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/R� VSLQJLGLVFR� KD� LO� FRPSLWR� GL� FRPSULPHUH� VDOGDPHQWH� LO� GLVFR� GHOOD� IUL]LRQH� VXO� YRODQR��4XDOLWDWLYDPHQWH�� TXDQGR� WDOH� SUHVVLRQH� q� VXIILFLHQWHPHQWH� HOHYDWD�� O¶DOEHUR� PRWRUH� H� LO�SULPDULR�GHO�FDPELR�VRQR�FRVWUHWWL�D�UXRWDUH�DOOD�VWHVVD�YHORFLWj�H�WXWWD�OD�FRSSLD�JHQHUDWD�GDO�PRWRUH�YLHQH�WUDVIHULWD�VXO�FDPELR��,Q�TXHVWR�FDVR�OD�IUL]LRQH�q�LQQHVWDWD��FRPH�LQ�ILJXUD�����4XDQGR�LQYHFH�OR�VSLQJLGLVFR�VL�VWDFFD�GDO�GLVFR�GHOOD�IUL]LRQH��O¶DOEHUR�PRWRUH�H�LO�SULPDULR�GHO� FDPELR� SRVVRQR� UXRWDUH� D� YHORFLWj� GLYHUVH�� 6RQR� GXQTXH� FRPSOHWDPHQWH� VFROOHJDWL� H� OH�ORUR�GLQDPLFKH�VRQR�LQGLSHQGHQWL��,Q�TXHVWR�FDVR�OD�IUL]LRQH�q�GLVLQQHVWDWD��FRPH�LQ�ILJXUD����)UD�OH�GXH�SRVL]LRQL�HVWUHPH�GL�LQQHVWR�H�GL�GLVLQQHVWR��HVLVWH�XQD�FRQGL]LRQH�LQWHUPHGLD�LQ�FXL�LO� GLVFR� GHOOD� IUL]LRQH� q� D� FRQWDWWR� FRQ� LO� YRODQR� H� FRQ� OR� VSLQJLGLVFR��PD� OD� SUHVVLRQH� FKH�TXHVW¶XOWLPR�HVHUFLWD�q�WURSSR�EDVVD�SHU�PDQWHQHUH�XJXDOL�OH�YHORFLWj�GHL�GXH�DOEHUL��,Q�TXHVWR�FDVR� OD� IUL]LRQH�VWD�VOLWWDQGR�H�VROR�XQD�IUD]LRQH�GHOOD�FRSSLD�JHQHUDWD�GDO�PRWRUH�YLHQH�WUDVPHVVD�VXO�FDPELR�1HOOD�SDUWHQ]D�GL� XQ¶DXWRPRELOH�� OD� IUL]LRQH� q� LQL]LDOPHQWH�GLVLQQHVWDWD� H� LO� SHGDOH� D]LRQDWR�GDO� SLORWD� q� FRPSOHWDPHQWH� DEEDVVDWR�� $O]DQGR� JUDGXDOPHQWH� LO� SHGDOH�� OD� IUL]LRQH� LQL]LD� D�VOLWWDUH�H��SHU�HIIHWWR�GHOOD�FRSSD� WUDVPHVVD� VXOOH� UXRWH�� OD�YHWWXUD�FRPLQFLD�D�PXRYHUVL��1HO�PRPHQWR�LQ�FXL�LO�SHGDOH�q�FRPSOHWDPHQWH�VROOHYDWR��OD�IUL]LRQH�q�LQQHVWDWD�H�L�JLUL�GHOOH�UXRWH�VRQR��LQ�SULPD�DSSURVVLPD]LRQH��SURSRU]LRQDOL�DL�JLUL�GHO�PRWRUH�1HO�VLVWHPD�FKH�VWLDPR�FRQVLGHUDQGR��LO�SHGDOH�GHOOD�IUL]LRQH�q�VRVWLWXLWR�GDO�SLVWRQH�LQGLFDWR�QHOOH� ILJXUH� ���� H� ����� ,Q� SDUWLFRODUH� OD� SRVL]LRQH�;S� q� GHO� WXWWR� DQDORJD� DOOD� SRVL]LRQH� GHO�SHGDOH�GHOOD�IUL]LRQH�H�OD�GLUH]LRQH�LQGLFDWD�q�TXHOOD�SHU�GLVLQQHVWDUH OD�IUL]LRQH��,Q�DOWUH�SDUROH�VSLQJHUH�LO�SHGDOH�GHOOD�IUL]LRQH�HTXLYDOH�D�VSRVWDUH�LO�SLVWRQH�QHOOD�GLUH]LRQH�LQGLFDWD�GD�;S�/D� SRVL]LRQH� GHO� SLVWRQH� H� TXHOOD� GHOOR� VSLQJLGLVFR� VRQR� LQ� UHOD]LRQH� IUD� ORUR� D� FDXVD� GHOOD�PROOD�D�WD]]D�R�D�GLDIUDPPD��(VVD�q�UDSSUHVHQWDWD�VFKHPDWLFDPHQWH�QHOOD�ILJXUD�����
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/D� PROOD� D� WD]]D� q� XQD� PROOD� ELGLPHQVLRQDOH�� RFFRUURQR� LQIDWWL� �� SXQWL� SHU� LQGLYLGXDUQH�FRPSOHWDPHQWH�OD�IRUPD�H�TXLQGL�OD�IRU]D�JHQHUDWD�GDOOD�PROOD�QHL�WUH�SXQWL�1HO�FDVR�LQ�HVDPH�L� WUH�SXQWL�VRQR�GDWL�GDOOD�SRVL]LRQH�GHO�SHUQR��FKH�FRQVLGHUHUHPR�ILVVD�H�GXQTXH�FL�IRUQLUj�XQ�SXQWR�GL�ULIHULPHQWR���GDO�SXQWR�GL�FRQWDWWR�FRQ�LO�SLVWRQH�H�GDO�SXQWR�GL�FRQWDWWR�VXOOR�VSLQJLGLVFR�4XDQGR�OD�IUL]LRQH�YLHQH�PRQWDWD��OD�PROOD�D�WD]]D�q�LQVHULWD�IUD�L�SHUQL�HG�q�VXFFHVVLYDPHQWH�DYYLFLQDWD�DOOR�VSLQJLGLVFR��/D�PROOD� WHQGH�FRVu�D�GHIRUPDUVL�H�D�FRPSULPHUH�OR�VSLQJLGLVFR�FRQWUR�LO�GLVFR�GHOOD�IUL]LRQH��/D�IRU]D�FKH�VL�JHQHUD�LQ�TXHVWR�PRGR�VXOOR�VSLQJLGLVFR�SUHQGH�LO�QRPH� GL� SUHFDULFR�� (VVR� GHYH� HVVHUH� WDOH� GD� JDUDQWLUH� O¶LQQHVWR� GHOOD� IUL]LRQH� LQ� TXDOXQTXH�FRQGL]LRQH�GL�XVXUD�GHL�GLVFKL�&RQ�O¶XVXUD�GHL�GLVFKL��OR�VSHVVRUH�GHO�PDWHULDOH�GL�DWWULWR�VL�ULGXFH���OR�VSLQJLGLVFR�D�IUL]LRQH�LQQHVWDWD�VL�DOORQWDQD�GDL�SHUQL�H�OD�PROOD�D�WD]]D�WHQGH�D�ULSRUWDUVL�QHOOD�IRUPD�D�ULSRVR��TXLQGL�OD�IRU]D�FKH�JHQHUD�VL�PRGLILFD���,Q� SRVL]LRQH� GL� ULSRVR� LO� SLVWRQH� JHQHUD� XQD� IRU]D� WUDVFXUDELOH� VXOOD� PROOD� H� GXQTXH� VXOOR�VSLQJLGLVFR�DJLVFH�DQFRUD�LO�SUHFDULFR�6H� LO� SLVWRQH� VL�PXRYH� OXQJR�;S�� OD�PROOD� D� WD]]D� VL� GHIRUPD� H� O¶HVWUHPLWj� D� FRQWDWWR�GHOOR�VSLQJLGLVFR� WHQGH� D� VSRVWDUVL� QHOOD� GLUH]LRQH� LQGLFDWD� GD� ;VG�� ,Q� WDO� PRGR� VL� FRQWUDVWD� LO�SUHFDULFR�H�OD�SUHVVLRQH�VXL�GLVFKL�GLPLQXLVFH��SHUPHWWHQGR�FRVu�OR�VOLWWDPHQWR GHOOD�IUL]LRQH�,QILQH�� TXDQGR� LO� SLVWRQH� VL� WURYD� LQ� IRQGR� DOOD� VXD� FRUVD�� OD�PROOD� D� WD]]D� VL� GHIRUPD� D� WDO�SXQWR�GD�SHUPHWWHUH�LO�GLVWDFFR�GHOOR�VSLQJLGLVFR�GDO�GLVFR�GHOOD�IUL]LRQH��TXLQGL�OD�IUL]LRQH�VL�GLVLQQHVWD�
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8QR� GHJOL� DVSHWWL� IRQGDPHQWDOL� SHU� LO� VLVWHPD� q� UDSSUHVHQWDWR� GDO� FRPSRUWDPHQWR� GLQDPLFR�SLVWRQH�� 'HVFULYHUH� H� PRGHOODUH� OD� VXD� GLQDPLFD� VLJQLILFD� LQIDWWL�� SHU� TXDQWR� GHWWR� QHO�SDUDJUDIR�SUHFHGHQWH��SRWHU�VWLPDUH�OD�FRSSLD�WUDVPHVVD�IUD� O¶DOEHUR�PRWRUH�H� LO�SULPDULR�GHO�FDPELR�� ,QROWUH�� FRPH� YHGUHPR�� q� DQFKH� O¶HOHPHQWR� VX� FXL� VL� FRQFHQWUDQR� OH� PDJJLRUL�SHFXOLDULWj� GHO� VLVWHPD� LQ� WHUPLQL� GL� DWWULWL� GL� YDULD� QDWXUD�� IXQ]LRQL� QRQ� OLQHDUL� H� DOWUL�� /R�VFKHPD�PHFFDQLFR�VHPSOLILFDWR�GHO�SLVWRQH�q�ULSRUWDWR�QHOOD�ILJXUD�����,O�SLVWRQH�UDSSUHVHQWD�LO�FROOHJDPHQWR�IUD�OD�SDUWH�LGUDXOLFD�H�OD�SDUWH�PHFFDQLFD�GHO�VLVWHPD��7UDVFXULDPR�SHU�VHPSOLFLWj�LO�IDWWR�FKH�O¶DOEHUR�SULPDULR�GHO�FDPELR�UXRWD�PHQWUH�LO�SLVWRQH�q�ILVVR�ULVSHWWR�DO�WHODLR�GHOO¶DXWRPRELOH�,O� SLVWRQH� FUHD�� FRQ� O¶DOEHUR� GHO� FDPELR�� XQD� FDYLWj� HUPHWLFD� LQ� FXL� HQWUD� HG� HVFH� ROLR�� /D�TXDQWLWj� GL� ROLR� QHOOD� FDPHUD� GHWHUPLQD� OD� SRVL]LRQH� GHO� SLVWRQH�� 6RWWUDHQGR� ROLR� LO� SLVWRQH�DUUHWUD�H�YLFHYHUVD��6XO�SLVWRQH�DJLVFRQR�DQ]LWXWWR� OH� IRU]H�GRYXWH�DOOD�PROOD�D� WD]]D�H�DOOH�PROOH�VXO� ULWRUQR�GHO�SLVWRQH�� 4XHVWH� XOWLPH� KDQQR� XQ� HIIHWWR� PDUJLQDOH� FKH�� SHU� IDFLOLWDUH� OD� GHVFUL]LRQH� GHO�VLVWHPD��SRVVLDPR�LQL]LDOPHQWH�WUDVFXUDUH��DQFKH�VH�VDUDQQR�LQFOXVH�QHO�PRGHOOR����(¶�RUD�HYLGHQWH�FKH�SHU�LQWURGXUUH�ROLR�QHOOD�FDYLWj�q�QHFHVVDULR�YLQFHUH�OD�IRU]D�JHQHUDWD�GDOOD�PROOD�D� WD]]D��3HUWDQWR�OD�SUHVVLRQH�3[�GHOO¶ROLR�QHOOD�FDPHUD�PROWLSOLFDWD�SHU� O¶DUHD�$�GHYH�YLQFHUH� OD� IRU]D� JHQHUDWD� GDOOD� PROOD� D� WD]]D�� &DPELDQGR� 3[� DWWUDYHUVR� O¶HOHWWURYDOYROD�� VL�PRGLILFD�TXLQGL�OD�SRVL]LRQH�GHO�SLVWRQH�
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/D� YDOYROD� UDSSUHVHQWD� O¶HOHPHQWR� LQWHUPHGLR� IUD� OD� SDUWH� LGUDXOLFD� H� OD� SDUWH� HOHWWULFD� GHO�VLVWHPD��(VVD�q�XQD�FRPXQH�YDOYROD�FRPPHUFLDOH�FRQWUROODWD�LQ�FRUUHQWH��3HU�GHVFULYHUH�LO�VXR�IXQ]LRQDPHQWR�IDFFLDPR�ULIHULPHQWR�DOOR�VFKHPD�VHPSOLILFDWR�ULSRUWDWR�LQ�ILJXUD�����/D� SDUWH� LGUDXOLFD� GHO� VLVWHPD� q� FDUDWWHUL]]DWD� GD� XQ� VHUEDWRLR�3�� GHWWR� SRZHU� XQLW�� LQ� FXL� q�FRQWHQXWR�ROLR�DG�DOWD�SUHVVLRQH��IUD�L����H�L����EDU��H�GD�XQ�VHUEDWRLR�GL�VFDULFR�R�ULWRUQR�5�FRQ� EDVVD� SUHVVLRQH� ��� R� �� EDU�� FKH� UDFFRJOLH� O¶ROLR� LQ� XVFLWD� GDO� FLUFXLWR� LGUDXOLFR� SHU�LPPHWWHUOR�QHOOD�SRPSD�FKH�OR�ULSRUWD�LQ�3�,Q�VRVWDQ]D��3�H�5�VRQR�DQDORJKL�ULVSHWWLYDPHQWH�DOOD�WHQVLRQH�GL�DOLPHQWD]LRQH�H�DOOD�PDVVD�GHL�FLUFXLWL�HOHWWULFL��/D�FRUUHQWH�q�LQYHFH�DQDORJD�DOOD�SRUWDWD�GL�ROLR�3HU�FRQFOXGHUH�O¶DQDORJLD�HOHWWULFD��q�XWLOH�RVVHUYDUH�FKH�O¶DVVRUELPHQWR�GL�ROLR�QHOOD�FDPHUD�GHO�SLVWRQH�q�HTXLYDOHQWH�DO�FRPSRUWDPHQWR�GL�XQD�FDSDFLWj�/¶HOHWWURYDOYROD� FROOHJD� LO� FRQGRWWR� GL� XVFLWD� YHUVR� OD� FDPHUD� GHO� SLVWRQH� DOOD� SUHVVLRQH� GL�DOLPHQWD]LRQH�3�R�DO� ULWRUQR�5��3HU�RWWHQHUH�TXHVWR� ULVXOWDWR� VL�PRGLILFD� OD�SRVL]LRQH�GL�XQD�VSROHWWD�DWWUDYHUVR�XQ�FDPSR�PDJQHWLFR�JHQHUDWR�GDOOD�FRUUHQWH GL�FRQWUROOR�,O�PRYLPHQWR�GHOOD�VSROHWWD�q�GHO�WXWWR�DQDORJR�ULVSHWWR�D�TXHOOR�GHO�SLVWRQH�x /D� IRU]D� JHQHUDWD� GDO� FDPSR� PDJQHWLFR� q� FRQWUDVWDWD� GDOOD� ULJLGLWj� GHOOD� PROOD� �NY���/¶HTXLOLEULR�IUD�TXHVWH�GXH�IRU]H�GHWHUPLQD��D�PHQR�GHJOL�DWWULWL��OD�SRVL]LRQH�GHO�SLVWRQH�x ,O�PRWR�GHOOD�VSROHWWD�q�FRQGL]LRQDWR�GDJOL�DWWULWL�YLVFRVL��EY���GL�SULPR�GLVWDFFR��EGY��H�FRXORPELDQL��EFY��&RPH� VL� SXz� QRWDUH� GDOOD� ILJXUD� ����� OD� SRVL]LRQH� GHOOD� VSROHWWD� �Y�� GHWHUPLQD� LO� JUDGR� GL�DSHUWXUD��YHUVR�3�R�YHUVR�5��GHO�FRQGRWWR�GL�XVFLWD��6RVWDQ]LDOPHQWH��DO�YDULDUH�GHOOD�FRUUHQWH�GL� FRQWUROOR�� FDPELD� OD� UHVLVWHQ]D� LGUDXOLFD� RIIHUWD� GDOOD� YDOYROD� IUD� JOL� LQJUHVVL� �3� R�5�� H� L�FRQGRWWL�GL�XVFLWD��,O�YDORUH�GHOOD�SUHVVLRQH�DOO¶LQJUHVVR��3�R�5���LO�YDORUH�GHOOD�SUHVVLRQH�3[�DOO¶XVFLWD�H�LO�JUDGR�GL�DSHUWXUD�GHOOD�YDOYROD��GHWHUPLQDQR�OD�SRUWDWD�4�HQWUDQWH�QHO�FRQGRWWR�GL�XVFLWD�,Q�SULPD�DSSURVVLPD]LRQH�VL�SXz�GLUH�FKH�OD�SRUWDWD�QHOOD�YDOYROD�q�GHWHUPLQDWD�GDOOD�FRUUHQWH�GL� FRQWUROOR�� 4XHVWD� RVVHUYD]LRQH� JLXVWLILFD� XQD� GHVFUL]LRQH� VHPSOLILFDWD� GHOOD� YDOYROD�DWWUDYHUVR�O¶XVR�GHOOH�IXQ]LRQL�GL�WUDVIHULPHQWR�/D�UHOD]LRQH�IUD�OD�FRUUHQWH�GL�FRQWUROOR��,��H�OD�SRVL]LRQH�GHOOD�VSROHWWD��Y��SXz�HVVHUH�GHVFULWWD�DWWUDYHUVR�XQD� IXQ]LRQH� GL� WUDVIHULPHQWR� FRQ�XQR�R�GXH�SROL��/D�SRUWDWD�4� VL� GHWHUPLQD�SRL�DWWUDYHUVR�XQD�IXQ]LRQH�QRQ�OLQHDUH�FKH�FRLQYROJH��OD�SUHVVLRQH�GL�LQJUHVVR��OD�SUHVVLRQH�3[�H�OD�SRVL]LRQH�Y�GHOOD�VSROHWWD�
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)LJXUD������IDVL�GHO�FDPELR�GL�PDUFLD�

,O� ULIHULPHQWR� GL� SRVL]LRQH� LQGLFD� TXHOOR� FKH� LO� SLVWRQH� GRYUHEEH� IDUH� GXUDQWH� XQ� FDPELR� GL�PDUFLD��/D�ILJXUD�����FL�SHUPHWWH�GL�GHVFULYHUH�OH�YDULH�IDVL�GHOOD�VXGGHWWD�PDQRYUD��� ,O�SLORWD�QRQ�KD�DQFRUD�GDWR�LO�FRPDQGR�GL�FDPELR�PDUFLD��,O�SLVWRQH�q�QHOOD�SRVL]LRQH�GL�ULSRVR�H�OD�IUL]LRQH�q�FRPSOHWDPHQWH�LQQHVWDWD��� 1RQ� DSSHQD� LO� SLORWD� RUGLQD� LO� FDPELR� GL� PDUFLD�� LO� SLVWRQH� VL� GRYUHEEH� SRUWDUH� SL��YHORFHPHQWH� SRVVLELOH� LQ� SURVVLPLWj� GHO� SXQWR� GL� VOLWWDPHQWR� GHOOD� IUL]LRQH�� 3HU� TXHVWR�PRWLYR�YLHQH�GDWR�XQ�JUDGLQR�FRPH�ULIHULPHQWR�GL�SRVL]LRQH��� ,O�SLVWRQH�VL�VSRVWD�OHQWDPHQWH�SHUPHWWHQGR�LO�JUDGXDOH�GLVLQQHVWR�GHOOD�IUL]LRQH��,O�GLVWDFFR�QRQ�SXz�HVVHUH�WURSSR�YHORFH�DOWULPHQWL� LO�PRWRUH�DXPHQWHUHEEH�WURSSR�LO�VXR�QXPHUR�GL�JLUL��� 4XDQGR�LO�QXPHUR�GL�JLUL�GHO�PRWRUH�VL�GLVWLQJXH�VXIILFLHQWHPHQWH�GD�TXHOOL�GHO�FDPELR��OD�IUL]LRQH�SXz�HVVHUH�VWDFFDWD�FRPSOHWDPHQWH��SHU�TXHVWR�YLHQH�GDWR�LO�JUDGLQR�FKH�SRUWD�LO�SLVWRQH�QHOOD�SRVL]LRQH�SL��DYDQ]DWD���� 6L�DWWHQGH�O¶LQQHVWR�GHOOD�QXRYD�PDUFLD��� ,QL]LD�RUD� LO� UHLQQHVWR�GHOOD� IUL]LRQH�� ,O� SLVWRQH�� TXDQGR� OD�QXRYD�PDUFLD� q� VWDWD� LQVHULWD��YLHQH� SRUWDWR� LQ� FRUULVSRQGHQ]D� GHO� 3,6� �3XQWR� GL� ,QFLSLHQWH� 6OLWWDPHQWR��� ,Q� WDOH�SRVL]LRQH�OD�IUL]LRQH�q�DO�OLPLWH�GHO�GLVLQQHVWR��OR�VSLQJLGLVFR�H�LO�GLVFR�VL�VILRUDQR�DSSHQD��� /D� IUL]LRQH� YLHQH� LQQHVWDWD� JUDGXDOPHQWH� SHU� HYLWDUH� FKH� LO� QXPHUR� GL� JLUL� GHO� PRWRUH�VFHQGD�EUXVFDPHQWH��� 4XDQGR� LO� QXPHUR� GL� JLUL� GHO� PRWRUH� H� GHO� FDPELR� VRQR� VXIILFLHQWHPHQWH� YLFLQL�� VL�FRPSOHWD�O¶LQQHVWR�GHOOD�IUL]LRQH�H�VL�ULWRUQD�FRVu�DO�SXQWR�GL�SDUWHQ]D����� ,O�FDPELR�PDUFLD�q�FRQFOXVR�

� � � �
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�
'LVLQQHVWR ,QQHVWR

7HPSR

3RVL]LRQH�GHO�SLVWRQH

3,6� �
&RPDQGR�GLFDPELR�PDUFLD



/¶RELHWWLYR� ILQDOH� GHO� VLVWHPD�GL� FRQWUROOR� GHOOD� IUL]LRQH�� FKH� q� VWDWR� GHVFULWWR� ILQR� D� TXHVWR�SXQWR��q�GL�SRWHU�VFHJOLHUH��LVWDQWH�SHU�LVWDQWH��OD�IUD]LRQH�GL�FRSSLD�FKH�GHYH�HVVHUH�WUDVIHULWD�GDO�PRWRUH�DO�UHVWR�GHOOD�WUDVPLVVLRQH�(¶� LQWHUHVVDQWH� QRWDUH� FKH�� SHU� RWWHQHUH� TXHVWR� ULVXOWDWR� VL� LQWHUYLHQH� VX� XQD JUDQGH]]D�� OD�SRVL]LRQH� GHO� SLVWRQH�� FKH� q� LQGLUHWWDPHQWH� OHJDWD� DOOD� FRSSLD�� 4XHVWR� DVSHWWR� FRPSOLFD�QRWHYROPHQWH�OH�JHVWLRQH�GHOOD�IUL]LRQH�SHUFKp�q�QHFHVVDULR�PDQWHQHUH�VRWWR�FRQWUROOR�WXWWH�OH�JUDQGH]]H�FKH�OHJDQR�OD�SRVL]LRQH�GHO�SLVWRQH�DOOD�FRSSLD� ,Q�SDUWLFRODUH�q�QHFHVVDULR�VDSHUH�HVDWWDPHQWH� LO� 3�,�6�� H� OR� VWDWR� GL� XVXUD� GHL� GLVFKL�� LQ� DOWUH� SDUROH� OD� FDUDWWHULVWLFD� VWDWLFD�SRVL]LRQH�FRSSLD�GHOOD�IUL]LRQH�



02'(//2�6,67(0$�',�$778$=,21(�)5,=,21(�$07
����'LQDPLFD�H�PRGHOOR�GHO�SLVWRQH

)LJXUD������VFKHPD�FRQFHWWXDOH�GHO�SLVWRQH�
/D�GLQDPLFD�GHO�SLVWRQH�q�JRYHUQDWD�GDOO¶D]LRQH�GL�WUH�IRU]H��OD�IRU]D�JHQHUDWD�GDOOH�PROOH��)P�LQ�IXQ]LRQH�GHOOD�SRVL]LRQH�;S��HVVD�FRPSUHQGH�VLD�OD�PROOD�D�WD]]D��VLD� OH�PROOH�VXO�ULWRUQR�GHO� SLVWRQH��� OD� IRU]D� GRYXWD� DOOD� SUHVVLRQH� 3[� H� LQILQH� GDOOH� IRU]H� GL� DWWULWR�� 3HUWDQWR�O¶HTXD]LRQH�FKH�GHVFULYH�LO�PRWR�OLQHDUH�GHO�SLVWRQH�q�
PS�� DS  �3[�� $���)P�;S����E�� YS ��EF�� VLJQ�YS� �����
'RYH� DS H� YS UDSSUHVHQWDQR� ULVSHWWLYDPHQWH� O¶DFFHOHUD]LRQH� H� OD� YHORFLWj� GHO� SLVWRQH� QHOOD�GLUH]LRQH�;S��/¶HTXD]LRQH�FKH�LQYHFH�GHVFULYH�OH�SRVL]LRQL�GL�ULSRVR�GHO�SLVWRQH�q�OD�VHJXHQWH�
3[�� $���)P�;S����EG�� D  �� �����
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&XVFLQHWWRUHJJLVSLQWD
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$ &[

&RQGRWWL�ROLR
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'RYH�D UDSSUHVHQWD� XQ� FRHIILFLHQWH� FRPSUHVR� IUD� �� H� ±��� 6H�� SHU�PDQWHQHUH� O¶HTXLOLEULR��DVXSHUD�L�OLPLWL�LPSRVWL��LO�SLVWRQH�VL�PHWWH�LQ�PRWR�H�O¶HTXD]LRQH�GD�XWLOL]]DUH�q�OD�������'DOO¶HTXD]LRQH�������VL�GHGXFH�FKH��D�SDUL�SRVL]LRQH�;S��HVLVWH XQ� LQWHUYDOOR�GL�SUHVVLRQL�3[�FKH�SHUPHWWH�O¶HTXLOLEULR�GHO�SLVWRQH�D�FDXVD�GHOO¶DWWULWR�GL�SULPR�GLVWDFFR��,O�PRWR�GHO�SLVWRQH�FDXVD�XQ�DOODUJDPHQWR�GHOOD�FDPHUD�H�TXLQGL�XQ�DVVRUELPHQWR�GL�ROLR��(VVR�VL�WUDGXFH�SHUWDQWR�LQ�XQD�SRUWDWD�HQWUDQWH�GDWD�GD�
4[�� ��$� YS �����
/¶HTXD]LRQH�������UDSSUHVHQWD�LO�UDFFRUGR�IUD�OD�GLQDPLFD�GHOOD�SDUWH�PHFFDQLFD�GHO�VLVWHPD�H�LO�FRPSRUWDPHQWR�GHOOD�SDUWH�LGUDXOLFD�

)LJXUD������DSSURVVLPD]LRQH�GHOO¶LVWHUHVL�GHOOD�PROOD�D�WD]]D�
(VDPLQDQGR� DWWHQWDPHQWH� L� GDWL� VXOOD� PROOD� D� WD]]D�� q� SRVVLELOH� QRWDUH� FKH� q� SUHVHQWH� XQD�LVWHUHVL�GRYXWD�DO�IDWWR�FKH�OD�PROOD��GHIRUPDQGRVL�H�WRUQDQGR�DOOD�IRUPD�RULJLQDOH��WUDVIRUPD�XQD�SDUWH�GHOO¶HQHUJLD�DVVRUELWD�LQ�FDORUH�FKH�YLHQH�GLVVLSDWR��4XHVWR�IHQRPHQR�q�LPSRUWDQWH�SHUFKp�LQWHUYLHQH�VLJQLILFDWLYDPHQWH�VXOOD�GLQDPLFD�GHO�SLVWRQH������



'DO�PRPHQWR�FKH�OD�PROOD�D�WD]]D�H�LO�SLVWRQH�VL�PXRYRQR�PDQWHQHQGRVL�VHPSUH�LQ�FRQWDWWR��LO�PRGR� SL�� VHPSOLFH� GL� FRQVLGHUDUH� O¶LVWHUHVL� GHOOD� PROOD� q� TXHOOR� GL� DWWULEXLUOR� FRPH� XQ�XOWHULRUH�DWWULWR�FRXORPELDQR�FKH�DJLVFH�VXO�SLVWRQH��/D�ILJXUD�����PRVWUD�O¶DSSURVVLPD]LRQH�FKH�VL�RWWLHQH�FRQ�TXHVWR�PHWRGR��,Q�EOX�q�ULSRUWDWD�OD�FDUDWWHULVWLFD�VSHULPHQWDOH�GHOOD�PROOD�FRQ�LO�GLVFR�GHOOD�IUL]LRQH�QXRYR��/D�FXUYD�YHUGH�q� OD�PHGLD� DULWPHWLFD GHOOH�GXH� FXUYH�SUHFHGHQWL��(VVD� UDSSUHVHQWD� OD� FDUDWWHULVWLFD�GHOOD�PROOD� D�WD]]D� LGHDOH�� SHUWDQWR� VHQ]D� LVWHUHVL� GRYXWH� DOOD� GHIRUPD]LRQH�� /H� GXH� FXUYH� LQ� URVVR� VRQR�RWWHQXWH�DJJLXQJHQGR�H�WRJOLHQGR�OD�VWHVVD�IRU]D�FRVWDQWH�DOOD�FDUDWWHULVWLFD�LGHDOH�GHOOD�PROOD�D�WD]]D��4XHVWD� DSSURVVLPD]LRQH� SXz� HVVHUH� HYLWDWD� FRQVLGHUDQGR� VHSDUDWDPHQWH� O¶DWWULWR� VWDWLFR� VXO�SLVWRQH� GDOO¶LVWHUHVL� GHOOD�PROOD��PD� D� FRQGL]LRQH� GL� FRPSOLFDUH� LO�PRGHOOR�� /H� VLPXOD]LRQL�QRQ�KDQQR�SHUz�LQGLFDWR�YDULD]LRQL�VRVWDQ]LDOL�H�SHUWDQWR�LO�PRGHOOR�SL��VHPSOLFH�q�SUHIHULELOH�SHU�L�PLJOLRUL�WHPSL�GL�VLPXOD]LRQH�6RPPDQGR�DOOD�FDUDWWHULVWLFD�LGHDOH�GHOOD�PROOD�D�WD]]D��LO�FRQWULEXWR�GHOOH�GXH�PROOH�OLQHDUL��VL�RWWLHQH� LO� FRPSRUWDPHQWR� FRPSOHVVLYR�PRVWUDWR� QHOOD� ILJXUD� ���� QHOOD� FRQGL]LRQH� FRQ� GLVFR�GHOOD�IUL]LRQH�QXRYR�

)LJXUD������FDUDWWHULVWLFD�FRPSOHVVLYD�GHOOH�PROOH��/H�HTXD]LRQL�HOHQFDWH�SHUPHWWRQR�GL�ULFDYDUH�LO�PRGHOOR�3�2�*��GHO�SLVWRQH��(VVR�q�ULSRUWDWR�QHOOD�ILJXUD�������



)LJXUD������PRGHOOR�3�2�*��GHO�SLVWRQH�
/D�SUHVVLRQH�3[�DJHQGR�VXOO¶DUHD�$��JHQHUD�OD�IRU]D�)[�FKH�VSLQJH�LO�SLVWRQH�FRQWUR�OD�PROOD�D�WD]]D��/D�IRU]D�)[�q�FRQWUDVWDWD�GDOOD�ULJLGLWj�FRPSOHVVLYD�GHOOH�PROOH�)P�H�GDOO¶DWWULWR�OLQHDUH�E��/¶DWWULWR�FRXORPELDQR�H�TXHOOR�GL�SULPR�GLVWDFFR��VRQR�GHVFULWWL�GDL�GXH�SDUDPHWUL�EF�H�EG��/D�ULVXOWDQWH�GL�WXWWH�OH�IRU]H�DJLVFH�VXOOD�PDVVD�PS�GHO�SLVWRQH��/D�YHORFLWj�GL�VSRVWDPHQWR�GL�TXHVW¶XOWLPR�FDXVD�XQ�DVVRUELPHQWR�GL�SRUWDWD�VXO�FLUFXLWR�LGUDXOLFR�4[�,�SDUDPHWUL�GL�TXHVWD�SDUWH�GHO�PRGHOOR�VRQR�x /D�PDVVD�GHO�SLVWRQH�PS�H�O¶DUHD�$��(VVL�VRQR�QRWL�FRQ�SUHFLVLRQH�DWWUDYHUVR�L�GDWL�WHFQLFL�GHO�GLVSRVLWLYR�x /D� FDUDWWHULVWLFD� FRPSOHVVLYD� GHOOH� PROOH�� (VVD� q� VWDWD� ULFDYDWD� SDUWHQGR� GDL� GDWL�VSHULPHQWDOL�H�LQWURGXFHQGR�O¶DSSURVVLPD]LRQH�VXOO¶LVWHUHVL�GHOOD�PROOD�D�WD]]D�LQGLFDWD�LQ�SUHFHGHQ]D�x ,� FRHIILFLHQWL� GL� DWWULWR� E�� EF�� EG�� ,Q� TXHVWR� FDVR� QRQ� FL� VRQR� GDWL� VSHULPHQWDOL� FKH� OL�HYLGHQ]LDQR� SHUFKp� QRQ� VRQR� VWDWH� IDWWH�PLVXUH� RSSRUWXQH�� (VVL� VDUDQQR� GXQTXH� VWLPDWL�DWWUDYHUVR�OH�VLPXOD]LRQL�
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����'LQDPLFD�H�PRGHOOR�GHOOD�SDUWH�LGUDXOLFD
/D�SDUWH�SXUDPHQWH�LGUDXOLFD�GHO�VLVWHPD�q�GHOLPLWDWD��GD�XQ�ODWR��GDOOD�YDOYROD�H�GDOO¶DOWUR�ODWR�GDO�SLVWRQH��,� FRQGRWWL� LGUDXOLFL�� O¶ROLR�� OH� JXDUQL]LRQL� H� OD� FDPHUD� VWHVVD�� QRQ� VRQR� SHUIHWWDPHQWH� ULJLGL�TXLQGL�VL�GHIRUPDQR��DQFKH�VH�LQ�PDQLHUD�TXDVL� LPSHUFHWWLELOH��VRWWR� O¶HIIHWWR�GHOOD�SUHVVLRQH�GHOO¶ROLR�� 7DOH� FDPELDPHQWR� GL� IRUPD� FDXVD� XQ� DVVRUELPHQWR� GL� ROLR� TXDQGR� OD� SUHVVLRQH�DXPHQWD� H� YLFHYHUVD�� ,Q� TXHVWH� VLWXD]LRQL� VL� SXz� XWLOL]]DUH� LO� FRQFHWWR� GL� FDSDFLWj� LGUDXOLFD��(VVD� q� GHO� WXWWR� DQDORJD� DOOD� FDSDFLWj� HOHWWULFD�� LQ� TXHVWR� FDVR� SHUz� LQYHFH� GL� DFFXPXODUH�FDULFD��VL�DFFXPXOD�ROLR�VHFRQGR�OD�UHOD]LRQH�
4F� �&[�� G3[�GW� �����
'RYH�&[�q�OD�FDSDFLWj�LGUDXOLFD�GHL�FRQGRWWL�H�GHOOD�FDPHUD��4F�q�OD�SRUWDWD�DVVRUELWD�H�3[�q�OD�SUHVVLRQH�QHOOD�FDPHUD��FKH�VL�VXSSRQH�XJXDOH�DOOD�SUHVVLRQH�DOO¶LQWHUQR�GHL�FRQGRWWL�/D�SRUWDWD�4��FKH�GHYH�HVVHUH�IRUQLWD�LQ�XVFLWD�GDOOD�YDOYROD��ULVXOWD�SHUWDQWR�GDWD�GDOOD�VRPPD�GHOOD� SRUWDWD� 4[� DVVRUELWD� GDOOR� VSRVWDPHQWR� GHO� SLVWRQH�� H� GDOOD� SRUWDWD� 4F� GRYXWD� DOOD�FDSDFLWj�LGUDXOLFD��6L�SXz�GXQTXH�VFULYHUH�FKH�
4� �4[���4F �����
/H�GXH�HTXD]LRQL�������H�������SRUWDQR�GLUHWWDPHQWH�DO�PRGHOOR�3�2�*��GHO�VLVWHPD��ULSRUWDWR�QHOOD�ILJXUD�����

)LJXUD������PRGHOOR�3�2�*��GHOOD�SDUWH�LGUDXOLFD�GHO�VLVWHPD�

3�5 3[

4 4[

9DOYROD
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,�SDUDPHWUL�GL�TXHVWD�SDUWH�GHO�PRGHOOR�VRQR�x /H�SUHVVLRQL�GL�DOLPHQWD]LRQH�3�H�5��(VVH�VRQR�VWDWH�ULFDYDWH�GDOOH�FDUDWWHULVWLFKH�WHFQLFKH�GHO�VLVWHPD�x /D�FDSDFLWj�LGUDXOLFD�&[��(VVD�QRQ�q�ULFDYDELOH�GLUHWWDPHQWH�GDL�GDWL�VSHULPHQWDOL��SHUWDQWR�q�VWDWD�VWLPDWD�DWWUDYHUVR�OH�VLPXOD]LRQL��
����'LQDPLFD�H�PRGHOOR�GHOOD�YDOYROD

)LJXUD������VFKHPD�GL�IXQ]LRQDPHQWR�GHOOD�YDOYROD�
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'DJOL�VFKHPL�PHFFDQLFL�IRUQLWL�GDO�FRVWUXWWRUH��VL�SXz�GHGXUUH�FKH�OD�SRUWDWD�4�GL�XVFLWD�GHOOD�YDOYROD� YDULD�� D� SDUL� GLIIHUHQ]D� GL� SUHVVLRQH� IUD� L� FRQGRWWL�� FRQ� OD� SRVL]LRQH� GHOOD� VSROHWWD�LQWHUQD��/D�FRUUHQWH�GL�FRQWUROOR�JHQHUD�XQ�FDPSR�PDJQHWLFR�LO�FXL�HIIHWWR�ILQDOH�q�TXHOOR�GL�VSRVWDUH� OD� VSROHWWD� H� TXLQGL� PRGLILFDUH� OD� SRUWDWD� 4�� 6RQR� GXQTXH� GLVWLQJXLELOL� GXH�FRPSRUWDPHQWL�LQGLSHQGHQWL�IUD�ORUR��OD�UHOD]LRQH�IUD�OD�SRUWDWD�H�OD�SRVL]LRQH�GHOOD�VSROHWWD�H�LO�OHJDPH�IUD�TXHVW¶XOWLPD�H�OD�FRUUHQWH�GL�HFFLWD]LRQH��$EELDPR�TXLQGL�UHDOL]]DWR�XQ�PRGHOOR�GHOOD�YDOYROD�FKH�VHSDUD�L�GXH�DVSHWWL��,QGLFDQGR�FRQ�Y�OD�SRVL]LRQH�GHOOD�VSROHWWD��OD�SRUWDWD�4�q�GDWD�GDOOD�UHOD]LRQH��FRQ�3�!�3[�!�5�VHPSUH�YHUD���
4� �.P��� I��Y�YP���3�3[����� SHU�Y�!�YP4� �� SHU�YS�� �Y�� �YP4� �� .P��� I��Y�YS���3[�5�� SHU�Y���YS
/H� GXH� SRVL]LRQL� YS� H� YP� LQGLFDQR� OD� UHJLRQH� GL� IXQ]LRQDPHQWR� LQ� FXL� OD� VSROHWWD� FKLXGH�HQWUDPEL� L� FRQGRWWL��(VVD� q�QHFHVVDULD�SHU� HYLWDUH� FKH�� D� FDXVD�GHOOH� WROOHUDQ]H� FRVWUXWWLYH�R�GHOO¶XVXUD�� VL� YHULILFKL� OD� FRQWHPSRUDQHD� DSHUWXUD� GL� HQWUDPEL� L� FRQGRWWL GL� LQJUHVVR� YHUVR�O¶XVFLWD��7DOH�VLWXD]LRQH�VDUHEEH�LQIDWWL�DQDORJD�D�XQD�VRUWD�GL�FRUWR�FLUFXLWR�LQ�XQ�GLVSRVLWLYR�HOHWWURQLFR��,�GDWL�VSHULPHQWDOL�LQGLFDQR�FKH�L�GXH�FRQGRWWL�QRQ�VRQR�SHUIHWWDPHQWH�VLPPHWULFL��VRQR�TXLQGL�SUHVHQWL� GXH� JXDGDJQL� GLYHUVL� .P�� H� .P�� FKH� SHUPHWWRQR� GL� ULFDYDUH� OD� SRUWDWD� 4� LQ�IXQ]LRQH�GHOOH�SUHVVLRQL�GL�IXQ]LRQDPHQWR��/D� SRVL]LRQH� GHOOD� VSROHWWD� q� LQIOXHQ]DWD� GDOOD� FRUUHQWH� GL� LQJUHVVR�� 3HU� PRGHOODUH� TXHVWR�DVSHWWR�� DEELDPR� FRQVLGHUDWR� XQ� VLVWHPD� FRQ� OD� PDVVD� GHOOD� VSROHWWD �PY��� XQD� PROOD� GL�ULFKLDPR� OLQHDUH� �GL� ULJLGLWj� NY��� XQ� DWWULWR� YLVFRVR� �EY��� XQ� DWWULWR� FRXORPELDQR� �EFY�� H� XQ�DWWULWR�GL�SULPR�GLVWDFFR��EGY���/D�PDVVD�VL�VSRVWD�D�FDXVD�GHOOD�IRU]D�JHQHUDWD�VX�GL�HVVD�SHU�HIIHWWR�GHOOD�FRUUHQWH�GL�LQJUHVVR��,Q� PDQFDQ]D� GL� LQIRUPD]LRQL� GHWWDJOLDWH�� TXHVWR� PRGHOOR� LQWXLWLYR� SHUPHWWH� GL� VSLHJDUH� H�UDSSUHVHQWDUH�LO�FRPSRUWDPHQWR�VWDWLFR�H�GLQDPLFR�GHOOD�YDOYROD�x /¶LVWHUHVL�QHOOD�FDUDWWHULVWLFD�VWDWLFD�q�GRYXWD�DOO¶DWWULWR�FRXORPELDQR�H�DOO¶DWWULWR�GL�SULPR�GLVWDFFR�x /D�]RQD�D�SRUWDWD�QXOOD��SHU�YS�� �Y�� �YP��q�GRYXWD�DOOD�IRUPD�GHOOD�VSROHWWD�FKH�GHYH�HVVHUH�LQ�JUDGR�GL�FKLXGHUH�HQWUDPEL�L�FRQGRWWL�GL�LQJUHVVR��x /D�VDWXUD]LRQH�GHOOD�SRUWDWD�SHU� FRUUHQWL� DOWH�R�EDVVH�q�GRYXWD�DOOH�GXH�SRVL]LRQL�GL� ILQH�FRUVD�GHOOD�VSROHWWD �ULVSHWWLYDPHQWH�YPD[�H�YPLQ��x ,O� FRPSRUWDPHQWR� GLQDPLFR� q� GRYXWR� DOOR� VSRVWDPHQWR� GHOOD� PDVVD� GHOOD� VSROHWWD� LQ�SUHVHQ]D�GHOOD�IRU]D�HVHUFLWDWD�DWWUDYHUVR�OD�FRUUHQWH��GHOOD�PROOD�H�GHJOL�DWWULWL���3HU� TXDQWR� GHWWR�� VXSSRQHQGR� OD� PROOD� NY� OLQHDUH�� O¶HTXD]LRQH� FKH� JRYHUQD� LO� PRWR� GHOOD�VSROHWWD�ULVXOWD�GDWD�GD���
PY�� DY  �'Y�� ,���)N[�� Y���EY�� YY ��EFY�� VLJQ�YY� �����
'RYH� DY H�YY UDSSUHVHQWDQR� ULVSHWWLYDPHQWH� O¶DFFHOHUD]LRQH� H� OD�YHORFLWj�GHOOD� VSROHWWD�QHOOD�GLUH]LRQH�Y��



/¶HTXD]LRQH�FKH�LQYHFH�GHVFULYH�OH�SRVL]LRQL�GL�ULSRVR�GHOOD�VSROHWWD�q�OD�VHJXHQWH�
'Y�� ,���)N[�� Y���EGY�� D  �� �����
'RYH�D UDSSUHVHQWD� XQ� FRHIILFLHQWH� FRPSUHVR� IUD� �� H� ±��� 6H�� SHU�PDQWHQHUH� O¶HTXLOLEULR��DVXSHUD�L�OLPLWL�LPSRVWL��OD�VSROHWWD�VL�PHWWH�LQ�PRWR H�O¶HTXD]LRQH�GD�XWLOL]]DUH�q�OD�������'DOO¶HTXD]LRQH� ������ VL� GHGXFH� FKH��D�SDUL�SRVL]LRQH�Y�� HVLVWH�XQ� LQWHUYDOOR�GL� FRUUHQWL� ,� FKH�SHUPHWWH�O¶HTXLOLEULR�GHOOD�VSROHWWD�D�FDXVD�GHOO¶DWWULWR�GL�SULPR�GLVWDFFR��,O�PRGHOOR� 3�2�*�� GHOOD� YDOYROD� q�PROWR� VLPLOH� D� TXHOOR� GHO� SLVWRQH� LQ� TXDQWR� HQWUDPEL� JOL�RJJHWWL� VL�PXRYRQR�VHJXHQGR� OHJJL�GHO� WXWWR�DQDORJKH��/D�GLIIHUHQ]D� IRQGDPHQWDOH� VWD�QHOOD�SRVVLELOLWj� GL� WUDVFXUDUH�� LQ� TXHVWR� FDVR�� JOL� HIIHWWL� GHO� IOXVVR� VL� ROLR� VXOOD� SRVL]LRQH� GHOOD�VSROHWWD�H�OD�WHQVLRQH�LQGRWWD�VXOO¶DYYROJLPHQWR�GDOOR�VSRVWDPHQWR�GHOOD�VSROHWWD��,O�PRGHOOR�q�ULSRUWDWR�LQ�ILJXUD�����

)LJXUD������PRGHOOR�3�2�*��GHOOD�YDOYROD�
,� FRHIILFLHQWL�GHO�PRGHOOR� VL�SRVVRQR�GLYLGHUH� LQ�SDUDPHWUL� VWDWLFL� H� LQ�SDUDPHWUL�GLQDPLFL�� ,�SULPL VRQR�x ,�JXDGDJQL�.P��H�.P��GHL�GXH�FRQGRWWL�GL�LQJUHVVR�x /H�IXQ]LRQL� I��H� I��FKH� LQGLFDQR� OD�SRUWDWD�4� LQ�XVFLWD� LQ� IXQ]LRQH�GHOOD�SRVL]LRQH�GHOOD�VSROHWWD�H�GHOOH�SUHVVLRQL�GL�DOLPHQWD]LRQH��x ,O�FRHIILFLHQWH�GL�DWWULWR�FRXORPELDQR�EFY��(VVR�SXz�LQIDWWL�HVVHUH�PLVXUDWR�D�SDUWLUH�GD�XQD�PLVXUD�VWDWLFD�QHOOD�TXDOH�JOL�HIIHWWL�GLQDPLFL�GRYXWL�DOOD�PDVVD�GHOOD�VSROHWWD�H�DOO¶DWWULWR�OLQHDUH�VRQR�WUDVFXUDELOL�x /D�FDUDWWHULVWLFD�GHOOD�PROOD�x /H�SRVL]LRQL�GL�ILQH�FRUVD�GHOOD�VSROHWWD��YPD[�H�YPLQ��x /¶DPSLH]]D�GHOOD�]RQD�PRUWD��YS�H�YP��x ,O�FRHIILFLHQWH�'Y��OLQHDUL]]DWR���FKH�HVSULPH�OD�IRU]D�JHQHUDWD�GDO�FDPSR�PDJQHWLFR�VXOOD�VSROHWWD�LQ�IXQ]LRQH�GHOOD�FRUUHQWH�,�x ,O�YDORUH�GL�RIIVHW�GHOOD�FRUUHQWH�
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7XWWL�TXHVWL�SDUDPHWUL�SRVVRQR�HVVHUH�GHWHUPLQDWL�ULFRUUHQGR�DOOD FDUDWWHULVWLFD�VWDWLFD�IRUQLWD�GDO�FRVWUXWWRUH�H�ULSRUWDWD�QHOOD�ILJXUD�����

)LJXUD������FDUDWWHULVWLFD�VWDWLFD�GL�LQJUHVVR�± XVFLWD�GHOOD�YDOYROD�
,�SDUDPHWUL�GLQDPLFL�GHOOD�YDOYROD�VRQR�x /D�PDVVD�GHOOD�VSROHWWD�x ,�FRHIILFLHQWL�GL�DWWULWR�OLQHDUH�EY�H GL�SULPR�GLVWDFFR�EGY�
7XWWL� TXHVWL� SDUDPHWUL� QRQ� VRQR� VWDWL� IRUQLWL� GDO� FRVWUXWWRUH�� SHUWDQWR� VRQR� VWDWL� VWLPDWL�DWWUDYHUVR�OH�VLPXOD]LRQL�,Q� SDUWLFRODUH�� O¶DVSHWWR� HVVHQ]LDOH� GHOOD� YDOYROD� q� OD� VXD� YHORFLWj� GL� ULVSRVWD�� 4XLQGL�� SHU�GHWHUPLQDUH�L�SDUDPHWUL�GLQDPLFL��DEELDPR�DSSURVVLPDWR�OD�YDOYROD�FRQ�XQ�VLVWHPD�OLQHDUH�GHO�VHFRQGR� RUGLQH� GL� WLSR� PDVVD� ± PROOD� ± DPPRUWL]]DWRUH�� 0HGLDQWH� OH� VLPXOD]LRQL� q� VWDWD�VWLPDWD� OD�YHORFLWj�GL� ULVSRVWD�GHOOD�YDOYROD�H�GL�FRQVHJXHQ]D�VRQR�VWDWL�FDOFRODWL� L�SDUDPHWULGLQDPLFL�



����$PELHQWH�GL�VLPXOD]LRQH
,� PRGHOOL� 3�2�*��� GHVFULWWL� QHL� SDUDJUDIL� SUHFHGHQWL�� VRQR� LO� SXQWR� GL� SDUWHQ]D� SHU� SRWHU�VLPXODUH� LO� FRPSRUWDPHQWR� GLQDPLFR� GHO� VLVWHPD�� /¶XVR� GHOOH� VLPXOD]LRQL� QHO� FDPSR� GHL�FRQWUROOL�DXWRPDWLFL�RIIUH�QXPHURVL�YDQWDJJL�x (¶�SRVVLELOH�YHULILFDUH� OD�TXDOLWj�GHO�PRGHOOR� UHDOL]]DWR� FRQIURQWDQGR� L� GDWL� VSHULPHQWDOL�FRQ�L�ULVXOWDWL�GHOOH�VLPXOD]LRQL��0DJJLRUH�q�LO�QXPHUR�GHL�GDWL�VSHULPHQWDOL��FRHUHQWL�IUD�ORUR��FLRq�PLVXUDWL�VXOOR�VWHVVR�VLVWHPD���PLJOLRUL�VRQR�OH�SRVVLELOLWj�GL�LQGLYLGXDUH�WXWWH�OH�FDUDWWHULVWLFKH�IRQGDPHQWDOL�FKH�FRQWUDGGLVWLQJXRQR�OD�GLQDPLFD�GHO�VLVWHPD��x /H� VLPXOD]LRQL� SHUPHWWRQR� OD� VWLPD� GHL� SDUDPHWUL� FKH� QRQ� VRQR� GLUHWWDPHQWH� YDOXWDELOL�DWWUDYHUVR�PLVXUH�VSHULPHQWDOL��x 8Q�PRGHOOR�YDOLGDWR�GDL� ULVXOWDWL� GHOOH� VLPXOD]LRQL�SHUPHWWH�XQD�PLJOLRUH� FRPSUHQVLRQH�GHO� VLVWHPD� GD� FRQWUROODUH�� (¶� SHUWDQWR� SRVVLELOH� FDSLUH� O¶HIIHWWR� GL� RJQL� SDUDPHWUR� GHO�VLVWHPD�H�IRUQLUH�XWLOL�LQGLFD]LRQL�SURJHWWXDOL�VXOOH�GLUH]LRQL�GL�LQWHUYHQWR�SHU�PLJOLRUDUH�OH�SUHVWD]LRQL���x 'DWR�FKH�LO�VLVWHPD�q�IRUWHPHQWH�QRQ�OLQHDUH��QRQ�HVLVWRQR�WHFQLFKH�WHRULFKH�VHPSOLFL�SHU�LO�SURJHWWR� GHL� UHJRODWRUL�� 3HU� TXHVWR� PRWLYR�� OH� VLPXOD]LRQL� UDSSUHVHQWDQR� XQ� PH]]R�HIILFDFH� H�YHORFH�SHU�YHULILFDUH� O¶HVDWWH]]D�GHL�FDOFROL� WHRULFL� H�SHU� VSHULPHQWDUH� WXWWH� OH�SRVVLELOL�VROX]LRQL�8QR�GHL�SULPL�SUREOHPL�GHO�PRGHOOR�q� VWDWD� OD� VLPXOD]LRQH�GHL� IHQRPHQL�GL� DWWULWR�GL�SULPR�GLVWDFFR� H� FRXORPELDQR�� /D� ILJXUD� ���� ULSRUWD� OR� VFKHPD� 6LPXOLQN� SHU� LO� VRWWRVLVWHPD� FKH�GHVFULYH�L�VXGGHWWL�IHQRPHQL�GL�DWWULWR�/D�YHORFLWj�GHOOD�PDVVD�GHWHUPLQD�OD�IRU]D�GL�DWWULWR�FKH�DJLVFH�VX�GL�HVVD��4XDQGR�OD�YHORFLWj�q�GLYHUVD�GD� ]HUR�� DJLVFH� O¶DWWULWR� FRXORPELDQR��(VVR� q�GDWR�GD�XQD� IRU]D� FRVWDQWH� �EF�� FKH� VL�RSSRQH�DO�PRWR��(VVD�YLHQH�VRWWUDWWD�D�WXWWH�OH�DOWUH�IRU]H�SUHVHQWL�LQ�LQJUHVVR�H�FKH�DJLVFRQR�VXOOD�PDVVD��/D� IRU]D�)W�GL�XVFLWD� UDSSUHVHQWD� OD� ULVXOWDQWH�GL� WXWWH� OH� IRU]H�FKH�GHWHUPLQDQR�O¶DFFHOHUD]LRQH�GHOOD�PDVVD�



)LJXUD������VFKHPD�6LPXOLQN�SHU�OD�VLPXOD]LRQH�JOL�DWWULWL�GL�SULPR�GLVWDFFR�H�FRXORPELDQL���
1RQ�DSSHQD�OD�PDVVD�VL�IHUPD��LQWHUYLHQH�O¶DWWULWR�GL�SULPR�GLVWDFFR��,Q�GHWWDJOLR��VH�OD�VRPPD�GHOOH� IRU]H�GL� LQJUHVVR� q� LQIHULRUH� DOOD� VRJOLD� �EG��QHFHVVDULD� D�PXRYHUH� O¶RJJHWWR�� OD�PDVVD�ULPDQH�IHUPD��1RQ�DSSHQD�OH�IRU]H�GL�LQJUHVVR�VXSHUDQR�LO�YDORUH�OLPLWH�EG��OD�PDVVD�VL�PHWWH�LQ�PRWR�H�VL�ULFDGH�QHO�FDVR�SUHFHGHQWH��/¶DWWULWR�GL�SULPR�GLVWDFFR�SXz�DQFKH�DJLUH�SHU�LO�VROR�LVWDQWH�LQ�FXL�OD�PDVVD�VL�IHUPD�SHU�LQYHUWLUH�LO�PRWR���/D�ILJXUD������UDSSUHVHQWD� OR�VFKHPD�6LPXOLQN�GHOOD�SDUWH�PHFFDQLFD�H�GHOOD�SDUWH� LGUDXOLFD�GHO� VLVWHPD�� 4XHVWR� VFKHPD� q� HVDWWDPHQWH� OD� WUDVSRVL]LRQH� GHL� PRGHOOL� 3�2�*�� GHVFULWWL� LQ�SUHFHGHQ]D�� 6L� SXz� QRWDUH� LQ� SDUWLFRODUH� LO� EORFFR� FKH� SHUPHWWH� OD� VLPXOD]LRQH� GHOO¶DWWULWR�VWDWLFR�VXO�SLVWRQH�/D�ILJXUD������ULSRUWD� OR�VFKHPD�6LPXOLQN�GHOOD�YDOYROD��6L�SRVVRQR�FKLDUDPHQWH�QRWDUH�GXH�VH]LRQL�GLVWLQWH��/D�SULPD�GHVFULYH�OD�GLQDPLFD�GHOOD�VSROHWWD�SHU�HIIHWWR�GHO�FDPSR�PDJQHWLFR��GHJOL�DWWULWL�H�GHOOD�PROOD��/D�VHFRQGD�HVSULPH�LQYHFH�LO�OHJDPH�IUD�OD�SRVL]LRQH�GHOOD�VSROHWWD�H�OD�SRUWDWD�LQ�XVFLWD�GHOOD�YDOYROD�



)LJXUD�������VFKHPD�6LPXOLQN�GHOOH�SDUWL�PHFFDQLFD�H�LGUDXOLFD�



)LJXUD�������VFKHPD�6LPXOLQN�GHOOD�YDOYROD�



&21752//2�)5,=,21(�$07
����5HJRODWRUH�FRQ�UHWH�DQWLFLSDWULFH
3HU� YHORFL]]DUH� O¶LQVHJXLPHQWR� GHO� ULIHULPHQWR� VL� SXz� XWLOL]]DUH� XQ� UHJRODWRUH� FRQ� XQD� UHWH�DQWLFLSDWULFH�� 1HL� VLVWHPL� OLQHDUL� TXHVWD� VHPSOLFH� VROX]LRQH� SHUPHWWH� LQ� PROWL� FDVL� GL�PLJOLRUDUH�OH�SUHVWD]LRQL�GHO�VLVWHPD�UHWURD]LRQDWR��(VVD�LQIDWWL��TXDQGR�SXz�HVVHUH�XWLOL]]DWD��DOODUJD�OD�EDQGD�GHO�VLVWHPD�H�LQWURGXFH�XQ�DQWLFLSR�GL�IDVH�FKH�SHUPHWWH�GL�XWLOL]]DUH�JXDGDJQL�SL��HOHYDWL�VHQ]D�SUHJLXGLFDUH�OD�VWDELOLWj�GHO�VLVWHPD��/R�VFKHPD�GHO�UHJRODWRUH�q�ULSRUWDWR�QHOOD�ILJXUD������(VVR�q�FDUDWWHUL]]DWR�GD�GXH�HOHPHQWL��XQ�DPSOLILFDWRUH� OLQHDUH� GL� JXDGDJQR� .S� H� GDOOD� UHWH� DQWLFLSDWULFH�� OD� FXL� IXQ]LRQH� GL�WUDVIHULPHQWR�FRQWLHQH�XQR�]HUR�H�XQ�SROR�

)LJXUD������VFKHPD�GHO�UHJRODWRUH�FRQ�UHWH�DQWLFLSDWULFH�
3HU�TXDQWR�ULJXDUGD�L�VLVWHPL�QRQ�OLQHDUL��PDQFD�XQ�VXSSRUWR�WHRULFR�SHU�LO�GLPHQVLRQDPHQWR�GHOOH� UHWL� DQWLFLSDWULFL��2FFRUUH� TXLQGL� DQDOL]]DUH� LO� FRPSRUWDPHQWR� GHJOL� HOHPHQWL� GLQDPLFL�GHO�VLVWHPD��LQ�SDUWLFRODUH�GHOOD�YDOYROD��FHUFDQGR�XQD�VROX]LRQH�UDJLRQHYROH��,O� FRPSRUWDPHQWR� GLQDPLFR� GHOOD� YDOYROD� SXz� HVVHUH� GHVFULWWR�� LQ� SULPD� DSSURVVLPD]LRQH��PHGLDQWH�XQD�IXQ]LRQH�GL�WUDVIHULPHQWR�GHO�VHFRQGR�RUGLQH�FRQ�GXH�SROL��/D�UHWH�DQWLFLSDWULFH�q�VWDWD�FDOFRODWD�SRQHQGR�OR�]HUR�LQ�SURVVLPLWj�GHL�GXH�SROL�GHOOD�YDOYROD�H�LO�SROR�XQD�GHFDGH�ROWUH� OR� ]HUR�� �6RVWDQ]LDOPHQWH� OR� ]HUR�GHOOD� UHWH�DQWLFLSDWULFH� WHQGH� D� FDQFHOODUH� O¶HIIHWWR�GL�XQR�GHL�GXH�SROL�GHOOD�YDOYROD��VSRVWDQGROR�GL�XQD�GHFDGH�YHUVR�OH�IUHTXHQ]H�SL��DOWH�'DWR�FKH�QHOOD� UHDOWj� OD�YDOYROD�q�QRQ� OLQHDUH�H� OH�VXH�FDUDWWHULVWLFKH�YDULDQR�GD�FDPSLRQH�D�FDPSLRQH��OR�]HUR�GHOOD�UHWH�DQWLFLSDWULFH�q�VWDWR�VFHOWR�FRQ�XQ�YDORUH�VLPLOH��PD�QRQ�XJXDOH�D�XQR�GHL�GXH�SROL�GHOOD�YDOYROD��&RPH�LQGLFDWR�QHOOD�ILJXUD������O¶HIIHWWR�GHOOD�UHWH�DQWLFLSDWULFH�q�TXHOOR�GL�DOODUJDUH�OD�EDQGD�GHOOD� YDOYROD� H� LQWURGXUUH� XQ� DQWLFLSR� GL� IDVH� FKH� KD� XQ� HIIHWWR� VWDELOL]]DQWH� VXO� VLVWHPD� LQ�HVDPH��2FFRUUH�FRPXQTXH�ULFRUGDUH�FKH�O¶DQDOLVL�DWWUDYHUVR�OH�IXQ]LRQL�GL�WUDVIHULPHQWR�q��FRQ�TXHVWR�VLVWHPD�QRQ�OLQHDUH��VROWDQWR�LQGLFDWLYD����

.S
*XDGDJQRSURSRU]LRQDOH

5HWHDQWLFLSDWULFH
(UURUH�GLSRVL]LRQH

3RVL]LRQHGHO�SLVWRQH &RUUHQWH�GLFRQWUROOR

5LIHULPHQWRGL�SRVL]LRQH 2IIVHW�GLFRUUHQWH

6LVWHPD�GL�FRPDQGR�GHOOD�IUL]LRQH



)LJXUD������GLDJUDPPL�GL�%RGH�UHODWLYL�DOOD�UHWH�DQWLFLSDWULFH�
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6SRVWDQGR� LO�SROR�GHOOD� UHWH�DQWLFLSDWULFH�YHUVR�IUHTXHQ]H�SL��HOHYDWH�VL�RWWLHQH�XQ�PDJJLRUH�DQWLFLSR�GL� IDVH� H�XQ�XOWHULRUH DOODUJDPHQWR�GHOOD�EDQGD��1RQ�q� FRQVLJOLDELOH� VHJXLUH�TXHVWD�SRVVLELOLWj�SHUFKp�XQD�UHWH�DQWLFLSDWULFH�FRQ�XQ JXDGDJQR�WURSSR�DOWR��q�OHJDWR�DOOD�GLVWDQ]D�IUD�LO� SROR� H� OR� ]HUR�� SXz� DPSOLILFDUH� WURSSR� JOL� HYHQWXDOL� GLVWXUEL� DOOH� DOWH� IUHTXHQ]H��LQGLFDWLYDPHQWH�VRSUD�LO�SROR��FDXVDQGR�FRVu�SUREOHPL�DO�VLVWHPD�'DWR� FKH� LO� GLPHQVLRQDPHQWR� GHOOD� UHWH� DQWLFLSDWULFH� q� VWDWR� IDWWR� WHQHQGR� FRQWR� GHOOH�FDUDWWHULVWLFKH�GLQDPLFKH�GHOOD�YDOYROD��OD�VWHVVD�UHWH�VDUj�XWLOL]]DWD�QHO�UHJRODWRUH�VXO�VLVWHPD�FRQ�LO�VHQVRUH GL�SUHVVLRQH��PD�FRQ�XQD�FROORFD]LRQH�GLYHUVD�,O� JXDGDJQR�.S� GHOO¶DPSOLILFDWRUH� OLQHDUH� q� VWDWR� VFHOWR� LQ�PRGR� GD� ULGXUUH� LO� SL�� SRVVLELOH�O¶HUURUH�D�UHJLPH��D�SLVWRQH�IHUPR��H�LO�ULWDUGR�GL�LQVHJXLPHQWR�GHOOH�UDPSH��VHQ]D�LQWURGXUUH�RVFLOOD]LRQL�H�OLPLWDQGR�JOL�RYHUVKRRW�3HU� RVVHUYDUH� O¶HIIHWWR� GHO� UHJRODWRUH� VXO� FRPSRUWDPHQWR� GHO� VLVWHPD�� DEELDPR� GHILQLWR� XQ�ULIHULPHQWR�GL�SRVL]LRQH�FRVWLWXLWR�GD��ILJXUD������x 'XH�LPSXOVL�UHWWDQJRODUL�GL�GLYHUVD�GXUDWD�x 'XH�UDPSH�LQ�VDOLWD�H�GXH�LQ�GLVFHVD�GL�GLYHUVD�SHQGHQ]D�x 8QD�VHULH�GL�JUDGLQL�LQ�VDOLWD�H�LQ�GLVFHVD�x 8QD�VHULH�GL�UDPSH�LQ�VDOLWD�H�LQ�GLVFHVD�
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4XHVWR�ULIHULPHQWR��LQGLFDWR�LQ�EOX�LQ�WXWWH�OH�ILJXUH�VHJXHQWL��q�VWDWR�GDWR�FRPH�LQJUHVVR�VLD�DO�PRGHOOR� GHO� VLVWHPD� RULJLQDOH�� VLD� DO� VLVWHPD� FRQ� LO� UHJRODWRUH�� 1HOOH� ILJXUH� VHJXHQWL�� OD�ULVSRVWD�GHO�PRGHOOR�RULJLQDOH�q�LQGLFDWD�LQ�YHUGH��PHQWUH�TXHOOD�GHO�VLVWHPD�FRQ�LO�UHJRODWRUH�q�UDSSUHVHQWDWD�LQ�URVVR�,O�ULIHULPHQWR�q�VWDWR�GHILQLWR�FRQ�LO�VROR�VFRSR�GL�FRQIURQWDUH�LO�FRPSRUWDPHQWR�GHO�PRGHOOR�FRQ� H� VHQ]D� LO� UHJRODWRUH� D� IURQWH� GL� VHJQDOL� WLSLFL�� 1RQ� q� TXLQGL� FRUUHODWR� DOOH�PDQRYUH� GL�FDPELR�PDUFLD�R�DOOH�SDUWHQ]H�4XHVWR� VWHVVR� ULIHULPHQWR� VDUj� XVDWR� DQFKH� SHU� YDOXWDUH� LO� FRPSRUWDPHQWR� GHJOL� DOWUL�UHJRODWRUL��LQ�PRGR�GD�UHQGHUH�FRQIURQWDELOL�L�ULVXOWDWL�/D� ULVSRVWD� DL� SULPL� GXH� JUDGLQL� �ILJXUD� ����� HYLGHQ]LD� XQ� DVSHWWR� PROWR� VLJQLILFDWLYR� GHO�VLVWHPD��OD�YHORFLWj�GL�ULVSRVWD�PDVVLPD�q�FRQGL]LRQDWD�GDOOD�PDVVLPD�DSHUWXUD�SRVVLELOH�GHOOD�YDOYROD��3HUWDQWR�XQ�LPSXOVR�WURSSR�EUHYH�ULVSHWWR�DOOR�VSRVWDPHQWR�ULFKLHVWR�QRQ�SXz�HVVHUH�VHJXLWR�QHSSXUH�FRQ�O¶LQWURGX]LRQH�GHO�UHJRODWRUH��(¶�SRVVLELOH�SHUz�RVVHUYDUH�FKH�LO�UHJRODWRUH�SHUPHWWH�GL�RWWHQHUH�XQD�ULVSRVWD��FKH�VL�DVVHVWD�FRQ� XQ� RYHUVKRRW� PLQRUH� ULVSHWWR� DO� VLVWHPD� RULJLQDOH�� PROWR� YLFLQD� DOOD� SRVL]LRQH� YROXWD��/¶HUURUH�UHVLGXR�q�GRYXWR�DOOD�LPSRVVLELOLWj�GL�DXPHQWDUH�D�SLDFHUH�LO�JXDGDJQR�.S�

)LJXUD������FRQIURQWR�IUD�OH�ULVSRVWH�D�LPSXOVL�GL�GLYHUVD�GXUDWD�
/D� OLPLWD]LRQH� VXO� PDVVLPR� JUDGR� GL DSHUWXUD� GHOOD� YDOYROD� VL� PDQLIHVWD� DQFKH�QHOO¶LQVHJXLPHQWR�GL�UDPSH�PROWR�YHORFL��ILJXUD�������,Q�TXHVWR�FDVR�SHUz�O¶HIIHWWR�GHOOD�UHWH�DQWLFLSDWULFH�H�GHO�JXDGDJQR�SL��HOHYDWR�VRQR�HYLGHQWL��LO�ULWDUGR�GL�LQVHJXLPHQWR�GHOOD�UDPSD�q�PROWR�LQIHULRUH�ULVSHWWR�D�TXHOOR�GHO�VLVWHPD�RULJLQDOH��



)LJXUD������FRQIURQWR�VXOO¶LQVHJXLPHQWR�GL�XQD�UDPSD�YHORFH�
,O� VLVWHPD� FRQ� OD� UHWH� DQWLFLSDWULFH� q� LQ� JUDGR� GL� VHJXLUH� PHJOLR� DQFKH� OH� UDPSH� SL�� OHQWH��ILJXUH����� H�������/¶XQLFR�GLIHWWR� HYLGHQWH� VL� RVVHUYD�QHOOD�SULPD� IDVH�GL� VDOLWD� GHOOD� UDPSD�TXDQGR� LO� SLVWRQH� VL� WURYD� QHOOD� VXD� SRVL]LRQH� SL�� DUUHWUDWD�� FRPSDLRQR� LQIDWWL� GHOOH� SLFFROH�RVFLOOD]LRQL�FKH�VL�DWWHQXDQR�PDQR�D�PDQR�FKH�LO�SLVWRQH�DYDQ]D�4XHVWR� FRPSRUWDPHQWR� q� GRYXWR� LQ� SDUWH� DOOD� UHOD]LRQH� IUD� OD� SRUWDWD� H� OD� GLIIHUHQ]D� GL�SUHVVLRQH�IUD�L�FRQGRWWL�TXDQGR�OD�YDOYROD�VL�DSUH�YHUVR�3�4�# .P�,�VTUW��3�3[��,O� JXDGDJQR� .P� GHOOD� YDOYROD� q� PROWLSOLFDWR� SHU� OD� UDGLFH� GL� 3�3[�� 4XLQGL� LO� JXDGDJQR�FRPSOHVVLYR�GHO�VLVWHPD�QRQ�GLSHQGH�VROWDQWR�GD�.S�H�GD�.P��PD�DQFKH�GDOOD�GLIIHUHQ]D�GL�SUHVVLRQH�3�3[��4XDQGR� LO� SLVWRQH� VL� WURYD� QHOOD� VXD� SRVL]LRQH� SL�� DUUHWUDWD� OD� SUHVVLRQH� 3[� QHO� FLOLQGUR� q�XJXDOH�D�5���EDU���1RQ�DSSHQD�OD�YDOYROD�VL�DSUH�YHUVR�3����EDU��LO�JXDGDJQR�FRPSOHVVLYR�GHO�VLVWHPD�q�TXHOOR�PDVVLPR�SRVVLELOH� LQ�TXHVWH�FRQGL]LRQL�H�SHUWDQWR�FRPSDLRQR�GHOOH�SLFFROH�RVFLOOD]LRQL��4XDQGR�LO�SLVWRQH�VL�VSRVWD��3[�DXPHQWD�H�LO�JXDGDJQR�FRPSOHVVLYR�GLPLQXLVFH��IDFHQGR�FRVu�VFRPSDULUH�OH�RVFLOOD]LRQL�4XHVWD� DQDOLVL� q� FRQIHUPDWD� GDO� JUDILFR� GHOOD� UDPSD� LQ� GLVFHVD� �ILJXUD� ����� GRYH� QRQ� VL�RVVHUYDQR�RVFLOOD]LRQL�SHUFKp�OD�GLIIHUHQ]D�GL�SUHVVLRQH�PDVVLPD�q�GL�FLUFD���EDU��OD�SUHVVLRQH�3[�QHO�FLOLQGUR�QHOOD�SRVL]LRQH�SL��DYDQ]DWD�q�GL�FLUFD���EDU����



)LJXUD������FRQIURQWR�VXOO¶LQVHJXLPHQWR�GL�XQD�UDPSD�OHQWD�LQ�VDOLWD�

)LJXUD������FRQIURQWR�VXOO¶LQVHJXLPHQWR�GL�XQD�UDPSD�OHQWD�LQ�GLVFHVD�



/H� ILJXUH����������H������PRVWUDQR� OH�FDSDFLWj�GHO� VLVWHPD�FRQ� LO� UHJRODWRUH�GL� VHJXLUH�EUHYL�UDPSH�H�JUDGLQL�FRQ�SLFFROL�RYHUVKRRW�H�FRQ�XQD�GLVFUHWD�SUHFLVLRQH�QHOOD�SRVL]LRQH�ILQDOH�/D�ILJXUD������PRVWUD�OD�FDSDFLWj�GHO�VLVWHPD�FRQ�UHWH�DQWLFLSDWULFH�GL�YHORFL]]DUH�OD�ULVSRVWD�DSUHQGR�DO�PDVVLPR�OD�YDOYROD��,Q�EOX�q�LQGLFDWR�LQ�ULIHULPHQWR��JOL�LPSXOVL�LQ�YHUGH�LQGLFDQR�OD� VDWXUD]LRQH� GHOOD� YDOYROD� QHO� VLVWHPD� RULJLQDOH� H� TXHOOL LQ� URVVR� OD� VDWXUD]LRQH� FRQ� LO�UHJRODWRUH��6L�SXz�QRWDUH�� LQ�SDUWLFRODUH�� FKH� OD�YDOYROD�YLHQH�DSHUWD�DO�PDVVLPR�SHU� LQVHJXLUH� OH� UDPSH�PROWR�YHORFL�R�L�JUDGLQL�DQFKH�VH�GL�SLFFROD�GLPHQVLRQH��

)LJXUD������LQVHJXLPHQWR�GL�XQD�VHTXHQ]D�GL�JUDGLQL�



)LJXUD������LQVHJXLPHQWR�VL�XQD�VHTXHQ]D�GL�UDPSH�LQ�VDOLWD�

)LJXUD�������LQVHJXLPHQWR�VL�XQD�VHTXHQ]D�GL�UDPSH�LQ�GLVFHVD�



)LJXUD�������VDWXUD]LRQH�QHOO¶DSHUWXUD�GHOOD�YDOYROD�



����5HJRODWRUH�FRQ�VHQVRUH�GL�SUHVVLRQH
/D�SRVL]LRQH�GHO�SLVWRQH�GLSHQGH�HVVHQ]LDOPHQWH�GDOOD�SUHVVLRQH�LQWHUQD�DO�FLOLQGUR��5LOHYDQGR�WDOH�LQIRUPD]LRQH�PHGLDQWH�XQ�VHQVRUH��q�SRVVLELOH�FRQWUROODUH�O¶DQGDPHQWR�GHOOD�SUHVVLRQH�QHO�WHPSR�DOOR�VFRSR�GL�DLXWDUH�LO�FRQWUROOR�GL�SRVL]LRQH��2WWLPL]]DQGR�LO�FRQWUROOR�VXOOD�SUHVVLRQH��VL�PLJOLRUDQR�OH�SUHVWD]LRQL�GHOOD�SDUWH�LGUDXOLFD�GHO�VLVWHPD�H��QHOOH�VLPXOD]LRQL��VL�RWWLHQH�XQ�VLJQLILFDWLYR�PLJOLRUDPHQWR�GHO�FRPSRUWDPHQWR�GHOO¶LQWHUR�VLVWHPD��

)LJXUD�������VFKHPD�GHO�UHJRODWRUH�FRQ�VHQVRUH�GL�SUHVVLRQH�

5HWHDQWLFLSDWULFH

(UURUH�GLSRVL]LRQH

&RUUHQWH�GL FRQWUROOR

5LIHULPHQWR�GL�SRVL]LRQH

5HOD]LRQH�VWDWLFDSRVL]LRQH�SUHVVLRQH

5LIHULPHQWRGL�SUHVVLRQH

3RVL]LRQH�GHO�SLVWRQH

3UHVVLRQH�QHO�FLOLQGUR
(UURUH�GLSUHVVLRQH

.S

2IIVHW�GLFRUUHQWH

.S 3DUWHPHFFDQLFD

3DUWHLGUDXOLFD



,O� UHJRODWRUH� SL�� VHPSOLFH� q� FRVWLWXLWR� GD� GXH� DQHOOL� GL� UHWURD]LRQH� FRQFHQWULFL�� /¶DQHOOR� SL��HVWHUQR� ULOHYD� OD� SRVL]LRQH� GHO� SLVWRQH� H�� FRQIURQWDQGROD� FRQ� TXHOOD� GHVLGHUDWD�� JHQHUD� XQ�ULIHULPHQWR�GL�SUHVVLRQH�SHU�O¶DQHOOR�SL��LQWHUQR��4XHVW¶XOWLPR�LQWHUYLHQH�VXOOD�SDUWH�LGUDXOLFD�GHO� VLVWHPD� H� FHUFD� GL� LQVHJXLUH� LO� ULIHULPHQWR� GL� SUHVVLRQH� JHQHUDWR� GDOO¶DQHOOR� HVWHUQR�� /R�VFKHPD�GHVFULWWR�q�UDSSUHVHQWDWR�QHOOD�ILJXUD������,Q� SULPD� DSSURVVLPD]LRQH�� FRQRVFHQGR� LO� ULIHULPHQWR� GL� SRVL]LRQH� q� SRVVLELOH� ULVDOLUH� DOOD�SUHVVLRQH� FKH� VL� GHYH� DYHUH� QHO� FLOLQGUR�� ,O� VLVWHPD� FHUFD� TXLQGL� GL� SRUWDUH� OD� SUHVVLRQH� DO�YDORUH�GHVLGHUDWR�SL��YHORFHPHQWH�SRVVLELOH��$�TXHVWR�SXQWR�OD�SRVL]LRQH�GHO�SLVWRQH�q�FRUUHWWD�GDOOD� UHWURD]LRQH� HVWHUQD� FKH� FRPSHQVD�� LQ� SDUWLFRODUH� OH� QRQ� OLQHDULWj� GRYXWH� DOOH�FDUDWWHULVWLFKH�GHOOH�PROOH��/¶DQHOOR� GL� UHWURD]LRQH� LQWHUQR� q� FDUDWWHUL]]DWR� GD� GXH� HOHPHQWL�� XQ� DPSOLILFDWRUH� OLQHDUH� GL�JXDGDJQR�.S[�H�GD�XQD�UHWH�DQWLFLSDWULFH��3HU� ULGXUUH� LO�SL��SRVVLELOH� O¶HUURUH�GL�SUHVVLRQH�q�QHFHVVDULR� DXPHQWDUH� LO� JXDGDJQR� .S[� PDQWHQHQGR� VWDELOH� LO� VLVWHPD�� /R� VFRSR� GHOOD� UHWH�DQWLFLSDWULFH� q� DSSXQWR� TXHOOR� GL� YHORFL]]DUH� LO� FRPSRUWDPHQWR� GHOOD� SDUWH� LGUDXOLFD� H� GL�VWDELOL]]DUH�OD�UHWURD]LRQH�DQFKH�TXDQGR�LO�JXDGDJQR�.S[�q�HOHYDWR�/¶DQHOOR�HVWHUQR�GHYH�JHQHUDUH�LO�ULIHULPHQWR�GL�SUHVVLRQH�FRQRVFHQGR�OD�SRVL]LRQH�GHVLGHUDWD�GHO� SLVWRQH�� ,O�PRGR�SL�� VHPSOLFH�SHU�RWWHQHUH�TXHVWR� ULVXOWDWR� q�XWLOL]]DUH� OH� FDUDWWHULVWLFKH�GHOOH� PROOH� FKH� HVSULPRQR� OD� IRU]D� JHQHUDWD� VXO� SLVWRQH� DO� YDULDUH� GHOOD� SRVL]LRQH�6WDWLFDPHQWH�� D�PHQR�GHJOL� DWWULWL�� OD� IRU]D� LPSUHVVD�GDOOH�PROOH�q�ELODQFLDWD�GDOOD�SUHVVLRQH�QHO�FLOLQGUR��6L�RWWLHQH�SHUWDQWR�OD�UHOD]LRQH�VWDWLFD�IUD�SRVL]LRQH�YROXWD�H�SUHVVLRQH�QHFHVVDULD��/D� UHOD]LRQH�GHVFULWWD�QRQ�q�SHUz� VXIILFLHQWH�SHU� OD�JHQHUD]LRQH�GHO� ULIHULPHQWR�GL�SUHVVLRQH�SHU�GXH�PRWLYL��$Q]LWXWWR��HVLVWH�XQ�LQWHUYDOOR�GL�YDORUL�GL�SUHVVLRQH�D�FXL�FRUULVSRQGRQR��SHU�HIIHWWR�GHOOH�QRQ� OLQHDULWj�GHOOH�PROOH�� WUH�GLYHUVH�SRVL]LRQL�GHO�SLVWRQH�� ,O� VHFRQGR�PRWLYR�q�OHJDWR�DO�SUREOHPD�GL�GHWHUPLQDUH�FRQ�SUHFLVLRQH�OD�FDUDWWHULVWLFD�GHOOH�PROOH�QHO�VLVWHPD�UHDOH��3HU� JHQHUDUH� GXQTXH� LO� ULIHULPHQWR� GL� SUHVVLRQH� FRUUHWWR�� q� QHFHVVDULR� LQWURGXUUH�O¶DPSOLILFDWRUH�OLQHDUH�GL�JXDGDJQR�.S���/¶HUURUH� GL� SRVL]LRQH� D� SLVWRQH� IHUPR� q� DSSURVVLPDWLYDPHQWH� WDQWR� SL�� SLFFROR� TXDQWR� SL��HOHYDWR�q� LO�JXDGDJQR�.S�PD�TXHVW¶XOWLPR��SHU�PDQWHQHUH� LO� VLVWHPD�VWDELOH��QRQ�SXz�HVVHUH�DXPHQWDWR� D� SLDFHUH�� 6H� OD� UHOD]LRQH� IUD� SRVL]LRQH� H� SUHVVLRQH� IRVVH� QRWD� HVDWWDPHQWH��YDOXWDQGR�WXWWH�OH�FDUDWWHULVWLFKH�GHO�VLVWHPD�H�TXLQGL�DQFKH�JOL�DWWULWL���VL�JHQHUHUHEEH�VHPSUH�LO�ULIHULPHQWR�GL�SUHVVLRQH�FRUUHWWR��O¶XVFLWD�GHOO¶DPSOLILFDWRUH�VDUHEEH�GXQTXH�QXOOD�FRVu�FRPH�O¶HUURUH�GL�SRVL]LRQH�D�SLVWRQH�IHUPR�H�QRQ�VDUHEEH�QHFHVVDULR�XQ�JXDGDJQR�.S�HOHYDWR��4XHVWL�PRWLYL�VRWWROLQHDQR�O¶LPSRUWDQ]D�GHOO¶D]LRQH�LQ�DYDQWL�RWWHQXWD�DWWUDYHUVR�OD�UHOD]LRQH�VWDWLFD� IUD� SRVL]LRQH� H� SUHVVLRQH��1HOOH� VLPXOD]LRQL� q� SRVVLELOH� RVVHUYDUH� FKH�� SHU� DYHUH� XQ�HUURUH� GL� SRVL]LRQH� SLFFROR�� q� VXIILFLHQWH� DQFKH� XQD� FRQRVFHQ]D� DSSURVVLPDWLYD� GHOOD�FDUDWWHULVWLFD�GHOOH�PROOH��
&DOFROR�GHL�SDUDPHWUL�GHO�UHJRODWRUH,O�UHJRODWRUH�LQ�HVDPH�q�FDUDWWHUL]]DWR�GDL�GXH�JXDGDJQL�.S�H�.S[��GDOOR�]HUR�H�GDO�SROR�GHOOD�IXQ]LRQH� GL� WUDVIHULPHQWR� GHOOD� UHWH� DQWLFLSDWULFH� H� GDOOD� UHOD]LRQH� VWDWLFD� IUD� SRVL]LRQH� H�SUHVVLRQH��,O� FRPSRUWDPHQWR� GLQDPLFR� GHOOD� YDOYROD� SXz� HVVHUH� GHVFULWWR�� LQ� SULPD� DSSURVVLPD]LRQH��PHGLDQWH�XQD�IXQ]LRQH�GL�WUDVIHULPHQWR�GHO�VHFRQGR�RUGLQH�FRQ�GXH�SROL��/D�UHWH�DQWLFLSDWULFH�q�VWDWD�FDOFRODWD�SRQHQGR�OR�]HUR�LQ�SURVVLPLWj�GHL�GXH�SROL�GHOOD�YDOYROD�H�LO�SROR�XQD�GHFDGH�ROWUH� OR� ]HUR�� �6RVWDQ]LDOPHQWH� OR� ]HUR�GHOOD� UHWH�DQWLFLSDWULFH� WHQGH� D� FDQFHOODUH� O¶HIIHWWR�GL�XQR�GHL�GXH�SROL�GHOOD�YDOYROD��VSRVWDQGROR�GL�XQD�GHFDGH�YHUVR�OH�IUHTXHQ]H�SL��DOWH�



'DWR�FKH�QHOOD� UHDOWj� OD�YDOYROD�q�QRQ� OLQHDUH�H� OH�VXH�FDUDWWHULVWLFKH�YDULDQR�GD�FDPSLRQH�D�FDPSLRQH��OR�]HUR�GHOOD�UHWH�DQWLFLSDWULFH�q�VWDWR�VFHOWR�FRQ�XQ�YDORUH�VLPLOH��PD�QRQ�XJXDOH�D�XQR�GHL�GXH�SROL�GHOOD�YDOYROD��/D� UHWH� DQWLFLSDWULFH� GHVFULWWD� q� GHO� WXWWR� DQDORJD� D� TXHOOD� UDSSUHVHQWDWD� LQ� ILJXUD� ����UHODWLYDPHQWH�DO�UHJRODWRUH�FRQ�OD�VROD�UHWH�DQWLFLSDWULFH�/¶HIIHWWR�GHOOD� UHWH� DQWLFLSDWULFH� q�TXHOOR�GL� DOODUJDUH� OD�EDQGD�GHOOD�YDOYROD� H� LQWURGXUUH�XQ�DQWLFLSR� GL� IDVH� FKH� KD� XQ� HIIHWWR� VWDELOL]]DQWH� VXO� VLVWHPD� LQ� HVDPH�� 2FFRUUH� FRPXQTXH�ULFRUGDUH�FKH�O¶DQDOLVL�DWWUDYHUVR�OH�IXQ]LRQL�GL�WUDVIHULPHQWR�q��FRQ�TXHVWR�VLVWHPD�QRQ�OLQHDUH��VROWDQWR�DSSURVVLPDWLYD����,O�YDORUH�GHO�JXDGDJQR�.S[�q�VWDWR�FDOFRODWR�VLPXODQGR�LO�FRPSRUWDPHQWR�GHO�VLVWHPD�FRQ�OD�VROD�UHWURD]LRQH�VXOOD�SUHVVLRQH��TXLQGL�FRQ�.S ��&RPH�VL�SXz�QRWDUH�GDOOD�ILJXUD�������O¶DQGDPHQWR�GHOOD�SUHVVLRQH�QHO�WHPSR�q�FDUDWWHUL]]DWR�GD� HYLGHQWL� RVFLOOD]LRQL�� (VVH� SHUz� VRQR� ILOWUDWH� GDOOD� SDUWH� PHFFDQLFD� H� SHUWDQWR� SRVVRQR�HVVHUH�WROOHUDWH�SHUFKq�OD�ULVSRVWD�GHO�VLVWHPD�q�PROWR�SL��YHORFH�

)LJXUD��������LQVHJXLPHQWR�GHO�ULIHULPHQWR�GL�SUHVVLRQH�H�FRUULVSRQGHQWH�SRVL]LRQH�GHO�SLVWRQH
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)LJXUD�������DSSURVVLPD]LRQH�GHOOD�FDUDWWHULVWLFD�GHOOD�PROOD�

)LJXUD�������RVFLOOD]LRQL�QHOO¶LQVHJXLPHQWR�GHOOH�UDPSH�
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/¶D]LRQH�LQ�DYDQWL��GDWD�GDOOD�UHOD]LRQH�VWDWLFD�IUD�SRVL]LRQH�H�SUHVVLRQH��q�VWDWD�YROXWDPHQWH�LQWURGRWWD� DSSURVVLPDQGR� EUXVFDPHQWH� OD� FDUDWWHULVWLFD� UHDOH� GHOOH� PROOH� FKH� DJLVFRQR� VXO�SLVWRQH� �FRPH� HYLGHQ]LDWR� QHOOD� ILJXUD� ������� 4XHVWD� VFHOWD� VL� DYYLFLQD� PDJJLRUPHQWH� DOOD�VLWXD]LRQH� UHDOH� QHOOD� TXDOH� LO� VLVWHPD� SXz�PLVXUDUH� VROR� DSSURVVLPDWLYDPHQWH� OD� UHOD]LRQH�VWDWLFD�IUD�SRVL]LRQH�H�SUHVVLRQH�,QILQH�� LO� JXDGDJQR�.S�q� VWDWR� DXPHQWDWR�SHU� ULGXUUH� LO� SL��SRVVLELOH� O¶HUURUH�GL� SRVL]LRQH� D�SLVWRQH� IHUPR�� VHQ]D� LQWURGXUUH� HYLGHQWL� RVFLOOD]LRQL� QHOO¶LQVHJXLPHQWR� GHOOH� UDPSH� H� GHL�JUDGLQL��,O�YDORUH�XVDWR�QHOOH�VLPXOD]LRQL�SUHVHQWDWH�LQWURGXFH�O¶RVFLOOD]LRQH�LQGLFDWD�LQ�ILJXUD������QHOO¶LQVHJXLPHQWR�GHOOH�UDPSH���
5LVXOWDWL�GHOOH�VLPXOD]LRQL3HU�RVVHUYDUH�O¶HIIHWWR�GHO�UHJRODWRUH�VXO�FRPSRUWDPHQWR�GHO�VLVWHPD�H�SHU�FRPSDUDUOR�FRQ�OH�SUHVWD]LRQL� GHOO¶DOWUR� UHJRODWRUH�� DEELDPR� FRQVLGHUDWR� LO� VROLWR� ULIHULPHQWR� GL� SRVL]LRQH�FRVWLWXLWR�GD�x 'XH�LPSXOVL�UHWWDQJRODUL�GL�GLYHUVD�GXUDWD�x 'XH�UDPSH�LQ�VDOLWD�H�GXH�LQ�GLVFHVD�GL�GLYHUVD�SHQGHQ]D�x 8QD�VHULH�GL�JUDGLQL�LQ�VDOLWD�H�LQ�GLVFHVD�x 8QD�VHULH�GL�UDPSH�LQ�VDOLWD�H�LQ�GLVFHVD�4XHVWR�ULIHULPHQWR��LQGLFDWR�LQ�EOX�LQ�WXWWH�OH�ILJXUH�VHJXHQWL��q�VWDWR�GDWR�FRPH�LQJUHVVR�VLD�DO�PRGHOOR� GHO� VLVWHPD� RULJLQDOH�� VLD� DO� VLVWHPD� FRQ� LO� UHJRODWRUH�� 1HOOH� ILJXUH� VHJXHQWL�� OD�ULVSRVWD�GHO�PRGHOOR�RULJLQDOH�q�LQGLFDWD�LQ�YHUGH��PHQWUH�TXHOOD�GHO�VLVWHPD�FRQ�LO�UHJRODWRUH�q�UDSSUHVHQWDWD�LQ�URVVR�/D� ULVSRVWD� DL� SULPL� GXH� JUDGLQL� �ILJXUD� ������ HYLGHQ]LD� XQ� DVSHWWR� PROWR� VLJQLILFDWLYR� GHO�VLVWHPD��OD�YHORFLWj�GL�ULVSRVWD�PDVVLPD�q�FRQGL]LRQDWD�GDOOD�PDVVLPD�DSHUWXUD�SRVVLELOH�GHOOD�YDOYROD��3HUWDQWR�XQ�LPSXOVR�WURSSR�EUHYH�ULVSHWWR�DOOR�VSRVWDPHQWR�ULFKLHVWR�QRQ�SXz�HVVHUH�VHJXLWR�QHSSXUH�FRQ�O¶LQWURGX]LRQH GHO�UHJRODWRUH��(¶�SRVVLELOH�SHUz�RVVHUYDUH�FKH�TXHVW¶XOWLPR�SHUPHWWH�GL�RWWHQHUH�XQD�ULVSRVWD��FKH�VL�DVVHVWD�VHQ]D� RYHUVKRRW�� PROWR� YLFLQD� DOOD� SRVL]LRQH� YROXWD�� /¶HUURUH� UHVLGXR� q� GRYXWR� DOOH�LPSUHFLVLRQL��YROXWH��QHOOD�UHOD]LRQH�SRVL]LRQH�± SUHVVLRQH H�GDOOD�LPSRVVLELOLWj�GL�DXPHQWDUH�D�SLDFHUH�LO�JXDGDJQR�.S�,O� OLPLWH� VXO�PDVVLPR� JUDGR� GL� DSHUWXUD� GHOOD� YDOYROD� VL� ULSHUFXRWH� DQFKH� VXOO¶LQVHJXLPHQWR�GHOOH�UDPSH�PROWR�ULSLGH��ILJXUD���������,Q�TXHVWR�FDVR�SHUz�O¶HIIHWWR�GHO�UHJRODWRUH�q�HYLGHQWH��LO� VLVWHPD� ULHVFH� DG� DSULUH� OD� YDOYROD� TXDVL� DO�PDVVLPR� �L� WHPSL� GL� VDOLWD� H� GL� GLVFHVD� VRQR�FRQIURQWDELOL�FRQ�TXHOOL�GHOO¶LPSXOVR�DSSHQD�FRQVLGHUDWR��H�D�LQVHJXLUH�OD�UDPSD�FRQ�XQ�EUHYH�ULWDUGR�H�VHQ]D�RVFLOOD]LRQL��,O� VLVWHPD� RULJLQDOH� QRQ� q� LQ� JUDGR� GL� RWWHQHUH� TXHVWL� ULVXOWDWL� SHUFKq� XVD� XQ� FRQWUROOR�SURSRU]LRQDOH��SHUWDQWR�SL��SLFFROR�q�O¶HUURUH�H�PLQRUH�q�LO�JUDGR�GL�DSHUWXUD�GHOOD�YDOYROD��'L�FRQVHJXHQ]D� LO� ULWDUGR� GL� LQVHJXLPHQWR� GHOOH� UDPSH� q� PDJJLRUH� H� QRQ� VIUXWWD� SLHQDPHQWH�O¶DSHUWXUD�PDVVLPD�FRQVHQWLWD�GDOOD�YDOYROD��/D� ILJXUD� ����� PRVWUD� OD� FDSDFLWj� GHO� VLVWHPD� FRQ� LO� UHJRODWRUH� GL� YHORFL]]DUH� OD� ULVSRVWD�DSUHQGR� DO� PDVVLPR� OD� YDOYROD�� D� GLIIHUHQ]D� GL� FLz� FKH� DFFDGH� QHO� PRGHOOR� GHO� VLVWHPD�RULJLQDOH��



)LJXUD�������FRQIURQWR�IUD�OH�ULVSRVWH�D�LPSXOVL�GL�GLYHUVD�GXUDWD�

)LJXUD�������LQVHJXLPHQWR�GL�XQD�UDPSD�YHORFH�



)LJXUD�������VDWXUD]LRQH�GHOOD�YDOYROD�

/¶LQVHJXLPHQWR� GL� XQD� UDPSD� PHQR� SHQGHQWH� �ILJXUH� ����� H� ������ DYYLHQH� FRQ� XQ� ULWDUGR�LQIHULRUH�ULVSHWWR�DO�PRGHOOR�GHO�VLVWHPD�RULJLQDOH��PD�FRPSDUH�XQD�SLFFROD�RVFLOOD]LRQH��(VVD�SXz� HVVHUH� ULGRWWD� GLPLQXHQGR� .S�� ,Q� WDO� PRGR� SHUz� DXPHQWDQR� OHJJHUPHQWH� LO� ULWDUGR�QHOO
LQVHJXLPHQWR�H�O¶HUURUH�D�SLVWRQH�IHUPR��/H�ILJXUH������������H������HYLGHQ]LDQR�OH�FDSDFLWj�GHO�VLVWHPD�FRQ�LO�UHJRODWRUH GL�LQVHJXLUH�UDPSH�H�JUDGLQL�VHQ]D�RYHUVKRRW�H�FRQ�XQD�EXRQD�SUHFLVLRQH�QHOOD�SRVL]LRQH�ILQDOH�/¶DQGDPHQWR�GHOOD�SUHVVLRQH�H�GHO� VXR� ULIHULPHQWR� VRQR� LQGLFDWL� LQ�XQ�GHWWDJOLR�QHOOD� ILJXUD������� /H� SUHVVLRQL� GL� LQJUHVVR� GHOOD� YDOYROD� VRQR� FRPSUHVH� IUD� 3� ���� EDU�� H� 5� ��� EDU���$OO¶LQWHUQR� GL� TXHVWR� LQWHUYDOOR� GL� SUHVVLRQL�� LO� ULIHULPHQWR� q� VHJXLWR� PROWR� YHORFHPHQWH�� D�SDUWH�OH�RVFLOOD]LRQL�GL�FXL�VL�q�JLj�SDUODWR��



)LJXUD�������LQVHJXLPHQWR�GL�UDPSH�LQ�VDOLWD�

)LJXUD�������LQVHJXLPHQWR�GL�UDPSH�LQ�GLVFHVD�



)LJXUD�������ULVSRVWD�D�XQD�VHULH�GL�JUDGLQL�

)LJXUD�������LQVHJXLPHQWR�GHO�ULIHULPHQWR�GL�SUHVVLRQH�



����5HJRODWRUL�WHPSR�GLVFUHWL
,O� UHJRODWRUH� SHU� LO� FRQWUROOR� GHOO¶D]LRQDPHQWR� GHOOD� IUL]LRQH� q� UHDOL]]DWR� DWWUDYHUVR� XQD�FHQWUDOLQD� FKH� FDPSLRQD� L� VHJQDOL� RJQL� ��� PLOOLVHFRQGL�� $EELDPR� GXQTXH� VLPXODWR� LO�FRPSRUWDPHQWR� GHO� VLVWHPD� LQ� SUHVHQ]D� GL� XQ� UHJRODWRUH� GLVFUHWR� IXQ]LRQDQWH� FRQ� OR� VWHVVR�WHPSR�GL�FDPSLRQDPHQWR�,�VHJQDOL�FROOHJDWL�FRQ�LO�UHJRODWRUH�VRQR�VWDWL�GLVFUHWL]]DWL��2OWUH�LO�WHPSR�GL�FDPSLRQDPHQWR��VRQR�VWDWH�LQWURGRWWH�OH�ULVROX]LRQL�GHL�VHQVRUL�H�GHO�JHQHUDWRUH�GL�FRUUHQWH�x 5LVROX]LRQH�GL��P$�SHU�OD�FRUUHQWH�GL�FRQWUROOR��GDL�GDWL�VSHULPHQWDOL��x 5LVROX]LRQH�GL�����PP�SHU�LO�VHQVRUH�GL�SRVL]LRQH��GDL�GDWL�VSHULPHQWDOL��x 5LVROX]LRQH�GL�����EDU�SHU�O¶LSRWHWLFR�VHQVRUH�GL�SUHVVLRQH��/D� ILJXUD� ����� PRVWUD� XQ� SDUWLFRODUH� GHOO¶DQGDPHQWR� QHO� WHPSR� GHOOD� FRUUHQWH� GL� FRQWUROOR�GHOOD�YDOYROD��

)LJXUD�������FRUUHQWH�GL�FRQWUROOR�GLVFUHWL]]DWD�
,O� WHPSR�GL�FDPSLRQDPHQWR�GL���PV�LQWURGXFH�LQHYLWDELOPHQWH�XQ�ULWDUGR�QHOO¶DWWXD]LRQH�GHO�FRQWUROOR� ULVSHWWR� DO� FDVR� WHPSR� FRQWLQXR�� 4XDOLWDWLYDPHQWH�� WDOH� ULWDUGR� ULGXFH� O¶HIILFDFLD�GHOOH�UHWL�DQWLFLSDWULFL�H�KD�XQ�HIIHWWR�GHVWDELOL]]DQWH�VXO�VLVWHPD��3HU�PDQWHQHUH�XQD�ULVSRVWD�FRPXQTXH� VRGGLVIDFHQWH� q� SHUWDQWR� QHFHVVDULR� ULGXUUH� L� JXDGDJQL�� &RQVHJXHQWHPHQWH�� LO�VLVWHPD� DYUj� XQ� HUURUH� D� UHJLPH� VXSHULRUH� H� XQ� PDJJLRUH� ULWDUGR� QHOO¶LQVHJXLPHQWR� GHOOH�UDPSH�/H�VLPXOD]LRQL�PRVWUDQR�FKH�ULGXFHQGR�LO�WHPSR�GL�FDPSLRQDPHQWR�D��PV��OH�SUHVWD]LRQL�GHO�VLVWHPD�VRQR�HTXLYDOHQWL�D�TXHOOH�RWWHQXWH�FRQ�O¶XVR�GL�XQ�UHJRODWRUH�WHPSR�FRQWLQXR��
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5HJRODWRUH�GLVFUHWR�FRQ�UHWH�DQWLFLSDWULFH

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



/H�ILJXUH������������������������������H������PRVWUDQR�� LQ�ULVSRVWD�DO�ULIHULPHQWR��LQ�EOX��JLj�FRQVLGHUDWR��OH�SUHVWD]LRQL�GHO�VLVWHPD�FRQ�LO�UHJRODWRUH�FKH�XWLOL]]D�OD�UHWH�DQWLFLSDWULFH��,Q�SDUWLFRODUH� OH� ILJXUH������������H������HYLGHQ]LDQR� LO�FRQIURQWR�IUD� OD� ULVSRVWD�GHO�VLVWHPD�FRQ� UHJRODWRUH� WHPSR� GLVFUHWR� �URVVR�� H� OD� ULVSRVWD� GHO� VLVWHPD� RULJLQDOH� �YHUGH���PHQWUH� OH�ILJXUH������������H������HYLGHQ]LDQR�LO�GHJUDGR�GL�SUHVWD]LRQL�FDXVDWR�GDO�UHJRODWRUH�GLVFUHWR��URVVR��ULVSHWWR�DO�UHJRODWRUH�WHPSR�FRQWLQXR��YHUGH����,O�WHPSR�GL�FDPSLRQDPHQWR�GL���PV�LQWURGXFH�XQ�HIIHWWR�GL�ULWDUGR�FKH�GHVWDELOL]]D�LO�VLVWHPD�TXDQGR� LO� UHJRODWRUH� SUHVHQWD� JOL� VWHVVL� SDUDPHWUL� XVDWL� QHO� FDVR� WHPSR� FRQWLQXR�� 3HUWDQWR� q�VWDWR�QHFHVVDULR�ULGXUUH�LO�JXDGDJQR�SURSRU]LRQDOH�GHO�UHJRODWRUH�5LVSHWWR� DO� VLVWHPD� FRQ� UHJRODWRUH� FRQWLQXR�� OH� SUHVWD]LRQL� VRQR� OHJJHUPHQWH� GLYHUVH�� /D�YHORFLWj�GL�ULVSRVWD�q�LQIHULRUH�H�L�ULWDUGL�QHOO¶LQVHJXLPHQWR�GHOOH�UDPSH�VRQR�VXSHULRUL��,O� FRPSRUWDPHQWR� GHO� UHJRODWRUH� GLVFUHWR� QRQ� q� SHUz� GHJUDGDWR� LQ� PRGR� HYLGHQWH�� ,QIDWWL��O¶HUURUH� GL� LQVHJXLPHQWR� ULPDQH� PROWR� EDVVR� H� O¶DVVHVWDPHQWR� DYYLHQH� VHQ]D� RYHUVKRRW� D�GLIIHUHQ]D�GHO�UHJRODWRUH�FRQWLQXR�,O� UHJRODWRUH� GLVFUHWR� SUHVHQWD� SUHVWD]LRQL� PLJOLRUL� ULVSHWWR� DO� UHJRODWRUH� SXUDPHQWH�SURSRU]LRQDOH�� 6HEEHQH� L� WHPSL� GL� ULVSRVWD� ULPDQJDQR� VLPLOL�� LO� VLVWHPD� FRQ� LO� UHJRODWRUH�GLVFUHWR�VL�DVVHVWD�PROWR�PHJOLR�LQWRUQR�DL�YDORUL�LQGLFDWL�GDO�ULIHULPHQWR��



5HJRODWRUH�FRQ�VHQVRUH�GL�SUHVVLRQH

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�RULJLQDOH�H�UHJRODWRUH�GLVFUHWR�

)LJXUD�������FRQIURQWR�IUD�UHJRODWRUH�FRQWLQXR�H�UHJRODWRUH�GLVFUHWR�



/H�ILJXUH������������������������������H������PRVWUDQR�� LQ�ULVSRVWD�DO�ULIHULPHQWR��LQ�EOX��JLj�FRQVLGHUDWR��OH�SUHVWD]LRQL�GHO�VLVWHPD�FRQ�LO�UHJRODWRUH�FKH�XWLOL]]D�LO�VHQVRUH�GL�SUHVVLRQH��OD�UHWH�DQWLFLSDWULFH�H�O¶D]LRQH�LQ�DYDQWL��,Q�SDUWLFRODUH� OH� ILJXUH������������H������HYLGHQ]LDQR� LO�FRQIURQWR�IUD� OD� ULVSRVWD�GHO�VLVWHPD�FRQ� UHJRODWRUH� WHPSR� GLVFUHWR� �URVVR�� H� OD� ULVSRVWD� GHO� VLVWHPD� RULJLQDOH� �YHUGH���PHQWUH� OH�ILJXUH������������H������HYLGHQ]LDQR�LO�GHJUDGR�GL�SUHVWD]LRQL�FDXVDWR�GDO�UHJRODWRUH�GLVFUHWR��URVVR��ULVSHWWR�DO�UHJRODWRUH�WHPSR�FRQWLQXR��YHUGH����,O�WHPSR�GL�FDPSLRQDPHQWR�GL���PV�LQWURGXFH�XQ�HIIHWWR�GL�ULWDUGR�FKH�GHVWDELOL]]D�LO�VLVWHPD�TXDQGR� LO� UHJRODWRUH� SUHVHQWD� JOL� VWHVVL� SDUDPHWUL� XVDWL� QHO� FDVR� WHPSR� FRQWLQXR�� 3HUWDQWR� q�VWDWR�QHFHVVDULR�ULGXUUH�L�JXDGDJQL�SURSRU]LRQDOH�GHL�GXH�DQHOOL�GL�UHWURD]LRQH�GHO�UHJRODWRUH�,O�GHJUDGR�QHOOH�SUHVWD]LRQL�q�PROWR�SL��HYLGHQWH�ULVSHWWR�DO�UHJRODWRUH�FKH�XWLOL]]D�VROR�OD�UHWH�DQWLFLSDWULFH��/R�VFRSR�GL�XQD� UHWURD]LRQH�VXOOD�SUHVVLRQH� q� LQIDWWL�TXHOOR�GL� UHQGHUH� OD�SDUWH� LGUDXOLFD�GHO�VLVWHPD� SL�� YHORFH� SRVVLELOH��4XHVWR� RELHWWLYR FRQWUDVWD� FRQ� LO� WHPSR� GL� FDPSLRQDPHQWR� GL���PV�� 4XHVW¶XOWLPR� LQIDWWL� YLQFROD� GUDVWLFDPHQWH� OD�PDVVLPD� YHORFLWj� RWWHQLELOH� GDOOD� SDUWH�LGUDXOLFD�H�ULGXFH�FRVu�O¶HIIHWWR�SRVLWLYR�GHOOD�UHWURD]LRQH�LQ�SUHVVLRQH�/H�SUHVWD]LRQL�GHO�UHJRODWRUH�VRQR�FRPXQTXH�PLJOLRUL�ULVSHWWR�DOOH�FRUULVSRQGHQWL�GHO�VLVWHPD�RULJLQDOH�� 2FFRUUH� SHUz� RVVHUYDUH� FKH� LO� WHPSR� GL� FDPSLRQDPHQWR� OXQJR� DQQXOOD� O¶HIIHWWR�SRVLWLYR�GHOOD�UHWURD]LRQH�VXOOD�SUHVVLRQH��6L�SXz�LQIDWWL�QRWDUH�FKH�OH�ULVSRVWH�GHO�UHJRODWRUH�LQ�HVDPH�QRQ�VRQR�GLVVLPLOL�GD�TXHOOH�RWWHQXWH�FRQ�OD�VROD�UHWH�DQWLFLSDWULFH�,Q�FRQFOXVLRQH��VL�SXz�DIIHUPDUH�FKH� O¶LQWURGX]LRQH�GL�XQ�VHQVRUH�GL�SUHVVLRQH�QHO�VLVWHPD�q�VLJQLILFDWLYD�VROWDQWR�VH�VL�ULGXFRQR�L�WHPSL�GL�FDPSLRQDPHQWR��


	Calcolo dei parametri del regolatore
	Risultati delle simulazioni


