$  

�
���������

D� E�

F� D� E�
� � � � � � � � �

FQb� DQb� EQb�

FQ DQ

�
���������
� �����

VH SXHGH GHVFRPSRQHU FRPR SURGXFWR GH WUHV PDWULFHV

$  /'8 �����

GRQGH' HV XQD PDWUL] GLDJRQDO \ ODV PDWULFHV / \ 8 VRQ ELGLDJRQDOHV FRQ OD FDUDFWHUurVWLFD

SDUWLFXODU GH TXH VX GLDJRQDO SULQFLSDO HVWuD IRUPDGD SRU XQRV� PuDV H[SOurFLWDPHQWH

$  

�
���������

�

O� �
� � �

� � �

OQb� �

OQ �

�
���������

�
���������

H�

H�
� � �

HQb�

HQ

�
���������

�
���������

� X�

� X�
� � �

� � �

� XQb�

�

�
���������
�

YuHDVH *ROXE \ 9DQ /RDQ >��@�

8QD YH] REWHQLGD OD IDFWRUL]DFLuRQ ����� VH SXHGH UHVROYHU HO VLVWHPD GH HFXDFLRQHV

OLQHDOHV ����� HQ GRV SDVRV� HQ HO SULPHUR� VH UHVXHOYH HO VLVWHPD ELGLDJRQDO /']  G�

REWHQLuHQGRVH DVur HO YHFWRU DX[LOLDU ]� HQ HO VHJXQGR� VH REWLHQH OD VROXFLuRQ nQDO GHO VLVWHPD

����� UHVROYLHQGR HO VLVWHPD ELGLDJRQDO 8[  ]�



��� )DFWRUL]DFLuRQ /'8 GH PDWULFHV WULGLDJRQDOHV ���

(O SURGXFWR /'8 YLHQH GDGR SRU

/'8  

�
������������

H� X�H�

O�H� X�O�H� � H� X�H�

O�H� X�O�H� � H� X�H�
� � � � � � � � �

OQb�HQb� XQb�OQb�HQb� � HQb� XQb�HQb�

OQHQb� XQb�OQHQb� � HQ

�
������������
�

UHODFLRQDQGR ORV HOHPHQWRV GH $ FRQ ORV GHO SURGXFWR /'8 VH WLHQH

D�  H��

\ SDUD L  �� �� � � � � Q�

FL  OLHLb�� �����

DL  XLb�OLHLb� � HL� �����

ELb�  XLb�HLb�� �����

'H ODV H[SUHVLRQHV ����� \ ����� VH WLHQH

OL  
FL

HLb�
� XLb�  

ELb�

HLb�
� SDUD L  �� �� � � � � Q� �����

\ VXVWLWX\HQGR OD H[SUHVLuRQ ����� HQ OD H[SUHVLuRQ ����� VH REWLHQH

HL  DL b
ELb�

HLb�

FL

HLb�
HLb�� SDUD L  �� �� � � � � Q�

3RU WDQWR� ORV HOHPHQWRV GH OD GLDJRQDO SULQFLSDO GH ' SXHGHQ REWHQHUVH GH IRUPD VHQFLOOD

PHGLDQWH OD VLJXLHQWH UHODFLuRQ GH UHFXUUHQFLD

H�  D��

HL  DL b FL
ELb�

HLb�
� SDUD L  �� �� � � � � Q�

\ ORV GH ODV PDWULFHV / \ 8 PHGLDQWH ODV UHFXUUHQFLDV ������



��� � 0uHWRGRV ELGLUHFFLRQDOHV

��� 0uHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV

����� 'HVFULSFLuRQ GHO PuHWRGR

$XQTXH D SULPHUD YLVWD OD IDFWRUL]DFLuRQ ����� SDUHFH GH QDWXUDOH]D VHFXHQFLDO� HV SRVLEOH

HQFRQWUDU XQ SDUDOHOLVPR GH JUDGR GRV HQ ORV FuDOFXORV �YuHDVH 2UWHJD >��@�� HV GHFLU� VH

SXHGHQ XWLOL]DU GRV SURFHVDGRUHV SDUD REWHQHU XQD IDFWRUL]DFLuRQ QR H[DFWDPHQWH LJXDO

TXH OD DQWHULRU� SHUR Vur HTXLYDOHQWH HQ FXDQWR D FRPSOHMLGDG� /D LGHD RULJLQDO DSDUHFH HQ

OD HOLPLQDFLuRQ *DXVVLDQD ELGLUHFFLRQDO �WZR�VLGHG *DXVVLDQ HOLPLQDWLRQ� LQWURGXFLGD SRU

%DEXVND >�@�

3DUD SDUDOHOL]DU OD IDFWRUL]DFLuRQ ������ VH VXSRQH DGHPuDV TXH Q  �T SDUD DOJuXQ T w ��

6H FRQVLGHUD OD PDWUL] GH FRHnFLHQWHV SDUWLFLRQDGD HQ EORTXHV GHO VLJXLHQWH PRGR

$  

�
������������������

D� E�

F� D� E�
� � �

� � �
� � �

FT DT ET

FT�� DT�� ET��
� � �

� � �
� � �

FQb� DQb� EQb�

FQ DQ

�
������������������

�



��� 0uHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV ���

6HDQ ODV PDWULFHV

0  

�
������������������������

�

O� �

O� �
� � �

� � �

OT �

OT�� � XT��

� XT��

�
� � �

� � � XQb�

�

�
������������������������

�

'  

�
������������������������

H�

H�

H�
� � �

HT

HT��

HT��
� � �

HQb�

HQ

�
������������������������
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\

9  

�
������������������������

� X�

� X�

�
� � �

� � � XTb�

� XT

�

OT�� �

OT��
� � �

� � �

OQ �

�
������������������������

�

WDOHV TXH

$  0'9� �����

6L VH SURFHGH FRPR HQ OD IDFWRUL]DFLuRQ /'8 GH OD PDWUL] $� ORV HOHPHQWRV GH 0 � ' \

9 SXHGHQ FDOFXODUVH PHGLDQWH ODV VLJXLHQWHV UHODFLRQHV

q 6HD H�  D��

q 3DUD L  �� �� � � � � T� VHD

XLb�  
ELb�

HLb�
� OL  

FL

HLb�
�����

\ FDOFuXOHVH

HL  DL b OLHLb�XLb�

 DL b FLXLb�� ������

q 6HD

XT  
ET

HT
� OT��  

FT��

HT
�



��� 0uHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV ���

q 6HD HQ  DQ \ FDOFuXOHVH

OQ  
FQ

HQ
� XQb�  

EQb�

HQ
� ������

q 3DUD L  Qb �� Qb �� � � � � T � �� FDOFuXOHVH

HL  DL b OL��HL��XL

 DL b OL��EL� ������

\ VHD

OL  
FL

HL
� XLb�  

ELb�

HL
� ������

q )LQDOPHQWH� FDOFuXOHVH

HT��  DT�� b OT��HTXT b OT��HT��XT��

 DT�� b FT��XT b OT��ET��� ������

3DUD UHDOL]DU OD LPSOHPHQWDFLuRQ GH ORV FuDOFXORV DQWHULRUHV HQ XQ RUGHQDGRU FRQ GRV

SURFHVDGRUHV� VH XWLOL]D XQD WuHFQLFD VLPLODU D OD GHVDUUROODGD SRU 9DQ GHU 9RUVW >���@ SDUD

PDWULFHV VLPuHWULFDV� 2EVuHUYHVH TXH PHGLDQWH ODV UHODFLRQHV GH UHFXUUHQFLD ������ \ ������

VH FDOFXODQ WRGRV ORV HOHPHQWRV GH OD GLDJRQDO SULQFLSDO GH ' H[FHSWR HT��� HVWRV FuDOFXORV

SXHGHQ UHDOL]DUVH SHUIHFWDPHQWH HQ SDUDOHOR �VLQ QHFHVLGDG GH FRPXQLFDFLuRQ GH GDWRV�

\D TXH FDGD SURFHVDGRU FRQWLHQH ORV HOHPHQWRV QHFHVDULRV� 6LQ HPEDUJR� SDUD FDOFXODU

HT�� �HQ HO SURFHVDGRU 3�� PHGLDQWH OD UHODFLuRQ ������ VH QHFHVLWD FRQRFHU HO YDORU GH HT�

FDOFXODGR HQ HO SURFHVDGRU 3�� 3RU OR WDQWR� HV QHFHVDULR XQ SDVR GH FRPXQLFDFLuRQ SDUD

WUDQVPLWLU ORV GDWRV QHFHVDULRV GHVGH HO SURFHVDGRU 3� DO SURFHVDGRU 3�� (Q OD nJXUD ���

VH PXHVWUDQ ORV FuDOFXORV HQ FDGD XQR GH ORV SURFHVDGRUHV \ ODV FRPXQLFDFLRQHV QHFHVDULDV

FXDQGR Q  ��

3DUD UHVROYHU HO VLVWHPD ����� XVDQGR OD IDFWRUL]DFLuRQ ������ VH QHFHVLWD UHVROYHU HQ

SULPHU OXJDU HO VLVWHPD 0']  G� SDUD ]� \ D FRQWLQXDFLuRQ HO VLVWHPD 9 [  ]� SDUD [�

&RPR FRQVHFXHQFLD GH OD HVWUXFWXUD HVSHFLDO GH ODV PDWULFHV 0 \ '� HO YHFWRU

]  

�
������

]�

]�
���

]Q

�
������
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3� 3�

H�  D�� X�  
E�

H�
H�  D�� O�  

F�

H�

H�  D� b F�X�� X�  
E�

H�
H�  D� b O�E�� O�  

F�

H�

H�  D� b F�X�� X�  
E�

H�
H�  D� b O�E�� O�  

F�

H�

H�  D� b F�X�� X�  
E�

H�

X� b�b�b� X�

H�  D� b F� X� b O�E�

)LJXUD ���� &uDOFXOR HQ SDUDOHOR GH ORV HOHPHQWRV GH ' SDUD XQD PDWUL] FRQ Q  ��

VH SXHGH REWHQHU GLUHFWDPHQWH GH ODV H[SUHVLRQHV

]�  
G�

H�
� ������

]L  
GL b FL]Lb�

HL

� SDUD L  �� �� � � � � T� ������

]Q  
GQ

HQ
� ������

]L  
GL b EL]L��

HL
� SDUD L  Qb �� Qb �� � � � � T � �� ������

]T��  
GT�� b FT��]T b ET��]T��

HT��
� ������

&RPR FRQVHFXHQFLD GH OD HVWUXFWXUD GH OD PDWUL] 9 � DO UHVROYHU 9 [  ] VH REWLHQH TXH

[T��  ]T��

\ SRU WDQWR

[L  ]L b XL[L��� SDUD L  T� T b �� � � � � �� ������

[L  ]L b OL[Lb�� SDUD L  T � �� � � � � Q� ������



��� 0uHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV ���

3� 3�

H�  D�� X�  
E�

H�
� ]�  

G�

H�
H�  D�� O�  

F�

H�
� ]�  

G�

H�

H�  D� b F�X�� X�  
E�

H�
� ]�  

G� b F�]�

H�
H�  D� b O�E�� O�  

F�

H�
� ]�  

G� b E�]�

H�

H�  D� b F�X�� X�  
E�

H�
� ]�  

G� b F�]�

H�
H�  D� b O�E�� O�  

F�

H�
� ]�  

G� b E�]�

H�

H�  D� b F�X�� X�  
E�

H�
� ]�  

G� b F�]�

H�

X�� ]� b�b�b� X� � ]�

]� � O� �b�b�b ]�� O�

H�  D� b F�X� b O� E� H�  D� b F� X� b O�E�

[�  ]�  
G� b F�]� b E� ]�

H�
]�  

G� b F� ]� b E�]�

H�

[�  ]� b X�[�

[�  ]� b X�[� [�  ]� b O�[�

[�  ]� b X�[� [�  ]� b O�[�

[�  ]� b X�[� [�  ]� b O�[�

)LJXUD ���� &uDOFXOR HQ SDUDOHOR GH OD VROXFLuRQ GHO VLVWHPD ����� SDUD XQD PDWUL]

FRQ Q  ��

'HEH REVHUYDUVH TXH WRGRV ORV FuDOFXORV H[SUHVDGRV HQ ODV UHODFLRQHV ������^������ SXH�

GHQ GHVDUUROODUVH HQ SDUDOHOR HQ GRV SURFHVDGRUHV H[FHSWR HO GHO HOHPHQWR FHQWUDOHV ]T���

7RGDV ODV FRPXQLFDFLRQHV TXH GHEHQ UHDOL]DUVH HVWuDQ RULHQWDGDV SUHFLVDPHQWH DO FuDOFXOR

GH HVWH HOHPHQWR�

(Q OD nJXUD ��� VH PXHVWUDQ ORV FuDOFXORV UHDOL]DGRV HQ FDGD SURFHVDGRU SDUD REWHQHU

OD VROXFLuRQ GHO VLVWHPD ����� FXDQGR Q  ��
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(MHPSOR ��� 6HD HO VLVWHPD $[  G� GRQGH

$  
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� b� �� � � � � �

� � b� �� � � � �

� � � b� �� � � �

� � � � b� �� � �

� � � � � b� �� �

� � � � � � b� ��
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\ G  

�
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��

�
������������������

�

3XHVWR TXH FDGD WuHUPLQR LQGHSHQGLHQWH VH KD REWHQLGR FRPR VXPD GH ORV FRHnFLHQWHV GH

VX HFXDFLuRQ� OD VROXFLuRQ GHO VLVWHPD WLHQH WRGDV VXV FRPSRQHQWHV LJXDOHV D ��

6L VH DSOLFDQ ODV UHODFLRQHV ������^������ VH REWLHQH

0  

�
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b
�
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� b
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� � � � � �

� � b
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�
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8WLOL]DQGR ODV H[SUHVLRQHV ������������� VH REWLHQH OD VROXFLuRQ GHO VLVWHPD 0']  G�

]  

�
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)LQDOPHQWH� PHGLDQWH ODV UHODFLRQHV ������ \ ������ VH REWLHQH OD VROXFLuRQ GH 9 [  ] TXH

FRLQFLGH FRQ OD GHO VLVWHPD $[  G�

[  

�
������������������

�

�

�

�

�

�

�

�

�
������������������

�

����� $OJRULWPR %63 SDUD GRV SURFHVDGRUHV

7RGR OR H[SXHVWR HQ OD VXEVHFFLuRQ ����� VXJLHUH HO VLJXLHQWH DOJRULWPR %63 SDUD GRV

SURFHVDGRUHV� 6H VXSRQH TXH OD PDWUL] $ \ HO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV G HVWuDQ



��� 0uHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV ���

LQLFLDOPHQWH DOPDFHQDGRV HQ HO SURFHVDGRU SULQFLSDO 3��

$OJRULWPR ��� $OJRULWPR %63 SDUD GRV SURFHVDGRUHV

6XSHUSDVR �

(O SURFHVDGRU 3� HQYurD D 3� ORV HOHPHQWRV DL� EL� FL� GL� SDUD L  T��� T��� � � � � Q� H[FHSWR

EQ  ��

6XSHUSDVR �

&uDOFXOR GH ORV HOHPHQWRV HL \ ]L�

q (Q HO SURFHVDGRU 3��

p 6HD H�  D� \ FDOFuXOHVH ]� PHGLDQWH OD H[SUHVLuRQ �������

p 3DUD L  �� �� � � � � T� FDOFuXOHVH XLb�� HL \ ]L XVDQGR ODV H[SUHVLRQHV ������ ������ \

�������

p (O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3� ORV HOHPHQWRV XT \ ]T�

q (Q HO SURFHVDGRU 3��

p 6HD HQ  DQ \ FDOFuXOHQVH OQ� ]Q XWLOL]DQGR ODV H[SUHVLRQHV ������ \ �������

p 3DUD L  Qb�� Qb�� � � � � T��� FDOFuXOHQVH HL� OL \ ]L XVDQGR ODV H[SUHVLRQHV ������

\ ������ \ �������

p (O SURFHVDGRU 3� HQYurD D 3� ORV HOHPHQWRV OT�� \ ]T���

6XSHUSDVR �

&uDOFXOR GH ORV HOHPHQWRV HT��� ]T�� \ GH OD VROXFLuRQ�

q $PERV SURFHVDGRUHV FDOFXODQ HT�� \ ]T�� GH DFXHUGR FRQ ������ \ ������� UHVSHFWLYD�

PHQWH� 6HD [T��  ]T��� HQWRQFHV

p (Q HO SURFHVDGRU 3� VH FDOFXOD [L� SDUD L  T� T b �� � � � � �� XVDQGR OD H[SUHVLuRQ

�������
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p (Q HO SURFHVDGRU 3� VH FDOFXOD [L� SDUD L  T��� T��� � � � � Q� XVDQGR OD H[SUHVLuRQ

�������

q (O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3� ODV FRPSRQHQWHV [L� SDUD L  T��� T��� � � � � Q�

GHO YHFWRU VROXFLuRQ [�

(O FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ��� YLHQH GDGR SRU OD VXPD GH ORV FRVWHV LQGLYL�

GXDOHV GH FDGD XQR GH ORV VXSHUSDVRV TXH OR LQWHJUDQ�

&RVWH GHO VXSHUSDVR �� (Q HVWH SULPHU VXSHUSDVR VuROR KD\ FRPXQLFDFLuRQ� SRU OR

TXH HO FRVWH DULWPuHWLFR HV FHUR� (O FRVWH GH FRPXQLFDFLuRQ YLHQH GHWHUPLQDGR SRU HO HQYurR

GHVGH HO SURFHVDGRU SULQFLSDO D 3� GH �T b � HOHPHQWRV� FRUUHVSRQGLHQWHV D OD PDWUL]

GH FRHnFLHQWHV \ HO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV� 3RU WDQWR� HO FRVWH WRWDO GH HVWH

VXSHUSDVR HV

��Qb ��J � O�

&RVWH GHO VXSHUSDVR �� (O SURFHVDGRU 3� UHDOL]D XQD GLYLVLuRQ SDUD FDOFXODU ]�� XQD

GLYLVLuRQ SDUD FDOFXODU XL� FRQ L  �� �� � � � � T� GRV RSHUDFLRQHV SDUD HO FuDOFXOR GH GL \ WUHV

RSHUDFLRQHV SDUD HO FuDOFXOR GH ]L� FRQ L  �� �� � � � � T� HQ WRWDO �Tb� RSHUDFLRQHV� 0LHQWUDV

WDQWR� HO SURFHVDGRU 3� UHDOL]D �Tb�� �VHLV PHQRV� RSHUDFLRQHV� TXH FRUUHVSRQGHQ D ODV Tb�

GLYLVLRQHV QHFHVDULDV SDUD FDOFXODU OL� FRQ L  Q� Qb�� � � � � T��� XQD GLYLVLuRQ SDUD HO FuDOFXOR

GH ]Q� � RSHUDFLRQHV SDUD FDOFXODU GL \ � SDUD FDOFXODU ]L� FRQ L  Qb �� Qb �� � � � � T � ��

(O SURFHVDGRU SULQFLSDO HQYurD GRV HOHPHQWRV D 3� \ uHVWH D VX YH] FRPXQLFD GRV D 3��

/XHJR HO FRVWH GH FRPXQLFDFLuRQ HV �J� (Q FRQVHFXHQFLD� HO FRVWH GHO VXSHUSDVR HV

�Qb � � �J � O�

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR VH GHEHQ FRQWDELOL]DU ODV RSHUDFLRQHV

UHDOL]DGDV SRU HO SURFHVDGRU SULQFLSDO \D TXH 3� UHDOL]D GRV RSHUDFLRQHV PHQRV� 3DUD

FDOFXODU ORV HOHPHQWRV HT�� \ ]T�� VH UHTXLHUHQ � RSHUDFLRQHV \ SDUD HO FuDOFXOR GH [L� FRQ

L  �� �� � � � � T� VH SUHFLVDQ �T RSHUDFLRQHV� OXHJR HO FRVWH DULWPuHWLFR HV �T � ��

(Q FXDQWR DO FRVWH GH FRPXQLFDFLuRQ� HO SURFHVDGRU 3� HQYurD DO SURFHVDGRU SULQFLSDO ODV

FRPSRQHQWHV [T��� [T��� � � � � [Q GH OD VROXFLuRQ [� OR TXH VXSRQH XQ FRVWH GH �T b ��J� 6H
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WLHQH SRU WDQWR TXH HO FRVWH GH HVWH VXSHUSDVR HV
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6XPDQGR ORV FRVWHV VH REWLHQH TXH HO FRVWH GHO DOJRULWPR ��� HV
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��� 0uHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SUR�

FHVDGRUHV

(Q HVWD VHFFLuRQ VH SUHVHQWD XQD JHQHUDOL]DFLuRQ SDUD S SURFHVDGRUHV GHO PuHWRGR HVWX�

GLDGR HQ OD VHFFLuRQ ���� EDVDGD HQ DOJXQRV GH ORV UHVXOWDGRV REWHQLGRV HQ HO PuHWRGR GH

ODV SDUWLFLRQHV VXSHUSXHVWDV TXH VH KD HVWXGLDGR HQ HO FDSurWXOR �� 6H VXSRQH TXH WDQWR HO

QuXPHUR GH SURFHVDGRUHV� S� FRPR HO RUGHQ� Q� GH OD PDWUL] GH FRHnFLHQWHV HV SDU� DVLPLVPR

VH VXSRQH TXH H[LVWH XQ QuXPHUR QDWXUDO N WDO TXH N  
Q

S
�

����� 'HVFULSFLuRQ GHO PuHWRGR

6HD P HO YDORU REWHQLGR DO DSOLFDU OD H[SUHVLuRQ ������� HVWR HV
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GRQGH q HV HO PuD[LPR HUURU SHUPLWLGR DO UHVROYHU HO VLVWHPD ����� PHGLDQWH HO PuHWRGR GH
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HV XQD FRWD VXSHULRU GH OD QRUPD LQnQLWR GH OD VROXFLuRQ GHO PLVPR� 6H GHnQH

P�  �
OP
�

P
� ������



��� � 0uHWRGRV ELGLUHFFLRQDOHV

6H FRQVLGHUD HO VLVWHPD ����� SDUWLFLRQDGR HQ
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EORTXHV GH WDPDaQR �N d �N FRPR VLJXH
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\ XQD QXHYD SDUWLFLuRQ HQ EORTXHV �EDVDGD HQ OD DQWHULRU� DaQDGLHQGR �P nODV �UHVSHFWLYD�

PHQWH� FRPSRQHQWHV� D FDGD XQR GH ORV EORTXHV LQWHUPHGLRV GH OD PDWUL] GH FRHnFLHQWHV

�UHVSHFWLYDPHQWH� YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV� \ P� nODV �UHVSHFWLYDPHQWH� FRP�

SRQHQWHV� D ORV EORTXHV H[WUHPRV GH $ �UHVSHFWLYDPHQWH� G�� /RV QXHYRV EORTXHV HVWuDQ

VRODSDGRV \ FRQWLHQHQ XQ QuXPHUR SDU GH nODV� GH HVWH PRGR VH REWLHQH XQ FRQMXQWR GH

VXEVLVWHPDV �ORV FHQWUDOHV FRQ �N��P HFXDFLRQHV H LQFuRJQLWDV \ ORV H[WUHPRV FRQ �N�P�

HFXDFLRQHV H LQFuRJQLWDV�

A$LA[L  AGL� L  �� �� � � � �
S

�
� ������

GRQGH

q A$� HV OD VXEPDWUL] GH $ GH WDPDaQR ��N�P
��d��N�P�� IRUPDGD SRU ODV nODV \ FROXP�

QDV �� �� � � � � �N�P� \ AG� HV HO YHFWRU IRUPDGR SRU ODV FRPSRQHQWHV �� �� � � � � �N�P�

GH G�

q A$L� SDUD L  �� �� � � � �
S

�
b �� HV OD VXEPDWUL] GH $ GH WDPDaQR ��N��P�d ��N��P�

IRUPDGD SRU ODV nODV \ FROXPQDV ��Lb��NbP��� ��Lb��NbP��� � � � � �LN�P \ AGL HV

HO YHFWRU IRUPDGR SRU ODV FRPSRQHQWHV ��Lb��NbP��� ��Lb��NbP��� � � � � �LN�P

GH G�

q A$ S

�

HV OD VXEPDWUL] GH $ GH WDPDaQR ��N �P�� d ��N �P�� IRUPDGD SRU ODV nODV \

FROXPQDV Q b �N b P� � �� Q b �N b P� � �� � � � � Q \� nQDOPHQWH� AGSb� HV HO YHFWRU

IRUPDGR SRU ODV FRPSRQHQWHV Qb �N bP� � �� Qb �N bP� � �� � � � � Q� GH G�

(VWRV VXEVLVWHPDV VRQ UHVXHOWRV DSOLFDQGR HO DOJRULWPR ��� HQ FDGD SDU GH SURFHVDGRUHV

�3�Lb�� 3�Lb��� SDUD L  �� �� � � � �
S

�
�



��� 0uHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV ���

(O PuHWRGR FRQVWD GH WUHV IDVHV� HQ OD SULPHUD� VH FRPXQLFDQ GDWRV GHVGH HO SURFHVDGRU

SULQFLSDO DO UHVWR� HQ OD VHJXQGD� VH DSOLFD HO DOJRULWPR ��� SDUD UHVROYHU HO VLVWHPD ������ HQ

FDGD SDU GH SURFHVDGRUHV �3�Lb�� 3�Lb��� FRQ L  �� �� � � � �
S

�
� nQDOPHQWH� HQ OD WHUFHUD IDVH�

FDGD SURFHVDGRU FRPXQLFD VXV VROXFLRQHV SDUFLDOHV DO SURFHVDGRU SULQFLSDO� $ FRQWLQXDFLuRQ

VH GHVFULEHQ FDGD XQD GH HVDV IDVHV�

)DVH �

&RPR VH KD FRPHQWDGR DQWHULRUPHQWH� FDGD SDU GH SURFHVDGRUHV UHFLEH ORV EORTXHV A$L

\ AGL GH ORV VXEVLVWHPDV ������� (Q XQ uXQLFR VXSHUSDVR� FDGD SURFHVDGRU UHFLEH ORV GDWRV

QHFHVDULRV SDUD HMHFXWDU HO DOJRULWPR ��� HQ OD VLJXLHQWH IDVH� HO QuXPHUR WRWDO GH GDWRV

UHFLELGRV SRU HO SURFHVDGRU M� SDUD M  �� �� � � � � Sb �� HV �W�M�b �� FRQ

W�M�  

��
� N � P

�

�
� VL M  �� Sb �� Sb ��

N �P� HQ RWUR FDVR�
������

/D SULPHUD nOD GH $ \ G TXH HO SURFHVDGRU M� SDUD M  �� �� � � � � Sb �� GHEH UHFLELU GHO

SULQFLSDO HV ���M�� FRQ

���M�  
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W�M� � �� VL M  ��

�LN bP� �� VL M  �L� FRQ L  �� �� � � � �
S

�
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��L� ��N � �� VL M  �L� �� FRQ L  �� �� � � � �
S

�
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Qb �W�M� � �� VL M  Sb ��

Qb W�M� � �� VL M  Sb ��
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QuRWHVH TXH VL S  � OD H[SUHVLuRQ DQWHULRU VH OLPLWD D

���M�  
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!!!�

W�M� � �� VL M  ��

Qb �W�M� � �� VL M  Sb ��

Qb W�M� � �� VL M  Sb ��
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(MHPSOR ��� 3DUD S  �� Q  �� \ P  �� OD SDUWLFLuRQ ������ WLHQH OD IRUPD
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�� HQ RWUR FDVR�

(VWH uXOWLPR YDORU UHSUHVHQWD HO QuXPHUR WRWDO GH nODV TXH FDGD SURFHVDGRU GHEH UHFLELU

GH OD PDWUL] GH FRHnFLHQWHV \ GHO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV�

$O FDOFXODU OD IXQFLuRQ ��� XVDQGR OD H[SUHVLuRQ ������� VH REWLHQH

�����  ��

�����  ���

�����  ���
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OR TXH VLJQLnFD TXH HO SURFHVDGRU 3� UHFLEH ORV HOHPHQWRV GH $ \ G VLWXDGRV GHVGH OD nOD �

D OD �� H[FHSWR E��� 3� UHFLEH ORV HOHPHQWRV VLWXDGRV GHVGH OD nOD � D OD �� H[FHSWR F�� 3�

UHFLEH ORV HOHPHQWRV VLWXDGRV GHVGH OD nOD �� D OD �� H[FHSWR E��� 3� UHFLEH ORV HOHPHQWRV

VLWXDGRV GHVGH OD nOD �� D OD �� H[FHSWR F��� 3� UHFLEH ORV HOHPHQWRV VLWXDGRV GHVGH OD nOD

�� D OD �� H[FHSWR E��� 3� UHFLEH ORV HOHPHQWRV VLWXDGRV GHVGH OD nOD �� D OD �� H[FHSWR F��

\� nQDOPHQWH� 3� UHFLEH ORV HOHPHQWRV VLWXDGRV GHVGH OD nOD �� D OD ���

)DVH �

(Q HVWD IDVH FDGD SDU GH SURFHVDGRUHV �3�Lb�� 3�Lb��� SDUD L  �� �� � � � �
S

�
� HMHFXWDQ

HO DOJRULWPR ��� �H[FHSWR OD SULPHUD \ uXOWLPD FRPXQLFDFLuRQ� FRQ ORV HOHPHQWRV TXH KDQ

UHFLELGR HQ OD IDVH �� 2EVuHUYHVH TXH� HQ HVWH FDVR� ORV SURFHVDGRUHV SDUHV HMHFXWDQ ODV

PLVPDV RSHUDFLRQHV \ FRPXQLFDFLRQHV TXH HO SURFHVDGRU 3� HQ HO DOJRULWPR ���� PLHQWUDV



��� 0uHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV ���

TXH ORV SURFHVDGRUHV LPSDUHV UHDOL]DQ ODV PLVPDV RSHUDFLRQHV \ FRPXQLFDFLRQHV TXH HO

SURFHVDGRU 3� HQ HO DOJRULWPR ����

)DVH �

7UDV OD HMHFXFLuRQ GHO DOJRULWPR ��� HQ OD IDVH �� FDGD SURFHVDGRU M� SDUD M  �� �� � � � � Sb

�� KD REWHQLGR XQ YHFWRU VROXFLuRQ SDUFLDO GH W�M� FRPSRQHQWHV �OD VROXFLuRQ SDUFLDO GH 3�

WLHQH N �
P�

�
FRPSRQHQWHV�� (O REMHWLYR GH HVWD IDVH HV GHWHUPLQDU TXuH FRPSRQHQWHV GH

VX VROXFLuRQ SDUFLDO GHEH HQYLDU FDGD SURFHVDGRU DO SULQFLSDO D nQ GH REWHQHU OD VROXFLuRQ

JHQHUDO GHO VLVWHPD ������

(MHPSOR ��� &RQWLQXDQGR FRQ HO HMHPSOR ���� FXDQGR VH DSOLFD OD IDVH � GHO DOJRULWPR ���

ORV SURFHVDGRUHV 3� D 3� FDOFXODQ XQ YHFWRU VROXFLuRQ SDUFLDO GH � FRPSRQHQWHV PLHQWUDV

TXH OD VROXFLuRQ SDUFLDO GH ORV SURFHVDGRUHV 3�� 3�� 3� \ 3� WLHQH � FRPSRQHQWHV� 'H

FDGD XQR GH ORV FXDWUR EORTXHV GH OD SDUWLFLuRQ ������ VH HOLJHQ �� FRPSRQHQWHV FRPR

VLJXH� GH [� ODV �� SULPHUDV FRPSRQHQWHV� GH [� ODV �� uXOWLPDV \ SDUD HO UHVWR ODV ��

FRPSRQHQWHV FHQWUDOHV� 2EVuHUYHVH TXH SDUWH GH ODV FRPSRQHQWHV GH [L� SDUD L  �� �� �� ��

HVWuDQ HQ HO SURFHVDGRU 3�Lb� \ SDUWH HQ HO SURFHVDGRU 3�Lb�� VH QHFHVLWD SXHV GHWHUPLQDU

TXuH FRPSRQHQWHV VH HOLJHQ GH FDGD SURFHVDGRU�

7RGDV ODV FRPSRQHQWHV GHO YHFWRU VROXFLuRQ SDUFLDO GHO SULPHU \ uXOWLPR SURFHVDGRU

IRUPDQ SDUWH GH OD VROXFLuRQ JHQHUDO� 6H GHEHQ WRPDU ODV N uXOWLPDV FRPSRQHQWHV HQ ORV

SURFHVDGRUHV SDUHV� H[FHSWR HQ HO uXOWLPR SURFHVDGRU SDU HQ HO TXH VH HOLJHQ ODV N b
P�

�

uXOWLPDV FRPSRQHQWHV� \ ODV N SULPHUDV FRPSRQHQWHV HQ ORV SURFHVDGRUHV LPSDUHV� H[FHSWR

HQ HO SULPHU SURFHVDGRU LPSDU HQ HO TXH VH WRPDQ ODV SULPHUDV N b
P�

�
FRPSRQHQWHV� (Q

OD nJXUD ��� VH PXHVWUD� SDUD S  �� OD IRUPDFLuRQ GH OD VROXFLuRQ GHO VLVWHPD ����� D SDUWLU

GH ODV VROXFLRQHV SDUFLDOHV HQ FDGD SURFHVDGRU�

����� $OJRULWPRV %63 SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV

(O VLJXLHQWH DOJRULWPR %63 LPSOHPHQWD HO QXHYR PuHWRGR SDUDOHOR SDUD UHVROYHU VLVWH�

PDV WULGLDJRQDOHV� EDVDGR HQ ODV WUHV IDVHV TXH VH KDQ GHVFULWR DQWHULRUPHQWH�
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)LJXUD ���� 2EWHQFLuRQ GH OD VROXFLuRQ JHQHUDO D SDUWLU GH ODV VROXFLRQHV SDUFLDOHV

SDUD S  ��

$OJRULWPR ��� $OJRULWPR %63 SDUD UHVROYHU VLVWHPDV WULGLDJRQDOHV SDUD S SURFHVDGRUHV�

6XSHUSDVR �

,QLFLR�

q (O SURFHVDGRU SULQFLSDO FDOFXOD N  
Q

S
� P GH DFXHUGR FRQ ������ \ P� PHGLDQWH �������

q &DGD SURFHVDGRU UHFLEH GHVGH HO SURFHVDGRU SULQFLSDO ORV FRUUHVSRQGLHQWHV HOHPHQWRV GH

$ \ G GH DFXHUGR FRQ OD IXQFLuRQ �� GHnQLGD HQ ������� HVWR HV

p 3� HQYurD D 3� OD nOD M�uHVLPD GH A$� \ AG�� SDUD M  N�
P�

�
��� N�

P�

�
��� � � � � �N�P��

p 3DUD L  �� �� � � � �
S

�
b ��
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g 3� HQYurD D 3�L OD nOD M�uHVLPD GH A$L \ AGL� SDUD M  �� �� � � � � N �P�

g 3� HQYurD D 3�L�� OD nOD M�uHVLPD GH A$L \ AGL� SDUD M  N � P � �� N � P �

�� � � � � �N � �P�

p 3� HQYurD D 3Sb� \ 3Sb� OD nOD M�uHVLPD GH A$S

�

\ AG S

�

� SDUD M  �� �� � � � � N �
P�

�
\

M  N �
P�

�
� �� N �

P�

�
� �� � � � � �N �P�� UHVSHFWLYDPHQWH�

q (O SURFHVDGRU SULQFLSDO HQYurD P DO UHVWR GH SURFHVDGRUHV�

6XSHUSDVR �

q 3DUD L  �� Sb �� Sb �� HO SURFHVDGRU 3L FDOFXOD P��

q 3DUD L  �� �� � � � �
S

�
� ORV SURFHVDGRUHV �3�Lb�� 3�Lb�� UHVXHOYHQ HO VXEVLVWHPD A$LA[L  AGL

HMHFXWDQGR ORV VXSHUSDVRV � \ � GHO DOJRULWPR ���� H[FHSWR OD FRPXQLFDFLuRQ nQDO GH

VROXFLRQHV GHO nQDO GHO VXSHUSDVR ��

q &RPXQLFDFLuRQ GH VROXFLRQHV SDUFLDOHV�

p 3� FRPXQLFD D 3� ODV FRPSRQHQWHV N �
P�

�
� �� N �

P�

�
� �� � � � � �N GH A[��

p 3DUD L  �� �� � � � �
S

�
b �

g 3�L FRPXQLFD D 3� ODV FRPSRQHQWHV P� ��P� �� � � � �P� N GH A[L���

g 3�L�� FRPXQLFD D 3� ODV FRPSRQHQWHV P� N � ��P� N � �� � � � �P� �N GH

A[L���

p 3Sb� FRPXQLFD D 3� ODV FRPSRQHQWHV P� � ��P� � �� � � � � N �
P�

�
GH A[

S

�

�

p 3Sb� FRPXQLFD D 3� ODV FRPSRQHQWHV N�
P�

�
��� N�

P�

�
��� � � � � �N�P� GH A[ S

�

�

q (O SURFHVDGRU SULQFLSDO IRUPD OD VROXFLuRQ [ GHO VLVWHPD ����� KDFLHQGR�

p 3DUD M  �� �� � � � � �N� ODV FRPSRQHQWHV M�uHVLPD \ �Q b �N � M��uHVLPD GH [ LJXDO

D ODV FRPSRQHQWHV M�uHVLPD \ �P� � M��uHVLPD GH A[� \ A[ S

�

� UHVSHFWLYDPHQWH�
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)LJXUD ���� (VTXHPD GH FRPXQLFDFLuRQ SDUD � SURFHVDGRUHV GHO PuHWRGR GHVFULWR HQ

