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PL[LQJ�RI�WKH�VXEVWDQFH�EHLQJ�GLVWLOOHG�
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'LVWLOODWLRQ� EHORQJV� WR�PDLQ� SXULILFDWLRQ
PHWKRGV� IRU� KLJK� SXULW\� VXEVWDQFHV�� 7KH
NQRZQ� GLVWLOODWLRQ� HTXDWLRQV� >�Ü�@� SURYLGH
FDOFXODWLRQ� RI� WKH� DYHUDJHG� LPSXULW\� FRQ�
FHQWUDWLRQ� DV� D� IXQFWLRQ� RI� WKH� GLVWLOOHG
IUDFWLRQ� DQG� DUH� XVHIXO� ZKHQ� FRQVLGHULQJ
WKH� YDSRU� FRQGHQVDWLRQ� LQWR� D� OLTXLG��+RZ�
HYHU�� WKH� GLVWLOODWLRQ� FDQ� EH� SHUIRUPHG� VR
WKDW�WKH�YDSRU�FRQGHQVHV� LQWR�D�VROLG�SKDVH
DQG�IRUPV�DQ�HORQJDWHG�F\OLQGHU��,Q�WKH�GH�
YLFH� VKRZQ� LQ� )LJ���� >�@�� WKH� FRQGHQVDWH� LV
SXOOHG� RXW� RI� WKH� GHYLFH� �SURYLGLQJ� D� WHP�
SHUDWXUH�� JUDGLHQW� DW� D� UDWH�SURYLGLQJ� WKDW
WKH�ORZHU�FRQGHQVDWH�VXUIDFH�WHPSHUDWXUH�LV
UHWDLQHG� DW� D� YDOXH� HQVXULQJ� WKH� SUHGRPL�
QDQW� FRQGHQVDWLRQ� RI� WKH� PDLQ� FRPSRQHQW�
�,Q�WKH�FRXUVH�RI�GLVWLOODWLRQ��WKH�FRQGHQVDWH
FDQ� EH� IXUWKHU� SXULILHG� E\� ]RQH� FU\VWDO�
OL]DWLRQ� DW� LQFRPSOHWH� PHOWLQJ� >�@��� ,Q� WKLV
FRQQHFWLRQ�� LW� LV�UHDVRQDEOH�WR�FDOFXODWH�WKH
LPSXULW\�GLVWULEXWLRQ�LQ�WKH�VROLG�GLVWLOODWH�

7KH�UHODWLRQ�EHWZHHQ�WKH�FRPSRVLWLRQV�RI
YDSRU� DQG� RI� OLTXLG� LQ� HTXLOLEULXP� WKHUH�
ZLWK�LV�GHILQHG�E\�WKH�VHSDUDWLRQ�IDFWRU�D�
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ZKHUH�1$�DQG�1$c�DUH�PRODU�IUDFWLRQV�RI�WKH
FRPSRQHQW� $��&$� DQG�&$c��PDVV� FRQFHQWUD�WLRQV� RI� WKH� FRPSRQHQW� $� LQ� OLTXLG� DQG
YDSRU��UHVSHFWLYHO\��2U�

D� � &c
����&c

�e� &
����&�

���

ZKHUH�&� DQG�&c� DUH� WKH� LPSXULW\�PDVV� FRQ�
FHQWUDWLRQV� LQ� OLTXLG� DQG� YDSRU�� UHVSHF�
WLYHO\��,W�IROORZV�WKHUHIURP�WKDW
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ZKHUH�&�� LV� WKH� LQLWLDO� LPSXULW\� FRQFHQWUD�WLRQ� LQ� WKH� PHOW�� 2Q� WKH� RWKHU� KDQG�� WKH
PHOW�FRPSRVLWLRQ�DW�D� ORZ�LPSXULW\�FRQWHQW
LV�GHILQHG�E\�WKH�HTXDWLRQ
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ZKHUH�*� DQG�*�� DUH� WKH�PHOW�PDVV� DQG� WKHLQLWLDO�PHOW�PDVV��UHVSHFWLYHO\�>����@��7DNLQJ
����LQWR�DFFRXQW��OHW�����EH�WUDQVIRUPHG�WR

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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%\� VXEVWLWXWLQJ� *�*�� ��Ü*&�*�� DQG
*&�*�� �[�/�� ZKHUH� *&� LV� WKH� FRQGHQVDWHPDVV��[�� WKH�FRQGHQVDWH�KHLJKW�DW�D�FHUWDLQ
WLPH�PRPHQW��/��WKH�VDPH�ZKHQ�WKH�PHOW�LV
IXOO\� HYDSRUDWHG� �RU� WKH� LQLWLDO�PHOW� KHLJKW
LQ�WKH�FUXFLEOH�LI�WKH�FRQGHQVDWH�GLDPHWHU�LV
HTXDO� WR� WKDW� RI� WKH� FUXFLEOH��� WKH� (T����
WDNHV�WKH�IRUP

&c� �
D§̈
©
����[/

·̧
¹
D��

�
&�����D�����

§̈
©
����[/

·̧
¹
D���

���

)LJ���� SUHVHQWV� WKH� (T����� JUDSKLFDOO\� DW
&�� ������:KHQ� &�� LV� VPDOO� DQG� D� GLIIHUV� IURPXQLW\�QRW�WRR�VLJQLILFDQWO\��WKH�GHQRPLQDWRU
LQ�(T�����LV�DSSUR[LPDWHO\�HTXDO�WR���&���VR(T�����FDQ�EH�VLPSOLILHG�WR
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1RWH�WKDW�LI�D�LV�UHSODFHG�E\�N��GLVWULEX�
WLRQ� IDFWRU� DW� FU\VWDOOL]DWLRQ��� (T����� EH�
FRPHV�WUDQVIRUPHG�LQWR�WKH�NQRZQ�HTXDWLRQ
RI� WKH� LPSXULW\� GLVWULEXWLRQ� LQ� D� FU\VWDO
JURZQ�E\�&]RFKUDOVNL�WHFKQLTXH�>���������@�

7KXV�� (T����� GHVFULEHV� WKH� LPSXULW\� GLV�
WULEXWLRQ� LQ�D� VROLG�GLVWLOODWH�� ,W� LV�YDOLG�DW
D� VPDOO� LPSXULW\� FRQWHQW� DQG� LV� GHULYHG
XQGHU� DVVXPSWLRQ� RI� LGHDO� PL[LQJ� RI� WKH
VXEVWDQFH� EHLQJ� FU\VWDOOL]HG�� ,I� D� GLIIHUV
IURP�XQLW\�QRW�WRR�VLJQLILFDQWO\��WKH�(T����
LV� VLPSOLILHG� WR� ����� 7KH� HTXDWLRQV� ���� DQG
���� GR� QRW� WDNH� LQWR� DFFRXQW� WKH� SRVVLEOH
SXULILFDWLRQ� RI� WKH� FRQGHQVDWH� GXH� WR� UH�
HYDSRUDWLRQ� RI� WKH� YDSRU� SDUWLFOHV�� 6R�� WKH
GLVWLOODWLRQ� LQ�WKH�GHYLFH�VKRZQ�LQ�)LJ���� LV
DFFRPSDQLHG� E\� WKH� UH�HYDSRUDWLRQ� RI� FRQ�
GHQVHG� YDSRU� SDUWLFOHV� ERWK� LQ� WKH� YDSRU
JXLGH� DQG� IURP� WKH� FRQGHQVDWH� VXUIDFH��$V
D�UHVXOW��WKH�SXULILFDWLRQ�RI�VRPH�VXEVWDQFHV
IURP�KLJK�YRODWLOH�LPSXULWLHV�PD\�EH�VHYHUDO
WHQV�WLPHV�PRUH�HIILFLHQW�WKDQ�WKDW�E\�VLP�
SOH� GLVWLOODWLRQ�� ,Q� WKH� FDVH� RI� ORZ�YRODWLOH
LPSXULWLHV�� WKH� HIILFLHQF\� LPSURYHPHQW� IDF�
WRU�PD\�EH���WR����>����Ü��@��1HYHUWKHOHVV�
(TV����� DQG� ���� FDQ� EH� XVHIXO� LQ� FRQVLGHUD�
WLRQ�RI�SURFHVVHV�UHODWHG�WR�GLVWLOODWLRQ�

5HIHUHQFHV
� ���*�*�'HY\DW\NK�� <X�(�(OOLHY�� ,QWURGXFWLRQ� WR

WKH� 7KHRU\� RI� 'HHS� 3XULILFDWLRQ� RI� 6XE�
VWDQFHV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�

� ���$�,�%HO\DHY�� 3K\VLFRFKHPLFDO� 3ULQFLSOHV� RI
3XULILFDWLRQ� RI� 0HWDOV� DQG� 6HPLFRQGXFWRUV�
0HWDOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�$�3D]XNKLQ�� $�<D�)LVKHU�� 6HSDUDWLRQ� DQG
5HILQLQJ� RI� 0HWDOV� LQ� 9DFXXP�� 0HWDOOXUJLD�
0RVFRZ��������>LQ�5XVVLDQ@�

� ���$�,�.UDYFKHQNR��LQ��3UREOHPV�RI�1XFOHDU�6FL�
HQFH� DQG� (QJLQHHULQJ�� 6HU�� 1XFOHDU� 3K\VLFV

)LJ����� 'LVWLOODWLRQ� GHYLFH� DQG� WHPSHUDWXUH
GLVWULEXWLRQ�WKHUHLQ�RYHU�LWV�KHLJKW�����FUXFL�
EOH����� YDSRU� JXLGH����� EDIIOHV����� KHDWHU����
KHDW�VKLHOG�����PDWHULDO�XQGHU�GLVWLOODWLRQ����
FRQGHQVDWH�� &XUYH� �� LV� WKH� WHPSHUDWXUH� GLV�
WULEXWLRQ� RYHU� WKH� FUXFLEOH� DQG� YDSRU� JXLGH
KHLJKW��FXUYH����WKH�WHPSHUDWXUH�GLVWULEXWLRQ
RYHU�WKH�FU\VWDO�KHLJKW��7H�LV�WKH�HYDSRUDWLRQWHPSHUDWXUH�� 7F�� WHPSHUDWXUH� RI� SUHGRPL�QDWHG�FRQGHQVDWLRQ�RI�WKH�PDLQ�FRPSRQHQW�

)LJ�� ��� ,PSXULW\� JLVWULEXWLRQ� RYHU� WKH� FRQ�
GHQVDWH� KHLJKW� DW� D� YDOXHV�� ���� ����� ���� ����
�������������������&� ������
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,QYHVWLJDWLRQV� �7KHRU\� DQG� ([SHULPHQW��� �VW
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� ���$�,�.UDYFKHQNR��'HSRV��DW�WKH�9HUQDGVN\�6FL�
DQG� (QJ��/LEUDU\� RI� 8NUDLQH�� .\LY�� RQ
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����5��/DXGLVH��7KH�*URZWK�RI�6LQJOH�&U\VWDOV��3UHQ�
WLFH�+DOO��LQF��(QJOHZRRG�&OLIIV��1HZ�-HUV\�������
5��/DXGLVH��5�3DUNHU��&U\VWDO�*URZWK��0LU��0RV�
FRZ�������>5XVVLDQ�(GLWLRQ@��
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