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�� ,QWURGXFWLRQ�DQG�PHWKRGV�
,Q�RUGHU�WR�FRQWULEXWH�WR�VROYLQJ�WKH�SUREOHPV�RI�

UHFRXUVHV��HQHUJ\�DQG�HQYLURQPHQW�RI�WKH�HDUWK��WKH�
GHYHORSPHQW� RI�PXOWLIXQFWLRQDO� VPDUW�PDWHULDOV� LV�
UHTXLUHG�� ,Q� WKH� LQWHOOLJHQW�PDWHULDOV�� LQYHVWLJDWLRQ�
RI�VKDSH�PHPRU\�DOOR\��60$��DQG�VKDSH�PHPRU\�
SRO\PHU��603��KDV�DWWUDFWHG�KLJK�DWWHQWLRQ�GXH�WR�
WKHLU� IXQFWLRQDO� SURSHUWLHV� DQG� KLJK� SRWHQWLDO� LQ�
SUDFWLFDO�DSSOLFDWLRQV��,Q�60$��WKH�VKDSH�PHPRU\�
SURSHUW\� DSSHDUV� EDVHG� RQ� WKH� PDUWHQVLWLF�
WUDQVIRUPDWLRQ��07��LQ�ZKLFK�WKH�FU\VWDO�VWUXFWXUH�
YDULHV� GHSHQGLQJ� RQ� WKH� YDULDWLRQ� LQ� VWUHVV� RU�
WHPSHUDWXUH� >�@�� ,Q�603�� WKH� HODVWLF�PRGXOXV� DQG�
WKH�\LHOG�VWUHVV�DUH�KLJK�DW�WHPSHUDWXUHV�EHORZ�WKH�
JODVV� WUDQVLWLRQ� WHPSHUDWXUH� 7J� DQG� ORZ� DW�
WHPSHUDWXUHV� DERYH� 7J�� 7KH� VKDSH� PHPRU\�
SURSHUW\� DSSHDUV� EDVHG� RQ� WKH� JODVV� WUDQVLWLRQ� LQ�
ZKLFK�WKH�FKDUDFWHULVWLFV�RI�PROHFXODU�PRWLRQ�YDU\�
GHSHQGLQJ�RQ�WKH�YDULDWLRQ�LQ�WHPSHUDWXUH��$PRQJ�
WKH�VKDSH�PHPRU\�SRO\PHUV�� WKH�SRO\XUHWKDQH�KDV�
EHHQ�PRVW�RIWHQ�SUDFWLFDOO\�XVHG�>����@���

,Q� WKLV� SDSHU�� LQYHVWLJDWLRQ� RI� VWUHVV�LQGXFHG�
PDUWHQVLWLF� WUDQVIRUPDWLRQ� LQ� 7L1L� 60$� DQG�
WKHUPRPHFKDQLFDO�EHKDYLRU�RI�603��7J� ����q&��LQ�
WHQVLRQ�DW�URRP�WHPSHUDWXUH��|��q&��DUH�SUHVHQWHG���

�� ([SHULPHQWDO�SURFHGXUH�
6KDSH� PHPRU\� PDWHULDOV� ZHUH� VXEMHFWHG� WR�

VWUDLQ�FRQWUROOHG� WHQVLRQ� WHVWV� ZLWK� YDULRXV� VWUDLQ�
UDWHV� RQ� ,QVWURQ� DQG� 076� 7HVWLQJ� PDFKLQHV��
'XULQJ� WKH� ORDGLQJ� SURFHVV�� WKH� LQIUDUHG� UDGLDWLRQ�
IURP� WKH� VSHFLPHQV� VXUIDFH� ZDV� UHFRUGHG� E\� IDVW�
�����+]��DQG�VHQVLWLYH��������.��3KRHQL[�LQIUDUHG�
FDPHUD�� 7KH� VWUHVV� DQG� VWUDLQ� TXDQWLWLHV� ZHUH�
UHODWHG�WR�WKH�FXUUHQW�YDOXHV�RI�WKH�VSHFLPHQ�FURVV�
VHFWLRQ��REWDLQLQJ�WUXH�VWUHVV�DQG�WUXH�VWUDLQ�YDOXHV���

�� 6KDSH�PHPRU\�DOOR\V�±�,QIUDUHG�LPDJLQJ�
6LQFH�WKH�IRUZDUG�07�LV�H[RWKHUPLF�ZKLOVW� WKH�

UHYHUVH� RQH� H[KLELWV� HQGRWKHUPLF� SURSHUW\�� WKH�
WKHUPRYLVLRQ� FDPHUD� WXUQHG� RXW� WR� EH� YHU\� XVHIXO�
IRU� LQYHVWLJDWLRQ� RI� 60$V�� ,QIUDUHG� LPDJLQJ� RI�
QXFOHDWLRQ� DQG� HYROXWLRQ� RI� PDFURVFRSLF�
WUDQVIRUPDWLRQ�EDQGV��UHODWHG�WR�PDUWHQVLWH�IRUZDUG�
�D��DQG�UHYHUVH��E��WUDQVLWLRQ�LV�VKRZQ�LQ�)LJ������

D��/RDGLQJ� ��������������������������E��8QORDGLQJ� �

�
)LJ�� ��� ,QIUDUHG� LPDJLQJ� RI� WUDQVIRUPDWLRQ� EDQGV�
GHYHORSLQJ�GXULQJ�D��ORDGLQJ�DQG�E��XQORDGLQJ�RI�60$��

$W�WKH�FHUWDLQ�OHYHO�RI�WKH�VWUHVV�DQG�VWUDLQ�VWDWH��
WKH� WHPSHUDWXUH� VWDUWV� WR� JURZ�� LQGLFDWLQJ� WKH�
KRPRJHQHRXV� QDWXUH� RI� WKH� LQLWLDO� WUDQVIRUPDWLRQ�
SURFHVV�>����@��$W�KLJKHU�VWUDLQV��LQFOLQHG�EDQGV�RI�
KLJKHU�WHPSHUDWXUH��ǻ7|��.��DUH�REVHUYHG��VWDUWLQJ�
XVXDOO\� LQ� WKH�VSHFLPHQ�JULS�DUHDV�DQG�GHYHORSLQJ�
WRZDUGV� WKH� VSHFLPHQ� FHQWHU�� 7KH\� ZHUH� FDOOHG�
WUDQVIRUPDWLRQ� EDQGV� RU� /XGHUV�OLNH� GHIRUPDWLRQ�
>�@�� ,Q� WKH� FRXUVH� RI� WKH� 60$� XQORDGLQJ�� WKH�
VSHFLPHQ� WHPSHUDWXUH� GHFUHDVHV� VLJQLILFDQWO\� DQG�
EDQGV�RI�ORZHU�WHPSHUDWXUH��ǻ7�|�����.��QXFOHDWH��
DOZD\V�IURP�FHQWUDO�SDUW�RI�WKH�VSHFLPHQ�>�@���
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�� 6KDSH�PHPRU\�SRO\XUHWKDQH� ��(IIHFWV�RI�
WKHUPRPHFKDQLFDO�FRXSOLQJV��

� 6WUHVV� V� DQG� WHPSHUDWXUH� FKDQJH� ǻ7� � YHUVXV�
VWUDLQ�REWDLQHG�IRU�603�WHQVLOH�WHVW�SHUIRUPHG�ZLWK�
YDULRXV�VWUDLQ�UDWHV�WLOO�UXSWXUH�DUH�SUHVHQWHG�LQ�)LJ��
���7KH�HORQJDWLRQ�OLPLW�RI� WKH�603�LV�RYHU�������
LQ� FDVH� RI� WUXH� VWUDLQ�� 7KH� 603� WXUQHG� RXW� WR� EH�
YHU\�IOH[LEOH�DQG�LW�ZDV�QRW�VR�HDV\�WR�GHIRUP�LW�WLOO�
UXSWXUH��2QH� FDQ�QRWLFH� ORRNLQJ� DW�)LJ�� �� WKDW� WKH�
603� H[KLELWV� D� VPRRWK�� KDUGHQLQJ�OLNH� EHKDYLRXU�
DW� DOO� WKH� WHVWHG� VWUDLQ� UDWHV� DSSOLHG�� 7KLV� LV�
SUREDEO\� D� UHVXOW� RI� WKH� UHRULHQWDWLRQ� RI� WKH�
SRO\XUHWKDQH� PROHFXODU� FKDLQV� WKDW� LQGXFHV�
FU\VWDOOL]DWLRQ�LQ� WKH�SRO\PHU�VWUXFWXUH�>����@��7KH�
KLJKHU� VWUDLQ� UDWH�� WKH� KLJKHU� WHPSHUDWXUH� FKDQJHV�
ZHUH�REWDLQHG��VLQFH�WKH�SURFHVV�RI�WKH�ORDGLQJ�ZDV�
PRUH�FORVH�WR�DGLDEDWLF�FRQGLWLRQV��

�
)LJ�����6WUHVV�V�DQG�WHPSHUDWXUH�FKDQJH�ǻ7��YHUVXV�
VWUDLQ�IRU�603�WHQVLRQ�ZLWK�YDULRXV�VWUDLQ�UDWHV���

�
$W� KLJKHU� VWUDLQV�� D� PD[LPXP� RI� VWUHVV� ZDV�

UHFRUGHG�� HVSHFLDOO\� SURQRXQFHG� DW� KLJKHU� VWUDLQ�
UDWHV��1H[W��WKH�VWUHVV�GURSV�DUH�REVHUYHG��IROORZHG�
E\�LWV� LQFUHDVH�� OHDGLQJ�WR� WKH�VDPSOH�QHFNLQJ�DQG�
UXSWXUH�� 7KH�PD[LPDO� WHPSHUDWXUH� FKDQJHV� RI� WKH�
603�� DFFRPSDQ\LQJ� WKH� VSHFLPHQ� UXSWXUH�� ZHUH�
TXLWH� VLJQLILFDQW�� ��� .� IRU� �[����V���� ��� .� IRU�
�[���V���DQG����.�IRU����V���RI�VWUDLQ�UDWH���

� �6WUHVV� DQG� WHPSHUDWXUH� FKDQJHV� UHODWHG� WR�
SDUWLFXODU� VWDJHV� RI� WKH� 603� ORDGLQJ�� QDPHO\� WKH�
VWUHVV�SHDN�DQG�WKH�VWUHVV�RI�WKH�VSHFLPHQ�UXSWXUH��
DUH�VKRZQ�LQ�7DEOH�����
�
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7DE�����6WUHVV�DQG�WHPSHUDWXUH�FKDQJHV�UHODWHG�WR�WKH�
603�VWUHVV�SHDN�DQG�WKH�VSHFLPHQ�UXSWXUH��

�� &RQFOXGLQJ�UHPDUNV�

x 7KH�REWDLQHG�UHVXOWV�HPSKDVL]H�KLJK�VHQVLWLYLW\�
DQG�XVHIXOQHVV�RI�WKH�LQIUDUHG�FDPHUD�WR�VWXG\�
WKH� HIIHFWV� RI� WKHUPRPHFKDQLFDO� FRXSOLQJV� LQ�
VKDSH� PHPRU\� DOOR\V� DQG� VKDSH� PHPRU\�
SRO\PHUV���

x 6WUHVV�LQGXFHG� PDUWHQVLWLF� WUDQVIRUPDWLRQ�
GHYHORSV� LQ� 7L1L� 60$� LQ� WHQVLRQ� YLD� QDUURZ�
EDQGV�RI�KLJKHU�WHPSHUDWXUH��1XFOHDWLRQ�RI�WKH�
ORFDOL]HG�PDUWHQVLWLF�IRUZDUG�WUDQVIRUPDWLRQ�LQ�
VKDSH� PHPRU\� DOOR\� WDNHV� SODFH� HLWKHU� LQ� WKH�
VWUHVV�FRQFHQWUDWHG� DUHD� RI� WKH� VSHFLPHQ� JULS�
RU� LQ� DQ\� RWKHU� DUHD�� ZKHUHDV� WKH� UHYHUVH�
WUDQVIRUPDWLRQ�DOZD\V�LQLWLDWHV�LQ�FHQWUDO�SDUW��

x 7KH� HORQJDWLRQ� OLPLW� RI� WKH� VKDSH� PHPRU\�
SRO\XUHWKDQH�LV�RYHU�������LQ�WKH�FDVH�RI�WUXH�
VWUDLQV�� 7KH� KLJKHU� VWUDLQ� UDWH�� WKH� KLJKHU�
WHPSHUDWXUH� FKDQJHV� ZHUH� REWDLQHG�� VLQFH� WKH�
SURFHVV�ZDV�PRUH�FORVH�WR�DGLDEDWLF�FRQGLWLRQV���

$FNQRZOHGJHPHQWV�
7KH� UHVHDUFK� KDV� EHHQ� FDUULHG� RXW� ZLWK� WKH�

VXSSRUW� RI� WKH� 3ROLVK� 1DWLRQDO� &HQWHU� RI� 6FLHQFH�
XQGHU� *UDQW� 1R�� ��������0�67��������� 7KH�
DVVLVWDQFH� RI� /HV]HN� 8UEDĔVNL� LQ� REWDLQLQJ� WKH�
H[SHULPHQWDO�GDWD�LV�JUHDWO\�DSSUHFLDWHG��

5HIHUHQFHV�
>�@ <DPDXFKL� .��� 2KNDWD� ,��� 7VXFK\D� .�� DQG�

0L\D]DNL�6����6KDSH�0HPRU\�DQG�6XSHUHODVWLF�
$OOR\V��:RRGKHDG�3XEOLVKLQJ�/LPLWHG��������

>�@ +XDQJ� :�0��� <RXQJ� %�� DQG� )X� <�4���
3RO\XUHWKDQH� 6KDSH� 0HPRU\� 3RO\PHUV�� &5&�
3UHVV�7D\ORU�	�)UDQFLV�*URXS���������

>�@ 3LHF]\VND� (�$��� 1RZDFNL� :�.��� 7REXVKL� +���
+D\DVKL� 6��� 7KHUPRPHFKDQLFDO� SURSHUWLHV� RI�
VKDSH�PHPRU\�SRO\PHU�VXEMHFWHG�WR�WHQVLRQ�LQ�
YDULRXV�FRQGLWLRQV��4,57�-������������SS�������
�������

>�@ 3LHF]\VND� (�$��� *DGDM� 6�3��� 1RZDFNL� :�.���
/XFNQHU� -�� DQG� 7REXVKL� +��� 0DUWHQVLWH� DQG�
5HYHUVH� 7UDQVIRUPDWLRQ� GXULQJ� 6LPSOH� 6KHDU�
RI�1L7L�60$��6WUDLQ������������SS� ���������

>�@ 3LHF]\VND� (�$��� $FWLYLW\� RI� 6WUHVV�LQGXFHG�
PDUWHQVLWH� WUDQVIRUPDWLRQ� LQ� VKDSH� PHPRU\�
DOOR\� VWXGLHG� E\� LQIUDUHG� WHFKQLTXH�� � -�� 0RG��
2SW�������������SS��������������

>�@ 3LHF]\VND� (�$��� 7REXVKL� +�� .XODVLĔVNL� .���
'HYHORSPHQW� RI� WUDQVIRUPDWLRQ�EDQGV� LQ�7L1L�
60$�IRU�YDULRXV�VWUHVV�DQG�VWUDLQ�UDWHV�VWXGLHG�
E\� D� IDVW� 	� VHQVLWLYH� LQIUDUHG� FDPHUD�� 6PDUW�
0DWHU��6WUXFW����������������������


