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ZKHUH��,�ð�W��LV�WKH�DPRXQW�RI�HOHFWULFLW\�SDVVHG�WKURXJK�WKH�FHOO�LQ�$�VHF�DQG�4�LV�WKH�HOHFWURFKHPLFDO�HTXLYDOHQW�RI�WKH�PHWDO��7KH� WRWDO� HIÀFLHQF\� RI� WKH� DOOR\� LV� HTXDO� WR� VXP� RI�)���DQG�)����7KH�VXUIDFH�PRUSKRORJ\�RI� WKH�DV�GHSRVLWHG�&G�1L�DOOR\�RQ�VWHHO�ZDV�H[DPLQHG�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\� �-(2/�� -60�7����� ;�UD\� GLIIUDFWLRQ� DQDO\VLV�>3KLOLSV�3:������GLIIUDFWRPHWHU�����N9�����P$��ZLWK�D�1L�ÀOWHU�DQG�&R�._�UDGLDWLRQ@�ZDV�XVHG�WR�H[DPLQH�WKH�FU\VWDO�VWUXFWXUH�RI�WKH�DV�GHSRVLWHG�&G�1L�DOOR\��
5HVXOWV�DQG�GLVFXVVLRQ�&DWKRGLF�SRODUL]DWLRQ�)LJXUH���VKRZV�SRWHQWLRG\QDPLF�FDWKRGLF�SRODUL]DWLRQ�FXUYHV�IRU� &G�� 1L� DQG� &G�1L� DOOR\� HOHFWURGHSRVLWLRQ� RQWR� VWHHO�VXEVWUDWHV�IURP�JOXFRQDWH�EDWK�QXPEHUV�������DQG����7DEOH�����7KH�SRODUL]DWLRQ�FXUYHV�ZHUH�VFDQQHG�IURP�WKH�]HUR�FXUUHQW�SRWHQWLDO�RI� WKH�VXEVWUDWH� WR�PRUH�QHJDWLYH�YDOXHV�DW�D�VFDQ�UDWH�RI���P9�VHF�DW�D�EDWK�WHPSHUDWXUH�RI����&��,Q�WKH�JOXFRQDWH�VROXWLRQ��1L���DQG�&G���DUH�SUHGRPLQDQWO\�SUHVHQW� DV� >1L� *@�� DQG� >&G� *@�� VROXEOH� FRPSOH[� LRQV��UHVSHFWLYHO\�� 7KH� JOXFRQDWH� >*�@� LV� DWWDFKHG� WR� HLWKHU� 1L��RU� &G��� E\� FRRUGLQDWLRQ� WKURXJK� WKH� FDUER[\O� JURXS� DQG�RQH� RI� WKH� DGMDFHQW� K\GUR[\O� JURXSV���� 7KHUHIRUH�� 1L��DQG� &G��� LRQV� FDQ� EH� HOHFWURO\WLFDOO\� UHGXFHG� IURP� HLWKHU�FRPSOH[HG� RU� XQFRPSOH[HG� VSHFLHV� VLPXOWDQHRXVO\� ZLWK�K\GURJHQ� HYROXWLRQ� IURP� DQ� LQGHSHQGHQW� VLGH� UHDFWLRQ��� ,W�LV�VHHQ�IURP�)LJ����WKDW�QLFNHO�HOHFWURGHSRVLWLRQ�FRPPHQFHV�DW������P96&(��)XUWKHU�LQFUHDVHV�LQ�FDWKRGLF�SRWHQWLDO�FDXVH�DQ�LQFUHDVH�LQ�FXUUHQW�GHQVLW\��LQGLFDWLQJ�WKDW�WKH�GHSRVLWLRQ�RI� QLFNHO� SURFHHGV� YLD� NLQHWLF� FRQWURO�� +RZHYHU�� FDGPLXP�

([SHULPHQWDO�7KH� SODWLQJ� VROXWLRQV� ZHUH� IUHVKO\� SUHSDUHG� IURP� SXULW\�JUDGH� FKHPLFDOV� DQG� GRXEO\�GLVWLOOHG� ZDWHU�� 7KH� QXPEHUV�DQG� FKHPLFDO� FRPSRVLWLRQ� RI� WKHVH� EDWKV� DQG� RSHUDWLQJ�FRQGLWLRQV��FDWKRGLF�FXUUHQW�GHQVLW\��WHPSHUDWXUH�DQG�S+��DUH�JLYHQ�LQ�7DEOH����� 