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����� $QDOLVL�GHOOH�FURVVFRUUHOD]LRQL�D� ODJ�WHPSRUDOH�QXOOR�GHOOH�FRPSRQHQWL�IOXWWXDQWL�
GL YHORFLWj�RUL]]RQWDOL�H�YHUWLFDOL��

/H ILJJ�����������ULSRUWDQR�JOL�DQGDPHQWL�GHOOH�FURVVFRUUHOD]LRQL�SHU�ODJ�WHPSRUDOH�
QXOOR�GHOOH� FRPSRQHQWL� IOXWWXDQWL�GL�YHORFLWj�RUL]]RQWDOL� H�YHUWLFDOL�� LQWHQGHQGR�FRQ�TXHVWR�
WHUPLQH� L� YDORUL� GL� YHORFLWj� RVFLOODQWL� ULVSHWWR� DOOD� PHGLD� H�� GXQTXH�� LPSXWDELOL� VLD� DOOD�
WXUEROHQ]D� VLD� DO� FDPSR� GL� PRWR� RQGRVR�� /H� ILJXUH� PHWWRQR� LQ� HYLGHQ]D� XQ� DQGDPHQWR�
TXDOLWDWLYR�VLPLOH�D�TXHOOR�ULVFRQWUDWR�SHU�JOL�VIRU]L�QHO�JHWWR�LPPHVVR�LQ�DFTXD�IHUPD��2VVLD�
VL RVVHUYD� FKH� L� YDORUL� QXOOL� GL� FURVVFRUUHOD]LRQH� VL� YHULILFDQR� LQ� FRUULVSRQGHQ]D�GHOO
DVVH�
PHGLR�GHO�JHWWR�H� LQ�FRUULVSRQGHQ]D�GHOOH� UHJLRQL�HVWHUQH�DG�HVVR��4XHVWR�FRPSRUWDPHQWR�
DSSDUH� ORJLFR�� ,QIDWWL� LO� YDORU� QXOOR�� SHU� [ ��� q� VSLHJDELOH� SHU� O
LSRWHVL� GL� VLPPHWULD� GHO�
JHWWR� ULVSHWWR� DOO
DVVH� PHGLR�� ,O� YDORU� QXOOR� LQ� FRUULVSRQGHQ]D� GHOOH� UHJLRQL� HVWHUQH� q�
VSLHJDELOH� RVVHUYDQGR� FKH� LQ� WDOL� UHJLRQL�� OH� FRPSRQHQWL� GL� YHORFLWj� LPSXWDELOL� DO� PRWR�
RQGRVR QRQ�VRQR�FRUUHODWH�H�TXHOOH�LPSXWDELOL�DO�JHWWR�WHQGRQR�D�YDORUL�PROWR�EDVVL���
�

)LJ����������$QGDPHQWR�GHOOH�FURVVFRUUHOD]LRQL�D�ODJ�WHPSRUDOH�QXOOR�SHU�OD�VH]LRQH�&���
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)LJ����������$QGDPHQWR�GHOOH�FURVVFRUUHOD]LRQL�D�ODJ�WHPSRUDOH�QXOOR�SHU�OD�VH]LRQH�&���

����� /HJJL� GL� YDULD]LRQH� GHOOH� JUDQGH]]H� FDUDWWHULVWLFKH� GHL� JHWWL� LQWHUDJHQWL� FRQ� XQ�
FDPSR GL�PRWR�RQGRVR�OXQJR�OD�GLUH]LRQH�ORQJLWXGLQDOH�PHGLD��

,Q ILJ�� ������� VL� ULSRUWD� O
DQGDPHQWR� GHOOH� SRUWDWH� LQ� RJQL� VH]LRQH� WUDVYHUVDOH�
RWWHQXWR�SHU� LQWHJUD]LRQH�GHL�SURILOL�GHOOH�YHORFLWj�PHGLH�YHUWLFDOL��6L�RVVHUYD�FKH� O
DQDOLVL�
FRQGRWWD�QHOO
DPELWR�GL�TXHVWD�ULFHUFD�q�WLSLFDPHQWH�HXOHULDQD��6L�ULWLHQH�FKH�LO�GLDJUDPPD�
ULFKLDPDWR� SRVVD� GDUH� GHOOH� XWLOL� LQGLFD]LRQL� SRLFKp� OH� RVFLOOD]LRQL� D� FXL� VRQR� VRWWRSRVWL� L�
JHWWL�QRQ�VRQR�GL�HQWLWj�WDOH�GD�PRGLILFDUH�GL�PROWR�L�YDORUL�GHOOH�SRUWDWH�FKH�VL�RWWHUUHEEHUR�
FRQ XQ
DQDOLVL� ODJUDQJLDQD�� 6L� RVVHUYD�� DQFRUD�� FKH� WDOH�PRGR� GL� SURFHGHUH� FRQVHQWH�� WUD�
O
DOWUR�� GL� HIIHWWXDUH� GHOOH� FRPSDUD]LRQL� FRQ� L� ULVXOWDWL� GL� DOWUL� DXWRUL�� $� WDO� ULJXDUGR� VL�
ULFRUGD� OD� SRVVLELOLWj� GL� FRQIURQWDUH� LO� FRHIILFLHQWH� GL� LQWUXVLRQH�� RWWHQLELOH� DWWUDYHUVR�
O
DQDOLVL�GHOOH�SRUWDWH��FRQ�OD�OHJJH�SURSRVWD�GD�*HU���������FRPH�HYLGHQ]LDWR�QHO�FDS������$�
WDO�ULJXDUGR�VL�YHGD�LO�SDU��������

/D�ILJ���������PHWWH�LQ�HYLGHQ]D�FKH�SHU�OH�VH]LRQL�SURVVLPH�DOO
XJHOOR�O
DQGDPHQWR�
GHOOH�SRUWDWH�q�VLPLOH�ULVSHWWR�D�TXHOOR�GHO�JHWWR�LPPHVVR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH��
9LFHYHUVD��SHU� OH� VH]LRQL��SL��GLVWDQWL�GDOO
RULIL]LR�� VL�RVVHUYD�XQ� LQFUHPHQWR�GHOOH�SRUWDWH�
DEEDVWDQ]D� VLJQLILFDWLYR�� 4XHVWR� GLDJUDPPD� FRQVHQWH� GL� PHWWHUH� LQ� HYLGHQ]D� FKH� L�
JHWWL��
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)LJ����������$QGDPHQWR�GHOOH�SRUWDWH��

)LJ����������$QGDPHQWR�GHOOD�VFDOD�GHOOH�OXQJKH]]H�WUDVYHUVDOL�E��GHILQLWD�FRPH�OD�GLVWDQ]D�GDOO·DVVH�PHGLR�GHO�JHWWR�LQ�FXL�X XP�H��
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LQWHUDJHQWL�FRQ�FDPSL�GL�PRWR�RQGRVL�QRQ�ULVHQWRQR�GHOOD�YDULD]LRQH�GL�IUHTXHQ]D��DOPHQR�
ILQR DOOD� VH]LRQH� D� GLVWDQ]D� ���� PP� GDOO
XJHOOR�� (
� HYLGHQWH� FKH� WDOH� FRQFOXVLRQH� YD�
FLUFRVFULWWD�DL�ULVXOWDWL�FKH�VRQR�VWDWL�RWWHQXWL�QHOO
DPELWR�GL�TXHVWD�ULFHUFD��

,Q ILJ�� ������� VL� ULSRUWD� LO� GLDJUDPPD� GHOOD� VFDOH� GHOOH� OXQJKH]]H� WUDVYHUVDOL� E��
GHILQLWD��DO�VROLWR��FRPH�OD�GLVWDQ]D�GDOO
DVVH�PHGLR�GHO�JHWWR�LQ�FRUULVSRQGHQ]D�GHOOD�TXDOH�
OD YHORFLWj�PHGLD�ORFDOH�q�XJXDOH�D���H�YROWH�TXHOOD�LQ�DVVH��1HO�GLDJUDPPD�VL�ULSRUWDQR�JOL�
DQGDPHQWL�SHU�L�FDVL�GL�JHWWL�LQWHUDJHQWL�FRQ�FDPSL�GL�PRWR�RQGRVL�FRQ�IUHTXHQ]D�GL�����+]��
����+]�H�����+]��(
�LQROWUH�ULSRUWDWD�OD�FXUYD�LQWHUSRODQWH�L�GDWL�FDOFRODWL�QHO�FDVR�GL�JHWWR�
LPPHVVR� LQ�XQ�FDPSR�GL� OLTXLGR� LQ�TXLHWH��'DOOD� ILJXUD�VL�HYLQFH�FKH� OH� VH]LRQL�SURVVLPH�
DOO
XJHOOR�SUHVHQWDQR�XQ�OHJJHUR�VFRVWDPHQWR�ULVSHWWR�DO�FDVR�GL�LPPLVVLRQH�LQ�DFTXD�IHUPD��
,QROWUH��SHU�L�ULOLHYL�FRQGRWWL�QHOO
DPELWR�GL�TXHVWD�ULFHUFD��q�SRFR�HYLGHQWH�OD�GLSHQGHQ]D�GL�
E GDOOD�IUHTXHQ]D�GHO�FDPSR�GL�PRWR�RQGRVR��3HU�OH�VH]LRQL�SL��GLVWDQWL�GDOO
RULIL]LR��LQYHFH��
VL QRWD�XQ�QRWHYROH�DXPHQWR�GHOOD�VFDOD�E�ULVSHWWR�DO�FDVR�GHL�JHWWL�LPPHVVL�LQ�XQ�FDPSR�GL�
OLTXLGR�LQ�TXLHWH��,�GDWL�VSHULPHQWDOL�PHWWRQR�LQ�HYLGHQ]D�FKH�O
DQGDPHQWR�GL�E�QRQ�q�GL�WLSR�
OLQHDUH��FRPH� LQYHFH��DOPHQR� WHRULFDPHQWH�� VL�YHULILFD�SHU� LO�FDVR�GL� LPPLVVLRQH� LQ�DFTXD�
IHUPD��

,O GLDJUDPPD�FRQIHUPD�TXDQWR�q�VWDWR�GHWWR�QHO�SDU��������RVVLD�FKH��SHU�OH�VH]LRQL�
SURVVLPH� DOO
RULIL]LR�� LO� JHWWR� PDQWLHQH� OD� VXD� LGHQWLWj� SHU� FRVu� GLUH�� LQ� YLUW�� GHOOD� VXD�
ULJLGH]]D��2VVLD�O
DOODUJDPHQWR�PHGLR�q�VRVWDQ]LDOPHQWH�DQDORJR�DO�FDVR�GHO�JHWWR�LPPHVVR�
LQ XQ� FDPSR� GL� OLTXLGR� LQ� TXLHWH�� 3HU� TXHVWH� VH]LRQL�� FKH� IDQQR� SDUWH� GHOOD� FRVLGGHWWD�
UHJLRQH� GL� IOHVVLRQH� GHO� JHWWR�� VL� SXz� HYLGHQ]LDUH� VRVWDQ]LDOPHQWH� XQD� YDULD]LRQH� GHL� VROL�
SURILOL�GL�YHORFLWj�YHUWLFDOL�FKH�VRQR�VSLHJDELOL�FRVu�FRPH�GHWWR�QHO�SDU��������

,O GLDJUDPPD� GL� ILJ�� ������� ULSRUWD� O
DQGDPHQWR� GHOOH� YHORFLWj� YHUWLFDOL� LQ�
FRUULVSRQGHQ]D� GHOO
DVVH� PHGLR� GHO� JHWWR�� 6L� RVVHUYD� FKH� SHU� OH� FRQILJXUD]LRQL� '� HG� (��
UHODWLYH�DOO
LPPLVVLRQH�GHL�JHWWL�LQ�FDPSL�GL�PRWR�FRQ�IUHTXHQ]H�GL�����+]�H�����+]��L�GDWL�
VRQR UHODWLYDPHQWH�SRFKL�SHU�RWWHQHUH�XQ�DQGDPHQWR� VLJQLILFDWLYR�GHOOD� FXUYD��3HUWDQWR� LQ�
ILJ� �������VL�SURSRQH�VROWDQWR�LO�FRQIURQWR�WUD�LO�JHWWR�LQ�DFTXD�IHUPD�H�LO�PHGHVLPR�JHWWR�
LQWHUDJHQWH�FRQ�XQ�FDPSR�GL�PRWR�RQGRVR�D�IUHTXHQ]D�����+]��6L�QRWD�FKH�LO�FRQIURQWR�GHL�
GDWL� VSHULPHQWDOL� FRQ� OH� OHJJL� WHRULFKH� SXz� DYYHQLUH� VROR� SHU� VH]LRQL� GHO� JHWWR� SRVWH� D�
GLVWDQ]D�FLUFD�GLHFL�YROWH� LO�GLDPHWUR�GHOO
RULIL]LR��&Lz�q�JLXVWLILFDWR�GDO� IDWWR�FKH� OH� OHJJL�
WHRULFKH�VL�ULIHULVFRQR�DO�FDVR�GHOOD�=()��=RQH�RI�(VWDEOLVKHG�)ORZ��GHO�JHWWR��3HU�WDOH��
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)LJ����������$QGDPHQWR�GHOOH�YHORFLWj�LQ�FRUULVSRQGHQ]D�GHOO·DVVH�PHGLR�GHO�JHWWR��FRQILJXUD]LRQH�&���

)LJ����������$QGDPHQWR�GL�XP�8Z�LQ�IXQ]LRQH�GL�]�=Z�
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)LJ����������$QGDPHQWR�GHOOH�TXDQWLWj�GL�PRWR�LQ�IXQ]LRQH�GHOOD�GLVWDQ]D�GDOO·XJHOOR�SHU�OD�FRQILJXUD]LRQH�&��

)LJ����������$QGDPHQWR�GHO�IOXVVR�GL�HQHUJLD�LQ�IXQ]LRQH�GHOOD�GLVWDQ]D�GDOO·XJHOOR�SHU�OD�FRQILJXUD]LRQH�&��

UDJLRQH� QHO� GLDJUDPPD� GL� ILJ�� ������� VRQR� VWDWL� HOLPLQDWL� L� SXQWL� UDSSUHVHQWDWLYL� GHOOH�
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FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj�VXOO
DVVH�PHGLR�UHODWLYH�DOOH�VH]LRQL�SRVWH�D�GLVWDQ]D���H����
PP GDOO
RULIL]LR��

'DO� GLDJUDPPD� VL� QRWD� FKH� L� YDORUL� GL� YHORFLWj� LQ� DVVH� SHU� LO� FDVR� GL� XQ� JHWWR�
LPPHVVR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�PRWR�RQGRVR�VRQR�VHPSUH�PLQRUL�ULVSHWWR�DO�FDVR�GHOOR�
VWHVVR� JHWWR� LPPHVVR� LQ� XQ� FDPSR� GL� OLTXLGR� LQ� TXLHWH�� 7DOH� ULVXOWDWR� FRQIHUPD� OH�
FRQVLGHUD]LRQL�SURSRVWH�QHO�SDU��������LQ�FXL�VL�q�GLVFXVVR�GHOOH�RVFLOOD]LRQL�FKH�VL�JHQHUDQR�
QHO FDVR� GL� JHWWR� LQWHUDJHQWH� FRQ� XQ� FDPSR� GL� PRWR� RQGRVR� H�� TXLQGL�� GHO� FRQVHJXHQWH�
DSSLDWWLPHQWR�GHL�SURILOL� GL�YHORFLWj�� ,QROWUH�� LQ�DQDORJLD�FRQ�TXDQWR�SURSRVWR�GD�&K\DQ�H�
+ZXQJ� �������� IDFHQGR� ULIHULPHQWR� DOOD� UHOD]LRQH� ���������� LQ� ILJ�� ������� VL� ULSRUWD�
O
DQGDPHQWR� GHOOH� FRPSRQHQWL� YHUWLFDOL� GL� YHORFLWj� LQ� FRUULVSRQGHQ]D� GHOO
DVVH�PHGLR� GHL�
JHWWL�LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�PRWR�RQGRVR��DGLPHQVLRQDOL]]DWH�FRQ�8Z� LQ�IXQ]LRQH�GL�
]�=Z �SHU� L�VLPEROL�VL� IDFFLD�ULIHULPHQWR�DO�SDU���������1HO�GLDJUDPPD�L�SXQWL�UHODWLYL�DOOD�
FRQILJXUD]LRQH�'� VRQR�PDJJLRUL� GL� WUH�� SRLFKp� UHODWLYDPHQWH� DL� VROL� YDORUL� GL� XP L ULOLHYL�
VRQR VWDWL� FRQGRWWL� LQ� FLQTXH� VH]LRQL�� /
DQGDPHQWR� GHL� GDWL� GHOOD� ILJXUD� LQGLFDQR� XQ�
VRVWDQ]LDOH�DFFRUGR�FRQ�TXDQWR�RWWHQXWR�GD�&K\DQ�H�+ZXQJ���������

,Q ILJ���������VL� ULSRUWDQR� OH�TXDQWLWj�GL�PRWR�UHODWLYH�DG�RJQL�VH]LRQH� WUDVYHUVDOH��
/
DQGDPHQWR�TXDOLWDWLYR�GHO�GLDJUDPPD�GLPRVWUD�XQD�FRQGL]LRQH�GL�VRVWDQ]LDOH�XQLIRUPLWj�
GHOOH�TXDQWLWj�GL�PRWR��$�ULJRUH��ULWHQHQGR�YDOLGD�OD�UHOD]LRQH����������OH�TXDQWLWj�GL�PRWR�
GHOOH� FRPSRQHQWL�PHGLH� GHO�JHWWR�QRQ�GRYUHEEHUR�PDQWHQHUVL� FRVWDQWL�� ,QIDWWL� OD� UHOD]LRQH�
��������� VWDELOLVFH� FKH�q� FRVWDQWH� OD�TXDQWLWj�GL�PRWR�GHILQLWD�FRPH�VRPPD�GHO�FRQWULEXWR�
GRYXWR DOOH� FRPSRQHQWL� YHUWLFDOL� GL� YHORFLWj� GHO� JHWWR� H� GHO� FRQWULEXWR� UHODWLYR� DOOH�
FRPSRQHQWL� YHUWLFDOL� GHO� FDPSR� GL� PRWR� RQGRVR�� 7XWWDYLD�� SRLFKp� TXHVW
XOWLPR� WHUPLQH��
DOPHQR�SHU� OH� FRQILJXUD]LRQL� DQDOL]]DWH�� q� UHODWLYDPHQWH� SLFFROR�� SXz� HVVHUH� WUDVFXUDWR� LQ�
SULPD�DSSURVVLPD]LRQH��6L� ULWLHQH�FKH� OD�YDULD]LRQH�GHOOD�TXDQWLWj�GL�PRWR��SHU� OH� VH]LRQL�
SL��GLVWDQWL�GDOO
RULIL]LR��VL�YHGD�OD�ILJ�����������VLDQR�LPSXWDELOL��FRPH�q�VWDWR�JLj�GHWWR�SHU�
LO FDVR�GL�LPPLVVLRQH�LQ�DFTXD�IHUPD��DOO
HVLVWHQ]D�GL�XQ�IOXVVR�GL�ULFDGXWD��7UDVFXUDQGR�LO�
FRQWULEXWR�GHOOH� FRPSRQHQWL�GL�YHORFLWj�GHO� FDPSR�GL�PRWR�RQGRVR�H�SRLFKp� OH�FRQGL]LRQL�
FLQHPDWLFKH�DOO
XVFLWD�GHO�JHWWR�VRQR�VWDWH�XJXDOL��VLD�QHO�FDVR�GL�JHWWR�LQ�DFTXD�IHUPD�VLD�LQ�
SUHVHQ]D�GL�RQGH��VL�YHULILFD�O
XJXDJOLDQ]D�GHOOD�TXDQWLWj�GL�PRWR�SHU�OH�YDULH�FRQILJXUD]LRQL�
H OD�VXD�VRVWDQ]LDOH�XQLIRUPLWj�OXQJR�OD�YHUWLFDOH��&Lz�FRQIHUPD�FKH��SHU�TXDQWR�ULJXDUGD�OH�
TXDQWLWj�GL�PRWR��QHL�JHWWL�LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�PRWR�RQGRVR��DOO
DSSLDWWLPHQWR�GHL�
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GLDJUDPPL�GL�YHORFLWj�VL�DFFRPSDJQD�XQ�DOODUJDPHQWR�GHO�JHWWR��
1HO GLDJUDPPD�GL�ILJ���������VL�ULSRUWD�O
DQGDPHQWR�GHO�IOXVVR�GL�HQHUJLD�FLQHWLFD��VL�

YHGD LO�SDU��������'DOOD�ILJXUD�VL�QRWD�XQ�DQGDPHQWR�VRVWDQ]LDOPHQWH�DQDORJR�WUD�L�JHWWL� LQ�
DFTXD�IHUPD�H�TXHOOL�LQWHUDJHQWL�FRQ�OH�RQGH��
�
����� $QDOLVL�GL�VLPLOLWXGLQH��

1HOOD� ILJ�� ������� VL� ULSRUWD� O
DQGDPHQWR� GHL� SURILOL� GL� YHORFLWj� YHUWLFDOL� GHOOD�
FRQILJXUD]LRQH�&�� DGLPHQVLRQDOL]]DWL� FRQ� XP� LQ� IXQ]LRQH� GL� [�� DGLPHQVLRQDOL]]DWD� FRQ� OD�
VFDOD�GHOOH�OXQJKH]]H�WUDVYHUVDOL�E��

'DOOD�ILJXUD�VL�QRWD�FKH�L�GDWL�GL�YHORFLWj�GHL�JHWWL�LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�PRWR�
RQGRVR�VL�DGGHQVDQR�VX�XQ
XQLFD�FXUYD��LQ�DQDORJLD�FRQ�LO�FDVR�GL�XQ�JHWWR�LPPHVVR�LQ�XQ�
FDPSR� GL� OLTXLGR� LQ� TXLHWH�� ,� SXQWL� GHO� GLDJUDPPD� GL� ILJ�� �������� FKH� QRQ� VRQR� EHQ�
LQWHUSRODWL�GDOOD�UHOD]LRQH�X�XP H[S��[��E����VRQR�TXHOOL�GHOOH�VH]LRQL�&��H�&���D�GLVWDQ]D��
ULVSHWWLYDPHQWH��GL���PP�H����PP�GDOO
XJHOOR�� ,QIDWWL� OD� ILJ���������PHWWH�LQ�HYLGHQ]D�XQ�
PLJOLRU� DGDWWDPHQWR� GHL� GDWL� VSHULPHQWDOL� UHODWLYL� DOOH� VH]LRQL� SL�� GLVWDQWL� GDOO
RULIL]LR��
4XHVWR�FRQIHUPD�LO�GLYHUVR�FRPSRUWDPHQWR�GHOOH�VH]LRQL�GHOOD�UHJLRQH�GL�IOHVVLRQH�GHL�JHWWL�
LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�PRWR�RQGRVR��

,Q ILJ�� ��������� VL� ULSRUWDQR� L� YDORUL� GHJOL� U�P�V�� DGLPHQVLRQDOL]]DWL� FRQ� XP LQ�
IXQ]LRQH GL�[�DGLPHQVLRQDOL]]DWD�FRQ�E��FRQILJXUD]LRQH�&���6L�RVVHUYD�FKH��D�GLIIHUHQ]D�GHO�
FDVR�GHO�JHWWR�LPPHVVR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH��L�GDWL�QRQ�VL�DGGHQVDQR�VX�XQ
XQLFD�
FXUYD��/D�UDJLRQH�GL�TXHVWR�ULVXOWDWR�SXz�HVVHUH�VSLHJDWR�HIIHWWXDQGR�XQ
DQDOLVL�GLPHQVLRQDOH�
GHO IHQRPHQR�� 1HO� FDVR� GL� XQ� JHWWR� LPPHVVR� LQ� XQ� FDPSR� GL� OLTXLGR� LQ� TXLHWH� VL� SXz�
VFULYHUH�OD�VHJXHQWH�UHOD]LRQH�IXQ]LRQDOH�

f(r.m.s.,u ,x,b) = 0m

FRQ�RYYLR�VLJQLILFDWR�GHL�VLPEROL��$SSOLFDQGR�LO�WHRUHPD�GL�%XFNLQJKDP��VL�RWWLHQH�

r.m.s.

u
= g

x
b

.
m






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)LJ����������$QGDPHQWR�GL�X�XP�LQ�IXQ]LRQH�GL�[�E�SHU�OD�FRQILJXUD]LRQH�&��

)LJ�� ��������$QGDPHQWR� GL� X�XP� LQ� IXQ]LRQH� GL� [�E� FRQ� HVFOXVLRQH� GHOOH� VH]LRQL� &�� H� &��� 0DQFDQR� L� GDWL� UHODWLYL� DOOH� [� QHJDWLYH� SRLFKp�

DSSDUWHQHQWL�DOOH�VH]LRQL�&��H�&���
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)LJ����������$QGDPHQWR�GHJOL�U�P�V��GHOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj�DGLPHQVLRQDOL]]DWL�FRQ�XP�LQ�IXQ]LRQH�GL�[�E�H�XP�8PR��FRQILJXUD]LRQH�

&���

)LJ����������$QGDPHQWR�GHJOL�U�P�V��GHOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj�DGLPHQVLRQDOL]]DWL�FRQ�XP�LQ�IXQ]LRQH�GL�[�E�H�XP�8PR��FRQILJXUD]LRQH�
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&���
7DOH� UHOD]LRQH�� YDOLGD� SHU� OH� VH]LRQL� FKH� VLDQR� VXIILFLHQWHPHQWH� GLVWDQWL� GDOO
XJHOOR��
JLXVWLILFD�O
DQDOLVL�GHL�GDWL�VSHULPHQWDOL�GHO�SDU��������QHO�TXDOH�VL�HYLGHQ]LD��DSSXQWR��FKH��
SHU� WDOL� VH]LRQL�� JOL� DQGDPHQWL� GHJOL� U�P�V�� DGLPHQVLRQDOL]]DWL� VL� DGGHQVDQR� VX� XQ
XQLFD�
FXUYD��ILJJ�������������

3HU LO�FDVR�GHL�JHWWL�LPPHVVL�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�PRWR�RQGRVR��VL�SXz�VFULYHUH�
OD VHJXHQWH�UHOD]LRQH�IXQ]LRQDOH�

( )f r.m.s.,u ,U ,x,b = 0m mo  

DYHQGR� RUD� LQGLFDWR� FRQ� 8PR� XQD� YHORFLWj� FDUDWWHULVWLFD� GHOOH� RQGH� FRQ� FXL� LO� JHWWR�
LQWHUDJLVFH��,Q�SDUWLFRODUH��VL�q�SRVWR�8PR�XJXDOH�DO�PDVVLPR�YDORUH�GL�YHORFLWj�YHUWLFDOH�GHO�
PRWR RQGRVR� DQDOL]]DWR�� DO� YDULDUH� GHOOD� GLVWDQ]D� GDO� IRQGR�� $SSOLFDQGR� LO� WHRUHPD� GL�
%XFNLQJKDP��VL�KD�

r.m.s.

u
= g

x
b

; u
U

.
m

m

mo









4XHVWD�UHOD]LRQH�PHWWH�LQ�HYLGHQ]D�FKH��QHO�FDVR�GHL�JHWWL�LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�PRWR�
RQGRVR�� LQWHUYLHQH� LO�SDUDPHWUR�DGLPHQVLRQDOH�XP�8PR� 4XHVWR�ULVXOWDWR�q�DYDOODWR�GDL�GDWL�
ULSRUWDWL� QHOOH� ILJJ�� ���������� LQ� FXL� VL� RVVHUYD� FKH� OH� VLQJROH� FXUYH� SRVVRQR� HVVHUH�
SDUDPHWUL]]DWH� LQ� IXQ]LRQH� GL� XP�8PR� 'DJOL� VWHVVL� GLDJUDPPL� VL� QRWD� FKH�� SHU� OH� VH]LRQL�
SDUWLFRODUPHQWH� GLVWDQWL� GDOO
XJHOOR�� OD� GLSHQGHQ]D� GL� U�P�V��XP GD� XP�8PR� q� SL�� PDUFDWD�
ULVSHWWR�DOOH�VH]LRQL�SL��YLFLQH�DG�HVVR��&Lz�FRQIHUPD�FKH� OD�UHOD]LRQH�IXQ]LRQDOH����������
EHQ LQWHUSUHWD�L�GDWL�UHODWLYL�DOOH�VH]LRQL�RYH�QRQ�VL�ULVHQWH�GHOOH�FRQGL]LRQL�LQL]LDOL�GHO�JHWWR��
7DOH�FRQFOXVLRQH�DSSDUH�ORJLFD��VH�VL�RVVHUYD�FKH�FRQ�O
DXPHQWDUH�GHOOD�GLVWDQ]D�GDOO
XJHOOR�
OH IOXWWXD]LRQL� GL� YHORFLWj� VRQR� SUHYDOHQWHPHQWH� GRYXWH� DO� FDPSR� GL�PRWR� RQGRVR�� R�� SHU�
PHJOLR�GLUH��DOO
LQWHUD]LRQH�GL�TXHVWR�FRQ�LO�JHWWR��
�
����� 6SHWWUL�GL�SRWHQ]D�H�VFDOH�WHPSRUDOL��

,Q VHJXLWR�VL�ULSRUWDQR�DOFXQL�VSHWWUL�GL�SRWHQ]D�UHODWLYL�DL�ULOLHYL�GL�YHORFLWj�FRQGRWWL��

(19.5.1)
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)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj�SHU�LO�SXQWR�GL�PLVXUD�SRVWR�VXOO·DVVH�PHGLR�GHO�JHWWR��VH]��&����

)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj�SHU�LO�SXQWR�GL�PLVXUD�SRVWR�VXOO·DVVH�PHGLR�GHO�JHWWR��VH]��&����
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)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj�SHU�LO�SXQWR�GL�PLVXUD�D�GLVWDQ]D�[ ����PP�GDOO·DVVH�PHGLR�GHO�JHWWR��VH]��

&����

)LJ����������,QJUDQGLPHQWR�GHOOR�VSHWWUR�GL�SRWHQ]D�GL�ILJ����������
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)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj�SHU� LO�SXQWR�GL�PLVXUD�D�GLVWDQ]D�[ ����PP�GDOO·DVVH�PHGLR�GHO�JHWWR�

�VH]��&����

)LJ����������,QJUDQGLPHQWR�GHOOR�VSHWWUR�GL�SRWHQ]D�GL�ILJ����������
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)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj�SHU�LO�SXQWR�GL�PLVXUD�D�GLVWDQ]D�[ �����PP�GDOO·DVVH�PHGLR�GHO�JHWWR��VH]��

&����

)LJ����������,QJUDQGLPHQWR�GHOOR�VSHWWUR�GL�SRWHQ]D�GL�ILJ����������
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)LJ����������6SHWWUR�GL�SRWHQ]D�GHOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj�SHU�LO�SXQWR�GL�PLVXUD�D�GLVWDQ]D�[ �����PP�GDOO·DVVH�PHGLR�GHO�JHWWR�

�VH]��&����

)LJ�����������,QJUDQGLPHQWR�GHOOR�VSHWWUR�GL�SRWHQ]D�GL�ILJ����������
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SHU� OD� VH]�� &�� GL� WDE�� �������� 1HOOH� GLGDVFDOLH� GL� FLDVFXQD� ILJXUD� q� ULSRUWDWD� OD� GLVWDQ]D�
GDOO
DVVH�PHGLR�GHO�JHWWR�D�FXL�L�ULOLHYL�VL�ULIHULVFRQR��

'DJOL� VSHWWUL� GL� SRWHQ]D� GHOOH� VH]LRQL� D� GLVWDQ]D� �� PP� H� ��� PP� GDOO
XJHOOR� VL�
SRVVRQR� GHGXUUH� OH� VHJXHQWL� RVVHUYD]LRQL��3HU� L� SXQWL� GL�PLVXUD�SRVWL� VXOO
DVVH�PHGLR�GHO�
JHWWR� R� SRFR� GLVFRVWL� GD� HVVR� OR� VSHWWUR� QRQ� SUHVHQWD� GHL� SLFFKL� D� IUHTXHQ]H� SDUWLFRODUL��
9LFHYHUVD�� DOORQWDQDQGRVL� GDOO
DVVH� PHGLR�� JOL� VSHWWUL� VRQR� FDUDWWHUL]]DWL� GD� XQ� SLFFR�
GRPLQDQWH�D�IUHTXHQ]D�XJXDOH�D�TXHOOD�GHO�PRWR�RQGRVR��RVVLD�����+]������+]�R�����+]�D�
VHFRQGD�GHOOH�FRQILJXUD]LRQL�SUHVH�LQ�FRQVLGHUD]LRQH��

/H FRQVLGHUD]LRQL� IDWWH� YDOJRQR� SHU� JOL� VSHWWUL� UHODWLYL� DOOH� FRPSRQHQWL� YHUWLFDOL� H�
RUL]]RQWDOL�GL�YHORFLWj��

3HU� TXDQWR� DWWLHQH� L� SXQWL� DSSDUWHQHQWL� DOOH� VH]LRQL� D� GLVWDQ]D�PDJJLRUH� GL� ���PP�
GDOO
XJHOOR��LQYHFH��JOL�VSHWWUL�GL�SRWHQ]D�SUHVHQWDQR�XQ�SLFFR�SULQFLSDOH�D�IUHTXHQ]D�XJXDOH�
D TXHOOD� GHO�PRWR� RQGRVR� DQFKH� SHU� L� SXQWL� GL�PLVXUD� SURVVLPL� DOO
DVVH�PHGLR� GHO� JHWWR��
4XHVWR�q�HYLGHQWH�GDOO
DQDOLVL�GHOOH�ILJJ������������

7DOH�GLYHUVLWj�GL�FRPSRUWDPHQWR�FRQVHQWH�GL�FRQIHUPDUH��SHU�L�JHWWL�LQWHUDJHQWL�FRQ�
OH RQGH��O
LSRWHVL�GL�HVLVWHQ]D�GL�XQD�UHJLRQH�SURVVLPD�DOO
XJHOOR��UHJLRQH�GL�IOHVVLRQH� LQ�FXL�
LO JHWWR� VWHVVR� PDQWLHQH�� FRPH� q� VWDWR� GHWWR�� XQD� VXD� LGHQWLWj� SHU� OD� ULJLGH]]D� FKH� OR�
FRQWUDGGLVWLQJXH��4XHVWR�FRPSRUWD� FKH��SHU� L�SXQWL�GL�PLVXUD�SURVVLPL�DOO
DVVH�PHGLR�GHO�
JHWWR�� JOL� VSHWWUL� QRQ� SUHVHQWLQR� FRPSRQHQWL� GRPLQDQWL�� (
� ORJLFR� DWWHQGHUVL�� SHUz�� FKH�
DSSURVVLPDQGRVL� DOO
LQWHUIDFFLD� WUD� LO� JHWWR� H� LO� FDPSR� GL� PRWR� RQGRVR�� WDOH� DUPRQLFD�
GRPLQDQWH�VL�SUHVHQWL��7DOH�FRQVLGHUD]LRQH�q�LQ�HIIHWWL�FRQIHUPDWD�GDL�ULOLHYL�VSHULPHQWDOL��

,Q DOWUL�WHUPLQL��TXHVWD�DQDOLVL�PHWWH�LQ�HYLGHQ]D�FKH�OH�IOHVVLRQL��D�FXL�OD�UHJLRQH�GHO�
JHWWR� SURVVLPD� DOO
XJHOOR� q� VRWWRSRVWD�� QRQ� VRQR� WDOL� GD� HYLGHQ]LDUH� XQD� FRPSRQHQWH�
GRPLQDQWH�QHJOL�VSHWWUL�GL�SRWHQ]D��4XHVWD�FRQVLGHUD]LRQH�q� LQ�DFFRUGR�FRQ�O
RVVHUYD]LRQH�
VHFRQGR� FXL� OD� UHJLRQH� GL� IOHVVLRQH� q� FDUDWWHUL]]DWD� GD� XQD� ULJLGH]]D� HOHYDWD� GHO� JHWWR��
O
LQHU]LD�GL�TXHVWR��LQIDWWL��UHQGH�OH�VXH�RVFLOOD]LRQL�QRQ�DQDORJKH�D�TXHOOH�LPSRVWH�GDO�IOXLGR�
DPELHQWH��

3HU�TXDQWR�DWWLHQH��LQYHFH��OH�UHJLRQL�GHO�JHWWR�SRVWH�D�PDJJLRUH�GLVWDQ]D�GDOO
XJHOOR�
�UHJLRQH� GL� WUDQVL]LRQH� H� GL� JHWWR� VYLOXSSDWR� JOL� VSHWWUL� RWWHQXWL� GDL� ULOLHYL� VSHULPHQWDOL�
KDQQR�PHVVR�LQ�HYLGHQ]D�FKH�q�HVLVWHQWH�XQ�SLFFR�D�IUHTXHQ]D�XJXDOH�D�TXHOOD�GHO�FDPSR�GL�
PRWR�RQGRVR�GHO�IOXLGR�DPELHQWH�DQFKH�SHU�OH�]RQH�SURVVLPH�DOO
DVVH�PHGLR��



0LFKHOH�0RVVD��'LIIXVLRQH�GL�XQ�JHWWR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH�R�LQ�PRWR�RQGRVR�� &DS������

���

4XHVWD� FRQVLGHUD]LRQH� q� LQ� DFFRUGR� FRQ� TXDQWR� ULSRUWDWR� QHO� SDU�� ������ SRLFKp� VL�
ULFRUGD� FKH�� SHU� OH� UHJLRQL� GL� WUDQVL]LRQH� H� GL� JHWWR� VYLOXSSDWR�� OD� ULJLGH]]D� GHO� JHWWR� q�
LQIHULRUH� ULVSHWWR� DOOD� UHJLRQH� GL� IOHVVLRQH�� 4XLQGL� q� ORJLFR� DWWHQGHUVL� FKH� RJQL� SXQWR�
GHOO
LQWHUD�VH]LRQH�ULVHQWD�GHO�IHQRPHQR�GL�RVFLOOD]LRQH��VLD�SXUH�FRQ�HQWLWj�GLYHUVD��,QIDWWL�
OH SRWHQ]H� UHODWLYH� DOOD� FRPSRQHQWH� GRPLQDQWH�� FRPH� PHVVR� LQ� HYLGHQ]D� GDL� GLDJUDPPL�
GHOOH�ILJJ������������VRQR�GLYHUVL�D�VHFRQGD�GHO�SXQWR�GL�PLVXUD�SUHVR�LQ�FRQVLGHUD]LRQH��

/H ILJJ�� ���������� LQROWUH�� HYLGHQ]LDQR� FKH� SHU� L� SXQWL� GL� PLVXUD� SDUWLFRODUPHQWH�
GLVWDQWL� GDOO
DVVH�PHGLR� GHO� JHWWR�� RYH� OH� YHORFLWj�PHGLH� YHUWLFDOL� VRQR�PROWR� SLFFROH�� JOL�
VSHWWUL�SUHVHQWDQR�OD�FRPSRQHQWH�D�IUHTXHQ]D�XJXDOH�D�TXHOOD�GHO�PRWR�RQGRVR�VRPPHUVD�GD�
DOWUH��6L� ULFRUGD�� FRPH�JLj�GHWWR�QHO�SDU�������� FKH� L� ULOLHYL�GL�YHORFLWj� VRQR�VHPSUH�VWDWL�
FRQGRWWL�LQ�SXQWL�LQ�FXL�LO�JHWWR�LQWHUDJLYD�FRQ�LO�PRWR�RQGRVR��,O�FRPSRUWDPHQWR�WLSLFR�GHJOL�
VSHWWUL�� SHU� L� SXQWL� GHOOH� UHJLRQL� SDUWLFRODUPHQWH� GLVWDQWL� GDOO
DVVH� PHGLR�� WHVWLPRQLDQR��
GXQTXH� OD�SUHVHQ]D�GL�XQ
LQWHUIDFFLD�WUD�LO�JHWWR�H�LO�PRWR�RQGRVR��RYH�VRQR�SUHVHQWL�YRUWLFL�
WLSLFL�GHO�IHQRPHQR�GL�LQWUXVLRQH��,Q�WDOH�]RQD��TXLQGL��OH�RVFLOOD]LRQL�GRYXWH�DO�PRWR�RQGRVR�
QRQ VRQR�GRPLQDQWL��SHUFKp�VL�VRYUDSSRQJRQR�D�TXHOOH�GHOO
LQWHUPLWWHQ]D��

/H FRQVLGHUD]LRQL�IDWWH�YDOJRQR�SHU�OH�FRPSRQHQWL�YHUWLFDOL�H�RUL]]RQWDOL�GL�YHORFLWj��
,O FRQIURQWR��SRL��WUD�JOL�VSHWWUL�GL�SRWHQ]D�UHODWLYL�DO�JHWWR�LPPHVVR�LQ�XQ�FDPSR�GL�

OLTXLGR�LQ�TXLHWH�H�L�FRUULVSRQGHQWL�UHODWLYL�DL�JHWWL�LQWHUDJHQWL�FRQ�OH�RQGH��PHWWH�LQ�HYLGHQ]D�
OD GLYHUVLWj�GL�FRPSRUWDPHQWR� WUD� OH�GXH�FRQILJXUD]LRQL��(
�HYLGHQWH��FLRq��FKH�SHU� L�JHWWL�
LQWHUDJHQWL�FRQ�OH�RQGH��JOL�VSHWWUL�SUHVHQWDQR�SLFFKL�FRQ�IUHTXHQ]D�XJXDOH�D�TXHOOD�GHO�PRWR�
RQGRVR�

3HU�TXDQWR�DWWLHQH�L�ULOLHYL�GL�YHORFLWj�FRQGRWWL�SHU�L�JHWWL�LQWHUDJHQWL�FRQ�XQ�FDPSR�GL�
PRWR�RQGRVR��FRPH�q�VWDWR�PHVVR�LQ�HYLGHQ]D�QHO�SDU������������OH�IOXWWXD]LRQL�GL�YHORFLWj�
VRQR LPSXWDELOL�VLD�DOOD�WXUEROHQ]D�VLD�DOOH�RVFLOOD]LRQL�GHOOH�RQGH��,Q�TXHVWR�FDVR��SHUWDQWR��
QRQ VDUHEEH�SRVVLELOH�SDUODUH�GL�PLFURVFDOD�H�VFDOD�LQWHJUDOH�GHOOD�WXUEROHQ]D��

7XWWDYLD�� VL� SRWUHEEHUR� ULFDYDUH� GHOOH� VFDOH� WHPSRUDOL� DVVRFLDWH� DOOH� IOXWWXD]LRQL� GL�
YHORFLWj� DSSOLFDQGR� OD� VWHVVD�PHWRGRORJLD� FKH� SHUPHWWH� GL� FDOFRODUH� OH�PLFURVFDOH� H� VFDOH�
LQWHJUDOL�GHOOD� WXUEROHQ]D��/R� VFRSR�� HYLGHQWHPHQWH�� q�TXHOOR�GL�RWWHQHUH�GHOOH� LQGLFD]LRQL�
TXDOLWDWLYH�VX�TXHVWH�XOWLPH��

7HQHQGR�SUHVHQWH���GXQTXH��OH�FRQVLGHUD]LRQL�SUHFHGHQWL�H�DQDOL]]DQGR�OH�RVFLOOD]LRQL�
GL YHORFLWj��q�SRVVLELOH�SHUYHQLUH�D�GHL�SURILOL�DQDORJKL�D�TXHOOL�GHOOH�PLFURVFDOH�H�GHOOH�VFDOH��



0LFKHOH�0RVVD��'LIIXVLRQH�GL�XQ�JHWWR�LQ�XQ�FDPSR�GL�OLTXLGR�LQ�TXLHWH�R�LQ�PRWR�RQGRVR�� &DS������

���

)LJ�����������$QGDPHQWR�GHOOD�VFDOD�WHPSRUDOH�W�RWWHQXWD�GDOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj��VH]��&����

)LJ�����������$QGDPHQWR�GHOOD�VFDOD�WHPSRUDOH�,�RWWHQXWD�GDOOH�FRPSRQHQWL�YHUWLFDOL�GL�YHORFLWj��VH]��&����
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)LJ�����������$QGDPHQWR�GHOOD�VFDOD�WHPSRUDOH�W�RWWHQXWD�GDOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj��VH]��&����

)LJ�����������$QGDPHQWR�GHOOD�VFDOD�WHPSRUDOH�,�RWWHQXWD�GDOOH�FRPSRQHQWL�RUL]]RQWDOL�GL�YHORFLWj��VH]��&����

LQWHJUDOL� GHOOD� WXUEROHQ]D� SUHVHQWDWL� QHO� SDU�� ������ 7DOL� VFDOH� YHUUDQQR�� RUD�� LQGLFDWH�
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ULVSHWWLYDPHQWH�FRQ�L�VLPEROL�W HG ,� 1HOOH�ILJJ�������������VL�ULSRUWDQR�GHL�WLSLFL�HVHPSL�GL�
WDOL� SURILOL�� FRQIHUPDWL� SHU� WXWWH� OH� VH]LRQL� H� SHU� OH� FRPSRQHQWL� RUL]]RQWDOL� H� YHUWLFDOL� GL�
YHORFLWj�� 7DOL� GLDJUDPPL� HYLGHQ]LDQR� FKH� OH� VFDOH� WHPSRUDOL�� RWWHQXWH� FRQ� SURFHGLPHQWL�
DQDORJKL�D�TXHOOL�SHU�LO�FDOFROR�GHOOH�PLFURVFDOH�H�VFDOH�LQWHJUDOL�GHOOD�WXUEROHQ]D��SUHVHQWDQR�
XQ DQGDPHQWR�FUHVFHQWH�YHUVR�OH�UHJLRQL�HVWHUQH�GHL�JHWWL��7DOH�FRPSRUWDPHQWR�FRQIHUPD�OH�
FRQVLGHUD]LRQL�FKH�VRQR�VWDWH�SURSRVWH�QHO�SDU��������
�
����� $QDOLVL�GHOO
LQWUXVLRQH��

3HU�TXDQWR�ULJXDUGD� O
DQDOLVL�GHO�FRHIILFLHQWH�GL� LQWUXVLRQH�UHODWLYR�DO�FDVR�GHL�JHWWL�
LQWHUDJHQWL� FRQ� XQ� FDPSR� GL� PRWR� RQGRVR�� VL� RVVHUYD� FKH� L� ULOLHYL� VSHULPHQWDOL� HVHJXLWL�
QHOO
DPELWR� GL� TXHVWD� ULFHUFD� VRQR� WLSLFDPHQWH� HXOHULDQL� H� QRQ� FRQVHQWRQR� XQD� GLUHWWD�
YDOXWD]LRQH� GHO� YDORUH� GHO� FRHIILFLHQWH� GL� LQWUXVLRQH� IRU]DWR� LQWURGRWWR� GD�&KLQ� ������� �VL�
YHGD LO�FDS�������

, ULOLHYL�FRQGRWWL�� WXWWDYLD��FRQVHQWRQR�GL�SRWHU�HIIHWWXDUH�XQ�FRQIURQWR�FRQ�OD�OHJJH�
GHO FRHIILFLHQWH�GL� LQWUXVLRQH�SURSRVWD�GD�*HU� ��������&LRq��DOOD� OXFH�GHOOH�FRQVLGHUD]LRQL�
VYROWH�QHO�SDU��������q�SRVVLELOH�RWWHQHUH�XQ�FRHIILFLHQWH�GL�LQWUXVLRQH�OHJDWR�DOOH�PLVXUD]LRQL�
HXOHULDQH�� H� FRQIURQWDUOR� FRQ� LO� YDORUH� RWWHQLELOH� FRQ� OD� UHOD]LRQH� ������� SURSRVWD� GD�*HU�
��������

/D YHORFLWj� FDUDWWHULVWLFD� GHO� PRWR� RQGRVR�� VHFRQGR� OD� �������� q� QHO� FDVR� GHOOD�
FRQILJXUD]LRQH�&��XJXDOH�D������P�V��$�WDOH�YDORUH�GL�YHORFLWj�FRUULVSRQGH�XQ�FRHIILFLHQWH�
GL LQWUXVLRQH��RWWHQLELOH�GDOOD��������H�GHILQLWR�FRPH�LO�UDSSRUWR�WUD�OD�YHORFLWj�GL�LQWUXVLRQH�
YH H OD� YHORFLWj� PHGLD� GHOOD� VH]LRQH� WUDVYHUVDOH�� XJXDOH� D� ������ ,O� YDORUH� GL� α RWWHQXWR�
GDOO
HODERUD]LRQH�GHL�GDWL�VSHULPHQWDOL�q�VWDWR�GL��������RVVLD�OHJJHUPHQWH�GLYHUVR�GD�TXHOOR�
WHRULFR� RWWHQLELOH� GDOOD� �������� ,O� SLFFROR� VFRVWDPHQWR� GHL� GDWL� q� GRYXWR� DO� IDWWR� FKH� OD�
UHOD]LRQH� �������� SURSRVWD� GD� *HU� �������� IX� RWWHQXWD� SHU� LQWHUSROD]LRQH� GL� XQ� QXPHUR�
OLPLWDWR�GL�GDWL�VSHULPHQWDOL��

, ULVXOWDWL�RWWHQXWL��SHUWDQWR��VRQR�LQ�RWWLPR�DFFRUGR�FRQ�OH�ULOHYD]LRQL�GL�DOWUL�DXWRUL��
FKH��WXWWDYLD��VRQR�DQFRUD�PROWR�VFDUVH�D�ULJXDUGR�GL�TXHVWR�DUJRPHQWR��


