
ǆǀŝŝ

$%675$.

6NULSVL�GHQJDQ� MXGXO�³3HQJHPEDQJDQ� ,QVWUXPHQ�7HV�.HPDPSXDQ�/LWHUDVL�6DLQV�
3HVHUWD�'LGLN�.HODV ;,�%HUEDVLV�0XOWLSHO�5HSUHVHQWDVL SDGD�0DWHUL�.HVHWLPEDQJDQ�
.LPLD´� LQL� GLWXOLV� ROHK� 6XUXULQ� 1L¶PDWXO� =DKURN�� 1,0�� �������������� GRVHQ�
SHPELPELQJ�5L]N\�$ULHI�6KRELULQ��0�6L�
.DWD� .XQFL�� ,QVWUXPHQ� 7HV�� .HPDPSXDQ� /LWHUDVL 6DLQV��0XOWLSHO� 5HSUHVHQWDVL��
.HVHWLPEDQJDQ�.LPLD

.HPDPSXDQ�OLWHUDVL�VDLQV�PHUXSDNDQ�NRPSHWHQVL�SHQWLQJ�DEDG�NH����\DQJ�
PHPXQJNLQNDQ�SHVHUWD�GLGLNPHPDKDPL�NRQVHS�VDLQV�GDQ�PHQJDLWNDQQ\D�GHQJDQ�
NHKLGXSDQ� VHKDUL�KDUL�� 1DPXQ�� KDVLO� 3,6$� WDKXQ� ���� PHQXQMXNNDQ� UHQGDKQ\D�
OLWHUDVL� VDLQV� SHVHUWD� GLGLN GL� ,QGRQHVLD WHUXWDPD� GDODP� PDWHUL� NLPLD� VHSHUWL�
NHVHWLPEDQJDQ� NLPLD� \DQJ� EHUVLIDW� DEVWUDN� GDQ� PHOLEDWNDQ� UHSUHVHQWDVL�
PDNURVNRSLN��VXEPLNURVNRSLN��GDQ�VLPEROLN� 8QWXN�PHQJDWDVL�NHVXOLWDQ�WHUVHEXW��
GLSHUOXNDQ�SHQGHNDWDQ�PXOWLSHO�UHSUHVHQWDVL�DJDU�SHVHUWD�GLGLN PDPSX�PHPDKDPL�
NHWHUNDLWDQ�DQWDUUHSUHVHQWDVL�GDQ�PHQLQJNDWNDQ�OLWHUDVL�VDLQV��3HQGHNDWDQ�LQL�GDSDW�
GLWHUDSNDQ� PHODOXL� SHQJHPEDQJDQ� VRDO� \DQJ� GLUDQFDQJ� VHFDUD� NKXVXV� EHUEDVLV�
PXOWLSHO� UHSUHVHQWDVL� 1DPXQ�� EHUGDVDUNDQ� VWXGL� SHQGDKXOXDQ�� JXUX�GL� 60$1���
*URJRO�EHOXP�SHUQDK�PHQ\XVXQ�PDXSXQ�PHQJJXQDNDQ�LQVWUXPHQ�WHV�OLWHUDVL�VDLQV�
EHUEDVLV� PXOWLSHO� UHSUHVHQWDVL�� GDQ� EHOXP� WHUVHGLD� LQVWUXPHQ� WHV� \DQJ�
GLNHPEDQJNDQ�VHFDUD�NKXVXV�SDGD�PDWHUL�NHVHWLPEDQJDQ�NLPLD��2OHK�NDUHQD�LWX��
SHQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN ���� PHQJHPEDQJNDQ� LQVWUXPHQ� WHV� NHPDPSXDQ�
OLWHUDVL� VDLQV�NHODV�;,�60$�SDGD�PDWHUL� NHVHWLPEDQJDQ�NLPLD�EHUEDVLV�PXOWLSHO�
UHSUHVHQWDVL�� ���� PHQJHWDKXL� NHOD\DNDQ� LQVWUXPHQ� \DQJ� GLNHPEDQJNDQ�� GDQ� ����
PHQJHWDKXL SURILO� NHPDPSXDQ� OLWHUDVL� VDLQV� SHVHUWD� GLGLN EHUGDVDUNDQ� KDVLO� WHV�
WHUVHEXW�

3HQHOLWLDQ� LQL� PHUXSDNDQ� SHQHOLWLDQ� 5Q'� �5HVHDUFK� GDQ 'HYHORSPHQW��
GHQJDQ�PRGHO�SHQJHPEDQJDQ��'�\DQJ�GLNHPXNDNDQ�ROHK�7KLDJDUDMDQ�NHPXGLDQ�
GLPRGLILNDVL� PHQMDGL� �'� GHQJDQ� WLJD� WDKDS� SHQJHPEDQJDQ�� \DLWX� GHILQH�
�SHQGHILQLVLDQ��� GHVLJQ �SHUDQFDQJDQ��� GHYHORSPHQW �SHQJHPEDQJDQ��� GDQ�
GLVVHPLQDWH �SHQ\HEDUDQ��� 6XEMHN� SHQHOLWLD� LQL� DGDODK� SHVHUWD� GLGLN NHODV� ;,���
60$1���*URJRO�\DQJ�WHODK�PHPSHODMDUL�PDWHUL�NHVHWLPEDQJDQ�NLPLD�GHQJDQ�WRWDO�
VHMXPODK� ��� SHVHUWD� GLGLN�� 7HNQLN� SHQJXPSXODQ� GDWD� GHQJDQ� FDUD� ZDZDQFDUD��
DQJNHW�YDOLGDVL�DKOL��WHV��GDQ�DQJNHW�UHVSRQ�SHVHUWD�GLGLN��,QVWUXPHQ�\DQJ�GLJXQDNDQ�
DGDODK�/HPEDU�SHGRPDQ�ZDZDQFDUD��OHPEDU�YDOLGDVL�DKOL��IRUPXOLU�DQJNHW�UHVSRQ�
SHVHUWD� GLGLN�� OHPEDU� ,QVWUXPHQ� WHV� XUDLDQ�� SHGRPDQ� SHQVNRUDQ�� GDQ� NXQFL�
MDZDEDQ�,QVWUXPHQ��VRDO�\DQJ�GLNHPEDQJNDQ�GLYDOLGDVL�PHODOXL�XML�YDOLGLWDV�LVL�ROHK�
GXD�RUDQJ�YDOLGDWRU�XQWXN�PHQLODL�NHOD\DNDQ�VHWLDS�EXWLU�VRDO��8ML�HPSLULV�GLODNXNDQ�
XQWXN�PHQJHWDKXL�NHWHUEDFDDQ��WLQJNDW�NHVXNDUDQ��GD\D�SHPEHGD��VHUWD�PHQJXNXU�
YDOLGLWDV�GDQ�UHOLDELOLWDV�VHFDUD�HPSLULV�GHQJDQ�PHOLEDWNDQ����SHVHUWD�GLGLN NHODV�
;,���� 6HODLQ� LWX�� GLODNXNDQ� SXOD� XML� SURILO� NHPDPSXDQ� OLWHUDVL� JXQD�
PHQGHVNULSVLNDQ� GDQ� PHQJHYDOXDVL� NHPDPSXDQ� OLWHUDVL� SHVHUWD� GLGLN�� \DQJ�
GLXMLNDQ� NHSDGD� ��� SHVHUWD� GLGLN NHODV� ;,� ��� 'DWD� \DQJ� GLSHUROHK� GLDQDOLVLV�
PHQJJXQDNDQ�PHWRGH�NXDOLWDWLI�GDQ�GHVNULSWLI�NXDQWLWDWLI�
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+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD�� ��� 3URGXN� \DQJ� GLNHPEDQJNDQ�
EHUXSD� LQVWUXPHQ� WHV� NHPDPSXDQ� OLWHUDVL� VDLQV� NHODV� ;,� EHUEDVLV� PXOWLSHO�
UHSUHVHQWDVL SDGD� PDWHUL� NHVHWLPEDQJDQ� NLPLD�� PHQJJXQDNDQ� PRGHO�
SHQJHPEDQJDQ� �'� \DQJ� GLPRGLILNDVL� PHQMDGL� �'�� ��� ,QVWUXPHQ� NHPDPSXDQ�
OLWHUDVL�VDLQV�\DQJ�WHODK�GLNHPEDQJNDQ�PHPSHUROHK�UDWD�UDWD�SHUVHQWDVH�SHQLODLDQ�
VHEHVDU��������GHQJDQ�NDWHJRUL�VDQJDW�OD\DN GLJXQDNDQ�ROHK�EHUGDVDUNDQ�YDOLGDVL�
ROHK�GXD�RUDQJ�DKOL�\DLWX�GRVHQ�NLPLD�GDQ�JXUX�NLPLD��+DVLO�DQJNHW�NHWHUEDFDDQ�
VRDO� PHQXQMXNNDQ� SHUVHQWDVH� VHEHVDU� ������� GHQJDQ� NDWHJRUL� VDQJDW� WLQJJL��
$QDOLVLV� XML� HPSLULV� SDGD� WLQJNDW� NHVXNDUDQ�� GLWHPXNDQ� EDKZD� WHUGDSDW� �� VRDO�
WHUJRORQJ�VDQJDW�PXGDK�����VRDO�PXGDK�����VRDO�VHGDQJ��GDQ���VRDO�VXOLW��8QWXN�
GD\D�SHPEHGD�VRDO��KDVLOQ\D�PHQXQMXNNDQ�EDKZD����VRDO�EHUNDWHJRUL�EXUXN����VRDO�
VDQJDW�EXUXN����VRDO�FXNXS����VRDO�EDLN��GDQ���VRDO�VDQJDW�EDLN��%HUGDVDUNDQ�XML�
YDOLGLWDV�HPSLULV�LQVWUXPHQ�WHUGDSDW����VRDO�\DQJ�GLQ\DWDNDQ�YDOLG�GDQ���VRDO�\DQJ�
GLQ\DWDNDQ� WLGDN�YDOLG�� 6HPHQWDUD� LWX�� QLODL� UHOLDELOLWDV� LQVWUXPHQ�PHQFDSDL������
\DQJ� WHUPDVXN�GDODP�NDWHJRUL� VDQJDW� WLQJJL����.HWHUFDSDLDQ�NHPDPSXDQ� OLWHUDVL�
\DQJ� GLPLOLNL� SHVHUWD� GLGLN NHWLND� XML� SURILO� NHPDPSXDQ� OLWHUDVL� GLGDSDWNDQ�
VHEDQ\DN��������GHQJDQ�NULWHULD�EDLN�VHEDQ\DN����SHVHUWD�GLGLN��SHUVHQWDVH�������
GHQJDQ�NULWHULD�EDLN� VHEDQ\DN��� SHVHUWD�GLGLN��SHUVHQWDVH�������GHQJDQ�NULWHULD�
FXNXS�VHEDQ\DN���SHVHUWD�GLGLN��6HKLQJJD�GDSDW�GLVLPSXONDQ�EDKZD�LQVWUXPHQ�WHV�
NHPDPSXDQ� OLWHUDVL� VDLQV�SDGD�PDWHUL�NHVHWLPEDQJDQ�NLPLD� \DQJ�GLNHPEDQJNDQ�
GLQ\DWDNDQ� OD\DN� EHUGDVDUNDQ� YDOLGDVL� DKOL� GDQ� GL� QLODL� VDQJDW� EDLN� ROHK� SHVHUWD�
GLGLNVHKLQJJD�GDSDW�GLJXQDNDQ�VHEDJDL�LQVWUXPHQ�WHV�SDGD�PDWHUL�NHVHWLPEDQJDQ�
NLPLD
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7KH�WKHVLV�WLWOHG��'HYHORSPHQW�RI�7HVW�,QVWUXPHQWV�RI�6FLHQFH�/LWHUDF\�$ELOLW\�IRU�
��WK�*UDGH�6WXGHQWV�%DVHG�RQ�0XOWLSOH�5HSUHVHQWDWLRQV�RQ�&KHPLFDO�(TXLOLEULXP�
0DWHULDO��ZDV�ZULWWHQ�E\�6XUXULQ�1L¶PDWXO�=DKURN��1,0����������������XQGHU�WKH�
VXSHUYLVLRQ�RI�5L]N\�$ULHI�6KRELULQ��0�6L��

.H\ZRUGV��7HVW�,QVWUXPHQWV��/LWHUDF\�6NLOOV��0XOWLSOH�5HSUHVHQWDWLRQV��&KHPLFDO�
(TXLOLEULXP

6FLHQWLILF�OLWHUDF\�LV�DQ�LPSRUWDQW���VW�FHQWXU\�VNLOO�WKDW�DOORZV�VWXGHQWV�WR�
FRPSUHKHQG�VFLHQWLILF�SULQFLSOHV�GDQ DSSO\�WKHP�WR�WKHLU�GDLO\�OLYHV��+RZHYHU��WKH�
����� 3,6$� UHVXOWV� VKRZ� WKDW� ,QGRQHVLDQ� VWXGHQWV� SHUIRUP� SRRUO\� LQ� VFLHQFH��
SDUWLFXODUO\� LQ� FKHPLVWU\� WRSLFV� VXFK� DV� FKHPLFDO� HTXLOLEULXP�� ZKLFK� LQYROYHV�
DEVWUDFW�FRQFHSWV�GDQ PDFURVFRSLF��VXEPLFURVFRSLF��GDQ V\PEROLF�UHSUHVHQWDWLRQV��
$�PXOWLSOH�UHSUHVHQWDWLRQ�DSSURDFK�FDQ�KHOS�VWXGHQWV�XQGHUVWGDQ WKH�FRQQHFWLRQV�
EHWZHHQ�UHSUHVHQWDWLRQV�GDQ LPSURYH�WKHLU�VFLHQFH�OLWHUDF\��7KLV�DSSURDFK�FDQ�EH�
LPSOHPHQWHG� E\� GHYHORSLQJ� VSHFLDOO\� GHVLJQHG� TXHVWLRQV� EDVHG� RQ� PXOWLSOH�
UHSUHVHQWDWLRQV��+RZHYHU��SUHOLPLQDU\� VWXGLHV� LQGLFDWH� WKDW� WHDFKHUV� DW�60$1���
*URJRO� KDYH� QHYHU� GHYHORSHG� RU� XVHG� VFLHQFH� OLWHUDF\� WHVWV� EDVHG� RQ� PXOWLSOH�
UHSUHVHQWDWLRQV��QRU�KDYH�WKH\�GHYHORSHG�WHVWV�VSHFLILFDOO\�IRU�FKHPLFDO�HTXLOLEULXP�
PDWHULDO��7KHUHIRUH��WKLV�VWXG\�DLPV�WR� ����GHYHORS�D�VFLHQFH�OLWHUDF\�WHVW�LQVWUXPHQW�
EDVHG�RQ�PXOWLSOH�UHSUHVHQWDWLRQV�IRU���WK�JUDGH�VWXGHQWV�RQ�WKH�WRSLF�RI�FKHPLFDO�
HTXLOLEULXP�� ���� GHWHUPLQH� WKH� IHDVLELOLW\� RI� WKH� GHYHORSHG� LQVWUXPHQW� GDQ ����
LGHQWLI\�VWXGHQWV
�VFLHQFH�OLWHUDF\�SURILOHV�EDVHG�RQ�WKH�WHVW�UHVXOWV�

7KLV�UHVHDUFK�LV�DQ�5	'��5HVHDUFK�GDQ 'HYHORSPHQW��VWXG\�XVLQJ�WKH��'�
GHYHORSPHQW�PRGHO�SURSRVHG�E\�7KLDJDUDMDQ��ZKLFK�ZDV�WKHQ�PRGLILHG�LQWR�D��'�
PRGHO� ZLWK� WKUHH� GHYHORSPHQW� VWDJHV�� GHILQH�� GHVLJQ�� GHYHORSPHQW�� GDQ
GLVVHPLQDWH��7KH�VXEMHFWV�RI�WKLV�UHVHDUFK�DUH�WKH�;,���JUDGH�VWXGHQWV�RI�60$1���
*URJRO�ZKR�KDYH�VWXGLHG�WKH�WRSLF�RI�FKHPLFDO�HTXLOLEULXP��WRWDOLQJ����VWXGHQWV��
'DWD� FROOHFWLRQ� WHFKQLTXHV� LQFOXGHG� LQWHUYLHZV�� H[SHUW�YDOLGDWLRQ�TXHVWLRQQDLUHV��
WHVWV��GDQ VWXGHQW�UHVSRQVH�TXHVWLRQQDLUHV��7KH�LQVWUXPHQWV�XVHG�DUH�WKH�LQWHUYLHZ�
JXLGHOLQH�VKHHW��H[SHUW�YDOLGDWLRQ�VKHHW��VWXGHQW�UHVSRQVH�TXHVWLRQQDLUH�IRUP��HVVD\�
WHVW� LQVWUXPHQW� VKHHW�� VFRULQJ� JXLGHOLQHV�� GDQ DQVZHU� NH\�� 7KH� GHYHORSHG� WHVW�
LQVWUXPHQWV�ZHUH� YDOLGDWHG� WKURXJK� FRQWHQW� YDOLGLW\� WHVWLQJ� E\� WZR�YDOLGDWRUV� WR�
DVVHVV�WKH�VXLWDELOLW\�RI�HDFK�LWHP��7KH�HPSLULFDO�WHVW�ZDV�FRQGXFWHG�WR�GHWHUPLQH�
UHDGDELOLW\��GLIILFXOW\�OHYHO��GLVFULPLQDWLRQ�SRZHU��DV�ZHOO�DV�WR�HPSLULFDOO\�PHDVXUH�
YDOLGLW\� GDQ UHOLDELOLW\� E\� LQYROYLQJ� ��� VWXGHQWV� IURP� FODVV�;,���� ,Q� DGGLWLRQ�� D�
OLWHUDF\�DELOLW\�SURILOH�WHVW�ZDV�DOVR�FRQGXFWHG�WR�GHVFULEH�GDQ HYDOXDWH�WKH�VWXGHQWV
�
OLWHUDF\� VNLOOV�� ZKLFK� ZDV� DGPLQLVWHUHG� WR� ��� VWXGHQWV� LQ� FODVV� ;,� ��� 7KH� GDWD�
REWDLQHG�ZHUH�DQDO\]HG�XVLQJ�TXDOLWDWLYH�GDQ GHVFULSWLYH�TXDQWLWDWLYH�PHWKRGV��

7KH� UHVHDUFK� UHVXOWV� VKRZ� WKDW�� ��� 7KH� GHYHORSHG� SURGXFW� LV� D� VFLHQFH�
OLWHUDF\� DELOLW\� WHVW� LQVWUXPHQW� IRU� ��WK�JUDGH� VWXGHQWV� EDVHG� RQ� PXOWLSOH�
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UHSUHVHQWDWLRQV� RQ� WKH� WRSLF� RI� FKHPLFDO� HTXLOLEULXP�� XVLQJ� D� �'� GHYHORSPHQW�
PRGHO� PRGLILHG� LQWR� D� �'� PRGHO�� ��� 7KH� GHYHORSHG� VFLHQFH� OLWHUDF\� DELOLW\�
LQVWUXPHQW�UHFHLYHG�DQ�DYHUDJH�DVVHVVPHQW�SHUFHQWDJH�RI���������FDWHJRUL]HG�DV�
YHU\� IHDVLEOH� IRU� XVH� EDVHG� RQ� YDOLGDWLRQ� E\� WZR� H[SHUWV�� QDPHO\� D� FKHPLVWU\�
OHFWXUHU�GDQ D�FKHPLVWU\�WHDFKHU��7KH�UHVXOWV�RI�WKH�UHDGDELOLW\�TXHVWLRQQDLUH�IRU�WKH�
TXHVWLRQV�VKRZHG�D�SHUFHQWDJH�RI��������ZLWK�D�YHU\�KLJK�FDWHJRU\��(PSLULFDO�WHVW�
DQDO\VLV�RQ�WKH�GLIILFXOW\�OHYHO�IRXQG�WKDW�WKHUH�ZHUH���TXHVWLRQV�FODVVLILHG�DV�YHU\�
HDV\�����TXHVWLRQV�DV�HDV\�����TXHVWLRQV�DV�PRGHUDWH��GDQ ��TXHVWLRQ�DV�GLIILFXOW��
)RU�WKH�GLVFULPLQDWRU\�SRZHU�RI�WKH�TXHVWLRQV��WKH�UHVXOWV�VKRZ�WKDW����TXHVWLRQV�
DUH�FDWHJRUL]HG�DV�SRRU����TXHVWLRQV�DV YHU\�SRRU����TXHVWLRQV�DV�IDLU����TXHVWLRQV�DV�
JRRG�� GDQ ��TXHVWLRQV� DV� YHU\� JRRG��%DVHG� RQ� WKH� HPSLULFDO� YDOLGLW\� WHVW� RI� WKH�
LQVWUXPHQW��WKHUH�DUH����TXHVWLRQV�GHHPHG�YDOLG�GDQ ��TXHVWLRQV�GHHPHG�LQYDOLG��
0HDQZKLOH��WKH�UHOLDELOLW\�VFRUH�RI�WKH�LQVWUXPHQW�UHDFKHG�������ZKLFK�IDOOV�LQWR�WKH�
YHU\� KLJK� FDWHJRU\�� ���7KH� DFKLHYHPHQW� RI� OLWHUDF\� VNLOOV� SRVVHVVHG� E\� VWXGHQWV�
GXULQJ� WKH� OLWHUDF\� VNLOOV� SURILOH� WHVW�ZDV� IRXQG� WR� EH� ��������ZLWK� ��� VWXGHQWV�
PHHWLQJ� WKH� JRRG� FULWHULD�� ������ZLWK��� VWXGHQWV�PHHWLQJ� WKH� JRRG� FULWHULD�� GDQ
������ZLWK���VWXGHQWV�PHHWLQJ�WKH�VXIILFLHQW�FULWHULD��7KHUHIRUH��LW�FDQ�EH�FRQFOXGHG�
WKDW�WKH�VFLHQFH�OLWHUDF\�WHVW�LQVWUXPHQW�RQ�WKH�WRSLF�RI�FKHPLFDO�HTXLOLEULXP�WKDW�
ZDV�GHYHORSHG�LV�GHHPHG�YDOLG�EDVHG�RQ�H[SHUW�YDOLGDWLRQ�GDQ UDWHG�YHU\�JRRG�E\�
WKH� VWXGHQWV�� WKXV� LW� FDQ� EH� XVHG� DV� D� WHVW� LQVWUXPHQW� RQ� WKH� WRSLF� RI� FKHPLFDO�
HTXLOLEULXP�
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΍κΨϠϤϟ