HO DOJRULWPR ����

p 3DUD L  �� �� � � � �
S

�
b � \ M  �� �� � � � � �N� OD FRPSRQHQWH ��LN � M��uHVLPD GH [

LJXDO D OD FRPSRQHQWH �P� M��uHVLPD GH A[L���

2EVuHUYHVH TXH HO DOJRULWPR ��� FRQWLHQH WUHV EDUUHUDV GH VLQFURQL]DFLuRQ \D TXH HQ

HO VXSHUSDVR � VH HMHFXWDQ ORV VXSHUSDVRV � \ � GHO DOJRULWPR ���� (Q OD nJXUD ��� VH

PXHVWUD XQ HMHPSOR GH HMHFXFLuRQ GHO DOJRULWPR SDUD S  �� REVuHUYHVH HO HVSHFLDO SDWUuRQ GH

FRPXQLFDFLRQHV QHFHVDULR� FDGD SDU GH SURFHVDGRUHV FRPXQLFDQ HQWUH Vur HQ HO VXSHUSDVR

FHQWUDO�

$ FRQWLQXDFLuRQ VH REWLHQH HO FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ����



��� 0uHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV ���

&RVWH GHO VXSHUSDVR �� 3DUD FDOFXODU P� D SDUWLU GH ORV SDUuDPHWURV p \ x� VH

QHFHVLWDQ �Q��� RSHUDFLRQHV �YuHDVH OD H[SUHVLuRQ ������ HQ OD SuDJLQD ���� (O FuDOFXOR GH N

UHTXLHUH XQD RSHUDFLuRQ \ HO GH P� GRV� (Q FRQVHFXHQFLD� HO FRVWH DULWPuHWLFR GHO VXSHUSDVR

HV �Q� ���

3DUD REWHQHU HO FRVWH GH FRPXQLFDFLuRQ GH HVWH VXSHUSDVR� GHEH WHQHUVH HQ FXHQWD TXH HO

SURFHVDGRU SULQFLSDO HQYurD ��N�P�b� HOHPHQWRV DO SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb��

\ HQYurD �
b
N � P�

�

c
b � HOHPHQWRV DO SURFHVDGRU 3M� SDUD M  �� Sb �� Sb �� DGHPuDV HQYurD

P D WRGRV ORV SURFHVDGRUHV� &RPR HQ HO SHRU GH ORV FDVRV P�  P � �� HQ WRWDO HQYurD

�Sb ����N� �Pb �� � ���N� �P��� � Sb � HOHPHQWRV� OXHJR HO FRVWH GH FRPXQLFDFLuRQ

HV ��Qb �N b ��P� �PS� ��J�

(O FRVWH FRPSXWDFLRQDO GHO VXSHUSDVR HV� SRU WDQWR�

�Q� �� � ��Qb �N b ��P� �PS� ��J � O� ������
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REWHQLHQGR FRPR VROXFLuRQ GHO PLVPR
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(Q OD VLJXLHQWH WDEOD VH PXHVWUD OD VROXFLuRQ SDUFLDO GH FDGD SURFHVDGRU�

3URFHVDGRU 6ROXFLuRQ SDUFLDO
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)LQDOPHQWH� HO SURFHVDGRU SULQFLSDO REWLHQH OD VROXFLuRQ JHQHUDO D SDUWLU GH ODV VROXFLRQHV

SDUFLDOHV� WRPDQGR ODV WUHV FRPSRQHQWHV GHO YHFWRU VROXFLuRQ SDUFLDO HQ 3�� OD SULPHUD HQ

3�� OD WHUFHUD \ FXDUWD FRPSRQHQWHV GH OD VROXFLuRQ SDUFLDO HQ 3�� ODV GRV SULPHUDV HQ 3��

OD WHUFHUD HQ 3� \ ODV WUHV FRPSRQHQWHV GH OD VROXFLuRQ SDUFLDO HQ 3��
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$O LJXDO TXH VH KL]R HQ HO FDSurWXOR �� HO FuDOFXOR GH ORV SDUuDPHWURV p \ x VH SXHGH

UHDOL]DU HQ SDUDOHOR� (Q HVWH FDVR� HO SURFHVDGRU SULQFLSDO HQYurD D FDGD SURFHVDGRU 3L�

SDUD L  �� �� � � � � S b �� ODV nODV �LN � M��uHVLVPDV� FRQ M  �� �� � � � � N� GHO VLVWHPD GH

PDQHUD TXH uHVWH SXHGD FDOFXODU ORV SDUuDPHWURV pL \ xL GH DFXHUGR FRQ ODV H[SUHVLRQHV
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8QD YH] FDOFXODGR SRU 3� HO YDORU GH P� GHEH FRPXQLFDU D ORV RWURV SURFHVDGRUHV HO

UHVWR GH HOHPHQWRV GHO VLVWHPD ����� TXH VH QHFHVLWDQ SDUD TXH FDGD SDUHMD GH SURFHVDGRUHV

SXHGD UHVROYHU HO VXEVLVWHPD GH ������ TXH OH FRUUHVSRQGD� 7RGRV ORV SURFHVDGRUHV GHEHQ

UHFLELU P nODV H[FHSWR 3� \ 3Sb� TXH GHEHQ UHFLELU P
� nODV \ 3Sb� TXH GHEH UHFLELU
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(O VLJXLHQWH DOJRULWPR %63 PRGLnFD HO DOJRULWPR ��� SDUD UHDOL]DU HO FuDOFXOR GH p \ x

HQ SDUDOHOR�
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q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3� HQYurD D 3L ORV HOHPHQWRV FLN�M� DLN�M� ELN�M \

GLN�M� FRQ M  �� �� � � � � N H[FHSWR EQ  ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � S b �� 3L FDOFXOD pL \ xL GH DFXHUGR FRQ ODV H[SUHVLRQHV ������ \
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q 3DUD L  �� �� � � � � Sb �� 3L HQYurD D 3� ORV YDORUHV GH ORV SDUuDPHWURV pL \ xL�

6XSHUSDVR �

q (O SURFHVDGRU 3� FDOFXOD ORV SDUuDPHWURV p� x� P \ P� KDFLHQGR XVR GH ODV H[SUHVLRQHV
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q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU SULQFLSDO 3� HQYurD D 3L ORV FRUUHVSRQGLHQWHV

HOHPHQWRV GH $ \ G� GH DFXHUGR FRQ OD IXQFLuRQ �� GHnQLGD HQ ������� HVWR HV

p 3� HQYurD D 3� ORV HOHPHQWRV FM� DM� EM \ GM� FRQ M  �N � �� �N � �� � � � � �N �P��
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6XSHUSDVR �

&RPR HO VXSHUSDVR � GHO DOJRULWPR ����

$O UHSDUWLU HO FuDOFXOR GH p \ x HQWUH S SURFHVDGRUHV� HO QuXPHUR GH RSHUDFLRQHV EDMD GH

�Q � � D �N � �� OXHJR HO FRVWH DULWPuHWLFR SDVD GH �Q � �N � �P � �� D ��N � �P � ���

VH KDQ LQWURGXFLGR GRV VXSHUSDVRV PuDV� SRU OR TXH HO FRVWH GH VLQFURQL]DFLuRQ DXPHQWD GH

�O D �O� /D FRPXQLFDFLuRQ VH KD LQFUHPHQWDGR HQ ��S b �� HOHPHQWRV �TXH FRUUHVSRQGHQ

DO HQYurR GHVGH ORV SURFHVDGRUHV UHPRWRV D 3� GH ORV SDUuDPHWURV pL \ xL� SRU XQ ODGR \
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GRQGH VH KD FRQVLGHUDGR TXH HQ HO SHRU GH ORV FDVRV P�  P� ��

$ FRQWLQXDFLuRQ VH REWLHQH FRQ GHWDOOH HO FRVWH GHO DOJRULWPR ����

&RVWH GHO VXSHUSDVR �� &RPR VH KD YLVWR HQ HO FDSurWXOR � �YuHDVH OD H[SUHVLuRQ ������

GH OD SuDJLQD ���� HO FRVWH GH HVWH VXSHUSDVR HV

� � ��Qb �N b ��J � O� ������

&RVWH GHO VXSHUSDVR �� (Q HO FDSurWXOR � VH REWXYR HO FRVWH GH HVWH VXSHUSDVR �YuHDVH

������� SuDJLQD ���� TXH HV

�N � ��Sb ��J � O� ������

&RVWH GHO VXSHUSDVR �� (O SURFHVDGRU SULQFLSDO GHEH UHDOL]DU WUHV RSHUDFLRQHV SDUD

FDOFXODU x� QXHYH RSHUDFLRQHV SDUD REWHQHU HO YDORU GH P \ GRV RSHUDFLRQHV SDUD FDOFXODU
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P�� HQ WRWDO �� RSHUDFLRQHV� (Q HVWH VXSHUSDVR� HQYurD HO YDORU GH P D WRGRV ORV SURFHVDGR�

UHV� HQYurD �P�b� HOHPHQWRV D FDGD XQR GH ORV SURFHVDGRUHV 3� \ 3Sb�� HQYurD �P
� HOHPHQWRV

DO SURFHVDGRU 3Sb� \ HQYurD �Pb � HOHPHQWRV DO SURFHVDGRU 3L� FRQ L  �� �� � � � � Sb �� SRU

WDQWR HO FRVWH GH FRPXQLFDFLuRQ HV >Sb � � ���P� b �� � �P� � ��Pb ���Sb ��@ J� &RPR

HQ HO SHRU GH ORV FDVRV P�  P� �� VH WLHQH TXH HO FRVWH GHO VXSHUSDVR � HV
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&RVWH GHO VXSHUSDVR �� 3XHVWR TXH HVWH VXSHUSDVR FRLQFLGH FRQ HO VXSHUSDVR � GHO

DOJRULWPR ���� VX FRVWH YLHQH GDGR SRU OD H[SUHVLuRQ �������

6XPDQGR ODV H[SUHVLRQHV ������� ������������� \ ������ VH REWLHQH HO FRVWH GHO DOJRULWPR
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(Q HVWD VHFFLuRQ VH DQDOL]DQ ORV WLHPSRV SUHYLVWRV WHuRULFDPHQWH \ ORV WLHPSRV H[SHUL�

PHQWDOHV GH ORV DOJRULWPRV ���� ��� \ ��� �D ORV TXH VH UHIHUHQFLDUuD HQ ODV WDEODV \ nJXUDV

FRPR 7:� 7:� \ 7:� UHVSHFWLYDPHQWH�� /DV SUXHEDV H[SHULPHQWDOHV VH KDQ UHDOL]DGR

HQ HO ,%0 63� \ HO FOXVWHU GH 3&
V FX\DV FDUDFWHUurVWLFDV VH KDQ GHVFULWR HQ OD VXEVHF�

FLuRQ ������ 3RU FRPRGLGDG� HQ OD WDEOD ��� VH UHSLWHQ ORV SDUuDPHWURV REWHQLGRV SDUD HVDV

PuDTXLQDV TXH VH PXHVWUDQ HQ OD WDEOD ����

(O WLHPSR WHuRULFR VH KD REWHQLGR FRQVLGHUDQGR TXH HO WDPDaQR GH EORTXH GH ORV PHQVDMHV

TXH VH FRPXQLFDQ HQWUH ORV SURFHVDGRUHV HV N  
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DGHPuDV VH KD WRPDGR P  �� /RV DOJRULWPRV ��� �7:�� ����7:�� \ ����7:�� KDQ VLGR

LPSOHPHQWDGRV HQ )RUWUDQ XVDQGR OD YHUVLuRQ Y��� GH OD OLEUHUurD %63/LE� VH KD JHQHUDQGR

HO VLVWHPD ����� REWHQLHQGR DOHDWRULDPHQWH ORV HOHPHQWRV GH OD PDWUL] GH FRHnFLHQWHV $
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\� SDUD VLPSOLnFDU� HOLJLHQGR HO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV G GH PDQHUD TXH OD

VROXFLuRQ VHD [  >�� �� � � � � �@7 � $ OD HOHFFLuRQ DOHDWRULD GH ORV FRHnFLHQWHV VH OH KD DaQDGLGR

OD UHVWULFFLuRQ GH TXH P  � �YuHDVH OD WDEOD ��� HQ OD SuDJLQD �� ��
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(Q OD WDEOD ��� \ OD nJXUD ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV� PH�

GLGRV HQ VHJXQGRV� GHO DOJRULWPR ��� �7:� HQ HO FOXVWHU GH 3&
V SDUD � SURFHVDGRUHV \ HQ

ODV WDEODV ���� ���� \ nJXUDV ����� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV \ H[SHULPHQWDOHV�

PHGLGRV HQ VHJXQGRV� GH ODV DOJRULWPRV ����7:�� \ ����7:�� HQ HO FOXVWHU GH 3&
V SDUD

� \ � SURFHVDGRUHV�

/RV WLHPSRV KDQ VLGR REWHQLGRV SDUD GLIHUHQWHV WDPDaQRV GH OD PDWUL] GH FRHnFLHQWHV�

HQ HO ,%0 63� HO WDPDaQR YDUurD GHVGH ��� D ������ SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D

������ SDUD � SURFHVDGRUHV� HQ HO FOXVWHU GH 3&
V HO WDPDaQR GH OD PDWUL] GH FRHnFLHQWHV

YDUurD GHVGH ��� D ����� SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D ����� SDUD � SURFHVDGRUHV�

(Q ODV nJXUDV ����� ���� \ ���� VH PXHVWUD HO SRUFHQWDMH GH GHVYLDFLuRQ GHO WLHPSR

H[SHULPHQWDO FRQ UHVSHFWR DO WHuRULFR HQ IXQFLuRQ GHO WDPDaQR Q GHO VLVWHPD�

/DV PD\RUHV GLIHUHQFLDV HQWUH HO WLHPSR SUHYLVWR \ HO H[SHULPHQWDO VH REWLHQHQ HQ ORV

VLVWHPDV GH WDPDaQR SHTXHaQR HQ ORV TXH� SRU OR JHQHUDO� VXHOH VHU PD\RU HO WLHPSR H[SHUL�

PHQWDO TXH HO WHuRULFR� $ PHGLGD TXH DXPHQWD HO WDPDaQR GH VLVWHPD HO WLHPSR REWHQLGR

H[SHULPHQWDOPHQWH VH DMXVWD PHMRU DO HVSHUDGR� SDUD WDPDaQRV JUDQGHV OD GHVYLDFLuRQ �VDOYR

DOJXQD H[FHSFLuRQ� RVFLOD HQWUH HO �� \ HO ���

(Q ODV WDEODV ����� ���� \ ���� VH PXHVWUD HO DOJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHUL�

PHQWDOPHQWH� HQWUH ORV DOJRULWPRV ��� �7:�� \ ��� �7:��� HQ FDGD XQD GH ODV PuDTXLQDV

SDUD ORV GLVWLQWRV WDPDaQRV GH VLVWHPD� 6H REVHUYD TXH HQ HO ,%0 63� XWLOL]DQGR VZLWFK

HV PHMRU FDOFXODU P HQ SDUDOHOR �HVWR HV� HO DOJRULWPR ���� SDUD YDORUHV GH Q ! ����� (Q

HO ,%0 63� XWLOL]DQGR HWKHUQHW \ HQ HO FOXVWHU GH 3&
V HV PHMRU HO DOJRULWPR ��� SDUD

WDPDaQRV GH VLVWHPD PD\RUHV� SRU HQFLPD GH ����� HFXDFLRQHV�

(Q OD WDEOD ���� VH PXHVWUD HO VSHHG�XS \ OD HnFLHQFLD GH ORV DOJRULWPRV ��� �7:��

����7:�� \ ����7:�� FRQ UHVSHFWR DO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV

WULGLDJRQDOHV� TXH HV HO PHMRU DOJRULWPR VHFXHQFLDO SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLD�

JRQDOHV� FRQVLGHUDQGR ORV WLHPSRV WHuRULFRV GH ORV VLVWHPDV GH WDPDaQR PuD[LPR GH ORV TXH

VH KDQ REWHQLGR UHVXOWDGRV H[SHULPHQWDOHV HQ FDGD XQD GH ODV PuDTXLQDV�

/D HnFLHQFLD TXH VH REWLHQH QR HV PX\ EXHQD� \ HQ FDVR GHO ,%0 63� FRQ HWKHUQHW HV

SuHVLPD� VLQ GXGD XQ IDFWRU GHWHUPLQDQWH HV HO YDORU GH J� 3DUD RWUDV PuDTXLQDV FRQ PHQRU

YDORU GH J VH REWLHQH PHMRU HnFLHQFLD� FRPR HV HO FDVR GH XQ &5$< 7�' R XQ &5$<

7�(� 3RU FRPRGLGDG� HQ OD WDEOD ���� VH UHSLWHQ ORV YDORUHV GH ORV SDUuDPHWURV GH HVWDV
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ

GH ORV HOHPHQWRV VLWXDGRV SRU GHEDMR GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ���

q SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N b ��

E�L���NbM �
E�L���NbM

D�L���N��bM
�

J�L���NbM � bE�L���NbMJ�L���N��bM�

G�L���NbM � G�L���NbM b E�L���NbMG�L���N��bM�

�!!! 
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�����

q SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N b ��

I�L���NbM � I�L���NbM b E�L���NbMI�L���N��bM�

/D nJXUD ��� PXHVWUD OD IRUPD HQ TXH TXHGD OD PDWUL] WUDV OD UHDOL]DFLuRQ GH HVWDV RSHUD�

FLRQHV�

$ FRQWLQXDFLuRQ� SDUD L  �� �� � � � � Sb �� VH DQXODQ ORV HOHPHQWRV ELN TXH VH HQFXHQWUDQ

HQ ODV FROXPQDV �LN����uHVLPDV �HQ OD nJXUD ��� VRQ ORV HOHPHQWRV UHPDUFDGRV�� 1uRWHVH TXH

SDUD DQXODU HVWRV HOHPHQWRV GHEHQ UHDOL]DUVH RSHUDFLRQHV HOHPHQWDOHV HQ ODV TXH LQWHUYLHQHQ

HOHPHQWRV TXH QR VH HQFXHQWUDQ HQ OD PLVPD nOD GH OD SDUWLFLuRQ �HQ HO VHQWLGR GH TXH ORV
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ

ORV HOHPHQWRV VLWXDGRV SRU HQFLPD GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ���

VXEurQGLFHV GH ORV EORTXHV &L� $L� \ %L FRLQFLGHQ � \D TXH SDUD HOLPLQDU HO HOHPHQWR ELN� TXH

VH HQFXHQWUD HQ ORV EORTXHV &Lb�� $Lb�� %Lb�� VH HIHFWuXDQ RSHUDFLRQHV HQ ODV TXH LQWHUYLHQHQ

HOHPHQWRV GH OD nOD �LN � ���uHVLPD \ HVWD nOD IRUPD SDUWH GH ORV EORTXHV &L� $L� %L�

/DV RSHUDFLRQHV TXH VH OOHYDQ D FDER VRQ� SDUD L  �� �� � � � � Sb ��

ELN � ELN
DLN��

�

DLN � DLN b ELNILN���

JLN � bELNJLN�M�

GLN � GLN b ELNGLN���

�!!!!! 
!!!!!�

�����

$SDUHFHQ DVur QXHYRV HOHPHQWRV JLN HQ ODV FROXPQDV �L���N�uHVLPDV� SDUD L  �� �� � � � � Sb��

/D nJXUD ��� PXHVWUD OD IRUPD HQ TXH TXHGD OD PDWUL] GHO HMHPSOR XQD YH] DQXODGRV

ORV HOHPHQWRV E�� E� \ E��� ORV QXHYRV HOHPHQWRV JM KDQ VLGR UHPDUFDGRV�

3DUD DQXODU ELN� SDUD L  �� �� � � � � S b �� XWLOL]DQGR ODV H[SUHVLRQHV ������ VH QHFHVL�
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV E�� E� \ E��� SDUD HO FDVR Q  ���

WDQ HOHPHQWRV TXH VH HQFXHQWUDQ HQ OD nOD �LN � ���uHVLPD� HVWR VXSRQH XQD GLnFXOWDG DO

SDUDOHOL]DU HO PuHWRGR \D TXH ORV HOHPHQWRV LPSOLFDGRV VH HQFXHQWUDQ HQ SURFHVDGRUHV GLV�

WLQWRV� OR TXH REOLJD D HIHFWXDU XQD FRPXQLFDFLuRQ HQWUH ORV SURFHVDGRUHV SDUD DFWXDOL]DU

ORV HOHPHQWRV HQ XQR GH HOORV \� XQD YH] DFWXDOL]DGRV� YROYHUORV D HQYLDU DO SURFHVDGRU

RULJHQ�

(O VLJXLHQWH SDVR FRQVLVWH HQ OD HOLPLQDFLuRQ �HQ FDGD XQR GH ORV EORTXHV GLDJRQDOHV

FRUUHVSRQGLHQWHV� GH ORV HOHPHQWRV ILN�M� SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N� FRQVL�

JXLHQGR GH HVWH PRGR TXH OD PDWUL] GH FRHnFLHQWHV VHD WULDQJXODU VXSHULRU� 3DUD HOLPLQDU

HVWRV HOHPHQWRV VH UHDOL]DQ ODV VLJXLHQWHV RSHUDFLRQHV

ILN�M �
ILN�M

DLN
�

JLN�M � JLN�M b ILN�MJLN�

GLN�M � GLN�M b ILN�MGLN�

�!!! 
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'HVSXuHV GH HVWH SDVR� OD PDWUL] GHO HMHPSOR TXHGD HQ OD IRUPD TXH VH PXHVWUD HQ OD
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV I�L�M � FRQ L  �� �� � \ M  �� �� �� �� SDUD HO FDVR Q  ���

nJXUD ����

$KRUD uXQLFDPHQWH TXHGDQ HOHPHQWRV QR QXORV IXHUD GH OD GLDJRQDO SULQFLSDO HQ ODV

FROXPQDV LN�uHVLPDV� FRQ L  �� �� � � � � S� 3DUD DQXODUORV VH UHDOL]DQ ODV VLJXLHQWHV RSHUD�

FLRQHV�

q SDUD L  Sb �� Sb �� � � � � � \ M  �� �� � � � � N�

JLN�Mb� �
JLN�Mb�

D�L���N
�

GLN�Mb� � GLN�Mb� b JLN�Mb�G�L���N�

� 
�

q SDUD M  �� �� � � � � N b ��

JM �
JM

DN
�

GM � GM b JMGN�

� 
�
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV J�L�M � FRQ L  �� �� �� � \ M  �� �� �� SDUD HO FDVR Q  ���

&RQYLHQH DFODUDU TXH �HQ SULQFLSLR� HO SURFHVR GH HOLPLQDFLuRQ GH HVWRV HOHPHQWRV QR

SXHGH HIHFWXDUVH VLPXOWuDQHDPHQWH HQ WRGRV ORV EORTXHV GLDJRQDOHV �\ SRU HQGH HQ SDUDOHOR�

\D TXH DO UHDOL]DU ODV RSHUDFLRQHV HOHPHQWDOHV QHFHVDULDV DSDUHFHUurDQ QXHYRV HOHPHQWRV QR

QXORV� SRU HOOR HO SURFHVR GH HOLPLQDFLuRQ FRPLHQ]D FRQ JQb� \ nQDOL]D FRQ J�� /D PDWUL]

nQDO HV GLDJRQDO \ OD VROXFLuRQ VH REWLHQH GH IRUPD LQPHGLDWD PHGLDQWH

[L  
GL

DL
� L  �� �� � � � � Q�

(Q ODV nJXUD ��� VH PXHVWUD FuRPR TXHGDUurD OD PDWUL] $ GHO HMHPSOR VL VH DQXODQ

VLPXOWuDQHDPHQWH ORV HOHPHQWRV J�L�M� FRQ L  �� �� �� � \ M  �� �� � �UHPDUFDGRV HQ OD

nJXUD ���� \ HQ OD nJXUD ��� FuRPR TXHGDUurD OD PDWUL] $ VL� D FRQWLQXDFLuRQ� VH HOLPLQDQ ORV

QXHYRV HOHPHQWRV QR QXORV �� TXH DSDUHFHQ HQ OD nJXUD ����
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH HOLPLQDU ORV

QXHYRV HOHPHQWRV QR QXORV� SDUD HO FDVR Q  ���

��� 3DUDOHOL]DFLuRQ GHO PuHWRGR

3DUD SDUDOHOL]DU HO PuHWRGR VH FRQVLGHUD TXH S HV HO QuXPHUR GH SURFHVDGRUHV \ VH DVLJQD

D FDGD XQR GH ORV SURFHVDGRUHV 3L� SDUD L  �� �� � � � � Sb �� ORV EORTXHV &L� $L� %L \ GL GH

OD SDUWLFLuRQ GHO VLVWHPD ����� GDGD HQ OD H[SUHVLuRQ ������ &RPR \D VH KD FRPHQWDGR

HQ OD VHFFLuRQ ��� HO PuHWRGR SUHVHQWD GLnFXOWDGHV SDUD VX SDUDOHOL]DFLuRQ D OD KRUD GH

HOLPLQDU ORV HOHPHQWRV LQWHUSURFHVDGRUHV ELN TXH VH HQFXHQWUDQ HQ ODV nODV LN�uHVLPDV� SDUD

L  �� �� � � � � Sb�� VX DQXODFLuRQ REOLJD D HIHFWXDU XQ SDVR GH FRPXQLFDFLuRQ \ DFWXDOL]DFLuRQ

GH ORV HOHPHQWRV TXH UHVXOWDQ PRGLnFDGRV� $VLPLVPR� OD HOLPLQDFLuRQ HQ SDUDOHOR GH ORV

HOHPHQWRV JLN �WDPELuHQ VLWXDGRV HQ ODV nODV LN�uHVLPDV�� SDUD L  �� �� � � � � Sb �� SUHVHQWD

XQD GLnFXOWDG TXH VHUuD HVWXGLDGD HQ HVWD VHFFLuRQ�

(O VLJXLHQWH DOJRULWPR GHVFULEH OD IRUPD GH SDUDOHOL]DU HO PuHWRGR�



��� � 0uHWRGR GH :DQJ

$OJRULWPR ��� 0uHWRGR GH ODV SDUWLFLRQHV GH :DQJ HQ SDUDOHOR�

3DVR �

6H FRQVLGHUD HQ HO VLVWHPD ����� OD SDUWLFLuRQ GDGD HQ OD H[SUHVLuRQ ����� \ VH DVLJQD DO

SURFHVDGRU 3� ORV EORTXHV $�� %� \ G�� DO SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� ORV EORTXHV

&L� $L� %L \ GL \� nQDOPHQWH� DO SURFHVDGRU 3Sb� ORV EORTXHV &Sb�� $Sb�� \ GSb��

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� DQXOD ORV HOHPHQWRV VXEGLDJRQDOHV \ VXSHU�

GLDJRQDOHV �H[FHSWR E�L���Nb�� GHO EORTXH $L \ UHDOL]D ODV RSRUWXQDV DFWXDOL]DFLRQHV HQ HO UHVWR

GH EORTXHV�

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  Sb�� Sb�� � � � � �� FRPXQLFD DO SURFHVDGRU 3Lb� ORV HOHPHQWRV

QHFHVDULRV SDUD TXH HVWH uXOWLPR DQXOH HO HOHPHQWR ELN \ DFWXDOLFH ORV HOHPHQWRV DIHFWDGRV�

3DVR �

&DGD SURFHVDGRU 3Lb�� SDUD L  �� �� � � � � Sb �� FRPXQLFD DO SURFHVDGRU 3L ORV HOHPHQWRV

QHFHVDULRV SDUD TXH HVWH uXOWLPR DQXOH ORV HOHPHQWRV IM� FRQ M  LN � �� LN � �� � � � � �L� ��N�

TXH KDQ DSDUHFLGR HQ ORV EORTXHV &L \ DFWXDOLFH ORV HOHPHQWRV DIHFWDGRV�

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb � FRPXQLFD DO SURFHVDGRU 3� ORV YDORUHV DFWXD�

OL]DGRV GH ORV EORTXHV $L� %L \ GL \ HO SURFHVDGRU 3Sb� FRPXQLFD D 3� ORV YDORUHV DFWXDOL]DGRV

GH ORV EORTXHV $Sb� \ GSb�� (O SURFHVDGRU 3� DQXOD ORV HOHPHQWRV VXSHUGLDJRQDOHV JM� SDUD

M  Qb �� Qb �� � � � � �� GH OD PDWUL] $ \ REWLHQH OD VROXFLuRQ GHO VLVWHPD GH IRUPD LQPHGLDWD

\D TXH $ HV GLDJRQDO�

(O SDVR � GHO DOJRULWPR ��� SXHGH VHU SDUDOHOL]DGR WRPDQGR ORV HOHPHQWRV TXH VH

HQFXHQWUDQ HQ ODV nODV LQWHUSURFHVDGRUHV \ IRUPDQGR XQ VLVWHPD DX[LOLDU

+ x[  xG� �����

FX\D VROXFLuRQ� HQ FDGD SURFHVDGRU� SHUPLWH REWHQHU D FDGD SURFHVDGRU HO UHVWR GH FRPSR�



��� 3DUDOHOL]DFLuRQ GHO PuHWRGR ���

QHQWHV GH VX VROXFLuRQ SDUFLDO�

(Q HO VLJXLHQWH HMHPSOR VH YD D REWHQHU HO VLVWHPD DX[LOLDU ����� \ D GHVFULELU OD IRUPD

GH REWHQHU OD VROXFLuRQ SDUFLDO� HQ HO FDVR SDUWLFXODU HQ TXH Q  �� \ S  �� $ FRQWLQXDFLuRQ

VH HVWXGLDUuD HO FDVR JHQHUDO�

(MHPSOR ��� 6H SDUWH LQLFLDOPHQWH GH OD PDWUL] GH OD nJXUD ������ HQ OD TXH ORV uXQLFRV

HOHPHQWRV TXH VH HQFXHQWUDQ IXHUD GH OD GLDJRQDO SULQFLSDO HVWuDQ HQ ODV FROXPQDV LN�uHVLPDV�

SDUD L  �� �� � � � � �� (O VLVWHPD DX[LOLDU ����� WLHQH OD IRUPD

�
���������

D� J�

I� D� J�

I� D� J�

I�� D�� J��

I�� D��
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���������
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���������
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G�
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1uRWHVH TXH+ HV XQD PDWUL] FXDGUDGD WULGLDJRQDO GH WDPDaQR S��  � FRQ OD FDUDFWHUurVWLFD

GH TXH I�  ��

/D LGHD GH OD SDUDOHOL]DFLuRQ GHO PuHWRGR FRQVLVWH HQ TXH FDGD SURFHVDGRU UHFLED ORV

HOHPHQWRV QHFHVDULRV SDUD IRUPDU \ UHVROYHU HO VLVWHPD DX[LOLDU ����� \ DVur SRGHU VHJXLU

WUDEDMDQGR HQ SDUDOHOR SDUD REWHQHU HO UHVWR GH FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO�

(Q HO HMHPSOR� XQD YH] UHVXHOWR HQ FDGD SURFHVDGRU HO VLVWHPD DX[LOLDU ������� FDGD

SURFHVDGRU FRQRFH ODV FRPSRQHQWHV [�� [�� [�� [�� \ [�� \ GHEH SURFHGHU D REWHQHU HO UHVWR

GH FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO� 1uRWHVH TXH FDGD SURFHVDGRU GHEH FDOFXODU N b �

FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO D H[FHSFLuRQ GHO SULPHUR TXH VuROR QHFHVLWD FDOFXODU

N b � FRPSRQHQWHV� \D TXH [� KD VLGR REWHQLGD DO UHVROYHU HO VLVWHPD DX[LOLDU ������� 3RU

FRPRGLGDG HQ OD QRWDFLuRQ \ SXHVWR TXH QR VH DXPHQWD HO FRVWH FRPSXWDFLRQDO GHO PuHWRGR�

VH FRQVLGHUD TXH HO SURFHVDGRU 3� FDOFXOD HO PLVPR QuXPHUR GH FRPSRQHQWHV GH VX VROXFLuRQ

SDUFLDO TXH HO UHVWR�
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(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�
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\ FRQRFH ODV YDORUHV GH [� \ [� SRU OR TXH uXQLFDPHQWH GHEH FDOFXODU [�� [� \ [�� GH PDQHUD

TXH GHEH UHVROYHU HO VLVWHPD

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�
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'HVSHMDQGR ODV LQFuRJQLWDV [�� [� \ [� GHO VLVWHPD DQWHULRU VH WLHQH

[L  
�

DL

�GL b JL[�� � L  �� �� ��

(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[��  G�
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\ FRQRFH ORV YDORUHV GH [�� [� \ [�� SRU OR TXH� uXQLFDPHQWH� GHEH FDOFXODU [�� [� \ [�� GH

PDQHUD TXH GHEH UHVROYHU HO VLVWHPD

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�
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'HVSHMDQGR ODV LQFuRJQLWDV [�� [� \ [� VH REWLHQH

[L  
�

DL

�GL b JL[� b IL[�� � L  �� �� ��
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5D]RQDQGR GH LJXDO PDQHUD� VH REWLHQH HQ 3�

[L  
�

DL

�GL b JL[�� b IL[�� � L  �� ��� ���

\ HQ 3�

[L  
�

DL

�GL b JL[�� b IL[��� � L  ��� ��� ���

0HGLDQWH HVWD WuHFQLFD VH FRQVLJXH TXH HO SURFHVR GH FuDOFXOR GH ODV VROXFLRQHV VH UHDOLFH

HQ SDUDOHOR KDVWD HO nQDO GHO PLVPR�

6H SXHGH JHQHUDOL]DU HO UHVXOWDGR REWHQLGR HQ HO HMHPSOR ��� DO FDVR HQ TXH OD PDWUL] $

HV GH RUGHQ Q \ VH WUDEDMD FRQ S SURFHVDGRUHV� 6H VXSRQHQ UHDOL]DGDV HQ $ ODV RSHUDFLRQHV

HOHPHQWDOHV QHFHVDULDV SDUD TXH ORV uXQLFRV HOHPHQWRV GH $ TXH VH HQFXHQWUHQ IXHUD GH OD

GLDJRQDO SULQFLSDO HVWuHQ HQ ODV FROXPQDV LN�uHVLPDV� SDUD L  �� �� � � � � S �HVWR HV� OD PDWUL]

$ WLHQH XQD IRUPD VLPLODU D OD GH OD nJXUD ������ $KRUD� HO VLVWHPD ����� WLHQH OD IRUPD�
������������
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(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

D�[� � J�[N  G�

D�[� � J�[N  G�
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���
���

DNb�[Nb� � JNb�[N  GNb�

DN[N � JN[�N  GN
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ORV YDORUHV GH [N \ [�N VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU ����� SRU OR TXH

uXQLFDPHQWH GHEH FDOFXODU [M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH UHVROYHU HO
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VLVWHPD

D�[� � J�[N  G�

D�[� � J�[N  G�
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DNb�[Nb� � JNb�[N  GNb�
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'HVSHMDQGR VH WLHQH

[M  
�

DM
�GM b JM[N� � SDUD M  �� �� � � � � N b ��

(O SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� WLHQH HO VXEVLVWHPD

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

�
�
�

� � �
�
�
�

�
�
�

I�L���Nb�[LN � D�L���Nb�[�L���Nb� � J�L���Nb�[�L���N  G�L���Nb�

I�L���N[LN � D�L���N[�L���N � J�L���N[�L���N  G�L���N

[�������������
������������̀

�

ORV YDORUHV GH [LN� [�L���N \ [�L���N VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU �����
SRU OR TXH uXQLFDPHQWH GHEH FDOFXODU [LN�M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH
UHVROYHU HO VLVWHPD

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

�
�
�

� � �
�
�
�

�
�
�

I�L���Nb�[LN � D�L���Nb�[�L���Nb� � J�L���Nb�[�L���N  G�L���Nb�

[�������
������̀

�

'HVSHMDQGR VH WLHQH

[LN�M  
�

DLN�M

b
GLN�M b JLN�M[�L���N b ILN�M[LN

c
� SDUD M  �� �� � � � � N b ��

(O SURFHVDGRU 3Sb� WLHQH HO VXEVLVWHPD

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

�
�
�

� � �
�
�
�

�
�
�

IQb�[QbN � DQb�[Qb� � JQb�[Q  GQb�

IQ[QbN � DQ[Q  GQ

[����������
���������̀

�



��� $OJRULWPRV %63 ���

ORV YDORUHV GH [QbN \ [Q VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU ����� SRU OR TXH
uXQLFDPHQWH GHEH FDOFXODU [QbN�M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH UHVROYHU
HO VLVWHPD

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

�
�
�

�
�
�

�
�
�

�
�
�

IQb�[QbN � DQb�[Qb� � JQb�[Q  GQb�

[
�������
������̀

�

'HVSHMDQGR VH WLHQH

[QbN�M  
�

DQbN�M

�GQbN�M b JQbN�M[Q b IQbN�M[QbN� � SDUD M  �� �� � � � � N b ��

6L VH VXSRQH I�  I�  c c c  IN  �� VH SXHGH HVFULELU� SDUD L  �� �� � � � � Sb ��

[LN�M  
�

DLN�M

b
GLN�M b JLN�M[�L���N b ILN�M[LN

c
� FRQ M  �� �� � � � � N b �� ������

1uRWHVH TXH� XWLOL]DQGR ������ VH SXHGH SDVDU GH OD PDWUL] HQ OD IRUPD GH OD nJXUD

����� D OD REWHQFLuRQ GH OD VROXFLuRQ HQ FDGD SURFHVDGRU� 3DUD HOOR� HV QHFHVDULR XQ SDVR GH

FRPXQLFDFLuRQ HQ HO TXH FDGD SURFHVDGRU HQYurD D ORV GHPuDV ORV HOHPHQWRV QHFHVDULRV SDUD

TXH WRGRV SXHGDQ FRQVWUXLU HO VLVWHPD DX[LOLDU ������ HVWD FRPXQLFDFLuRQ GHEH UHDOL]DUVH

MXVWR GHVSXuHV GH OD HOLPLQDFLuRQ GH ORV HOHPHQWRV ELN� SDUD L  �� �� � � � � Sb�� OR TXH FRQOOHYD

OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV DLN� GLN \� SRU RWUD SDUWH� TXH VH JHQHUHQ ORV HOHPHQWRV

JLN�

��� $OJRULWPRV %63

(O VLJXLHQWH DOJRULWPR %63 UHFRJH ODV FDUDFWHUurVWLFDV GHO PuHWRGR H[SXHVWDV HQ OD VHFFLuRQ

����



��� � 0uHWRGR GH :DQJ

$OJRULWPR ��� 8Q DOJRULWPR %63 SDUD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV EDVDGR HQ HO

