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7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
'HVWUXFWLRQ�RI�F\DQLGH�E\�R]RQH�LQ�WZR�JDV�OLTXLG�FRQWDFWLQJV\VWHPV

)�5��&DUULOOR�3HGUR]D
��0�-��6RULD�$JXLODU
)DFXOWDG�GH�0HWDOXUJLD��8QLYHUVLGDG�$XWËQRPD�GH�&RDKXLOD�&DUU�����.P����&3��������0RQFORYD�&RDKXLOD��0Â[LFR

5HFHLYHG����0D\�������DFFHSWHG����-XO\�����

$%675$&7
7KH� WUHDWPHQW� RI� DTXHRXV� HIIOXHQWV� UHVXOWLQJ� IURP�F\DQLGDWLRQ�SURFHVV� LV� RQH� RI� WKH�PDLQ�SUREOHPV� LQ� WKH� JROG�PLQLQJ� LQGXVWU\�� 'LIIHUHQW�PHWKRGV� DUH� XVHG� IRU� F\DQLGH� GHVWUXFWLRQ� RU�F\DQLGH� UHJHQHUDWLRQ��2]RQH� LV� DQ� DOWHUQDWLYH� WKDW� SUHVHQWV� WKH�DGYDQWDJH�RI� WKH� UHPRYDO� RI�F\DQLGH�RI�F\DQLGDWLRQ�WDLOLQJV��7KH�UHDFWLRQV�RI�R[LGDWLRQ�RI�F\DQLGH�E\�R]RQH�ZHUH�VWXGLHG�LQ�DTXHRXV� VROXWLRQV� XVLQJ� D� EXEEOH� FROXPQ� DQG� D�PHFKDQLFDOO\�VWLUUHG� UHDFWRU�� 7KHVH� UHDFWRUV�ZHUH� RSHUDWHG� DW� GLIIHUHQW� FRQGLWLRQV� RI� R]RQH� GRVDJH� UDWH�� JDV�IORZ� UDWH� DQG� F\DQLGH�FRQFHQWUDWLRQV��7KH�UDWH�RI�WKH�R[LGDWLRQ�RI�F\DQLGH�E\�R]RQH�FDQ�EH�GHVFULEHG�E\�DQ�HTXDWLRQ��ZKLFK�LV�RI�ILUVW�RUGHU�ZLWK�UHVSHFW�WR�R]RQH�DQG�LQGHSHQGHQW�RQ�WKH�F\DQLGH�FRQFHQWUDWLRQ��7KH�UHDFWLRQ� RI� R]RQH�ZLWK� F\DQLGH� RFFXUV� E\� R[LGDWLRQ� RI� RQH�PROH� RI� F\DQLGH� E\� RQH�PROH� RI�R]RQH��7KLV�ZRUN�VKRZV�WKDW� WKH� UDWH�RI�R[LGDWLRQ�RI�F\DQLGH�E\�R]RQH� LV� LQGHSHQGHQW�RI� WKH�W\SH�RI�UHDFWRU���������6'8��$OO�ULJKWV�UHVHUYHG�

.H\ZRUGV��&\DQLGDWLRQ�HIIOXHQWV��2]RQH��&\DQLGH��.LQHWLFV

���,1752'8&7,21
&\DQLGDWLRQ�LV�WKH�PDLQ�SURFHVV�XVHG�ZRUOGZLGH�IRU�WKH�H[WUDFWLRQ�RI�JROG��,Q�0H[LFR��DURXQG�����RI� WKH� SURGXFHG�JROG� LV� H[WUDFWHG� E\� F\DQLGDWLRQ�� 7KLV� SHUFHQWDJH� KDV�EHHQ� LQFUHDVLQJ� LQ� WKH� ODVW� \HDUV� �,1(*,�� ������� 7KH� UHVXOWLQJ� ZDVWHZDWHU� RI�F\DQLGDWLRQ� RI� JROG� PLQHUDOV� FRQWDLQV� ODUJH� DPRXQWV� RI� F\DQLGH�� (QYLURQPHQWDOO\��F\DQLGH�LV�WR[LF�WR�DOO�OLYLQJ�VSHFLHV��7KH�0H[LFDQ�(QYLURQPHQW�/DZV�KDYH�HVWDEOLVKHG��IRU� H[DPSOH�� D�PD[LPXP� DOORZDEOH� OLPLW� RI� �PJ�O� WRWDO� F\DQLGH��2IILFLDO� -RXUQDO� RI�0H[LFDQ�*RYHUQPHQW��������


�&RUUHVSRQGLQJ�DXWKRU��(�PDLO��DFP�����#PDLO�LQIRQWH�XDGHF�P[
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)�5��&DULOOR��0�-��6RULD�� 7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
&\DQLGH�FRQVXPSWLRQ� LV�RQH�RI� WKH�PRVW� LPSRUWDQW� IDFWRUV�WKDW�FRQWULEXWHV� WR� WKH�WRWDO�RSHUDWLQJ�FRVW�RI�D�F\DQLGDWLRQ�SODQW��7KH�WKHRUHWLFDO�VWRLFKLRPHWU\�LQGLFDWHV�WKDW�WR�GLVVROYH�WKH�JROG�FRQWDLQHG�LQ�D�W\SLFDO�RUH��RQO\���WR���JUDPV�RI�F\DQLGH�SHU�WRQ�RI�PLQHUDO�VKRXOG�EH�FRQVXPHG��QHYHUWKHOHVV��W\SLFDO�F\DQLGH�FRQVXPSWLRQ�UDQJHV�IURP����� WR� ����J�W�� ,W� LWV� ZRUWK� PHQWLRQLQJ� WKDW� WKH� ODUJHVW� ORVV� RI� F\DQLGH� RFFXUV�WKURXJK� WKH� IRUPDWLRQ�RI� WKLRF\DQDWH�DQG�F\DQLGH�FRPSOH[HV�ZLWK�FRSSHU��]LQF�DQG�LURQ��6RWR�HW�DO���������%\HUOH\�DQG�(QQV��������)URP� WKH� HQYLURQPHQWDO� DQG� HFRQRPLFDO� SRLQW� RI� YLHZ�� WKH� WUHDWPHQW� RI� F\DQLGH�HIIOXHQWV� KDV� EHHQ� D� QHFHVVDU\� RSHUDWLRQ� LQ� WKH� SURFHVVHV� WKDW� XVH� F\DQLGH� DV� D�FRQVXPDEOH� �6FRWW� DQG� ,QJOHV�� ������� 7KH� PHWKRGV� FXUUHQWO\� DSSOLHG� WR� GHVWUR\�F\DQLGH�LQ�F\DQLGDWLRQ�HIIOXHQWV�DUH�EDVHG�XSRQ�WKH�R[LGDWLRQ�RI�F\DQLGH�ZLWK�DLU�62��,QFR�3URFHVV���K\GURJHQ�SHUR[LGH��'HJXVVD�3URFHVV��DQG�ELRGHJUDGDWLRQ��5LWFH\�������0RVKHU�DQG�)LJXHURD��������2]RQDWLRQ� LV� D� SURPLVLQJ� WHFKQRORJ\� WR� WUHDW� F\DQLGH� HIIOXHQWV�� ,W� LV� D� VWURQJ�R[LGDQW�DQG�SURGXFHV�QRQ�WR[LF�SURGXFWV��$FFRUGLQJ�WR�WKH�OLWHUDWXUH��WKH�R[LGDWLRQ�RI��F\DQLGH�ZLWK�R]RQH�RFFXUV IDVW�DQG� LV�PRVW�SUREDEO\� OLPLWHG�E\� WKH� WUDQVSRUW�RI� WKH�JDV�WR�WKH�DTXHRXV�SKDVH��.KDQGHOZDO�HW�DO���������0DWKLHX��������=HHYDONLQN�HW�DO���������*XURO�HW�DO���������,OLH�HW�DO����������7KH�REMHFWLYH�RI� WKH�SUHVHQW� VWXG\� LV� WR�JHQHUDWH� IXQGDPHQWDO�NQRZOHGJH�RQ� WKH�NLQHWLFV�DQG�PHFKDQLVPV�RI�WKH�UHDFWLRQ�RI�R]RQH�ZLWK�F\DQLGH��$OVR��WKH�HIIHFW�RI�WKH�W\SH� RI� UHDFWRU� RU� � OLTXLG�JDV� FRQWDFWLQJ� V\VWHP� XSRQ� WKH� WUDQVIHU� RI� R]RQH� WR� WKH�DTXHRXV�SKDVH� LV� WR�EH�DGGUHVVHG��DQG�SDUDPHWHUV� VXFK�DV�R]RQH�FRQVXPSWLRQ�DQG�VWRLFKLRPHWULF�UHODWLRQV�DPRQJ�UHDFWDQWV�DQG�SURGXFWV�DUH�WR�EH�HYDOXDWHG�

���(;3(5,0(17$/
�����$SSDUDWXV

7KH�H[SHULPHQWDO� VHWXS�FRQVLVWHG�RI�D�FRQYHQWLRQDO�EXEEOH�FROXPQ�� VHH� )LJXUH����������P�GLDPHWHU�DQG����P�KHLJKW��HTXLSSHG�ZLWK�D�VSDUJHU���PP�SRUH�VL]H������P�GLDPHWHU�DQG������P�KHLJKW��ORFDWHG�DW�WKH�ERWWRP�RI�WKH�FROXPQ��$�VHFRQG�UHDFWRU�ZKLFK� LV� D�PHFKDQLFDOO\�VWLUUHG� FHOO�� VHH� )LJXUH���� ����P�GLDPHWHU� DQG����P�KHLJKW��DOVR� HTXLSSHG�ZLWK�D� VSDUJHU� ���P�SRUH� VL]H������P�GLDPHWHU� DQG������P�KHLJKW���DQG� DQ� R]RQH� JHQHUDWRU� �3DFLILF� 2]RQH� /���� ZDV� XVHG�� 2Q�OLQH� PRQLWRULQJ� ZDV�SHUIRUPHG� IRU� WKH� VROXWLRQ� S+� �2ULRQ� 6$������ R[LGDWLRQ�UHGXFWLRQ� SRWHQWLDO� �253��2ULRQ� ����$�� $X� YV�� $J�$J&O� ZLWK� WHPSHUDWXUH� VHQVRU��� GLVVROYHG�R]RQH� �$7,�$�������
�����3URFHGXUH

7HVWV� ZHUH� SHUIRUPHG� LQ� HDFK� UHDFWRU� E\� EXEEOLQJ� DQ� R[\JHQ�R]RQH� PL[WXUH�WKURXJK�����OLWHU�RI�VROXWLRQ�IRU�D�JLYHQ�SHULRG�RI�WLPH��2]RQH�ZDV�SURGXFHG�IURP�SXUH�R[\JHQ� DQG� LWV� FRQFHQWUDWLRQ� ZDV� FRQWUROOHG� E\� PDQLSXODWLQJ� WKH� LQWHQVLW\� RI� WKH�HOHFWULF�FXUUHQW�DQG�WKH�IORZ�UDWH�RI�R[\JHQ�IHG�WR�WKH�JHQHUDWRU�
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)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������

)LJXUH����%XEEOH�FROXPQ�UHDFWRU

)LJXUH����0HFKDQLFDOO\�VWLUUHG�UHDFWRU



��

)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
2]RQH�FRQFHQWUDWLRQ� LQ� WKH�JDV�SKDVH�ZDV�DQDO\]HG�E\�PHDQV�RI� WKH� LRGRPHWULF�PHWKRG�ZKLOH�R]RQH�LQ�VROXWLRQ�ZDV�PRQLWRUHG�E\��XVLQJ�D�GLVVROYHG�R]RQH�HOHFWURGH�([SHULPHQWV� WR� VWXG\� WKH� UHDFWLRQ� RI� R]RQH� ZLWK� F\DQLGH� ZHUH� SHUIRUPHG� DW�GLIIHUHQW�R]RQH�FRQFHQWUDWLRQV� LQ� WKH�JDV�SKDVH�DQG�F\DQLGH� LQLWLDO� FRQFHQWUDWLRQ� LQ�WKH�DTXHRXV�SKDVH�7KH� S+�RI� WKH� VROXWLRQ�ZDV� IL[HG� LQ� D� YDOXH�RI����� VLPLODU� DW� LQGXVWULDO� VROXWLRQV��&\DQLGH� ZDV� DQDO\]HG� ERWK� E\� WLWUDWLRQ� ZLWK� VLOYHU� QLWUDWH� DQG� ZLWK� WKH� KHOS� RI� D�F\DQLGH�VSHFLILF�HOHFWURGH��$PPRQLD�HOHFWURGH�ZDV�XVHG�IRU�GHWHUPLQLQJ�F\DQDWH�

���5(68/76�$1'�',6&866,21�
7KH� F\DQLGH� R[LGDWLRQ� ZDV� VWXGLHG� LQ� WKH� WZR� UHDFWRUV�� D� PHFKDQLFDOO\�VWLUUHG�UHDFWRU�DQG�D�EXEEOH�FROXPQ��,Q�WKHVH�WHVWV��D�VROXWLRQ�RI�1D&1�DW�DQ�LQLWLDO�S+�RI�����FRQWDLQLQJ�����WR����PJ�O�F\DQLGH�ZDV�XVHG�)LJXUH� �� VKRZV� WKH� R[LGDWLRQ� RI� F\DQLGH� E\� R]RQH� XVLQJ�WKH� EXEEOH� FROXPQ�� DW�URRP� WHPSHUDWXUH�� 7KLV� ILJXUH� DOVR� VKRZV� PHDVXUHV� RI� S+�� UHGR[� SRWHQWLDO� DQG�GLVVROYHG�R]RQH�

)LJXUH� ��� &\DQLGH� R]RQDWLRQ�� 7 ��R&�� )J �O�PLQ�� 9VJ ����FP�V�� 9VO ���O�PLQ��9D2�J �����J�PLQ
,W� LV� REVHUYHG� WKDW� DV� ORQJ� DV� F\DQLGH� LV� SUHVHQW� LQ� VROXWLRQ�� UHGR[� SRWHQWLDO��GLVVROYHG�R]RQH�DQG�S+�YDOXHV�UHPDLQ�QHDUO\�FRQVWDQW��:KHQ�F\DQLGH�LV�FRPSOHWHO\�R[LGL]HG� WKHVH�SDUDPHWHUV�FKDQJH��5HGR[�SRWHQWLDO� LQFUHDVHV� WR�DURXQG����P9��S+�VOLJKWO\� GHFUHDVHV� �SUREDEO\� GXH� WKH� IDFW� WKDW� WKH� VROXWLRQ� LV� QRW� EXIIHUHG��� DQG�GLVVROYHG�R]RQH�VWDUWV�WR�GULIW��ZKLFK�LQGLFDWHV�WKDW�RWKHU�R]RQDWLRQ�UHDFWLRQV��VXFK�DV�F\DQDWH�DQG�DPPRQLD�R[LGDWLRQ��DUH�WDNLQJ�SODFH�



��

)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
,W�LV�ZRUWK�QRWLQJ�LQ�)LJXUH���WKDW�WKH�HYROXWLRQ�RI�UHGR[�SRWHQWLDO�LV�FORVHO\�UHODWHG�WR� WKH� HYROXWLRQ� RI� F\DQLGH� FRQFHQWUDWLRQ�� VXJJHVWLQJ� F\DQLGH� R[LGDWLRQ� PD\� EH�IROORZHG� DQG� PDQLSXODWHG� E\� XVLQJ� D� UHGR[� SRWHQWLDO� FRQWURO� ORRS� ERWK� WR� WKH�FRPSOHWH�GHVWUXFWLRQ�RI�F\DQLGH�DQG�WR�RSWLPL]H�WKH�R]RQH�FRQVXPSWLRQ�$FFRUGLQJ�WR�HTXDWLRQ����WKH�SURGXFW�RI�F\DQLGH�R[LGDWLRQ�LV�F\DQDWH��

�� 2&122&1 �o� �� ���
,Q� RUGHU� WR�GHWHUPLQH�ZKHWKHU� WKDW� DOO� R]RQH�DGGHG� LV� FRQVXPHG�E\� WKH� F\DQLGH�R[LGDWLRQ�� DV� VXJJHVWHG� E\� WKH� EHKDYLRU� RI� GLVVROYHG� R]RQH� LQ� )LJXUH� ��� D� UHFLSLHQW�FRQWDLQLQJ�D�.,�VROXWLRQ�ZDV�LQVWDOOHG�LQ�WKH�H[KDXVW�JDVHV�2]RQH� DQDO\]HG� E\� LRGRPHWULF� PHWKRG� ZDV� QRW� GHWHFWHG� GXULQJ� F\DQLGH�GHVWUXFWLRQ��$FFRUGLQJ�WR�WKLV��DV�VKRZQ�LQ�)LJXUH����R]RQH�FRQVXPSWLRQ�LV�����JUDP�RI�R]RQH�SHU�JUDP�RI�F\DQLGH�LQ�VROXWLRQ��WKLV�QXPEHU�EHLQJ�LQGHSHQGHQW�RI�F\DQLGH�FRQFHQWUDWLRQ� DQG� R]RQH� DGGLWLRQ� UDWH� �LQ� WKH� UDQJH� RI� ����� DW� ����J�PLQ��� )URP� D�EDODQFH�RI�F\DQLGH��LW�EHFRPHV�DSSDUHQW�WKDW�RQH�PROH�RI�F\DQLGH�LV�R[LGL]HG�E\�RQH�PROH�RI�R]RQH�WR�SURGXFH�RQH�PROH�RI�F\DQDWH��DV�LQGLFDWHG�E\�WKH�VWRLFKLRPHWU\�RI�UHDFWLRQ�

)LJXUH� ��� 2]RQH� FRQVXPHG� IRU� F\DQLGH� R[LGDWLRQ� DW� GLIIHUHQW� R]RQH� DGGLWLRQ� UDWH� DQG� LQLWLDO�F\DQLGH�FRQFHQWUDWLRQ
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)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������

)LJXUH����&\DQLGH�R[LGDWLRQ�ZLWK�R]RQH��XVLQJ�WKH�PHFKDQLFDOO\�VWLUUHG�UHDFWRU��7 ��R&��S+ ��
7KH� )LJXUH��� VKRZV�F\DQLGH�R[LGDWLRQ�ZLWK�R]RQH��XVLQJ� WKH�PHFKDQLFDOO\�VWLUUHG�UHDFWRU�XVLQJ�D�VWLU� VSHHG�RI����USP��REWDLQHG�RI�D�SUHOLPLQDU\�PDVV� WUDQVIHU� VWXG\��&DUULOOR�HW�DO��������,W� LV�REVHUYHG� WKDW� WKH�R[LGDWLRQ�RI� WKH�F\DQLGH� LV� OLQHDU�ZLWK� UHJDUG� WR� WLPH�DQG�WKHUHIRUH�� LQGHSHQGHQW� RI� WKH� FRQFHQWUDWLRQ� RI� LQLWLDO� F\DQLGH�� IRU� WKLV� UHDVRQ�� D�VROXWLRQ�ZLWK�DQ� LQLWLDO�F\DQLGH�FRQFHQWUDWLRQ�RI�����PJ�O� LV�GHVWUR\HG�DW� WKH�VDPH�UDWH�DV� WKDW�RI�D�VROXWLRQ�ZKRVH� LQLWLDO�F\DQLGH�FRQFHQWUDWLRQ� LV����PJ�O�� WKDW� LV� WKH�UDWH� RI� R[LGDWLRQ� LV� ����PJ�OPLQ�� 7KH� ILJXUH� DOVR� VKRZV� WKDW� WKH� F\DQLGH� R[LGDWLRQ�UDWH�LV�HQKDQFHG�E\�LQFUHDVLQJ�WKH�R]RQH�DGGLWLRQ�UDWH��7KH�REVHUYDWLRQV�UHDOL]HG�IRU�WKH�)LJXUH���DUH�WKH�VDPH�RQHV�WKDW�FDQ�EH�REVHUYHG�IRU� WKH� UHVXOWV� IRXQG� LQ� WKH� EXEEOH FROXPQ�� )LJXUH� ��� ,Q� ERWK� ILJXUHV�� WKH� F\DQLGH�R[LGDWLRQ�LV�HQKDQFHG�E\�LQFUHDVLQJ�WKH�R]RQH�DGGLWLRQ�UDWH�DQG�LV�QRW�DIIHFWHG�E\�WKH�LQLWLDO�F\DQLGH�FRQFHQWUDWLRQ�LQ�WKH�VROXWLRQ��2Q�WKH�RWKHU�KDQG��F\DQLGH�GHFD\�OLQHDUO\�ZLWK� WLPH�ZKLFK�PHDQV� WKDW� F\DQLGH� R[LGDWLRQ� UDWH� LV� FRQVWDQW�� WKDW� LV� WR� VD\�� WKDW�IROORZV� D� ]HUR� RUGHU� UHDFWLRQ� ZKHUH� WKH� F\DQLGH� GHVWUXFWLRQ� YHORFLW\� LQFUHDVLQJ�SURSRUWLRQDOO\�ZLWK�WKH�R]RQH�DGGLWLRQ�UDWH��7KH� GDWD� UHVXOWLQJ� REWDLQHG� IURP� WKH� WZR� UHDFWRUV� FDQ� EH�SUHVHQWHG�E\� D� VLPSOHNLQHWLFV�PRGHO��7KH�PRGHO��GHVFULEHG�E\�HTXDWLRQ���� ILWV�WKH�H[SHULPHQWDO�GDWD�IDLUO\�ZHOO� �FRUUHODWLRQ� FRHIILFLHQW� JUHDWHU� ������ 7KH� F\DQLGH� R[LGDWLRQ� UDWH� FRQVWDQW�REWDLQHG�LV�DERXW�����PRO�OV��L�H���F\DQLGH�GLVDSSHDUDQFH�UDWH�LV�LQ�WKH�UDQJH�RI����WR���PJ�OPLQ��IRU�WKH�R]RQH�DGGLWLRQ�UDWHV�XVHG�LQ�WKLV�ZRUN�> @ > @ WN&1&1 ��  � �� ���
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)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������

)LJXUH����&\DQLGH�R[LGDWLRQ�ZLWK�R]RQH� XVLQJ�WKH�EXEEOH�FROXPQ��7 ��R&��S+ ��

)LJXUH����&\DQLGH�R[LGDWLRQ�UDWH�ZLWK�UHJDUG�WR�WKH�R]RQH�DGGLWLRQ�UDWH��IRU�WKH�WZR�UHDFWRUV�
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)�5��&DULOOR��0�-��6RULD���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
7KH�)LJXUH���VKRZV�WKH�F\DQLGH�R[LGDWLRQ�UDWH�RU�F\DQLGH�GHVWUXFWLRQ�ZLWK�UHJDUG�WR�WKH�DGGLWLRQ�RI�R]RQH��IRU�WKH�WZR�UHDFWRUV�,W�LV�LQWHUHVWLQJ�WR�REVHUYH�WKDW�IRU�ERWK�UHDFWRUV�WKHUH�LV�QR�GLIIHUHQFH�LQ�WKH�VORSHV�RI� WKH� FXUYHV�� WKDW� ZKLFK� LQGLFDWHV� WKDW� WKH� UHDFWRU� W\SH� GRHVQ
W� LQIOXHQFH� LQ� WKH�F\DQLGH� R[LGDWLRQ� UDWH�� &RQVLGHULQJ� WKDW� WKH� WZR� UHDFWRUV� GR� QRW� DIIHFW� WKH� F\DQLGH�R[LGDWLRQ� UDWH�� WKLV� DOVR� FDQ� EH� FDOFXODWHG� E\� PHDQV� RI� WKH� IROORZLQJ� HQJLQHHULQJ�UHODWLRQVKLS��
2[LGDWLRQ�UDWH��J�OPLQ >�����������@�>R]RQH�DGGLWLRQ�UDWH��J�PLQ@ ���
7KH�UHVXOWV�REWDLQHG�LQGLFDWH�WKDW�WKH�R[LGDWLRQ�RI�F\DQLGH�ZLWK�R]RQH�LV�D�YHU\�IDVW�FKHPLFDO�UHDFWLRQ��ZKHUH�WKH�R]RQH��ZKHQ�EHLQJ�DEVRUEHG�LQ�WKH�VROXWLRQ��LPPHGLDWHO\�UHDFWV�ZLWK�WKH�F\DQLGH��7KHUHIRUH�WKH�UHVWULFWLYH�VWHS�LV�WKH�FRQFHQWUDWLRQ�RI�DYDLODEOH�R]RQH� LQ� WKH�JDV�SKDVH��DQG� OHVV�GHSHQG�RQ� WKH�K\GURG\QDPLF�FKDUDFWHULVWLF�RI� WKH�UHDFWRUV��RU�WKHLU�WUDQVIHU�FKDUDFWHULVWLFV��

���&21&/86,216
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