
3KDVH�FRPSRVLWLRQ�HYROXWLRQ�RI�FR�SUHFLSLWDWHG]LUFRQLXP�DQG�\WWULXP�K\GUR[LGHV�GXULQJ�KHDWWUHDWPHQW�
6�9�*DEHONRY��5�9�7DUDVRY��1�6�3ROWDYWVHY��)�9�%HONLQ

1DWLRQDO�6FLHQWLILF�&HQWHU��.KDUNLY�,QVWLWXWH�RI�3K\VLFV�	�7HFKQRORJ\��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH����$FDGHPLFKHVND\D�6W��������

.KDUNLY��8NUDLQH�

5HFHLYHG�-DQXDU\����������
)RUPDWLRQ� RI� FRPSOH[� DPRUSKRXV� K\GUR[LGH� DW� FR�SUHFLSLWDWLRQ� RI� ]LUFRQLXP� DQG� \W�

WULXP�K\GUR[LGHV�KDV�EHHQ�LQYHVWLJDWHG�E\�;�UD\�SKDVH�DQDO\VLV�DQG�WKHUPDO�DQDO\VLV��,WV
WKHUPDO�GHFRPSRVLWLRQ�RFFXUV�LQ�D�VLQJOH�VWDJH�LQ�WKH�WHPSHUDWXUH�LQWHUYDO���Ü����&�DQG
UHVXOWV�LQ�IRUPDWLRQ�RI�DPRUSKRXV�]LUFRQLD��3DUDPHWHUV�RI�DPRUSKRXV�]LUFRQLD��KDOR��DUH
GHWHUPLQHG�DQG�DEVHQFH�RI�WKHLU�GHSHQGHQFH�RQ�WKH�SUHFXUVRU�FRPSRXQG�DQG�PDVV�FRQWHQW
RI�\WWULXP�R[LGH�LV�HVWDEOLVKHG��&U\VWDOOL]DWLRQ�WHPSHUDWXUH�RI�DPRUSKRXV�]LUFRQLD������WR
����&���DYHUDJH�VL]H�RI�FRKHUHQW�VFDWWHULQJ�UHJLRQ����r��QP��DQG�FU\VWDO�VWUXFWXUH�RI�WKH
SKDVH�REWDLQHG�KDYH�EHHQ�GHWHUPLQHG��7KH�SKDVH�FRPSRVLWLRQ�HYROXWLRQ�GHSHQGLQJ�RQ�KHDW
WUHDWPHQW�WHPSHUDWXUH�KDV�EHHQ�WUDFHG�LQ�WKH�VHTXHQFH�FRPSOH[�DPRUSKRXV�]LUFRQLXP�\W�
WULXP�K\GUR[LGH� � DPRUSKRXV� ]LUFRQLD�Û� WHWUDJRQDO� ]LUFRQLD�� ,Q� WKLV� FDVH� \WWULXP��ZKLOH
QRW� IRUPLQJ� LQGHSHQGHQW� SKDVHV�� LV� VXFFHVVLYHO\� D� FRPSRQHQW� RI� FRPSOH[� DPRUSKRXV
K\GUR[LGH��DPRUSKRXV�R[LGH�DQG�WHWUDJRQDO�]LUFRQLD��
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7KH� DSSOLFDWLRQ� RI� VWDELOL]HG� ]LUFRQLD� DV
FRQVWUXFWLRQDO�� WKHUPREDUULHU�� EXIIHU�� RSWL�
FDO�PDWHULDOV�� IXHO� FHOOV�� FDWDO\VWV� DQG� VXE�
VWUDWHV� IRU� WKHP�� HWF�� >�Ü�@� LV� SURYLGHG� E\
LWV�KLJK�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�
6SHFLDOLVWV� RI� FRXQWULHV� GHYHORSLQJ� DFWLYHO\
WKH�DWRPLF�HQJLQHHULQJ�FRQGXFW�LQWHQVLYH�UH�
VHDDUFK�RQ�FUHDWLRQ�RI�PDWULFHV�IRU�LVRODWLRQ
RI� UDGLRDFWLYH� ZDVWHV� >�@�� WDUJHWV� IRU� DFWL�
QLGHV�WUDQVPXWDWLRQ�>�@�DQG�PDWUL[�IXHO�>�@

