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7HFKQRORJLFDO� VROXWLRQV� EHLQJ� IRUPHG� LQ
WKH� SURGXFWLRQ� RI� VFLQWLOODWLRQ� GHWHFWRUV� RQ
WKH� EDVLV� RI� 1D,�7O�� �ZDVKLQJ� OLTXLGV� IURP
JURZWK� XQLWV�� VROXWLRQV� IRUPHG� DW� FU\VWDO
FXWWLQJ� XVLQJ� ZDWHU� MHWV�� HWF��� FRQWDLQ�� EH�
VLGHV� WKH� WDS� ZDWHU� FRPSRQHQWV� �FDOFLXP�
PDJQHVLXP� LURQ�� DQG� RWKHU� VDOWV��� D� ILQH�
JUDLQ� WKDOOLXP� LRGLGH� VXVSHQVLRQ� DV�ZHOO� DV
VRGLXP� LRGLGH� LQ�FRQFHQWUDWLRQV� IURP���� WR
����PJ�GP��>�@��6XFK�WHFKQRJHQLF�VROXWLRQV
VKRXOG�QRW�EH�GLVFDUGHG�EHFDXVH�WKRVH�DUH�D
VRXUFH� RI� YDOXDEOH� VHFRQGDU\� UDZ�PDWHULDOV
�7O,��,���DV�ZHOO�DV�DUH�KLJKO\�WR[LF��WKDOOLXPEHORQJV�WR�VXEVWDQFHV�RI��VW�GDQJHU�FODVV��

%HIRUH� >�@�� WKH� 7O,� EHKDYLRU� IHDWXUHV� LQ
VRGLXP� LRGLGH� RU� FHVLXP� LRGLGH� KDYH� EHHQ
VWXGLHG��%DVLQJ�RQ�WHPSHUDWXUH�GHSHQGHQFHV
RI� GLVVROYHG� WKDOOLXP� LRGLGH� FRQFHQWUDWLRQ
�&7O,�� DW� GLIIHUHQW� 1D,� DQG� &V,� FRQFHQWUD�WLRQV�� DV� ZHOO� DV� RQ� &7O,� RQ� WKH� LRGLGH� LRQFRQFHQWUDWLRQ� DW� GLIIHUHQW� WHPSHUDWXUHV�� LW

KDV�EHHQ�VKRZQ�WKDW�WKH�WHPSHUDWXUH�LQIOX�
HQFHV� WKH� 7O,� VROXELOLW\� PRUH� KHDYLO\� WKDQ
WKH�,±�LRQ�H[FHVV�GRHV��7KH�LQIOXHQFH�RI�,±�LRQ�
LQ�LWV�WXUQ��DSSHDUV�HLWKHU�DV�WKDW�RI�DQ�LRQ
RI�WKH�VDPH�NLQG�LQ�WKH�7O,�GLVVROXWLRQ�HTXL�
OLEULXP�� RU� DV� WKDW� RI� D� FRPSOH[LQJ� DJHQW�
7KH�HIIHFW�RI�WLPH�ZDV�QRW�FRQVLGHUHG�EHIRUH
DW� WKH� VDPH� WHPSHUDWXUH� FRQGLWLRQV��0HDQ�
ZKLOH�� LQ� SURGXFWLRQ� FRQGLWLRQV�� WKH� DERYH�
PHQWLRQHG� VROXWLRQV� DUH� DFFXPXODWHG� DQG
VWRUHG�IRU�UDWKHU�SURORQJHG�SHULRGV��,Q�WKDW
FRQQHFWLRQ��WKH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR
VWXG\� WKH� GLVVROXWLRQ� NLQHWLFV� RI� WKDOOLXP
LRGLGH� LQ� DTXHRXV� VROXWLRQV� RI� VRGLXP
LRGLGH�

7KH� VWXGLHV�ZHUH�PDGH�XVLQJ�PRGHO� V\V�
WHPV� DSSUR[LPDWLQJ� DV�ZHOO� DV� SRVVLEOH� WKH
SURGXFWLRQ�FRQGLWLRQV��7R�WKDW�HQG��D�VHW�RI
VROXWLRQV� ZDV� SUHSDUHG� ZKHUH� WKH� VRGLXP
LRGLGH� �VSHFLDO� SXULW\� JUDGH�� ZDV� YDULHG
ZLWKLQ� D� ZLGH� UDQJH� �7DEOH���� DW� YDULDEOH

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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�6HULHV� �Ü��� RU� FRQVWDQW� �6HULHV� ������ LRQLF
VWUHQJWK��$� ODUJH� H[FHVV� RI� WKDOOLXP� LRGLGH
�VSHFLDO� SXULW\� JUDGH�� ZDV� XVHG� WR� SURYLGH
WKH� KHWHURJHQHLW\� RI� V\VWHPV� XQGHU� VWXG\�
'XULQJ� WKH� H[SHULPHQW� �IRU� ���� PRQWKV��
WKH� VROXWLRQV� ZHUH� NHSW� DW� ��r����&� LQ� D
67%9������,9� WKHUPREDULF� FKDPEHU�� 7KH
VROXWLRQV�ZHUH�PL[HG�WKRURXJKO\�HYHU\�GD\�
7R� VWXG\� WKH� 7O,� GLVVROXWLRQ� NLQHWLFV�� WKH
VHWWOHG� VROXWLRQV� ZHUH� VDPSOHG� �DYRLGLQJ
URLOLQJ�� ��� ��� ���� ���� ���� ���� ���� ����� ���
DQG� ���� GD\V� DIWHU� WKH� PRGHO� V\VWHPV
SUHSDUDWLRQ�� 7KH� VDPSOH� SUHSDUDWLRQ� LQ�
FOXGHG� D� KHDW� WUHDWPHQW� RI� DQ� DOLTXRW� ILUVW
LQ�WKH�SUHVHQFH�RI�QLWULF�DFLG��VSHFLDO�SXULW\
JUDGH�� WR� UHPRYH� LRGLQH� DQG� WKHQ� LQ� WKH
SUHVHQFH�RI�K\GURJHQ�SHUR[LGH��FKHPLFDO�SX�
ULW\�JUDGH��DQG�VXOIXULF�DFLG��VSHFLDO�SXULW\
JUDGH�� XQWLO� VXOIXULF� DFLG� YDSRU� ZDV� UH�
PRYHG�� 7KH� GU\� UHVLGXHV� ZHUH� GLVVROYHG� LQ
DPPRQLXP�DFHWDWH�EXIIHU�VROXWLRQ��S+������
7KH� DOWHUQDWLQJ� FXUUHQW� YROWDPPHWU\� >�@
ZDV� XVHG� WR�PHDVXUH� WKH� GLVVROYHG�7O,� FRQ�
FHQWUDWLRQ�� 7KH� DQRGLF� R[LGDWLRQ� FXUUHQWV
ZHUH� UHFRUGHG� LQ� WKH� VLQJOH�GURS�SRODURJUD�
SK\�PRGH�XVLQJ�D�836�VSHFLDO�SRODURJUDSKLF
XQLW�DW� OLQHDU�YROWDJH�VZHHS�ZLWKLQ�Ü����WR
Ü����9�UDQJH��7KH�PHDVXUHPHQWV�ZHUH�PDGH
XVLQJ� D�YDOYH�W\SH�VWDWLRQDU\�PHUFXU\�HOHF�
WURGH��5(.7�� >�@�DV�WKH�LQGLFDWLQJ�RQH��VLO�
YHU�FKORULGH�HOHFWURGH�DV� WKH�UHIHUHQFH�RQH�
DQG�SODWLQXP�HOHFWURGH�DV�WKH�DX[LOLDU\�RQH�
7KH�VWDWLVWLFDO�SURFHVVLQJ�RI�D�ODUJH�H[SHUL�
PHQWDO� GDWD� VHW� KDV� VKRZQ� WKDW� LQ� WKH
DQDO\VLV�SURFHGXUH��WKH�PHWKRG�SURYLGHV�OLQ�
HDU� FDOLEUDWLRQ� SORWV� ZLWKLQ� WZR� RU� WKUHH
GHFLPDO� RUGHUV� RI� WKDOOLXP� FRQFHQWUDWLRQ�
7KH�UHSURGXFLELOLW\�RI�WKH�GHWHUPLQDWLRQ�UH�
VXOWV� LV� FKDUDFWHUL]HG� E\� UHODWLYH� VWDQGDUG
GHYLDWLRQ� �6U�� YDOXHV� RI� ����� WR� ����� IRUWKDOOLXP� FRQFHQWUDWLRQV� RI� �������Ü�� WR
������Ü��PRO�GP��� UHVSHFWLYHO\�� 7KH� ORZHU
GHWHUPLQDWLRQ� OLPLW� LV�����Ü��PRO�GP���7KH
W�WHVW� HYLGHQFHV� WKDW� ZLWKLQ� WKH� DIRUHPHQ�

WLRQHG� FRQFHQWUDWLRQ� UDQJH�� WKH� V\VWHPDWLF
HUURU�DW�3� ������LV�LQVLJQLILFDQW�

7KH� NLQHWLF� GHSHQGHQFHV� RI� GLVVROYHG
WKDOOLXP� LRGLGH�FRQFHQWUDWLRQ� LQ�VRGLXP� LR�
GLGH� VROXWLRQV� EDVHG� RQ� WKH� GDWD� REWDLQHG
DUH�SUHVHQWHG�LQ�)LJ�����7KH�FXUYHV�DUH�VHHQ
WR�EH�GLIIHUHQW� IRU�GLIIHUHQW�1D,� FRQFHQWUD�
WLRQV� ERWK� LQ� VHULHV� ZLWK� YDULDEOH� LRQLF
VWUHQJWK� �FXUYHV� �Ü��� DQG� LQ� VHULHV� ZKHUH
WKH� LRQLF� VWUHQJWK�ZDV� NHSW� FRQVWDQW� XVLQJ
1D&O2�� DGGLWLYHV� �FXUYHV� �� DQG� ���� $W�1D,FRQFHQWUDWLRQV� QRW� H[FHHGLQJ� ���� PRO�GP��
WKH� GHSHQGHQFHV� REWDLQHG� DUH� DSSUR[LPDWHG
E\�OLQHDU�UHJUHVVLRQ�HTXDWLRQV�ZLWK�SDUDPH�

7DEOH����0RGHO�V\VWHP�FRPSRVLWLRQV
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1R�
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)LJ�����7KDOOLXP��,��GLVVROXWLRQ�NLQHWLFV�LQ�VR�
GLXP� LRGLGH� VROXWLRQV� DW� YDULDEOH� ��Ü��� DQG
FRQVWDQW� ���� ��� LRQLF� VWUHQJWK�� &1D,�PRO�GP���� ���� ����� ���� ����� ���� ����� ���� ����
���� ����� ���� PRO�GP�� 1D,�������PRO�GP�
1D&O2�� ����� ���� PRO�GP�� 1D,�������PRO�GP�
1D&O2������
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WHUV� �GHWHUPLQHG� E\� OHDVW� VTXDUH� PHWKRG�
SUHVHQWHG� LQ�7DEOH����$W�1D,� FRQFHQWUDWLRQV
DERYH� ���� PRO�GP��� D� VLJQLILFDQW� QRQ�PR�
QRWRQRXV� LQFUHDVH� RI� 7O,� VROXELOLW\� GXULQJ
WKH�ZKROH� H[SHULPHQW� LV� REVHUYHG��$V� D� UH�
VXOW�� WKH�FXUYHV�DUH�VXEGLYLGHG� LQWR�VHYHUDO
VHFWLRQV�� $W� &1D,� �����PRO�GP��� WKHUH� DUH
WZR� VXFK� VHFWLRQV�� ZKLOH� DW� &1D,� ����PRO�GP�� �QHDU� WR� VDWXUDWLRQ��� WKUHH
RQHV��(DFK�VHFWLRQ�LV�DSSUR[LPDWHG�E\�D�OLQ�
HDU� UHJUHVVLRQ� HTXDWLRQ�� WKDW� LV� HYLGHQFHG
E\� WKH� FRUUHODWLRQ� FRHIILFLHQWV� UDWKHU� FORVH
WR� XQLW\� �VHH� 7DEOH����� 7KH� DYHUDJH� VORSH
YDOXHV�E�IRU�WKRVH�VHFWLRQV�DUH�VLJQLILFDQWO\
GLIIHUHQW�DFFRUGLQJ�WR�W�FULWHULRQ�DW�3� ������
7KLV�HYLGHQFHV�D�YDULDEOH�UDWH�RI�7O,�GLVVROX�
WLRQ�� 7KH� V\VWHP� VHHPV� WR� UHPDLQ� QRQ�
HTXLOLEUDWHG�HYHQ�DIWHU�����GD\V�

7KH�FXUYHV�RI�7O,�VROXELOLW\�DV�D�IXQFWLRQ
RI� VRGLXP� LRGLGH� FRQFHQWUDWLRQ� FRQVWUXFWHG
EDVLQJ�RQ�WKH�UHVXOWV�REWDLQHG���GD\��)LJ����
FXUYH� ��� DQG� ���� GD\V� �)LJ����� FXUYH� ��
DIWHU� WKH�PRGHO� V\VWHP� SUHSDUDWLRQ� DUH� HV�
VHQWLDOO\� RI� WKH� VDPH� VKDSH�EXW�GLIIHU� E\�D
FHUWDLQ� YDULDEOH� TXDQWLW\�'&� FKDUDFWHUL]LQJ
WKH�7O,�FRQFHQWUDWLRQ�LQFUHDVH�WKDW�VHHPV�WR
EH�DVVRFLDWHG�ZLWK�FRPSHWLQJ�SURFHVVHV�

,W� LV� RI� LQWHUHVW� WR� FRPSDUH� WKH� GHSHQG�
HQFHV� REWDLQHG� LQ� WKLV� ZRUN� ZLWK� WKH� GH�
SHQGHQFH��)LJ�����FXUYH����FRQVWUXFWHG�XVLQJ
GDWD� IURP� >�@� ZKHUH� DQRWKHU� DSSURDFK� ZDV
XVHG�WR�VWXG\�WKH�LQIOXHQFH�RI�DONDOL�LRGLGHV
RQ�7O,�VROXELOLW\��7KDW�DSSURDFK�FRQVLVWHG�LQ
WKDW� WKH� 7O,� VROXELOLW\� ZDV� GHWHUPLQHG� E\

WLWUDWLRQ�RI�VROXWLRQV�FRQWDLQLQJ�GLIIHUHQW�,±
FRQFHQWUDWLRQV� ZLWK� 7O12�� VROXWLRQ� XQWLOVWDEOH�FORXGLQHVV��1HSKHORPHWU\�ZDV�XVHG�WR
LQGLFDWH�WKH�ILQDO�SRLQW��)LJ����VKRZV�D�JRRG
FRLQFLGHQFH�EHWZHHQ�FXUYHV���DQG��� IRU�1D,
VROXWLRQV� DW� FRQFHQWUDWLRQV� QRW� H[FHHGLQJ
����PRO�GP���,W�LV�HYLGHQW�WKDW�WKH�VDPH�7O,
VROXELOLW\�YDOXHV�FDQ�EH�REWDLQHG�XQGHU�GLI�
IHUHQW� H[SHULPHQWDO� FRQGLWLRQV� �7O,� GLVVROX�
WLRQ� LQ� WKLV� ZRUN� DQG� SUHFLSLWDWLRQ� LQ� >�@�
RQO\�LQ�DQ�HTXLOLEULXP�V\VWHP��7KXV��LW�FDQ
EH� VXSSRVHG� WKDW� LQ� WKH� V\VWHPV� XQGHU
VWXG\��WKH�HTXLOLEULXP�LQ�WKH�7O,�GLVVROXWLRQ