ΔΣϭήρ΃ϥ΍ϮϨόΑ´ήϳϮτΗΓ΍Ω΃έΎΒΘΧ΍ϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍Ώϼτϟϒμϟ΍ϱΩΎΤϟ΍ήθϋϰϠϋαΎγ΃ϤΘϟ΍ΕϼϴΜ
ΓΩΪόΘϤϟ΍ϰϠϋΓΩΎϣϥί΍ϮΘϟ΍ϲ΋ΎϴϤϴϜϟ΍³�ΎϬΒΘϛέϮγϦϳέϭϝϮΘϤϧˬϙϭήϫί�� Ϣϗήϟ΍˺˻˿˻˺˻˻˺˺˹˼˺ˬ
ϑήθϤϟ΍ϲϗίέϒϳήϋˬϦϳήϴΒηήϴΘδΟΎϣ�

ΕΎϤϠϜϟ΍ΔϴΣΎΘϔϤϟ΍��Γ΍Ω΃ˬέΎΒΘΧϻ΍ΓέΪϘϟ΍ϭϰϠϋΓ˯΍ήϘϟ΍ˬΔΑΎΘϜϟ΍ϭϞϴΜϤΘϟ΍ϭˬΩΪόΘϤϟ΍ϮΘϟ΍ϭϥί΍ϲ΋ΎϴϤϴϜϟ΍

ΪόϳϢϴϠόΘϟ΍ΪΣ΃Ϣϫ΃ΐϧ΍ϮΠϟ΍ΔϤϬϤϟ΍ϲϓΔϬΟ΍ϮϣΕΎϳΪΤΗϥήϘϟ΍ϱΩΎΤϟ΍ˬϦϳήθόϟ΍ϭΚϴΣ˵ϳΐϠτϦϣ
Ώϼτϟ΍ϙϼΘϣ΍ΪϳΪόϟ΍ϦϣΕ΍έΪϘϟ΍Ε΍έΎϬϤϟ΍ϭΔλΎΧϭΕ΍έΎϬϣϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍��˷Ϊό˵ϳϭϮΤϣ΍ΔϴϣϷ
ΔϴϤϠόϟ΍ϦϣϢϫ΃Ε΍έΪϘϟ΍ϲΘϟ΍ΐΠϳϥ΃ϊΘϤΘϳΎϬΑˬΏϼτϟ΍ΚϴΣϥϮϜϳΏϼτϟ΍ϦϳέΩΎϗϰϠϋΓ˯΍ήϗϣΉΩΎΒ
ΔϓήόϤϟ΍ΔϴϤϠόϟ΍ΎϬϘϴΒτΗϭϲϓΓΎϴΤϟ΍ΔϴϣϮϴϟ΍��΍˱ΩΎϨΘγ΍ϰϟ·Ξ΋ΎΘϧΎδϴϓϲϓϡΎϋ˻˹˻˻ΪϳΪόϟ΍ϭϦϣΕΎγ΍έΪϟ΍
ϯήΧϷ΍ήϬψΗϥ΃Ε΍έΎϬϣϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍ϯΪϟΏϼτϟ΍ϲϓΎϴδϴϧϭΪϧ·ϻϝ΍ΰΗΔπϔΨϨϣˬΎ˱ϴΒδϧΔλΎΧϲϓ
˯ΎϴϤϴϜϟ΍��ϊΟήϳϭνΎϔΨϧ΍ϯϮΘδϣΕ΍έΎϬϣϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍ϲϓ˯ΎϴϤϴϜϟ΍ϰϟ·ΕΎο΍ήΘϓ΍Ώϼτϟ΍ϟΩ΍ϮϤ
˯ΎϴϤϴϜϟ΍ˬΓΩήΠϤϟ΍΍άϟϞϴϤϳϟ΍ΏϼτΎ˱ΒϟΎϏϰϟ·φϔΤϟ΍ϻ˱ΪΑϦϣϢϬϓϭ΃ςΑέΩ΍Ϯϣ˯ΎϴϤϴϜϟ΍ϲϓΓΎϴΤϟ΍ΔϴϣϮϴϟ΍��
ϦϣϭΩ΍ϮϤϟ΍Δϴ΋ΎϴϤϴϜϟ΍ΓΩήΠϤϟ΍ΓΩΎϣϥί΍ϮΘϟ΍ϲ΋ΎϴϤϴϜϟ΍��ϥ΍ΰΗϻ΍ϲ΋ΎϴϤϴϜϟ΍ϮϫΓΩΎϣΔτΒΗήϣΑΓΎϴΤϟΎΔϴϣϮϴϟ΍
ΡήθΗϞϋΎϔΘϟ΍ϲ΋ΎϨΛϩΎΠΗϻ΍ϲϓ˯ΎπϓϖϠϐϣΙΪΤϳϭϰϠϋϯϮΘδϤϟ΍ϥϭΩϱήϬΠϤϟ΍�ϲΌϳΰΠϟ΍���ΎϬϧϷϭΙΪΤΗ
ϰϠϋϯϮΘδϤϟ΍ϥϭΩˬϱήϬΠϤϟ΍ϻϦϜϤϳΔψΣϼϣΕϼϋΎϔΘϟ΍ϲΘϟ΍ΙΪΤΗΓήηΎΒϣ��ΔΠϴΘϧϭˬϚϟάϟΪΠϳϟ΍Ώϼτ

