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$%675$&7�� 7KH� ELRPHFKDQLFDO� FKDUDFWHULVWLFV� VXFK� DV� IRUFH� DQG�
YHORFLW\� RI� VNHOHWDO� PXVFOHV�� DUH� RI� JUHDW� LPSRUWDQFH� LQ� VSRUW� DQG�
PHGLFLQH�� 7KHVH� FKDUDFWHULVWLFV� DUH� VLJQLILFDQWO\� LQIOXHQFHG� E\� DFXWH�
SK\VLFDO� H[HUFLVH�� 7KH� SUREOHP� LV� KRZ� WR� DFFHVV� WKH� LQIOXHQFH� RI� WKH�
H[HUFLVH� E\� VLPSOH� DQG� QRQ�LQYDVLYH� PHDVXUHPHQW� PHWKRG�� 7KH� WZR�
PDLQ� FRQWUDFWLOH� SURSHUWLHV�� UHODWLYH� IRUFH� DQG� YHORFLW\� RI� WKH� ELFHSV�
EUDFKLL� PXVFOH�� DUH� DVVHVVHG� E\� PHDVXUHPHQW� EDVHG� RQ� PDJQHWLF�
GLVSODFHPHQW� VHQVRU� PHDVXULQJ� WKH� PXVFOH� EHOO\� UHVSRQVH�� 7KH�
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ�VHW�RI����KHDOWK\�PDOH�LQGLYLGXDOV�IURP�
��� WR� ��� \HDUV� ROG�� %LSRODU� HOHFWURGHV� DUH� DSSOLHG� LQ� RUGHU� WR� HOLFLWHG�
VLQJOH� PXVFOH� UHVSRQVH�� 7KH� WLPH� UHVSRQVH� RI� PXVFOH� FRQWUDFWLRQ� LV�
DQDO\VHG�� W\SLFDO� SDUDPHWHUV� DUH� H[WUDFWHG� DQG� HYDOXDWHG� E\� VWDWLVWLFDO�
PHWKRGV�� 9DULDELOLW\� RI� WKH� QHZ�PHWKRG� LV� FRPSDUHG� WR�PHWKRG� WKDW� LV�
ZLGHO\�XVHG��:LWK�SURSHU�HYDOXDWLRQ�RI�WKH�PHDVXULQJ�UHVXOWV�LQIOXHQFH�RI�
PHDVXULQJ�HUURUV�FDQ�EH�ORZHU��,W�KDV�EHHQ�HVWLPDWHG�E\�SUHYLRXV�VWXG\�
WKDW�YDULDELOLW\�RI�GLVSODFHPHQW�VHQVRU�ZLWK�HOHFWULFDO�VWLPXODWLRQ��(6�� LV�
������� DQG� ������ IRU� PD[LPDO� YROXQWDU\� FRQWUDFWLRQ� �09&��� 7KH�
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�EHIRUH�H[HUFLVH�DQG�UHSHDWHG������������
DQG� ��� PLQXWHV� DIWHU� SK\VLFDO� H[HUFLVH�� 7KH� PD[LPDO� IDWLJXH� GXH� WR�
H[HUFLVH�RI�ELFHSV�EUDFKLL�PXVFOH�ZHUH�DFKLHYHG�E\�GRPLQDQW�FRQFHQWULF�
YROLWLRQDO�FRQWUDFWLRQ�RI�P��ELFHSV�EUDFKLL�XQGHU�FRQGLWLRQ�WKDW�WKH�DUP�LV�
ORDGUG� E\�ZHLJKW� RI� �� NJ�� 7KH� WLPH� RI� H[HUFLVH� VOLJKWO\� YDULHG� IRU� HDFK�
LQGLYLGXDO�� 7KH� IDWLJXH� ZDV� DFKLHYHG� DIWHU� DERXW� �� XS� WR� ��PLQXWHV� RI�
DFWLYLW\���
7KH�WKUHVKROG�RI�VWLPXODWLQJ�YROWDJH��FRQWUDFWLRQ�WLPH��VXVWDLQ�WLPH��DQG�
KDOI� UHOD[DWLRQ� WLPH� DUH� DQDO\VHG� DV� SDUDPHWHUV� RI� UHVSRQVHV�� 7KH�
UHVXOWV� VKRZ� VLJQLILFDQW� LQFUHDVH� RI� VWLPXODWLQJ� WKUHVKROG� YROWDJHV� DQG�
GHFUHDVH� RI� FRQWUDFWLRQ� WLPH�DQG�VXVWDLQ� WLPHV�� ,Q�KDOI� UHOD[DWLRQ� WLPH��
VLJQLILFDQW� FKDQJHV� DUH� QRW� GHWHFWHG�� ,Q� WLPH� LQWHUYDO� EHWZHHQ� �� DQG���
PLQXWHV�WKH�SDUDPHWHUV�DUH�DFKLHYHG�WKH�VWDWLRQDU\�YDOXH���
7KLV�UHVXOW�DQG�WKH�PHWKRG�SURSRVHG�PLJKW�EH�UHOHYDQW�DV�D�SURFHGXUH�RI�
WKH�RQ�OLQH�IROORZ�XS�RI�VSRUWVPDQ�GXULQJ�D�SURFHVV�RI�DFWLYH�WUDLQLQJ�DQG�
LW� PLJKW� JLYH� WKH� YDOXDEOH� GDWD� WR� WUDLQHU� KRZ� WR� SODQ� WKH� SURFHVV� RI�
ZDUPLQJ�XS�EHIRUH�RI�FRPSHWLWLRQV���
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.H\�ZRUGV��%LRPHFKDQLFV��VNHOHWDO�PXVFOH��VSRUW�PHGLFLQH��HOHFWULFDO�VWLPXODWLRQ��DQG�
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�
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$FXWH� SK\VLFDO� DFWLYLW\� FDQ� KDYH� YDULRXV� HIIHFWV� RQ�
VNHOHWDO� PXVFOH�� UDQJLQJ� IURP� VXEFHOOXODU� GDPDJH� RI�
PXVFOH� ILEUHV� WR� VWUHWFK�LQGXFHG� PXVFOH� LQMXUHV� –�
VWUDLQV�� 6\PSWRPV� DVVRFLDWHG� ZLWK� GHOD\HG�RQVHW�
PXVFOH� VRUHQHVV� DUH� DQ� LQFUHDVH� LQ� SODVPD� HQ]\PHV�
�H�J�� FUHDWLQH� NLQDVH��� P\RJORELQ� DQG� SURWHLQ�
PHWDEROLWHV� IURP�LQMXUHG�PXVFOHV��VWUXFWXUDO�GDPDJH� WR�

VXEFHOOXODU�FRPSRQHQWV�RI�PXVFOH�ILEUHV��DQG�WHPSRUDU\�
LQFUHDVHV�LQ�PXVFOH�ZHDNQHVV��DV�UHSRUWHG�LQ�UHIHUHQFHV�
�������0RVW�RI� WKH�V\PSWRPV�DUH�SRVVLEOH�WR�LQYHVWLJDWH�
E\�LQYDVLYH�WHFKQLTXHV�DQG�WKHUHIRUH�DUH�QRW�VXLWDEOH�IRU�
GDLO\� XVH� LQ� DFWLYH� VSRUWVPHQ�� ,W� LV� WKH� SXUSRVH� RI� WKH�
SURSRVHG� QRQ�LQYDVLYH� ELRPHFKDQLFDO� PHWKRG� WR�
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HVWLPDWH� WKH�UDQJH�RI� WLPH�SDUDPHWHU�FKDQJHV� LQ� WZLWFK�
UHVSRQVH�GXH�WR�DFXWH�H[HUFLVH��
3K\VLFDO� DFWLYLW\� DFWLYDWH� ERWK� PHWDEROLF� DQG�
PHFKDQLFDO�HYHQWV�WKDW�PD\�GDPDJH�PXVFOH�DQG��EHVLGH�
WKH�PHWDEROLF� IDFWRU� OHDG� WR� FKDQJHV� RI� ELRPHFKDQLFDO�
SURSHUWLHV� RI� WKH� VNHOHWDO� PXVFOHV�� %HFDXVH� HFFHQWULF�
FRQWUDFWLRQV� DUH� DVVRFLDWHG� ZLWK� KLJK� IRUFHV� DQG�
SRVVLEOH� GDPDJH� LQ� DFXWH� H[SHULPHQW� WKH� GRPLQDQW�
FRQFHQWULF�YROLWLRQDO�H[HUFLVH�KDV�EHHQ�DSSOLHG�LQ�RUGHU�
WR�DYRLG�SRVVLEOH�PXVFOH�GDPDJH��

�
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�
$� VLPSOH� PHWKRG� IRU� WKH� PHDVXUHPHQW� RI� VNHOHWDO�
PXVFOH� FRQWUDFWLRQ� KDV� EHHQ� XVHG� ����� 7KH� PHWKRG� LV�
EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� UDGLDO� PXVFOH� EHOO\�
GLVSODFHPHQW� GHWHFWHG� E\� D� PDJQHWLF� VHQVRU� LV�
SURSRUWLRQDO� WR� PXVFOH� IRUFH�� 7KH� PXVFOH� EHOO\�
GLVSODFHPHQW�LV�WKH�JOREXOLVDWLRQ�RU�WKH�URXQGLQJ�RI�WKH��

�
)LJXUH� ���&KDQJHV� LQ� WZLWFK� UHVSRQVHV�PXVFOH�ELFHSV�
EUDFKLL� EHIRUH� DQG� DIWHU� SK\VLFDO� GRPLQDQW� FRQFHQWULF�
H[HUFLVH�� 'HOD\�� FRQWUDFWLRQ�� VXVWDLQ� D� UHOD[DWLRQ� WLPH�
DUH�H[WUDFWHG�IURP�WKH�WLPH�UHVSRQVH�RQ�VLQJOH�HOHFWULFDO�
VWLPXOL� �GXUDWLRQ� �PV�� DPSOLWXGH� ��� 9� DERYH� H�
WKUHVKROG���7KHVH�SDUDPHWHUV�DUH�VWDWLVWLFDOO\�HYDOXDWHG�
IRU�VHW�RI����KHDOWK\�LQGLYLGXDOV��
�
PXVFOH� VXUIDFH� GXH� WR� FRQWUDFWLRQ�� 7KH� SURFHGXUH� KDV�
EHHQ� HYDOXDWHG� LQ� KHDOWK\� VXEMHFWV� ����� VXEMHFW� DIWHU�
DERYH� NQHH� DPSXWDWLRQ� ���� DQG� GHQHUYDWHG� SUHWLELDO�
PXVFOH�JURXS��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�PHWKRG�FDQ�EH�
DSSOLHG� DV� D� VXEVWLWXWH� IRU� PHFKDQLFDO� EUDFH�
PHDVXUHPHQW� V\VWHPV� WKDW� DUH� EDVHG� RQ� IRUFH�
WUDQVGXFHUV�� :LWK� WKH� PHWKRG� SURSRVHG� RQH� FDQ�
PHDVXUH� WKH� DFWLRQ� RI� D� VLQJOH� PXVFOH� ZLWKLQ� D� JLYHQ�
PXVFOH�JURXS���

7KH� WUDQVGXFHU� LV� PHFKDQLFDOO\� FRQVWUXFWHG� RQ� D�
VXSSRUWLQJ� IUDPH� ZLWK� D� PLFURPDQLSXODWRU� IRU� WKH�
SUHFLVH� SRVLWLRQLQJ� RI� WKH� GLVSODFHPHQW� WUDQVGXFHU�
GLUHFWO\�RQ�WKH�EHOO\�RI�WKH�PXVFOH��6XEMHFW�LV�VLWWLQJ�RU�
O\LQJ�RQ�D�WDEOH�GXULQJ�WKH�H[SHULPHQW���
7HQ�KHDOWK\�VXEMHFWV��DJHG����WR����ZHUH�PHDVXUHG�E\��

�
)LJXUH���&KDQJHV�LQ�QRUPDOLVHG�GLVSODFHPHQW�������
�����DQG����PLQXWHV�DIWHU�SK\VLFDO�H[HUFLVH�RI�P��
ELFHSV� EUDFKLL�� 7KUHVKROG� YROWDJHV� DUH�GHWHUPLQHG�
IRU�HDFK�VXEMHFW�LQGLYLGXDOO\��

WKH� V\VWHP� LQ� LVRPHWULF� FRQGLWLRQV� GXULQJ�
WKH� H[SHULPHQW� WKH� VXEMHFWV� VDW�
FRPIRUWDEO\� RQ� D� VSHFLDO� FKDLU�� 7KH�
IRUHDUP�ZDV�IL[HG�WR�WKH�PHFKDQLFDO�EUDFH�
ZLWK� DQ� LQLWLDO� HOERZ� IOH[LRQ� RI� ���
GHJUHHV�� 7KH� GLVSODFHPHQW� VHQVRU� ZDV�
SRVLWLRQHG� DW� WKH� VXUIDFH� RI� WKH� EHOO\� RI�
WKH� P�� ELFHSV� EUDFKLL� ZKHUH� WKH�PD[LPDO�
HQODUJHPHQW� �JOREXOLVDWLRQ�� RI� WKH� EHOO\�
ZDV� REVHUYHG� DV� WKH� PXVFOH� FRQWUDFWHG��
7KLV� SRVLWLRQ� QHHGHG� WR� EH� GHWHUPLQHG�
LQGLYLGXDOO\� EHFDXVH� RI� LQGLYLGXDO�
DQDWRPLFDO� GLIIHUHQFHV�� ,Q� WKH� H[SHULPHQW�
VLQJOH�WZLWFK�VWLPXOL�ZHUH�XVHG�LQ�RUGHU�WR�
VWXG\�WKH�G\QDPLF�UHVSRQVH�RI�WKH�PXVFOH��
7KH� VWLPXODWLRQ� ZDV� SURYLGHG� FXWDQRXVO\�
E\� WZR� VXUIDFH� HOHFWURGHV� �UDGLXV� RI� ��
FP��� 7KH� SRVLWLYH� HOHFWURGH� ZDV� SODFHG�
RYHU� WKH� PXVFOH� XS� WR� �� FP� DERYH� WKH�
PHDVXULQJ�SRLQW�DQG�WKH�QHJDWLYH�RQH�XS��
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�
)LJXUH� ��� $IWHU� GRPLQDQW� FRQFHQWULF� H[HUFLVH� WKH�
FRQWUDFWLRQ�WLPH�LV�VLJQLILFDQWO\�VKRUWHU�IRU�DERXW�������S�
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WR���FP�EHORZ�WKH�PHDVXULQJ�SRLQW��7KH�GXUDWLRQ�RI�WKH�
VWLPXOL�ZDV�DGMXVWHG�WR���PV�DQG�WKH�YROWDJH�DPSOLWXGH�
ZDV� JUDGXDOO\� LQFUHDVHG� IURP� XS� WR� ��� 9� DERYH�
WKUHVKROG� PXVFOH� FRQWUDFWLRQ� UHVSRQVH�� 7KH� VLJQLILFDQFH�
RI� GLIIHUHQFHV� EHWZHHQ� WLPH� SDUDPHWHUV� RI� ERWK� JURXSV� ZDV�
WHVWHG� E\� WKH� WZR�sample Student’s t�7HVW�� �$�3�YDOXH� ORZHU�
WKDQ������ZDV�FRQVLGHUHG�VWDWLFDOO\�VLJQLILFDQW��
�

5(68/76�
�
$� W\SLFDO� FKDQJHV� LQ� WZLWFK� PXVFOH� VSRQVHV� EHIRUH�
�ILOHG� GRWV�� DQG� DIWHU� SK\VLFDO� GRPLQDQW� FRQFHQWULF�
H[HUFLVH��QRQ�ILOHG�FLUFOHV��DUH�VKRZQ�LQ�)LJ�����'HOD\���
FRQWUDFWLRQ�� VXVWDLQ�DQ� UHOD[DWLRQ� WLPH�DUH�PHDVXUHG�DV�
WLPH� LQWHUYDOV� EHWZHHQ�PRPHQW�ZKHQ� WKH� UHVSRQVH�KDV�
WKH� YDOXH� RI����� ���� DQG� ���� RI� PD[LPDO�
GLVSODFHPHQW�� 0D[LPXP� UHVSRQVH� ZDV� PHDVXUHG� DW�
VLQJOH�HOHFWULFDO� VWLPXOL� �GXUDWLRQ��PV��DPSOLWXGH����9�
DERYH� WKUHVKROG��� 7KHVH� SDUDPHWHUV� DUH� VWDWLVWLFDOO\�
HYDOXDWHG� IRU� ��� KHDOWK\� LQGLYLGXDOV�� )URP� WKH� WLPH�
FXUYHV� LW� LV� HYLGHQW� D� GHFUHDVH� RI� PD[LPDO� UHVSRQVH�
DIWHU� H[HUFLVH�� VKRUWHQLQJ� RI� FRQWUDFWLRQ� WLPH� DQG�
VXVWDLQ� WLPH�� 7KH� KDOI� UHOD[DWLRQ� WLPH� LV� QRW� FKDQJHG�
VLJQLILFDQWO\��7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�EHIRUH�
H[HUFLVH� DQG� UHSHDWHG� ��� ��� �� ��� DQG� ���PLQXWHV� DIWHU�
SK\VLFDO� H[HUFLVH� RI� P�� ELFHSV� EUDFKLL� LQ� FRQGLWLRQ�
ZKHQ�WKH�DUP�LV�ORDG�E\�ZHLJKW�XS�WR���NJ��7KH�WLPH�RI�
H[HUFLVH� VOLJKWO\�YDULHG� LQ� HDFK� LQGLYLGXDO��7KH� IDWLJXH�
ZDV�DFKLHYHG�DIWHU�DERXW���XS�WR���PLQXWHV�RI�DFWLYLW\���
7KH� UHVXOWV� VKRZ� VLJQLILFDQW� LQFUHDVH� RI� VWLPXODWLQJ�
WKUHVKROG� YROWDJHV� DQG� GHFUHDVH� RI� PD[LPDO�
GLVSODFHPHQW��,Q�WLPH�LQWHUYDO�EHWZHHQ���DQG���PLQXWHV�
WKH� SDUDPHWHUV� DFKLHYH� WKH� VWDWLRQDU\� YDOXH� DV�
LOOXVWUDWHG� LQ� )LJ� ��� &RQWUDFWLRQ� WLPH� LV� FRQVHGHUHG� DV�
DQ� LPSRUWDQW� SDUDPHWHU� GHVFULELQJ� WKH� ELRPHFKDQLFDO�
FKDUDFWHULVWLF�RI�VNHOHWDO�PXVFOH��:H�IRXQG�WKDW�WKLV��
SDUDPHWHU� YDULHG� VLJQLILFDQWO\� IRU� GLIIHUHQW� PXVFOHV�
IURP����PV�IRU�P��YDVWXV� ODWHUDOLV�DQG� �XS� WR����PV�LQ�
P�� ELFHSV� IHPRULV�� ,Q� FDVH� RI� P�� ELFHSV� EUDFKLL� WKH�
DYHUDJH� &RQWUDFWLRQ� WLPH� LV� DERXW� ��� PV�� $IWHU�
GRPLQDQW� FRQFHQWULF� H[HUFLVHV� WKH� DFWLYDWLRQ� WLPH� LV�
VLJQLILFDQWO\�GHFOLQHG�IRU�DERXW�������S���������Q� ����
ZLWK�D�6WXGHQW
V�W�7HVW��3DLUHG���)LJ������
$IWHU� DFXWH� H[FHUFLVH� RI� P�� ELFHSV� EUDFKLL� WKH� VXVWDLQ�
WLPH� LV� IRU� DOO� LQGLYLGXDOV� VLJQLILFDQWO\� GHFOLQHG� �S� ��
������Q� ����ZLWK�D�6WXGHQW
V�W�7HVW��3DLUHG��)LJ����
2QH�PD\�DVVXPH�WKDW�WKH�VXVWDLQ�WLPH�LV�UHODWHG�WR�ZLWK�
WKH�DFWLYH�SURFHVV�RI�FURVVEULGJH�F\FOLQJ��WKH�SRVVLELOLW\�
RI� LQWHUDFWLRQ� EHWZHHQ� WKH� FURVVEULGJHV� DQG� WKH� WKLQ�
ILODPHQWV� LQFUHDVHV� E\� YROLWLRQDO� H[FHUFLVLQJ�� 7KH� QHW�
UHVXOW� LV� WKH� FKDQJHV� LQ� DFWLYDWLRQ� DQG� VXVWDLQ� WLPH��
%HVLGH� WKHVH� HIIHFWV� QR� VLJQLILFDQW� FKDQJHV� ZHUH�
GHWHFWHG�LQ�KDOI�UHOD[DWLRQ�WLPH���

�
',6&866,21�
�
7KHVH� H[SHULPHQWDO� ILQGLQJV� DUH�QRW� LQ�DJUHHPHQW�ZLWK�
RXU� H[SHFWDWLRQV�� $IWHU� DFXWH� H[HUFLVLQJ� DQG� WKHUHIRUH�

IDWLJXLQJ� FRQWUDFWLRQ�� WKH� XVXDO� UHVXOW� LV� LQFUHDVH� RI�
FRQWUDFWLRQ� WLPH� DQG� VXVWDLQ� WLPH�� DQG� SURORQJDWLRQ� LQ�
WKH� UHOD[DWLRQ� WLPH� RI� D� WZLWFK�� 7KH� WZLWFK� GXUDWLRQ� LV�
XVXDOO\� LQFUHDVHG� DIWHU� IDWLJXH�� 7KLV� LV� SUHVXPDEO\�
DVVRFLDWHG� ZLWK� ELRFKHPLFDOO\� PHGLDWHG� UHGXFWLRQ� LQ�

)LJXUH����$IWHU�GRPLQDQW�FRQFHQWULF�H[HUFLVH�WKH�VXVWDLQ�
WLPH�LV�VLJQLILFDQWO\�VKRUWHU�IRU�DERXW�������S����������

�
)LJXUH� ��� +DOI� UHOD[DWLRQ� WLPH� GRHV� QRW� FKDQJHG�
VLJQLILFDQWO\�DIWHU�DFXWH�H[HUFLVH�RI�P��ELFHSV�EUDFKLL� LV�
QRW�HQRXJK�IDWLJXDEOH�WR�HOLFLW�H[SHFWHG�HIIHFWV�LQ�WZLWFK�
UHVSRQVH���
�
UHOD[DWLRQ� UDWH�� ,Q� RXU� H[SHULPHQW� LW� LV� SRVVLEOH� WKDW�
VKRUW� ODVWLQJ� YROLWLRQDO� FRQFHQWULF� GRPLQDQW�PRYHPHQW�
7KH�QH[W� SRVVLEOH�� SHUKDSV� WKH�PRVW� UHDVRQDEOH� UHDVRQ�
IRU� WKH� FRQWUDGLFWRU\� UHVXOWV� LQ� WZLWFK� GXUDWLRQ� LV�
SRVWWHWDQLF� SRWHQWLDWLRQ�� 7KH� PDJQLWXGH� RI� WKH� WZLWFK�
IRUFH� LV�H[WUHPHO\�YDULDEOH�DQG�GHSHQGV�RQ�FRQWUDFWLRQ�
KLVWRU\� RI� WKH� PXVFOH�� 7KH� SRVWWHWDQLF� SRWHQWLDWLRQ� RI�
WZLWFK� UHVSRQVH� FDQ� EH� VXEVWDQWLDO� DQG� FDQ� EH� HOLFLWHG�
E\� ERWK� YROXQWDU\� FRQWUDFWLRQV� DQG� HOHFWULFDO�
VWLPXODWLRQ��3RWHQWLDWLRQ�RI�VXEPD[LPDO�IRUFH�RFFXUV�LQ�
DOO�WKUHH�W\SHV�RI�PRWRU�XQLWV��7\SHV�6�VORZ��)5�IDWLJXH�
UHVLVWDQW� DQG�))�� IDVW� IDWLJXH���:KHQ�PRWRU�XQLWV�ZHUH�
DFWLYDWHG� ZLWK� D� VWLPXOXV� WKDW� HOLFLWHG� D� VXEPD[LPDO�
WHWDQLF� IRUFH�� WKH� DYHUDJH� SRWHQWLDWLRQ� ZDV� JUHDWHU�
DPRQJ� WKH� IDVW�WZLWFK� PRWRU� XQLWV� WKHQ� LQ� WKH� VORZ�
WZLWFK� PRWRU� XQLWV� �*RUGRQ�� (QRND�� 6WXDUW�� �������
%HFDXVH� SRVWWHWDQLF� SRWHQWLDWLRQ� DQG� IDWLJXH� RFFXU�
FRQFXUUHQWO\�� EHJLQQLQJ� IURP� WKH� RQVHW� RI� FRQWUDFWLRQ��
WKH� WZLWFK� UHVSRQVH� DIWHU� H[HUFLVLQJ� GHSHQGV� RQ�
GLVWULEXWLRQ� RI� GLIIHUHQW� PRWRU� XQLWV� LQ� SDUWLFXODU�
VNHOHWDO� PXVFOH�� )RU� WKH� H[SHULPHQW� SURSRVHG� LQ� P��
ELFHSV� EUDFKLL� ZH� PLJKW� FRQFOXGH� WKDW� SDUWLFXODU�
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VNHOHWDO�PXVFOH�FRQVLVW�GRPLQDQWO\�RI�IDVW�WZLWFK�PRWRU�
XQLWV�� 7KLV� LV� LQ� DJUHHPHQW� ZLWK� GDWD� REWDLQHG� E\� WKH�
KLVWRORJLFDO�H[DPLQDWLRQV���
,Q� WKH� QH[W� H[SHULPHQWV� ZH� KDYH� WR� UHSHDW� WKH� VDPH�
SURWRFRO�RI�PHDVXUHPHQW� LQ� WKH�PXVFOH�ZKLFK�W\SLFDOO\�
FRQVLVWV� RI� W\SHV� 6� DQG�)5�PRWRU� XQLWV� �L�H��P��ELFHSV�
IHPRULV��� :H� FDQ� FRQFOXGH� WKDW� WKH� PHWKRG� EDVHG� LQ�
GHWHFWLRQ�RI�PXVFOH�EHOO\�GLVSODFHPHQW� LV�D�VLPSOH�DQG�
QRQ�LQYDVLYH�ZD\�� VXLWDEOH� IRU� WKH� VWXG\�RI� FRQWUDFWLYH�
SURSHUWLHV�RI�SUDFWLFDOO\�DQ\�VNHOHWDO�PXVFOH�LQ�PDQ��
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7KH�0LQLVWU\�RI�6FLHQFH��(GXFDWLRQ�DQG�6SRUW��5HSXEOLF�
RI�6ORYHQLD�DQG� WKH�1HXURPXVFXODU�'LVHDVH�6RFLHW\�RI�
6ORYHQLD�� 2O\PSLF� FRPPLWWHH� RI� 6ORYHQLD�� 0HGLFDO�
)DFXOW\� DQG� )DFXOW\� RI� VSRUW�� 8QLYHUVLW\� RI� /MXEOMDQD�
DQG� )RXQGDWLRQ� IRU� ILQDQFLQJ� VSRUW� RUJDQL]DWLRQV� LQ�
5HSXEOLF� RI� 6ORYHQLD� VXSSRUWHG� WKLV� ZRUN�� :H� JLYH�
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