GXH� WR� WKH�KLJK� UDGLDWLRQ�DQG�FRUURVLRQ�UH�
VLVWDQFH�RI�WKDW�PDWHULDO�

7KHVH� SURSHUWLHV� RI� ]LUFRQLD� DUH� UHDOL]HG
PRVW�FRPSOHWHO\�ZKHQ�XVLQJ�QDQRVL]HG�SRZ�
GHUV� IRU� SURGXFWLRQ� RI� FHUDPLF� PDWHULDOV�
7KH�PDLQ�SURSHUW\� RI�QDQRVL]HG� SRZGHUV� LV
LQFUHDVHG�VLQWHUDELOLW\�DW�UHODWLYHO\�ORZ�WHP�
SHUDWXUHV�� $PRQJ� YDULRXV� RI� SUHSDUDWLRQ
PHWKRGV� RI� QDQRVL]HG� SRZGHUV�� WKH� �ZHW�
SUHSDUDWLRQ� PHWKRGV� RI� VR�FDOOHG� �VRIW�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



SRZGHUV� �SUHFLSLWDWLRQ� IURP� VROXWLRQV�� K\�
GURO\VLV�� K\GURWKHUPDO� V\QWKHVLV�� VRO�JHO�
HWF��� >��������Ü��@�� 7R� SURGXFH� WKH� ZHDNO\
DJJORPHUDWHG� QDQRVL]HG� SRZGHUV�� LW� LV� QHF�
HVVDU\�WR�LQVLJKW�LQWR�IHDWXUHV�RI�LQWHUPHGL�
DWH� DPRUIRXV� SKDVHV� IRUPDWLRQ� DQG� RI
WHWUDJRQDO� ]LUFRQLD� DW� WKH� V\QWKHVLV� WHP�
SHUDWXUH�� EHFDXVH� WKHVH� SKDVH� WUDQVIRUPD�
WLRQV� LQIOXHQFH� VWURQJO\� WKH� PRUSKRORJ\�
FRPSDFWLELOLW\�� KRPRJHQHLW\�� DQG�PRQRSKD�
VLFLW\�RI�R[LGH�SRZGHUV��7KH�SXUSRVH�RI�WKLV
ZRUN� ZDV� WR� VWXG\� WKH� SKDVH� FRPSRVLWLRQ
HYROXWLRQ� DW� KHDW� WUHDWPHQW� RI� FR�SUHFLSL�
WDWHG�]LUFRQLXP�DQG�\WWULXP�K\GUR[LGHV�

7KH�SUHFLSLWDWH�RI�]LUFRQLXP�\WWULXP�K\�
GUR[LGH� ZDV� REWDLQHG� E\� FR�SUHFLSLWDWLRQ
IURP�PL[WXUH�RI�DTXHRXV�VROXWLRQV�RI�]LUFR�
QLXP� DQG� \WWULXP� QLWUDWHV�� 7KH� SUHFLSLWD�
WLRQ� ZDV� UHDOL]HG� XVLQJ� ��� �� DPPRQLXP
K\GUR[LGH� �1+�2+�� VROXWLRQ�� <WWULXP� QL�
WUDWH�ZDV�REWDLQHG�E\�SURFHVVLQJ�RI�\WWULXP
R[LGH��<�2���ZLWK�QLWULF�DFLG��DQG�]LUFRQLXPQLWUDWH�� E\� SURFHVVLQJ� ]LUFRQLXP� K\GUR[LGH
�REWDLQHG� E\� K\GURO\VLV� RI� ]LUFRQLXP� VXO�
SKDWH�>=U�62�����+�2@��ZLWK�QLWULF�DFLG��7KHSUHFLSLWDWH� ZDV� GULHG� IRU� ��Ü��� KRXUV� DW
��Ü���&�� 7KH� ]LUFRQLXP� DQG� \WWULXP� QL�
WUDWHV�ZHUH�WDNHQ�LQ�WKH�UDWLR�SURYLGLQJ�WKH
SUHSDUDWLRQ� RI� ]LUFRQLD� ZLWK� ���� ZW��� \W�
WULXP�R[LGH�DIWHU�WKHUPDO�GHFRPSRVLWLRQ�RI
WKH� SUHFLSLWDWH�� 7KH� KHDW� WUHDWPHQW� RI� FR�
SUHFLSLWDWHG�]LUFRQLXP�DQG�\WWULXP�K\GUR[�
LGHV�ZDV�FDUULHG�RXW�DW��������������������
���������DQG�����&�IRU�����Ü�����K���

7KH�SKDVH�FRPSRVLWLRQ�RI�KHDW�WUHDWHG�SUH�
FLSLWDWH�ZDV�H[DPLQHG�E\�;�UD\�SKDVH�DQDO\�
VLV� �;3k�� XVLQJ� D� '521����� GLIIUDFWRPHWHU
�&X�.D� UDGLDWLRQ��1L� ILOWHU��� DQG�DYHUDJH�VL]HRI� FRKHUHQW� VFDWWHULQJ� UHJLRQ� �&65��ZDV� FDO�

FXODWHG� IURP� ZLGWK� RI� WKH� PRVW� LQWHQVLYH
������;�UD\� OLQH� DW� LWV� KDOI�KHLJKW� �E�� >��@�

7KH� GHSHQGHQFHV� RI� ]LUFRQLXP�\WWULXP
K\GUR[LGH� SUHFLSLWDWH� PDVV� RQ� WKH� KHDW
WUHDWPHQW� GXUDWLRQ� DW� FRQVWDQW� WHPSHUD�
WXUHV� ����� ����� ����� ����� ����� DQG� ����&
DUH� SUHVHQWHG� LQ� )LJ����� 7KH� SUHFLSLWDWH
PDVV�DW�DOO�KHDW�WUHDWPHQW�WHPSHUDWXUHV�GH�
FUHDVHV� DQG� HYHQWXDOO\� WDNHV� D� FRQVWDQW
YDOXH� DIWHU� D� FHUWDLQ� SHULRG�� 7KH� FRQVWDQW
PDVV� LV� DWWDLQHG� DW� ����&� LQ� ����� K� DQG
DPRXQWV� ����� ZW�� �� RI� WKH� LQLWLDO� RQH
�KHUHLQDIWHU��ZW��SHU�FHQW�DUH�LQGLFDWHG���DW
����&�� LQ� ����� K� DQG� ������� DW� ����&�� LQ
�� K� DQG� ��� ��� DW� ����&�� LQ� ����� K� DQG
��������DQG�DW�����&��LQ�����K�DQG��������
UHVSHFWLYHO\�� 7KH�PDVV� RI� WKH� VDPSOH� KHDW�
WUHDWHG�DW�����&�IRU������K�LV�WKH�DV�RI�WKDW
WUHDWHG�DW�����&�������RI�WKH�LQLWLDO�RQH��

7KXV��LW�IROORZV�IURP�WKH�GDWD�SUHVHQWHG�LQ
)LJ���� WKDW� WKH� FRQVWDQW�PDVV�YDOXH� DWWDLQHG
GURSV�IURP��������WR������DV�WKH�KHDW�WUHDW�
PHQW� WHPSHUDWXUH� LQFUHDVHV� IURP� ���� WR
����&� DQG� WKHQ� UHPDLQV� XQFKDQJHG� XS� WR
����&��7KXV��WKH�ILQDO�PDVV�ORVV�PDNHV������

7KH� ;�UD\� SKDVH� DQDO\VLV� RI� GULHG� ]LUFR�
QLXP�\WWULXP� K\GUR[LGH� SUHFLSLWDWH� KDV
VKRZQ� WKDW� WKH� GLIIUDFWLRQ� SDWWHUQ� GRHV� QRW
FRQWDLQ�OLQHV�W\SLFDO�RI�FU\VWDOOLQH�SKDVHV�EXW
RQO\� �KDORV�� FKDUDFWHULVWLF� IRU� DPRUSKRXV
VWDWH��7KH�ILUVW�DQG�VHFRQG��KDORV��DUH�LQ�WKH
�T� LQWHUYDOV�IURP�����WR�����DQG�����WR�����
UHVSHFWLYHO\� �)LJ����� FXUYH����� 7KHVH� �KDORV�
VKRZ�GLVWLQFW�PD[LPD�DW��T���Ü����DQG���Ü
�����UHVSHFWLYHO\��7KH�ZLGWK�RI�ILUVW��KDOR�
DW� LWV� KDOI�KHLJKW� LV� ������ WKDW� RI� VHFRQG
RQH�� ����� %RWK� �KDORV�� DUH� DV\PPHWULFDO
ZLWK� UHVSHFW� WR� WKHLU�PD[LPD�� 7KH� GLIIUDF�
WLRQ� SDWWHUQV� RI� SUHFLSLWDWHG� ]LUFRQLXP�\W�

)LJ�����'HSHQGHQFHV�RI�]LUFRQLXP�\WWULXP�K\�
GUR[LGH� SUHFLSLWDWH� PDVV� RQ� KHDW� WUHDWPHQW
WLPH� DW� WHPSHUDWXUHV� ���� �&� ����� ���� �&� ����
�����&�����������&����������Ü�����&�������

)LJ�����3DUWV�RI�GLIIUDFLRQ�SDWWHUQV�IRU�]LUFR�
QLXP�\WWULXP� K\GUR[LGH� SUHFLSLWDWHV� KHDW�
WUHDWHG� DW� ��Ü��� ���� �� ���� ����� ���� ���� DQG
����&�����

6�9�*DEHONRY�HW�DO����3KDVH�FRPSRVLWLRQ�HYROXWLRQ�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



WULXP� K\GUR[LGH� KHDW�WUHDWHG� DW� ����� ����
����� ����� DQG� ����&� DOVR� FRQWDLQ� RQO\� WKH
�KDORV�� ZLWKLQ� WKH� VDPH� DQJXODU� LQWHUYDOV
ZLWK�PD[LPD�DW�WKH�VDPH�DQJOHV�DV��KDORV�
RI�GULHG�SUHFLSLWDWH��)LJ�����FXUYH����

+HDW�WUHDWPHQW�DW�����&�UHVXOWV�LQ�D�FRQ�
VLGHUDEOH� FKDQJH� LQ� WKH�GLIIUDFWLRQ�SDWWHUQ�
%URDGHQHG�;�UD\� OLQHV� �)LJ����� FXUYH���� DUH
REVHUYHG�DJDLQVW�WKH��KDOR��EDFNJURXQG��$O�
WKRXJK�WKH�DQJXODU�LQWHUYDO�RI�WKH��KDOR��LV
VRPHZKDW� GHFUHDVHG� ���Ü����� DV� FRPSDUHG
WR�WKDW�IRU�WKH�VDPSOHV�KHDW�WUHDWHG�DW�ORZHU
WHPSHUDWXUHV�� WKH� PD[LPXP� SRVLWLRQ� UH�
PDLQHG�XQFKDQJHG����Ü������7KH�;�UD\�OLQHV
LQGLFDWH�WKDW�WKH�FU\VWDO�SKDVH�LV�WHWUDJRQDO
]LUFRQLD��$670�1R���������>��@��

+HDW� WUHDWPHQW� RI� WKH� SUHFLSLWDWH� DW
����&� UHVXOWV� LQ� D� IXUWKHU� FKDQJH� LQ� WKH
GLIIUDFWLRQ� SDWWHUQ�� 7KH� �KDOR�� LV� FRP�
SOHWHO\� GLVDSSHDUHG� DQG� EURDGHQHG� ;�UD\
OLQHV� RI� WHWUDJRQDO� ]LUFRQLXP�R[LGH� �)LJ����
FXUYH���� DUH� REVHUYHG�� ,Q�)LJ����� WKH� LQWHQ�
VLWLHV� RI� ;�UD\� OLQHV� IRU� WKDW� VDPSOH� DUH
GHFUHDVHG� E\� ���� WLPHV� LQ� FRPSDULVRQ� ZLWK
LQWHQVLWLHV�RI��KDORV��IRU�DPRUSKRXV�PDWHUL�
DOV��7KH�VL]H�RI�FRKHUHQW�VFDWWHULQJ�UHJLRQ�LV
��r��QP��

7KH� H[SHULPHQWDO� UHVXOWV� DUJXH� WKDW� WKH
SUHFLSLWDWHG�]LUFRQLXP�\WWULXP�K\GUR[LGH�LV
DQ� DPRUSKRXV� VXEVWDQFH�� 7KH� SURGXFWV� RI
WKH� SUHFLSLWDWH� WKHUPDO� GHFRPSRVLWLRQ� DW
WHPSHUDWXUHV� IURP� ���� WR� ����&� DUH� DOVR
DPRUSKRXV�� &U\VWDOOLVDWLRQ� RI� WKH� DPRU�
SKRXV�PDWHULDO�ZLWK�WHWUDJRQDO�]LUFRQLD�IRU�
PDWLRQ�VWDUWV�DW�����&�DQG�LV�RYHU�DW�����&�

7KH�GDWD�RQ�ZHLJKW�ORVV�RI�]LUFRQLXP�\W�
WULXP� K\GUR[LGH� SUHFLSLWDWHV� DW� KHDW� WUHDW�
PHQW� �)LJ����� FRLQFLGH� ZLWKLQ� WKH� PHDVXUH�
PHQW� DFFXUDF\� ����Ü�������ZLWK� WKRVH� FRQ�
FHUQLQJ�WKH�]LUFRQLXP�K\GUR[LGH�SUHFLSLWDWH
REWDLQHG�EHIRUH�>�@��7KH�SUHFLSLWDWH�RI�]LUFR�
QLXP�\WWULXP� K\GUR[LGH� SUH�GULHG� DW� ��Ü
���&��ORVHV������RI�LWV�PDVV��)LJ�����DW�KHDW
WUHDWPHQW� WHPSHUDWXUHV� XS� WR� ����&�� 7KH
FDOFXODWHG�PDVV� ORVV� IRU� ]LUFRQLXP� K\GUR[�
LGH� =U�2+��� DW� WKHUPDO� GHFRPSRVLWLRQ� LV
��������7KXV�� WKH� SUHVHQFH� RI� \WWULXP�K\�
GUR[LGH� GRHV� QRW� LQIOXHQFH� HVVHQWLDOO\� WKH
PDVV�ORVV�DW�WKHUPDO�GHFRPSRVLWLRQ�RI�]LUFR�
QLXP�K\GUR[LGH�

&RPSDULVRQ�RI� WKHUPRJUDYLPHWULF�GLIIHU�
HQWLDO� WKHUPDO� DQDO\VLV� �7*�'7$�� UHVXOWV
IRU� SUHFLSLWDWH� RI� ]LUFRQLXP� K\GUR[LGH� >�@
DQG� SUHFLSLWDWH� RI� ]LUFRQLXP�\WWULXP� K\�
GUR[LGH� >�@� VKRZV� WKDW� WKH� SUHVHQFH� RI� \W�
WULXP� K\GUR[LGH� FR�SUHFLSLWDWHG�ZLWK� ]LUFR�
QLXP�K\GUR[LGH�FDXVHV�D� UHGXFWLRQ�RI�WKHU�
PDO� GHFRPSRVLWLRQ� ILQDO� WHPSHUDWXUH�� 7KH
GULHG� ]LUFRQLXP�\WWULXP� K\GUR[LGH� SUHFLSL�

WDWH�FRQWDLQV�RQO\�������RI�\WWULXP�K\GUR[�
LGH�� EXW� LWV� GLIIUDFWLRQ� SDWWHUQ� �)LJ�����GLI�
IHUV� IURP� WKDW� RI� ]LUFRQLXP� K\GUR[LGH� >�@�
:KLOH� DQJXODU� LQWHUYDOV� RI� WKH� �KDORV��GLI�
IHU�RQO\�VOLJKWO\�����Ü����DQG����Ü������SR�
VLWLRQV� RI� WKHLU� PD[LPD� DUH� GLIIHUHQW�� ���
DQG� ������� UHVSHFWLYHO\�� 7KH� GLIIHUHQFH� LQ
WKH� �KDOR�� SDUDPHWHUV� LQGLFDWHV� GLIIHUHQFH
RI� VWUXFWXUHV� EHORQJLQJ� WR� GLIIHUHQW� DPRU�
SKRXV�PDWHULDOV��7KH�FR�SUHFLSLWDWLRQ�RI�]LU�
FRQLXP� K\GUR[LGH� ZLWK� \WWULXP� K\GUR[LGH
UHVXOWV� LQ� IRUPDWLRQ� RI� D� FRPSOH[� DPRU�
SKRXV�K\GUR[LGH��,WV�VWUXFWXUH�GLIIHUV�IURP
WKDW�RI�DPRUSKRXV�]LUFRQLXP�K\GUR[LGH��

&RPSDULVRQ� RI� WKH� �KDOR�� SDUDPHWHUV� RI
]LUFRQLXP�\WWULXP� K\GUR[LGH� SUHFLSLWDWH
KHDW�WUHDWHG� DW� ����&�ZLWK� WKRVH� IRU� DPRU�
SKRXV�]LUFRQLD�>�@�VKRZV�D�JRRG�FRLQFLGHQFH�
7KHUHIRUH��WKH�]LUFRQLXP�\WWULXP�K\GUR[LGH
SUHFLSLWDWH� DIWHU� WKH� KHDW� WUHDWPHQW� DW
����&�LV�DPRUSKRXV�]LUFRQLD��7KH�DEVHQFH�RI
;�UD\� OLQHV� IRU� \WWULXP� K\GUR[LGHV� DQG�RU
R[\K\GUR[LGHV�GRHV�QRW�\HW�PHDQ�WKDW�WKRVH
DUH� DEVHQW� LQ� WKH� PDWHULDO�� ,Q� WKH� FDVH� RI
VPDOO�FRQWHQW�RI�\WWULXP�FRPSRXQGV�DV�ZHOO
DV�LQ�WKH�FDVH�RI�WKHLU�SUHVHQFH�DV�QDQRVL]HG
JUDLQV�� ;�UD\� OLQHV� ZLWK� JUHDW� EURDGHQLQJ
DQG� ORZ� LQWHQVLW\� FDQQRW� EH� UHFRUGHG� UHOL�
DEO\��$FFRUGLQJ� WR� RXU� HVWLPDWHV�� LI� \WWULXP
K\GUR[LGHV�DQG�RU�R[\K\GUR[LGHV�DUH�SUHVHQW
LQ� WKH� ]LUFRQLXP�\WWULXP� K\GUR[LGH� SUHFLSL�
WDWH�KHDW�WUHDWHG�DW�����&��WKRVH�PXVW�KDYH�D
&65�VL]H�QR�PRUH�WKDQ����Ü��QP�

7KH�FORVH�YDOXHV�RI��KDOR��SDUDPHWHUV�LQ
GLIIUDFWLRQ� SDWWHUQV� RI� FRPSOH[� ]LUFR�
QLXP�\WWULXP� K\GUR[LGH� �REWDLQHG� E\� WKH
SUHFLSLWDWH� GU\LQJ�� DQG� RI� DPRUSKRXV� ]LU�
FRQLD� HYLGHQFHV� D� VWUXFWXUDO� VLPLODULW\� RI
WKHVH� DPRUSKRXV� PDWHULDOV�� DOWKRXJK� WKH
WKHUPDO� GHFRPSRVLWLRQ� RI� WKH� FRPSOH[� ]LUFR�
QLXP�\WWULXP�K\GUR[LGH�LQWR�DPRUSKRXV�R[LGH
LV�DFFRPSDQLHG�E\�PDVV�ORVV�RI�������)LJ������

7KH� �KDOR�� SDUDPHWHUV� RI� ]LUFRQLXP�\W�
WULXP�K\GUR[LGH�SUHFLSLWDWHV�KHDW�WUHDWHG�DW
����DQG�����&�FRLQFLGH�ZLWK�WKRVH�IRU�DPRU�
SKRXV�]LUFRQLD��7DNLQJ�LQWR�DFFRXQW�WKDW�WKH
KHDW� WUHDWPHQW� UHVXOWV� LQ� WKH� PDVV� ORVV
�������FORVH�WR�WKH�FDOFXODWHG�RQH����������
L�H�� WKHUPDO� GHFRPSRVLWLRQ� LV� HVVHQWLDOO\
FRPSOHWH��LW�LV�SUREDEOH�WKDW�\WWULXP�R[LGH�LV
LQFOXGHG� LQWR� DPRUSKRXV� ]LUFRQLD� LQ� WKH� IRUP
RI� VROLG� VROXWLRQ�� 6LQFH� WKH� FU\VWDOOLVDWLRQ� RI
WHWUDJRQDO� ]LUFRQLD� DV� D� VLQJOH� SKDVH� LV� IXOO\
ILQLVKHG�DW�����&�DQG��DFFRUGLQJ�WR�'7$�GDWD
>���@�� ]LUFRQLD� GRHV� QRW� WUDQVLW� LQ� PRQRFOLQLF
VWDWH� DW� WKH� VXEVHTXHQW� WHPSHUDWXUH� LQFUHDVH
XS� WR� �����&�� WKLV� SRLQWV� XQHTXLYRFDOO\� WKDW
\WWULXP�LV�LQ�FU\VWDO�ODWWLFH�RI�WKDW�SKDVH��7KH
IDFW� WKDW�WHWUDJRQDO�]LUFRQLD�VWDUWV�WR�FU\VWDO�
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OL]H� LWVHOI� IURP� DPRUSKRXV� RQH� DW� ����&�
FRQILUPV� WKDW�\WWULXP�R[LGH� DOUHDG\�ZDV�SUH�
VHQW�LQ�DPRUSKRXV�]LUFRQLD��

,W� LV� NQRZQ� WKDW� \WWULXP� K\GUR[LGH
<�2+��� LV� GHFRPSRVHG� LQWR� R[\K\GUR[LGH
<2�2+��DW�����&�DQG�WR�\WWULXP�R[LGH�<�2�DW�����&�>��@��6LQFH�WKH�WKHUPDO�GHFRPSRVL�
WLRQ� RI� ]LUFRQLXP�\WWULXP� K\GUR[LGH� SUH�
FLSLWDWH� LV� DOUHDG\� ILQLVKHG� DW� ����&
�)LJ�� ���� WKDW�PDNHV� XV� WKLQN� WKDW� \WWULXP
K\GUR[LGH�DV�D�FRPSRXQG�ZDV�QRW�SUHVHQW�LQ
WKH� SUHFLSLWDWH� EXW� IRUPHG� D� SDUW� RI� WKH
FRPSOH[�DPRUSKRXV�K\GUR[LGH�

7KH��KDOR��SDUDPHWHUV�RI�DPRUSKRXV�]LU�
FRQLXP� K\GUR[LGH� REWDLQHG� E\� XV� >�@� DJUHH
ZHOO�ZLWK�GDWD�IURP�IRUHLJQ�VRXUFHV�>�����Ü
��@� LQ� VSLWH� RI� WKH� IDFW� WKDW� WKH� SUHFLSLWD�
WLRQ�ZDV�FDUULHG�RXW�IURP�VROXWLRQV�RI�YDUL�
RXV� VDOWV� �R[\FKORULGH�� QLWUDWH� RU� DONR[LGH
RI� ]LUFRQLXP�� XVLQJ� YDULRXV� SUHFLSLWDQWV
�DPPRQLXP�RU�VRGLXP�K\GUR[LGHV���7KH�FR�
LQFLGHQFH�RI�UHVXOWV�LV�REVHUYHG�DOVR�IRU�WKH
�KDOR�� SDUDPHWHUV� RI� RI� ]LUFRQLXP�\WWULXP
K\GUR[LGH� SUHFLSLWDWHV� >���������@�� 7KH� RE�
WDLQHG� 7*�'7$� GDWD� >�@� IRU� WKH� ]LUFR�
QLXP�\WWULXP� K\GUR[LGH� SUHFLSLWDWH� FRLQ�
FLGH�ZLWK�UHVXOWV�IURP�>��@�ERWK�LQ�WKH�WHP�
SHUDWXUH� RI� HQGRWKHUPLF� PD[LPXP� DQG� LQ
FU\VWDOOLVDWLRQ� WHPSHUDWXUH�� DOWKRXJK� LQ
>��@�WKH�WHPSHUDWXUH�LQWHUYDO�RI�H[RWKHUPLF
HIIHFW�LV�VRPHZKDW�OHVV��,Q�WKDW�ZRUN��]LUFR�
QLXP�K\GUR[LGH��\WWULXP�K\GUR[LGH�DQG�FR�
SUHFLSLWDWHG� ]LUFRQLXP�\WWULXP� K\GUR[LGH
KDYH�EHHQ�VWXGLHG�E\�LQIUDUHG�VSHFWURVFRS\�
7KH� DXWKRUV� KDYH� VKRZQ� FRQYLQFLQJO\� WKDW
WKH� SUHFLSLWDWH� REWDLQHG� E\� FR�SUHFLSLWDWLRQ
LV�QRW�D�PHFKDQLFDO�PL[WXUH�RI�]LUFRQLXP�DQG
\WWULXP�K\GUR[LGHV�EXW� LV�D�SURGXFW�RI� FRP�
SOH[�FRPSRVLWLRQ��2XU�7*�'7$�DQG�;3k�UH�
VXOWV�FRQILUP�WKH�IRUHJRLQJ�FRQFOXVLRQ��

7KH��KDOR��SDUDPHWHUV�RI�DPRUSKRXV�]LU�
FRQLD� REWDLQHG� E\� XV� ERWK� ZLWK� \WWULXP
R[LGH� DQG� ZLWKRXW� LW� >��������@� E\� WKHUPDO
GHFRPSRVLWLRQ� ERWK� RI� EDVLF� FDUERQDWH� >��
��@�DQG�K\GUR[LGH�>��@��FRLQFLGH�HVVHQWLDOO\
ZLWK� GDWD� IURP� IRUHLJQ� SXEOLFDWLRQV� >�����
����������Ü������Ü��@�� 7KH� VWUXFWXUH� RI
DPRUSKRXV�]LUFRQLD�GRHV�QRW�GHSHQG�RQ� WKH
SUHFXUVRU� FRPSRXQG� �K\GUR[LGH�� EDVLF� FDU�
ERQDWH�� R[\FDUERQDWH�� DONR[LGH� RU� R[DODWH��
WKDW� IRUPV� DPRUSKRXV� ]LUFRQLD� XQGHU� WKHU�
PDO� GHFRPSRVLWLRQ�� ,W� LV� LPSRUWDQW� WR� QRWH
WKDW�WKH�\WWULXP�R[LGH�FRQWHQW�DOVR�GRHV�QRW
LQIOXHQFH� WKH� VWUXFWXUH� RI� DPRUSKRXV� ]LU�
FRQLD�� ,Q� DOO� FDVHV�� DPRUSKRXV� ]LUFRQLD� LV
FU\VWDOOLVHG�DW����Ü����&�ZLWK�IRUPDWLRQ�RI
WHWUDJRQDO�R[LGH�KDYLQJ�DYHUDJH�&65�VL]H�RI
��Ü���QP��7HWUDJRQDO� R[LGH�GRHV�QRW� WUDQ�
VLW�LQ�PRQRFOLQLF�DW�IXUWKHU�WHPSHUDWXUH�LQ�

FUHDVH�RQO\�LQ�WKH�SUHVHQFH�RI�QRW�OHVV�WKDQ
������RI�\WWULXP�R[LGH��

7R� FRQFOXGH�� LW� KDV� EHHQ� FRQILUPHG� WKDW
WKH� ]LUFRQLXP�\WWULXP� K\GUR[LGH� SUHFLSL�
WDWH�REWDLQHG�IURP�PL[HG�VROXWLRQV�RI�FRUUH�
VSRQGLQJ�QLWUDWH�VDOWV�E\�SUHFLSLWDWLRQ�ZLWK
DPPRQLXP�K\GUR[LGH�� DFFRUGLQJ� WR�GDWD� RI
;�UD\� SKDVH� DQG� 7*�'7$�� LV� D� FRPSOH[
DPRUSKRXV� K\GUR[LGH� EXW� QRW� D�PHFKDQLFDO
PL[WXUH�� ,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� KHDW
WUHDWPHQW�LQ�WKH�WHPSHUDWXUH�UDQJH�RI����WR
����&� UHVXOWV� LQ� WKHUPDO� GHFRPSRVLWLRQ� RI
WKH� K\GUR[LGH� DQG� IRUPDWLRQ� RI� DPRUSKRXV
]LUFRQLD��7KH�FRPSOH[�K\GUR[LGH�GLIIUDFWLRQ
GDWD��DQJXODU�LQWHUYDO��VKDSH�RI��KDORV��DQG
SRVLWLRQ� RI� WKHLU� PD[LPD�� FRLQFLGH� ZLWK
WKRVH� IRU� DPRUSKRXV� ]LUFRQLD� REWDLQHG� E\
RWKHU� DXWKRUV� XVLQJ� WKHUPDO� GHFRPSRVLWLRQ
RI� K\GUR[LGH�� FDUERQDWH�� DONR[LGH�� RU� R[�
DODWH� DQG� GR� QRW� GHSHQG� RQ� \WWULXP� R[LGH
FRQWHQW�� 7KH� FU\VWDOOLVDWLRQ� RI� DPRUSKRXV
]LUFRQLD�RFFXUV�ZLWKLQ�WHPSHUDWXUH� LQWHUYDO
RI� ���Ü����&� ZLWK� IRUPDWLRQ� RQO\� RI
WHWUDJRQDO� SKDVH� KDYLQJ� WKH� FRKHUHQW� VFDW�
WHULQJ� UHJLRQ� VL]H� RI� ��r��QP�� ,W�KDV� EHHQ
VKRZQ� WKDW� LQGHSHQGHQW� SKDVHV� RI� \WWULXP
DUH� DEVHQW� GXULQJ� SKDVHV� HYROXWLRQ� IURP
FRPSOH[�DPRUSKRXV�K\GUR[LGH�WR�WHWUDJRQDO
]LUFRQLD�� <WWULXP� LV� D� SDUW� RI� FRPSOH[
DPRUSKRXV� K\GUR[LGH�� DPRUSKRXV� R[LGH�
DQG� WHWUDJRQDO� ]LUFRQLD�� 7KH� VWXG\� KDV� HV�
WDEOLVKHG� WKDW� ZLWK� LQFUHDVLQJ� KHDW� WUHDW�
PHQW� WHPSHUDWXUH� RI� FRPSOH[� DPRUSKRXV
]LUFRQLXP�\WWULXP� K\GUR[LGH�� HYROXWLRQ� RI
SKDVH�FRPSRVLWLRQ�WDNHV�SODFH�DFFRUGLQJ�WR�WKH
IROORZLQJ� VFKHPH�� DPRUSKRXV� =U�<��2+��±[�oDPRUSKRXV�=U�<�2���o�W�=U�<�2��
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