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)LUVW� RI� DOO�� WKH� DJHLQJ� RI� &0� IRU�� PRQWKV� UHVXOWV� LQ� VRPH� GHFUHDVH� RI� VXV �FHSWLELOLW\� DW� URRP� WHPSHUDWXUH� χ��� �VHH7DEOH�����6XFK�HIIHFW�FRXOG�EH�FRQVLGHUHG�DVD�UHVXOW�RI�LQWHUDFWLRQ�RI�FRPSRVLWH�PDWHULDOZLWK� WKH� DLU� FRPSRQHQWV�� 7KH� LQFUHDVH� RI+��� &R2±�� &R2+± DQG� &R�+± LRQ� \LHOG� GH�WHFWHG�LQ�6,06�H[SHULPHQWV�RQ�DJHG�VDPSOHV

FRQILUPV�WKH�DERYH�DVVXPSWLRQ��3KDVH�FRP �SRVLWLRQ�DIWHU�VXFK�DJHLQJ��DFFRUGLQJ�WR�WKH;�UD\� GLIIUDFWLRQ� GDWD�� LV� QRW� FKDQJHG� DVFRPSDUHG� WR� WKDW� IRU� DV�SUHSDUHG� &0� >�@�%XW� KDOR� LQ� WKH� YLFLQLW\� RI� ������ I�F�F� &RUHIOHFWLRQ�EHFRPHV�OHVV�SURQRXQFHG��7KH�DS �SURSULDWH� GLIIUDFWLRQ� SDWWHUQ� IRU� WKH� DJHG7(*��������PDVV��&R LV�SUHVHQWHG�LQ�)LJ����FXUYH������7R� LQYHVWLJDWH� WKH� SHFXOLDULWLHV� RI� SKDVHFRPSRVLWLRQ� FKDQJHV� RI� WKH� REWDLQHG� FRP �SRVLWHV� DQG� VWDELOLW\� RI� WKHLU� SKDVHV�� WKHVDPSOHV� ZHUH� VXEMHFWHG� WR� KHDW� WUHDWPHQWXQGHU� GLIIHUHQW� FRQGLWLRQV�� GLIIHUHQW� NLQGVRI� DWPRVSKHUH�� UHVLGXDO� SUHVVXUH�� WLPH� DQGWHPSHUDWXUH�� 7KH� NLQGV� RI� WUHDWPHQW� DUHOLVWHG� LQ� 7DEOH���� )LJ���� SUHVHQWV� 6(0� LP �DJHV�RI�7(*��������&R VXUIDFH� DIWHU� VXFKWUHDWPHQWV��7KH�SDUWLFOH�VKDSH�ZDV�IRXQG�WREH� VLPLODU� IRU� DOO� FDVHV� DQG� VLPLODU� WR� WKDWLQ� DV�SUHSDUHG� PDWHULDO� �)LJ������ WKH� SDUWL �FOHV� DUH� RI� JOREXODU� RU� JOREH�REORQJ� VKDSH�EXW�WKHLU�VL]H�LV�JUHDWHU�WKDQ�LQ�DV�SUHSDUHGVDPSOH��7KH�PHDQ� VL]H� RI� WKH�SDUWLFOHV�ZDVHVWLPDWHG� WR� EH� RI� ���� QP� �WUHDWPHQW� �������QP��WUHDWPHQW�����DERXW�����QP��WUHDW �PHQW����DQG�����QP��WUHDWPHQW�����$V�LW�LVFOHDUO\�VHHQ�LQ�)LJ�����WKH�ODUJH�VFDOH�SDUWL �FOHV�FRQVLVW�RI�MRLQW�VPDOO�SDUWLFOHV�OHVV�WKDQ

