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�
(VWLPDWLQJ� SURWHLQ� V\QWKHVLV� FDQ� EH� YHU\�
GLIILFXOW� DQG� H[SHQVLYH�� 2QH� ZD\� RI�
FLUFXPYHQWLQJ� VRPH� RI� WKHVH� SUREOHPV� LV� WR�
PHDVXUH�WKH�DPRXQW�RI�WUDQVODWLRQDO�HORQJDWLRQ�
IDFWRU���� 7KH� UDWLRQDOH� EHKLQG� VXFK� D�PHDVXUH�
LV� EHFDXVH� WKLV� HQ]\PH� LV� LQYROYHG� LQ� WKH�
V\QWKHVLV� RI� DOO� SURWHLQV�� LQFOXGLQJ� LWVHOI��
(ORQJDWLRQ�IDFWRU���FDQ�EH�$'3�ULERV\ODWHG�E\�
WKH�DFWLRQ�RI�GLSKWKHULD�WR[LQ�DQG�WKLV�UHDFWLRQ�
LV� VWRLFKLRPHWULF� DQG� YHU\� VSHFLILF�� +HUH� LW� LV�
VKRZQ� WKDW� PHDVXULQJ� WKH� DPRXQW� RI� $'3�
ULERV\ODWDEOH� H()���PD\�EH�XVHG�DV�D� IDVW�DQG�
UHOLDEOH� LQGLUHFW� PHDVXUHPHQW� RI� SURWHLQ�
V\QWKHVLV� FDSDFLW\� LQ� WKUHH� GLIIHUHQW� WLVVXH�
W\SHV�IURP�PLQN��7KH�DVVD\�LV�UHSHDWDEOH�ZLWK�
D� FRHIILFLHQW� RI� YDULDWLRQ� DURXQG� ���� ZKHQ�
WHVWLQJ� WKH� VDPH� VDPSOH� UHSHDWHGO\��
)XUWKHUPRUH�� WKH� DVVD\� LV� YHU\� VHQVLWLYH��
UHODWLYHO\� FKHDS� DQG� D� WUDLQHG� SHUVRQ� FDQ�
SHUIRUP�VHYHUDO�GR]HQ�WHVWV�LQ�D�ZRUNLQJ�GD\��
�

,QWURGXFWLRQ�
�
)XU� SURGXFHUV� PXVW� EH� LQWHUHVWHG� LQ� UHVHDUFK�
PHWKRGV� IRU� HVWLPDWLQJ� SURWHLQ� V\QWKHVLV��
EHFDXVH� WKLV� SURFHVV� LV� RI� SDUDPRXQW�
LPSRUWDQFH� IRU� WKH�SURGXFWLRQ��7KLV� LV�EHFDXVH�
SURWHLQ� V\QWKHVLV� LV� WKH� EDVLF� SURFHVV� LQ� ERWK�
FUHDWLQJ� WKH� VNLQ� DQG�HQVXULQJ� WKDW� WKH� VNLQ� LV�
RI� VXSHULRU� TXDOLW\�� +RZHYHU�� PHDVXULQJ�
SURWHLQ�V\QWKHVLV�DFWLYLWLHV�LV�QRW�D�VLPSOH�WDVN��
DQG�VXFK�PHDVXUHPHQWV�FDQ�EH�YHU\�H[SHQVLYH��
WHFKQLFDOO\� GLIILFXOW� WR� SHUIRUP� DQG� RIWHQ�
XQUHOLDEOH�� 7KHUHIRUH�� PDQ\� LQGLUHFW�
PHDVXUHPHQW� PHWKRGV� IRU� SURWHLQ� V\QWKHVLV�
KDYH� EHHQ� GHYLVHG�� EXW� DOO� KDYH� GUDZEDFNV��
6RPH� DUH� YHU\� ODERU� FRQVXPLQJ�� VRPH� UHO\� RQ�
H[WHUQDOO\� DGGHG� ODELOH� 51$V� DQG� RWKHUV� DUH�
VHQVLWLYH� WR� LRQ� FRQFHQWUDWLRQV� DQG� YHU\�
GLIILFXOW� WR� UHSHDW� �1\JnUG� DQG� +XOWLQ�� ������
:HLNDUG� HW� DO�� ������ /LSWRQ� DQG� 5DOH\�6XVPDQ��
�������
�
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7KLV� ZRUN� ZDV� SHUIRUPHG� WR� WHVW� ZKHWKHU� D�
PHDVXUHPHQW� RI� WKH� SURWHLQ� V\QWKHVLV�
WUDQVODWLRQDO� HORQJDWLRQ� IDFWRU��� �H()���� LV� D�
ZD\� RI� FLUFXPYHQWLQJ� VRPH� RI� WKH� PHQWLRQHG�
GUDZEDFNV�LQ�UHODWLRQ�WR�LQGLUHFW�PHDVXUHPHQWV�
RI� SURWHLQ� V\QWKHVLV� UDWHV� LQ� PLQN�� 7KH� ORJLF�
EHKLQG�PHDVXULQJ�WKH�DPRXQW�RI�DFWLYH�H()���LV�
WKDW�WKLV�HQ]\PH�SDUWLFLSDWHV�LQ�WKH�V\QWKHVLV�RI�
DOO� RWKHU� SURWHLQV�� LQFOXGLQJ� LWVHOI� �5LLV� HW� DO��
����D��� 7KHUHIRUH�� WKLV� DVVD\� LV� DQ� LQGLUHFW�
PHDVXUH� RI� WKH� SURWHLQ� V\QWKHVLV� FDSDFLW\� LQ� D�
VDPSOH�� 7KH� WHVW� LV� EDVHG� RQ� D� YHU\� VSHFLILF�
HQ]\PDWLF� UHDFWLRQ�� ZKHUH� DQ� $'3�ULERV\O�
PRLHW\� IURP� D� UDGLRDFWLYHO\� ODEHOHG� 1$'�� LV�
WUDQVIHUUHG� VWRLFKLRPHWULFDOO\� WR� H()��� LQ� D�
UHDFWLRQ� FDWDO\]HG� E\� GLSKWKHULD� WR[LQ�� 6HYHUDO�
FHOOXODU� WUDQVIHUDVHV� DUH� DOVR� NQRZQ� WR� XWLOL]H�
1$'��DV�D�FR�IDFWRU�IRU�WKH�$'3�ULERV\ODWLRQ�RI�
YDULRXV� SURWHLQV�� EXW� WKHVH� UHDFWLRQV� FDQ� EH�
LQKLELWHG� E\� DGGLWLRQ� RI� KLVWDPLQH� �*LOO� DQG�
'LQLXV�� ������� %HFDXVH� H()��� FDQQRW� EH� $'3�
ULERV\ODWHG�ZKLOH�ERXQG� WR� WKH� ULERVRPHV� WKH\�
ZHUH� GLVVRFLDWHG�� DQG� UHDVVRFLDWLRQ� ZDV�
SUHYHQWHG�E\�DGGLWLRQ�RI�KLJK�FRQFHQWUDWLRQV�RI�
1+�&O� �5LLV�� ������� &RPELQHG�� WKLV� DSSURDFK�
JLYHV�DQ�DFFXUDWH�HVWLPDWH�RI�WKH�WRWDO�FRQWHQW�RI�
$'3�ULERV\ODWDEOH� H()���� WKXV� JLYLQJ� DQ�
LQGLUHFW� HVWLPDWH� RI� WKH� SURWHLQ� V\QWKHVLV�
DFWLYLW\��2QH� IXUWKHU� DGYDQWDJH�RI� WKLV�PHWKRG�
LV� WKDW�VHYHUDO�GR]HQ� WHVWV�FDQ�EH�SHUIRUPHG� LQ�
RQH� ZRUNLQJ� GD\�� %HVLGHV�� WKH� DVVD\� LV� FKHDS��
UHOLDEOH�DQG�KLJKO\� UHSURGXFLEOH��+RZHYHU�� WKH�
KD]DUGV�LQ�KDQGOLQJ�GLSKWKHULD�WR[LQ�VKRXOG�EH�
LQYHVWLJDWHG� EHIRUH� DQ\� DWWHPSW� WR� XVH� LW�
�3DSSHQKHLPHU�������DQG�*LOO���������
�
�
0DWHULDOV�DQG�PHWKRGV�
�
$QLPDOV�DQG�WLVVXHV�
$OO� WLVVXH� PDWHULDO� ZDV� FROOHFWHG� IURP�
6FDQEURZQ�PLQN�NLWV�������GD\V�ROG��EUHG�DQG�
UDLVHG� DW� WKH� ([SHULPHQWDO� )XU� $QLPDO� )DUP�
VLWXDWHG�DW�WKH�'DQLVK�,QVWLWXWH�RI�$JULFXOWXUDO�
6FLHQFHV� LQ�)RXOXP��'HQPDUN��7KH�PLQN�ZHUH�
NLOOHG� E\� LQMHFWLRQV� RI� OHWKDO� GRVHV� RI�
EDUELWXUDWHV�� DQG� DOO� WLVVXH� PDWHULDO� ZDV�
UHPRYHG� IURP� WKH� DQLPDO� VKRUWO\� DIWHU� LWV�
GHDWK�� $OO� ZRUN� ZDV� SHUIRUPHG� LQ� IXOO�
FRPSOLDQFH�ZLWK�DOO�HWKLFDO�DQG�OHJDO�UXOHV��7KH�

WLVVXH� VDPSOHV�ZHUH� VWRUHG� IUR]HQ� DW� ²��� RU� ²
���&�� XQWLO� WKH� GHVFULEHG� PDQLSXODWLRQV� ZHUH�
SHUIRUPHG��
�
+RPRJHQL]DWLRQ�RI�WLVVXH�
7KH� GLIIHUHQW� WLVVXH� W\SHV� ZHUH� KRPRJHQL]HG�
XVLQJ�RQH�SDUW�WLVVXH�WR�WHQ�SDUWV�RI�EXIIHU�$�����
P0� 7ULV�+&O� S+�� ����� ��� P0� .&O�� ���� P0�
306)� DQG� ����� 0� VXFURVH�� DQG� NHHSLQJ� WKH�
WHPSHUDWXUH� EHWZHHQ� �� �� ��&��/LYHU� WLVVXH�ZDV�
KRPRJHQL]HG� LQ� D� JODVV�JODVV� 'RXQFH�
KRPRJHQL]HU�XVLQJ�VHYHQ�VWURNHV�RI�ERWK�SLVWLO�
$� DQG� %�� 0XVFOH� WLVVXH� ZDV� KRPRJHQL]HG� E\�
EOHQGLQJ� LQ� D� ODERUDWRU\� EOHQGHU� IROORZHG� E\�
WKH� XVH� RI� D� JODVV�JODVV� KRPRJHQL]HU� DV�
GHVFULEHG�DERYH��6NLQ�WLVVXH�ZDV�KRPRJHQL]HG�
DV� PXVFOH� WLVVXH�� DIWHU� WKH� KDLUV� KDG� EHHQ�
UHPRYHG�E\�VKDYLQJ��
�
7RWDO�SURWHLQ�GHWHUPLQDWLRQ�
7RWDO�VROXEOH�SURWHLQ�ZDV�GHWHUPLQHG�XVLQJ�WKH�
%UDGIRUG� PHWKRG� �%UDGIRUG�� ������� $�
FRPPHUFLDO�SURWHLQ�DVVD\�NLW� �3URWHLQ�$VVD\70��
%LR5DG�� ZDV� XVHG� HPSOR\LQJ� %6$� DV� WKH�
VWDQGDUG��
�
'LSKWKHULD�7R[LQ�PHGLDWHG�H()���$VVD\�
7KLV� DVVD\� PHDVXUHV� WKH� FRQWHQW� RI� $'3�
ULERV\ODWDEOH�H()���LQ�FHOO�IUHH�H[WUDFWV�RI�PLQN�
WLVVXH� VDPSOHV�� $OO� PDWHULDOV�� URWRU� KHDGV��
WXEHV��EXIIHUV�HWF��ZHUH�SUH�FRROHG� WR�EHWZHHQ�
����&�� LI� QRW� RWKHUZLVH� VSHFLILHG�� 7KH� FHOO�IUHH�
H[WUDFW�ZDV�SUHSDUHG�E\�D�PHWKRG�GHSHQGLQJ�
RQ� WKH� RULJLQ� RI� WKH� VDPSOH�� 7KH� WRWDO� SURWHLQ�
FRQWHQW� ZDV� DGMXVWHG� WR� EHWZHHQ� ���� WR� ����
PJ�PO� E\� GLOXWLRQ� ZLWK� EXIIHU� %� ���� P0�
7ULV�+&O�S+����������P0�.&O������0�1+�&O�����
P0� 0J�&+�&22���� ����� P0� β�
PHUFDSWRHWKDQRO���7KH�H[WUDFW�ZDV�VKDNHQ�ZLWK�
����� �Z�Y�� DFWLYDWHG� FKDUFRDO� WR� UHPRYH�
HQGRJHQRXV�1$'��7KH�FKDUFRDO�ZDV�UHPRYHG�
E\� FHQWULIXJDWLRQ� ��� PLQ� DW� ������� [� J��� 7KH�
VXSHUQDWDQW� ZDV� WUDQVIHUUHG� WR� DQRWKHU� WXEH�
DQG�FHQWULIXJHG�DJDLQ� ���PLQ�DW��������[�J�� WR�
HQVXUH� WKH� UHPRYDO� RI� DOO� FKDUFRDO�� 7KH�
VXSHUQDWDQW� ZDV� XVHG� IRU� SURWHLQ�
GHWHUPLQDWLRQ�DQG�IRU�WKH�DVVD\��7KH�DVVD\�ZDV�
SHUIRUPHG�LQ�D�ILQDO�YROXPH�RI����µO�LQ�EXIIHU�%�
FRQWDLQLQJ� �� µJ� RI� GLSKWKHULD� WR[LQ�� ����0�
KLVWDPLQH������0�1+�&O�DQG�����µ0�>��&@1$'��
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�VSHFLILF� DFWLYLW\� ��� *%T�PPROH�� $PHUVKDP��
8�.���� 7KH� UHDFWLRQ�ZDV� VWDUWHG� E\� LQFXEDWLQJ�
WKH� DVVD\� PL[WXUH� DW� ���� &�� 7KH� EDFNJURXQG�
ZDV�HVWLPDWHG�XVLQJ�D�VLPLODU�SURWRFRO�ZLWKRXW�
WKH�DGGLWLRQ�RI�GLSKWKHULD�WR[LQ��$OO�WHVWV�ZHUH�
SHUIRUPHG� LQ� WULSOLFDWH�� 7KH� UHDFWLRQ� ZDV�
VWRSSHG� E\� DGGLQJ� �� PO� LFH�FROG� ����
WULFKORURDFHWLF� DFLG� �7&$��� 7KH� PL[WXUH� ZDV�
ILOWHUHG� WKURXJK� D� QLWURFHOOXORVH� ILOWHU� ZLWK�
SRUHV� RI� ����� µP�� 7KH� ILOWHU� ZDV� ULQVHG� WZLFH�
ZLWK� ��PO� LFH�FROG� ���� 7&$� IROORZHG� E\� RQH�
PO�RI�+�2�XQGHU�YDFXXP��GULHG�DQG�GLVVROYHG�
LQ�VFLQWLOODWLRQ�OLTXLG��+LJKVDIH�,,,��:DOODF�2<��
)LQODQG��� 7KH� UDGLRDFWLYLW\� ZDV� GHWHUPLQHG�
XVLQJ� D� /.%� OLTXLG� VFLQWLOODWLRQ� FRXQWHU��
%DFNJURXQG� ZDV� URXWLQHO\� GHWHUPLQHG� DQG�
VXEWUDFWHG�� 1RQ�WUDLQHG� SHUVRQV� DUH� DGYLVHG�
DJDLQVW� WU\LQJ� WR� SHUIRUP� WKH� GHVFULEHG� DVVD\�
GXH�WR�WKH�WR[LFLW\�RI�GLSKWKHULD�WR[LQ��
�
�
5HVXOWV�DQG�GLVFXVVLRQ�
�
7KH�SUHVHQW�SURFHGXUH�PHDVXULQJ� WKH� DPRXQW�
RI� SURWHLQ� V\QWKHVLV� WUDQVODWLRQDO� HORQJDWLRQ�
IDFWRU��� XVLQJ� GLSKWKHULD� WR[LQ� FDWDO\]HG�
WUDQVIHU� RI� $'3�ULERVH� PRLHW\� LV� D� IDVW� DQG�
UHOLDEOH� DVVD\�� 7KH� DVVD\� LV� FDSDEOH� RI� WHVWLQJ�
WKH� DPRXQWV� RI� DFWLYH� H()��� IURP� VDPSOHV�
FRQWDLQLQJ� OHVV� WKDQ���µJ� WRWDO� VROXEOH�SURWHLQ�
LQ� D� UHOLDEOH� DQG� UHSHDWDEOH� PDQQHU� �)LJ�� ����
7KLV� HQVXUHV� WKDW� VDPSOHV� REWDLQHG� E\� VNLQ�
ELRSVLHV�FDQ�EH�WHVWHG�IRU�WKH�FRQWHQW�RI�DFWLYH�
H()����$�IXUWKHU�DGYDQWDJH�RI�WKH�DVVD\�LV�WKDW�
LW� LV� UHODWLYHO\� FKHDS�� 7KH� H()��� DVVD\� FDQ� EH�
SHUIRUPHG� DW� H[SHQVHV� IRU�PDWHULDO� RI� DURXQG�
RQH�86�GROODU�SHU�VDPSOH��DQG�VHYHUDO�VDPSOHV�
FDQ�EH�WHVWHG�SHU�KRXU��7KLV�HQVXUHV�WKDW�PDQ\�
VDPSOHV�FDQ�EH�WHVWHG�LQ�RQH�ZRUNLQJ�GD\��7KH�
VKRUWHVW�SUDFWLFDO� WLPH�VSDQ� IRU� LQFXEDWLQJ� WKH�
DVVD\�PL[WXUH�LV����PLQ��)LJ������,I�WKH�VDPSOHV�
DUH� LQFXEDWHG� IRU�D�VKRUWHU� WLPH� WKH�HQG�SRLQW�
RI� WKH� DVVD\� LV� QRW� UHDFKHG�� DQG� LI� WKH�
LQFXEDWLRQ�SHULRG� LV�SURORQJHG�QR�PRUH�H()���
PROHFXOHV�DUH�$'3�ULERV\ODWHG��3URORQJLQJ�WKH�
LQFXEDWLRQ� WLPH� IRU� PRUH� WKDQ� RQH� KRXU� ZLOO�
UHVXOW� LQ� D� GHFUHDVHG� DPRXQW� RI� $'3�
ULERV\ODWDEOH� H()��� LQ� WKH� VDPSOH�� SUREDEO\�
GXH�WR�SURWHDVH�GHJUDGDWLRQ�RI�WKH�IDFWRU��GDWD�
QRW�VKRZQ���+RZHYHU��WKLV�VLWXDWLRQ�VKRXOG�EH�

DYRLGHG�� DQG� WKH� LQFXEDWLRQ� WLPH� VKRXOG� EH�
VWDQGDUGL]HG� WR� ��� PLQ� LQ� RUGHU� WR� REWDLQ�
UHOLDEOH�DQG� UHSURGXFLEOH� UHVXOWV��(DUOLHU�ZRUN�
KDV�VKRZQ�WKDW�WKH�XVHG�FRQFHQWUDWLRQ�RI�VDOW�LV�
VXIILFLHQW� WR� GLVVRFLDWH� WKH� H()��� IURP� WKH�
ULERVRPHV�� WKXV� DVVXULQJ� WKH� PHDVXUHPHQW� RI�
DOO� WKH� $'3�ULERV\ODWDEOH� H()��� PROHFXOHV�
SUHVHQW� LQ� WKH� VDPSOH� �5LLV� HW� DO��� ������� 7KH�
DPRXQW� RI� KLVWDPLQH� DGGHG� WR� WKH� DVVD\�
PL[WXUH� LV� VXIILFLHQW� WR� HQVXUH� WKDW� WKH�
EDFNJURXQG� LV� ORZ� E\� LQKLELWLQJ� WKH� FHOOXODU�
SRO\�$'3�ULERV\O�WUDQVIHUDVHV� �GDWD� QRW�
VKRZQ���5HSHDWLQJ�WKH�H()���DVVD\�RQ�WKH�VDPH�
VDPSOH� VKRZV� WKDW� WKH� FRHIILFLHQW� RI� YDULDWLRQ�
�&�9��� LV� ���� ��� ����� DQG� ����� �� RQ� VDPSOHV�
IURP�PXVFOH��VNLQ��DQG�OLYHU��UHVSHFWLYHO\��)LJ��
����
�
(PSOR\LQJ� WKH� GHVFULEHG� DVVD\� RQ� GLIIHUHQW�
WLVVXH� W\SHV� IURP� WKUHH�PLQN�NLWV� VKRZHG� WKDW�
WKH�DPRXQW�RI�H()���YDULHV�LQ�WKH�WHVWHG�WLVVXH��
7KH� ORZHVW� FRQWHQW� RI� H()��� ZDV� IRXQG� LQ�
PXVFOH�WLVVXH�REWDLQHG�IURP�WKH�IHPRUDO�PXVFOH�
RI� WKH� NLWV�� 7KH� VHFRQG� ORZHVW� FRQWHQW� ZDV�
GHWHFWHG� LQ� WKH� VNLQ�� 7KH� KLJKHVW� DPRXQW�ZDV�
IRXQG� LQ� WKH� OLYHU� WLVVXH� �)LJ������$G�KRF� WKLV� LV�
QR� VXUSULVH�� /LYHU� WLVVXH� LV� NQRZQ� WR� KDYH� D�
ODUJH� FDSDFLW\� RI� SURWHLQ� V\QWKHVLV� DQG� WKLV�
WLVVXH� LV� DOVR� YHU\� DFWLYH� LQ� FUHDWLQJ� SURWHLQV�
XVHG� LQ� WKH� VWHDG\�VWDWH� PDLQWHQDQFH� RI� WKH�
DQLPDO�� ,W� LV�DOVR�RI�QR�VXUSULVH�WKDW�WKH�ORZHVW�
DPRXQWV� DUH� IRXQG� LQ� PXVFOH� WLVVXH�� ,Q� WLVVXH�
IURP�ODUJH�PXVFOHV�IURP�FDWWOH�QR�H()���FDQ�EH�
GHWHFWHG��GDWD�QRW�VKRZQ���PRVW�OLNHO\�EHFDXVH�
WKH�SURWHLQ�WXUQRYHU�LQ�VXFK�WLVVXH�LV�YHU\�ORZ��
7KH�VNLQ�FRQWDLQHG�DQ� LQWHUPHGLDU\�DPRXQW�RI�
DFWLYH� $'3�ULERV\ODWDEOH� H()���� SUREDEO\�
UHIOHFWLQJ� DQ� LQWHUPHGLDU\� SURWHLQ� V\QWKHVLV�
DFWLYLW\� LQ� WKLV� WLVVXH�� 7KH� SURWHLQ� V\QWKHVLV�
FDSDFLW\� LV� ODUJHU� LQ� VNLQ� WKDQ� LQ� PXVFOHV��
7KHUHIRUH��H()���FDQ�EH�GHWHFWHG�ERWK�LQ�PXVFOH�
DQG� LQ� VNLQ�� EHFDXVH� ERWK� WLVVXHV� DUH�
XQGHUJRLQJ� IDVW� GHYHORSPHQW� LQ� \RXQJ� NLWV��
3UHYLRXVO\�WKH�DVVD\�KDV�EHHQ�XVHG�LQ�VWXGLHV�RI�
KXPDQ� WLVVXH� FXOWXUHV� �5LLV� HW� DO�� ����E�� DQG�
OLYHU� VDPSOHV� IURP� UDWV� �5LLV� HW� DO�� �������
)XUWKHUPRUH��LW�LV�DOVR�NQRZQ�WKDW�WKH�H()���LV�D�
SRLQW�ZKHUH�UHJXODWLRQ�RI�SURWHLQ�V\QWKHVLV�FDQ�
EH� SHUIRUPHG� �5LLV� HW� DO�� ����D� DQG� 5LLV� HW� DO��
�������
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)LJXUH����7KH�DVVD\�LV�SURYLGLQJ�D�OLQHDU�UHVSRQVH�LQ�WKH�UDQJH�XVHG���
�

�
����������,QFXEDWLRQ�WLPH�LQ�PLQXWHV��

�
�

0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

1 6 0 0

0 1 0 2 0 3 0 4 0

6 N LQ
/ LY H U
0 X V F OH

 

&RXQWV�SHU�
�PLQXWH�

&RXQWV�SHU�
�PLQXWH�

0
80

160
240
320
400
480
560
640
720
800

0 5 10 15 20 25 30 35 40 45

6NLQ

/LYHU

0XVFOH



 6FLHQWLIXU��9RO������1R����������� ��

)LJXUH����7LPH�UHVSRQVH�WR�WKH�LQFXEDWLRQ�WLPH���
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�
)LJXUH����$YHUDJHV�DQG�VWDQGDUG�GHYLDWLRQV�RI�
UHSHDWV�RQ�WKH�VDPH�VDPSOH��
�
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�
�
)LJXUH����&RQWHQW�RI�H()���LQ�PXVFOH��VNLQ�DQG�
OLYHU�WLVVXH�IURP�WKUHH�PLQN�NLWV��$YHUDJHV�DQG�
VWDQGDUG�GHYLDWLRQ�DUH�VKRZQ��SLFRPRO�SU��PJ�
VROXEOH�SURWHLQ����
�
�
&RQFOXVLRQV�DQG�SHUVSHFWLYHV�
�
7KH� SUHVHQW� ZRUN� VKRZV� WKDW� WKH� GLSKWKHULD�
WR[LQ�PHGLDWHG�H()���DVVD\�LV�D�UHOLDEOH�ZD\�WR�
PDNH�DQ� LQGLUHFW�HVWLPDWH�RI�SURWHLQ�V\QWKHVLV�
UDWHV� LQ� YDULRXV� WLVVXH� W\SHV� IURP�PLQN�� ,W� LV�
VKRZQ� WKDW� WKH�PHWKRG� LV� OLQHDU� LQ� WKH� UDQJHV�
XVHG��DQG�WKDW�DQ�LQFXEDWLRQ�WLPH�RI����PLQ�LV�
VXIILFLHQW� WR� HQVXUH� WKDW� WKH� HQG� SRLQW� RI� WKH�
DVVD\� KDV� EHHQ� UHDFKHG�� )XUWKHUPRUH�� YHU\�
VPDOO� VDPSOHV� FRQWDLQLQJ� OHVV� WKDQ� ��� µJ� RI�

WRWDO� VROXEOH� SURWHLQ� FDQ� EH� WHVWHG�� 6DPSOHV�
REWDLQHG� E\� VNLQ� ELRSVLHV� DUH� WKHUHIRUH�
VXIILFLHQW� WR� SHUIRUP� WKH� H()��� DVVD\��
3RWHQWLDOO\��WKLV�ZLOO�DOORZ�WKH�SUHVHQW�WHVW�WR�EH�
XVHG� LQ� IHHGLQJ� H[SHULPHQWV� RU� LQ� EUHHGLQJ�
SURJUDPV�� LI� WKH� SXUSRVH� LV� WR� VHOHFW� DQLPDOV�
ZLWK� HIILFLHQW� WXUQRYHU� RI� QXWULHQWV� RU� D� KLJK�
SURWHLQ�V\QWKHVLV�FDSDFLW\��
�
$FNQRZOHGJPHQWV�
�
,�WKDQN�0V��$QQH�*UHWKH�'\UYLJ�3HWHUVHQ�RI�WKH�
'DQLVK� ,QVWLWXWH� RI� $JULFXOWXUDO� 6FLHQFHV��
'HQPDUN�� IRU� H[SHUW� WHFKQLFDO� KHOS� DQG� 'U��
-HVSHU� :�� 3HWHUVHQ� RI� 6WDWHQV� 6HUXP� ,QVWLWXW��
'HQPDUN�� IRU� WKH�NLQG�JLIW�RI�GLSKWKHULD� WR[LQ��
7KH� ZRUN� ZDV� ILQDQFHG� E\� JUDQW� +86������
IURP� WKH�'DQLVK�0LQLVWU\�RI�)RRG��$JULFXOWXUH�
DQG�)LVKHULHV��
�
5HIHUHQFHV�
�
%UDGIRUG��0�0���������$�UDSLG�DQG�VHQVLWLYH�

PHWKRG�IRU�TXDQWLWDWLRQ�RI�PLFURJUDP�
TXDQWLWLHV�RI�SURWHLQ�XWLOL]LQJ�WKH�
SULQFLSOH�RI�SURWHLQ�G\H�ELQGLQJ��$QDO��
%LRFKHP���������������

*LOO��'�0���������%DFWHULDO�WR[LQV��D�WDEOH�RI�
OHWKDO�DPRXQWV��0LFURELRO�5HY���������������

*LOO��0�'���DQG�'LQLXV��/�/���������7KH�
HORQJDWLRQ�IDFWRU���FRQWHQW�RI�PDPPDOLDQ�
FHOOV��-��%LRO��&KHP������������������

/LSWRQ��3��DQG�5DOH\�6XVPDQ��.�0���������
$XWRUDGLRJUDSKLF�PHDVXUHPHQWV�RI�
SURWHLQ�V\QWKHVLV�LQ�KLSSRFDPSDO�VOLFHV�
IURP�UDWV�DQG�JXLQHD�SLJV�LQ�0HWKRGV��$�
&RPSDQLRQ�WR�0HWKRGV�LQ�(Q]\PRORJ\��
�������������$FDGHPLF�3UHVV��1<��86$���

1\JnUG��2��DQG�+XOWLQ��7���������(DUO\�HIIHFWV�RI�
GLPHWK\OQLWURVDPLQH�RQ�SURWHLQ�FKDLQ�
LQLWLDWLRQ�DQG�SRVWPLFURVRPDO�
SRO\DGHQ\OLF�DFLG�FRQWDLQLQJ�51$�
FRQWHQW�LQ�PRXVH�OLYHU��&DQFHU�5HV�������
������������

3DSSHQKHLPHU�-U���$�0���������'LSKWKHULD�WR[LQ��
$QQ��5HY��%LRFKHP���������������
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5LLV��%���5DWWDQ��6�,�6��DQG�&ODUN��%�)�&���������
(VWLPDWLQJ�WKH�DPRXQWV�RI�$'3�
ULERV\ODWDEOH�DFWLYH�(ORQJDWLRQ�IDFWRU���LQ�
PDPPDOLDQ�FHOO�IUHH�H[WUDFWV��-��%LRFKHP��
%LRSK\V��0HWKRGV���������������

5LLV��%���5DWWDQ��6�,�6���'HUYHQW]L��$��DQG�&ODUN��
%�)�&�������E��5HGXFHG�OHYHOV�RI�$'3�
ULERV\ODWDEOH�(ORQJDWLRQ�)DFWRU���LQ�DJHG�
DQG�69���WUDQVIRUPHG�KXPDQ�FHOO�
FXOWXUH��)(%6�/HWW���������������

5LLV��%���5DWWDQ��6�,�6���3DOPTXLVW��.���1LOVVRQ��
$���1\JnUG��2��DQG�&ODUN��%�)�&��������
(ORQJDWLRQ�IDFWRU���VSHFLILF�FDOFLXP�DQG�

FDOPRGXOLQ�GHSHQGHQW�SURWHLQ�NLQDVH�,,,�
DFWLYLW\�YDULHV�ZLWK�DJH�DQG�FDORULH�
UHVWULFWLRQ��%LRFKHP��%LRSK\V��5HV��
&RPPXQ��������������������

5LLV��%���5DWWHQ��6�,�6���&ODUN��%�)�&��DQG�0HUULFN��
:�&�������D��(XNDU\RWLF�SURWHLQ�
HORQJDWLRQ�IDFWRUV��7UHQGV�%LRFKHP��6FL���
�������������

:HLNDUG��5���5HKIHOG��&��DQG�(QGHU��.���������
&KDQJHV�LQ�PXVFOH�VWUXFWXUH�DQG�SURWHLQ�
PHWDEROLVP�RI�SLJV�LQ�UHVSRQVH�WR�SRUFLQH�
VRPDWRWURSLQ��S67���$UFK��7LHU]���
'XPPHUVWRUI�����������������

 
 


