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5HFHLYHG�1RYHPEHU���������
7KLV�ZRUN� SUHVHQWV� VRPH� FKDUDFWHULVWLFV� RI� H[SHULPHQWDO� VDPSOHV� RI� IOH[LEOH� VFLQWLOOD�

WLRQ�SDQHOV�PDGH�RQ�WKH�EDVLV�RI�ILQH�SRZGHUV�RI�]LQF�VHOHQLGH�VFLQWLOODWRU��7KH�SXUSRVH�RI
WKH�ZRUN�ZDV�WR�GHWHUPLQH�WKH�UHVROYLQJ�SRZHU�RI�GLVSHUVHG�VFLQWLOODWLRQ�SDQHOV�EDVHG�RQ
=Q6H�7H��DQG�WR�FODULI\�WKH�ILHOG�RI�WKHLU�DSSOLFDWLRQ�LQ�;�UD\�WHFKQLTXH��,Q�WKH�FRXUVH�RI
VWXG\LQJ�WKH�GHSHQGHQFHV�RI�WKH�UHVROYLQJ�SRZHU�RI�VFLQWLOODWLRQ�SDQHOV�EDVHG�RQ�=Q6H�7H�
RQ�WKH�SRZGHU�SDUWLFOHV�VL]H�DQG�WKLFNQHVV�RI�WKH�SDQHOV�ZHUH�GLVFRYHUHG��7KH�GDWD�RQ�WKH
GHSHQGHQFHV�RI�WKH�OLJKW�RXWSXW�RQ�WKH�SDQHO�WKLFNQHVV�DQG�SDUWLFOH�VL]H�RI�WKH�VFLQWLOODWRU
LQ� WKH� VDPSOHV� LQ� WKH� WKLFNQHVV� UDQJH� RI� ���Ü�� PP� DUH� SUHVHQWHG�� ;�UD\� LPDJHV� RI
GLIIHUHQW�WHVW�REMHFWV�REWDLQHG�XVLQJ�VFLQWLOODWLRQ�SDQHOV�EDVHG�RQ�]LQF�VHOHQLGH�DUH�VKRZQ�
7KUHH� UDQJHV� RI� WKH� SDUWLFOHV� GLVSHUVLRQ� ZHUH� LQYHVWLJDWHG�� WKH� ILUVW�Û� ��Ü��� PP�� WKH
VHFRQG�Û���Ü����PP��DQG� WKH� WKLUG�Û����Ü����PP�� ,W�ZDV� UHYHDOHG� WKDW� WKH� UHVROYLQJ
SRZHU�ZDV������DQG�����OS�PP�IRU�WKH�HDFK�UDQJH�RI�GLVSHUVLRQ�
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���,QWURGXFWLRQ
=Q6H�7H��VFLQWLOODWRU��UHODWHV�WR�WKH�VHPL�

FRQGXFWRU�PDWHULDOV� FODVV� RI�$�%��JURXS�� ,WLV� ZLGHO\� XVHG� LQ� VFLQWLOODWRU�VLOLFRQ� SKRWR�
GLRGH�V\VWHPV�IRU�;�UD\�GHWHFWRUV�RI�PRGHUQ
PXOWLFKDQQHO�ORZ�HQHUJ\�GHYLFHV�IRU�YLVXDOL�
]DWLRQ� RI� KLGGHQ� LPDJH� �V\VWHPV� RI� QRQ�GH�
VWUXFWLYH�FRQWURO��PHGLFDO�WRPRJUDSK\��UDGL�
RJUDSK\�� >�@�� &U\VWDOV� RI� ]LQF� VHOHQLGH� SRV�
VHVV� D� KLJK� OXPLQHVFHQW� HIILFLHQF\

���� WKRXVDQGV� SKRWRQV�0H9�� DQG� VKRUW� DI�
WHUJORZ�GXUDWLRQ��ZKLFK� DOORZV� UHJLVWUDWLRQ
RI�WKH�VKDGRZ�LPDJH�RI�ELRORJLFDO�REMHFWV�LQ
UHDO� WLPH�� $OVR� WKH� HPLVVLRQ� FRORU� RI� WKLV
SKRVSKRU�LV�RUDQJH�UHG��ZKLFK�PDNHV�LW�SHU�
IHFWO\�VXLWHG�WR�GHWHFWLRQ�E\�VLOLFRQ�VHPLFRQ�
GXFWRU�GHYLFHV�>�@���

$V�VFLQWLOODWLRQ�PDWHULDO�=Q6H�7H��FDQ�EH
XVHG�LQ�FU\VWDO�DQG�SRZGHU�IRUP�>�@��2Q�WKH
EDVLV� RI� SRZGHU� ]LQF� VHOHQLGH� WKH� IOH[LEOH
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VFLQWLOODWLRQ� SDQHOV� ZLWK� KLJK� OLJKW� \LHOG
DQG� KRPRJHQHLW\� RI� WKH� OXPLQHVFHQFH� ZHUH
GHYHORSHG� >�@�� 7KHVH� IOH[LEOH� VFLQWLOODWLRQ
SDQHOV�PDGH�IRU�DSSOLFDWLRQ�LQ�;�UD\�VWXGLHV
RI�ELRORJLFDO�REMHFWV�LQ�PHGLFDO�WRPRJUDSK\�
LQGXVWULDO� GHIHFWRVFRS\� DQG� RWKHU� ORZ� HQ�
HUJ\� GHYLFHV� RI� YLVXDOL]DWLRQ� RI� KLGGHQ
LPDJH�� IRU� H[DPSOH�� WKH� V\VWHPV� RI� ;�UD\
VFDQQLQJ�RI�SDVVHQJHU�V�EDJJDJH� LQ�WKH�DLU�
SRUWV� RU� YHKLFOHV� VFDQQLQJ� LQ� WKH� FXVWRPV
VWDWLRQV�� 6FLQWLOODWLRQ� SDQHOV� DUH� GHVLJQHG
IRU� XVH� ZLWK� PXOWL�FKDQQHO� VLOLFRQ� SKRWR�
GLRGHV�� &&'V� DQG� RWKHU� SKRWRGHWHFWLRQ� GH�
YLFHV�RI�OLQHDU�DQG�FRPSOH[�VKDSH�

)RU� VXFFHVVIXO� DSSOLFDWLRQ� RI� WKH� VFLQWLO�
ODWLRQ� SDQHO� LQ� ;�UD\� HTXLSPHQWV� LW� KDV� WR
SRVVHVV� WKH� QXPEHU� RI� QHFHVVDU\� IHDWXUHV
VXFK�DV�VDWLVIDFWRU\�FRQWUDVW�VHQVLWLYLW\�DQG
UHVROYLQJ� SRZHU� LQ� D� ZLGH� G\QDPLF� UDQJH�
'HSHQGLQJ�RQ�WKH�W\SH�RI�;�UD\�V\VWHP�WKH
UHVROYLQJ� SRZHU� FDQ� YDU\� E\� XS� WR
���OS�PP�IRU�WKH�WUDGLWLRQDO�ILOP�UDGLRJUD�
SK\��DERXW���� OS�PP�IRU�FRPELQHG�V\VWHPV
RI� ILOP� DQG� LQWHQVLI\LQJ� VFUHHQ� DQG� IURP
���� WR� �Ü�� OS�PP� IRU� GLJLWDO� UDGLRJUDSK\
>����@�

7KH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�ILQG�RXW
WKH� UHVROYLQJ� SRZHU� RI� VFLQWLOODWLRQ� SDQHOV
EDVHG� RQ� =Q6H�7H�� DQG� WKHLU� RSWLPDO� SD�
UDPHWHUV�IRU�NHHSLQJ�D�FRPSURPLVH�EHWZHHQ
WKH� UHVROYLQJ� SRZHU� DQG� OLJKW� RXWSXW� RI
WKHVH�SDQHOV�

,Q� WKLV� ZRUN� GHSHQGHQFHV� RI� UHVROYLQJ
SRZHU�RI�WKH�VFLQWLOODWLRQ�SDQHOV�RQ�WKH�VL]H
RI� =Q6H�7H�� VFLQWLOODWRU� SRZGHU� SDUWLFOHV
DQG� WKH� SDQHOV� WKLFNQHVV� ZDV� GLVFRYHUHG�
7KH�GDWD�RI�WKH�OLJKW�RXWSXW�GHSHQGHQFH�RQ
WKH�SDQHO�WKLFNQHVV�DQG�VFLQWLOODWRU�SDUWLFOH
VL]H�LQ�D�WKLFNQHVV�UDQJH�RI����Ü��PP�ZHUH
SUHVHQWHG�� ;�UD\� LPDJHV� RI� GLIIHUHQW� WHVW
REMHFWV� REWDLQHG� XVLQJ� VFLQWLOODWLRQ� SDQHOV
EDVHG�RQ�]LQF�VHOHQLGH�ZHUH�VKRZQ�

���([SHULPHQWDO
7KH� REMHFWV� RI� VWXG\� ZHUH� VFLQWLOODWLRQ

SDQHOV� RI� YDULDEOH� WKLFNQHVV� PDGH� LQ� WKH
IRUP� RI� D� OD\HU� RI� SRO\FU\VWDOOLQH� SDUWLFOHV
RI� LUUHJXODU� VKDSH� RI� LQRUJDQLF� VFLQWLOODWRU
=Q6H�7H�� LQ� WKH� RSWLFDO� LPPHUVLRQ� PHGLXP
Û�VLOLFRQH�UXEEHU��6DPSOHV�RI�WKH�SDQHOV�DUH
PDGH�E\�SRXULQJ�D�PL[WXUH�RI�SRZGHU�VFLQ�
WLOODWRU� DQG� LPPHUVLRQ�PHGLXP� LQ� WKH� FRQ�
WDLQHU�ZKLFK�FRYHUHG�ZLWK�DQWL�DGKHVLRQ�PD�
WHULDO��

5HVROYLQJ�SRZHU�RI�WKH�VFLQWLOODWLRQ�SDQ�
HOV� ZDV� GHWHUPLQHG� E\� D� NQRZQ� PHWKRG
XVLQJ� DQ� DSSDUDWXV� IRU� ;�UD\� LPDJH� UHJLV�
WUDWLRQ� �)LJ������$V�D�VRXUFH�RI� LRQL]LQJ�UD�
GLDWLRQ� DSSDUDWXV� ,6292/7� 7LWDQ� (� ;�UD\

*HQHUDWRU� ���� ZDV� XVHG� DQG� WKH� PHDVXUH�
PHQWV� RI� WKH� UHVROYLQJ� SRZHU� ZDV� FDUULHG
RXW�E\�XVLQJ�D�VWDQGDUG�WHVW�REMHFW�(1�����
��'XSOH[�,4,�

0HDVXUHPHQWV� RI� WKH� VDPSOHV� OLJKW� RXW�
SXW� LQWHQVLW\� ZHUH� FDUULHG� RXW� E\� D� NQRZQ
PHWKRG� XVLQJ� WKH� XQLW� IRU�PHDVXUHPHQW� RI
OLJKW� \LHOG� DQG� DIWHUJORZ� Û� 6PLWKV� +HL�
PDQQ�$06���

���5HVXOWV�DQG�GLVFXVVLRQ
([SHULPHQWDO� VDPSOHV� RI� VFLQWLOODWLRQ

SDQHOV� EDVHG� RQ� =Q6H�7H�� ZHUH� PDQXIDF�
WXUHG� ZLWK� D� YDULDEOH� WKLFNQHVV� ZKLFK
UDQJHG� IURP����� WR���PP��7KUHH� UDQJHV� RI
SDUWLFOHV� GLVSHUVLRQ� ZHUH� LQYHVWLJDWHG�� WKH
ILUVW� RQH� LV� ��Ü��� PP�� WKH� VHFRQG� Û� ��Ü
����PP��DQG�WKH�WKLUG�RQH�Û����Ü����PP�

7KH� GDWD� RI� GHSHQGHQFHV� RI� WKH� OLJKW
\LHOG� RQ� WKH� SDUWLFOH� VL]H� DQG� WKLFNQHVV� RI

)LJ�����6FKHPH�RI�DSSDUDWXV�IRU�;�UD\�LPDJH
UHJLVWUDWLRQ���

)LJ�����7KH�GHSHQGHQFHV�RI�WKH�OLJKW�\LHOG�RQ
WKH� SDUWLFOH� VL]H� DQG� WKLFNQHVV� RI� WKH� SRO\�
FU\VWDOOLQH� GLVSHUVHG� VDPSOHV� RI� VFLQWLOODWLRQ
SDQHOV� EDVHG� RQ� =Q6H�7H��� &XUYH� �� FRUUH�
VSRQGV�WR�WKH�VDPSOH�RI�SDQHO�ZLWK�D�SDUWLFOHV
VL]H�LQ����Ü����PP��FXUYH���Û�SDUWLFOHV�VL]H
LV� ��Ü���� PP�� FXUYH� �� Û� SDUWLFOHV� VL]H� LV
��Ü���PP�
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WKH� SRO\FU\VWDOOLQH� GLVSHUVHG� VDPSOHV� RI
VFLQWLOODWLRQ� SDQHOV� EDVHG� RQ� =Q6H�7H�� DUH
VKRZQ� LQ�)LJ�����7KH� ILUVW� UDQJH� RI� GLVSHU�
VLRQ� LV� WKH�PLQLPXP� DOORZDEOH� IRU� ]LQF� VH�
OHQLGH�DQG�ZLWK�IXUWKHU�GHFUHDVLQJ�RI�SDUWL�
FOH� VL]H� WKH� OLJKW� RXWSXW� EHFRPHV� WHQ� WLPHV
ORZHU� WKDQ� WKH� OLJKW� RXWSXW� RI� WKH� RULJLQDO
FU\VWDOOLQH� VDPSOH�� 7KLV� LV� GXH� WR� WKH� HOHF�
WURQ� FDSWXUH� OHQJWK� LQ� ]LQF� VHOHQLGH� �DERXW
���PP� DW� WKHVH� HQHUJLHV�� DQG� LI� LW� EHFRPHV
JUHDWHU� WKDQ� WKH� VL]H� RI� WKH� SDUWLFOHV� WKHQ
RQO\� D�PLQRU� IUDFWLRQ�RI�;�UD\� UDGLDWLRQ� LV
DEVRUEHG� E\� SDUWLFOHV� DQG� LQGXFHV� VFLQWLOOD�
WLRQ� IODVKHV�� )RU� WKH� ILUVW� UDQJH� RI� GLVSHU�
VLRQ� WKH� PD[LPXP� RI� OLJKW� RXWSXW� LV� RE�
VHUYHG� DW� WKLFNQHVVHV� IURP� ���� WR� ����PP�
:LWK� WKH� IXUWKHU� WKLFNQHVV� GHFUHDVH� RI� WKH
SDQHO�WKH�OLJKW�RXWSXW�DOVR�GHFUHDVHV�GXH�WR
GHWHULRUDWLRQ�RI�WKH�RSWLFDO� WUDQVSDUHQF\�RI
WKH�PHGLXP�DQG�WKH�GLVVLSDWLYH�SURFHVVHV�RI
VFDWWHULQJ� DQG� UHDEVRUSWLRQ� RI� VFLQWLOODWLRQ
IODVKHV�LQ�WKH�VDPSOH��7KH�VHFRQG�DQG�WKLUG
UDQJHV� RI� GLVSHUVLRQ� SRVVHVV� KLJKHU� OLJKW

RXWSXW�ZKLFK�DFFRUGLQJ�WR�)LJ����LQFUHDVHV�LQ
WKH�WKLFNQHVV�UDQJH�LQ����Ü��PP�DQG�UHDFKHV
D�PD[LPXP� DW� WKLFNQHVVHV� LQ� �Ü����PP�IRU
WKH� VHFRQG� UDQJH� DQG� ���Ü���� PP� IRU� WKH
WKLUG�UDQJH�>�@�

)RU�GHWHUPLQDWLRQ�RI�GHSHQGHQFHV�RI� WKH
UHVROYLQJ� SRZHU� RI� VFLQWLOODWLRQ� SDQHOV� RQ
VFLQWLOODWRU�V� SDUWLFOH� VL]H� WKH� VDPSOHV� RI
WKUHH� UDQJHV� RI� GLVSHUVLRQ� ZHUH� PHDVXUHG
�VFKHPH�RI�WKH�H[SHULPHQW�LV�VKRZQ�LQ�)LJ�����
6FLQWLOODWLRQ�SDQHOV�PDGH�RI�WKH�ILUVW�UDQJH
RI� GLVSHUVLRQ� SRVVHVV� WKH� EHVW� UHVROYLQJ
SRZHU� Û� DSSUR[LPDWHO\� �Ü�� OS�PP�� 6XFK
UHVROYLQJ� SRZHU� YDOXH� LV� DFKLHYHG� GXH� WR
VPDOO� VDPSOH� WKLFNQHVV� ����Ü���� PP�� DQG
UHODWLYHO\�VPDOO�SDUWLFOH�VL]H�RI�WKH�VFLQWLOOD�
WRU����Ü���PP��ZKLFK�IRUP�D�GHQVH�OD\HU�RI
VFLQWLOODWLRQ�PDWHULDO� DQG� ZLWKLQ� WKLV� OD\HU
WKH� VFDWWHULQJ� RI� VFLQWLOODWLRQ� IODVKHV� LV
PLQLPDO�� 3DQHOV� EDVHG� RQ� =Q6H�7H�� SRZGHU
ZLWK� D� SDUWLFOH� VL]H� RI� ��Ü���� PP� KDYH� D
ORZHU�UHVROYLQJ�SRZHU����OS�PP���5HVROYLQJ
SRZHU� RI� WKH� VFLQWLOODWLRQ� SDQHOV�ZLWK� SRZ�

7DEOH����7KH�UHVROYLQJ�SRZHU�PHDVXUHPHQWV�UHVXOWV�IRU�VFLQWLOODWLRQ�SDQHOV�EDVHG�RQ�=Q6H�7H�
6L]H�RI�WKH�=Q6H�7H��SDUWLFOHV�
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GHU�GLVSHUVLRQ�LQ����Ü����PP�LV�����OS�PP
�7DEOH�����7KH�UHVROYLQJ�SRZHU�GHWHULRUDWLRQ
IRU� WKH� VFLQWLOODWLRQ� SDQHOV� ZLWK� LQFUHDVLQJ
RI� WKH� SDUWLFOHV� VL]H� FDQ� EH� H[SODLQHG� E\
LQFUHDVLQJ� WKH� SDQHO�V� WUDQVSDUHQF\� GXH� WR
DQ� HQODUJHPHQW� RI� WKH� SDUWLFOHV� DQG� WKXV
UHGXFLQJ� WKH� QXPEHU� RI� VFDWWHULQJ� FHQWHUV
DQG�OLJKW�DEVRUELQJ�VXUIDFH�LQ�WKH�VFLQWLOOD�
WRU�LPPHUVLRQ� PHGLXP� V\VWHP�� :LWK� LQ�
FUHDVH�RI�WKH�SDQHO�V�WUDQVSDUHQF\�WKH�VFDW�
WHULQJ� FRQH� RI� VFLQWLOODWLRQ� IODVKHV� DOVR� LQ�
FUHDVHV�� 7KH� YDOXHV� RI� UHVROYLQJ� SRZHU� RI
WKH� VFLQWLOODWLRQ� SDQHOV� EDVHG� RQ� =Q6H�7H�
REWDLQHG�DFFRUGLQJ�WR�WKH�RSWLPL]HG�SDUDPH�
WHUV�RI�;�UD\V�

&UHDWLRQ� RI� KLJK�TXDOLW\� VFLQWLOODWLRQ
SDQHOV� UHTXLUHV� D� FRPSURPLVH� EHWZHHQ� WKH
SDQHO� WKLFNQHVV� �UHVSHFWLYHO\� WKH� OHYHO� RI
OLJKW�RXWSXW��DQG�UHVROYLQJ�SRZHU��VLQFH�DQ
LQFUHDVH� RI� WKH� SDQHO�V� WKLFNQHVV� GHFUHDVHV
WKH�UHVROYLQJ�SRZHU�E\�LQFUHDVH�RI�WKH�VFDW�
WHULQJ� FRQH� RI� VFLQWLOODWLRQ� IODVKHV��$FFRUG�
LQJ� WR� VWXGLHV�� WKH� RSWLPDO� WKLFNQHVVHV� RI
WKH�SDQHOV�LQ�RUGHU�WR�DFKLHYH�PD[LPXP�UH�
VROYLQJ�SRZHU�ZLWK�VDYLQJ�WKH�OLJKW�\LHOG�DW
WKH� DSSURSULDWH� OHYHO� IRU� SKRWRGHWHFWRU� DUH
DV�IROORZV��IRU�WKH�ILUVW�UDQJH�RI�GLVSHUVLRQ
WKH� RSWLPDO� WKLFNQHVV� EHORQJV� WR� WKH� UDQJH
���Ü����PP�DW� WKH� OHYHO� RI� OLJKW� RXWSXW� LQ
��� �� RI� WKH� RULJLQDO� FU\VWDO�V� OLJKW� \LHOG�
���Ü����PP� WKLFNQHVV� UDQJH� LV� RSWLPDO� IRU
D� VHFRQG� UDQJH� RI� GLVSHUVLRQ� DW� WKH� OLJKW
RXWSXW� OHYHO� LQ� ��� �� DQG� ���Ü���� PP

WKLFNQHVV�UDQJH�LV�RSWLPDO�IRU�WKH�WKLUG�GLV�
SHUVLRQ� UDQJH�ZLWK� WKH� OLJKW�\LHOG� LQ�����
�7DEOH����

7KH�LPDJHV�RI�GLIIHUHQW�WHVW�REMHFWV�ZHUH
REWDLQHG�XVLQJ�WKH�VFLQWLOODWLRQ�SDQHOV�EDVHG
RQ� =Q6H�7H�� SRZGHU� ZLWK� D� GLVSHUVLRQ� RI
���Ü����PP�� 7KH� RUJDQLF� WHVW� REMHFW
�FKLFNHQ�ZLQJ��LV�VKRZ�LQ�)LJ�����7KH�SKRWR
SUHVHQWV� WKH� ZLQJ� ;�UD\� LPDJH� ZKHUH� VRIW
WLVVXH�� ERQH� WLVVXH� DQG� YRLGV� LQ� WKHP� DUH
YLVLEOH�� %\� YDU\LQJ� WKH� SDUDPHWHUV� RI� ;�
UD\V��FXUUHQW�DQG�YROWDJH�RI�DQRGH��WKH�QHF�
HVVDU\� FRQWUDVW� RI� LPDJHV� FDQ� EH� REWDLQHG�
7R� GHPRQVWUDWH� WKH� G\QDPLF� UDQJH� RI� WKH
VFLQWLOODWLRQ�SDQHOV� D� VHW� RI� FDOLEUDWHG� VWHHO
SODWHV� ZLWK� WKLFNQHVVHV� UDQJLQJ� IURP� ����
WR� �� PP� DQG� D� VSDFLQJ� RI� ����� PP� ZDV
FKRVHQ�DV�DQ�LQRUJDQLF�WHVW�REMHFW��)LJ�����

$FFRUGLQJ� WR� WKH�;�UD\� LPDJH� GDWD� HYHQ
PLQRU� FKDQJH� RI� WKH� REMHFW�V� WKLFNQHVV
������PP�� LV� FOHDUO\� UHFRUGHG� LQ� WKH� SKRWR
WKDW� PHDQV� WKDW� VFLQWLOODWLRQ� SDQHOV� EDVHG
RQ�=Q6H�7H�� SRVVHVV� WKH� KLJK� VHQVLWLYLW\� RI
GHWHFWLRQ�

���&RQFOXVLRQV
$V�D�UHVXOW�RI�WKLV�ZRUN�WKH�GHSHQGHQFHV

RI�WKH�UHVROYLQJ�SRZHU�DQG�WKH�OHYHO�RI�OLJKW
RXWSXW� RI� VFLQWLOODWLRQ� SDQHOV� EDVHG� RQ
=Q6H�7H�� RQ� WKH� VDPSOH�V�WKLFNQHVV�DQG�WKH
GLVSHUVLRQ�UDQJH�RI�WKH�SDUWLFOHV�ZHUH�GHWHU�
PLQHG�

)LJ�����;�UD\� LPDJH�RI�WKH�LQRUJDQLF�WHVW�RE�
MHFW� �D� VHW� RI� FDOLEUDWHG� VWHHO� SODWHV� ZLWK� D
WKLFNQHVV� IURP� ����� WR� �� PP�� REWDLQHG� E\
XVLQJ� VFLQWLOODWLRQ� SDQHO� EDVHG� RQ� =Q6H�7H�
ZLWK�D�GLVSHUVLRQ�RI�WKH�VFLQWLOODWLRQ�SDUWLFOHV
���Ü����PP�

)LJ�����;�UD\�LPDJH�RI�WKH�ELRORJLFDO�WHVW�RE�
MHFW��FKLFNHQ�ZLQJ��REWDLQHG�E\�XVLQJ�VFLQWLO�
ODWLRQ�SDQHO�EDVHG�RQ�=Q6H�7H��ZLWK�D�GLVSHU�
VLRQ� RI� WKH� VFLQWLOODWLRQ� SDUWLFOHV� ���Ü
����PP�

7DEOH����6RPH�FKDUDFWHULVWLFV�RI�VFLQWLOODWLRQ�SDQHOV�EDVHG�RQ�=Q6H�7H�
6L]H�RI�WKH�=Q6H�7H��

SDUWLFOHV�LQ�WKH�SDQHO��PP
7KLFNQHVV�RI�WKH�SDQHO�

PP
5HVROYLQJ�SRZHU�RI�WKH

SDQHO��OS�PP
5HODWLYH�OLJKW�RXWSXW�
��IURP�WKH�RULJLQDO
FU\VWDOOLQH�VDPSOH

=Q6H�7H�
��Ü�� ���Ü��� �Ü� XS�WR���
��Ü��� ���Ü��� � XS�WR���
���Ü��� ���Ü��� ��� XS�WR���
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,W�ZDV�IRXQG�WKDW�WKH�VFLQWLOODWLRQ�SDQHOV
EDVHG�RQ�]LQF� VHOHQLGH� IURP�WKH� ILUVW� UDQJH
RI�GLVSHUVLRQ�FDQ�EH� VXFFHVVIXOO\�DSSOLHG� LQ
GLJLWDO� UDGLRJUDSK\� IRU� ZKLFK� WKH� UHTXLUH�
PHQWV�IRU�UHVROYLQJ�SRZHU�YDU\�IURP�����WR
�Ü��OS�PP��3DQHOV�EDVHG�RQ�WKH�VHFRQG�DQG
WKLUG�UDQJHV�RI�GLVSHUVLRQ�DFFRUGLQJ�WR�WKHLU
FKDUDFWHULVWLFV� DUH� VXLWDEOH� IRU� WKH� SURGXF�
LQJ� RI� SRVLWLRQ� VHQVLWLYH� GHWHFWRUV� VXFK� DV
VFLQWLOODWRU�SKRWRGLRGH�V\VWHPV�

7KXV� WKH� FRPSOLDQFH� RI� WKH� RSWLFDO� DQG
VFLQWLOODWLRQ� SDUDPHWHUV� �VXFK� DV� UHVROYLQJ
SRZHU�� G\QDPLF� UDQJH�� VHQVLWLYLW\� RI�GHWHF�
WLRQ�� RI� VFLQWLOODWLRQ� SDQHOV� EDVHG� RQ
=Q6H�7H��IRU�UHTXLUHPHQWV�DQG�VWDQGDUGV�RI

GLJLWDO� UDGLRJUDSK\� KDV� EHHQ� GHPRQVWUDWHG
LQ�WKLV�ZRUN�

5HIHUHQFHV
� ���*�5XGLJHU��0HG��(TXLS�����������������
� ���/�*DOFKLQHWVN\��9�5\]KLNRY��1�6WDU]KLQVN\�HW

DO���3URE�� $WRP��6FL�� �7HFKQ��� 6HU��� 3K\V��5DG�
'DPDJH�5DG��0DWHU��6FL�����������������

� ���(3�����������$���������
� ���9�/LWLFKHYVN\L�� 6�*DONLQ�� 2�/DODLDQWV� HW� DO��

)XQFWLRQDO�0DWHULDOV�����������������
� ���$�0LNKDLORY�� 0HDQV� DQG� 0HWKRGV� RI� 0RGHUQ

5RHQWJHQRJUDSK\��%HO��6FLHQFH��0LQVN��������
� ���$�0LNKDLORY��LQ��3URF��3RVVLELOLWLHV�DQG�/LPL�

WDWLRQV� RI�0RGHUQ�0HWKRGV� RI�0HGLFDO� ,PDJ�
LQJ��0LQVN��%HO0$32���������Y����S����
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