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LUUDGLDWLRQ� ZDV� FDUULHG� RXW� DW� URRP� WHP�SHUDWXUH�DW�D�GRVH�UDWH�RI�����*\⋅KÜ��)LJ��� VKRZV� WKH� DEVRUSWLRQ� VSHFWUD� RILQLWLDO� DQG� VXEMHFWHG� WR� KLJK� WHPSHUDWXUHDQQHDOLQJ�LQ�DLU .0J)� FU\VWDOV��+\GURO\VLVRI� FU\VWDOV� LV� DFFRPSDQLHG� E\� WKH� DSSHDUDQFHRI�DGGLWLRQDO�DEVRUSWLRQ�EDQGV�LQ����Ü����QPUHJLRQ�� 6LPXOWDQHRXVO\�� WKH� EDQGV� FRUUH�VSRQGLQJ� WR� R[\JHQ� UDGLFDOV� DUH� DW� ����Ü����� DQG� ����� FPÜ��� 7KH� YDOXH� RI� WKH� UD�GLDWLRQ� LQGXFHG� E\� WKH� LRQL]LQJ� UDGLDWLRQDEVRUSWLRQ� GHSHQGV� RQ� WKH� K\GURO\VLV� SURG�XFWV� SUHVHQFH� LQ� FU\VWDOV� �)LJ������ 7KH� DGGL�WLRQDO� DEVRUSWLRQ� LQFUHDVHV� LQ� WKH� UHJLRQ� RI���Ü���� QP� DQG� D� QHZ� EDQG� DW� ���� QPDULVHV�&RORXU�FHQWUHV��&&��LQ�WKH�LQLWLDO�VDPSOHVDUH� FRPSOHWHO\� GHVWUR\HG� DW� ���Ü����&ZKLOH�LQ�WKH�K\GURO\VHG�FU\VWDOV�ERWK�LQWULQ�VLF� DQG� DGGLWLRQDO� &&� WXUQ� WR� EH� WKHUPDOO\VWDEOH� XS� WR� ���� �&�� ,QYHVWLJDWLRQ� RI� WKHLQGXFHG� E\� DQQHDOLQJ� LQ� DLU� GHIHFWV� XVLQJWKH� WKHUPRVWLPXODWHG� OXPLQHVFHQFH� PHWKRGVKRZHG�WKH�IROORZLQJ��)LJ������,Q�WKH�LQLWLDO.0J)� FU\VWDOV� WKH� LQWHQVLW\� RI�76/� LV� ORZDQG� WKH� JORZ� FXUYH� FRQVLVWV� RI� WZR� SHDNV�WKH�PDLQ� DW� ���&� DQG� YHU\�ZHDN� DW� ����&�7KH� 7/� VSHFWUXP� UHSUHVHQWV� D� EDQG� � ZLWKPD[LPXP� DW� ���� QP� FRUUHVSRQGLQJ� WR� WKHZHOO�NQRZQ�OXPLQHVFHQFH�RI�)��FHQWUHV��)LJ������� 7KH� SUH�LUUDGLDWLRQ� KLJK� WHPSHUDWXUHDQQHDOLQJ� RI� WKH� VDPSOHV� �7  �����&�� IURP����WR���KRXUV��HYRNHV�D�VWURQJ��ULVH�RI�WKH76/� LQWHQVLW\� �)LJ��������6WUDLJKW�DIWHU�ILQ�LVKLQJ� WKH� LUUDGLDWLRQ� DW� 57� WKHUH� DSSHDUVDQ�DIWHUJORZ� LQ� WKH�JUHHQ�SDUW�RI� WKH�VSHF�WUXP� ����Ü���� QP�� WDNH� SODFH�� 7KH� HIIHFWEHFRPHV� PRUH� SURQRXQFHG� LI� WKH� DQQHDOLQJGXUDWLRQ� LV� HORQJDWHG�� IRU� LQVWDQFH�WUHH� WLPHV� DV� PXFK� DIWHU� �� KRXU� DQG

���� WLPHV� DIWHU���KRXUV�� ,Q� WKH�K\GURO\VHGVDPSOHV� WKH�76/�SHDNV�DW�����&�DQG�����&ZLWK�WKH�JUHHQ�OXPLQHVFHQFH�VLPLODU�WR�WKDWREVHUYHG� ULJKW� DIWHU� LUUDGLDWLRQ� DUH� FOHDUO\GLVFULPLQDWHG�+LJK� WHPSHUDWXUH� 76/� SHDNV� W\SLFDO� IRUDQQHDOHG� LQ� DLU� XQGRSHG� VDPSOH� UHYHDO� LQWKH�R[\JHQ�GRSHG�.0J)� FU\VWDO��,Q�FDVH�RIR[\JHQ� DQG� HXURSLXP� FR�GRSDQW� WKH� 7/VSHFWUXP� EHFRPHV� PRUH� FRPSOLFDWHG� DQG� I�IOXPLQHVFHQFH� �WKH� OLQH�����QP��RI� �(X�� LRQLV� FOHDUO\� GHILQHG� �)LJ�������� 7KH� UDWLR� EH�WZHHQ� LQWHQVLWLHV�RI� I�I�(X�� HPLVVLRQ� �WKH� OLQH���� QP�� DQG� JUHHQ� OXPLQHVFHQFH� HVVHQWLDOO\GHSHQGV� RQ� WKH� FRQWHQW� RI� HXURSLXP� LQ� WKHFU\VWDO� DQG� GUDPDWLFDOO\� LQFUHDVHV� LI�(X�2�FRQFHQWUDWLRQ� H[FHHGV� ���� ��� $V� LW� ZDVVKRZQ� HDUOLHU� WKH� OLJKW� VXP� ZKLFK� LV� UH�OHDVHG� LQ� 76/� SURFHVV� LQ� .0J)��(X�2�� LVKXQGUHGV�WLPHV�KLJKHU�WKDQ�LQ�/L)�0J�7L� >�@�76/� LQ� /L%D)� FU\VWDOV� ZDV� GHVFULEHG� LQ>�@��6LPLODU�WR�.0J)���&&�EOHDFKLQJ�LQ�SXUHFU\VWDOV�RFFXUV�LQ�WKH�UHJLRQ�RI����Ü����&�,Q�/L�2 GRSHG�FU\VWDOV� WKHUH�DSSHDUV�D�76/SHDN� DW� ����&� DQG�&&� EHFRPH�PRUH� VWDEOH�,Q� FDVH�� RI� R[\JHQ� DQG�0J�� FR�GRSLQJ� WKHSURFHVV� RI� UDGLDWLYH� UHOHDVH� RI� HQHUJ\� EH�FRPHV�TXLWH�GLIIHUHQW��7KHUH�DSSHDUV�DQ�LQ�WHQVLYH�SHDN�DW�����&�ZLWK�WKH�OXPLQHVFHQFHDW� ���� QP�� &RORXU� FHQWUHV� DUH� WKHUPDOO\VWDEOH�DQG��UHYHDOHG�LQ�WKH�DEVRUSWLRQ�VSHF�WUXP� HYHQ� DIWHU� DQQHDOLQJ� XS� WR� ����&�� ,WVKRXOG� EH� QRWHG� WKDW� LQ� WKH� K\GURO\VHG

)LJ�����2SWLFDO�DEVRUSWLRQ�RI�[�UD\�LUUDGLDWHG.0J)� �D�� DQG� /L%D)� �E�� FU\VWDOV�� 'RVH����*\�� ,QVHWV�� LQGXFHG�DEVRUSWLRQ� LQ� LQLWLDO����DQG�DQQHDOHG�DW�����&����K�����FU\VWDOV�
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.0J)� HQHUJ\� VWRUDJH� SURFHVV� WDNHV� SODFHQRW�RQO\�XQGHU�LRQL]LQJ�LUUDGLDWLRQ�EXW�DOVRDW� 89�H[SRVXUH� >�@�� &R�GRSLQJ� E\� R[\JHQDQG�HXURSLXP�OHDGV�WR�LQFUHDVH�RI�89�VHQVL�WLYLW\� HYHQ� WR� D�KLJKHU� H[WHQW� DV� FRPSDUHGWR�K\GURO\VLV��7KH�SUHVHQWHG� UHVXOWV� WHVWLI\� WR� WKH� IDFWWKDW� LQ� WHUQDU\� IOXRULGHV� �/L%D)��� .0J)��WKH� LQWHUDFWLRQ� RI� FU\VWDOV� ZLWK� DLU� FRPSR�QHQWV� OHDGV� WR� WKH� YDULDWLRQ� RI� GRVLPHWULFFKDUDFWHULVWLFV� RI� WKH� PDWHULDO�� DSSHDUDQFHRI� QHZ� 76/� SHDNV�� ULVH� RI� HQHUJ\� VWRUDJHHIILFLHQF\��UHGLVWULEXWLRQ�RI�HQHUJ\�EHWZHHQGLIIHUHQW�WUDSV��7KHVH�FKDQJHV�DUH� LQLWLDWHGE\�WKH�SURFHVV�RI�DLU�FRPSRQHQWV��GLIIXVLRQLQWR� WKH� FU\VWDO�� $W� KLJK� WHPSHUDWXUHV� LQDLU� DQ� HIILFLHQW� K\GURO\VLV� RI� WKH� IOXRURS�HURYVNLWH�VXUIDFH�WDNHV�SODFH��,W�EHFRPHV�DS�SDUHQW� LQ� WKH� HPHUJHQFH� RI� DGGLWLRQDO� DE�VRUSWLRQ� EDQGV� LQ� WKH� ,5� DQG� 