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HQWHU�WKH�G SRVLWLRQV�ZKLFK�DW�WKH�FRPSRVL �WLRQ�)H�$O ZHUH�RFFXSLHG�DOPRVW�HQWLUHO\�E\LURQ� DWRPV�� ,Q� VORZO\� FRROHG� DOOR\V�� WKLVSURFHVV�FRQWLQXHV�� WKH�DOXPLQXP�RFFXSDQF\RI� WKH� E VLWHV� GHFUHDVLQJ� VORZO\� DV� DOXPL �QXP�DWRPV�FRQWLQXH�WR�UH�HQWHU�G VLWHV�XQWLODW����DW����$O WKH�WZR�SRVLWLRQV�DUH�HTXDOO\RFFXSLHG�7KH�UHVXOWLQJ�VWUXFWXUH�KDV�EHHQ�UHIHUUHGWR� DV� WKH� �SVHXGR�)H$O�� W\SH� RI� RUGHULQJ�DQG� LV� LQ�IDFW� WKH�&V&O W\SH�RI�VXSHUODWWLFHLQ�ZKLFK� WKH� RUGHULQJ� LV� LPSHUIHFW� EHFDXVHRI� ODFN�RI� VWRLFKLRPHWU\�� VLQFH� WKH� E DQG�GSRVLWLRQV�� LQ� DGGLWLRQ� WR� FRQWDLQLQJ� DOO� WKHDOXPLQXP� DWRPV�� PXVW� DOVR� DFFRPPRGDWHWKH�LURQ�DWRPV�UHPDLQLQJ�ZKHQ�WKH� D DQG�FSRVLWLRQV� DUH� IXOO\� RFFXSLHG�� )RU� DOOR\VTXHQFKHG� IURP�KLJKHU� WHPSHUDWXUHV�� LW� KDVEHHQ� IRXQG� WKDW� DOOR\V� ZLWK� FRPSRVLWLRQVH[FHHGLQJ�a���DW����$O UHWDLQ� WKH��SVHXGR�)H$O��RUGHUHG�VWUXFWXUH�XS�WR�WHPSHUDWXUHVQHDU� WKH�PHOWLQJ� SRLQW�� ,QWHUHVWLQJ� ODWWLFH�SDUDPHWHU� FKDQJHV� DVVRFLDWHG� ZLWK� WKH� RU �GHULQJ� RQVHW� LQ� WKLV� V\VWHP� DUH� REVHUYHG�8S� WR� a� ��� DW���� $O�� WKHUH� LV� DQ� DSSUR[L�PDWHO\�OLQHDU�ODWWLFH�SDUDPHWHU�YV��FRPSRVL �WLRQ� UHODWLRQVKLS�� WKH� LURQ� ODWWLFH� EHLQJ� H[ �SDQGHG�GXH� WR�DGGLWLRQ�RI�DOXPLQXP��)URPDERXW����XS�WR����DW���� $O�� WKH� ODWWLFH�SD�UDPHWHU�RI�VORZO\�FRROHG�DOOR\V��RU�RI�DOOR\VWKDW� KDYH� EHHQ� TXHQFKHG� DIWHU� D� ORZ�WHP �SHUDWXUH� DQQHDOLQJ� WUHDWPHQW�� VKRZV� YHU\OLWWOH� FKDQJH� ZLWK� FRPSRVLWLRQ�� WKHQ� GH �FUHDVHV�WR�D�PLQLPXP�DW�DERXW����DW���� $OEHIRUH� LQFUHDVLQJ� DJDLQ� LQ� D� QRUPDO� ZD\ZLWK�DGGLWLRQ�RI�DOXPLQXP��,W�LV�YHU\�OLNHO\WKDW� WKH� DOPRVW� FRQVWDQW� SDUDPHWHU� YDOXHVEHWZHHQ����DQG�a����DW����$O FRUUHVSRQG�WRD� WZR�SKDVH� ILHOG� RQ� HLWKHU� VLGH� RI� WKH� DO �PRVW�VWRLFKLRPHWULF�SKDVH� )H�$O UHJLRQ��7KLV� LQWHUSUHWDWLRQ� LV� VXSSRUWHG� E\� >�@ZKHUH� WKLQ�ILOP� HOHFWURQ� PLFURVFRS\� ZDVXVHG�SURYLGLQJ�D�FOHDU� HYLGHQFH� IRU� WKH� H[ �LVWHQFH� RI� WZR� SKDVHV� LQ� DOOR\V� FRQWDLQLQJMXVW� OHVV�WKDQ����DW����$O��)RU�VXFK�DOOR\V�HTXLOLEULXP�EHWZHHQ�DQ�α VROLG�VROXWLRQ�DQGWKH� DOPRVW� VWRLFKLRPHWULF� RUGHUHG� )H�$OSKDVH� DW� WHPSHUDWXUHV� EHORZ� a� ��� �&� KDVEHHQ�SURYHG��7KH�YHU\�VOLJKW�PLQLPXP�WKDWPD\� EH� SUHVHQW� LQ� WKH� SDUDPHWHU� YDOXHV� DWWKH� )H�$O FRPSRVLWLRQ� PD\� FRUUHVSRQG� WRSHUIHFW�RUGHULQJ�LQ�WKH�VLQJOH�SKDVH�DOOR\�DWWKLV� FRPSRVLWLRQ�� 7KH� PRUH� SURQRXQFHGPLQLPD�DW�a����DW����$O DQG�DW�a����DW���$O DUH�DVVRFLDWHG�ZLWK� WKH� IRUPDWLRQ�RI� WKHSVHXGR�)H$O W\SH� RI� RUGHULQJ�� DW� FRPSRVL �WLRQV�!����DW�����WKLV� W\SH�RI�RUGHULQJ�H[ �LVWV�DW�ORZ�DQG�KLJK�WHPSHUDWXUHV��EXW�LW�LVEHOLHYHG� WKDW� EHWZHHQ� ��� DQG� ��� DW���� $O�

WKHUH� LV� D� UDQGRP� VROLG� VROXWLRQ� DW� ���� �&DQG� WKH� RUGHULQJ� UHDFWLRQ� FDQ� RQO\� EH� SDU �WLDOO\�VXSSUHVVHG�E\�TXHQFKLQJ�>�@��7KH�DLPRI�WKLV�ZRUN�LV�WR�IROORZ�WKH�VWUXFWXUDO�HYR �OXWLRQV�HQJHQGHUHG�E\�WKH�RUGHULQJ�SURFHVV�XVLQJ� GLODWRPHWULF� DQDO\VLV� ZKLFK� LV� VHQVL �WLYH�WR�WKH�YROXPH�FKDQJHV��)H������DQG����DW����$O DOOR\V�ZHUH�XVHGLQ� WKLV� ZRUN�� 7KH� VDPSOHV� ZHUH� FXW� RXW� RIDQ� LQJRW� SUHSDUHG� LQ� D� %DOFHUV� YDFXXP�LQ �GXFWLRQ� IXUQDFH�� XVLQJ� UHILQHG� LURQ� DQGSXUH� DOXPLQXP� ������� ���� 7KH� VDPSOHVZHUH�DQQHDOHG�IRU���K�DW����� �&��TXHQFKHGLQ�ZDWHU�DQG� DJHG�DW�����&�GXULQJ�YDULRXVWLPHV����K�����K�����K��DQG�����K���)RU�GL �ODWRPHWULF� PHDVXUHPHQWV�� D� ',��� $GDPHO/KRPDUJ\� GLODWRPHWHU� FRQQHFWHG� WR� D� FRP �SXWHU�KDV�EHHQ�XVHG��7KH�VDPSOHV�ZHUH�LQ�DF\OLQGULFDO� VKDSH� ���×��PP���� $� VXLWDEOHVRIWZDUH��/RJLGLO��DOORZHG�WKH�GDWD�SURFHVV �LQJ�DQG�WKH�GHWHUPLQDWLRQ�RI�FULWLFDO�SRLQWVRQ� WKH� UHFRUGHG� FXUYHV� DW� KHDWLQJ�FRROLQJF\FOHV� XQGHU� FRQWUROOHG� DWPRVSKHUH�� 7KHWKHUPDO� F\FOH� DSSOLHG� LQ� WKH� GLODWRPHWHUFRQVLVWV�RI�KHDWLQJ� IURP���� WR����� �&��IRO�ORZHG�E\�KROGLQJ�IRU���PLQ�DW�WKLV�WHPSHUD �WXUH� DQG� FRROLQJ� WR� ���&� DW� WKH� VDPH� UDWH���&�PLQ����,W�LV�QHFHVVDU\�WR�UHFDOO�WKDW�WKH�RUGHULQJ�� SURFHVV� �DSSHDUDQFH� RI� RUGHUHGSKDVHV� '2� DQG� %��� LV� DFFRPSDQLHG� E\� DUHPDUNDEOH� GHFUHDVH� RI� WKH� ODWWLFH� SDUDPH �WHU�YDOXH��FRQVHTXHQWO\��RUGHULQJ�DQG�GLVRU �GHULQJ� UHDFWLRQV� PXVW� VKRZ� FRQWUDFWLRQ� RUH[SDQVLRQ� HIIHFWV� LQ� WKH� GLODWRPHWULFFXUYHV��$V�D�UXOH��WKH�GLODWRPHWULF�FXUYH�RIWKH� FRPSOHWH� F\FOH� JLYHV� D� JHQHUDO� LGHD� RQWKH� EHKDYLRXU� RI� WKH� PDWHULDO� GXULQJ� WKHZKROH� WKHUPDO� F\FOH�� ZKLOH� WKH� GHULYDWLYHFXUYHV� IRU� GLIIHUHQW� VHJPHQWV� �KHDWLQJ�KROGLQJ�� FRROLQJ��SXWV� LQ�HYLGHQFH�DQ\�GLOD �WRPHWULF�DQRPDO\�RU�HIIHFW��6WXG\�RI�WKH�)H������DW����$ODOOR\$V�TXHQFKHG� VWDWH�� 7KH� GHULYDWLYH� FXUYHRI�WKH�KHDWLQJ�EUDQFK�IRU�D�VDPSOH�KRPRJH �QL]HG� IRU� �� K� DW� �����&� DQG� TXHQFKHG� LQZDWHU�SUHVHQWV��)LJ���D��DQ�LPSRUWDQW�DQRP �DO\�LQ�WKH�WHPSHUDWXUH�LQWHUYDO�>��������&@LQFOXGLQJ��²�DQ�LPSRUWDQW�FRQWUDFWLRQ�EHWZHHQ����DQG�����&�ZLWK�D�SHDN�VLWXDWHG�DERXW���� �&FHUWDLQO\� UHODWLQJ� WR� WKH� IRUPDWLRQ� RI� RU �GHUHG� '2� SDUWLFOHV� DQG� WR� LQFUHDVH� RI� WKHRUGHULQJ� H[WHQW� VWDUWLQJ� IURP� D� FRPSOHWHO\GLVRUGHUHG�VWDWH�LQ�DFFRUGDQFH�ZLWK�>����@�²� DQ� LPSRUWDQW� H[SDQVLRQ� ZLWKLQ� WKHWHPSHUDWXUH� LQWHUYDO� ��������&� SHDNHG� DW����&�� DVVRFLDWHG� ZLWK� WKH� GHFUHDVH� LQ� WKH
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RI�'2� SDUWLFOH�RUGHULQJ�H[WHQW�IROORZHG�E\WKHLU� GLVVROXWLRQ� LQ� WKH� GLVRUGHUHG� PDWUL[>���@� E\� DSSURDFKLQJ� WKH� α ��'2� → αWUDQVIRUPDWLRQ�OLQH�$JHLQJ� VWDWH�� 7KH�GLODWRPHWULF� FXUYHV�RIWKH� VDPSOHV� KRPRJHQL]HG�� TXHQFKHG� DQGDJHG�DW�����&�SUHVHQW�HIIHFWV�DOPRVW�LGHQWL �FDO� WR� WKRVH� RI� WKH� DV�TXHQFKHG� VWDWH�� 7KHGHULYDWLYH� FXUYH� RI� WKH� KHDWLQJ� EUDQFK� IRUWKH� VDPSOH� DJHG� IRU� ��� K� �)LJ���E�� KDV� DVKDSH� VLPLODU� WR� WKDW� RI� WKH� DV�TXHQFKHGVWDWH�� RQH� REVHUYHV� DQ� LPSRUWDQW� FRQWUDF �WLRQ�EHWZHHQ�����&�DQG�����&�ZLWK�D�PD[L�PXP�DW�����&��+RZHYHU��LW�LV�ORZHU�DV�FRP�SDUHG�WR�DV�TXHQFKHG�VWDWH��7KLV�FRQWUDFWLRQLV�IROORZHG�LPPHGLDWHO\�E\�DQ�LPSRUWDQW�H[ �SDQVLRQ� LQ� WKH� WHPSHUDWXUH� LQWHUYDO� ��������&�ZLWK�D�SHDN�QHDU�����&��7KH�REVHUYHGFRQWUDFWLRQ� DPSOLWXGH� GHFUHDVH� LQ� FRPSDUL �VRQ� ZLWK� WKH� DV�TXHQFKHG� VWDWH� LV� DOZD\VDVVRFLDWHG�ZLWK�DQ�LPSURYHPHQW�RI�WKH� '2�SDUWLFOH�RUGHULQJ�H[WHQW�GXULQJ�WKLV�DJLQJ�$IWHU����K�RI�DJLQJ��WKH�GHULYDWLYH�FXUYHRI� WKH� KHDWLQJ� EUDQFK� �)LJ���F�� SUHVHQWV� D

