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7DQJJDO�GLWHULPD������0HL�������7DQJJDO�UHYLVL������-XQL�������7DQJJDO�GLVHWXMXL�����-XQL�����

$%675$&7
G
2QH�FRQVWUDLQWV�LQ�QDWXUDO�VLON�LQGXVWU\LQ�,QGRQHVLD�LV�VORZ�SURGXFWLRQ�DQG�SRRU�TXDOLW\�RI�FRFRRQ��7KLV�LV�GXH�WR�WKH�
XVH�RI�VDPH�W\SH�RI�ZRUP�IRU�GLYHUVH�ORFDWLRQV��7KLV�VWXG\�DLPHG�WR�REWDLQ�EHVW�VLONZRUP�IRU�KLJKODQGV�DQG�RU�
ORZODQGV�UHDULQJ��)RXU��VLONZRUPK\EULGV�IURP�)RUHVW�5	'�&HQWUH�DQG�RQH�FRPPHUFLDO�K\EULG�IURP�3HUKXWDQL�ZHUH�
WHVWHG�7KH�H[SHULPHQWDO�GHVLJQ�XVLQJ�D�VSOLW�SORW�GHVLJQ�LQ�D�UDQGRPL]HG�EORFN�GHVLJQ�7KH�PDLQ�SORW�ZDV�ORFDWLRQ�
DOWLWXGH��KLJKODQG�DQG�ORZODQG��DQG�VXESORW�ZDV�VLONZRUP�K\EULGV��3�+����3�+����3�+���3�+����DQG�&������7KH�
UHVXOWV�VKRZHG�WKDW�WKH�UDWH�RI�KDWFKLQJ�VLONZRUPV�ZHUH�QRW�DIIHFWHG�E\�WKH�K\EULGV�DQG�DOWLWXGHV�ZLWK�KDWFKLQJ�
SHUFHQWDJHV�ZHUH�DERYH�����7KUHH�K\EULGV�QDPHO\�3�+����3�+����DQG�3�+���DUH�VXLWDEOH�WR�EH�UHDUHG�LQ�ORZODQGV��
7ZR�K\EULGV�QDPHO\�3�+���DQG�3�+���DUH�VXLWDEOH�IRU�KLJKODQGV��+\EULGV�3�+���DUH�SRWHQWLDOO\�UHDUHG�LQ�ORZODQG�
DQG�KLJKODQG��

.H\ZRUGV��+\EULG��SURGXFWLYLW\��VLONZRUP

$%675$.

6DODK�VDWX�NHQGDOD�GDODP�XVDKD�SHUVXWHUDDQ�DODP�GL�,QGRQHVLD�DGDODK�PDVLK�UHQGDKQ\D�SURGXNVL�GDQ�NXDOLWDV�NRNRQ��
+DO� LQL� DNLEDW� SHQJJXQDDQ� MHQLV� XODW� \DQJ� VDPD� XQWXN� ORNDVL� \DQJ� EHUDJDP�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�
PHQGDSDWNDQ�ELELW�XODW�VXWHUD�\DQJ�RSWLPDO�XQWXN�GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL�GDQ�DWDX�GDWDUDQ�UHQGDK��8ODW�
VXWHUD�\DQJ�GLXMLNDQ�\DLWX���KLEULG�XODW�VXWHUD�GDUL�3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�GDQ���KLEULG�GDUL�3HUXP�
3HUKXWDQL��3HQHOLWLDQ�PHQJJXQDNDQ�5DQFDQJDQ�6SOLW�3ORW�GDODP�5DQFDQJDQ�$FDN�.HORPSRN��3HWDN�XWDPD�EHUXSD�
ORNDVL�GDWDUDQ�UHQGDK�GDQ�GDWDUDQ�WLQJJL�GDQ�DQDN�SHWDN�WHUGLUL�DWDV���MHQLV�XODW�VXWHUD��3�+����3�+����3�+����3�+���
GDQ�&������+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�WLQJNDW�SHQHWDVDQ�XODW�VXWHUD�WLGDN�GLSHQJDUXKL�ROHK�MHQLV�XODW�
VXWHUD�PDXSXQ�NHWLQJJLDQ�ORNDVL�SHPHOLKDUDDQ��GHQJDQ�SHUVHQWDVH�SHQHWDVDQ�GL�DWDV�������8ODW�VXWHUD�\DQJ�FRFRN�
GLNHPEDQJNDQ� GL� GDWDUDQ� UHQGDK� DGDODK� KLEULG� 3�+���� 3�+��� GDQ� 3�+���� -HQLV� KLEULG� \DQJ� VHVXDL� XQWXN�
GLEXGLGD\DNDQ�GL�GDWDUDQ� WLQJJL�\DLWX�3�+���GDQ�3�+����+LEULG�3�+���SRWHQVLDO�XQWXN�GLNHPEDQJNDQ�GDWDUDQ�
UHQGDK�GDQ�GL�GDWDUDQ�WLQJJL�

.DWD�NXQFL��+\EULG��SURGXNWLYLWDV��XODW�VXWHUD

,�� 3(1'$+8/8$1�

,QGRQHVLD� PHPSXQ\DL� SRWHQVL� XQWXN� PH�
QJHPEDQJNDQ�SHUVXWHUDDQ�DODP��NDUHQD�NRQGLVL�
DODPQ\D� \DQJ� FRFRN� XQWXN� SHUWXPEXKDQ� XODW�
VXWHUD� PDXSXQ� WDQDPDQ� PXUEHL� VHEDJDL�
SDNDQQ\D�� .HJLDWDQ� SHUVXWHUDDQ� DODP� EHUVLIDW�
SDGDW�NDU\D�PXODL�NHJLDWDQ�EXGLGD\D��SURGXNVL�
GDQ�LQGXVWUL��+DO�LQL��VDQJDW�PHQGXNXQJ�SURJUDP�
SHPHULQWDK� GDODP� SHQLQJNDWDQ� ODSDQJDQ� NHUMD�

GDQ� VHNDOLJXV� PHQLQJNDWNDQ� SHQGDSDWDQ�
PDV\DUDNDW�SHGHVDDQ��

8VDKD� EXGLGD\D� VXWHUD� DODP� PHPEXWXKNDQ�
NHWHNXQDQ��KDWL�KDWL�GDQ�NHVDEDUDQ�WHUXWDPD�SDGD�
WDKDS� SHPHOLKDUDDQ� XODW� VXWHUD�� .HEHUKDVLODQ�
EXGLGD\D� XODW� VXWHUD� WHUJDQWXQJ� IDNWRU� SDNDQ��
ELELW� XODW�� NRQGLVL� WHPSDW� SHPHOLKDUDDQ� GDQ�
VLVWHP� SHPHOLKDUDDQ�� .XDOLWDV� ELELW� PHQMDGL�
VDODK�VDWX� IDNWRU�\DQJ�SHQWLQJ�XQWXN�GLSHUKDWL�
NDQ��5HQGDKQ\D�NXDOLWDV�ELELW�GDSDW�PHQXUXQNDQ�
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NXDQWLWDV�GDQ�NXDOLWDV�SURGXNVL�NRNRQ��6DDW�LQL��
SHUVXWHUDDQ�DODP�PDVLK� WHUNHQGDOD�\DLWX�PDVLK�
UHQGDKQ\D� SURGXNVL� SHU� VDWXDQ� OXDV� �6DQWRVR��
�������3HQJJXQDDQ� MHQLV�XODW�\DQJ�VDPD�XQWXN�
SHPHOLKDUDDQ�SDGD�NRQGLVL�WHPSDW�\DQJ�EHUDJDP�
WHODK� PHQLPEXONDQ� SURGXNVL� NRNRQ� \DQJ�
EHUYDULDVL��$QGDGDUL�	�.XQWDGL���������6HODPD�
LQL� ELELW� XODW� VXWHUD� NRPHUVLO� \DQJ� GLJXQDNDQ�
XQWXN� EHUEDJDL� NRQGLVL� OLQJNXQJDQ�PHQJJXQD�
NDQ�KLEULG�&�����6HMDN�WDKXQ������VHPXD�ELELW�
NRPHUVLO�XODW�VXWHUD�PHUXSDNDQ�KDVLO�SHUVLODQJDQ�
DQWDUD�UDV�-HSDQJ�GHQJDQ�UDV�&LQD��3DGD�XPXP�
Q\D�� UDV� -HSDQJ� PHPSXQ\DL� NXDOLWDV� ILODPHQ�
VXWHUD�\DQJ�EDLN�VHPHQWDUD�UDV�&LQD�OHELK�NXDW��
NDQGXQJDQ�VXWHUDQ\D� WLQJJL�GDQ�XPXUQ\D� OHELK�
SHQGHN� �.DRPLQL� 	�$QGDGDUL�� ������� 3DGDKDO�
KLEULG�&����PHPSXQ\DL�GD\D�WDKDQ�\DQJ�UHQGDK�
WHUKDGDS� SHUXEDKDQ� NRQGLVL� OLQJNXQJDQ�� � �
�.DRPLQL�	�$QGDGDUL��������

8QWXN� PHQLQJNDWNDQ� SURGXNVL� GDQ� NXDOLWDV�
NRNRQ��PDND� GLSHUOXNDQ� ELELW� XODW� VXWHUD� \DQJ�
PDPSX� PHQJKDVLONDQ� NRNRQ� \DQJ� WLQJJL� GDQ�
EHUNXDOLWDV� EDLN� �.DRPLQL� 	�$QGDGDUL�� �������
+DVLO� SHQHOLWLDQ� GDODP� VNDOD� ODERUDWRULXP�
GLSHUROHK���KLEULG�EDUX�KDVLO�SHUVLODQJDQ�UDV�&LQD�
GDQ� -HSDQJ� \DQJ� PDPSX� PHQJKDVLONDQ� UDVLR�
NXOLW� NRNRQ� ������� �$QGDGDUL� �� �������HW�DO�
+DVLO� LQL� OHELK� WLQJJL� GDUL� ELELW� QLDJDZL� \DQJ�
EHUHGDU�GL�PDV\DUDNDW�\DQJ�EDUX�PHQJKDVLONDQ�
UDWLR� NXOLW� NRNRQ� DQWDUD� ������� �.DRPLQL� 	�
$QGDGDUL�� ������� 1DPXQ� GHPLNLDQ�� NHHPSDW�
KLEULG� WHUVHEXW� EDUX� GLNHPEDQJNDQ� GL� GDHUDK�
GHQJDQ�NHWLQJJLDQ�WHPSDW�DQWDUD���������P�GSO�
GDQ�EHOXP�GLNHWDKXL�WLQJNDW�NHVHVXDLDQQ\D�XQWXN�
GDHUDK� GHQJDQ� NHWLQJJLDQ� GL� OXDU� NRQGLVL�
RSWLPXP��$QGDGDUL� ���������2OHK�NDUHQD�LWX��HW�DO�
SHUOX�GLODNXNDQ�SHQJXMLDQ�EHEHUDSD�KLEULG�XODW�
VXWHUD� XQWXN� PHQGDSDWNDQ� KLEULG� PDQD� \DQJ�
PDPSX� PHPSURGXNVL� NRNRQ� \DQJ� WLQJJL� GDQ�
EHUNXDOLWDV�EDLN�XQWXN�GLEXGLGD\DNDQ�GL�GDWDUDQ�
WLQJJL�GDQ�DWDX�GDWDUDQ�UHQGDK�

3HQHOLWLDQ� EHUWXMXDQ� XQWXN� PHQGDSDWNDQ�
KLEULG� XODW� VXWHUD� \DQJ� PDPSX� PHPSURGXNVL�
NRNRQ� \DQJ� WLQJJL� GDQ� EHUNXDOLWDV� EDLN� XQWXN�

GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL�GDQ�DWDX�GDWDUDQ�
UHQGDK�� +DVLO� SHQHOLWLDQ� GLKDUDSNDQ� PHQMDGL�
VROXVL�GDODP�SHQLQJNDWDQ�SURGXNWLYLWDV�NRNRQ�GL�
GDHUDK�GHQJDQ�NRQGLVL�OLQJNXQJDQ�\DQJ�EHUEHGD���

,,�� 0(72'2/2*,�

$��:DNWX�GDQ�/RNDVL�3HQHOLWLDQ

3HQHOLWLDQ�GLODNVDQDNDQ�SDGD���ORNDVL�GHQJDQ�
NRQGLVL�OLQJNXQJDQ�\DQJ�EHUEHGD��3HQJXMLDQ�XODW�
GL� GDWDUDQ� WLQJJL� GLODNXNDQ� GL� .HFDPDWDQ�
.DEDQGXQJDQ�� .DEXSDWHQ� 6XNDEXPL� GHQJDQ�
NHWLQJJLDQ� WHPSDW� ���� P� GSO�� 8QWXN� GDWDUDQ�
UHQGDK� GLODNXNDQ� GL� .HFDPDWDQ� 5HJDORK��
.DEXSDWHQ�3DWL�GHQJDQ�NHWLQJJLDQ�WHPSDW����P�
GSO��'LVNULSVL�ORNDVL�GDSDW�GLOLKDW�SDGD�7DEHO���

%�� %DKDQ�GDQ�$ODW

%DKDQ�\DQJ�GLJXQDNDQ�EHUXSD�WHOXU�XODW�VXWHUD�
GDUL� �� MHQLV� KLEULG� KDVLO� SHUVLODQJDQ� 3XVDW�
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� +XWDQ� �3XVDW�
/LWEDQJ�+XWDQ��GDQ���KLEULG�KDVLO�SURGXNVL�3HUXP�
3HUKXWDQL� 3386�&DQGLURWR� \DLWX�&���� VHEDJDL�
NRQWURO� VHUWD� GDXQ�PXUEHL� � VS��� VHEDJDL�0RUXV�
SDNDQQ\D��3HUDODWDQ�EHUXSD� ��LQNXFROG�VWURUDJH �
EDWRU��UDN�SHPHOLKDUDDQ��VDVDJ��DODW�SHQJRNRQDQ�
GDQ�ODLQ�ODLQ�

&��&DUD�.HUMD

7HNQLN�3HPHOLKDUDDQ

x� 7HOXU�GLOHWDNNDQ�GL�UXDQJ�LQNXEDVL�VHODPD����
���KDUL�VHEHOXP�VDDW�SHQHWDVDQ�GHQJDQ�SHQJ�
DWXUDQ�VXKX�VHNLWDU��� &�GDQ�NHOHPEDEDQ����

R

�������

x� �3HPHOLKDUDDQ�XODW�GLODNXNDQ�GL�UXDQJ�SHPH
OLKDUDDQ� PLOLN� SHWDQL� VHWHPSDW�� 8ODW� NHFLO�
GLEXQJNXV� GHQJDQ� NHUWDV� SDUDILQ� VHPHQWDUD�
XODW� EHVDU� GLOHWDNNDQ� WHUEXND� SDGD� UDN�UDN�
SHPHOLKDUDDQ�

x� 3HPHOLKDUDDQ� XODW� PHQJLNXWL� VWDQGDU� \DQJ�
VXGDK�DGD�GHQJDQ�SHQJDWXUDQ�\DQJ�GLVHVXDL�

7DEHO�� �����.RQGLVL�ORNDVL�SHQHOLWLDQ�� �7DEOH 5HVHDUFK�VLWHV�FRQGLWLRQ

.RGH�
�&RGH��

/RNDVL�
�6LWH��

.HWLQJJLDQ�

WHPSDW�
�$OWLWXGH��

�P�GSO��

5DWD�UDWD�

WHPSHUDWXU�
�7HPSHUDWXUH ��

�R&��

5DWD�UDWD�

NHOHPEDEDQ�
�+XPLGLW\��

����

&XUDK�

KXMDQ�WDKXQ��
�3UHFLSLWDWLRQ��

�PP��

$� 5HJDORK�3DWL� ��� ����� ����� ������
%� .DEDQGXQJDQ��

6XNDEXPL�

���� ����� ����� ������

6XPEHU�� ����%36�-DZD�7HQJDK��������GDQ�%36��6XNDEXPL��������6RXUFHV �%36�&HQWUDO�-DYD��������DQG�%36�6XNDEXPL�������
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/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK

7DEHO��7DEOH������$VDO�SHUVLODQJDQ��KLEULG�KDVLO�GDUL�3XVDW�/LWEDQJ�+XWDQ�GDQ�3HUXP�3HUKXWDQL��2ULJLQDOO\�
FURVV�K\EULG�UHVXOWV�IURP�WKH�)RUHVW�5�	�'�&HQWUH�DQG�3HUXP�3HUKXWDQL�

.RGH�KLEULG��&RGH�RI�K\EULG�� $VDO�VLODQJDQ��3DUHQWV��

3�+��� ����[�����

3�+��� ����[�����

3�+��� ����[�����

3�+��� ����[�����
&���� 1��[�1��

7DEHO�� ������-XPODK�SHPEHULDQ�SDNDQ��� �7DEOH 7RWDO�IHHGLQJ

8PXU��$JH��
-XPODK�SDNDQ��7KH�DPRXQW�RI�IHHG���NJ�LQVWDU�XODQJDQ���

�NJ�LQVWDU�UHSHDWV��

,QVWDU�,� �����NJ�

,QVWDU�,,� �����NJ�

,QVWDU��,,,� �����NJ�
,QVWDU�,9� �����NJ�

,QVWDU�9 ������NJ�

�

NDQ� GHQJDQ� NRQGLVL� VHWHPSDW�� .HEXWXKDQ�
WHPSHUDWXU� GDQ� NHOHPEDEDQ� XQWXN� PDVLQJ�
PDVLQJ� LQVWDU� GLXSD\DNDQ� DJDU� PHQGHNDWL�
NHEXWXKDQ� RSWLPXP�� 3DNDQ� GLEHULNDQ�
VHEDQ\DN� �� NDOL� VHKDUL� SDGD� VDDW� XODW� NHFLO�
�LQVWDU�,�VDPSDL�,,,��GHQJDQ�LQWHUYDO�VHWLDS���
MDP� VHNDOL�PXODL� GDUL� MDP�������� ������GDQ�
MDP�������:,%�VHGDQJNDQ�SDGD�VDDW�XODW�EHVDU�
�LQVWDU���GDQ����SHPEHULDQ�PDNDQ�GLODNXNDQ���
NDOL�SHU�KDUL�GHQJDQ�LQWHUYDO�\DQJ�VDPD��\DLWX�
��MDP��MDP���������������������GDQ��������

x� 3DGD�DZDO�LQVWDU�,9�GLKLWXQJ�VHEDQ\DN�������
HNRU� XODW� GDUL� VHWLDS� SORW� SHUFREDDQ� XQWXN�
WHUXV� GLSHOLKDUD� GDQ� GLSHUWDKDQNDQ� VHEDJDL�
RE\HN�SHQJXMLDQ�VHODQMXWQ\D�

x� 3DGD� KDUL� NHHQDP� VDPSDL� NHGHODSDQ� GDUL�
LQVWDU�9��XODW�XODW�\DQJ�VXGDK�VLDS�PHPDVXNL�
PDVD� LVWLUDKDW� GLDPELO� VDWX� SHU� VDWX� VHFDUD�
PDQXDO� XQWXN� GLSLQGDKNDQ� NH� UDN� SHQJR�
NRQDQ��

x� .RNRQ�GLSDQHQ�SDGD�KDUL�NHOLPD�GDQ�NHHQDP�
VHWHODK� GLNRNRQNDQ� GDQ� GLVHOHNVL� XQWXN�
GLDQDOLVLV� JXQD� NHSHQWLQJDQ� SHQJXNXUDQ�
VHVXDL�SDUDPHWHU�\DQJ�GLDPDWL���

'��5DQFDQJDQ�3HQHOLWLDQ

5DQFDQJDQ� 3HUFREDDQ� GDODP� SHQHOLWLDQ� LQL�
PHQJJXQDNDQ�6SOLW�3ORW�GDODP�5DQFDQJDQ�$FDN�
.HORPSRN�� 3HWDN� XWDPD� EHUXSD� ORNDVL� \DQJ�
EHUDGD�SDGD�GDWDUDQ�UHQGDK�GL�.DEXSDWHQ�3DWL�
-DZD� 7HQJDK� GDQ� GDWDUDQ� WLQJJL� GL� .DEXSDWHQ�
6XNDEXPL�-DZD� %DUDW� GDQ� VHEDJDL� DQDN� SHWDN�
EHUXSD� MHQLV� KLEULG� XODW� VXWUD� �3�+���� 3�+����
3�+���� 3�+��� GDQ� &������ 3HQJHORPSRNDQ�

GLGDVDUNDQ�NHSDGD�SRVLVL�UDN�SHPHOLKDUDDQ�XODW�
GDQ�VHWLDS�SHUODNXDQ�GLNHORPSRNNDQ�PHQMDGL���
NHORPSRN�

6HWLDS� NHORPSRN� WHUGLUL� DWDV� �� LQGXN� SHU�
KLEULG��3DGD�DZDO�LQVWDU�,9�VHWLDS�SORW�SHUFREDDQ�
EHULVL� ������ HNRU� XODW�� 3HPHOLKDUDDDQ� WHOXU�
KLQJJD�PHQMDGL�NRNRQ�GLODNXNDQ�GHQJDQ�VWDQGDU�
SHPHOLKDUDDQ� \DQJ� VDPD�� PHOLSXWL� WDWD� FDUD�
LQNXEDVL� WHOXU�� SHQ\LDSDQ�GDQ�SURVHV�GLVLQIHNVL�
UXDQJ� SHPHOLKDUDDQ�� MHQLV� PXUEHL� GDQ� MXPODK�
SDNDQ�\DQJ�GLEHULNDQ�VHODPD�SHPHOLKDUDDQ�XODW��
SHQJDWXUDQ�VXKX�GDQ�NHOHPEDEDQ�UXDQJ�XODW�GDQ�
SHUOHQJNDSDQ�SHQJRNRQDQ�

3DUDPHWHU�\DQJ�GLDPDWL�PHOLSXWL�

��� 3HUVHQWDVH�SHQHWDVDQ
3HUVHQWDVH�SHQHWDVDQ�DGDODK�SHUVHQWDVH�WHOXU�
\DQJ�PHQHWDV�GDUL�VHMXPODK�WHOXU�GLEXDKL�

.HWHUDQJDQ�� -70� � -XPODK�WHOXU�\DQJ
� � � PHQHWDV
� -77�  � -XPODK�WHOXU�WRWDO��\DQJ�

� � � PHQHWDV�GDQ�\DQJ�WLGDN�
� � � PHQHWDV�
��� .XDOLWDV� NRNRQ� �ERERW� NRNRQ�� ERERW� NXOLW�

NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ��
D�� %RERW�NRNRQ�VHJDU�� ��DGDODK�IUHVK�FRFRRQ

ERERW�VHOXUXK�NRNRQ�\DQJ�WHUGLUL�DWDV�NXOLW�
NRNRQ� GDQ� SXSD� \DQJ� EDUX� VDMD� GLSDQHQ�
GDQ�WHODK�GLEHUVLKNDQ�GDUL�VHUDW�VHUDW�KDOXV�
SDGD�SHUPXNDDQ�NXOLW�NRNRQ�� ��IORV

E�� %RERW� NXOLW� NRNRQ� DGDODK� ERERW� NXOLW�
NRNRQ�WDQSD�SXSD�

3HUVHQWDVH�SHQHWDVDQ����� ����������[�����
-70�
-77
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F�� 5DVLR�NXOLW�NRNRQ�DGDODK�ERERW�NXOLW�NRNRQ�
GLEDJL�GHQJDQ�ERERW�NRNRQ�GHQJDQ�SXSD�
GLNDOLNDQ�VHUDWXV�SHUVHQ��������������������

��� .XDOLWDV�VHUDW��SDQMDQJ�ILODPHQ�
3DQMDQJ� ILODPHQ� PHUXSDNDQ� VHUDW� �EHQDQJ��
VXWHUD�\DQJ�GLKDVLONDQ�GDUL�VDWX�EXWLU�NRNRQ�
GDODP�VDWXDQ�PHWHU��3DQMDQJ�ILODPHQW��\DLWX�
WRWDO� SDQMDQJ� ILODPHQ� GDUL� KDVLO� SHQJXUDLDQ�
VDWX�NRNRQ��\DQJ�GLWHQWXNDQ�GHQJDQ�PHQJXUDL�
NRNRQ� GHQJDQ� PHQJJXQDNDQ� DODW� SLQWDO�
VHGHUKDQD� � ��KLQJJD� ILODPHQ�GDUL� VDWX�KDVSHO
EXDK� NRNRQ� KDELV� GDQ� WLGDN� GDSDW� GLXUDL�
NHPEDOL��8MXQJ� ILODPHQ�GLDPELO� ODOX�GLWHP�
SHONDQ� SDGD� KDVSHO� GDQ� GLKLWXQJ� MXPODK�
SXWDUDQ�KDVSHO�\DQJ�PHQJXUDLNDQ�VDWX�EXDK�
NRNRQ�� XMXQJ� ILODPHQ� \DQJ� SXWXV� SDGD� VDDW�
SHQJXUDLDQ� GLWHPSHO� GHQJDQ� XMXQJ� ILODPHQ�
\DQJ� ODLQ�GDQ�GLKLWXQJ� WRWDO�SXWDUDQ�KDVSHO��
VHKLQJJD� GLSHUROHK� SDQMDQJ� ILODPHQ� GHQJDQ�
UXPXV�

3DQMDQJ�ILODPHQ��P�� �Q�[�N
.HWHUDQJDQ��Q� �-XPODK�SXWDUDQ�NLQFLU
� N� �.HOLOLQJ�NLQFLU� �����FP� �

� � � �����P
� �
(� $QDOLVLV�'DWD�

8QWXN� PHQJHWDKXL� DGD� WLGDNQ\D� SHQJDUXK�
LQWHUDNVL�� SHQJDUXK� IDNWRU� WXQJJDO�� PDND� GDWD�
GLDQDOLVLV� NHUDJDPDQ� PHQJJXQDNDQ� XML� )��
$SDELOD�KDVLO�DQDOLVLV�PHQXQMXNNDQ�EHUSHQJDUXK�
VLJQLILNDQ�� VHODQMXWQ\D�GLODNXNDQ�XML�EHGD� UDWD�
UDWD� GHQJDQ� PHQJJXQDNDQ� XML� MDUDN� EHUJDQGD�
7XNH\�

,,,���+$6,/�'$1�3(0%$+$6$1

$��+DVLO

3HPLOLKDQ� MHQLV� ELELW� XODW� VXWHUD�PHUXSDNDQ�
WDKDS� DZDO� \DQJ� SHUOX� GLSHUKDWLNDQ�� %LELW� XODW�
\DQJ� EDLN� �XQJJXO�� DNDQ� PHQHQWXNDQ� KDVLO�
VHODQMXWQ\D�� ,QGXNDQ� \DQJ� GLJXQDNDQ� GDODP�
SHQHOLWLDQ� LQL� EHUDVDO� GDUL� KDVLO� SHUVLODQJDQ�
VHSHUWL�WHUOLKDW�SDGD�7DEHO���

+DVLO� SHUVLODQJDQ� WHUVHEXW�� WHUQ\DWD� KLEULG�
\DQJ�GLKDVLONDQ�WLGDN�VHODOX�PHQJKDVLONDQ�ERERW�
NRNRQ� GDQ� UDVLR� NXOLW� NRNRQ� \DQJ� OHELK� WLQJJL�
GDULSDGD� LQGXNDQ� PXUQLQ\D�� 'LKDUDSNDQ� GDUL�
KDVLO� SHUVLODQJDQ� ELVD� PHQJKDVLONDQ� VLIDW�VLIDW�
XQJJXO� EDLN� EHUXSD� NXDQWLWDV� PDXSXQ� NXDOLWDV�
NRNRQ� \DQJ� GLKDVLONDQ�� 3DUDPHWHU�SDUDPHWHU�
NXDQWLWDV�GLWHQWXNDQ�ROHK�SHUVHQWDVH�SHQHWDVDQ��
ERERW�NRNRQ��ERERW�NXOLW�NRNRQ�GDQ�UDVLR�NXOLW�
NRNRQ�VHGDQJNDQ�NXDOLWDV�NRNRQ�GLWHQWXNDQ�ROHK�
SDQMDQJ�ILODPHQ�

3HQHWDSDQ� SURGXNWLYLWDV� XODW� VXWHUD� GLWHQWX�
NDQ�ROHK�WLQJJLQ\D�SHUVHQWDVH�SHQHWDVDQ��ERERW�
NRNRQ��ERERW�NXOLW�NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ��
)DNWRU�IDNWRU� LQL� SHQWLQJ� XQWXN� GLNHWDKXL� SDUD�
SHPLQWDO�� NDUHQD� ELD\D� SURGXNVL� EHQDQJ� EHU�
KXEXQJDQ� ODQJVXQJ� GHQJDQ� KDUJD� \DQJ� DNDQ�
GLED\DUNDQ��+DVLO� DQDOLVLV� UDJDP�PHQXQMXNNDQ�
EDKZD�IDNWRU� ORNDVL�� MHQLV�KLEULG�VHUWD� LQWHUDNVL�
NHGXDQ\D�WLGDN�EHUSHQJDUXK�VLJQLILNDQ�WHUKDGDS�
SHUVHQWDVH� SHQHWDVDQ�� +DVLO� DQDOLVLV� UDJDP�
PHQXQMXNNDQ�EDKZD�WHUKDGDS�ERERW�NRNRQ�GDQ�
ERERW� NXOLW� NRNRQ� WLGDN� WHUMDGL� LQWHUDNVL� \DQJ�
Q\DWD�� )DNWRU� WXQJJDO� ORNDVL� GDQ� MHQLV� KLEULG�

7DEHO�� �����%RERW�NRNRQ�GDQ�UDVLR�NXOLW�NRNRQ�GDUL�LQGXNDQ�GDQ�KDVLO�SHUVLODQJDQQ\D��7DEOH 7KH�FRFRRQ�
ZHLJKW�DQG WKH�FRFRRQ�VKHOO�RI�K\EULGV�DQG�LWV�SDUHQWV� �

,QGXNDQ��3DUHQW��
%RERW�NRNRQ��7KH�&RFRRQ�ZHLJKW��

�J��

5DVLR�NXOLW�NRNRQ��7KH�FRFRRQ�VKHOO�UDWLR��

����

3�+��������[������ ����� ������

���� ����� ������

���� ����� ������
3�+��������[������ ����� ������

���� ����� ������

���� ����� ������

3�+��������[������ ����� ������

���� ����� ������

���� ����� ������
3�+��������[������ ����� ������

���� ����� ������

���� ����� ������

&���������[������ ����� ������

���� ����� ������
���� ����� ������

6XPEHU�� ����'DWD�SULPHU�KDVLO�SHQHOLWLDQ�� �6RXUFHV 3ULPDU\�GDWD�UHVHDUFK�UHVXOW
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EHUSHQJDUXK� VLJQLILNDQ� WHUKDGDS� ERERW� NRNRQ��
QDPXQ�WHUKDGDS�ERERW�NXOLW�NRNRQ�KDQ\D�IDNWRU�
MHQLV�KLEULG�\DQJ�EHUSHQJDUXK�VDQJDW�Q\DWD��7DEHO�
��PHQXQMXNNDQ� EDKZD� ORNDVL� GDWDUDQ� WLQJJL� GL�
.DEXSDWHQ� 6XNDEXPL� PHQJKDVLONDQ� ERERW�
NRNRQ�OHELK�WLQJJL�GDULSDGD�ORNDVL�GDWDUDQ�UHQGDK�
GL�.DEXSDWHQ�3DWL��1DPXQ�WHUKDGDS�ERERW�NXOLW�
NRNRQ� WHODK� PHQJKDVLONDQ� ERERW� NXOLW� NRNRQ�
\DQJ�VDPD�XQWXN���ORNDVL�WHUVHEXW�� �-LND�GLOLKDW�
GDUL�IDNWRU�WXQJJDO�MHQLV�KLEULG��PDND�XODW�VXWHUD�
\DQJ�WHODK�PHQJKDVLONDQ�ERERW�NRNRQ�\DQJ�EDLN�
DGDODK�KLEULG�3�+����3�+���GDQ�3�+���VHGDQJ�
NDQ�\DQJ�PHQJKDVLONDQ�ERERW�NXOLW�NRNRQ�\DQJ�
WLQJJL�DGDODK�3�+����3�+���GDQ�3�+���

+LEULG�3�+�� +LEULG�&���

*DPEDU��)LJXUH�����+LEULG� 3�+��� GDQ�&���� \DQJ� GLXMLNDQ� GL� 6XNDEXPL� GDQ� 3DWL� �3�+��� DQG�&����
K\EULGV�WHVWHG�LQ�6XNDEXPL�DQG�3DWL�

3HUODNXDQ��7UHDWPHQW��

3HQHWDVDQ�

�+DWFKDELOLW\��
����

%RERW�NRNRQ�

�&RFRRQ�ZHLJKW��
�J��

%RERW��NXOLW�NRNRQ�

�6KHOO�FRFRRQ�ZHLJKW��
�J��

/RNDVL��/RFDWLRQ�� � � �

3DWL� �������D� ������E� ������D�

6XNDEXPL� �������D� ������D� ������D�

-HQLV�K\EULG��+\EULGH�NLQGV�� � � �

3�+��� �������D� ������DE� ������E�

3�+��� �������D� ������D� ������D�

3�+��� �������D� ������DE� ������DE�

3�+��� �������D� ������E� ������DE�

3HUKXWDQL�&���� �������D� ������F� ������F�

.HWHUDQJDQ��5HPDUNV���1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

3DGD�7DEHO��� WHUOLKDW�EDKZD�NHHPSDW�KLEULG�
KDVLO�3XVDW�/LWEDQJ�+XWDQ�\DQJ�GLEXGLGD\DNDQ�GL�
GDWDUDQ� UHQGDK� .DEXSDWHQ� 3DWL� PHQJKDVLONDQ�
UDVLR� NXOLW� NRNRQ� \DQJ� VDPD� EDLNQ\D�� WHWDSL�
WHUKDGDS� KLEULG� &���� �GDUL� 3HUXP� 3HUKXWDQL�
3386�&DQGLURWR�� EHUEHGD� VLJQLILNDQ� GDQ� UDVLR�
NXOLW�NRNRQQ\D�MDXK�OHELK�WLQJJL�GDULSDGD�KLEULG�
&�����-LND�GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL��PDND�
KLEULG�3�+���GDQ�3�+���PHQJKDVLONDQ�UDVLR�NXOLW�
NRNRQ� WHUEDLN� GDQ� EHUEHGD� VLJQLILNDQ� GHQJDQ�
KLEULG� 3�+���� 3�+��� GDQ� &����� -LND�
GLEXGLGD\DNDQ� GL� GDWDUDQ� UHQGDK� GDQ� GDWDUDQ�
WLQJJL��PDND� KLEULG� 3�+���PHQJKDVLONDQ� UDVLR�
NXOLW�NRNRQ�\DQJ�WHUWLQJJL�

7DEHO�� �����5DWD�UDWD�ERERW�NRNRQ�GDQ�ERERW�NXOLW�NRNRQ�SDGD���ORNDVL�GDQ���MHQLV�KLEULG��7DEOH 7KH�DYHUDJH�
ZHLJKW�RI�WKH�FRFRRQ�DQG�FRFRRQ�VKHOO�ZHLJKW�DW�WZR�ORFDWLRQV�DQG�ILYH�W\SHV�RI�K\EULG�

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

�

7DEHO��7DEOH�����,QWHUDNVL� DQWDUD� ORNDVL� GDQ� MHQLV� KLEULG� WHUKDGDS� UDVLR� NXOLW� NRNRQ� �7KH� LQWHUDFWLRQ�
EHWZHHQ�WKH�ORFDWLRQ�DQG�WKH�W\SH�RI�K\EULG�RQ�WKH�FRFRRQ�VKHOO�UDWLR�

7DEHO��7DEOH�����,QWHUDNVL� DQWDUD� ORNDVL� GDQ� MHQLV� KLEULG� WHUKDGDS� SDQMDQJ� ILODPHQ� �7KH� LQWHUDFWLRQ�
EHWZHHQ�ORFDWLRQV�DQG�K\EULGV�WR�WKH�OHQJWK�RI�ILODPHQW�

��������-HQLV��K\EULG��+\EULGH�NLQGV��

�
/RNDVL��/RFDWLRQ��

5DVLR�NXOLW�NRNRQ��7KH�FRFRRQ�VKHOO�UDWLR������

3�+��� 3�+��� 3�+��� 3�+��� &����

3DWL� ������D� �������D� �������DE� �������D� ������FG�

6XNDEXPL� ������G� �������DEF� �������EF� �������G� �������H�

.HWHUDQJDQ��5HPDUNV���1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

.HWHUDQJDQ�� ��5HPDUNV �1LODL�GDODP�NRORP�\DQJ�GLLNXWL�GHQJDQ�KXUXI�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD����EHUGDVDUNDQ�8ML�
7XNH\�SDGD�WDUDI�Q\DWD�����)LJXUHV�RQ�WKH�VDPH�FROXPQ�EHDULQJ�VDPH�OHWWHU�GHQRWH�QRQ�VLJQLILFDQW�
GLIIHUHQFHV�DW����OHYHO�DFFRUGLQJ�WR�7XNH\�WHVW�

3DGD�7DEHO���PHQXQMXNNDQ�EDKZD�KLEULG�XODW�
VXWHUD� 3�+���� 3�+��� GDQ� 3�+��� \DQJ� GLEXGL�
GD\DNDQ� GL� GDWDUDQ� UHQGDK� WHODK�PHQJKDVLONDQ�
SDQMDQJ� ILODPHQ� \DQJ� VDPD� GDQ� OHELK� SDQMDQJ�
GDULSDGD�KLEULG�ODLQQ\D��1DPXQ��DSDELOD�GLEXGL�
GD\DNDQ� GL� GDWDUDQ� WLQJJL�� PDND� GDSDW� GLSLOLK�
KLEULG� 3�+���� 3�+��� GDQ� 3�+���� -LND� GLEXGL�
GD\DNDQ� GL� GDWDUDQ� UHQGDK� GDQ� GDWDUDQ� WLQJJL��
PDND�KLEULG�3�+���GDQ�3�+���\DQJ�PHQJKDVLO�
NDQ�SDQMDQJ�ILODPHQ�\DQJ�WHUEDLN�

%��3HPEDKDVDQ

.HVHUDJDPDQ� SHQHWDVDQ� GDQ� SHUVHQWDVH�
SHQHWDVDQ�\DQJ�WLQJJL�PHUXSDNDQ�KDO�\DQJ�VDQJDW�
XWDPD� GDODP� XVDKD� EXGLGD\D� XODW� VXWHUD�
�$QGDGDUL�	�.XQWDGL���������.HGXD�SDUDPHWHU�
LQL� VHULQJ� GLMDGLNDQ� WRORN� XNXU� NXDOLWDV� ELELW��
PHVNLSXQ� NHEHUKDVLODQQ\D� DNDQ� GLFDSDL� MLND�
GLGXNXQJ�ROHK�VLVWHP�SHQHWDVDQ�GDQ�SHQDQJDQDQ�
WHOXU�\DQJ�VHVXDL�GHQJDQ�NHWHQWXDQ��3DGD�SHQHOL�
WLDQ� LQL� VHPXD� SHQDQJDQDQ� WHOXU� DGDODK� VDPD�
XQWXN� VHWLDS� SHUODNXDQ� KLEULG�� +DVLO� SHQHOLWLDQ�
PHQXQMXNNDQ� EDKZD� SHUVHQWDVH� SHQHWDVDQ�
VHUDJDP��XQWXN�VHPXD�SHUODNXDQ�GHQJDQ�WLQJNDW�
SHQHWDVDQ�\DQJ�WLQJJL�UDWD�UDWD��GL�DWDV�����

3HUVHQWDVH� SHQHWDVDQ� NHOLPD� KLEULG� �3XVDW�
/LWEDQJ�+XWDQ�GDQ�3HUXP�3HUKXWDQL��PHQXQMXN�
NDQ� SHUVHQWDVH� SHQHWDVDQ� \DQJ� VDPD� WLQJJL�
NDUHQD� VHPXD� MHQLV� KLEULG�PHQGDSDW� SHUODNXDQ�
LQNXEDVL� \DQJ� VDPD�� ,QNXEDVL� WHOXU� DGDODK�

�����-HQLV�KLEULG��+\EULGH�NLQGV��

�
/RNDVL��/RFDWLRQ��

3DQMDQJ�ILODPHQW��)LODPHQW�OHQJWK���P��

3�+��� 3�+��� 3�+��� 3�+��� &�����

3DWL� ���������DEF� ���������DEF� ���������EFG� ���������DE� �������H�����

6XNDEXPL� ���������DEF� ���������DEF� ���������D� ���������FG� �������GH�

SHQ\LPSDQDQ� WHOXU� GL� GDODP� UXDQJDQ� GHQJDQ�
SHQJDWXUDQ�WHPSHUDWXU��NHOHPEDEDQ�GDQ�FDKD\D�
\DQJ�VDPD�XQWXN�VHPXD�WHPSDW��7XMXDQ�LQNXEDVL��
\DLWX�DJDU�WHOXU�GDSDW�GLWHWDVNDQ�GHQJDQ�EDLN�GDQ�
PHUDWD� VHODPD� ��� KDUL�� .HEXWXKDQ� WHPSHUDWXU�
VHODPD�LQNXEDVL�DGDODK��� &�GDQ�NHOHPEDEDQ����

R

����GHQJDQ� SHQJDWXUDQ� FDKD\D� ��� MDP� WHUDQJ�
GDQ� �� MDP� JHODS� VHWLDS� KDULQ\D� VHVXDL� GHQJDQ�
VWDQGDU�LQNXEDVL�PHQXUXW�+XVVDLQ� ������E���HW�DO�
2OHK� NDUHQD� LWX�� SHUVHQWDVH� SHQHWDVDQ� WLGDN�
GLSHQJDUXKL�ROHK�MHQLV�KLEULG�GDQ�ORNDVL�

%RERW�NRNRQ�PHUXSDNDQ�VDODK�VDWX�SDUDPHWHU�
SHQWLQJ� \DQJ� KDUXV� GLNHWDKXL� SDGD� VHWLDS� KDVLO�
SHPHOLKDUDDQ�XODW�VXWHUD�NDUHQD�DNDQ�EHUSHQJD�
UXK� WHUKDGDS� VHUDW� GDQ�EHQDQJ�\DQJ�GLKDVLONDQ�
�1XUKDHGDK� HW� DO��� ������� %RERW� NRNRQ� PHP�
SXQ\DL� NRUHODVL� SRVLWLI� GHQJDQ� KDVLO� NRNRQ� SHU�
ERNVQ\D�� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� DGD�
SHUEHGDDQ� \DQJ� Q\DWD� SDGD� ERERW� NRNRQ� DQWDU�
ORNDVL��SHPHOLKDUDDQ�\DQJ�GLODNXNDQ�GL�GDWDUDQ�
WLQJJL�GL�.DEXSDWHQ�6XNDEXPL�SDGD�NHWLQJJLDQ�
����P�GSO��PHQJKDVLONDQ�UDWD�UDWD�ERERW�NRNRQ�
\DQJ� WLQJJL� ������ J��� 8ODW� VXWHUD� PHUXSDNDQ�
VHUDQJJD�EHUGDUDK�GLQJLQ��SRLNLORWKHUPLF��\DQJ�
PXGDK� GLSHQJDUXKL� ROHK� NRQGLVL� OLQJNXQJDQ��
GHQJDQ� GHPLNLDQ� SDGD� NRQGLVL� \DQJ� RSWLPXP�
SHUWXPEXKDQ�XODW� OHELK�EDLN�GDQ�PHQJKDVLONDQ�
NRNRQ�\DQJ�RSWLPXP��1XUVLWD��������+XVVDLQ�HW�
DO� �����D��� �6HEDOLNQ\D�SDGD�NRQGLVL�PLQLPXP��
VHSHUWL� KDOQ\D� GL� GDHUDK� 3DWL� SDGD� NHWLQJJLDQ
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���P�GSO��NRNRQ�\DQJ�GLKDVLONDQ�PHQMDGL�OHELK�
UHQGDK��UDWD�UDWD�EHUNLVDU������J��+DO�LQL�GLVHEDE�
NDQ�GL�GDHUDK�3DWL�GHQJDQ�VXKX�WLQJJL�GDQ�NHOHP�
EDEDQ�UHQGDK�GDSDW�PHQ\HEDENDQ�GDXQ�PXUEHL�
\DQJ� GLEHULNDQ� FHSDW� PHQJDODPL� NHNHULQJDQ��
VHKLQJJD� SDODWDELOLWDVQ\D� PHQXUXQ�� 1DPXQ�
GHPLNLDQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
NRQVLVWHQ�PHQJKDVLONDQ�ERERW�NRNRQ�OHELK�WLQJJL�
GLEDQGLQJNDQ�\DQJ�GLKDVLONDQ�ROHK��KLEULG�3HUXP�
3HUKXWDQL�3386�&DQGLURWR�\DLWX�&����EDLN�\DQJ�
GLSHOLKDUD� GL� GDWDUDQ� WLQJJL�PDXSXQ� GL� GDWDUDQ�
UHQGDK�

3DGD�SHQHOLWLDQ�LQL��KLEULG��3�+���PHQJKDVLO�
NDQ�ERERW�NRNRQ�\DQJ�WHUWLQJJL�������J��VHGDQJ�
NDQ� KLEULG� &���� PHQJKDVLONDQ� ERERW� NRNRQ�
WHUHQGDK� ������ J��� 6HFDUD� XPXP�� NRNRQ� GDUL�
KLEULG� KDVLO� SHUVLODQJDQ� 3XVDW� /LWEDQJ� +XWDQ� �
PHPLOLNL�ERERW�GL�DWDV������J�GDQ�EHUEHGD�VDQJDW�
Q\DWD� GLEDQGLQJ� NRNRQ� KDVLO� SURGXNVL� KLEULG�
&����� 'LVLPSXONDQ� EDKZD� KLEULG� 3�+���
SRWHQVLDO� XQWXN� GLNHPEDQJNDQ� EDLN� SDGD�
NHWLQJJLDQ�\DQJ�WLQJJL�PDXSXQ�SDGD�GDHUDK�\DQJ�
UHQGDK���������P�GSO���

0HQXUXW�.DRPLQL�	�$QGDGDUL��������ERERW�
NRNRQ�PHPSXQ\DL�NRUHODVL�SRVLWLI�GHQJDQ�KDVLO�
NRNRQ� SHU� ERNV� GDQ� EHUKXEXQJDQ� HUDW� GHQJDQ�
QLODL� WDPEDK� \DQJ� GLSHUROHK� SHWDQL� VXWHUD��
6HKXEXQJDQ�GHQJDQ�KDO�WHUVHEXW��PDND�GDUL�VHJL�
SURGXNVL� NRNRQ� PDXSXQ� QLODL� WDPEDK� \DQJ�
GLSHUROHK�SHWDQL� VXWHUD� KLEULG� XODW� VXWHUD�3XVDW�
/LWEDQJ� +XWDQ� GDSDW� GLDQMXUNDQ� XQWXN� GLNHP�
EDQJNDQ��

7DEHO���PHQXQMXNNDQ�YDULDVL�SHQLQJNDWDQ�GDQ�
SHQXUXQDQ� ERERW� NRNRQ� GDQ� UDVLR� NXOLW� NRNRQ�
GDUL� NHOLPD� KLEULG� GLEDQGLQJNDQ� GHQJDQ�
LQGXNDQQ\D��9DULDVL�WHUVHEXW�GLVHEDENDQ�NDUHQD�
LQGXNDQ� \DQJ� WHUOLEDW� GDODP�SHUVLODQJDQ� VXGDK�
PHPLOLNL� UDVLR� NXOLW� NRNRQ� \DQJ� WLQJJL� DNLEDW�
VHOHNVL�VHFDUD� WHUXV�PHQHUXV�GDQ�NDUHQD�VHOLVLK�
QLODL�UDVLR�NXOLW�NRNRQ�DQWDUD�LQGXNDQQ\D�VDQJDW�
NHFLO�� 'HQJDQ� GHPLNLDQ�� SHQLQJNDWDQ� \DQJ�
WHUMDGL�VDQJDW�NHFLO�DWDX�WLGDN�WHUMDGL�VDPD�VHNDOL�
DWDX� GDSDW� SXOD� GLVHEDENDQ� ROHK� GD\D� JDEXQJ�
\DQJ� NXUDQJ� EDLN� DQWDUD� NHGXD� WHWXDQ\D�
�(QGDUZDWL� �������$GDQ\D� YDULDVL� GDSDW�HW� DO���
MXJD� GLVHEDENDQ� ROHK� SHQJDUXK� OLQJNXQJDQ��
GLPDQD� ORNDVL� \DQJ� EHUODLQDQ� PHPEXDW� MHQLV�
KLEULG� PHPEHULNDQ� UHVSRQ� \DQJ� WLGDN� VDPD�
�*RZGD� 	� 5HGG\�� ������ 6HLGDYL�� �������
:DODXSXQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
WHUGDSDW� SHQXUXQDQ� GDUL� LQGXNDQQ\D�� QDPXQ�
KDVLOQ\D�OHELK�WLQJJL�GDULSDGD�KLEULG�&����

%RERW� NXOLW� NRNRQ� EHUKXEXQJDQ� GHQJDQ�
NDQGXQJDQ� VXWHUD� \DQJ� GDSDW� GLPDQIDDWNDQ��
VHPDNLQ�EHVDU�ERERW�NXOLW�NRNRQ��PDND�VHPDNLQ�

EHVDU�NDQGXQJDQ�EHQDQJ�VXWHUD��$QGDGDUL�HW�DO���
������1XUDHQL�	�%DKDUXGLQ���������%RERW�NXOLW�
NRNRQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PHQXQMXNNDQ� KDVLO� \DQJ� VLJQLILNDQ� GLEDQGLQJ�
NDQ� GHQJDQ� KLEULG�&����� 5DWD�UDWD� ERERW� NXOLW�
NRNRQ� NHHPSDW� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PHQLQJNDW�VHEHVDU�����GDUL�KLEULG�&�����3DGD�
GDWDUDQ�UHQGDK�GL�.DEXSDWHQ�3DWL�NHHPSDW�KLEULG�
PHQXQMXNNDQ� KDVLO� \DQJ� VDPD�� \DQJ� EHUDUWL�
NHHPSDW�KLEULG�WHUVHEXW�PDPSX�EHUDGDSWDVL�SDGD�
GDWDUDQ� UHQGDK�� 1DPXQ�� GL� GDWDUDQ� WLQJJL� GL�
.DEXSDWHQ�6XNDEXPL�PHQJKDVLONDQ�ERERW�NXOLW�
NRNRQ� \DQJ� EHUEHGD�� -HQLV� KLEULG� 3�+��� GDQ�
3�+���PHQJKDVLONDQ� ERERW� NXOLW� NRNRQ� WLQJJL��
+DO� LQL� PHQXQMXNNDQ� EDKZD� MHQLV� KLEULG�
PHPSHQJDUXKL�ERERW�NXOLW�NRNRQ��.XPDU� ��HW�DO
�������PHQJHPXNDNDQ�EDKZD�ERERW�NXOLW�NRNRQ�
GLWHQWXNDQ�ROHK�UDV��JDOXU��MHQLV�NHODPLQ�XODW�\DQJ�
GLSHOLKDUD�� NRQGLVL� SHPHOLKDUDDQ� GDQ� SHQJR�
NRQDQ�

3DGD� NRQGLVL� RSWLPXP� ZDODXSXQ� NHPSDW�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�PHQJKDVLONDQ�UDVLR�
NXOLW� NRNRQ� OHELK� WLQJJL� GDUL� KLEULG� 3HUXP�
3HUKXWDQL��KDQ\D�KLEULG�3�+���GDQ�3�+���\DQJ�
NRQVLVWHQ�PHQJKDVLONDQ�UDVLR�NXOLW�NRNRQ�WLQJJL��
3HUVHQWDVH� NXOLW� NRNRQ� KLEULG� GL� GDHUDK� WURSLV�
PHQXUXW�$QGDGDUL� �� �������EHUNLVDU� DQWDUD�HW�DO
������������ .HHPSDW� KLEULG� 3XVDW� /LWEDQJ�
+XWDQ� WHODK� PHQJKDVLONDQ� UDWD�UDWD� UDVLR� NXOLW�
NRNRQ�DQWDUD��������������GDQ�WHUPDVXN�NHODV�
%� VHGDQJNDQ� KLEULG� &���� PHQJKDVLONDQ� UDVLR�
NXOLW�NRNRQ��������GDQ�WHUJRORQJ�NHODV�&��5DVLR�
NXOLW�NRNRQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
\DQJ� GLSHOLKDUD� GL� GDWDUDQ� UHQGDK� OHELK� WLQJJL�
GDULSDGD� \DQJ� GLSHOLKDUD� GL� GDWDUDQ� WLQJJL��
'LGXJD�SHQ\HEDEQ\D�DGDODK�SHUEHGDDQ�NHPDP�
SXDQ� GD\D� WDKDQ� WHUKDGDS� NRQGLVL� OLQJNXQJDQ�
GHQJDQ�VXKX�WLQJJL�GDQ�NHOHPEDEDQ�UHQGDK�GDQ�
SHUEHGDDQ� NHPDPSXDQ� NHOHQMDU� VXWHUD� GDODP�
PHQJKDVLONDQ� EHQDQJ�� 8ODW� VXWHUD� \DQJ� OHELK�
WDKDQ�WHUKDGDS�NRQGLVL�OLQJNXQJDQ�GHQJDQ�VXKX�
WLQJJL�GDQ�NHOHPEDEDQ�UHQGDK�DNDQ�EHUSURGXNVL�
OHELK�EDLN��1XUVLWD��������.XPDU�	�6LQJK�������

$GD�NRUHODVL�SRVLWLI�DQWDUD�UDVLR�NXOLW�NRNRQ�
GHQJDQ� SDQMDQJ� ILODPHQ�� VHPDNLQ� EHVDU� UDVLR�
NXOLW�NRNRQ��PDND�ILODPHQ�\DQJ�GLKDVLONDQ�DNDQ�
VHPDNLQ�SDQMDQJ��.HHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ� VXGDK� PHPHQXKL� SHUV\DUDWDQ� SDQMDQJ�
ILODPHQ� QRUPDO� GDQ� PHPHQXKL� QLODL� NRPHUVLO�
GHQJDQ�QLODL�NLVDUDQ�DQWDUD�������������P��+DVLO�
LQL� OHELK� WLQJJL�GDUL�KLEULG� LPSRU�\DQJ�EHUNLVDU�
���������� P�� .XDOLWDV� VHUDW� GLSHQJDUXKL� ROHK�
NXDOLWDV� NRNRQ� \DQJ� GLSLQWDO� �.XPDU� ���HW� DO
�������0XLQ� ���������PHQ\DWDNDQ�VHPDNLQ�HW�DO
SDQMDQJ� VHUDW�� PDND� PXWXQ\D� VHPDNLQ� EDLN��

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK



��

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

3DQMDQJ� ILODPHQ� \DQJ� EDLN� �QRUPDO�� EHUNLVDU�
����������P�� �3DQMDQJ�ILODPHQ�NHHPSDW�KLEULG�
3XVDW� /LWEDQJ� +XWDQ� WHUVHEXW� OHELK� WLQJJL� GDUL�
SDGD� SDQMDQJ� ILODPHQ� KLEULG� LPSRUW�&LQD� KDVLO�
SHQHOLWLDQ�\DLWX�EHUNLVDU���������P��$QGDGDUL�	�
.XQWDGL��������

3HPHOLKDUDDQ� XODW� GHQJDQ� PHQJJXQDNDQ�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�GLEDQGLQJNDQ�KLEULG�
&���� WHUGDSDW� SHQLQJNDWDQ� SURGXNVL� NRNRQ�
VHEHVDU� ���� XQWXN� GDWDUDQ� WLQJJL� �NRQGLVL�
RSWLPXP�� GDQ� ������� XQWXN� GDWDUDQ� UHQGDK�
�NRQGLVL�PLQLPXP��� -LND� GLEDQGLQJNDQ� GHQJDQ�
ELELW� LPSRU� &LQD� XQWXN� GDWDUDQ� UHQGDK� KDQ\D�
PHQJKDVLONDQ�NHQDLNDQ��SURGXNVL�NRNRQ�VHEHVDU�
�����XQWXN�NRQGLVL�RSWLPXP�SHPHOLKDUDDQ�XODW�
GHQJDQ�KLEULG�3XVDW�/LWEDQJ�+XWDQ�GLEDQGLQJNDQ�
GHQJDQ� ELELW� LPSRUW� &LQD� SURGXNVL� NRNRQ�
PHQLQJNDW�����

.XDOLWDV�NRNRQ�GDQ�SDQMDQJ�ILODPHQ�NHHPSDW�
KLEULG�3XVDW�/LWEDQJ�+XWDQ�PHQXQMXNNDQ�KDVLO�
\DQJ� VDPD� SDGD� GDWDUDQ� UHQGDK� KDO� LQL�
GLNDUHQDNDQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�
PHQJJXQDNDQ� JDOXU� \DQJ� SURGXNWLYLWDVQ\D� WHU�
WLQJJL�GDUL�NROHNVL�XODW�VXWHUD�\DQJ�GLPLOLNL�ROHK�
3XVDW�/LWEDQJ�+XWDQ��.ROHNVL�XODW�VXWHUD�WHUVHEXW�
EHUDGD�GL�NHWLQJJLDQ�����P�GSO��+DVLO�SHQHOLWLDQ�
GDODP�VNDOD�ODERUDWRULXP�PHQXQMXNNDQ�EDKZD���
KLEULG� WHUVHEXW�PHQJKDVLONDQ� UDVLR� NXOLW� NRNRQ�
��������VHPHQWDUD�ELELW�&����\DQJ�EHUHGDU�GL�
,QGRQHVLD� KDQ\D� PHQFDSDL� �������� 1DPXQ��
NHHPSDW� KLEULG� WHUVHEXW� VHWHODK� GLXMLNDQ� VNDOD�
ODSDQJDQ� GHQJDQ� NRQGLVL� OLQJNXQJDQ� EHUODLQDQ�
WHODK�PHQJKDVLONDQ� UDVLR� NXOLW� NRNRQ�PHQXUXQ�
VHNLWDU���������+DO�LQL�GLVHEDENDQ�SHUWXPEXKDQ�
XODW� VXWHUD� VDQJDW� GLSHQJDUXKL� ROHK� NRQGLVL�
WHPSDW�SHPHOLKDUDDQQ\D��NDUHQD�XODW�VXWHUD�WHU�
PDVXN�ELQDWDQJ�EHUGDUDK�GLQJLQ�

%HUGDVDUNDQ�GDWD�\DQJ�GLSHUROHK�GL���NRQGLVL�
\DQJ� EHUEHGD� WHUQ\DWD� KLEULG� 3XVDW� /LWEDQJ�
+XWDQ�PHQJKDVLONDQ�NXDOLWDV�NRNRQ�GDQ�SDQMDQJ�
ILODPHQ�OHELK�WLQJJL�GDULSDGD�KLEULG�&�����5DWD�
UDWD�SDQMDQJ� ILODPHQ�NHHPSDW�KLEULG�3XVDW�/LW�
EDQJ�+XWDQ�OHELK�SDQMDQJ�GDULSDGD�KLEULG�&�����
3HQLQJNDWDQ�SDQMDQJ�ILODPHQ�GDUL�NHHPSDW�KLEULG�
3XVDW�/LWEDQJ�+XWDQ�VHEHVDU�����XQWXN�GDWDUDQ�
UHQGDK�VHGDQJNDQ�XQWXN�GDWDUDQ�WLQJJL�SDQMDQJ�
ILODPHQ�WHUGDSDW�SHQLQJNDWDQ�VHEHVDU������ �+DO�
LQL�PHQXQMXNNDQ�NHHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ� DGDSWLI� XQWXN� GLNHPEDQJNDQ� GL� NHGXD�
ORNDVL� WHUVHEXW��'L�GDWDUDQ� WLQJJL�GL�.DEXSDWHQ�
6XNDEXPL�� NHHPSDW� KLEULG� PHQXQMXNNDQ� KDVLO�
\DQJ� EHUEHGD�� 3�+��� GDQ� 3�+��� NRQVLVWHQ�
PHPEHULNDQ� KDVLO� SDQMDQJ� ILODPHQ� \DQJ� VDPD�
DQWDUD� GDWDUDQ� WLQJJL� GDQ� UHQGDK�� 3�+��� GDQ�

3�+��� PDPSX� DGDWLI� GL� NHGXD� ORNDVL�� QDPXQ�
FHQGHUXQJ�KDVLOQ\D�OHELK�EDLN�GL�GDWDUDQ�WLQJJL��

3DQMDQJ� ILODPHQ� NHHPSDW� KLEULG� 3XVDW�
/LWEDQJ�+XWDQ�KDVLO�SHQHOLWLDQ�LQL�WHUQ\DWD�OHELK�
SDQMDQJ� GDULSDGD� KLEULG� LPSRU� GDUL� &LQD��
0HQXUXW�$QGDGDUL�	�.XQWDGL��������KLEULG�DVDO�
&LQD� SDGD� SHPHOLKDUDDQ� GL� 6RSSHQJ� �NRQGLVL�
PLQLPXP�GHQJDQ�NHWLQJJLDQ�����P�GSO��KDQ\D�
PDPSX�PHQJKDVLONDQ�UDWD�UDWD�SDQMDQJ�ILODPHQ�
UDWD�UDWD�����P��.HHPSDW�KLEULG�3XVDW�/LWEDQJ�
+XWDQ�SDGD�SHPHOLKDUDDQ�GL�GDWDUDQ�UHQGDK�GDSDW�
PHQJKDVLONDQ�SDQMDQJ�ILODPHQ�UDWD�UDWD�������P�

+DVLO� SHQJDPDWDQ� VHFDUD� XPXP� WHUKDGDS�
NXDOLWDV� NRNRQ� GDQ� VHUDW�� PHOLSXWL� SHUVHQWDVH�
SHQHWDVDQ��ERERW�NRNRQ��ERERW�NXOLW�NRNRQ��UDWLR�
NXOLW� NRNRQ� GDQ� SDQMDQJ� VHUDW� GDUL� XODW� VXWHUD�
\DQJ� GLSHOLKDUD� GL� �� NRQGLVL� \DQJ� EHUEHGD�
PHQXQMXNNDQ�QLODL�\DQJ� OHELK� WLQJJL�GLEDQGLQJ�
NRQWURO� &����� +DO� LQL� PHQXQMXNNDQ� EDKZD�
WLQJNDW� NHFRFRNDQ� KLEULG� 3XVDW� /LWEDQJ� +XWDQ�
PDPSX� EHUDGDSWDVL� EDLN� GL� GDWDUDQ� WLQJJL�
PDXSXQ�GDWDUDQ�UHQGDK�

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

7LQJNDW�SHQHWDVDQ�XODW�VXWHUD�WLGDN�GLSHQJD�
UXKL�ROHK�MHQLV�KLEULG�PDXSXQ�ORNDVL�SHPHOLKDUD�
DQ��.HVHOXUXKDQ�ELELW�XODW�\DQJ�GLXML��PHQJKDVLO�
NDQ�SHUVHQWDVH�SHQHWDVDQ�\DQJ�WLQJJL��!������GL�
�� ORNDVL�SHQHOLWLDQ��8ODW� VXWHUD�SRWHQVLDO�XQWXN�
GLEXGLGD\DNDQ� GL� GDWDUDQ� UHQGDK� GL� GDWDUDQ�
UHQGDK��DGDODK�3�+����3�+���GDQ�3�+����+LEULG�
3�+��� GDQ� 3�+��� FRFRN� GLEXGLGD\DNDQ� GL�
GDWDUDQ� WLQJJL�� +LEULG� 3�+��� SRWHQVLDO� XQWXN�
GLNHPEDQJNDQ� GDWDUDQ� UHQGDK� GDQ� GL� GDWDUDQ�
WLQJJL�

%�� 6DUDQ

6HEHOXP� GLNHPEDQJNDQ� OHELK� OXDV�� PDND�
NHHPSDW�KLEULG�3XVDW�/LWEDQJ�+XWDQ�SHUOX�GLXML�
SDGD� NRQGLVL� DJURNOLPDW� GDQ� PXVLP� \DQJ�
EHUEHGD�

8&$3$1�7(5,0$�.$6,+

8FDSDQ� WHULPD� NDVLK� GLVDPSDLNDQ� NHSDGD�
WHNQLVL�WHNQLVL� /DERUDWRULXP� 3HUVXWUDDQ� $ODP��
7UL�5DKPDZDWL��+HPDQ�6DUL�GDQ�+HUL�.XUQLDZDQ�
\DQJ�WHODK�PHPEDQWX�SHQHOLWLDQ�LQL�

9RO����1R����-XQL������������



��

'$)7$5�3867$.$

$QGDGDUL��/���3XGMLRQR��6���6XZDQGL�	�5DKPDZDWL��7��
�������� ��%XGLGD\D� PXUEHL� GDQ� XODW� VXWHUD
)25'$�35(66��,6%1��������������������

$QGDGDUL�	�.XQWDGL����������3HUEDQGLQJDQ�KLEULG�XODW�
VXWHUD� � /��� DVDO� &LQD� GHQJDQ�%RPE\[� PRUL�
KLEULG� ORNDO� GL� 6XODZHVL� 6HODWDQ�� -XUQDO�
3HQHOLWLDQ�+XWDQ�7DQDPDQ�����������������

$QGDGDUL�� /��� 5DKPDZDWL�� 7�� 	� 6XZDQGL�� ��������
3HQJHPEDQJDQ� NROHNVL� XODW� VXWHUD�� �WLGDN�
GLSXEOLNDVLNDQ��� /DSRUDQ� +DVLO� 3HQHOLWLDQ��
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+XWDQ�GDQ�
.RQVHUYDVL�$ODP��%RJRU�

%36� -DZD� 7HQJDK� 'DODP� $QJND� �������� %LGDQJ�
LQWHJUDVL�SHQJRODKDQ�GDQ�GHVHPLQDVL�VWDWLVWLN��
$NVHV�WDQJJDO����0HL�������

%36� .DEXSDWHQ� 6XNDEXPL�� �������� .DEXSDWHQ�
6XNDEXPL�GDODP�DQJND�������$NVHV�WDQJJDO����
0HL� GDUL�KWWSV���ZZZ�VFULEG�FRP�GRF��
����������6XNDEXPL�'DODP�$QJND������

(QGDUZDWL�� <�&��� 6LUHJDU�� +�&�+�� 	� .DRPLQL�� 0��
�������� .DMLDQ� SHQJDUXK� ERERW� NRNRQ� LQGXN�
WHUKDGDS�NXDOLWDV�WHOXU�SHUVLODQJDQ�XODW�VXWHUD�
� �/���5DV�FLQD�GHQJDQ�UDV�-HSDQJ��%RPE\[�PRUL�
-XUQDO�3HWHUQDNDQ�,QGRQHVLD�� ���������� ������

*RZGD�� %�1�� 	� 5HGG\�� 1�0�� �������� ,QIOXHQFH� RI�
GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV�RQ�FRFRRQ�
SDUDPHWHUV� DQG� WKHLU� HIIHFWV� IRU� UHHOLQJ�
SHUIRUPDQFH�RI�ELYROWLQH�K\EULGV�RI�VLONZRUP��
%RPE\[�PRUL ,QW��-��,QGXVW��(QWRPRO��/�� ��������
������

+XVVDLQ��0���1DHHP��0���.KDQ��6�$���%KDWWL��0�)��	�
0XQDZDU�� 0�� �����D��� 6WXGLHV� RQ� WKH�
HQIOXDQFH� RI� WHPSHUDWXUH� DQG� KXPLGLW\� RQ�
ELRORJLFDO�WUDLWV�RI�VLONZRUP�� �/����%RPE\[�PRUL
%RPE\FLGDH��� ��������$IULFDQ� -�� %LRWHFK��
������������

+XVVDLQ�� 0��� .KDQ�� 6�$��� 1DHHP�� 0��� $TLO�� 7���
.KXUVKHHG�� 5�� 	� 8O� 0RKVLQ�� $�� �����E���
(YDOXDWLRQV� RI� VLONZRUP� OLQHV� DJDLQVW�
YDULDWLRQV�LQ�WHPSHUDWXUH�DQG�5+�IRU�YDULRXV�
SDUDPHWHUV�RI�FRPPHUFLDO�FRFRRQ�SURGXFWLRQ��
3V\FKH� YRO�� ������ DUWLFOH� ,'� ��������
KWWS���ZZZ�KLQGDZL�FRP�MRXUQDOV�SV\FKH��
���������������'LDNVHV���0HL������

.DRPLQL��0���	�$QGDGDUL��/����������6LQWHVLV�+DVLO�
3HQHOLWLDQ� 7HNQRORJL� 3HQLQJNDWDQ� 3URGXN�
WLYLWDV�GDQ�NXDOLWDV�3URGXN�8ODW�VXWHUD��3XVDW�
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� +XWDQ� GDQ�
.RQVHUYDVL�$ODP��7LGDN�GLWHUELWNDQ�

.XPDU�� 9��� .XPDU�� '�� 	� 5DP�� 3�� �������� 9DULHWDO�
LQIOXHQFH�RI�PXOEHUU\�RQ�VLONZRUP��%RPE\[�
PRUL� /�� JURZWK� DQG� GHYHORSPHQW�� 5HVHDUFK�
$UWLFOH�� ,QWHUQDWLRQDO� -RXUQDO� RI� $GYDQFHG�
5HVHDUFK�����������������

.XPDU��6�1��	�6LQJK��+�� ��������(YDOXDWLRQ�RI� WKH�
UHSURGXFWLYH� SRWHQWLDO� RI� ELYROWLQH� VLONZRUP�
K\EULGV�RI� /�XQGHU�KLJK�WHPSHUD�%RPE\[�0RUL�
WXUH�DQG�KLJK�KXPLGLW\�DQG�KLJK�WHPSHUDWXUH�
DQG� ORZ� KXPLGLW\� FRQGLWLRQV� RI� WKH� WURSLFV��
8QLYHUVDO�-RXUQDO�RI�(QYLURQPHQWDO�5HVHDUFK�
DQG�7HFKQRORJ\��H,661����������������������
����

.XPDU��6�1���6LQJK��+���6DKD��$�.��	�%LQGURR��%�%��
�������� 'HYHORSPHQW� RI� ELYROWLQH� GRXEOH�
K\EULG� RI� WKH� VLONZRUP�� /��%RPE\[� 0RUL�
WROHUDQW�WR�KLJK�WHPSHUDWXUH�DQG�KLJK�KXPLGLW\�
FRQGLWLRQV�RI�WKH�WURSLFV��8QLYHUVDO�-RXUQDO�RI�
(QYLURQPHQWDO� 5HVHDUFK� DQG� 7HFKQRORJ\��
H,661��������������������������

0XLQ��6XU\DQWR��1��	�0LQDUQLQJVLK����������8ML�FRED�
KLEULG�0RUXV�NKXQSDL�GDQ�0�� LQGLFD�VHEDJDL�
SDNDQ�XODW�VXWHUD��� �/LQQ����%RPE\[�PRUL -XUQDO�
3HQHOLWLDQ� .HKXWDQDQ� :DOODFHD�� ������ ����
����

1XUVLWD��,�:����������3HUEDQGLQJDQ�SURGXNWLYLWDV�XODW�
6XWHUD� GDUL� GXD� WHPSDW� SHPELELWDQ� \DQJ�
EHUEHGD� SDGD� NRQGLVL� OLQJNXQJDQ� SHPHOL�
KDUDDQ� SDQDV�� �-XUQDO� ,OPX�LOPX� 3HWHUQDNDQ�
��������������

1XUDHQL�� 6��� 	� %DKDUXGLQ�� �������� 3HUEDQGLQJDQ�
NDUDNWHULVWLN� GDQ� SURGXNWLYLWDV� XODW� VXWHUD�
� /��� GDUL� GXD� VXPEHU� ELELW� GL�%RPE\[� PRUL�
6XODZHVL�6HODWDQ�� �����������-XUQDO�3HUHQQLDO
���

1XUKDHGDK�� %XGL� 6DQWRVR�� +�� 	� ,VQDQ��:�� ��������
3HQJDUXK�PXUEHL�� ���GDQ�XODW�VXWHUD�0RUXV�VSS
SHUVLODQJDQ� �%RPE\[� PRU\� /LQQ��� WHUKDGDS�
NXDOLWDV� XODW�� NRNRQ� GDQ� VHUDW� VXWHUD�� -XUQDO�
3HQHOLWLDQ�+XWDQ�GDQ�.RQVHUYDVL�$ODP��������
������

6DQWRVR�� %�� �������� 0XUEHL� YDULHWDV� 1,� �YDULHWDV�
XQJJXO��� -XUQDO� 3HQHOLWLDQ� .HKXWDQDQ�
:DOODFHD�������

6HLGDYL��$����������6WXG\�RQ�WKLUW\�RQH�HFRQRPLFDOO\�
LPSRUWDQW�WUDLWV�LQ�WZHQW\� �VLONZRUP�%RPE\[�
PRUL $IULFDQ� -�� %LRWHFKQRORJ\�� YDULHWLHV�� �
������������������

/LQFDK�$QGDGDUL

3HPLOLKDQ�-HQLV�+LEULG�8ODW�6XWHUD�\DQJ�2SWLPDO�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL�GDQ�DWDX�'DWDUDQ�5HQGDK


