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,72� OD\HUV� RQ� LQGXVWULDO� SRO\LPLGH� ILOPV� LQWHQGHG� IRU� KLJK� HIILFLHQF\� IOH[LEOH� &G7HVRODU� FHOOV�KDYH�EHHQ�REWDLQHG� IRU� WKH� ILUVW� WLPH��7KH�DLU�DQQHDOHG� ,72�ILOPV�REWDLQHG�DWWKH� PDJQHWURQ� SRZHU� RI� ����� P:�FP��� R[\JHQ� SDUWLDO� SUHVVXUH� LQ� WKH� DUJRQ�R[\JHQPL[WXUH������YRO����DQG�WKH�GHSRVLWLRQ�WHPSHUDWXUH�����&�VKRZ�WKH�VXUIDFH�UHVLVWDQFH�RI���2KP���� ,Q�WKH�SKRWRVHQVLWLYLW\�UHJLRQ�RI� WKH�&G6�&G7H�VRODU�FHOOV��WKH�DYHUDJH�WUDQV�PLVVLRQ�FRHIILFLHQW�RI�WKH�,72�SRO\LPLGH�V\VWHP�KDV�EHHQ�IRXQG�WR�EH������
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7KH� ,72� �VROLG� VROXWLRQ�RI� WLQ� LQ� LQGLXPR[LGH��OD\HUV�DUH�XVHG�ZLGHO\�DV�WUDQVSDUHQWHOHFWURGHV� �ZLGH�EDQG� �ZLQGRZV��� LQ� &G7HILOP�VRODU�FHOOV��6&��>�@��8VLQJ�QRQ�UHDFWLYHPDJQHWURQ� VSXWWHULQJ�� ZH� KDYH� REWDLQHG,72� OD\HUV� H[KLELWLQJ� WKH� RSWLPXP� RSWLFDODQG�HOHFWULF�SDUDPHWHUV�LQ�WKH�&G7H 6&��>�@�5HFHQWO\�� WKH� IOH[LEOH�&G7H VRODU� FHOOV� DUHXQGHU�LQWHQVLYH�GHYHORSPHQW��VHH��H�J���>�@��,Q�VXFK�6&�W\SH��WKH�PDVV�LV�UHGXFHG�FRQVLG�HUDEO\� GXH� WR� UHSODFHPHQW� RI� JODVV� VXEVWUDWHE\� WKLQ� SRO\LPLGH� ILOP� ZKHUHRQ� WKH� GHYLFHVWUXFWXUH� ,72�&G6�&G7H LV� WKHQ� IRUPHG�7KLV�SULQFLSOH�PDNHV�LW�SRVVLEOH�WR�DWWDLQ�DQHOHFWULF� RXWSXW� SHU� XQLW�PDVV� H[FHHGLQJ� E\VHYHUDO� WLPHV� WKDW� REWDLQDEOH� LQ� WUDGLWLRQDO6&�EDVHG�RQ�VLOLFRQ�VLQJOH�FU\VWDOV��7KH�GH�YHORSPHQW�RI�SURFHGXUH�SURYLGLQJ�WKH�WUDQV�SDUHQW� FRQGXFWLYH� ,72� OD\HUV� RQ� SRO\LPLGHILOPV�LV�DPRQJ�LPSRUWDQW�VWDJHV�LQ�FUHDWLRQRI�KLJK�HIILFLHQF\�IOH[LEOH�&G7H VRODU�FHOOV�+HQFH��WKLV�ZRUN�ZDV�DLPHG�DW�WKH�VWXG\�RIFU\VWDOOLQH� VWUXFWXUH�� RSWLFDO� DQG� HOHFWULFDOSURSHUWLHV� RI� ,72� OD\HUV� IRUPHG� E\� QRQ�UH�

DFWLYH�KLJK�IUHTXHQF\�PDJQHWURQ�VSXWWHULQJRQ� SRO\LPLGH� ILOPV� LQWHQGHG� IRU� ZLGH�EDQG�ZLQGRZV��RI�IOH[LEOH�&G7H 6&�7KH� ,72� OD\HUV�ZHUH�GHSRVLWHG�RQWR���WR���µP� WKLFN� SRO\LPLGH� ILOPV� �SURGXFHG� E\8SLOH[�� XVLQJ� QRQ�UHDFWLYH� KLJK�IUHTXHQF\PDJQHWURQ�VSXWWHULQJ�DFFRUGLQJ�WR�WKH�SUR�FHGXUH�GHVFULEHG�LQ�>�@��7KH�R[\JHQ�FRQFHQ�WUDWLRQ� LQ� DUJRQ�R[\JHQ� PL[WXUH� ZDV� ���YRO��� WKH� PDJQHWURQ� VSHFLILF� SRZHU� ZDV�����P:�FP��� 7KHVH� FRQGLWLRQV� RI� WKHPDJQHWURQ�VSXWWHULQJ�ZHUH�LGHQWLILHG�EHIRUHDV� WKRVH� SURYLGLQJ� WKH� GHSRVLWLRQ� RI� ,72OD\HUV� ZLWK� RSWLPXP� RSWLFDO� DQG� HOHFWULFDOSURSHUWLHV� RQWR� JODVV� VXEVWUDWHV� >�@�� 7KHVXEVWUDWH� WHPSHUDWXUH� ZDV� YDULHG� IURP� ��WR�����&��WKH�XSSHU�WHPSHUDWXUH�OLPLW�EHLQJGHILQHG� E\� WKH� SRO\LPLGH� ILOP� WHPSHUDWXUHUHVLVWDQFH�7KH� FU\VWDOOLQH� VWUXFWXUH� RI� WKH� SRO\�LPLGH� ILOPV� DQG� ,72� OD\HUV�ZDV� VWXGLHG� E\;�UD\�GLIIUDFWLRQ��7KH�VDPSOHV�ZHUH�LPDJHGLQ�&X DQRGH�HPLVVLRQ��7KH�SUHGRPLQDQW�RUL�HQWDWLRQ� H[WHQW� RI� ,72� OD\HUV�ZDV� DQDO\]HG
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TXDQWLWDWLYHO\�E\�SURFHVVLQJ�WKH�H[SHULPHQ�WDO�GLIIUDFWLRQ�PD[LPD�XVLQJ�WKH�WH[WXUH�FR�HIILFLHQW��&L >�@�
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ZKHUH� ,L LV� WKH� L�WK� SHDN� LQWHQVLW\��,RL�� WKHL�WK� SHDN� LQWHQVLW\� DFFRUGLQJ� WR� WKH� $670WDEOH��1�� WKH� QXPEHU� RI� WKH� IRXQG� GLIIUDF�WLRQ� PD[LPD� �WKH� UHIOHFWLRQV� FRUUHVSRQGLQJWR�PXOWLSOH�LQGLFHV�DUH�QHJOHFWHG���7R� FRPSDUH� WKH� SUHGRPLQDQW� RULHQWDWLRQH[WHQW� RI� GLIIHUHQW� VDPSOHV�� WKH�* SDUDPH�WHU�>�@�ZDV�FDOFXODWHG�DV
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1
− �)��� ���

7KH� VXUIDFH� UHVLVWDQFH� �5��� RI� WKH� ,72OD\HUV� ZDV� VWXGLHG� XVLQJ� WKH� IRXU�SUREHWHFKQLTXH��7KH�FRQFHQWUDWLRQ��Q��DQG�PRELO�LW\� �µ�� RI�PDMRU� FKDUJH� FDUULHUV� LQ� WKH� ,72OD\HUV� ZHUH� GHWHUPLQHG� E\� H�P�I�� PHWKRG�7KH� VSHFWUDO� GHSHQGHQFHV� RI� WUDQVPLVVLRQFRHIILFLHQWV�ZHUH�VWXGLHG�XVLQJ�WZR�FKDQQHOWHFKQLTXH� LQ� WKH� ���� WR� ����� QP� UDQJH�6LQFH� WKH� VRODU� FHOO� HIILFLHQF\� LV� LQIOXHQFHGFRQVLGHUDEO\� E\� WKH� QXPEHU� RI� SKRWRQV� DW�WDLQLQJ� WKH�EDVLF� OD\HU�� WKH�PHDQ�WUDQVPLV�VLRQ� FRHIILFLHQW�7������� ZDV� GHWHUPLQHG� LQWKH����Ü����QP�VSHFWUDO�UDQJH�FRUUHVSRQG�LQJ� WR� WKH� SKRWRVHQVLWLYLW\� UHJLRQ� RI� WKH&G6�&G7H 6&�>�@�7KH�HIIHFW�RI�WKH�GHSRVLWLRQ�WHPSHUDWXUHRQ� WKH� RSWLFDO� DQG� HOHFWULFDO� SURSHUWLHV� RIWKH�,72�SRO\LPLGH�V\VWHP�REWDLQHG�E\�PDJ�QHWURQ�VSXWWHULQJ�RI�,72�RQ�GLHOHFWULF�SRO\�LPLGH� ILOPV�ZDV� VWXGLHG�� 7KH�;�UD\� H[DPL�QDWLRQ�RI�WKH�SRO\LPLGH�ILOPV�HYLGHQFHV�WKHDPRUSKRXV� VWUXFWXUH� WKHUHRI� �)LJ���D��� 7KHSKDVH�FRPSRVLWLRQ�DQDO\VLV�RI�WKH�GHSRVLWHG,72�OD\HUV��VHH��H�J���)LJ���E���F��VKRZV�WKDWZLWKLQ� WKH� VWXGLHG� UDQJH� RI� WKH� GHSRVLWLRQWHPSHUDWXUH� 7V ���� WR� ����&��� WKH� OD\HUV

KDYH� FXELF� VWUXFWXUH� DQG� DUH� RULHQWHG� SUH�GRPLQDQWO\� LQ� WKH� ������ GLUHFWLRQ�� $FFRUG�LQJ� WR� >�@�� WKH� SUHGRPLQDQW� RULHQWDWLRQ� RIDQ� ,72� ILOP� LV� FKDUDFWHUL]HG� E\� TXDOLWDWLYHLQGH[� EHLQJ� WKH� ,������,����� UDWLR�� $FFRUG�LQJ� WR� ,Q�2� SKDVH� KDYLQJ� QR� SUHGRPLQDQWRULHQWDWLRQ�� WKLV� UDWLR� LV�������DFFRUGLQJ�WR
7DEOH����4XDQWLWDWLYH�DQDO\VLV�RI�WKH�SUHGRPLQDQW�RULHQWDWLRQ�H[WHQW�RI�,72�OD\HUV�

7V���& &L σ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
DIWHU�VXEVHTXHQW�DQQHDO�LQ�DLU������&�����PLQ��

)LJ����� &U\VWDOOLQH� VWUXFWXUH� RI� ,72�SRO\�LPLGH� KHWHURV\VWHPV�� ;5'� SDWWHUQV� RI� SRO\�LPLGH� ILOP� �D��� ,72� OD\HU� GHSRVLWHG� DW� 7V  ���&��E��DQG�DW�7V  �����&��F��
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$670� GDWD� >�@�� $V� WR� WKH� ILOPV� XQGHUVWXG\�� DV� WKH� GHSRVLWLRQ� WHPSHUDWXUH� ULVHV�WKLV�UDWLR�GHFUHDVHV�IURP������WKH�,72�ILOPVGHSRVLWHG� RQWR� XQKHDWHG� VXEVWUDWH�� WR� ����DW� 7V  �����&��� 7KH� TXDQWLWDWLYH� DQDO\VLVVKRZV� WKDW� DV� WKH� VXEVWUDWH� WHPSHUDWXUHULVHV�� WKH� SUHGRPLQDQW� RULHQWDWLRQ� H[WHQWLQFUHDVHV� IURP�*  ������ �7V  ����&�� WR�*  ������7V  �����&���VHH�7DEOH����6WXGLHV� RI� RSWLFDO� DQG� HOHFWULFDO� SURSHU�WLHV� RI� ,72� ILOPV� �VHH� 7DEOH���� HYLGHQFHVWKDW� DV� WKH� VXEVWUDWH� WHPSHUDWXUH� ULVHVIRUP����WR�����&��WKH�VXUIDFH�HOHFWULF�UHVLV�WDQFH� GHFUHDVHV�PRQRWRQRXVO\� IURP������ WR����2KP���� 