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'HWHFWLRQ�RI�/HDG�,,��LRQ�

+DUL�%KDNWD�2OL��5DMDQ�7LPLOVLQD��DQG�$PDU�3UDVDG�<DGDY�

�$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVWL\��7KDPHO��.DWKPDQGX�
�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX�

(PDLO��DPDU�\#\DKRR�FRP�

$EVWUDFW�

/HDG�,,�� LRQ� VHQVRU� KDV� EHHQ� IDEULFDWHG� E\� XVLQJ� SKWKDOLF� DFLG� DV� LRQRSKRUH� DQG� DFHWRSKHQRQH� DV�
SODVWLFL]HU��7KH�IXQFWLRQDO�SDUDPHWHUV��VORSH�DQG�VHOHFWLYLW\��RI�WKH�VHQVRU�PHPEUDQH�ZLWK�FRPSRVLWLRQ��
�,RQRSKRUH�39&�3ODVWLFL]HU�� LQ� GLIIHUHQW� UDWLR� ZDV� LQYHVWLJDWHG� LQ� OLTXLG� FRQWDFW� PRGH�� 6HQVRU� ZDV�
FKDUDFWHUL]HG� E\� GLUHFW� SRWHQWLRPHWU\�� S+� HIIHFW�� SRWHQWLRPHWULF� WLWUDWLRQ� DQG� VHOHFWLYLW\� FRHIILFLHQW��
6HOHFWLYLW\�FRHIILFLHQW�ZDV�VWXGLHG�E\�PDWFKHG�SRWHQWLDO�PHWKRG�030���7KXV�SUHSDUHG�VHQVRU�PHPEUDQH�
VKRZHG�1HUQVWLDQ�EHKDYLRU�ZLWK�VORSH�������P9�SHU�GHFDGH�LQ�WKH�FRQFHQWUDWLRQ�UDQJH������WR�����0�DQG�
UHVSRQVH�WLPH�ZDV����VHFRQG����

.H\ZRUGV�,6(��OLTXLG�FRQWDFW��030��SKWKDOLF�DFLG��VHQVRU�

,QWURGXFWLRQ�

+HDY\�PHWDOV�DUH� IRXQG� LQ� WKH�HDUWK¶V�FUXVW�DQG�H[SRVH� LQ�HQYLURQPHQW�DV�D�FRQVHTXHQFH�RI�KXPDQ�
DFWLYLWLHV��+HDY\�PHWDOV�FDQ�EH�GDQJHURXV� OHDGLQJ� WR�D�GDPDJH�RI�KXPDQ�KHDOWK��EHFDXVH� WKH\�DUH�QRQ�
ELRGHJUDGDEOH�DQG�FDQ�EH�DFFXPXODWHG�LQ�OLYLQJ�WLVVXHV��7KHUHIRUH��GHWHUPLQDWLRQ�RI�WUDFH�OHYHOV�RI�KHDY\�
PHWDOV� LV� YHU\� FULWLFDO� IRU� HQYLURQPHQWDO� SURWHFWLRQ�� IRRG� DQG� DJULFXOWXUDO� FKHPLVWU\����� /HDG� �3E��� LV� D�
QRQ�SK\VLRORJLFDO� PHWDO� ZKLFK� LV� H[SRVH� WR� PRVW� RI� WKH� JHQHUDO� KXPDQ� SRSXODWLRQ� DQG� FDXVH� FOLQLFDO�
HIIHFWV�RI�WR[LFLW\��,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�LW�LV�DFFXPXODWHG�LQ�ERQH�DQG�LQ�VRPH�VRIW�WLVVXHV��VXFK�
DV�OLYHU��NLGQH\�DQG�EUDLQ�����7KRXJK�WKHUH�DUH�YDULRXV�PHWKRGV�IRU�GHWHUPLQDWLRQ�RI�KHDY\�PHWDOV�EXW�WKH�
TXLFN�GHWHUPLQDWLRQ�RI�PLQXWH�TXDQWLWLHV�RI� LRQLF� VSHFLHV�E\�VLPSOH�PHWKRGV�KDV�D�JUHDW� LPSRUWDQFH� LQ�
DQDO\WLFDO�FKHPLVWU\�������

3RWHQWLRPHWULF�GHWHFWLRQ�EDVHG�RQ�LRQ�VHOHFWLYH�HOHFWURGHV�LV�WKH�VLPSOHVW�PHWKRG��6LPSOH�GHVLJQ�DQG�
RSHUDWLRQ��UHDVRQDEOH�VHOHFWLYLW\��IDVW�UHVSRQVH��DSSOLFDELOLW\�WR�FRORUHG�DQG�WXUELG�VROXWLRQ�DQG�ORZ�FRVW�
DUH�VRPH�RI�WKH�DGYDQWDJHV�RI�WKLV�PHWKRG��'XH�WR�VXFK�DGYDQWDJHV�WKLV�ZRUN�LV�EDVHG�IRU�IDEULFDWLRQ�RI�
OHDG� LRQ� VHQVRU�PHPEUDQH�� $Q� LRQ� VHOHFWLYH� HOHFWURGH� RI� D� FHOO� LV� DQ� HOHFWURGH� LQ�ZKLFK� WKH� SRWHQWLDO�
GHSHQGV�LQ�WKH�DFWLYLW\�RI�D�SDUWLFXODU�LRQLF�VSHFLHV�ZKLFK�LW� LV�GHVLUHG�WR�TXDQWLI\��$FFRUGLQJ�WR�1HUQVW�
HTXDWLRQ����
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3RWHQWLRPHWULF�7LWUDWLRQ�

3RWHQWLRPHWULF� WLWUDWLRQ� RI� WKH� WHVW� VROXWLRQ� ZDV� FDUULHG� RXW� E\� XVLQJ� ,6(� DV� LQGLFWRU� HOHFWURGH��
3RWHQWLDO� ZDV� UHFRUGHG� RQ� HDFK� DGGLWLRQ� RI� ���� P/� ('7$� VROXWLRQ� IURP� EXUHWWH� WR� WHVW� VROXWLRQ�� 2Q�
DGGLWLRQ�RI�('7$� VROXWLRQ�� WKH� OHDG� LRQ� IRUPV� FRPSOH[�ZLWK�('7$�DQG� WKH� FRQFHQWUDWLRQ�RI� OHDG� LRQ�
GHFUHDVHV� UHVXOWLQJ� WKH� GHFUHDVH� LQ� (PI� RI� WKH� VROXWLRQ�� $W� HTXLYDOHQFH� SRLQW� WKH� (PI� LV� FKDQJHG�
GUDVWLFDOO\�VLJQLILFDQWO\�GXH�WR�FKDQJH�RI�DOO�OHDG�LRQV�LQ�OHDG�('7$�FRPSOH[��)XUWKHU�DGGLWLRQ�RI�('7$�
GRHVQ¶W�FKDQJHV�SRWHQWLDO�DV�WKH�,6(�LV�QRW�VHOHFWLYH�WRZDUGV�('7$���

7KLV�VKRZV�WKDW�DW�HTXLYDOHQFH�SRLQW�WKH�(PI�RI�WKH�VROXWLRQ�LV�FKDQJHG�VLJQLILFDQWO\�RQ�DGGLWLRQ�RI�����
P/�RI�('7$�VROXWLRQ�LQ�����0�OHDG�QLWUDWH��

)LJXUH����3RWHQWLRPHWULF�WLWUDWLRQ�RI�����0�OHDG�QLWUDWH�ZLWK�('7$�VROXWLRQ��

6HOHFWLYLW\�&RHIILFLHQW�

7KHUH�DUH�QXPEHU�RI�PHWKRGV�IRU�WKH�PHDVXUHPHQW�RI�SRWHQWLRPHWULF�VHOHFWLYLW\�FRHIILFLHQWV�RI�LRQ�VHOHFWLYH�
HOHFWURGHV��$PRQJ�DOO��030�LV�PRUH�FRQYHQLHQW�DQG�UHOLDEOH�������DQG�WKLV�PHWKRG�LV�IROORZHG�LQ�WKLV�ZRUN��

)RU�WKLV�PHWKRG�WKH�VHOHFWLYLW\�FRHIILFLHQW�LV�UHODWHG�DV�� � �

.SRW
$�%�� �� $�%�

:KHUH�� $� LV� FKDQJH� LQ� SRWHQWLDO� EHWZHHQ� WZR� VROXWLRQV� RI� GLIIHUHQW� FRQFHQWUDWLRQ�� %� LV� WKH�
FRQFHQWUDWLRQ�RI�LQWHUIHUHQFH�LRQ��

7KLV�HIIHFW�LV�VWXGLHG�IRU�ZRUNLQJ��HOHFWURGH�LQ�LQWHUIHULQJ�LRQV�OLNH�&G����&X����1L����$J���1+�
���&R���

HWF�E\�XVLQJ� WKHLU� UHVSHFWLYH�VDOWV� OLNH� �&G�12�����&X�12�����1L�12�����$J12���1+�12���&R�12���� LQ�
WKH� IRUP� RI� VROXWLRQ�WDEOH� ���� )RU� LQWHUIHUHQFH� VWXG\�� �����0� VROXWLRQV� RI� WKH� QLWUDWH� VDOWV� RI� WKH�
PHQWLRQHG�FDWLRQV�DUH�WDNHQ�DQG�DGGHG�LQ�����0�OHDG�QLWUDWH�VROXWLRQ�DQG�WKH�FKDQJH�LQ�SRWHQWLDO�DV�ZHOO�
DV�WKH�DGGHG�YROXPH�RI�VROXWLRQ�FRQWDLQLQJ�LQWHUIHULQJ�LRQ�LV�QRWHG�IRU�FDOFXODWLRQ��

7DEOH����6HOHFWLYLW\�FRHIILFLHQW�IRU�ZRUNLQJ�HOHFWURGH��

,QWHUIHULQJ�LRQV ORJ�.SRW
$�%�� ��ORJ� $�%��

1L�� ����

&G�� ����

&X�� ����
$J� ����
&R�� ����
1+�
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7KRXJK� WKH� UHVXOW� VKRZV� LQWHUIHUHQFH� E\� RWKHU� LRQV� EXW� WKHVH� UHVXOWV� DUH� QRW� RYHUO\� VXUSULVLQJ�� VLQFH�
VLPLODU�ILQGLQJV�DUH�UHSRUWHG�HDUOLHU�LQ�FDGPLXP�LRQ�VHOHFWLYH�HOHFWURGH���DQG�OHDG�LRQ�VHOHFWLYH�HOHFWURGH��

E\�(��%DNNHU��

&RQFOXVLRQV
/HDG�LRQ�VHQVRU�LV�IDEULFDWHG�LQ�ODERUDWRU\�LQ�WKLV�UHVHDUFK�E\�VLPSOH�PHWKRG�XVLQJ�39&�SODVWLFL]LQJ�

PHPEUDQH� DQG� SKWKDOLF� DFLG��7KH� OLTXLG� FRQWDFW� LQ� WKH�ZRUNLQJ� HOHFWURGH� LV�PDGH� E\� XVLQJ� ���0� OHDG�
QLWUDWH� VROXWLRQ��7KLV� HOHFWURGH� IDEULFDWHG� LQ� ODERUDWRU\� LV� IRXQG� WR�EH�ZHOO� EHKDYHG�DQG� WKH� VHOHFWLYLW\�
FRHIILFLHQWV�IRU�WKH�HOHFWURGH�LV�IRXQG�WR�EH�DV�H[SHFWHG��

7KH� ZRUNLQJ� HOHFWURGH� JLYHV� 1HUQVWLDQ� VORSH� RI� ������ P9� ZLWK� GHWHFWLRQ� OLPLW� ����0�� 7KXV��
FRQVWUXFWHG�OHDG�LRQ�VHQVRU�LQ�RXU�ODERUDWRU\�SHUIRUPV�1HUQVWLDQ�EHKDYLRU��IDVW�UHVSRQG�DQG�RI�H[SHFWHG�
VHOHFWLYLW\�� 7KLV� LV� DSSOLFDEOH� IRU� WKH� GHWHFWLRQ� RI� OHDG� LRQ� LQ� ZDWHU� DV� ZHOO� VRLO� VDPSOHV�� GXH� WR� LWV�
DSSOLFDEOH�GHWHFWLRQ�OLPLW���

$FNQRZOHGJHPHQWV�
7KH� DXWKRUV� DUH� JUDWHIXO� WR�8QLYHUVLW\�*UDQWV�&RPPLVVLRQ� �8*&�� IRU�SURYLGLQJ� UHVHDUFK�JUDQW� DQG�

'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��WR�FDUU\�RXW�WKLV�UHVHDUFK�ZRUN��

�5HIHUHQFHV�
�� $�3��<DGDY��3UHSDUDWLRQ�DQG�DQDO\WLFDO�VWXG\�RI�VRPH�VLOYHU�VXOILGH�EDVHG�LRQ�VHOHFWLYH�HOHFWURGHV��$�

GLVVHUWDWLRQ�VXEPLWWHG�WR�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��������
�� .�5��2MKD��3UHSDUDWLRQ� DQG� 5HVSRQVH� FKDUDFWHUL]DWLRQ� RI� DOO� VROLG� VWDWH� VHQVRU� IRU� 3E�,,��� $�

GLVVHUWDWLRQ�VXEPLWWHG�WR�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��������
�� $�5��(OVDODPRXQ\��6�$��(OUHHI\�DQG�$�0�$��+DVVDQ��5HV��-��RI�&KHP��6FL����������������������
�� -�� 0HQGKDP�� 5�&�� 'HQQH\�� -�'�� %DUQHV�� 0�.�-�� 7KRPDV�� 9RJHO¶V� WH[W� ERRN� RI� TXDQWLWDWLYH�

FKHPLFDO�DQDO\VLV���WK�HGLWLRQ������������������
�� $�-�� %DUG�� &�5�� )DXONQHU�� (OHFWURFKHPLFDO� PHWKRGV� IXQGDPHQWDOV� DQG� DSSOLFDWLRQV�� VHFRQG�

HGLWLRQ��86$���������������
�� 3��$WNLQV�DQG�-�'��3DXOD��$WNLQV�3K\VLFDO�&KHPLVWU\���WK�HGLWLRQ��2[IRUG�8QLYHUVLW\�3UHVV������������������
�� $��&UDJJV��*�-��0RRG\�DQG�-�'�5��7KRPDV��-��RI�&KHP��(GX�� �������������������
�� 5LFKDUG�3��%XFN�DQG�/LQGQHU�(UQR��$QDO��&KHP�� ��������$���$��
�� (��0DOLQRZVND��:��:UREOHZVNL��5��2VWDV]HZVNL�DQG�-��-XUF]DN��3ROLVK�-��&KHP����������������������
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