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7KH� ORQJ�WHUP� RSHUDELOLW\� RI� SUHFLVLRQ
FU\RJHQLF� HTXLSPHQW� LV� D� SUREOHP� RI� JUHDW
LPSRUWDQFH� LQ� SK\VLFDO� PDWHULDOV� VFLHQFH�
7KH�PDWHULDOV�XVHG�LQ�PDQXIDFWXULQJ�RI�SUH�
FLVLRQ� RSWLFDO� V\VWHPV� DQG�QDYLJDWLRQ� J\UR�
VFRSHV� DUH� VXEMHFWHG� WR� H[WUHPH� H[WHUQDO
IDFWRUV�UHVXOWLQJ� LQ�FRQVLGHUDEOH�FKDQJHV� LQ
SK\VLFDO� DQG�PHFKDQLFDO� SURSHUWLHV� WKHUHRI�
$W� WKH� VDPH� WLPH�� WKHUH� DUH� QR� FULWHULD� WR
VHOHFW� D� PDWHULDO� XVDEOH� LQ� SUHFLVLRQ� FU\R�
JHQLF� HQJLQHHULQJ� EHFDXVH� WKH� SUREOHP� LV
KLJKO\�FRPSOLFDWHG��7KH�RQO\� VXLWDEOH�FULWH�
ULRQ� IRU� WKH� PDWHULDO� VHOHFWLRQ� WDNLQJ� LQWR
DFFRXQW�WKH�VHW�RI�LWV�SK\VLFDO�DQG�PHFKDQL�
FDO�SURSHUWLHV�LV�WKH�HPSLULFDO�0DNVXWRY�FR�
HIILFLHQW� >�@� GHULYHG� IURP� WKH� VKDSH� VWDELO�
LW\�FRQGLWLRQ�XQGHU� ORZ�PHFKDQLFDO�VWUHVVHV
DQG� WHPSHUDWXUH� JUDGLHQWV� DFWLQJ� RQ� WKH
PDWHULDO�� 3� �(O��D&U�� ZKHUH� (� LV� WKH
<RXQJ� PRGXOXV�� O�� KHDW� FRQGXFWLYLW\�� D�
WKHUPDO�OLQHDU�H[SDQVLRQ�FRHIILFLHQW��&��VSH�
FLILF�KHDW� FDSDFLW\��U�� WKH�PDWHULDO�GHQVLW\�
7KH�KLJKHU�LV�WKH�3�YDOXH��WKH�PRUH�SUHIHU�
DEOH�LV�WKH�PDWHULDO�LQ�PDQXIDFWXULQJ�RI�WKH

SUHFLVLRQ� RSWLFDO� V\VWHPV�� +RZHYHU�� WKH
0DNVXWRY� FRHIILFLHQW� ZDV� XVHG� XS� WR� QRZ
PDLQO\� QHDU� URRP� WHPSHUDWXUH�� $V� WR� ORZ�
WHPSHUDWXUH� UHJLRQ�� WKHUH� DUH� RQO\� VFDUFH
OLWHUDWXUH� GDWD� RQ�3� >�Ü�@�� ,Q� WKLV� FRQQHF�
WLRQ�� WKH� SXUSRVH� RI� WKLV�ZRUN� LV� WR� REWDLQ
DQG� LQYHVWLJDWH� WKH� ORZ�WHPSHUDWXUH� 3�7�
GHSHQGHQFHV�IRU�PDWHULDOV�RI�SURPLVH�LQ�WKH
SUHFLVLRQ�HQJLQHHULQJ�DV�ZHOO�DV�WKH�FULWHULD
GHSHQGLQJ�RQ�WKH�PDWHULDO�VWUXFWXUH�VWDWH�

3RO\FU\VWDOOLQH�EHU\OOLXP��ILYH� LQGXVWULDO
DOXPLQXP� DOOR\V�� QRQPHWDO� PDWHULDOV
�62���0� JODVV� FHUDPLFV�� GURVV�FDVW� VLOLFRQ
FDUELGH�� SRO\FU\VWDOOLQH� FDVW� VLOLFRQ�� DQG
VRPH�RWKHUV�PDWHULDOV�ZHUH� VWXGLHG��%DVLQJ
RQ�WHPSHUDWXUH�GHSHQGHQFHV�RI�SK\VLFDO�DQG
PHFKDQLFDO� SURSHUWLHV� DV� ZHOO� DV� RQ� OLWHUD�
WXUH�GDWD��WKH�3�YDOXHV�KDYH�EHHQ�FDOFXODWHG
ZLWKLQ� ��� WR� ����.� WHPSHUDWXUH� UDQJH�� 7R
DQDO\]H� WKH� PHFKDQLFDO� DQG� WKHUPDO� FRQGL�
WLRQV� RI� RSHUDELOLW\� IRU� PDWHULDOV� XQGHU
VWXG\��WKH�GLPHQVLRQDO�VWDELOLW\�XQGHU�IRUFH
DQG� WHPSHUDWXUH� F\FOLQJ� ZDV� PHDVXUHG�
8VLQJ� WKH� PHWKRG� GHVFULEHG� LQ� >����@�� ZH
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VXFFHHGHG� LQ� PHDVXULQJ� RI� GLPHQVLRQDO� LQ�
VWDELOLW\� DW� DQ� HUURU� RI� DERXW� ��Ü�� XQGHU
ORZ�WHPSHUDWXUH� WKHUPDO� F\FOLQJ� DQG� ORZ
VWUHVVHV��XS�WR�WKH�\LHOG�OLPLW���7KH�PHWKRG
FRQVLVWV� LQ�PHDVXULQJ� RI� OLQHDU� GLPHQVLRQV
RI� WZR�VSHFLPHQV�E\�PHDVXULQJ�WKH�JDS�EH�
WZHHQ�WKRVH��7KH�VHWXS�IRU�GLPHQVLRQDO�VWD�
ELOLW\� PHDVXUHPHQWV� LQFOXGHV� D� EDWK� IRU
WKHUPDO� F\FOLQJ�� D� EHQFK� PDGH� RI� 62���0
JODVV� FHUDPLFV�� WZR� VSHFLPHQV� KDYLQJ� WKH
WRWDO�OHQJWK�/� �����PP�DQG�D�18��(�RSWL�
FDO�PLFURVFRSH�>�@��7KH�JDS�ZLGWK��G� ����PP�
EHWZHHQ� WKH� VSHFLPHQV� ZDV�PHDVXUHG� SULRU
WR�DQG�DIWHU�WKH�WKHUPDO�F\FOLQJ�DW�DQ�HUURU
DERXW�����PP��7KH�G�YDOXH�ZDV�PHDVXUHG�DW
���� .�� 7KH� PHDVXUHPHQW� HUURU� LV� GXH
PDLQO\� WR� WKH� LQDFFXUDF\�RI� WKH�PLFURVFRSH
IRFXVLQJ� DW� WKH� VSHFLPHQ� VXUIDFH�� ,Q� WKDW
FRQQHFWLRQ�� WKH�PHDVXUHPHQW� HUURU�ZDV� GH�
WHUPLQHG�DV�WKH�U�P�V��ZLWKLQ�D�VHULHV�RI���
FRQWURO� PHDVXUHPHQWV�� 7KH� UHODWLYH� FKDQJH
LQ�WKH�VSHFLPHQ�GLPHQVLRQV�ZDV�GHWHUPLQHG
DV�WKH�UDWLR�H� �G/�/�ZKHUH�/�LV�WKH�FKDQJH
LQ�WKH�JDS�ZLGWK�G�EHWZHHQ�WKH�VSHFLPHQV�

,W� LV� WR� QRWH� WKDW� WKH� WKHUPDO� DQG� IRUFH
F\FOLQJ�PHWKRGV�ZHUH�HODERUDWHG�PDLQO\�IRU
XVH�DW�KLJK�WHPSHUDWXUHV��7KH�ORZ�WHPSHUD�
WXUH� WKHUPDO� F\FOLQJ� KDV� VRPH� VSHFLILF� IHD�
WXUHV� DVVRFLDWHG� ZLWK� WKH� IDFW� WKDW� WKH
VSHFLPHQV�DUH�FRROHG�DV�D�UXOH�E\�LPPHUVLRQ
WKHUHRI�LQWR�D�FU\RJHQLF�OLTXLG��7KDW�UHVXOWV
LQ� IRUPDWLRQ� RI� FRQVLGHUDEOH� WHPSHUDWXUH
JUDGLHQWV� FDXVLQJ� KLJK� LQWHUQDO� VWUHVVHV�
7KH� ORDGLQJ� GHYLFH� LV� FRROHG� LQ� SDUW� WR�
JHWKHU�ZLWK�WKH�VSHFLPHQ��WKXV�FRPSOLFDWLQJ
WKH� PHDVXUHPHQWV� RI� VWUHVVHV� DQG� VWUDLQV�
7R� GDWH�� RQO\� IHZ� FRQVWUXFWLRQV� RI� GHYLFHV
IRU�WKHUPDO�F\FOLQJ�RI�PDWHULDOV�DW�ORZ�DQG
VXSHU�ORZ� WHPSHUDWXUHV� DUH� NQRZQ� >�Ü��@�

7KH� H[SHULPHQWV� RQ� ORZ�WHPSHUDWXUH� WKHU�
PDO� F\FOLQJ� WUHDWPHQW� �/7&7�� ZHUH� FDUULHG
RXW�XVLQJ�WKH�VHWXS�>��@�SURYLGLQJ�WKH�WKHU�
PDO�F\FOLQJ�DW�DV�ORZ�WHPSHUDWXUHV�DV�����.
XQGHU� SURJUDPPHG� ORDGLQJ� DQG� FRROLQJ� RI
WKH�VSHFLPHQV�

7DEOH� SUHVHQWV� WKH� 3� YDOXHV� FDOFXODWHG
IURP� WHPSHUDWXUH� GHSHQGHQFHV� RI� SK\VLFR�
PHFKDQLFDO� SURSHUWLHV� IRU� ��� YDULRXV�PDWH�
ULDOV��VRPH�RI�WKRVH�EHLQJ�XVHG�LQ�PDQXIDF�
WXULQJ�RI�FU\R�PLUURUV�DQG�RWKHU�DVVHPEOLHV
RI�FU\RJHQLF�RSWLFV��7KH�WHPSHUDWXUH�ORZHU�
LQJ� GRZQ� WR� ��� .� LV� VHHQ� WR� UHVXOW� LQ� DQ
DSSUHFLDEOH�LQFUHDVH�RI�WKH�FRHIILFLHQW�3�IRU
DOO�WKH�PDWHULDOV�VWXGLHG�H[FHSW�IRU�62���0
JODVV�FHUDPLFV��7KH�3�YDOXHV�LQFUHDVH�LQ�GLI�
IHUHQW� PDQQHU� IRU� GLYHUVH� PDWHULDOV� DQG
QRQ�PRQRWRQRXVO\� LQ�PDQ\�FDVHV��7KH�0DN�
VXWRY�FRHIILFLHQWV�DW�7� �����.�GHFUHDVH�LQ
WKH� IROORZLQJ� VHTXHQFH�� 6L&�� 6L�� %H�� 6$6���
$.�����$%0����HWF��$V�WR�WKH�XVH�RI�PDWHUL�
DOV� LQ� 85� VSHFWURVFRS\� DW� 7� ���� .�� WKH
JUHDWHVW�LQFUHDVH�LQ�3� LV�REVHUYHG�PDLQO\�IRU
IHZ�PDWHULDOV��QDPHO\��6L��6L&��%H��DQG�6$6��
����� &RQVLGHUDWLRQ� RI� WHPSHUDWXUH� GHSHQG�
HQFHV� RI� FKDUDFWHULVWLFV� LQFOXGHG� LQ� WKH� HP�
SLULFDO� IRUPXOD� RI� WKH� 0DNVXWRY� FRHIILFLHQW
VKRZV� WKDW� WKH�SUHVHQFH�RI�D�PD[LPXP�LQ�3
YDOXH�IRU�6L&�DW����.�DV�ZHOO�DV�WKDW�IRU�WKH
JODVV� FHUDPLFV� DW� ���� .� LV� GHILQHG� VXEVWDQ�
WLDOO\� E\� WKH� UXQ� RI� KHDW� FRQGXFWLYLW\�O� DQG
H[SDQVLRQ� FRHIILFLHQW� D� WHPSHUDWXUH� GHSHQG�
HQFHV��6R�IRU�6L&��WKH�O�VWDUWV�WR�GHFUHDVH�DW
��� .� ZKLOH� D� GURSV� DEUXSWO\� DQG� DWWDLQV� D
PLQLPXP� DW� 7� ����.�� 6LPLODU� QRQ�PRQRWR�
QRXV� FKDQJHV� LQ� WKHUPRSK\VLFDO� SDUDPHWHUV
DUH�W\SLFDO�DOVR�RI�WKH�JODVV�FHUDPLFV��OPD[�DPD[�DW�����.��OPLQ��DPLQ�DW����.�

7DEOH��7HPSHUDWXUH�GHSHQGHQFH�RI�0DNVXWRY�FRHIILFLHQW� IRU� VRPH�PDWHULDOV�RI�SURPLVH� LQ�FU\R�
JHQLF�RSWLFV
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:KHQ�FRPSDULQJ�WKH�GDWD�IURP�7DEOH��LW
LV�VHHQ�WKDW�WKH�KLJKHVW�3�YDOXHV�DUH�FKDUDF�
WHULVWLF� IRU�6L��6L&�� DQG�%H��+RZHYHU�� FRQ�
VLGHULQJ�RWKHU�SURSHUWLHV�RI�WKRVH�PDWHULDOV�
LW� LV� FOHDU� WKDW� VRPH� RI� WKRVH� GR� QRW� PHHW
FHUWDLQ� UHTXLUHPHQWV� GHILQLQJ� WKH� PDWHULDO
VXLWDELOLW\�IRU�WKH�FU\R�PLUURUV��QDPHO\��WKH
LVRWURS\�DQG�VWUXFWXUH�VWDELOLW\�XQGHU�WKHU�
PDO�F\FOLQJ�DQG�H[WHUQDO�VWUHVVHV�ORZHU�WKDQ
WKH�PDFURVFDOH� \LHOG� OLPLW� DW� FRUUHVSRQGLQJ
WHPSHUDWXUHV�� ,Q� WKLV� FRQQHFWLRQ�� LW� LV� WR
SD\�DWWHQWLRQ�WR�WKH�GLPHQVLRQDO�DQG�VWUXF�
WXUDO� VWDELOLW\� RI� PDWHULDOV� VHOHFWHG� EDVLQJ
RQ� WKH�3�7��PD[LPXP� FULWHULRQ�� 7KH� VWXG\
RI�WKH�PDWHULDO�GLPHQVLRQDO�VWDELOLW\�VKRXOG
EH�FRPELQHG�ZLWK�LQYHVWLJDWLRQ�RI�WKH�PDWH�
ULDO�VWUXFWXUH�VWDWH�DQG�LWV�HYROXWLRQ�

7KH� FKDQJHV� LQ� WKH� PDWHULDO� VWUXFWXUH
DQG�SURSHUWLHV�XQGHU� WKHUPDO�DQG�IRUFH�F\�
FOLQJ� GHSHQG� RQ� QXPHURXV� IDFWRUV� WKDW� FDQ
EH� VXEGLYLGHG� LQWR� LQWHUQDO� DQG� H[WHUQDO
RQHV��7KH�IRUPHU�LQFOXGH�WKH�PHWDO�RU�DOOR\
FU\VWDO� ODWWLFH� W\SH�� WKH� LQLWLDO� VWUXFWXUH
VWDWH�� WKH� PDWHULDO� WKHUPRSK\VLFDO� SURSHU�
WLHV�� LWV� LQFOLQDWLRQ� WR� SKDVH� WUDQVIRUPD�
WLRQV�� WKH� GLVORFDWLRQ� VWDFNLQJ� GHIHFW� HQ�
HUJ\�� WKH� DQLVRWURS\� H[WHQW� RI� WKH�PDWHULDO
SK\VLFDO� SURSHUWLHV�� DQG� WKH� DFWLQJ� SODVWLF
VWUDLQ� W\SHV� �VOLGLQJ�� WZLQQLQJ�� HWF���� 7KH
H[WHUQDO� IDFWRUV� LQFOXGH� WKH� VSHFLPHQ� �RU
SLHFH�� VKDSH� DQG� WKH� WKHUPDO� DQG� IRUFH� F\�
FOLQJ�SDUDPHWHUV��WKH�WHPSHUDWXUH�JUDGLHQW�
WKH� KHDWLQJ�FRROLQJ� UDWH�� WKH� KROGLQJ� WLPH
DW� D� VSHFLILF� WHPSHUDWXUH�� WKH� SUHVHQFH� RU
DEVHQFH� RI� H[WHUQDO� ORDGLQJ�� HWF���� 7KH
VWUHVVHV�DULVLQJ�DW�WKH�WKHUPDO�DQG�PHFKDQL�
FDO� WUHDWPHQW� RI� D� PDWHULDO� PD\� UHOD[� LQ
YDULRXV� ZD\V�� GHSHQGLQJ� RQ� D� FRPELQDWLRQ
RI� WKH� H[WHUQDO� DQG� LQWHUQDO� IDFWRUV�� 7KLV
FDXVHV� YDULRXV� FKDUDFWHUV� RI� WKH� VWUXFWXUH
VWDWH� IRUPDWLRQ� DQG� WKXV� WKH� GLPHQVLRQDO
VWDELOLW\� DQG� RWKHU� VWUXFWXUH�VHQVLWLYH
SK\VLFDO�SURSHUWLHV�

$PRQJ�WKH�PDWHULDOV�PHQWLRQHG�LQ�7DEOH�
LW�LV�MXVW�6L�WKDW�VKRZV�WKH�KLJKHVW�YDOXH�RI
WKH�0DNVXWRY�FRHIILFLHQW��7KDW� LV�ZK\� LW� LV
RI� D� JUHDW� LPSRUWDQFH� WR� FRQVLGHU�SUREOHPV
DVVRFLDWHG�ZLWK�RWKHU�SURSHUWLHV� RI� WKH�PD�
WHULDO� WKDW� GHILQH� LWV� VXLWDELOLW\� IRU� DVWUR�
SK\VLFDO� LQVWUXPHQWV� EHLQJ� RSHUDWHG� LQ� WKH
DSSURSULDWH� ORZ� WHPSHUDWXUH� UDQJH�� LQ� SDU�
WLFXODU�� LWV� GLPHQVLRQDO� VWDELOLW\� XQGHU
/7&7�� 7KH� H[SHULPHQWV� FDUULHG� RXW� RQ� 6L
VSHFLPHQV� KDYH� VKRZQ� WKDW� WKH� FDVW� VLOLFRQ
VSHFLPHQV�DUH�GLPHQVLRQDOO\�XQVWDEOH��$�UH�
SHDWHG� KHDW� WUHDWPHQW� IDYRUV� WKH� VWDELOL]D�
WLRQ� RI� WKH�PDWHULDO� EHKDYLRU� XQGHU� /7&7�
1HYHUWKHOHVV�� D� UHVLGXDO� VWUDLQ� RI� DERXW
��Ü�� DULVHV� LQ� WKH� FDVW� VLOLFRQ� VSHFLPHQV

