
����

272027ø9�6(.7g5h�ødø1�ø'($/�7(.1ø.(5��(öø7ø0ø

0HKPHW�7(.7$ù ����9HGDW�7238= ��0XUDW�ø/+$1����.DGLU�2.$7$1���

����0DUPDUD�hQLYHUVLWHVL��7HNQLN�%LOLPOHU�0<2��������*|]WHSH�øVWDQEXO��7HO�������������������������

WHNWDV#PDUPDUD�HGX�WU���YWRSX]#PDUPDUD�HGX�WU���PLOKDQ��#\DKRR�FRP���
�RNDWDQ#ERJD]LFLJURXS�FRP

g=(7�

hONHPL]GH�PHVOHNL� H÷LWLP�YH\D� WHNQLN� H÷LWLP� YHUHQ� RNXOODUGDNL� ODERUDWXDU�� DW|O\H� YH� GL÷HU� WHNQRORMLN�
JHUHNVLQLPOHU� NÕVÕWOÕ� E�WoH� LPNDQODUÕ�� |÷UHWLP� HOHPDQÕ� HNVLNOL÷L� RNXO� VDQD\L� LúELUOL÷LQLQ� \HWHUVL]OL÷L� YH�
GL÷HU�VHEHSOHUGHQ��|]HO�VHNW|U�Q�LKWL\Do�GX\GX÷X� LGHDO�WHNQLNHUL�\HWLúWLUHPHPHNWHGLU��%|\OH�ELU�H÷LWLP�
DQOD\ÕúÕ��EX�oDOÕúPDQÕQ�HVDV�XQVXUX�ROXS�|UQHNOHU��]HULQGH�GHWD\OÕ�RODUDN�DoÕNODQPÕúWÕU��

2WRPRWLY� VHNW|U�QGH� NDOLIL\H� HOHPDQ� LKWL\DFÕQÕ� NDUúÕODPD\D� \|QHOLN� PHVOHNL� H÷LWLP� YHUHQ� H÷LWLP�
NXUXPODUÕ� YH� |]HO� VHNW|UGH� GH� EX� WLS� HOHPDQODUÕ� \HWLúWLUHQ� H÷LWLP� SURJUDPODUÕ� YDUGÕU��0HVOHNL� H÷LWLP�
PH]XQX�ELU�NLúL�|]HO�VHNW|UGH�EX�DODQGD�ELU�LúWH�oDOÕúPDN�LoLQ�HNVWUD�ELU�H÷LWLPH�WDEL�WXWXOPDNWDGÕU��(÷HU�
EL]� |]HO� VHNW|UGHNL� WHNQRORML\H� SDUDOHO� YHULOHQ� H÷LWLPL� RNXO� P�IUHGDWÕ� LoLQGHNL� H÷LWLP� SURJUDPÕQD�
\HUOHúWLUHELOLUVHN�H÷LWLP�NXUXPXQGDQ�PH]XQ�RODQ�NLúL�|]HO�VHNW|UH�KD]ÕU�HOHPDQ�KDOLQH�JHOHFHNWLU��2NXO
VDQD\L� LúELUOL÷L� oHUFHYHVLQGH� G�ú�Q�OG�÷�QGH� |]HO� VHNW|U�Q� EX� H÷LWLPH� YHUGL÷L� SD\ÕQ� RNXOODUD�
DNWDUÕOPDVÕ�|QHPOLGLU��

gQHULOHQ�H÷LWLP�SURJUDPÕ�|]HO�VHNW|UGH�EDúDUÕ�LOH�NXOODQÕOÕS�X\JXODQPDNWDGÕU��8\JXODQDQ�EX�SURJUDPODU�
PRGHO� DOÕQDUDN� LGHDO� WHNQLNHU� H÷LWLPL� LoLQ� ELU� P�IUHGDW� oHUoHYHVLQGH� GH÷HUOHQGLULOHFHNWLU�� � %|\OH� ELU�
H÷LWLP�SURJUDPÕQÕQ�PHVOHNL�H÷LWLPGH�EDúDUÕ\D�XODúDELOPHVL�LoLQ�KHU�\ÕO�P�IUHGDWÕQ�WHNQRORMLN�\HQLOLNOHUH�
J|UH�J�QFHOOHQPHVL�JHUHNPHNWHGLU��

%X�SURJUDP�NDURVHUL�YH�PHNDQLN�WHNQLV\HQL�H÷LWLPL�LoLQ�JHOLúWLULOPLú�ROXS�KHU�ELU�SURJUDP�LNL�DúDPDGDQ�
ROXúPDNWDGÕU��%D]Õ�GHUVOHU�ELUELULQLQ�WDPDPOD\ÕFÕVÕ�QLWHOL÷LQGH�ROGX÷XQGDQ�|Q�úDUW�RODUDN�JHoPHNWHGLU��
+HU�GHUVLQ�VRQXQGD��YH�EDVDPDNODU�JHoLúLQGH�WHRULN�YH�X\JXODPDOÕ�VÕQDYODU�\DSÕOPDOÕGÕU�%X�oDOÕúPD�LOH�
|QHULOHQ� LGHDO� WHNQLNHU� H÷LWLPLQLQ� 0(%�� <g.� YH� |]HO� VHNW|U� LúELUOL÷L\OH� � �ONHPL]GH� NL� E�W�Q�PHVOHNL�
H÷LWLP�NXUXPODUÕQD�\D\JÕQODúWÕUÕOPDVÕQÕQ�ID\GDOÕ�RODFD÷Õ�G�ú�QFHVLQGH\L]�

$QDKWDU�.HOLPHOHU����2WRPRWLY��øGHDO�7HNQLNHU�(÷LWLPL�
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9RFDWLRQDO� VFKRROV� GRQ¶W� RIIHU� HQRXJK� JRRG� DXWRPRWLYH� WHFKQRORJ\� IRU� WKHLU� VWXGHQWV�:KDW� LV� WKH�
FDXVH� RI� WKLV� SUREOHP"� /DERUDWRULHV�� EXGJHWV�� DQG� WHDFKHUV� DUH� QRW� VXIILFLHQW� WR� NHHS� SDFH� ZLWK�
FXUUHQW� WHFKQRORJ\�� $� QHZ� WHFKQLFDO� SURJUDP� KDV� EHHQ� VXJHVWHG�� ZKLFK� FDQ� EH� DSSOLHG� WR� WKH�
DXWRPRWLYH�VHFWRU��:H�FUHDWHG�WKLV�SURJUDP��ZKLFK�ZDV�DGGHG�WR�RXU�PRGHOV�7KLV�SURJUDP�FRQVLVWV�RI�
WHQ�WKUHH�VWHS�OHVVRQV��6RPH�OHVVRQV�DUH�SUHUHTXLVLWHV�LQ�RUGHU�WR�FRPSOHWH�DGGLWLRQDO�OHVVRQV��$W�WKH
HQG�RI�WKH�SURJUDP��WKHUH�DUH�WZR�H[DPV��D�SUDFWLFDO�H[DP�DQG�D�ZULWWHQ�H[DPLQDWLRQ��

7KHUH�DUH�PDQ\�YRFDWLRQDO�VFKRROV�SURYLGLQJ� WHFKQLFDO� MREV� WKDW�VHUYH�D�QHHG�ZLWKLQ� WKH�DXWRPRWLYH�
VHFWRU�� EXW� WKH\� GRQ¶W� RIIHU� DQ� LGHDO� WHFKQLFLDQ� HGXFDWLRQ�� $� SHUVRQ� ZKR� KDV� ILQLVKHG� WHFKQLFLDQ�
HGXFDWLRQ�PXVW�JR� WR�D�VSHFLDO� WHFKQLFLDQ�SURJUDP��EHFDXVH�KLV�HGXFDWLRQ� LV� LQVXIILFLHQW� IRU�FXUUHQW�
WHFKQRORJ\�DQG�DXWRPRWLYH�UHSDLU��
$Q�DGGLWLRQDO�VXJJHVWLRQ�FRQFHUQV�ERG\�WHFKQLFLDQV��%RG\�WHFKQLFLDQV�XVXDOO\�OHDUQ�RQ�WKH�MRE�IURP�D�
PDVWHU�ERG\�UHSDLU�VSHFLDOLVW��7KHUH�DUHQ¶W�VSHFLILF�VFKRROV�IRU�ERG\�UHSDLU��7KH�VWXGHQWV�ZKR�ZLOO�MRLQ�
WKH�ERG\�WHFKQLFLDQ�SURJUDP�PXVW�ILUVW�VXFFHVVIXOO\�FRPSOHWH�WKH�WHFKQLFLDQ�SURJUDP��

,Q� FRQFOXVLRQ�� 0(%�� <g.�� DQG� WKH� $XWRPRWLYH� VHFWRU� UHSUHVHQWDWLYHV� PXVW� FRRSHUDWH� WRJHWKHU�� LQ�
RUGHU�WR�DOORZ�WKLV�W\SH�RI�SURJUDP�WR�EHFRPH�ZLGHVSUHDG�LQ�DOO�YRFDWLRQDO�VFKRROV��

.H\ZRUGV���$XWRPRWLYH���,GHDO�7HFKQLFLDQ�(GXFDWLRQ��
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2WRPRWLY�VHNW|U�QGH�VRQ�\ÕOODUGDNL�WHNQRORML\H�SDUDOHO�RODUDN��\DúDQDQ�JHOLúPHOHU�EX�VHNW|UGH��NDOLIL\H�
HOHPDQ�LKWL\DFÕQÕ�DWWÕUPÕúWÕU��.DOLIL\H�HOHPDQ�LKWL\DFÕQÕ�NDUúÕODPD\D�\|QHOLN�PHVOHNL�H÷LWLP�YHUHQ�H÷LWLP�
NXUXPODUÕ�YH�|]HO�VHNW|UGH�GH�EX�WLS�HOHPDQODUÕ�\HWLúWLUHQ�H÷LWLP�SURJUDPODUÕ�ROPDVÕQD�NDUúÕQ�EX�\HWHUOL�
GH÷LOGLU��$\UÕFD��0HVOHNL�H÷LWLP�PH]XQX�ELU�NLúL�|]HO�VHNW|UGH�EX�DODQGD�ELU�LúWH�oDOÕúPDN�LoLQ�HNVWUD�ELU�
H÷LWLPH� WDEL� WXWXOPDNWDGÕU�� (÷HU� |]HO� VHNW|UGHNL� WHNQRORML\H� SDUDOHO� H÷LWLP� RNXO� P�IUHGDWÕ� LoLQH�
\HUOHúWLULOLUVH��H÷LWLP�NXUXPXQGDQ�PH]XQ�RODQ�NLúL�|]HO�VHNW|UH�KD]ÕU�HOHPDQ�KDOLQH�JHOHFHNWLU���

hONHPL]GH� PHVOHNL� H÷LWLP� YH\D� WHNQLN� H÷LWLP� YHUHQ� RNXOODU� ODERUDWXDU�� DW|O\H� YH� GL÷HU� WHNQRORMLN�
JHUHNVLQLPOHU�NÕVÕWOÕ� E�WoH� LPNDQODUÕ�� |÷UHWLP� HOHPDQÕ� HNVLNOL÷L�� RNXO� VDQD\L� LúELUOL÷LQLQ� \HWHUVL]OL÷L� YH�
GL÷HU� VHEHSOHUGHQ� GROD\Õ�� |]HO� VHNW|U�Q� LKWL\Do� GX\GX÷X� LGHDO� WHNQLNHUL� \HWLúPHPHNWHGLU�� .DPXGDNL�
NÕVÕWOÕ� LPNDQODU� oHUoHYHVLQGH� G�ú�Q�OG�÷�QGH� EX� DQFDN� RNXO�VDQD\L� LúELUOL÷L� LOH� JHUoHNOHúHELOLU��
*HOLúPLú��ONHOHUGH�RNXO�VDQD\L� LúELUOL÷LQLQ�ELU�|UQH÷L�RODUDN��%0:��7R\RWD��)RUG��*HQHUDO�0RWRUV�JLEL�
RWRPRWLY� GHYOHULQLQ� LKWL\Do� GX\GX÷X� LGHDO� WHNQLNHUOHUL� EX� oDOÕúPDGDNL� H÷LWLP� SURJUDPÕQD� EHQ]HU� ELU�
H÷LWLPL�EDúDUÕ�LOH�WDPDPOD\DQODU�DUDVÕQGDQ��DOPDVÕGÕU�>�@�%X�WLS�H÷LWLP�YHUHQ�ED]Õ�NXUXPODU�YH�E|OJHOHUL��
�7KRPVRQ� (GXFDWLRQ� 'LUHFW�� RQOLQH� �� $GYDQFHG� 7HFKQRORJ\� ,QVWLWXWH� �� 9LUJLQLD� %HDFK�� 9$� �/LQFROQ�
7HFK��0HOURVH�3DUN��,/���,QGLDQDSROLV��,1���&ROXPELD��0'���0DKZDK��1-���8QLRQ��1-���3KLODGHOSKLD��3$��
*UDQG�3UDLULH��7;� �1HZ�(QJODQG� ,QVWLWXWH�RI�7HFKQRORJ\� ��:DUZLFN��5,� �8QLYHUVDO�7HFKQLFDO� ,QVWLWXWH�
�:HVWZRRG�&ROOHJH� �� 'HQYHU�� &2� � YH�:\R7HFK� �� )UHPRQW�� &$� �� 2DNODQG�� &$� �� 6DFUDPHQWR�� &$� ��
%RVWRQ��0$��|UQHN�RODUDN�YHULOHELOLU��>�@�

%X� oDOÕúPDGD� HOH� DOÕQDQ� H÷LWLP� SURJUDPÕ�� |]HO� VHNW|UGH� EDúDUÕ� LOH� X\JXODQPDNWDGÕU�� 8\JXODQDQ� EX�
SURJUDPODU�PRGHO�DOÕQDUDN� LGHDO� WHNQLNHU�H÷LWLPL� LoLQ�ELU�P�IUHGDW�|QHULVL� \DSÕOPÕúWÕU��%|\OH�ELU�H÷LWLP�
SURJUDPÕQÕQ�PHVOHNL�H÷LWLPGH�EDúDUÕ\D�XODúDELOPHVL� LoLQ�KHU�\ÕO�P�IUHGDWÕQ� WHNQRORMLN�\HQLOLNOHUH�J|UH�
J�QFHOOHQPHVL�JHUHNPHNWHGLU��%XQD�LODYHWHQ��EX�oDOÕúPD�LOH�|QHULOHQ�LGHDO�WHNQLNHU�H÷LWLPL�0(%��<g.�
YH�|]HO�VHNW|U�LúELUOL÷L\OH��ONHPL]GHNL��PHVOHNL�H÷LWLP�NXUXPODUÕQD�\D\JÕQODúWÕUÕOPDVÕQÕQ�ID\GDOÕ�RODFD÷Õ�
G�ú�QFHVLQGH\L]�� %X� SURJUDP�� ��� DúDPD�� PHNDQLN� WHNQLNHUL� YH� NDURVHUL� WHNQLNHUL� DúDPDODUÕQGDQ�
ROXúPDNWDGÕU�� ��� DúDPD� KHP� PHNDQLN� WHNQLNHUL� KHP� GH� NDURVHUL� WHNQLNHUL� LoLQ� ]RUXQOXGXU�� %X�
DúDPDODUGD� |QHULOHQ� GHUVOHU� ELUELULQLQ� WDPDPOD\ÕFÕVÕ� QLWHOL÷LQGH� ROGX÷XQGDQ� |Q� úDUW� RODUDN�
JHoPHNWHGLU�� +HU� GHUVLQ� VRQXQGD� � YH� EDVDPDNODU� JHoLúLQGH� WHRULN� YH� X\JXODPDOÕ� VÕQDYODU�
\DSÕOPDNWDGÕU���
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2WRPRWLY� VHNW|U�QGH� ILUPDODU� �UHWWLNOHUL� DUDoODUÕQ� EDNÕP� YH� RQDUÕPÕQÕ� JHUoHNOHúWLUHFHN� QLWHOLNOL�
WHNQLV\HQOHU� EXODPDPDNWDGÕU�� %X� QHGHQOH� ILUPDODU� WHNQLN� HOHPDQ� HNVLNOHULQL� JLGHUHELOPHN� DPDFÕ\OD�
X]XQ� H÷LWLP� SURJUDPODUÕ� NXOODQPDN� ]RUXQGD� NDOPDNWDGÕU�� +HU� PHVOHN� OLVHVLQGHQ� PH]XQ� RODQ�
WHNQLV\HQLQ� ELOPHVL� JHUHNHQ� ELU� oRN� WHPHO� ELOJL� ILUPDODU� WDUDIÕQGDQ� H÷LWLP� ELULPOHULQGH� D\UÕFD�
YHULOPHNWHGLU��%X�V�UHo�KHP�oRN�]DKPHWOL�YH�KHP�GH�\�NVHN�PDOL\HWOL�ELU�LúOHPGLU��2\VD�WHNQLV\HQOHUH�
PDUND\D�ED÷OÕ�NDOPDNVÕ]ÕQ�WHPHO�WHNQLN�ELOJLOHU�YHULOHELOLU��%|\OHFH�ILUPDODUÕQ�H÷LWLP�ELULPOHULQGH�VDGHFH�
PDUND\D� |]HO� ELOJLOHU� �]HULQGH� GXUXODUDN� oRN� GDKD� NÕVD� ELU� V�UH� LoLQGH� H÷LWLP� SURJUDPODUÕ�
WDPDPODQDELOLU��%X�]DPDQÕQ�HQ�L\L�úHNLOGH�NXOODQÕOPDVÕ�YH�YHULPLQ�DUWÕUÕOPDVÕ�LoLQ�NDoÕQÕOPD]GÕU���

2WRPRWLY� VHNW|U�QGH� oDOÕúDFDN� WHNQLV\HQOHU� \XNDUÕGD� EHOLUWLOGL÷L� JLEL� PDUND\D� ED÷OÕ� ROPDNVÕ]ÕQ�
DúD÷ÕGDNL� WHPHO� ELOJLOHUL� DOPDN� ]RUXQGDGÕUODU�� %X� SURJUDP� PHVOHN� OLVHVLQGH� ��VÕQÕIWDQ� LWLEDUHQ�
EDúODPDOÕGÕU��%X�H÷LWLP�DúD÷ÕGDNL�JLEL�LNL�DúDPDGDQ��ROXúPDNWDGÕU��.LúL�LNLQFL�DúDPD\D�JHoHELOPHN�LoLQ�
ELULQFL�DúDPD\Õ�EDúDUÕ\OD�WDPDPODPDN�]RUXQGDGÕU�� øGHDO�PHNDQLN�WHNQLNHUL� LoLQ�|QHULOHQ�PRGHO�ùHNLO��
YH�ùHNLO��¶�GH�J|U�OPHNWHGLU��
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ùHNLO������$úDPD�(÷LWLP�ùHPDVÕ�

ùHNLO����0HNDQLN�7HNQLNHUL�(÷LWLPL�øoLQ�gQHULOHQ���$úDPD��(÷LWLP�ùHPDVÕ�

$úD÷ÕGD��ùHNLO���YH�ùHNLO��¶GH��|QHULOHQ�H÷LWLP�DúDPDODUÕQÕQ�GHWD\ODUÕ�DoÕNODQPÕúWÕU��

������,��$úDPD�(÷LWLP�

%X� DúDPDGD�ùHNLO�¶GH� J|U�OG�÷�� JLEL�� WHPHO�PHNDQLN� WHNQRORMLVL�� WHPHO� HOHNWULN� WHNQRORMLVL� YH� WHPHO�
ELOJLVD\DU� H÷LWLPL� ROPDN� �]HUH� �o� HYUHGHQ� ROXúXU�� LON� DGÕPGD� WHPHO� DUDo� oDOÕúPD� ELOJLOHULQL�PRWRU�
oDOÕúPD� LONHOHULQL�NXOODQÕODQ� NRQWURO� �QLWHOHULQLQ� oDOÕúPDODUÕQÕ�RWRPDWLN� YH� PDQXHO� úDQ]ÕPDQ� JHQHO�
oDOÕúPD�ELOJLOHULQL�WHPHO� HOHNWULN� SUHQVLSOHULQL�WHPHO� ELOJLVD\DU� NXOODQÕPÕQÕ� |÷UHQPLú� ROXU��%X� HYUHOHULQ�
DPDoODUÕ���NUHGLOHUL�YH�NDSVDPÕ�DúD÷ÕGDNL�JLELGLU���

ø�7HPHO��0HNDQLN�7HNQRORMLVL�(YUHVL�������

$PDo��%X�HYUHGH� NLúL� � DUDoODUGD� NXOODQÕODQ� JHQHO�PRWRU� �úDQ]ÕPDQ� YH� HOHNWURQLN� SDUoDODUÕ� WHRULN� YH�
X\JXODPDOÕ�ELOLU��

øoHULN��0RWRU� oHYULPOHUL��PRWRU� VLVWHPOHUL�� DNWDUPD�RUJDQODUÕ�� NXOODQÕODQ� HOHNWURQLN� HNLSPDQODU��PRWRU�
\D÷ODUÕ��\DNÕWODU���

øø�7HPHO�(OHNWULN�7HNQRORMLVL�(YUHVL�������

$PDo��%X�HYUHGH�NLúL\H��WHPHO�HOHNWULN�SUHQVLSOHULQL��2KP�NDQXQX��DYRPHWUH�NXOODQÕPÕQÕ���VHQV|UOHULQ�
oDOÕúPDVÕQÕ��NXOODQÕODQ�HOHNWURQLN�SDUoD�YH�HNLSPDQODUÕQ�GHYUH�úHPDODUÕQGD�J|VWHULP�úHNLOOHULQL�ELOLU��

øoHULN��2KP� NDQXQX�� $YRPHWUH� NXOODQÕPÕ�� +DOO�� LQG�NWLI�� 17&� YH� 37&� SDUoDODUÕQ� oDOÕúPDVÕ� �� IDUNOÕ�
VHQV|UOHULQ��oDOÕúPDODUÕ��GHYUH�úHPDODUÕ�J|VWHULPL��

øøø�7HPHO�%LOJLVD\DU��(YUHVL�� ������

$PDo��%X� HYUHGH� NLúL\H� � ELOJLVD\DUODUÕQ� WHPHO� oDOÕúPD� SUHQVLSOHUL�GRQDQÕPÕ� YH� SUDWLN� � NXOODQÕPÕ� LOH�
2IILFH�SURJUDPODUÕQÕQ�NXOODQÕPÕ��|÷UHWLOLU��

øoHULN��%LOJLVD\DU�NXOODQÕPÕ��2IILFH�SURJUDPODUÕ�NXOODQÕPÕ��SDNHW�SURJUDP�NXOODQÕPÕ��

��$úDPD�
%LWLUPH��
6ÕQDYÕ�

��%HQ]LQOL�
0RWRUODU��

��'L]HO�0RWRUODU�
7HNQRORMLVL�

��$NWDUPD�
2UJDQODUÕ�

��$NWLI�3DVLI�*�YHQOLN�
6LVWHPOHUL�

��.OLPD�7HNQRORMLOHUL ��0RWRU�<|QHWLP�
6LVWHPOHUL��
7HNQRORMLOHUL

��2WRPDWLN�
ùDQ]ÕPDQ��

7HNQRORMLOHUL�

��$úDPD�%LWLUPH�
6ÕQDYÕ�

��7HPHO�
0HNDQLN��

7HNQRORMLVL

��7HPHO�
(OHNWULN��

7HNQRORMLVL�

��7HPHO�
%LOJLVD\DU�
(÷LWLPL�
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��$úDPD� � WHPHO� H÷LWLPLQL� WDPDPOD\DQ� NLúLQLQ� ELU� �VW� SURJUDPD� JHoHELOPHVL� LoLQ� WHPHO� PHNDQLN�
WHNQRORMLVL�� WHPHO�HOHNWULN� WHNQRORMLVL� YH� WHPHO�ELOJLVD\DU�H÷LWLPLQGHQ� WHRULN� YH� X\JXODPDOÕ� VÕQDYD� WDEL�
WXWXOXU����$úDPD��WHPHO�H÷LWLPLQL�WDPDPOD\DQ�NLúL���$úDPD��WHPHO�H÷LWLPL�DOPD�KDNNÕ�ND]DQÕU��

������,,�$úDPD�(÷LWLP����

%X� DúDPD� úHNLO��¶GH� J|U�OG�÷�� JLEL�� EHQ]LQOL� PRWRUODU�� GL]HO� PRWRUODU�� DNWDUPD� RUJDQODUÕ�� RWRPDWLN�
úDQ]ÕPDQ��DNWLI�SDVLI�J�YHQOLN�VLVWHPOHUL��NOLPD�VLVWHPOHUL�YH�PRWRU�\|QHWLP�VLVWHPOHUL�ROPDN��]HUH�\HGL�
HYUHGHQ� ROXúXU�� %X� HYUHOHULQ� DPDoODUÕ�� WHPHO� ELOJLOHUL� YH� WHNQRORMLOHUL� |÷UHQPLú� NLúLQLQ� GDKD� �VW�
WHNQRORMLOHUL� |÷UHQHUHN� � NHQGLQL� J�Q�P�]� DUDoODUÕQD� YH� WHNQRORMLVLQH� KD]ÕU� KDOH� JHWLUPHVLGLU�� %X�
HYUHOHULQ�DPDoODUÕ��NUHGLOHUL�YH�NDSVDPÕ�DúD÷ÕGDNL�JLELGLU��

ø��%HQ]LQOL�0RWRUODU�������

$PDo��%HQ]LQOL�PRWRUXQ�oDOÕúPD�SUHQVLSOHUL��NXOODQÕODQ�VHQV|U�YH�DNW|UOHU��\D÷ODPD�VLVWHPL��VR÷XWPD�
VLVWHPL��DWHúOHPH�VLVWHPL��VXEDS�D\DUÕ��]DPDQODPD�D\DUÕ��PHNDQLN�|Oo�P�LúOHPOHUL�|÷UHWLOLU��

øoHULN�� '|UW� ]DPDQ� oHYULPL�� VLOLQGLU� NDSD÷ÕQÕQ� V|N�OPHVL� WDNÕOPDVÕ� ��PRWRU� �]HULQGH� |OoPH� LúOHPOHUL��
SLVWRQ��NUDQN�PLOL��PHNDQLN�PRWRU�KDWDODUÕQÕQ�EHOLUOHQPHVL��

øø��'L]HO�0RWRUODU�������

$PDo�� %X� HYUHGH�� NLúL\H� � GL]HO� PRWRU� oDOÕúPD� SUHQVLSOHUL� YH� � HOHNWURQLN� \DNÕW� HQMHNVL\RQ� VLVWHPL�
|]HOOLNOHUL�WHRULN�YH�X\JXODPDOÕ�RODUDN�|÷UHWLOLU��

øoHULN�� 'L]HO� oDOÕúPD� SUHQVLEL�� GL]HO� \DNÕW� HQMHNVL\RQ� VLVWHP� SDUoDODUÕ�� |Q� ÕVÕWPD� VLVWHPOHUL�� GL]HO�
PRWRUD�DLW�VHQV|UOHU�YH�DNW|UOHU�

øøø��$NWDUPD�2UJDQODUÕ�������

$PDo��%X�HYUHGH�NLúL\H��|QGHQ�YH�DUNDGDQ�oHNLúOL�PHNDQLN�úDQ]ÕPDQODUÕQ�oDOÕúPD�LONHOHUL�YH�LúOHYOHUL�
|÷UHWLOLU�

øoHULN�� +LGUROLN� WDNYL\HOL� YH�PHNDQLN� GHEUL\DMODUÕQ� oDOÕúPD� SUHQVLSOHUL�� GLIUDQVL\HOOHULQ� J|UHYL� YH� GLúOL�
WDNÕPODUÕ��PHNDQLN�úDQ]ÕPDQODUÕQ�V|N�OPHVL�YH�WDNÕOPDVÕ��NLOLWOL�GLIHUDQVL\HO�����;��DUDo�|]HOOLNOHUL�

ø9��2WRPDWLN�ùDQ]ÕPDQ������

$PDo�� %X� HYUHGH�� NLúL\H� � RWRPDWLN� úDQ]ÕPDQ� VLVWHP SDUoDODUÕ� WDQÕWÕOÕU�� *|UHYOHULQL� � YH� oDOÕúPD�
SUHQVLSOHULQL�|÷UHQLU���KDVDU�WHVSLWL�YH�NDSVDPOÕ�DQDOL]�oDOÕúPDODUÕ�\DSDELOLU��

øoHULN��'H÷LúLN�YLWHVOHUGH�J�o�DNÕú úHPDODUÕ��KLGUROLN�DNÕú úHPDVÕ��úDQ]ÕPDQÕQ�V|N�OPHVL�YH�WDNÕOPDVÕ��
WRUN�NRQYHUW|U�oDOÕúPD�SUHQVLEL��IUHQ�YH�NDYUDPDODU��

9��$NWLI�3DVLI�*�YHQOLN�6LVWHPOHUL�������

$PDo��%X�HYUHGH��NLúL\H� �$%6�(63� IUHQ�VLVWHPOHUL��KDYD� \DVWÕ÷Õ� YH�DWHúOHPHOL�HPQL\HW�NHPHUOHULQLQ�
oDOÕúPDVÕ�|÷UHWLOLU��

øoHULN�� +DYD� \DVWÕNODUÕQÕQ� LúOHYOHUL� YH� DPDFÕ�� SHUGH� KDYD� \DVWÕNODUÕ�� NDURVHUL� |]HOOLNOHUL�� WHPHO� IUHQ�
oDOÕúPD�|]HOOLNOHUL���$%6�(63�oDOÕúPD�|]HOOLNOHUL�VLVWHP�GDYUDQÕúODUÕ��

9ø��.OLPD�6LVWHPOHUL�������

$PDo�� %X� HYUHGH�� NLúL\H� � NOLPD� YH� NOLPD� NRQWURO� VLVWHPLQLQ� LúOHYL�� oDOÕúPDVÕ�� QDVÕO� WHVW� HGLOHFH÷L�
|÷UHWLOLU��

øoHULN��.OLPD�NRPSUHV|U��oDOÕúPD�SUHQVLEL��NOLPD�NXUXWXFX�oDOÕúPDVÕ���DOoDN�YH�\�NVHN�EDVÕQo�KDWODUÕ��
NRQWURO�\|QWHPOHUL��NDoDN�VDSWDPD�\|QWHPOHUL�

9øø��0RWRU�<|QHWLP�6LVWHPOHUL�������

$PDo�� %X� HYUHGH�� NLúL\H� � NXOODQÕODQ� JHQHO� PRWRU� \|QHWLP� VLVWHPOHULQLQ� SDUoDODUÕ� YH� EX� VLVWHPOHU�
�]HULQGH�WHPHO�WHVW�YH�DUÕ]D�EXOPD�LúOHPOHULQL�\DSDELOPHVL�|÷UHWLOLU��

øoHULN�� (QMHNVL\RQ� VLVWHPOHULQH� JHoLú� YH� QHGHQOHUL�� HPLV\RQ� NRQWUROOHUL�� oRN� QRNWDOÕ� HQMHNVL\RQ�
VLVWHPLQLQ� SDUoDODUÕ�� PRWRU� \|QHWLP� VLVWHPOHULQGH� NXOODQÕODQ� HOHPDQODU�� VLVWHP� |]HOOLNOHULQLQ� WHVW�
HGLOPHVL��



����

.LúL� EX� � H÷LWLPOHUL� WDPDPODGÕNWDQ� VRQUD� SURJUDPÕ� � JHoHELOPHVL� LoLQ� WHRULN� YH� X\JXODPDOÕ� VÕQDYD� WDEL�
WXWXOXU��%X�|QHUGL÷LPL]�H÷LWLPOHU�PHVOHN�OLVHVL�LNLQFL�YH��o�QF��VÕQÕIODUGD�DOÕQPDVÕ�JHUHNHQ�H÷LWLPOHUGLU��
%X�H÷LWLPOHUL�DODQ�NLúLOHULQ�EX�GR÷UXOWXGD�IDDOL\HW�J|VWHUHQ�VHUYLVOHUGH�SUDWLN�\DSPDODUÕ�]RUXQOXGXU��

���.$526(5ø�7(.1ø6<(1�(öø7ø0ø

*�Q�P�]GH��UHWLOHQ�RWRPRELOOHUGH�HQ�|QHPOL�SDVLI�J�YHQOLN�XQVXUX�RODUDN�J|U�OHQ�J|YGH�LOHUL�WHNQRORML�
LOH� ROXúWXUXOPDNWDGÕU�� 2WRPRELOOHULQ� J|YGHVLQGH� NXOODQÕODQ� PDWHU\DOOHU� � oRN� oHúLWOL� YH� NDUPDúÕN�
\DSÕGDGÕU�� $\UÕFD� ELUOHúWLUPH� WHNQLNOHULQGH� GH� GHYULP�QLWHOL÷LQGH� GH÷LúLNOLNOHU� ROPXúWXU�� 6HUL� �UHWLPGH�
NXOODQÕODQ� OD]HU� ND\QDN� WHNQRORMLVL� GH� EXQODUGDQ� ELULGLU�%X� GH÷LúLP� RQDUÕPGD� NXOODQÕODQ� JHOHQHNVHO�
\|QWHPOHULQ� E�\�N� ELU� E|O�P�Q�� JHoHUVL]� NÕOPÕúWÕU�.DURVHUL� E|O�P�QGH� oDOÕúDQ� NLúLOHULQ� XVWD� oÕUDN�
LOLúNLOHULQGHQ� oÕNDUÕOÕS� RNXO� RUWDPÕQGD� JHOLúHQ� WHNQRORML\H� SDUDOHO� H÷LWLPH� WDEL� WXWXOPDODUÕ� � �ONH�
HNRQRPLVL� YH� FDQ� J�YHQOL÷L� DoÕVÕQGDQ� |QHPOLGLU�� %X� SURJUDPD� NDWÕODFDN� NLúLOHU� LON� |QFH� \XNDUÕGD�
|QHULOHQ� WHNQLNHU� \HWLúWLUPH�SURJUDPÕQÕQ�ELULQFL�DúDPDVÕQÕ�EDúDUÕ� LOH�JHoPHOLGLU��%X�DúDPDGDQ�VRQUD�
NDURVHUL�EUDQú�GHUVOHULQL�DODUDN�NHQGLQL�EUDQúÕQD�KD]ÕU�KDOH�JHWLUHFHNWLU��

.DURVHUL� WHNQLV\HQOHUL� |QFHOLNOH� RWRPRELO� J|YGH� \DSÕODUÕQÕ� WDQÕPDOÕGÕU�*|YGHGH� GDUEH� HQHUMLVLQLQ�
V|Q�POHQGL÷L� QRNWDODUÕ� YH� RQDUÕP� VÕUDVÕQGD� EX� QRNWDODUOD� LOJLOL� � \DSÕOPDVÕ� JHUHNHQOHUL� ELOPHOLGLU��
*|YGHQLQ� ND]D� VÕUDVÕQGD� QDVÕO� GHIRUPH� ROGX÷XQX�� KDVDUÕQ� QHUH\H� NDGDU� LOHUOH\HELOHFH÷LQL� YH� GR÷UX�
RQDUÕPÕQ�EX�DQODPGD�QH�NDGDU�|QHPOL�ROGX÷XQX�NDYUDPDOÕGÕU��.DURVHUL�WHNQLV\HQL�ND]D�VRQUDVÕ�ROXúDQ�
GHIRUPDV\RQX� WHVSLW� HGHELOPHOL� YH� RQDUÕP� LoLQ� KDQJL� SDUoDODUÕQ� QHUHGHQ� GH÷LúPHVL� JHUHNWL÷L�
NRQXVXQGD� � NDUDU� YHUHELOPHOLGLU�� %X� LúOHPOHU� VÕUDVÕQGD� ED]Õ� SDUoDODUGD� RQDUÕP� \DSÕOPDGDQ� NRPSOH�
GH÷LúLPLQ� JHUHNOLOL÷LQLQ� KD\DWL� |QHP� WDúÕGÕ÷ÕQÕ� ELOPHOLGLU�.DURVHUL� WHNQLV\HQL� KDVDUOÕ� DUDoWD� \DSÕODFDN�
oHNWLUPH� YH� \HULQH� JHWLUPH� LúOHPOHULQGH� NXOODQÕODFDN� \|QWHPOHUL� ELOPHOL� YH� EX� LúOHPOHUL� Lú� J�YHQOL÷L�
NXUDOODUÕQD� GLNNDW� HGHUHN� JHUoHNOHúWLUHELOPHOLGLU�� .DURVHUL� WHNQLV\HQOHULQLQ�PHWDOXUMLN� \HQLOLNOHUL� YH� ÕVÕO�
LúOHPOHU� NRQXVXQGDNL� JHOLúPHOHUL� ELOPHVL� JHUHNPHNWHGLU��*�Q�P�]GH� �UHWLOHQ� DUDoODUÕQ� J|YGHOHULQGH�
NXOODQÕODQ�oHOLNOHULQ����¶D� \DNÕQÕ�|]HO�+66� �<�NVHN�GD\DQÕPOÕ�oHOLN���%+6� �,VÕO� LúOHPOH�VHUWOHúWLULOPLú
oHOLN���3+6��'|YPH�oHOLN��oHOLNWLU��%X�oHOLNOHULQ�ELUOHúWLUPH�WHNQLNOHUL�GH�|]HOGLU��

2WRPRELO� J|YGHOHULQL� ROXúWXUDQ� |]HO� PDWHU\DOOHULQ� ELUOHúWLULOPHVLQGH� |]HO� ELUOHúWLUPH� \|QWHPOHUL�
NXOODQÕOPDNWDGÕU�� %X� \|QWHPOHULQ� EDúÕQGD� 0,*� /HKLPOHPH� �0HWDO� LQHUW� JD]� ND\QD÷Õ�� YH� SDQHO�
\DSÕúWÕUPD� WHNQLNOHULGLU��7HNQLV\HQOHULQ�SXQGD�ND\QD÷Õ��0,*�0$*��0HWDO�DNWLI�JD]�ND\QD÷Õ�� ND\QD÷Õ��
\XPXúDN�YH�VHUW�OHKLPOHPH�WHNQLNOHUL�\DQÕQGD�EX�\HQL�WHNQLNOHUL�GH�ELOPHOHUL�JHUHNPHNWHGLU��2QDUÕPODU�
VÕUDVÕQGD���UHWLPGH�X\JXODQDQ�YH�J�Q�P�]GH����\ÕOGDQ�GDKD�ID]OD�NRUXPD�VD÷OD\DQ�NRUR]\RQ�|QOHPH�
LúOHPOHUL�GH�]DUDU�J|UHFHNWLU��%X�]DUDUÕQ�|Q�QH�JHoLOPHVL�YH�RQDUÕP�VRQUDVÕQGD�ELOH�NRUR]\RQD�NDUúÕ�
NRUXPDQÕQ��VW�G�]H\GH�VD÷ODQDELOPHVL�NDOLWHOL�ELU�RQDUÕPÕQ�D\UÕOPD]�SDUoDVÕGÕU��%X�GD�WHNQLV\HQOHULQ�
NRUR]\RQ�|QOHPH�VLVWHPOHULQL�HWNLQ�YH�VWDQGDUWODUD�X\JXQ�úHNLOGH�NXOODQDELOPHVL�LOH�P�PN�Q�RODFDNWÕU��
$\UÕFD� RQDUÕP� PDOL\HWOHULQLQ� G�ú�U�OPHVL� YH� HNRQRPL� VD÷ODQDELOPHVL� DPDFÕ\OD� J|YGHGH� NXOODQÕODQ�
SODVWLN�DNVDPÕQ�RQDUÕP�WHNQLNOHULQL�GH�ELOPHOLGLU��gQHUGL÷LPL]�H÷LWLPOHU�PHVOHN�OLVHVL���VÕQÕIÕQGDQ�VRQUD�
EUDQú�RODUDN�DOÕQPDVÕ�JHUHNHQ�H÷LWLPOHUGLU���

ùHNLO����.DURVHUL�7HNQLNHUL�(÷LWLP�øoLQ�gQHULOHQ���$úDPD��(÷LWLP�ùHPDVÕ�

.LúL�EX�H÷LWLPOHUL�DOPDGDQ�|QFH�WHPHO�ELOJLOHULQL�ROXúWXUDELOPHVL�LoLQ�LGHDO�WHNQLV\HQ�H÷LWLPLQGH�|QHULOHQ�
��� DúDPD� GHUVOHULQL� �ùHNLO���� EDúDUÕ\OD� WDPDPODPÕú� ROPDOÕGÕU�� $úD÷ÕGD� ùHNLO��¶GH� � |QHUGL÷LPL]�
H÷LWLPOHULQ�GHWD\ODUÕ�YHULOPLúWLU���

%LWLUPH�6ÕQDYÕ�

��7HPHO��
.DURVHUL��
(÷LWLPL�

��7HPHO�.D\QDN
7HNQRORMLOHUL��

���<XPXúDN�YH�6HUW�
/HKLPOHPH�
7HNQLNOHUL

��0,*�/HKLPOHPH�
7HNQRORMLOHUL�

��3DQHO�
<DSÕúWÕUPD�
7HNQLNOHUL�

��0$*�0,*�
.D\QDN��
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ø��7HPHO�.DURVHUL�(÷LWLPL�������

$PDo�� ùDVL� G�]J�QO�N� NRQWURO�Q��� G�]HOWPH� LúOHPLQL� YH� NDURVHUL� KDVDUODUÕQÕ� GR÷UX� ELoLPGH�
JLGHULOPHVLQL�|÷UHQLU��

øoHULN�� ùDVL� G�]HOWPH� WHNQLNOHUL�� úDVL� G�]HOWPH� X\JXODPDODUÕ�� oHNLoOHPH� ÕVÕ� LOH� G�]HOWPH�� KDVDUOÕ�
DUDoODUGD�|Oo�P��

øø��7HPHO�.D\QDN�7HNQRORMLOHUL�������

$PDo��2QDUÕP�LúOHPOHULQGH�NXOODQÕODQ�ND\QDN�PDNLQHOHULQL�YH�X\JXODPD\Õ�|÷UHQLU��

øoHULN�� 3XQWD� ND\QD÷Õ�� OHKLPOHPH�� � ND\QDN� X\JXODPDODUÕ�� ND\QDN� PDNLQHODUÕ�� ND\QDN� ELUOHúWLUPH�
WHNQLNOHUL�

øøø��0,*�/HKLPOHPH�7HNQRORMLOHUL�������

$PDo��0,*� OHKLPOHPH� LoLQ� \DSÕOPDVÕ� JHUHNHQ� |Q� KD]ÕUOÕNODUÕ� YH�0,*� OHKLPOHPH� WHNQRORMLVLQL� ELOLU� YH�
X\JXODU��

øoHULN��0,*�OHKLPOHPH�PDNLQHOHUL��|Q�KD]ÕUOÕNODUÕ��YH��WHNQRORMLOHUL�

ø9��0$*�.D\QDN�������

$PDo��0$*�ND\QD÷Õ�WHNQRORMLVL�NXOODQÕOGÕ÷Õ�\HUOHU�YH�X\JXODPDODUÕQÕ�ELOLU��

øoHULN��0$*�ND\QDN�PDNLQHVL�NXOODQÕPÕ��NXOODQÕP�DODQODUÕ��X\JXODPDODUÕ�

9��3DQHO�<DSÕúWÕUPD�7HNQLNOHUL�������

$PDo���3DQHO�\DSÕúWÕUPD�WHNQLNOHULQL�ELOLU�YH�X\JXODU��

øoHULN�<DSÕúWÕUPD�YH�VÕ]GÕUPD]OÕN�WHNQL÷L�X\JXODPDODUÕ��SDQHO�\DSÕúWÕUPD�KD]ÕUOÕNODUÕ�

9ø��<XPXúDN�YH�6HUW�/HKLPOHPH�������

$PDo��<XPXúDN�YH�VHUW�OHKLPOHPH�WHNQLNOHULQL�YH�X\JXODPDODUÕQÕ�ELOLU��

øoHULN���/HKLPOHPH�NXODQÕP�\HUOHUL��NXOODQÕODFDN�PDO]HPHOHU��OHKLPOHPH�WHNQLNOHUL�

���6218d�9(�g1(5ø/(5�

%X� oDOÕúPDGD� |QHULOHQ� LGHDO� RWRPRWLY� WHNQLNHU� H÷LWLPL� LOH� � SL\DVDGDNL� NDOLIL\H� HOHPDQ� LKWL\DFÕQÕ�
NDUúÕODPDN� YH� SL\DVDGD� NDOLIL\H� ROPD\DQ� HOHPDQODUÕQ� GD� E|\OH� ELU� H÷LWLPOH� NDOLIL\H� HOHPDQ� QLWHOL÷L�
ND]DQGÕUÕOPDVÕ� DPDoODQPÕúWÕU�� 3L\DVDGD� NDOLIL\H� ROPD\DQ� HOHPDQODUÕQ� XVWD� oÕUDN� LOLúNLVLQH� GD\DOÕ�
LúoLOLNOH�\RO�DoWÕ÷Õ�]DUDUODUGD�G�ú�Q�OG�÷�QGH��EX�HOHPDQODUD�\|QHOLN�WHNQLNHU�H÷LWLPL��ONH�HNRQRPLVLQH�
|QHPOL� NDWNÕ� VD÷ODU� YH� D\QÕ� ]DPDQGD� $YUXSD� %LUOL÷L� LOH� HQWHJUDV\RQ� V�UHFLQGH� �ONHPL]� RWRPRWLY�
VHNW|U��LoLQ�|QHPOL��ELU��XQVXUGXU��

%X� H÷LWLPLQ� LVWHQLOHQ� DPDFD� XODúDELOPHVL� LoLQ� H÷LWLP� YHUHFHN� PHVOHN� OLVHOHUL� YH� \�NVHNRNXOODUÕQ� EX�
H÷LWLPLQ�DOW� \DSÕVÕQÕ�ROXúWXUDFDN�P�IUHGDW�SURJUDPODUÕ�ROXúWXUPDODUÕ�JHUHNOLGLU��%X�DPDo�NDSVDPÕQGD�
LGHDO� RWRPRWLY� WHNQLNHU� H÷LWLPLQLQ� PHVOHN� OLVHOHUL� YH� PHVOHN� \�NVHNRNXOODUÕQÕQ� RWRPRWLY� E|O�POHULQL�
NDSVD\DFDN� úHNLOGH� \D\JÕQODúWÕUÕOPDVÕ� LoLQ� 0LOOL� (÷LWLP� %DNDQOÕ÷Õ� YH� <g.¶� �Q� LúELUOL÷L\OH�
JHUoHNOHúWLULOPHVL�PHVOHNL�YH�WHNQLN�H÷LWLP�DoÕVÕQGDQ�|QHPOLGLU��

6RQXo� RODUDN�� NDPXGDNL� NÕVÕWOÕ� LPNDQODU� G�ú�Q�OG�÷�QGH� E|\OH� ELU� H÷LWLPLQ� V�UHNOLOL÷L� DQFDN� |]HO�
VHNW|U�Q� NDWNÕODUÕ\OD� VD÷ODQDELOLU�� %X� H÷LWLPL� YHUHELOHFHN� \HWLúPLú� HOHPDQODUÕQ� oR÷X� |]HO� VHNW|UGH��
oDOÕúWÕ÷ÕQGDQ�� EX� LKWL\DFÕQ� RNXO� VDQD\L� LúELUOL÷L� oHUoHYHVLQGH� VHPLQHUOHU�� NRQIHUDQVODU� YH� NXUVODU� LOH�
JLGHULOPHVL�YH�EXQXQ�ELU�H÷LWLP�SROLWLNDVÕ�RODUDN�HOH�DOÕQPDVÕQÕ�|QHUL\RUX]��
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