7DEOH����/LQHDU�UHJUHVVLRQ�SDUDPHWHUV�IRU�&7O,� �D���EW�GHSHQGHQFHV

6HU�
1R�

7LPH�LQWHUYDO
GD\V

&1D,�PRO�GP� &1D&O2��PRO�GP� Q D���'D E���'E U
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� ������� ��� Ü � ����r���� ������r������ �����
� ������� ��� Ü � ����r���� ������r������ �����
� ������ ��� Ü � �����r���� ������r������ �����
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�������� ��� ��� � ����r���� ������r������ �����
� ������ ��� Ü � ���r�� �����r����� �����

�������� ��� Ü � ���r�� �����r����� �����
��������� ��� Ü � ���r�� �����r����� �����

&7O,� LQ� �PRO�GP�����Ü��� WLPH� W�� LQ�GD\V��Q�� QXPEHU� RI� H[SHULPHQWV� FDUULHG� RXW� DW� D� IL[HG� WLPH
SRLQW� �ZLWKLQ� WKH� UDQJH� LQGLFDWHG��� WKH� UHVXOW� IRU� HDFK�H[SHULPHQW� LV�FDOFXODWHG�IURP���SDUDOOHO
WULDOV�� 'D�� 'E�� WKH� FRQILGHQFH� LQWHUYDO� KDOI�ZLGWK� IRU� DYHUDJH� YDOXH� RI� D� DQG� E� SDUDPHWHUV�
FDOFXODWHG�DW�FRQILGHQFH�SUREDELOLW\�3� �������U��WKH�OLQHDU�FRUUHODWLRQ�FRHIILFLHQW�

)LJ�����7KDOOLXP�LRGLGH�VROXELOLW\�FXUYHV�LQ�VR�
GLXP� LRGLGH� VROXWLRQV�� 'DWD� REWDLQHG� LQ� WKLV
ZRUN�DIWHU���GD\�����DQG�����GD\V�����DIWHU�WKH
PRGHO�V\VWHP�SUHSDUDWLRQ��GDWD�IURP�>�@�����
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DQG�7O�,�� LRGLGH� FRPSOH[LQJ� SURFHVVHV� LV� DW�
WDLQHG�DOUHDG\�LQ�WKH��VW�GD\�

7O,���!�7O����,��� ���

7O,����Q���,����!�7OQ�Q������ ���
%HVLGHV��LQ�UHDO�FRQGLWLRQV��D�SDUWLDO�R[L�

GDWLRQ�RI� ,±�ZLWK�DLU�R[\JHQ�LV�SRVVLEOH�
�,����2�����+����!��,�����+�2����� ���

7KLV� KDV� EHHQ� HYLGHQFHG� DOVR� GXULQJ� WKH
H[SHULPHQW�DV�WKH�FRORU�FKDQJH�RI�WKH�VROX�
WLRQV� IURP� OLJKW�\HOORZ� WR�\HOORZLVK�EURZQ�
WKH� FRORU� LQWHQVLW\� EHLQJ� WKH� KLJKHU�� WKH
KLJKHU� 1D,� FRQFHQWUDWLRQ� LV�� 7KH� FRPSOH[
DQLRQ� ,�±�DQG�IUHH�LRGLQH�EHLQJ�IRUPHG�PD\DOVR�EH�LQYROYHG�LQ�7O,�GLVVROXWLRQ��7R�HOLPL�
QDWH� WKDW�SURFHVV�� DQ� H[FHVV� VRGLXP�VXOILWH
KDV� EHHQ� DGGHG� WR� PRGHO� V\VWHP� NHSW� IRU
���� GD\V�� 7KH� VXOILWH� LQWHUDFWV�ZLWK� LRGLQH
DFFRUGLQJ�WR�WKH�IROORZLQJ�VFKHPH�

62������,����+�2���!�62�������+,� ���
7KH�FRPSDULVRQ�RI�GHWHUPLQHG�GLVVROYHG�7O,

DPRXQWV� SULRU� WR� DQG� DIWHU� VRGLXP� VXOILWH
DGGLWLRQ��7DEOH����KDV�VKRZQ�WKDW�DIWHU�LRGLQH
ZDV�UHGXFHG��WKH�V\VWHP�ZHUH�UHWXUQHG�HVVHQ�
WLDOO\� WR� WKH� VWDWH� FRUUHVSRQGLQJ� WR� WKH� �VW
GD\�RI�WKH�LQLWLDO�H[SHULPHQW��7KXV��WKH�WLPH�
GHSHQGHG�YDULDWLRQ�RI�7O,�GLVVROXWLRQ�UDWH�KDV
EHHQ�IRXQG�WR�EH�GXH�WR�WKH�SUHVHQFH�RI�IUHH
LRGLQH�LQ�WKH�V\VWHPV�

7KHUH�LV�QR�XQDPELJXRXV�LQWHUSUHWDWLRQ�RI
LQWHUDFWLRQ�EHWZHHQ�LRGLQH�DQG�XQLYDOHQW�WKDO�
OLXP�� 7KH� HTXLOLEULXP� FDOFXODWLRQ� IRU� VROX�
WLRQV�FRQWDLQLQJ�RQO\�7O��DQG�IUHH�LRGLQH

7O����,����!�7O������,� ���

VKRZV� WKDW� WKH� 7O�� R[LGDWLRQ� ZLWK� LRGLQH� LV
LPSRVVLEOH��$�WKHRUHWLFDO�HTXLOLEULXP�FDOFXOD�
WLRQ� LQ� 7O,±1D,±+�2±2�� V\VWHP� WKDW� FRXOGFRQILUP� WKH� SUREDELOLW\� RI� 7O��� IRUPDWLRQ� LV
KLQGHUHG� GXH� WR� WKH� DEVHQFH� RI� UHOLDEOH� FRP�
SOH[LQJ�FRQVWDQWV�IRU�XQL��DQG�WULYDOHQW�WKDO�
OLXP�� $� VHQVLWLYH� WHVW� IRU� WULYDOHQW� WKDOOLXP
FDQ�EH�SURYLGHG�E\�LWV�SUHFLSLWDWLRQ�DV�SRRUO\
VROXEOH�K\GUR[LGH��7KH� WKDOOLXP� �,,,�� FRQFHQ�
WUDWLRQ�LQ�HTXLOLEULXP

