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RTÕWÕZ�GD�RTÕZ�PDWHULDOÕ���RTÕZ��VKÕQÕᑏÕZÕ�NyOHPLQGH��RTÕZ�SUHGPHWLQLĔ�TDQGD\GD�ELU� WHPDVÕ�\DNL�TDQGD\GD�ELU�EyOLPL�GiUHMHVLQGH�� D\UÕP� ZDTÕWODUÕ� EROVD� SiQQLĔ� LUL� TXUDPOÕT�EyOHJLQGH�� \DᑏQÕ\� EORNODU� WiUL]LQGH� RTÕWÕZ�P~PNLQVKLOLJLQ�EHUHGL�0RGXOOHU�ELULQVKL� QiZEHWWH� ELOLPOHQGLULZ� PD]PXQÕQD�ED\ODQÕVOÕ� W~VLQLNOHU�� TDᑏÕ\GDODU�� WHRUL\DODU�� QÕ]DPODU� KiP�RODU� DUDVÕQGDᑏÕ� XOÕZPDOÕT� ED\ODQÕVWÕ� DĔODWÕZVKÕ�QÕ]DPOÕTODUGÕ�W~VLQGLULZJH�QiWL\MHOL�[Õ]PHW�HWHGL�>�@�0RGXO� VLVWHPDVÕ� ]DPDQDJy\� WDODSODUᑏD� WROÕT� Vi\NHV�NHOHGL�� 2O� HULVLOJHQ� QiWL\MHQL� L]EH�L]� TDGDᑏDODS EDUÕZᑏD�WL\NDUODQᑏDQÕ� XVKÕQ� GD� PRGXO�NUHGLW� VLVWHPDVÕ� SD\GD�EROᑏDQ��0RGXOOL� ELOLPOHQGLULZGLĔ�PDTVHWL� VWXGHQWOHUGLĔ� y]�WDUDZÕ� ER\ÕQVKD� ELOLP�� NyQOLNSH� KiP� LOLPL\� WiMUL\EHOHULQ�TiOLSOHVWLULZGHQ� LEDUDW�� 0RGXOOL� ELOLPOHQGLULZGH� HĔ� ~ONHQ�WDODS� EROVD� VWXGHQWOHUGLĔ� y]EHWLQVKH� ELOLP� DOÕZÕQD�TDUDWÕOᑏDQ�>�@�%~JLQJL� N~QGH� MRTDUÕ� ELOLPOHQGLULZ� VLVWHPDVÕQÕQDOGÕQGDᑏÕ�HĔ�WL\NDUᑏÕ�ZD]Õ\SD�WiMLUL\EHOL�TiQL\JHOHUGL�WD\DU�ODZ�EROÕS�WDEÕODGÕ��%XQGD\�TiQL\JHQL�WD\DUODZ�XVKÕQ��iOEHWWH�RᑏDQ�TR\ÕOÕS�DWÕUᑏDQ�WDODSODU�VLVWHPDVÕQ�DQÕTODS�DOÕZ�NHUHN��8VÕ� VRUDZᑏD� MXZDS� L]OHS�� WyPHQGHJL� WyUW� EDᑏÕWWDᑏÕ� WDODSODU�VLVWHPDVÕQD�GXV�NHOHPL]��>�@���Ï]�WDUDZÕ�ER\ÕQVKD�]iU~UOL�ELOLP��NyQOLNSH�KiP�TiQL\JH�OLNNH�L\H�EROÕZ��NHUHN����7DUDZÕ� ER\ÕQVKD� EDU� ELOLPOHULQ� WXUDTOÕ� W~UGH� y]EHWLQVKH�DVÕUÕS�EDUÕZ��\DᑏQÕ\�y]EHWLQVKH�ELOLP�DOÕZ��P~PNLQVKLOLJL�QH�L\H�EROÕZ��NHUHN���� 7DUDZᑏD� LQQRYDFL\DODU� NLULWLZ� XVKÕQ� ᑏiUH]VL]� L]OHQLZ�KiP�GyUHWLZVKLOLN�HWLZ�XVKÕQ�NyQOLNSHJH�L\H�EROÕZ��NHUHN���� Ï]� ZDTWÕQGD� UHMHOHVWLULZ�� EDVNDUÕZ� KiP� y]� LVNHUOLJLQ�VKyONHPOHVWLULZ�XVKÕQ�NyQOLNSHJH�L\H�EROÕZ��NHUHN�6RQGD\� HNHQ�� PRGXOOL� EH\LPOHVLZ� MDĔD� LQIRUPDFL\DQÕ�y]EHWLQVKH� y]OHVWLULZ�� WÕĔODZVKÕQÕĔ� y]EHWLQVKH� KiP� [Õ]PHW�LVNHUOLJLQ� VKyONHPOHVWLULZ� y]LQLĔ� KiP�GRVODUÕQÕĔ� LVNHUOLJLQ�EDKDODZᑏD�TDUDWÕOᑏDQ��%XQGD\�EH\LPOHVLZ�]DPDQDJy\�WDOD�SODU� VLVWHPDVÕQD� Vi\NHV� NHOHGL�� 