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WXUHV� DQG� IRUPDWLRQ� HQHUJLHV� �∆*�� RI� WKHUHDFWDQWV�� LQWHUPHGLDWHV�� DQG� SURGXFWV� DVZHOO�DV�WKH�DFWLYDWLRQ�HQHUJLHV��∆*≠��IRU�DOOUHDFWLRQ�VWHSV�ZHUH�LPSOHPHQWHG�7KH� HOHFWURSKLOLF� DWWDFN� GLUHFWLRQ� GH �SHQGV� RQ� WKH� QHJDWLYH� FKDUJH� YDOXH� RQ� WKHDWRPV�ZKLFK�DUH�DEOH�WR�EH�VXEVWLWXWHG��7KHHOHFWURQ�GHQVLW\�ZDV�FDOFXODWHG�XVLQJ�GLIIHU �HQW� VHPLHPSLULFDO� TXDQWXP�FKHPLFDO� PHWK �RGV� Û� &1'2���� 01'2�� $0��� DQG� 30��+RZHYHU�� WKH�EHVW�DJUHHPHQW�EHWZHHQ�WKHR �UHWLFDO�DQG�H[SHULPHQWDO�GLSROH�PRPHQWV�IRUWKH�33' DQG�332 PROHFXOHV�ZDV�REWDLQHG�LQ$0��� 7KH� HOHFWURQ� FKDUJHV� FDOFXODWHG� DUHSUHVHQWHG�LQ�WKH�7DEOH�����7KH� FDOFXODWHG� HOHFWURQ� GHQVLW\� GLVWULEX �WLRQV� LQ� WKH� VXEVWUDWH� PROHFXOHV� LQGLFDWHWKDW�WKH�KLJKHVW�QHJDWLYH�FKDUJH�LQ�WKH�33'PROHFXOH�LV�ORFDOL]HG�LQ�PHWD�SRVLWLRQ�RI�WKHSKHQ\O�ULQJ��,Q�WKH�332 PROHFXOH��LW� LV�WKH�� SRVLWLRQ� RI� WKH� R[D]ROH� ULQJ� DV�ZHOO� DV� �DQG� �� SRVLWLRQV�� ,QWURGXFWLRQ� RI� WKH� GL �PHWK\ODPLQR� JURXS� LQ� SDUD�SRVLWLRQ� RISKHQ\O�ULQJ�LQFUHDVHV�VXEVWDQWLDOO\�WKH�HOHF �WURQ�GHQVLW\�RUWKR WKHUHWR��)RU�H[DPSOH��WKHQHJDWLYH�FKDUJH�RQ�WKH�&� DWRP�LQ�� DQG��LQFUHDVHV� E\� ������ H�� 6XFK� UHVXOW� DJUHHVZHOO�ZLWK�H[SHULPHQWDO�GDWD�RQ�WKH�VXEVWLWX �WLRQ� GLUHFWLRQ� RUWKR WR� WKH� GLPHWK\ODPLQRJURXS�� ,Q� FRPSRXQGV� � DQG� � FRQWDLQLQJGLPHWK\ODPLQR�JURXSV�LQ�ERWK�SKHQ\O�ULQJV�HLWKHU� RUWKR�SRVLWLRQ� LV� DFWLYDWHG�� ,Q� IDFW�WKH�UHDFWLRQ�FDXVHV�WKH�RUWKR VXEVWLWXWLRQ�WRWKH�ERWK�GLPHWK\ODPLQR�JURXSV��,Q�FDVHV�RIR[D]ROHV� �Ü��� FRQWDLQLQJ� GLPHWK\ODPLQRJURXS�LQ�SDUD�SRVLWLRQ�RI���SKHQ\O�ULQJ��DQLQFUHDVH� RI� WKH� QHJDWLYH� FKDUJH� RQ� WKH� &�DWRP� DOVR� RFFXUV�� $V� D� UHVXOW�� WKH� HOHFWUR �SKLOLF�VXEVWLWXWLRQ�LQ���SRVLWLRQ�RI�WKH�R[D �]ROH�ULQJ�EHFRPHV�SRVVLEOH��8QGHU�HTXLOLEULXP�FRQGLWLRQV��WKH�σ�FRP�SOH[�IRUPHG�LQ�WKH�SUHYLRXV�VWDJH�LV�DEOH�WREH� FRQYHUWHG� WR� WKH� PRUH� VWDEOH� LVRPHU�7KDW� LV� ZK\� WR� H[SODLQ� WKH� UHJLRVHOHFWLYLW\RI� WKH� VXEVWLWXWLRQ� UHDFWLRQ� XQGHU� WKHUPR �G\QDPLFDOO\� FRQWUROOHG� FRQGLWLRQV�� ZH� FRP �SDUHG� WKH� DFWLYDWLRQ� �∆∆*≠76��� DQG� IRUPD�WLRQ� �∆*σ��HQHUJLHV�RI�WKH�σ�FRPSOH[HV�JHQ�HUDWHG� E\� WKH� GLIIHUHQW� SRVLWLRQV� �7DEOH����7KH�FDOFXODWLRQV�ZHUH�FDUULHG�RXW�XVLQJ�WKH30��PHWKRG�� ZKLFK� KDG� EHHQ� NQRZQ� WR� EHDPRQJ� WKH� EHWWHU� VHPL�HPSLULFDO� PHWKRGVIRU� HQHUJ\� FDOFXODWLRQV� >��@�� SDUWLFXODUO\IRU� VLPXODWLRQV� RI� K\GURJHQ�WUDQVIHU� V\V �WHPV�DQG�F\FOLF�WUDQVLWLRQ�VWDWHV�>���������@�)RU� DOO� LQYHVWLJDWHG� PROHFXOHV�� WKH� DFWL �YDWLRQ� HQHUJ\� RI� WKH� σ�FRPSOH[� IRUPDWLRQ�∆∆*≠76��� LV� ORZHU� WKDQ� WKDW� IRU� WKH� QH[W

VWDJH� FRQVLVWLQJ� LQ� +&O FOHDYDJH� �∆∆*≠76���$W� WKH� VDPH� WLPH�� WKH� ∆*σ YDOXH� LV� HVVHQ�WLDOO\� ORZHU� WKDQ� WKDW� IRU� WKH� UHDFWDQWV�7KLV�LV�DQ�LQGLFDWLRQ�WKDW�WKH�ILUVW�VWDJH�LV�DUHYHUVLEOH�SURFHVV��6R�� WKH�UHJLRVHOHFWLYLW\�RIWKH�VXEVWLWXWLRQ�UHDFWLRQ�GHSHQGV�RQ�WKH�UHOD �WLYH� VWDELOLW\� RI� WKH� DOWHUQDWLYH� σ�FRPSOH[HV�)RU� H[DPSOH�� LQ� WKH� FDVH� RI� 33' PROHFXOH�WKH� SDUD�FRPSOH[� KDV� ���� NFDO⋅PROÜ� ORZHUIRUPDWLRQ� HQHUJ\� WKDQ� WKH� PHWD�LVRPHU�� ,WPHDQV� WKDW� WKH� SDUD�LVRPHU� PXVW� EH� WKHPDMRU� SURGXFW� RI� WKH� VXEVWLWXWLRQ� UHDFWLRQDOWKRXJK� WKH� FKDUJH� GLVWULEXWLRQ� SUHGLFWVIDYRUDEOH� DWWDFN� WR� WKH� PHWD�SRVLWLRQ�� 7KHORZ� UHDFWLYLW\� RI� 33' GLG� QRW� DOORZ� XV� WRYHULI\� H[SHULPHQWDOO\� WKH� DERYH� WKHRUHWLFDOFRQFOXVLRQ��$W�WKH�VDPH�WLPH��WKH�EURPLQD �WLRQ�DQG�QLWUDWLRQ�ZHUH�IRXQG�WR�SURFHHG�LQWKH� SDUD�SRVLWLRQ� RI� WKH� SKHQ\O� ULQJ>���� ��@�� $V� WR� 332 PROHFXOH�� WKH� ORZHVW
∆*σ KDV� WKH�σ�FRPSOH[�IRUPHG� LQ�WKH���SR�VLWLRQ� RI� R[D]ROH� ULQJ�� 332 DOVR� GRHV� QRWUHDFW� ZLWK� WKH� 9LOVPHLHU� FRPSOH[� EXW� WKHHOHFWURSKLOLF� PHUFXUDWLRQ� >��@� E\� WKH� PHU �FXU\� DFHWDWH� SURFHHGV� LQ� WKH� �� SRVLWLRQ� RIR[D]ROH�ULQJ�>��@����)RU� WKH� PROHFXOH� ��� WKH� σ�FRPSOH[IRUPHG� LQ� WKH� �� SRVLWLRQ� �RUWKR�SRVLWLRQ� WRWKH�GLPHWK\ODPLQR�JURXS��KDV�����NFDO ⋅PROÜ�ORZHU�HQHUJ\�WKDQ�WKDW�LQ�WKH���SRVLWLRQ�RIR[D]ROH� ULQJ�� $FFRUGLQJ� WR� WKH� %ROW]PDQQGLVWULEXWLRQ�� WKH� UDWLR� RI� WKLV� WZR� LVRPHULFFRPSOH[HV� DW� WKH� UHDFWLRQ� WHPSHUDWXUH����&� LV� ������ 7KLV� FDOFXODWLRQV� DJUHH�ZHOOZLWK� WKH� H[SHULPHQWDOO\� IRXQG� GLUHFWLRQ� RIVXEVWLWXWLRQ� UXQQLQJ� LQ� WKH� RUWKR�SRVLWLRQWR�WKH�GLPHWK\ODPLQR�JURXS��,Q�WKH�FDVH�RI��� WKH�FRPSOH[� IRUPHG� LQ� WKH���SRVLWLRQ�RIR[D]ROH� ULQJ� LV� �� NFDO ⋅PROÜ� PRUH� SUHIHU�DEOH�� 7KH� FDOFXODWHG� HOHFWURQ� FKDUJH� GLVWUL �EXWLRQ�DQG�IRUPDWLRQ�HQHUJLHV�RI�WKH�σ�FRP�SOH[HV� DUH� LQ� JRRG� DJUHHPHQW� ZLWK� WKH� H[ �SHULPHQWDO� UHVXOWV� IRU� DOO� LQYHVWLJDWHGFRPSRXQGV�� � $W� WKH� QH[W� VWDJH�� WKH� +&OHOLPLQDWLRQ� IURP� WKH� σ�FRPSOH[� RFFXUV� DQGWKH��RSHQ�� LPLQLXP�DGGXFW�$ LV�JHQHUDWHG�7KH� DFWLYDWLRQ� HQHUJ\� LQ� WKLV� VWDJH�∆∆*≠76��� LV� KLJKHU� WKDQ� WKDW� RI� WKH� SUH �YLRXV�RQH��7KDW�LV�ZK\�MXVW�WKH�+&O HOLPLQD�WLRQ�LV�WKH�UDWH�GHWHUPLQLQJ�VWHS�RI�WKH�VXE �VWLWXWLRQ� UHDFWLRQ� �)LJ������ � 7DEOH��� VKRZVWKDW�GLPHWK\ODPLQR�JURXS�LQWURGXFHG�LQ�WKH332 DQG�33' PROHFXOHV���Ü���GHFUHDVHV�WKH
∆∆*≠76� E\� �Ü��� NFDO⋅PROÜ��� $V� D� UHVXOW��Ü� UHDFW� HDVLO\�ZLWK� 32&O�±'0) FRPSOH[�,I�WKH�GLPHWK\ODPLQR�JURXS�LV�LQWURGXFHG�LQWKH���SKHQ\O� ULQJ� ����� WKH�GHFUHDVH� RI� DFWL�YDWLRQ� HQHUJ\� LV� PRUH� FRQVLGHUDEOH� WKDQ

2�1�6HPHQRYD�HW�DO����([SHULPHQWDO�DQG�WKHRUHWLFDO����

)XQFWLRQDO�PDWHULDOV������������� ��



WKDW� LQ� WKH� FDVH� RI� �����GLPHWK\�ODPLQR�SKHQ\O� GHULYDWLYH�� 7KLV� FDXVHV� WKHUHDFWLRQ�UDWH�WR�LQFUHDVH��7KHVH�FDOFXODWLRQVDUH� LQ� JRRG� DJUHHPHQW� ZLWK� H[SHULPHQWDOUHODWLYH�UHDFWLYLW\�GDWD�IRU�WKH�LQYHVWLJDWHGFRPSRXQGV� �7DEOH����� $V� LW� ZDV� PHQWLRQHGDERYH�� WKH� VXEVWLWXWLRQ� LQ� R[DGLD]ROH� �Ü�PROHFXOHV� SURFHHGV� LQ� WKH� RUWKR�SRVLWLRQ� WRGLPHWK\ODPLQR� JURXS� RQO\�� ZKLOH� IRU� R[D �]ROHV� �Ü��� WKH� DWWDFN� LQ� WKH� �� SRVLWLRQ� RIWKH� KHWHURF\FOH� PD\� DFFRPSDQ\� WKH� RUWKR�VXEVWLWXWLRQ��6FKHPH�����7KH�UHDFWLRQ�LQ�WKH��SRVLWLRQ�FDXVHV�RQO\�WKH�IRUP\ODWLRQ��7KLVSURFHVV� LV� NQRZQ� WR� EH� NLQHWLFDOO\� FRQWURO �OHG�� 6R�� DQ� LQFUHDVHG� UHDFWLRQ� WLPH� IDYRUVIRUPDWLRQ�RI�WKH���IRUP\O�GHULYDWLYH��$W� WKH� VDPH� WLPH�� WKH� �RSHQ�� LPLQLXPVDOW� IRUPHG� LQ� RUWKR�SRVLWLRQ� WR� WKH� GL�PHWK\ODPLQR� JURXS� PD\� HLWKHU� EH� K\GUR �

O\]HG� LQWR� DOGHK\GH� RU� EH� WUDQVIRUPHG� LQWRF\FOLF� TXDWHUQDU\� VDOW�� ,I� WKH� LVRPHULVDWLRQSURFHVV�LV�NLQHWLFDOO\�FRQWUROOHG��WKH��RSHQ�VDOW�$ LV� DFFXPXODWHG� LQ� WKH� UHDFWLRQ�PL[ �WXUH�DQG�WKHUHIRUH�FDQ�EH�LVRODWHG�RU�K\GUR �O\]HG�LQWR�WKH�DOGHK\GH��7KXV��LQ�WKH�LQLWLDOVWDJH�RI�WKH�UHDFWLRQ�UXQ��WKH�DOGHK\GH�\LHOGLV�WR�LQFUHDVH�EXW�IXUWKHU�KHDWLQJ�GHFUHDVHVWKH�DOGHK\GH�FRQWHQW�DQG�IDYRUV�KHWHURF\FOL �]DWLRQ����:H� KDYH� FDOFXODWHG� WKH� WRWDO� UHDFWLRQSDWKZD\V� IRU� R[DGLD]ROH� � DQG� R[D]ROH� ��7KH� HQHUJ\� GLDJUDP� IRU� � LV� SUHVHQWHG� LQ)LJ���� DQG� WKH� HQHUJLHV� RI� WKH� UHDFWDQWV�LQWHUPHGLDWHV��DQG�SURGXFWV�DUH�FROOHFWHG�LQ7DEOH����7KH�UHDFWLRQ�FRQVLVWV�RI�WKH�VWDJHVVKRZQ�LQ�WKH�6FKHPH������ 6WDJH� � → 6�� 7KH� PROHFXOH� � LV� VXE�MHFWHG� WR� WKH� HOHFWURSKLOLF� DWWDFN� E\� WKH9LOVPHLHU� UHDJHQW� IROORZHG�E\� IRUPDWLRQ�RIWKH� σ�FRPSOH[� RUWKR WR� WKH� GLPHWK\ODPLQRJURXS�� 7KH� HQHUJ\� GLIIHUHQFH� EHWZHHQ� WKH
σ�FRPSOH[� DQG� UHDFWDQWV� LQ� WKLV� UHYHUVLEOHVWDJH� LV� ��� NFDO⋅PROÜ��� 7KLV� LV� DQ� HYLGHQFHWKDW� WKH� HTXLOLEULXP� LV� VKLIWHG� WRZDUGV� WKHUHDFWDQWV����6WDJH�6 → $��7KH�σ�FRPSOH[�HOLPLQDWH+&O WR� IRUP� WKH� LPLQLXP� DGGXFW� $�� 7KLVVWHS� LV� LUUHYHUVLEOH� GXH� WR� WKH� KLJKO\� H[R �WKHUPLF� �∆∆+  �Ü�������NFDO⋅PROÜ��� DQG� LU�UHWULHYDEOH� ORVV� RI� +&O�� 7KH� FRUUHVSRQGLQJWUDQVLWLRQ�VWDWH�76� KDV�WKH�KLJKHVW�HQHUJ\DPRQJ� WKH� RWKHU� VWHSV� RI� WKH� UHDFWLRQ
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6FKHPH����5HDFWLRQV�RI�����GLDU\O�������R[DGLD]ROH�DQG�����GLDU\O�����R[D]ROH�GLPHWK\ODPLQR�GH ULYD�WLYHV�ZLWK�WKH�9LOVPHLHU�UHDJHQW�

)LJ�����(QHUJ\�GLDJUDP�IRU�WKH�UHDFWLRQ�RI� �ZLWK�WKH�9LOVPHLHU�UHDJHQW��30���

2�1�6HPHQRYD�HW�DO����([SHULPHQWDO�DQG�WKHRUHWLFDO����

�� )XQFWLRQDO�PDWHULDOV�������������



� → ����6R��WKLV�VWDJH�LV�WKH�UDWH�GHWHUPLQ �LQJ� VWHS� IRU� WKH� UHDFWLRQ� XQGHU� LQYHVWLJD �WLRQ��0ROHFXODU� G\QDPLFV� VLPXODWLRQ� VKRZVWKDW� WKH� V\VWHP�NLQHWLF� HQHUJ\�DW� WKH� UHDF �WLRQ� WHPSHUDWXUH� ����&� LV� DERXW� ��Ü���NFDO⋅PROÜ� EHLQJ�TXLWH� VXIILFLHQW� WR�SUR�YLGH�WKH�UHDFWLRQ���� 6WDJH� $ → %�� 7KH� GLPHWK\ODPLQRJURXS� K\GURJHQ� DWRP� LV� WUDQVIHUUHG� WR� WKHPHWKLQH�FDUERQ�WR�JLYH�LQWHUPHGLDWH� %��7KH$ → % VWHS� KDV� D� ORZHU� DFWLYDWLRQ� HQHUJ\WKDQ�WKH�UDWH�GHWHUPLQLQJ�VWHS�6 → $ EXW�LWDOVR�UXQV�XQGHU�NLQHWLFDOO\�FRQWUROOHG�FRQGL �WLRQV� EHFDXVH� ∆∆*≠76� LV� ������ NFDO⋅PROÜ�ZKLOH�∆*≠76� LV�������NFDO⋅PROÜ���7KHVH�FDO�FXODWLRQV�SUHGLFW�WKDW�WKH�$ FDQ�EH�LVRODWHGIURP� WKH� UHDFWLRQ�PL[WXUH��7KH� H[SHULPHQ �WDO� GDWD� LQ� 7DEOH��� VKRZ� WKDW� WKH� UHDFWLRQPL[WXUHV�REWDLQHG�IURP�WKH�R[DGLD]ROHV� �Ü�DQG�R[D]ROH�� FRQWDLQ���Ü�����RI�WKH�W\SH, DOGHK\GHV�DFFRPSDQ\LQJ�WKH�XQUHDFWHG� �Ü��� 7KH� DOGHK\GH� LV� IDGLQJ� DZD\� GXULQJ� WKHUHDFWLRQ�UXQ�DQG�WRWDOO\�GLVDSSHDUV�LQ��Ü��K�7KH�DOGHK\GH� , LV�WKH�QDWLYH�SURGXFW�RI�WKHLQWHUPHGLDWH� $ K\GURO\VLV�� 7KH� IDFW� RI� LWVIRUPDWLRQ� LV� DQ� DGGLWLRQDO� HYLGHQFH� RI� WKH