7O������2+����!�7O�2+���
OJ.V� �������>�@�

���

DV�FDOFXODWHG�XVLQJ�WKH�VFKHPH�E\�.RPDU��>�@
LV� ������Ü��PRO�GP��� ,Q� WKH� PRGHO� VROXWLRQ
FRQWDLQLQJ� ���� PRO�GP�� RI� VRGLXP� LRGLGH�
WKDOOLXP� FRQFHQWUDWLRQ� LV� ����Ü��PRO�GP��
WKDW� LV�� H[FHHGV� PRUH� WKDQ� E\� �� GHFLPDO
RUGHUV� WKH� HTXLOLEULXP�RQH��7KLV� DPRXQW� LV
VXIILFLHQW� IRU� SUHFLSLWDWLRQ�� +RZHYHU�� HYHQ
WUDFHV� RI� FORXGLQHVV� ZHUH� QRW� REVHUYHG� LQ
WKH� VROXWLRQ� XQGHU� VWXG\�� 7KXV�� LQ� RXU� H[�
SHULPHQWDO� FRQGLWLRQV� ZKHUH� WKH� LRGLGH� LRQ
FRQFHQWUDWLRQ� H[FHHGV� FRQVLGHUDEO\� WKH� IUHH
LRGLQH� RQH�� WKH� HTXLOLEULXP� ���� VHHPV� WR� EH
VKLIWHG� VWURQJO\� WR� WKH� OHIW�� 7KH� WLPH�GH�
SHQGHG�FKDQJH�LQ�WKH�7O,�GLVVROXWLRQ�UDWH�LQ
WKH� SUHVHQFH� RI� H[FHVV� LRGLGH� LRQ� LV� OLNH� WR
EH� GXH� WR� IRUPDWLRQ� RI� 7O,±,�� FRPSOH[� DF�FRUGLQJ�WR�UHDFWLRQ

7O,���,�����!�7O,���,����,���� ���
7KXV�� EDVLQJ� RQ� WKH� VWXG\� RI� WKDOOLXP

LRGLGH�GLVVROXWLRQ�NLQHWLFV� LQ�1D,� VROXWLRQV�
WKH�WLPH�GHSHQGHG�FKDQJH�RI�WKH�GLVVROXWLRQ
UDWH�KDV�EHHQ�HVWDEOLVKHG��&RPSDULQJ�WKH�7O,
VROXELOLW\�GHSHQGHQFHV�RQ�1D,�FRQFHQWUDWLRQ
REWDLQHG� E\� XV� ZLWK� WKRVH� GHVFULEHG� LQ� OLW�

7DEOH����5HVXOWV�RI�7O,�GLVVROYHG�LQ�PRGHO�V\VWHPV�SULRU�WR�DQG�DIWHU�1D�62��LQWURGXFWLRQ
&1D,�PRO�GP� &1D&O2��PRO�GP� &7O,���PRO�GP�����Ü�
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�WLPH��GD\V��DIWHU�WKH�PRGHO�V\VWHP�SUHSDUDWLRQ
�WLPH��GD\V��DIWHU�WKH�LQWURGXFWLRQ�RI�����J�GP��1D�62��LQWR�WKH�V\VWHP�NHSW�IRU�����GD\V
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HUDWXUH�>�@�DV�ZHOO�DV�XVLQJ�WKH�UHVXOWV�RI�DQ
H[SHULPHQW� LQFOXGLQJ� HOLPLQDWLRQ� RI� LRGLQH
LQIOXHQFH��ZH�KDYH� HVWDEOLVKHG� WKH�SUHVHQFH
RI� WZR� SDUDOOHO� SURFHVVHV�� 7KH� ILUVW� RQH� LV
DVVRFLDWHG�ZLWK�7O�� FRPSOH[LQJ�ZLWK� ,±� LRQV
DQG� LV� DQ� HTXLOLEULXP� SURFHVV�� 7KH� VHFRQG
RQH�� SUHVHQWLQJ�7O,� LQWHUDFWLRQ� ZLWK� D� FRP�
SOH[�DQLRQ� ,�±� �WKH�FRQFHQWUDWLRQ�RI�WKH�ODW�WHU� EHLQJ� LQFUHDVHG� LQ� WLPH��� FDXVHV� D� QRQ�
HTXLOLEULXP� RI� WKH� V\VWHP� DV� D� ZKROH�� 7KH
IRXQG� UHJXODULWLHV� FDQ� EH� XVHG� WR� VXSSUHVV
WKH�7O,� VROXELOLW\� LQ� UHDO� WHFKQRORJLFDO� VROX�
WLRQV� WKDW� DUH� RSHQ� V\VWHPV� KDYLQJ� D� ODUJH
FRQWDFW�DUHD�ZLWK�DWPRVSKHULF�DLU�
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