PuHWRGR GH :DQJ�

6XSHUSDVR �

(O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L� SDUD L  �� �� � � � � S b �� ORV HOHPHQWRV FLN�M�

DLN�M� ELN�M \ GLN�M� FRQ M  �� �� � � � � N� H[FHSWR EQ  ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV FLN�M� SDUD M  �� �� � � � � N� XWLOL]DQGR OD

H[SUHVLuRQ ������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV E�L���NbM� M  �� �� � � � � N b �� XWLOL]DQGR OD

H[SUHVLuRQ ������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU 3Lb� HQYurD DO SURFHVDGRU 3L ORV HOHPHQWRV DLN�

ELN \ GLN�

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3Lb� DQXOD HO HOHPHQWR ELN�

p (O SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN \ FDOFXOD HO HOHPHQWR JLN SRU PHGLR

GH ������

q (O SURFHVDGRU 3� FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV D�� J� \ G��

q 3DUD L  �� �� � � � � Sb�� HO SURFHVDGRU 3L FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV

DLN� JLN� GLN \ I�L���N�

q (O SURFHVDGRU 3Sb�� FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV D�Sb��N� J�Sb��N�

G�Sb��N� ISN \ DSN�



��� $OJRULWPRV %63 ���

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p 3L FRQVWUX\H HO VLVWHPD DX[LOLDU ������ XWLOL]DQGR OD H[SUHVLuRQ �������

p 3L UHVXHOYH HO VLVWHPD DX[LOLDU ����� SRU HO PuHWRGR GH *DXVV�

p 3L FDOFXOD ODV FRPSRQHQWHV GH OD VROXFLuRQ TXH OH FRUUHVSRQGHQ XWLOL]DQGR OD H[SUH�

VLuRQ �������

q 3DUD L  �� �� � � � � Sb �� 3L HQYurD D 3� VX VROXFLuRQ SDUFLDO�

/D UHVROXFLuRQ GHO VLVWHPD DX[LOLDU HQ FDGD SURFHVDGRU HV XQD IDVH IXQGDPHQWDO GHO

DOJRULWPR ��� \D TXH SHUPLWH OD REWHQFLuRQ GH OD VROXFLuRQ GHO VLVWHPD ����� HQ SDUDOHOR� 6LQ

HPEDUJR� SUHVHQWD HO LQFRQYHQLHQWH GH TXH SDUD XQ QuXPHUR GH SURFHVDGRUHV DOWR HO RUGHQ

GHO VLVWHPD DX[LOLDU ����� HV JUDQGH \� DGHPuDV� GHEH UHVROYHUVH HO PLVPR VLVWHPD HQ WRGRV

ORV SURFHVDGRUHV DO PLVPR WLHPSR� OR TXH VXSRQH XQD SuHUGLGD GH HnFLHQFLD HQ HO PuHWRGR�

3RU HVWD UD]uRQ� HV LQWHUHVDQWH HQFRQWUDU XQD DOWHUQDWLYD D OD UHVROXFLuRQ GHO VLVWHPD �����

TXH SHUPLWD OD HOLPLQDFLuRQ HQ SDUDOHOR GH WRGRV ORV HOHPHQWRV H[WHULRUHV D OD GLDJRQDO

SULQFLSDO� HVSHFLDOPHQWH HQ ORV FDVRV HQ TXH HO QuXPHUR GH SURFHVDGRUHV HV DOWR�

6H VXSRQH TXH VH KDQ UHDOL]DGR ODV DQXODFLRQHV GH HOHPHQWRV GH OD PDWUL] GH FRHnFLHQWHV

RSRUWXQDV KDVWD REWHQHU XQD PDWUL] WULDQJXODU VXSHULRU FRQ IRUPD VLPLODU D OD GH OD

nJXUD ���� HVWR HV� IDOWD DSOLFDU HO SDVR � GHO DOJRULWPR ���� 3DUD SDUDOHOL]DU HO SDVR ��

VH UHDOL]D XQD PRGLnFDFLuRQ VREUH HO DOJRULWPR ��� FRQVLVWHQWH HQ OD FRPXQLFDFLuRQ GH FDGD

SURFHVDGRU 3L� SDUD L  �� �� � � � � S� D ORV SURFHVDGRUHV 3M� FRQ M  �� �� � � � � L b �� GH ORV

HOHPHQWRV JLN� D�L���N \ G�L���N \ DVur SRGHU SURFHGHU D DQXODU VLPXOWuDQHDPHQWH HQ WRGRV ORV

SURFHVDGRUHV ORV HOHPHQWRV VXSHUGLDJRQDOHV�

(O SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� DFWXDOL]D HO HOHPHQWR G�L���N D SDUWLU GH OD

UHODFLuRQ GH UHFXUUHQFLD

US  GQ�

UW  GWN b
JWN

D�W���N

UW���

�! 
!� SDUD W  Sb �� Sb �� � � � � �� ������



��� � 0uHWRGR GH :DQJ

\ GH ORV HOHPHQWRV UHFLELGRV GH ORV SURFHVDGRUHV 3M� SDUD M  L��� L��� � � � � Sb�� PHGLDQWH

OD VLJXLHQWH RSHUDFLuRQ HOHPHQWDO

G�L���N � G�L���N b
J�L���N

D�L���N

UL��� ������

8QD YH] DFWXDOL]DGR HVWH YDORU� HOLPLQD ORV HOHPHQWRV QR QXORV GH FDGD EORTXH GLDJRQDO \

DFWXDOL]D ORV FRUUHVSRQGLHQWHV YDORUHV GLN�M� SDUD M  �� �� � � � � Sb ��

(VWD HVWUDWHJLD HYLWD OD SuHUGLGD GH SDUDOHOLVPR HQ ORV FuDOFXORV nQDOHV� FRQGXFHQWHV D OD

GLDJRQDOL]DFLuRQ GH OD PDWUL]� \ DKRUUD XQ SDVR GH FRPXQLFDFLuRQ DO SURFHVDGRU SULQFLSDO�

(O DOJRULWPR ��� LPSOHPHQWD� VHJuXQ HO PRGHOR %63� HO PuHWRGR GH ODV SDUWLFLRQHV GH

:DQJ LQWURGXFLHQGR OD PRGLnFDFLuRQ TXH VXJLHUHQ ODV H[SUHVLRQHV ������ \ �������

$OJRULWPR ��� $OJRULWPR GH :DQJ PRGLnFDGR�

6XSHUSDVR �

$O LJXDO TXH HQ HO VXSHUSDVR � GHO DOJRULWPR ���� HO SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L�

SDUD L  �� �� � � � � Sb�� ORV HOHPHQWRV FLN�M� DLN�M� ELN�M \ GLN�M� FRQ M  �� �� � � � � N� H[FHSWR

EQ  ��

6XSHUSDVR �

&RPR HQ HO VXSHUSDVR � GHO DOJRULWPR ����

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV FLN�M� SDUD M  �� �� � � � � N� XWLOL]DQGR ������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV E�L���NbM� SDUD M  �� �� � � � � Nb �� XWLOL]DQGR

������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU 3Lb� HQYurD DO SURFHVDGRU 3L ORV HOHPHQWRV DLN�

ELN \ GLN�

6XSHUSDVR �

3DUD L  �� �� � � � � Sb ��



��� $OJRULWPRV %63 ���

q (O SURFHVDGRU 3Lb� DQXOD HO HOHPHQWR ELN�

q (O SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN \ FDOFXOD ORV HOHPHQWRV JLN� SRU PHGLR

GH OD H[SUHVLuRQ ������

q (O SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3Lb� ORV HOHPHQWRV DLN� GLN \D DFWXDOL]DGRV�

6XSHUSDVR �

3DUD L  �� �� � � � � Sb ��

q (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV ILN�M SDUD M  �� �� � � � � N�

q (O SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3M� VLHQGR M � L� ORV HOHPHQWRV JLN� D�L���N \

G�L���N�

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD HO HOHPHQWR J�L���N \ DFWXDOL]D HO HOHPHQWR G�L���N GH DFXHUGR

FRQ ������ \ �������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV JLN�M \ DFWXDOL]D ORV HOHPHQWRV GLN�M� SDUD

M  �� �� � � � � N b ��

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3L FDOFXOD

[LN�M  
GLN�M

DLN�M

� FRQ M  �� �� � � � � N�

q 3DUD L  �� �� � � � � Sb�� HO SURFHVDGRU 3L HQYurD VX VROXFLuRQ SDUFLDO DO SURFHVDGRU SULQFLSDO

3��



��� � 0uHWRGR GH :DQJ

��� &RVWH FRPSXWDFLRQDO GH ORV DOJRULWPRV EDVDGRV

HQ HO PuHWRGR GH :DQJ

(O FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ��� VH REWLHQH VXPDQGR ORV FRVWHV LQGLYLGXDOHV

GH FDGD XQR GH VXV VXSHUSDVRV�

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR VuROR H[LVWH FRPXQLFDFLuRQ GH HOHPHQWRV

GHVGH HO SURFHVDGRU SULQFLSDO DO UHVWR� FDGD SURFHVDGRU UHFLEH �N HOHPHQWRV GH 3� SRU OR

TXH HO QuXPHUR GH HOHPHQWRV FRPXQLFDGRV HV �N�Sb ��b �� (Q FRQVHFXHQFLD� HO FRVWH GHO

VXSHUSDVR HV

��Qb �N b ��J � O� ������

&RVWH GHO VXSHUSDVR �� (Q FDGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� HO QuXPHUR

GH RSHUDFLRQHV QHFHVDULDV SDUD DQXODU ORV HOHPHQWRV FLN�M \ DFWXDOL]DU ORV HOHPHQWRV GLN�M�

DLN�M \ ILN�M� FRQ M  �� �� � � � � N� HV ��Nb��� SDUD DQXODU ORV HOHPHQWRV E�L���NbM \ DFWXDOL]DU

ORV HOHPHQWRV J�L���NbM� G�L���NbM \ I�L���NbM� FRQ M  �� �� � � � � N b �� VH UHTXLHUHQ ��N b ��

RSHUDFLRQHV �YuHDQVH ODV H[SUHVLRQHV ����� \ ������� (Q FRQVHFXHQFLD� HO FRVWH DULWPuHWLFR

GHO VXSHUSDVR HV ��N b ���

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb�� UHFLEH WUHV HOHPHQWRV GHO SURFHVDGRU 3Lb��

OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ �J� (O FRVWH WRWDO GHO VXSHUSDVR HV SRU WDQWR

��N b �� � �J � O� ������

&RVWH GHO VXSHUSDVR �� /D HOLPLQDFLuRQ GH ORV HOHPHQWRV ELN� SDUD L  �� �� � � � � Sb��

VXSRQH XQ WRWDO GH � RSHUDFLRQHV HQ FDGD XQR GH ORV SURFHVDGRUHV DFWLYRV� TXH FRUUHVSRQ�

GHQ D OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV DLN� GLN \ JLN�

(Q FXDQWR DO FRVWH GH FRPXQLFDFLuRQ� HO SURFHVDGRU SULQFLSDO FRPXQLFD � HOHPHQWRV D ORV

GHPuDV� ORV SURFHVDGRUHV FHQWUDOHV FRPXQLFDQ DO UHVWR � HOHPHQWRV \ HO uXOWLPR FRPXQLFD D

ORV RWURV SURFHVDGRUHV XQ WRWDO GH � HOHPHQWRV� 3RU WDQWR� HO SURFHVDGRU 3Sb� HV HO TXH PuDV

HOHPHQWRV HQYurD R UHFLEH \D TXH HQYurD ��Sb �� HOHPHQWRV \ UHFLEH � � ��Sb �� HOHPHQWRV�

(Q FRQVHFXHQFLD� HO FRVWH GHO VXSHUSDVR � HV

� � ��Sb ��J � O� ������



��� &RVWH FRPSXWDFLRQDO GH ORV DOJRULWPRV EDVDGRV HQ HO PuHWRGR GH :DQJ ���

&RVWH GHO VXSHUSDVR �� /D IRUPDFLuRQ GHO VLVWHPD DX[LOLDU ����� HQ FDGD SURFHVDGRU

QR SUHFLVD QLQJXQD RSHUDFLuRQ� VX UHVROXFLuRQ SRU HO PuHWRGR GH *DXVV QHFHVLWD XQ WRWDO GH

��S � �� b � RSHUDFLRQHV� \D TXH HO QuXPHUR GH HFXDFLRQHV HV S � �� \ HO FuDOFXOR GH FDGD

XQD GH ODV FRPSRQHQWHV UHVWDQWHV GH OD VROXFLuRQ SDUFLDO� XWLOL]DQGR OD H[SUHVLuRQ �������

UHTXLHUH XQ WRWDO GH � RSHUDFLRQHV SRU FDGD XQD GH ODV Nb� FRPSRQHQWHV� 'H HVWD IRUPD�

HO FRVWH DULWPuHWLFR GHO VXSHUSDVR HV ��S� ��b � � ��N b ��  �S� �N b ��

(Q HVWH VXSHUSDVR� FDGD SURFHVDGRU FRPXQLFD VX VROXFLuRQ SDUFLDO D 3�� SRU OR TXH HO

SURFHVDGRU SULQFLSDO UHFLEH XQ WRWDO GH QbN HOHPHQWRV� 6H WLHQH TXH HO FRVWH GHO VXSHUSDVR

� HV

�N � �Sb � � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������� ������� ������ \ ������ VH REWLHQH TXH HO FRVWH FRPSX�

WDFLRQDO GHO DOJRULWPR ��� HV

��N � �Sb �� � ��Qb �N � �Sb ��J � �O�

$ FRQWLQXDFLuRQ VH REWLHQH HO FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ����

&RVWH GHO VXSHUSDVR �� (O FRVWH FRPSXWDFLRQDO GH HVWH VXSHUSDVR HV HO PLVPR TXH

HO GHO VXSHUSDVR � GHO DOJRULWPR ���� TXH HVWuD GDGR SRU OD H[SUHVLuRQ �������

&RVWH GHO VXSHUSDVR �� (O FRVWH HV HO PLVPR TXH HO GHO VXSHUSDVR � GHO DOJRULWPR

���� TXH HVWuD GDGR SRU OD H[SUHVLuRQ �������

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR� SDUD L  �� �� � � � � S b �� HO SURFHVDGRU

3Lb� DQXOD HO HOHPHQWR ELN \ HO SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN� JLN SDUD

OR TXH QHFHVLWD UHDOL]DU � RSHUDFLRQHV� $GHPuDV� 3L FRPXQLFD ORV HOHPHQWRV DLN� GLN� DO

SURFHVDGRU 3Lb�� OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ �J

(O FRVWH WRWDO GHO VXSHUSDVR � HV SRU WDQWR

� � �J � O� ������

&RVWH GHO VXSHUSDVR �� 3DUD HOLPLQDU HQ FDGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb��

ORV HOHPHQWRV ILN�M� FRQ M  �� �� � � � � N� VH QHFHVLWDQ �N RSHUDFLRQHV DULWPuHWLFDV� (O



��� � 0uHWRGR GH :DQJ

FRVWH GH FRPXQLFDFLuRQ GH ORV HOHPHQWRV JLN� D�L���N \ G�L���N GHVGH HO SURFHVDGRU 3L� SDUD

L  �� �� � � � � Sb �� D ORV SURFHVDGRUHV 3M� VLHQGR M � L� HV ��Sb ��J \D TXH HO SURFHVDGRU

TXH PuDV HOHPHQWRV UHFLEH HV 3� �UHFLEH ��Sb �� HOHPHQWRV� \ HO SURFHVDGRU TXH PuDV HQYurD

HV 3Sb� �HQYurD ��Sb �� HOHPHQWRV�� (Q UHVXPHQ� HO FRVWH GHO VXSHUSDVR � HV

�N � ��Sb ��J � O� ������

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR VH GLVWLQJXHQ YDULDV IDVHV HQ HO FuDOFXOR

DULWPuHWLFR� (Q SULPHU OXJDU� \ HQ WRGDV ODV IDVHV SDUD L  �� �� � � � � S b �� VH DQXODQ ORV

HOHPHQWRV J�L���N OR TXH FRQOOHYD OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV G�L���N� HO SURFHVDGRU TXH

PuDV RSHUDFLRQHV UHDOL]D HV 3� SXHV GHEH HIHFWXDU Sb � GLYLVLRQHV� Sb � SURGXFWRV \ Sb �

VXPDV SDUD DFWXDOL]DU HO HOHPHQWR GN� (Q VHJXQGR OXJDU� OD DQXODFLuRQ GH ORV HOHPHQWRV

JLN�M� FRQ M  �� �� � � � � N b �� VXSRQH ��N b �� RSHUDFLRQHV� )LQDOPHQWH� HO FuDOFXOR GH ODV

FRPSRQHQWHV [LN�M� FRQ M  �� �� � � � � N� GH OD VROXFLuRQ SDUFLDO HQ FDGD SURFHVDGRU UHTXLHUH

N GLYLVLRQHV� (Q FRQVHFXHQFLD� HO FRVWH DULWPuHWLFR WRWDO HV ��Sb�����Nb���N  �N��Sb�

RSHUDFLRQHV�

&RQ UHVSHFWR DO FRVWH GH FRPXQLFDFLuRQ� FDGD SURFHVDGRU HQYurD DO SURFHVDGRU SULQFLSDO

VX YHFWRU GH VROXFLRQHV SDUFLDOHV� HVWR HV N�Sb �� HOHPHQWRV�

(O FRVWH WRWDO GHO VXSHUSDVR � HV SRU WDQWR

��N � �Sb �� � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������� ������� ������� ������ \ ������ VH REWLHQH TXH HO FRVWH

WRWDO GHO DOJRULWPR HV

��N � �Sb �� � ��Qb �N � �S� ��J � �O�

1uRWHVH TXH OD LPSOHPHQWDFLuRQ GHO DOJRULWPR ��� UHTXLHUH XQ VXSHUSDVR PHQRV TXH HO

GHO DOJRULWPR ���� TXH HO FRVWH GH FRPXQLFDFLuRQ GHO DOJRULWPR ��� HV PD\RU TXH HO GHO

DOJRULWPR ��� SDUD S ! � \ TXH SDUD S DOWR \ N QR PX\ JUDQGH� HO FRVWH DULWPuHWLFR GHO

SULPHU DOJRULWPR HV PD\RU TXH HQ HO DOJRULWPR ��� �SRU HMHPSOR� SDUD S  ��� \ Q  �����

HO DOJRULWPR ��� UHDOL]D ��� RSHUDFLRQHV PuDV TXH HO VHJXQGR DOJRULWPR��
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(Q HVWD VHFFLuRQ VH DQDOL]DQ ORV WLHPSRV SUHYLVWRV WHuRULFDPHQWH \ ORV WLHPSRV H[SHUL�

PHQWDOHV GH ORV DOJRULWPRV ��� \ ��� �D ORV TXH VH UHIHUHQFLDUuD HQ ODV WDEODV \ nJXUDV FRPR

:$1*� \ :$1*� UHVSHFWLYDPHQWH�� /DV SUXHEDV H[SHULPHQWDOHV VH KDQ UHDOL]DGR HQ HO

,%0 63� \ HO FOXVWHU GH 3&
V FX\DV FDUDFWHUurVWLFDV VH KDQ GHVFULWR HQ OD VXEVHFFLuRQ ������

3RU FRPRGLGDG� HQ OD WDEOD ��� VH UHSLWHQ ORV SDUuDPHWURV REWHQLGRV SDUD HVDV PuDTXLQDV

TXH VH PXHVWUDQ HQ OD WDEOD ����

(O WLHPSR WHuRULFR VH KD REWHQLGR FRQVLGHUDQGR TXH HO WDPDaQR GH EORTXH GH ORV PHQVDMHV

TXH VH FRPXQLFDQ HQWUH ORV SURFHVDGRUHV HV N  
Q

S
\ TXH HO FRVWH GH FRPXQLFDFLuRQ GH XQD



��� � 0uHWRGR GH :DQJ

SDODEUD GH �� ELWV HV

J�N�  

�
Q�

�

N
� �

�
J��

/RV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� KDQ VLGR LPSOHPHQWDGRV HQ )RUWUDQ XVDQGR

OD YHUVLuRQ Y��� GH OD OLEUHUurD %63/LE� VH KD JHQHUDQGR HO VLVWHPD ����� REWHQLHQGR DOHD�

WRULDPHQWH ORV HOHPHQWRV GH OD PDWUL] GH FRHnFLHQWHV $ \� SDUD VLPSOLnFDU� HOLJLHQGR HO

YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV G GH PDQHUD TXH OD VROXFLuRQ VHD [  >�� �� � � � � �@7 �

(Q ODV WDEODV ���� ���� ��� \ nJXUDV ���� ���� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV \

H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� HQ

HO ,%0 63� XWLOL]DQGR VZLWFK�

(Q ODV WDEODV ���� ���� ��� \ nJXUDV ����� ����� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV

\ H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ HO ,%0 63� XWLOL]DQGR HWKHUQHW�

(Q ODV WDEODV ���� ���� ���� \ nJXUDV ����� ����� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV

\ H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ HO FOXVWHU GH 3&
V�

/RV WLHPSRV KDQ VLGR REWHQLGRV SDUD GLIHUHQWHV WDPDaQRV GH OD PDWUL] GH FRHnFLHQWHV�

HQ HO ,%0 63� HO WDPDaQR YDUurD GHVGH ��� D ������ SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D

������ SDUD � SURFHVDGRUHV� HQ HO FOXVWHU GH 3&
V HO WDPDaQR GH OD PDWUL] GH FRHnFLHQWHV

YDUurD GHVGH ��� D ����� SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D ����� SDUD � SURFHVDGRUHV�

(Q ODV nJXUDV ����� ���� \ ���� VH PXHVWUD HO SRUFHQWDMH GH GHVYLDFLuRQ GHO WLHPSR

H[SHULPHQWDO FRQ UHVSHFWR DO WHuRULFR HQ IXQFLuRQ GHO WDPDaQR Q GHO VLVWHPD ��

/DV PD\RUHV GLIHUHQFLDV HQWUH HO WLHPSR SUHYLVWR \ HO H[SHULPHQWDO VH REWLHQHQ HQ ORV

VLVWHPDV GH WDPDaQR SHTXHaQR HQ ORV TXH� SRU OR JHQHUDO� VXHOH VHU PD\RU HO WLHPSR H[SHUL�

PHQWDO TXH HO WHuRULFR� $ PHGLGD TXH DXPHQWD HO WDPDaQR GH VLVWHPD HO WLHPSR REWHQLGR

H[SHULPHQWDOPHQWH VH DMXVWD PHMRU DO HVSHUDGR� SDUD WDPDaQRV JUDQGHV OD GHVYLDFLuRQ �VDOYR

DOJXQD H[FHSFLuRQ� RVFLOD HQWUH HO �� \ HO ���

�6H FRQVLGHUD TXH VL HO WLHPSR WHuRULFR HV ��� \ HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ ���

GH GHVYLDFLuRQ \ HQ FDPELR VL HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ b��� GH GHVYLDFLuRQ�
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3DUD ODV PuDTXLQDV HQ ODV TXH VH KDQ REWHQLGR UHVXOWDGRV H[SHULPHQWDOHV� HO DOJRULW�

PR ��� �:$1*�� HV VLHPSUH PuDV UuDSLGR TXH HO DOJRULWPR ��� �:$1*��� (VWR QR VXFHGH

FXDQGR HO QuXPHUR GH SURFHVDGRUHV HV JUDQGH� SRU HMHPSOR HQ XQ &5$< 7�' SDUD S  ���

HV PuDV UuDSLGR HO DOJRULWPR ��� �:$1*�� KDVWD WDPDaQRV GH VLVWHPD GH XQDV ����� HFXD�

FLRQHV� FRPR VH PXHVWUD HQ OD WDEOD ����� /RV WLHPSRV VH KDQ REWHQLGR HQ EDVH D ORV

SDUuDPHURV TXH VH PXHVWUDQ HQ OD WDEOD �����D�

(Q OD WDEOD ���� VH PXHVWUD HO VSHHG�XS \ OD HnFLHQFLD GH ORV DOJRULWPRV ��� �:$1*��

\ ��� �:$1*�� FRQ UHVSHFWR DO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJR�

QDOHV� TXH HV HO PHMRU DOJRULWPR VHFXHQFLDO SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV�

FRQVLGHUDQGR ORV WLHPSRV WHuRULFRV GH ORV VLVWHPDV GH WDPDaQR PuD[LPR GH ORV TXH VH KDQ

REWHQLGR UHVXOWDGRV H[SHULPHQWDOHV HQ FDGD XQD GH ODV PuDTXLQDV�

/D HnFLHQFLD TXH VH REWLHQH QR HV PX\ EXHQD� \ HQ FDVR GHO ,%0 63� FRQ HWKHUQHW HV

SuHVLPD� VLQ GXGD XQ IDFWRU GHWHUPLQDQWH HV HO YDORU GH J� 3DUD RWUDV PuDTXLQDV FRQ PHQRU

YDORU GH J VH REWLHQH PHMRU HnFLHQFLD� FRPR HV HO FDVR GH XQ &5$< 7�' R XQ &5$<

7�(� 3RU FRPRGLGDG� HQ OD WDEOD ���� VH UHSLWHQ ORV YDORUHV GH ORV SDUuDPHWURV GH HVWDV

PuDTXLQDV TXH VH PXHVWUDQ HQ OD WDEOD ����� SDUD ODV PLVPDV VH REWLHQH HO VSHHG�XS \ OD

HnFLHQFLD TXH nJXUD HQ OD WDEOD ���� FRQVLGHUDQGR HO PLVPR WDPDaQR GH VLVWHPD TXH SDUD

OD WDEOD �����
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&RPSDUDFLuRQ HQWUH PuHWRGRV

(Q HVWH FDSurWXOR VH FRPSDUDQ HQWUH Vur ORV GLVWLQWRV PuHWRGRV \ DOJRULWPRV GHVFULWRV

\ DQDOL]DGRV HQ ORV FDSurWXORV �� � \ �� 0uDV HQ FRQFUHWR� VH FRPSDUD HO WLHPSR WHuRULFR

GH WRGRV ORV DOJRULWPRV %63 HQ ODV GLVWLQWDV PuDTXLQDV VREUH ODV TXH VH KDQ REWHQLGR

UHVXOWDGRV QXPuHULFRV \ VH EXVFD HO DOJRULWPR uRSWLPR SDUD FDGD XQD GH ODV VLWXDFLRQHV�

&RPR VH KD FRPSUREDGR HQ ORV FDSurWXORV PHQFLRQDGRV� HO WLHPSR H[SHULPHQWDO VH DMXVWD

PHMRU DO WLHPSR WHuRULFR HVSHUDGR SDUD WDPDaQRV GH VLVWHPD JUDQGHV� SRU HOOR VH UHDOL]D OD

FRPSDUDFLuRQ SDUD WDPDaQRV GH VLVWHPD HQWUH ���� \ ����� HFXDFLRQHV SDUD HO FOXVWHU GH

3&
V \ HQWUH ����� \ ������ HFXDFLRQHV SDUD HO UHVWR GH PuDTXLQDV� 3RU FRPRGLGDG� HQ OD

WDEOD ��� VH YXHOYHQ D PRVWUDU ORV YDORUHV GH ORV SDUuDPHWURV %63 GH WRGDV ODV PuDTXLQDV

SDUD ODV TXH VH KDQ REWHQLGR UHVXOWDGRV QXPuHULFRV�

(Q ODV nJXUDV ���^���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV� GH

WRGRV ORV DOJRULWPRV %63 HQ ODV GLVWLQWDV PuDTXLQDV� &DGD XQD GH ODV nJXUDV FRQWLHQH

XQD JUuDnFD� TXH SDUD ORV DOJRULWPRV ��� �230��� ��� �230��� ��� �7:�� \ ��� �7:��

UHSUHVHQWD HO WLHPSR HVSHUDGR WRPDQGR P  �� \ XQD WDEOD TXH PXHVWUD HO DOJRULWPR PuDV

UuDSLGR FRQVLGHUDQGR GLYHUVRV YDORUHV GH P� &RQYLHQH UHFRUGDU TXH P HV HO QuXPHUR GH

HFXDFLRQHV VXSHUSXHVWDV \ YLHQH GDGR SRU OD H[SUHVLuRQ ���� GH OD SuDJLQD ���

���
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����� 6ZLWFK

(Q ODV nJXUDV ���� ��� \ ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV�

HQ XQ ,%0 63� XWLOL]DQGR VZLWFK�

3DUD � SURFHVDGRUHV HO DOJRULWPR ��� �7:� HV HO PuDV UuDSLGR� FRQ XQD GLIHUHQFLD VREUH

ORV GHPuDV DOJRULWPRV TXH YD GHVGH HO ����� KDVWD HO ������ SDUD Q  ������ \P  �� /RV

SRUFHQWDMHV UHSUHVHQWDQ OD FDQWLGDG GH WLHPSR DGLFLRQDO VREUH HO TXH QHFHVLWD HO DOJRULWPR

PuDV UuDSLGR�

3DUD � SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR HV HO ��� �230��� FRQ PX\ SRFD GLIHUHQFLD

VREUH HO DOJRULWPR ��� �7:�� �HO ����� SDUD HO WDPDaQR PuD[LPR GH VLVWHPD�� 6L P  ����

HO DOJRULWPR PuDV UuDSLGR HV DKRUD ��� �7:��� FRQ SRFD GLIHUHQFLD VREUH HO DOJRULWPR ���

�230��� VL P  ���� HVWD GLIHUHQFLD HV PD\RU \ HO DOJRULWPR ��� �:$1*�� HV PuDV UuDSLGR

SDUD Q � I������ �����J�

3DUD � SURFHVDGRUHV VH WLHQH XQD VLWXDFLuRQ SDUHFLGD D OD H[LVWHQWH SDUD � SURFHVDGRUHV�

OD GLIHUHQFLD HVWuD HQ TXH HO DOJRULWPR ��� �:$1*�� HV uRSWLPR HQ PuDV RFDVLRQHV �SDUD

P  ���� Q  ����� \ P  ����� Q  �������

(Q FXDOTXLHUD GH ORV FDVRV� �� �� uR � SURFHVDGRUHV� HV PuDV UuDSLGR UHVROYHU HO VLVWHPD

HQ VHFXHQFLDO PHGLDQWH HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV�

3DUD Q  ������ \ P  �� HO LQFUHPHQWR GH WLHPSR GHO DOJRULWPR SDUDOHOR PuDV UuDSLGR

VREUH HO WLHPSR QHFHVDULR HQ VHFXHQFLDO YDUurD GHVGH HO ������ SDUD � SURFHVDGRUHV KDVWD

HO ���� ��� SDUD � SURFHVDGRUHV� (V HYLGHQWH SRU WDQWR TXH SDUD HO ,%0 63� XWLOL]DQGR

VZLWFK� ORV DOJRULWPRV SDUDOHORV TXH VH KDQ DQDOL]DGR QR VRQ uXWLOHV VL HO REMHWLYR HV DKRUUDU

WLHPSR HQ OD UHVROXFLuRQ GH ORV VLVWHPDV �HVH REMHWLYR VH FXPSOH PHMRU HQ PuDTXLQDV FRQ

YDORUHV GH J PHQRUHV�� DKRUD ELHQ UHVXOWDQ GH XWLOLGDG VL HO REMHWLYR HV UHVROYHU VLVWHPDV

GH WDPDaQR VXSHULRU DO PuD[LPR DGPLWLGR SRU XQ VuROR SURFHVDGRU� 6H SXHGHQ UHVROYHU� SRU

HMHPSOR� VLVWHPDV GH WDPDaQR ������� �� c ������� VuROR HQ SDUDOHOR�
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V ���

����� (WKHUQHW

(Q ODV nJXUDV ���� ��� \ ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV�

HQ XQ ,%0 63� XWLOL]DQGR HWKHUQHW�

3DUD � SURFHVDGRUHV� GH QXHYR� HO DOJRULWPR ��� �7:� HV HO PuDV UuDSLGR� SHUR FRQ

SRFD GLIHUHQFLD VREUH WRGRV ORV GHPuDV� 3DUD � SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR SDUD

P w ��� HV �FDVL VLHPSUH� HO ��� �:$1*�� \ SDUD � SURFHVDGRUHV OR HV HO DOJRULWPR ���

�:$1*�� SDUD P w ��� YuHDQVH ODV nJXUDV ����E� \ ����E�� (Q WRGRV ORV FDVRV QR H[LVWH

JUDQ GLIHUHQFLD HQ ORV WLHPSRV�

8WLOL]DQGR HWKHUQHW ORV WLHPSRV TXH VH REWLHQHQ VRQ PXFKR PD\RUHV TXH XWLOL]DQGR

VZLWFK� SRU OR TXH UHVXOWD VLHPSUH PHMRU XWLOL]DU HVWH uXOWLPR GLVSRVLWLYR GH FRPXQLFDFLuRQ

HQWUH ORV SURFHVDGRUHV�

��� &OXVWHU GH 3&
V

(Q ODV nJXUDV ���� ��� \ ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV�

HQ XQ FOXVWHU GH 3&
V�

3DUD � SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR HV� RWUD YH]� HO ��� �7:� �H[FHSWR SDUD

Q  ���� \ P � I�� ��� ���J�� OD GLIHUHQFLD VREUH ORV GHPuDV DOJRULWPRV� SDUD Q  ����� \

P  �� YDUurD GHVGH HO ������ KDVWD HO �������

3DUD � SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR� HQ OD PD\RUurD GH VLWXDFLRQHV� HV HO ���

�230��� 3DUD HO PuD[LPR WDPDaQR GH VLVWHPD HV PuDV UuDSLGR HO DOJRULWPR ��� �230��� OD

GLIHUHQFLD VREUH ORV GHPuDV DOJRULWPRV YDUurD GHVGH HO ����� KDVWD HO ������� 3DUDP  ����

\ Q � I����� ����� ������ �����J HV PHMRU HO DOJRULWPR ��� �7:���

(Q FXDOTXLHUD GH ORV FDVRV� �� � uR � SURFHVDGRUHV� HV PuDV UuDSLGR UHVROYHU HO VLVWHPD

HQ VHFXHQFLDO PHGLDQWH HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV�

3DUD HO PuD[LPR WDPDaQR GH VLVWHPD \ P  �� HO LQFUHPHQWR GH WLHPSR GHO DOJRULWPR

SDUDOHOR PuDV UuDSLGR VREUH HO WLHPSR QHFHVDULR HQ VHFXHQFLDO YDUurD GHVGH HO ������ SDUD

� SURFHVDGRUHV KDVWD HO ������� SDUD � SURFHVDGRUHV� (Q HO FOXVWHU GH 3&
V RFXUUH OR

PLVPR TXH HQ HO ,%0 63�� ORV DOJRULWPRV SDUDOHORV TXH VH KDQ DQDOL]DGR VRQ PuDV uXWLOHV
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VL HO REMHWLYR HV UHVROYHU VLVWHPDV GH WDPDaQR VXSHULRU DO PuD[LPR DGPLWLGR SRU XQ VuROR

SURFHVDGRU� HQ HVWD PuDTXLQD VH SXHGHQ UHVROYHU� SRU HMHPSOR� VLVWHPDV GH WDPDaQR ������

�� c ������ VuROR HQ SDUDOHOR�

��� &5$< 7�'

(Q ODV nJXUDV ����^���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV� HQ XQ

&5$< 7�'� 'H QXHYR� HO DOJRULWPR ��� �7:� HV HO PuDV UuDSLGR SDUD � SURFHVDGRUHV� OD

GLIHUHQFLD VREUH ORV GHPuDV DOJRULWPRV YDUurD GHVGH HO ����� KDVWD HO ���� SDUD Q  ������

\ P  �� 6H UHFXHUGD TXH ORV SRUFHQWDMHV UHSUHVHQWDQ OD FDQWLGDG GH WLHPSR DGLFLRQDO

VREUH HO TXH QHFHVLWD HO DOJRULWPR PuDV UuDSLGR�

3DUD � SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR HV HO ��� �230��� FRQ PX\ SRFD GLIHUHQFLD

VREUH HO DOJRULWPR ��� �7:��� 6L HO YDORU GH P HV ���� HV PuDV UuDSLGR HO DOJRULWPR ���

�7:��� 1R KD\ XQD GLIHUHQFLD VXVWDQFLDO HQ HO WLHPSR LQYHUWLGR SRU ORV DOJRULWPRV ���

�230�� \ ��� �7:�� SDUD YDORUHV GH P QR PX\ JUDQGHV� DKRUD ELHQ� FXDQGR HO YDORU GHP

HV JUDQGH OD GLIHUHQFLD HV VLJQLnFDWLYD� SRU HMHPSOR� SDUD P  ������ S  � \ Q  ������

HO DOJRULWPR ��� �7:�� HV HO PuDV UuDSLGR GH WRGRV \ WDUGD ������ VHJXQGRV PLHQWUDV TXH

HO DOJRULWPR ��� �230�� WDUGD ������ VHJXQGRV� OR TXH VXSRQH XQ ��� ��� GH LQFUHPHQWR�

3DUD HVRV PLVPRV YDORUHV GH P� S \ Q OD UHVROXFLuRQ GHO VLVWHPD VHFXHQFLDOPHQWH PHGLDQWH

HO PuHWRGR GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV WDUGD ������ VHJXQGRV� OR TXH VXSRQH XQ