ΔΑϮόλϲϓϢϬϓˬΓΩΎϤϟ΍ΎϤϣϞόΠϳΏϼτϟ΍ϥϮϠϴϤϳϰϟ·φϔΤϟ΍˱ϻΪΑϦϣϢϬϔϟ΍��ˬϚϟάϟϢΘϳϡ΍ΪΨΘγ΍ΕϼϴΜϤΘϟ΍
ΓΩΪόΘϤϟ΍ΞϬϨϤϛϞϴϬδΘϟϢϬϓΏϼτϟ΍ΓΩΎϤϟϥί΍ϮΘϟ΍ϴϜϟ΍ˬϲ΋ΎϴϤϦϣϝϼΧΔΛϼΛϝΎϜη΃ϦϣϴΜϤΘϟ΍ˬϞϲϫϭ
ΕϼϴΜϤΘϟ΍ϥϭΩΔϳήϬΠϤϟ΍ΕϼϴΜϤΘϟ΍ϭΔϳήϬΠϤϟ΍Δϳΰϣήϟ΍ϭΔϳΰϣήϟ΍ϭ��ϦϜϤϳϥ΃ϱΩΆϳςΑήϟ΍ϦϴΑάϫϩ
ΕϼϴΜϤΘϟ΍ΔΛϼΜϟ΍ϰϟ·ϖϴϤόΗΔϓήόϤϟ΍ΔϴϓήόϤϟ΍ϯΪϟΏϼτϟ΍ϊϣϦϴδΤΗΕ΍έΎϬϣϮΤϣΔϴϣϷ΍Ϡόϟ΍ΔϴϤ��ϦϜϤϳ
ϖϴΒτΘϟ΍ϦϣϝϼΧ˯Ύτϋ·ΔϠΌγ΃ΔϴΒϳέΪΗΔϤϤμϣ˱˯ ΎϨΑϰϠϋΕϼϴΜϤΘϟ΍ΓΩΪόΘϤϟ΍ϞϜθΑϲϨϴΗϭέ��Θγ΍΍˱ΩΎϨϰϟ·
Ξ΋ΎΘϧΕϼΑΎϘϤϟ΍ϲΘϟ΍ΖϳήΟ΃ϊϣϲϤϠόϣ˯ΎϴϤϴϜϟ΍ϲϓ�ϥΎόϤγ˺ϝϮϏϭήϏˬϢϟϡΪΨΘδϳϥϮϤϠόϤϟ΍ϲϓ΍ϢϴϴϘΘϟ

ϲϓήόϤϟ΍ΏϼτϠϟΔϠΌγ΃ΔϤϤμϣΎμ˱ϴμΧαΎϴϘϟΓέΪϘϟ΍ϰϠϋϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍ΕϼϴΜϤΘϟ΍ϭΪόΘϤϟ΍ΓΩ��ϭˬϚϟάϟ
ϢΗ˯΍ήΟ·΍άϫΚΤΒϟ΍ήϳϮτΘϟΓ΍Ω΃έΎΒΘΧ΍ϮΤϤϟΔϴϣϷ΍ΔϴϤϠόϟ΍ϝϮΣΓΩΎϣϥί΍ϮΘϟ΍ˬϲ΋ΎϴϤϴϜϟ΍ΑΚϴΤϦϜϤϳ

ΎϬϣ΍ΪΨΘγ΍ϊΟήϤϛΔϠΌγϷΐϳέΪΘϟ΍ϦϴδΤΘϟΕ΍έΎϬϣΓ˯΍ήϘϟ΍ΔΑΎΘϜϟ΍ϭϯΪϟΏϼτϟ΍�

΍άϫΚΤΒϟ΍ϮϫΓέΎΒϋϦϋΔγ΍έΩΚΤΑήϳϮτΗϭϡ΍ΪΨΘγΎΑΝΫϮϤϧήϳϮτΘϟ΍ϲϋΎΑέΩΎόΑϷ΍ϱάϟ΍
ϪΣήΘϗ΍ϥΎΟ΍έΎϏΎϴΛϢΛϢΗϪϠϳΪόΗϰϟ·ϲΛϼΛΩΎόΑϷ΍ϊϣΙϼΛϞΣ΍ήϣˬήϳϮτΗϲϫϭϒϳήόΘϟ΍μΘϟ΍ϭϢϴϤ

ήϳϮτΘϟ΍ϭήθϨϟ΍ϭ��ωϮοϮϣ΍άϫΚΤΒϟ΍ϢϫΏϼρϒμϟ΍ϱΩΎΤϟ΍˺˺�˺�ϥΎόϤγ˺ϝϮϏϭήϏϳάϟ΍Ϧ΍ϮγέΩ
ΓΩΎϣϥί΍ϮΘϟ΍ϲ΋ΎϴϤϴϜϟ΍ϲϟΎϤΟΈΑ˼˾Ύ˱ΒϟΎρ��ΕΎϴϨϘΗϊϤΟΕΎϧΎϴΒϟ΍ϦϋϖϳήρΕϼΑΎϘϤϟ΍ΎϴΒΘγ΍ϭΕΎϧϖϘΤΘϟ΍Ϧϣ
ΔΤλ˯΍ήΒΨϟ΍Ε΍έΎΒΘΧϻ΍ϭΕΎϧΎϴΒΘγ΍ϭΔΑΎΠΘγ΍Ώϼτϟ΍��ΖϧΎϛΕ΍ϭΩϷ΍ΔϣΪΨΘδϤϟ΍ϲϫΔϗέϮϟ΍Ϲ΍ΔϳΩΎηέ

ˬΕϼΑΎϘϤϠϟΔϗέϭϭϖϘΤΘϟ΍ϦϣΔΤλˬ˯΍ήΒΨϟ΍ΓέΎϤΘγ΍ϭϥΎϴΒΘγ΍ϖϘΤΘϟ΍ϦϣΔΤλΕΎΑΎΠΘγ΍ˬΏϼτϟ΍
ΔϗέϭϭΓ΍Ω΃έΎΒΘΧ΍ˬϒλϮϟ΍Ε΍ΩΎηέ·ϭϞϴΠδΗˬΕΎΟέΪϟ΍ϔϣϭΡΎΘΔΑΎΟϹ΍��ϢΗϖϘΤΘϟ΍ϦϣΔΤλΌγϷ΍ΔϠ

ΓέϮτϤϟ΍ϦϣϝϼΧέΎΒΘΧ΍ΔΤλϯϮΘΤϤϟ΍ϦϣϞΒϗϦϴϨΛ΍ϦϣϦϴϘϗΪϤϟ΍ϢϴϴϘΘϟϯϭΪΟϞϛήμϨϋ��ϢΗήΟ·˯΍
Ε΍έΎΒΘΧ΍ΔϴΒϳήΠΗΪϳΪΤΘϟϯΪϣΔϟϮϬγΓ˯΍ήϘϟ΍ϯϮΘδϣϭΔΑϮόμϟ΍ΓέΪϘϟ΍ϭϰϠϋΰϴϴϤΘϟ΍αΎϴϗϭϼμϟ΍ΔϴΣ
ΔϴϗϮΛϮϤϟ΍ϭϞϜθΑϲΒϳήΠΗϞϤη˼˻Ύ˱ΒϟΎρϲϓϒμϟ΍ϱΩΎΤϟ΍˺˺�˼ΔϓΎοϹΎΑϰϟ·ˬϚϟΫήΟ˵΃ϱΎπ˱ϳ΃έΎΒΘΧ΍

ΔΤϤϟϦϋϮΤϣΔϴϣϷ΍ϒλϮϟϢϴϴϘΗϭΕ΍έΎϬϣΓ˯΍ήϘϟ΍ΔΑΎΘϜϟ΍ϭϯΪϟˬΏϼτϟ΍ϢΗϭϩέΎΒΘΧ΍ϰϠϋ��ρΎ˱ΒϟΎϦϣ
ϒμϟ΍ϱΩΎΤϟ΍˺˺�˺ϢΗϞϴϠΤΗΕΎϧΎϴΒϟ΍ϲΘϟ΍ϢΗϝϮμΤϟ΍ΎϬϴϠϋϡ΍ΪΨΘγΎΑΐϴϟΎγϷ΍ϤϜϟ΍ΔϴΔϴϋϮϨϟ΍

ΔϴϔλϮϟ΍ϭ�

υ΃ΕήϬΞ΋ΎΘϨϟ΍ˬϥ΃˺�ΞΘϨϤϟ΍ϱάϟ΍ϢΗϩήϳϮτΗϰϠϋϞϜηΓ΍Ω΃έΎΒΘΧ΍ϮΤϣΔϴϣ΃ϡϮϠόϟ΍ϒμϠϟ
ϱΩΎΤϟ΍ήθϋϢ΋ΎϘϟ΍ϰϠϋϞϴΜϤΘϟ΍ΩΪόΘϤϟ΍ϝϮΣΓΩΎϣϥί΍ϮΘϟ΍ˬϲ΋ΎϴϤϴϜϟ΍ϡ΍ΪΨΘγΎΑΝΫϮϤϧήϳϮτΘϟ΍ϲϋΎΑέ
ΩΎόΑϷ΍ϝΪόϤϟ΍ϰϟ·ϲΛϼΛˬΩΎόΑϷ΍˻�ΖϠμΣΓ΍Ω΃ϮΤϣΔϴϣ΃ϡϮϠόϟ΍ΓέϮτϤϟ΍ϰϠϋΔΒδϧΔϳϮΌϣΔτγϮΘϣΖϐϠΑ
́˿ˬ˽́�ϊϣΔΌϓΔϳΪΠϣ˱΍ΪΟ˱˯ ΎϨΑϰϠϋΔϗΩΎμϤϟ΍ΎϬϴϠϋϦϣϞΒϗϦϳήϴΒΧΎϤϫϭήοΎΤϣ˯ΎϴϤϴϜϟ΍ϮϤϠόϣϭ
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˯ΎϴϤϴϜϟ΍��ΕήϬυ΃Ξ΋ΎΘϧΔϟϮϬγΓ˯΍ήϗϥΎϴΒΘγϻ΍ΔΒδϧΔϳϮΌϣΖϐϠΆ˻ˬ˹˻�ϊϣΔΌϓΔϴϟΎϋ΍˱ΪΟ��ήϬυ΃ϞϴϠΤΗ
έΎΒΘΧϻ΍ϲΒϳήΠΘϟ΍ϯϮΘδϤϟΔΑϮόμϟ΍ϥ΃ϙΎϨϫ˽ΔϠΌγ΃ΔϔϨμϣϰϠϋΎϬϧ΃ΔϠϬγˬ΍˱ΪΟϭ˺˺ϻ˱΍Άγˬϼ˱Ϭγϭ˺˽
ϻ˱΍ΆγˬΎτ˱γϮΘϣϝ΍ΆγϭΪΣ΍ϭΐόλ��ΔΒδϨϟΎΑΓϮϘϟϖϳήϔΘϟ΍ϦϴΑˬΔϠΌγϷ΍ΕήϬυ΃Ξ΋ΎΘϨϟ΍ϥ΃ϙΎϨϫ˺˺˱ϻ΍Άγ
ΖϔϨλ˵ϰϠϋΎϬϧ΃ˬΔΌϴγϭ˼ΔϠΌγ΃ΔΌϴγˬ΍˱ΪΟϭ́ΔϠΌγ΃ˬΔϴϓΎϛϭ˾ΔϠΌγ΃ˬΓΪϴΟϭ˼ΔϠΌγ΃ΓΪϴΟ΍˱ΪΟ��΍˱ΩΎϨΘγ΍ϭ
ϰϟ·έΎΒΘΧ΍ΔϴΣϼμϟ΍ΔϴΒϳήΠΘϟ΍ˬΓ΍ΩϸϟϦϠϋ˵΃ϥ΃˻˾˱ϻ΍ΆγΎΤ˱ϟΎλϭ˾ΔϠΌγ΃ήϴϏΔΤϟΎλ��ϲϓϭΖϗϮϟ΍ˬϪδϔϧ
ΖϐϠΑΔϤϴϗΔϴϗϮΛϮϤϟ΍Γ΍Ωϸϟ˹ˬ́˺ϲΘϟ΍ϭϢΗΎϬΟ΍έΩ·ϲϓΔΌϔϟ΍ΔϴϟΎόϟ΍˱΍ΪΟ�˼�ΖϐϠΑΔΒδϧϞϴμΤΘϟ΍ϲϓ

Ε΍έΎϬϣΓ˯΍ήϘϟ΍ΔΑΎΘϜϟ΍ϭϲΘϟ΍ΎϬϜϠΘϤϳΏϼτϟ΍ΪϨϋέΎΒΘΧ΍ϒϠϣΕ΍έΎϬϣήϘϟ΍Γ˯΍ΔΑΎΘϜϟ΍ϭ́˾ˬ̀˺�ήϴϳΎόϤΑ
ΓΪϴΟΩΪόΑ˹˻ˬ˱ΎΒϟΎρΔΒδϧϭ˾ˬ̀˺�ήϴϳΎόϤΑΓΪϴΟΩΪόΑ˻ˬΏϼρΔΒδϧϭ́̄˾̀��ήϴϳΎόϤΑΔϴϓΎϛΩΪόΑ˼
Ώϼρ��ϚϟάϟϦϜϤϳΝΎΘϨΘγ΍ϥ΃Γ΍Ω΃έΎΒΘΧ΍ϮΤϣΔϴϣϷ΍ΔϴϤϠόϟ΍ϰϠϋΓΩΎϣϥί΍ϮΘϟ΍ϲ΋ΎϴϤϴϜϟ΍ΓέϮτϤϟ΍ΪϗϢΗ
ϥϼϋϹ΍ϦϋΎϫ΍ϭΪΟ˱˯ ΎϨΑϰϠϋϖϘΤΗΒΨϟ΍˯΍ήϦϣΎϬΘΤλΖϠμΣϭϰϠϋϢϴϴϘΗΪϴΟ˱΍ΪΟϦϣϞΒϗΏϼτϟ΍
ΚϴΤΑϦϜϤϳΎϬϣ΍ΪΨΘγ΍Γ΍Ω΄ϛέΎΒΘΧ΍ϰϠϋΓΩΎϣϥί΍ϮΘϟ΍ϲ΋ΎϴϤϴϜϟ΍�


