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0�[WԥOLI� WԥGTLTDWODUGDQ� KD]ÕUODQDQ� Yԥ� WԥTGLP� ROXQDQ� ԥGԥEL\\DW� LFPDOÕQGD� SVHYGRHNVIROLDWLY�
VLQGURPOD� P�úD\LԥW� ROXQDQ� NDWDUDNWD� FԥUUDKL\\ԥVLQÕQ� \�NVԥN� D÷ÕUODúPD� ULVNOԥULQGԥQ� �]RQXORGLDOL]��
NDSVXO�FÕUÕOPDVÕ��ú�úԥYDUÕ�FLVPLQ�TDEDUPDVÕ��LQWUDRNXO\DU�OLQ]D�GLVORNDVL\DVÕ��ELUL�RODQ�GDU�EԥEԥN�IDNWRUX�
WԥKOLO�ROXQXE��%HOԥ�NL��RQXQ�UDVWJԥOPԥ�WH]OL\L��ԥQ�ԥVDV��P�[WԥOLI�|ONԥOԥULQ�DOLPOԥUL�WԥUԥ¿QGԥQ�WԥNOLI�ROXQDQ�
SUR¿ODNWLN��GLDTQRVWLN��RSWLPDO�FԥUUDKL�WDNWLND�Q|YOԥUL��GDU�EԥEԥNOԥULQ�PHGLNDPHQWR]�JHQLúOԥQGLULOPԥVL�
�VXOODUÕ��NDWDUDNWD�ԥPԥOL\\DWÕ�]DPDQÕ�EԥEԥ\LQ�PH[DQLNL�JHQԥOGLOPԥVLQLQ�FԥUUDKL��VXOODUÕ��GDU�EԥEԥ\LQLQ�
PH[DQLNL�¿NVDVL\DVÕ��o�Q�WԥNOLI�ROXQDQ�YDVLWԥOԥUL�P�]DNLUԥ�ROXQXE��1ԥWLFԥGԥ��NDWDUDNWD�FԥUUDKL\\ԥVLQLQ�
RSWLPDOODúGÕUÕPDVÕQD��IԥVDGODUÕQ�D]DOGÕOPDVÕQD�� LúOԥQLE�KD]ÕUODQDQ�Yԥ�WԥNOLI�ROXQDQ�oR[VD\OÕ�EԥEԥNOԥULQ�
JHQLúOԥQGLULOPԥ��VXOODUÕQÕQ�G�]J�Q�LVWLIDGԥVLQԥ��DGHNYDW�PLGULD]Õ�WԥPLQ�HWPԥ\ԥ��ԥOYHULúOL�NOLQLN�QԥWLFԥOԥUԥ�
QDLO�ROPD÷D�\|QԥOԥQ�ԥGԥEL\\DW�LFPDOÕ�WԥTGLP�ROXQXU�

$oDU�V|]OԥU��SVHYGRHNVIROLDWLY�VLQGURP��ULJLG�EΩEΩN��PLGULDWLNOΩU��EΩEΩN�JHQLúOΩQGLULFL�YDVLWΩOΩU

ɋɚɢɥɨɜɚ�Ƚ�Ɍ��

ɏɂɊɍɊȽɂɑȿɋɄɈȿ�Ʌȿɑȿɇɂȿ�ɄȺɌȺɊȺɄɌɕ�ɉɊɂ�ɉɋȿȼȾɈɗɄɋɎɈɅɂȺɌɂȼɇɈɆ�ɋɂɇȾɊɈɆȿ�
ɂ�ɆȿɌɈȾɕ�ɊȺɋɒɂɊȿɇɂə�ɍɁɄɈȽɈ��ɊɂȽɂȾɇɈȽɈ��ɁɊȺɑɄȺ��ɈȻɁɈɊ�ɅɂɌȿɊȺɌɍɊɕ��

ɊȿɁɘɆȿ

ȼ� ɨɛɡɨɪɟ� ɥɢɬɟɪɚɬɭɪɵ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɩɭɛɥɢɤɚɰɢɢ� ɫ� ɨɛɫɭɠɞɟɧɢɹɦɢ� ɭɡɤɨɝɨ� �ɪɢɝɢɞɧɨɝɨ��
ɡɪɚɱɤɚ� ɧɚ� ɮɨɧɟ� ɩɫɟɜɞɨɷɤɫɮɨɥɢɚɬɢɜɧɨɝɨ� ɫɢɧɞɪɨɦɚ�� ɤɨɬɨɪɵɣ� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ� ɧɚɢɛɨɥɟɟ�
ɱɚɫɬɵɯ� ɢ� ɯɚɪɚɤɬɟɪɧɵɯ� ɩɪɨɹɜɥɟɧɢɣ� ɜɵɫɨɤɨɝɨ� ɪɢɫɤɚ� ɨɫɥɨɠɧɟɧɢɣ� ɩɪɢ� ɯɢɪɭɪɝɢɢ� ɤɚɬɚɪɚɤɬɵ�
�ɡɨɧɭɥɨɞɢɚɥɢɡ�� ɪɚɡɪɵɜ� ɤɚɩɫɭɥɵ�� ɨɬɟɤ� ɫɬɟɤɥɨɜɢɞɧɨɝɨ� ɬɟɥɚ�� ɞɢɫɥɨɤɚɰɢɹ� ɢɧɬɪɚɨɤɭɥɹɪɧɨɣ� ɥɢɧɡɵ���
ȼ� ɱɢɫɥɟ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɭɱɟɧɵɯ� ɪɚɡɧɵɯ� ɫɬɪɚɧ� ɨɛɫɭɠɞɟɧɵ� ɱɚɫɬɨɬɚ� ɜɫɬɪɟɱɚɟɦɨɫɬɢ�� ɩɪɟɞɥɨɠɟɧɢɹ�
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɣ��ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ��ɨɩɬɢɦɚɥɶɧɨɣ�ɯɢɪɭɪɝɢɱɟɫɤɨɣ�ɬɚɤɬɢɤɢ��ɜɤɥɸɱɢɜɲɢɟ�ɦɟɬɨɞɵ�
ɦɟɞɢɤɚɦɟɧɬɨɡɧɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ�ɭɡɤɨɝɨ�ɡɪɚɱɤɚ��ɯɢɪɭɪɝɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�ɦɟɯɚɧɢɱɟɫɤɨɝɨ�ɪɚɫɲɢɪɟɧɢɹ�
ɡɪɚɱɤɚ� ɩɪɢ� ɨɩɟɪɚɰɢɢ� ɩɨ� ɭɞɚɥɟɧɢɸ� ɤɚɬɚɪɚɤɬɵ�� ɫɪɟɞɫɬɜɚ� ɞɥɹ� ɦɟɯɚɧɢɱɟɫɤɨɣ� ɮɢɤɫɚɰɢɢ� ɭɡɤɨɝɨ�
ɡɪɚɱɤɚ��ȼ� ɪɟɡɭɥɶɬɚɬɟ�� ɨɛɡɨɪ� ɥɢɬɟɪɚɬɭɪɵ�� ɜ� ɤɨɬɨɪɨɦ� ɨɫɧɨɜɧɨɟ� ɜɧɢɦɚɧɢɟ� ɭɞɟɥɹɟɬɫɹ� ɨɩɬɢɦɢɡɚɰɢɢ�
ɯɢɪɭɪɝɢɢ�ɤɚɬɚɪɚɤɬɵ��ɭɦɟɧɶɲɟɧɢɸ�ɨɫɥɨɠɧɟɧɢɣ��ɜɵɛɨɪɭ�ɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɸ�ɛɨɥɶɲɨɝɨ�ɤɨɥɢɱɟɫɬɜɚ�
ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɫɩɨɫɨɛɨɜ�ɞɢɥɚɬɚɰɢɢ�ɡɪɚɱɤɚ�ɞɥɹ�ɨɛɟɫɩɟɱɟɧɢɹ�ɚɞɟɤɜɚɬɧɨɝɨ�ɦɢɞɪɢɚɡɚ�ɨɪɢɟɧɬɢɪɨɜɚɧ�
ɧɚ�ɞɨɫɬɢɠɟɧɢɟ�ɛɥɚɝɨɩɪɢɹɬɧɵɯ�ɤɥɢɧɢɱɟɫɤɢɯ�ɪɟɡɭɥɶɬɚɬɨɜ��

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɫɟɜɞɨɷɤɫɮɨɥɢɚɬɢɜɧɵɣ�ɫɢɧɞɪɨɦ��ɯɢɪɭɪɝɢɹ�ɤɚɬɚɪɚɤɬɵ��ɭɡɤɢɣ��ɪɢɝɢɞɧɵɣ��
ɡɪɚɱɨɤ��ɦɢɞɪɢɚɬɢɤɢ��ɬɟɯɧɢɤɢ�ɪɚɫɲɢɪɟɧɢɹ
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7KH�OLWHUDWXUH�UHYLHZ�SUHVHQWV�SXEOLFDWLRQV�GLVFXVVLQJ�D�QDUURZ��ULJLG��SXSLO�DJDLQVW�WKH�EDFNJURXQG�
RI� SVHXGRH[IROLDWLYH� V\QGURPH�� ZKLFK� LV� RQH� RI� WKH�PRVW� IUHTXHQW� DQG� FKDUDFWHULVWLF�PDQLIHVWDWLRQV�
RI� D�KLJK� ULVN�RI� FRPSOLFDWLRQV� LQ� FDWDUDFW� VXUJHU\� �]RQXORGLDO\VLV�� FDSVXODU� UXSWXUH�� YLWUHRXV� HGHPD��
GLVORFDWLRQ�RI�WKH�LQWUDRFXODU�OHQV���$PRQJ�WKH�VWXGLHV�RI�VFLHQWLVWV�IURP�GL൵HUHQW�FRXQWULHV��WKH�IUHTXHQF\�
RI�RFFXUUHQFH��SURSRVDOV�IRU�SUHYHQWLYH��GLDJQRVWLF��RSWLPDO�VXUJLFDO�WDFWLFV��LQFOXGLQJ�PHWKRGV�RI�PHGLFDO�
H[SDQVLRQ�RI�WKH�QDUURZ�SXSLO��VXUJLFDO�PHWKRGV�RI�PHFKDQLFDO�H[SDQVLRQ�RI�WKH�SXSLO�GXULQJ�FDWDUDFW�
VXUJHU\��DQG�PHDQV�IRU�PHFKDQLFDO�¿[DWLRQ�RI�WKH�QDUURZ�SXSLO��ZHUH�GLVFXVVHG��$V�D�UHVXOW��D�UHYLHZ�RI�
WKH�OLWHUDWXUH��ZKLFK�IRFXVHV�RQ�WKH�RSWLPL]DWLRQ�RI�FDWDUDFW�VXUJHU\��UHGXFWLRQ�RI�FRPSOLFDWLRQV��VHOHFWLRQ�
DQG�XVH�RI�D�ODUJH�QXPEHU�RI�GHYHORSHG�PHWKRGV�RI�SXSLOODU\�GLODWDWLRQ�WR�HQVXUH�DGHTXDWH�P\GULDVLV��LV�
IRFXVHG�RQ�DFKLHYLQJ�IDYRUDEOH�FOLQLFDO�UHVXOWV�

.H\ZRUGV�� SVHXGRH[IROLDWLYH�V\QGURPH��FDWDUDFW�VXUJHU\��ULTLG�SXSLO��QDUURZ�SXSLO���P\GULDWLFV��
QDUURZ�EDE\�H[SDQVLRQ�WHFKQLTXHV

<DúOÕ� LQVDQODUÕQ� ԥKDOL� DUDVÕQGD� VD\ÕQÕQ� JHWGLNFԥ� DUWPDVÕ� Yԥ� LQVDQODUÕQ� |PU�Q�Q� X]DQPDVÕ�
WHQGHQVL\DVÕ��J|UPԥ�RUTDQÕQGD�\DúOD�ԥODTԥGDU�\DUDQDQ�Gԥ\LúLNOLNOԥU�G�Q\DQÕQ�P�[WԥOLI�|ONԥOԥULQGԥ�DNWXDO�
WԥGTLTDWODU�VÕUDVÕQGD�P�K�P�\HU�WXWXU��<DúOD�ԥODTԥGDU�\DUDQDQ�[ԥVWԥOLNOԥULQ�SUR¿ODNWLND�Yԥ�UHDELOLWDVL\DVÕ�
PH[DQL]POԥULQLQ�|\UԥQLOPԥVL�\DúOÕ�ԥKDOLQLQ�Kԥ\DW�DNWLYOL\LQLQ�DUWPDVÕ�LOԥ�QԥWLFԥOԥQLU��+ԥ\DW�NH\¿\\ԥWLQLQ�
\D[úÕODúGÕUÕOPDVÕQÕQ� P�K�P� NRPSRQHQWOԥULQGԥQ� ELUL� RODQ� J|UPԥ� NH\¿\\ԥWLQLQ� \�NVԥOGLOPԥVL� LQNLúDI�
HWPLú�FԥPL\\ԥWLQ�GRPLQL]ԥHGLFL�WHQGHQVL\DVÕ�RODUDT�TDOÕU�>���@�

hPXPG�Q\D�6ԥKL\\ԥ�7ԥúNLODWÕQÕQ�PԥOXPDWÕQD�J|Uԥ�\DúOD�ԥODTԥGDU�\DUDQDQ�NDWDUDNWD�Yԥ�TODXNRPD�
ԥKDOL�DUDVÕQGD�]ԥLIJ|UPԥ�Yԥ�NRUOX÷XQ�ԥVDV�VԥEԥEOԥULQGԥQ�ELUL�RODUDT�TDOÕU�>�@�

*|UPԥ� RUTDQÕQÕQ� \DúD� ED÷OÕ� Gԥ\LúLNOLNOԥUL� DUDVÕQGD� NDWDUDNWD� Yԥ� TODXNRPD� LOԥ� \DQDúÕ� GDKD� oR[�
E�W�Q� G�Q\DGD� UDVW� JԥOLQԥQ� SDWRORJL\DODUGDQ� ELUL�� �����FL� LOGԥ� -�*�/LQGEHUJ� WԥUԥ¿QGԥQ� WԥVYLU� HGLOԥQ�
SVHYGRHNVIROLDWLY�VLQGURPGXU��3(6��>�@�

3(6� J|]�Q� P�[WԥOLI� VWUXNWXUODUÕQGD�� R� F�POԥGԥQ� T�]HKOL� TLúDQÕQ� SLTPHQW� HSLWHOLQGԥ�� NLUSLNOL�
FLVLPGԥ��E�OOXU�NDSVXOXQGD��VLQQ�ED÷ODUÕQGD��EX\QX]�TLúD�HQGRWHOLQGԥ�SVHYGRHNVIROLDWLY�PDWHULDOÕQ��3(0��
VLQWH]L��\Õ÷ÕOPDVÕ��o|NPԥVL�LOԥ�[DUDNWHUL]ԥ�ROXQDQ��\DúDED÷OÕ�\DUDQDQ�VLVWHP�[ԥVWԥOLNGLU�>���@��

0�[WԥOLI� WԥGTLTDWODUGDQ� PԥOXPGXU� NL�� 3(6� IRQXQGD� NDWDUDNWD� FԥUUDKL\\ԥVL� \�NVԥN� D÷ÕUODúPD�
ULVNOԥUL�LOԥ�IԥUTOԥQLU��7ԥGTLTDWODU�QԥWLFԥVLQGԥ�V�EXW�ROXQPXúGXU�NL��3(6�IRQXQGD�NDWDUDNWD�FԥUUDKL\\ԥVLQGԥ�
D÷ÕUODúPDODUÕQ� �]RQXORGLDOL]�� NDSVXO� FÕUÕOPDVÕ�� ú�úԥYDUÕ� FLVPLQ� TDEDUPDVÕ�� LQWUDRNXO\DU� OLQ]D� �ø2/��
GLVORNDVL\DVÕ��UDVWJԥOPԥ�WH]OL\L�3(6�ROPD\DQ�J|]OԥUGԥQ�����GԥIԥ�oR[GXU�>�����@�

.DWDUDNWD�FԥUUDKL\\ԥVL��o�Q�P�DVLU�PHWRGODU�Yԥ�DOԥWOԥU�3(6�IRQXQGD�RSHUDWLY�P�DOLFԥ\ԥ�ԥKԥPL\\ԥWOL�
GԥUԥFԥGԥ� LQDPÕ� DUWÕUGÕ�� DPPD� E�W�Q� EXQODUD� ED[PD\DUDT� FԥUUDKL� P�GD[LOԥ� ]DPDQÕ� D÷ÕUODúPDODUDUÕQ�
\�NVԥN�ULVNL�KԥOԥ�Gԥ�WDNWLND�VHoLPLQGԥ�oԥWLQOLNOԥU�\DUDGÕU�>�����@��

.DWDUDNWD�FԥUUDKL\\ԥVLQGԥ�oԥWLQOLNOԥUԥ�VԥEԥE�RODQ��D÷ÕUODúPD�ULVNOԥULQL�DUWÕUDQ�IDNWRUODUGDQ�ELUL�±�
ULJLG�EԥEԥN�KHVDE�ROXQXU��ԤGԥEL\\DWGDQ�PԥOXPGXU�NL��NDWDUDNWD�]DPDQÕ�GDU�EԥEԥ\LQ�UDVWJԥOPԥ�WH]OL\L�
���� WԥúNLO� HGLU�� \DúOD� DUWÕU�� ��� \DúGDQ� VRQUD� ����ԥ� oDWÕU� Yԥ� NLúLOԥUGԥ� ���� GԥIԥ� GDKD� oR[� UDVW� JԥOLQLU��
H\QL�]DPDQGD�3(6�IRQXQGD�����ԥ�TԥGԥU�DUWÕU��EXQXQOD�ED÷OÕ�RODUDT�NDWDUDNWDQÕQ�IDNRHPXOVL¿NDVL\DVÕQÕ�
P�PN�Q�TԥGԥU�WH]�DSDUPDT�GDKD�PԥTVԥGԥX\÷XQGXU�>��������@�
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'LJԥU�PԥOXPDWD�J|Uԥ�3(6�]DPDQÕ�ULJLG�EԥEԥNOԥULQ�UDVWJԥOPԥ�WH]OL\L��������WԥúNLO�HGLU�>��@�
ԤPԥOL\\DWGDQ� ԥYYԥO� EԥEԥ\LQ� PDNVLPDO� JHQLúOԥQPԥ� GԥUԥFԥVL� Gԥ\ԥUOԥQPԥOLGLU�� |QFԥGԥQ� FԥUUDKL�

WԥGELUOԥU� SODQÕ� KD]ÕUODQPDOÕ�� HKWL\DF� ROGXTGD� TH\UL�VWHURLG� LOWLKDEԥOH\KLQԥ� SUHSDUDWODU� �46øԤ3�� Wԥ\LQ�
ROXQPDOÕGÕU�>�����@�

ɋ�ɇ�Ɏɟɞɨɪɨɜ� Yԥ� ɗ�ȼ�ȿɝɨɪɨɜD� HOPL� PԥTDOԥOԥULQGԥ� EԥEԥ\LQ� ԥPԥOL\\DW|Q�� |Oo�V�Q�Q�
Gԥ\ԥUOԥQGLULOPԥVLQLQ�LúoL�WԥVQLIDWÕQÕ��JHQ�EԥEԥN�����PP�GԥQ�oR[�|Oo�Gԥ��RUWD�EԥEԥN�±�����PP��GDU�EԥEԥN�
±� ��PP�Yԥ� RQGDQ� D]� |Oo�Gԥ�� WԥNOLI� HWPLúGLOԥU��.DWDUDNWD� FԥUUDKL\ԥVLQLQ� VHFLPL� LON� Q|YEԥGԥ�P�[WԥOLI�
PHWRGODUÕQ�NOLQLNL�WԥKOLOOԥUL�QԥWLFԥVLQGԥ�RSWLPDO�KHVDE�ROXQD�ELOԥU�>��@�

$U[D�VLQH[L\DODUÕQ�T�]HKOL�TLúD�PDQLSXO\DWRUX�LOԥ�N�W��VXOOD�DUDGDQ�TDOGÕUPDVÕ�P�PN�QG�U��DPPD�
3(6�]DPDQÕ�LúHPL\D�VԥEԥELQGԥQ�T�]HKOL�TLúDQÕQ�N|YUԥNOL\LQL�Qԥ]ԥUԥ�DODUDT�VRQ�GԥUԥFԥ�HKWL\DWOÕ�ROPDT�
OD]ÕPGÕU�� DGHNYDW�PLGULD]D�QDLO� ROPDGÕTGD�YL]XDOL]DVL\DQÕ�\D[úÕODúGÕUPDT�Yԥ� ԥPԥOL\\DW� ]DPDQÕ� VWDELO�
JHQ�EԥEԥ\ԥ�QDLO�ROPDT��o�Q�T�]HKOL�TLúD�TDUPDTODUÕQGDQ�Yԥ�EԥEԥN�KDOTDODUÕQGDQ�LVWLIDGԥ�HWPԥN�GDKD�
PԥTVԥGԥX\÷XQGXU�>��@�

2SWLPDO�PLGULD]�NDWDUDNWD�FԥUUDKL\ԥVL�]DPDQÕ�X÷XUOX�QԥWLFԥ��o�Q�ԥQ�YDFLE�úԥUWOԥUGԥQ�ELULGLU��%HOԥ�
NL�� GDU�EԥEԥ\LQ�ROPDVÕ�E�OOXU�NDSVXOXQXQ�J|UPԥ� VDKԥVLQL� D]DOGÕU�Yԥ�J|]�Q�|Q�Yԥ� DU[D�NDPHUDODUÕQGD�
ԥVDV�PDQLSXO\DVL\DODUÕQ�DSDUÕOPDVÕQÕ�oԥWLQOԥúGLULU��%XQGDQ�ԥODYԥ��GDU�EԥEԥN�RODQ�KDOODUGD�T�]HKOL�TLúDQÕQ�
WR[XPDODUÕQÕQ�DOԥW�Yԥ�LUULTDVL\D�PD\HVL�LOԥ�ELUEDúD�]ԥGԥOԥQPԥVL�EDú�YHULU�NL��EX�GD�|]�Q|YEԥVLQGԥ�LOWLKDEL�
Yԥ�KHPRUUDJLN�D÷ÕUODúPDODUD�VԥEԥE�ROXU�>�����@�

2� F�POԥGԥQ�� NLID\ԥW� TԥGԥU� PLGULD]ÕQ� ROPDVÕ� DGHNYDW� |Q� NDSVXORWRPL\D\D� QDLO� ROPDT�� \DOQÕ]�
LQWUDRSHUDWLY� D÷ÕUODúPDODUÕQ� TDUúÕVÕQÕQ� DOÕQPDVÕ� �o�Q� ԥVDV� WԥGELUOԥUGԥQ� ELUL� GH\LO�� KԥP� Gԥ� J|]GD[LOL�
OLQ]DQÕQ�LPSODQWDVL\DVÕ�LPNDQÕQÕ�WԥPLQ�HGԥQ�YDFLE�úԥUWOԥUGԥQELULGLU�>�����@�

0ԥOXPGXU�NL��\DúODQPD�LOԥ�ԥODTԥGDU�RODUDT�EԥEԥN�UHÀHNVOԥULQGԥ�Gԥ\LúLNOLN�EDú�YHULU��LQYRO\XVL\D�
SURVHVOԥUL�EԥEԥ\LQ�KԥUԥNԥWOԥULQLQ�KԥFPLQLQ�D]DOPDVÕQD�VԥEԥE�ROXU��%XQXQ�VԥEԥEOԥUL�EԥEԥ\LQ�V¿QNWHULQGԥ�
Yԥ�GLODWDWRUXQGD�GLVWUR¿N�Gԥ\LúLNOLNOԥU��RQODUÕQ�LQQHUYDVL\DVÕQÕQ�SR]XOPDVÕ�KHVDE�ROXQXU�>���@�

0�[WԥOLI� |ONԥOԥULQ� WԥGTLTDWODUÕ�� NOLQLNL� P�úDKLGԥOԥUL� QԥWLFԥVLQGԥ� PԥOXP� ROPXúGXU� NL�� 3(6�
IRQXQGD�EԥEԥ\LQ�LúÕ÷D��PLGULDWLNOԥUԥ�UHDNVL\DVÕQÕQ�D]DOPDVÕQGDQ�EDúOD\DUDT�ULJLG�EԥEԥN�PԥUKԥOԥVLQԥ�
TԥGԥU� Gԥ\LúLNOLNOԥU� P�ԥ\\ԥQ� ROXQD� ELOԥU�� %HOԥ� KDOODUÕQ� \DUDQPDVÕQÕQ� ԥVDV� VԥEԥEL� 3(6�XQ� LQNLúDI�
GԥUԥFԥVLQLQ��PԥUKԥOԥOԥULQLQ�IԥUTOL�ROPDVÕGÕU��3(6�XQ�GLVWUR¿N�NRPSRQHQWLQLQ�GDKD�GD�GԥULQOԥúPԥVL��
T�]HKOL�TLúDQÕQ��VLOLDU�FLVPLQ�DWUR¿\DODúPDVÕQD��EԥEԥ\LQ�PLGULDWLNOԥUԥ�UHDNVL\DVÕQÕQ�WDPDPLOԥ�LWPԥVLQԥ�
JԥWLULE�oÕ[DUɚ�ELOԥU�>��@�

3DWRJHQHWLN� IDNWRUODUGDQ� LON� Q|YEԥGԥ� EԥEԥ\LQ� LúÕ÷D�� PLGULDWLNOԥUԥ� UHDNVL\DVÕQÕQ� D]DOPD� VԥEԥEL�
NLPL� T�]HKOL� TLúDQÕQ� GDPDUODUÕQGDQ� |Q� NDPHUD\D� VÕ]DQ�� RQD� Pԥ[VXV� ROPD\DQ�� SDWRORML� ]�ODOODUÕQ�
HNVWUDYD]DVL\DVÕ��LULGRNDSVXO\DU�VLQH[L\DODUÕQ�ԥPԥOԥ�JԥOPԥVL�KHVDE�ROXQXU�>��@�

3(6�IRQXQGD�NDWDUDNWD�FԥUUDKL\\ԥVLQGԥ�ULVN�IDNWRUODUÕQGDQ�ELUL�KHVDE�HGLOԥQ�GDU�EԥEԥNOԥU�]DPDQÕ�
ԥGԥEL\\DWGD� GDKD� oR[� WԥNOLI� ROXQDQ� Yԥ� LVWLIDGԥ� HGLOԥQ� �VXOODUÕ� WԥKOLO� HGԥUԥN� P�]DNLUԥ� HWPԥ\L� YDFLE�
ELOPLúLN��%HOԥ� �VXOODUGDQ�� J|]� EԥEԥ\LQLQ�PHGLNDPHQWR]� JHQLúOԥQGLULOPԥVL� �VXOODUÕ�� EԥEԥ\LQ�PH[DQLNL�
JHQԥOGLOPԥVLQLQ� FԥUUDKL� �VXOODUÕ�� J|]� EԥEԥ\LQLQ� PH[DQLNL� ¿NVDVL\DVÕ� �o�Q� WԥNOLI� ROXQDQ� YDVLWԥOԥUOԥ�
JHQLúOԥQGLULOPԥ��VXOODUÕ�GLTTԥWԥOD\LGLU�

'DU�EΩEΩNOΩULQ�PHGLNDPHQWR]�JHQLúOΩQGLULOPΩVL��VXOODUÕ�
0ԥOXPGXU�NL��EԥEԥ\LQ�RSWLPDO�GLDPHWULQԥ�QDLO�ROPDT��ԥOYHULúOL�DQDWRPLN�Yԥ�IXQNVLRQDO�QԥWLFԥOԥUL�

WԥPLQ�HGԥQ�X÷XUOX�NDWDUDNWD�FԥUUDKL\\ԥVLQLQ�ԥVDVÕQGD�GXUXU��ԤPԥOL\\DWGDQ�ԥYYԥO�J|]�EԥEԥ\LQL�JHQԥOWPԥN�
�o�Q� DQWL[ROLQHUJLN� Yԥ� VLPSDWRPLPHWLN� DJHQWOԥUOԥ� DLG� RODQ� PLGULDWLN� ELUOԥúPԥOԥULQLQ� LQVWLOO\DVL\DODUÕ�
GDKD�oR[�LVWLIDGԥ�HGLOLU��2QODUGDQ�ԥQ�SRSXO\DU�VLNORSHQWRODW��FLFORSOHJLFHGRO���WURSLNDPLG��P\GULDF\O��Yԥ�
IHQLOHIULQGLU��PH]DWRQ��>��������@�

%XQGDQ�ԥODYԥ��ELU�VÕUD�QԥúUOԥUԥ�J|Uԥ��TH\UL�VWHURLG� LOWLKDE�ԥOH\KLQԥ�GԥUPDQ�SUHSDUDWODUÕ� �46øԤ3��
GD�ԥPԥOL\\DWÕQ�P�[WԥOLI�PԥUKԥOԥOԥULQGԥ�EԥEԥN�|Oo�V�Q�Q�VDELWOL\LQL�WԥPLQ�HGԥQ��PLGULDWLNOԥULQ�WԥVLULQL�
J�FOԥQGLUPԥN�[�VXVL\\ԥWLQԥ�PDOLNGLU�>�����@�
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0LGULDWLNOԥULQ� LQWUDNDPHUDO� \HULGLOPԥVL� WH]�WH]� LQVWLOO\DVL\DODUÕQ� HKWL\DFÕQÕ� D]DOGÕU� Yԥ� VLVWHP�
ԥODYԥ�WԥVLUOԥULQ�ULVNOԥULQL�DUDGDQ�TDOGÕUÕU��%X�\DQDúPD�GԥUPDQ�Yԥ�T�]HKOL�TLúD�WR[XPDVÕ�DUDVÕQGD�ELUEDúD�
TDUúÕOÕTOÕ�ԥODTԥQLQ�WԥPLQ�HGLOPԥVL�LOԥ�GDKD�PԥQWLTOLGLU�>��@�

ԤPԥOL\\DWÕQ�ODS�ԥYYԥOLQGԥ��|Q�NDPHUDQÕQ�DoÕOPDVÕQGDQ�GԥUKDO�VRQUD�\HUOL�DQHVWHWLN�Yԥ�PLGULDWLN�
GԥUPDQODUÕQ�ELUJԥ� LQWUDNDPHUDO� LVWLIDGԥVL�DU]X�ROXQDQ�EԥEԥN�GLDPHWULQԥ�QDLO�ROPDTGD� WԥVLUOL�ROGX÷XQX�
V�EXW�HWGL��%X�\DQDúPD������FÕ�LOGԥ�'U�6XJDU�-��WԥUԥ¿QGԥQ�LUԥOL�V�U�O�E��2��J|]�Q�|Q�NDPHUDVÕQD�EXIHU�
PԥKOXOXQGD�OLGRNDLQ�Yԥ�HSLQHIULQ��DGUHQDOLQ��TDUÕúÕ÷ÕQÕQ�\HULGLOPԥVLQL�WԥNOLI�HWPLúGLU�>��@�

'DKD�VRQUD������IHQLOHIULQ�PԥKOXOXQXQ� LQWUDNDPHUDO�\HULGLOPԥVLQLQ� ,),6� �,QWUDRSHUDWLYH�ÀRSS\�
LULV� V\QGURPH�� VLPSWRPODUÕQÕQ� DUDGDQ� TDOGÕUÕOPDVÕQGD� Yԥ� \D� WDUD]ODúGÕUÕOPDVÕQGD� H൵HNWLY� ROGX÷X�
J|VWԥULOPLúGLU�>��@�

(\QL� ]DPDQGD�� E�W�Q� GԥUPDQ�SUHSDUDWODUÕQÕQ� NRPELQDVL\DODUÕ� ԥOGԥ� HGLOԥQ� H൵HNWLQ� J�FOԥQPԥVLQL�
J|VWԥUPLúGLU�� %HOԥ� NL�� ���OL� OLGRNDLQ� LOԥ�� �����OL� IHQLOHIULQ� TDUÕúÕ÷ÕQD� �����OL� VLNORSHQWRODWÕQ� ԥODYԥ�
HGLOPԥVL��ELUEDúD�|Q�NDPHUD\D�\HULGLOGLNGԥ�ԥODYԥ�PLGULDWLN�WԥVLUOԥ�P�úD\LԥW�ROXQPÕúGÕU�>�����@�

'ԥUPDQ�PDGGԥVLQLQ�LUULTDVL\D�PD\HVL�LOԥ�GDLPL�\HULGLOPԥVL�SDWRJHQHWLN�FԥKԥWGԥQ�ԥVDVODQGÕUÕOÕU�
Yԥ� NOLQLN� LVWLIDGԥ� �o�Q� SHUVSHNWLYOLGLU�� o�QNL� FԥUUDKL� ԥPԥOL\\DW� ]DPDQÕ� GԥUPDQÕQ� J|]� GD[LOLQGԥ�
NRQVHQWUDVL\DVÕ� D]DOPÕU�� GԥUPDQÕQ� GR]DVÕ� LVԥ� ԥPԥOL\\DWÕQ� ԥYYԥOLQGԥ� NDPHUD\D� ELUGԥIԥOLN� LQ\HNVL\D�
�o�Q�LVWLIDGԥ�HGLOԥQ�GR]DGDQ�DúD÷Õ�ROD�ELOԥU�>��@��%X�\DQDúPDQÕQ�ELU�Q�PXQԥVL�NLPL�2PLGULD�����OL�
IHQLOHIULQ�Yԥ������OL�NHWRURODN�NRPELQDVL\DVÕ��SUHSDUDWÕQÕQ��2PHURV�&RUS���$%ù��LúOԥQLE�KD]ÕUODQPDVÕ�
�o�Q�ԥVDV�RODQ�LUULTDVL\D�PԥKOXOXQD�DGUHQDOLQ�ԥODYԥ�HGLOPԥVLGLU��%LULQFLVL��DOID���DGUHQHUJLN�UHVHSWRU�
DTRQLVWL��EԥEԥ\L�JHQԥOGԥQ�DJHQW�NLPL�IԥDOL\\ԥW�J|VWԥULU��LNLQFLVL�LVԥ�TH\UL�VWHURLG�LOWLKDEԥOH\KLQԥ�DJHQW�
�TH\UL�VHOHNWLY� VLNORRNVLJHQD]D� LQKLELWRUX�� D÷UÕODUÕ� D]DOGÕU� Yԥ� FԥUUDKL� WUDYPD� LOԥ� \DUDQDFDT� PLR]�
HKWLPDOÕQÕ�LQKLEԥ�HGLU�>��@�

� 2PLGULD� VWDQGDUW� LUULTDVL\D� PԥKOXOX� LOԥ� NRQWH\QHUԥ� ԥODYԥ� HGLOLU� Yԥ� IDNRHPXOVL¿NDVL\D� ]DPDQÕ�
J|]�Q�|Q�NDPHUDVÕQD�GDYDPOÕ�RODUDT�\HULGLOLU��PLGULD]Õ�VD[OD\ÕU��LQWUDRSHUDWLY�Yԥ�SRVWRSHUDWLY�D÷UÕODUÕ�Yԥ�
LOWLKDEÕQ�GԥUԥFԥVLQL�D]DOGÕU��2PLGULD�SUHSDUDWÕQÕQ������OL�IHQLOHIULQ�LQVWLOO\DVL\DODUÕ�LOԥ�P�TD\LVԥ�ROXQDQ�
GLJԥU�DUDúGÕUPDGD������SDVL\HQWOԥUGԥ�ԥPԥOL\\DWÕQ�P�[WԥOLI�PԥUKԥOԥVLQGԥ�EԥEԥ\LQ�GLDPHWUL���PP�GԥQ�D]�
ROPXúGXU��IHQLOHIULQ�LQVWLOO\DVL\DVÕ�LOԥ�ELUOLNGԥ�2PLGULD�WԥWELT�HGLOԥQ�SDVL\HQWOԥUGԥ�LVԥ�EX�UԥTԥP����WԥúNLO�
HWPLúGLU�>��@�

.DWDUDNWD�ΩPΩOL\\DWÕ�]DPDQÕ�EΩEΩ\LQ�PH[DQLNL�JHQΩOGLOPΩVLQLQ�FΩUUDKL��VXOODUÕ
3(6�]DPDQÕ�NDWDUDNWD�FԥUUDKL\\ԥVLQGԥ�IԥVDGODUÕQ�\DUDQPD�VԥEԥEOԥULQGԥQ�ELUL�Gԥ�EԥEԥNOԥULQ�NLID\ԥW�

GԥUԥFԥGԥ� JHQԥOPԥPԥVL�� KԥWWD� WDPDPLOԥ� JHQԥOPԥPԥVLGLU�� %XQXQ� �o�Q� EX� J�Qԥ� TԥGԥU�P�[WԥOLI� �VXOODU�
LúOԥQLE�KD]ÕUODQPÕúGÕU��2UWD�GԥUԥFԥOL�PLGULD]�]DPDQÕ�WԥFU�EԥOL�FԥUUDK�IDNRHPXOVL¿NDVL\D�\HULQԥ�\HWLULE�Yԥ�
\�NVԥN�NOLQLNL�QԥWLFԥOԥU�ԥOGԥ�HGԥ�ELOԥU�>��@�

%X�]DPDQ��YDNXXP�Yԥ�DVSLUDVL\D�Gԥ\ԥUOԥULQL�D]DOWPDT��úDTXOL�³IDNRFKRS´�WH[QLNDVÕQGDQ�LVWLIDGԥ�
HGԥUԥN� E�OOXU� Q�YԥVLQLQ�PH[DQLNL� SDUoDODQPDVÕQÕ� WԥWELT� HWPԥN�� E�W�Q�PDQLSXO\DVL\DODUÕ� T�]HKOL� TLúD�
VԥYL\\ԥVLQGԥQ� DúD÷ÕGD� Yԥ� P�PN�QVԥ� RQXQ� NԥQDUODUÕQD� \D[ÕQODúPDPDT� úԥUWL� LOԥ� |Q� NDPHUDQÕQ� WDP�
PԥUNԥ]LQGԥ�DSDUPDT�NLPL��PXPL�W|YVL\ԥOԥUL�UԥKEԥU�WXWPDT�OD]ÕPGÕU��%X��VXOODU��PԥVԥOԥQ��ø)ø6�KDOODUÕQGD�
ROGX÷X�NLPL�T�]HKOL�TLúDQÕQ�ELRPH[DQLNL�[�VXVL\\ԥWOԥUL�D]DOPÕú�SDVL\HQWOԥUGԥQ�IԥUTOL�RODUDT��P�ԥ\\ԥQ�
ULJLGOL\ԥ�PDOLN�Yԥ�QLVEԥWԥQ�GDKD�VDELW�T�]HKOL�TLúDVÕ�RODQ�SDVL\HQWOԥUGԥ�GDKD�X÷XUOX�ROXU��%XQGDQ�ԥODYԥ��
KHVDE�HGLOLU�NL��\�NVԥN�|]O�O�\ԥ�PDOLN�RODQ�YLVNRHODVWLNOԥULQ��+HDORQ����LVWLIDGԥVL�PLGULD]Õ�J�FOԥQGLUPԥ\ԥ�
úԥUDLW�\DUDGÕU�>��@�

4H\G� HWPԥN� OD]ÕPGÕU� NL�� YLVNRPLGULD]�� ELU� TD\GD� RODUDT�� TH\UL�VDELWGLU� Yԥ� ԥPԥOL\\DW� ER\XQFD�
GDYDP�HGԥQ�H൵HNWL� WԥPLQ�HWPLU�� WԥNUDUL� LQ\HNVL\D�HKWL\DFÕQD�VԥEԥE�ROXU��0ԥOXPGXU�NL��ԥNVԥU�WԥFU�EԥOL�
FԥUUDKODU� �o�Q� IDNRHPXOVL¿NDVL\DQÕQ� \HULQԥ� \HWLULOPԥVLQLQ� WH[QLNL� FԥKԥWGԥQ� P�PN�QO�\�� EԥEԥN�
GLDPHWULQLQ�PDNVLPDO�|Oo�V�Q�Q���������PP�DUDVÕQGD�ROPDVÕGÕU��ԤJԥU�EԥEԥ\LQ�GLDPHWUL�ԥPԥOL\\DWÕQ�LONLQ�
PԥUKԥOԥOԥULQGԥ�J|VWԥULOԥQ�Gԥ\ԥUOԥUGԥQ�DúD÷ÕGÕUVD�Yԥ�\D�FԥUUDKÕQ�IDNRHPXOVL¿NDVL\D�DSDUPDT� WԥFU�EԥVL�
NLID\ԥW�GH\LOVԥ��R�]DPDQ�J|]�EԥEԥ\LQLQ�PH[DQLNL�\ROOD�JHQԥOGLOPԥVLQԥ�QDLO�ROPDT�OD]ÕPGÕU�
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ԤVDV�FԥUUDKL�PDQHYUOԥU�DUDVÕQGD����VXO�GDKD�oR[�LVWLIDGԥ�ROXQXU��%XQODUD�VLQH[LROL]LV��J|]�EԥEԥ\L�
PHPEUDQÕQÕQ�oÕ[DUÕOPDVÕ��J|]�EԥEԥ\LQLQ�GDUWÕOPDVÕ�WH[QLNDVÕ��T�]HKOL�TLúDQÕQ�EԥEԥN�NԥQDUÕQGD�NԥVLNOԥULQ�
DSDUÕOPDVÕ�Yԥ�PH[DQLNL�HVSDQGHU�JHQԥOGLFLOԥULQ�LVWLIDGԥVL�DLGGLU�>��@�

<X[DUÕGD�J|VWԥULOԥQ��VXOODUÕQ�KԥU�ELUL�P�ԥ\\ԥQ�PԥKGXGL\\ԥWOԥUԥ�PDOLNGLU��P�PN�Q�LQWUDRSHUDWLY�Yԥ�
SRVWRSHUDWLY�IԥVDGODUÕ�LOԥ�IԥUTOԥQLU��%XQXQOD�EHOԥ��EX�F�U�PDQHYUOԥU�J|VWԥULOGL\L�NLPL�Yԥ�WH[QLNL�FԥKԥWGԥQ�
G�]J�Q� LVWLIDGԥ�ROXQDUVD�� RQODUÕQ� KDPÕVÕ� DGHNYDW�PLGULD]Õ� Yԥ� E�OOXUD� oÕ[ÕúÕ� WԥPLQ� HWPԥ\ԥ�TDGLUGLU� Yԥ�
ԥOYHULúOL�NOLQLN�QԥWLFԥOԥUԥ�JԥWLULE�oÕ[DUÕU�

%ΩEΩ\LQ�PH[DQLNL�¿NVDVL\DVÕ��o�Q�WΩNOLI�ROXQDQ�YDVLWΩOΩU
0LNURTDUPDTODU� Yԥ� \D� LULV�TDUPDTODU� IDNRHPXOVL¿NDVL\D� WH[QRORJL\DVÕQÕQ� LQNLúDIÕQÕQ� P�ԥ\\ԥQ�

PԥUKԥOԥVLQGԥ�TH\UL�DGHNYDW�PLGULD]Õ�RODQ�SDVL\HQWOԥUGԥ�FԥUUDKL\\ԥ�ԥPԥOL\\DWÕQÕQ�DSDUÕOPDVÕQÕQ�WH[QLNL�
LPNDQODUÕQÕ�WԥPLQ�HGԥQ�ԥQ�DNWXDO�L[WLUDODUGDQ�ELUL�ROPXúGXU�������FL�LOGԥ�(�GH�-XDQ�Yԥ�'�+LFNLQJERWKDP�
HODVWLN�LULV�TDUPDTODUÕ�LúOԥ\LE�KD]ÕUOD\ÕEODU�>��@�

3ROLPHU�PDWHULDOODUGDQ� �SROLPHWLOPHWDNULODW�� SROLSURSLOHQ�� Yԥ�PHWDOGDQ� KD]ÕUODQPÕú�� LúoL� KLVVԥVL�
�o�Q�P�[WԥOLI�GL]D\Q�YDULDQWODUÕQD�PDOLN�ELU�VÕUD�PRGHOOԥU�P|YFXGGXU�>��@�

%�W�Q� PRGHOOԥU� �o�Q� �PXPL� RODQ� G|UG� EԥUDEԥU� PԥVDIԥGԥ� EX\QX]� TLúDQÕQ� SDUDVHQWH]LQLQ�
DSDUÕOPDVÕGÕU��EXQXQ�YDVLWԥVLOԥ�PLNURTDUPDTODU�DUGÕFÕO�RODUDT�|Q�NDPHUD\D�GD[LO�HGLOLU��T�]HKOL�TLúDQÕQ�
EԥEԥN�NԥQDUÕQÕ�WXWXU�Yԥ�G�]EXFDTOÕ�EԥEԥN�IRUPDVÕQÕ�WԥPLQ�HGLU��QԥWLFԥGԥ�EԥEԥ\LQ�GLDPHWUL�Wԥ[PLQԥQ�����
����PP�ԥ�oDWÕU��%XQGDQ�ԥODYԥ��PLNURTDUPDTODUÕQ�³DOPD]´�DGODQGÕUÕODQ�NRQ¿TXUDVL\DVÕ�WԥNOLI�HGLOPLúGLU��
[�VXVLOԥ�ø)ø6�KDOODUÕQGD�LVWLIDGԥVL�PԥTVԥGԥX\÷XQGXU�>��@�

4H\G� HWPԥN� OD]ÕPGÕU� NL�� T�]HKOL� TLúD� WR[XPDVÕQÕQ� KԥGGLQGԥQ� DUWÕT� GDUWÕOPDVÕ�� J|]� EԥEԥ\LQLQ�
NԥQDUÕQÕQ� \ÕUWÕOPDVÕ� Yԥ� TDQVÕ]PD� HKWLPDOÕQÕ� D]DOWPDT��o�Q�J|]� EԥEԥ\LQL� ����PP�GԥQ� oR[� JHQԥOWPԥN�
W|YVL\ԥ�HGLOPLU��ԤPԥOL\\DWGDQ�VRQUDNÕ�G|YUGԥ�E�W�Q�\X[DUÕGD�J|VWԥULOԥQOԥU�EԥEԥ\LQ�GDLUԥYL�IRUPDVÕQÕQ�
SR]XOPDVÕQD�� RQXQ� KԥUԥNԥWOԥULQLQ� PԥKGXGODúGÕUÕOPDVÕQD�� DU[D� VLQH[L\DODUÕQ� Yԥ� DWRQL\DQÕQ� LQNLúDIÕQD�
JԥWLULE�oÕ[DUÕU�>��@�

%XQGDQ�ԥODYԥ��TDUPDTODU�WԥUԥ¿QGԥQ�EԥEԥ\LQ�KԥGGLQGԥQ�DUWÕT�GDUWÕOPDVÕ�T�]HKOL�TLúDQÕQ�E�OOXUXQ�
|Q�NDSVXOX�VԥWKLQGԥQ�\X[DUÕ�TDO[PDVÕ�LOԥ�P�úD\LԥW�ROXQD�ELOԥU��QԥWLFԥGԥ�J|]�Q�|Q�NDPHUDVÕQD�DOԥWOԥULQ�
�IDNRL\Qԥ��ԥODYԥ�DOԥW��\HULGLOPԥVL�]DPDQÕ�oԥWLQOLNOԥU�\DUDQD�ELOԥU��

'U��(�$VVLD� WԥUԥ¿QGԥQ� WԥNOLI�HGLOԥQ�$3;�FLKD]Õ� �$3;�2SKWKDOPRORJ\�� øVUDLO��TD\oÕQÕ�[DWÕUODGDQ�
GL]D\QD�PDOLNGLU��XFODUÕQGD�EԥEԥN�WXWDFDTODUÕ�RODQ�\D\OD�WԥFKL]�HGLOPLúGLU��&LKD]�E�N�OP�ú�Yԥ]L\\ԥWGԥ�
|Q� NDPHUD\D� GD[LO� HGLOLU�� T�]HKOL� TLúD� �o�Q� WXWDFDTODU� J|]� EԥEԥ\LQLQ� NԥQDUÕQD� GD[LO� HGLOLU� Yԥ� SLQVHW�
DoÕOGÕ÷Õ�]DPDQ�T�]HKOL�TLúDQÕQ�NԥQDUÕQD�WԥVELW�HGLOLU��*|]�EԥEԥ\LQL�WXWDQ�\D\�PH[DQL]PLQLQ�XFOXTODUÕ�ԥNV�
LVWLTDPԥWOԥUGԥ�KԥUԥNԥW�HGԥ�ELOLU�Yԥ�H\QL�]DPDQGD�RQX�ԥNV�LVWLTDPԥWOԥUԥ�GDUWÕU�EԥEԥN��[��PP�|Oo�Gԥ�ROXU��
LULV�TDUPDTODUOD�ԥOGԥ�HGLOԥQ�TXUXOXúD�EԥQ]ԥ\LU��$3;�LQ�WԥVLU�PH[DQL]PL�LULV�TDUPDTODUÕQ�WԥVLU�PH[DQL]PLQԥ�
EԥQ]ԥPԥVLQԥ�ED[PD\DUDT��RQODUÕQ�ԥVDV��VW�QO�\��ԥODYԥ�NԥVLNOԥULQ�VD\ÕQÕQ���GԥIԥ�D]DOPDVÕGÕU��%LU�TD\GD�
RODUDT��RQODUGDQ�LVWLIDGԥ�HGԥUNԥQ��J|]�Q�|Q�NDPHUDVÕQÕQ�GD[LOLQGԥ�ԥODYԥ�PDQLSXO\DVL\DODUD�HKWL\DF�ROPXU�

�����FL� LOGԥ�'U�5�.HUVKQHU�P�[WԥOLI� NRQVWUXNVL\D� Yԥ�PDWHULDOODUGDQ�KD]ÕUODQDQ�JHQԥOGLFL� EԥEԥN�
KDOTDODUÕ�LúOԥ\LE�KD]ÕUODPÕúGÕU�Yԥ�NDWDUDNWDQÕQ�HNVWUDNVL\DVÕ�]DPDQÕ�LVWLIDGԥ�HGLOPLúGLU��%XQODUD�VLOLNRQGDQ�
KD]ÕUODQPÕú�*UDHWKHU�3XSLO�([SDQGHU��KLGURJHOGԥQ�KD]ÕUODQPÕú�6LHSVHU�5LQJ��300$�GDQ�KD]ÕUODQPÕú�
0RUFKHU�5LQJ��SROLXUHWDQGDQ�KD]ÕUODQPÕú�0LOYHOOD�3HUIHFW�3XSLO�Yԥ�ELU�VÕUD�EDúTD�KDOTDODU�GD[LOGLU��

0DO\XJLQ�KDOTDVÕQÕQ��0LFUR�6XUJLFDO�7HFKQRORJ\�,QF���6HDWWOH��:$��$%ù��JHQLú�NOLQLN�SUDNWLND\D�
WԥWELTLQGԥQ�VRQUD�J|]�EԥEԥ\L�KDOTDODUÕQÕQ�LVWLIDGԥVLQԥ�PDUDT�\HQLOԥQPLúGLU�>��@�

0DO\XJLQ� KDOTDVÕQÕQ� N�QFOԥUL� EXUPD� NYDGUDW� IRUPD\D� PDOLNGLU�� %XUXPGD�� EԥEԥ\LQ� NԥQDUÕQÕ�
WXWPDT�Yԥ�WԥVELW�HWPԥN��o�Q�Qԥ]ԥUGԥ�WXWXOPXú�DUDOÕT�P|YFXGGXU��+DOTD�SROLSURSLOHQGԥQ��GLDPHWUL������
KD]ÕUODQPÕú��NRQWH\QHUԥ�\HUOԥúGLULOPLú�Yԥ�FLKD]ÕQ�J|]�Q�|Q�NDPHUDVÕQD� LPSODQWDVL\DVÕQÕ�Yԥ�ԥPԥOL\\DW�
EDúD�oDWGÕTGDQ�VRQUD�RQGDQ�oÕ[DUÕOPDVÕQÕ�WԥPLQ�HGԥQ�[�VXVL�ELU�LQMHNWRUOD�WԥFKL]�HGLOPLúGLU��0DO\XJLQ�
KDOTDVÕQÕQ� �VW�QO�NOԥULQGԥQ� ELUL�� FLKD]ÕQ� ELODYDVLWԥ� |Q� NDPHUD\D� \HULGLOPԥVL� ]DPDQÕ� G|UG� EXUXPGDQ�
�o�� LOԥ�� GHPԥN� RODU� NL�� H\QL� YD[WGD� EԥEԥ\L� WXWPDT� LPNDQÕGÕU�� øPSODQWDVL\DGDQ� VRQUD� T�]HKOL� TLúD\D�
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EԥUNLGLOPԥPLú�EXUXPODUÕQ�VRQ�\HUOԥúGLULOPԥVL��o�Q�[�VXVL�2VKHU�0DO\XJLQ�PDQLSXO\DWRUX�Yԥ�\D�/HVWHU�
\D[XG� .XJOHQ� WLSOL� PLNURTDUPDTODU� LVWLIDGԥ� ROXQXU�� .YDGUDW� IRUPDVÕQD� ED[PD\DUDT�� T�]HKOL� TLúDQÕQ�
¿NVDVL\DVÕ� �o�Q� KDOTD� VԥNNL]� Q|TWԥ\ԥ�PDOLNGLU�� G|UG�� FLKD]ÕQ� N�QFOԥULQGԥ� Yԥ� G|UG�� LVԥ� KԥU� WԥUԥ¿QLQ�
PԥUNԥ]LQGԥ�\HUOԥúLU��RULMLQDO�NRQVWUXNVL\D�Yԥ���Q|TWԥOL�¿NVDVL\D�EԥEԥ\LQ�GDLUԥYL� IRUPDVÕQÕ� WԥPLQ�HGLU��
øVWLIDGԥVLQLQ�DVDQOÕ÷Õ�Yԥ�UDKDWOÕ÷Õ�VD\ԥVLQGԥ�0DO\XJLQ�KDOTDVÕ�E�W�Q�G�Q\DGD�FԥUUDKODU�DUDVÕQGD�ԥQ�JHQLú�
SRSXO\DUOÕT�TD]DQPÕúGÕU�������F�� LOGԥ�067�NRPSDQL\DVÕ�ԥODPԥWGDU�KDGLVԥQL�±�PLO\RQXQFX�0DO\XJLQ�
KDOTDVÕQÕQ�EXUD[ÕOPDVÕQÕ�HODQ�HWGL�

�����FÕ� LOGԥ� FLKD]ÕQ� \HQL� YHUVL\DVÕ� ±� 0DO\XJLQ� 5LQJ� ���� EXUD[ÕOPÕúGÕU�� 2�� GDKD� LQFԥ� VDSGDQ�
SROLSURSLOHQGԥQ� ������ KD]ÕUODQÕU� Yԥ� NRPSOHNWԥ� WDPDPLOԥ� \HQLGԥQ� LúOԥQPLú� WXWXFX� Yԥ� LQMHNWRU� GD[LOGLU��
0DO\XJLQ�5LQJ�����GDKD� HODVWLNGLU�� EXUXPODU� DUDVÕQGD�JHQLú� ERúOXT�YDU�� EX�GD�T�]HKOL� TLúDQÕQ�EԥEԥN�
NԥQDUÕQÕ� WXWPD÷Õ� DVDQODúGÕUÕU�� 2QXQ� LPSODQWDVL\DVÕ� ���� PP� HQLQGԥ� NԥVLNGԥQ� DSDUÕOD� ELOԥU� �ԥYYԥONL�
YHUVL\DGD�����PP�NԥVLNGԥQ�DSDUÕOÕUGÕ��

6LQQ�ED÷ODUÕQÕQ�]ԥLÀL\L�RODQ�SDVL\HQWOԥUGԥ�Gԥ�|Q�NDSVXORUHNVLVLQ�NԥQDUÕQÕ�WXWPDT�Yԥ�E�OOXUXQ�NDSVXO�
NLVԥVLQL�P�YԥTTԥWL�VDELWOԥúGLULOPԥN��o�Q�0DO\XJLQ�KDOTDVÕQÕQ�LNL�\DQ�EXUXPODUÕQGDQ�LVWLIDGԥ�ROXQXU�>��@�

+DOTDQÕQ�LVWLIDGԥVL�KԥPoLQLQ�IHPWROD]HULQ�N|Pԥ\L�LOԥ�NDWDUDNWDÕQ�HNVWUDNVL\DVÕQGDQ��)/$&6��ԥYYԥO�
Yԥ�\D�RQXQ�JHGLúL�]DPDQÕ��R�F�POԥGԥQ�E�OOXU�ED÷ODUÕQÕQ�ԥKԥPL\\ԥWOL�T�VXUODUÕ�Yԥ�\D�RQXQ�HNWRSL\DODUÕ�
RODQ�SDVL\HQWOԥUGԥ�PLR]XQ�TDUúÕVÕQÕQ�DOÕQPDVÕQÕ�WԥPLQ�HWPLúGLU�>��@�

,�5LQJ��%HDYHU�9LVLWHF�,QWHUQDWLRQDO��:DOWKDP��0$��$%ù��\XPúDT��HODVWLN�SROLXUHWDQGDQ�KD]ÕUODQPÕú�
KDOTDYDUL�NRQVWUXNVL\DGÕU��T�]HKOL�TLúDQÕQ�NԥQDUÕQÕ�¿NVDVL\D�HWPԥN�Yԥ�TXU÷XQX�\HULQGԥ�VD[ODPDT��o�Q�
Qԥ]ԥUGԥ�WXWXOPXú�ELU�ELULQGԥQ�EԥUDEԥU�PԥVDIԥGԥ�\HUOԥúԥQ�Yԥ�G|UG�NDQDO�WԥúNLO�HGԥQ��oEXFDT�IRUPDVÕQGD�
G|UG�¿NNVDVL\D�HOHPHQWLQԥ�PDOLNGLU�LPSODQWDVL\DGDQ�VRQUDEԥEԥ\LQ�GLDPHWUL�����PP�ԥ�oDWÕU�

%ԥEԥN�GLODWDWRUX�%�+(;��0HG,QYHQW�'HYLFHV��.ԥON�WWԥ��+LQGLVWDQ��P�[WԥOLI�|Oo�OԥUGԥ�����������Yԥ�
����PP��PRQRÀDPPHQW�SROLDPLG�VDSGDQ��QH\ORQ������KD]ÕUODQÕU��ԥYYԥOFԥ�NYDGUDW�IRUPDGD�KD]ÕUODQPDVÕ�
SODQODúGÕUÕOPÕúGÕU��ODNLQ�VRQUDGDQ�P�ԥOOLI�DOWÕEXFDTOÕ�GL]D\QD�Gԥ\LúGLUPLúGLU�

%ԥEԥN�JHQLúOԥQGLULFL�2DVLV�,ULV�([SDQGHU��2DVLV�0HGLFDO�,QF���$%ù��SROLSURSLOHQGԥQ�KD]ÕUODQPÕú�
ELUGԥIԥOLN�NYDGUDW�IRUPD\D�PDOLNGLU��NYDGUDWÕQ�N�QFOԥULQGԥ�\DQ�WԥUԥ¿Q�LNLOԥúPԥVL�LOԥ�IRUPDODúPÕú�EԥEԥN�
NԥQDUÕQÕQ�¿NVDWRUODUÕ�P|YFXGGXU���2DVLV,ULV�([SDQGHU�ELUGԥIԥOLN�LQMHNWRUD�PDOLNGLU�Yԥ������PP�Yԥ�����
PP�|Oo�Gԥ�KD]ÕUODQÕU�>��@�

0LGULD]D� QDLO� ROPDT� �o�Q� IDUPDNRORML� �VXOODU� NLID\ԥW� TԥGԥU� H൵HNWLY� ROPDGÕTGD�� J|]GD[LOL�
VWUXNWXUODUÕ� YL]XDOL]DVL\D� HWPԥN� Yԥ� FԥUUDKL� P�GD[LOԥQLQ� WԥKO�NԥVL]OL\LQL� WԥPLQ� HWPԥN� �o�Q�PH[DQLNL�
EԥEԥN�JHQԥOGLFLOԥUGԥQ�LVWLIDGԥ�HGLOPԥVL�ELU�oR[�FԥUUDKODU�WԥUԥ¿QGԥQ�W|YVL\ԥ�ROXQXU�

%LU�VÕUD�LVWHKVDO�úLUNԥWOԥUL�J|]�EԥEԥ\LQL�JHQԥOWPԥN��o�Q�P�[WԥOLI�YDULDQWODU�WԥNOLI�HWPLúGLU��%XQODU�
GL]D\Q�Yԥ�PDWHULDO��HOԥFԥ�Gԥ�PDQLSXO\DVL\D�DVDQOÕ÷Õ� LOԥ�IԥUTOԥQLUOԥU��QԥWLFԥGԥ�RQODUÕQ�LVWLIDGԥVLQLQ�ԥVDV�
NOLQLN��VW�QO�NOԥULQL�Yԥ�oDWÕúPD]OÕTODUÕQÕ�P�ԥ\\ԥQOԥúGLULU�

*|]�EԥEԥ\LQLQ�JHQԥOGLOPԥVLQGԥ�LVWLIDGԥ�HGLOԥQ�T�]HKOL�TLúD�PLNURTDUPDTODUÕ�Yԥ�0DO\XJLQ�KDOTDVÕ�
KD]ÕUGD�IDNRHPXOVL¿NDVL\D�]DPDQÕ�ԥQ�SRSXO\DU�PH[DQLNL�YDVLWԥOԥUGLU�

%D[PD\DUDT� NL�� P�DVLU� G|YUGԥ� SVHYGRHNVIROLDWLY� VLQGURP� P�[WԥOLI� DOLPOԥU� WԥUԥ¿QGԥQ� NLID\ԥW�
GԥUԥFԥGԥ�|\UԥQLOPLúGLU��3(6�Oԥ�P�úD\LԥW�ROXQDQ�NDWDUDNWD�FԥUUDKL\\ԥVLQGԥ�IԥVDGODUÕQ�D]DOGÕOPDVÕ��o�Q�
oR[OX�VD\GD��VXOODU�LúOԥQLE�KD]ÕUODQPÕúGÕU�\HQԥ�Gԥ�EX�VLQGURPD�RODQ�PDUDT�D]DOPÕU�|]�DNWXDOOÕ÷ÕQÕ�LWLUPLU�
>������@�

<HNXQ�
%HOԥOLNOԥ�� 3(6�OD� P�úD\LԥW� ROXQDQ� NDWDUDNWD� FԥUUDKL\\ԥVLQLQ� RSWLPDOODúGÕUÕPDVÕQD�� IԥVDGODUÕQ�

D]DOGÕOPDVÕQD� \|QԥOԥQoR[VD\OÕ� LúOԥQLE� KD]ÕUODQDQ� Yԥ� WԥNOLI� ROXQDQ� EԥEԥNOԥULQ� JHQLúOԥQGLULOPԥ� �VXOODUÕ�
EX�VLQGURPD�RODQ�PDUD÷ÕQ�DNWXDOOÕ÷ÕQÕQWԥVGLTL�KHVDE�ROXQD�ELOԥU��3VHYGRHNVIROLDWLY�VLQGURPOD�P�úD\LԥW�
ROXQDQ�NDWDUDNWD�FԥUUDKL\\ԥVL�]DPDQÕ�J|VWԥULOԥQ��VXOODUÕQ�KԥU�ELUL�P�ԥ\\ԥQ�PԥKGXGL\\ԥWOԥUԥ�PDOLNGLU�Yԥ�
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FԥUUDKL�ԥPԥOL\\DWODUÕQ�LQWHQVLYOL\L�Yԥ�P�PN�Q�LQWUDRSHUDWLY�Yԥ�SRVWRSHUDWLY�IԥVDGODUOD�IԥUTOԥQLU��%XQXQOD�
EHOԥ��RQODUÕQ�G�]J�Q�LVWLIDGԥVÕ�DGHNYDW�PLGULD]Õ�Yԥ�E�OOXUD�oÕ[ÕúÕ�WԥPLQ�HWPԥ\ԥ�TDGLUGLU�Yԥ�ԥOYHULúOL�NOLQLN�
QԥWLFԥOԥUԥ�JԥWLULE�oÕ[DUÕU��

Ԥ'Ԥ%ø<<$7�

��� Ⱥɧɢɫɢɦɨɜ��ȼ�ɇ��ɇɨɜɵɣ�ɷɬɚɩ�ɪɚɡɜɢɬɢɹ�ɝɟɪɨɧɬɨɥɨɝɢɢ�ɢ�ɝɟɪɢɚɬɪɢɢ�ɜ�Ɋɨɫɫɢɢ��ɩɪɨɛɥɟɦɵ�
ɫɨɡɞɚɧɢɹ� ɫɢɫɬɟɦɵ� ɝɟɪɢɚɬɪɢɱɟɫɤɨɣ� ɩɨɦɨɳɢ�� ɑɚɫɬɶ� ��� ɋɬɪɭɤɬɭɪɚ� ɫɢɫɬɟɦɵ�� ɧɚɭɱɧɵɣ�
ɩɨɞɯɨɞ���ȼ�ɇ�Ⱥɧɢɫɢɦɨɜ��ȼ�ɘ�ɋɟɪɩɨɜ��Ⱥ�ȼ�Ɏɢɧɚɝɟɧɬɨɜ�>ɢ�ɞɪ�@����ɍɫɩɟɯɢ�ɝɟɪɨɧɬɨɥɨɝɢɢ��
±�������ɬ�����ʋ����±�ɫ���������

��� 6YHQVVRQ��5��3VHXGRH[IROLDWLRQ�DQG�PRUWDOLW\��D�SRSXOD¤WLRQ�EDVHG�3VHXGRH[IROLDWLRQ�DQG�
FDWDUDFW�VXUJHU\��D�SRSXODWLRQ�EDVHG����\HDU�IROORZ�XS�VWXG\���5�6YHQVVRQ��&�(NVWU|P��$�&��
���%RWOLQJ�7DXEH�$FWD�2SKWKDOPRO���±��������������±�S���������

��� /DQG��:�*�� 7KH� UROH� RI� GDPDJH�DVVRVLDWHG� PROHFXODU� SDWWHUQVLQ� KXPDQ� GLVHDVH�� 3DUW� ���
3URPRWLRQ� LQÀDPPDWLRQ� DQG� LPPXQLW\� ��:�*�/DQG� ���6XOWDQ�4XDERRV�8QLYHU��0HG�� -��� ±�
�������������±�S������

��� %RXUQH��5�5��&DXVHV�RI�YLVLRQ�ORVV�ZRUOGZLGH������±������D�V\VWHPDWLF�DQDO\VLV���5�5�%RXUQH��
*�$�6WHYHQV��5�$�:KLWH�>HW�DO�@����/DQFHW��±�������������±�S�H���±H����

��� /LQGEHUJ��-�*��&OLQLFDO�VWXGLHV�RI�GHSLJPHQWDWLRQ�RI�WKHSXSLOODU\�PDUJLQ�DQG�WUDQVLOOXPLQDWLRQ�
RI�WKH�LULV�LQ�FDVHV�RI�VHQLOH�FDWDUDFW�DQG�DOVR�LQ�QRUPDO�H\HV�RI�WKH�DJHG����7KHVLV��+HOVLQNL��
)LQODQG��+HOVLQNL�8QLYHUVLW\��±������

��� Ɍɚɯɱɢɞɢ��ɏ�ɉ��ɉɚɬɨɥɨɝɢɹ�ɝɥɚɡɚ�ɩɪɢ�ɩɫɟɜɞɨɷɤɫɮɨɥɢɚɬɢɜɧɨɦ�ɫɢɧɞɪɨɦɟ� ��ɏ�ɉ�Ɍɚɯɱɢɞɢ��
ɗ�Ɏ�Ȼɚɪɢɧɨɜ��ȼ�ȼ�Ⱥɝɚɮɨɧɨɜɚ�>ɢ�ɞɪ�@��±�Ɇɨɫɤɜɚ��Ɉɮɬɚɥɶɦɨɥɨɝɢɹ��±�����

��� 1DXPDQQ�� *�2�� 3VHXGRH[IROLDWLRQ� V\QGURPH� IRU� WKH� FRPSUHKHQVLYH� RSKWKDOPRORJLVW��
,QWUDRFXODU� DQG� V\VWHPLF� PDQLIHVWDWLRQV� �� *�2�1DXPDQQ�� 8�6FKO|W]HU�6FKUHKDUGW� ���
2SKWKDOPRORJ\��±������������±�S���������

��� 6FKO|W]HU�6FKUHKDUGW��8��2FXODU� DQG� V\VWHPLF� SVHXGRH[IROLDWLRQ� V\QGURPH� ��8�6FKO|W]HU�
6FKUHKDUGW��*�2�+�1DXPDQQ����$PHU��-��2SKWKDOPRO���±������������±�S���������

��� 6HNHURJOX��0�$��6\VWHPLF�DVVRFLDWLRQV�DQG�SUHYDOHQFH�RI�H[IROLDWLRQ�V\QGURPH�LQ�SDWLHQWV�
VFKHGXOHG� IRU� FDWDUDFW� VXUJHU\� ��0�$�6HNHURJOX�� %�%R]NXUW��0�,UNHF� >HW� DO�@� ��� (XURS�� -��
2SKWKDOPRO���±��������������±�S����������

���� ɉɨɬɺɦɤɢɧ�� ȼ�ȼ�� ɇɟɫɬɚɛɢɥɶɧɨɫɬɶ� ɫɜɹɡɨɱɧɨɝɨ� ɚɩɩɚɪɚɬɚ� ɯɪɭɫɬɚɥɢɤɚ� ɭ� ɩɚɰɢɟɧɬɨɜ�
ɫ� ɩɫɟɜɞɨɷɤɫɮɨɥɢɚɬɢɜɧɵɦ� ɫɢɧɞɪɨɦɨɦ�� ɚɧɚɥɢɡ� ����� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ� ɮɚɤɨ�
ɷɦɭɥɶɫɢɮɢɤɚɰɢɣ� �� ȼ�ȼ�ɉɨɬɺɦɤɢɧ�� ȿ�ȼ�Ⱥɝɟɟɜɚ� ��� Ɉɮɬɚɥɶɦɨɥɨɝɢɱɟɫɤɢɟ� ɜɟɞɨɦɨɫɬɢ�� ±�
������ɬ�����ʋ���±�ɫ��������

���� 6KLQJOHWRQ��%�-��2XWFRPH� RI� SKDFRHPXOVL¿FDWLRQ� DQG� LQWUDRFXODU� OHQV� LPSODQWLRQ� LQ� H\HV�
ZLWK�SVHXGRH[IROLDWLRQ�DQG�ZHDN�]RQXOHV���%�-�6KLQJOHWRQ��<�1�1HR��9�&YLQWDO�>HW�DO�@����$FWD�
2SKWKDOPRO���±��������������±�S����������
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$��%HKQGLJ����-��&DWDUDFW�5HIUDFW��6XUJ���±�����������±�S�����������
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2SKWKDOPRORJ���±�������������±�S��������

���� 'RQQHQIHOG�(��'���:KLWDNHU� -��6��� -DFNVRQ�0��$���:LWWSHQQ�/�,QWUDFDPHUDO�NHWRURODF� DQG�
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