7KH�H[SHULPHQWDO�VHW�XS�IRU�WKH�HOHFWURGHSRVLWLRQ�SURFHVV�KDV� EHHQ� GHVFULEHG� HOVHZKHUH���� ,Q� HDFK� UXQ� D� PLOG� VKHHW�ZDV� SODFHG� PLGZD\� EHWZHHQ� WZR� SDUDOOHO�SODWH� SODWLQXP�DQRGHV��$OO� HOHFWURGHV� KDG� WKH� VDPH� JHRPHWULFDO� DUHD� �����ð� ���� FP��� %HIRUH� XVLQJ� WKH� PLOG� VWHHO� FDWKRGH�� LW� ZDV�GHJUHDVHG� LQ�SHWUROHXP�HWKHU� IRU����KU��ZDVKHG�ZLWK�ZDWHU�DQG� GULHG�� ,W� ZDV� WKHQ� SROLVKHG� ZLWK� ÀQH� JUDGH� HPHU\�SDSHU��ZDVKHG�ZLWK�ZDWHU��GULHG�DQG�ZHLJKHG��7KH�FDWKRGLF�SRODUL]DWLRQ�GXULQJ�WKH�GHSRVLWLRQ�SURFHVV�ZDV�PHDVXUHG�E\�XVLQJ� DQ�(*	*����$�SRWHQWLRVWDW� �� JDOYDQRVWDW� FRQQHFWHG�WR� D� FRPSXWHU�� 7KH� SRWHQWLDOV� ZHUH� PHDVXUHG� UHODWLYH� WR�D� VDWXUDWHG� FDORPHO� HOHFWURGH� �6&(��� 7KH� OLQHDU� DQRGLF�VWULSSLQJ� YROWDPPHWU\� ZDV� WDNHQ� DIWHU� WKH� &G�1L� DOOR\V�ZHUH�GHSRVLWHG�IURP�VRPH�VHOHFWHG�EDWKV�RQ�SODWLQXP�VKHHW�XQGHU� SRWHQWLRVWDWLF� FRQGLWLRQV� �FRQVWDQW� SRWHQWLDOV�� IRU�FRQVWDQW�WLPH��W� ����VHF���$W�WKH�HQG�RI�WKH�GHSRVLWLRQ��WKH�GHSRVLWV� ZHUH� DQRGLFDOO\� VWULSSHG� XQGHU� SRWHQWLRG\QDPLF�FRQGLWLRQV�ZLWKRXW�ZLWKGUDZLQJ� WKH� HOHFWURGHV�RU� FKDQJLQJ�WKH�VROXWLRQ��7KH�SRWHQWLDO�ZDV�OLQHDUO\�VZHSW�DW�D�VFDQ�UDWH�RI���P9�VHF�WR�PRUH�SRVLWLYH�SRWHQWLDOV��7KH�FDWKRGLF�FXUUHQW�HIÀFLHQF\�RI�WKH�GHSRVLWHG�DOOR\V��)����ZHUH�GHWHUPLQHG�E\�D�UHFRPPHQGHG�PHWKRG����7KH�SDUWLDO�FXUUHQW�HIÀFLHQFLHV�RI�WKH�SDUHQW�PHWDOV�LQ�WKH�DOOR\�)��DQG�)��ZHUH�GHWHUPLQHG�IURP�WKH�UHODWLRQV�
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HOHFWURGHSRVLWLRQ�EHJLQV�DW� D�PRUH�QHJDWLYH�SRWHQWLDO� ������P96&(��ZLWK�D�UDSLG�LQFUHDVH�LQ�FXUUHQW�GHQVLW\�XS�WR�D�FHUWDLQ�OLPLWLQJ� FXUUHQW� GHQVLW\�� LQGLFDWLQJ� WKDW� WKH� GHSRVLWLRQ� RI�FDGPLXP� LQ� WKLV� FDVH� RFFXUV� XQGHU� GLIIXVLRQ� FRQWURO�� 7KH�FDWKRGLF�SRODUL]DWLRQ�FXUYH�RI�&G�1L�DOOR\�HOHFWURGHSRVLWLRQ�LV� VLPLODU� WR� WKDW� RI� SXUH� FDGPLXP�� EXW� LW� WDNHV� SODFH�DW� D� OHVV� QHJDWLYH� SRWHQWLDO� YDOXH� WKDQ� HLWKHU� WKH� SDUHQW�PHWDOV�� 7KHUHIRUH�� RQH� FDQ� H[SHFW� SUHIHUHQWLDO� GHSRVLWLRQ�RI� FDGPLXP� DQG� SURGXFWLRQ� RI� FDGPLXP�ULFK� DOOR\V�� 7KLV�H[SHFWDWLRQ� LV� YDOLG� ZLWK� WKH� SUHVHQW� V\VWHP�� ZKLFK� LV� WKH�VR�FDOOHG� DQRPDORXV� FR�GHSRVLWLRQ� DFFRUGLQJ� WR� %UHQQHU·V�FODVVLÀFDWLRQ���� ,W� KDV� EHHQ� UHSRUWHG� WKDW� WKH� VLQJOH� GHSRVLWLRQ� RI�PHWDOV�RFFXUV�YLD�D�WZR�VWHS�PHFKDQLVP�ZLWK�RQH�HOHFWURQ�WUDQVIHU�LQ�HDFK�VWHS�DV�IROORZV���
0�����H�A�0� ���
0����H�A�0 ���
:KHUH� 0� LV� HLWKHU� FDGPLXP� RU� QLFNHO� DQG� 0�� LV� WKH�LQWHUPHGLDWH�VSHFLHV��ZKLFK�PD\�RU�PD\�QRW�EH�DGVRUEHG�RQ�WKH�HOHFWURGH�VXUIDFH��7KH�IRUPDWLRQ�RI�D�PL[HG�LQWHUPHGLDWH�VXUIDFH�FRPSRXQG��&G�1L��DGV��DGVRUEHG�RQ�WKH�FDWKRGH�VXUIDFH�LV� DOVR� SRVVLEOH���� 7KLV� LQWHUPHGLDWH� FDQ� EH� VSRQWDQHRXVO\�GHFRPSRVHG�RQ�WKH�DOOR\�VXUIDFH�DV�
� �&G�1L��DGV����H�A�&G���1L ���
,W�LV�SUREDEOH�WKDW�WKH�FRGHSRVLWLRQ�RI�&G�1L�DOOR\�RFFXUV�YLD�GHSRVLWLRQ�RI�HDFK�SDUHQW�PHWDO� LQGHSHQGHQWO\� WKURXJK� WZR�VXFFHVVLYH�RQH�HOHFWURQ�WUDQVIHU�VWHSV���� )LJXUHV� �� DQG� �� VKRZ� WKH� HIIHFW� RI� LQFUHDVLQJ� WKH�FRQFHQWUDWLRQ�RI�&G���DQG�1L����UHVSHFWLYHO\��RQ�WKH�FDWKRGLF�SRODUL]DWLRQ� FXUYHV� IRU� &G�1L� FRGHSRVLWLRQ� RQ� VWHHO� IURP�JOXFRQDWH� EDWKV� DW� ���&�� ,W� LV� FOHDU� WKDW� DQ� LQFUHDVH� LQ� WKH�FRQFHQWUDWLRQ� RI� HLWKHU� &G��� RU� 1L��� LQ� WKH� EDWK� LQFUHDVHV�

)LJXUH� �� �� 3RWHQWLRG\QDPLF� FDWKRGLF� SRODUL]DWLRQ� FXUYHV� IRU� HOHFWURGHSRVLWLRQ��
�D�� ��� J�/� &G62�Â�+�2� �� ��� J�/� VRGLXP� JOXFRQDWH� DQG� ��� J�/� ERULF� DFLG�� �E����� J�/�1L62�Â�+�2�� ��� J�/� VRGLXP� JOXFRQDWH� DQG� ��� J�/� ERULF� DFLG�� �F�� ��� J�/�&G62�Â�+�2�����J�/�1L62�Â�+�2�����J�/�VRGLXP�JOXFRQDWH�DQG����J�/�ERULF�DFLG�DW������$�GP���VFDQ�UDWH� ����P9�VHF�DQG�7� ����&�

)LJXUH� �� �� (IIHFW� RI� &G62�� FRQFHQWUDWLRQ� RQ� SRWHQWLRG\QDPLF� FDWKRGLF�SRODUL]DWLRQ� FXUYHV� IRU� &G�1L� DOOR\� HOHFWURGHSRVLWLRQ�� �D�� �� J�/� &G62�Â�+�2�����J�/�1L62�Â�+�2�� ���J�/� VRGLXP�JOXFRQDWH� DQG����J�/�ERULF� DFLG�� �E�� ��� J�/�&G62�Â�+�2�����J�/�1L62�Â�+�2�����J�/�VRGLXP�JOXFRQDWH�DQG����J�/�ERULF�DFLG���F�����J�/�&G62�Â�+�2�����J�/�1L62�Â�+�2�����J�/�VRGLXP�JOXFRQDWH�DQG����J�/�ERULF�DFLG�DW�����$�GP���VFDQ�UDWH� ����P9�VHF�DQG�7� ����&�
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WKH� OLPLWLQJ� FXUUHQW� GHQVLW\� DQG� GHFUHDVHV� WKH� FDWKRGLF�SRODUL]DWLRQ� RI� WKH� &G�1L� FR�GHSRVLWLRQ�� 