VKDSH� DOPRVW� VLPLODU� WR� WKDW� RI� WKH� VDPSOHDJHG� IRU� ��� K��+RZHYHU�� D� GHFUHDVH� RI� WKHFRQWUDFWLRQ� DPSOLWXGH� LV� REVHUYHG� FHUWDLQO\UHODWHG� WR� WKH� LQFUHDVH� RI� WKH� '2� SKDVHRUGHULQJ�H[WHQW��7KH�DJLQJ�WLPH�LQFUHDVH�XSWR�����K� �)LJ���G�� UHVXOWV� LQ�D�FRQVLGHUDEOHGHFUHDVH� LQ� WKH� FRQWUDFWLRQ� DPSOLWXGH�� GXHWR�WKH�LQFUHDVH�RI�WKH�'2� SDUWLFOH�RUGHULQJH[WHQW� >��@�� +RZHYHU�� WKH� GLODWRPHWULFFXUYH�RI�WKH�VDPSOH�DJHG�IRU�����K�SUHVHQWV�)LJ���H�� D� VRPHZKDW� GLIIHUHQW� DQRPDO\� LQFRPSDULVRQ� ZLWK� WKH� SUHYLRXV� VWDWHV�� RQO\DQ�H[SDQVLRQ�DSSHDUV�LQ�WKH�WHPSHUDWXUH�LQ �WHUYDO� ��������&� ZLWK� D� PD[LPXP� QHDU����&�� UHODWHG� WR� WKH� GHFUHDVH� RI� WKH� '2�SDUWLFOH� RUGHULQJ� H[WHQW� IROORZHG� E\� WKHLUGLVVROXWLRQ�LQ�WKH�GLVRUGHUHG�SKDVH��WKH�GLV �DSSHDUDQFH� RI� WKH� FRQWUDFWLRQ� LV� FHUWDLQO\GXH� WR� WKH� VWDWH� RI� SHUIHFW� RUGHU� RI� '2�SDUWLFOHV�DFKLHYHG�DIWHU�WKLV�ORQJ�DJLQJ�7KXV�� WKH� SURJUHVVLYH� GHFUHDVH� RI� WKHFRQWUDFWLRQ� DPSOLWXGH� ZLWK� DJLQJ� WLPH� LVREVHUYHG�� 7KLV� UHODWLRQ� LV� ZHOO� LQWHOOLJLEOHEHFDXVH� WKH� RUGHULQJ� UHDFWLRQ� FDQ� EH� VXP �PDUL]HG� DV� IROORZV�� ILUVW�� WKH� WUDQVIRUPD �

)LJ�����&RPSOHWH�GLODWRPHWULF�FXUYHV�ZLWK�GH�ULYDWLYH� FXUYHV� RI� WKH� KHDWLQJ� EUDQFKHVWKHUHRI�IRU�WKH�)H������DW���$O�DOOR\�KRPRJH�QL]HG�� TXHQFKHG� �D��� DQG� DJHG� DW� ����&� IRU��� K� �E��� ��� K� �F��� ���� K� �G�� DQG� ����K� �H��VROLG� OLQHV�� KHDWLQJ�� GDVKHG� OLQHV�� FRROLQJ�GRWWHG�OLQHV��GHULYDWLYH�KHDWLQJ�FXUYHV�
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WLRQ�RI�DOO�WKH�GLVRUGHUHG�PDWHULDO�LQWR� '2�SKDVH�RFFXUV��ZKLFK�LV�D�YHU\�UDSLG�SURFHVVILQLVKHG� LQ� RQH� PLQXWH� >�@� EHFDXVH� LW� UH �TXLUHV� RQO\� VKRUW�UDQJH� UHGLVWULEXWLRQ�WKHQ�� DV� WKH� WKH� DJLQJ� WLPH� LQFUHDVHV�� WKHRUGHUHG� '2� UHJLRQV� VSOLW� RII� LQWR� VHYHUDOSDUWLFOHV�E\�VHJUHJDWLRQ�RI� )H DWRPV�DW�DQ�WLSKDVH�ERXQGDULHV��$3%��E\�IRUPLQJ�GLVRU �GHUHG� α�SKDVH� DQG� LQFUHDVLQJ�� DV� D� FRQVH �TXHQFH�� WKH� RUGHULQJ� GHJUHH� RI� WKHVH�SDUWL �FOHV�� 7KLV� SURFHVV� UHTXLUHV� ORQJ�UDQJHGLIIXVLRQ�WKURXJK�WKH�$3%�>��@�6WXG\�RI�)H����DW����$O DOOR\$V�TXHQFKHG� VWDWH�� 7KH� GLODWRPHWULFFXUYH�RI�WKH�KRPRJHQL]HG�DQG�TXHQFKHG� )H���� DW����$O DOOR\� �)LJ���D�� H[KLELWV� GXULQJWKH� KHDWLQJ� DQ� LPSRUWDQW� DQRPDO\� EHWZHHQ����&� DQG� ����&� WRWDOO\� GLIIHUHQW� IURPWKRVH�RI�WKH�SUHYLRXV�VDPSOHV��LQFOXGLQJ�DQLPSRUWDQW� FRQWUDFWLRQ� LQ� WKH� WHPSHUDWXUHLQWHUYDO� ��������&� ZLWK� D� SHDN� DW� ����&�DWWULEXWHG�WR�WKH�RUGHUHG�'2� SKDVH�IRUPD�WLRQ� IURP� D� FRPSOHWHO\� GLVRUGHUHG� VWDWH�� LWLV� SUREDEOH� WKDW� WKH� FULWLFDO� QXFOHL� RI� WKHWUDQVIRUPDWLRQ� DUH� WKRVH� RI� WKH� %� SKDVHEHFDXVH�WKH�WUDQVIRUPDWLRQ� α → %� LV�GLIIL�FXOW� WR� DYRLG� DW�D� UDSLG�TXHQFKLQJ��7KH� %�SKDVH� DSSHDUV� LQ� WKH� VKDSH� RI� VFDWWHUHG

SRLQWV� LQ� WKH�GLVRUGHUHG�PDWUL[�EHFDXVH�� LQEFF�PDWHULDOV��YDFDQFLHV�DUH�VWURQJO\�ERXQGWR� WKH� LQWHUIDFH�EHWZHHQ�RUGHUHG�DQG�GLVRU �GHUHG� SKDVHV� LQ� VXFK� D� ZD\� WKDW� WKHVHSRLQWV�JURZ�E\�YDFDQF\�PLJUDWLRQ�XQWLO�WKH\UHDFK� D� VWDWH� LQ� ZKLFK� WKH\� EHFRPH� XQVWD �EOH�� 7KH\� ZLOO� XQGHUJR� D� %� → '2� WUDQV�IRUPDWLRQ��7KH�JHQHUDO�WUDQVIRUPDWLRQ�VHTXHQFH�LV�²�α → %� → '2� >�@��²� DQ� LPSRUWDQW� H[SDQVLRQ� EHWZHHQ����&�DQG�����&�ZLWK�D�SHDN�DW�����&�FHU�WDLQO\� UHODWHG� WR� D� GHFUHDVH� LQ� WKH� '2�SKDVH� RUGHULQJ� H[WHQW� IROORZHG� E\� IRUPD �WLRQ�RI�%� GRPDLQV�²� D� VHFRQG� FRQWUDFWLRQ� LQ� WKH� WHPSHUD �WXUH� LQWHUYDO� ��������&� ZLWK� D� SHDN� DW����&�� GXH� WR� DQ� LQFUHDVH� LQ� WKH� %� SKDVHRUGHULQJ�H[WHQW�>����@�²�D�VHFRQG�H[SDQVLRQ�LQ�WKH�WHPSHUDWXUHLQWHUYDO���������&�ZLWK�D�SHDN�GLIILFXOW�WRLGHQWLI\��UHODWHG�WR�WKH� %� → α WUDQVIRUPD�WLRQ�>����@�$JHLQJ�VWDWH��7KH�GHULYDWLYH�FXUYH�RI�WKHVDPSOH� KRPRJHQL]HG�� TXHQFKHG� DQG� DJHG���K� �)LJ���E��KDV�D� VKDSH�SUDFWLFDOO\� LGHQ �WLFDO�WR�WKDW�RI�WKH�DV�TXHQFKHG�VDPSOH��,Q �GHHG�� LW� H[KLELWV� DQ� LPSRUWDQW� DQRPDO\� LQWKH� WHPSHUDWXUH� LQWHUYDO� ��������&�� LQ�

)LJ�����&RPSOHWH�GLODWRPHWULF�FXUYHV�ZLWK�GHULYDWLYH�FXUYHV�RI�WKH�KHDWLQJ�EUDQFKHV�WKHUHRI�I RU�WKH)H����DW���$O� DOOR\� KRPRJHQL]HG�� TXHQFKHG� �D��� DQG� DJHG� DW� ����&� IRU� ��� K� �E��� ���� K� �F��� DQG����K��G���VROLG�OLQHV��KHDWLQJ��GDVKHG�OLQHV��FRROLQJ��GRWWHG�OLQHV��GHULYDWLYH�KHDWLQJ�FXUYH V�
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FOXGLQJ� D� FRQWUDFWLRQ� EHWZHHQ� ��� �&� DQG����&� ZLWK� D� SHDN� GLIILFXOW� WR� GHWHUPLQH�UHODWHG�WR�DQ�LQFUHDVH�LQ�WKH�RUGHULQJ�H[WHQWRI� WKH�'2� SKDVH� IRUPHG� GXULQJ� WKH� DJLQJ>����@�� 7KLV� FRQWUDFWLRQ� LV� IROORZHG� E\� DQLPSRUWDQW�H[SDQVLRQ�LQ�WKH�WHPSHUDWXUH�LQ �WHUYDO� ��������&� ZLWK� D� ZHOO� SURQRXQFHGSHDN� DW� ����&�� DWWULEXWHG� WR� WKH� SURFHVVHVRI� WKH� '2� SKDVH� GLVRUGHULQJ� DQG� WKH� %�SKDVH� IRUPDWLRQ� >����@�� ,W� LV� LPPHGLDWHO\IROORZHG� E\� D� VHFRQG� IDLUO\� LPSRUWDQW� FRQ �WUDFWLRQ� VLWXDWHG� LQ� WKH� WHPSHUDWXUH� LQWHU �YDO� ��������&� ZLWK� D� SHDN� QHDU� ����&�OLQNHG� WR� WKH� LQFUHDVH� RI� WKH� GHJUHH� RI� RU �GHULQJ�RI� WKH�%� SKDVH� >����@��7KLV�VHFRQGFRQWUDFWLRQ� LV� IROORZHG� E\� D� VHFRQG� H[SDQ �VLRQ� EHWZHHQ� ����&� DQG�����&�ZLWK�D� SHDNGLIILFXOW� WR� GHWHUPLQH�� DWWULEXWHG� WR� WKHSURFHVV� RI�GLVRUGHULQJ� RI� WKH� %� SKDVH� DQGWKH� IRUPDWLRQ� RI� WKH� GLVRUGHUHG� SKDVH�$IWHU�����K�RI�DJLQJ�� WKH�GHULYDWLYH�RI�WKHKHDWLQJ� EUDQFK� �)LJ���F�� NHHSV� DOPRVW� WKHVDPH� VKDSH� DV� WKDW� RI� WKH� VDPSOH� DJHG� IRU���K��+RZHYHU��D�UHPDUNDEOH�DPSOLWXGH�GH �FUHDVH� RI� WKH� ILUVW� FRQWUDFWLRQ� LV� REVHUYHGGXH� FHUWDLQO\� WR� DQ� LQFUHDVH� LQ� WKH� '2�SKDVH� RUGHULQJ� H[WHQW� >��@�� $JHLQJ� IRU����K��)LJ���G��UHVXOWV�LQ�WKH�GLVDSSHDUDQFHRI� WKH� ILUVW� FRQWUDFWLRQ�� +RZHYHU�� DOO� WKHRWKHU�HIIHFWV�DUH�SUHVHQW��7KH�GLVDSSHDUDQFHRI� WKH� FRQWUDFWLRQ� LV� GXH� FHUWDLQO\� WR� WKHSHUIHFW� RUGHU� RI� WKH� '2� SKDVH� UHDFKHGDIWHU�WKLV�ORQJ�DJHLQJ�7KH� UHVXOWV� REWDLQHG� DOORZHG�XV� WR� GUDZWKH�IROORZLQJ�FRQFOXVLRQV��,Q�WKH�VWXGLHG�DO �OR\V��D�UDSLG�TXHQFKLQJ�LQ�ZDWHU�IURP�KLJKWHPSHUDWXUHV� ������&�� SURYLGHV� FRQVHUYD�WLRQ� RI� WKH� GLVRUGHUHG� SKDVH�� $� SURORQJHGDJHLQJ�DW�����&�UHVXOWV�LQ�DQ�LQFUHDVHG�'2�SKDVH�RUGHULQJ�H[WHQW�EHFDXVH�RI�D�FKHPLFDOFRPSRVLWLRQ�PRGLILFDWLRQ�LQ�WKH�RUGHUHG�GR �

PDLQV� GXH� WR� )H DWRPV� VHJUHJDWLRQ� DW� DQ�WLSKDVH� ERXQGDULHV�� UHVXOWLQJ� LQ� WKH� GLVRU �GHUHG�SKDVH��'XULQJ�WKH�DJLQJ�DW���� �&��WKHRUGHULQJ� VWDUWV� ZLWK� WKH� FRQYHUVLRQ� RI� DOOWKH�VDPSOH�WR�WKH�'2� SKDVH��WKHQ�WKH�FRQ�WLQXHG�DJHLQJ�UHVXOWV�LQ�SUHFLSLWDWLRQ�RI�WKHGLVRUGHUHG� SKDVH� E\� VHSDUDWLQJ� WKH� VDPSOHLQWR�VPDOO�'2� GRPDLQV�ZLWK�DQ�DOPRVW�SHU�IHFW� RUGHULQJ�� )LQDOO\�� GLODWRPHWU\� FRQVWL �WXWHV�D�YHU\�LPSRUWDQW�H[SHULPHQWDO�PHWKRGIRU� VWXG\� RI� RUGHUHG� VROLG� VROXWLRQV�� +RZ �HYHU�� WR� UHILQH� WKH� REWDLQHG� UHVXOWV�� WUDQV �PLVVLRQ� HOHFWURQLF� PLFURVFRS\� VWXG\� ZRXOGEH�QHFHVVDU\�� 5HIHUHQFHV���+�1HXKDXVHU�� 0DW��6FL��DQG� (QJ��� $����� �������������0�+�<RR��.�<RVKLPL��6�+DQDGD��$FWD�0DWHU����������������������1�<D�5RNKPDQRY�� )XQFWLRQDO� 0DWHULDOV�� �����������������$�-�%UDGOH\�� $�+�-D\�� 3URF��5R\��6RF��$�� �������� �������� -��,URQ� 6WHHO� ,QVW��� ����� �������������$�7D\ORU�� 5�0�-RQHV�� 3K\V��&KHP��6ROLGV�� �������������$�/DZOH\��5�:�&DKQ��,ELG�������������������*�/XWMHULQJ�� +�:DUOLPRQW�� =��0HWDOONXQGH������������������:�+�5RWKHU\�� 5�(�6PDOOPRQ�� &�:�+DZRUWK�LQ�� 7KH� 6WUXFWXUH� RI� 0HWDOV� DQG� $OOR\V�� �WK(G���5LFKDUG�&OD\�/WG��1HZ�<RUN����������������'�*�0RUULV��6�*XQWKHU��$FWD�0DWHU����������������������$�/RZOH\�� 5�:�&DKQ�� -��3K\V��&KHP��6ROLGV���������������������.�2NL�� 0�+DVDND�� 7�(JXVKL�� -DSDQ��-��$SSO�3K\V������������������������.�2NL��0�+DVDND��7�(JXVKL��7UDQV��-,0��������������������6�0�$OOHQ��3KLO��0DJ�������������������
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