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DODPL�NDUHQD�SRWHQVLQ\D�PHQJKDVLONDQ�VHQ\DZD�
DQWLPLNURED�� 'DUL� VSHVLHV� WHUVHEXW� PHPSXQ\DL�
NHPDPSXDQ�DQWDJRQLV�\DQJ�NXDW� WHUKDGDS�EDNWHUL�
SDWRJHQ� � �=DFKDURI�	�/RYLW� ������/HOLVH� HW�DO�
������

(IHN�SHQJDZHWDQ�ROHK�%$/�XWDPDQ\D�ROHK�
NDUHQD� DGDQ\D� SURGXNVL� DVDP� RUJDQLN� \DQJ�
PHQXUXQNDQ� S+� �'DHVFKHO� ������� 6HODLQ� LWX�
%$/� MXJD� PHPSURGXNVL� VHQ\DZD� DQWLPLNURED�
VHSHUWL� KLGURJHQ� SHURNVLGD�� &2��� GLDVHWLO��
DVHWDOGHKLG�� UHXWHULQ�� EDNWHULRVLQ� GDQ� ODLQQ\D�
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%DNWHUL� DVDP� ODNWDW� �%$/�� XPXPQ\D� GLNHQDO�
VHEDJDL�RUJDQLVPH�\DQJ�DPDQ��PLNURED�*5$6��
*HQHUDOO\� 5HFRJQL]HG� DV� 6DIH��� EHUSHUDQ� SHQWLQJ� GL�
IHUPHQWDVL� PDNDQDQ�SDNDQ� GDQ� SHQJDZHWDQ��
EDLN� VHEDJDL� PLNURIORUD� DODPL� DWDXSXQ� PLNURIORUD�
\DQJ�GLEHULNDQ�GDODP�EHQWXN�VWDUWHU��<DQJ�HW�DO��
������� %DNWHUL� DVDP� ODNWDW� VHSHUWL� /DFWREDFLOOXV��
/DFWRFRFFXV�� 3HGLRFRFFXV�� (QWHURFRFFXV GDQ�
6WUHSWRFRFFXV� EDQ\DN� GLJXQDNDQ� XQWXN� SHQJDZHWDQ�
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IHUPHQWDWLRQ�VROXWLRQ��VXSHUQDWDQW��RI�/��SODQWDUXP 6X�OV����DEOH�WR�VXSSUHVV�VWURQJO\�JURZWK�RI�VSRLODJH�EDF�
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%DNWHUL�DVDP�ODNWDW� �%$/��XPXPQ\D�GLNHQDO�VHEDJDL�RUJDQLVPH�\DQJ�DPDQ��*5$6��GDQ�EHUSHUDQ�SHQWLQJ�GL�
IHUPHQWDVL�GDQ�SHQJDZHWDQ�PDNDQDQ�SDNDQ��%$/�GLNHQDO�PDPSX�PHPSHUSDQMDQJ�PDVD�VLPSDQ�EDKDQ�SDQJDQ�
SDNDQ�� NDUHQD�NHPDPSXDQQ\D�PHQJKDVLONDQ� VHQ\DZD� DQWLEDNWHUL� VHSHUWL� DVDP� ODNWDW�� KLGURJHQ�SHURNVLGD�GDQ�
EDNWHULRVLQ��3DGD�SHQHOLWLDQ�LQL�WHODK�GLODNXNDQ�DQDOLVLV�NDQGXQJDQ�VHQ\DZD�DQWLEDNWHUL�\DQJ�GLKDVLONDQ�/DFWR�
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NRQVHQWUDVL� ����� GDQ� JDUDP� ���� WLGDN�PDPSX�PHQHNDQ� SHUWXPEXKDQ� EDNWHUL� SHPEXVXN�� VHGDQJNDQ� ODUXWDQ�
IHUPHQWDVL� �VXSHUQDWDQW��/�� SODQWDUXP >6X�OV����� 6X�OV���@�� NKLWRVDQ� ������ FDPSXUDQ� DVDP� ODNWDW� ����� GDQ�
JDUDP�����VHGLNLW�PHQHNDQ�SHUWXPEXKDQ�EDNWHUL�SHPEXVXN�SDGD�EDKDQ�LNDQ�\DQJ�GLVLPSDQ�VHODPD����MDP�GL�
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SHQ\LPSDQDQ� ��� MDP� EDKDQ� LNDQ PHPEXVXN�� SHQDPEDKDQ� EDKDQ� SHQJDZHW WLGDN� PDPSX� ODJL� PHQHNDQ�
SHUWXPEXKDQ�EDNWHUL�SHPEXVXN�

.DWD�.XQFL��EDNWHU L�DVDP�ODNWDW��%$/���/DFWREDFLOOXV�SODQWDUXP��LNDQ��VHQ\DZD�DQWLEDNWHUL��SHQJDZHWDQ

DOI: 10.47349/jbi/13022017/233



���

6XOLVWLDQL

�<DQJ� HW� DO�� ������� %DNWHULRVLQ� PHUXSDNDQ�
SHSWLGD� \DQJ� GLVLQWHVLV� GL� ULERVRP� \DQJ� DNWLI�
PHODZDQ� EDNWHUL� ODLQ�� DGD� \DQJ� EHUVSHNWUXP�
VHPSLW� �PHQJKDPEDW� VSHVLHV� \DQJ� VDPD�� GDQ�
DGD� \DQJ� EHUVSHNWUXP� OXDV� �PHQJKDPEDW�
VSHVLHV� ODLQ��� 6DDW� LQL� EDNWHULRVLQ� DVDO� %$/�
PHQDULN�PHQMDGL�NDMLDQ�NDUHQD�EHUVWDWXV�*5$6��
GDSDW� GLJXQDNDQ� XQWXN� PHQJRQWURO� EDNWHUL�
SDWRJHQ� GDQ� SHPEXVXN� SDGD� PDNDQDQ�SDNDQ�
VHKLQJJD� EHUSRWHQVL� PHQMDGL� SHQJDZHW
�'MDGRXQL� 	 .LKDO ������ =DFKDURI� 	� /RYLW��
�������%DNWHULRVLQ�GDUL�%$/�PHQDULN�GLJXQDNDQ�
VHEDJDL� SHQJDZHW� NDUHQD� EHUEHQWXN� SURWHLQ�
\DQJ�GDSDW�GLQRQDNWLINDQ�ROHK�HQ]LP�SURWHROLWLN�
SHQFHUQDDQ��WLGDN�WRNVLN�GDQ�QRQ�LPPXQRJHQLN��
LQDNWLI� WHUKDGDS� VHO� HXNDU\RWD� GDQ� XPXPQ\D�
EHUVLIDW�WHUPRWROHUDQ��$QDQRX�HW�DO��������

,NDQ� PHUXSDNDQ� EDKDQ� \DQJ� EDQ\DN�
GLJXQDNDQ�XQWXN�NRPSRVLVL�PDNDQDQ�GDQ�SDNDQ�
NDUHQD� QLODL� QXWULVLQ\D� \DQJ� WLQJJL�� 1DPXQ�
GHPLNLDQ� LNDQ� PHUXSDNDQ� EDKDQ� \DQJ� PXGDK�
VHNDOL� UXVDN�PHQJDODPL� SHQXUXQDQ� PXWX� ROHK�
NDUHQD� NHUXVDNDQ�ELRNLPLD�PDXSXQ�PLNURELRORJL�
�*KDQEDUL� HW� DO� ������� 8QWXN� PHPSHUSDQMDQJ�
PDVD� VLPSDQ� LNDQ�� SHQJDZHWDQ EDKDQ� LNDQ�\DQJ�
DPDQ�PHQMDGL�KDO�\DQJ�SHQWLQJ��3HQJDZHWDQ�GHQJDQ�
PHQJJXQDNDQ� EDKDQ� NLPLD� VLQWHWLV� VDDW� LQL� VXGDK�
PXODL� GLNXUDQJL� GDQ� GLWLQJJDONDQ�� EHUDOLK� NH� EDKDQ�
DODPL� XQWXN� PHQXUXQNDQ�PHQJXUDQJL� GDPSDN�
QHJDWLI� GHQJDQ� WHWDS� PHQMDJD� QLODL� QXWULVL� GDQ�
VHQVRULN�GDUL�EDKDQ�LNDQ��3HQJDZHWDQ�GHQJDQ�SURGXN�
DQWLEDNWHUL� DVDO� %$/� PHQMDGL� KDO� \DQJ� PHQDULN�
GLODNXNDQ� NDUHQD� EHUVWDWXV� *5$6�� DPDQ� XQWXN�
GLSHUJXQDNDQ� �=DFKDURI� 	� /RYLW� ������7XMXDQ
SHQHOLWLDQ� LQL� GLODNXNDQ� VHOHNVL GDQ� DQDOLVLV�
NDQGXQJDQ� VHQ\DZD� DQWLEDNWHUL� �DVDP� ODNWDW��
SHURNVLGD� GDQ� � EDNWHULRVLQ� PHODOXL� GHWHNVL� JHQ�
SHQJNRGH� EDNWHULRVLQ� SODQWDULFLQ�� GDUL� VWUDLQ�VWUDLQ�
/DFWREDFLOOXV� SODQWDUXP� VHUWD DSOLNDVLQ\D� XQWXN�
SHQJDZHWDQ� GDQ� PHQHNDQ SHUWXPEXKDQ� EDNWHUL�
SDWRJHQ GDQ� SHPEXVXN� SDGD� EDKDQ� LNDQ� \DQJ�
GLVLPSDQ�SDGD�WHPSHUDWXU�UXDQJ�

%$+$1�'$1�&$5$�.(5-$

%$/ \DQJ� GLSHUJXQDNDQ� GDODP� VHOHNVL�
DNWLYLWDV�DQWLEDNWHUL�WHUGLUL����VWUDLQ�/� SODQWDUXP >6X�
OV���� V�G� 6X�OV���@� \DQJ� GLLVRODVL� GDUL VD\XU�
DVLQ��7DEHO����%DNWHUL�LQGLNDWRU�\DQJ�GLJXQDNDQ�
GDODP� DQDOLVLV� DQWLEDNWHUL WHUGLUL� GDUL� EDNWHUL�

SDWRJHQ� (VFKHULFKLD� FROL� �(&�� 3VHXGRPRQDV�
DHUXJLQRVD� �36��� 6WDSK\ORFRFFXV� DXUHXV� �6$��
/LVWHULD� PRQRF\WRJHQHV� �/0��� $HURPRQDV�
K\GURSKLOD��$+��GDQ�%DFLOOXV�FHUHXV��%&� \DQJ�
GLSHUROHK� GDUL� ³3XVDW� .ROHNVL� 0LNURRUJDQLVPH�
,QD&&� ± /,3,´� GDQ� ³%DODL� 3HQHOLWLDQ� GDQ�
3HQJHPEDQJDQ�%XGLGD\D� ,NDQ�+LDV� ± 'HSRN´�
6SHVLHV�WHUVHEXW�PHUXSDNDQ�EDNWHUL�SDWRJHQ�GDQ�
SHUXVDN�SDGD�EDKDQ�LNDQ��*KDQEDUL�HW�DO�� ������

3URGXNVL�ODUXWDQ�IHUPHQWDVL�VXSHUQDWDQ�DVDO�
/� SODQWDUXP� GLODNXNDQ� GHQJDQ� FDUD� GLWXPEXKNDQ�
SDGD�PHGLXP�056� EURWK VHODPD� ��� MDP� SDGD�
WHPSHUDWXU� ���&� VHODQMXWQ\D� GLVHQWULIXJDVL�
GHQJDQ� NHFHSDWDQ� ������� J� VHODPD� ��� PHQLW��
/DUXWDQ IHUPHQWDVL �� VXSHUQDWDQ� /�� SODQWDUXP�
GLJXQDNDQ�XQWXN�DQDOLVLV�DQWLEDNWHUL��

8ML� DQWLEDNWHUL� WHUKDGDS� EDNWHUL� SHPEXVXN�
GDQ� SDWRJHQ� PHQJJXQDNDQ� PHWRGH� :HOO�
'LIIXVLRQ� 7HVW VHSHUWL� GLVHEXWNDQ� 'MDGRXQL� 	
.LKDO���������$QDOLVLV�DQWLEDNWHUL PHQJJXQDNDQ�
PHGLXP�0XOOHU�+LQWRQ�$JDU �����VHEDQ\DN����
PO GL� VHWLDS� FDZDQSHWUL� NHPXGLDQ� GLELDUNDQ�
PHPDGDW��0HGLXP�VHODQMXWQ\D�GLWXWXS�GHQJDQ���
P/� PHGLD� 0XOOHU� +LQWRQ $JDU ����
PHQJDQGXQJ� VHO PLNURED� LQGLNDWRU� VHEDQ\DN� ��
���� VHO�PO�� 0HGLXP� GLELDUNDQ� PHPDGDW� GDQ�
NHPXGLDQ�GLOXEDQJL�PHPEHQWXN�ZHOO��VXPXUDQ��
GHQJDQ� GLDPHWHU� �� PP�� %DNWHUL� LQGLNDWRU� \DQJ�
GLJXQDNDQ� VHEHOXPQ\D� GLWXPEXKNDQ� ��� MDP� GL�
PHGLXP�%UDLQ�+HDUWK�,QIXVLRQ�SDGD�WHPSHUDWXU
��R&��6XSHUQDWDQ�/��SODQWDUXP�VHEDQ\DN�����/�
GLPDVXNDQ� NHGDODP� VXPXUDQ� GLLQNXEDVL� SDGD�
WHPSHUDWXU� ��R&� VHODPD� ��� MDP� NHPXGLDQ�
GLDPHWHU� SHQJKDPEDWDQ� �]RQD� EHQLQJ�� GLXNXU��
$QDOLVLV�GLODNXNDQ�GHQJDQ���NDOL�SHQJXODQJDQ�

6WUDLQ� /�� SODQWDUXP� \DQJ� PHPSXQ\DL�
DNWLYLWDV� DQWLEDNWHUL� NXDW� GDQ� EHUVSHNWUXP� OXDV�
GLNDUDNWHULVDVL� VHFDUD� ILVLRORJL� PHOLSXWL� S+� ���
GDQ� ���� 1D&O� ��� ���� GDQ� ������ SURGXNVL� JDV��
WHPSHUDWXU� ��� ��� GDQ� ���&�� SDGD�056 EURWK
\DQJ� GLLQNXEDVL� VHODPD� ��� MDP�� ,QNXEDVL�
GLODNXNDQ� GL WHPSHUDWXU� ���&� NHFXDOL� DQDOLVLV�
SHUWXPEXKDQ� GL� WHPSHUDWXU UHQGDK� GLLQNXEDVL�
SDGD�WHPSHUDWXU���&��$JDOLD�	 -HHYDUDWQDP�������

3HQJXNXUDQ� NDGDU� DVDP� ODNWDW� GLODNXNDQ�
PHQJLNXWL�PHWRGH�WLWUDVL��6HEDQ\DN����PO�ODUXWDQ�
IHUPHQWDVL� �VXSHUQDWDQ��GDUL�/��SODQWDUXP GLWHWHVL� ��
WHWHV�LQGLNDWRU�SKHQRSKWDOHLQ�NHPXGLDQ�GLWLWUDVL�
GHQJDQ� 1D2+� ���1� VDPSDL� ZDUQD� PXQFXO� ZDUQD�
PHUDK�PXGD�� 6HWLDS�PO� 1D2+� ���1� HNXLYDOHQ�
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6HQ\DZD�$QWLEDNWHUL�\DQJ�'LSURGXNVL�/DFWREDFLOOXV�SODQWDUXP�

GHQJDQ� ������ PJ� DVDP� ODNWDW� �6DUDQ\D� 	�
+HPDVKHQSDJDP�������

3HQJXNXUDQ� KLGURJHQ� SHURNVLGD� GLODNXNDQ�
GHQJDQ�FDUD�WLWUDVL VHSHUWL�\DQJ�GLVHEXWNDQ�6DUDQ\D�	�
+HPDVKHQSDJDP� ������� GHQJDQ� PRGLILNDVL��
3URGXN� IHUPHQWDVL� �VXSHUQDWDQ�� �� P/� GLHQFHUNDQ�
GHQJDQ� DNXDGHV� KLQJJDO� WRWDO� YROXPH� ��� PO�
NHPXGLDQ� GLWDPEDK� ��� PO� +�62��� 6HODQMXWQ\D�
GLWLWUDVL� GHQJDQ� SRWDVVLXP� SHUPDQJDQDWH �.0Q2���
���1� VDPSDL� WHUMDGL� GHNRORULVDVL�� 6HWLDS� PO�
.0Q2� ���1�HNXLYDOHQ�GHQJDQ������ PJ�+�2��

'HWHNVL�JHQ�EDNWHULRVLQ�SDGD�/� SODQWDUXP
GLODNXNDQ� GHQJDQ� PHQJDPSOLILNDVL� JHQ� SHQJNRGH�
SODQWDULFLQ� PHQJJXQDNDQ� SULPHU� SOQ$�� SOQ%��
SOQ'�� SOQ()�� SOQ,�� SOQ-�� SOQ.�� SOQ*�� SOQ1��
SODQWDULFLQ� 1&��� SODQWDULFLQ� 6�� GDQ SODQWDULFLQ�
:�� $PSOLILNDVL� GLODNXNDQ� GHQJDQ� PHVLQ� 3&5�
�(SSHQGRUI� *HUPDQ�� GHQJDQ� SUHGHQDWXUDVL�
SHUWDPD�SDGD� WHPSHUDWXU����&�VHODPD���PHQLW��
GLODQMXWNDQ� GHQJDQ� ��� VLNOXV� \DQJ� WHUGLUL� GDUL�
GHQDWXUDVL� SDGD� WHPSHUDWXU� ���&� VHODPD� ��
PHQLW��SHQHPSHODQ�SULPHU�SDGD� WHPSHUDWXU����
&�VHODPD���PHQLW��GDQ�HNVWHQVL�SDGD�WHPSHUDWXU�
���&�VHODPD����GHWLN��6HWHODK����VLNOXV�VHOHVDL��
GLLNXWL�IDVH�SHPDQMDQJDQ�SDGD�WHPSHUDWXU����&�
VHODPD���PHQLW�GDQ�SHQGLQJLQDQ�SDGD�WHPSHUDWXU���&�
VHODPD� ��� PHQLW�� 3URGXN� 3&5� GLHOHNWURIRUHVLV�
PHQJJXQDNDQ�DJDURVH� ���GDODP�7$(��� [� SDGD�
����9�VHODPD����PHQLW��2PDU�HW�DO��������

%DKDQ� LNDQ� DGDODK� LNDQ� ODXW� WRQJNRO�
�(XWK\QQXV� DIILQLV� GLSHUROHK GDUL� SDVDU� WUDGLVLRQDO��
,NDQ� VHODQMXWQ\D� GLDPELO� GDJLQJQ\D� GLSRWRQJ�
EHUXNXUDQ���[���FP��'DJLQJ�LNDQ�����J�GLUHEXV�
VHODPD� ��� PHQLW� GDODP� ���� PO� ODUXWDQ� SHQJDZHW��
ODUXWDQ� DVDP� ODNWDW� ������ ODUXWDQ� JDUDP� �� ���
ODUXWDQ�NKLWRVDQ��������ODUXWDQ�DVDP�ODNWDW��������
JDUDP� ���� ODUXWDQ� IHUPHQWDVL� /�� SODQWDUXP >6X�
OV����� 6X�OV����� 6X�OV���@�JDUDP����� GDQ� DLU�
NRQWURO�QHJDWLI��3HUODNXDQ�GLODNXNDQ�GXD�NDOL�XQWXN�
SHQJXODQJDQ��'DJLQJ�LNDQ�\DQJ�WHODK�GLUHEXV�GHQJDQ�
SHQJDZHW� GLWLULVNDQ� NHPXGLDQ� GLVLPSDQ� GL
WHPSDW� WHUEXND� SDGD� WHPSHUDWXU� UXDQJ� �������
&��� 6DPSHO� LNDQ� GL� 7RWDO� 3ODWH� &RXQW �73&��
SDGD� MDP� ��� ���� ��� GDQ� ��� MDP XQWXN� PHQJKLWXQJ�
MXPODK�EDNWHUL�SHPEXVXN�

3HQJKLWXQJDQ� EDNWHUL� SHPEXVXN� GLODNXNDQ�
PHQJLNXWL� PHWRGH� 7RWDO� 3ODWH� &RXQW �73&�
GHQJDQ�SHQJHQFHUDQ�VHULDO�VDPSHO�GDODP�QRUPDO�
VDOLQH �������Z�Y���GHQJDQ�PHQJHQFHUNDQ���JU�EDKDQ�
LNDQ�\DQJ�WHODK�GLEHUL�SHUODNXDQ GLKDOXVNDQ�GDODP���

PO� QRUPDO� VDOLQH �SHQJHQFHUDQ� ������ VDPSDL
SHQJHQFHUDQ� ����� JU�PO�� 6DPSHO� \DQJ� WHODK�
GLHQFHUNDQ� VHULDO� GLDPELO� VHEDQ\DN� ���� �O�� SDGD�
SHQJHQFHUDQ� ����� � ����� GLWXPEXKNDQ�SDGD�PHGLXP�
1XWULHQ� $JDU �1$� PHQJJXQDNDQ� WHNQLN� WHEDUDQ�
SHUPXNDDQ� NHPXGLDQ� GLLQNXEDVL� �� KDUL� SDGD�
WHPSHUDWXU� ���&�� .RORQL� EDNWHUL� \DQJ� WXPEXK�
GLKLWXQJ� XQWXN� PHQHQWXNDQ� QLODL� 73&� EDNWHUL�
SHPEXVXN�� 3HQJKLWXQJDQ� EDNWHUL� SHPEXVXN
GLODNXNDQ�SDGD�SHQJHQFHUDQ����� GDQ����� SDGD SDGD�
LNDQ� \DQJ� GLVLPSDQ� SDGD� �� GDQ� �� KDUL�� SDGD�
SHQJHQFHUDQ����� GDQ����� SDGD�LNDQ�\DQJ�GLVLPSDQ��
KDUL� GDQ SDGD�SHQJHQFHUDQ����� GDQ����� SDGD�LNDQ�
\DQJ�GLVLPSDQ���KDUL�

6HEDQ\DN� �� JU EDKDQ LNDQ� \DQJ� WHODK�PHODOXL�
SURVHV� SHQJDZHWDQ� VHODQMXWQ\D� GLSDQDVNDQ� GDODP�
RYHQ�SDGD�WHPSHUDWXU����R&��VDPSDL�GLSHUROHK�EHUDW�
NHULQJ� \DQJ� NRQVWDQ�� &DUD� SHQJHULQJDQ� GLODNXNDQ�
PHQJJXQDNDQ� DOXPLQLXP� IRLO� NRVRQJ�� $OXPLQLXP�
IRLO�NRVRQJ�GLWLPEDQJ�NHPXGLDQ�GLWDPEDK���J�EDKDQ�
LNDQ� GLWRWDO� EHUDWQ\D� VHEDJDL� $� �$ EHUDW�
DOXPLQLXP�LNDQ�� VHODQMXWQ\D� GLRYHQ� VDPSDL� EHUDW�
NHULQJQ\D� NRQVWDQ� GLWRWDO� EHUDWQ\D� VHEDJDL� %�
�% EHUDW� LNDQ� NHULQJ�DOXPLQLXP��� .DGDU� DLU� ��  �
%HUDW��$�%��EHUDW�LNDQ�VHEHOXP�GLNHULQJNDQ�[�����

3HQJXNXUDQ� S+ EDKDQ� LNDQ� VHODPD SURVHV�
SHQJDZHWDQ�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�S+�
XQLYHUVDO �0HUFN��

+$6,/

6HOHNVL� VWUDLQ� /DFWREDFLOOXV� SODQWDUXP� \DQJ�
PHPSXQ\DL�DNWLYLWDV�DQWLEDNWHUL

+DVLO� VHOHNVL ��� VWUDLQ� /� SODQWDUXP DVDO�
VD\XU� DVLQ PHQXQMXNNDQ� DNWLYLWDV� DQWLEDNWHUL�
\DQJ�EHUDJDP �*DPEDU�����7DEHO�����

*DPEDU� ��� 3HQJKDPEDWDQ� VXSHUQDWDQ� /� SODQWDUXP
SDGD� EDNWHUL� SDWRJHQ� 6�� DXUHXV GDQ� $�
K\GURSKLOD GLWXQMXNNDQ� GHQJDQ� ]RQD� EHQLQJ�
]RQD�KDPEDW�



���

6XOLVWLDQL

.DUDNWHULVDVL�ILVLRORJL�SHUWXPEXKDQ�/� SODQWDUXP�
GHQJDQ�DNWLYLWDV�DQWLEDNWHUL�NXDW�GDQ�EHUVSHNWUXP�
OXDV

+DVLO� NDUDNWHULVDVL� ILVLRORJL� SHUWXPEXKDQ� ���
VWUDLQ�/� SODQWDUXP�GHQJDQ�DNWLYLWDV�DQWLEDNWHUL�\DQJ�
NXDW� GDQ� EHUVSHNWUXP� OXDV� PHQXQMXNNDQ LVRODW�
WXPEXK�SDGD�PHGLXP�PHQJDQGXQJ�1D&O���	�������
SDGD�WHPSHUDWXU����&��S+���GDQ�WLGDN�PHQJKDVLONDQ�
JDV� 7DEHO���� %HEHUDSD�VWUDLQ�PDPSX�WXPEXK�SDGD
PHGLXP� \DQJ� PHQJDQGXQJ� 1D&O� ��� GDQ�
VWUDLQ�6X�OV���� PDPSX�WXPEXK�GL�S+����

7DEHO����'LDPHWHU �SHQJKDPEDWDQ��PP��VXSHUQDWDQ�/� SODQWDUXP WHUKDGDS�EDNWHUL�SDWRJHQ�(��FROL��(&�� 3��
DHUXJLQRVD��36���6��DXUHXV��6$�� /��PRQRF\WRJHQHV��/0���$� K\GURSKLOD��$+��GDQ�%� FHUHXV��%&��

.HWHUDQJDQ������WLGDN�PHQJKDVLONDQ�VHQ\DZD�DQWLEDNWHUL�

+DVLO�DQDOLVLV�NDGDU�DVDP�ODNWDW� NDGDU�KLGURJHQ�
SHURNVLGD� GDQ S+� GDODP� SURGXN� IHUPHQWDVL� /�
SODQWDUXP

+DVLO� SHQJXNXUDQ� NDGDU� DVDP� ODNWDW GDQ�
SHURNVLGD� GDODP� SURGXN� IHUPHQWDVL� /� SODQWDUXP�
EHUNLVDU� ������������ PJ�PO�� VHGDQJNDQ� NDGDU�
SHURNVLGD�DQWDUD�����������PJ�PO� /� SODQWDUXP 6X�
OV����PHQJKDVLONDQ�DVDP�ODNWDW�SDOLQJ�UHQGDK�������
PJ�PO GLEDQGLQJNDQ� �� LVRODW� ODLQQ\D� GDQ� /��
SODQWDUXP 6X�OV����PHQJKDVLONDQ� SHURNVLGD� SDOLQJ�
UHQGDK� ����� PJ�PO GLEDQGLQJNDQ� �� LVRODW� ODLQQ\D��
7DEHO���
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6HQ\DZD�$QWLEDNWHUL�\DQJ�'LSURGXNVL�/DFWREDFLOOXV�SODQWDUXP�

'HWHNVL�JHQ�EDNWHULRVLQ�SDGD�VWUDLQ�/� SODQWDUXP
+DVLO� GHWHNVL� JHQ� SHQJNRGH� EDNWHULRVLQ�

PHQXQMXNNDQ� /�� SODQWDUXP 6X�OV���� GLWHPXNDQ� ��
JHQ�SHQJNRGH�SODQWDULFLQ �SOQ1GDQ�3ODQWDULFLQ�6�� /��
SODQWDUXP 6X�OV���� PHPSXQ\DL� �� JHQ� SODQWDULFLQ�
�SOQ*�GDQ�3ODQWDULFLQ�6� GDQ�/��SODQWDUXP 6X�OV����
PHPSXQ\DL� �� JHQ SODQWDULFLQ� �SOQ%�� SOQ'�� SOQ()��
SOQ,��SOQ.��SOQ*��SOQ1��3ODQWDULFLQ�6�GDQ�:���7DEHO�
���� 9LVXDOLVDVL� JHQ� SODQWDULFLQ� GL� VHWLDS� VWUDLQ� /��
SODQWDUXP�GDSDW�GLOLKDW�GL�*DPEDU���

+DVLO�DSOLNDVL�SHQJDZHWDQ�SDGD�EDKDQ�LNDQ�
3HUODNXDQ� SHQJDZHWDQ� SDGD� EDKDQ� LNDQ�

PHQJJXQDNDQ� ODUXWDQ IHUPHQWDVL� /�� SODQWDUXP� 6X�
OV���� PHQXQMXNNDQ� KDVLO� \DQJ� WHUEDLN�� 3HUODNXDQ�
PHQJJXQDNDQ� SURGXN� IHUPHQWDVL� /�� SODQWDUXP 6X�
OV���� WHUVHEXW� PDPSX� PHQHNDQ� MXPODK� EDNWHUL�
SHPEXVXN� GLEDQGLQJNDQ� SHUODNXDQ� ODLQQ\D� VHSHUWL�
SHUODNXDQ� GHQJDQ� NRQWURO� DLU�� NRQWURO� JDUDP� ����
DVDP� ODNWDW� ������ DVDP� ODNWDW� �����JDUDP� ����
NKLWRVDQ�������GDQ� ODUXWDQ�IHUPHQWDVL�%$/�ODLQQ\D�
VDPSDL����MDP�SHQ\LPSDQDQ�SDGD�WHPSHUDWXU�NDPDU�
�������&��GL NRQGLVL�WHUEXND�WDQSD�SHQJHPDVDQ� +DO�
WHUVHEXW� GLWXQMXNNDQ� GHQJDQ� QLODL� 73&� EDNWHUL�
SHPEXVXN�

3(0%$+$6$1

3URVHV� SHQJDZHWDQ� EDKDQ� SDQJDQ�SDNDQ
GDSDW�GLODNXNDQ�GHQJDQ�EHEHUDSD�FDUD��VDODK�VDWXQ\D�
GHQJDQ� PHPDQIDDWNDQ� EDNWHUL� \DQJ� EHUVLIDW�

7DEHO� ��� +DVLO� NDUDNWHULVDVL� ILVLRORJL� SHUWXPEXKDQ
VWUDLQ� /� SODQWDUXP� \DQJ� GHQJDQ� DNWLYLWDV�
DQWLEDNWHUL� NXDW� SDGD� EHUEDJDL� NRQVHQWUDVL�
1D&O��WHPSHUDWXU�GDQ�SURGXNVL�JDV�

.HWHUDQJDQ������WXPEXK�EDLN�������WXPEXK�VHGLNLW������
WLGDN�WXPEXK�

7DEHO����+DVLO� SHQJXNXUDQ�NDGDU� DVDP� ODNWDW� GDQ�NDGDU�
SHURNVLGD� �+�2��� GDODP� SURGXN� IHUPHQWDVL� /�
SODQWDUXP�

7DEHO����+DVLO�GHWHNVL�JHQ�SODQWDULFLQ�SDGD�/��
SODQWDUXP�

*DPEDU� ��� 9LVXDOLVDVL� JHQ� SODQWDULFLQ� �$�� /��
SODQWDUXP�6X�OV������%��/��SODQWDUXP�6X�OV����
GDQ��&��/��SODQWDUXP�6X�OV����



���

6XOLVWLDQL

DQWDJRQLV� WHUKDGDS� EDNWHUL� SHPEXVXN� GDQ� SDWRJHQ�
SDGD� EDKDQ� SDQJDQ�� PLVDOQ\D� EDNWHUL� DVDP� ODNWDW�
6HSHUWL�\DQJ�GLWXQMXNNDQ�GDODP�KDVLO�SHQHOLWLDQ��
VWUDLQ�VWUDLQ� /� SODQWDUXP PHQXQMXNNDQ� DNWLYLWDV�
DQWLEDNWHUL� \DQJ� EHUDJDP�� DGD� \DQJ� PHQJKDPEDW�
VHPXD� PLNURED� LQGLNDWRU�� 6HSHUWL� GLVHEXWNDQ�
*KDQEDUL� HW� DO�� ������� VDODK� VDWX� SHUV\DUDWDQ�
SHQWLQJ� XQWXN� PHQMDGL� SHQJDZHW�� PLNURED�
WHUVHEXW� KDUXV� EHUVLIDW� DQWDJRQLV� GDQ� PHPSXQ\DL�
VSHNWUXP� OXDV� WHUKDGDS� EDNWHUL� GDQ� MDPXU��
SDWRJHQ�GDODP�EDKDQ�SDQJDQ��6HODLQ�LWX�DGD�KDO�
SHQWLQJ�ODLQQ\D�\DLWX�NDUDNWHU�ILVLRORJL�PLNURED��
'DUL� ��� VWUDLQ�/� SODQWDUXP �7DEHO� ���PHQXQMXNNDQ�
NDUDNWHU� ILVLRORJL� EHUDJDP�� DGD� \DQJ� PDPSX�
WXPEXK�GL�1D&O������ DGD� MXJD�EHUWDKDQ�KLGXS�
GL� WHPSHUDWXU� SDQDV� ���&�� .HWDKDQDQ� SDGD�
WHPSHUDWXU� SDQDV� LQL� VDQJDW� PHQJXQWXQJNDQ�
SDGD� SURVHV� IHUPHQWDVL� GDQ� SURGXNVL� GL� VNDOD�
LQGXVWUL��$O�0DGERO\�HW�DO� ������

/DFWREDFLOOXV SODQWDUXP� >6X�OV����� 6X�
OV����� 6X�OV���@� GLSLOLK� XQWXN DSOLNDVL� SHQJDZHWDQ�
NDUHQD� PHPSXQ\DL� DNWLYLWDV� DQWLEDNWHUL� \DQJ�
NXDW�GDQ�EHUVSHNWUXP�OXDV��PDPSX�PHQJKDPEDW�
EDNWHUL� SHPEXVXN� NHORPSRN� JUDP� QHJDWLI� GDQ�
SRVLWLI�� ,VRODW�LVRODW� WHUVHEXW� PHQJKDVLONDQ� VHQ\DZD�
DQWLEDNWHUL� \DQJ� EHUIXQJVL� VHEDJDL� SHQJDZHW�
ELRSUHVHUYDWLI�VHSHUWL�DVDP�ODNWDW�������������PJ�
PO�� KLGURJHQ� SHURNVLGD� ���������� PJ�PO GDQ�
PHPSURGXNVL� EDNWHULRVLQ \DQJ� GLWXQMXNNDQ� GHQJDQ�
NHEHUDGDDQ�JHQ�SODQWDULFLQ��,VRODW /��SODQWDUXP 6X
�OV���� PHQJKDVLONDQ� DVDP� ODNWDW� ������ PJ�PO��
+�2� ����� PJ�PO GDQ� PHPSXQ\DL� ���� JHQ�
SODQWDULFLQ� 1�� 6�� ,VRODW� /�� SODQWDUXP 6X�OV����
PHQJKDVLONDQ�DVDP�ODNWDW�������PJ�PO��+�2�������
PJ�PO GDQ�PHPSXQ\DL� ���� JHQ� SODQWDULFLQ�*�� 6��
LVRODW /�� SODQWDUXP 6X�OV����PHQJKDVLONDQ� DVDP�
ODNWDW�������PJ�PO��+�2������PJ�PO�GDQ�PHPSXQ\DL�
����JHQ�SODQWDULFLQ�%��'��()��,��.��*��1��6��:��

-XPODK� GDQ� YDULDVL� VHQ\DZD� DQWLEDNWHUL
WHUVHEXW� DNDQ� EHUSHQJDUXK� SDGD� NHNXDWDQ�
SHQJDZHWDQ�SDGD�EDKDQ�\DQJ�GLDZHWNDQ�VHSHUWL�
EDKDQ�LNDQ�\DQJ�GLEHUL�SHUODNXDQ� $VDP�ODNWDW�
\DQJ�GLKDVLONDQ�ROHK�EDNWHUL�PHUXSDNDQ�EHUVLIDW�
DQWLEDNWHUL��$VDP�DNDQ�EHUGLVRVLDVL�GDODP�VLWRSODVPD�
VHO� VHKLQJJD� PHQXUXQNDQ� S+� VLWRSODVPD� VHO�
WDUJHW��3HQXUXQDQ�S+�LQL�DNDQ�PHQJXUDV�HQHUJL�
XQWXN� PHQMDJD� NHVHLPEDQJDQ� S+� LQWUDVHOXOHU�
VHO� WDUJHW� VHODLQ� LWX� SHQXUXQDQ� S+� LQWUDVHOXODU�
PHQJJDQJJX�IXQJVL�VHO�WDUJHW�VHKLQJJD�PHQ\HEDENDQ�
NHPDWLDQ�VHO��6DUD\D�	�+HPDVKHQSDJDP��������

6HPDNLQ�WLQJJL�NDGDU�DVDP�ODNWDW�DNDQ�VHPDNLQ�
NXDW� PHQJKDPEDW� EDNWHUL� LQGLNDWRU�� QDPXQ�
GHPLNLDQ� DNDQ�PHPSHQJDUXKL� UDVD� SDGD� EDKDQ�
\DQJ� DNDQ� GLDZHWNDQ� VHKLQJJD� SHUOX� PHQMDGL�
EDKDQ� SHUWLPEDQJDQ� OHELK� ODQMXW�� 6HODLQ� DVDP�
ODNWDW�� KLGURJHQ� SHURNVLGD� MXJD� EHUVLIDW� DQWLEDNWHUL��
6HQ\DZD�WHUVHEXW�PHQJRNVLGDVL�JXJXV�VXOIKLGULO�
\DQJ� PHQ\HEDENDQ� GHQDWXUDVL� HQ]LP� GDQ�
SHURNVLGDVL� OLSLG� PHPEUDQ� \DQJ� PHQ\HEDENDQ�
SHQLQJNDWDQ� SHUPHDELOLWDV� PHPEUDQ� VHO� WDUJHW��
6HODLQ� LWX� SHURNVLGD� �+�2��� GDSDW� PHQMDGL�
VXPEHU� UDGLNDO�EHEDV�\DQJ�EHUVLIDW� EDNWHULVLGDO�
VHSHUWL� VXSHURNVLGD� �2�

��� GDQ� KLGURNVLO� �2+���
\DQJ�GDSDW�PHUXVDN�'1$��$PPRU�HW�DO� �������
%DNWHULRVLQ�MXJD�EHUVLIDW�DQWLEDNWHUL��0HNDQLVPH�NHUMD�
EDNWHULRVLQ� LQL� GDSDW� PHPEHQWXN� SRUXV� SDGD�
PHPEUDQ�EDNWHUL�WDUJHW�VHKLQJJD�WHUMDGL�NHERFRUDQ�VHO�
\DQJ�PHQ\HEDENDQ�NHPDWLDQ�VHO��$QDQRX�HW�DO�
������� 'HWHNVL� NHEHUDGDDQ� SODQWDULFLQ� GDSDW�
GLODNXNDQ� GHQJDQ� PXGDK�� FHSDW� GDQ� DNXUDW�
GHQJDQ� PHWRGH� EHUEDVLV� 3&5�� 'HQJDQ� PHWRGH�
LQL�GDSDW�GLNHWDKXL� VHFDUD� ODQJVXQJ�NHEHUDGDDQ�
JHQ� \DQJ� PHQJNRGH� SODQWDULFLQ� \DQJ� EHUSHUDQ�
XQWXN� DQWLPLNURED� �<L� HW� DO� ������� 3ODQWDULFLQ�
PHQJKDPEDW� EDNWHUL� GHQJDQ� VSHNWUXP� OXDV��
.HORPSRN�SODQWDULFLQ�\DQJ�SHQWLQJ�DGDODK�SODQWDULFLQ�
()�� SODQWDULFLQ�:�� 3ODQWDULFLQ� -.� GDQ� SODQWDULFLQ� 6��
6DODK� VDWX� SHPDQIDDWDQ� /�� SODQWDUXP SHQJKDVLO�
SODQWDULVLQ� 6� GLJXQDNDQ� XQWXN� IHUPHQWDVL� GDQ�
PHQJDZHWNDQ�EXDK�]DLWXQ��=DFKDURI�	�/RYLW��������

,NDQ� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ�
GLNDWHJRULNDQ� GDODP� IDVH� SRVW� ULJRU�� XQWXN�
PHQHNDQ�SHQXUXQDQ�NXDOLWDV� EDKDQ� LNDQ�GLEHUL�
SHUODNXDQ� GHQJDQ� SHUHEXVDQ� XQWXN� PHQRQDNWLINDQ�
HQ]LP� LNDQ� GDQ� PHQHNDQ� SHUWXPEXKDQ� EDNWHUL�
SHPEXVXN�� 6HODLQ� LWX� MXJD� GLEHUL� SHUODNXDQ� GHQJDQ�
SHQDPEDKDQ�EHUPDFDP�PDFDP�EDKDQ�SHQJDZHW�
�DV�� ODNWDW������� DV�� ODNWDW������JDUDP����� JDUDP�
���� NKLWRVDQ� ������ ELRSUHVHUYDWLI� DVDO�/�� SODQWDUXP
>6X�OV�����6X�OV�����6X�OV���@�JDUDP������

+DVLO� DSOLNDVL� SHQJDZHWDQ� GHQJDQ� FDUD�
SHUHEXVDQ GDQ� SHQDPEDKDQ� EDKDQ� SHQJDZHW��
EDKDQ� LNDQ� \DQJ� GLVLPSDQ� VHODPD� ��� MDP� GL�
WHPSHUDWXU� UXDQJ� PHQXQMXNNDQ� KDVLO� \DLWX�
FDPSXUDQ�DVDP�ODNWDW������JDUDP����� ODUXWDQ�
IHUPHQWDVL� /�� SODQWDUXP >6X�OV����� 6X�OV�����
6X�OV���@ PDPSX� PHQHNDQ� SHPEXVXNDQ� LNDQ��
3HQJKDPEDWDQ�EDNWHUL�SHPEXVXN�WHUNXDW�WHUOLKDW�
SDGD�SHUODNXDQ�PHQJJXQDNDQ�ODUXWDQ�IHUPHQWDVL�
/��SODQWDUXP 6X�OV����GLWXQMXNNDQ�GHQJDQ�QLODL�



���

6HQ\DZD�$QWLEDNWHUL�\DQJ�'LSURGXNVL�/DFWREDFLOOXV�SODQWDUXP�

PHPSHUSDQMDQJ� PDVD� VLPSDQ� EDKDQ� LNDQ�
GLEDQGLQJ�GHQJDQ�SHUODNXDQ�GHQJDQ�LVRODW�\DQJ�
ODLQQ\D�� 3DGD� SHQ\LPSDQDQ� ��� MDP�� EDKDQ� LNDQ
VXGDK� PHPEXVXN�� KDO� LQL PHQXQMXNNDQ� SURVHV�
SHUHEXVDQ GDQ� SHQDPEDKDQ� EDKDQ� SHQJDZHW WLGDN�
PDPSX�ODJL�PHQHNDQ�SHUWXPEXKDQ�EDNWHUL�SHPEXVXN��
3HUWXPEXKDQ�EDNWHUL�SHPEXVXN� WHUVHEXW�NDUHQD
��KDO�\DLWX�NDGDU�DLU�EDKDQ�LNDQ \DQJ�WLQJJL�����
������ �7DEHO�����WHPSHUDWXU�SHQ\LPSDQDQ�\DQJ�
KDQJDW�������&��\DQJ�PHUXSDNDQ�WHPSHUDWXU�RSWLPXP�
SHUWXPEXKDQ� PLNURED�� GDQ� LNDQ� VHQGLUL� PHUXSDNDQ�
VXPEHU� QXWULVL� \DQJ� EDLN� XQWXN� SHUWXPEXKDQ�
PLNURED��7XDUD�������

.(6,038/$1

/DFWREDFLOOXV SODQWDUXP� >6X�OV����� 6X�
OV�����6X�OV���@�PHQJKDVLONDQ� VHQ\DZD� DQWLEDNWHUL��
DVDP�ODNWDW� KLGURJHQ�SHURNVLGD�GDQ�EDNWHULRVLQ��
,VRODW /�� SODQWDUXP 6X�OV���� PHQJKDVLONDQ�
DVDP�ODNWDW�������PJ�PO��+�2� �����PJ�PO GDQ�
PHPSXQ\DL� ���� JHQ� SODQWDULFLQ� 1�� 6�� ,VRODW� /��
SODQWDUXP 6X�OV���� PHQJKDVLONDQ� DVDP� ODNWDW�
������PJ�PO��+�2�������PJ�PO GDQ�PHPSXQ\DL�����
JHQ� SODQWDULFLQ� *�� 6�� LVRODW /�� SODQWDUXP 6X�OV����
PHQJKDVLONDQ� DVDP� ODNWDW� ������PJ�PO��+�2� �����
PJ�PO�GDQ�PHPSXQ\DL�����JHQ�SODQWDULFLQ�%��'��()��
,�� .�� *�� 1�� 6�� :�� +DVLO� DSOLNDVL� SHQJDZHWDQ�
PHQXQMXNNDQ� ODUXWDQ� IHUPHQWDVL�/�� SODQWDUXP >6X�

73&� �[���� FIX�J�� GLEDQGLQJNDQ� NRQWURO� QHJDWLI�
�DLU�����[����FIX�J��7DPSDNQ\D�FDPSXUDQ�DVDP�
ODNWDW�GDQ�JDUDP�EHUVLQHUJL�PHPSXQ\DL�DNWLYLWDV�
DQWLEDNWHUL� \DQJ� OHELK� NXDW� GLEDQGLQJNDQ� GHQJDQ�
SHQDPEDKDQ� JDUDP� DWDX� DVDP� ODNWDW� VDMD��'DUL�
KDVLO�MXJD�PHQXQMXNNDQ�ODUXWDQ�IHUPHQWDVL�MXJD�
OHELK�NXDW�PHQJKDPEDW�EDNWHUL�SDWRJHQ��KDO�LQL�
GLPXQJNLQNDQ�FDPSXUDQ�DVDP�ODNWDW��SHURNVLGD�
GDQ� EDNWHULRVLQ� EHUVLIDW� PHQJDZHWNDQ� EDKDQ�
LNDQ��3DGD�EDKDQ�LNDQ�\DQJ�GLVLPSDQ�VHODPD����
MDP��SHQJDZHW�DVDP�ODNWDW������GDQ�JDUDP�����
WLGDN� PDPSX� PHQHNDQ� SHUWXPEXKDQ� EDNWHUL�
SHPEXVXN�� VHGDQJNDQ� FDPSXUDQ� DVDP� ODNWDW�
����� GDQ� JDUDP� �� ��� NKLWRVDQ� ������ ODUXWDQ�
IHUPHQWDVL� /�� SODQWDUXP >6X�OV����� 6X�OV���@�
VHGLNLW� PHQHNDQ� SHUWXPEXKDQ� EDNWHUL� SHPEXVXN��
3HUODNXDQ� ODUXWDQ� IHUPHQWDVL� /�� SODQWDUXP 6X�
OV���� PDPSX� PHQHNDQ� SHUWXPEXKDQ� EDNWHUL�
SHPEXVXN�GLWXQMXNNDQ�GHQJDQ�QLODL�73&�EDNWHUL�
SHPEXVXN� �[��� FIX�J� GLEDQGLQJNDQ� GHQJDQ�
NRQWURO�QHJDWLI��DLU��QLODL�73&�OHELK�GDUL���[���

FIX�J��7DEHO����6HSHUWL�GLVHEXWNDQ�ROHK�=DFKDURI�
DQG� /RYLW� ������� SODQWDULFLQ� \DQJ� EHUSHUDQ�
SHQWLQJ� VHEDJDL� SUHVHUYDWLI� DGDODK� SODQWDULFLQ�
()�� SODQWDULFLQ� :�� 3ODQWDULFLQ� -.� GDQ�
SODQWDULFLQ�6��GDODP�KDO�LQL�/��SODQWDUXP 6X�OV����
PHPSXQ\DL� JHQ� EDNWHULRVLQ� \DQJ� OHELK� EDQ\DN�
�SODQWDULFLQ� ()�� :� GDQ� 6�� VHKLQJJD� PHPSXQ\DL�
DNWLYLWDV�DQWLEDNWHUL�\DQJ�OHELK�NXDW�GDQ�PDPSX�

7DEHO����+DVLO�SHQJKLWXQJDQ EDNWHUL�SHPEXVXN�SDGD�VDPSHO EDKDQ LNDQ�\DQJ�WHODK�PHODOXL�SURVHV�SHQJDZHWDQ�
GHQJDQ�SURGXN�IHUPHQWDVL�%$/�\DQJ�GLVLPSDQ�VHODPD���KDUL�SDGD�WHPSHUDWXU�UXDQJ��������&��

7DEHO����+DVLO�SHQJXNXUDQ�S+�GDQ�NDGDU�DLU�EDKDQ�LNDQ�\DQJ�WHODK�PHODOXL�SURVHV�SHQJDZHWDQ�\DQJ�GLVLPSDQ�
VHODPD���KDUL�SDGD�WHPSHUDWXU�UXDQJ��������&��
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OV�����6X�OV�����6X�OV���@ GDQ�FDPSXUDQ�DVDP�ODNWDW�
�����JDUDP� ���� PDPSX� PHQHNDQ� SHPEXVXNDQ�
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ODUXWDQ� IHUPHQWDVL� /�� SODQWDUXP 6X�OV���� PDPSX�
PHQHNDQ�SHUWXPEXKDQ�EDNWHUL�SHPEXVXN�SDGD�EDKDQ�
LNDQ� \DQJ� GLVLPSDQ� VHODPD� ��� MDP�� +DO� LQL�
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VHKLQJJD� PHPSURGXNVL� EDNWHULRVLQ� GDQ� DNWLYLWDV�
DQWLEDNWHULQ\D�OHELK�NXDW�
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8QJNDSDQ� WHULPD� NDVLK� NDPL� VDPSDLNDQ�
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MXGXO� GDQ� VWDI�%LGDQJ�0LNURELRORJL� \DQJ� WLGDN�
ODQJVXQJ� PHPEDQWX� WHUODNVDQDQ\D� SHQHOLWLDQ�
NDPL�� 'DQD� SHQHOLWLDQ� LQL� EHUDVDO� GDUL� GDQD�
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$PPRU��6���*� 7DXYHURQ��(� 'XIRXU�	�,� &KHYDOOLHU��
������ $QWLEDFWHULDO� DFWLYLW\� RI� ODFWLF� DFLG�
EDFWHULD� DJDLQVW� VSRLODJH� DQG� SDWKRJHQLF�
EDFWHULD� LVRODWHG� IURP� WKH� VDPH�PHDW� VPDOO�
VFDOH�IDFLOLW\���VFUHHQLQJ�DQG�FKDUDFWHUL]DWLRQ�
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������������
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SUHVHUYDWLYH��)RRG�WHFKQRORJ\ ������������

'MDGRXQL�� )�� 	� 0�� .LKDO�� ������ $QWLPLFURELDO�
DFWLYLW\� RI� ODFWLF� DFLG� EDFWHULD� DQG� WKH�
VSHFWUXP�RI� WKHLU�ELRSHSWLGHV�DJDLQV�VSRLOLQJ�
JHUPV�LQ�IRRG��%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�
DQG�7HFKQRORJ\ ���������������

*KDQEDUL��0���0�� -DPL��.-��'RPLJ�	�:��.QHLIHO��
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/HOLVH��$���*��%HOD\QHVK��0��0XOXEUKDQ��6��.HGLMD��
%��(QGDVKDZ�	�%��$EHEH�������,VRODWLRQ�DQG�
VFUHHQLQJ�RI�DQWLEDFWHULDO�SURGXFLQJ�ODFWLF�DFLG�
EDFWHULD� IURP� WUDGLWLRQDOO\� IHUPHQWHG� GULQNV�
�³(UJR�DQG�7HM´��LQ�*RQGDU�WRZQ��1RUWKZHVW�
(WKLRSLD��*OREDO� 5HVHDUFK� -RXUQDO� RI� 3XEOLF�
+HDOWK�DQG�(SLGHPLRORJ\ �������������

2PDU�� 1%��� +� $EULRXHO�� 5� /XFDV�� 0� 0DUWLQH]�
&DQDPHUR�� -3� *X\RW�� 	� $� *DOYH]�� ������
,VRODWLRQ� RI� EDFWHULRJHQLF� /DFWREDFLOOXV�
SODQWDUXP VWUDLQV� IURP� EHQ� VDDOJD�� D
WUDGLWLRQDO� IHUPHQWHG� JUXHO� IURP� %XUNLQD
)DVR�� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�
0LFURELRORJ\ �����������

6DUDQ\D�� 6�� 	 1� +HPDVKHQSDJDP�� ������
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SURGXFW��3HODJLD�UHVHDUFK� OLEUDU\�DGYDQFHV� LQ�
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7XDUD�� 3�� ������ 3UDFWLFDO� PHWKRGV� IRU� SUHVHUYLQJ�
VHDIRRGV� VDOWLQJ� DQG� GU\LQJ�� 3DVLILND�
&RPPXQLFDWLRQ� /WG� FROODERUDWLRQ�ZLWK� 63&�
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���

<DQJ�� (��� /�� )DQ�� <�� -LDQJ�� &�� 'RXFHWWH� 	� 6��
)LOOPRUH�� ������ $QWLPLFURELDO� DFWLYLW\� RI�
EDFWHULRFLQ�SURGXFLQJ� ODFWLF� DFLG� EDFWHULD�
LVRODWHG� IURP� FKHHVHV� DQG� \RJXUW�� $0%�
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<L��+�� /� =KDQJ��<� 7XR��;� +DQ�	0� 'X��������$�
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=DFKDURI�� 03�� 	� 5:�� /RYLWW�� ������ %DFWHULRFLQV�
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