��� ��� PuDV TXH FRQ HO DOJRULWPR ��� �7:�� TXH HV HO uRSWLPR�

$ PHGLGD TXH YD DXPHQWDQGR HO QuXPHUR GH SURFHVDGRUHV� VH REVHUYD TXH HO DOJRULWPR

��� �7:�� HV HO uRSWLPR SDUD YDORUHV GH P FDGD YH] PuDV SHTXHaQRV \ TXH SDUD YDORUHV GH

P JUDQGHV HO DOJRULWPR ��� �:$1*�� HV HO PuDV UuDSLGR� D H[FHSFLuRQ GH S  ��� GRQGH HO

uRSWLPR HV HO DOJRULWPR ��� �:$1*�� HQ PXFKDV VLWXDFLRQHV�

(Q HVWD PuDTXLQD �YuHDVH OD WDEOD ����G�� FRQ YDORU GH J SUuR[LPR D �� HV PuDV UuDSLGR

UHVROYHU HO VLVWHPD PHGLDQWH XQ DOJRULWPR HQ SDUDOHOR TXH HQ VHFXHQFLDO PHGLDQWH HO PuHWRGR

GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� 3DUD � SURFHVDGRUHV� Q  ������

\ P  �� HO LQFUHPHQWR GH WLHPSR QHFHVDULR HQ VHFXHQFLDO VREUH HO DOJRULWPR SDUDOHOR

PuDV UuDSLGR �7:� HV GHO ������� HO VSHHG�XS HV PX\ EXHQR� 6�  ����� DO LJXDO TXH OD

HnFLHQFLD� (�  ������� 3UHFLVDPHQWH HVWH EXHQ FRPSRUWDPLHQWR HV HO TXH KDFH TXH HO
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DOJRULWPR ��� �7:�� VHD HO PuDV UuDSLGR HQ PXFKDV VLWXDFLRQHV�

(Q OD WDEOD ��� VH PXHVWUD� SDUD GLYHUVRV YDORUHV GH P� HO QuXPHUR uRSWLPR GH SURFH�

VDGRUHV� VL HO REMHWLYR HV FRQVHJXLU OD PD\RU UDSLGH] SRVLEOH HQ OD UHVROXFLuRQ GHO VLVWHPD

WULGLDJRQDO� (Q ODV FROXPQDV HWLTXHWDGDV FRQ 3URF VH PXHVWUD HO QuXPHUR GH SURFHVDGRUHV

uRSWLPR� HQ ODV FROXPQDV HWLTXHWDGDV FRQ $OJ VH PXHVWUD HO DOJRULWPR FRQ HO TXH VH FRQ�

VLJXH HO PHMRU WLHPSR \ HQ ODV FROXPQDV HWLTXHWDGDV FRQ *DXVV VH PXHVWUD HO LQFUHPHQWR

SRUFHQWXDO GH WLHPSR TXH VH SURGXFH DO UHVROYHU HO VLVWHPD HQ VHFXHQFLDO SRU HO PuHWRGR

GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV VREUH HO WLHPSR XWLOL]DGR HQ SDUDOHOR

SRU HO DOJRULWPR PuDV UuDSLGR� XQ ���� GH LQFUHPHQWR VLJQLnFD TXH HQ VHFXHQFLDO VH WDUGD

HO GREOH TXH HQ SDUDOHOR�

��� &5$< 7�(

(Q ODV nJXUDV ����^���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV� PHGLGRV HQ VHJXQGRV� HQ XQ

&5$< 7�(�

(Q HVWD PuDTXLQD� HO DOJRULWPR ��� �7:� WDPELuHQ HV HO PuDV UuDSLGR SDUD � SURFHVDGRUHV�

OD GLIHUHQFLD VREUH ORV GHPuDV DOJRULWPRV YDUurD GHVGH HO ������ KDVWD HO �������� SDUD

Q  ������ \ P  ��

3DUD �� �� �� \ �� SURFHVDGRUHV HO DOJRULWPR PuDV UuDSLGR HV HO ��� �230��� FRQ PX\

SRFD GLIHUHQFLD VREUH HO DOJRULWPR ��� �7:��� SRU HMHPSOR� SDUD Q  ������ \ P  �

OD PuD[LPD GLIHUHQFLD� TXH VH DOFDQ]D SDUD �� SURFHVDGRUHV� HV GHO ������ (Q FDPELR�

VL P  ��� HO DOJRULWPR ��� �7:�� HV HO PuDV UuDSLGR� FRQ PX\ SRFD GLIHUHQFLD VREUH

HO DOJRULWPR ��� �230��� /D GLIHUHQFLD HV VXVWDQFLDO SDUD YDORUHV GH P PD\RUHV� SRU

HMHPSOR� SDUD S  �� Q  ������ \ P  ����� HO DOJRULWPR ��� �7:�� VLJXH VLHQGR HO PuDV

UuDSLGR� OD GLIHUHQFLD FRQ HO DOJRULWPR ��� �230�� HV GH XQ ��� ��� \ FRQ ORV GHPuDV YDUurD

GHVGH HO ��� ��� KDVWD HO ��� ����

$O LJXDO TXH HQ HO &5$< 7�'� HQ HVWD PuDTXLQD HO YDORU GH J HVWuD SUuR[LPR D � �YuHDVH OD

WDEOD ����H�� \ HV PuDV UuDSLGR UHVROYHU HO VLVWHPD PHGLDQWH XQ DOJRULWPR HQ SDUDOHOR TXH HQ

VHFXHQFLDO PHGLDQWH HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� 3DUD

� SURFHVDGRUHV� Q  ������ \ P  �� HO LQFUHPHQWR GH WLHPSR QHFHVDULR HQ VHFXHQFLDO

VREUH HO DOJRULWPR SDUDOHOR PuDV UuDSLGR �7:� HV GHO ������ HO VSHHG�XS WDPELuHQ HV EXHQR�
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6�  ����� DO LJXDO TXH OD HnFLHQFLD� (�  ������ (VWH EXHQ FRPSRUWDPLHQWR HV HO TXH

KDFH TXH HO DOJRULWPR ��� �7:�� VHD HO PuDV UuDSLGR HQ PXFKDV VLWXDFLRQHV�

(Q OD WDEOD ��� VH PXHVWUD� SDUD GLYHUVRV YDORUHV GH P� HO QuXPHUR uRSWLPR GH SURFH�

VDGRUHV� VL HO REMHWLYR HV FRQVHJXLU OD PD\RU UDSLGH] SRVLEOH HQ OD UHVROXFLuRQ GHO VLVWHPD

WULGLDJRQDO� $O LJXDO TXH HQ OD WDEOD ���� HQ ODV FROXPQDV HWLTXHWDGDV FRQ 3URF VH PXHV�

WUD HO QuXPHUR GH SURFHVDGRUHV uRSWLPR� HQ ODV FROXPQDV HWLTXHWDGDV FRQ $OJ VH PXHVWUD

HO DOJRULWPR FRQ HO TXH VH FRQVLJXH HO PHMRU WLHPSR \ HQ ODV FROXPQDV HWLTXHWDGDV FRQ

*DXVV VH PXHVWUD HO LQFUHPHQWR SRUFHQWXDO GH WLHPSR TXH VH SURGXFH DO UHVROYHU HO VLVWHPD

HQ VHFXHQFLDO SRU HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV VREUH HO

WLHPSR XWLOL]DGR HQ SDUDOHOR SRU HO DOJRULWPR PuDV UuDSLGR� XQ ���� GH LQFUHPHQWR VLJQLnFD

TXH HQ VHFXHQFLDO VH WDUGD HO GREOH TXH HQ SDUDOHOR�
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&RQFOXVLRQHV \ OurQHDV IXWXUDV

/D LQYHVWLJDFLuRQ SUHVHQWDGD HQ HVWD PHPRULD VH KD GHVDUUROODGR FRQ XQ GREOH REMHWLYR�

SRU XQ ODGR HO DQuDOLVLV GHO PRGHOR GH FRPSXWDFLuRQ SDUDOHOD %63 VHJuXQ HO PRGHOR GH

FRVWH� SDUD OR FXDO VH KDQ HVWXGLDGR \ DQDOL]DGR GLYHUVRV PuHWRGRV SDUD OD UHVROXFLuRQ

GH VLVWHPDV WULGLDJRQDOHV HVWULFWDPHQWH GLDJRQDO GRPLQDQWHV \ SRU RWUR OD SURSXHVWD GH

QXHYRV PuHWRGRV GH UHVROXFLuRQ GH HVWH WLSR GH VLVWHPDV TXH VHDQ uRSWLPRV HQ GHWHUPLQDGDV

VLWXDFLRQHV�

6H KDQ SURSXHVWR DOJRULWPRV %63 SDUD HO PuHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV� HO

PuHWRGR ELGLUHFFLRQDO �WZR�ZD\� SDUD GRV SURFHVDGRUHV \ HO PuHWRGR GH :DQJ DVur FRPR

XQ QXHYR PuHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV� 6H KDQ REWHQLGR

UHVXOWDGRV H[SHULPHQWDOHV SDUD ORV GLVWLQWRV DOJRULWPRV %63 HQ XQ ,%0 63� FRQ FRQH[LuRQ

VZLWFK \ HWKHUQHW \ HQ XQ FOXVWHU GH 3&
V� REVHUYuDQGRVH TXH ODV PD\RUHV GLIHUHQFLDV HQWUH

HO WLHPSR SUHYLVWR \ HO H[SHULPHQWDO VH REWLHQHQ HQ ORV VLVWHPDV GH WDPDaQR SHTXHaQR HQ ORV

TXH VXHOH VHU PD\RU HO WLHPSR H[SHULPHQWDO TXH HO WHuRULFR \ TXH D PHGLGD TXH DXPHQWD

HO WDPDaQR GH VLVWHPD HO WLHPSR REWHQLGR H[SHULPHQWDOPHQWH VH DMXVWD PHMRU DO HVSHUDGR�

SDUD WDPDaQRV JUDQGHV OD GHVYLDFLuRQ KD RVFLODGR HQWUH HO �� \ HO ���

3DUD HO PuHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV VH KDQ SURSXHVWR GRV DOJRULWPRV %63 \

VH KD REVHUYDGR TXH� SRU OR JHQHUDO� D SDUWLU GH XQDV ����� HFXDFLRQHV UHVXOWD PuDV UuDSLGR

HO DOJRULWPR TXH FDOFXOD P �QuXPHUR GH HFXDFLRQHV VXSHUSXHVWDV� HQ SDUDOHOR�

(O PuHWRGR ELGLUHFFLRQDO �WZR�ZD\� SDUD GRV SURFHVDGRUHV HV VLHPSUH HO PuDV UuDSLGR

FRQ XQ GLIHUHQFLD VLJQLnFDWLYD VREUH ORV GHPuDV� DGHPuDV WLHQH XQD H[FHOHQWH HnFLHQFLD HQ

XQ &5$< 7�' \ HQ XQ &5$< 7�(� %DVuDQGRVH HQ HVWH PuHWRGR \ HQ HO PuHWRGR GH ODV

SDUWLFLRQHV VXSHUSXHVWDV VH KD SURSXHVWR XQ QXHYR PuHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR

SDU GH SURFHVDGRUHV� SDUD HO PLVPR VH KDQ SURSXHVWR GRV DOJRULWPRV %63 \ VH KD REVHUYDGR

���



��� &RQFOXVLRQHV \ OurQHDV IXWXUDV

TXH WDPELuHQ UHVXOWD PuDV UuDSLGR HO DOJRULWPR TXH FDOFXOD P HQ SDUDOHOR FXDQGR HO WDPDaQR

GHO VLVWHPD HVWuD SRU HQFLPD GH ODV ����� HFXDFLRQHV�

3DUD HO PuHWRGR GH ODV SDUWLFLRQHV GH :DQJ VH KDQ SURSXHVWR GRV DOJRULWPRV %63� XQR

GH HOORV VXSRQH XQD YDULDFLuRQ GHO PuHWRGR TXH PHMRUD HO WLHPSR GH HMHFXFLuRQ FXDQGR HO

QuXPHUR GH SURFHVDGRUHV HV JUDQGH�

(Q OD FRPSDUDFLuRQ GH ORV GLVWLQWRV DOJRULWPRV HQWUH Vur \ FRQ HO PuHWRGR GH HOLPLQDFLuRQ

GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV VH KDQ REWHQLGR YDULDV FRQFOXVLRQHV� (Q HO ,%0

63� \ HQ HO FOXVWHU GH 3&
V HV PuDV UuDSLGR UHVROYHU HO VLVWHPD HQ VHFXHQFLDO PHGLDQWH HO

PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� SRU WDQWR ORV DOJRULWPRV %63

SURSXHVWRV VRQ GH XWLOLGDG VuROR VL HO REMHWLYR HV UHVROYHU VLVWHPDV GH WDPDaQR VXSHULRU DO

PuD[LPR DGPLWLGR SRU XQ VuROR SURFHVDGRU� (VWR QR VXFHGH HQ PuDTXLQDV FRQ FRPXQLFDFLuRQ

HQWUH SURFHVDGRUHV PuDV UuDSLGD TXH HQ ODV DQWHULRUHV� FRPR HV HO FDVR GHO &5$< 7�'

R GHO &5$< 7�(� (O QXHYR PuHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV

SURSXHVWR HV HO uRSWLPR HQ PXFKDV VLWXDFLRQHV� HV GLJQR GH UHVHaQDU TXH HQ XQ &5$< 7�(

HO PHMRU WLHPSR VH FRQVLJXH FRQ HVWH PuHWRGR XVDQGR VuROR � SURFHVDGRUHV� HQ HVWH FDVR

HO WLHPSR GH HMHFXFLuRQ HV DSUR[LPDGDPHQWH OD WHUFHUD SDUWH GHO QHFHVLWDGR SRU HO PHMRU

DOJRULWPR VHFXHQFLDO�

)XWXURV WUDEDMRV GH LQYHVWLJDFLuRQ

(Q PXFKDV GH ODV DSOLFDFLRQHV GH GLYHUVRV FDPSRV GH OD LQJHQLHUurD VH KDFH QHFHVDULD OD

UHVROXFLuRQ GH PXFKRV VLVWHPDV OLQHDOHV WULGLDJRQDOHV FRQ OD PLVPD PDWUL] GH FRHnFLHQWHV�

KDFLHQGR XVR GH OD GHVFRPSRVLFLuRQ /8 GH OD PDWUL] GH FRHnFLHQWHV VH SXHGH REWHQHU OD

VROXFLuRQ GH FDGD VLVWHPD WULGLDJRQDO UHVROYLHQGR GRV VLVWHPDV ELGLDJRQDOHV� $ OD YLVWD GH

ORV EXHQRV UHVXOWDGRV REWHQLGRV SRU HO PuHWRGR ELGLUHFFLRQDO SDUD GRV SURFHVDGRUHV \ GHO

WLSR GH IDFWRUL]DFLuRQ TXH VH KDFH VREUH OD PDWUL] GH FRHnFLHQWHV GHO VLVWHPD� VH HVWXGLDUuD OD

JHQHUDOL]DFLuRQ GHO PuHWRGR ELGLUHFFLRQDO SDUD XQ QuXPHUR SDU GH SURFHVDGRUHV D OD UHVROXFLuRQ

GH PuXOWLSOHV VLVWHPDV OLQHDOHV WULGLDJRQDOHV FRQ OD PLVPD PDWUL] GH FRHnFLHQWHV�

2WUR SUREOHPD D HVWXGLDU� HQ WuHUPLQRV SDUHFLGRV D ORV GH HVWD PHPRULD� HV OD UHVROXFLuRQ

GH VLVWHPDV OLQHDOHV SRU EDQGDV�



%LEOLRJUDIurD

>�@ $� $JJDUZDO� $� .� &KDQGUD \ 0� 6QLU� 2Q FRPPXQLFDWLRQ ODWHQF\

LQ 35$0 FRPSXWDWLRQ� (Q 3URFHHGLQJV RI WKH $&0 6\PSRVLXP RQ 3DUDOOHO

$OJRULWKPV DQG $UFKLWHFWXUHV� SuDJLQDV ��^��� MXQLR �����

>�@ $� $JJDUZDO� $� .� &KDQGUD \ 0� 6QLU� &RPPXQLFDWLRQ FRPSOH[LW\ RI

35$0V� 7KHRUHWLFDO &RPSXWHU 6FLHQFH� ��� �^��� PDU]R �����

>�@ -�&� $J�Xur \ -� -LPuHQH]� $ ELQDU\ WUHH LPSOHPHQWDWLRQ RI D SDUDOOHO GLVWULEXWHG

WULGLDJRQDO VROYHU� 3DUDOOHO &RPSXWLQJ� ��� ���^��� �������

>�@ ,� %DEXVND� 1XPHULFDO VWDELOLW\ LQ SUREOHPV RI OLQHDU DOJHEUD� -RXUQDO RQ 1XPH�

ULFDO $QDO\VLV� �� ��^�� �������

>�@ ,� %DU�2Q \ %� &RGHQRWWL� $ IDVW DQG VWDEOH SDUDOOHO 45 DOJRUWLKP IRU V\PPH�

WULF WULGLDJRQDO PDWULFHV� /LQHDU $OJHEUD DQG LWV $SSOLFDWLRQV� ���� ��^�� �������

>�@ ,� %DU�2Q� %� &RGHQRWWL \ 0� /HRQFLQL� $ IDVW SDUDOOHO &KROHVN\ GHFRP�

SRVLWLRQ DOJRULWKP IRU WULGLDJRQDO V\PPHWULF PDWULFHV� 6,$0 -RXUQDO RQ 0DWUL[

$QDO\VLV DQG $SSOLFDWLRQV� ��� ���^��� �������

>�@ $� %HJXHOLQ� -� 'RQJDUUD� $� *HLVW� :� -LDQJ� 5� 0DQFKHN \ 9� 6XQ�

GHUDP� 390 � 8VHUV JXLGH DQG UHIHUHQFH PDQXDO� 5HSRUW� 2DN 5LGJH 1DWLRQDO

/DERUDWRU\� 2DN 5LGJH� 7HQQHVVHH ������ PD\R �����

>�@ $� %HJXHOLQ� -� 'RQJDUUD� $� *HLVW� 5� 0DQFKHN \ 9� 6XQGHUDP� $

XVHUV
 JXLGH WR 390 SDUDOOHO YLUWXDO PDFKLQH� 7HFKQLFDO 5HSRUW &6�������� 8QLYHU�

VLW\ RI 7HQQHVVHH� MXOLR �����

���
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>�@ $� %HJXHOLQ� -� 'RQJDUUD� $� *HLVW� 5� 0DQFKHN \ 9� 6XQGHUDP� 5HFHQW

