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0DODSDUL��3RQJDPLD�SLQQDWD��/���3LHUUH��LV�RQH�RI �WKH�PRVW�SRWHQWLDO�ELRGLHVHO�UDZ�PDWHULDOV�WR�EH�GHYHORSHG�LQ�
,QGRQHVLD��7KH�SODQW� LV�QDWXUDOO\� GLVWULEXWHG� IURP�6XPDWHUD� WR�3DSXD��+RZHYHU�� RLO� FRQWHQW� DQG� LWV� SK\VLFR�FKHPLFDO�
SURSHUWLHV�RI �PDODSDUL�RULJLQDWHG�IURP�-DYD�ZDV�OLPLWHGO\�NQRZQ��7KLV�VWXG\�LQYHVWLJDWHV�FKHPLFDO�FRPSRVLWLRQ�RI �PDODSDUL�
VHHGV��LGHQWLILHV�IDWW\�DFLG�FRPSRVLWLRQ�RI �WKH�SURGXFHG�VHHG�RLO�DQG�FKDUDFWHULVHV�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI �PDODSDUL�RLO��
&RPSRVLWLRQ�RI �FKHPLFDO�FRQWHQW�RI �PDODSDUL�VHHGV�ZDV�DQDO\]HG�WKURXJK�SUR[LPDWH�DQDO\VLV��3K\VLFR�FKHPLFDO�SURSHUWLHV�RI �
PDODSDUL�RLO�ZHUH�DQDO\]HG�XVLQJ�WKH�$670�WHVW�PHWKRG��5HVXOWV�VKRZHG�WKDW�%DWXNDUDV�SRSXODWLRQ�LV�WKH�EHVW�SRSXODWLRQ�WR�
EH�XVHG�DV�ELRGLHVHO�UDZ�PDWHULDO�VRXUFH�EHFDXVH�LW�KDV�WKH�KLJKHVW�YDOXH�RI �RLO�FRQWHQW��%HVLGHV��WKH�%DWXNDUDV�SRSXODWLRQ�KDV�
WKH�ORZHVW�VSHFLILF�JUDYLW\��YLVFRVLW\�DQG�DFLG�YDOXH��0DODSDUL�RLO�LV�GRPLQDWHG�E\�ROHLF�DQG�OLQROHLF�IDWW\�DFLGV�ZKLFK�DUH�
SRWHQWLDOO\�XQVDWXUDWHG�IDWW\�DFLGV�IRU�ELRGLHVHO��9DOXH�RI �IDWW\�DFLGV��ROHLF�DQG�OLQROHLF��DQG�SK\VLFR�FKHPLFDO�SURSHUWLHV��VSHFLILF�
JUDYLW\�DQG�FDORULILF�YDOXH��RI �SRQJDPLD�FUXGH�RLOV�VXJJHVWHG�WKDW�WKH�ILYH�SRSXODWLRQV�KDYH�EHHQ�HOLJLEOH�IRU�ELRGLHVHO�IHHGVWRFN�

.H\ZRUGV��%LRGLHVHO��RLO��SK\VLFR�FKHPLFDO�SURSHUWLHV��3RQJDPLD�SLQQDWD��/���3LHUUH

$%675$.

0DODSDUL��3RQJDPLD�SLQQDWD��/���3LHUUH��DGDODK�VDODK�VDWX�EDKDQ�EDNX�ELRGLHVHO�\DQJ�SDOLQJ�SRWHQVLDO�
XQWXN�GLNHPEDQJNDQ�GL� ,QGRQHVLD��7DQDPDQ� LQL� VHFDUD� DODPL� WHUVHEDU�PXODL� GDUL� 6XPDWHUD� VDPSDL�
3DSXD��QDPXQ�EHOXP�GLNHWDKXL�LQIRUPDVL�PHQJHQDL�NDQGXQJDQ�PLQ\DN�GDQ�VLIDW�ILVLNR�NLPLD�PLQ\DN�
PDODSDUL�NKXVXVQ\D�\DQJ�DGD�GL�3XODX�-DZD��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHPSHODMDUL�NRPSRVLVL�NLPLD�
ELML� PDODSDUL�� PHQJLGHQWLILNDVL� NRPSRVLVL� DVDP� OHPDN� GDUL� PLQ\DN� ELML� \DQJ� GLKDVLONDQ� GDQ�
PHQJNDUDNWHULVDVL�VLIDW�ILVLNR�NLPLD�PLQ\DNQ\D��3HQHQWXDQ�NRPSRVLVL�NDQGXQJDQ�NLPLD�ELML�PDODSDUL�
GLODNXNDQ�GHQJDQ�DQDOLVLV�SURNVLPDW��$QDOLVLV�VLIDW�ILVLNR�NLPLD�PLQ\DN�ELML�PDODSDUL�GLODNXNDQ�GHQJDQ�
PHWRGH� SHQJXMLDQ� $670�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� SRSXODVL� %DWXNDUDV� PHUXSDNDQ�
SRSXODVL�\DQJ�SDOLQJ�EDLN�VHEDJDL�VXPEHU�EDKDQ�EDNX�ELRGLHVHO�NDUHQD�PHPSXQ\DL�QLODL�NDGDU�PLQ\DN�
WHUWLQJJL��.HXQJJXODQ�ODLQ�GDUL�SRSXODVL�%DWXNDUDV�PHPLOLNL�QLODL�EHUDW�MHQLV��YLVNRVLWDV��GDQ�ELODQJDQ�
DVDP�\DQJ�WHUHQGDK��0LQ\DN�PDODSDUL�GLGRPLQDVL�ROHK�DVDP�OHPDN�ROHDW�GDQ�OLQROHDW�\DQJ�PHUXSDNDQ�
DVDP� OHPDN� WLGDN� MHQXK� \DQJ�EHUSRWHQVL� XQWXN�ELRGLHVHO��%HUGDVDUNDQ�QLODL� DVDP� OHPDN� �ROHDW�GDQ�
OLQROHDW��GDQ�VLIDW�ILVLNR�NLPLD��EHUDW�MHQLV�GDQ�QLODL�NDORU��PLQ\DN�PHQWDK�PDODSDUL�GDUL�NHOLPD�SRSXODVL�
WHODK�PHPHQXKL�V\DUDW�XQWXN�GLMDGLNDQ�EDKDQ�EDNX�ELRGLHVHO�

.DWD�NXQFL��%LRGLHVHO��PLQ\DN��VLIDW�ILVLNR�NLPLD��3RQJDPLD�SLQQDWD
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GDSDW�GLJXQDNDQ�VHEDJDL�SDNDQ�WHUQDN�GDQ�XQJJDV�
�0RUWRQ��������
� 8QWXN� NHEXWXKDQ�PHPHQXKL� WXQWXWDQ�
ELRGLHVHO�GL \DQJ�DNDQ�GDWDQJ�PDND�PDODSDUL��PDVD�
PHUXSDNDQ�VDODK�VDWX�NDQGLGDW�SHQWLQJ�\DQJ�GDSDW�
GLNHPEDQJNDQ� VHEDJDL� VXPEHU� EDKDQ� EDNX�
ELRGLHVHO�GL�,QGRQHVLD��8QWXN�LWX�SHUOX�GLNHWDKXL�
NDQGXQJDQ� PLQ\DN� \DQJ� SDOLQJ� EDLN� XQWXN�
SRSXODVL� WDQDPDQ� PDODSDUL� \DQJ� WXPEXK� GL�
,QGRQHVLD� NKXVXVQ\D� 3XODX� -DZD�� 3HQHOLWLDQ� LQL�
EHUWXMXDQ�XQWXN�PHPSHODMDUL�NRPSRVLVL�NLPLD�ELML�
PDODSDUL��PHQJLGHQWLILNDVL�NRPSRVLVL�DVDP�OHPDN�
GDUL� PLQ\DN� \DQJ� GLKDVLONDQ�� GDQ� PHQJ�
NDUDNWHULVDVL�VLIDW�ILVLNR�NLPLD�PLQ\DN�PDODSDUL�

,,���%$+$1�'$1�0(72'(

$��/RNDVL�GDQ�:DNWX�3HQHOLWLDQ

� 3HQJDPELODQ�VDPSHO�EXDK�PDODSDUL��3RQJDPLD�
SLQQDWD��/���3LHUUH��GLODNXNDQ�SDGD�OLPD�SRSXODVL�
EHUEHGD� GL� 3XODX� -DZD�� \DLWX� &DULWD� �%DQWHQ���
%DWXNDUDV��-DZD�%DUDW���.HEXPHQ��-DZD�7HQJDK���
GDQ� 7DPDQ� 1DVLRQDO� $ODV� 3XUZR� VHUWD� 7DPDQ�
1DVLRQDO� %DOXUDQ� �-DZD� 7LPXU��� /RNDVL�
SHQJDPELODQ�VDPSHO�GDSDW�GLOLKDW�SDGD�*DPEDU���
� $QDOLVLV�SURNVLPDW�GLODNXNDQ�GL�/DERUDWRULXP�
3HQJXMLDQ� 'HSDUWHPHQ� 7HNQRORJL� ,QGXVWUL�
3HUWDQLDQ��,3%��DQDOLVLV�DVDP�OHPDN�GLODNXNDQ�GL�
/DERUDWRULXP� 3DVFD� 3DQHQ� .HPHQWHULDQ�
3HUWDQLDQ�� GDQ� SHQJXMLDQ� VLIDW� ILVLNR�NLPLD�
PLQ\DN� GLODNXNDQ� GL� /DERUDWRULXP� .LPLD�
.HPHQWHULDQ�/LQJNXQJDQ�+LGXS�GDQ�.HKXWDQDQ�
VHUWD� /DERUDWRULXP� 3HQJXMLDQ� 3XVDW� 3HQHOLWLDQ�
6XUIDNWDQ�GDQ�%LRHQHUJL��,3%�

,�� 3(1'$+8/8$1

� 6DODK�VDWX�MHQLV�EDKDQ�EDNDU�QDEDWL�QRQ�IRVLO�
�ELRIXHO�� \DQJ� VDDW� LQL� VHGDQJ� GLJDODNNDQ�
SHQJJXQDDQQ\D�ROHK�SHPHULQWDK�DGDODK�ELRGLHVHO��
'DODP� 3HUDWXUDQ� 0HQWHUL� (QHUJL� GDQ� 6XPEHU�
'D\D� 0LQHUDO� 1R� ��� 7DKXQ� ����� GLQ\DWDNDQ�
EDKZD�SDGD�WDKXQ������PHZDMLENDQ�SHQJJXQDDDQ�
ELRGLHVHO� ���� GDQ� ���� ELRHWDQRO� GDUL� WRWDO�
NHEXWXKDQ� PLQ\DN� VRODU� GDQ� EHQVLQ� �3HUPHQ�
(6'0�1R������������
� 3RWHQVL� EDKDQ� EDNX� XQWXN� PHPHQXKL�
NHEXWXKDQ� ELRGLHVHO� GDODP� QHJHUL �� ,QGRQHVLD
PDXSXQ� HNVSRU� WHUVHGLD� GDODP� MXPODK� FXNXS�
EHVDU�� \DLWX� VHNLWDU� ��� MHQLV� WDQDPDQ� �+DPEDOL��
7KDKDU�� 1LV\DZ�� %LODGL�� 	� +DU\DQWR�� �������
6DODK�VDWX�WDQDPDQ�\DQJ�GDSDW�GLMDGLNDQ�VXPEHU�
EDKDQ� EDNDU� QDEDWL� DGDODK� PDODSDUL� �3RQJDPLD�
SLQQDWD� �/��� 3LHUUH��� 7DQDPDQ� PDODSDUL�
PHQJDQGXQJ� ����²������PLQ\DN�ND\D�WULJOLVHULGD
�0RUWRQ�� ������� 6HODLQ� VHEDJDL� EDKDQ� EDNX�
ELRGLHVHO��PDODSDUL�DGDODK�SRKRQ�VHUEDJXQD�\DQJ�
VDQJDW�EDLN�NDUHQD�VHWLDS�EDJLDQ�SRKRQ�PHPLOLNL�
NHJXQDDQ�NKXVXV��'DXQ�GLJXQDNDQ�VHEDJDL�SDNDQ�
WHUQDN�GDQ�MXJD�VHEDJDL�SXSXN�KLMDX��'DXQ�NHULQJ�
GLJXQDNDQ� XQWXN� PHQJXVLU� VHUDQJJD�� =DW� DNWLI �
GDUL� GDXQ� GLJXQDNDQ� XQWXN� PHQJXVLU� GLQJLQ��
EDWXN��GLDUH��GLVSHSVLD��SHUXW�NHPEXQJ��JRQRURH��
GDQ�NXVWD��0XWKX��$\\DQDU��5DMD��	�,JQDFLPXWKX��
������� %XQJD� PDODSDUL� GLJXQDNDQ� XQWXN�
PHQJREDWL� GLDEHWHV�� DNDU� XQWXN� PHPEHUVLKNDQ�
JXVL��JLJL��ELVXO�GDQ�NXOLW�ND\X�XQWXN�SHQGDUDKDQ�
\DQJ� PHQJJXPSDO�� .D\XQ\D� GLJXQDNDQ� XQWXN�
SHPEXDWDQ� PHEHO� GDQ� XQWXN� ND\X� EDNDU�� 6LVD�
SHQJHSUHVDQ� ELML� XQWXN� PHQJKDVLONDQ� PLQ\DN�
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.DQGXQJDQ�0LQ\DN�0DODSDUL�� ��/���3LHUUH��GDUL�3XODX�-DZD�VHEDJDL�6XPEHU�%DKDQ�%DNX�%LRGLHVHO3RQJDPLD�SLQQDWD
�

� �$DP�$PLQDK��6XSUL\DQWR��,VNDQGDU�=XONDUQDHQ�6LUHJDU	�$QL�6XU\DQL

%��%DKDQ�GDQ�DODW

� %DKDQ� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�
DGDODK�ELML�PDODSDUL��%LML�PDODSDUL�\DQJ�GLJXQDNDQ�
DGDODK�ELML�\DQJ�VXGDK�WXD�GHQJDQ�NXOLW�EXDK�\DQJ�
EHUZDUQD�KLMDX�NHFRNODWDQ�VDPSDL�FRNODW��%DKDQ�
ODLQQ\D�\DQJ�GLJXQDNDQ�DGDODK�EDKDQ�EDKDQ�NLPLD�
XQWXN�DQDOLVD�SURNVLPDW��DQDOLVD�DVDP�OHPDN�VHUWD�
DQDOLVD� VLIDW� ILVLNR�NLPLD� PLQ\DN� PDODSDUL�� $ODW�
\DQJ� GLJXQDNDQ� GDODP�SHQHOLWLDQ� LQL� WHUGLUL� GDUL�
PHVLQ�SHQJHSUHV�PLQ\DN�PDODSDUL�\DLWX�K\GUDXOLF�
SUHVV�VHUWD�DODW�DODW�JHODV�XQWXN�DQDOLVD�SURNVLPDW��
DQDOLVD�DVDP�OHPDN��GDQ�DQDOLVD�VLIDW�ILVLNR�NLPLD�
PLQ\DN�PDODSDUL�\DQJ�GLKDVLONDQ�

&��3URVHGXU�3HQHOLWLDQ

� 3HQHOLWLDQ� LQL� PHOLSXWL� WLJD� NHJLDWDQ� XWDPD��
\DLWX� SHQHQWXDQ� NRPSRVLVL� NLPLD� ELML� PDODSDUL��
DQDOLVLV� NDQGXQJDQ� DVDP� OHPDN�� GDQ� SHQHQWXDQ�
VLIDW� ILVLNR�NLPLD� PLQ\DN� PDODSDUL�� 3HQHQWXDQ�
NRPSRVLVL� NLPLD�ELML�PDODSDUL�GLODNXNDQ�GHQJDQ�
FDUD�DQDOLVLV�SURNVLPDW�WHUKDGDS�NDGDU�DLU��PHWRGH�
RYHQ��� NDGDU� OHPDN�PLQ\DN� �PHWRGH� HNVWUDNVL�
ODQJVXQJ� GHQJDQ� DODW� 6R[KOHW��� NDGDU� SURWHLQ�
�PHWRGH� VHPL� PLNUR� .MHOGDKO��� NDUERKLGUDW� �E\�
GLIIHUHQFH��� VHUDW� NDVDU� �HNVWUDNVL� FRQWRK� GHQJDQ�
DVDP�GDQ�EDVD���GDQ�NDGDU�DEX��DEX�WRWDO���61,����
������ ������� $QDOLVLV� NDQGXQJDQ� DVDP� OHPDN�
GDODP�VDPSHO�PLQ\DN�PDODSDUL�GLODNXNDQ�GHQJDQ�
PHQJJXQDNDQ� LQVWUXPHQ� *&�06� �*DV�
&KURPDWRJUDSK\�0DVV� 6SHFWURPHWU\��� 3HQJXMLDQ� VLIDW�
ILVLNR� NLPLD� PLQ\DN� GLODNXNDQ� GHQJDQ� PHWRGH�
RYHQ� �NDGDU� DLU���PHWRGH�%URRNLHOG� �YLVNRVLWDV���
PHWRGH� SLNQRPHWHU� �EHUDW� MHQLV��� PHWRGH� ZLMV�
�ELODQJDQ�LRG���61,���������������DQDOLVLV�NDGDU�
DVDP� OHPDN�� GDQ� ,83$&� ����� �ELODQJDQ�
SHQ\DEXQDQ��

'��$QDOLVLV�'DWD

� 5DQFDQJDQ�SHUFREDDQ�DGDODK�UDQFDQJDQ�DFDN�
OHQJNDS�GHQJDQ���SHUODNXDQ�\DLWX�ORNDVL�DVDO�ELML��
$QDOLVLV� VWDWLVWLN� XQWXN� PHQJHWDKXL� SHUEHGDDQ�
PDVLQJ�PDVLQJ� SRSXODVL� GHQJDQ� $129$�
GLODQMXWNDQ�GHQJDQ�XML�EHGD�MDUDN�'XQFDQ��0RGHO�
UDQFDQJDQ� DFDN� OHQJNDS� \DQJ� GLJXQDNDQ� DGDODK�
VHEDJDL�EHULNXW��6DVWURVXSDGL��������

<LM� � ��� L��� LM���������������������������������������������������������¬ ´ ¥

.HWHUDQJDQ�� ����L� �SHUODNXDQ��M� �XODQJDQ��5HPDUNV
L��M� ��������������Q��<LM� �SHQJDPDWDQ�SDGD�SHUODNXDQ�

NH�L�XODQJDQ�NH�M�� �� SHQJDUXK�¬� �UDWDDQ�XPXP ´L� �
SHUODNXDQ�NH�L��¥LM� �JDODW�SHUFREDDQ�SHUODNXDQ�NH�
L�XODQJDQ�NH�M��

,,,��+$6,/�'$1�3(0%$+$6$1

$��$QDOLVLV�3URNVLPDW

�� +DVLO� DQDOLVLV� UDJDP� SURNVLPDW� �7DEHO� ���
PHPSHUOLKDWNDQ� EDKZD� SURWHLQ�� NDGDU� OHPDN��
NDGDU� DLU�� VHUDW� NDVDU�� NDGDU� DEX�� GDQ� NDGDU�
NDUERKLGUDW� SDGD� OLPD� SRSXODVL� PHPSXQ\DL�
SHUEHGDDQ� \DQJ� Q\DWD�� 7DEHO� �� PHQXQMXNNDQ�
EDKZD�NDGDU� OHPDN�WHUWLQJJL�GLSHUROHK�SDGD�ELML�
PDODSDUL� \DQJ� EHUDVDO� GDUL� %DWXNDUDV� ����������
QDPXQ� WLGDN� MDXK� EHUEHGD� GHQJDQ� NDGDU� OHPDN�
GDUL� %DOXUDQ� ���������� 8QWXN� QLODL� WHUHQGDK�
NDQGXQJDQ� OHPDN� GLSHUROHK� SDGD� SRSXODVL�
&DULWD� ���������� 3HUEHGDDQ� NDQGXQJDQ� OHPDN�
PDVLQJ�PDVLQJ� SRSXODVL� EHUKXEXQJDQ� GHQJDQ�
NHPDPSXDQ� KLGXS� GDUL� EHQLK� LWX� VHQGLUL��
6HSHUWL� GLQ\DWDNDQ� ROHK� 7UHVQLDZDWL�� 0XUQLDWL��
GDQ�:LGDMDWL� �������EDKZD�EHQLK�\DQJ�PHPLOLNL�
NDGDU� OHPDN� \DQJ� WLQJJL� PDND� DNDQ� PHPLOLNL�
NHPDPSXDQ� KLGXS� \DQJ� UHQGDK�� +DO� LQL�
WHUFHUPLQ�GDODP�KDVLO�SHQHOLWLDQ� $PLQDK��������
\DQJ� PHQ\HEXWNDQ� EDKZD� GD\D� EHUNHFDPEDK�
EHQLK� PDODSDUL� \DQJ� EHUDVDO� GDUL� SRSXODVL�
%DWXNDUDV� �������� OHELK� UHQGDK� GDULSDGD�
SRSXODVL� &DULWD� ��������� 0HQXUXW� %HQ� GDQ�
$PRW]��������XQWXN�MHQLV�DOJD��NDGDU�OHPDN�\DQJ�
PHPLOLNL� SRWHQVL� XQWXN� GLPDQIDDWNDQ� VHEDJDL�
ELRGLHVHO� EHUNLVDU� DQWDUD� �� �� ����� +DO� LQL�
PHQJLQGLNDVLNDQ� EDKZD� PDODSDUL� PHPSXQ\DL�
SRWHQVL� XQWXN� GLMDGLNDQ� VXPEHU� EDKDQ� EDNX�
ELRGLHVHO�
� 1LODL� SURWHLQ� WHUWLQJJL� GLSHUROHK� SDGD� ELML�
PDODSDUL�\DQJ�EHUDVDO�GDUL�&DULWD��������GDQ�WLGDN�
MDXK�EHUEHGD�GHQJDQ�SURWHLQ�GDUL�%DWXNDUDV�GDQ�
%DOXUDQ���������VHUWD�$ODV�SXUZR����������1LODL�
SURWHLQ� \DQJ� WHUHQGDK� GLSHUROHK� SDGD� SRSXODVL�
.HEXPHQ����������3HUEHGDDQ�NDQGXQJDQ�SURWHLQ�
SDGD� PDVLQJ�PDVLQJ� SRSXODVL� EHUKXEXQJDQ�
GHQJDQ� NHWDKDQDQ� EHQLK� WHUKDGDS� NRQGLVL�
OLQJNXQJDQQ\D��6HSHUWL�GLQ\DWDNDQ�GDODP�$PLQDK�
GDQ� 6\DPVXZLGD� ������� EDKZD� DGD� SHUEHGDDQ�
SHUVHQWDVH� QLODL� SURWHLQ� EHQLK� PDODSDUL� SDGD�
PDVLQJ�PDVLQJ� QLODL� NDGDU� DLU� VHODPD� SURVHV�
SHQJHULQJDQ��1LODL�NDGDU�DLU�EHQLK�PDODSDUL�DVDO�
&DULWD� ��������� OHELK� UHQGDK�ELOD� GLEDQGLQJNDQ�



���

GHQJDQ� QLODL� NDGDU� DLU� EHQLK� PDODSDUL� DVDO�
.HEXPHQ��������� �$PLQDK���������.DQGXQJDQ�
SURWHLQ� GDODP� SHQHOLWLDQ� LQL� MDXK� OHELK� UHQGDK�
GLEDQGLQJNDQ� GHQJDQ� KDVLO� SHQHOLWLDQ� 6DQJZDQ��
5DR��GDQ�6KDUPD� ������� VHEHVDU��������+DO� LQL�
EHUDUWL�ELML�PDODSDUL�\DQJ�EHUDVDO�GDUL�3XODX�-DZD�
WLGDN�EHUSRWHQVL�XQWXN�SDQJDQ�GDQ�SDNDQ�NDUHQD�
UHQGDK�SURWHLQ�
� 1LODL� NDGDU� DLU� GDQ� VHUDW� NDVDU� WHUWLQJJL�
GLSHUROHK� SDGD� SRSXODVL� %DOXUDQ� GHQJDQ� QLODL�
EHUWXUXW�WXUXW� ������� GDQ� ������� VHGDQJNDQ�
\DQJ� WHUHQGDK� EHUDVDO� GDUL� &DULWD� GHQJDQ� QLODL�
EHUWXUXW�WXUXW� ������GDQ� �������.DGDU� DLU� ELML�
SDGD� SURVHV� SHPEHQWXNDQ� OHPDN� QDEDWL� DNDQ�
PHQHQWXNDQ� WLQJNDW� ILVLNR�NLPLD� PLQ\DN� QDEDWL�
SDGD� ELM L � WHUVHEXW� GLDQWDUDQ\D� WLQJNDW�
YLVNRVLWDVQ\D� GDQ� UHQGHPHQ� \DQJ� GLKDVLONDQ�
�$PLQDK�	�6\DPVXZLGD��������
� 1LODL� NDGDU� DEX� WHUWLQJJL� GLSHUROHK� SDGD� ELML�
PDODSDUL� \DQJ� EHUDVDO� GDUL� &DULWD� ���������
VHGDQJNDQ�QLODL�NDGDU�DEX�WHUHQGDK�WHUGDSDW�SDGD�
GXD� SRSXODVL� \DLWX� SRSXODVL� %DWXNDUDV� GDQ�
SRSXODVL� $ODV� 3XUZR� GHQJDQ� QLODL� �������
.DQGXQJDQ� NDGDU� DEX� SDGD� ELML� PDODSDUL�
EHUSHQJDUXK� WHUKDGDS� PXWX� ELML� PDODSDUL� LWX�
VHQGLUL��.DQGXQJDQ�NDGDU�DEX�GDODP�ELML�PDODSDUL�
OHELK�NHFLO�ELOD�GLEDQGLQJNDQ�GHQJDQ�NDQGXQJDQ�
DEX� ELML� Q\DPSOXQJ� VHEHVDU� ������ �&KDQGUD��
6HWLDZDQ��*XQDZDQ��	�:LGMDMD��������

� 1LODL� NDGDU�NDUERKLGUDW� WHUWLQJJL�EHUDVDO�GDUL�
&DULWD� ���������� VHGDQJNDQ� NDGDU� NDUERKLGUDW�
WHUHQGDK�DGDODK�SRSXODVL�%DOXUDQ�����������%LOD�
GLOLKDW�GDUL�KDVLO�WHUVHEXW�PDND�PDODSDUL�MXJD�GDSDW�
GLMDGLNDQ� VHEDJDL� VXPEHU� ELRHWDQRO� NDUHQD�
PHQXUXW�%HQ�GDQ�$PRW]��������VXDWX�EDKDQ�\DQJ�
PHPLOLNL� SRWHQVL� VHEDJDL� VXPEHU� ELRHWDQRO�
V\DUDWQ\D� DGDODK� PHPSXQ\DL� NDQGXQJDQ�
NDUERKLGUDW�\DQJ�EHUNLVDU�DQWDUD����²�����

%��$VDP�/HPDN

� +DVLO� DQDOLVLV� UDJDP� DVDP� OHPDN� �7DEHO� ���
PHPSHUOLKDWNDQ� EDKZD� VHPXD� SDUDPHWHU�
�SDOPLWDW�� VWHDUDW�� ROHDW�� OLQROHDW� GDQ� OLQROHDQDW��
PHPSXQ\DL� SHUEHGDDQ� \DQJ� VLJQLILNDQ� DQWDU�
SRSXODVL��+DVLO�SHQHOLWLDQ�PHPSHUOLKDWNDQ�EDKZD�
NDQGXQJDQ� DVDP� OHPDN� GDODP�PLQ\DN�PDODSDUL�
\DQJ� SDOLQJ� GRPLQDQ� DGDODK� ROHDW� GDQ� OLQROHDW�
DSDELOD�GLEDQGLQJNDQ�GHQJDQ�\DQJ�ODLQQ\D��$VDP�
OHPDN� ROHDW� WHUWLQJJL� EHUDVDO� GDUL� %DOXUDQ�
����������VHGDQJNDQ�OLQROHDW�WHUEHVDU�EHUDVDO�GDUL�
GDUL�&DULWD�����������1LODL�DVDP�OHPDN�ROHDW�\DQJ�
WHUHQGDK�EHUDVDO�GDUL�&DULWD�����������1LODL�\DQJ�
GLSHUROHK�KDPSLU�VDPD�GHQJDQ�KDVLO� �6DQJZDQ�HW�
DO����������\DLWX�DVDP�ROHDW�����VHGDQJNDQ�DVDP�
OLQROHDW��������%HJLWXSXQ�GHQJDQ�KDVLO�SHQHOLWLDQ�
+DPEDOL�HW�DO����������\DLWX�PHQJKDVLONDQ�DQDOLVLV�
DVDP�ROHDW�VHEHVDU������²��������VHGDQJNDQ�QLODL�
DVDP�OLQROHDW�VHEHVDU������²��������$VDP�OHPDN�

7DEHO����+DVLO�XML�SURNVLPDW�SDGD�ELML�PDODSDUL�GDUL�OLPD�ORNDVL�GL�3XODX�-DZD
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ROHDW�GDQ�DVDP�OHPDN�OLQROHDW�DGDODK�DVDP�OHPDN�
WLGDN� MHQXK��$VDP�ROHDW�PHPSXQ\DL� VDWX� LNDWDQ�
UDQJNDS�GDQ�DVDP�OLQROHDW�PHPSXQ\DL�GXD�LNDWDQ�
UDQJNDS�� $VDP� OHPDN� WLGDN� MHQXK� \DQJ� WLQJJL�
GDODP� PLQ\DN� PDODSDUL� PHQ\HEDENDQ� PLQ\DN�
EHUEHQWXN�FDLU�SDGD�VXKX�UXDQJ��7LWLN�FDLU�\DQJ�
GLPLOLNL� DVDP� ROHDW� GDQ� OLQROHDW� EHUWXUXW�WXUXW�
DGDODK��� &�GDQ��� &��.HWDUHQ��������

R R

� $VDP�OHPDN�SDOPLWDW�\DQJ�WHUEHVDU�DGDODK�GDUL�
%DOXUDQ� ��������� GDQ� WHUHQGDK� EHUDVDO� GDUL�
.HEXPHQ�����������1LODL�DVDP�OHPDN�VWHDUDW�GDQ�
OLQROHDQDW� \DQJ� WHUWLQJJL� GDUL� %DWXNDUDV� GHQJDQ�
QLODL�EHUWXUXW�WXUXW�������GDQ��������VHGDQJNDQ�
QLODL�DVDP�OHPDN�VWHDUDW�\DQJ�WHUHQGDK�EHUDVDO�GDUL�
$ODV�3XUZR���������GDQ�QLODL�DVDP�OLQROHDQDW�\DQJ�
WHUHQGDK�EHUDVDO�GDUL�.HEXPHQ���������

&��6LIDW�)LVLNR�.LPLD�0LQ\DN�0DODSDUL

� 0LQ\DN� ELML� PDODSDUL� \DQJ� GLJXQDNDQ� XQWXN�
DQDOLVLV� VLIDW� ILVLNR�NLPLD� DGDODK� PLQ\DN� \DQJ�
GLSUHV� GHQJDQ� K\GUDXOLF� SUHVV�� +DVLO� SHQJHSUHVDQ�
EHUNLVDU�DQWDUD����²������EHUEHGD�GHQJDQ�KDVLO�
DQDOLVLV� NDGDU� PLQ\DN� OHPDN� GHQJDQ� PHWRGH�
VR[KOHW�\DQJ�GDSDW�PHQFDSDL���������5HQGHPHQ�
PLQ\DN� PDODSDUL� \DQJ� GLKDVLONDQ� PHQJJXQDNDQ�
K\GUDXOLF�SUHVV�VDQJDW�UHQGDK�NDUHQD�DODWQ\D�PDVLK�
VDQJDW� VHGHUKDQD� VHKLQJJD� NXUDQJ� PDNVLPDO�
GDODP� PHQJHOXDUNDQ� PLQ\DN� GDUL� ELMLQ\D��
0HQXUXW� .HWDUHQ� ������� NRQGLVL� \DQJ�
PHPSHQJDUXKL�EHVDUQ\D�UHQGHPHQ�DGDODK�NDGDU�
PLQ\DN� GDODP� EDKDQ�� VHPHQWDUD� LWX� 6XVDQWL��
*DQGLGL� GDQ� 6XVLOD� ������� EHUSHQGDSDW� EDKZD�
MXPODK� UHQGHPHQ� GLSHQJDUXKL� ROHK� PHWRGH��
WHPSHUDWXU�� GDQ� WHNDQDQ�� 8PXPQ\D� QLODL�
UHQGHPHQ�\DQJ�GLKDVLONDQ�GHQJDQ�PHWRGH�VRNOHW�
OHELK� WLQJJL� NDUHQD� EHQWXN� ILVLN� VDPSHO� ELML�

PHPLOLNL�OXDV�\DQJ�OHELK�EHVDU�GDQ�PHPXGDKNDQ�
SHODUXW� Q�KHNVDQ� GDSDW� VHFDUD� VHPSXUQD�
PHPLVDKNDQ�NRPSRQHQ�PLQ\DN�\DQJ�WHUNDQGXQJ�
GDODP�VHO��7HWDSL�DGD�NHOHPDKDQ�PHWRGH�VRNOHW��
\DLWX�ZDNWX�\DQJ�GLEXWXKNDQ�OHELK�ODPD�GDQ�VNDOD�
SURGXNVL�OHELK�NHFLO�
� +DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�QLODL�EHUDW�MHQLV�
WHUEHVDU� ������ J�P/�� EHUDVDO� GDUL� %DOXUDQ��
VHGDQJNDQ�\DQJ�WHUNHFLO�������J�P/��EHUDVDO�GDUL�
%DWXNDUDV�� 1LODL� LQL� KDPSLU� VDPD� GHQJDQ� KDVLO�
SHQHOLWLDQ� %REDGH� GDQ� .K\DGH� ������� VHEHVDU�
������J�P/�VHUWD�+DPEDOL�HW�DO���������VHEHVDU�����

�
NJ�FP ��3HUEHGDDQ�EHUDW� MHQLV�GLSHQJDUXKL�ROHK�
NRPSRVLVL� DVDP� OHPDN� GDQ� NHPXUQLDQ� EDKDQ�
EDNX�� 0HQXUXW� 0LWWHOEDFK� GDQ� 5HPVFKPLGW�
�������EHUDW�MHQLV�DNDQ�PHQLQJNDW�VHLULQJ�GHQJDQ�
SHQXUXQDQ� SDQMDQJ� UDQWDL� NDUERQ� GDQ�
SHQLQJNDWDP� MXPODK� LNDWDQ� UDQJNDS� SDGD� DVDP�
OHPDN�� +DO� ODLQ� \DQJ� PHPSHQJDUXKL� DGDODK�
NRPSRQHQ�SHQJRWRU�NDQGXQJDQ�ELML�VHSHUWL�JXP�
GDQ� OHQGLU� \DQJ� ND\D� NDUERKLGUDW�� SURWHLQ� GDQ�
IRVIDWLGD�� %HUDW� MHQLV� DNDQ� VHPDNLQ� WLQJJL� MLND�
VHPDNLQ� WLGDN� MHQXK� PLQ\DN� \DQJ� GLJXQDNDQ�
�+DQGD\DQL�� 5XNPLQLWD�� 	� *XPLODU�� �������
6HEDJLDQ�EHVDU�PLQ\DN�ELML�SRQJDPLD�WHUVXVXQ�GDUL�
DVDP�ROHDW��DVDP�OHPDN�WLGDN�MHQXK���\DLWX�EHUNLVDU�
DQWDUD�������²����������\DQJ�PHQ\HEDENDQ�EHUDW�
MHQLV�PLQ\DN�ELML�PDODSDUL�FHQGHUXQJ�WLQJJL�
� 1LODL� YLVNRVLWDV� WHUEHVDU� ������ P3DV�� EHUDVDO�
GDUL�%DOXUDQ�GDQ�\DQJ�WHUNHFLO�������P3DV��EHUDVDO�
GDUL� %DWXNDUDV�� +DVLO� LQL� OHELK� EHVDU� GDUL� KDVLO�
SHQHOLWLDQ�%REDGH�GDQ�.K\DGH��������VHEHVDU������
P3DV�VHUWD� +DPEDOL�HW�DO�� �������GLSHUROHK�QLODL�
YLVNRVLWDV�VHEHVDU�������P3DV��+DVLO�SHQHOLWLDQ�LQL�
KDPSLU� VDPD�GHQJDQ�QLODL� YLVNRVLWDV�Q\DPSOXQJ�
VHEHVDU� ������ P3DV� �+DVLEXDQ�� 6DKLUPDQ�� 	�
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<XGDZDWL���������9LVNRVLWDV�VDQJDW�SHQWLQJ�VHEDE�
GDSDW�PHPSHQJDUXKL�NLQHUMD�LQMHNWRU�SDGD�PHVLQ�
GLHVHO��$WRPLVDVL�EDKDQ�EDNDU�VDQJDW�EHUJDQWXQJ�
SDGD�WHNDQDQ�LQMHNVL��XNXUDQ�OXEDQJ�LQMHNWRU�VHUWD�
YLVNRVLWDV�� $JDU� GDSDW� PXGDK� PHQJDOLU� GDQ�
WHUDWRPLVDVL��EDKDQ�EDNDU�KDUXV�PHPSXQ\DL�QLODL�
YLVNRVLWDV�\DQJ�UHQGDK��+DO�LQL�GLVHEDENDQ�NDUHQD�
SXWDUDQ�PHVLQ�\DQJ�FHSDW�PHPEXWXKNDQ�LQMHNVL�
EDKDQ� EDNDU� \DQJ� FHSDW� SXOD�� 7HWDSL� DGD� EDWDV�
PLQLPDO�VHEDE�GLEXWXKNDQ�VLIDW�SHOXPDVDQ�\DQJ�
EDLN� XQWXN�PHQFHJDK� WHUMDGLQ\D� NHDXVDQ� DNLEDW�
JHUDNDQ�SLVWRQ�\DQJ�FHSDW�
� 1LODL� ELODQJDQ� DVDP� WHUWLQJJL� ������� PJ�J��
EHUDVDO� GDUL� %DOXUDQ� GDQ� \DQJ� WHUHQGDK� ������
PJ�J��GDUL�%DWXNDUDV��7DEHO�����%HUEHGD�GHQJDQ�
KDVLO�SHQHOLWLDQ�%REDGH�GDQ�.K\DGH��������\DQJ�
PHPSXQ\DL�ELODQJDQ�DVDP�VHEHVDU�����PJ�J�GDQ�
+DPEDOL� HW� DO�� ������� VHEHVDU� �� PJ�J�� &DUD�
SHQ\LPSDQDQ� PLQ\DN� KDVLO� SHQJHPSDDQ� MXJD�
PHPSHQJDUXKL�NDQGXQJDQ�DLU�GDQ�ELODQJDQ�DVDP�
PLQ\DN��6XGUDGMDW��3DZRNR��+HQGUD��	�6HWLDZDQ��
������� %LODQJDQ� DVDP� \DQJ� EHVDU� PHQXQMXNNDQ�
DVDP� OHPDN�EHEDV� \DQJ� EHVDU� \DQJ� EHUDVDO� GDUL�
KLGUROLVD� PLQ\DN� DWDXSXQ� NDUHQD� SURVHV�
SHQJRODKDQ� \DQJ� NXUDQJ�EDLN��0HQXUXW� 6XURVR�
�������PLQ\DN�\DQJ�PHPSXQ\DL�NXDOLWDV�UHQGDK�
PHPLOLNL� ELODQJDQ� DVDP� \DQJ� WLQJJL�� +DO� LQL�
GLVHEDENDQ� NDUHQD� PLQ\DN� \DQJ� PHQJDQGXQJ�
DVDP�OHPDN�EHEDV�OHELK�GDUL����DNDQ�PHPEHQWXN�
IRUPDVL�HPXOVL�VDEXQ�\DQJ�PHQ\XOLWNDQ�SDGD�VDDW�
SHPLVDKDQ�ELRGLHVHO��/LVWLDZDWL��������

� +DVLO�SHQJXMLDQ�ELODQJDQ�SHQ\DEXQDQ�WHUWLQJJL�
GLSHUROHK�SDGD�SRSXODVL�\DQJ�EHUDVDO�GDUL�%DOXUDQ�
�������� PJ�J�� GDQ� \DQJ� WHUNHFLO� EHUDVDO� GDUL�
%DWXNDUDV� �������� PJ�J��� +DVLO� LQL� WLGDN� MDXK�
EHUEHGD� GHQJDQ� KDVLO� SHQHOLWLDQ� %REDGH� GDQ�
.K\DGH� ������� VHEHVDU� ���� PJ�J�� 7LQJJL�
UHQGDKQ\D�ELODQJDQ�SHQ\DEXQDQ�GLSHQJDUXKL�ROHK�
EHUDW� PROHNXO� PLQ\DN� �.HWDUHQ�� ������� +DO� LQL�
EHUDUWL� PLQ\DN� \DQJ� PHPSXQ\DL� ELODQJDQ�
SHQ\DEXQDQ�\DQJ�WLQJJL�GLVXVXQ�ROHK�DVDP�OHPDN�
EHUDQWDL� SHQGHN� \DQJ� PHPLOLNL� EHUDW� PROHNXO�
UHQGDK�� VHEDOLNQ\D� PLQ\DN� \DQJ� PHPSXQ\DL�
ELODQJDQ�SHQ\DEXQDQ� \DQJ� UHQGDK�GLVXVXQ�ROHK�
DVDP�OHPDN�EHUDQWDL�SDQMDQJ�\DQJ�PHPLOLNL�EHUDW�
PROHNXO�WLQJJL��0HQXUXW�1XJUDKDQL��������IDNWRU�
JHQHWLN��WHPSDW�WXPEXK��LNOLP��ZDNWX�SDQHQ�GDQ�
SURVHV� HNVWUDNVL� PLQ\DN� PHQ\HEDENDQ� DGDQ\D�
SHUEHGDDQ�ELODQJDQ�SHQ\DEXQDQ�
� +DVLO�SHQJXMLDQ�PHQXQMXNNDQ�EDKZD�ELODQJDQ�
LRG� PDODSDUL� GDUL� OLPD� SRSXODVL� EHUNLVDU� DQWDUD�
������ PJ�J� �$ODV� 3XUZR�� V�G� ������ PJ�J�
�.HEXPHQ���+DVLO�LQL�WLGDN�EHUEHGD�GHQJDQ�KDVLO�
SHQHOLWLDQ� %REDGH� GDQ� .K\DGH� ������� \DQJ�
PHPLOLNL�ELODQJDQ�LRG�VHEHVDU����PJ�J�VHUWD�OHELK�
NHFLO�GDUL�+DPEDOL�HW�DO���������VHEHVDU�����J�J��
+DO� LQL� PHQXQMXNNDQ� EDKZD� MXPODK� LRG� \DQJ�
WHULNDW� SDGD� LNDWDQ� UDQJNDS� VHGLNLW�� VHKLQJJD�
GHUDMDW� NHWLGDNMHQXKDQ� GDUL� DVDP� OHPDN� DWDX�
FDPSXUDQ� DVDP� OHPDN� UHQGDK�� 0HQXUXW�
1XJUDKDQL� �������PLQ\DN� GHQJDQ� ELODQJDQ� LRG�
\DQJ� UHQGDK� DNDQ� PHPSXQ\DL� WLWLN� WXDQJ� \DQJ�
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UHQGDK��7LWLN�WXDQJ�PHQXQMXNNDQ�VXKX�WHUHQGDK�
GLPDQD�PLQ\DN�GDSDW�PHQJDOLU��NKXVXVQ\D�SDGD�
VDDW�PHVLQ�GLKLGXSNDQ�
� 1LODL� NDORU� SHPEDNDUDQ� PHUXSDNDQ� HQHUJL�
NDORU�\DQJ�GLPLOLNL�GDODP�WLDS�VDWXDQ�PDVVD�EDKDQ�
EDNDU�� +DVLO� SHQHOLWLDQ� LQL� PHQXQMXNNDQ� EDKZD�
QLODL�NDORU�PDODSDUL�GDUL���SRSXODVL�GL�3XODX�-DZD�
EHUYDULDVL� GDUL� �������� .NDO�.J� �%DWXNDUDV��
VDPSDL� GHQJDQ� �������� .NDO�.J� �.HEXPHQ���
VHPHQWDUD� KDVLO� SHQHOLWLDQ� %REDGH� GDQ�.K\DGH�
�������VHEHVDU������.NDO�.J��'DODP�SHQHOLWLDQ�
LQL� NDGDU� DLU� WHUWLQJJL� GDODP� PLQ\DN� PDODSDUL�
VHEHVDU�������EHUDVDO�GDUL�SRSXODVL�%DOXUDQ�GDQ�
\DQJ�WHUNHFLO�EHUDVDO�GDUL�SRSXODVL�&DULWD����������
.DGDU� DLU� PHUXSDNDQ� SDUDPHWHU� SHQWLQJ� GDODP�
SHQHQWXDQ� NXDOLWDV�PLQ\DN��$LU� \DQJ� DGD� GDODP�
PLQ\DN� DNDQ� PHQ\HEDENDQ� WHUMDGLQ\D� KLGUROLVLV�
WULJOLVHULGD� PHQMDGL� DVDP� OHPDN� GDQ� JOLVHURO��
VHKLQJJD�GDSDW�PHQLQJNDWNDQ�NDGDU�DVDP�OHPDN�
EHEDV��))$���'L�EHEHUDSD�QHJDUD�\DQJ�PHQJDODPL�
PXVLP� GLQJLQ� NDQGXQJDQ� DLU� \DQJ� DGD� GDODP�
EDKDQ� EDNDU� GDSDW�PHPEHQWXN� NULVWDO� VHKLQJJD�
GDSDW�PHQ\XPEDW�DOLUDQ�EDKDQ�EDNDU��6HPHQWDUD�
LWX��NDQGXQJDQ�DLU�MXJD�ELVD�PHQ\HEDENDQ�NRURVL�
GDQ� SHUWXPEXKDQ� PLNURRUJDQLVPH� \DQJ� GDSDW�
PHQ\XPEDW�DOLUDQ�EDKDQ�EDNDU�

,9���.(6,038/$1

� 3RSXODVL � SRKRQ� PDODSDUL � %DWXNDUDV�
PHUXSDNDQ� SRSXODVL� \DQJ� SDOLQJ� EDLN� XQWXN�
GLMDGLNDQ� VXPEHU� EDKDQ� EDNX� ELRGLHVHO� NDUHQD�
PHPSXQ\DL� QLODL� NDGDU� PLQ\DN� WHUWLQJJL��
.HXQJJXODQ�ODLQ�GDUL�SRSXODVL�SRKRQ�PDODSDUL�GL�
%DWXNDUDV� \DLWX� PHPLOLNL� QLODL� EHUDW� MHQLV��
YLVNRVLWDV� GDQ� ELODQJDQ� DVDP� \DQJ� WHUHQGDK��
0LQ\DN� PDODSDUL� GLGRPLQDVL� ROHK� DVDP� OHPDN�
ROHDW� GDQ� OLQROHDW� \DQJ�PHUXSDNDQ� DVDP� OHPDN�
WLGDN� MHQXK� \DQJ� EHUSRWHQVL� XQWXN� ELRGLHVHO��
%HUGDVDUNDQ�QLODL�DVDP�OHPDN��ROHDW�GDQ�OLQROHDW��
GDQ�VLIDW�ILVLNR�NLPLD��EHUDW�MHQLV�GDQ�QLODL�NDORU���
PLQ\DN� PHQWDK� PDODSDUL� GDUL� NHOLPD� SRSXODVL�
WHODK� PHPHQXKL� V\DUDW� XQWXN� GLMDGLNDQ� EDKDQ�
EDNX�ELRGLHVHO�

'$)7$5�3867$.$

$PLQDK��$����������.DUDNWHULVDVL�PRUIRORJL��JHQHWLN��
NDQGXQJDQ� PLQ\DN� GDQ� HYDOXDVL� DZDO�
SHUWXPEXKDQ�ELELW�SRQJDPLD 3RQJDPLD�SLQQDWD�� �
�/��� 3LHUUH�� �� �'LVHUWDVL���GL� 3XODX� -DZD
3URJUDP� 3HQGLGLNDQ� 'RNWRU�� ,QVWLWXW�
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