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0,02�3,�FRQWUROOHU�WXQLQJ�EDVHG�RQ�PXOWLSOH
LQWHJUDWLRQ�DSSURDFK

$� QHZ� WXQLQJ� DSSURDFK� IRU� 0,02� 3,� FRQWUROOHUV� LV
SUHVHQWHG��7KH�QHZ�DSSURDFK�LV�EDVHG�RQ�WKH�QHZ�6,62
3,� FRQWUROOHU� WXQLQJ� PHWKRG�� ZKLFK� XVHV� WKH� PXOWLSOH
LQWHJUDWLRQ� DSSURDFK� WR� ILQG� 3,� FRQWUROOHU� SDUDPHWHUV�
7KH� 0,02� 3,� FRQWUROOHU� LV� WKHQ� VLPSO\� FDOFXODWHG� E\
XVLQJ�WKH�REWDLQHG�6,62�3,�FRQWUROOHUV��2QO\�RSHQ�ORRS
SURFHVV� VWHS� UHVSRQVHV� DUH� UHTXLUHG� IRU� FDOFXODWLQJ� WKH
DSSURSULDWH� 0,02� 3,� FRQWUROOHU�� 7KH� QHZ� WXQLQJ
PHWKRG� LV� FRPSDUHG� WR� VHYHUDO� RWKHU�0,02� 3,� WXQLQJ
DSSURDFKHV��DQG� LW� LV� VKRZQ� WKDW� WKH�PHWKRG�JLYHV�YHU\
JRRG�FORVHG�ORRS�UHVSRQVHV��7ZR�H[DPSOHV�DUH�LQFOXGHG�

��� 8YRG

3RVWRSHN� QDVWDYOMDQMD� PXOWLYDULDELOQLK� �0,02�
UHJXODWRUMHY�SRQDYDGL�SRWHND�QD�QDVOHGQML�QDþLQ��QDMSUHM
MH� SRWUHEQR� XVWUH]QR� Y]EXMDWL� PXOWLYDULDELOQL� SURFHV� WHU
QD� RVQRYL� RG]LYRY� VLVWHPD� LGHQWLILFLUDWL� PDWHPDWLþQL
PRGHO�SURFHVD��QDWR�SD�QD�RVQRYL�PDWHPDWLþQHJD�PRGHOD
SURFHVD� L]UDþXQDWL� XVWUH]QH� SDUDPHWUH� PXOWLYDULDELOQHJD
UHJXODWRUMD�� 9� QHNDWHULK� SULPHULK� MH� QDWR� SRWUHEQR� ãH
GRGDWQR�SRSUDYLWL�SDUDPHWUH�UHJXODWRUMD��ILQH�WXQLQJ��

9� WHP� GHOX� EL� UDGL� SRND]DOL�� GD� VH� ODKNR� SRJRVWR
L]RJQHPR�]DPXGQHPX�RSUDYLOX�HNVSOLFLWQH�LGHQWLILNDFLMH
PRGHOD�PXOWLYDULDELOQHJD�SURFHVD�

3UHGODJDQ� SRVWRSHN� QDVWDYOMDQMD� SDUDPHWURY� 0,02� 3,
UHJXODWRUMHY� WHPHOML� QD� /LHVOHKWRYL� QDVWDYLWYHQL� PHWRGL
>�������@��/H�WD�SRWHND�Y�GYHK�NRUDNLK��9�SUYHP�NRUDNX
L]UDþXQDPR� XVWUH]QH� XQLYDULDELOQH� UHJXODWRUMH� ]D
SRVDPH]QH� SRG�SURFHVH� Y� PDWULNL� SUHQRVQLK� IXQNFLM
SURFHVD�� Y� GUXJHP� NRUDNX� SD� L]UDþXQDPR� XVWUH]HQ
PXOWLYDULDELOQL� UHJXODWRU� L]� L]UDþXQDQLK� XQLYDULDELOQLK
�6,62��UHJXODWRUMHY�

,]NDåH�VH��GD�MH�PRåQR�SRVWRSHN�QDVWDYOMDQMD�SDUDPHWURY
XQLYDULDELOQLK��6,62��3,�UHJXODWRUMHY�PRþQR�SRHQRVWDYLWL
]� XSRUDER� QRYHJD� QDVWDYLWYHQHJD� SRVWRSND� ]D� 3,
UHJXODWRUMH� >�@�� NL� WHPHOML� QD� SRVWRSNX� YHþNUDWQLK
LQWHJUDFLM��PRPHQWRY��RGSURWR]DQþQHJD�RG]LYD�SURFHVD�

��� 1DVWDYOMDQMH� SDUDPHWURY� 0,02� 3,
UHJXODWRUMD

3RGUREHQ� SRVWRSHN� QDVWDYOMDQMD� SDUDPHWURY
PXOWLYDULDELOQHJD� UHJXODWRUMD�� NL� WHPHOML� QD� /LHVOHKWRYL
GYRNRUDþQL� PHWRGL�� MH� SRGDQ� Y� >��� ��� �@�� =DUDGL
SRPDQMNDQMD�SURVWRUD�ERPR�WX�SRGDOL�OH�RVQRYQH�NRUDNH
QDþUWRYDQMD�0,02�3,�UHJXODWRUMD�

�� 9]HPLPR� QDVOHGQMR� Q�Q� PDWULNR� SUHQRVQLK� IXQNFLM
PXWLYDULDELOQHJD�SURFHVD�
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NMHU�VR�J2/L�V��åHOHQD�RGSUWR]DQþQD�SUHQRVQD�IXQNFLMD�>��
�@�� N3� RMDþHQMH�� LQ� 7L� LQWHJULUQD� þDVRYQD� NRQVWDQWD� 3,
UHJXODWRUMD�

�� ,]UDþXQDPR�0,02�3,�UHJXODWRU�WDNR��GD
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1D� RVQRYL� SRGDQLK� NRUDNRY� QDþUWRYDQMD� ODKNR
SULþDNXMHPR�QHNDM� WHåDY�SUL�XSRUDEL� L]YLUQH�/LHVOHKWRYH
PHWRGH�QD� UHDOQLK�SURFHVLK�� 3UYD� WHåDYD� MH� SUDY� JRWRYR
SRWUHED�SR�HNVSOLFLWQL�LGHQWLILNDFLML�PRGHOD�SURFHVD�*�V��
NRW� WXGL� D�SULRUL� GHILQLFLMD� RGSUWR]DQþQH� SUHQRVQH
IXQNFLMH�J2/�V�� ����� 'UXJD� WHåDYD� MH� SUDY� JRWRYR� WD�� GD
ODKNR�HQDþER�����L]SROQHPR�VDPR�]�XSRUDER�UHJXODWRUMD
]�GRYROM�YLVRNLP�UHGRP�SUHQRVQH�IXQNFLMH��Y�SUDNVL�SD�VR
QDMEROM�XSRUDEOMHQL�SUDY�0,02�3,�UHJXODWRUML�

1DãWHWLP� WHåDYDP� VPR� VH� SRL]NXãDOL� L]RJQLWL� ]� XSRUDER
QRYHJD� QDVWDYLWYHQHJD� SRVWRSND� ]D� 6,62�3,� UHJXODWRUMH
>�@��NL�WHPHOML�QD�PHWRGL�YHþNUDWQLK�LQWHJUDFLM�

��� 1DVWDYOMDQMH�6,62�3,�UHJXODWRUMHY

1DPHVWR� QDVWDYOMDQMD� SDUDPHWURY� 6,62� 3,� UHJXODWRUMHY
QD� RVQRYL� LGHQWLILFLUDQHJD� PRGHOD� SUHQRVQH� IXQNFLMH
SURFHVD� SUHGODJDPR� QRY� QDVWDYLWYHQL� SRVWRSHN�� /H�WD
]DKWHYD� VDPR�RGSUWR]DQþHQ�RG]LY�SURFHVD�QD� VWRSQLþDVW
YKRGQL� VLJQDO�� þHSUDY� WHPHOML� QDVWDYLWYHQ� SRVWRSHN� QD
UHODWLYQR� ]DKWHYQHP� IUHNYHQþQHP� NULWHULMX� DPSOLWXGQH
RSWLPDOQRVWL�>�������@�

1DVWDYLWYHQ�SRVWRSHN�]D�6,62�3,�UHJXODWRU�ERPR�SRGDOL
]D� SURFHVH�� NL� MLK� ODKNR� RSLãHPR� ]� QDVOHGQMR� SUHQRVQR
IXQNFLMR�
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NMHU�VR�.35�VWDWLþQR�RMDþHQMH��7GHOD\�þLVWD�]DNDVQLWHY��D��GR
DQ��WHU�E��GR�EP�SD�GLQDPLþQL�SDUDPHWUL�SURFHVD�

&LOM�QDVWDYLWYHQH�PHWRGH�MH�SRLVNDWL� WDNãHQ�UHJXODWRU��GD
ER� RMDþHQMH� ]DSUWH� ]DQNH� RG� UHIHUHQFH� GR� L]KRGD� L]
SURFHVD�HQDNR�HQD�Y�þLP�ãLUãHP�IUHNYHQþQHP�SDVX�>�����
�@�� 7DNãHQ� QDVWDYLWYHQL� FLOM� MH� SR]QDQ� NRW� ³DPSOLWXGQL
RSWLPXP´� R]�� ³PRGXOXV� RSWLPXP´�� ³%HWUDJV� RSWLPXP´
>�@�LQ�³PDJQLWXGH�RSWLPXP´�>�@�Y�WXML�OLWHUDWXUL�

'D� ]DGRYROMLPR� NULWHULMHP� DPSOLWXGQHJD� RSWLPXPD� SUL
XSRUDEL� 3,� UHJXODWRUMD�� PRUDPR� LGHQWLILFLUDWL� QDVOHGQMH
SDUDPHWUH�SURFHVD������.35��D���D���D���E���E���E�� LQ�7GHOD\

>�@�� WHPX� SD� VH� ODKNR� L]RJQHPR� ]� XSRUDER� SRVWRSND
YHþNUDWQLK�LQWHJUDFLM�>�@�

=� SRPRþMR� SRVWRSND� YHþNUDWQLK� LQWHJUDFLM� LQ� ]
XSRãWHYDQMHP� SUHQRVQH� IXQNFLMH� SURFHVD� ����� ODKNR
L]UD]LPR�QDVOHGQMH�WUL�SRYUãLQH�>�@�
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NMHU� MH� \�W�� RGSUWR]DQþQL� RG]LY� SURFHVD� QD� HQRWLQ
VWRSQLþDVW�VLJQDO�QD�YKRGX�Y�SURFHV��WHU
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3DUDPHWUH� 3,� UHJXODWRUMD� ODKNR� QDWR� L]UDþXQDPR� QD
QDVOHGQML�QDþLQ�>�@�
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2SD]LPR� ODKNR�� GD� SRWUHEXMHPR� ]D� L]UDþXQ� SDUDPHWURY
3,� UHJXODWRUMD� VDPR� YUHGQRVWL� SRYUãLQ� $��� $�� LQ� $�� WHU
VWDWLþQHJD� RMDþHQMD� SURFHVD� .35�� 3RYUãLQH� ODKNR
L]UDþXQDPR� L]� RGSUWR]DQþQHJD� RG]LYD� SURFHVD� QD
VWRSQLþDVWR� VSUHPHPER� YKRGQHJD� VLJQDOD� ]� XSRUDER
HQRVWDYQH� QXPHULþQH� LQWHJUDFLMH�� WDNR� NRW� MH� SRGDQR� Y
L]UD]LK� ���� LQ� ����� VWDWLþQR� RMDþHQMH� SURFHVD� SD� ODKNR
L]UDþXQDPR� L]� YHOLNRVWL� VLJQDORY� SURFHVD� Y� XVWDOMHQHP
VWDQMX�

9� QHNDWHULK� SULPHULK�� NR� MH� SURFHV� GRPLQDQWQR� SUYHJD
UHGD��ODKNR�SRVWDQH�L]UDþXQDQR�RMDþHQMH�3,�UHJXODWRUMD�N3
���� ]HOR� YLVRNR�� 9� WRYUVWQLK� SULPHULK� PRUDPR� VWDWLþQR
RMDþHQMH� SRVWDYLWL� QD� XVWUH]QR� QLåMR� YUHGQRVW� WDNR�� GD
SULþDNRYDQH� VSUHPHPEH� UHIHUHQFH�R]��PRWQMH� Y� SURFHVX
QH�ERGR�SRY]URþDOH�SRJRVWLK�]DVLþHQM�NUPLOQLK�VLJQDORY�
9� WHP� SULPHUX� L]UDþXQDPR� LQWHJULUQR� þDVRYQR� NRVWDQWR
UHJXODWRUMD�7L�L]�L]UD]D�����
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,]NDåH� VH�� GD� RE� XSRUDEL� 3,� UHJXODWRUMD�� NL� VPR� JD
QDþUWDOL� L]� HQDþE� ���� R]�� ����� ]D� SURFHV� ����� GRELPR
SRGREQH� RGSUWR]DQþQH� IUHNYHQþQH� RG]LYH� VLVWHPD� >�@�
'RGDWQR� XVNODGLWHY� RGSUWR]DQþQLK� RMDþHQM� VLVWHPD
_J�Mw�F�Mw�_� Y� LVWL� YUVWLFL� PDWULNH�� WDNR� NRW� JD� ]DKWHYD
L]UD]� ����� SD� GRVHåHPR� V� SRSUDYNL� SDUDPHWURY
UHJXODWRUMD�� 6� SRPRþMR� L]UD]RY� ���� LQ� ���� ODKNR
L]UDþXQDPR�� GD� MH� SUL� QL]NLK� IUHNYHQFDK� RGSUWR]DQþQR
RMDþHQMH� VRUD]PHUQR� SURGXNWX� N,.35�� NMHU� N, N3�7L�
3RWHPWDNHP��VNODGQR�]�L]UD]RP�����YHOMD�

N . N . N . L
, L 35L , L 35L , LQ 35LQ� � � �
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'D� ]DGRVWLPR� L]UD]X� ������ QDMSUHM� L]UDþXQDPR� QDMQLåMH
RGSUWR]DQþQR�RMDþHQMH�Y�YVDNL�YUVWLFL�
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7DNR� L]UDþXQDQH� SDUDPHWUH� 6,62� 3,� UHJXODWRUMHY� ODKNR
QDWR�XSRUDELPR�]D�L]UDþXQ�0,02�3,�UHJXODWRUMD�����

,]UDþXQ� 0,02� 3,� UHJXODWRUMD� SRWHPWDNHP� SRWHND� QD
QDVOHGQML� QDþLQ�� 1DMSUHM� SRY]URþLPR� VWRSQLþDVWR
VSUHPHPER� VLJQDOD� QD� L�WHP� SURFHVQHP� YKRGX� WHU
L]PHULPR�RG]LYH�YVHK�SURFHVQLK� L]KRGRY��7DNR�GRELPR
RG]LYH�SRG�SURFHVRY�J�L��J�L��������JQL��3RVWRSHN�SRQRYLPR
]D� L�  � ���Q�� 3R� WHP� L]UDþXQDPR� VWDWLþQR� RMDþHQMH� SRG�
SURFHVRY�.35LM

�WHU�YHOLNRVWL�WUHK�SRYUãLQ��$�LM
��$�LM

�LQ�$�LM
��V

SRPRþMR� QXPHULþQH� LQWHJUDFLMH�� VNODGQR� ]� L]UD]RPD� ���
LQ� ����� =DþHWQH� SDUDPHWUH� 6,62� 3,� UHJXODWRUMHY� ODKNR
QDWR�L]UDþXQDPR�]�L]UD]RP������R]��������þH�N3�

ILNVLUDPR
QD�XVWUH]QR�QLåMR�YUHGQRVW���3R� WHP�SRLãþHPR�.LPLQ

� ����
LQ� SULODJRGLPR� L]UDþXQDQH� SDUDPHWUH� 6,62� 3,
UHJXODWRUMHY� VNODGQR� ]� L]UD]RPD� ����� LQ� ������1D�NRQFX
L]UDþXQDPR�0,02�3,�UHJXODWRU�V�SRPRþMR�L]UD]D�����

��� 6LPXODFLMVNL�SULPHUL

3RWHN� L]UDþXQD� SDUDPHWURY�0,02� 3,� UHJXODWRUMD� ERPR
SULND]DOL� QD� GYHK� VLPXODFLMVNLK� SULPHULK�� 3UYL� SULPHU
SULND]XMH� PRGHO� PXOWLYDULDELOQHJD� SURFHVD�� NL� VWD� JD
XSRUDELOD�0HQDQL�LQ�.RLYR�>�@�
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6NODGQR� ]� ]JRUDM� SRGDQLP� SRVWRSNRP� QDVWDYOMDQMD
UHJXODWRUMD�� QDMSUHM� SRY]URþLPR� VWRSQLþDVWL� VSUHPHPEL
VLJQDOD�QD�YKRGX�Y�SURFHV��QDMSUHM�QD�SUYHP�YKRGX��QDWR
SD�ãH�QD�GUXJHP��

,]� VWRSQLþDVWLK�RG]LYRY� L]PHULPR� VWDWLþQD�RMDþHQMD�SRG�
SURFHVRY� L]� VLJQDORY� Y� XVWDOMHQLK� VWDQMLK�� .35��

 ����
.35��

 ���� .35��
 ��� .35��

 ����� 3RYUãLQH� $�� GR� $�� QDWR
L]UDþXQDPR�L]�VWRSQLþDVWHJD�RG]LYD�YVHK�SRG�SURFHVRY�]
XSRUDER� QXPHULþQH� LQWHJUDFLMH�� WDNR� NRW� MH� SRGDQR� Y
SRJODYMX� �� R]�� Y� OLWHUDWXUL� >�@�� ,]UDþXQDQH� YHOLNRVWL
SRYUãLQ� VR� QDVOHGQMH�� ]D� J���� $� ����� $� ������
$� ������� ]D�J����$� ������$� �������$� �������� ]D� J���

$� �����$� ������$� �������LQ�]D�J����$� �����$� ������
$� �������

1D� RVQRYL� L]PHUMHQLK� VWDWLþQLK� RMDþHQM� LQ� SRYUãLQ� SRG�
SURFHVRY� L]UDþXQDPR� SDUDPHWUH� 6,62� 3,� UHJXODWRUMHY� V
SRPRþMR�L]UD]D�����
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NMHU� N, N3�7L�� 'D� ]DGRYROMLPR� SRJRMHP� HQDþEH� ����
PRUDPR� XVWUH]QR� VSUHPHQLWL� SDUDPHWUH� L]UDþXQLK� 3,
UHJXODWRUMHY��WDNR�NRW�MH�SRGDQR�]�L]UD]L������GR������
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3DUDPHWUH� 0,02� 3,� UHJXODWRUMD� QDWR� L]UDþXQDPR� V
SRPRþMR�L]UD]D�����
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=DSUWR]DQþQL�RG]LYL�VLVWHPD�QD� VSUHPHPEH� UHIHUHQFH� VR
SULND]DQL� QD� VOLNL� ���2G]LYH� VPR� SULPHUMDOL� V� WLVWLPL�� NL
VWD� MLK� GRELOD� 0HQDQL� LQ� .RLYR� >�@� SUL� XSRUDEL
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b. Menani and Koivo, 1996
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JOHGH�QD�RFHQMHQ�PRGHO�SURFHVD�SUYHJD�UHGD�
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