GXULQJ� WKH� WKHUPDO� F\FOLQJ�� 7KDW� VWUDLQ� LV
QRW� DVVRFLDWHG� ZLWK� WZLQQLQJ� WKDW� FRXOG� EH
H[SHFWHG� DW� ORZ�WHPSHUDWXUH� F\FOLQJ�� EXW
SHUKDSV� LW� LV� GXH� WR� SRUHV� WKH� GHQVLW\� RI
ZKLFK� GHFUHDVHV� DV� WKH� QXPEHU� RI� WKHUPDO
F\FOHV�LQFUHDVHV�

7KH� VWUHVVHV� DULVLQJ� XQGHU� WKH� /7&7� RI
PDWHULDOV� XVHG� LQ� WKH� FU\RJHQLF� 85� RSWLFV
DUH� FDXVHG�E\� WKH�KLQGUDQFHV� WR� WKHLU� WKHU�
PDO� H[SDQVLRQ� �FRQWUDFWLRQ��� 7KH� KLJKHVW
WKHUPDO� VWUHVVHV�DUH� IRUPHG� LI� WKH�PDWHULDO
LV�VXEMHFWHG�WR�D�WHPSHUDWXUH�JUDGLHQW��WKHU�
PDO� VKRFN��� 6XFK� FRQGLWLRQV� DULVH� ZKHQ� D
PDWHULDO� EHLQJ� DW� D� KRPRJHQHRXV� WHPSHUD�
WXUH�LV�LPPHUVHG�LQWR�D�PHGLXP�RI�D�GLIIHU�
HQW� WHPSHUDWXUH�� ,Q� WKLV� FDVH�� WKH� ILUVW
RUGHU� VWUHVVHV� PD\� DULVH� ZKLFK� EHFRPH
HTXLOLEUDWHG� ZLWKLQ� OLPLWV� RI� WKH� ERG\�� ,Q
SRO\FU\VWDOV� RU� FRPSRVLWHV�� WKH� IUHH� GLPHQ�
VLRQDO� FKDQJH� RI� LQGLYLGXDO� JUDLQV� GXH� WR
WHPSHUDWXUH� YDULDWLRQV� LV� KLQGHUHG� E\� GLI�
IHUHQW� RULHQWDWLRQ� RI� WKH� JUDLQV� �WKH� FRP�
SRVLWH�FRQVWLWXHQWV���,Q�WKLV�FDVH��WKH�VHFRQG
RUGHU� VWUHVVHV� DULVH� DQG� DUH� HTXLOLEUDWHG
ZLWKLQ� OLPLWV� RI� WKH� JUDLQ� VL]H�� 7KH� WKHU�
PDOO\� LQGXFHG� VWUHVVHV� LQFUHDVH� LQ� SURSRU�
WLRQ� WR� WKH� KLQGHUHG� VWUDLQ� ULJKW� XS� WR� WKH
HODVWLFLW\�OLPLW�

7KXV�� WKH� FRPSDUDWLYH� FRQVLGHUDWLRQ� RI
GDWD� RQ� WKH� 0DNVXWRY� FRHIILFLHQW�� WKH� GL�
PHQVLRQDO�DQG�VWUXFWXUH�VWDELOLW\�KDV�VKRZQ
WKDW� LW� LV� MXVW� WKH� FDVW� VLOLFRQ� WKDW� LV� WKH
PRVW� VXLWDEOH� PDWHULDO� IRU� DVWURQRPLF� PLU�
URUV� DQG� J\URVFRSH� HOHPHQWV� RI� DVWURSK\VL�
FDO� 85� RSWLFDO� HTXLSPHQW�� ,WV� DGYDQWDJHV
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