)LJ�����6(0�LPDJHV�RI�WKH�7(*��������&R FRPSRVLWH�VXUIDFH�WUHDWHG�DW�GLIIHUHQW�UHJLPHV��D�Û���E�Û����F�Û����G�Û���

)LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� 7(*����� �� &R FRPSRVLWH� �QXPEHULQJ� RI� FXUYHVFRUUHVSRQGV�WR�WKDW�LQ�WKH�7DEOH���♦ Û�JUDSK�LWH�� � Û� I�F�F�� &R�� • ² &R2�� 
� Û� &R�2��VSLQHO�OLNH�VWUXFWXUH��
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���� QP� LQ� VL]H�� 6R�� UHFU\VWDOOL]DWLRQ� SURF �HVVHV� DFFRPSDQLHG� E\� WKH� PHWDO�PRGLILHUSDUWLFOHV� VHJUHJDWLRQ� WDNH� SODFH� LQ� VDPSOHXQGHU�KHDW�WUHDWPHQW��3KDVH�FRPSRVLWLRQ�RIWKH� VDPSOH� DIWHU� WUHDWPHQW� �� DFFRUGLQJ� WRWKH�;�UD\�GLIIUDFWLRQ�GDWD� �)LJ�����FXUYH���FRUUHVSRQGV�WR�WKH�PL[WXUH�RI�JUDSKLWH�DQGI�F�F� &R SKDVHV��PRUHRYHU��WKH�ZLGWK�RI�GLI �IUDFWLRQ� UHIOHFWLRQV� RI� WKH� ODWWHU� SKDVH� GH �FUHDVHV�DV�FRPSDUHG� WR�WKH�DV�SUHSDUHG�DQGDJHG� VDPSOHV�� %HVLGHV�� D� VKLIW� RI� I�F�F� &RGLIIUDFWLRQ�SHDN�LV�REVHUYHG�ZKLFK�FRXOG�EHDVVRFLDWHG� ZLWK� SDUWLFOH� VWUXFWXUH� FKDQJHV�7KH� VDPH� SKDVH� FRPSRVLWLRQ� ZDV� REVHUYHGIRU�WKH�VDPSOHV�DQQHDOHG�DW�����.�IRU���K�LQSXULILHG� DUJRQ� DWPRVSKHUH� �)LJ����� FXUYH� ���7KH� IRUPDWLRQ� RI� FREDOW� R[LGHV� �&R2 DQG&R�2���ZDV� IRXQG� E\� WKH�;�UD\� GLIIUDFWLRQXQGHU�WUHDWPHQWV����������VHH�)LJ�����7KH� GHSWK� GLVWULEXWLRQ� RI� HOHPHQWV� IRUWKH� WUHDWHG� VDPSOHV� GHWHUPLQHG� E\� WKH$XJHU� VSHFWURVFRS\� LV� SUHVHQWHG� LQ� )LJ����WKH�HWFKLQJ�UDWH���QP�PLQ���(YLGHQWO\��WKHFREDOW� SDUWLFOHV� FRYHUHG� E\� WKLQ� �XS� WR

