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6WXNWXU�\DQJ�EHUSHQJDUXK�GDODP�NRQWUXNVL�EDQJXQDQ�VDODK�VDWXQ\D�DGDODK�EHWRQ��
%DQ\DN�SDUD�SHQHOLWL� \DQJ�PHQJJDQWL� FDPSXUDQ�SHPEXDWDQ�EHWRQ�GHQJDQ�EDKDQ�
PDWHULDO�\DQJ�GL�KDVLONDQ�GDUL�OLPEDK��VHSHUWL�OLPEDK�EDQ��OLPEDK�SODVWLN��GDQ�ODLQ�
ODLQ� 3HPDQIDDWDQ� FDPSXUDQ� EHWRQ� PHQJJXQDNDQ� OLPEDK� EDQ� EHNDV� EHUPDNVXG�
GDSDW� PHQJXUDQJL� GDQ� PHPEDWDVL� SHUXVDNDQ� VLVWHPDWLV� DODP�� 3HQHOLWLDQ� LQL�
PHQHUDSNDQ SHQJJXQDDQ�OLPEDK�NDUHW�EDQ�VHEDJDL�SHQJJDQWL�DJUHJDW�KDOXV�XQWXN�
PHQGDSDWNDQ�KDVLO�NXDW�OHQWXU�GHQJDQ�YDULDVL�VHUXWDQ EDQ����������������������
GDQ������SDGD�EHWRQ� IF¶����03D�GDQ� IF¶����03D��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�
EDKZD�QLODL�NXDW�OHQWXU�EDORN�GHQJDQ�NDGDU�VHUXWDQ�NDUHW EDQ�EHNDV�VHEHVDU��������
��������������GDQ������EHUWXUXW�WXUXW�XQWXN�EHWRQ����03D�DGDODK�������03D��
������03D��������03D������� 03D��������03D� 6HGDQJNDQ�XQWXN�EHWRQ����0SD�
DGDODK�������03D��������03D��������03D��������03D��������03D� %HUGDVDUNDQ�
DQDOLVLV�NXDW�OHQWXU�WHUKDGDS�EHWRQ�PXWX�IF¶����03D�GDQ�IF¶����03D�GDSDW�GLNDWDNDQ�
EDKZD� SHQJJXQDDQ� VHUXWDQ� NDUHW EDQ� VHEDJDL� SHQJJDQWL� DJUHJDW� KDOXV� GDSDW�
GLJXQDNDQ�QDPXQ OHELK�EDLN�MLND�GLJXQDNDQ�SDGD�EHWRQ�PXWX� IF¶����PSD�GHQJDQ�
YDULDVL�VHUEXN�EDQ�VHEDQ\DN�����

.DWD�NXQFL���EHWRQ��NXDW�OHQWXU��VHUXWDQ EDQ��GDQ�YDULDVL�
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7KH�VWUXFWXUH�WKDW�DIIHFWV�EXLOGLQJ�FRQVWUXFWLRQ�LV�FRQFUHWH��0DQ\�UHVHDUFKHUV�DUH�
UHSODFLQJ� FRQFUHWH� PL[WXUHV� ZLWK� PDWHULDOV� SURGXFHG� IURP� ZDVWH�� VXFK� DV� WLUH�
ZDVWH��SODVWLF�ZDVWH��DQG�RWKHUV��7KH�XVH�RI�FRQFUHWH�PL[WXUHV�XVLQJ�XVHG�WLUH�ZDVWH�
LV� LQWHQGHG� WR� UHGXFH� DQG� OLPLW� WKH� V\VWHPDWLF� GHVWUXFWLRQ� RI� QDWXUH�� 7KLV� VWXG\�
DSSOLHV� WKH�XVH�RI� WLUH� UXEEHU�ZDVWH�DV�D� ILQH�DJJUHJDWH� VXEVWLWXWH� WR�REWDLQ� WKH�
UHVXOWV�RI�IOH[XUDO�VWUHQJWK�ZLWK�YDULDWLRQV�LQ�UXEEHU�WLUH�FUXPE�������������������
DQG�����LQ�IF�
���03D�DQG�IF
����03D�FRQFUHWH��7KH�UHVXOWV�VKRZHG�WKDW�WKH�EHDP�
IOH[XUDO�VWUHQJWK�ZLWK�XVHG�UXEEHU�UXEEHU�VKDYLQJV�ZDV�������������������DQG�
����UHVSHFWLYHO\�IRU����03D�FRQFUHWH�ZDV�������03D��������03D��������03D��
������03D��������03D��:KLOH�IRU�WKH����0SD�FRQFUHWH�LV�������03D��������03D��
������03D��������03D��������03D��%DVHG�RQ�WKH�IOH[XUDO�VWUHQJWK�DQDO\VLV�RI�IF�

���03D�DQG�IF
����03D�TXDOLW\�FRQFUHWH�LW�FDQ�EH�VDLG�WKDW�WKH�XVH�RI�WLUH�UXEEHU�
VKDYLQJV�DV�D�VXEVWLWXWH�IRU�ILQH�DJJUHJDWHV�FDQ�EH�XVHG EXW�EHWWHU�LI�XVHG�RQ�IF�
���
03D�TXDOLW\�ZLWK�D�YDULDWLRQ�RI����UXEEHU�WLUH�FUXPE�

.H\ZRUGV�� FRQFUHWH��IOH[XUDO�VWUHQJWK��UXEEHU�WLUH�FUXPE��DQG�YDULHW\�


