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/D�PLVFHOD�GL� GLIHQRFRQD]ROR�����J�/� H� D]R[\VWURELQ� ����J�/� �2UWLYD�7RS��6&�� q� XQ� IXQJLFLGD�
XWLOL]]DWR�SHU� OD� ORWWD�FRQWUR�QXPHURVH�PDODWWLH� IXQJLQH�GHOOH�FROWXUH�RUWLFROH�� ,Q�TXHVWR� VWXGLR�VL�
ULSRUWDQR� L� ULVXOWDWL� GHOOH� SURYH� VSHULPHQWDOL� GL� FDPSR�HIIHWWXDWH� VX�RFFKLR�GL� SDYRQH� �6SLORFDHD�
ROHDJLQHD���SHU�O¶HVWHQVLRQH�GL�HWLFKHWWD�GL�2UWLYD�7RS�6&�VXOOH�PDODWWLH�IRJOLDUL�GHOO¶ROLYR��7DOL�SURYH�
HUDQR� ILQDOL]]DWH� D�� ��� GHILQLUH� OD� VHOHWWLYLWj� VX� ROLYR�� ��� GLPRVWUDUH� OD� PDJJLRUH� HIILFDFLD� GHOOD�
PLVFHOD�SURQWD�ULVSHWWR�DL�SULQFLSL�DWWLYL�XWLOL]]DWL�VLQJRODUPHQWH�����FRPSDUDUQH�O
HIILFDFLD�FRQ�DOFXQL�
VWDQGDUG�GL�PHUFDWR��/H�SURYH�SDUFHOODUL�VRQR�VWDWH�FRQGRWWH� LQ�FDPSR�QHO�SHULRGR����������� LQ�
,WDOLD��6SDJQD��*UHFLD�H�3RUWRJDOOR�SHU� LO� FRQWUROOR�GHOO¶RFFKLR�GL�SDYRQH� �6��ROHDJLQHD��FRQ�XQD�
DSSOLFD]LRQH� IRJOLDUH� LQ� SUH� ILRULWXUD�� ,� ULVXOWDWL� GLPRVWUDQR� O¶HOHYDWD� HIILFDFLD� GHOOD� PLVFHOD� GL�
GLIHQRFRQD]ROH�H�D]R[\VWURELQ�H�OD�VXD�WRWDOH�VHOHWWLYLWj�VX�ROLYR��IRUQHQGR�XQD�SRVVLELOH�DOWHUQDWLYD�
LQ�VRVWLWX]LRQH�GHO�UDPH��
3DUROH�FKLDYH��)XVLFODGLXP�ROHDJLQHXP��6SLORFDHD�ROHDJLQHD��&\FORFRQLXP�ROHDJLQXP��2UWLYD�7RS�
6&�
�

6800$5<��
$=2;<6752%,1���',)(12&21$=2/(��(;3(5,(1&(6�21�7+(�&21752/�������������������������������

2)�3($&2&.�21�2/,9(�
7KH� UHDG\�PL[WXUH� RI� GLIHQRFRQD]ROH� ���� J�/� DQG� D]R[\VWURELQ� ���� J�/� �2UWLYD� 7RS��6&�� LV� D�
IXQJLFLGH�XVHG�IRU�WKH�FRQWURO�RI�PDQ\�YHJHWDEOH�GLVHDVHV��7KH�UHVXOWV�RI�ILHOG�H[SHULPHQWDO�WULDOV��
FDUULHG�RXW�RQ�SHDFRFN�H\H� �6SLORFDHD�ROHDJLQHD�� LQ�RUGHU� WR�H[WHQG� WKH� ODEHO�RI�2UWLYD�7RS�6&�
DJDLQVW�ROLYH�OHDI�GLVHDVHV�DUH�UHSRUWHG�LQ�WKLV�DUWLFOH��7KH�REMHFWLYHV�RI�WKHVH�WULDOV�ZHUH�����WR�GHILQH�
WKH�VHOHFWLYLW\�RQ�ROLYH�WUHH�����WR�SURYH�WKH�KLJKHU�HIIHFWLYHQHVV�RI�WKH�UHDG\�PL[�FRPSDUHG�WR�WKH�
VLQJOH�DFWLYH�VXEVWDQFHV�DQG����WR�FRPSDUH�WKH�HIILFDF\�ZLWK�UHVSHFW�WR�WKH�PDLQ�UHIHUHQFH�SURGXFWV��
7KH�WULDOV�ZHUH�FRQGXFWHG�LQ�ILHOG�GXULQJ�����������LQ�,WDO\��6SDLQ��*UHHFH�DQG�3RUWXJDO�IRU�WKH�
FRQWURO�RI�6��ROHDJLQHD�ZLWK�RQH�IROLDU�DSSOLFDWLRQ�LQ�SUH�IORZHULQJ��7KH�KLJK�HIILFDF\�RI�WKH�PL[WXUH�
EDVHG�RQ�GLIHQRFRQD]ROH�DQG�D]R[\VWURELQ�DQG�WKH�WRWDO�VHOHFWLYLW\�RQ�ROLYH�WUHH�ZHUH�SURYHG�LQ�WKH�
VWXG\��7KH�PL[WXUH�WKHUHIRUH�UHSUHVHQWV�D�SRVVLEOH�VXEVWLWXWH�IRU�FRSSHU�EDVHG�SURGXFWV���
.H\ZRUGV��)XVLFODGLXP�ROHDJLQHXP��6SLORFDHD�ROHDJLQHD��&\FORFRQLXP�ROHDJLQXP��2UWLYD�7RS�6&�
�

,1752'8=,21(�
���/¶RFFKLR�GL�SDYRQH��6SLORFDHD�ROHDJLQHD��q�OD�PDODWWLD�IRJOLDUH�SL��LPSRUWDQWH�GHOO
ROLYR��GLIIXVD�

LQ�TXDVL�WXWWH�OH�UHJLRQL�ROLYLFROH�GHOOD�IDVFLD�PHGLWHUUDQHD���
���/D�PDODWWLD�VL�HYLGHQ]LD�VXOOD�VXSHUILFH�GHOOD�IRJOLD�FDXVDQGR�OHVLRQL�QHFURWLFKH�FLUFRODUL�VSHVVR�

FLUFRQGDWH�GD�DORQL�FORURWLFL��GD�TXL�LO�QRPH�FRPXQH�GL�RFFKLR�GL�SDYRQH���7DOL�OHVLRQL�FDXVDQR�XQD�
SUHPDWXUD�FDGXWD�GHOOH�IRJOLH�H�LQIH]LRQL�JUDYL��ROWUH�FKH�ULGXUUH�OD�FDSDFLWj�IRWRVLQWHWLFD��SRVVRQR�



 

 

SRUWDUH�DO�GLVVHFFDPHQWR�GHL�UDPL�H�DOO¶LQGHEROLPHQWR�GHOO¶LQWHUD�SLDQWD�FRQ�FRQVHJXHQWH�SHUGLWD�GL�
SURGX]LRQH��
���,O�FRQWUROOR�FKLPLFR��DG�RJJL�FRQGRWWR�SUHYDOHQWHPHQWH�FRQ�SURGRWWL�D�EDVH�GL�UDPH�� SUHYHGH�

WUDWWDPHQWL� SUHYHQWLYL� DOO¶LQL]LR� GHOOD� IDVH� GL� D� ULVFKLR� GL� LQIH]LRQH� SULPDULD�� FKH� JHQHUDOPHQWH�
DYYLHQH�FRQ�OH�SLRJJH�SULPDYHULOL��D�ULGRVVR�GHOOD�ILRULWXUD��7UD�L�IXQJLFLGL�DWWL�DO�FRQWHQLPHQWR�GL�6��
ROHDJLQHD��QHO�SUHVHQWH�GRFXPHQWR�VDUDQQR�HVDPLQDWH�OH�SURYH�GL�FDPSR�HIIHWWXDWH�FRQ�2UWLYD�7RS��
6&�� PLVFHOD� GL� GLIHQRFRQD]ROR� ���� J�/� H� D]R[\VWURELQ� ���� J�/�� XWLOL]]DWR� SHU� OD� ORWWD� FRQWUR�
QXPHURVH� PDODWWLH� IXQJLQH� GHOOH� FROWXUH� RUWLFROH�� $]R[\VWURELQ� q� XQ� IXQJLFLGD� VLVWHPLFR��
WUDQVODPLQDUH�DSSDUWHQHQWH�DOOD�IDPLJOLD�GHOOH�VWURELOXULQH��'RWDWR�GL�DPSLR�VSHWWUR�G¶D]LRQH��q�DWWLYR�
QHL� FRQIURQWL� GL� 'HXWHURP\FHWHV�� %DVLGLRP\FHWHV�� $VFRP\FHWHV� HG� 2RP\FHWHV�� $]R[\VWURELQ�
LQLELVFH�OD�JHUPLQD]LRQH�GHOOH�VSRUH�H�OR�VYLOXSSR�GHO�WXEXOR�SHU�TXHVWR�q�PDJJLRUPHQWH�HIILFDFH�VH�
DSSOLFDWR�DOO¶LQL]LR�GHOOH�IDVL�LQIHWWLYH��PD�q�DOWUHVu�HIILFDFH�QHOO¶LQLEL]LRQH�GHOOD�FUHVFLWD�PLFHOLDOH�H�
GHOOD�VSRUXOD]LRQH��'LIHQRFRQD]ROR�q�XQ�IXQJLFLGD�VLVWHPLFR�DSSDUWHQHQWH�DOOD�IDPLJOLD�GHL�WULD]ROL�
GRWDWR� GL� XQD� VSLFFDWD� DWWLYLWj� SUHYHQWLYD� H� FXUDWLYD�� 3UHVHQWD� XQ� DPSLR� VSHWWUR� G
D]LRQH�
FRPSUHQGHQGR� GHXWHURPLFHWL�� EDVLGLRPLFHWL� H� DVFRPLFHWL�� ,O�PHFFDQLVPR� G
D]LRQH� VL� HVSOLFD� FRQ�
O
LQLEL]LRQH�GHOO
HQ]LPD�&���GHPHWLODVL�QHOOD�VLQWHVL�GHOO
HUJRVWHUROR��'LYHUVL�VWXGL�KDQQR�GLPRVWUDWR�
FRPH� GLIHQRFRQD]ROR�� VRVWDQ]D� DWWLYD� VYLOXSSDWD� GD� 6\QJHQWD�� LQLELVFD� VLJQLILFDWLYDPHQWH� OR�
VYLOXSSR�VXE�FXWLFRODUH�LQ�VYDULDWL�IXQJKL��SUHYHQHQGRQH�O¶HYDVLRQH��
���/H�VLQJROH�VRVWDQ]H�DWWLYH�FRQWHQXWH�LQ�2UWLYD�7RS�6&��FRQWUROODQR�QXPHURVH�PDODWWLH�IXQJLQH��

HG�D�VHJXLWR�GL�SURYH�SUHOLPLQDUL�LQ�VHPL�FDPSR��6\QJHQWD�KD�FRQGRWWR�SURYH�GL�SLHQR�FDPSR�YROWH�
DG�RWWHQHUQH�OD�UHJLVWUD]LRQH�VX�ROLYR�SHU�LO�FRQWUROOR�GL�6��ROHDJLQHD���
���2ELHWWLYR�GL�TXHVWR�ODYRUR�q�TXHOOR�GL�GLPRVWUDUH�O
HIILFDFLD�GL�2UWLYD�7RS�6&�QHO�FRQWUROOR�GL�

6SLORFDHD�ROHDJLQHD�FRQ�DSSOLFD]LRQL�IRJOLDUL�LQ�SUH�ILRULWXUD��QRQFKp�OD�VXD�WRWDOH�VHOHWWLYLWj�VX�ROLYR���
�

0$7(5,$/,�(�0(72',��
/H� SURYH� VSHULPHQWDOL� VRQR� VWDWH� FRQGRWWH� VX� ROLYR�� GDO� &HQWUR� GL� VDJJLR� GL� 6\QJHQWD� &URS�

3URWHFWLRQ�H�GD�LVWLWXWL�GL�ULFHUFD�H�VSHULPHQWD]LRQH�DFFUHGLWDWL�LQ�,WDOLD��6SDJQD��*UHFLD�H�3RUWRJDOOR��
/
HIILFDFLD�H�OD�VHOHWWLYLWj�GHO�SURGRWWR�VRQR�VWDWH�YDOXWDWH�LQ�DXWXQQR�D�VHJXLWR�GL�XQ�DSSOLFD]LRQH�
IRJOLDUH�HVHJXLWD�LQ�SUH�ILRULWXUD��VX�GLIIHUHQWL�YDULHWj�GL�ROLYR�GD�ROLR�H�GD�WDYROD��3HU�O¶HVHFX]LRQH�
GHOOH�SURYH�VRQR�VWDWH�VHJXLWH�OH�OLQHH�JXLGD�(332�2(33�RYH�GLVSRQLELOL��,O�GLVHJQR�VSHULPHQWDOH�
SUHYHGHYD�SDUFHOOH�GLVSRVWH�VHFRQGR�OR�VFKHPD�D�EORFFKL�UDQGRPL]]DWL��FRQ�TXDWWUR�ULSHWL]LRQL�SHU�
RJQL�WHVL��1HOOH�SURYH��ROWUH�DO�WHVWLPRQH�QRQ�WUDWWDWR�VRQR�VWDWL�VHPSUH�LQVHULWL�XQR�R�SL��SURGRWWL�
VWDQGDUG�GL�ULIHULPHQWR��UDPHLFL��PLVFHOH�GL�WULD]ROL�H�VWURELOXULQH��WULD]ROL�R�VWURELOXULQH�VLQJROL���,O�
WUDWWDPHQWR�q�VWDWR�HIIHWWXDWR�LQ�IDVH�GL�SUH�ILRULWXUD��GLVWULEXHQGR�LO�SURGRWWR�FRQ�SRPSD�D�VSDOOD�D�
PRWRUH�FRQ�YROXPL�GL�DFTXD�GL������/�KD��3HU�L�ULOLHYL��HIIHWWXDWL�LQ�WDUGR�DXWXQQR�D�ULGRVVR�GHOOD�
UDFFROWD��VL�q�SURFHGXWR�D�FRQWHJJLDUH�OD�SHUFHQWXDOH�GL�IRJOLH�FROSLWH��LQFLGHQ]D��H�OD�SHUFHQWXDOH�GL�
VXSHUILFLH�IRJOLDUH�FRSHUWD�GDOOD�PDODWWLD��VHYHULWj��VX�����IRJOLH��,Q�WDOXQL�FDVL��SHU�UHQGHUH�YLVLELOL�
OH�PDFFKLH�ODWHQWL�VXOOH�IRJOLH��VL�VRQR�LPPHUVH�OH�IRJOLH�LQ�XQD�VROX]LRQH�GL�1D2+����SHU�SRFKL�
PLQXWL��GRSRGLFKp�VL�q�SURFHGXWR�FRQ�OD�FRQVXHWD�YDOXWD]LRQH��/R�VFRSR�GHOOH�SURYH�HUD�FRQIHUPDUH�
OD� GRVH� HIILFDFH�� SDUL� D� �� /�KD�� FRPSDUDQGROD� FRQ� JOL� VWDQGDUG� GL� PHUFDWR� H� PRVWUDUH� OD� WRWDOH�
VHOHWWLYLWj�QHL�FRQIURQWL�GL�ROLYR��,�ULVXOWDWL�RWWHQXWL�GHOOH�VLQJROH�SURYH�VRQR�VWDWL�VRWWRSRVWL�DG�DQDOLVL�
GHOOD�YDULDQ]D�H�FRQIURQWDWL�FRQ�LO�WHVW�GL�6WXGHQW�1HZPDQQ�.HXOV��61.��FRQ�S��������
���1HOOH�WDEHOOH�UHODWLYH�DL�ULVXOWDWL��VRQR�VWDWH�LQVHULWH�OH�WHVL�SL��UDSSUHVHQWDWLYH��SHU�FXL�OH�OHWWHUH�

LQGLFDQWL�OD�VLJQLILFDWLYLWj�VWDWLVWLFD�SRVVRQR�ULVXOWDUH�QRQ�FRQWLJXH��
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���,�SURGRWWL�XWLOL]]DWL�QHOOH�SURYH�VRQR�ULSRUWDWL�LQ�WDEHOOD����
�
7DEHOOD����3URGRWWL�XWLOL]]DWL�QHOOH�SURYH�
1RPH�
FRPPHUFLDOH� 6RVWDQ]H�DWWLYH� &RQFHQWUD]LRQH� )RUPXOD]LRQH� 'RVH�KD�

)OLQW� 7ULIOR[\VWURELQ� ������S�S�� :*� ����NJ�

)OLQW�PD[� 7ULIOR[\VWURELQ���
WHEXFRQD]ROR�

������S�S� 
������S�S�� *5� ����NJ�

&XSURFRO� 5DPH�RVVLFORUXUR�� ������S�S�� 6&� �����NJ�
2UWLYD� $]R[R\VWURELQ� ����J�/��S�Y�� 6&� ����/�
6FRUH����(&� 'LIHQRFRQD]ROR� ����J�/��S�Y�� (&� ����/�

2UWLYD�7RS�6&� $]R[\VWURELQ���
GLIHQRFRQD]ROR�

����J�/��S�Y��
����J�/��S�Y�� 6&� ��/�

 
5,68/7$7,�(�',6&866,21(�

���6RQR�ULSRUWDWL�L�ULVXOWDWL�GL�XQD�VHULH�GL�SURYH�VSHULPHQWDOL�������������HVHJXLWH�LQ�,WDOLD��6SDJQD��
*UHFLD�H�3RUWRJDOOR�VX�ROLYR�SHU�LO�FRQWUROOR�GL�6SLORFDHD�ROHDJLQHD��
�
3URYH�FRPSDUDWLYH�FRQ�VWDQGDUG�GL�PHUFDWR�H�FRQ�OH�VLQJROH�VRVWDQ]H�DWWLYH�IRUPDQWL�OD�PLVFHOD�
���,�SURGRWWL�VRQR�VWDWL�DSSOLFDWL�VX�ROLYR�LQ�SUHILRULWXUD�VX�WXWWD�O
DUHD�IRJOLDUH��
�

7DEHOOD����2OLYR��TXDGUR�VLQRWWLFR�GL�QRYH�SURYH�VLJQLILFDWLYH�FRQGRWWH�VX�ROLYR�QHO�ELHQQLR���������
/RFDOLWj�SURYD� 9DULHWj�

6SDJQD��� 0DQ]DQLOOD�
6SDJQD��� 0DQ]DQLOOD�

0RUUR�'
RUR��7(�� &DUROHD�
0DQFLDQR��*5�� /HFFLQR�
)RJJLD��)*�� )UDQWRLR�
*UHFLD��� .DODPRQ�
*UHFLD��� .RURQHLNL�
*UHFLD��� &KDONLGLNLV�
*UHFLD��� .DODPRQ�

 

 



 

 

7DEHOOD�������������2OLYR��HIILFDFLD�GL�D]R[\VWURELQ���GLIHQRFRQD]ROR��2UWLYD�7RS�6&��QHO�FRQWUROOR�
GL�6SLORFDHD�ROHDJLQHD��3HUFHQWXDOH�GL�ULGX]LRQH��$EERWW��GHOOD�VXSHUILFLH�IRJOLDUH�DWWDFFDWD��HVSUHVVL�
LQ���QHO�WHVWLPRQH��

7HVL�3ULQFLSLR�DWWLYR�

'RVH�
IRUPXODWR�
J�R�P/�
�K/�

6SDJQD�� 6SDJQD�� 0RUUR�
'
RUR��7(��

0DQFLDQR�
�*5��

)RJJLD�
�)*��

��HIILFDFLD��
�6HYHULWj����

��HIILFDFLD��
�6HYHULWj���

��HIILFDFLD��
�6HYHULWj���

��HIILFDFLD��
�6HYHULWj���

��HIILFDFLD��
�6HYHULWj���

7HVWLPRQH�QRQ�WUDWWDWR� �� �������D� �������D� �������D� �������D� �������D�

$]R[\VWURELQ�������
GLIHQRFRQD]ROR������ ���� �����F� �����E� �����G� �����F� �����F�

$]R[\VWURELQ����� ��� �����E� �����E� �����EF� �����E� �����E�

'LIHQRFRQD]ROR����� ��� �����E� �����E� �����E� �����E� �����EF�

5DPH�RVVLFORUXUR���6&�� ���� �����E� �����E� �����FG� �����F� �����EF�

7HEXFRQD]ROR������
WULIOR[\VWURELQ�����R�
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