RUWKR VXEVWLWXWLRQ� WR� WKH� GLPHWK\ODPLQRJURXS���� 6WDJH� % → ���� 7KH�  &+� JURXS� DS�SURDFKHV�WR�WKH�GLPHWK\ODPLQRPHWK\O�QLWURJHQDWRP� DQG� WKH� ����GLD]LQLXP� F\FOH� LV� IRUPHG�7KH� ORZ� DFWLYDWLRQ� HQHUJ\� �∆∆*≠76�  �����NFDO⋅PROÜ��� LQ� WKLV� VWDJH� LV� DQ� LQGLFD�WLRQ� WKDW� WKH� F\FOL]DWLRQ� VWHS� UXQV� PXFKIDVWHU� WKDQ� WKH� K\GURJHQ� WUDQVIHU� SURFHVVDQG��WKHUHIRUH��WKH�LQWHUPHGLDWH�VDOW� % FDQ�QRW�EH�GHWHFWHG�LQ�WKH�UHDFWLRQ�PL[WXUH�2[D]ROH�� PD\�UHDFW�E\�WZR�ZD\V��VWDUW �LQJ�IURP�WKH�VXEVWLWXWLRQ�HLWKHU�LQ�WKH�R[D �]ROH� ULQJ� �VROLG� OLQH� �� LQ� )LJ����� RU� LQ� WKHSKHQ\O� ULQJ� �GDVK�GRWWHG� OLQH� ���� 7KH� ERWKSDWKZD\V�UHVXOW�LQ�IRUPDWLRQ�RI� ��D��7KH� IRUPDWLRQ�HQHUJLHV�RI�WKH�UHDFWDQWV�LQWHUPHGLDWHV�� WUDQVLWLRQ� VWDWHV�� DQG� SURG �XFWV� FDOFXODWHG� IRU� WKH� WZR� UHDFWLRQ� SDWK �ZD\V�DUH�SUHVHQWHG� LQ� WKH�7DEOH����7KH� +&OHOLPLQDWHV�WR�IRUP�WKH��RSHQ��LPLQLXP�VDOW$ ZDV�VLPXODWHG�WR�EH�WKH�UDWH�GHWHUPLQLQJVWHS� IRU� WKH� ERWK�SRVVLEOH� URXWHV�� 7KH� DFWL �YDWLRQ� HQHUJ\� IRU� WKH� SDWKZD\� ��������NFDO⋅PROÜ��� LV���NFDO⋅PROÜ� ORZHU� WKDQWKDW� IRU� WKH� SDWKZD\� �� ������� NFDO ⋅PROÜ���6XFK�D�GLIIHUHQFH� LV�TXLWH�VXIILFLHQW�WR�UXQ

7DEOH����)RUPDWLRQ�HQHUJLHV�RI�WKH�UHDFWDQWV��SURGXFWV�DQG�WUDQVLWLRQ�VWDWHV � IRU�WKH�UHDFWLRQ� → ���DW�����&��30����
&RPSRXQG � 76� 6 76� $ 76� $ 76� ��
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6FKHPH����$OWHUQDWLYH�UHDFWLRQ�SDWKZD\V�IRU������GLPHWK\ODPLQR����DU\O�����R[D]ROHV�

2�1�6HPHQRYD�HW�DO����([SHULPHQWDO�DQG�WKHRUHWLFDO����
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WKH� UHDFWLRQ� SUHIHUDEO\� E\� WKH� SDWKZD\� ��EHFDXVH�WKH�NLQHWLF�HQHUJ\����Ü���NFDO ⋅PROÜ�DW�����&��LV����WR����NFDO ⋅PROÜ� ORZHU�WKDQWKH� DFWLYDWLRQ� HQHUJ\�� 7KLV� WKHRUHWLFDOO\SUHGLFWHG� FRQFOXVLRQ� LV� LQ� JRRG� DJUHHPHQWZLWK� WKH� FRQWHQW� RI� WKH� UHDFWLRQ� PL[WXUH

LVRODWHG�DIWHU�KHDWLQJ�IRU���K��7DEOH����FRP �SRXQG����SURGXFWV��,,���,,, DQG��,9�����7KXV�� FKDQJLQJ� WKH� UHDFWLRQ� WLPH�� WKHUDWLR� EHWZHHQ� WKH� TXLQD]ROLQLXP� VDOW� DQGWKH� IRUP\ODWHG� SURGXFW� ,9 IRUPHG� LQ� WKHRUWKR�SRVLWLRQ� WR� WKH� GLPHWK\ODPLQR� JURXSFDQ� EH� UHJXODWHG� WR� IDYRU� IRUPDWLRQ� RIHLWKHU� RI� WKH� SURGXFWV��:H� KDYH� XVHG� WKLVHIIHFW� WR� GHYHORS� WKH� UHDVRQDEOH� V\QWKHWLFPHWKRGV�IRU�WKHVH�FRPSRXQGV��7KH�PRVW�ID �YRUDEOH�UHDFWLRQ�WLPHV�SURYLGLQJ�WKH�KLJKHVW\LHOGV�DUH�SUHVHQWHG�LQ�7DEOH����7R�FRQFOXGH������GLSKHQ\O�����R[D]ROH�GL �PHWK\ODPLQR� GHULYDWLYHV� UHDFW� HDVLHU� ZLWKWKH� 9LOVPHLHU� UHDJHQW� WKDQ� ����GLSKHQ\O�������R[DGLD]ROHV� RI� VLPLODU� VWUXFWXUH��7KLVFDQ� EH� H[SODLQHG� E\� WKH� ORZHU� DFWLYDWLRQHQHUJ\�IRU� WKH�+&O HOLPLQDWLRQ� IURP�WKH� σ�FRPSOH[� LQ� WKH� ILUVW� FDVH�� ��$U\O������GL �PHWK\ODPLQR�SKHQ\O�����R[D]ROHV�DUH�IRUP\ �ODWHG� LQ� WKH���SRVLWLRQ�RI� WKH�R[D]ROH� ULQJ�

)LJ����� (QHUJ\� GLDJUDP� IRU� WKH� UHDFWLRQ� → ��D �30���
7DEOH���� )RUPDWLRQ� HQHUJLHV� RI� WKH� UHDF�WDQWV�� SURGXFWV� DQG� WUDQVLWLRQ� VWDWHV� LQWKH�UHDFWLRQ�� → ��D�DW�����&��30��
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7KH� VXEVWLWXWLRQ� GLUHFWHG� RUWKR WR� WKH� GL�PHWK\ODPLQR�JURXS�LQ�WKH�����GLSKHQ\O�����R[D]ROHV� DQG� ����GLSKHQ\O�������R[DGLD]ROHVUHVXOWV� LQ� WKH� IRUPDWLRQ� RI� WKH� �RSHQ�LPLQLXP� VDOW�� ZKLFK� FDQ� EH� HLWKHU� LVRODWHGRU�K\GURO\]HG�WR�DOGHK\GH��$Q�LQFUHDVHG�WKHUHDFWLRQ�WLPH�IDYRUV�IRUPDWLRQ�RI�WKH�F\FOLFVDOW�� 7KH� PRVW� IDYRUDEOH� UHDFWLRQ� WLPHV� LQUHJDUG�ZLWK�JHWWLQJ�WKH�KLJKHU�\LHOGV�RI�WKHSURGXFWV�KDYH�EHHQ�IRXQG�$FNQRZOHGJPHQW��7KH�DXWKRUV�ZRXOG�OLNHWR� WKDQN� 'U�6YHWODQD� 9�,NVDQRYD� �,QVWLWXWHIRU� 2UJDQLF� &KHPLVWU\�� 1$6� RI� 8NUDLQH�DQG� 'U�9ODGLPLU� ,�0XVDWRY� �,QVWLWXWH� IRU6LQJOH�&U\VWDOV��1$6�RI�8NUDLQH��ZKR�KDYHGRQH� �+� 105� PHDVXUHPHQWV�� 7KLV� ZRUNZDV� VXSSRUWHG� E\� WKH� 1DWLRQDO� 6FLHQFH)RXQGDWLRQ��*UDQW�1R�������������5HIHUHQFHV���%�0�.UDVRYLWVNLL�� /�,�.RUPLORYD�� ,�*�(U�PROHQNR� HW� DO���8NUDLQLDQ�3DWHQW���������������������%�0�.UDVRYLWVNLL�� /�,�.RUPLORYD�� ,�*�(U�PROHQNR� HW� DO���)XQFWLRQDO�0DWHULDOV����� �������������2�0HWK�&RKQ��'�/�7D\ORU�� -��&KHP��6RF��&KHP�&RPP����������������������/�'�3DWVHQNHU�� 7HRU��(NVS��.KLP��� ���� �������������/�'�3DWVHQNHU��,�*�(UPROHQNR��<H�<H�$UW\XN�KRYD�HW�DO���&KHP��+HWHURF\FO��&RPSG������������������

���/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�� <H�<H�$U�W\XNKRYD� HW� DO��� 7HWUDKHGURQ�� ���� ��������������/�'�3DWVHQNHU�� ,�*�<HUPROHQNR�� 2�1�/\X�EHQNR�HW�DO���&KHP��+HWHURF\FO��&RPSG��������������������/�'�3DWVHQNHU��$�,�/RNVKLQ��7�*�'UXVKO\DN�HWDO��� &KHP��+HWHURF\FO��&RPSG��� ���� ��������������1�$�3RSRYD��(�*�<XVKNR��%�0�.UDVRYLWVNLL�HWDO���.KLP��*HWHU��6RHG�������������������9�1�.HUU�� )�1�+D\HV�� '�*�2WW� HW� DO��� -��2UJ�&KHP�����������������������-�$�3RSOH�� *�$�6HJDO�� -��&KHP��3K\V��� �������������������0�-�6�'HZDU��:�7KLHO�� -��$P��&KHP��6RF��� �������������������0�-�6�'HZDU��(�*�=RHGLVFK��(�)�+HDO\��-��$P�&KHP��6RF������������������������-�-�3�6WHZDUW�� -��&RPSXW��&KHP��� ���� ��������������-�-�3�6WHZDUW�� -��&RPSXW��&KHP��� ���� ���������������/�'�3DWVHQNHU�� 8NU��.KLP��=KXUQ��� ���� ��������������/�'�3DWVHQNHU��<H�<H�$JD��8NU��.KLP��=KXUQ���������������������$�%ODFNKDOO�� '�/�%U\GRQ�� .�-DYDLG� HW� DO��� -�&KHP��5HVHDUFK��6�����������������$�%ODFNKDOO��'�/�%U\GRQ��$�-�*�6DJDU� HW� DO��-��&KHP��6RF���3HUNLQ�7UDQV���������������������.�'�1HQLFHVNX�� 2UJDQLF� &KHPLVWU\�� 9���,QRVWU��/LW���0RVFRZ��������>LQ�5XVVLDQ@�����2�3�6KYD\ND��*�3�.OLPLVKD��.KLP��*HWHURF\FO�6RHG���1R���������������
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