0RGXOOL� ELOLPOHQGLULZGLĔ�PDTVHWL� VWXGHQWOHUGLĔ� y]� WDUDZÕ� ER\ÕQVKD� ELOLP�� NyQOLNSH�KiP� TiQLJHOLJLQ� TiOLSOHVWLULZGHQ� LEDUDW�� 0RGXOOL� EH\LP�OHVLZ� HULVLOJHQ� QiWL\MHQL� L]EH L]� TDGDᑏDODS� EDUÕZᑏD� WL\NDU�ODQᑏDQ��1iWL\MHGH�PRGXOOL�NUHGLW�VLVWHPDVÕ�SD\GD�EROᑏDQ�.UHGLW��]DFK\RW� ELUOLJLQH� D\ODQÕZVKÕ� (YURSD� VLVWHPDVÕ�(&76�(XURSHDQ� &UHGLW� 7UDQVIHU� 6\VWHP�� NUHGLW� WRSODZ�VLVWHPDVÕ� EROÕS� WDEÕODGÕ�� 8VÕ� VLVWHPD� (YURSD� 8QLYHUVL�WHWOHULQGH������MÕOGD�yWNHULOJHQ� L]HUWOHZOHUGHQ�QiWL\MHOL� yWWL�KiP�TDEÕOODQGÕ��2O�WÕĔODZVKÕQÕĔ�XOÕZPD�M~NOHPHVLQH�WL\NDU�ODQDGÕ�� .UHGLW� VLVWHPDVÕQ� NLULWLZGHQ� PDTVHW�ELOLPOHQGLULZGLĔ� DVKÕTOÕᑏÕQ� KiP� DNDGHPL\DOÕT� ELOLPOHUGL�MiQHGH�NYDOLILNDFL\DQÕ� WiQ�DOÕZGÕ� MHĔLOOHVWLULZ�EROÕS�HVDSOD�QDGÕ�� 'iVOHS� NUHGLW� VKHWWHQ� NHOLS� RTÕS� DWÕUᑏDQ� WÕĔODZVKÕODU�XVKÕQ� SD\GDODQÕOJDQ� KiP� RᑏDQ� LVHQLP� ELOGLULOJHQ�� %DUOÕT�MRTDUÕ�RTÕZ�RUÕQODUÕ�XVKÕQ�ELUGH\�NUHGLWOHUGLĔ�RUQDWÕOÕZÕ�ERO�VD� WÕĔODZVKÕODUGÕĔ� PRELOOLJLQ� WiPL\LQOHZJH� MiUGHP� EHUHGL��%~JLQJL� N~QGH� (YURSD� NUHGLW� VLVWHPDVÕ�(YURSDQÕĔ� GHUOLN�EDUOÕT� PiPOHNHWOHULQGH� WiQ� DOÕQᑏDQ� KiP� iPHO� TÕOÕZVKÕ�VLVWHPD�EROÕS�� WDEÕODGÕ��7ÕĔODZVKÕ�RUQDWÕOᑏDQ�NUHGLW�EDOODUÕQ�WRSODᑏDQ� KDOGD� GLSORP� DOÕZᑏD� HULVHGL�� '~Q\DQÕĔ� MRTDUÕ�ELOLPOHQGLULZ� VLVWHPDVÕQGD� NUHGLW� VLVWHPDVÕQÕĔ� ELU� QHVKH�W~UL� EDU�� -RTDUÕGD� D\WÕS� yWLOJHQ� (&76� PHQHQ� ELU� TDWDUGD��86&6� $PHULNDQÕĔ� NUHGLW� VLVWHPDVÕ��8&76� � %ULWDQL\DQÕĔ�



,OLP�K¤P�MiPL\HW��ʋ������

ͺʹ

NUHGLW� VLVWHPDVÕ�� &$76� $]L\D� PiPOHNHWOHUL� KiP� 7ÕQÕVK�RNHDQÕQGDᑏÕ�PiPOHNHWOHUGLĔ�NUHGLW�VLVWHPDODUÕ�EDU�(YURSD�NUHGLW�VLVWHPDVÕQÕĔ�WL\NDUÕQ�~VK�HOHPHQW�TXUD\GÕ����� 2TÕZ� � SURJUDPPDODUÕ� KDTTÕQGD� LQIRUPDFL\D�� WÕĔODZ�VKÕQÕĔ�HULVNHQ�QiWL\MHOHUL�KiP�WÕĔODZVKÕ�LVNHUOLJLQLĔ�NyOHPL��+iU� ELU� RTÕZ� MÕOÕ� ��� EyOLPJH� EyOLQHGL� KiP� ]DFK\RW� ELUOLJL�HVDSODQDGÕ�� %LU� KiSWHOLN� M~NOHPH� ��� VDDWWDQ� DVSDZÕ� NHUHN����� VDDW� ���� NUHGLWNH� WHĔ�� 2TÕZ� MÕOÕQÕĔ� GDZDP� HWLZ� ZDTWÕ�(YURSDGD�RUWDVKD����KiSWH�EROÕS��ELUDT�(YURSDQÕĔ�KiU� W~UOL�PiPOHNHWOHULQGH� RTÕZ� MÕOÕQÕĔ� GDZDP� HWLZ� ZDTWÕ� KiU� W~UOL�EROÕZÕ��EHOJLOL�GiUHMHGH�PDVKTDODODUGÕ�NHOWLULS�VKÕᑏDUDGÕ������ 0RGXOOL�NUHGLW� VLVWHPDVÕ� EDUOÕT� RTÕWÕZ� IRUPDODUÕQÕĔ�TDGDᑏDODZÕQ�y]� LVKLQH�DODGÕ� �DXGLWRUL\D�KiP�DXGLWRUL\DGDQ�WÕVTDUÕ������ 0RGXOOL�NUHGLW� VLVWHPDVÕ� ELOLPOHQGLULZ� SURFHVLQGH�RTÕWÕOᑏDQ�VDDWODU�PXᑏGDUÕQ�HPHV��EiONLP�HULVLOJHQ�QiWL\MHQL�NyUVHWLS� EHUHWXᑏÕQ� yOVKHP� ELUOLJL� EROÕS� WDEÕODGÕ�� <DᑏQÕ\�TiQLJHQL� NRPSHWHQWOLN� GiUHMHVLQH� EDKD� EHUHWXᑏÕQ� QiWL\MHJH�TDUDWÕOᑏDQ�yOVKHP�ELUOLJL�EROÕS�WDEÕODGÕ��6RQGD\�HNHQ��NUHGLW�WHN�ᑏDQD�RTÕZ�LVNHUOLJLQH�EHULOJHQ�EDKD�HPHV�EiONLP��RUÕQ�ODQᑏDQ� RTÕZ� M~NOHPHVLQ� NyUVHWLS� WXUÕZVKÕ� ELUOLN� EROÕS�WDEÕODGÕ�� %LU� NUHGLW� ��� DNDGHPL\DOÕT� VDDWTD� WHĔ� ���� DNDG�HPL\DOÕT� VDDW� ����NUHGLWWL� TXUD\GÕ���+iU�ELU�RTÕZ�PRGXOL� ��\DPDVD� ���� NUHGLWNH� TDUDWÕOᑏDQ� KiP� iGHWWH�� RQÕĔ� VDQÕ�~VKHZGHQ� DVSDZÕ� NHUHN�� (YURSD� NUHGLW� � VLVWHPDVÕQGD� EL�ULQVKL� EDVTÕVKWD� �EDNDODYULDW�� WÕĔODZVKÕ� ���� NUHGLWWHQ� ����NUHGLWJH�VKHNHP�WRSODZÕ�P~PNLQ��(NLQVKL�EDVTÕVKWD��0DJ�LVWUDWXUD���������ᑏD�VKHNHP�NUHGLW�MÕ\QDZ�P~PNLQVKLOLJLQH�L\H� 0RGXOOL�NUHGLW� VLVWHPDVÕQ� EDKDODZGD� UH\WLQJ� EDOO�VLVWHPDVÕQDQ� SD\GDODQÕODGÕ�� �����MÕOGD� RTÕZ� SURFHVLQ�VKyONHPOHVWLULZGLĔ�PRGXOOL�NUHGLW� WH[QRORJL\DVÕ�(YURSDQÕĔ������ GHQ� DVODP� XQLYHUVLWHWOHULQGH� TROODQÕOᑏDQ� HGL�8VÕ� MÕOÕ�(YURSDQÕĔ� ��� PiPOHNHWOHUL� ELOLPOHQGLULZ� PLQLVWUOLJL�WiUHSLQHQ� %RORQ\D� GHNODUDFL\DVÕQÕĔ� HQJL]LOLZL� (YURSD�ELOLPOHQGLULZ�D\PDᑏÕQÕĔ� MDUDWÕOÕZÕQGD�~ONHQ�iKPL\HWNH� L\H�EROGÕ�>�@��.UHGLW�VDDW�VLVWHPDVÕ�ELULQVKL�UHW�$46KWD�SD\GD�EROᑏDQ������� MÕOGD� *DUYDUG� XQLYHUVLWHWL� 3UH]LGHQWL� 6KDUO]� (OLRW��NUHGLW�VLVWHPDODU�� W~VLQLJLQ�NLUJL]GL�KiP�����������MÕOODUÕ�RTÕZ� SiQOHUL� NyOHPLQ� NUHGLWWH� yOVKHZ� VLVWHPDVÕ� HQJL]LOGL��%HOJLOL� GiUHMHJH� MHWLVLZ� XVKÕQ� �NUHGLW�VDDW�ODU� NyOHPL�\DᑏQÕ\�� ]DFKHW� ELUOLNOHULQ� WRSODZ� NHUHN� ERODGÕ�� $PHULND�VLVWHPDVÕQGD� 86&6�NUHGLW�VDDW�EXO� RTÕWÕZ� ZDTÕWÕQD� WL\NDU�ODQᑏDQ�yOVKHP��'HPHN��NUHGLW�VDDW�QH�PHQHQ��yOVKHQHGL"x RTÕWÕZVKÕ�KiP�VWXGHQWWLĔ�RTÕZ�LVNHUOLJL�x VWXGHQW�y]OHVWLULZLQLĔ�VDOÕVWÕUPDOÕ�GiUHMHVL�x ELU�SURJUDPPDGDQ�HNLQVKLVLQH�×WLZ XVKÕQ�x VWXGHQWWLĔ�y]OHVWLULZ��GiUHMHVLQ�DQÕTODZ�XVKÕQ�.UHGLW � VDDW � VHPHVWU� GDZDPÕQGD� KiSWH� LVKLQGH�VWXGHQWWLĔ� DXGLWRUL\D� MXPÕVODUÕQÕĔ� DNDGHPL\DOÕT� VDDWÕQD� WHĔ�EROÕS� WDEÕODGÕ�� .UHGLW� VWXGHQW� WiUHSLQHQ� WL\LVOL� RTÕZ�MXPÕVODUÕQ� RUÕQODZᑏD� NHWHWXᑏÕQ�ZDTÕW� �VDDWODU�GDQ� G~]LOHGL��+iU� ELU� PRGXO� y]EHWLQVKH� NUHGLW� HVDEÕQD� L\H�� -RTDUÕ�ELOLPOHQGLULZ� VKyONHPL� NUHGLW� TXUDPÕ�� KiU� ELU� PRGXO�ER\ÕQVKD� NUHGLWOHU� VDQÕ�� VRQÕĔ�PHQHQ� ELUJH�� KiU� ELU� NXUVGÕ�KiP�XOÕZPD�RTÕZ�GiZLULQ�SLWLULZ� �XVKÕQ� VWXGHQW� WiUHSLQHQ�WRSODQÕZÕ� NHUHN� EROᑏDQ� NUHGLWOHUGLĔ� XOÕZPD� VDQÕQ�y]EHWLQVKH�EHOJLOH\GL�3URJUDPPDGDᑏÕ�RTÕWÕZ�VLVWHPDVÕGD�D\UÕTVKD�HVDSODQᑏDQ��NUHGLW� VLVWHPDVÕQGD� PiMEXUL\� SiQOHUGHQ� WÕVTDUÕ� WDĔODZ�SiQOHUL� KiP GH� VWXGHQWWLĔ� MHNH� VDEDT� NHVWHVL� ERODGÕ�6WXGHQWOHU� RTÕZGDQ� TXZÕOPD\GÕ� \DPDVD� NXUVWDQ�NXUVTD�TDOPD\GÕ�� 4D\VÕ� SiQQHQ� EHOJLOHQJHQ� NUHGLWOHUGL� WRSOD\�DOPDVD�WHN� VRO� SiQQLĔ� y]LQHQ� TD\WD� LPWL[DQ� WDSVÕUDGÕ��6RQGD\�DT� MRTDUÕ� PDᑏOÕZPDW DOᑏDQOÕᑏÕ� KDTTÕQGDᑏÕ� GLSORP�EROVD�EHOJLOHQJHQ� NUHGLWOHUGL� WRSODᑏDQQDQ� VRĔ�EHULOHGL��6H�PHVWU� MXZPDᑏÕQGD� VWXGHQWOHU� EDKDVÕQÕĔ� ��� SURFHQWLQ� SiQ�RTÕWÕZVKÕ�� ��� SURFHQWLQ� XQLYHUVLWHW� � EDVVKÕODUÕ� TR\DGÕ��<DᑏQÕ\�� ELU� VHPHVWHU� GDZDPÕQGD� DUDOÕT� TDGDᑏDODZ�� ~\JH�WDSVÕUPDODU� KiP� iPHOL\� VKÕQÕᑏÕZ� �ODERUDWRUL\D�� MXPÕVODUÕQ�

SURIHVVRU�RTÕWÕZVKÕODU�EDKDOD\GÕ� -XZPDTODZVKÕ�TDGDᑏDODZ�XQLYHUVLWHW� EDVVKÕOÕᑏÕ� WiUHSLQHQ� DOÕQDGÕ�� 2O� MDᑏGD\GD� SiQ�RTÕWÕZVKÕODUÕ�TDWQDVSD\GÕ >�@�4iQLJHOHUGLĔ� SLNLULQVKH�� NUHGLWOHUGL� MÕ\QDZ� XVKÕQ�VWXGHQWWHQ� XGD\ÕQD� VDEDTODUGD� TDWQDVÕZ�� EHULOJHQ�ZD]Õ\SDODUGÕ� ZDTWÕQGD� RUÕQODZ�� y]� ELOLP� GiUHMHVLQ�EHNNHPOHZ� WDODS� HWLOHGL�� Ï]OHVWLULZL� MRTDUÕ� VWXGHQWOHU�y]EHWLQVKH� MXPÕV� WHPDODUÕQ� ~\UHQLS�� RODUGÕ� P~GGHWLQHQ�DOGÕQ� WDSVÕUÕZÕ� P~PNLQ�� %XO� ERODMDT� TiQLJHOHUGLĔ� ZDTWÕQ�~QHPOH\GL�7DSVÕUPDODUÕQ� WDSVÕUᑏDQODU� VHPHVWU� MXZPDᑏÕQD�VKHNHP�TDOᑏDQ�ZDTWÕQ�iPHOL\�VKÕQÕᑏÕZODUᑏD�VDUSOD\GÕ�0iVHOHQ��VWXGHQW�ELU�VHPHVWUGH�����ELU�RTÕZ�MÕOÕQGD�����NUHGLW� WRSODZ� � NHUHN�� 2ᑏDQ� PDWHPDWLND� SiQLQHQ� �� NUHGLW�DMUDWÕOᑏDQ� EROVD�� EXQQDQ� �� NUHGLWWL� OHNFL\DGDQ�� TDOᑏDQÕQ� y]�EHWLQVKH�MXPÕVWDQ�WRSOD\GÕ��(JHU� RO�PDWHPDWLND�SiQLQ�y]OH�VWLUH� DOPDVD�� RᑏDQ�� GHP� DOÕV� ZDTÕWÕ�� EXO� SiQGL� TD\WD� RTÕZ�LPNDQL\DWÕ� EHULOHGL�� %LUDT� EXO� LPNDQL\DW�SXOOÕ� ERODGÕ�� %LU�NUHGLW� PXᑏGDUÕ� RTÕZ� MÕOÕ� GDZDPÕQGDᑏÕ� ELOLP� DOÕZ� XVKÕQ�WRSODQDWXᑏÕQ� XOÕZPD� VXPPDQÕĔ� NUHGLWODU�PXᑏGDUÕQD� EyOLZ�MROÕ�PHQHQ�DQÕTODQDGÕ��8VÕ�TiUHMHWWL� WyOHS�VWXGHQW�PDWHPDW�LND�SiQLQ�TD\WD�RTÕZÕ�KiP�LPWL[DQ�WDSVÕUÕZÕ�P~PNLQ�>�@��.UHGLW�VKiUWOL� VÕQDT� ELUOLJL� EROÕS�� WÕĔODZVKÕQÕĔ� � RTÕZ�SiQLQLĔ� EHOJLOL� ELU� EyOHJLQ� yWNHQOLJL� KDTTÕQGDᑏÕ� PDᑏOÕZ�PDWWÕ�EHUHGL��+iU�ELU�RTÕZ�SiQLQH�EHOJLOL�PXᑏGDUGDᑏÕ�NUHGLW�ELUOLNOHUL� DMÕUDWÕODGÕ� .UHGLW�EDUOÕT� DNDGHPL\DOÕT� GiZLUGH�MXPÕV�M~NOHPHVLQH�Vi\NHV�W~UGH�VWXGHQW��RTÕWÕZVKÕ�WLĔ�RTÕZ�MXPÕVODUÕQÕĔ� NyOHPLQ� DQÕTODS� � EHUHWXᑏÕQ� y]LQH� WiQ� ELUOLN�EROÕS� WDEÕODGÕ��8OÕZPD�TDEÕO�HWLOJHQ�ELOLPOHQGLULZGH�NUHGLW�WH[QRORJL\DVÕQÕĔ� D\UÕTVKD� WiUHSOHULQHQ� ELUL�� [DOÕTDUDOÕT�XOÕZPD�ELOLP�EHULZ�VWDQGDUWODUÕQD�Vi\NHV�NHOLZL�KiP�ELOLP�OHQGLULZ� KDTTÕQGDᑏÕ� K~MMHWOHUGL� TDEÕOODZ� PiVHOHOHUL�� MiKiQ�WHQGHQVL\DODUÕQ� HVDSTD� DOᑏDQ� XQLYHUVDO� ELOLPOHQGLULZ� SUR�JUDPPDVÕ�� DNDGHPL\DOÕT� HUNLQOLN� KiP� RTÕZ� SURJUDPPD�ODUÕQÕ� DQÕTOÕᑏÕ� EROÕS� WDEÕODGÕ�� 6WXGHQWOHUGH� VKHW� HO� PiP�OHNHWOLN� XQLYHUVLWHWOHULQLĔ� ELOLPOHQGLULZ� GiUHMHVLQH� HUNLQ�NLULZ�P~PNLQVKLOLNOHUL�SD\GD�ERODGÕ��EDNDODYU�KiP�PDJLV�WUDWXUD� SLWNHULZVKLOHULQ� EDUOÕT� � PiPOHNHWOHUGH� MXPÕVTD�MD\ODVÕZ� KXTÕTODUÕ� SD\GD� � ERODGÕ�� 0RGXOOL�NUHGLWOL� ELOLP�OHQGLULZ� VLVWHPDVÕQD� yWLZGLĔ� ~VWLQ� WXUDWXᑏÕQ� WiUHSOHUL�WyPHQGHJLOHUGHQ�LEDUDW�>�@�x ELOLPOHQGLULZ�KiP�RTÕWÕZGÕĔ�VDSDVÕQÕĔ�DVÕUÕOÕZÕ�x PL\QHW�ED]DUÕQÕĔ�WDODSODUÕQÕQ�HVDSTD�DOÕQÕZÕ�x MRTDUÕ�ELOLPOHQGLULZ��VLVWHPDVÕQÕĔ�NyS�EDVTÕVKOÕᑏÕ�x DNDGHPL\DOÕT�NUHGLWOHU�VLVWHPDVÕQ�NLUJL]LZ�x RTÕWÕZVKÕ� KiP� VWXGHQWOHUGLĔ� DNDGHPL\DOÕT� ED\ODQÕVÕQ�WiPL\LQOHZ�x GLSORPᑏD�ELUGHQ�ELU�HYURSD�TRVÕPVKDVÕQ�EHULZ�x MRTDUÕ�ELOLPOHQGLULZ�VDSDVÕQ�EDTODZ�KiP�EDVTDUÕZ�2TÕWÕZGÕĔ� PRGXOOL�NUHGLW� WH[QRORJL\DVÕQ� TROODZ� DUTDOÕ�RTÕZ� SURFHVLQ� VKyONHPOHVWLULZGLĔ� WL\NDUᑏÕ� ZD]Õ\SDODUÕ�WyPHQGHJLOHU��� D\UÕTVKD�ELOLPOHU�NyOHPL��� ELOLPOHQGLULZGL� PDNVLPDO� LQGLYLGXDOODVWÕUÕZ� XVKÕQ�VKiUW�VKiUD\ÕWODU�MDUDWÕZ��� VWXGHQWOHUGLĔ� y]EHWLQVKH� MXPÕVODUÕQÕĔ� RUQÕ� KiP�QDWL\MHOLOLJLQ�N~VKH\WLZ��� VWXGHQWOHUGLĔ�QiWL\MHOLOLN�SURFHVLQ�EDTODZ�WL\NDUÕQGD�ELOLPOHQGLULZGHJL�DQÕT�WDEÕVODUGÕ�SD\GD�EROÕZÕ�%LOLPOHQGLULZGLĔ� PRGXOOL�NUHGLW� WH[QRORJL\DVÕQÕĔ�D\UÕTVKD��WiUHSOHUL�WyPHQGHJLOHU�9 LVVKL� RTÕZ� UHMHJH� NLULWLOJHQ� SiQOHUGL� HUNLQ� WDĔODZÕ��EXO� WLNNHOH\� LQGLYLGXDO� RTÕZ� UHMHVLQ� TiOLSOHVWLULZJH� y]�~OHVLQ�TRVÕZGÕ�WiPL\LQOH\GL�9 RTÕWÕZVKÕQÕ�WDĔODZ�HUNLQOLJL�9 ELOLPOHQGLULZGLĔ� DQÕT� EDᑏGDUÕQ� WDĔODZGD�ELOLPOHQGLULZ�SURFHVLQH�PiVOiKiWVKLOHULQ�WDUWÕZ��9 VWXGHQWOHUGLĔ� ELOLP� MHWLVNHQOLNOHULQ� EDTODZGD�QiWL\MHOL�PHWRGODU�9 ELOLPOHQGLULZGH� LQWHUDNWLY� PHWRGODUGÕ� NHĔ�TROODQÕOÕZÕ�9 VWXGHQWWLĔ� PiMEXUL\� SURJUDPPDQÕ� y]OHVWLULZGH�y]EHWLQVKH�ELOLPGL�DNWLYOHVWLULZ�
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9 VWXGHQWOHUGLĔ� KiU� ELU� SiQGHJL� ELOLP� MHWLVNHQOLNOHULQ�EDKDODZGD�UH\WLQJ�VLVWHPDVÕQDQ�SD\GDODQÕZ�9 RTÕZ� SURFHVLQ� EDUOÕT� ]iU~UOL� RTÕZ� KiP�PHWRGLNDOÕT�PDWHULDOODUÕQ HOHNWURQ� KiP� TDᑏD]� YDULDQWODUÕ� PHQHQ�WiPL\LQOHZ�'HPHN�� PRGXOOL�NUHGLW� VLVWHPDVÕ� DUTDOÕ� VWXGHQW� y]LQLĔ�TDQGD\� MHWLVNHQOLNNH� HULVNHQLQ�� TD\� MHUGH�NHPVKLOLN�MLEHU�JHQOLJLQ��QHQL�ELOLS��QHQL�~\UHQLZ�NHUHNOLJLQ�DĔOD\GÕ��

6RQGD\�DT�� y]JHQLĔ� MHWLVNHQOLJLQHQ� VDEDT� DOÕZᑏD�� y]LQLĔ�NHPVKLOLNOHULQ� VDSODVWÕUÕZᑏD�� DOᑏD� XPWÕOÕZÕQD� W~UWNL� ERODGÕ��-XZPDTODS� D\WTDQGD�� ELOLPOHQGLULZGLĔ� PRGXOOL�NUHGLW�VLVWHPDVÕ� EDUOÕT� ELOLPOHQGLULZ� SURFHVL� GDZDPÕQGD� RTÕOᑏDQ�VDDWODU� PXᑏGDUÕQ� HPHV� EiONLP� HULVLOJHQ� QiWL\MHQL� NyUVHWLS�EHULZVKL�yOVKHP�ELUOLJL�HVDSODQÕZÕ�PHQHQ�GH�ELOLPOHQGLULZ�QiWL\MHOLJLQ�DVÕUÕZGD�]iU~U�iKPL\HWNH�L\H�EROÕS�HVDSODQDGÕ�
ÈGHEL\DWODU�� 2¶]EHNLVWRQ� 5HVSXEOLNDVL� 3UH]LGHQWLQLQJ� �2¶]EHNLVWRQ� 5HVSXEOLNDVL� 2OL\� WD
OLP� WL]LPLQL� ����� \LOJDFKD� ULYRMODQWLULVK� NRQ�VHSWVL\DVLQL�WDVGLTODVK�WRµJ¶ULVLGD�JL�������\LO���RNW\DEU�NXQJL�3)������VRQOL�IDUPRQL��� ����������\LOODUGD�2¶]EHNLVWRQ�5HVSXEOLNDVLQL�ULYRMODQWLULVKQLQJ�EHVKWD XVWXYRU�\R¶QDOLVKL�ER¶\LFKD��+DUDNDWODU�VWUDWHJL\DVLQL��;DOT�ELODQ�PXORTRW�LQVRQ�PDQIDDWODUL�\LOL�GD�DPDOJD�RVKLULVKJD�RLG�'DYODW�GDVWXULQL�yUJDQLVK�ER¶\LFKD�,OPL\�XVOXEL\�ULVROD��±7RVKNHQW��������� 5LFKDUG�$UXP��0HOLVD�9HOH]��,QSURYLQJ�/HDUQLQJ�(QYLURPHQW� 6FKRRO�'LVFLSOLQH�DQG�&RPSRUDWLYH�3HUVSHNWLYH��6WDQIRUG�8QL�YHUVL\�3UHVV��86$�������� 3UHQRY�%�%��YD�ERVKTDODU��2OL\�WD
OLP�WL]LPLGD�WD
OLP�VLIDWLQL�WD
PXQODVK��(�OHDUQLQJ��±7��������������E��� &DUUROO��*��	�%RXWDOO��7����������*XLGH�WR�GHYHORSLQJ�QDWLRQDO�RFFXSDWLRQDO�VWDQGDUGV��5HYLVHG�-XQH�������5HWULHYHG�������IURP�8.�&RPPLVVLRQ�IRU�(PSOR\PHQW�DQG�6NLOOV��KWWS���ZHEDUFKLYH�QDWLRQDODUFKLYHV�JRY�XN����������������KWWS���ZZZ�XNFHV�RUJ�XN�DVVHWV�XNFHV�GRFV�VXSSRUWLQJ�GRFV�QRV�QRV�JXLGH�IRU���GHYHORSHUV������SGI�� $NVHQRYD�1��0��*ROXEHYD�7��$���0XUDY\RY�$��$���2OHLQLNRYD�2��1��6DUWDNRYD�(��9��&UHGLWV�LQ�VHFRQGDU\�YRFDWLRQDO�HGXFDWLRQ���1��0��$NVHQRYD�7��$��*ROXEHYD�DQG�RWKHUV�±0���8QLYHUVLWHWVND\D�NQL�JD����������Ɋ������ 5(=<80(%X PDTRODGD R¶TLWLVKQLQJ PRGXOOL�NUHGLW WL]LPL YD XQLQJ KR]LUJL ]DPRQ WD
OLP MDUD\RQLGDJL D\ULP DI]DOOLNODULJD WRµ[WDOLQJDQ�ɊȿɁɘɆȿȼ� ɞɚɧɧɨɣ� ɫɬɚɬɶɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɦɨɞɭɥɶɧɨ�ɤɪɟɞɢɬɧɚɹ� ɫɢɫɬɟɦɚ� ɨɛɭɱɟɧɢɹ� ɢ� ɩɪɟɢɦɭɳɟɫɬɜɚ ɟɺ� ɩɪɢɦɟɧɟɧɢɹ ɜ� ɫɨɜɪɟɦɟɧɧɨɦ�ɨɛɪɚɡɨɜɚɧɢɢ�� 6800$5<7KH DUWLFOH LV�GHYRWHG�WR�WKH�GHVFULSWLRQ RI�WKH�PRGXODU�FUHGLW�V\VWHP�RI�WHDFKLQJ�DQG�LWV DGYDQWDJHV�LQ�PRGHUQ�HGXFDWLRQ�

ɆȺɄɌȺȻȽȺɑȺ�ɌȺɔɅɂɆ�ɌɂɁɂɆɂȾȺ�ɀɂɋɆɈɇɂɃ�ɌȺɊȻɂəɇɂ�ɌȺɒɄɂɅ�ɗɌɂɒɇɂɇȽ�ɂɆɆȺɇȿɇɌ�ɏɍɋɍɋɂəɌɅȺɊɂȼ�Ɋɚɯɢɦɨɜ ± ɤɚɬɬɚ�ʆΙɢɬɭɜɱɢɆɢɪɡɨ�ɍɥɭΕɛɟɤ�ɧɨɦɢɞɚɝɢ�ȸɡɛɟɤɢɫɬɨɧ�Ɇɢɥɥɢɣ�ɭɧɢɜɟɪɫɢɬɟɬɢɌɚɹɧɱ� ɫʆɡɥɚɪ�ɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ�� ɛɨɥɚɥɚɪ�� ɠɢɫɦɨɧɢɣ� ɬɚɪɛɢɹ�� ɠɢɫɦɨɧɢɣ� ɦɚɲԕɥɚɪ�� ɦɨɪɮɨɮɭɧɤɰɢɨɧɚɥ�� ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɤ�ԟɭɫɭɫɢɹɬɥɚɪ��ԕɢɡɢԕɢɲ�ɸɝɭɪɢɲ�ɚɞɚɩɬɚɰɢɹ��ɢɦɦɚɧɟɧɬ��ɱɢɧɢԕɬɢɪɢɲ�Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɞɨɲɤɨɥɶɧɨɟ� ɨɛɪɚɡɨɜɚɧɢɟ�� ɞɟɬɢ�� ɮɢɡɢɱɟɫɤɨɟ� ɜɨɫɩɢɬɚɧɢɟ�� ɮɢɡɢɱɟɫɤɢɟ� ɭɩɪɚɠɧɟɧɢɹ��ɦɨɪɮɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ��ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ��ɢɧɬɟɪɟɫɵ��ɛɟɝ� ɚɞɚɩɬɚɰɢɹ�ɢɦɦɚɧɟɧɬɧɵɣ��ɡɚɤɚɥɢɜɚɧɢɟ�.H\�ZRUGV� SUHVFKRRO�HGXFDWLRQ��FKLOGUHQ��SK\VLFDO�HGXFDWLRQ��SK\VLFDO�H[HUFLVHV��PRUSKRIXQFWLRQDO��SV\FKRSK\VLRORJLFDO�IHDWXUHV��LQWHUHVWV��UXQQLQJ��DGDSWDWLRQ��LPPDQHQW��KDUGHQLQJ�
ȸɡɛɟɤɢɫɬɨɧɞɚɝɢ� ɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɬɢɡɢɦɢɝɚ�ɛɨɥɚɥɚɪ�ɹɫɥɢɫɢ��ɛɨɥɚɥɚɪ�ɛɨԑɱɚɥɚɪɢ��ɯɭɫɭɫɢɣ�ɜɚ�ɯɨɧɚɞɨɧ�ɛɨԑɱɚɥɚɪɢ�ɤɢɪɚɞɢ�������ɣɢɥɢ�Ɋɟɫɩɭɛɥɢɤɚɦɢɡɞɚ������ ɬɚ�ɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɦɭɚɫɫɚɫɚɥɚɪɢ� ɮɚɨɥɢɹɬ� ɸɪɢɬɝɚɧ������� ɣɢɥɝɚ� ɤɟɥɢɛ� ɭɥɚɪɞɚɧ� �����ɬɚɫɢ� �������� ԕɨɥɝɚɧ��ɍɥɚɪɞɚ� ɛɨɥɚɥɚɪɧɢ� ԕɚɦɪɚɲ� �������� ɬɚɞɚɧ� �������ɧɚɮɚɪɝɚ�ɬɭɲɢɛ�ԕɨɥɝɚɧ��Ɇɚɡɤɭɪ�ɫɚɥɛɢɣ�ԟɨɥɧɢ�ɬʆԑɪɢɥɚɲ��ɞɚɜɪ� ɬɚɥɚɛɢɝɚ� ɦɨɫ� ɤɟɥɚɞɢɝɚɧ� ԟɨɥɝɚ� ɤɟɥɬɢɪɢɲ� ɭɱɭɧ�Ɋɟɫɩɭɛɥɢɤɚɦɢɡ� ɉɪɟɡɢɞɟɧɬɢ�ɒ�Ɇ�Ɇɢɪɡɢɺɟɜ� ɬɚɲɚɛɛɭɫɢ�ɛɢɥɚɧ� ɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɬɢɡɢɦɢɧɢɧɝ� ɮɚɨɥɢɹɬɢɧɢ�ɬɭɛɞɚɧ� ɹɯɲɢɥɚɲ� ɦɚԕɫɚɞɢɞɚ� ɏɚɥԕ� ɬɚɴɥɢɦɢ� ȼɚɡɢɪɥɢɝɢ�ɬɚɲɤɢɥ� ɷɬɢɥɞɢ� ɜɚ� ³ȸɡɛɟɤɢɫɬɨɧ� Ɋɟɫɩɭɛɥɢɤɚɫɢɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɬɢɡɢɦɢɧɢ� ����� ɣɢɥɝɚɱɚ�ɪɢɜɨɠɥɚɧɬɢɪɢɲ�ɤɨɧɰɟɩɰɢɹɫɢ´�ԕɚɛɭɥ�ԕɢɥɢɧɞɢ������� ɣɢɥɝɚ� ɤɟɥɢɛ� ɦɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɦɭɚɫɫɚɫɚɥɚɪɢ�ɫɨɧɢ� ���� ɝɚ ɹɴɧɢ� ɤɟɣɢɧɝɢ� ɢɤɤɢ� ɣɢɥɞɚ� ɛɢɪ� ɹɪɢɦ�ɛɚɪɨɛɚɪ� ɤʆɩɚɣɞɢ�� ����� ɣɢɥ� ɚɜɝɭɫɬɢɝɚ� ɤɟɥɢɛ� ɛɨɥɚɥɚɪ�ɫɨɧɢ�ɷɫɚ�ɬʆɪɬ�ɤɚɪɪɚɝɚ�ɨɲɞɢ�>�@�ɘԕɨɪɢɞɚɝɢ� ɤɨɧɰɟɩɰɢɹɞɚ� ɧɚɮɚԕɚɬ� ɦɚɤɬɚɛɝɚɱɚ�ɬɚɴɥɢɦ� ɦɭɚɫɫɚɫɚɥɚɪɢɧɢɧɝ� ɫɨɧɢɧɢ� ɤʆɩɚɣɬɢɪɢɲ��ɭɥɚɪɧɢɧɝ� ɦɨɞɞɢɣ� ɬɟɯɧɢɤɚ� ɛɚɡɚɫɢɧɢ� ɦɭɫɬɚԟɤɚɦɥɚɲ� ɜɚ�ɬɚɪɛɢɹɥɚɧɭɜɱɢɥɚɪ� ɫɨɧɢɧɢ� ɨɲɢɪɢɲ�� ɲɭ� ɛɢɥɚɧ� ɛɢɪɝɚ�ɛɨɥɚɥɚɪɧɢ�ɠɢɫɦɨɧɢɣ�ɫɨԑɥɨɦ��ɛɚԕɭɜɜɚɬ��ɮɢɡɤɭɥɶɬɭɪɚ�ɜɚ�ɫɩɨɪɬɧɢ� ɫɟɜɚɞɢɝɚɧ�� ɭɥɚɪ� ɛɢɥɚɧ� ɦɭɧɬɚɡɚɦ�� ɭɡɥɭɤɫɢɡ�ɲɭԑɭɥɥɚɧɚɞɢɝɚɧ�ɲɚɯɫɥɚɪ�ԕɢɥɢɛ�ɬɚɪɛɢɹɥɚɲ�ԟɚɦ�ɜɚɡɢɮɚ�ԕɢɥɢɛ�ԕʆɣɢɥɞɢ�Ɇɚɤɬɚɛɝɚɱɚ� ɬɚɴɥɢɦ� ɦɭɚɫɫɚɫɚɥɚɪɢɞɚ� ɠɢɫɦɨɧɢɣ�ɬɚɪɛɢɹɧɢ� ɬɚɲɤɢɥ� ɷɬɢɲɧɢɧɝ� ɢɦɦɚɧɟɧɬ� ɯɭɫɭɫɢɹɬɥɚɪɢ�ɚɜɜɚɥɨ� ɹɫɥɢ� ɜɚ� ɛɨԑɱɚɝɚ� ԕɚɬɧɨɜɱɢ� ɛɨɥɚɥɚɪɧɢɧɝ�ɦɨɪɮɨɮɭɧɤɰɢɨɧɚɥ ɜɚ� ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɤ� ɬɭɡɢɥɢɲɢ��ɠɢԟɚɬɥɚɪɢ� ɛɢɥɚɧ� ɛɟɥɝɢɥɚɧɚɞɢ�� Ɇɚɤɬɚɛɝɚɱɚ� ɺɲɞɚɝɢ�ɛɨɥɚɥɚɪɞɚ�ɲɚɤɥɥɚɧɚɞɢɝɚɧ�ɛɢɥɢɦ��ɤʆɧɢɤɦɚ��ɬɚɫɚɜɜɭɪ�ɜɚ�
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