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3UHSDUDWLRQ�RI�,RQ�6HOHFWLYH�(OHFWURGH�%DVHG�RQ�,RQRSKRUH�
DQG�8VHG�WR�0RQLWRU�WKH�/HDG��,,��,RQ��

+DUL�%KDNWD�2OL���DQG�$PDU�3UDVDG�<DGDY�
�&HQWUDO�'HSDUW�RI�&KHPLVWU\��7UL�EKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�

�$PULW�&DPSXV��7UL�EKXYDQ�8QLYHUVLW\��/DLQFKRXU��.DWKPDQGX��1HSDO�
(PDLO��DPDU\�\#\DKRR�FRP

$EVWUDFW��

,RQRSKRUH�EDVHG� OHDG� LRQ�VHQVRU�KDV�EHHQ�IDEULFDWHG� LQ� ODERUDWRU\�E\�XVLQJ� WKLRXUHD�DV� LRQRSKRUH��
,RQRSKRUH� LV�D�SRO\�GHQWHG�RUJDQLF�FRPSRXQG�RU�RUJDQLF�DQLRQ�ZKLFK�FDQ�ELQG� WKH�PHWDO� FDWLRQ� IRUP�
WKHLU� VROXWLRQV��7KLRXUHD�DV� LRQRSKRUH�ZDV� WDNHQ� IURP� ODERUDWRU\��7KH�PHPEUDQH�ZDV�SUHSDUHG�XVLQJ�
DFHWRSKHQRQH� DV� SODVWLFL]HU�� 7KH� IXQFWLRQDO� SDUDPHWHUV� �VORSH� DQG� VHOHFWLYLW\�� RI� WKH� VHQVRU� ZLWK�
PHPEUDQH� FRPSRVLWLRQ�� �,RQRSKRUH�39&�3ODVWLFL]HU�� LQ� WKH� UDWLR� �������� ZDV� LQYHVWLJDWHG�� 6HQVRU� LV�
FKDUDFWHUL]HG�E\�GLUHFW�SRWHQWLRPHWULF�VWXG\��S+�HIIHFW��SRWHQWLRPHWULF�WLWUDWLRQ�DQG�VHOHFWLYLW\�FRHIILFLHQW��
5HSRUWHG� VHOHFWLYLW\� FRHIILFLHQW� IRU� WKLV� VHQVRU� LV� VOLJKWO\� KLJK�� 6HQVRU� SUHSDUHG� IRUP� WKLRXUHD� VKRZHG�
VXE�1HUQVWLDQ�EHKDYLRU�RI������P9�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�����0�WR�����0�DQG�JLYHV�EHVW�UHVXOWV�DW�
WKH�S+�UDQJH�����ZLWK�PHDVXUDEOH�GHWHFWLRQ�OLPLW��

.H\ZRUGV��7KLRXUHD��LRQRSKRUH��SRWHQWLRPHWU\��VHOHFWLYLW\�FRHIILFLHQW��GHWHFWLRQ�OLPLW�

,QWURGXFWLRQ�

0RVW�RI�WKH�HDUWK¶V�FUXVW�LV�PDGH�XS�RI�KHDY\�PHWDOV��6R�QDWXUDOO\�WKH\�DUH�IRXQG�LQ�WKH�HDUWK¶V�FUXVW�
DQG�HDVLO\�DYDLODEOH�LQ�WKH�HQYLURQPHQW�DV�D�FRQVHTXHQFH�RI�KXPDQ�DFWLYLWLHV�DQG�UDSLG�LQGXVWULDOL]DWLRQ��
,Q� KXPDQ� ERG\�� WUDFH� DPRXQWV� RI� KHDY\� PHWDOV� DUH� HVVHQWLDO�� KRZHYHU�� KLJK� FRQFHQWUDWLRQV� FDQ� EH�
GDQJHURXV�OHDGLQJ�WR�D�GDPDJH�RI�KXPDQ�KHDOWK��7KLV�LV�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�WKDW�
LV� H[SRVHG� 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�RI�
KXPDQ�ERG\�����7KH�TXLFN�DQ�H[DFW�GHWHUPLQDWLRQ�RI�PLQXWH�TXDQWLWLHV�RI�LRQLF�VSHFLHV�E\�VLPSOH�PHWKRGV�
KDV� D� JUHDW� LPSRUWDQFH� LQ� DQDO\WLFDO� FKHPLVWU\������ 3RWHQWLRPHWULF� GHWHFWLRQ� RI� PHWDO� LRQ� E\� XVLQJ� LRQ�
VHOHFWLYH�HOHFWURGH�LV�WKH�VLPSOHVW�RQH��6LPSOH�GHVLJQ�DQG�RSHUDWLRQ��UHDVRQDEOH�VHOHFWLYLW\��IDVW�UHVSRQVH��
DSSOLFDELOLW\� WR� FRORUHG� DQG� WXUELG� VROXWLRQ� DQG� ORZ�FRVW� DUH� VRPH�RI� WKH� DGYDQWDJHV��$Q� LRQ� VHOHFWLYH�
HOHFWURGH� RI� D� FHOO� LV� DQ� HOHFWURGH� LQ� ZKLFK� WKH� SRWHQWLDO� GHSHQGV� LQ� WKH� DFWLYLW\� RI� D� SDUWLFXODU� LRQLF�
VSHFLHV�ZKLFK�LW� LV�GHVLUHG�WR�TXDQWLI\��$FWLYLW\�RI�PHWDO�LRQ�LV�GLUHFWO\�SURSRUWLRQDO�ZLWK�FRQFHQWUDWLRQ��
7KH�DFWLYLW\�RI�PHWDO�LRQ�LV�UHODWHG�ZLWK�HOHFWURPRWLYH�IRUFH��(PI��WR�WKH�FHOO�E\�1HUQVW�HTXDWLRQ��$Q�LRQ�
VHOHFWLYH�HOHFWURGH��,6(��LV�DQ�HOHFWURFKHPLFDO�VHQVRU�ZLWK�D�PHPEUDQH�ZKRVH�SRWHQWLDO�GHSHQGV�XSRQ�WKH�
DFWLYLW\�RI�WKH�GHWHUPLQDQW�LRQ�DFFRUGLQJ�WR�1HUQVW�HTXDWLRQ����

&RUUHVSRQGLQJ�DXWKRU
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:KHUH�� D[� LV� WKH� DFWLYLW\� RI� WKH� GHWHUPLQDQW� LRQ�;��( � LV� WKH� VWDQGDUG� SRWHQWLDO� RI� WKH� FHOO� DQG�Q� LV�
QXPEHU�RI�FKDUJHV�RQ�;��7KH�VLJQ�LQ�HTXDWLRQ�����LV�SRVLWLYH�ZKHQ�;�LV�FDWLRQ�DQG�QHJDWLYH�ZKHQ�LW�LV�DQ�
DQLRQ���������

([SHULPHQWDO�

)DEULFDWLRQ�RI�VHQVRU�PHPEUDQH��
,RQRSKRUH� LV� D� FKHPLFDO� FRPSRXQG� WKDW� LV� XVHG� WR� ELQG� WKH� PHWDO� LRQ� LQ� WKH� VHQVRU� PHPEUDQH��

7KLRXUHD�LV�VHOHFWHG�DV�LRQRSKRUH�LQ�WKLV�H[SHULPHQW�LW�LV�EHFDXVH�WKLRXUHD�FRQWDLQV�ORQH�SDLU�RI�HOHFWURQV�
RQ�VXOSKXU�DQG�QLWURJHQ�VR�WKDW�WKHVH�SDLU�RI�HOHFWURQV�LV�DEOH�WR�ELQG�WKH�IUHH�PHWDO�LRQV�LQ�WKH�VROXWLRQ��

)RU�SUHSDULQJ�WKH�VHQVRU�PHPEUDQH��D�JODVV�WXEH�RI�LQQHU�GLDPHWHU����PP�DQG�RXWHU�GLDPHWHU����PP�
ZLWK� OHQJWK�KHLJKW� ��� PP� ZDV� WDNHQ� DQG� ZDV� IL[HG� RQ� D� IODW� JODVV� VXUIDFH� ZLWK� HSR[\� UHVLQ�� 7KH�
KRPRJHQRXV�VROXWLRQ�PL[WXUH�RI� �,RQRSKRUH�39&�3ODVWLFL]HU�� LQ� WKH� UDWLR� ��������ZDV�SRXUHG� LQVLGH� WKH�
KROORZ�JODVV� WXEH��)RU� WKH�FRQWUROOHG�HYDSRUDWLRQ�DQG�VROLGLILFDWLRQ�RI� WKH�VROXWLRQ� WKH�RWKHU�HQG�RI� WKH�
JODVV�WXEH�ZDV�FRYHUHG�ZLWK�D�ILOWHU�SDSHU�DQG�FRYHUHG�ZLWK�KHDY\�ZHLJKW�ILJXUH����

)LJXUH����([SHULPHQWDO�VHW�XS�IRU�SUHSDUDWLRQ�RI�VHQVLQJ�PHPEUDQH��

:RUNLQJ�HOHFWURGH�SUHSDUDWLRQ�DQG�UHVSRQVH�VWXG\�
$OO�VDPSOH�VROXWLRQV�ZHUH�SUHSDUHG�E\�XVLQJ�FKHPLFDO�RI�UHVHDUFK�JUDGH�DQG�GLVWLOOHG�ZDWHU��$J�$J&O�

UHIHUHQFH�HOHFWURGH�ZDV�SUHSDUHG�ZKLFK�LV�FRQQHFWHG�ZLWK�OLTXLG�MXQFWLRQ�ZLWK�VHQVRU�PHPEUDQH�ZRUNLQJ�
HOHFWURGH��:RUNLQJ�HOHFWURGH�ZDV�QRZ�GLSSHG�LQ� WHVW�VROXWLRQV�KDYLQJ�GLIIHUHQW�FRQFHQWUDWLRQV�DQG�ZLWK�
WKH� KHOS� RI� PXOWL�PHWHU� DQG� FDORPHO� DV� UHIHUHQFH� HOHFWURGH�� SRWHQWLDO� RI� WKDW� VROXWLRQ� ZDV� PHDVXUHG��
6LPLODU�SURFHVV�ZDV�UHSHDWHG�IRU�DOO�VROXWLRQV��,Q�WKH�VLPLODU�PDQQHU�SRWHQWLRPHWULF�WLWUDWLRQ��LQWHUIHUHQFH�
VWXG\��G\QDPLF�UHVSRQVH�DQG�WKH�HIIHFW�RI�S+�ZDV�DOVR�VWXGLHG��
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5HVXOW�DQG�'LVFXVVLRQ�

'LUHFW�SRWHQWLRPHWULF�VWXG\�
�3RWHQWLRPHWULF�VWXGLHG�ZDV�FDUULHG�RXW�IRU�VHQVRU�PHPEUDQH��,W�LV�UHSRUWHG�WKDW�LQ�VROLG�VWDWH�LRQ�VHOHFWLYH�

HOHFWURGH�RQ�DGGLWLRQ�RI�1D12��� LPSURYHPHQW� LQ�VORSH�ZDV�VHHQ
��EXW� WKHUH� LV�QR�VLJQLILFDQFH�RI�1D12��IRU�

OLTXLG�MXQFWLRQ�HOHFWURGH�EDVHG�RQ�LRQRSKRUH��,Q�LRQRSKRUH�EDVHG�RQ�LRQ�VHOHFWLYH�HOHFWURGH�DGGLWLRQ�RI�DVFRUELF�
DFLG�JLYHV�VLJQLILFDQW�HIIHFW��$VFRUELF�DFLG�FRQWUROV�WKH�R[LGDWLRQ�RI�PHWDO�LRQ�DQG�KHOSV�WR�GHWHFW�WKH�PHWDO�LRQ�
HDVLO\��7KH�VORSH�IRU�WKLV�HOHFWURGH�LV������P9�SHU�GHFDGH�IURP�����0�WR�����0�VROXWLRQ��

)LJXUH����(PI�PHDVXUHPHQW�RI�ZRUNLQJ�HOHFWURGH�LQ�PL[WXUH�RI�3E�12����DQG�DVFRUELF�DFLG��

(IIHFW�RI�S+�RQ�6HQVRU�0HPEUDQH�
&DOLEUDWLRQ� RI� WKH� S+� PHWHU� ZDV� GRQH� E\� XVLQJ� WKH� EXIIHU� VROXWLRQV� RI� WKH� S+� ��� �� 	� ���� ZLWK�

FRQWLQXRXV�ZDVK�E\�GLVWLOOHG�ZDWHU��$IWHU�WKH�FDOLEUDWLRQ�RI�WKH�S+�PHWHU�LW�ZDV�UHDG\�WR�XVH�DQG�WKHQ�WHVW�
VROXWLRQ�ZDV�XVHG�WR�WHVW��)RU�WKH�VWXG\�RI�WKH�HIIHFW�RI�S+�LQ�WKH�SRWHQWLDO�WKDW�ZDV�XVHG�WR�GHWHUPLQH�E\�
VHQVRU�PHPEUDQH�ZDV�YDULHG�E\�XVLQJ�VROXWLRQV�RI�DFLG�DQG�EDVH��7KH�SRWHQWLDO�RI�WKH�WZR�WHVW�VROXWLRQV�
�VWUHQJWKV�RI�����0�DQG�����0��ZDV�PHDVXUHG�E\�YDU\LQJ�IURP�S+���WR�S+�����

)LJXUH����3RWHQWLDO�YV��S+�GLDJUDP�IRU�ZRUNLQJ�HOHFWURGH��

���

���

��

��

��

��

� � � � � � � �

�ŵ
Ĩͬ
ŵ
s�
ǀƐ
͘�^

��

ͲůŽŐ΀,н΁

���

���

���

���

�

��

��

��

��

� � � � � � � � � � �� �� ��

�ŵ
Ĩͬ
ŵ
s�
ǀƐ
͘�^

��

S+

Ϭ͘ϬϭD

Ϭ͘ϬϬϬϭD

Ǉ�с�Ϯϱ͘Ϭϳǆ�Ͳ ϰϰ͘ϳϵ�
Zϸ�с�Ϭ͘ϵϱϯ



-��1HSDO�&KHP��6RF���9RO����������

�����

7KH�SRWHQWLDO�UHVSRQVH�RI�WKH�ZRUNLQJ�HOHFWURGH�LV�LQGHSHQGHQW�LQ�S+�UDQJH�����WR������EH\RQG�ZKLFK�
WKH�SRWHQWLDO�FKDQJHV�GUDVWLFDOO\��7KHUH� LV�XQLTXH�FDVH� IRU� WKLV�HOHFWURGH� LV� WKDW� LQ�KLJK�DFLGLF�DQG�KLJK�
EDVLF�PHGLXP� SRWHQWLDO� LV� VPDOO�� LW� LV� GXH� WR� IDFW� WKDW� LQ� DFLGLF�PHGLXP� SURWRQ� WDNHV� WKH� ORQH� SDLU� RI�
HOHFWURQ�IURP�QLWURJHQ�RI�WKLRXUHD�DQG�WKHUH�EHFRPHV�GHILFLHQF\�RI�HOHFWURQ�LQ�VXOSKXU�GXH�WR�UHVRQDQFH�
RI�WKH�WKLRXUHD��LRQRSKRUH�LQ�VHQVRU�PHPEUDQH���6R��WKDW�PHPEUDQH�LV�XQDEOH�WR�GHWHFW�OHDG�LRQ�DW�ORZ�S+�
DQG� WKH� YDOXH� RI� SRWHQWLDO� LV� VPDOO�� %XW�� LQ� EDVLF� PHGLXP� SRWHQWLDO� LV� GHFUHDVHV� GXH� WR� IRUPDWLRQ� RI�
LQVROXEOH�3E�2+���RQ�PHPEUDQH�VXUIDFH��

'\QDPLF�5HVSRQVH
)RU� WKH� VWXG\� RI� G\QDPLF� UHVSRQVH� RI� WKH� VHQVRU� HOHFWURGH�� WKH� VWDQGDUG� VROXWLRQ� RI� 3E�12����ZLWK�

FRQFHQWUDWLRQ�RI�����0�DQG�����0�ZHUH�WDNHQ�DQG�WKH�SRWHQWLDO�ZDV�PHDVXUHG�IRU������PLQ�LQ�HDFK�����VHF�
RI�WLPH�LQWHUYDO��7KH�UDSLG�UHVSRQVH�RI�WKH�HOHFWURGH�LV�GXH�WR�SUHFRQGLWLRQLQJ�RI�WKH�VHQVRU�PHPEUDQH�LQ�
�P0�OHDG�QLWUDWH�VROXWLRQ��(OHFWURGH�DWWDLQV�HTXLOLEULXP�SRWHQWLDO�DW�����VHFRQG�RI�LPPHUVLRQ�WLPH��

)LJXUH����'\QDPLF�UHVSRQVH�RI�ZRUNLQJ�HOHFWURGH�LQ�WZR�GLIIHUHQW�VROXWLRQV�RI�FRQFHQWUDWLRQ�����0�DQG�
����0�OHDG�QLWUDWH��

3RWHQWLRPHWULF�7LWUDWLRQ�
7KH� PDLQ� DSSOLFDWLRQ� RI� LRQ� VHOHFWLYH� HOHFWURGH� �,6(��VHQVRU� HOHFWURGH� LV� WHVWHG� E\� SRWHQWLRPHWULF�

WLWUDWLRQ� RI� WKH� WHVW� VROXWLRQ�ZLWK� WKH� KHOS� RI� ('7$� E\� XVLQJ� ,6(� DV� LQGLFWRU� HOHFWURGH�� 3RWHQWLDO�ZDV�
UHFRUGHG�RQ�HDFK�DGGLWLRQ�RI�����P/�('7$�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$�GRHVQ¶W�FKDQJHV�SRWHQWLDO�DV�
WKH�,6(�LV�QRW�VHOHFWLYH�WRZDUGV�('7$��

)RU�ZRUNLQJ� HOHFWURGH� WKH� GLDJUDP� LQGLFDWHV� WKDW� WKH� VKDUSO\� FKDQJH� LQ� SRWHQWLDO� LV� DW� HTXLYDOHQFH�
SRLQW� LV�GXH� WR� DGGLWLRQ�RI���P/�RI�('7$�VROXWLRQ� WR�����0�3E�12������7KHUH� LV�GHFUHDVH� LQ�SRWHQWLDO�
GLIIHUHQFH�XS�WR���P/�EHFDXVH�('7$�FRQVXPHV�WKH�FRQFHQWUDWLRQ�RI�PHWDO�LRQ�IRUP�VROXWLRQ�EXW�DW�HQG�
SRLQW� WKH�PHWDO� LRQV� DUH� FRQVXPHG�FRPSOHWHO\� VR� WKDW�SRWHQWLDO� GLIIHUHQFH� LV� GUDVWLFDOO\� FKDQJHG��$IWHU�
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HQG�SRLQW� WKH�YDOXH�RI�SRWHQWLDO�GLIIHUHQFH�DOPRVW�DOO� UHPDLQV�FRQVWDQW� LW� LV�EHFDXVH� LRQRSKRUH�GRHV�QRW�
VKRZ�DIILQLW\�WRZDUGV�('7$��

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

6HOHFWLYLW\�&RHIILFLHQW�
7KHUH� DUH� YDULRXV� PHWKRGV� IRU� WKH� PHDVXUHPHQW� RI� SRWHQWLRPHWULF� VHOHFWLYLW\� FRHIILFLHQWV� RI� LRQ�

VHOHFWLYH�HOHFWURGHV��7KHUH�DUH�PL[HG�VROXWLRQ�PHWKRGV�DQG�VHSDUDWH�VROXWLRQ�PHWKRGV�IRU�GHWHUPLQDWLRQ�
RI�VHOHFWLYLW\�FRHIILFLHQW��0L[HG�VROXWLRQ�PHWKRG�LQFOXGHV��IL[HG�LQWHUIHUHQFH�PHWKRG�),0���IL[HG�SULPDU\�
LRQ�PHWKRG�)30���WZR�VROXWLRQ�PHWKRG�760��DQG�PDWFKHG�SRWHQWLDO�PHWKRG�030���6LPLODUO\��VHSDUDWH�
VROXWLRQ�PHWKRG�LQFOXGHV�WZR�FRQGLWLRQV��D$ D%��DQG��($ (%���:KHUH��D$�DQG�D%�DUH�DFWLYLW\�RI�SULPDU\�
DQG�LQWHUIHULQJ�LRQ�DOVR�($�DQG�(%�DUH�HPI�RI�SULPDU\�DQG�LQWHUIHULQJ�LRQV���

$PRQJ�DOO�030�LV�EHLQJ�PRUH�FRQYHQLHQW�DQG� UHOLDEOH�� WKLV�PHWKRG� LV� IROORZHG� LQ� WKLV� UHVHDUFK� WR�
GHWHUPLQH� WKH� VHOHFWLYLW\� RI� OHDG� LRQ� VHQVRU� HOHFWURGHV� ,Q� WKLV� PHWKRG�� WKH� SRWHQWLRPHWULF� VHOHFWLYLW\�
FRHIILFLHQW� LV� GHILQHG� DV� WKH� DFWLYLW\� UDWLR� RI� SULPDU\� DQG� LQWHUIHULQJ� LRQV� WKDW� JLYH� WKH� VDPH� SRWHQWLDO�
FKDQJH�XQGHU�LGHQWLFDO�FRQGLWLRQV��$W�ILUVW��D�NQRZQ�DFWLYLW\��D$
��RI�WKH�SULPDU\�LRQ�VROXWLRQ�LV�DGGHG�LQWR�
D� UHIHUHQFH� VROXWLRQ� WKDW� FRQWDLQV�D� IL[HG�DFWLYLW\� �D$��RI�SULPDU\� LRQV�� DQG� WKH�FRUUHVSRQGLQJ�SRWHQWLDO�
FKDQJH�� (��LV�UHFRUGHG��1H[W��D�VROXWLRQ�RI�DQ�LQWHUIHULQJ�LRQ�LV�DGGHG�WR�WKH�UHIHUHQFH�VROXWLRQ�XQWLO�WKH�
VDPH�SRWHQWLDO�FKDQJH�� (��LV�UHFRUGHG��7KH�FKDQJH�LQ�SRWHQWLDO�SURGXFHG�DW�WKH�FRQVWDQW�EDFNJURXQG�RI�
WKH�SULPDU\�LRQ�PXVW�EH�WKH�VDPH�LQ�ERWK�FDVHV�>��@��

�.SRW
$�%� ��D$
�±�D$����D%

2U��.SRW
$�%�� �� $�%�

:KHUH�� $�LV�FKDQJH�LQ�DFWLYLW\�RI�SULPDU\�VROXWLRQ�DQG�UHIHUHQFH�VROXWLRQ��%�LV�WKH�FRQFHQWUDWLRQ�RI�
LQWHUIHUHQFH�LRQ��

7KLV� HIIHFW� LV� VWXGLHG� IRU� WKLV� LRQ� VHOHFWLYH� HOHFWURGH� LQ� LQWHUIHULQJ� LRQV� OLNH� &G�12����� &X�12�����
1L�12����� $J12��� 1+�12��� &R�12���� DQG� WDEXODWHG� LQ� WKH� 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�LV�QRWHG�IRU�FDOFXODWLRQ��
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7DEOH���6HOHFWLYLW\�FRHIILFLHQW�RI�ZRUNLQJ�HOHFWURGH��

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

$J� ����
&X�� �����

&G�� ����
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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�ZLWK�LRQRSKRUH��7KH�OLTXLG�FRQWDFW�LQ�WKH�ZRUNLQJ�HOHFWURGH�LV�PDGH�E\�XVLQJ����0�OHDG�QLWUDWH�
VROXWLRQ�� 7KHVH� HOHFWURGHV� IDEULFDWHG� LQ� ODERUDWRULHV� DUH� IRXQG� WR� EH� ZHOO� EHKDYHG� DQG� WKH� VHOHFWLYLW\�
FRHIILFLHQW�RI�HOHFWURGH�LV�IRXQG�WR�EH�DV�H[SHFWHG��

7KH�ZRUNLQJ�HOHFWURGH�JLYH�OLQHDU�FXUYH�ZLWK�VXE�1HUQVWLDQ�VORSH�RI�������P9�SHU�GHFDGH�DQG�YHU\�
IDVW� G\QDPLF� UHVSRQVH� ZLWK� GHWHFWLRQ� OLPLW� LV� RQO\� ����0�� 7KXV�� FRQVWUXFWHG� OHDG� LRQ� VHQVRU� LQ� RXU�
ODERUDWRU\�SHUIRUPV�VHPL�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�IRU�
&HQWUDO� 'HSDUWPHQW� RI� &KHPLVWU\�� 7ULEKXYDQ� 8QLYHUVLW\� .LUWLSXU�� .DWKPDQGX� 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\�������

�� %�6��%DKO��$UXQ�%DKO�DQG�*�'��7XOL��(VVHQWLDOV�RI�SK\VLFDO�FKHPLVWU\��VW�HGLWLRQ��6��&KDQG�DQG�
FRPSDQ\�OLPLWHG�,QGLD��UHSULQW�������S�����������

�� $�5��(OVDODPRXQ\��6�$��(OUHHI\�DQG�$�0�$��+DVVDQ��5HVHDUFK�-��RI�&KHP��6FL���-XQH�������������
�������

�� )�$��&RWWRQ��*��:LONLQVRQ��&�$��0XULOOR�DQG�0��%RFKPDQQ��$GYDQFHG�LQRUJDQLF�FKHPLVWU\��WK

HGLWLRQ��UHSULQW����������������
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�� -�� 0HQGKDP�� 5�&�� 'HQQH\�� -�'�� %DUQHV�� 0�.�-�� 7KRPDV�� 9RJHO¶V� WH[W� ERRN� RI� TXDQWLWDWLYH�
FKHPLFDO�DQDO\VLV��ORQJPDQ�SXEOLFDWLRQ���WK�HGLWLRQ�������������������

�� $�-�� %DUG�� &�5�� )DXONQHU�� (OHFWURFKHPLFDO� PHWKRGV� IXQGDPHQWDOV� DQG� DSSOLFDWLRQV�� VHFRQG�
HGLWLRQ��86$���������

�� 6�+��0DURQ�DQG�&��)��3UXWWRQ��3ULQFLSOHV�RI�3K\VLFDO�&KHPLVWU\��)RXUWK�(GLWLRQ��2[IRUG�DQG�,%+��
SXEOLVKHUV�&R��3YW��/WG��

�� 3��$WNLQV�DQG�-�'��3DXOD��$WNLQV�3K\VLFDO�&KHPLVWU\���WK�HGLWLRQ��2[IRUG�8QLYHUVLW\�3UHVV��������
����������

��� $��&UDJJV��*�-��0RRG\�DQG�-�'�5��7KRPDV��-��RI�&KHP��(GX�� $XJXVW��������������������

��� 5LFKDUG�3��%XFN�DQG�(UQR�/LQGQHU��$FF��&KHP��5HV��������������������±�����

��� (��0DOLQRZVND��:��:UREOHZVNL��5��2VWDV]HZVNL�DQG�-��-XUF]DN��3ROLVK�-��&KHP�����������������
�����

��� $��$UQROG�0DUN�DQG�0��(��0H\HUKRII��$QDO��&KHP���������������5���5��

��� 0�+��5L]N�1DVKZD��6��$EEDV�6DPDK��0��+DP]D�6DOHP�DQG�0��$EG�(/�.DUHP�<DVVHU��-��RQ�
6HQV�����������������������

��� '��9ODVFLFL��(�)��&RVPD��(�0��3LFD��9��&RVPD��2��%L]HUHD��*��0LKDLOHVFX�DQG�/��2OHQLF��&KHP��
6HQV��������������������

��� <RVKLR�8PH]DZD��3KLOLSSH�%�KOPDQQ��.D\RNR�8PH]DZD��.RML�7RKGD��$QG�6KLJHUX�$PHPL\D�
3XUH�$SSO��&KHP������������������±������

��� 0�.�� 6WKDSLW�� 5�5�� 3UDGKDQDQJD� DQG� .�%�� %DMUDFKDU\D�� )RXQGDWLRQ� RI� &KHPLVWU\�� 7DOHMX�
3UDNDVKDQ� ���������������

��� (��%DNNHU��0��/HUFKL��%��5XVWHUKRO]�DQG�:��6LPRQ��$QDO��&KHP������������������
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