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$NDG�=ΩULIΩ�ΨOL\HYD�DGÕQD�0LOOL�2IWDOPRORJL\D�0ΩUNΩ]L��%DNÕ�úΩK���$]ΩUED\FDQ

$oDU V|]OԥU� )HPWR�/DVLN��EX\QX]�TLúD��NDWDUDNWD��LQWUDRNXO\DU�OLQ]DODUÕQ��ø2/��LPSODQWDVL\DVÕ

øQWUDRNXO\DU� OLQ]DODUÕQ� �ø2/�� LPSODQWDVL\DVÕ� LOԥ� NDWDUDNWDQÕQ� HNVWUDNVL\DVÕ� NOLQLN� SUDNWLNDGD� ԥQ� WH]�WH]� UDVW�
JԥOLQԥQ� FԥUUDKL\\ԥ� PHWRGODUÕQGDQ� ELULGLU�� 0�DVLU� PLNURFԥUUDKL� �VXOODU�� \HQL� ø2/� PRGHOOԥUL� Yԥ� ø2/� J�F�Q�Q�
KHVDEODQPDVÕ��o�Q�P�DVLU�PHWRGODU�NDWDUDNWD�GLDTQR]X�RODQ�[ԥVWԥOԥULQ�ԥNVԥUL\\ԥWLQGԥ�FԥUUDKL\\ԥ�ԥPԥOL\\DWÕQGDQ
VRQUD� \�NVԥN� NH\¿\\ԥWOL� J|UPԥQL� EԥUSD� HWPԥ\ԥ� LPNDQ� \DUDGÕU�� ԤGԥEL\\DWGD� RODQ�PԥOXPDWODUD� J|Uԥ� NDWDUDNWD
HNVWUDNVL\DVÕ� ԥPԥOL\\DWODUÕQGDQ� VRQUD� ��������GԥQ� oR[� [ԥVWԥ�P�DOLFԥ� HGLOPLúGLU�� ������ [ԥVWԥGԥ� J|UPԥ� LWLOL\L�
DUWPÕú�������[ԥVWԥGԥ�J|UPԥ�LWLOL\L�Gԥ\LúPԥ]�TDOPÕú�Yԥ������[ԥVWԥGԥ�ԥPԥOL\\DWGDQ�VRQUD�J|UPԥ�LWLOL\L�D]DOPÕúGÕU�
>�@�

%X�J�Qԥ�TԥGԥU�P�DVLU�NDWDUDNWD�HNVWUDNVL\DVÕ�ԥPԥOL\\DWODUÕQÕQ�ԥNVԥUL\\ԥWLQGԥ�HPPHWURSL\D\D�QDLO�ROPDT�ԥVDV
PԥTVԥGGLU�� .DWDUDNWD� HNVWUDNVL\DVÕ� ԥPԥOL\\DWODUÕQGDQ� VRQUD� ��� PLQGԥQ� oR[� J|]Gԥ� UHIUDNWRPHWULN� J|VWԥULFLOԥU�
WԥKOLO� HGLOԥUԥN�� J|]OԥULQ� \DOQÕ]� ����Gԥ� HPPHWURSL\DQÕQ� ԥOGԥ� ROXQGX÷X�P�úDKLGԥ� HGLOPLúGLU� >�@��%X�� NDWDUDNWD
HNVWUDNVL\DVÕ�ԥPԥOL\\DWÕQGDQ�VRQUD�UHIUDNVL\DQÕQ�YDFLE�PԥVԥOԥ�ROGX÷XQX�J|VWԥULU�Yԥ�EXQXQ�KԥOOLQL�WDSPDT��o�Q�
P�[WԥOLI�\DQDúPDODUÕQ�DUDúGÕUÕOPDVÕQD�HKWL\DF�ROGX÷XQX�ELOGLULU�

.DWDUDNWD� HNVWUDNVL\DVÕ� ԥPԥOL\\DWÕQGDQ� VRQUD� TDOÕT� DVWLTPDWL]P� QDGLU� KDO� GH\LO�� ���� GSWU��ԥ� TԥGԥU� ¿]LRORML
DVWLTPDWL]P�QRUPDO� úԥUDLWGԥ� NԥVNLQ� J|UPԥQLQ� GԥULQOL\LQL� DUWÕUPDT� �o�Q� ID\GDOÕ� ROXE�� J�QGԥOLN� Kԥ\DWGD� J|UPԥ�
NH\¿\\ԥWLQL�DUWÕUD�ELOԥU�>�@�

$UWLIDNLN� J|]OԥUGԥ� NRUUHNVL\D� ROXQPD\DQ� NRUQHDO� DVWLTPDWL]P� SUHVELRSL\DQÕQ� SR]÷XQOX÷XQD� ԥKԥPL\\ԥWOL�
GԥUԥFԥGԥ�WԥVLU�J|VWԥULU��0XOWLIRNDO�ø2/�ODU�NԥVNLQ�J|UPԥQLQ�GԥULQOL\LQL�DUWÕUVD�GD��TDOÕT�DVWLTPDWL]P������GSWU��GԥQ�
oR[�ROGX÷X�]DPDQ�EX��VW�QO�N�D]DOÕU�>�@�

%ԥ]L�[ԥVWԥOԥU�NDWDUDNWD�HNVWUDNVL\DVÕ�ԥPԥOL\\DWÕQGDQ�VRQUD�\D[ÕQ�PԥVDIԥGԥ�H\QԥN�NRUUHNVL\DVÕ�ROPDGDQ�\D[úÕ
J|UPԥQL�ԥOGԥ�HWPԥN��o�Q�P�UDFLԥW�HGLUOԥU��0XOWLIRNDO�ø2/�ÕQ�LVWLIDGԥVL�VRQ�]DPDQODU�NDWDUDNWDQÕQ�HNVWUDNVL\DVÕQGDQ
VRQUD� H\QԥNOԥUGԥQ� LVWLIDGԥ� HWPԥN� LVWԥPԥ\ԥQ� [ԥVWԥOԥUGԥ�PRQRIRNDO� ø2/�ODU� �o�Q� SRSXO\DU� DOWHUQDWLY� ԥPԥOL\\DW�
VHoLPL�ROPXúGXU�>�@�

.DWDUDNWD� HNVWUDNVL\DVÕ� ԥPԥOL\\DWODUÕQGD� \HQL� LQNLúDÀDUD� ED[PD\DUDT�� Eԥ]ԥQ� TԥQDԥWEԥ[ú� ELU� QԥWLFԥ� ԥOGԥ
HWPԥN�P�PN�Q�ROPXU��%X��ԥVDVԥQ�TDOÕT�UHIUDNVL\D�QԥWLFԥVLQGԥ�EDú�YHULU��+ԥPLQ�IDNW�EL]L�NDWDUDNWD�HNVWUDNVL\DVÕ
ԥPԥOL\\DWÕQGDQ� VRQUD� [ԥVWԥOԥULQ� QDUD]ÕOÕ÷ÕQÕQ� VԥEԥEOԥULQL� Qԥ]ԥUGԥQ� NHoLUPԥN� Yԥ� SRVWRSHUDWLY� G|YUGԥ� J|UPԥQLQ
DUWÕPÕQD�GDLU�P�PN�Q�\DQDúPDODUÕQ�DUDúGÕUÕOPDVÕQD�WԥKULN�HWPLúGLU�

.DWDUDNWD�HNVWUDNVL\DVÕ�ԥPԥOL\\DWÕQGDQ�VRQUD�ԥQ�oR[�UDVW�JԥOLQԥQ�IԥVDG�TDOÕT�UHIUDNVL\DVÕGÕU�Yԥ�EX�GD�TH\UL�
TԥQDԥWEԥ[ú�QԥWLFԥOԥUԥ�JԥWLULE�oÕ[DUÕU��%X�SUHRSHUDWLY��LQWUDRSHUDWLY�Yԥ�SRVWRSHUDWLY�VԥEԥEOԥUOԥ�ԥODTԥOԥQGLULOԥ�ELOԥU�

3UHRSHUDWLY� VԥEԥEOԥUԥ� GD[LOGLU�� ø2/�ÕQ� SRVWRSHUDWLY� P|YTH\LQLQ� \DQOÕú� TL\PԥWOԥQGLULOPԥVL� Yԥ� SUHRSHUDWLY
DNVLDO�X]XQOX÷XQ�|Oo�OPԥVL�>�@��ø2/�J�F�Q�Q�TH\UL�G�]J�Q�VHoLOPԥVL��KHVDEODPD�IRUPXOODUÕQ�PԥKGXGODúGÕUÕOPDVÕ
�[�VXVLOԥ��LIUDW�DPHWURSL\DGD��Yԥ�ø2/�ÕQ�|]�QGԥ�GԥTLTOL\LQ�ROPDPDVÕ��%XQGDQ�ԥODYԥ��|Q�NDPHUDQÕQ�SRVWRSHUDWLY
GԥULQOL\LQLQ� SURTQR]ODúGÕUPDVÕQGD� SRWHQVLDO� ELU� VԥKY� YDU�� 1ԥWLFԥGԥ�� ø2/�ÕQ� G�]J�Q� KHVDEODQPDVÕ� NDWDUDNWD
HNVWUDNVL\DVÕ�ԥPԥOL\\DWÕQGDQ�VRQUD�UHIUDNWLY�VԥKYOԥUGԥQ�\D\ÕQPDT��o�Q�oR[�YDFLEGLU�

.RUUHNVL\DVÕ]�SRVWRSHUDWLY�J|UPԥ�LWLOL\LQLQ�ԥOGԥ�HGLOPԥVL��o�Q�GLJԥU�ELU�DPLO�GDKD�ԥYYԥO�P|YFXG�RODQ�����GSWU��
GDQ�\�NVԥN�NRUQHDO�DVWLTPDWL]PGLU��%X�DVWLTPDWL]P�NDWDUDNWD�GLDTQR]X�LOԥ�RODQ�[ԥVWԥOԥULQ�Wԥ[PLQԥQ��oGԥ�ELULQGԥ
P|YFXGGXU�>���@��.RUQHDO�DVWLTPDWL]PL�D]DOWPDT��o�Q�P�PN�Q�\ROODUD�±�ø2/�XQ�GLN�ELU�R[GD�\HUOԥúGLULOPԥVL�
SHULIHULN�NRUQHDO�NԥVLNOԥULQ�HGLOPԥVL�Yԥ�WRULN�ø2/�XQ�LPSODQWDVL\DVÕ�NLPL�WDNWLNDODU�GD[LOGLU�>�@�

øQWUDRSHUDWLY� VԥEԥEOԥUԥ� NDSVXORUHNVLVLQ� |Oo�V�� Yԥ� PԥUNԥ]L� P|YTH\LQGԥ� Gԥ\LúLNOLNOԥU� GD[LOGLU�� %X� GD� ø2/�
XQ� NDSVXOD� GD[LOLQGԥ� VRQ� Yԥ]L\\ԥWLQԥ� WԥVLU� J|VWԥUԥ� ELOԥU�� 3RVWRSHUDWLY� DVWLTPDWL]PL�PLQLPXPD� HQGLUPԥN� �o�Q
NDWDUDNWDQÕQ�HNVWUDNVL\DVÕ�]DPDQÕ�NԥVLNOԥU��NHUDWRWRSRTUD¿N�NRUQHDO�PԥOXPDWODU�Qԥ]ԥUԥ�DOÕQÕU�Yԥ�ø2/�ÕQ�J�F�Q��
KHVDEODPDT��o�Q�VWDQGDUW�IRUPXOODU�LVWLIDGԥ�ROXQXU�>����@��.DWDUDNWD�HNVWUDNVL\DVÕQÕQ�UHIUDNVLRQ�QԥWLFԥOԥULQL�GDKD
\D[úÕ�SURTQR]ODúGÕUPDT��o�Q�SUHRSHUDWLY�G|YUGԥ�EX\QX]�TLúDQÕQ�ELRPH[DQLN�[�VXVL\\ԥWOԥULQԥ�GLTTԥW�\HWLULOPԥOLGLU�
>��@�
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7RULN� ø2/�XQ� LPSODQWDVL\DVÕQGDQ� VRQUD� TDOÕT� DVWLTPDWL]PLQ� \DUDQPDVÕQD� P�[WԥOLI� IDNWRUODU� WԥVLU� HGLU�� %X
DPLOOԥUԥ� EX\QX]� TLúD� DVWLTPDWL]PLQLQ� SUHRSHUDWLY� |Oo�OPԥVLQLQ� GԥTLT� ROPDPDVÕ� Yԥ� WRULN� ø2/� J�F�Q�Q� \DQOÕú
KHVDEODQPDVÕQÕ�GD[LO� HWPԥN�RODU��%XQGDQ�ԥODYԥ��SODQODúGÕUÕOPÕú�NԥVL\LQ�X]XQOX÷XQGD�D]DOPD�Yԥ�\D�DUWÕP�TDOÕT�
DVWLTPDWL]PLQ�DUWPDVÕQD� VԥEԥE�ROD�ELOԥU� >��@��.DWDUDNWD�HNVWUDNVL\DVÕQGDQ� VRQUD�TDOÕT�DPHWURSL\DQÕQ� VԥEԥEOԥUL�
ԥPԥOL\\DWGDQ� VRQUD� EDú� YHUԥ� ELOԥU�� %XQODUD� NDSVXODQÕQ� SRVWRSHUDWLY� ¿EUR]X� QԥWLFԥVLQGԥ� ø2/�ÕQ� \HUGԥ\LúPԥVL
GD[LOGLU�� $UDúGÕUPDODU� NDWDUDNWD� HNVWUDNVL\DVÕQGDQ� VRQUD� �� J�QGԥQ� �� D\D� TԥGԥU� G|YUGԥ� UHIUDNVL\DGD� VIHULN�
HNYLYDOHQWLQ������GSWU��\ԥ�TԥGԥU�PLRSLN�Gԥ\LúLNOLNOԥUL�J|VWԥUPLúGLU�>��@�

%LRPHWULN� �VXOODUÕQ� Yԥ� ø2/�XQ� NH\¿\\ԥWLQLQ� GDYDPOÕ� LQNLúDIÕ�� NDWDUDNWD� HNVWUDNVL\DVÕQGDQ� VRQUD� UHIUDNVL\D
VԥKYOԥULQLQ�EDú�YHUPԥVLQLQ�D]DOPDVÕQD�JԥWLULE�oÕ[DUPÕúGÕU��$PPD�P�DVLU�PHWRGODUÕQ�RUWD\D�oÕ[PDVÕQD�ED[PD\DUDT��
SRVWRSHUDWLY�G|YUGԥ�UHIUDNWLY�VԥKYOԥUԥ�KԥPLúԥ�\RO�YHUPԥPԥN�P�PN�Q�GH\LO�>��@��%XQD�ED[PD\DUDT��HPPHWURSL\D�
ԥOGԥ�ROXQVD�EHOԥ�� LPSODQWDVL\D�ROXQPXú�PXOWLIRNDO� ø2/� LOԥ�[ԥVWԥOԥU�EXODQÕT�J|UPԥ��SDUÕOWÕ�� KDOR�� IRWRIREL\D�Yԥ
GLSORSL\D\D�J|Uԥ�D÷ÕU�J|UPԥ�LWNLVLQGԥQ�úLND\ԥWOԥQԥ�ELOԥU�>�@�

3VHYGRHNVIROLDWLY�VLQGURP�KԥPLúԥ�ø2/�ÕQ�JHF�GLVORNDVL\DVÕQD�JԥWLUԥQ�ԥQ�oR[�UDVW�JԥOLQԥQ�IDNWRU�VD\ÕOPÕúGÕU��
6RQ� WԥGTLTDWODU�\�NVԥN�PLRSL\D�]DPDQÕ�NDWDUDNWDQÕQ�HNVWUDNVL\DVÕQGDQ� VRQUD� ø2/�ÕQ�GLVORNDVL\DVÕQÕQ�ROPDVÕQÕ�
ԥKԥPL\\ԥWOL�ELU�ULVN�IDNWRU�NLPL�TH\G�HGLUOԥU��%XQGDQ�ԥODYԥ��\�NVԥN�PLRSL\D�LOԥ�J|]OԥUGԥ�GLVORNDVL\D�JԥQF�\DúGD�
\ԥQL�GDKD�\�NVԥN�YL]XDO�NH\¿\\ԥW�WԥOԥE�ROXQDQ�[ԥVWԥOԥUGԥ�GDKD�WH]�WH]�EDú�YHULU�>��@�

ø2/�LPSODQWDVL\DVÕ�LOԥ�NDWDUDNWDQÕQ�HNVWUDNVL\DVÕQGDQ�VRQUD�DPHWURSL\DQÕQ�NRUUHNVL\DVÕ��o�Q�/$6ø.��/DVHU�
$VVLVWHG�LQ�6LWX�.HUDWRPLOHXVLV��TH\UL�LQYD]LY�Yԥ�GԥTLT�ELU�PHWRGGXU�>��@�

/$6ø.�GLJԥU�FԥUUDKL�PHWRGODUGDQ�IԥUTOL�RODUDT�GDKD�\�NVԥN�GԥTLTOL\L�WԥPLQ�HGԥQ��SURTQR]ODúGÕUÕOPD�FԥKԥWGԥQ
�VW�Q�ELU��VXOGXU�>��@�

0ԥTVԥG� ±�NDWDUDNWDQÕQ�HNVWUDNVL\DVÕQGDQ�VRQUD�TDOÕT� UHIUDNVL\D� VԥKYOԥULQLQ�NRUUHNVL\DVÕ��o�Q�)HPWR�/DVLN�
PHWRGXQXQ�TL\PԥWOԥQGLULOPԥVL�

0DWHULDO Yԥ PHWRGODU
.DWDUDNWDQÕQ�HNVWUDNVL\DVÕQGDQ�VRQUD����J|]Gԥ�����[ԥVWԥ��TDOÕT�UHIUDNVL\D�VԥKYOԥULQLQ�NRUUHNVL\DVÕ��o�Q�)HPWR�

/DVLN��/DVHU�$VVLVWHG�LQ�6LWX�.HUDWRPLOHXVLV��ԥPԥOL\\DWODUÕ�NHoLULOPLúGLU��7ԥGTLTDWD�������\DúÕQGD�[ԥVWԥOԥU�GD[LO
HGLOPLúGLU��2QODUGDQ����QԥIԥU�NLúL�����QԥIԥU�±�TDGÕQ�ROPXúGXU��%�W�Q�[ԥVWԥOԥUԥ�ø2/�ÕQ�LPSODQWDVL\DVÕ�LOԥ�NDWDUDNWDQÕQ�
HNVWUDNVL\DVÕQGDQ�VRQUD�����LOOԥU�ԥU]LQGԥ�HNVLPHU�OD]HU�NRUUHNVL\DVÕ�LFUD�ROXQPXúGXU��%�W�Q�ԥPԥOL\\DWODU�HNVLPHU�
OD]HU� :DYH/LJKW�$OOHJUHWWR� (;���� �$OFRQ�� Yԥ� :DYHOLJKW�$OOHJUHWWR� )6���� �$OFRQ�� IHPWRVHFRQG� OD]HULQGԥ
DSDUÕOPÕúGÕU��ԤOGԥ�ROXQDQ�E�W�Q�ԥPԥOL\\DW�ԥYYԥONL�KHVDEODPDODU�:DYH/LJKW�7RSROD]HU�Yԥ�:DYH/LJKW�$QDOD]HU�
�$OFRQ��YDVLWԥVLOԥ�DSDUÕOPÕúGÕU�

7ԥGTLTDWD�GD[LO�RODQ�E�W�Q�[ԥVWԥOԥUԥ�VWDQGDUW�SUHRSHUDWLY�Yԥ���LO�ԥU]LQGԥ�SRVWRSHUDWLY�P�D\LQԥOԥU�NHoLULOPLúGLU�
YL]RPHWUL\D��UHIUDNWRPHWUL\D��WRQRPHWUL\D��RSWLN�NRKHUHQW�WRPRTUD¿\D�³9LVDQWH�2&7´��&DUO�=HLVV��FLKD]ÕQGD��úԥN��
���Yԥ�J|]�Q�|Q�VHTPHQWLQLQ�úH\PÀ�QJ�NDPHUDVÕQGD�³:DYH/LJKW�2FXO\]HU´��$OFRQ��WԥGTLTL�

ԤPԥOL\\DWODUÕQ� SODQODúGÕUÕOPDVÕ� ]DPDQÕ� E�W�Q� [ԥVWԥOԥUGԥ� DEODVL\D� ]RQDVÕ� ���� PP� ROPXúGXU�� $EODVL\DGDQ
VRQUD�NRUQHDQÕQ�TDOÕQOÕ÷Õ���������PLNURQ�WԥúNLO�HWPLúGLU��3UHRSHUDWLY�P�D\LQԥ�]DPDQÕ�DúD÷ÕGDNÕ�PԥOXPDWODU�ԥOGԥ�
HGLOPLúGLU��NRUUHNVL\DVÕ]�J|UPԥ�LWLOL\L�����������NRUUHNVL\D�LOԥ�J|UPԥ�LWLOL\L�����������VIHULN�HNYLYDOHQW������GԥQ
����'��VLOLQGULN�NRPSRQHQW������GԥQ�������GSWU��GԥN��NRUQHDQÕQ�SD[LPHWUL\DVÕ������������ȝP��E�W�Q�[ԥVWԥOԥUGԥ
NHURWRPHWULN�J|VWԥULFLOԥU�.������������'��.������������'�

ùԥN� 1� ԤPԥOL\\DWGDQ 1 LO VRQUD NRUQHDO ÀDSÕQ Yԥ UHVLGXDO VWURPDQÕQ TDOÕQOÕ÷Õ

%�W�Q� KDOODUGD� )HPWR�/DVLN� ԥPԥOL\\DWODUÕQGD� NRUQHD� ÀDSÕQÕQ� SODQODúGÕUÕOPÕú� TDOÕQOÕ÷Õ� ����PLNURQ�� NRUQHD
ÀDSÕQÕQ�GLDPHWUL�����PP�WԥúNLO�HWPLúGLU��)HPWRVDQL\ԥ�OD]HU�ÀDSÕQÕQ�IRUPDODúPDVÕ�]DPDQÕ�KLQFLQ�SR]LVL\DVÕ�\X[DUÕ
ROPXúGXU�
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1ԥWLFԥOԥU Yԥ RQODUÕQ P�]DNLUԥVL
$OGÕ÷ÕPÕ]�QԥWLFԥOԥUԥ�ԥVDVԥQ�[ԥVWԥOԥULQ�KHo�ELULQGԥ�LQWUD��Yԥ�SRVWRSHUDWLY�IԥVDGODU�P�úDKLGԥ�HGLOPԥPLúGLU��%�W�Q�

[ԥVWԥOԥU�ԥPԥOL\\DWGDQ���������D\�Yԥ���LO�VRQUD�WDP�P�D\LQԥGԥQ�NHoPLúGLUOԥU��úԥN�����

ùԥN� 2� ԤPԥOL\\DWGDQ ԥYYԥO Yԥ ԥPԥOL\\DWGDQ 1� � Yԥ 12 D\ VRQUD NRUUHNVL\DVÕ] Yԥ NRUUHNVL\D LOԥ J|UPԥ LWLOL\L

)HPWR�/DVLN� FԥUUDKL\\ԥVLQGԥQ� VRQUD�� J|]�Q� Yԥ]L\\ԥWLQLQ� NOLQLN� TL\PԥWOԥQGLULOPԥVLQGԥ� EX\QX]� TLúDQÕQ
SD[LPHWUL\DVÕ��VIHULN�Yԥ�VLOLQGULN�NRPSRQHQWOԥULQLQ�DQDOL]L�NLPL�J|VWԥULFLOԥULQ�|Oo�OPԥVL�YDFLEGLU�

ԤPԥOL\\DWGDQ�ELU�D\�VRQUD��NRUUHNVL\DVÕ]�J|UPԥ�LWLOL\L����������VIHUHNYLYDOHQW�������������VLOLQGULN�NRPSRQHQW�
���������NRUQHD�ÀDSÕQ�TDOÕQOÕ÷Õ������������PLNURQ��UHVLGXDO�VWURPDQÕQ�TDOÕQOÕ÷Õ���������ȝP�WԥúNLO�HWPLúGLU�

$UDúGÕUÕODQ�SDUDPHWUOԥU�E�W�Q�P�úDKLGԥ�P�GGԥWLQGԥ�VDELW�TDOPÕúGÕU�
7RSRTUD¿N� Gԥ\LúLNOLNOԥULQ� |Oo�OPԥVL� Yԥ�PRQLWRULQTL� �o�Q� GLDTQRVWLN� FLKD]� ³:DYH/LJKW�2FXO\]HU´� �$OFRQ��

LVWLIDGԥ�HGLOԥUԥN�ԥPԥOL\\DWGDQ�VRQUD�NԥPL\\ԥW�DPLOOԥULQLQ�TL\PԥWOԥQGLULOPԥVL�NHoLULOPLúGLU��ԤPԥOL\\DWGDQ�ԥYYԥO
PԥOXPDWODUÕQ�WԥNUDUODQPDVÕQÕ�P�TD\LVԥ�HWPԥN��o�Q�KԥU�J|]��o�Q�G|UG�DUGÕFÕO�|Oo�OPԥ�DSDUÕOPÕúGÕU�

<HNXQ
%HOԥOLNOԥ�� IHPWR� WH[QRORJL\DVÕ� �)HPWR�/DVLN�� LOԥ� NHoLULOԥQ� /$6ø.� �/DVHU�$VVLVWHG� LQ� 6LWX� .HUDWRPLOHXVLV��

ԥPԥOL\\DWÕ�� NDWDUDNWD� HNVWUDNVL\DVÕ� Yԥ� ø2/� LPSODQWDVL\DVÕQGDQ� VRQUD� TDOÕT� UHIUDNVL\DQÕQ� DUDGDQ� TDOGÕUÕOPDVÕ
�o�Q� ԥQ� GԥTLT� �VXO� ROGX÷X� DúNDUODQPÕúGÕU��ԤOGԥ� ROXQPXú� QԥWLFԥOԥU� EX�PHWRGXQ� WԥKO�NԥVL]OL\LQL�� HIIHNWLYOL\LQL
Yԥ� VDELWOL\LQL� Q�PD\Lú� HWGLUPLúGLU��%X� WH[QLND�� NHUDWRUHIUDNWLY� FԥUUDKL\\ԥGԥ� TDEDTFÕO� WH[QRORJL\DGÕU�� NDWDUDNWD
ԥPԥOL\\DWÕ�Yԥ�ø2/�LPSODQWDVL\DVÕQGDQ�VRQUD�TDOÕT�DPHWURSL\DQÕQ�NRUUHNVL\DVÕQD�LPNDQ�\DUDGÕU�

Ԥ'Ԥ%,<<$7�

�� /XQGVWURP�0���%DUU\�3���+HQU\�<��HW�DO��9LVXDO�RXWFRPH�RI�FDWDUDFW�VXUJHU\��VWXG\�IURP�WKH�(XURSHDQ
5HJLVWU\�RI�4XDOLW\�2XWFRPHV�IRU�&DWDUDFW�DQG�5HIUDFWLYH�6XUJHU\����-��&DWDUDFW��5HIUDFW��6XUJ��������
Y�����S���������

�� %HKQGLJ�$���0RQWDQ�3���6WHQHYL�8��HW�DO��$LPLQJ�IRU�HPPHWURSLD�DIWHU�FDWDUDFW�VXUJHU\��6ZHGLVK�1DWLRQDO
&DWDUDFW�5HJLVWHU�VWXG\����-��&DWDUDFW��5HIUDFW��6XUJ���������Y�����S�����������

�� 6FKXVWHU�$�.���6FKOLFKWHQEUHGH�)�&���+DUGHU�%�&��HW�DO��7DUJHW�UHIUDFWLRQ�IRU�EHVW�XQFRUUHFWHG�GLVWDQFH
DQG�QHDU�YLVLRQ�LQ�FDWDUDFW�VXUJHU\����(XU��-��2SKWKDOPRO���������Y�����S����±����

�� =KHOH]Q\DN�/���.LP�0�-���0DF5DH�6��HW�DO��,PSDFW�RI�FRUQHDO�DEHUUDWLRQV�RQ�WKURXJK�IRFXV�LPDJH�TXDOLW\
RI�SUHVE\RSLD�FRUUHFWLQJ�LQWUDRFXODU�OHQVHV�XVLQJ�DQ�DGDSWLYH�RSWLFV�EHQFK�V\VWHP����-��&DWDUDFW��5HIUDFW��
6XUJ���������Y�����S�����±�����

�� 1RUUE\�6��6RXUFHV�RI�HUURU�LQ�LQWUDRFXODU�OHQV�SRZHU�FDOFXODWLRQ����-��&DWDUDFW��5HIUDFW��6XUJ���������Y����
S����±����
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�� 7DVVLJQRQ� 0�-��� %DUWKRORPHHXVHQ� (��� 5R]HPD� -�-�� HW� DO�� )HDVLELOLW\� RI� PXOWLIRFDO� LQWUD�RFXODU� OHQV
H[FKDQJH�DQG�FRQYHUVLRQ�WR�WKH�EDJ�LQ�WKH�OHQV�LPSODQWDWLRQ����$FWD��2SKWKDOPRO���������Y�����S�����
����

�� )HUUHU�%ODVFR� 7��� 0RQWHV�0LFR� 5��� 3HL[RWR�GH�0DWRV� 6�&�� HW� DO�� 3UHYDOHQFH� RI� FRUQHDO� DVWLJPDWLVP
EHIRUH�FDWDUDFW�VXUJHU\����-��&DWDUDFW��5HIUDFW��6XUJ���������Y�����S�������

�� /HNKDQRQW�.���:XWKLVLUL�:���&KDWFKDLSXQ�3��HW�DO��3UHYDOHQFH�RI�FRUQHDO�DVWLJPDWLVP�LQ�FDWDUDFW�VXUJHU\�
FDQGLGDWHV�LQ�%DQJNRN��7KDLODQG����-��&DWDUDFW��5HIUDFW��6XUJ��������Y�����S���������

�� .DZDKDUD�$���.XURVDND�'���<RVKLGD�$��&RPSDULVRQ�RI� VXUJLFDOO\� LQGXFHG�DVWLJPDWLVP�EHWZHHQ�RQH�
KDQGHG�DQG�WZR�KDQGHG�FDWDUDFW�VXUJHU\�WHFKQLTXHV����&OLQ��2SKWKDOPRO���������Y��������������

��� $OLR�-�/���3HQD�*DUFLD�3���$EGXOOD�*XOL\HYD�)��HW�DO��0,&6�ZLWK�WRULF�LQWUDRFXODU�OHQVHV�LQ�NHUDWRFRQXV�
RXWFRPHV�DQG�SUHGLFWDELOLW\�DQDO\VLV�RI�SRVWRSHUDWLYH�UHIUDFWLRQ����%U��-��2SKWKDOPRO���������Y�����S�����
����

��� 'HQR\HU�$���5LFDXG�;���9DQ�:HQW�&��HW�DO��,QÀXHQFH�RI�FRUQHDO�ELRPHFKDQLFDO�SURSHUWLHV�RQ�VXUJLFDOO\�
LQGXFHG�DVWLJPDWLVP�LQ�FDWDUDFW�VXUJHU\����-��&DWDUDFW��5HIUDFW��6XUJ���������Y�����S�����������

��� +LUQVFKDOO�1���+RIIPDQQ�3�&���'UDVFKO�3��HW�DO��(YDOXDWLRQ�RI�IDFWRUV�LQÀXHQFLQJ�WKH�UHPDLQLQJ�DVWLJPDWLVP
DIWHU�WRULF�LQWUDRFXODU�OHQV�LPSODQWDWLRQ����-��5HIUDFW��6XUJ��������Y����S��±��

��� 0F,QW\UH�-�6���:HUQHU�/���)XOOHU�6�5��HW�DO��$VVHVVPHQW�RI�D� VLQJOH�SLHFH�K\GURSKLOLF�DFU\OLF� ,2/�IRU�
SLJJ\EDFN�VXOFXV�¿[DWLRQ�LQ�SVHXGRSKDNLF�FDGDYHU�H\HV����-��&DWDUDFW��5HIUDFW��6XUJ���������Y�����S�����
����

��� 9HQWHU�-�$���2EHUKROVWHU�$���6FKDOOKRUQ�6�&��HW�DO��3LJJ\EDFN� LQWUDRFXODU� OHQV� LPSODQWDWLRQ� WR�FRUUHFW�
SVHXGRSKDNLF�UHIUDFWLYH�HUURU�DIWHU�VHJPHQWDO�PXOWLIRFDO�LQWUDRFXODU�OHQV�LPSODQWDWLRQ����-��5HIUDFW��6XUJ��
������Y�����S���������

��� $OLR�-�/���$EGHOJKDQ\�$�$���)HUQHQGH]�%XHQDJD�5��0DQDJHPHQW�RI�UHVLGXDO�UHIUDFWLYH�HUURU�DIWHU�FDWDUDFW�
VXUJHU\����&XUU��2SLQ��2SKWKDOPRO���������Y�����S���������

��� )HUQHQGH]�%XHQDJD�5���$OLR�-�/���3HUH]�$UGR\�$�/��HW�DO��/DWH�LQ�WKH�EDJ�LQWUDRFXODU�OHQV�GLVORFDWLRQ
UHTXLULQJ�H[SODQWDWLRQ��ULVN�IDFWRUV�DQG�RXWFRPHV����(\H��/RQG���������Y�����S���������

��� )HUQHQGH]�%XHQDJD�5���$OLR�-�/���3HUH]�$UGR\�$�/��HW�DO��5HVROYLQJ�UHIUDFWLYH�HUURU�DIWHU�FDWDUDFW�VXUJHU\�
,2/�H[FKDQJH��SLJJ\EDFN�OHQV��RU�/$6,.����-��5HIUDFW��6XUJ���������Y�����S���������

Ɇɢɪɢɲɨɜɚ�Ɇ�Ɏ�

ɄɈɊɊȿɄɐɂə�ɈɋɌȺɌɈɑɇɕɏ�ɊȿɎɊȺɄɐɂɈɇɇɕɏ�ɈɒɂȻɈɄ�ɆȿɌɈȾɈɆ
)(072�±�/$6,.�ɉɈɋɅȿ�ɗɄɋɌɊȺɄɐɂɂ�ɄȺɌȺɊȺɄɌɕ�ɋ�ɂɆɉɅȺɇɌȺɐɂȿɃ
ɂɈɅ�

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦɟɧɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ��Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ� )HPWR�/DVLN��ɪɨɝɨɜɢɰɚ��ɤɚɬɚɪɚɤɬɚ��ɢɦɩɥɚɧɬɚɰɢɹ�ɢɧɬɪɚɨɤɭɥɹɪɧɵɯ�ɥɢɧɡ��,2/�

ɊȿɁɘɆȿ
ɐɟɥɶ ±�ɨɰɟɧɢɬɶ�ɦɟɬɨɞ�)HPWR�/DVLN�ɞɥɹ�ɤɨɪɪɟɤɰɢɢ�ɨɫɬɚɬɨɱɧɵɯ�ɪɟɮɪɚɤɰɢɨɧɧɵɯ�ɨɲɢɛɨɤ�ɩɨɫɥɟ�ɷɤɫɬɪɚɤ�

ɰɢɢ�ɤɚɬɚɪɚɤɬɵ�
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ
Ɉɩɟɪɚɰɢɢ�)HPWR�/DVLN�ɞɥɹ�ɤɨɪɪɟɤɰɢɢ�ɨɫɬɚɬɨɱɧɵɯ�ɪɟɮɪɚɤɰɢɨɧɧɵɯ�ɨɲɢɛɨɤ�ɩɨɫɥɟ�ɷɤɫɬɪɚɤɰɢɢ�ɤɚɬɚɪɚɤɬɵ

ɛɵɥɢ�ɜɵɩɨɥɧɟɧɵ�ɧɚ����ɝɥɚɡɚɯ�����ɩɚɰɢɟɧɬɨɜ���ȼɫɟ�ɨɩɟɪɚɰɢɢ�ɩɪɨɜɨɞɢɥɫɶ�ɧɚ�ɷɤɫɢɦɟɪɧɨɦ�ɥɚɡɟɪɟ�:DYH/LJKW�
$OOHJUHWWR�(;�����$OFRQ��ɢ�ɮɟɦɬɨɫɟɤɭɧɞɧɨɦ�ɥɚɡɟɪɟ�:DYHOLJKW��$OOHJUHWWR�)6�����$OFRQ���Ⱦɨɨɩɟɪɚɰɢɨɧɧɵɟ
ɪɚɫɱɟɬɵ�ɩɪɨɜɨɞɢɥɢɫɶ�ɧɚ�ɚɩɩɚɪɚɬɚɯ�:DYH/LJKW�7RSRO\]HU�ɢ�:DYH/LJKW�$QDO\]HU��$OFRQ��

Ɋɟɡɭɥɶɬɚɬɵ 
ɂɧɬɪɚ��ɢ�ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɯ�ɨɫɥɨɠɧɟɧɢɣ�ɧɢ�ɭ�ɨɞɧɨɝɨ�ɩɚɰɢɟɧɬɚ�ɧɟ�ɛɵɥɨ��ɑɟɪɟɡ�ɦɟɫɹɰ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ

ɧɚɛɥɸɞɚɥɢɫɶ�ɫɥɟɞɭɸɳɢɟ�ɞɚɧɧɵɟ��ɧɟɤɨɪɪɟɝɢɪɨɜɚɧɧɚɹ�ɨɫɬɪɨɬɚ�ɡɪɟɧɢɹ������������ɫɮɟɪɢɱɟɫɤɢɣ�ɷɤɜɢɜɚɥɟɧɬ
��������������ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ�ɤɨɦɩɨɧɟɧɬ������������ɬɨɥɳɢɧɚ�ɥɨɫɤɭɬɚ�ɪɨɝɨɜɢɰɵ�ɫɨɫɬɚɜɥɹɥɚ��������������ɦɤɦ�
ɬɨɥɳɢɧɚ�ɨɫɬɚɬɨɱɧɨɣ�ɫɬɪɨɦɵ�ɫɨɫɬɚɜɥɹɥɚ�����������ɦɤɦ�
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Ɂɚɤɥɸɱɟɧɢɟ
Ⱦɚɧɧɚɹ�ɦɟɬɨɞɢɤɚ�ɹɜɥɹɟɬɫɹ�ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ�ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɣ�ɬɟɯɧɨɥɨɝɢɟɣ�ɜ�ɤɟɪɚɬɨɪɟɮɪɚɤɰɢɨɧɧɨɣ�

ɯɢɪɭɪɝɢɢ�ɢ�ɞɚɟɬ�ɜɨɡɦɨɠɧɨɫɬɶ�ɤɨɪɪɟɤɰɢɢ�ɨɫɬɚɬɨɱɧɵɯ�ɚɦɟɬɪɨɩɢɣ�ɩɨɫɥɟ�ɯɢɪɭɪɝɢɢ�ɤɚɬɚɪɚɤɬɵ�ɢ�ɢɦɩɥɚɧɬɚɰɢɢ
ɂɈɅ�

0LULVKRYD�0�)�

&255(&7,21�2)�5(6,'8$/�5()5$&7,9(�(55256�$)7(5�&$7$5$&7
(;75$&7,21�:,7+�,2/�,03/$17$7,21�%<�7+(�)(072���/$6,.
0(7+2'

1DWLRQDO�2SKWKDOPRORJLFDO�&HQWUH�QDPHG�DIWHU�DFDG��=DULID�$OLHYD�%DNX��$]HUEDLMDQ

.H\ ZRUGV� )HPWR�/DVLN��FRUQHD��FDWDUDFW��LPSODQWDWLRQ�RI�LQWUDRFXODU�OHQVHV��,2/�

6800$5<

$LP� �� WR� HYDOXDWH� WKH�XVH�RI�)HPWR�/DVLN�PHWKRG� IRU� FRUUHFWLRQ�RI� UHVLGXDO� UHIUDFWLYH� HUURUV� DIWHU� FDWDUDFW�
VXUJHU\�

0DWHULDOV DQG PHWKRGV 
)HPWR�/DVLN�PHWKRG� WR�FRUUHFW� UHVLGXDO� UHIUDFWLYH�HUURUV�DIWHU�FDWDUDFW�H[WUDFWLRQ�ZDV�SHUIRUPHG�LQ����H\HV�

���� SDWLHQWV���$OO� RSHUDWLRQV� ZHUH� SHUIRUPHG� RQ� WKH� H[FLPHU� ODVHU�:DYH/LJKW�$OOHJUHWWR� (;���� �$OFRQ�� DQG�
IHPWRVHFRQG�ODVHU�:DYHOLJKW�$OOHJUHWWR�)6�����$OFRQ���$OO�SUHRSHUDWLYH�FDOFXODWLRQV�ZHUH�SHUIRUPHG�RQ�GHYLFHV
:DYH/LJKW�7RSRO\]HU�DQG�:DYH/LJKW�$QDO\]HU��$OFRQ��

5HVXOWV 
7KHUH�ZHUH�QR�LQWUD��DQG�SRVWRSHUDWLYH�FRPSOLFDWLRQV�LQ�DQ\�SDWLHQW��,Q�D�PRQWK�DIWHU�WKH�VXUJHU\��WKH�IROORZLQJ

GDWD�ZHUH�REVHUYHG��XQFRUUHFWHG�YLVLRQ������������VSKHULF�HTXLYDOHQW���������������F\OLQGULF�FRPSRQHQW������������
7KH�WKLFNQHVV�RI�WKH�FRUQHD�ZDV��������������PLFURQV��UHVLGXDO�VWRPD�WKLFNQHVV�ZDV�����������PLFURQV�

&RQFOXVLRQ
7KLV� WHFKQLTXH� LV� D� SUHGLFWDEOH� DGYDQFHG� WHFKQRORJ\� LQ� NHUDWRUHIUDFWLYH� VXUJHU\� DQG� HQDEOHV� FRUUHFWLRQ� RI�

UHVLGXDO�DPHWURSLHV�DIWHU�FDWDUDFW�VXUJHU\�ZLWK�,2/�LPSODQWDWLRQ�

Ⱦɥɹ�ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ�
Ɇɢɪɢɲɨɜɚ�Ɇɢɪɚɧɚ�Ɏɚɪɯɚɞ�ɤɵɡɵ��ɞɨɤɬɨɪ�ɮɢɥɨɫɨɮɢɢ�ɩɨ�ɦɟɞɢɰɢɧɟ��ɜɪɚɱ�ɨɮɬɚɥɶɦɨɥɨɝ�ɷɤɫɢɦɟɪɥɚɡɟɪɧɨ�
ɝɨ�ɨɬɞɟɥɚ�ɇɚɰɢɨɧɚɥɶɧɨɝɨ�ɐɟɧɬɪɚ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɚɤɚɞ��Ɂɚɪɢɮɵ�Ⱥɥɢɟɜɨɣ�
Ⱥɞɪɟɫɫ��$=������ɝ�Ȼɚɤɭ��ɭɥ�Ⱦɠɚɜɚɞɯɚɧɚ������
Ɍɟɥ�����������������������
(�PDLO��GUBPLULVKRYD#\DKRR�FRP��PLUDQD#PLULVKRYD�FRP


