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� 3UH]HQWD�WH]ă�UHSUH]LQWă�R�FRQWULEX܊LH�OD�DSOLFDUHD�IHQRPHQHORU�GH�WUDQVSRUW�DOH�IOXLGHORU�vQ�
PHGLL�SRURDVH�vQ�YHGHUHD�GH]YROWăULL�VHQ]RULORU�HOHFWURFKLPLFL��6WXGLXO�HVWH�FHQWUDW�SH�LQYHVWLJD܊LD�
H[SHULPHQWDOă� �L܈ PRGHODUHD� FXUJHULL� vQ� PHGLL� SRURDVH� VXE� DF܊LXQHD� IRU܊HORU� PDVLFH� �L܈ GH�
FDSLODULWDWH��FX�DSOLFD܊LL�vQ�WUDQVSRUWXO�FRQWURODW�GH�VDUFLQă�HOHFWULFă�vQ�PHGLLOH�SRURDVH�FRQGXFWRDUH�
vQ� SUH]HQ܊D� XQXL� IOXLG��$SOLFD܊LD� ILQDOă� D� WH]HL� FRQVWă� vQ� IDEULFDUHD� XQHL� FHOXOH� HOHFWURFKLPLFH�
SRUWDELOH�IRUPDWă�GLQ�SODVH�SROLPHULFH�HOHFWURILODWH܈�L�PHWDOL]DWH�GHSXVH�SH�XQ�VXEVWUDW�GH�KkUWLH��
(VWH�SULPD�UDSRUWDUH�vQ�OLWHUDWXUD�GH�VSHFLDOLWDWH�D�XQXL�VHQ]RU�FX�R�DVWIHO�GH�DUKLWHFWXUă��FH�SRDWH�
GHWHFWD�GLIHUL܊L�FRPSX܈L�FKLPLFL�DIOD܊L�vQ�PHGLLOH�IOXLGH��$VWIHO��WH]D�HVWH�VWUXFWXUDWă�vQ�GRXă�SăU܊L��
SULPD�ILLQG�GHGLFDWă�VWXGLXOXL�GLIX]LHL�IOXLGHORU�SULQ�PHGLL�SRURDVH��UHSUH]HQWDWH�GH�KkUWLH��LDU�D�
GRXD�SUH]LQWă�PHWRGHOH�GH�IDEULFDUH܈�L�RSWLPL]DUH�D�HOHFWUR]LORU�ILEULODUL��SUHFXP܈�L�D�DUKLWHFWXULL�
LQWHJUDWH�FX�KkUWLD��
� $QDOL]D�WHRUHWLFă�D�IHQRPHQXOXL�D�FRQVWDW�vQ�LGHQWLILFDUHD�HFXD܊LLORU�FX�DMXWRUXO�FăURUD�SRW�IL�
GHVFULVH� HYROX܊LLOH� vQ� WLPS� DOH� VXSUDIH܊HL� XGDWH� �L܈ LQWHUIH܊HL� SLFăWXULL� UăPDVH� OD� VXSUDID܊D�
VXEVWUDWXOXL�SRURV��UH]XOWDWHOH�DFHVWRUD�ILLQG�HYDOXDWH�IRORVLQG�FRGXO�QXPHULF�0DWKHPDWLFD���
� 6WXGLXO�H[SHULPHQWDO�D�IRVW�HIHFWXDW�SHQWUX�GLIHULWH�FD]XUL�DOH�IHQRPHQXOXL�GH�GLIX]LH��ILLQG�
LQYHVWLJDWH� LQIOXHQ܊HOH�� JHRPHWULHL� PHGLXOXL� SRURV�� YkVFR]LWă܊LL� IOXLGHORU� �L܈ FRQFHQWUD܊LHL� GH�
PROHFXOH�GL]ROYDWH�vQ�PHGLL�OLFKLGH��ÌQ�VFRSXO�HILFLHQWL]ăULL�SURFHVXOXL�GH�DQDOL]ă��D�IRVW�GH]YROWDW�
XQ�DOJRULWP�GH�SURFHVDUH�QXPHULFă�DXWRPDWă�D�LPDJLQLORU�vQ�0$7/$%���
� ÌQ�D�GRXD�SDUWH�D�WH]HL�DX�IRVW�LQYHVWLJDWH�H[SHULPHQWDO�GRXă�PHWRGH�GH�IDEULFDUH�D�PHGLLORU�
SRURDVH�FX�VWUXFWXUă�SROLPHULFă�ILEULODUă��ILLQG�DQDOL]DWă�LQIOXHQ܊D�SDUDPHWULORU�GH�PDWHULDO��SURFHV�
�ă��8OWHULRU��SH܊LL�GH�VXSUDID܊L�D�SRUR]LWă܈�L�PHGLX�DPELHQWDO�DVXSUD�PRUIRORJLHL�ILEUHORU�UH]XOWDWH܈
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� �
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SRURDVă�PXOWL�VWUDWLILFDWă��FDUH�FXSULQGH�XQ�VXEVWUDW�SHQWUX�UHWHQ܊LD�IOXLGXOXL܈�L�GRXă�VWUDWXUL�GH�
ILEUH�SROLPHULFH�PHWDOL]DWH��FX�URO�GH�HOHFWUR]L��$�IRVW�LQYHVWLJDW�FRPSRUWDPHQWXO�VHQ]RUXOXL�SULQ�
XWLOL]DUHD� GLIHULWHORU�PDWHULDOH� FX� URO� FRQGXFWRU� �L܈ IOXLGH� FX� GLIHULWH� SURSULHWă܊L��$SOLFDELOLWDWHD�
VHQ]RUXOXL�D� IRVW� LQYHVWLJDWă� LQL܊LDO� SHQWUX�GHWHF܊LD� SHUR[LGXOXL�GH�KLGURJHQ�� LDU�XOWHULRU�SHQWUX�
FRPSX܈L� FKLPLFL� GH� RULJLQH� ELRORJLFă�� 3HUVSHFWLYHOH� GH� FHUFHWDUH� XOWHULRDUă� LQFOXG� H[WLQGHUHD�
DSOLFDELOLWă܊LL� VHQ]RUXOXL� SHQWUX� PRQLWRUL]DUHD� FDOLWă܊LL� DSHL� VDX� DHUXOXL�� DQVDPEOXO� UHDOL]DW�
UHSUH]HQWkQG�R�FHOXOă�HOHFWURFKLPLFă�SRUWDELOă�FH�D�IRVW�SURLHFWDWă�DVWIHO�vQFkW�Vă�SHUPLWă�LQWHJUDUHD�
XOWHULRDUă�FX�FLUFXLWH�HOHFWURQLFH�DOLPHQWDWH�GH�DFXPXODWRUL��VDX�LQVWDOD܊LL܈�L�GLVSR]LWLYH�HQHUJHWLFH�
YHKLFXODWH� vQ� GLYHUVH� DSOLFD܊LL�� UHSUH]HQWkQG� XQ� GLVSR]LWLY� FX� FRQVXP� UHGXV� GH� HQHUJLH� SHQWUX�
DQDOL]D�IOXLGHORU��(WDSHOH�SDUFXUVH�vQ�DFHVW�VFRS�VXQW�SUH]HQWDWH�vQ�RUJDQLJUDPD�GH�PDL�MRV��
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��� 3K\VLFV�RI�9LURPLPHWLF�3DUWLFOHV��FRQWUDFW�QR��������������������3155��
��� %LR�LQVSLUHG�VHPLFRQGXFWLQJ�ILEHUV�IRU�ILHOG�HIIHFW�WUDQVLVWRUV��31�,,,�3��3&(������������
��� $Q�HOHFWURFKHPLFDO�SRLQW�RI�FDUH�GHYLFH� IRU�QXFOHLF�DFLGV�TXDQWLILFDWLRQ� �31�,,,�3��3&(�

�����������
��� 0ROHFXODUO\�LPSULQWHG�QDQRIOXLGLF�ELRVHQVRUV�IRU� WKH�GHWHFWLRQ�RI�KXPDQ�GHULYHG�SURWHLQV�

�(5$1(7�0$181(7�,,,�0,1D)%LR6��
��� 'LVSRVDEOH� QDQRVWUXFWXUHG� ELRVHQVRUV� EDVHG� RQ� PHWDOOLF� HOHFWURVSXQ� ILEHUV� IRU� UHDO� WLPH�

PRQLWRULQJ�RI�VXSHUR[LGH�LQ�FHOO�FXOWXUHV��31�,,,�3������7(������������
�
�
�
�



�

��

9�� %UHYHWH�
GHSXVH�

x� %RWWD�2DQD�'DFLDQD��'LFXOHVFX�9LFWRU�&RQVWDQWLQ��(QFXOHVFX�0DULXV�,RQXW��%HUHJRL�
0LKDHOD�� (YDQJKHOLGLV�$OH[DQGUX�� 0DWHL� (OHQD�� &HOXOă� HOHFWURFKLPLFă� FX� VWUXFWXUă�
ILEULODUă�IOH[LELOă�LQWHJUDWă��$�������������

x� &RVWDV� /LOLDQD�$QGUHHD�� 3UHGD� 1LFROHWD�5R[DQD�� %RWWD� 2DQD�'DFLDQD�� &LRERWDUX�
,XOLD�&RULQD�� (QFXOHVFX� 0DULXV� ,RQXW�� 3URFHGHX� GH� RE܊LQHUH� D� XQHL� GLRGH�
HOHFWUROXPLQHVFHQWH�SH�ED]ă�GH�PDWULFL�GH�QDQRILUH�PLH]�FRDMă�GH� WLS�R[LG�GH�]LQF܈�L�
VHOHQLXUă�GH�]LQF�RE܊LQXWH�SH�HOHFWUR]L�PHWDOLFL�LQWHUGLJLWD܊L��$�������������

DFRUGDWH�
x� (QDFKH�7HRGRU�$GULDQ��&RVWDV�/LOLDQD�$QGUHHD��%RWWD�2DQD�'DFLDQD��0DWHL�(OHQD��

'LFXOHVFX� 9LFWRU�&RQVWDQWLQ�� 0HWRGă� GH� IDEULFDUH� D� XQHL� SODWIRUPH� DQDOLWLFH� GXDOH�
SHQWUX�GHWHF܊LH�HOHFWURFKLPLFă܈�L�FRORULPHWULFă��$����������������

�
9,�� $UWLFROH�LQ�FXUV�GH�UHGDFWDUH�

��� '��%RWWD��0��%HUHJRL��0��(QFXOHVFX��$��(YDQJKHOLGLV��(��0DWHL��$��0��,JQDW��$��3DVFX��
,��(QFXOHVFX��&��%DODQ��9�&��'LFXOHVFX��$Q�HOHFWURFKHPLFDO�'1$�TXDQWLILFDWLRQ�VHQVRU�
RQ� FKURPDWRJUDSKLF� SDSHU� ZLWK� DWWDFKHG� HOHFWURGHV� IURP� FRQGXFWLYH� HOHFWURVSXQ�
SRO\PHULF�ILEHUV��$GYDQFHG�0DWHULDOV�

��� '��%RWWD��0�� %HUHJRL��$�� (YDQJKHOLGLV��$�� 3DVFX�� ,�� (QFXOHVFX��9�&��'LFXOHVFX��$Q�
LPSHGLPHWULF� VHQVRU� RQ� FKURPDWRJUDSKLF� SDSHU� ZLWK� DWWDFKHG� HOHFWURGHV� IURP�
FRQGXFWLYH� HOHFWURVSXQ� SRO\PHULF� ILEHUV� IRU� TXDQWLILFDWLRQ� RI� QXFOHLF� DFLGV�� $&6�
6HQVRUV�

��� '�� %RWWD��$�� (YDQJKHOLGLV�� (�� 0DWHL�� ,�� (QFXOHVFX�� 9�&�� 'LFXOHVFX��$� SDSHU�EDVHG�
DUFKLWHFWXUH�ZLWK�FRQGXFWLYH�HOHFWURVSXQ�SRO\PHULF�ILEHUV�IRU�ZHDUDEOH�ELRVHQVRUV��$&6�
$SSOLHG�0DWHULDOV�DQG�,QWHUIDFHV�

1RWD���UHYLVWD�FăWUH�FDUH�YD�IL�WULPLV�SHQWUX�UHYL]LH��
�
9,,��0HPEUX�DO�,QWHUQDWLRQDO�6RFLHW\�RI�(OHFWURFKHPLVWU\��,6(��±�GLQ�������

� �
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&DSLWROXO����,QWURGXFHUH�
�
� 'LQ� SXQFW� GH� YHGHUH� LQGXVWULDO�� DSOLFD܊LLOH� GLIX]LHL� SULQ�PDWHULDOH� SRURDVH� VH� UHJăVHVF� vQ�
GRPHQLL�SUHFXP��GH]YROWDUHD�GLVSR]LWLYHORU�SHQWUX�VWRFDUHD�HQHUJLHL�>�±�@��FDWDOL]D�UHDF܊LLORU�GH�
UHGXFHUH� D� R[LJHQXOXL� VDX� HYROX܊LH� D� KLGURJHQXOXL� FD� VXUVH� GH� HQHUJLH� UHJHQHUDELOă� >���@�
GH]YROWDUHD�VWUXFWXULORU�FX�DGVRUEDQ܊ă�ULGLFDWă��SHQWUX�FDSWDUHD�FRPSX܈LORU�JD]R܈L�FX�HIHFW�GH�VHUă�
GLQ�DWPRVIHUă�>�@�VDX�SXULILFDUHD�DSHL�>���@��UHDOL]DUHD�VHQ]RULORU�SHQWUX�GHWHF܊LD�VXEVWDQ܊HORU�GLQ�
IOXLGH�FRPSOH[H�VDX�FRPSX܈L�JD]R܈L�SHQWUX�PRQLWRUL]DUHD�FDOLWă܊LL�DHUXOXL�VDX�DSHL�� vQ�YHGHUHD�
RSWLPL]ăULL�IXQF܊LRQăULL�GLIHULWHORU�LQVWDOD܊LL���
� ,QWHUHVXO�VSRULW�SHQWUX�PDWHULDOHOH�SRURDVH�VH�GDWRUHD]ă�SURSULHWă܊LORU�VWUXFWXUDOH��FH�SHUPLW�
DWkW� WUDQVSRUWXO� SDVLY� DO� IOXLGHORU� VXE� DF܊LXQHD� IRU܊HL� FDSLODUH�� SUHFXP� �L܈ VWRFDUHD� HILFLHQWă� D�
FRPSX܈LORU�FKLPLFL�vQ�VWUXFWXUD�DFHVWRUD�SULQ�DGVRUE܊LH��GDWRULWă�VXSUDIH܊HL�GH�FRQWDFW�H[WLQVH���
� ÌQ�SOXV��H[HPSOXO�GLIX]LHL�WUDQVSLUD܊LHL�vQ�WH[WLOH�D�JHQHUDW�QXFOHXO�vQ�MXUXO�FăUXLD�V�D�FRQWXUDW�
GRPHQLXOXL�GH]YROWăULL�VHQ]RULORU�SRUWDELOL��DFH܈WLD�SUH]HQWkQG�DYDQWDMXO�GH�D�SXWHD�IL�XWLOL]D܊L�GRDU�
SULQ� DOLPHQWDUH� FX� DFXPXODWRUL� GH� WHQVLXQH� PLFă� ����� 9�� >�@��$VWIHO� GH� VHQ]RUL� SHUPLW� DWkW�
PRQLWRUL]DUHD�FRQWLQXă�R�PRQLWRUL]DUH�FRQWLQXă�D�VWăULL�GH�VăQăWDWH��FX�XQ�FRQVXP�HQHUJHWLF�UHGXV�
FRPSDUDWLY�FX�FHO�QHFHVDU�DOLPHQWăULL�XQXL�ODERUDWRU�FOLQLF�GH�DQDOL]ă��GDU܈�L�DQDOL]D�DSHORU��DHUXOXL�
VDX�VROXOXL�vQ�PRG�IDFLO��

6WDGLXO�DFWXDO�DO�GRPHQLXOXL�GH]YROWăULL�VHQ]RULORU�SRUWDELOL�
� ,PSRUWDQ܊D�VHQ]RULORU�SRUWDELOL�FRQVWă�vQ�SRVLELOLWDWHD�GH�D�PRQLWRUL]D�vQ�WLPS�UHDO�SUH]HQ܊D�
VDX�DEVHQ܊D�XQXL�FRPSXV�FKLPLF�GLQ�PHGLXO�GH�DQDOL]ă��$X�IRVW�GHILQLWH�vQ�OLWHUDWXUă�GLVSR]LWLYH�
Ä3RLQW�RI�FDUH´� �3R&��� DFHVWHD� DYkQG� FDUDFWHULVWLFD� GH� D� SXWHD� IL� XWLOL]DWH� ÄvQ� DSURSLHUHD�
SDFLHQWXOXL��PDL�GHJUDEă�GHFkW�vQ�PHGLXO�WUDGL܊LRQDO�DO�XQXL�ODERUDWRU�FOLQLF´�>��@��SHQWUX�D�RIHUL�
LQIRUPD܊LL�GHVSUH�VWDUHD�GH�VăQăWDWH�D�XQXL�SDFLHQW��7RWX܈L��PHWRGHOH�GH�IDEULFDUH܈�L�VWUDWHJLLOH�GH�
GHWHF܊LH�XWLOL]DWH�vQ�FDGUXO�GLVSR]LWLYHORU�3R&�VXQW�DSOLFDELOH܈�L�SHQWUX�PRQLWRUL]DUHD�FRQWLQXă�D�
FDOLWă܊LL�PHGLXOXL��$VWIHO�GH�GLVSR]LWLYH�DQDOLWLFH�DU�WUHEXL�Vă�ILH�SRUWDELOH��X܈RU�GH�XWLOL]DW��HILFLHQW�
GH�IDEULFDW��GDU܈�L�FDSDELOH�GH�D�IL�LQWHJUDWH�FX�FLUFXLWH�HOHFWURQLFH܈�L�DFXPXODWRUL�>��@��
� 6HQ]RULL�HOHFWURFKLPLFL�FX�VXEVWUDW�SRURV�DX�SXWXW�IL�DSOLFD܊L�vQ�GRPHQLXO�ELRPHGLFDO�SHQWUX�
GHWHFWDUHD�GLIHUL܊LORU�FRPSX܈L�FKLPLFL��SUHFXP�LRQL�>��±��@��PROHFXOH�PLFL�>��±��@��SURWHLQH�>��±
��@� �L܈ DFL]L� QXFOHLFL� >��±��@�� ÌQ� DIDUD� GRPHQLXOXL� ELRPHGLFDO�� DSOLFD܊LLOH� DFHVWRUD� DX� SXWXW� IL�
H[WLQVH�SHQWUX�GHWHFWDUHD�FRQWDPLQDQ܊LORU�vQ�EHWRQ�>��@��D�GURJXULORU�>���L�D�SHVWLFLGHORU�SH܈�@���
FRDMD�IUXFWHORU�>��@��vQ�VRO�>��@�VDX�DHURVROL�>��@��)LJXUD������7HKQLFLOH�GH�IDEULFDUH�VXQW�FRQVWDQW�
HYDOXDWH� �L܈ RSWLPL]DWH�� vQVă� SX܊LQH� GLVSR]LWLYH� DMXQJ� Vă� ILH� FRPHUFLDOL]DWH�� ILLQG� vQ� SULQFLSDO�
IXQF܊LRQDOH�GRDU�vQ�FRQGL܊LL�GH�ODERUDWRU��
� $VWIHO�� SHQWUX� D� GH]YROWD� GLVSR]LWLYH� GH� vQFUHGHUH�� FX� FDUDFWHULVWLFL� �L܈ IXQF܊LRQDOLWDWH�
UHSURGXFWLELOH� FKLDU� �L܈ vQ� DIDUD� XQXL� PHGLX� FRQWURODW�� WUHEXLH� LGHQWLILFDWH� FHOH� PDL� RSWLPH�
DUKLWHFWXUL��VWUDWHJLL�GH�PRGLILFDUH�D�KkUWLHL܈�L�FUHDUH�D�EDULHUHORU�KLGURIREH��SUHFXP܈�L�PHWRGHOH�
GH�LQWHJUDUH�D�DFHVWHLD�FX�HOHFWUR]L��'H�DVHPHQHD��WUHEXLH�OXDWH�vQ�FRQVLGHUDUH�WHKQLFLOH܈�L�PHWRGHOH�
GH�GHWHF܊LH�D�GLIHULWHORU�WLSXUL�GH�DQDOL܊L��OXkQG�vQ�FRQVLGHUDUH�SURFHVHOH�GH�WUDQVSRUW܈�L�DEVRUE܊LH�vQ�
PHGLL�SRURDVH�
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�
)LJXUD������([HPSOH�GH�VHQ]RUL�HOHFWURFKLPLFL�SRUWDELOL�SHQWUX�PRQLWRUL]DUHD�$��DFLGXOXL�ODFWLF�
GLQ�WUDQVSLUD܊LD�XPDQă��UHSURGXVă�GLQ�>��@�FX�SHUPLVLXQHD�$PHULFDQ�&KHPLFDO�6RFLHW\��%��

FRUWL]ROXOXL��UHSURGXVă�GLQ�>��@�FX�SHUPLVLXQHD�(OVHYLHU��&��FRQWDPLQDUHD�VWUXFWXULORU�GLQ�EHWRQ�
FX�LRQL�GH�FORU��UHSURGXVă�GLQ�>��@��FX�SHUPLVLXQHD�$PHULFDQ�&KHPLFDO�6RFLHW\��'��SHVWLFLGHORU��
SUHFXP�SDUDR[RQ܈�L�JOLIRVDW��vQ�ID]ă�GH�DHURVROL��UHSURGXVă�GLQ�>��@��FX�SHUPLVLXQHD�(OVHYLHU��

6FRS܈�L�PRWLYD܊LH�
� 8Q�SULP�RELHFWLY�DO�DFHVWHL�WH]H�D�FRQVWDW�vQ�VWXGLHUHD�SURFHVHORU�GH�GLIX]LH�vQ�PHGLL�SRURDVH��
OXkQG� FD]XO� XQHL� SLFăWXUL� SXVH� vQ� FRQWDFW� FX� XQ� VXEVWUDW� GH� KkUWLH�� 6�D� DYXW� vQ� YHGHUH� DQDOL]D�
XQLIRUPLWă܊LL� SURFHVXOXL�� SUHFXP� �L܈ GHWHUPLQDUHD� YLWH]HL� GH� vQDLQWDUH� D� IURQWXOXL� GH� IOXLG�� vQ�
FD]XULOH� GLIX]LHL� UDGLDOH� �L܈ XQLGLUHF܊LRQDOH�� $QDOL]D� D� DYXW� vQ� YHGHUH� vQ܊HOHJHUHD� LQIOXHQ܊HL�
SURSULHWă܊LORU�GH�PDWHULDO�DOH�IOXLGXOXL�DVXSUD�SURFHVXOXL��ILLQG�DVWIHO�LQFOXVH�vQ�VWXGLX�IOXLGH�FX�
YkVFR]LWă܊L�GLIHULWH��SUHFXP܈�L�VROX܊LL�FX�PROHFXOH�FH�LQFOXG�vQ�VWUXFWXUD�FKLPLFă�FURPRIRUL��SHQWUX�
VWXGLXO�IHQRPHQXOXL�GH�UHWHQ܊LH���
� 8Q�DO�GRLOHD�RELHFWLY�DO�WH]HL�D�IRVW�HILFLHQWL]DUHD�SURFHVXOXL�GH�DQDOL]ă�D�GLIX]LHL��LDU�vQ�DFHVW�
VFRS�D�IRVW�LPSOHPHQWDW�XQ�DOJRULWP�QXPHULF�SHQWUX�SURFHVDUHD�DXWRPDWă�D�FDGUHORU�H[WUDVH�GLQ�
vQUHJLVWUăUL�DOH�SURFHVXOXL��$OJRULWPXO�D�IRVW�DSOLFDW�SHQWUX�D�VWXGLD�FRUHOD܊LD�GLQWUH�GLIX]LD�SULQ�
PHGLXO�SRURV܈�L�HYROX܊LD�LQWHUIH܊HL�SLFăWXULL�UăPDVH�OD�VXSUDID܊D�VXEVWUDWXOXL��
� $O�WUHLOHD�RELHFWLY�DO�WH]HL�D�FXSULQV�VWXGLXO�LQIOXHQ܊HL�SDUDPHWULORU�GH�PDWHULDO܈�L�GH�PHGLX�
DVXSUD� SURFHVXOXL� GH� IDEULFDUH� D� PDWHULDOHORU� SRURDVH� ILEULODUH� GLQ� VROX܊LL� SROLPHULFH��$� IRVW�
UHDOL]DWă�R�FRPSDUD܊LH�vQWUH�VXSUDIH܊HOH�IDEULFDWH܈�L�KkUWLD�GH�ILOWUX܈�L�DX�IRVW�DQDOL]DWH�SURSULHWă܊LOH�
RSWLFH܈�L�HOHFWULFH�DOH�DFHVWRU�PDWHULDOH���
� 6FRSXO�ILQDO�DO�WH]HL�D�SUHVXSXV�LQWHJUDUHD�VXEVWUDWXOXL�SRURV�FX�HOHFWUR]L�IRUPD܊L�GLQ�SODVH�
SROLPHULFH�SHQWUX�GH]YROWDUHD�GH�VHQ]RUL�SRUWDELOL��$X�IRVW�DQDOL]DWH܈�L�FDUDFWHUL]DWH�HOHFWURFKLPLF�
GLIHULWH� DUKLWHFWXUL�� vQ� VFRSXO� RE܊LQHULL� GH� GLVSR]LWLYH� RSWLPH�� )XQF܊LRQDOLWDWHD� DFHVWRUD� D� IRVW�
GHPRQVWUDWă� SULQ� UHDOL]DUHD� GHWHF܊LHL� �L܈ FXDQWLILFăULL� HOHFWURFKLPLFH� D� DQDOL܊LORU� SUH]HQ܊L� vQ�
WUDQVSLUD܊LH܈�L�D�DFL]LORU�QXFOHLFL��
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6WUXFWXUD�WH]HL�
� ÌQ�&DSLWROXO���VH�SUH]LQWă�FDGUXO�DFWXDO�DO�VWXGLLORU�SULYLQG�GLIX]LD�vQ�PHGLL�SRURDVH��SUHFXP�
�L܈ SURJUHVXO� SULYLQG� GH]YROWDUHD� VHQ]RULORU� FX� VXEVWUDW� SRURV�� ÌQ� DFHVW� VFRS� DX� IRVW� DQDOL]DWH�
PHWRGHOH�GH�IDEULFDUH܈�L�LQWHJUDUH�D�HOHFWUR]LORU�FX�VXEVWUDWXO�SRURV��SUHFXP܈�L�PHWRGHOH�GH�GHWHF܊LH�
HOHFWURFKLPLFă��
� &DSLWROXO� �� SUH]LQWă� GHVFULHUHD� WHRUHWLFă� D� IHQRPHQXOXL� GH� GLIX]LH� vQ� KkUWLH�� OXkQG� vQ�
FRQVLGHUDUH�FD]XO�XQLGLUHF܊LRQDO܈�L�FHO�UDGLDO��'H�DVHPHQHD��VH�SUH]LQWă�WHRUHWLF�PRGXO�vQ�FDUH�VH�
PRGLILFă�LQWHUID܊D�XQHL�SLFăWXUL�DIODWH�vQ�FRQWDFW�FX�XQ�PHGLX�SRURV��
� ÌQ� &DSLWROXO� �� VXQW� GLVFXWDWH� WHKQLFLOH� H[SHULPHQWDOH� IRORVLWH� SHQWUX� GHUXODUHD�
H[SHULPHQWHORU��ILLQG�GHVFULVH�IHQRPHQHOH�IL]LFH�VDX�FKLPLFH�FDUH�VWDX�OD�ED]D�SURFHVHORU��
� &DSLWROXO���SUH]LQWă�HWDSHOH�DOJRULWPXOXL�GH�SURFHVDUH�D�LPDJLQLL��PHWRGD܈�L�OLPLWăULOH�VDOH�
vQ� LGHQWLILFDUHD� LQWHUIH܊HL��SUHFXP܈�L� IRUPDOLVPXO�PDWHPDWLF�XWLOL]DW�SHQWUX�D�FDOFXOD�SDUDPHWUL�
SUHFXP�GLDPHWUXO��YROXPXO��XQJKLXO�GH�FRQWDFW܈�L�YLWH]D�GH�GLIX]LH��
� &DSLWROXO���HVWH�GHGLFDW�VWXGLXOXL�H[SHULPHQWDO�DO�SURFHVXOXL�GH�GLIX]LH�vQ�PHGLL�SRURDVH��
6XQW�DQDOL]DWH�FD]XULOH�GLIX]LHL�XQLGLUHF܊LRQDOH��vQ�SUH]HQ܊D�EDULHUHORU�GH�FHDUă܈��L�GLIX]LHL�UDGLDOH��
QHLQIOXHQ܊DWă�� ÌQ� FD]XO� GLIX]LHL� XQLGLUHF܊LRQDOH� D� IRVW� LQYHVWLJDWă� LQIOXHQ܊D� OăUJLPLL� FDQDOXOXL��
3HQWUX�FD]XO�GLIX]LHL�UDGLDOH�D�IRVW�VWXGLDWă�LQIOXHQ܊D�YkVFR]LWă܊LL�DVXSUD�YLWH]HL�GH�GLIX]LH��SUHFXP�
�LH�D�PROHFXOHORU��ÌQ�ILQDO��D�IRVW�LQYHVWLJDWă�GLIX]LD܊LHL�DVXSUD�IHQRPHQXO�GH�UHWHQ܊L�D�FRQFHQWUD܈
IOXLGHORU�YkVFRHODVWLFH��DQDOL]kQG�HYROX܊LD�LQWHUIH܊HL�SLFăWXULL�vQ�WLPS���
� ÌQ� &DSLWROXO� �� VXQW� VWXGLDWH� GRXă� WHKQLFL� GH� IRUPDUH� D� VXSUDIH܊HORU� SRURDVH� GLQ� ILEUH�
SROLPHULFH��$X�IRVW�DQDOL]DWH�FDUDFWHULVWLFLOH�UHRORJLFH�DOH�VROX܊LLORU�SROLPHULFH܈�L�PRGXO�vQ�FDUH�
SDUDPHWULL�GH�PHGLX�VDX�GH�SURFHV�LQIOXHQ܊HD]ă�SURFHVHOH�GH� IDEULFDUH��&DUDFWHULVWLFLOH�SODVHORU�
SROLPHULFH� UHDOL]DWH� DX� IRVW� LQYHVWLJDWH� vQ� SULYLQ܊D�PRUIRORJLHL� �L܈ D� SURSULHWă܊LORU� GH� XGDUH�� 3H�
VXSUDID܊D� DFHVWRUD� DX� IRVW� GHSXVH� VWUDWXUL� FRQGXFWRDUH�� LDU� FDUDFWHULVWLFLOH� ORU� HOHFWULFH� �L܈
HOHFWURFKLPLFH�DX�IRVW�LQYHVWLJDWH��
� &DSLWROXO���SUH]LQWă�PHWRGD�GH�IDEULFDUH�D�XQXL�VHQ]RU�HOHFWURFKLPLF�FX�VXEVWUDW�GH�KkUWLH�
�L�GLQ�SODVH�HOHFWURILODWH��6XQW�DQDOL]DWH�GLIHULWH�WLSXUL�GH�DUKLWHFWXUL�SULQ�SULVPD܊L�HOHFWUR]L�IRUPD܈
FRPSRUWDPHQWXOXL� HOHFWURFKLPLF�� vQ� VFRSXO� LGHQWLILFăULL� FRQILJXUD܊LHL� RSWLPH�� 8OWHULRU�� DFHDVWă�
FRQILJXUD܊LH� D� IRVW� IRORVLWă� SHQWUX� GHWHF܊LD� GLIHUL܊LORU� FRPSX܈L� FKLPLFL�� ILLQG� XWLOL]DWH� WHKQLFL�
DPSHURPHWULFH��YROWDPHWULFH܈�L�LPSHGLPHWULFH��
� &RQFOX]LLOH� JHQHUDOH� DOH� WH]HL�� FRQWULEX܊LLOH� RULJLQDOH� DGXVH� GRPHQLXOXL� �L܈ GLUHF܊LLOH� GH�
FHUFHWDUH�YLLWRDUH�VXQW�GHVFULVH�vQ�&DSLWROXO����7H]D�VH�vQFKHLH�FX�RSW�DQH[H�FH�FXSULQG�YL]XDOL]ăUL�
DOH� IHQRPHQHORU� GH� LPSDFW�� FRGXUL� QXPHULFH� SHQWUX� SURFHVDUHD� LPDJLQLORU� �L܈ VSHFLILFD܊LLOH�
GLVSR]LWLYHORU�H[SHULPHQWDOH�XWLOL]DWH�vQ�FDGUXO�WH]HL�� �
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&DSLWROXO����&RQVLGHUD܊LL�WHRUHWLFH�
�

,QWURGXFHUH�
� 'LIX]LD�IOXLGHORU�vQ�PHGLL�SRURDVH�HVWH�GHILQLWă�FD�ILLQG�ÄWUDQVSRUWXO�VSRQWDQ�DO�XQXL�IOXLG��
DQWUHQDW�GH�FăWUH� IRU܊HOH�FDSLODUH´� >��@��&DSLODULWDWHD� UHSUH]LQWă�DELOLWDWHD�XQXL� IOXLG�GH�D�SXWHD�
WUDYHUVD�vQ�PRG�SDVLY�XQ�VSD܊LX�vQJXVW��FKLDU�GDFă�DVXSUD�DFHVWXLD�DF܊LRQHD]ă�IRU܊H�GH�VHQV�RSXV�
PL܈FăULL��SUHFXP�JUDYLWD܊LD���0DWHULDOHOH�SRURDVH�SUHFXP�KkUWLD�VDX�WH[WLOHOH�UHSUH]LQWă�UH܊HOH�GH�
ILEUH�� vQWUH� FDUH� VH� IRUPHD]ă� VSD܊LL� FDSLODUH� �SRUL��� VDWXUDWH� FX� JD]�� FDUH� HVWH� vQ� JHQHUDO� DHU��
3RUR]LWDWHD� XQXL� DVWIHO� GH�PDWHULDO� HVWH� GHILQLWă� FD� ILLQG�࣪ ൌ�బ�� XQGH� ܸ� UHSUH]LQWă� YROXPXO�
VSD܊LDO�RFXSDW�GH�DHU��YROXPXO�SRULORU���LDU� ௧ܸ�YROXPXO�WRWDO�RFXSDW�GH�PHGLXO�SRURV��3URFHVXO�GH�
DEVRUE܊LH� �L܈ GLIX]LH� HVWH� FRQVLGHUDELO� LQIOXHQ܊DW� GH� WHQVLXQHD� LQWHUIDFLDOă� GLQWUH� IOXLG� �L܈ ILEUH��
YkVFR]LWDWHD�IOXLGXOXL܈�L�GLPHQVLXQLOH�FDSLODUH�DOH�VXEVWUDWXOXL��'H�DVHPHQHD��SURFHVXO�YD�DYHD�XQ�
FRPSRUWDPHQW�GLIHULW�vQ�IXQF܊LH�GH�YROXPXO�GH�IOXLG��ILLQG�DVWIHO�GHILQLWH�VLVWHPH�FX�UH]HUYRU�LQILQLW�
�FD]XO�XQXL�PHGLX�SRURV�LPHUVDW�vQWU�XQ�UHFLSLHQW��VDX�ILQLW��FD]XO�XQHL�SLFăWXUL�GHSXVH�SH�VXEVWUDW���
� )HQRPHQXO�SRDWH�IL�DQDOL]DW�GLQ�SODQ�SDUDOHO��REVHUYkQG�GHSODVDUHD�IURQWXOXL�GH�IOXLG�vQ�WLPS��
vQVă�VWXGLXO� vQ�SODQ� ODWHUDO�RIHUă�SRVLELOLWDWHD�GH�D�VWXGLD�HYROX܊LD�SLFăWXULL� UăPDVH� OD�VXSUDID܊D�
VXEVWUDWXOXL��SH�PăVXUă�FH�HVWH�DEVRUELWă��SXWkQG�H[WUDJH�LQIRUPD܊LL�SUHFXP�HYROX܊LLOH�vQ�WLPS�DOH�
YROXPXOXL�UăPDV�GLVSRQLELO��XQJKLXOXL�GH�FRQWDFW��vQăO܊LPLL�SLFăWXULL܈�L�D�DULHL�GH�FRQWDFW��)LJXUD�
�����

�
)LJXUD�����)D]HOH�GLQDPLFLL�OLFKLGXOXL�SURYHQLW�GLQ�LPSDFWXO�XQHL�SLFăWXUL�SH�$��R�VXSUDID܊ă�

ULJLGă�LPSHQHWUDELOă܈�L�%��SH�R�VXSUDID܊ă�SRURDVă�GH�JURVLPH�KV������LPSDFWXO�SLFăWXULL�
�SUHVXSXVă�VIHULFă�������GLIX]LH�YHUWLFDOă������GLIX]LH�UDGLDO�YHUWLFDOă������GLIX]LH�UDGLDOă��

9L]XDOL]ăUL�DOH�HYROX܊LHL�SLFăWXULL�SH�&���VWLFOă܈�L�&���KkUWLH��PHGLX�SRURV���
�
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&XUJHUHD�SULQ�PHGLL�SRURDVH�
� &XUJHUHD� vQWU�XQ� PHGLX� SRURV� RPRJHQ� HVWH� GHVFULVă� GH� HFXD܊LD� 'DUF\� �� %ULQNPDQ� ±�
)RUFKKHLPHU��

݀ܽݎ݃ ൌ െ�ఎ ࢜ ߟ�
࢜οכ െ�

ఘ
భ
ห࢜ห࢜ǡ�� ������

XQGH�JUDGLHQWXO�GH�SUHVLXQH�HVWH�GHWHUPLQDW�GH�WUHL�FRPSRQHQWH���L��SRUR]LWDWHD�PHGLXOXL��'DUF\���
�LL��IUHFDUHD�YkVFRDVă��%ULQNPDQ�܈�L���LLL��LQHU܊LH��)RUFKKHLPHU��>��±��@��ÌQ������࢜��HVWH�YLWH]D�
VXSHUILFLDOă�vQ�PHGLXO�SRURV��GHILQLWă�FD�UDSRUWXO�GLQWUH�GHELWXO�GH�IOXLG܈�L�DULD�VHF܊LXQLL�GH�FXUJHUH�
vQ� VXEVWUDWXO� SRURV�ߢ��� HVWH� SHUPHDELOLWDWHD�PHGLXOXL� SRURV� �GHSHQGHQWă� GH� SRUR]LWDWH��� �ߟ HVWH�
YkVFR]LWDWHD� IOXLGXOXL� �SUHVXSXV�1HZWRQLDQ�כߟ��� YkVFR]LWDWHD�HIHFWLYă�D� IOXLGXOXL� FH�FXUJH�SULQ�
PHGLXO�SRURVߢ��ଵ�HVWH�SHUPHDELOLWDWHD�LQHU܊LDOă܈�Lߩ��GHQVLWDWHD�IOXLGXOXL��ÌQ�FD]XO�SDUWLFXODU�FXכߟ� ൌ
Ͳ܈�Lߢ�ଵ �՜ λ��UHOD܊LD�������GHYLQH�SHQWUX�XQ�PHGLX�QHL]RWURS�QHRPRJHQ�

࢜ ൌ െ ଵ
ఎ �ન ή ���݀ܽݎ݃ ������

XQGH�ન�HVWH�XQ�WHQVRU�GH�RUGLQXO�GRL�>�����@��ÌQ�DFHVW�FD]�SHUPHDELOLWDWHD�GHSLQGH�GH�GLUHF܊LD�FXUJHULL���
�
� 3HQWUX�XQ�PHGLX�RPRJHQ� �L܈ L]RWURS�SHUPHDELOLWDWHD�HVWH�XQ� VFDODU�� ������GHYHQLQG� UHOD܊LD�
FODVLFă�D�OXL�'DUF\��>��@��

࢜ ൌ െ݀ܽݎ݃�ܯ��� ሺʹǤ͵ሻ�
XQGHܯ� ؔ� ఎ��SRDUWă�GHQXPLUHD�GH�PRELOLWDWHD�IOXLGXOXL�SULQ�PHGLXO�SRURV���
� (VWH� GH� PHQ܊LRQDW� Fă� SHUPHDELOLWDWHD� QX� GHSLQGH� H[FOXVLY� GH� SRUR]LWDWHD� PHGLXOXL��
&DUDFWHUXO� KLGURIRE� VDX� KLGURILO� DO� VWUXFWXULL� SRURDVH� vQ� UDSRUW� FX� IOXLGXO� DUH� GH� DVHPHQHD� R�
LQIOXHQ܊ă�SXWHUQLFă�DVXSUD�SHUPHDELOLWă܊LL��

&XUJHUHD�XQHL�SLFăWXUL�SH�VXSUDIH܊H�QHWHGH܈�L�SRURDVH�
� ÌQ� FD]XO� PL܈FăULL� XQHL� SLFăWXUL� GH� IOXLG� YkVFRV� SH� R� VXSUDID܊ă� ULJLGă� �SRURDVă� VDX�
LPSHUPHDELOă��� )LJXUD� ����� vQ� LSRWH]D� XQHL� FXUJHUL� 6WRNHV� �vQ� FDUH� IRU܊HOH� GH� SUHVLXQH� VXQW�
HFKLOLEUDWH�GH�IRU܊HOH�GH�IUHFDUH�YkVFRDVă�܈�L�vQ�LSRWH]D��݄ሺݔǡ ሻݐ ا ݀��GHIRUPDUHD�VXSUDIH܊HL�OLEHUH�
HVWH�GHVFULVă�GH�HFXD܊LD�ILOPXOXL�VXE܊LUH�±�WKLQ�ILOP�HTXDWLRQ��R�VROX܊LH�SDUWLFXODUă�D�HFXD܊LHL�GH�
PL܈FDUH�1DYLHU�6WRNHV���

�
)LJXUD������3R]L܊LD�XQHL�SLFăWXUL�GH�OLFKLG�YkVFRV�SH�R�VXSUDID܊ă�VROLGă܈�L�HFKLOLEUXO�GH�IRU܊H�
OLQLDUH�vQ�SXQFWXO�GH�FRQWDFW��ÌQ�FD]XO�GLQDPLF�PăULPLOH�JHRPHWULFH�VXQW�GHSHQGHQWH�GH�WLPS��

XQJKLXO�GH�FRQWDFWߠ���OXQJLPHD�GLDPHWUXO�GH�XGDUH�݀܈�L�vQăO܊LPHD�݄��3HQWUX�XQ�IOXLG�GDWߠ�� ൏
ͻͲ୭�GHILQH܈WH�R�VXSUDID܊ă�KLGURILOăߠ��  ͻͲ୭�GHILQH܈WH�R�VXSUDID܊ă�KLGURIREă��

� ÌQ� FD]XO� GHSODVăULL� LQWHUIH܊HL� vQ� OXQJXO� SHUHWHOXL� �UHVSHFWLY� D� SXQFWXOXL� GH� FRQWDFW�$�� SH�
VXSUDID܊D� VROLGă�� ௦ߛ  ௦ߛ  ߛ� ή �ߠݏܿ >��@�� /D� WLPSXO� ݐ ൌ Ͳ� �vQFHSXWXO�PL܈FăULL�� FRQILJXUD܊LD�
SUH]HQWDWă�vQ�)LJXUD�����VH�FRQVLGHUă�FXQRVFXWă��HFXD܊LD�VXSUDIH܊HL�OLEHUH��D�LQWHUIH܊HL��ILLQG��݄ ൌ
݄ሺݔǡ Ͳሻ��
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� &RQVLGHUkQG�PăULPLOH� GH� UHIHULQ܊ă��݀ ؔ ݀ǡ௧ୀ��� SHQWUX� OXQJLPL� �L܈ ݐ ؔ ݀ ߭Τ � SHQWUX�
WLPS�� FX� ߭ ؔ ߛ Τߟ � >P�V@� YLWH]D� FDSLODUă�� UH]XOWăݐ�߭ ݀ ൌ ͳǤΤ � (YROX܊LD� LQWHUIH܊HL� OD� VXSUDID܊D�
PHGLXOXL�SRURV�YD�IL�GHVFULVă�GH�UHOD܊LD�DGLPHQVLRQDOL]DWă��

డ
డ௧ ൌ ࣞࣵ ቀడ

మ
డ௫మ െ ࣜՄ݄ቁ െࣨࣵ డ

డ௫
డయ
డ௫య� ������

XQGH�ࣞࣵ ൌ ߤ ݀Τ �QXPăUXO�OXL�'DUF\�OLQLDU��ࣨࣵ ൌ ߙ ͵݀ଶΤ �QXPăUXO�1DYLHU�OD�LQWHUID܊ă܈�L�ࣜՄ ൌ
ఘௗబమ
ఊ �QXPăUXO�OXL�%RQG��)RUPH�DGLPHQVLRQDOH�VLPLODUH�FX�������VXQW�RE܊LQXWH�GH�'DYLV�	�+RFNLQJ�

vQ�>��@��
D�� &XUJHUH�SRURDVă�OD�SHUHWH�QXPDL�SH�GLUHF܊LD�YHUWLFDOă��IăUă�DOXQHFDUH��SHQWUX��ܴ ب ݄��

�డడ௧ ൌ ݇ ቀడ
మ

డ௫మ െ ࣜՄ ή ݄ቁ�� ������

FX�VROX܊LD�݄ ൌ బషೖࣜՄ
ଶξగ௧ ݁ି௫

మ
ସ௧ൗ ��XQGH�OD�W� ����9��HVWH�YROXPXO�LQL܊LDO��ܴ܈�L�݄�UD]D܈�L�vQăO܊LPHD�

PD[LPă�D�LQWHUIH܊HL�OD�]� ����PăULPL�FH�GHILQHVF܈�L�OXQJLPLOH�FDUDFWHULVWLFH�SH�FHOH�GRXă�GLUHF܊LL��
ÌQ� SURFHVXO� GH� DGLPHQVLRQDOL]DUH� DX� IRVW� IRORVLWH� XUPăWRDUHOH� PăULPL� FDUDFWHULVWLFH�� ݐ ൌ
ଷఎோబ
ఊ ቀோబబቁ

ଷ
SHQWUX�WLPS��݇ ൌ

ଵ
ଷ ቀ

బ
ோబ
ቁ
ଷ
ܴ�SHQWUX�SHUPLWLYLWDWHD�OLQLDUă�݇�>P@��FX��ࣜՄ ൌ ఘோబమ

ఊ ���

E�� &XUJHUH�SRURDVă�OD�SHUHWH�SH�DPEHOH�GLUHF܊LL��SHQWUX�݇߮ࣜՄݐ ب �LQH܊�VH�REߜ�
డ
డ௧ ൌ ܭ డమ

డ௫మ�� ������

XQGH� ܭ ൌ ݇�߮�ࣜՄߜ�� �߮�HVWH� SRUR]LWDWHD� �L܈ �ߜ HVWH� JURVLPHD� VWUDWXOXL� SRURV��� FX� VROX܊LD� ݄ ൌ
బ

ଶξగ௧ ݁
ି௫మ ସ௧ൗ ��ÌQ�H[SUHVLD�FRHILFLHQWXOXL�.�GLQ�������SHUPLWLYLWDWHD�݇>P�@�HVWH�DGLPHQVLRQDOL]DWă�

FX�݇ ൌ
ଵ
ଷ
బయ
ோబ
��(VWH� LPSRUWDQW� GH�SUHFL]DW� Fă� H[SUHVLLOH� ������� ������ �L܈ ������ VXQW� DSUR[LPD܊LL� DOH�

HFXD܊LHL�FH�GHVFULH�GLQDPLFD�SLFăWXULL�SHQWUX�݄ ا ݀��GHFL�vQ�D�GRXD�ID]ă�D�SURFHVXOXL�GH�GLIX]LH�SH�
VXSUDID܊D� SRURDVă�� 6ROX܊LLOH� QXPHULFH� DOH� HFXD܊LLORU� ������ �L܈ ������� RE܊LQXWH� FX� FRGXO� QXPHULF�
0DWKHPDWLFD�� VH�SUH]LQWă� vQ�)LJXULOH�����±������&RQGL܊LD� LQL܊LDOă� LPSXVă�SHQWUX� W� ���HVWH�݄ ൌ
ξͳ െ ଶǡݔ ݔ������� א ሾെͳǡͳሿ�� )LJXUD� ����� FRQGL܊LD� OD� OLPLWă� ILLQG� ݄ሺݐሻ ൌ Ͳ� OD� ݔ ൌ �േͳͲ�
�DSUR[LPDUHD�FRQGL܊LH�ݔ� ՜ λ����

�
)LJXUD�����9DULD܊LD�vQăO܊LPLL�GH�IOXLG�݄ሺݔǡ �LL�QXPHULFH܊ሻ���VROXݐ�$��HFXD܊LD�GLIX]LHL��������.�� ����

%��HFXD܊LD�GLIX]LHL�PRGLILFDWă��������݇ ൌ ͳǡ ࣜՄ ൌ ͳ��FRQGL܊LH�LQL܊LDOă��݄ሺݔǡ Ͳሻ ൌ
ሺͳ െ ݔଶሻǤହ�ሺ��������ሾݔ  ͳሿ െ ��������ሾݔ െ ͳሿሻ��
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�
)LJXUD�����9DULD܊LD�݄ሺݔሻ�SHQWUX�W� ����������������������������������H[WUDVă�GLQ�)LJXUD������

� 6H�REVHUYă�Fă�SUH]HQ܊D�WHUPHQXOXL�SURSRU܊LRQDO�FX�QXPăUXO�OXL�%RQG�vQ�������GHWHUPLQă�XQ�
SURFHV�GH�GLIX]LH�PDL�UDSLG��vQVă�QX�DGXFH�PRGLILFăUL�FDOLWDWLYH�vQ�GLVWULEX܊LD�vQăO܊LPLL���
'LIX]LD�UDGLDOă�D�XQHL�SLFăWXUL�vQ�PHGLXO�SRURV�
� ÌQ�ID]D�D�WUHLD�D�SURFHVXOXL�GH�GLIX]LH��݄ ؆ Ͳǡ�SLFăWXUD�HVWH�FRPSOHW�DEVRUELWă�vQ�PHGLXO�SRURV��
GLIX]LD�DYkQG�ORF�vQ�DFHVW�FD]�H[FOXVLY�SH�GLUHF܊LD�UDGLDOă��2�YDULDQWă�D�HFXD܊LLORU�GLIX]LHL�UDGLDOH��
vQ�FDUH�QHFXQRVFXWD�HVWH�FRQFHQWUD܊LD�YROXPLFă�D�OLFKLGXOXL�vQ�PHGLXO�SRURV�ࣝ��D�IRVW�RE܊LQXWă�GH�
*LOOHVSLH� >��@� �L܈ XOWHULRU� GH�%RUKDQ	5XQJWD� >�����@�� 3OHFkQG� GH� OD� HFXD܊LD� OXL�'DUF\� ������ �L܈
FRQVLGHUkQG�FRQFHQWUD܊LD�SURSRU܊LRQDOă�FX�GHQVLWDWHD�UHODWLYă�D�OLFKLGXOXL�vQ�PHGLXO�SRURV��UHOD܊LD�
GH�FRQWLQXLWDWH�FX�WHUPHQ�VXUVă��GDW�GH�YDULD܊LD�vQ�WLPS�D�FRQFHQWUD܊LHL�OLFKLGXOXL�vQ�PHGLXO�SRURV��
VLPLODUă�YDULD܊LHL�GH�GHQVLWDWH�vQ�FD]XO�PHGLLORU�FRPSUHVLELOH��GHYLQH�>��@��

డࣝ
డ௧ ൌ ݒ݅݀ ቀെ 

ఎ ��ቁ݀ܽݎ݃ ������

(FKLYDOHQWă�FX�HFXD܊LD��
డࣝ
డ௧ ൌ െ ఉ


డࣝయ
డ �� ������

FX�FRQGL܊LLOH��ࣝ ൌ �ࣝ௦��FRQFHQHWUD܊LD�GH�VDWXUD܊LH��OD�W� ܈���Lݎ�� ����ࣝ ൌ Ͳ�OD�5 �ݎ��SHQWUX�W�!���vQ�
LSRWH]D�*LOOHVSLH�>��@��VDX�

డࣝ
డ௧ ൌ

ఈ

డ
డ ቀࣝݎ

 డࣝ
డቁ�� ������

FX�FRQGL܊LLOH��ࣝ ൌ �ͳ�OD�W� ܈���Lݎ�  ͳ��ࣝ ൌ Ͳ�OD܈��5 �ݎ�L�డࣝడ ൌ Ͳ�ODݎ�� ��SHQWUX�W�!����vQ�LSRWH]D�
%RUKDQ	5XQJWD� >��@�� ÌQ� ������ �L܈ �����ߚ�� �ߙ�L܈ VXQW� FRQVWDQWH� LDU�ܴሺݐሻ� HVWH� UD]D� OLFKLGXOXL� vQ�
VXEVWUDWXO� SRURV� GH� JURVLPH� ݄௦�� ,PSXQkQG� R� GHSHQGHQ܊ă� VHPL�HPSLULFă� vQWUH� YDULD܊LD� GH�
FRQFHQWUD܊LH�ࣝ ሺݎǡ �LH܊LQkQG�FRQW�GH�R�VROX܊��ሻݐLD�vQ�WLPS�D�UD]HL�ܴሺ܊L�YDULD܈�ሻ��JUDGLHQWXO�GH�SUHVLXQHݐ
DSUR[LPDWLYă�D�HFXD܊LHL�������LD�GH�FRQVHUYDUH�D�YROXPXOXL�GH�IOXLG܊L�GH�HFXD܈��

ܸ ൌ ௦݄ߨʹ  ࣝሺݎǡ ோሺ௧ሻݎ݀ݎሻݐ
 �� �������

vQ�>��@�VH�SURSXQH�UHOD܊LD��

ܴሺݐሻ ൌ �ܴ ቂͳ  ቀସሺାଵሻఈఊఎோబమ
ቁ ቃݐ

ଵ ଶሺାଵሻΤ
��� �������

VDX�vQ�IRUPă�DGLPHQVLRQDOă��

ܴሺݐሻതതതതതത ൌ ቀͳ  ܽ ସሺାଵሻ
 ҧቁݐ

ଵ ଶሺାଵሻΤ
�� �������

FX� തܴ ൌ ܴ ܴΤ � �� ҧݐ ൌ ݐ ቀఎೞఊ ቁൗ � L�ܽ܈ ൌ ߢߙ ܴଶΤ ��9DULD܊LD� UD]HL�ܴሺݐǡ ݊ሻ�GLQ� ������� HVWH� UHSUH]HQWDWă�
JUDILF�vQ�)LJXUD�����$���SHQWUX�R�YDORDUH�IL[DWă�D�FRHILFLHQWXOXL�ܽǤ�5HOD܊LD�VHPL�HPSLULFă�������DUH�
OD�ED]ă�WRW�HFXD܊LD�GLIX]LHL��SXWHUQLF�QHOLQLDUă��&KLDU܈�L�vQ�DFHVW�FD]��VROX܊LD���������FX�SUHFăGHUH�vQ�
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]RQD���D�GLIX]LHL�SLFăWXULL��XUPăUH܈WH�HYROX܊LD�SUH]LVă�GH�VROX܊LLOH�HFXD܊LLORU�VLPSOLILFDWH������܈�L�
�������)LJXUD�����%���

�
)LJXUD�����$��5HSUH]HQWDUHD�UHOD܊LHL��������SHQWUX�YDORUL�DOH�H[SRQHQWXOXL�݊ א ሾͲǤͷ ൊ Ͷሿ��vQ�

LQWHUYDOXO�GH�WLPS�Ͳ  ݐ  ͷ��%��9DULD܊LD�GLDPHWUXOXL�XGDW�H[WUDV�GLQ�VROX܊LLOH�QXPHULFH��)LJXUD�
�����FRUHVSXQ]ăWRDUH�YDORULL�K �������FRPSDUD܊LH�FX�VROX܊LD�SURSXVă�GH�%RUKDQ	5XQJWD���������
� $YkQG�vQ�YHGHUH�Fă�VROX܊LLOH�QXPHULFH�DOH�HFXD܊LLORU�QHOLQLDUH�FH�PRGHOHD]ă�GLIX]LD�SLFăWXULL�
vQWU�XQ�PHGLX�SRURV�VXQW�GLILFLO�GH�RE܊LQXW��vQ�SULQFLSDO�GDWRULWă�LQVXILFLHQ܊HL�FXQRD܈WHULL�FRQGL܊LLORU�
LQL܊LDOH܈�L�OD�OLPLWă���vQ�SUDFWLFă�VH�IRORVHVF�IXQF܊LL�GH�UHSUH]HQWDUH�DOH�YDULD܊LHL�GLPHWUXOXL�XGDW�vQ�
WLPS��FH�VXQW�DVRFLDWH�SURFHVXOXL�GLIX]LHL��IXQF܊LL�SXWHUH�GH�WLSXO�%RUKDQ	5XQJWD��������VDX�IXQF܊LL�
H[SRQHQ܊LDOH��

ሻݐሺݕ ൌ ݁ା
್

ೣశ� �������
VDX�ORJLVWLFH��

ሻݐሺݕ ൌ 
ଵାషೖሺೣషೣబሻ�� �������

UHSUH]HQWDWH�vQ�)LJXUD������

�
)LJXUD�����)XQF܊LL�H[SRQHQ܊LDOH܈�L�ORJLVWLFH�IRORVLWH�SHQWUX�PRGHODUHD�YDULD܊LHL�vQ�WLPS�D�

GLDPHWUXOXL�XGDW�vQWU�XQ�PHGLX�SRURV��9DULD܊LD�PRGHOXOXL�������܈�L�D�VROX܊LHL�HFXD܊LHL�GLIX]LHL�VXQW�
GH�DVHPHQHD�UHSUH]HQWDWH��



�

���

� ÌQ�FRQFOX]LH��VH�SRDWH�FRQVLGHUD�Fă�IHQRPHQXO�VWXGLDW�vQ�SUH]HQWD�WH]ă��FXUJHUHD�OLFKLGXOXL�
YkVFRV�vQ�VWUDWXO�SRURV�GH�KkUWLH��HVWH�FDOLWDWLY�PRGHODW�GH�HFXD܊LD�GLIX]LHL��)HQRPHQXO�UHDO�HVWH�
HYLGHQW� QHOLQLDU�� GHFL� VROX܊LLOH� QXPHULFH� SUH]HQWDWH� QX� SRW� UHSUH]HQWD� VDWLVIăFăWRU� �L܈ FDQWLWDWLY�
FXUJHUHD��$YkQG� vQ� YHGHUH� Fă� YL]XDOL]DUHD� FXUJHULL� VH� RE܊LQH� FX� SUHFăGHUH� vQ� ID]HOH� �� �L܈ �� DOH�
GLIX]LHL�� vQ�FRQWLQXDUH�VH�YRU�IRORVL� vQ�DQDOL]HOH�SURFHVXOXL�GH�GLIX]LH�D� OLFKLGHORU� vQ�VXEVWUDWXO�
SRURV�IRUPXOHOH�������܈�L���������DFHVWHD�PRGHOkQG�VDWLVIăFăWRU�YDULD܊LD�vQ�WLPS�D�GLDPHWUXOXL�XGDW�
>��@��

&DSLWROXO����'HVFULHUHD�SURFHGXULORU�H[SHULPHQWDOH�
�
� 3HQWUX� D� IDEULFD� PDWHULDOH� SRURDVH� FX� VWUXFWXUă� ILEULODUă� DX� IRVW� XWLOL]DWH� WHKQLFLOH� GH�
HOHFWURILODUH܈�L�FHQWULILODUH��FDUH�LPSOLFă�IDEULFDUHD�DFHVWRUD�GLQ�VROX܊LL�SROLPHULFH��VXE�DF܊LXQHD�
IRU܊HL� HOHFWURVWDWLFH�� UHVSHFWLY� IRU܊HL� FHQWULIXJH�� )LJXUD� ����� 8OWHULRU�� FRQGXFWLYLWDWHD� DFHVWRU�
VWUXFWXUL�D�IRVW�DVLJXUDWă�SULQ�GHSXQHUHD�VWUDWXULORU�PHWDOLFH�VXE܊LUL�SULQ�SXOYHUL]DUH�FDWRGLFă�FX�
PDJQHWURQ��&DUDFWHUL]DUHD�PRUIRORJLFă�D�PDWHULDOHORU�UH]XOWDWH�D�IRVW�HIHFWXDWă�SULQ�PLFURVFRSLH�
HOHFWURQLFă�GH�EDOHLDM��5H]XOWDWHOH�GREkQGLWH�VXQW�SUH]HQWDWH�vQ�&DSLWROXO�����
� 6WXGLXO�GLIX]LHL�IOXLGHORU�vQ�PHGLL�SRURDVH�D�IRVW�HIHFWXDW�SULQ�DQDOL]ă�LPDJLVWLFă��ÌQ�DFHVW�
VFRS�D� IRVW�GH]YROWDW�XQ�DOJRULWP�GH�SURFHVDUH�QXPHULFă�D� LPDJLQLORU� vQ�0$7/$%��GHVFULV� vQ�
&DSLWROXO�����
� ,QWHUDF܊LXQLOH�PROHFXODUH�vQ�VXEVWUDWXO�SRURV�DX�IRVW�LQYHVWLJDWH�SULQ�WHKQLFL�VSHFWURVFRSLFH��
SUHFXP�VSHFWURIRWRPHWULD�89�9LV�1,5܈�L�VSHFWURVFRSLD�5DPDQ��$SOLFDELOLWDWHD�PHGLLORU�SRURDVH�
D�IRVW�LQYHVWLJDWă�SULQ�DVDPEODUHD�XQHL�FHOXOH�HOHFWURFKLPLFH��ED]DWă�SH�VWUXFWXUL�FRQGXFWRDUH�GLQ�
ILEUH� SROLPHULFH� �L܈ VXEVWUDW� GH� KkUWLH�� &DUDFWHUL]DUHD� FHOXOHL� HOHFWURFKLPLFH� �L܈ HYDOXDUHD�
SRVLELOLWă܊LL�GH�GHWHF܊LH�D�DQDOL܊LORU�D�IRVW�HIHFWXDWă�SULQ�WHKQLFL�HOHFWURFKLPLFH��UH]XOWDWHOH�RE܊LQXWH�
ILLQG�GHVFULVH�vQ�&DSLWROXO�����

�
)LJXUD������$��6FKHPD�GLVSR]LWLYXOXL�H[SHULPHQWDO�SHQWUX�IRUPDUHD�ILEUHORU�HOHFWURILODWH��%��
6FKHPD�GLVSR]LWLYXOXL�H[SHULPHQWDO�SHQWUX�FHQWULILODUH�����PRWRU�SHQWUX�LPSULPDUHD�WXUD܊LHL�����
RULILFLL�FDSLODUH�����UH]HUYRU�����WXE�SHQWUX�LQMHF܊LD�VROX܊LHL�SROLPHULFH�vQ�UH]HUYRU�����EDUH�SHQWUX�

FROHFWDUHD�ILEUHORU��
� �



�

���

&DSLWROXO����3URFHGXUă�GH�DQDOL]ă�LPDJLVWLFă�DXWRPDWă��
D�IHQRPHQXOXL�GH�GLIX]LH�

�
� 3URFHVXO� GLIX]LHL� LQ� PHGLL� SRURDVH� HVWH� GH� RELFHL� DQDOL]DW� SULQ� vQUHJLVWUDUHD� GLJLWDOă� D�
IHQRPHQXOXL܈�L�H[WUDJHUHD�LQIRUPD܊LLORU�GLQ�FDGUH�VLQJXODUH��ÌQVă��vQWUXFkW�IHQRPHQXO�DUH�ORF�IRDUWH�
UDSLG��HVWH�QHFHVDUă�XWLOL]DUHD�FDPHUHORU�GH�PDUH�YLWH]ă��UH]XOWkQG�DVWIHO�R�FDQWLWDWH�PDUH�GH�FDGUH�
GH�DQDOL]DW��3HQWUX�HILFLHQWL]DUHD�VWXGLXOXL�GLIX]LHL��D�IRVW�GH]YROWDW�XQ�FRG�QXPHULF��FH�SRDWH�IL�
IRORVLW�SHQWUX�DQDOL]D�DWkW�D�HYROX܊LHL�IRUPHL�SLFăWXULL��FkW܈�L�D�GLIX]LHL�IURQWXOXL�GH�IOXLG��$YDQWDMXO�
DFHVWHL�PHWRGH� FRQVWă� vQ� SRVLELOLWDWHD� GH� D� VWXGLD� QX� GRDU� SLFăWXUL� VWDWLFH�� FL� �L܈ FHOH� DOH� FăURU�
LQWHUIH܊H� VH� PRGLILFă� vQ� WLPS�� ÌQ� FRPSDUD܊LH� FX� DOWH� WHKQLFL�� FXQRD܈WHUHD� LQIRUPD܊LLORU� GHVSUH�
IOXLGXO�XWLOL]DW�QX�HVWH�QHFHVDUă��GHRDUHFH�WR܊L�SDUDPHWULL�YRU�IL�FDOFXOD܊L�GLQ�IRUPD�SLFăWXULL��0DL�
PXOW��FRGXO�SURSXV�SRDWH�GHWHFWD�FX�X܈XULQ܊ă�LQWHUIH܊HOH�IOXLGHORU�LQFRORUH��HOLPLQkQG�DVWIHO�QHYRLD�
GH�D�XWLOL]D�FRORUDQ܊L��FDUH�DU�SXWHD�LQIOXHQ܊D�WHQVLXQHD�VXSHUILFLDOă�D�IOXLGXOXL��ÌQ�FD]XO�DQDOL]HL�
GLIX]LHL�REVHUYDWH�GLQ�SODQ�ODWHUDO��VFRSXO�FRGXOXL�HVWH�GH�D�LGHQWLILFD�LQWHUID܊D�SLFăWXULL܈�L�GH�D�
FDOFXOD�SDUDPHWUL�SUHFXP�GLDPHWUXO��YROXPXO܈�L�XQJKLXO�GH�FRQWDFW��0ăVXUăWRULOH�H[SHULPHQWDOH�
DX�IRVW�UHDOL]DWH�FX�VROX܊LL�GH�SROL�R[LG�GH�HWLOHQă���3(2��GH�FRQFHQWUD܊LL�PLFL��DFHVW�WLS�GH�IOXLG�
ILLQG�DOHV�GDWRULWă�FRPSRUWDPHQWXOXL�VODE�YkVFRV܈�L�HODVWLF��3ULQ�YDULHUHD�FRQFHQWUD܊LHL��IOXLGHOH�
UH]XOWDWH�SRW�UHSUH]HQWD�PRGHOH�SHQWUX�R�JDPă�ODUJă�GH�OLFKLGH�GH�LQWHUHV��LQGXVWULDO�VDX�ELRORJLF��
GLQ�SXQFWXO�GH�YHGHUH�DO�FRPSRUWDPHQWXOXL�YkVFRHODVWLF��LQFOX]kQG�VLVWHPHOH�FRPSOH[H�GH�WLSXO�
VROYHQW�VROXW���

3URFHGXUD�GH�PăVXUDUH�
� 6ROX܊LLOH� GH�3(2�DX� IRVW� SUHSDUDWH� vQ� DSă�� FX�GRXă� FRQFHQWUD܊LL�� ������ �L܈ ���� �P�Y���3H�
VXSUDID܊D�KkUWLHL�DX�IRVW�SODVDWH�SLFăWXUL�FX�YROXPH�vQWUH܈���L����O��LDU�GLIX]LD�D�IRVW�vQUHJLVWUDWă�vQ�
SODQ� ODWHUDO�� 3HQWUX� D� DVLJXUD� R� FDOLWDWH� ULGLFDWă� D� LPDJLQLORU�� FX� ]JRPRW� UHGXV�� KkUWLD� D� IRVW�
LOXPLQDWă�GLQ�GRXă�SR]L܊LL��R�VXUVă�GH�OXPLQă�D�IRVW�SODVDWă�vQ�VSDWHOH�SLFăWXULL�� LDU�FHDODOWă�VXE�
KkUWLH��)LJXUD������

�
)LJXUD������$��&RQILJXUD܊LD�H[SHULPHQWDOă�SHQWUX�vQUHJLVWUDUHD�DEVRUE܊LHL�SLFăWXULL�vQ�KkUWLH��%��

&DGUH�H[WUDVH�GLQ�vQUHJLVWUDUHD�GLIX]LHL�XQHL�SLFăWXUL�GH�3(2�SH�VXEVWUDW�GH�KkUWLH��



�

���

$OJRULWPXO�FRGXOXL�QXPHULF�SHQWUX�DQDOL]D�LQWHUIH܊HL�
� &RGXO�HVWH�UHDOL]DW�DVWIHO�vQFkW�Vă�SRDWă�SUHOXD�LPDJLQL�5*%��SHQWUX�FDUH�UHDOL]HD]ă�FRQYHUVLD�
vQ�WRQXUL�GH�JUL܈�L�XOWHULRU�vQ�ELQDU��)LJXUD������3UDJXO�GH�ELQDUL]DUH�D�IRVW�PHQ܊LQXW�DFHOD܈L��[�!�
�����SHQWUX�WRDWH�LPDJLQLOH�DQDOL]DWH�vQ�DFHVW�VWXGLX��3HQWUX�D�JăVL�LQWHUID܊D�GLQWUH�IOXLG܈�L�DHUXO�
vQFRQMXUăWRU��SH�PDWULFHD�ELQDUă�D�IRVW�HIHFWXDWă�R�EXFOă�ÄIRU´��IRU�ORRS���FDUH�LGHQWLILFă�SULPXO�
HOHPHQW�QRQ�]HUR��SL[HO�DOE��GLQ�ILHFDUH�FRORDQă��3HQWUX�ILHFDUH�HOHPHQW��SR]L܊LD�VD�SH�UkQGXUL܈�L�
FRORDQH�HVWH�VWRFDWă�vQ�GRL�YHFWRUL��FRQ܊LQkQG�DVWIHO�FRRUGRQDWHOH�SH�D[HOH�2;܈�L�2<�SHQWUX�ILHFDUH�
SXQFW� DO� LQWHUIH܊HL�� 3ULQ� vQPXO܊LUHD� FHORU� GRL� YHFWRUL� FX� XQ� IDFWRU� GH� VFDODUH�� LQIRUPD܊LD� HVWH�
FRQYHUWLWă�GLQ�SL[HOL�vQ�PP��8OWHULRU��LQWHUID܊D�HVWH�FHQWUDWă�FX�YkUIXO�SH�; ���SULQ�WUDQVODWDUHD�
YHFWRUXOXL�FRUHVSXQ]ăWRU�FRRUGRQDWHORU�SH�D[D�;��ÌQ�ILQDO�SXQFWHOH�LQWHUIH܊HL�VXQW�LQWHUSRODWH�FX�R�
IXQF܊LH�SROLQRPLDOă�GH�JUDGXO�����

�
)LJXUD������(WDSHOH�SDUFXUVH�GH�FRGXO�QXPHULF��$���SUHOXDUHD�LPDJLQLL�RULJLQDOH�vQ�IRUPDW�5*%��
$���WUDQVIRUPDUHD�LPDJLQLL�vQ�WRQXUL�GH�JUL��$���ELQDUL]DUHD�LPDJLQLL܈�L�LGHQWLILFDUHD�SULPXOXL�
HOHPHQW�QRQ�]HUR�SHQWUX�ILHFDUH�FRORDQă��%��UHSUH]HQWDUHD�SXQFWHORU�LQWHUIH܊HL܈�L�LQWHUSRODUHD�

DFHVWRUD�FX�R�IXQF܊LH�SROLQRPLDOă�GH�JUDGXO����
� $YkQG�LQWHUID܊D�UHSUH]HQWDWă�DVWIHO��VH�SRDWH�GHWHUPLQD�vQăO܊LPHD�FD�ILLQG�݄� ൌ �݂ሺͲሻ��LDU�UD]D�
SLFăWXULLݎ����HVWH�YDORDUHD�DEVROXWă�D�FRRUGRQDWHL�SH�D[D�;�D�XOWLPXOXL�SXQFW�DO�LQWHUIH܊HL��'LDPHWUXO�
YD�IL�FDOFXODW�FD�ILLQGܦ� ൌ �LH܊��LDU�YROXPXO�SLFăWXULL�SRDWH�IL�DSUR[LPDW�FD�ILLQG�VROLGXO�GH�UHYROXݎʹ
vQ�MXUXO�D[HL�<���

ܸሺݔሻ ൌ �ߨʹ  �ݔ ή ݂ሺݔሻ�݀ݔ�
 ���� ������

� 3HQWUX�GHWHUPLQDUHD�XQJKLXOXL�GH�FRQWDFW��SULPHOH����GH�SXQFWH�DOH�LQWHUIH܊HL�VXQW�LQWHUSRODWH�
XOWHULRU�FX�R�IXQF܊LH�OLQLDUă��LDU�YDORDUHD�DFHVWXLD�HVWH�RE܊LQXWă�FD�ILLQG�DUFWDQJHQWD�SDQWHL��

ߠ ൌ ���ିଵ ݂ᇱሺݔሻǤ� ������

� $QDOL]D�HYROX܊LHL�LQWHUIH܊HL�vQ�WLPS�D�IRVW�HIHFWXDWă�vQWU�R�EXFOă�IRU��FDUH�D�UXODW�SHQWUX�ILHFDUH�
FDGUX�JăVLW�vQ�GLUHFWRU�XO�VSHFLILFDW��LDU�YDORULOH�SHQWUX�QXPăUXO�FDGUXOXL��GLDPHWUXOXL��YROXPXOXL�
�L�XQJKLXOXL�GH�FRQWDFW�DX�IRVW�VDOYDWH�vQ�IRUPă�YHFWRULDOă��9HFWRUXO�FRUHVSXQ]ăWRUXO�QXPăUXOXL�GH܈
FDGUH�D� IRVW� VFDODW� vQ�VHFXQGH�SULQ� vQPXO܊LUH�FX�XQ�IDFWRU�GH�FRUHF܊LH��FRUHVSXQ]ăWRU�YLWH]HL�GH�
vQUHJLVWUDUH��9LWH]D�GH�GLIX]LH܈�L�GHELWXO�DX�IRVW�FDOFXODWH�FD�ILLQG�YDORULOH�DEVROXWH�DOH�GHULYDWHORU�
GH�RUGLQXO���DOH�GLDPHWUXOXLݒ�� ൌ ȁ݀ܦȀ݀ݐȁǡ�UHVSHFWLY�YROXPXOXL��ܳ ൌ ȁܸ݀Ȁ݀ݐȁ���

(YDOXDUHD�HURULL�GH�GHWHF܊LH�D�LQWHUIH܊HL�
� 5HSUH]HQWDUHD�LQWHUIH܊HL�GHSLQGH�vQ�PRG�GLUHFW�GH�SUDJXO�GH�ELQDUL]DUH�IRORVLW��(URDUHD�GH�
GHWHF܊LH� D� LQWHUIH܊HL� D� IRVW� FDOFXODWă� SULQ� DQDOL]D� LPDJLQLL� UHSUH]HQWDWă� vQ� WRQXUL� GH� JUL� �L܈



�

���

LGHQWLILFDUHD� QXPăUXOXL� GH� SL[HOL� FRUHVSXQ]ăWRUL� IURQWLHUHL� GLQWUH� IXQGDO� �L܈ SLFăWXUă�� 'LVWDQ܊D�
PHGLH� GLQWUH� SULPXO� HOHPHQW� FX� YDORDUH� QRQ�]HUR� �L܈ FHO� D� FăUXL� YDORDUH� HVWH� PDL� PLFă� GHFkW�
MXPăWDWHD�SL[HOXOXL�vQYHFLQDW�D�IRVW�LGHQWLILFDWă�FD�ILLQG�GH���SL[HOL��)LJXUD������ÌQ�FD]XO�DQDOL]DW��
HFKLYDOHQWXO�PHWULF�DO�XQXL�SL[HO�VLQJXODU�HVWH�GH��������PP��HURDUHD�GH�PăVXUă�ILLQG�������PP��

�
)LJXUD�����$��5HSUH]HQWDUHD�LPDJLQLL�vQ�WRQXUL�GH�JUL�vPSUHXQă�FX�]RQD�DOHDVă�SHQWUX�HYDOXDUHD�
IURQWLHUHL�GLQWUH�SLFăWXUă܈�L�IXQGDO��%��9HGHUH�PăULWă�D�LQWHUIH܊HL�vPSUHXQă�FX�SL[HOLL�FRQVLGHUD܊L�

FRUHVSXQ]ăWRUL�IURQWLHUHL��

$SOLFDUHD�FRGXOXL�vQ�DQDOL]D�GLIX]LHL�SLFăWXULL�
� ÌQ�SULPD�HWDSă�D� IRVW�GHWHFWDWă� LQWHUID܊D܈�L�HYROX܊LD�HL� vQ� WLPS��)LJXUD������3HQWUX� ILHFDUH�
FDGUX�DX�IRVW�HYDOXDWH�XQJKLXO�GH�FRQWDFW��vQăO܊LPHD��GLDPHWUXO��DULD܈�L�YROXPXO�FRQIRUP�SURFHGXULL�
GHVFULVH�DQWHULRU��)LJXUD������,QWHUSRODUHD�SXQFWHORU�H[SHULPHQWDOH�D�IRVW�UHDOL]DWă�FX�IXQF܊LL�GH�
WLS�VPRRWK�SHQWUX�GLDPHWUX܈�L�H[SRQHQ܊LDOH�SHQWUX�XQJKLXO�GH�FRQWDFW܈�L�YROXP���

�
)LJXUD������(YROX܊LD�vQ�WLPS�D�LQWHUIH܊HL�GHWHFWDWH�SULQ�FRGXO�QXPHULF��UHSUH]HQWDWă�$���'܈�L�%��

�'��
� ÌQ�FD]XO�DQDOL]DW��HURDUHD�GH�PăVXUă�DUH�XQ�LPSDFW�SXWHUQLF�DVXSUD�LGHQWLILFăULL�FX�DFXUDWH܊H�
D� vQăO܊LPLL� SLFăWXULL�� vQVă� QX� LQIOXHQ܊HD]ă� vQ� PRG� VHPQLILFDWLY� HYDOXDUHD� GLPHWUXOXL��$OHJHUHD�
IXQF܊LHL�GH�LQWHUSRODUH�D�SXQFWHORU�GLDPHWUXOXL�HVWH�GH�R�LPSRUWDQ܊ă�ULGLFDWă��vQWUXFkW�DFHDVWD�YD�
DYHD�XQ�LPSDFW�PDMRU�DVXSUD�PRGXOXL�GH�UHSUH]HQWDUH�D�GHULYDWHL��'H܈L�SXQFWHOH�H[SHULPHQWDOH�DU�
IL�SXWXW�IL�LQWHUSRODWH�FX�R�IXQF܊LH�SROLQRPLDOă�GH�JUDGXO����DFHDVWD�DU�IL�GHWHUPLQDW�UHSUH]HQWDUHD�
YLWH]HL�FD�IXQF܊LH�OLQLDUă�SH�vQWUHJXO� LQWHUYDO�GH�WLPS��,QWHUSRODUHD�FX�R�IXQF܊LH�VPRRWK�SHUPLWH�
FDOFXODUHD�GHULYDWHL�FX�R�DFXUDWH܊H�PDL�ULGLFDWă�vQ�UDSRUW�FX�SXQFWHOH�H[SHULPHQWDOH��



�

���

�
)LJXUD������(YROX܊LD�vQ�WLPS�D�SDUDPHWULORU�FDOFXOD܊L�GLQ�LQWHUID܊D�SLFăWXULL��$��XQJKLXO�GH�
FRQWDFW��%��vQăO܊LPHD��&��YROXPXO�'��GHELWXO��(��GLDPHWUXO܈�L�)��GHULYDWD�GH�RUGLQXO���D�

GLDPHWUXOXL��
� $� IRVW� DVWIHO� GHPRQVWUDWă� DSOLFDELOLWDWHD� FRGXOXL� QXPHULF�SHQWUX� VWXGLXO� GLIX]LHL� vQ�PHGLL�
SRURDVH��LDU�WLPSXO�PHGLX�GH�UXODUH�D�IRVW�GH������VHFXQGH�SHU�FDGUX��3HQWUX�FD]XULOH�LQYHVWLJDWH��
IHQRPHQXO�GH�DEVRUE܊LH�D�XQHL�SLFăWXUL�VLQJXODUH�D�SXWXW�IL�DQDOL]DW�vQ�DSUR[LPDWLY���PLQXW��$VWIHO��
FRGXO�QXPHULF�SRDWH�IL�IRORVLW�SHQWUX�D�vQ܊HOHJH�PDL�ELQH�PRGXO�vQ�FDUH�SURSULHWă܊LOH�GH�PDWHULDO�
DOH�IOXLGHORU�LQIOXHQ܊HD]ă�SURFHVXO�GH�GLIX]LH��vQ�VSHFLDO�YLWH]D�GH�GHSODVDUH�D�IURQWXOXL�GH�IOXLG��
�



�

���

&DSLWROXO����6WXGLXO�H[SHULPHQWDO�DO�SURFHVXOXL�GH�GLIX]LH�vQ�KkUWLH�
�

'LIX]LD�XQLGLUHF܊LRQDOă�vQ�SUH]HQ܊D�EDULHUHORU�KLGURIREH�
� 3HQWUX�VWXGLXO�GLIX]LHL�XQLGLUHF܊LRQDOH��PHGLXO�SRURV�D�FRQVWDW�vQ�KkUWLH�GH�ILOWUX�FX�R�JURVLPH�
GH�����PP��3HQWUX�UHVWULF܊LRQDUHD�FXUJHULL�IOXLGXOXL�SH�R�VLQJXUă�GLUHF܊LH��SH�VXSUDID܊D�KkUWLHL�DX�
IRVW�FUHDWH�EDULHUH�KLGURIREH��SULQ�LPSULPDUH�FX�FHDUă��3ăWUXQGHUHD�FHULL�vQ�SURIXQ]LPHD�KkUWLHL�D�
IRVW�DVLJXUDWă�SULQ�WUDWDPHQW�WHUPLF��
� 3HQWUX�D� vQ܊HOHJH�PRGXO� vQ�FDUH�EDULHUHOH�GH�FHDUă�DIHFWHD]ă�GLIX]LD� IOXLGHORU��PRUIRORJLD�
KkUWLHL�GH�ILOWUX�D�IRVW�LQYHVWLJDWă�vQDLQWH܈�L�GXSă�LPSULPDUHD�FX�FHDUă��SUHFXP܈�L�vQDLQWH܈�L�GXSă�
WUDWDPHQWXO� WHUPLF�� )LJXUD� ����� 6�D� REVHUYDW� DVWIHO� Fă� GH܈L� LPSULPDUHD� FX� FHDUă� SUHVXSXQH�
DFRSHULUHD� VXSUDIH܊HL�SRURDVH�FX�XQ�PDWHULDO� VROLG� FDUH�EORFKHD]ă�SRULL��)LJXUD�����%���� GXSă�
WUDWDPHQWXO�WHUPLF��PRUIRORJLD�KkUWLHL�PRGLILFDWH�HVWH�IRDUWH�VLPLODUă�FX�FHD�vQ�VWDUH�QHPRGLILFDWă��
)LJXUD�����$����7RWX܈L��VXSUDID܊D�XQHL�ILEUH�VLQJXODUH�GH�FHOXOR]ă�SUH]LQWă�R�UXJR]LWDWH�PDL�ULGLFDWă�
vQ�VWDUHD�QHPRGLILFDWă��)LJXUD�����$���� vQ�FRPSDUD܊LH�FX�FHD�DFRSHULWă�GH�FHDUă�WUDWDWă� WHUPLF��
)LJXUD�����&����

�
)LJXUD������0RUIRORJLD�KkUWLHL�GH�ILOWUX�$��vQ�VWDUH�QHPRGLILFDWă��%��GXSă�LPSULPDUH�FX�FHDUă��

&��GXSă�WUDWDPHQWXO�WHUPLF�DO�FHULL�GHSXVH��
� +LGURIRELFLWDWHD�VWUDWXOXL�GHSXV�D�IRVW�LQYHVWLJDWă�IRORVLQG�SLFăWXUL�GH����O������P�Y��DOEDVWUX�
GH�PHWLOHQ� �0%�±�ÄPHWK\OHQH�EOXH´��SUHSDUDW� vQ�DSă�XOWUDSXUă��GHSXVH�SH�KkUWLH�PRGLILFDWă�FX�
FHDUă�WUDWDWă�WHUPLF��)LJXUD������6�D�REVHUYDW�vQ�DFHVW�FD]�Fă�KLGURIRELFLWDWHD�EDULHUHORU�SRDWH�IL�
DWLQVă�SULQ�LPSULPDUHD�KkUWLHL�FX�GRXă�VWUDWXUL�GH�FHDUă��/XkQG�vQ�FRQVLGHUDUH�UH]XOWDWHOH�RE܊LQXWH�
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SULQ�PLFURVFRSLD�HOHFWURQLFă܈�L�XQJKLXULOH�GH�FRQWDFW�PăVXUDWH��V�D�FRQVLGHUDW�Fă�KLGURIRELFLWDWHD�
KkUWLHL� PRGLILFDWă� FX� FHDUă� QX� VH� GDWRUHD]ă� EORFăULL� IL]LFH� D� SRULORU�� FL� PRGLILFăULL� VXSUDIH܊HL�
ILEUHORU�GH�FHOXOR]ă��'LQ�SXQFW�GH�YHGHUH�FKLPLF��FHDUD�HVWH�R�PROHFXOă�OLSLGLFă�LQVROXELOă�vQ�DSă��
$VWIHO�� DWkW� SURSULHWă܊LOH� FKLPLFH� DOH� FHULL� FDUH� DFRSHUă� VXSUDID܊D� ILEUHORU�� FkW� �L܈ PRGLILFDUHD�
UXJR]LWă܊LL�ILEUHORU�SRDWH�LQIOXHQ܊D�WHQVLXQHD�LQWHUIDFLDOă�GLQWUH�IOXLG܈�L�PHGLXO�SRURV��

�
)LJXUD������9L]XDOL]ăUL�DOH�XQJKLXOXL�GH�FRQWDFW�GLQWUH�R�SLFăWXUă�GH�0%܈�L�KkUWLH�PRGLILFDWă�FX�

$��XQ�VWUDW�GH�FHDUă܈�L�%��GRXă�VWUDWXUL�GH�FHDUă��
� 8OWHULRU�� DX� IRVW� SURLHFWDWH�FDQDOH�FX�GLVWDQ܊H�YDULDWH� vQWUH�FHL�GRL�SHUH܊L�GH�FHDUă��SHQWUX�
LQYHVWLJDUHD�LQIOXHQ܊HL�Oă܊LPLL�FDQDOXOXL�DVXSUD�GLIX]LHL��)LJXUD�����$���6WXGLXO�D�IRVW�HIHFWXDW�SULQ�
SLSHWDUHD�vQ�FDQDO�D�SLFăWXULORU�GH�0%�FX�YROXPH�GH����O��LDU�GLIX]LD�IOXLGXOXL�D�IRVW�vQUHJLVWUDWă�
OD�R�YLWH]ă�GH������GH�FDGUH�SH�VHFXQGă��3URFHGXUD�GH�DQDOL]ă�D�FRQVWDW�vQ�PăVXUDUHD�GLVWDQ܊HL�
GLQWUH�IURQWXO�GH�IOXLG܈�L�SR]L܊LD�LQL܊LDOă�OD�WLPSXO�FRQVLGHUDW�W� ����)LJXUD�����%���3HQWUX�D�REVHUYD�
GDFă�GLIX]LD�VH�UHDOL]HD]ă�XQLIRUP�SH�vQWUHDJD�Oă܊LPH�D�FDQDOXOXL��YDULD܊LD�GLVWDQ܊HL�vQ�WLPS�D�IRVW�
PăVXUDWă� SH� WUHL� GLUHF܊LL� GH� LQWHUHV�� 5H]XOWDWHOH� RE܊LQXWH� SH� ILHFDUH� GLUHF܊LH� DX� IRVW�PHGLDWH� �L܈
LQWHUSRODWH�FX�R�IXQF܊LH�SROLQRPLDOă�GH�JUDGXO����)LJXUD������&XUED�GH�LQWHUSRODUH�D�IRVW�GHULYDWă�
vQ�UDSRUW�FX�WLPSXO�SHQWUX�D�RE܊LQH�YDULD܊LD�YLWH]HL�IOXLGXOXL��ILLQG�SUH]HQWDWă�vPSUHXQă�FX�GHULYDUHD�
QXPHULFă�D�SXQFWHORU�H[SHULPHQWDOH���

�
)LJXUD������$��6FKHPHOH�YHFWRULDOH�SHQWUX�UHDOL]DUHD�FDQDOHORU�vQ�KkUWLH�FX�Oă܊LPL�YDULDELOH܈�L�
FDGUHOH�H[WUDVH�GLQ�vQUHJLVWUăUL�DOH�GLIX]LHL�D�XQHL�SLFăWXUL�GH����O�0%��%��6FKHPDWL]DUHD�

SURFHGXULL�GH�PăVXUă��SR]L܊LD�LQL܊LDOă�D�IURQWXOXL�GH�IOXLG܈�L�FHOH�WUHL�GLUHF܊LL�FRQVLGHUDWH�SHQWUX�
UHDOL]DUHD�PăVXUăWRULORU��

�
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���

�
)LJXUD������9DULD܊LD�vQ�WLPS�D�GLVWDQ܊HL�SDUFXUVH�GH�IURQWXO�GH�IOXLG�HYDOXDWă�SH�WUHL�GLUHF܊LL�GH�
PăVXUă��SHQWUX�FDQDOH�DYkQG�Oă܊LPHD�GH�$������PP��%������PP��&������PP��'������PP��(������
PP��)��'HSODVDUHD�PHGLH�RE܊LQXWă�SHQWUX�ILHFDUH�Oă܊LPH�D�FDQDOXOXL��,QVHU܊LL��(YROX܊LD�YLWH]HL�GH�

GLIX]LH�UHSUH]HQWDWă�FD�GHULYDWD�GH�RUGLQXO���D�FXUEHL�GH�LQWHUSRODUH��QHJUX�܈�L�D�SXQFWHORU�
H[SHULPHQWDOH��UR܈X���

� 6�D� REVHUYDW� Fă� IHQRPHQXO� GLIX]LHL� QX� DUH� ORF� FX� R� YLWH]ă� FRQVWDQWă� SH� WRDWă� OXQJLPHD�
FDQDOXOXL��9LWH]D� GH� GLIX]LH� DWLQJH� XQ�PD[LP� LPHGLDW� GXSă� SXQHUHD� vQ� FRQWDFW� D� SLFăWXULL� FX�
VXSUDID܊D�KkUWLHL��XUPkQG�R� WHQGLQ܊ă�GH�VFăGHUH� OHQWă�SkQă� OD� ILQDOXO�SURFHVXOXL��3HQWUX� ILHFDUH�
FDQDO� LQYHVWLJDW� DX� IRVW� LGHQWLILFDWH� GRXă� UHJLPXUL� GH� FXUJHUH�� FDUDFWHUL]DWH� SULQ� SXQFWH� GH�
LQIOH[LXQH� vQ� HYROX܊LD� GHSODVăULL� IURQWXOXL� vQ� WLPS� �L�PLQLPH܈ ORFDOH� vQ� HYROX܊LD� YLWH]HL��$FHVWH�
UHJLPXUL�DX�IRVW�DWULEXLWH�ID]HL�LQL܊LDOH�GH�H[SDQVLXQH�D�SLFăWXULL�SH�VXSUDID܊D�VXEVWUDWXOXL܈�L�ID]HL�
GH�DEVRUE܊LH�vQ�PHGLXO�SRURV���
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� ÌQ�FD]XO�FDQDOHORU�FX�Oă܊LPL�UHGXVH��PLQLPHOH�ORFDOH�DOH�YLWH]HL�VXQW�PDL�SURQXQ܊DWH��$FHVW�
IHQRPHQ�SRDWH�IL�H[SOLFDW�SULQ�GLIHUHQ܊D�GH�SUHVLXQH�vQWUH�IOXLG܈�L� JD]XO�FDUH�VDWXUHD]ă�FRPSOHW�
PHGLXO�SRURV�OD�vQFHSXWXO�SURFHVXOXL��ORFDOL]DWă�SH�vQWUHDJD�VXSUDID܊D�GH�FRQWDFW�vQWUH�SLFăWXUă܈�L�
VXEVWUDW��3H�PăVXUă�FH�IOXLGXO�GLIX]HD]ă��IRU܊D�FDSLODUă�YD�DF܊LRQD�SH�R�]RQă�PXOW�PDL�UHVWUkQVă��vQ�
DSURSLHUHD�IURQWXOXL�GH�IOXLG��ÌQ�SOXV��ILLQG�YRUED�GH�XQ�UH]HUYRU�ILQLW��SH�SDUFXUVXO�SURFHVXOXL�GH�
GLIX]LH��YROXPXO�GLVSRQLELO�OD�VXSUDID܊D�KkUWLHL�VH�FRQVXPă�SkQă�FkQG�GLIX]LD�YD�DYHD�ORF�GRDU�SULQ�
SRULL�KkUWLHL��OLPLWkQG܈�L�PDL�PXOW�]RQD�GH�DF܊LXQH�D�IRU܊HL�FDSLODUH���
� )OXFWXD܊LLOH�YLWH]HL�SH�SDUFXUVXO�SURFHVXOXL�DX�IRVW�DWULEXLWH�QHRPRJHQLWă܊LL�PHGLXOXL�SRURV��
$VWIHO��GDFă�IURQWXO�GH�IOXLG�YD�vQWkOQL�R�UHJLXQH�D�KkUWLHL�XQGH�GHQVLWDWHD�GH�SRUL�HVWH�PDL�PDUH��
YLWH]D�YD�DWLQJH�XQ�PD[LP�ORFDO��ÌQ�PRG�VLPLODU��GDFă�YD�vQWkOQL�R�]RQă�vQ�FDUH�ILEUHOH�VXQW�PDL�
FRQGHQVDWH�� R� SDUWH� GLQ� IOXLG� VH� YD� DEVRUEL� vQ� DFHVWHD�� GHWHUPLQkQG� IHQRPHQXO� GH� JRQIODUH�
�VZHOOLQJ���UHGXFkQG�DVWIHO�vQDLQWDUHD�IURQWXOXL��
� ÌQ�FD]XO�FDQDOHORU�FX�GLDPHWUH�PDUL��PRGXO�vQ�FDUH�IOXLGXO�HVWH�SXV�vQ�FRQWDFW�FX�PHGLXO�SRURV�
YD�DYHD�R�LQIOXHQ܊ă�DVXSUD�GLIX]LHL�SkQă�OD�ILQDOXO�SURFHVXOXL��$FHVW�OXFUX�HVWH�HYLGHQ܊LDW�vQ�FD]XO�
FDQDOXOXL�FX�GLDPHWUXO�GH�����PP��SHQWUX�FDUH�IURQWXO�GH�IOXLG�QX�HVWH�D[LDO�VLPHWULF�OD�ILQDOXO�
GLIX]LHL��vQVă�DFHDVWă�QHXQLIRUPLWDWH�HVWH�SUH]HQWă�vQFă�GLQ�PRPHQWXO�LQFLSLHQW��ÌQWUXFkW�SODVDUHD�
VH� UHDOL]HD]ă� FX� R� SLSHWă�� HYROX܊LLOH� GHSODVăULORU� YRU� IL� LQIOXHQ܊DWH� LQFOXVLY� GH� PRPHQWXO�
GHVSULQGHULL�SLFăWXULL�GH�YkUIXO�SLSHWHL��$VWIHO��SXQFWHOH�GH�LQIOH[LXQH�REVHUYDWH�vQ�YDULD܊LD�YLWH]HL�
SULQ� FDQDOHOH� FX� Oă܊LPL� PLFL� SRW� IL� DWULEXLWH� LQFOXVLY� LQIOXHQ܊HL� XQHL� IRU܊H� GH� VHQV� RSXV�� FDUH�
DF܊LRQHD]ă�DVXSUD�SLFăWXULL�vQ�PRPHQWXO�vQ�FDUH�YkUIXO�SLSHWHL�HVWH�UHWUDV�GH�OD�VXSUDID܊D�KkUWLHL��

,QIOXHQ܊D�YkVFR]LWă܊LL�DVXSUD�GLIX]LHL�UDGLDOH�
� ÌQWU�XQ�VWXGLX�SUHOLPLQDU��GLIX]LD�UDGLDOă�D�IRVW�DQDOL]DWă�vQ�SULYLQ܊D�XQLIRUPLWă܊LL�SURFHVXOXL��
ÌQ�DFHVW�VFRS��R�SLFăWXUă�GH�����P�Y��0%�FX�YROXP�GH����O�D� IRVW�SODVDWă� OD�VXSUDID܊D�KkUWLHL�
�0DFKHUH\�1DJHO�� 01� ����� �L܈ OăVDWă� Vă� GLIX]H]H� OLEHU�� GHSODVDUHD� IURQWXOXL� GH� IOXLG� ILLQG�
PăVXUDWă�SH�RSW�GLUHF܊LL�FRQVLGHUDWH�SULQFLSDOH��)LJXUD�����$����
� 6�D�REVHUYDW�H[SHULPHQWDO�Fă�GLVWDQ܊D�SDUFXUVă�GH�IOXLG�YDULD]ă�H[SRQHQ܊LDO�vQ�WLPS��GLIX]LD�
ILLQG�PDL�UDSLGă�OD�vQFHSXWXO�SURFHVXOXL��LDU�IHQRPHQXO�QX�SUH]LQWă�XQLIRUPLWDWH��IURQWXO�GH�IOXLG�
SDUFXUJkQG� R� GLVWDQ܊ă� PDL� PDUH� SH� GLUHF܊LD� GUHSWHL� G��� 6LPLODU� UH]XOWDWHORU� RE܊LQXWH� vQ� FD]XO�
GLIX]LHL�XQLGLUHF܊LRQDOH��DFHDVWă�QHXQLIRUPLWDWH�D�IRVW�DWULEXLWă�DWkW�QHRPRJHQLWă܊LL�PHGLXOXL�SRURV��
GDU܈�L�LQIOXHQ܊HL�GDWRUDWH�PRGXOXL�GH�SLSHWDUH��ÌQ�SOXV��ILLQG�LPSOLFDW�XQ�YROXP�GH�IOXLG�D�FăUXL�
PL܈FDUH�HVWH�QHFRQGL܊LRQDWă�� LQIOXHQ܊H�SUHFXP�vQFOLQăUL�DOH�SODQXOXL�GH�PăVXUă�SRW�GHWHUPLQD�R�
GLIX]LH� QHXQLIRUPă��$X� IRVW� VWDELOLWH� GRXă� FXUEH� GH� LQWHUSRODUH� SHQWUX� UH]XOWDWHOH� RE܊LQXWH� SH�
GLUHF܊LLOH�G܈��L�G���FDUH�Vă�vQFDGUH]H�UH]XOWDWHOH��)LJXUD�����%���)XQF܊LD�IRORVLWă�SHQWUX�LQWHUSRODUH�
D�IRVW�R�H[SRQHQ܊LDOă��GHVFULVă�GH�HF����������7HUPHQLL�HFXD܊LHL�DX�IRVW�LGHQWLILFD܊L�FD�ILLQG��ܽ א
ሾͲǤͺͶǡ ͳǤͲͻሿ��ܾ א ሾെͲǤͲͶǡെͲǤͲͶͷሿ��ܿ א ሾͲǤͲʹ͵ǡ ͲǤͲ͵Ͳሿ��9LWH]D�LQL܊LDOă�GH�GLIX]LH�D�IRVW�RE܊LQXWă�
FD�ILLQG�FXSULQVă�vQ�LQWHUYDOXO�ሾʹʹǡ ͵͵ሿ�PP�V����
� ÌQ�D�GRXD�HWDSă��SLFăWXUL�FX�YROXPH�HJDOH�����O��GLQ�IOXLGH�FX�YkVFR]LWă܊L�GLIHULWH�DX�IRVW�OăVDWH�
Vă�GLIX]H]H�UDGLDO��RELHFWLYXO�ILLQG�DQDOL]D�LQIOXHQ܊HL�YkVFR]LWă܊LL�DVXSUD�YLWH]HL�GH�GLIX]LH��6WXGLXO�
D� LQFOXV� �DVH܈ IOXLGH� FX� SURSULHWă܊L� GH� PDWHULDO� GLIHULWH�� DSă� GHLRQL]DWă�� DFHWRQă�� L]RSURSDQRO��
JOLFHULQă��XOHL�GH�IORDUHD�VRDUHOXL܈�L�XOHL�VLOLFRQLF��ÌQWUXFkW�KkUWLD�GH�ILOWUX�QX�DUH�R�UD]ă�PHGLH�D�
SRULORU� FRQVWDQWă�� LDU� UH]XOWDWHOH� RE܊LQXWH� SHQWUX� 0%� DX� DUăWDW� QHXQLIRUPLWă܊L� vQ� SURFHVXO� GH�
GLIX]LH�� WRDWH� FHOH� RSW� GLUHF܊LL� GH�PăVXUDUH� DX� IRVW� SăVWUDWH� vQ� DQDOL]D� IOXLGHORU� FX� YkVFR]LWă܊L�
GLIHULWH��)LJXULOH� ���� ±� �����5H]XOWDWHOH� H[SHULPHQWDOH� DOH� GHSODVăULL� IURQWXOXL� GH� IOXLG� DX� IRVW�
LQWHUSRODUH�IRORVLQG�PRGHOXO�OXL�*LOOHVSLH�PRGLILFDW�GH�%RUKDQ�	�5XQJWD��HF����������ÌQWUXFkW�Į܈�L�
Q�QX�VXQW�YDORUL�LPSXVH�VDX�WDEHODWH�vQ�OLWHUDWXUă��VWXGLXO�D�DYXW�UROXO�GH�D�JăVL�YDORULOH�FDUH�RIHUă�
XQ�JUDG�GH�DFXUDWH܊H�ULGLFDW�vQWUH�FXUED�GH�LQWHUSRODUH܈�L�GDWHOH�H[SHULPHQWDOH��)LJXUD������
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�
)LJXUD������$��9L]XDOL]DUHD�GLIX]LHL�UDGLDOH�D�XQHL�SLFăWXUL�GH�0%�SH�KkUWLH�vPSUHXQă�FX�GLUHF܊LLOH�
FRQVLGHUDWH�SHQWUX�PăVXUăWRUL��%��9DULD܊LD�GLVWDQ܊HL�SDUFXUVH�GH�IURQWXO�GH�IOXLG�vQ�WLPS��,QVHU܊LH��

9LWH]D�GH�GHSODVDUH�FDOFXODWă�FD�ILLQG�GHULYDWD�GH�RUGLQXO���D�FXUEHL�GH�LQWHUSRODUH��

�
)LJXUD������9L]XDOL]ăUL�DOH�GLIX]LHL�UDGLDOH�SH�KkUWLH�SHQWUX�$��DSă�GHLRQL]DWă��%��DFHWRQă��&��

DOFRRO�L]RSURSLOLF��9LWH]ă�GH�vQUHJLVWUDUH��������FDGUH�SH�VHFXQGă��

�
)LJXUD������9L]XDOL]ăUL�DOH�GLIX]LHL�UDGLDOH�SH�KkUWLH�SHQWUX�$��XOHL�VLOLFRQLF��%��XOHL�GH�IORDUHD�

VRDUHOXL��&��JOLFHULQă��9LWH]ă�GH�vQUHJLVWUDUH������FDGUH�SH�VHFXQGă��
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�
)LJXUD������'HSODVDUHD�vQ�WLPS�D�IURQWXOXL�GH�IOXLG�SH�FHOH�RSW�GLUHF܊LL�GH�PăVXUDUH�SHQWUX�DSă�
GHLRQL]DWă��DFHWRQă��L]RSURSDQRO��XOHL�GH�IORDUHD�VRDUHOXL��JOLFHULQă܈�L�XOHL�VLOLFRQLF��9DORULOH�

PHGLL�DX�IRVW�LQWHUSRODWH�FX�HF����������
� 6WXGLLOH�DQWHULRDUH�DVXSUD�PRGLILFăULL�UD]HL�vQ�WLPS�DX�UDSRUWDW�R�GHSHQGHQ܊ăݐ�̱�ݎ�

భ
ల���$FHDVWD�

LPSOLFă�Fă�vQ�OHJHD�%RUKDQ�	�5XQJWD�Q� ����ÌQ�SOXV��vQ�JHQHUDO��Į�HVWH�R�FRQVWDQWă�GH�PDWHULDO��
DVWIHO� vQFkW� YDORDUHD� VD� DU� WUHEXL� Vă� YDULH]H� QXPDL� GDFă� VXEVWUDWXO� SRURV� HVWH� GLIHULW��&X� WRDWH�
DFHVWHD�� V�D� REVHUYDW� Fă� Q�  � �� QX� RIHUă� vQWRWGHDXQD� FHD� PDL� EXQă� SRWULYLUH�� LDU� VFKLPEDUHD�
FRQVWDQWHL� Q� D� QHFHVLWDW� �L܈ PRGLILFăUL� DVXSUD� OXL� Į�� ÌQ� 7DEHOXO� ���� VXQW� SUH]HQWDWH� YDORULOH�
GHWHUPLQDWH�SHQWUX�FHOH�GRXă�FRQVWDQWH�FDUH�DX�RIHULW�FXUEH�GH�LQWHUSRODUH�vQ�DFRUG�FX�UH]XOWDWHOH�
H[SHULPHQWDOH��&HOH�PDL�DGHFYDWH�LQWHUSROăUL�DX�IRVW�RE܊LQXWH�SHQWUX� L]RSURSDQRO܈�L� IOXLGHOH�FX�
YkVFR]LWDWH� ULGLFDWă�� ÌQ� FD]XO� DSHL� GHLRQL]DWH� �L܈ DFHWRQHL�� DX� IRVW� REVHUYDWH� QHFRQFRUGDQ܊H� vQ�
GHVFULHUHD�ID]HL�LQL܊LDOH�GH�GLIX]LH��
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� �7DEHOXO������9DORULOH�GHWHUPLQDWH�H[SHULPHQWDO�SHQWUX�FRQVWDQWHOH�Q܈�L�Į�GLQ�OHJHD�%RUKDQ�
	�5XQJWD��

)OXLG� Q� Į�
$Să�GHLRQL]DWă� �� �����

$FHWRQă� �� ����
,]RSURSDQRO� �� ������

8OHL�GH�IORDUHD�VRDUHOXL� �� ������
*OLFHULQă� ����� ����

8OHL�VLOLFRQLF� �� �����
�

� 3HQWUX� ILHFDUH� IOXLG� D� IRVW� HYDOXDWă� YLWH]D� GH� GLIX]LH� SULQ� FDOFXODUHD� SULPHL� GHULYDWH� D�
HYROX܊LHL�GLVWDQ܊HL�SDUFXUVH�GH�LQWHUID܊D�IOXLGXOXL�vQ�WLPS��3HQWUX�WRDWH�IOXLGHOH��YLWH]D�FHD�PDL�PDUH�
D� IRVW� RE܊LQXWă� OD� vQFHSXWXO� SURFHVXOXL�� DYkQG� XOWHULRU� R� VFăGHUH� H[SRQHQ܊LDOă�� &HD�PDL� PDUH�
YDORDUH�D�IRVW�RE܊LQXWă�SHQWUX�DFHWRQă�����PP�V��� LDU�FHD�PDL�PLFă�SHQWUX�XOHLXO�VLOLFRQLF������
PP�V���/XkQG�vQ�FRQVLGHUDUH�SURSULHWă܊LOH�GH�PDWHULDO�DOH� IOXLGHORU�XWLOL]DWH��D� IRVW�REVHUYDWă�R�
GHSHQGHQ܊ă�vQWUH�YLWH]D�PD[LPă�GH�GLIX]LH܈�L�YkVFR]LWDWH��)LJXUD�������3XQFWHOH�H[SHULPHQWDOH�DX�
IRVW�LQWHUSRODWH�IRORVLQG�R�IXQF܊LH�SXWHUHݒ��௫ �ሺߟሻ ൌ �L�E�ILLQG܈���YDORULOH�GHWHUPLQDWH�SHQWUX�Dߟ�ܽ
��������L�UHVSHFWLY܈�����

�
)LJXUD�������'HSHQGHQ܊D�vQWUH�YLWH]D�PD[LPă�GH�GLIX]LH܈�L�YkVFR]LWDWH��

� ÌQ�FD]XO�L]RSURSDQROXOXL܈�L�JOLFHULQHL��DEDWHUHD�GH�OD�OHJHD�RE܊LQXWă�DU�SXWHD�IL�DWULEXLWă�XQRU�
HIHFWH�QHLQFOXVH�vQ�DFHVW�VWXGLX��SUHFXP�LQIOXHQ܊D�IDFWRULORU�GH�PHGLX��XPLGLWDWH܈�L�WHPSHUDWXUă��
VDX� D� SDUDPHWULORU� GH� PDWHULDO� �WHQVLXQH� VXSHUILFLDOă� VDX� FRPSRUWDPHQW� YkVFRHODVWLF� vQ� FD]XO�
JOLFHULQHL���

,QIOXHQ܊D�FRQFHQWUD܊LHL�vQ�FD]XO�VLVWHPHORU�VROYHQW�VROXW�
� )OXLGHOH� GH� LQWHUHV� ELRORJLF� VDX� FX� DSOLFD܊LL� ELRPHGLFDOH� UHSUH]LQWă� vQWRWGHDXQD� VLVWHPH�
FRPSOH[H� GH�PROHFXOH� �VROXW�� GL]ROYDWH� vQ� ID]ă� OLFKLGă� �VROYHQW��� ÌQ� FD]XO� SXQHULL� DFHVWRUD� vQ�
FRQWDFW�FX�PHGLXO�SRURV��FHOH�GRXă�ID]H�WLQG�Vă�VH�VHSDUH�vQ�WLPSXO�SURFHVXOXL�GH�GLIX]LH��$QDOL]kQG�



�

���

FD]XO�vQ�FDUH�PHGLXO�SRURV�HVWH�UHSUH]HQWDW�GH�XQ�VXEVWUDW�ILEULODU��GLQ�FHOXOR]ă�vQ�FD]XO�KkUWLHL���
SURFHVHOH� GH� GLIX]LH� DOH� IOXLGHORU� FRPSOH[H� QX� SRW� IL� VWXGLDWH� GRDU� SULQ� SULVPD� LQWHUDF܊LXQLORU�
IL]LFH�� &HOXOR]D� HVWH� XQ� SROLPHU� QDWXUDO� GLQ� JUXSD� SROL]DKDULGHORU�� FRPSXVă� GLQ� PROHFXOH� GH�
JOXFR]ă܈�L� OHJăWXUL�JOLFR]LGLFH��6HSDUDUHD�ID]HORU� vQ�FD]XO�GLIX]LHL�VLVWHPHORU�VROYHQW�VROXW�SULQ�
KkUWLH�DUH�ORF�SULQ�IRUPDUHD�OHJăWXULORU�FKLPLFH��vQ�SULQFLSDO�SXQ܊L�GH�KLGURJHQ��vQWUH�PROHFXOHOH�
GLQ�ID]D�DSRDVă܈�L�JUXSăULOH�KLGUR[LO�GLQ�VWUXFWXUD�ILEUHORU�GH�FHOXOR]ă��3URFHVXO�GH�VHSDUDUH�HVWH�
GLFWDW� GH�SURSULHWă܊LOH� FKLPLFH� DOH� WXWXURU� FHORU� WUHL�PDWHULDOH� LPSOLFDWH� �PHGLX�SRURV�� VROYHQW��
VROXW��� SDUDPHWULL� LPSRUWDQ܊L� ILLQG� SRODULWDWHD� PROHFXOHORU� �L܈ D� VROYHQWXOXL�� SUHFXP� �L܈
GLVSRQLELOLWDWHD� OHJăWXULORU� GH� KLGURJHQ� GLQ� VWUXFWXUD� PHGLXOXL� SRURV�� 3ULQ� XUPDUH�� DQDOL]D�
FRPSRUWDPHQWXOXL�XQXL�VLQJXU�FRPSXV�FKLPLF�QX�SRDWH�RIHUL�LQIRUPD܊LL�JHQHUDOH�DSOLFDELOH�WXWXURU�
PROHFXOHORU��LQGLIHUHQW�GH�GLPHQVLXQHD�DFHVWRUD��
� )HQRPHQHOH� GH� UHWHQ܊LH� DX� IRVW� DQDOL]DWH� SULQ� LQYHVWLJDUHD� GLIX]LHL� vQ� KkUWLH� D� VLVWHPHORU�
VROYHQW�VROXW�� vQ� FDUH� ID]D� OLFKLGă� HVWH� DSD�� LDU� PROHFXOHOH� GH� VWXGLX� DX� IRVW� 0%�� YLROHWXO� GH�
JHQ܊LDQD��*9�±�ÄJHQWLDQ�YLROHW´�܈�L�IOXRUHVFHLQD��3URFHVHOH�GH�GLIX]LH܈�L�VHSDUDUH�DX�IRVW�DQDOL]DWH�
SHQWUX�VROX܊LL�FX�FRQFHQWUD܊LL�FXSULQVH�vQWUH�����0܈�L��������0��)LJXUD������$���
� ÌQWU�R� SULPă� HWDSă� D� IRVW� DQDOL]DWă� LQIOXHQ܊D� SUH]HQ܊HL� PROHFXOHORU� DVXSUD� GLIX]LHL�
VROYHQWXOXL�� 6�D� REVHUYDW� H[SHULPHQWDO� Fă� SHQWUX� WRDWH� FRQFHQWUD܊LLOH� XWLOL]DWH� vQ� DFHVW� VWXGLX��
VROYHQWXO�D�DYDQVDW�vQWRWGHDXQD�PDL�PXOW�GHFkW�VROXWXO��'H�DVHPHQHD��LQGLIHUHQW�GH�WLSXO�PROHFXOHL�
VDX�GH�FRQFHQWUD܊LD�VROX܊LHL��LQWHUID܊D�VROYHQWXOXL�D�DYDQVDW�vQ�VXEVWUDWXO�SRURV�SH�GLVWDQ܊H�VLPLODUH��
)LJXUD������%����

�
)LJXUD�������$��9L]XDOL]ăUL�DOH�GLIX]LHL�VROX܊LLORU�FX�GLIHULWH�FRQFHQWUD܊LL�GH�*9܈�L�0%�GL]ROYDWH�
vQ�DSă��%��'LVWDQ܊HOH�SDUFXUVH�GH�IURQWXULOH�DVRFLDWH�VROYHQWXOXL܈�L�VROXWXOXL�SHQWUX�VROX܊LL�GH�*9�

�����������������������������0��LL�GH܊L�0%�FX�FRQFHQWUD܈
� ÌQ�FD]XO�GLIX]LHL�PROHFXOHORU��*9�D�SDUFXUV�GLVWDQ܊H�PDL�PDUL�vQ�VXEVWUDWXO�GH�KkUWLH�GHFkW�
0%�� 6�D� UHPDUFDW� Fă� GLIHUHQ܊D� GLQWUH� GLVWDQ܊HOH� ILQDOH� DWLQVH� GH� VROYHQW� �L܈ VROXW� YDULD]ă� FX�
FRQFHQWUD܊LD�VROX܊LHL��$VWIHO��FX�FkW�FDQWLWDWHD�GH�PROHFXOH�GL]ROYDWH�HVWH�PDL�PLFă��FX�DWkW�SURFHVXO�
GH�VHSDUDUH�YD�IL�PDL�SXWHUQLF�HYLGHQ܊LDW��PDMRULWDWHD�PROHFXOHORU�OHJkQGX�VH�GH�ILEUHOH�GH�FHOXOR]ă�



�

���

vQFă�GLQ�VWDGLLOH�LQL܊LDOH�DOH�GLIX]LHL��$FHVW�OXFUX�D�FRQGXV�OD�FRQFOX]LD�Fă�PROHFXOHOH�GL]ROYDWH�
GLQWU�R�VROX܊LH�YRU�DGHUD�OD�VXEVWUDWXO�GH�KkUWLH�SkQă�OD�VDWXUD܊LH��LDU�IURQWXO�DVRFLDW�ID]HL�VROLGH�YD�
DYDQVD�GRDU�GDFă�vQ�VROX܊LH�UăPkQ�PROHFXOH�OLEHUH��(VWH�GH�PHQ܊LRQDW�WRWX܈L�Fă�YLWH]D�GH�GHSODVDUH�
D�IOXLGXOXL�DU�SXWHD�LQIOXHQ܊D�SURFHVXO�GH�UHWHQ܊LH��$VWIHO��GDFă�IOXLGXO�VH�GHSODVHD]ă�SULQ�VXEVWUDWXO�
SRURV�FX�R�YLWH]ă�PDL�PDUH�GHFkW�YLWH]D�GH�UHDF܊LH�D�IRUPăULL�OHJăWXULORU�vQWUH�PROHFXOHOH�GL]ROYDWH�
�LH�PDL�PDUH�GH�PROHFXOH�YD�UăPkQH�vQ�ID]ă�DSRDVă��SDUFXUJkQG܊L�ILEUHOH�GH�FHOXOR]ă��R�FRQFHQWUD܈
GLVWDQ܊H�PDL�PDUL��ÌQVă��vQ�DFHVW�FD]��YLWH]D�IOXLGXOXL�WUHEXLH�VWLPXODWă�vQ�PRG�H[WHUQ��GH�H[HPSOX��
SULQ� IRORVLUHD�SRPSHORU���3HQWUX� ILHFDUH� VROX܊LH� D� IRVW� FDOFXODWă�GLIHUHQ܊D�GLQWUH�GLVWDQ܊D� ILQDOă�
DWLQVă�GH�VROYHQW܈�L�VROXW܈�L�D�IRVW�UHSUH]HQWDWă�SH�R�GLDJUDPă�OLQ�ORJ�vQ�IXQF܊LH�GH�FRQFHQWUD܊LH��
)LJXUD�������7HQGLQ܊D�GH�YDULD܊LH�D�IRVW�DSUR[LPDWă�SULQ�IXQF܊LD�οሺܥሻ ൌ െ݉ ���ଵሺܥሻ  ܾ�� LDU�
YDORULOH�RE܊LQXWH�SHQWUX�P܈�L�E�DX�IRVW܈������L������SHQWUX�*9��UHVSHFWLY܈������L������SHQWUX�0%���

�
)LJXUD�������'LIHUHQ܊D�GLQWUH�GLVWDQ܊HOH�ILQDOH�DWLQVH�GH�VROYHQW܈�L�VROXW�UHSUH]HQWDWH�vQ�IXQF܊LH�

GH�FRQFHQWUD܊LD�VROX܊LHL��
� ÌQ� D� GRXD� HWDSă� D� VWXGLXOXL� D� IRVW� LPSOHPHQWDWă� R�PHWRGă� GH� DSUR[LPDUH� D� FRQFHQWUD܊LHL�
VROX܊LHL�GH�D�OXQJXO�FDQDOXOXL��ÌQ�DFHVW�VFRS�D�IRVW�IRORVLWă�R�VROX܊LH�GH�����P0�IOXRUHVFHLQă��D�
FăUHL�GLIX]LH�vQ�FDQDO�D�IRVW�REVHUYDWă�VXE�LUDGLHUH�XOWUDYLROHWă��)LJXUD�������0HWRGD�GH�DSUR[LPDUH�
HVWH�ED]DWă�SH�LSRWH]D�Fă�R�GHQVLWDWH�PDL�PDUH�D�PROHFXOHORU�GH�IOXRUHVFHLQă�YD�HPLWH�R�UDGLD܊LH�
PDL�LQWHQVă��3ULQ�XUPDUH��DQDOL]D�LQWHQVLWă܊LL�GH�FXORDUH�DU�SXWHD�RIHUL�LQIRUPD܊LL�GHVSUH�JUDGLHQWXO�
GH�FRQFHQWUD܊LH�GH�D�OXQJXO�FDQDOXOXL���

�
)LJXUD������9L]XDOL]ăUL�DOH�GLIX]LHL�vQ�FDQDO�D�VROX܊LHL�GH�����P0�IOXRUHVFHLQă��



�

���

� $� IRVW� DOHDVă� R� OLQLH� PHGLDQă� FDQDOXOXL�� GH�D� OXQJXO� FăUHLD� D� IRVW� H[WUDVă� KLVWRJUDPD�
LQWHQVLWă܊LL� GH� FXORDUH� SHQWUX� ILHFDUH� FDGUX��'DWHOH� RE܊LQXWH� DX� IRVW� UHSUH]HQWDWH� VXE� IRUPă� GH�
GLDJUDPă��'��)LJXUD������$���FDUH�UHSUH]LQWă�LQWHQVLWDWHD�FXORULL��vQ�XQLWă܊L�DUELWUDUH��vQ�IXQF܊LH�
GH�GLVWDQ܊D�SH�FDQDO��SUHFXP܈�L�YDULD܊LD�vQ�WLPS�D�DFHVWHLD��'LQ�DFHVWH�GLDJUDPH��'��]JRPRWXO�GH�
IRQG�D�IRVW�VFă]XW��DVWIHO�vQFkW�LQWHQVLWDWHD�FXORULL�YD�IL�]HUR�vQ�UHJLXQLOH�vQ�FDUH�IOXRUHVFHLQD�QX�
HVWH� vQFă� SUH]HQWă�� 9DULD܊LD� LQWHQVLWă܊LL� GH� FXORDUH� D� IRVW� H[WUDVă� SHQWUX� XQ� QXPăU� GH� SXQFWH�
JHRPHWULFH�VSHFLILFH�GH�D�OXQJXO�FDQDOXOXL��$FHVWH�GDWH�DX�IRVW�XOWHULRU�FDOLEUDWH�FX�FRQFHQWUD܊LD�
VROX܊LHL��YDORDUHD�PD[LPă�RE܊LQXWă�SHQWUX�LQWHQVLWDWHD�FXORULL�D�IRVW�DWULEXLWă�YDORULL�FRQFHQWUD܊LHL�
LQL܊LDOH�� ÌQ� ILQDO�� YDORDUHD� DSUR[LPDWă� D� FRQFHQWUD܊LHL� OD� ILHFDUH� GLVWDQ܊ă� DOHDVă� SH� VXSUDID܊D�
FDQDOXOXL�D�IRVW�UHSUH]HQWDWă�vQ�IXQF܊LH�GH�WLPS��)LJXUD������%���

�
)LJXUD�������$��$QDOL]D�LQWHQVLWă܊LL�GH�FXORDUH�vQ�SURILO�OLQLDU�GH�D�OXQJXO�FDQDOXOXL܈�L�vQ�WLPS��
%��$SUR[LPDUHD�HYROX܊LHL�GLVWULEX܊LHL�GH�FRQFHQWUD܊LH��vQ�GLIHULWH�SXQFWH�DOH�FDQDOXOXL��,QVHU܊LH��

'LUHF܊LD�GH�D�OXQJXO�FăUHLD�D�IRVW�H[WUDV�SURILOXO�GH�LQWHQVLWDWH�GH�FXORDUH��
� /D�PRPHQWXO�LQL܊LDO��W� �����FRQFHQWUD܊LD�HVWH�PD[LPă�OD�GLVWDQ܊HOH�GH܈���L���PP�vQ�FDQDO��
XQGH�SLFăWXUD�D�IRVW�SODVDWă�FX�SLSHWD܈��L�DUH�YDORDUHD���OD�FDSăWXO�FDQDOXOXL��3H�SDUFXUVXO�GLIX]LHL�
VH�REVHUYă�VFăGHUHD�FRQFHQWUD܊LHL�vQ�UHJLXQHD�GH�LQMHF܊LH܈�L�FUH܈WHUHD�VD�VSUH�ILQDOXO�UH]HUYRUXOXL��
DMXQJkQG� vQ� ILQDO� SH� WRDWă� OXQJLPHD� FDQDOXOXL� OD� DFHHD܈L� YDORDUH�� FDOFXODWă� FD� ILLQG� ���� P0��
9DORDUHD� FDOFXODWă� HVWH� GH� �� RUL� PDL� PLFă� GHFkW� FHD� LQMHFWDWă�� REVHUYkQGX�VH� R� UHGXFHUH�
VHPQLILFDWLYă�D�FRQFHQWUD܊LHL�LQL܊LDOH��7RWX܈L��DWLQJHUHD�vQ�ILQDO�D�DFHOHLD܈L�YDORUL�HVWH�XQ�UH]XOWDW�vQ�
DFRUG� FX� WHRULD� FRQIRUP� FăUHLD� VXE� DF܊LXQHD� JUDGLHQWXOXL� GH� FRQFHQWUD܊LH�� VLVWHPHOH� WLQG� VSUH�
HFKLOLEUX���

$QDOL]D�HYROX܊LHL�LQWHUIH܊HL�SLFăWXULL�vQ�SURFHVXO�GH�GLIX]LH�
� 3HQWUX�D�SXWHD�REVHUYD�PRGLILFăULOH� LQWHUIH܊HL� vQ� WLPS��H[SHULPHQWHOH�DX� IRVW�HIHFWXDWH�FX�
VROX܊LL� YkVFRHODVWLFH�� vQWUXFkW� GLIX]LD� DFHVWRUD� YD� IL� OHQWă�� LDU� LGHQWLILFDUHD� LQWHUIH܊HL� SRDWH� IL�
HIHFWXDWă� FX� R� SUHFL]LH�PDL�PDUH��$VWIHO�� vQ� FDGUXO� VWXGLXOXL� DX� IRVW� LQFOXVH� IOXLGH� FX� GLIHULWH�
FRQFHQWUD܊LL� GH� 3(2�� H[WLQ]kQG� DSOLFDELOLWDWHD� VWXGLLORU�� vQWUXFkW� DFHVWH� IOXLGH� SRW� UHSUH]HQWD�
PRGHOH�SHQWUX� OLFKLGH� UH]XOWDWH�GLQ�DFWLYLWă܊L� LQGXVWULDOH�VDX�IOXLGH�GH� LQWHUHV�ELRORJLF�� ÌQ�SOXV��
3(2�HVWH�XQ�SROLPHU�X܈RU�VROXELO�vQ�DSă��QHILLQG�QHFHVDUă�XWLOL]DUHD�VROYHQ܊LORU�SXWHUQLFL��DOH�FăURU�
SURSULHWă܊L�UHRORJLFH�DU�SXWHD�LQIOXHQ܊D�FRPSRUWDPHQWXO�GLIX]LHL���
� (YROX܊LD�LQWHUIH܊HL�IOXLGXOXL�D�IRVW�DQDOL]DWă�SHQWUX�IOXLGH�DWkW�FX�YkVFR]LWDWH�VFă]XWă��FkW܈�L�
ULGLFDWă��FRQFHQWUD܊LLOH�GH�SROLPHU�IRORVLWH�YDULLQG�vQWUH�������±���������P�Y���8WLOL]kQG�SURFHGXUD�
QXPHULFă�GHVFULVă�vQ�&DSLWROXO����GLQ�IRUPD�LQWHUIH܊HL�DX�SXWXW�IL�H[WUDVH�YDORULOH�H[SHULPHQWDOH�
SHQWUX� DQDOL]D� HYROX܊LHL� vQ� WLPS� D� GLDPHWUXOXL� SLFăWXULL� �L܈ D� YLWH]HL� GH� PL܈FDUH�� SUHFXP� �L܈ D�
YROXPXOXL܈�L�XQJKLXOXL�GH�FRQWDFW��)LJXULOH������±�������
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�
)LJXUD�������(YROX܊LD�vQ�WLPS�D�$��GLDPHWUXOXL��%��GHULYDWHL�GH�RUGLQXO�vQWkL܈�L�D�&��YLWH]HL�GH�

GHSODVDUH�SHQWUX�SLFăWXUL�GH�3(2�FX�GLIHULWH�FRQFHQWUD܊LL�SURFHQWXDOH��P�Y���
� 3HQWUX� WRDWH� IOXLGHOH� XWLOL]DWH� D� SXWXW� IL� LGHQWLILFDW� XQ� SXQFW� GH� LQIOH[LXQH� vQ� HYROX܊LD�
GLDPHWUXOXL��ILLQG�DWULEXLW�WUDQ]L܊LHL�GLQWUH�FHOH�GRXă�ID]H�GH�GLIX]LH��$WXQFL�FkQG�IOXLGXO�LQWUă�vQ�
FRQWDFW� FX� PHGLXO� SRURV�� DFHVWD� vQFHSH� Vă� GLIX]H]H� UDSLG� SH� VXSUDID܊D� VXEVWUDWXOXL�� SkQă� OD�
DWLQJHUHD� XQXL� GLDPHWUX� FULWLF�� 8OWHULRU�� SLFăWXUD� vQFHSH� Vă� VH� PLF܈RUH]H� VXE� DF܊LXQHD� IRU܊HL�
FDSLODUH��SH�PăVXUă�FH�HVWH�DEVRUELWă�vQ�VXEVWUDW��DFHDVWD�ILLQG�ID]D�GH�DEVRUE܊LH��
� 3HQWUX� IOXLGHOH� FX� YkVFR]LWDWH� VFă]XWă�� DX� SXWXW� IL� REVHUYDWH� DPEHOH� HWDSH� DOH� GLIX]LHL��
WUDQ]L܊LD�GLQWUH�FHOH�GRXă�HWDSH�ILLQG�HYLGHQ܊LDWă�GH�SXQFWXO�vQ�FDUH�GHULYDWD�DWLQJH�YDORDUHD�]HUR��
3ULQ�UHSUH]HQWDUHD�YDORULL�DEVROXWH�D�GHULYDWHL�VH�SRDWH�REVHUYD�Fă�FHOH�GRXă�HWDSH�GH�GLIX]LH�DX�
ORF�FX�YLWH]H�VLPLODUH��LQIOXHQ܊D�SUHGRPLQDWă�ILLQG�GDWă�GH�FDUDFWHULVWLFLOH�GH�PDWHULDO�DOH�IOXLGXOXL�
XWLOL]DW��ÌQ�FD]XO�VROX܊LHL�GH������3(2��GXSă�DWLQJHUHD�XQHL�YDORUL�FULWLFH�D�GLDPHWUXOXL��FXUJHUHD�
LQWUă�vQWU�XQ�UHJLP�WUDQ]LWRULX�OHQW��ILLQG�JUHX�DEVRUELWă�vQ�VXEVWUDW�GDWRULWă�YkVFR]LWă܊LL�ULGLFDWH��
� ,QWHUSRODUHD�GDWHORU�FX�R� IXQF܊LH�VPRRWK�SHUPLWH� UHSUH]HQWDUHD�HYROX܊LHL�GLDPHWUXOXL�FX�R�
SUHFL]LH�ULGLFDWă܊��LQkQG�FRQW�GH�]RQHOH�GH�GLVFRQWLQXLWDWH��0D[LPHOH܈�L�PLQLPHOH�ORFDOH�REVHUYDWH�
vQ� HYROX܊LD� GHULYDWHL� DX� IRVW� DWULEXLWH� QHRPRJHQLWă܊LL� PHGLXOXL� SRURV�� GLIX]LD� IOXLGXOXL� ILLQG�
LQIOXHQ܊DWă�GH�GLVWULEX܊LD�VSD܊LDOă�D�SRULORU��SUHFXP܈�L�GH�GLPHQVLXQHD�DFHVWRUD���
� ÌQ� FD]XO� HYROX܊LLORU� XQJKLXOXL� GH� FRQWDFW� �L܈ YROXPXOXL� QX� DX� IRVW� LGHQWLILFDWH� ]RQH� GH�
GLVFRQWLQXLWDWH� ULGLFDWă�� LDU� LQWHUSRODUHD� GDWHORU� H[SHULPHQWDOH� D� IRVW� UHDOL]DWă� FX� IXQF܊LL�
H[SRQHQ܊LDOH�� ÌQWUXFkW� HYROX܊LD� YROXPXOXL� SUH]LQWă� R� VFăGHUH� vQFă� GLQ� HWDSD� LQFLSLHQWă� D�
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���

IHQRPHQXOXL�GH�DEVRUE܊LH��VH�SRDWH�FRQFOX]LRQD�Fă�GLIX]LD�SULQ�VXEVWUDW�DUH�ORF�GLQ�SULPD�HWDSă�
LGHQWLILFDWă��QHILLQG�YRUED�GRDU�GH�R�UHGLVWULEXLUH�D�YROXPXOXL�GH�IOXLG�SH�VXSUDID܊D�VXEVWUDWXOXL��

�
)LJXUD�������(YROX܊LLOH�vQ�WLPS�DOH�$��XQJKLXOXL�GH�FRQWDFW܈�L�%��YROXPXOXL�SLFăWXULORU�GH�3(2��
� 9LWH]HOH�LQL܊LDOH�DWLQVH�GH�ILHFDUH�IOXLG�DX�IRVW�UHSUH]HQWDWH�vQ�IXQF܊LH�GH�FRQFHQWUD܊LD�VROX܊LHL�
�ă�vQWUH�YLWH]D܊LDWă�R�GHSHQGHQ܊L�YkVFR]LWDWH��)LJXUD�������3ULQ�UHSUH]HQWDUH�ORJ�ORJ��D�IRVW�HYLGHQ܈
PD[LPă�GH�DYDQV�D�IURQWXOXL�GH�IOXLG�vQ�HWDSD�GH�H[SDQVLXQH܈�L�FRQFHQWUD܊LD�VROX܊LHL��)LJXUD������
$���FH�SRDWH�IL�GHVFULVă�GH�HFXD܊LDݒ�௫ �ሺܥሻ ൌ ܥ�ܽ ǡ�XQGH�ܽ� ܈�������L�ܾ� ���������

�
)LJXUD�������9LWH]D�GH�GLIX]LH�UHSUH]HQWDWă�vQ�IXQF܊LH�GH�$��FRQFHQWUD܊LH܈�L�%��YkVFR]LWDWH��

� /XkQG� vQ� FRQVLGHUDUH� YDORULOH� YkVFR]LWă܊LL� SHQWUX� WUHL� GLQWUH� VROX܊LLOH� GH�3(2� LQYHVWLJDWH��
YDORULOH�YLWH]HL�DX� IRVW� UHSUH]HQWDWH� vPSUHXQă�FX� UH]XOWDWHOH�RE܊LQXWH� DQWHULRU��)LJXUD������%���
ÌQWUXFkW�FRQFHQWUD܊LD�XQHL�VROX܊LL�SROLPHULFH�LQIOXHQ܊HD]ă�vQ�PRG�GLUHFW�YkVFR]LWDWHD�DFHVWHLD��FHOH�
GRXă�GHSHQGHQ܊H�VXQW�VLPLODUH��7RWX܈L��VROX܊LLOH�GH�3(2�SUH]LQWă܈�L�FRPSRQHQWD�HODVWLFLWă܊LL��FH�
SRDWH�DYHD�R�LQIOXHQ܊ă�DVXSUD�YLWH]HL�GH�GLIX]LH��ILLQG�REVHUYDWH�GLIHUHQ܊H�ID܊ă�GH�FRPSRUWDPHQWXO�
IOXLGHORU� QHZWRQLHQH�� ÌQ� FD]XO� VROX܊LLORU� GH� 3(2�� GHSHQGHQ܊D� YLWH]HL� GH� YkVFR]LWDWH� D� IRVW�
LQWHUSRODWă�FX�HFXD܊LDݒ�୫ୟ୶ாை�ሺߟሻ ൌ ߟ�ܽ ǡ�XQGH�YDORULOH�LGHQWLILFDWH�SHQWUX�ܽ܈�L�ܾ�DX�IRVW�������
UHVSHFWLY��������



�

���

&DSLWROXO����)DEULFDUHD܈�L�FDUDFWHUL]DUHD�VXSUDIH܊HORU�SRURDVH�
�
� 0DWHULDOHOH�SRURDVH�PLFUR��VDX�QDQRVWUXFWXUDWH�SUH]LQWă�XQ�SRWHQ܊LDO�GH�DSOLFDELOLWDWH�ULGLFDW��
SH� DFHHD܈L� VFDUă� UHJăVLQGX�VH� SDUWLFXOHOH� GH� SROXDQ܊L� vQ� VXVSHQVLH� �30� ±� SDUWLFXODWH� PDWWHU���
SUHFXP܈�L�PDFURPROHFXOHOH��DVWIHO�GH�PDWHULDOH�SXWkQG�IL�XWLOL]DWH�SHQWUX�ILOWUDUHD��FDSWDUHD�VDX�
LPRELOL]DUHD� QDQRSDUWLFXOHORU� �L܈ FRPSX܈LORU� FKLPLFL�� ÌQ� DFHVW� FDSLWRO� DX� IRVW� IDEULFDWH� SODVH�
HOHFWURILODWH܈�L�FHQWULILODWH�GLQ�DFHWDW�GH�FHOXOR]ă��&$�±�ÄFHOOXORVH�DFHWDWH´�܈�L�SROL�PHWDFULODW�GH�
PHWLO�� �300$��� 3ULPXO� RELHFWLY� DO� VWXGLXOXL� D� IRVW� LQYHVWLJDUHD� LQIOXHQ܊HL� XPLGLWă܊LL� UHODWLYH�
DVXSUD�SURFHVXOXL܈�L�PRUIRORJLHL�ILEUHORU�UH]XOWDWH��$FHVW�SDUDPHWUX�D�IRVW�DOHV�GDWRULWă�LQIOXHQ܊HL�
ULGLFDWH�DVXSUD�SURFHVXOXL��DIHFWkQG�vQ�PRG�GLUHFW�WLPSXO�GH�HYDSRUDUH�DO�VROYHQWXOXL܈�L�LPSOLFLW�
XQLIRUPLWDWHD� VWUXFWXULL� ILEUHORU�� FkW� �L܈ RPRJHQLWDWHD� SODVHORU��$O� GRLOHD� RELHFWLY� D� FRQVWDW� vQ�
HYDOXDUHD�SURSULHWă܊LORU�HOHFWULFH܈�L�HOHFWURFKLPLFH�D�SODVHORU�SROLPHULFH�PHWDOL]DWH��VFRSXO�ILQDO�
ILLQG�IDEULFDUHD�HOHFWUR]LORU�FX�VWUXFWXUă�ILEULODUă���

&DUDFWHULVWLFL�UHRORJLFH�
� ÌQ�FDGUXO�VWXGLXOXL�DX�IRVW�SUHSDUDWH�VROX܊LL�GH�&$�FX�GLIHULWH�FRQFHQWUD܊LL܈�L�DPHVWHFXUL�GH�
VROYHQ܊L��7DEHOXO������6WXGLXO�UHRORJLF�D�IRVW�HIHFWXDW�SHQWUX�VROX܊LLOH�6���6܈��L�6���ILLQG�HYDOXDWH�
YDULD܊LLOH�vQ�WLPS�DOH�YkVFR]LWă܊LL��PRGXOXOXL�HODVWLF��ܩǯ�܈�L�PRGXOXOXL�YkVFRV��ܩǯǯ���$WHQ܊LD�D�IRVW�
FHQWUDWă�SH�YkVFR]LWDWHD�VROX܊LHL��ILLQG�FRQVLGHUDWă�SURSULHWDWHD�FX�LQIOXHQ܊ă�PDMRUă��)LJXUD������
9DORDUHD�YkVFR]LWă܊LL�DWULEXLWH� ILHFăUHL�VROX܊LL�D� IRVW�FRQVLGHUDWă�YDORDUHD�RE܊LQXWă� OD� W� ����'LQ�
VHF܊LXQHD�OLQLDUă�D�HYROX܊LHL�YkVFR]LWă܊LL�vQ�WLPS��D�IRVW�FDOFXODWă�SDQWD��FRQVLGHUDW�XQ�FRHILFLHQW�GH�
FUH܈WHUH�D�YkVFR]LWă܊LL�SROLPHUXOXL�VXE�LQIOXHQ܊D�DWPRVIHUHL��YDORULOH�RE܊LQXWH�ILLQG�SUH]HQWDWH�vQ�
7DEHOXO������

7DEHOXO������6ROX܊LLOH�GH�&$�IRORVLWH܈�L�YDORULOH�GHWHUPLQDWH�SHQWUX�YkVFR]LWDWHD�LQL܊LDOă܈�L�
FRHILFLHQWXO�GH�FUH܈WHUH�D�YkVFR]LWă܊LL�

1XPH�
VROX܊LH�

6ROYHQ܊L� 5DSRUW�
�Y�Y��

&$�
����

9kVFR]LWDWH�
OD�������&�
�3D�V��

&RHILFLHQW�GH�FUH܈WHUH�D�
YkVFR]LWă܊LL��3D��

6�� $FHWRQă�DSă� ����� ��� � �
6�� ����� ��� � �
6��

$FHWRQă�'0$F�
���� ��� ����������� ������

6�� ���� ��� � �
6�� ���� ��� ����������� ������
6�� $FHWRQă�'062� ���� ��� ����������� ������

�
)LJXUD�����(YROX܊LD�vQ�WLPS�D�YkVFR]LWă܊LL��כߟ��HYDOXDWă�OD�WHPSHUDWXUD�GH�������&܈�L�YLWH]D�

XQJKLXODUă����UDG�V��
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� 6�D�REVHUYDW�Fă�vQ�FD]XO�VROX܊LLORU�IRUPDWH�FX�DFHOD܈L�DPHVWHF�GH�VROYHQ܊L��6��ЮL�6���HYROX܊LD�
YkVFR]LWă܊LL�vQ�WLPS�DUH�R�WHQGLQ܊ă�VLPLODUă��GLIHUHQ܊D�SULQFLSDOă�ILLQG�GDWă�GH�YDORDUHD�LQL܊LDOă�D�
YkVFR]LWă܊LL��LQIOXHQ܊DWă�vQ�PRG�GLUHFW�GH�FRQFHQWUD܊LD�SROLPHUXOXL��&UH܈WHUHD�UDSLGă�D�YkVFR]LWă܊LL�
VROX܊LHL�6��D�IRVW�DWULEXWă�FRQFHQWUD܊LHL�PDL�PDUL�GH�DFHWRQă��ILLQG�XQ�FRPSXV�FX�YRODWLOLWDWH�PDL�
ULGLFDWă� GHFkW� '0$F��$PHVWHFXO� GH� VROYHQ܊L� DFHWRQă�'062� D� IRVW� FRQVLGHUDW� FHO�PDL� VWDELO��
vQWUXFkW� OD� H[SXQHUL� SUHOXQJLWH� OD� DWPRVIHUă�� YDORDUHD� YkVFR]LWă܊LL� QX� VXIHUă� PRGLILFăUL�
VXEVWDQ܊LDOH��9DORUHD�LQL܊LDOă�D�YkVFR]LWă܊LL�D�IRVW�FRQVLGHUDWă�XQ�SDUDPHWUX�GH�UHIHULQ܊ă��vQWUXFkW�vQ�
FD]XO� WHKQLFLORU� GH� HOHFWURILODUH� �L܈ FHQWULILODUH�� SLFăWXULOH� VXQW� H[SXVH� SHQWUX� WLPSL� UHGX܈L� �GH�
RUGLQXO�VHFXQGHORU��OD�DHU��SkQă�Vă�VH�WUDQVIRUPH�vQ�ILODPHQWH����

,QIOXHQ܊D�XPLGLWă܊LL�DVXSUD�PRUIRORJLHL�SODVHORU�HOHFWURILODWH�
D��$FHWDW�GH�FHOXOR]ă�
� 3URFHVXO�GH�HOHFWURILODUH�D� IRVW� WHVWDW�SHQWUX�XPLGLWă܊L� UHODWLYH�FXSULQVH� vQWUH� ���� ±�������
3HQWUX�WRDWH�VROX܊LLOH�VWXGLDWH��LQGLIHUHQW�GH�VROYHQWXO�VDX�FRQFHQWUD܊LD�GH�SROLPHU�XWLOL]DWH��FHOH�
PDL� EXQH� UH]XOWDWH� DX� IRVW� RE܊LQXWH� OD� YDORUL� FUHVFXWH� DOH� XPLGLWă܊LL�� REVHUYDWH� SULQ� GHQVLWDWHD�
FUHVFXWă� GH� ILEUH� UH]XOWDWă� �L܈ JUDGXO� ULGLFDW� GH� XQLIRUPLWDWH� D� DFHVWRUD�� 'LDPHWUHOH� ILEUHORU�
UH]XOWDWH��vQ�IXQF܊LH�GH�VROX܊LL܈�L�XPLGLWDWH��VXQW�SUH]HQWDWH�vQ�)LJXUD�������

�
)LJXUD������'LDPHWUXO�ILEUHORU�UH]XOWDWH�SULQ�HOHFWURILODUHD�OD�GLIHULWH�YDORUL�DOH�XPLGLWă܊LL�

UHODWLYH�SHQWUX�$��6���%��6���&��6܈��L�'��6���
� 0RUIRORJLL�GLIHULWH�DOH�ILEUHORU�DX�IRVW�LGHQWLILFDWH�vQ�IXQF܊LH�GH�VROYHQWXO�IRORVLW܈�L�XPLGLWDWHD�
GH�OXFUX�GLQ�LQFLQWă��)LJXUD������3ODVHOH�FUHDWH�GLQ�VROX܊LL�FX�DPHVWHF�GH�DFHWRQă܈�L�DSă��6܈��L�6����
DX� IRUPă� GH� SDQJOLFă�� VSUH� GHRVHELUH� GH� FHOH� GLQ� DFHWRQă�'0$F� �6�� ����L�6܈ FDUH� DX� R� IRUPă�
FLOLQGULFă�UHJXODWă��ÌQ�FD]XO�VROX܊LHL�6���DX�IRVW�LGHQWLILFDWH�DJORPHUăUL�HOLSWLFH�GH�SROLPHU�GDWRUDWH�
XPLGLWDWă܊LL� VFă]XWH�� PRUIRORJLH� GHILQLWă� vQ� OLWHUDWXUă� ÄILEUH� FX� PăUJHOH´� �EHDGV� RQ� ILEHUV���
,QIOXHQ܊D�YkVFR]LWă܊LL�D�SXWXW�IL�REVHUYDWă�DQDOL]kQG�ILEUHOH�SURGXVH�GLQ�VROX܊LLOH�6܈��L�6���ÌQ�FD]XO�
VROX܊LHL�6���FDUH�DUH�R�YkVFR]LWDWH�PDL�ULGLFDWă��GDWă�GH�FRQFHQWUD܊LD�PDL�PDUH�GH�SROLPHU��ILEUHOH�
DX�IRVW�DOXQJLWH�XQLIRUP�vQ�FkPSXO�HOHFWULF��DYkQG�R�VXSUDID܊ă�QHWHGă��'LQ�VROX܊LD�6���LQGLIHUHQW�
GH�XPLGLWDWHD�GH�OXFUX�GLQ�FDGUXO�LQFLQWHL��SODVHOH�DX�IRVW�JHQHUDWH�FX�GHIHFWH���
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�
)LJXUD������)LEUH�SURGXVH�GLQ�GLIHULWH�VROX܊LL�SUH]HQWkQG�PRUIRORJLL�GLIHULWH��$��SDQJOLFL��6����%��

ÄILEUH�FX�PăUJHOH´��6����&��ILEUH�FLOLQGULFH��6����
E��3ROL�PHWDFULODW�GH�PHWLO��
� ÌQ�FD]XO�ILEUHORU�HOHFWURILODWH�GLQ�300$��D�IRVW�HYDOXDWă�LQIOXHQ܊D�SDUDPHWULORU�GH�PHGLX�DVXSUD�
HILFLHQ܊HL� SURFHVXOXL�� $X� IRVW� RE܊LQXWH� GLIHULWH� SUREH�� SHQWUX� FDUH� HILFLHQ܊D� SURFHVXOXL� D� IRVW�
FXDQWLILFDWă�SULQ�GHQVLWDWHD�GH�ILEUH�RE܊LQXWă��WLPSXO�GH�HOHFWURILODUH�ILLQG�DFHOD܈L�SHQWUX�WRDWH�SUREHOH��
'HQVLWDWHD�GH�ILEUH�D�IRVW�FXDQWLILFDWă�SULQ�DQDOL]D�WUDQVPLWDQ܊HL�RSWLFH�D�SODVHORU�UH]XOWDWH���
� 6�D�REVHUYDW�H[SHULPHQWDO�Fă� vQ� FD]XO� VROX܊LLORU�GH�300$�� LQWHUYDOHOH�GH� WHPSHUDWXUă� �L܈
XPLGLWDWH�vQ�FDUH�SODVHOH�SRW�IL�IDEULFDWH�VXQW�PXOW�PDL�vQJXVWH��2�FUH܈WHUH�GH���SURFHQWH�vQ�FD]XO�
XPLGLWă܊LL�UHODWLYH��FRQGXFH�OD�R�VFăGHUH�GUDVWLFă�D�HILFLHQ܊HL�GH�IDEULFDUH܈�L�FROHFWDUH�D�SODVHORU�
)LJXUD�����&���&RQGL܊LLH�RSWLPH�GH�WHPSHUDWXUă܈�L�XPLGLWDWH�UHODWLYă�DX�IRVW�LGHQWLILFDWH�D�IL����
���ၨ&��UHVSHFWLY����������DFHVWHD�GHWHUPLQkQG�R�HILFLHQ܊ă�ULGLFDWă�D�SURFHVXOXL܈�L�ILEUH�FX�VWUXFWXUă�
XQLIRUPă��OLSVLWă�GH�GHIHFWH��)LJXUD�����$���%���

�
)LJXUD������$��0RUIRORJLD�ILEUHORU�HOHFWURILODWH�GH�300$�vQ�FRQGL܊LLOH�GH�WHPSHUDWXUD܈�L�
XPLGLWDWH�UHODWLYă�FRQVLGHUDWH�RSWLPH�����ၨ&��UHVSHFWLY�������DQDOL]DWă�SULQ�PLFURVFRSLH�
HOHFWURQLFă�GH�EDOHLDM��,PDJLQL�DOH�SODVHORU�GH�300$�IDEULFDWH�OD�WHPSHUDWXUD�GH����ၨ&��vQ�

FRQGL܊LL�GH�XPLGLWDWH�UHODWLYă�GH�%�܈�����L�&�������
$QDOL]D�SRUR]LWă܊LL�
� 6ROX܊LLOH�GH�&$�DX�IRVW�VXSXVH�HOHFWURILOăULL�FRQWLQXH�FX�VFRSXO�GH�D�IDEULFD�VWUDWXUL�SRURDVH�
IXQF܊LRQDOH� FX� URO� DEVRUEDQW�� *URVLPHD� �L܈ SRUR]LWDWHD� GH� VXSUDID܊ă� D� VWUDWXULORU� GHSXVH� D� IRVW�
DSUR[LPDWă� GLQ� LPDJLQLOH� GH� PLFURVFRSLH� HOHFWURQLFă�� LDU� XOWHULRU� DX� IRVW� FRPSDUDWH� FX�
FDUDFWHULVWLFLOH�KkUWLHL�GH�ILOWUX��)LJXUD������3RUR]LWDWHD�GH�VXSUDID܊ă�D�IRVW�GHWHUPLQDWă�FD�ILLQG�
UDSRUWXO�GLQWUH�DULD�]RQHORU�QHJUH��SRULL�܈�L�DULD�WRWDOă�D�LPDJLQLL�DQDOL]DWH�vQ�IRUPDW�ELQDU��)LJXUD�
����$���%����
� 6LPLODU� UH]XOWDWHORU� DQWHULRDUH�� R� LQIOXHQ܊ă� PDUH� DVXSUD� SURFHVXOXL� D� DYXW�R� YRODWLOLWDWHD�
VROYHQWXOXL��&RQFHQWUD܊LD�ULGLFDWă�GH�DFHWRQă�D�VROX܊LHL�6��D�GHWHUPLQDW�XQ�UDQGDPHQW�UHGXV�GH�
FROHFWDUH��VWUDWXO�GHSXV�DYkQG�R�JURVLPH�GH�����P�GXSă����GH�PLQXWH�GH�FROHFWDUH��ÌQ�FD]XO�VROX܊LHL�
6���VWUDWXO�GHSXV�GXSă����GH�PLQXWH�D�DWLQV�R�JURVLPH�GH������P��YDORDUH�DSURSLDWă�JURVLPLL�KkUWLHL�
GH�ILOWUX��6�D�FRQFOX]LRQDW�DVWIHO�Fă�VH�SRW�DWLQJH�GHQVLWă܊L�ULGLFDWH�GH�ILEUH�SULQ�HOHFWURILODUH��LDU�
JURVLPHD�VWUDWXOXL�GHSXV�SRDWH�IL�VLPLODUă�KkUWLHL�GH�ILOWUX��7RWX܈L��GLDPHWUXO�ILEUHORU�HOHFWURILODWH�
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HVWH�PXOW�PDL�PLF�GHFkW�DO�ILEUHORU�GH�FHOXOR]ă�GLQ�KkUWLH��LDU�SRUR]LWDWHD�PXOW�PDL�ULGLFDWă��IDSW�FH�
YD�GHWHUPLQD�FRPSRUWDPHQWH�GLIHULWH�DOH�XQXL�IOXLG�SH�FHOH�GRXă�WLSXUL�GH�VXEVWUDWXUL��

�
)LJXUD�����&RPSDUD܊LH�PRUIRORJLFă�D�$���SODVHORU�HOHFWURILODWH�GLQ�VROX܊LD�6܈��L�%���KkUWLD�GH�
ILOWUX��$���%���5HSUH]HQWDUH�vQ�IRUPDW�ELQDU�D�LPDJLQLORU�GH�PLFURVFRSLH�HOHFWURQLFă��vPSUHXQă�

FX�SRUR]LWă܊LOH�GH�VXSUDID܊ă�HYDOXDWH�QXPHULF��

$QDOL]D�KLGURILOLFLWă܊LL�
� 3H�VXSUDID܊D�SODVHORU�GLQ�300$�DX�IRVW�GHSXVH�SLFăWXUL�FX�YROXP�GH�����O�GLQWU�R�VROX܊LH�
GH������0�0%��$X�IRVW�LQYHVWLJDWH�DWkW�SODVH�GH�300$�vQ�VWDUH�QHPRGLILFDWă��)LJXUD�����$���FkW�
�3(7���)LJXUD�����&���3ODVHOH�GLQ�300$��L�GXSă�WUDQVIHUXO�WHUPLF�SH�IROLL�GH�SROLHWLOHQ�WHUHIWDODW܈
DX�IRVW�DOHVH�vQ�FDGUXO�DFHVWXL�VWXGLX�GDWRULWă�UH]LVWHQ܊HL�PHFDQLFH�VXSHULRDUH���

�
)LJXUD�����8QJKLXUL�GH�FRQWDFW�PăVXUDWH�SHQWUX�SLFăWXUL�GH�����O������0�0%�GHSXVH�SH�$��

SODVH�GH�300$�QHPRGLILFDWH��%��IROLH�GH�3(7��&��DQVDPEOXO�300$�3(7�YL]XDOL]DW�OD�GLIHULWH�
SHULRDGH�GH�WLPS��

� 6�D�REVHUYDW�XQ�FDUDFWHU�SXWHUQLF�KLGURIRE�DO�SODVHORU� IDEULFDWH�� vQVă� LQWHJUDUHD� ORU�FX�XQ�
VXEVWUDW�KLGURILO��D�GHWHUPLQDW�XQ�FRPSRUDPHQW�WUDQ]LWRULX��3HQWUX�LQWHUYDOXO�GH�WLPS�LQYHVWLJDW����
PLQXWH��� QX� DX� IRVW� REVHUYDWH� PRGLILFăUL� FRQVLGHUDELOH� DOH� LQWHUIH܊HORU� SLFăWXULORU� SODVDWH� SH�
300$� VDX� 3(7�� ÌQ� FD]XO� DQVDPEOXOXL� 300$�3(7�� DX� IRVW� REVHUYDWH� PRGLILFăUL� UDSLGH� DOH�
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LQWHUIH܊HL�� DFHDVWD� GLIX]kQG� SH� VXSUDID܊D� VXEVWUDWXOXL��$FHVW� FRPSRUWDPHQW� SRDWH� IL� DWULEXLW� GH�
DVHPHQHD��XQHL�PL܈FăUL�ODPLQDUH�D�IOXLGXOXL�OD�LQWHUID܊D�GLQWUH�FHOH�GRXă�VXEVWUDWXUL��vQWUXFkW�vQWUH�
DFHVWHD�QX�HVWH�SUH]HQW�XQ�PHGLDWRU�FKLPLF�FX�URO�DGH]LY��6�D�FRQFOX]LRQDW�DVWIHO�Fă�LQWHJUDUHD�
SODVHORU�FX�XQ�VXEVWUDW�FX�SURSULHWă܊L�KLGURILOH��YD�GHWHUPLQD�WLQGHUHD�vQWUHJXOXL�DQVDPEOX�FăWUH�
KLGURILOLFLWDWH��

,QIOXHQ܊D�WXUD܊LHL�DVXSUD�PRUIRORJLHL�SODVHORU�FHQWULILODWH�
� 9RODWLOLWDWHD� VROYHQ܊LORU� IRORVL܊L� D� DYXW� XQ� HIHFW� SURQXQ܊DW� �L܈ vQ� FD]XO� SURFHVXOXL� GH�
FHQWULILODUH��$VWIHO�� GLQ� VROX܊LLOH� 6�� ±� 6�� ILEUHOH� QX� DX� SXWXW� IL� SURGXVH�� vQWUXFkW� SROLPHUXO� VH�
VROLGLILFă� OD�YkUIXO�DFXOXL� vQDLQWH�FD�DFHVWHD� Vă�SRDWă� IL�DOXQJLWH�VXE�DF܊LXQHD� IRU܊HL�FHQWULIXJH��
3ODVHOH�SROLPHULFH�DX�SXWXW�IL�FHQWULILODWH�GLQ�VROX܊LLOH�6܈��L�6���LDU�UH]XOWDWHOH�RE܊LQXWH�VXE�LQIOXHQ܊D�
WXUD܊LHL�VXQW�FHQWUDOL]DWH�vQ�)LJXUD��������

�
)LJXUD������'LDPHWUXO܈�L�PRUIRORJLD�ILEUHORU�RE܊LQXWH�SULQ�FHQWULILODUH�SHQWUX�VROX܊LLOH�$���%��6��

���L�&���'��6܈
� 3ODVHOH� SURGXVH� SULQ� FHQWULILODUH� DX� GHQVLWă܊L� ULGLFDWH�� vQVă� JUDGXO� GH� RUGRQDUH� HVWH�
FRQVLGHUDELO�PDL�PLF�GHFkW�SHQWUX�FHOH�HOHFWURILODWH�� LDU�VWUXFWXUD�JHQHUDOă�D�PDWHULDOXOXL�GHSXV�
HVWH�QHRPRJHQă܈�L�QHL]RWURSă��3HQWUX�VROX܊LD�6���GHIHFWHOH�FDUDFWHUL]DWH�SULQ�DJORPHUăUL�VIHULFH�GH�
SROLPHU�DX�DSăUXW�OD�RULFH�YDORDUH�D�WXUD܊LHL��R�YDORDUH�RSWLPă�QHILLQG�DVWIHO�JăVLWă��ÌQ�FD]XO�VROX܊LHL�
6���D�SXWXW�IL�JăVLW�XQ�LQWHUYDO�PDL�ODUJ�vQ�FDUH�SODVHOH�Vă�VH�IRUPH]H��ILLQG�REVHUYDWH�R�XQLIRUPLWDWH�
D�ILEUHORU܈�L�XQ�JUDG�GH�RUGRQDUH�PDL�ULGLFDWH��9DORDUHD�RSWLPă�D�WXUD܊LHL�D�IRVW�FRQVLGHUDWă������
USP��vQWUXFkW�DSDUL܊LD�GHIHFWHORU�GH�D�OXQJXO�ILEUHORU�D�IRVW�PLQLPă���
� 'LIHUHQ܊HOH� UH]XOWDWHORU� GLQWUH� FHOH� GRXă� VROX܊LL� SRW� IL� H[SOLFDWH� OXkQG� vQ� FRQVLGHUDUH�
YkVFR]LWDWHD�RE܊LQXWă�DQWHULRU�SHQWUX�DFHVWHD������3D�V�SHQWUX�6܈��L�����3D�V�SHQWUX�6����2�VROX܊LH�
FX�YkVFR]LWDWH�PDL�PLFă��YD�DF܊LRQD�FX�R�IRU܊ă�PDL�PLFă�GH�VHQV�RSXV�IRU܊HL�FHQWULIXJH��SXWkQG�IL�
PDL�XQLIRUP�DOXQJLWă��LDU�DJORPHUăULOH�GH�SROLPHU�DYkQG�R�WHQGLQ܊ă�PDL�PLFă�Vă�VH�IRUPH]H��
�

(YDOXDUHD�FDUDFWHULVWLFLORU�HOHFWULFH܈�L�HOHFWURFKLPLFH�
� 3HQWUX�DQDOL]D�FDUDFWHULVWLFLORU�HOHFWULFH܈�L�HOHFWURFKLPLFH��DX�IRVW�IDEULFDWH�SODVH�HOHFWURILODWH�
GLQ� 300$� FX� GHQVLWă܊L� GLIHULWH�� LDU� WUDQVPLWDQ܊D� SODVHORU� UH]XOWDWH� D� IRVW� HYDOXDWă�
VSHFWURIRWRPHWULF��vQ�GRPHQLXO�YL]LELO��9DORDUHD�GH�UHIHULQ܊ă�SHQWUX�UHDOL]DUHD�FRPSDUD܊LHL�vQWUH�
SODVH�D�IRVW�DOHDVă�EDQGD�VSHFWUDOă�GH�����QP��8OWHULRU��SH�VXSUDID܊D�SODVHORU�D�IRVW�GHSXV�XQ�VWUDW�
GH� DXU� GH� ���� QP�� LDU� XOWHULRU� DX� IRVW� WUDQVIHUDWH� WHUPLF� SH� IROLL� GH� 3(7�� UH]XOWkQG� DVWIHO� XQ�



�

���

DQVDPEOX�$X�300$�3(7�� (OHFWUR]LL� IOH[LELOL� DVWIHO� IRUPD܊L� DX� IRVW� VXSX܈L� PăVXUăWRULORU� GH�
UH]LVWLYLWDWH�� vQ�GRXă܈�L� vQ�SDWUX�SXQFWH��)LJXUD������SUHFXP܈�L�PăVXUăWRULORU�HOHFWURFKLPLFH� vQ�
FRQILJXUD܊LH�FODVLFă��vQ�SUH]HQ܊D�GH�.�>)H�&1��@��)LJXUD������XWLOL]kQG�XQ�HOHFWURG�GH�UHIHULQ܊ă�GLQ�
$J�$J&O܈�L�XQ�HOHFWURG�DX[LOLDU�GLQ�3W��(YDOXDUHD�FDUDFWHULVWLFLORU�SODVHORU�D�IRVW�HIHFWXDWă�SULQ�
DQDOL]D�YDULD܊LHL�GHQVLWă܊LL�GH�FXUHQW��vQUHJLVWUDWă�OD�YLWH]D�GH�EDOHLDM�GH����P9�V������

�
)LJXUD������9DULD܊LD�UH]LVWHQ܊HL�HOHFWULFH�PăVXUDWă�vQ�$��GRXă܈�L�vQ�%��SDWUX�SXQFWH�vQ�IXQF܊LH�GH�

WUDQVPLWDQ܊D�SODVHORU��

�
)LJXUD������$��9ROWDPRJUDPH�FLFOLFH�vQUHJLVWUDWH�FX�HOHFWUR]LL�$X�300$�3(7��UHDOL]DWH�vQ�
SUH]HQ܊ă�GH���P0�.�>)H�&1��@��vQ�WDPSRQ�IRVIDW��S+�����OD�YLWH]D�GH�EDOHLDM�GH����P9�V����%��

9DULD܊LD�FXUHQWXOXL�GH�SHDN�DQRGLF�vQ�IXQF܊LH�GH�WUDQVPLWDQ܊D�SODVHORU��
� 0ăVXUăWRULOH� HOHFWULFH� DX� DUăWDW� R� YDULD܊LH� PLQLPă� D� UH]LVWHQ܊HL� SHQWUX� SODVHOH� DYkQG�
WUDQVPLWDQ܊D� VLWXDWă� vQ� LQWHUYDOXO� ���������� XUPDWă� GH� R� FUH܈WHUH� H[SRQHQ܊LDOă�� ÌQ� FD]XO�
PăVXUăWRULORU� HOHFWURFKLPLFH� HIHFWXO� HVWH�PDL� SURIXQG� DFFHQWXDW�� REVHUYkQGX�VH� R� UHGXFHUH� GH�
����vQ�GHQVLWDWHD�GH�FXUHQW��SHQWUX�R�YDULD܊LH�GH�����D�WUDQVPLWDQ܊HL��6�D�FRQFOX]LRQDW�DVWIHO�Fă�
SODVHOH� HOHFWURILODWH� YLDELOH� SHQWUX� D� GHYHQL� HOHFWUR]L� IOH[LELOL� VXQW� FHOH� DOH� FăURU� YDORUL� DOH�
WUDQVPLWDQ܊HL�VH�vQFDGUHD]ă�vQWUH�����������FD]�vQ�FDUH�WUDQVIHUXO�GH�VDUFLQă�HOHFWULFă�OD�LQWHUID܊D�
HOHFWURG�IOXLG�DUH�XQ�UDQGDPHQW�ULGLFDW��
� �



�

���

&DSLWROXO����$SOLFD܊LL�
�
� 'LVSR]LWLYHOH� HOHFWURFKLPLFH� SRUWDELOH�� SURLHFWDWH� SHQWUX� DSOLFD܊LL� VHQ]RULVWLFH� SUH]LQWă�
DYDQWDMXO� GH� D� SXWHD� IL� LQWHJUDWH� FX� FLUFXLWH� HOHFWURQLFH� SHQWUX� HIHFWXDUHD� PăVXUăWRULORU� �L܈
WUDQVPLWHUHD�GDWHORU��DOLPHQWDUHD�DFHVWRU�VLVWHPH�LQWHJUDWH�SXWkQG�IL�UHDOL]DWă�FX�DFXPXODWRUL�GH�
WHQVLXQH�PLFă� �����9�� >�@�� ÌQ� DFHVW�PRG� SRW� IL� GH]YROWDWH� VLVWHPH� GH�PRQLWRUL]DUH� FRQWLQXă� D�
FDOLWă܊LL� DSHORU�� DWPRVIHUHL� VDX� D� VWăULL� GH� VăQăWDWH�� FX� XQ� FRQVXP� HQHUJHWLF� UHGXV�� ÌQ� FD]XO�
DSOLFD܊LLORU�GH�QDWXUă�LQGXVWULDOă�VDX�HFRORJLFă�H[HPSOHOH�FXSULQG�LRQL�DOH�PHWDOHORU�JUHOH��&G�,,���
3E�,,��>��@���SHVWLFLGH��RUJDQRIRVIRULFH�>��@��FDUEDPD܊L�>��@��VDX�FRPSX܈L�FX�FDUDFWHU�WR[LF��IHQROL�
>��@��� ÌQ�FD]XO� DSOLFD܊LLORU�ELRORJLFH��SULQ� WHKQLFL�HOHFWURFKLPLFH�SRW� IL�GHWHFWD܊L� LRQL��PROHFXOH�
PLFL��SURWHLQH܈�L�DFL]L�QXFOHLFL�GLQ�IOXLGHOH�FRUSRUDOH�>��@��
� ÌQ� DFHVW� FDSLWRO�DX� IRVW� LPSOHPHQWDWH�SURFHGXUL�GH� IDEULFDUH�D�XQHL� FHOXOH�HOHFWURFKLPLFH�
SRUWDELOH�ED]DWă�SH�PDWHULDOH�FX�VWUXFWXUă�SRURDVă��DYkQG�XQ�VXEVWUDW�GH�KkUWLH܈�L�HOHFWUR]L�ILEULODUL�
GLQ�SODVH�HOHFWURILODWH�GLQ�300$��6WXGLXO�V�D�FRQFHQWUDW�SH�LGHQWLILFDUHD�FRQILJXUD܊LHL�RSWLPH�D�
FHOXOHL�HOHFWURFKLPLFH��vQ�SULYLQ܊D�VWDELOLWă܊LL܈�L�UHSURGXFWLELOLWă܊LL��ÌQ�ILQDO��FHOXOD�HOHFWURFKLPLFă�D�
IRVW� HYDOXDWă� SHQWUX� GHWHF܊LD� SHUR[LGXOXL� GH� KLGURJHQ�� FRPSXV� FKLPLF� GH� LQWHUHV� LQGXVWULDO� �L܈
ELRORJLF��D�JOXFR]HL܈�L�DFL]LORU�QXFOHLFL��PROHFXOH�FH�SRW�IL�IRORVLWH�SHQWUX�PRQLWRUL]DUHD�FRQWLQXă�
D�EROLORU�GH�OXQJă�GXUDWă�VDX�FX�FDUDFWHU�SDQGHPLF��

)DEULFDUHD܈�L�FDUDFWHUL]DUHD�GLVSR]LWLYHORU�HOHFWURFKLPLFH�FX�VXEVWUDW�SRURV�
� 3H� VXSUDID܊D� SODVHORU� SROLPHULFH� DX� IRVW� GHSXVH� VWUDWXUL� GH�$X��$J�� 3W� �L܈ 3G�� FDUH� YRU�
UHSUH]HQWD�LQWHUID܊D�GH�FRQWDFW�GLQWUH�HOHFWUR]L܈�L�IOXLGXO�FH�GLIX]HD]ă�SULQ�PHGLXO�SRURV�DO�KkUWLHL��
0RUIRORJLD�VWUDWXULORU�GHSXVH�D�IRVW�LQYHVWLJDWă�SULQ�PLFURVFRSLH�HOHFWURQLFă�GH�EDOHLDM��)LJXUD�
����$���'���� 3HQWUX� D� FDUDFWHUL]D� VXSUDID܊D� VWUDWXOXL� GHSXV�� D� IRVW� GH]YROWDW� XQ� DOJRULWP� GH�
SURFHVDUH�D�LPDJLQLL��UHDOL]kQG�DVWIHO�LGHQWLILFDUHD�FULVWDOHORU�VLQJXODUH܈�L�FXDQWLILFkQG�VXSUDID܊D�
DFHVWRUD��)LJXUD�����$���'����,QIOXHQ܊D�VWUDWXULORU�PHWDOLFH�GHSXVH�DVXSUD�KLGURIRELFLWă܊LL�SODVHORU�
D�IRVW�LQYHVWLJDWă�SULQ�PăVXUăWRUL�DOH�XQJKLXOXL�GH�FRQWDFW��HIHFWXDWH�FRQIRUP�SURFHGXULL�GHVFULVH�
vQ�FDSLWROXO�DQWHULRU��
� ÌQ�FD]XO�PHWDOL]ăULL�FX�$X܈�L�$J�� V�D�REVHUYDW�R� UHGXFHUH�D�XQJKLXOXL�GH�FRQWDFW�PăVXUDW�
DQWHULRU�SHQWUX�SODVHOH�QHPRGLILFDWH����������'H�DVHPHQHD��DX�IRVW�REVHUYDWH�VLPLODULWă܊L�vQWUH�FHOH�
GRXă�PHWDOH�DWkW�vQ�SULYLQ܊D�PRUIRORJLHL�VWUDWXOXL��FkW܈�L�D�YDORULL�XQJKLXOXL�GH�FRQWDFW��6LPLODULWă܊L�
DX�IRVW�REVHUYDWH܈�L�vQ�FD]XO�PHWDOL]ăULL�FX�3W܈�L�3G��SHQWUX�FDUH�FDUDFWHUXO�KLGURIRE�D�IRVW�X܈RU�
DFFHQWXDW��ÌQ�FD]XO�SODWLQHL�� ILEUHOH�DX�IRVW�REVHUYDWH�FD�ILLQG�DFRSHULWH�FX�XQ�VWUDW�SULQFLSDO�FX�
JUDQXOD܊LH�VFă]XWă��SH�GHDVXSUD�FăUXLD�V�DX�IRUPDW�FULVWDOH�VLQJXODUH��'HSXQHUHD�SDODGLXOXL�D�GXV�
OD�IRUPDUHD�XQXL�VWUDW�FX�JUDQXOD܊LH�VFă]XWă܈�L�R�GLVWULEX܊LH�PDUH�GH�SDUWLFXOH�FX�DULL�GH�DSUR[LPDWLY�
���� QP��&RUHOkQG� DFHVWH� UH]XOWDWH� VH� SRDWH� FRQVLGHUD� Fă� JUDQXOD܊LD� VWUDWXOXL�PHWDOLF� GHSXV� YD�
GHWHUPLQD�FRPSRUWDPHQWH�GLIHULWH�OD�LQWHUID܊D�GH�FRQWDFW�FX�XQ�IOXLG��LQIOXHQ܊kQG�IHQRPHQHOH�GH�
DOXQHFDUH�VDX�DGHUHQ܊ă�D�IOXLGXOXL�OD�SHUHWH��
� )DEULFDUHD�FHOXOHL�HOHFWURFKLPLFH�D�SUHVXSXV� LQWHJUDUHD�SODVHORU�SROLPHULFH�PHWDOL]DWH�FX�
KkUWLD�� 3URFHGXUD� D� IRVW� UHDOL]DWă� SULQ� SXQHUHD� vQ� FRQWDFW� D� FHORU� GRXă� VXSUDIH܊H� �L܈ UHDOL]DUHD�
WUDWDPHQWXOXL� WHUPLF�� ,QYHVWLJD܊LLOH�PLFURVFRSLFH�DX� DUăWDW� Fă� VWUXFWXUD�SODVHORU� UăPkQH� LQWDFWă�
GXSă� WUDQVIHUXO� WHUPLF� SH� KkUWLH�� QHILLQG� REVHUYDWH� GLVFRQWLQXLWă܊L� DOH� ILEUHORU� VDX� DOH� VWUDWXOXL�
PHWDOLF��FRQFOX]LRQkQG�DVWIHO�Fă�PHWRGD�GH�WUDQVIHU�QX�DIHFWHD]ă�FRQGXFWLYLWDWHD�DFHVWRUD��)LJXUD�
�����'H�DVHPHQHD��VWUXFWXUD�SRURDVă�D�KkUWLHL�HVWH�QHDIHFWDWă�GH�SODVHOH�GHSXVH�SH�VXSUDID܊D�VD��
FRQVLGHUkQGX�VH�DVWIHO�Fă�GLIX]LD�IOXLGXOXL�SULQ�VXEVWUDWXO�SRURV�QX�YD�IL�LQIOXHQ܊DWă�GH�HOHFWUR]LL�
IRUPD܊L�SH�VXSUDID܊D�DFHVWXLD��
�



�

���

�
)LJXUD�����,PDJLQL�UHDOL]DWH�SULQ�PLFURVFRSLH�HOHFWURQLFă�GH�EDOHLDM�SHQWUX�ILEUH�GLQ�300$�

PHWDOL]DWH�FX�$���DXU��%���DUJLQW��&���SODWLQă��'���SDODGLX���
$���'���5HSUH]HQWDUHD�LPDJLQLORU�vQ�IRUPDW�ELQDU��vPSUHXQă�FX�FULVWDOHOH�LGHQWLILFDWH܈�L�

GLVWULEX܊LD�DULHL�DFHVWRUD��,QVHU܊LL��9L]XDOL]ăUL�DOH�XQJKLXOXL�GH�FRQWDFW�GLQWUH�SLFăWXUL�GH�����O�
��L�SODVHOH�GLQ�300$�PHWDOL]DWH܈������0�0%

�



�

���

�
)LJXUD�����$QVDPEOXO�KkUWLH�SODVH�SROLPHULFH�FX�IRFDOL]DUH�SH�$��SODVHOH�SROLPHULFH��%��KkUWLD�

FURPDWRJUDILFă��
� ÌQ�VFRSXO�RE܊LQHULL�XQHL�FRQILJXUD܊LL�RSWLPH�SHQWUX�XQ�VHQ]RU�HOHFWURFKLPLF��GDU܈�L�SHQWUX�D�
vQ܊HOHJH� FRPSRUWDPHQWXO� VSHFLLORU� HOHFWURDFWLYH� OD� LQWHUID܊D� HOHFWURG�KkUWLH�� DX� IRVW� GH]YROWDWH�
PXOWLSOH� DUKLWHFWXUL� FX� JUDG� GH� FRPSOH[LWDWH� LQFUHPHQWDO��$X� IRVW� FUHDWH� SDWUX� FRQILJXUD܊LL� GH�
FHOXOH�HOHFWURFKLPLFH��UHDOL]DWH�vQ�DUKLWHFWXUă�GH�GRL�VDX�WUHL�HOHFWUR]L��)LJXUD������'LQWUH�DFHVWHD��
XQD�D�LPSOLFDW�UHDOL]DUHD�GLVSR]LWLYXOXL�IăUă�FDQDO�IOXLGLF��LDU�WUHL�DX�IRVW�UHDOL]DWH�FX�FDQDO�IOXLGLF�
LPSULPDW��'��&DUDFWHUL]DUHD�HOHFWURFKLPLFă�DFHVWRUD�D�IRVW�UHDOL]DWă�vQ�SUH]HQ܊D�VRQGHORU�UHGR[��
.�>)H�&1��� �L܈ 0%�� 3HQWUX� D� SXWHD� UHDOL]D� PXOWLSOL� HOHFWUR]L� SH� VXSUDID܊D� XQHL� VLQJXUH� SODVH�
SROLPHULFH��DX�IRVW�IDEULFDWH�Pă܈WL�LPSULPDWH��'��FX�DMXWRUXO�FăURUD�D�SXWXW�IL�UHDOL]DWă�PHWDOL]DUHD�
VHOHFWLYă��ÌQ�ILQDO�DX�IRVW�IDEULFDWH�VXSRUWXUL�LPSULPDWH��'��SUHYă]XWH�FX�SOăFX܊H�GH�3W�VDX�&X��
SHQWUX�UHDOL]DUHD�FRQH[LXQLL�FX�GLVSR]LWLYXO�GH�PăVXUă��SRWHQ܊LRVWDWXO���
� 'LQWUH� DFHVWHD�� RSWLPă� D� IRVW� FRQVLGHUDWă� &RQILJXUDаLD� ,9�� SHQWUX� FDUH� V�D� REVHUYDW� R�
LQIOXHQ܊ă�UHGXVă�D�FXUHQ܊LORU�QRQ�)DUDGDLFL��FRQFRPLWHQW�FX�R�GHILQLUH�FODUă�D�SHDN�XULORU�GH�FXUHQW�
DQRGLF� �L܈ FDWRGLF�� VSHFLILFH� UHDF܊LLORU� GH� WUDQVIHU� GH� VDUFLQă� SULQ� R[LGDUHD�� UHVSHFWLY� UHGXFHUHD�
VSHFLLORU� FKLPLFH� LQYHVWLJDWH�� ÌQ� DOHJHUHD�JHRPHWULHL� HOHFWUR]LORU�� V�D� DYXW� vQ�YHGHUH� IDEULFDUHD�
DFHVWRUD�FX�IURQWLHUH�OLSVLWH�GH�FRO܊XUL��FDUH�DU�SXWHD�GHWHUPLQD�IRUPDUHD�ORFDOă�D�XQRU�GHQVLWă܊L�
PDUL�GH�FXUHQW܈�L�LPSOLFLW�QHXQLIRUPLWă܊L�vQ�GLVWULEX܊LD�GH�VDUFLQă�OD�VXSUDID܊D�HOHFWUR]LORU��3H�ID܊D�
VXSHULRDUă� D� KkUWLHL� DX� IRVW� DPSODVD܊L� HOHFWURGXO� GH� OXFUX� �L܈ UHIHULQ܊D�� LDU� SH� ID܊D� LQIHULRDUă�
HOHFWURGXO�DX[LOLDU��&RQILJXUDаLD�,9�D�IRVW�VWXGLDWă�DWkW�SULQ�IDEULFDUHD�WXWXURU�FHORU�WUHL�HOHFWUR]L�
GLQ�$X��SUHFXP܈�L�SULQ�XWLOL]DUHD�$J�SHQWUX�UHIHULQ܊ă�VDX�D�3W܈�L�3G�SHQWUX�HOHFWURGXO�GH�OXFUX���
� &RPSRUWDPHQWXO�FHOXOHL�HOHFWURFKLPLFH�GH]YROWDWă�vQ�&RQILJXUDаLD�,9��D�IRVW�XOWHULRU�LQYHVWLJDW�
SULQ�YROWDPHWULH�FLFOLFă�vQ����0�+�62���SHQWUX�GHWHUPLQDUHD�OLPLWHORU�GH�SRWHQ܊LDO��YROXPXOXL�FULWLF�
GH�VROX܊LH܈�L�LQIOXHQ܊HL�YLWH]HORU�GH�EDOHLDM�DVXSUD�LQWHQVLWă܊LL�FXUHQWXOXL��)LJXUD������&DUDFWHUL]DUHD�
D�IRVW�HIHFWXDWă�vQ�LQWHUYDOXO�GH�SRWHQ܊LDO�>������������@�9��YV��$X���XQGH�DX�IRVW�LGHQWLILFDWH�SDWUX�
SURFHVH� GLVWLQFWH��&RPSRQHQWD� DQRGLFă� D� YROWDPRJUDPHL� SUH]LQWă� SHDN�XO� VSHFLILF� IRUPăULL� GH�
R[L]L�KLGUR[L]L�OD�VXSUDID܊D�HOHFWURGXOXL�OD�SRWHQ܊LDOH�PDL�PDUL�GH�������9�ILLQG�OLPLWDWă�GH�UHDF܊LD�
GH� KLGUROL]ă� D� DSHL� OD� SRWHQ܊LDOH�PDL�PDUL� GH�������9��&RPSRQHQWD� FDWRGLFă� SUH]LQWă� SHDN�XO�
FRUHVSXQ]ăWRU�UHGXFHULL�R[L]LORU�KLGUR[L]LORU�vQ�LQWHUYDOXO�>������LH�D܊LD�GH�HYROX܊L�UHDF܈��9@������
KLGURJHQXOXL�SHQWUX�SRWHQ܊LDOH�VXE�������9��,QWHUYDOXO�RSWLP�GH�SRWHQ܊LDO�D�IRVW�GHWHUPLQDW�FD�ILLQG�
>������������@�9���
� 6�D�REVHUYDW�R�FUH܈WHUH�D�LQWHQVLWă܊LL�FXUHQWXOXL�FX�YROXPXO��SkQă�OD�YDORDUHD�GH�����O��XOWHULRU�
UăPkQkQG� FRQVWDQW�� YDORDUH� FRQVLGHUDWă� DVWIHO� PLQLP� QHFHVDUă� SHQWUX� IXQF܊LRQDUHD� FRUHFWă� D�
GLVSR]LWLYXOXL��ÌQVă��SHQWUX�D�FRQWUDEDODQVD�HIHFWXO�HYDSRUăULL��YROXPXO�RSWLP�PăVXUăWRULORU�D�IRVW�
FRQVLGHUDW� ��� �O�� 9DULHUHD� YLWH]HORU� GH� EDOHLDM�� QX� DGXFH� VFKLPEăUL� GUDVWLFH� DVXSUD�
FRPSRUWDPHQWXOXL�HOHFWURFKLPLF��SURFHVHOH�GH�R[LGDUH܈�L�UHGXFHUH�ILLQG�FODU�GHILQLWH��LDU�LQIOXHQ܊D�
FXUHQWXOXL�QRQ�)DUDGDLF�PLQLPă��
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�
)LJXUD������$UKLWHFWXUL�GH�FHOXOH�HOHFWURFKLPLFH�IRUPDWH�GLQ�HOHFWUR]L�GLVSX܈L�SH�ILHFDUH�ID܊ă�D�
KkUWLHL��$���IăUă�FDQDO�IOXLGLF܈�L�%���±�'���FX�FDQDO�LPSULPDW��'��&DUDFWHUL]ăUL�HOHFWURFKLPLFH�
UHDOL]DWH�SULQ�YROWDPHWULH�FLFOLFă�vQ�WDPSRQ�IRVIDW��S+������vQ�SUH]HQ܊D�GH�$����%����&����'�����

P0��)H�&1���܈������L�$����%���&����'������P0�0%��

�
)LJXUD������9ROWDPRJUDPH�FLFOLFH�UHDOL]DWH�vQ�����0�+�62��SHQWUX�GHWHUPLQDUHD��$��OLPLWHORU�GH�

SRWHQ܊LDO��%��LQIOXHQ܊HL�YLWH]HL�GH�EDOHLDM�DVXSUD�FXUHQWXOXL��&��YROXPXOXL�RSWLP�GH�VROX܊LH��



�

���

� ÌQ� FD]XO� IRORVLULL� SODWLQHL� VDX� SDODGLXOXL� SHQWUX� HOHFWURGXO� GH� OXFUX�� D� IRVW� QHFHVDUă�
LQWURGXFHUHD� GLVSR]LWLYXOXL� vQ� IOX[� FRQWURODW� GH� D]RW�� vQ� DEVHQ܊D� DFHVWXLD� SHDN�XULOH� VSHFLILFH�
UHDF܊LLORU� UHGR[�QHSXWkQG� IL� LGHQWLILFDWH��)LJXUD������ ÌQWUXFkW�PRUIRORJLD� VWUDWXOXL� GHSXV� DUH� R�
JUDQXOD܊LH�UHGXVă�SHQWUX�FHOH�GRXă�PHWDOH��LDU�VWUDWXULOH�DX�XQ�FDUDFWHU�SXWHUQLF�KLGURIRE��R�SRVLELOă�
FDX]ă�D�DFHVWXL�FRPSRUWDPHQW�D�IRVW�FRQVLGHUDWă�D�IL�DGVRUE܊LD�R[LJHQXOXL�PROHFXODU�GLQ�DWPRVIHUD�
DPELHQWDOă� SH� VXSUDID܊D� HOHFWUR]LORU�� LQIOXHQ܊kQG� DGHUHQ܊D� IOXLGXOXL� OD� SHUHWH�� SHQWUX� LQWHUID܊D�
HOHFWURG�OLFKLG��ÌQWUXFkW� vQ�FD]XO�DXUXOXL�DFHVW�IHQRPHQ�QX�D�IRVW�REVHUYDW��LDU� GLVSR]LWLYXO�HVWH�
SURLHFWDW�FX�VFRSXO�GH�D�SXWHD�IL�XWLOL]DW�vQ�DIDUD�XQXL�PHGLX�FRQWURODW��V�D�FRQFOX]LRQDW�Fă�IRORVLUHD�
DXUXOXL�SHQWUX�HOHFWURGXO�GH�OXFUX�GHWHUPLQă�JUDGXO�GH�VWDELOLWDWH�GRULW��

�
)LJXUD�����9ROWDPRJUDPH�FLFOLFH�UHDOL]DWH�vQ�PHGLX�DFLG�SHQWUX�FHOXOD�HOHFWURFKLPLFă�IDEULFDWă�
FX�HOHFWURG�GH�OXFUX�GLQ�SODVH�SROLPHULFH�PHWDOL]DWH�FX�$��3W��vQ�+�62��S+�����܈�L�%��3G��vQ�
WDPSRQ�DFHWDW�S+�������OD�YLWH]D�GH�EDOHLDM�GH�����P9�V����VXE�IOX[�FRQVWDQW�GH�1���,QVHU܊LL��

9ROWDPRJUDPH�UHDOL]DWH�vQ�DWPRVIHUă�DPELHQWDOă��IăUă�IOX[�GH�1���
� ÌQ�ILQDO��GLVSR]LWLYXO�D�IRVW�FDUDFWHUL]DW�SULQ�VSHFWURVFRSLH�GH�LPSHGDQ܊ă�HOHFWURFKLPLFă�vQ�
WDPSRQ� IRVIDW�� SHQWUX� GHWHUPLQDUHD� FLUFXLWXOXL� HFKLYDOHQW� �L܈ D� VWDELOLWă܊LL� VLVWHPXOXL� vQ� WLPS��
6WDELOLWDWHD�VLVWHPXOXL�D�IRVW�DQDOL]DWă�vQ�FLUFXLW�GHVFKLV��SHQWUX�SDWUX�YDORUL�DOH�IUHFYHQ܊HL���������
�����������+]��)LJXUD�������

�
)LJXUD������(YROX܊LD�vQ�WLPS�D�LPSHGDQ܊HL�WRWDOH�D�VLVWHPXOXL�HYDOXDWă�vQ�FLUFXLW�GHVFKLV�SHQWUX�

SDWUX�YDORUL�DOH�IUHFYHQ܊HL���������������������+]��
� 6�D�REVHUYDW�Fă�YDORDUHD� LPSHGDQ܊HL� WRWDOH�D� UăPDV�FRQVWDQWă�SHQWUX�PăVXUăWRUL�HIHFWXDWH�
WLPS� GH� ����� V��$FHVW� OXFUX� GHPRQVWUHD]ă� SRVLELOLWDWHD� GH� D� HIHFWXD� GHWHF܊LL� LPSHGLPHWULFH� �L܈
FHUWLWXGLQHD�Fă�RULFH�PRGLILFDUH�D�LPSHGDQ܊HL�HVWH�XQ�UH]XOWDW�DO�LQWHUDF܊LXQLL�FX�DQDOL܊L�LQMHFWD܊L�
XOWHULRU�vQ�FHOXOD�HOHFWURFKLPLFă��
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6HQ]RU�SHQWUX�GHWHF܊LD܈�L�FXDQWLILFDUHD�XQRU�DQDOL܊L�SUH]HQ܊L�vQ�WUDQVSLUD܊LH�
� ÌQ�DFHVW�VXEFDSLWRO�D�IRVW�GH]YROWDW�XQ�ELRVHQ]RU�FX�VXEVWUDW�GH�KkUWLH܈�L�HOHFWUR]L�IRUPD܊L�GLQ�
SODVH� SROLPHULFH� HOHFWURILODWH�� FRQIRUP� &RQILJXUDаLHL� ,9� �SUH]HQWDWă� DQWHULRU��� SHQWUX�
PRQLWRUL]DUHD�DQDOL܊LORU�GLQ�IOXLGHOH�FRUSRUDOH��ILLQG�R�PHWRGă�SULQ�FDUH�VH�SRDWH�RIHUL�XQ�SURILO�DO�
SDUDPHWULORU� OHJD܊L� GH� VWDUHD� IL]LRORJLFă� D� XQXL� RUJDQLVP� vQ� WLPS� UHDO� >��@�� &RQFHQWUD܊LLOH�
PROHFXOHORU�SUHFXP�JOXFR]ă��DFLG�ODFWLF�VDX�DFLG�XULF�vQ�IOXLGH�ELRORJLFH��VkQJH��WUDQVSLUD܊LH��XULQă��
ODFULPL��VXQW�GLUHFW�OHJDWH�GH�SURFHVHOH�FDUH�DX�ORF�vQ�FRUSXO�XPDQ��LDU�YDORULOH�DFHVWRUD�SRW�RIHUL�
LQIRUPD܊LL� GHVSUH� VWDUHD� GH� VăQăWDWH� D� XQXL� LQGLYLG� >��@��$ERUGDUHD� JHQHUDOă� vQ� GH]YROWDUHD�
ELRVHQ]RULORU�SUHVXSXQH�XWLOL]DUHD�HQ]LPHORU�VSHFLILFH�PROHFXOHORU�GH�LQWHUHV�GUHSW�FDWDOL]DWRUL܈�L�
GHWHFWDUHD�SURGX܈LORU�GH�UHDF܊LH��SUHFXP�+�2�� vQ�FD]XO�R[LGD]HORU��VDX�D�FR�HQ]LPHORU��SUHFXP�
QLFRWLQDPLGă�DGHQLQă�GLQXFOHRWLGă��1$'+�1$'���vQ�FD]XO�GHKLGURJHQD]HORU��FRQIRUP�UHDF܊LLORU��

£ݖܿݑ݈݃  ܱଶ
£ࢠࢇࢊ࢞ࢠࢉ࢛ࢍ
ሱۛ ۛۛ ۛۛ ۛۛ ۛۛ ሮ £݊ݐ݈ܿܽ݊ܿݑ݈݃�  �ଶܱଶܪ

ܿ݅ݐ݈ܿܽ�݀݅ܿܽ  ାܦܣܰ £ࢠࢇࢋࢍ࢘ࢊࢎࢋࢊ�࢚ࢇ࢚ࢉࢇ
ርۛۛ ۛۛ ۛۛ ۛۛ ۛۛ ۛۛ ۛۛ ۛሮ ܿ݅ݒݑݎ݅�݀݅ܿܽ�  �ܪܦܣܰ

� ÌQWU�R�SULPă�HWDSă�D�IRVW�DQDOL]DWă�IXQF܊LRQDOLWDWHD�VHQ]RULORU�SHQWUX�GHWHF܊LD܈�L�FXDQWLILFDUHD�
DPSHURPHWULFă�D�SHUR[LGXOXL�GH�KLGURJHQ��+�2��܈�L�QLFRWLQDPLGHL�DGHQLQă�GLQXFOHRWLGă��1$'+���
0ăVXUăWRULOH�DX�IRVW�UHDOL]DWH�DWkW�OD�SRWHQ܊LDOH�SR]LWLYH��FkW܈�L�QHJDWLYH��)LJXUD������vQ�HOHFWUROLW�
QHXWUX܈�L�DFLG��9DULD܊LD�FXUHQWXOXL�HVWH�UHSUH]HQWDWă�GH�R�WUHDSWă�SR]LWLYă�VDX�QHJDWLYă�vQ�IXQF܊LH�GH�
SRWHQ܊LDOXO�DSOLFDW��FDUH�LQGXFH�UHDF܊LL�GH�R[LGDUH��UHVSHFWLY�UHGXFHUH�D�+�2���&XUEHOH�GH�FDOLEUDUH�
D�VHQ]RUXOXL��UHVSHFWLY�FRUHOD܊LD�GLQWUH�YDULD܊LD�FXUHQWXOXL܈�L�FRQFHQWUD܊LD�GH�DQDOLW��V�DX�GHPRQVWUDW�
D� IL� IXQF܊LL� OLQLDUH�GHVFULVH�GH�HFXD܊LD݆߂�� ൌ �ܽ�  �ܾ ή � ሾ݈ܽ݊ܽ݅ݐሿ��6HQVLELOLWDWHD� VHQ]RUXOXL�D� IRVW�
GHWHUPLQDWă�FD�ILLQG�SDQWD�GUHSWHL�GH�LQWHUSRODUH��ܾ���/LPLWD�GH�GHWHF܊LH��ܦܱܮ�±�/LPLW�RI�GHWHFWLRQ��
D� IRVW�HYDOXDWă�FD� ILLQGܦܱܮ� ൌ �ܦȀܾ��XQGH�ܵܦܵ�͵ UHSUH]LQWă�DEDWHUHD�SăWUDWLFă�PHGLH�D�SDQWHL��
/LPLWD� GH� FXDQWLILFDUH� �ܱܳܮ� ±� /LPLW� RI� TXDQWLILFDWLRQ�� D� IRVW� GHWHUPLQDWă� FD� ILLQG� �ܱܳܮ ൌ
�ͳͲ�ܵܦȀܾ��3HQWUX�ILHFDUH�PăVXUăWRDUH�DX�IRVW�UHSUH]HQWDWH�FXUEHOH�GH�FDOLEUDUH��LDU�VHQVLELOLWă܊LOH��
OLPLWHOH�GH�GHWHF܊LH܈�L�GRPHQLLOH�GH�OLQHDULWDWH�VH�UHJăVHVF�vQ�7DEHOXO������

�
)LJXUD������0ăVXUăWRUL�DPSHURPHWULFH�UHDOL]DWH�SHQWUX�DGL܊LL�VXFFHVLYH�GH�+�2��vQ�WDPSRQ�DFHWDW�

�S+������OD�SRWHQ܊LDO�$��SR]LWLY܈�L�%��QHJDWLY��,QVHU܊LL��FXUEHOH�GH�FDOLEUDUH��
� 8OWHULRU��DX�IRVW�GH]YROWD܊L�VHQ]RUL�SRUWDELOL�FDUH�DX�IRVW�WHVWD܊L�SHQWUX�GHWHF܊LD�JOXFR]HL��DWkW�
vQ�VROX܊LL�HOHFWUROLWLFH�WDPSRQ��FkW܈�L�vQ�WUDQVSLUD܊LH�DUWLILFLDOă��)LJXUD������ÌQ�DFHVW�VFRS��DQWHULRU�
PăVXUăWRULORU��vQ�FDQDOXO�PLFURIOXLGLF�D�IRVW�LPRELOL]DWă�HQ]LPD�JOXFR]R[LGD]ă��*2[���vPSUHXQă�
FX�DOEXPLQă�GLQ�VHU�ERYLQ�IHWDO��SHQWUX�D�VSRUL�VWDELOLWDWHD�HQ]LPHL��3RWHQ܊LDOXO�GH�OXFUX�SHQWUX�
HIHFWXDUHD�PăVXUăWRULORU�DPSHURPHWULFH�GH�GHWHUPLQDUH�D�JOXFR]HL�D�IRVW�DOHV�vQ�FRQIRUPLWDWH�FX�
UH]XOWDWHOH� RE܊LQXWH� SULQ� YROWDPHWULH� FLFOLFă�� )LJXUD� ����$��� $VWIHO�� GHWHF܊LD� JOXFR]HL� D� IRVW�
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HIHFWXDWă�vQ�GRPHQLXO�GH�SRWHQ܊LDO�vQ�FDUH�D�IRVW�LGHQWLILFDWă�R�FUH܈WHUH�D�FXUHQWXOXL�vQ�SUH]HQ܊ă�GH�
�SUHFXP�LQWHUYDOXO�GH��LL܊L�DOWH�UHDF܈�ă��GDU�vQ�DIDUD�UHJLXQLL�vQ�FDUH�VXQW�SUH]HQWH[L�JOXFR܈�]2*
SRWHQ܊LDO�VSHFLILF�IRUPăULL�GH�R[L]L����
7DEHOXO������6HQVLELOLWDWHD��OLPLWD�GH�GHWHF܊LH܈�L�GRPHQLXO�GH�OLQHDULWDWH��FDOFXODWH�SHQWUX�GHWHF܊LD�

��+'L�1$܈���2+

$QDOLW� S+� (DSS�
�9��
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��$�FP���P0����
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��0��

'RPHQLX�GH�
OLQHDULWDWH�
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���� ������ ����� ���� VXE������P0�

������ ���� ��� VXE�����P0�

���� ������ ���� ���� �����P0�!�
������ ���� ����� VXE����P0�

1$'+� ���� ������ ����� ��� VXE������P0�

�
)LJXUD������$��9ROWDPRJUDPă�FLFOLFă�UHDOL]DWă�vQ�WDPSRQ�IRVIDW�vQ�DEVHQ܊ă��FXUED�SXQFWDWă�܈�L�vQ�
SUH]HQ܊ă�GH�JOXFR]ă��FXUED�QHDJUD�܈�L�*2[��FXUED�UR܈LH���0ăVXUăWRUL�DPSHURPHWULFH�UHDOL]DWH�FX�
DGL܊LL�GH�JOXFR]ă�vQ��%��WDPSRQ�IRVIDW��(DSS� ������9��YV��$X���&��WDPSRQ�DFHWDW��(DSS� ������9�
�YV��$X���'��WUDQVSLUD܊LH�DUWLILFLDOă��S+�������(DSS� ������9��YV��$J���,QVHU܊LL��FXUEH�GH�FDOLEUDUH��

� 'HWHF܊LD�GH�JOXFR]ă�D�IRVW�LQL܊LDO�LQYHVWLJDWă�vQ�WDPSRQ�IRVIDW�S+������OD�XQ�SRWHQ܊LDO�DSOLFDW�(DSS�
 �������9��UăVSXQVXO�ELRVHQ]RUXOXL�ILLQG�VXE�IRUPD�GH�WUHSWH�SR]LWLYH�GH�FXUHQW�GDWRUDWH�UHDF܊LLORU�GH�
R[LGDUH�D�+�2���)LJXUD�����%��� ÌQ�DFHVWH�FRQGL܊LL� V�D�REVHUYDW�R� OLPLWă�GH�GHWHF܊LH�GH������P0��
7DEHOXO������YDORDUH�UHOHYDQWă�SHQWUX�PăVXUăWRUL�GH�JOXFR]ă�vQ�PHGLL�ELRORJLFH��&X�WRDWH�DFHVWHD��
HVWH�GH�SUHIHUDW�FD�GHWHF܊LD�GH�JOXFR]ă�Vă�ILH�HIHFWXDWă�OD�YDORUL�GH�SRWHQ܊LDO�QHJDWLYH��SHQWUX�HYLWDUHD�
LQWHUIHUHQ܊HORU�DOWRU�FRPSX܈L��SUHFXP�DFLGXO�XULF�VDX�GRSDPLQă��FH�SRW�VXIHUL�UHDF܊LL�GH�R[LGDUH�OD�
YDORUL� GH� SRWHQ܊LDO� VLPLODUH� FHORU� SHQWUX� GHWHF܊LD� GH� +�2��� $VWIHO�� GHWHF܊LD� GH� JOXFR]ă� D� IRVW�
LQYHVWLJDWă�vQ�WDPSRQ�DFHWDW��OD�XQ�SRWHQ܊LDO�DSOLFDW�(DSS� �������9��UăVSXQVXO�ELRVHQ]RUXOXL�ILLQG�
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VXE�IRUPD�GH�WUHSWH�QHJDWLYH�GH�FXUHQW�GDWRUDW�UHDF܊LLORU�GH�UHGXFHUH�DOH�+�2���)LJXUD�����&���ÌQ�
DFHVWH�FRQGL܊LL�D�IRVW�REVHUYDWă�R�OLPLWă�GH�GHWHF܊LH�GH������P0��
7DEHOXO������6HQVLELOLWDWHD��OLPLWD�GH�GHWHF܊LH܈�L�GRPHQLXO�GH�OLQHDULWDWH��FDOFXODWH�SHQWUX�GHWHF܊LD�

JOXFR]HL��

(OHFWUROLW� (DSS�
�9��

6HQVLELOLWDWH�
��$�FP���P0����

�ࡰࡻࡸ
��0��

'RPHQLX�GH�
OLQHDULWDWH�

7DPSRQ�IRVIDW��S+���� ������ ����� ���� VXE����P0�
7DPSRQ�DFHWDW��S+������ ������ ����� ����� VXE������P0�

7UDQVSLUDаLH�DUWLILFLDOă��S+������ ������ ����� ��� VXE������P0�

� 'HWHUPLQăUL� VLPLODUH� DX� IRVW� HIHFWXDWH� �L܈ vQ� WUDQVSLUD܊LH� DUWLILFLDOă��)LJXUD�����'��� SHQWUX�
VLPXODUHD� IXQF܊LRQDOLWă܊LL� ELRVHQ]RUXOXL� vQ�PHGLL� FkW�PDL� DSURSLDWH� GH� FHOH� UHDOH�� ÌQ� DFHVW� FD]��
OLPLWD�GH�GHWHF܊LH�vQUHJLVWUDWă�HVWH�VXE�YDORULOH�QRUPDOH�DOH�JOXFR]HL�vQ�WUDQVSLUD܊LH�XPDQă������±
���� P0��� 7DEHOXO� ����� FHHD� FH� GHPRQVWUHD]ă� DSOLFDELOLWDWHD� VHQ]RUXOXL� SHQWUX� VLVWHPH� GH�
PRQLWRUL]DUH�FRQWLQXă�vQ�WUDQVSLUD܊LH����

6HQ]RU�SHQWUX�GHWHF܊LD܈�L�FXDQWLILFDUHD�DFL]LORU�QXFOHLFL�
� 3HQWUX� GHWHF܊LD� DFL]LORU� QXFOHLFL�� VHQ]RUXO� D� IRVW� IDEULFDW� vQ� &RQILJXUDаLD� ,9� �L܈ DX� IRVW�
DERUGDWH� GRXă� VWUDWHJLL�� 3ULPD� VWUDWHJLH� D� LPSOLFDW� GHWHF܊LD� YROWDPHWULFă� vQ� SUH]HQ܊ă� GH� 0%��
vQWUXFkW� DFHVWD� DUH� SURSULHWDWHD� GH� D� LQWHUDF܊LRQD� FX� DFL]LL� QXFOHLFL� DWkW� VXE� DF܊LXQHD� IRU܊HORU�
HOHFWURVWDWLFH��FkW܈�L�SULQ�LQWHUFDODUH�vQWUH�SHUHFKLOH�GH�ED]H�D]RWDWH��HIHFW�SUHGRPLQDQW�vQ�FD]XO�
DFL]LORU�QXFOHLFL�GH�FDWHQă�GXEOă���$�GRXD�VWUDWHJLH�GH�GHWHF܊LH�D�LPSOLFDW�HIHFWXDUHD�PăVXUăWRULORU�
LPSHGLPHWULFH� vQ� DEVHQ܊D� RULFăUXL�PDUNHU�� 'DWRULWă� FDUDFWHUXOXL� GLHOHFWULF� DO� DFL]LORU� QXFOHLFL��
SUH]HQ܊D�DFHVWRUD�vQWU�XQ�VLVWHP�HOHFWURFKLPLF�YD�GHWHUPLQD�PRGLILFăUL�DVXSUD�FDSDFLWDQ܊HL��FH�SRW�
IL� HYDOXDWH� SULQ� WHKQLFD� VSHFWURVFRSLHL� GH� LPSHGDQ܊ă� HOHFWURFKLPLFă�� DQDOL]kQG� PRGLILFăULOH�
FRPSRQHQWHL�LPDJLQDUH�D�LPSHGDQ܊HL��
� ÌQWUXFkW�GHWHF܊LD�YROWDPHWULFă�GHSLQGH�GH�LQWHUDF܊LXQHD�DFL]LORU�QXFOHLFL�FX�0%��vQWU�R�SULPă�
HWDSă� D� IRVW� VWXGLDWă� LQWHUDF܊LXQHD� PROHFXODUă� vQ� VXEVWUDWXO� SRURV� SULQ� LQYHVWLJD܊LL� RSWLFH� �L܈
VSHFWURVFRSLFH�� 9L]XDOL]ăULOH� UHDOL]DWH� DVXSUD� LQWHUDF܊LXQLL� FHORU� GRL� FRPSX܈L� SH� KkUWLH�
FURPDWRJUDILFă��)LJXUD�����$���DX�DUăWDW�SH�GH�R�SDUWH�R�GLVWULEX܊LH�XQLIRUPD�D�0%�vQ�]RQD�GH�
DQDOL]ă��FKLDU܈�L�GXSă�DGL܊LL�VXFFHVLYH�GH�VROYHQW��+�2���GDU܈�L�PRGLILFăUL�DOH�LQWHQVLWă܊LL�FXORULL�
GXSă�DGL܊LL�VXFFHVLYH�GH�DFL]L�QXFOHLFL�GXEOX�FDWHQDUL��GV'1$���$FHVWH�PRGLILFăUL�VXQW�GHSHQGHQWH�
DWkW� GH� FRQFHQWUD܊LD� DFL]LORU� QXFOHLFL� FkW� �L܈ GH� WLPSXO� GH� LQWHUDF܊LXQH�� 5H]XOWDWHOH� RE܊LQXWH� SH�
VXEWUDWXO�GH�KkUWLH�DX�IRVW�FRPSDUDWH�FX�FHOH�RE܊LQXWH�SH�R�ODPHOă�GH�VWLFOă��)LJXUD�����%���VXEVWUDW�
IRORVLW�SHQWUX�FRQWURO��6�D�REVHUYDW�Fă�IHQRPHQXO�VH�SURGXFH�vQ�PRG�VLPLODU�SH�DPEHOH�VXEVWUDWXUL��
GHPRQVWUkQG�DVWIHO�Fă�LQWHUDF܊LXQHD�PROHFXODUă�SRDWH�DYHD�ORF�vQ�FDGUXO�PDWULFHL�SRURDVH���QHILLQG�
LGHQWLILFDWă�R�LQIOXHQ܊ă�D�VXEVWUDWXOXL�GH�KkUWLH�DVXSUD�UHDF܊LHL�GLQWUH�FHL�GRL�FRPSX܈L�LQYHVWLJD܊L��
3ULQ�DQDOL]D�PLFURVFRSLFă�D�SUREHORU�XVFDWH�SH�ODPHOă��)LJXUD�������D�SXWXW�IL�LGHQWLILFDWă�SUH]HQ܊D�
XQRU�VWUXFWXUL�ILEULODUH��D�FăURU�GHQVLWDWH�HVWH�GLUHFW�SURSRU܊LRQDOă�FX�FRQFHQWUD܊LD�GH�DFL]L�QXFOHLFL�
DGăXJD܊L��$FHVWH�VWUXFWXUL�ILEULODUH�QX�DX�IRVW�LGHQWLILFDWH�vQ�FD]XO�SUREHL�GH�0%�SXU�QHPRGLILFDW��
LQGLFkQG�DVWIHO�Fă�IRUPDUHD�ORU�HVWH�XQ�UH]XOWDW�DO�DJUHJăULL�0%�SH�FDWHQD�DFL]LORU�QXFOHLFL��
� 0ăVXUăWRULOH� GH� VSHFWURVFRSLH� 5DPDQ�� )LJXUD� ����� %��� DX� IRVW� HIHFWXDWH� SH� KkUWLD�
FURPDWRJUDILFă�vQDLQWH܈�L�GXSă�DGL܊LD�GH�0%��vQ�DEVHQ܊ă܈�L�vQ�SUH]HQ܊ă�GH�GV'1$��ÌQ�DFHVW�FD]��V�
D�REVHUYDW�SH�GH�R�SDUWH�R�GHSODVDUH�D�EHQ]LLORU�GH�OD������FP܈���L������FP���FăWUH�OXQJLPL�GH�XQGă�
PDL�PDUL��GDU܈�L�DSDUL܊LD�XQHL�QRL�EHQ]L�5DPDQ�OD�DSUR[�������FP����(VWH�GH�PHQ܊LRQDW�Fă�EDQGD�
RE܊LQXWă�OD������FP���FRUHVSXQGH�YLEUD܊LLORU�GH�DOXQJLHUH�D�OHJăWXULORU�PROHFXODUH��&��1������&��
1��� �L܈ �&�1��� vQ� WLPS�FH�EDQGD�GH� OD� ����� FP��� FRUHVSXQGH�YLEUD܊LLORU� GH� DOXQJLUH� D� VWUXFWXULL�



�
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DURPDWLFH� �&�&���&�1�� >��@�� $FHVW� OXFUX� GHPRQVWUHD]ă� R� VFKLPEDUH� D� PRGXOXL� GH� YLEUD܊LH�
REVHUYDWă� DWkW� SHQWUX� VWUXFWXUD� DURPDWLFă�� FkW� �L܈ vQ� FDSHWHOH� FDWHQHL� PROHFXOHL� GH�0%� �L܈ HVWH�
FRUHODWă� FX� LQWHUFDODUHD� vQWUHJLL� VWUXFWXUL� vQ� FDGUXO� DFL]LORU� QXFOHLFL�� 'H� DVHPHQHD�� QX� DX� IRVW�
REVHUYDWH�GLVSDUL܊LL�DOH�EHQ]LORU��FRQFOX]LRQkQG�DVWIHO�Fă�VWUXFWXUD�FDWHQHL�GH�0%�UăPkQH�LQWDFWă�
GXSă�LQWHUDF܊LXQHD�FX�DFL]LL�QXFOHLFL��

�
)LJXUD������ÌQUHJLVWUăUL�DOH�LQWHUDF܊LXQLL�GLQWUH���P0�0%܈�L�GV'1$�OD�GLIHULWH�FRQFHQWUD܊LL��$��vQ�
VXEVWUDWXO�SRURV�DO�KkUWLHL܈�L�%��SH�ODPHOă�GH�VWLFOă��0%�UHSUH]LQWă�YL]XDOL]DUHD�GLVWULEX܊LHL�GH�

DOEDVWUX�GH�PHWLOHQ�vQDLQWHD�RULFăUHL�DGL܊LL��

�
)LJXUD�������,PDJLQL�GH�PLFURVFRSLH�RSWLFă�UHDOL]DWă�SHQWUX�SLFăWXUL�XVFDWH�GH�0%�SH�ODPHOă�GH�

VWLFOă�vQ�DEVHQ܊D܈�L�vQ�SUH]HQ܊D�GV'1$��
� 0ăVXUăWRULOH�GH�VSHFWURVFRSLH�5DPDQ�DX�IRVW�FRPSOHWDWH�FX�LQYHVWLJD܊LL�GH�VSHFWURIRWRPHWULH�
9LV�1,5�� )LJXUD� ����� &��� SULQ� REVHUYDUHD� PRGLILFăULORU� UHIOHFWDQ܊HL� KkUWLHL� FURPDWRJUDILFH�
VDWXUDWH� FX�0%�vQ�XUPD�DGL܊LLORU� VXFFHVLYH�GH�GV'1$��$FHVWH� H[SHULPHQWH�DX�DUăWDW� FUH܈WHUHD�
UHIOHFWDQ܊HL� KkUWLHL� FURPDWRJUDILFH� VDWXUDWH� FX�0%� GXSă� LQWHUDF܊LD� DFHVWXLD� FX� GV'1$�� GDU� �L܈
GHSODVDUHD�PD[LPXOXL�FăWUH�OXQJLPL�GH�XQGD�PDL�PLFL��&UH܈WHUHD�UHIOHFWDQ܊HL�LPSOLFă�R�VFăGHUH�D�
DEVRUEDQ܊HL�PROHFXOHORU�GH�0%��$FHVWH�UH]XOWDWH�GHPRQVWUHD]ă�R�VFăGHUH�D�QXPăUXOXL�GH�PROHFXOH�
OLEHUH�GH�0%�FH�SRW�LQWHUDF܊LRQD�FX�UDGLD܊LD�HOHFWURPDJQHWLFă��vQ�XUPD�DGL܊LHL�DFL]LORU�QXFOHLFL��
HIHFW�GDWRUDW�LQWHUFDOăULL�DFHVWRUD�vQWUH�ED]HOH�D]RWDWH�DOH�GV'1$��
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�
)LJXUD�������$��6WUXFWXUD�FKLPLFă�D�0%��%��6SHFWUH�5DPDQ�vQUHJLVWUDWH�SH�KkUWLH�

FURPDWRJUDILFă��QHJUX���KkUWLH�FX����P0�0%��WXUFRD]�܈�L�KkUWLH�FX�0%�vQ�SUH]HQ܊D�D�����
�DOEDVWUX�܈�L�������UR܈X��PJ�PO���GV'1$��&��6SHFWUH�GH�UHIOHFWDQ܊ă�D�KkUWLHL�FURPDWRJUDILFH�

VDWXUDWă�FX������0�0%�vQDLQWH܈�L�GXSă�DGL܊LL�VXFFHVLYH�GH������J�PO���GV'1$��,QVHU܊LH��YHGHUH�
PăULWă�DVXSUD�EHQ]LORU�GHSODVDWH�vQ�XUPD�LQWHUDF܊LXQLL�GLQWUH�0%܈�L�GV'1$��

� 3HQWUX�UHDOL]DUHD�GHWHF܊LHL��UH]HUYRUXO�VHQ]RUXOXL�GLQ�KkUWLH�FURPDWRJUDILFă�D�IRVW�VDWXUDW�FX�
���PO�GH���P0�0%�vQ�WDPSRQ�IRVIDW�S+������7HKQLFD�XWLOL]DWă�SHQWUX�GHWHF܊LH�D�IRVW�YROWDPHWULD�
FX�LPSXOV�GLIHUHQ܊LDO�FDUH�D�DUăWDW�XQ�SHDN�GH�FXUHQW�FDWRGLF�GDWRUDW�UHDF܊LHL�GH�UHGXFHUH�D�0%��
8OWHULRU��DX�IRVW�HIHFWXDWH�DGL܊LL�VXFFHVLYH�GH���PO�GLQ�VROX܊LL�GH�GLIHULWH�FRQFHQWUD܊LL�GH�GV'1$��
ILLQG�vQUHJLVWUDWă�R�YROWDPRJUDPă�GXSă�ILHFDUH�DGL܊LH��)LJXUD�������$FHVWH�H[SHULPHQWH�DX�DUăWDW�
R�VFăGHUH�SURJUHVLYă�D�LQWHQVLWă܊LL�FXUHQWXOXL�VSHFLILF�UHGXFHULL�0%�RGDWă�FX�FUH܈WHUHD�FRQFHQWUD܊LHL�
GH�GV'1$��$܈D�FXP�D�IRVW�PHQ܊LRQDW�DQWHULRU��0%�LQWHUDF܊LRQHD]ă�FX�GV'1$�SULQ�LQWHUFDODUH�LQWUH�
ED]HOH�D]RWDWH�DOH�DFHVWXLD��FHHD�FH�GXFH� OD�VFăGHUHD�QXPăUXOXL�GH�PROHFXOH� OLEHUH�GLQ�VROX܊LH��
GLVSRQLELOH�SHQWUX�D�HIHFWXD�XQ�VFKLPE�GH�VDUFLQă�FX�VXSUDID܊D�HOHFWURGXOXL��$FHDVWă�LQWHUDF܊LXQH�
GLQWUH�GV'1$܈�L�0%�D� IRVW�HYLGHQ܊LDWă�DQWHULRU�SULQ�PăVXUăWRULOH�VSHFWURVFRSLFH��GHPRQVWUkQG�
DVWIHO� Fă� VFăGHUHD� LQWHQVLWă܊LL� FXUHQWXOXL� QX� VH� GDWRUHD]ă� EORFăULL� VXSUDIH܊HL� HOHFWURGXOXL� SULQ�
DGVRUE܊LD�DOEDVWUXOXL�GH�PHWLOHQ�VDX�D�DFL]LORU�QXFOHLFL��FL�LQWHUDF܊LXQLL�GLQWUH�FHL�GRL�FRPSX܈L��
� 5H]XOWDWHOH�H[SHULPHQWDOH�SULYLQG�YDULD܊LD�GHQVLWă܊LL�GH�FXUHQW�vQ�IXQF܊LH�GH�FRQFHQWUD܊LD�GH�
DFL]L�QXFOHLFL�DX�IRVW�LQWHUSRODWH�FX�R�GUHDSWă�GHVFULVă�GH�ǻM� �D���E�ORJ��>GV'1$@���J�PO�����XQGH�
D� ��������േ��������$�FP����LDU�E� ��������േ��������$�FP�����J�PO��������SHQWUX�FDUH�V�D�RE܊LQXW�5��
 � ������� vQ� LQWHUYDOXO� GH� OLQLDULWDWH� FXSULQV� LQWUH� ���� �L܈ ����� �J� PO���� /LPLWHOH� GH� GHWHF܊LH� �L܈
FXDQWLILFDUH�DX�IRVW�HYDOXDWH�FRQIRUP�GHILQL܊LHL�SUH]HQWDWH�DQWHULRU��$X�IRVW�RE܊LQXWH�DVWIHO��OLPLWD�
GH�GHWHF܊LH�GH��������േ���������J�PO����VHQVLELOLWDWHD�GH��������േ��������$�FP����J�PO���܈���L�OLPLWD�
GH�FXDQWLILFDUH�GH��������േ���������J�PO����
� $SOLFDELOLWDWHD� VHQ]RULORU� vQ� VFRSXO� GHWHF܊LHL� �L܈ FXDQWLILFăULL� DFL]LORU� QXFOHLFL� D� IRVW�
LQYHVWLJDWă� �L܈ SULQ� VSHFWURVFRSLH� GH� LPSHGDQ܊ă� HOHFWURFKLPLFă�� )LJXUD� ������ ÌQ� DFHVW� FD]��
LPSHGDQ܊D�VLVWHPXOXL�D�IRVW�PăVXUDWă�vQ�WDPSRQ�IRVIDW�S+������OD�SRWHQ܊LDOXO�FLUFXLWXOXL�GHVFKLV��
HIHFWXkQGX�VH�SHULRGLF�LQMHF܊LL�GH�GV'1$��
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�
)LJXUD�������$��9ROWDPRJUDPH�UHDOL]DWH�vQ�SUH]HQ܊D�DOEDVWUXOXL�GH�PHWLOHQ�vQ�WDPSRQ�IRVIDW�S+�
�����FX�DGL܊LL�GH�GLIHULWH�FRQFHQWUD܊LL�GH�GV'1$��%��&XUED�GH�FDOLEUDUH�D�GDWHORU�H[SHULPHQWDOH��

,QVHU܊LH��5HSUH]HQWDUH�ORJ�ORJ�D�SXQFWHORU�H[SHULPHQWDOH��
� $GL܊LLOH�GH�GV'1$�DX�GXV� OD�FUH܈WHUHD�FRPSRQHQWHL� LPDJLQDUH�D� LPSHGDQ܊HL� �L܈ LPSOLFLW�D�
LPSHGDQ܊HL� WRWDOH� D� VLVWHPXOXL�� ÌQWUXFkW� DFL]LL� QXFOHLFL� VXQW� XQ� PDWHULDO� GLHOHFWULF�� FUH܈WHUHD�
LPSHGDQ܊HL�HVWH�R�PăVXUă�GLUHFWă�D�FUH܈WHULL�FRQVWDQWHL�GLHOHFWULFH�D�DQVDPEOXOXL�KkUWLH�GV'1$�
GDWRUDWă�FUH܈WHULL�FRQFHQWUD܊LHL�GH�DFL]L�QXFOHLFL��6H�REVHUYă�FUH܈WHUHD�SURJUHVLYă�D�FRPSRQHQWHL�
LPDJLQDUH� �FDSDFLWLYH�� D� LPSHGDQ܊HL� VLVWHPXOXL� SHQWUX� ILHFDUH� DGL܊LH� GH� GV'1$� �L܈ VWDELOLWDWHD�
UăVSXQVXOXL�vQ�WLPS�OD�ILHFDUH�YDORDUH�DWLQVă���

�
)LJXUD�������6SHFWURVFRSLH�GH�LPSHGDQ܊ă�HOHFWURFKLPLFă�UHDOL]DWă�vQ�FLUFXLW�GHVFKLV�FX�DGL܊LL�

VXFFHVLYH�GH�GV'1$��$��9DULD܊LD�FRPSRQHQWHL�LPDJLQDUH�D�LPSHGDQ܊HL܈�L�%��FXUED�GH�FDOLEUDUH���
� 9DULD܊LD�FRPSRQHQWHL�LPDJLQDUH�D�LPSHGDQ܊HL�vQ�IXQF܊LH�GH�FRQFHQWUD܊LD�GH�DFL]L�QXFOHLFL�D�
IRVW�LQWHUSRODWă�FX�R�GUHDSWă�GHVFULVă�GH�HFXD܊LD�ǻ=¶¶� �D���E�ORJ��>GV'1$@���J�PO�����XQGH�D� �
�������േ�������ȍ��LDU�E� ��������േ�������ȍ�FP����J�PO��������SHQWUX�FDUH�V�D�RE܊LQXW�5�� ��������vQ�
LQWHUYDOXO�GH�OLQLDULWDWH�FXSULQV�vQWUH܈�����L�������J�PO����$X�IRVW�RE܊LQXWH�DVWIHO��OLPLWD�GH�GHWHF܊LH�
GH� ������േ� ������ �J� PO���� VHQVLELOLWDWHD� GH� �������േ� ������ ȍ� FP�� ��J� PO���� ��� �L܈ OLPLWD� GH�
FXDQWLILFDUH�GH�������േ���������J�PO����� �
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&DSLWROXO����&RQFOX]LL܈�L�GLVFX܊LL�ILQDOH�
�

&RQFOX]LL�ILQDOH�
� 6FRSXO� SULQFLSDO� DO� DFHVWHL� WH]H� D� IRVW� VWXGLXO� LQWHUDF܊LXQLL� GLQWUH� IOXLGH� �L�PHGLL܈ SRURDVH�
ILEULODUH��DWHQ܊LD�ILLQG�vQ�SULQFLSDO�FRQFHQWUDWă�DVXSUD�SURFHVXOXL�GH�GLIX]LH��5H]XOWDWHOH�RE܊LQXWH�
DX�IRVW�XWLOL]DWH�vQ�VFRSXO�IDEULFăULL�VHQ]RULORU�SRUWDELOL��DOFăWXL܊L�GLQ�VXEVWUDW�GH�KkUWLH܈�L�HOHFWUR]L�
GLQ� ILEUH� SROLPHULFH� PHWDOL]DWH��$VWIHO�� WH]D� D� IRVW� VWUXFWXUDWă� vQ� GRXă� SăU܊L� VSHFLILFH� ILHFăUXL�
GRPHQLX�GH�VWXGLX��
� ÌQ� SULPD� SDUWH� D� WH]HL� DX� IRVW� LQWURGXVH� QR܊LXQLOH� WHRUHWLFH� GH]YROWDWH� SHQWUX� GHVFULHUHD�
IHQRPHQXOXL�GH�GLIX]LH��6�D�XUPăULW�GHVFULHUHD�DPSOă�D�SURFHVXOXL��YL]kQG�DWkW�DYDQVXO�IURQWXOXL�
GH� IOXLG� vQ� VXEVWUDWXO� SRURV�� FkW� �L܈ HYROX܊LD� LQWHUIH܊HL� SLFăWXULL� GH� IOXLG� UăPDVă� OD� VXSUDID܊D�
VXEVWUDWXOXL���
� 3HQWUX� D� SXWHD� DQDOL]D� IHQRPHQXO� vQWU�XQ�PRG� IDFLO�� D� IRVW� GH]YROWDW� XQ� FRG� QXPHULF� vQ�
0$7/$%�SHQWUX� SURFHVDUHD� DXWRPDWă� D� LPDJLQLORU� UH]XOWDWH� GLQ� vQUHJLVWUăUL� DOH� SURFHVXOXL� GH�
GLIX]LH��&RGXO�D�IRVW�GH]YROWDW�DVWIHO�vQFkW�Vă�LGHQWLILFH�LQWHUID܊D�SLFăWXULL��LDU�XOWHULRU�Vă�HYDOXH]H�
HYROX܊LD� vQ� WLPS� D� SDUDPHWULORU� SUHFXP� GLDPHWUX�� vQăO܊LPH�� YROXP� �L܈ XQJKL� GH� FRQWDFW��
2ULJLQDOLWDWHD�FRGXOXL�GH]YROWDW�HVWH�UHSUH]HQWDWă�GH�DSOLFDELOLWDWHD�DFHVWXLD�SHQWUX�RULFH�WLS�GH�
SLFăWXUă�GH�IOXLG��QHILLQG�QHFHVDUă�XWLOL]DUHD�FRPSX܈LORU�FKLPLFL�FX�URO�vQ�FRORUDUHD�IOXLGXOXL��FDUH�
DU� SXWHD� LQIOXHQ܊D� FRPSRUWDPHQWXO� DFHVWXLD�� ÌQ� SOXV�� DQDOL]D� SURFHVXOXL� GH� GLIX]LH� FX� DMXWRUXO�
FRGXOXL� SRDWH� IL� UHDOL]DWă� IăUă� FXQRD܈WHUHD� vQ� SUHDODELO� D� SDUDPHWULORU� GH�PDWHULDO� DL� IOXLGXOXL��
SUHFXP�YkVFR]LWDWHD�VDX�WHQVLXQHD�VXSHUILFLDOă��HYROX܊LD�LQWHUIH܊HL�vQ�WLPS�ILLQG�VXILFLHQWă�SHQWUX�
FDOFXOXO�QXPHULF�DO�SDUDPHWULORU�GH�LQWHUHV�IHQRPHQRORJLF��
� 6WXGLLOH� H[SHULPHQWDOH� DVXSUD� SURFHVXOXL� GH� GLIX]LH� DX� YL]DW� FRPSRUWDPHQWXO� IOXLGHORU�
VLPSOH܈�L�DO�FHORU�FRPSOH[H��DWkW�SHQWUX�FD]XO�XQXL�PHGLX�ÄLQILQLW´��GLIX]LH�UDGLDOă�QHPăUJLQLWă���
FkW܈�L� vQ�FD]XO�SUH]HQ܊HL�EDULHUHORU�KLGURIREH��,QIOXHQ܊HOH�GDWRUDWH�SURSULHWă܊LORU�GH�PDWHULDO�DOH�
IOXLGXOXL�DVXSUD�SURFHVXOXL�GH�GLIX]LH�DX�IRVW�DQDOL]DWH��ILLQG�DVWIHO�LGHQWLILFDWH�WHQGLQ܊H�GH�YDULD܊LH�
D�YLWH]HL�vQ�IXQF܊LH�GH�YkVFR]LWDWHD�IOXLGXOXL��SUHFXP܈�L�D�UHWHQ܊LHL�PROHFXOHORU�GL]ROYDWH�vQ�IOXLG�
vQ�IXQF܊LH�GH�FRPSXVXO�FKLPLF܈�L�FRQFHQWUD܊LD�VROX܊LHL��3ULQ�DQDOL]ă�LPDJLVWLFă�D�SXWXW�IL�HYDOXDWă�
GLVWULEX܊LD�GH�FRQFHQWUD܊LH�D�PROHFXOHORU�DIODWH�vQ�ID]ă�OLFKLGă�FH�GLIX]HD]ă�SULQ�PHGLXO�SRURV��'H�
DVHPHQHD��FX�DMXWRUXO�FRGXOXL�GH]YROWDW�D�SXWXW�IL�DQDOL]DW�FRPSRUWDPHQWXO�SLFăWXULL�OD�VXSUDID܊D�
VXEVWUDWXOXL��ILLQG�HYDOXDWH�YLWH]D�GH�GLIX]LH܈�L�GHELWXO�SULQ�KkUWLH��
� ÌQ�D�GRXD�SDUWH�D�WH]HL�DX�IRVW�IDEULFDWH�PDWHULDOH�SRURDVH�IOH[LELOH�FRQVWkQG�vQ�SODVH�GLQ�ILEUH�
SROLPHULFH��SULQ�HOHFWURILODUH܈�L�FHQWULILODUH��3ULQ�LQYHVWLJDUHD�PRUIRORJLHL�SODVHORU�UH]XOWDWH��D�IRVW�
DQDOL]DWă� LQIOXHQ܊D� SDUDPHWULORU� GH� PHGLX�� SURFHV� �L܈ PDWHULDO� DVXSUD� FHORU� GRXă� SURFHVH� GH�
IDEULFDUH��ÌQ�DFHDVWă�HWDSă�D�IRVW�GH]YROWDW�XQ�FRG�0$7/$%�SHQWUX�DQDOL]D�SRUR]LWă܊LL�GH�VXSUDID܊ă�
D�PDWHULDOHORU��GLQ�LPDJLQLOH�RE܊LQXWH�SULQ�PLFURVFRSLH�HOHFWURQLFă�GH�EDOHLDM��6WUXFWXUD�SODVHORU�
SROLPHULFH�D�IRVW�LQYHVWLJDWă�SHQWUX�D�HYDOXD�SRVLELOLWDWHD�GH�IDEULFDUH�D�VXEVWUDWXULORU�DEVRUEDQWH�
�L܈ D� HOHFWUR]LORU� IOH[LELOL�� &RQGXFWLYLWDWHD� SODVHORU� D� IRVW� FRQIHULWă� SULQ� GHSXQHUHD� VWUDWXULORU�
PHWDOLFH�VXE܊LUL��LDU�SURSULHWă܊LOH�HOHFWULFH܈�L�HOHFWURFKLPLFH�DX�IRVW�LQYHVWLJDWH�H[SHULPHQWDO�SHQWUX�
GLIHULWH�GHQVLWă܊L�DOH�VWUDWXOXL�SROLPHULF�IRUPDW��'H�DVHPHQHD��VXEVWUDWXULOH�SRURDVH�IDEULFDWH�DX�
IRVW� LGHQWLILFDWH� D� DYHD�R�PRUIRORJLH� FRUHVSXQ]ăWRDUH�GH]YROWăULL� ILOWUHORU�� GDWRULWă� GLPHQVLXQLL�
UHGXVH�D�SRULORU��GH�RUGLQXO�PLFURPHWULORU��
� 3HQWUX� UHDOL]DUHD�DSOLFD܊LHL� SURSXVH�� D� IRVW� LPSOHPHQWDWă�R�SURFHGXUă�GH� IDEULFDUH�D� XQHL�
FHOXOH�HOHFWURFKLPLFH�SRUWDELOH�FX�VXEVWUDW�SRURV܈�L�HOHFWUR]L�GLQ�SODVH�SROLPHULFH�� ILLQG�SULPXO�
H[HPSOX�GH� UHDOL]DUH�D�XQHL�DVWIHO�GH�DUKLWHFWXUL� LQWHJUDWH�� ÌQ�DFHVW� VFRS��DX� IRVW�FUHDWH�EDULHUH�
KLGURIREH� vQ� VXEVWUDWXO� SRURV� UHSUH]HQWDW� GH� KkUWLH�� SULQ� LPSULPDUH� �'��3HQWUX� UHDOL]DUHD� XQXL�
FDQDO�FDUH�Vă�FRQILQH]H�IOXLGXO� vQ�PRG�FRQIRUP��IăUă�GLIX]LH�vQ�DIDUD�]RQHL�GHOLPLWDWH���DX�IRVW�
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LQYHVWLJDWH�PXOWLSOH�JHRPHWULL��SUHFXP܈�L�GLIHUL܊L�SDUDPHWULL�GH�LPSULPDUH܈�L�FRQGL܊LL�GH�WUDWDPHQW�
WHUPLF�� 0HWDOL]DUHD� VHOHFWLYă� D� SODVHORU� SROLPHULFH� D� IRVW� UHDOL]DWă� SULQ� SURLHFWDUHD� &$'� �L܈
IDEULFDUHD�Pă܈WLORU� LPSULPDWH� �'� FX� Uă܈LQă� IRWRSROLPHULFă�� 3HQWUX� GH]YROWDUHD� XQXL� VHQ]RU� FX�
SDUDPHWUL� GH� IXQF܊LRQDUH� RSWLPL�� DX� IRVW� UHDOL]DWH� SDWUX� FRQILJXUD܊LL�� FX� GLIHULWH� PRGXUL� GH�
DPSODVDUH� D� HOHFWUR]LORU� SH� KkUWLH�� &DUDFWHULVWLFLOH� DFHVWRUD� DX� IRVW� VWXGLDWH� HOHFWURFKLPLF� SULQ�
YROWDPHWULH�FLFOLFă�vQ�SUH]HQ܊D�SUREHORU�UHGR[��KD[DFLDQRIHUDW�GH�SRWDVLX܈�L�DOEDVWUX�GH�PHWLOHQ���
&RQILJXUD܊LD�FRQVLGHUDWă�RSWLPă�D�IRVW�XOWHULRU�FDUDFWHUL]DWă�YROWDPHWULF�vQ�PHGLL�HOHFWUROLWLFH�FX�
GLIHULWH�YDORUL�DOH�S+�XOXL܈�L�SULQ�VSHFWURVFRSLH�GH�LPSHGDQ܊ă�HOHFWURFKLPLFă��SHQWUX�GHWHUPLQDUHD�
FLUFXLWXOXL� HOHFWULF� HFKLYDOHQW��0DQLSXODUHD� IDFLOă� D� VHQ]RUXOXL� GH]YROWDW� D� IRVW� DVLJXUDWă� SULQ�
IDEULFDUHD�VXSRUWXULORU�LPSULPDWH��'�GLQ�Uă܈LQă�IRWRSROLPHULFă��HFKLSDWH�FX�SOăFL�VXE܊LUL�GH�FXSUX�
VDX�SODWLQă�SHQWUX�XQ�FRQWDFW�RKPLF�FX�HOHFWUR]LL��
� ÌQ�ILQDO��DX�IRVW�GH]YROWDWH�GRXă�DSOLFD܊LL�SHQWUX�VHQ]RUXO�HOHFWURFKLPLF��FDUH�DX�YL]DW�GHWHF܊LD�
�L�DX܈WL�FRPSX܈L�D�DFL]LORU�QXFOHLFL��$FH܈�LH��SUHFXP܊L�vQ�WUDQVSLUD܊LORU�SUH]HQ܊L�FXDQWLILFDUHD�DQDOL܈
IRVW�DOH܈L�FX�VFRSXO�GH�D�GH]YROWD�XQ�ELRVHQ]RU�SRUWDELO��FDUH�SRDWH�UHGXFH�QHFHVLWă܊LOH�HQHUJHWLFH�
LPSOLFDWH�vQ�FD]XO�DQDOL]HORU�FODVLFH�vQWU�XQ�ODERUDWRU�FOLQLF��6HQ]RUXO�D�IRVW�SURLHFWDW�DVWIHO�vQFkW�
Vă�SRDWă�IL�XWLOL]DW�vQ�DIDUD�XQXL�ODERUDWRU�VSHFLDOL]DW܈�L�Vă�SHUPLWă�LQWHJUDUHD�FX�FLUFXLWH�HOHFWURQLFH�
DOLPHQWDWH�GH�DFXPXODWRUL�GH�WHQVLXQH�UHGXVă��ÌQ�FD]XO�SULPHL�DSOLFD܊LL�D�IRVW�HYDOXDWă�SRVLELOLWDWHD�
GH�GHWHF܊LH�D�SURGX܈LORU�GH�UHDF܊LH�GLQWUH�XQ�DQDOLW܈�L�R�HQ]LPă��OD�GLIHULWH�SRWHQ܊LDOH�DSOLFDWH��vQ�
PHGLX�ED]LF� VDX�DFLG��8OWHULRU�� D� IRVW� UHDOL]DWă�GHWHF܊LD� �L܈ FXDQWLILFDUHD�JOXFR]HL� DWkW� vQ� VROX܊LL�
WDPSRQ��FkW܈�L�vQ�WUDQVSLUD܊LH�DUWLILFLDOă��/LPLWD�GH�GHWHF܊LH�RE܊LQXWă�SHQWUX�GHWHUPLQDUHD�JOXFR]HL�
GLQ�WUDQVSLUD܊LH�DUWLILFLDOă�D�IRVW�VXE�YDORULOH�QRUPDOH�GLQ�WUDQVSLUD܊LD�XPDQă��GHPRQVWUkQG�DVWIHO�
DSOLFDELOLWDWHD� GLVSR]LWLYXO� IDEULFDW�� ÌQ� FD]XO� FHOHL� GH�D� GRXD� DSOLFD܊LL�� GHWHF܊LD� �L܈ FXDQWLILFDUHD�
DFL]LORU�QXFOHLFL�D�IRVW�UHDOL]DWă�DWkW�vQ�SUH]HQ܊D�DOEDVWUXOXL�GH�PHWLOHQ��FkW܈�L�vQ�DEVHQ܊D�RULFăUXL�
PDUNHU�HOHFWURFKLPLF��,QWHUDF܊LXQHD�GLQWUH�DFL]LL�QXFOHLFL܈�L�DOEDVWUXO�GH�PHWLOHQ�SH�VXEVWUDWXO�GH�
KkUWLH�D�IRVW�LQYHVWLJDWă�SULQ�PHWRGH�RSWLFH܈�L�VSHFWURVFRSLFH��89�9LV�1,5܈�L�5DPDQ���7HKQLFLOH�
GH�DQDOL]ă�LPSOHPHQWDWH�DX�GHPRQVWUDW�Fă�UHDF܊LLOH�PROHFXODUH�SRW�DYHD�ORF�vQWU�XQ�VXEVWUDW�SRURV��
IăUă� D� IL� LQIOXHQ܊DWH� GH� VWUXFWXUD� PDWHULDOHORU�� 7RDWH� DSOLFD܊LLOH� YL]DWH� DX� SXWXW� IL� HIHFWXDWH� vQ�
LQWHUYDOXO�GH�SRWHQ܊LDO�>����������@�9��ILLQG�FRQVLGHUDWă�DVWIHO�IH]DELOă�SRVLELOLWDWHD�GH�LQWHJUDUH܈�L�
DOLPHQWDUH�D�GLVSR]LWLYXOXL�FX�DFXPXODWRUL�GH�WHQVLXQL�PLFL���

&RQWULEX܊LL�SHUVRQDOH�
� ÌQ�FDGUXO�DFHVWHL�WH]H�DX�IRVW�DGXVH�FRQWULEX܊LL�vQ�GRPHQLLOH�PHFDQLFLL�IOXLGHORU܈�L�VHQ]RULORU�
HOHFWURFKLPLFL��ÌQ�SULPXO�FD]��VWXGLXO�D�IRVW�FRQFHQWUDW�DVXSUD�IHQRPHQHORU�GH�GLIX]LH�vQ�PHGLL�
SRURDVH��ILLQG�LQYHVWLJDW�FRPSRUWDPHQWXO�IOXLGHORU�VLPSOH܈�L�FRPSOH[H��ÌQ�FD]XO�VHQ]RULORU��DX�IRVW�
LPSOHPHQWDWH�SURFHGXUL�GH�IDEULFDUH��FDUDFWHUL]DUH܈�L�DSOLFDUH�D�VHQ]RULORU�IRUPD܊L�GLQ�VWUDWXUL�GH�
PHGLL�SRURDVH��$VWIHO��SULQFLSDOHOH�FRQWULEX܊LL�DGXVH�GRPHQLLORU�VXQW��
��� ,PSOHPHQWDUHD� XQXL� DOJRULWP� GH� SURFHVDUH� D� LPDJLQLORU� UH]XOWDWH� GLQ� vQUHJLVWUăULOH�

IHQRPHQXOXL� GH� GLIX]LH�� SUHFXP� �L܈ GH]YROWDUHD� FRGXOXL� QXPHULF� vQ� 0$7/$%� SHQWUX�
H[WUDJHUHD�SDUDPHWULORU�GLQ�LQWHUID܊D�SLFăWXULL܈�L�DQDOL]D�IHQRPHQXOXL���

��� 5HDOL]DUHD܈�L�RSWLPL]DUHD�SURFHGXULORU�GH�IDEULFDUH�D�EDULHUHORU�KLGURIREH�vQ�PHGLL�SRURDVH��
��� ,QYHVWLJDUHD�H[SHULPHQWDOă�D�SURFHVXOXL�GH�GLIX]LH܈�L�LGHQWLILFDUHD�UHJLPXULORU�GH�FXUJHUH��
��� 'HVFULHUHD�QXPHULFă�D�GHSHQGHQ܊HL�YLWH]HL�GH�GLIX]LH�GH�YkVFR]LWDWHD�IOXLGXOXL��
��� ,QYHVWLJDUHD� SURFHVXOXL� GH� UHWHQ܊LH� DO� PROHFXOHORU� vQ� IXQF܊LH� GH� FRQFHQWUD܊LH� �L܈

LPSOHPHQWDUHD� XQHL� SURFHGXUL� GH� DQDOL]ă� LPDJLVWLFă� SHQWUX� DSUR[LPDUHD� YDULD܊LHL� GH�
FRQFHQWUD܊LH�D�PROHFXOHORU�SH�VXSUDID܊D�PHGLXOXL�SRURV��

��� $QDOL]DUHD܈�L�RSWLPL]DUHD�SURFHVHORU�GH�IDEULFDUH�DOH�PHGLLORU�SRURDVH�SULQ�HOHFWURILODUH܈�L�
FHQWULILODUH�� SULQ� VWXGLXO� LQIOXHQ܊HL� SDUDPHWULORU� GH� PDWHULDO�� PHGLX� �L܈ SURFHV� DVXSUD�
PRUIRORJLHL�ILEUHORU�UH]XOWDWH��



�
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��� 5HDOL]DUHD�XQXL�FRG�QXPHULF�vQ�0$7/$%�SHQWUX�HYDOXDUHD�SRUR]LWă܊LL�GH�VXSUDID܊ă���
��� (YDOXDUHD�FDUDFWHULVWLFLORU�HOHFWULFH܈�L�HOHFWURFKLPLFH�DOH�VWUXFWXULORU�SRURDVH�PHWDOL]DWH�

vQ�IXQF܊LH�GH�GHQVLWDWHD�DFHVWRUD��
��� ,PSOHPHQWDUHD� SURFHGXULL� GH� IDEULFDUH� D� XQHL� FHOXOH� HOHFWURFKLPLFH� FRPSXVă� GLQ�

HOHFWUR]L�UHSUH]HQWD܊L�GH�VXSUDIH܊H�SRURDVH�ILEULODUH�PHWDOL]DWH܈�L�VXEVWUDW�SRURV�KLGURILO�
PRGLILFDW�FX�EDULHUH�KLGURIREH��

���� &DUDFWHUL]DUHD�HOHFWURFKLPLFă�D�FHOXOHL�HOHFWURFKLPLFH�IDEULFDWH�vQ�PXOWLSOH�DUKLWHFWXUL�
vQ�FRQILJXUD܊LH�GH�GRL܈�L�WUHL�HOHFWUR]L��

���� 5HDOL]DUHD�SURFHGXULORU�GH�GHWHF܊LH�D�SHUR[LGXOXL�GH�KLGURJHQ��QLFRWLQDPLGHL�DGHQLQă�
GLQXFOHRWLGă��JOXFR]HL܈�L�DFL]LORU�QXFOHLFL��

���� (YDOXDUHD�UHDF܊LLORU�PROHFXODUH�vQ�VXEVWUDWXO�SRURV�SULQ�PăVXUăWRUL�VSHFWURVFRSLFH��
� 6WXGLLOH�HIHFWXDWH�vQ�FDGUXO�WH]HL�DX�HYLGHQ܊LDW�SRVLELOLWDWHD�GH�DSOLFDUH�D�PHGLLORU�SRURDVH�FX�
GLIHULWH� VWUXFWXUL� vQ� VFRSXO� UHDOL]ăULL� XQXL� GLVSR]LWLY� SRUWDELO� SHQWUX� DQDOL]D� IOXLGHORU� �L܈ D�
FRPSX܈LORU�FKLPLFL�SUH]HQ܊L�vQ�DFHVWHD��5H]XOWDWHOH�RE܊LQXWH�DX�FRQGXV�OD�UHDOL]DUHD�XQXL�EUHYHW�
GH�LQYHQ܊LH�SHQWUX�R�FHOXOă�HOHFWURFKLPLFă�FX�VWUXFWXUă�ILEULODUă�IOH[LELOă�LQWHJUDWă��

3HUVSHFWLYH�GH�FHUFHWDUH�
� 'LIX]LD� IOXLGHORU� vQ� PHGLL� SRURDVH� ILEULODUH� UHSUH]LQWă� XQ� SURFHV� FRPSOH[�� GDWRUDW� DWkW�
QHRPRJHQLWă܊LL�VWUXFWXULL��FkW܈�L�LQWHUDF܊LXQLORU�FKLPLFH�GLQWUH�IOXLG܈�L�VXSUDID܊D�ILEUHORU��6WXGLLOH�
SUH]HQWDWH�vQ�WH]D�DFWXDOă�UHSUH]LQWă�ED]D�vQ܊HOHJHULL�IHQRPHQRORJLHL��LDU� vQ�FRQWLQXDUHD�DFHVWRU�
VXQW�SURSXVH�H[SHULPHQWH�SULYLQG�PRGLILFDUHD�FKLPLFă�D�KkUWLHL܈�L�DQDOL]D�LQIOXHQ܊HL�DFHVWXL�SURFHV�
DVXSUD�PRGXOXL�GH�WUDQVSRUW�DO� IOXLGHORU�FRPSOH[H�� ÌQ�DFHVW�PRG�VH�SRW�RE܊LQH�FăL�GH�WUDQVSRUW�
VHOHFWLY��SXWkQG�IL�DVWIHO�RE܊LQXWă�R�VHSDUDUH�FRQWURODWă�D�FRPSX܈LORU�FKLPLFL�GLQ�IOXLGH�FRPSOH[H���
� 3HQWUX�H[WLQGHUHD�DSOLFDELOLWă܊LL�PHGLLORU�SRURDVH�� YD�IL�HYDOXDWă�FDSDFLWDWHD�DFHVWRUD�GH�D�
FDSWD܈�L�UH܊LQH�PROHFXOH�VDX�QDQR��PLFUR�SDUWLFXOH�GL]ROYDWH�vQ�PHGLL�OLFKLGH��vQ�YHGHUHD�RE܊LQHULL�
PDWHULDOHORU�FX�URO�GH�ILOWUDUH��'H�DVHPHQHD�YRU�IL�HIHFWXDWH�VWXGLL�SULYLQG�FDSDFLWDWHD�PHGLLORU�
SRURDVH�GH�D�FDSWD�YDSRUL�GLQ�DWPRVIHUD�DPELHQWDOă��SHQWUX�H[WLQGHUHD�DSOLFDELOLWă܊LL�VHQ]RUXOXL�vQ�
GHWHF܊LD�FRPSX܈LORU�FKLPLFL�DHURVROL]D܊L���
� ÌQWUXFkW� PRUIRORJLD� PHGLXOXL� SRURV� LQIOXHQ܊HD]ă� LQWHUDF܊LXQHD� FX� IOXLGHOH�� SURFHVXO� GH�
IDEULFDUH�D�SODVHORU�SROLPHULFH�YD�IL�HYDOXDW�FX�GLIHULWH�WLSXUL�GH�SROLPHUL�VLQWHWLFL��SUHFXP�Q\ORQ��
VDX�QDWXUDOL��SROLFDSURODFWRQă��DFLG�SROLODFWLF���FDUH�GDWRULWă�SURSULHWă܊LORU�GH�PDWHULDO�SRW�FRQIHUL�
FDUDFWHULVWLFL�XQLFH�VWUDWXULORU�IRUPDWH��IOH[LELOLWDWH��UH]LVWHQ܊ă�PHFDQLFă��ELRGHJUDGDELOLWDWH���9RU�
IL� LQYHVWLJDWH�SURSULHWă܊LOH� UHRORJLFH�DOH�GLIHULWHORU� VROX܊LL�SROLPHULFH�� LQIOXHQ܊D�SDUDPHWULORU�GH�
PHGLX܈�L�GH�SURFHV��SUHFXP܈�L�SURSULHWă܊LOH�RSWLFH܈�L�PHFDQLFH�DOH�SODVHORU�UH]XOWDWH��
� $SOLFD܊LLOH�SUH]HQWDWH�vQ�FDGUXO�DFHVWHL�WH]H�YL]HD]ă�GRPHQLXO�ELRPHGLFDO��vQVă�DSOLFDELOLWDWHD�
VHQ]RUXOXL�SRDWH�IL�H[WLQVă�SULQ�XWLOL]DUHD�PDUNHU�LORU��HQ]LPHORU�VDX�D�PDWHULDOHORU�PHWDOLFH�VDX�
VHPLFRQGXFWRDUH�DGDSWDWH�LQWHUDF܊LXQLL�VHOHFWLYH�FX�DO܊L�LRQL�VDX�PROHFXOHOH�GH�LQWHUHV��$VWIHO��VH�
DUH�vQ�YHGHUH�HIHFWXDUHD�IXQF܊LRQDOL]ăULORU�vQ�VFRSXO�GHWHF܊LHL�FRQWDPLQDQ܊LORU��SUHFXP�FRPSX܈L�
FKLPLFL�WR[LFL�VDX�LRQL�GH�PHWDOH�JUHOH��
� 3HQWUX�OăUJLUHD�DSOLFDELOLWă܊LL�VHQ]RUXOXL��DUKLWHFWXUD�GH]YROWDWă�YD�IL�LQWHJUDWă�FX�HOHPHQWH�
DX[LOLDUH��3HQWUX�RIHULUHD�SRVLELOLWă܊LL�GH�PăVXUă�vQ�DIDUD�XQXL�ODERUDWRU܈�WLLQ܊LILF��GLVSR]LWLYXO�YD�
IL� LQWHJUDW� FX� FLUFXLWH� HOHFWURQLFH� FH� YRU� vQGHSOLQL� UROXULOH� GH� PăVXUă� �DOFăWXLQG� DVWIHO� XQ�
SRWHQ܊LRVWDW� SRUWDELO�� �L܈ WUDQVPLVLH� D� GDWHORU� FăWUH� GLVSR]LWLYH� PRELOH�� 2� DVWIHO� GH� DUKLWHFWXUă�
SHUPLWH�UHDOL]DUHD�PăVXUăWRULORU�SULQ�DOLPHQWDUHD�FX�DFXPXODWRUL�GH�WHQVLXQH�PLFă��3ULQ�XWLOL]DUHD�
VXEVWUDWXULORU�SROLPHULFH�DGL܊LRQDOH��VH�SRW�VWLPXOD�SURFHVHOH�GH�DEVRUE܊LH܈�L�HYDSRUDUH��vQ�VFRSXO�
GH]YROWăULL�XQXL�ELRVHQ]RU�SXUWDELO��ZHDUDEOH��FX�UHJLP�GH�FXUJHUH�FRQVWDQW���
� �
�
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%LEOLRJUDILH��VHOHF܊LH��
�
>�@� -��.LP��-��3DUN��-��/HH��:�*��/LP��&��-R��-��/HH��%LRPDVV�'HULYHG�3��1�6HOI�'RSHG�+DUG�

&DUERQ� DV� %LIXQFWLRQDO� 2[\JHQ� (OHFWURFDWDO\VW� DQG� $QRGH� 0DWHULDO� IRU� 6HDZDWHU�
%DWWHULHV��$GY��)XQFW��0DWHU����������������������

>�@� ;��0LDR��'��6XQ��;��=KRX��=��/HL��'HVLJQHG�IRUPDWLRQ�RI�QLWURJHQ�DQG�VXOIXU�GXDO�GRSHG�
KLHUDUFKLFDOO\�SRURXV�FDUERQ�IRU�ORQJ�OLIH�OLWKLXP�DQG�VRGLXP�LRQ�EDWWHULHV��&KHP��(QJ��
-����������������±������

>�@� <�+��/HH��-�6��.LP��-��1RK��,��/HH��+�-��.LP��6��&KRL��-��6HR��6��-HRQ��7�6��.LP��-�<��/HH��
-�:��&KRL��:HDUDEOH�WH[WLOH�EDWWHU\�UHFKDUJHDEOH�E\�VRODU�HQHUJ\��1DQR�/HWW������������
����±�������

>�@� 4��/DL��-��=KHQJ��=��7DQJ��'��%L��-��=KDR��<��/LDQJ��2SWLPDO�&RQILJXUDWLRQ�RI�1�'RSHG�
&DUERQ�'HIHFWV�LQ��'�7XUERVWUDWLF�&DUERQ�1DQRPHVK�IRU�$GYDQFHG�2[\JHQ�5HGXFWLRQ�
(OHFWURFDWDO\VLV��$QJHZ��&KHPLH������������������±��������

>�@� .�5�$�� 6DUDYDQDQ��1�� 3UDEX��0�� 6DVLGKDUDQ��*��0DGXUDLYHHUDQ��1LWURJHQ�VHOI� GRSHG�
DFWLYDWHG�FDUERQ�QDQRVKHHWV�GHULYHG�IURP�SHDQXW�VKHOOV�IRU�HQKDQFHG�K\GURJHQ�HYROXWLRQ�
UHDFWLRQ��$SSO��6XUI��6FL����������������±������

>�@� 6�$��1LFRODH��3�È��6]LOiJ\L��0�0��7LWLULFL��6RIW�WHPSODWLQJ�SURGXFWLRQ�RI�SRURXV�FDUERQ�
DGVRUEHQWV�IRU�&2��DQG�+�6�FDSWXUH��&DUERQ�1��<����������������±������

>�@� <��6RQJ�� -��3KLSSV��&��=KX��6��0D��3RURXV�0DWHULDOV� IRU�:DWHU�3XULILFDWLRQ��$QJHZ��
&KHPLH�,QW��(G������������H������������

>�@� 4��6XQ��%��$JXLOD��-�$��3HUPDQ��7��%XWWV��)�6��;LDR��6��0D��,QWHJUDWLQJ�6XSHUZHWWDELOLW\�
ZLWKLQ�&RYDOHQW�2UJDQLF�)UDPHZRUNV�IRU�)XQFWLRQDO�&RDWLQJ��&KHP���������������±�������

>�@� ;��/XR��;��<DR��<��=KDQJ��;��=KHQJ��*��;LH��<��&XL��$PSHURPHWULF�ELRVHQVLQJ�V\VWHP�
GLUHFWO\�SRZHUHG�E\�EXWWRQ�FHOO�EDWWHU\�IRU�ODFWDWH��3/R6�2QH������������H����������

>��@� 5�$��2¶.HOO\��-�-��%UDG\��(��%\UQH��.��+RROH\��&��0XOOLJDQ��.��0XOUHDG\��3��2¶*RUPDQ��
3�� 2¶6KHD�� *�� %RUDQ�� $� VXUYH\� RI� SRLQW� RI� FDUH� WHVWLQJ� LQ� ,ULVK� KRVSLWDOV�� URRP� IRU�
LPSURYHPHQW��,U��-��0HG��6FL����������������±������

>��@� $�&�� 6XQ�� '�$�� +DOO�� 3RLQW�RI�&DUH� 6PDUWSKRQH�EDVHG� (OHFWURFKHPLFDO� %LRVHQVLQJ��
(OHFWURDQDO\VLV�������������±����

>��@� %��/LDQJ��4��&DR��;��0DR��:��3DQ��7��7X��/��)DQJ��;��<H��$Q�,QWHJUDWHG�3DSHU�%DVHG�
0LFURIOXLGLF� 'HYLFH� IRU� 5HDO�7LPH� 6ZHDW� 3RWDVVLXP� 0RQLWRULQJ�� ,(((� 6HQV�� -�� ���
�����������±�������

>��@� )��&ULVFXROR��,��1\�+DQLWUD��6��$LDVVD��,��7DXULQR��1��2OLYD��6��&DUUDUD��*��'H�0LFKHOL��
:HDUDEOH� PXOWLIXQFWLRQDO� VZHDW�VHQVLQJ� V\VWHP� IRU� HIILFLHQW� KHDOWKFDUH� PRQLWRULQJ��
6HQVRUV�$FWXDWRUV�%�&KHP����������������������

>��@� +�5��/LP��<��/HH��.�$��-RQHV��<�7��.ZRQ��6��.ZRQ��0��0DKPRRG��6�0��/HH��:�+��
<HR�� $OO�LQ�RQH�� ZLUHOHVV�� IXOO\� IOH[LEOH� VRGLXP� VHQVRU� V\VWHP� ZLWK� LQWHJUDWHG�
$X�&17�$X�QDQRFRPSRVLWHV��6HQVRUV�$FWXDWRUV�%�&KHP����������������������

>��@� 5��6LOYD��.��=KDR��5��'LQJ��:�3��&KDQ��0��<DQJ��-�6�4��<LS��*��/LVDN�� ,RQ�VHOHFWLYH�
PHPEUDQH� PRGLILHG� PLFURIOXLGLF� SDSHU�EDVHG� VROXWLRQ� VDPSOLQJ� VXEVWUDWHV� IRU�
SRWHQWLRPHWULF�KHDY\�PHWDO�GHWHFWLRQ��$QDO\VW�����������������±�������

>��@� 7�� 6DKD�� 7�� 6RQJNDNXO�� &�7�� .QLVHO\��0�$�� <RNXV��0�$�� 'DQLHOH��0�'�� 'LFNH\�� $��
%R]NXUW��2�'��9HOHY��:LUHOHVV�:HDUDEOH�(OHFWURFKHPLFDO�6HQVLQJ�3ODWIRUP�ZLWK�=HUR�
3RZHU�2VPRWLF�6ZHDW�([WUDFWLRQ�IRU�&RQWLQXRXV�/DFWDWH�0RQLWRULQJ��$&6�6HQVRUV����
�����������±�������

>��@� 5��:DQJ��4��=KDL��7��$Q��6��*RQJ��:��&KHQJ��6WUHWFKDEOH�JROG�ILEHU�EDVHG�ZHDUDEOH�WH[WLOH�
HOHFWURFKHPLFDO�ELRVHQVRU�IRU�ODFWDWH�PRQLWRULQJ�LQ�VZHDW��7DODQWD����������������������
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>��@� 0��/L��/��:DQJ��5��/LX�� -��/L��4��=KDQJ��*��6KL��<��/L��&��+RX��+��:DQJ��$�KLJKO\�
LQWHJUDWHG� VHQVLQJ� SDSHU� IRU� ZHDUDEOH� HOHFWURFKHPLFDO� VZHDW� DQDO\VLV�� %LRVHQV��
%LRHOHFWURQ����������������������

>��@� '�6��5RFKD��/�&��'XDUWH��+�$��6LOYD�1HWR��&�/�6��&KDJDV��0�+�3��6DQWDQD��1�5��$QWRQLRVL�
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