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$EVWUDFW

,Q� WKH� UHVHDUFK��DQ� HIIRUW� KDYH�EHHQ�
PDGH� WR� LPSURYH� WKH� WKHUPDO� R[LGDWLRQ�
SURSHUWLHV� RI� QDWXUDO� UXEEHU� WKURXJK� WKH�
PHFKDQLVP� RI� FKHPLFDO� PRGLILFDWLRQ� RI�
QDWXUDO� UXEEHU� ODWH[� E\� FDWDO\WLF� WUDQVIHU�
K\GURJHQDWLRQ�E\�XVLQJ�GLLPLGH� FRPSRXQGV�
DV�K\GURJHQ�GRQRUV��7KH�GLLPLGH�FRPSRXQG�
ZDV�JHQHUDWHG� LQ�VLWX� IURP� WKH�R[LGDWLRQ�RI�
K\GUD]LQH� K\GUDWH� E\� K\GURJHQ� SHUR[LGH��
ZLWK�ERULF�DFLG�DV�FDWDO\VW�DQG�FRPELQDWLRQ�RI�
6/6�33(� VXUIDFWDQW� DV� VWDELOL]HU�7KH�
FDWDO\WLF� WUDQVIHU� K\GURJHQDWLRQ� WUDQVIHU�
UHDFWLRQ�ZDV�UXQ�RQ�D�VHPL�SLORW�VFDOH�ZLWK�D�
FDSDFLW\� RI� ���� NJ� RI� FRQFHQWUDWHG� ODWH[� ��
EDWFK�DW�D�UHDFWLRQ�WHPSHUDWXUH�VHW�DW����&��
���&�� DQG� ���&�� 7KH� K\GURJHQDWHG� QDWXUDO�
UXEEHU� ODWH[� REWDLQHG�ZDV� FRDJXODWHG�ZLWK�
IRUPLF� DFLG�� WKHQ� K\GURJHQDWHG� QDWXUDO�
UXEEHU�ZDV�GULHG�LQ�DQ�RYHQ�DW�����&�IRU�����
PLQXWHV�� 7KH� TXDOLW\� HYDOXDWLRQ� RI�
K\GURJHQDWHG�QDWXUDO�UXEEHU�ZDV�FDUULHG�RXW�
TXDOLWDWLYHO\� XVLQJ� )7,5� VSHFWURSKRWRPHWHU�
DQG� TXDQWLWDWLYH� DQDO\VLV� LQFOXGHG� LRGLQH�
QXPEHU�WHVW��K\GURJHQDWLRQ�GHJUHH��SODVWLFLW\�
UHWHWLRQ� LQGH[�� DQG� YRODWLOH� PDWWHU� FRQWHQW��
7KH�UHVXOWV�RI� WKH�DQDO\VLV�VKRZHG�WKDW�WKH�
UHDFWLRQ�WHPSHUDWXUH�RI����&�DQG�GU\LQJ�WLPH�
IRU�����KRXUV�ZHUH�FRQVLGHUHG�DV�WKH�RSWLPDO�
FRQGLWLRQ�EHFDXVH�LW�SURGXFHG�K\GURJHQDWHG�
QDWXUDO� UXEEHU� ZLWK� WKH� KLJKHVW� SODVWLFLW\�
UHWHQWLRQ�LQGH[�YDOXH�RI�������7KH�YDOXH�RI�WKH�
SODVWLFLW\�UHWHQWLRQ�LQGH[�LV�JHQHUDOO\�XVHG�WR�

LQGLDWH� WKH� WKHUPDO� R[LGDWLYH� UHVLVWDQFH� RI�
UDZ�QDWXUDO�UXEEHU�

.H\ZRUGV� �� +\GURJHQDWHG� QDWXUDO� UXEEHU��
F D W D O L W \ F � W U D Q V I H U �
K\G U RJHQD W L RQ � � G L LP LGH �
FRPSRXQG��WKHUPDO�R[LGDWLYH

$EVWUDN

'DODP� ULVHW� WHODK� GLODNXNDQ� XSD\D�
XQWXN� PHQLQJNDWNDQ� VLIDW� NHWDKDQDQ�
RNVLGDVL� WHUPDO� NDUHW� DODP� PHODOXL�
PHNDQLVPH�PRGLILNDVL�NLPLDZL�ODWHNV�NDUHW�
DODP� VHFDUD� WUDQVIHU� KLGURJHQDVL� NDWDOLWLN�
PHQJJXQDNDQ� VHQ\DZD� GLLPLGD� VHEDJDL�
GRQRU�KLGURJHQ��6HQ\DZD�GLLPLGD�GLKDVLONDQ�
VHFDUD� LQVLWX� GDUL� UHDNVL� RNVLGDVL� KLGUDVLQ�
KLGUDW� ROHK� KLGURJHQ� SHURNVLGD� EHUNDWDOLV�
DVDP� ERUDW� GDQ� EHUSHQVWDELO� NRPELQDVL�
ODUXWDQ�VXUIDNWDQ�6/6�33(��5HDNVL�WUDQVIHU�
KLGURJHQDVL�NDWDOLWLN�GLMDODQNDQ�SDGD�VNDOD�
VHPL� SLORW� EHUNDSDVLWDV� ���� NJ� ODWHNV�
SHNDW�EDWFK� SDGD� VXKX� UHDNVL� \DQJ�
GLWHWDSNDQ� SDGD� ���&�� ���&�� GDQ� ���&��
/DWHNV� NDUHW� DODP� WHUKLGURJHQDVL� \DQJ�
GLSHUROHK�GLJXPSDONDQ�GHQJDQ�DVDP�IRUPDW��
VHODQMXWQ\D� NDUHW� DODP� WHUKLGURJHQDVL�

R
GLNHULQJNDQ� GDODP� RYHQ� SDGD� VXKX� ��� &�
VHODPD�����PHQLW��(YDOXDVL�PXWX�NDUHW�DODP�
WHUKLGURJHQDVL� \DQJ� GLKDVLONDQ� GLODNXNDQ�
V H F D U D � N X D O L W D W L I � P H Q J J X Q D N D Q �
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3XVSLWDVDUL��$QGULDQL��/LDQV\DK��GDQ�6XMRQR

VSHNWURIRWRPHWHU� )7,5� GDQ� XML� NXDQWLWDWLI�
PHOLSXWL� XML� ELODQJDQ� LRG�� GHUDMDW�
KLGURJHQDVL�� LQGHNV� NHWDKDQDQ� SODVWLVLWDV��
GDQ� NDGDU� ]DW� PHQJXDS�� +DVLO� DQDOLVLV�

R
GLNHWDKXL�EDKZD�VXKX�UHDNVL�VHEHVDU��� &�
GDQ� ZDNWX� SHQJHULQJDQ� VHODPD� ���� MDP�
GLDQJJDS�VHEDJDL�NRQGLVL�WHURSWLPDO�NDUHQD�
PHQJKDVLONDQ� NDUHW� DODP� WHUKLGURJHQDVL�
GHQJDQ� QLODL� LQGHNV� NHWDKDQDQ� SODVWLVLWDV�
WHUWLQJJL� VHEHVDU� ������ 1LODL� LQGHNV�
NHWDKDQDQ�SODVWLVLWDV�XPXPQ\D�GLJXQDNDQ�
XQWXN�PHQJJDPEDUNDQ�NHWDKDQDQ�RNVLGDVL�
WHUPDO�NDUHW�DODP�PHQWDK��

.DWD� NXQFL�� .DUHW� DODP� WHUKLGURJHQDVL��
WUDQVIHU�KLGURJHQDVL�NDWDOLWLN��
VHQ\DZD� GLLPLGD�� RNVLGDVL�
WHUPDO

3(1'$+8/8$1�

� 5DQWDL� SDQMDQJ� ELRSROLPHU� FLV� ����
SROLLVRSUHQD� PHUXSDNDQ� EDKDQ� XWDPD�
SHQ\XVXQ� NDUHW� DODP� +HYHD� EUDVLOLHQVLV�
0XHOO�$UJ�VHODLQ�SURWHLQ�GDQ�SKRVSKROLSLG��
5DQWDL� SDQMDQJ� PROHNXO� SROLLVRSUHQD� \DQJ�

��
PHPLOLNL� ERERW�PROHNXO� VHNLWDU��� VDPSDL�

��
GHQJDQ��� �GDOWRQV�PHQJDNLEDWNDQ� �NDUHW�
DODP� PHPLOLNL� VLIDW� PHNDQLN� \DQJ� XQJJXO�
WHUXWDPD� VLIDW� WDULN� DWDX� HODVWLVLWDV�
�.RYXWWLNXOUDQJVLH�	�6DNGDSLSDQLFK���������
1DPXQ� DGDQ\D� LNDWDQ� UDQJNDS� WDN� MHQXK�
& &�GDODP��UDQWDL�PROHNXO�NDUHW�DODP�MXVWUX�
PHQ\HEDENDQ�NDUHW�DODP�PXGDK�PHQJDODPL�
NHUXVDNDQ� NDUHQD� WLGDN� WDKDQ� WHUKDGDS�
SURVHV�RNVLGDVL�WHUPDO�NDUHQD�WHUSDSDU�ROHK�
R]RQ�� RNVLJHQ�� GDQ� VLQDU� PDWDKDUL��
$NLEDWQ\D� NDUHW� DODP� NXUDQJ� FRFRN�
GLJXQDNDQ� GDODP� SHPEXDWDQ� EDUDQJ� MDGL�
NDUHW� XQWXN� DSOLNDVL� OXDU� UXDQJDQ� DWDX�
KDUXV�GLNRPELQDVLNDQ�GHQJDQ�NDUHW�VLQWHWLN�
\DQJ� WDKDQ� RNVLGDVL� WHUPDO� GDODP�
PDQXIDNWXU� SURGXN� KLOLU� NDUHW� XQWXN�
NHSHUOXDQ�WHUVHEXW��$UD\DSUDQHH�	�5HPSHO��
����� �� .RQJSDUDNXO� HW� DO��� ������ 3L\D�
DUHHWKDP�HW�DO����������

� .HEXWXKDQ� NDUHW� VLQWHWLN� WDKDQ�
RNVLGDVL� WHUPDO� GL� GDODP� QHJHUL� KDUXV�
GLSHQXKL� VHFDUD� LPSRU�� 2OHK� NDUHQD� LWX�
G L S H U O X N D Q � X S D \ D � O D L Q � X Q W X N �
PHQLPLPDOLVDVL�SHQJJXQDDQ�SURGXN�LPSRU��
$OWHUQDWLI�FDUD�\DQJ�GDSDW�GLODNXNDQ�DGDODK�
GHQJDQ� PHODNXNDQ� PRGLILNDVL� NLPLDZL�
WHUKDGDS� UDQWDL� PROHNXO� NDUHW� DODP� DJDU�
PHQMDGL� OHELK� WDKDQ� WHUKDGDS� SURVHV�
RNVLGDVL� WHUPDO�� 0RGLILNDVL� NLPLDZL� \DQJ�

SDOLQJ�VHVXDL�DGDODK�PHODOXL�UHDNVL�WUDQVIHU�
KLGURJHQDVL�PHQJJXQDNDQ�VHQ\DZD�GLLPLGD��
7UDQVIHU�KLGURJHQDVL�DNDQ�PHPXWXV�LNDWDQ�
UDQJNDS� WDN� MHQXK� & &� PHQMDGL� LNDWDQ�
WXQJJDO� MHQXK� &�&� WDQSD� GLLNXWL� GHQJDQ�
SHPXWXVDQ�SDQMDQJ�UDQWDL�PROHNXO�VHKLQJJD�
NDUHW� DODP� PHQMDGL� OHELK� WDKDQ� WHUKDGDS�
RNVLGDVL� WHUPDO� WDQSD� GLVHUWDL� GHQJDQ�
SHQXUXQDQ� VLIDW� PHNDQLNQ\D� �3L\D�
DUHHWKDP�HW�DO�����������

� 5HDNV L � W UDQV IHU � K LGURJHQDV L �
PHQJJXQDNDQ� VHQ\DZD� GLLPLGD� \DQJ�
GLSHUROHK� VHFDUD� LQVLWX� KDVLO� GDUL� RNVLGDVL�
KLGUDVLQ� KLGUDW� ROHK� KLGURJHQ� SHURNVLGD�
KDQ\D� GDSDW� GLODNXNDQ� SDGD� IDVD� ODWHNV��
GLPDQD�SDUWLNHO�NDUHW�DODP�PDVLK�WHUVHEDU�
VHFDUD�PHUDWD�GDODP�VHUXP�ODWHNV��0HWRGH�
WUDQVIHU� KLGURJHQDVL� GHQJDQ� VHQ\DZD�
GLLPLGD� OHELK�GLVXNDL�GDULSDGD�KLGURJHQDVL�
NRQYHQVLRQDO�GHQJDQ�JDV�+ �NDUHQD�KDQ\D��

PHQJJXQDNDQ� NDWDOLV� KRPRJHQ�� PHPLOLNL�
VHOHNWLYLWDV� WLQJJL�� VHUWD� GDSDW� GLMDODQNDQ�
SDGD�VXKX�UHQGDK�GDQ�WHNDQDQ�DWPRVIHULV�
�0DKLWWLNXO� HW� DO��� ������ :DQJ� 	� $VWUXF��
���� � � � %HEHUDSD � YDU LDEH O � VDQJDW �
PHQHQWXNDQ� NHEHUKDVLODQ� UHDNVL� WUDQVIHU�
KLGURJHQDVL� DQWDUD� ODLQ� UDVLR� NRPSRVLVL�
DQWDUD� KLGUDVLQ� KLGUDW� GDQ� KLGURJHQ�
SHURNVLGD��MHQLV�GDQ�GRVLV�DGLWLI��NDWDOLV�GDQ�
EDKDQ�SHQVWDELO���VHUWD�NRQGLVL�UHDNVL��VXKX�
GDQ� ZDNWX��� 3HQHOLWLDQ� EHUWXMXDQ� XQWXN�
PHPEXDW�SURGXN�NDUHW�DODP�PHQWDK�KDVLO�
PRGLILNDVL� NLPLDZL� VHFDUD� WUDQVIHU�
KLGURJHQDVL� GHQJDQ� VHQ\DZD� GLLPLGD� \DQJ�
PHPLOLNL�NHXQJJXODQ� OHELK� WDKDQ� WHUKDGDS�
SURVHV�RNVLGDVL�WHUPDO�DWDX�SHQJDUXK�R]RQ��
RNVLJHQ� GDQ� FDKD\D� PDWDKDUL� GDUL� EDKDQ�
EDNX�NDUHW�DODP�IDVD�ODWHNV��5HDNVL�WUDQVIHU�
KLGURJHQDVL�ODWHNV�NDUHW�DODP�GDODP�ULVHW�LQL�
GLSHODMDUL�SDGD�EHUEDJDL�VXKX�UHDNVL���

%$+$1�'$1�0(72'(

� 3HQHOLWLDQ� EHUODQJVXQJ� GL� 3DEULN�
3HUFREDDQ�GDQ�/DERUDWRULXP�3HQJXML�3XVDW�
3HQHOLWLDQ�.DUHW�VHMDN�EXODQ�$SULO�KLQJJD�-XOL�
������%DKDQ�XWDPD�\DQJ�GLJXQDNDQ�GDODP�
SHUFREDDQ�PHOLSXWL�ODWHNV�NDUHW�DODP�SHNDW�
NDGDU� DPPRQLDN� WLQJJL�� KLGUDVLQ� KLGUDW�
�1 + �������KLGURJHQ�SHURNVLGD��+ 2 �������� � � �

ODUXWDQ�VXUIDNWDQ�DQLRQLN�6/6�����ODUXWDQ�
VXUIDNWDQ� 3RO\R[\HWK\OHQH� SKHQ\O� HWKHU�
�33(������ODUXWDQ�DVDP�ERUDW�����VHEDJDL�
NDWDOLV��ODUXWDQ�QDWULXP�WKLRVXOIDW������GDQ�
ODUXWDQ� DVDP� IRUPDW� ��� \DQJ� VHOXUXKQ\D�
SDGD�VSHVLILNDVL�WHNQLV��6HODLQ�LWX�GLJXQDNDQ�
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3HQLQJNDWDQ�.HWDKDQDQ�2NVLGDVL�7HUPDO�.DUHW�$ODP�0HODOXL�5HDNVL�7UDQVIHU�+LGURJHQDVL�.DWDOLWLN�
)DVD�/DWHNV�0HQJJXQDNDQ�6HQ\DZD�'LLPLGD�

MXJD�UHDJHQ�NLPLD�SXUH�DQDO\VLV��SD��XQWXN�
SHQJXMLDQ�ELODQJDQ� LRG�PHOLSXWL�NORURIRUP��
SHUHDNVL� :LMV�� LQGLNDWRU� NDQML�� NDOLXP�
GLNURPDW��+&O��GDQ�.,��6HPHQWDUD�SHUDODWDQ�
\DQJ�GLJXQDNDQ�GDODP�SHUFREDDQ�PHOLSXWL�
UHDNWRU� KLGURJHQDVL� VNDOD� VHPL� SLORW�
EHUNDSDVLWDV����OLWHU�ODWHNV�SHNDW�EDWFK�WLSH�
WDQJNL�EHUSHQJDGXN�\DQJ�GLOHQJNDSL�GHQJDQ�
SHQJDGXN� PHNDQLV� GDQ� SHPDQDV� MDFNHW�
KHDWHU� GHQJDQ� PHGLD� DLU� VHUWD� SHQJHQGDOL�
VXKX�� 6HODQMXWQ\D� LQVWUXPHQ� XQWXN�
NDUDNWHULVDVL� PHOLSXWL� VSHNWURIRWRPHWHU�
)7,5�1LFROHW�L6���:DOODFH�SODVWLPHWHU��VHUWD�
EHUEDJDL�SHUDODWDQ�NDFD�ODERUDWRULXP��

0HWRGH� SHQHOLWLDQ� PHQFDQJNXS�
SHPEXDWDQ� NDUHW� DODP� WHUKLGURJHQDVL� GDUL�
ODWHNV�NDUHW�DODP�SHNDW�GDQ�VHQ\DZD�GLLPLGD�
SDGD� VNDOD� VHPL� SLORW� GLODQMXWNDQ� GHQJDQ�
SHQJXMLDQ� NDUHW� DODP� WHUKLGURJHQDVL� \DQJ�
PHOLSXWL� SDUDPHWHU� XML� LQGHNV� NHWDKDQDQ�
SODVWLVLWDV� �35,��61,�������������NDGDU�]DW�
PHQJXDS� �61,� ������������ ELODQJDQ� LRG�
�0HWRGH�:LMV��61,�������������GDQ�VSHNWUXP�
)7,5� � 5DQFDQJDQ� SHUFREDDQ� \DQJ�
GLDSOLNDVLNDQ�GDODP�ULVHW�DGDODK�5DQFDQJDQ�
$FDN�/HQJNDS��5$/��GHQJDQ�WLJD�SHUODNXDQ�
�VXKX� ���&�� ���&�� ���&�� GHQJDQ� �� NDOL�
SHQJXODQJDQ�SDGD�VHWLDS�SHUODNXDQ�

3 H P E X D W D Q � N D U H W � D O D P �
WHUKLGURJHQDVL�PHQJLNXWL� SURVHGXU� VHEDJDL�
EHULNXW���VHEDQ\DN�����NJ�ODWHNV�SHNDW�NDGDU�
DPPRQLDN� WLQJJL� GLWXDQJNDQ� NH� GDODP�
UHDNWRU�� VHODQMXWQ\D� NH� GDODP� ODWHNV�
WHUVHEXW� GLWDPEDKNDQ� NDWDOLV� EHUXSD�
ODUXWDQ�DVDP�ERUDW�����VHEDQ\DN����P/��
GLLNXWL� GHQJDQ� SHQDPEDKDQ� ODUXWDQ�
VXUIDNWDQ� 6/6� ��� VHEDQ\DN� ���� P/� GDQ�
ODUXWDQ�33(��������P/��&DPSXUNDQ�ODWHNV�
GHQJDQ�NHWLJD�ODUXWDQ�WHUVHEXW�WHUXV�GLDGXN�
SDGD� NHFHSDWDQ� VNDOD� �� GDQ� VXKX� UHDNVL��
6HWHODK� LWX� NH� GDODP� FDPSXUDQ� ODWHNV�
WDPEDKNDQ� ODUXWDQ� KLGUDVLQ� KLGUDW� ��� ��
VHEDQ\DN� ��� P/� GDQ� KLGURJHQ� SHURNVLGD�
���� VHEDQ\DN� ��� P/� GLWXDQJNDQ� VHGLNLW�
GHPL�VHGLNLW��ZDNX�UHDNVL�VHODPD���MDP�GDQ�
���NDOL�SHQDPEDKDQ�ODUXWDQ�KLGUDVLQ�KLGUDW�
GDQ�KLGURJHQ�SHURNVLGD���6XKX�UHDNVL�VHWLDS�
SHQDPEDKDQ� ODUXWDQ� KLGUDVLQ� KLGUDW� GDQ�
KLGURJHQ� SHURNVLGD� GLFDWDW�� 6HWHODK�
SHQDPEDKDQ� ODUXWDQ� KLGUDVLQ� KLGUDW� GDQ�
KLGURJHQ� SHURNVLGD� \DQJ� WHUDNKLU�� ZDNWX�
UHDNVL� GLSHUSDQMDQJ� VHODPD� ��� PHQLW��
NHPXGLDQ� WDPEDKNDQ� ODUXWDQ� QDWULXP�
WLRVXOIDW� VHEDQ\DN� ��� P/�� SHQDPEDKDQ�
ODUXWDQ� QDWULXP� WLRVXOIDW� EHUODQJVXQJ� ���

PHQLW��/DWHNV�WHUKLGURJHQDVL�\DQJ�GLSHUROHK�
GLDNKLU� UHDNVL� NHPXGLDQ� GLJXPSDONDQ�
GHQJDQ� ODUXWDQ� DVDP� IRUPDW� ��� VHKLQJJD�
W H UE HQ WXN � JXPSD O DQ � ND U H W � D O DP �
WHUKLGURJHQDVL�� .DUHW� DODP� WHUKLGURJHQDVL�
WHUVHEXW� GLFXFL� GHQJDQ� DLU� PHQJDOLU� GDQ�
UHQGDP� GHQJDQ� DLU� VHODPD� ���� MDP��
*XPSDODQ� NDUHW� DODP� WHUKLGURJHQDVL� \DQJ�
VXGDK�EHUVLK�WHUVHEXW�GLJLOLQJ�GHQJDQ�PHVLQ�
FUHSHU� PHQMDGL� OHPEDUDQ� NDUHW� DODP�
WHUKLGURJHQDVL�� NHPXGLDQ� NDUHW� DODP�
WHUKLGURJHQDVL�\DQJ�VXGDK�GLJLOLQJ�WHUVHEXW�
GLNHULQJ�DQJLQNDQ�VHODPD�����KDUL�VHEHOXP�
GLNHULQJNDQ� GDODP� RYHQ� SDGD� VXKX�����&�
VHODPD� ���� PHQLW�� /HPEDUDQ� NDUHW� DODP�
WHUKLGURJHQDVL�NHPXGLDQ�GLNDUDNWHULVDVL�

+$6,/�'$1�3(0%$+$6$1�

0HNDQ L VPH � U H D N V L � W U D Q V I H U �
KLGURJHQDVL� NDWDOLWLN� ODWHNV� NDUHW� DODP�
PHQJJXQDNDQ� VHQ\DZD� GLLPLGD� WHUMDGL�
PHODOXL�GXD�WDKDSDQ�\DLWX�RNVLGDVL�KLGUDVLQ�
KLGUDW�ROHK�KLGURJHQ�SHURNVLGD�PHPEHQWXN�
VHQ\DZD�GLLPLGD�GDQ�GLLNXWL�ROHK�SHPXWXVDQ�
LNDWDQ� UDQJNDS� & &� GDODP� UDQWDL�
SROLLVRSUHQD� NDUHW� DODP� ROHK� VHQ\DZD�
GLLPLGD�\DQJ�EUIXQJVL�VHEDJL�GRQRU�KLGURJHQ�
PHQMDGL� LNDWDQ� WXQJJDO� �*DPEDU� ����
%HUODQJVXQJQ\D�UHDNVL�WUDQVIHU�KLGURJHQDVL�
LQL�GLWDQGDL�GHQJDQ�SHQLQJNDWDQ�VXKX�UHDNVL�
NDUHQD�UHDNVL�EHUMDODQ�LUUHYHUVLEHO�NH�NDQDQ�
VHFDUD�HNVRWHUPLV��*DPEDU�����'DUL�*DPEDU�
��WHUOLKDW��EDKZD�SDGD�VXKX�UHDNVL�VHEHVDU�
���&�PHQJDODPL�SHQLQJNDWDQ�VXKX�WHUWLQJJL��
VHGDQJNDQ�SDGD�VXKX�UHDNVL����&�WHUMDGLQ\D�
NHQDLNDQ�VXKX�WLGDN�WHUODOX�EHVDU�GDQ�FHSDW�
VWDELO� �VXKX� NRQVWDQ��� 6HODLQ� LWX�� UHDNVL�
WUDQVIHU� KLGURJHQDVL� ODWHNV� NDUHW� DODP�
GLLQGLNDVLNDQ�GHQJDQ�WLPEXOQ\D�JDV�1 \DQJ���

PHQJDNLEDWNDQ�PXQFXOQ\D�EXLK��7LPEXOQ\D�
JDV�1 �VHULQJ�NDOL�WLPEXO�SDGD�UHDNVL�UHGRNV��

\DQJ� PHQJJXQDNDQ� KLGURJHQ� SHURNVLGD�
�<XOLDQWR���������.DUHW�DODP� WHUKLGURJHQDVL�
\DQJ�GLSHUROHK�EHUWHNVWXU�NRNRK��NHUDV�GDQ�
WLGDN�OHQJNHW���3DGD�NRQGLVL�EDVDK�EHUZDUQD�
SXWLK� GDQ� EHUXEDK� PHQMDGL� NXQLQJ� VDDW�
NHULQJ��*DPEDU�����

7 H U E H Q W X N Q \ D � N D U H W � D O D P �
WHUKLGURJHQDVL� GLNRQILUPDVL� GDUL� KDVLO�
DQD O L V L V � NXD O L W D W L I � PHQJJXQDNDQ �
VSHNWURVNRSL� )7,5�� 6HWLDS� LNDWDQ� DNDQ�
PHQ\HUDS�UDGLDVL�LQIUDPHUDK�SDGD�ELODQJDQ�
JHORPEDQJ� \DQJ� EHUEHGD�EHGD� VHKLQJJD�
VHWLDS� PROHNXO� DNDQ� PHPLOLNL� VSHNWUXP�



���

�

*DPEDU����0HNDQLVPH�WUDQVIHU�KLGURJHQDVL�NDWDOLWLN�SROLLVRSUHQD�ROHK�GLLPLGD
)LJXUH����3RO\LVRSUHQH�FDWDO\WLF�WUDQVIHU�K\GURJHQDWLRQ�E\�GLLPLGD�PHFKDQLVP
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:DNWX�SHQDPEDKDQ�UHDNWDQ
�PHQLW�NH��

5HDFWDQW�DGGLWLRQ�WLPH
�0LQXWH�DW�
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5HDNVL�������& 5HDNVL�������&
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*DPEDU����3ROD�NHQDLNDQ�VXKX�UHDNVL�WUDQVIHU�KLGURJHQDVL�ODWHNV�NDUHW�DODP
)LJXUH����7KHPSHUDWXUH�LQFUHDVLQJ�SDWWHUQ�DW�15�ODWH[�WUDQVIHU�K\GURJHQDWLRQ

*DPEDU����9LVXDOLVDVL�NDUHW�DODP�WHUKLGURJHQDVL
)LJXUH����9L]XDOLWDWLRQ�RI�+15

3XVSLWDVDUL��$QGULDQL��/LDQV\DK��GDQ�6XMRQR



���

LQIUDPHUDK�\DQJ�NKDV��+DVLO�VSHNWUXP�)7,5�
NDUHW� DODP� PXUQL� GDQ� NDUHW� DODP�
WHUKLGURJHQDVL�GDSDW�GLOLKDW�SDGD�*DPEDU���
VHEDJDL� EHULNXW�� %HUGDVDUNDQ� *DPEDU� ��
WHUOLKDW� EDKZD� VSHNWUXP� )7,5� NDUHW� DODP�
GLFLULNDQ� ROHK� DGDQ\D� VHUDSDQ� WDMDP� SDGD�

���
SXQFDN� ELODQJDQ� JHORPEDQJ� ����� FP
�LNDWDQ� UDQJNDS� WDN� MHQXK� �& &��� GDQ� ���� �

���
FP �LNDWDQ� �&�+��� �,EUDKLP� HW� DO��� �������
3XQFDN� VHUDSDQ� ODLQ� \DQJ� WHUGDSDW� SDGD�
UDQWDL�PROHNXO�NDUHW�DODP�DQWDUD�ODLQ������

�� ��
FP � �LNDWDQ� &+ ��� ����� FP � �LNDWDQ� &+ ���� �

�� ��
�����FP ��LNDWDQ�&+ ��������FP ��LNDWDQ�&+ ��� �

���
GDQ�����FP �LNDWDQ��&+ ����0DKLWWLNXO��HW��DO����

�������0DKLWWLNXO��HW��DO���������$UD\DSUDQHH�
	� 5HPSHO��� ������� 6HPHQWDUD� LWX� SDGD�
VSHNWUD� )7,5� NDUHW� WHUKLGURJHQDVL� QDPSDN�
WHUMDGLQ\D� SHQXUXQDQ� LQWHQVLWDV� SXQFDN�

���
VHUDSDQ�SDGD�ELODQJDQ�JHORPEDQJ������FP

� �
GDQ� ���� FP � \DQJ� GLLNXWL� GHQJDQ�
SHQLQJNDWDQ�LQWHQVLWDV�SDGD�SXQFDN�VHUDSDQ�

���
���� FP �3XYLDUDVDQ� HW� DO��� ������� 5HDNVL�
KLGURJHQDVL� PHQ\HEDENDQ� WHUHOHPLQDVLQ\D�
LNDWDQ� UDQJNDS� WDN� MHQXK� �& &�� PHQMDGL�
LNDWDQ� WXQJJDO� MHQXK� �&�&��� $WRP�KLGURJHQ�
GDUL� VHQ\DZD� GLLPLGD� PHQJDGLVL� LNDWDQ�
UDQJNDS� �& &�� SDGD� UDQWDL� PROHNXO�
SROLLVRSUHQD��NDUHW�DODP��VHKLQJJD�WHUSXWXV�
PHQMDGL�LNDWDQ�WXQJJDO��&�&��

6HFDUD� NXDQWLWDWLI�� VLIDW� NDUHW� DODP�
WHUKLGURJHQDVL� \DQJ� GLSHUROHK� GLNRQILUPDVL�
PHODOXL� SHQJXMLDQ� ELODQJDQ� LRG�� GHUDMDW�
KLGURJHQDVL�� LQGHNV� NHWDKDQDQ� SODVWLVLWDV��
GDQ�NDGDU�]DW�PHQJXDS��+DVLO�SHQJXMLDQ�VLIDW�

NDUHW� DODP� WHUKLGURJHQVL� VHFDUD� NXDQWLWDWLI�
GLUDQJNXP�GDODP�7DEHO����

7LQJNDW� NHWLGDNMHQXKDQ� VXDWX�
VHQ\DZD� \DQJ� PHPLOLNL� LNDWDQ� UDQJNDS�
GLQ\DWDNDQ�GDODP�ELODQJDQ� LRG�� ,RGLQ�DNDQ�
PHQJDGLVL� LNDWDQ� UDQJNDS� SDGD� VHQ\DZD�
DONHQD� GDQ�PHQMHQXKNDQQ\D� �.RQJSDUDNXO�
HW� DO��� ������� 6HPDNLQ� EDQ\DN� LRGLQ� \DQJ�
PHQJDGLVL�PDND�VHPDNLQ�WLQJJL�SXOD�WLQJNDW�
NHWLGDNMHQXKDQQ\D�� 1LODL� ELODQJDQ� LRG�
GLJXQDNDQ� XQWXN� PHQJHWDKXL� GHUDMDW�
KLGURJHQDVL� SDGD� VDPSHO� NDUHW� DODP�
WHUKLGURJHQDVL� GHQJDQ� VHQ\DZD� GLLPLGD��
1LODL� GHUDMDW� KLGURJHQDVL� GLSHUROHK� GDUL�
SHUEDQGLQJDQ�SHQXUXQDQ�QLODL�ELODQJDQ�LRG�
VDPSHO� KDVLO� KLGURJHQDVL� GHQJDQ� QLODL�
ELODQJDQ�LRG�NDUHW�DODP�VHEHOXP�KLGURJHQDVL��
6HPDNLQ� NHFL O � E L ODQJDQ� LRG� KDVL O �
KLGURJHQDVLQ\D�� PDND� VHPDNLQ� EHVDU� SXOD�
SHQXUXQDQ� LNDWDQ� UDQJNDS�GDQ�EHVDU�SXOD�
SHUVHQ�KLGURJHQDVLQ\D��0HQJDFX�SDGD�7DEHO�
��WHUOLKDW�EDKZD�GHUDMDW�KLGURJHQDVL�WHUWLQJJL�
GLFDSDL� SDGD� VXKX� UHDNVL� KLGURJHQDVL�

R
VHEHVDU��� &�\DLWX������GLLNXWL�SDGD�VXKX�
���&�������GDQ����&��������3DGD�VXKX�����&��
GLSHUNLUDNDQ� WHUMDGL� UHDNVL� VDPSLQJ�
GHSROLPHULVDVL� \DQJ� PHQJDNLEDWNDQ�
WHUSXWXVQ\D� UDQWDL� PROHNXO� NDUHW� DODP��
7HUSXWXVQ\D�UDQWDL�PROHNXO�NDUHW�DODP�\DQJ�
GLGDKXOXL� PHODOXL� PHNDQLVPH� SHPXWXVDQ�
LNDWDQ�UDQJNDS�MXJD�DNDQ�GLLQGLNDVLNDQ�ROHK�
WXUXQQ\D� ELODQJDQ� LRG� GDQ� GHUDMDW�
KLGURJHQDVL��

*DPEDU����6SHNWUXP�)7,5�NDUHW�DODP�PXUQL�GLEDQGLQJNDQ�NDUHW�DODP�WHUKLGURJHQDVL
)LJXUH����)7,5�6SHFWUXP�RI�SXUH�15�FRPSDUHG�WR�+15

3HQLQJNDWDQ�.HWDKDQDQ�2NVLGDVL�7HUPDO�.DUHW�$ODP�0HODOXL�5HDNVL�7UDQVIHU�+LGURJHQDVL�.DWDOLWLN�
)DVD�/DWHNV�0HQJJXQDNDQ�6HQ\DZD�'LLPLGD�



���

6HODLQ� LWX�� GDUL� 7DEHO� �� MXJD� GDSDW�
GLSDKDPL� EDKZD� VHLULQJ� GHQJDQ� NHQDLNDQ�
VXKX� UHDNVL� PDND� MXVWUX� PHQ\HEDENDQ�
SHQXUXQDQ� QLODL� LQGHNV� NHWDKDQDQ�
SODVWLVLWDV� �35,��� 1LODL� 35,� NDUHW� DODP�
WHUK LGURJHQDV L � \DQJ� OHE LK � UHQGDK�
PHQJDNLEDWNDQ� NDUHW� DODP� WHUKLGURJHQDVL�
WHUVHEXW� OHELK� UHQWDQ� WHUKDGDS� SURVHV�
RNVLGDVL�WHUPDO�GLEDQGLQJNDQ�GHQJDQ�NDUHW�
DODP� PXUQL�� .RQGLVL� LQL� PHQJLQGLNDVLNDQ�
EDKZD� SDGD� UHDNVL� WUDQVIHU� KLGURJHQDVL�
ODWHNV�NDUHW�DODP�SHNDW�\DQJ�GLMDODQNDQ�SDGD�
VXKX� ���&� GDQ� ���&� WHODK� WHUMDGL� UHDNVL�
V DPS L Q J � G H S R O LP H U L V D V L � � 5 H D N V L �
GHSROLPHULVDVL� PHQ\HEDENDQ� WHUMDGLQ\D�
SHPXWXVDQ� UDQWDL� SDQMDQJ� PROHNXO�
SROLLVRSUHQD� PHQMDGL� UDQWDL� PROHNXO� \DQJ�
OHELK� SHQGHN�� 5HDNVL� VDPSLQJ� LQL� WLGDN�
GLLQJLQNDQ� NDUHQD� PHQXUXQNDQ� VLIDW�
PHNDQLN� GDQ� SDQDV� NDUHW� DODP�� 'HQJDQ�
GHPLNLDQ�WLQJJLQ\D�QLODL�GHUDMDW�KLGURJHQDVL�
\DQJ� GLWHPXNDQ� SDGD� NDUHW � D ODP�
WHUKLGURJHQDVL�\DQJ�GLUHDNVLNDQ�SDGD�VXKX�
���&� GDQ� ���&� EXNDQ� GLVHEDENDQ� ROHK�
SHPXWXVDQ� LNDWDQ� UDQJNDS� & &� PHODOXL�
PHNDQLVPH� WUDQVIHU� KLGURJHQDVL� ROHK�
VHQ\DZD� GLLPLGD� PHODLQNDQ� SHPXWXVDQ�
UDQWDL�PROHNXO�VHFDUD�GHSROLPHULVDVL��5HDNVL�
GHSROLPHULVDVL� LQL� GLSHUNLUDNDQ� WHUMDGL�
NDUHQD� GLSLFX� ROHK� DGDQ\D� UDGLNDO� EHEDV�

KLGURNVLO� \DQJ� WHUEHQWXN� GDUL� SHUXUDLDQ�
KLGURJHQ�SHURNVLGD�SDGD�VXKX�WLQJJL��

3DUDPHWHU�NDGDU� ]DW�PHQJXDS� WLGDN�
GLSHQJDUXKL� ODQJVXQJ� ROHK� NRQGLVL� UHDNVL�
WUDQVIHU�KLGURJHQDVL��PHODLQNDQ�ROHK�NRQGLVL�
SHQJHULQJDQ� NDUHW� DODP� WHUKLGURJHQDVL��
0HVNLSXQ� GHPLNLDQ� SDUDPHWHU� LQL� WXUXW�
P H Q H Q W X N D Q � P X W X � N D U H W � D O D P �
WHUKLGURJHQDVL��=DW�PHQJXDS�GLGDODP�NDUHW�
VHEDJDLDQ� EHVDU� WHUGLUL� GDUL� XDS� DLU� GDQ�
VLVDQ\D� DGDODK� ]DW�]DW� ODLQ� VHSHUWL� VHUXP�
\DQJ� PXGDK� PHQJXDS� SDGD� VXKX� ����&��
$GDQ\D� ]DW�PHQJXDS�GL�GDODP�NDUHW� VHODLQ�
GDSDW�PHQ\HEDENDQ�EDX�EXVXN� MXJD�GDSDW�
PHPXGDKNDQ� WLPEXOQ\D� MDPXU�� -DPXU�
GDSDW� PHQLPEXONDQ� NHVXOLWDQ� SDGD� ZDNWX�
PHQFDPSXUNDQ� EDKDQ�EDKDQ� NLPLD� NH�
GDODP�NDUHW�SDGD�VDDW�SHPEXDWDQ�NRPSRQ�
NDUHW�WHUXWDPD�XQWXN�SHQFDPSXUDQ�FDUERQ�
EODFN� SDGD� VXKX� UHQGDK� �%61�� �������
3HQJHU LQJDQ� OHPEDUDQ� NDUHW � D ODP�
WHUKLGURJHQDVL� SDGD� VXKX� ����&� GLEDWDVL�
VHODPD�����PHQLW��:DNX�SHQJHULQJDQ�\DQJ�
ODPD� SDGD� VXKX� WLQJJL�� FHQGHUXQJ� GDSDW�
PHQXUXQNDQ�VLIDW�NDUHW�DODP�WHUKLGURJHQDVL��
$GDQ\D�VLVD�KLGURJHQ�SHURNVLGD�\DQJ� WLGDN�
EHUHDNVL�� PDND� GDSDW� PHPEHQWXN� UDGLNDO�
EHEDV� VDDW� EHUODQJVXQJQ\D� SURVHV�
SHQJHULQJDQ�� 5DGLNDO� EHEDV� LQL� GDSDW�

6XKX�UHDNVL �
7KHPSHUDWXUH �

�R&��

.RGH�
&RGH�

%LODQJDQ�
,RG�
,RG�

QXPEHU�

'HUDMDW�
KLGURJHQDVL� �
'HJUHH�RI�

K\GURJHQDWLRQ �
����

,QGHNV�
NHWDKDQDQ�
SODVWLVLWDV� �
3ODVWLFLW\�
UHWHQWLRQ�
LQGH[�
�35,��

.DGDU�]DW�
PHQJXDS�
9ROODWLOH�
PDWWHU�
FRQWHQW�
����

�
15�0XUQL � ������

�
����� �����

���

$�� ������ ����� ����� �����

$�� ������ ����� ����� �����

$�� ������ ����� ����� �����

5DWD�UDWD� ������ ����� ����� �����

���

%�� ������ ����� ����� �����

%�� ������ ����� ����� �����

%�� ������ ����� ����� �����

5DWD�UDWD� ������ ����� ����� �����

���

&�� ������ ����� ����� �����

&�� ������ ����� ����� �����

&�� ������ ����� ����� �����

5DWD�UDWD� ������ ����� ����� �����

�

7DEHO����6LIDW�NLPLD�NDUHW�DODP�WHUKLGURJHQDVL�
7DEOH����&KHPLFDO�SURSHUWLHV�RI�K\GURJHQDWHG�QDWXUDO�UXEEHU�

3XVSLWDVDUL��$QGULDQL��/LDQV\DK��GDQ�6XMRQR



���

PHPLFX� WHUMDGLQ\D� UHDNVL� GHSROLPHULVDVL�
\ D Q J � P H Q \ H E D E N D Q � N D U H W � D O DP �
WHUKLGURJHQDVL�PHPLOLNL�WHNVWXU�\DQJ�OHPEHN�
GDQ�OHQJNHW��'DUL�7DEHO���WHUOLKDW�EDKZD��QLODL�
NDGDU�]DW�PHQJXDS�FXNXS�UHQGDK��GL�EDZDK�
����\DQJ�EHUDUWL�EDKZD�ZDNWX�SHQJHULQJDQ�
VHODPD� ���� PHQLW� GDSDW� GLDQJJDS� VHEDJDL�
Z D N W X � S H Q J H U L Q J D Q � N D U H W � D O DP �
WHUKLGURJHQDVL�\DQJ�RSWLPDO�

�

.(6,038/$1�

� 7 H U E H Q W X N Q \ D � N D U H W � D O D P �
WHUKLGURJHQDVL�GL�NRQILUPDVL�VHFDUD�NXDOLWDWLI�
GHQJDQ� XML� )7,5� GDQ� VHFDUD� NXDQWLWDWLI�
PHODOXL� SHQJXMLDQ� ELODQJDQ� LRG�� GHUDMDW�
KLGURJHQDVL�� GDQ� LQGHNV� NHWDKDQDQ�
SODVWLVLWDV��3DGD�VSHNWUXP�)7,5�NDUHW�DODP�
WHUKGURJHQDVL�WHUOLKDW�WHUMDGLQ\D�SHQXUXQDQ�
LQWHQVLWDV�VHUDSDQ�SDGD�ELODQJDQ�JHORPEDQJ�

���
����� FP DNLEDW� GDUL� WHUSXWXVQ\D� LNDWDQ�
UDQJNDS� WDN� MHQXK� & &� PHQMDGL� LNDWDQ�
WXQJJDO� MHQXK� &�&�� 'HPLNLDQ� SXOD� GHQJDQ�
QLODL�ELODQJDQ�LRG�NDUHW�DODP�WHUKLGURJHQDVL�
\DQJ� OHELK� UHQGDK� GDUL� QLODL� ELODQJDQ� LRG�
NDUHW� DODP�PXUQL� MXJD� GLVHEDENDQ� NDUHQD�
WHUSXWXVQ\D� LNDWDQ� UDQJNDS� & &� GDODP�
UDQWDL� PROHNXO� NDUHW� DODP� WHUKLGURJHQDVL��
6XKX� UHDNVL� WUDQVIHU� KLGURJHQDVL� \DQJ�
GL WHWDSNDQ� SDGD� �� �&� GDQ� ZDNWX�
SHQJHULQJDQ� NDUHW� DODP� WHUKLGURJHQDVL�
VHODPD� ���� MDP� GLDQJJDS� VHEDJDL� NRQGLVL�
WHURSWLPDO�NDUHQD�PHQJKDVLONDQ�NDUHW�DODP�
WHUKLGURJHQDVL� GHQJDQ� QLODL� LQGHNV�
NHWDKDQDQ�SODVWLVLWDV�WHUWLQJJL�VHEHVDU�������
1LODL�LQGHNV�NHWDKDQDQ�SODVWLVLWDV�XPXPQ\D�
G LJXQDNDQ� XQWXN� PHQJJDPEDUNDQ�
NHWDKDQDQ� RNVLGDVL� WHUPDO� NDUHW� DODP�
PHQWDK��

8&$3$1�7(5,0$�.$6,+�

3HQJKDUJDDQ� WLQJJL� GDQ� XFDSDQ�
WHULPD� NDVLK� SHQXOLV� VDPSDLNDQ� NHSDGD�
'LUHNWRUDW� -HQGHUDO� 3HQJXDWDQ� 5LVHW� GDQ�
3HQJHPEDQJDQ� .HPHQWHULDQ� 5LVHW� �
7HNQRORJL� GDQ� 3HQGLGLNDQ� 7LQJJL� DWDV�
EDQWXDQ� SHQGDQDDQ� ULVHW� \DQJ� WHODK�
GLEHULNDQ� NHSDGD� 3XVDW� 3HQHOLWLDQ� .DUHW�
PHODOXL� 3URJUDP� ,QVHQWLI� 6LVWHP� ,QRYDVL�
1DVLRQDO� �,16,1DV�� *HORPEDQJ� �� 7$� �����
VHVXDL�GHQJDQ�.RQWUDN�3HODNVDQDDQ�,QVHQWLI�
3HQHOLWLDQ�1RPRU������,16���33.�(��������

'$)7$5�3867$.$�

$UD\DSUDQHH�� :��� 	� 5HPSHO�� *�/�� ��������
6\QWKHVLV� DQG�PHFKDQLFDO� SURSHUWLHV�
RI� GLLPLGH� K\GURJHQDWHG� QDWXUDO�
UXEEHU�YXOFDQL]DWHV��-RXUQDO�RI�$SSOLHG�
3RO\PHU�6FLHQFH���������������²�������
'RL�����������DSS���������

$UD\DSUDQHH�� :��� 5HPSHO�� *�/�� ��������
(IIHFWV�RI�SRODULW\�RQ�WKH�ILOOHU�UXEEHU�
LQWHUDFWLRQ� DQG� SURSHUWLHV� RI� VLOLFD�
I L O O HG� JUDI WHG� QDWXUDO � UXEEHU �
FRPSRVLWH��-RXUQDO�RI�3RO\PHUV��������
�����'RL������������������������

%DGDQ� 6WDQGDULVDVL� 1DVLRQDO�� �������� 61,�
������������� ��6WDQGDUG� ,QGRQHVLDQ�
5XEEHU��6,5���-DNDUWD��,QGRQHVLD���%61��

,EUDKLP��6���'DLN��5���	�$EGXOODK��,����������
)XQFWLRQDOL]DWLRQ� RI� OLTXLG� QDWXUDO�
UXEEHU� YLD� R[LGDWLYH� GHJUDGDWLRQ� RI�
QDWXUDO� UXEEHU�� 3RO\PHUV�� ��� �����
������'RL�����������SRO\P��������

.RQJSDUDNXO��6���1J��)�7�7���	�5HPSHO��*�/��
�������� 0HWDWKHVLV� K\GURJHQDWLRQ� RI�
QDWXUDO�UXEEHU�ODWH[��$SSOLHG�&DWDO\VLV�
$��*HQHUDO����������������²������'RL���
��������M�DSFDWD�������������

.RYXWWLNXOUDQJVLH��6���	�6DNGDSLSDQLFK��-�7��
��������7KH�PROHFXODU�ZHLJKW��0:��DQG�
PROHFXODU� ZHLJKW� GLVWULEXWLRQ� �0:'��
RI� 15� IURP� GLIIHUHQW� DJH� DQG� FORQH�
+HYHD� WUHVV�� 6RQJNODQDNDULQ�� -�� 6FL��
7HFQRO�����������������

0DKLWWLNXO��$���3UDVDVVDUDNLFK��3���	�5HPSHO��
*�/����������'LLPLGH�K\GURJHQDWLRQ�RI�
QDWXUDO�UXEEHU�ODWH[��-RXUQDO�RI�$SSOLHG�
3RO\PHU�6FLHQFH���������������²�������
'RL�����������DSS��������

0DKLWWLNXO��$���3UDVDVVDUDNLFK��3���	�5HPSHO��
*�/����������+\GURJHQDWLRQ�RI�QDWXUDO�
UXEEHU� ODWH[� LQ� WKH� SUHVHQFH� RI�
>,U�FRG��3F\ ��S\�@3) �� -RXUQDO� RI�� �

0ROHFXODU�&DWDO\VLV�$��&KHPLFDO�������
��������� 'RL� �� ��������M�PROFDWD�
�������������

3HQLQJNDWDQ�.HWDKDQDQ�2NVLGDVL�7HUPDO�.DUHW�$ODP�0HODOXL�5HDNVL�7UDQVIHU�+LGURJHQDVL�.DWDOLWLN�
)DVD�/DWHNV�0HQJJXQDNDQ�6HQ\DZD�'LLPLGD�



���

3L\D�DUHHWKDP�� 3��� 3UDVDVVDUDNLFK�� 3��� 	�
5HPSHO��*�/����������2UJDQLF�VROYHQW�
IUHH� K\GURJHQDWLRQ� RI� QDWXUDO� UXEEHU�
ODWH[� DQG� V\QWKHWLF� SRO\LVRSUHQH�
HPXOVLRQ� FDWDO\]HG� E\� ZDWHU�VROXEOH�
UKRGLXP� FRPSOH[HV�� -RXUQDO� RI�
0ROHFXODU�&DWDO\VLV�$��&KHPLFDO�������
���� ²� ����� 'RL� �� ��������M�PROFDWD��
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