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SKRUV�� 7KH� HQHUJ\� VDYLQJ� FRQVLGHUDWLRQV�KRZHYHU�� UHTXLUH� GHYHORSPHQW� RI� FKHDSHUORZ�WHPSHUDWXUH� PHWKRGV� WR� SUHSDUH� OXPL �QHVFHQW� PDWHULDOV� RQ� WKH� EDVLV� RI� YDULRXVVROLG�PDWULFHV��)RU�H[DPSOH��LQ�>�@��D�QRYHOOXPLQRSKRU� LV� GHVFULEHG� REWDLQHG� XVLQJVRUSWLRQ� RI� 7E,,, LRQV� ZLWK� D� ]HROLWH� �IDX�MDVLWH�� IROORZHG� E\� WKH� VRUEDWH� WUHDWPHQWZLWK� EHQ]RLF� DFLG�� 7KH� OXPLQRSKRU� LV� SUR �SRVHG� IRU� XVH� LQ� GD\OLJKW� ODPSV� DQG� WRDSSO\�RQWR�GLVSOD\�VFUHHQV�$PRQJ� WKH� ORZ�WHPSHUDWXUH� V\QWKHWLFPHWKRGV��WKH�FR�SUHFLSLWDWLRQ�IURP�VROXWLRQV>���@� RFFXSLHV� D� OHDGLQJ�SODFH��7KH�PHWKRGSURYLGHV� ILQHO\� GLVSHUVHG� PXOWLFRPSRQHQWSUHFLSLWDWHV� E\� PDWFKLQJ� WKH� SUHFLSLWDWLRQFRQGLWLRQV��7KH�PHWKRG�DGYDQWDJHV�DUH�KLJKKRPRJHQHLW\�RI�WKH�SURGXFW�IRUPHG�DQG�WKHV\QWKHVLV� WHPSHUDWXUHV� EHLQJ� VHYHUDO� GH �JUHHV� ORZHU� DV� FRPSDUHG� WR� FU\VWDO� OXPLQR �SKRU� SURGXFWLRQ� >����@��7KH� ORZ�OLJKW� UHVLV �WDQFH� RI� /Q FRPSRXQGV� ZLWK� RUJDQLF� UH�DJHQWV� UHTXLUH� WR� XVH� LQRUJDQLF� RQHV�$PRQJ� WKH� ODWWHU�� LW� LV� MXVW� WXQJVWDWHV�λDEV  ����� WR� ���� QP�� WKDW� DQVZHU� WR� WKHKLJKHVW� H[WHQW� WR� FRQGLWLRQV� RI� SKRWROXPL �QRSKRU� H[FLWDWLRQ� �λH[  ����� QP�� LQ� GD\�OLJKW�ODPSV��7KLV�ZRUN�LV�DLPHG�DW�SUHSDUD �WLRQ� RI� GRXEOH� WXQJVWDWHV� 1D/Q�:2��� FR�SUHFLSLWDWHG� ZLWK� &D:2��� VWXG\� RI� WKHLUSKDVH�FRPSRVLWLRQ�DQG�VSHFWUDO�DQG�OXPLQHV �FHQW�SURSHUWLHV�DV�ZHOO�DV�FRPSDULVRQ�RI�WKHHPLVVLRQ� LQWHQVLW\� RI� WKH� FRPSRXQGV� RE �WDLQHG�ZLWK�WKDW�RI� LQGXVWULDO�SKRWROXPLQR �SKRUV�,Q� WKH� ZRUN�� �⋅���� PRO�/� VROXWLRQV� RIHXURSLXP� �(X�� DQG� WHUELXP� �7E�� FKORULGHVZHUH� XVHG� SUHSDUHG� E\� GLVVROXWLRQ� RI� WKHDSSURSULDWH�ZHLJKWV� RI� WKH� R[LGHV� ��������LQ� +&O�� �� PRO�/� DTXHRXV� VROXWLRQV� RI� 0J�&D��6U��%D FKORULGHV� DV�ZHOO� DV� RI� 1D�:2�ZHUH� REWDLQHG� SURFHHGLQJ� IURP� SUHFLVHO\ZHLJKHG� SUHSDUDWLRQV� ��FKHPLFDO� SXULW\�� RU�DQDO\WLFDO� SXULW\�� JUDGHV��� $W� WKH� FR�SUH �
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%D DPRXQWV� ���� ����� ���� DQG� ��� UHODWLYHXQLWV��U�X����UHVSHFWLYHO\��$W�WKH�VDPH�WLPH�WKH� HIIHFW� RI� DQLRQV� RI� WKH� DONDOL� HDUWKPHWDO�DQG�ODQWKDQLGH�LV�VXFK�WKDW�WKH�HPLV �VLRQ�LQWHQVLW\�RI�WKH�SUHFLSLWDWHG�WXQJVWDWHVLV� ����� ���� DQG� ��� U�X�� IRU� WKH� FKORULGHV�SHUFKORUDWHV�� DQG� QLWUDWHV�� UHVSHFWLYHO\�� ,QWKLV�FRQQHFWLRQ��WKH�(X �7E��GRSHG�&D WXQJ�VWDWHV� FR�SUHFLSLWDWHG� IURP� WKH� FKORULGH� VR �OXWLRQV�ZHUH�XVHG�LQ�IXUWKHU�VWXGLHV�7KH� FDOFLQDWLRQ� WHPSHUDWXUH� RI� WKH� VDP �SOHV�REWDLQHG�LQIOXHQFHV�FRQVLGHUDEO\�WKH�OX �PLQHVFHQFH� LQWHQVLW\�� DV� LV� VHHQ� LQ� )LJ����7KH�;�UD\�SKDVH�DQDO\VLV��;3$��RI�VDPSOHVREWDLQHG�XVLQJ�GLIIHUHQW�VWRUDJH�UHJLPHV�RIVROXWLRQV� ZLWK� SUHFLSLWDWHV� DQG� KHDW� WUHDW �PHQW���������&��KDV�VKRZQ�WKDW�DOO�VDPSOHVKDYH� WKH� VFKHHOLWH� VWUXFWXUH�� )LJ���� VKRZVWKH� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� �;5'�� IRUWKH� GRXEOH� WXQJVWDWH� 1D(X�:2��� ���� DQGIRU� WKDW� FR�SUHFLSLWDWHG� ZLWK� &D ����� 7KHSRVLWLRQV� RI� WKH� PDLQ� OLQHV� DUH� FRLQFLGHQWZKLOH�WKHLU�LQWHQVLWLHV�DUH� LQFUHDVHG�FRQVLG �HUDEO\� LQ� WKH� SUHVHQFH� RI� WKH� FR�SUHFLSLWDW �LQJ� HOHPHQW�� 7KH� SUHVHQFH� RI� VHYHUDO� ZHDNXQLGHQWLILHG�OLQHV�PD\�HYLGHQFH�D�GLVWRUWLRQRI� WKH� VFKHHOLWH� ODWWLFH�GXH� WR� IRUPDWLRQ� RI&D:2�±1D(X�:2��� VROLG�VROXWLRQ�7KH�H[FLWDWLRQ�VSHFWUD�RI�7E DQG�(X GRX�EOH� WXQJVWDWHV� DQG� WKRVH� FR�SUHFLSLWDWHGZLWK� &D DUH� LGHQWLFDO� DQG� H[KLELW� D� PD[L �PXP� DW� �������� QP�� ,W� LV� VHHQ� IURP� WKHH[FLWDWLRQ� VSHFWUXP� RI� (X FR�SUHFLSLWDWHGZLWK�&D:2� �)LJ���D��WKDW�WKH�H[FLWDWLRQ�DW
λ  ����� QP� DPRXQWV� PRUH� WKDQ� ��� �� RI

WKH� PD[LPXP�� 7KH� LQWHQVLW\� UDWLR� LQ� WKHOXPLQHVFHQFH� VSHFWUXP� �)LJ���E�� LV� VXFKWKDW�LW�LV�MXVW�WKH�λPD[  �����QP�DQVZHULQJWR� WKH� VXSHUVHQVLWLYH� �'� → �)� WUDQVLWLRQ�UHG� HPLVVLRQ� RI� (X�� LRQ�� WKDW� VKRZV� WKHKLJKHVW� LQWHQVLW\��$V� LQ� WKH� FDVH� RI� (X�� LQWKH�&D:2�±1D7E�:2��� OXPLQHVFHQFH� VSHF�WUXP��WKH� OLQH�DQVZHULQJ�WR�WKH�VXSHUVHQVL �WLYH��'� → �)� WUDQVLWLRQ�RI�7E�� LRQ�VKRZVWKH�KLJKHVW�LQWHQVLW\��,W�VSOLWV�LQWR�WZR�OLQHVSHDNHG�DW�����DQG�����QP��)LJ���E��GXH�WRLQIOXHQFH� RI� WKH� OLJDQG� ILHOG�� )RU� FRPSDUL �VRQ��)LJ���D�SUHVHQWV�WKH�OXPLQHVFHQFH�VSHF �WUXP� RI� D� JUHHQ� HPLVVLRQ� OXPLQRSKRU� SUR �GXFHG� E\� LQGXVWU\�� (YHQ� D� YLVXDO� FRPSDUL �VRQ� HYLGHQFHV� DQ� LQFUHDVHG� LQWHJUDOLQWHQVLW\�IRU�&D:2�±1D7E�:2����&KDUDFWHULVWLFV� RI� WKH� REWDLQHG� &D:2�±1D(X�:2��� DQG� &D:2�±1D7E�:2��� LQFRPSDULVRQ�WR�WKRVH�RI�LQGXVWULDO�UHG��)/�����DQG�JUHHQ��*G�2�6�7E��OXPLQRSKRUV�DUH�SUH�VHQWHG� LQ� WKH� 7DEOH�� ,W� LV� VHHQ� WKDW�� WKHPDWUL[�EHLQJ� WKH� VDPH�� WKH�GRSLQJ�ZLWK� 7EUHVXOWV� LQ� LQFUHDVHG� �DOPRVW� E\� D� IDFWRU� RI����� OXPLQHVFHQFH� LQWHQVLW\� DV� FRPSDUHG� WR*G�2�6�7E��7KH�(X GRSHG�OXPLQRSKRU�HPLV�VLRQ� LV� DV� ORZ� DV� RQH� WKLUG� RI� WKH� )/����RQH��SHUKDSV�GXH�WR�D�QDUURZHU��WKDQ�LQ� 7E�HQHUJ\� JDS� EHWZHHQ� WKH� HPLWWLQJ� OHYHO� DQG
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)LJ�����([FLWDWLRQ��λOXP  �����QP���D��DQG�OX�PLQHVFHQFH� �λH[  ����� QP�� VSHFWUD� �E�� RI&D:2�±1D(X�:2����

7DEOH��/XPLQHVFHQFH�LQWHQVLW\��,��SHU�FHQW�RI�&D�/Q WXQJVWDWHV��7FDOF  �����&��DQG�LQ�GXVWULDO�SKRWROXPLQRSKRUV��,  ���������(X�7E��FRQWHQW���WR�����
6DPSOH ,���3KRWROXPLQRSKRU�*G�2�6�7E ���&D:2�±1D7E�:2��� ���3KRWROXPLQRSKRU�<�2��(X �)/����� ���&D:2�±1D(X�:2��� ��

6�%�0HVKNRYD�HW�DO����/XPLQHVFHQW�PDWHULDOV�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



WKH� VXEOHYHO� RI� WKH� JURXQG� OHYHO� WR� ZKLFKWKH�WUDQVLWLRQ�RFFXUV�7KH� REWDLQHG� &D:2�±1D/Q�:2��� FRP�SRXQGV��DV�LV�H[SHFWHG��DUH�FKDUDFWHUL]HG�E\D� KLJK� OLJKW� UHVLVWDQFH�� 7KH� SORW� RI� )LJ���VKRZV� WKDW� WKH� OXPLQHVFHQFH� LQWHQVLW\� RI&D:2�±1D(X�:2��� LQFUHDVHV� E\� DERXW����� GXULQJ� WKH� ILUVW� ���PLQ� RI�89� LUUD �GLDWLRQ� DQG� WKHQ� UHPDLQV� FRQVWDQW�� 7KXV�WKH� UHVXOWV�RI�RXU� VWXG\�HYLGHQFH� WKDW� LW� LVSRVVLEOH�DQG�DGYLVDEOH�WR�XVH�WKH�FR�SUHFLSL �WDWLRQ� RI� (X�� RU� 7E�� ZLWK�&D �WKH�PDMRUPDWUL[� FRPSRQHQW�� ZLWK� WXQJVWDWH� LRQ� WRSURGXFH� SKRWROXPLQRSKRUV� DV� D� PRUH� HFR �QRPLFDO� DOWHUQDWLYH� WR� FU\VWDO� OXPLQRSKRUSURGXFWLRQ�
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