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��� 8YRG

6LVWHPH� 776� ODKNR� L]SRVWDYLPR� NRW� RGORþLOQR
WHKQRORJLMR� Y� LQWHUDNWLYQLK� JRYRUQLK� VLVWHPLK� LQ� NRW
QHSRJUHãOMLY� JUDGQLN� Y� QDVOHGQML� JHQHUDFLML� VLVWHPRY
JRYRUQHJD� GLDORJD� �(GJLQJWRQ�� ������� ýH� SRVWRSHN
VDPRGHMQHJD� WYRUMHQMD� JRYRUD� L]� EHVHGLO� UD]þOHQLPR� QD
GYD� JODYQD� SURFHVD� ±� QDUDYQR� REGHODYR� EHVHGLOD�� NMHU
EHVHGLOR�SUHYHGHPR�Y� XVWUH]HQ� IRQHWLþQL�SUHSLV�� VNXSDM� ]
åHOHQR� LQWRQDFLMR� LQ� ULWPRP�� WHU� GLJLWDOQR� REGHODYR
VLJQDORY��NMHU�SUHMHWR�VLPEROLþQR�LQIRUPDFLMR�SUHVOLNDPR�Y
JRYRU� �*URV�� ������ ±� ]DY]HPD� SUR]RGLMD� SRPHPEQHMãR
YORJR�WDNR�Y�SUYHP�NRW�GUXJHP�SURFHVX�

9� VSORãQHP� ODKNR� SRMHP� SUR]RGLMH� UD]þOHQLPR� QD
VHJPHQWQR� LQ� QDGVHJPHQWQR�� )RUPDOQR� EL� ODKNR
SUR]RGLþQR� VWUXNWXUR� RSLVDOL� NRW� KLHUDUKLþQR�� 1DMPDQMãH
HQRWH� Y� WHM� KLHUDUKLML� SUHGVWDYOMDMR� LQWHUQH� NRPSRQHQWH
]ORJRY��QSU��JODVRYL���QDMYHþMH�HQRWH�SD�VR�VHJPHQWL��QSU�
VWDYNL�� SRYHGL�� RGVWDYNL�� �6HONLUN�� ������ +D\HV�� ������
3RMHP� VLPEROLþQH� SUR]RGLMH� SRYH]XMHPR� ]
QDGVHJPHQWQLPL� SUR]RGLþQLPL� ODVWQRVWPL�� 9� VNODGX� ]
MH]LNRVORYQR� WUDGLFLMR� VH� QDQDãD� SRMHP� VLPEROLþQH
SUR]RGLMH�QD�JRYRUQH�]QDþLOQRVWL��NL�VH�QH�QDQDãDMR�QD�HQ
VDP� IRQHWLþQL� VHJPHQW�� JODV�� WHPYHþ� QD� YHþMH� HQRWH�� NL
YNOMXþXMHMR� YHþ� IRQHWLþQLK� VHJPHQWRY�� NRW� VR� EHVHGH�
IUD]H�� VWDYNL� DOL� FHOR� YHþML� RGVHNL� JRYRUMHQHJD� EHVHGLOD�
=DWR� R� SUR]RGLþQLK� ODVWQRVWLK� JRYRUD� SRJRVWR� JRYRULPR
NRW�R�QDGVHJPHQWQLK�SUR]RGLþQLK� ODVWQRVWLK� �*URV�������
7HNRþL� JRYRU� VWUXNWXULUDMR� Y� SUR]RGLþQH� IUD]H�� MDNRVWQH
L]UD]LWRVWL�Y�SRYHGL� LQ� LQWRQDFLMVNR�JODYR��=D]QDYDPR� MLK
NRW��QDJODV��VSUHPHPER�Y�LQWRQDFLML��ULWHP�LQ�JODVQRVW�

'RPHQD� L]EROMãDQMD� QDSRYHGRYDQMD� VLPEROLþQH
SUR]RGLMH� RVWDMD� HGHQ� YHþMLK� L]]LYRY� VLVWHPRY� 776�
3ULVWRSL�PRGHOLUDQMD�SUR]RGLMH��NL� VH�XSRUDEOMDMR�Y�YHþLQL
VLVWHPRY�]D�776�� VR�SRQDYDGL�SUHSURVWL��6LVWHPL�776��NL
SRGSLUDMR� QDSUHGQR� PRGHOLUDQMH� LQWRQDFLMH�� ULWPD� LQ

SRXGDUMHQRVWL� EHVHG� NDU� VH� GD� YHURGRVWRMQR�� VR� UHGNL�� âH
EROM� UHGNL� VR� VLVWHPL�� NL� YNOMXþXMHMR� XVWUH]QH� PRGXODFLMH
RVQRYQH�KDUPRQVNH�IUHNYHQFH��I���QD�EHVHGQL�UDYQL��*URV�
������

9LVRNRNDNRYRVWQR� VLQWH]R� JRYRUD� SRJRMXMH� XVWUH]QR
PRGHOLUDQMH�SUR]RGLMH� ]D�GRORþDQMH� VWUXNWXUH� SUR]RGLþQLK
IUD]�� LGHQWLILNDFLMR� MDNRVWQLK� L]UD]LWRVWL� Y� IUD]DK� LQ
GRORþDQMH�WUDMDQMD�SRVDPH]QLK�IRQHPRY��9HUHHFNHQ�HW�DO��
������� +NUDWL� PRUDPR� L]SRVWDYLWL� GHMVWYR�� GD� MH
PRGHOLUDQMH� SUR]RGLMH� ]HOR� NRPSOHNVHQ� SURFHV�� 'HMVWYR�
GD� VH� MH� EROMH� L]RJQLWL� PRGHOLUDQMX� SUR]RGLMH�� NRW� SD� MR
PRGHOLUDWL�VODER��7HUNHQ���������QDV�MH�YRGLOR�K�NRQFHSWX
YHþQLYRMVNHJD� �KLHUDUKLþQHJD�� SULVWRSD� PRGHOLUDQMD
SUR]RGLMH� ±� ORþHQR� QD� VHJPHQWQHP� LQ� QDGVHJPHQWQHP
QLYRMX�� 9� QDGDOMHYDQMX� ERPR� SUHGVWDYLOL� GHO� SRVWRSND
PRGHOLUDQMD� QD� QDGVHJPHQWQHP� QLYRMX�� NL� VH� QDQDãD� QD
QDSRYHGRYDQMH�SUR]RGLþQLK�PHM�

��� 0RGHOLUDQMH�VLPEROLþQH�SUR]RGLMH
3UL� WYRUMHQMX� VLPEROLþQH� SUR]RGLMH� VWD� RELþDMQD� GYD

SULVWRSD��)DFNUHOO��������
-� SULVWRS� REOLNRYDQMD� MH]LNRYQHJD� PRGHOD� ]

OLQJYLVWLþQLP� HNVSHUWQLP� ]QDQMHP� LQ� URþQLP
PRGHOLUDQMHP��NL�SRJRMXMH� WDNR�HNVSHUWQR�]QDQMH�NRW
WRJRVW�PRGHOD��YH]DQHJD�QD� VSHFLILþQL� MH]LN� LQ� FLOMQR
SURFHVLUDQMH��WHU

-� SULVWRS�V� VDPRGHMQLPL� WHKQLNDPL�XþHQMD�]�XVWUH]QLPL
SRGDWNRYQLPL� ED]DPL�� NL� SUHGVWDYOMDMR� WHPHOM
SRGDWNRYQR� YRGHQLP� SULVWRSRP�� 6OHGQMH� RGOLNXMHWD
SRWHQFLDO� KLWUHJD� UD]YRMD� PRGHORY� LQ� MH]LNRYQD
QHRGYLVQRVW�±�SRGSRUD�YHþMH]LþQRVWL�
3RVWRSNL� SRGDWNRYQR� YRGHQLK� SULVWRSRY� PRGHOLUDQMD

VLPEROLþQH� SUR]RGLMH�� NL� SUHGVWDYOMDMR� HQHJD� NOMXþQLK
JUDGQLNRY� VRGREQLK� VLVWHPRY� 776�� SRJRMXMHMR� XVWUH]QR
EHVHGLOQR� ]ELUNR�� 9� VSORãQHP� JRYRULPR� Y� NRQWHNVWX
VLPEROLþQH� SUR]RGLMH� R� R]QDþHYDQMX� SUR]RGLþQLK� PHM



�þOHQLWHY� EHVHGLOD� QD� IUD]H�� LQ� R]QDþHYDQMX� MDNRVWQLK
L]UD]LWRVWL�Y�SRYHGL��7RSRULãLþ��������

3RVWRSHN� SRGDWNRYQR� YRGHQHJD� SULVWRSD� PRGHOLUDQMD
VLPEROLþQH�SUR]RGLMH�ODKNR�UD]þOHQLPR�QD�
-� NRUDN� GRORþDQMD� DEVWUDNWQHJD� VLPEROLþQHJD� RSLVD� QD

RVQRYL� DNXVWLþQH� VWUXNWXUH� SRYHGL� R]�� PDQMãLK
VHJPHQWRY� �VDPRGHMQR�URþQR��� ODKNR� WXGL� ]
XSRãWHYDQMHP� VNODGHQMVNH� VWUXNWXUH� SRYHGL� �QSU�
)ODFK��������0LKHOLþ��������

-� NRUDN� QDSRYHGRYDQMD� VLPEROLþQLK� ]QDþQLF�� L]ORþHQLK
L]� VDPRGHMQR�URþQR�R]QDþHQH�EHVHGLOQH� ]ELUNH� ]� HQR
RG� WHKQLN� VDPRGHMQHJD�XþHQMD� �QSU��0DOIUHUH��������
LQ

-� NRUDN� SUHVOLNDYH� VLPEROLþQHJD� QL]D� ]QDþQLF� Y
DNXVWLþQR� LQWHUSUHWDFLMR�� QSU�� V� VXSHUSRQLUDQMHP
GREOMHQH� SUR]RGLþQH� KLHUDUKLMH� PLNURSUR]RGLþQHPX
MHGUX��PRGHOLUDQMH� WUDMDQMD� IRQHPRY��SRWHND�RVQRYQH
KDUPRQVNH� IUHNYHQFH� SRVDPH]QLK� VHJPHQWRY� WHU
JOREDOQH�LQWRQDFLMVNH�NULYXOMH�SRYHGL�]�XSRãWHYDQMHP
MDNRVWQH� L]UD]LWRVWL� EHVHG� LQ� WUDMDQMD� SUHPRURY� PHG
IUD]DPL���6WHUJDU��������

��� 3RGDWNRYQR�YRGHQL�SULVWRS

3RGDWNRYQR� YRGHQH� WHKQLNH� SRJRMXMHMR� ]DVQRYR
REVHåQH�EHVHGLOQH�]ELUNH��NL�MR�PRUDPR�YHþLQRPD�R]QDþLWL
URþQR�� 3URFHV� R]QDþHYDQMD� EHVHGLOQH� ]ELUNH� MH� L]MHPQR
REVHåHQ� LQ� ]DKWHYD� VSHFLILþQR� HNVSHUWQR� ]QDQMH
R]QDþHYDOFHY�� KNUDWL� SD� SRJRMXMH� QHNRQVLVWHQWQRVW� SUL
R]QDþHYDQMX� �YHOLNRNUDW� MH� ]D� R]QDþHYDQMH� REVHåQH
EHVHGLOQH�]ELUNH�SRWUHEQLK�YHþ�HNVSHUWRY���1HQD]DGQMH� MH
SURFHV�URþQHJD�R]QDþHYDQMD�VNUDMQR�]DPXGHQ�LQ�GUDJ��NDU
SUHGVWDYOMD� RYLUR� SUL� KLWUL� DGDSWDFLML� VLVWHPD� 776� QD
SUR]RGLþQH�]QDþLOQRVWL�JRYRUFD�R]��VSHFLILþHQ�MH]LN�

=DUDGL� Y� SUHGKRGQHP� RGVWDYNX� RPHQMHQH
SUREOHPDWLNH� MH� Y� OLWHUDWXUL� YVH� YHþ� VXJHVWLM� SULVWRSRY
R]QDþHYDQMD� EHVHGLOQLK� ]ELUN� V� VDPRGHMQLPL� SRVWRSNL
�9HUHHFNHQ�HW�DO���������0DOIUHUH�HW�DO����������.OMXE�WHPX
SD�DYWRUML�RSR]DUMDMR��GD�MH�SRWUHEQR�]DUDGL�GRVOHGQRVWL�SUL
R]QDþHYDQMX�SUHJOHGDWL�R]QDþHQL�PDWHULDO�LQ�JD�SR�SRWUHEL
GRSROQLWL�� =� XVWUH]QLPL� SRVWRSNL� SUL� R]QDþHYDQMX� �QSU�
XSRUDER� VSHFLILþQHJD� RURGMD� ]D� R]QDþHYDQMH�� VH
NRQVLVWHQWQRVW� R]QDþHYDQMD� SRYHþD�� þDVRYQL� REVHJ
R]QDþHYDQMD�SD�ELVWYHQR�]PDQMãD��6WHUJDU��������

����� 8SRUDEOMHQD�EHVHGLOQD�]ELUND
8SRUDELOL� VPR� EHVHGLOQR� ]ELUNR�� ]DVQRYDQR� ]D

NRQNDWHQDWLYQR� VLQWH]R� VORYHQVNHJD� MH]LND� �5RMF�� �����
6WHUJDU�� �������%HVHGLOQD� ]ELUND� MH� SRVQHWD� Y� VWXGLMVNHP
RNROMX�LQ�REVHJD�SULEO����XUH�EUDQHJD�VORYHQVNHJD�JRYRUD
�SULEO�� ����� SRYHGL��� 3RYHGL� VR� QRUPLUDQH� LQ� YVHEXMHMR
IRQHPVNL�SUHSLV��WUDQVNULSFLMR�JODVRY���9VH�VR�ELOH�L]EUDQH
L]� REVHåQH� EHVHGLOQH� ]ELUNH� �SULEO� �� PLOLMRQD� SRYHGL�
]DMHWH� L]� OLWHUDWXUH� LQ� GQHYQHJD� þDVRSLVMD� Y� HOHNWURQVNL
REOLNL�� YHþLQRPD� Y� SRYHGQHP� QDNORQX�� 3RYHGL�� NL
REVHJDMR� PHG� ��� LQ� ��� EHVHG� MH� L]ROLUDQR� LQWHUSUHWLUDO
SURIHVLRQDOQL� UDGLMVNL� QDSRYHGRYDOHF��9HþLQD�SRYHGL� MH� Y
SRYHGQHP�QDNORQX�]�GLQDPLþQR�LQWHUSUHWDFLMR�SUR]RGLMH�

2EOLNRVORYQR� DQDOL]R� SRYHGL� Y� EHVHGLOQL� ]ELUNL� VPR
L]YHGOL�URþQR��326���8SRUDELOL�VPR�QDVOHGQMH�R]QDNH�

��� 68%67� ]D� VDPRVWDOQLãNH� EHVHGH� ]� L]MHPR
VDPRVWDOQLãNLK�]DLPNRY

��� 9(5%�]D�JODJROH
��� $'-�]D�SULGHYQLNH

��� $'9�]D�SULVORYH
��� 180�]D�YVH�YUVWH�ãWHYQLNRY
��� 3521�]D�]DLPNH��VDPRVWDOQLãNH�LQ�SULGHYQLãNH�
��� 35('�]D�SRYHGNRYQLN
��� 35(3�]D�SUHGORJH
��� &21-�]D�YH]QLNH
���� 3$57�]D�þOHQNH
���� ,17�]D�PHGPHWH
���� (381&�]D�NRQþQD�ORþLOD�WHU���LQ��
���� ,381&�]D�YVD�RVWDOD�ORþLOD

����� 2]QDþHYDQMH�SUR]RGLþQLK�PHM
9�VSORãQHP�VH�XSRUDEOMDWD�]D�R]QDþHYDQMH�SUR]RGLþQLK

PHM�GYD�QDERUD�]QDþQLF��6WHUJDU��������
-� QDERU� ]D� R]QDþHYDQMH� VNODGHQMVNLK� SUR]RGLþQLK

PHM��VLQWDNWLþQR�SUR]RGLþQLK�PHM��LQ
-� QDERU�]D�R]QDþHYDQMH� DNXVWLþQLK�SUR]RGLþQLK�PHM

�SUR]RGLþQLK�PHM��

5D]LVNDYH� NDåHMR�� GD� VR� VLQWDNWLþQR�SUR]RGLþQH� PHMH
SRGPQRåLFD�SUR]RGLþQLK�LQ�SRQDYDGL�]�QMLPL�QH�VRYSDGDMR
R]��SRNULYDMR�OH�GHO�SUR]RGLþQLK�PHM��7HUNHQ��������)ODFK�
������� 1DQMH� YSOLYDWD� UD]HQ� VNODGQMH� WXGL� ULWHP� LQ
VSHFLILþHQ� VORJ� LQWHUSUHWDFLMH� JRYRUFD�� =D� EUDQR
DQJOHãþLQR�SRNULYDMR�VLQWDNWLþQR�SUR]RGLþQH�PHMH�]JROM���
��SUR]RGLþQLK�PHM��)ODFK��������

9� SUYL� ID]L� R]QDþHYDQMD� SUR]RGLþQLK� PHM� Y� EHVHGLOQL
]ELUNL�VPR�L]�Y�SUHGKRGQHP�RGVWDYNX�QDYHGHQLK�UD]ORJRY
SULVWRSLOL� N� R]QDþHYDQMX� QD� RVQRYL� DNXVWLþQLK
SRND]DWHOMHY�

������� 1DERU�]QDþQLF�]D�R]QDþHYDQMH�SUR]RGLþQLK�PHM
,QYHQWDU� ]QDþQLF� ]D� R]QDþHYDQMH� SUR]RGLþQLK� PHM� ±

SUR]RGLþQLK� ]QDþQLF� ±� VPR� ]DVQRYDOL� QD� REVWRMHþLK
LQYHQWDUMLK� �.RPSH�� ������ 6,������ ������0LKHOLþ�� �����
%DWOLQHU���������'HILQLUDOL�VPR�QDVOHGQMH�]QDþQLFH�

-� %�� RPHMXMH� ]DNOMXþHQH�� SRXGDUMHQH� IUD]H�� .RW
SRXGDUMHQR� IUD]R� VPR� R]QDþLOL� VNXSLQR� EHVHG�� RG
NDWHULK� QRVL� YVDM� HQD� SULPDUQL� QDJODV� �QRUPDOQR
QDJODãHQD� EHVHGD��� =QDþQLFD� %�� PRUD� ELWL� SR
GHILQLFLML� GYRWRQVND� �ELWRQDOQD��� VDM� MR� PRUDWD
VHVWDYOMDWL� IUD]QL� SRXGDUHN� LQ� PHMQL� WRQ�� 9HOLNRNUDW
R]QDþXMH�WXGL�PHMR��GRORþHQR�V�SUHPRURP�

-� %��QDVWRSD�]QRWUDM�IUD]��R]QDþHQLK�]�%���LQ�R]QDþXMH
SRGUREQHMãR� SUR]RGLþQR� SRGVWUXNWXUR� ±� SRGIUD]R�
3RGIUD]D� MH� LQWRQDFLMVNR� ãLENHMãD� NRW� QMHM� QDGOHåHþD
SUR]RGLþQD�VWUXNWXUD�

-� %�� R]QDþXMH� QHSUDYLOQR� þOHQMHQH� PHMH�� NL� QDVWDQHMR
]DUDGL� QHQDPHUQLK� SUHPRURY� SUL� L]JRYDUMDYL�
RNOHYDQMX�LSG��LQ�Y�ELVWYX�QLPDMR�ELVWYHQH�IXQNFLMH�Y
SUR]RGLþQL� VWUXNWXUL� �6,������ ������� =� %�� VPR
]DHQNUDW� R]QDþLOL� YVH� SUR]RGLþQH� PHMH�� NL� QLVR
R]QDþHQH�]�%���%��DOL�%��

-� %��]D�YVH�RVWDOH�PHMH�

������� 3RVWRSHN�GRORþDQMD�SUR]RGLþQLK�PHM
=D�GRORþDQMH�SUR]RGLþQLK�PHM� VPR�]DVQRYDOL�SRVHEQR

JUDILþQR� RURGMH� �6WHUJDU�� ������� %HVHGLOQR� ]ELUNR� VPR
R]QDþLOL�Y�GYHK�NRUDNLK��9�SUYHP�VPR�VDPRGHMQR�GRORþLOL
YVH� SUHPRUH�� SUL� þHPHU� VPR� XSRUDELOL� RURGMH� ]D
VHJPHQWLUDQMH� +7.�� 3UHPRUH� VPR� UD]YUãþDOL� JOHGH� QD
PHVWR�QDVWRSDQMD��]QRWUDM�SRYHGL�LQ�PHG�SRYHGPL��NRQþQD
ORþLOD��� 'ROåLQR� WUDMDQMD� SRVDPH]QLK� SUHPRURY� JOHGH� QD



VWDYþQR� VWUXNWXUR� ]DHQNUDW� QLVPR� DQDOL]LUDOL�� 9� GUXJHP
NRUDNX�VPR�URþQR�SRSUDYLOL�UD]YUãþHQH�SUR]RGLþQH�PHMH�LQ
EHVHGLOQR� ]ELUNR� GRSROQLOL� V� VLPEROLþQLPL� R]QDNDPL� ]D
SUR]RGLþQH�PHMH��NL�QLVR�SRJRMHQH�V�SUHPRUL� �ED]D�3%���
3UL�WHP�VPR�PHG�DNXVWLþQLPL�SRND]DWHOML�L]SRVWDYLOL�SRWHN
RVQRYQH� KDUPRQVNH� IUHNYHQFH�� 9� REHK� NRUDNLK� VPR
R]QDþLOL� SRORYLFR�EHVHGLOQH� ]ELUNH� �����SRYHGL�� �6WHUJDU�
������

��� 1DSRYHGRYDQMH�SUR]RGLþQLK�PHM
=D� QDSRYHGRYDQMH� VLPEROLþQH� SUR]RGLMH� VR� UD]ãLUMHQL

UD]OLþQL� SULVWRSL� QDSRYHGRYDQMD�� QSU�� QHYURQVNH� PUHåH�
SULNULWL� PRGHOL� 0DUNRYD�� ELQDUQD� RGORþLWYHQD� GUHYHVD
�%ODFN�� ������ )DFNUHOO�� ������� 9� QRYHMãLK� SRVNXVLK
QDSRYHGRYDQMD� SUR]RGLþQLK� ]QDþQLF� �0�OOHU�� ������ SD� MH
]D]QDYHQ� WUHQG� XSRUDEH� NRPSOHNVQHMãLK� VWUXNWXU
QHYURQVNLK�PUHå�

����� 8SRUDEOMHQD�DUKLWHNWXUD�QHYURQVNLK�PUHå
7HåDYD��V�NDWHUR�VH�VUHþXMHPR�SUL�XSRUDEL�YHþSODVWQLK

�HQD� SULNULWD� SODVW�� SHUFHSWURQRY� �0/3�� ]� YHOLNLPL
GLPHQ]LMDPL� YKRGQLK� YHNWRUMHY�� MH� QHXUDYQRWHåHQ� SUHWRN
LQIRUPDFLMH� PHG� SRYUDWQLPL� LQ� YKRGQLPL� SRGDWNL�
,QIRUPDFLMD�Y�YKRGQHP�YHNWRUMX�VH�]D�NODVLILNDFLMR�QDSDNH
QD� L]KRGX�SUHVOLND�SUHNR�SULNULWH�SODVWL� Y� ]JROM� HQR� VDPR
GLPHQ]LMR� �VSUHPHPEH� Y� YKRGQHP� YHNWRUMX� YHOLNLK
GLPHQ]LM�VH�]UFDOLMR�]JROM�Y�HQL�VDPL�YUHGQRVWL��

=� XSRUDEOMHQR� DUKLWHNWXUR� VPR� VH� VNXãDOL� L]RJQLWL
RPHQMHQHPX� SUREOHPX� WDNR�� GD� VPR� SURFHV� XþHQMD
UD]þOHQLOL�QD�GYD�NRUDND�±�NRUDN�ORþHQHJD�XþHQMD�PRGHORY
]D� SRVDPH]HQ� UD]UHG� �YVDND� ]QDþQLFD� ]D� R]QDþHYDQMH
SUR]RGLþQLK� PHM� SUHGVWDYOMD� SR� HQ� UD]UHG�� LQ� NRUDN
NODVLILNDFLMH� YHUMHWQRVWL� L]� UHNRQVWUXNFLMVNH� QDSDNH
SRVDPH]QLK�PRGHORY��6OLND����

����� 9KRGQL�SRGDWNL
.DWHUL� SDUDPHWUL� VR� UHOHYDQWQL� ]D� QDSRYHGRYDQMH
VLPEROLþQLK� ]QDþQLF�� RVWDMD� RGSUWR� YSUDãDQMH�� 8VWUH]HQ
L]ERU� ]QDþLON� ODKNR� ELVWYHQR� SULSRPRUH� N� XVSHãQRVWL
QDSRYHGRYDQMD��+LUVEHUJ��������2VWHQGRUI���������YHQGDU
MH� OH�WD� SRJRMHQ� ]� XVWUH]QLP� OLQJYLVWLþQLP� HNVSHUWQLP
]QDQMHP�� 1D� WDN� QDþLQ� GREOMHQD� PQRåLFD� ]QDþLON� SD� MH
ODKNR�RGYLVQD� WDNR�RG� MH]LND� LQ� WXGL� RG� FLOMQH� DSOLNDFLMH�
=QDþLONH�� NL� VH� UD]ãLUMHQR� XSRUDEOMDMR� LQ� VR� QDYLGH]
QHRGYLVQH� RG� MH]LND� LQ� FLOMQH� DSOLNDFLMH�� VR� REOLNRVORYQD
]DSRUHGMD� �QL]L� EHVHGQLK� YUVW��� GREOMHQD� ]� REOLNRVORYQR
DQDOL]R�SRYHGL��326���0�OOHU��������

9KRGQH�Y]RUFH�VPR�UD]YUVWLOL�Y�VLPHWULþQR�VWUXNWXUR�V
ãLULQR�QL]D����6OLND�����=D�REUDYQDYDQR�EHVHGR��]D�NDWHUR
åHOLPR�QDSRYHGDWL�SUR]RGLþQR�PHMR�LQ�VH�QDKDMD�Y�VUHGLQL
QL]D�� VPR� XSRãWHYDOL� OHYR� LQ� GHVQR� ]DSRUHGMH� EHVHGQLK
YUVW� GROåLQH� ��� 'ROåLQD� YKRGQHJD� YHNWRUMD� MH� GRORþHQD� V
ãLULQR� QL]D� LQ� REVHJRP� GHNODULUDQLK� EHVHGQLK� YUVW�� 9
QDãHP�SULPHUX� MH�YKRGQL�YHNWRU�P� � ������������ ���� 
�����P�MH�ãWHYLOR�QHYURQRY�Y�YKRGQL�SODVWL��

9UHGQRVWL�]D�SRVDPH]QR�EHVHGQR�YUVWR�VPR�]DNRGLUDOL
WHUQDUQR���� �DNWLYHQ�YKRG���� �QHYHOMDYHQ�YKRG� LQ�±�� 
QHDNWLYHQ�YKRG��

����� 6DPRGHMQR�DVRFLDWLYQD�QHYURQVND�PUHåD
$UKLWHNWXUD� ]D� NODVLILNDFLMR� QDSDNH� VDPRGHMQLK

DVRFLDWRUMHY� SRJRMXMH� ORþHQR� XþHQMH� ]D� YVDN� UD]UHG�� P�
GLPHQ]LRQDOQL� YKRGQL� YHNWRU� SUHVOLNDPR� Y� Q�
GLPHQ]LRQDOQL�YHNWRU�]��NMHU�MH�Q����P��1HYURQVNR�PUHåR
XþLPR�V�FLOMHP�þLP�EROMãH�DGDSWDFLMH�L]KRGQHJD�YHNWRUMD�[

QD�YKRGQL�YHNWRU�[��3RGDWNL�VR�Y�YPHVQL�SODVWL�QHYURQVNH
PUHåH� QDMSUHM� SUHGVWDYOMHQL� ]JRãþHQR� SUHNR� PDWULþQH
SUHVOLNDYH�Z�����

Q[P� LQ�QDWR� UD]UHGþHQR�Y� L]KRGQL�SODVWL
SUHNR� PDWULNH� Z�� ���

P[Q� �6OLND� ��� OHYR��� 8þLQNRYLWRVW
VWUXNWXUH� ODKNR� L]EROMãDPR� ]� GRGDWQR� SODVWMR� �]���� NL
SRYH]XMH�VUHGQMR��]JRãþHYDOQR�SODVW�]�L]KRGQR��1HXQHLHU�
������

3R� SUYHP� NRUDNX� XþHQMD� XSRUDELPR� ]D� YVDN
SRVDPH]HQ� UD]UHG� �VWRSQMD� ��� VWUXNWXUR� QHYURQVNLK� PUHå
]D� XJRWDYOMDQMH� UHNRQVWUXNFLMVNH� QDSDNH� H

UHF
� �6OLND� ��

GHVQR��� 1HJDWLYQD� HQRWLQD� PDWULND� ±LG� �� �P[P� LQ
NYDGUDWLþQD� DNWLYDFLMVND� IXQNFLMD� _�_�� Y� L]KRGQL� SODVWL
SUHGVWDYOMDWD� YHNWRU� UD]GDOMH� HUHF�  � �[
� �� [�

��� NL� SRGDMD
SRGUREQR� LQIRUPDFLMR� R� QDSDNL�� SRWUHEQL� ]D� XJRWDYOMDQMH
SULSDGQRVWL� GRORþHQHPX� UD]UHGX� SUR]RGLþQLK� ]QDþQLF� Y
NRUDNX�NODVLILNDFLMH��QSU��%��%����(NVSHULPHQWL�SRWUMXMHMR�
GD� ODKNR� ]� RPHQMHQR� DUKLWHNWXUR� L]ORþLPR� ]QDþLOQRVWL
UD]OLþQLK�UD]UHGRY�

6OLND����'YRVWRSHQMVND�DUKLWHNWXUD�]D�NODVLILNDFLMR
QDSDNH�VDPRGHMQLK�DVRFLDWRUMHY�

6OLND����3UHVOLNDYD�YKRGQH�LQIRUPDFLMH�Y�YKRGQR�SODVW
$$&�



��� 5H]XOWDWL
,]YHGOL� VPR� SRVNXV� XVSHãQRVWL� QDSRYHGRYDQMD

SUR]RGLþQLK� PHM� ]� XSRUDER� URþQR� GRSROQMHQH� LQ
SRSUDYOMHQH�ED]H�3%�� �UD]GHOHN� ��������3UR]RGLþQH�PHMH�
R]QDþHQH� ]� %��� VPR� GHILQLUDOL� NRW� SRPHPEQHMãH�
SUR]RGLþQH� PHMH� %�� SD� NRW� PDQM� SRPHPEQH� ]D
R]QDþHYDQMH� LQWRQDFLMVNR� ãLENHMãH� SUR]RGLþQH
SRGVWUXNWXUH� Y� SRYHGL� �UD]GHOHN� �������� 9� SRVNXVLK
QDSRYHGRYDQMD� SUR]RGLþQLK� PHM�� QDYHGHQLK� Y
QDGDOMHYDQMX� �7DEHOD� ���� ]DHQNUDW� QLVPR� REUDYQDYDOL
SUR]RGLþQLK�PHM�ORþHQR��%�� �%���

7DEHOD����8VSHãQRVW�QDSRYHGRYDQMD�]D�%�� �%��

SUR]RGLþQH�PHMH 3% 1% VSORãQR
%�� �%� ������� ������ �������

7DEHOD����0DWULND�]DPHQMDY�SUR]RGLþQLK�PHM�

]QDþQLFD�QDSRYHGDQD 3% 1% YVH�QDSRYHGDQH�PHMH
3% ��� ��� ���
1% �� ���� ����
YVH�PHMH�Y�ED]L ��� ����

=� R]QDNR� 3%� VPR� R]QDþLOL� YVH� SUDYLOQR� QDSRYHGDQH
SUR]RGLþQH� PHMH�� ]� 1%� VPR� R]QDþLOL� YVH� QHSUDYLOQR
QDSRYHGDQH� �QD� PHVWLK�� NMHU� QL� PHMH�� MH� ELOD� PHMD
QDSRYHGDQD�� �7DEHOD� ���� =D� NULWHULM� XVSHãQRVWL
QDSRYHGRYDQMD� SUR]RGLþQLK� PHM� VPR� XSRUDELOL� RGVWRWHN
SUDYLOQR� QDSRYHGDQLK� PHM�� RGVWRWHN� VSORãQH� SUDYLOQRVWL
QDSRYHGRYDQMD� �]D� 3%� LQ� 1%�� LQ� RGVWRWHN� QHSUDYLOQR
QDSRYHGDQLK� 1%� �%ODFN�� ������� 6SORãQD� SUDYLOQRVW
QDSRYHGRYDQMD�]QDãD���������Y�QDMVODEãHP�SULPHUX��þH�QH
EL�XVSHOL�QDSRYHGDWL�QREHQH�SUR]RGLþQH�PHMH�SUDYLOQR��SD
EL�WD�UH]XOWDW�]QDãDO���������2PHQMHQ�SRGDWHN�VPR�QDYHGOL
]DUDGL� SULPHUMDYH� VSORãQH� XVSHãQRVWL� QDSRYHGRYDQMD
SUR]RGLþQLK� PHM�� âWHYLOR� SUR]RGLþQLK� PHM� Y� SULPHUMDYL� V
ãWHYLORP� PHM� NMHU� SUR]RGLþQH� PHMH� QH� QDVWRSDMR� MH� ]HOR
QHXUDYQRWHåHQR��3%���1%����������ýH�EL��]JROM�KLSRWHWLþQR�
XVSHãQR� QDSRYHGDOL� YVD� PHVWD� NMHU� SUR]RGLþQH� PHMH� QH
QDVWRSDMR��LQ�QREHQH�SUR]RGLþQH�PHMH��EL�]QDãDOD�VSORãQD
XVSHãQRVW�QDSRYHGRYDQMD�NRW�QDYHGHQR�

ýH� SULPHUMDPR� XVSHãQRVW� QDSRYHGRYDQMD� SUR]RGLþQLK
PHM� ������ ��� 7DEHOD� ��� V� SUHGKRGQLPL� SRVNXVL
QDSRYHGRYDQMD��6WHUJDU��������ODKNR�L]SRVWDYLPR�ELVWYHQ
QDSUHGHN� Y� SULPHUMDYL� V� NODVLþQLP� QDSRYHGRYDQMHP� ]
0/3� SUL� QHVSUHPHQMHQL� QHXVSHãQRVWL� QDSRYHGRYDQMD�1%
�PHVW� NMHU� SUR]RGLþQH� PHMH� QH� QDVWRSDMR��� ,]EROMãDQMH
XVSHãQRVWL� QDSRYHGRYDQMD� MH� UH]XOWDW� QRYH� VWUXNWXUH

QHYURQVNLK� PUHå�� NL� QL� WDNR� GRY]HWQD� QD� DVLPHWULMR
YKRGQLK� SRGDWNRY� SUL� XþHQMX� �3%� �� 1%�� LQ� WDNR� WXGL
ELVWYHQR� SULSRPRUH� N� VSORãQL� XVSHãQRVWL� QDSRYHGRYDQMD
SUR]RGLþQLK�PHM�

��� =DNOMXþHN

9�þODQNX�VPR�SUHGVWDYLOL�SUYH�SRVNXVH�QDSRYHGRYDQMD
SUR]RGLþQLK� PHM� ]� DUKLWHNWXUR� NODVLILNDFLMH� QDSDN
VDPRGHMQR�DVRFLDWLYQLK�QHYURQVNLK�PUHå��$UKLWHNWXUR�VPR
SUHVNXVLOL� V� FLOMHP� XVWUH]QRVWL� ]D� QDSRYHGRYDQMH
VLPEROLþQLK� SUR]RGLþQLK� PHM� Y� NRQWHNVWX� PRGHOLUDQMD
SUR]RGLMH� VLVWHPRY�776��5H]XOWDWL� XVSHãQRVWL� UD]YUãþDQMD
SUR]RGLþQLK� PHM� ]� XSRUDER� RPHQMHQH� DUKLWHNWXUH� VR
REHWDYQL� LQ� NDåHMR� QD� SULPHUQRVW� VWUXNWXUH� ]D
QDSRYHGRYDQMH�SUR]RGLþQLK�PHM��3UHGSRVWDYOMDPR��GD�MH�N
REHWDYQHPX� UH]XOWDWX� XVSHãQRVWL� QDSRYHGRYDQMD
SULVSHYDOD�WXGL�XSRUDED�JUDILþQHJD�RURGMD�LQ�VDPRGHMQHJD
SRVWRSND� R]QDþHYDQMD�� NL� VWD� ELVWYHQR� SULVSHYDOD� K
NRQVLVWHQWQRVWL�SUL�R]QDþHYDQMX��KNUDWL�SD�VH�]DYHGDPR��GD
VR�]D�SRWUGLWHY�QDãH�KLSRWH]H�SRWUHEQH�QDGDOMQMH�UD]LVNDYH�

��� 5HIHUHQFH
%ODFN�$��:���7D\ORU�3�� ��������$VVLJQLQJ�3KUDVH�%UHDNV
IURP�SDUW�RI�VSHHFK�VHTXHQFHV��(XURVSHHFK���
��5RGRV�
*UHHFH�������

(GJLQJWRQ�0���/RZU\�$���-DNVRQ�3���%UHHQ�$��3���0LQQLV
6�� �������� 2YHUYLHZ� RI� FXUUHQW� 7H[W��WR�6SHHFK
WHFKQLTXHV�� %7� 7HFKQRORJ\� -RXUQDO� 9RO� ��� 1R� �
-DQXDU\������

)DFNUHOO�-��:��$���9HUHHFNHQ�+���0DUWHQV�-��3���9DQ�&RLOH
%�� �������� 0XOWLOLQJXDO� 3URVRG\� 0RGHOOLQJ� XVLQJ
&DVFDGHV�RI�5HJUHVVLRQ� WUHHV� DQG�1HXURQDO�1HWZRUNV�
(XURVSHHFK¶����%XGDSHVW��+XQJDU\�������

)ODFK�0��/����������$�FRPSDULVRQ�EHWZHHQ�V\QWDFWLF�DQG
SURVRGLF�SKUDVLQJ��(XURVSHHFK�µ����%XGDSHVW��+XQJDU\�
�����

*URV� -�� �������� 6DPRGHMQR� WYRUMHQMH� JRYRUD� L]� EHVHGLO��
'RNWRUVND�GLVHUWDFLMD��8QLYHU]D�Y�/MXEOMDQL��)DNXOWHWD�]D
HOHNWURWHKQLNR�������

+D\HV�%�� ��������0HWULFDO� 6WUHVV� 7KHRU\�� 3ULQFLSOHV� DQG
&DVH� 6WXGLHV�� &KLFDJR�� 8QLYHUVLW\� RI� &KLFDJR� 3UHVV�
�����

+LUVEHUJ� -�� �������� 3LWFK� DFFHQW� LQ� FRQWH[W�� 3UHGLFWLQJ
SURPLQHQFH�IURP�WH[W��$UWLILFLDO�,QWHOOLJHQFH�������

.RPSH� 5��� �������� 3URVRG\� LQ� 6SHHFK� 8QGHUVWDQGLQJ
6\VWHPV��6SULQJHU�±�9HUODJ�%HUOLQ�+HLGHOEHUJ��/HFWXUH
1RWHV�LQ�$UWLILFLDO�,QWHOLJHQFH������������

0DOIUHUH� )��� 'XWRLW� 7�� DQG� 0HUWHQV� 3�� �������� )XOO\
DXWRPDWLF�SURVRG\�JHQHUDWRU�IRU�WH[W�WR�VSHHFK��,&6/3
����6\GQH\�$XVWUDOLD�������

0LKHOLþ� )��� *URV� -�� �������� 5HFRJQLWLRQ� RI� 3URVRGLF
(YHQWV� LQ� 6ORYHQLDQ� 6SHHFK�� (5.� ����� 3RUWRURå�
6ORYHQLD�������

0�OOHU� $�� )��� =LPPHUPDQQ� +�� *��� 1HXQHLHU� 5�� �������
5REXVW� JHQHUDWLRQ� RI� V\PEROLF� SURVRG\� E\� D� QHXUDO
FODVVLILHU� EDVHG� RQ� DXWRDVVRFLDWRUV�� ,(((� ,&$663� ��
�
,VWDQEXO��7XUNH\�������

1HXQHLHU� 5��� =LPPHUPDQQ� +�� *�� �������� +RZ� WR� WUDLQ
QHXUDO�QHWZRUNV��,Q�*��%��2KUU�	�.��5��0�OOHU��HGLWRUV�
1HXUDO�1HWZRUNV��7ULFNV�RI� WKH� WUDGH��6SULQJHU�9HUODJ�
%HUOLQ�������

6OLND����/HYR��VDPRGHMQL�DVRFLDWRU�]D�ORþHQR�XþHQMH
UD]UHGRY��VWRSQMD�����'HVQR��6DPRGHMQL�DVRFLDWRU�]D
GRORþDQMH�YHNWRUMD�QDSDNH�SR�SUYL�VWRSQML�XþHQMD�



2VWHQGRUI�0���9HLOOHX[�1�� ��������$� KLHUDKLFDO� VWRKDVWLF
PRGHO� IRU� DXWRPDWLF� SUHGLFWLRQ� RI� SURVRGLF� ERXQGDU\
ORFDWLRQ��&RPSXWDWLRQDO�/LQJXLVWLFV�������

5RMF�0��� .DþLþ� =�� ��������'HVLJQ� RI� 2SWLPDO� 6ORYHQLDQ
6SHHFK� &RUSXV� IRU� XVH� LQ� WKH� FRQFDWHQDWLYH� 6SHHFK
6\QWKHVLV�6\VWHP��/5(&¶���$WKHQV�*UHHFH�������

6HONLUN�(��2����������3KRQRORJ\�DQG�6\QWD[��&DPEULGJH�
0$��0,7�3UHVV�������

6,������������±�3URVRGLF�0DUNHUV�9HUVLRQ������%DYDULDQ
$UFKLYH� RI� 6SHHFK� 6LJQDOV�� 8QLYHUVLW\� RI� 0XQLFK�
,QVWLWXWH�RI�3KRQHWLFV��*HUPDQ\�������

6WHUJDU� -�� �������� 'RORþDQMH� SUR]RGLþQLK� ]QDþLOQRVWL� ]
DQDOL]R�EHVHGLO��0DJLVWUVNR�GHOR��8QLYHU]D�Y�0DULERUX�
)DNXOWHWD� ]D� HOHNWURWHKQLNR�� UDþXQDOQLãWYR� LQ
LQIRUPDWLNR�������

7HUNHQ�-���&ROOLHU�5�� ��������7KH�*HQHUDWLRQ�RI�3URVRGLF
6WUXFWXUH�DQG� ,QWRQDWLRQ� LQ�6SHHFK�6\QWKHVLV� LQ�:��%�
.OHLQ�HW�DOO�HGV��6SHHFK�&RGLQJ�DQG�6\QWKHVLV��(OVHYLHU�
�����

7RSRULãLþ� -�� �������� 6ORYHQVND� VORYQLFD�� =DORåED�2E]RMD
0DULERU�������

9HUHHFNHQ�+���0DUWHQV�-��3���*URYHU�&���)DFNUHOO� -���9DQ
&RLOH� %�� �������� $XWRPDWLF� SURVRGLF� ODEHOLQJ� RI� �
ODQJXDJHV��,&6/3�����6\GQH\�$XVWUDOLD�������


