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�'U��6LQXQJ�+HQGUDWQR��06����.HELMDNDQ�3HUWDQLDQ�
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�'U��+DQDQWR�+DGL��06����3HPXOLDDQ�GDQ�*HQHWLND�7DQDPDQ�
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3URI��'U��,U��$VPDUODLOL�6��+DQDILDK��,OPX�7DQDK��8QLYHUVLWDV�6XPDWHUD�8WDUD�

�3URI��'U��$QGL�0XO\DQD���6RVLDO�(NRQRPL��8QLYHUVLWDV�6ULZLMD\D�
�3URI��'U��6XGLUPDQ�<DK\D��%XGLGD\D�7DQDPDQ��,QVWLWXW�3HUWDQLDQ�%RJRU�

�'U��(PLO�%XGLDQWR��.LPLD�3ROLPHU��8QLYHUVLWDV�,QGRQHVLD�
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�7HOHSRQ�����������������������������)D[������������������
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� -XUQDO�3HQHOLWLDQ�.DUHW�PHPXDW�DUWLNHO�LOPLDK�KDVLO�KDVLO�SHQHOLWLDQ�GL�
ELGDQJ� SHUNDUHWDQ� GDUL� 3XVDW� 3HQHOLWLDQ� .DUHW� PDXSXQ� LQVWDQVL� ODLQQ\D��
3HQHUELWDQ�PDMDODK�EHUWXMXDQ�XQWXN�PHQ\HEDUOXDVNDQ�SHQHPXDQ�SHQHPXDQ�
GL� ELGDQJ� SHUNDUHWDQ� NHSDGD� VHVDPD� SHQHOLWL�� SHNHEXQ�� GDQ� SHQJJXQD�
LQIRUPDVL�SDGD�XPXPQ\D�

� -XUQDO�3HQHOLWLDQ�.DUHW�LQL�WHODK�WHUDNUHGLWDVL�EHUGDVDUNDQ�6HUWLILNDW�

QRPRU� ����$8��3�0,��������� GDQ� 6XUDW� .HSXWXVDQ� NHSDOD� /HPEDJD�

3HQHOLWLDQ�,QGRQHVLD�1RPRU�����(������WDQJJDO���2NWREHU������

� -XUQDO�3HQHOLWLDQ�.DUHW�VHEDJDL�PHGLD�NRPXQLNDVL�SHQHOLWLDQ�GL�ELGDQJ�

SHUNHEXQDQ�NDUHW�PHPXDW�WXOLVDQ�GDUL�DVSHN�SUD�SDQHQ�VDPSDL�SDVFD�SDQHQ�

GDQ�VRVLDO�HNRQRPL�SHUNDUHWDQ�

� ,QGRQHVLDQ� -RXUQDO� RI� 1DWXUDO� 5XEEHU� 5HVHDUFK� FRQWDLQV� VFLHQWLILF�

DUWLFOHV�RI�QDWXUDO�UXEEHU�UHVHDUFK�IURP�,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

DQG�RWKHU�LQVWLWXWLRQV��7KH�REMHFWLYH�RI�WKH�MRXUQDO�LV�WR�GLVVHPLQDWH�WKH�LQRYDWLRQ�

RI�UXEEHU�UHVHDUFK�WR�UHVHDUFKHUV��SUDFWLWLRQHU�DQG�XVHU�RI�LQIRUPDWLRQ�LQ�JHQHUDO�

� ,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�ZDV�DFFUHGLWHG�EDVHG�RQ�

WKH�&HUWLILFDWH�QR������$8��3�0,�/,3,���������DQG�'HFUHH�RI�WKH�,QGRQHVLDQ�

6FLHQFH�,QVWLWXWH�QR������(������GDWHG���2FWREHU������

� ,QGRQHVLDQ� -RXUQDO� RI� 1DWXUDO� 5XEEHU� 5HVHDUFK� LV� D� UHVHDUFK�

FRPPXQLFDWLRQ�PHGLXP�IRU�UXEEHU�HVWDWH�SXEOLVKHV�DUWLFOHV�WKDW�FRYHULQJ�SUH�

KDUYHVW�WR�SRVW�KDUYHVW�DQG�VRFLR�HFRQRP\�DVSHFWV�

-851$/�3(1(/,7,$1�.$5(7
,1'21(6,$1�-2851$/�2)�1$785$/�58%%(5�5(6($5&+



3(1*$17$5�5('$.6,

� -XUQDO� 3HQHOLWLDQ� .DUHW� 9ROXPH� ��� 1RPRU� �� 7DKXQ� �����PHPXDW�
VHEDQ\DN����SXEOLNDVL�LOPLDK�\DQJ�PHQFDQJNXS�EHUEDJDL�ELGDQJ�NHLOPXDQ�
PHOLSXWL�3HPXOLDDQ��3URWHNVL�7DQDPDQ��6RVLDO�(NRQRPL��GDQ�.LPLD�3ROLPHU��
.DU\D�WXOLV�LOPLDK�WHUVHEXW�DGDODK�KDVLO�SHQHOLWLDQ�GDUL�SDUD�SHQHOLWL�GL�/LQJNXS�
3XVDW� 3HQHOLWLDQ� .DUHW� GDQ� SLKDN� 8QLYHUVLWDV� GDODP� PDXSXQ� OXDU� QHJHUL�
�8QLYHUVLWDV�*DGMDK�0DGD�GDQ�8QLYHUVLWL�7HNQRORJL�0DOD\VLD���
� 7RSLN� \DQJ� GLVDMLNDQ� GDODP�NDU\D� WXOLV� LOPLDK� GL� -XUQDO� 3HQHOLWLDQ�
.DUHW�LQL�PHUXSDNDQ�WRSLN�WHUNLQL�GDODP�SHQHOLWLDQ�GDQ�SHQJHPEDQJDQ�ELGDQJ�
SHUNDUHWDQ��$VSHN�SHPXOLDDQ� WDQDPDQ�NDUHW�PHPEDKDV� WHQWDQJ�NHUDJDDQ�
GDQ�SRWHQVL�JHQRWLSH�WDQDPDQ�NDUHW�\DQJ�GLKDVLONDQ�GDUL�WHWXD�EHUNHUDEDWDQ�
MDXK�VHUWD�NHPDPSXDQ�DGDSWDVL�NORQ�NDUHW�VHUL�,55�����GDQ������$UWLNHO�GDUL�
ELGDQJ� SURWHNVL� WDQDPDQ� PHQJXUDLNDQ� WHQWDQJ� NHWDKDQDQ� NORQ� VHUL� ����
WHUKDGDS�SHQ\DNLW�JXJXU�GDXQ��'DUL�DVSHN�VRVLDO�HNRQRPL��WRSLN�SHQHOLWLDQ�
GLIRNXVNDQ� SDGD�PHWRGH� SHUHPDMDDQ� RSWLPDO� WDQDPDQ� NDUHW�� 6HODQMXWQ\D�
XQWXN� DVSHN� NLPLD� SROLPHU� PHPEDKDV� WHNQLN� SHQJDZHWDQ� ND\X� NDUHW��
PRGLILNDVL�ILVLND�SDGD�NDUHW�DODP��VLQWHVLV�HODVWRPHU�\DQJ�GDSDW�GLGDXU�XODQJ�
VHUWD�SHPEXDWDQ�EDKDQ�SHOXQDN�NDUHW�\DQJ�UDPDK�OLQJNXQJDQ��
� 'HPLNLDQ�EHEHUDSD�WRSLN�\DQJ�GLEDKDV�GDODP�-XUQDO�3HQHOLWLDQ�.DUHW�
9ROXPH����1RPRU���7DKXQ������NDOL�LQL��6HPRJD�VHOXUXK�DUWLNHO�\DQJ�GLPXDW�
GDSDW�PHPEHULNDQ�GDPSDN�SRVLWLI�VHUWD�EHUPDQIDDW�GDODP�PHQGXNXQJ�GDQ�
PHPSHUNXDW� DJURLQGXVWUL� NDUHW� QDVLRQDO�� VHUWD� PHPSHUND\D� IDHGDK� LOPX�
SHQJHWDKXDQ��SHQHOLWLDQ�GDQ�SHQJHPEDQJDQ��
� .HSDGD�VHOXUXK�SLKDN�\DQJ�WHUOLEDW�GDODP�SURVHV�UHGDNVLRQDO�KLQJJD�
SHQHUELWDQ�-XUQDO�3HQHOLWLDQ�.DUHW�LQL��3HQJHOROD�PHQJXFDSNDQ�WHULPD�NDVLK�
NHSDGD�VHOXUXK�$QJJRWD�'HZDQ�5HGDNVL�GDQ�0LWUD�%HVWDUL�\DQJ�WHODK�EHUVHGLD�
PHOXDQJNDQ�ZDNWX�XQWXN�PHQ\XQWLQJ�GDQ�PHQHODDK�DUWLNHO�VHKLQJJD�PXWX�
GDQ�VXEVWDQVL�LOPLDK�GDUL�VHWLDS�DUWLNHO�GDSDW�GLSHUWDKDQNDQ��3DGD�DNKLUQ\D��
3HQJHOROD� PHQJKDUDSNDQ� VDUDQ� GDQ� NULWLN� GDUL� SHPEDFD� VHEDJDL� EDKDQ�
SHUWLPEDQJDQ�GDODP�PHQFDSDL�NHVHPSXUQDDQ��VXEVWDQVL�GDQ�HGLWRULDO�MXUQDO�
LQL��

�

.HWXD�'HZDQ�5HGDNVL



.HUDJDDQ�GDQ�3RWHQVL�+DVLO�.DUHW�GDUL�%HEHUDSD�*HQRWLSH�+DVLO�3HUVLODQJDQ�$QWDU�7HWXD�
7DQDPDQ�%HUNHUDEDW�-DXK

6D\XUDQGL���%DODL�3HQHOLWLDQ�6XQJHL�3XWLK��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW��������������������

.HPDMXDQ�SHPXOLDDQ�GDQ�VHOHNVL�WDQDPDQ�NDUHW�VDQJDW�EHUJDQWXQJ�NHSDGD�SRWHQVL�GDQ�
NHWHUVHGLDDQ� VXPEHU� NHUDJDPDQ� JHQHWLN�� .HUDJDPDQ� JHQHWLN� GDSDW� GLKDVLONDQ�PHODOXL�
NHJLDWDQ� SHUVLODQJDQ� DQWDU� WHWXD� \DQJ� PHPLOLNL� KXEXQJDQ� NHNHUDEDWDQ� MDXK�� 7XMXDQ�
SHQHOLWLDQ�LQL�DGDODK�XQWXN�PHQJHYDOXDVL�NHUDJDDQ�WDQDPDQ�GDQ�SRWHQVL�KDVLO�NDUHW�NHULQJ��
GDUL�JHQRWLSH�KDVLO�SHUVLODQJDQ�EHUNHUDEDW�MDXK��GL�SHQJXMLDQ�HYDOXDVL�VHPDLDQ��6HEDQ\DN�
��� JHQRWLSH� KDVLO� SHUVLODQJDQ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�� 6HEDJDL� WHWXD� EHWLQD�
GLJXQDNDQ�NORQ�\DQJ�EHUDVDO�GDUL�SRSXODVL�:LFNKDP�\DLWX�55,0������,$1������,55������3%�
�����55,,������30�����,55������GDQ�,55������VHGDQJNDQ�VHEDJDL�WHWXD�MDQWDQ�GLJXQDNDQ� �
JHQRWLSH�\DQJ�EHUDVDO�GDUL�HNVSHGLVL�,55'%������GL�DQWDUDQ\D�31�������31�������31�������
31�������31�������31�������31������GDQ�31�������3RSXODVL�JHQRWLSH�)��WHUVHEXW��GLWDQDP�
GL�.HEXQ�3HUFREDDQ�%DODL�3HQHOLWLDQ�6XQJHL�3XWLK��3XVDW�3HQHOLWLDQ�.DUHW�SDGD�WDKXQ������
GHQJDQ� PHQJJXQDNDQ� MDUDN� WDQDP� �� [� �� P�� (YDOXDVL� GLODNXNDQ� WHUKDGDS� NDUDNWHU�
SHUWXPEXKDQ�WDQDPDQ��DQDWRPL�NXOLW��GDQ�SRWHQVL�KDVLO�NDUHW��+DVLO�DQDOLVLV�PHQXQMXNNDQ�
NHUDJDPDQ�\DQJ�FXNXS�VLJQLILNDQ�SDGD�OLPD�VLIDW�\DQJ�GLDPDWL�GHQJDQ�NRHILVLHQ�NHUDJDPDQ�
KDVLO�NDUHW�NHULQJ���������OLOLW�EDWDQJ���������XNXUDQ�WHEDO�NXOLW��������� �MXPODK�FLQFLQ�
SHPEXOXK�ODWHNV���������GDQ�GLDPHWHU�VHO�SHPEXOXK�ODWHNV���������*HQRWLSH�*����GDQ�*�
�����PHUXSDNDQ�WDQDPDQ�\DQJ�PHPLOLNL�SRWHQVL�KDVLO�NDUHW�SDOLQJ�WLQJJL�GLEDQGLQJNDQ�
JHQRWLSH�ODLQQ\D��PDVLQJ�PDVLQJ�VHEHVDU�������J�S�V�GDQ�������J�S�V��.HGXD�JHQRWLSH�
WHUVHEXW� MXJD�PHPLOLNL�SHUWXPEXKDQ� WDQDPDQ�SDOLQJ� MDJXU��GHQJDQ�XNXUDQ� OLOLW�EDWDQJ�
WDQDPDQ�\DLWX����FP�GDQ������FP�SDGD�XPXU�VHSXOXK�WDKXQ�

.DWD�NXQFL��+HYHD�EUDVLOOLHQVLV��NHNHUDEDWDQ�MDXK��NHUDJDPDQ�JHQHWLN��SHUWXPEXKDQ��KDVLO�
NDUHW�NHULQJ

��6D\XUDQGL�GDQ�6HNDU�:RHODQ�

8ML�$GDSWDVL�.ORQ�.DUHW�+DUDSDQ�,55�6HUL�����3DGD�0DVD�7DQDPDQ�%HOXP�0HQJKDVLONDQ�
GL�'DHUDK�%HULNOLP�%DVDK��.HEXQ�$HN�7DUXP�²�.DEXSDWHQ�$VDKDQ�

6D\XUDQGL���%DODL�3HQHOLWLDQ�6XQJHL�3XWLK��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

3DGD�WDQDPDQ�NDUHW��NRQGLVL�FXUDK�KXMDQ�GDQ�KDUL�KXMDQ�ELVD�PHUXSDNDQ�VDODK�VDWX�IDNWRU�
SHPEDWDV�XQWXN�SHUWXPEXKDQ�WDQDPDQ�VHFDUD�RSWLPDO��3DGD�XPXPQ\D�WDQDPDQ�NDUHW�
GDSDW� WXPEXK�GDQ�EHUSURGXNVL� RSWLPDO� SDGD�NRQGLVL� FXUDK�KXMDQ�EHUNLVDU� ����������
PP�WK� �GDQ�MXPODK�KDUL�KXMDQ�EHUNLVDU����²����KDUL�WK��'HQJDQ�GHPLNLDQ��VHOHNVL�NORQ�
NDUHW� XQJJXO� \DQJ� GDSDW� EHUDGDSWDVL� GHQJDQ� EDLN� SDGD� NRQGLVL� FHNDPDQ� OLQJNXQJDQ�
WHUWHQWX�VHSHUWL�FXUDK�KXMDQ�WLQJJL�VDQJDW�SHQWLQJ�GLODNXNDQ��7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�
XQWXN� PHQJHYDOXDVL� NHUDJDDQ� NORQ� NDUHW� XQJJXO� KDUDSDQ� ,55� VHUL� ���� SDGD� ZLOD\DK�
EHULNOLP�FXNXS�EDVDK��3HQJXMLDQ�DGDSWDVL�NORQ�XQJJXO�KDUDSDQ� ,55�VHUL�����GDQ�NORQ�
SHPEDQGLQJ�3%�����GLEDQJXQ��GL�.HEXQ�$HN�7DUXP��.DEXSDWHQ�$VDKDQ�SDGD�WDKXQ�������
5DWD�UDWD�FXUDK�KXMDQ�VHODPD�GHODSDQ�WDKXQ�GL�ORNDVL�SHQHOLWLDQ�LQL��VHEHVDU������PP�WK�
GHQJDQ�MXPODK�KDUL�KXMDQ�VHEDQ\DN�����KDUL�WK��-XPODK�FXUDK�KXMDQ�GDQ�KDUL�KXMDQ�GL�
ORNDVL�SHQHOLWLDQ� LQL� WHUJRORQJ�WLQJJL��VHKLQJJD�NXUDQJ�RSWLPDO�XQWXN�SHUWXPEXKDQ�GDQ�
SURGXNWLYLWDV� WDQDPDQ� NDUHW�� 3HQJDPDWDQ� WHUKDGDS� NDUDNWHU� SHUWXPEXKDQ� OLOLW� EDWDQJ�
GLODNXNDQ�SDGD�XPXU�������WDKXQ��.DUDNWHU�WHEDO�NXOLW�GDQ�DQDWRPL�NXOLW�GLDPDWL�SDGD�XPXU�
��WDKXQ��,QWHQVLWDV�VHUDQJDQ�SHQ\DNLW�JXJXU�GDXQ�&ROOHWRWULFKXP��2LGLXP��GDQ�&RU\QHVSRUD�
GLDPDWL�SDGD�XPXU���GDQ���WDKXQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NORQ�,55������,55�

-XUQDO�3HQHOLWLDQ�.DUHW

.DWD�NDWD�EHUVXPEHU�GDUL�DUWLNHO���/HPEDU�DEVWUDN�LQL�EROHK�GLNRSL�WDQSD�LMLQ�GDQ�ELD\D
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-XUQDO�3HQHOLWLDQ�.DUHW

.DWD�NDWD�EHUVXPEHU�GDUL�DUWLNHO���/HPEDU�DEVWUDN�LQL�EROHK�GLNRSL�WDQSD�LMLQ�GDQ�ELD\D

,661��������������; 9RO�����1R�����-XQL�����

�����,55������,55������GDQ�,55�����PHPLOLNL�SHUWXPEXKDQ�MDJXU��.ORQ�,55������,55������
GDQ�����PHPLOLNL�XNXUDQ�WHEDO�NXOLW�SDOLQJ�WLQJJL��VHGDQJNDQ�NORQ�,55�����GDQ�,55�����
PHPLOLNL�NDUDNWHU�DQDWRPL�\DQJ�FXNXS�EDLN���6HPXD�NORQ�,55�VHUL�����\DQJ�GLXML�WHUJRORQJ�
PRGHUDW� UHVLVWHQ�VDPSDL�GHQJDQ�UHVLVWHQ� WHUKDGDS�SHQ\DNLW�JXJXU�GDXQ�&ROOHWRWULFKXP��
2LGLXP��GDQ�&RU\QHVSRUD�

.DWD�NXQFL��+HYHD� EUDVLOOLHQVLV�� ,55� VHUL� �����XML� DGDSWDVL�� LNOLP�EDVDK�� SHUWXPEXKDQ��
NDUDNWHU�VHNXQGHU

�6D\XUDQGL��,UZDQ�6XKHQGU\��GDQ�6HNDU�:RHODQ�

8ML�$GDSWDVL�.ORQ�.DUHW�,55�6HUL�����3DGD�$JURNOLPDW�.HULQJ�GL�.HEXQ�6XQJHL�%DOHK�
.DEXSDWHQ�$VDKDQ�6XPDWHUD�8WDUD

$LGL�'DVOLQ���%DODL�3HQHOLWLDQ�6XQJHL�3XWLK��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

.HJLDWDQ�SHPXOLDDQ�NDUHW�SDGD�JHQHUDVL�VHOHNVL�NH�HPSDW�������������WHODK�PHQJKDVLONDQ�
EHUEDJDL�MHQLV�NORQ�XQJJXO�GLDQWDUDQ\D�NORQ�,55�VHUL�������,QIRUPDVL�NLQHUMD�\DQJ�OHELK�OXDV�
GDUL�EHUEDJDL�NORQ��XQJJXO�EDUX�GLSHUOXNDQ��XQWXN�SHQJHPEDQJDQ�SHUNHEXQDQ�NDUHW�SDGD�
ORNDVL�WHUWHQWX��3HUFREDDQ�DGDSWDVL�NORQ�GLEDQJXQ�WDKXQ������GL�.HEXQ�6XQJHL�%DOHK��37��
%DNULH� 6XPDWUD� 3ODQWDWLRQ�� EHUWXMXDQ� XQWXN� PHQJHWDKXL� SRWHQVL� SHUWXPEXKDQ� GDQ�
SURGXNVL�NKXVXVQ\D�GL�GDHUDK�.DEXSDWHQ�$VDKDQ��6XPDWHUD�8WDUD�� �%DKDQ�SHQJXMLDQ�
DGDODK����NORQ�,55�VHUL������\DLWX�,55������,55������,55������,55������,55������,55������
,55� ����� ,55� ����� ,55� ����� ,55� ����� ,55� ����� GHQJDQ� NORQ� SHPEDQGLQJ� 3%� �����
PHQJJXQDNDQ�UDQFDQJDQ� �DFDN�NHORPSRN�GHQJDQ�WLJD�XODQJDQ��WLDS�SORW�WHUGLUL�GDUL� �����
SRKRQ�����EDULV�[����WDQDPDQ���MDUDN�WDQDP�����[�����P�� �2EVHUYDVL�GLODNXNDQ�WHUKDGDS�
SURGXNWLYLWDV�NDUHW�NHULQJ� �GHQJDQ�VLVWHP�VDGDS����6�G����(7�������GLVDGDS�VHWHQJDK�
VSLUDO��IUHNXHQVL�VHNDOL�WLJD�KDUL��PHQJJXQDNDQ�VWLPXODQW�(WHIRQ��������6LIDW�SHUWXPEXKDQ�
\DQJ�GLDPDWL�DGDODK�OLOLW�EDWDQJ��UDWD�UDWD�SHUWDPEDKDQ�OLOLW�EDWDQJ�SHU�WDKXQ��GDQ�WHEDO�
NXOLW��PDVLQJ�PDVLQJ�GLDPDWL�SDGD�NHWLQJJLDQ� �VHWLQJJL�����FP�GDUL�SHUPXNDDQ�WDQDK�� �
VHGDQJNDQ� VLIDW� ILVLRORJL� \DQJ� GLDPDWL� DGDODK� NHFHSDWDQ� DOLUDQ� ODWHNV� GDQ� LQGHNV�
SHQ\XPEDWDQ���+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NORQ�,55������GDQ�,55�����PHPLOLNL��
SURGXNWLYLWDV�NDUHW�NHULQJ� �WHUWLQJJL�PDVLQJ�PDVLQJ�������NJ�KD�WK�GDQ�������NJ�KD�WK��
SHUWXPEXKDQ�\DQJ�FHSDW�GHQJDQ��UDWD�UDWD�SHUWDPEDKDQ�OLOLW�EDWDQJ�VHEHOXP�VDGDS�DQWDUD�
�����FP�²������FP�SHU�WDKXQ�GDQ�VHWHODK�SHQ\DGDSDQ�����FP�������FP�SHU�WDKXQ��.ORQ�,55�
���� GDQ� ,55� ���� �PHPLOLNL� SRWHQVL� NHXQJJXODQ� \DQJ� EDLN� GDQ� VHFDUD� VSHVLILN� VHVXDL�
GLNHPEDQJNDQ��GL�NHEXQ�6XQJHL�%DOHK��$VDKDQ��6XPDWHUD�8WDUD�

.DWD�NXQFL��+HYHD�EUDVLOLHQVLV���NORQ�,55�VHUL������DGDSWDVL��SHUWXPEXKDQ��SURGXNVL�

��$LGL�'DVOLQ�GDQ�6\DULIDK�$LQL�3DVDULEX�

.HWDKDQDQ�/DSDQJDQ�7DQDPDQ�.DUHW�.ORQ�,55�6HUL�����7HUKDGDS�7LJD�3DWRJHQ�3HQWLQJ�
3HQ\DNLW�*XJXU�'DXQ

'DOLPXQWKH��&��,���%DODL�3HQHOLWLDQ�6XQJHL�3XWLK��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

3HQ\DNLW� JXJXU� GDXQ� XWDPD� SDGD� WDQDPDQ� NDUHW� GL� ,QGRQHVLD� GLVHEDENDQ� ROHK� MDPXU�
&ROOHWRWULFKXP�JORHRVSRULRLGHV��2LGLXP�KHYHDH�GDQ�&RU\QHVSRUD�FDVVLLFROD��3HQJJXQDDQ�NORQ�
UHVLVWHQ�PHUXSDNDQ�PHWRGH� SHQJHQGDOLDQ� \DQJ� HIHNWLI� GDQ� HILVLHQ� NDUHQD� NHPDPSXDQ�
WDQDPDQ�PHQJKDPEDW�DWDX�PHQDKDQ�JDQJJXDQ�SHQ\DNLW�WDQSD�PHQJJXQDNDQ�IXQJLVLGD��
5HQGDKQ\D� NHUXVDNDQ� WDQDPDQ� SDGD� NORQ� UHVLVWHQ� DGDODK� VHEDJDL� DNLEDW� SHQXUXQDQ�
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SRSXODVL�DZDO�SDWRJHQ�GDQ�ODMX�LQIHNVL�SDWRJHQ��3HQHOLWLDQ�GLODNXNDQ�GL�NHEXQ�6XQJHL�%DOHK��
37��%DNULH�6XPDWHUD�3ODQWDWLRQ��'HOL�6HUGDQJ��6XPDWHUD�8WDUD��PHQJJXQDNDQ�5DQFDQJDQ�
$FDN�.HORPSRN�GHQJDQ�WLJD�XODQJDQ�GDQ�GXD�EHODV�SHUODNXDQ�WHUGLUL�GDUL�,55������,55������
,55������,55������,55������,55������,55������,55������,55������,55������,55�����GDQ�55,&�
����VHEDJDL�SHPEDQGLQJ��NRQWURO���3HQJDPDWDQ�LQWHQVLWDV�VHUDQJDQ�SHQ\DNLW�JXJXU�GDXQ�GL�
ODSDQJDQ� �GLODNXNDQ�GHQJDQ�PHQHQWXNDQ�VHFDUD�DFDN����SRKRQ�FRQWRK�NORQ�GDQ�GDUL�
VHWLDS�SRKRQ�GLDPELO����WDQJNDL�GDXQ�DWDX����KHODL�GDXQ�GDUL�GXD�VLVL�\DQJ�EHUODZDQDQ�
GLDQWDUD�JDZDQJDQ�WDQDPDQ��7XMXDQ�SHQHOLWLDQ�DGDODK�XQWXN�PHQJHWDKXL�UHVLVWHQVL�NORQ�
,55�VHUL����� WHUKDGDS� WLJD�SDWRJHQ�XWDPD�SHQ\DNLW� JXJXU�SDGD�EHUEDJDL� WLQJNDW�XPXU�
WDQDPDQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�LQWHQVLWDV�VHUDQJDQ�&��JORHVSRULRLGHV��2��KHYHDH�
GDQ�&�� FDVVLLFROD�EHUEHGD�Q\DWD�GLDQWDUD�NORQ�NDUHW� ,55�VHUL�����\DQJ�GLXML�� ,QWHQVLWDV�
VHUDQJDQ�&��JORHVSRULRLGHV�EHUNLVDU�DQWDUD��������������VHKLQJJD�VHPXD��NORQ�\DQJ�GLXML�
WHUPDVXN� GDODP� NDWHJRUL� DJDN� UHVLVWHQ�� ,QWHQVLWDV� VHUDQJDQ� 2�� KHYHDH� DQWDUD� ������
���������NORQ�,55������,55�����GDQ�,55�����WHUJRORQJ�UHVLVWHQ�VHGDQJNDQ�NORQ�ODLQQ\D�DJDN�
UHVLVWHQ��,QWHQVLWDV�VHUDQJDQ�&��FDVVLLFROD�EHUNLVDU� ��������������NORQ�,55������,55������
,55� ����� ,55� ����� ,55� ����� ,55� ����� ,55� ����� ,55� ����� ,55� ���� WHUJRORQJ� UHVLVWHQ� �
VHGDQJNDQ�,55������PRGHUDW�GDQ�,55������UHQWDQ��'DUL�VHOXUXK�NORQ�,55�VHUL�����\DQJ�GLXML��
,55�����GDQ�,55�����PHPLOLNL�NHWDKDQDQ�\DQJ�EDLN�WHUKDGDS�NHWLJD�SDWRJHQ�SHQ\HEDE�
SHQ\DNLW�JXJXU�GDXQ�SDGD�NDUHW�GHQJDQ�WLQJNDW�UHVLVWHQVL�WHUJRORQJ�DJDN�UHVLVWHQ�WHUKDGDS�
&��JORHVSRULRLGHV��GDQ��UHVLVWHQ�WHUKDGDS�2��+HYHDH�GDQ�&��FDVVLLFROD��

.DWD�NXQFL����+HYHD�EUDVLOOLHQVLV��SHQ\DNLW�JXJXU�GDXQ��NHWDKDQDQ�ODSDQJ��NORQ�,55�VHUL������
&��JORHRVSRULRLGHV��2��KHYHDH��&��FDVVLLFROD

��&LFL�,QGULDQL�'DOLPXQWKH��=DLGD�)DLUX]DK��GDQ�$LGL�'DVOLQ�

3HUHPDMDDQ�2SWLPDO�7DQDPDQ�.DUHW�GL�37�3HUNHEXQDQ�1XVDQWDUD�,;��$QDOLVLV�6LPXODVL�
SDGD�.HEXQ�*HWDV�

:LG\DVDUL��7���%DODL�3HQHOLWLDQ�*HWDV��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

3HUHPDMDDQ� WDQDPDQ� NDUHW� XPXPQ\D� GLODNXNDQ� VHEHOXP� PHQFDSDL� ��� WDKXQ� NDUHQD�
SHUWLPEDQJDQ�WHNQLV�\DQJ�WLGDN�VHVXDL��GDQ�EHOXP�GLOHQJNDSL�DQDOLVLV�ILQDQVLDO�\DQJ�WHSDW��
3HQHOLWLDQ�EHUWXMXDQ�XQWXN�PHPSHUROHK�VDDW�GDQ�SROD�SHUHPDMDDQ�RSWLPDO�WDQDPDQ�NDUHW�
VHUWD� PHOLKDW� UHVSRQQ\D� WHUKDGDS� SHUXEDKDQ� NHQDLNDQ� ELD\D� GDQ� SHQXUXQDQ� KDUJD��
3HQJDPELODQ� VDPSHO� GLODNXNDQ� VHFDUD� SXUSRVLYH�� GLODNXNDQ� GL� .HEXQ� *HWDV�� 37��
3HUNHEXQDQ� 1XVDQWDUD� ,;�� .DEXSDWHQ� 6HPDUDQJ�� -DZD� 7HQJDK� GHQJDQ�PHQJJXQDNDQ��
NRQVHS�PDNVLPDOLVDVL� NHXQWXQJDQ�� +DVLO� SHQHOLWLDQ�PHQXQMXNNDQ� EDKZD� VDDW� RSWLPDO�
SHUHPDMDDQ� WDQDPDQ� NDUHW� DGDODK� VDDW� XPXU� ��� WDKXQ�� GDQ� SROD� RSWLPDO� SHUHPDMDDQ�
DGDODK����GDUL�OXDVDQ�NHEXQ�NDUHW��6DDW�RSWLPDO�GDQ�SROD�RSWLPDO�SHUHPDMDDQ�MXJD�WHWDS��
VDDW� GLODNXNDQ� SHUXEDKDQ� NHQDLNDQ� ELD\D� ������GDQ� SHQXUXQDQ� KDUJD� ������ VHFDUD�
VLPXOWDQ��0HVNLSXQ�VDDW�GDQ�SROD�SHUHPDMDDQ�RSWLPDOQ\D�WHUMDGL�SDGD�VDDW�\DQJ�VDPD��
QDPXQ�PHPLOLNL� SHUEHGDDQ� QLODL� 015� GDQ� $15� \DQJ� VHPDNLQ� UHQGDK� VHLULQJ� GHQJDQ�
WXUXQQ\D�KDUJD�GDQ�QDLNQ\D�ELD\D��3HUXVDKDDQ�VHEDLNQ\D�PHODNXNDQ�SHUHPDMDDQ�GL�VDDW�
RSWLPDO�� MLND� PHODNXNDQ� SHUHPDMDDQ� VHEHOXP� VDDW� RSWLPDO� PDND� EHOXP� PHQFDSDL�
NHXQWXQJDQ� UDWD�UDWD� WDKXQDQ� \DQJ� PDNVLPXP�� 1DPXQ� NRQGLVL� WHUVHEXW�� WHUJDQWXQJ�
SURGXNWLYLWDV� WDQDPDQ� NDUHW�� KDUJD� MXDO� NDUHW� GDQ� ELD\DQ\D�� 3HUXVDKDDQ� VHEDLNQ\D�
PHUHPDMDNDQ�NHEXQ�NDUHW�VHVXDL�SHUWLPEDQJDQ�WHNQLV�GDQ�ILQDQVLDO��VHKLQJJD�NHEXQ�GDSDW�
EHUODQMXW�GHQJDQ�VHLPEDQJ�

.DWD�NXQFL���3HUHPDMDDQ�RSWLPDO��WDQDPDQ�NDUHW��PDNVLPDOLVDVL�NHXQWXQJDQ

��7LWLN�:LG\DVDUL��6ODPHW�+DUWRQR��GDQ�,UKDP�
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3HQJDZHWDQ�.D\X�.DUHW�0HQJJXQDNDQ�%DKDQ�2UJDQLN�GHQJDQ�7HNQLN�3HUHQGDPDQ�3DQDV

9DFKOHSL��$���%DODL�3HQHOLWLDQ�6HPEDZD��3XVDW�3HQHOLWLDQ�.DUHW��

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

.HEXWXKDQ�ND\X�WHUXV�PHQJDODPL�SHQLQJNDWDQ��6HPHQWDUD�LWX��NHWHUVHGLDDQ�ND\X�KXWDQ�
VHPDNLQ�EHUNXUDQJ�GDQ�WHUEDWDV��.D\X�NDUHW�GDSDW�PHQMDGL�VDODK�VDWX�DOWHUQDWLI�SHQJJDQWL�
ND\X� DODP�� 8QWXN�PHQLQJNDWNDQ� NHWDKDQDQ� ND\X� NDUHW� GDUL� RUJDQLVPH� SHUXVDN� ND\X�
VHSHUWL�VHUDQJJD�GDQ�MDPXU��SHUOX�GLODNXNDQ�SHQFHJDKDQ�GDQ�SHQJDZHWDQ��3HQJJXQDDQ�
SHQJDZHW�NLPLD�GLGXJD�PHPSXQ\DL�GDPSDN�QHJDWLI�WHUKDGDS�OLQJNXQJDQ��2OHK�NDUHQD�LWX�
SHUOX�DOWHUQDWLI�SHQJDZHW�RUJDQLN�\DQJ�OHELK�UDPDK�OLQJNXQJDQ��$SOLNDVL�EDKDQ�SHQJDZHW�
SDGD�ND\X�NDUHW�DODP�GDSDW�PHQJJXQDNDQ�WHNQLN�SHUHQGDPDQ�SDQDV��)DNWRU�SHUODNXDQ�
WHUGLUL�DWDV�MHQLV�EDKDQ�SHQJDZHW�GDQ�ODPD�SHUHQGDPDQ��%DKDQ�SHQJDZHW�\DQJ�GLJXQDNDQ�
EHUXSD�DVDS�FDLU�����HNVWUDN�NXQ\LW�����IRUPDOLQ����GDQ�ERUDNV�����6HGDQJNDQ�ZDNWX�
SHUHQGDPDQ�ND\X�NDUHW�WHUGLUL�GDUL����NRQWURO���������GDQ���MDP��3DUDPHWHU�\DQJ�GLDPDWL�\DLWX�
UHWHQVL� EDKDQ� SHQJDZHW�� SHQ\XVXWDQ� EHUDW�� ZDUQD� GDQ� GHUDMDW� SURWHNVL� WHUKDGDS�
NHUXVDNDQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�SHQJJXQDDQ�DVDS�FDLU� VHEDJDL�EDKDQ�
SHQJDZHW�ND\X�NDUHW�OHELK�EDLN�GLEDQGLQJNDQ�HNVWUDN�NXQ\LW��5HWHQVL�GDQ�GHUDMDW�SURWHNVL�
DVDS�FDLU�VHEDJDL�EDKDQ�SHQJDZHW�WLGDN�EHUEHGD�GLEDQGLQJNDQ�GHQJDQ�EDKDQ�SHQJDZHW�
NLPLD��ERUDNV�GDQ�IRUPDOLQ��3HQJJXQDDQ�DVDS�FDLU�KDQ\D�DNDQ�PHPSHQJDUXKL�ZDUQD�ND\X�
NDUHW�PHQMDGL�FRNHODW�PXGD�VHWHODK�SHUHQGDPDQ��:DUQD�LQL�DNDQ�EHUXEDK�VHODPD�SURVHV�
SHQ\LPSDQDQ�PHQMDGL�FRNHODW�VDQJDW�SXFDW��$SOLNDVL� WHUEDLN�EDKDQ�SHQJDZHW�DVDS�FDLU�
DGDODK�SHUHQGDPDQ�VHODPD���MDP�

.DWD�NXQFL���%DKDQ�RUJDQLN��ND\X�NDUHW��SHQJDZHW

�$IUL]DO�9DFKOHSL��'LGLQ�6XZDUGLQ��GDQ�6KHUO\�+DQLIDULDQW\�

6LIDW�0HNDQLN�9XONDQLVDW�&DPSXUDQ�.DUHW�$ODP�.DUHW�3ROLEXWDGLHQ�GHQJDQ�%DKDQ�3HQJLVL�
2UJDQREHQWRQLW�7HUHNVSDQVL

)DWKXUURKPDQ��0��,���3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

.RPSRVLW�FDPSXUDQ�NDUHW�DODP��15��GDQ�NDUHW�SROLEXWDGLHQ��%5��GHQJDQ�EDKDQ�SHQJLVL�
RUJDQREHQWRQLW� WHUHNVSDQVL� GLEXDW� GHQJDQ� FDUD� SHOHOHKDQ� NRPSRQ� GL� GDODP� RSHQ� PLOO��
.DUDNWHULVWLN�SHPDWDQJDQ�GDQ�VLIDW�PHNDQLN�YXONDQLVDW�FDPSXUDQ�15�%5�GHQJDQ�EDKDQ�
SHQJLVL�RUJDQREHQWRQLW�WHUHNVSDQVL��2%7��GLEDQGLQJNDQ�GHQJDQ�YXONDQLVDW�FDPSXUDQ�15�
%5���������GHQJDQ�EDKDQ�SHQJLVL�FDUERQ�EODFN��&%��GDQ�VLOLND��6L��GDODP�MXPODK�\DQJ�VDPD��
2UJDQREHQWRQLW� WHUHNVSDQVL� GLKDVLONDQ� GDUL� LQWHUNDODVL� DVDP� VWHDUDW� NH� GDODP�
RUJDQREHQWRQLW�VHKLQJJD�GLGDSDWNDQ�RUJDQREHQWRQLW�GHQJDQ�EDVDO�VSDVL�\DQJ�FXNXS�EHVDU�
DJDU�NDUHW�PXGDK�PDVXN�NH�GDODP�JDOHUL�RUJDQREHQWRQLW��+DVLO�PHQXQMXNNDQ�EDKZD�WRUVL�
PDNVLPXP� GDUL� NRPSRQ� FDPSXUDQ� 15�%5� GHQJDQ� EDKDQ� SHQJLVL� 2%7� OHELK� NHFLO� ELOD�
GLEDQGLQJNDQ�GHQJDQ�NRPSRQ�FDPSXUDQ�15�%5�GHQJDQ�EDKDQ�SHQJLVL�&%�GDQ�6L��1DPXQ��
6��W �GDQ�WV �UHODWLI�VDPD��6LIDW�PHNDQLN�GDUL�YXONDQLVDW�FDPSXUDQ�15�%5�GHQJDQ�EDKDQ��� �

SHQJLVL�2%7�OHELK�EDLN�GLEDQGLQJNDQ�GHQJDQ�YXONDQLVDW�FDPSXUDQ�15�%5�GHQJDQ�EDKDQ�
SHQJLVL�&%��.XDW�WDULN��SHUSDQMDQJDQ�SXWXV��NHNXDWDQ�VREHN��GDQ�NHWDKDQDQ�NLNLV�GDUL�
YXONDQLVDW� FDPSXUDQ�15�%5�GHQJDQ�EDKDQ�SHQJLVL�2%7�PDVLQJ�PDVLQJ� VHEHVDU� ������

� �
03D�������������1�PP ��GDQ��������PP ����P���%HUGDVDUNDQ�KDVLO�VLIDW�PHNDQLN��PDND�
GDSDW� GLVLPSXONDQ� EDKZD� RUJDQREHQWRQLW� WHUHNVSDQVL� GDSDW� GLJXQDNDQ� VHEDJDL� EDKDQ�
SHQJLVL�\DQJ�EHUVLIDW�PHQJXDWNDQ�SDGD�YXONDQLVDW�FDPSXUDQ�15�%5��

.DWD�NXQFL��6LIDW�PHNDQLN��FDPSXUDQ�15�%5��RUJDQREHQWRQLW�WHUHNVSDQVL

��0��,UIDQ�)DWKXUURKPDQ�GDQ�$ULHI�5DPDGKDQ�
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.DUDNWHULVWLN� GDQ� +DVLO� 8ML� 0DUVKDOO� $VSDO� 7HUPRGLILNDVL� GHQJDQ� .DUHW� $ODP�
7HUGHSROLPHULVDVL�6HEDJDL�$GLWLI

3UDVWDQWR��+���3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����

$VSDO�WHUPRGLILNDVL�SROLPHU�PHUXSDNDQ�VDODK�VDWX�MHQLV�IRUPXOD�DVSDO�GHQJDQ�SHQDPEDKDQ�
SROLPHU� XQWXN�PHQGDSDWNDQ� VLIDW� SHUNHUDVDQ� MDODQ� \DQJ� OHELK� EDLN�� \DLWX�PHQJXUDQJL�
GHIRUPDVL�SDGD�SHUNHUDVDQ��PHQLQJNDWNDQ�NHWDKDQDQ�WHUKDGDS�UHWDN�GDQ�NHOHNDWDQ�SDGD�
DJUHJDW�� 3HQHOLWLDQ� LQL� WHODK� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ� NDUHW� DODP� 6,5� ���
WHUGHSROLPHULVDVL�VHEDJDL�DGLWLI�SDGD�DVSDO�GHQJDQ�NRQVHQWUDVL���������GDQ����E�E��'DUL�
KDVLO� SHQJXMLDQ� SHQHWUDVL�� WLWLN� OHPEHN�� WLWLN� Q\DOD�� GDQ� �� NHKLODQJDQ� EHUDW� VHWHODK�
SHPDQDVDQ�GLGDSDWNDQ�NRQVHQWUDVL�WHUEDLN��\DLWX�����'DWD�KDVLO�XML�0DUVKDOO�\DQJ�WHUGLUL�
GDUL� VWDELOLWDV�� SHOHOHKDQ�� VWDELOLWDV� VLVD� VHWHODK� SHUHQGDPDQ�� GDQ� KDVLO� EDJL� 0DUVKDOO�
EHUWXUXW�WXUXW�DGDODK���������NJ�������PP����������GDQ��������NJ�PP��1LODL�WHUVHEXW�
WHODK�PHPHQXKL�SHUV\DUDWDQ�61,�XQWXN�DVSDO�SROLPHU��61,�������������GDQ�PHPLOLNL�VLIDW�
\DQJ�OHELK�EDLN�GDULSDGD�DVSDO�WDQSD�SHQDPEDKDQ�DGLWLI��NRQWURO���

.DWD� NXQFL� �� $VSDO�� DGLWLI� DVSDO�� NDUHW� DODP�� GHSROLPHULVDVL��PRGLILNDVL� NDUHW� DODP�� XML�
0DUVKDOO

�+HQU\�3UDVWDQWR��$GL�&LIULDGL��GDQ�$ULHI�5DPDGKDQ�

6LQWHVLV�$VDP�'LPHU�GDUL�0LQ\DN�%XQJD�0DWDKDUL�GHQJDQ�5HDNVL�'LHOV�$OGHU�XQWXN�
0HQJKDVLONDQ�%DKDQ�%DNX�6HOI�+HDOLQJ�5XEEHU

3XUED\D��0���%DODL�3HQHOLWLDQ�6HPEDZD��3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²����
6LQWHVLV�DVDP�GLPHU�\DQJ�EHUVXPEHU�GDUL�PLQ\DN�EXQJD�PDWDKDUL�WHODK�GLODNXNDQ�GHQJDQ�
PHQJJXQDNDQ�UHDNVL�'LHOV�$OGHU��5HDNVL�LQL�GLODNXNDQ�GHQJDQ�PHUHDNVLNDQ�DVDP��OLQROHDW�
\DQJ� WHUNDQGXQJ� GL� GDODP�PLQ\DN� EXQJD�PDWDKDUL� GHQJDQ� DVDP� DNULODW�� +DVLO� UHDNVL�
GLKDUDSNDQ� GDSDW� GLJXQDNDQ� XQWXN� VLQWHVLV� VHOI� KHDOLQJ� UXEEHU�� .DUHW� LQL� PHPLOLNL�
NHPDPSXDQ� XQWXN� GDSDW� WHUVDPEXQJ� NHPEDOL� VHWHODK� GLSXWXVNDQ� PHQMDGL� EHEHUDSD�
EDJLDQ�� 5HDNVL� 'LHOV�$OGHU� GLNRQILUPDVL� GHQJDQ� PHODNXNDQ� DQDOLVLV� QXFOHDU� PDJQHWLF�
UHVRQDQFH��105��GDQ�LQIUD�PHUDK�VSHNWURVNRSL��+DVLO�UHDNVL�PHQXQMXNNDQ�EDKZD�LNDWDQ�
UDQJNDS�NDUERQ�GL�GDODP�DVDP�OLQROHDW�EHUHDNVL�GHQJDQ�DVDP�DNULODW�XQWXN�PHQJKDVLONDQ�
DVDP�GLPHU��5HDNVL�LQL�GLNRQILUPDVL�GHQJDQ�PXQFXOQ\D�VHEXDK�SXQFDN�LQIUD�PHUDK�\DQJ�

��
FXNXS�OXDV�SDGD�NLVDUDQ������²������FP �� �3XQFDN�LQL�PHZDNLOL� LNDWDQ�KLGURJHQ�\DQJ�
WHUEHQWXN�GDODP�DVDP�GLPHU��+DVLO�DQDOLVLV�NDUERQ�105�MXJD�PHQXQMXNNDQ�SHPEHQWXNDQ�
DVDP�GLPHU�SDGD�SXQFDN�������SSP��3XQFDN�105�LQL�PHZDNLOL�NDUERQ�\DQJ�EHUDGD�GL�
GDODP�JXJXV�IXQJVLRQDO�DVDP�NDUERNVLODW����&22+��

.DWD�NXQFL��0LQ\DN�EXQJD�PDWDKDUL��DVDP�GLPHU��VHOI�KHDOLQJ�UXEEHU��105��LQIUD�PHUDK

�0LOL�3XUED\D��+XVVLQ�0RK�1RU��GDQ�'LGLQ�6XZDUGLQ��

8ML�&RED�3HPEXDWDQ�3HOXQDN�.DUHW�$ODPL�%HUEDVLV�0LQ\DN�-DUDN�3DJDU�(SRNVL

.LQDVLK��1��$���3XVDW�3HQHOLWLDQ�.DUHW�

-XUQDO�3HQHOLWLDQ�.DUHW�����������������²�����

+DVLO�SHQHOLWLDQ�SHQGDKXOXDQ�GLNHWDKXL�EDKZD�SHQJJXQDDDQ�PLQ\DN�MDUDN�SDJDU�HSRNVL�
PHPLOLNL�NRPSDWLELOLWDV�\DQJ�EDLN�GHQJDQ�YXONDQLVDW�NDUHW�1%5�GDQ�PDPSX�PHQJJDQWLNDQ�



-XUQDO�3HQHOLWLDQ�.DUHW

.DWD�NDWD�EHUVXPEHU�GDUL�DUWLNHO���/HPEDU�DEVWUDN�LQL�EROHK�GLNRSL�WDQSD�LMLQ�GDQ�ELD\D
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SHOXQDN�GLRNWLO�IODODW��'23���.RPSDWLELOLWDV�\DQJ�EDLN��VHUWD�EHVDUQ\D�SHOXDQJ�SDVDU�PLQ\DN�
QDEDWL�HSRNVL�\DQJ�PHQFDSDL����ULEX�WRQ�SHU�WDKXQ�PDND�SHUOX�GLODNXNDQ�XSD\D�XQWXN�
PHPSURGXNVL�PLQ\DN�MDUDN�SDJDU�HSRNVL�GDODP�VNDOD�OHELK�EHVDU��3DGD�SHQHOLWLDQ�LQL�DNDQ�
GLJXQDNDQ� KDVLO� SHUFREDDQ� ODERUDWRULXP� VHEDJDL� DFXDQ� SHQLQJNDWDQ� VNDOD� SURGXNVL�
PLQ\DN�MDUDN�SDJDU�HSRNVL��3URVHV�SURGXNVL�SHQLQJNDWDQ�VNDOD�GLODNXNDQ�GHQJDQ�VLVWHP�
EDWFK��3HQHOLWLDQ�LQL�PHQGHVNULSVLNDQ�PHQJHQDL�NRQGLVL�GDQ�NDUDNWHULVWLN�SURGXNVL�WDKDS�
SHQLQJNDWDQ�VNDOD��UHQGHPHQ�SURGXNVL���NXDOLWDV�SURGXN�\DQJ�GLKDVLONDQ�VHUWD�VWDELOLWDV�
NXDOLWDV�SURGXN�VHODPD�PDVD�SHQ\LPSDQDQ���EXODQ�GL� VXKX�UXDQJ��3HQLQJNDWDQ�VNDOD�
PHQJKDVLONDQ�UHQGHPHQ�PLQ\DN�MDUDN�SDJDU�HSRNVL�PXUQL�VHEHVDU��������GDQ�QLODL�RNVLUDQ�
VHEHVDU��������.HVWDELODQ�PXWX�SURGXN�HSRNVL�VHODPD���EXODQ�SHQ\LPSDQDQ�FHQGHUXQJ�
WLGDN�VWDELO��+DVLO�DQDOLVD�VWDWLVWLN�PHQXQMXNNDQ�EDKZD�SURVHV�SURGXNVL�VLVWHP�EDWFK�GDQ�
SHQ\LPSDQDQ�VHODPD���EXODQ�EHUSHQJDUXK�VLJQLILNDQ�WHUKDGDS�PXWX�SURGXN�HSRNVL����

.DWD�NXQFL��3HOXQDN��PLQ\DN�MDUDN�SDJDU�HSRNVL��ODERUDWRULXP��SHQLQJNDWDQ�VNDOD

��1RUPD�$ULVDQWL�.LQDVLK�GDQ�$GL�&LIULDGL�
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,661��������������;

3HUIRUPDQFH�DQG�5XEEHU�<LHOG�3RWHQWLDO�RI�6RPH�*HQRW\SHV�&RPLQJ�IURP�&URVVLQJ�$PRQJ�
)DU�*HQHWLF�5HODWLRQVKLS�3DUHQWDO�&ORQHV

6D\XUDQGL���6XQJHL�3XWLK�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK����������������²����

5XEEHU�SODQW�EUHHGLQJ�DQG�VHOHFWLRQ�SURJUHVV�GHSHQGV�YHU\�PXFK�RQ�SRWHQF\�DQG�VRXUFH�RI�
JHQHWLF�YDULDELOLW\��*HQHWLF�YDULDELOLW\�FDQ�EH�REWDLQHG�IURP�FURVVLQJ�DFWLYLW\�DPRQJ�SDUHQWDO�
FORQHV�ZKLFK�KDYH�IDU�JHQHWLF�UHODWLRQVKLS��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�
SHUIRUPDQFH�RI�SODQW�JURZWK�DQG�GU\�UXEEHU�\LHOG�SRWHQWLDO�RI�UXEEHU�JHQRW\SHV�FRPLQJ�IURP�
FURVVLQJ�UHVXOW�RI�UXEEHU�SDUHQWDO�FORQHV�ZKLFK�KDYH�ORQJ�JHQHWLF�UHODWLRQVKLS�LQ�VHHGOLQJ�
HYDOXDWLRQ�WULDO��$�WRWDO�RI����JHQRW\SHV�FURVVLQJ�UHVXOW�ZHUH�XVHG�LQ�WKLV�UHVHDUFK�� �55,0�
�����,$1������,55������3%������55,,������30�����,55������DQG�,55�����FORQHV�ZHUH�XVHG�DV�
IHPDOH�SDUHQWDO�FORQHV�GHULYHG�IURP�:LFNKDP
V�SRSXODWLRQ��ZKLOH� �31�������31�������31�
������31�������31�������31�������31������DQG�31������FORQHV�ZHUH�XVHG�DV�PDOH�SDUHQWDO�
FORQHV�GHULYHG�IURP�,55'%�H[SHGLWLRQ�LQ�������7KH�)��JHQRW\SHV�SRSXODWLRQ�ZHUH�SODQWHG�DW�
6XQJHL�3XWLK�5HVHDUFK�&HQWUH�([SHULPHQWDO�*DUGHQ��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�
LQ� ������ZLWK� �SODQWLQJ�GLVWDQFH���[���P��7KH�HYDOXDWLRQ�ZDV�GRQH�RQ�SODQW�JURZWK��EDUN�
DQDWRP\��DQG�GU\�UXEEHU�\LHOG�SRWHQWLDO��$QDO\VLV�UHVXOW�VKRZHG�WKDW�WKH�YDULDWLRQ�ZDV�
VLJQLILFDQW�IRU�ILYH�YDULDEOHV�REVHUYHG��ZLWK�FRHIILFLHQW�RI�YDULDQFH�RI�GU\�UXEEHU�\LHOG���������
JLUWK���������EDUNWKLFNQHVV���������QXPEHU�RI�ODWH[�YHVVHO�ULQJV���������DQG�GLDPHWHU�RI�
ODWH[�YHVVHO�FHOOV���������7KH�JHQRW\SH�*���DQG�*�����ZHUH�WKH�SODQWV�ZKLFK�KDG�KLJKHU�
GU\�UXEEHU�\LHOG�SRWHQWLDO�WKDQ�RWKHU�JHQRW\SHV�ZKLFK�ZHUH�������J�W�W�DQG�������J�W�W�
UHVSHFWLYHO\��7KH�WZR�JHQRW\SHV�DOVR�KDG�YLJRXURXV�SODQW�JURZWK�ZKHUH�WKHLU��JLUWK�VL]H�ZHUH�
���FP�DQG������FP�DW�WHQ�\HDUV�ROG��UHVSHFWLYHO\�

.H\ZRUGV��+HYHD� EUDVLOOLHQVLV�� IDU� JHQHWLF� UHODWLRQVKLS�� JHQHWLF� YDULDELOLW\�� JURZWK�� GU\�
UXEEHU�\LHOG

��6D\XUDQGL�DQG�6HNDU�:RHODQ�

7KH�$GDSWDWLRQ�7HVW�RI�,55�����6HULHV�5XEEHU�3URPLVLQJ�&ORQHV�RQ�,PPDWXUH�3HULRG�LQ�
:HW�&OLPDWH�$UHD��$HN�7DUXP�3ODQWDWLRQ�²�$VDKDQ�'LVWULFW�

6D\XUDQGL���6XQJHL�3XWLK�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

,Q�UXEEHU�SODQW��WKH��FRQGLWLRQ�RI�UDLQIDOO� �DQG�WKH�QXPEHU�RI�UDLQGD\V�FRQGLWLRQ��FRXOG�EH�
RQH�RI�WKH�OLPLWLQJ�IDFWRUV�RI�RSWLPXP�UXEEHU�SODQW�JURZWK��,Q�JHQHUDO��WKH�UXEEHU�SODQW�FDQ�
JURZ�DQG�SURGXFH�RSWLPXP�ZLWK�UDLQIDOO�FRQGLWLRQV�UDQJLQJ�IURP�������������PP�\U�DQG�
QXPEHU�RI�UDLQGD\V�UDQJHV�IURP����������GD\V�\U��7KXV��WKH�VHOHFWLRQ�RI�VXSHULRU�FORQHV�
ZKLFK�FDQ�DGDSW�WR�HQYLURQPHQWDO�VWUHVV�FRQGLWLRQ�LV�YHU\�LPSRUWDQW��7KH�REMHFWLYH�RI�WKLV�
UHVHDUFK��ZDV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI��VXSHULRU�SURPLVLQJ�FORQHV�RI�,55�����VHULHV�LQ�
ZHW�FOLPDWH�DUHD��$GDSWDWLRQ�WHVW�RI�,55�����VHULHV�FORQHV�DQG�FRPSDULQJ��3%�����FORQH�ZHUH�
FRQGXFWHG�DW�$HN�7DUXP�(VWDWH��$VDKDQ�'LVWULFW�LQ�������7KH�UDLQIDOO�DYHUDJH�IRU�HLJKW�\HDUV�
LQ�WKLV�UHVHDUFK�DUHD�ZDV������PP�\U�DQG�DYHUDJH�UDLQGD\V��ZDV�����GD\V�\U��7KH�QXPEHU�
RI� UDLQIDOO� DQG� UDLQGD\V� LQ� WKLV� UHVHDUFK� ZHUH� FDWHJRUL]HG� DV� KLJK�� VR� WKLV� FRQGLWLRQ�
LQIOXHQFHG�JURZWK�DQG�UXEEHU�SURGXFWLYLW\�OHVV�WKDQ�RSWLPXP��7KH�REVHUYDWLRQ� �RQ�JLUWK�
JURZWK�FKDUDFWHU�ZDV�GRQH�DW�DJH���²���\HDUV��%DUNWKLFNQHVV�DQG�EDUN�DQDWRP\�FKDUDFWHUV�
ZHUH� REVHUYHG� DW� DJH� �� \HDUV�� 7KH� DWWDFN� LQWHQVLW\� RI� 2LGLXP� &ROOHWRWULFKXP�� DQG�
&RU\QHVSRUD�OHDI�IDOO�GLVHDVHV�REVHUYHG�DW���DQG���\HDUV��7KH�UHVHDUFK�UHVXOWV�VKRZHG�WKDW��
,55������,55������,55������,55������DQG�,55�����FORQHV�KDG�JURZWK�YLJRURXVO\��,55������
,55������DQG�,55�����FORQHV�KDG�KLJKHVW�EDUNWKLFNQHVV��DQG�,55�����DQG�����FORQHV�KDG�
JRRG�EDUN�DQDWRP\��$OO� FORQHV� RI� ,55����� VHULHV� FODVVLILHG� IURP�PRGHUDWO\� UHVLVWDQW� WR�

9RO������1R�����-XQH�����
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UHVLVWDQW�WR�&ROOHWRWULFKXP��2LGLXP��DQG�&RU\QHVSRUD�OHDI�IDOO�GLVHDVHV�

.H\ZRUGV�� +HYHD� EUDVLOLHQVLV�� ,55� ���� VHULHV�� DGDSWDWLRQ� WUDLO�� ZHW� FOLPDWH�� JURZWK��
VHFRQGDU\�FKDUDFWHUV

�6D\XUDQGL��,UZDQ�6XKHQGU\��GDQ�6HNDU�:RHODQ�

$GDSWDWLRQ�7HVW�RI�,55�����6HULHV�5XEEHU�&ORQHV�DW�'U\�$JURFOLPDWH�LQ��6XQJHL�%DOHK�
(VWDWH�$VDKDQ�'LVWULFW�1RUWK�6XPDWUD

$LGL�'DVOLQ���6XQJHL�3XWLK�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

%UHHGLQJ�DFWLYLWLHV�RI�UXEEHU�DW�IRXUWK�VHOHFWLRQ�JHQHUDWLRQ�������������KDG�SURGXFHG�VRPH�
VXSHULRU� FORQHV�� VRPH� RI� WKHP� ZHUH� ,55� ���� VHULHV� FORQHV�� 7KH� ZLGH� LQIRUPDWLRQ� RI� �
SHUIRUPDQFH�DUH�QHHGHG��IRU�VRPH�QHZ�VXSHULRU�FORQHV�WR�JHW�WKH�RSWLPDO�\LHOG�LQ�GHYHORSLQJ�
RI�UXEEHU�HVWDWH�DW�D�FHUWDLQ�ORFDWLRQ��7KH�DGDSWDWLRQ�WULDO�ZDV�EXLOW�LQ������DW�6XQJHL�%DOHK�
(VWDWH��37��%DNULH�6XPDWUD�3ODQWDWLRQ�WR�NQRZ�WKH�JURZWK�DQG�\LHOG�SRWHQF\�LQ�$VDKDQ�
'LVWULFW�1RUWK�6XPDWUD��7KH�PDWHULDOV�WHVWLQJ�ZHUH����FORQHV�RI�,55�����VHULHV��WKDW�ZHUH�
,55������,55������,55������,55������,55������,55������,55������,55������,55������,55������
,55�����ZLWK�D�FRQWURO��3%�����FORQH��XVLQJ�UDQGRPL]HG�EORFNV��ZLWK�WKUHH�UHSOLFDWLRQV��HDFK�
SORW�FRQVLVWV�RI�����WUHHV�����URZV�[����SODQWV�����VSDFLQJ�����[�����P��'DWD�ZHUH�FROOHFWHG�IRU�
GU\�UXEEHU�\LHOG��NJ�KD�\U��ZLWK�ô�6�G���(7�������WDSSLQJ�V\VWHP��WDSSHG�E\�KDOI�VSLUDO��
RQFH�LQ�WKUHH�GD\V��XVHG������HWHSKRQ��VWLPXODQW���JURZWK�FKDUDFWHU��REVHUYHG�ZHUH�JLUWK��
WKH�DYHUDJH�RI�JLUWK�LQFUHPHQW�HDFK�\HDU�DQG�EDUN�WKLFNQHVV�DW�����FP�DERYH�VRLO�VXUIDFH��
ZKLOH�REVHUYHG�SK\VLRORJ\�FKDUDFWHU�ZHUH�ODWH[�IORZ�UDWH�DQG�SOXJJLQJ�LQGH[��7KH�UHVXOWV�
VKRZHG�WKDW�,55�����DQG�,55�����FORQHV�KDG�WKH�KLJKHVW�GU\�UXEEHU�\LHOG��YL]�������NJ�KD�
DQG������NJ�KD�UHVSHFWLYHO\��WKH�IDVW�JURZLQJ��ZLWK�WKH�DYHUDJH�RI��JLUWK�LQFUHPHQW��EHIRUH�
WDSSLQJ�UDQJLQJ������FP�WR������FP�SHU�\HDU�DQG�DIWHU�WDSSLQJ�����FP�WR�����FP�SHU�\HDU�� �
,55�����DQG�,55�����FORQHV�KDG�D�JRRG�SRWHQWLDO�DQG�FDQ�EH�GHYHORSHG�LQ�6XQJHL�%DOHK�
(VWDWH��$VDKDQ��1RUWK�6XPDWUD�VSHFLILFDOO\�

.H\ZRUGV��+HYHD�EUDVLOLHQVLV��,55�����VHULHV�FORQHV��DGDSWDWLRQ��JURZWK��\LHOG

��$LGL�'DVOLQ�DQG�6\DULIDK�$LQL�3DVDULEX�

)LHOG�5HVLVWDQFH�RI�,55�����6HULHV�5XEEHU�&ORQHV�WR�7KUHH�0DMRU�3DWKRJHQV�RI��/HDI�)DOO�
'LVHDVHV�RQ�5XEEHU�&URS

'DOLPXQWKH��&��,���6XQJHL�3XWLK�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

7KH�PDLQ�OHDI�IDOO�GLVHDVHV�RQ�WKH�UXEEHU�HVWDWH�LQ�,QGRQHVLD�DUH�FDXVHG�E\�&ROOHWRWULFKXP�
JORHRVSRULRLGHV��2LGLXP�KHYHDH�DQG�&RU\QHVSRUD�FDVVLLFROD��8VLQJ�RI�UHVLVWDQW�FORQH�LV�DQ�
HIIHFWLYH�DQG�HIILFLHQW�PHWKRG�RI�FRQWURO�EHFDXVH�RI�WKH�DELOLW\�WR�PLQLPL]H�FURS�GDPDJH�
ZLWKRXW�XVLQJ� IXQJLFLGHV��7KH� ORZ�GDPDJH�RI� UHVLVWDQW�FORQH� LV�DV�D� UHVXOW�RI�DQ� LQLWLDO�
SRSXODWLRQ�GHFUHDVH�RI�WKH�SDWKRJHQ�DQG�WKH�UDWH�RI�SDWKRJHQ�LQIHFWLRQ��7KH�UHVHDUFK�ZDV�
FRQGXFWHG�DW�6XQJHL�%DOHK�HVWDWH�37��%DNULH�6XPDWHUD�3ODQWDWLRQ��$VDKDQ��1RUWK�6XPDWUD��
XVLQJ�D�FRPSOHWHO\�UDQGRPL]HG�EORFN�GHVLJQ�ZLWK�WKUHH�UHSOLFDWLRQV�DQG�WZHOYH�WUHDWPHQWV�
FRQVLVWLQJ�RI�,55�����VHULHV�FORQHV��,55������,55������,55������,55������,55������,55������
,55�������,55������,55������,55������,55������DQG�55,&�����DV�D�FRPSDULVRQ��FRQWURO���
2EVHUYDWLRQ�RI�DWWDFN�LQWHQVLW\�LQ�WKH�ILHOG�ZDV�GRQH�E\�GHWHUPLQLQJ�UDQGRPO\�RI����VDPSOH�
WUHHV�FORQHV�DQG�WKHQ����RU����OHDI�SHWLROHV�RI�WKH�VDPSOHV�ZHUH�WDNHQ�IURP�WZR�RSSRVLWH�
VLGHV�EHWZHHQ�SODQWLQJ�OLQHV��7KH�SXUSRVH�RI�WKH�UHVHDUFK�ZDV�WR�GHWHUPLQH�,55�����VHULHV�
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FORQH�UHVLVWDQFH�DJDLQVW�WKH�WKUHH�PDMRU�SDWKRJHQV�OHDI�IDOO�GLVHDVH�DW�WKH�GLIIHUHQW�OHYHOV�RI�
SODQW� DJHV�� 7KH� UHVHDUFK� UHVXOWV� VKRZHG� WKDW� DWWDFNV� LQWHQVLW\� RI�&�� JORHVSRULRLGHV�� 2��
KHYHDH�DQG�&��FDVVLLFROD�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�DPRQJ�WKH�,55�����VHULHV�FORQHV��7KH�
DWWDFNV�LQWHQVLW\�RI�&��JORHVSRULRLGHV�UDQJHG�IURP�������²���������VR�WKDW�DOO�FORQHV�WHVWHG�
ZHUH�FDWHJRUL]HG�DV�PRGHUDWH�UHVLVWDQFH��7KH�DWWDFN�LQWHQVLW\�RI�2��KHYHDH�ZDV�EHWZHHQ�
��������������,55������,55�����DQG�,55�����ZHUH�FODVVLILHG�UHVLVWDQW�ZKLOH�WKH�RWKHUV�ZHUH�
PRGHUDWH�UHVLVWDQW�FORQHV��7KH�DWWDFNV�LQWHQVLW\�RI�&��FDVVLLFROD�UDQJHG�IURP��������������
,55������,55������,55������,55������,55������,55������,55������,55������,55�����ZHUH�
FODVVLILHG�DV�UHVLVWDQW�FORQHV�ZKLOH�,55�����ZDV�FODVVLILHG�DV�PRGHUDWHO\�FORQH�DQG�,55�����
ZDV�VXVFHSWLEOH�FORQH��$OO�RI�WKH�WHVWHG�,55�����VHULHV�FORQHV�VKRZHG�WKDW�,55�����DQG�,55�
����KDG�JRRG�UHVLVWDQFH�WR�WKUHH�SDWKRJHQV�RI�OHDI�IDOO�GLVHDVH�ZLWK�UHVLVWDQFH�OHYHO�RI�FORQHV�
WR�&��JORHVSRULRLGHV�ZHUH�PRGHUDWHO\�UHVLVWDQFH�DQG�WR�2��KHYHDH�DQG�&��FDVVLLFROD�ZHUH�
UHVLVWDQW�

.H\ZRUGV��+HYHD�EUDVLOLHQVLV��OHDI�IDOO�GLVHDVHV��ILHOG�UHVLVWDQFH��,55�����VHULHV�FORQHV�������������������������
&���JORHRVSRULRLGHV��2��KHYHDH��&��FDVVLLFRO�

�&LFL�,QGULDQL�'DOLPXQWKH��=DLGD�)DLUX]DK��DQG�$LGL�'DVOLQ�

2SWLPXP�5HSODQWLQJ�IRU�5XEEHU�LQ�37�3HUNHEXQDQ�1XVDQWDUD�,;��6LPXODWLRQ�$QDO\VLV�DW�
*HWDV�(VWDWH�

:LG\DVDUL��7���*HWDV�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

5XEEHU� UHSODQWLQJ�XVXDOO\�ZDV� SHUIRUPHG� OHVV� WKDQ���� \HDUV� EHFDXVH� RI� LQDSSURSULDWH�
WHFKQLFDO� FRQVLGHUDWLRQ�ZLWKRXW� D� FRPSOHWHG� ILQDQFLDO� DQDO\VLV�� 7KH� UHVHDUFK� DLPHG� WR�
GHWHUPLQH� WKH� ULJKW� WLPH� DQG� UHSODQWLQJ� SDWWHUQ� DQG� DOVR� WR� DQDO\]H� WKH� VHQVLWLYLW\� WR�
FKDQJHV�LQ�FRVW�LQFUHDVHV�DQG�SULFH�GHFOLQHV��7KH�VDPSOH�ZDV�WDNHQ�E\�SXUSRVLYH��ORFDWHG�LQ�
*HWDV�(VWDWH��37�3HUNHEXQDQ�1XVDQWDUD�,;��6HPDUDQJ�UHJHQF\��&HQWUDO�-DYD��XVLQJ�SURILW�
PD[LPL]DWLRQ� FRQFHSW�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH� RSWLPXP� SHULRG� WR� UHSODQW� UXEEHU�

WK
VKRXOG�EH�DW�WKH��� �\HDU�DQG�WKH�RSWLPDO�SDWWHUQ�ZDV����RI�WKH�DUHD�RI�UXEEHU�SODQWDWLRQV��
7KH�VDPH�UHVXOWV�ZDV�DOVR�VKRZQ�ZKHQ�KDG�EHHQ�GRQH�ZLWK�������SULFH�UHGXFWLRQ�DQG���
����FRVW�LQFUHDVH�VLPXOWDQHRXVO\��$OWKRXJK�KDV�WKH�VLPLODU�UHVXOW��EXW�LW�KDG�GLIIHUHQW�YDOXH�
RI�015�DQG�$15��WKDW�015�DQG�$15�YDOXHV�ZHUH�ORZHU�GXH�WR�IDOOLQJ�SULFHV�DQG�ULVLQJ�FRVWV��
7KH�FRPSDQ\�VKRXOG�UHSODQW�UXEEHU�DW�WKH�RSWLPXP�SHULRG��RWKHUZLVH�LW�ZLOO�QRW�UHDFK�WKH�
$QWLFLSDWHG�+LJKHVW�$YHUDJH�1HW�5HYHQXH��$15���+RZHYHU��WKHVH�FRQGLWLRQV�GHSHQGHG�RQ�WKH�
SURGXFWLYLW\� RI� UXEEHU�� UXEEHU� VHOOLQJ� SULFHV� DQG� FRVWV�� &RPSDQLHV� VKRXOG� UHSODQW� WKH�
UXEEHU�SODQWDWLRQV�DFFRUGLQJ�WR�DSSURSULDWH�WHFKQLFDO�DQG�ILQDQFLDO�FRQVLGHUDWLRQV��VR�WKDW�
VXVWDLQDEOH�DQG�EDODQFHG�SODQWDWLRQ�FDQ�EH�DFKLHYHG�

.H\ZRUGV���2SWLPXP�UHSODQWLQJ��UXEEHU��SURILW�PD[LPL]DWLRQ�

��7LWLN�:LG\DVDUL��6ODPHW�+DUWRQR��DQG�,UKDP�

3UHVHUYLQJ�RI�5XEEHU�:RRG�XVLQJ�2UJDQLF�0DWHULDOV�ZLWK�+RW�6RDNLQJ�7HFKQLTXH�

9DFKOHSL��$���6HPEDZD�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

:RRG� GHPDQG� LV� FRQVWDQWO\� LQFUHDVLQJ�� 0HDQZKLOH�� WKH� DYDLODELOLW\� RI� IRUHVW� ZRRG� LV�
GHFUHDVLQJ�DQG�OLPLWHG��5XEEHU�ZRRG�FDQ�EH�DQ�DOWHUQDWLYH�WR�VXEVWLWXWH�WKH�QDWXUDO�ZRRG��
7R�LPSURYH�WKH�GXUDELOLW\�RI�UXEEHU�ZRRG�IURP�GHVWUR\LQJ�RUJDQLVPV�VXFK�DV�LQVHFWV�DQG�
IXQJXV�� WKH� SUHYHQWLRQ� DQG� SUHVHUYDWLRQ� QHHGHG� WR� EH� GRQH�� 7KH� XVH� RI� FKHPLFDO�
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SUHVHUYDWLYHV� KDV� QHJDWLYH� LPSDFW� RQ� WKH� HQYLURQPHQW�� 7KHUHIRUH�� LW� QHHGV� DOWHUQDWLYH�
RUJDQLF�SUHVHUYDWLYHV�WKDW�DUH�PRUH�HQYLURQPHQWDOO\�IULHQGO\��7KH�DSSOLFDWLRQ�RI�SUHVHYDWLYH�
RQ�UXEEHU�ZRRG�FDQ�XVH�KRW�VRDNLQJ�WHFKQLTXH��7KH�WUHDWPHQW�FRQVLVWV�RI�SUHVHUYDWLYH�W\SHV�
DQG�VRDNLQJ�WLPH��3UHVHUYDWLYH�PDWHULDOV�XVHG�ZHUH�OLTXLG�VPRNH�����WXUPHULF�H[WUDFW�����
IRUPDOGHK\GH����DQG�ERUD[�����:KLOH�VRDNLQJ�WLPH�FRQVLVWV�RI����FRQWURO���������DQG���KRXUV��
3DUDPHWHUV� REVHUYHG�QDPHO\� UHWHQWLRQ�RI� SUHVHUYDWLYHV��ZHLJKWORVV�� FRORU� DQG�GHJUHH� RI�
SURWHFWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�WKH�XVH�RI�OLTXLG�VPRNH�DV�D�SUHVHUYDWLYH�UXEEHU�ZRRG�
EHWWHU�WKDQ�WKH�WXUPHULF�H[WUDFW��5HWHQWLRQ�DQG�GHJUHH�RI�SURWHFWLRQ�RI�OLTXLG�VPRNH�DV�D�
SUHVHUYDWLYH�ZDV�QR�GLIIHUHQW�WKDQ�FKHPLFDO�SUHVHUYDWLYHV��ERUD[�DQG�IRUPDOGHK\GH��7KH�XVH�
RI�OLTXLG�VPRNH�ZRXOG�RQO\�DIIHFW�WKH�FRORU�EHFRPHV�OLJKW�EURZQ�UXEEHU�ZRRG�DIWHU�VRDNLQJ��
7KLV�FRORU�ZRXOG�FKDQJH�GXULQJ�WKH�VWRUDJH�SURFHVV�EHFRPHV�YHU\�SDOH�EURZQ��7KH�EHVW�
DSSOLFDWLRQ�RI�SUHVHUYDWLYH�OLTXLG�VPRNH�ZDV�VRDNLQJ�IRU���KRXU�

.H\ZRUGV��2UJDQLF�PDWHULDOV��UXEEHU�ZRRG��SUHVHUYDWLYH

�$IL]DO�9DFKOHSL��'LGLQ�6XZDUGLQ�DQG�6KHUO\�+DQLIDULDQW\�

0HFKDQLFDO�3URSHUWLHV�RI�1DWXUDO�5XEEHU�%XWDGLHQH�5XEEHU�%OHQG�9XOFDQL]DWHV�)LOOHG�
([SDQGHG�2UJDQREHQWRQLWH

)DWKXUURKPDQ��0��,���,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

1DWXUDO� UXEEHU� �15�� DQG� SRO\EXWDGLHQH� UXEEHU� �%5�� EOHQG� FRPSRVLWHV� ILOOHG� H[SDQGHG�
RUJDQREHQWRQLWH� ZHUH� SURGXFHG� E\� PHOWLQJ� FRPSRXQGLQJ� LQ� WKH� RSHQ� PLOO�� &XULQJ�
FKDUDFWHULVWLFV� DQG�PHFKDQLFDO� SURSHUWLHV� RI�15�%5�EOHQG� YXOFDQL]DWHV� ILOOHG� H[SDQGHG�
RUJDQREHQWRQLWH��2%7��ZHUH�FRPSDUHG�ZLWK�15�%5�EOHQG�YXOFDQL]DWHV���������ILOOHG�FDUERQ�
EODFN��&%��DQG�VLOLFD��6L��ZLWK�WKH�HTXDO�ORDGLQJ�RI�ILOOHU��([SDQGHG�RUJDQREHQWRQLWH�ZDV�
SURGXFHG� IURP� VWHDULF� DFLG� LQWHUFDODWLRQ� LQWR� RUJDQREHQWRQLWH� VR� WKDW� REWDLQHG�
RUJDQREHQWRQLWH�ZLWK�KLJK�EDVDO�VSDFLQJ�LQ�RUGHU�WR�UXEEHU�WKDW�HDVLO\�LQWHUFDODWH�LQWR�WKH�
JDOOHU\� RUJDQREHQWRQLWH�� 7KH� UHVXOWV� VKRZHG� WKDW� PD[LPXP� WRUTXH� RI� 15�%5� EOHQG�
FRPSRXQG�ILOOHG�2%7�ZDV�VPDOOHU�FRPSDUHG�ZLWK�WKH�15�%5�FRPSRXQG�ILOOHG�&%�DQG�6L��
+RZHYHU��6��W �DQG�WV ZHUH�UHODWLYHO\�VLPLODU��7KH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�15���%5�EOHQG��� ��

YXOFDQL]DWHV�ILOOHG�2%7�ZHUH�EHWWHU�WKDQ�WKH�15�%5�EOHQG�YXOFDQL]DWHV�ILOOHG�&%��7HQVLOH�
VWUHQJWK��HORQJDWLRQ�DW�EUHDN��WHDU�VWUHQJWK��DQG�DEUDVLRQ�UHVLVWDQFH�RI�WKH�15���%5�EOHQG�

� �
YXOFDQL]DWHV� ILOOHG� 2%7� ZHUH������ 03D�� ������ ����� 1�PP �� GDQ� ������� PP ���� P��
UHVSHFWLYHO\��%DVHG�RQ�WKH�UHVXOWV�RI�PHFKDQLFDO�SURSHUWLHV��LW�FRXOG�EH�FRQFOXGHG�WKDW�WKH�
H[SDQGHG� RUJDQREHQWRQLWH� FRXOG� EH� XVHG� DV� UHLQIRUFLQJ� ILOOHU� LQ� WKH� 15�%5� EOHQG�
YXOFDQL]DWHV�

.H\ZRUGV��0HFKDQLFDO�SURSHUWLHV��15�%5�EOHQG��H[SDQGHG�RUJDQREHQWRQLWH

��0��,UIDQ�)DWKXUURKPDQ�DQG�$ULHI�5DPDGKDQ�

&KDUDFWHULVWLF�DQG�0DUVKDOO�7HVWLQJ�5HVXOW�RI�0RGLILHG�$VSKDOW�ZLWK�'HSRO\PHUL]HG�
1DWXUDO�5XEEHU�DV�$GGLWLYH

3UDVWDQWR��+���,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

3RO\PHU�PRGLILHG�DVSKDOW�LV�RQH�NLQG�RI�DVSKDOW�IRUPXOD�ZLWK�WKH�SRO\PHU�DGGLWLRQ�WR�JHW�
EHWWHU�URDGSDYHPHQW�SURSHUWLHV�L�H��UHGXFH�WKH�GHIRUPDWLRQ�RI�SDYHPHQW��LPSURYH�FUDFNLQJ�
UHVLVWDQFH� DQG� WKH� WDFNLQHVV� RI� DJJUHJDWH�� 7KLV� UHVHDUFK� ZDV� FRQGXFWHG� E\� XVLQJ�
GHSRO\PHUL]HG�QDWXUDO�UXEEHU�6,5����DV�DGGLWLYH�RI�DVSKDOW�ZLWK�WKH�FRQFHQWUDWLRQ�RI�����
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����DQG����Z�Z��7HVW�UHVXOW�VKRZHG�WKDW�EDVHG�RQ�SHQHWUDWLRQ��VRIWHQLQJ�SRLQW��IODVK�SRLQW��
DQG���ORVV�RQ�KHDWLQJ��LW�ZDV�IRXQG�WKDW�WKH�EHVW�FRQFHQWUDWLRQ�ZDV�����'DWD�RI�0DUVKDOO�
WHVW�FRQVLVWHG�RI�WKH�VWDELOLW\��IORZ��LQGH[�RI�UHWDLQHG�VWUHQJWK��DQG�0DUVKDOO�4XRWLHQW�ZHUH�
��������NJ�������PP����������DQG��������NJ�PP��UHVSHFWLYHO\��7KDW�YDOXH�KDG�PHHW�ZLWK�
SRO\PHU�DVSKDOW�TXDOLW\�VWDQGDUG��61,�������������DQG�LW�ZDV�EHWWHU�SHUIRUPDQFH�FRPSDUHG�
ZLWK�DVSKDOW�ZLWKRXW�DGGLWLYH�DGGLWLRQ��FRQWURO��

.H\ZRUGV���$VSKDOW��DGGLWLYH��QDWXUDO�UXEEHU��GHSRO\PHUL]DWLRQ��PRGLILFDWLRQ��0DUVKDOO�WHVW

��+HQU\�3UDVWDQWR��$GL�&LIULDGL��DQG�$ULHI�5DPDGKDQ�

'LPHU�$FLG�6\QWKHVLV�IURP�6XQIORZHU�2LO�E\�8VLQJ�'LHOV�$OGHU�5HDFWLRQ�WR�3URGXFH�5DZ�
0DWHULDO�IRU�6HOI�+HDOLQJ�5XEEHU

3XUED\D��0���6HPEDZD�5HVHDUFK�&HQWHU��,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²����

'LPHU�DFLG�V\QWKHVLV�IURP�VXQIORZHU�RLO�ZDV�SHUIRUPHG�E\�XVLQJ�WKH�'LHOV�$OGHU�UHDFWLRQ��
7KLV�UHDFWLRQ�ZDV�FDUULHG�RXW�E\�UHDFWLQJ�OLQROHLF�DFLG�IURP�VXQIORZHU�RLO�ZLWK�DFU\OLF�DFLG��
7KH�UHVXOWLQJ�SURGXFW�ZDV�H[SHFWHG�WR�EH�XVHG�IRU�WKH�V\QWKHVLV�RI�VHOI�KHDOLQJ�UXEEHU��7KLV�
UXEEHU�KDG�DELOLW\�WR�UH�MRLQW�DIWHU�WHDULQJ�LQWR�SDUWV��7KH�'LHOV�$OGHU�UHDFWLRQ�ZDV�FRQILUPHG�
E\�QXFOHDU�PDJQHWLF�UHVRQDQFH��105��DQG�LQIUDUHG�VSHFWURVFRS\��,W�ZDV�IRXQG�WKDW�FDUERQ�
GRXEOH�ERQG�LQ�OLQROHLF�DFLG�ZDV�DWWDFKHG�E\�DFU\OLF�DFLG�WR�\LHOG�GLPHU�DFLG��7KLV�UHDFWLRQ�

��
ZDV�FRQILUPHG�E\�DSSHDULQJ�D�EURDG�SHDN�LQ�LQIUD�UHG�VSHFWUD�DW�UDQJH������²������FP ��7KLV�
SHDN�UHSUHVHQWHG�K\GURJHQ�ERQG�LQ�GLPHU�DFLG��0RUHRYHU��105�UHVXOW�DOVR�VKRZHG�WKH�GLPHU�
DFLG�IRUPLQJ�DW�SHDN�������SSP��7KLV�105�SHDN�UHSUHVHQWHG�FDUERQ�LQ�FDUER[\OLF�DFLG�
IXQFWLRQDO�JURXSV���&22+��

.H\ZRUGV��6XQIORZHU�RLO��GLPHU�DFLG��VHOI�KHDOLQJ�UXEEHU��105��LQIUDUHG

��0LOL�3XUED\D��+XVVLQ�0RK�1RU��DQG�'LGLQ�6XZDUGLQ�

0DQXIDFWXULQJ�7ULDO�RI�1DWXUDO�5XEEHU�3ODVWLFL]HU�%DVHG�RQ�(SR[LGL]HG�-DWURSKD�&XUFDV�
2LO

.LQDVLK��1��$���,QGRQHVLDQ�5XEEHU�5HVHDUFK�,QVWLWXWH�

,QGRQHVLDQ�-RXUQDO�RI�1DWXUDO�5XEEHU�5HVHDUFK�����������������²�����

3UHOLPLQDU\�LQYHVWLJDWLRQ�VKRZQ�WKDW�HSR[LGL]HG�MDWURSKD�FXUFDV�RLO�ZDV�FRPSDWLEOH�ZLWK�
1%5�YXOFDQL]DWH�DQG�DEOH�WR�UHSODFH�'LRFW\O�3KWKDODWH��'23���7KH�SURGXFWLRQ�RI�HSR[LGL]HG�
MDWURSKD�FXUFDV�RLO�KDV�WR�EH�VFDOH�XS�GHSHQG�RQ��SODVWLFL]HU�FRPSDWLELOLW\�DQG�KLJK�PDUNHW�
RSSRUWXQLW\�XS�WR����WKRXVDQG�WRQV�SHU�\HDU��7KH�SURGXFWLRQ�FRQGLWLRQ�LQ�WKLV�UHVHDUFK�ZDV�
KHOG�EDVHG�RQ�ODERUDWRU\�LQYHVWLJDWLRQ��6FDOH�XS�SURGXFWLRQ�ZDV�GRQH�E\�EDWFK�V\VWHP��7KH�
UHVHDUFK�ZDV�GHVFULEHG�DERXW�FRQGLWLRQ�DQG�FKDUDFWHULVWLF��\LHOG��RQ�VFDOH�XS�SURGXFWLRQ��
TXDOLW\� RI� HSR[LGL]HG� SURGXFW� DQG� SURGXFW� VWDELOLW\� GXULQJ� RQH�PRQWK� VWRUDJH� LQ� URRP�
WHPSHUDWXUH��7KH�VFDOH�XS�SURGXFWLRQ�ZDV�SURGXFLQJ��������RI�\LHOG�DQG�������RI�R[LUDQH�
QXPEHU��(SR[LGL]HG�SURGXFW�VKRZQ�XQVWDEOH�GXULQJ�RQH�PRQWK�VWRUDJH��6WDWLVWLFDO�DQDO\VLV�
VKRZHG�WKDW�SURGXFWLRQ�SURFHVV�E\�EDWFK�V\VWHP�DQG�RQH�PRQWK�VWRUDJH�ZDV�VLJQLILFDQWO\�
LQIOXHQFH�WR�HSR[LGL]HG�SURGXFW�TXDOLW\�

.H\ZRUGV��3ODVWLFL]HU��HSR[LGL]HG�MDWURSKD�FXUFDV�RLO��ODERUDWRU\��VFDOH�XS

�1RUPD�$ULVDQWL�.LQDVLK�DQG�$GL�&LIULDGL�
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3DJH�

.HUDJDDQ� GDQ� 3RWHQVL� +DVLO� .DUHW� GDUL� %HEHUDSD� *HQRWLSH� +DVLO�
3HUVLODQJDQ� $QWDU� 7HWXD� 7DQDPDQ� %HUNHUDEDW� -DXK� �3HUIRUPDQFH� DQG�
5XEEHU�<LHOG�3RWHQWLDO� RI�6RPH�*HQRW\SHV�&URVVLQJ� �&RPLQJ� IURP�$PRQJ�)DU�
*HQHWLF�5HODWLRQVKLS�3DUHQWDO�&ORQHV��6$<85$1',�GDQ�6HNDU�:2(/$1��������������

� �

��

��²�����

8ML� $GDSWDVL� .ORQ� .DUHW� +DUDSDQ� ,55� 6HUL� ���� 3DGD� 0DVD� 7DQDPDQ�
%HOXP� 0HQJKDVLONDQ� GL� 'DHUDK� %HULNOLP� %DVDK�� .HEXQ� $HN� 7DUXP��
.DEXSDWHQ�$VDKDQ� �7KH�$GDSWDWLRQ�7HVW�RI�,55�����6HULHV�5XEEHU�3URPLVLQJ�
&ORQHV� RQ� ,PPDWXUH� 3HULRG� LQ� :HW� &OLPDWH� $UHD�� $HN� 7DUXP� 3ODQWDWLRQ� ²�
$VDKDQ�'LVWULFW��6$<85$1',��,UZDQ�68+(1'5<��GDQ�6HNDU�:2(/$1��������������

� �

�

���²��������

8ML�$GDSWDVL�.ORQ�.DUHW�,55�6HUL�����3DGD�$JURNOLPDW�.HULQJ�GL�.HEXQ�
6XQJHL� %DOHK�.DEXSDWHQ�$VDKDQ� 6XPDWHUD� 8WDUD� �$GDSWDWLRQ� 7HVW� RI� ,55�
����6HULHV�5XEEHU�&ORQHV�DW�'U\�$JURFOLPDWH� LQ� �6XQJHL�%DOHK�(VWDWH�$VDKDQ�
'LVWULFW�1RUWK�6XPDWUD��$,',�'$6/,1�GDQ�6\DULIDK�$LQL�3$6$5,%8��������������������

� �

�

���²�����

.HWDKDQDQ� /DSDQJDQ� 7DQDPDQ�.DUHW�.ORQ� ,55�6HUL� ����7HUKDGDS�7LJD�
3DWRJHQ�3HQWLQJ�3HQ\DNLW�*XJXU�'DXQ� �)LHOG�5HVLVWDQFH�RI� ,55�����6HULHV�
5XEEHU� &ORQHV� � WR� 7KUHH� 0DMRU� 3DWKRJHQV� RI� � /HDI� )DOO� 'LVHDVHV� RQ� 5XEEHU�
&URS��&LFL�,QGULDQL�'$/,0817+(��=DLGD�)$,58=$+��GDQ�$,',�'$6/,1�������������

� �

�

���²�����

3HUHPDMDDQ� 2SWLPDO� 7DQDPDQ� .DUHW� GL� 37�� 3HUNHEXQDQ� 1XVDQWDUD� ,;�
�$QDOLVLV�6LPXODVL�3DGD�.HEXQ�*HWDV��2SWLPXP�5HSODQWLQJ�IRU�5XEEHU�LQ�37��
3HUNHEXQDQ� 1XVDQWDUD� ,;� �6LPXODWLRQ� $QDO\VLV� DW� *HWDV� (VWDWH�� 7LWLN�

:,'<$6$5,��6ODPHW�+$57212��GDQ�,5+$0������������������������������������������������������

� �

�

���²�����

3HQJDZHWDQ� .D\X� .DUHW� 0HQJJXQDNDQ� %DKDQ� 2UJDQLN� GHQJDQ� 7HNQLN�
3HUHQGDPDQ� 3DQDV� �3UHVHUYLQJ� RI� 5XEEHU�:RRG� E\� 8VLQJ� 2UJDQLF� 0DWHULDOV�
ZLWK�+RW�6RDNLQJ�7HFKQLTXH��$IUL]DO�9$&+/(3,��'LGLQ�68:$5',1��GDQ�6KHUO\�

+$1,)$5,$17<��������������������������������������������������������������������������������������������������

� �

�
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6LIDW� 0HNDQLN� 9XONDQLVDW� &DPSXUDQ� .DUHW� $ODP�.DUHW� 3ROLEXWDGLHQ�
GHQJDQ�%DKDQ�3HQJLVL�2UJDQREHQWRQLW�7HUHNVSDQVL� �0HFKDQLFDO�3URSHUWLHV�
RI� 1DWXUDO� 5XEEHU�%XWDGLHQH� 5XEEHU� %OHQG� 9XOFDQL]DWHV� )LOOHG� ([SDQGHG�
2UJDQREHQWRQLWH��0��,UIDQ�)$7+8552+0$1�GDQ�$ULHI�5$0$'+$1������������������

� �

�

���²�����

.DUDNWHULVWLN� GDQ�+DVLO� 8ML�0DUVKDOO� $VSDO� 7HUPRGLILNDVL� 'HQJDQ�.DUHW�
$ODP�7HUGHSROLPHULVDVL�6HEDJDL�$GLWLI� �&KDUDFWHULVWLF�DQG�0DUVKDOO�7HVWLQJ�
5HVXOW� RI� 0RGLILHG� $VSKDOW� ZLWK� 'HSRO\PHUL]HG� 1DWXUDO� 5XEEHU� DV� $GGLWLYH��

+HQU\�35$67$172��$GL�&,)5,$',��GDQ�$ULHI�5$0$'+$1���������������������������������

� �

�

���²�����

6LQWHVLV�$VDP�'LPHU�GDUL�0LQ\DN�%XQJD�0DWDKDUL�GHQJDQ�5HDNVL�'LHOV�
$OGHU� XQWXN�0HQJKDVLONDQ�%DKDQ�%DNX�6HOI�+HDOLQJ�5XEEHU� �'LPHU� $FLG�
6\QWKHVLV� IURP� 6XQIORZHU� 2LO� E\� 8VLQJ� 'LHOV�$OGHU� 5HDFWLRQ� WR� 3URGXFH� 5DZ�
0DWHULDO�IRU�6HOI�+HDOLQJ�5XEEHU��0LOL�385%$<$��+XVVLQ�0RK�125��GDQ�'LGLQ�
68:$5',1�������������������������������������������������������������������������������������������������������

� �

�

���²�����

8ML�&RED�3HPEXDWDQ�3HOXQDN�.DUHW�$ODPL�%HUEDVLV�0LQ\DN�-DUDN�3DJDU�
(SRNVL��0DQXIDFWXULQJ�7ULDO�RI�1DWXUDO�5XEEHU�3ODVWLFL]HU�%DVHG�RQ�(SR[LGL]HG�
-DWURSKD�&XUFDV�2LO��1RUPD�$ULVDQWL�.,1$6,+�GDQ�$GL�&,)5,$',�����������������������

� �

���²������

�


