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-RXUQDO�RI�3K\VLFDO�	�7KHRUHWLFDO�&KHPLVWU\,VODPLF�$]DG�8QLYHUVLW\�RI�,UDQ�� ���6FLHQFH�DQG�5HVHDUFK�&DPSXV,661�����������
.LQHWLF�VSHFWURSKRWRPHWULF�GHWHUPLQDWLRQ�RI�WUDFH�DPRXQWV�RI�QLWULWH�LRQ�XVLQJ�SRWDVVLXP�EURPDWH�PXUH[LGH�PL[WXUH�LQ�DFLGLF�PHGLD

0RKDPPDG�6DEHU�7HKUDQL� $\RE�3DUFKHKEDI�


�'HSW��RI�&KHP���)DFXOW\�RI�VFLHQFH��6FLHQFH�DQG�5HVHDUFK�&DPSXV��,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ��,UDQ���'HSW��RI�&KHP���$UGDELO %UDQFK��,VODPLF�$]DG�8QLYHUVLW\� $UGDELO��,UDQ

$%675$&7$�QHZ��VLPSOH� UDSLG��DQG�FKHDS�PHWKRG�IRU�GHWHUPLQDWLRQ�RI�WUDFH�DPRXQWV�RI�QLWULWH�LRQ�LV�UHSRUWHG��'HWHUPLQDWLRQ�LV�EDVHG�RQ�UHGXFWLRQ�RI�EURPDWH�LRQ�E\�QLWULWH� LRQ�� LQ� WKH�SUHVHQFH�RI�PXUH[LGH� LQ�DFLGLF�PHGLD��'XULQJ�UHDFWLRQ�RI��EURPDWH�LRQ�ZLWK�QLWULWH�LRQ��WKH�UHDFWLRQ�PL[WXUH�LV�GHFRORUL]HG��7KH� DEVRUEDQFH� FKDQJHV� LV� WKHQ�PRQLWRUHG� VSHFWURSKRWRPHWULFDO\� DW� ���� QP��DW� ��� q&��'\QDPLF�UDQJH�RI�FDOLEUDWLRQ�FXUYH�IRU�QLWULWH�LRQ�LV�LQ�WKH�UDQJH�RI�������J�P/�� ��7KH�HIIHFW�RI�LQWHUIHULQJ�LRQV� ZDV� LQYHVWLJDWHG�� 7KLV� PHWKRG� ZDV� VXFFHVVIXOO\� XVHG� IRU� GHWHUPLQLQDWLRQ� RI QLWULWH� LRQ�FRQFHQWUDWLRQ�LQ�VDXVDJHV�
.H\ZRUGV�.LQHWLF�VSHFWURSKRWRPHWULF�GHWHUPLQDWLRQ��SRWDVLXP�EURPDWH��PXUH[LGH��QLWULWH�LRQ�

,1752'8&7,210RGHUQ� DQDO\WLFDO� FKHPLVWU\� FRPSULVHV� D� YDVW� UDQJH� RI�PHWKRGV�EDVHG�RQ�WKH�SK\VLFDO��FKHPLFDO�RU�SK\VLFRFKHPLFDO�FKDQJHV�H[KLELWHG�E\�VXEVWDQFHV�LQ�FKHPLFDO�UHDFWLRQ��ZLWK�RU� ZLWKRXW� SULRU� VHSDUDWLRQ� RI� WKH� DQDO\WH>�@�� 7KXV�� HYHU\
SURFHVV��UHJDUGOHVV�RI� LWV�QDWXUH�� WDNHV�SODFH�DW�D�ILQLWH�UDWH�� WHQGLQJ� WR� DQ� HTXLOLEULXP�SRVLWLRQ�� DQG� WKHUHIRUH�FRPSULVHV�WZR�UHJLRQV��WKH�NLQHWLF�G\QDPLF��UHJLRQ��LQ�ZKLFK� WKH� V\VWHP� DSSURDFKHV� HTXLOLEULXP�� DQG� WKH�HTXLOLEULXP�UHJLRQ��ZKLFK�RFFXUV�RQFH�DOO�WKH�SURFHVVHV�LQYROYHG�LQ�WKH�V\VWHP�KDYH�DWWDLQHG�HTXLOLEULXP�)LJ����

)LJ���� .LQHWLF�DQG�HTXLOLEULXP�UHJLRQV�RI�D�FKHPLFDO�UHDFWLRQ��5HFRUGLQJ�RI�WKH�DQDO\WLFDO�VLJQDO�DV�D�IXQFWLRQ�RI�WLPH��IRU�����GLVDSSHDUDQFH�RI�D�UHDFWDQW������IRUPDWLRQ�RI�D�SURGXFW�

 &RUUHVSRQGLQJ�DXWKRU� H�PDLO���$B3DUFKHKEDI#\DKRR�FRP
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7KH� GHWHUPLQDWLRQ� RI� D� JLYHQ� VSHFLHV� E\� D�NLQHWLF� PHWKRG� LV� EDVHG� RQ� WKH� GLUHFW� RU� LQGLUHFW�PHDVXUHPHQW� RI� LWV� UHDFWLRQ� UDWH�� ZKLFK� LQ� WXUQ�LQYROYHV� PHDVXULQJ� WKH� FKDQJH� LQ� WKH� UHDFWDQW� RU�SURGXFW�FRQFHQWUDWLRQ�DV�D� IXQFWLRQ�RI� WLPH��7KXV��WKH�UHDFWLRQ�UDWH�LV�GHILQHG�DV�WKH�QXPEHU�RI�PROHV�RI� PDWHULDO� FRQVXPHG� RU� IRUPHG� SHU� XQLW� YROXPH�SHU�XQLW�WLPH��&RQVLGHULQJ�WKH�IROORZLQJ�UHDFWLRQ�3%$ o� 3� �3URGXFWVWKH� UHDFWLRQ� UDWH� DW� WLPH� W� ZLOO� EH� JLYHQ� E\� WKH�GHULYDWLYH� RI� WKH� FRQFHQWUDWLRQ� RI� HDFK� VSHFLHV�LQYROYHG��ZLWK�UHVSHFW�WR�WLPH�
GW @%>GGW @$>GGW @3>GUDWH � �  ���DQG� @%>@$>NUDWH ���7KH�NLQHWLF�GHWHUPLQDWLRQ�RI�D�JLYHQ�VSHFLHV�FDQ�EH� SHUIRUPHG� E\� WZR� GLIIHUHQW�PHWKRGV�� GLIIHUHQWLDO�DQG� LQWHJUDO�� ,Q� WKH� GLIIHUHQWLDO� PHWKRGV�� WKH� LQLWLDO�UDWH�RI�D�FKHPLFDO�UHDFWLRQ���$���% o 3 ����ZKHUH�SVHXGR�]HUR�RUGHU�FRQGLWLRQV�DUH�KROG���WKH�UDWH�LV�QRW�LQIOXHQFHG�E\�WKH�FRQFHQWUDWLRQ�RI�$�RU�%��LV�JLYHQ�E\�&RQVW@%>@$>NGW @3>G� || Q ���,I�WKH�UHDFWLRQ�LV�RI�WKH�ILUVW�RUGHU�LQ�UHVSHFW�WR�$��WKHQ�WKH�LQLWLDO�UDWH�ZLOO�EH�JLYHQ E\

�$� @$>NGW @3>G   Q ���:KHUH� N$ LV� WKH� ILUVW�RUGHU� UDWH� FRQVWDQW� DQG�>$@� WKH�LQLWLDO�FRQFHQWUDWLRQ�RI�$��)URP�(T������LW�IROORZV�WKDW�WKH�SORW�RI�WKH�LQLWLDO�UDWH�DV�D�IXQFWLRQ�RI�>$@� ZLOO�EH�D�VWUDLJKW�OLQH�ZKLFK�FDQ�EH�XVHG�DV�D�FDOLEUDWLRQ�FXUYH�IRU�GHWHUPLQDWLRQ�RI�VSHFLHV�$>�@��7KXV�� UHDFWLRQ� UDWH� FDQ� EH� DSSOLHG� IRU�GHWHUPLQDWLRQ� RI� QLWULWH� LRQ� FRQFHQWUDWLRQ� LQ� WKH�PL[WXUH�RI�EURPDWH��PXUH[LGH�LQ�DFLGLF�PHGLXP��1LWULWH�LV�NQRZQ�WR�UHDFW�ZLWK�VHFRQGDU\�DPLQHV�WR�SURGXFH�FDUFLQRJHQLF 1�QLWURVRDPLQHV�>�@��$OVR��QLWULWHV�DUH�XQGHVLUDEOH� LQ�ZDWHU�GXH� WR� LWV� WR[LFLW\�>�@�� $� JUHDW� GHDO� RI� LQWHUHVW� KDV� EHHQ� JHQHUDWHG�FRQFHUQLQJ� WKHLU� SRWHQWLDO� KHDOWK� KD]DUGV�� $IWHU�LQJHVWLRQ�� SUHVHQFH� RI� QLWULWH� LQ� EORRG� VWUHDP�FRQYHUWV� R[\KHPRJORELQ� WR� PHWDKHPRJRORELQ��WKHUHE\� LQWUHIHULQJ� ZLWK� R[\JHQ� WUDQVSRUW� LQ� WKH�EORRG� >�@�� )RU� WKHVH� UHVRQV�� GLIIHUHQW� DQDO\WLDO�PHWKRGV�DUH�DSSOLHG�WR�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�WKLV�LRQ�LQ�UHDO�VDPSOHV�VSHFLDOO\�IRRGVWXIIV�'HWHUPLQDWLRQ� RI� QLWULWH� KDV� EHHQ� FDUULHG� RXW� E\�YDULRXV�PHWKRGV��$PRQJ�GLIIHUHQW�DQDO\WLFDO�PHWKRGV�OLNH�LRQ FKURPDWRJUDSK\�>�� �� �@��FKHPLOXPLQHVFHQFH�>������@��YROWDPPHWU\�>��� ��� ��@��DPSHURPHWU\�>��@��SRWHQWLRPHWU\�>��� ��� ��@��IORZ�LQMHFWLRQ�>��� ��� ������ ��� ��@�� FDSLOODU\� HOHFWURSKRUHVLV� >��@�� DQG�VSHFWURSKRWRPHWU\�>��� ��� ��� ��� ��@��E\�IDU�WKH�ODWHU�LV�WKH�PRVW�ZLGOH\�XVHG�PHWKRG��6HYHUDO�PHWKRGV�IRU�GHWHUPLQDWLRQ� RI� QLWULWH� XVLQJ� UHDFWLRQ� UDWH� PHWKRGV�KDYH�EHHQ�UHSRUWHG�>��� ��� ��� ��� ��� ��� ��@�,Q� WKLV� ZRUN�� WKH� RSWLPDO� FRQGLWLRQV� IRU� NLQHWLF�VSHFWURSKRWRPHWULF� GHWHUPLQDWLRQ� RI� QLWULWH� ZHUH�VWDEOLVKHG�E\�YDU\LQJ�WKH�FRQFHQWUDWLRQV�RI�SRWDVVLXP�EURPDWH�� VXOIRULF� DFLG�� DQG�PXUH[LGH� LQ� WKH� UHDFWLRQ�

PHGLD�� $OVR�� WKH� HIIHFWV� RI� LRQLF� VWUHQJWK�� DQG�WHPSHUDWXUH�ZHUH�LQYHVWLJDWHG�RQ WKH�UHDFWLRQ�UDWH�
(;3(5,0(17$/$OO�FKHPLFDOV�ZHUH�RI�DQDO\WLFDO�UHDJHQW�JUDGH�DQG�ZHUH� XVHG� ZLWKRXW� IXUWKHU� SXULILFDWLRQ�� 'RXEEOH�GLVWLOOHG�GHLRQL]HG�ZDWHU�ZDV�XVHG�WKURXJK�RXW�WKH�H[SHULPHQWV�� $� VWDQGDUG� VROXWLRQ� RI� QLWULWH� ������PJ�/���� ZDV� SUHSDUHG� E\ GLVVROYLQJ� ���� J� RI�VRGLXP� QLWULWH� LQ� ZDWHU� DQG� GLOXWLQJ� WR� ����� P/�ZLWK� GLVWLOOHG� ZDWHU�� 6XOIRULF� DFLG� ��0�� ZDV�SUHSDUHG�E\�LQWURGXFLQJ�������P/ RI�FRQFHQWUDWHG�VXOIRULF�DFLG�������SXULW\�DQG�G �����J�P/����LQWR�D����� P/�YROXPWULF�IODVN�DQG�GLOXWLQJ�WR�WKH�PDUN�ZLWK� GLVWLOOHG� ZDWHU�� 3RWDVVLXP� EURPDWH� ����� 0��ZDV�SUHSDUHG�E\�GLVVROYLQJ��������J�RI�SRWDVVLXP�EURPDWH� LQ� ����� P/� RI� ZDWHU�� 0XUH[LGH� VWRFN�VROXWLRQ� ZDV� SUHSDUHG� E\� GLVVROYLQJ� ������� J� RI�PXUH[LGH� LQ� ZDWHU� DQG� GLOXWLQJ� WR� ���� P/� LQ� D�YROXPHWULF� IODVN��7KLV� VROXWLRQ�ZDV� VWRUHG� LQ�GDUN�SODFH�DQG�ZDV�SUHSDUHG�GDLO\��$EVRUSWLRQ�VSHFWUD�ZHUH�UHFRUGHG�RQ�D�&KDPVSHF�PRGHO�0����89�9LV�� VSHFWURSKRWRPHWHU� XVLQJ� D� ��FP� TXDUW]� FHOO�� $EVRUEDQFH� UHDGLQJV� DW� D� IL[HG�ZDUHOHQJWK������QP��ZHUH�PDGH�RQ�D�VKLPDG]X�89������� VSHFWURSKRWRPHWHU�� 7KH� WHPSHUDWXUH� � ZDV��FRQWUROOHG� � ZLWK� � D� � FLUFXODWLQJ� � WKHUPRVWDW� � EDWK��LQVWUXPHQW�ZLWK�DFFXUDF\�RI�����q&��
5HFRPPHQGHG�SURFHGXUH,QWR� D� ���P/� YROXPHWULF� IODVN�� �� P/� RI� ���� 0�SRWDVVLXP� EURPDWH�� �� P/� RI� �u����0� PXUH[LGH�� ��P/�RI��u���� 0�VXOIRULF�DFLG�ZHUH�DGGHG��7KH�IODVN�ZDV�WKHUPRVWDWHG�IRU����PLQ�DW���q&��WKHQ�DQ�DOLTXRW�FRQWDLQLQJ�������J�P/�� RI�QLWULWH�LRQ�ZDV�LQWURGXFHG�DQG�WKH�VWRSZDWFK�ZDV�WXUQHG�RQ�VLPXOWDQHRXVO\�DQG�VROXWLRQ� RI� IODVN� GLOXWHG� WR� WKH� PDUN� ZLWK� GLVWLOOHG�ZDWHU�� 7KH� UHDFWLRQ� PL[WXUH� ZDV� WUDQVIHUUHG�LPPHGLDWHO\�LQWR�WKH�VSHFWURSKRWRPHWULF�FHOO�DQG�WKH�DEVRUEDQFH� DW� ���� QP�ZDV�PHDVXUHG� DW� ��� VHFRQGV�DQG� �� PLQXWHV� DIWHU� EHJLQQLQJ� RI� WKH� UHDFWLRQ�� 7KH�GLIIHUHQFH� EHWZHHQ� DEVRUEDQFHV� RI� WKH� WZR� UHDGLQJV�ZDV�FDOFXODWHG�DV��'$��
5HVXOWV�DQG�'LVFXVVLRQ,Q�WKH�DEVHQFH�RI�QLWULWH�LRQ��WKHUH�LV�VORZ�UHDFWLRQ�EHWZHHQ� PXUH[LGH� DQG� SRWDVVLXP� ERURPDWH��+RZHYHU�� ZKHQ� QLWULWH� LRQ� LV� DGGHG�� WKH� UHDFWLRQ�ZLOO� RFFXU�ZLWK� D� IDVWHU� UDWHV�� DQG� WKHUH�ZLOO� EH� D�FRORU�FKDQJH�IURP�UHG�WR�FRORUOHVV��7KH�FKDQJHV��LQ�DEVRUEDQFH�DW�����QP�YV��WLPH��LV�VKRZQ�LQ�)LJ�����7KH� HIIHFW� RI� DFLGLW\� RQ� WKH� UHDFWLRQ� UDWH� ZDV�VWXGLHG� E\� DGGLWLRQ� RI� +�6�� VROXWLRQ� WR� WKH� WHVW�VROXWLRQ��)LJ������,W�LV�VHHQ�WKDW�LQ�SUHVHQFH�RI�+�6���XS�WR� ���u����� 0� WKH� UHDFWLRQ� UDWH� UHPDLQV� FRQVWDQW��7KHUHIRUH�FRQFHQWUDWLRQRI�������0ZDV�VHOHFWHG�DV�WKH�EHVW� FRQFHQWUDWLRQ� IRU� +�6���� 7KH� LQIOXHQFH� RI�SRWDVVLXP�EURPDWH�FRQFHQWUDWLRQ�ZDV�LQYHVWLJDWHG�DQG�RSWLPXP� FRQFHQWUDWLRQ� RI� SRWDVVLXP� EURPDWH� ZDV�FKRVHQ�WR�EH������0 �)LJ������
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)LJ�����&KDQJHV�LQ��DEVRUEDQFH�YV��WLPH�

>+�62�@��0)LJ���� (IIHFW�RI�VXOIRULF�DFLG�FRQFHQWUDWLRQ�RQ�UHDFWLRQ�UDWH��6��6DPSOH��%��%ODQN�

>.%U2�@��0)LJ���� (IIHFW�RI SRWDVVLXP�EURPDWH�FRQFHQWUDWLRQ�RQ�UHDFWLRQ�UDWH��6��6DPSOH��%��%ODQN��

7KH� HIIHFW� � RI� � WKH� � FRQFHQWUDWLRQ�RI�PXUH[LGH�RQ�WKH�UHDFWLRQ�UDWH�ZDV�VWXGLHG��)LJ�����

>0XUH[LGH@��0)LJ���� (IIHFW�RI�PXUH[LGH�FRQFHQWUDWLRQ�RQ�'$�6��6DPSOH��%��%ODQN�
2SWLPXP�FRQFHQWUDWLRQ�RI�PXUH[LGH�ZDV�FKRVHQ�WR�EH� ���u����� 0�� 7KH� HIIHFW� RI� LRQLF� VWUHQJWK� RQ� WKH�UHDFWLRQ� UDWH� ZDV� LQYHVWLJDWHG� E\� XVLQJ� GLIIHUHQW�FRQFHQWUDWLRQ�RI�VRGLXP�QLWUDWH�VROXWLRQV���)LJ������7KH�UHVXOWV�VKRZ�WKDW�LRQLF�VWUHQJWK�GRHVQ¶W�KDYH�DQ\�HIIHFW�RQ�WKH�UHDFWLRQ�UDWH�DQG�IOXFWXDWLRQV�DUH�GXH�WR�UDQGRP�HUURU�RI� WKH�H[SHULPHQW��7KHUHIRUH�� IRU� IXUWKHU�VWXGLHV�VRGLXP� QLWUDWH� ZDV� QRW� DGGHG� WR� VROXWLRQV�� 7KH�LQIOXHQFH� RI� WHPSHUDWXUH� RQ� WKH� UHDFWLRQ� UDWH� ZDV�VWXGLHG�EHWZHHQ����DQG���q&��,W�LV�VHHQ�WKDW�WKH�UDWH�RI�UHDFWLRQ�LQFUHDVHV�E\�LQFUHDVLQJ�WKH�WHPSHUDWXUH��5RRP�WHPSHUDWXUH�ZDV�FKRVHQ�IRU�FRQYHQLHQFH��)LJ�����

,RQLF�VWUHQJWK��0�)LJ���� (IIHFW�RI�LRQLF�VWUHQJWK�RQ�WKH�UHDFWLRQ�UDWH��6��6DPSOH��%��%ODQN��
$� OLQHDU� FDOLEUDWLRQ� FXUYH� ZDV� REWDLQHG� XQGHU�RSWLPXP�FRQGLWLRQV�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�RI���WR����PJ�P/�� ZLWK�D�VTXDUH�RI�FRUUHODWLRQ�FRHIILFLHQW�RI��������DQG�D�UHJUHVVLRQ�HTXDWLRQ�RI�'$ �����u���� ���������&��ZKHUH�&�LV�WKH�FRQFHQWUDWLRQ�RI�QLWULWH�LRQ�LQ�PJ�P/���
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�� �� �� ��7HPSHUDWXUH�q&�)LJ���� ,QIOXHQFH�RI�WHPSHUDWXUH�RQ�WKH�UHDFWLRQ�UDWH��6��6DPSOH��%��%ODQN�
7KH� UHODWLYH� VWDQGDUG� GHYLDWLRQ� RI� ��� UHSOLFDWH�GHWHUPLQDWLRQV� RI� ��� PJ�P/�� QLWULWH� ZDV� �������/2'�RI�WKH�PHWKRG�ZDV������PJ�P/���,Q� RUGHU� WR� VWXG\� WKH� HIIHFW� RI� YDULRXV� DQLRQV�DQG�FDWLRQV�RQ�WKH�GHWHUPLQDWLRQV�RI�QLWULWH��D�IL[HG�FRQFHQWUDWLRQ�RI�QLWULWH�LRQ�����PJ�P/����ZDV�WDNHQ�ZLWK� GLIIHUHQW� DPRXQWV� RI� IRUHLJQ� LRQV� DQG� D�UHODWLYH�HUURU�RI����ZDV�FRQVLGHUHG�WROHUDEOH��7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����$V�FDQ�EH�VHHQ�WKHUH�LV�QR�LQWHUIHUHQFH�HIIHFW�RQ�WKH�GHWHUPLQDWLRQ�RI�QLWULWH�LRQV��,Q�RUGHU�WR�HYDOXDWH�WKH�DSSOLFDELOLW\�RI�WKH�PHWKRG�WR�WKH�UHDO�VDPSOH��LW�ZDV�DSSOLHG�WR�WKH�GHWHUPLQDWLRQ�RI�QLWULWH�LRQ�LQ�VDXVDJH�VDPSOHV�6DXVDJH� SURGXFW� ��� J�� SUHYLRXVO\� KRPRJHQL]HG��ZDV� ZHLJKWHG� LQWR� D� ��� P/� (UOHQP\HUH� IODVN�������P/� RI� VRGLXP� WHWUDERUDW� ������0� �� DQG� ����P/� RI� ZDWHU� ZHUH� DGGHG� DQG� WKH� PL[WXUH� ZDV�KHDWHG�WR����q&��RQ�D�VWHDP�EDWK��7KH�PL[WXUH�ZDV�WUDQVIHUUHG�WR�D�����P/�YROXPHWULF�IODVN�����P/�RI�SRWDVVLXP�KH[DF\DQR�IHUUDWH��,,�������0��VROXWLRQ

