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$LU� WDQDK�PHPSXQ\DL� WHNDQDQ� SLH]RPHWULF \DQJ� WLQJJL� GDUL� SHUPXNDDQ� DLU� ODXW�� VHKLQJJD� GHVDNDQ� DLU� ODXW� XQWXN�
PDVXN�NHGDODP� DLU� WDQDK� GDSDW� GLQHWUDOLVLU�PDND� \DQJ� WHUMDGL� NHVHLPEDQJDQ�GLDQWDUD� DLU� WDQDK� GDQ� DLU� ODXW�� �+DO�
WHUVHEXW�\DQJ�WLGDN�PHQJDNLEDWNDQ� LQWUXVL�DLU� ODXW�SDGD�GDHUDK�SHVLVLU�SDQWDL��-LND� LQWUXVL�DLU� ODXW�VXGDK�PHQGHVDN�
DWDX�PDVXN�NHGDODP�VXPXU�\DQJ�DNDQ�WHUMDGL�VXPXU�WHUVHEXW�WLGDN�GDSDW� ODJL�GLJXQDNDQ�VHEDJDL�NHSHUOXDQ�VHKDUL�
KDUL $LU�WDQDK�SDGD�NRQGLVL�DODPL�PHQJDOLU�PHQXMX�NHODXWDQ�VHFDUD�WHUXV�PHQHUXV��%HUDW�MHQLV�DLU�WDQDK�OHELK�UHQGDK�
GLEDQGLQJNDQ�GHQJDQ�EHUDW�MHQLV�DLU� ODXW�VHKLQJJD�DLU� ODXW�ELVD�PHQGHVDN�DWDX�PDVXN�NH�GDODP�DLU�WDQDK� ,QWUXVL�DLU�
ODXW� LQL� DNDQ� EHUDNLEDW� WHUKDGDS� SHUPDVDODKDQ� SHPDQIDDWDQ� DLU� EDZDK� WDQDK� GL� GDHUDK� SHVLVLU� SDQWDL� NDUHQD� ELVD�
PHUXEDK�NXDOLWDV�DLU�WDQDK�SDGD�GDHUDK�WHUVHEXW� 7XMXDQ�GDUL�SHQHOLWLDQ�LQL�\DLWX�XQWXN�PHQJHWDKXL�NXDOLWDV�DLU�WDQDK�
SDGD�GDHUDK�SHQHOLWLDQ��0HWRGH�\DQJ�GLJXQDNDQ�\DLWX�PHQJJXQDNDQ�&KORULGD�ELFDUERQDW�UDWLR GHQJDQ�PHQJDPELO�
FRQWRK�DLU�SDGD�VXPXU�ZDUJD��+DVLO�\DQJ�GLGDSDWNDQ�\DLWX�EDKZDVDQQ\D�SDGD�GDHUDK�SHQHOLWLDQ�WHUGHWHNVL�DGDQ\D���
VXPXU� \DQJ� WHUFHPDU� DLU� ODXW�� PDVLQJ�PDVLQJ� GLGDSDWNDQ� QLODL� ������ SDGD� VDPSHO� �� \DQJ� DUWLQ\D� SDGD� GDHUDK�
WHUVHEXW�DGDQ\D�SHQJDUXK�DLU� ODXW�VHGLNLW��XQWXN�VXQJDL���GLGDSDWNDQ�KDVLO�GHQJDQ�QLODL������\DQJ�DUWLQ\D�GL�GDHUDK�
WHUVHEXW�DGDQ\D�DLU� ODXW�VHGDQJ��GDQ�XQWXN�VDPSHO���GLGDSDWNDQ�KDVLO�GHQJDQ�QLODL�������\DQJ�DUWLQ\D�SDGD�GDHUDK�
WHUVHEXW�WHUSHQJDUXK�DLU�ODXW�DJDN�WLQJJL�

.DWD�NXQFL� ,QWUXVL�$LU /DXW��.XDOLWDV $LU 7DQDK��3HUWDPEDQJDQ

$%675$&7

*URXQGZDWHU� KDV� D� KLJK� SLH]RPHWULF� SUHVVXUH� IURP� WKH� VHD� VXUIDFH� VR� WKDW� WKH� SUHVVXUH� RI� VHDZDWHU� WR� HQWHU� WKH�
JURXQGZDWHU�FDQ�EH�QHXWUDOL]HG�VR�WKDW�WKHUH�LV�D�EDODQFH�EHWZHHQ�JURXQGZDWHU�DQG�VHDZDWHU��7KLV�GRHV�QRW�UHVXOW�
LQ�VHDZDWHU�LQWUXVLRQ�LQ�FRDVWDO�DUHDV��,I�VHDZDWHU�LQWUXVLRQ�LV�XUJHQW�RU�HQWHUV�WKH ZHOO��WKH�ZHOO�ZLOO�QR�ORQJHU�EH�
XVHG� IRU� GDLO\� QHHGV�� *URXQGZDWHU� LQ� QDWXUDO� FRQGLWLRQV� IORZV� LQWR� WKH� RFHDQ� FRQWLQXRXVO\�� 7KH� GHQVLW\� RI�
JURXQGZDWHU� LV� ORZHU� WKDQ� WKH� GHQVLW\� RI� VHDZDWHU� VR� WKDW� VHDZDWHU� FDQ� SXVK� RU� HQWHU� WKH� JURXQGZDWHU�� 7KLV�
VHDZDWHU�LQWUXVLRQ�ZLOO�UHVXOW�LQ�SUREOHPV�ZLWK�WKH�XVH�RI�JURXQGZDWHU�LQ�FRDVWDO�DUHDV�EHFDXVH�LW�FDQ�FKDQJH�WKH�
TXDOLW\�RI�JURXQGZDWHU�LQ�WKH�DUHD��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�WKH�TXDOLW\�RI�JURXQGZDWHU�LQ�WKH�VWXG\�
DUHD��7KH�PHWKRG�XVHG�LV�XVLQJ�WKH�&KORULGH�ELFDUERQDWH�UDWLR�E\�WDNLQJ�ZDWHU�VDPSOHV�IURP�UHVLGHQWV
�ZHOOV��7KH�
UHVXOWV�REWDLQHG�DUH�WKDW�LQ�WKH�VWXG\�DUHD���ZHOOV�FRQWDPLQDWHG�ZLWK�VHDZDWHU�ZHUH�GHWHFWHG��HDFK�REWDLQHG�D�YDOXH�
RI�������LQ�VDPSOH����ZKLFK�PHDQV�WKDW�LQ�WKH�DUHD�WKHUH�LV�D�VOLJKW�LQIOXHQFH�RI�VHDZDWHU��IRU�ULYHU���WKH�UHVXOWV�DUH�
REWDLQHG�ZLWK�D�YDOXH�RI������ZKLFK�PHDQV� LQ� WKH�DUHD�KDV�PRGHUDWH� VHDZDWHU��DQG� IRU� VDPSOH��� WKH�UHVXOWV�DUH�
REWDLQHG�ZLWK�D�YDOXH�RI�������ZKLFK�PHDQV�WKDW�WKH�DUHD�LV�DIIHFWHG�E\�UDWKHU�KLJK�VHDZDWHU�

.H\ZRUG�� 6HDZDWHU�,QWUXVLRQ��*URXQGZDWHU�4XDOLW\��0LQLQJ
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/DWDU�%HODNDQJ

6XPEHU� GD\D� DODP� \DQJ� GDSDW� GLSHUEDKDUXL� \DLWX�
VDODK�VDWXQ\D�VXPEHU�GD\D�DLU��VHKLQJJD�NHWHUVHGLDDQ�
WHUVHEXW� KDUXV� WHWDS� GLMDJD� NHOHVWDULDQQ\D��$LU� WDQDK�
PHUXSDNDQ VXPEHU� SHQWLQJ� SDVRNDQ� DLU� GL� ZLOD\DK�
SHVLVLU� SDQWDL� �=KRX�� ������� ,QWUXVL� DLU� ODXW�
PHUXSDNDQ� PDVDODK� \DQJ� WHUVHEDU� OXDV� GDQ� XPXP�
WHUMDGL� SDGD� VLVWHP� DNXLIHU� SDQWDL� \DQJ� VHGDQJ�
EHUNHPEDQJ� �:HUQHU� HW� DO�� ������� 0HQXUXW�

�$QWRQHOOLQL HW� DO�� ����� EDKZDVDQQ\D PDVDODK�
LQWUXVL�DLU� ODXW�VDODK�VDWXQ\D�\DLWX�GLVHEDENDQ�NDUHQD�
DGDQ\D�HNVSORLWDVL�DLU�WDQDK�\DQJ�EHUOHELKDQ�VHKLQJJD�
PHQMDGLNDQ�VXPEHU�GD\D�DLU�WDZDU�SDGD�GDHUDK�SDQWDL�
PHQMDGL� SD\DX� DWDX� DVLQ� $SDELOD� DLU� WDQDK� GLDPELO�
VHFDUD� EHUOHELKDQ� DNDQ� PHQMDGLNDQ� URQJJD� GDODP�
DNXLIHU� GDQ� \DQJ� WHUMDGL� WLQJJL�PXND� DLU� WDQDK� OHELK�
WLQJJL� GDUL� SDGD� SHUPXNDDQ� DLU� ODXW�� $LU� ODXW� \DQJ�
PHQJDQGXQJ� JDUDP� VHSHUWL� NKORULGD� �&O�� ELVD�
PHUHPEHV�NHGDODP�DLU� WDQDK�DNLEDW�SHUEHGDDQ�WLQJJL�
SHUPXNDDQ�DLU� ODXW�GDQ�DLU� WDQDK� �6XKDUWRQR��(�GNN��
������� 7XMXDQ� GDUL� SHQHOLWLDQ� LQL� \DLWX� XQWXN�



PHQJHWDKXL� NXDOLWDV� DLU� WDQDK� SDGD� SHVLVLU� SDQWDL�
GHQJDQ� PHPEDQGLQJNDQ� GDWD� KDVLO� XML� ODERUDWRULXP�
\DQJ� EHUXSD� LRQ� NKORULGD� �&O�� GDQ� LRQ� ELNDUERQDW�
�+&2���

.HVDPSDLDQ�'DHUDK

:LOD\DK�37��;<= EHUDGD�GL�.DEXSDWHQ�.XORQ�3URJR��
'DHUDK�,VWLPHZD�<RJ\DNDUWD��',<��WHSDWQ\D VHEHODK�
VHODWDQ�3XODX�-DZD�VHNLWDU��� NP EDUDW�GD\D�GDUL�NRWD�
<RJ\DNDUWD�� WHUOHWDN� DQWDUD� SHVLVLU� 6XQJDL�
%RJRZRQWR� GDQ� 6XQJDL� 3URJR� GHQJDQ� MDUDN� NH�
SHUNDPSXQJDQ�GDUL�SDQWDL�PHQFDSDL�����NLORPHWHU

*DPEDU��� /RNDVL�3HQHOLWLDQ

.$-,$1�3867$.$

%HULNXW� SHQHOLWLDQ� VHMHQLV� \DQJ� GLJXQDNDQ� GDODP�
SHQHOLWLDQ� LQL�� DQWDUD� ODLQ�� �=KDX�� ;�� ������ 8QWXN�
PHQJLOXVWUDVLNDQ�SHQJXNXUDQ�]RQD�DLU�WDQDK�GDQ�]RQD�
DLU�ODXW�GL�DNXLIHU�%FLKDL��&LQD�PHQJJXQDNDQ�PHWRGH�
+XEEHUW� GDQ� *K\EHQ� +HU]EHUJ�� 'DODP� PHWRGH� LQL�
PHPEXWXKNDQ� GXD� VXPXU� SLH]RPHWULF� XQWXN� GHNDW�
VDPD�ODLQ�GDQ�PDVLQJ�PDVLQJ�PHQHNDQ�NH�]RQD�\DQJ�
EHUEHGD�� 6HODPD� SHULRGH� SHQJXNXUDQ�� NHGDODPDQ�
DQWDU PXND� \DQJ� GLKLWXQJ� XQWXN� VXPXU� +�� EHUNLVDU�
GDUL� ��� KLQJJD� ��� P� GL� EDZDK� SHUPXNDDQ� ODXW��
0HQXUXW��5DWD�HW�DO��������XQWXN�PHQJHWDKXL�VLVWHP�
DLU� WDQDK�GDQ�XQWXN�PHQLODL�GDQ�PHPSUHGLNVL� LQWUXVL�
DLU� DVLQ� GHQJDQ� PHODNXNDQ� DLU� WDQDK PHQJJXQDNDQ
QXPHULN� PRGHO�� 6HGDQJNDQ� PHQXUXW� �;XHELQ� HW� DO��
������ IDNWRU� SHQ\HEDE� JDQJJXDQ� DLU� ODXW� NDUHQD�
DGDQ\D� SHQDPEDQJDQ� GL� EDZDK� DLU� WDQDK� \DQJ�
EHUOHELKDQ� GDQ� SHQJDUXK� FXUDK� KXMDQ� \DQJ�
GLVHEDENDQ� LNOLP�� 0HQXUXUW� �1DVGHUL� HW� DO�� ������
SHUXEDKDQ�JUDGLHQW�DLU�DVLQ�WHUMDGL�NDUHQD�DGDQ\D�DLU�
ODXW� \DQJ� PDVXN�� $LU� ODXW� \DQJ� PDVXN� SDGD� MDUDN�
������P�SDGD GDHUDK�2�GDQ�NRQGLVL�\DQJ�WHUFHPDU�GL�
DNXLIHU� GHQJDQ� NHWHEDODQ� ���� VDPSDL� ���� P�
0HQXUXW� �4DKPDQ� HW� DO�� ������ KDVLO� SHQHOLWLDQ�
PHQXQMXNNDQ� EDKZD� LQWUXVL� DLU� ODXW� DNDQ� VHPDNLQ�
SDUDK� GL� DNXLIHU� MLND� ODMX� VDDW� LQL� SRPSD� DLU� WDQDK�
WHUXV� EHUODQMXW�� $OWHUQDWLIQ\D�� PHQJKLODQJNDQ�
SHPRPSDDQ�GL�DUHD�\DQJ�PDVXN��KLQJJD�SHPRPSDDQ�
VHGDQJ� WDULI� GDUL� VXPXU� SDVRNDQ� DLU� MDXK� GDUL� SDQWDL�

GDQ� NHPHQLQJNDWNDQ� SHQJLVLDQ� DNXLIHU� GHQJDQ�
PHQGRURQJ� SHQHUDSDQ� VROXVL� \DQJ� VHVXDL� VHSHUWL�
SHQJLVLDQ� XODQJ� EXDWDQ�GDSDW� PHPEDWDVL� LQWUXVL� DLU�
ODXW�VHFDUD�VLJQLILNDQ�GDQ�PHQJXUDQJL ODMX�SHQXUXQDQ�
SHUPXNDDQ�DLU�VDDW�LQL�

0(72'(

0HWRGH� \DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ� LQL� GLEDJL�
PHQMDGL� GXD� \DLWX� SHQJDPELODQ� GDWD� VHNXQGHU� �3HWD�
WRSRJUDIL�� FXUDK� KXMDQ��GDWD� LNOLP��� VHGDQJNDQ�XQWXN�
GDWD� SULPHU� �PHQJDPELO FRQWRK� DLU� GLVXPXU� ZDUJD�
VHEDQ\DN� ��� VDPSHO� GDQ� SDGD� VXQJDL� VHEDQ\DN� ��
VDPSHO� \DQJ� QDQWLQ\D� GLXMLNDQ� ODERUDWRULXP� GHQJDQ�
SDUDPHWHU� LRQ� NKORULGD� GDQ� LRQ� ELNDUERQDW���
SHQJDPELODQ� WLWLN� NRRUGLQDW�� SHWD� VHEDUDQ� VDPSHO�
6HODQMXWQ\D� GLODNXNDQ� DQDOLVLV� GDWD� GHQJDQ�
PHQJJXQDNDQ� UXPXV� EHUEDQGLQJDQ� NKORULGD�
ELNDUERQDW�DWDX�FKORULGD�ELFDUERQDW�UDWLR�

+$6,/ 3(1(/,7,$1

.XDOLWDV�$LU�7DQDK

0HQXUXW� �3HUDWXUDQ� 3HPHULQWDK� 1RPRU� ��� 7DKXQ�
����� WHQWDQJ� 3HQJHORODDQ� 6XPEHU� 'D\D� $LU���
%DKZDVDQQ\D�VXPEHU�GD\D�DLU�DGDODK�DLU��VXPEHU�DLU��
GDQ� GD\D� DLU� \DQJ� WHUNDQGXQJ� GLGDODPQ\D�� 6XPEHU�
GD\D� DLU� GL� ,QGRQHVLD� VXGDK� VDQJDW� EHUNHPEDQJ�
FRQWRKQ\D� GLJXQDNDQ� VHEDJDL� LULJDVL� SHUWDQLDQ��
SHUNHEXQDQ�� SHPEDQJNLW� OLVWUL� VHUWD� NHEXWXKDQ�
PDV\DUDNDW�VHKDUL�KDUL�

'DODP�VXDWX�HNRVLVWHP�NRQGLVL� ILVLN��NLPLD�� ELRORJLV�
VDQJDW� PHPSHQJDUXKL� NXDOLWDV� VXPEHU� GD\D� DLU��
8QWXN� DLU� SHUPXNDDQ� \DQJ� GLJXQDNDQ� VHFDUD�
PXOWLIXQJVL�PDQIDDWQ\D�VHKLQJJD�ORNDVL��SHQJJXQDDQ�
ODKDQ�GOO��VDQJDW�EHUSHQJDUXK��6HGDQJNDQ�NXDOLWDV�DLU�
WDQDK� GLSHQJDUXKL� ROHK� NHWHEDODQ�� WLQJNDW SRURVLWDV�
VXDWX�DNXLIHU�VHUWD�MHQLVQ\D��,QGDKZDWL��������

0HQXUXW� �3HUDWXWDQ� 3HPHULQWDK� 5HSOXELN� ,QGRVHQLD�
1RPRU����7DKXQ������7HQWDQJ�$LU�7DQDK���$LU�WDQDK�
\DLWX�EDWXDQ�DWDX�ODSLVDQ�WDQDK�\DQJ�EHUDGD�GLEDZDK�
SHUPXNDDQ�WDQDK�\DQJ�GLGDODPQ\D�WHUGDSDW�VXDWX DLU�

%HUDVDOQ\D� DLU� WDQDK� WLGDN� ODLQ� GDUL� DLU� KXMDQ�
�SUHVLSLWDVL�� GHQJDQ� FDUD� ODQJVXQJ� PHODOXL� LQILOWUDVL�
GDQ�PHODOXL�DLU�VXQJDL��UDZD��GDQDX�\DQJ�VHFDUD�WLGDN�
ODQJVXQJ�� $LU� KXMDQ� \DQJ� MDWXK� NHEXPL� DNDQ�
PHUHPEHV� NH� GDODP� WDQDK� VHKLQJJD�PHQMDGX� EDJLDQ�
GDUL DLU� WDQDK�� VHODQMXWQ\D�GHQJDQ�SHUODKDQ�PHQJDOLU�
PHQXMX� ODXW�� DWDX� PHQJDOLU� ODQJVXQJ� PHQXMX� GDODP�
WDQDK� GDQ� VHODQMXWQ\D� PHQJDOLU� EHUJDEXQJ� GHQJDQ�
DOLUDQ�VXQJDL��+DP]DK��������

3DGD� IRUPDVL� JHRORJL� SHUPHDEOH �WHPEXV� DLU��
GLWHPXNDQ� DLU� WDQDK� ELDVD� GLVHEXW� GHQJDQ� DNXLIHU��
PHPXQJNLQNDQ�PHQJKDVLONDQ�MXPODK�DLU�\DQJ�FXNXS�
EHVDU�XQWXN�PHODOXL�ODSLVDQ��6HW\KDQ��������



1LODL�&KORULGD�%LFDUERQDW�5DWLR

'DODP� DLU� WDQDK� WHUGDSDW� VHQ\DZD� NLPLD� \DQJ� WLGDN�
KDQ\D�GLKDVLONDQ�NDUHQD�DGDQ\D�OLPEDK�GDUL�NHJLDWDQ�
PDQXVLD� WHWDSL ELVD� GDUL� EDWXDQ� VHUWD� OLWRORJL� MXJD�
PHQHQWXNDQ� ]DW� NLPLD� \DQJ� DGD� GLGDODPQ\D��
&RQWRKQ\D� DSDELOD� GLVXDWX� DNXLIHU� GLDPELO� DLU�
WDQDKQ\D� GLVXDWX� WHPSDW� WHUWHQX�PDND� NHPXQJNLQDQ�
SDGD�GDHUDK�WHUVHEXW�PHPSXQ\DL�VHQ\DZD�GDQ�XQVXU�
\DQJ�VDPD �$SSHOR�HW�DO��������

3DGD� VXDWX� GDHUDK� \DQJ� WHULQWUXVL� DLU� ODXW� WHUMDGL�
SURVHV�NRQWDPLQDVL�DLU�ODXW�WHUKDGDS�ODSLVDQ�DLU�WDQDK��
,QGLNDWRU� WHUKDGDS�WHUMDGLQ\D� LQWUXVL�DLU� ODXW�SDGD�DLU�
WDQDK� \DQJ� XPXP� GLSHUJXQDNDQ� DGDODK� SHQLQJNDWDQ�
NRQVHQWUDVL� NORULGD� GDODP� DLU� WDQDK�� ,QGLNDWRU� ODLQ�
LRQ� ELNDUERQDW�� \DQJ� SDGD� XPXPQ\D� PHPSXQ\DL�
NRQVHQWUDVL�WLQJJL�SDGD�DLU�KXMDQ�GDQ�UHQGDK�SDGD�DLU�
ODXW�� .DSDVLWDV� DPDQ� �VDIH� \LHOG� DGDODK� MXPODK�
WHUEHVDU� SHQJDPELODQ� DLU� WDQDK� \DQJ� GLLMLQNDQ� WHWDSL�
WLGDN� PHQJJDQJJX� NHVHLPEDQJDQ� DLU� WDQDK� GDQ� DLU�
ODXW� SDGD� GDHUDK� LQWHUIDFH� �6HIHOQDVU HW� DO� ������
8QWXN�NODVLILNDVL� NXDOLWDV� DLU� WDQDK� ELVD� GLOLKDW� SDGD�
7DEHO���

7DEHO��� .ODVLILNDVL�.XDOLWDV�$LU�7DQDK�%HUGDVDUNDQ�
,RQ�&O� GDQ�5DVLR�.KORULGD�%LNDUERQDW

1R -XPODK�&O� �PJ�O� +&���&�� .ODVLILNDVL
� ���� ���� 7DZDU

� ����± ��� ����± ��� 7DZDU�3DQWDL

� ����± ����� ��± ��� 3D\DX�5LQJDQ

� ������± ����� ����± ��� 3D\DX�%HUDW

� ������± ������ ����± ��� 3D\DX�6DQJDW�%HUDW

� !������ !��� $VLQ

'DUL�DQDOLVLV�FRQWRK�DLU�DNDQ�GLNHWDKXL�EDKZD�LRQ�&O�
GDQ�1D�GRPLQDQ�SDGD�DLU� ODXW��VHGDQJ�SDGD�DLU�WDQDK�
LRQ� \DQJ� GRPLQDQ� &2�� GDQ� +&2��� .RPSRLVLVL� DLU�
WDQDK� DNDQ� EHUWDPEDK� GHQJDQ� LRQ� &O�� 8QWXN�
PHQJHWDKXL� DGDQ\D� SHQ\XVXSDQ� WHUVHEXW� GDSDW�
GLWHQWXNDQ� GHQJDQ� DQDOLVLV� NLPLD� \DQJ� GLVHEXW�
&KORULGH� %LFDUERQDWH� 5DWLR� �&%5��� 3DGD� 7DEHO� ��
PHUXSDNDQ� KDVLO� SHUKLWXQJDQ� &KORULGH� %LFDUERQDWH�
5DWLR�

««««««««����

.HWHUDQJDQ�
5  5DVLR
&O  .KORULGD
+&2�  %LNDUERQDW

*DPEDU��� 3HWD�7LWLN�3HQJDPELODQ�6DPSHO

7DEHO��� +DVLO�3HUKLWXQJDQ�&KORULGH�%LFDUERQDWH�5DWLR

1R
6DPSHO�,'

&O�
�PJ�O�

�&2���+&2���
�PJ�O�

&KORULGH�%LFDUERQDWH�
5DWLR �&%5�

.HWHUDQJDQ

� 6DPSOH�� ���� ���� ����� 3HQJDUXK�DLU�ODXW�VHGLNLW
� 6DPSOH�� ���� ����� ��� $LU�WDZDU
� 6DPSOH�� ���� ����� ���� $LU�WDZDU
� 6DPSOH�� ���� ����� ���� $LU�WDZDU
� 6DPSOH�� ���� ���� ���� $LU�WDZDU
� 6XQJDL��� ��� ����� ���� 3HQJDUXK�DLU�ODXW�VHGDQJ
� 6DPSOH�� ���� �� ���� $LU�WDZDU
� 6DPSOH�� ���� ����� ���� $LU�WDZDU
� 6DPSOH�� ���� ���� ���� $LU�WDZDU
�� 6DPSOH�� ���� ��� ����� 3HQJDUXK�DLU�ODXW�DJDN�WLQJJL
�� 6DPSOH��� ���� ���� ����� $LU�WDZDU
�� 6DPSOH��� ���� ���� ���� $LU�WDZDU
�� 6DPSOH��� ���� ����� ���� $LU�WDZDU
�� 6DPSOH��� ���� ���� ���� $LU�WDZDU
�� 6DPSOH��� ���� ���� ���� $LU�WDZDU



',6.86,

,QWUXVL�$LU�/DXW

,QWUXVL�DLU�ODXW�\DLWX�DLU�ODXW�\DQJ�PDVXN�NHGDODP SRUL�
EDWXDQ� VHKLQJJD� PHQ\HEDENDQ� DLU� WDQDK� WHUFHPDUL�
GDQ�PHQJDNLEDWNDQ�DLU� WDQDK�EHUXEDK�PHQMDGL�SD\DX�
VDPSDL�ELVD�PHQMDGL�DVLQ��$WDX�ELVD�GLDUWLNDQ�SURVHV�
DLU� WDQDK� GLGDODP� DNXLIHU� \DQJ� EHUDGD� SDGD� SHVLVLU�
SDQWDL� WHUGHVDN� ROHK� DLU� ODXW�� +DO� LQL� WHUMDGL� NDUHQD�
DGDQ\D� SHUJHUDNDQ� SDGD� DLU� ODXW� PHQXMX� NH� GDUDWDQ�
VHKLQJJD� NHVHLPEDQJDQ� KLGURVWDWLVWLN� GLDQWDUD� DLU�
WDZDU�GDQ�DLU�ODXW�WHUJDQJJX��3XWUDQWR�GNN��������

3HPEHQWXNDQ� LQWUXVL� SDGD� GDVDUQ\D� WHUMDGL� VHWHODK�
DGDQ\D�SHNHUMDDQ�VHSHUWL�FRQWRK�VHSHUWL�SHQJDPELODQ�
DLU� EDZDK� WDQDK� GDQ� SHQJJDOLDQ� DWDX� SHQJDPELODQ�
PDWHULDO� \DQJ� EHUOHELKDQ� VHKLQJJD� PHQ\HEDENDQ�
WHUJDQJJXQ\D�NHVHLPEDQJDQ�KLGURVWWDWLN�

,QWUXVL� DLU� ODXW� LQL� DNDQ� EHUDNLEDW� WHUKDGDS�
SHUPDVDODKDQ�SHPDQIDDWDQ�DLU�EDZDK�WDQDK�GL�GDHUDK�
SHVLVLU�SDQWDL�NDUHQD� ELVD�PHUXEDK�NXDOLWDV�DLU� WDQDK�
SDGD�GDHUDK�WHUVHEXW��+HQGUD\DQD��������

$GD�GXD�SURVHV�PDVXNQ\D�DLU� ODXW�NH�GDODP�DNXLIHU�
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��� 8SFRQQLQJ�� 3HPRPSDDQ� VXPXU� \DQJ� EHUOHELKDQ�

PHQMDGLNDQ� QDLNQ\D� LQWHUIDFH� �EDWDV� DQWDUD� DLU�
WDZDU�GDQ�DLU�ODXW��

��� ,QWUXVL $LU� /DXW��0DVXNQ\D� DLU� ODXW� NH� GDODP� DLU�
WDQDK�GL�GDUDWDQ�

$LU� WDQDK� SDGD� NRQGLVL� DODPL� PHQJDOLU� PHQXMX�
NHODXWDQ� VHFDUD� WHUXV� PHQHUXV�� %HUDW� MHQLV� DLU� WDQDK�
OHELK�UHQGDK�GLEDQGLQJNDQ�GHQJDQ�EHUDW�MHQLV�DLU�ODXW�
VHKLQJJD�DLU�ODXW�ELVD�PHQGHVDN�DWDX�PDVXN�NH�GDODP�
DLU�WDQDK��6DQJNRUR��������

$LU� WDQDK� PHPSXQ\DL� WHNDQDQ� SLH]RPHWULF \DQJ�
WLQJJL� GDUL� SHUPXNDDQ� DLU� ODXW�� VHKLQJJD� GHVDNDQ� DLU�
ODXW�XQWXN�PDVXN�NHGDODP�DLU�WDQDK�GDSDW�GLQHWUDOLVLU�
PDND� \DQJ� WHUMDGL� NHVHLPEDQJDQ� GLDQWDUD� DLU� WDQDK�
GDQ�DLU� ODXW�� �+DO WHUVHEXW�\DQJ�WLGDN�PHQJDNLEDWNDQ�
LQWUXVL�DLU� ODXW�SDGD�GDHUDK�SHVLVLU�SDQWDL��-LND�LQWUXVL�
DLU� ODXW� VXGDK�PHQGHVDN�DWDX�PDVXN�NHGDODP� VXPXU�
\DQJ� DNDQ� WHUMDGL� VXPXU� WHUVHEXW� WLGDN� GDSDW� ODJL�
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'DUL� SHUKLWXQJDQ� \DQJ� DGD� SDGD� 7DEHO� ��� GLMHODVNDQ�
EDKZDVDQQ\D� SDGD� GDHUDK� WHUVHEXW� DGD� WLJD� ORNDVL�
\DQJ�WHUFHPDU�DGDQ\D�DLU�ODXW��3DGD�VDPSHO���GHQJDQ�
KDVLO� SHUEDQGLQJDQ� &KORULGH� %LFDUERQDWH� 5DWLR GL�
GDSDWNDQ� QLODL� ������ \DQJ� DUWLQ\D� SDGD� GDHUDK�
WHUVHEXW� DGDQ\D� SHQJDUXK� DLU� ODXW� VHGLNLW�� XQWXN�
VXQJDL� �� GLGDSDWNDQ� KDVLO� GHQJDQ� QLODL� ����� \DQJ�

DUWLQ\D�GL�GDHUDK�WHUVHEXW�DGDQ\D�DLU�ODXW�VHGDQJ��GDQ�
XQWXN VDPSHO� �� GLGDSDWNDQ� KDVLO� GHQJDQ� QLODL� ������
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.XDOLWDV�DLU� WDQDK�SDGD�GDHUDK�SHQHOLWLDQ�GLGDSDWNDQ�
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��������

:HUQHU�� $�� '��� 	� *DOODJKHU�� 0�� 5�� ��������
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K\GURFKHPLVWU\� DQG� WKUHH�GLPHQVLRQDO�
QXPHULFDO� PRGHOOLQJ� +\GURJHRORJ\�
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