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1XQXQJ���#JPDLO�FRP 

$%675$&7 

3URYLVLRQ� RI� TXDOLW\� ILVK� VHHG� DQG� FRQWLQXRXV� WR� EH� LPSRUWDQW� IDFWRUV� LQ� WKH�����

LQFUHDVH�LQ�ILVK�IDUPLQJ��7KH�GHYHORSPHQW�RI�ILVK�IDUPLQJ�ZLOO�EH�VWDOOHG�ZLWKRXW�EHLQJ�

IROORZHG�E\�WKH�DYDLODELOLW\�RI�VXIILFLHQW�VHHG�DQG�JRRG�TXDOLW\��2QH�ZD\�WKDW�FDQ�EH�

GRQH� WR� SURYLGH� VXSHULRU� TXDOLW\� VHHGV� LV� E\�*\QRJHQHVLV� WUHDWPHQW��7KLV� VWXG\�ZDV�

FRQGXFWHG�LQ�0D\-$XJXVW������DW�+DWFKHU\�DQG�)LVK�%UHHGLQJ�/DERUDWRU\��8QLYHUVLW\�

RI�5LDX��DLPHG�WR�HYDOXDWH�WKH�HIIHFW�RI�OHQJWK�RI�H[SRVXUH�LQ�FROG-WHPSHUDWXUHV�VKRFN�

DQG��XOWUDYLROHW��89��LUUDGLDWLRQ��DQG�VHHG�JURZWK�RI�J\QRJHQHVLV�VHODLV�ILVK��2PSRN�

UKDGLQXUXV���([SHULPHQWDO�PHWKRG�ZDV�FRQGXFWHG�LQ�WKLV�VWXG\��7KH�89�LUUDGLDWLRWLPH�

RQ� ILVK� VSHUP� DQG� OHQJWK� RI� FROG� VKRFN� WUHDWPHQW� RQ� HJJV� DIWHU� RQH� PLQXWHV��������������

IHUWLOL]DWLRQ� DW� WHPSHUDWXUH� RI� �� �&� FROG� VKRFN�� 6SHUP� ZDV� GHULYHG� IURP� FDWILVK�

�3DQJDVLXV�K\SRSWKDOPXV���ZKLOH� HJJV�ZDV�GHULYHG� IURP�VHODLV� ILVK� �2�� UKDGLQXUXV���

7KH� H[SHULPHQWDO� UHVXOWV� VKRZHG� WKDW� WKH� EHVW� WUHDWPHQW� LV� RI� LUUDGLDWLRQ� OHQJWK� DW� ��

PLQXWHV�DIWHU�RQH-PLQXWH�IHUWLOL]DWLRQ�DQG�WKUHH-PLQXWHV�OHQJWK�RI�FROG�VKRFN�H[SRVXUH�

DW� WHPSHUDWXUH�RI��� R&��:KLOH� WKH�ZHLJKW�JDLQHG�DQG�DEVROXWH� OHQJWK�RI�.-�+�.�DQG����

*-�1�PHLRWLF�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW� 

$%675$. 

3HQ\HGLDDQ�EHQLK�LNDQ�EHUNXDOLWDV�GDQ�EHUNHVLQDPEXQJDQ�PHQMDGL�IDNWRU�SHQWLQJ�

GDODP� SHQLQJNDWDQ� EXGLGD\D� LNDQ�� 3HQJHPEDQJDQ� XVDKD� EXGLGD\D� DNDQ� PHQJDODPL�

KDPEDWDQ� WDQSD� GLEHUHQJL� ROHK� NHWHUVHGLDDQ� EHQLK� \DQJ� FXNXS� GDQ� EHUNXDOLWDV� EDLN��

6DODK� VDWX� FDUD� \DQJ� GDSDW� GLWHPSXK� XQWXN� PHQ\HGLDNDQ� EHQLK� \DQJ� EHUNXDOLWDV�

XQJJXO� DGDODK� GHQJDQ� MDODQ� SHUODNXDQ� *LQRJHQHVLV�� 3HQHOLWLDQ� LQL� WHODK� GLODNXNDQ����

SDGD� EXODQ� 0HL-$JXVWXV� ����� GL� /DERUDWRULXP� 3HPEHQLKDQ� GDQ� 3HPXOLDDQ� LNDQ����

8QLYHUVLWDV� 5LDX�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQJHYDOXDVL� SHQJDUXK� ODPD��

SHQ\LQDUDQ� GDQ� ODPD� NHMXWDQ� VXKX� GLQJLQ� VHUWD� SHUWXPEXKDQ� EHQLK� JLQRJHQHVLV� LNDQ�

VHODLV� �2PSRN� UKDGLQXUXV��� 0HWRGH� \DQJ� GLJXQDNDQ� DGDODK� PHWRGH� HNVSHULPHQ��

GHQJDQ�SHUODNXDQ�ODPD�SHQ\LQDUDQ�8OWUDYLROHW�WHUKDGDS�VSHUPD�LNDQ�GDQ�ODPD�NHMXWDQ�

GLQJLQ� WHUKDGDS� WHOXU� VHWHODK� SHPEXDKDQ� �� PHQLW� SDGD� VXKX� NHMXWDQ� GLQJLQ� �� R&�����

6SHUPD�EHUDVDO�GDUL�LNDQ�SDWLQ��3DQJDVLXV�K\SRSWKDOPXV���VHGDQJNDQ�WHOXU�EHUDVDO�GDUL�

LNDQ�VHODLV� �2��UKDGLQXUXV���+DVLO�HNVSHULPHQ�PHQXQMXNNDQ�EDKZD�SHUODNXDQ� WHUEDLN�

DGDODK�ODPD�SHQ\LQDUDQ���PHQLW�VHWHODK�WHUMDGL�SHPEXDKDQ���PHQLW�GDQ�ODPD�NHMXWDQ�

GLQJLQ� �� PHQLW� SDGD� VXKX� GLQJLQ� �R&�� 6HGDQJNDQ� SHUWDPEDKDQ� ERERW� GDQ� SDQMDQJ��

PXWODN�.-�+�GDQ�*-�1�PHLRWLN�WLGDN�MDXK�EHUEHGD� 

.DWD�NXQFL��*LQRJHQHVLV��2PSRN�UKDGLQXUXV�1*��NHMXWDQ�VXKX��SHUWXPEXKDQ 
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3HQ\HGLDQ� EHQLK� LNDQ� VHODLV� \DQJ� EHUNXDOLWDV� WLQJJL� GDQ� EHUNHVLQDPEXQJDQ�

PHQMDGL� VDODK� VDWX� IDNWRU� SHQWLQJ� GDODP� SHQLQJNDWDQ� EXGLGD\D� LNDQ� VHODLV��%HUEDJDL�

XSD\D�\DQJ�GLODNXNDQ�XQWXN�SHQLQJNDWDQ�XVDKD�EXGLGD\D�VDMD�WLGDN�DNDQ�EHUGD\D�JXQD�

WLQJJL�WDQSD�GLEDULQJL�ROHK�NHWHUVHGLDDQ�EHQLK�\DQJ�FXNXS�GDQ�EHUNXDOLWDV�EDLN��6DODK�

VDWX� FDUD� \DQJ� GDSDW� GLWHPSXK� XQWXN� PHQ\HGLDQNDQ� EHQLK� \DQJ� EHUNXDOLWDV� XQJJXO�

DGDODK�GHQJDQ�MDODQ�SHUODNXDQ�JLQRJHQHVLV� 

*LQRJHQHVLV�DGDODK�VXDWX�WLSH�UHSURGXNVL�SDUWKHQRJHQHVLV�GLPDQD�SHUNHPEDQJDQ�

HPEULR� KDQ\D� VHPDWD-PDWD� PHQGDSDWNDQ� PDWHULDO� JHQHWLF� GDUL� EHWLQD� VDMD� �&KHUIDV��

������ WDQSD� NRQWULEXVL� JHQHWLN� MDQWDQ� �6XPDQWDGLQDWD� HW� DO��������� 0HQXUXW��������������

6XPDQWDGLQDWD� ������� JLQRJHQHVLV� PHPEHULNDQ� EDQ\DN� PDQIDDW�� GLDQWDUDQ\D� DGDODK�

����PHPSHUFHSDW�SURVHV�SHPXUQLDQ��KRPRVLJRVLWDV�������PHPEXDW�SRSXODVL�NORQ�KDQ\D�

GDODP�GXD�JHQHUDVL������PHPEXDW�SRSXODVL�WXQJJDO�NHODPLQ�EHWLQD��PLVDOQ\D�SDGD�LNDQ�

PDV�� ���� PHPSHUFHSDW� SURVHV� VHOHNVL� GDQ� ���� PHQGHWHUPLQDVL� JHQRWLS� MHQLV� NHODPLQ�

EHWLQD�� .HXQJJXODQ� GDUL� JLQRJHQHVLV� DGDODK� GDSDW� PHQJKDVLONDQ� LQGXN� LNDQ� \DQJ���

PXUQL�.HXQJJXODQ�LQGXN�LNDQ�\DQJ�PXUQL�DSDELOD�LNDQ�EHWLQD�VXGDK�PXUQL�GLNDZLQNDQ�

GHQJDQ�MDQWDQ�\DQJ�EHOXP�PXUQL�PDND�DNDQ�PHQJKDVLONDQ�DQDN�NHWXUXQDQ�NHWLJD�\DQJ�

MHQLV� Q\D� VDPD� GHQJDQ� LQGXN� EHWLQD�� .DUHQD� GLDODP� LNDQ� EDQ\DN� \DQJ� PHODNXNDQ�

SHUNDZLQDQ�VLODQJ�GDQ�DNDQ�WHUMDGL�SHQXUXQDQ�GDODP�NHUDJDPDQ�JHQHWLF�LNDQ��VHKLQJJD�

SHPXUQLDQ�LQGXN�VDQJDW�GLSHUOXNDQ��8QWXN�LWX�SHQHOLWLDQ�LQL�SHUOX�GLODNXNDQ� 

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�SHQJDUXK�ODPD�SHQ\LQDUDQ��GDQ�ODPD�

NHMXWDQ� VXKX� GLQJLQ� VHUWD� SHUWXPEXKDQ� EHQLK� JLQRJHQHVLV� LNDQ� VHODLV��������������������

�2PSRN� UKDGLQXUXV��� 0DQIDDW� GDSDW� PHQJHWDKXL� ODPD� SHQ\LQDUDQ� GDQ� ODPD� NHMXWDQ�

VXKX�GLQJLQ�VHUWD�SHUWXPEXKDQ�XQWXN�PHQJKDVLONDQ�EHQLK�JLQRJHQHVLV�LNDQ�VHODLV�� 

3HQHOLWLDQ� LQL� GLODNVDQDNDQ� SDGD� EXODQ� 0HL� -� -XQL� ����� \DQJ� EHUWHPSDW��������������

GL/DERUDWRULXP� 3HPEHQLKDQ� GDQ� 3HPXOLDDQ� ,NDQ� )DNXOWDV� 3HULNDQDQ� GDQ� ,OPX�

.HODXWDQ�8QLYHUVLWDV�5LDX��3HNDQEDUX��3DGD�SHQHOLWLDQ�LQL�GLJXQDNDQ�WHOXU�LNDQ�VHODLV�

GDQ� VSHUPD� LNDQ� SDWLQ�� 7HOXU� GDQ� VSHUPD� GLSHUROHK� GDUL� KDVLO� SHPLMDKDQ� VHQGLUL� GL���

/DERUDWRULXP�3HPEHQLKDQ�GDQ�3HPXOLDDQ�,NDQ�)DNXOWDV�3HULNDQDQ�GDQ�,OPX�.HODXWDQ�

8QLYHUVLWDV�5LDX��3HUDODWDQ�\DQJ�GLJXQDNDQ�DQWDUD� ODLQ�VWHURIRP��EDWX�HV�� �DNXDULXP��

GDQ�SHQJXNXU�NXDOLWDV�DLU� 

0HWRGH�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�DGDODK�PHWRGH�HNVSHULPHQ��GLPDQD�

SHUODNXDQQ\D� DGDODK� NRPELQDVL� ODPD� SHQ\LQDUDQ� VLQDU� XOWUDYLROHW� GDQ� ODPD� NHMXWDQ�

VXKX� GLQJLQ� ��&� VHWHODK� SHPEXDKDQ� �� PHQLW�� 8QWXN� OHELK� MHODVQ\D� NRPELQDVL�������������

SHUODNXDQ�GDSDW�GLOLKDW�SDGD�7DEHO��� 

7DEHO����3HUODNXDQ�\DQJ�'LJXQDNDQ�GDODP�3HQHOLWLDQ�*LQRJHQHVLV�,NDQ�6HODLV 

/DPD�3HQ\LQDUDQ /DPD�.HMXWDQ�6XKX 3HUODNXDQ 
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  � 3�)�.� 
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  � 3�)�.� 