89� UHJLRQV�7KH�FORVHQHVV�RI� WKH� LQGXFHG�E\�S\URK\GUR�O\VLV� DEVRUSWLRQ� DQG� WKHUPROXPLQHVFHQFHSURSHUWLHV� WR� WKRVH� IRUPHG� GXH� WR� R[\JHQGRSLQJ�DOORZV� WR�DVVXPH�WKDW� LW� LV� MXVW�2�±LRQV�SOD\�WKH�GHFLVLYH�UROH�LQ�WKH�IRUPDWLRQRI�DGGLWLRQDO�DEVRUSWLRQ�FHQWUHV�DQG�IOXRUHV�FHQFH� DV� ZHOO� DV� GHHS� WUDSSLQJ� OHYHOV� DQGFHQWUHV�RI�UDGLDWLYH�UHFRPELQDWLRQ��([FLWDWLRQ� RI� WKH� K\GURO\VHG� RU� R[\JHQGRSHG� FU\VWDOV� DW� ���Ü���� QP� VWLPXODWHV�EOXH�� OXPLQHVFHQFH� ����Ü���� QP�� UHODWHGWR�2�± LRQV�>�Ü�@��$QDORJRXV�SURFHVVHV�WDNHSODFH� LQ� WKH� GHVFULEHG� H[SHULPHQWV� WRR�� ,WVKRXOG�EH�QRWHG�WKDW�UHPRYDO�RI�WKH�VXUIDFHOD\HU�IURP�WKH�K\GURO\VHG�VDPSOHV�GRHV�QRW

HOLPLQDWH� FRPSOHWHO\� WKH� VSVLILF� DEVRUSWLRQDQG�WKHUPROXPLQHVFHQFH��7KLV�SRLQWV�WR�WKHIDFW� WKDW� �WKH� VDPH� ZD\� DV� LQ�/L) FU\VWDOV>�@��SURGXFWV�RI�S\URK\GURO\VLV�DQG�ILUVW�RIDOO�2�± LRQV� ZKLFK� DUH� IRUPHG� RQ� WKH� VXU�IDFH� RI� IOXRURSHURYVNLWHV� GLIIXVH� LQWR� WKHODWWLFH�YROXPH�GXULQJ�DQQHDOLQJ�����2QH�PRUH�HIIHFW�FRQQHFWHG�ZLWK�WKH�SUHV�HQFH�RI�2�Ü LRQV�LQ�.0J)� FU\VWDOV�LV�IRUPD�WLRQ� RI� GHHS� FDUULHU� WUDSV�� $� SRVVLELOLW\� RIPDNLQJ� VXSHU� KLJK� WHPSHUDWXUH� 76/� GR�VLPHWHUV� EDVHG� RQ� VXFK� FU\VWDOV� ZDV� PHQ�WLRQHG� HOVHZKHUH� >�@�� 7KH� KLJKHVW� HQHUJ\VWRUH�HIILFLHQF\�FRXOG�EH�SURYLGHG�E\�VLPXO�WDQHRXV� GRSLQJ� ZLWK� R[\JHQ� DQG� (X�� �UD�GLDWLYH� I�I� WUDQVLWLRQ� LQ� (X�� LV� QRWTXHQFKHG�XS�WR����Å&��2EWDLQHG� UHVXOWV� VKRZ� WKDW� WKH�SUREOHPVRI� HQHUJ\� VWRUDJH� LQVWDELOLW\� LQ� IOXRURS�HURYVNLWHV�FDQ�EH�VXUPRXQWHG��6WDELOL]DWLRQRI�WKH�KLJK�WHPSHUDWXUH�76/�SHDNV��SDUDPH�WHUV�FDQ�EH�DFKLHYHG�E\�PHDQV�RI�SXUSRVHIXOSUHOLPLQDU\�GRSLQJ�RI�FU\VWDOV�ZLWK�R[\JHQLRQV�� 6WDELOLW\� RI� KLJK� WHPSHUDWXUH� 76/SHDNV� LQ� .0J)��(X�2� DW� WKHLU� KLJK� WHP�SHUDWXUH� DQQHDOLQJ� LQ� DLU� PHDQV� WKDW� WKHDGGLWLRQDO�QXPEHU�RI�R[\JHQ�LRQV�WKDW�KDV�DVLJQLILFDQW�HIIHFW�RQ�HQHUJ\�VWRUDJH�LQ�SXUHFU\VWDOV� LV� LQVLJQLILFDQW� IRU� WKH� GRSHG�(X�2� SHURYVNLWHV�� 7KH� VLPLODU� HIIHFW� ZDVDOVR�REVHUYHG�IRU�/L%D)� FU\VWDOV�FRQWDLQLQJ0J�� DQG�2�± LRQV�>�@�7KH� HQHUJ\� VWRUDJH� HIIHFW� DW� 89�H[SR�VXUH� LV� RI� SDUWLFXODU� LQWHUHVW�� WKLV� HIIHFWZDV� IRXQG� LQ� K\GURO\VHG�.0J)� DV� ZHOO� DVLQ�.0J)��(X�2� FU\VWDOV��%HVLGHV��76/�DIWHU89�LUUDGLDWLRQ�ZDV�UHFHQWO\�GHWHFWHG� LQ�K\�GURO\VHG�/L&D$O)��&H FU\VWDOV�>�@��$V�LW�ZDVPHQWLRQHG�DERYH�WKH�VLPLODU�HIIHFW�LV�NQRZQIRU��&D)� DQG�0J)� EDVHG�GRVLPHWHUV�>����@�7R� XQGHUVWDQG� WKH� QDWXUH� RI� SKHQRPHQRQWKH� IXUWKHU� LQYHVWLJDWLRQV� DUH� UHTXLUHG�+RZHYHU�� HYHQ�QRZ� LW� FDQ� EH� DVVXPHG� WKDWUHVSRQVLEOH�IRU�WKH�VDLG�HIIHFW�DUH�WKH�SURG�XFWV� RI� S\URK\GURO\VLV�� ILUVW� RI� DOO�� 2�±LRQV�� DQG� SRVVLEO\� +± RQHV�� ZKLFK� FUHDWHWUDSSLQJ� DQG� UDGLDWLYH� UHFRPELQDWLRQ� FHQ�WUHV� LQ� WKH� VXEVXUIDFH� OD\HUV� RI� IOXRULGHFU\VWDOV�7KH�VWXG\LQJ�RI�GHHS�WUDSV�IRUPDWLRQ� LQDQQHDOHG� LQ� DLU� .0J)� DQG� /L%D)�SHURYVNLWHV� DOORZ� IRUPXODWLQJ� VHYHUDO� EDVLFFRQFOXVLRQV�� $IWHU� WKHUPDO� WUHDWPHQW� WKHUHDSSHDUV� DQ� DGGLWLRQDO� DEVRUSWLRQ� LQ� ,5� DQG89�UHJLRQ�DQG�OXPLQHVFHQFH�FRQQHFWHG�ZLWK2�± FHQWUHV�� 'HVWUXFWLRQ� RI� FRORXU� FHQWUHVGXULQJ�WKH�WKHUPDO�DFWLYDWLRQ�SURFHVV�LV�DF�FRPSDQLHG�E\�LQWHQVLYH�UHFRPELQDWLRQ�OXPL�QHVFHQFH�ZKLFK�LV�PDQLIHVWHG�LQ�WKH�IRUP�RI

)LJ����� 7KHUPRVWLPXODWHG� OXPLQHVFHQFH� RI[�UD\� LUUDGLDWHG� .0J)��� XQGRSHG� LQLWLDO� ���DQG�K\GURO\VHG� ����(X�2� GRSHG� ���� FU\VWDOV�,QVHWV��7/�VSHFWUD�RI�KLJK�WHPSHUDWXUH�SHDNV�
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KLJK�WHPSHUDWXUH�JORZ�FXUYH�SHDNV��76/�LQ�VWDELOLW\� LV� H[SODLQHG� E\� S\URK\GURO\VLV� RIWKH�FU\VWDO� VXUIDFH�DQG�GLIIXVLRQ�RI� WKH�UH�DFWLRQ� SURGXFWV� �PDLQO\� R[\JHQ�� LQWR� WKHYROXPH�� 7KH� IRUPHG� GHIHFWV� VWLSXODWH� GHHSWUDSSLQJ�OHYHOV�RI�FKDUJH�FDUULHUV�DQG�UDGLD�WLYH�UHFRPELQDWLRQ�FHQWUHV��3XUSRVHIXO�GRS�LQJ�RI� FU\VWDOV�ZLWK�R[\JHQ�DOORZV� VWDELOL]�LQJ� WKH�GRVLPHWULF�SDUDPHWHUV� RI� WUDSV�DQGPDNLQJ� WKHP� LQGHSHQGHQW� RQ� WKH�DQQHDOLQJDWPRVSKHUH�� 7KH� K\GURO\VHG� FU\VWDOV� ZHUHIRXQG� WR� EH� DEOH� WR� VWRUH� HQHUJ\�XQGHU� WKH89�UDGLDWLRQ� 5HIHUHQFHV���,�9�6PXVKNRY��0�6�6KDNKQRYLFK��1HRUJ��0DWHU������������������
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