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,NDQ�NRPHW��&DUDVVLXV�DXUDWXV�DXUDWXV��PH�

UXSDNDQ�NRPRGLWDV�LNDQ�KLDV�GDUL� MHQLV LNDQ�PDV

NRNL� �JROGILVK� \DQJ PHPLOLNL� SHUPLQWDDQ� \DQJ�

FXNXS� WLQJJL� GDQ KDUJD UHODWLI� VWDELO� GL� SDVDUDQ��

7LQJJLQ\D� SHUPLQWDDQ� WHUKDGDS� SURGXNVL� LNDQ�

NRPHW� KDUXV� GLGXNXQJ� ROHK� NHWHUVHGLDDQ� LQGXN�

XQWXN� PHQGDSDWNDQ EHQLK� GHQJDQ� MXPODK GDQ�

NXDOLWDV�\DQJ�EDLN� 7HUXWDPD�SDGD PXVLP NH�

PDUDX�� SURGXNWLILWDV� LQGXN� \DQJ� PDWDQJ� JRQDG�

WHUJDQJJX� ROHK� LQWHUYDO� VXKX� \DQJ� WLQJJL� \DLWX�

SHUEHGDDQ� VXKX�DQWDUD� VLDQJ� GDQ�PDODP��0HQX�

UXW�0DQDQRV�HW�DO� �������VXKX PHUXSDNDQ�IDNWRU�

SHQWLQJ�\DQJ�PHPHQJDUXKL�ZDNWX�SHPLMDKDQ�SD�

GD� EDQ\DN� VSHVLHV� NKXVXVQ\D� VSHVLHV� GL� GDHUDK�

WURSLN� GDQ� VXEWURSLN� 3URGXNVL� WHOXU� EHUYDULDVL�

VHODPD� PXVLP� SHPLMDKDQ� VHEDJDL� GDPSDN� GDUL�

SHUXEDKDQ�VXKX �.XULWD�HW�DO� �������NHWHUVHGLDDQ�

SDNDQ��6RPDUDNLV�HW DO� �������NRPSRVLVL XNXUDQ�

LNDQ GDQ�NRQGLVL�QXWULVL�LQGXN��6FRWW�HW�DO� ������
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VHSDQMDQJ�WDKXQ��&KHPLQHDX�HW�DO���������%HUGD�

VDUNDQ� IDNWD� EDKZD� LNDQ� \DQJ� GLEXGLGD\DNDQ�

PHQJDODPL�NHJDJDODQ�SHPDWDQJDQ�JDPHW�GDQ�EH�

WLQD� GLNDUHQDNDQ� SHOHSDVDQ� /XWHLQL]LQJ�+RUPRQ�

�/+��\DQJ�EHUNXUDQJ�GDUL�NHOHQMDU�SLWXLWDUL��PDND�
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JXQDNDQ� XQWXN�PHPSHUFHSDW� NHPDWDQJDQ�JRQDG�

LNDQ��2WDN�PHUXSDNDQ�RUJDQ�\DQJ�VDQJDW�SHQWLQJ�

GDODP�VLVWHP�UHSURGXNVL��NDUHQD�SDGD� VHWLDS�ED�

JLDQ� RWDN� WHUGDSDW�*Q5+� \DQJ� WHUVXVXQ� DWDV� ���

DVDP� DPLQR� DWDX� GHNDSHSWLGD� EHUIXQJVL� XQWXN�

PHUDQJVDQJ� SHOHSDVDQ� JRQDGRWURSLQ� �*W+�� GDUL�

NHOHQMDU� KLSRILVLV� �6XEKDQ� ������� *W+� EHUSHUDQ�

GDODP�GDODP�SURVHV�SHUNHPEDQJDQ�JRQDG�WHUPD�

VXN� SHUWXPEXKDQ� RRVLW� GDQ� SHPDWDQJDQ� JRQDG��

RYXODVL�� GDQ� SHPLMDKDQ� �%URPDJH� 	� 5REHUW�

��������'LDPHWHU�WHOXU�NRPHW�VLDS�SLMDK�\DLWX�VH�

EHVDU�������������PP�� ,QGLNDWRU� LNDQ� VLDS�SLMDK�

GLGDVDUNDQ�SDGD�NRQGLVL�SRVLVL� WHOXU� IDVH�*9%'�

�*HUPLQDO� 9HVLFOH� %UHDNGRZQ�� �$UIDK� HW� DO��

������� 3HPEHULDQ� RWDN� VDSL� \DQJ� GLEXDW� WHSXQJ�

GDQ� GLFDPSXU� SDGD� SDNDQ� GDSDW� GLMDGLNDQ� DOWHU�

QDWLI� GDODP� PHUDQJVDQJ� SHUNHPEDQJDQ� JRQDG�

LNDQ�NRPHW��7XMXDQ�SHQHOLWLDQ�LQL�XQWXN�PHQHQWX�

NDQ�GRVLV�WHSXQJ�RWDN�VDSL�SDGD�SDNDQ�\DQJ�EHU�

SHQJDUXK�WHUKDGDS�SHUIRUPD�WHOXU�GDQ�IHNXQGLWDV�
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GXQJ�(PSDW�)DNXOWDV�3HULNDQDQ� GDQ� ,OPX�.HOD�

XWDQ�8QLYHUVLWDV�3DGMDGMDUDQ�SDGD�EXODQ�1RYHP�

EHU������VDPSDL�GHQJDQ�-DQXDUL�������%DKDQ�SH�

QHOLWLDQ�\DQJ�GLJXQDNDQ�PHOLSXWL��LQGXN�LNDQ�NR�

PHW�EHWLQD�GHQJDQ�ERERW� ��������������J��WHSXQJ�

RWDN�VDSL�KDVLO�SHQJHULQJDQ�GLQJLQ�SDGD�VXKX�GL�

QJLQ� ���R&�� SDNDQ� LNDQ� EHUEHQWXN� SHOOHW� GHQJDQ�

NDGDU�SURWHLQ������%LQGHU�&DUER[\PHWK\O�FHOOX�

ORVH��&0&���GDQ�ODUXWDQ�VHUD��

$ODW� \DQJ� GLJXQDNDQ� PHOLSXWL�� DNXDULXP�

XNXUDQ� ���� [� ��� [� ���� FP��� '2� PHWHU� PHUN�

/XWURQ� GHQJDQ�NHWHOLWLDQ������PJ�/���� S+�PHWHU�

PHUN� /XWURQ�� WHUPRPHWHU� GLJLWDO�� EOHQGHU�� DODW�

SHQFHWDN� SHOHW�� DODW� EHGDK�� WLPEDQJDQ� DQDOLWLN��

PLNURVNRS��PLNURPHWHU��GDQ�JHODV�RE\HN��
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0HWRGH� SHQHOLWLDQ� PHQJJXQDNDQ� PHWRGH�

HNVSHULPHQWDO�GHQJDQ�5DQFDQJDQ�$FDN�/HQJNDS�

GHQJDQ�HPSDW�SHUODNXDQ�GDQ�WLJD�XODQJDQ��3HUOD�

NXDQ�GDODP�SHQHOLWLDQ�LQL�DGDODK�SHPEHULDQ�GRVLV�

WHSXQJ�RWDN�VDSL�\DQJ�GLFDPSXU�SDGD�SDNDQ�NR�

PHUVLDO� �NDQGXQJDQ� SURWHLQ� ������ 9DULDQ� GRVLV�

WHSXQJ�RWDN�VDSL�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWL�

DQ�LQL�GLGDVDUNDQ�SDGD�KDVLO�SHPEHULDQ�RWDN�LNDQ�

SDWLQ� VHEHVDU� ���� PJ� SHU� NJ� LQGXN� �6XEKDQ�

������GDQ� NRQVHQWUDVL� KLSRILVLV� VDSL� ����PO� NJ���

LQGXN�\DQJ�PDPSX�PHUDQJVDQJ�SHPDWDQJDQ��JR�

QDG�LNDQ�OHOH�GXPER��&ODULDV�JDULHSLQXV�%XUFKHOO�

����� �6HWLDQWR� ������� 3HQHQWXDQ� SHPEHULDQ� WH�

SXQJ� RWDN� VDSL� WHUWLQJJL� ���� PJ� SHU� NJ� LQGXN��

SDGD� SHQHOLWLDQ� LQL� GLGDVDUNDQ� SDGD� NRQVHQWUDVL�

RWDN� LNDQ� SDWLQ� ���� PJ� \DQJ� EHUIXQJVL� GDODP�

PHUDQJVDQJ� SHPLMDKDQ� LNDQ� OHOH� GXPER�� 2WDN�
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VDSL�VHEHUDW�����PJ�VHWHODK�GLEXDW�WHSXQJ�GHQJDQ�

FDUD�NHULQJ�GLQJLQ�PHQMDGL����PJ��5LQFLDQ�OHQJ��

NDS�SHUODNXDQ�VHEDJDL�EHULNXW���

� 3HUODNXDQ�$ � SHPEHULDQ� SDNDQ� WDQSD� FDP�

SXUDQ�WHSXQJ�VDSL��NRQWURO��
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2WDN� VDSL� VHJDU� GLWHSXQJNDQ� GHQJDQ�PHQJ�

JXQDNDQ�PHWRGH� EHNX� NHULQJ� �IUHH]H� GU\���+DVLO�

EHNX� NHULQJ� GLEOHQGHU� KDOXV� ODOX� GLWLPEDQJ� NH�

PXGLDQ�GLVLPSDQ�GDODP�OHPDUL�SHQGLQJLQ��3HQJ�

DPELODQ� GRVLV� WHSXQJ�RWDN� VDSL� GLGDVDUNDQ� SDGD�

SHUKLWXQJDQ� SHUEDQGLQJDQ� GHQJDQ� SHQJJXQDDQ�

HNVWUDN�RWDN�VDSL��3DNDQ�XML�WHUGLUL�DWDV�FDPSXUDQ�

SDNDQ� NRPHUVLDO� GDQ� WHSXQJ� RWDN� VDSL� GHQJDQ�

NRPSRVLVL� VHVXDL� GHQJDQ� SHUODNXDQ�� 6HEDJDL�

SHUHNDW� GLWDPEDKNDQ� &0&� VHEDQ\DN� ���� GDQ�

GLFHWDN�NHPEDOL�PHQMDGL�SHOHW���

,QGXN� NRPHW� \DQJ� GLJXQDNDQ� VHEDQ\DN� ���

HNRU� VHWLDS� DNXDULXP�� 3HPEHULDQ� SDNDQ� XQWXN�

SHPHOLKDUDDQ� LQGXN� LNDQ� NRPHW� GLODNXNDQ� GXD�

NDOL�VHKDUL�\DLWX�SDGD�SXNXO��������GDQ�VRUH�KDUL�

SDGD�������VHODPD�GXD�EXODQ��-XPODK�SDNDQ�\DQJ�

GLEHULNDQ� \DLWX� ��� GDUL� ERERW� ELRPDVVD� LNDQ��

3HPEHUVLKDQ�ZDGDK�SHPHOLKDUDDQ�GLODNXNDQ�GXD�

KDUL�VHNDOL�GHQJDQ�FDUD�SHQ\LSRQDQ��3HPHULNVDDQ�

NHPDWDQJDQ�JRQDG�LNDQ�NRPHW�GLODNXNDQ�SDGD�WL�

JD�ZDNWX�\DQJ�EHUEHGD��\DLWX�����VHWHODK�SHPHOL�

KDUDDQ�VHODPD�VDWX�EXODQ������VHWHODK�SHPHOLKDUD�

DQ�VHODPD���ò�EXODQ��GDQ�����VHWHODK�SHPHOLKDUD�

DQ� VHODPD� GXD� EXODQ�� %RERW� LQGXN� LNDQ� NRPHW�

WHUOHELK� GDKXOX� GLWLPEDQJ� VHEDQ\DN� OLPD� HNRU�

XQWXN� VHWLDS� DNXDULXP�� NHPXGLDQ� WXEXK� LQGXN�

GLEHGDK�XQWXN�GLDPELO�JRQDGQ\D�GDQ�GLWLPEDQJ���
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3HQJXNXUDQ�NXDOLWDV�DLU�

3HQJDPDWDQ� NXDOLWDV� DLU� GLODNXNDQ� XQWXN�

PHQJHWDKXL� IDNWRU� ILVLN� GDQ� NLPLDZL� DLU� \DQJ�

EHUSHQJDUXK� WHUKDGDS� SHPHOLKDUDDQ� LNDQ� NRPHW�

VHODPD�SHQHOLWLDQ��$GDSXQ� IDNWRU� ILVLN�\DQJ�GLD�

PDWL� \DLWX� VXKX� �R&��� VHGDQJNDQ� IDNWRU� NLPLDZL�

\DQJ� GLDPDWL� PHOLSXWL� S+� GDQ� RNVLJHQ� WHUODUXW���

3HQJXNXUDQ�VXKX�GHQJDQ�PHWRGH�SHPXDLDQ�PDVD�

DLU�UDNVD�\DQJ�WHUGDSDW�GDODP�WHUPRPHWHU��0HWR�

GH� SHQJXNXUDQ� S+� GDQ� RNVLJHQ� WHUODUXW� VHFDUD�

SRWHQVLRPHWUL� GHQJDQ� PHQJJXQDNDQ� S+� PHWHU�

GDQ�'2�PHWHU�PHUN�/XWURQ��3HQJDPDWDQ�SDUDPH�

WHU� DLU� GLODNXNDQ� VHEDQ\DN� WLJD� NDOL� \DLWX� SDGD�

DZDO��WHQJDK��GDQ�DNKLU�SHQHOLWLDQ��
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3DUDPHWHU�SHQJDPDWDQ�

7HOXU�\DQJ�WHUDPDWL�GLXNXU�GHQJDQ�PHQJJX�

QDNDQ� PLNURSLSHW� GDQ� GLNODVLILNDVLNDQ� VHEDUDQ�

XNXUDQQ\D�PHQMDGL�HPSDW�NHODV��VHEDJDL�EHULNXW���

� .HODV��� �� ���������PP�

� .HODV��� �� �������PP�

� .HODV��� �� ���������PP�

� .HODV��� �� �������PP�

3HQJXNXUDQ�GLDPHWHU�WHOXU�GLODNXNDQ�GHQJDQ�

FDUD� PHQJDPDWL� WHOXU� GLEDZDK� PLNURVNRS� ELQR�

NXOHU�GHQJDQ�EDQWXDQ�PLNURPHWHU�RNXOHU�GHQJDQ�

NHWHOLWLDQ����PP�\DQJ� WHODK� GLWHUD��.HVHOXUXKDQ�

GLDPHWHU� WHOXU� \DQJ� WHUDPDWL� GLFDUL� QLODL� WHQJDK�

Q\D�GHQJDQ�PHQJJXQDNDQ� UXPXV�PHQXUXW�+HP�

PLQJ�	�%XGGLQJWRQ��������VHEDJDL�EHULNXW���

�

;�UDWD�UDWD� � L�Q�

�
.HWHUDQJDQ��[L �GLDPHWHU� WHOXU�\DQJ�GLDPDWL��Q �MXP�

ODK�WHOXU�\DQJ�GLDPDWL�

�

3HQJKLWXQJDQ� IHNXQGLWDV� GLGDVDUNDQ� SDGD�

IHNXQGLWDV�UHODWLI�\DLWX�MXPODK�WHOXU�LNDQ�SHU�ER�
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ERW� LNDQ�PHQJLNXWL� �.LQJGRP�	�$OOLVRQ���������

8QWXN�PHQGDSDWNDQ�QLODL�IHNXQGLWDV�UHODWLI��PDND�

GLJXQDNDQ�UXPXV�GL�EDZDK�LQL��
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.HWHUDQJDQ�� )5 � IHNXQGLWDV� UHODWLI�� Q � MXPODK� WHOXU�

VDPSHO� �EXWLU���:W �EHUDW�JRQDG�WRWDO�\DQJ�GLWLPEDQJ�

�J���:V �EHUDW�WHOXU�VDPSHO�\DQJ�GLWLPEDQJ��J���%: ��

ERERW�WXEXK�LNDQ�WDQSD�JRQDG��J��
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$QDOLVLV�GDWD�

'DWD�GLDPHWHU�WHOXU�GDQ�IHNXQGLWDV�GLDQDOLVLV�

PHQJJXQDNDQ� DQDOLVLV� NHUDJDPDQ� GHQJDQ� XML� )�

XQWXN� PHQJHWDKXL� SHQJDUXK� VHWLDS� SHUODNXDQ��

$SDELOD�WHUGDSDW�SHUEHGDDQ�DQWDUSHUODNXDQ�PDND�

GLODQMXWNDQ� GHQJDQ� XML� MDUDN� EHUJDQGD� 'XQFDQ�

SDGD� WDUDI� ��� �*DVSHU]� ������� 6HPHQWDUD� GDWD�

VHEDUDQ�XNXUDQ�WHOXU�GLDQDOLVLV�VHFDUD�GHVNULSWLI��

�

+DVLO��

6HEDUDQ�XNXUDQ�WHOXU�

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� GDSDW� WHUOLKDW�

SHUEHGDDQ� SHUVHQWDVH� XNXUDQ� WHOXU� GDUL� KDUL� SH�

PHOLKDUDDQ�NH����VDPSDL�KDUL�SHPHOLKDUDDQ�NH����

�7DEHO� ���� 3DGD� ZDNWX� SHPHOLKDUDDQ� KDUL� NH� ���

WHUOLKDW� EDKZD� SHUODNXDQ� $�� %�� GDQ� &� GRPLQDQ�

WHOXUQ\D�PDVLK�EHUDGD�SDGD�XNXUDQ����������PP�

GDQ� ������� PP�� EHUEHGD� GHQJDQ� SHUODNXDQ� '�

\DQJ� GRPLQDQ� VHEDUDQ� WHOXUQ\D� EHUDGD� SDGD�

XNXUDQ����������PP�����������3DGD�SHPHOLKDUD�

DQ�KDUL�NH����SHUVHQWDVH�WHOXU�SDGD�SHUODNXDQ�$��

%�� GDQ� &� PDVLK� GRPLQDQ� SDGD� XNXUDQ� ���������

PP� GDQ� ������� PP� �������� GDQ� SHUODNXDQ� '�

PDVLK�PHQXQMXNNDQ�KDVLO�WHUEDLN�GHQJDQ�SHUVHQ�

WDVH� WHOXU� GRPLQDQ� SDGD� XNXUDQ� ��������� PP�

�������%HUEHGD� GHQJDQ�ZDNWX� SHPHOLKDUDDQ� VH�

EHOXPQ\D�SDGD�ZDNWX�SHPHOLKDUDDQ����KDUL�SHU�

VHQWDVH� XNXUDQ� WHOXU� SHUODNXDQ�$�� &�� GDQ�'� GR�

PLQDQ�SDGD�XNXUDQ����������PP����������������

GDQ� SHUODNXDQ� %� WHUVHEDU� PHUDWD� SDGD� XNXUDQ�

���������PP��

�

'LDPHWHU�WHOXU�

+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� QLODL�

UDWD�UDWD� GLDPHWHU� WHOXU� SDGD� SHPHOLKDUDDQ� KDUL�

NH����\DLWX�EHUNLVDU�DQWDUD�����������PP��7DEHO�

���� 1LODL� GLDPHWHU� UDWD�UDWD� WHOXU� WHUWLQJJL� SDGD�

SHPHOLKDUDDQ�KDUL�NH����WHUGDSDW�SDGD�SHUODNXDQ�

'� \DLWX� VHEHVDU� ����� PP�� VHGDQJNDQ� UDWD�UDWD�

GLDPHWHU� WHOXU� WHUHQGDK� SDGD� SHPHOLKDUDDQ� KDUL�

NH����WHUGDSDW�SDGD�SHUODNXDQ�&�\DLWX������PP��

1LODL� UDWD�UDWD� GLDPHWHU� WHOXU� SDGD� SHPHOLKDUDDQ�

KDUL� NH� ��� \DLWX� EHUNLVDU� DQWDUD� ���������� PP��

1LODL�GLDPHWHU� UDWD�UDWD� WHUWLQJJL�SDGD�SHPHOLKD�

UDDQ�KDUL� NH���� WHUGDSDW�SDGD�SHUODNXDQ�'�\DLWX�

����� PP�� VHGDQJNDQ� UDWD�UDWD� GLDPHWHU� WHOXU�

WHUHQGDK� WHUGDSDW� SDGD� SHUODNXDQ� %� \DLWX� �����

PP��1LODL� UDWD�UDWD� GLDPHWHU� WHOXU� SDGD� SHPHOL�

KDUDDQ�KDUL�NH����\DLWX�EHUNLVDU�DQWDUD�����������

PP�� 1LODL� GLDPHWHU� UDWD�UDWD� WHUWLQJJL� SDGD� SH�

PHOLKDUDDQ�KDUL�NH����WHUGDSDW�SDGD�SHUODNXDQ�&�

\DLWX� �����PP�� VHGDQJNDQ�QLODL� UDWD�UDWD�GLDPH�

WHU�WHOXU�WHUHQGDK�WHUGDSDW�SDGD�SHUODNXDQ�%�\DLWX�

�����PP���

�

7DEHO����3HUVHQWDVH�VHEDUDQ�WHOXU�LQGXN�LNDQ�NRPHW�EHUGDVDUNDQ�XNXUDQ�GLDPHWHU�

�

'LDPHWHU�

�PP��
3HUODNXDQ�$� 3HUODNXDQ�%� 3HUODNXDQ�&� 3HUODNXDQ�'�

+DUL�NH� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��������� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������

�������� ������ ������ ������ ������ ������ ������ ������ ����� ������ ������ ������ �����

��������� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������

�������� ����� ����� ����� ����� ����� ����� ����� ����� ������ ����� ����� �����

7RWDO�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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�

7DEHO����5DWD�UDWD�GLDPHWHU�WHOXU�LQGXN�LNDQ�NRPHW�

3HUODNXDQ�
'LDPHWHU�WHOXU��PP��

+DUL�NH���� +DUL�NH���� +DUL�NH����

$��NRQWURO�� ����������D� ����������D� ����������D�

%�����PJ�NJ���LQGXN�� ����������D� ����������D� ����������D�

&�����PJ�NJ���LQGXN�� ����������D� ����������E� ����������D�

'�����PJ�NJ���LQGXN�� ����������D� ����������F� ����������D�

.HWHUDQJDQ��$QJND�DQJND�\DQJ�GLLNXWL�ROHK�KXUXI�NHFLO�\DQJ�VDPD�EHUDUWL�WLGDN�EHUEHGD�Q\DWD�SDGD�WDUDI�

NHSHUFD\DDQ�����

�

�

+DVLO� DQDOLVLV� VLGLN� UDJDP�SDGD� SHPHOLKDUD�

DQ�KDUL�NH����WLGDN�PHQXQMXNNDQ�SHUEHGDDQ�\DQJ�

Q\DWD� DQWDUSHUODNXDQ�� QDPXQ�PHPDVXNL� KDUL� SH�

PHOLKDUDDQ� KDUL� NH� ��� DQDOLVLV� VLGLN� UDJDP�PH�

QXQMXNNDQ� EDKZD� SHPEHULDQ� WHSXQJ� RWDN� VDSL�

PHPEHULNDQ� SHQJDUXK� \DQJ� Q\DWD� WHUKDGDS� GLD�

PHWHU� WHOXU� LNDQ� NRPHW� �7DEHO� ���� %HUGDVDUNDQ�

KDVLO� XML� 'XQFDQ� WHUOLKDW� EDKZD� SHUODNXDQ� $� WL�

GDN� EHUEHGD� Q\DWD� GHQJDQ� SHUODNXDQ� %� WHWDSL�

EHUEHGD�Q\DWD�GHQJDQ�SHUODNXDQ�&�GDQ�'��7DEHO�

���� 3HUODNXDQ� '� PHPLOLNL� QLODL� WHUWLQJJL� ������

������� GDQ� EHUEHGD� Q\DWD� GHQJDQ� SHUODNXDQ�

ODLQQ\D�� 3DGD� KDUL� NH� ��� ODPD� SHPHOLKDUDDQ��

GLDPHWHU�WHOXU�SDGD�VHWLDS�SHUODNXDQ�PHPSXQ\DL�

XNXUDQ�\DQJ�WLGDN�EHUEHGD�Q\DWD���

�

)HNXQGLWDV�UHODWLI�

1LODL� IHNXQGLWDV� UHODWLI� LNDQ�NRPHW�SDGD�SH�

QHOLWLDQ�LQL�EHUYDULDVL�EHVDUDQQ\D�GL�VHWLDS�SHQJ�

DPDWDQ�� +DVLO� SHQJDPDWDQ� SDGD� KDUL� NH� ��� PH�

QXQMXNNDQ�IHNXQGLWDV�UHODWLI� LNDQ�NRPHW�EHUNLVDU�

DQWDUD� ������ EXWLU� J���� SDGD� KDUL� NH� ��� EHUNLVDU�

DQWDUD�������EXWLU�J���GDQ�SDGD�SHQJDPDWDQ�KDUL�

NH����EHUNLVDU�DQWDUD�������EXWLU�J����*DPEDU�����

%HUGDVDUNDQ� KDVLO� DQDOLVLV� VLGLN� UDJDP� QLODL� IH�

NXQGLWDV� UHODWLI� SDGD� LNDQ� NRPHW� SDGD� VHWLDS�

SHQJDPDWDQ�WLGDN�EHUEHGD�Q\DWD�DQWDUSHUODNXDQ��

%HUGDVDUNDQ� KDVLO� SHQJXNXUDQ� SDUDPHWHU�

NXDOLWDV� DLU� VHODPD� SHPHOLKDUDDQ� LNDQ� GLGDSDW�

NLVDUDQ� NXDOLWDV� DLU� \DQJ� PDVLK� GDODP� WROHUDQVL�

XQWXN� VLQWDVDQ� GDQ� SHUNHPEDQJDQ� JRQDG� LNDQ�

NRPHW�� 6XKX� DLU� SHPHOLKDUDDQ� VHODPD�SHQHOLWLDQ�

EHUNLVDU� DQWDUD� �����R&�� S+� DQWDUD� ������ GDQ�

NDQGXQJDQ�RNVLJHQ� WHUODUXW� � EHUNLVDU� DQWDUD�����

����PJ�/����

�

3HPEDKDVDQ��

6HEDUDQ�XNXUDQ�WHOXU�

8NXUDQ�WHOXU�LNDQ�VDQJDW�SHQWLQJ�XQWXN�GLNH�

WDKXL� GDODP� EXGL� GD\D� NDUHQD� WHOXU� \DQJ� EHVDU�

DNDQ� PHQJKDVLONDQ� ODUYD� \DQJ� EHVDU� �3XUGRP�

������� 3HQLQJNDWDQ� XNXUDQ� GLDPHWHU� WHOXU� GLVH�

EDENDQ� ROHK� SURVHV� YLWHORJHQHVLV�� 9LWHORJHQHVLV�

DGDODK� SURVHV� SHQLPEXQDQ� DWDX� DNXPXODVL� NX�

QLQJ� WHOXU� \DQJ� PHQ\HEDENDQ� RRVLW� SDGD� IDVH�

SHPDWDQJDQ�NHGXD��3DGD�NHDGDDQ�LQL�WHOXU�GDODP�

WDKDS� RRVLW� VHNXQGHU� GDQ� GDSDW� WHUOLKDW� GHQJDQ�

XNXUDQ�EHUDQHND�UDJDP��2RVLW�\DQJ�WHODK�WXPEXK�

SHQXK� PHPLOLNL� VDWX� QXNOHXV� *9� �*HUPLQDO�

9HVLFOH��\DQJ�WHUOHWDN�GL�WHQJDK�RRVLW��)HQRPHQD�

\DQJ� NDOL� SHUWDPD� GLOLKDW� GDODP� SHPDWDQJDQ�

RRVLW� DNKLU� DGDODK� SHUJHUDNDQ� *9� NH� NXWXE�

DQLPD�� NHPXGLDQ� PHPEUDQ� SHFDK� GDQ� WHUMDGL�

*9%'�DWDX�*HUPLQDO�9HVLFOH�%UHDNGRZQ�
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*DPEDU����)HNXQGLWDV�UHODWLI�LNDQ�NRPHW�

�

�

�<DURQ� 	� /HYDYL�6LYDQ� ������ 0\ORQDV� HW� DO��

������1DJDKDPD�HW�DO���������0HQXUXW�1DMLP�HW�

DO���������NLVDUDQ�QRUPDO�GLDPHWHU�WHOXU�LNDQ�NR�

PHW� \DLWX� ��������� PP�� MLND� GLEDQGLQJNDQ� GH�

QJDQ�KDVLO� SHQHOLWLDQ� LQL� SDGD�SHPHOLKDUDDQ� KDUL�

NH����WHOXU�LQGXN�LNDQ�NRPHW�GRPLQDQ�SDGD�XNXU�

DQ����������PP�VHNLWDU�����GL�DWDV�XNXUDQ�QRU�

PDO�� +DO� LQL� PHPEXNWLNDQ� EDKZD� SHQDPEDKDQ�

WHSXQJ�RWDN�VDSL�SDGD�SDNDQ�GDSDW�PHPHQJDUXKL�

SHUNHPEDQJDQ�XNXUDQ� WHOXU�SDGD� LQGXN� LNDQ�NR�

PHW�� *Q5+� SDGD� WHSXQJ� RWDN� VDSL� PHUDQJVDQJ�

NHOHQMDU�KLSRILVLV�XQWXN�PHQJHOXUNDQ�KRUPRQ�/+�

\DQJ� EHUSHUDQ� GDODP� PHUDQJVDQJ� SURVHV� SHP�

EHQWXNDQ�KRUPRQ�VWHURLG��HVWUDGLRO���+RUPRQ�LQL�

EHUIXQJVL�XQWXN�PHQLQJNDWNDQ�SURVHV�VLQWHVLV�YL�

WHORJHQLQ��VHKLQJJD�SHPEHQWXNDQ�YLWHOLQ��MXPODK�

GDQ� XNXUDQ�� PHQLQJNDW�� 0HQXUXW� %URPDJH� 	�

5REHUW� ������� WHOXU� \DQJ� EHUXNXUDQ� OHELK� EHVDU�

GDSDW� PHQJKDVLONDQ� NXDOLWDV� ODUYD� GDQ� \XZDQD�

�IDVH� \DQJ� VXGDK� PHOHZDWL� ODUYD�� NHWLND� RUJDQ�

WXEXK� VXGDK� WHUEHQWXN� VHPSXUQD� VHSHUWL� IDVH�

GHZDVD��\DQJ�EHUNXDOLWDV��

�

'LDPHWHU�WHOXU�

'LDPHWHU� WHOXU�PHUXSDNDQ�JDULV� WHQJDK� DWDX�

XNXUDQ� SDQMDQJ� VXDWX� WHOXU� \DQJ� GLXNXU� GHQJDQ�

PLNURPHWHU�EHUVNDOD�\DQJ�VXGDK�GLWHUD��%HVDU�NH�

FLOQ\D� GLDPHWHU� WHOXU� EHUNDLWDQ� GHQJDQ� NXDOLWDV�

WHOXU�� 6HEDUDQ� XNXUDQ� WHOXU� GDQ� GLDPHWHU� WHOXU�

PHQMDGL� LQGLNDWRU� SHQWLQJ� GDODP� PHQHQWXNDQ�

NXDOLWDV� NHPDWDQJDQ� WHOXU� �%URPDJH� 	� 5REHUW�

������0\ORQDV�HW�DO����������

8NXUDQ�GLDPHWHU�WHOXU�SDGD�VHWLDS�SHUODNXDQ�

PHPSXQ\DL�SROD�SHUXEDKDQ�GLDPHWHU�\DQJ�VDPD��

3DGD�KDUL�NH����WHUMDGL�SHQXUXQDQ�GLDPHWHU�WHOXU�

SDGD� VHWLDS� SHUODNXDQ�� GDQ� PHQLQJNDW� NHPEDOL�

SDGD�KDUL�NH�����+DO� LQL�GLNDUHQDNDQ�NRQGLVL� LQ�

GXN� GDUL� KDUL� NH� ��� VDPSDL� ��� KDUL� PHQJDODPL�

VWUHVV�� GDPSDN� GDUL� VHUDQJDQ� $UJXOXV� VS�� \DQJ�

PHQ\HEDENDQ� WXEXK� LQGXN� PHQJDODPL� EHUFDN�

PHUDK�� 3DGD� NRQGLVL� VWUHVV�� SHUWXPEXKDQ� JRQDG�

LNDQ� WHUJDQJJX� NDUHQD� DOLUDQ� HQHUJL� XQWXN� SHU�

NHPEDQJDQ�JRQDG�WLGDN�EHUMDODQ�GHQJDQ�EDLN�GDQ�

DGDQ\D�HQHUJL�\DQJ� GLJXQDNDQ� XQWXN�PHUHVSRQV�

VWUHVV� OLQJNXQJDQ��3DGD� KDUL� NH����� JRQDG� NHP�

EDOL� EHUNHPEDQJ� GHQJDQ� EDLN�� KDO� LQL� NDUHQD�



6XEKDQ�HW�DO��

9ROXPH�����1RPRU����2NWREHU������ � ����

VWUHVV� OLQJNXQJDQ� �VHUDQJDQ� SDUDVLW�� GDSDW� GLWH�

NDQ� GDQ� DOLUDQ�HQHUJL� GDUL� SDNDQ� GDQ� SHPEHULDQ�

WHSXQJ�RWDN�VDSL� EHUSHQJDUXK� WHUKDGDS�GLDPHWHU�

WHOXU�� 3DGD� SHPEHULDQ� WHSXN� RWDN� VDSL� VHEDQ\DN�

���PJ�SHU�NJ�LQGXN�PHQXQMXNNDQ�GLDPHWHU�WHOXU�

\DQJ�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�SHUODNXDQ�ODLQ�

Q\D�� 'HQJDQ� GHPLNLDQ� *Q5+� \DQJ� DGD� SDGD�

WHSXQJ�RWDN�VDSL� EHUSHQJDUXK� WHUKDGDS�GLDPHWHU�

WHOXU���

0HQXUXW� 6HOPDQ� HW� DO�� �������� SHQLQJNDWDQ�

GLDPHWHU� WHOXU� LQL� GLVHEDENDQ� WHUMDGLQ\D� SHQ\H�

UDSDQ� OXPHQ� RYDUL� DNLEDW� UDQJVDQJDQ� KRUPRQDO�

\DQJ� VHVXDL�� 3HUWDPEDKDQ� WHUVHEXW� GLVHEDENDQ�

HQHUJL� \DQJ� WHUGDSDW� GL� GDODP� WXEXK� LQGXN� LNDQ�

\DQJ�VDQJDW�HUDW�NDLWDQQ\D�GHQJDQ�VXSODL�PDNDQ�

DQ�� XNXUDQ� WXEXK� LNDQ�� VHUWD� XPXU� LNDQ� WHUVHEXW�

�(IIHQGLH��������1LODL�GLDPHWHU�WHOXU�SHUODNXDQ�'�

WLGDN�WHUMDGL�SHUXEDKDQ�VHSHUWL�\DQJ�WHODK�GLMHODV�

NDQ�VHEHOXPQ\D�� LQL�GLGXJD�LNDQ�SDGD�SHUODNXDQ�

'� PHQJDODPL� DWUHVLD� \DLWX� SHQ\HUDSDQ� NHPEDOL�

WHOXU�WHOXU� \DQJ� WHODK� PHQFDSDL� SHUNHPEDQJDQ�

PDNVLPDO�QDPXQ�WLGDN�GLRYXODVLNDQ��0\ORQDV�HW�

DO����������

�

)HNXQGLWDV�UHODWLI�

%DQ\DNQ\D� MXPODK� WHOXU� \DQJ� WHUGDSDW� SDGD�

SHPHOLKDUDDQ�KDUL�NH�����EHUNLVDU�DQWDUD���������

EXWLU�J����LQGXN��GDSDW�GLVHEDENDQ�ROHK�WHOXU�\DQJ�

PDVLK�EHUXNXUDQ�NHFLO�GHQJDQ�XNXUDQ�WHOXU�VHNL�

WDU�����������PP�\DQJ�EHUDGD�GLEDZDK�UDWD�UDWD�

GLDPHWHU�WHOXU�LNDQ�NRPHW��KDO�LQL�MXJD�PHQDQGD�

NDQ� EDKZD�SDGD�ZDNWX�SHPHOLKDUDDQ� KDUL�NH����

WHOXU� EHOXP� EHQDU�EHQDU� PDWDQJ� �IDVH� YLWHORJH�

QHVLV���*DPEDU��D���%HUEHGD�SDGD�KDUL�NH����GDQ�

����WHOXU�VXGDK�QDPSDN�EHVDU�GDQ�MHODV�\DQJ�EHU�

DUWL� SHPEHULDQ� SDNDQ� GHQJDQ� FDPSXUDQ� WHSXQJ�

RWDN� VDSL� \DQJ� PHQJDQGXQJ� KRUPRQ� *Q5+�

PHPEHULNDQ� SHQJDUXK� SDGD� GLDPHWHU� WHOXU� LNDQ�

�*DPEDU� �E� GDQ� �F��� +RUPRQ� *Q5+� HNVRJHQ�

\DQJ�GLEHULNDQ�DNDQ�GLEDZD�ROHK�UHVHSWRU�*Q5+�

PHQXMX� RUJDQ� WDUJHW� �KLSRILVLV�� GHQJDQ� WXMXDQ�

XQWXN� PHUDQJVDQJ� KLSRILVLV� PHQJHOXDUNDQ�

IROOLFOH�VWLPXODWLQJ�+RUPRQH���)6+���+RUPRQ�LQL�

EHUIXQJVL�PHUDQJVDQJ�SHOHSDVDQ� KRUPRQ� VWHURLG�

�HVWUDGLRO�� SDGD� JRQDG� �(ODNNDQDL� HW� DO�� ������

\DQJ�VHODQMXWQ\D�PHPHQJDUXKL� VLQWHVLV�SHPEHQ�

WXNDQ� NXQLQJ� WHOXU� SDGD� YLWHORJHQHVLV� GL� KDWL��

6HPDNLQ� EDQ\DN� YLWHORJHQLQ� \DQJ� GLEDZD� NH�

JRQDG�� PDND� VHPDNLQ� EDQ\DN� EXWLU�EXWLU� WHOXU�

\DQJ�GLEHQWXN�GDODP�JRQDG��$UIDK�HW�DO����������

%HUGDVDUNDQ�KDVLO�\DQJ�GLGDSDWNDQ��QLODL� IH�

NXQGLWDV� UHODWLI� SDGD� SHUODNXDQ� '� PHQJDODPL�

SHQXUXQDQ�SDGD�SHPHOLKDUDDQ�KDUL�NH�����LQL�ELVD�

GLNDLWNDQ�GHQJDQ�KDVLO�GLDPHWHU�WHOXU�GDQ�WLQJNDW�

NHPDWDQJDQ�WHOXU��5DWD�UDWD�IHNXQGLWDV�UHODWLI�SD�

GD�SHQJDPDWDQ�KDUL�NH����PHQJDODPL�SHQXUXQDQ�

PHQDQGDNDQ� EDKZD� XNXUDQ� WHOXU� LNDQ� NRPHW�

PHQJDODPL� SHPEHVDUDQ� GDQ� MXJD� SURVHV� DWUHVLD��

VHKLQJJD� MXPODK� WHOXU� EHUNXUDQJ� NDUHQD� WHOXU�

\DQJ� VXGDK�PDWDQJ� WHUVHUDS� NHPEDOL� ROHK� WXEXK�

LNDQ�� 7HOXU� \DQJ� EHUXNXUDQ� EHVDU� PHQDQGDNDQ�

EDKZD� WHOXU� WHUVHEXW� VHPDNLQ� PDWDQJ� VHSHUWL�

\DQJ�WHUOLKDW�SDGD�KDVLO�WLQJNDW�NHPDWDQJDQ�WHOXU�

SDGD�KDUL�SHPHOLKDUDDQ�NH�����%HUGDVDUNDQ�KDVLO�

SHQHOLWLDQ�QLODL�IHNXQGLWDV��UHODWLI�LNDQ�NRPHW�SD�

GD�SHPHOLKDUDDQ�KDUL�NH����PHQXQMXNNDQ�NLVDUDQ�

DQWDUD�������EXWLU�J�����+DO�LQL�VHVXDL�GHQJDQ�SHU�

Q\DWDDQ�$UIDK�HW�DO���������EDKZD�IHNXQGLWDV�UH�

ODWLI� LNDQ�NRPHW�VHEHVDU�������EXWLU�J���GDQ�SHU�

Q\DWDDQ� 2UWHJD�6DODV� 	� 5H\HV�%XVWDPDQWH�

������� EDKZD� UDWD�UDWD� IHNXQGLWDV� UHODWLI� LNDQ�

&DUDVLXV�DXUDWXV�DGDODK����WHOXU�J����

�
�

�

�

�
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*DPEDU� ��� )DVH� SHUJHUDNDQ� LQWL� WHOXU� LNDQ� NRPHW� SDGD� SHUODNXDQ�'�� �$�� KDUL� NH� ���� SRVLVL� LQWL� WHOXU� GL�

WHQJDK���%��KDUL�NH�����SRVLVL�LQWL�WHOXU�GL�WHSL����&��KDUL�NH�����SRVLVL�LQWL�WHOXU�PHOHEXU�

�

%HUGDVDUNDQ�XUDLDQ�GL� DWDV��PDND�SHQHOLWLDQ�

WHSXQJ�RWDN�VDSL� KDVLO� SHQJHULQJDQ�GLQJLQ�GDSDW�

GLODQMXWNDQ�GHQJDQ�SHPEHULDQ�MXPODK�\DQJ�OHELK�

WLQJJL�GDUL����PJ�NJ���LQGXN��+DO�LQL�GLNDUHQDNDQ�

SHUODNXDQ����PJ�NJ���PHUXSDNDQ�SHUODNXDQ�EDWDV�

WLQJJL�SDGD�SHQHOLWLDQ�LQL�\DQJ�PHPEHULNDQ�QLODL�

SHPDWDQJDQ�WHUEDLN��VHKLQJJD�PDVLK�SHUOX�GLNH��

WDKXL�MXPODK�SHPEHULDQ�WHSXQJ�RWDN�VDSL�\DQJ�OH�

ELK�WLQJJL�WHUKDGDS�SHUSRUPD�UHSURGXNVL�LNDQ�NR�

PHW�� 6HODLQ� LWX� SHUOX� GLNHWDKXL� NDQGXQJDQ� KRU�

PRQ� *Q5+� \DQJ� OHELK� DNXUDW� XQWXN� SHQHQWXDQ�

MXPODK�SHPEHULDQ�\DQJ�OHELK�WHSDW��.DUHQD�NHOH�

ELKDQ� SHPEHULDQ� KRUPRQ� *Q5+� GDSDW� PHQ\H�

EDENDQ� VWUHVV� GDQ� PHQJKDPEDW� SURVHV� SHPD�

WDQJDQ� �*DUFLD�������VHUWD�PHQMDGL� WLGDN� HIHNWLI�

SDGD� SURVHV� RYXODVL� WHOXU� �$OFiQWDU�9i]TXH]� HW�

DO���������

6XKX� DLU� SHPHOLKDUDDQ� VHODPD� SHQHOLWLDQ�

EHUNLVDU�DQWDUD������R&��S+�EHUNLVDU�DQWDUD�������

GDQ� RNVLJHQ� WHUODUXW�� %HUGDVDUNDQ� KDVLO� SHQJX�

NXUDQ�SDUDPHWHU�NXDOLWDV�DLU�VHODPD�SHPHOLKDUDDQ�

LNDQ�GLGDSDW�NLVDUDQ� NXDOLWDV� DLU� \DQJ�PDVLK�GD�

ODP� WROHUDQVL� XQWXN� VLQWDVDQ� GDQ� SHUNHPEDQJDQ�

JRQDG�LNDQ�NRPHW��+DELE�HW�DO����������

�

6LPSXODQ�

3HQDPEDKDQ� WHSXQJ� RWDN� VDSL� SDGD� SDNDQ�

VHEDQ\DN� ���PJ� NJ��� LQGXN�PHPEHULNDQ� SHQJD�

UXK� WHUEDLN� KLQJJD� SHPHOLKDUDDQ� KDUL� NH� ��� WHU�

KDGDS� SHUIRUPD� UHSURGXNVL� LNDQ� NRPHW�� GLPDQD�

WHUFDSDL�GRPLQDQ�VHEDUDQ�WHOXU�SDGD�XNXUDQ������

���� PP� VHEHVDU� ����� GLDPHWHU� WHOXU� ����� PP�

GDQ�IHNXQGLWDV�UHODWLI�VHEHVDU����EXWLU�J����

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ�� PDND� SHQJ�

JXQDDQ� WHSXN� RWDN� VDSL� �� KDVLO� SHQJHULQJDQ� GL�

QJLQ�� VHEDJDL� VXPEHU�*Q5+�DODPL� VHEDQ\DN����

PJ�NJ��� LQGXN� GDSDW� GLMDGLNDQ� VROXVL� XQWXN�PH�

QLQJNDWNDQ�SHUIRUPD�UHSURGXNVL�LNDQ�NRPHW��

�

'DIWDU�SXVWDND�

$OFiQWDU�9i]TXH]� -3�� 3OLHJR�&RUWpV�+6��'XPDV�

6�� 3HxD�0DUWtQH]� 5�� 5RVDOHV�9HOi]TXH]�0��

3LQWRV�7HUiQ� 3�� ������ (IIHFWV� RI� D� OXWHLQL�

]LQJ� KRUPRQH�UHOHDVLQJ� KRUPRQH� DQDORJXH�

�/+5+D�� RQ� WKH� UHSURGXFWLYH� SHUIRUPDQFH�

RI� VSRWWHG� VDQG� EDVV� 3DUDODEUD[� PDFXODWR�

IDVFLDWXV��3HUFRLGHL��6HUUDQLGDH���/DWLQ�$PH�

ULFDQ� -RXUQDO� RI� $TXDWLF� 5HVHDUFK�� �������

����������

$UIDK�+��0HODWL�� 6HWLDZDWL�0��������6XSOHPHQ�

WDVL� YLWDPLQ� (� GHQJDQ� GRVLV� EHUEHGD� SDGD�

SDNDQ�WHUKDGDS�NLQHUMD�UHSURGXNVL�LQGXN�EH�

WLQD�LNDQ�NRPHW��&DUDVVLXV�DXUDWXV�DXUDWXV���

-XUQDO�$NXDNXOWXU�,QGRQHVLD����������������

%URPDJH�51��5REHUWV�5-��������%URRGVWRFN�0D�

QDJHPHQW� DQG� (JJ� /DUYDO� 4XDOLW\�� %ODFN�

ZHOO�6FLHQFH��2[IRUG������S��

&KHPLQHDX� 3��0DOSDX[� %�� � %ULOODUG� -3�� )RVWLHU�

$�� ������ 6HDVRQDOLW\� RI� UHSURGXFWLRQ� DQG�

SURGXFWLRQ� LQ� IDUP� ILVKHV�� ELUGV� DQG� PDP�

PDOV��$QLPDO���������� �����

$� &%



6XEKDQ�HW�DO��

9ROXPH�����1RPRU����2NWREHU������ � ����

(IIHQGLH�0,�� ������%LRORJL�3HULNDQDQ��<D\DVDQ�

3XVWDND�1XVDWDPD��<RJ\DNDUWD������KOP��

(ODNNDQDL� 3�� )UDQFLV� 7�� $KLODQ� %�� -DZDKDU� 3��

3DGPDYDWK\� 3�� -D\DNXPDU� 1�� 6XEEXUDM� $��

������5ROH� RI�*Q5+��+&*� DQG�.LVVSHSWLQ�

RQ�UHSURGXFWLRQ�RI�ILVKHV��,QGLDQ�-RXUQDO�RI�

6FLHQFH�DQG�7HFKQRORJ\��������������

*DUFLD�/0%��������6XVWDLQHG�SURGXFWLRQ�RI�PLOW�

LQ� UDEELWILVK�� 6LJDQXV� JXWWDWXV� %ORFK�� E\�

ZHHNO\� LQMHFWLRQ� RI� OXWHLQL]LQJ� KRUPRQH�

UHOHDVLQJ� KRUPRQH� DQDORJXH� �/+5+D���

$TXDFXOWXUH�������������������

*DVSHU]� 9�� ������0HWRGH� 3HUDQFDQJDQ� 3HUFR�

EDDQ��%DQGXQJ�$UPLFR������KOP��

+DELE�0$��6KDUNHU�0G�5��5DKPDQ�0G�0��$K�

DQ�0G�(��3DWWDGDU�61�������(IIHFWV�RI�IHHG�

LQJ�IUHTXHQF\�RQ�JURZWK�DQG�VXUYLYDO� LQ� IU\�

RI� JROG� ILVK��&DUDVVLXV� DXUDWXV� �+DPLOWRQ��

LQ� RXWGRRU� UHDULQJ� V\VWHP�� ,QWHUQDWLRQDO�

-RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF� 6WXGLHV��

�������������

+HPLQJ� 7$�� %XGGLQJWRQ� 5.�� ������ <RON�

DEVRUSWLRQ� LQ� HPEU\RQLF� DQG� ODUYDO� ILVKHV��

,Q�� +RDU�:6�� 5DQGDOO� '-��)LVK� 3K\VLRORJ\�

YROXPH���7KH�3K\VLRORJ\�RI�'HYHORSLQJ�)LVK�

3DUW� $� (JJV� DQG� /DUYDH�� $FDGHPLF� 3UHVV��

6DQ�'LHJR��&$��SS����� �����

.LQJGRP� 7�� $OOLVRQ� 0(�� ������ 7KH� IHFXQGLW\��

JRQDGRVRPDWLF�DQG�KHSDWRVRPDWLF�LQGLFHV�RI�

3HOORQXOD�OHRQHQVLV�LQ�WKH�/RZHU�1XQ�5LYHU��

1LJHU� 'HOWD�� 1LJHULD�� &XUUHQW� 5HVHDUFK�

-RXUQDO� RI� %LRORJLFDO� 6FLHQFHV�� ������ ����

�����

.XULWD� <�� )XMLQDPL� )�� $PDQR� 0�� ������ 7KH�

HIIHFW� RI� WHPSHUDWXUH� RQ� WKH� GXUDWLRQ� RI�

VSDZQLQJ� PDUNHUV PLJUDWRU\�QXFOHXV� DQG�

K\GUDWHG�RRF\WHV�DQG�SRVWRYXODWRU\�IROOLFOHV�

LQ� WKH� PXOWLSOH�EDWFK� VSDZQHU� -DSDQHVH�

IORXQGHU� �3DUDOLFKWK\V� ROLYDFHXV�� )LVKHU\�

%XOOHWLQ������������ ����

0DxDQyV�(��'XQFDQ�1��0\ORQDV�&��������5HSUR�

GXFWLRQ� DQG� FRQWURO� RI� RYXODWLRQ�� VSHUPLD�

WLRQ� DQG� VSDZQLQJ� LQ� FXOWXUHG� ILVK�� ,Q��&D�

EULWD�(��5REOHV�9��+HUUiH]�3��HGV����0HWKRGV�

LQ� 5HSURGXFWLYH� $TXDFXOWXUH� 0DULQH� DQG�

)UHVKZDWHU� 6SHFLHV�� &5&� 3UHVV�� %RFD�

5DWRQ��SS��������

0\ORQDV� &&�� =RKDU� <�� ������ 8VH� RI� *Q5+D�

GHOLYHU\� V\VWHPV� IRU� WKH� FRQWURO� RI� UHSUR�

GXFWLRQ�LQ�ILVK��5HYLHZV�LQ�)LVK�%LRORJ\�DQG�

)LVKHULHV������������ �����

0\ORQDV�&&��)RVWLHU�$��=DQX\�6��������%URRG�

VWRFN�PDQDJHPHQW� DQG� KRUPRQDO�PDQLSXOD�

WLRQV� RI� ILVK� UHSURGXFWLRQ�� *HQHUDO� DQG�

&RPSDUDWLYH� (QGRFULQRORJ\�� �������� ���

����

0\ORQDV�&&��0LWUL]DNLV�1��&DVWDOGR�&��&HUYLxR�

&��3DSDGDNL�0��6LJHODNL�,��������5HSURGXFW�

LRQ�RI�KDWFKHU\�SURGXFHG�PHDJUH�$UJ\URVR�

PXV�UHJLXV� LQ� FDSWLYLW\� ,,��+RUPRQDO� LQGXF�

WLRQ�RI� VSDZQLQJ� DQG�PRQLWRULQJ�RI� VSDZQ�

LQJ�NLQHWLFV��HJJ�SURGXFWLRQ�DQG�HJJ�TXDOLW\��

$TXDFXOWXUH������������� ����

1DJDKDPD� <�� <RVKLNXQL�0�� <DPDVKLWD�0�� 7R�

NXPRWR� 7�� .DWVX� <�� ������ 5HJXODWLRQ� RI�

RRF\WH� JURZWK� DQG� PDWXUDWLRQ� LQ� ILVK�� ,Q��

5RJHU�$��3HGHUVHQ�5$��6FKDWWHQ�*3��(GV����

&XUUHQW� 7RSLFV� LQ� 'HYHORSPHQWDO� %LRORJ\��

9RO�� ���� $FDGHPLF� 3UHVV�� 6DQ� 'LHJR�� � SS��

����������

1DMLP� 6�� $OPXGKDIIDU� 5$$�� -DVVLP� ).�� ������

6RPH� UHSURGXFWLYH� FKDUDFWHU� RI� WKH� IDQWDLO�

JROGILVK��&DUDVVLXV�DXUDWXV�DXUDWXV��IHPDOH�

IURP� UHDULQJ�SRQG� LQ�%DVUDK�� VRXWKHUQ� ,UDT��

,UDTL�-RXUQDO�RI�$TXDFXOWXUH�������������

2UWHJD�6DODV� $$�� 5H\HV�%XVWDPDQWH� +�� ������

,QLWLDO� VH[XDO� PDWXULW\� DQG� IHFXQGLW\� RI� WKH�

JROGILVK� �&DUDVVLXV� DXUDWXV�� �3HUFLIRUPHV��

&\SULQLGDH�� XQGHU� VHPL�FRQWUROOHG� FRQGL�

WLRQV�� 5HYLVWD� GH� %LRORJLD� 7URSLFDO�� �������

����������

3XUGRP��&�(��������*HQHWLFV�DQG�)LVK�%UHHGLQJ��

0LQLVWU\�RI�$JULFXOWXUH��)LVKHULHV�DQG�)RRG��

)LVKHULHV� /DERUDWRU\�� /RZHVWRII�� 6XIIRON��

8.������S�

6FRWW�%(��0DUWHLQVGRWWLU�*��%HJJ�*$��:ULJKW�3�

-�� .MHVEX� 26�� ������ (IIHFWV� RI� SRSXODWLRQ�

VL]H�DJH� VWUXFWXUH�� FRQGLWLRQ� DQG� WHPSRUDO�

G\QDPLFV� RI� VSDZQLQJ� RQ� UHSURGXFWLYH� RXW�

SXW� LQ�$WODQWLF�FRG��*DGXV�PRUKXD���(FROR�

JLFDO�0RGHOOLQJ���������������������

6HOPDQ� .�� :DOODFH� 5$�� 6DUND� $�� 4L� ;�� ������

6WDJHV� RI� RRF\WH� GHYHORSPHQW� LQ� WKH� ]HEUD�

ILVK��%UDFK\GDQLR�UHULR��-RXUQDO�RI�0RUSKR�

ORJ\������������� �����

6HWLDQWR� $�� ������ (IHNWLILWDV� HNVWUDN� KLSRILVD�

VDSL� GDODP� PHUDQJVDQJ� NHPDWDQJDQ� JRQDG�

LNDQ�OHOH�GXPER��&ODULDV�JDULHSLQXV���6NULS�

VL�� )DNXOWDV� 3HULNDQDQ� GDQ� ,OPX� .HODXWDQ��

8QLYHUVLWDV�3DGMDGMDUDQ��-DWLQDQJRU��

6RPDUDNLV� 6�� *DQLDV� .�� 6LDSDWLV� $�� .RXWVLNR�

SRXORV� &��0DFKLDV�$�� 3DSDFRQVWDQWHQRX�&��

������ 6SDZQLQJ� KDELWDW� DQG� GDLO\� HJJ� SUR�

GXFWLRQ� RI� VDUGLQH� �6DUGLQD� SLOFKDUGXV�� LQ�
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���� � -XUQDO�,NWLRORJL�,QGRQHVLD�

WKH� HDVWHUQ� 0HGLWHUUDQHDQ�� )LVKHULHV� 2FH�

DQRJUDSK\������������������

6XEKDQ�� 8�� ������ (YDOXDVL� HIHNWLILWDV� HNVWUDN�

RWDN�LNDQ�SDWLQ�GDODP�PHQJLQGXNVL�SHPLMDK�

DQ� LNDQ� OHOH� VDQJNXULDQJ�� &ODULDV� VS��7HVLV��

6HNRODK� 3DVFDVDUMDQD� ,QVWLWXW� 3HUWDQLDQ� %R�

JRU��%RJRU�����KOP��

<DURQ� =�� /HYDYL�6LYDQ� %�� ������ (QGRFULQH� UH�

JXODWLRQ�RI�ILVK�UHSURGXFWLRQ��,Q��)DUUHOO�$3�

�HG���� (QF\FORSHGLD� RI� )LVK� 3K\VLRORJ\��

)URP� *HQRPH� WR� (QYLURQPHQW�� � YROXPH� ���

$FDGHPLF�3UHVV��6DQ�'LHJR��SS������ ����

�


