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,QWURGXFWLRQ�� 7KH� FRQFHSW� RI� SHUPDQHQW� OLWKLXP� FLUFXODWLRQ� EHWZHHQ� WKH� ILUVW� ZDOO� DQG� HGJH�

SODVPD�>�@�ZLWK� LWV�PDLQ�FRROLQJ�E\�QRQFRURQDO� OLWKLXP� UDGLDWLRQ�VHHPV�DV� UHOLDEOH�VROXWLRQ�IRU�

VWHDG\�VWDWH�WRNDPDN��7KLV�LGHD�DVVXPHV�WKH�VLPXOWDQHRXV�VROXWLRQ�RI�WKUHH�PDLQ�WDVNV��HPLVVLRQ�

RI� OLWKLXP� LQWR� WKH� SODVPD�� OLWKLXP� FROOHFWLRQ� EHIRUH� LWV� DEVRUSWLRQ� RQ� D� FKDPEHU�ZDOO�� DQG� LWV�

UHWXUQ�LQWR�HPLVVLRQ�]RQH�DJDLQ��7KH�OLWKLXP�VFUHHQLQJ�HIIHFW�FDQ�VHUYH�DV�D�SK\VLFDO�EDVLV�RI�WKLV�

FRQFHSW���7KH�WRNDPDN�ORFDO�OLPLWHUV�FRXOG�EH�XVHG�DV�DQ�HIIHFWLYH�WRRO�WR�FRQWURO�OLWKLXP�EHKDYLRU�

LQ� WKH� SODVPD� SHULSKHU\�� ,W� FDQ� EH� H[SODLQHG� E\� D� VLPSOH� H[DPSOH� RI� WZR� OLWKLXP� FRQQHFWHG�

OLPLWHUV� >����@��2QH�KRWWHU� OLWKLXP� OLPLWHU� LV�SRVLWLRQHG� LQ� D�GHHS�SODVPD�62/��VFUDSH�RI�OD\HU��

DQG�ZRUNV�PDLQO\�DV�D�OLWKLXP�HPLWWHU��7KH�VHFRQG�OLPLWHU�LV�ORFDWHG�LQ�WKH�VKDGRZ�RI�WKH�ILUVW�RQH�

DQG� ZRUNV� PDLQO\� DV� D� FROOHFWRU� RI� WKH� OLWKLXP� GLIIXVHG� RXW� 62/� WR� FKDPEHU� ZDOO� �³HPLWWHU�

FROOHFWRU´�PRGHO�>����@���7KH�/LWKLXP�FROOHFWHG�E\�WKH�VHFRQG�OLPLWHU�FDQ�EH�UHWXUQ�DJDLQ�RQWR�WKH�

HPLWWHU� OLPLWHU� DQG� WR� FORVH� WKH� OLWKLXP� ORRS� LQ� WKH� SODVPD� ERXQGDU\� UHJLRQ�� 7KH� OLPLWHU� ZLWK�

OLWKLXP�FDSLOODU\�SRURXV� V\VWHP��&36� >�@��ZDV� LQYHVWLJDWHG�DV� WKH� OLWKLXP�HPLWWHU�HDUO\� >�@�� � ,Q�

WKLV�SDSHU�ZH�SUHVHQW�WKH�ILUVW�UHVXOWV�RI�WKH�OLWKLXP�FROOHFWLRQ�E\�WKH�7���0�OLWKLXP�OLPLWHU����

7���0� H[SHULPHQW�� 7KUHH� ORFDO� UDLO� OLPLWHUV� KDYH� EHHQ� XVHG� LQ� WKH� 7��� GHYLFH�� OLWKLXP��

PRO\EGHQXP� DQG� JUDSKLWH� RQHV� >���@�� � 7KH� /LWKLXP�PLJUDWLRQ� DQG� FROOHFWLRQ� LQ� D� 62/� UHJLRQ�

ZHUH�VWXGLHG�E\�WKH�SRVWPRUWHP�DQDO\VLV�RI�WKH�ZLWQHVV�VDPSOHV�ORFDWHG�RQ�D�VXUIDFH�RI�OLPLWHUV��

DQG� ZLWK� WKH� KHOS� RI� D� PRELOH� JUDSKLWH� SUREH� �OLPLWHU��� ZKLFK� FRXOG� EH� FRQVLGHUHG� DV� D�

UHFRPELQDWLRQ�WDUJHW�ZLWK� UHVSHFW� WR� WKH� LQFLGHQW�IOX[�RI�/L� LRQV��'XULQJ� WKH�H[SHULPHQWV�RQ�7�

�� LW� ZDV� UHYHDOHG�� WKDW� WKH� FKDUDFWHULVWLF� OHQJWK� RI� WKH� HQHUJ\� GHSRVLWLRQ� LQ� D� VKDGRZ� RI�

OLPLWHUV� LV� DERXW� RI� �FP��ZKLOH� WKH� FKDUDFWHULVWLF� OHQJWK� RI� OLWKLXP� GHJUDGDWLRQ� LQ� 62/�ZDV�

HTXDO����FP�>�@��7KH�VSHFLDO�WHFKQLTXH�ZDV�XVHG�IRU�WKH�PHDVXUHPHQW�RI�WKH�OLWKLXP�GHSRVLW�RQ�

WKH�ODWHUDO��QRUPDO�WR�PDLQ�PDJQHWLF�ILHOG��VXUIDFHV�RI�7���0�OLPLWHUV��
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7KH�FKHPLFDO�ILQGLQJ�RI�WKH�DEVROXWH�OLWKLXP�DPRXQW�LQ�WKH�VDPSOH�GHSRVLW��,W�LV�NQRZQ��WKDW���

/LWKLXP� KDV� D� VWURQJ� FKHPLFDO� DFWLYLW\� WR� WKH� EDVLF� FRPSRQHQWV� RI� DLU� �� QLWURJHQ�� R[\JHQ� DQG�

ZDWHU�YDSRU��'XULQJ�WKH�H[WUDFWLRQ�RI�VDPSOHV�IURP�WKH�WRNDPDN�FKDPEHU�/LWKLXP�GHSRVLW�KDV�DQ�

LQHYLWDEOH�FRQWDFW�ZLWK�1LWURJHQ�DQG�WKH�2[\JHQ�RI�WKH�DLU�DQG�IRUPV�PL[�/L�1�/L�2 ����>�@��$V��

UHVXOW�WKH�ILQGLQJ�RI�WKH�DEVROXWH�DPRXQW�RI�WKH�OLWKLXP�GHSRVHG�RQ�D�VDPSOH��UHSUHVHQWV�D�VHULRXV�

SUREOHP��,W�KDV�EHHQ�UHVROYHG�LQ�RXU�H[SHULPHQWV�E\�WKH�QH[W�ZD\��WKH�ZLWQHVV�VDPSOHV�VXEMHFWHG�

WR�H[SRVXUH� LQ�SODVPD�DQG� WKHQ�JHWWLQJ�RQ�DLU�GXULQJ�RSHQLQJ� WKH� WRNDPDN�FKDPEHU��KDYH�EHHQ�

VHDWHG�LQ�WKH�ERLOLQJ�ZDWHU��9DULRXV�FKHPLFDO�FRPSRXQGV�RI�/LWKLXP��ZKLFK�FDQ�IRUP�GXULQJ�WKH�

SODVPD�H[SRVXUH�RI�ZLWQHVV�VDPSOHV�DQG�WKHLU�WUDQVSRUWDWLRQ�WKURXJK�DLU��HQWHU�ZLWK�ERLOLQJ�ZDWHU�

IROORZLQJ�UHDFWLRQV���/L���� �  �/L2+���+� � /L�1 ���+�2  ��/L2+���1+���� /L�2 ���+�2

 �/L2+���+�� ��/L�&����+�2  ��/L2+���&�+��� �$ONDOL�/L2+�DSSHDUV�DOZD\V�DV�WKHLU�ILQLVKHG�

SURGXFW� /L2+�DPRXQW�LQ�WKH�ZDWHU�VROXWLRQ�DQG��DFFRUGLQJO\��WKH�LQLWLDO�OLWKLXP�PDLQWHQDQFH�LQ�

D ZLWQHVV�� VDPSOHV� ZHUH� GHWHUPLQHG� E\� D� NQRZQ� PHWKRG� RI� FKHPLFDO� WLWURPHWULF� DQDO\VLV��

$EVROXWH� FDOLEUDWLRQ� RI� D� PHWKRG� ZDV� FDUULHG� RXW� E\� WKH� WHVW� OLWKLXP� VDPSOH�� � 7KH� FKHPLFDO�

UHDFWLRQ� /L2+� ZLWK� WKH� FDUERQLF� JDV� FRQWDLQLQJ� LQ� WKH� DLU� FRXOG� EULQJ� LQ�PHDVXUHPHQWV� VRPH�

HUURU�� 7KH� ZDWHU� LV� D� SRRU� VROYHQW� IRU� /L�& �� FRPSRXQG�� )RU� WKH� PLQLPL]DWLRQ� RI� HUURU� WKH��

VDPSOHV�WDNHQ�IURP�WKH�FKDPEHU�ZHUH�VHDWHG�LQ�WKH�HYDFXDWHG�YROXPHV�ZLWK�WKH�PLQLPDO�FRQWHQWV�

RI�WKH�DLU�DQG��DFFRUGLQJO\��WKH�FDUERQLF�JDV��

([SHULPHQWDO�UHVXOWV��7KLV�WHFKQLTXH�ZDV�XVHG�IRU�PHDVXUHPHQWV�RI�WKH�DEVROXWH�DPRXQW�RI�WKH�

OLWKLXP� GHSRVHG� RQ� ODWHUDO� VXUIDFHV� RI� /L�

OLPLWHU�� VKLSSHG� LQ� 62/�� E\� PHWKRG� RI� SDVW�

PRUWHP� DQDO\VLV� RI�ZLWQHVV�VDPSOHV�� )RU� WKLV�

SXUSRVH� WZR� H[SHULPHQWV� KDYH� EHHQ� OHDG��

)LUVWO\� WKH� ZLWQHVV�VDPSOHV� KDYH� EHHQ�

SURGXFHG� IURP� D� WKLQ� 66�ZLUH� JULG� �WKLFN�

����PP���2XWVLGH� WKH\�KDYH�EHHQ� FRYHUHG�E\�

WKLQ� 66�PDVN� �VFUHHQ� IRLO�� ���PP�� ZLWK�

QXPEHU�RI�KROHV��G �PP���)LJ���

7KH� DQDO\VLV� RI� ZLWQHVV�VDPSOHV� DIWHU� LWV�

H[SRVLWLRQ� GXULQJ� DSSUR[LPDWHO\� ���� 7���0�

VKRWV�KDV�VKRZQ��

)LJ���7���0�±�ZLWQHVV�VDPSOHV�V\VWHP��
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���/L�WHQGV�WR�UHPRYH�IURP�D��KRW��]RQH�RI�/L�HPLVVLRQ�FROOHFW�WR�WKH��FROG��SDUWV�RI�OLPLWHU��

���7KH�OLWKLXP�DPRXQW�FROOHFWHG�RQ�WKH��LRQ�VLGH��RI�D�OLPLWHU��WKDW�LV��GLUHFWHG�RSSRVLWH�WRURLGDO�

LRQ�GULIW�GLUHFWLRQ��LQ�����WLPHV�DERYH��WKDQ�RQ��HOHFWURQ�VLGH����

)RU�H[SODQDWLRQ�RI�WKHVH�IHDWXUHV�RI�OLWKLXP�GHSRVLW�ZH�FRXOG�DVVXPH���

���� �(LWKHU�WKH�VHFRQGDU\�HURVLRQ�RI�WKH�/LWKLXP�GHSRVLWHG�RQ�WKH��HOHFWURQ�VLGH��LV�HVVHQWLDOO\�

DERYH�LWV�³LRQ�VLGH´�HURVLRQ�DV�D�UHVXOW�RI�LWV�KLJKHU�KHDWLQJ��IRU�H[DPSOH��RU�OLWKLXP�LRQV�

VKRXOG�SDUWLFLSDWH�LQ�WKH�PRYHPHQW�

DORQJ� WRUXV�ZLWK� VSHHG� HTXDO� WKHLU�

WKHUPDO�VSHHG��

���� �7KH� UHDVRQ� RI� WKH� OLTXLG� OLWKLXP�

UXQ� WR� FROGHU� DUHDV� FDQ� EH� WKH�

GHFUHDVH�RI�OLWKLXP�VXUIDFH�WHQVLRQ�

ZLWK� JURZWK� RI� LWV� WHPSHUDWXUH�� ,Q�

WKDW�FDVH�WKH�OLTXLG�OLWKLXP�GURSOHWV�

DUH� IRUFHG� DJDLQVW� D� JUDGLHQW� RI�

WHPSHUDWXUH�RI�D�VXEVWUDWH��66�IRLO����

LQ� D� �FROG�� DUHD� �0DUDQJRQL� �HIIHFW��� )LJ��� VKRZV� GURSOHWV� RI� OLWKLXP� ������PP�� RQ� D�

VFUHHQ� IRLO� DIWHU� SODVPD� H[SRVLWLRQ�� �0D[LPDO� GURSOHWV� FROOHFWHG� LQ� WKH� DUHD� RI� WKH� IRLO�

OLPLWHU�JRRG�WKHUPDO�FRQWDFW��GRZQ����

,Q�WKH�IROORZLQJ�H[SHULPHQW��������VKRWV�RI�7���0��WKLQ�ZLWQHVV�VDPSOHV�KDYH�EHHQ�UHSODFHG�E\�

UDWKHU� PDVVLYH� �WKLFN� �PP�� WXQJVWHQ�

�ZLQJV�� �ZLGWK� �PP� )LJ���� WR� HOLPLQDWH�

HIIHFWV� FRQQHFWHG�ZLWK� KHDWLQJ� RI� VDPSOHV�������

'LVWULEXWLRQ� RI� WKH� OLWKLXP� GHSRVHG� RQ�

ZLQJV��)LJ����VKRZV���

��� $V� ZHOO� DV� LQ� WKH� ILUVW� H[SHULPHQW� WKH�

VLJQLILFDQW� DV\PPHWU\� RI� WKH� HOHFWURQ� DQG�

LRQ� VLGHV� LV� REVHUYHG� WHVWLI\LQJ� LQ� IDYRU� RI�

WKH� DVVXPSWLRQ� RI� H[LVWHQFH� LQ� 62/� � WKH�

OLWKLXP� LRQV� PRYHPHQW� DORQJ� WRUXV� ZLWK�

)LJ�����&DSLOODU\�IRUFHV��0DUDQJRQL��HIIHFW��

)LJ�����/LWKLXP�OLPLWHU�ZLWK�:�ZLQJV��
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VSHHGV�RI�VFDOH�LWV�WKHUPDO�VSHHG�LQ�D�GLUHFWLRQ�RI�LRQ�GULIW��WKDW�LV��LQ�D�GLUHFWLRQ�RI�PDLQ�FXUUHQW�

-S���7KLV�SKHQRPHQRQ�VKRXOG�EH�WDNHQ�WR�DFFRXQW�LQ�GHVLJQ�RI�D�IXWXUH�OLWKLXP�FROOHFWRUV��

��� � )URP� WKH� KRW� HPLWWHU� WRZDUGV� WKH�

FKDPEHU� ZDOO� WKH� GHQVLW\� RI� OLWKLXP�

GHSRVLW�RQ�ZLQJV� IDOOV�GRZQ��DQG� WKHQ�

LQFUHDVHV� DJDLQ�� )LQDOO\� GLVWLQFWLRQ� RI�

WKH� LRQ� DQG� HOHFWURQ� VLGHV� RI� D� OLPLWHU�

SUDFWLFDOO\� GLVDSSHDUV�� ,W� LV� REYLRXV��

WKDW� WKLV� SKHQRPHQRQ� VSHFLILHV�

GLIIHUHQW�FKDUDFWHU�RI� OLWKLXP�EHKDYLRU�

QHDU� WKH� OLPLWHU� HGJH� DQG� QHDU� WKH�

FKDPEHU�ZDOO��  � P���,W�LV�SRVVLEOH�WR�

DVVXPH��WKDW�WKH�ILUVW�IDOO�LV�HYLGHQFH�RI�

OLWKLXP� GLIIXVLRQ� LQ� 62/�� 7KH�

H[SHULPHQWV�SHUIRUPHG� HDUOLHU�ZLWK�/L�

HPLVVLRQ� SUREH� >�@� VSHFLI\� WKLV� DVVXPSWLRQ�� 6HFRQGDU\� ULVH� LV� FRQQHFWHG�� SRVVLEO\�� ZLWK� WKH�

OLWKLXP�IOX[�IURP�WKH�FKDPEHU�ZDOO��7KLV�TXHVWLRQ�GHPDQGV�WKH�IXUWKHU�UHVHDUFKHV��

��� 7KH� IXOO� DPRXQW� RI� OLWKLXP� �QHDUE\� ��PJ��� FROOHFWHG� E\� DOO� OLPLWHUV� RI� ��� �OLWKLXP��

������JUDSKLWH���������DQG�WKH�,&5+�DQWHQQD���������FRUUHVSRQGV�ZLWKLQ������WR�WKH�HVWLPDWHG�

OLWKLXP�FKDUJH�RI�WKH�OLWKLXP�OLPLWHU��ZKLFK�LW�ORVW�GXULQJ�RI�DOO�SODVPD�VKRWV���

+RZHYHU� LW� LV� QHFHVVDU\� WR� SRLQW�� WKDW� DERXW� �J� RI� OLWKLXP� KDV� EHHQ� SXW� RQ� WKH� WRNDPDN�ZDOO�

GXULQJ� WKH�ZDOO� FRQGLWLRQLQJ� DQG� WKH� JORZ�GLVFKDUJH� FOHDQLQJ�RI� WKH� OLWKLXP� OLPLWHU�� ,WV� UROH� LQ�

OLWKLXP�FLUFXODWLRQ�EHWZHHQ�ZDOO�DQG�OLPLWHUV�GHPDQGV�WKH�IXUWKHU�UHVHDUFKHV��

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� ,67&� SURMHFW� .������ DQG� E\� 526$720�

FRQWUDFW�+��H�������������
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