7KH� +DOO� H�P�I�� VWXG\� KDVVKRZQ� WKDW� WKH� UHGXFWLRQ� RI� WKH� ,72� OD\HUVXUIDFH� HOHFWULF� UHVLVWDQFH� LV� GXH� WR� WKH� LQ�FUHDVH�RI� WKH�PDMRU�FKDUJH�FDUULHU�PRELOLW\IURP� µ  ������FP���9⋅V�� �7V  ����&�� WR� µ  �����FP���9⋅V���7V  �����&��ZKLOH�WKH�PDMRUFKDUJH�FDUULHU�FRQFHQWUDWLRQ�UHPDLQV�HVVHQ�WLDOO\� FRQVWDQW�� Q  ������ WR� ����⋅���� FPÜ��6LPLODU� GHSHQGHQFHV� ZHUH� REVHUYHG� EHIRUHIRU� ,72� ILOPV� RQ� JODVV� VXEVWUDWHV� >�@�� 7KHPRELOLW\� LQFUHDVH� DW� ULVLQJ� GHSRVLWLRQ� WHP�SHUDWXUH�LV�DVFULEHG�XVXDOO\�WR�UHGXFHG�FDU�ULHU� VFDWWHULQJ� DW� WKH� JUDLQ� ERXQGDU\� VXU�IDFH�DV�WKH�OD\HU�SUHGRPLQDQW�RULHQWDWLRQ�LVHQKDQFHG� �VHH�� H�J��� >�@�� WKDW� ZH� KDYH� RE�VHUYHG�LQ�H[SHULPHQW�,Q� WKH� ZDYHOHQJWK� UDQJH� RI� ���� WR���� QP�� WKH�PHDQ� WUDQVPLVVLRQ� FRHIILFLHQWRI� WKH� ,72�SRO\LPLGH� V\VWHPV� REWDLQHG� LQWKH� ��� WR� ����&� GHSRVLWLRQ� WHPSHUDWXUHUDQJH� ZDV� YDULHG� IURP� ����� WR� ����� ��7DEOH����� 7KH� FRPSDULVRQ� RI� WKH� VSHFWUDOGHSHQGHQFHV� RI� WUDQVPLVVLRQ� FRHIILFLHQW� IRUWKH�,72�JODVV�DQG�,72�SRO\LPLGH�KHWHURV\V�WHPV��)LJ���D��FXUYHV���DQG����HYLGHQFH�WKDWIRU� WKH� ,72�SRO\LPLGH� V\VWHP�� WKH�7�������LV� ORZHU�� 7KLV� LV� GXH� WR� WKH� ORZHUHG� WUDQ�VSDUHQFH� RI� SRO\LPLGH� ILOP� DV� FRPSDUHG� WRJODVV�� 7KH� H[SHULPHQWDO� GLIIHUHQFH� LQ� WKHDEVRUSWLRQ� HGJH� EHWZHHQ� WKH� ,72�JODVV� DQG,72�SRO\LPLGH� KHWHURV\VWHPV� LV� GXH� WR� WKH

GLIIHUHQFH�EHWZHHQ�WKH�SRO\LPLGH�ILOP�DQG�WKHJODVV�VXEVWUDWH��)LJ���E��FXUYHV���DQG����7KH� FU\VWDOOLQH� VWUXFWXUH� DQG� RSWL�FDO�HOHFWULFDO� SURSHUWLHV� RI� WKH� ,72� OD\HUPD\� XQGHUJR� FKDQJHV� GXULQJ� WKH� IXUWKHUKLJK�WHPSHUDWXUH� WUHDWPHQW� RI� WKH,72�&G6�&G7H 6&�GHYLFH�VWUXFWXUH��2XU�LQ�YHVWLJDWLRQ�RI�,72�OD\HUV�RQ�JODVV�VXEVWUDWHV>�@�KDV� VKRZQ�WKDW� WKH�HOHFWULFDO�SURSHUWLHVRI� WKH� ZLGH�EDQG� �ZLQGRZV�� RQ� JODVV� VXE�VWUDWHV� DUH� DIIHFWHG� PRVW� FRQVLGHUDEO\� GXHWR� WKH� �FKORULGH�� WUHDWPHQW��7KH� WUHDWPHQWFRQVLVWV� LQ� IRUPDWLRQ� RI� FDGPLXP� FKORULGHILOP� RQWR� WKH� EDVLF� OD\HU� VXUIDFH� IROORZHGE\� WKH� KHWHURV\VWHP� DQQHDOLQJ� LQ� DLU� DW����&�IRU����PLQ�>�@��,Q�>�@��WKH��FKORULGH�

)LJ����� 2SWLFDO� SURSHUWLHV� RI� ,72�SRO\LPLGHDQG� ,72�JODVV� KHWHURV\VWHPV�� D�� 6SHFWUDO� GH�SHQGHQFHV� RI� WUDQVPLVVLRQ� FRHIILFLHQW� IRU,72�JODVV� ���� DQG� ,72�SRO\LPLGH�SULRU� WR� ���DQG�DIWHU�DQQHDO������E��6SHFWUDO�GHSHQGHQFHVRI�WUDQVPLVVLRQ�FRHIILFLHQW�IRU�JODVV�VXEVWUDWH����DQG�SRO\LPLGH�ILOP�����

7DEOH����(IIHFW�RI�WKH�GHSRVLWLRQ�WHPSHUDWXUH�RQ�RSWLFDO�DQG�HOHFWULFDO�SURSHUWLHV�RI�,72 OD\HUV
7V���& W��µP 7��������� 5���2KP�� ρ�����2KP⋅FP Q⋅������FPÜ� µ��FP���9⋅V���� ���� ���� ���� ��� ��� ������� ���� ���� ���� ��� ��� �������� ���� ���� ���� ��� ��� ������� ���� ���� ��� ��� ��� �������� ���� ���� ��� ��� ��� ������� ���� ���� ��� ��� ��� �������� ���� ���� ��� ��� ��� ����
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WUHDWPHQW�ZDV�PRGHOHG� E\� DLU� DQQHDOLQJ� RI,72� ILOPV� RQ� JODVV� VXEVWUDWHV�� 7KHUHIRUH�WKH�VLPLODU�DSSURDFK�ZDV�XVHG�LQ�WKLV�ZRUN�7R�VWXG\�WKH�VWUXFWXUH��RSWLFDO�DQG�HOHF�WULFDO�SURSHUWLHV�RI�,72�OD\HUV�LQ�WKH�GHYLFHVWUXFWXUH�RI�IOH[LEOH�&G7H 6&��WKH�,72�OD\�HUV� GHSRVLWHG� DW� GLIIHUHQW� VXEVWUDWH� WHP�SHUDWXUHV�ZHUH�DQQHDOHG�LQ�DLU�DW�����&�IRU��� PLQ�� 7KH� FRPSDUDWLYH� VWUXFWXUH� H[DPL�QDWLRQV� RI� DQQHDOHG� DQG� XQDQQHDOHG� ILOPV�)LJV����� ��� HYLGHQFH� WKDW� WKH� DLU� DQQHDOLQJUHVXOWV�LQ�DQ�LQFUHDVHG�SUHGRPLQDQW�RULHQWD�WLRQ�RI�WKH�,72�OD\HUV�LQ�WKH�������GLUHFWLRQ�6R�� IRU� WKH� OD\HUV� GHSRVLWHG� RQ� XQKHDWHGVXEVWUDWH�� WKH� ,������,����� UDWLR� LV� UHGXFHGIURP� ���� WR� ����� ZKLOH� IRU� WKRVH� GHSRVLWHGDW�����&��IURP�����WR������7KH�TXDQWLWDWLYHDQDO\VLV� RI� WKH� SUHGRPLQDQW� RULHQWDWLRQVKRZV�WKDW�WKH�DQQHDOLQJ�FDXVHV�DQ�LQFUHDVHWKHUHRI� IURP� *  ������ WR� *  ������ IRU7V  ����&� DQG� IURP� *  ������ WR� *  �����IRU�7V  �����&� �VHH� 7DEOH����� 7KXV�� D�PRUHVXEVWDQWLDO� SRVW�DQQHDOLQJ� FKDQJHV� LQ� WKHFU\VWDOOLQH�VWUXFWXUH�DUH�W\SLFDO�RI�,72�OD\�HUV� REWDLQHG� DW� ORZHU� GHSRVLWLRQ� WHPSHUD�WXUHV��7KH�DLU�KHDW�WUHDWPHQW�ZDV�VKRZQ�WRFDXVH�DQ�LQVLJQLILFDQW�LQFUHDVH�LQ�WKH�WUDQV�PLVVLRQ� FRHIILFLHQW�� ZKLOH� WKH� VXUIDFH� HOHF�WULF� UHVLVWDQFH� LQFUHDVHV� PRUH� FRQVLGHUDEO\�VHH� )LJ���D� DQG� 