7KLV� FDQ� EH�H[SODLQHG�LQ�OLJKW�RI�WKH�IDFW�WKDW�LQFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�SDUHQW�PHWDO�LRQV�LQ�WKH�EDWK�ZRXOG�UHVXOW�LQ�ORZHULQJ�WKH�FRQFHQWUDWLRQ�SRODUL]DWLRQ� W\SH� IRU� HOHFWURGHSRVLWLRQ�RI� WKH�DOOR\���� )LJXUH� �� VKRZV� WKH� LQÁXHQFH� RI� WKH� VRGLXP� JOXFRQDWH�FRQWHQW� LQ� WKH� EDWK� RQ� WKH� FDWKRGLF� SRODUL]DWLRQ� FXUYH� IRU�&G�1L� DOOR\� HOHFWURGHSRVLWLRQ�� ,W� LV� REYLRXV� WKDW� LQFUHDVLQJ�WKH�JOXFRQDWH�FRQFHQWUDWLRQ� OHDGV� WR�D� VKLIW�RI� WKH�FDWKRGLF�SRODUL]DWLRQ� FXUYH� WR� OHVV� QHJDWLYH� SRWHQWLDO� YDOXHV�� 7KLV�EHKDYLRU�FRXOG�EH�UHODWHG�WR�DQ�LQFUHDVH�LQ�WKH�FRQGXFWLYLW\�RI�WKH�EDWK��� )LJXUH� �� UHSUHVHQWV� WKH� FDWKRGLF� SRODUL]DWLRQ� FXUYHV�IRU� &G�1L� DOOR\� HOHFWURGHSRVLWLRQ� DW� GLIIHUHQW� HOHFWURO\WH�WHPSHUDWXUHV� UDQJLQJ� IURP� ��� WR� ���&�� ,QVSHFWLRQ� RI� WKH�

FXUYHV� LQGLFDWHV� WKDW� LQFUHDVLQJ� WHPSHUDWXUH� UHVXOWV� LQ�LQFUHDVLQJ� OLPLWLQJ� FXUUHQW� GHQVLW\� DQG� VKLIWV� WKH� FDWKRGLF�SRODUL]DWLRQ� RI� WKH� DOOR\� WR� OHVV� QHJDWLYH� SRWHQWLDO� YDOXHV��7KLV�LV�DWWULEXWDEOH�WR�D�GHFUHDVH�LQ�DFWLYDWLRQ�SRODUL]DWLRQ�RI�ERWK�DOOR\�FR�GHSRVLWLRQ�DQG�K\GURJHQ�HYROXWLRQ��,Q�DGGLWLRQ��DQ�LQFUHDVH�LQ�WHPSHUDWXUH�HQKDQFHV�WKH�UDWH�RI�GLIIXVLRQ�RI�WKH�UHGXFLEOH�VSHFLHV�WR�WKH�FDWKRGH�VXUIDFH�DQG�FRQVHTXHQWO\�FRQFHQWUDWLRQ�SRODUL]DWLRQ�DOVR�GHFUHDVHV��
'HSRVLW�FRPSRVLWLRQ7KH� FRPSRVLWLRQ� RI� &G�1L� DOOR\V�ZDV� DQDO\]HG� E\� HQHUJ\�GLVSHUVLYH�[�UD\�DQDO\VLV��(';���7KH�SHUFHQWDJH�RI�&G�DQG�1L� LQ� ERWK� WKH� SODWLQJ� VROXWLRQ� DQG� WKH� GHSRVLW�� WKH� SDUWLDO�FDWKRGLF� FXUUHQW� HIÀFLHQF\� RI� +�� HYROXWLRQ� DQG� WKH� WRWDO�FXUUHQW� HIÀFLHQF\� RI� &G�1L� DOOR\� GHSRVLWLRQ� DUH� OLVWHG� LQ�7DEOH����,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�DPRXQW�RI�FDGPLXP�LQ�WKH�

)LJXUH� �� �� (IIHFW� RI� 1L62�� FRQFHQWUDWLRQ� RQ� SRWHQWLRG\QDPLF� FDWKRGLF�SRODUL]DWLRQ� FXUYHV� IRU� &G�1L� DOOR\� HOHFWURGHSRVLWLRQ�� �D�� ��� J�/� &G62�Â�+�2�����J�/�1L62�Â�+�2�� ���J�/� VRGLXP�JOXFRQDWH� DQG����J�/�ERULF� DFLG�� �E�� ��� J�/�&G62�Â�+�2�����J�/�1L62�Â�+�2�����J�/�VRGLXP�JOXFRQDWH�DQG����J�/�ERULF�DFLG���F�����J�/�&G62�Â�+�2�����J�/�1L62�Â�+�2�����J�/�VRGLXP�JOXFRQDWH�DQG����J�/�ERULF�DFLG�DW�����$�GP���VFDQ�UDWH� ����P9�VHF�DQG�7� ����&�

)LJXUH�����(IIHFW�RI�VRGLXP�JOXFRQDWH�FRQFHQWUDWLRQ�RQ�SRWHQWLRG\QDPLF�FDWKRGLF�
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