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%HKDYLRU�RI�ZHOGHG�MRLQW�UHJLRQV��SDUHQW�PDWHULDO��ZHOG�PHWDO�DQG�KHDW�DIIHFWHG�]RQH��LQ�WKH�
SUHVHQFH� RI� FUDFN� LV� SUHVHQWHG�� 6SHFLPHQV�ZHUH�PDGH� RI� KLJK�VWUHQJWK� ORZ�DOOR\� VWHHO� DQG�
ZHUH� WHVWHG�DW� ����&��'LDJUDPV� ORDG�YHUVXV� FUDFN�RSHQLQJ�GLVSODFHPHQW�� UHVLVWDQFH� FXUYHV�
DQG�-�YHUVXV�FUDFN�H[WHQVLRQ�DUH�DQDO\]HG�
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&ODVVLFDO�DSSURDFK�WR�PHWDOOLF�ZHOGHG�VWUXFWXUHV�FDOFXODWLRQ�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�
WKH�PDWHULDO�LV�KRPRJHQHRXV�DQG�LVRWURSLF�LV�UHSUHVHQWHG�E\�DOORZDEOH�VWUHVV�GHVLJQ�DQG�VDIHW\�
IDFWRU�� 6XFK� GHVLJQ� DSSURDFK� WXUQHG� RXW� WR� EH� QRW� VXIILFLHQWO\� UHOLDEOH� EHFDXVH� VWUXFWXUH�
IDLOXUHV�GXULQJ�WKHLU�H[SORLWDWLRQV�PD\�RFFXU�XQGHU�VWUHVVHV�WKDW�DUH�OHVV�WKDQ�DOORZDEOH�RQHV��
0DLQ� UHDVRQ� IRU� WKDW� DUH� PDWHULDO� GHIHFWV� H[LVWLQJ� LQ� UHDO� VWUXFWXUHV�� &UDFNV� DUH� WKH� PRVW�
GDQJHURXV�DPRQJ�WKRVH�GHIHFWV�

7KH�PDMRULW\�RI�PHWDOOLF�VWUXFWXUHV�DUH�PDQXIDFWXUHG�E\�ZHOGLQJ��1R�PDWWHU�KRZ�JRRG�D�
ZHOGHG� MRLQW� LV� FDUULHG� RXW�� LW� UHSUHVHQWV� D� GHIHFW� RI� PDWHULDO� EHFDXVH� LW� GLVUXSWV� LWV�
KRPRJHQHLW\��7KDW� LV�ZK\�D�ZHOGHG� MRLQW� LV�SRWHQWLDO� ORFDWLRQ�ZKHUH�FUDFNV�FDQ� LQLWLDWH�DQG�
UHSUHVHQWV�VWUHVV�FRQFHQWUDWRUV��

,Q�RUGHU�WR�KDYH�D�FRPSOHWH�PHWDOOLF�VWUXFWXUH�FKDUDFWHUL]DWLRQ��LW�LV�QHFHVVDU\�WR�XQGHUVWDQG�
PDWHULDO�EHKDYLRXU�LQ�WKH�SUHVHQFH�RI�FUDFNV��L�H��WKH�HVWLPDWLRQ�RI�PDWHULDO�UHVLVWDQFH�WR�FUDFN�
LQLWLDWLRQ� DQG� SURSDJDWLRQ��$V� WKH� UHVXOW� RI� VXFK� DSSURDFK�ZH� JHW� VWUXFWXUHV� RI� ORZHU�PDVV�
ZLWK�VLJQLILFDQWO\ UHGXFHG IUDFWXUH�ULVN�
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RSHUDWLQJ�FRQGLWLRQV��,Q�:0��)LJXUH����SRS�LQ�FDQ�EH�VHHQ�PHDQLQJ�WKDW��ZKHQ�FUDFN�HQWHUHG�
LQ� ORFDO�EULWWOH�]RQH�� LW�SURSDJDWHG� IDVW�� DIWHU� WKDW�FUDFN�HQWHUHG� LQ�]RQH�RI�KLJKHU� WRXJKQHVV�
ZKHUH�KDG�FRQWLQXHG�WR�JURZ�VWDEO\��&UDFN�SURSDJDWHG�XQWLO�WKH�HQG�RI�H[SHULPHQW�ZKHQ�FOLS�
JDJH� OLQHDU� FDSDFLW\� ZDV� H[KDXVWHG�� DW�&02' YDOXH� RI� ������ PP�� ,Q� )LJXUH �� LW� FDQ� EH�
REVHUYHG� WKDW� IDWLJXH� FUDFN� ZDV� SRVLWLRQHG� LQ� ORFDOO\� VRIWHQHG� ]RQH� RI� +$=� ZLWK� KLJKHU�
WRXJKQHVV�� VR� WKH� JURZWK� RI� FUDFN� ZDV� VWDEOH�� +$=� EHKDYLRXU� LV� VLPLODU� WR� 30� RQO\� WKDW�
PD[LPDO�ORDG�LQ�+$=���������N1��ZDV�UHDFKHG�DW�ORZHU�ORDG�YDOXHV�WKDQ LQ�30�EXW�DOVR�DW�
KLJKHU�&02' YDOXHV��������PP��WKDQ�LQ�30��LQGLFDWLQJ�JRRG�WRXJKQHVV�LQ�+$=�

5HVLVWDQFH�FXUYHV�JLYHQ�LQ�)LJXUH���VKRZ�WKH�HQHUJ\�DPRXQW�QHHGHG�IRU�FUDFN�SURSDJDWLRQ��
5HODWLYHO\�KLJK�YDOXHV� DUH�QHHGHG� IRU� FUDFN�SURSDJDWLRQ� LQ�30�� IRU���PP�RI�SURSDJDWLRQ�-
ZDV�DSSUR[LPDWHO\�����1�PP��- YDOXH�LQ�:0�ZHUH�GUDVWLFDOO\�ORZHU�FRPSDULQJ�WR�30��IRU�
FUDFN�SURSDJDWLRQ�RI���PP�- ZDV�DSSUR[LPDWHO\�����1�PP���- YDOXH�LQ�+$=�DUH�ORZHU�WKDQ�
IRU�DSSURSULDWH�RQHV�IRU�30�EXW�PXFK�KLJKHU�WKDQ�IRU�:0��IRU�FUDFN SURSDJDWLRQ�RI���PP�-
ZDV�DOPRVW�����1�PP��ZKLFK�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�FUDFN�ZDV�SRVLWLRQHG�LQ�ORFDO�
VRIWHQHG� ]RQH� ZLWK� VXUSULVLQJO\� KLJK� WRXJKQHVV�� $IWHU� VWDEOH� FUDFN� JURZWK� WKURXJK� +$=��
FUDFN�UHDFKHG�30�ZKHUH�FRQWLQXHG�WR�JURZ�VWDEO\�

9DOXHV RI� -,& SDUDPHWHU� DUH� XVHG� IRU� FKDUDFWHUL]DWLRQ� RI� PDWHULDO� UHVLVWDQFH� WR� FUDFN�
JURZWK��([SHULPHQWDOO\�REWDLQHG�YDOXHV�IRU�-,& DW�����&�RI�30�VKRZ�UHODWLYHO\�KLJK�YDOXH�RI�
����1�PP��)LJXUH����DQG�-,& YDOXH�IRU�:0�ZDV�����1�PP�VKRZLQJ�WKDW��LQ�SUHVVXUH�YHVVHOV��
WKH� ZHDNHVW� SDUW� ZLOO� EH�:0�� )LJXUH� ��� +LJK� -,& YDOXH� LQ� +$=� RI� ���� 1�PP�� )LJXUH� ���
FRQILUPV�WKH�VXLWDELOLW\�RI�LQYHVWLJDWHG�ZHOGHG�PDWHULDO�IRU�SUHVVXUH�YHVVHO�IDEULFDWLRQ�
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,PSDFW� WHVWLQJ� DQW� IUDFWXUH� PHFKDQLFV� WHVWLQJ� VKRZ� WKDW� 1,21,.5$/� ��� VWHHO� LV� VXLWDEOH� IRU�
PDQXIDFWXULQJ�RI�SUHVVXUH�YHVVHOV�IRU�DSSOLFDWLRQV�XS�WR�����&�
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������� 7KH� DXWKRUV� DUH� WKDQNIXO� WR� 3HWHU� 5R]VDKHJ\L�� %D\�/RJL� ,QVWLWXWH� IRU� /RJLVWLFV� DQG�
3URGXFWLRQ� 6\VWHPV��0LVNROF��+XQJDU\�� IRU� YDOXDEOH� KHOS� LQ� H[SHULPHQWV�� 7KH� DXWKRUV� DOVR�
H[SUHVV�WKHLU�DSSUHFLDWLRQ�WR�3URIHVVRU�%ODJRM�3HWURYVNL�IURP�WKH�8QLYHUVLW\�RI�%HOJUDGH��IRU�
LQYDOXDEOH�KHOS�DQG�VXJJHVWLRQV�LQ�ZULWLQJ�WKLV�SDSHU�
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