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DQG��FDXVH�WKH�ODWH[�WR�FRDJXODWH�UDSLGO\��7KLV�SDSHU�GHWHUPLQHV�HIIHFWLYHQHVV�RI �XVLQJ��VPRNH�OLTXLG�DV�D�ODWH[�FRDJXODQW�
DQG�FKDUDFWHULVWLFV�RI �WKH�WUHDWHG�ODWH[��7KH�VPRNH�OLTXLG� �LQ�WKLV�VWXG\�ZDV�GHULYHG�IURP�SLQH�ZRRG��7KH�VPRNH�OLTXLG�
VROXWLRQV�FRQVLVWHG�RI ��WKH�FUXGH�VPRNH�OLTXLG��DQG�WKH�GLOXWHG�VROXWLRQ�LQ�YDULRXV��FRQFHQWUDWLRQV�RI �����������DQG������
7KH�VPRNH�OLTXLG�VROXWLRQ�ZDV�WKHQ�HDFK�SRXUHG�LQWR�D�FRQWDLQHU�RI �ODWH[��7HVWLQJ�ZDV�XQGHUJRQH�E\�REVHUYLQJ�ODWH[�
FRDJXODWLQJ�WLPH��FRDJXODWH�FRQGLWLRQ��WH[WXUH��FRORU��RGRU�DQG�KRPRJHQLW\��7KH�PRVW�HIIHFWLYH�VPRNH�OLTXLG�ZKLFK�SURGXFHG�
WKH�EHVW�ODWH[�EDVHG�RQ�LWV�SHUIRUPDQFHV�ZDV�WKHQ�WDNHQ�IRU�IXUWKHU�WHVWLQJ�RI �SK\VLFR�FKHPLFDO�SURSHUWLHV�ZKLFK�LQFOXGHG�GU\�
UXEEHU�FRQWHQW��SODVWLFLW\�UHWHQWLRQ�LQGH[��35,���LQLWLDO�SODVWLFLW\��3R���ILQDO�SODVWLFLW\��3D���GLUW�FRQWHQW��DVK�FRQWHQW��
YRODWLOH�PDWWHU�FRQWHQW��9P���DQG�QLWURJHQ�FRQWHQW��5HVXOWV�ZHUH�WKHQ�FRPSDUHG�ZLWK�WKH�FRQYHQWLRQDO�XVH�RI �IRUPLF�DFLG�DV�
D�FRQWURO�FRDJXODQW��7KH�UHVXOW�VKRZHG�WKDW�WKH�FUXGH�DQG�GLVWLOODWH�VPRNH�OLTXLG�VROXWLRQV�ZLWK�FRQFHQWUDWLRQ�RI �����
SURGXFHG� WKH�EHVW� FRDJXODQWSHUIRUPDQFHV� WKDQ�WKH�RWKHU�VROXWLRQV��5XEEHU� ODWH[�WUHDWHG�ZLWK� WKH� FUXGH�VPRNH� OLTXLG�
SURGXFHG�WKH�EHVW�SK\VLFR�FKHPLFDO�SURSHUWLHV�DQG�FRXOG�PHHW�UHTXLUHPHQWV�RI �WKH�,QGRQHVLDQ�1DWLRQDO�6WDQGDUG��61,��IRU�
5XEEHU�4XDOLW\�

.H\ZRUGV��6PRNH�OLTXLG��FRDJXODQW��ODWH[��TXDOLW\��SK\VLFR�FKHPLFDO�SURSHUWLHV�
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&XND�ND\X�PHUXSDNDQ�FDLUDQ�KDVLO�NRQGHQVDVL�DVDS�\DQJ�NHOXDU�SDGD�SURVHV�SHQJDUDQJDQ��&XND�ND\X�
EHUVLIDW� DVDP� GHQJDQ� NDQGXQJDQ� XWDPDQ\D� DGDODK� DVDP� DVHWDW� VHKLQJJD� GDSDW� GLJXQDNDQ� VHEDJDL�
DOWHUQDWLI �NRDJXODQ�JHWDK�NDUHW��ODWHNV���$VDP�GDODP�FXND�ND\X�GDSDW�PHQXUXQNDQ�S+�ODWHNV�KLQJJD�
EHUDGD�SDGD� WLWLN� LVRHOHNWULN� \DQJ�PHQ\HEDENDQ�SURWHLQ�SRODU�PHQMDGL�QHWUDO� VHKLQJJD� ODWHNV� FHSDW�
PHQJJXPSDO�� 7XMXDQ� SHQHOLWLDQ� LQL� DGDODK� PHQJHWDKXL� HIHNWLILWDV� SHPDQIDDWDQ� FXND� ND\X� VHEDJDL�
NRDJXODQ�ODWHNV�GDQ�NDUDNWHULVWLN�ODWHNV�KDVLO�NRDJXODVLQ\D��&XND�ND\X�\DQJ�GLJXQDNDQ�VHEDJDL�NRDJXODQ�
SDGD�SHQHOLWLDQ�LQL�EHUDVDO�GDUL�EDWDQJ�SRKRQ�3LQXV��-HQLV�FXND�ND\X�\DQJ�GLJXQDNDQ�\DLWX�FXND�ND\X�
PHQWDK��FUXGH��GDQ�FXND�ND\X�KDVLO�SHQ\XOLQJDQ�GHQJDQ�NRQVHQWUDVL�PDVLQJ�PDVLQJ������������� �GDQ��
�����&XND�ND\X�WHUVHEXW�GLFDPSXUNDQ�NH�GDODP�ZDGDK�EHULVL�ODWHNV��8ML�GHVNULSWLI �ODWHNV�GLODNXNDQ�
GHQJDQ� PHQJDPDWL� ZDNWX� SHQJJXPSDODQ� NDUHW�� NRQGLVL� SHQJJXPSDODQ�� WHNVWXU�� ZDUQD�� EDX � GDQ��
KRPRJHQLWDV��-HQLV�GDQ�NRQVHQWUDVL�FXND�ND\X�\DQJ�PHQJKDVLONDQ�JHWDK�NDUHW�SDOLQJ�EDLN�GLDPELO�XQWXN�
GLODNXNDQ�SHQJXMLDQ�VLIDW�ILVLNR�NLPLD��3DUDPHWHU�SHQJXMLDQ�VLIDW�ILVLNR�NLPLD�PHOLSXWL�NDGDU�NDUHW�NHULQJ��
3ODVWLFLW\�5HWHQWLRQ�,QGH[��35,���SODVWLVLWDV�DZDO��3R���SODVWLVLWDV�DNKLU��3 ���NDGDU�NRWRUDQ��NDGDU�DEX��NDGDU��

]DW�PHQJXDS� �9P� � GDQ� NDGDU� QLWURJHQ � � GLEDQGLQJNDQ� GHQJDQ� NRDJXODQ� DVDP� IRUPDW� VHEDJDL�� � ODOX

���

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

DOI : http://doi.org/10.20886/jphh.2016.34.3.199-205



���

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

,�� 3(1'$+8/8$1

� 7HNQRORJL� SHPEXDWDQ� DUDQJ� \DQJ� WHWDS�
EHUNHPEDQJ�VDPSDL�VDDW�LQL�DGDODK�FDUD�VHGHUKDQD�
\DLWX� GHQJDQ� SHQLPEXQDQ� WDQDK�� SHQJDUDQJDQ�
GHQJDQ�GUXP��GDQ��FDUD�SLUROLVLV�� �3LUROLVLV�DGDODK�
SURVHV�SHPEDNDUDQ� WLGDN� VHPSXUQD�EDKDQ�\DQJ�
PHQJDQGXQJ� NDUERQ� NRPSOHN� \DQJ� WLGDN�
WHURNVLGDVL� PHQMDGL� &2 �� 3DGD� VDDW� SLUROLVLV��

WHUMDGL�� HQHUJL� SDQDV� PHQGRURQJ� WHUMDGLQ\D�
RNVLGDVL�VHKLQJJD�PROHNXO�NDUERQ�\DQJ�NRPSOHN�
WHUXUDL�VHEDJLDQ�EHVDU�PHQMDGL�NDUERQ�DWDX�DUDQJ�
�.LQRVKLWD�� ����� GDODP� :LERZR�� ������� 6HODLQ�
GLSHUROHK�DUDQJ��GLKDVLONDQ� MXJD�FXND�ND\X�\DQJ�
PHUXSDNDQ� FDLUDQ� KDVLO� NRQGHQVDVL� DVDS� \DQJ�
NHOXDU� SDGD� SURVHV� SHQJDUDQJDQ��&XND� ND\X� LQL�
OD]LP�MXJD�GLVHEXW�VHEDJDL�DVDS�FDLU�
� %HEHUDSD� SHQHOLWLDQ� PHQJHQDL� SHPDQIDDWDQ�
KDVLO�SLUROLVLV�DQWDUD�ODLQ�DGDODK�DUDQJ�DNWLI �VHEDJDL�
EDKDQ� SHPXFDW� DWDX� SHQMHUQLK�PLQ\DN� DWDX� DLU��
VHEDJDL� SHQ\HUDS� HPLVL� IRUPDOGHKLGD�� SHQ\HUDS�
KLGURJHQ� VXOILGD� �+ 6�� GDQ� VHEDJDL� SXSXN��

WDQDPDQ� �3DUL�� 1XUKD\DWL�� 	� +DUWR\R�� ������
0DUZDWL�� ������ *DQL�� ������ 'DUPDZDQ�� ������
*XR� HW� DO��� ������� NHPXGLDQ� FXND� ND\X� VHEDJDL�
EDKDQ� SHQJDZHW� PDNDQDQ� VHSHUWL� PLH�� GDJLQJ��
LNDQ��GDQ�SHQJKLODQJ�EDX��*XPDQWL��������6LPRQ��
&HOOH��3DOPH��0HOHU��	�$QNODP��������
� 0DQIDDW� GDUL� DUDQJ� GDQ� FXND� ND\X� SHUOX�
GLNHPEDQJNDQ� NH� GDODP� EHQWXN� \DQJ� PXGDK�
GLDSOLNDVLNDQ�ROHK�PDV\DUDNDW��&XND�ND\X�EHUVLIDW�
DVDP� VHKLQJJD� GDSDW� GLDSOLNDVLNDQ� VHEDJDL�
NRDJXODQ�NDUHW��3HQDPEDKDQ�DVDP�LQL�EHUWXMXDQ�
XQWXN�PHQXUXQNDQ�S+�ODWHNV�KLQJJD�EHUDGD�SDGD�
WLWLN� LVROHNWULNQ\D� \DQJ� PHQ\HEDENDQ� SURWHLQ�
SRODU� PHQMDGL� QHWUDO� GDQ� GDSDW� EHUGHNDWDQ� VH�
KLQJJD�DNKLUQ\D�PHQ\DWX�PHPEHQWXN�JXPSDODQ�
JXPSDODQ�GDQ�PHPEHNX��*RXWDUD��������
� %DKDQ�SHQJJXPSDO�\DQJ�XPXPQ\D�GLJXQDNDQ�
ROHK�SHUNHEXQDQ�EHVDU�DGDODK�DVDP�VHPXW��DVDP�
IRUPDW���%DKDQ�SHQJJXPSDO�ODLQ�VHSHUWL�DLU�EXDK�
EXDKDQ�� LOHV�LOHV�� GDQ� SXSXN� 7ULSOH� 6XOIXU�
3KRVSKDWH� � �763 � EDQ\DN� GLJXQDNDQ� ROHK�

PDV\DUDNDW��QDPXQ�KDVLOQ\D�WLGDN�EDLN�GDQ�WLGDN�
GLDQMXUNDQ�� 6HODPD� LQL� SHQJJXQDDQ� DVDP� VHPXW�
GLQLODL�PHPEHUDWNDQ�GLNDUHQDNDQ�KDUJDQ\D�\DQJ�
FXNXS� WLQJJL�� 2OHK� NDUHQD� LWX� GLSHUOXNDQ� VXDWX�
DOWHUQDWLI �EDKDQ�NRDJXODQ�\DQJ�PHPLOLNL�NXDOLWDV�
EHNXDQ�\DQJ�VDPD�GHQJDQ� �VHPXW�VHUWD�KDUJD�DVDP
\DQJ� HNRQRPLV�� 6DODK� VDWX� DOWHUQDWLI � NRDJXODQ�
WHUVHEXW�DGDODK�FXND�ND\X��%DODL�3HQHOLWLDQ�.DUHW�
6HPEDZD� PHQXQMXNNDQ� FXND� ND\X� GDSDW�
GLJXQDNDQ�SDGD�SURVHV�SHQJRODKDQ�NDUHW�VHEDJDL�
EDKDQ� NRDJXODQ� GDQ� SHQJHQGDOL� EDX� � ��PDODGRU
�6ROLFKLQ��������

,,��%$+$1�'$1�0(72'(

$��%DKDQ�GDQ�$ODW

� %DKDQ� \DQJ� GLJXQDNDQ� \DLWX� FXND� ND\X� \DQJ�
EHUDVDO�GDUL�EDWDQJ�ND\X�MHQLV�3LQXV�PHUNXVLL�-XQJK�
	�GH�9ULHVH��*HWDK�NDUHW�GLSHUROHK�GDUL�5XPSLQ��
-DZD�%DUDW��3HUDODWDQ�\DQJ�GLJXQDNDQ�DQWDUD�ODLQ�
GUXP���JHODV�SLDOD��WLPEDQJDQ��ODEX�SHQGLQJLQ��GDQ�
ZDGDK�NRDJXODVL�

%��0HWRGH�3HQHOLWLDQ

� .HJLDWDQ�SHQHOLWLDQ�GLDZDOL�GHQJDQ�PHPEXDW�
FXND�ND\X��%DWDQJ�ND\X�GLSRWRQJ�PHQMDGL�EDJLDQ�
NHFLO�EHUXNXUDQ�SDQMDQJ����FP�GDQ� OHEDU���FP��
3RWRQJDQ� WHUVHEXW� GLPDVXNNDQ� NH GDODP� GUXP��
GDQ�GLVXVXQ� UDSL��3URVHV�SHPEDNDUDQ�SRWRQJDQ�
ND\X�GLODNXNDQ�VHODPD����PHQLW�GLWDQGDL�GHQJDQ�
WLPEXOQ\D�DVDS�WHEDO��'UXP�GLWXWXS�KLQJJD�UDSDW�
NHPXGLDQ� DVDS� GLDOLUNDQ�PHOHZDWL� EXNX� EDPEX�
EDVDK� � EDUX� WHEDQJ�� VHEDJDL�EDPEX� \DQJ� GL
NRQGHQVRU� \DQJ� GLOXEDQJL� SDGD� WLWLN� WHUWHQWX��
7HWHVDQ� DVDS� FDLU� DWDX� FXND� ND\X� \DJ� MDWXK�
GLWDPSXQJ� NH� GDODP� ZDGDK�� &XND� ND\X� LQL�
GLWDQGDL� VHEDJDL� FXND� ND\X� PHQWDK� � ���FUXGH
6HEDJLDQ� GLVXOLQJ�XQWXN�PHQGDSDWNDQ�FXND�FUXGH�
ND\X� EDUX� \DQJ� EHUVLK� GDUL� WDU�� &XND� ND\X� LQL�
GLWDQGDL� VHEDJDL� FXND� ND\X� KDVLO� SHQ\XOLQJDQ��
3HQ\XOLQJDQ� GLODNXNDQ� PHQJJXQDNDQ� ODEX�
SHQGLQJLQ� VHODPD� ���� MDP��&XND� ND\X� GDQ�FUXGH�

NRQWURO�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� FXND� ND\X� FUXGH� GDQ� FXND� ND\X� KDVLO� SHQ\XOLQJDQ� GHQJDQ�
NRQVHQWUDVL�����PHQJKDVLONDQ�PXWX�SHQDPSLODQ�ODWHNV�\DQJ�SDOLQJ�EDLN�GLEDQGLQJNDQ�\DQJ�ODLQQ\D��
*HWDK�NDUHW�GHQJDQ�SHUODNXDQ�NRDJXODVL�PHQJJXQDNDQ�FXND�ND\X�FUXGH�PHQJKDVLONDQ�VLIDW�ILVLNR�NLPLD�
SDOLQJ�EDLN�GDQ�PHPHQXKL� WDQGDU� �,QGRQHVLD��61,�6 1DVLRQDO �

.DWD�NXQFL��&XND�ND\X��NRDJXODQ��ODWHNV��NXDOLWDV��VLIDW�ILVLNR�NLPLD
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3HPDQIDDWDQ�&XND�.D\X�GDUL�%DWDQJ�3RKRQ�3LQXV�� �-XQJK��	�GH�9ULHVH��VHEDJDL�.RDJXODQ�*HWDK�.DUHW3LQXV�PHUNXVLL
�

�6DQWL\R�:LERZR��*XVWDQ�3DUL��	�5��(VD�3DQJHUVD�*XVWL �

FXND� ND\X� KDVLO� SHQ\XOLQJDQ� NHPXGLDQ�
GLDSOLNDVLNDQ�GHQJDQ�FDUD�PHUHQGDP�JHWDK�NDUHW�
GL� GDODP� ZDGDK�� .RQVHQWUDVL� FXND� ND\X� \DQJ�
GLJXQDNDQ�PDVLQJ�PDVLQJ���������� �GDQ����� �

&� $QDOLVLV�'DWD�

� *HWDK� NDUHW� \DQJ� WHODK� GLNRDJXODVL� GLDPDWL�
ZDN WX � S HQJ JXPSD O DQ � N D U H W � � NRQG L V L �
SHQJJXPSDODQ�� WHNVWXU�� ZDUQD�� EDX�� GDQ�
KRPRJHQLWDV��+DVLO� NRDJXODVL� \DQJ�PHPEHULNDQ�
NXDOLWDV�SHQDPSLODQ�JHWDK�\DQJ�SDOLQJ�EDLN�GLXML�
VLIDW�ILVLNR�NLPLDQ\D�PHQJLNXWL�6WDQGDU�,QGRQHVLD�
5XEHU� �6,5�� GL� /DERUDWRULXP� 3HQJXMLDQ� 3XVDW�
3HQHOLWLDQ� .DUHW�� %RJRU� PHOLSXWL� NDGDU� NDUHW�
NHULQJ�� 3ODVWLFLW\� 5HWHQWLRQ� ,QGH[� �35,��� SODVWLVLWDV�
DZDO� �3R��� SODVWLVLWDV� DNKLU� �3 ��� NDGDU� NRWRUDQ���

NDGDU� DEX�� NDGDU� ]DW�PHQJXDS� �9P�� GDQ� NDGDU�
QLWURJHQ��3HQJXMLDQ�VLIDW�ILVLNR�NLPLD�JHWDK�NDUHW�
MXJD� GLODNXNDQ� WHUKDGDS� JHWDK� NDUHW� WDQSD�
SHUODNXDQ� �FRQWURO�� GDQ� NDUHW� GHQJDQ� SHUODNXDQ�
NRDJXODQ�DVDP�IRUPDW�VHEDJDL�SHPEDQGLQJ����

,,,��+$6,/�'$1�3(0%$+$6$1

$� $SOLNDVL�&XND�.D\X�VHEDJDL�.RJXODQ�

� $SOLNDVL� FXND� ND\X� GLODNXNDQ� GHQJDQ�
PHPDVX NDQ�FXND�ND\X�� �GDQ�FXND�ND\X�KDVLO�N FUXGH�
SHQ\XOLQJDQ��NH GDODP�ZDGDK�EHULVL�ODWHNV�VHJDU���

.HPXGLDQ� FDPSXUDQ� WHUVHEXW� GLDPDW � VHFDUD�L
GHVNULSWLI � �YLVXDO��� +DVLO� SHQJDPDWDQ� NRDJXODVL�
NDUHW�VHFDUD�OHQJNDS�GLVDMLNDQ�SDGD�7DEHO���
� +DVLO� SHQJDPDWDQ� PHQXQMXNNDQ� FXND� ND\X�
FUXGH� SDGD� VHPXD� OHYHO� NRQVHQWUDVL� PDPSX�
PHQJJXPSDONDQ� NDUHW�� +DO� VHEDOLNQ\D� WHUMDGL�
SDGD� FXND� ND\X� FXND� ND\X� KDVLO� SHQ\XOLQJDQ��
SHQJJXPSDODQ� JHWDK� NDUHW� \DQJ� WHUMDGL� KDQ\D�
VHGLNLW�SDGD�VHPXD�OHYHO�NRQVHQWUDVL��7DEHO�����+DO�
LQL� GLGXJD� NDUHQD� SDGD� FXND� ND\X� KDVLO�
SHQ\XOLQJDQ� WHUMDGL� SHQJXUDQJDQ� NDQGXQJDQ�
DVDP� DVHWDW� DNLEDW� SURVHV� SHQ\XOLQJDQ�� 3HQJ�
JXPSDODQ� DWDX� NRDJXODVL� PHUXSDNDQ� VXDWX�
SHULVWLZD� SHUXEDKDQ� IDVH� VRO� NH� IDVH� JHO��
&XND� ND\X� GDSDW� PHQJJXPSDONDQ� ODWHNV� GL�
NDUHQDNDQ�PHQJDQGXQJ�DVDP�DVHWDW��.DQGXQJDQ�
DVDP�DVHWDW�GDODP�FXND�ND\X�GDSDW�PHQXUXQNDQ�
S+�VDPSDL�SDGD�WLWLN�LVROLVWULN��3DGD�WLWLN�LQL�ODWHNV�
WLGDN� PHPLOLNL� ODJL� JD\D� WRODN�PHQRODN� KLQJJD�
DNKLUQ\D�PHQ\HEDENDQ�SHQJJXPSDODQ� �+HQGUD��
:DOX\R��	�6RNDQDQGL��������
� +DVLO� SHQJDPDWDQ� PHQXQMXNNDQ� EDKZD�
NRQVHQWUDVL�FXND�ND\X�\DQJ�GLEHULNDQ�EHUEDQGLQJ�
OXUXV� GHQJDQ� ZDNWX� SHQJJXPSDODQ�� :DNWX�
SHQJJXPSDODQ�WHUEDLN�WHUGDSDW�SDGD� GHQJDQ�FUXGH�
NRQVHQWUDVL��������PHQLW���VHGDQJNDQ�SDGD�FXND�
ND\X�KDVLO�SHQ\XOLQJDQ�GHQJDQ�WLQJNDW�NRQVHQWUDVL�
����� ZDNWX� SHQJJXPSDODQQ\D� DGDODK� �� PHQLW��
OHELK� ODPD� GDUL� FXND� ND\X� +DVLO� LQL� WLGDN�FUXGH��
EHUEHGD�GHQJDQ�SHQHOLWLDQ�+HQGUD�HW�DO ����������

7DEHO����+DVLO�SHQJDPDWDQ�NRDJXODVL�NDUHW�PHQJJXQDNDQ�FXND�ND\X

5BCMF����0CTFSWBUJPOT�SFTVMU�PG�MBUFY�DPBHVMBOU�VTJOH�TNPLF�MJRVJE
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.HWHUDQJDQ��5HPDUNV��������VHGLNLW�PHQJJXPSDO��VOLJKWO\�FRDJXODWHG�������PHQJJXPSDO��FRDJXODWHG���
�NDUHW�GDQ�DLU�WLGDN�WHUSLVDK��/DWH[�DQG�
ZDWHU�VWURQJO\�QRW�VHSDUDWHG���

�NDUHW�GDQ�DLU�VHGLNLW�WHUSLVDK��/DWH[�DQG�ZDWHU�VOLJKWO\�QRW�VHSDUDWHG���


�NDUHW�GDQ�DLU�WHUSLVDK�
VHPSXUQD��/DWH[�DQG�ZDWHU�VWURQJO\�VHSDUDWHG�

PLQXWHV�



���

.RQVHQWUDVL� WLQJJL� PHQJLQGLNDVLNDQ� NDQGXQJDQ�
DVDP�DVHWDW�\DQJ� OHELK�EDQ\DN��6HPDNLQ�EDQ\DN�
NDQGXQJDQ� DVDP� DVHWDW� EHUGDPSDN� VHPDNLQ�
FHSDWQ\D� DVDP� EHNHUMD� PHQXUXQNDQ� S+� ODWHNV�
VHKLQJJD�ZDNWX�SHQJJXPSDODQ�PHQMDGL�VHPDNLQ�
FHSDW�
� 'DODP�KDO�NRQGLVL�SHQJJXPSDODQ��FXND�ND\X�
FUXGH�PHPLOLNL�NRQGLVL�\DQJ�OHELK�EDLN�GLEDQGLQJ�
NDQ�GHQJDQ�FXND�ND\X�KDVLO�SHQ\XOLQJDQ��6HEDJLDQ�
EHVDU�ODWHNV�\DQJ�GLEHUL�SHUODNXDQ�FXND�ND\X�FUXGH�
PHPEHQWXN�JXPSDODQ�GDQ�PHQ\LVDNDQ�VHGLNLW�DLU��
6HGDQJNDQ�SDGD�ODWHNV�\DQJ�GLEHUL�SHUODNXDQ�FXND�
ND\X� KDVLO� SHQ\XOLQJDQ� KDQ\D� PDPSX� PHQJ�
JXPSDONDQ� VHSDUXK� ODWHNV�� 3DGD� GDQ� FXND�FUXGH�
ND\X� KDVLO� SHQ\XOLQJDQ� WHUGDSDW� NHVDPDDQ� SDGD�
SDUDPHWHU�WHNVWXU��ZDUQD�GDQ�EDX�\DLWX�JXPSDODQ�
EHUWHNVWXU�OXQDN��EHUZDUQD�SXWLK�GDQ�WLGDN�EHUEDX�
�7DEHO����

%��$QDOLVLV� 6LIDW� )LVLNR�.LPLD� /DWHNV�+DVLO�
.RDJXODVL

� +DVLO� SHQJDPDWDQ� YLVXDO� PHQXQMXNNDQ�
NRDJXODVL�ODWHNV�PHQJJXQDNDQ�FXND�ND\X� �GDQ�FUXGH
FXND� ND\X� KDVLO� SHQ\XOLQJDQ� SDGD� NRQVHQWUDVL�

���� PDVLQJ�PDVLQJ� PHPEHULNDQ� KDVLO� \DQJ�
SDOLQJ� EDLN� GDODP� KDO� ZDNWX� SHQJJXPSDODQ��
.HGXD�MHQLV� ODWHNV�KDVLO�NRDJXODVL�PHQJJXQDNDQ�
FXND� ND\X� LQL� GLXML� VLIDW� ILVLNR�NLPLD� JXQD�
PHQJHWDKXL� DSDNDK� SHQJJXQDDQ� FXND� ND\X�
VHEDJDL� NRDJXODQ� PHQJKDVLONDQ� NXDOLWDV� ODWHNV�
\DQJ�OHELK�EDLN�DWDX�WLGDN�OHELK�EDLN�GLEDQGLQJNDQ�
NRDJXODQ� \DQJ� XPXP� GLJXQDNDQ�� $QDOLVLV� VLIDW�
ILVLNR�NLPLD�NRDJXODVL� ODWHNV�PHQJJXQDNDQ�FXND�
ND\X�VHFDUD�OHQJNDS�GLVDMLNDQ�SDGD�7DEHO���
� .DGDU�NDUHW�NHULQJ�DGDODK�NDQGXQJDQ�SDGDWDQ�
NDUHW�SHU�VDWXDQ�EHUDW�\DQJ�GLKLWXQJ�GDODP�VDWXDQ�
SHUVHQ�� .DGDU� NDUHW� NHULQJ� SHQWLQJ� XQWXN�
GLNHWDKXL� NDUHQD� GLJXQDNDQ� VHEDJDL� SHGRPDQ�
SHQHQWXDQ�KDUJD��6HPDNLQ�WLQJJL�QLODL�NDGDU�NDUHW�
NHULQJ� VHPDNLQ� EDLN� ODWHNV� WHUVHEXW� �6DSXWHUD��
$JXVWLQD��	�5DQJNDL������� +DVLO�SHQHOLWLDQ�PH���
QXQMXNNDQ� QLODL� NDGDU� NDUHW� NHULQJ� JHWDK� NDUHW�
\DQJ�GLEHUL�NRDJXODQ�FXND�ND\X�EDLN� PDXSXQ�FUXGH�
FXND� ND\X� KDVLO� SHQ\XOLQJDQ� OHELK� WLQJJL�
GLEDQGLQJNDQ� GHQJDQ� JHWDK� NDUHW� \DQJ� GLEHUL�
NRDJXODQ�DVDP�IRUPDW��.RDJXODQ�FXND�ND\X�FUXGH�
PHPEHULNDQ� NXDOLWDV� SDOLQJ� EDLN� ���������
GLEDQGLQJNDQ� GHQJDQ� NRQWURO� GDQ� SHUODNXDQ�
ODLQQ\D��7DEHO����

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

7DEHO����$QDOLVLV�VLIDW�ILVLNR�NLPLD�NRDJXODVL�NDUHW�PHQJJXQDNDQ�FXND�ND\X

5BCMF����1IZTJDP�DIFNJDBM�QSPQFSUJFT�BOBMZTJT�PG�MBUFY�DPBHVMBOU�VTJOH�TNPLF�MJRVJE

3DUDPHWHU�
�3DUDPHWHU��

+DVLO�SHQHOLWLDQ�
�5HVHDUFK�UHVXOWV��

3HUEDQGLQJDQ �
�&RPSDULVRQV� �

*HWDK�NDUHW�
GHQJDQ�NRDJXODQ�
FXND�ND\X�PHQWDK�
�/DWH[�XVLQJ�FUXGH�
VPRNH�OLTXLG��

*HWDK�NDUHW�
GHQJDQ�NRDJXODQ�
FXND�ND\X�KDVLO�
SHQ\XOLQJDQ�
�/DWH[�XVLQJ�

GHVWLODWHG�VPRNH�
OLTXLG��

*HWDK�NDUHW�WDQSD�
SHUODNXDQ�DSDSXQ�

�NRQWURO� �
�/DWH[�ZLWKRXW
WUHDWPHQW��FRQWURO

*HWDK�NDUHW�
GHQJDQ�

NRDJXODQ�DVDP�
IRUPDW �

�/DWH[�XVLQJ�
IRUPLF�DFLG� �

61,�NDUHW
� �
�,QGRQHVLDQ�
VWDQGDUG�RI �
5XEEHU� �

.DGDU�NDUHW�NHULQJ��'U\�
UXEEHU�FRQWHQW�����

������ ������ ����� � ����� � � �

35,�
�3ODVWLFLW\�UHWHQWLRQ�LQGH[��

����� ����� ���� � 7DFN\ � 0LQ���� �

3ODVWLVLWDV�DZDO��3R��
�,QLWLDO�SODVWLFLW\��

����� ��� ���� � ���� � 0LQ���� �
3ODVWLVLWDV�DNKLU��3D�
�)LQDO�SODVWLFLW\�
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� 3ODVWLFLW\� 5HWHQWLRQ� ,QGH[� �35,�� DGDODK� XNXUDQ�
GDUL� EHVDUQ\D� SODVWLVLWDV� NDUHW� PHQWDK� VHEHOXP�
GDQ� VHVXGDK� SHQJXVDQJDQ� SDGD� VXKX� ��� &�

�

VHODPD����PHQLW��1LODL�35,�GDSDW�PHQXQMXNNDQ�
NHWDKDQDQ�NDUHW�WHUKDGDS�GHJUDGDVL�RNVLGDVL�SDGD�
VXKX� WLQJJL�� %LOD� 35,� UHQGDK� PHQJLQGLNDVLNDQ�
NDUHW�PXGDK�WHURNVLGDVL�GDQ�VHEDOLNQ\D��%DWHPDQ��
��� ��� DVLO�SHQHOLWLDQ�PHQXQMXNNDQ� NDUHW�� + JHWDK�
\DQJ� GLEHUL� SHUODNXDQ FUXGH�� NRDJXODVL� FXND� ND\X�
PHQJDODPL� SHQLQJNDWDQ� QLODL� NDGDU� NDUHW� NHULQJ�
������� GLEDQGLQJNDQ� GHQJDQ� JHWDK� \DQJ� WLGDN�
GLEHUL�SHUODNXDQ�DSDSXQ�DWDX�NRQWURO���������+DO�
LQL� PHQJLQGLNDVLNDQ� FXND� ND\X� FUXGH� VHEDJDL�
NRDJXODQ� GDSDW� PHQLQJNDWNDQ� PXWX� DWDX� QLODL�
WDPEDK�ODWHNV �3HPEHULDQ�FXND�ND\X�FUXGH�VHEDJDL��
NRDJXODQ�MXJD�PHPHQXKL�61,����������������6,5�
\DQJ� PHQV\DUDWND � QLODL� 35,� XQWXN� NDUHW�Q
VSHVLILNDVL�WHNQLV�PLQLPDO� �� � ��EHUQLODL� � 7DEHO��
� 3ODVWLVLWDV� DZDO� �3R�� PHQXQMXNNDQ� XNXUDQ�
SODVWLVLWDV� NDUHW� \DQJ� VHFDUD� WLGDN� ODQJVXQJ�
PHPSHUNLUDNDQ� SDQMDQJQ\D� UDQWDL� SROLPHU�
PROHNXO�DWDX�EHUDW�PROHNXO�NDUHW�� ROLFKLQ���������6
+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� JHWDK� NDUHW� \DQJ�
GLEHUL�SHUODNXDQ�NRDJXODVL�GHQJDQ�FXND�ND\X�EDLN�
FUXGH��������PDXSXQ�FXND�ND\X�KDVLO�SHQ\XOLQJDQ�
����� PHPLOLNL� QLODL� 3R� \DQJ� OHELK� EDLN�
GLEDQGLQJNDQ� GHQJDQ� JHWDK� NDUHW� \DQJ� GLEHUL�
NRDJXODVL�GHQJDQ�DVDP�IRUPDW���������QDPXQ�WLGDN�
OHELK�EDLN�GLEDQGLQJNDQ�GHQJDQ�JHWDK�NDUHW�\DQJ�
WLGDN� GLEHULNDQ� SHUODNXDQ� DSDSXQ� �NRQWURO���
6HFDUD�NHVHOXUXKDQ�QLODL�3R�JHWDK�PHPHQXKL�61,�
�������� ������� \DQJ� PHQV\DUDWNDQ� QLODL� 3R�
PLQLPDO� ���� +DO� EHUEHGD� WHUMDGL� SDGD� QLODL�
SODVWLVLWDV� DNKLU� �3D�� GLPDQD� JHWDK� NDUHW� WDQSD�
SHUODNXDQ� DWDX� NRQWURO� ����� WLGDN� MDXK� EHUEHGD�
GHQJDQ� JHWDK� NDUHW� \DQJ� GLEHUL� SHUODNXDQ�
NRDJXODVL�GHQJDQ�FXND�ND\X� ��������7DEHO����FUXGH�
� .RWRUDQ� SDGD� ODWHNV� XPXPQ\D� EHUXSD� WDWDO�
ND\X��EDWDQJ�DWDX�UDQWLQJ�\DQJ�LNXW�EHUVDPD�ODWHNV��
GHGDXQDQ��WDQDK��SDVLU�VHUWD�SHQJRWRU�\DQJ�EHUDVDO�
GDUL�EDKDQ�NRDJXODQ�\DQJ�GLJXQDNDQ��%XUKDQXGLQ��
������� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� NDGDU�
NRWRUDQ� JHWDK� NDUHW� \DQJ� GLEHUL� SHUODNXDQ�
NRDJXODVL� GHQJDQ� FXND� ND\X� KDVLO� SHQ\XOLQJDQ�
PHPLOLNL�QLODL�\DQJ�SDOLQJ�EDLN��������GLEDQGLQJNDQ�
GHQJDQ�FXND�ND\X� PDXSXQ�NRQWURO��+DO� LQL�FUXGH�
GLGXJD�ROHK�NRQGLVL�DZDO�JHWDK�NDUHW�\DQJ�EHUVLK�
GLWXQMDQJ� GHQJDQ� FXND� ND\X� KDVLO� SHQ\XOLQJDQ�
\DQJ�VXGDK�EHUVLK�GDUL�WDU��1DPXQ�VHFDUD�XPXP�
NDGDU�NRWRUDQ�JHWDK�NDUHW�\DQJ�GLEHUL�SHUODNXDQ�

NRDJXODVL�GHQJDQ�FXND�ND\X�PHPHQXKL�61,����
���� ������� \DQJ� PHQV\DUDWNDQ� NDGDU� NRWRUDQ��
PDNVLPDO�VHEHVDU�������7DEHO����
� .DGDU� DEX� GL� GDODP� NDUHW� PHPEHULNDQ�
JDPEDUDQ�PHQJHQDL� MXPODK�EDKDQ�PLQHUDO�\DQJ�
WHUGDSDW� GL� GDODPQ\D�� VHSHUWL� RNVLGD� NDUERQDW��
PDJQHVLXP�� NDOVLXP�� VLOLND� GDQ� XQVXU� ODLQQ\D��
%DKDQ�EDKDQ�GL�GDODP�NDUHW�\DQJ�PHQLQJJDONDQ�
DEX� GDSDW� PHQJXUDQJL� VLIDW� GLQDPLN� GDUL�
YXONDQLVDW�NDUHW� DODP� �%XUKDQXGLQ���������+DVLO� �
SHQHOLWLDQ� PHQXQMXNNDQ� NDGDU� DEX� JHWDK� NDUHW�
\DQJ�GLEHUL�SHUODNXDQ�FXND�ND\X� PHPEHULNDQ�FUXGH�
QLODL� NDGDU� DEX� \DQJ� SDOLQJ� UHQGDK� �������
GLEDQGLQJNDQ� SHUODNXDQ� ODLQQ\D�� 6HFDUD� XPXP��
JHWDK�NDUHW�KDVLO�NRDJXODVL�GHQJDQ�FXND�ND\X�EDLN�
FUXGH� �PDXSXQ FXND� ND\X� KDVLO� SHQ\XOLQJDQ�
PHPHQXKL�SHUV\DUDWDQ�61,� �7DEHO������������
� YRODWLOH�PDWWHU.DGDU�]DW�PHQJXDS�� �9P��DGDODK�
NDGDU�DLU�\DQJ�PDVLK�WHUNDQGXQJ�GL�GDODP�NDUHW�
PHQWDK� \DQJ� WHODK� GLNHULQJNDQ�� .HJXQDDQQ\D�
XQWXN� PHPDVWLNDQ� NDUHW� \DQJ� GLKDVLONDQ� WHODK�
GLNHULQJNDQ�VHFDUD�VHPSXUQD��.DUHW�\DQJ�NXUDQJ�
NHULQJ� VHODPD� SURVHV� SHQJHULQJDQ� DNDQ�
PHQJKDVLONDQ� 9P� \DQJ� WLQJJL�� +DVLO� SHQHOLWLDQ�
PHQXQMXNNDQ� NDGDU� 9P� JHWDK� NDUHW� GHQJDQ�
NRDJXODVL� PHQJJXQDNDQ� DVDP� IRUPDW� PHQJ�
KDVLONDQ� QLODL� \DQJ� OHELK� EDLN� GLEDQGLQJNDQ�
GHQJDQ�NRJDXODVL�FXND�ND\X��QDPXQ�PDVLK�GDODP�
OHYHO� \DQJ� PHPHQXKL� SHUV\DUDWDQ� 61, ���������
������ ���7DEHO���
� /DWHNV�PHQJDQGXQJ�NRPSRQHQ�VLWRSODVPD�VHO�
WDQDPDQ� EDLN� EHUXSD� VHQ\DZD� NDUHW� PDXSXQ�
VHQ\DZD� QRQ� NDUHW�� 6HQ\DZD� QRQ� NDUHW� XWDPD�
GDODP�ODWHNV�DGDODK�SURWHLQ��3URWHLQ�PHUXSDNDQ�
PDNURPROHNXO� \DQJ� PHQJDQGXQJ� QLWURJHQ��
NDUERQ� KLGURJHQ� GDQ� RNVLJHQ�� .HEHUDGDDQ�
SURWHLQ� GL� GDODP� ODWHNV� PHPSHQJDUXKL� VLIDW�
GLQDPLV�ODWHNV�NDUHQD�VLIDWQ\D�SRODU�GDQ�KLGURILOLN�
�VXND� DLU��� 6HPDNLQ� UHQGDK� NDGDU� SURWHLQ� DWDX�
QLWURJHQ� GL� GDODP� ODWHNV�� VHPDNLQ� EDLN� VLIDW�
GLQDPLVQ\D� �1DNDGH ���� .XJD�� +D\DVKL�� 7DQDND
������� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� ODWHNV�
GHQJDQ� SHUODNXDQ� NRDJXODVL� FXND� ND\X� KDVLO�
SHQ\XOLQJDQ��������GDQ� �������PHPLOLNL�QLODL�FUXGH�
NDGDU� QLWURJHQ� \DQJ� OHELK� UHQGDK� GLEDQGLQJNDQ�
GHQJDQ� NRQWURO GDQ� DVDP� IRUPDW�� +DO� LQL��
PHQJLQGLNDVLNDQ�SHQJJXQDDQ�FXND�ND\X�VHEDJDL�
NRDJXODQ� NDUHW�PDPSX�PHQXUXQNDQ� QLODL� NDGDU�
QLWURJHQ� SDGD� ODWHNV� OHELK� EDLN� GLEDQGLQJNDQ�
NRDJXODQ�DVDP�IRUPDW��7DEHO��� �� �

3HPDQIDDWDQ�&XND�.D\X�GDUL�%DWDQJ�3RKRQ�3LQXV�� �-XQJK��	�GH�9ULHVH��VHEDJDL�.RDJXODQ�*HWDK�.DUHW3LQXV�PHUNXVLL
�

�6DQWL\R�:LERZR��*XVWDQ�3DUL��	�5��(VD�3DQJHUVD�*XVWL �
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3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����6HSWHPEHU��������������

,9���.(6,038/$1

� &XND� ND\X� \DQJ� EHUDVDO� GDUL� EDWDQJ� SRKRQ�
SLQXV� �3LQXV�PHUNXVVL� -XQJK��	�GH�9ULHVH�� GDSDW�
GLJXQDNDQ�VHEDJDL�DOWHUQDWLI �NRDJXODQ�GL�LQGXVWUL�
SHQJRODKDQ�NDUHW��3HQJJXQDDQ�FXND�ND\X�VHEDJDL�
NRDJXODQ� PHQJKDVLONDQ� ODWHNV� GHQJDQ� WHNVWXU�
OXQDN��EHUZDUQD�SXWLK�GDQ�WLGDN�EHUEDX��.RQGLVL�
SHQJJXPSDODQ� GDQ� WLQJNDW� KRPRJHQLWDVQ\D�
UHODWLI � EDLN� GHQJDQ� ODPD� ZDNWX� SHQJJXPSDODQ�
\DQJ�UHODWLI �VLQJNDW�
� 3HQJJXQDDQ�FXND�ND\X�VHEDJDL�NRDJXODQ�GDSDW�
PHQLQJNDWNDQ� QLODL� ...� GDQ� SODVWLVLWDV� DNKLU�
ODWHNV�MDXK�OHELK�EDLN�GLEDQGLQJNDQ�DVDP�IRUPDW��
%HJLWXSXQ� QLODL� 35,� NDUHW� KDVLO� NRDJXODVL�
PHQJJXQDNDQ� FXND� ND\X� PHUXSDNDQ� \DQJ�FUXGH�
WHUEDLN��.DUHW�KDVLO�NRDJXODVL�PHQJJXQDNDQ�FXND�
ND\X�MXJD�GLQLODL�PHPLOLNL�VLIDW�GLQDPLV�\DQJ�OHELK�
EDLN�GDULSDGD�ODWHNV�KDVLO�NRDJXODVL�GHQJDQ�DVDP�
IRUPDW��+DO�LQL�GLWDQGDL�GHQJDQ�UHQGDKQ\D�NDGDU�
QLWURJHQ�
� 6HFDUD�XPXP�XQWXN�SURVHV�SHQJRODKDQ�NDUHW�
EHULNXWQ\D�� SDUDPHWHU� \DQJ� GLQLODL� \DLWX� NDGDU�
NDUHW�NHULQJ�GDQ�35,��6HPDNLQ�WLQJJL�QLODL�NDGDU�
NDUHW� NHULQJ� GDQ�35,� VHPDNLQ� EDLN�PXWX� NDUHW��
'DUL� XUDLDQ� GLDWDV�� SHQJJXQDDQ� FXND� ND\X� FUXGH�
VHEDJDL�NRDJXODQ�SDOLQJ�GLUHNRPHQGDVLNDQ�NDUHQD�
PHQJKDVLONDQ�NDUHW�\DQJ�SDOLQJ�EDLN�PXWXQ\D�

'$)7$5�3867$.$

%DWHPDQ�� /�� �������� 7KH� FKHPLVWU\� DQG� SK\VLFV� RI �
UXEEHU�OLNH�VXEVWDQFHV��/RQGRQ��0F/DUHQ�DQG�
6RQV�/WG�

%XUKDQXGLQ�� $�� �������� 3HQHQWXDQ� QDOLVLV�D
6WDQGDUG� ,QGRQHVLDQ� 5XEEHU� �6,5��� ,Q�
+RXVH�7UDLQLQJ��3HQJRODKDQ�/DWHNV�3HNDW�GDQ�
.DUHW� 0HQWDK� ����� %RJRU�� %DODL� 3HQHOLWLDQ�
7HNQRORJL�.DUHW�

'DUPDZDQ�� 6�� ��������6LIDW� DUDQJ� DNWLI � WHPSXUXQJ�
NHPLUL� GDQ� SHPDQIDDWDQQ\D� VHEDJDL� SHQ\HUDS�
HPLVL� IRUPDOGHKLGD� SDSDQ� VHUDW� EHUNHUDSDWDQ�
V H G DQ J � � �0DV WH U � 7HV L V � � � 3 URJ UDP�
3DVFDVDUMDQD� ,QVWLWXW� 3HUWDQLDQ� %RJRU��
%RJRU�

*DQL�� $�� �������� .RQYHUVL� VDPSDK� RUJDQLN� PHQMDGL�
NRPDUDVFD� �NRPSRV�DUDQJ� DNWLI�DVDS� FDLU�� GDQ�
DSOLNDVLQ\D� SDGD� WDQDPDQ� GDXQ� GHZD��

�'LVHUWDVL� � 3URJUDP� 3DVFDVDUMDQD� ,QVWLWXW��
3HUWDQLDQ�%RJRU��%RJRU�

*RXWDUD�� ��������'DVDU� SHQJRODKDQ� NDUHW�� %RJRU��
$JUR�,QGXVWUL�3UHVV�

*XPDQWL��)�0������������.DMLDQ�VLVWHP�SURGXNVL�FXND�
ND\X� KDVLO� SHQ\XOLQJDQ� DVDS� WHPSXUXQJ� NHODSD�
GDQ� SHPDQIDDWDQQ\D� VHEDJDL� DOWHUQDWLI � EDKDQ�
SHQJDZHW�PLH�EDVDK����6NULSVL�6DUMDQD����)3,.���
,QVLWXW�3HUWDQLDQ�%RJRU�

*XR �- ��/XR �<��/XD �$ & ��&KL �5 ��<FKHQ��%DR �; ��� � � � � � � � � �
	 �� � �$GVRUSWLRQ�RI �K\GURJHQ��;LDQJ 6� �������
VXOSKLGH��+ 6��E\�DFWLYDWHG�FDUERQV�GHULYHG��

IURP�RLO�SDOP�VKHOO ����&DUERQ���� ���������

+HQGUD��'���:DOX\R �7 .� �6RNDQDQGL �$����������� � ��	 �
.DUDNWHULVWLN� GDQ� SHPDQIDDWDQ� DVDS� FDLU�
GDUL� WHPSXUXQJ� EXDK� ELQWDUR� �&DUEHUD�
PDQJKDV� ��/LQQ���VHEDJDL�NRDJXODQ�JHWDK�NDUHW
-XUQDO�3HQHOLWLDQ�+DVLO�+XWDQ���� ����� ������

0DUZDWL�� 7�� � �������� � .DMLDQ� SURVHV� DGVRUSVL� GDQ�
SHQJNHODWDQ� SDGD� SHPXFDWDQ� PLQ\DN� GDXQ�
FHQJNHK�� 7HVLV � 3URJUDP� 3DVFD�0DVWHU� � � �
VDUMDQD�,QVWLWXW�3HUWDQLDQ� %RJRU�%RJRU��

1DNDGH��6���.XJD��$� �+D\DVKL�0� � �7DQDND <� �� � 	 �� �
�������� +LJKO\� SXULILHG� QDWXUDO� UXEHU� ,9� ��
SUHSDUDWLRQ� DQG� FKDUDFWHULVWLFV� RI � JORYHV� DQG�
FRQGRPV��7RN\R��7KH�1HZ�5XEEHU�0DWHULDO�
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