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7HOS�����-��-���������� 

$%675$. 

3HQGHNDWDQ�%RUQ-2SSHQKHLPHU�GLWHUDSNDQ�XQWXN�PHQJKLWXQJ�WLQJNDW�HQHUJL�YLEUDVL�

NHDGDDQ� GDVDU� PROHNXO� KLGURJHQ�� 3HUVDPDDQ� 6FKURGLQJHU� XQWXN� LQWL� DWRP�

GLVHOHVDLNDQ� GHQJDQ� PHQJJXQDNDQ� PHWRGH� VHPL-NODVLN�� GL� PDQD� LQWL� DWRP�������������

GLDVXPVLNDQ� EHUJHUDN� VHFDUD� NODVLN� GDODP� VXPXU� SRWHQVLDO� GDQ� HQHUJL� YLEUDVL�����

GLWHQWXNDQ� GHQJDQ� PHQHUDSNDQ� DWXUDQ� NXDQWLVDVL� NXDQWXP�� 3RWHQVLDO� \DQJ�

GLJXQDNDQ� SDGD� SHQHOLWLDQ� DGDODK� SRWHQVLDO� 0RUVH�� 'DODP� SHQHOLWLDQ� LQL�� WLQJNDW���

HQHUJL�YLEUDVL�GLKLWXQJ�GHQJDQ�PHWRGH�QXPHULN��\DLWX�PHWRGH�LQWHJUDVL�6LPSVRQ�GDQ�

PHWRGH� UHJXOD� IDOVL�� ��� 7LQJNDW� HQHUJL� YLEUDVL� GDUL� PROHNXO� +�� GLSHUROHK� GDQ�

GLEDQGLQJNDQ� GHQJDQ� GDWD� KDVLO� HNVSHULPHQ�� 3HUEDQGLQJDQ� LQL� PHQJLQGLNDVLNDQ��

SHQGHNDWDQ�\DQJ�GLJXQDNDQ�SDGD�SHQHOLWLDQ�LQL�PHPEHULNDQ�KDVLO�\DQJ�VDQJDW�DNXUDW�

SDGD� WLQJNDW� HQHUJL� YLEUDVL� \DQJ� UHODWLI� UHQGDK� ���Q����� GHQJDQ� NHVDODKDQ� NXUDQJ�

GDUL� ������ GDQ� XQWXN� ��Q��� GHQJDQ� NHVDODKDQ� PDNVLPXP� ������ .HDNXUDWDQ�

PHQXUXQ�NHWLND�WLQJNDW�HQHUJL�YLEUDVL�PHQLQJNDW��6HFDUD�NKXVXV��XQWXN�Q� ����GDQ���

Q� �����NHVDODKDQ�PHQLQJNDW�VHFDUD�VLJQLILNDQ��PHQXQMXNNDQ�JDJDOQ\D�SHQGHNDWDQ�

LQL� XQWXN� WLQJNDW� HQHUJL� YLEUDVL� \DQJ� UHODWLI� WLQJJL�� NKXVXVQ\D� XQWXN� GXD� WLQJNDW����

HQHUJL�LQL� 

.DWD� .XQFL� � � �� � 0ROHNXO� +LGURJHQ�� 3RWHQVLDO� 0RUVH�� 3HQGHNDWDQ� %RUQ-

2SSHQKHLPHU�� 
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$%675$&7 

%RUQ-2SSHQKHLPHU� DSSUR[LPDWLRQ� ZDV� DSSOLHG� WR� FDOFXODWH� YLEUDWLRQDO� HQHUJ\� O�

HYHOV� RI� JURXQG� VWDWH� RI� +\GURJHQ� PROHFXOH�� 7KH� 6FKURGLQJHU� HTXDWLRQ� IRU� WKH����

QXFOHL�ZDV�VROYHG�XVLQJ�D�VHPL-FODVVLFDO�PHWKRG��LQ�ZKLFK�WKH�QXFOHL�DUH�DVVXPHG�WR�

PRYH�FODVVLFDOO\�LQ�D�SRWHQWLDO�ZHOO�DQG�WKH�YLEUDWLRQDO�HQHUJLHV�DUH�GHWHUPLQHG�E\�

DSSO\LQJ�WKH�TXDQWXP�PHFKDQLFDO�TXDQWL]DWLRQ�UXOHV��3RWHQWLDO�XVHG�LQ�WKLV�UHVHDUFK�

ZDV� WKH� 0RUVH� SRWHQWLDO�� +HUH�� YLEUDWLRQDO� HQHUJ\� OHYHOV� RI� WKH� PROHFXOH� ZHUH������

FDOFXODWHG� XVLQJ� QXPHULFDO� PHWKRGV�� L�H�� 6LPSVRQ� LQWHJUDWLRQ� PHWKRG� DQG� IDOVH����

SRVLWLRQ�PHWKRG�� ���9LEUDWLRQDO� HQHUJ\� OHYHOV� RI� WKH�+��PROHFXOH�ZHUH� REWDLQHG�

DQG� FRPSDUHG� WR� WKH� FRUUHVSRQGLQJ� UHVXOWV� IURP� H[SHULPHQWV�� 7KH� FRPSDULVRQ�����

LQGLFDWHG�WKDW�WKH�DSSUR[LPDWLRQ�XVHG�LQ�WKLV�UHVHDUFK�\LHOGHG�YHU\�DFFXUDWH�UHVXOWV�

IRU�UHODWLYHO\�ORZ�YLEUDWLRQDO� OHYHOV����Q�����ZLWK�HUURUV�EHLQJ�OHVV� WKDQ������DQG�

IRU���Q���ZLWK�PD[LPXP�RI������HUURUV��7KH�DFFXUDF\�GHFUHDVHG�DV�WKH�YLEUDWLRQDO�

OHYHOV�LQFUHDVHG��DV�H[SHFWHG��,Q�SDUWLFXODU��IRU�Q ���DQG�Q ����HUURUV�VLJQLILFDQWO\�

LQFUHDVHG�� LQGLFDWLQJ� WKH� EUHDNGRZQ� RI� WKH� DSSUR[LPDWLRQ� IRU� UHODWLYHO\� KLJK�������

YLEUDWLRQDO�OHYHOV��LQ�SDUWLFXODU�IRU�WKHVH�WZR�HQHUJ\�OHYHOV� 

.H\ZRUGV� �� +\GURJHQ� 0ROHFXOH�� 0RUVH� 3RWHQWLDO�� %RUQ-2SSHQKHLPHU����������������

$SSUR[LPDWLRQ��6LPSVRQ�0HWKRG��)DOVH�3RVLWLRQ�0HWKRG� 

�� 3HQGDKXOXDQ 

0ROHNXO� KLGURJHQ� DGDODK� VDODK� VDWX�

PROHNXO� \DQJ� SDOLQJ� SHQWLQJ� GDQ�

PHQDULN�GDUL�VXGXW�SDQGDQJ�WHRULWLV��+DO�

LQL� NDUHQD� PROHNXO� LQL� KDQ\D������

PHQJDQGXQJ� �� HOHNWURQ� VHKLQJJD������

SHUVDPDDQ� 6FKURGLQJHU� XQWXN� PROHNXO�

LQL� GDSDW� GLVHOHVDLNDQ� VHFDUD� DNXUDW��

EDKNDQ�NRUHNVL-NRUHNVL�RUGH�WLQJJL� MXJD�

GDSDW� GLKLWXQJ�� 6HODLQ� LWX�� GDWD�����������

HNVSHULPHQ� \DQJ� VDQJDW� DNXUDW� XQWXN�

PROHNXO� LQL� MXJD� VXGDK� WHUVHGLD�� 2OHK�

NDUHQD� LWX�� SHQGHNDWDQ-SHQGHNDWDQ����

WHRULWLV� \DQJ� GLODNXNDQ� MXJD� GDSDW�

GLEDQGLQJNDQ� GHQJDQ� GDWD� KDVLO��������

SHQJXNXUDQ� \DQJ� VDQJDW� DNXUDW� >�@�� +DO�

LQL�PHQMDGLNDQ�PROHNXO�KLGURJHQ�PHQMDGL�

VDODK� VDWX� WRSLN� SHQHOLWLDQ� WHRULWLV� \DQJ�

PHQDULN�SHUKDWLDQ�EDQ\DN�SHQHOLWL� 

6DODK� VDWX� WRSLN� SHQHOLWLDQ� \DQJ��

WHODK� EDQ\DN� GLODNXNDQ� DGDODK� WHUNDLW�

GHQJDQ�SHUKLWXQJDQ�WLQJNDW-WLQJNDW�HQHUJL�

YLEUDVL� PROHNXO� KLGURJHQ� XQWXN� NHDGDDQ�

HOHNWURQLN� \DQJ� EHUEHGD-EHGD�� %HEHUDSD�

SHQHOLWLDQ� WHUGDKXOX� DQWDUD� ODLQ� GDSDW�

GLWHPXNDQ� GL� >�-��@�� 1LODL� HQHUJL� YLEUDVL�

\DQJ� GLSHUROHK� GDUL� SHQHOLWLDQ-SHQHOLWLDQ�

WHUVHEXW� VDQJDW� DNXUDW� NDUHQD� VHFDUD�

XPXP�� VHEHOXP� PHQ\HOHVDLNDQ������������

SHUVDPDDQ� 6FKURGLQJHU� XQWXN� PROHNXO�
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KLGURJHQ�� PHUHND� MXJD� PHODNXNDQ���������

SHUKLWXQJDQ� DE� LQLWLR� XQWXN� PHQHQWXNDQ���

EHQWXN�SRWHQVLDO�LQWHUDNVL�DQWDU�DWRP�\DQJ�

DNDQ� GLJXQDNDQ� GDODP� SHQ\HOHVDLDQ���������

SHUVDPDDQ�QLODL�HLJHQ�HQHUJL�PROHNXO�� 

%HUEHGD� GHQJDQ� SHQHOLWLDQ-

SHQHOLWLDQ� WHUVHEXW�� GDODP� SHQHOLWLDQ� LQL��

DNDQ� GLJXQDNDQ� VXDWX� EHQWXN� SRWHQVLDO�

NODVLN� \DQJ� VHGHUKDQD� GDQ� WHODK� XPXP�

GLNHWDKXL�� \DNQL� SRWHQVLDO� 0RUVH� >��@��

:DODXSXQ�GHQJDQ�EHQWXN�\DQJ�MDXK�OHELK�

VHGHUKDQD� GLEDQGLQJ� EHQWXN� SRWHQVLDO-

SRWHQVLDO� LQWHUDNVL� ODLQQ\D�� SHQJJXQDDQ�

SRWHQVLDO� 0RUVH� GDODP� >��-��@� WHODK����

WHUEXNWL� PHPEHULNDQ� KDVLO� \DQJ� FXNXS�

DNXUDW� SDGD� SHPRGHODQ� PROHNXO-PROHNXO�

GLDWRPLN�� 

7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK�

PHQJJXQDNDQ� SRWHQVLDO� 0RUVH� GDQ����

DSURNVLPDVL� %RUQ-2SSHQKHLPHU� GDODP�

VXDWX� SHQGHNDWDQ� VHPL-NODVLN� XQWXN�

PHQJKLWXQJ� VHPXD� WLQJNDW� HQHUJL� YLEUDVL�

PROHNX�KLGURJHQ�SDGD�NHDGDDQ�HOHNWURQLN�

GDVDU�� � � 6HEDJDL� WDPEDKDQ�� GDODP� DUWLNHO�

LQL� MXJD� DNDQ� GLODNXNDQ� NDMLDQ� VLQJNDW��

WHQWDQJ� DNXUDVL� GDUL� DSURNVLPDVL� \DQJ�

GLJXQDNDQ�� 

 

���7HRUL�GDQ�0HWRGH 

�����3HQGHNDWDQ�%RUQ-2SSHQKHLPHU 

'DODP� SHQHOLWLDQ� LQL�� GLJXQDNDQ�����������

SHQGHNDWDQ� %RUQ-2SSHQKHLPHU�� GLPDQD�

JHUDNDQ� LQWL� DWRP� GDQ� JHUDNDQ� HOHNWURQ�

GDODP� PROHNXO� GDSDW� GLWLQMDX� VHFDUD�

WHUSLVDK�� +DO� LQL� NDUHQD� PDVVD� HOHNWURQ�

MDXK� OHELK� NHFLO� GLEDQGLQJ� PDVVD� LQWL-LQWL�

DWRP� GDODP� PROHNXO�� \DQJ��������������

PHQ\HEDENDQ� LQWL� DWRP� EHUJHUDN�

GHQJDQ� NHFHSDWDQ� \DQJ� MDXK� OHELK�

NHFLO� GLEDQGLQJ� NHFHSDWDQ� HOHNWURQ��

2OHK� NDUHQD� LWX�� LQWL-LQWL� DWRP� GDODP�

PROHNXO� GDSDW� GLDQJJDS� PHQHPSDWL�

VXDWX�SRVLVL�\DQJ�WHWDS�GDODP�PROHNXO�

>��@�� 

'DODP� SHQGHNDWDQ� LQL�� NHGXD� LQWL���

DWRP� GDODP� PROHNXO� GLDWRPLN� GDSDW�

GLDQJJDS� EHUJHUDN� GDODP� VHEXDK����

SRWHQVLDO�\DQJ�KDQ\D�EHUJDQWXQJ�SDGD�

MDUDN�SLVDK�DQWDUD�NHGXD�DWRP�WHUVHEXW�

>��@� 

����� 3HQHQWXDQ� WLQJNDW� HQHUJL� YLEUDVL�

PROHNXO�GLDWRPLN 

.DUHQD� PDVVD� LQWL� \DQJ� UHODWLI� EHVDU��

JHUDNDQ� LQWL� GDSDW� GLVHGHUKDQDNDQ�

OHELK� ODQMXW� GHQJDQ� PHPLVDKNDQ�

JHUDNDQ�YLEUDVL�GDQ�JHUDNDQ�URWDVL�LQWL�

DWRP�� *HUDNDQ� URWDVL� GDSDW� GLGHNDWL�

GHQJDQ� PRGHO� URWDVL� NXDQWXP� ULJLG�

GXPEEHOO�� VHPHQWDUD� JHUDNDQ� YLEUDVL�

GDSDW� GLZDNLOL� ROHK� SHUVDPDDQ�

6FKURGLQJHU� XQWXN� NHDGDDQ� WHULNDW�

VHEDJDL�EHULNXW� 

GLPDQD� � P� DGDODK� PDVVD� WHUHGXNVL�

NHGXD� LQWL� DWRP�� (Q� DGDODK� WLQJNDW-

WLQJNDW�HQHUJL�YLEUDVL�PROHNXO��6ROXVL�

SHUVDPDDQ�LQL�GDSDW�GLSHUROHK�GHQJDQ�

�� FDUD�� SHUWDPD�� PHQ\HOHVDLNDQ�����

3HUVDPDDQ� ���� VHFDUD� ODQJVXQJ�

PHQJJXQDNDQ� DSURNVLPDVL� NXDQWXP�

−
ℏ2

2𝑚

𝑑2

𝑑𝑟2 + 𝑉(𝑟) 𝜓𝑛 = 𝐸𝑛𝜓𝑛        (1) 
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 GLPDQD� � DGDODK� SRWHQVLDO� SDGD��

WLWLN�VHWLPEDQJ�GDQ 

������������������������� ��� 

GLPDQD�į�DGDODK�VXDWX�SDUDPHWHU��������������������������� 

2OHK� NDUHQD� LWX�� 3HUVDPDDQ� ���� GDSDW�

GLWXOLV 

��� 

GLPDQD� �DGDODK�EHVDUDQ�WDQSD�GLPHQVL�

\DQJ�EHVDUQ\D�DGDODK 

������������������� 

(QHUJL� YLEUDVL� � PROHNXO� GLDWRPLF�

GDSDW� GLWHQWXNDQ� GHQJDQ� PHQFDUL� DNDU�

3HUVDPDDQ� ���� XQWXN� VXDWX� SRWHQVLDO� 9

�[��WHUWHQWX�� 

�����3RWHQVLDO�0RUVH 

3RWHQVLDO�0RUVH�GDSDW�GLWXOLV�>��@ 

���� 

'HQJDQ� PHODNXNDQ� HNVSDQVL� 7D\ORU�

XQWXN� SRWHQVLDO� LQL� GL� VHNLWDU� �

GLSHUROHK 

� ��� 

GHQJDQ� PHQJHYDOXDVL� IXQJVL� 0RUVH�

SDGD� ��PDND�GLSHUROHK 

�SHQGHNDWDQ� NXDQWXP�� GDQ� NHGXD�����

PHQLQMDX� JHUDNDQ� LQWL� VHFDUD� NODVLN�����

GDODP� VXDWX� VXPXU� SRWHQVLDO� NODVLN� 9��

NHPXGLDQ� PHQHUDSNDQ� DWXUDQ� NXDQWLVDVL�

NXDQWXP� XQWXN� PHQHQWXNDQ� WLQJNDW�����

HQHUJL� YLEUDVL� � �SHQGHNDWDQ� VHPL�

NODVLN��>��@� 

 'DODP� SHQGHNDWDQ� VHPLNODVLN�� YLEUDVL�

LQWL� GDSDW� GLWLQMDX� VHEDJDL� VXDWX� RVLODVL�

SHULRGLN� MDUDN� DQWDU� LQWL� DWRP� GL� DQWDUD�

NHGXD� WLWLN� EDOLN� NODVLN� � � GDQ�

��� 2VLODVL� LQL� EHUODQJVXQJ�

VHGHPLNLDQ� KLQJJD� HQHUJL� WRWDO� PROHNXO�

NRQVWDQ�� 

 'HQJDQ�PHPDVXNNDQ�V\DUDW�NXDQWLVDVL��

DSURNVLPDVL� XQWXN� WLQJNDWDQ� HQHUJL�����

YLEUDVL� PROHNXO� GDSDW� GLSHUROHK� GHQJDQ�

PHQ\HOHVDLNDQ�SHUVDPDDQ�EHULNXW�>��@ 

��������������� 

'LPDQD� � DGDODK� SRWHQVLDO� XQWXN�

PROHNXO� GLDWRPLN� VHEDJDL� IXQJVL� MDUDN�

SLVDK� �� 8QWXN� HILVLHQVL� GDODP�����

NRPSXWDVL�� GLODNXNDQ� SHQVNDODDQ� SDGD�

HQHUJL� � GDQ� MDUDN� � VHEDJDL�

EHULNXW 

 ��������������������� 

�GDQ� 

���������������������� 

𝑉(𝑟) ≅ 𝑉(𝑟𝑚𝑖𝑛 ) +
 𝑉 ′  (𝑟𝑚𝑖𝑛 )

1!
  (𝑟 − 𝑟𝑚𝑖𝑛 ) + 

 
 𝑉 ′′ (𝑟𝑚𝑖𝑛 )

2!
  (𝑟 − 𝑟𝑚𝑖𝑛 )

2 + ⋯ 
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���������������������� 

.DUHQD�9�� DGDODK� NRQVWDQWD�� PDND� XQWXN�

WXMXDQ�SDGD�VHFWLRQ� LQL�GDSDW�GLDVXPVLNDQ�

9�UPLQ��  � ��� 6HODQMXWQ\D�� GHQJDQ�

PHQJDPELO� WXUXQDQ� SHUWDPD� GDQ� WXUXQDQ�

NHGXD� SRWHQVLDO� � GDQ� GLHYDOXDVL�

SDGD� ��GLSHUROHK 

��������������������� 

GDQ 

 �������� 

GHQJDQ� PHPDVXNNDQ� 3HUVDPDDQ� ���-����

NH�3HUVDPDDQ������GLSHUROHK 

��������� 

GHQJDQ� PHODNXNDQ� SHQGHNDWDQ� RVLODWRU�

KDUPRQLN� SDGD� SRWHQVLDO�0RUVH� LQL�PDND�

GLSHUROHK 

������������������������� 

GLPDQD� �DGDODK�VXDWX�SDUDPHWHU�\DQJ�

EHUJDQWXQJ� SDGD� SRWHQVLDO� � GDQ�

NRQVWDQWD�RVLODWRU� � 

�����0HWRGH�3HQHOLWLDQ 

3HQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ�

PHQJJXQDNDQ� PHWRGH� QXPHULN� XQWXN�

PHQHQWXNDQ� WLQJNDWDQ� HQHUJL� YLEUDVL�

PROHNXO� �SDGD�VWDWH�GDVDUQ\D��\DNQL�

GHQJDQ� PHQ\HOHVDLNDQ� 3HUVDPDDQ� ����

VHFDUD� QXPHULN�� 6HFDUD� JDULV� EHVDU��

SHQHQWXDQ� WLQJNDWDQ� HQHUJL� YLEUDVL� LQL�

PHOLEDWNDQ� LQWHJUDVL� QXPHULN� GDQ�

SHQHQWXDQ� DNDU� SHUVDPDDQ� VHFDUD�

QXPHULN�� 'DODP� SHQHOLWLDQ� LQL�� PHWRGH�

WQXPHULN�\DQJ�GLJXQDNDQ�VHFDUD�EHUWXUXW-

XUXW�DGDODK�PHWRGH�LQWHJUDVL�6LPSVRQ�GDQ�

PHWRGH�UHJXOD�IDOVL� 

3HUWDPD�� WLWLN� EDOLN� NODVLN� XQWXN�

SRWHQVLDO�0RUVH�GLWHQWXNDQ�VHFDUD�DQDOLWLN��

\DQJ� VHODQMXWQ\D� GLPDVXNNDQ� NH�

3HUVDPDDQ� ����� 6HWHODK� LWX�� QLODL�

SHQGHNDWDQ� XQWXN� SDUDPHWHU� � SDGD�

3HUVDPDDQ������GLMDGLNDQ�QLODL�DZDO�GDODP�

PHQ\HOHVDLNDQ� 3HUVDPDDQ� ���� VHFDUD�

QXPHULN� XQWXN� PHPSHUROHK� QLODL� �

XQWXN� �� 6HWHODK� QLODL� � LQL�

GLSHUROHK�� NHPXGLDQ� GLFRFRNNDQ� GHQJDQ�

QLODL�HNVSHULPHQ�XQWXN�WLQJNDW�\DQJ�VDPD��

-LND� EHOXP� FRFRN�� PDND� QLODL� SDUDPHWHU�

� GLYDULDVL� SDGD� VDDW� PHQJHYDOXDVL�

3HUVDPDDQ� ���� VDPSDL� GLSHUROHK�

NHFRFRNDQ� GHQJDQ� QLODL� HNVSHULPHQ��

6HWHODK� GLSHUROHK� NHFRFRNDQ�� QLODL�

SDUDPHWHU� �LQL�VHODQMXWQ\D�GLJXQDNDQ�

XQWXN�PHQJHYDOXDVL� 3HUVDPDDQ� ���� XQWXN�

PHQHQWXNDQ�WLQJNDWDQ�HQHUJL�YLEUDVL�XQWXN�

�� � (YDOXDVL� 3HUVDPDDQ� ����

VHFDUD� QXPHULN� VHFDUD� JDULV� EHVDU� GDSDW�

GLMHODVNDQ� VHEDJDL� EHULNXW�� 3HUWDPD��

LQWHJUDQG� SDGD� SHUVDPDDQ� ���� LQL�

GLGHILQLVLNDQ� VHEDJDL� VXDWX� IXQJVL��

,QWHJUDVL�6LPSVRQ�NHPXGLDQ�GLDSOLNDVLNDQ�

SDGD�LQWHJUDO�LQL��(QHUJL�YLEUDVL�NHPXGLDQ�

GLWHQWXNDQ� GHQJDQ� PHQFDUL� DNDU�

3HUVDPDDQ� ���� PHQJJXQDNDQ� PHWRGH�

UHJXOD� IDOVL�� %DKDVD� SHPURJUDPDQ� \DQJ�

GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL� DGDODK�

EDKDVD�SHPURJUDPDQ�&� 
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���+DVLO�GDQ�3HPEDKDVDQ� 

����� 3HQHQWXDQ� WLWLN� EDOLN� NODVLN�

SRWHQVLDO�0RUVH 

'DUL� SHUVDPDDQ� ����� SRWHQVLDO� 0RUVH�

GDSDW�GLWXOLV 

� 
���� 

XQWXN� PHQHQWXNDQ� WLWLN� EDOLN� NODVLN��

PDND 

����������������������� 

GHQJDQ� PHQJJDQWL� ������

GLSHUROHK 

���� 

������� 

GLPDQD�VROXVLQ\D�DGDODK 

���������� 

VHKLQJJD�GLSHUROHK 

����������� 

� ��������� 

+DVLO� HNVSHULPHQ� XQWXN� PROHNXO� +��

PHQXQMXNNDQ� EDKZD� QLODL��

��>��@� 

����� )LWWLQJ� HQHUJL� YLEUDVL� WLQJNDW�

SHUWDPD 

3DGD� WDKDSDQ� LQL�� GLWHQWXNDQ� QLODL�

DSURNVLPDVL� � PHQJJXQDNDQ�

SHQGHNDWDQ� KDUPRQLN� SDGD� SRWHQVLDO�

0RUVH� �3HUVDPDDQ� ����� 8QWXN� VWDWH�

HOHNWURQLN� GDVDU� PROHNXO� +��� QLODL�

� >��@�� GDQ� QLODL�

� >�����@��

'HQJDQ� PHPDVXNNDQ� QLODL-QLODL� LQL� NH�

3HUVDPDDQ� ����� PDND� GLSHUROHK� QLODL�

SDUDPHWHU� ���� 

1LODL� SDUDPHWHU� � LQL� GDQ� WLWLN�

EDOLN�NODVLN�SDGD�3HUVDPDDQ������GDQ������

NHPXGLDQ� GLPDVXNNDQ� NH� GDODP�

3HUVDPDDQ� ���� XQWXN� GLWHQWXNDQ� QLODL�

HQHUJL� YLEUDVL� SDGD� WLQJNDW� ��

1LODL� ODLQ� \DQJ� GLJXQDNDQ� DGDODK� QLODL�

� SDGD� 3HUVDPDDQ� ���� \DQJ� EHVDUQ\D�

DGDODK� �>��@� 

+DVLO� SHUKLWXQJDQ� LQL� NHPXGLDQ�

GLFRFRNNDQ�GHQJDQ�QLODL�HQHUJL�GDUL�KDVLO�

HNVSHULPHQ� XQWXN� �� 6HWHODK�

PHODNXNDQ� SHQFRFRNNDQ�� GLSHUROHK� QLODL�

SDUDPHWHU� � \DQJ� VHVXDL� DGDODK�

�� 1LODL� LQLODK� \DQJ�

GLJXQDNDQ�XQWXN�PHQHQWXNDQ�QLODL�HQHUJL�

YLEUDVL� XQWXN� WLQJNDWDQ-WLQJNDWDQ� HQHUJL�

YLEUDVL�XQWXN� � 

�����3HUKLWXQJDQ�WLQJNDW-WLQJNDW�HQHUJL�

YLEUDVL�PROHNXO�+� 

 3HUKLWXQJDQ� NHPXGLDQ� GLODQMXWNDQ�

XQWXN� WLQJNDWDQ-WLQJNDWDQ� HQHUJL� YLEUDVL�

ODLQQ\D� �� +DVLO� SHUKLWXQJDQ�

HQHUJL� YLEUDVL� �GHQJDQ� WROHUDQVL� ��-�� GDQ�

MXPODK� LQWHUYDO� 1�  � ������ XQWXN� ���

WLQJNDW� HQHUJL� SDGD� NHDGDDQ� GDVDU�

PROHNXO�KLGURJHQ�GLWXQMXNNDQ�SDGD�7DEHO�

�� 
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7DEHO����1LODL�WLQJNDWDQ-WLQJNDWDQ�HQHUJL�

YLEUDVL�PROHNXO�+��SDGD�NHDGDDQ�

HOHNWURQLN�GDVDU 

 
'DUL� 7DEHO� ��� WHUOLKDW� EDKZD� XQWXN�

WLQJNDW� YLEUDVL� � GDQ�

�� QLODL� HQHUJL� YLEUDVL� KDVLO�

SHUKLWXQJDQ� VDPD� GHQJDQ� QLODL� HQHUJL�

KDVLO� HNVSHULPHQ� �XQWXN� �� WHPSDW�

GHVLPDO��� 8QWXN� WLQJNDW� � GDQ�

�� WHODK� WHUGDSDW� SHUEHGDDQ�

QLODL� HQHUJL� KDVLO� SHUKLWXQJDQ� GDQ� KDVLO�

HNVSHULPHQ�� QDPXQ� PDVLK� UHODWLI� NHFLO�

\DNQL� GL� EDZDK� ������ 1LODL� HUURU� LQL�

NHPXGLDQ�WHUXV�PHQLQJNDW�NHWLND�WLQJNDW�

YLEUDVL� VHPDNLQ� EHVDU�� 0HVNLSXQ�

GHPLNLDQ�� XQWXN� �� HUURU�

\DQJ� GLSHUROHK� PDVLK� UHODWLYH� NHFLO��

GHQJDQ�QLODL�HUURU�WHUEHVDU�VHEHVDU�������

1DPXQ� NHPXGLDQ� HURU� VHPDNLQ� EHVDU�

Ŷ 
EŝůĂŝ��Ŷ�;ĞsͿ͗��
WĞƌŚŝƚƵŶŐĂŶ 

EŝůĂŝ��Ŷ�;ĞsͿ͗�
�ŬƐƉĞƌŝŵĞŶ�

ϭϳ 

й�ĞƌŽƌ 

Ϭ -ϰ͘ϰϳϳ -ϰ͘ϰϳϳ Ϭ 
ϭ -ϯ͘ϵϲϮ -ϯ͘ϵϲϮ Ϭ 
Ϯ -ϯ͘ϰϳϴ -ϯ͘ϰϳϱ Ϭ͘Ϭϴϲ 
ϯ -ϯ͘ϬϮϱ -ϯ͘Ϭϭϳ Ϭ͘Ϯϲϱ 
ϰ -Ϯ͘ϲϬϰ -Ϯ͘ϱϴϳ Ϭ͘ϲϱϳ 
ϱ -Ϯ͘Ϯϭϰ -Ϯ͘ϭϴϱ ϭ͘ϯϮϳ 
ϲ -ϭ͘ϴϱϲ -ϭ͘ϴϭϭ Ϯ͘ϰϴϱ 
ϳ -ϭ͘ϱϯϬ -ϭ͘ϰϲϲ ϰ͘ϯϲϲ 
ϴ -ϭ͘Ϯϯϱ -ϭ͘ϭϱϭ ϳ͘Ϯϵϴ 
ϵ -Ϭ͘ϵϳϮ -Ϭ͘ϴϲϳ ϭϮ͘ϭϭϭ 
ϭϬ -Ϭ͘ϳϰϬ -Ϭ͘ϲϭϱ ϮϬ͘ϯϮϱ 
ϭϭ -Ϭ͘ϱϰϬ -Ϭ͘ϰϬϬ ϯϱ 
ϭϮ -Ϭ͘ϯϳϬ -Ϭ͘ϮϮϱ ϲϰ͘ϰϰϰ 
ϭϯ -Ϭ͘Ϯϯϰ -Ϭ͘Ϭϵϰ ϭϰϴ͘ϵϯϲ 
ϭϰ -Ϭ͘ϭϮϴ -Ϭ͘Ϭϭϳ ϲϱϮ͘ϵϰϭ 

NHWLND� � GDQ� PHQFDSDL�������������

PDNVLPXP� XQWXN� WLQJNDW� HQHUJL� WHUWLQJJL�

�� 8QWXN� OHELK� MHODVQ\D�� QLODL����

SHUVHQWDVL� HURU� GLSORW� YHUVXV� WLQJNDW� HQHUJL�

YLEUDVL�SDGD�*DPEDU���� 

 
*DPEDU����3HUVHQWDVL�HURU�YV�WLQJNDW�HQHUJL�

YLEUDVL��� 

'DUL� *DPEDU� �� WHUOLKDW� MHODV� EDKZD�

VHPDNLQ� WLQJJL� WLQJNDW� HQHUJL� YLEUDVL�� QLODL�

HURU� GDUL� KDVLO� SHQHOLWLDQ� LQL� VHPDNLQ� EHVDU���

6DODK� VDWX� SHQ\HEDEQ\D� DGDODK� EDKZD�

DSURNVLPDVL� GDODP� SHQHOLWLDQ� LQL�

PHQJJXQDNDQ� SHQGHNDWDQ� SRWHQVLDO� RVLODWRU�

KDUPRQLN� SDGD� SRWHQVLDO� 0RUVH� XQWXN�

PHQHQWXNDQ� QLODL� SDUDPHWHU� � \DQJ�

NHPXGLDQ� GLJXQDNDQ� XQWXN� SHUKLWXQJDQ�

VHPXD� WLQJNDWDQ� HQHUJL�� +DO� LQL�

PHQ\HEDENDQ� HURU� SHUKLWXQJDQ� VHPDNLQ�

EHVDU�NHWLND�Q�VHPDNLQ�EHVDU�NDUHQD�RVLODWRU�

KDUPRQLN�KDQ\D�PHPLOLNL�WLQJNDW�NHFRFRNDQ�

\DQJ� WLQJJL� GHQJDQ� SRWHQVLDO� 0RUVH� SDGD�

QLODL� �\DQJ�NHFLO��6HPHQWDUD�XQWXN�QLODL�

� \DQJ� VHPDNLQ� EHVDU�� SHUEHGDDQ� NXUYD�

SRWHQVLDO�0RUVH�GDQ�NXUYD�SRWHQVLDO�RVLODWRU�

KDUPRQLN�MXJD�VHPDNLQ�EHVDU�� 

%HUGDVDUNDQ� SHQMHODVDQ� GL� DWDV�� GDSDW�

GLNDWDNDQ� EDKZD� VHPDNLQ� WLQJJL� WLQJNDWDQ�
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HQHUJL� YLEUDVL�� WLQJNDW� DNXUDVL�

DSURNVLPDVL� \DQJ� GLJXQDNDQ� GDODP�

SHQHOLWLDQ�LQL�VHPDNLQ�EHUNXUDQJ��-XJD��

QLODL� HUURU� \DQJ� VDQJDW� WLQJJL� XQWXN�

WLQJNDWDQ� �GDQ� �

PHQJLQGLNDVLNDQ� EDKZD� SHQGHNDWDQ�

GDODP� SHQHOLWLDQ� LQL� WLGDN� EHUODNX� ODJL�

XQWXN�NHGXD�WLQJNDW�HQHUJL�LQL� 

 

����6LPSXODQ� 

'DUL� KDVLO� SHUKLWXQJDQ� WLQJNDW� HQHUJL�

YLEUDVL� PROHNXO� +�� GDQ� SHUEDQGLQJDQ�

GHQJDQ� KDVLO� HNVSHULPHQ�� GDSDW�

GLVLPSXONDQ� EDKZD� SHQGHNDWDQ� %RUQ-

2SSHQKHLPHU� GDQ� SHQJJXQDDQ�

SRWHQVLDO� 0RUVH� XQWXN� VLVWHP� LQL�

PHPEHULNDQ� KDVLO� \DQJ� DNXUDW��

NKXVXVQ\D� XQWXN� WLQJNDWDQ� YLEUDVL�

\DQJ� UHODWLI� UHQGDK�� 6HPHQWDUD� LWX��

WLQJNDW� NHDNXUDVLDQ� KDVLO� GDUL� PHWRGH�

LQL� VHPDNLQ� PHQXUXQ� XQWXN� WLQJNDWDQ�

HQHUJL�YLEUDVL�\DQJ�OHELK�WLQJJL��6HODLQ�

LWX�� QLODL� HURU� \DQJ� VDQJDW�EHVDU�XQWXN�

WLQJNDW� � GDQ� �

PHUXSDNDQ� VXDWX� LQGLNDVL� EDKZD�

SHQGHNDWDQ� GDODP� SHQHOLWLDQ� LQL� WLGDN�

EHUODNX� ODJL� XQWXN� WLQJNDWDQ� HQHUJL�

YLEUDVL�\DQJ�VDQJDW�WLQJJL� 

 

���5HIHUHQVL� 

��� .RORV�� :��� GDQ� :ROQLHZLF]�� /��

�������� ,PSURYHG� WKHRUHWLFDO�

JURXQG-VWDWH� HQHUJ\� RI� WKH�

K\GURJHQ�PROHFXOH��7KH�-RXUQDO�RI�

������&KHPLFDO�3K\VLFV�����������-���� 

�� .RORV�� :��� GDQ� :ROQLHZLF]�� /�� ��������

$FFXUDWH� DGLDEDWLF� WUHDWPHQW� RI� WKH�

JURXQG� VWDWH� RI� WKH� K\GURJHQ� PROHFXOH��

7KH� -RXUQDO� RI� &KHPLFDO� 3K\VLFV�� ��

���������-����� 

�� .RORV�� :��� GDQ� :ROQLHZLF]�� /�� ��������

3RWHQWLDO� HQHUJ\� FXUYHV� IRU� WKH�;���J���

E��X��� DQG� &� ��X� VWDWHV� RI� WKH�

K\GURJHQ� PROHFXOH�� 7KH� -RXUQDO� RI�

&KHPLFDO�3K\VLFV������������-����� 

�� .RORV�� :��� GDQ� :ROQLHZLF]�� /�� ��������

,PSURYHG� SRWHQWLDO� HQHUJ\� FXUYH� DQG�

YLEUDWLRQDO� HQHUJLHV� IRU� WKH� HOHFWURQLF�

JURXQG� VWDWH� RI� WKH� K\GURJHQ� PROHFXOH��

-RXUQDO� RI� PROHFXODU� VSHFWURVFRS\�� ��

�������-���� 

�� .DUO��*����������&RXQWLQJ�WKH�QXPEHU�RI�

YLEUDWLRQDO� VWDWHV� RI� D� PROHFXOH� WR�

LPSURYH�WKH�%RUQ-2SSHQKHLPHU�HVWLPDWH��

3K\VLFDO�5HYLHZ�$�����������-���� 

�� .DOLQLQ�� .�� 9�� �������� &DOFXODWLRQ� RI�

K\GURJHQ� PROHFXOH� HQHUJ\� OHYHOV� XVLQJ�

WKH�PRPHQW�FRQVWDQW�VXPPDELOLW\�PHWKRG�

ZLWK�VSHFLDOL]HG�ZHLJKW��$WPRVSKHULF�DQG�

2FHDQLF�2SWLFV����������-��� 

�� 'LFNHQVRQ�� *�� '��� 1LX�� 0�� /��� 6DOXP�

ELGHV��(��-���.RPDVD��-���(LNHPD��.��6��(���

3DFKXFNL�� .��� GDQ� 8EDFKV�� :�� ��������

)XQGDPHQWDO� YLEUDWLRQ� RI� PROHFXODU�

K\GURJHQ�� 3K\VLFDO� 5HYLHZ� /HWWHUV�� ���

������������ 
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�� 3DFKXFNL�� .��� GDQ� <HURNKLQ�� 9�� $��

�������� $SSOLFDWLRQ� RI� WKH� IXOO\�

FRUUHODWHG� EDVLV� RI� H[SRQHQWLDO�

IXQFWLRQV� IRU� PROHFXODU� K\GURJHQ��

3K\VLFDO�5HYLHZ�$��������������� 

�� .DG]LHODZD�� $�� 3��� %LHODV�� $��� $F�

TXDURQH��0���%LERUVNL��$���0DVND��0��

0��GDQ�6SDOHN��-����������+��DQG��+����

PROHFXOHV� ZLWK� DQ� DE� LQLWLR�

RSWLPL]DWLRQ� RI� ZDYH� IXQFWLRQV� LQ�

FRUUHODWHG� VWDWH�� HOHFWURQ-SURWRQ�

FRXSOLQJV� DQG� LQWHUPROHFXODU�

PLFURVFRSLF� SDUDPHWHUV�� 1HZ� -RXUQDO�

RI�3K\VLFV������������ 

��� 6SUHFKHU�� '��� -XQJHQ�� &��� GDQ�0HUNW��

)�� �������� 'HWHUPLQDWLRQ� RI� WKH�

ELQGLQJ� HQHUJLHV� RI� WKH� QS� 5\GEHUJ�

VWDWHV� RI�+���+'�� DQG�'�� IURP�KLJK-

UHVROXWLRQ� VSHFWURVFRSLF� GDWD� E\�

PXOWLFKDQQHO� TXDQWXP-GHIHFW� WKHRU\��

7KH�-RXUQDO�RI�&KHPLFDO�3K\VLFV�����

������������ 

��� 3XFKDOVNL��0���GDQ�.RPDVD��-����������

&RPSOHWH� D�P� FRUUHFWLRQV� WR� WKH�

JURXQG� VWDWH� RI� +��� 3K\VLFDO� 5HYLHZ�

/HWWHUV����������������� 

��� 0RUVH�� 30�� �������� 'LDWRPLF�

0ROHFXOHV� $FFRUGLQJ� WR� WKH� :DYH�

0HFKDQLFV� ,,�� 9LEUDWLRQDO� /HYHOV��

3K\VLFDO�5HYLHZ����������-��� 

��� )LGLDQL�� (�� �������� 0RGHOLQJ� RI�

GLDWRPLF� PROHFXOH� XVLQJ� WKH� 0RUVH�

SRWHQWLDO� DQG� WKH� 9HUOHW� DOJRULWKP��

$,3� &RQIHUHQFH� 3URFHHGLQJV��

������������ 

��� )LOKR��(��'���GDQ�GD�6LOYD��-��)����������

9LEUDWLRQDO� JURXQG� VWDWH� HQHUJ\� IRU�

FRQILQHG� PROHFXOHV�� ,23� &RQI�� 6HULHV��

-RXUQDO�RI�3K\VLFV�������������� 

��� :DOWRQ�� -��5���5LYHUD��/��$���/XFFKHVH��

5��5���GDQ�%HYDQ��-��:�� ��������2Q� WKH�

0RUVH�� /HQQDUG--RQHV�� DQG� .UDW]HU�

3RWHQWLDOV�� D� FDQRQLFDO�SHUVSHFWLYH�ZLWK�

DSSOLFDWLRQV�� 7KH� -RXUQDO� RI� 3K\VLFDO�

&KHPLVWU\�$���������������-����� 

��� %UDQVGHQ�� %+�� GDQ� -RDFKDLQ�� &-��

�������� 4XDQWXP� 0HFKDQLFV�� 3UHQWLFH�

+DOO�� 

��� .RRQLQ��6(�GDQ�0HUHGLWK��'&�����������

&RPSXWDWLRQDO� 3K\VLFV� )RUWUDQ�

9HUVLRQ��:HVWYLHZ�3UHVV� 

��� 5DG]LT�� $$��� 6PLUQRY�� %0�� ��������

5HIHUHQFH� 'DWD� RQ� $WRPV�� 0ROHFXOHV�

DQG� ,RQV�� 6SULQJHU-9HUODJ�� %HUOLQ�

+HLGHOEHUJ�� 

��� -RKDQQHV�� $�� =�� 6,08/$6,� ',1$�

0,.$� 02/(.8/(5� .8$1780�

'$5,� '(16,7$6� 08$7$1� 3/$6�

0$� 8178.� 6,67(0� 6('(5�

+$1$� :DKDQD�)LVLND� ��������-���� 

��� %DUEHULR�� (�� �������� &RPSXWDWLRQDO�

3K\VLFV�/HFWXUH�1RWHV��0HOERXUQH��7KH�

8QLYHUVLW\�RI�0HOERXUQH� 