  � 3�)�.� 

� � 3�)�.� 

  � 3�)�.� 
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  � 3�)�.� 

� � 3�)�.� 

  � 3�)�.� 

.HWHUDQJDQ���3� �/DPD�SHQ\LQDUDQ��)� �/DPD�3HPEXDKDQ��.� �/DPD�NHMXWDQ�VXKX��

3�)�.�� �.RQWURO�KLEULG��WDQSD�SHUODNXDQ� 

3DUDPHWHU� \DQJ� GLXNXU�� � 3DUDPHWHU� \DQJ� GLXNXU� VHODPD� SHQHOLWLDQ� DGDODK�����

VHEDJDL�EHULNXW��� 

$��3UHVHQWDVH�SHPEXDKDQ�WHOXU��)5���PHQXUXW�(IIHQGLH������� 

)5   
-XPDO�WHOXU�WHUEXDKL 

; ���� 
-XPODK�WRWDO�WHOXU 

%��'HUDMDW�SHQHWDVDQ��+5���PHQXUXW�(IIHQGLH�������  

+5   
-XPODK�WHOXU�PHQHWDV 

; ���� 
-XPODK�WRWDO�WHOXU 

&��.HODQJVXQJDQ�KLGXS��65-����(IIHQGLH�������� 

65   
1W 

; ���� 
1� 

.HWHUDQJDQ�� 

�����65��  �7LQJNDW�NHOXOXVKLGXSDQ���� 

�����1����  �-XPODK�ODUYD�SDGD�DZDO�SHQHOLWLDQ��HNRU� 

���1W���  �-XPODK�ODUYD�SDGD�DNKLU�SHQHOLWLDQ��HNRU� 

'��.HODQJVXQJDQ�KLGXS��65-��� 

65   
1W 

; ���� 
1� 

'LPDQD�  

�����65���  �7LQJNDW�NHOXOXVKLGXSDQ���� 

�����1�����  �-XPODK�ODUYD�SDGD�DZDO�SHQHOLWLDQ��HNRU� 

�����1W���  �-XPODK�ODUYD�SDGD�DNKLU�SHQHOLWLDQ��HNRU��� 

(��3HUWXPEXKDQ�ERERW�PXWODN�(IIHQGL�������� 

:P   :W�±�:R 

'LPDQD� 

 :P�  �3HUWXPEXKDQ�ERERW�PXWODN��J� 

 :W   �%RERW�ODUYD�SDGD�DNKLU�SHQHOLWLDQ��J�� 

 :R   �%RERW�ODUYD�SDGD�DZDO�SHQHOLWLDQ��J� 

.HEHUKDVLODQ� *LQRJHQHVLV�� .HEHUKDVLODQ� JLQRJHQHVLV� GLOLKDW� GDUL� SDUHPHWHU�

\DQJ�GLDPDWL��SUHVHQWDVH�SHPEXDKDQ�WHOXU��)5���GHUDMDW�SHQHWDVDQ��+5���NHODQJVXQJDQ�

KLGXS�ODUYD�LNDQ�VHODLV�VDDW�EHUXPXU���KDUL��65-���GDQ�NHODQJVXQJDQ�KLGXS�ODUYD�LNDQ�

VHODLV� VDDW� EHUXPXU� ��� KDUL� �65-����� 6HWHODK� ODUYD� EHUXPXU� ��� KDUL� GLHYDOXDVL�

NHEHUKDVLODQ\D�GHQJDQ�PHPSHUKDWLNDQ�VHFDUD�PRUSKRORJL�EHQLK�WHUVHEXW� 

%HUGDVDUNDQ�KDVLO�SHQHOLWLDQ�JLQRJHQHVLV�LNDQ�VHODLV�GLSHUROHK�DQJND�SHUVHQWDVH��

SHPEXDKDQ�� SHQHWDVDQ�� NHOXOXVKLGXSDQ� �� KDUL� �65��� GDQ� NHOXOXVKLGXSDQ� ��� KDUL������

�65-�����8QWXN�OHELK�MHODVQ\D�KDVLO�\DQJ�GLSHUROHK�GDSDW�GLOLKDW�SDGD�7DEHO��� 
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7DEHO� ���5DWD-UDWD� SHUVHQWDVH� DQJND� SHPEXDKDQ� �)5��� DQJND� SHQHWDVDQ� �+5��� DQJND�

NHOXOXVKLGXSDQ�/DUYD���+DUL��65-���GDQ�65-���JLQRJHQHVLV�LNDQ�VHODLV�VHODPD�

SHQHOLWLDQ� 

1R 3HUODNXDQ )5�����6' +5�����6' 
65-�����

�6' 

65-������

�6' 

� .RQWURO ����������� ���������� ���������� �������� 

� 3�)�.� ����������� ����������� ����������� �������� 

� 3�)�.� ����������� ���������� ���������� ���������� 

� 3�)�.� ���������� ����������� ���������� ����������� 
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3DGD� 7DEHO� �� WHUOLKDW� EDKZD� ODPD� SHQ\LQDUDQ� GDQ� ODPD� NHMXWDQ� EHUEHGD� SDGD�

VXKX� GLQJLQ� � �� 2&� GDQ� VHWHODK� SHPEXDKDQ� �� PHQLW� PHPLOLNL� SHQJDUXK� WHUKDGDS���

NHEHUKDVLODQ�JLQRJHQHVLV��KDO�LQL�WHUOLKDW�GDUL�SHUNHPEDQJDQ�WHOXU��NHODQJVXQJDQ�KLGXS�

HPEULR��GHUDMDW�SHQHWDVDQ�WHOXU�GDQ�NHOXOXVKLGXSDQ�ODUYD�GDQ�EHQLK�LNDQ�VDDW�EHUXPXU�

��� KDUL�� 0HQXUXW� %LGZHO� ������� PHQ\DWDNDQ� EDKZD� NHEHUKDVLODQ� JLQRJHQHVLV���������

GLSHQJDUXKL�ROHK�ZDNWX� DZDO�NHMXWDQ�� WLQJJL� UHQGDKQ\D� VXKX�GDQ� ODPD�NHMXWDQ� \DQJ�

GLEHULNDQ�� 3DGD� SHUODNXDQ� NRQWURO� GLSHUROHK� GHUDMDW� SHPEXDKDQ� ������ ��� KDO� LQL�����

PHQDQGDNDQ� EDKZD� OHEDU� NHSDOD� VSHUPD� SDWLQ� VHVXDL� GHQJDQ� XNXUDQ� GLDPHWHU� WHOXU�

VHODLV�GDQ�SDQMDQJ�HNRU�VSHUPD�SDWLQ�OHELK�SDQMDQJ�GLEDQGLQJNDQ�GHQJDQ�VSHUPD�LNDQ�

VHODLV� \DQJ� NHGXDQ\D�PHQHQWXNDQ� NHDNWLIDQ� VSHUPD� VHKLQQJD� WHUMDGL� SHUNHPEDQJDQ�

WHOXU�� 0HQXUXW� 5LVQDZDWL� ������� NHEHUKDVLODQ� VXDWX� SHPEXDKDQ� WHUJDQWXQJ� SDGD�����

NHPDPSXDQ� VSHUPD� PHOHZDWL� PLNURILO� WHOXU�� 1DPXQ� NHODQJVXQJDQ� KLGXS� LQGLYLGX�

FRQWURO�OHELK�UHQGDK�GLEDQGLQJNDQ�GHQJDQ�SHUODNXDQ�JLQRJHQHVLV��0HQXUXW�&KHYDVVXV�

GDODP� 6XSULDUWL� ������� PHQ\DWDNDQ� EDKZD� NHPDWLDQ� SDGD� ODUYD� K\EULG� GLVHEDENDQ�

ROHK� NDU-\RJDPL� \DQJ� WLGDN� FRFRN� DQWDUD� LQGXN� \DQJ� PHQJDNLEDWNDQ� VSHUPDWR]RD�

KDQ\D�EHUSHUDQ�PHQJDNWLINDQ�SDUWKHQRJHQHVLV�GDQ�KDO�LQL�PHUXSDNDQ�SHWXQMXN�EDKZD�

ODUYD-ODUYD�WHUVHEXW�KDSORLG�� 

3DGD� 7DEHO� �� WHUOLKDW� WLQJJLQ\D� SHUVHQWDVH� DQJND� SHPEXDKDQ� SDGD� SHUODNXDQ�

3�)�.���������� +DO� LQL� PHQXQMXNNDQ� EDKZD� WHOXU� LNDQ� VHODLV� \DQJ� GLJXQDNDQ�

EHUNXDOLWDV� EDLN�� VHKLQJJD� WHUMDGL� SHPEXDKDQ�� 0HQXUXW� 0DVKLWKRK� GDQ� $ODPV\DK���

GDODP�0XNWL�HW�DO����������PHQ\DWDNDQ�EDKZD�GD\D�IHUWLOLVDVL�VDQJDW�GLWHQWXNDQ�ROHK�

NXDOLWDV�WHOXU��VSHUPD��PHGLD�GDQ�SHQDQJDQDQ�PDQXVLD�� 

3DGD� VHOXUXK� SHUODNXDQ� JLQRJHQHVLV� VSHUPD� \DQJ� GLVLQDUL� PHQJJXQDNDQ� VLQDU�

89� PDPSX� PHPEXDKL� WHOXU� KLQJJD� EHUNHPEDQJ� PHQMDGL� HPEULR�� +DO� WHUVHEXW���

GLNDUHQDNDQ� EDGDQ� NXWXE� ,,� \DQJ� DNDQ� OHSDV� SDGD� VDDW� SHPEHODKDQ� VHO� �PHLRVLV� ,,��

GLWDKDQ�ROHK�NHMXWDQ�VXKX�GLQJLQ���&�VHKLQJJD� LQGLYLGX�PHQMDGL�GLSORLG�JLQRJHQHWLN�

GDQ� PDPSX� EHUNHPEDQJ� PHQMDGL� HPEULR�� 0HQXUXW� 0XVD� ������� WLQJJLQ\D� MXPODK��

HPEULR� GLSORLG� JLQRJHQHWLN� GLGXJD� NDUHQD� GL� GDODP� WHOXU� WHUVHEXW� WHODK� WHUFDSDL������

NRQGLVL�\DQJ�SHND��SHOHSDVDQ�EDGDQ�NXWXE�,,�GDSDW�GLFHJDK�GDQ�PHQJKDVLONDQ�HPEULR�

GLSORLG��GLSORLG�JLQRJHQHWLN�� 

3HUVHQWDVH� DQJND� SHQHWDVDQ� SDGD� 7DEHO� �� DGDODK� ������-�������� $QJND� LQL-�
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OHELK� WLQJJL� GLEDQGLQJNDQ� SDGD� SHQHOLWLDQ� <XVUL]DO� ������� EDKZD� UDWD-UDWD� QLODL� +5�

JLQRJHQHVLV� LNDQ� VXPDWUD� GHQJDQ� XPXU� ]LJRW� \DQJ� EHUEHGD� SDGD� VDDW� NHMXWDQ� SDQDV��

\DLWX� �����-��������6HGDQJNDQ�SHQHOLWLDQ�6XSLDUWL� ������� EDKZD� UDWD-UDWD� QLODL�+5�

JLQRJHQHVLV� LNDQ� VXPDWUD� GHQJDQ� NHMXWDQ� SDQDV� SDGD� VXKX� EHUEHGD� \DLWX� ������ -
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$QJND�NHOXOXVKLGXSDQ�SHUODNXDQ�NRQWURO�KLEULG�PHQXQMXNDQ�DQJND�\DQJ�SDOLQJ�

UHQGDK� ���������� +DO� LQL� GLVHEDENDQ� SDGD� NRQWURO� KLEULG� ODUYD� LNDQ� EDQ\DN� \DQJ������

DEQRUPDO�� 7HUOLKDW� VHEDJLDQ� ODUYD� SDGD� XPXU� �� KDUL� EHOXP� ELVD� � EHUHQDQJ�� KDQ\D�

HNRUQ\D�\DQJ�EHUJHUDN-JHUDN��6HEDJLDQ�ODUYD�ODLQ\D�EHUHQDQJ�GHQJDQ�WLGDN�EHUDWXUDQ�

�PHPXWDU-PXWDU��� 6HWHODK� GLDPDWL� GL� EDZDK� PLNURVNRS� ODUYD� LNDQ� SDGD� SHUODNXDQ�

NRQWURO� LQL�PHPLOLNL� WXEXK� � WUDQVSDUDQ��0HQXUXW�6WUHLVLQJHU�HW�DO� �������PHQ\DWDNDQ�

EDKZD�NDUDNWHU� WXEXK�\DQJ�DEQRUPDO�GLVHEDENDQ�NDUHQD�PXQFXOQ\D�DOHO� UHVHVLI� \DQJ�

GLZDULVL�ROHK�SHQGDKXOXQ\D� 

3HUWXPEXKDQ� %RERW�� 3HUWXPEXKDQ� DGDODK� PHUXSDNDQ� LQGLNDWRU� \DQJ� EDLN�

XQWXN� PHOLKDW� NRQGLVL� NHVHKDWDQ� LQGLYLGX�� SRSXODVL� GDQ� OLQJNXQJDQ�� 3HQJXNXUDQ�

SHUWXPEXKDQ� ERERW� GDQ� SDQMDQJ� PXWODN� GLODNXNDQ� GHQJDQ� PHODNXNDQ� SHQLPEDQJDQ�

ERERW� GDQ� PHQJXNXU� SDQMDQJ� ODUYD� SDGD� KDUL� SHUWDPD� GDQ� KDUL� NH-���� 8QWXN� OHELK�

MHODVQ\D� KDVLO� SHQJXNXUDQ� SHUWXPEXKDQ�EHUDW� GDQ� SDQMDQJ�PXWODN�GDSDW� GLOLKDW� SDGD�

7DEHO��� 

7DEHO� ��� 5DWD-UDWD� 3HUWXPEXKDQ� %RERW� GDQ� 3DQMDQJ�0XWODN� JLQRJHQHVLV� LNDQ� VHODLV�

VHODPD�SHQHOLWLDQ� 

1R 3HUODNXDQ 
%RERW�0XWODN 
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'DUL� 7DEHO� �� WHUOLKDW� EDKZD� SHUWDPEDKDQ� UDWD-UDWD� ERERW� GDQ� SDQMDQJ� PXWODN��

SDGD� SHUODNXDQ� .-�1+� WLGDN� MDXK� EHUEHGD� GDUL� SHUWDPEDKDQ� UDWD-UDWD� ERERW� GDQ�����

SDQMDQJ�PXWODN�*-�1�EHQLK�LNDQ�VHODLV�� 

.HEHUKDVLODQ� *LQRJHQHVLV�� 6HWHODK� EHQLK� EHUXPXU� ��� KDUL� GLODNXNDQ���������

SHQJDPDWDQ�WHUKDGDS�EHQLK���VHFDUD�PRUKRPHWULN��WHUGDSDW���FLUL-FLUL�\DQJ�EHUEHGD������

%HQLK� GLSORLG� JLQRJHQHWLN� PHQ\HUXSDL� LQGXN� EHWLQD� �LNDQ� VHODLV��� ���� %HQLK� .-�1+�

\DQJ��PHQ\HUXSDL� MDQWDQ��LNDQ�SDWLQ��������%HQLK�.-�1+�\DQJ�PHQ\HUXSDL�VHODLV�GDQ�

SDWLQ�� ����EHQLK� DEQRUPDO� �� � WXODQJ�EHODNDQJ�GDQ�HNRU�EHQJNRN��.HDEQRUPDODQ�SDGD�

ODUYD� JLQRJHQHWLN� LNDQ� VHODLV� GLGXJD� GLVHEDENDQ� ROHK� JDJDOQ\D� SRODU� ERG\� ,,� XQWXN�

PHOHEXU� SDGD� LQWL� VHO� WHOXU� VDDW�PHLRVLV� ,,� EHUODQJVXQJ�� VHKLQJJD� WHUEHQWXN� LQGLYLGX�

KDSORLG�� ODUYD�KDSORLG� LQL� DNDQ�PDWL� VHWHODK�EHUXPXU��-��KDUL� �&DUPDQ���������/DUYD�

\DQJ� DEQRUPDO� LQL� GLWDQGDL� GHQJDQ� WXODQJ� SXQJJXQJ� \DQJ� WLGDN� EHUNHPEDQJ�� HNRU��

SHQGHN��7DQLJXFKL�HW�DO����������SLJPHQ�ELQWLN�PDWD�WLGDN�WHUMDGL��WLGDN�ELVD�EHUHQDQJ��

WLQJJDO�GLGDVDU�DNXDULXP�� 
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6HODQMXWQ\D� VHWHODK� ODUYD� EHUXPXU� ��� KDUL� �65-���� GLDPDWL� QLODL� UDWD-UDWD�����������

NHEHUKDVLODQ� JLQRJHQHVLV� LNDQ� VHODLV� GHQJDQ�PHQJDPDWL� NHPLULSDQ� GHQJDQ� LQGXNQ\D�

��7DEHO����� 

7DEHO� ��� 5DWD-UDWD� +DVLO� 3HQJDPDWDQ� .HEHUKDVLODQ� *LQRJHQHVLV� ,NDQ� 6HODLV� 6HODPD�

3HQHOLWLDQ 
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.XDOLWDV�$LU��6HODPD�SHQHOLWLDQ�GLSHUROHK�NXDOLWDV�DLU�GDODP�UHQWDQJ�NHKLGXSDQ�

LNDQ� JLQRJHQHVLV� GDQ� LNDQ� KLEULG�� GLPDQD� VXKX� EHUNLVDU� DQWDUD� ���-� ���&�� 1LODL����

NHDVDPDQ�DLU��S+��EHUNLVDU�DQWDUD���-���GDQ�QLODL�RNVLJHQ�WHUODUXW��'2��EHUNLVDU�DQWDUD�

��-�����PJ�O� 

+DVLO� SHQHOLWLDQ� PHQXQMXNDQ� EDKZD� SHUODNXDQ� WHUEDLN� SDGD� JLQRJHQHVLV� LNDQ��

VHODLV�DGDODK�NRPELQDVL�ODPD�SHQ\LQDUDQ�VLQDU�XOWUDYLROHW���PHQLW�VHWHODK�SHPEXDKDQ���

PHQLW�GHQJDQ�ODPD�NHMXWDQ���PHQLW�SDGD�VXKX�GLQJLQ���&��3�)�.���GHQJDQ�SHUVHQWDVH�

NHEHUKDVLODQ�JLQRJHQHVLV�VHEHVDU�������3HUWDPEDKDQ�SHUWXPEXKDQ�ERERW�GDQ�SDQMDQJ�

PXWODN�KDPSHU�VDPD�DQWDUD�.-�1�GHQJDQ�*-�1�0HLRWLF��3HUOX�SHQHOLWLDQ�OHELK�ODQMXW�

WHQWDQJ�SHPEHVDUDQ�EHQLK�VHODLV�VDPSDL�PDWDQJ�JRQDG�VHUWD�SHQDPSLODQ�PHULVWLN�GDQ�

PRUSKRPHWULN� 

7HULPD� NDVLK� NDPL� NHSDGD� PDQDMHPHQ� /DERUDWRULXP� 3HPEHQLKDQ� GDQ��������������

3HPXOLDDQ� ,NDQ� )DNXOWDV� 3HULNDQDQ� GDQ� ,OPX�.HODXWDQ�8QLYHUVLWDV� 5LDX�� \DQJ� WHODK�

PHPIDVLOLWDVL� SHODNVDQDDQ� SHQHOLWLDQ� LQL�� VHKLQJJD� GDSDW� WHUODNDVDQ� GHQJDQ� EDLN��

7HULPD� NDVLK� MXJD� GLVDPSDLNDQ� NHSDGD� PDKDVLVZD� \DQJ� VXGDK� PHPEDQWX� GDODP�

SHODNVDQDDQ�SHQHOLWLDQ�LQL� 

%LGZHOO��&�$���&�/��&KULVPDQ�DQG�.�6�/LEH\��������3RO\SORLGL�LQGXFHG�E\�KHDW�VKRFN�

LQ�FKDQQHO�FDWILVK��$TXDFXOWXU����������±���� 

&DUPDQ�� 2�� ������ 3ORLG\� PDQLSXODWLRQ� LQ� VRPH� ZDUP-ZDWHU� ILVK�� 7KHVLV��0DVWHU� LQ�

)LVKHULHV�6FLHQFH��7RN\R�8QLYHUVLW\�RI�)LVKHULHV� 
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&KHUIDV��1�%���*��+�8WDOD� DQG�2��.R]LQVN\�� ������ ,QGXFHG� GLSORLG� J\QRJHQHVLV� DQG�

SRO\SORLG\� LQ� RUQDPHQWDO� �NRL�� FDUS�� &\SULQXV� FDUSLR� /���� WXPXQJ� RI� KHDW�

VKRFN�GXULQJ�WKH�ILVW�FOHDYDJH��$TXDFXOWXUH�����������±����� 

(IIHQGL��0�,���������0HWRGD�%LRORJL�3HULNDQDQ��<D\DVDQ�'HZL�6UL��%RJRU������ 

 +DODPDQ� 

<XVUL]DO��������*LQRJHQHVLV� LNDQ�VXPDWHUD��3XQWLXV� WHWUD]RQD��%��GHQJDQ�XPXU�]LJRW�

\DQJ�EHUEHGD�SDGD�VDDW�NHMXWDQ�SDQDV� 

0XVD��$��������3HQJDUXK�ZDNWX�DZDO�NHMXWDQ�SDQDV�WHUKDGDS�NHEHUKDVLODQ�JLQRJHQHVLV�

0HLRWLN�LNDQ�PDV��&\SULQXV�FDUSLR�/��.DU\D�LOPLDK��)DNXOWDV�3HULNDQDQ��,3%��

%RJRU� 

6XPDQWDGLQDWD��.���1��7DQLJXFKL�DQG�.�6XJDPD��������&RQGLWLRQ�QHFHVVDU\�DQG�XVH�RI�

89� LUUDGLDWHG� VSHUP� IURP� VRPR� GLIIHUHQW� VSHFLHV� WR� LQGXFH� J\QRJHQHVLV� RI�

,QGRQHVLDQ�FRPPRQ�FDUS��3URS���DG�$VLDQ�)LVKHULHV�)RUXP������±����� 

6XPDQWDGLQDWD��.�� ������ 3URVSHN� ELRWHNQRORJL� GDODP� SHQJHPEDQJDQ� DNXDNXOWXU� GDQ�

SHOHVWDULDQ�VXPEHUGD\D�SHULNDQDQ��0DNDODK��)DNXOWDV�3HULNDQDQ�,3%��%RJRU� 

6XSULDWL��$��������*LQRJHQHVLV� LNDQ�6XPDWHUD��3XQWLXV�WHWUD]RQD��%�� �GHQJDQ�NHMXWDQ�

SDQDV� SDGD� VXKX� EHUEHGD�� 6NULSVL� 'HSDUWHPHQ� %XGLGD\D� 3HUDLUDQ�� )DNXOWDV�

3HULNDQDQ�GDQ�,OPX�.HODXWDQ�,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU�����KDODPDQ� 

7DQLJXFKL�� 1�� +�� +DWDQDND� DQG� 6�6HNL�� ������ ([SDQVLRQ� RI� JHQHWLF� YDULDWLRQ� LQ������

TXDQWLWDWLYH� FKDUDFWHU� RI� PHLRWLF� DQG� PLWRWLF� J\QRJHQHVLV� GLSORLG� D\X������

3OHFRJORVVXV�DOWLYHOLV��$TXDFXOWXUH�����������±����� 