7DEOH����� 7KH� +DOO� H�P�I�VWXGLHV�VKRZ�WKDW� WKH�5" LQFUHDVH� LV�GXH�WRD�UHGXFHG�FRQFHQWUDWLRQ�RI�WKH�PDMRU�FKDUJHFDUULHUV�ZKLOH�WKH�PRELOLW\�WKHUHRI�LQFUHDVHVWR�D�OHVVHU�H[WHQW��6R��IRU�,72�OD\HUV�GHSRV�LWHG�RQWR�XQKHDWHG�VXEVWUDWH��WKH�DLU�DQQHDOUHVXOWV�LQ�D���WLPHV�UHGXFWLRQ�LQ�WKH�FKDUJHFDUULHU� FRQFHQWUDWLRQ�� IURP� ���⋅���� WR���⋅���� FPÜ��� ZKLOH� WKH� PRELOLW\� WKHUHRILQFUHDVHV�WKULFH��IURP�������DW�7V  ����&��WR�����FP���9⋅V��� $� TXDOLWDWLYHO\� VLPLODU� GH�SHQGHQFH� ZDV� REVHUYHG� EHIRUH� >�@� IRU� ,72OD\HUV�RQ�JODVV�VXEVWUDWHV��:H�VXSSRVH�WKDWWKH� UHGXFWLRQ� RI� WKH� PDMRU� FKDUJH� FDUULHUFRQFHQWUDWLRQ� LV� GXH� WR� R[LGDWLRQ� RI� WKH

GRSLQJ�LPSXULW\�DQG�WKH�LQFUHDVH�RI�WKH�PR�ELOLW\� WKHUHRI� LV�DVVRFLDWHG�ZLWK�WKH�H[SHUL�PHQWDOO\�IRXQG�LQFUHDVHG�H[WHQW�RI�WKH�SUH�GRPLQDQW� RULHQWDWLRQ� RI� WKH� DQQHDOHG� ,72OD\HUV� LQ� WKH� ������ GLUHFWLRQ��2QO\� WKH� ,72OD\HUV�GHSRVLWHG�DW�����&��ZKHQ�DQQHDOHG�LQDLU��KDYH�EHHQ�IRXQG�WR�KDYH�HOHFWULFDO�FKDU�DFWHULVWLFV� VXLWDEOH� IRU� WKH� XVH� WKHUHRI� LQKLJK� HIILFLHQF\�&G7H 6&� �WKH� VXUIDFH� UHVLV�WDQFH�EHLQJ����2KP�����7KH�PHDQ�WUDQVPLV�VLRQ� FRHIILFLHQW� RI� WKH� ,72�SRO\LPLGH� KHW�HURV\VWHPV� LQ� WKH� ZDYHOHQJWK� UDQJH� FRUUH�VSRQGLQJ� WKH� &G7H 6&� SKRWRVHQVLWLYLW\UHJLRQ�DPRXQWV������7KXV�� WUDQVSDUHQW� DQG� FRQGXFWLQJ� ,72OD\HUV�KDYH�EHHQ�REWDLQHG�RQ�DW�PRVW����µPWKLFN�8SLOH[�SRO\LPLGH�ILOPV�XVLQJ�WKH�QRQ�

)LJ����� (IIHFW� RI� WKH� DLU� DQQHDO� RQ� FU\VWDOOLQHVWUXFWXUH� RI� ,72� OD\HUV� GHSRVLWHG� DW� GLIIHUHQWVXEVWUDWH�WHPSHUDWXUHV���&�������D��DQG������E��

7DEOH����(IIHFW�RI� WKH�DLU�DQQHDO�RQ�RSWLFDO�DQG�HOHFWULFDO�SURSHUWLHV�RI� ,72� OD\HUV�GHSRVLWHG�DWGLIIHUHQW�VXEVWUDWH�WHPSHUDWXUHV
7V���& W��µP 7��������� 5���2KP�� ρ⋅�����2KP⋅FP Q⋅������FPÜ� µ��FP���9⋅V��� ���� ���� ���� ���� ��� ������� ���� ���� ���� ���� ��� ������� ���� ���� ���� ���� ��� ������� ���� ���� ���� ���� ��� ������� ���� ���� ���� ��� ��� ������� ���� ���� ���� ��� ��� ������� ���� ���� ���� ��� ��� ����
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UHDFWLYH� KLJK�IUHTXHQF\�PDJQHWURQ� VSXWWHU�LQJ��7KH�,72�ILOPV�GHSRVLWHG�DW�WKH�PDJQH�WURQ� SRZHU� RI� �����P:�FP��� R[\JHQ� SDU�WLDO� SUHVVXUH� LQ� WKH� DUJRQ�R[\JHQ� PL[WXUH���� �YRO���� DQG� WKH�GHSRVLWLRQ� WHPSHUDWXUH����&�VKRZ�WKH�PLQLPXP�VXUIDFH�UHVLVWDQFHRI�����2KP����7KH� WUDQVPLVVLRQ� FRHIILFLHQWRI� WKH� ,72�SRO\LPLGH� KHWHURV\VWHPV� LQ� WKH����WR�����ZDYHOHQJWK�UDQJH�FRUUHVSRQGLQJWKH� &G7H 6&� SKRWRVHQVLWLYLW\� UHJLRQDPRXQWV���������$IWHU� DQQHDOLQJ� LQ�DLU� DW����&�IRU����PLQ��WKDW�PRGHOV�WKH�HIIHFW�RIWKH� �FKORULGH�� WUHDWPHQW� �REOLJDWRU\� IRUSURGXFLQJ� WKH� KLJK� HIILFLHQF\� 6&�� RQ� WKH,72� OD\HU� SURSHUWLHV�� WKH� ODXHU� VXUIDFH� UH�VLVWDQFH� ULVHV� XS� WR� ��� 2KP�� DQG� WKHWUDQVPLVVLRQ� FRHIILFLHQW� XS� WR� ������ 6XFKHOHFWULFDO�RSWLFDO� FKDUDFWHULVWLFV� RI� WKH� ,72OD\HU�SURYLGH�LWV�VXLWDELOLW\�WR�EH�XVHG�DV�DZLGH�EDQG� �ZLQGRZ�� LQ� WKH� KLJK�HIILFLHQWIOH[LEOH�&G7H�EDVHG�6&�

5HIHUHQFHV�����'�%RQQHW��,QW��-��RI�6RODU�(QHUJ\������������������*�6�.KU\SXQRY�� )XQFWLRQDO� 0DWHULDOV�� �����������������$�1�7LZDUL�� $�5RPHR�� '�%DHW]QHU�� +�=RJJ�3URJUHVV� LQ�3KRWRYROWDLFV�5HVHDUFK�DQG�$SSOL�FDWLRQ�������������������+�5�0RXWLQKR�� )�6�+DVRRQ�� )�$EXOIRWXK�1�.D]PHUVNL�� -��9DFXXP� 6FLHQFH� 7HFKQRORJ\$���������������������1�5RPHR�� $�%RVLR�� 5�7HGHVFKL�� 9�&DQHYDUL�LQ���QG�:RUG�&RQI��RQ�3KRWRYROWDLF�6RODU�(Q�HUJ\� &RQYHUVLRQ�� 3URF��RI� WKH� ,QW��&RQI��� 9L�HQQD��$XVWULD���������S��������&�*XLOOHQ��-�+HUUHUR��LQ��3URF��39�LQ�(XURSH�)URP� 39� 7HFKQRORJ\� WR� (QHUJ\� 6ROXWLRQ�5RPH��,WDO\���������S��������-&3'6�FDUG�QR������������1�%DODVXEUDPDQLDQ��$�6XEUDPDQ\DP��-��3K\V�'�$SSO��3K\V�� ������������������$�5RPHR��$�1�7LZDUL��+�=RJJ��LQ���QG�:RUG&RQI��RQ� 3KRWRYROWDLF� 6RODU� (QHUJ\� &RQYHU�VLRQ��3URF��RI� WKH� ,QW��&RQI���9LHQQD��$XVWULD��������S��������
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