��QP��R[LGL]HG�VXUIDFH�OD\HU�DUH�GLVWULEXWHGRQ�WKH�VXUIDFH�VDPSOH��DQQHDOHG�DW�����.�LQ��Ü� 3D� YDFXXP� IRU� �� K�� 7KH� R[\JHQ� FRQ �WHQW�LQ�WKH�SDUWLFOH�YROXPH�ZDV�IRXQG�WR�EHOHVV�WKDQ���DW����7KH�FRQWHQW�RI�R[\JHQ�LQWKH� PDWHULDO� DQQHDOHG� XQGHU� UHVLGXDO� SUHV �VXUH� RI���3D�DW�����.����K� LV� VRPH�KLJKHU�XS� WR� �� DW����� 7KH� WKLFNQHVV� RI� WKH� R[L �GL]HG� VXUIDFH� OD\HU� LV� DERXW� ��� QP�� 7KLVIDFW� DOORZV� WR� GHWHUPLQH� WKH� VWUXFWXUH� RIWKLV� OD\HU� E\� WKH� ;�UD\� SRZGHU� GLIIUDFWLRQDV� &R2 �)LJ����� FXUYH� ���� 7KH� SDUWLFOHV� RIPHWDO�PRGLILHU�RQ�WKH�VXUIDFH�RI�VDPSOH�DQ �QHDOHG�LQ�DLU�DW�����.�IRU���K�DUH�LQ�D�IRUPRI� R[LGH� RU� FDUER[LGH� �K\GURJHQ� FRXOG� QRWEH� GHWHFWHG� E\� WKH� $XJHU� VSHFWURVFRS\��7KHLU�VWRLFKLRPHWULF�FRPSRVLWLRQ�ZDV�IRXQGWR� EH� FORVH� WR� &R�2��� WKDW� LV� FRQILUPHG� E\WKH�;�UD\�GLIIUDFWLRQ�VWXGLHV� �)LJ����� FXUYH����7KH�VXEVHTXHQW�DQQHDOLQJ�RI� WKHVH� VDP �SOHV�DW�����.�IRU���K� LQ�DUJRQ�DWPRVSKHUHUHVXOWV� LQ� GHFRPSRVLWLRQ� RI &R�2��� ,Q� WKLVPDWHULDO� I�F�F� &R DQG�&R2 KDYH�EHHQ� IRXQGE\�;�UD\�GLIIUDFWLRQ��)LJ�����FXUYH����$GGLWLRQDO� GDWD� KDYH� EHHQ� REWDLQHG� E\6,06�LQYHVWLJDWLRQV��7KRVH�DUH�VXPPDUL]HGLQ� 7DEOH��� DQG� SURYH� WKH� SRVVLELOLW\� RI� WKHIRUPDWLRQ�RI�FREDOW�R[LGHV��FDUER[LGHV��FDU �ELGHV� DQG� K\GUR[LGHV�� ,Q� SDUWLFXODU�� 6,06VSHFWUD� VKRZ� WKDW� WKH� UHOHDVH� RI� WKH� &R&��&R�&� DQG�&R�&�� LRQV� LV� REVHUYHG� IRU� WKHVDPSOHV�WUHDWHG�LQ�DWPRVSKHUH�ZLWK�ORZ�FRQ �WHQW�RI�R[\JHQ�WRJHWKHU�ZLWK�WKH�RXWFRPH�RIWKH�&���&R���&R�� ZKLFK�DUH�WKH�PDLQ�FRP�SRQHQWV� RI� PDWHULDO�� 0RUHRYHU�� WKHLUDPRXQWV� H[FHHG� WKRVH� IRU� WKH� DV�SUHSDUHGVDPSOHV�� 7KLV� HYLGHQFHV� WKH� IRUPDWLRQ� DQGVWUHQJWKHQLQJ� RI� WKH� &R±& LQWHUDWRPLFERQGV� DQG�� WKHUHIRUH�� WKH� FUHDWLRQ� RI� WKH&RQ& FDUELGH� SKDVH� LQ� VXEVXUIDFH� OD\HUV� RIPHWDO�SDUWLFOHV��3UREDEO\��WKLV�FDUELGH�SKDVHLV�&R�&��VLQFH�RWKHU�NQRZQ�FDUELGH�&R�& LVGHFRPSRVHG�HYHQ�DW����� �&�>��@��7KH�IRUPD�WLRQ�RI�FREDOW�FDUELGH�LV�DOVR�UHIOHFWHG�LQ�WKHGHFUHDVLQJ� RI� PDJQHWLF� VXVFHSWLELOLW\� YDOXH
χ �VHH�7DEOH����VLQFH�D�SDUW�RI�&R DWRPV�DUHERXQG� LQ� QRQPDJQHWLF� FDUELGH� SKDVH�� 7KHGDWD� SUHVHQWHG� HYLGHQFH� DOVR� WKDW� WKH� DQ �QHDOLQJ�LQ�R[\JHQ�FRQWDLQLQJ�DWPRVSKHUH�UH �VXOWV�LQ�FREDOW�R[LGH�SKDVHV�IRUPDWLRQ��&R2RU�&R�2� ZLWK� VSLQHO�OLNH� VWUXFWXUH���0RUH�RYHU�� WKH� W\SH� RI� IRUPHG� R[LGH� GHSHQGV� RQR[\JHQ� SDUWLDO� SUHVVXUH� LQ�JDV� DWPRVSKHUH�7KH� PDJQHWLF� VXVFHSWLELOLW\� YDOXHV� RI� WKHWUHDWHG�VDPSOHV�DUH�HVVHQWLDOO\�VPDOOHU�WKDQWKRVH�IRU�WKH�DV�SUHSDUHG�PDWHULDO��,W�LV�QHFHV �VDU\� WR� QRWH� WKDW� WKH� VWUXFWXUH� LQKHUHQW� LQWKH� DV�SUHSDUHG�&0�UHPDLQV� VWDEOH�XS� WR� WKHWHPSHUDWXUH�RI�DERXW�����.�>�@��ZKLFK�GHILQHV

)LJ� ��� &RPSRQHQWV� GLVWULEXWLRQ� LQ� WKH� GHSWKRI�7(*������&R�FRPSRVLWH�WUHDWHG�DW�GLIIHU�HQW�UHJLPHV��D�Û����E�Û����F�Û����G�Û���
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WKH� VHUYLFH� WHPSHUDWXUH� UDQJH� RI� WKLV� PDWH �ULDO�,Q� FRQFOXVLRQ��7(*������PDVV��� &R &0SUHSDUHG� E\� FKHPLFDO� PRGLILFDWLRQ� PHWKRGFRQVLVWV� RI� GLVSHUVHG� JOREXODU� &R SDUWLFOHVZLWK� HVVHQWLDOO\� QRQHTXLOLEQXP� VWUXFWXUH

GLVWULEXWHG�QHDUO\�XQLIRUPO\�RYHU�WKH�GHYHO �RSHG� 7(*� VXUIDFH��$FFRUGLQJ� WR� WKH�$XJHUVSHFWURVFRS\�� &R SDUWLFOHV� LQ� WKH� V\QWKH�VL]HG�FRPSRVLWH�PDWHULDO�DUH�FRYHUHG�ZLWK�DWKLQ� R[LGH� OD\HU� DQG� FRQWDLQ� D� FHUWDLQDPRXQW�RI�FDUERQ��ZKLFK�FRXOG�DFW�DV�JODVV�IRUPLQJ�HOHPHQW��$IWHU�KHDW�WUHDWPHQW��WKHVKDSH� RI�PRGLILHU�SDUWLFOHV� UHPDLQV� VLPLODUWR� WKDW� LQ� DV�SUHSDUHG� &0�� ZKHUHDV� WKHLUVL]H�LQFUHDVHV�WKDW�PD\�HYLGHQFH�WKH�UHFU\V �WDOOL]DWLRQ� SURFHVVHV� DFFRPSDQLHG� E\� WKHPHWDO�PRGLILHU� SDUWLFOH� VHJUHJDWLRQ�� 7KH$XJHU�VSHFWURVFRS\��6,06�DQG�;�UD\�LQYHV �WLJDWLRQV�RI�&0�VXEMHFWHG�WR�GLIIHUHQW�NLQGVRI� KHDW� WUHDWPHQW� VKRZ� WKH� IRUPDWLRQ� RIFRPSOH[� FREDOW� FDUELGH� DQG� FREDOW� R[LGHSKDVHV�$FNQRZOHGJHPHQW�� 7KLV� ZRUN� KDV� EHHQVXSSRUWHG� E\� WKH� 6FLHQFH� DQG� 7HFKQRORJ\&HQWHU�LQ�8NUDLQH��67&8���*UDQW�1R������5HIHUHQFHV���0�<X��<�/LX��'�-�6HOOP\HU��-��$SSO��3K\V����������������������0�(�0F+HQU\�� 6�$�0DMHWLFK�� -�2�$UWPDQ� HWDO���3K\V��5HY���%��������������������0�7RPLWD�� <�6DLWR�� 7�+D\DVKL�� -DS��-��$SSO�3K\V����������������������-�-�+RVW��-�$�%ORFN��.�3DUYLQ�HW�DO��� -��$SSO�3K\V���������������������6�7RPLWD�� 0�)XML�� 6�+D\DVKL� HW� DO��� -��$SSO�3K\V����������������������6�*DQJRSDGK\D\�� *�&�+DGMLSDQD\LV�� (�%�'ROHHW�DO���3K\V��5HY���%�������������������+�:DQJ�� 6�3�:RQJ�� :�<�&KHXQJ� HW� DO��� -�$SSO��3K\V����������������������0�%DELFK�� /�0DW]XL�� 2�1DNRQHFKQD� HW� DO��� -�0HWDVWDE��1DQRFU\VW��0DWHU������������������0�*�%DELFK��/�<X�0DW]XL��2�,�1DNRQHFKQD�HWDO���0DWHU��6FL��)RUXP������Ü���������������������/�0DW]XL��9�/\VRY�� (�.KDUNRY� HW� DO���0HWDO�OXUJLMD��������������������-�'XUDQG�� LQ�� *ODVV\� 0HWDOV�� 0DJQHWLF�&KHPLFDO�DQG�6WUXFWXUDO�3URSHUWLHV��HG��E\�5+DVHJDZD��&5&�3UHVV�,QF���%RFD�5DWRQ��)ORU�LGD���������S���������7�-�.RQGR��5�6LQFODLU��$FWD�0DWHU������������������

7DEOH���� 7KH� \LHOG� RI� VLQJOH�FKDUJHG� LRQVIRU� WKH� KHDW�WUHDWHG� 7(*�������� &R �WKHQXPEHULQJ� RI� WUHDWPHQW� FRUUHVSRQGV� WRWKDW�LQ�7DEOH���0DVV ,RQ .LQG�RI�WUHDWPHQW� � � �3RVLWLYH�LRQV� + ��� ��� ��� ���� +� � � � ��� 2 �� � �� ���� &R ���� ���� ���� ������ &R& �� �� �� ���� &R2 �� �� �� ���� &R2+ �� � �� ���� &R&� �� �� � ���� &R&2 �� � �� ���� &R&2+ �� � � ��� &R&�2 � �� �� ����� &R&2� �� � � ���� &R&�2� �� �� �� ����� &R� ��� ��� ��� ������� &R�+ �� �� � ����� &R�& �� �� �� ����� &R�2 �� �� �� ������ &R�&� �� �� �� ��1HJDWLYH�LRQV�� + ���� ���� ���� ������ 2 ���� ��� ���� ������� 2+ ���� ��� ���� ������ +�2 � � �� ��
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