DQG����P/�RI��]LQF�DFHWDWH��������0��VROXWLRQ�ZHUH�DGGHG� DQG� �ZDV� GLOXWHG� WR� WKH�PDUN�ZLWK� GLVWLOOHG�ZDWHU�� $IWHUZDUGV�� WKH� VROXWLRQ� ZDV� ILOWHUHG��)LQDOO\�� UHDJHQWV� RI� NLQHWLF� VSHFWURSKRWRPHWULF�PHWKRG� ZHUH� WUDQVIHUUHG� WR� D� ��� P/� YROXPHWULF�IODVN� DQG� O� P/� RI� WKH� VROXWLRQ� FRQWDLQLQJ� QLWULWH�ZDV� DGGHG� DQG�PDGH� XS� WR� YROXPH�ZLWK� GLVWLOOHG�ZDWHU�� 7KHQ� WKH� DERYH� PHQWLRQHG� SURFHGXUH� IRU�GHWHUPLQDWLRQ�RI�QLWULWH�ZDV�DSSOLHG��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���
7DEOH��� (IIHFW�RI�IRUHLJQ�LRQV�RQ�WKH�GHWHUPLQDWLRQ�RI�QLWULWH

&RQFHQWUDWLRQ��J�P/���)RUHLJQ�,RQ�$GGHG �������� 1D&O. �� ������ �� �1L0J ����� �� �&D+J ����� ��� �&U2&22&+ ����) ������&2 ����� ������ ���� 2%=Q&1)H
,QLWLDO�VDPSOH�FRQWDLQHG����SSP��RI�QLWULWH�LRQ�
&21&/86,217KH� NLQHWLF� VSHFWURSKRWRPHWULF� GHWHUPLQDWLRQ� RI�QLWULWH�ZDV�DSSOLHG�IRU�GHWHUPLQDWLRQ�RI�FRQWHQWV�RI�IRRGVWXII� VXFK� DV� VDXVDJH�� 7KH� SURSRVHG� PHWKRG�RIIHUV� VXIILFLHQW� VHOHFWLYLW\�� VHQVLWLYLW\� �� KLJK�DFFXUDF\� DQG� UHSURGXFLELOLW\�� /2'�RI� WKH�PHWKRG�ZDV� ����� PJ�P/�� DQG� UHSURGXFLELOLW\� IRU� ���UHSOLFDWH�DQDO\VLV�ZDV�������

7DEOH��� &RPSDULVRQ�RI�WKH�UHVXOWV�REWDLQHG�E\�VWDQGDUG�*ULHVV�ZLWK�WKH�SUHVHQW�PHWKRG
6DPSOH *ULHVV�PHWKRG���� 3UHVHQW�PHWKRG���6DXVDJH���6DXVDJH���6DXVDJH���6DXVDJH���6DXVDJH���6DXVDJH���
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