HQKDQFHPHQWV WR 390� ,QWHUQDWLRQDO -RXUQDO RI 6XSHUFRPSXWLQJ $SOLFDWLRQV DQG

+LJK 3HUIRUPDQFH &RPSXWLQJ� �������

>��@ 0� %HVVHQURGW \ +� :HEHUSDOV� $ IDVW YHFWRU DOJRULWKP IRU VROYLQJ WULGLDJRQDO

OLQHDU V\VWHPV� 3DUDOOHO &RPSXWLQJ� �� ���^��� ����������

>��@ *� %LODUGL� .�7� +HUOH\� $� 3LHWUDFDSULQD� *� 3XFFL \ 3� 6SLUDNLV� %63

YV /RJ3� (Q 3URFHHGLQJV RI WKH �WK $QQXDO 6\PSRVLXP RQ 3DUDOOHO $OJRULWKPV DQG

$UFKLWHFWXUHV� SuDJLQDV ��^��� MXQLR �����

>��@ *� %LODUGL \ )�3� 3UHSDUDWD� +RUL]RQV RI SDUDOOHO FRPSXWDWLRQ� -RXUQDO RQ

3DUDOOHO DQG 'LVWULEXWHG &RPSXWLQJ� �������

>��@ &� %LVFKRI� ;� 6XQ \ %� /DQJ� 3DUDOOHO WULGLDJRQDOL]DWLRQ WZR^VWHS EDQG UH�

GXFWLRQ� (Q 3URFHHGLQJV RI WKH VFDODEOH KLJK^SHUIRUPDQFH FRPSXWLQJ FRQIHUHQFH�

SuDJLQDV ��^��� /RV $ODPLWRV� &$ �����^����� ����� ,((( &RPSXWHU 6RFLHW\�

>��@ 5�+� %LVVHOLQJ� %DVLF WHFKQLTXHV IRU QXPHULFDO OLQHDU DOJHEUD RQ %XON 6\QFKURQRXV

3DUDOOHO FRPSXWHUV� (Q )LUVW :RNVKRS RQ 1XPHULFDO $QDO\VLV DQG $SSOLFDWLRQV�

YROXPHQ ����� SuDJLQDV ��^��� 6SULQJHU�9HUODJ� %HUOLQ� �����

>��@ 5�+� %LVVHOLQJ� 0�:� *RXGUHDX� -�0�'� +LOO� .� /DQJ� %� 0F&ROO�

6�%� 5DR� '�&� 6WHIDQHVFX� 7� 6XHO \ 7� 7VDQWLODV� 7KH %63 3URJUDP�

PLQJ /LEUDU\� 5HSRUW� 2[IRUG 8QLYHUVLW\ &RPSXWLQJ /DERUDWRU\� PD\R �����

KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�

>��@ 5�+� %LVVHOLQJ \ :�)� 0F&ROO� 6FLHQWLnF &RPSXWLQJ RQ %XON 6\QFKURQXRV

3DUDOOHO $UFKLWHFWXUHV� 5HSRUW� 8QLYHUVLW\ RI 8WUHFKW� ����� 8QD YHUVLuRQ FRUWD

DSDUHFH HQ 3URFHHGLQJV ��WK ,),3 :RUOG &RPSXWHU &RQJUHVV� 9ROXPHQ , �������

%� 3HKUVRQ H ,� 6LPRQ� HGLWRUHV� (OVHYLHU� SuDJLQDV ���^����

>��@ 6� %RQGHOL� 'LYLGH DQG FRQTXHU� $ SDUDOOHO DOJRULWKP IRU WKH VROXWLRQ RI D WULGLD�

JRQDO OLQHDU V\VWHP RI HTXDWLRQV� 3DUDOOHO &RPSXWLQJ� ��� ���^��� �������

>��@ 2� %RQRUGHQ� %� -XXUOLQN� ,� YRQ 2WWH \ ,� 5LHSLQJ� 7KH 3DGHUERUQ

8QLYHUVLW\ %63 �38%� /LEUDU\�'HVLJQ� ,PSOHPHQWDWLRQ DQG 3HUIRUPDQFH� 5HSRUW

75�56)%�������� 8QLYHUVLW\ RI 3DGHUERUQ� &RPSXWHU 6FLHQFH 'HSWDUWDPHQW� �����
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>��@ &�)� %RUJHV \ :�%� *UDJJ� $ SDUDOOHO GLYLGH DQG FRQTXHU DOJRULWKP IRU WKH

JHQHUDOL]HG UHDO V\PPHWULF GHnQLWH WULGLDJRQDO HLJHQYDOXH SUREOHP� (Q /� 5HLFKHO�

$� 5XWWDQ \ 5�6� 9DUJD� HGLWRUHV� 1XPHULFDO /LQHDU $OJHEUD� SuDJLQDV ��^���

:DOWHU GH *UX\HU� %HUOLQ� ����� 3URFHHGLQJV RI WKH &RQIHUHQFH LQ 1XPHULFDO /LQHDU

$OJHEUD DQG 6FLHQWLnF &RPSXWDWLRQ� .HQW �2KLR�� 86$� PDU]R� �����

>��@ 5� %UX \ -� 0DUuLQ� &RVWH %63 GHO PuHWRGR GHO *UDGLHQWH &RQMXJDGR 3UHFRQGL�

FLRQDGR� (Q $FWDV GH ODV 9,, -RUQDGDV GH 3DUDOHOLVPR� SuDJLQDV ���^���� 6DQWLDJR

GH &RPSRVWHOD� (VSDaQD� VHSWLHPEUH ����� 8QLYHUVLGDG GH 6DQWLDJR GH &RPSRVWHOD�

>��@ 5� /� %XUGHQ \ -� '� )DLUHV� $QuDOLVLV QXPuHULFR� *UXSR (GLWRULDO ,EHURDPuHULFD�

0uHMLFR� �����

>��@ '� $� %XUJHVV� 3� ,� &UXPSWRQ \ -� 0� '� +LOO� 7KHRU\� SUDFWLFH� DQG D WRRO

IRU %63 SHUIRUPDQFH SUHGLFWLRQ� (Q (XUR3DU
��� SuDJLQDV ���^���� DJRVWR �����

1uXPHUR ���� GH /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� 6SULQJHU�9HUODJ�

>��@ $�:� %XUNV� +�+� *ROGVWLQH \ -� YRQ 1HXPDQQ� 3UHOLPLQDU\ GLVFXVVLRQ RI

WKH ORJLFDO GHVLJQ RI DQ HOHFWURQLF FRPSXWLQJ LQVWUXPHQW� YROXPHQ �� SDUWH �� 8�6�

$UP\ 2UGHQDQFH 'HSDUWPHQW� 7KH ,QVWLWXWH RI $GYDQFHG 6WXG\� 3ULQFHQWRQ �����

3ULPHUD HGLFLuRQ� �� MXQLR GH ����� 6HJXQGD HGLFLuRQ� � VHSWLHPEUH ����� 7DPELuHQ HQ

3DSHUV RI -RKQ YRQ 1HZPDQQ RQ &RPSXWLQJ DQG &RPSXWHU 7KHRU\� :� $VSUD\

\ $� %XUNV� HGLWRUHV� 9ROXPHQ �� GH &KDUOHV %DEEDJH ,QVWLWXWH 5HSULQW 6HULHV IRU

WKH +LVWRU\ RI &RPSXWLQJ� 0,7 3UHVV� �����

>��@ /� &KHQ� -� +H \ 4� 0LOOHU� $OJHEUDLF ODZV IRU %63 SURJUDPPLQJ� (Q 3URFH�

HGLQJV RI (XURSDU 
��� �����

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� $ %63 UHFXUVLYH GLYLGH DQG FRQTXHU

DOJRULWKP WR FRPSXWH WKH LQYHUVH RI D WULGLDJRQDO PDWUL[� -RXUQDO RI 3DUDOOHO DQG

'LVWULEXWHG &RPSXWLQJ� (Q SUHQVD�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� &RPSDULQJ WKH %63 FRVW RI GLmHUHQW

DOJRULWKPV IRU WULGLDJRQDO V\VWHPV� 6RPHWLGR SDUD SXEOLFDFLuRQ�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� $Q K\EULG DOJRULWKP IRU VROYLQJ

WULGLDJRQDO OLQHDU V\VWHPV LQ D %63 FRPSXWHU� 6RPHWLGR SDUD SXEOLFDFLuRQ�
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>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� $ QRWH RQ WKH UHFXUVLYH GHFRXSOLQJ

PHWKRG IRU VROYLQJ WULGLDJRQDO V\VWHPV� 6RPHWLGR SDUD SXEOLFDFLuRQ�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� &RVWH %63 HQ GLVWLQWRV PuHWRGRV GH

UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV� (Q $FWDV GH ODV 9,,, -RUQDGDV GH 3DUDOHOLVPR�

SuDJLQDV ��^��� &uDFHUHV� VHSWLHPEUH ����� 8QLYHUVLGDG GH ([WUHPDGXUD�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� 8Q DOJRULWPR SDUDOHOR SDUD HO FuDOFXOR

GH OD LQYHUVD GH XQD PDWUL] WULGLDJRQDO� (Q $FWDV GH ODV ,; -RUQDGDV GH 3DUDOHOLVPR�

SuDJLQDV ���^���� 6DQ 6HEDVWLuDQ� VHSWLHPEUH ����� 8QLYHUVLGDG GHO 3DurV 9DVFR�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� 8Q QXHYR DOJRULWPR %63 SDUD VLVWH�

PDV WULGLDJRQDOHV� (Q $FWDV GH ODV ,; -RUQDGDV GH 3DUDOHOLVPR� SuDJLQDV ���^����

6DQ 6HEDVWLuDQ� VHSWLHPEUH ����� 8QLYHUVLGDG GHO 3DurV 9DVFR�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� $Q K\EULG SDUDOOHO DOJRULWKP IRU

VROYLQJ WULGLDJRQDO OLQHDU V\VWHPV YHUVXV WKH :DQJ
V PHWKRG LQ D &5$< 7�' %63

FRPSXWHU� (Q $FWDV GH ODV ; -RUQDGDV GH 3DUDOHOLVPR� SuDJLQDV ��^��� /D 0DQJD

GHO 0DU 0HQRU �0XUFLD�� VHSWLHPEUH ����� 8QLYHUVLGDG GH 0XUFLD�

>��@ -�-� &OLPHQW� /� 7RUWRVD \ $� =DPRUD� $ UHFXUVLYH GHFRXSOLQJ PHWKRG IRU

VROYLQJ WULGLDJRQDO OLQHDU V\VWHPV LQ D %63 FRPSXWHU� (Q $FWDV GH ODV ; -RUQDGDV

GH 3DUDOHOLVPR� SuDJLQDV ��^��� /D 0DQJD GHO 0DU 0HQRU �0XUFLD�� VHSWLHPEUH �����

8QLYHUVLGDG GH 0XUFLD�

>��@ '� &XOOHU� 5� .DUS� '� 3DWWHUVRQ� $� 6DKD\� .�(� 6FKDXVHU� (� 6DQ�

WRV� 5� 6XEUDPRQLDQ \ 7� YRRQ (LFNHQ� /RJ3� 7RZDUGV D UHDOLVWLF PRGHO RI

SDUDOOHO FRPSXWDWLRQ� (Q 3URFHHGLQJV RI WKH )RXUWK $&0 6,*3/$1 6\PSRVLXP RQ

3ULQFLSOHV DQG 3UDFWLFH RI 3DUDOOHO 3URJUDPPLQJ� 6DQ 'LHJR� &DOLIRUQLD� PD\R �����

>��@ %�1� 'DWWD� 1XPHULFDO /LQHDU $OJHEUD DQG $SSOLFDWLRQV� %URRNV�&ROH 3XEOLVKLQJ

&RPSDQ\� &DOLIRUQLD� �����

>��@ '�6� 'RGVRQ \ 6�$� /HYLQ� $ WULF\FOLF WULGLDJRQDO HTXDWLRQ VROYHU� 6,$0 -RXUQDO

RQ 0DWUL[ $QDO\VLV DQG $SSOLFDWLRQV� ��� ����^���� �������

>��@ 6�5� 'RQDOGVRQ� -�0�'� +LOO \ $� 0F(ZDQ� ,QVWDOODWLRQ DQG XVHU JXLGH IRU

WKH 2[IRUG %63 WRROVHW �Y���� LPSOHPHQWDWLRQ RI %63OLE� 5HSRUW� 2[IRUG 8QLYHUVLW\

&RPSXWLQJ /DERUDWRU\� QRYLHPEUH ����� KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�
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>��@ 6�5� 'RQDOGVRQ� -�0�'� +LOO \ $� 0F(ZDQ� ,QVWDOODWLRQ DQG XVHU JXLGH IRU

WKH 2[IRUG %63 WRROVHW �Y���� LSOHPHQWDWLRQ RI %63OLE� 5HSRUW� 2[IRUG 8QLYHUVLW\

&RPSXWLQJ /DERUDWRU\� VHSWLHPEUH ����� KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�

>��@ 6�5� 'RQDOGVRQ� -�0�'� +LOO \ '�%� 6NLOOLFRUQ� %63 FOXVWHUV� KLJK SHU�

IRUPDQFH� UHOLDEOH DQG YHU\ ORZ FRVW� 5HSRUW 35*�75������ 2[IRUG 8QLYHUVLW\

&RPSXWLQJ /DERUDWRU\� �����

>��@ 6�-� )DUU \ &� :DOVKDZ� $ WZR�ZD\ SDUDOOHO SDUWLWLRQ PHWKRG GRU VROYLQJ

WULGLDJRQDO V\VWHPV� 5HSRUW ������ 8QLYHUVLW\ RI /HHGV� MXQLR �����

>��@ 0�-� )O\QQ� 9HU\ KLJK VSHHG FRPSXWLQJ V\VWHPV� (Q 3URFHHGLQJV ,(((� YROX�

PHQ ��� SuDJLQDV ����^����� �����

>��@ 6� )RUWXQH \ -� :\OOLH� 3DUDOOHOLVP LQ UDQGRP DFFHVV PDFKLQHV� (Q

3URFHHGLQJV RI WKH 7HQWK $QQXDO 6\PSRVLXP RQ 7KHRU\ RI &RPSXWLQJ� SuDJLQDV ���^

���� �����

>��@ .�$� *DOOLYDQ� 5�-� 3OHPPRQV \ $�+� 6DPHK� 3DUDOOHO DOJRULWKPV IRU GHQVH

OLQHDU DOJHEUD &RPSXWDWLRQV� 6,$0 5HYLHZ� � PDU]R �����

>��@ *� $� *HLVW� 390�� %H\RQG QHWZRUN FRPSXWLQJ� (Q -� 9RONHUW� HGLWRU� 3DUDOOHO

&RPSXWDWLRQ� YROXPHQ ��� GH /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� SuDJLQDV ���^����

6SULQJHU� �����

>��@ *� $� *HLVW� -� $� .RKO \ 3� 0� 3DSDGRSRXORV� 390 DQG 03,� D FRPSDULVRQ

RI IHDWXUHV� 5HSRUW� 8QLYHUVLW\ RI 7HQQHVVHH� �����

>��@ *�$� *HLVW� 5HGXFWLRQ RI D JHQHUDO PDWUL[ WR WULGLDJRQDO IRUP� 6,$0 -RXUQDO RQ

0DWUL[ $QDO\VLV DQG $SSOLFDWLRQV� ��� ���^��� �������

>��@ $� 9� *HUEHVVLRWLV \ /� *� 9DOLDQW� 'LUHFW EXON�V\QFKURQRXV SDUDOOHO DOJRULW�

KPV� -RXUQDO RI 3DUDOOHO DQG 'LVWULEXWHG &RPSXWLQJ� ��� ���^��� �������

>��@ 3� %� *LEERQV� $ PRUH SUDFWLFDO 35$0 PRGHO� (Q 3URFHHGLQJV RI WKH $&0

6\PSRVLXP RQ 3DUDOOHO $OJRULWKPV DQG $UFKLWHFWXUHV� SuDJLQDV ���^���� �����

>��@ *�+� *ROXE \ -�0� 2UWHJD� 6FLHQWLnF &RPSXWLQJ� $Q LQWURGXFWLRQ ZLWK 3DUDOOHO

&RPSXWLQJ� $FDGHPLF 3UHVV� ,QF�� 6DQ 'LHJR� &$� �����
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>��@ *�+� *ROXE \ &� YDQ /RDQ� 0DWUL[ &RPSXWDWLRQV� -RKQV +RSNLQV 8QLYHUVLW\

3UHVV� %DOWLPRUH� 0'� �����

>��@ 0� *RXGUHDX� .� /DQJ� 6� 5DR� 7� 6XHO \ 7� 7VDQWLODV� 7RZDUGV HpFLHQF\

DQG SRUWDELOLW\� 3URJUDPPLQJ WKH %63 PRGHO� (Q 3URFHHGLQJV RI WKH �WK $QQXDO

6\PSRVLXP RQ 3DUDOOHO $OJRULWKPV DQG $UFKLWHFWXUHV� SuDJLQDV �^��� MXQLR �����

>��@ 0� :� *RXGUHDX� -�0�'� +LOO� .� /DQJ� %� 0F&ROO� 6� %� 5DR� '� &�

6WHIDQHVFX� 7� 6XHO \ 7� 7VDQWLODV� $ 3URSRVDO IRU WKH %63 :RUOGZLGH

6WDQGDUG /LEUDU\� 5HSRUW� 2[IRUG 8QLYHUVLW\ &RPSXWLQJ /DERUDWRU\� MXOLR �����

KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�

>��@ 0� :� *RXGUHDX� .� /DQJ� 6� %� 5DR \ 7�7VDQWLODV� 7KH *UHHQ %63

OLEUDU\� 5HSRUW &6�75������� 8QLYHUVLW\ RI &HQWUDO )ORULGD� 'HSDUWPHQW RI &RP�

SXWHU 6FLHQFH� MXQLR �����

>��@ 5�7� *UHJRU\ \ '�/� .DUQH\� $ FROOHFWLRQ RI PDWULFHV IRU WHVWLQJ FRPSXWDWLRQDO

DOJRULWKPV� :LOH\^,QWHUVFLHQFH� 1HZ <RUN� �����

>��@ :� *URSS� (� /XVN \ $� 6NMHOOXP� 8VLQJ 03,� 3RUWDEOH 3DUDOOHO 3URJUDPPLQJ�

0,7 3UHVV� &DPEULGJH� 0$� �����

>��@ -�0�'� +LOO� ,QVWDOODWLRQ DQG XVHU JXLGH IRU WKH 2[IRUG %63 WRROVHW �Y���� LP�

SOHPHQWDWLRQ RI %63OLE� 5HSRUW� 2[IRUG 8QLYHUVLW\ &RPSXWLQJ /DERUDWRU\� DEULO

����� KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�

>��@ -�0�'� +LOO� ,QVWDOODWLRQ DQG XVHU JXLGH IRU WKH 2[IRUG %63 WRROVHW �Y���� LP�

SOHPHQWDWLRQ RI %63OLE� 5HSRUW� 2[IRUG 8QLYHUVLW\ &RPSXWLQJ /DERUDWRU\� DJRVWR

����� KWWS���ZZZ�EVS�ZRUOGZLGH�RUJ�
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