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$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH���������.KDUNLY��8NUDLQH
1DWLRQDO�7HFKQLFDO�8QLYHUVLW\��.KDUNLY�3RO\WHFKQLFDO�RI�,QVWLWXWH��
���)UXQ]H�6W���������.KDUNLY��8NUDLQH

5HFHLYHG�-DQXDU\���������
7KH�FDXVHV�UHVXOWLQJ� LQ�FRQWDPLQDWLRQ�RI� LRQLF�KDOLGHV�ZLWK�R[\JHQ�FRQWDLQLQJ�DGPL[�

WXUHV�DW�HOHYDWHG�WHPSHUDWXUHV�DQG�IDFWRUV�DIIHFWLQJ�WKH�K\GURO\VLV�RI�WKRVH�VDOWV�KDYH�EHHQ
FRQVLGHUHG��7KH� LQWHUDFWLRQ�RI�PROWHQ�K\JURVFRSLF� LRQLF�KDOLGHV�ZLWK�KDORJHQDWLQJ�DJHQWV
KDV�EHHQ�H[DPLQHG�DQG�PDLQ�UHJXODULWLHV�RI�WKRVH�SURFHVVHV�KDYH�EHHQ�FRQVLGHUHG�

�¯ºmË�ËÓ�ÈÓÈãÒÏ�¹¯Ò�ÒÓ��¹¯Òmº�«�Ò²�}�ÏÈ�¯«ÏÓËÓÒ
�ÒºÓÓ©²��Èãº�ËÓÒ�ºm� ��Ëãº��
Ó©²���Ëãº�ÓºÏËäËã	Ó©²�Ò�¯Ë�}ºÏËäËã	Ó©²�ªãËäËÓ�ºm��}Ò°ãº¯º�°º�Ë¯ÎÈ�ÒäÒ�¹¯ÒäË°«�
äÒ�¹¯Ò�m©°º}Ò²��Ëä¹Ë¯È��¯È²��Ò�ÁÈ}�º¯ºm��mãÒ«
�Ò²�ÓÈ�¹¯º�Ë°°©��Ò�¯ºãÒÏÈ��}ÈÏÈÓ�
Ó©²�°ºãË®��cÈ°°äº�¯ËÓ©�¹¯º�Ë°°©�mÏÈÒäº�Ë®°�mÒ«�¯È°¹ãÈmºm��Ò�¯º°}º¹Ò�Ó©²�ÒºÓÓ©²
�Èãº�ËÓÒ�ºm� °� �Èãº�ËÓÒ¯�
�ÒäÒ� È�ËÓ�ÈäÒ� Ò� ¹¯ºÈÓÈãÒÏÒ¯ºmÈÓ©� º°ÓºmÓ©Ë� ÏÈ}ºÓºäË¯�
Óº°�Ò�Ò²�¹¯º�Ë}ÈÓÒ«�

7KH� PDQXIDFWXULQJ� RI� VSHFLDO� SXULW\
JUDGH� KDOLGHV� RI� ,Ü,,,� *URXS� PHWDOV� DQG
UDUH�HDUWK�HOHPHQWV�DQG�WKH�JURZLQJ�RI�VLQ�
JOH�FU\VWDOV�IURP�WKH�FRPSRXQGV�PHQWLRQHG
DUH� DFFRPSDQLHG� E\� LQWHUDFWLRQ� RI� WKH� KDO�
LGHV� ZLWK� R[\JHQ�FRQWDLQLQJ� FRPSRQHQWV� RI
WKH� JDV�PHGLXP� DV�ZHOO� DV�ZLWK�ZDWHU� FRQ�
WDLQHG� ERWK� LQ� WKH� JDV� PHGLXP� DQG� LQ� WKH
UDZ� PDWHULDOV�� $OWKRXJK� LW� LV� SRVVLEOH� WR
PLQLPL]H� WKH� HIIHFWV� RI� JDV� PHGLXP� DQG
IUHH� ZDWHU� LQ� WKH� UDZ� PL[WXUH�� LW� FDQQRW
DYHUW� WKH� K\GURO\VLV� SURFHVVHV� DW� HOHYDWHG
WHPSHUDWXUHV� WKDW� UHVXOW� LQ� WKH� PDWHULDO
FRQWDPLQDWLRQ� ZLWK� R[\JHQ�FRQWDLQLQJ� LP�
SXULWLHV�� 7KH� KLJK�WHPSHUDWXUH� K\GURO\VLV
SURFHVVHV�LQ�K\JURVFRSLF�KDOLGHV�EHFDPH�RI�D
VSHFLDO� LPSRUWDQFH� LQ� FRQQHFWLRQ� ZLWK� WKH
ZLGH� XVH� RI� ODQWKDQLGH� KDOLGHV� DV� PDWULFHV
RI�IDVW�DFWLQJ�VFLQWLOODWRUV�
7KH� UHPRYDO� RI� R[\JHQ�FRQWDLQLQJ� LPSX�

ULWLHV� IURP� DONDOL� KDOLGHV� �PDLQO\� RI�1D,�7O
DQG� &V,�7O�� ZDV� VLPSOH� HQRXJK�� 7KH� PDLQ
DVSHFWV� RI� WKH� SXULILFDWLRQ� SURFHVVHV� XVLQJ

YDULRXV�KDORJHQDWLQJ�DJHQWV�DUH�GHVFULEHG�LQ
GHWDLO�LQ�>�Ü�@��7KRVH�DVSHFWV�ZHUH�H[WHQGHG
D�SULRUL�RYHU�HVVHQWLDOO\�DOO�KDOLGHV�EHLQJ�LQ
XVH� DW� WKDW� WLPH�� VR� WKHUH� ZHUH� QR� UHDVRQV
IRU� UHFRQVLGHUDWLRQ�� H�J��� RI� WKH� ZRUN� >�@�
'XULQJ� WKH� ODVW� IHZ� \HDUV�� QRYHO� VFLQWLOOD�
WLRQ�PDWHULDOV�DUH�XQGHU�DFWLYH�GHYHORSPHQW
EDVHG� RQ� ODQWKDQXP� FKORULGH� DQG� EURPLGH
DFWLYDWHG�ZLWK� FHULXP� >����@� H[FHHGLQJ� FRQ�
VLGHUDEO\�1D,�7O�LQ�WKH�SHUIRUPDQFH�SDUDPH�
WHUV��7KHVH�PDWHULDOV��DV�ZHOO�DV�VRPH�VLPL�
ODU� RQHV�� DUH�� KRZHYHU�� YHU\� K\JURVFRSLF�
WKXV�FDXVLQJ�GLIILFXOWLHV�LQ�WKH�UDZ�PDWHULDO
SUHSDUDWLRQ�� WKH� FU\VWDO� JURZWK� DQG� WUHDW�
PHQW�� 7KH� FXUUHQW� GU\LQJ� WHFKQLTXHV�� H�J��
RI� VRGLXP� LRGLGH�� DUH� LQHIILFLHQW�� 7KH� YDF�
XXP� GU\LQJ�� HYHQ� ZKHQ� FDUULHG� RXW� DW� D
FDXWLRXV� WHPSHUDWXUH� HOHYDWLRQ�� UHVXOWV� LQ
FDUERQ� IRUPDWLRQ� LQ� WKH� UDZ� PL[WXUH� DQG
DSSHDUDQFH�RI�R[\JHQ�FRQWDLQLQJ�LPSXULWLHV�
,Q� WKLV� ZRUN�� WKH� SURFHVVHV� DUH� FRQVLG�

HUHG�UHVXOWLQJ�ERWK�LQ�IRUPDWLRQ�RI�R[\JHQ�
FRQWDLQLQJ�LPSXULWLHV�LQ�LRQLF�KDOLGHV�DW�HOH�

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

)XQFWLRQDO�PDWHULDOV������������� ���



YDWHG�WHPSHUDWXUHV�DQG�LQ�UHPRYDO�RI�WKRVH
LPSXULWLHV�� 7KH� IRUPHU� LQFOXGH� S\URK\GUR�
O\VLV� DIIHFWLQJ� QHJDWLYHO\� WKH� ILQDO� SURGXFW
TXDOLW\�� ZKLOH� WKH� ODWWHU�� WUHDWPHQW� RI� KDO�
LGH�PHOWV�ZLWK� YDULRXV� KDORJHQDWLQJ� DJHQWV
IDYRULQJ� WKH� LPSURYHG� SHUIRUPDQFH� FKDUDF�
WHULVWLFV�RI�WKH�KDOLGH�PDWHULDOV�
7KH� S\URK\GURO\VLV� RI� LRQLF� KDOLGHV� UH�

VXOWV�LQ�D�SDUWLDO�RU�FRPSOHWH�GHFRPSRVLWLRQ
XQGHU� IRUPDWLRQ� RI� WKH� FRUUHVSRQGLQJ� K\�
GURJHQ�KDOLGH�DQG�WKH�PHWDO�R[LGH� �K\GUR[�
LGH��

0H;Q���Q+�2�oW �Q+;�n����0H�2+�Q ���

0H;Q���Q�+�2�o
W �Q+;�n����0H�2�Qe�� ���

7KH�PRVW�RI�ZHOO�NQRZQ�ZRUNV�DVVRFLDWHG
ZLWK�GHWHUPLQDWLRQ�RI�WKHUPRG\QDPLF�RU�NL�
QHWLF�SDUDPHWHUV�RI�KDOLGH�RU�PHOWHG�KDOLGH
UHDFWLRQV�ZLWK�ZDWHU�YDSRU�DW�HOHYDWHG�WHP�
SHUDWXUHV� DUH� DLPHG� MXVW� DW� S\URK\GURO\VLV
>�Ü��@�� 7KHUH� DUH� VHYHUDO� FDXVHV� RI� WKH
ZDWHU�DSSHDUDQFH�LQ�WKH�DWPRVSKHUH�DERYH�D
FU\VWDOOLQH�KDOLGH�XQGHU�KHDWLQJ�
Û�WKH�ZDWHU�SUHVHQFH�LQ�UDZ�PL[WXUH�GXH

WR� LQVXIILFLHQW� GU\LQJ� RU� WR� GU\� PDWHULDO
FRQWDFW�ZLWK�DWPRVSKHUH��
Û� D� KLJK� UHVLGXDO� SUHVVXUH� DW� WKH� YDF�

XXP�GU\LQJ��
Û� GHFRPSRVLWLRQ� RI� R[\JHQ�FRQWDLQLQJ

RUJDQLF�LPSXULWLHV�
7KH� ILUVW� FDXVH� UHTXLUHV� QR� FRPPHQWV�

7KH� VHFRQG�RQH� LV� REYLRXV�HQRXJK�� WRR�� WKH
KLJKHU� WKH� UHVLGXDO� SUHVVXUH� LV�� WKH� KLJKHU
LV�WKH�GHFRPSRVLWLRQ�WHPSHUDWXUH�RI�WKH�KDO�
LGH� FU\VWDO� K\GUDWH�� VR� WKH� ODVW� IUDFWLRQ� RI
ZDWHU�SDVVLQJ�WKURXJK�WKH�DQK\GURXV�KDOLGH
KHDWHG�XS�WR�D�KLJKHU�WHPSHUDWXUH�FDXVH�LWV
K\GURO\VLV�� 7KLV� SURFHVV� LV� DOVR� IDYRUHG� E\
LQKRPRJHQHRXV� KHDWLQJ� RI� WKH� EXON\� PDWH�
ULDO�� GXH� WR� WKH� IDFW� WKDW� LWV� RXWHU� OD\HUV
KDYH� D� KLJKHU� WHPSHUDWXUH� WKDQ� WKH� LQQHU
RQHV��7KH�LQIOXHQFH�RI�VXFK�SURFHVVHV�FDQ�EH
UHGXFHG�WR�D�JUHDW�H[WHQW�E\�XVLQJ�WHFKQROR�
JLHV� SURYLGLQJ� D� KRPRJHQHRXV� KHDWLQJ� RI
WKH�ZKROH�UDZ�PDWHULDO�YROXPH��H�J���GU\LQJ
XVLQJ�PLFURZDYH�KHDWLQJ�
7KH�WKLUG�FDXVH�LV�QRW�VR�REYLRXV��DQG�LWV

LQIOXHQFH� LQWHQVLW\� LV� FRQQHFWHG� ZLWK� WKH
UDZ� PDWHULDO� SXULW\� DQG� LWV� SUH�KLVWRU\�� ,I
WKH� UDZ� PL[WXUH� FRQWDLQV� QRQYRODWLOH� R[\�
JHQ�FRQWDLQLQJ� RUJDQLF� LPSXULWLHV�� WKRVH
ZLOO�GHFRPSRVH�DW�D�FHUWDLQ�WHPSHUDWXUH�DF�
FRUGLQJ�WR�WKH�IROORZLQJ�JHQHUDO�VFKHPH�

&�+�2�o
o�&�p���&Q+P�n����&2��&2��n����+�2�n��

���

ZKHUH��&�+�2��LV�D�JHQHUDO�GHVLJQDWLRQ�RI�DQ
R[\JHQ�FRQWDLQLQJ� RUJDQLF� VXEVWDQFH�� 7KLV
SURFHVV� LV� PDQLIHVWHG� LWVHOI� XVXDOO\� DV� WKH
UDZ� PDWHULDO� GDUNHQLQJ� �GXH� WR� UHOHDVH� RI
FDUERQ���WKH�GDUNHQLQJ�H[WHQW�GHSHQGLQJ�RQ
WKH�RUJDQLF�LPSXULW\�FRQWHQW��7KH�ZDWHU�UH�
OHDVHG� LQWHUDFWV� ZLWK� WKH� KDOLGH�� ,I�&2�� LVSUHVHQW� LQ� WKH� JDV� DWPRVSKHUH� DERYH� WKH
PL[WXUH�� WKH� R[LGH� RU� K\GUR[LGH� EHLQJ
IRUPHG� LV� VXEMHFWHG� WR� VLPXOWDQHRXV� FDU�
ERQL]DWLRQ� UHVXOWLQJ� LQ� WKH� FRUUHVSRQGLQJ
FDUERQDWH�� ,Q� WKH� FDVH� RI� DONDOL� RU� DONDOL�
HDUWK� KDOLGHV�� WKH� FDUERQDWH� LV� VWDEOH
HQRXJK� XS� WR� UDWKHU� KLJK� WHPSHUDWXUHV
�DERXW������.���DV�WR�UDUH�HDUWK�KDOLGHV��WKH
FDUERQDWH� LV� GHFRPSRVHG� DW� DERXW� ���� .�
L�H��� SULRU� WR� WKH� EDVH� PDWHULDO� PHOWLQJ�
7KXV��WKH�KDOLGH�UDZ�PDWHULDO�EHFRPHV�FRQ�
WDPLQDWHG� ZLWK� R[R� FRPSRXQGV� GXULQJ� WKH
GU\LQJ� PDLQO\� GXH� WR� WKH� SUHVHQFH� RI� R[\�
JHQ�FRQWDLQLQJ� RUJDQLF� LPSXULWLHV� EXW� QRW
GXH�WR�WKH�SURFHVV�UHJLPH�

7KH� KDOLGH� K\GURO\VLV� SURFHVV� DW� KLJK
WHPSHUDWXUHV�FDQ�EH�SUHVHQWHG�DV

+�2�n�����;��o��+;�n����2���.���� ���
ZKHUH�;±��+;�LV�WKH�JHQHUDO�GHVLJQDWLRQ�IRU
KDOLGH�LRQ��LQFOXGLQJ�WKH�FRQVWLWXWLRQDO�RQH�
H�J��� LQ� VROLG� 1D&O�� DQG� K\GURJHQ� KDOLGH�
UHVSHFWLYHO\�� 2�±�� WKH� JHQHUDO� GHVLJQDWLRQ
IRU� R[LGH� LRQ� �LQFOXGLQJ� WKH� FRQVWLWXWLRQDO
RQH�� H�J��� LQ� VROLG�/D2&O��%D2���7KH� H[WHQW
RI� WKH� SURFHVV� ���� VKLIW� IURP� OHIW� WR� ULJKW
GHSHQGV� RQ� VHYHUDO� IDFWRUV��PDLQO\� RQ� WHP�
SHUDWXUH�� WKH� KDOLGH� DFLGLW\� �L�H��� WKH� ERQG
VWUHQJWK� EHWZHHQ� WKH� KDOLGH� FDWLRQLF� EDVH
DQG� WKH� R[LGH� LRQV�� DQG� WKH� FRUUHVSRQGLQJ
K\GURJHQ� KDOLGH� VWDELOLW\� DW� WKH� VSHFLILHG
WHPSHUDWXUH�� 7KH� DFLGLW\� RI� D� PDWHULDO� LV
GHILQHV� DV� LWV� DELOLW\� WR� ELQG� FDWLRQV�� R[LGH
LRQV� LQ� WKH� FDVH� RI� TXHVWLRQ�� LW� GHSHQGV� RQ
WKH�PDWHULDO�FDWLRQLF�FRPSRVLWLRQ��WKH�FRUUH�
VSRQGLQJ�SURFHVV�FDQ�EH�SUHVHQWHG�DV

0HQ����Q�2���o�0H2Qe�� ���

ZKHUH� 0HQ�� LV� WKH� JHQHUDO� GHVLJQDWLRQ� IRU
WKH� KDOLGH�IRUPLQJ� PHWDO� FDWLRQ�� 6LQFH� WKH
R[LGH� LRQ� GRHV� QRW� H[LVW� LQ� LVRODWHG� IRUP�
WKH� VXEVWDQFH� DFLGLW\� LV� D� UHODWLYH� FKDUDF�
WHULVWLF�� )RU� H[DPSOH�� WKH� FDWLRQ� LQ�PHOWHG
VDOWV� LV� FRQVLGHUHG� DV� DQ� DFLGLF� RQH�� ZKHQ
WKH� HTXLOLEULXP�FRQVWDQW� IRU� ���� LQ� HXWHFWLF
.&O±1D&O�RU�&V&O±.&O±1D&O�PHOWV�H[FHHGV���

7�3�5HEURYD�HW�DO����,QWHUDFWLRQ�RI�K\JURVFRSLF����

��� )XQFWLRQDO�PDWHULDOV�������������



WKDW� LV�� WKH� DFLGLW\� LV� GHWHUPLQHG� ZLWK� UH�
VSHFW�WR�1D��LRQV�EHLQJ�WKH�PRVW�DFLGLF�FDW�
LRQ�LQ�WKH�PHQWLRQHG�PHOWV�>��@�
+HUH�DUH�WZR�NQRZQ�PHWKRGV�WR�HVWLPDWH

WKH�PHOW� DFLGLW\�� 7KH� ILUVW� RQH� LV� EDVHG� RQ
GHWHUPLQDWLRQ� RI� WKH� K\GURO\VLV� FRQVWDQW
�¯z����� RI� WKH� V\VWHP� XQGHU� VWXG\� DQG� LWVFRPSDULVRQ� ZLWK� WKH� FRUUHVSRQGLQJ� YDOXH
IRU� .&O±1D&O� PHOW� �¯z���a����� WKDW� LV� XVHGDV�D�UHIHUHQFH��7KH�IXQFWLRQ

:� ������OJ�S+&O� �e�S+�2�� ������S.��� ���
LV�XVHG�DV�WKH�DFLGLW\�SDUDPHWHU��+HUH��S+&ODQG� S+�2� DUH� SDUWLDO� SUHVVXUHV� RI� +&O� DQG+�2� LQ� WKH� JDV� PL[WXUH�� UHVSHFWLYHO\�� 7KHIXQFWLRQ� ���� VKRZV� WKH� QXPEHU� RI� GHFLPDO
RUGHUV� E\� ZKLFK� WKH� DFLGLW\� RI� D� VSHFLILF
PHOW� H[FHHGV� WKDW� RI� WKH� HTXLPRODU� .&O±
1D&O� PL[WXUH� �ZKHUH� :� ����� ,W� ZDV� VXS�
SRVHG�WKDW�WKH�IXQFWLRQ�����ZLOO�PDNH�LW�SRV�
VLEOH� WR� HVWLPDWH� WKH� HTXLOLEULXP� FRQVWDQW
FKDQJHV�ZKHQ�SDVVLQJ�IURP�RQH�PHOW�WR�DQ�
RWKHU�� EXW� WKH� VXSSRVLWLRQ� ZDV� QRW� FRQ�
ILUPHG� LQ� SUDFWLFH�� $QRWKHU� DSSURDFK� FRQ�
VLVWV� LQ� GHWHUPLQDWLRQ� RI� WKH� HTXLOLEULXP
FRQVWDQWV� IRU� LQGLFDWRU� �DFLG�EDVH�� FRXSOHV
LQ� WKH� PHOW� XQGHU� FRQVLGHUDWLRQ� �S./�� DQGLQ� WKH�.&O±1D&O�PHOW� �S..&O±1D&O��� 7KH� GLI�IHUHQFH� RI� WKRVH�FRQVWDQWV� LV� UHIHUUHG� WR� DV
WKH� R[R�EDVLFLW\� LQGH[� �S,/�� RI� WKH� PHOW� /EHLQJ�VWXGLHG�

S,/� �S./���S..&O�1D&O� ���
7KLV� SDUDPHWHU� LV� VLPLODU� WR� :� LQ� LWV

SK\VLFDO� VHQVH�� 7KH� SDUDPHWHUV� REWDLQHG
XVLQJ�WKDW�PHWKRG�IRUHFDVW�ZHOO�HQRXJK�WKH
FKDQJH�RI�HTXLOLEULXP�FRQVWDQWV�ZKHQ�SDVV�
LQJ� IURP� RQH� PHOW� WR� DQRWKHU�� H[FHSW� IRU
UHDFWLRQ�����
7KH� DFLGLW\� LQGLFHV� RI�PHOWHG�PHGLD��S,/DQG�:� �RU�¯z����� DUH� LQ�FRUUHODWLRQ� �)LJ�����,W� LV� WR� QRWH�� KRZHYHU�� WKDW� WKH� FKDQJH� RI

HTXLOLEULXP� FRQVWDQWV� IRU� ���� ZKHQ� SDVVLQJ
IURP�RQH�PHOW� WR� DQRWKHU� H[FHHGV� FRQVLGHU�
DEO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRUUHVSRQG�
LQJ� DFLGLW\� LQGLFHV�� 3HUKDSV� WKDW� GHYLDWLRQ
LV� FDXVHG� E\� WKH� IDFW� WKDW� WKH� PRVW� DFLGLF
PHOWV� DUH� VLPXOWDQHRXVO\� WKH� PRVW� K\JUR�
VFRSLF�RQHV�� ,Q� WKLV� FDVH�� WKH�ZDWHU� VROXELO�
LW\� LQ� WKRVH�PHOWV� H[FHHGV� FRQVLGHUDEO\� WKH
YDOXHV�SUHGLFWHG�E\�WKH�+HQU\�ODZ��7KH�PHOW
FRQWHQWV� DQ� DSSUHFLDEOH� DPRXQW� RI� ZDWHU
WKDW�FRXOG�UHVXOW�LQ�IRUPDWLRQ�RI�+�2��LRQV
WKDW� LQWHQVLI\� VLJQLILFDQWO\� WKH� V\VWHP
DFLGLF�SURSHUWLHV��7KXV��LQ�WKH�VWXGLHG�PHQ�
WLRQHG�� WKH� HTXLOLEULXP� ���� LV� QRW� RQO\� DQ

LQGLFDWRU�UHDFWLRQ�EXW�DOVR�D�ZD\�WR�LQFUHDVH
WKH�DFLGLW\�RI�D�K\JURVFRSLF�PHOW�
,W�IROORZV�IURP�)LJ����WKDW�DV�WKH�DFLGLW\

RI� D� PHOWHG� KDOLGH� V\VWHP� LQFUHDVHV�� LWV
WUHQG�WR�K\GURO\VLV�EHFRPHV�LQWHQVLILHG��6R�
.&O�� 1D&O�� DQG� &V&O� �¯z���a���� S,/a��� DUHQRW� K\GURO\]HG� HVVHQWLDOO\� XQGHU� KHDWLQJ
DQG�PHOWLQJ�� DQG�D� VXEVWDQFH�KDYLQJ�DFLGLF
SURSHUWLHV�ZDV�WR�EH�DGGHG�WR�WKRVH�PDWHUL�
DOV� ZKHQ� VWXG\LQJ� WKH� K\GURO\VLV� WKHUHRI
>�@�� $QRWKHU� JURXS� FRQVLVWV� RI� V\VWHPV
EDVHG� RQ� &D&O�� �¯z���a��� S,/a��� DQG� /L&O�¯z���a���S,/a�����WKDW�DUH�K\JURVFRSLF�VDOWVZLWK�UDWKHU�DFLGLF� FDWLRQV��7KH�GHK\GUDWLRQ
RI� WKRVH� VDOWV� LQ� YDFXXP� FDXVHV� IRUPDWLRQ
RI� &D2� DQG� /L2+� LQ� VPDOO� DPRXQWV�� DV� D
UHVXOW�� WKH�PHOWV� WKHUHRI� DUH� DONDOLILHG� DQG
JLYH�ULVH�WR�FRUURVLRQ�RI�SODWLQXP�RU�TXDUW]
FRQWDLQHUV��1HYHUWKHOHVV��ZKHQ�D�VROLG�FKOR�
ULGH� LV� WUHDWHG� ZLWK� K\GURJHQ� FKORULGH� JDV
GXULQJ�KHDWLQJ��LWV�K\GURO\VLV�LV�VXSSUHVVHG
FRPSOHWHO\��7KH�V\VWHPV�EDVHG�RQ�KDOLGHV�RI
PDJQHVLXP� DQG� UDUH�HDUWK� HOHPHQWV� KDYLQJ
¯z������ �S,/t��� FRXOG� EH� FRQVLGHUHG� DV� WKHWKLUG� JURXS�� 7KRVH� V\VWHPV� DUH� KLJKO\� K\�
JURVFRSLF� DQG� WHQG� WR� K\GURO\VLV�� 7KH� UDZ
PDWHULDO� WUHDWPHQW� ZLWK� +&O� JDV� LV� LQHIIL�
FLHQW� GXH� WR� ORZ� ¯z���� YDOXHV�� 7R� GDWH�� QRJHQHUDO�UXOH�LV�GHYHORSHG�PDNLQJ�LW�SRVVLEOH
WR� MXGJH� WKH� DFLGLW\� RI� VROLG� VXEVWDQFHV�
%DVLQJ� RQ� JHQHUDO� FRQVLGHUDWLRQ�� WKH� DFLGLW\
LQFUHDVHV� DV� WKH� FDWLRQ� UDGLXV� GLPLQLVKHV
ZLWKLQ�RQH�VXEJURXS�DQG�LV�LQWHQVLILHG�DV�WKH
HOHPHQW�QXPEHU�LQFUHDVHV�ZLWKLQ�RQH�SHULRG�
$QRWKHU� DVSHFW� RI� LPSRUWDQFH� WKDW� GH�

ILQHV�WKH�H[WHQW�RI�K\GURO\VLV�LV�WKH�WKHUPDO
VWDELOLW\�RI�WKH�FRUUHVSRQGLQJ�K\GURJHQ�KDO�
LGH� +;�� 7KH� VWDELOLW\� RI� K\GURJHQ� KDOLGHV�
L�H��� WKHLU� DELOLW\� RI� GLVVRFLDWLRQ� DFFRUGLQJ
WR�WKH�VFKHPH�

)LJ����� 'HSHQGHQFH� RI� S.���� RQ� WKH� EDVLFLW\LQGH[� S,/� IRU� HXWHFWLF� PHOWV� .&O±1D&O� ����.&O±/L&O������.&O±&D&O������DW������z�
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�+;�n��/�+��n����;��n� ���
GHFUHDVHV�DV�WKH�DQLRQ�UDGLXV�LQFUHDVHV��L�H��
IURP� FKORULQH� WR� LRGLQH��� 7KHUPRG\QDPLF
FDOFXODWLRQ� UHVXOWV� LQ� YDOXHV� RI� WKH� FRUUH�
VSRQGLQJ� GLVVRFLDWLRQ� FRQVWDQWV�� H�J��
�������Ü��� IRU� +&O�� �������Ü�� IRU� +%U� DQG
�������Ü��IRU�+,��DOO�DW�����.��,Q�WKH�ODWWHU
FDVH�� WKH� GLVVRFLDWLRQ� RI� K\GURJHQ� KDOLGH
FRQWULEXWHV� UDWKHU� FRQVLGHUDEO\� WR� K\GURO\�
VLV�SURFHVV�� VLQFH� WKH�GLVVRFLDWLRQ�H[WHQW�RI
+,� DW� WKH� VSHFLILHG� WHPSHUDWXUH� DWWDLQV
��� ��� WKXV� IDYRULQJ� D� PRUH� FRQVLGHUDEOH
VKLIW�RI� WKH�SURFHVV� ����WR�ULJKW�DV�FRPSDUHG
WR�RWKHU�K\GURJHQ�KDOLGHV��7KDW�LV��RWKHU�FRQ�
GLWLRQV�EHLQJ�WKH�VDPH��LRGLGHV�WHQG�WR�K\GUR�
O\WLF�GHFRPSRVLWLRQ�WR�WKH�PRVW�H[WHQW�>��@�

7KH� VWXGLHV� RI� KDORJHQDWLQJ� DJHQWV�ZLWK
R[\JHQ�FRQWDLQLQJ� LPSXULWLHV� LQ� VROLG� RJ
PHOWHG� KDOLGHV� FRQVLVW� DQ� LPSRUWDQW� FRQ�
VWLWXHQW� RI� WKH� DFLG� DQG� EDVH� FKHPLVWU\� LQ
KLJK�WHPSHUDWXUH�V\VWHPV��VLQFH�WKH�GDWD�RQ
FRUUHVSRQGLQJ� HTXLOLEULXP� FRQVWDQWV� PDNH
LW� SRVVLEOH� WR� VHOHFW� RQH� VXEVWDQFH� RU� DQ�
RWKHU�SXUSRVHG�WR�UHPRYH�R[\JHQ�FRQWDLQLQJ
LPSXULWLHV� IURP� D� VSHFLILHG� LRQLF� KDOLGH� RU
KDOLGH�PHOW�
,Q�SULQFLSOH��WKH�KDORJHQDWLQJ�DJHQWV�FDQ

EH�VXEGLYLGHG�LQWR�WZR�NLQGV�
Û� SURSHU� DFLGV� IRUPLQJ� D� FRXSOHG� EDVH

ZLWK�2�±�LRQV�
Û�UHGR[�DJHQWV�
$FFRUGLQJ� WR� WKH� /X[�)ORRG� GHILQLWLRQ

>��@�
$FLG���2���o�:HDN�DFLG���:HDN�EDVH

�+;���1D�2�o�+�2���1D;�����
���

WKH�KDORJHQDWLQJ� DJHQWV� RI� WKH��VW� NLQG�H[�
KLELW�WKH�SURSHUWLHV�RI�DFLGV��VLQFH�WKHLU�DF�
WLRQ� UHVXOWV� LQ� D� UHGXFWLRQ� RI� R[\JHQ�FRQ�
WDLQLQJ�LPSXULW\�FRQFHQWUDWLRQ��UHGXFWLRQ�LQ
WKH�PHOW� EDVLF�SURSHUWLHV��GXH� WR� IRUPDWLRQ
RI�YRODWLOH�RU�LQVROXEOH��LQ�WKH�PHOW��R[\JHQ�
FRQWDLQLQJ� FRPSRXQGV� �EDVHV�� WKDW� DUH� UH�
PRYHG� IURP� WKH�PHOW�� &RQVLGHULQJ� WKH� VHF�
RQG� URZ� RI� ���� DQG� SURFHHGLQJ� IURP� WKH
SULQFLSOH� RI� KDUG� DQG� VRIW� DFLGV� DQG� EDVHV
E\� 3HDUVRQ� >��@�� WKH� SXULILFDWLRQ� SURFHVVHV
XVLQJ�K\GURJHQ�KDOLGHV�FDQ�EH�FRQFOXGHG�WR
EH� WKHUPRG\QDPLFDOO\� IDYRUDEOH� DV� D� UXOH�
EHFDXVH� WKH� UHDFWLRQ� UHVXOWV� LQ� SURGXFWV
IRUPHG�E\�PRUH�KDUG�DFLG�DQG�EDVH��G��DQG
H�±�� UHVSHFWLYHO\�� DQG� PRUH� VRIW� DFLG� DQG
EDVH� �1D��DQG�;±��UHVSHFWLYHO\���6LQFH�WKHUH
LV� D� WUDQVLWLRQ� IURP� D� KDUG� EDVH� WR� D� VRIW

RQH� LQ� WKH� VHTXHQFH�&O±o%U±o� ,±� RI� KDOLGH
LRQV��WKH�SURFHVV�LV�WKH�OHDVW�WKHUPRG\QDPL�
FDOO\�IDYRUDEOH�ZLWK�LRGLGH�VDOWV��WKDW�EHLQJ
LQ�DJUHHPHQW�ZLWK�WKH�DERYH�

7KH�DPPRQLXP�KDOLGHV�DFWLQJ�LQ�D�GRXEOH
PDQQHU� FDQ� EH� DOVR� LQFOXGHG� LQWR� WKDW
JURXS��)LUVW��DPPRQLXP�KDOLGHV�IRUP�HDVLO\
GRXEOH�VDOWV�ZLWK�DONDOL�HDUWK�DQG�UDUH�HDUWK
PHWDOV�� WKRVH� VDOWV�DUH� WKH� OHDVW� LQFOLQHG�WR
K\GURO\VLV� DQG� DUH� GHK\GUDWHG�PRUH� HDVLO\�
6HFRQG��WKH�SXULILFDWLRQ�SURFHVVHV�XVLQJ�DP�
PRQLXP�KDOLGHV� VXSSRVH� WKH� VXEOLPDWLRQ�RI
WKH� ODWWHU� RXW� RI� WKH�GHK\GUDWHG�VXEVWDQFH�
7KH�VXEOLPDWLRQ�RI�DPPRQLXP�KDOLGHV�LV�DF�
FRPSDQLHG� E\� WKHUPDO� GLVVRFLDWLRQ� DFFRUG�
LQJ�WR�WKH�VFKHPH�

1+�;�oW �1+��n����+;�n�� ����
ZKLOH� RQ� FROG� SDUWV� RI� WKH� FRQWDLQHU� WKH
SURFHVV� UXQV� LQ� WKH� UHYHUVH� GLUHFWLRQ�� 7KH
K\GURJHQ�KDOLGH�WKXV�IRUPHG�UHDFWV�ZLWK�WKH
R[\JHQ�FRQWDLQLQJ� LPSXULWLHV� DFFRUGLQJ� WR
UHDFWLRQ� UHYHUVH� WR� ����� FDXVLQJ� DQ� DGGL�
WLRQDO� SXULILFDWLRQ� RI� WKH� UDZ� PL[WXUH�
6LQFH�ZDWHU�LV�UHPRYHG�GXH�WR�WKH�SXULILFD�
WLRQ��LW�LV�H[SHGLHQW�WR�FDUU\�RXW�WKH�DPPR�
QLXP�KDOLGH�VXEOLPDWLRQ�LQ�YDFXXP��XVXDOO\
DW�����WR�����&��

$QRWKHU� ZD\� WR� SXULILFDWLRQ� LV� WR� XVH
UHGR[�SURFHVVHV��7KH�PRVW�VLPSOHVW�DQG�WKH
OHDVW�HIILFLHQW�RQH�LV�WKH�GLUHFW�WUHDWPHQW�RI
DQ�LRQLF�KDOLGH�ZLWK�D�KDORJHQ��)RU�WKH�UHDF�
WLRQ

;��n����2����/����2��n�����;� ����

WKH�H[WHQW�RI�HTXLOLEULXP�VKLIW�WR�WKH�ULJKW
GHSHQGV� RQ� WKH� UHODWLRQ� EHWZHHQ� WKH� UHGR[
SRWHQWLDOV�RI�WKH�KDORJHQ�DQG�R[\JHQ�DV�ZHOO
DV� RQ� DFLGLF� SURSHUWLHV� RI� WKH� PHOW� �VHH
DERYH��

3URFHHGLQJ� IURP� >������@�� WKH� R[\JHQ
HOHFWURGH� SRWHQWLDOV� FDQ� EH� HVWLPDWHG� LQ
PHOWV�FRQWDLQLQJ�FDWLRQV�RI�YDULRXV�DFLGLW\�
.QRZLQJ� WKH� SRWHQWLDO� RI� WKH� $J�_$J� HOHF�
WURGH� IRU� .&O±1D&O�� .&O±/L&O�� DQG� .&O±
1D&O±6U&O�� PHOWV� DW� ����&� ZLWK� UHVSHFW� WRVRGLXP� UHIHUHQFH� HOHFWURGH� 1D�_1D
�a�����9���LW�LV�SRVVLEOH�WR�HVWLPDWH�WKH�R[\�
JHQ�HOHFWURGH�SRWHQWLDO�LQ�VROXWLRQV�ZLWK�WKH
2�±�PRODOLW\�RI���Ü��PROH�NJÜ�� �D�PHOW�FRQ�
WDPLQDWHG� ZLWK� R[\JHQ�FRQWDLQLQJ� LPSXUL�
WLHV�� WR� EH� RI� ������ 9� IRU� .&O±1D&O� DQG
.&O±1D&O±%D&O��� ����� 9� IRU� .&O±1D&O±
6U&O��� ����� 9� IRU� .&O±/L&O� DQG� .&O±&D&O��ZKLOH� WKH� FKORULQH� HOHFWURGH� SRWHQWLDO� LV
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����� 9�� WKH� EURPLQH� RQH�� Ü���� 9�� DQG� WKH
LRGLQH�RQH������9��,W�IROORZV�WKHUHIURP�WKDW
WKH�PHOW�SXULILFDWLRQ�XVLQJ�EURPLQH�DQG�LR�
GLQH� LV� WKHUPRG\QDPLFDOO\� XQIDYRUDEOH�� EH�
FDXVH�WKH�SRWHQWLDO�RI�WKRVH�HOHFWURGHV�LQ�DOO
WKH�PHOWV�LV�ORZHU�WKDQ�WKDW�RI�R[\JHQ�RQH�
$V� WR� FKORULQH� HOHFWURGH�� IRU� FKORULGH�PHOWV
FRQWDLQLQJ� ��Ü��PROH�NJÜ�� 2�±�� WKH� FRQGL�
WLRQDO� HTXLOLEULXP� FRQVWDQWV� DUH� RI� ���� WR
����� )RU� D� .&O±1D&O� PHOW� FRQWDLQLQJ
�����PROH�NJÜ�� RI�0J��� FDWLRQV� �D� YHU\� GL�
OXWHG�VROXWLRQ��WKH�.�YDOXH�LV������WKXV��WKH
SXULILFDWLRQ� RI� VXFK� D�PHOW� ZLWK� IUHH� FKOR�
ULQH�ZLOO�EH�QR�ORQJHU�HIILFLHQW��7KLV�ZLOO�EH
YDOLG� DOVR� IRU� PHOWV� FRQWDLQLQJ� UDUH�HDUWK
PHWDO�LRQV�LQ�WKH�R[LGDWLRQ�GHJUHH�RI����
7KH�FDUERKDORJHQDWLRQ�SURFHVV�LV�WKH�VXP�RI

WKH�UHDFWLRQ������DQG�WKH�IROORZLQJ�UHDFWLRQ�
&�p������2��/�&2�n�� ����

,W�LV�MXVW�&2�UDWKHU�WKDQ�&2��WKDW�LV�WKHUHDFWLRQ�SURGXFW��VLQFH�FDUERQ�LV�LQWURGXFHG
XVXDOO\�LQ�D�VXIILFLHQW�DPRXQW��7KH�HTXLOLE�
ULXP�FRQVWDQW�RI� WKDW�UHDFWLRQ�ZLWKLQ����Ü
�����&� WHPSHUDWXUH� UDQJH� YDULHV� IURP
��������� WR� ��������� L�H��� WKH� HTXLOLEULXP
FRQVWDQW�RI�WKH�WRWDO�SURFHVV�

&�p����;��n����2���/�&2�n�����;� ����
ZLOO� YDU\� IURP� ����� WR� ����� IRU� FKORULGH
PHOWV�� IURP� ���� WR� ���� IRU� EURPLGH� RQHV�
DQG� IURP� ���� WR� ���� IRU� LRGLGH� RQHV� ZLWK
ZHDN� DFLGLF� SURSHUWLHV�� $V� WR� WKH� VWURQJ
DFLGLF� PHOWV� �FRQWDLQLQJ� PDJQHVLXP� DQG
5(V��� WKH� FRQVWDQWV�ZLOO� EH� �� RUGHUV� ORZHU�
7KXV��WKH�UHPRYDO�RI�R[\JHQ�FRQWDLQLQJ�LP�
SXULWLHV� IURP� VXFK� PHOWV� XVLQJ� FDUERKDOR�
JHQDWLRQ�LV�D�GLIILFXOW�SUREOHP�IRU�EURPLGHV
DQG�DOPRVW�LQVROXEOH�RQH�IRU�LRGLGHV�
$V� LW� ZDV� QRWHG� DERYH�� WKH� XVH� RI� PRVW

KDORJHQDWLQJ�DJHQWV�IRU�SXULILFDWLRQ�RI�LRQLF
KDOLGHV� ZLWK� ORZ� DFLGLF� SURSHUWLHV� �DONDOL
DQG�DONDOL�HDUWK�PHWDO�VDOWV��SURYLGHV�D�SRVL�
WLYH� UHVXOW� LQ� HVVHQWLDOO\� DOO� FDVHV�� 7KLV� LV�
KRZHYHU��QRW�WKH�FDVH�IRU�VWURQJ�DFLGLF�KDO�
LGHV� �VDOWV� RI� PDJQHVLXP� DQG� 5(V� LQ� WKH
R[LGDWLRQ� GHJUHH� RI� ����� 7KH� IDFW� LV� WKDW
KDORJHQ� GHULYDWLYHV� RI� K\GURFDUERQV�� HVSH�
FLDOO\� ZKHQ� WKRVH� FRQWDLQ� K\GURJHQ� DWRPV�
WHQG�DW�KLJK�WHPSHUDWXUHV�WR�S\URO\VLV�ZLWK
IRUPDWLRQ� RI� WKH� FRUUHVSRQGLQJ� K\GURJHQ
KDOLGH�� )RU� H[DPSOH�� GLFKORURPHWKDQH
&+�&O�� LV� GHFRPSRVHG� XQGHU� KHDWLQJ� DQGIRUPV�FDUERQ�DQG�+&O�

&+�&O��n��/��&�p�����+&O�n� ����

WKH� HTXLOLEULXP� RI� WKDW� UHDFWLRQ� EHLQJ
VKLIWHG�WR�WKH�ULJKW�FRQVLGHUDEO\�
7KH� FDUERKDORJHQDWLRQ� SURFHVV� ����� VXS�

SRVHV�WKH�VLPXOWDQHRXV�DFWLRQ�RI�WKH�FDUERQ�
KDORJHQ�FRXSOH��WKDW�LV��D�UHGR[�SURFHVV��$W
WKH� VDPH� WLPH�� LQ� WKH� UHDFWLRQ� ������ WKH
SURGXFWV� FDQ� LQWHUDFW� ZLWK� R[LGH� LRQV� RQO\
DFFRUGLQJ�WR�DQ�DFLG�EDVH�UHDFWLRQ�� ,W� LV�RE�
YLRXV� WKDW� LQ� WKH� FDVH� RI� DONDOL� DQG� DONDOL�
HDUWK� KDOLGH� PHOWV� ZLWK� VXIILFLHQWO\� ZHDN
DFLGLF�SURSHUWLHV��WKH�DFWLRQ�RI�&+�&O���L�H��&�+&O�� DQG�&&O�� �&�&O��� ZLOO� EH� WKH� VDPH�EHFDXVH� WKH� FRQVWDQWV� RI� WKH� FRUUHVSRQGLQJ
HTXLOLEULD�DUH�WKRXJK�YHU\�GLIIHUHQW�EXW�H[�
FHHG���E\�PDQ\�RUGHUV��$V� WR� VWURQJ�DFLGLF
PHOWV��WKH�DFWLRQ�RI�KDORJHQ�VXEVWLWXWHG�K\�
GURFDUERQV� FRQWDLQLQJ� K\GURJHQ� DWRPV� ZLOO
EH� UHGXFHG� WR� D� UHDFWLRQ� UHYHUVH� WR� ���� DQG
WKHUPRG\QDPLFDOO\�XQIDYRUDEOH�
7KH� SUDFWLFDO� UHDOL]DWLRQ� RI� FDUERKDOR�

JHQDWLRQ� SURFHVV� VXSSRVHV� WKH� KDORJHQDWLQJ
DJHQW� LQWURGXFWLRQ�LQWR�WKH�PHOW�LQ�JDVHRXV
VWDWH�� 7KLV�� LQ� WXUQ�� UHTXLUHV� D� VHOHFWHG
YRODWLOH�KDORJHQ� VRXUFH� DQG� WKH�SUHVHQFH�RI
FDUERQ�LQ�WKH�PHOW�RU�LQ�WKH�YRODWLOH�UHDJHQW
DW�WKH�DEVHQFH�RI�K\GURJHQ��WKH�ODWWHU� LV�RI
D� SDUWLFXODU� LPSRUWDQFH� IRU� WKH� VWURQJ
DFLGLF� PHOWV�� )RU� FKORULGH� PDWHULDOV�� WKH
PRVW� VXLWDEOH� KDORJHQDWLQJ� DJHQW� LV� &&O��IRU� EURPLGH� RQHV�� EURPLQH� YDSRU� �� FDUERQ
EODFN� LQ� WKH� PHOW� �&%U�� KDV� D� ORZ� YDSRUSUHVVXUH�DQG�ERLOV�DW�����&�ZLWK�GHFRPSRVL�
WLRQ��� 1R� VXLWDEOH� FRPELQDWLRQ� RI� UHDJHQWV
KDV�EHHQ�IRXQG�IRU�LRGLGH�PHOWV�
7KH� FDUERKDORJHQDWLRQ� RI� FKORULGH� PHOWV

XVLQJ�&&O��LV�FDUULHG�RXW�DV�IROORZV��$V�WKHUDZ� PDWHULDO� LV� KHDWHG� XQGHU� &&O�� YDSRUIORZ�LQ�D�TXDUW]�FRQWDLQHU�XS�WR�����&��WKH
VROLG� RU�PHOWHG�PDWHULDO� EHFRPHV�GDUNHQHG�
7KH� IXUWKHU� KHDWLQJ� XS� WR� ���Ü����&� UH�
VXOWV� LQ� D� JUDGXDO� FODULILFDWLRQ� RI� WKH�PHOW
�FDUERQ� UHPRYDO��� DW� WKH� HQG�� LW� EHFRPHV
WUDQVSDUHQW� DQG�GRHV�QRW�ZHW� WKH�FRQWDLQHU
ZDOO�� WKLV� IDFW� LV� D� YLVXDO� VLJQ� RI� WKH� FRP�
SOHWH� UHPRYDO� RI� R[\JHQ�FRQWDLQLQJ� LPSXUL�
WLHV�
/HW� WKH� SURFHVVHV� EH� FRQVLGHUHG� WDNLQJ

SODFH�DW�WKH�PHQWLRQHG�WHPSHUDWXUHV�
Û�S\URO\VLV�RI�&&O��

&&O��n��/�&�p�����&O��n�� ����

&�&O��n��/�&�&O��n����&O��n�� ����

�&&O��n��/�&�&O��n�����&O��n�� ����
Û� UHPRYDO� RI� WKH� S\URO\VLV� SURGXFWV

IURP� WKH� PHOW� DQG� WKH� JDV� PHGLXP� DERYH
WKH�PHOW�
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�&�p�����&O��n��/�&�&O��n�� ����
7KH� GHSHQGHQFHV� RI� WKH� HTXLOLEULXP� FRQ�

VWDQWV� IRU� WKH� FRUUHVSRQGLQJ� SURFHVVHV� RQ
LQYHUVH�WHPSHUDWXUH�DUH�VKRZQ�LQ�)LJ����
,W� LV� VHHQ� IURP� )LJ���� WKDW� DW� WHPSHUD�

WXUHV�ORZHU�WKDQ�����.������ ����������WKH
SURFHVV� ����� SUHGRPLQDWHV� RYHU� ������ DQG
WKLV� IDFW� UHVXOWV� LQ� IRUPDWLRQ� RI� FDUERQ� LQ
WKH�PL[WXUH�RU�PHOW�DQG�RI�FKORULQH��$ERYH
����.��WKH�SURFHVVHV�UHVXOWLQJ�LQ�IRUPDWLRQ
RI� JDVHRXV� FKORULQH�FRQWDLQLQJ� GHULYDWLYHV
�&Q&OP���PDLQO\�&�&O�� ������DQG�FKORULQH��$FDUERQ� EODFN���FKORULQH� PL[WXUH� LV� IRUPHG
WKDW�LV�MXVW�WKH�FKORULQDWLQJ�DJHQW��$QRWKHU
SURFHVV�LV�WKH�FDUERQ�UHPRYDO�IURP�WKH�PHOW
GXH� WR�&�&O�� IRUPDWLRQ��KRZHYHU�� WKH� HTXL�OLEULXP�FRQVWDQW�RI�WKDW�SURFHVV�LV�OHVV�WKDQ
���VR�LW�PD\�UXQ�RQO\�XQGHU�UHPRYDO�RI�WKH

UHDFWLRQ� SURGXFWV� IURP� WKH� JDV� DWPRVSKHUH
�LQ�DUJRQ�IORZ���7KLV�SURFHVV�LV�UDWKHU�VORZ�
WKH�PHOW�FODULILFDWLRQ�UHTXLUHV�LQ�SUDFWLFH��
RU� �� K�� 7KH� GLUHFW� UHDFWLRQ� RI� &&O�� ZLWKFDUERQ� LV� FKDUDFWHUL]HG� E\� FRQVWDQWV� RI� WKH
RUGHU�RI���Ü��WR���Ü��DQG�UXQV�VORZO\��WRR�

5HIHUHQFHV
� ���-�0�3HHFK�� '�$�%RZHU�� 5�2�5RKO�� -��$SSO�

3K\V�������������������
� ���5�7D\ORU��&KHP��5HY������������������
� ���9�9�%DQLN�� 1�,�'DYLGHQNR�� <X�$�1HVWHUHQNR�

LQ� ERRN�� 3K\VLFV� DQG� &KHPLVWU\� RI� 6ROLGV�
91,,�0RQRNULVWDORY��.KDUNRY���������S�����

� ���$�,�$JXODQVN\��3�7�6WDQJULW��=K��3ULNO��.KLP��
����������������

� ���0�/HEO��-�7UQND��=��3K\V�������������������
� ���.�6�6KDK��<�*ORGR��0�.OXJHUPDQ�HW�DO���1XFO�

,QVWU��0HWK��3K\V��5HV���$����������������
� ���(�9�'�YDQ�/RHI��3�'RUHQERV��&�:�(�YDQ�(MFN

HW�DO���$SSO��3K\V��/HWW�������������������
� ���1�:�+DQI��0�-�6ROH��7UDQV��)DUDGD\�6RF������

������������
� ���<X�)�5\ENLQ�� <X�$�1HVWHUHQNR�� =K��)L]��.KLP��

���������������
����0�9�6PLUQRY�� ,�9�.RU]XQ�� 9�$�2OH\QLNRYD�

(OHFWURFKLP�$FWD�����������������
����9�/�&KHUJLQHWV��7�5�5HEURYD��3K\V��&KHP��/LT�

XLGV�����������������
����5�&RPEHV��%�7UHPLOORQ��)�'H�$QGUDGH� HW�DO��

$QDO��/HWW������$���������������
����+�/X[��=��(OHNWURFKHP������������������
����5�3HDUVRQ�� -��$PHU��&KHP��6RF��� ���� ����

�������
����<X�.�'HOLPDUVN\�� &KHPLVWU\� RI� ,RQLF� 0HOWV�

1DXNRYD�'XPND��.LHY��������>LQ�5XVVLDQ@��
����9�/�&KHUJLQHWV��&KHPLVWU\�RI�2[R�&RPSRXQGV

LQ� ,RQLF�0HOWV�� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�
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